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AHHOTALMA

BBepeHue. CTaTbs nocesleHa o6obLeHWIo onbiTa pelleHust 3aga4y rMiaHnpoBaHns paboTbl MaIMHUCTOB FOPOACKOro
penbCcoBOro TpaHCnopTa, pe3ynsTaTbl KOTOPOro OKa3blBalOT CyLLECTBEHHOE BNUsIHME Ha Be3onacHOCTb ABMXeHus. Llenbio
NCCNefoBaHUS ABNSETCS BbiiBNEHME OOLWMX YepT B MOAXOAax K MiaHMpPOBaHWIO paboTbl MPOU3BOACTBEHHBIX U YenoBe-
YeCcKMx pecypcoB roOpoACKOro penbCoBOro TpaHCNopTa; aHanu3 pe3ynsTaTtoB, JOCTUTHYThIX B MAaHMPOBaHUM paboTbl Ma-
LUMHUCTOB; OonpefeneHne HanpaBneHns pacwmnpeHns cepbl MPUMEHEHNS N JanbHENLUUX UCCIe[0BaHUM, CBS3aHHbIX C
KOMOVHMpPOBaHMEM pPa3fNyYHbIX METOL0B NpY peLleHUN 3a4a4 NNaHMPOBaHUS.

Marepuarnbl n MeTofabl. OOBLEKTOM MCCIeJOBaHMs ABNISIETCS MaTeMaTU4eckoe obecrneyeHme 3NeMeHTOB UHTENNeKTyallb-
HbIX TPAHCMOPTHBIX CUCTEM, CBSI3aHHbIX C MIaHUPOBaHMeM paboTbl MaWMHUCTOB. AN popmannsaumm 3agadm NocTpoeHus
rpagukoB paboTbl MalLMHNCTOB BBEAEHO ONUCAHNE Pe3yNLTaTOB MOCTPOEHMS B (hopmaTe KOPTEXEN, T. €. MocsieoBaTe b-
HOCTel KOMMOHEHTOB.

Pe3ynbTartbl. AHaNN3 OnbiTa CO3JaHUs CLLeHapWeB yrpaBneHNs PasfiMyHbIMU BUAAMU pecypcoB (MPOU3BOACTBEHHBIMU U
YesioBe4eCKMMU) MNO3BONNI BbISIBUTL €AUHCTBO MOCTaHOBOK 3aJay U MOAXOA0B K MX PeLUeHMUIO MPY MOBbILEHUU KOMMbOPT-
HOCTW MONy4YeHMs TPAHCMOPTHLIX YCIYTr U YCNOBUIA paboThl Niofen, YeMy yaenseTcs CyluecTBEHHOe BHUMaHMe Ha dTane
nnaHMpoBaHWs NepeBO30YHOro npotecca. NMpoaHanM3MpoBaHbl pe3ynbTaTbl GYHKLUMOHMPOBaHUS CO34aHHbIX aBTOpamMu
CUCTEM, KOTOpPbIe SBASIOTCS COCTaBHbIMU YaCTAMWU UHTENNEKTyaNbHbIX TPAHCMOPTHBIX CUCTEM, U JOCTUTaeMble Npu 3TOM
3 PekTbl. NpeanoxeH HOBbIN AN OTeYeCTBEHHbIX XeNle3HbIX AOPOr MOAXoA K hopManusaumm 3ajadn nnaHMpoBaHuUs
paboTbl MaLIMHUCTOB, UITIOCTPUPYIOWNIA NPEANOXEHHYIO KaccuburKaumio 3aay NiaHMPOBaHUS Y MO3BONSIOWNA 00b-
e[MHUTb pe3ynkTaTbl MOCTPoeHUs rpacdmKoB paboTbl MALLMHUCTOB, BbIMONHSAOWMX pa3Hble TUMbl paboT. NokasaHa Bo3-
MOXHOCTb MPUMEHEHUs MeToa AMHAMUYECKOTO NPOorpaMMm1pPoBaHUs bennmMaHa 1 reHeTM4eckoro anropuTma K pelue-
HWIO MOCTaBNEHHOW 3apa4un. BoinonHeHa ctatucTuyeckasl obpaboTtka nonyyeHHbIX JaHHbIX. BbisBNeHbI npeanockinky ans
CO3AaHUsA €AUHON MEeTOL0NOrMU UHTEeNNeKTyanm3aumnmn nnaHMpoBaHns paboTbl pecypcoB pasHbIX TUMOB Ha rOPOACKOM
penbcoBOM TpaHcnopTe.

OGcy)xaeHne U 3aKnioyeHue. MonyyeHHble pe3ynsTaTbl MOTYT ObITb MCMONb30BaHbI 1 NpU HGOPMUPOBaHUMU FPadUKoB
paboTbl TOKOMOTUBHBIX Opurag, Hanpumep, ang ycnoBuii MoOCKOBCKOro LEHTPaNbHOro KosbLia, NPy LOMONIHEHUN CyLe-
cTByloLWen Moaenu. Micnonb3oBaHue pa3paboTaHHbIX anropuTMOB MO3BOMSET YYHLWNTb NoKa3aTeny paBHOMEPHOCTU aB-
TOMaTUYECKM NMOCTPOEHHbIX rPadmnKoB PaboT NO CPaBHEHUIO C MOCTPOEHHBLIMU BPYYHYIO MPUMEHUTENIbHO K peasbHbIM
TPaHCMOPTHLIM CUCTEMAM.

KJTFOUYEBDIE CJIOBA: nHTennekTyanbHble TPAHCMNOPTHbIE CUCTEMbI, KOUTEPUUN KayecTBa yrpasfeHu s, niaHMpoBaHue,
NOKOMOTWVBHbIE Opuragbl, MalUMHUCT, 3IEKTPOMNOABMXKHOM COCTaB, rpaduK ABUKEHUS MNOE3[0B, PABHOMEPHOCTb
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ABSTRACT

Introduction. The article summarises the experience of urban railway driver scheduling with a significant impact on
traffic safety. The study is intended to identify commonalities in the scheduling of production and human resources
in urban railways to analyse the results achieved in driver scheduling; to identify further research and applications related
to the combination of different scheduling methods.

Materials and methods. The object of research is mathematical support of elements of smart transport systems related
to driver scheduling. The formalisation of driver scheduling required a description of construction results in the format of
suites, i.e. component sequences.

Results. The analysis of resource management scenarios (production and human) has revealed the unity of problem
statements and approaches to their solution while improving the comfort of transport services and peoples working
conditions, which is given considerable attention at the stage of transport scheduling. The paper analyses the functioning
of the systems created by the authors, which systems are part of smart transport systems, and the effects achieved.
The paper proposes a new, for Russian railways, way to formalise driver scheduling, illustrating the proposed classification
of scheduling tasks and combining the scheduling results for drivers performing different types of work. The article shows
possible application of the Bellman dynamic programming method and genetic algorithm to the solution of the problem.
The article provides statistical processing of the obtained data. The paper identifies prerequisites for creating a unified
methodology for smart scheduling of different types of resources on urban railways.

Discussion and conclusion. The results can also be used in scheduling locomotive crews, for example, for the Moscow
Central Ring, with the existing model expanded. The algorithms produce automatic schedules more balanced than manual
schedules with respect to real transport systems.

KEYWORDS: smart transport systems, management quality criteria, scheduling, locomotive crews, driver, electric rolling
stock, train schedule, uniformity
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BBenenue. /17151 MeranoiavMcoB M KPYMHBIX TOPOICKUX
arJioMepanuii XxapakKTepHa TEHICHIIUS CpaIllMBaHUS CH-
CTEM TOPOICKOTO PEeIbCOBOTO TPaHCIOPTa (METPOIIOIM-
TEH, JIETKOe METPO, TpaMBali, MOHOPEJIbC) 1 TIPUTOPOI-
HOTO 3KeJIe3HOIOPOXKHOTO TPAHCITOPTa, OOBEAMHEHNE X
B €IMHYIO TPAHCIIOPTHYIO CUCTEMY, K KOTOPOI MPeIbsIB-
JISIIOTCS eIMHBIC TPeOOBaHUS 10 OE30IMaCHOCTU, MHTCH-
CUBHOCTHA M KoMdopTHOCTH IBMXeHUs [1—4]. B Hamreit
CTpaHe JIMIEePOM B 3TOM HaIpaBJICHUM SIBJIsIeTCsI MocKBa,
HO ¥ B APYIUMX ropoaax-MUJJIMOHHUKAX MPOCIIEXKUBAET-
Csl BTO HaIpaBJIeHWE Pa3BUTHUSI TPAHCIIOPTHON WHpa-
cTpykTyphl. [IpuMepoM MoOryT cirykuTh Himkeroponckast
n ExatepunOyprckasi arjomepannu. HeobGxomumocTb
BBITIOJIHEHMST €IWHBIX TPEOOBAHMI OIpeaeIsieT MoTpeo-
HOCTh B WCIIOJIb30BAHMU OITBITA, HAKOIUICHHOTO IS
OITHOTO BUA TPAHCIIOPTA U IJISI APYTUX, C KOTOPBIMU 3TOT
BUJI TpaHCITOpTa MHTerpupyeTcs. [Ipu co3manum 3JeMeH-
TOB MHTEJJICKTYaIbHBIX TPAHCIIOPTHBIX CUCTEM 1T Mo-
CKOBCKOTO IIeHTpaabHOoro Kojbia (MIIK) m MockoBckux
LEeHTpabHbIX 1uametpoB (MLI) upoKo npumeHsieTcst
OITBIT, HAKOIJICHHBIN MPY PEeIlICHNN aHAJOTUYHBIX 3a1a4
st MetpornonuTeHa. OOecriedeHUsT 3agaHHOTO YPOBHSI
MOOMJIBHOCTH HAaCeJIeHUs, MAaKCHMM3allMi II0Ka3aTe-
JIe WCIONIb30BaHUSI TPAHCIIOPTHOM WH(MPACTPYKTYPHI,
TTOBBIIIICHUST 0€30IMacHOCT M A(G(MEKTUBHOCTH TpPaHC-
IIOPTHOTO TIpoliecca, KOM(MOPTHOCTH ISl paOOTHUKOB U
ITOJTb30BaTeNIei TPAHCIIOPTa BO3MOXKHO TOCTHUYh ITyTEM
aBTOMATU3MPOBAHHOTO ITOMCKA W TIPUHSITHUS K pean3ain
MaKCHMaJIbHO 3(h(eKTUBHBIX CIICHApHMEB YIIpaBICHUS Ha
OCHOBE HCITOJIb30BaHMSI KOMOMHAIIMM PA3TUIHBIX METO-
ITOB YIIpaBJICHUSI, ONTUMU3AIINNA ¥ MAIIIMHHOTO OOYYCHMSI.
[IpenoTBpalneHre MHIIMICHTOB OS30ITACHOCTH Ha TpaHC-
ITOPTE HAIIPSIMYIO 3aBUCHUT OT TOTO, HACKOJIPKO Ka4eCTBEH-
HO BBITIOJTHEHO TUTAHNPOBAHME TPAHCIIOPTHBIX ITPOIIECCOB.
YCTOMYMBOCTD COCTABIIEHHBIX TIJIAHOB U TPaMKOB K pa3-
JIMYHBIM BHEITHUM BO3MYIICHUSIM TIO3BOJINT MUHHMU-
3UpOBaTh TMOTEPU B CIIlydyac BO3HMKHOBEHUS DPA3IMUHBIX
COOMHBIX CUTYallUi WX MHIIUAECHTOB O€30IacHOCTH [5].

Llens maHHOI CTaThbM — MOKa3aTh HEOOXOIMMOCTh M
BO3MOXHOCTh KOMOMHUWPOBAaHUS Pa3JIMIHBIX METOIIOB
pelIeHns 3a1ad YIIpaBIeHUs Ha pa3HbIX 3TaIlax PeIIeHUS
3amaun mocTpoeHus rpacduka padotsl (I'P) mammHNCTOB
TOPOICKOTO PEJIbCOBOTO TPAHCIIOPTA, a TaKXKe ITOKa-
3aTh ellle oaHYy obsacTb npuMeHeHus wist MIIK omnbita,
HaKOTUICHHOTO Ha METPOITIOJIUTEHE.

IMpu pemreHun 3amad ympaBiICHHSI MOXHO BBISIBUTH
€IUHCTBO MOIXO0I0B K TIaHMPOBAHNIO (DYHKIITMOHMPOBA-
HUS KaK 9eJIOBEUECKMNX PECYPCOB, TaK W MOABMXKHOTO CO-
CTaBa M COCTABJICHUIO TPEX TECHO CBSI3aHHBIX MEXKIIY CO-
0011 TEXHOJIOTUIECKUX TOKYMEHTOB, PETJIAMEHTHUPYIOIITNX
OpTaHM3aIINIO SKCIUTyaTallMOHHOM paboThI (puc. 1):

* Tpacduk nprkeHus moesnos (IIT);

* Tpacuk 000pOoTa ITOABIKHOTO COCTAaBA;

* rpa¢uK pabOThl JOKOMOTUBHBIX OpUTra.

B mokymMeHTax Bcex TpeX THUIIOB IIPOCIIECXKUBACTCS
€IUHCTBO YCJIOBHBIX OOO3HAYCHWI W IIPUHLIMIIOB IIO-
CTPOCHHUSI, BBIOPAHHBIX KpUTepHEB KadecTBa Tpaduka
(puc. 1). CTOUT OTMETHTH, YTO OOIITHOCTH TOIXOIOB K
PEIIeHMIO 3a/1a4 YIIPaBICHUs] HAXOIUT OTPasKeHUE B TOM,
YTO paIlMOHAJIPHOE TOCTPOCHME KaXKIOro M3 IpaPuKOB
JaeT MIUPOKUMA CIIEKTP TOJIOKUTEIbHBIX 3((HEKTOB, KO-
TOpBIE ITIEPeCeKaloTCs] MEXIy CO00i M YCUIMBAIOTCS.
IIpu cocTaBneHNM CXeMBbI aBTOpAMU YUYTCH IIPUHSITHIA B
OAO «PX]JI» momxon K oleHKe 3(PHeKTUBHOCTU paboT
IUTaHA HAYIHO-TEXHUYECKOTO Pa3BUTHS. DTO HAIILIO IO -
TBEPKACHUE B XOIE CO3MAHMS 1 ITUPOKOI IKCILTyaTalluy
Ha MOCKOBCKOM METPOITOJIMTEHE M amalTaluyd K yCJIo-
BusgM MIIK Takux cucrtem, Kak aBTOMaTUM3MpOBaHHas
CHCTeMa IMMOCTPOCHMS TIJIAaHOBOTO TpadpKa TBUKEHMS T10-
e310B [6] ¥ uHTe/UIeKTyallbHas cucrema rocrpoenust I'P
MAaIIMHUCTOB [7].

PesynbraThl pelmreHust 3amauu oOeCIIeUeHUs] paBHO-
MEPHOCTH MHTEPBAJIOB IBUKCHMSI TTOE3I0B IIPU ITOCTPOEC-
wuu 111 mpencrasieHs! B padote [8], a paBHOMEPHOCTHU
MIPOBEICHUS TeXHUIECKOTO OOCTYKMBAHUS TTOIBUKHOTO
cocTaBa IIpH ITOCTPOSHNH rpadrka 000pOoTa MOABUKHOTO
cocrasa B pabote [9]. B paborax [10—16] paccmarpuBaioT-
CsI BOIIPOCHI TIOCTPOEHUS TpadrKa pabOTHl JJOKOMOTHB-
HBIX OpHTaM IJIS IPUTOPOITHOTO U NAaJTbHETO COOOIIEeHUS,
YCIIOBUST OpTaHU3AIINKM PAaOOTHl Ha KOTOPBIX OTIMIAIOTCS
OT YCJIOBMII Ha TOPOACKOM PEILCOBOM TpaHCIIOpTe. 3a-
pPyOEKHBIE aBTOPHI TAKIKE OOPAIafOTCS B CBOMX pabOTax K
naHHoi Teme [17—21]. Bormpockl paBHOMEPHOCTH pacripe-
IeaeHUs paboT B YKa3aHHBIX CTAaThSIX HE PACCMAaTPUBAIOTCSL.
B maHHOI1 cTaThe pacCCMOTPEHO pelleHMEe 3amadn obectie-
YeHMSI paBHOMEPHOCTU 3arpy3KM JIOKOMOTHBHEIX OpHTam
Ha IpuMepe padoThl MAIIMHUCTOB TOPOICKOTO PETHCOBOTO
TpaHcmopTa. K crucreMaM TroponcKoro perbcoOBOrO TpaHC-
nopta otHocsTcss MUK, MIIJI 1 meTporoanTeH.

B cinyuyae xorma ymnpaBjieHME TOABUXHBIM COCTaBOM
OCYIIECTBIISICTCST TOJTBKO MAIITMHUCTOM, 0€3 yJacTHs T10-
MOIIIHMKA, KaK 3TO peajn30BaHO B HACTOSIIIEe BpeMsI Ha
MOCKOBCKOM METPOTIOJIMTEHEe, JIOKOMOTHMBHAsI Opura-
Ia COCTOMT TOJIbKO M3 MAIIMHUCTA, U 3amada IoCTpoe-
HUS TpaduKa pabOThl JOKOMOTUBHBIX OpUTaa CBOTUTCS
K 3amade noctpoeHuss I'P mammnHucrtoB. B cinyuyae kor-
Ia YIIpaBJIeHWE TIOABIDKHBIM COCTaBOM OCYIIECTBIISICT-
¢Sl MAIIMHUCTOM COBMECTHO C TTOMOIITHUKOM, ITPOIIeCC
IMOCTPOCHMST TpaduKa padOTHl JIOKOMOTHUBHBIX OpuTan
MOXeT OBITh TIpoBefcH B nBa 3Tama. CHavaya BBITION-
HseTcsl mocTpoeHue I'P MalmmHUCTOB, a 3aTeM C YIETOM
0CO0eHHOCTe (hOPMUPOBAHUS IOKOMOTHUBHOI OpHUTAIBI
(HammpuMep, TICMXOJOTUYECKON COBMECTMMOCTH Malllu-
HHUCTOB U MOMOIITHNKOB) I'P TTOMOIITHMKOB. AJITOPUTMBI
moctpoeHusT oboux I'P cxoxm, pasnuyaroTcst orpaHude-
Hus. [Ipu 3TOM Ipoliecc MocTpoeHMs Tpaduka pabOTHI
JIOKOMOTUBHBIX OpHUTam MOXET HOCHUTh WTEPallMOHHBIN
Xapaxrep.
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Puc. 1. EZTMHCTBO MOAXOI0B K ONpeeieHII0 3((HEKTUBHOCTH PE3yJIbTaTOB IUIAHUPOBAHUS

Fig. 1. Unity of approaches to determining scheduling efficiency

Marepuaibsl 1 MeToAbl. AHATU3 TEXHOJIOTMUYECKUX TTPO-
eccoB MockoBckoro metponoiuteHa 1 MIIK nokaszain,
YTO CYILECTBYET TPU TUIMA PAOOT, KOTOPHIE BBIMOJHSIIOT
MAIIIMHUCTBI, HEMTOCPENCTBEHHO 3a7eliCTBOBAaHHBIE B OP-
raHU3alMU MAaCCaAXXKUPCKOTo ABMKEHUS. DTO MO3BOJIUIIO
BBIIEIUTDH TPU PACCMATPUBAEMBIX «TUIa» MAIIMHUCTOB:

* 1oe3IHble (OCHOBHBIE) — YIPABJSIONINE OTHUM U
TE€M X€ COCTaBOM B TE€UE€HUE ITUTEIbHOIO BPEMEHU BHY-
Tpu paboyeii CMEHBI;

* MaHEBPOBbIE — OCYIIECTBIISIONINE MAaHEBPOBBIE T1e-
peMeIlIEeHMS CoCTaBa IIPU CMEHE HapaBJICHUS IBVDKEHUS,

* TIOIMEHHbIE — YIpPaBJIsIOIIMe COCTaBaMU BO BpeMs
00eIeHHbIX MePEePbIBOB MOE3IHBIX U MAHEBPOBBIX MaIIIU-
HUCTOB.

IIpumep oObenuMHEHUS 3TUX PabOT MpeAcTaBiIeH
Ha puc.2 B ¢opmate rpaduka od6opoTa, MPUHITOM Ha
MOCKOBCKOM METPOITOJIMTEHE, ¢ HAHECEHHON Ha HEro
pa30uBKOI MO OCHOBHBIM padouum cMeHaM (PC) u non-
MeHHBIM pabouuM uHTepBasiam (PU). Ha pucyHke npo-
WLTIOCTPUPOBAH MPUHUUN o0beauHeHus I'P OCHOBHBIX U
MOJAMEHHBIX MAIIMHUCTOB C YYETOM BPEMEHHU Mpoe3ia 10
CTaHLMU OCYIIECTBICHUS oAMeHbI. B cutyaimu 1 ocHOB-
Hol MamHKUCT Ne4 MapiipyTa 4 Tpexiie yeM HavaThb pa-
00Ty OCHOBHBIM MAIIIMHUCTOM, OCYLIECTBJISIET MOAMEHY
MammHucta No2 Ha mapuipyte 7. B cutyanmm 2 manim-
HucT No2 mapipyra 11 ocyIecTBIIsIeT MOAMEHY TBaXIbl:
IO pPabOThl OCHOBHBIM MAllIMHUCTOM TTOAMEHSIET MalllUHU-
cta Ne 1 Ha mapmpyte 21, a mocie — MammHucta Ne4 Ha
Mapipyte 22. B curyaimm 3 mammHuceT Ne 3 mapipyra 21
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MpexXae YeM HayaThb padoTy OCHOBHBIM MAIIIMHUCTOM,
OCYHIECTBIIIET ToaMeHy MammHucta No4 Ha Mapuipy-
te 38. [Ipu aTOM momycTUMas IUTEIbHOCTh CyMMapHOW
PC He npesbliiaetcs. JnuteabHocTh ocHOBHbIX PC pac-
CUUTBHIBAETCS C YUETOM BPEMEHU MPUEMKHU U CIAYU MO-
JNBUXHOTO COCTaBa, YTO OTpaxeHo Ha pwuc. 2. BricoTa
U300paKEeHU UHTEPBAJIOB pabOThl MAIIMHUCTOB Pa3Inuy-
Ha: B Hauajsie ocHoBHOI PC u mogmMenHoro PU uzobpaxe-
HUE BBIIIE, YEM B CEPEIUHE, UYTO COOTBETCTBYET PEXUMY
MPUEMKHU, a B KOHLIE — HUXE, YTO COOTBETCTBYET CAAye.
CpenHsis 4acTb U300PaXKEHUS] COOTBETCTBYET HEMOCPEI-
CTBEHHO JIBUKEHUIO. JTUTETbHOCTh UHTEPBAJIOB BpeMe-
HU MPUEMKHU-CAAYU OMpenessieTcsl MpaBUIaMu MPUEMKHU
U CAAYU TOABUXKHOTO COCTaBa B 3aBUCUMOCTU OT MecTa
HaXoXJeHUs1 cocTaBa. JlaHHbIE MOJTYYEHbI C UCITOIb30Ba-
HUEM CO3[IAHHOI aBTOPAMU WHTEJUIEKTYJIbHOU CUCTEMBbI
noctpoenus ['P maimHuctos [7].

Js bopmanuzanuu 3agadu noctpoeHust I'P mamm-
HUCTOB aBTOpPaMM IO AHAJIOTMU C MOKAa3aBIIMMU CBOIO
abdexktuBHOCTh pu noctpoenuun [JIIT u rpaduka o6o-
pota dhopManu3alusMu BBEIEHO OMKUCAHUE PE3YyIbTaTOB
noctpoenusi I'P mammHuctoB B hopmare kopTexeit (mo-
cle10oBaTe/IbHOCTEd KOMITIOHEHTOB) [5]. BBemeHo mo-
HATUE «paboTa» A — 3TO KOPTEX, BKIIOUAIOIIUIA B ce0sl
clienyoue KOMIOHEHTHI (MOJIst):

* S — cocTaB, Ha KOTOPOM MTPOBOAUTCS paboTa;

* T — Tun paboTsl (OCHOBHOU, MOAMEHHBIN WU Ma-
HEBPOBBII MAIIMHUCT, MPOCTOI);

* L — NJIUTENbHOCTD BBIMTOJTHEHUS PA0OTHI;
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* 1, — MOMEHT BPEMEHU Hayaja BbIIIOJHEHUsI paboT C
yKa3aHUEM CYTOK;

* W — MallIMHUCT, BHIOJHSIOLINI padoTy;

* C — CTOMMOCTbD BHITIOJTHEHUSI paboT, KOTOpast 3aBU-
CHUT OT 3HAYCHMI TePEUMCICHHBIX BBIIIE TTOJIEi paccMa-
TPUBAEMOTO KOpTeXKa.

Komnonentst S, 7, L, t, ABASIOTCS KOHCTAaHTaMU B
paMKax pelieHust 3aaayu noctpoeHust I'P maimHucToB,
3HAYCHUS KOTOPBIX OIPEACICHBI pe3yIbTaTaMU PEIICHUS
3agauyu noctpoenus ['JIT1 v rpadpuka obopora, pa3doreHn-
em nx Ha PC u PU. 3nauennst komnonentoB Wu C onpe-
TIEJISTIOTCST B Pe3yJIbTaTe pelleHus 3aaayu moctpoeHust ['P
MAaIIMHUCTOB. 3HaueHNe KoMIToHeHTa C siBisieTcs (hyHK-
LIAE OCTAJIbHBIX MOJIEW KOPTEXKaA.

COBOKYITHOCTB BCEX pabOT BCEX TUIIOB A OMMCHIBACT
I'P MaluHUCTOB.

I[Ipr wucnomp3oBaHMM BBeACHHOU (hopmaTu3aum
Kkputepuil Kauectsa R, I'P MalmmHNUCTOB, MO3BOJISIOIINIA
MMHAMU3UPOBATh (PMHAHCOBBIC 3aTpaThl Ha OILIATY TPyIa
MAaIIMHUCTOB MpU BhITToTHeHUM 3agaHHbIX [T v rpacdmu-
Ka 000opoTa, chopMyIUpyeM CIACAYIONINM 00pa3oM:

NA
R, =>(4,:C-A,:L)— min, (1
a=1
rae N, — KOJu4ecTBO paboT Bcex TUIOB Ul BCEX COCTa-
BOB, KOTOPbIE HAIO BBIMOJHMUTD [JIs peaiu3aliuy 3a1aH-
Heix [JIIT u rpaduka obopoTa; a — MHAEKC pabOThl U3
paccMaTprBaeMOrO0 MHOXECTBa, ITapaMeTp CYMMMpPOBa-
Husl; A, — paboTa ¢ UHAEKCOM a.

OrpaHUYeHUSIMU TIPU PEIICHUH 3TOM 3a1a9M SBIISTIOTCS:

* TpeOOBAHMS BBITIOJTHEHUS BCeX paboT Bcex N, TH-
OB Ha Bcex V,, cocTaBax MUMEIOLIMMCSI MHOXECTBOM Ma-
IITHUCTOB:

VA 0<A:W <1,

rae [, — 4Mcio 3a1eliCTBOBAHHBIX MalIMHUCTOB;

* OTCYTCTBHE OMHOBPEMEHHOTO Ha3HAYECHMST Ha BBITTOJ-
HEHME OMHOU U TOM 3Ke pabOThI 00JIee OMHOTO MAIIMHUICTA,
YTO HEIOMYCTHMO Ha YPOBHE BBEICHHOI (hopMaTm3alini;

* OTCYTCTBHME Ha3HAYCHMS OTHOMY MAIlIMHUCTY O0JIee
OIIHOIT PaOOTHI B OMWH U TOT K& MOMEHT BPEeMEHM:

VO<a,b<N, A :W=A W,

rae b — MHIOEKC paboThl U3 PACCMATPUBAEMOIO MHOXE-
cTBa; A, — paboTa ¢ UHIEKCOM b;

» TpedboBanus TpymoBoro komekca P®, ITonoxeHus
00 0COGEHHOCTSIX pexXrma paboyero BpeMeH! 1 BpeMEeHH
OT/JbIXa PAOOTHUKOB KOHKPETHOI'O TPAHCIIOPTHOTO Ipe/i-
npusaTtus, ['JIIT u rpacduka obopota [7, 22]. B ykazaHHBIX
CTaThsIX MMPUBEACHBI MaTeMaTUICCKIE BhIpaKeHUs, hop-
MaJIM3yIOLI1e CAeayIOIINe YYUThIBAEMble OrPAHUYEHUSI:

— pabora B TeueHue ABYX CMEH OIS 3alpeLacTCs;

— pabouuii JeHb MOXET ObITh pa3aesieH Ha 4acTu,
yTOOBI 0011asl POJOJIKUTEIbHOCTh pabo4yero BpeMeHu!

Homep mapLupyTta
N
o

13:00 17:00 21:00

BpemeHHas ocb, 4

5:00

Puc. 2. [IpumMepsl 00beAMHEHUS paObOT pa3IUYHbIX TUTIOB B ofHOM ['P
MAaIIMHHUCTOB:
3eJIEHBIM 1IBETOM 0003HAYEeHbI MHTEPBAIBI PAOOTHI OCHOBHOTO MAIIMHUCTA
Neo 1; yepubiM — Ne2; kentbiM — Ne 3; po3oBbiM — No 4. T'onyobiM
LIBETOM YKa3aHbl BO3MOXHOCTH Il OCYLLECTBIEHUSI TOIMEH

Fig. 2. Examples of different work types combined in a single driver
schedule:
green colour indicates work intervals of Main Driver 1; black — No. 2;
yellow — No. 3; pink — No. 4. Light blue shows potential
substitutions

HE IIPEeBBIILIAIa YCTAHOBJICHHOM MPOIOJIKUTEIBHOCTU €Xe-
JIHEBHOM pabOTHI;

— OrpaHMYEHME HAa MAaKCHUMAaJbHYIO IPOIAOIKUTE/Ib-
HOCTb pab0o4Yero BpeMeHU B TeUEHME HEAEeIU U1 MeCs1ia;

— B TeyeHue pabouero OHsT (CMeHBI), yepe3 3—4,54
rmocJe Havana paboThl, He B TiepBbie 30 MUH pabOTHI, pa-
OOTHUKY IOJDKEH OBbITh MPENOCTaB/IEH MEPEPHIB IS OT-
JIbIXa U IUTaHUs TPOAOJKUTEIbHOCTBIO He OoJiee 2 4 1 He
meHee 30 MUH;

— MPOAOLKUTEIbHOCTh €XEHEIeIbHOIO HEIpephiB-
HOTO OTJIbIXa HE MOXKET ObITh MeHee 42 4;

— B HepabOouue Mpa3IHUYHbIC THU JOIYCKAETCS IIPO-
M3BOJCTBO PabOT, IPUOCTAHOBKA KOTOPBIX HEBO3MOXHA
I10 POU3BOICTBEHHO-TEXHUYECKIM YCIOBUSIM PaboT, BbI-
3bIBAEMBIX HEOOXOIMMOCTBIO OOCITY>KMBaHUS HACEICHUSI;

— OrpaHUYEHME Ha MaKCUMAaJIbHOE KOJIMYECTBO pabo-
YUX 4acOB B JCHb IIpU pabOTe B TE€YCHME OIHOIl CMEHBI
WK IIpU paboTe B T€YEHME IBYX CMEH, a TaKXKe Ha IIpo-
JIOJIKUTEIBHOCTD BBIMOJHEHUSI KOHKPETHBIX paboT (Ha-
npumMep, paboThl B Ka4eCTBE OCHOBHOIO, ITOJIMEHHOIO
WM MAaHEBPOBOI'O MAILIMHUCTA);

— HeJb3s1 yCTaHABJIMBaTh OoJjiee IBYX CMEH IIOAPSII,
OXBaTbIBAIOILIMX HOYHOI IIPOMEXYTOK BpeMeHH (IJIs1 Me-
tponosiuteHa 1 MIIK 3To pa3nuyHble BpeMeHHBIE Iie-
PUOMBI, OIpele/sieMble OCOOCHHOCTSIMM OpraHM3aluu
IIePEBO30YHOTO IIPOIIECcca) 10 MECTHOMY BPEMEHH;

— MPOIOJIKUTEIBHOCTD OTIbIXa B TEYEHME CYTOK JIOJIK-
Ha IpPeBBIIATh UIMTEIbHOCTh Ppab04Yero QHS HaKaHyHe
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He MeHee YeM B IBa pa3a M He MOXKeET ObITh MeHee 3aaHHOM
BEJIMYMHBI (HATIPUMeEp, IS METPOIIOJINTEHA 3TO 12 U);

— YKMCJIO BBIXOOHBIX IHEH MOJDKHO OBITH HE MEHee
YHCJIa BOCKPECHBIX THEH B OTYETHOM TIEPHO/IEL;

— MAILMHUCTBI MOTYT KOHCOJIMAMPOBATh OTAbIX U MC-
TOJTB30BATh €r0 eMMHOBPEMEHHO, HO TOJIBKO 32 JIBE HEMEIM;

— Ipu paboTe HOYBIO B JIBE CMEHbI MEPEPHIB MEXTY
HUMM JOJDKEH OBITh OoJiee 3aMaHHOM BeTMUMHEI.

Jlormka orpaHnYeHU TIPU TIepexoae OT OMHOM TpaHC-
IIOPTHOM CHUCTEMBI K IPYroil He MeHsieTcs. MeHSIoTCs
YHCIIOBBIC TTapaMeTPhl, OTpaXkalollre 0COOCHHOCTH OpTa-
HU3AIUKU peXnuMa pabodero BpeMEeHU U BpeMEHH OTIBIXa
PabOTHMKOB KOHKPETHOTO TPAHCIIOPTHOTO IIPEATIPHSI-
THSI, YTO YIUTHIBAETCS ITyTEM M3MEHEHMS COOTBETCTBYIO-
IIMX HACTPOEK MHTEUIEKTYaJIbHOI CUCTEMBI IIOCTPOCHMS
I'P mammHucroB. Heo0XxoaMMoOCTh yuyeTa TeX WM MHBIX
OrpaHMYCHMI TOXKE OTpakaeTcsl B M3MEHEHUM COOTBET-
CTBYIOIINX HACTPOEK WHTEJUICKTYaTbHOM CHUCTEMBI I10-
ctpoeHus: I'P mammHucros [7]. SIBouHasgs 4MCIEHHOCTh
JIOKOMOTUBHBIX OpUTaI C YIETOM MX BO3MOXHBIX OTBJIC-
yeHUU (OOJbHUYHBIC, OOYYeHME W T.J.) YIUTBIBACTCS
MyTEM BBEAEHUS COOTBETCTBYIOILIMX OTPAHUYEHWI HA UH-
TepBaJIbl BpeMEeHHU, KOTHa PaOOTHUKU MOTYT OBITh 3aieii-
CTBOBaHBI B peaju3allii 3aJaHHOTO rpaduka obopoTa.
OTBieYeHNSI, IPUBJICUCHUE PE3EPBHBIX COTPYIHUKOB Ha
cllydyail HeCTaHAAPTHBIX CUTyallMid WJIM OTKA30B TEXHUYE-
CKHX CPEIICTB MOXET pacCMaTPUBAThCS KaK eIe OMMH THUIT
paboT, KOTOPHIN TaKKe MOJDKeH YUYUTHIBAThCS. B pamkax
MaHHOI pabOTHI 3TO HE OCBeIIacTCs, TaK KaK paccMa-
TpUBaeTcs 3amadya OIpenccHUs 3aHSITOCTU COTPYIHU-
KoB B peanu3anuu 3aganHoro I'JITT u rpacduka oboporTa,
HO pa3paboTaHHOE MaTeMaTHMYecKoe oOecIieueHUe TI0-
3BOJISICT peaIM30BaTh JaHHOE PaCIINpPEHMUE.

Jna wimocTpauny  criocoda ¢dopMaau3alny  yIu-
TBIBAEMBIX OTPAHMYCHUIT PACCMOTPUM (DOpMaTM3AIIUIO
OTpaHWYCHMSI HAa MaKCHUMAaJIbHYIO IIPOXOJIKUTEILHOCTD
pabouero BpeMeH! B TeUCHME HEJCIN WIIN MecsIia:

D N,

S5 (A L|(A, W =m)u (4,11, €d))) < T,
d=1 a=I (2)
m=1,...,1,,
rne 7,, — MaKCUMaJbHas TPOIOKUTEIBHOCTh Pabo-

Yero BpeMEHM B TeUeHME 3aJaHHOrO Iepuoaa BpeMeHU
(Hemeu win Mecsiua); D — KOJIMYECTBO AHEW B MEPUO-
e BpeMeHM (Hemese Wi MecslIle), 1T KOTOPOTo 3amaHa
MaKCHUMaJlbHasl MPOJOJIKUTEILHOCTh pabo4yero BpeMeHu
T,.; d=1,...,D — HOMep AHS B epUOJe BpeMEHU (He-
JieJie WIK MecsILe), AJisi KOTOPOro 3aJaHa MakcuMallbHast
MIPOIOJIKUTETBHOCTD pabouero BpeMeHu 7.

Pemienne 5Toif 3amaum BO3MOXKHO C UCIIOJIb30BAaHUEM,
HampuMmep, FeHETUYECKOro ajiroputMa [23] mpu yciaosuu,
YTO MpeABapuUTeSbHO copMHUpoBaHa 0a3a JAHHBIX Ba-
pranToB ['P MallMHUCTOB OTAENBHO IS KaXIOro TUIIA
pabot. B aToM ciriyyae oguH M3 BapUaHTOB ITOCTPOCHMUS
XpOMOCOM IIperojaraeT ciaeaylolee:
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* MHOXECTBO ajuieNieil (3HAa4eHWi, KOTOPhIe MOXKET
MIPUHUMATh TeH) OMHOTO 13 TeHOB MMEET MOIITHOCTD, PaB-
Hy10 uncily BapuaHToB ['P OCHOBHBIX MAllIMHUCTOB; 3TOT
Te€H COOTBETCTBYET BCEMY BapMaHTY LIEJINKOM, 3HaYeHUe
ajutelist NICHTU(MDUIIMPYET 3TOT BapUaHT;

* KaXIoMy U3 00eIeHHBIX MePePhIBOB U KAKOW-TO
WX TPYIIIE, KOTOPBIE OTCTOSIT APYT OT APyTra MEHEE YEM Ha
3aJaHHBIN TPOMEXYTOK BpEMEHU, COOTBETCTBYET OTIE/Ib-
HBII I'EH;

* QHAJIOTMYHO IS TPYMIIbl MAaHEBPOBBIX PA0OT.

®opMupoBaHNEe TOIMHOXECTBA pPabOT, Y KOTOPBIX
KOMIOHEHT 7' MMeeT 3HaueHue, COOTBETCTBYIOIEE pa-
0oTe B KauyecTBe OCHOBHOTO MAIIMHUCTA, MPOUCXOAUT
nOpyd aBTOMATU3UPOBAaHHOM MnocTtpoeHuu I'P oCHOBHBIX
MalllMHUCTOB. B pesynbraTe hopmupyercs 0aza JaHHBIX
BapuaHTOB I'P aTOro tumna, paccmarpruBaeMbIX TeHETHYE-
CKMM aJIFOPUTMOM B XOJI€ PELIEeHUS 3a1a4u MOCTPOEHUS
obbenuHeHHOro ['P MalmMHMCTOB ¢ MCOOJIb30BaHUEM
kputepus (1). [Ipm aBTOMaTU3UPOBAHHOM TIOCTPOCHUU
I'P ocHOBHBIX MAaLLIMHUCTOB B KA4eCTBE KPUTEPUS OINTHU-
MaJIbHOCTH UCITOJIb3YeTCsI KpUTepUii paABHOMEPHOCTU Ha-
3HaYeHMS (3arpy3K1) OCHOBHBIX MAITMHUCTOB Ha cop-
MupoBaHHoe pacnucaHue PU R, (xl, s Xy ), KOTOPbBIN
dopmanusyercs cienyomumM odpasom:

Lyw [ N 2

RM(xl,...,xN):Z Z(kalxk:i> ) (3)

i=1 | k=1

rie i=L..,1,, BO3MOXHBIC 3HAUCHMSI HOMeEpa
OCHOBHOTO MAIIIMHUCTA W3 PEe3yIbTUPYIOIIETO MHOXKE-
CTBa MAIIMHUCTOB, 3a/I€/ICTBOBAaHHBIX B KAUECTBE OCHOB-
HbIX (M,,,); I, — 4YUCIO 3aeiiCTBOBAHHBIX OCHOBHBIX
MaLIMHUCTOB, MOIIHOCTb MHOXecTBa M, (OAMHOXe-
CTBO MHOXECTBA BCEX 3aIeHCTBOBAHHBIX MAIITMHUCTOB C
MOLIHOCTBIO /,,); N — unciio PU, Ha KOTOpbIe pa3ouT BeCh
rpaduk 060poTa; £, — BeC pedpa, COOTBETCTBYIOLIEIO Ha-
3HAYCHUIO BBHIOPAHHOTO OCHOBHOTIO MAIIMHMCTA Ha K-U
PU, pasnblii wmrensHoctn PU; x, — HOMEp OCHOBHOTO
MAaIlIMHUCTA, 3aIeiCTBOBAHHOTO IJIST peanmn3atnu k-1o PU.

Pemmenvie 3amaum Ha3HAYeHUST OCHOBHBIX MAIIIMHICTOB
Ha cchopMUpoBaHHOE pacricaHre PV MOXHO BBIITOHUTS,
KUCMOJIb3Yysl METOMl TMHAMUYECKOTO MPOrpaMMUpPOBAHUSI, IIIe
Ha k-M 3Tarre peleHs BaKHO He TOJIBKO TO, KaK ObUTH pea-
Jm3oBaHbI Tipeapinyme (k — 1) P, HO 1 cKoipKko Marm-
HMCTOB TSI 3TOTO OBIIO 3a1eICTBOBAHO 1 HACKOJIBKO PABHO-
MepHo. [1pr MCoIp30BaHNKM PaBHOTO YKCJIa MAITMHYCTOB
IUTSI BCEX PeIIeHUI BEIOMPAETCs TOT BApUAHT, KOTOPHIIA 00e-
CITeYMBaeT MUHMMYM TEKYIIIETO 3HaYeHUST KpuTepus (3):

Ry, (xlj, s x,{): in {ARM,(] (x,{)Jr

J=lnsdy

j j —
Ry (55X k=200 N, )
rme R, (x{ ooy X[ ) — 3HA4YEHUE KPUTEpUs ONTUMAaJb-
J
HOCTH ITOCJIE BBITIOJIHEHUS Ha3HAYEHUI Ha TeKyLIWiA k-1
; . j
PH j-m ciocobom; AR, (xk) — TIpUpalleHne 3HAYCHUS
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KpUTEepUsI ONTUMAJIBLHOCTU ITOCJE€ BBITTOJIHEHUS Ha3Ha-
yeHuil Ha Tekymuii k-t PW j-M crocobom mpu 3amaH-
HOM croco0e Ha3HayeHui Ha mpenpiayiue (K — 1) PU;
X/, ..., X} — HOMepa MaIIMHWUCTOB, 3a1eHCTBOBAHHDIX 1151
peanuzauuu k PU j-M cnocoboM, eciiu BBECTU COOTBET-
ctBUe Mexny dhopmyaamu (1) u (4) u cuuTaTh, 4TO B (hOp-
myse (1) 3HaueHue a, paBHOE €IWHMIIE, COOTBETCTBYET
paboTaM OCHOBHbBIX MATUHUCTOB; J, — YKCJIO BAPUAHTOB
pelleHus 3a1a4M Ha k-M 3Tare.
Ornpenesnm 3HaueHue AR, (x, ):

ARy (%)= Ry (X500 X )= Ry (X0 X, ) =

= RMk (x15-.~, xk )7RM(/<71) (xl,...,xkfl,xk :O):

=315 (bt =) =3I (b, =1)| =

E(anan:i) - Z(anI-xn:i) =

i=1 n=l1 n=1

k—1 k

=SS e =) S e =0 S ke, =)+

i=1 n=1 n= n=l1

k—1 Tyw

+Z(an|xn :i) :Z (kaka :i)x

n=1 i=1

k—1

<Y 2(fibe, =)+ (fulee =) )

n=1

rae f,,, — Bec pedpa, COOTBETCTBYIOLLETO Ha3HAYEHHUIO Bbl-
OpaHHOTO OCHOBHOrO MalllMHHUCTa Ha n-ii PU, paBHBII
qmrenbHocTH PU; x, — HOMEp OCHOBHOIO MAIlIMHUCTA,
3a[CiCTBOBAHHOTIO U151 peaiu3auuu n-ro PU.

[NonyyeHHOE BBIpaXKeHUE IO3BOJSICT MPOBOAUTH pe-
KYPPEHTHOE BBIYMCICHUE KPUTEPHUS OINTUMAIbHOCTU
Ry (%, ..., Xy ) Ha K&XKIOM MOCIIEAYIOLIEM STATle PELICHHUsI
3aauyd C MCIOJb30BaHMEM paHee BBIYMCICHHBIX 3HAYE-
HUI1 cyMMapHBIX ITpoaoJKuTenbHOCTel Beex PC kaxkaoro
U3 MaIlIMHUCTOB.

Ha niepBom srane perenust 3ataun R, (x, =1) cyre-
CTBYET TOJIbKO OIMH BapUaHT HAa3HAYCHMSI MAITUHUCTOB.
C y4eToM MpOBEPKM YCIOBUN BO3MOKHOCTU T00ABICHUS
HoBoro P yxe 3aaeiicTBOBaHHBIM MalllMHUCTaM Ha He-
CKOJIBKUX CJICAYIOIIMX 3Tarax, YMCIO KOTOPBIX HE Ipe-
BBIIIIAET PE3YIbTUPYIOIIEE KOJTUISCTBO 321 ICTBOBAHHBIX
IJIST peain3aliuy 3aJaHHOro rpaduka o6opoTa MaIluHU-
CTOB, MOXKET OTCYTCTBOBATh BETBIICHUE.

Kaxnpiii j-ii cnoco® peanu3aliid Ha3HAYEHUs Ma-
IIMHUACTOB Ha k-M 3Tafe OTJIMYaeTCs 3HauYeHUEM Iepe-
MEHHOM X, U YMCJIOM €€ BO3MOXHbBIX 3HaYeHMI1 (TeKyLIeit
MOLIHOCTBIO MHOXeCTBA M,,). JllIs1 yMEHbBIIEHUS YUCIIA
nepedupaeMbiX BapMaHTOB MOTYT HMCIIOJb30BaThCS U
MOTOJHUTENbHBIE ycaoBus. Hampumep, paccmoTpe-
HUE U3 HECKOJIbKUX CITOCOOOB, IMPU KOTOPBIX KaKIbI
M3 MAIIMHUCTOB K k-MYy 3TaIly UMeeT OJHO 1 TO XK€ KO-
nuyectBo PU, BEIOOP U3 pacCMOTPEHHBIX TOJbKO TOTO,

KOTOpPBI 00ecIeynBacT MUHHUMYM TEKYIIIETO 3HAYCHUS
KPUTEPHST ONITUMATBHOCTH.

Bripaxkenue (4) UCIIonb3yeTcst TSl BBITOTHEHMS 00pat-
HOT'0 X0Ja MeTOa TMHAMMYECKOTO ITPOrpaMMUPOBAHNST IJIST
BOCCTAHOBJICHUSI ITYTH ONTUMAJILHOTO PEIICHUS 3a1avH.

PesyabraTel nccienosannsa. PaccMoTpuM pe3yinbTaThl,
ITOJTyYeHHBIE C MCIOJIb30BaHUEM Pa3pabOTaHHOTO aBTO-
paMm TToaxoja K cocraBiieHHIo ['P oCHOBHBIX MalImHM-
CTOB, TIPM KOTOPOM MIPUMEHSTIOTCST BeIpaxkeHus (3), (4),
(5). Ucnonp3oBaHne KpUTEpPUEB paBHOMEPHOCTH dYepe-
IIOBaHUS paboUyero BpeMeHW U BPeMEHM OTIbIXa IPH T10-
crpoeHuu I'P MammmHUCTOB (puc. 3) MO3BOISIET MOJIYIUTh
boJyiee paBHOMEpPHOE pacmpeneicHre padodnx CMEH II0
CpaBHEHUIO C pealm3yeMbIMH Ha TpakTuke (puc. 4).
Jnsa ompeneneHUs] ToKasaTeell YIWUTHIBAINUCH 7 ITHEH,
CIIEMYIONINX 3a TeKyIIuM. JIMHMei KpacHOTo 1IBeTa U30-
OpaxkeH YpOBEHb CpEIHEro 3HaUCHUS TT0Ka3aTeIsI 3a BECh
nepuon HabmoaeHus. IlpencraBieHHsle Ha puc. 3 u 4
3HaUeHUs1 cpenHekBanaparndeckoro otrkioneHus (CKO)
" pa3Maxa (pa3HOCTH MEXIY HauOOJBIINM M HaMMEHbB-
M 3HAUYCHUSIMU, TIPEACTAaBIECHHBIMU Ha IrpadyKe) IO -
TBEPKIAIOT MOBHIIIICHNE PABHOMEPHOCTH.

IMonmxon K pelreHNIO 3aga4n MOBBIICHUS 3(PDeKTUB-
HOCTH MCITOJIb30BaHUS pab0vYeTo BpeMEeHU IMTOAMEHHBIX U
MaHEBPOBBIX MAIIMHUCTOB CXOK C PACCMOTPEHHBIM.

[MomyuyeHHBIE BBIpasKeHUS ITO3BOJISIOT YMEHBIIATh KO-
JIMYECTBO pacCMaTpPMBAEMbIX BapHMAHTOB TIPU pPEIICHUM
ONTUMU3ALIMOHHBIX 3a7a4, MOBBIIIATH CKOPOCTh ITOMCKA
pelieHni 1 O0BEANHSITH B €ANHBIN T'padUK BHITIOJTHECHUS
paboT pa3TUYHBIX TUTIOB HA OCHOBE KpUTepus (1).

[TomyueHHBIE PE3yIBTATHI MOTYT OBITH MCITOIH30BaHBI
u Tipu popMuUpoBaHUY TpadrKa pabOTH JOKOMOTUBHBIX
Opuran, HarpuMep, mist yeiaoBuii MK npu nonoaHeHuun
CYIIECTBYIOIIE MOIEIN OTpaHNICHHUSIMU, CBSI3aHHBIMU C
HEOOXOIMMOCTBIO 00ECTICUNTD MOIYCTUMOE KOMILIEKTO-
BaHUE JIOKOMOTUBHBIX Opuran [7].

PaccmoTrpum mogpoOHee mytu mosydeHus: 3¢ dekTa
OT UCTIOJIb30BaHUS pa3paboTaHHBIX Ha Kadenpe yrpasie-
Hus u 3amuTel nHbopmanuu PYT (MUUNT) snemenToB
WHTEJUICKTYAJIbHBIX TPAHCIIOPTHBIX CHUCTEM, (DYHKIINO-
HUPOBaHNE KOTOPHIX CBSI3aHO C KOMIUIEKCHBIM aBTOMa-
TU3UpOBaHHBIM TocTpoeHneM [JII1, rpacduka oboporta
u rpacduka pabOThl JOKOMOTHBHBIX OpHUTam ISl TOPOI-
CKOTO PEIbCOBOTO TPAHCIIOPTa, K KOTOpoMy B MOCKBe
OTHOCSITCSI HE TOJIbKO MeTpornoauteH, Ho MUK nu MII/I.
HHTerprpoBaTh IOJIydYeHHBIE PE3YyIbTaThl B YaCTU MaTe-
MAaTHYECKOTO O0CCIIeUeHUS B yKe MCITOIb3YIOIIMECS IIPO-
rpaMMHBIE CPeICTBA TUTAHUPOBAHUS PAOOTHI MOXXHO ITyTEM
CO3IaHMSI COOTBETCTBYIOIINX ITPOTPAMMHBIX MOYJICH, CO-
BMECTHMBIX TT0 (hopMaTaM JaHHBIX C SKCILTyaTUPyeMbIMH.

Kommepueckuii achdeKT cBsI3aH ¢ pOCTOM BOCTPEOOBaH-
HOCTH TPAHCIIOPTHBIX CUCTEM B CJIydae COKPAIIeHUST MEXK-
TTOS3MHBIX MHTEPBAJIOB, TIOBBIIIICHISI 0€30ITACHOCTH IBIIKE-
HUS 1 KOoM(OPpTa, YTO HAIPSIMYIO CBSI3aHO C COOTIONEHIEM
PaBHOMEPHOCTH JIBYDKEHMSI M MICTTIOJTb30BaHUSI PECYPCOB.
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Fig. 3. Examples of a driver schedule built according to the uniformity criterion

PecypcHblii a(hdekT oT BHeOApeHUsI CPEeICTB aBTOMA-
TU3alMUA TUTAHUPOBAHUS OIPEACNSIETCS COKpallleHueM
CBSI3aHHBIX C TOPOKHUM MPOOETOM COCTABOB SKCILTyaTa-
LIMOHHBIX PACXOOB, BBI3BAHHBIX JOMOJHUTEIbHBIM pac-
XOJIOM 3JIEKTPOIHEPTUU Ha TATY U MOTPEOHOCTHIO B J10O-
MOJTHUTEJbHBIX JIOKOMOTHUBHBIX Opuragax. CorjacHo
BBITIOJITHEHHOU OLIEHKE, UCTO0JIb30BaHUE pa3paboTaHHOMN
WHTEJUTEKTYaTbHOU CUCTEMBbl MOCTPOEHUST rpaduka pa-
OOTBI JIOKOMOTUBHBIX OpUTal MOMOXET COKPAaTUTh TO-
TPeOHOCTh B TPYIOBBIX pecypcax npu ¢opmupoBanuu I'P
MainHuCcToB Ha 20—25 %. OQHOBPEMEHHO MTOBBICUTCS
MPOU3BOAUTEIBHOCTh TPYyAa COTPYAHUKOB, PEILIAIOIINX
3a/laud MUIAHUPOBAHUS, TaK KaK BHEIPEHUE UHTEIIEKTY-
aJIbHOU CHUCTEMBbI MO3BOJUT COKPATUTh BpeMs, 3aTpauu-
BaeMoe Ha nocTpoeHue rpadrka padoTbl TOKOMOTUBHBIX
Opuram, ¢ THEH 10 4acos.

IMpenoTBpainatomuii yueponl 3¢ GeKT onpeaensiercs
COKpalleHUEeM 3KCIUTyaTallMOHHBIX PAacXOJ0B Ha yCTpa-
HEHME TOCJIEICTBUI TEXHOTEHHBIX KaTacTpod, BEpOSIT-
HOCTb HACTYTUIEHUS] KOTOPBIX MTOBBILIAETCS MPU HEYCTOM -
YUBOM XapaKTepe MIaHOBBIX IPachUKOB.

CouunanbHbiii 5OdGeKT BO MHOTOM OMpenesieTcs
VJIy4IIEHUEM YCJIOBUI TPyJa, K KOTOPBIM OTHOCUTCS CO-
OnroneHre OCOOEHHOCTEN pexuMa padoyero BpeMEHU
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W BPEMEHU OTIbIXa JOKOMOTHBHBIX OpWTaja, B TEPBYIO
odepenb CBSI3aHHBIX C OpraHu3aleil paboThl B HOYHOE
BpeMsi, KOTopasl, KaK MokKa3aHo B [5, 24], oka3bIBaeT Cy-
IIECTBEHHOE BIIUSHME Ha 0e3aBapuUitHOCTh ABVKECHUS, a
cJemoBaTeNIbHO, CITOCOOCTBYET TOJYYeHUIO TPEenoTBpa-
11arol1Iero yueposl a¢gdexra.

Hayunblit a¢ddexT cBsizaH ¢ TeM, YTO HA OCHOBE BbI-
MOJJTHEHHOTO 0000IIaoNero aHajam3a HaKOIUIEHHOTO
OTIBITA W BBISIBJICHUST OOIIIMX YEPT MPOIIECCOB TIAHNPOBA-
HUSI, peayTi3yeMbIX TIPUMEHHUTETHHO K Pa3IMYHBIM BUIAM
pPECYpcoB, BO3MOXKHO BBIIEJIIEHUE W TMOCTPOEHUE MIabJ0-
HOB TTPOEKTUPOBAHUS TIPOTPAMMHOTO O0ECTIEUEHUSI COOT-
BETCTBYIONINX WHTEJIEKTYaIbHBIX cucTeM. OTHOBpEMEH-
HO B X0Jie cOOpa MaHHBIX U BBHITTOJIHEHUST 9KCIIEPUMEHTOB
TPOMCXOIUT HAIlOJIHEHWE 0a3 MaHHBIX U 0a3 3HAaHWI WH-
TEJUIEKTYaJTbHBIX TPAHCTIOPTHBIX CUCTEM [4—9, 22—25].

OrnpenesnieHHbIe B paboTe KPUTEPUU KavyecTBa yIpaB-
JIEHUsI HalleJIeHbl Ha TOJTyYeH e TTIepedncIieHHbIX 3 dek-
TOB OT BHEIPEHUSI COOTBETCTBYIOIIUX WHTEIUIEKTYATbHBIX
cucteM. Kpurtepumii MUHUMM3AIMM pacxoja pPecypcoB
MPU 3aJaHHOM BPEMEHU XOJa CITOCOOCTBYET 0OECIIEUECHUIO
MyHKTYaJTbHOCTH TIEPEBO30K, HE JIOIyCKasi HEOITPaBIaHHOTO
pacxo/a pecypcoB, T. €. B TIEpBYIO ouepe/lb MO3BOJIsIeT 00e-
CITEYUTh KOMMEPUYECKUI W TIPEIOTBPAIIAIONINI YIIIepObl
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Fig. 4. Fragment of a real driver schedule

addekTsl [26]. PaBHOMEpHOCTD 3arpy3ku, Kak OTMe4Yaaoch
BBIILIE, CIIOCOOCTBYET IMOJTYYEHUIO BceX BUIOB 3G deKTa.
MuHuMUM3a1MsT BpeMeH! paboThl WM pa3Mepa HCIOJb30-
BaHHBIX PECYPCOB MO3BOJISIET IOCTUYD PeCypcHOTo ahdeKTa.

Obcyxnenne u 3akmodenne. [IpoaHaTM3npoBaH OIBIT,
HaKOIJICHHBIII aBTOPAMU B XOJle CO3[IaHUST UHTEJJIEKTY-
aJTbHBIX CUCTEM TIJIAHUPOBAHUS HA TOPOJICKOM PEJTbCOBOM
TpaHcriopte. HayuyHast HOBU3HA MMOJIydeHHBIX pe3yJibTa-
TOB 3aKJIIOYAETCs B CIAEAYIONIEM:

* BoIsiBJIeHBI OOIIIME U OTIIMYUTETbHBIE YePThI TTPOU3-
BOJICTBEHHBIX M YEJIOBEUECKUX PECYPCOB PA3HBIX KJIACCOB
C TOYKM 3peHUs 3a1ad TUIAHWPOBAHUSI, YTO TIO3BOJIMIO
WHTETPUPOBATh PE3YJIbTAThl MPAKTUUYECKOTO MCTIOJIb30-
BaHUSI M3BECTHBIX aBTOpPaAM MHTEJUIEKTYaJIbHBIX CUCTEM
TJIAaHUPOBAHMSI.

* BobIsSIBJIEHBI €IMHCTBO KPUTEPUEB KauecTBa yIpaB-
JIEHUs [IJII PECcypcoB pa3HbIX TUIOB W TOJXOIOB K
(opManuzanuu M pelIeHWIO COOTBETCTBYIOIIMX 3anady
yopaBJeHUsI, a TakKXe OCOOEHHOCTH I3TUX TpeboBa-
HUI B 3aBUCUMOCTH OT KJlacca YIpaBJsieMOTO 00beKTa,
YTO TMO3BOJIUT OPTAaHU30BaTh TPOIIECCH TJIAHUPOBAHUS
(byHKIIMOHUPOBAHUS PA3TMYHBIX OOBEKTOB B €IMHOM ITPO-
CTPAHCTBE METOMOB pEIeHUST 3a7a4 C Y4eTOM HaIMIMS
B3aMMOCBSI3U MEXITY HUMMU.

* TIpencraBneHsl pe3yabTaThl, TOATBEPKIAIOIINE TIPU-
MEHUMOCTh TIPE/UTOKEHHBIX W PEaIM30BaHHBIX aBTOpaMU
TIOIXOOB K PEIISeHUIO TTOCTaBIeHHBIX 3a/1a4.

IMpakTuyeckasi IIEHHOCTh TIOJYYEHHBIX DPE3YJIbTaTOB
3aKJII0YAaeTCsl B TOM, YTO B COBOKYITHOCTHU C paHee TOoJTy-
YEHHBIMM OHU MOTYT CTaTh OCHOBOU €IWHOU METOI0JIO-
T CO3[aHUST M PA3BUTHUS MOITHOTO MHOXECTBA MHTEJI-
JIEKTYJIBHBIX TPAHCIIOPTHBIX CUCTEM, TTO3BOJISIT CO3/1ATh
WHCTPYMEHTHI, 00JIeT4atoNne pa3paboTKy MOJ0OHBIX CH-
CTeM, 3a/1al0IIMe UX TUTIOBYIO CTPYKTYPY (DpeiiMBOpK), 1
MHOKECTBO IIA0JIOHOB MPOEKTUPOBAHUST TTIPOTPAMMHOTO
obecrieueHnsT Takux cucteM. [1om0OHbBIE TTPOEKTHI MMe-
10T (pyHIAMEHTAIBHBIN XapaKTep U SIBJISTIOTCS] IPUMEPOM
MPOEKTUPOBAHUS CUCTEM OT YaCTHOTO K OOIIIEMY.

BnaropapHOCTU: aBTOpbl BbipaxatoT 6narofapHoOCTb peueH-
3eHTaMm 3a MnosesHble 3aMeyYaHus, CrocoBCTBOBABLILME YYYLLEHUIO
cTaTby.
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