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KoHuenuusi MHKeHEPUHU 3HAHUM B 3a71a4ax
o0ecneyeHuss MHTEeponepadeabHocTH ACY
U HH(POPMAIMOHHBIX CUCTEM HA OCHOBE
HHTEJVIEKTYAJbHbIX TEXHOJIOT UM

1n.1.H. M. }O. Oxtunes, k.1.H. B. H. KopoMbicnuuenko,
k.T.H. [I. A. Oxtunes, A. 3. 39H49ypuH

Cankr-IlerepOyprekuii rocy1apcTBEHHBINH YHHBEPCUTET
a3POKOCMUYECKOr0 IPUOOPOCTPOCHUS
Cankr-IlerepOypr, Poccus
oxt@mail.ru, v.koromyslichenko@yandex.ru,
pavel.oxt@mail.ru, zwilas@gmail.ru

Annomayusa. PaccmaTtpuBaerca cnenuduka MHKEHePHH
3HaHMIi NpH o0ecneYeHNH HHTepoNepadebHOCTH AelCTBYIO-
HX 1 MoaepHH3UpyeMbIX ACY U HHPOPMANMOHHBIX CHCTEM.
IToxa3biBaercs, 4TO HHTeponepadeJbHOCTh MOKeT ObITh /10-
CTUTHYTA 32 c4eT ol0ecHeyeHUs AEKJIApPaTHBHOIO XapakTepa
NPOEKTUPOBAHUS, OCHOBAHHOI0O HA NPHUMEHEHMH KOHIENTY-
aJbHOI0 MOAX0JAa K MOJEIHPOBAHUIO H OHTOJOIHYECKOMY
ONUCAHMIO CTAAUI )KU3HEHHOI 0 HUKIa. lekIapaTHBHOE NPoO-
eKTHPOBAaHHE MOkKeT ObITh ONHCAHO B PAMKAX JIOTMKO-JIHHTI-
BHCTHYECKOH Moje/ad, IPU 3TOM 3KcnepTaMu pa3padaTbiBa-
0Tcs rpadgbl 3HaHUIA, Ha 0a3e KOTOPLIX COCTABJIAIOTCH YaCT-
Hbl€ OHTOJIOTMHU Pa3JIHYHBbIX CTAJAUI KU3HEHHOT0 IMKJIA.

Knwuesvie cnosa: nureponepadebHOCTh, MOJe]db Mpe/-
MEeTHOIi 00/1aCTH, OHTOJIOTHS, JaHHbIE, 3HAHUS, IPadbl, NpH-
KJIa/IHO€ MPOrpaMMHOe ofecreyeHne, HCKYCCTBEHHbII HHTeI-
JIEKT.

BBEJJEHUE

ObecrnieueHne HHTEPOIEPAOEIBLHOCTH MPEAINOJIaraeT 00b-
€JIMHEHUE KMCTOYHUKOB MAaHHBIX W CTPYKTYPHO-(QYHKIHO-
HasbHBIX Monened ACY u undopmannonnsix cuctem (MC),
pu 3ToM Tpebyemas pynknuonanpHocTs ACY 1 IC moxer
OBITh TOCTHTHYTA IIyTEM pEaN3alii NCIOJHUTEIBHBIX CH-
CTEM, OCYIIECTBIISIOIINX BBIYUCICHUS C OMOPOH Ha 3alo-
JKCHHBIC B CHCTEMY 3HaHU IPH MCIIOJIb30BAHNN IPHHIUIIOB
JEKIapaTUBHOTO MPOSKTHPOBAHMS MPHUKJIAJHOTO IPOrpPaMM-
Horo obecnieuenus (I10) [1-3]. B aTom ciydae peanusoBas-
Heie B ACY u UC mro0bie alropuTMbl B MOJICIH JAHHBIX
JIOJDKHBI OBITH IPEJICTABUMBI JIEKJIapaTUBHBIMU CIIEIH(pHKa-
USIMH B BUJIE HHTEPIIPETUPYEMBIX HA0OPOB AaHHBIX. Peanu-
3alus YKa3aHHOTO MOJX0/a penoiaraeT NpuMeHeHHe YHU-
(UIMPOBAHHBIX OHTOJIOTMYECKHX MOJUMOJCIBHBIX KOM-
MIJIEKCOB, 00ECTIeINBAIOIINX BCIO CHCTEMY €IMHO MHTEpIIpe-
TUPYEMOH TepMHHOJIOTHEH. 3aaHNe UCIIOTHUMBIX cTienupu-
Kalui B 5TOM Cllydae JOJDKHO OCYIIECTBIATHCS IKCIEPTaMU
B IIpoLIecCce aHalu3a U pa3pabOTKH MOIENN MPEeIMETHOI 00-
nactu (IIpO) B Buae 6a3bl 3HAHMIA, HA TIPOOIEMHO-OPUCHTH-
POBaHHBIX S3bIKAX JKEJIATEIbHO C BU3YyaIbHOU (rpadnaecKkoi)
HOTaIMeH (C y4eTOM MOJIOKEHHS, YTO Y IKCIIEPTOB-TEXHOJIO-
TOB HaBBIKK IPOTPAMMHPOBAHUS OTCYTCTBYIOT) [4—6].

B. U. BacunbeB

Cankr-IletepOyprekuii rocy1apcTBEHHBIN
YHHUBEPCHUTET TEIEKOMMYHUKAIUH
Canxr-IlerepOypr, Poccus
vasiljev.valentin2014@yandex.ru

OHTOJIOTMYECKUE MOJIEJITMPOBAHWE
B JEKJIAPATUBHOM ITPOEKTUPOBAHUU TTPUKJIAJTHOTO TTO

[IpuMeHeHHe HMHTEJUICKTYaJIbHBIX CHCTEM O00ecre4YHuBaeT
pellieHne CIIOXKHBIX 3a]ad MHTepOIepadeIbHOCTH, TPH 3TOM
OCHOBHasi TPYIHOCTb pEIIEHHs CBsi3aHAa C HMCIHOJIb30BaHUEM
c1a00 GpopMalTM30BaHHBIX 3HAHUH CIIEIINATICTOB-IIPAKTHKOB, B
KOTOPBIX JIOTHYecKasl (WIIM CMbICIIOBasi) oOpaboTka nHdpopMma-
IIMM NPEBAUPYET HaJ BBIYUCIUTENBHON. M3yueHune MeTo0B
TIPOEKTHPOBAHUS TAKWX CHCTEM, Kak IOKa3aHO B padore [7],
HaXOJMTCSI B IOJIE TEOPUH MCKyCCTBEHHOTrO MHTemekTa (WU,
WM WHXXEHEPHH 3HAaHWH) M IpeAronaraeT pa3paboTky Mose-
Jel ¥ METOJ0B M3BJICUCHHUS, CTPYKTYPHPOBaHuUs, (hopMann3a-
uH (TIpeICTaBIICHNs) 3HAHUH 11 UX 00paOOTKH B MHTEIUICK-
TyanbHbIX ACY u UC.

Hmetoras MECTO B 3TOM Cllydae LeroYKa «IaHHbIe — WH-
(dhopmMars — 3HaHUAY, MPEAIOaracT, BO-MEPBbIX, EIeC000-
Pa3HOCTh OTpeeNIeHUs] CEMAaHTHKHU (CMbICTIA) TaHHBIX Ha OC-
HOBE UHTEPIPETAUH CHHTAKCUYECKHX BBIPAKEHHH, a BO-BTO-
PBIX, IO3BOJISIET TOBOPHUTH O THOCEOJIOTUUECKOH 1IeTIoYKe Ipei-
CTaBJICHUsI 3HAHUH ITPH BEIOOPE SA3BIKOB MOJICTIMPOBAHMS: (aKT,
00001IeHHBIH (DaKT, SMIUPUIECKUH 3aKOH, TEOPETUUECKHUHN 3a-
koH [8—10]. Tak, HampuMep, Takol aBTOpUTET B oOmactu MU
kak J. X. Teyry paccMaTpuBal IporpaMMHUpPOBAaHUE KaK METO
JIOKA3aTeIbCTBA TEOPEM B IIPEIIOJIOKEHNH, YTO CHHTAKCHC
S3bIKa IPOTPaMMHUPOBAHUS OTPAaHUYMBACT BO3MOKHOCTH OIIH-
CaHUs pelICHUH MaTeMaTUYEeCKUX 3aJad, a KOPPEKTHBIN U KO-
HEYHBIN TPOIIECC BEIYUCICHUH — COOCTBEHHO JOKA3aTEIECTBO
(BeIBOZT) Teopemsl [11].

B mpomecce paspabotrku mozenu IIpO u HamogHEHHS
6a3wl 3HaHMi (b3) BO3HUKAIOT 3a/7a9M, CBA3AHHBIC C U3BIIE-
YECHHEM SMIMPUIECKOTO 3HAHUSA IKCIEPTOB, KOTOPOE Xapak-
Tepusyerces [7, 9]:

— OIpeZieJIeHUeM 3HaHWH B Pas3iIMYHBIX KaTErOpHsIX, WIIH
MOJIAJIbHOCTBIO;

— JIMANEKTUYHOCTHIO 3HAHUH, I IPOTHBOPEYHBOCTHIO;

— HEBO3MOXHOCTBIO NosHOro onucaunus [IpO, win Heno-
HOTOI.

C 80-x rozoB 20-T0 Beka ¥ 110 HACTOSIIIEE BPEMS B TIOTTBITKAX
(opmanmmzamy MpoOIEMHO-OPHEHTHPOBAHHBIX A3BIKOB MPE.-
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CTaBJICHUSI 3HAHUH W MTPEOI0JICHUsI NPOOJIEM U3BJICUEHHS SMITH-
PHUUECKOrO OIBITa KCNEPTOB BHICOKUMH TEMIIAMU Pa3BUBAETCS
HalpaBJIeHUE, CBA3aHHOE C UCIOJIb30BAHHEM OHTOJIOIMYECKOrO
MOJISITUPOBaHUsI Kak OCHOBBI opranuzaiuu b3 B ACY u UC.

OHTOJIOTHIO IPEACTABIAIOT B BUJE CIENN(UKANNN KOH-
HeNTyalu3aluy, TAe KOHIENTyalu3almuss — CTPYKTypa
peanbHOCTH, paccMaTpWBacMas HE3aBHCHMO OT CIIOBaps
MpeaMETHOHM 00JaCTH KOHKPETHOW CUTyanuu (OIpeaesieHrne
T. I'py606epa) [7, 9, 12].

OHTOJIOTHHU TO3BOJAIOT (OPMaANN30BATh OIMCAHUS IPEl-
METHBIX CYIIHOCTEH U UX B3aUMOCBSI3€il IPH MPOEKTUPOBAHUU
ACY u UC [7]. DT0 00CTOSATEIBCTBO ONPEEISET X BAKHYIO
pousb B Teopuu M. C apyroit CTOPOHBI, OHTOJIOTHYECKOE MO-
JeMpoBaHKe 00ecreunBaeT COXpaHEHHE CEMaHTHKH M BO3-
MO>KHOCTH MOCJIEYIOIIET0 UCTIoNb30BaHus 3HaHui o [IpO. Ta-
KHM 00pa3oM, B paMKax KOHLENTYaJIbHOTO ONpENeICHUS Tep-
MMHOJIOTHYEeCKOTro ciioBapst Toi IIpO, ans KoTopoi co3aaroTcst
ACY u UC, oHTONOrMYECKOE MOAEIUPOBAHUE JOHKHO Hpel-
BapsATh pa3paboTky moboit ACY u UC [7, 12]. Crenyer oT™me-
THUTB, 9TO B 3aBUCHMOCTH OT HPAKTHIECKOTO ITPUIIOKEHUS OH-
TOJIOTHH MOTYT IIPUMEHSATHCS B ropa3io 6ojee IMHUPOKOM CIIeK-
Tpe 3aa4, CBI3aHHBIX C 00eCTIeYeHHEM CKBO3HOTO B3aUMO/IEHi-
CTBHSI pa3HOPOJHBIX CHCTEM C COXPAaHEHHEM CEMaHTHKH Iiepe-
JTaBaeMoil nH(GOPMAIIHH.

Crnoxusie [1pO, B TOM gucie 1 KpUTHISCKUX MPHIIOKE-
HUH, XapaKTepU3yIOTCs CTPYKTYPHUPOBAHHBIMHU H CJIA0OCTPYK-
TYPUPOBaHHBIMH JIAHHBIMH, XPaHUMBIMH, KaK MPaBHJIO, B pa3-
HotunHEIX BJI/B3. TIpu 3TOM B yCIIOBHSAX TEPPUTOPUATBEHO pac-
MIpeeNIeHHbIX CYIECTBYIOMUX U yHacaeaoBanHeix ACY u UC
TpebyeTcsi UX coBMecTHast o0paboTka. Peanusamus takoit cos-
MECTHOI 00pabOTKH, 110 CYLIECTBY, U ABJISIETCSI OCHOBHOH IIENIBIO
o0ecreueHns CeMaHTHYECKOH HHTEPOIIepadeIbHOCTH CHCTEM.

B pesynbraTe mpoBEeJECHHOTO K HACTOSIIEMY BPEMEHH aHa-
JU3a Pa3sIUIHBIX TEXHOJIOTHH HHTETpaIiy JaHHbIX [7, 13-25]
BBISIBJICHO, YTO IIEPCIIEKTUBHBIM METOJOM CEMAaHTHYECKOH
WHTETPALIN aBTOMAaTH3UPOBAHHBIX CHCTEM SIBJISIETCS IIPHMe-
HEHHE MPOTPAMMHBIX MEIHATOPOB, OCHOBAHHBIX HA OHTOJO-
THSIX M BBICTYTIAIOIINX KaK CEMaHTHYECKUE TIOCPETHUKH B 00-
paboTke naHHBIX. Takue CeMaHTHYECKUE MEIHaTOPBI SIBIIS-
I0TCSI HOCUTENsIMU OHToslorndeckux b/l, uro obecneunBaer
YHU(UKAUIO UX S3BIKOBBIX CHCTEM W I0O3BOJISIET OOecrieyuu-
BaTh CEMAHTUYECKHU IEJOCTHBINA TUAIOr MEXIy B3auUMOJIEH-
cteytomuMu ACY u UC, kyna Takue nmporpaMMHbIe MeHa-
TOPBI BHE/IPEHBI.

Criemyer OTMETUTH, YTO OHTOJIOTHS ONPEEIseT MOHATHH-
Hy!o cuctemy IIpO, TO ecTh COBOKYIHOCTB €€ MOHATHH (KOH-
LIENTOB) ¥ OTHOLICHUI MEXy HUMH, B TO BpeMsI KaK KOHIIEII-
TyajibHass MOJENb ONHCHIBAET CTPYKTYpPY H ITOBEICHUECKHE
acrektsl [IpO. Konuenryanenas mognens IIpO Bkirouaer
CYIIHOCTH, PEJICBAaHTHBIE IIEJIIM CUCTEMBI, UX ONPEACTICHUS U
CBA3HM MEXIY HUMH, B TO BPeMsI KaK OHTOJOTHS — 3TO MOHS-
tus [IpO u cemaHTHYECKHE OTHOIICHUS MEXIY HUMU. OHTO-
JIOTHS, CIIe0BATENbHO, IOTHYECKH JOoMoNHAeT Moens I1pO,
IIPEACTABICHHYI0 €€ KOHLENTYaJbHOU cxeMoil. B TexHono-
rusix b3 mcnonp3oBaHME OHTONOTHM B KayeCTBE KOHLEHTY-
anpHbIX cxeM IIpO u B xauecTBe OCHOBBI MHTEp(]EHCOB pa3-
HOpoIHBIX cucTteM b3 mozBosser GopmynupoBarh 3ampocht
JAHHBIX B TEPMUHAX OHTOJIOTHH M OCYLIECTBISATh PACCyKIe-
Hus (Reasoning) Ha oHTonorusx. IloHsTus u oTHOIWEHHS Oa-
3UpYIOLIETocs Ha OHTOJIOIMH MHTep(delica B 3TOM cirydae cra-

HOBSITCS IOCPETHUKAMHU MEK/Ty I10JIb30BaTEIEM C ero HHpOop-
MalOHHBIMH TOTpeOHOCTIMU. MHpOopManuonHsle nmorpeo-
HOCTH TI0JIb30BAaTEllsl BBIPAKAIOTCSI B TEPMHHAX OHTOJIOTHH U
TPaJUIMOHHOW MOJENH NAHHBIX. Takue CHCTEMBI HAa3BIBAIOT
CHCTeMaMH JOCTyIa K JaHHBIM, OCHOBAaHHBIMH Ha OHTOJIO-
rusx, wm OBDA-cuctemamu (Ontology-Based Data Access
Systems, OBDA-systems) [41].

Onronornuecknit moaxon ucmons3dyercs B OBDA-cucre-
Max ISl OHTOJIOTHYECKOTO aHHOTHPOBAHHS KOHIENTYaIbHBIX
cxem BJI/B3. D10 nenaercs ¢ Heabio TOCTHKEHUS HE3aBUCHMO-
cTu oT TexHuueckux acnekToB CYB/l u ¢popmynupoBanus 3a-
npocos B TepmuHax IIpO [11, 19, 20, 26-29]. Tak kak KOHIE-
TyaJbHOE MOJEIMPOBAHUE OOBIYHO HCIONIB3YeTCs IS ONuca-
HUSI IOBE/ICHYECKHX U ()YHKLIMOHAJIbHBIX ACIIEKTOB, OHTOJIOT U~
YECKHUH MOJX0JI MOXKET OBbITh MCIOJIB30BaH U B 3TOM CiIydae.
Crnenyer OTMETHTB, YTO HA TEKyIIMHl MOMEHT TaKOH IOAXOX
ellle He MOJIy4UJI IHUPOKOro pacnpocTtpanenus [9, 29]. Hampu-
Mep, B padote [30] onpenensercs MOHATHE «OHTOIOTHYECKOM
YHCTOTBD» — MOKAa3aTeIsl KOPPEKTHOCTH M ITOJHOTHI KOHIIETITY-
QIBHOIM MOJENIN OTHOCHTEIBHO €€ OHTOJIOTMH M OTMEYaeTcs,
YTO OHTOJIOTO-YTPABISEMOE IPOEKTHPOBAHUE CTAHOBUTCA
Jierde /Uil MOHUMAaHMSA IIPH UCIIOIb30BAaHUHU OHTOJIOTHH B CHITY
OTIePUPOBAHUS €CTECTBEHHBIMH JUIS ITOJIb30BATEIS MOHATHSIMH.

TakuMm o00pazom, mpH pa3pabOTKe HHTEIIEKTyalbHBIX
TEXHUYECKUX CHCTEM OHTOJIOTHH I[€JIeCO00pa3HO UCIOIb30-
BaTh 114 [9]:

— ¢opmupoBaHusT W (PUKCAIIMU OOIIEro pa3feiseMoro
BCEMH dKcTiepTaMu 0Jioka 3Hanu o [1pO;

— ONMCAHUsI CEMAaHTUKH JAHHBIX C IIEJbI0 IBHOM KOHIIETITY-
amm3aruu [1pO;

— obecrieueHNs1 BO3MOYKHOCTH TTIOBTOPHOTO HCIIOJIb30BAHMSA
3HAHUN;

— onmcanus ¢pyHkuuoHanbHoctd ACY 1 UC (Tumnos pera-
eMBIX 3aJ1a4).

OHTOJIOTHSI MOXET UCIIOJIB30BAThCS B TIponecce (QyHKIHO-
nuposanus ACY u UC c nensto:

— obecIieueHns: COBMECTHOT'O HCIIOJIb30BaHUSI Pa3HOPOJI-
HBIX JaHHBIX W 3HaHUI;

— peanu3alyuy MPOLECCOB, COCTABIAIOMNX (YHKIMOHAb-
HOCTb CHCTEMBI;

— pyudmero noHuManus [IpO moabp30BaTEIsIMU CHCTEMBI;

— JIOCTW)KEHHS WHTErpaludl ¥ MHIPAlud Pa3HOPOAHBIX
JAaHHBIX ¥ 3HaHUM MeX]ly TEpPUTOPHAIIEHO PACIpeIeICHHBIMU
ACY u UC;

— obecrieueHnst (YHKIMOHAJIBHOW COBMECTUMOCTHU CyIlle-
CTBYIOUIMX HEHHTENJIEKTYAIbHBIX CHCTEM IIyTeM HaJACTPOUKHU
MOBEPX HHUX CEMAaHTHYECKH aHHOTHUPYIOIIMX MOJENbHO-alro-
PUTMUYECKHUX KOMIUIEKCOB, OCHOBAHHBIX Ha OHTOJIOTHAX.

[ popmanm3anyy OHTOJIOTHI B KadyecTBE TEOpeTHUe-
CKOTO amapara 3a4acTyl0 MCHOJb3YIOTCS JECKPUIIIMOHHbIC
noruku [7, 29, 31-37]: mo cymecTBy — ceMelcTBO (popma-
JU3MOB JUISI CTPYKTYPHUPOBAHHOTO MpEICTABICHUS 3HAHUM,
KOTOPOE CO3JaHO Ul NpUMEHEHUs (POpManbHOM CeMaHTHUKH
B CTPYKTYPHPOBaHHBIX, HE OCHOBAHHBIX Ha JIOTHKE S3BIKAX
MPECTaBICHNS 3HAHUII — CEMaHTHYECKHX CETAX M A3BIKaX
¢peiimoB. JleCKpUIIIIMOHHBIE JIOTHKHA PEATU3YIOT KOMIIPO-
MHCC MEXIy BBIPAa3UTEIHHBIMU BO3ZMOKHOCTSIMH U BBIUHCIIH-
TEJIHHON CIIOXHOCTBIO PacCyXACHHH, obecredymBas codeTa-
HHE BO3MOXXHOCTEH pa3pemuMbIX (parMeHTOB JIOTHKH MHep-
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BOTO MOPSAJIKA U MOJAIBHBIX JIOTUK C HEKOTOPBIMHU paciIupe-
HUSIMH, TaK KaK HE BCE aCIEKThl PEAIILHOTO MHUpa MpeJCcTa-
BUMBI B 3THUX JioTHKax [38].

TToutn Bce 00001IEHNST UIMEIOT UCKITFOYEHUS HITA COOIIFOIa-
FOTCSL TOJIBKO IO OTIPENEICHHOW CTEICHH, YTO COCTAaBIIIET OC-
HOBHYIO CJIO)KHOCTH (TIPUHIIMII €CTECTBEHHBIX DPa3HOBHIHO-
cteif) [39]. B aToii cBsI3M 1emecooOpa3Ho pa3feisaTh THIIOBBIC
CYITHOCTH W WCKIIOYHTENbHbIe (MHOUBHAB). Clemyrommuit
Ba)KHBIA aClEKT — HCIOJIb30BaHUE KAaTErOPHUl Ui CyKACHUN
0 KOHKPETHBIX 00BEKTaX, KOTOPHIC MIPOBOATCS C 3aJaHUEM Ha
HUX OTHOUIEHWH (TaKCOHOMHUH, MApPTOHOMHH, T€3aypyChl H
mp.). JlecKpUIIIMOHHAST JIOTMKA TO3BOJISIET CPaBHUTEIHHO
JICTKO pa3pellnTh 3TU 3aJa4H U B Psje CIydyacB MMeeT OoJjice
HU3KYIO BBIYUCIUTEIbHYIO CII0)KHOCTbD, Ye€M, HApUMeEp, BbIpa-
>KEHUS B JIOTUKE C IBYXMECTHBIMU NpeaukaTamu. PaccMoTpen-
HBIC TIOJIOKCHHS MOJITBEPKAAIOT EPCICKTHBHOCTD MIPUMEHE-
HUSL OHTOJIOTHH Ui BBIYHCIHMTEIBHO CIOXKHBIX 3a1ad, o0y-
CJIOBJICHHBIX COBMECTHBIM MaHHUITYJIHPOBaHUEM pPa3HOPOIHOU
nHpOpManueH, mepeaaBaeMoOi M3 Pa3IMIHBIX HCTOYHHKOB
JnaHHbIX cyuiectBytomux ACY u UC.

Taxue npuHIUIBI 0000IIEHUS U KaTETOPUIHOE OMHCAaHUE
MO3BOJISIOT 33/1aBaTh MOBEPX Pa3HOPOJHBIX MOJENEH JaHHBIX
cymiecTByrOmuX U yHacnenoBanHelx ACY u MC yHugwummpo-
BaHHbIE MOJICNIU TPEJCTABICHHUS 3HAHWA, OCHOBAaHHBIC Ha OH-
TOJIOTHSAX. DTa 0COOCHHOCTH IMO3BOJISIET MHTETPUPOBATH Pa3HO-
poanyto uapopmanutio ACY u MC, BBITIOJIHEHHBIX Ha Pa3jIHd-
HBIX TIATPOPMAaX, M 00CCIICYHUTH CO3/IaHUE CIMHO HHTCPIPETH-
pyemoii cuctemsbl b3, koTOpas MOXKET cTaTh OCHOBOM peanu3a-
uu uHTepornepadensHocT ACY u UC.

Kpome Toro, HeoOOXOAUMO OTMETUTH, YTO HCIOJIH30BAHUE
OTIIEIbHO B3ATHIX OHTOJIOTUN WIIN UX JIMHEHHOM COBOKYITHOCTH
(HampuMep, B BUJE MHOXKECTBA MpeAMETHBIX oHTosoruil BJI)
XapaKTepHO JIi MHOTHX CYIIECTBYIOIINX WHTEIUIEKTYaIbHBIX
TEeXHHYECKUX cucteM [7, 12, 16, 40—42]. Horma ucronsiyercs
Hepapxusl OHTOJOTHH IUIS WHTETPAIlMH TeTePOTEHHBIX UCTOY-
HUKOB JMaHHBIX. OHTOIOTHH, KaK (OpMaU3M HpPEACTABICHUSI
3HaHUH, MOTYT OBITh UCIIOJIE30BAaHBI HE TOJBKO JJISI OTIMCAHUS
cratnaaoi Mozenu [IpO, HO Taxoke W AJIs OTMMCAHUS TIPOIECC-
HBIX acMEeKTOB, MepapXui ueneu u 3aaay [39, 43—-45]. [Ipu ne-
pexoJie OT OIHOM OHTOJIOTHH K APYTOil MOTYT 3a/1aBaThCs Orpa-
HUYCHUSI, TUOO JOMYIICHUS IS 3a1aBacMOU CUCTEMbI (PAaKTOB
o IIpO, uro obecrieunBaeTCs ONMpECICHIUEM HEKOTOPOH COBO-
KYITHOCTH B3aUMOCBSI3aHHBIX OHTOJIOTHH TaK, 4TO 3TO MO3BO-
nseT Oojee THOKO MPOEKTUpOBaTh Mojaend. [1o100HyI0 coBO-
KYIMHOCTb OHTOJIOTUH IPUHATO Ha3bIBATh OHTOJIOTHYECKON CH-
cTeMoil. B nmuTepaTypHBIX HCTOYHUKAX TIPUBOIATCS pa3IHIHbIC
OTIpeNIeNICHUs] ATOTO IMOHSITHS, OJHAKO Ha MPAKTHKE COOTBET-
CTBYyIOIICH (POpMaTbHOM U pearn3yroIeii CHCTeMBI HaliIeHO He
owt0 [7, 21, 28].

TIPAKTUYECKHUE BOITPOCHI

JEKJIAPATUBHOI'O [TPOEKTUPOBAHUSA TTPUKJIAJHOIO T1IO

JlexnapaTtuBHOE MpoeKTUpoBaHue npukiagHoro [10 6a3u-
pyercs Ha cuctemMHoM aHanuze [IpO (aHamM3e MCXOTHBIX JTaH-
HBIX " pazpadbotke mojenu [1pO), pazpaboTke crienupukammii
TpeboBaHUH, pa3paboTKe KO/Ia, TECTUPOBAHUU U COTIPOBOXK/IC-
HHH B COOTBETCTBUH C KOHIICTIIMEH yIPaBICHUS KHU3HEHHBIM
IIUKJIOM NporpaMMHbIX cucteM [40]. AHamu3 UCXOJHBIX JaH-
HBIX U pazpaboTka crienuuKanuii TpeboBaHIH — 3TO Ba)KHEH-
WMHA 3Tall MPOEKTUPOBAHMS, ONMPAIOLIUICS HA SKCIIEPTHBIC
3HaHusl. DkcnepTHble 3HaHus o [IpO cymiecTBEHHO CloXHEe

COBPEMEHHBIX JIOTHYECKHX, (OPMaAIIbHBIX UIIM UHBIX MPEJICTaB-
neHuit Takux Monened. CyliecTByeT 3HaUUTENbHBIN pPa3phIB
MEXJYy aOCTPaKTHBIM, SKCIEPTHBIM MPEACTABICHUEM MOJIENU
IIpO u ee npaktuueckum BoipaxkeHueM B Buze b/l unu b3. Dxc-
MIEPTHBIC 3HAHUS JIOTHIECKH HE MOTHOCTHIO YIIOPSIOYCHEI, TO-
CTOSIHHO JOTIONHSIOTCS M U3MCHSIOTCS. B TakuX yCIIOBHSIX HC-
mons30Banne TpagunuoHHbX BJI/B3 3aTtpyaHeHO, B 3TOM CiIy-
yae pacCMOTPECHHE BO3MOXKHOCTH MPUMEHEHHST HETPaIUIFOH-
HBIX ITOJIXOH0B K ocTpoeHuto Moaenu [IpO — rpadoBeIx, 10-
KyMEHTapHBIX, KiIfou-3HaueHue u npyrux (NoSQL) — mpen-
CTaBIISAETCA JOCTATOUHO 0OOCHOBAHHBIM.

B pamkax morumko-mMHTBHCTHYECKOH mapanurmsl [10] co-
3nanue Mozenu [IpO MOXKHO MPeACTaBUTH B BUAE CIEAYIONIEH
MoJieNn pa3pabOTKH, cXema KOTOpOH Ipe/ACTaBlicHa Ha pH-
cyHke 1.

JloruKO-IMHTBUCTHYECKAs MOJAETHh pa3pabOTKH Mpe/noia-
raet npeodOpa3oBaHUE NAHHBIX, MMPEICTABICHHBIX B Tpaduue-
CKOH WMJIM JIMHTBHCTHUYECKOH (hopme, B Tornueckylo popmy (1o
AHAJIOTUH C JIOTUKO-TMHIBUCTHYECKON CUCTEMOH ynpaBieHUs
. A. Ilocnenosa [10]). IlpeacraBnenHast Mosiedb OTHOCUTCS K
CEMHOTHYECKIM CHCTEMaM U Ha €e OCHOBE MOJKET OBITh pa3pa-
6ortana Moenb Mo6oit [IpO B BHIEe OHTOJIOTHI ¢ HCIIOJIB30Ba-
HHUEM JECKPUIIOHHBIX JOTHK WM IPYTHX S3BIKOBBIX (opMa-
JI3MOB.

Bwibop Momenu mpencraBieHHs 3HAHWH Ha Pa3TUIHBIX
3Tamax TpaHC(HOpPMAIUH IKCHEPTHHIX 3HAHWA B OHTOJIOTHH
MMEET CYIIECTBEHHOE 3HAYCHNE U HE MOXKET OBITh IPOU3BOJIb-
HbIM. Ha nepBoii cragun ocymiecTBiIsieTcs: u3BieueHne Tpedo-
BaHuil (Requirements Elicitation), koTopoe mpoBOIUTCS Ha
OCHOBAaHUU aHaJIM3a 3aMbIciia 3aKa34MKa, MICXOMHBIX JaHHBIX,
MOJIEJIU ITPEIMETHOM 00JIaCTH M TIOTPEOHOCTEH HHTEPECAHTOB
B BUJI€ HHTEPBBIOUPOBAHMUSI, CIIEHAPHOTO aHAIN3a, MOJIEIUPO-
BaHUS M MPOTOTHNHPOBaHUA. [Ipr 3TOM 3KCHepTHBIE 3HAHUS
JIOJDKHBI OBITh TPEACTaBICHBI B JIMHIBUCTHYECKOM U rpadu-
YECKOM BHUE, JJIS TOTO YTOOBI n30ekaTh KOTHUTHUBHBIX IO-
Teph 3HAHUH PH UX IIepeade Ha CICAYIONIYIO0 CTaInuI0 TPaHC-
(hopManuu B COOTBETCTBHH C ITAIIOM KHU3IHEHHOTO IIUKJIA ITPO-
rpamMmel [46].

N3BiedeHue TpeOOBaHM, NMPHU OHTOJIOTHYECKOM IO~
X0/1e, TIPeaIoIaraeT COCTaBJICHNE ePEUYH TEPMHHOB, TIOHS-
THH ¥ UX onpeaeneHnil. TepMUHBI U MOHATHUS JOJHKHBI pac-
MoJIaraThbCs B TMEpEeYHEe C YYETOM OTHOUIEHWUH W 3aBHCHMO-
CTeH, CyIIeCTBYIONINX MeX Ay HUMH. Takum oOpazom, co3na-
eTcs CTPpYKTypUpPOBaHHAs OHTOJIOTHYECKas MOJENb — III0c-
capwuii/Te3aypyc, KOTOpasi €CTECTBEHHBIM 00pa3oM MOXET
OBITh NpejacTaBlieHa B Buje rpada MOMEYECHHBIX CBOWCTB
(Labeled Property Graph, LPG) [47]. Jance, Ha OCHOBaHUU
rpada rioccapus u ucciaenoanus [IpO, pazpadaTeiBatoTCs
LPG-rpadsl nHQOPMAIMOHHBIX MPOLECCOB U PEICBAHTHBIX
UM METaIaHHBIX, COOTBETCTBYIONINE LESIM H 3a1adaM IMpo-
TPaMMHOM CHCTEMBI, OIIPEACISIOTCS BHISIBJICHHBIC BIUUCIITH-
TeNBHBIC 3a/1a9l U WX B3aMMOCBs3H. Ha 6a3e aHanmm3a momy-
yeHHBIX LPG-rpadoB dopmupyercst KOHIENTyanbHas apXH-
TekTypa u crnenudukanus tpeboBanuil. [lomyueHHas cu-
creMa U30MOP(QHBIX TpadoB HCIOIB3YyeTCS KaK BEPXHUU
YpOBEHb OIMCAHUA TPEOOBAHUHN U apXUTEKTYPHl MPOTPAMM-
HOW CHCTEMBI, Kak rpadbl 3HAHUH NpEIMETHOH 00JacTH, Ha
6a3e KOTOPBIX MOTYT OBITH pa3paboTaHBI pa3INYHBIE YaCT-
HbIC OHTOJIOTHH: TpeOOBaHUN 3aka3zuuka, crenupuranui
TpeboBaHU, ONMMCAHMS aPXUTEKTYPHI U IPOYHE.
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Puc. 1. JIoruko-TUHTBHCTHYECKAS MOJIENb (POPMHUPOBAHUS CXEMBI PEAMETHON 00JIacTH

Cnenyer ormetutsb, uto LPG-rpadsr MoryT ObITh pazpado-
TaHbl KCIIEPTaMHU, HE UMEIOLIMMH HaBBIKOB IPOrpaMMHpOBa-
HUSL, @ POpPMaNN30BaHHOE OIMCAHNUE OHTOJIOTHHA — CIIEIHaIN-
cTaM¥ MHXeHepuH 3HaHui. [1pu aToM rpadsl 3HaHMH obecrie-
YHMBAIOT BAJIMIALUIO U BepU(PHKAIMIO OHTOJOTHH, JIerkoe Jo-
OaBJicHHE U U3MEHECHNE 3HAHHI.

3AKJIIOYEHUE

OHTOIOTHYECKOE MOAETHPOBAHNE ¥ KOHIEITYaTHU3AIHs
JIeKaT B OCHOBE JIEKJIAPATHBHOTO MPOEKTUPOBAHUS, KOTOPHIM
obecrieunBaeTcsl JOCTHKEHHE WHTeporepadenbHOCTH. [Ipu
9TOM Ha HAYAJIbHBIX CTAUSAX KU3HEHHOTO LUKJA C TOMOIIbIO
9KCIEPTHBIX 3HAHUN MOJICITUPYIOTCS CTPYKTYPHBIE OTHOILICHUS
U CBSI3U MEXIY WHGOPMAIMOHHBIMH MOHATHSMH, PEICBAHT-
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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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knowledge, graphs, application software, artificial intelligence.
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Annomayua. Crpareruss uudposoii TpaHchopmanuu
OAO «P/K/» obu1a paspadorana B 2019 rogy u BKJIKOYAET WIH-
POKUIi cHeKTP HU(PPOBBLIX TEXHOJIOIHIi, KOTOPbIE yK¢ BHEAPEHbI
WIH PacCMaTPUBAKOTCH K BO3MOKHOMY BHEJIPEHHIO, B TOM 4uc/Ie
aBTOMATU3ALUI0 BbINOJHEHUS] PYTHHHBIX onepanuii — podoTH-
3MPOBAHHYI0 aBTOMATH3alMI0 MpoueccoB. B crathe paccmatpu-
BaeTcsl XPOHOJIOTHsI MPOEKTA MO BHEAPEHHUI0 MPOTPAaMMHBIX Po-
6oros B I'BII, nesau u 3agaun npoekTa, BIOPAHHBbIC PelICHUs H
TEeXHOJI0THH, NPeNPHHATbIC OPraHU3AlMOHHbIe, TEXHHYECKHE H
Ka/JpoBble Mepbl, JOCTUTHYThIe Pe3yabTAThl M IUIAHbI Ha Oydy-
mee. PaccMoTpeHo noHsiTue arpeccuBHOil po00TH3aUH, HAIIPAB-
JICHHOH Ha NJiIaHupoBaHHe JeATenbHOcTH I'BIL ¢ neabio yBeau-
yeHUsl 00beMa paspaldaTbiBaeMbIX IPOrPAMMHBIX POGOTOB AJIs
CHUKCHHUs HATPY3KH HA MEPCOHAJI NPH BbINOJHEHHH PYTHHHBIX
onepanuii, BplejaeHusi 00/1bIIero BpeMeHH Ha pellleHHe HHTeJ-
JIEKTYa/IbHBIX 32724, OTJIAKYy IPOLeCCOB POOOTH3AIMH.

Kniouesvie  cnoea:
po0OTH3HPOBAHHASN
TpaHchopMauus,
BBIYHCIHTEIbHBI
podoTu3auus.

RPA, NpOorpaMMHbIe PoooTHI,
aBTOMATH3alUsl TpoLeccoB, UH(poBas
onepauuoHHasi 3¢ @dexkTUBHOCTH, [IaBHBIN
nentp OAO «PXK/», arpeccuBHas

BBEJEHHUE

Poccuiickas TpaHCHOpTHasi OTpacib JIEMOHCTPUPYET BbI-
cokue Temrbl 1udpoBoit Tpanchopmamun. OAO «PXK]», sB-
JISISICh KpyIHEHIeH rocyAapCTBEHHOW KOMIIAHUEH, BO MHOTHUX
OTHOIICHUAX CTaNa JIuaepoM IudpoBoii Tparchopmamm.

Crparerus mudpoBoii Tpanchopmarmu PXK/] Osuia paspa-
6otana B 2019 roxy. CriekTp nM(POBBIX TEXHOJIOTHH, KOTO-
pBle yXe BHEIPEHbI WM PacCMaTpUBAIOTCS K BO3MOKHOMY
BHEJIPEHHMIO, IT0JIPOOHO paclucaH U OYEHb IIUPOK:

— aHaJIMTHKA Ha 0a3e MalIMHHOTO 00yUYeHNS;

— KMHTEPHET Bellei»;

— pacnpeielieHHbIE PEECTPBI;

— yTIpaBJI€HHE TOJIb30BATEIBCKIM OIBITOM;

— BUPTyaJIbHAsA ¥ JJONOJIHEHHAS PEaJbHOCTD;

— aBTOMAaTH4ecKas HACHTH()UKAIMA U OTCIECKHUBAHUE 00b-
€KTOB;

— HOBBIE HHTEP(EHCHI B3aNMOIECHCTBHS C MOIB30BATEIIEM;

— pedeBbIe CEPBUCHI;

— nudpoBbIe TBOWHUKH ¥ MOJICITMPOBAHHE;

— DIIEKTPOHHBIE TUIOLIA]IKY;

— aBTOMaTrH3auusi pyTuHHBIX onepauuii (Robotic Process
Automation, RPA);

— HOCHMBIE YCTPOMCTBA,;

— «OonpIINe JTaHHBIE;

n.1.H. C. I'. Epmakos, k.1.H. [I. W. batanos

[MerepOyprekuii rocy1apcTBEHHBIH YHUBEPCUTET
nyTeii coodmenuns Mimneparopa Anexcanapa I
Cankr-IlerepOypr, Poccus
ermakov(@pgups.ru, d.i.batalov@yandex.ru

— nudposoe Monmenuposanue (Building Information Mod-
eling, BIM);

— aBTOHOMHaS TEXHUKA,

— Ipe/AcKa3aTeNbHast JUarHOCTHKA;

— IIPOLIECCHOE ~ yTIpaBJIEHHE OpraHu3aluen
Process Management, BPM) [1].

UccnenoBanus anannza 3(Q(EeKTHBHOCTH HCIIOIB30BAHUS
HOBOH TEXHOJIOTMM aBTOMATU3aLUH MOKAa3ajH, YTO BHEIpPEHHE
RPA cuwxaer 3arpatsl Ha FTE (Full-Time Equivalent, DxBu-
BAaJICHT TIOJTHOI 3aHATOCTH) Ha 50 MPOIICHTOB.

Kpome Toro, ¢ Touku 3penus 3atpar, RPA nemesne, yem
BHeapenne BPMS (Business Process Management System,
[Iporpammuaoe oOecriedeHne Ansl  ympaBieHus Ou3Hec-
nponeccamu), Tak kak RPA TpeOyeT MeHbIINX 3aTpar pecyp-
COB U BpeMEHH [2].

B Hacrosmiee Bpems B Poccum ucrnonpsyrorcs Gonee 10
oreuecTBeHHBIX RPA-mnatdopm. CocTaBisioTCsl UX €XKEerol-
HBIE peiiTunry [3].

B 2017 rony texnonorun RPA ctamu pacnpocTpaHAThCs B
Poccun. YuacTHUKM pbIHKA IOCTENIEHHO Hayalu y3HaBaTb O
BO3MOXHOCTSIX RPA-cucrem. IIpoHMKHOBEHHIO TEXHOJOTHU
CII0COOCTBOBAJIO TO, YTO M3-32 KOHKYPEHIMH C TOSBUBIIMMHU-
cs Ha pBIHKE oOTedecTBeHHBIMH RPA-mmatdopmamm, uHO-
CTpaHHBIE KOMIIAHHUHM-BEHJOPHl ONTHMH3MPOBAIN IIEHOBYIO
MIOJIMTHKY. B pe3ynprate 10 OZHOTO Tofa COKpaTHICS CPOK
OKymnaeMocTH BHeapeHuit RPA-cucrem.

B 2018 rogy HexoTopbie KPyHHbIE KOMITAHUH HEPEIIIH OT
MMUJIOTHBIX BHEIPEHUH K MOJTHOMACIITA0OHBIM IPOEKTaM, IpH-
3BaHHBIM TIEPEBECTH PYTHHHBIE ONEpallid B BEJCHHE MPO-
rpaMMHBIX poOoToB. Takke HaJa BHEAPEHWEM HadalH 3aIy-
MBIBaThCsl KPYNHBIN OM3HEC, PUHAHCOBBIN CEKTOP U TOCCTPYK-
TypHI [4].

JanpHeWmuii akTUBHBIA cmpoc Ha TexHosoruto RPA Bo
MHOTOM ObIIT 00YCIIOBJICH KOPOTKHMH CpPOKaMH BHEIPEHUS,
OYeHb OBICTPOW OKYIaeMOCTHIO M BO3BPAaTOM HMHBECTHLHUI B
MIPOEKT. PBIHOK, ycTaBImInii OT OOJIBLINX, CIOKHBIX U PECYpCo-
eMKkux U T-poeKToB MOJI0KUTENBLHO BOCIIPHHSLI TEXHOJIOTHIO,
IJie CpeAHMI CPOK Co3AaHus poOOTa Ha OJHH MPOIIECC COCTaB-
nseT MakcuMyM 1,5 Mecsima, a 3a cdeT BBICBOOOXKICHHUS pe-
CYPCOB IIPOEKT OKYIIAeTCs B CpeaHEM 3a 5-8 mecsies [5].

I[Ipu poGotm3amum pabodero mporecca aBTOMATHIECKU
BEITIOTHSCTCS CIIEMYIONUH QyHKIMOoHAM [6]:

— TMOJyYeHHE AOCTYIIa K To4uTe (YTEHHE, 3arpy3Ka, OTIIpaB-
JICHHE MaTepHajoB);

— B3aMMOJIEIICTBHE C KOPIIOPATUBHBIMH CUCTEMAaMU;

(Business
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— ontuyeckoe pacnozHaBanue cuMBoiioB (OCR);

— 00MEH JTaHHBIMHU MEXIY NPHII0KEHHUIMHY;

— BBITNOJIHEHUE 337a4 24 dYaca B CyTKH, IO PAaCHHCAHUIO
WU 3a11pocy.

OpHa MuHYTa pabOTHI PoOOTa B CPEIHEM COOTBETCTBYET
10-15 wmmHyTaM paboThl dYenmoBeka. [IpemmMymiecTBa TIpo-
rpaMMHOH poOoTH3amMU Tepen «craHmapTHeIMu» UWT-
MIPOECKTaMH:

— YMEHBIICHHE PECYPCHBIX 3aTparT;

— eIMHBIA NPOrpaMMHBIN HHTEpdEIic;

— yIpaBlIeHUE JOCTYNaMH K CUCTEMaM;

— ruOKas HacTpoWKa ¥ U3MEHEHHE POOOTOB.

XPOHOJIOT U TIPOLIECCA POBOTU3ALIMN ['BL] OAO «PXI»

B 2018 roxy rpymma corpyanukos ' BL] OAO «PXK]]» 00b-
eIMHWIIach JUISl IPOBE/ICHUS UCCIIEI0BATENIBLCKOM paboThl B 00-
macta RPA. Ynens! rpymmsl, Crenanos 0. H., JlormaoB A. JL,
Mopo3zos C. JI., JlenexoB B. A., BHIITOIHUIN TTONCK U TTOI00D
MaTepHalioB B ceTH VIHTEpHET, MOCETIIIN HH(POPMAIMOHHBIE
CEMHHApPHI, KOTOpPHIE TPOBOAWIA pa3padOTUMKH IUIaTdopm
TIPOTPaMMHO POOOTH3AIIHH.

B 2019 roxy B I'BLl Obu1 3amymeH mporecc MuppoOBOH
TpaHcopMmanuy, B KOTOPOM 0cCO0O€ BHMMaHHE YJIEUIOCH
pa3paboTke mporpaMMHBIX poboroB. KypaTopom mporecca
pobotuszaruu 661 onpeneneH Cmomspos Jmurpuit Apkajse-
BMY, 3aMeCTUTENb fupektopa ['BLI.

Xpononorus nporecca podotuzanuu I'BIl OAO «PX]»
npuBezieHa B Tabnuie 1.

Ta6muma 1
Dranbl pealn3aliy MPOeKTa M0 BHEAPEHHUIO MPporpaMMHbBIX po6oToB B 'BI[ OAO «PXK]I»
Ne
a/n JTan npoexkra Copepixanne pador Jara
Crapt npoexra BHepenns | Co3aHue IPOSKTHOH IPYIITE IO pa3padoTKe U BHEAPEHHUIO IIPOrPAMMHEIX POOOTOB.
1. . 4 xBaptan 2019 r.
texHosoruu RPA B I'BI |PyxoBoautens npoektHoi rpynnsl — Crenanos 1O. H.
ITnan-dakr . Hos6ps-nexadbpn
¢ Bri6op mnardopmsr Robin RPA b=t P
) Tpancdopmanuu 2019 r.
' I'BL] OAO «PXI»
L[Ha 2020 ¢ A Pazpabotka cueHapueB nporpamMmmHbix podotos I'BL] 2-3 kBapran 2020 1.
Pazpabotka nnana MeponpusTHit Despans 2021 1.
1. Co3nanue MoIMroHOB Pa3pabOTKU U SKCINTyaTallul IPOrPaMMHBIX POOOTOB JUIst
(yHKIMOHANBHBIX 3aKa3unkoB (puananoB OAO «PX]I»). Despans 2021 T
2. IloBblmenue kadecTBa 0(OPMIICHHS ITaCIIOPTOB IIPOTPAMMHBIX poOOTOB (MoxUpH- P '
Kallksl IPOrPaMMHBIX POOOTOB, YIYUIIICHUE KA4eCTBA).
1. Pa3paboTka BpemeHHOTO pernamenta B3aumoserictsust UBIl/LlenTpoB TexHOmOrH-
YECKOro CONMpPOBOXAEHUS/LIeHTpOB KOMIIETEHIMH 1TpU pa3paboTKe U SKCIUTyaTaluy
IporpaMMHBIX poboToB [uist iporeccoB I'BIl 1 hyHKIMOHATBHBIX 3aKa34UKOB. Maprt 2021 r.
Crapt npoexra 2. Opranu3zanus BBoJa B 9KCIITyaTanuio OpkectpaTropa — poOoTa, yIpaBJsIomero
3 «Buenpenune habpuky  |3aIyCKOM U COTIIACOBAHUEM paOOTHI IPYTHX IMPOTPAMMHBIX pOOOTOB.
' pobGoTnzanuu 1. Pa3paboTka nopsiaka mnoaxmodeHust K AC TEXHOJIOTUYECKUX YUETHBIX 3aIHCel.
B OAO «PXKI» 2. Pa3paboTka kKapT mpoIeccoB poOOTH3aIUH ¥ KOMIUIEKTOB TEXHHUKO-
KA P PT POt p 1 Armpens 2021 r.
HOPMHUPOBOYHBIX KapT.
3. BeipaboTKa eaiHBIX MPAaBUII Pa3pabOTKK MPOrPAMMHBIX POOOTOB.
Axryamuzanust [ITP B cBsi3u ¢ dopMupoBaHueM MOIUTOHOB poOoTH3anMu U1 QyHK- Vioms 2021 T
IUOHAIBHBIX 3aKa3YHKOB )
Co3nanne MexaHu3Ma ydera 3 GekToB 0T poOOTOB (PyHKIIMOHAIBHEIX 3aKa3UNKOB Cenrs16ps 2021 .
MopnepHuu3arys ABTOMaTH3HPOBAHHOM CHCTEMBI 0OPMIICHHS 3asIBOK [UIS IIepexofa K Hos6pb-neKabn
HOCTOSTHHOMY PELICHHUIO 1O BEJICHHUIO YUETHBIX 3aIicell B MHQOPMAIMOHHBIX CUCTE- 2p02? - P
Max JUIsl MOJIKJIIOYCHHUsI IPOrPaMMHBIX POOOTOB )
Vrunuzauus npoekta  |[Ipexpamienue pabot B pamkax npoekra «BHeapenue Gpadpuku podornsauuu B OAO
4 «Buenpenne ¢padbpukn  |«PXKI» 1 nepenaya pe3yapTaToB Ul AalbHEHIIEro conpoBokaeHus B LIeHTp komie- Mapr 2021 1
' pobGoTnzanuu TEHIMH 110 dKCIUTyaTanuH miatdopmsl podorusanun (LIKD PITA). P '
B OAO «PXKI» O6ecneueno BrIodeHne Meponpusituid B mmad [IKD PITA ma 2021 T.
5. | @opmuposanue IIKD PITA |Enqunas Touka Bxoja u opra"usatop npouecca — LIKD PITA c2021r.
IMoaroroBka muana paboT
o IInannposanwue nesrensrocTr I'BII ¢ nenbio yBenmuueHust 00beMa pa3pabaTbiBaeMBbIX
6. 110 arpecciBHOM porpaMMHBIX po6oToB (¢ 1 Teic. 10 10 THIC. B TON) ©2023r.
po6otuzamuun OAO «PXKI» porp P ) )

IIpenmoceuikaMu ¥ MOTHBALMEW K peaiv3allid IpPOoeKTa
poOOTH3AIK SBHIIUCH OTPOMHBIE OOBEMBI JTAHHBIX O padoTe
KOMIaHWU U mojib3oBatessix MC, KoTopble COTpYAHUKAM WH-
(hbopmanmoHHO-BEIUUCAUTENBHBIX  TIeHTpoB  (MBI]) OAO
«PXX1» npuxoauinoch BBOAUTE B JICKTPOHHBIC JJOKYMEHTHI.

B PX]] pa6otaer oxono 500 uHGOPMAIHOHHBIX CHCTEM U
240 Tteic. monb3oBareneil. 9 500 kontparentoB Benyt ¢ OAO
«PXK1» 31meKTpOHHBIH JOKYMEHTOO00POT.

Texnuueckol nonnepxkod 3anumarorca 4,5 teic. UT-
cnennanuctoB ['BII, paconoxxennsix B 16 UBI] ot Xabapos-
cka 1o Kanununrpaza.

AHanu3 oOpaleHuii Mmok30BaTeNel Mmokasanr, 4Tto Ooee
70 % 3anmpocoB — MOBTOPSIOLIUECS U OAHOTUIIHBIE. [7]. B Tog
00pabaTbIBaeTCs 10 7 MITH 3alpPOCOB.

Lenpto mpoekTa poOOTU3ALMK CTAJIO TMOBBIIICHHUE OTepa-
oHHOM 3¢ dexruBHocTH OAO «PXK]I» 32 cueT yBenudyeHus

Humennexkmyanvnuvle mexuonozuu na mpancnopme. 2023. Ne 3 15




Intellectual Technologies on Transport. 2023. No 3

CKOPOCTH pabOoThl M CHW)KEHMS 3aTpar OdK-oduca B CBS3H C
poboTH3auel pyTHHHBIX ONEpaIyi.

Jns pocTwkeHMs yKa3aHHOM Nenu OBbUIM  ONpeJeleHbI
cremyromnre 3anaqdu [8]:

1. Cokpatuth Bpems pOpPMHUPOBAHHS W 3aMOJHEHUS BHYT-
PEHHHUX JOKYMEHTOB, ONTHMHU3HPOBATh JOKYMEHTOOOOPOT C
KOHTPareHTaM# ¥ 3alpochl MONb30BaTENCH HHPPACTPYKTYPbI
OAO «PX».

2. Co3pnathk coOCTBeHHYIO «(padpuKy poOOTOB» U pa3pabo-
TaTh CHCTEMY OLICHKH YKOHOMHYECKON 3()(EKTUBHOCTH po0OO-
THU3alUH.

3. CHU3UTP JIOJIO PYTUHHBIX M OJHOTHUITHBIX OTeparuii, 00-
pa6aTI)IBaeMI)IX YEJIOBEKOM, 3a CUHCT BHEAPCHUA NCKYCCTBECHHO-
T'O UHTCJUICKTA B ONIEPALIMOHHBIC MTPOLCCChI KOMITAaHUH.

PEIIEHUE U TEXHOJIOTUU JIJIS PEAJIU3ALIMU TTPOEKTA

B 2019 rogy OAO «PX]I» mpoBeno KOHKypC Cpenu oTe-
YeCTBEHHBIX pa3padoTynkoB RPA-mmathopm.

ITo pesympTaTam KOHKypca Obuta BeIOpaHa mIaTdopma
ROBIN RPA, xotopas mo3BoisieT co3aaBatb poOOTH3HPOBaH-
HBIC TIPHUIOXKEHHA I0J CIEHU(UIECKHe 3aadd, pPeIacMble
nH(OpMAaMOHHBIMU cHcTeMaMy KomnaHu. [1nargopma Rob-
in RPA mmpoko wWCmoip3oBajack B Mpolecce HUPPOBOIA
TpaHcopManuy U IPyrux TPAHCIIOPTHBIX KOMIIaHUH [9].

Taroke ObLIO TMPUHSTO PEHICHHE O CO3IaHUU COOCTBEHHBIX
LEHTPOB KOMIeTeHlui uis paborsl Ha mardpopme ROBIN
RPA Ha 6a3e ['71aBHOTO BBIYHCIUTEIBHOTO IICHTPAa U HHPOP-
MAalMOHHO-BBIUYUCIUTENBHBIX IIEHTPOB KOMIIAHUH, PAacIIojio-
>keHHBIX B 16 ropogax npucytctBust OAO «PXD».

O6praH0 RPA-TImaTdopMbl orpaHIYHBaOT MOJIB30BaTENCH
10 CPOKY JEHCTBHUS U KOJIMYECTBAM YCTaHOBOK, ogHako OAO
«PXI» mpuobpeno mpaso mons3oBanus miatgopmoir ROBIN
0e3 orpaHHYCHAN.

Koopaunarus mpoekta poGoTu3aiuy OblIa BO3JIOXKEHa Ha
000 «PXK]I-TexHoIOTHWY.

IIpu peammsamuu npoekTta pobotusamumu B I'BI[ OAO
«PXI» Obutn BOCTpeOOBaHBI Clieayromue (QyHKIHOHATbHBIC
Bo3MokHOCTH TuaTdopmsel ROBIN RPA:

— pabota ¢ web-cTpanumamu (cOop, HaloOJIHEHHE, IEPEHOC
KOHTCHTA);

— pabota ¢ mpunoxenusiMu Windows (3amyck mpuioxe-
HYSI, IMUATALUs pabOTHI 10JIb30BATENS);

— pabota c 6a3aMu JaHHBIX (BbITONHEHHE SQL-CKpUNTOB);

— paboTa ¢ O(QHUCHBIMH TPUIOKEHUSIMH (3allOJIHEHUE J0-
KyMEHTOB, COOp M COPTHPOBKA MH(POPMALINHU U3 TAOIHUI] U TEK-
cTa);

— paborta c ¢aitnoBoii cuctemMoil (KOMpOBaHKE, YIaICHHE,
nepeMenieHne (GpaiaoB 1 Marmok);

— paboTa ¢ HECTPYKTYpPHPOBAaHHBIMU TEKCTOBBIMH JaHHBI-
MU (KiIaccuduKanys JOKyMEHTOB M OOpallieHHul, U3BJIeUeHNE
CYIIHOCTEH U3 TEKCTa);

— paboTa ¢ NIEKTPOHHOI MOUYTON (OTIIpaBKa, IOJIyYCHHUE
ITHCEM C HCIIOIb30BaHNEM (DHIIBTPOB);

— MalIMHHOE 3peHHe (IIOMCK DJIEMEHTa HPWIOKCHUS II0
KapTUHKE);

— npeoOpa3oBaHe TAaHHBIX B 3aJJaHHBIN opMarT.

Cpenu oteuectBeHHBIX RPA-mmatdpopm ROBIN RPA ot-
JUYaIach CICAYIOMNME NPEHMYIIECTBAMU:

— KOHTpOJb JACHCTBHHA poOOTa 3a CUET BEACHHS 3alicCh
JICHCTBUIM;

— CHWDKCHHE 3aTpaT M KOJNYECTBA OIIMOOK B PE3yibTaTe
HCTIOJIB30BaHUs po0oTa;

— BBICOKasi THOKOCTh M XOPOIIIasi MacIITadHPyeMOCTh;

— KpyrJaocyTouHas pabora pobora, 0e3 BEIXOIAHBIX U IIepe-
KypOB;

— COKpallleHHe BPEMEHH BBITIOJHEHUS 3a/ad 3a CYeT 00b-
CANHCHUA JaHHBIX U3 PAa3pO3HCHHBIX CUCTEM;

— IIPOCTOTa MEPEeHacCTPOHKU podOTa MO CPABHEHUIO C IIe-
peoOyueHHEM YeloBeKa;

— OTCYTCTBHE HEOOXOIUMOCTH CIIOKHOW CHCTEMHOH MHTe-
rpanun po6oToB B cyniecTByomyo UT-uappactpykrypy.

OPTAHM3ALIUS TTIPOLIECCA POSOTU3ALIMU

Jnsa peanuzanuu munotHoro npoekra B 2019 r. B I'BI]
OBbUT BBITIOJIHEH KOMILJIEKC OPraHM3alMOHHBIX M TEXHUYECKHX
MEpOMNPUATHI U KaPOBBIX PEIICHUI:

1. Pa3paboTaHbI IUTaHBI ¥ PETIAMEHTHI:

— co3gaHa MeTonuKa pa3paboTKH M BHEIpPEHHUS poOOTOB H
porHo3a 3GGEKTUBHOCTH UX WCIIOIB30BaHUS HA OCHOBE JIaH-
HeIX Service Desk;

— pa3paboTaHbl IUIAHBI POOOTH3aIMK (TUTAaHBI IO paspa-
00TKe M BHEIPEHMIO MPOTrPaMMHBIX poOOTOB B pabdoty LleH-
TPOB TEXHOJIOTUYecKoro conpooxaeHus/MBII);

— pa3paboTaHO apXHUTEKTypHOE pELIeHHEe 110 pa3BepThIBa-
HHUIO KOMIUIEKCa C 1aThopMoii poO0TH3aIUY;

— YTBEPKJCHO BPEMEHHOE IPOTrpaMMHO-TEXHHUECKOE pe-
IEHHE;

— pa3pa0boTaH KOMIUIEKT JOKYMEHTOB IO HH(popManmoH-
HoH 0€30I1acHOCTH;

— MOATOTOBJIEH BPEMEHHBIH pErJIaMeHT pa3paboTKu |
MPUEMKH TIPOrPaMMHBIX POOOTOB B 3KCILTYaTALHIO.

2. BBezieHO IPOEKTHOE YIIPaBIICHHE:

— CO3/aHbl IPOEKTHBIE KOMaH/IbI;

— BBEJICH PETYJISIPHBIA KOHTPOJIb PE3yIbTaTOB;

— NIPOBEICHbl KOMMYHHKAIUOHHBIE IJIOMIAAKU C COTPYA-
HuKamu L{eHTpoB TexHoI0THYecKoro conpoBosxkaeHus/NBL;

— 00pa3oBaH MOTHBAaLMOHHBIA (QOHA (C IENBI0 moouipe-
HUSI TIPOEKTHBIX KOMaHJ II0 MTOTY BBIMIOJIHEHHS IJIAHOB PO-
OoTH3anun).

3. Baecensl u3MeHeHus B cTpykTypy I'BLI:

— copmupoBansl LIeHTPEI TEXHOJIOTHYECKOTO COIPOBOXK-
neans Hosoro IMoxonenus (UTC HII), ckoppexTupoBaH pe-
rameHT LIeHTpoB TexHonorudeckoro comnpopoxaeHus/MBI]
(B perimamenTtsl 1{TC/UBI] BHeceHBI KOPPEKTUPOBKHU C IEIIBIO
(dopmupoBaHus Tpynn pa3paboTKW W NPOEKTUPOBaHHS IPO-
TPaMMHBIX POOOTOB);

— chopmupoBad LleHTp KOMIIETCHIMH MO 3KCILIyaTallUd
wiatdopmbl podotusaruu (LIKD PIIA).

4. OcyImecTBIEHO PacIpOCTPaHECHHE HHCTPYMEHTOB po0o-
TH3aLNH:

— co3naH noptan PITA (mopran MOHHTOpWHTA MPOTpaMM-
HBIX poOOTOB);

— BHEJIpeH poOOT-OpKecTpaTop (IpOrpaMMHBIA pOOOT 110
YIPaBICHUIO HKCIUIyaTalied — cucreMa yIpasieHus po0o-
TH3AIMEeH PYyTHHHBIX ONEpaIiii).

— OpraHM30BaHbl y4eOHBIE Kypchl U1 Pa3pabOTYMKOB U
MPOEKTUPOBIINKOB MIPOTPAMMHBIX pOOOTOB.
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TIPOMEXYTOUYHBIE UTOI'M PEAJIM3ALIUY IIPOEKTA

TIo uroram 2020 roma B OAO «PX]I» ObLau 1mojBeIEHEI
MPOMEXXYTOYHBIE UTOTH ITPOEKTa podoTH3aluH [8]:

— 200 cnemmamuctoB OAO «PX]» cdokycupoBanmce Ha
paboTe ¢ MCKYCCTBEHHBIM WHTEJUIEKTOM W BBITIOJIHEHWH WH-
TEJUICKTYaNbHBIX 3a/a4 Onaromaps pealu3aldd IpOeKTa po-
0OTH3AIINY;

— BHeapeHo 6omee 1 100 mporpaMMHBIX poOOTOB;

— po6otusuponano 6oinee 1 000 pyTHHHBIX Omepanuii;

— B 3-5 pa3 yBeIMYMWIACh CKOPOCTb BBINOJHEHUS PYTHH-
HBIX ONEpalyi C IOBBINICHHEM KadecTBa M HCKIIOYCHHEM
OIIHOOK;

— nopsaka 600 000 3ampocoB moss3oBarenedr UC OAO
«PX]]» obpaboranu po6oTsI;

—c¢ 15 10 4 MEHYT COKPAaTHIOCH BpeMs 0OpaOOTKH BXOISI-
11eit 3asBku moJb3oBatens VIC B ciryk0e moJaepiKKH.

Haubonee HarnmsaaHsni 3g ekt mpoIeMOHCTPUPOBATH CIIe-
IYIOIIHE POOOTHI:

1. Pobor ACY BOII-3 «AIMHHUCTPHUpPOBaHWE BHYTpPCH-
HUX TIONB30BATENICH: CO3/MaHUe, TMPOMJICHHE W OJOKHPOBKA
YYETHBIX 3aluceii»:

— 23 899 oOparieHunit BEIIOIHEHO POOOTOM;

— po6otom BbIMONHEHO 88 % BCero KoiaudecTBa oOparie-
1317070

— BpeMsl BBINOJIHEHHU OOpaIieHuit cokpamieHo ¢ 48 mo 8
4acoB;

— 4 coTpyTHHKA MPUBJICYCHBI K YIACTHIO B HOBBIX MIPOEKTaX.

2. Po6oT «3amomHeHne TaHHBIX B CXEME JKEJIE3HBIX JOpOT
¥ MEXIOPOXKHBIX CTHIKOBBIX ITYHKTOB IpHEMa T'PY’KCHBIX Ba-
roHoB Ja"HHeIMH 13 UC CUCx»:

— 3aIlOJTHCHHE TAHHBIX ITOJIHOCTBIO 0€3 YJacTHs YelIOBeKa:
BpeMs 3aIllOJTHEHUS COKPAIIEHO C 3 4acoB A0 7 MHUHYT;

—Ha 100 % UCKIIIOUYEHO KOJUYCCTBO OIMMOOYHBIX TaHHBIX;

— Ha 90 % moBbINIEHa YacTOTa OOHOBJICHHUS TaHHBIX.

Hns (yHKIIMOHATBHBIX 3aKa34YHUKOB (punmanos
OAO «PX1») 6putn chopMyTUpOBaHBI MIEPCIEKTHBHI HOTY-
YyeHus 3P PeKTa OT UCTIONB30BAHHS TPOTPAaMMHBIX pOOOTOB:

— COKpallleHHe BPEMEHH COTPYIHUKOB Ha BBHIIIOJHEHHE PY-
THUHHBIX OTepaluil (OTYETHl, BHECECHNE TAaHHBIX B aBTOMATH3H-
POBaHHBIE CHCTEMBI, COOP CTATHCTHKH, aHAINTHKA U JIp.);

— NepeBOJ COTPYIHUKOB Ha BBHINIOJHEHUE 00JIee MHTEIIEK-
TyaJlbHBIX 33/1a4;

— CHIDKEHHE KOJHMYECTBA ONMIMOOK HM3-32 OTCYTCTBUS YeIO-
BEUYECKOTO (paKTopa;

— YBEJIIMYCHUE CKOPOCTU BBIMIOJHEHUS PYTUHHBIX OIEpa-
[IUH BBUIY TOTO, YTO POOOT paboTaeT OBICTpEe YSIIOBEKa;

— OpraHm3allisl HEMpephIBHOTO OM3HEC-Tporecca s
KOMITaHUU BBUJY TOTO, YTO POOOT HE OTBJIEKAETCS Ha OTIYCK,
OOJIbHUYHBIN U T. 11.;

— BO3MOXXHOCTh pEILCHHs] HOBBIX OHM3HecC-3aJa4, TO €CTb
MepeKII0YeHNe BHUMaHHs U CHJI Ha HAaIlpaBJIeHUsl, Ha KOTOpbIE
paHee He XBaTajo BPEMEHH.

DABPUKA POBOTU3ALIUN
VYcnemnsle MPOMEXYTOUHbIE WTOTH IPOEeKTa poboTH3a-
uuy, nojaeeneHHble Mo utoram 2020 r., MO3BOJIWIN MEPEUTH K
peammzarmu B 2021 1. crnepyromero mpoekta, «O0nauHOR
(abpukn mporpaMMHBIX  poOOTOB» AL TPAHCHOPTHO-
JoructTuueckoi orpaciu [10].

«O6naunas ¢pabpuka» — 3TO oTeyecTBeHHast HU(poBas
UHPPACTPYKTYypa, Ha KOTOPOH KIIMEHTHI CMOTJIH aBTOMATH-
3UpoBaTh CBOW OmzHec. Peub mper 00 aIMUHHCTPUPOBAHUHT
MH(POPMALIMOHHBIX CHCTEM M 0a3 [aHHBIX, JJIEKTPOHHOM
odopMIIeHHH yCIyTr, 00pabOTKe 3BOHKOB KOHTAKT-IICHTPA.
IIpoext Brmroumn B cebs miaaThopMmy Uil SKCILTyaTaluu
MPOTPAMMHBEIX pPOOOTOB, MOIYJb pa3pabOTKM M MarasuH
TOTOBBIX POOOTOB, I'ZA€ IOJB30BATEIM CMOTIHM IOKyHaTh
MPOTPaMMHBIE PELICHUs U1 NPUMEHEHHUS B paMKax IuIaT-
(G opMBI.

Ha moprane moTeHIMalbHBIe 3aKa34MKH U3 YHCIA MOA-
pazmenennit  PXKJI wm  kxomer mo  TPaHCIOPTHO-
JIOTHCTUYECKOMY KOMIUIEKCY MOTJIM CO3[aTh COOCTBEHHBIIN
KaOMHeT I MOKYNKHU M 3aKka3a poboToB. M ObuM mocTym-
HBI FOTOBBIE POOOTHI MJIM THIIOBBIE OJIOKH, U3 KOTOPBIX MOXK-
HO coOpaTh poboTa HyXHOH KOH(pHUTyparuu. Tam xKe MOXKHO
ObUTO 3aKa3aTh OPUTHHAIBHOTO NPOrpaMMHOTO pobota. J{is
9TOT'O HY)XHO OBUIO OCTaBHUTH 3asBKY C NPHIIOKECHHUEM TeX3a-
JaHWs, KOTOpas YXOAWIAa K MPOM3BOIUTEISIM, 0J0OPEHHBIM
000 «PX-Texnomorum» i pabotel Ha mnardopme. Ilo-
CJIE ATOTO Pa3pabOTUNKHU JIENalu MPEATIOKEHUS, U3 KOTOPBIX
3aKka3yuk BeIOMpan monxonsgmee [11]. Ilpum srtom mnnan-
rpauk pa3paboTku poOOTOB OBUI pacCUMUTaH Ha CPOK OT 25
1o 41 gueit (puc. 1).

B pamxkax mpoekrta pelajgnuch Cleayrone opranu3aiioH-
Hble 3aaa4u [12]:

1. Momynsapu3anuss WAEH TPOTPaMMHON pOOOTH3ALUHU
BHYTPEHHHM 3aKkazdunkaM (noxpasnencamam PXK]T).

2. Pa3paboTka METOIOJIOTHH pacdeTa SKOHOMHUIECKOH d¢-
(hexTUBHOCTH TSI 0OOCHOBAaHHS IIETIECOO0Pa3HOCTH POOOTH-
3aIlH IPOLIECCOB.

3. Pa3paboTka u yTBEp)KACHHE PETIIAMEHTOB M JIOKAIBbHBIX
HOPMaTHBHBIX aKTOB 110 POOOTH3AIMH.

4. Co3nmaHue IIeHTpa OOYYCHHsS MO CO3JAHUIO0 M IKCILTya-
TalK¥ TPOTPAMMHBIX POOOTOB.

5. Coznanve «®Dabpuku poOOTH3anuUU» Ha 0a3e peruo-
HaJIBHO paclpeieIeHHbIX noapasaencuui I'BII.

6. [IpoMbILIIEHHBIH BBITYCK POOOTOB M YCKOPEHHBIA HX
BBO/JI B 9KCILTYaTaIHIO.

7. Co3aHre MEXaHU3MOB M CUCTEMBI YIPABJICHHS SKCILTY-
aTaiyei mapka IporpaMMHBIX POOOTOB, KOJMYECTBEHHO IIpe-
Beimaromero 1 000 mrt.

8. CozmaHne METOAMK TOHMCKA MPOLECCOB Ulsi poOoTH3a-
MM W MacliTabupoBaHUE HCIOJB30BaHUS POOOTOB BO BCEX
noapaznenenusx PXI.

OnHO# M3 BaXKHBIX TEXHOJIOTMYECKHX 3a/a4 MMPOEKTa SB-
JSIOCHh BHEJIPEHHE CHCTEMbI YIPABJICHHUS MapkoM pOOOTOB,
KOTOpas MO3BOJIMJIA YIPABIATH MACCOBBIM PacIpOCTPAHEHH-
em texHoiormn RPA B mogpasmenenmsx I'BL[. Hannyio
(YHKIUIO BBITIOJHSUT MOJYJb JUCIIETYEPH3ALNN POOOTOB Ha
miatpopme ROBIN — «ROBIN Orchestrator» u cnennanu-
3UpPOBAaHHBIN NMPOTPaMMHBII po0OOT, B KOTOPHIX coOMpaercs
Bcst HHpopMarus o padbote podotos u 06 ACY, ¢ KOTOphIMH
OHH B3aMMOJIeHcTBYIOT. Tak e 3Ta cucTeMa Mo3BOJIseT KOH-
TPOJNMPOBaTH PabOTOCIIOCOOHOCTH POOOTOB, BECTH y4ET ILIa-
HUpyeMbIX n3MeHeHni#t B ACY u aHanM3MpoBaTh HEOOXOIH-
MBIE€ HCIPABICHUS] pOOOTOB NPH MIAHUPYEMBIX H3MEHEHHAX
ACY, KOHTpPOIMPOBATH CEPTHPHUKAIHUIO SKCILTyaTHPYEMBIX
po6otos B I'BI] [13].
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Paspabotka nporpammHbix pobotos (o1 25 go 41 aHei)

— 1peHb ——p— 2-5 gHeit —Pp— 10 gHelt —Pp—— 2-5 gHeit —p— 5-10 gHeit ———p— 5-10 gHelt —

3asBKa Ha

poboTuzauuio Mporotun

®YHKLMOHANbHbIN 3aKa3umk

3anBKa Ha MpoToTnn pobota
poboTusaumio peanusyet ®3 npu
COZIEPMMT OMUCAHUE | HANMUMM CBOMX
PYTMHHOM Onepauny, = pa3paboTuMKOB

a TaK:xKe pacyeTt RPA, B npoTMBHOM
sbdekra oT ee cnyvae —

poboTtusauuu.

Nabopatopus RPA.

Crabunuzaumn

Nabopatopus RPA

Nabopatopus
cTrabunusmpyert
COrNIAaCOBaHHbIN C
®3 npototun
poboTa ¢ yuetom
NIYYLLIMX NPAKTUK
poboTtusauum u

OnbiTHaA MpomblLneHHas
TectuposaHue 3KcnayaTauma JKcnnyataums
DyHKLMOHaNbHbIN 3aKa3unk
LleHTp KomneTeHumin akcnayaTaumm RPA
®yHKUMOHaNbHOE | JlabopaTopuA roTOBMT
TecTupoBaHue 3KCNIyaTaLUMOHHYIO
nporpaMmHoro ZLoKkymeHTaumio, ®3 n
pobora. LLK akcnnyaTaumm

dKkcnepTr3a Ha

onpeaenstoT NOJUIoH
BHEZPEHUA U

TpeboBaHui1
3KCNyaTaLumm un

UHdopmaLmoHHOM

besonacHocTw.

COOTBETCTBUE

Tpe6osaHnam 3anyckatot 03.
skcnnyataummyu  J1abopatopus
WHdopmaLmoHHoii COMPOBOXAAeT poborta
BesonacHocTy. 8 03.

Puc. 1. [Tnan-rpaduk pazpadboTku poOOTOB

LIEHTP KOMITIETEHLIUIA
T10 DKCIUTYATALIMU TNTIAT®OPMbI POBOTU3 AN

[Tocne 3aBepmenust npoekra «OOmauHOM (habpuku mpo-
IrpaMMHBIX POOOTOB» BCE pe3yJbTaThl (pa3paboraHHbIe po0O-
Th) OBIIM TeEpenaHbl Uil IalbHEHIIEro COMpPOBOXKICHUS B
HKD PITA — emuHyI0 TOYKY BXOJa U OPraHU3aTOPy IpoIec-
ca poboruzarmu B I'BI] [14].

OmHUM W3 UTOTOB 3TOTO TEPHOAA CTalo POPMHUPOBAHHE 1
BHEAPEHHE MOJETH MPOo(pEeCCHOHAIBHBIX KOMITETCHIINI B 00-
nactu RPA.

B pamkax peanu3anuu NpoeKTa Ui pa3BUTHS KOPIOpa-
TUBHBIX koMneTeHIuil B KopnoparusHoMm yHuBepcutete PXK/I
npouuty o0y4yenue 314 yesoBexk.

Jliis peanu3anuu 3ama4 uMIoprosamernieHus o0ydeHo 420
YeJIoBeK (Ha mporpammax 3a cuet Oropkera ['BLI).

PaspaboTtansr 3 kypca mo RPA, mo KOTOpeIM 4epe3 CHucTe-
My JUCTaHIMOHHOTO OOYYEHUs MOBBICHIN KBalTH(HUKALUIO: B
I'BL] — 1439 yenosek, B nogpazaenenusx PXJ — 2 680
YeJIOBEK.

[Iponumm OnEHKy: MO0 KOPIOPATUBHBIM KOMIETEHIUSAM —
605 pyxoBoamteneii, 3 156 cmernmanucToB, 1Mo mMpodeccro-
HaAJIBHBIM KoMIleTeHIusM — 196 pykoBoaurenei, 2 331 cne-
IIAJTHCT.

3aKI0YeHBI OTOBOPHI € IIECTHIO By3aMH JKEJIC3HOIOPOXK-
HOTO TpaHCIOpTa Ha MpenocTaBieHue aoctyma B Cucremy
JIUCTAaHIIMOHHOTO 00y4eHus Kk Kypcam «HAC.3HaHu».

ATPECCUBHAS POBOTM3ALIS OAO «PX]I»

C 2023 roga Havanmach MOJTOTOBKA IJIaHa paboT 1Mo arpec-
cuBHOi pobormamnun OAO «PX» ¢ menpio yBenwdeHHS
obpeMa paspabaThiBacMbIX MPOrPaMMHBIX poO0TOB (¢ 1 THIC.
1o 10 TeIC. B TON).

[Imar npegycMaTpuBai pemeHne CIeyONIiX 3a1ad:

1. Pa3rpy3uTh nepcoHan OT PyTHHHBIX OIE€palMid, BbLIE-
JIUTH BpeMs Ha PEIICHUE UHTEUICKTYalIbHbIX 3a1ay.

2. Hamamute mpouecchl poO0OTH3aMK OT 33AyMKH 10 JKC-
IUTyaTalu.

3. Ob6ecrieunTh TMPUHITAE OOOCHOBAHHBIX SKOHOMHUYCCKU
BBITOJTHBIX YIPABIEHUYECKUX PEIICHUH 0 poOOTH3aHN.

st pemieHnst yka3aHHBIX 3a7ad MPEayCMaTpUBAJIOCh BbI-
TIOJTHUTH MEPOIPHSTHS B HECKOJIBKUX pa3zenax:

1. Opranu3aniOHHbIE BOIIPOCHI:

— MPOBECTH PACIINPEHHBIE 03HAKOMUTEIBHBIE CEMUHAPHI C
(YHKIIMOHAJIBHBIMHU 3aKa34MKaMHU 110 TEXHOJOTHMH poOoTH3a-
1y,

— o0ecIieunTh peryiisipHble PacChbUIKM HH(GOPMAIIMOHHBIX
JIMCTKOB, MyOiukanuu B «BectHuke mudposoii tpanchopma-
MW» C HOBUHKAMHU B 00JIaCTH BHEJpEeHUs] NU(POBBIX CEPBU-
COB.

2. [lomynapu3anus TeXHOJIOTHH:

— JIaTh CTapT PaCIIMPEHHOMY IIPOEKTY pOOOTH3AINY;

— BKJIFOUMTH POOOTH3AIMIO B KA4ECTBE 00513aTEIHHOTO Me-
POTIPUATHS B IPOTPaMMY ITOBBIIICHUS 3()(HEKTHBHOCTH.

3. MHcTpyMeHTHl 0QOpMIIEHHs 3asiBOK Ha POOOTH3AIMIO
JUtst QyHKIIMOHAIBHBIX 3aKa3YNKOB:

— pa3paboTtaTh MOPTaid POOOTH3AIMK (MapKETILICHC) s
(hyHKIMOHATBHBIX 3aKa34HKOB C IMpUMEpaMu PoOOTOB B pas-
pe3e MHGOPMAIMOHHBIX CHCTEM, IPE3EHTAINSAMH HOBHHOK H
JOCTUTHYTHIX 3¢ (eKToB, HHCTPYMEHTOM ISl pacueTa 3¢ dex-
Ta ¥ (HOPMUPOBAHHS MACTIOPTA.

C menplo peanu3auy MpoeKTa Hadanach pa3paboTka u co-
BEPIIEHCTBOBAHNE YKPYIHEHHOTO LIHKJIA POOOTU3AIHH.

[TorpeboBanack cuuxpoHu3anus Perimamenra yuera u Kc-
IuTyaTanuy poOboToB ¢ mporpamMmoii nudposuzarmn PXK/I.

Jus obecnieuenus takoit yBs3ku I'BI coBmectHo ¢ [e-
napramenToM uHpopmarnsamu PXXJ] B pamkax paboumx
rpynn no BHeapenuto IT-ycayr RPA Obut co3maH eamHbIi
CKBO3HOM TPOIECC — KOHLETIIHUS «KOP3HHOKY.

Bbut noaroTosieH PernaMeHT npreMKHU M BBOJAA B OKCILIY-
aTalyio nporpaMMHbIX poooToB B PXK/I, koTopsIii onpexnenser
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TpeboBaHus 0E30MaCHOCTH, JMLIEH3UPOBAHMS U CO3JaeT 0azy
JUISL TI0/1a4M 3asiBOK M paclpeaeieHus IMMUTa (GUHAHCUPOBa-
Hus Jlenapramenrta nadopmarnzamuu PXK/I.

BB BHEZPEH pEeXHM MOJKOHTPOJIBHON 3KCIUTyaTallnu po-
00TOB, YTO MO3BOJISIET IIEpeaaBaTh POOOTOB 3aKa34UHKY Cpasy
HocJe pa3paboTKu U IPOLELyPBl TECTUPOBAHUS.

TakuM 00pa3oM, YKpYIHEHHBIH HUKI POOOTH3AINH COBEp-
IICHCTBYETCS, TOTOBUTCS HOBasi (opMa 3asBKH Ha pa3paboTKy
poboTa ISl TambHEHIIEro COKpAIIEHHsI CPOKOB €€ PaccMOTpe-
HHSI M KOHEYHOH Iepejady 10JIb30BaTEN0 TOTOBOIO POOOTa.

Hcnonp3oBaHre KOHUEIIMH «KOP3UHOK» M METOJMKA
oreHKH 3(p(HEKTUBHOCTH MO3BOJWIN CO3/aTh CIUHBIH CKBO3-
HOH mpolecc, UMEIOIINH ClIeIyOINEe MPEUMYIIeCTBa:

— CO3[]aHME U BBOJ B DKCIUIyaTalMi0 pOOOTOB B TEYCHHUE
BCETO T0/1a;

— MHTETpanys B ACHCTBYIONIME PETJIAMEHTHI OoJiee BBICO-
KOTO ypOBHS;

— coOMIOICHUE BCEX HOPM HH(DOPMAIMOHHON Oe30macHO-
CTH U JOKYMCHTHUPOBAHUA.

[IpoekToM mpeaycMaTpUBaeTCsi CO3/IaHHE CHCTEMBbI 3alllu-
THI HHPOPMALIUH 110 pOOOTHU3AIINH.

PernameHtamMu mpenycMOTpeHa HEOOXOAMMOCTh CHCTEMBI
3aIMUThl MHGOPMALUK TSI KaXKIO0W aBTOMATH3MPOBAHHOW CH-
CTEMbI WA aBTOMATU3UPOBAHHBIX CUCTEM YIPABJICHUS TEXHO-
JIOTHYecKuMH Tmpoiieccamu. [Ipu 3ToM paccMOTpeHHe Ha COOT-
BETCTBUE PEIIAMEHTAM U COTJIACOBAHKE BBOJIA B AKCILIYaTAIIHIO
MPOUCXOAUT OAWH pa3 B KOHIIC IroAad, 4YTO HE OIITUMAJIBHO.

[ToaTOMY NpPOEKTOM paccMaTpUBAETCS BO3MOXKHOCTH CO-
3aHMSl €IUHOTO 3alIMIIEHHOTO KOPIMOPATHBHOTO KOHTYPA,
BHYTPU KOTOPOTO MOXXHO OyJeT NPOBOJUTH POOOTH3AIHIO
mporeccos (puc. 2).

DTO AacT BO3MOXHOCTh 3P(HEKTHBHO C TOYKH 3PEHUS WH-
(opmarioHHOW ©0e30MacHOCTH IepenaBarh poOOTOB B IOJI-
KOHTPOJIbHYFO DKCILTyaTAIHIO 3aKa34nKy.

NTK rBL**

AC P PLKY

Orchestrator

Studio, Robot Mopaynu-po6oTbi

AC PN ®3*

AC Pnrsy

KoHTyp ynpaBneHus

Be6-untepdeiic

KoHTyp ncnonHeHms

OC,APM knueHTa

ACY PPO

Puc. 2. 3amumeHHblit KOHTYp JUIS CHCTEM pOOOTH3ALNH

MOJEJIb I'BL] HOBOT'O [TOKOJIEHUS

Peanmuzanus npoektoB pobdotuzamuun OAO «PX]», koTo-
past BBINIOJIHSJIACH B OCHOBHOM cuiamu paboTaukoB ['BII,
MO3BOJIMJIA C HOBBIX MO3UIMHA B3MNISHYTh Ha BO3MOXKHBIE
HarpasjeHus nudposoil Tpanchopmaryu camoro I'BLL.

Bt copMyTMpoBaHbI LIEJIM 3TOTO Mpoliecca:

1. [ToBbIlIeHNE KadyecTBa OOCITY)KMBAHUS ITI0JIb30BATEINCH
UT-ycnyr. Obecnieuenne roroBHoctd Bl kx skcruryaranuu
HOBBIX U(POBBIX MIaT(GOpPM.

2. HeoOxoanmocTs 0€3yCIIOBHOTO BBITIOTHEHHUS TPOTPaM-
MBI TI0 TIOBBIIICHUIO OTIEPAIMOHHONW 3((PEKTUBHOCTH U OIITH-
muzanuu pacxonoB OAO «PXK» no 2025 roaa.

JocTiokeHrne yKa3aHHBIX IeJIell BO3MOXKHO TONBKO MpHU
U3MEHEHHH TexHojoruueckoro ykinana I'BLl. Hanpasiaenusmu
M3MCHEHHH SBISTFOTCS:

1. BHeapeHne HOBBIX HHKEHEPHBIX TEXHOJIOTHUIA:

— poboTusupoBaHHas aBToMaTH3anus npoueccos (RPA);

— ucKkyccTBeHHBIN nHTEINIEKT ()]

— iatdopma ynpaenenus (MAS).

2. IToBBIIIEHHE MOTHBALIUH:

— (hopMHpOBaHHE JIOMOTHHUTEIBHBIX MaTepUANIbHBIX (DOH-
noB I'BII/MBII o peann3aiiuio NpoeKTOB pOOOTU3AIIHH.

3. BHeapenue cucteM ynpaBieHHs IPOLECCaMHU:

— BEePTHKAJHM3AIIHS,

— cucreMa ynpasienus Ha ocHoBe XKL 1C;

— BHeapenwne yqmux npaktuk (ITIL 4);

— KOMMYHHUKAIIHOHHFIE IO IKH.

4. IlpoBenenue opraHM3allMOHHBIX U3MEHEHUM!

— opmuposanue LITC HOBOTO TOKOJICHHS;
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— co3aaHue oduca MPOCKTHON KOOPAMHAIIHH.
B pesynbrare mpemycmaTpuBaeTcsi HOBasi CXeMa B3aMMO-
JeicTBUsT MHOOPMAIIMOHHBIX CUCTEM U moik3oBarenei ['BI]

OAO «PX]» (puc. 3).
s

11
oG
i NN

X

NoJNb30BATENN

BL

B3AMMOJEACTBUE
YEPE3
POBOTU3ALINIO

DOPMALIMOHHb
CTEMb

Puc. 3. Moaens I'BL] HOBOTO NOKOICHUS

Bbuti omnpesiesieHsl CaeayoIIne [eJieBble YCTAHOBKH (-
poBoii Tpanchopmaru I'BLI;:

— 00paboTKa oOpamIeHUi ¢ TOMOIIBIO HMUGPOBBIX TOMOIII-
HUKOB;

— COKpaIl[CHUE BPEMEHU 0XKUIAaHHSL;

— MOBBILICHHE POU3BOIUTEILHOCTH TPY/IA.

3AKJIIOYEHUE

C 2018 roga B I'BI] OAO «PXI» npoBoIuiINCh UCCe-
JIOBAaTEJIbCKAE M OMBITHO-KOHCTPYKTOPCKHE pPa3pabOTKH B
001acTH aBTOMAaTH3alMY BBINIOJIHEHUS! PYTUHHBIX ONEpaIdii.
K 2023 rony npouecc poboruzanuu B OAO «PXJ» ¢ uc-
nonas3oBaHueM RPA-TexHomoruii mporen depe3 HECKOJBKO
JTaNoB, B TEUYEHHE KOTOPBIX OBUIM pPeaM30BaHBI HECKOJIBKO
MPOEKTOB C HapacTarollel CI0KHOCTBIO NMOCTABJIEHHBIX Iie-
JIe U 3a/1a4.

Jis kaxIoro W3 MPOEKTOB OBUT BBINOJNHEH IOXO0p U
000CHOBaHWE pEIIeHHH W TEXHOJOTHUH, MNpPeIIPUHIMAIHNCH
OpTaHM3aIIOHHBIE, TEXHUIECKHE U KaApoBble Mephl. Exxeron-
HO TIOJIBOJVMJINCH WTOTH, aHAJIM3HPOBAINCH JOCTUTHYTHIE pe-
3yNbTaThl U (POPMHUPOBAIKCH IUIAHBI HA Oyayme nepruoasl. B
Hacrosiee Bpemsi ['BLl OAO «PXI» peanusyer npoexT
arpeccCHBHOW pOOOTH3AIMH C 1IEJIBI0 YBEJIHMUeHUsT 00beMa pas-
pabaTbiBaeMbIX MPOrPaMMHBIX POOOTOB U MPUCTYIHI K pea-
JM3alMY TPoeKTa IudpoBoi Tpancdopmaru camoro I'BLI.

B craTbe BriepBbIe aBTOpaMu, MPUYACTHBIMU K peaIi3aliuu
OTHCBIBAEMBIX IPOEKTOB, H3JI0KEHA XPOHOJIOTHS Ipoliecca
podotmzarun I'BI] OAO «PX/». [IpuBeneHHbIC JTaHHBIE MO-
TyT OBITH TOJIE3HBI KPYNHBIM KOMIIAaHHSM IIPH peasu3alnuu
MacHTaOHBIX IIPOEKTOB LU(POBOIl TpaHcHopMmanuu, B TOM
yuclie ¢ ucnoiab3oBanueM RPA-TexHoorui.
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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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MoaeaupoBaHue M OLIECHUBAHHE PUCKA
AOCTHKEHHUS IMJIAHOBOI'0 CPEeHEr0 pacCTOTHUSA
NepPeBO3KHU IPy3a aBTOMOOUJIBbHBIM TPAHCIIOPTOM
Poccumn

n.1.4. [1. B. 'epacumenko, a.1.H. B. A. XogakoBckuit
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Annomayusa. TIpoBeneHo MoJelMpoBaHHe W NPOTHO3MPOBA-
HHE KJIIYeBOr0 JKOHOMHYECKOI0 NOKa3aTe/s, ONpeae/siolero
CTOMMOCTB I0CTABKH Ipy3a aBTOMOOWJILHBIM TpaHcnopToMm. Mec-
MOJIb3yeMblii MATEMATHYCCKHIl annapar JJIs NPOBeJeHUs HccIe-
JOBAHHSA I03BOJIMJI NMOCTPOUTL MOJEJb CPEIHEro PacCTOSHUSA
JAOCTABKH OJHON TOHHBI rpy3a M ero BepuuKanuio, BLINOJHUTH
NMPOTHO3HPOBAHME KAK TOYeYHOe, TAK U HHTEPBAJIbLHOE, YTO M03-
BOJINJIO OMNpeJeIuTh BeIMYMHY PHCKA HECBOEBPEMEHHON 0-
cTaBKHU rpy3a. Jljist 37010 0LLIH HCIO/Ib30BAHBI CTATHCTHYECKHE
JaHHbIC 10 NepeBO3Ke rpy30B ABTOMOOWJIBHBIM TPAHCHOPTOM,
oxBatbiBaomue ¢ 2004 no 2021 roasl. Bepudukanus ocymecrs-
JIeHA 0 pe3y/1bTaTaM TPAHCHOPTHPOBKH rpy3a B 2022 roay. Ma-
TeMaTH4eCKHUe MOJeJH ObLIM IOCTPOEHBI C MOMOINLI0 perpeccu-
OHHOI0 aHAJIN32, peaju3alHsa KOTOporo ocymecrsieHa B Excel.

Kniouesvie cnosa: MoaeMpOBaHHE, NMPOTHO3MPOBAHHE, OIe-
HHUBaHHe, perpeccus, Ko3G@UUUEHT JeTepMHHALMH, TOYeqHasi
OlIeHKA, HHTePBAJIbHAsl OLIEHKA, PHCK.

BBEJIEHUE

OcHOBHBIE TPY30BBIE TMepeBO3kH B Poccum obecrieunBaeT
aBTOMOOWJIBHBIN TPAHCIIOPT COBMECTHO C TPYOONPOBOJHBIM H
JKEJIE3HOJOPOKHBIM.

Kak usBectHo, B Poccum, HecMOTps Ha HEOOXOIUMOCTh
JIOCTaBKHU IPy30B Ha JaJIbHUE PACCTOSIHUS, U3-3a HEAOCTYIHO-
CTH JOPOT HAJJICIKAIIETO KAa4eCTBa ABTOMOOWJIBHBIA TpaHC-
nopT ucnojb3yercs mMaino [1]. OxHako At AOCTaBKU Ompese-
JICHHBIX TOBapoOB (HAmpHMeEp, MPOAYKTOB MHUTAHUS) €ro WC-
I0JIb30BaHKE ABJsIETCS uaupyromuM. Tak, B 2018 roay 00b-
€M TPYy30TIepeBO30K (TOHHAXK IMEePEBE3EHHBIX TPy30B) B Poccun
cOoCTaBWJI 8,3 MJIpA TOHH, TIPH ATOM HaWOOJIbINAs OIS TPaIu-
IIMOHHO TPUIILTACH HA aBTOMOOMIIBHBIN TpaHcmoptT — 67,1 %.

JIMHAMUKA I'PY30050POTA ABTOMOBWJIBHOI'O TPAHCIIOPTA

Uccnenyss nMHaMUKy H3MEHEHHs Tpy30000pora 3a To-
ciennue 5 monmanmeMuiHeix Jiet (2015-2019 rr.), ycranosie-
HO, YTO C Ka&X/bIM I'0JIOM OH yBeJu4uBajcs. Poct rpy30060-
poTa Ha aBTOMOOWIJILHOM TPaHCIIOPTE MPOU30LIET B CBS3H C
BBOJIOM B JKCIUTYyaTaIlMI0 OOJBIIOTO KOJMYECTBA HOBBIX BBI-
COKOCKOPOCTHBIX JIOPOT. YBEIMYMIIOCH KOJMYECTBO MEXIY-
roposHbIX peiicoB Ha paccrosHue oT 300 kM u Oonee [2].
B Tabmune 1 mpencraBicHa IWHAMHKA POCTAa CYMMApHOTO
00BeM rpy3a, Tpy30000pOTa M CPEAHEH HAaTbHOCTH OCTABKU
OJTHOW TOHHBI TPy3a aBTOMOOWJIBHEIM TpaHcmopToMm B PD 3a
nepuon ¢ 2004 mo 2021 roxer [3, 4].

Cpennee paccTosiHue (IATBbHOCTh) JOCTABKYM OJTHOM TOHHBI
rpy3a, mpeAcTaBleHHOe B TabIuIle 1, onpeaenseTcs: B pe3yib-
Tare AeJCeHHs BEIMYMHBI IPY30000pOTa HA CYMMAapHBINA 00beM
rpy3a. OHO CIYXHT B KauecTBE OJHOrO M3 OCHOBHBIX Mapa-
METPOB PabOTHI TPAHCIIOPTA, TOATOMY €€ ILIAHUPYIOT B OIpE-
JICIICHHBIX YCJIOBHSAX OCTABKH, B IPEAMOJIOKCHHH, YTO OHA
OyJeT ¢ MUHHMAJBHBIM PHCKOM JOCTHTHYTa B pPEaJbHBIX
YCIIOBHSIX TPAHCIIOPTHPOBAHUS.

BwMmecrte ¢ TeM peajibHBIE YCIIOBHSI COXPAHSIOTCSI HEOIpe-
JICIICHHBIMY BILIOTH J0 JOCTAaBKH rpy3a. [loaTomMy Ha 3Tame 1o
NPUHSATHUS PEUICHHUS Ha HAYall0 TPAHCHOPTUPOBAHHS CYOBEKT,
NPUHUMAOLIUN €ro, MO ONbITY WX CTATUCTUYECKUM JaHHBIM
CPE/IHEr0 PACCTOSHUS YCTAHABIMBACT BO3MOXKHBIC BapPHUAHTBI
OTKJIOHEHUsI €ro OT IUIAaHOBOM BenuuuHbl. [IpuHSIB pelieHue
Ha Havajo MepPEeBO3KH, OH PUCKYET, YTO pealibHOE PacCTOsSHHE
He OyAeT JOCTUTHYTO.

Tabmnumna 1
OcCHOBHBIE TIOKa3aTeNN JOCTaBKH IPy3a aBTOMOOMIBHBIM TPAHCIIOPTOM I10 TOJaM
I'ox mocraBkm rpysa 2004 2005 2006 2007 2008 2009 2010 2011 2012
CyMMmapHEIit 00beM Ipy3a, MIH T 6 568 6 685 6753 6 861 6 893 5240 5236 5663 5829
I'py3oo6opot, MiIpJ T KM 182 194 199 206 216 180 199 223 249
CpenHsist JaIbHOCTb, KM 28 29 29 30 31 34 38 39 43
I'ox nocraBku rpysa 2013 2014 2015 2016 2017 2018 2019 2020 2021
CyMMmapHEIit 00beM Ipy3a, MIIH T 5635 5417 5357 5395 5404 5544 5735 5405 5491
I'py3oo6opot, MiIpa T KM 250 247 247 248 255 259 275 272 285
CpenHsist TaIbHOCTb, KM 44 46 46 46 47 47 48 50 52
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Kak m3BecTHO, pHCK BO3HUKACT TOTJA, KOTJa CYIIECCTBYET
HEOIPEICIICHHOCTh B JOCTHXKCHUU KOHECYHOM Leu (PyHKIIHO-
HUPOBAHHS 00BEKTA TPAHCIIOPTHPOBKH B PEAJIbHBIX YCIOBUIX
BHEIIIHEH CpeJibl, KOTOPBIC MOTYT OBITh OTIMYHBIMH OT 3a][aH-
HBIX JUIs 00bekTa ycioBuitl [S]. [ji1 OlCHHBAaHUS BEITUYHHBI
pUCKa HEOOXOAUMO PACUYCTHBIA ammapaT TPAHCIOPTHPOBKH
rpy3a paccMaTpuBaTh Kak (yHKIHOHWPOBAHHUE CIOKHOW CH-
cTeMbl. B mepByro ouepenp CyObEeKTOM JOJDKHA OBITH TOCTAB-
JICHa 1IeJb, KOTOpasl OLECHUBACTCS MPEIMETHBIM ITOKa3aTeleM
WA KOMIUIEKCOM TToKa3aTeneil. g ee MOCTIKEHHs TOJKEeH
(YHKIMOHUPOBATh B YCJOBUSAX HEONPEACICHHOCTH OOBEKT,
Ha HavaJI0 (PYHKIMOHUPOBAHKS KOTOPOTO TOJDKEH MPUHUMATH
peleHne CyObeKT.

OOBIYHO IIETTh BHIPAXKACTCS B JOCTH)KCHUHU OIPEIICICHHO-
IO COCTOSHHUS CHCTEMBI JIMOO OTPEJCIICHHBIX 3HAYCHUHN IMa-
pamMeTpoB cuctembl. HeonpeneneHHOCTh ABISCTCS HEOThEM-
JIEMBIM aTpHOYTOM TMepe]] MPUHATHEM PEIICHUs CyOBhEeKTOM
Ha (QYHKIIMOHHPOBAaHHE O00BEKTA. DTO JNOCTATOYHO ITUPOKOE
MIOHSTHE, TIOCKOJIBKY OTOOpaXkaeT, Mpexae BCero, 00heKTHB-
HYI0 HEBO3MOXXHOCTH IIOJIY4CHHS aOCOJIOTHBIX 3HAHUH O
BHYTPEHHHX W BHEUIHUX YCIOBHAX (YHKIIMOHUPOBAHUS
00BeKTa BO BHEWIHEH cpexe, a Takke HEOJHO3HAYHOCTH €e
napaMeTpoB. OOBIYHO IMOJ] HEOMPEEICHHOCTHIO MTOHUMAIOT
OTCYTCTBUE MONHON wuHpOpManuu O (YHKIHOHUPOBAHUU
00BEKTa, HCBO3MOKHOCTh TOYHOTO IpeIcKa3aHus OyayIiero
B JIOCTIDKCHUHM KOHEUHOH 1enu. Bmecre ¢ TeM mpomecc J0-
CTH)KCHHUS MOCTABJICHHON IeNM CYOBEKT mepel] MPUHATHEM
PCUICHUS TOJDKCH OLICHUTH 100 HAa OCHOBAaHUU OIIBITA, JINOO
ITyTeM MOJETUPOBAHUS.

B GonpmuHCTBE cliydaeB CyOBEKT, KOTOPBIA NMPUHUMAET
penieHne Ha QYHKIIMOHUPOBaHUE 00BEKTa, HE 3HAET BCEH CO-
BOKYTTHOCTH (DaKTOPOB, BIUSAIONINX HAa KOHEYHYIO IIEeTh (DyHK-
IUOHUPOBAHUSA 00BEKTa, TOITOMY BEIHYKICH IIPUHUMATH PSII
THIIOTE3, TIPEKAE YeM CTPOUTH MOJENb (PYHKIMOHHUPOBAHUS
00bekTa. IMEHHO 35IeCh 3aKJIaBIBAIOTCS OCHOBBI HEOMpEIc-
JICHHOCTU B JIOCTMKCHHHM KOHEYHOW nenu. Mepy Heompene-
JICHHOCTHU JUII HEKOTOPOTO CIIyYalHOTO COOBITUS OLICHUBAIOT
BEPOSATHOCTBIO OE30MacHO JOCTHYL MOCTABJICHHYIO IENIb CH-
ctembl. O4eBHIHO, OE€30MACHOCTh M PUCK COCTABJISIFOT MOJTHYIO
rpymmy coObituil. CleoBaTeNbHO, PUCK MOXKHO H3MEPATh
BEPOSATHOCTHIO, BEIYUCICHHYIO IIyTEM BBIYATAHUS U3 €AHHUIIBI
BEPOSATHOCTH OE30TIaCHOTO TOCTHIKEHUS IETH.

Q BepoamHocme

Takum 00pa3oM, PHUCK MOXKHO ONpPENEINTh, KaK IIOCTY-
oK (#eiicTBre) CyOBbeKTa MPUHATH peleHne Ha (yHKIMOHUPO-
BaHUE OOBEKTA, HANPABJICHHOE Ha JOCTHXEHHE IUIAHUPYEMOMH
LEJIM CUCTEMBI B YCJIOBHSIX HEONPEETICHHOCTH €€ JIOCTH)KCHHSI.

Torna, npuMeHHUTENBHO K pelraeMoi 3agade, Mo HoKasa-
TEJIeM PHCKa HEJIOCTIIKEHUS! CPEHETO PACCTOSHUS JOCTaBKU
rpy3a aBTOMOOWIBHBIM TPAHCIIOPTOM CJEIyeT HOHUMATh
CyOBEKTHBHYIO XapaKTEePUCTHKY MEPHI OTKIOHCHHS IUIAHHUPY-
€MOTO pPacCTOSHUS OT I[OKa3aTeisl, CMOJCINPOBAHHOTO B
YCIIOBHSAX HEOTIPEIEICHHOCTH.

Hcxons w3 ompeneneHusl pucKa M €ro MOoKa3aTess, MeTo-
JIMKa BBIYUCIICHUS BEPOSTHOCTH HEJOCTIKEHUS IUIAHOBOTO
HoKa3aTesst Oy/IeT BKIIIOYaTh CJIETyIOIINE OCHOBHBIE 3Tallbl:

— IOCTPOUTH TI0 CTATUCTUYECKMM JIaHHBIM PE3YJIbTaTOB
JIOCTaBKH Ipy3a MaTeMaTHYECKyI0 MOJENb ILIEJIEBOr0 MOKa3a-
TeNsl B BUJIE aHAINTHYECKOH (PyHKIMHU perpeccun 3aBHCHMO-
CTH CPEJIHETO PACCTOSIHUS OT T0Jla TPAHCIIOPTUPOBKH IPy3a;

— MIPOBEPUTH KAYECTBO MOJEITH C MOMOIIBIO TOTPEIIHO-
CTEH ammpokcHManu, KodQpQuIrueHTa IeTepMIUHAINN U CTa-
TUCTHYIECCKON 3HAYUMOCTH MOJICIbHON (DYHKIIMU PErpeCcCHu;

— BBHITNIOJIHATh TOYCYHYI0 W HHTEPBAJIBHYIO OLEHKH IIPO-
THORHOW BENWYHMHBI TOKA3aTels LeNH, KOTopas MO3BOJHT
YCTAHOBHTH JIEBYIO U IPAaBYI0 MHTEPBAIBbHYIO TPAHUIIBI MOKa-
3aTens Leu;

— PpacCIioJIOKUTh MEXKIAY HOBCPUTCIbHBIMU TI'paHULIaMU
CPEe/IHEr0 PaccTOSHMS IUIAHOBOE 3HAueHHe, pa3OMB TeM ca-
MBIM JIOBEPUTENBHBIN MHTEpBal HAa pabouy0 U KPUTUYECKYIO
obJacru;

— ONpEICIHTh MOKa3aTeh PUCKa HEAOCTIKCHHUS IIIAaHOBO-
TO 3HAYCHUS.

B xagecTBe moka3zaTess KOHEUHOM 1eNTd B paboTe MpUHSITA
BEPOSATHOCTh HEJOCTIDKEHUS IUIAHOBOTO 3HAYEHUS CPEIHETrO
paccTosiHUS, KOTOPas ONpEAeIseTCs IyTeM MOTagaHus B KpH-
THYECKyI0 00JacTh TPOTHO3HOTO HWHTEPBAIHHOTO 3HAYCHHS
BEJIMUMHBI CPEJHEro paccTosHus. B cBolo ouepenb, noBepu-
TENIBHBIA HMHTEpBall CPEAHETO PACCTOSHHUS CTPOMTCS MO ee
Mojenu [6].

st onpeneneHnst BEpOSITHOCTH HEOOXOANMO NPHHSTH 3a-
KOH paclpeesieHus] JOCTHKEHUsI BEJIMYMHBI 110Ka3aTels Le-
JIM, HATIPAMEp HOPMaJIbHBIN 3aKOH, KaK MMOKa3aHO Ha PHCYHKE |
JUTS TUTOTHOCTH.
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Puc. 1. CXCMa, MOsACHAIOIIAasA OMPCACIICHNUE MTOKAa3aTeJid pUCKa

Hnmennexkmyanvnovle mexnonozuu na mparncnopme. 2023. Ne 3 23



Intellectual Technologies on Transport. 2023. No 3

CoracHO 3TanaM HMCCIIeI0BaHUsI U 0 MPECTaBICHHBIM B
Tabnuue 1 CTaTUCTUYECKMM JaHHBIM IIOCTPOEHA JIMHEHHAs
MaTreMaTruyuecKkas MOJeib U3MEHEHHs! CpeJHEeH NalbHOCTH OT
rojia JOCTaBKU Ipy3a. AHAJIMTHUYECKas 3aBHCHUMOCTB, €€ Ipa-
¢uK 1 K03(h(UIMEHT NeTepMHHAIMU, KOTOPbIE OINpeesICHbI
10 MOJIEJNH, IIPEACTAaBIICHBI HA PUCYHKE 2.

Jlnst mpoBepKkM KadecTBa MOJIETH HCIOJB30BAaH HHCTPY-
MmeHT «Perpeccuss» Haactpoiiku «llaker amammsa» Excel [7].

55

Wuctpyment «Perpeccus» makera aHamu3a gaHHbIX Excel
MO3BOJMII IO CTATUCTUYECKUM JAHHBIM IOJIy4YUTh KpOME 3Ha-
4eHHH BBIOOPOYHBIX KOI(PQHIMEHTOB JHMHEHHOH perpeccuw,
KOppeIsINMA M JAETEPMHUHAIIMHU, TAaKKe Pas3JIoKeHHUs OOIei
CYMMBI KBa/IpaToOB Ha OOBSICHEHHYIO M OCTATOYHYIO U pacyerT-
Hoe 3HaueHue F-ctaTucTuku. OCHOBHBIC BEIMYMHBI IPUMEHE-
HUSI HHCTpyMeHTa «Perpeccus mpeacTaBieHsl B Tabmie 2.

50 y=1,4856x - 2949,3
R*=0,8474

45

40

35

L
=]

CpefHKe paccToAHMA 1 TOHHB rpy3a

2002 2004

2006

2008 2010

2012 2014 2016 2018 2020 2022

Mo AOCTAaEKM rpy3a

® OnbiTHbIE IHAYEHWA CPEOHMK PACCTOAHMA

— [lWHEAHEA [DNBTHBIE SHEYEHHA COEOHKX PACCTOAHMM)

Puc. 2. I'paduk nuHeHON aHATUTHYECKOW 3aBUCUMOCTH U KO GHUIIUESHT JeTepMUHALIN

Tabmmma 2
Bri0opouHbIe OIICHKH MapaMeTPOB MPUMEHEHHS HHCTpYMEHTa «Perpeccusi»
Koa¢ppuuuenTnt Ko>pduuuent | Koappunuent | Cratucruka
JIMHEIiHOli perpeccuu Koppesasinuu | nerepMuHanuu|  Dumepa

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

CyMMBI KBaJpaToB Oomasn ®aktopHasg | OcraToyHas
pa3HOCTeH 1129 1 069 60

W3 tabnuue! 2 1 pucyHka 2 BBITEKaeT BeIMYMHA KO3(D(hu-
nueHTa nerepMmuHanud, paBHas 0,95. CinemoBaTellbHO, CBSI3b
MEXIy pe3yJIbTaTOM pealu3alii MOJEIN U JeHCTBUTEILHBIM
3HaYECHUEM JIOCTaBKH I'PY30B BECbMa TECHas H COOTBETCTBYET
95 %. Pacuer BemmumMHBI cTaTHCTHKKM DuIepa NOKa3bIBaeT,
9TO ee 3HaucHHe, paBHOE 288, CymecTBeHHO OOIbIIe TaOInd-
HOH, paBHOM 4,5, 4TO CBHAETEIBCTBYET O TOM, 4TO (haKTOpHAs
JCIIEpCHsT 3HAYMTEJBHO TMPEBBINIAET OCTAaTOYHYyH. Toraa
MOXHO CACJIaTh BbIBOJ, YTO CBA3b MCKAY CPECAHUM PACCTOA-
HUEM JOCTaBKHU Irpy3a U roioOM TpaHCIIOPTUPOBKU JOCTATOYHO
TecHas [6].

Ha ocHOBaHUM ONBITHBIX CTATUCTHYECKUX MAHHBIX U pe-
3yJIbTaTOB MOJIEJILHBIX aHATUTUYECKHX PAacdyeToB B Tabmimie 3
MIPEACTaBICHBI A0COTIOTHBIE X OTHOCHTEIBHBIE TIOTPELTHOCTH.

AHanu3 TaOmumbl 3 MOKa3bIBAcT, YTO OMMOKA aIlpPOKCH-
Malliy HE MPEeBBIACT a0COMIOTHOTO 3HAYCHUS CPEJHETO pac-
CTOSIHMSL Ha BenuuMHy 1 697 KM, a OTHOCHUTENbHYIO — Ha
10,05 %. Taxkum oOpa3zom, MOKHO CAENaTh BBIBOJ, YTO IO-
CTpOCHHasi MaTeMaTHuYeckas MOJAETb NpUMEHHMa JUIS IpOBe-
JICHUA IPOTHO3a, IMOCKOJBbKY 3 KaueCTBEHHBIX IIOKa3aTelis
(morpemiHOCTh M KOA(QQUIMEHT AeTepMUHALIMK) COOTBET-
CTBYIOT TpEOOBaHMAM.

Tabmuna 3
AOCONIOTHAS ¥ OTHOCHUTEINFHAS ITOTPEITHOCTH MOJICITH

Tox nocraBku rpysa 2004 2005 2006 2007 2008 2009 2010 2011 2012
PacuerHblc 3HAUCHHS 26,6 28,1 29,6 31,1 32,6 34,1 35,6 37,0 38,5
AOCOIOTHAS TOTPELIHOCTD, KM 0,06 0,15 0,71 1,20 1,30 0,48 0,67 0,61 1,61
OTHOCHUTENBHAS TOTPEIIHOCTD, %o 0,010 0,080 1,760 5,090 5,910 0,810 1,610 1,330 9,050
Tox nocraBku rpysa 2013 2014 2015 2016 2017 2018 2019 2020 2021
PacuerHblc 3HAUCHHS 40,0 41,5 43,0 445 459 47,4 48,9 50,4 51,9
AOCOIOTHAS TOTPELIHOCTD, KM 1,69 1,56 1,04 0,17 0,03 1,02 1,15 0,68 0,63
OTHOCUTENbHAS NOTPeHocTh, % | 10,000 8,510 3,770 0,100 0,003 3,630 4,650 1,610 1,380
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Kak u3BecTHO, Ha JOCTaBKy HEPEBO3UMBIX I'PY30B U Ipy-
30000pOT OKa3bIBAET BIMSHHE MHOXKECTBO CIIy4aiHBIX (haKTo-
POB, KOTOpBIE BBI3BIBAIOT Pa3dpOC CTATHCTHYECKHX OMBITHBIX
naHHbIX [8]. DTOT pazdpoc moTpedoBai OCYIIECTBUTH MHTEP-

54,00

BIBHBII TIPOTHO3 B JIONOJIHEHHE K TOYEYHOMY IPOTHO3Y.
Pe3ynbTaThl MX NpEACTAaBICHBI HA PUCYHKE 3 B BUJAE I'PaHHUI]
JIOBEPUTEIIbHBIX MHTEPBAJIIOB CPEJHETO PACCTOSHHS OTHOCH-
TEJIEHO TOUEYHOro ImporHo3a ¢ 2022 mo 2025 rox.

53,33

y=0,8877x - 1744,3
Ri=1

2 00 240,232
50,66 :

y = 0,8496x - 1668 4
RT=1

51,07

48,52

y=0,8115x - 1584 5
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48,82

44,38

Cpegree pacgroaHue gocTaskn | T rpy3a

20215 2022

20225 2023

@ TousyHLIR NporHos

@ JlEBAA rPaHKLE OOBEPWTENEHOMD MHTEDERNE
Mpaean rpaHHLE SOBERHTENLHOID MHTERBANE

Puc. 3. I'paduyeckoe npencraBieHue pe3yabTaTOB TOUSUHOTO U HHTEPBAILHOTO MPOTHO30B

Ilon wHTEpBaNBbHBIM TNPOTHO30M B paboTe MOHUMAETCS
MHO)KECTBO 3HAYCHUI CPEIHETO PACCTOSIHUS, KOTOPOE BKIIIO-
YEHO B JOBEPUTENbHBI HHTEPBAJ BO3MOXKHBIX 3HaueHUi. Tem
caMbIM, B paboTe Ha MPUMEPE CTATHCTHIECKUX TOJOBBIX JaH-
HBIX Tpy30000poTa W CyMMapHOTO 00OBEMa OCTaBICHHOTO
rpy3a IOCTPOEHA MaTeMaTHdecKas MOAENb CpeJHEeH NaJIbHO-
CTHU JOCTAaBKHU I'py3a U BBINIOJIHEHO MPOTrHO3MPOBAHUEC KAK TO-
YEYHOr'0, TaK U MHTEPBAJBHOTO 3HAUCHUH CPEJHEro paccrosi-
HUS IOCTaBKU OJHOM TOHHBI rpy3a B 2022-2025 rogax B P®.

Pacnonarast WHTEpBaJbHBIM 3HAUYEHHEM CpPEIHEro pac-
CTOAHUA NOCTAaBKHU OI[HOﬁ TOHHBI I'py3a, IpUu OPpUHATOM HOP-
MaJIGHOM 3aKOHE IUIOTHOCTH PACHpEEICHNS 3TONH BEINIHHBI
B NIpefenax JAOBEPUTEIHLHOTO MHTEPBaia W 3a/JlaHHOH IJIaHo-
BOIl BeNWYMHE CpellHEeH AaIbHOCTH 110 COOTHOIIECHHSIM TEO-
pUH BEpOSITHOCTEH BBIYHMCICHA BEPOSTHOCTH JIOCTHIKEHUS
MIOCTaBJICHHON IeJIM, @ UMEHHO BEPOSTHOCTH IPEBBIICHHS
cpenHeld JambHOCTH JIOCTaBKHM TIpy3a aBTOMOOMIBHBIM
TpaHcopToM B 2025 romy.

I_[J'[H cj1ydasd OLCHKH BEPOATHOCTH HOCTUIKCHHUA CPEAHUX
PacCTOSIHUN TOCTaBKU Ipy3a aBTOMOOWIBHBIM TPAHCIIOPTOM B
2025 roxy ¢yHKIUS IUIOTHOCTH BEPOSITHOCTH, PacHpeieieH-
Hasl [0 HOPMaJILHOMY 3aKOHY, IPUMET CJIE/YIOIIUe Mmapamer-
PBI: MATEMATHYCCKOC OXHIAaHHUC, B KAa4YC€CTBE KOTOPOTO BbI-
CTyNaeT TOYEUHBIH HPOTHO3, paBeH Ypops = 51,08 KM U cpea-
HEKBaJIpaTHYECKOE OTKJIOHEHHE, BBIUYMCIICHHAs KaK OfHa Ille-
cTa JIUHBI HHTepBana, Sy = 1 685 kM. Toraa mIoTHOCTH pac-
NIpe/ieIeHHs BEPOSATHOCTH NPUMET BUJI:

(Y — 51,08)2
2 x 1,6852

1
f¥) = exp [—
1,685 X V21
Hcxons n3 HOpMabHOW TDIOTHOCTH paclpenesieHus cpe-
HETO PACcCTOSIHHMSA, JIETKO OTIPENIENUTh BEPOSITHOCTH IPEBBIIIE-
HUS TJIAHOBOTO 3HAYEHUS CPETHETO PACCTOSIHUSA 1O (hopMyJIe:

20235 2024 20245 2025 2025.5
Mogkl 4OCTEBKKM rpysa
YP
<7 f 1 (Y — 51,08)?
= = ex - =
M) 1685 x v2m P 1T % 1,6852
~ f _wosLee
1,685 x s 2x16852 [ T

Haxonen, puck HEZOCTH)KEHUS IOCTABICHHOW IIEIeBOM
3aJaydl paBHA EIUHUIE MHHYC BEPOSTHOCTH IPEBBIIICHUS
mnaHa. COOTBETCTBEHHO, MTOKAa3aTelb PUCKA KaK BEPOSTHOCTb
HEJIOCTIDKEHUS MJIaHa (BEpOSTHOCTh IONACTh B KPUTHUYECKYIO
obnacte) pasen 0,74. Takum 00pazoM, TOCTHKEHHUE MJIAHOBO-
To cpeHero pacctosiuus Ha 1 kM B 2025 rogy ManoBeposITHO,
€CJIM TPeHJ U3MEHEHHs 110 ToJaM M NPHUHATOE B CTaThe ILIa-
HOBOE 3HaU€HHE 3TOT0 MOoKazaTesst OyayT coxpaHeHs! 10 2025
roja. JlanpHeiee pa3BUTHE METOAMYECKOTO amnapara Lese-
co00pa3HO HANpaBUTh HA €r0 Pa3BUTHE NPUMEHHUTENBHO K
MEPEMELICHHIO TPY30B 1O MEXKIyHApOAHBIM TPAaH3HUTHBIM
TPaHCIIOPTHBIM KOPHIOPaM, a TaKXKe Ul ONpENIeNICHHs COOT-
BETCTBUSI MOJCIHPYEMOT0 MaplipyTa TpaHCIOpTa (axkThude-
CKOMY BpeMeHHu B myTu [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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Annomayus. PaccMaTpuBaloTcsi BO3MOKHbIE BapMAHTBHI pe-
1IeHUs NpodJeMbl NOBbILIEHNS KOHKYPEHTOCIOCOOHOCTH U MpH-
BJI€YEHUS] HOBBIX Ipy3oBjajeinbueB. OnucaHa KOHUeNUMs NPHU
OlIeHKe 3KOHOMHUYecKOoi 3(peKTHBHOCTH KOMIIAHUU YYUTHIBATH
COBOKYIHBIE 3aTPaThl, arperupyeMblie MeTOIaMHU pacyera NnpuBe-
JIEHHBIX 3aTpPaT C y4eToM 00beMOB BO3BpPaTa Ha HHBECTHIUMH.
IIpensiaraemplii MoaxoA Mo3BoJisieT Haubo1ee MOJHO YYMTHIBATH
HeCKOJbKO 1eseil. Ero npeumymecTsom siBjisieTcsi BO3MOMKHOCTh
OleHUBATH 3(PPEeKTHBHOCTD 1eSITEILHOCTH KOMIIAHUM € TO3UIIUI
CHCTEMHOI0 MOAX0/1a, OCHOBBIBASICH HA KOJMYeCTBEHHBIX XapakK-
TePUCTHKAX U BBISIBJICHHbIX 3aKOHOMEPHOCTSAX.

Pemienue naHHoOH Mpo0yeMbl MO3BOJIMT OLIEHUBATH pPe3yJibTa-
THBHOCTb JIOTHCTHYECKOI0 Npouecca, HAMeTHTh PallMOHAJIbHbIE
NMYTH CHUKEHUS 3aTPAaT, OUEHUTh Ka4ecTBO (YyHKIMOHUPOBAHUA
KOMIIAHUM U BBIABUTH YPOBeHb KOHKYPEHTOCIOCOOHOCTH KOMIIA-
HHM.

Kniouegvie cnoea: oNTHMHU3ANMS PACXOO0B, JOTHCTHYECKHE
MapuIpyThl, TPAHCHOPTHO-JOIMCTHYECKAsi CHCTeMa, CIEKTP
YCJIyT.

B Hacrosiiiee BpeMsi B MUPOBOM JIOTHCTHKE HaOIIOAAI0TCS
cepbe3HbIe TOMEXH B paboTe 1iene NoCTaBoK. TpaHCIOPTHBIM
KOMIIAHUSIM CTal0 MPEJENIbHO CIIOAKHO IMOJAEPKUBATH CBOIO
KOHKYPEHTOCIIOCOOHOCTh ¥ TPHBJIEKaTh HOBBIX T'Py30BIIa-
JenblieB. B maHHOW cuTyauuu omeparopaM TPaHCIOPTHOIO
PBIHKAa TPUXOTUTCA MEHSATh MAapIIpyThl M IOBBIIIATH CTO-
HMMOCTh CBOUX yciyr. Poccuiickue nepeBo3YrKU TOXKE OCO3Ha-
IOT, YTO PBIHOK OONBIIE HE OCTAHETCS MPEXHUM. B mydmem
Cllyyae OHM CMOTYT COXPAaHHUTh CBOMX ITOCTaBIIMKOB M H3Me-
HHUTb JIOTUCTUYECKHE MapHIPYTHl B LENSAX ONTHMHU3AIMU pac-
XOJIOB Ha CKJIaJICKUE ONepalty U TpaHCTIOPTUPOBKY [1]. B xyx-
IIeM ClIydae MM IPUIETCS COKPAaTUTh KOJIMYECTBO MAPTHEPOB
U WUCKaTh HOBBIE JIOTUCTHYECKHE CXeMBbI il 00X0oqa CaHKLUiL.
X0T4 MOTeHLIUANbHBIA yIIepd OT M3MEHEHMs JIOTUCTHYECKUX
I[ETI0YeK OYEBHJICH, IIaBHBIM SBJSETCSA BONPOC, YTO JeNIaTh B
JAHHOW CHUTYaIliH.

C 0HOIi CTOPOHBI, COBPEMEHHBIE YCIOBHS KOHKYPEHTHOTO
pPBIHKa  TPAHCIOPTHBIX  YCIyr  YCTaHABJIMBAIOT  HOBBIE
TpeOOBaHUS K UX Ka4eCTBYy. B jorucTuke B Hacrosmiee BpeMs
MIPOMCXOASAT 3HAYUTEJILHBIE U3MEHEHNS], TAKHE KaK BHEAPECHUE
poboTn3anuy, OECHMIOTHBIX CHUCTEM JOCTAaBKH, NEpexon Ha
SKOJIOTHYECKH YHCThIE HWCTOUYHUKH SHEPTUH, AaBTOMATH3aIlHs
TPAHCHOPTHBIX IMPOIIECCOB, pPAa3BUTHE HOBBIX BBICOKOTEX-
HOJIOTHYHBIX HANpaBlCHUI Tepenayn JaHHbIX Hu 1Hpo-
BU3aIUsl pBIHKA. KITIOUEeBBIMH TEXHONOTHSAMH CTAHOBATCS
uarepHer Bemed (IoT), pacmpenenennsie peectpsl (Block-
chain), naTemtextyansHeie cucteMsl (AI/ML), BupTyansHas u
nonosHeHHas peaigbHocTh (VR/AR) u T. 1.

Bce »TM uHHOBaLMKM WIrparOT CYLIECTBEHHYIO pOJIb B
pa3BUTUU JIOTUCTUKHU. Poccuiickue KOMIaHUU-ONEepaToOpPhl
TaK)Ke aKTUBHO COBEPIIICHCTBYIOT CBOM OM3HEC-TIPOIIECCHI. 3a
MOCNIEIHUE TOABI Teorpadusi TPy30HEepeBO30K 3HAYUTEIHHO
W3MEHWIACh, W HA3eMHBIH TPAaHCIIOPT CTal OCHOBHBIM
JpaiiBepoM pocra [2].

OnHako HecMOTps Ha yOeauTelbHble IUQPBI, BOIpoc 00
a¢dexkTuBHOCTH pabotsl TPaHCIIOPTHO-JIOTUCTUYECKOH
CHCTEMBI BCE €Ille OCTAeTCS OTKPBITHIM, & POJIb TPAHCHOpPTA B
JOTUCTUYECKUX LETAX OCTACTCs KIIOYEBBIM (DAKTOPOM PBIHKA.
OTO TOATBEP)KAAIOT PpE3yIbTaThl OMpOoca PYyKOBOAMTENEH
MPEONPUATHNA, aKTHBHO WCIIONB3YIOMUX IETH TI0CTaBOK,
mpoBeieHHOTO areHTcTBoM PwC B Hawalie TeKyIIero rofma.
«IloBeimieHne  5(h(EeKTUBHOCTH» U «YyNpaBlIeHHE  WIIN
COKpAIlIeHHEe 3aTpaT» B JOTHCTUYECKHUX LEMSAX CTAalld CaMBIMU
TIOTTYJISIPHBIMU OTBeTaMH |3, 4].

C Jpyroii CTOpOHBI, B TPaHCIOPTHO-JIOTUCTUYECKON
cucteMe (YHKIMOHUPYET KOHKYPEHTHBIH TPaHCHOPTHBIH
CEPBHUC, MPEIOCTABISIOMINN TOTPEOUTENI0 CBOOOMY BBIOOpA
yCIyT. DTa CHCTEMa BKITIOUACT B C€0sl MHOXKECTBO YYACTHHUKOB,
KOTOpBIE CTPEMATCS TOCTHYbh HAMOOJBIIEro pesyibrata MU
HAWJIYYIIETrO YIOBJIETBOPEHUS UHTEPECOB KIMEHTYPHI [5].

W3 BrINIECKa3aHHOTO CIEAYEeT, YTO B COBPEMCHHBIX
YCIIOBHSX JIOTUCTHYECKUE TIPOBaliaepsl (HOKYCHUPYIOTCS KaK Ha
penreHnn 0a30BBIX (YHKIHUI, TaK U HA MOBBIIICHIH KauecTBa
MPEJOCTABIAEMBIX yCIyr B menoM. ClemoBaTenbHO, Tepesn
COBPEMCHHBIMH OW3HECAMH W KOMIIAHUSMH, OKa3bIBAIOIIHMHU
YCIyTH B cdepe TPaHCTIOPTHOTO HKCIECAUPOBAHUS, BO3ZHUKACT
CIIOKHASI 33/1a4a CO3IaHMsI HMHHOBALIMOHHOTO JIOTHCTHYECKOTO
MIPOCTPAHCTBA ITyTEM PAa3BUTHS BBICOKOI(D(PEKTUBHBIX IETeH
ITOCTABOK.

HpI/I 9TOM BaXXHO OTMCTHTH, YTO BBICOKOC Ka4YCCTBO
JIOTUCTUKH MOTYT 00€eCIIeUnTh KOMIIaHUH, CIICIIUAJIN3HU-
pyloluecss Ha NPEJOCTaBICHUM JIOTUCTHUECKUX YCIYyr. ODTH
KOMITaHHUH JIOJDKHBI ITOCTOSTHHO PACHINPSTH CBOH CHEKTP YCIIYT,
yToOBl HAWIYy4YIIUM 00pa3oM YIOBJICTBOPUTH MOTPEOHOCTH
KJIMEHTOB U BBINIOJIHUTH OCHOBHBIC (DyHKIMH. Bo-1iepBBIX, OHU
JIOJDKHBI OKa3bIBaTh YCIYTH IO CKIAJUPOBAHHUIO U TPAHC-
TIOPTUPOBKE, JUISl Y€r0 UM HEOOXOIMMBI CKJIA/Ibl, TEPMUHAIIBI 1
TPAHCIIOPTHEIE CpEACTBA. BO-BTOPBIX, KOMITAaHUH IOJDKHBI
OPHEHTHUPOBATHCS Ha OPTaHU3AIHIO JIOTHCTHIECKOTO IpoIiecca,
COOTBETCTBYIOIIETO IMOTPEOHOCTAM KaXIOTO KOHKPETHOTO
KJieHTa [6, 7].

B Hacrosimee Bpems KOMITAaHHH, BIAACIONINE PEalbHBIMU
AKTUBaMH, YK€ CHOCHUATIMBUPYIOTCSA Ha MPCAOCTABICHUU
CKJIQ/ICKUX U TPAHCIIOPTHBIX yCIIyT. JIpyrue KoMInaHuy paciliy-
PAIOT CBOHM CIEKTP YCIYT, B3sAB Ha ceOsl (YHKIMH CO3MAHUS
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MHTETPUPOBAHHBIX JIOTHCTHYECKHX LIETIeH ¢ MOMOIIBIO COBEp-
IICHCTBOBAHMS JIOTUCTUYECKOH HWHQPACTPYKTYPBI, HCIIOJIb-
30BaHUs HOBBIX CPEJICTB TPAHCIIOPTHPOBKY U CHIKEHHS 3aTpaT
B pamMkax SCM-cHCTEMBI yIIPaBICHNS LETSIMU TOCTABOK H T. 1.

[lepemeHHbBIE H3EPKKU B TIEPBYIO OUEPENb ONPEACIIOTCS
MIPOIIECCOM TPYy30IIepeBO30K. Yem OomblIe paccTosSHHE, Ha
KOTOpO€ TpeOyeTcsl MepeBe3TH IPy3, TEM BBINIE M3ACPXKKU, U
HA000pPOT, YeM KOpOdYe MapIIpyT, TeM HIDKE M3IEPKKH (pac-
XOIIBI Ha TOTLIMBO, 3aTPAThl Ha TPYZ | Ap.). Kpome Toro, o6pem
NEepeBO3UMOI0 Ipy3a SBIAETCS €lle OJHUM  (haKTopoM,
OTIpEeISIIAIONINM IepEeMEHHBIE U3AEPXKKH [8].

OO1mme 3arpaTbl KOMIAHUH ONPEEISIFOTCS IIyTeM CYMMHU-
poBaHUA TOCTOAHHBIX M TEPEMEHHBIX H3ACPIKCK. CHe}lOBa-
TCJIBbHO, MPUHATHUC PCIICHUSA O COBCPUHICHCTBOBAHWU TpPaHC-
TIOPTHOTO TIapKa M Pa3BUTHHU JIOTHCTHYECKOW HHPPACTPYKTYPBI
JIOJDKHO OCHOBBIBATHCS Ha CTPOTUX KPUTEPHSAX, TTO3BOIISIOLINX
MIPOBECTH CPABHUTEIILHYIO OLICHKY.

B npenplaymux HCCleOBaHMSAX aBTOPHI  IIPEAJIAraiu
OLleHNBaTh 3()(PEKTUBHOCTD JOTMCTUYECKOH KOMIAHUM C TI0-
MOIIbIO HECKOJIBKHUX MPUHINIHAIBHBIX COOTHOIICHHH:

1) pe3ynbpTaT, OTHECEHHBIH K H3JEpKKaM, WIH HPUOBLIb,
MOJIyYCHHAs Ha KaXIbI 3aTpadeHHBIN pyOIIb;

2) U3MIEPKKH, OTHECEHHBIE K Pe3yJIbTaTy, WU yAe/IbHBIE 3a-
TPaThI Ha KXKIYIO MOIYyYSHHYIO eAMHUIYY Pe3yIbTaTa;

3) pe3ynbTar, CKOpPEKTUPOBAHHBIN HA U3/IEPKKHU, OTHECEH-
HBIH K pe3yibTaTy, APYTHMHU CIOBaMH, yIACHbHBIN 3PQeKT Ha
KaXYIO TIOJIyYeHHYIO eIUHHUILY Pe3yJIbTaTa.

Hexoropsle crenuanucTsl PeKOMEHIYIOT HCIONB30BaTh
METO/IbI TTOIIAPHOTO CPaBHEHUS U ONpeJIelICHHEe TOUKH 0e3yObI-
TOYHOCTH JUIS aHaJIM3a. B mpakTHke Takke NCHONb3yeTCs yIpo-
LIEHHBIH CII0COO OLIEHKH, KOTOPHIH YUUTHIBAET TOJIBKO JIOTHC-
THYECKHE U3JIEPIKKH.

OIHAaKO CTOWT MOJYEPKHYTh, YTO BCE 3TH METOBI TPEOYIOT
TyOOKOTO aHAJIMTUYECKOTO MCCIEIOBAHNUS, BKIOYAsl BBISBIIC-
HUe KOHQIUKTYIOUINX 3aTpaT A 000CHOBaHHA M pa3paboTKH
ONTHMAJIBHBIX penieHnH. JIorncTHaecKkue KOMIaHuU CTPEMST-
Csl yCTaHABIUBATH TapU(Bl, 00ECICUYNBAIOIINE HX MPHUOBLIH-
HocTh. OHHU TaKKe aKTUBHO WHBECTHPYIOT YacTh MPUOBLIN B
TPaHCIIOPTHYI0 MH(PACTPYKTYPY U TPAHCIOPTHBIE CPEJCTBA,
YTOOBI COXPAHATH CBOIO KOHKYPEHTOCIIOCOOHOCTh Ha PBIHKE.

dakrryecky IKOHOMUUECcKast 3PPEKTUBHOCTD JIOTHCTHYEC-
KUX IIPOBAN/IEPOB MOXKET OBITH ONpe/eieHa 0 COOTHOIICHHIO
pe3yJbTaTOB M 3aTpaT, CBA3aHHBIX C MX CO3/IaHMEM U (DYHKIH-
OHHpOBaHHEM. Pe3ynbrarbl MOTYT OBITH OIIEHEHBI KOJIMYECT-
BEHHBIMH TOKa3aTeJIIMH, TaKUMH KaK OOBEM BBIIIOJIHEHHBIX
MIEPEeBO30K, WM TOKa3aTeNIIMH KadecTBa OOCIy)KHBaHUS,
HarpuMmep coOIOICHNE CPOKOB TOCTAaBKH Ipy3a. B coBpemen-
HBIX YCIJIOBHSIX COTIOCTaBIICHHE ITOKa3aTeNeil KadecTBa sBISCT-
Csl TIPEITOYTHTENLHBIM, OCKOJIBKY MOXET OTPaXaTh UX KOHKY-
PEHTOCTIOCOOHOCTD.

Ha wmam B3misa, mpH OIEGHKE JKOHOMUYECKOW 3ddek-
TUBHOCTH KOMITAaHHH CJIELYeT YUHTHIBATH COBOKYIIHBIC 3aTpa-
THI, BKJIIOUasi BO3BPAT Ha WHBECTUINH. J{JIst 3TOH 1ienu neneco-
00pa3HO HCIONB30BaTh METOJOJOTHUECKHH MOIXOA, OMHCaH-
HBI B TaHHOM paboTe, U OIleHUBATh 3(PPEKTUBHOCTD KOMITAaHUH
C TTIOMOIIBIO BEKTOPHOTO KPUTEPHSL:

K(x) = {ky (), ko (), ooy ki ()} = {kj (), j = 1,M},

rae kj(x;) — j-i 4acTHBII KpuTepuii, M — YHCIO YACTHBIX
KPHUTEPHEB.

Oyuxuust K(x;), y4UTHIBAIOIIAash MHOMXECTBO HCXOAHBIX
BapUAHTOB, B CBOIO OYEPE/Ib MOPOXKAACT OTHOLICHUE MOPSIKA,
3aBHCSAIIEE OT CMBICIIOBOTO conepxanus QyHKuuu. Tak, eciu
3 K(x;) > K(xs) cmemyert, 9To Xx; > Xs, TO IMEET CMBICII KPUTEPHI
tina <«Oddexr». TpaaulMOHHO Ha TPAHCIOPTE TaKHUMH
KPUTEPHUSIMHU SBISIOTCS JOCTUTHYTHI ypOBEHH BBIITOTHEHUS
YCTaHOBJICHHBIX CpPOKOB JIOCTaBKM TPY30B, ITOKa3aTelb
KOMIUIEKCHOCTH OOCTy)XKMBaHUS KIHUEHTYpPH M 1p. Ecim xe
Xs > Xi, TO K(x;) SBIICTCS KPUTEPHEM THIIA «3aTpaTel». K HIM
[eNecoo0pa3sHo  OTHECTHM  3aTpaThl  HA  COJCpIKaHHE
MPOU3BOJICTBEHHOW UHPPACTPYKTYPHI U JIP.

Torma maTeMaTwyeckasl MOCTAHOBKA 3a7a4d B BEKTOPHOM
(dhopme mpuMeT BHT;

maxk;(x;), j=1,M, x;€X
mink;(x;), j=m+ 1M, x; €X

(1.

U3 cucrembr (1) BHOHO, YTO KaXJo€ M3 YpaBHEHUH
OlpeJesiieT BapUaHT pPELICHUs], HCIOIb30BAHUE KOTOPOTO
Haubosee MPEANOYTUTEIBHO TOIBKO C TOYKH 3PEHHs OJHOTO
kputepus. OO1ee ke pelnieHne MPeICTaBsIeTCs epecedeHuEM
MHOKECTB DE3yNbTaTOB PEHICHHH MO KaKAOMY YaCTHOMY
KPHUTEPUIO:

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

OlleHKy pacCOTIaCOBAaHHMS KPHUTEPHEB THMA «PPEKT
Lesiecoo0pa3Ho MPOM3BOJUTh Ha OCHOBaHWM Oe3pazMepHOi
GbyHKIIU

kj
Kjsg )’
a JUIsl KpUTEPHUEB TUIIA «3aTPaThl» — B BUJC (kj / kjs).

[IpemmaraeMsrii TOJX01, HA HAII B3TJISAI, TO3BOJISIECT HAMOO-
Jiee TIOJIHO YYUTHIBATh HECKOJBKO 1eiieil. Ero mpenmyiiectBom
SIBIISICTCS. BOBMOXKHOCTh OIICHUBATh 3(P(PEKTUBHOCTD JCSATEIb-
HOCTH KOMIIAHUH C TIO3UIIMH CUCTEMHOTO MOJIX0/[d, OCHOBBIBA-
SICh Ha KOJIMYECTBEHHBIX XapPaKTEPUCTUKAX U BBISBICHHBIX 3a-
KOHOMEPHOCTSIX.

1-—

3AKJIIOYEHUE

Texymas reononurTuyeckas 00CTaHOBKA, yBEJIMYEHUE LIEH
Ha TOIUIMBO M HEIOCTAaTOK KBAaJM(HIUPOBAHHOIO NEPCOHANA
3HAUUTENIFHO YCYTyOMJIM HEOIpeIeIeHHOCTh B cdepe JIoru-
CTHKHU M TaKMM 00pa30oM ONPENeNTIIH ITyTH YIy4LIeHHUs yCTON-
YHBOCTH LieNIel MMOCTaBOK MPH ITOMOIIN ONTUMH3ALUH YIIPaB-
JICHUsI 3aTpaTaMH JIOTUCTUYECKUMHU KOMITAaHUSIMH.

ABTOpHBI TIpeJIarafoT MHCTPYMEHTAapHH, KOTOPBIA IO3BO-
JsleT OUeHHUTh A(P(EKTUBHOCTH JIOTMCTUYECKOIO IIpoliecca,
OIIPENIeTINTh Pa3yMHBIE IIyTH COKpAILICHHs 3aTpaT, OLCHUTH Ka-
4ecTBO (DYHKIMOHHPOBAHMS KOMIIAHUHM M BBISIBUTH YPOBEHB
KOHKYPEHTOCIIOCOOHOCTH KOMITaHUH. [loiTy4eHHbIe pacyeTHbIC
JaHHBIE MOTYT CIIY)KHUTb OCHOBOW IUIsl CTpaTeruu OM3HEeC-IUia-
HHUPOBaHHMS M pa3pabOTKK HOBBIX LIETIeH ITOCTABOK.
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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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Annomayua. CtaThsl NOCBSAIEHA aHAJIM3Y NpPo0JeMbl pac-
Kpacku rpada, akTyaJbHOIi B pa3IH4YHbIX 00/1aCTSX, BKJII0YAs CO-
CTaBJICHHE Y4eOHBIX PacHUCaHMil, INIAHNPOBAHNHE U YNIPABJICHHE
pecypcaMH M MHOIHMX Apyrux. B xone mcciegoBanus 3Ta 3aga4ya
Obl1a aaNTHPOBAHA LISl ONTHMH3ALIMH PACIIMCAHUS Y4eOHBIX 3a-
HATUH. OCHOBHON 1eJIbI0 MCCIEA0BAHUS CTaJO0 CO3laHHe AJIr0-
pHTMa U IPOTPaMMHOTO0 obecnedeHus 1/ pa3paboTKH M0JIb30Ba-
TeJbCKOro MHTep(eiica pacnucanusi B y4eOHbIX y4YpesKIAeHHUSX.
PaspaGoTaHHblii cOpT MOKeT ObITh JIerKO HACTPOEH /JIsl pa3Jiny-
HBIX THIIOB Y4eOHBIX 3aBeJeHHUIi: 0T LIKOJI 10 YHUBEPCHTETOB.

Kniouesvie cnosa: rpad, pacnucanue, aJropuTMm, skaaHblii aj-
TOPUTM, 3aa4a pacKkpacku rpaga, Bu3yajbHoe NpejcTaBJeHue,
nporpamma, Python.

BBEJIEHUE

B nocnennue necstuiaetusi Teopust rpadoB CTPEMUTEIBHO
pa3BHBAETCsl, BMECTE C PACIIUPEHUEM €€ NPUMEHEHHUS B pa3-
JMYHBIX oOmacTax. OMHON M3 KIIACCHMYECKUX 3aJad dTON TEo-
pun sABIIAETCA 3a7ada packpacku rpada, rae Kakaoi BepiInHe
HEOOXOANMO MPHUCBOUTH OIPENCICHHBINH IBET TaK, YTOOBI
CMEXHBIC BEPIIMHBI UMEIN Pa3HbIC [[BETA, U NIPH 3TOM oOIee
KOJIMYECTBO IIBETOB OBUIO MUHHMAJIBHBIM. DTa 3a7a4a BXOANUT
B cricok u3 21 NP-tpyanbix 3ana4, chopMmyIMpoBaHHbIX Pu-
gapnom Kapnom B 1972 rofy, u mo-npexxHeMy 0CTaeTcs BbI30-
BOM JUIsl HAYKH, TaK KaK HET OJMHOMHAIBHOTO ajrOpUTMa JUTs
TOYHOTO PELICHHMSI.

Teopust IIIaHUPOBAHUSI UTPACT BXKHYIO POJIb B 00ECIICUCHUH
3¢ (EKTUBHOTO yNpaBJIeHHs] PeCypcaMy, BpEMEHEM U 3a/1auaMu
B Pa3MuHBIX 001acTaX. OHA TO3BOJISIET ONPENEISTh 1IENH, pa3-
pabaThIBaTh CTPATETHU W CICANTDH 3a BBITIOJIHEHUEM 3371ad. 3a-
Jlava pacKpacku rpada MoxeT ObITh UCIIONB30BaHA ISt ONITHMH-
3aIMH PACTIPEICIICHNS PECYPCOB B PA3JIMUHBIX MPOLIECCaX.

B crarhe BHEMaHKE COCPEIOTOUEHO HA MPAKTHIECKOM TpHMe-
HEHUH 3a]1a9M PACKPacKH IpaoB B 00JIaCTH IITAHUPOBAHUS, OCO-
OEHHO B KOHTEKCTE COCTABJICHHsI YUeOHBIX pacMCaHU, ONTHMHU-
3aI[MM TPAHCIIOPTHBIX MapIIPyTOB, BpeMEHH paboThl 060pyoBa-
HHSl 1 MHOTHX JPYTHX aHAJIOTMYHBIX CLIEHApHEB. JTa 3aaya ak-
TyaJjibHa ¥ TpeOyeT 3 (HeKTUBHBIX AITOPUTMHYECKUX PEILICHHH.

BakHbIM acCHeKTOM XOpOILIEro PACIUCAHUS SBISIETCS €ro
BU3yaJbHOE NpezcTaBieHne. YeTKuid 1 NpuBIIeKaTeIbHBINA A1~
3alfH pacIMcaHus YIpOIIaeT BOCIPHATHE WH(OpMalWH, YTO
0COOCHHO Ba)XHO B OBICTPO MEHSIOICHCS M JUHAMHYHOM
cpene. BusyanpHO mpHBIIEKaTeIbHOE paclUcaHHe CIIoco0-
cTBYyeT Ooinee 3 PEeKTUBHOMY HCIIOJIb30BAHUIO HHPOPMALIUU
CHMYKAeT BEPOSITHOCTH OLIMOOK M HEJOIOHMMaHHMS.

OCHOBHBIE TEPMUHBI 1 OTTPEJIEJIEHU ST
BonbuiHCTBO onpeaenenuii Teopuu rpadoB AAKOTCS HO-pas-
HOMY B pa3JIMUHBIX UCTOYHUKAX, B OCHOBHOM, OHH J€MOHCTpU-
PYIOT pa3Hble NOAXOABI U He MPOTUBOpeUaT Apyr aApyry [1-4].

I'padom, B 0bmieM cirydae, Ha3BIBACTCSI COBOKYITHOCTH JABYX
MHOxecTB: G = (V, E), Tae V' — MHOXeCTBO BepIIuH, £ C Vx) —
MHOECTBO CBS3EH MEXIy HUMH (MHOXKeCTBO pebep) (puc. 1).

Puc. 1. [Ipumep rpacda (rpa¢ Ilerepcena)

JlBe BepUIMHBI 4, V € V Ha3bIBAIOTCSI CMEXXHBIMH, €CITH OHH
cBsi3aHBI pedpom: (u, v) € E. JIBa pebpa e, f € E Ha3pIBaroTCA
CMEXKHBIMH, €CJI OHU UMEIOT 00Ty BepInuHy: ¢ N f# O.

Crenenpio deg(v) BepiuHbl v B rpade G HA3BIBAIOT YHCIIO
BEPIIIHH, CMEXXHBIX C BepiIuHoi v: deg(v) = [{u € V | (v, u) € E}|.

Paccmotpum noapobHee Teopuro packpacku rpada [5].

Packpackoii BepmmH rpada G = (V, E) sBusercs QyHKIUSL
c: V' — N, KoTopas KaxI0oi BepIIrHe rpada CTABUT B COOTBET-
CTBHE HATypaIBbHOE YHUCIO (I[BET) TaK, YTO JIFOOBIM IBYM HHITH-
JICHTHBIM BEpIIMHAM u, v € V Ha3HayalOTCs pasHblc IIBETa:
{u, v} € E = c(u) # c(v). @ynkmms ¢ HazpBaeTcs QyHKIHEH
packpacku (puc. 2).

Puc. 2. IIpumep packpacku rpada (rpad INetepcena)
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[IpuMeHUTENBHO K cTaThe QYHKIHS PACKPACKH HUMEET Clie-
nyrouuii Bun: ¢: {0, 1}nxn — Nn, TO ecTh 10 MaTPUIIE CMEX-
HoCTH Tpad)a MBI IIOTy4aeM BEKTOD €ro I[BETOB.

I'pad G, s KoToporo CyIIECTBYET packpacka u3 k I[BETOB,
Ha3bBIBaeTCs k-pacKkpammBaeMbIM. B 3ToMm ciydae ¢yHKOuS
packpacku pa3buBaet rpad G Ha HE3aBHCHMBIE TIOAMHOKECTBA
Vi,Va, ..., Vi, A KOTOPBHIX cmpaBemmBo: VN V=0 u
ViuVau...UV=V".

BHyTpH HE3aBUCHMOTO MHOXKECTBA HUKAKHE JIBE BEPIINHBI
HE CBsI3aHBI peOpPOM.

Haumenbliee ymcno k, a1 KOTOpOro CymiecTByeT k-pac-
Kpacka rpada G, Ha3pIBaCTCS XPOMATUYECKUM YHCIOM rpada
G u obo3nauaercs y(G). Jlrobas packpacka rpada G, 11t KOTO-
poii HeoOXOIMMO TOJIBKO k 11BeTOB M k = (G), Ha3bIBAETCS OII-
TAMabHOH [6].

OIMCAHME 3AJIAUN

3amada packpacku Tpada IMpeacTaBisieT coO0OH OmHy H3
KIIFOYEBBIX B TEOPHUHU TPadoB, TAK KaK OHA OTHOCUTCS K KJIACCY
NP-nonHBIX 3amad, ¥ MHOTHE IpyTHe 3aJadd dTOH o0xacTh
cBomATCS K Hell. Packpacka rpada MoxeT OBITh BEPUIMHHOM,
pebepHOll WM TOTaJbHOI;, OJTHAKO BCE 3TH BapHAHTHI 3a7auu
B3aMMOCBSI3aHbI, U B PaMKax HaIlleH peain3allii OTPAaHUIUMCS
paccMOTpEHHEM BEPIIMHHOMN packpacku. [Ipu Takoi packpacke
rpada KaxxJ0i BEpIIMHE MPUCBAMBACTCS OIPEIACICHHBINA I[BET
TaKuUM 06pa30M, YTO HHUKAKHC ABEC CMCKHBIC BCPIIMHBI HE
HUMEIOT OJTHOTO M Toro *e 1BeTa [7, 8]. CyTh caMoii 3a1a4uu co-
CTOUT B HaXOXICHAH MHHAMAIILHOTO KOJMYECTBA IIBETOB IS
packpacku rpada.

Ha ocHOBe BBIIIIECKa3aHHOTO 33/1a9y COCTABJICHUS PacIuca-
HUSL MOXXHO MHTEPIIPETHPOBAThH KaK 3a7ady pacKpacku rpada
CIIEIYIOIIIM 00pa3oM:

e peco0Opa3oBaHKe 3aJa4yM paciucaHus B rpad)oBy0 MO-
JIeNTb: KaXIOMy COOBITHIO COIOCTABJISICTCS BEpIIHHA, a pedpa
MEX/y BEpLUIMHAMH MPECTABIISIOT KOH(IMKTH BpeMEHH (co-
OBITHS, KOTOPBIE HE MOTYT IIPOU30UTH OJTHOBPEMEHHO);

e packpacka rpad)a TakuM 00pa3oM, 4TOOBI JIBE CMEKHBIC
BEpUINHBI (COOBITHSA, KOTOPbIE HE MOTYT HPOMCXOAMUTH OJIHO-
BPEMEHHO) BCETIa MMENM pa3HbIC [BETa; B 3TOM KOHTEKCTE
«IBET» MPEICTaBIICT COOOH BPEeMEHHOH CIIOT;

® MUHUMU3AIHS KOJIMIECTBA HCIOIB3YEMBIX I[BETOB, UTO CO-
OTBETCTBYCT MUHAMH3ALUH OOIIETO YHCIIa BPEMEHHBIX CIIOTOB.

AJITOPUTMBI JIJIS PELLIEHUS 3AJJAUM PACKPACKU TPADA

s pemienust 3aauu packpacku rpada JoCTYIHBI pa3HO-
00pa3Hble METO/BI, KOTOpBIE MOJPA3ZEISIOTCS HA TOYHBIE H
npubmwkenHsle [9, 10].

TouHble anropuTMBl 00ECHEYMBAIOT HAXOXICHHE OIITH-
MaJIbHOT'O PELICHHs, OJHAKO UX CIIOXKHOCTh BO3PACTAET IKCIIO-
HEHIIMAIBHO [0 Mepe yBenuueHus pasmepa rpada. Croga Bxo-
IST METOIBI iepebopa, BETBICHHUS W TPAHHUIIBL, a TAKKe allro-
PHTMBI, OCHOBaHHBIC HAa TEOPHU MHOKECTB. OJIHAKO CTOUT Y4H-
TBIBATh, YTO IS OONBIIKX TpadoB U rpad)oB ¢ BHICOKHM XPO-
MaTHYECKUM YHUCIOM BBIYHCIIUTENBHAS CIIOKHOCTh MOJXKET
OBITh CYIIIECTBEHHOI, M B 3TOM ClIy4ae CTOUT PaCCMOTPETh UC-
OJTE30BAaHKE PUOIVKEHHBIX HIIA 9BPUCTHYESCKUX METOJOB.

[TpubnuxeHHbIe aIrOPUTMBI, B CBOIO OYepe/ib, He 00eIaroT
HaxO0XJICHUEe ONTUMAJILHOTO PELICHUs, HO 00J1aal0T BBICOKOM
CKOPOCTBIO PabOTHI U MOTYT OBITH IPUMEHEHBI K OOJIBIIIMM I'pa-
(baM. K #uM oTHOCSTCA: KaaHbIC AJITOPUTMBbI, TCHETUYCCKUEC
AJITOPUTMBI U IPYTUC HOI[O6HI)Ie METOAbI.

IIpu pemenun paccMaTpuBacMOM 3a7aud BO3MOXKHO IIpU-
MEHEHHE Pa3INYHBIX aJITOPUTMOB PAacKpacku rpada, 0IHAKO
KOHKPETHBII BHIOOP aJIrOpUTMa 3aBUCHT OT pa3Mepa rpada, 1o-
CTYITHOT'O BPEMEHH U TpeOyeMOil TOYHOCTH PELICHUS.

TIPUMEHEHUE AJITOPUTMOB PACKPACKU I'PADA
JUIA COCTABJIEHMA PACITMCAHMA

Jis pemeHus MoCTaBIeHHOM 3aa4um OyaeM HCIOIb30BaTh
aJTOPUTM KaJTHON PACKpaCKH, KOTOPBI OTHOCHTCS K TIPHOIIH-
JKEHHBIM METO/IaM.

JKamHblit anroput™ — 3T0 11000 AITOPUTM, KOTOPBIH Clle-
JIyeT 3BPUCTHKE PELICHUs MPOOJIEeMBbl, 3aKIIIOUAIOIIEeHCs B JIO-
KaJIbHO ONTHMaJIbHOM BBIOOpE Ha KaXkJIoM aTare. Bo MHOrnx
3aJayax jkaJHas CTpaTerdsi He JaeT ONTUMAaIbHOIO pPElleHus,
HO KaJHas 9BpUCTUKA MOXKET AaTh JIOKAJIbHO ONTUMAaJIbHBIC PC-
HIEHHS, KOTOPbIE NPUOIMKAIOTCS K IJI00aJIbHO ONTUMAaIbHOMY
PEIIeHHIO 32 Pa3yMHBIH MPOMEXYTOK BpemeHu [11].

JKaHbIif anroput™ A7s 3a1a4u pacKpacku rpada uMeeT He-
CKOJIBKO TTPEUMYIIIECTB:

1. ANropuT™M OTHOCHTENHHO MPOCT B PealN3aluy U MTOHH-
Mannu. OH OCHOBAaH Ha MHTYWTHBHO ITOHATHOW mzee BbIOOpa
1BeTa AJIs KaXJA0M BEPIIUHBI, HAYMHAS ¢ IEPBOU U IIPOAOIIKAL
JI0 TIOCJIEHEN.

2. OH pabotaeT ObICTPO A1 OOJBIIMHCTBA CIy4aeB W HE
Tpe6yeT BBITIOJTHEHHS CJIOKHBIX BEIYUCICHUH UITA I/ITepaL[I/Iﬁ 10
BCEM BepIrHaM rpada. BmecTo 3Toro oH paboTaer JIOKaIbHO,
BEIOMpAs Ha KaXKJOM II1are HauboJiee MOAXOSIIUN TOCTYTHBIH
LBET JJIS TeKyIIeH BEPIIMHBI.

3. XKanuslii anroput™M OOBIYHO JAET XOPOIINE PE3YIIbTATHI
packpacku rpada ¥ HaXOAUT PacKkpackKy, KOTOpasl HCIOJIb3yeT
HE CJIMIIKOM MHOTO IIBETOB M YJIOBJETBOPSIET OOJBIIMHCTBY
OrpaHUYEHUI.

4. laHHBIM adTOPUTM XOPOIIO MacIITaOMPYETCs U MOXKET
OBITH MpUMEHEH K OoibiuM rpadam. OH He TpeOyeT OOIBIIOro
KOJIMYECTBA AMSTH UIIH BBIYUCIUTENBHBIX PECYPCOB, IOATOMY
MOXET OBITh HCIIOIB30BaH Ul PEIICHHWA 3a7ad pPacKpacKu
rpada ¢ OOIBIIMM KOJTMYESCTBOM BEPIIHH.

5. XKamHbli aTOpUTM MOKET OBITH JIETKO MOAU(DUIIMPOBAH
WJIN PacIIMpPEH JUI ydeTa JONOIHUTENbHBIX OTPaHUICHUH HITH
YCIIOBHI 3a/1a4n packpacku rpada. ITo jenaer ero yao0HbsIM
WHCTPYMEHTOM JUISl pELICHNUS Pa3JINuHbIX BAPHAHTOB 3a/1a4uu.

OnHaKo cieayeT OTMETUTb, YTO JKa/IHBIN alrOpUTM He BCe-
r7za JaeT ONTHMAIbHOE PELIEHHE M MOXKET OBITh MOJBEpPIKEH
ommnOKaM. B HEKOTOPBIX CiTydyasix OH MOXKET IPUBECTH K HETpa-
BHJIBHOI packpacke rpad)a MiIx HCIOIH30BAHUIO OOIBIIETO KO-
JMYECTBA [[BETOB, Y€M TPeOyeTCsl.

OCHOBHBIE 3Tallbl KaJHOTO AITOPUTMA!

1. Uannmanm3anns — MPUCBOEHHE BCeM BepIIMHAM «Oec-
LBETHOT'0» COCTOSIHHSI.

2. Packpacka — BBITIOJTHEHHE CIIEAYIOIINX [IaroB JUI KaK-
JIO¥ BepUIMHBI rpada:

a) BBIOOD MEpPBOM TOCTYIHOM BEPIINHBI O€3 1IBETa;

0) NpUCBOCHHUE BEPIIMHE IEPBOTO JOCTYITHOT'O 1IBETA, KOTO-
PpbIii HE UCTIOJIB3YETCs €€ COCENISIMU;

B) ITOBTOpPEHHE IaroB a)—0) 10 TeX Mop, IOKa BCE BEPIITHHBI
HE MOTy4aT LBET.

TIPAKTUYECKOE TPUMEHEHUE
Pa3paboTanHas nporpammMa, HanMcanHas Ha si3bike Python,
IPEJOCTABIIAET BOZMOKHOCTh UTEHHS U BU3YyalIU3alluU pacly-
canus u3 ¢aiios Excel (puc. 3), a Takxe cosnanust PDF-noky-
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MEHTOB C HCIIOJIb30BAaHHEM CKPHHILOTOB II0JIb30BATEIHCKOTO
nHrepdeiica.

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. Bxoauble qaHHBIE

3a OCHOBY, KaK YKa3bIBaJIOChH BEIIIE, OBIT B3AT JKaIHBIHN aj-
TOPUTM, KOTOPBIH paccMaTpWBaeT 3aHATHS KaK BEpIIHHBI
rpacda, a orpaHHYCHHUS 110 BPEMEHH Kak pedpa, KOTOpBIe HE MO-
T'YT UIMETh OJJMHAKOBBIH 11BeT. B Havyane paboThl BEpIIMHEI COp-
TUPYIOTCS 110 YOBIBAHUIO CTENICHH, M KaXK/1asl BEPILUHA [10CIIe-
JIOBATEJIbHO PACKpalIMBAeTCs B HAUMEHBUIMH JTOCTYIHBINA
L[BET, KOTOPBIi! ellle He CIOIB30BAH CPEAU €€ COCeaeH.

PaccmoTpuM 3Tambl NpUMEHEHHsS aJrOpUTMa B JaHHOM
KOHTEKCTe:!

1. [IBeta nmns s9eexk BHIOMPAIOTCS W3 3apaHee 3aJaHHOTO
criucka 1BetoB (Colors).

2. Ilpera mHKIWMYECKH TepeOHparOTCsS €  MOMOIIBIO
itertools.cycle. Takum 00pazoM, TOCIC HCIIONB30BaHHSA II0-
CIIEITHETO IBETa M3 CIMCKA, aTOPUTM BO3BpAIIaeTCs K Iep-
BOMY IIBETy U HAUMHAET epebop CHOBA.

3. Kaxnp1if yaeOHbIH eHb HeIeTIH 0TOOpakaeTcst B OTEIb-
HOM KOJIOHKE TaOJIHIIB, U HETO aJITOPUTM COXPAaHSET Mpe/ibl-
JIyIINH 1IBET, UCIIOJIb30BAHHBIM JIJIs1 OKpALIMBAHUS SYEUKH C 3a-
HATHEM.

4. Ilpu 3amoJIHEHWW HOBOTO JIHSA aJITOPUTM BBIOUpAET ciie-
IYIOIIMHA IBET U3 IMUKIA. ECII ATOT IBET y)Ke UCTIONB30BaICS
B IIPEABIIYIIEM JTHE, alTOPUTM MIPOA0IDKAET MIepeOUpaTh IIBETA
W3 UKJIA 10 HAXOXKICHUS HEHUCIIONB30BaHHOTO IIBETA.

5. Drtambl 2—4 MOBTOPSIOTCS, ITOKA BCE paclHcaHue He Oy-
JET pacKpalleHo.

[Iporpamma npesncrasisier coboii rpaduueckuii naTepdeiic
JUTsT OTOOpa)KeHUs paclHCaHHs, CUYUTHIBAEMOTo u3 (haiina
Excel, n mpenocraBiseT BO3MOKXHOCTh COXPaHEHHS 3TOTO pac-
nucanus B popmare PDF.

OYHKIUU ITPOI'PAMMBI

Mozenp mporpaMMsbl IpejcTaBiieHa Ha pucyHke 4. Pac-
CMOTPHUM HUCIOJIB3yeMble B IporpaMMe (yHKIIUH.

1. Screenshot_to_pdf(window _title, filename). Ota QyHK-
WS IPUHUMAET ABa mapameTpa: «window _title» (3aromoBok
OKHa, KOTOpO€ HYXHO «3aXBaTHTh» CKPUHIIOTOM) U
«filename» (uMms daiina, B KOTOPEI Hy>KHO coxpaHuTs 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. Monens nporpaMMsl

CHavana QyHKIHS UCTIONB3YeT OMOINOTEKY pyautogui IUts
3axBara CKPHHILIOTA OKHA. 3aTeM CKPUHLIOT oOpe3aercs st
ylnajneHus OKOHHBIX pamok. Ilocie sToro ¢QyHKms co3maer
PDF c¢ ucronms3oBarnem 6ubmmorekn FPDF u coxpanseT ero
M0J YKa3aHHBIM UMeHeM (aiina.

2. Create_pdf(). anHas GyHKUUS BBI3BIBACT (PYHKIIUIO
screenshot to pdf, mepenaBas efl CileAyIOIIHE MapaMeTphl:
Ha3zBaHUe okHa «Schedule» m mMs ¢aitma «output.pdf». o
NPUBOAMT K co3nanuto PDF-daiina ¢ nzo0paxennem conepxu-
MOT'O OKHa PacIHCaHusl.

3. Parse_date(date_string). OyHKIUS NPUHUMAET CTPOKY
natel (date string) u mpeoOpasyet ee B 00beKT date, KOTOPBIiA
6osee ynobeH i paboThl, KpOME TOTO, MaHHAs (QYHKIHS UC-
MOJIB3YETCsl IPU YTSHUH pacnucanus u3 daitna Excel.

4. Read schedule(filename). ®yHKIHA OTKpBIBacT Qaiii
Excel (filename) mo yka3aHHOMY IyTH, CYHTBIBACT JAHHBIC H
COXpaHseT HX B cloBapb. Bo3Bpainaer 1Ba 00bekTa: pacnuca-
HHE W MHOXECTBO JHEW, CUMTAIOUIMXCS HCKIIOUYEHUSIMHU
(TIpa3gHUYHEIC THH).

5. Create_weekly schedule widget(schedule, holidays,
month, year). ©yHKIUS CO3AaET BUDKET PACITUCAHHS IS OTIpe-
JeJIEHHOTO Mecslla U rofia, MCIOJIb3Ys MPEeIOCTaBICHHOE pac-
NHCaHNe ¥ CIIMCOK BBIXOJHBIX AHEeH. OHa BOCIIPOM3BOIUT pac-
npefeeHre 3aHATHH 110 AHAM M BPEMEHHU C HCIIOJIb30BaHUEM
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6ubmmoTeku tkinter. Kaxknas siueiika oKparinBaeTcsi B COOTBET-
CTBYIOIMH IIBET B 3aBUCHMOCTH OT ITIO3ULIMHU U TPYTIIIHL.

Konx nporpaMmbl cHavaia 3arpyskaet pacrniucanue u3 ¢aiia
Excel, 3arem co3maer rpaduuecknii mHTEphEiic ¢ BHIHKETOM
pacnucanus U KHonkoi i cozpanus PDF. Ilocne atoro npo-
rpaMMa 3aITyCKaeT TJIaBHBIN UK 00paboTKu coOBITHII thinter.
Jis peanu3ariv MCTIONB3YIOTCST OMONHMOTEKN: thinter — IUis
CO3JaHUs TIOJB30BATENBCKOTO MHTEpdelca, openpyxl — mis

4yTeHUs JaHHbIX U3 Excel, pyautogui — nis co3ganus CKpUH-
motoB U FPDF s cozpanus PDF-daiinos.

Peanu3zoBaHHBIl B MporpaMme ajiroputM oOecreYrBaeT
YHHUKAITbHBIN [BET U1 KaKIOTO 3aHATHS B JCHb W TapaHTH-
pyeT, 94TO I[BETa, MCIONB3yeMbIC Ul PaCKpPacKH 3aHATHH, W3-
MEHSIOTCSI OT THS K JHIO. DTO JIeaeT TabIuIy pacticanus 0o-
Jiee HarJISIIHOM U JIETKO YUTAEMOM.

PesynbraT paboThl MporpaMMEl IPUBEICH 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, PyHes)

B (1-217, XOMOHEHKO)

CAOL (1-206, 3abpoavH)

Dwu3-pa (ADK, Cwsoea)

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

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)

B4 (1-218, MonoakvH)

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 Own. (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. Pesynbrat paboThl IporpaMmel

3AKJIIOYEHUE

ITocTpoenue pacnyucanuii cTano BaXKHON YaCThbIO HaIIEH Mo-
BCEJHEBHOM km3HU. [|JIs YCKOpEHUs 3TOro mporecca Tpedy-
10TCst 9 GEKTUBHBIE PEIICHUS, UCIIOJIB3YIOLINE COBPEMEHHbBIE
TEXHOJIOTHH.

B craTbe mpezacTaBiieH METOJ] COCTABJICHUs HE TOJIBKO 3(¢-
(heKTUBHOTO, HO M BU3YaIIbHO MIPUBJICKATEIHHOTO PACTIHCAHIS.
[IpaBUIBHO CTPYKTYpPHUPOBAHHOE PACTINCAHKE HE TOIBKO OIITH-
MHU3HpPYET pabodre MPOIECCH, HO TaKXKe CIIOCOOCTBYET CHIKE-
HUIO YPOBHS cTpecca y mepcoHana. [IpropureTHoe pacrpene-
JICHWE 3a/1a4 M sCHAsl OpTaHU3aIs HHPOPMALIUH YIPOUIAIOT

BOCIIPHUSTHE PACIHMCAHUS, Jeiasi ero 0osiee AOCTYIHBIM H IO-
HATHBIM. OTO, B CBOIO OYepe/lb, CIIOCOOCTBYET MOBBIIICHUIO
MOTHUBAIMH U OOIICH MPOU3BOIUTECIBLHOCTH.

HecoMHueHHO, 4TO Teopus rpadoB MPEJOCTABISACT MOIIHBIC
WHCTPYMEHTHI Il ONTHUMH3AIIMU PACIIUCAHUS, TIO3BOJISS 3HA-
YUTEJIbHO YMEHBIIUTH BPEMsI, HEOOXOIMUMOE TSl HaXOXKICHHS
ONTUMAIIFHOTO perreHus. OTHAKO JaXKe C UCTOTh30BAHUEM CO-
BPEMEHHBIX METO/I0B M aITOPUTMOB 3a/1aya COCTABJICHUS pac-
MHCAHUS MO-IPEKHEMY OCTAETCS CIOKHOW MU MHOTOTPAHHOM,
TpeOyromei TaTbHEUIIIX HCCIeJOBaHUH.
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[IpencraBneHHast mporpaMma ycHemHo pemaer npoodiemy
pacKkpacky paclucaHus, YTO JeaeT ee HMJeaJbHBIM HHCTPY-
MEHTOM JUIsl CO3/IaHUs PacIMCaHusl B 00pa3oBaTesIbHBIX yupe-
xaeHusX. [IyTeM BHeCeHUs ONpejeIeHHBIX YCOBEPIIEHCTBOBA-
HUH B Ko7 (moOaBienue GyHKINH) ee TOTSHIIHAI MOXKHO 3Ha-
YHUTEJBHO PACIIUPUTh U aJallTHPOBATh IO Pa3IMYHbIC CHELH-
(uaeckne TpeOOBaHMUS.

B OynymeM MOKHO yJTydIIUTh JaHHBIH METOJ, BHEIPHB
Ooee 2 PeKTHBHBIC ANTOPUTMEI packpacku rpada u aganrtu-
pys ero aist perieHus crenuduyecKux 3anad, Takux Kak
yapaBJI€HUC MHOI03aJIla4yHOCThIO U YUCT MHOTOKpUTEPpHUATIb-
HBIX IIapaMeTPOB.
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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—
@ @ Scan coils

Objective lens

Electron beam

Secondary
electron detector

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

ImagelJ 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 Imagel 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=B[EcH|
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.

LoadImage 3

Convert To Gray
Capture Partical

Load Caplured Partical
k
Calculate Partical Size -

(=8 ol

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. 5. Converting image to gray-scale image

Load Image

Capture Partical
Load Captured Partical o
Y . R
Calculate Partical Size *

-

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-

size of 1 pixel (in nanometers): Z=Y / X.

vestigation.

Table 1

Measures of 10 different areas in the same image

ferent areas in the same image. The results show that our pro- Number of area Particle size, nm
posed software provides high accuracy results. ! 0,0132
The system performs the following steps in order to calcu- 2 0,0131
late the nanoparticles size of microscopy images: 3 0,0140
1. Calculate the pixel size in nanometers as follows: 7 0.0131
If X = No. of pixels in Y (Y is nanometers in scale bar), then ’
5 0,0133
2. Calculate the black/white pixels in the particle under in- 6 0,0134
7 0,0132
3. Find the particle’s size as follows: 3 0.0133
Particle’s size (nano) = pixel’s size ZxN (No. of pixels). .
4. Find the Average particle’s size in the image as follow: 0 0,0135
Average particle’s size (nano) = total No. of pixels in all 10 0,0142
measured particles / No. of particles measured.
1] (E=5 =R

Load Image
Convert To Gray
i
Capture Partical
Load Captured Partical
Calculate Partical Size

A oy T

heigh=229 width =220 nanosize= 100.0

pxl Size (nm) =

idth) = 0.001984914648670107 nm

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.
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Annomayusa. B HacTosiiee BpeMsl TEXHOJIOTHYECKOE Pa3BUTHE
B 00/12CTH MHKPOCKOIIMH IPEJ0CTAB/IAECT BO3MOKHOCTh IOJIyYe-
HHUS MeJIMIMHCKMX H300pa:keHHuii ¢ BbICOKMM pa3peuieHueM. Ilo-
3TOMY AJIsl 00paGoTKHM ITHX M300paxkeHuil TpedyroTces GoJiee co-
BepUIICHHbIC MeTOoAbl 00pa0oTKH M aHaau3a u3o0paxeHui. s
NpoBeAeHUs] HAYYHBIX MCCIe0BAHUN MMeeTCs] LIMPOKMIA CIIeKTP
nporpaMM. OIHAKO KJII0YOM SIBJIsIeTCS] MIOUCK NMPUJIOKEHHS C OT-
KPbITBIM HCXOJHBIM KOJ0M, KOTOpOe 00ecneynBaeT §o/1ee TOUHbIE
KOJIHYeCTBEHHbIe H3MepeHHusi. B Hay4HbIX HccIe0BaHMAX MPO-
rpaMMHoe ofecriedeHre ¢ OTKPBITBIM HCXOHBIM KOIOM 0Ka3bIBa-
eTcs HeHHBbIM 0/1arojaps NpocroTe ero MoAMGUKAIUU U BO3MOXK-
HocTeil nepepacnpenesenusi. IIponecc pa3spadoTkum mporpamm-
HOro ofecnevyeHusl NPOJOJIKAET IPUBJIEKAT BHUMAHHUE HCCJIE10-
BaTeJieil BO Bcex 00/1aCTAX, 0CO0EHHO B 00/1acTH HHGOPMATUKH, B
HeJIsX peajn3alii HOBBIX AJITOPHTMOB 00pPad0TKU U300paKeHHii.
B paGore mpeacTaBijieHO HOBOe NPHKJIAJAHOE MPOrpaMMHoe odec-
nevyeHue Uisi OMOMEeIULIHHCKUX MCCIeJ0BAHUH, B KOTOPOM Me-
TOAbI 00Pa0OTKH M300paKeHN i UCMOJb30BAJNCH JJISI OT/AEJIeHUs
yacTull oT (poHa u3odpakennii mukpockona. Kpome Toro, mpo-
rpaMMHoOe o0ecleuyeHHe AaeT HCCIeJ0BATEeNI0 BO3MOKHOCThL BbI-
OupaTh U U3MEPATH pa3Mep JIEMEHTOB HAHOYACTUL B U300pake-
HuM. U HakoHew, mpeasaraeMoe NporpaMMHoe ofecreyeHne Mo-
JKeT CTATh NMePCHeKTHUBHBIM HHCTPYMEHTOM JIA00PATOPHBIX MC-
cJ1eJ0BAHU M0 CPABHEHHUIO € IPYTHM HCIOJIb3yeMbIM NPOrpaMM-
HBIM o0ecreyeHueM.

Kntouesvie cnosea: MUKpockonus, MporpaMMHoe odecnedeHue
Java, 06padoTka n3o0pakeHuii, HanoyacTuusl, SEM.
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B TEOPUH HAAEIKHOCTH BHICOKOHAAEKHBIX CUCTEM
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Annomayua. CHopMyIMpOBAHBI H MOATBEPKICHBI TeopeTHYe-
CKHMH COOTHOLICHUSAMH NPENJIOKEHHS 110 0¢/1a0JeHHIO Psi/ia 101y~
LIleHHii, HA 0CHOBE KOTOPBIX chopmyuposana runore3a H. M. Ce-
naxuHa. Ilpennoxxennl HanpaBJIeHUs aIeKBATHOI'O HCII0JIL30BAHUSA
JAHHOT'0 HAYYHOI0 IOJIOKEHHSI 110 OTHOIICHUIO K HOBBIM, PaHee He
paccMaTpuBaeMbiM o0bekTaM. K HUM oTHocsATCA MHGOPMANMOH-
HbIe M 3praTH4ecKne cHcTeMbl, MPOrpaMMHoe o0ecneveHne BbIImuc-
JIMTeJIbHBIX KOMILIeKCOB. OnucaHHbIe MOAX0bI MO3BOJISAT 000CHO-
BaTh Pe3yJIbTaThl YCKOPEHHbIX HCNBLITAHMI HA HA/IEXKHOCTh 10CTa-
TOYHO HIMPOKOI0 KPyra BbICOKOHAJE/KHBIX 00bEKTOB.

Kniouegvie cnosa: HaexKHOCTb 00bEKTOB, (pu3nyecKne NpPUH-
HUNBI HA/IE)KHOCTH, YCKOPEHHbIE HCNbITAHMS, MHTEHCHBHOCTb
0TKAa30B, pecypc Ha/Ie;KHOCTH.

BBEJEHHUE

B Teopuu HafgeKHOCTH TEXHUYECKUX OOBEKTOB BaXKHOE Me-
CTO 3acIyXeHHO 3aHMMaeT mecto rumote3a H. M .Cemsxuiaa
[1]. Bammanwe K JaHHOMY HAyYHOMY TOJIOKEHUIO W BO3MOX-
HOCTSIM €T0 IPaKTHYECKOTO MPIMEHEHH He ocilabeBaeT Kak B
Hameil crpane [2—7], Tak u 3a pyoexxom [8—10]. Dto 0bycmoB-
JICHO SICHBIM (PM3MYECKIM CMBICIIOM, TOCTATOYHOM MPOCTOTOI
1 JIOTHYECKON 3aBEPIICHHOCTHIO TTOyUYEeHHBIX TEOPETHUECKUX
PEe3yNbTaTOB U BO3MOKHOCTBIO UX JKCIIEPUMEHTAIBLHOU IIPO-
Bepku. MHTEepec K yKa3aHHOW THIoTe3e BO3pPOC B IOCIEAHHUE
JecATHICTUS.. DTO OOYCIIOBJIEHO JIByMSI OCHOBHBIMH IIPHYH-
Hamu. Bo-nepBbIX, COBPEMEHHBIN YPOBEHb Pa3BUTUS TEXHUKHU
M TEXHOJIOTHH MO3BOJISIET JOCTUTHYTH 3HAYC€HUSA MHTCHCUBHO-
cTH A(f) OTKA30B DJIEMEHTOB PAIMO3IEKTPOHHON anmnaparypsbl,
ommskue k 10 wac™!, a pecypcoB 2JIEKTPOHHBIX 0OBEKTOB —
K JIECATKaM THICSY 9acoB. B 3THX ycIOBHAX 3a MPaKTHYECKH
MpUEMIIEMOE BpeMs IKCTIIEPIMEHTAIFHO yOeanuThest B obecme-
YEeHUHW 3aJ]aBaeMBbIX B TaKTHKO-TexHHUYeckoM 3amanuu (TT3)
M TexHudeckoM 3amanun (T3) mokasaTensix HaAe>KHOCTH CO-
3/1aBacMbIX M3JCIHMI HE MPEICTABIACTCS BO3MOXKHBIM. OTHUM
U3 HaNpaBJICHUI peIleHHs 3TOH aKTyallbHOM 3a/1a4u SIBJISETCS
OLICHMBaHME 3HaUYCHHUH TpeOyeMBIX TOoKa3aTelneil o pe3yibra-
TaM aHann3a 0Ee30TKa3HOCTH (JOJrOBEYHOCTH) IJIEMEHTOB B
YCIOBUSIX 00Jiee TSDKEJIBIX MO CPaBHEHUIO C HOMHUHAJIbHBIMU.
B stom HalpaBJICHUU TOJYUYCHbI 3HAYUTCIbHBIC YaCTHBIC pe-
3yJIbTaTHl (MX aHAJIW3 MpeAcTaBieH nanee). OQHAKO TUIIOTE3Y
H. M. Censxuna otimrgaet 0oJiee BEICOKHI yPOBEHb OOITHOCTH
c(OpMYIHPOBAHHBIX TIOJNOXKEHUH. BO-BTOPHIX, BBISICHHIOCH,
YTO pacCMaTpPUBAaEeMBIl HAyYHBIA pE3yNbTaT UMeeT Ooliee BHI-
COKHI YpOBEHb YHHBEPCAJIHHOCTH CBOETO MPUMEHEHHSI OTHO-
CUTETIFHO TOW CQephl, I KOTOPOH OH OBUT IepBOHAYAIBHO
c(hOpMyYIHPOBAH, U MOXXET OBITh YCICIIHO HCIIOJIb30BaH IS
NPWIOKEHUH, KOTOphIE paHee HE pPacCMaTpUBAJIUCh HHU B

TEOPETHYECKOM, HU B IPAKTHYECKOM NPHIOKEHHAX. BmecTe ¢
TeM 3T0 TpeOyeT yTouHeHHs: obnacTeii 000CHOBAHHOTO IpHUMeE-
HEHUsI pacCMaTPUBAaEMOI'0 HAYYHOT'O ITOJIOKEHHS, a TAKXKE MpPo-
BEJICHUSI aHAIN3a OTACNIBHBIX €0 MOJOKESHUH T 00ecTIeueHNs
aJIeKBaTHOCTH TeopeTrnaeckoro 0600mmenus runoressl H. M. Ce-
JUIKIHA B HOBBIX HalpaBlIeHUAX. IMEHHO Ha pelIeHne 3THX BO-
MIPOCOB HaIleJIeHA JaHHAS CTaThs.

POJIb 1 MECTO I'IOTE3bI H. M. CEJIIKUHA B TEOPUU
HAJIEXXHOCTH BBICOKOHA/JIEXKHBIX OB bEKTOB

Jiss omucaHus B3aMMOCBSI3M MEXJy BHCIIHUMH HArpy3-
KaMU ¥ TOKa3aTeJIIMU HAJIe)KHOCTU B HACTOSIIEE BPEeMs IIH-
POKO HCTIONB3YIOTCSI MOZETH TpoIeccoB paspymeHus [11].
Iomxompl, 6a3upyromnecs Ha MX OCHOBE, TIO3BOJIAIOT OLICHUBATh
MHTEPBA BPEMEHH, B TEICHHE KOTOPOTO 0OBEKT MOXKET MPOTH-
BOCTOSITh 3aJaHHOW HAarpy3Ke 0 OTKa3a, BEI3BAHHOTO M3HOCOM.
YcraHOBIIEHO, 4TO HanboJee TOYHBIMHA MOJIEIISIMH Pa3pyIICHU
SIBJISIFOTCS. T€ U3 HUX, KOTOPBIC OMUCHIBAIOT (DU3UKY IMPOLICCCOB,
TMPUBOJAIINX K OTKAa3y 3JIEMCHTA HAa YPOBHE CTPYKTYPbI WJIN MO-
JIEKYJISIPHOM ypoOBHE. VX Ha3bIBalOT CTPYKTYPHBIMU MOACISAMU
3aKpBITO (HOPMBI, COCTAaBHBIMH MOJICIIIMH WU MOJesiMu (u-
3UKH TPOIECCOB, MpuBoAAnmMx K otkazy [11]. Hemoctatkom
YKa3aHHbIX MOﬂeHeﬁ SABJIICTCS HUX BBICOKAsI CJIOXXHOCTH U IIO
STOU MPUYNHE CPABHUTEIHHO y3Kas 001acTe npuMeneHus. Ot-
JENBHBIM Ba)KHBIM BHIOM MOJCTH pa3pyIICHUS SIBISCTCS M-
MUpUIECcKas MOJACh. DMIHUPHUIECKUEC MOJECIIA MATEMATHICCKU
OIMCHIBAIOT NaHHBIC, COOpPaHHBIE B MPOIECCE UCTIBITAHUN U
SKCIUTyaTalliil OTIPE/ICICHHBIX THUIOB 3JieMeHTOB. Hambomee
IIHPOKOE PaCHpOCTpaHeHHe Hanutd (OpMBI MOJEIeH, Tpea-
CTaBJICHHBIE HA PUCYHKE 1.

O6wme hopMbl IMANPUYECKUX
Mogeneun paspylueHus

Mopgenb AppeHunyca

Mogenb obpaTHOro cTeneHHoro
3aKoHa

Mogenb OnpuHra

Puc 1. ®opMbl sMIIUpUYECKUX MOJENEN pa3pyLLICHUS
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B ocHoBe nepBoii U3 yKa3aHHBIX MOAEIEH JIEKUT ypaBHE-
HHUE 3aBUCHMOCTH HWHTEHCHBHOCTH PEaKLUH WHBEPCHU Caxa-
PO3bI OT TEMIEPATYPHI, IOIYYEHHOE IKCIIEPUMEHTAIBHO HOOe-
JIEBCKUM JlaypeaToM B obmactu xumun C. Appernycom (S. Ar-
rhenius). Vim Op11 BBeneH K03(p(PHUIINCHT YCKOPEHUS BpEMEHH
YKa3aHHOM pPEaKkUMH C y4E€TOM H3MEHEHMsI BO3AEHUCTBYIOLIEH
temneparypbl. K HacToseMy BpeMeHH H3BECTHO, YTO IIOIY-
YeHHAs 3aKOHOMEPHOCTh TaK)Ke MPUMEHNMA U OIICHUBAHS
XapaKTEepPUCTHK OTKA30B JJIEMEHTOB MHKPOIJICKTPOHUKHA U
psAaa Apyrux THMOB 00bekToB [12].

Crnenyer OTMETHUTh, YTO BBINOJHEHUE 3aKOHA AppeHuyca
OTBEYAET YCIOBHUSM JIMHEHHOM 3KCTPANoJAIUM pPe3yJbTaToB
UCTIBITaHUH ¢ 00JIACTH MOBBIIIEHHBIX TEMIIEPATYP Ha HOPMaJlb-
Hble YCJIOBHSI ()YHKLIMOHMPOBAHUSI MHTETPaJbHBIX cxeM. Mo-
JieTlb 00OpaTHOTO CTEIEHHOTO 3aKOHA OIMCHIBAET PEcypc CH-
CTEMBI, KOTOPBIH, KaK IPeAnoaractcs, 00paTHO MPOIOPIHO-
HAJICH BO3/ICHCTBYIOIICH Harpy3ke. Pazmiransie ¢popmel oOpaT-
HOTO CTEIICHHOTO 3aKOHA Pa3pabOTaHBI s KOHKPETHBIX IPH-
MeHeHHH. Pa3BUTHEM paccMOTPEHHBIX IOJXOIOB SIBISCTCS MO-
nens Diipuara. OHa CBSA3BIBACT C HHTEHCUBHOCTHIO OTKA30B WH-
TerpajbHBIX CXEM HE TOJBKO MOBBIIICHHE TEMIIEPaTyPHl, HO
HanpspkeHue cMemieHus. HemocTaTkoM MPHUBENCHHBIX BUIOB
SMIOHUPUYECKUX MOJETEeH SBISIETCS CPaBHUTENFHO Y3Kas 00-
JIACTh MX UCIIOJIH30BaHMUS, 00yCIOBICHHAS YCIOBUAMHU JOCTYII-
HOCTH pe3yJIbTATOB MPOBOJMMBIX IKCIEPUMEHTAIBHBIX HCCIIe-
JIOBaHUI I KOHKPETHBIX THIIOB OOBEKTOB.

3HaunTeNHbHO OoJiee OO XapaKTep UMEIOT TEOPETHUECKUE
TIOCTPOEHUS ISl 000CHOBAaHUS YCKOPEHHBIX U ()OPCHPOBAHHBIX
ucnbiTaniid. OCHOBHBIMHM M3 HHX SIBISIOTCS TaK Ha3bIBacMble
(r3HYecKye PUHIMIBI TeOpUH HaznexHocTu. Hanbonee mupo-
KOe IpHMeHeHne Hanuti npuHnun (runotesa) H. M. Censkuna,
rurnore3a Maitnepa — [lanMrpena n npUHIUI HACIIEACTBEHHO-
ctu. I'mnoresa, chopmynuporannas npodeccopom H. M. Ce-
JISKUHBIM, TTO3BOJIIJIA HATH 00BSICHEHHE MHOTHM paHee IOITy-
YeHHBIM JKCIIEPUMEHTAJIbHBIM pPE3yJbTaTaM IPH HCCIIeI0Ba-
HUH 3JIEKTPOHHBIX KOMIIOHEHTOB. BTOopast u3 yka3aHHBIX THITO-
TE3 OMHCHIBAET MPOIIECC JIHHEHHOTO CYMMHUPOBAHHUS MTOBPEXKIE-
Hull. [laHHOE HaydHOE IOJIOKEHHE OBLIO CHOPMYIHPOBAHO B
Hepuo/I, KOT/la H3y4YeHHe YCTAJIOCTHBIX SABJICHUN TOJIBKO Hada-
J0Ch. DTa TUNOTE3a HE YYUTHIBAET UCTOPHIO HATPYKEHUS Ha
00BEKT U MOCICNOBATEIBHOCTh CTyNeHEW Harpys3ku. [lozxke
I'. . Kapramossim u A. U. IleppoTre Ha OCHOBE TUIOTE3bI
H. M. Censixuna 6bu10 chopMyupoBano O6osiee obiee Hayd-
HOE TIOJIOKEHHE — IPUHITUIT HACIEJCTBEHHOCTH TPOHU3BOI-
ctBay [13]. Yka3aHHbI OpUHLMKI ABJISETCS JOCTATOYHO MPO-
OYKTHBHBIM B PEUICHUU PsAAa YACTHBIX NMPAKTHICCKUX 3a/1ad
YCKOPCHHBIX HCIBITAHUH OTICIBFHBIX BHIOB U3CIHI.

Crnemyer OTMETHTB, YTO 3a BpeMs, MPOIIEIIIee ¢ MOMEHTA
¢dopmymmposanus npuniunma H. M. CensgkuHa, ObITH TIpOBe-
JICHbl MHOTOYHCIICHHbIE SKCIEPUMEHTAIbHbIE HCCIICTOBaHUA
[0 TIPOBEPKE €r0 CIPaBeIIMBOCTH. DTH OIBITHl MO3BOJIIIH, B
LIEJIOM, OMNpPEACNIUTh TPaHUIbl €ro AeUCTBUSA. BbUIO yCTaHOB-
JIECHO, B YaCTHOCTH, YTO B 00JIACTH HEOOJBIINX H3MEHCHMI
Harpy304HbIX (haKTOpPOB, ACHCTBYIOUIMX Ha PaJUOIECKTPOH-
Hyto ammaparypy (PDA), nansblii (usuueckuid NPUHIUIM
HAJIC)KHOCTH, KaK IPABUIIO, BHITIOTHSIETCS yIOBICTBOPUTEIBHO,
HO B 00JIaCTH 3HAYUTENBHBIX WX MU3MEHEHHWH MOJXET BBIIOJN-
HSTBCSL HEYJIOBJIETBOPUTENLHO. OOBsACHEHHE 3TOMY pe3yJlb-
TaTy IOKa NOJTHOCTBIO HE AaHO. Taxke clieyeT OTMETHTh, UTO
Bo3MokHOcTH runotessl H. M. CepdxuHa K HacToseMy

BPEMCHHU PACKPLITHI JAJICKO HE IMOJTHOCTBIO. Hepei/'meM K aHa-
JIM3y TOPU30HTOB Z[eﬁCTBHﬂ 9TOT'0 BAXKHOI'O HAYYHOTI'O MOJIOXKEC-
HUs.

AHAJI3 OCOBEHHOCTEM I'MITOTE3bI H. M. CESIKMHA

PaccmoTrpuM mpenBapuTensHO 00IIyI0 GOPMYIHPOBKY TH-
note3sl H. M. Cepsxuna. O003HauMM 4epe3 € KOHKPETHBIE
YCIOBUSI MIPUMEHEHHsI 3JeMeHTOB PDA mpu sKcIutyaraiuu.
[oj 3TUMU yCIOBUSIMU TOHUMAIOTCSI MEXaHUYIECKHUE, IICKTPH-
YEeCKHe, TEIUIOBBIC W WHbIC HArpy3KHd, BO3JCHCTBYIOIINE HA
00BEKT CO CTOPOHBI BHEIIHEH IS HETO OKPYKAIOIIEH CPEJIbI.
Torna BeIpakeHHe s BeposTHOCTH P(f/ €) 6e30TKa3HOi pa-
00TBI 00BEKTA C YYCTOM YCJIOBHUH € €ro 3KCILTyaTallud MOKHO
3aIcaTh B CJIEIyIOLIEM BHJIE:

t

P(t/€) = exp —fl(z/s)dz , (D

0

rie Mf) — WHTEHCHBHOCTH OTKa30B 00BbEKTa B MOMEHT Bpe-
MEHH f IPU YCIOBHUSIX € €r0 IKCIUTyaTaluu.

3HaueHHe T0Ka3aTels CTENeH! B IPAaBOW 4aCTHU COOTHOIIIE-
U (1) momyumio HasBaHME pecypca (3amaca) HaJEKHOCTH
r(t / €), BBIpaOOTAaHHOTO OOBEKTOM 32 BPEMsI / B YCIOBHSAX € IKC-
ryartarui [ 1]. Takum oOpazom, MOKHO 3aITHCATh:

r(t/e) = f?x(z/a)dz. (2)

Ipodeccopom H. M. CenskunabiM 66110 CHOPMYITHPOBAHO
crefyromiee yTeepxkaeHne (rumoresa) [1]: «cymecTByeT MHO-
JKECTBO YCJIOBHH, B KOTOPOM HAaJICKHOCTh OOBEKTa B Oy IyIieM
3aBHCHUT OT BEJIMYHMHEI 3a1maca HaJeKHOCTH (pecypca), BEIpado-
TAQHHOTO B IPOILIOM, U HE 3aBHUCHT OT TOTO, KaK BbIPabOTaH
3TOT PeCype».

IycTb € XapakTepu3yeT yCIoBHs, IPHU KOTOPbIX HHTEHCHB-
HOCTb OTKa30B 00beKTa 10 TeXHI4YecKUM ycnoBusiM (TY) paBHa
At/ €1). YcnoBust € COOTBETCTBYIOT MOBBIIICHHOW HATpy3Ke
Ha OOBEKT, MHTCHCHBHOCTb €ro OTKa30B IMpPU 3TOM paBHA
Aa(t / €2). O4eBUIHO, YTO IIPH ITOM CIIPABEATIMBO HEPABEHCTBO:

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

3a wHTEpBaI BPEMEHHU | TIPX yCTaHOBJICHHON TY Harpyske
€1 BeIpabaThIBaeTCs pecypc HamexHocTu ri(t1 / €1). Tako#t xe
pecypc MoXKeT OBITh BBIpaOOTaH IPH YCIOBHAX € MPH HHOM
3HAUYEHUU BPEMEHU . SICHO, UTO NPHU 3TOM CIIPaBEAJIUBO YCIIO-
BUE # > . CiemoBaTeanHO, ONpEAEMB MPU TOBBIIIEHHOMN
Harpy3Ke €& MOKa3aTeH HAJCKHOCTH 00BEKTa, MOXHO 3a ro-
pa3zio MeHblllee BpeMsl OIpEeAeTUuTb pacxoj] ero pecypca
HaJIe)KHOCTH B YCJIOBHAX dKcIUTyarauuu no TY. Matemartuue-
cku rumnore3a H. M. CeasikiHa MOKeT OBITh MpPEICTaBICHA B
BUJIE COOTHOIICHHUS

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

rae P(¢/r) — BepoaTHOCTh 0€30TKa3HOH pPaboThl 00BEKTa 3a
MHTEPBAJI BPEMEHH { TIPH YCIOBUH, YTO €r0 M3PACXOJI0BAHHbBIN
pecypc Haie)KHOCTH paBeH (X, €); MHTEPBAJIBI BPEMEHH X| H X2
YIOBJICTBOPSIFOT HHTETPAIbHOMY COOTHOIICHHIO

r(x,e) = | Mz,e)dz=| Az¢e,)dz. (5
Jreeoec-
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3a,uazu/1M ycioBus € pa60TLI 00BbeKTa B CJICAYIOUIEM BUC:

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

Toraa MHTEHCUBHOCTH Mz, 12, ¢1) €70 OTKa3a B HHTEpBaJIe (71,
t1 + 1) yIOBJIETBOPSIET COOTHOIIIEHUIO

A(Z, tz, tl' 81) = /1(2 + tz - tl' 82), (7)

TAe f, HaXOJUTCS B pe3yJibTaTe PEUICHUSI OTHOCUTEIIBHO 3TOTO
IMoKasarejisl ypaBHCHUS:

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

Takum 00pa3oM, ¢ momMomrsio cootHomenuit (1)—(8) cpas-
HUTEIbHO MPOCTO MOTYYUTh 3HAUEHUS OLIEHOK HAJIe)KHOCTHU UC-
CJIe/lyeMBbIX OOBEKTOB C Y4ETOM JIEHCTBYIOLINX HAa HUX HArpy-
30k. OJHaKO JOCTUraeTcs TaKasi KaXKyIascsi IpoCcTOTa UCIOJIb-
30BaHUEM JI0CTATOYHO KECTKUX IpeanonoxeHuid. OcnabieHue
HEKOTOPBIX U3 HUX MOJXKET IPUBECTH K PACHIMPEHHIO 00JIacTH
npumerenns rumnote3sl H. M. Censxuna. PaccMoTpum ocHOB-
HBIC HATIPABIICHUSI PA3BUTHA JaHHOW THITOTE3HI.

HAIPABJIEHVA TEOPETUYECKOI'O OBOBILIEHWSA TMIIOTE3BI H.
M. CEJSIKUHA
OCHOBHbIE BO3MOXKHbIE HAIPABICHHS PA3BHUTHUSI THUITOTE3bI
H. M. CensxuHa pecTaBIeHB HA PUCYHKE 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. Hanpasnenus xoppekuuu runoressl H. M. Censkuna

Ilepevim HanpagneHuem TEOPETUIECKOT0 0000IEHNS THIIO-
te3sl H. M. CenskuHa siBIsieTcss ocnabieHHe MOMYIICHUS O
TOM, 4TO IIPH JIFOOOM pacIpeeNieHIHH BpeMEHH 10 0TKa3a 00b-
€KTa CIIy4alHbII pecypc ero HaJleXKHOCTH paclpeieeH HKCIIOo-
HEHIMAJIbHO. YKa3aHHOE AOINYIICHNWE MPUBOJUT K BBIBOAY O
TOM, 4YTO TPOLECC PACXOJOBaHUS pecypca HaaeKHOCTH 00b-
eKTa SBJsIeTCS MapKOBCKUM. OHAKO TaKoe JOMYIIEHUE COOT-
BETCTBYCT TOJIBKO HJACAJIM3UPOBAHHLIM IIpoLECCaM (l)yHKIll/IO-
HUPOBAHUS TEXHHYECKUX O0OBeKkToB. CremoBaTenbHO, s
OIMpPCACIICHNA BO3MOXKHOCTU YBCJIUYCHUA O6HaCTI/I IMpUMECHH-
moctu Tunote3sl H. M. Ceasikuna, He00X0 MO MPOaHATHU3H-
pOBaTh CIIPABEAIMBOCTh €€ MPUMEHEHHS AJISI Pecypca HalexK-
HOCTH OOBEKTOB C PACCMOTPEHHEM Oojiee MMPOKOTo Kiacca
pacnpeneneHuu.

Bmopoe nanpaenenue cocrout B ciuenyrouem. OyHKnus pe-
cypca (3amaca) HaJe)KHOCTH OOBEKTa, OTMHChIBaeMasi BhIpake-
HHUEM (2), 3aBHCHT OT JIBYX apryMeHToB — ¢ U €. OIHaKo mpu
HCCIICIOBAaHUHU CBOMCTB pecypca HaIe)KHOCTH paHee dTOT MOKa-
3aTeNb paccMaTpUBAICS KaK (YHKIHA, Y KOTOPOH mepeMeHHast
¢ I3MEHSETCS BO BPEMEHH, a Harpy3Ka € OCTaeTCs HEM3MEHHOM.
DTO COOTBETCTBYET YACTHOMY CIIydalo, KOTIa 3apaHee 3aaHbl
MHTEHCUBHOCTH OTKa3a HMCCIEIyeMOro O0OBeKTa IUIA paccMaT-
puBaeMbBIX (PUKCHPOBAHHBIX 3HAYCHUIN HArpy3kd. [ yBenw-
YeHUs] OOIIHOCTH THIIOTE3bl B TAHHOM Cliydae CIleIyeT pac-
CMOTPETh YTBEPXKACHHE O TOM, YTO PECypC HAIIEKHOCTH 00b-
€KTa, KaK peajqu3alus CIydyalHOW BEJIMYMHBI, HE SIBIIAETCS
HEU3MEHHBIM IIPU pa3IMYHbIX Harpy3Kax. Ero 3HaueHue MoxeT
3aBUCCTH KaK OT YBCJIIMYCHUA HAI'PY3KHU, TaK U OT XapaKTepa €€
N3MEHEHUS.

Tpemve nanpasienue COCTOUT B TOM, YTOOBI HCIIOJIb30BATh
CBOHCTBO HENPEPBIBHOCTH (PU3UKO-XUMHYECKUX MPOLIECCOB,
MPOTEKAOIINX B MaTepraliax JIeMeHTa. JTO MPUBOJNT K BO3-
MOXHOCTH JUISl PacyeTOB HaJEKHOCTH NPUMEHSTH THIIOTE3Y
H. M. CensixuHa He TOJIBKO C NPUMEHEHHEM HHTErpanbHOU
(hopMBI pacueTa BepOATHOCTH 0€30TKa3HOM pabOTHI UCCIeTye-
MOTO 00BEKTa, HO U MEPEUTH K ee WHTeTpallbHO-IuhdhepeHIu-
anpHOW (opme. IlosicanMm 31O crremyromuMm obpaszom. Ilycts
JUTSL 3JIEMEHTA YCTAHOBJICHO J[BA PEXKMMA €| U € PaOOTHI, OTIIH-
YaoUMecst ypOBHAMHU HAarpy3KH JUIS HEro. Y CTaHOBHMM, YTO pe-
UM €, XapaKTepu3yeTcs OOJbIIUM YPOBHEM HArpy3Ku Ha dJj1e-
MEHT IT0 CPAaBHEHHIO C HATPY3KOH IPHU PEKIME €1, COOTBETCTBY-
oM TY Ha 00BeKT. B 3TOM Ccitydae pecypc HaJe:KHOCTH dJie-
MEHTa TPH WUCTIOIB30BaHUH PEKIMA € MOXKET OBITh BBIPAKEH
yepe3 pecypc HAJEKHOCTH NPH HCIIONB30BAHUU PEXHMA €
C TIOMOIIIbIO COOTHOIICHHS [ 14]

x(t)
f Mz £,)dz = fz NG, 81)( e, —e)idz. (9

ilde]
Bripaxkenne (9) HeTpymHO TPEACTaBUTH B CIEAYIONIEM
BUJIE!

x(t) t
f Az, &,)dz = Z (e2 — SI)L f 6)\‘(2,' £1) dz. (10)

i
o)1

B nanbHeiiniem mpu coxpaHeHUH OOIIHOCTH PacCy KACHUH 1
JUISL YIIPOIIIEHHS! BBIKJIAI0K MOXKHO OIPaHUYHMTHCS TOJIBKO JABYMS
MepBBIMU 4WIEHAMHU psifia B MpaBoil yacTtu coortHomenus (10).
[Ipu cremaHHOM JOTYIICHUH ITOJYYAM COOTHOIIECHUE JJIS WH-
TEHCUBHOCTH OTKa30B A(%, €2) 2JIEMEHTa B PEXKUME UCIIONH30Ba-
HUS €. BeimonHss onepannio anddepeHIupoBanns I ABYX
gacteit popmynsl (10), mMeeM cremyromee cootHomenue [ 14]:

oA (81 te)

™ .(11)

A(tsz)——x /1( tsl>+(sz &)

3HAYNTEIBbHBIN MIPAKTHUECKUN WHTEPEC UMEET MEPEXO0] OT
6oJiee Harpy>KEHHOTO pexnMa € K pexxumy € mo TY. IToaromy
1esIecoo0pasHo, ucnoub3yst Beipaxenue (11), momy4dnTs coor-
HOIIIEHHE /Il MHTEHCUBHOCTH OTKa30B A(Z, €1) JIEMEHTa B pe-
JKMME HCTIONIb30BaHus €. Mckomas pacuetHast ¢opmyiia 1uist
nokasatesst A(f, €1) UMeeT CIeqyIOInil BUA:
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(e, 82)

e

€
€ de,

At &) = ek X A(—lt, 81> + (g1 — &)
€2 2

Bripakenns (11) u (12) mo3BossitoT 000CHOBaHHO KOPpEK-
TUPOBATh 3HAYEHUS] HHTEHCUBHOCTEW OTKa30B 3J1eMeHTOB POA
Ha OCHOBE Pe3yJIbTATOB MX HCITBITAaHHH.

Yemesepmoe nanpasnenue. Beipaxenue (5) s 3HAYCHUS
pecypca (¢, €) HaIeKHOCTH HCCIIEAYEMOTO 3JIEMEHTa HMEeT
CTaTUCTHYECKHUH XapaKTep U He MOXKET ObITb aOCOIOTHBIM IS
m000# Harpys3ku. DTOT TOKa3aTellb JAOJDKEH MMETh OTHOCH-
TEJNEHBIA XapaKTep Mo OTHOIMICHUIO K HEKOTOpoMy (06a30BOMY)
3HAYEHHIO £ MHTEHCUBHOCTH OTKa30B PACCMaTPUBAEMOr'0 THIIA
anemMeHTOB POA. Takoe nomyuieHre NpuBOJUT K TOMY, YTO TO-
KazaTenb r(f, €) dJIEMEHTa B PEXUME € JIOJDKEH 3aBHCETh He
TOJIKO OT 3HaYEHUsI BpEMEHH £, HO M OT peXXnuMa €, IpHHUMa-
€MOro0 3a HauaJlo OTCUeTa.

Ilsmoe nanpaesnenue. Boipaxenue (5) mis 3HaueHUs pe-
cypca r(t, €) Hage)KHOCTH drreMeHTa PO A nipeamonaraet mocro-
SIHCTBO YCJIOBUH € HA HHTEPBaJIEC UCTIBITAHUN. VI3BECTHO, YTO HA
MPaKTHKE HHTCHCUBHOCTH OTKA30B AJIIEMEHTOB allapaTyphl Cy-
[IECTBEHHO BO3PACTACT MPH PE3KUX KPATKOBPEMEHHBIX IIepe-
magax Harpy3Kd. JTO TpenrojiaracT IPOBEACHHUE HCCIIEAO0Ba-
HUH B HanpaBJICHUH y4YeTa MMITYJIbCHOTO XapakTepa BO3Jei-
CTBUH Ha 0OBEKT UCCIIEIOBAHUS.

HecomHeHHO, pUBE/ICHHbIE HANPABJICHUS Pa3BUTHUS TUIIO-
te3sl H. M. CensikiHa noTpeOyIoT NpOBEJICHUs! HE TOJIBKO TEO-
PETHYECKHX, HO U pAAa 3KCIEPUMEHTAIBHBIX HCCIEeIOBaHUH.
PaccMmoTpuM Tenepb BO3MOKHOCTH UCTIOIb30BAaHUS JaHHOU I'H-
MIOTE3bI, OTIMYAIOIIHECS TOCTAHOBKOH peIIacMbIX 3a1ad.

BO3MOXHOCTU ITPUMEHEHUA TUITOTE3bI H. M. CEISIKMHA
OcHOBHBIE BO3MOXXHOCTH NTpuMeHeHwsI ThroTe3sl H. M. Ce-
JUIKMHA B chepax, OTIMYHBIX OT HaJISKHOCTH JJIEMEHTHOU 0a3bl
POA, nipeacraBieHsl 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
VIHCpOpMaLlVIOHHbIX CUCTEM

Puc. 3. HoBble BO3MOKHOCTH IPUMEHEHHSI TUTIOTE3bI
H. M. Censknna

TlonsTHe HAAEIKHOCTH TEXHUYECKUX M HMHBIX 00BECKTOB HE
SIBJIICTCS 3aCTBHIBIINM M HEHU3MEHHBIM. B HACTOAIIECSC BPEM

IpeJIaraloTcsl pa3IuyuHble MOJXOABI M0 PACHUIMPEHUIO ITOTO
cioxHoro cBoiictsa [15]. He ocTaercs B CTOpOHE OT 3TOTO MpO-
necca u runoreza H. M. Censkuna. JlocTaTouHO HOBBIM SIBIIS-
eTcsl €€ MCII0NIB30BAHUE NP aHAM3e 0E301MacHOCTH, HaIeKHO-
CTH M Ka4yecTBa MPOAYKIUH BBICOKMX TEXHOJOTHH Ha OCHOBE
CTaTUCTHKH YCKOPCHHBIX HCIIBITAHUHA [16].

JocTaTo4HOo 4acTo NAaHHBIN (GU3NIECKUI TIPUHITUI HaIeXK-
HOCTH HCHOJB3YETCS B CBOEH UCXOIHON TPAKTOBKE, HO IIPUMeE-
HHUTEJIFHO K HOBBIM BHAAaM TEXHHYECKHX OOBEKTOB, CyIIle-
CTBEHHO OTJIMYAIOIIMXCS OT dJeMeHTHOH 6a3sl POA [17, 18].
Eme Gosee MHTEpECHBIM sIBISETCS NPUMEHEHUe runore3sl H.
M. CensikuHa 11t 00bEKTOB HETEXHUUECKO# mpuposl. Oxasa-
JIOCh, YTO JOCTATOYHO NpHEMIIEMbIE AJIs IPAKTUKU Pe3yJIbTaThI
MOJKHO TIOJIyYUTh MIPU aHAIM3€ HaJeKHOCTH 4YelIOBEeKa-omepa-
TOpa ¢ y4eToM ypoBHA ero obyuenus [19]. AHanorn4ssIi nos-
XOJI UCTIOJIb30BAJICS TAKXKe JUI OLIEHUBAHUS CUCTEMBI IPEIOT-
BpAlllCHHUs HEIITAaTHBIX CUTyalMd B PraTHYECKUX CUCTEMAaX
yrpaBlieHus: Ha TpaHcnopte [20].

OrpoMHbI€ BO3MOKHOCTH TasATCS B IPUMEHEHUU THIIOTE3bI
H. M. Censxuna B 06J1acTH HaZIeXKHOCTH ITPOTPaMMHOT0 obec-
neueHust (I1O) coBpeMEHHBIX BBIYHCIHTENBHBIX CHCTEM.
MOoO>KHO BBIIEIUTH BA HAIIPABICHUS 3TOI pabOTHI:

— YCKOpPEHHOE OIllpe/ielieHne MoKaszareneit kadectBa 110
IpY TPUHYAUTEIEHOM (OPCUPOBAHUM CpPedbl (DYHKIIHOHHPO-
BaHUS MPOBEPSIEMBIX MPOTPaMM, HAPUMEpP 3a CUET TOBBIIIE-
HUSL OBICTPOJIEHCTBUS TEXHUIECKONW COCTABJISIONICH BBIUYUCIIH-
TeJabHOU cucTeMsl [21];

— OLICHMBAHME TOKa3aTeneil 6e30TKa3HOCTH U J0JITOBEYHO-
CTH MH(OPMAIIMOHHBIX CHCTEM Pa3IMYHOTO Ha3HAYECHUS Ha OcC-
Hose npuHiyna H. M. CenskuHa, Korja npu pacueTax y4uThl-
BAIOTCSl OCOOEHHOCTH PE/ICIOIINX HECTAMOHAPHBIX MMITYJIbC-
HBIX TOTOKOB fedekToB [10 stux cuctem [22, 23].

Taxkum 06pa3oM, MOKHO CHIENaTh CIIEAYIONINE BaXKHBIC BBI-
BOJIBL:

1. B TeoperndeckoM 1iaHe y THIOTE3HI podeccopa H. M.
CensknHa MMEIOTCS 3HAUNTEIBHBIE PE3EPBBI, HCIIOJIB30BAHUC
KOTOPBIX ITO3BOJINT 3HAYUTEIHLHO OOOTATHTh TEOPHIO M TpakK-
THKY YCKOPEHHBIX HCIIBITAHUI1 BEICOKOHA/IC)KHBIX OOBEKTOB.

2. B ycnoBusAx pa3BUTHSA COBPEMEHHON TEXHUKH, MpPExse
BCEr0 aBTOMAaTHU3UPOBAHHOM, pacCMaTpUBaeMblil (HU3NYECKUit
MNPUHIUI HAJAEKHOCTH MOXET HaWTH JOCTaTOYHO IIHPOKOE
NPUMEHEHHE K TaKMM OOBEKTaM HMCCIIEIOBAHUs, KakK Ipo-
rpaMMHOe oOecriedeHre HH(POPMaIMOHHBIX CHCTEM.

3. Nmeromuecs pa3paboTKH O3BOJISIFOT TOBOPUTE 00 ompe-
JIENIEHHON a[J€KBaTHOCTH MOJENEN 3PraTUYeCKUX CUCTEM, MO-
CTpOoeHHBIX Ha ocHOBe runote3sl H. M. Censikuna.

3AKJIIOYEHUE

IIpennosxeHHbIE B CTaThe HAIPABICHUS Pa3BUTUS TUIIOTE3bI
H. M. CensixuHa MO3BOJISIIOT CYIECTBEHHO CHM3MTBH JOCTa-
TOYHO )KECTKHE TPeOOBaHMS K HICXOAHBIM JOIMYIIEHHUAM, B paM-
Kax KOTOPBIX paHEe PaccMaTpHBAIOCH NMPUMEHEHHE AAHHOTO
HAay4HOTO IMOJIOXKEHHSL. DTO MO3BOJIUT PACIIUPUTH BO3MOKHO-
CTH OPraHHM3alliU U IPOBEIEHHs YCKOPEHHBIX UCTIBITAHUIN BBI-
COKOHAIEKHBIX TEXHIUECKHX 0OBEKTOB.

O060011eHHbBIE B MaTepHanax CTaTbl BO3MOXHOCTH IIpUMe-
Henwus runote3sl H. M. CensikuHa roBopsT 0 TOM, 4TO cdepa ee
UCIOJIb30BAaHUsl HAMHOIO IIHUPE, YEM 3TO MPEAIOJIArajloch pa-
Hee. HecoMHEHHO, 4TO cieyeT NpOJ0IDKUTE PaboTy B JaHHOM
HaIpaBJeHUH, ONPENENsATh 0OBEKTHl Pa3IMYHON (U3MUECKOi
OPUPOABI U NPUHIMNA JAEHCTBUS, AN KOTOPBIX OKaXyTCs
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CIpaBEUIMBBIMH YCJIOBHS IPUMEHEHHSI PACCMOTPEHHBIX Hayd-
HBIX BBIBOJIOB.

[IpennokeHHbIE MOAXO/bI, KaK MPEICTaBIsIeTCs, Oy1yT HO-
JIe3HBI CIIENUAIMCTAM 10 HaJeXKHOCTH TEXHUYECKUX 00BEKTOB
¥ TIporpaMMHOTO obecnedeHns MH()OPMAIIMOHHBIX CHCTEM, a
TaKKe CIEeHUAJHCTaM, M3y4alollUM CBOWCTBA 3PraTHYeCKUX
CHCTEM.
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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 IM1
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, PC1,
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,
using Grid Search

-

I i}

Data Pre-pr

Data Cleaning

JM1 Dataset

=

Data Balance

‘ Data Normalization

Feature Selection

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 PCL, AT, KC1 LC No No DT, NB LC, ANN, PSO 80,64
CM1, JM1, KC1, KC3, "
A. Igbal, et al. [7] 2019 MC1, MC2, MW1, PCl1, Yes No NB,OI\I/{;{P, Il}fii,sgl,}/[’;;ygi:K ’ 80,61
PC2, PC3, PC4, PC5 ’ S
A Tabal CM1, IM1, KC1, KC3, NB, MLP, RBF, SVM, KNN, K*,
and S A%tab [13] 2020 | MCI, MC2, MW1, PCI, Yes Yes | OneR, PART, DT, RF, MLP-FS, 80,44
’ PC2, PC3, PC4, PC5 and MLP-FS-ROS
CM1, IM1, KC3, MCl, MLP, SVM, J48, RBF, RF,
B. Khan etal. [11] 2021 MC2, PC1, PC2, PC3 No No HMM, CDT, KNN, A1DE, NB 82,02
R. Vats 2021 CM1, IM1, KC3, MC1, No No Bagging, AdaBoost, RF, K-Mean, 28,00
and A. Kumar [16] MC2, PC1, PC2, PC3, PC4 and K-harmonic Mean (KHM) ’
CM1, IM1, KC1, KC3, XGBoost, AdaBoost, Gradient
R. Shrimankar, et al. [17] | 2022 MCI1, MC2, MW1, PCI, No No Boost, LR, MLP, NB, SVM, RF, 80,00
PC2, PC3, PC4, PC5 DT, KNN
JM1 DATASET 15 10Blank numeric count of blank lines
There are 12 online open-source software. defe.ct dataset.s [ lines of comments + line
provided by the NASA promise software engineering reposi- 16 | 10CodeAndComment | numeric count of code
tory. In this study performance experiments 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 uniq_Opnd Qumerie operands
tures in addition to the target category (Defect or Not Defect). 19 total_Op numeric operators
The JM1 dataset was developed 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 2 defects {false, truc} has/has not one or more
.. > reported defects
Description of IM1 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
“CYCIOmatllc Co(ri?plexny” 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» . . . .
5 If ML techniques are applied directly to this raw data, the per-
4 iv(g) numeric Halstead s f f the model will b ively affected, and i
v(g u «design complexity» ormance 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 «volumey a form appropriate with the used ML techniques [21]. Data pre-
| ; ; — processing in this work includes four stages: data cleaning, data
7 numeric | unique «program lengthy balancing, data normalization, and feature selection.
8 d numeric unique «difficulty»
- : — DATA CLEANING
9 ! numeric total «intelligence» The first stage of data pre-processing is the data cleaning
10 numeric total «efforty process in which the data is addressed from noise, inconsistent
- data, redundant data, and missing values [19]. The JM1 dataset
11 b numeric module . . .
contains some missing values for some features (uniq Op,
12 t numeric time estimator uniq_Opnd, total Op, total Opnd, BranchCount) which are ad-
13 10Code nAumeric line count dressed by filling them by calculating the mean value of the col-
. . umn to which the missing value belongs.
14 10Comment 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;

e it provides an effective way of handling missing data;

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

o it solves the issue of overfitting in decision trees;

¢ 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"eCl- 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

0.8

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-
nique 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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Cucrema nporHo3upoBaHus gedexron
IPOrpPaMMHOI0 00eClIeYeHUsI HA OCHOBE XOPOIIO
OTJIAKCHHON TeXHUKH «CJTYYAUHOIO JIeCa

@. X. Xopmmwn, H. /[x. Moparum

Yuusepcuret Jusiibt
baaxy0a, Mpak
farah_hatam@uodiyala.edu.iq, nebras.jalel@uodiyala.edu.iq

Annomayua. KayecTBo nporpaMmMHOro oGecrnedeHust siBJisi-
€TC OCHOBHBIM KPUTEPHEM VISl HOBBIIIECHHUS CIIPOCA N10J1b30BaTe-
Jeil Ha mporpaMmmHoe obecnieyenue. [loaTomy KoMnanum, 3aHUMa-
olHecs POrPaMMHBIM o0ecriedeHHeM, CTpeMsITcsl 00ecneYnTh
Ka4ecTBO MPOrpaMMHOro odecredyeHHs MyTeM NPOrHO3HPOBAHMS
ero 1e)eKTOB Ha 3Tane TecTupoBaHus. Haanune nHTe/IIeKTyalIb-
HOIi cucTeMbl, CIOCOOHOI MPOTrHO3UPOBATh AedeKThl MPorpamMm-
HOro o0ecrneyeHHsi, 3HAYNTEIbLHO CHHKAeT 3aTPaThl BPeMeHH H
yeuinii. HecMOTps Ha IIMPOKYIO TEHACHIMIO Pa3padoTKU CHCTeM
NPOrHO3UPOBaHus Ae(eKTOB NPOrPAMMHOr0 00ecIeyeHUst Ha 0C-
HOBE TEXHHKH MAIIMHHOIO 00y4YeHHsl B IOCJICAHHE HECKOJbKO
JIeT, TOYHOCTh 3THX CHCTEM MO-TIPeKHEMY SIBJIAETCH Cepbe3HOi
npood.JieMoii.

B naHHOM Hcc/leJOBAHMM JIsl MOBBIIIEHHs] TOYHOCTH MPO-
THO3a TNpeJcTaB/JIeHa CHCTeMa NPOrHO3UpoBaHus JedeKToB Nmpo-
rpaMMHOro0 ofecneyeHns1, cocTosimiasi u3 Tpex 3Tanos. Ha nepsom
JTane BbINOJHAETCS NPeiBApUTe/IbHAA 00pa00TKA JAHHBIX, KOTO-
pas BKJIIOYaeT B ce0sl OUUCTKY JAHHBIX, 0aJIaHC JAHHBIX, HOPMa-
JIM3aLMI0 JaHHBIX H BbIOOp npu3HakoB. Ha BTOopoM 3Tane runep-
napaMeTrpbl HacTpauBaloTcs no Meroauke Grid Search. Hakonen,
XOpOIIO OTJIA’KeHHAs] TeXHHKA MAIIMHHOTO 00y4YeHMsl peajn3o-
BaHa I NpeacKa3aHus 1e)eKTOB NPOrPaMMHOr0 odecreyeHus.

Ha 6a3e na0opa nanupix JM1 OblIM MpoBedeHbI IKCIEPHU-
MEHTBI, B X0/le KOTOPBIX Mpe/JiaraeMas cCucTeMa /1ajla MHOroo0e-
LIaIHe pe3yJbTaThl B IPOTHO3MPOBAHMH HEJOCTATKOB INPO-
rpaMmMHoro odecnedeHusi. Cpeau HCIOJb3yeMbIX METOAOB XO-
poio HacTpoeHHblii MeToa Random Forest ¢ Tounoctsio 88,26 %
NpeB3011IeJl 0CTAJIbHbIE HCII0/Ib3yeMble MeTOAbI MAILIHHHOIO 00Y-
yenus. IIpoBegeHHOe ucciel0BaHUe A0KAa3bIBaeT, 4YTO BLIOOP
BaJKHBIX 0CO0eHHOCTel 1 Y (peKkTUBHAS rHNeprapaMeTpHYecKas
HACTPOIiKa MeTO0B MALIMHHOrO 00y4YeHHUs] 3HAYUTEIBHO YJIy4-
AT TOYHOCTh MNPOTHO3MPOBAHMS Ae(eKTOB NMPOrpaMMHOIO
obecneyeHus.

Kntouesvie cnosa: mammHHoe o0yueHue, CJOydaidHBIH Jiec,
ne)eKThl MPOrPaAMMHOIO o0ecrneyeHusi, BbHIOOP NPH3HAKOB,
NPOrHO3MPOBaHHeE.
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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

c

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 MaaS 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 MaaS can be presented in the following form: (Fig. 1) [1].

G

Shared two-way

Ty

Ridesharin

Platform

Bikesharing

Fig. 1. The structure of the MaaS
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As can be seen from the figure, the MaaS 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.

Number of trips per month
5 48
4.8 4,6 4,6 4,6
4,6
4,4 4,2

4,1 4,1
4,2 4 ! !

38 T
36
34 3,2

32
jan  feb mar apr may jun  jul ang sep oct nov dec

Number of trips, million

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.
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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

5 Total jnthe world

@ Countries . Systems | Bike park

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 arca
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.
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IlepcnieKTUBHOE PAa3BUTHE HOBBIX YCJIYI CEPBHUCA
B FOPOJICKOM TPAHCIOPTHOM IOTOKE

k.BoeH.H. H. A. CnoGogunkos, k.BoeH.H. A. U. [lepraues, k.1.H. O. H. Kypanosa
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Annomayusa. PaccmaTpuBaercsi OIMH U3 BO3MOKHBIX BApHAH-
TOB pelieHUs NPOo0GJIeMbl 3arPyKEHHOCTH yJIHMYHO-10POKHOM ceTH
B YCJOBHSAIX BbICOKOI'0 YPOBHSI aBTOMOOM/IN3A1UH ropoaoB. Onu-
caHa KOHUenuus cepuca «MoOMIBHOCTh KaK yCIyra» Kak of-
HOT0 U3 MNPOIrpecCHBHBIX METOAO0B YINPABJICHUS TOPOJCKHUMH
TPAHCNIOPTHLIMH NOTOKaMH. PaccMOTpeHBbI TeXHOI0TMH, MO3BO-
Jsionre padoTaTh AAHHOMY CepBHCY, TPH 3TOM NOBbIMAas 3 dex-
THBHOCTbL HCHOJIb30BAHUS TPAaHCHOPTHBIX cpeacTs. Ilposenen
AHAJIM3 CePBHCOB KAapIepHHIa, KHKIIepUHra M OalikilepuHra
KaK CHCTeMbl TPAHCIIOPTA «IIEPBOIi U NMOCJIEAHeH MU,

PemienneM nanHo# nNpo0/eMbl MOKET CTATh HHTErPalus Bcex
CYIIECTBYIOIMX TPAHCHOPTHBIX CHCTEM B €HHYI0 CHCTEMY, CIO-
co0HY10 B OoJiblIEH CTeNEHHU MOBJIUATL HA dP(PeKTHBHOCTL MO-
OMJIBLHOCTH I0JIb30BaTe1eil ropoIoB.

Knrwouegvie cnoga: MOOHMIBHOCTH KaK YCJIyra, IOPOACKON
TPAHCHOPT, 00IEeCTBEHHBIH TPAHCIOPT, CHCTeMa IPOKaTa, Kap-
LIePHHT, KHKIIePHHT, 0aiiKIepHHT, TPAHCNIOPT NepBoii U nocJjes-
Hel MUJIH.
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Annomayua. Ucciegyercsi HCNOIb30BaHHE KOMOHHATOPHBIX
ONTHMHU3ANHOHHBIX 327124 /i1 (GOPMHPOBAHUS BAPHATHBHOI 4a-
CTH y4eGHOr0 IIaHA ¢ HeJbI0 MOCTPOEeHNsT HHANBHAYAILHBIX 00-
pa30BaTe/IbHBIX TpaekTOpuil 00ydyenus. PaccMaTpuBaercss KoH-
KpeTHasi 3a71a4a 0 PIOK3aKe B KOHTEKCTe ONTHMU3AIMH 00yYeHusl.
IIpeacraBien MeToa GOpMUPOBAHNSA HHANBHAYAJIbHBIX Y4eOHBIX
NJAHOB HA OCHOBE aHA/IN3a NMOTpPeOHOCTell M cnocodHoCTel yya-
muxcsa. OcoGoe BHMMaHUe yesieTcsl mpoleccy afanTanuu y4yeo-
HBIX NMPOrpaMM MO/ KOHKPeTHbIe MOTPeOHOCTH CTYAEHTOB, YTO
cnocodcTByeT 0os1ee IQP(PEKTUBHOMY H NEPCOHATU3ZHMPOBAHHOMY
o0y4ennio. Pe3yJbTaThl HCC/IEIOBAHHS MOTYT OBITH MOJIE3HBIMH
7151 00pa30BaTEIBHBIX YUPEKACHHH 1 MeAaroros, CTpPeMsIIINXCcst
YIAYYIIHTH Ka4ecTBO 00pa30BaHUsA M MOAAEP:KATh HHAMBHAYATb-
HBbIii 00pa30BaTe/bHBII ONBIT KAK0T0 00y4aroLierocs.

Knrouegvie cnosa: yaedHbIi 1aH, TUCHUILIMHA, JITOPUTM, 32-
Java 0 PIOK3aKe, TPAeKTOPHUs, ONTHMU3AINS, CTATUCTHKA, COPTH-
poBKa.

BBEJIEHUE

C yBenWYeHHEM YHCIEHHOCTH CTYACHTOB COBPEMEHHEIC
00pa30BaTeNbHBIC YUPEIKIACHHUS CTATKUBAIOTCS C BEI30BOM TIO/I-
JIepKaHUs BBICOKOTO Ka4eCTBa O0YUCHUS.

OCOOCHHO 3TO aKTYaJIbHO Il YHUBEPCUTETOB, TJIC YHACIICH-
HOCTh CTYJICHTOB YacCTO JIOCTUTACT 3HAYUTEIHHBIX MacIITa0OB.
Takue yueOHbIC 3aBEICHUS CTOAT MEPE/] 3a1aueii OpraHu3auu
U TUTAHUPOBaHUs OOyuYCHHs JUIS OIPOMHOTO YHUCIa 00ydYaro-
MIUXCSI, K&KIBIH U3 KOTOPBIX IMEET CBOW WHANBHIYAJIBHBIE 00-
pa3oBaTenbHBIe IOTPEOHOCTH. DTa CUTyanus TpedyeT mpume-
HEeHHs 0oJiee alTOPUTMHUYHOTO W aBTOMATH3MPOBAHHOTO TIO-
X0/1a K PELLIEHUI0 OPraHU3allMOHHBIX 3aJa4.

B cratee mpemtokeH BapHaHT 3(PQPEKTHBHOTO PEUICHUS,
HAMpPaBJICHHOT'O Ha aBTOMATHU3AIUIO [TPOIIecca MoI00pa AUCIH-
IUTAH JIJI1 BAPUATUBHOW 4YacTH Y4eOHOIO IUIaHa CTYIACHTaMH.
OTOT NMOAXOJ MPEIOCTABISIET CTyIeHTaM OOJIBIIYI0 THOKOCTH B
BBIOOpE JAMCIMILINH, COOTBETCTBYIOIIUX UX MHTEpPECaM M aKa-
JIEMUYECKUM IIETISIM, B TIPU 9TOM HE TpeOyeT aKTUBHOTO BMe-
IaTeNbCTBA AJIMUHUCTPATUBHOTO MEPCOHAja WM BBILIECTOS-
LIETro pyKOBOJICTBA.

Bce Goubire u 6osbIIe 00pa3oBaTEIEHBIX OPraHU3aU aB-
TOMATU3UPYIOT MPOIECC B3aMMOACUCTBHS C 00yUYAIOIIMMUCS.
B gactHOCTH, 3TO KacaeTcs YHUBEPCUTETOB, YUCIIO CTYJIEHTOB
B KOTOPBIX COCTABIIIET HECKOJBKO ThHICSY. B Takux ycloBUsSX
HeoOxoauMo OoJiee aNrOPUTMHUYHOE U aBTOMATH3MPOBAHHOC
B3aMMO/ICIICTBHE 10 OpraHU3allMOHHBIM BompocaMm. B cratbe

paccMOTpeH Crocod aBTOMaTH3aIMK 110100pa TUCIUIIMH Ba-
PHATHBHOM Y4acTH CTYAEHTOM, 00JIeT4aloInM poLece BeIoopa
HalpaBJIeHNH, He TPEOYIOIIMH y4acTus BBIIIECTOSIIET0 PyKO-
BOJICTBA.

TIPEJIMETHAS OBJIACTD

O6pazoBarespHas IporpamMMa MojpasaeiseTcs Ha JBa oc-
HOBHBIX KOMIIOHEHTA: 00513aTENIbHYIO0 U BAPHMATHBHYIO YacTb.

O0s13aTenbHAs 4acTh MPEACTaBIseT cO00i HaboOp yueOHbIX
MIPEAMETOB HIIM KYPCOB, KOTOpPBIE CTY/AEHTHI 00s13aHbI M3Y4aTh
B paMKax CBOel Y4eOHOW MporpamMMbl. DTH IPEIMETHI MOTYT
BKJIIOYATh B Ce0sl OCHOBHBIE JAWCIMILUIMHBI, HEOOXOIUMBIE JUTs
TOTy4eHHsT 00pa30BaTEIbHOTO CTAaHAAPTa WIIM KBATH()UKAIIAN.
OO0s3aTenpHAs YaCTh TaK)Ke BKIIIOYAeT B ceOs GpyHIaMeHTalb-
HBIC 3HAHWS W HABBIKH, HEOOXOUMBIE ISl YCIIEITHOTO 3aBep-
IIeHUst 00pa30BaTENHHOM MPOTrPaMMBI.

BapuaTtuBHast 4acTh NpENOCTABIAET CTYAEHTAM BO3MOX-
HOCTb BI)I6I/IpaTI) OIMPCACIICHHOC KOJIMYECTBO y‘-IeGHI)IX npeame-
TOB WJIM KYPCOB U3 NPECAJIOKCHHOTO y‘-Ie6HI)IM 3aBCACHHUCM IIC-
peyUHA. JTa 4acTh MporpaMMBbI MMO3BOJIACT CTYACHTAM HacTpau-
BaTh CBOIO 00pa30BaTENbHYIO TPACKTOPHUIO C YIETOM UX HHTe-
pecoB, 1ieel U creuuanu3auui. BapuaTuBHas 4acTb 3HA4YH-
TEJIHHO CIIOCOOCTBYET MHIUBUAYAIN3AIMH O0yUEHHUS U MO3BO-
JSIET CTYAGHTaM IIyO’ke W IIMpe MCCIIENOBATh MPEAMETHI, KO-
TOpPBIE COOTBETCTBYIOT HX YU€OHBIM HHTEpECaM U Oy TyIUM Ka-
PBEPHBIM ITAHAM.

Takum o6pa3om, KOMOMHAINS 00s3aTENIFHON U BapHaTHB-
HOW "YacTu 00pa3oBaTeNIbHONW MporpaMMbl obOecrieunBaeT 0a-
JaHC MEXIY YCTAHOBJIEHHBIMH CTaHAapTaMH OOy4YEeHUWS U HH-
JMUBUYalbHOW THOKOCTHIO B BBIOOpE Y4YEOHBIX MaTepHaloB,
YTO CHOCOOCTBYET Oojiee Ka4eCTBEHHOMY WM TEPCOHATH3UPO-
BaHHOMY O0yUYEHHIO.

Hucnnmumesl B BapuatuBHOW wacté (BY) mpencraBnsiorT
co00ii onoTHUTENbHBIE YueOHble mpeaMeTsl. OOBIMHO yueo-
HOE 3aBEJICHHE MPEIOCTABISIET OTPaHUICHHOE KOJTUIECTBO Ha-
COB WJIM BPEMEHH, B pPaMKaX KOTOPOT'O CTYJICHT MOET BBIOH-
patb HauboJee NHTEPECHBIE 1L HEro AUCIUIUIMHBI U3 TTPEIIo-
JKEHHOT'O TTEPEYHSI.

Paccmotpum npumep. Mmeercst 100 yacos, B KOTOpbIE HEOO-
XOJIMMO TTOMECTHTH CIIEyIOIHe peaMeThl: « Teopust BeposiTHO-
cTi» — 25 4acoB, «OnepanyioHHble cHCTeMB» — 50 4Yacos,
«MuadpopmaTukay — 50 gacos, «JluneitHas anmredpa» — 25 4a-
coB. CTyzeHTy HeoOXOAWMO BEIOpaTh Hambojiee MPHOPUTET-

Humennexkmyanvnvle mexuonozuu na mpancnopme. 2023. Ne 3 68



Intellectual Technologies on Transport. 2023. No 3

HBIE JIs1 HETO HAIPaBIICHUs], YKIJIAJAbIBAIOIUECS B yCTAHOBIICH-
HBIE BpEMEHHBIE paMKU. B cTaTbe paccMaTpuBaeTcs ujaes anro-
PUTMH3ALUU 3TOTO JOCTATOUHO HETPUBUAIBHOIO TpoOLECCa.

BBoas xoHuenuuio perTHHra, Mbl ONpEessieM MPHOPH-
TETBl PA3IUYHBIX CIIEHUAIIbHOCTEH, OLICHWBAs UX Ha ILKale,
Hanpumep ot 1 mo 3. 3xeck «1» 0603HaAUaeT MeHee MpUBJICKA-
TENbHBIE HAINPaBICHUS, «2» — Ooyee MNpUBJICKATEIbHBIE,
«3» — Haunbonee nHTEpecHbIC. [IyTeM ycTaHOBIEHNUS IPHOPH-
TETOB JUI MEPEYUCICHHBIX JAUCUUIIIMH MOXHO BBISIBHTH
HanOoJiee ONTUMANbHBIH HA0OP NMPeIMETOB, KOTOPBIH HabepeT
HanOoublIee KOJIMYECTBO OANJIOB pEeHTHHra M MPU 3TOM YJIO-
JKUTCS B 3aJJAHHBII BDEMEHHOM UHTEPBAaL.

3amaua pemaercd B paMKax MOCTPOCHUS MHIUBHUIYaIbHOM
00pa30BaTeIbHON TPACKTOPUH BapHUATHBHOMN YacTH Yy4eOHOIro
IUTaHa OJHOTO M3 HampaBieHuil moarotoBku IlerepOyprckoro
TOCYZAapCTBEHHOTO YHHBEPCUTETA ITyTEH COOOIIEHNS.

METO/10JIOI'Msl PELLIEHM A

CymiecTByeT alrOpUTM, TIO3BOJIAIONINA aBTOMAaTH3NPOBATh
pemieHre 3ToW MpoOJIeMBI, TaK Ha3bIBaeMas 3ajada O PIOK-
3ake (knapsack problem), WHTEHCHBHOE H3ydYeHHE KOTOPOI
HAYaJIOCh MOCIC U3 MyOIUKAIMKH KHUTH MaTeMaTuk J[xopmxa
Hannura (G. Dantzig) B 1957 rogy. OHa 3aKkimo4aeTcs B IOUCKe
ONTUMAJIFHOTO Habopa TPEJAMETOB W3 3aJaHHOTO CIIHCKa C
OTpPaHUYCHUEM TI0 CYMMapHOMY BECY MPH YCIOBUU MAKCUMHU-
3aliu UX CyMMapHO# CTOMMOCTH. 3a7a4y O pIOK3aKe HayaTh
CJIEJIyeT C PEICHUS 3a]auu Il MEHBIIIETO PIOK3aKa («IOIPIOK-
3aKa»), a IIOTOM Ha 3TOW OCHOBE IOMBITATHCS PEIINTh HCXO-
Hy1o 3aj1a4y [1].

TpeOyeTcs BBIMUACIUTH MOIMHOXKECTBO TPEIMETOB C Mak-
CHUMaJIbHO BO3MOKHOH CyMMapHO# CTOMMOCTBIO TIPH yCIOBHU
HANAYHAST CYMMapHOTO pa3Mepa, He MPEBHIIAIONIET0 BMECTH-
MOCTb pIoK3aka [2].

YcnoBus 3amauun: naHo N npeameroB, W — BMECTUMOCTh
prok3aka, w = {wi, wa, ..., W,} — COOTBETCTBYIOILUI eMy HAOOp
MOJIOKHUTEIBHBIX [EJBIX BECOB, p = {p1, P2, ..., Pn} — COOTBET-
CTBYIOLIHI €My Ha0Op MOJIOKHUTEIBHBIX IIEIBIX CTOMMOCTEH.
HyxHo HaiiTi Habop OMHApPHBIX BexwduH B = {bi, by, ..., by},
rae b;=1, ecnu mpenMmer n; BKIOYEH B Habop b; =0, eciu
TpeaMeT He BKIIIOYEH, ¥ TaKOi, 4To:

1) biwi+ ...t bw, < W,

2) bipy + ... + byp, = max.

Haubosee onTuManbHbI METOT pEIIEHHUS JAHHOM 3a1a9 —
METOJ TUHAMUYECKOTO HPOTPaMMHUPOBAHUSA, MOAPa3yMeBaro-
NIMH IeJICHUE 3a/1a4M Ha 0oJiee MEJKHE MO3a1a4H.

Ilycte A(k, s) ecTh MakCHMaJIbHAsI CTOUMOCTH MPEIMETOB,
KOTOPBIC MOXHO YJIOXHTh B PIOK3aK BMECTHMOCTH S, €CIIH
MOJKHO HCIIOJIb30BaTh TOJIEKO IMEPBBIC k MPEIMETOB, TO €CTh
{n1, na, ..., ni.1}. HazoBeM ero HaboOpoM JIOITYyCTUMBIX IIPEIME-
ToB i A(k, s).

A(k, 0) =0, A(0, s) = 0. Haitnem A(k, s). Bo3MosxHbI 2 Bapu-
aHTa:

1. lIpenmer k e momnau B prok3ak. Torma A(k, s) paBHO Mak-
CUMAaJIbHOM CTOMMOCTH PIOK3aKa C TaKOH k€ BMECTUMOCTBIO U
Ha0OPOM JIOITyCTUMBIX MIPEAMETOB {n1, N2, ..., Hk-1}.

2. Ilpenmer k moman B prok3ak. Torma A(k, s) paBHO MakKcH-
MaJIbHOM CTOMMOCTH PIOK3aKa, TJIC BEC § YMEHBIIIAeM Ha BEC k-T0
npeaMeTa U HabOp JOMYyCTUMBIX MPEAMETOB {ni, na, ..., N1},
npuOaBIsis CTOUMOCTB k.

Ak —1,s), b, =0;

Alk,s) = {A(k —1,s—wg) +pe by =1.

To ectb:
A(k,s) = max (A(k — 1,5),A(k — 1,5 — wy) + py.

CroumocTts Mckomoro Habopa paBHa A(N, W), Tak Kak
HYKHO HAHTH MaKCHUMaJbHYI CTOUMOCTh PIOK3aKa BMECTHMO-
CTbIO W, B KOTOPBIN BXOJST BCE MpeAMETHI |3, 4].

BoccraHoBuM Ha0Op MPEIMETOB, BXOAANIMX B PIOK3aK.
OmnpexnenymM, BXOIUT JIA TIPEIMET #; B UCKOMBIA Habop. Haun-
HaeM ¢ anemenTta A(i, w), tne i = N, w = W. JIsis 3TOro CpaBHU-
BaeM A(i, w) co ClleAyIOINMH 3HAYCHUSAMHU:

1. MakcuMasbHOM CTOMMOCTBIO PIOK3aKa C TAKOW jK€ BMECTH-
MOCTBIO I HA0OpOM JIOMYCTUMBIX TIPEAMETOB {A1, 12, ..., Hi-1}, TO
ectb A(i — 1, w).

2. MakcuMasbHOM CTOMMOCTBIO PIOK3aKa ¢ BMECTHMOCTBIO Ha
W; MCHBIIIE ¥ HAOOPOM JTOIYCTUMBIX MPEAMETOB {n1, N2, ..., Hil}
TUTIOC CTOUMOCTb pj, TO ecTb A(i — 1, w — w;) + pi.

3aMeTHM, 4TO IPHU MOCTPOSCHUH A MBI BEIOUPATH MAKCUMYM
U3 OTUX 3HaueHWd u 3anuceiBamu B A(i, w). Eciu
A(i, w) =A@ — 1, w), TO n; He BXOAUT B HICKOMBIH Ha0Op, MHAYE
BXOJIHT.

[lyreM mnpuMeHEHHS PACCMOTPEHHOTO aJNrOpUTMa BO3-
MOJKHO OTIpEIETINTh ONTUMAIIBHBIN COCTaB Habopa AUCIUIIIINH
JUTS BapHaTUBHOM JacT 00y4YeHHs, B KOTOpoM [5]:

W — o011ee KOJTMYECTBO YacOB, BHIICIICHHBIX HA BAPHATHB-
HYIO 9acTh YYCOHOMH MPOrpaMMBL;

W — KOJIMYECTBO YaCOB, TPEOYEMBIX JUTS H3YUCHUS KaXKION
KOHKPETHOM TUCIUILIHHEL,

P — peifTuHr kaxnoi TUCLUIUINHBL, KOTOPBII BappupyeTcs
ot 1 no 3;

B — uckoMbIii onTUMAaTbHBIN HA0OP TUCIMIUIHH, KOTOPBIH
Oyzner BBIOpaH Ha OCHOBE JAHHOTO aJTrOPUTMA.

CITIOCOB PEAJIM3ALIUN

Jlnst pemieHust TaHHOW 3amadm pa3paboTaHo rpaduueckoe
npwitoxeane WinForms Ha si3pike C++.

OTO MpUIIOKEHHWE BKIIOYAET B ceOs CIeAyIOMHe KOMIIO-
HEHTHI: MOIYJb JJIS BBIXOJA, MOAYJIb JUIS 3arpy3Kd 0a3bl aH-
HBIX B TPWIOKEHHUE, MOIYJIb s (OpPMUPOBaHHS BHIOOPKHU
JUCIUTUTAH, UCXOTHYI0 0a3y JaHHBIX, KOHCUHYIO 0a3y JTaHHBIX.
JlocTym K MOYJISIM OCYIIECTBILIETCS uepe3 HHTepdeiic mpuio-
JKEHUS C IOMOIIBI0 COOTBETCTBYIONINX KHOMOK (pHC. 1).

Pa— x|
Buibop ¢paxynsTaruBos

Ykaxute npHopuTeT o1 7 50 F KAXHOI0 H3 NI8PEYHCITEHHBIX HAMPABIICHHHA,
a 3arem HaxmuTe Tlono0parL Qaxynbrarues”

Kor-8o vacos: |
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Mpuoputer

1
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» 3 Biology 100 v

4 Foreign_Language 120 ;
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6 Physics 180 ¥

Puc. 1. UnTepodeiic nmpuioxeHns
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KHorka BbIXo1a SIBJISIETCSI BCIIOMOTATEJILHON M MCIIOJB3Y-
eTcs U1t BBIXOoJia n3 nporpammbl. KHomka 3arpy3ku 6assl jgaH-
HbIX («/lo0aBUTHY») mocie akTHBalMK oOpamiaercs K aiiry
0a3bl JaHHBIX Access, coaepKameil MHGOPMAaIIIo O CTyAeHTaxX

U pe3yJibTaTax X BbIOOPA, M TOJrPY’KaeT JaHHbIE U3 Hee B 00b-
ext DataGridView, koTopslii peannszyer (QyHKIHMOHAN 0Oa3bl
JNaHHBIX B npuioxkenusx WinForms. I[Ipumep nporpammuoro
KoJza:

System::Void Facultatives:MyForm:btn_add_db_Click(System:Object” sender, System:EventArgs" e) {

database->Rows->Clear();
// NopkntoveHmne 6asbl AaHHbIX

String™ connectionString = "provider = Microsoft. ACE.OLEDB.12.0; Data Source=Facultatives.mdb";
OleDbConnection* dbConnection = gcnew OleDbConnection(connectionString);

dbConnection->Open();
String” query ="SELECT * FROM [Facultatives]";

OleDbCommand” dbComand = gcnew OleDbCommand(query, doConnection); //

OleDbDataReader” dbReader = dbComand->ExecuteReader();
if (dbReader->HasRows == false) {

MessageBox::Show("Oumbka cuntbiBaHus gaHHbIX!", "Owmbkal");

}
else {
while (dbReader->Read()) {
database->Rows->Add(dbReader("id"], dbReader["'name"], dbReader["weight"], dbReader["price"]);
wl++ // B nepeMeHHyto Wl 3anM1CbIBaETCS KON-BO CTPOK - AUCLWMANINH
}
}

dbReader->Close();
dbConnection->Close();
return System::Void();

Bo Bpemst mocnieioBaTeNIbHON 3arpy3Kd JaHHBIX U3 0as3bl,
nepeMeHHasi w/ aKKyMyJIHpYeT KOJIMYECTBO CTPOK, YTO COOT-
BETCTBYET JOCTYITHBIM AUCIMIUIMHAM JUIs BbIOOpa. DTO BCIIO-
MorarenbHasi MepeMeHHas, KoTtopas OyAeT HCIOJb30BaHa B
Tporecce Co3IaHus BEIOOPKH.

[apasnenbHo 3arpy3ke 0a3bl TAHHBIX MMOCTPOYHO, B Mepe-
MEHHYIO W/ 3a[HChIBACTCS KOIMYECTBO CTPOK, TO €CTh KOJHYE-
CTBO JIUCIUIUTHH Ha BBIOOD. J[aHHAs IepeMeHHAas SIBIISICTCS BCIIO-
MOTraTeNbHOI 1 OyIeT HCTI0IBb30BaHa IPU IOCTPOESHUH BEIOOPKH.

// BbiBog, BbIBOPKM Ha 3KpaH
res_table->Rows->Clear(); // O6HynsieM TabnuLy pesyrbTaTta
j = 0; // U BcrioMoraTesbHble nepeMeHHble
counter_values =(;
if (Wl == 0) { // Ecrm GucumnnmHbl He 3arpyseHsbl - oLwmbKa
MessageBox::Show("Tabnuua He sarpyxenal”, "Oumbkal");
return System::Void();
else if (max_capacity_label->Text == ""
MessageBox::Show("He BBepeHo Kon-Bo yacos!", "Oumbkal");
return System::Void();

else { // VHaue B max_capacity konnuecTso Yacos ais BY

IMocne 3arpy3ku 6a3bl TaHHBIX HEOOXOIUMO 3aTIOJHUTH KO-
nouky «IIpuopureT» (3 — HamBeIcIIHil mpuopuTeT). [loce 3a-
TOJTHEHHSI yYKa3aHHOW KOJIOHKM HEOOXOAMMO AaKTHBHPOBAThH
KHOIIKY nogbopa ancuuiuinH. O6paboTka TaHHBIX HAUWHAETCS
C TIPOBEPKHU OMIMOOK TPH 3aI0JIHEHUH TOJEH, a TaKkke ¢ 00HY-
JICHUSI CYETYMKA TaOIHIBI BEIOOPKH.

[Ipumep Koma mporpaMMBI:

) {// Ecnv none yacos nycToe - owmbKa

max_capacity = Convert:Tolnt32(max_capacity_label->Text);

for (i = 0; i <wl; i++) { // Ecnm ecTb nycToTbl B CTONBLIE NPUOPUTETOB - OLLMBKA

if (database->Rowsli]->Cells[3]->Value->ToString() =="") {

MessageBox::Show("He Bce npuoputeTs! 3anonHeHbIl", "Oumbkal");
return System::Void();

else { // Ecrm nycToT HeT - chopMupyeM MacCuBbl BECOB M CTOMMOCTEN
string_buffer = database->Rows]i]->Cells[2]->Value->ToString();
weightsfi] = Convert:Tolnt32(string_buffer);
string_buffer = database->Rows]i]->Cells[3]->Value->ToString();
valuesli] = Convert:ToInt32(string_buffer);
}
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}

for (i =1, i <wl; i++) if (values|i] == values[0]) counter_values++; // CpaBHMBaeM NpUOPUTET NEPBOM CTPOKU C OCTasIbHBIMM
// Mpn Kaxxnom coBnagieHnn nHKpemeHTUpyeM. Ecrim counter_values = Kof-By AMCUMMNIMH - BCE NMPUOPUTETbI OAMHAKOBbIE - OLmbKa

if (counter_values ==wl - 1) {

MessageBox::Show("BsefeHbl oguHakosble npuoputeTsil”, "Oumbkal");

return System::Void();
} // MHaue - Bbi30B thyHKLMM NOCTPOEHUS MaTPULLbI BECOB

B pamkax TaHHOTO aJrOpPUTMa, €CIH HET OIIUOOK, JaHHBIC
MOJBEPraroTCcsl NMpeoOpa3oBaHUI0 M3 KOJOHOK 0a3bl JTaHHBIX
DataGridView, a Take OCYIIECTBIISIETCS 3alIOJIHEHHE MAaCCH-
BOB JUIs JajibHelIel oopaboTku B uncioBoM ¢Gopmare. [Ipe-
o0pa3oBaHNe TaHHBIX TO3BOJIAET PadOTaTh C HUMH KaK C YHUC-
Jamu B fanmpHeimeM. [Tpu 3ToM IpOW3BOAMTCS BBI3OB (yHK-
LAY one_item:

else Facultatives::MyForm::one_item(wl, max_capacity, weights, values);

I'MOKOCTh M PAacroJIOKEHHE MPOBEPKH YCIOBHS ONpeje-
JSIIOT THIT IUKJIA, BBIOMpaeMbli B KauecTBE YIPaBIISIONICH
CTPYKTYPHI [6].

OyHKUUS one_item NPUHNMAET B KaUeCTBE BXOJHBIX apry-
MEHTOB KOJIMYECTBO JUCLHIUINH, KOJIMYECTBO YacOB, OTBEACH-
HOE Ha 3TH JAUCLUIUIMHEI B TEKYILEM CEMECTpe, a TaKKe Mac-
CHBBI, COZIepIKaIe HHYOPMAIHIO 0 KayKIOH JUCIUILIHHE ¥ UX
npuopurete. Jlanee peanusyercs JOTHKA, ONHCAHHAS B METO-
JOJIOTHH PELICHHUS:

System::Void Facultatives:MyForm:one_item(int wi, int max_capacity, int weights]], int values]]) {

int** arr; // Matpnua secos

arr = new int* [wl +1]; // arr[n+1][m+1], roe n - Kon-Bo AMCLMNAKH, M - KoN-Bo Yacos Ha BY

for (inti=0;i<wl+1 i+)

arrfi] = new intmax_capacity +1];
for (inti=0;i <= wl i++) {

for (int j = 0; j <= max_capacity; j++) {

if (i == 0| j == 0) arr{i][j] = 0; // Hyneeble cTpoka u cTonbeL, 3anNoNHAKOTCH HYNAMM

else {

if (weights[i - 1] > j) arrfi][j] = arr[i - 1][j]; // ecrm Bec npeameTa Bonblue TekyLuei BMECTUMOCTU - BIIMCbIBAEM

npegpioyliee 3HaveHue B cTonbue

else arr(i][j] = max(arrfi - 1][j], values]i - 1] + arrfi - 1][j - weights]i - 1]]); // MHaue 3armcbiBaeM 3HaueHre no topmyre:
MaKCMMyM U3 Npeblayluei Sueiku B cTonbLe U CyMMbl CTOMMOCTM NPpeaMeTa € MaKC. CTOMMOCTbIO B MpeablayLuei CTPOKe, KOTopast MoMeLpeTcs B

OCTaTOK MeCTa B pHOK3aKe

}

//int answer = arr[wl][max_capacity]; // Makc. ctoumocTb

}

find_ans(wl, max_capacity, weights, arr); // Bbi3oB thyHKLWM hOpMMPOBaHMS ICKOMOO MacCMBa MHOEKCOB OMCLMIITMH

for (inti=0;i<wl +1; i++) // Ounctka namatu
deletefJarr{i];

deletefJarr;

return System::Void();

Buytpu QyHKIum one item mocie (OPMHPOBAHHSA Mat-
pHUIBI CTOMMOCTEH TPOMUCXOAWT BEI3OB (yHKIMH find ans,
(hopMmupyroIIeii BEIXOAHYIO BEIOOPKY:

System::Void Facultatives:MyForm:find_ans(int wi, int max_capacity, int weights]], int™ arr) {
if (arr[wi][max_capacity] == 0) return; // Pexypc1eHasi thyHKUMS OCTPOEHMSI MICKOMOM BbIBopKM. ECrin aHaueHme suenkm = 0 - anroput™ "ynepcst

B CTEHKY" 1 3aKaHuUMBaeT 06xop, MaTpuLibl

if (@rrfwl - 1][max_capacity] == arr[wl][max_capacity]) find_ans(wl - 1, max_capacity, weights, arr); // Ecnn cTouMocT npemeToB paBHbl,

Bbi3blBaeM t-Lpto gis wi-1

else { // Ecnm He paBHbl, 3HAUUT TaM OOHO3HAUHO MEHbLLAA LieHa. 3anmnchiBaeM TeKyLLyM NpeaMeT B BbiBOpKY M BbI3blBaeM (yHKLMIO s

npenbiayLIero NpeaMeTbl U LeHbl MpeaMeTos A0 NpeabiayLIero
anslj] = wl-1; // Uckomas BbiBopka
j*++ // CueTumk BbIGOPKM

find_ans(wl - 1, max_capacity - weights[wl - 1], weights, arr);

}

return System::Void();

CymiectBoBaHHe (PyHKIMI JeaeT BO3ZMOXHBIM HCIONB30-
BaHUE TAaKOTO CPEJCTBAa NMPOrpaMMHPOBAHUS, KaK PEKYPCHS.
Pexypcusi mo3Bossier (DyHKIMH BBI3BIBaTH HAa BBINOJHEHHUE
camy ce0si. DTO MOKET I0Ka3aThCsi HECKOJIKO HENpaBoIo-
JOOHBIM, U HA CaMOM JieJie 3a4acTyto oOparieHne GpyHKIMU K

camoii ceOe BBI3BIBACT OIIHOKY, OJHAKO MPH MPABHIEHOM HC-
TIOJIb30BAHUM MEXaHU3M DPEKYPCHH MOXKET OKaszaThCsl OYeHb
MOIIIHBIM HHCTPYMEHTOM B pyKax IporpaMmucra [7].
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OOBEKT HA3BIBACTCS PEKYPCUBHBIM, €CIIM €r0 YacTH Ompe-
JIeJIeHbI uepe3 Hero camoro. Pekypcust BctpeyaeTcst He TOJIbKO
B MaTEeMaTHKE, HO U B OOBIYHOM »HU3HU [8].

OYHKITUS pean3yeT peKypCHBHBII MOUCK HHIEKCOB B MaT-
puie cnoco0oM, TakkKe OMMMCAHHBIM B METOIOJIOTHH PEIICHUS.
WHnekcsl 3anmMceIBarOTCA B OTAENBHBIN MaccuB ans. [locie 00-
XoJa Bcell MaTpuIbl, (QYHKIHS 3aBEpIIACTCS W BO3BpAIacT

ympaBiieHue B (QYHKIUIO one_item, KOTOpas TakKe 3aBeplla-
eTCsl M BO3BpAIlaeT ynpasiieHne QYHKIIMH KHONKH. JTa QyHK-
M B CBOIO OYepeIb BHIBOJAUT BO BTOPYIO 0a3y IaHHBIX
DataGridView momy4ueHHy10 BRIOOPKY, IepeOupast MacCUB MH-
JIEKCOB ans ¥ W3MEHsIsl THI JaHHBIX JJIs BCTAaBKH B TaOJIUILY:

j== // | B KOHLE peKypcum Monyumncs Ha eayHULYy 6osiblue, MO3TOMY CriepBa YMeHbLLAeM ero Ha 1
while (j >= 0) { // B pes. Tabnuuy 3anmcbiBaeM UHOEKC, Ha3BaHWUe M AJIUTENBHOCTL AUCLMMIMHBI, MHAEKC KOTOpoi paBeH anslj]

res_table->Rows->Add(database->Rows[ans]j]]->Cells[0]->Value,

>Rows[ans]j]]->Cells[2]->Value);

database->Rows|ans[j]]->Cells[1]->Value, database-

j==; // 06x0aMM MaccuB [0 HyNIEBOrO 3/1EMEHTA BKITHOUMTESbHO

return System::Void();

Mo 3aBepuIcHNHH BBHIIOMHCHUS (DYHKIHMH YIPABICHHE BO3-
Bpamaercss B (GyHKUMIO main. VICKOMBIH Ha0Op MHCLUILINH
Haiimen. OnTuManbHBI HAa0Op MUCLUHMIUIMH BBIBOJWTCS HA
9KpaH (puc. 2).

DakynsTatHes! n

Bubop uHaMeMAayanoHoi obpazoBaTensHOR TpaekTopuM
YKaxuTe npuopuTeT oT 1 [0 3 Kaxaoro W3 nepeuyKcNeHHBX HanpaBneHui,
a 3aTteM HaxmuTe “"MonobpaTh TpaekToOpuK®

Kon-Bo yvacos:[s00 |

AnuTensHoCTH
xypca (s 4.)

BulGpaHHble OMCLMNINHG X

JinuTensHOCTH
Xypca (B 4.)

Hassanue
AMCUMRAMHL

Hassanue

RMCUMNARHL LI L 10

1 Math 180 1 | N -0 %0
2 Phiosophy 90 2 v 3 Biology 100
3 Biclogy 100 1 v 4 Foreign_Language 120
s Foreign_Language 120 3 o6 Physics 180
5 Th.of Chances 150 1 v
& Physics 180 3 %

Puc. 2. BeiBog pe3ynpTaTa Ha SKpaH

3AKJIIOYEHUE

IocTpoeHue BapHaTHBHOH 4acTH Y4eOHOro IUIaHa SBIIS-
eTcsl aBTOMAaTH3MpyeMbIM rporieccoM. [Ipu Gonbimom HabGope
BXOJIHBIX JAHHBIX 3Ta ACATEIHFHOCTh MOXKET OKa3aThCsl TPYAO-
€MKOH JIJIsl pyYHOTO BBINOJIHEHUS. B pabote O6bu10 MposeMoH-
CTPHPOBAHO, YTO aBTOMAaTH3aLMs MIPOLIecca IIOCTPOCHUS WH/IU-
BUIYaJIbHBIX 00pa30BaTeNbHBIX TPACKTOPUH CTYICHTOB B Ba-
PHATUBHOM YacTH y4eOHOTO IJIaHa YHUBEPCHUTETA SIBIIETCS HEe
TOJIFKO BO3MOYKHOM, HO ¥ BEChMa ITePCIIEKTUBHON. JTa aBTOMa-
TH3aLHs TIO3BOJIAT COKPATUTH TPYAO3aTpPaThl M BEPOSTHOCTH
OImMOO0K, YTO MOXKET CYIIIECTBEHHO 00JIETIUTh padOTy YIeOHBIX
3aBECHUMN.

Pa3paboranHas cucremMa MMeeT MOTEHIUAN Uil JajbHEeH-
IIEro YCOBEPIICHCTBOBAHMS, YTO BKIIOYAET B cels paciuupe-
HUEC BOSMO)KHOCTeI‘/II, TaKUX KaK 4YTCHHC JaHHBIX U3 Ta6HI/II_[
EXC@] U UHTETrpanusd B CUCTCMbl JUCTAHIIMOHHOTO 06y'—IeHI/I§I
YHHUBEPCHUTETA. JTO MO3BOJIUT ClIENaTh ee 0oJiee PyHKIIMOHAb-
HOH M yJOOHO#! 1S KCIIOJIb30BaHUsI B PEaIbHOM 00pa30BaTelib-
HOM Iporecce.
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Abstract. The article examines the use of combinatorial optimi-
zation problems for the formation of a variable part of the curric-
ulum in order to build individual educational learning trajectories.
A specific knapsack problem is considered in the context of learn-
ing optimization. A method for forming individual curricula is
presented based on an analysis of the needs and abilities of stu-
dents. Particular attention is paid to the process of adapting cur-
ricula to the specific needs of students, which contributes to more
effective and personalized learning. The results of the study may
be useful for educational institutions and teachers seeking to im-
prove the quality of education and support the individual educa-
tional experience of each student.

Keywords: curriculum, discipline, algorithm, knapsack prob-
lem, trajectory, optimization, statistics, sorting.
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IHHAMATHU KOJUIET'U

25 oxts0pst 2023 roga mocne He-
MPOJOJIKUTENbHON  OOJIE3HH  CKOH-
qancst podeccop kadenpsr «MuDOp-
Mathuka W wuHGOpMaIMoHHas 0e30-
nacHocte» KUI'AJIKO  EBrenuit
danneenu.

10 anpenss 2023 roma Esrenwuit
®anneesnd orMeTull cBoe 80-merue,
OH paboTajl B HAllleM YHHBEPCHTETE
¢ 2001 roma. BosrmaBmsan kadenpy
«[IpuknagHas MaTeMaTHKa», 3aTeM
Ob11 TIpodpeccopom Ha Kadeape «Ma-
TEMaTUKa U MOJICIIUPOBAHKE.

Kuranko E. ®. — BBICOKOKBaJIHU-
(GUIUPOBAaHHBIN  Me;aror, JOKTOP
(hU3UKO-MaTEMAaTHYECKUX HAyK —
¢ 1997 roma saBusAICS ACHCTBUTEND-
HBIM YJICHOM AKaJeMUM HaBUTAIIUH
U yIpaBJICHUs ABUXKeHUeM. EBrenuit
danneeBrd ObLT MPU3HAHHBIM CITCIIH-
aJUCTOM II0 MEXaHHKE CIUIOIIHEIX
cpen.

Bee ero 3aHATus NpOBOAWINCH Ha
BBICOKOM HAay4YHOM U METOAUYECKOM
ypoBHe. EBrenuit dagneesny — aBTop
MHOTMX Hay4HbIX TPYZOB U y4€OHBIX
nocobuii. Ilog ero pykoBOACTBOM
3alIUILIEHBl JIBE KaHIUJATCKUE IHC-
cepranuu. Mmeer Oompioe Komye-
CTBO M300pETeHHH, U 3Ta ero padoTa
orMeueHa 3HakoM «M3o0perarensb
CCCP».

3a MHOTOJIETHIOW JI00pOCOBECT-
HYIO ¥ TUIOZIOTBOPHYIO pabOTy B YHH-
BEPCUTETE OH HarpaxJeH OOWIeH-
HeIM 3HakoM «200 gmer IIT'VIICy,
IOOWJICHHBIM ~ HArpyJHBIM  3HAKOM
«200 mer TpaHcmOpTHOMY OOpa3oBa-
Huo Poccumy.

EBrennii @aaieeBud moib30Balics 3aCIyKEHHBIM YBaXKEHUEM COTPYIHHUKOB Kadeapbl U 00ydaromuXxcsl.
Konneru u yueHuKr MOMHAT U TIIy00KO ckopOsaT. CBeTnas maMsaTh Y YUTEIIIo.
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In Memory of Colleague

On October 25, 2023 Professor of the Department of Information Technology and IT Security
ZHIGALKO Evgeny Faddeevich, died after a short illness.

On April 10, 2023 Evgeny Faddeevich celebrated his 80th birthday, he worked at our university since
2001. Headed the Department of Applied Mathematics, then was a professor at the Department of Mathe-
matics and Modeling.

Zhigalko E. F. is highly qualified teacher, Doctor of Physical and Mathematical Sciences, since 1997 was
valid a member of the Academy of Navigation and Motion Control. Evgeny Faddeevich was a recognized
specialist in Continuum Mechanics.

All his classes were held at high scientific and methodological level. Evgeny Faddeevich is the author of
many scientific papers and tutorials. Under his leadership, two candidate dissertations were defended. Has a
large number of inventions, and this work of his is marked with the «Inventor of the USSR» sign.

For many years of conscientious and fruitful work at the university, he was awarded the anniversary sign
«200 years of PGUPS», anniversary badge «200 years of transport education in Russia.

Evgeny Faddeevich enjoyed the well-deserved respect of the department staff and students. Colleagues
and students remember and grieve deeply. Bright memory to the Teacher.
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