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AHHOTauuA. PaccmaTtpuBaeTcsl cneunuka MHXeHepun
3HaHWI Npu obecneyeHN MHTeponepabenbHOCTU AelicTBYIO-
WX 1 MogepHM3mpyembix ACY 1 MHHOPMALMOHHbBIX CUCTEM.
Moka3blBaeTCs, YTO UHTeponepabenbHOCTb MOXET 6bITb [0-
CTUrHyTa 3a CYeT obecrneyvyeHUs AeKNapaTMBHOIO xapakTrepa
NPOEKTUPOBAHNS, OCHOBAHHOIO0 Ha MPUMEHEHUN KOHLeNTY-
aNbHOro noAgxofa K MOAENUPOBAHMIO U OHTO/IOFMYECKOMY
OMNUCAHWUI0 CTaAN XU3HEHHOT0 LMKna. [leknapaTuBHoe npo-
eKTUPOBaHNe MOXET ObITb OMUCAHO B PaMKax JIOrMKO-INHT -
BMCTMYECKOW MOAeNW, Npu 3TOM 3KcrnepTamu paspabaTbiBa-
l0TCA rpadbl 3HaHUI, Ha 6a3e KOTOPbIX COCTaBASAOTCS YacT-
Hble OHTONI0MMW Pa3INYHbIX CTAANIA XXNZHEHHOTO LUKNa.

KntoueBble cnoBa: MHTeponepabesbHOCTb, MOAeNb Mpea-
MEeTHO 0611acTW, OHTONOIMSA, AaHHbIE, 3HAHMWSA, rpadbl, Npu-
KnajHoe NporpaMmHoe obecneyeHmne, UCKYCCTBEHHbI UHTEN-
NeKT.

BBEAEHVE

ObecneyeHne NHTeponepabenLHOCTU NpeanonaraeT 06b-
eIVHEHNE WCTOYHMKOB [aHHbIX U CTPYKTYPHO-(YHKLMO-
HanbHbIX Mogenein ACY 1 nHpopmaunoHHbix cuctem (LC),
npu 3Tom Tpebyemasn pyHKUMOHanbHOCTb ACY 1 VIC moxeT
ObITb LOCTUIHYTa NYTEM peann3auny UCNOAHUTENbHBIX CU-
CTeM, OCYLLECTBASIOWMX BbIYMCIEHNS C OMOPOIA Ha 3ano-
YKEHHbIE B CUCTEMY 3HaHWUSA NPU UCNOAb30BaHWUUN MPUHLUNOB
[eKnapaTMBHOIO NPOEKTUPOBaHWS NPUKIaAHOT0 NMPOrpamMmm-
Horo o6ecneyeHus (MO) [1-3]. B aToM cyyae peannsoBaH-
Hble B ACY 1 NC ntobble anroputMbl U MOLENU AaHHbIX
JOMKHbI 6bITb MPeACTaBUMbI AeKNapaTUBHLIMU cneumndurka-
LMAMW B BUAE MHTEPNPEeTUPYEMbIX HAOOPOB JaHHbIX. Peanu-
3aUMa yKa3aHHOro nogxoga npeanonaraeT NpUMeHeHe yHu-
(PULMPOBAHHBIX OHTOMIOFMYECKUX MOAMMOAENbHBIX KOM-
nneKcoB, 06ecneynBaroLLMX BCHO CUCTEMY AMHO MHTepnpe-
TUPYEMOIi TEPMUHONOTUEN. 3aaHne NCMOTHNMbIX Cneuuqu-
Kaumil B 3TOM Cnyyae JO/HKHO OCYLLECTBAATLCA 3KCnepTamm
B NMpoLecce aHanm3a 1 pa3paboTKy MoAenn NpeaMeTHO 06-
nactu (MpO) B BUAe 6a3bl 3HaHWIA, HAa NPOBNEMHO-0PUEHTU-
POBaHHbIX A3bIKax XenaTe/lbHO C BU3yasnbHOi (rpaduyeckoi)
HoTauueii (C y4eTOM NOJI0XKEHUS, YTO Y SKCMEPTOB-TEXHO/0-
roB HaBblKW NPOrpamMMUPOBaHUs OTCYTCTBYIOT) [4-6].
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CaHkT-MNeTepbyprckunin rocygapcTBeHHbI
YHUBEPCUTET TE/IEKOMMYHUKaLINA
CaHkTr-IMeTepbypr, Poccus
vasiljev.valentin2014@yandex.ru

OHTO/MOMMYECKUVE MOAE/IMPOBAHUE
B JEKNAPATVBHOM MPOEKTUPOBAHUM MPUKAALHOIO MO

MpVMeHeHNe WHTENNEKTYaNbHbIX CUCTEM 06ecnevmBaeT
PELLEHNE CMOXHBIX 3afjay WHTeponepabenbHOCTW, MpY 3TOM
OCHOBHasi TPYAHOCTb PELUeHMs CBSizaHa C WCMO/b30BaHMEM
cnabo (hopMan30BaHHbIX 3HAHWI CNELaNMCTOB-NPaKTUKOB, B
KOTOpbIX noruyeckas (Mnm cMbicnoBas) 06paboTka MHDopMa-
LMW NpeBanupyeT Haf BblYMCAMTENbHON. V3yyeHne MeTonoB
NMPOEKTNPOBaHNSA TaKUX CUCTEM, Kak MoKa3aHO B pabote [7],
HaxoauTcsa B Nosie TeOpUM UCKYCCTBEHHOTO MHTennekTa (A,
WU VHXXEHEPWUW 3HAHWI) U NpegnonaraeT pa3paboTKy Moje-
neil 1 MeTOAO0B M3BMIEYEHUS, CTPYKTYPMPOBaHMS, popmainza-
ummn (NpeacTaBneHNs) 3HaHWIA Ans X 06paboTKM B MHTENNEK-
TyasibHbIX ACY 1 UNC.

VmetoLas MecTo B 3TOM c/lyyae Lenoyvka «faHHble — WH-
(hopmaLms — 3HaHWsA», NpeanonaraeT, BO-NepBbIX, Lenecoob-
pasHOCTb OMpefeNieHns CEMaHTUKM (CMbICNa) aHHbIX Ha Oc-
HOBE MHTepMpeTaLM CUHTaKCUYECKMX BblPaXKeHWIA, a BO-BTO-
pbiX, MO3BOASAET FOBOPUTbL O THOCEONONMYECKON LIeNoUKe npes-
CTaB/IeHWS 3HAHWI NPY BbIGOPE A3bIKOB MOLENMPOBaHNS: (DaKT,
0006LLEHHbIN (DaKT, SMAMPUYECKNIA 3aKOH, TEOPETUYECKNIA 3a-
KOH [8-10]. Tak, Hanpumep, Takoi aBTOpUTET B 06nacTn M
Kak 3. X. Tblyry paccMaTpumsa NporpaMmmmnpoBaHme Kak MeTof,
[0Ka3aTeNbCTBa TEOPEM B MPEAMNOSIOXKEHNUMN, YTO CUHTAKCUC
A3blKa MPOrPaMMMPOBaHNS OrpPaHNYMBAET BOSMOXHOCTMW OMK-
CaHWA pPeLleHnin MaTeMaTMYecKMX 3afay, a KOPPEKTHbI W Ko-
HEYHbI NPOLLECC BbIYUCNIEHNI — COBCTBEHHO J0Ka3aTeNbCTBO
(BbIBOS) TEOpemblI [11].

B npouecce pa3paboTku mogenu MNpO u HanofHeHus
6a3bl 3HaHMI (B3) BO3HMKAKOT 3a4ayk, CBA3aHHbIE C U3BIe-
YeHUeM 3MMUPUYECKOr0 3HaHMA 3KCMEePTOB, KOTOPOe Xapak-
Tepusyetca [7, 9]:

— OnpefeneHnemM 3HaHWA B PasnMYHbIX KaTeropusx, Uau
MOZa/IbHOCTbIO;

— AVNANEeKTUYHOCTBLIO 3HAHWIA, U MPOTUBOPEYMBOCTbLHO;

— HEBO3MOXXHOCTbIO MOMHOro onucanusa MpO, unn Henon-
HOTOA.

C 80-x rogos 20-ro Beka 1 Nno HacTosLLee BPeMS B MOMbITKaX
(hopmanm3zaLmm Npo6/IeMHO-OPUEHTUPOBAHHBLIX S3bIKOB Npea-

MNHTennekTyasbHble TEXHOM0rMM Ha TpaHcrnopTe. 2023. No 3 5



Intellectual Technologies on Transport. 2023. No 3

CTaBNEHWSA 3HaHWI 1 MPEOLONEHNS NPOBIEM N3BEYEHNS IMMU-
PUYECKOr0 OMbITa 3KCMEPTOB BbICOKUMMW TEMMamy pa3BUBaeTCA
HanpasneHue, CBA3aHHOE C UCMO/b30BaHNEM OHTO/IOMMYECKOr0
MOZe/IMpoBaHNA Kak 0CHOBbI opraHusauum b3 8 ACY n NC.

OHTONOrMIO NPeSCTaBNAT B BUAE cneuntmKalum KoH-
uentyanusaumu, rae KOHUenTyanusaums — CTPYKTypa
peanbHOCTW, paccmaTpuBaemas He3aBMCUMO OT Ccnosaps
npeamMeTHO 061acTN KOHKPETHOW cutyauun (onpeaeneHme
T. py66epa) [7, 9, 12].

OHTOMOrMM MO3BONAKT (DOPMAIM30BaTL OMUCAHWUA Mpes-
METHBbIX CYLLHOCTEN 1 MX B3aMOCBS3eli NPU NPOEKTUPOBaHUN
ACY un VC [7]. 9T0 06CTOATENCTBO ONpefensieT UX BaXHYHO
ponb B Teopun UIA. C gpyroii CTOPOHbI, OHTO/I0MMYECKOE MO-
[envpoBaHue 06ecrevmBaeT COXpPaHeHWe CEMaHTUKW U BO3-
MOXXHOCTb MOC/eAYHOLLEr0 NCMOMb30BaHKs 3HaHwi o MpO. Ta-
KM 06pasom, B pamMmKax KOHLEeNTyalbHOro onpegeneHus Tep-
MWHONOTMYEecKoro cnoeaps Tov MpO, Ana KOTOpOoit co34arTCs
ACY n VC, OHTO/IOrMYecKoe MOAE/IMPOBaHME AO/MKHO Npes-
BapsTb pa3paboTKy ntoboit ACY n NC [7, 12]. CnepyeT oTMe-
TUTb, YTO B 3aBUCUMOCTU OT NPAKTUYECKOTO MPUMIOXKEHNUS OH-
TOMOMMW MOTYT MPUMEHATLCS B ropasao 60/1ee LMPOKOM Crek-
Tpe 3aJaY, CBA3aHHbIX C 0becneyeHMeM CKBO3HOIO B3aMMOAe-
CTBMA PasHOPOAHBIX CUCTEM C COXPaHEHUEM CEMaHTUKM nepe-
[aBaeMoi HopmaLmu.

CnoxHbie MpO, B TOM ynchne 415 KPUTUYECKUX NPUIOXKe-
HW, XapaKTepu3ykTCca CTPYKTYPUPOBaHHLIMU 1 CNaboCcTpykK-
TYPUPOBAHHLIMUN JaHHbIMUW, XPaHUMbIMK, Kak Npaswno, B pas-
HOTUNHBIX B/B3. MpK 3TOM B YCNOBUAX TEPPUTOPUAIBHO pac-
npeeneHHbIX CYLLECTBYOWNX U yHacneoBaHHbIX ACY 1 NIC
TpebyeTcs UX COBMeCTHas 06paboTka. Peannsauus Takoii coB-
MECTHOIi 06paboTKM, MO CYLLECTBY, W ABNSETCA OCHOBHOW LIEMbHO
006ecneyeHsi CEMaHTUYECKON MHTeponepabeibHOCTY CUCTEM.

B pe3synbTaTte NpoBeLeHHOr0 K HACTOSALLLEMY BPEMEHU aHa-
Nn3a PasIMYHbIX TEXHOMOTUIA HTErpaummn AaHHbIX [7, 13-25]
BbISIBNIEHO, YTO MEPCMEKTUBHbLIM METO4OM CEMaHTUYECKOi
WHTErpauum aBToMaTu3MpoBaHHbIX CUCTEM ABNSETCA MpUMe-
HeHne MporpaMmHbIX MeAnMaTopoB, OCHOBAHHbLIX HAa OHTO/O-
FUAX W BbICTYNAIOLWMX KaK CEMaHTUYEeCKMNe NOCPeSHNKM B 06-
paboTKe AaHHbIX. Takue CeMaHTUYecKue MeauaTopbl ABNf-
HOTCA HOCUTENAMMU OHTONormyeckux B, yto obecneumsaet
YHU(UKALMIO MX A3bIKOBbIX CUCTEM W NO3BOJMISET 0becneyn-
BaTb CEMaHTMYECKM LIeNIOCTHbIM Ananor Mexay B3avMogein-
cteyownmm ACY un UC, Kyga Takue nporpammMHble mefua-
TOpbl BHEAPEHbI.

CnepyeT OTMETUTb, YTO OHTONOINS ONpeLeNsieT NOHATUNIA-
Hyto cuctemy MpO, TO eCTb COBOKYMHOCTb €€ NOHATUIA (KOH-
LLeNTOB) M OTHOLLUEHWUIA MEXAY HUMU, B TO BPEMS Kak KOHLEen-
TyanbHas MOZe/lb OMNUCbIBAeT CTPYKTYPY W MOBefeHYecKue
acriektol MpO. KoHuentyanoHasd mogens MpO BKA4aet
CYLLHOCTW, pefieBaHTHbIe LieNsiM CUCTEMbI, UX OMpPeseneHuns u
CBA3N MEXY HUMW, B TO BPEMSA KaK OHTONOMNS — 3TO MOHS-
1A MpO 1 ceMaHTUYECKME OTHOLLEHUS MeXAY HUMWU. OHTO-
norus, cnefosaresibHO, NIOrMYecKn SononHaeT mogens MpoO,
MPeACTaB/EHHYO ee KOHLENTya/lbHON cxeMoil. B TexHono-
rmax B3 Mcnonb3oBaHME OHTOMIOMMW B KAYeCTBE KOHLENTY-
anbHbIX cxeM MpO 1 B KayecTBe OCHOBbI MHTEP(ECoB pas-
HOpOAHbIX cucTemM B3 no3sonseT (opmynnpoBath 3anpochbl
JaHHbIX B TEPMMHAX OHTOMOMUIA 1 OCYLLECTBAATL PaccyXpe-
Hus (Reasoning) Ha oHTONOrMAX. MOHATMA 1 OTHOLIEHUS 6a-
3VIPYHOLLEroCs Ha OHTONOIMN MHTepdeiica B 3TOM Ciydae CTa-

HOBATCA MOCPeHUKAMUN MEX[Y MOJIb30BaTeNIeM C ero UHQOop-
MauUMOHHbIMK MOTpebHOCTAMU. VIHhOpMaLMOHHBbIE NOTPe6-
HOCTW NONb30BaTeNA BbIpPaXatoTcs B TEPMUHAX OHTONOMAN U
TPaguLMOHHOK MOAENN faHHbIX. Takne CUCTEMbl Ha3blBAOT
cUCTEMaMM [0CTyNa K JaHHbIM, OCHOBAHHbLIMW Ha OHTOJIO-
rusx, unn OBDA-cuctemamm (Ontology-Based Data Access
Systems, OBDA-systems) [41].

OHTONOrMyecknin nogxog mucnonb3yetca 8 OBDA-cucte-
Max [15 OHTOMIOMMYECKOro aHHOTUPOBAHMS KOHLENTYaNlbHbIX
cxem BJ1/B3. 3T0 aenaeTcs € Lenbio JOCTUXKEHUS HE3aBUCUMO-
CTW OT TeXHMYeckux acnektos CYB/[ 1 dopmynuposaHus 3a-
npocos B TepmuHax MpO [11, 19, 20, 26-29]. Tak Kak KoHLen-
Tya/lbHOE MOJEeNMpoBaHue 06bIYHO UCMONb3YeTca Ans onuca-
HWS MOBEAEHYECKUX U PYHKLMOHAbHBLIX aCNeKTOB, OHTOOMM-
4eckuii MOAX0L MOXET ObITb MCMNOMb30BaH M B 3TOM Ciyuae.
CneflyeT OTMETUTb, YTO Ha TEKYLLMA MOMEHT Takoi Moaxon
eLLle He MOoJTy4Ymns LUMPOKOro pacnpocTpaHeHus [9, 29]. Hanpu-
mep, B pa6boTe [30] onpeaensieTcs NOHATME «OHTONOrMYECKOWA
YNCTOTbI» — MOKa3aTeNs KOPPEKTHOCTM U MOSHOTLI KOHLLENTY-
a/lbHO MOZENN OTHOCUTENbHO €e OHTOMIOTMM U OTMeYaeTcs,
4YTO OHTO/OrO-ynpaBnsemMoe MNPOEKTUPOBAHNE CTaHOBUTCA
nerye 419 NOHMMaHUs Npy UCMO/b30BaHUM OHTONOTUIA B CUNY
OneprpoBaHNs eCTECTBEHHBLIMU [/ NOb30BATENSA NOHATUAMU.

Takum o06pa3om, npu pas3paboTKe WHTENNEKTYaNbHbIX
TEXHUYECKUX CUCTEM OHTONOIUM LienecoobpasHo UCNoNb30-
BaTb Anq [9]:

— (hopmMMpoBaHMs 1 (MKcauMn 0OLIEero pasfensemoro
BCEMM 3KCMepTamm 6/10Ka 3HaHwiA o MpO;

— ONMCaHNSA CEMaHTUKMN aHHbIX C LeNbi0 SBHOW KOHLEeNTY-
anusauun Mpo;

— 06ecneyeHns BO3MOXHOCTY NOBTOPHOTO UCMO/b30BaHUs
3HaHWIA;

— onucaHusa yHKLMoHansHocTn ACY 1 UC (Tvnos pelua-
eMbIX 3ajauy).

OHTOMOrMs MOXET UCMOb30BATLCA B NMpOLEecce PYHKLMO-
HuposaHusa ACY n UC ¢ uensto:

— 06ecreyeHns COBMECTHOIO WCMOb30BaHUA PasHOPOS-
HbIX JaHHbIX 1 3HaHWIA;

— peanv3auumn NpoLEeccoB, COCTaBAAOWMX PYHKLUOHAb-
HOCTb CUCTEMbI;

— ny4ulero noHumanusa MpO nonb3oBaTensiMu CUCTEMBI;

— JOCTVMDKEHWNS WHTErpaumMm v Murpaumm pasHOpOAHbLIX
[aHHBIX W 3HAHWIA MeXay TeppUTOpMabHO pacripeaeieHHbIMM
ACY n 1C;

— obecneyveHns (yHKLMOHIbHOVW COBMECTUMOCTM Cyllie-
CTBYIOLMX HEMHTENNIEKTYaNbHbIX CUCTEM MyTEM HaACTPOWKM
MOBEPX HUX CEMaHTWUYECKM aHHOTUPYHOLMX MOZLENbHO-aNro-
PUTMUYECKUX KOMM/IEKCOB, OCHOBAHHbIX HA OHTONOIUSIX.

[ns (opmanusaumn OHTONOIWA B Ka4yecTBe TeopeTuye-
CKOro arnapara 3a4acTyt0 MCNONb3YHTCA LeCKPUMNLUOHHbIE
noruvkn [7, 29, 31-37]: no cywecTsy — CeMeincTBo opma-
N3MOB ANA CTPYKTYPMPOBAHHOIO MpesCTaB/eHUs 3HaHWIA,
KOTOpOe CO34aHO0 ANS NPUMEHeHMs (hOPMasibHOM CEMaHTUKK
B CTPYKTYPUPOBAHHbIX, HE OCHOBAHHBLIX Ha NOrMKe fA3blKax
npeAcTaBAeHNss 3HAHNA — CEMAHTMYECKNX CETAX W f3blKax
(hpeiimMoB. [leCKpUMNLMOHHbIE NIOTVKW pPeanun3ytoT KOMMpo-
MUCC MEXAY BblpasuTelbHbIMU BO3MOXHOCTAMMU U BbIYUCN-
TeNIbHON CNOXHOCTLIO PaccyXXieHuid, obecneymsas coyeTa-
HVe BO3MOXHOCTEN paspellnmbiX (hparMeHTOB JIOTUKK nep-
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BOr0 Nopsiaka v MoAasbHbIX IOTUK C HEKOTOPLIMK pacLumpe-
HUSMK, TaK Kak He BCe acMeKTbl peabHOro0 Mupa npegcra-
BUMbI B 3TUX norukax [38].

MoyTy BCe 0606LLIEHUS UMEKOT UCKIKOUEHNS UK cObMoaa-
HOTCA TONMbKO [0 ONpedeneHHON CTeNneHn, YTo CoCcTaBNseT oc-
HOBHYIO C/IOXKHOCTb (MPUHLUMN eCTECTBEHHbLIX Pa3HOBUAHO-
cTeid) [39]. B aT0i1 cBA3M LieNecoobpasHo pasaensTb TUMOBbIe
CYLIHOCTU W MWCKAKUUTeNbHble (MHAMBUALI). Crnepytowuii
BaXKHbIA acneKT — WCMO/Ib30BaHMe KaTEropuin aAns Cy>KAeHui
0 KOHKPETHbIX 06bEKTaX, KOTOPbIE NMPOBOAATCSA € 3afaHMeM Ha
HWX OTHOLUEHUIA (TakCOHOMWM, MapTOHOMUW, Te3aypycbl U
np.). [eckpunuuoHHas /forMka MO3BONAET CPABHUTENIbHO
NErko paspelunTb 3TW 3adadu U B psde CiydvaeB UMeeT 6osee
HW3KYIO BbIYMCIUTE/BHYIO CNIOXKHOCTb, YEM, Hanpumep, Bbipa-
YXEHWS B NIOTVKE C ABYXMECTHBLIMU NpeankaTamu. PaccmMoTpeH-
Hble MOJIOXKEHWS MOATBEPXAAIT MEPCNeKTUBHOCTL MPUMEHE-
HWSI OHTONOTWIA AN BbIYWUC/UTENBHO CIOXKHBIX 3afad, 00y-
C/TOB/IEHHbIX COBMECTHbIM MaHVMyIMPOBaHWEM Pa3HOPOLHON
UHopMaUueld, nepefaBaemMoii M3 pPasIMYHbIX WUCTOYHUKOB
JaHHbIX cywecteytowmx ACY n NC.

Takue NpuHUMNbI 0606LLEHNS 1 KaTeropuitHoe onucaHue
MO3BO/AOT 33JaBaTb NMOBEPX Pa3HOPOAHLIX MOAENel AaHHbIX
CYLLECTBYHOLMX U yHacnefoBaHHbIX ACY 1 UC yHumumpo-
BaHHble MOLENV NPefcTaBNeHUs 3HaHWUA, OCHOBaHHbIE HA OH-
TONornsaxX. ta 0CO6EHHOCTL NO3BONAET UHTErPUPOBATL Pa3HO-
pofHyto nHopmauuto ACY un C, BbINOMHEHHbIX HA pa3nny-
HbIX NaTopmax, N 06ecneynTb Co3aaHNe e4NHO MHTEPMPETH-
pyemoii cuctemsl B3, koTOpasi MOXET CTaTb OCHOBOW peann3a-
uumn nHTeponepabensHoctn ACY un UC.

Kpome Toro, Heo6xoAauMo OTMETWUTb, YTO UCMO/b30BaHNe
OTAENbHO B3SITbIX OHTOMOMNIA MW MX NIMHEHOW COBOKYMHOCTM
(Hanmpumep, B BUAE MHOXECTBA MPeAMETHLIX OHTONOrMiA BJ1)
XapakKTepHO AJ1 MHOMUX CYLLECTBYHOLMX UHTENNEKTYalbHbIX
TEXHNYECKMX cucTeM [7, 12, 16, 40-42]. NHoraa ncnonb3yeTcs
Mepapxms OHTONOTUIA AN MHTerpauuy reTeporeHHbIX 1UCTou-
HWKOB faHHbIX. OHTOMOrMK, KakK (popmasm3m npescTaB/ieHms
3HaHWUIA, MOryT 6bITb UCMO/b30BaHbI He TONLKO AN OMMCaHNS
cTatuyHoin mogenm MpO, HO TaKxXe 1 Ans onMcaHUs npoLecc-
HbIX acneKToB, 1epapxwuii uenei n 3agay [39, 43-45]. Mpwn ne-
pexofe 0T 0f{HO OHTONOMK K ApYroii MOryT 3a4aBaTbCs orpa-
HUYeHNs, NGO AoNYyLLEeHNs AN5 3a4aBaeMoli CMCTeMbI (DaKTOB
0 MpO, uTo obecneunBaeTCs ONpeaesieHNeM HEKOTOPO COBO-
KYMHOCTV B3aMMOCBS3aHHbLIX OHTONOMMIA Tak, 4TO 3TO MO3BO-
nseT 6onee rMOKO NpPoeKTMpoBaTb Mogenn. MNogobHyo coBo-
KYMHOCTb OHTO/OTMIA NPUHATO Ha3blBaTb OHTOMIOMMYECKON CU-
CTEMOIA. B nTepaTypHbIX NCTOYHMKAX NPUBOAATCA PasnnyHbIe
onpegenieHns 3TOro MOHATMA, OLHaKO Ha MPaKTUKe COOTBeT-
CTBYHOLLEV (hOpManbHOW 1 peann3sytoLLeli CUCTEMbI HaeHO He
6bin0 [7, 21, 28].

MPAKTUYECKWE BOMPOCH!

[LEKNAPATMBHOIO MPOEKTUPOBAHNSA MPUKIALHOIO MO

[JeknapaTMBHOe MPOEKTMPOBaHMe npuknagHoro MO 6asu-
pyeTcs Ha cucTeMHOM aHanmse MpO (aHanm3e UCXOAHbIX faH-
HbIX 1 pa3paboTke mogenu MpQO), pa3paboTke cneyuuKauuii
TpeboBaHWii, pa3paboTke KoAa, TECTUPOBAHNM 1N CONPOBOXAe-
HMN B COOTBETCTBMM C KOHLEMUWENA YNPaBNeHUs XU3HEHHbIM
LMKIOM MpOrpammMHbIX cuctem [40]. AHaIM3 MCXOAHbIX faH-
HbIX 11 pa3paboTka creumguKaLmin TpeboBaHNii — 3T0 BaXKHelA-
LKA 3Tan MPOEKTMPOBaHUSA, OMUPAIOLLMIACA Ha 3KCMepTHble
3HaHUA. DKCMEePTHble 3HaHMA O MpO CyLWeCTBEHHO CNOXHee

COBPEMEHHbIX JIOTUYECKMX, POPMabHBLIX UM UHBIX NpeacTaB-
NeHWi Takux Mogeneid. CyLLecTBYeT 3HaUMTENbHbIA paspbiB
MeXay abCcTpaKTHbIM, 3KCMEPTHbIM NpeAcTaBieHneM MoAenu
MpO 1 ee npakTMyecKMm BblpaxkeHnem B Buge b/, nnm 3. Skc-
MePTHbIE 3HAHWS NOTUYECKN HE MOMHOCTLH YNOPAA0YEHbI, Mo-
CTOSHHO [OMNOMHAKTCA W 3MEHATCS. B Taknx ycnoBumsx uc-
nosb3oBaHue TpaauumMoHHbIX BA/B3 3aTpygHEHO, B 3TOM CNy-
yae pacCMOTPEHNE BO3MOXXHOCTW MPUMEHEHUA HETPagULOH-
HbIX NOAXO0A0B K NOCTpoeHUto mogenu MpO — rpadosbIX, 4o-
KyMeHTapHbIX, Koy-3HadeHne n gpyrux (NoSQL) — npeg-
CTaB/seTCA JOCTATOMHO 060CHOBAHHbBIM.

B pamkax NOrmko-iMHrBMcTAYecKoii napagurmel [10] co-
3aaHne mogenm MpO MOXHO NPeACTaBUTb B BUAE CefyHoLLEi
MoJenn pas3paboTky, cXxeMa KOTOPOW NpeAcTaBfieHa Ha pu-
CyHKe 1.

JTorvko-nmMHrBmncTMYECKass Mofenb paspaboTkn npegnona-
raeT npeobpa3oBaHWe [aHHbIX, NMPEACTaB/EHHbIX B rpaguye-
CKO NN IMHFBUCTMYECKOV (hopMme, B TOrMYecKyto opmy (no
aHasiorMmn ¢ IOrMKO-/IMHTBUCTUYECKON CMCTEMOI YNpaBieHns
. A. Nocnenosa [10]). MNpeacTaBneHHas MOAe/b OTHOCUTCA K
CEMUOTUYECKMM CUCTEMaM W Ha ee OCHOBE MOXKET ObITb pa3pa-
60TaHa Moaenb nto6oli MpO B BMAE OHTONOTUIA C CNO/b30BaA-
HMeM [eCKPUNUMOHHBIX NOTUK UK APYTUX A3bIKOBbIX hopma-
NN3MOB.

Bbi6op Mogenn npefcTaBneHUss 3HaHWI Ha Pas3/NYHbIX
aTanax TpaHChopmMaLmMn 3KCMEPTHbLIX 3HAHWIA B OHTONOMMM
MMEET CYLL,eCTBEHHOE 3HAUYEHNE U HE MOXKET ObITb NPOM3BO/b-
HbIM. Ha nepBoii CTaaum ocyLLecTBNsAeTCA N3BeYeHne Tpebo-
BaHWii (Requirements Elicitation), KoTopoe NpoBoAMTCS Ha
OCHOBaHWM aHaNM3a 3aMbIC/a 3aKa3umKa, UCXOAHbIX AaHHbIX,
MOAENV NpeaMEeTHOM 061acTu 1 NOTPEBHOCTEN NHTEpPECaHTOB
B BUJE VHTEPBLIOMPOBAHNS, CLIEHAPHOI0 aHan3a, MOAEeNnpo-
BaHWs U NPOTOTUNMPOBaHMS. [pK 3TOM 3KCMEPTHbIE 3HAHUA
[O/MDKHbI 6bITb MPeACcTaBNeHbl B IMHIBUCTUYECKOM W rpagn-
4eckoM BufAe, ANA TOro YTo6bl U3bexaTb KOrHUTUBHBLIX NO-
Tepb 3HAHWI NpY NX Nepegade Ha CNeayoLLyo CTanio TpaHc-
(hopmaLum B COOTBETCTBMUM C 3TanOM XXM3HEHHOI 0 LKna npo-
rpammsl [46].

V3BneyeHne TpebOBaHMWI, NpW OHTONOrMYECKOM Nof-
Xo4e, npefnonaraet COCTaBNeHNe NepeyHs TEPMUHOB, MNOHS-
TUIA N X onpeaeneHnin. TepMUHbI Y MOHATUS SO/MKHbI pac-
nonaratbCA B MepeyHe C y4eTOM OTHOLUEHWI W 3aBUCUMO-
CTei, CyLecTBYOWMUX MeXay HAMUK. TakuM 06pa3om, co3fa-
eTCA CTPYKTYPMpPOBaHHas OHTON0rMYeckas Mogenb — rnoc-
capuii/Tesaypyc, KoTopas ecTeCTBeHHbIM 06pa3oM MOXeT
ObITb NpeAcTaBneHa B BuAe rpada MOMeYeHHbIX CBOMCTB
(Labeled Property Graph, LPG) [47]. Oanee, Ha 0CHOBaHUM
rpacga rnoccapus u uccnegosanua MNpO, paspabaTbiBalOTCS
LPG-rpathbl MHOPMaLMOHHBIX NPOLLECCOB U peneBaHTHbLIX
UM MeTafiaHHbIX, COOTBETCTBYIOLLME LENSAM U 3ada4am Mpo-
rPaMMHOI CUCTEMbI, ONPEAENATCS BbISBNEHHbIE BbIYUCIN-
TeNbHbIE 38Ja4mM U NX B3aumocBs3n. Ha 6ase aHannsa nony-
YyeHHbIX LPG-rpadoB thopmupyeTcs KoHUenTyasnbHas apxu-
TeKTypa ¥ cneundukaums TpeboBaHuid. MonyyeHHast cu-
cTema M30MOPGHbIX rpaoB MCMOMb3YeTCs KaK BepXHUIA
YPOBEHb ONMCaHWs TpeboBaHWii U apXUTEKTYpbl NPOrpaMm-
HOW cncTeMsbl, Kak rpadbl 3HaHWUI NpefMeTHOI 061acTu, Ha
6ase KOTOpbIX MOryT ObITb pa3paboTaHbl pa3NNYHbIe YacT-
Hble OHTONOrMM: TpeboBaHWIA 3aKa3uuka, cneunprKayuii
Tpe6oBaHWiA, onucaHNns apxUTEKTYpbl 1 NpoyKe.
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Puc. 1. JTOrMKo-nMHrBUCTUYECKas MOAeb POPMMPOBaHNS CXEMbI MPEAMETHOR 06/1aCcTK

Cnepyet 0TMeTUTb, UTOo LPG-rpadbl MoryT 6biTh paspabo-
TaHbl 3KCMepTamu, He MMEKOLLMMU HaBbIKOB MPOrpaMMupoBa-
HWA, a (hopManM30BaHHOe OMUCAHNE OHTONOTMIA — cheuuanu-
CTaMu MHXeHepun 3HaHwuii. [py aToMm rpadbl 3HaHW obecne-
UMBaOT BaIMAALMIO 1N BEPU(MKALMIO OHTONOIWIA, SIerkoe Jo-
6aBneHve N N3MeHeHe 3HaHWIA.

3AKJIIOYEHVE

OHTONOTNYECKOE MOAENMPOBaHME U KOHLEeMTYyam3auus
Nexat B OCHOBe AeK/1apaTVBHOIO NPOEKTUPOBAHMS, KOTOPbIM
obecrieumBaeTcs [OCTWXKEHME WHTeponepabenbHocTW. [Mpu
3TOM Ha Haya/lbHbIX CTagusX XXM3HEHHOTO LMK/Ia C MOMOLLbO
3KCMEPTHbIX 3HaHMA MOAENMPYHOTCA CTPYKTYPHbIE OTHOLLIEHNS
N CBA3N MeXAy WH(HOPMALMOHHLIMWA MOHATUAMMW, PENEBaHT-
HbIMW TepMMHaM K NoHATUAM MpO, co3paeTca rpad 3HaHWiA
MpO. Mony4eHHbIA 3KCNepTaMmn rpad NeXMT B OCHOBE YacT-
HbIX OHTO/IOMWI Pa3NINYHBLIX CTaAUiA XKU3HEHHOTO LKA Npo-
rPaMMHbIX CUCTEM.
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Abstract. The article discusses the specifics of knowledge engi-
neering in ensuring the interoperability of existing and modern-
ized automated control systems and information systems. It is
shown that interoperability can be ensured by declarative design
based on conceptual modeling and ontological description of the
stages of the life cycle. Declarative design can be described within
the framework of a logical-linguistic model, while experts develop
knowledge graphs on the basis of which private ontologies of var-
ious stages of the life cycle are compiled.
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AHHOTauma. CrtpaTteruss uyudpoBoii  TpaHctopmalmm
OAO «P>X[» 6blna paspabotaHa B 2019 rogy v BK/OYaeT LUK-
POKUIA CNEKTP LUGPOBBLIX TEXHOMOTNI, KOTOPbIE YXKe BHEAPEHbI
UM paccMaTpMBaKTCA K BO3MOXXHOMY BHEPEHMIO, B TOM 4uC/ie
aBTOMaTM3aLMIO BbIMO/IHEHWS PYTUHHBLIX onepaunii — poboTu-
31POBaHHYI0 aBTOMaTMU3aUMio NMpoLeccoB. B cTtatbe paccmatpu-
BaeTCHA XPOHO/MIOrNS MpoeKTa Mo BHEAPEHWMIO MPOrpamMmMHbIX Po-
60T1oB B 'BLI, LUenm n 3agaum npoekTa, BblbpaHHbIe PeLleHns n
TEXHOMOTUN, NPeLNPUHATbIE OPraHN3aLnoHHbIE, TEXHUYECKME U
KafpoBble Mepbl, JOCTUTHYTbIE pe3ynbTaTbl U MAaHbl Ha 6yay-
Liee. PaccMoTpeHo NOHATYE arpeccBHOM poboTu3auum, Hanpas-
NEHHON Ha nnaHWpoBaHuWe aesTenbHocT MBL, ¢ uenbio yBenn-
YeHnsA ob6bemMa paspabaTbiBaeMbIX NMPOrpaMMHbIX Po60TOB ANA
CHVDKEHNS Harpy3KM Ha MepcoHan Mpu BbIMOHEHUN PYTUHHbBIX
onepauuii, BblfeneHns 60MbLUEro BPEMEHW Ha peLUeHne MHTen-
NeKTyanbHbIX 334a4, 0T/1aAKy NPOLLECCOB poboTm3aumm.

Kntouesble cnosa:
poboTun3mpoBaHHas
TpaHchopmauums,
BbIYNCINTESbHbIN
poboTur3aums.

RPA, nporpamMmMHble
aBTomMartmsaums  Mpoueccos, LmMgposas
onepaunoHHas 3PQeKTMBHOCTb, [NaBHbI
ueHTp OAO  «P)XX[O», arpeccuBHas

po6oThlI,

BBEAEHVE

Poccuiickas TpaHCNopTHas oTpac/ib AeMOHCTPUPYET Bbl-
COKMe Temnbl uudpoBoii TpaHcthopmaumnm. OAO «PXK[», sB-
NASCb KPYMNHeLei rocyaapcTBEHHOM KOMMaHWeR, BO MHOTUX
OTHOLLEHNSX CTana NMMAEPOM LMDPOBOIA TpaHChopMaLmm.

CrpaTterus umgpoBoin TpaHchopmaumn PXX/, 6bina paspa-
6oTtaHa B 2019 rogy. CnekTp LM(POBbIX TEXHOOIWIA, KOTO-
pble Y)XXe BHefpeHbl WX PaccMaTpuBaloTCA K BO3MOXHOMY
BHeAPeHUIo, NoAPO6HO pacnucaH 1 OYeHb LUMPOK:

— aHa/IMTUKa Ha 6a3e MalMHHOIO 00yYeHws;

— «NHTEPHET BeLLel»;

— pacnpefeneHHble PeecTpbl;

— ynpaBneHue nosb30BaTe/lbCKUM OMbITOM;

— BUPTya/ibHast 1 LONONHEHHas peaslbHOCTb;

— aBTOMATUYeCcKas UaeHTU(UKaLNA N OTCEXNBaHNE 00b-
eKTOB;

— HOBbIE NHTepelickl B3aMOAECTBISA C NONb30BATENEM;

— peyeBble CEePBUCHI;

— LM(poBbIe ABONHUKN U MOAEMPOBAHME,;

— 3/1eKTPOHHbIe NNOLaAKM;

— aBTOMaTU3aLMs PyTUHHBLIX onepaumii (Robotic Process
Automation, RPA);

— HOCUMblE YCTPOICTBA;

— «B0bLUVE AaHHbIE;

A.T.H. C. . Epmakos, K.T.H. [. /. batanos

MeTepbyprckuii rocyAapCTBEHHbIA YHUBEPCUTET
nyTeii cooblueHns MimnepaTtopa AnekcaHgpa |
CaHkT-TMeTtepbypr, Poccust
ermakov@pgups.ru, d.i.batalov@yandex.ru

— undposoe mogenvporaHme (Building Information Mod-
eling, BIM);

— aBTOHOMHAA TEXHUKa;

— NpejckasateNibHas AnarHocTuka;

— MPOLIECCHOE  YMNpaBfieHUe  OpraHv3ayuen
Process Management, BPM) [1].

WccnefoBaHua aHanmsa ap(eKTUBHOCTU WUCMOMb30BaHUA
HOBOI1 TEXHONOMM aBTOMATM3aLMM MOKasau, YTO BHeApeHWe
RPA cHuxaet 3atpatbl Ha FTE (Full-Time Equivalent, 3ksu-
Ba/IEHT MO/IHOM 3aHATOCTM) Ha 50 NPOLIEHTOB.

Kpome Toro, ¢ Toukmn 3peHus 3arpar, RPA pgeluesne, yem
BHegpeHne BPMS (Business Process Management System,
MporpaMMHOoe obecneyeHne Ans  ynpaeBneHWss  6u3Hec-
npoueccamu), Tak kak RPA TpebyeT MeHbLUMX 3aTpaT pecyp-
COB 1 BpeMeHn [2].

B HacToAwee Bpems B Poccun ucnonbsytotcs 6onee 10
0TeyeCTBEHHbIX RPA-nnatopm. CoCTaBnAlTCA UX eXerop-
Hble perTuHIK [3].

B 2017 roay texHonorun RPA cTanm pacnpocTpaHATLCA B
Poccun. Y4yaCTHMKM pblHKA MOCTEMEHHO Hayanu y3HaBaTb O
BO3MOXXHOCTAX RPA-cuctem. NPOHMKHOBEHUIO TEXHOJOMMK
CMOCO6CTBOBANO TO, UTO M3-3a KOHKYPEHLUM C MOABMBLUMMU-
CS Ha pblHKE OTeyecTBeHHbIMM RPA-nnatgopmamu, WHO-
CTpaHHble KOMMaHWU-BEHAOPb!I OMTUMMU3NPOBAIM  LIEHOBYHO
nonnTUKy. B pesynbTaTe A0 OAHOrO rofja COKpaTWCS CPOK
OKyMaeMoCTW BHefpeHnin RPA-cucTem.

B 2018 rogy HekoTOpble KpyrHble KOMMaHuy nepewwnn ot
MUIOTHBIX BHEPEHWI K NOSHOMACLUTAOHbIM NPOeKTam, npu-
3BaHHbIM MEPEBECTM PYTWHHbIE Onepauun B BefeHWe Mnpo-
rpammMHbIX Po60TOB. TakkKe Haj BHeLpeHWeM Hadanu 3afy-
MbIBaTbCA KPYMHbIA 6U3HEC, (HMHAHCOBbLIA CEKTOP U FOCCTPYK-
Typsl [4].

[anbHelilwniA akTMBHBIA CNpoc Ha TexHonormio RPA Bo
MHOFOM Oblfl 0OYC/IOB/IEH KOPOTKMMMW CPOKamy BHEAPEHWS,
OYeHb ObICTPO OKYMaemMOCTbHO M BO3BPATOM MHBECTULMIA B
MPOEKT. PbIHOK, yCTaBLWWi1 OT 60MbLUNX, CIOXHBLIX U PeCypco-
eMKnX VIT-NpOeKTOB MOMOXMUTETbHO BOCMPUHSA TEXHOMOTUIO,
r/ie CPefHWiA CPOK CO3A4aHnst poboTa Ha OAWH NPOLECC CoCcTaB-
nsieT Makcumym 1,5 mecsua, a 3a CYET BbICBOOOXAEHMA pe-
CYPCOB NMPOEKT OKyMaeTcsi B cpeAHeM 3a 5-8 mecsues [5].

Mpu poboTu3auuym pabouvero npouecca aBTOMATUYECKM
BbIMOHAETCS CNeayoLmin diyHKUMoHan [6]:

— nonyyeHve focTyna K noyte (4TeHue, 3arpyska, oTrnpas-
NeHne MaTepuanos);

— B3aMMOJECTBME C KOPNOPaTUBHbLIMY CUCTEMaMu;

(Business
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— OMTUYeCKoe pacno3HasaHue cumBosnos (OCR);

— 06MEH AaHHbIMU MEXAY NMPUMIOXKEHNAMY;

— BbINOMHEHWe 3afa4y 24 vaca B CyTKW, MO pacrnucaHuio
nnmn 3anpocy.

OpHa MUHyTa paboTbl poboTa B CpefHEM COOTBETCTBYeET
10-15 muHyTam paboTbl 4enoBeka. [lpemMmyllecTBa mnpo-
rpaMmHOi  poboTuzaumMm nepef  «cCTaHAapTHbIMU»  UT-
npoeKTamu:

— YMeHbLLEHWE PECYPCHBIX 3aTpaT;

— eAnHbI NporpaMMHbIA UHTEPQENC;

— ynpasneHue JOCTynamu K CUCTeMaM;

— rnmbkas HacTpolika U U3MeHeHe poboToB.

XPOHONOIMMA MPOLEECCA POBEOTU3ALMM TBLL OAO «PXX[»

B 2018 roay rpynna cotpyaHukos MBLL OAO «PXX/[» 06b-
efMHUMACL 4719 MPOBEAEHUS UCCNefoBaTebCKOM paboThl B 06-
nactn RPA. YneHol rpynnel, CtenaHos 0. H., SlornHos A. J1.,
Mopo3sos C. [., J/lenekos B. A., BbINOAHWAW MOUCK W noabtop
mMaTepuanoB B CETU VIHTEpHET, NOCeTUNN UHPOPMALMOHHbIE
CeMVHapbl, KOTOpble MPOBOAWMAM pPa3paboTuMKM nNnathopm
nporpamMmMHol poboTu3aunm.

B 2019 rogy B 'BL| 6bin 3anyLieH npouecc LmdpoBoit
TpaHcdopmMauuu, B KOTOPOM 0CO60e BHWMaHWe YAensanocb
pa3paboTke nporpamMHbIX po6oToB. KypaTopom mnpolecca
po6oTusaumu 6bin onpeseneH Cvmonapos Amutpuii Apkagbe-
BUY, 3amecTuTeNb fupekTopa MBL,.

XpoHonorus npouecca po6otusauuy MBL, OAO «PXO»
npvBeseHa B Tabnuue 1.

Tabnumua 1
STanbl peanunsaLlymn NPOeKTa Mo BHeAPEHUIO NPOrpaMmHbIX po6oToB B MBL, OAO «PXXO»
I_II\}IQ_I JT1an npoekTa Copgep>xaHue pabot Jarta
CTapT npoekTa BHeapeHus |Co3aaHne NPOEKTHOM rpynnbl Mo pa3paboTKe U BHEAPEHWIO NPOrpaMMHbIX pO60TOB.
1. o 4 kBapTan 2019 .
TexHonoruv RPA B 'BL| |PykoBoaunTenb NpoekTHouW rpynnbsl — CtenaHos HO. H.
MnaH-thakT . Hos6pb-aexkabpb
, TpaHChopMaLM Boi6op nnatgopmbl Robin RPA 2019 1.
rBU'HZAZ‘OOZSF;mﬂ'» Pa3paboTka cLeHapneB NporpaMmHbIX poboTtos MBLY, 2-3 kBapTan 2020 r.
Pa3paboTka nnaHa MeponpuaTuii ®espanb 2021 T.
1. Co3paaHne NOAMIOHOB Pa3paboTKmM M 3KCNyaTauum NporpaMMHbIX po60TOoB A/1s
(hYHKUMOHaNbHbIX 3aKa3uukoB (punmanos OAO «PXXO»).
@espaib 2021 T.
2. MNoBbILWEHME Ka4ecTBa 0(HOPMJIEHNS MACMOPTOB NPOrpPaMMHbIX PO60TOB (MoAMDM-
Kaums NporpaMMHbIX PO60TOB, Yy4yLIEHNE Ka4YecTBa).
1. Pa3paboTka BpeMeHHOro pernameHTa B3avmogenctaus VIBL/LIeHTpOB TeXHONOM -
YECKOro conpoBoXaeHUs/LIeHTPOB KOMMETEHLMIA NPpK pa3paboTke 1 aKcnayaTaymm
nporpaMmHbIX po6oToB A5 npoueccoB MBL, 1 (hyHKUMOHaNbHbLIX 3aKa34MKOB. Mapt 2021 r.
CTtapT npoekTa 2. OpraHusauusa BBoga B aKcnnyatauuio OpkecTpatopa — pob0Ta, ynpaBnstoLLero
3 «BHeapeHve thabprku  |3anyCcKOM M COrnacoBaHnem paboTbl ApYrux NporpaMmHbIX poboTos.
' po6oTusauuu 1. Pa3paboTka nopsgka nogknoueHms Kk AC TeXHOMOMMYECKMX YUHETHbIX 3anicei.
B OAO «PXX/» 2. Pa3paboTka KapT npoLeccoB poboTunsaumm 1 KOMMIEKTOB TEXHUKO- Anpens 2021 1.
HOPMMUPOBOYHbBIX KapT.
3. BblpaboTka enHbIX NpaBua pa3paboTKM NporpaMMHbIX PO60TOB.
AxTyanunsaums MTP B cBA3M ¢ JOpMUPOBAHMEM MONUTOHOB POBOTM3aLMM AN1st DYHK- VioHs 2021
LIMOHaNbHbIX 3aKa34MKOB '
Co3sfaHne MexaH13Ma y4eTa 3peKToB 0T pO6OTOB (PYHKLMOHASbHBIX 3aKa34MKOB CeHTs6pb 2021 T.
MogepHu3zauns ABTOMaTU3MPOBAHHOM CUCTEMbI O(OPMEHNS 3asIBOK A5 Mepexoa K HosI60b-1eKa6Db
MOCTOSAHHOMY PELLEHMIO MO BEAEHWIO YUYETHbIX 3annceil B MHHOPMaLMOHHbIX CucTe- 2p02§' r P
Max [18 NOAKMIHYEHNS NPOrpaMMHbIX pO60TOB '
Ytunusaums npoekta | MpekpallieHve paboT B pamMmKax npoekTa «BHeapeHue habprku pobotusayum 8 OAO
«BHegpeHue thabprkn  |«PXXO» 1 nepefaya pe3ynbTaToB AN AafbHENLIEro conpoBoXaeHus B LieHTp Komne-
4. " Maprt 2021 r.
poboTu3aLum TeHUMIA No akcnnyaTaumm nnatpopmsl pobotusaumm (LLK3 PMA).
B OAQ «PXX[» O6ecneyeHo BKIOYEHWE MeponpusaTkii B niaH LIKS PIMA Ha 2021 r.
5. | ®dopmuposaHue LIKS PTA |EguHasa Touka Bxoga v opraHusarop npouecca — LIKS PI1A c2021r.
MogroToBka nnaHa paboT
o MnaHnpoBaHue aesTensHocTM MBLL ¢ Lenbio yBennyeHns oobema paspabaTbiBaeMbIX
6. rl0 arpeccuMBHoN nporpaMmmHbIx po6oToB (¢ 1 Thic. 4o 10 ThiC. B rog) c2023r.
po6oTtusaumm OAQ «PXXx» ) )

MpegnocblikaMn 1M MOTMBALMEN K peasv3aumy npoekTa
poboTu3aLMn SBUANCL OFPOMHbIE 00bEMbI AaHHbLIX O paboTe
KOMMNaHWM 1 nonbsosatenisx VIC, KoTopble COTPYAHMKAM WH-
(hopMaLMOHHO-BbIYUCNTENbHBLIX  LeHTpos  (MBLL) OAO
«PXX/[1» npnuxoamnoch BBOAUTL B 3/IEKTPOHHbIE OKYMEHTLI.

B PXX/[ pa6oTaeT 0K0i10 500 MHPOPMALMOHHBLIX CUCTEM W
240 Tbic. nonb3oeateneil. 9 500 koHTpareHToB BeayT ¢ OAO
«PXX[» 3n1€KTPOHHbIA 4OKYMEHTO060pPOT.

TexHNYeCKO NOoAAepXXKON 3aHumarotcs 4,5 Tbic. UT-
cneymnanncToB MBL, pacnonoxeHHbIX B 16 VIBL, oT Xabapos-
cka fo KanvHuHrpaga.

AHanu3 obpalleHniA Nonb3oBaTeneli nokasana, 4To 6onee
70 % 3anpocoB — MOBTOPAIOLLMECA U OAHOTUNHbIE. [7]. B rog
0bpabaTbiBaeTca 40 7 M/H 3anpocoB.

Llenbto npoekta po6oTusaumy CTano NoBbILLEHWE Onepa-
LMOHHOI athpekTmBHOCTM OAO «PXK[» 3a cueT yBenmueHus
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CKOpPOCTW paboTbl U CHMKEHMA 3aTpaT 63k-omca B CBA3N C
po60TM3aLmMeli PYyTUHHBIX Onepauuii.

[ns  [ocTKeHMs yKa3aHHOW Uenu Oblan  OnpeaeneHbl
cnepytouime 3agaum [8]:

1. Cokpatutb Bpems hopMM1POBaHMS 1 3aN0NHEHUS BHYT-
PEHHUX [OKYMEHTOB, ONTUMW3MPOBATL [LOKYMEHTOO60POT C
KOHTpareHTamMm 1 3anpocbl NOMb30BaTeNeil MHPPaCTPYKTYpbl
OAO «PXX».

2. Co3path COBCTBEHHYHO «(habpuKy poboToB» M pa3pabo-
TaTb CUCTEMY OLEHKN 3KOHOMMWYECKOI 3PEKTUBHOCTU pobo-
TU3aumm.

3. CHM3UTb O/ PYTUHHBIX M OAHOTUMHBIX OMnepauyuii, 06-
pabaTblBaeMbIX YEIOBEKOM, 3a CUET BHEAPEHWS UCKYCCTBEHHO-
o MHTE/NNEKTa B OMNepaLUyoHHbIe MPOLECCHI KOMMaHuM.

PELUEHVME 1 TEXHONOM MW ANA PEAJIU3ALIMM MPOEKTA

B 2019 rogy OAO «P>XX[» nNpoBeno KOHKYypC cpefmn oTe-
YeCTBEHHbIX pa3paboTunkoB RPA-nnathopm.

Mo pesynbTaTaM KOHKypca Oblna BblbpaHa nnatgopma
ROBIN RPA, koTopas no3BonsieT co3gaBaTb po60TU3NPOBaH-
Hble MPWIOXKEHNS NOA Crneunuyeckme 3afadn, pellaemble
MH(OPMaLMOHHLIMY crcTEMaMm KoMnaHuu. Mnathopma Rob-
in RPA wWupoko unchonb3oBasiacb B Mpouecce LUdpoBoii
TpaHchopMaLymn 1 Apyrx TPaHCNOPTHbLIX KoMMaHuii [9].

Takke BblI0 MPUHATO PeLLEHME O CO34aHUMN COOCTBEHHBIX
LIEHTPOB KOMMeTeHUMiA Ans paboTbl Ha nnatgopme ROBIN
RPA Ha 6a3e [aBHOro BbIYWUC/IUTE/ILHOTO LEHTPa U UHGop-
MaLVOHHO-BbIYNC/NTENBHLIX LEHTPOB KOMMaHWK, pacrnosio-
YKeHHbIX B 16 ropogax npucytctens OAO «PXX/O».

O6bl4HO RPA-MnaTgopmMbl OrpaHMYMBatoT Nofb3oBaTesneit
Mo CPOKY [AENCTBUS M KOMYeCTBaM YCTaHOBOK, ogHako OAQ
«PXX[» npnobpeno npaBo nonb3oBaHus nnatgopmoin ROBIN
6e3 orpaHnNYeHnii.

KoopauHaums npoekta poboTusaLum 6blia BO3N0XKEHA Ha
000 «PX/A-TexHonorum.

Mpn peanmsauun npoekta pobotusaumm B 'BLL OAO
«PXX/[» 6blny BOCTpebOBaHbI crefytowme PyHKUMOHANbHbIE
BO3MOXHOCTU nniathopMbl ROBIN RPA:

— pabota ¢ web-cTpaHuLaMm (cbop, HamosIHeHMe, NepPeHoC
KOHTEHTA);

— pabota ¢ npunoxennsmmn Windows (3anyck npusioxe-
HWSI, UMUTaLWs paboTbl NOL30BATENS);

— paboTa ¢ 6a3aMu [JaHHbIX (BbINOSHeHWe SQL-CKPUNTOB);

— paboTta C O(UCHLIMU NPUNOXKEHMAMMN (3aMOSIHEHWE [0-
KYMEHTOB, C60p 1 COPTUPOBKA MH(OPMALIMK 13 TabnL, N Tek-
cTa);

— paboTa ¢ (haiinoBoit cuctemoli (KonupoBaHue, yaaneHue,
nepemMeLlleHne hainioB 1 Nanok);

— paboTa ¢ HeCTPYKTYpPUPOBaHHLIMU TEKCTOBbIMU JaHHbI-
MU (Knaccumkaums JOKYMEHTOB U 06palleHuid, 3BIeYeHne
CYLLHOCTeli 13 TEKCTA);

— paboTa C 3/1EeKTPOHHOI MouyTol (OTNpaBKa, MOy4YeHne
MMCeM C 1CMO/b30BaHNEM (DUILTPOBY);

— MalMHHOe 3peHue (MOMCK 3/1eMEeHTa MPUIOXKEHUS MO
KapTUHKe);

— npeobpa3oBaHme JaHHbIX B 3afaHHbI hopmar.

Cpean oTedecTBeHHbIX RPA-nnatgopm ROBIN RPA ot-
nnyanachb cneayowymMmn npenmyLLecTBamu:

— KOHTPO/Nb [eiCTBUIA poboTa 3a CYeT BefdeHWst 3amnucu
[eicTBuiA;

— CHWXEHMe 3aTpaT M KOJM4yecTBa OLIMOOK B pesy/bTare
MCnonb30BaHKs poboTa;

— BbICOKasi FTMOKOCTb 1 XOpoLlas MaclLUTabupyemocTb;

— KpyrnocyTtoyHas pabota po6oTa, 6e3 BbIXOAHbIX U nepe-
KyposB;

— COKpaLleHNe BPEMEHW BbINOMHEHUS 3afay 3a CYeT 00b-
eIMHEHNS AaHHBIX U3 Pa3PO3HEHHBIX CUCTEM;

— MpOCTOTa MepeHacTpoiiku poboTa MO CPaBHEHWIO C Me-
peo6yyeHNeM Ye/IOBEKa,;

— OTCYTCTBME HEOOXOAMMOCTM CMIOXKHOI CUCTEMHON MHTEe-
rpauymy po6boToB B CYLLECTBYHOLLYIO NT-UHDPaCTPYKTYpy.

OPrAHW3ALINA NPOLIECCA POBOTU3ALIMA

Onsa peanusauum nunotHoro npoekra B 2019 r. B 'BL,
OblN BbINOMHEH KOMIM/IEKC OPraHWU3aumMOHHbIX Y TEXHUYECKMX
MEPONPUATIIA N KaapOBbIX PELLEeHWA:

1. Pa3paboTaHbl NiaHbl 1 pernaMeHTbl:

— cOo3[jaHa MeTOAMKa pa3paboTKyM U BHeApPeHNs PobOTOB K
nporHo3a sthheKTBHOCTU UX UCNO/b30BaHMS Ha OCHOBE faH-
HbIX Service Desk;

— pa3paboTaHbl MaaHbl PoboTU3auMmn (NnaHbl MO paspa-
60TKe 1 BHEAPEHWIO MPOrpaMMHbIX pob0oToB B paboTy LleH-
TPOB TEXHOMOMMYECKOro conpoBoxaeHns/VIBLL);

— pa3paboTaHO apXMTEKTYPHOE pPeLLeHne Mo pa3BepTbiBa-
HUIO KOMIMJIeKca ¢ NnaTopmMoin poboTusaumuy;

— YTBEPXAEHO BPEMEHHOE MPOrpaMMHO-TEXHUYECKOE pe-
LLEeHWe;

— paspaboTaH KOMMMEKT AOKYMEHTOB MO WMH(OpPMaLMOH-
HoVi 6e3onacHoCTY;

— NOArOTOBNEH BPEMEHHbIA pPernaMeHT paspadoTky U
NPYEMKM NPOrpamMMHbIX PO6OTOB B 3KCNJyaTaLuio.

2. BBeeHO NpoeKTHOe ynpas/eHue:

— CO3[jaHbl NPOEKTHbIe KOMaH/bI;

— BBEJEH PErynsipHbIiA KOHTPO/b PE3y/bTaTOB;

— NpOoBefeHbl KOMMYHWKALMOHHbIE MNMOLAAKA C COTPYS-
HVYKaMu LIeHTPOB TeXHOI0rM4YeckKoro cornposoxaeHus/VBL;

— 06pa3oBaH MOTMBALMOHHbLIA (OHA (C Lenbio nooLpe-
HWSA MPOEKTHbIX KOMAHZ N0 WUTOrY BbIMOJIHEHUS N1aHOB Po-
60TM3aumMK).

3. BHeceHbl u3MeHeHuns B CTPYKTypy MBLL:

— cthopmumpoBaHbl LIeHTpbl TEXHONOTMYECKOTO COMPOBOX-
neHnst Hosoro MokoneHus (LLTC HIT), cKoppeKTupoBaH pe-
rnameHT LIEHTPOB TeXHOMOrMYeCKoro conpoBoXaeHus/NBL,
(B pernameHTbl LITC/VBL, BHECEHBI KOPPEKTUPOBKY C LIENbIO
(hopmMMpoBaHMs rpynn pa3paboTKM M NPOEKTUPOBaHUA Mpo-
rPamMMHbIX PO6OTOB);

— cthopmmpoBaH LIeHTp KOMMeTeHUMIA Mo 3KcnayaTaumu
nnatgopmbl pobotusauum (LLK3 PMA).

4. OcCyLLECTBNEHO PacnpoCTPaHEHNE UHCTPYMEHTOB po6o-
TM3aumu:

— co3gaH noptan PMA (noptan MOHUTOPWHra nporpamm-
HbIX PO6GOTOB);

— BHeJlpeH poboT-opkecTpaTop (NporpammMHbIii poboT Mo
YMNpaBNeHNI0 3KCMyaTauueli — cucTema ynpasieHus po6o-
TU3aLUmMeil pyTUHHBIX Onepauuii).

— OpraHun30BaHbl Y4ebHble Kypcbl AN pa3paboTUukoB U
NPOEKTVPOBLLMKOB NPOrPaMMHbIX PO6OTOB.
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MPOMEXXYTOUHBIE UTOIM PEAJIU3ALIAN MPOEKTA

Mo ntoram 2020 roga B OAO «PXX[» 6blnn noaseaeHbl
NPOMEXYTOUHbIE UTOMM NPOEKTa poboTu3aLmm [8]:

— 200 cneumnanuctoB OAO «PXX» choKycMpoBannchb Ha
paboTe C WUCKYCCTBEHHbIM WHTENIEKTOM W BbIMO/HEHUNA WH-
TennekTyanbHbIX 3afa4 6narofaps peanmsauuy npoekta po-
60Tn3aumK;

— BHefpeHo 6onee 1 100 nporpaMMHbIX po6OTOB;

— po6oTm3mpoBaHo 6onee 1 000 pyTUHHbLIX OnepaLuii;

— B 3-5 pa3 yBenuuunacb CKOPOCTb BbIMOMHEHUA PYTUH-
HbIX OMepaLWii C MOBbLILIEHNEM KayecTBa WM WCK/IHOUEHWEM
OLUMBOK,;

— nopsigka 600 000 3anpocoB nonb3oBatenein IC OAO
«PXX/[» obpaboTtanu poboThl;

— ¢ 15 A0 4 MMHYT COKpaTUIOCL BPeEMSt 06paboTKM BXOAS-
LLiei 3asBKKM Nonb3oBaTens VIC B cnyxbe NogaepKKu.

Haunbonee HarnsagHblin ahhekT NPoAeMOHCTPUpOBanu ce-
AytoLLme poboThbl;

1. Po6oTr ACY BOI-3 «AgMUHUCTPMPOBaHNE BHYTPEH-
HUX MONb30BaTeNEel: co3daHne, MPOANneHMe W BGOKMPOBKa
YUETHbIX 3anncei»:

— 23 899 06palleHUii BbINO/IHEHO POBOTOM;

— pob0TOM BbINMONHEHO 88 % BCEro KonmMyecTsa obpalle-
HWIA;

— BpeMs BbINOIHEHMA 06paLleHnin cokpalleHo ¢ 48 o 8
4acos;

— 4 cOTpyAHMKA NPYB/IEYEHBI K YHACTUHO B HOBbIX MPOEKTaXx.

2. Po60T «3anonHeHne AaHHbIX B CXEME XKeNle3HbIX [0por
N MEXLOPOXHBIX CTHIKOBBIX MYHKTOB NMpPUEMa FPY>KEeHbIX Ba-
rOHOB JaHHbIMK U3 NC CUCx»:

— 3aM0/IHEHVe JaHHbIX MOMHOCTLHO 683 yyacTus YenoBeka:
BPeM$ 3ano/IHEHUSA COKPALLEHO C 3 YacoB [0 7 MUHYT;

— Ha 100 % WCK/IOUYEHO KONYECTBO OLIMOOYUHbLIX AaHHbIX;

— Ha 90 % nosblLLeHa YacToTa 06HOBEHUSA AaHHbIX.

Ona  (YHKUMOHa/IbHbIX  3akasymkoB  (unmanos
OAO «PXX[») 6blnn chopMynMpoBaHbl NepcneKTUBbl Nosy-
yeHus ahekTa OT MCMOIb30BaHNSA MPOrPaMMHbIX PO6OTOB:

— COKpaLleHUe BPEMEHW COTPYAHUKOB Ha BbIMOJIHEHWE PY-
TUHHBIX onepauwuii (0T4ETbI, BHECEHME AaHHbIX B aBTOMAaTU3M-
POBaHHble CUCTEMBI, COOP CTATUCTUKW, aHAINTWKA W Ap.);

— MNepeBOj COTPYAHMKOB Ha BbIMOSIHEHWE 60/ee NHTESEeK-
Tya/ibHbIX 33jay;

— CHWKEHMWe KOMMYecTBa OWMOOK M3-3a OTCYTCTBUSA Yeno-
BEYECKOro (hakTopa;

— YBE/IMYEHNE CKOPOCTU BbIMOHEHWUSA PYTWUHHbLIX Onepa-
LA BBMAY TOFO, 4YTO po6OT paboTaeT BbICTPEE YE0BEKA;

— opraHusaums  HenpepbiBHOTO — GM3Hec-npouecca Ans
KOMMaHWK BBUAY TOFO, YTO po60T He OTBMEKAETCA Ha OTMYCK,
GONBHUYHBIA N T. 4.;

— BO3MOXHOCTb PELLEHMS1 HOBbIX GU3HEC-3afay, TO ecTb
MepeKItoYeHme BHUMaHNA 1 CU Ha Hanpas/ieHus, Ha KOoTopble
paHee He XBaTasio BPEMEHMW.

PABPVKA POBOTU3ALIMA
YcnelHble MPOMEXYTOYHbIE UTOMM MpOeKkTa poboTu3a-
Lmn, noaeeaeHHbIe no utoram 2020 1., NO3BONMAN MEPEATH K
peanuzaumm B 2021 1. crefylowero npoekTa, «O6navHoi
(habpuky  NporpaMMmHbIX  POBOTOB» AN TPAHCMOPTHO-
noructunyeckoi otpacnu [10].

«ObnayHasa abpmka» — 3TO 0TeYeCTBeHHas LugpoBas
MH(PaACTPYKTypa, Ha KOTOPOW KIMEHTbI CMOFM aBTOMaTu-
31poBaTh CBOW 6M3Hec. Peyb ugeT 06 agMUHNCTPUPOBAHNM
MH(OPMALMOHHbLIX CUCTEM UM 6a3 AaHHbIX, 3/1EKTPOHHOM
oopmneHnmn ycnyr, 06paboTke 3BOHKOB KOHTaKT-LIEHTpa.
MpoekT BKAUMWA B ceba nnatopmy ANs SKCnayaTauum
nporpammHbIX Po60TOB, MOAY/b Pa3paboTKM M MarasvH
roTOoBbIX POGOTOB, rAe Mofb30BaTeNIM CMOTAM MOKyNaTb
NporpaMMHble pelleHns Ans NpUMEHeHUs B pamkax nnaT-

(hopMmbl.
Ha nopTane noTeHuuWanbHble 3aKasymkn U3 yucna nog-
pasgeneHwii  PXJ[, u  Konner N0 TpaHCMNOPTHO-

NOTUCTNYECKOMY KOMMJEKCY MOF/M €034aTb COOCTBEHHbIN
KabWHET [/18 NOKYNKW 1 3akas3a poboToB. M 6b1in AocTyn-
Hbl FOTOBbIE POBOTHLI UM TUNOBbLIE BOKM, U3 KOTOPLIX MOX-
HO cobpaTtb poboTa HYXKHOI KOHUIypaummn. Tam >Ke MOXKHO
6b1/10 3aKas3aTb OPUTMHANLHOrO MPOrpaMMHOro po6ora. [ns
3TOr0 HYXXHO 6bINI0 OCTaBUTL 3asBKY C MPUNOXKEHNEM Tex3a-
JaHusa, KoTopas yxoauna K Npou3BOAMTENsM, OA0OPEHHbIM
000 «PXX/[-TexHonornm» ana paboTsl Ha nnargopme. Mo-
C/le 3TOro paspaboTuuKM fenanu NPeanoxXeHns, n3 KoTopbixX
3aKasuvk BbloMpan noaxopdwee [11]. Mpu 3ToM nnaH-
rpacuk paspaboTku po60TOB OblN paccyUUTaH Ha CPoK OT 25
po 41 pHei (puc. 1).

B pamkax MpoeKTa pellanvcb CrneaytoLive opraH13auoH-
Hble 3agaun [12]:

1. Monynspusauma  ngen nNpPorpaMMHON  poboTM3aLmm
BHYTPEHHUM 3aKa3umkam (nogpasgeneHmsam PXX).

2. Pa3paboTKa MeToA0M10rMmn pacyeta 3KOHOMUYECKO 3gh-
(heKTMBHOCTW AN 060CHOBaHMS LIeNecoo0bpasHOCT pPoboTK-
3aLym NpoLLeCccoB.

3. PaspaboTKa v yTBEPXXAEHNE PETNIAMEHTOB U NTIOKA/IbHbIX
HOPMaTUBHbIX aKTOB MO po60TH3aLMN.

4. Co3fiaHue LeHTpa 06y4yeHuns no CO3faHuIo 1 aKcniya-
Tauum NporpamMMHbIX po60oTOB.

5. Co3gaHve «®abpukyu poboTusauum» Ha 6Gase peruo-
Ha/lbHO pacnpefeneHHbIX nogpasaenexuii MBLL.

6. MPOMbILLNEHHBIV BbIMYCK POOGOTOB U YCKOPEHHbIA WX
BBOZ B 3KCM/IyaTaumio.

7. Co3gaHve MeXaHW3MOB M CUCTEMbI YIPaB/IEHNS IKCMTY-
aTauueli mapka NporpammMHbIX po60TOB, KOMYECTBEHHO Mpe-
Bbiwarowero 1 000 wr.

8. Co3gaHve MEeToAMK Noucka MpoLeccoB Ans poboTmsa-
LUMU 1M MacliTabupoBaHre WCMo/b30BaHUA POBOTOB BO BCEX
nogpasgeneHuax PXX/.

OLHOM M3 BaXHbIX TEXHOMOMMYECKMX 3aay NPOeKTa AB-
NANOCb BHEAPEHMe CUCTEMbl YNPaB/ieHUs napkom poboTos,
KOTOpas Nno3BoAMMa YNpaBnsTh MAacCOBbIM PacrnpocTpaHeHu-
eMm TexHonormm RPA B nogpasgeneHuax [BL,. [daHHyto
(hYHKUMIO BbINOMHAN MOAYNb AMCMETYepU3aUmMm poboToB Ha
nnatopme ROBIN — «ROBIN Orchestrator» u cneuuanu-
31IPOBaHHbIA MPOrpaMMHbIA po6OT, B KOTOPbIX COBMpaeTCcs
BCA MHopmaLms o paboTe poboTos 1 06 ACY, € KOTOPbIMU
OHW B3anMOZeCTBYHOT. Tak e 3Ta cucTema No3Bo/SieT KOH-
TPo/MpoBaTh paboToCNOCOGHOCTL PO6OTOB, BECTU YUET Mna-
HMPYeMbIX M3MeHeHWU A B ACY 1 aHanM3MpoBaTb Heobxoam-
Mble MCMpaBAeHns Po60TOB MpY NAAHUPYEMbIX U3MEHEHUAX
ACY, KOHTpPONMpoBaTb CEPTU(MKALMIO 3KCMNyaTUPYEMbIX
po6oTos B 'BLJ, [13].
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Paspabotka nporpammHbix pobotos (o1 25 go 41 aHei)

— 1 aeHb »— 2-5 gHeit —p— 10 gHeit —p—— 2-5 aHeit —Pp— 5-10 gHeit ——Pp— 5-10 gHelt —
3anBKa Ha OnbiTHas MpombiluneHHas
MpoTtoTvn Crabunusauma TectupoBaHue
po6oTM3aLMIo p JKcnayaTauua SKcnnyatauus
®YHKLMOHANbHbIN 3aKa3umk DyHKLMOHaNbHbIN 3aKa3unk
Nabopatopusa RPA LleHTp KomneTeHumin akcnayaTaumm RPA
3aABKa Ha MpoToTun poboTa  /labopaTopus ®yHKUMOHabHOE | JlabopaTopua roTOBUT
po6oTnsaumio peanusyet @3 npu | crabunusnpyer TecTUpoBaHue 3KCNAyaTaUMOHHYO
COLEPHKMUT ONUCAHWE | HANUYMM CBOWX COINACOBAHHBIN C | NPOrPaMMHOro LOKymeHTaumio, ®3 n
PYTUHHOW Onepauun, | pa3paboTumkos ®3 npotoTun po6ora. LK skcnayaTaumu
a TaKxKe pacyer RPA, B IpOTMBHOM | po6oTa C yueTom KCMepTH3a Ha OMNpeaensioT NoJIMIoH
apdekra oT ee cnyyae - JIYUYLWIKX NPAKTUK BHEAPEHUA U
poboTusaumm. Jlabopatopus RPA. | poBotusaumm 1 COOTBETCTENE
p U'v Tpe6oBaHMAM 3anyckatot 03.
TpeboBaHui skcnnyataumy  J1abopatopus
l3/|KcnnyaTaLl.vw1 " WudopmaumonHoin COMPOBOXAAET pobota
HOOPMAUMOHHOM o3 cocmy, 8 03.
besonacHocTu.

Puc. 1. MNnaH-rpadmk pa3paboTkun poboToB

LIEHTP KOMMNETEHLNIA
MO 3KCMIYATALUM NNATOOPMbI POEOTUSALIAN

Mocne 3aBeplleHUss nMpoekTa «O6na4yHOA habprkn npo-
rpaMMHbIX pO60TOB» BCe pe3ynbTathbl (pa3paboTaHHble pobo-
Tbl) OblNVM NepefaHbl ANA AanbHEALEro COMPOBOXAEHMS B
LIK3D PMA — eguHyto TOUKY BX04a M OpraHm3atopy npotec-
ca po6otumsaumm B M'BL [14].

OfHVM 13 UTOTOB 3TOr0 Nepuoja CTaslo JopMUPOBaHMe 1
BHeApeHVe Moaenn npotiecCMoHanbHbIX KOMMEeTeHUNlA B 06-
nactu RPA.

B pamkax peanusaumu mpoekTa Afia pasBUTUA Kopropa-
TUBHbIX KOMMETEHUMI B KoprnopaTuBHOM yHMBepcuTeTe PXK/,
npownu obyyeHune 314 yenosek.

[ns peanusaumy 3afaqy uMnopTosamelLeHns obydeHo 420
yenoBek (Ha nporpamMmax 3a cyeT 6rogkeTta MBLI).

Pa3paboTaHbl 3 Kypca Mo RPA, No KOTOpbIM Yepe3 CUCTe-
MYy OMCTaHUMOHHOTO 06yYeHUs NOBbLICMAN KBUIM(IMKALWIO: B
MBL, — 1439 yenosek, B nogpasgeneHunsx PX[ — 2 680
YerioBeK.

MpoLnn OUEHKY: MO KOPMOPATVBHLIM KOMMETEHUUAM —
605 pykoBoamTeneii, 3 156 creuuanucTos, Mo npodeccuo-
Ha/lbHbIM KOMMeTeHUmaM — 196 pykoBoguTeneit, 2 331 cne-
Lpanumcr.

3aknoyeHbl 0roBopbl C LLIECTLIO BY3aMU YKeMe3HO40p0XK-
HOro TpaHcropTa Ha npefocTasfieHve fgoctyna B Cucrtemy
ANCTaHUMOHHOMO 06y4yeHns K kypcam «HAC.3HaHUI».

ATrPECCUBHASA POEOTM3ALNA OAO «PXXO»

C 2023 roga Hayanacb NoAroToBKa MaaHa paboT no arpec-
cuBHON pobotusauum OAO «PXX[O» C Uenbi yBennueHus
o6beMa paspabaTbiBaeMbIX MPOrpaMMHbIX Po6oToB (C 1 ThiC.
A0 10 Tbic. B rog).

MnaH npesycMaTpyBa peLleHve Crefyowmx 3ajay:

1. Pa3rpy3utb nepcoHan OT PYTUHHbIX OMNepauuii, Bblae-
NNTb BPEMs Ha peLLeHre UHTEeNNeKTYaNbHbIX 3afay.

2. Hanagutb npouecchbl poboTusaummn ot 3afyMKu [0 3KC-
nnyatauuu.

3. ObecneynTb MPUHATUE OBOCHOBAHHBIX 3KOHOMMWYECKM
BbIFOZHbIX YNPaBAEHYECKMX PeLLeHnil 0 po6oTU3aLmMu.

[na pelleHns yKasaHHbIX 3af4ady npegycMmaTpusanochb Bbl-
MOSIHUTL MEPOMPUATMA B HECKOMbKUX pasfenax:

1. OpraHu3aunoHHbIe BONPOCHI:

— NPOBECTY PaCLUVPEHHbIE 03HAKOMUTESNbHbIE CEMUHApPbI C
(hYHKLMOH&/IbHBIMW 3aKa34MKamu Mo TeXHOMornn poboTusa-
unn;

— 06€ecneunTb perynspHble paccbiikn MHHOPMALMOHHBIX
NNCTKOB, Ny6nmKkaumn B «BecTHWKe LMgpoBoii TpaHchopma-
LMW» C HOBUHKamu B 061acTu BHeAPeHWUs LU(POBbIX CepBY-
COB.

2. MNonynapusaums TexXHONornu:

— [laTb CTApT pacLUMPEHHOMY NPOeKTY poboTm3aLum;

— BKIOUMTb PO60TU3ALMIO B KayecTBe 0653aTeNbHOr0 Me-
ponpUATUA B MPOrpaMMy MOBbILLIEHNS 3PHEKTUBHOCTH.

3. VIHCTpyMeHTBI 0(hopMIeHMst 3asBOK Ha po60oTusaumio
4019 (DYHKLUMOHabHbIX 3aKa34/KOB:

— paspaboTtatb nopTan poboTm3auum (MapkeTneic) ans
(hYHKUMOHa/IbHBIX 3aKa34MKOB C MpYMepaMu poboToB B pas-
pese UHPOPMALMOHHBIX CUCTEM, NPe3eHTauusMU HOBUHOK U
JOCTUTHYTBIX 3h(heKTOB, MHCTPYMEHTOM /151 pacyeTa addek-
Ta 1 (hopMMpPOBaHMA nNacnopTa.

C uenbio peanmsauymn NpoeKTa Havalach paspaboTka u co-
BEPLLEHCTBOBAHWE YKPYMHEHHOIO LiMKNa poboTusaLmu.

MoTpeboBanacb CMHXPOHM3ALMA PernameHTa yyeta 1 aKc-
nayartaummn poboToB ¢ MPOrpaMMoit Ludposmsaummn PXX/.

[na obecneyeHnsa Takoi yBsiskum BL, coBmecTHo ¢ [e-
napTameHToM uWHpopmatusaumm PXXI B pamkax paboumx
rpynn no BHegpeHuto IT-ycnyr RPA 6bin co3gaH efuHbIin
CKBO3HOI NPOLIECC — KOHLEMLUYMS <KOP3UHOK».

Bblf NOAroToBMEH PernaMeHT NpUeMKKN 1 BBOAA B 3KCMJTy-
aTaumio NporpaMMHbIX poboToB B PXK/, KOTOpLI onpeaenset
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TpeboBaHMs 6e30MacHOCTY, NMLIEH3MPOBaHNSA 1 CO3L4aeT 6asy
4719 MoJaymn 3asBOK W pacnpegeneHns nmmuta (uHaHCcMpoBa-
HVsA [enapTameHTa UHopmaTusaumum PXXA,.

Bbln BHeLpeH peXxM NOAKOHTPO/ILHOM 3KCnyaTaumm po-
60TOB, UTO MO3BONSET NepefaBaTh POOOTOB 3aKa3uMKy cpasy
nocne paspaboTKu 1 NpoLeaypbl TECTUPOBAHUS.

Taknm 06pa3oM, YKPYNHEHHbIM LMK poboTu3aLmMm cosep-
LLIEHCTBYETCS, FOTOBUTCA HOBas (hopma 3asiBKM Ha pa3paboTky
po6oTa Ans fasbHelLero CoKpalleHns CPOKOB ee paccMoTpe-
HWS N KOHEYHOIA MepeaayYm Nosb30BaTe/Ho rOTOBOro poboTa.

Mcnonb3oBaHne KOHLEMUMU «KOP3UHOK» U MEeTOAMKa
OLEHKM 3pheKTUBHOCTY MO3BOMMAN CO3AaTb €AMHbLIA CKBO3-
HOIA NpoLiecc, MMeIOLLMIA CrefytoLLye NPeMMyLLecTBa:

— c03fjaHvie U BBOJ B 3KCM/lyaTalmio poboToB B TeueHue
BCEro rofa;

— WHTErpauus B AelCTBYIOLIME pernameHTbl 60Mee BbICO-
KOro YpOBHS;

— COo6M0AgHNE BCEX HOPM WH(OPMaLMOHHON Ge3onacHo-
CTW 1 JOKYMEHTUPOBAHUS.

MpoeKToM MpeAycMaTpMBaeTCs Co3AaHNe CUCTEMbI 3aLy-
Thl MH(hOPMALLMK MO PO6OTU3ALMN.

PernameHTamy npefycMoTpeHa Heo6XO4MMOCTb CUCTEMBI
3alUTbl UHGOPMaUMN ONS KaXKAOW aBTOMATU3MPOBaHHOW Cu-
CTEMbI WM aBTOMATU3NPOBaHHbLIX CUCTEM YMpPaBneHWs TeXHO-
Nornyecknmmn npoueccamu. Mpyu 3TOM paccMOTPEHME Ha COOT-
BETCTBME PerfameHTam 1 cornacoBaHue BBOAA B 3KCM/TyaTaLuio
MPOVCXOAUT OAVH pa3 B KOHLIE rofa, YTO He ONTUMabHO.

Mo3TOMy MNPOEKTOM paccMaTpuBaeTCs BO3SMOXHOCTb CO-
30aHNsA eaMHOro 3all|MLLEHHOTO KOPMOpaTMBHOIO KOHTYpa,
BHYTPM KOTOPOro MOXHO 6YyAeT NpoBoAuTb Po60TM3aLIMIO
npoueccos (puc. 2).

3TO facT BO3MOXKHOCTb 3(IPEKTUBHO C TOUKM 3PEHUS WH-
(hopMaLMoHHOI 6Ge3omacHOCT MepedaBaTb POGOTOB B MOA-
KOHTPO/IbHYO 3KCN/yaTaLmto 3aKasuuKy.

NTK rBL**

AC P PLKY

Orchestrator

Studio, Robot Mogaynu-po6oTbl

AC PN ®3*

AC Pnrsy

KoHTyp ynpaBneHus

Be6-untepdeiic

KoHTyp ncnonHeHms

OC,APM knueHTa

ACY PPO

Puc. 2. 3alWmLeHHbI KOHTYP /15 cUcTeM poboTusaumm

MogEns 'BL, HOBOIro MOKOIEHNSA

Peannsauusa npoektos poboTusaunm OAO «PX[», KoTo-
pasi BbINO/HSAMACb B OCHOBHOM CufiamMu paboTHWMKoB [BLI,
Mo3BoM/a C HOBbIX MO3WUMIA B3MNAHYTb Ha BO3MOXXHblE
HanpaeneHns LUMgpoBoit TpaHchopmMaumn camoro MBLL.

Bbln chopmMynMpoBaHbI LM 3Toro npoLecca:

1. MoBbIWEHNE KayecTBa 0OOCMYXMBaHWA MOMb30BaTeNeN
NT-ycnyr. ObecneveHne rotoBHocTM MBL, Kk akcnnyatauum
HOBBbIX LM(POBLIX MNATHOPM.

2. Heo6xoamMmocTb 6€3yCNOBHOr0 BbIMO/THEHMA MPOrpam-
Mbl MO MOBbILUEHWIO OMNEPaLVOHHON 3PHEKTUBHOCTA 1 ONTH-
Mu3aumm pacxogos OAO «PXXOx» fo 2025 roga.

JoCcTKeHne yKasaHHbIX LEeneil BO3MOXHO TOMbKO npu
N3MEHEeHUN TexHosornyeckoro yknaga IMBLU,. HanpaeneHnsamu
N3MEHEHWIN ABNAKOTCA:

1. BHeapeHWe HOBbIX MHXEHEPHbIX TEXHOOTWA;

— po60TM3MpoBaHHas aBTomMaTu3aumsa npoteccos (RPA);

— WUCKYCCTBEHHbI uHTennekT (MW);

— nnatdopma ynpasneHus (MAS).

2. MoBbILWEHNe MOTUBALMN:

— (hopmmpoBaHWe AOMONHUTENbHBIX MaTepuaibHbIX (HOH-
foB MBLI/VBL, nog peanusaumio NPoeKToB poboTm3aLnm.

3. BHefpeHwue cuCTeM ynpas/ieHns npoLeccamu:

— BepTUKaNun3aLms;

— cucTemMa ynpasneHus Ha ocHose XKL, UC;

— BHeApeHwue nyywnx npaktuk (ITIL 4);

— KOMMYHUWKALMOHHbIE M0WALKK.

4. MNpoBeaeHMe OpraHN3aLNOHHbIX N3MEHEHWIA

— (hopmmpoBaHme LITC HOBOro NOKOMEHUS;
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— CO3/AaHKe ofhrca NPOEKTHOW KoopauHaLLMK.
B pe3y/bTaTe MpeaycmMaTpMBaeTCsl HOBas CXeMa B3auMo-
[EeCcTBMS MHAOPMALIMOHHBLIX CUCTEM W Monb3oBaTenein MBLY

OAOQ «PXX» (puc. 3).
o

1]
n
X

Sl z,' : MoNb30BATENN

Puc. 3. Mogenb M'BLL HoBOro nokoneHus

rBL

B3AMMOJEACTBUE
YEPE3
POBOTU3ALINIO

e

Bblny onpefeneHbl crefyoLlye LeneBble YCTaHOBKU Lind-
poBoii TpaHcthopmaumn MBL;

— 00paboTKa 06paLLeHNiA C MOMOLLbH LM(POBLIX MOMOLL-
HWKOB;

— COKpaLLeH/e BPEMEHN OXKMAAHUS;

— MOBbILLEHNE NPOU3BOANTENBHOCTN TPYAA.

3AKJTOUEHVE

C 2018 ropa B 'BLL OAO «PXX[» npoBoannucb mccne-
[oBaTeNlbCKMe U ONbITHO-KOHCTPYKTOPCKME pa3paboTku B
06n1aCcTV aBTOMaTU3aLMMN BbINOMHEHNUS PYTUHHBIX Onepauuii.
K 2023 rogy npouecc po6oTtusaumu B OAO «PXX[O» ¢ wuc-
nonb3oBaHneM RPA-TEXHOMOrMIA MpOLUeN Yepe3 HECKO/bKO
3TanoB, B TeYeHWe KOTOPbIX 6blIM peann3oBaHbl HECKO/IbKO
MPOEKTOB C HapacTatoLLeil COXKHOCTLIO MOCTaB/EHHbIX Lie-
neii n 3agau.

[N KaXgoro M3 MpoeKToB Obli BbIMNOMHEH MNOAGOP K
000CHOBaHME PELUEHW A W TEXHOMOrUA, npeanpPUHUMAaNMCh
OpraHu3aLvoHHble, TeXHUYECKMe U Ka[poBble Mepbl. Exkeros-
HO MOABOAWMIUCH UTOTW, aHaNU3UPOBAIUCL LOCTUTHYTbIE pe-
3ynbTaTbl U (HOPMUPOBANUCH NaHbl Ha ByayLime neprofbl. B
HacToswee Bpems BL, OAO «PX[» peanusyeT MPOEKT
arpeccrBHOl poboTu3aLmMy C Lenblo yBennveHns obbema pas-
pabaTbiBaeMblX MPOrpamMMHbIX PO60OTOB U MPUCTYNUN K pea-
Nn3aumm NpoeKTa LugpoBoii TpaHcdopmaumm camoro MBL,.

B cTaTbe BrnepBble aBTOPaMu, NPUYACTHLIMU K peanusaLmm
OMUCLIBAEMbIX MPOEKTOB, W3M0XEHA XPOHOMOrMA npoLecca
po6oTtusaummn M'BLL OAO «PXX[». MpuBeaeHHble AaHHbIE MO-
ryT ObITb MOME3HbI KPYMHbIM KOMMAHWSM Mpy peasin3aumm
MacLUTabHbIX MPOEKTOB LM(POBOM TpaHchopMaumu, B TOM
ymcne ¢ ucnoib3oBaHmeM RPA-TEXHOMOT WA,
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Abstract. Digital Transformation Strategy Russian Railways
JSC was developed in 2019. The range of digital technologies that
have already been implemented or are being considered for pos-
sible implementation is quite wide, and includes, among other
things, automation of routine operations — Robotic Process
Automation. The article discusses the chronology of the project
on the introduction of software robots in the Main Computing
Center, the goals and objectives of the project, the selected solu-
tions and technologies, the organizational, technical and person-
nel measures taken, the results achieved and plans for the future.
The concept of aggressive robotization is considered, aimed at
planning the activities of the Main Computing Center in order to
increase the volume of software robots being developed to reduce
the burden on personnel when performing routine operations,
allocate more time to solving intellectual tasks, debugging ro-
botization processes.

Keywords: RPA, software robots, robotic automation of
processes, digital transformation, operational efficiency, the Main
Computing Center of Russian Railways JSC, aggressive
robotization.
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AHHOTauuA. NpoBeaeHO MoOZeNMpoBaHMe M MPOrHo3MpoBa-
HMe K/HOYEBOro 3KOHOMUYECKOro MoKasaTensl, onpesensowero
CTOMMOCTb [JOCTaBKW rpy3a aBTOMO6W/IbHBIM TpaHCcnopToM. Mc-
nosib3yeMblii MaTeMaTUyecKWin annapaT AN NPoBeAeHNs 1ccne-
[0BaHMA M03BOMUA MOCTPOUTL MOfENb CPefHero paccToAHWUS
[lOCTaBKM OfIHOM TOHHbI Fpy3a 1 ero BepuurKaLuio, BbINOJHUTb
MPOrHO3MPOBaHNE Kak TOYEYHOE, TaK N NHTEPBasIbHOE, YTO M03-
BO/IN/IO OMNPefe/InTb BEIMYMHY PUCKA HECBOEBPEMEHHON [0-
CTaBKW rpysa. [ins aToro 6111 UCMO/b30BaHbl CTATUCTUYECKME
[laHHble M0 NepeBO3Ke rpy30B aBTOMOOGW/IbHLIM TPaHCMOPTOM,
oxsatbiBatoLLye ¢ 2004 no 2021 rogbl. Bepudmnkaums ocyLlecTs-
NleHa no pesysibTatam TPaHCMopTUPOBKHK rpysa B 2022 rogy. Ma-
TeMaTMyecKne Mofenin BbIIN NOCTPOEHbI C NMOMOLLbIO perpeccu-
OHHOIO0 aHan3a, peasim3aLmsa KoToporo ocyliectsnieHa B Excel.

KniloueBble CMoBa: MOAeNMpPOBaHWE, MPOrHO3MPOBaHWeE, OLle-
HUBaHWe, perpeccusl, KoIMULMEHT AeTeEPMUHALMK, TouYeuHas!
OLIEHKa, MHTepBasibHas OLEHKa, PUCK.

BBEAEHVE

OCHOBHbIE Tpy30Bble MepeBo3ku B Poccun obecneynBaeTt
aBTOMOOW/IbHBIA TPAHCMOPT COBMECTHO C TPYOOMPOBOAHBIM W
YKenesHoA0POXHbIM.

Kak u3BecTHO, B Poccun, HECMOTPA Ha HEO6XOAMMOCTb
[IOCTaBKM rpy30B Ha Ja/lbHUe PacCTOAHUSA, U3-3a HE[OCTYMHO-
CTM AOPOr Haf/MeXalero KayectBa aBTOMOOWbHBIA TpaHC-
nopT mcnosnb3yetca mano [1]. OgHako Ans JOCTaBKW onpeje-
NeHHbIX ToBapoB (Hampumep, MNPOAYKTOB MWUTaHWUsA) ero uc-
Nofib30BaHWUe ABAAETCA NMAMPYHOLWMM. Tak, B 2018 rogy 06b-
€M Ipy30MepeBo30K (TOHHaX MepeBe3eHHbIX rpy30B) B Poccum
coctasun 8,3 MpL TOHH, MPX 3TOM HanbosbLuas fons Tpagu-
LIMOHHO NpULLNACh Ha aBTOMOOW/IbHBIV TpaHCNopT — 67,1 %.

JNHAMUKA rPY30050POTA ABTOMOBW/IbHOO TPAHCMOPTA

Wccnegys AvHaMUKy UW3MeHeHUs rpy3o060poTa 3a Mo-
cnegHue 5 gonaHaeMuiiHbix net (2015-2019 rr.), ycTaHoB/e-
HO, YTO C KaX/[blM rofoM OH yBenmuuBasncs. PocT rpy3oo6o-
poTa Ha aBTOMOOW/ILHOM TPaHCNopTe MPOW3OLUEN B CBA3N C
BBOZOM B 3KCM/yaTaumi0 60/bLIOr0 KOJMYecTBa HOBbIX Bbl-
COKOCKOPOCTHbIX [OPOr. YBENMYMIOCh KOMMYECTBO MeXAy-
ropofHbIX peicoB Ha paccTosiHue oT 300 kv n 6Gonee [2].
B Tabnmue 1 npeActaBneHa AMHaMMKa pocTa CyMMapHOro
06beM rpysa, rpy30060poTa v cpefHein fanbHOCTU AOCTaBKM
OJHOIA TOHHbI rpy3a aBTOMOGUIbHLIM TpaHcmopToM B P 3a
nepvof ¢ 2004 no 2021 rogpl [3, 4].

CpepHee paccTosiHue (Aa/lbHOCTb) A0CTaBKM OfHOM TOHHbI
rpysa, NpeAcTasieHHoe B Tabnuue 1, onpeaenseTcs B pesy/ib-
TaTe AeNeHns BeNMUMHbI FPy30060p0Ta Ha CyMMapHbIli 06beM
rpysa. OHO CNYy>XXMT B KayecTBe OAHOr0 U3 OCHOBHbIX Mapa-
METPOB pPaboThbl TPAHCMOPTa, NO3TOMY €e M/aHMPYHOT B Onpe-
JENeHHbIX YCMOBMAX [OCTaBKWU, B MPEeANOIOXKEHNMW, YTO OHa
OygeT C MVHVMMabHBIM PUCKOM [OCTUFHYTa B peasibHbIX
YCNOBUSIX TPAHCMOPTUPOBaHUS.

BmecTe ¢ TeM peasbHble YCNOBUA COXPaHAKOTCS Heonpe-
JeneHHbIMU BNJIOTb A0 JOCTaBKU rpy3sa. MoaToMy Ha aTane o
NPUHATUA PEeLLeHNs Ha Ha4yano TPaHCMOPTUPOBAHUSA CYObEKT,
NPYHUMAIOLLWIA ero, No OMbITy WKW CTATUCTUYECKUM LaHHbLIM
CpefHero pacCTosHMA YCTaHaB/MBAET BO3MOXHble BapuaHTbl
OTK/IOHEHMS ero OT NIaHOBOM BeNMYUHbLI. PUHSAB peLleHue
Ha Ha4yano NepeBO3KM, OH PUCKYET, YTO peasibHOe PacCTOsHME
He 6yfeT AOCTUIHYTO.

Tabnuua 1
OCHOBHbIe NoKa3aTenn LOCTaBKM rpy3a aBTOMOOW/IbHLIM TPAHCMOPTOM MO rojam
["of pocTaBKM rpysa 2004 2005 2006 2007 2008 2009 2010 2011 2012
CyMMapHbIiA 06beM rpy3a, M/H T 6 568 6 685 6 753 6 861 6 893 5240 5236 5663 5829
"py30060pOT, MAPA T KM 182 194 199 206 216 180 199 223 249
CpefHas fanbHOCTb, KM 28 29 29 30 31 34 38 39 43
["of pocTaBKM rpysa 2013 2014 2015 2016 2017 2018 2019 2020 2021
CyMMapHbIiA 06beM rpy3a, M/H T 5635 5417 5 357 5395 5404 5544 5735 5405 5491
py30060pOT, MAPA T KM 250 247 247 248 255 259 275 272 285
CpeaHsst JaNbHOCTb, KM 44 46 46 46 47 47 48 50 52
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Kak M3BECTHO, PUCK BO3HMKAET TOrfa, Korfa CyLecTByeT
HEonpeeNeHHOCTb B JOCTUXEHWUWN KOHEYHOI Lienn (yHKLMO-
HUPOBaHWS 06bEKTA TPAHCMOPTUPOBKU B PeasibHbIX YCMOBUSX
BHeLLHeli cpefbl, KOTOPbIE MOTYT 6bITb OT/IMYHLIMI OT 3adaH-
HbIX AN1s 06bekTa ycnosuit [5]. [N OUEHMBaHWS BENUYMHDI
pucKa HeoBXOAMMO pacyeTHbId annapaT TPaHCMOPTMPOBKM
rpysa paccmaTtpuBatb Kak ()yHKLUMOHMPOBAHWE CIOXKHON CU-
cTeMbl. B nepByto ouepedb CyObeKTOM [O/MKHA BbITb MOCTaB-
NeHa LeNb, KOTopasl OLEeHMBAeTCs MpeaMEeTHLIM NokasaTesiem
WM KOMMNEKCOM Nokasateneid. [ns ee JOCTMXKEHWUS LOMKEH
(hYHKLMOHMPOBaTL B YCMOBUSAX HEOMPEAeNeHHOCTN OOBLEKT,
Ha Ha4yano (HyHKLMOHMPOBAHMS KOTOPOrO [O/MKEH NPUHUMATb
peLUeHne CyOBEKT.

O6bIYHO Lie/b BbIPAXKAeTCA B JOCTMXKEHMW ONpeAeneHHOo-
ro COCTOSIHUSI CUCTEMbI 60 OMpPEeAeNeHHbIX 3HAYeHWiA na-
pameTpoB cuUCTEMbl. HeonpeaeneHHOCTb SIB/ISIETCA HEOTbEM-
NeMbIM aTpPMBYTOM Neped NMPUHATUMEM PELLUEHWS CYObLEKTOM
Ha (hYHKUMOHMPOBaHME 06beKTa. DTO AOCTATOUHO LUMPOKOE
MOHATME, MOCKO/IbKY 0TOGpaXaeT, Npex/e Bcero, 06beKTUB-
HYH0 HEBO3MOXHOCTb MOMYYEHUS AOCOMOTHLIX 3HAHWI O
BHYTPEHHUX W BHELIHUX YCMOBMAX (HYHKLMOHMPOBaHWS
00beKTa BO BHeELLHeW cpee, a TakKe HeOAHO3HAYHOCTb ee
napameTpoB. O6bIYHO NOA HEOMNpeAeneHHOCTbIO MOHUMAtOT
OTCYTCTBME MOMHOW MHGOpPMauMM 0 (YHKLUMOHMPOBAHMN
06beKTa, HEBO3MOXXHOCTb TOYHOIO NpeAcKasaHns OyayLLero
B [JOCTMDKEHUW KOHEYHOW Lenu. BmecTe ¢ TeM nmpouecc fAo-
CTMXKEHMS MOCTaB/IEHHON Lenn CyObeKT Mnepes NPUHSTUEM
PeLLeHNs AOMKEH OLEHUTb IMB0 Ha OCHOBaHMK OMbiTa, IM60
nyTem MOZENNPOBaHUS.

B 60MbLUIMHCTBE CNy4aeB CyObLEKT, KOTOPbIA NpPUHMMaeT
peLeHne Ha (PYHKUMOHMpOBaHNE 06beKTa, He 3HaeT BCeli Co-
BOKYMHOCTY (DaKTOPOB, BAVSIIOLLMX HA KOHEYHYIO Lieflb DYHK-
LIMOHMPOBaHKS 06BbEKTA, MOSTOMY BbIHYXXAEH NMPUHUMATL Psif
runoTes, Npexae 4em CTPOMTb MOZAEeNb (PYHKLMOHWPOBaHUS
06beKTa. VIMEHHO 3[leCb 3aK/afblBatOTCs OCHOBbI HEOMpese-
NEHHOCTX B [OCTMXKEHWM KOHEYHOI Lenn. Mepy Heonpefe-
NEHHOCTU A1 HEKOTOPOro Cy4aiiHOro cobbITUS OLEHMBAKOT
BEPOSTHOCTbIO 6E30MacHO A0CTWUYbL MOCTABNEHHYH LEefb CU-
cTeMbl. OUeBMAHO, 6E30MACHOCTb U PUCK COCTaBNSIOT MOMHYHO
rpynny co6biTwii. CnegoBaTenbHO, PUCK MOXHO W3MEpPSTb
BEPOSTHOCTbIO, BbIYMC/IEHHYH NYTEM BbIUUTAHWS U3 eAUHULb
BEPOSATHOCTU 6e30MacHOro OCTUXXEHWS LieN.

Q BepoamHocme

O

Takum 06pa3oM, PUCK MOXHO OMPeaenuTb, Kak MocTy-
MOK (JeicTBME) CyObEKTA NPUHATL PeLLeHNe Ha PYHKLMOHMPO-
BaHVe 06bEKTa, HampaB/IEHHOE Ha JOCTWXKEHWE M/aHMPYEMOit
L&/ CUCTEMBI B YC/IOBUAIX HEOMPEAENEHHOCTH €€ AOCTVDKEHUS.

Torga, NPUMEHNTENBHO K peLUaeMoit 3agadve, nog nokasa-
TeNIEM pUCKa HeAOCTVKEHWS CPeLHEr0 PaccTOsHNSA AOCTaBKM
rpysa aBTOMOOW/IbHLIM TPAHCMNOPTOM ClefyeT MOHUMATb
CYOBEKTUBHYIO XapakTepPUCTUKY Mepbl OTKNOHEHUS NAaHUpy-
eMOro pacCTosiHUA OT MOKasaTens, CMOLENMPOBaHHOIO B
YCNOBUSAX HEONPELENEHHOCTH.

Vcxopa n3 onpefeneHns pucka v ero nokasatens, MeTo-
OVKa BbIYMCNEHUS BEPOATHOCTU HEAOCTVXKEHWS MIaHOBOMO
nokasaTens 6yaeT BKOYATh CefyHoLMe OCHOBHbIE 3Tanbl:

— MOCTPOMTb MO CTaTUCTUYECKUM [AaHHbIM pPEe3ynbTaToB
[OCTaBKM Fpy3a MaTeMaTU4ecKyto MOfenb Le/IeBOro MoKasa-
Tens B BUAE aHAIMTUYECKON (PYHKLUM PErpeccun 3aBUCUMMO-
CTW CPeHEr0 PacCcTOsHWA OT rofa TPaHCMOPTMPOBKM Tpy3a;

— NPOBEPUTL KAYeCcTBO MOJENN C MOMOLLbHO NOrpeLLHo-
CTeli annpokcuMaumm, KosgguumeHTa geTepMmUHaLMn U CTa-
TUCTMYECKOI 3HAUYMMOCTU MOAENLHON DYHKLMWN perpeccuu;

— BbINO/IHATb TOYEYHYIO W WMHTEPBa/IbHYH OLEHKMU Mpo-
FHO3HOW BEeMMYMHbLI MOKasaTens Lenu, Kotopas Mo3BoauT
YCTaHOBMTb /IEBYIO U MPaByl0 UHTEPBA/IbHYIO FPaHULbl NOKa-
3aTens uenu;

— pacnonoXuTb MeXay [OBEpUTENbHbIMU  FpaHULaMu
CpefHero paccTtosHMA MJaHOBOE 3HayeHue, pasbuB Tem ca-
MbIM [0BEPUTE/IbHbIV MHTEPBAN Ha Pabouyto 1 KPUTUYECKYHO
obnacTw;

— OnpeLennTb NoKasaTeslb PUCKa HEJOCTUKEHUS M1aHOBO-
o 3Ha4eHms.

B KauyecTBe nokasatesns KOHeUYHOW Lein B paboTe NpuHsATa
BEPOATHOCTb HELOCTVXKEHWUSA NIAHOBOTO 3HAYEHWS CpPefHero
paccTosHusA, KoTopas onpesenseTca nyTeM nonagaHns B Kpu-
TUYECKYI0 06/1aCTb MPOrHO3HOIO WHTEPBa/IbHOr0 3HaYeHus
BENMUMHBI CPEeJHEro paccTosHus. B CBOW ouepenp, [oBepu-
TeNbHbIA WHTEpBaN CPeAHEro pPacCTOsiHUA CTPOMTCS MO ee
mogenu [6].

[na onpefeneHus BEPOSTHOCTU HEO6XOAMMO MPUHATDL 3a-
KOH pacnpefefieHns JOCTV)KEHWS BENMYMHbI MoKasaTens Le-
N, HaNPUMep HOPMaJlbHbIN 3aKOH, Kak NoKas3aHo Ha pucyHke 1
[N19 NIOTHOCTW.
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Puc. 1. Cxema, noscHstoLas onpeneneHne rnokasaresia pucka
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CornacHo 3Tanam MCCNefoBaHWs 1 Mo NpeacTaBieHHbIM B
Tabnuue 1 CTaTUCTMYECKMM [aHHbIM MOCTPOEHa NUHeliHas
mMaTemaTuyeckas MOAeNb U3MEHEHUsI cpeaHeld AanbHOCTW OT
roga JocTaBKu rpy3a. AHaMTUYeCKas 3aBUMCHMMOCTb, €e rpa-
(UK 1 KO3DULMEHT AeTePMMHALMMW, KOTOpble ONpefeneHsbl
M0 MOAENN, MPEACTaB/EHbI Ha PUCYHKE 2.

[na npoBepky KayecTBa MOLENW WCMOMb30BaH WMHCTPY-
MeHT «Perpeccus» HafacTpoinkn «lMakeT aHanuza» Excel [7].

55

MHcTpymeHT «Perpeccusi» naketa aHanmsa fdaHHbix Excel
Mo3BOIUM NO CTATUCTUYECKUM AaHHbIM MOJTy4YnTb KPOME 3Ha-
UeHWii BbIBOPOUHBLIX KO3((ULIMEHTOB NMHEWHOW perpeccuu,
KOppenauum 1 geTepMuHauLmM, TakKe pasnoXeHus o6LLei
CYMMb| KBaIpaToB Ha 00BACHEHHYIO 1 OCTATOUHYHO U pacyeT-
Hoe 3HayeHune F-CTaTUCTUKWU. OCHOBHbIE BEIMYMHBI NMPUMEHe-
HUS MHCTPYMeHTa «Perpeccus» npefcTas/eHbl B Tabnmue 2.

50 y=14856x-29453
R*=0,2474

45

CpefHue paccToAHMA 1 TOHHBLI Fpy3a

35
_ ® 31
30 e 26® 30
25
2002 2004 2006 2008 2010

2012 2014 2016 2018 2020

2022

Mo AOCTAaEKM rpy3a

® ONbiTHBIE 3HAYEHMA CPEQHMK EEEHCI.H-IHﬁ

s [lHHERHEA (ONBTHEIE SHEYEHMA COEAHMX PACCTOAHMA)

Puc. 2. IpadK IMHERHON aHAMIMTUYECKOI 3aBUCUMOCTY 1 KO3(MULIMEHT feTePMUHALIMM

Tabnmua 2
BbI60pOYHbIE OLEHKM NapaMeTpoB NPUMEHEHUA MHCTPYMeHTa «Perpeccus»
KoaththmumeHTbl KoathdmumeHT | KoathpuumeHT | CTaTnucTuka
NIVHEHOW perpeccun | Koppensauun | getepMyHaumm|  duwepa

a b R R? F
-2 949 1,4856 0,97 0,95 288

CyMMbI KBapaToB Obwas dakTopHaa | OctaTo4yHas
pasHocTel 1129 1069 60

M3 Tabnmubl 2 1 pUCYHKa 2 BbITEKAET BEIMUUHA KO3(P(U-
uveHTa getepmuHauun, pasHas 0,95. CregoBaTenbHO, CBA3b
MEX[y Pesy/ibTaToM peanu3alum MOLENN U AeACTBUTENbHLIM
3HaYeHMEM [OCTaBKW rpy30B BeCbMa TECHas ¥ COOTBETCTBYeT
95 %. PacuyeT BenMUYUHbI CTaTUCTUKN Pullepa MOKasbiBaeT,
YTO ee 3HaYeHue, paBHoe 288, CyLLECTBEHHO 60/bLUe Tabnny-
HOM, paBHOM 4,5, UTO CBMAETENLCTBYET O TOM, YTO (PaKTOpHas
OMCNepcus 3HaYMTEeNbHO NPEBbIWAET OCTaToOuHylo. Torga
MOXHO CAenaTb BbIBOA, UYTO CBA3b MeXAY CpefHWUM paccTos-
HWeM [0CTaBKM rpysa v rofom TpaHCNOpTUPOBKM JOCTATOYHO
TecHas [6].

Ha ocHOBaHUM OMbITHLIX CTAaTUCTUYECKUX AaHHbIX U pe-
3yNbTAaTOB MOZE/bHbIX aH/IMTUYECKMX pacyeToB B Tabnuue 3
npeAcTaB/eHbl abCOMOTHbIE U OTHOCUTENbHbIE NOTPELLHOCTH.

AHanu3 Tabnumubl 3 NoKasblBaeT, YTO OLUMOKa anmnpoKcu-
MaLymn He NpeBbIlwaeT abcoNTHOrO 3HaYeHUs CpeaHero pac-
CTOAHWNA Ha BennyMHy 1697 KM, a OTHOCUTE/IbHYHD — Ha
10,05 %. Takum 06pa3oM, MOXHO CAenaTb BbIBOA, YTO MO-
CTPOEHHas MaTemMaTuyecKkas Mofe/b NpUMeHUMa s npose-
[eHMs MPOrHo3a, MOCKO/bKY 3 KayeCTBEHHbIX MOKasaTens
(norpewHocTs U KO3UUMEHT [eTepMUHALUM) COOTBET-
CTBYIOT TpeboBaHUAM.

Tabnmua 3
A6ContoTHas U OTHOCKTE/IbHASA MOFPELLHOCTY MOLENN
"of fOCTaBKU rpysa 2004 2005 2006 2007 2008 2009 2010 2011 2012
PacueTHble 3HaYeHuA 26,6 28,1 29,6 311 32,6 34,1 35,6 37,0 38,5
ABCONOTHAsA MOMPELLHOCTb, KM 0,06 0,15 0,71 1,20 1,30 0,48 0,67 0,61 1,61
OTHocKTENIbHasA NOrpeLLHoCTb, % 0,010 0,080 1,760 5,090 5,910 0,810 1,610 1,330 9,050
"of fOCTaBKU rpysa 2013 2014 2015 2016 2017 2018 2019 2020 2021
PacueTHble 3HaYeHnA 40,0 415 43,0 445 45,9 47,4 48,9 50,4 51,9
ABCONOTHAsA MOMPELLHOCTb, KM 1,69 1,56 1,04 0,17 0,03 1,02 1,15 0,68 0,63
OTHocuTenbHasA norpewwHocTs, % | 10,000 8,510 3,770 0,100 0,003 3,630 4,650 1,610 1,380
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Kak 13BECTHO, Ha [OCTaBKY MePEBO3UMbIX FPY30B U Tpy-
30060pOT 0Ka3bIBAET B/IMSHUE MHOXECTBO CyyaliHbIX (haKTo-

POB, KOTOPbIE BbI3blBAOT p636p00 CTaTUCTUYECKUX OMbITHbIX

JaHHbIX [8]. 3TOT pasbpoc noTpeboBan OCYLECTBUTL UHTEp-

54,00

Ba/IbHbIA MPOrHO3 B AOMO/IHEHME K TOYEYHOMY MPOrHO3Y.
Pe3ynbTatbl UX NpeacTaBieHbl HA PUCYHKe 3 B BUAE rpaHuL,
[lOBEPUTENIbHBLIX WHTEPBA/IOB CPEAHEro PacCcTOAHWMSA OTHOCU-
Te/IbHO TOYeYHOro nporHosa ¢ 2022 no 2025 rog.

53,33

17 rpysa
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CpegHee pacgroAHne JoCcTaBki
[+
o
=

20225 2023

@ TousyHLIR NporHos

@ JIEE3A IPEHMLE OOBEPHMTENEHOTD MHTERERNE
MpaEan rpaHKLE JOEEPMTENEHOMD MHTEPBANS

Puc. 3. FpanmquKoe npeactaBneHne pesynbTaTtoB TOYEYHOIO N MHTEPBa/IbHOI0 NPOrH030B

Mof WHTepBaIbHBLIM MPOrHO30M B paboTe MNOHWMMAETCs
MHOXECTBO 3HAYeHWUIA CpefHero paccTosHUs, KOTOPOoe BKIIO-
YeHO B [IOBEPUTESbHBIA UHTEPBA BOSMOXHbIX 3HaUYeHWI. Tem
camblM, B paboTe Ha NpUMepe CTaTUCTUYECKUX FOLOBbLIX faH-
HbIX rpy30060p0Ta U CyMMapHOro o6bema [OCTaB/IEHHOr0
rpysa noCTpoeHa MatemMaTunyeckas Mofenb CpefHeli AanbHo-
CTW [JOCTaBKW rpysa 1 BbINOSIHEHO MPOrHO3MPOBaHWe Kak To-
YEYHOro, TaK W WHTEPBA/IbHOrO 3Ha4YeHUiA CpefHero paccTos-
HWSA JOCTaBKM 0fHOI TOHHBI rpy3a B 2022-2025 rogax B Po.

Pacnonarag WHTepBa/bHbIM 3HAYeHWEM CpefHero pac-
CTOSIHWUS JOCTaBKW OfHOW TOHHbI TPy3a, NPy MPUHATOM HOp-
M&/IbHOM 3aKOHE MI0THOCTMN pacrpegeneHuns aToi BeIMYUHbI
B Mpejenax JOBEpUTENIbHOrO MHTEpBaia U 3afaHHON niaHo-
BOI BENMMYMHE CPeAHEl AaNbHOCTX MO COOTHOLUEHWSM Teo-
PV BEPOSTHOCTEN BbIYMCNEHA BEPOSITHOCTb LOCTUKEHMA
MOCTaBMIEHHOW LeNn, & MMEHHO BEPOATHOCTb MPEBbILUEHNS
CpefHell [a/lbHOCTW [OCTaBKM Tpy3a aBTOMOOGW/bHLIM
TpaHcnopTom B 2025 rogy.

[na cnyvas OUEHKWU BEPOATHOCTU AOCTUDKEHUS CPefHUX
PacCTOAHWIA [OCTaBKM rpy3a aBTOMOGW/IbHBIM TPAHCNOPTOM B
2025 rogy (hyHKUMS NAOTHOCTW BEPOATHOCTW, pacnpeneneH-
Has N0 HOPM&a/IbHOMY 3aKOHY, MPUMET CrefytoLime napamet-
pbl: MaTEMaTUYECKOe OXMAaHWe, B KauyecTBe KOTOPOro Bbl-
CTYMaeT TOYeUHbIii NPOrHo3, paBeH Y5o,5 = 51,08 KM 1 cpef-
HeKBaJpaTUYeckoe OTK/IOHEHUE, BbIYMUC/IEHHAA KaK OfiHa Lue-
CTa A/IMHbl UHTepBana, Sy =1 685 KM. Torga naoTHOCTL pac-
npefeneHnst BEPOSTHOCTU NPUMET BUL;

Y — 51,08)2]

f) = 2 x 1,6852

1
exp [—
1,685 x v/2m P [

Mcxoas M3 HoOpMasibHOM MAOTHOCTW pacnpefeneHus cpea-
HEro PaccTosiHKS, /IErKO OMpPeaennTb BEPOSTHOCTb NPeBbILLE-
HWsl NIAHOBOIO 3HAYEHWs CPeIHEr0 PacCTOsHUS Mo opMy e:

20235 2024 20245 2025 2025.5
Fofel AOCTEBKK Fpy3a
YP
<7 f 1 (Y — 51,08)?
= = ex - =
M) 1,685 x V2 P % 16852
~ f _wosLee
1,685 x V21 J 2x1,6852 [ Y

HakoHel, pWUCK HEAOCTMXKEHWS MOCTaBIEHHON LeNeBoi
33flayn paBHa efUHMLE MWHYC BEpPOSTHOCTb MPEBbILLIEHNS
nnaHa. COOTBETCTBEHHO, NMOKa3aTeNlb PUCcKa Kak BEPOSTHOCTb
He[OCTUXEHNS MnaHa (BEPOSTHOCTb MOMAcTb B KPUTUYECKYHO
0651acTb) paseH 0,74. TaknuMm 06pa3oMm, LOCTUXEHWE MNaHOBO-
ro cpefiHero pacctosiHua Ha 1 kv B 2025 rofly Ma/ioBeposATHO,
€CNM TPEHA W3MEHeHUs MO rofaM U MPUHATOe B CTaTbe Mna-
HOBOE 3HaueHVe 3TOro nokasartens 6yayT coxpaHeHsl fo 2025
roga. JanbHeiwee pa3suTe METOAMYECKOrO annapara Lene-
CO00pa3HO HanpaBWTb Ha €ro pasBUTME MPUMEHWTENLHO K
MepeMELLEHNIO TPY30B MO MeXAyHapoAHbIM TPaH3UTHbIM
TPaHCMOPTHLIM KOpugopam, a Takke A5 onpefeneHns cooT-
BETCTBUA MOLENMPYEMOro MapLupyTa TpaHcnopTa (akTuye-
CKOMY BpeMeHu B nyTu [9, 10].
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Abstract. Modeling and forecasting of a key economic indica-
tor that determines the cost of cargo delivery by road has been
carried out. The mathematical apparatus used for the study
made it possible to build a model of the average delivery distance
of one ton of cargo and its verification, to perform model point
and interval forecasting and assessed the risk of untimely deliv-
ery of cargo. The mathematical model and forecast were made on
a sample of statistical data from 2004 to 2021, the years of cargo
transportation by road in the Russian Federation. Verification
was carried out based on the results of cargo transportation in
2022. The model is based on regression analysis and the least
squares method. The calculation apparatus is implemented using
the Excel.

Keywords: modeling, forecasting, estimation, regression, coef-
ficient of determination, point estimation, interval estimation,
risk.
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AHHOTaUWsA. PaccmMaTpuBaloTCA BO3MOXHbIE BapuaHTbl pe-
LLeHWS NP06/1eMbl MOBbILLEHNS1 KOHKYPEHTOCMOCOGHOCTY U Npu-
B/IEYEHNS1 HOBbIX rpy3oBagenbLeB. OnvcaHa KOHUENUWUS npu
OLIEHKE 3KOHOMMWYECKOM 3(PPeKTUBHOCTM KOMMAHUN yUNTbIBaTb
COBOKYIMHbIe 3aTpaThbl, arpernpyemble MeTOgamu pacyeTa npuBe-
[eHHbIX 3aTpaT C y4yeToM 06LEMOB BO3BpaTa Ha WMHBECTULMW.
MpeanaraemMblii NOAX0A MO3BO/ISET HamMboMee MOMHO YYMTbIBATb
HECKONbKO Leneld. Ero npeMmyLLecTBOM SBMSIETCA BO3MOXHOCTb
oLeHMBaTb 3PPEKTUBHOCTL EATENBHOCTM KOMMNAHUM C NO3MLNIA
CUCTEMHOrO MOAX0AA, OCHOBbLIBAsICb Ha KOJIMYECTBEHHbIX Xapak-
TEPUCTUKAX U BbISIBIEHHbIX 3aKOHOMEPHOCTSIX.

PeLleHne gaHHOM Npo6/eMbl MO3BO/IUT OLEHUBATL PesynbTa-
TMBHOCTb NIOTMCTMYECKOr0 NpoLiecca, HaMeTUTb pauMOoHa/IbHbIe
NYTU CHWKEHUS 3aTpaT, OUEHUTb KauecTBO (DYHKLMOHUPOBAHUS
KOMMaHM1 1 BbIIBUTb YPOBEHb KOHKYPEHTOCMOCOBHOCTM KOMMa-
HUW.

Kntouesble cfosa: ONTUMM3ALMA PAaCX0foB, NOrUCTUYECKUE
MapLwpyTbl, TPaHCMNOPTHO-I0TNCTNYECKaA CUCTEMA, CMNEKTpP

YCAyT.

B HacToslLLee BpeMs B MUPOBOI NIOTUCTHKE HabntodatoTCA
Cepbe3Hble NoOMexm B paboTe Lieneli MOcTaBoK. TpaHCMOPTHbIM
KOMMaHWSIM CTafio MpefesibHO CNOXKHO MOAJEPXKMBATL CBOHO
KOHKYPEHTOCMOCOOHOCTb U MPUWBMEKaTb HOBbIX TPy30B/a-
JenbueB. B faHHOW cuTyaumy onepatopaM TpPaHCMOPTHOro
PblHKa MPUXOAMTCH MEHATb MapLipyTbl W MOBbIWAaTb CTO-
MUMOCTb CBOMX YCNyr. POCCUIICKME NepeBO3YMKM TOXKE 0CO3Ha-
IOT, UTO PbIHOK 60/blUe He OCTaHeTCA NPeXHuUM. B nydiem
C/lyyae OHW CMOTYT COXPaHWUTb CBOMX MOCTABLUMKOB U U3Me-
HWTb NOTUCTUYECKME MapLUPYThbl B LEefsX ONTMMm3aummn pac-
XO[I0B Ha CK/afICKNe onepaLmmn 1 TpaHcnopTuposky [1]. B xya-
LIeM cny4vae UM NPUAETCA COKPaTUTL KOMMYECTBO NapTHEPOB
N UCKaTb HOBbIE /IOTUCTUYECKME CXEMbI A1 06X04a CaHKLWA.
XOTS NOTeHUManbHbI yLiepd OT U3MEHEHWS NIOTNCTUYECKUX
LIenoYyek o4eBUEH, IMaBHbIM ABNAETCA BOMPOC, YTO Aenatb B
[aHHOI cMTyauun.

C OfHOI1 CTOPOHbI, COBPEMEHHbIE YCTOBUS KOHKYPEHTHOIO
PblHKa  TPaHCMOPTHbIX  YCAYr  YCTaHaB/MBalOT  HOBble
TpeboBaHMA K NX Ka4ecTBy. B NOrMcTMKe B HacTosLLEe BpeMs
MPOUCXOLAT 3HAYNTENbHbIE U3MEHEHNS, TaKne Kak BHELPEeHWe
poboTu3auun, 6ecnmnoTHLIX CUCTEM [OCTaBKWU, MEPEXOf Ha
3KONOTMYECKU YMCTble WCTOYHUKWN 3HEPTUK, aBTOMATU3auus
TPaHCMOPTHbLIX MPOLECCOB, PasBUTME HOBLIX BbICOKOTEX-
HO/OTMYHBIX HanpaB/feHWA nepefadn [faHHbIX W UMppo-
BM3aUMs pblHKa. K/OueBbIMU TEXHOMOTMAMU  CTaHOBATCA
nHTepHeT Bewei (10T), pacnpepeneHHble peecTpbl (Block-
chain), uHTennekTyanbHble cuctembl (Al/ML), BUpTYya/ibHas 1
JononHeHHas peanbHocTh (VR/AR) M T. .

Bce 3TV WHHOBaUMWM WrpatoT CYLUECTBEHHYIO pPO/b B
pasBUTUM  NIOTUCTUKU. POCCUIACKME  KOMMaHUK-0MnepaTopsbl
TaKXKe aKTMBHO COBEPLLEHCTBYHOT CBOM OM3HEC-NpoLecchl. 3a
nocnegHue rofbl reorpagms rpysonepeBo3oK 3HaYMTESbHO
M3MEeHMIacb, W Ha3eMHbI/A TPaAHCMOPT CTan OCHOBHbIM
Jpaiisepom pocTta [2].

OfHako HecMOTpsA Ha ybeauTeNbHble LUQpbl, BONPOC 06
3 PeKTUBHOCTK paboThbl TPaHCNOPTHO-/TOFUCTUYECKON
CUCTEMbI BCe eLlle OCTaeTCA OTKPbITbIM, & PO/ib TPaHCNopTa B
NOTUCTUYECKMX LieNsX OCTaeTCA KHUeBbIM (DAKTOPOM PbIHKA.
3T0 MOATBEPXKAAIOT pe3yNbTaTbl OMpoca PyKOBOAWTENEN
NPeanpuATUA, aKTUBHO WCMONL3YIOLMX LEenn MoCTaBoKk,
NnpoBeAeHHOro areHTcTeoM PwC B Hadvasie TekyLlero roga.
«lMoBblleHne  3PDEKTUBHOCTU» U «YMpaBNeHWe  Wn
COKpaLLeHWe 3aTpar» B IOTUCTUYECKUX LensX CTann cambiMm
nonynsipHsIM1 oTBeTamu [3, 4].

C Apyroii CTOpPOHbl, B TPaHCMOPTHO-NOMMCTUYECKON
cucTeMe  (PYHKUMOHUPYET KOHKYPEHTHbI  TPaHCMOPTHbII
CepBuC, NpefoCTaBNAOLWMIA NoTpebuTento ceobogy Bbibopa
YCAyr. 3Ta c1cTeMa BKHOUAET B Ce65 MHOXECTBO YUYaCTHMKOB,
KOTOpPblE CTPEMATCH [OCTUYb HaMbOsbLUEro pesynbrara U
Hauny4LIero yaoBNeTBOPEHNS UHTEPECOB KNMEHTYpPbI [5].

M3 Bblllecka3aHHOIO crieflyeT, 4T0 B COBPEMEHHbIX
YCOBUSIX NTOTUCTUYECKME NPOBalifepbl (hOKYCUPYHOTCA Kak Ha
pelleHnn 6a30BbIX (PYHKLWIA, TaK U Ha MOBbILLEHUN KavecTBa
npefocTaenseMblx ycnyr B uUenom. CrefoBaTe/ibHO, Mepeq
COBPEMEHHbIMU BGU3HECAMU W KOMMAHWSMU, OKa3blBAOLL UMY
ycnyru B cpepe TPaHCMOPTHOrO 3KCMeAMpOBaHUs, BOSHUKAET
CNOXHasA 3afjad4a co3LaHWs MHHOBALVIOHHOIO NIOrUCTUYECKOTO
NPOCTpaHCTBa MyTEM Pa3BUTKS BbICOKOIPMEKTUBHLIX Lienel
MOCTaBOK.

Mpy 3TOM BaKHO OTMETUTb, YTO BbICOKOE KauecCTBO
NOTUCTVKA  MOFYT 06ecneynmTb KOMMaHWW, Ccreyuannsun-
pytoLLMeCs Ha NPeLOCTaB/EHUN NOTUCTUYECKUX YCNyr. ITu
KOMMaHMM JO/MKHbI MOCTOSHHO PacLUMpSATb CBOW CMEKTP YCAYT,
4yTo6bl HauIyywnM 006pa3oM YOOBNETBOPUTL MOTPE6HOCTU
K/IMEHTOB U BbINOMHUTL OCHOBHbIE (DYHKLUW. BO-NepBbIX, OHU
[OMKHbI OKasblBaTb YC/Yyrn Mo CKIaAMPOBaHUIO U TpaHc-
NoOpTUPOBKe, A4/ Yero UM Heo6X0AMMbI CKNafibl, TEPMUHASbI U
TPaHCMOPTHbIE CpefcTBa. BO-BTOPbIX, KOMMaHUW  [OMXKHbI
OPWEHTMPOBATLCS HA OPraHM3aLLMIo IOrMCTUYECKOrO NpoLiecca,
COOTBETCTBYIOLLErO MNOTPEBHOCTAM  KaXXAOr0 KOHKPETHOTOo
KnveHTa [6, 7].

B HacTofilLee BpeMs KOMNaHuw, Braferolime peanbHbIMU
aKTMBaMy, YXe Creuuanusupyrotca Ha npefocTaBneHunm
CK/IAICKMX U TPAHCMNOPTHbIX YCAyr. [pyrme KOMNaHuy pactum-
PAKOT CBOW CNEKTP YCAyr, B3AB Ha cebs yHKLMM co3faHus
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WHTErprpOBaHHbIX IOTUCTUYECKMX LIEMNei C NOMOLLbIO COBEp-
LLEHCTBOBAHMA JIOTUCTUYECKON WH(PACTPYKTYpPbl, WCMO/b-
30BaHMs HOBbIX CPEACTB TPAHCMOPTMPOBKM U CHDKEHUS 3aTpaT
B pamkax SCM-cuctembl ynpasieHns LensaMmn NocTaBok U T. 4.

MepemeHHble U3AEPXKKM B NEPBYHO O4epesb OnpeaenstoTes
MPOLLECCOM Tpy30nepeBo3oK. Uem 60/bLie paccTosiHue, Ha
KOTOpoe TpebyeTcA MepeBe3TV rpy3, TEM BbIlUe WU3LEPXKKM, U
Haob0pOT, YeM KOpoYe MapLUpYT, TeM HMXe n3aepxku (pac-
X0fbl Ha TOM/IMBO, 3aTpaThbl Ha TPyA 1 Ap.). Kpome Toro, 06bem
MepeBO3MMOr0 rpys3a SBAAETCA elle OAHUM  (PaKTOpOM,
onpesenstoLLIMM NepeMeHHbIe U3aepXku [8].

O6Lume 3aTpaThl KOMNaHUW OMPeSensarTca nyTeM CyMMu-
POBaHWS MOCTOSHHLIX W MEepeMeHHbIX u3aepxek. Cneposa-
Te/lbHO, MPUHATME PeLleHVsi O COBEPLUEHCTBOBAHWM TpaHc-
MOPTHOrO Napka v pasBUTUM OTUCTUYECKOW MHEPACTPYKTYpbI
[O/DKHO OCHOBBIBATLCA Ha CTPOTrUX KPUTEPKSX, MO3BOAIOLLINX
MPOBECTW CPABHUTE/bHYHO OLIEHKY.

B npeabigywmx umccnefoBaHUAX aBTOpPbl  MpeAnaram
OLeHMBaTb 3(PEKTUBHOCTL /IOFUCTUHECKON KOMMaHWKU C Mo-
MOLLbH0 HECKOIbKMX MPUHLMNMANbHBIX COOTHOLUEHWIA:

1) pe3ynbTaT, OTHECEHHbIA K U3AepXKKam, WK nNpubbib,
MO/yYeHHas Ha KaXXAbli 3aTpaYeHHbIA py6b;

2) N3AEPXKKM, OTHECEHHbIE K pe3ynbTaTy, Uau yaenbHble 3a-
TpaThbl Ha KaXkayto NMOMYYEHHYH0 eAMHULY pe3ynbTaTa;

3) pe3ynbTaT, CKOPPEKTNPOBaHHbIA Ha U3LEPXKKM, OTHECEH-
HbIli K pe3ynbTaty, APYT1MMU CNIOBaMU, YAenbHbIA 3PdeKT Ha
KaKAYH0 MONYYEHHYH eAMHNLY pe3y/bTaTa.

HekoTopble CrMeuuasucTsl  PeKOMEHAYHOT MCMOb30BaTh
MeTOZbl MOMapHOrO CPaBHEHNS U OMpesesieHne TOUKK 6e3y6bl-
TOYHOCTM /151 aHa/I3a. B NpaKTuke Takke UCMosb3yeTcs YMpo-
LLEHHBIV Cnocob OLEHKWU, KOTOPbIA YUNTHIBAET TO/bKO NOrUC-
TUYECKME N3LEPXKKM.

OfHaKo CTOWUT MOAYEPKHYTb, YTO BCE 3TW METOAbI TPpebyroT
rNy6OKOro aHaIMTUYECKOro UCCef0BaHUs, BKIOYas BbisBIIe-
HVe KOH(NKTYHOLWMX 3aTpaT Ans 060CHOBaHMA U pa3paboTKu
ONTWUMaJIbHBIX PEeLLEeHWiA. JIOrncTuYecKre KOMNaHnm CTpemMsT-
€Sl yCTaHaBNMBaTb Tapugbl, obecneynBarome UX MNpUobIIb-
HOCTb. OHW TaKXXe aKTVBHO WHBECTUPYHOT YacTb NpuUbLIIN B
TPaHCMOPTHYH0 UH(PacTPYKTypy M TpaHCMOPTHbIe CPeacTsa,
4TO6bI COXPaHATb CBOK) KOHKYPEHTOCMOCOGHOCTb Ha PbIHKE.

daKT4eCKN 3IKOHOMMYeCKas 3hPEKTUBHOCTb NOTUCTMYEC-
KX NpOBainfiepoB MOXET 6bITb OMpese/ieHa No COOTHOLLEHUIO
pe3y/bTaToB U 3aTpaT, CBA3aHHbIX C UX CO34aHueM W (yHKUM-
OHMpOBaHMeM. Pe3ynbTaTbl MOFYT 6bITb OLEHEHbI KOMYecT-
BEHHbIMW MOKa3aTeNAMM, TaKMMU KakK 06beM BbIMOHEHHbIX
MepeBO30K, WM MOKasaTeNis MM  KadectBa 06CNy>KUBaHWS,
Hanpvmep cobnoAeHNe CPOKOB AOCTaBKM rpysa. B coBpemeH-
HbIX YC/IOBUSAX COMOCTaB/IEHNE NoKa3aTenei KavecTsa ABsET-
CA MPeANOYTUTE/bHBIM, MOCKO/IbKY MOXET OTPaXKaTb UX KOHKY-
PEHTOCMOCOBHOCTb.

Ha Haw B3rnsg, nNpv OLEHKE 3KOHOMWYECKon addek-
TUBHOCTW KOMMNaHUW ClegyeT YUYWUTbIBaTb COBOKYIHbIE 3aTpa-
Thbl, BK/IOYas BO3BPAT Ha UHBECTULMW. [/ 3TOW Lenm Leneco-
06pa3HO 1CNo/b30BaTb METOA0M0MMYECKUA NOAXOA, OnmucaH-
HblIiA B laHHOV paboTe, 1 OLeHMBaTb 3PMPEKTUBHOCTL KOMMAHUN
C NMOMOLLbH0 BEKTOPHOTO KpUTEpUS:

K () = {ky (00), ko (), o, ki ()} = {k; (%)), j = 1, M},

rae k;(x;) — j-i 4aCTHbIA KPUTEPWiA, M — 4NCNO YaCTHBbIX
KpuTepues.

PyHKUMA  K(x;), YyuuTbiBalOW@s MHOXECTBO WCXOAHbIX
BapMaHTOB, B CBOIO OYepe/b NOPOXKAAET OTHOLLEHVE NOPSAKA,
3aBUCsILLiEE OT CMbICNIOBOIO coiepXKaHust yHKUMKW. Tak, ecnu
n3 K(x;) > K(x;) cnegyert, 4To x; > x,, TO UMEET CMbIC/T KpUTEPUIA
™Mna «3(dekT». TpagULUMOHHO Ha TpaHCMOpTe TaKUMK
KpUTEPUAMW SBASKOTCA AOCTUFHYTbIA YPOBEHb BbIMOHEHNS
YCTaHOB/IEHHbIX CPOKOB [0CTaBKM [Py30B, MOKa3aTesb
KOMM/IEKCHOCTW 06CNY)XMBaHMA KAMEHTYpbl U ap. Ecnn xe
Xs > xi, TO K(x;) ABNAETCA KpUTEPUEM TUMNA «3aTpatbl». K HUM
LenecoobpasHo  OTHeCTM  3aTpaTbl  Ha  CoAepXXaHue
NPOV3BOACTBEHHOI MH(PACTPYKTYPLI 1 Ap.

Torga maTeMaTu4eckas NOCTaHOBKA 3afjayi B BEKTOPHOIA
(hopme NpUMET BUf;

maxk;(x;), j=1,M, x;€X
X]'* :.Xj S ]—L (1)
mink;(x;), j=m+ 1M, x; €X

M3 cuctembl (1) BUAHO, UTO KaXAOe W3 ypaBHEHWId
onpedensieT BapuaHT peLLeHns, WCMOMb30BaHME KOTOPOro
Hanbosee NPeanoUTATENLHO TOMLKO C TOUYKU 3PEHUS OAHOTO
KpuTepusi. OGLLEe Xe pelLLieHne NPeACTaBSeTCs nepeceyeHnem
MHOXECTB pe3yNbTaToB PELUEHWI A MO KaKAOMY YacTHOMY
KpUTepuio:

X' =X nX;N..0X;

OueHKy paccorfiacoBaHus KpuTepmeB Tuna «3QeKT»
LleNecoobpasHo NpPOM3BOAUTL HAa OCHOBaHUM 6Ge3pasmepHOl

( 3](13)
J

a A KpUTepueB TuNa «3aTparbl» — B BUJE (kj/kja).

MpeanaraeMblil NOAXO0L, Ha Hall B3rnsg, NO3BOSET Hambo-
nee NOJHO YUYUTbIBaTb HECKO/LKO Lieneid. Ero npenmyLLecTsom
SIBISETCA BO3MOXHOCTb OLIEHMBATL 3PNEKTUBHOCTL [eATeflb-
HOCTW KOMMaHWK C NO3WLMIA CUCTEMHOTO MOAXO0/a, OCHOBbIBA-
AICb Ha KO/IMYECTBEHHbIX XapaKTePUCTUKAX U BbIAB/IEHHbIX 3a-
KOHOMEPHOCTSAX.

3AK/MOYEHVE

TekylLas reononmTnyeckas 06CTaHOBKA, YBeNMYeHWe LieH
Ha TONAMBO W HEAOCTATOK KBa/M(PULMPOBAHHOTO NepcoHana
3Ha4MTENbHO YCYryounm HeonpefeneHHOCTb B ctepe noru-
CTVKU 1 TaKUM 06pa3om OMpeaeiuan Nyt yayyLleHuns yCToi-
YMBOCTM LieMeil MOCTaBOK MpU NOMOLLM ONTUMM3aLMA ynpaB-
NEHNs 3aTpaTamMm TIOrMCTUYECKMMI KOMMAHUSIMU.

ABTOpbI MpeAnaraldT MHCTPYMEHTapWii, KOTOPbLIA MO3BO-
NAeT OUEHWUTb 3PMEKTUBHOCTL IOFMCTUYECKOro npoLecca,
OnpesenvTb pasyMHble NMyTW COKPALLEHNs 3aTpaT, OLEeHUTb Ka-
YeCTBO (PYHKLMOHUPOBAHUA KOMMaHUWN W BbISBUTL YPOBEHb
KOHKYPEHTOCNOCOOHOCTM KOMMNaHuK. IoflyyYeHHbIe pacyeTHble
[aHHbIe MOTYT CNY)XXUTb OCHOBOW A/ cTparerumn busHec-nna-
HMPOBaHMA 1 pPa3paboTKM HOBbIX LiEMei NOCTaBOK.
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Abstract. Possible solutions to the problem of increasing com-
petitiveness and attracting new cargo owners are being considered.
The concept is described when assessing the economic efficiency of
a company to take into account the total costs aggregated by the
methods of calculating the applied costs, taking into account the
volume of return on investment. The proposed approach allows for
the most complete consideration of several objectives. Its ad-
vantage is the ability to evaluate the effectiveness of the company's
activities from the standpoint of a systematic approach, based on
quantitative characteristics and identified patterns.

The solution of this problem will allow us to assess the
effectiveness of the logistics process, outline rational ways to
reduce costs, assess the quality of the company's functioning and
identify the level of competitiveness of the company.

Keywords: optimization of costs for warehouse operations and
transportation, logistics routes, transport and logistics system,
range of services.
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3agaya packpacku rpaga B KOHTEKCTe
onTUMM3aLMN pacnucaHnA: NPorpammMmHoe peLleHme

O. M. XoHuWHa, K.1.H. A. B. 3abpoauH
MeTepOyprckuid rocyAapCTBEHHbIA YHUBEPCUTET NyTei cooblieHns VimnepaTtopa AnekcaHgpa |
CaHkT-TMeTtepbypr, Poccust
olga.khonina.0311@mail.ru, teach-case@yandex.ru

AHHOTauusA. CTaTbsi MOCBSILLEHA aHanu3y npob6sembl pac-
KpacKu rpadga, akTyanbHoi B pas/IMYHbIX 061acTsIX, BKOUast co-
CTaB/eHNe Yy4e6HbIX pacnmcaHuii, NnaHMpoBaHWe 1 yrnpaBfeHne
pecypcamMu 1 MHOrMX apyrux. B xofe uccnegoBaHusi aTa 3ajaqa
6blna afanTupoBaHa A4ss onNTUMU3aLMK pacnucaHust y4ebHbIX 3a-
HATUIA. OCHOBHOI LIENbI0 UCC/IEA0BaHNA CTano co3fjaHue anro-
puTMa 1 NPOrpamMMHOro obecrneyeHns 4ssi pa3paboTKM NoMb30oBa-
TeNbCKOro MHTepdelica pacnmcaHnst B yYebHbIX YUPeXAEHUAX.
PaspaboTaHHbIi COT MOXKET ObITb JIEFKO HACTPOEH A1 pasnny-
HbIX TUMOB Y4e6HbIX 3aBeAeHNIA: OT LLKO/ 0 YHUBEPCUTETOB.

KntoueBble cnosa: rpad), pacnmcaHue, afropuTm, XXagHblii an-
ropuTM, 3afada packpacku rpaga, Bu3yasibHoe NpeacTaBfeHue,
nporpamma, Python.

BBEAEHWE

B nocnegHve gecatunetua Teopus rpagios CTPEMUTENBHO
pasBuBaeTCs, BMECTE C pacLUMpeHneM ee NpYMeHeHUs B pas-
NINYHBIX 06nacTsx. OJHONM M3 KNAaCCMYeCKMX 3afay 3TOW Teo-
pumn ABNSETCA 3afja4a PacKpackm rpada, rae Kaxaoi BepLuviHe
He0o0X0AMMO MNPUCBOUTL OMpPeAeNeHHbIA LBET TakK, 4TOObI
CMeXHble BEPLUMHbI MMeNN pasHble LBeTa, 1 Npu 3ToM o6LLee
KO/IMYECTBO LiBETOB ObINI0 MAHWUMa/bHBIM. 3Ta 3ajaya BXOAUT
B CNMCOK 13 21 NP-TpyaHbIX 3afa4, chopMynmpoBaHHbIX Pu-
yapziom Kapriom B 1972 rogy, 1 No-npe>xxHeMy 0CTaeTcs Bbl30-
BOM [ HAYKW, TaK Kak HeT Mo/IMHOMUANIbHOTO a/iIropuTMa ans
TOYHOTO peLLeHus.

Teopwa nnaHMPoBaHKA UrpaeT BaXKHYH posib B 06ecneyeHnm
3(htheKTMBHOIO YNpaB/ieHNa pecypcamu, BPeEMEHEM 1 3afia4amui
B pas/nyHbIX 06nacTax. OHa No3BONSET ONpeaeNaTh Lenu, pas-
pabaTbiBaTb CTPATErMM 1 CNEAWTh 3a BbIMOMHEHWEM 3afad. 3a-
[Java packpacku rpaga MoXXeT ObITb 1CMOMb30BaHA /15 ONTUMU-
3aLMK pacrpefie/leHns PecypcoB B Pas/MyHbIX NpoLieccax.

B cTatbe BHMMaHVe COCpesoTOYeHO Ha NPaKTUYeCKOM npuMe-
HEHWUM 3a[ja4m packpackm rpadyoB B 06/1aCT NIaHUPOBaHUS, 0CO-
GEeHHO B KOHTEKCTE COCTaB/IeHNA YYe6HbIX pacnmcaHui, onTuMm-
3aLMn TPaHCMOPTHBIX MapLLPYTOB, BPeMeHU paboTbl 060pya0Ba-
HWA U MHOTMX APYruX aHanornyHbIxX cLeHapues. Ta 3aada ak-
TyasibHa 1 TpebyeT 3PDEKTUBHBIX aNITOPUTMUYECKUX PELLIEHNIA.

BaXXHbIM acrekToM XOpOLUero pacnvcaHus sBNSeTCs ero
BM3yasibHOe npejcTaBieHne. YeTKuid n npuBnekatenbHblii gn-
3aliH pacnucaHua ynpoLlaeT BOCMpUATHE MHA(OPMaLuK, YTo
0CO6EHHO Ba&XHO B O6bICTPO MEHAIOLWENC U AUHAMUYHOW
cpefe. BusyanbHO nNpuBfeKaTenbHOE pacnucaHue cnocoo6-
CTBYeT 60/iee 3PPEKTUBHOMY MCMOb30BAHUIO MH(OPMALLAN U
CHWKAET BEPOATHOCTb OLUMBOK U HEJOMOHUMAHNS.

OCHOBHBIE TEPMUWHbI 11 OMPEAENEHS
BO/bLLMHCTBO OMpefeneHuii Teopun rpad)oB Jat0TCs No-pas-
HOMY B Pa3/INYHbIX CTOYHMKAX, B OCHOBHOM, OHW AEMOHCTPY-
PYIOT pasHble MOAXOfb! U He MPOTUBOpeYaT Apyr apyry [1-4].

"pachom, B 06LLEM CNy4ae, Ha3bIBAETCA COBOKYMHOCTb ABYX
MHOXeCTB: G = (V, E), Tie ¥ — MHOXECTBO BEPLUMH, E C VXV —
MHOYXECTBO CBS3eil MeXy HUMK (MHOXeCTBO pebep) (puc. 1).

Puc. 1. Mpumep rpada (rpadg MeTepceHa)

[1Be BepLUMHbI u, v € V Ha3blBAKOTCA CMEXHBIMU, EC/IN OHK
cBs3aHbl pebpom: (u, v) € E. [1ga pebpa e, f € E Ha3blBalOTCS
CMEXHbIMM, €CIN OHW UMELOT 06LLYI0 BEPLINHY: e N f# @.

CreneHbto deg(v) BeplwmnHbI v B rpade G Ha3bIBAKOT YUCIO
BEPLUVH, CMEXHbIX € BepLumnHoi v: deg(v) = {u € V | (v, u) € E}|.

PaccmoTpum nogpobHee Teoputo packpacku rpada [5].

Packpackoii BeplunH rpaa G = (V, E) sBnsieTcst PyHKLMS
c: V -, KOTOpas Kaxaoi BepLUMHe rpada cTaBuT B COOTBET-
CTBMWE HaTypasbHOE YKC/O (LBET) Tak, YTO S06bIM ABYM UHLW-
[EHTHbIM BeplMHaM u, v € V' Ha3HayatoTCA pasHble LBeTa:
{u, v} € E = c(u) Z c(v). DYHKUMA ¢ Ha3bIBAETCS PYHKLMEN
packpacku (puc. 2).

Puc. 2. MNpumep packpackm rpaga (rpad MetepceHa)
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MpYMeHUTENBHO K CTaTbe (YHKLMA pacKpacku UMeET cie-
pyrowmii Bug: c: {0, 1}nxn —» n, TO €CTb N0 MATPULLE CMEX-
HOCTM rpaga Mbl NoJslyvaeM BeKTOp ero LBETOB.

path G, Ans KOTOPOro CYLLECTBYET pacKpacka 13 k LIBETOB,
Ha3blBaeTCA k-packpalumBaembiM. B 3TOoM cnydae ¢yHKUMS
packpacku pas3ouBaeT rpad) G Ha He3aBUCUMble MOAMHOXECTBA
Vi, Vo, ..., Vi, BNA KOTOPbIX cripasegnueo: Vin V=@ wn
ViuVau...uUVe=VT.

BHYTpW HE3aBMCUMOro MHOXEeCTBa HUKaKue [Be BEpLLVHbI
He CcBA3aHbl pebpoMm.

HaumeHbllee yncno k, 419 KOTOPOro CyLLEeCTBYeT k-pac-
Kpacka rpaa G, Ha3blBaeTCsl XpOMaTUYeCKUM YMC/IOM rpada
G 1 06o3HavaeTcs X(G). Tiobas packpacka rpada G, 4Nns KoTo-
poit Heo6X0AMMO TOMbKO k LBETOB U k = X(G), Ha3blBaeTcA on-
TUMa/ibHO [6].

OMNNCAHVE 3ALAUN

3agava packpacku rpada npefcTaBiseT cob0i ofgHy W3
KNIOYEBbIX B TEOPWM rpaoB, Tak Kak OHa OTHOCUTCA K Kaccy
NP-M0/HbIX 3adad, U MHOTMe Apyrue 3agaqv 3Tol 061acTu
CBOAATCA K Held. Packpacka rpaa MOXeT ObiTb BEPLUVHHOIA,
pebepHOi nan ToTanbHOM; OJHAKO BCE 3TV BapuaHThbl 3afauu
B3aIMOCBSs3aHbl, 11 B paMKax Hallei peanunsaLym orpaHuyMmcs
paccMOTPeHVeM BEPLUMHHO packpacku. Mpu Takoii packpacke
rpaha Kakoi BepLUMHE NPUCBaNBAeTCA ONpPefeneHHbIi LBET
TakyuM 06pa3oM, YTO HMKaKue [Be CMEXHble BEpLUWHbI He
UMEIOT O[JHOrO 1 TOrO e LBeTa [7, 8]. CyTb camoii 3aaaum co-
CTOUT B HaXOXAEHUN MUHUMaIbHOTO KOMMYecTBa LBETOB /15
packpacku rpaga.

Ha ocHOBe BbILLIECKa3aHHOr 0 33fa4y COCTaB/eHUs pacnuca-
HMSt MOXKHO MHTEPMPETUPOBaTL KaK 3afady packpacku rpadga
cnegyoLum 06pasom:

e Npeobpa3oBaHMe 3afayyM pacnucaHus B rpaoByt0 Mo-
JeNb: KaXAoMy CO6bITMIO COMOCTaBNSETCA BepLUMHa, a pebpa
MeXay BeplUMHaMK NPeACTaBAsftOT KOHDIMKTbI BPEMeHU (CO-
6bITVS, KOTOPbIE HE MOTYT NPOU30TN OAHOBPEMEHHO);

e packpacka rpafa Takum 06pa3om, YTOObI [BE CMEXHble
BEPLUMHBI (COObITUSA, KOTOPbIE HE MOTYT MPOMCXOAUTL OfAHO-
BPEMEHHO) BCerfja MMesn pasHble LBeTa; B 3TOM KOHTEKCTe
«LBET» NPeACTaBNseT COBOI BPEMEHHOI CMOT;

© MUHMMM3aLIMSA KO/IMYECTBA MCMOMb3YyeMbIX LIBETOB, YTO CO-
OTBETCTBYET MUHMUMM3ALMM OOLLENO YKC/Ia BPEMEHHbBIX C/IOTOB.

ANFOPUTMbI A/15 PELLIEHUSA 3ALAUM PACKPACKU FPADA

[nsa peweHmns 3afaum packpacku rpada fOCTYMHbl pasHo-
o6pasHble METO/bl, KOTOpble MOAPa3AeNAOTCA Ha TOYHbIE W
npuéAnxeHHsble [9, 10].

TOuHble anropuTMbl 06ECMeYNBAIOT HAXOXAEHMe OnTu-
MafibHOr0 PeLUeHs, OfHaKO UX COXKHOCTb BO3pacTaeT aKcno-
HeHLUManbHO Mo Mepe yBenuueHus pasmepa rpaga. Croga BXo-
JAT MeToAbl Nnepebopa, BETBNEHUA 1 rpaHnLbl, a Takke anro-
PUTMbI, OCHOBaHHbIE Ha TEOPUU MHOXECTB. OfHaKO CTOUT yuu-
TbIBaTb, YTO 415 60/bLIMX rpadoB ¥ rpadoB C BbICOKUM XPoO-
MaTUYECKMM YWC/IOM BbIYNC/NTENBbHAS CAOXHOCTb MOXET
ObITb CYLLEECTBEHHOW, 1 B 3TOM C/ly4ae CTOUT pacCMOTPETb MC-
No/b30BaHNe NPUOAVMKEHHBIX WU 3BPUCTUHECKNX METOLOB.

MpunbnmnXeHHbIe aNropuMTMbIl, B CBOIO 04epesb, He 0belatoT
HaxOoXAeH1e ONTUMaNbHOIO PeLUeHns, HO 061aaatoT BbICOKOW
CKOpOCTbIO paboTbl ¥ MOTYT BbITb MPUMEHEHbBI K 601bLLIMM Fpa-
tham. K HUM OTHOCATCA: XafHble anropuTMbl, FeHeTUYeCKue
aNropuTMbl 1 Apyrve NogobHbIe METOAbI.

Mpwn pelleHUn paccMaTpMBaeMOi 3afaun BO3MOXHO Mpu-
MEHEHWE pa3/INYHbIX aNrOPUTMOB pacKpacku rpada, OAHaKo
KOHKPETHbIIA BbIGOP anropyuTMa 3aB1CUT OT pa3mepa rpada, 4o-
CTYMHOIO BPEMEHM U TPeBYyEMOIl TOUHOCTU PELLEHUS.

MPUMEHEHWE ANTFTOPUTMOB PACKPACKNW TPAGA
[NA COCTAB/IEHWA PACMCAHUS

[ns pelueHns nocTaBneHHON 3agayun 6yaeM MCnob30BaTb
anropuTM XXaaHOW packpacku, KOTOPbI OTHOCUTCSA K Npubaun-
YKEHHbIM METOLaM.

XKagHbIin anropytTm — 370 1HO6OI aNrOPUTM, KOTOPBINA Cre-
JyeT 3BPUCTUKE peLleHns Npobnembl, 3aktovatoLLelics B /10-
KasbHO ONTUMa/IbHOM Bbi60Ope Ha KaXxaoM aTane. Bo MHOrmx
3afjayax XaJHasa CTpaTervs He JaeT ONTUMaIbHOTO PeLUeHNns,
HO KaiHast 3BPUCTVKA MOXET AaTb SIOKA/IbHO ONTUMa/IbHbIE pe-
LLUEHWS, KOTOpble MPMBAMXKAOTCA K F106abHO ONTUMa/IbHOMY
PELLEHNIO 3a pa3yMHbI MPOMEXYTOK BpeMeHu [11].

XKagHblil anropuT™ 4N 3a4adm packpackm rpaga MMeeT He-
CKO/bKO MPEnMYyLLECTB:

1. Anroput™ OTHOCUTENIbHO MPOCT B peannsauin 1 rnoHu-
MaHuW. OH OCHOBaH Ha MHTYWTWUBHO MOHATHON maee Bbibopa
LBeTa A/18 Kaxaoli BEPLUMHbI, HAYMHasA C NePBOV 1 MPOJ0MKast
[0 MocnefHei.

2. OH paboTaeT BbICTPO A1 6OMbLUMHCTBA ClyvaeB U He
TpebyeT BbIMOMIHEHMS CNIOXHbIX BbIYUCAEHWIA AW UTepaluii No
BCEM BepLUMHaM rpada. BmecTo 3Toro oH paboTaeT n0Ka/bHO,
BbI6MPas Ha KaX4oM Luare Hanbosee MOAXOAALLMIA [OCTYMHbII
LBET AN TEKYLLEN BEPLUMNHDI.

3. XKafHblii anroputm 06bIYHO AaeT XOpoLuve pesy/bTarhl
packpacku rpada » HaxoguT pacKpacKy, KOTopast UCMo/b3yeT
He C/IMLUKOM MHOFO LBETOB U YAO0BNETBOPSET OOMbLUMHCTBY
OrpaHUYeHWiA.

4. [aHHbIA aropuUTM XOPOLUO MacLUTabupyeTcsi 1 MOXET
ObITb NPUMEHEH K 60nbLINM rpagam. OH He TpebyeT 60/1bLLIOr0
KOMIMYecTBa NaMATU MU BbIYUCIUTENbHBIX PECYPCOB, MO3ITOMY
MOXeT ObITb WCMONb30BaH [/ pelleHns 3afay packpacku
rpaa ¢ 601bLIMM KONMYECTBOM BEPLUMH.

5. XKagHbli anroput™M MOXKeT 6bITb 1erko MoANMLMPOBaH
WY pacLIMpeH 405 yYeTa LONONHUTENbHbLIX OrpaHUYeHnin nm
YC/0BWiA 3aflaum packpacku rpada. 3710 AenaeT ero yAao6HbIM
WHCTPYMEHTOM /151 PELLIEHMSA Pa3/IMYHbIX BapMaHTOB 3a4auu.

OpfHako cregyeT OTMETUTb, YTO XXafHbliA a/IFOPUTM He BCe-
roa faeT OnTUMasbHOE peLleHue Y MOXeT ObiTb MOABEpXKeH
OLLIMBKaM. B HEKOTOPBIX Cly4asx OH MOXET NPUBECTM K Henpa-
BU/IbHOW packpacke rpaja 1uam ncrnonb3oBaHnio 60/bLLIEro Ko-
NINYECTBA LiBETOB, YeM TpedyeTcs.

OCHOBHbIe 3Tanbl XagHoro anropuTma:

1. ViHmumanmsaums — NpUCBOEHME BCEM BepLLMHaM «bec-
LIBETHOr0» COCTOSIHUS.

2. Packpacka — BbIMNOHeHWe CNefyroLWmX LWaros 418 Kax-
[0i1 BepLUNHbI rpada:

a) BbI6Op MepBoli OCTYMHO BepLUMHbLI 6e3 LBeTa;

6) Np1CBOEHMeE BEPLUMHE NEPBOro AOCTYMHONO LiBeTa, KOTOo-
PbIiA HE MCNO/b3YETCH ee COCeAaAMM;

B) MOBTOpPEHMe LaroB a)—6) 40 TexX nop, MOKa BCE BEPLUMHBI
He Monyuyar LBeT.

MPAKTUYECKOE NMPUMEHEHUE
PaspaboTaHHas nporpamma, HanmcaHHas Ha sa3bike Python,
MpefoCTaBAAeT BO3MOXHOCTb UTEHWS U BU3yan3aLmum pacnu-
caHus 13 (haiinos Excel (puc. 3), a Taoke co3gaHus PDF-goky-
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MEHTOB C WCMO/b30BaHWEM CKPWHLLIOTOB MO/b30BaTENbCKOrO
nHTepdeiica.

MNoHepens 1 Cxem. 1-206 MnbBaHoI YeTHaAA 2023-02-08
BTropHuk 2 T.Bep. 7-307 BopoBckM: Kamoan
Cpepa 3 caon 1-206 JabpoawH kamaan
YeTBepr 1 Cxem. 4-305 MMnbBaHoOI Kaman
MATHUUA 3 6O 1-218 Monogrut 4eTHan
MNoHepens 2 Mux.Mp.  2-314 fleoHoBa 4eTHasA
MNoHegens 3 Mar. 7-312 PyHes Karaan
MNoHepens 4 Mar. 7-312 PyHes HeyeTHas
BropHuk 1 T.Bep. 7-513 BopoBcku: yeTHan
BTropHuk 3 BO 1-217 XKOMOHEHE Kamaan
MNoHepens 4 WMuw.Mp.  4-106 fleoHoBa 4eTHasA
MNoHegens 5 T.Bep. 7-312 bopoBckK: HeYyeTHaRA
MoHepens 2 ®un. 4-312 Mypeiiko HeuyeTHana
Cpepa 2 dun. 4-312 Mypeiko kampnoan
Cpepa 4 T.aeT. 1-204 MMnbBaHoOI Kaman
Cpepa 5 Cxem 1-204 ManbBaHol HeYyeTHaRA
YeTBepr 2 T.aBT. 4-305 lMnbBaHo! Kaman
YeTteepr 3 ®us-pa  OCK CusoBa  Kampgana
MaTHuua 4 b 1-218 Monopgrut yeTHas

Puc. 3. BxogHble faHHble

3a 0CHOBY, KaK YKa3blBasioCh BblLLe, OblS1 B3AT XafAHbIi an-
FOPUTM, KOTOPbI paccMaTpuBaeT 3aHATUS KaK BepLUMHbI
rpaca, a orpaHMYeHns Mo BPEMEHM Kak pebpa, KoTopble He Mo-
ryT UMeTb OAVMHAKOBBIN LiBeT. B Hayasie paboTbl BepLUMHBI COp-
TUPYHOTCA MO YObIBAHMIO CTEMEHW, U KaXAasa BepLUuHa nocre-
[0BaTeNbHO PaCKpallMBaeTCs B HaUMeEHbLUMIA AOCTYMHbIN
LIBET, KOTOPbIiA eLLie He 1CMO/b30BaH CPeay ee Coceaeil.

PaccMOTpuM 3aTanbl MPUMEHEHWA anropuTMa B AaHHOM
KOHTEKCTE:

1. LiBeTa gns sdeek BbIOMPAKOTCA M3 3apaHee 3aJaHHOro
cnucka ugetos (Colors).

2. LlBeta UMKAMYECKM nepebupatoTcsi € MOMOLLbHO
itertools.cycle. Takum 06pa3om, Nocne MCNonb30BaHWA Mo-
CfefiHero LpeTta W3 CrUCKa, anroputMm BO3BPALLaeTcs K nep-
BOMY LIBETY 1 HauMHaeT nepebop CHoBa.

3. Kaxablil y4ebHbI AeHb HefieIn 0TOOPaXKaeTCs B OTAE/b-
HOi KONOHKe TabnuLibl, AN HEro a/IrOPUTM COXPaHseT npeapl-
JYLWWIA LBET, NCMOMb30BaHHbIN /15 OKpaLLMBaHWS AYENKH C 3a-
HATUEM.

4. Tpn 3anonHEHUN HOBOTO [HS a/lrOPUTM BbIGUPAET Crie-
Jyrowmin UBeT 13 umkna. Ecnm aToT LBeT yXKe NCnonb30BasIcs
B NpepIayLLEeM AHe, arOpuTM NPOAO/KaeT nepebupats LBeTa
13 LLMKNA 1O HAXO0XJEHWS HEUCMOb30BAHHOIO LIBETA.

5. JTanbl 2—4 NOBTOPAKOTCA, NOKA BCe pacnucaHue He 6y-
[ieT packpaLLeHo.

Mporpamma nNpeacTaBnseT coboii rpacdmyeckunii MHTepgeiic
N9 OTOOpaXXeHWUs pacnucaHus, CYMTbIBAEMOro u3 daiina
Excel, n npegoctaBnseT BO3IMOXKHOCTb COXPaHeHUs 3TOro pac-
nvcaHus B hopmate PDF.

O YHKUM MPOrPAMMBI

Mogenb nporpamMMbl NpefcTaBneHa Ha pucyHke 4. Pac-
CMOTPUM MCNO/b3YeMbIe B MPOrpaMme (yHKL UK.

1. Screenshot_to_pdf(window _title, filename). 3Ta (QyHK-
LMst NPUHMMaET ABa napameTpa: «window _title» (3aronoBok
OKHa, KOTOPOE HYXHO «3aXBaTUTb» CKPUHLLOTOM) W
«filename» (MM thaiina, B KOTOPbIA HY>XHO COXpaHuTb PDF).

BxofHble [aHHbIe

!

main()

Screenshot_to_pdf
(window_title, filename)

Create_pdf()

Parse_date(date_string)

Read_schedule(filename)

Create_weekly_schedule_widget
(schedule, holidays, month, year)

:

BbixoOHble AaHHbIE

Puc. 4. Mopenb nporpammb!

CHayvana yHKLUA ucnonb3yeT 6UbNNoTeKy pyautogui LS
3axBaTa CKPUHLLOTA OKHa. 3aTeM CKPUHLLOT obpesaeTcs Ans
yLaneHnss OKOHHbIX paMoK. locne aToro yHKuMs cosgaet
PDF ¢ ncnonb3oBaHneM 61bnnotekn FPDF 1 coxpaHsieT ero
nof, yKasaHHbIM MeHeM (haiina.

2. Create_pdf(). OaHHasa (YHKUMA BbI3blBaeT (YHKLUMIO
screenshot_to_pdf, nepefasas el CnegytoLliMe napameTpbl:
Ha3BaHMe OKHa «Schedule» n umsa daina «output.pdf». 310
npuBOANT K co3aaHunto PDF-thaiina c n3o6paxeHrem coaepxu-
MOFO OKHa pacnmcaHus.

3. Parse_date(date_string). ®PYHKUNA MPUHUMAET CTPOKY
pathl (date_string) n npeobpasyeT ee B 06beKT date, KOTOPbII
6onee ynobeH ana paboTbl, KPOMe TOro, AaHHas PYHKLUMS MC-
Mo/b3yeTCca NPy YTeHUM pacnucaHmnsa u3 daina Excel.

4. Read_schedule(filename). ®YHKUNA OTKpbIBAET aiin
Excel (filename) no ykasaHHOMY NyTW, CUUTLIBAET JaHHble U
COXpaHseT uX B cfoBapb. Bo3BpalyaeT ABa 06beKTa: pacnuca-
HME U MHOXECTBO AHEW, CUMTAIOLMXCH WCKIKOYEHUAMM
(MpasgHWYHbIE AHNM).

5. Create_weekly schedule widget(schedule, holidays,
month, year). PYHKLMA CO34aeT BUIXKET pacnuncaHua ans onpe-
[eNeHHOro Mecsua v roga, Ucnonb3ys npefocTaBieHHoe pac-
nMcaHue 1 CNMCOK BbIXOAHbIX AHel. OHa BOCMPOU3BOANT pac-
npegeneHve 3aHATUIA MO LHAM U BPEMEHMW C UCMO/b30BaHUEM
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61bnnoTeKN tkinter. Kaxxpas sueiika OKpallvBaeTCs B COOTBET-
CTBYIOLLMIA LIBET B 3aBMCMOCTM OT MO3WLMMN W TPYNMbI.

Kog nporpaMmbl cHavasia 3arpy>kaeT pacnucaHme u3 jaina
Excel, 3aTtem co3gaeT rpadmueckuii MHTepMEeinc ¢ BUAXKETOM
pacnmcaHmns 1 KHonKow ans cosfgaHus PDF. Mocne 3Toro npo-
rpamma 3anyckaeT rfaBHbli LKA 06paboTKU COObITWIA tkinter.
[ns peannsaumm MCMonb3ytoTcsa GMONNOTEKN: tkinter — ANs
CO3/aHns MOMb30BaTENLCKOro UHTepdeiica, openpyxl — LN

UTeHus JaHHbIX U3 Excel, pyautogui — pns co3aaHUA CKPUH-
woTtoB 1 FPDF ansa co3gaHus PDF-ghaiinos.

Peann3oBaHHbIi B NporpaMme aaroputm o6ecneynBaeT
YHUKa/IbHbIA UBET 1 KKAOr0 3aHATUA B [eHb W rapaHtu-
PYeT, 4TO LBeTa, UCMO/b3yeMble /11 PaCKPACcKW 3aHATUIA, U3-
MEHSIOTCA OT AHA K AHI0. ITO fenaeT Tabnuuy pacnmcaHns 60-
Nee HarsAHoN 1 Nerko YNTaeMoil.

Pe3ynbTat paboTbl NporpamMmmbl NPUBEAEH Ha PUCYHKe 5.

—
Mo
w

Cxem. (4-305, TMnbBaHOE)

©umn. (4-312, Mypetika)

T.aeT. (4-305, TMNbBaHOE)

CAOA (1-206, 3a6poavH)

Du3-pa (ADK, Cvsosa)

T.aeT. (1-204, TMnbBaHOE)|

Cxem (1-204, TMnsBaHOEB)

6
9:00-10:30 Cxem. (1-206, TMnbBaHoE)

10:45-12:15 Wux.lp. (2-314, NleoHosa)

T.Bep. (7-307, bopoBckwx)

13:15-14:45  Mar. (7-312, PyHer)

B (1-217, XOMOHEHKO)

15:00-16:30 Wrx.lp. (4-106, Neorosa)

16:45-18:15

BrixoaHoH

9
Cxem. (4-305, TmnsBaHOE)

10

T.aeT. (4-305, TMnbBaHOE)

Du3-pa (ADK, Cwsoea)

B (1-218, MonoakuH)

B (1-218, MonoakvH)

13
9:00-10:30

14
T.Bep. (7-513, boposckwx)

15

16
Cxewm. (4-305, lmnbBaHoB)

17

10:45-12:15 Oun. (4-312, Mypeiiko)

T.Bep. (7-307, boposckux)

©un. (4-312, Mypefika)

T.aeT. (4-305, [MnbBaHOE)

13:15-14:45  Mar. (7-312, PyHeB)

B (1-217, XOMOHEHKO)

CAOL (1-206, 3abpoavH)

Dwu3-pa (ADK, Cwsoea)

15:00-16:30  Mar. (7-312, PyHeB)

T.aeT. (1-204, TMnbBaHOE)

16:45-18:15 T.Bep. (7-312, bopoBCKMX)

Cxem (1-204, TMnsBaHOEB)

20
9:00-10:30 Cxem. (1-206, TMnbeaHoE)

21

22

23
Cxem. (4-305, TMnbBaHoE)

24

10:45-12:15 WrxIp. (2-314, NleoHosa)

T.Bep. (7-307, bopoBckwx)

©un. (4-312, Mypefika)

T.aeT. (4-305, TMnbBaHOE)

13:15-14:45  Mar. (7-312, PyHes)

B (1-217, XoOMOHEHKO)

CAOA (1-206, 3abpoawnH)

Dus-pa (ADK, Cvsosa)

B/ (1-218, MonoakviH)

15:00-16:30 WrxIp. (4-106, leorosa)

T.aeT. (1-204, lMnbBaHOE)

B (1-218, MonoaknH)

16:45-18:15

27
9:00-10:30

28
T.Bep. (7-513, bopoBckmx)|

10:45-12:15 @wun. (4-312, Mypeiiko)

T.Bep. (7-307, bopoBckux)

13:15-14:45  Mar. (7-312, PyHer)

B (1-217, XOMOHEHKO)

15:00-16:30  Mart. (7-312, PyHes)

16:45-18:15 T.Bep. (7-312, Coposckux))|

Puc. 5. PeaynbTaT paboTbl MporpaMmsl

3AKMOYEHVE

MocTpoeHmWe pacnmcaHuii CTaio BaXKHOW YacTbHO Hallei no-
BCEAHEBHOI XXMW3HW. [N YCKOpeHMs 3Toro mpouecca Tpeby-
HOTCA 3PPEKTVBHBIE PELLEHUS, UCMOMb3YHOLWMNE COBPEMEHHbIE
TEXHOMOrnM,

B cTaTbe npeAcTaBneH MeTOA COCTaB/EHNS He TOMbKO 3gh-
(heKTMBHOT O, HO U BU3Ya/IbHO NPUBMEKATENBHOMO pacnucaHus.
MpaBUNbLHO CTPYKTYPUPOBaHHOE pacnucaHne He TObKO ONTK-
MU3MpYyeT paboume NPOLIECChI, HO TaKXKe CMOCOBCTBYET CHIKe-
HWIO YPOBHS CTpecca y nepcoHana. MNpuopuTeTHOE pacnpege-
NeHve 3afiady M ACHas opraHusaums MHGopMaLMmn ynpoLLarT

BOCMPMATWE pacnmncaHus, Aenas ero 60nee JOCTYMHLIM U NO-
HATHbIM. 3TO, B CBOIO O4epedb, CMOCOOCTBYET MOBbLILLEHWHO
MOTMBaLMM 1 06LLEN NPOM3BOANTENBHOCTH.

HecomHeHHo, 4To Teopms rpacoB NpeoCTaBseT MOLLHbIe
WHCTPYMEHTbI 415 ONTUMM3aLMN pacnmcaHnsi, No3Bonss 3Ha-
YMTENbHO YMEHBLUWNTL BPEMS, HEOOXOANMOE /11 HAXOXAEHNS
ONTUMasbHOrO pelleHuns. OaHaKo Aaxe C MCMOb30BaHWeEM CO-
BPEMEHHbIX METOZOB M a/IrOPUTMOB 3afjadya COCTaB/IEHMSA pac-
NMCaHnsl NO-MPeXXHEMY OCTAeTCs C/IOXKHOW M MHOTOrpaHHoiA,
TpebyHoLLet AanbHEeALWNX NCCef0BaHNIA.
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MpeacTaBneHHas NporpamMmMa YCnewHo pewaeT npobnemy
packpacku pacnucaHusi, YTo AenaeT ee UAeanbHbIM WMHCTPY-
MEHTOM A1s CO3AaHMsa pacnucaHus B 06pa3oBaTe/lbHbIX yupe-
XaeHusx. MyTem BHeCEHUs! ONpeeeHHbIX YCOBEPLLEHCTBOBA-
HWIA B KoA (fo6aBneHve yHKUMIA) ee NOTEHLMA MOXHO 3Ha-
UMTENbHO PacLUMPUTBL U afanTMPOBaTb NOJ PasfiMyHble Creym-
(hmyeckue TpeboBaHus.

B 6yayLiemM MOXHO yy4LUUTb AaHHbI/ METOA, BHEAPVB
60n1ee 3pPeKTUBHBIE ANTOPUTMbI PacKpacku rpada v agantu-
pys €ro 419 peLueHns cneumuuyeckmx 3agad, Takux Kak
ynpaBfeHne MHOF03aa4HOCTbO U YYET MHOTOKpUTEpUasb-
HbIX MapaMeTpoB.
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Abstract. This article is dedicated to the analysis of the graph
coloring problem, which is relevant in various fields, including
scheduling, resource planning and management, among others.
During the research, this problem was adapted for optimizing the
scheduling of educational activities. The main goal of the study was
to create an algorithm and software for developing a user interface
for scheduling in educational institutions. The developed software
can be easily customized for different types of educational estab-
lishments, from schools to universities.

Keywords: graph, schedule, algorithm, greedy algorithm,
graph coloring problem, visual representation, program, Python.
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Abstract. Nowadays, technological development in the field of
microscopy provides an opportunity for obtaining medical images
with high resolution. Therefore, more advanced image processing
and analysis techniques are required for processing these images.
A wide range of programs are available for scientific research.
However, the key is to find an open-source application that pro-
vides more precise quantitative measurements. In scientific re-
search, open-source software proves valuable due to its ease of
modification and redistribution capabilities. The software devel-
opment process continues to attract the interest of researchers in
all fields, particularly in computer science field in order to imple-
ment new image processing algorithms. In this work, a new bio-
medical application software is presented. In this software, image
processing techniques were used to separate particles from the
background of microscope images. Furthermore, the software
gives the researcher the ability to choose and measure nanoparti-
cle elements size in the image. Finally, the proposed software could
become a promising tool in the laboratory research compared to
other used software.

Keywords: microscopy, Java software, image processing, nano-
particles, SEM.

INTRODUCTION

The introduction of digital-imaging tools in the world of sci-
ence, revealed the need to use image processing techniques to
analyze image data (such as biomedical image data). The goal
is to use numerical methods to improve quantitative results, and
accelerate repetitive routines because the numerical findings are
statistically more convincing than qualitative observations.
Nowadays, there is a great interest in the image processing field.
Therefore, numerous specialized techniques have been devel-
oped specifically for application in biomedical images [1]. The
processing of biomedical images is a branch of computer vision
science. As a result, the field of computer vision encounters
various challenges, including but not limited to low-light con-
ditions and optical properties that need to be addressed. The de-
velopment in biomedical image processing methods made it
possible to confirm the research results by measuring them in a
strict statistical way to quantitatively support their studies.

Several studies were applied to the area of biomedical image
processing [2, 3]. Furthermore, there are also many books that
deal with issues in image processing [4], digital microscopy and
digital imaging in optical microscopy [5]. Biomedical image
processing tools became one of the most popular instruments
for the applications of image processing algorithms [7-9].

In this study, a new application software was introduced in
order to compute the size of nanoparticles by processing micro-
scopic images. Furthermore, the proposed software provides the
ability to freely choose an area of interest to be measured. This
paper is organized as follows: section 2 includes the materials
and theory of the proposed software. The execution and Results

are provided in Section 3. Finally, conclusion is presented in
section 4.

MATERIALS AND METHOD

SEM Imagery

Scanning electron microscopy (SEM) is an optical-based sys-
tem for generating high resolution images [10], which could be
used to collect information about the surface’s features and struc-
tures. When an area of interest is illuminated by the imager (with
a high energy beam of electrons), the electrons interact with the
sample. Therefore, secondary electrons, backscattered electrons
and characteristic X-rays are produced. SEM creates images that
could be magnified between 10 and 1 000 000 times [11]. This
imager is considered as a key tool for scientific research. It is
used for monitoring metals, alloys and ceramics, as well as pol-
ymers and biological materials [12]. Figure 1 presents the SEM
schematic diagram.

Electron source

Anode
Condenser lense

R—
[X] E] Scan coils

Objective lens

Electron beam

Secondary
electron detector

l ] Sample
Fig. 1. The schematic diagram of scanning electron
microscopy
ImageJ

ImageJ is a software that was developed using java lan-
guage. The initial release of this software was made available
through a collaboration between the National Institutes of
Health and the Laboratory for Optical and Computational In-
strumentation (LOCI, University of Wisconsin) [13]. ImageJ
has been designed with an open architecture, allowing for ex-
tensibility through Java plugins and recordable macros. The
software facilitates development through its built-in editor and
Java compiler. Hence, users have the capability to customize
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the ImageJ software to tackle diverse image processing and
analysis challenges. This includes applications like three-di-
mensional live-cell imaging, radiological image processing,
and automated haematology, among others. Therefore, these
features of ImageJ made it a popular tool for studding image
processing applications.

Particle

Particles refer to small, localized objects that possess cer-
tain physical or chemical attributes, including shape, volume,
or density. These particles exhibit a range of sizes and quanti-
ties, spanning from subatomic particles like electrons, to mi-
croscopic particles such as atoms and molecules, to macro-
scopic particles like powders and granular materials. Figure 2
shows an example of SEM images of nanoparticles. Particles
serve as building blocks for scientific models that represent
larger objects based on their density. These models can range
from studying human movement in a crowd to examining the
motion of celestial bodies [14]. The term «particle» has a
broad definition that varies across scientific disciplines, en-
compassing any entity composed of particles, thus referred to
as particulate.

[()

Fig. 2. An example of SEM images of nanoparticles

THE EXECUTION AND RESULTS
The block diagram of the proposed application software is
shown in Figure 3.

Start

Load Image
and enter the Size of image in nano (nanoscale)

!

Convert the Image into gray scale

,

Calculate Pixel Size
Pixel Size (nano) = Nanoscale / (imgW x imgH)

!

Capture Particle

!

Calculate the white pixels

Calculate the Cell Size
Cell Size (nano) = white pixels x pixel size (nano)
Cell rate (nano) = total cell size / cell number

End

Fig. 3. Flowchart of the proposed application software

The user interface consists of five main action buttons that
are aligned in the left side of the interface as shown in Figure 4.

%]

‘Convert To Gray
Capture Partical
Load Captured Partical
Calculate Partical Size

Original Image

Original Image

[E=RECE|

Gray Scale Image

Gray Scale Image

Gray Image Dimensions

pixel size ( Nano-Meter)

Cell Size (nm)-White Pixels * Pixel Size(nm):

Fig. 4. User interface
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First step, the microscope image is loaded using the load
image button, where a popup window will appear to help search
and load the desired file. If the input image is colored, the pro-
gram provides a function for converting the colored image to a
gray-scale image because it is more efficient to determine the
edges of the particles in the image. Once the desired image is
loaded, the user can convert the image to a gray-scale image by
using the convert button as shown in Figure 5. Weighted
method was used in order to convert the colored image to gray-
scale as shown in the code below:

for (inti =0; i <img. get Height (); i++) {

for (int j = 0; j <img. get Width (; j++) {

Color ¢ = new Color (result.getRGB(j, i));

int red = (int) (c.getRed() * 0.299);

int green = (int) (c.getGreen() * 0.587);

int blue = (int) (c.getBlue() * 0.114);

int graycolor=red + green + blue;

Color newColor = new Color (graycolor, graycolor, graycolor);
img.setRGBY(j, i, newColor.getRGB());

Our proposed software provides an option to freely high-
light an area of particles to be examined as shown in Figure 6.

==

pxl Size (nm) = nanosize | {imgheigh*imgwidth) = 0.001984914648670107 nm

Cell Size (nm)}=White Pixels * Pixel Size{nm):

Fig. 5. Converting image to gray-scale image

Load Image
Convert To Gray
Capture Partical

Load Captured Partical

Calculate Partical Size

[[[[[@

] | k j. SR & - ]

heigh=229 width =220 nanosize= 100.0

pxl Size (nm) = nanosize / (imgheigh®imgwidth) = 0.001984914648670107 nm

Cell Size (nm)=White Pixels * Pixel Size{nm):

Fig. 6. Choosing an area of particles
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After capturing the particle, the white pixels are calculated,
and measures are given in nanometers as shown in Figure 7.
Furthermore, Table 1 presents the results of 10 measures of dif-
ferent areas in the same image. The results show that our pro-
posed software provides high accuracy results.

The system performs the following steps in order to calcu-
late the nanoparticles size of microscopy images:

1. Calculate the pixel size in nanometers as follows:

If X = No. of pixels in Y (Y is nanometers in scale bar), then
size of 1 pixel (in nanometers): Z=Y / X.

2. Calculate the black/white pixels in the particle under in-
vestigation.

3. Find the particle’s size as follows:

Particle’s size (nano) = pixel’s size ZxN (No. of pixels).

4. Find the Average particle’s size in the image as follow:

Average particle’s size (nano) = total No. of pixels in all
measured particles / No. of particles measured.

Table 1
Measures of 10 different areas in the same image

Number of area

Particle size, nm
0,0132
0,0131
0,0140
0,0131
0,0133
0,0134
0,0132
0,0133
0,0135

10 0,0142

-

O©| O N| O O | W[ DN

Load Image
Convert To Gray

Load Captured Partical
Calculate Partical Size

pxl Size (nm) =

heigh=229 width =220 nanosize= 100.0

idth) = 0.001984914648670107 nm

h
I {imgheigh*img

cell size (nm) for each particle = white Pixels * Pixel Size{nm)
p1=0.019849146486701073 , p2= 0.011909487892020643 , p3=0.0277838050813815 , p4=0.00595474394601032
Avarage (nm) = white Pixels * Pixel Size(nm) = 0.013100436681222707 nm

Fig. 7. Measuring nanoparticles size

Furthermore, it is worth mentioning that a pre-processing
step was applied to the gray-scale image to remove any noise.
Therefore, a non-linear filter (median filter) was used to im-
prove the results of image processing. In fact, the median filter
is an appropriate filter for such situations because it preserves
edges and removes noise from the image.

CONCLUSIONS

From what has been discussed above, the proposed software
provides more freedom in choosing the particles to be exam-
ined, collecting sizes of many selected particles from one image
or many different images. Furthermore, the program is very
simple and easy to use where any researcher can use it with ease
and without necessarily having a computer specialist nearby to
do the job. The user can examine and calculate as many parti-
cles as needed and is not limited to a fixed number of particles
as in other available software.

REFERENCES

1. Castleman K. R. Digital image processing. Englewood
Cliffs (NJ), Prentice Hall, 1996, 685 p.

2. Eliceiri K. W., Berthold M. R., Goldberg I. G., et al.
Biological Imaging Software Tools, Nature Methods, 2012,
Vol. 9, No. 7, Pp. 697-710. DOI: 10.1038/nmeth.2084.

3. Meijering E., Smal I., Danuser G. Tracking in Molecular
Bioimaging, /EEE Signal Processing Magazine, 2006, Vol. 23,
No. 3, Pp.46-53. DOI: 10.1109/MSP.2006.1628877.

4. Inoué S. Video Image Processing Greatly Enhances Con-
trast, Quality, and Speed in Polarization-Based Microscopy,
Journal of Cell Biology, 1981, Vol. 89, Is. 2, Pp. 346-356.
DOI: 10.1083/jch.89.2.346.

5. Sluder G., Wolf D. E. (eds.) Digital Microscopy. Fourth
Edition. New York, Academic Press, 2013, 675 p.

NHTennekTyasbHble TEXHOM0rMN Ha TpaHcrnopTe. 2023. No 3 41



Intellectual Technologies on Transport. 2023. No 3

6. Konstantinides K., Rasure J. R. The Khoros Software De-
velopment Environment for Image and Signal Processing Im-
age Processing, IEEE Transactions on Image Processing, 1994,
Vol. 3, No. 3, Pp. 243-252. DOI: 10.1109/83.287018.

7. Burger W., Burge M. J. Principles of Digital Image Pro-
cessing: Core Algorithms. London, Springer-Verlag, 2009, 344 p.
DOI: 10.1007/978-1-84800-195-4.

8. Forster B., Van De Ville D., Berent J., et al. Complex
Wavelets for Extended Depth-of-Field: A New Method for the
Fusion of Multichannel Microscopy Images, Microscopy Re-
search and Technique, 2004, Vol. 65, Is. 1-2, Pp. 33-42.

DOI: 10.1002/jemt.20092.

9. Delgado-Gonzalo R., Thevenaz P., Seelamantula C. S.,
Unser M. Snakes with an Ellipse-Reproducing Property. Image
Processing, IEEE Transactions on Image Processing, 2012,
Vol. 21, No. 3, Pp. 1258-1271.

DOI: 10.1109/T1P.2011.2169975.

10. Burger W., Burge M. J. Digital Image Processing: An
Algorithmic Introduction Using Java. London, Springer-Ver-
lag, 2008, 585 p. DOI: 10.1007/978-1-84628-968-2.

11. Gering E., Atkinson C. T. A Rapid Method for Counting
Nucleated Erythrocytes on Stained Blood Smears by Digital
Image Analysis, Journal of Parasitology, 2004, Vol. 90, No. 4,
Pp. 879-881. DOI: 10.1645/GE-222R.

12. Melanthota S. K., Gopal D., Chakrabarti S., et al. Deep
Learning-Based Image Processing in Optical Microscopy, Bio-
physical Reviews, 2022, Vol. 14, 1s. 2, Pp. 463-481.

DOI: 10.1007/s12551-022-00949-3.

13. Ye G., Kaya M. Automated Cell Foreground-Back-
ground Segmentation with Phase-Contrast Microscopy Images:
An Alternative to Machine Learning Segmentation Methods
with Small-Scale Data, Bioengineering, 2022, Vol. 9, Is. 2,
Art. No. 81, 16 p. DOI: 10.3390/bioengineering 9020081.

14. Hurovitz S., Chan D., Ramele R., Gambini J. Object De-
tection and Statistical Analysis of Microscopy Image Sequen-
ces, Electronic Letters on Computer Vision and Image Analysis,
2022, Vol. 21, Is. 1, Pp. 47-58.

DOI: 10.5565/rev/elcvia.1482.

MNHTennekTyasbHble TEXHOM0rMM Ha TpaHcrnopTe. 2023. No 3 42



Intellectual Technologies on Transport. 2023. No 3

DOI: 10.24412/2413-2527-2023-335-38-43

BromeauLUMHCKOe MPUKAALHOEe MPOrpamMmMHOE
obecrneyeHne AN N3MepeHns pasmepoB YacTuL,
Ha 3NeKTPOHHbIX MUKPOCKOMUYECKNX N306PakeHUSIX

M. Sc. C. X. Anb-Xaspamku, PhD M. M. Xanun, PhD A. V. Xanun
YHuBepcuteT Ouansl
baaky6a, Vpak
samerbagq@yahoo.com, Maadalomar@gmail.com, purecomp.adeel.khalil@uodiyala.edu.iq

AHHOTAauuA. B HacTosLLee BpemMs TEXHO/TIOMMYECKOe pasBuTue
B 06/1aCTU MMKPOCKOMNWW NPeAoCTaBAseT BO3MOXHOCTb MOsyye-
HUS1 MEAVLMHCKIMX N306paXkeHniA C BbICOKMM paspeLleHueM. Mo-
aToMy N1 06paboTKM 3TUX U306paKeHUA TpebytoTcs 6osee co-
BepLLEHHbIe METOAbI 06pPaboTKU M aHanm3a usobpaxeHuid. Ans
NPOBeLEeHNSA HaYUHbIX UCCMef0BaHWI UMEETCH LLUMPOKUIA CEKTP
nporpamm. OfHaKO K/Il0HOM ABASETCA NMOUCK NPUIOXKEHUS € OT-
KPbITbIM UCXOAHbLIM KOAOM, KOTOPOe 06ecrneynBaeT 60/1ee TOUHbIe
KO/INYECTBEHHbIE U3MePeHMs. B HayUHbIX MccnefoBaHuaX npo-
rpaMMHOe 06ecreyeHune ¢ OTKPbITbIM UCXOAHLIM KOAOM 0KasbIBa-
eTCs LieHHbIM 6/1arofaps NpocToTe ero MoAUMUKaL MU 1 BO3MOX-
HocTeli nepepacnpefeneHunsi. Mpouecc paspaboTKy NporpaMm-
HOro obecneyeHus NPOJOHKAET NPUBEKATL BHUMaHWE 1ccneso-
BaTe/eli BO BCeX 06/1aCTsIX, 0CO6EHHO B 06/1aCTW MHGOPMATUKK, B
Le1siX peasimsaunm HoBbIX aIFTOPUTMOB 06PaboTKM N306padKeHNIA.
B paboTe npeacTaBiieHO HOBOE NPUK/IaAHOE NPOrpamMmmHoe obec-
neyeHve Ans 6MOMELVLUHCKUX WCCNeA0BaHWi, B KOTOPOM Me-
ToAbl 06paboTKM 1306padKeHNIA NCNONb30BA/IUCL AN OTAENEHNUS
yacTul, oT hoHa M306pakeHMn Mmkpockona. Kpome Toro, mpo-
rpaMMHoe obecrneyeHuve JaeT MUCCNesoBaTeNto BO3MOXHOCTb Bbl-
6vpaTb 1 3MepPATL pasmep 3/1IEMEHTOB HAHOYACTULL, B 1306padke-
HUN. VI HakoHeL, Npej/iaraeMoe NporpaMMHoe obecrneyeHme Mo-
XeT cTaTb MEePCNeKTUBHbLIM UHCTPYMEHTOM N1abopaToOpHbIX MC-
C/1eJOBAHUI MO CPaBHEHMIO C APYTMM UCMOMb3yeMbIM MPOrpaMm-
HbIM 06ecrneyeHneM.

KntoueBble Cri0Ba: MMKPOCKOMKWSA, MPOrpaMmMHoe 06ecneyeHune
Java, 06paboTka n3obpaxeHuin, HaHo4acTULbl, SEM.
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AHHOoTauus. ChopMyMpoBaHbl U MOATBEPXKAEHbI TEOPETUYE-
CKUMMW COOTHOLLIEHVSIMU NPE/IOKeHNs M0 0cNabneHno psaa aony-
LLIEHWTA, Ha OCHOBE KOTOpPbIX ChopMympoBaHa runotesa H. M. Ce-
AAKUHA. MNpeanoxeHbl HanpaeneHUs aaeKBaTHOrO UCMo/b30BaHUSA
[AHHOTO Hay4HOr 0 MOMOXKEHUS MO OTHOLLIEHWIO K HOBbIM, paHee He
paccMaTpuBaeMbiM 06beKTaM. K HAM OTHOCATCA MHAOPMAaLMOH-
Hble 1 3praTuyecKme cMcTeMbl, MPOrpaMMHOe 0GecrieyeHe Bblumc-
JUTENbHBIX KOMM/IEKCOB. OnMcaHHble NOAX0Abl MO3BO/IAT 060CHO-
BaTb Pe3y/ibTaTbl YCKOPEHHbIX UCMbITaHWUI Ha HAZ@KHOCTb 40CTa-
TOYHO LLMPOKOI0 KPyra BbICOKOHAfEXHbIX 0GbEKTOB.

Kntoyesble cnoBa: HafeXHOCTb 06bEKTOB, (M3NYECKME MPUH-
UMNbl HAfIEXXHOCTU, YCKOPEHHble MCMbITAHUSA, WHTEHCUBHOCTb
0TKa30B, PECYPC HafeXHOCTU.

BBEAEHVE

B Teopun HageXXHOCTM TEXHWYECKMX O6BEKTOB BXKHOE Me-
CTO 3acC/nyXeHHo 3aHMmaeT mecTo runotesa H. M .CefdakuHa
[1]. BHMMaHWe K AaHHOMY Hay4YHOMY MOSIOXKEHUIO U BO3MOMX-
HOCTAM €ero NpakTU4ecKoro NPUMeHEeHMs He ocnabeBaeT Kak B
Halleln cTpaHe [2-7], Tak 1 3a py6exxom [8-10]. 3To 06ycnos-
NEHO ACHBIM (IM3NYECKMM CMbIC/IOM, A0CTAaTOYHON NPOCTOTOM
N IOTNYECKOIA 3aBEPLIEHHOCTbLIO NOMYYEHHbIX TEOPETUYECKUNX
pe3y/nbTaToB M BO3MOXHOCTbIO MX 3KCMEPUMEHTANIbHOW Npo-
BepPKW. VIHTepec K yKasaHHOW r1noTe3e BO3POC B MOCAefHME
JecatuneTms. 3To 00YCNOB/IEHO [BYMS OCHOBHbIMU MpWYM-
Hamu. Bo-nepBbIX, COBPEMEHHbI YPOBEHb Pa3BUTUS TEXHUKM
N TEXHOMOMMIA NO3BONSET LOCTUrHYTb 3HAYEHWSI MHTEHCUBHO-
cTn A(f) 0TKa30B 3/1EMEHTOB PafMn03NeKTPOHHON annaparypbl,
6nu3kme K 10° yac?, a pecypcoB 37eKTPOHHbIX 06LEKTOB —
K [ecATKaM TbICAY 4acoB. B 3TuX yCnoBMsX 3a MPakTU4ecKu
npuemMnemMoe Bpemst 3KCrepuMeHTalbHO yb6eanTbes B obecrie-
YEHMM 3a[aBaEMbIX B TAKTUKO-TEXHUYECKOM 3afaHumn (TT3)
UM TEXHNYECKOM 3agaHum (T3) nokasaTensix HageXKHOCTM Co-
3AaBaeMblX M3AENNIA He NPeACTaBNAETCS BOSMOXHbIM. OfHUM
13 HanpaBMeHNIA peLLeHns 3TOI aKTyasbHOW 3afayn ABNAETCS
OL|eHMBaHME 3Ha4YeHNIi TpebyeMbIX MoKasaTenei No pesynbTa-
TaM aHanu3a 6e30TKa3HOCTU (J4ONrOBEYHOCTU) 3/IEMEHTOB B
yCnoBusix 60/ee TSHXKE/bIX MO CPABHEHWMIO C HOMUHANIbHLIMM.
B 3TOM HanpaBfieHUK NOMYyYeHbl 3HAUYMTENbHbIE YaCcTHbIE pe-
3ynbTathl (MX aHaM3 NpeAcTaBneH ganee). OgHako runoTesy
H. M. CefsiknHa 0T/iM4aeT 60/1ee BbICOKWIA YPOBEHb OBLLHOCTY
ChopMyMPOBaHHBLIX MONOXEHWA. BO-BTOPbIX, BbISCHUIOCH,
YTO paccMaTpUBAEMbIA Hay4HbIA pe3ynbTaT UMeeT 6onee Bbl-
COKWUIA YPOBEHb YHUBEPCAIbHOCTU CBOEr0 MPUMEHEHNS OTHO-
CUTENbHO TOW chepbl, ANS KOTOPOA OH Obln NMepBOHaYanbHO
cthopMynMpoBaH, U MOXET ObITb YCMELLIHO MCMOMb30BaH A/1s
MPWIOXKEHWIA, KOTOpble paHee He paccMaTpuBaINCb HU B

TEOPETUYECKOM, HU B NMPaKTUYECKOM MPUIOXKeHUsX. BmecTe ¢
TeM 3TO TpebyeT yTOUHeHNs obnacTeil 060CHOBAHHOIO MpUMe-
HEHWSI pacCMaTPMBAEMOrO Hay4YHOr0 MOMOXEHUS, a TaKxe Mpo-
BEfIEHWS1 aHaNM3a OTAE/bHbIX €ro NMOMOXKEHMIA ANs 0BecreyeHus
afleKBaTHOCTY TeOpeTMNYEeCKOro 0606LeHns runotessl H. M. Ce-
[AsKMHA B HOBbIX HanpaBieHnsaX. VIMEHHO Ha peLLieHue 3TUX BO-
MPOCOB HaLeNeHa jaHHas CTaTbs.

Ponb 1 MECTO rNOTE3bI H. M. CEAAKMHA B TEOPUW
HALEXXHOCTV BbICOKOHAIEXHbIX O bEKTOB

[ns onucaHua B3aMMOCBSA3WM MeX[Y BHELUHUMU Harpys-
KaMun 1 rokasaTefiiMy HafleXXHOCTU B HACTOsILLLee BPeMS LUn-
POKO MCMOMb3YHTCA MOAENN MPOLECCOB paspylueHus [11].
Moaxoapl, 6a3npyLoLLMECst HA X OCHOBE, NO3BONSAIOT OLIEHNBATb
WHTepBa/ BPEMEHM, B TEUEHME KOTOPOro 00bEKT MOXKET NPOTU-
BOCTOSTb 3aj@aHHOl Harpy3ke A0 0TKasa, BbI3BAHHOIO 13HOCOM.
YCTaHOB/IEHO, YTO Hanbosiee TOUHBIMIU MOAENAMN Pa3pyLLIEHMS
ABNAKOTCSA Te U3 HUX, KOTOPbIE ONUCLIBAIOT (U3MKY MPOLLECCOB,
NMPUBOLALLMX K OTKa3y 3/1eMEeHTa Ha YPOBHE CTPYKTYpbI WX MO-
NeKyNspHOM YpoBHe. VIX Ha3bIBAOT CTPYKTYPHbLIMU MOLENAMMN
3aKpbITON POPMbI, COCTABHLIMI MOAENSAMU UM MOZEeNaMU u-
3MKN MPOLECCOB, NpUBOAAWMX K oTKasy [11]. HegoctaTkom
yKa3aHHbIX MOJeNein SBSETCA UX BbICOKAs CMOXHOCTb W MO
3TOW NPUYMHE CPaBHMTE/BHO Y3Kas 06/1acTb NpuMeHeHus. OT-
[eNbHbIM BaXXHbIM BUAOM MOJENN paspyLUEHNs ABNSETCA M-
nupuyeckas Mogesib. IMNUPUYECKNe MOZeIN MaTeMaTUYeCKm
OMMCbIBAlOT AaHHble, COBpaHHble B MPOLECCE WUCMbITAHWIA ©
aKcnyaTauum onpefeneHHbIX TUMOB 3/1eMeHTOB. Hambonee
LLUMPOKOe pacrpocTpaHeHne Hawnu opmbl MoAenei, npea-
CTaB/IEHHbIEe Ha puUCyHKe 1.

O6wme hopMbl IMANPUYECKUX
Mogeneun paspylueHus

Mopgenb AppeHunyca

Mogenb obpaTHOro cTeneHHoro
3aKoHa

Mogenb OnpuHra

Puc 1. ®opMbl 3SMAMPUYECKMX MOZENEN paspyLUeHNs
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B ocHOBe MepBOii 13 YKa3aHHbIX MOAENEN NEXWUT ypaBHe-
HMe 3aBUCMMOCTW MHTEHCWMBHOCTM peakuun VMHBEPCUM Caxa-
pO3bl OT TEMMNePaTypbl, MOYYEHHOE 3KCNEPUMEHTAIbHO HOGe-
NEBCKMM naypeaTtom B 06nactu xumum C. AppeHuycom (S. Ar-
rhenius). m 6bin BBeAeH KO3WULIMEHT YCKOPEHUSI BPEMEHN
yKa3aHHOM peakuuMn C y4YeTOM WM3MEHEHWUS BO3[ENCTBYHOLLEN
TemnepaTypbl. K HacTosLweMy BPeMEHW U3BECTHO, YTO MOY-
UeHHasl 3aKOHOMEPHOCTb TaKXe NpUMeHUMa 419 OLEHNBaHWS
XapaKTepPUCTUK OTKA30B 3/IEMEHTOB MUKPO3NIEKTPOHUKN W
psiga Apyrux TMnos 06bekToB [12].

CneflyeT OTMETWUTb, UTO BbIMOMIHEHME 3aKOHa AppeHunyca
OTBEYaET YCNOBWAM JIMHEHON 3KCTPanonsauum pesynbTaToB
UCMbITaHW C 0611aCTV NOBbILLEHHBLIX TEMMNepaTyp Ha HOpMarb-
Hble YCNOBMA (PYHKLUMOHMPOBAHMA MHTErpasibHbIX cxeM. Mo-
Jenb 06paTHOro CTEMeHHOro 3akoHa OMUCLIBaeT Pecypc cu-
CTeMbI, KOTOPbIA, KakK npeanoniaraeTcs, 06paTHO MpPonopLuo-
HasleH BO3AECTBYHOLLEN Harpy3ske. PasnnuHble popmbl 06paT-
HOrO CTENEHHOTO 3aKoHa pa3paboTaHbl AN KOHKPETHbIX Npu-
MEeHeHUIA. Pa3BnTreM pacCMOTPEHHbIX MOAX0A0B ABNSETCS MO-
Jenb 3ipuHra. OHa CBA3bIBAET C MHTEHCUBHOCTbH) 0TKa30B WH-
TerpasbHbIX CXEM He TO/IbKO MOBbILLIEHWE TeMMEPaATYpbI, HO U
HanpshkeHWe cMeLleHns. HefocTaTKoM MpWBEAEHHbIX BUAOB
AMMUPUYECKUX MOfeneld SBNSETCA CPaBHWUTENbHO Y3Kas 06-
NacTb WX UCMO/b30BaHMS, 00YCNOBEHHAA YCNOBMAMM AOCTYM-
HOCTW pe3y/nbTaToB NPOBOAMMBIX 3KCMIEPUMEHTANIbHBIX MUCCe-
[0BaHWUIA AN KOHKPETHBIX TUMOB 06HEKTOB.

3HaunTenbHO 60/1ee 06LLMIN XapaKTep UMEKOT TEOPETUYECKIME
MOCTPOEHMS A1 060CHOBAHMS YCKOPEHHBIX 1 (HOPCUPOBaHHBIX
UCMbITaHNi. OCHOBHBIMU M3 HUX SIBMSIOTCS TaK HasblBaeMble
(hr3nmyecKmne NPUHLMMNbLI TEOPUU HageXHOCTW. Hanbornee winpo-
KOe MpVMeHeHWe Hawwnm npuHumn (runotesa) H. M. CegskunHa,
runoTesa MaliHepa — lManmrpeHa n NPpUHLMN HaceCTBEHHO-
cTu. M'vnoTesa, chopmynmnpoBaHHas npodgeccopom H. M. Ce-
JAKMHBIM, NO3BOMWMA HAlTU 0ObSCHEHE MHOTUM paHee Mony-
UeHHbIM 3KCMepUMeHTa/IbHBIM pe3ynbTatam npu uccnefoBsa-
HWW 3N1EKTPOHHBIX KOMMNOHEHTOB. BTOpas 13 ykasaHHbIX r1no-
Te3 OMnMcbIBaeT NPOLECC IMHEAHOr0 CYMMUPOBaHUS NOBPeX.e-
HWIA. [aHHOe Hay4yHOe MOosoXeHMe 6bIN0 ChopMynIMpPOBaHO B
MepWog, KOraa n3ydeHne ycTaloCTHbIX SBIEHMIA TOMbKO Hava-
nocb. JTa rmMnoTesa He YYUTbIBAET UCTOPUIO Harpy>XeHNs Ha
006BLEKT M MOCnefoBaTENbHOCTL CTYMeHeid Harpysku. osxe
. O. KapTtawosbim n A. V. lNeppoTe Ha OCHOBE TMMNOTE3bI
H. M. CefsikuHa 6b110 chopmynmpoBaHo 6osee obluee Hayu-
HOE NONOXEHWNE — «MPUHLMN HACNeACTBEHHOCTY NPOM3BOA-
ctBa» [13]. YKa3aHHbIA NPUHUMN SBASETCA JOCTATOMHO Mpo-
OYKTVBHBIM B PELUEHUM psfa YacTHbIX MPaKTUYeCKUX 3apaq
YCKOPEHHBIX UCMbITaHWIi OTAE/NbHbLIX BUAOB M3LENUNIA.

CrnegyeT OTMETWTb, YTO 3a Bpems, NPOLLEeALLEee C MOMEHTa
thopmynumpoBaHusa npuHumna H. M. CefsikuHa, 6bin1u npose-
[€eHbl MHOTOYMC/IEHHbIE 3KCMEPUMEHTA/IbHbIE WCCeA0BaHNS
Mo NpoBepKe ero CrpaBeAMBOCTW. TW OMbITbl NO3BONWN, B
LIeNIoM, OnpefennTb rpaHnLbl ero AeiicTeums. Bbino ycTaHoB-
NEHO, B YaCTHOCTW, YTO B 06/1aCTM HEGOMbLUMX WM3MEHEHWIA
Harpy3ouHbIX (haKTOpOB, [AEMCTBYIOLMX Ha Pagmo3neKTpOH-
Hyto annapatypy (P3A), AaHHbIA (QU3MYeCKMiA NpuHLMN
HaleXXHOCTK, KaK NpaBusio, BbINOMHAETCA Y40B/IETBOPUTENBHO,
HO B 06/1aCTN 3HAYNTENbHBIX UX M3MEHEHUA MOXET BbIMOJ-
HATLCA HEeyAOBNEeTBOPUTENbHO. OOBACHEHVE 3TOMY Pe3y/b-
TaTy noka NofHOCTLIO He AaHo. Takke cneayeT OTMETUTb, UTO
BO3MOXHOCTU runoTesbl H. M. CefsikvHa K HacToswwemy

BPEMEHWM PaCKpbITbl AaNE€KO HE MNOJHOCTbLIO. HGPEVIAEM K aHa-
N3y TOPN30OHTOB ,U,GVICTBMFI 3TOro BaXXHOro Hay4HOro rnoJsioxe-
HUA.

AHANN3 OCOBEHHOCTEN M’MMNOTE3bI H. M. CELAKUHA

PaccmoTpum npefBapuTenibHO 06LLYH0 hOpMYIMPOBKY M-
notesbl H. M. CefsknHa. O603Ha4YMM 4yepe3 € KOHKPETHbIe
YCNOBUA MPUMEHeHUs 3nemeHToB POA npu akcnayartauuu.
Mog aTMMK YCNOBUAMU MOHUMAKOTCA MEXaHUYECKUE, 3NIeKTpU-
Yeckue, TEMNOBble U WHble Harpysku, BO3AENCTBYHOLME Ha
06BLEKT CO CTOPOHbI BHELLHEN AN HEro OKpYXXatoLei cpeabl.
Torpaa BblpaeHUe 415 BeposaTHOCTU P(¢/ €) 6e30TKa3HoO pa-
60Tbl 00bEKTA C YY4ETOM YCMIOBMIA € €r0 3KCMJTyaTalym MOXHO
3anucathb B CieflytoLLem BuUge:

t

P(t/€) = exp —fl(z/a)dz , (D

0

roe A(f) — VMHTEHCUBHOCTbL OTKA30B 0ObeKTa B MOMEHT Bpe-
MEHW ¢ NPW YCNOBUAX € €ro aKcnayaTauuu.

3HayeHue nokasaTens CTeneHW B NPaBO YacTW COOTHOLLE-
HMsa (1) nonyumno HasBaHue pecypca (3amaca) HafeXHOCTU
r(t ] €), BbIpabOTaHHOI0 06LEKTOM 3a BPEMSI £ B YCI0BUSX € 3KC-
nnyatayun [1]. Takum 06pa3om, MOXHO 3anucath:

r(t/e) = fk(z/s)dz. (2)

Mpodeccopom H. M. CefiiKUHbIM ObIN0 CHOPMYINPOBAHO
cnepytoulee yteepxxaeHme (runotesa) [1]: «CyLiecTByeT MHO-
YKECTBO YC/0BWIA, B KOTOPOM HafeXHOCTb 06beKTa B OyayLLem
3aBMCUT OT BeJIMYMHbI 3anaca HaieXXHOCTH (pecypca), Bbipabo-
TaHHOrO B MPOLLJIOM, W He 3aBWUCWUT OT TOrO, Kak BbipaboTaH
3TOT pecype».

MycTb €1 XapaKTepu3yeT YC/IOBKS, MPU KOTOPbIX MHTEHCUB-
HOCTb 0TKa30B 061beKTa Mo TexHUYeckum ycnosusam (TY) pasHa
(¢ / €1). YcnoBums €, COOTBETCTBYHOT MOBbILLEHHOR Harpyske
Ha OOBEKT, MHTEHCMBHOCTb €ro OTKas3oB Npu 3TOM paBHa
No(t 1 €2). OueBMAHO, UTO NPU 3TOM CrpPaBeIMBO HEPABEHCTBO:

A (t/e1) < A;(t/&). 3)

3a MHTepBaa BPEMEHM #1 NMPU YCTaHOBNEHHOW TY Harpyske
€1 BblpabaTbIBAaeTCS PECYPC HALEXKHOCTU r1(t1 / €1). Takoi e
pecypc MOXeT ObITb BbIpaboTaH Mpu YCnoBUAX € MPU UHOM
3HAYeHVN BPeMeHU 2. AACHO, YTO NPU 3TOM CrpaBeInBO YCno-
BUE t > 1. CnepoBaTesibHO, ONpPefennB MNpy MOBbILLIEHHOM
Harpyske € Nnokasatesin HafleXXHOCTU 00beKTa, MOXHO 3a ro-
pa3fo MeHbllee Bpems OnNpedennTb pacxof ero pecypca
HaJieXXHOCTM B YCNOBUAX 3KcMyaTaumm no TY. Matemartuye-
ckun runotesa H. M. CefiiknHa MOXeT ObITb NpefcTaB/ieHa B
BU/E COOTHOLLEHMS

P(t/r) =P (t/x1) =P, (t/x3), 4)

rae P(¢/ r) — BepoATHOCTb 6e30TKa3HOW paboTbl 06beKTa 3a
WHTEPBa/1 BPEMEHU ¢ MPW YCMIOBU, YTO €r0 U3PaCcX0f0BaHHbI
pecypc HageXHOCTU paBeH 7(x, €); NHTEPBa/bl BPEMEHU X1 U X2
Y[0BNETBOPAIOT UHTErPaSIbHOMY COOTHOLLEHUIO

r(x,e) = | Mz,e)dz=| Az¢e,)dz. (5
[ rewse=]
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3aaanm ycnosus € paboTbl 06beKTa B CleAYIOLLEM BUAE:

_{ 81,0<Z§t1; 6
€,t <z < (t + ty). (6)

Torga UHTEHCUBHOCTbL A(z, 22, 11) €70 OTKa3a B MHTepBane (¢,
f1 + t;) YBOBNETBOPSIET COOTHOLLEHMNIO

Az tyty,81) = Az + t, —ty,8,), 7

rae t» HaxoauTca B pe3ynbtaTe pelleHna OTHOCUTE/IbHO 3TOro
NnoKasaTena ypaBHEHNA:

J-A(z,sz)dzz f A(z,&)dz. (8
0 0

Takvm 06pa3oM, C MOMOLLbI COOTHOLeHUIA (1)—(8) cpas-
HUTENIbHO MPOCTO MOYUNUTL 3HAUEHMWS OLLEHOK HAleXKHOCTM UC-
CllefyembIX 0ObEKTOB C YYETOM [eNCTBYIOLMX HA HUX Harpy-
30K. OfIHaKO [OCTUraeTca Takas KaxyLasca npoctoTa UCrosb-
30BaHWEM [JOCTATOYHO XECTKMX NpeanonoxeHuii. OcnabneHve
HEKOTOPbIX U3 HAX MOXET NMPUBECTMU K PaCLLUMPEHU0 061acTu
npvmMeHeHns rmnotessl H. M. CegaknHa. PaccMOTpuMM OCHOB-
Hbl€ HanpaB/eHNsA PasBUTWA AaHHON rMnoTessbl.

HAMNPAB/IEHNA TEOPETUYECKOIO OBOBLLEHWA TMMOTE3bI H.
M. CEAAKUHA
OCHOBHbIE BO3MOXHble HanpasfeHUs pasBuUTUA TUMOTE3bI
H. M. CepgakunHa npeacTaBfieHbl Ha PUCYHKeE 2.

OcHoBHble HanpaBneHnsa pa3suTua npuHuuna H.M.CeasikuHa

— Otkas oT «mnaeanbHoCcTU» npouecca pyHKUMoHUpoBaHus POA

YueT BO3MOXHOCTV N3MEHEHNS YCMOBUI (PYHKLIMOHMPOBaHNS
obbekTa

Mcnonb3oBaHye CBOCTBa HEMPEPLIBHOCTM (OU3NKO-XMMMNYECKUX
npoueccos B anemeHTax POA

—  YueT oTHocuTENbHOro XapakTepa pecypca HagexHocTn POA

Mepexoa oT paccMoOTpeHUs1 MOHOTOHHOTO XapakTepa Harpy3ku
Ha POA Kk ee UMNynbCHOMY U3MEHEHUIO NPY UCTILITaHUSAX

Puc. 2. HanpasneHua koppekuun runotessl H. M. CeaakuHa

Iepevim nanpasnenuem TEOPETUUECKOT0 0606LLEHMS TUNO-
Tesbl H. M. CegakunHa sBnseTcs ocnabneHve JOMYLIEHUS O
TOM, YTO MpY NHO60OM pacnpefeneHn BpeMeHn 4o 0TKasa 06b-
eKTa C/lyYaliHblil pecypc ero HafeXKHOCTW pacnpejeneH 3Kcno-
HeHUMaNbHO. YKa3aHHOe JOnyLieHne MPUBOAMT K BbIBOAY O
TOM, YTO NPOLIECC PacXOfOoBaHWUS pecypca HafeXHOCTU 06b-
eKTa fBsieTCa MapkoBCKMM. OfHaKO TakKoe JOMnyLLeHWe CO0T-
BETCTBYET TO/IbKO WAEaNM3MPOBaHHLIM MpoueccaM (hyHKLMO-
HMPOBaHWSI TEXHUYECKMX 06bekToB. CnefoBaTefbHO, A/1s
onpefeneHnss BO3MOXHOCTM YBENMYEHNS 061acTU MPUMEHN-
mocTu runoTesbl H. M. CeasiknHa, HEOOX0AMMO NpoaHan3u-
poBaTb CNpaBeAAMBOCTb €6 NPUMEHEHNS 411 pecypca Haaex-
HOCTM 06BLEKTOB C pacCMOTPeHMeEM 6onee LUMPOKOro Knacca
pacnpefeneHuia.

Bmopoe nanpasnenue COCTOUT B CnegytoLiem. ®yHKLUA pe-
cypca (3anaca) HafeXXHOCTU 06bEeKTa, ONUCLIBAEMas BblpaXxe-
HWeM (2), 3aBUCUT OT [BYX aprymMmeHToB — ¢ 1 €. OfHako npu
1ccnefoBaHMM CBOMCTB pecypca HafeXXHOCTW paHee STOT MoKa-
3aTe/lb paccMaTpuBaCs Kak PyHKLMA, y KOTOPOI nepeMeHHast
¢ NI3MEHSIETCS BO BPEMEHM, & Harpy3Ka € 0CTaeTCA HEU3MEHHOIA.
370 COOTBETCTBYET YaCTHOMY C/ly4ato, KOrga 3apaHee 3agaHbl
MHTEHCMBHOCTM OTKas3a MCCeLyemMoro oobekTa i paccmar-
prBaeMbIX (DMKCMPOBAHHbLIX 3HAYeHWIA Harpysku. s ysenu-
UeHUs OBLLHOCTM rMMoTesbl B AaHHOM Chy4ae CrefyeT pac-
CMOTPETb YTBEPXAEHME O TOM, YTO PECYPC HafEXHOCTU 06b-
eKTa, KakK peamsauusi Cly4ailHOM BeNWYMHbLI, He SBAseTCS
HEeM3MEHHbIM MPU Pa3/IMYHbIX Harpy3kax. Ero 3HaueHve MoXeT
3aBWCETb KaK OT YBENMYEHMS Harpy3Ku, Tak 1 OT XapakTepa ee
N3MEHEHNS.

Tpemve nanpasnenue COCTOAT B TOM, YTOObI NCMOb30BATH
CBOWCTBO HEMPEPBLIBHOCTM (PU3NKO-XUMUYECKMX MPOLIECCOB,
MPOTEKAOLLMX B MaTepuasiax 3fieMeHTa. 3TO NPUBOANT K BO3-
MOXHOCTU A/11 PacyeToB HAAEXKHOCTU MPUMEHSATb TUMOTe3y
H. M. CegsiknHa He TO/bKO C MPUMEHEHWEM WHTErpasbHOM
(hopMbl pacueTa BEpOSTHOCTM Ge30TKa3HOI paboTbl Uccnegye-
MOro 06beKTa, HO U NepeiTn K ee MHTErpasibHO-AngdepeHLm-
anbHoi thopme. TosicHMM 3TO crnedyowmmM obpasoM. MycTb
[N19 aNieMeHTa YCTaHOB/IEHO iBa PeXknma €1 U € paboTbl, OTN-
YatoLLMeCs YPOBHAMM Harpy3Ku 4nsi Hero. Y cTaHoBMM, YTOo pe-
XXMM €2 XapakTepuayeTcs 60/bLUMM YPOBHEM Harpy3Ku Ha ase-
MEHT MO CPaBHEHWIO C HArpy3KoM Npu PeXXUMe €1, COOTBETCTBY-
roWmUM TY Ha 06beKT. B 3TOM Criyyae pecypc HageXXHOCTM a/ie-
MEHTa NP UCNONb30BAHUN PEXMMA €2 MOXET OblTb BbIPaXKEH
uepes Pecypc HafeXHOCTU NPU UCMOMb30BaHUM peXxmnma €;
C MOMOLLI0 COOTHOLEHUS [14]

x(6)
f Az, €,)dz = fz NG, 81) —g)ldz. (9)

iloel
BblpaxxeHune (9) HeTpyaHO NpeACcTaBUTb B ClEAYHOLLEM
BUAE:
x(t)

f Az, €,)dz = Z (€2 — SI)L f 6)\";3 £1) dz.

(10)

B fanbHeliLlem npu coXpaHeHUM 06LLHOCTM paccy XaeHuii 1
ANs YNPOLLEHNS BbIKNaA0K MOXHO OFPaHNUUTLCS TONbKO ABYMS
nepBbIMK YnieHaMK psiga B NPaBoii YacTu cooTHoLeHus (10).
Mpwn caenaHHOM AOMYLLEHUN MOAYYUM COOTHOLUEHME /1S UH-
TEHCMBHOCTM OTKA30B A(7, €2) 3NEMEHTA B PeXXUME MCMOb30Ba-
HUA €. BbINOMHAA onepauutio AudhepeHLMpoBaHns 4ns ABYX
yacteit hopmysbl (10), Mmeem creaytoLLee COOTHOLLEHME [14]:

oA (81 te)

A, 82)——>< /1( tsl>+(sz—sl) S ]-an

3HaumnTe/NbHbIA NPaKTUYECKUI MHTEPEC UMEET Mepexof oT
60ee Harpy>eHHOT0 pPeXKMa €2 K pexxumy €1 no TY. MNoatomy
LilenecoobpasHo, ucnonb3ysa BbipaxeHue (11), nonyunts cooT-
HOLLEeHWe NS MHTEHCUBHOCTM OTKa30B A(f, €1) 3NeMeHTa B pe-
XXMMe MCnonb3oBaHma €1. Vickomasa pacyeTHas opmyna s
nokasaTens A(¢, €1) UMeeT criegyrownii BUA;
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€
At &) = = A(El t ) ” (ét 82) 12
(t,g) = . X e &)+ (81— &) de, -(12)

BoipaxxeHus (11) n (12) no3sonsT 060CHOBaHHO KOPPEK-
TUPOBATb 3HAYEHUS UHTEHCMBHOCTE O0TKA30B 3/1eMEHTOB POA
Ha OCHOBE Pe3y/ibTaToB UX UCMbITAHWUNA.

Yemsepmoe nanpasnenue. BblpaxeHne (5) ans 3HayveHus
pecypca r(z, €) HageXXHOCTWU MCCNeayemMoro sneMeHTa nmMeet
CTaTUCTUYECKNIE XapaKTeP U He MOXET ObITb aBCOMHOTHBLIM ANs
NtoboI Harpy3ku. ITOT MoKasaTeNb [JO/MKEH MMETb OTHOCWU-
TeNbHbIA XapaKTep MO OTHOLLEHMIO K HEKOTOPOMY (6a30BOMY)
3HAYEHUIO €y MHTEHCMBHOCTM O0TKa30B paccMaTprBaeMoro Tmna
anemeHToB POA. Takoe fOMnyLLeHWe NPUBOAMT K TOMY, YTO MO-
KasaTe/b (¢, €) aNEMEHTa B PeXWMe € AO/MKEH 3aBUCETb He
TO/bKO OT 3HAYEHWSI BPEMEHM £, HO U OT PeXMMa €y, NPUHUMA-
eMOro 3a Ha4aslo OTcyeTa.

IIsmoe Hanpaenenue. BblpaxeHue (5) Ana 3HaveHus pe-
cypca r(t, €) HaaeXHOCTUN 3nemeHTa POA npeanonaraet nocTo-
SIHCTBO YC/IOBWI € Ha MHTEPBAsIE UCMbITAHUIA. VI3BECTHO, YTO Ha
NPaKTUKe MHTEHCUMBHOCTb OTKA30B 3/1EMEHTOB annapaTypbl Cy-
LLLeCTBEHHO BO3pacTaeT NPMW Pe3KMX KPaTKOBPEMEHHbLIX nepe-
nagax Harpysku. 3T0 npeanonaraeT NpoBefeHWe nccnegosa-
HWIA B HanpaB/ieHUK yyeTa UMMNYNbLCHOrO XapakTepa BO3geii-
CTBUIA Ha 0OBEKT UCCNEA0BaHMS.

HecomHeHHO, NpyBeAeHHbIe HanpaB/ieHWs PasBUTUS TUMo-
Te3bl H. M. CefifiknHa noTpebyoT NpoBeAeHMS He TOMbKO Teo-
PeTUYECKMX, HO W psafa SKCNepUMEHTabHbIX WUCCeLOBaHUIA.
PaccmoTpum Tenepb BO3MOXHOCTM UCMO/b30BaHWUSA JaHHOW Mn-
noTesbl, OT/IMYAOLLMECS MOCTAHOBKOM peLuaeMblX 3agad.

BO3MOXXHOCTW MPUMEHEHWA FMNOTE3bI H. M. CELAKMHA
OCHOBHbIe BO3MOXXHOCTW NpuMeHeHus runoTtesbl H. M. Ce-
[SKWHA B chepax, OTIMYHBIX OT HafeXKHOCTM 3/1IeMEHTHOI 6a3bl
P3A, npefcTasneHbl Ha pUcyHke 3.

HoBble BO3MOXHOCTH NpUMeHeHus runotesbl H.M. CegskuHa

— PacumpeHme MOHATUA HAOEeXHOCTU TEXHNHECKUX 06bEKTOB

MpyMeHeHWe B MCXOQHOW TPAKTOBKE [/ TEXHUYECKUX 0O EKTOB,
OTNUYAIOLLMXCH OT anemMeHTHOW basbl POA

— OueHuBaHWe HaOeXHOCTH YenoBeka-oneparopa

MogenupoBaHue HewTaTHbIX CUTYaLUMIA B IpraTuyeckmx
chACTEMaX ynpaerneHusa

DdopcupoBaHWe UcnbITaHWiA NporpaMmMHoro oGecneveHns
aBTOMaTU3MpOBaHHbIX CUCTEM

OueHuBaHWe 6e30TKa3HOCTU U AONTOBEYHOCTH
VIHCpOpMaLMOHHbIX CUCTEM

Puc. 3. HoBble BO3MOXXHOCTM NPUMEHEHMUA TUMNOTe3bI
H. M. CepgakunHa

IMoHATME HALEXXHOCTU TEXHUYECKUX N UHBIX 06bEKTOB He
ABNAETCA 3aCTbIBLUMM W Heu3MeHHbIM. B HacTosllee Bpems

npegnaraloTcs pasfnyHble MOAXOAbl MO PacLUVpPEHNIO 3TOro
CNoXHOro ceoiicTea [15]. He ocTaeTcsa B CTOPOHe OT 3TOr0 Mpo-
uecca v runotesa H. M. CefakuHa. [,ocTaTto4yHO HOBbIM ABNIA-
eTCs ee UCNOMb30BaHWe NPy aHann3e 6e30NacHOCTY, HaLEeXHO-
CTW W KayecTBa NPOAYKLUMUN BbICOKMX TEXHOMOMMIA HA OCHOBE
CTaTUCTUKWN YCKOPEHHbIX UCMbITaHWii [16].

J0CTaTouHO YacTo AaHHbIA DU3NYECKUIA MPUHLMM HadeX-
HOCTM MCMNOb3YETCS B CBOEI MCXOAHON TPAKTOBKe, HO MprMe-
HWTENIbHO K HOBbIM BUAAaM TEXHUYECKMX OOBLEKTOB, Cylle-
CTBEHHO OTAMYAIOLLMXCA OT 37eMeHTHON 6asbl POA [17, 18].
Ewe 6onee nHTEpeCHbIM ABSETCS NPUMeHeHMe runoTessl H.
M. CeasakuHa fns 06beKTOB HeTEXHUYECKOW npupogbl. Okasa-
N0Cb, YTO AOCTATOYHO MPUEMAEMbIE A1 NPAKTUKM pe3y nbTaThl
MOXHO NOMyYMTb MpY aHaIn3e HafeXHOCTW YeNoBeKa-onepa-
TOpa C Y4YeTOM YPOBHS ero 06yyeHus [19]. AHanornyHbIin nog-
XOJ MCMOMb30BAJICA TaKXKe A/151 OLEHNBAHWS CUCTEMbI NPesoT-
BPALLEHNS HELUTATHbIX CMTyauuii B 3praTM4ecKMx cCucTemax
ynpas/ieHns Ha TpaHcnopTe [20].

OrpoMHbIe BO3MOXHOCTM TasiTCs B MPMMEHEHUN TUMOTESbI
H. M. CegskunHa B 0611aCTW HafeXXHOCTH NPOrpaMmHOro obec-
neveHns (MO) COBPEMEHHbLIX BbIYMC/IUTE/BbHBIX CUCTEM.
MOXHO BbIAENNTb [jBa HaMpaBeHKs 3ToN paboTbl:

— YCKOPEHHOe OorpefeneHne nokasateneit kadectsa MO
npv NpUHYAUTENLHOM (HOPCUPOBaHUM cpedbl DYHKLMOHMPO-
BaHWs MPOBEPSEMbIX NPOrpaMm, HampuMep 3a CYeT NoBblLLe-
HWS ObICTPOAENCTBUSA TEXHUYECKOW COCTaBAIOLLEN BblUMUCN-
TenbHOI cucTembl [21];

— OLEHUBaHWeE MoKasaTenein 6e30TKa3HOCTH U JOJITOBEYHO-
CTW MHOPMALIMOHHBIX CUCTEM Pa3IMYHONO Ha3HaYeHWs Ha Oc-
HoBe npuHumna H. M. CefsikuHa, Korga npu pacyetax y4muThbl-
BalOTCA 0COOEHHOCTW PeaeroLMX HeCcTaLMOHapPHbIX UMMYbC-
HbIX NOTOKOB AehekToB MO aTnx cuctem [22, 23].

Taknm 06pa3oM, MOXHO cfienathb Crefytoline BaXHbIe Bbl-
BOAb!:

1. B TeopeTMYeCcKOM MnaHe y rmnotesbl npodeccopa H. M.
CefAKMHA VMEIOTCS 3HAYUTESbHbIE pe3epBbl, UCMO/b30BaHVe
KOTOpbIX MO3BOMUT 3HAYUTENILHO 060raTUTb TEOPUIO U MpakK-
TUKY YCKOPEHHbIX UCMbITaHWIA BbICOKOHaEXHbIX 06BHEKTOB.

2. B ycnoBuax passBuTus COBPEMEHHON TEXHUKU, Npexae
BCEro aBTOMAaTW3MPOBaHHON, paccMaTpyBaeMblil (PU3NUECKMii
MPVHLMN HaAEXHOCTN MOXET HaWTW [JOCTaTOYHO LUMPOKOE
npMMeHeHMe K TakuM O0ObeKTaM WCCNeAoBaHMs, Kak npo-
rpaMmHoe o6ecrieyeHne MHPOPMALIMOHHBIX CUCTEM.

3. NImetoLumecs pa3paboTKy NO3BO/ISAKOT FOBOPUTL 06 onpe-
[leNleHHOI aaeKBaTHOCTW MOAENel 3praTuyeckux CUCTeM, Mo-
CTPOEHHbIX Ha ocHoBe runotesbl H. M. CegakumHa.

3AK/TOYEHVE
MpeanoXeHHble B CTaTbe HaNpaBeHWs Pa3BUTUS TUMOTESb
H. M. CefsikuHa Mo3BONAOT CYLIECTBEHHO CHU3WUTL [0CTa-
TOYHO YKECTKME TPeBOBaHNSA K UCXOAHbIM AOMNYLLEHUSM, B pam-
Kax KOTOPbIX paHee paccMaTpuBasoch MPUMEHEHWe [aHHOro
Hay4HOr0 MOMOXEHUs. STO MO3BOSMT PacLIMPUTL BO3MOXHO-
CTV OpraHM3aLymn 1 NPOBeAEHNS YCKOPEHHbIX UCTbITaHWIA Bbl-

COKOHA/XHbIX TEXHUYECKNX 0BLEKTOB.
0606LIeHHbIe B MaTepuanax CTaTbil BO3MOXHOCTM NpUMe-
HeHus runoTesbl H. M. CefisiKiHa roBOpAT 0 TOM, UTO ciepa ee
CMO/b30BaHUS HAMHOTO LUMPE, YeM 3TO MPeAnonaraioch pa-
Hee. HeCOMHEHHO, YTO CrieflyeT MPOAOMKNTL PaGoTy B aHHOM
Hanpas/feHUM, ONpeaensTb 06bLEKTbI Pa3NNUHON (BU3UYECKO
npupoabl W MpUHUMMA [eACTBUS, AN KOTOPbIX OKaXyTCst
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CMpaBeAMBbLIMU YC/IOBUS MPUMEHEHNS PACCMOTPEHHbIX HayY-
HbIX BbIBOJOB.

MpeanoXxeHHbIe MOAXOAbI, KaK NpeAcTaBnseTcs, 6yayT no-
Ne3Hbl creumanmcTam no HafeXHOCTWN TEXHUYECKUX 06bEKTOB
M NpPOrpaMMHOro obecneyeHns MHPOPMALIMOHHBLIX CUCTEM, a
TaKKe creyuanmctam, M3yvarolmm CBOCTBA 3praTUYecKmX
CUCTEM.
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Abstract. Proposals for weakening a number of assumptions on
the basis of which the hypothesis of N. M. Sedyakin was formu-
lated and confirmed by theoretical relations. Directions of ade-
quate use of this scientific position in relation to new objects not
previously considered are proposed. These include information
and ergatic systems, computer complex software. The described
approaches will justify the results of accelerated reliability tests of
a fairly wide range of highly reliable objects.
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Abstract. Software quality is the main criterion for increasing
user demand for software. Therefore, software companies seek to
ensure software quality by predicting software defects in the soft-
ware testing phase. Having an intelligent system capable of pre-
dicting software defects helps greatly in reducing time and effort
consumption. Despite the great trend to develop software defect
prediction systems based on Machine Learning techniques in last
few years, the accuracy of these systems is still a major challenge.

Therefore, in this study, a software defect prediction system
based on three stages is presented to improve the prediction accu-
racy. First stage, data pre-processing is performed, which includes
(data cleaning, data balance, data normalization, and feature se-
lection). Second stage the hyperparameters of ML are tuned using
Grid Search technique. Finally, a well-tuned ML technique is im-
plemented to predict software defects.

Performance experiments were carried out on the JM1 dataset
where the proposed system achieved promising results in predict-
ing software defects. Among ML techniques used, a well-tuned RF
technique outperformed the rest of the used ML techniques, in ad-
dition to the techniques mentioned in previous works, with an ac-
curacy of 88,26 %. This study proves that the selection of im-
portant features and efficient hyperparameter tuning of ML tech-
niques significantly improve the accuracy of software defect pre-
diction.

Keywords: machine learning, Random Forest, software defects,
feature selection, prediction.

INTRODUCTION

The world is witnessing a great development in computer
technology, smart phones, and the Internet of Things. This de-
velopment leads to the development of software and an increase
in demand for it because software is a means of connecting hu-
mans and electronic devices. Today people live in the age of
software where there are millions of programs developed daily
[1, 2]. The most important phase of Software Development Life
Cycle (SDLC) is the testing phase in which future software de-
fects are checked before exporting the software for use [3]. A
software defect is a software error that leads to incorrect results
that may be caused by errors in the source code. The occurrence
of software defects in software in the future negatively affects
the quality and reliability of the software [4]. Also, the process
of repairing them is costly and may withdraw all versions from
the market, and thus cause costly losses for the company pro-
ducing the program. These flaws may also cause serious secu-
rity holes that hackers can exploit as a way to exploit your re-
quest and sometimes steal important information or money [5].

The biggest challenge for software companies and program-
mers is to predict future software defects in real-life scenarios
[6]. Therefore, early prediction of software defects is seen as
the most important research field since the beginning of the

Q. Saihood
Ashur University College
Baghdad, Iraq
qusaysaihood@au.edu.iq

software era [4]. To ensure software quality many quality at-
tributes and metrics have been developed with many quality as-
surance techniques, but still the important question of how to
ensure that software will possess good quality is an open issue.
Finding out which units are prone to failure is closely related to
the quality of the program. Defects prediction involves early
detection of those dangerous modules of the program that are
prone to errors and impair quality [7]. Detecting defective mod-
ules at the early stage is vital as the cost of rectification in-
creases in later stages of the development life cycle. Software
metrics extracted from historical software data are used to pre-
dict defective units [8, 9]. Therefore, defective modules must
be detected and removed 100% to ensure high quality software.

In recent years, Artificial Intelligence (Al) methods have
shown a great ability to predict hidden patterns in huge data.
There have been many studies that dealt with the use of Ma-
chine Learning (ML) and Deep Learning (DL) techniques in
predicting software defects in the software testing phase. Many
ML and DL techniques such as (Logistic Regression (LR) tech-
nique, Decision Tree (DT) technique, Support Vector Machine
(SVM) technique, Random Forest (RF) technique, K-Nearest
Neighbor (KNN) technique, Multi-Layer Perceptron (MLP)
technique, Artificial Neural Network (ANN), and Convolu-
tional Neural Network (CNN)) were built to predict software
defects [10]. Although there are many studies dealing with the
use of Al methods to predict software defects, there are several
shortcomings. One of the most important shortcomings is the
accuracy of these methods. Until now, the accuracy of predict-
ing software defects using ML and DL techniques is still a great
challenge [7, 11-13]. In addition to identifying the features that
affect the process of predicting software defects. Efficient se-
lection of important features greatly influences the prediction of
software defects with high accuracy [7].

Therefore, this study aims to build a particular system to
predict software defects effectively. The proposed system con-
sists of three stages: In the first stage, data pre-processing is im-
plemented, which includes filling in missing values, balancing
data categories, data normalization, and selection of important
features affecting the prediction process. In the second stage,
Grid search technique is applied to effectively adjust the hy-
perparameters of ML techniques to improve their performance.
Finally, six different ML techniques (RF, DT, SVM, LR, KNN,
and MLP) are built for predicting software defects. Perfor-
mance experiments for this study were performed on the JM1
dataset which is one of 12 online open-source software defect
datasets provided by the NASA Software Engineering Reposi-
tory [14]. The performance of the proposed system was evalu-
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ated using common ML evaluation metrics (Accuracy, Preci-
sion, Sensitivity, Specificity, F Score). In addition to calculat-
ing the confusion matrix that shows actual and predictor values.

The rest of the article is organized as follows: In the second
section, related work is summarized. In the third section, the
general approach of the proposed system is summarized, which
includes all steps of data pre-processing and hyperparameter
tuning, in addition to mentioning ML techniques used briefly.
In the fourth section, evaluation matrices are mentioned to eval-
uate the performance of ML techniques used in this work. In the
fifth section, the results are mentioned and discussed, in addi-
tion to comparing them with the results of related work. Finally,
the conclusion and future work summarizes the contributions of
the work and outlines future work in Section sixth.

RELATED WORKS

Recent years have seen a significant increase in the use of
Al methods in predicting software defects. Various ML and DL
techniques have been used to explore hidden patterns in the
software's source code. Early software defects prediction helps
to ensure software quality. In this section, several studies using
ML and DL techniques for software defect prediction are sum-
marized.

P. D. Singh and A. Chug [15] analyzed 7 datasets from
NASA Promise dataset repository using DT, Naive Bayes (NB),
Linear classifier (LC), ANN and Particle Swarm Optimization
(PSO) for predicting software defects. 10-fold cross validation
was used to evaluate the techniques used. The LC technique
achieved a better performance than the rest of the techniques
used when it was used on each of the datasets (JM1, KC2, PCL1,
and AT). While the DT technique outperformed the rest of the
techniques with two data sets (CM1 and KC1).

A. Igbal, et al. [7] introduced a comprehensive study of a
variety of ML techniques to predict software defects so that re-
searchers can later use this study as a basic plan in their future
research. NB, MLP, Radial Basis Function (RBF), SVM, KNN,
kStar (K*), One Rule (OneR), PART, DT, RF, and ensemble
methods were applied to 12 datasets from NASA with and with-
out using feature selection techniques. The performance of the
techniques used was evaluated using the commonly used per-
formance metrics Accuracy, Precision, Recall, F Score, MCC,
and ROC. The results of this study show that the prediction ac-
curacy of the used techniques is still not good enough, in addi-
tion to that the used datasets suffer from a large variation in the
size of the categories.

A. Igbal and S. Aftab [13] tried to solve the data imbalance
using oversampling technique. In addition to suggesting use
feature selection techniques and Multi-Layer Perceptron (MLP)
technique for software defect prediction. Performance experi-
ments were conducted on 12 datasets provided by NASA and
in two different directions: with and without the over-sampling
technique. In addition, the performance of the proposed system
was compared with a set of common ML classifiers using com-
mon performance measures, as it was noted that the proposed
system with the over-sampling technique performs well com-
pared to other ML classifiers.

B. Khan, et al. [11] compared the performance of seven ML
techniques (MLP, SVM, J48, RBF, RF, Hidden Markov Model
(HMM), Dependency Decision Tree (CDT), KNN, Average
Dependency Estimator (A1DE), and NB) based on seven dif-

ferent datasets provided by NASA. Performance of ML tech-
niques was evaluated using various measures such as MAE,
RAE, and RMSE. and RRSE, recall, and accuracy. The perfor-
mance of ML techniques is evaluated using different measures
(Accuracy, Recall, Relative Absolute Error (RAE), Root Mean
Squared Error (RMSE), Root Relative Squared Error (RRSE),
and Mean Absolute Error (MAE)). Among the seven used ML
techniques RF technique has the highest accuracy rate of
88.32%. The outputs of this research can be used as a reference
point for new research.

R. Vats and A. Kumar [16] explored several supervised and
unsupervised ML techniques to determine the best method for
predicting software defects. Performance experiments were
conducted on 9 datasets from NASA, where experiments
showed that supervised ML techniques are more suitable than
unsupervised ML techniques for predicting software defects.

R. Shrimankar, et al. [17] proposed to use ensemble meth-
ods (XGBoost, AdaBoost, and Gradient Boost) as well as base
ML methods (LR, MLP, NB, SVM, RF, DT, and KNN) to ana-
lyze the efficiency of ML techniques in software defect predic-
tion. Performance experiments have been conducted on 12 da-
tasets provided by NASA, where XGBoost method slightly out-
performed other used methods on some of used datasets.

Previous work indicates that achieving high accuracy in pre-
dicting defects is still a major challenge, especially when using
the JM1 dataset as shown in table 1. Also, there is no specific
ML technique that significantly outperforms other techniques
in predicting software defects, as well as the importance of
identifying a feature selection technique that is appropriate with
the used ML technique. In addition, most of the datasets with
software defects suffer from a large disparity between catego-
ries.

METHODOLOGY

The proposed general framework includes the following
stages: In the first stage, data pre-processing is well imple-
mented, which includes cleaning the data by making sure that
the data is free of any inconsistencies, balancing classes within
the data set, normalizing the data, and determining the im-
portance of each feature using DT technique as a feature selec-
tion technique. In the second stage, using the Grid search tech-
nique to effectively adjust the hyper-parameters of the ML tech-
nique used to improve its performance. In the third stage, apply
six different ML techniques (RF, DT, SVM, LR, KNN, and
MLP) to predict software defects. Finally, the use of common
performance metrics (Accuracy, Precision, Sensitivity, Speci-
ficity, F Score, ROC curve, and Confusion matrix) to evaluate
the ML technologies used as shown in Figure 1.

[yperparameters Tunin,
7 using Grid Search
< ML Techniques >
DT
@D

KNN @
I i}

Data Pre-pr

Data Cleaning

JM1 Dataset

=

Data Balance

)
00

Feature Selection

‘ Data Normalization

Fig. 1. The Proposed General Framework
for Software Defect Prediction
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Table 1
Summary of Related Work
Study Year Dataset FS. Data Bal- ML techniques JM1 ac., %
Techniques ance
P. D. Singh CM1, JM1, KC1, KC2,
and A. Chug [15] 2017 PC1, AT, KC1LC No No DT, NB LC, ANN, PSO 80,64
CM1, JM1, KC1, KC3, -
A. Igbal, et al. [7] 2019 | MCI, MC2, MW1, PC1, Yes No NB'o'\:é_Fs ,IEQERF:I'S\I;'I\I'A‘;(’;”F\{II‘:K | 8061
PC2, PC3, PC4, PC5 ' T
A labal CM1, JM1, KC1, KC3, NB, MLP, RBF, SVM, KNN, K*,
and S 'A?tab [13] 2020 | MC1, MC2, MW1, PCL, Yes Yes | OneR, PART, DT, RF, MLP-FS, 80,44
' PC2, PC3, PC4, PC5 and MLP-FS-ROS
CM1, JM1, KC3, MC1, MLP, SVM, J48, RBF, RF,
B. Khan etal. [11] 2021 1 “\ic2, e, PC2, PC3 No No HMM, CDT, KNN, A1DE, NB 82,02
R. Vats CM1, JM1, KC3, MC1, Bagging, AdaBoost, RF, K-Mean,
and A. Kumar [16] 2021 MC2, PC1, PC2, PC3, PC4 No No and K-harmonic Mean (KHM) 88,00
CM1, JM1, KC1, KC3, XGBoost, AdaBoost, Gradient
R. Shrimankar, etal. [17] | 2022 MC1, MC2, MW1, PC1, No No Boost, LR, MLP, NB, SVM, RF, 80,00
PC2, PC3, PC4, PC5 DT, KNN
JM1 DATASET 15 IOBlank numeric count of blank lines
There are 12 online open-source software defect datasets — [lines of comments + line
provided by the NASA promise software engineering reposi- 16 | I0CodeAndComment | numeric count of code
tory. In this study performance e>§per|ments were performed on 17 uniq_Op numeric operators
one of the toughest datasets provided by NASA known as JM1 - -
[18]. The JM1 dataset consists of 10 885 samples and 21 fea- 18 unig_Opnd numeric operands
tures in addition to the target category (Defect or Not Defect). 19 total_Op numeric operators
The JM1 dgtaset was develop(_ad _using the C programming lan- operands 0,875 branch-
guage and is a real-time predictive terrestrial system that uses 20 total_Opnd numeric Count: numeric %
mimicries to generate predictions. Table 2 describes the details of the flow graph
of the JM1 dataset. 21 branchCount numeric the flow graph
Table 2 29 defects {alse,true} has/has not one or more
. reported defects
Description of JM1 dataset features
. DATA PRE-PROCESSING
No. Feature Type Description The performance of ML techniques depends mainly on the
1 loc numeric Halstead line count of quality of the data provided to it. Therefore, data pre-processing
code is an essential and important stage in ML and data mining pro-
2 v(g) numeric Halstead’s cesses to ensure data quality. Oftentimes, real world data has
«cyclomatllc cog’wplexny» many issues such as data inconsistency, noise, may contain
3 ev(g) numeric Halstead’s missing values, or may not be suitable for ML techniques [19].
«essential complexity» f hni I irectl hi h
) ) Halstead’s If ML techniques are app_led direct y to this raw data, tl e per-
4 iv(9) numeric «design complexity» formance of the model will be negatively affected, and it may
Halstead’s be learned incorrectly [20]. Therefore, data pre-processing is
5 n numeric | total operators + oper- carried out to prepare the data well by cleaning the data and
ands filling in the missing values, as well as transforming the data to
6 v numeric «volume» a form appropriate with the used ML techniques [21]. Data pre-
. | - - enath processing in this work includes four stages: data cleaning, data
numeric | unique «program [ength» | jy31ancing, data normalization, and feature selection.
8 d numeric unique «difficulty»
_ _ — DATA CLEANING
9 i numeric total «intelligence» The first stage of data pre-processing is the data cleaning
10 e numeric total «effort» process in which the data is addressed from noise, inconsistent
: data, redundant data, and missing values [19]. The JM1 dataset
11 b numeric module . L -
: _ _ contains some missing values for some features (unig_Op,
12 t numeric time estimator unig_Opnd, total_Op, total_Opnd, BranchCount) which are ad-
13 10Code numeric line count dressed by filling them by calculating the mean value of the col-
) ; umn to which the missing value belongs.
14 I0Comment numeric  |[count of lines of comments
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DATA BALANCING

The JM1 dataset contains 10 885 samples, of which 8 779
are of the non-defect category and 2 106 are of the defect cate-
gory, which indicates a significant deviation between the two
data categories. To address the problem of categories imbalance
in the JM1 dataset, The Synthetic Minority Over-Sampling
Technique (SMOTE), a technique used to increase small cate-
gory size [22], was used. The size of the small category was
increased by generating additional samples using the SMOTE
technique to be both categories equal in size.

DATA NORMALIZATION

The dataset usually contains a discrepancy in the range of
numeric data between the different columns. When some col-
umns have a very high range, while others may have a very low
range, this can negatively affect the performance of the ML
technique [23]. Therefore, data normalization is used to normal-
ize the data to be between a uniform range while maintaining
the differences in the ranges of values and not losing infor-
mation [24]. In this work, the Min-max Scaler method has been
applied to numeric features to convert them to range between 0
and 1 by following the equation next [25]. The scale of data for
a few features may be essentially distinctive from those of oth-
ers, which may hurt the execution of our models. It is particu-
larly the case with algorithms that depend on a degree of sepa-
ration, such as Neural Networks and KNN. It is additionally ac-
commodating for optimizing machine learning processes like
gradient descent and empowers convergence to happen faster,
and it can offer assistance to improve the execution and speed
of the execution of algorithms. Since the data is as of now
scaled-down, complex calculations basically required to opti-
mize algorithms are quicker. in expansion to that, it can moreo-
ver be accommodating when comparing diverse datasets or
models in terms of their performances [22].

_ (X—min (X))
~ (max(X) — min(X))’
where D is the normalized value, X is the original value of a

feature, min (X) is smallest value of a feature, max (X) is biggest
value of a feature.

FEATURE SELECTION

Feature selection is the process of selecting a set of input
data features that have a significant impact on the target. Deter-
mining the important and appropriate Features able to improve
the performance of the ML technique and reduce the time it
takes to train [26]. The DT technique has a feature importance
property that can be used to calculate feature importance [27].
The importance of the JM1 dataset Features was calculated us-
ing DT technique and then features with less importance were
removed.

ML TECHNIQUES

ML is part of the science of Al, which are statistical methods
that enable a computer or any device to build its own concept
based on the data provided to it in the training phase. There are
several types of ML depending on the type of learning: super-
vised learning, unsupervised learning, semi-supervised learn-
ing, reinforcement learning [28]. In this work, 6 supervised ML
techniques were used.

DT

It is one of the most popular non-parametric supervised ML
techniques that can be used for both classification and regres-
sion tasks. The structure of DT technique is like an upside-down
tree where the first node represents the root and then it is split
into inner nodes. Each inner node refers to the feature, the
branches refer to the rules and the leaves refer to the result of
the techniques [28].

RF

RF is one of the most powerful and popular ML techniques
that can be used for both classification and regression tasks. RF
technique is one of the ensemble methods based on bagging
method which aggregates a set of decision trees. Each decision
tree within the forest is trained on a subset of the data, and thus
the final decision is made using tree-majority voting. RF is
mostly used to solve some problems of DT technique and some
individual ML techniques [7, 11, 28]:

e in most cases, it gives better classification accuracy than
DT technique;

o provides an effective way to deal with lost data;

e solving the problem of overfitting in DT technique;

e more stable than DT technique.

Random forest could be a Supervised Machine Learning
Calculation that's utilized broadly in Classification and Regres-
sion issues. It builds decision trees on distinctive tests and takes
their larger part vote for classification and normal in case of re-
gression [25]. A random forest may be a machine learning tech-
nique that’s won’t to solve regression and classification prob-
lems. It utilizes ensemble learning, that is a technique that mixes
several classifiers to produce solutions to complicated prob-
lems.

Features of a Random Forest algorithm:

e it’s more accurate than the decision tree algorithm;

o it provides an effective way of handling missing data;

e it can produce a reasonable prediction without hyper-pa-
rameter tuning;

e it solves the issue of overfitting in decision trees;

e in every random forest tree, a subset of features is selected
randomly at the node’s splitting point.

SVM
SVM is one of the most important ML techniques suitable
for both small and complex data. SVM can be used to solve both
classification and regression problems, but it is usually used to
solve classification problems. SVM technique finds the best
separation line between data categories by maximizing margins
and determining the best separation of data [19, 28].

LR

LR is one of the simplest classification techniques for ML
based on statistical background. LR is a statistical method for
analyzing a data set in which there are one or more independent
variables that determine the result. Every user who uses LR
technique needs to know log probabilities, the key concept be-
hind a LR technique. LR estimates the probability that an event,
such as a defect or a non-defect, will occur based on a given data
set of independent variables. Since the outcome is a probability,
the dependent variable is constrained between 0 and 1 [29].
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KNN

KNN is a non-parametric ML technique that can be used for
classification and regression tasks [19]. The way the KNN tech-
nique works is very simple and effective to determine if a new
sample is a software defect or not. The distance between the
sample to be classified and all points of the training data set of
software defects is measured using one of the distance scales
such as the Euclidean distance, Manhattan distance, and Min-
kowski distance. Next, the number K representing the number
of nearest neighbors is determined, which determines the nature
of the new sample (defect or not) according to the nature of its
nearest neighbors [29]. In this work, the distance between the
samples of the training set and the samples of the test set was
measured using a Minkowski distance.

MLP
MLP is a fully connected feedforward ANN that can be used
for both classification and regression tasks. The MLP network
consists of three layers, an input layer used to enter the training
data and a layer or hidden layers used to process the input data.
And the last layer is the output layer, which is used to obtain the
required outputs [19].

TUNING HYPERPARAMETERS OF ML TECHNIQUES

ML techniques have hyperparameters that help fine-tune their
performance. Fine tuning of hyperparameters of ML techniques
helps to stabilize performance, improve accuracy, and reduce
model complexity. Usually, hyperparameters of ML techniques
are manually tune, which is cumbersome and time consuming.
Therefore, the Grid Search technique was used to tune the hy-
perparameters of the ML techniques used in this work. Grid
search technique is fed with the hyperparameters and their poten-
tial value, and then the 10-fold validation method is used to train
the technique with all the possible values of the hyperparameters.
Finally, the best values of the hyperparameters with the best per-
formance of the ML techniques are determined.

PERFORMANCE MEASUREMENT

The performance of used ML techniques was evaluated by
calculating the confusion matrix in addition to using six com-
mon performance evaluation criteria (Accuracy, Precision, Sen-
sitivity, Specificity, F1 Score, and ROC Curve). The confusion
matrix contains the actual values and predicted values from
which the number of True Positives (TP), True Negatives (TN),
False Positives (FP), and False Negatives (FN) are calculated.
The «False» (not defect) class is represented as negative '0',
while the «True» (defect) class is represented as positive 1",

TP+ TN
Accuracy = 45 TN+ FP+ PN’
o TP
Precision = TP—+FP'
L TP
Sensitivity = TP-I-—FN'
e TN
Specificity = TN FP’
2 X TP
F1 Score =

2XTP+FP+FN’

RESULTS AND DISCUSSION

The proposed RF technique, as well as other ML techniques
used in this study, were built using the scikit-learn library. Per-
formance experiments were conducted on the JM1 dataset,
where the dataset was separated 80 % for training ML tech-
niques and 20 % for testing them.

The proposed RF technique achieved the best performance
with an accuracy of 88,26%, along with a precision of 87,76 %,
Sensitivity of 88,47 %, Specificity of 88,06 %, and F1-Score of
88,11 % compared to the other techniques used as shown in Ta-
ble 3. Then, KNN technique ranked second with a competitive
performance with an accuracy of 85,76 %, along with a preci-
sion of 81,60 %, Sensitivity of 91,71 %, Specificity of 80,0 %,
and F1-Score of 86,36 %. Also, the DT technique achieved a
good performance with an accuracy of 82,17 %, along with
along with a precision of 81,54 %, Sensitivity of 82,39 %, Spec-
ificity of 81,96 %, and F1-Score of 81,97 %, while the perfor-
mance of the MLP, LR, and SVM techniques was modest with
an accuracy of 70,50 %, 66,88 %, and 65,51 %, respectively.

Table 3
Performance comparison of ML techniques used in this study
Tech- Accu- Pl"ec1- Ser.nsm- Specificity, F1
. racy, sion, vity, o Score,
nique % % % % %
RF 88,26 87,76 88,47 88,06 88,11
DT 82,17 81,54 82,39 81,96 81,97
SVM 65,51 68,14 56,10 74,62 61,54
KNN 85,76 81,60 91,71 80,00 86,36
LR 66,88 68,10 61,43 72,15 64,59
MLP 70,50 70,55 68,67 72,26 69,60

The performance of ML techniques was also compared by
drawing the ROC curve as shown in Figure 2. In addition, a
confusion matrix was calculated for each of ML techniques
used to show the correct and incorrect predictions for both clas-
ses as in Figures 3.

ROC curve

QL

08

True Positive rate

0.2

0.0

0.0 0.2 04 0.6 0.8 1.0
False Positive Rate

Fig. 2. ROC Curve of used ML techniques
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Fig. 3. Confusion matrix of used ML techniques

The proposed system also proved superior when compared
with the achieved results of related work as shown in Table 4.
The superiority of the RF technique over the RF techniques
used in studies [7, 11, 13, 16] as well as over all other tech-
niques used in previous works. Also, the superiority of KNN
technique used in this study over the KNN techniques used in
the studies [7, 11, 13, 17]. Also, the DT technique used in this
study achieved remarkable superiority over the DT techniques
used in previous works [7, 15, 17]. The proposed system in this
study achieved promising results in predicting software defects,
superior to previous works. This study proved that preparing the
data well and selecting the effective features helps to improve
the prediction accuracy. Also, choosing the appropriate ML
technique for this task, in addition to fine tuning its hyperpa-
rameters, greatly improves the prediction accuracy.

Table 4
Comparison of the proposed work with related work

Study Accuracy, %
[15] 80,64
[7] 80,61
[13] 80,44
[11] 82,02
[16] 88,00
[17] 80,00
Our DT 82,17
Our KNN 85,76
Our RF 88,26

CONCLUSION AND FUTURE WORKS

Predicting software defects at the software testing stage is
very important to ensure the quality of software before it is of-
fered to users. Therefore, this study aims to build an intelligent
system to automatically predict software defects in the software
testing phase based on ML techniques. The proposed system
consists of three basic stages: data pre-processing, hyper-pa-
rameter tuning, and application of ML techniques. In the data
pre-processing stage, the data was cleaned, balanced, and nor-
malized, in addition to using the DT technique to select the im-
portant features. In the second stage, the Grid search technique

is applied to tune the hyperparameters of the ML techniques. In
the final stage, ML techniques are applied, and their perfor-
mance is compared using various scales. Where the RF tech-
nigue achieved promising results with an accuracy of 88,26 %,
superior to other techniques used. RF technique has been shown
to be highly effective in predicting software defects when used
with an appropriate FS technique. This system was tested only
on JM1 dataset, so there is a possibility to test it on other da-
tasets provided by NASA in future works. Individual classifiers
can also be combined using ensemble methods to improve per-
formance.
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AHHOTauusA. KayecTBO MporpamMmHOro o6ecreyeHuss siBNs-
€TCS OCHOBHbIM KPUTEPYEM /151 MOBbILLIEHWSA CNPOCca Nosib3oBaTe-
neli Ha NporpammHoe obecneyeHue. Mo3ToMy KOMMAaHUK, 3aHUMa-
IOLLMECS MPOrpamMMHbIM 06ecrneyeHnem, CTpeMsATcs 0becrnevnTb
Ka4yeCcTBO MPOrpamMmmHOro obecrieveHns MyTem NpPorHo3MpPoBaHNA
ero fled)eKToB Ha aTare TeCTUpoBaHUA. Hanmumne UHTeNNeKTyab-
HOV CUCTEMbI, CMOCOGHOM NPOrHO3MPOBaTh AetheKTbl MPOrpamm-
HOro o6ecreyveHunsl, 3HaUNTE/IbHO CHWXKAET 3aTpaTbl BPEMEHU U
ycunmin. HecMoTps Ha LUMPOKYIO TEHAEHUMIO pa3paboTKM CUCTEM
NPOrHo31poBaHMA Ae)eKTOB NPOrpaMMHOro obecreyeHns Ha oc-
HOBE TEXHWKM MAaLLWNHHOFO 06yuYeHWs B NOCMeAHUE HECKO/IbKO
NeT, TOYHOCTb 3TUX CUCTEM MO-MPEXHEMY SIB/ISIETCA CEPbe3HOM
npo61emMoli.

B gaHHOM umccnefoBaHMM 1S NOBbILIEHUA TOUYHOCTW MpPo-
rHo3a npeAcTaB/ieHa cucTeMa NpPOrHoO31pPoBaHWA [eeKTOB Mpo-
rpammHOro o6ecrneyeHns, COCTOSALLLAA U3 TPex 3Tanos. Ha nepsom
aTane BbINO/IHAETCA NpeaBapuTeNbHas 06paboTKa faHHbIX, KOTO-
past BK/OYaeT B Cebs 0UMCTKY faHHbIX, 6anaHc AaHHbIX, HOpMa-
NM3auUMIo faHHbIX 1 BbIGOP NpM3HAKoB. Ha BTOpoOM aTane runep-
napameTpbl HacTpavnBatoTCcs Mo MeToaMKe Grid Search. HakoHeL,
XOpOLUO OT/N@XeHHasA TeXHUMKa MaLLUMHHOIO 06y4eHVs peannso-
BaHa 417 NpefAckasaHns 4eteKTOB NPorpaMMHOro obecneyeHus.

Ha 6a3e Habopa gaHHbIXx JM1 6bliv NpOBeAeHbl 3KCNepu-
MEHTbI, B X04€e KOTOpbIX Nnpeg/iaraeMas cuctema fana MHoroobe-
wiarowme pesynbTaTbl B MPOrHO3MPOBaHWM HeJOCTAaTKOB Mpo-
rpammHoro obecneveHus. Cpeau MCMonb3yeMbiX METOAOB XO-
POLLIO HACTPOeHHbIN MeTog Random Forest ¢ TOUHOCTbLH0 88,26 %
npeB30LUe/ 0CTaslbHble UCNOJIb3YeMble METOAbI MALLMHHOMO 06Y-
YeHus. lMpoBefeHHOe wccnedoBaHWe [A0KasbliBaeT, 4TO BblGOP
BaXKHbIX 0CO6EHHOCTEN 1 ath(heKTMBHAA rMnepnapamMmeTpuyeckas
HacTpoika MeTof0B MALLUMHHOIO 06YYeHUS 3HAUUTENIbHO YNyu-
AT TOYHOCTb MPOrHO3MPOBaHWA [AedleKTOB MNPOrpaMMHOro
obecrneyeHus.

KrtoueBble cnoBa: MalUMHHOE 0GyueHue, CcrydaliHblii fec,
JeeKTbl  MPOrpaMMHOro  06eCreYeHrsl, BbIGOP MPU3HAKOB,
NMPOrHo3MpoBaHMue.
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Abstract. One of the possible solutions to the problem of con-
gestion of the road network in conditions of a high level of mo-
torization of cities is considered. The concept of the service «Mo-
bility as a Service» as one of the progressive methods of urban
traffic management is described. The technologies that allow this
service to work, while increasing the efficiency of the use of ve-
hicles, are considered. The analysis of carsharing, kicksharing
and bikesharing services as a «first and last mile» transport sys-
tem was carried out.

The solution to this problem can be the integration of all exist-
ing transport systems into a single system that can have a greater
impact on the efficiency of mobility of urban users.

Keywords: mobility as a service, urban transport, public trans-
port, rental system, carsharing, kicksharing, bikesharing, first and
last mile transport.

The high rates of development of transport mobility of the
population in modern cities around the world have posed a se-
rious problem to society: first of all, it is the deterioration of the

environmental situation, secondly, congestion of the road net-
work and, as a consequence, a decrease in traffic speed, and
thirdly, an increase in the costs associated with the transporta-
tion of passengers.

All mankind strives to solve this problem in various
ways, of the possible solutions to this problem, it can be
noted that the most effective solution is the introduction of
progressive methods of urban traffic management. One of
these methods is the implementation of the «Mobility as a
Service» (MaaS) service in the urban environment, which
implies the possibility of an operational choice of various
modes of transport for trips, and contributes to the refusal of
people to use a personal car in cities.

The Maa$ is primarily the integration of various forms of
transport services into a «Single mobility Service» available at
the request of the client. In an enlarged form, the basic structure
of the Maa$S can be presented in the following form: (Fig. 1) [1].

Shared two-way

i & f

Ridesharing

Platform

O

Bikesharing

Fig. 1. The structure of the MaaS
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As can be seen from the figure, the Maa$S implies a change
in the form of vehicle ownership, in other words, one vehicle
should serve as many people as possible. What technologies al-
low this service to work and improve the efficiency of using
vehicles. This is primarily carsharing.

Carsharing is a term that reflects the essence of the modern
approach to using a car. It belongs to the emerging class of «mo-
bility services» that use modern technologies to provide access
to mobility using a car without the consumer owning a personal
vehicle. It acts as a logical addition to the traditional ways of
providing people with transportation needs, such as taxis and
traditional car rental. Their main difference from carsharing is
the absence of the need for modern information and communi-
cation technologies for commercial viability, at the same time
they also use new technologies to improve customer service [2].

To date, more than 50 000 drivers use carsharing in Russia,
the total number of cars involved in the business is about 5 000,
it is constantly growing. The fleet consists of several tens of
thousands of vehicles.

The carsharing service usually involves access to a car
owned by another individual or legal entity for a fixed cost.
During the use of the carsharing services, the user is responsible
for the car and its condition.

This service is very popular in Russia, so in 2021 the Mos-
cow Traffic Management Center conducted a study of the car-
sharing system in Moscow for 2021 to obtain a qualitative and
quantitative assessment of this service [3].

As a result of its implementation, data were obtained that
showed that in 2021 Muscovites used carsharing services 49
million times, which is an average of 135 thousand trips per
day, for comparison, in 2021 the metro was used 2,1 billion
times, taxis — 328 million times, and rental scooters and bicy-
cles — 13,3 million times. Figure 2 shows the distribution dia-
gram of the average number of trips per day.
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Fig. 2. Trip distribution diagram

As can be seen from the diagram, the greatest demand for
carsharing services is observed on Saturday throughout the
year, this is due to the fact that more users on this day had week-
end trips for personal business. At the same time, the lowest
demand was observed on Thursdays and Mondays, this is due
to the fact that on weekdays users preferred to use public
transport.

When analyzing the distribution of trips by month, data
were obtained showing that the greatest increase in demand for
carsharing services is observed in the summer months, this is

due to an increase in users during the holidays. At the same
time, the lowest demand falls on the winter months of the year,
the reason for this may be the use of public transport as a safer
alternative to movement, regardless of weather and climatic
conditions. This pattern can be seen in Figure 3, which shows a
diagram of the distribution of the number of trips by month of
the year.
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Fig. 3. Diagram of the distribution of the number of trips
by month of the year

The difference between working and non-working days of
the week is especially noticeable in the morning and afternoon
indicators. On weekends during the morning rush hour, the
number of trips is significantly lower than the number of trips
on weekdays from 5 to 9 o'clock, while on working days there
are fewer orders during the day — at this time, service users are
at work or at school. The greatest demand for the use of car-
sharing services falls on the morning and evening rush hours on
weekdays, at which time users make 33 % of trips, while the
average distance of a carsharing trip is 16 km, and the average
car rental time is 54 minutes from the moment of booking in the
application. Figure 4 shows a diagram of the distribution of the
share of carsharing trips by time of day.
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Fig. 4. Diagram of the distribution of the share
of carsharing trips by time of day

The obtained results of the analysis allow us to state that
there is a positive trend towards a significant increase in the use
of carsharing services, first of all, the growth in demand for ser-
vices may be due to the fact that owning your own car becomes
much more expensive due to increased costs for repairs and
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maintenance, parking fees, as a result, the maintenance of a per-
sonal car becomes not only it's just not profitable, but on the
contrary burdensome.

Another rapidly developing way to meet the need for move-
ment for the population is kicksharing, which implies short-
term rental of scooters and electric scooters by analogy with
carsharing.

There is a trend in the world when users no longer perceive
scooters as just entertainment, but began to perceive them as
«last mile transport», which is used for short trips inside and
between city districts. Moreover, this service is increasingly
used not only by young people under 25, but also by mature
people from 30-50 years old. To determine measures to improve
this type of service, a study was conducted by analysts of the
Moscow Traffic Management Center in 2021, during which a
qualitative and quantitative assessment of the service was car-
ried out.

During the study, it was revealed that in 2021, the demand
for Kicksharing increased significantly, 8,6 million times used
scooter rental services during the year, whereas in 2020 —
about 2 million times. During the year under review, Musco-
vites rode scooters 8,6 million times — an average of 35 thou-
sand rentals every day, but at the same time such alternatives to
personal transport as carsharing and taxis remain more popular
than means of individual mobility. Figure 5 shows a diagram of
the distribution of the number of trips by day of the week in the
study period.
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Fig. 5. Diagram of the distribution of the number of trips

As it can be seen from it, there is a greater demand for
scooter rental services on weekends, while kicksharing is used
in different ways on working and non-working days. On week-
ends and holidays, demand traffic is gradually increasing from
8 am to 6 pm, while on weekdays there are two peaks: in the
morning from 9 to 10 and in the evening from 18 to 20, the
appearance of peak demand is due to the fact that users are in-
creasingly using a scooter to make short trips. Figure 6 shows a
diagram of the distribution of the share of trips on scooters.

The kicksharing period during the year depends more on
weather conditions, so the analysis of the distribution of trips
by month was carried out from April to November showed that
the growth in demand for scooter rental services is observed in
the summer months, this is due to an increase in users during
the holidays. In the spring and autumn periods of the year, there
is a reduction in the number of trips relative to the summer pe-
riod, primarily this can be explained by weather conditions,
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Fig. 6. Diagram of the distribution of the share
of trips on scooters

since it was much safer and more comfortable for users to use
public transport services. On average, 18 thousand scooters
were available to users per day in August, while 8 out of 10
scooters were rented during the day. Figure 7 shows a diagram
of the distribution of trips by month of the year.
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Fig. 7. Diagram of the distribution of trips
by month of the year

Analysts of the Moscow Traffic Management Center com-
piled a heat map showing the density of the distribution of trips
during the day, the richer and warmer the color of the map, the
more trips ended in this segment [3]. Figure 8 shows a heat map
of Moscow, which clearly shows the distribution of orders for
the use of scooters.

Based on the heat map obtained as a result of the conducted
research, it can be concluded that scooters become part of mul-
timodal routes — those in which different vehicles are used,
with both the initial or final segment of the path separately, and
the user can use these services both at the beginning and at the
end of his journey.

Scooter rentals were most popular in the immediate vicinity
of the metro, as users preferred to use the rental service to get
to and from the station to the end point of their route. Figure 9
shows a fragment of a heat map showing the segment with the
highest demand for scooter rental services.

Another technology that can meet the need of users to move
in urban conditions is a bicycle rental service or bike sharing.

Bikesharing is a mobility service that is based on short-term
access to rented bicycles as needed.

MNHTennekTyasbHble TEXHOM0rMM Ha TpaHcrnopTe. 2023. No 3 62



Intellectual Technologies on Transport. 2023. No 3

End of scooter trips
August 01-31, 2021
Mon-Fri 08:00-09:59

- | : 8 _ @
HaxafivHo
Maanosokan
Banawmxa
+
Bracixa
TeCHOR Manaxoexa
TopoAoK VgensHan
b
OkTABpRCKM
F- KOKOLWAHD oo
1 e - nocinos.
MMEHA
TentMaHa

Start of scooter trips
August 01-31, 2021
Daily 00:00-23:59

76, Flotskaya str.
326 10

Total Average
per day

/ /
Fig. 9. A fragment of the heat map

MHTenneKkTyanbHble TEXHOMOrMnN Ha TpaHcnopTe. 2023. Ne 3 63



Intellectual Technologies on Transport. 2023. No 3

In conditions of high motorization of cities, bicycle rental is
considered as an integral part of the urban transport infrastruc-
ture and serves as an addition to public transport, which is be-
coming increasingly popular all over the world. Today, there

are more than 1 600 providers offering a total of 18 million bi-
cycles for sharing, while in 2005 there were only 17 bike ser-
vices in the world. Figure 10 illustrates a diagram of the global
expansion of bicycle sharing systems [4].

Global expansion of bicycle sharing systems
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Fig. 10. Diagram of the global expansion of bicycle sharing systems

In Russia, the first city to launch a bicycle rental system was
Moscow, the pilot project began in 2013. During the first year
of the program, more than 64 thousand people used the bicycle
rental service, but by 2015 the number of users had increased 7
times. The bicycle infrastructure in Moscow was created from
scratch, but by 2015 the total length of bike paths in Moscow
was 250 km, which significantly improved the safety of road
users [3].

To date, there are more than 773 km of bike paths, 700 rental
stations and 7 000 bicycles in the capital. A significant increase
in bike paths and, in general, the development of cycling infra-
structure contributed to the fact that, on average, there are more
than 6,1 trips per bike per day in the capital, which is more than
2 times more than in London — one of the leading cities in the
popularity of bike rental — in the British capital, there are 2,6
trips per bike on average. Such indicators mean that users began
to switch to a bicycle in order to make targeted trips, and not
just for leisure. Figure 11 shows a map of bike paths in Moscow,
Figure 12 shows a map of bicycle rental stations.

New mobility services are changing the transport sector, ei-
ther by providing completely new mobile solutions, or by
changing traditional vehicles through the introduction of pro-
gressive methods of urban traffic management [5].

CONCLUSION

In conclusion, would like to note that the growth of new
MaasS services was associated with a reduction in the use of per-
sonal cars and an increase in the use of public transport. In gen-
eral, new mobility services replace more trips by private
transport than by public transport.

1. The concepts considered, such as kicksharing, bikeshar-
ing, carsharing, do not fulfill the same goals as a personal vehi-
cle or public transport; they only partially complement. Rental
systems are able to solve the problem of the «first and last
mile», which is associated with access to public transport or
movement within the area.

2. The services of the MaaS are usually used in combination
with public transport, as they allow expanding the coverage area
of public transport and, in general, ensuring greater connectiv-
ity of the transport network of cities as a result of the develop-
ment of multimodal trips.

Today, the main problem and difficulty in implementing the
Maas is that all transport systems, including public transport
and rental services, are represented by separate segments of de-
mand, and are not parts of a single system. The solution to this
problem can be the integration of all existing transport systems
into a single system that can have a greater impact on the effi-
ciency of mobility of urban users.

HTennekTyanbHble TexHonoru Ha TpaHcrnopTe. 2023. Ne 3 64
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Fig. 11. Map of bike paths in Moscow
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