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B craTbe npepnaraloTcs AWCKpETHble WM CTOXACTUYECKUE MOAent
YNPaBeHUA TPaHCMOPTHLIMU Pecypcamu, onTUMUsMpylolMe paboTy
ropogckoro aeTobycHoro napka. Llene ctateu — npounmocTpuposarts
NpUMeHeHUe AaHHbIX MOAeNed, UCXOAS U3 KpUTepus MUHUMUBELUK
noTepb BPeMEHU Ha OXujaHue oBCnyXUBaHWS NaccaxupaMy U KO-
HecTBa Naccaxupos, OKUAEHOWMX ero GoMbLIe AOMYCTUMOrO BPEMEHU.
ABTOpbI CUMTAIOT, YTO UCMONb3oBaHWE NpefnoXeHHbIX Moaenel Ha
npaKkTUke LenecoobpasHo, Tak Kak OHU NO3BONSIOT NOBLICUTL KAYecTso
0BCNyXUBaHUA Naccaxupos.

BBEOEHWE

Mpobnema ynpaBneHus TPaHCMOPTHLIMM pecypcamu
B ycrosusx 6onblUoro ropoaa B rocneaxie roasl cra-
HOBUTCA 0COBEHHO OCTPO. ITO CBA3AHO C OrpaHudeH-
HOW MpOMYycKHOW CNOCOBHOCTLIO ropoOaCKUX Marucrtpa-
neil M BOSPACTAlOWMM  MOTOKOM  TPAHCMOPTHbIX
CPeAcTB. OTO B CBOW OUepedb NPUBOAUT K HenUHeil-
HOMY POCTY 3aTpaT Npu NepeBo3Ke NaccaXxupos U rpy-
308 B ropoe. B aTux ycnosuax npuobpetarT ocobyto
aKTyanbHOCTb METOAbl OpraHu3auuu MepeBo3oK, Mo3-
BonsilollMe Haubonee pauuoHanbHo WUCMOMNb30BaTh
UMELLMECA TPaHCNOPTHbIE pecypchl, C y4eTom 3Toro
B AaHHOW paboTe NpeanaralTCs MOLENU ynpaBneHus
TOPOACKMM  MacCaXWPCKUM  TPaHCNOPTOM C  y4eTom
OrpaHMyeHUl Ha CyLLecTBYIOLIME TPAHCIOPTHBLIE MOLL-
HOCTY U UHTEHCMBHOCTU NaccaXuporioToKoB.

OfHa us Takux Mogenein 3aknioYaeTcs B TOM, YTOBI
pacnpefennte orpaHudeHHbI napk aBToBycoB no Ko-
HEYHOMY 4MCy MaplupyToB, MUHUMUSUPYA NpU 3TOM
oblive noTepu BpemeHu Ha TpaHcnopTHoe obCnyxXu-
BaHWE UMM MUHUMU3UPYS KONUYECTBO NaCCaXupos,
BPEMA Ha TpaHcnopTHoe obcnyxumBaHWe KOTOpbIX Npe-
BblLUaeT Kputuyeckoe. Hwxe ByayT npusegeHsl MaTe-
MaTU4ecKue nocTaHOBKU 3TUX 3a4au.

1. MocTaHoBKa 3apaun

B cratbe paccmatpusaeTcs sagaua, ceAsaHHas
HauGonee palmoHanbHLIM pacrpeseneHuem TpaHcnopT-
HBIX CPEACTB B KONUUECTBE N @AUHNLL NO KOHEYHOMY Unc-
ny aBTOBYCHbIX MapLIpyToB. Byaem nanee cunrats, uto
qMCNO MapLUPYTOB /M MEHbLUE, YeM KONUYECTBO TpaHC-
MopTHBIX eAUHUL n. Yepes U!, (1) oBosHauum uHTeHcUB-

HOCTb NOCTYNNEHUA naccaXxupoe Ha OCTaHOBKY a, creay-

' PaBoTa BeINonHeHa npu huHaHcosoil noanepxke Poceuin-
CKoro oHAa hyHAAMEHTaNbHLIX UCCNeaoBaHuit (PooW),
npoekT Ne16-06-00143a.
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OLLMX IO OCTaHOBKU f Map'LupyTa Il=1,...,ma=1,2,
o M =12 .., m Bxa) 30ece m, ~ 4yucno
OCTaHOBOK Ha aBTobycHoM MaptupyTe /.

O6osHaunmM Yepes g, (1) WHTEHCUBHOCTE OBCHYXU-
BaHWs NaccaXXMpoB Ha oCTaHOBKE O MapiupyTa I B Mo-
MeHT t. oA UHTEHCUBHOCTLID OBCNYXUBAHMA nacca-
XMpOB GyAeM NoHUMaTb WHTEHCUBHOCTL NOCTYNneHUs
NacCaxXWpoB, HaxXOAALWMXCA Ha OCTAHOBKE Herocpen-
CTBeHHo B aBTobyc. Onpegensietcs g (i) criegyro-
WM obpasom:

0,ecnuts [t] ],

e min{V, (t2) ;B (7)),

q, (t)=1t7-t] (1)
ecnute [tj,’ ;t;'f],
j=12,.,M

rae t)) — momeHT npubbiTus asTobyca j Ha ocTaHoB-
Ky a MapwpyTa
t;? — MoMeHT oTnpasnenus aBTobyca j ¢ ocTaHoBKM

a MapLupyTa |/
M —uucno asTobycos, NPOXOAALMX YEpe3 OCTaHOBKY
a MapulpyTa / Ha UccneayemMoM BpeMEHHOM UHTepBane

(0; 7);

Va’(t;',z) — OdYepelb MNaccaXuMpoB Ha OCTAHOBKE
MapLUpyTa / 8 MOMEHT BpeMeHru 17

Ouepeab naccaxupos V. (t) B niofoli MOMeHT Bpe-
meHu te (0;T) Ha ocTaHoBke a MapLupyTa ! onpepe-

NATCA NyTeM peleHus crefymollero AuddepeHLy-
anbHOro ypaBHeHUs:

dV'(l‘)
a :U’ t_ 1 t,
—a "V (t)-aq ()
a=1,2..,m,I=1,2 ... m 2)

rae U, () — UHTEHCUBHOCTb NOCTYNMEHUs Naccaxi-

poB Ha oCTaHoBKy a Mapwpyta / B MomeHT ¢t
U, (t) onpegensetcs kak:

Uy (1) = 20, (1), (3)

beq
B;(t;,) — 3TO KOMUYECTBO CBOOOAHLIX MECT B aBToO-

Byce j mapwpyra /, npubbiBiLero Ha OCTaHOBKY O fo-
Cne BbiXxoda naccaXxupos Ha 3Tol octaHoske. OHO Bbl-
4uCnAeTcs no cneayiolent popmyne:

V7 (8])) 4F
W, - ——L 7 q (t)dt 4
asm g] Vkl(té;) t;[1qk( ) s ( )

K

Bnlz(t:f/):

rae V"' (t]') — obbem ouepeau naccaxupos Ha ocTa-

HOBKE K MapLupyTa, MapLUpyT KOTOPbIX 3aKaH4uBaeTCs
38 OCTaHOBKOW @, B MOMEHT NpubbITUa aBToByca jHa
3Ty OCTaHOBKY;

Vi (t]!) - ofvem naccaxupos Ha octaHoske k
MaptupyTa / 8 MOMEHT NpubbiTusi agTobyca J;



Muuenko A.B., KaTioxuHa O.A.

w. - BMeCTUMOCTb aBTobyca;

asm

wHTepean [t

t)? ] - a70 Bpems npebbisanus asTobyca J Ha ocTaHoB-

ke k mapwpyTa I Byaem ganee cuuTtath, 4To oMepesb
NaccaxvpoB Ha ocTaHosBke B aBTobyc obcryxusaeTcs
no aucumnnude FIFO, T.e. nepsbiit NpulLeawmMiA nacca-
Knp Byaet obcnyxeH B Nepeylo odepens, NOCREAHUNA —
B nocregHiolo. O6o3HauMM BpeMs OXUAaHWUA TpaHc-
NopTHOro oBecnyXuBaHWst ANS naccaxupa, NocTynueLLe-

ro Ha ocTaHoBKy a mapuupyTa [ yepes T (t). B ycrosu-

AX avcumnauHbl FIFO 370 Bpems oxupaHus onpegens-
€TCA U3 CNEeAYIOLLEro COOTHOLLEHUSA:

, T4 (1) ’ ,
Vu(t): ,[ q(t)dt .

t

(5)

PaccMotpum npumepsl Bblumcnenus T (1) ans pas-

NUYHBIX UHTEHCMBHOCTEN MOCTYMNEHWUS! MECCaXWPOB Ha
octaHoBKkit U, (f) 1 UHTEHCUBHOCTSX 0BCIyXMBaHUA Nac-
caxupos g, (f). TlycTb WHTEHCUBHOCTL NOCTYMNEHWs
U, (1) paBHa ooHOMY YeroBeky B MUHYTY. AsToBYC npu-

XOAUT Ha OCTaHOBKY a MapLupyTa /Jepes Kaxable 10 Mu-
HYT, ONUTENBHOCTL CTOSAHKU — 2 MUHYTbI, BMECTUMOCTb
aBTobyca — 15 uen. Ucnonesys copmyny (5), nonyuum

dyHkumio T (1)

12-t,ecnute [0;12),

24-tecnute [12;24),
(6)
12k - t,ecnute [12(k-1);12k),
k=12, ,K.

Tpacpuk dyHkumu T! (t) B aTom cnyyae umeeT crie-
Aywowun eug (puc. 1).
[r®

12

Py

12 : 24 36

Puc. 1. Fpadouk pyHkuuu T, (1) ans cutyaymu, ko-
rAa Bce MaccaXxupbl obCcryXKUBaloTCA NepBbLIM Mo-
Aowenwum asTobycom

PaccMoTpuM  dhyHKLMH0 Ta’ (t) ANna cuTyauuu, koraa
U, (1) =
naccaxupsl ByayT obcnyxeHbl nepsbiM MoAoWEeAWMM
asTobycom. Mpacpuk chyHkumm T, (t) GyaeT crnegyrowmm

2 Yeroseka B MUWHYTY. B aTtom Cny4dyae He BCe

(puc. 2). dyHkuua T! (1) Ha paccmaTpuBaemMom OTpeske

BpemeHu te [0;19,5) sapaetcs creaylowmum oBpasom:
12-tecnute [0;7,5),

T, (t)=124-tecnute(7,5;15),

« (7)
36-t,ecnute [15;22,5).

YIMPABJIEHUE TPAHCMNOPTHLIMW PECYPCAMU

OueBUAHO, 4TO €CNn Ha KaKoM-TO UHTEepBane speme-
WU (115 72) ((T1; T2) < (0; T) UL (t)>q. (1)Vie (115 12)),
TO BO3MOXEH POCT BPEMEHU OXUAEHUS TPaHCNOPTHOTO
obcnyxusanus T, (1). Ecnn ke Ha AocTaTouHO Anu-
TenbHOM uHTepBane (r2; T) OyneT BLINOMHATLCS
Ul(t)<q,(t)Yte (r1; 12), TO XapakTep WU3MEHEHWs

ANUTENBHOCTU OXUAAHUA TPAHCNOPTHOrO 0BCMyXUBa-
HUSA ByaeT TakuM Xe, Kak Ha puc. 1.

7.5 12

—
V)
—
AR
¥

Puc. 2. M'pacdmk pyHkumm T! (1) B cuTyaumm unteh-

CUBHOCTU NocTynneHns naccaxupor U, (1) = 2

TH()

8] T 2 T

Puc. 3. Fpadmk coyukuum T, (1) B cuTyaumm, koraa
U, (t)<q,(t) (unTepBan spemenu (0; T1) U uHTEp-
Ban (145 12)), U B cutyauuu, koraa U, (1) > q. () (un-
TepBan BpeMeHHU (T1; T2))

MpounmocTprpoBaTh 3Ty CUTYaLMIO MOXHO CReayto-
WM rpachukom nsmerenus T, () (puc. 3).

[aHHylo cuTyaumio MOXHO NPOUNICTPMPOBaTL C
MOMOLLbIO CrIeAyIoLLEero YUcneHHoro npumepa. [Jony-
CTUM, UHTEHCWUBHOCTL MOCTYNMEHUS NAcCaxvpos Ha
octaosku U, (t) crepea coctasnseT 10 yen. 3a 10

MUHYT, T. €. 1 Yen./MuH. [pn 3TOM UHTEpBarbl Mexay
NpuBLITUAMU aBTOBYCOB Ha OCTaHOBKY paBeH 10 MUHY-
Tam. Konuyectso cBoBodHbIX MecT B aBTobyce B Mo-
MeHT NpubbITusi ero Ha octaHoBKy pasHo 10. B Takom
Cnyyae aHanoruyHo rpacuk obcnyxuBaHus ByaeT sbli-
MAAeTb UAEHTUYHO rpaguky Ha puc. 1. OgHako ecnm
WHTEHCUBHOCTL MOCTYNMEHUs NaccaXupoB B KaKoW-TO
MOMEHT BpemMeHu 1y = 10 BblpacTeT, K npuMepy, 4o 1,5
Yen./MUH. (T.e. Ha UHTepBane ANUTENbHOCTBIO B 10
MUWHYT nocTynuT 15 naccaxupos), To rpaduk gyHKLUK
T, (t) npumeT BUA, NpeAcTaBNeHHsIR Ha puc. 3. CTouT

TakKe OTMETUTb, YTO ANs Toro, YTobbl rpacuk dyHk-
LMy CHOBA MNMPUHAN BUA, aHamnorMdHbIA NpeacTaBneH-
HOMY Ha puc. 1, ByaeT HeOCTAaTOUHO BO3BpaTa 3Hade-
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Hua U (1) K ncxopgHomy sHaueHwo (10 Yen./MuH.). ns

3Toro Heobxofumo, 4ToObl B MOMEHT BpeMeHu Ty = 40
MHTEHCUBHOCTb NMOCTYNNEHUS NaccaxupoB ynarna Huxe
u3HavanbHoOro 3HadeHus (T.e., Hanpumep, go 0,5
4en./mun.). Toraa obcnyxusaHue Gyaer npousBoanTb-
CA B LUTATHOM pexuMe cpasy nocre Toro, Kak NnonHo-
CTbiO 3aBeplnTcst obCnyXuBaHWe naccaxupos, co-
CTaBNABLUNX CBEPXHOPMaTUBHYIO odepeab Ha OcTaHoB-
ke (370 HacTynuUT B MOMEHT BpeMeHn I = 60). Mpu aToMm
MaKcuMansHoe BpeMs OXWAaHWUS TPaHCropTHOro o6-
CNYXUBAHUA paBHO 20 MUHYT (CTONLKO BpeMeHu o6-
cnyxusarua ByayT oxuaaTb naccaxupsbl, NpuUbbIBLIKE
Ha OCTaHOBKY B MOMEHT BpemMeHU t = 30, nockonbky
o4epesb NaccaXxupoB Ha OCTaHOBKE B TOT MOMEHT yXe
coctasuT 15 Yenoeek). UnnocTpauus aaHHoW cutya-
unv npuseseHa Ha puc. 4. CTOUT NoAYEPKHYTb, YTO Ta-
Kasg cuTyaums NpoUCXoamT npu obcnyxueaxuu nacca-
XUpoB No gucumnnuxe FIFO.

Te cuTyaumu, Korfa Bpems OXUAaHUA Naccaxupa 3a-
BUCWT TOMbKO OT MOMEHTA ero MoCTYMNfeHUs Ha ocTa-
HOBKY BHYTPU BPEMEHHOr0 WHTepBana Mexiy npuxo-
AOM Ha OCTaHOBKy AByX aBTobycoB, bynem HasbizaTb
YCTOMUMBLIM PEXUMOM 0BCMYXUBaHWUS MacCaxupoB, C
y4eToM creayLlero;

JUL (t)dF < [q! (F)dtte(0;7). (8)
4 0

Cpacuk dyrkumn T () Ans ycToW4MBOro pexuma
00CAYXUBAHUA NACCaXUPOB NPUBELEH Ha pUcyHKe 4.

T (2

3

Puc. 4. Tpadmk coyrkumn T, (1) ans umcnenHoro
npumepa, koraa U, (t) usmensiercs c 1

8o 1,5 yen./MmuH. u ao 0,5 yen./mMuH.
(HeycToNuMBLIN pexum obcnyxuBaHusa Habnoga-
eTcs Ha uHTepsane [10; 60])

HeycTonumseil pexum 0BCNyXUBaHUS Naccaxupos
MMEeT MeCcTo B CUTyaLMsAX, KOT4a, HauMHas C HeKoTo-
poro t* BLINOMNHSAETCS HEPABEHCTRO:!

iu;(t')dt'> }'q(’,(t’)dt'vte (£;71). (9)

B aTom crniyyae Habnogaerca pocT BpEMeHU Oxuaa-
HUS TPAHCMOPTHOTO 0BCNYXKUBAHUSA, €ChU Naccaxups

nocTynawT B MOMEHT BPEMEHU T > I, XapakTep usme-
Henust pyHkuu T () nsoBpadkeH Ha puc. 2.

W, HakoHel, Ha pucyHke 3 gaH rpacuk yHKUAU
T, (1), KOra UMEeT MecTo Kak yCTOMUYMBbLIN, TaK U He-
YCTOR4UBEIN pexum 06CNyXUBaHUA NacCaXUpoB.

Kak cnenyet us (popmynbl (7) HEeyCTORYMBLIA PexXum

OBCNyXVBaHMA NaCCaXMPOB XapakTepusyeTcs yBenu-
HeHNeM BpeMeHW OXWAAHUS TPaHCMOPTHOrG 0BChyXU-
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BaHus. Tak, Hanpumep, ecnu Ans yCTOWYUBOro pexuma
06CnyXMBaHUA NacCaXuUpoB BPEMA OXUAAHWS TpaHC-
nopTHOro obcnyxuBaHWsl ANA BCEX NacCaxupos He 6o-
nee 12 MUHYT (cM. puc. 1.), TO ANs HEYCTOWYUBOrO pe-
Kuma (cM. puc. 2 n hopmyny (7)) HeKoTopble Naccaxu-
pbl, MOCTYNUBLUWE Ha MHTEpBane BpeMeHn te (7,5; T),
BynyT wpgatb TpaHcnopTHoro obcnyxueaHus Gonee 12
MUHYT. [pacbuyecku aTa cuTyaums MOXET BbiTs 1306-
paxeHa cnefylowum obpasom.

Tty =12

Puc. 5. OnpepeneHve YUCNeHHOCTU NOCTYNNEHUS
rnaccaxvupos, BpeMs 0XUAAHUA TPAHCNOPTHOTO
o6CrnyXuUBaHMA KOTOPLIX NPeBLIWaeT 12 MUHYT

W3 puc. 5 BUAHO, 4TO ecnu naccaxup noTynun B Mo-
MEHT T > 7,5, TO Ans onpefeneHus YUCNEeHHOCTU nac-
CaXMpoB, BPeMs OXuAaHWs 0OCHYXMBAHUA KOTOPbIX
npesblllaeT 12 MUHYT, Hado pewuTsb crieaylollee
ypaBHerue: 24—1=12 Ha uHTepsane BpeMmeHu (7,5;
15). MNonyuum pewenue t = 12. CnenosaTentHo, BCe
Naccaxupbl, MNOCTYNUBLIKE HA WHTEpBarne BpemeHu
(7,5; 15), bynyT oxupaTtb TpaHcnopTHoro obcrnyxusa-
HUs Bonee 12 MUHYT.

B aanbHedlwem, HaunHas c MoMeHTa BpeMeHu | > 15,
BCE Maccaxupb! Tawke ByayT oxupats oBCnyxuBaHWS
donblie 12 MuHyT. Takum o6pasoMm, ecrm He U3MeHUTCS
pacnucanune ABUXEHUR aBTOGYCOB U UHTEHCMBHOCTL MO-
CTyNneHus NacCcaxvpoB, TO MaccaXupbi, NOCTYNUBLLNE
Ha WHTepBane spemenu (7,5; 12) u (15; T), ByayT oxu-
AaTb obcriyxuBaHus Gonee 12 MUHYT, ecnu paccMaTpu-
BaTh chyHkumio T! (1) Ha uHTepeane (0; T); T > 15.

Hanee cchopmupyem oaHy M3 ONTUMU3ALMOHHBIX 3a-
Aay pacnpefieneHns TpaHCNopTHLIX CPEACTB No Maplu-
pyTam nepeso3ku NacCaXupoB C y4ETOM BBEAEHHbIX
paHee 0603Ha4YeHU.

. ommyT ’ !
miny 3 [T, (a,t)U. (t)dt.

A _yk=1g

(10)

Hp!/l 3TOM OOMXKHbI CO6HK’),D,8TI:CF! cneaywowue orpa-
HUYEHUA:

E"',a,=n;a,21;l=1,.4.,m; (11)
Tr T
iq, (a,t)dt=[U. (t)df ; (12)
0 0

T2T;1=12,...ma=12,.,m,

B onTumusaumMoHHo# Mogenu (10-12) ucnonb3yiotcs
cneaywowne obosHadeHUs:

T (a,t) — Bpems oOXuAaHUs NaccaxuUpoM TpaHc-
NopTHOro 0BCnyXuUBaHUA, eCnn naccaxup NOCTYAWN Ha
OCTaHOBKY « MaplipyTa | B MOMEHT BpemeHu npu



YCNoBuy, 470 pacnpegenexue asTobycos No MapLipy-
TaM 3ajaHo BekTopoM a=(a,,...,a,); U (1) — uk-

TEHCUBHOCTL MOCTYNNEHUA NaccaX1poB HA OCTAHOBKY
a Mapuwpyta ! B MOMEHT BpeMeHu f.

Takum obpasom, uenesass dyHkuus (10) B Mogenu
(10-12) 3apaeT cymmapHble noTepu BpemeHW nacca-
XMPOB Ha OXWAAHWE TPaHCNOPTHOrO OBCMNYXUBaHUA Ha
BCEX OCTaHOBKax Ha uHTepBarne spemeHu (0; T) npu
Pa3NYHBIX AOMYCTUMBIX pacnpeaeneHysx asTobycos
Mo mapulpyTam, 3aaaHHbiM MHoxecTBoM A. OrpaHuye-
Hue (11) cBMAeTENBLCTBYET O TOM, HTO KONMYECTBO BCEX
aBToODYCOB, pacnpeneneHHsIX No MapLpyTaM, (uKcH-
poBaHO W paBHO m. Ycroeue (12) osHavaeT, 4To BCE
MAacCaxupbl, NOCTYMUBLUNE HA KOHKPETHYID OCTaHOBKY,
[JOJDKHEI ObiTE NepeseseHbl.

Meton pewenuns sagauu (10-12), a Takke aHanua
YCTOMYMBOCTU pellieHni Mpu WIMEHEeHUM Takux napa-
METPOB, KaK MHTEHCUBHOCTY NOCTYMMEHUS! MacCaxmpos
Ha ocTaHoBkU, NpeanaraeTcs B pabote [1].

Ewe oauH kputepuit oueHkn athdpeKTUBHOCTH pac-
npeAeneHus asTobycoB No MaplupyTam — 3To MUHUMU-
3aUMs  KONMUYecTBa MaccaXWpoB, BPEMS OXUAAHUS
TPEHCMOPTHOTO  OBCNYXMBAHUS KOTOPbIX NpeBbILLAET
HEKOTOpOe KpUTUYecKoe Bpems 7,, (7 -rpaHudHoe). Ha

NnpakTuke npesbllleHue T, O3HA4aeT yXyduleHune ka-

JecTBa 0BCryMBAHNA NAcCaxUpOB, Y4TO MOXET NpuUBe-
CTW K BbIGOPY NaccaxvpoM anbTepHATUBHOrO TpaHC-
NopTHOro cpencTea U / Unu anbTepHaTUBHOMO MapLUpy-
Ta, 4TO, B 4acTHOCTW, BIEYET MNOTepw penyTauuu
KOMNaHuK, a Takxe notepto npubuinu. OBo3Hayum Ye-

pes Q(a) MHOXeCTBO NacCaxupoB, BPEMS OXuAaHWs
KoTopeIx Gonee 7,, rpu pacnpeserneHuy asTo6ycos no
MapLipyTam, 3agaHHoM BekTopom a=(a,,...,a, ). Co-
OTBETCTBEHHO Yepes | £2(a)| ofosHayum yucno nac-

Caxupos BO MHOxecTee 02(a). Takum obpasom, Heob-

XOAWMO OfNpejenuTs Takoe pacnpeneneHue asTobycos

Mo MaplpyTam a*e A, yTobbl BenuunHa | 2(a)| 6bina

MWHUManLHoU. UHbIMK croBamu, HeobxoaMMo pewuTs

CIEAYIOLLYI0 ONTUMU3ALIMOHHYIO 3a7auy;
min | Q(a)] ,

(13)

rae A — MHOXECTBO BCEX [JOMYCTUMBIX pacrpegene-
HWI aBTOBYCOB.

Em,a,:n;a,21;lz1,u.,m; (14)
T T
lq. (a,t)dt=U, (t)dt ; (15)

0 0

T,2T;1=1,2, ...,m;a= 1,2,...,m,

OnTuMusaumoHHas 3agada (13-15) sensieTcs Henu-
HeWHOI uenoyncnexHon sagaqen. Mpu Bbibope ntoboro
pacnpefeneHma ac A onpefenseTcsd MHTEHCUBHOCTL

obcnyxuBanua naccaxupos q. (f) Ha kaxgoit ocra-

Hoske. [lanee MoxeT BbiTb CohopMUpoBaHa dyHKLMA
Ta’ (t) ANA KOHEYHOro MOMeHTa BpemeHu f noctynne-

HUS naccaxupos Ha OA4HY U3 OCTaHOBOK.

Muwenko A.B., Katioxuna O.A. YMNPABJIEHVME TPAHCMOPTHLIMW PECYPCAMU

2. MeToq peuleHUss NOoCTaBNeHHOWU 3a4auu
dns pewenuns sagaqmn (13-15) Heobxoaumo onpene-
mute T! (1) ANs Kaxgoro MOMeHTa BpemeHu I, ces-

3aHHOTO C MOCTYNMEHWEM naccaxupa Ha Kakyw-nnbo
ocTaHoBKy. [Qns 3Toro mMoxeT 6biTb WUCNONb3OBaHa
dopmyna (5).

YuuTbiBana TpyAoeMKocTb MofHoro nepeBopa Beex
BapuaHToB pacnpeseneHus asTobycos No MaplipyTy
Ha MHoXecTBe A, rNpeAnouTUTErNbLHO pellaTh sagady
(13-15) c nomoLLbI0 Tak HasLIBAEMOrO METOAa BETBE
U rpaHul. [laHHeih MeTod nossonseT oTbpackiBaTh 3a-
panee HeapdhekTUBHbIE BapuaHThl nepepacnpegere-
HUs1 aBTODYCOB.

fna sToro paccMoTpUM MeToabl BBIMUCIEHUS TaK
Ha3biBAEMOW BEPXHE, HIDKHEN U TeKyLueil oLeHKW (na-
pameTpoB, HeobXooMMbIX AN MPUMEHeHMs MeTona
BeTBEN U rpaHuL) Npu aHanuse AOMYCTUMbIX pELLEHUN
3afaym (13-15). Tpu BLIMUCNEHUM HUKHENH OLIEHKN
q. (1) HasHadaeTca WUCXoas M3 Toro, YTo Ha Kaxabii

MapLUpyT BbiAeNnAeTCs MakcuMmarbsHO BOSMOXHOE KOMu-
4ecTBO aBTOBYCOB (T.€. N — (M ~ 1)) U Boe Naccaxmpbl
Ha ocTaHoBKe ByAyT obcnyxeHb! NepssiM NpULLeALLMM
Ha ocTaHoBKy aBToOycom (aBTOBYCbl UMET OueHb
BorbLiyio BMECTUMOCTb). Ha 3TOM runoTeTyeckom pe-
WeHUN onpefenaeTcsa KoNMYecTBO Naccaxupos, Bpems
OXuaaHue obCnyXMBaHUA KOTOPLIX MpeBsbillaeT T

OBosHaunm a1y BenuumHy yepes | Q,|. OueBnaHo, uto

Aana noboro gonycTumoro pacnpeaenequs a* astobycos
no mapwpytam 6Oyger cobniopatscs  HEepaBEHCTBO

|a(a)z 0,

CnepoBarenbHo,

| Q,| bynem cuutaTh HuxHe

OUEHKOU Lienesol dyHKUMK (13) Ha onTUMansHOM pe-
LUEHUM.

B kayecTBe BepxHell OLEHKM BbIBEpeM sHaveHue Le-
nesoi cyHKUMK (13) Ha HEKOTOPOM AOMYCTUMOM pe-
weHuu. OBosHauMM 3HadveHue BepxHell OLEHKU Kak
| 9,]. Ecrn nonywm | 0, |= | Q,|, To ontumansHoe

peweHue nony4yeHo M OHO COOTBETCTBYET peleHuto,
Ha KOTOPOM 4UCIIO NAcCCaxupoB, BPeMsi OXUOAHUA KO-

TOPbIX  MpeBbillaeT 7, paBHO |.Qd|. Ecrnin

| Q,|>| Q,], To nepexoaum k aHanusy cneayiowero
BapWaHTa pacnpefeneHus asTobycos no MaplupyTam,
Mpu OLUeHKe 3(PEKTUBHOCTA KOTOPOro BLIYUCISIOTCS
TEKYLLIME HUXKHWNE OLISHKU.

TeKyLuMe HUKHIE OLIEHKM BLIMUCNSIOTCS AMs KAK40r0
MOMEHTa MOCTYNIEeHWA NacCcaxXUpoB Ha OCTaHOBKY.
Bblucnenus Tekylien HWKHeN OLEeHKU LAfS MOMeHTa
BpemeHu fonpeAaenserca no crnegyowiei copmyne:

/Q;"e“(t)’:[ .Q(O,t)iﬂ 0,7/, (16)
rae !Q(O,t)‘ — YUCIIO NaccaxupoB, NOCTYNUBLIMX Ha
wHTepsane (0,t), y KOTopbIX BpeMs oxugaHus Gonee
7T,, ANA aHanM3Mpyemoro BapuaHTa pacnpereneHus
aBTobycoB Mo mMapLupyTtam, ] 0, (t,T)‘ — HWKHAA OLEH-
Ka KONM4eCTBa NaccaxmpoB, BPEMS OXUAAHUA KOTOPbIX
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npesbiwaeT 7, . Mpu BbIMUCNEHNN ‘Qﬂ(t,T)| npeano-

naraeTcs, 4TO BCE NacCaxupbl Ha BCeX OCTAHOBKAx Ha
uHTepBare spemenu (1,T) GyayT obcrnyxeHbl NepebiM

nopoweawum asTobycom (BMecTMOCTb, aBTobyca
cuuTaerTca HeorpaHnJyeHHown). Ecrnu nonyyum

ok (t)m .Qa], TO NPOSOMKUM aHanua aghekTUBHO-

CTU pelleHns Ans CMeAyloWero MOMeHTa BpeMeHu
t'>t. Ecnm [Q™(t)|2| Q, /, To Tekywmir BapuaHT

pacnpeAeneHus oTOpakoBLIBAETCA, NOCKOMbLKY cdop-
MUPOBEHHOE peLUeHUe YMyuluuT 3HaueHUe BepXHeil
oueHkn | Q.

AHanusupys nofobHelM 0BpasoM Kaxablil BapuaHT
pacnpefeneHus aBTobycoB No MaplupyTam, Mbsl nudo
ero otbpakosbiBaeM, MUBo nonyyaem pelueHue, Ha Ko-

Topom | Q.| <| Q,|. B aToM criyuae sHaueHue Bepx-
Helt oLieHku usmeHum Ha | Q, |, T. e. | Q] =] Q,] .
Ecrm | Q,| ctano pasko | Q,|, To ontumansHoe pe-

weHue nonydvexo. Mm Byner pelleHue, 3HayeHue Le-
nesoit  yHKUMM  KOTOporo  pasHo | £2,|. Ecmm

| Q,| >| Q,|, To npofonxaem aHanns BapuaHToB pac-

npeAenexns asTobycos no MapLipyTam.
AnropuUtM MeTofa BeTBeW U rpaHul, 3aKaHUMBAeTCs
Ha aTane, Koraa nuobo | Qd| nocrne o4YepeiHol Koppek-

TUPOBKN CTAHOBUTCH paBHbIM | .QH{ , Nubo nocne Toro,

kak npoaHanusvposaHbl BCE BapuaHThl pacrpegene-
HuA asTobycos no mapuwpyTam. B nocriegrem cnyyae B
Ka4ecTse OfTUMAasnbHOro peLleHUsi BuiIBUPAeTCs To, KO-

TOpOE COOTBETCTBYET NOCHeAHEMY 3HauYeHMo | 0, ] .

B ontumusaumonHbix Mogensx  (10-12), (13-15)
npejnonaranocs, YTo rnpu obcnyxvBaHUW Naccaxupos
vcnone3osanace aucuunnuia FIFO. Bpems oxugaHus
naccaxvupom TpaHCNopTHOro obcryXuBaHWs onpeae-
NANOCL B 3TOM CMy4ae C WCMonb3oBaHUeM opMyIbi
(5). B ToM cniydae, ecnu ucnonbsyeTcst AUCLMMIMHA
obenyxueanua LIFO («nocnearwidt npywen — nepebim
obcnyxeH»), To ANA pacyeTa BPEMEHU OXUAAHUS
TPAHCTIOPTHOTO 0BCNyXMBaHUA Mmaccaxupa, nocTynus-
ulero B MOMEHT @ Ha ocraHoBky o wMaptupyta [/
(1=12,..,ma=1,2,..,m,)MoxeT BbiTb UCMONL3O-

BaH CriegyLwun noaxoga.

MycTs B MOMEHT BpemMeHU ! NoCNeaHUl naccaxvp Ha
UHTEpBane BpemeHn (T4; To), rae Ty — MOMEHT NocTynne-
HUSA npefplgyllero asTobyca Ha ocTaHoBKy (t > 1), T2 —
MOMEHT ROCTYMNEHNA NocneaHero asTobyca Ha OCTaHOB-
Ky (1 £ 12). Toraa o4eBUaHO, UTO BpEMSA OXUAAHWUS nacca-
Xupa, NOCTYNUBLLIEro B MOMEHT 1, OyeT pasHo:

T (1)

q, (t)dr' =1, (17)

rae T, (1) — Bpems OXvAaHWs naccaxupa, nocry-

MUBLLIErO B MOMEHT BPEMEHU t Ha OCTaHOBKY. Bpems
OXUOaHWS naccaXupa HenocpefCTBEHHO npealue-
CTBYIOWErO Naccaxupy, NocTynuBLLUEMY B MOMeHT I,
Byaer paBHo:

114

AyoutT " ®UHAHCOBbLIN AHANIA3 2°2016

6t (1)
i q.(t)dt =2, (18)
t
3aechk " — BpeMsi NOCTYMNeHUs Naccaxunpa, npeglle-
CTBYIOLLEro naccaxupy, nocTynueLUEMY B MOMeHT I (H<

1) T, (t')- Bpems oxupaHus OBCNYXUBAHUR 3TOrO

naccaxupa, B criydae, ecnu 3a spems (£ t+ T (t')) Ha
p Y a

OCTaHOBKY He MOCTYMUT ovepefHon naccaxup. Ecriu
Xe Ha [aHHOM MWHTepBane BPEeMEHW MOCTYNUT elle
OAWH Naccaxup, To B NepBylo o4epeib, CornacHo Juc-
uunnuHe LIFO, obcnyxeH ByaeT UMEHHO OH.
PaccmoTpum nipumep vcnonb3osaHus copmynsl (17)
npu onpefeneHuu BPEeMEHU OXMAAHWS NaccaXxupom
TPAHCMOPTHOrO  OBCRYXWBAHUA C  UCMONb3OBAHUEM
Avcumnivnel LIFO. UcxofHble AalHble U pesynbTaThl
pac4eToB BpEMEeHU OXWAaHWs TpaHCNopTHOro obcry-
XUBaHUA NpuBeseHsbl B Tabn. 1.
Tabnuua 1

ONHAMUKA OHEPEOU NACCAXWPOB,
OXUNOAKLWKUX TPAHCNOPTHOIO

OBCIY>XUBAHUA
3HayeHue MNoka3zarenb
Bpemsa, MyH. 10[20|30140(50160( 70
Konuyectso noctynusiumx nac- 1oltotiol 1111 1
CaXuUpos
KonuuecTeo oBenyxeHHsIx nac- s515/5ls5|s5|5! 4
caxupos

KonudecTso naccaxupos, oxu-
Aawwunx TpaHenoptHoro obeny- | 5 (1015111713 0
XUBAHUSA

B T1abn. 1 oTpaxeHa cuTyaums, korga CpefHAas UH-
TEHCMBHOCTb NOCTYNNEHUA MNAcCaXUpoB COCTaBNAET B
nepeble 30 MUHYT 1 Yer. B MUHYTY, W Janee 3a nocne-
Ayouwime 40 MuHYT nagaeT fo 1 ven. 3a 10 MunyT. Vc-
nonb3ays dopmyny (17), a Takke yuuTbisas To, YTO KO-
NM4ECTBO NaccaxvpoB B ovepesn B MOMEHT f paccyu-
ThiBaeTcA no dopmyne (19), nony4sm, 4YTo BCe
naccaXupbi, NOCTyNMUBLUKE B TedeHue nepsBbix 10 mMu-
HYT, ByAyT 0BCnyXeHbl B MOMEHT BpemMeru t = 70,

V=V (L) [(U)-q(t)dr", (19)

CneposatenbHo, BpeMsi OXUOAHWS MNaccaxupos, no-
CTYNUBLLNX B MOMEHT BpemeHu f= 1, cocTaBuT 69 MUHYT.

3. CTtoxacTuyeckoe 3afjaHue
napamMeTpoB Mogenu

PaccMoTpum  cuTyaumio, KOrga MHTEHCMBHOCTL No-
cTynneHus naccaxupos Ul (1) — sTo cnyvaitHas

(PYHKUMA C 38AaHHBIM [WUCKPETHbIM pacnpeeneHuem
BEPOATHOCTEN, T. €.

J U‘ln (f)—p,
Uol, (f) = U, (1)-p, (20)
IU;M (t)_‘pM;

M
=12, .,moa= 1,2,...,m,,pj 20,3p; =1
j=1



B aTom cnyyae npu pewennn 3apadqu (13-15) MoxHo
ncnonb3oBaTb MaTeMaTUyeckoe OXWUAAHWE UHTEHCUB-
HOCTU NOCTYNNEHUSt NACCAKUPOB:

T L
U, (t): /;Uai (t) *pi, (21)

rae U, (t) — MaTemaTuyeckoe OXUAAHWNE UHTEHCMB-

HOCTU NOCTYMMEHUA NacCaXMpoB Ha OCTaHOBKY o
mMapupyTa /.

MoxHO oueHWUTs kaxxpoe pacnpedenerue aBTobycos
no Mapuwpytam (@ € A) Kak C TOUKU 3peHust matemaTtu-
Yeckoro oXxugaHua dyHkumoHana (13), Tak u ¢ Touku
3peHusi 3HadeHust byHKuuoHana (13) ans pasnudHblx
peanusaunin U, (t) (U, (1),...,U., (t)). B nocnea-

HEM CIlyyae MOXHO paccuuMTaTb 3HAYeHUs hyHKLMOHa-
na (13) ana kaxporo pacrnpeseneHus asTobycos no
MapLIpyTam W KaXngoro Habopa UHTEHCUBHOCTENR Mo-
CTYNNeHWst naccaxupoB Ha ocTaHosku U, (1)

(I=1,2, .,muo=12,..,m,j=12,.,M). O603Ha-
YYM COOTBETCTBYlOLUME 3HaYeHUs dyHKuMoHana (13)
uepes F(a). Torpa kaxgoe pacnpesenexue asToby-

COB MO MaplupyTam a € A MOXHO OXapakTepusosaTb

OBYMSA napaMmerpamu.

1. MaremaTuyeckoe oxuaaHue yHkuMoHana (13), koTopoe
paccHuThiBaeTcs No cneayolien dpopmyne:
— M
Fla)=YF(a). (22)

j=1

2. [lucnepcus 3HaveHwit dyHkumonana (13), KoTopylo MOXHO
MPUHATL 3a KONMUYECTBEHHYIO OLEHKY pUcka pacnpejene-
Hus aBToBycoB no maplwpyTtam. OHa BbLIYUCTSETCH M0
criegytolleii opmyne:

| —
R(a)=i§1(F(a)~Fi(a))“p,.. (23)

Takum obpasom, sapava (13) — (15) pacnpegeneHus
TPaHCNOPTHLIX PECYPCOB M0 aBTOOYCHbIM MapLUpyTaM B
CUTYyallMK, KOTAa WMHTEHCMBHOCTU MNOCTYMNNeHUs nacca-
XUPOB 3ajaHbl Kak CriydanHble dyHKUUU, MOXET OblThb
paccmoTpeHa kak AByxkpuTepuansHas. Ilpu aTom nep-
BbIM KPDUTEPUEM SABISETCA MaTeMaTUYecKoe OXuaaHue
4ucna Naccaxupos, BpeMs OXULaHUA KOTOPbIX MpeBbi-
CUT KpUTUYECKOE, @ BTOPbLIM — PUCK AAHHOIO pacnpene-
neHus asToBycoB MO MapLupyTam, onpegenseMbiil Kak
AWCrNepcusa KONUMYEeCTBa MacCaXupoB, BpeMs OXugaHus
KOTOPbIX NPEBbILLAET KPUTUHECKOE (Tzp).

Beitwe 6bina paccmoTpeHa cutyauus, korga WHTeH-
CUBHOCTbL NOCTYMNEHUSA Naccaxupos Obina 3agaHa kak
cryJyaiHas dhyHKUMsS. B To Xe Bpems C y4eTom sarpy-
XKEHHOCTU FOPOLCKUX TPaHCMOPTHbLIX Marucrpaneit, B
0CODEHHOCTU, B Yachkl MWK, rpadpuk ABUKEHMUS aBToby-
COB N0 MaplipyTam He MOXeT ObiTbh BblAEPXaH TOYHO.
CnepoBartenbHo, W WHTEHCUBHOCTb obcnyxueaHusa

naccaxvpos q (t) Takke HOCUT CTOXACTUHYECKU Xa-

pakTep. C y4eTOM 3TOrc MOXHO CKasaTh, YTO B obuwiem
cny4yae U UHTEHCUBHOCTb OGCﬂy)KMBaHVIFI, N UHTEHCUB-
HOCTb MOCTYNMEHUA NacCaXxXMpoB 3afaHbl Kak cnyqaﬁ-
Hbl& npouecchl.

Hanee 6ygem cuutats, wuto Ul

(t)=U,, (1),
q, (t)=q,,(t) c sepostHocTbio p,, U. (t)=U., (1),
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. U ()=
= Uy, (1), 4, (t)=qly (t), cBeposTHOCTbIO p,.

Kak oTmevanocs Bbllle, B 3TOM cnydae WHTEHCUs-
HOCTb NOCTYNNEHUK] NacCaXuUposB U UHTEHCUBHOCTL KX
O6Cﬂy>KMBaHMFI onpeaenseTcsa Kak:

UL (0= 20, (0)°p; @ (0=3al, (0P, (24)

g, (t)=q.,(t) c BepoATHocTsO p,,

I=1,2, . ..ma=12,.,m,

Janee sanauy (13-15) MoXHO petuaTs npu ycriosuu,
4TO UHTEHCUBHOCTU MOCTYMMEHUS NACCAXWUPOB 3aAaHbl

kak U, (1) ¥ MHTEHCUBHOCTM OBCNYXWUBAHUA NACCaXM-

poB — kaKk q., (), BbI6Mpas Takoe pacnpefeneHue as-

TobycoB NMo MapLupyTam, KOTOPOE MUHWMU3MPOBAIO
Bbl dyHkUMoHan (13), cobrioaas orpaHudeHus (14-15).
Ewe oaHuM nokasaTeneM BbiGpaHHoro pacripeferne-
HMs aBTOBYCOB NO MaplpyTtaMm SBMAETCH BONATUMb-
HOCTb 3HaueHust pyHKkUMoHana (13) npu pasnuuHbIX

sHauennax U, (1) u q.; (1). OTOT nokasarens MoxXHo

CYUTATL KOMUYECTBEHHOW OLEHKOM pucka AnsA 3afaH-
HOro pacnpefeneHus a € A no MapLupyTam ropogckoro

naccaxupckoro TpaHcrnopta. O6osHayum yepes F,(a)

3HaveHune yHkumoHana (13) npy UHTEHCUBHOCTAX 00-
CIYXWBaHUA WU NOCTYNMEHUS MacCaxupos U;}. () u

q,; (t). Monyuum KONUYEeCcTBEHHYIO OLEHKY pucka Ans

AaHHOTO pacnpeaeneHus aBToBYCOB No MaplipyTam
KaK Creayowyr BENUUNHY:

o(a)= £ (F,(a)-F(a)/*p, (25)

rAe w(a) — KonuYecTBEHHas! OLiEHKa pucKa pacrpe-

Aenenus astobBycos a € A, F(a) — maTemarudeckoe

oXufarue yHkuMoHana (13) Ana pacrpeneneHus a e
A aBToByCOB Mo MapLlpyTam.

4. AHanus ycToMUMBOCTU pellieHU:

Bhile Bbin paccmoTpeH MeTon pelueHws 3apadu (13-
15) B cuTyaLmu, koraa Takue NapameTpbl MOAENU, KaK WUH-
TEHCMBHOCTb  MOCTYN/IEHUA NacCaXxupoB, WHTepBanb
BPEMEHU Mexy NOCTYNNeHusMy aBTobyCoB Ha OCTaHOoB-
Ky, BMECTUMOCTL TPaHCMOPTHbIX CPEACTB U Apyrue 3aaa-
Hbl AETEPMUHUPOBaHHO. B TO e Bpems nuuo, npuHuMa-
tolee pewerus (JINP), Hepeako WHTepecyeT, Kak NoBu-
S€T Ha WU3MeHeHue 3HaveHus yHkuMoHana (13)
USMEHEHUE MepeYncrneHHbIX napamMeTpoB. WHbiMu cho-
BamU, BaXKHO 3HaTb, HACKOMLKO YCTOWYMBO MOMyyeHHoe
peleHne K BO3AEHCTBUSM U3MEHEHUs 3HaYeHUn nepe-
YUCNEeHHbIX napameTpos. [Ons aHanmsa BhWSHUS Takux
OTKIOHEHUIA BBEAEM NOHATUE YCTOUHUBOCTU PELLIEHUS.

Onpedenerue 1. Bynem cuutarth, YTO pellenvie 3a-
Aaum (13-15) ycTON4MBO NO WHTEHCMBHOCTM NOCTYNMe-
HUA NaccaXupoB Ha OCTAHOBKW, €CNU CyLIecTByeT Ta-
koe &> 0, 4TO NpU yBEMNUYEHUM WHTEHCUBHOCTEI!

U, (t) Ha BenuuuHy & 3HaueHue cbyHkumorana (13)
HE USMEHUTCS.
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Onpedenexue 2. 3apada (13-15) ycTonymea no Konu-
4ecTBy cBoboaHbIX MecT B aBTobyce, ecnu cyljecTayeT
Takoe ¢ > 0, YTO NpU YMEHbLUEHUN KONUYECTBa CBO-
BoaHbix MecT npu npubbiTvn Kaxaoro asTobyca Ha
KaXylo ocTaHOBKY He Honee, YeM Ha BENUUUHY &, on-
TUManbHOe petueHne 3agauu (13-15) coxpaHuTes.

Onpedenerue 3. 3ajava (13-15) ycTolumea no gnu-
TEfIbHOCTU WHTEPBAasIOB MeXdy NOCTYNMEHUSMU 4BYX
aBTObYCOB, €CNU CyLLECTBYET Takoe £ > 0, 4To Npu yse-
UYEeHUU BCEX WHTEPBANoB MexXay MNOCTYMNNeHUAMU ae-
ToBycoB Ha BCex OCTaHOBKax He Bonee, 4eM Ha Benuyu-
Hy &, pelueHue 3afadmn (13-15) He UsmeHUTCS.

CchopmynupoBaHHbie onpefeneHns B HEKOTOPOM
CMbICINE XapaKTepu3ytoT Tak HasblBAEMbI 38KOH Mpou-
HOCTV NpeanonaraeMoro pelleHus, ecnv cuTyaumus us-
MEHUTCS B XYALWYH CTOPOHY.

Hwxke OynyT ccopmynupoBaHbt [OCTATOUHbIE YCIIO-
BWA NO K&XJOMY U3 Tpex napameTpos.

3apava (13-15) ycToiuMBa NO WUHTEHCUMBHOCTM MO-
CTyNMEHNSA NaccaXnpoB Ha OCTAHOBKMK, €CNU BbiNOMHSA-
eTca cneayrllee ycrosue:

tis
W, - Ul (t)dt>0; (26)
4

i=12, ,T,=12,...,ma=12,.,m,

[okasaTenbcrso. PetinM HukernpuseaeHHoe ypas-
HEHUE OTHOCWTENIBHO 4, ANA BCEX 3HadeHuit . Boi-

Bepem A= min min min 4/, .

i=1,T @=1,my I=1,m

tist

w, - ,I (U, (1)+4, )di=0. (27)

Tak kak 4 > 0, oTciona crnefyeT yCTOMYUBOCTL pelle-
HUA.

3afava (13-15) ycToiumBa no Konuiectsy cBoBOAHLIX
MecT B aBTo0yCe, ecrin BbiNOMHsAETCA ycrnosue (26).

[okasaTenscrso. Bulbepem B kadecTBe § BenuuuHy,
onpeaensiemMyto no criegytowien gopmMynmpoBkKe:

& = min min min{W,.-'{'U’ (t)dt} . (28)
t

i=1,T a=1,my I=1,m

C y4eTom cooTHouwieHus (26) § > 0, oTkyaa crnenyet
YCTOMUMBOCTL PELLEHUS.

3agava (13) — (15) ycTolumBa No ANUTENbHOCTU UH-
TEpBanoB Mexay nNocTynneHusMy asyx asTobycos, ec-
nu BbINOMNHAETCA ycnosue (26) u K, — 1, < 7,, Ans Bcex
i=1,2,..,T.

[oxasaTenscTso. Boibepem g no npasuny £ =
= f%{rep—(tm -1,)}. Beibepem £ = min{z,5, 4} .

OueBngHo, 4TO ecnu € > 0, TO U3 BbilLEHaNUCaAHHOTO

CredyeT yCTOMYMBOCTL PELUERUs 3afauu pacnpenerne-
Hus aBToBYCOB No mapLupyTtam (13-15).

5. MNpumMepbl ucnonb3oBaHuUs
AUHaMU4Yeckux Mogeneun
ynpaBiieHUst TPaHCNOPTOM

B naHHOM pasgene craTbM paccMaTpuBalrTCs uuUc-
NeHHble MpuUMepbl  UCNONb30OBaHUA  OMNUCAHHbLIX B
npelbliAylux pasgenax mogeneit. lMpusoastcs npu-
Mepbi Mofenen (10-12), (13-15) U cTtoxactuyeckas mMo-
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Oenb ynpaBfieHust TPaHCNopTHBIMKM pecypcamun npu
pasnnyHblX CuUeHapusix pasBuTUA CoObITUWA. PacuyeTs
MpOM3BOAATCA C MNOMOLUBID MporpaMMHoro obBecneve-
Hua MS Excel.

B kavectee maplupyTOB, NO KOTOPLIM pacnpeaens-
toTcs aBTobychl, OyAyT paccMaTpuBaTbCs MapLupyThl
Ne7, 46, 59, 83, 131, HaxoAQALWMECA B BEAEHUN 2-TO aB-
ToBycHoro napka (Hyke UM BGyayT NPUCBOEHLI HOMepa
1-5 COOTBETCTBEHHO), 0OCMNyXUBaKLWIME HaceneHue
ropoga Mocksel B BOCTOYHOM aAMUHUCTPATUBHOM
okpyre (BAO). [laHHble MapLpyThl NPOXOAAT Yepes Ta-
Kue paloHbl, kak CokonuHas lopa, Meposo ¥ Wamait-
noBo. XapakTepHoi 0COBEHHOCTbIO TPaHCMOPTHOM UH-
hpacTpyKTypbl 3TOro pernoHa ABnAeTca HonbLIoe Ko-
NUYECTBO TaK Ha3bIBABMbIX Y3KUX MECT, 3aTPYAHSALWNUX
ABMWXEeHNe HaleMHOoro TpaHcrnopTa, a Takke HepaBHO-
MEpHas MMOTHOCTb TPAHCMOPTHOW CeTu, oBycrnoBneH-
Has pacnonoxeHuem B BAO kpynHoro neconapka u
HEPaBHOMEPHOW KOHLEHTPaLWEN HaceneHus Ha Teppu-
TOpPUU BhllU@NepeYyUCTIEHHbIX palioHOB.

Puc. 6. KapTa aBTOBYCHBIX MapLIpyToB
B paccmaTtpuBaembix paoHax BAO (Homepa
MapuipyToB npuBefeHs! B BbIHOCKax) [2-6])

FnaeHow BeTKo MeTpo, o6CnyXuUBatoLLEN paccMaTpu-
BaeMyl 4acte BAO, asnserca Apbartcko-llokposckast
NHUA MOCKOBCKOrO METPONONUTEHa, a Takke, NOMUMO
Hee, 4acCTb HaceneHus obcnyxwvsaeT KanuHuHCKas nu-
HUA. BBKAY X NPOTSXKEHHOCTU € 3anafa Ha BOCTOK BO3-
HUKaeT HeobXxoaMMocCTs obecnednTs LOCTYN K HUM C no-
MOLLbKO HAa3eMHoro TpaHcnopta. OrpoMHy porb B 3TOM
urpatoT aBTobyCHbie MapLupyThl, UCNONb3yEMbIe B AaH-
HOW CTaTbe B KayecTse npumepa. YacTb naccaxupos
Npu 3TOM MOXET BbITh 0BCIYKeHa eLLle U aNeKTpU4Kamum,
HO UX ponb HECYLL|eCTBEHHa B paccMaTpuMBaEMOM peru-
OHe.

PaccmaTpuBaemsle B CTaTbe aBTOGYCHbIE MaEPLUPYTHI
obcnyxusatotcs npumepHo 100 aBToBycamu B CyTku B
COBOKYMHOCTU. Ha 3Tux MaplupyTax oBcrnyxusaeTcs B
CYTKW B cpedHem 20% HaceneHus okpyra, T. e. 253 040
yern. (C ydeToMm noesgok B oBpaTHylo CTOpoHy). KapTbl
MapLUPYTOB U NapameTpbl NacCaXupPonoTOKOB Ha HEKO-
TOpPbIX MapLUpyTax NMo ocTaHoBKaM B LUTATHOW cUTyaLim
npeacTasneHbl Ha puc. 6 u B Tabn. 2-4 cooTBETCTBEHHO



MuuweHko A.B., Katioxuna O.A.

(Tabnuupl cocTaBneHbl Ha OCHOBaHWM UCTOYHWKOB [2] -
[6], BBMAY UX rPOMO3OKOCTM M oaHOOBpPasus B CTaTbe
npvBeAeHbl HE BCE UCMOMb30BaHHbIE MNpU  pacueTax
AaHHble). onycTum, uTo HeoBXo4uMo pacrnpefeniTb
100 aBTOBYCOB NO AaHHLIM MapLUpyTam Tak, YTobbl Ko-
NUYECTBO NaccaxupoB, BpeMs OXvuaaHus obCnyxusa-

HUA KOTOPLIX MpeBbIWaeT 7,,, Gbi0 MUHUMATbHBIM.

CreposatensHo, CTOUT paccMOTpeTb MPUBEAEHHbIE B
cTaTtbe MOZENM No o4Yepean 1 pellnTb 3aaady B pamkax
3TUx mMogeneit. B naHHom criyyae cobrogeHo ycrnosue,
4TO YACNO MAPLUPYTOB MEHbLUE, YEM YMCNO TPaHCMopT-
HbiX cpeacts (n > I). Tawke CTOUT oBpaTuTh BHUMaHWeE

YNPABJIEHUE TPAHCNOPTHbLIMU PECYPCAMN

Ha To, YTO BUAY cneundmnk TPaHCNOPTHOM UHGPaCTPykK-
TYpbl paloHa 3HaYUTeNbHas LOMs NacCaxMpoB He UMe-
€T BO3MOXHOCTU W3MEHUTb MapLUpyT CrefoBaHus, He
npuberas K ycrnyram Takcu, Tak Kak NoBsiM3ocTi Ko MHO-
TMM OCTaHOBKaM HEe PacrioNOXeHO CTaHUMIA METPO U HET
MaplpyToB ApYrvX BUOB HA3EMHOrO TopOACKOro
TPaHCNopTay), a 3TO 3HAYWUT, YTO B Criydae 3aepXKu ap-
Tobyca odepegy Ha ocTaHoBKax OyAyT CyLECTBEHHO
pactu. MepeuncrenHble Bbille aBTOOYCHblE MapLLpyTh
SIBMSHOTCA COEAUHNTENBHLIMU TPAHCTOPTHBIMU apTepu-
SIMiA paccMaTpUBaEMbIX PafioHOB.

Tabnuua 2

WHTEHCUBHOCTU NOCTYMNEHUA NACCAXUPOB HA OCTAHOBKM MAPLLUPYTA Ne46
ANA PA3NUYHBLIX CLIEHAPUEB PA3BUTUA COBbITUNA

UHTeHcUBHOCTE NnocTynne- | UHTeHCMBHOCTL NocTynne- | UHTeHCUBHOCTE nocryn-
HUA NaccaXmMpoB Ha ocTa- HUA naccaXupoB Ha ocTa- NeHus naccaxupor Ha
Ne HasBanme oCTaHOBKY HOBKY, t|en./|:/wm. (Hau6vonee HOBKY, Heﬂ.{MMH. (necczuMM- OCTaHOBKY, Hen.{MMH. (on-~
BEpPOATHbIN cueHapuit) u CTUYECKUN cLueHapuid) u TUMUCTUYECKUN CLieHa-
HanpagsneHue HarnpaBneHue pU1) U HanpaBnexHve
npsiMoe obpaTHoe npsiMoe obparHoe npsMoe obpartHoe
1 | CraHuus «Meposo» 2,8 0,0 3,5 0,0 2.1 0,0
2 | Kyckosckas yn. 2,2 2,0 2,7 2,5 1,6 1,6
3 | Yn. MNnexaHosa, 22 2,6 2,9 3,3 3,7 2,0 2,2
4 [Meposckas yn. 2,0 2,0 2,5 25 1,5 1,5
5 | BeHTUNATOpHbLI 3aBoj 2,4 2,4 3,0 3,0 1,8 1,8
6 [XK/a nepeesg 2,8 2,2 3,56 2,8 2,1 1,7
7 | 3aBog KB Neit 1,8 1,6 2,2 2,0 1,3 1,2
8 |X/p nepeesg, 2,0 2.4 2,5 3,0 1,5 1,8
9 |Metpo «locce 3HTy3uacToe» 0,0 2,0 0,0 2,5 0,0 1,5
Tabnuua 3

UHTEHCUBHOCTU NOCTYNNEHNA NACCAXWUPOB HA OCTAHOBKM MAPLLUPYTA Ne7
ONA PA3NMUYHBLIX CUEHAPUEB PA3BUTUA COBBLITUNA

MHTEHCMBHOCTI: nocrynneHun MHTeHCMBHOCTb noc1’ynne- MHTEHCMEHOCTI; I‘IOCTyn-
naccaXUpoB Ha OCTaHOBKY, HUR NaccaXupoB Ha ocTa- reHUs naccaXupoB Ha
Ne HasBaHue oCcTaHOBKM qen:/MMH. (Hauusonee BEPOAT- | HOBKY, Yer./MUH. (NecCUMU- | OCTAHOBKY, Yer./MUH. (on-
- HbIX cLleHapui) U Hanpasne- CTUYECKUN cLeHapuid) U TUMUCTUYECKUI cUuEeHa-
Hue HanpasrieHue puYi) M HanpageneHue

npsmoe obparHoe npaMoe obparHoe npsimoe obparHoe
1 |Metpo «MapTusaHckas» 2,2 0,0 2,8 0,0 1,7 0,0
2 MocT OKpY>XHOW /4 2,0 1,8 2,6 2,3 1,5 1,4

1-1 yn. Uamaitnosckoro

3 3sepuHLa 1,9 2,0 2,4 2,5 1,4 1,5
4 | U3maitnoBckuii napk 2,0 2,0 2,5 2,6 1,5 1,5
5 | [detckuit roposok 2,0 1,9 2,5 2,4 1,5 1,4
6 |nasHasa annes 1,2 1,2 1,5 1,5 0,9 0,9
7 | KuHoTeaTp «Cnasa» 2,0 1,8 2,5 2,2 1,5 1,3
8 _|lomeonatuyeckuii UeHTp 2,1 2,1 2,7 2,7 1.6 1,6
9 | Yn. MeTtannypros 1,6 1,6 2.1 2,0 1,2 1,2
10 _[3-a Bnagumupckas yn. 2,4 2,4 3,0 3,0 1,8 1,8
11 | HoBorupeesckas y. 2,0 2,0 2,6 2,6 1,5 1,5
12 | depepartusHbIil np-1 2,4 1,6 3,0 2,0 1,8 1,2
13 | JeTckuil yHuBepmar 2,0 2,2 2,6 2,7 1,5 1,6
14 |KuroteaTp «bepéaka» 3,5 1,8 4.4 2,3 2,6 1,4
15 |MNonumepHas y1. 2,4 2,2 3,0 2,8 1,8 1,7
16 | Yn. HosoTeTépku 2,2 2.8 2,7 3,6 1,6 2.1
17 | Neposckas yn., 60 0,4 2,2 0,5 2,7 0,3 1,6
18 [2-a Bnagumupckas yn. 3,2 3,4 4.0 4.2 2.4 2,5
19 |Metpo «[leposo» 2,2 2,7 2,8 3,4 1,7 2,0
20 | 3enéHblid np-T 2,0 2,2 2,5 2,7 1,5 1,6
21 |AnTeka 0,4 1,8 0,5 2,3 0,3 1,4
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AYOUT U DUHAHCOBbIV AHANU3 raiuls

WHTEHCUBHOCTb NOCTYNNEHUA | MHTeHCUBHOCTL NocTynse- | MHTeHCMBHOCTBL NOCTYN-
naccaxupos Ha OCTAHOBKY, HUWA NaccaXupoB Ha ocra- NeHus NaccaXupos Ha
Yes./MuH. (Haubonee BepoAT- | HOBKY, Yen./MUH. (MeccUMU- | ocTaHOBKY, Yer./MUH. (on-
Ne HasBaHue ocTaHOBKU o - . 2 . _
HLIM CUeHapui) u Hanpaere- CTUYHECKUIA cueHapuit) u TUMUCTUYECKUN CLiEHa
HUe HanpasneHue pPUA) U Hanpaernexuve
npsaMoe obpaTHoe npsiMmoe obpaTHoe npsiMoe obpartHoe
22 |epoBCKUi yHUBEpCaM 2,0 2,5 2,6 3,1 1,5 1,9
23 [furoreatp «Bnaguso- 2,0 1,9 25 2.4 15 15
CTOK»
24 |Yn. aso 1,8 1,7 2,3 2.1 1,4 1,2
25 | Cranuus «MepoBo» 0,0 2,0 0,0 2,5 0,0 1,5

30ECb NpUBEAEHA MHTEHCUMBHOCTE NOCTYNMEHUSA Nac-
caxupos (tabn. 3), CTPYKTypa KOTOpO#M COOTBETCTBYET
MOCTaBNEHHOW B CTaTbe 3afade. 1ockonbKy aBToBychl
ABWKYTCA B ABYX HanpaBneHWsiX, BBOAATCS ABe rpadbl
Ana 0603Ha4eHUs NPSIMOTO U OGPATHOTO HanpaBreHns.
3apaHee BBeeHbl Tpy ABOMHbLIX cToN6Ua Ans 0bo3Ha-

HeHUA pasnu4HbIX CLIEHAPUEB pasBUTUS CODLITUIA (3T
By[eT MCnonb3oBaHoO Npu pacyeTax Afs CroxacTuye-
CKOW MOZENU ynpaBrieHust TPaHCMOPTHBIMU pecypca-
mu). [ina Mogenen (10-12) u (13-15) 6yayT ucnonb3o-
BaTbCA AaHHble M3 cTonbua ¢ nomeTtkou «Haubonee
BEPOATHLIN CLieHapWii» B 3aronoske.

Tabnuua 4

WHTEHCUBHOCTU MOCTYNNEHUSA NMACCAXUPOB HA OCTAHOBKU MAPLUPYTA Ne131
ANA PA3NMUYHBLIX CLUEHAPUEB PA3BUTUA COBbLITUN

UHTeHcUBHOCTL MocTyNeHust | UHTeHCMBHOCTL MOCTYNNeHUst | MHTeHCUBHOCTL nocTynneHus
HasBaHue 0CTaHOR- naccaXxvpoB Ha OCTaHOBKY, Naccaxupos Ha OCTAHOBKY, | NAacCaXMPOB Ha OCTaHOBKY,
Ne “ern./MuH. (Hauboree BeposiT- | Yen./MUH, (MECCUMUCTMYECKUI | Yern./MUH. (onTUMUCTUYECKUI
ku HbIl CUeHapuii) W HaNpaRreHue | cueHapwi) U HanpaBneHue cUueHapui) u HanpasneHue
npsiMoe obparHoe npsamoe obpaTHoe npsMoe obparHoe
1 | CTanuma metpo 3,1 0,0 3,8 0,0 2,3 0,0
«[lapTusaHckas»
2 | MocT OkpyxHOR /1, 2.4 2,2 3,0 2.8 1,8 1,7
3 1-a yn. Uamaitnosckoro 2.9 3.2 36 40 22 24
3BepuHua
4 Msmaiinosckuii napk 2,2 2,2 2,8 2.8 1,7 1,7
5 | JeTcKuit ropoaoK 2,6 2,6 3,3 3,3 2,0 2,0
6 | naBHas annes 3,1 2.4 3,9 3,0 2,3 1,8
7 |KuHoTeatp «Cnasa» 1,9 1.8 2.4 2,2 1,5 1.3
8 | CnopTkny6 «Jlyu» 2,2 2,6 2,8 3,3 1,7 2,0
9 |¥n. Metannypros 3,5 3,9 4.4 4.8 2,6 2,9
10 |AABOPEU TBOpUECTES 2,6 2,6 3,3 3,3 2,0 2,0
MOOAEXN ’
11 | 3enénniit npocnekTt 3,2 3,2 4,0 4.0 2.4 2,4
12 [1-1 np-4 Mepoea Mons 3,7 2,9 4,6 3,6 2,8 2,2
13 [ Yn. MnexaHoBa 2,3 2,1 2.9 2,6 1,7 1,6
14 | Neposckas yn. 2,6 3,2 3,3 4.0 2,0 2,4
15 1Yn. MnexaHoBa, 22 2,1 2,5 2,6 3,2 1,6 1,9
16 [ Kyckosckas yn. 1,7 2,0 2.1 2,5 1,3 1,5
17 |CraHuvs «Meposo» 0,0 1,6 0,0 2,0 0,0 1,2

Hanee cnegyet nepeittu k pasGopy ycriosui orpa-
HUYEHUIA ANSA YUCTIEHHbIX NPUMEPOB.
[OaHbl cnegyiotine ycnoBua 3agavdu.
n=100;1=1,2,  .,5

- m,=25m,=9,m,=30,m, =25m,_=17
te (0;7)

TPeX4acoBoW MNMpoMexyToK BpemeHu ¢ 07:30 no 10:31
(yTperHuiA vac nuk). O6CnyXuBaHue Naccaxupos npo-
U3BOJUTCA C MOMOLLBID aBTODYCOB Mapku JTIMA3-5292,
naccaxmpoBMECTUMOCTs KoTopbix (W, ) Byaem cuu-

MHTepBaﬂ BpemMeHun onpenenseTca  kak

asm
TaTb paBHOW 92 Yen., YTO NPeAnonaraeTCA Ha OCHoBe
AaHHbIX U3 ucTouHuka [7]. U, (t) npuseneHs! B cooT-
BETCTBYlOLWMX Tabn. 2-4. UHTepsan asuxeHus asToby-
COB Ha BCex Maplupytax npumem 3a 20 munyT. Torga
NOA MOMEHTOM BpeMeHMU I, Koraa asTobychl HyayT npu-
BbiBaTh Ha ocTaHoBKW, ByayT noapasyMeBaThbca che-
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Aylowme momeHTbl: 07:30, 07:50, 08:10, 08:30, 08:50,
09:10, 09:30, 09:50, 10:10, 10:30. B pansHeliLem ons
NPOCTOThI MOMEHT BpeMeHu 07:30 ByaeT npuHaAT 3a 0,
a UCHUCneHne BpemMeHu no spemeHHon ocu Byaer npo-
“3BOAMTHLCA B MUHyTax. Bpems ctosHku asToGyca Ha
OCTaHOBKe paBHa OAHOU MuHyTe. OauH asTobyc, Bbl-
€XaB Ha MaplpyT, ycrieBaeT 3a yKasaHHbIl MpomMexy-
TOK BpEMeHW foexaTb [0 KOHeYHOW oCTaHOBKU. Byaem
CHUTaTh, YTO OCTAHOBKU B 0DOMX HanpasneHnsx UMetoT
OAUHAKOBbIE Ha3BaHWA W 4YTO KONMUYECTBO OCTAHOBOK
Ha 0BouX HanpaBNeHUsaX Y Kaxooro MapLupyTa ofuHa-
koBoe. Takke Ans ynpoLueHUs 3ajadu NpuMeM, 4To Ha
0DOUX HanpaBneHusiXx WHTEHCUBHOCTU NOCTYNNEeHUs
NaccaxupoB Ha OAHY W Ty Xe OCTaHOBKY O4UHAaKoBble.
B ycnosusx npumMeHeHus npeanaraemMoro B crathe me-
TOAA Ha MpakTuke AUCMETYEepCKUi LeHTp Gyaer uc-
nosib3oBaTh COOPaHHbLIE B PeXUME peasibHoro BpeMeHU
AaHHbieé 0 MaccaXuponoTokax paccMaTpUBaeMbIX
MapLUpyTOB, YTO BBUAY UCMNONb30OBaHUA MaLlUUHHOM 06-




paboTkn faHHbiX, ByAeT He CToMb TPYAOEMKO, B OTNU-
Yyune OT AaHHOW CTaTbu.

OuesuaHo, 4to q. (t)=0 Ha BCeMm uHTepBane Bpe- -

MeHn oT 07:30 o 10:31, kpoMe BXOAALUMX B HEMO UH-
Tepsanos [07:30, 07:31], [07:50, 07:51], ..., [10:30,
10:31]. Ha kaxaom us sThx aecaTh unTepsanos g, (f)

onpeaensetcs kak min{V,(t)?) ;B.(t)?)} (tak kak

BpPeEMs CToAHKK aBTobyca = 1 MuHyTa). MimeeTcs B BU-
ny, 4To obecnyxuBakTes nuBo Bce UMeWMecs Ha
OCTaHOBKe naccaxupbl, NMBO TONbKO Takoe Konuue-
CTBO NaccaXupos, ANA KOTOPOro XBaTUT MecTa B aBTo-
Byce, B crnyqae, ecnu cBOBOLHBIX MECT B HEM MEHbLLE,
YeM Naccaxupos B o4epenu Ha oCcTaHoBKe. B yack! nuk
yallle BCero CkrafblBaeTcsi UMEHHO MOCINEAHSs cuTya-
uma. B pesynbTaTe 3Toro oyepedb NAccaxupoB Ha
OCTaHOBKax MapulpyToB HauuHaeT Bospactatb. [lpu
3TOM HEOBX0OMMO Tak UMu WHave oBCnyXuTb BCex no-
CTYNUBLUMX Ha OCTaHOBKM naccaxupoB. B MS Excel
AaHHas opMyra peanusyeTcs NOCPeacTBOM NOocTpo-
eHua dyHkuum «<ECNN».

Cront Takke oOpaTWTb BHUMaHWE Ha CBA3L Mexay
reorpauyeckM pacrnonoXeHUeM MapLupyTa U UHTew-
CUBHOCTAMM ocTynneHns naccaxupos U! (t). Tak,

Hanpumep, MaplpyT Ne7 MeHee 3arpyxeH, yeM mapLu-
pyT Ne83, Tak kak MaplupyT Ne7 npoxogsaT Yepes Marno-
HaCeneHHylw 4acTb paccMmaTpuBaemMoro okpyra. Takke
3arpy>XXeHHOCTb MapLupyTa 3aBUCUT OT €ro NpPoTSXEHHO-
cTU. Tak, Hanpumep, 3arpyxeHHocTb MaplupyTa Nei31
Bbillle, Yem y MapiupyTta Ne7, HecMoTps Ha To, YTo OHMU
pacnonoxeHbl B OAHOM U TOM >X& peruoHe (npudnHa —
pasnuyHas MPOTMHKEHHOCTb 3TUX MapLUPYTOB).

[ns obneryenus pelleHUs 3a4auu ¢ NOMOLLLIO METO-
[a BeTBell Y rpaHnL, BO BCEX TpexX Mogenax HeobXoanMo
3BPUCTUYECKU COKPaTUTb KOMUYECTBO 3apaHee npowur-
PbIlHbLIX BETBEW Aepesa pelleHuit (BapuaHToB pacrpe-
AeneHus asTobycoB no MapLupyTam), uTobbl usbexaTtb
HeobXo4UMOCTV paccMaTpuBaThL UX NPU UCTIONL30BAHUM
anroputMa MeToaa BeTsel u rpaHuu. MNoaobHeie ynpo-
LEHUA PEKOMEHOYETCA NMPUMEHATL W NPU OpraHU3aLin
paboTbl AUCTIETUEPCKOro LeHTPa: OHU MO3BOMSAIOT cylle-
CTBEHHO YMEHbLIWTL KOMUYECTBO BbINOMHAEMON OUc-
neTyepamu U KOMNbTEPaMi BbIMUCIIUTENBHOW paboTsl.
[nsa aToro HeobX0AMMO HanoXUTL CrieayloLe Aoron-
HUTEeNbHbIE OrPaHUYEHUNs Ha MOAENMb.

1. He umeer CMbICNa paccMmartpueaTtb BapuaHTel pacnpeje-
NeHnAa, Korga OCTarTCA HEeUCnoNbL3OBaAHHLIMU HEeKOTOpbIe
aBToBychl (HeoBX0AUMO pacnpefenuTs uMmerHo sce 100
aBTobycoB). [Mockonbky pesepB aBToBycoB Ha cryyait
cOOMHbIX CUTYaLMil He BXOAMT B pacnpejensemoe B
WTaTHOW CUTYyauMu MHOXECTBO aBToOYcOB, He UMeeT
CMbICMa OCTaBNATL B Napke HU o4Horo asTobyca u3 100
pacripeiensemblx.

2. 3apaHee HeBbiIroAHbLlI PacnpeAeneHus, rae Ha kakomM-nuso
U3 mMaplpyTos paboraeT MeHee 10 aBToBycoB Ha o6oux
HanpasneHusx (TOI’Aa UHTEepBanbl Mexay nocTynneHnamm
asTobyCOB Ha OCTaHOBKY NpeBLICAT 20 MUHYT, YTO HEf0-
nycTuMo Ucxogsa u3 HeueﬂeCOOGpaGHOC’I’M OXugaHus as-
ToByCcoB B LUTATHOW cUTyaLuu B8 TeueHue Bonbluero nepu-
OAa BpeMeHU (T.e. Koraa WHTEHCUBHOCTY MOCTYNNEHUs
NACCAKUPOB Ha OCTAHOBKW HE NPEBbILAIOT UHTEHCUBHO-
CTi 0BCNYXMBaHUA NAcCaXUPOB aBTobycamu).

MuuweHko A.B., KaTtioxuna O.A. YINPABJIEHWUE TPAHCINOPTHbLIMU PECYPCAMU

Takum obpasom, 3agada pacnpegernenus 100 aBToby-
COB CBOAUTCH K pacnpenenenuo 50 aBToOycoB no naATU
MapLipyTam, Ha KaKOOM U3 KOTOPbIX YXe LMPKynvpyeT
no 10 aBTobycos. [NocTaBneHHasn 3afjaqa npegnonaraet
BbIOOP KOHKPETHOW BETBU AepeBa pelUeHWid, NpeacTas-
natlero us cebs nonHbIi nepebop BapuaHTos pacrpe-
AEnNeHns QaHHoro KonuuyecTea aBToBYCOB MO MapLupy-
TaM. O4eBn4HO, YTO U3 A@HHOTO MHOXECTBa pacrpese-
NEHUI Henbaa B3ATL Ntoboe NPoUsBOMBEHOE, NOCKOMbKY
TOraa BO3MOXHO YBENUYEHUE NOTEPb BPEMERU HA OXU-
Aanvie TpaHcnopTHoro obCnyXkuBaHWA Ha OAHOM WUNu
HECKOMbKUX MapLUpyTax, a 3BpUCTUMECKU UMW UHTYUTUB-
HO Ha AaHHOM NOAMHOXECTBE pacnpeneneHwit asToby-
COB onpepenuTte Havbonee npueMnemoe yxe He npeg-
CTaBNAETCA BOSMOXHBLIM. W3 3Toro crepyer, yto ans
HaXoX4eHUst ONTUMaNbHOTO PELUEHUsT HYXHO BOCMOIMb-
30BaTLCH METOAOM BETBEW U rpaHuLL.

Hanee paccMOTPUM Ha YUCNEHHBLIX MpUMepax onu-
CaHHble B CTAaTbe MOAENU yrpaBneHWUs TPaHCNOPTHLIMU
pecypcamu. Byaem cuntaTk, UuTo B pamkax MpuMepoB
naccaxupbl obcnyxueatotca no aucuunnure FIFO.

MpumMmep ucnonbsosaHusn
mogenu (10-12)

B paHHoM cnyvae paccmaTtpuBaeTcs 3agava MyHU-
MU3aLMM CYMMapHbBIX NOTEPL BPEMEHM Ha OXuAaHue
TPAHCMOpPTHOro obcnyxkuBaHua naccaxvpamu. C yde-
TOM NPUBEAEHHDIX BbILIE YCMOBUA YACNEHHOrO NpUMe-
pa MOXHO cOoCTaBuTb CReaylllylo cxemy (MycTb WH-
TEHCUMBHOCTb MOCTYNNEHUS NacCaxupoB Ha KOHKpeT-
HYI0 OCTaHOBKY = 1 Yen./mMmuH.):

21-t,ecnute [0;21),

42-tecnute [21;42),

(29)

21k -t,ecnute [ 21(k-1);21k),
k=1,2,.,10.

U3 3TOl CXembl MOXHO BbIYUCIUTL BPEMS OXUAAHUSA
TPAHCMOPTHOro 06CNYXUBaHWUS OAHOTO Naccaxupa.

B cnyyae yBenuueHUs MHTEHCUBHOCTU MOCTyNieHWs
naccaxupoB WHTepBalbl, Ha KOTOPbLIX ONpeaensnTca
KyCO4KM AaHHOW NUHEWHON (DYHKLMKU, U3MEHATCA B 3a-
BMCUMOCTU OT COOTHOLUEHWS WHTEHCUBHOCTM MOCTYM-
NEeHNsA NaccaxupoB M UHTEHCUBHOCTU WX obcnyxusa-
HUs.

PaccunTath 3Ha4eHUA CyMMapHbIX NOTeps BpemeHu
Ha OXmaaHue TPaHCNopTHOro OBCMYXUBaHWA B LITAT-
HOW CUTyaLUWU MOXHO, MNEPEMHOXMB WUHTEHCUBHOCTY
NOCTYNNEHUA NacCaXupoB Ha KakZOW OCTaHOBKE W
CymMmMmy 4ucen oT 1 ao 20, U CNoOXuB MNony4uBLUMECH
3Ha4YeHWs No BCEM OCTaHOBKaM W MapLupyTam. Ecnu
Xe BMecTUMOCTb aBTobyca MeHblle, YyeM ovepefb
naccaxunpoB Ha OCTaHOBKE, TO UX BpeMsi OXuaaHus
YBENYUTCA B Nydllem criydae Ha 20 MUHYT, YTO MOX-
HO Takxe copmanuizoBate B MS Excel npu nomoLum
yHKUMU <ECNTN»,

Mpachuk dpyHKLUMN Ta’ (t) umeet cregywowwit By (B

wraTHom cutyaumun, U (f)=1):
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AYOUT N ®UHAHCOBbIN AHATNIN3

21 42 84

Puc. 7. Mpacbuk doyHkuum T, (t) ans cutyaumm, Ko-

raa Bce naccaxvpbl 06CNyXUBaOTCA NepBbLIM No-
AouweawmM asTobycoM (BMeCTUMOCTL aBTobyca He
MeHbLUEe OYepean NaccakKMpPoB HAa OCTAHOBKeE)

Mepengem K peTanbHOMY pacCMOTPEHUID YUCHEHHO-
ro npumepa B pamkax mogenu (10-12).

Oman 1. 3a Npou3BONLHO B3ATOE pacrnpeaenexue 50
aBTobycoB no MATU MaplipyTam cBepX 50 MopoBHY
pacnpeaeneHHbIx, Bo3bMeM pacnpegeneHue a = (10;
10; 10; 10; 10) Ans nony4YeHWs Tak HasblBAEMOro pe-
KopAa (3HayeHWs TOTepb BPEMEHU Ha oXuaaHue
TpaHcnopTHoro obcnyxuBaHWUs, MpeBbiwiaTh KOTopbie
ONTUMarnbHoe pelueHue He moxeT). Jliobas BeTeb ae-
peBa pelleHuin, NpuBoSsALAs K NOTEPAM BHOonbLUUM,
HeXenwu aToT BapuaHT, yXXe He MOXET ObITb onTUMans-
HoW. [Ins AaHHOro pacnpepeneHus nonyvyaem sHaue-
Hue uenesoro dyHkuuoHana (10), pasHoe 3 929 064
MUWHYTBI (MO BCEM OCTAHOBKAM BCEX MapLupyToB B 060-
UX HanpaBNeHUsX CyMMapHO flaccaXupbl ByayT oXu-
AaTb UMEHHO CTONbKO MUHYT). OueBUAHO, UTO JaHHoe
pelieHne He SABNSieTCs OonTUMalbHbIM, Tak Kak OHO He
YYUTBIBAET PA3ULUiA B 3arpyXXeHHOCTU U NPOTHXEHHO-
CTU MaplUpyToB, @ 3TO O3HAYaeT, YTO Ha YacTu Maplu-
pyTos OyayT cKannuBaTbCs O4YepefM Ha OCTAHOBKaX,
noka Ha oCTalbHbIX MapLupyTax OyayT UMpKynuposaTth
aBTObYCbl, 3aMonHeHHble He MOSHOCTLI. Heobxoaumo
nepebpaTb OCTaBLUMECH BETBU AepeBa pelueHuit, YTo-
Bbl HaRTU OTBET Kk MnocTaBneHHoil 3ajade, JTo ByaeT
Npou3BOAUTECA MyTEM MNepecyeTa TeKyLUMX OLEHOK B
pasHble MOMEHTbI BpeMeHu f npu nomoLum nporpaMmm-
Horo obecneveHns MS Excel. Beugy rpomosgkocti u
0H006pa3HOCTU NPOW3BOAUMbBIX BbIYUCTIEHUN, OHU
BbIHOCATCA 3a npegens! cTateu. MNogobHee ¢ mexaHus-
MOM BbIMUCIIEHUA TeKyLlel OLIEHKU MOXKHO O3HaKo-
MUTbCA B paboTe [1].

Oman 2. BeluucneHue Tekywien oueHku. Ee Bbluunc-
JIeHWE NPOUIBOAMTCH [0 MPUHLWUNY CYyMMUPOBaHMS
HaKOMMEHHbIX K pacCMaTpUBaeMoMy MOMEHTY BpeMeH!
t noTepb Ha OXxuaaHue obCNyXUBaHUS C HAUMEHbLUUMU
BO3MOXHbLIMU NOTEePAMU, KOTOPbIE MOTYT HAKOMUTLCH B
ByayiieM Ha uHTepBane spemenn (f; 210]. Ons pacue-
Ta 3TUX notepb OyayT UCNONb30BaTLCA AaHHbIE 06 UH-
TEHCUBHOCTAX NOCTYNINEHUS NACCAXUPOB Ha OCTaHOBKY
no OoNTUMUCTUYECKOMY CLIEHapUIO U MareMaTuueckuil
annapar, npeAcTasneHHblid B padote [1]. Mpu npesbI-
LeHun TeKyllen OLeHKo# pekopaa BCA BeTBb byneT
oTbpackiBaTbCs. Tak, Hanpumep, oTGpoLLEHa BeTBb,
3afaHHan BekTopom (15;15;a,;a,;a;) (T.e. Bce pac-

npefenenns, rae Ha nepebix ABYX maplpyTax o 15
aBTobyCOB, HEBBLIFOAHbI, MOTOMY 4TO Ha TPEX ocTaB-
mnxcst Maptiupytax 6yaet pacnpegeneHo CrmMLWKOM
MareHbKoe KONUYECTBO aBTODYCOB, U 3HAYEHUe Teky-
Lier OUEHKM AN 3TOW BETBU AepesBa PEleHUn npe-
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BbILLIAET, NYCTb U HE CYLLECTBEHHO, PEKOPA YXEe Ha Mo-
MeHTe BpeMeHu f = 63. B panbHeliweM pasHuua Mex-
Ay HAMA 6y,D,6T TONMbKO pacTty, No3TOMY BETBb anee He
paccMaTpuBaeTCs. AHanornyHo 0T6paCblBalOTCFI BBUOY
3TOrO W BCE BETBW, i€ CYMMapHOEe KOMUYECTBO aBTo-
Bycos Ha nobbix ABYX MaplpyTax npeebiwaeT 30.

B pesynbTaTe noBTOpeHWs 3Toi npouedypbl 4ns
ocTaBlUMXCA BeTBel AepeBa ObINo MonyyeHo crnegyo-
Wwee pelenune: a = (7; 13; 7; 10; 13), T.e. Ha MapLupy-
Tax 1-5 uMpkynupyeT crnefyiolee KONU4YecTeo asToby-
cos: 17, 23, 17, 20, 23 COOTBETCTBEHHO (C y4eTOM Ae-
cATM  obssaTenbHO  NPUCYTCTBYIOWMX). 3HauveHue
uenesoro dyHkumorana (10) 8 A4aHHOM Crydae paBHo
3 274 220 MuHyT. [pun pacyeTax uMena Mecto HeoOHO-
KpaTHaa KOpPeKTUpOoBKa peKopAa, MOCKOMbKY Haxoau-
JUCb BapWaHTbl pacrnpefeneHns, cyMMapHble noTepu
BPEMEHU KOTOPbIX BbiNu HUXE, YEM Y U3HAYAMNbHO Bbi-
BpaHHoro pacnpegenenus. Teneps crieqyer nony4unTs
ONTUManbHOE peLleHne C NOMOLLLK APYrux Mogenei u
COMOCTaBWTL MoMNyyYeHHbie pe3ynbTaThl.

CrouT Takke ckasaTb 00 YCTOWHMMBOCTU A@HHOMO pe-
weHns. B cnyyae usMeHeHWst MHTEHCUBHOCTER NOCTYN-
neHusi naccaxupos Ha mapuwpytax 1 un 3 (Ne7 u Ne59),
Hanpumep, B NonTopa pasa, JaHHOe pelleHue yTpaTuT
CBOK ONTUMAanbHOCTb, W Toraa NPUAETCS MNOBTOPHO
NPOU3BECTU NPOLIEAYPY PacyeToB, rae Metos oTépocut
BETBb, COLEPXallylo [AaHHOE peLleHue, HO He oTBpo-
CUT 3apaHee BeTBW, Ae KonuuecTBo aBTobycax Ha
3TVUX MapiLupyTax npesblllaeT ceMb. B pesynbTare pac-
4YeTOB ANA AaHHOW CUTyauuu ONTUManbHbIM BbINo Bbl-
BpaHo pelueHune a = (11; 10; 11; 8; 10), yTo o3HauaeT,
470 Ha MapuwpyTax 1-5 uupkynupyet 21, 20, 21, 18, 20
aBTobycOB  COOTBETCTBEHHO. 3HA4YeHue Lenesoro
dyHkumoHana (10) B agaHHOM criyyae pasHo 3 536 158.
OTO roBOpUT O TOM, YTO B CMyyae pPocTa MHTEHCUBHO-
CTell NOCTYNMeHUA NaccaxXwpoB Ha Kakom-nubo us
MapLUpyTOB BO3pacTeT obLiee BpEMS OXWAAHUA nac-
CaXWpoB, YBEMUYUTCA O4vepefb NaccaXxvpoB Ha ocTa-
HOBKE, YTO OBBACHAETCA TEM, YTO MacCcaXMpOBMECTU-
MOCTb aBToOycoB ByAeT UCNoNb30BaThCHA MakcumManb-
HO, ¥ YacTb Naccaxumpos He ByaeT obcnyxeHa nepebim
nofoweawum astobycom, T.e. B Yac nuk SyaeT umeTth
MECTO HEeYCTONYMBLI PEXUM 0BCNYKUBAHUA Maccaxu-
POB.

Mpumep ucnonbsoBaHus
Mmopenu (13-15)

PaccmMoTpuM  4UCnEeHHbI NpUMeEp  UCToNb3oBaHUs
mozdenu (13-15). B kavecTBe KpUTU4ECKOTC BpeMeHU

OXWA2aHUA TPAHCNOPTHOTO O6Cﬂy)KMBaHMFI Tep » AONbLUE

KOTOPOro naccaXupbl He ROMKHbI OxuaaTh aBTobyca,
npumMeM 35 MUHYT, HyXHO HaliTu TakoW BapuaHT pac-
NpefeneHus aBToGycoB Mo NepeyncreHHbIM MapLupy-
Tam, 4Tobbl KONMYECTBO NACCAXUPOB, BPEMS OXuaaHus
TPAHCMOPTHOIO OBCIYXUBAHWUS KOTOPbIX NpeBbillaeT
35 MuHyT (obosHauaeTcs kak | Q(a)l), Boino MuHK-

MansHbIM. CTouTt 3apaHee CKaszaTb, 4TO OT Bbl6paHHOI'O
T,, 3@BUCUT TO, K KaKkOMy petleHUu npuaet meTod.

O4eBUAHO, UTO OHO He JOMKHO MpeBbilaTh Takol Be-
MUYKHBL, KOFAa MeToA He oTOpacbiBaeT Ha HayanbHbIX
3Tanax pacyeTa COBEPUIEHHO HEBLIFOAHbLIE BETBU, U HE
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[OMKHO BbITb MEHbLUE HOPMATUBHOTO WHTEpBana ABu-
XEeHUs aBToOyCcOB B pacCMaTpUBAEMOM PErMoHe, UHa-
4Ye HaWTU onTuManbHoe pelleHue ByaeT HEBO3MOXHO.
Takvm obpasom, 7,, AOMMKHO B [@HHOM Cryyae Haxo-

AnTbCA Ha uHTepeane (20; 210] (bonbwe 210 oHo He
MOXET ObiTb N0 ONPeAeneHuio), N XenaTensHo, HTobb!

7,, He npesbillano npuemneMbel ans naccaxwpa ne-

puoa oxuiaHusa aBTobyca, UTo C y4eToM pacnonoxe-
Hus MeTpo B BAO He npesbllaeT 50 MUHYT Makcumym
(B OOMbLWIMHCTBE Cry4yaeeB A0 METPO MOXHO LOUTU
felKkoMm 3a 3To BpemsA U3 mobolt Touku paioHa). C
Y4€TOM BO3MOXHOCTU BOCNONb30BATLCS yCryramn Tak-
CU, CTOWUT COKPaTUTb 3TO BPEMSA A0 BbILEYNOMSHYTbLIX
35 MUHYT (TaK KaKk C Y4eTOM OTHOCUTENBLHO HEBOMbBLLIO-
ro paccTosHuUst 10 METPO, CTOMMOCTL YCNyr Takcu ANs
naccaxupos asTobyca OyaeT npuemnemoil B cpasHe-
HUW C pUckom onosaaHus Ha paboTy / y4eby).

B cnyuae, ecnu 7, GyneT TakoBbIM, YTO ONTUMANbL-

Hoe pelleHue ByaeT AOCTUKUMO TONLKO MpU YCHOBUM,
Koraa cymMmapHble NoTepu BpPEMeHW Ha oXxuaaHue
TPaHCNopTHOrO oBCNyXUBaHUS naccaxupamu 6yayT
MUHUMAaNBLHO BO3MOXHLIMW, TO OyaeT UMeTb MecTo
NnonHoe coBnajeHue pelleHuit 3ajady B paMkax Mofe-
nen (10-12) u (13-15). Nnaye meTtoa B Mmogenu (13-15)
Byaet cuntatb AONYCTUMBIM HE TONbKO pacnpedene-
Hue, onTuManbHoe B paMkax sagadqum (10-12), Ho u pag
ApYruX pacripefeneHuil, cyMMapHble noTepu BpeMeHu
Ha oXuaaHue oBCnyXuBaHUsl KOTOPbIX BYAYT HE MUHK-
ManbHO BO3MOXHbIMW, HO MPU 3TOM BpEMsl OXUaHus
BonblmMHCTBA NaccaxupoB OGydeT npueMnemsim. W3
aTofo cnefyeT, 4to Modens (13-15) moxeT BbicTpee
HaWTu NpuemMnemMoe pelleHue, Ho NMpU 3TOM OHO MOXET
HE3HaYMTENbHO OTNIMYAaTLCA OT HaUIy4YLlero BO3MOX-
Horo.
BHeapsioTca cneayiollee orpaHuyeHue Ha Modens:

Sa, =100;3,>10;1=1,...,5. (30)
i=1

Oman 1. [INA BbIMUCTIEHNA HKHER ouenkn | Q| npu-

MeM, 4TO aBTODyCbi WMEHT OYeHb GOrblUyio BMECT-
MOCTb U Ha KaXAbi MapLLPYT BbIAENSETCA MakCMMansHO
BO3MOXHOe 4ucro asTobycoB. Torpa oxuiaHue nacca-
KMPOB Ha OCTAHOBKE NMPEBLICUT 7,, TOMBKO W3-3a TOrO,

Y70 aBTO6y0bI NPUXoAAT Ha OCTaHOBKW B pa3HoOe Bpems
(T.e. 13-3a TOro, YTO Ha OCTAHOBKW, PACMONOXeHHbIe BO
BTOpOI;I MONOBUMHE MapLupyTa, ecnv cHuTaTh, Ha4duHaa C
€ro HavarbHom OCTaHOBKMU, aBTO6beI npuxoaaT Nosxe,

4YeM Ha HayanbHbie ocTaHoBKM). [Nonyyum [ .QH| = 5 640,

Y4UTbIBas BCE MPUBEAEHHbIE B TEOPETUYECKOW YacTu cTa-
ThbW YCNOBUSA ee pacdeTa. cxona us HUX Takke odvesug-

HO, YTO BENMYMHA | €2, | .38BUCUT OT YWUCHIEHHOCTU aBTO-

BycHoro napka 1 v Yucna MapLUpyToB m.

Oman 2. AHanoruyHo BO3bMEM 3a MPOU3BOMNbLHO Bbl-
BpaHHoe pacnpefenenve BapuvaHT a = (10; 10; 10; 10;
10). OnTUManbHOCTL 3TOTO BapWaHTa MNofBeprHyTa co-
MHEHUIO U B AaHHOM cnyyae. Ws-3a Toro, uto pacomarpu-
BaeMble B NPUMEPE MapLLIPYThi UMEIOT Pa3MUYHYO AMKUHY
(cM. puc. B), BO3HUKHET AOMNONHUTENBHOE KOMUYECTEO
NacCaxupoB, BPeMsi OXUAAHUA TPaHCNOPTHOTO 0BCITyXU-
BaHUA KOTOpbIX MpeBbIlLaeT 7,,. Heobxoanmo obecre-

YNPABJIEHUE TPAHCINOPTHBLIMU PECYPCAMU

UNTb  paBHOMEpHOe OBCryXMBaHWe NacCaXxupos Ha
MapLupyTax C y4eToM WX 3arpyXeHHoCTW. PaccuvTaem
| 2,] Ans BeIGpaHHOrO AOMYCTUMOrO pacnpeneneHus.

Konuyectso naccaxupos, BpemMa OXuaaHusA OﬁCJ'IY)KMBa-
HUA KOTOPbLIX NPEeBbICUNO 7., > PABHO B JaHHOM cny4ae

15 633 vern., 4TO CyLLEeCTBEHHO DornbLle, Yem \ .Q,,i . Cne-

[0BaTENbHO, HYXHO MEeperT K aHanuay criegyioLlero ao-
MYCTUMOTO PELUEHNS, BLIMUCTISIA YXKE TEKYLLIME OUEHKU, Kak
3Toro TpebyeT anropuTM MeToza BeTBEI U rpaHuLL.

Oman 3. CyMMUPYS yke HaKOMNEHHOE K MOMEHTY Bpe-
MEHWN I KOMMHECTBO MaccakupoB, OXUAAKLLUX OBCNyXu-
BaHVSA [0nblUe KPUTUYECKOTO BPEMEHW, C MUHUMArbHO
BO3MOXHbLIM KOMUYECTBOM TaKUX MacCaXUpoB Ans UHTep-
Bana BpemeHn oT t fo 210, BGyaem nonyyaTts Tekyluue

HDKHUE OLeHKN [ Q7™ (1) | ANS KaXKOoro U3 yNoMsHYThIX

BbiLLE MOMEHTOB BpemMeHW. [osTopss 3Ty fpolieaypy u
KOPPEKTVIPYst NpU HEODXOAUMOCTY 3HaueHue | Q,|, nony-

wim | Q,| = | Q,|, ans pacnpepenenus asTobycos no

MapLipyTaMm, 3agaHHbIM BEKTOpoM a = (9; 10; 8; 12; 11),
T. €. Ha NATU MapLUpyTax AOMMKHO LMPKYIUpoBaTh cnegy-
toLiee Yucro asTobycos: (19; 20; 18; 22; 21) . BuaHo, 4To
HallieHHoe pelleHne OTIMYaeTCs OT PeLLleHUs], K KaTopo-
My NpuLLna npeapiaywas onTuMu3aunoHHas Mogens (10-
12), 4To ODBACHAETCS TEM, YTO Y 3TUX MOAENeN pasnuy-
Hble KpUTEepUWM onTuMu3aumMu. [na HaxoxaeHus onTu-
MarbHOro peLleHus npulinock nepebpaTe BCe ocTaBLUM-
eCsl BETBU [epeBa peleHnid, Mpuas K KOHeYHoMy aTarny
anropvuTMa MeTOAa BETBEN M rpaHuUL yxe Ha AaHHol nod-
BETBU. HecMOoTpA Ha KaxyLLyHCs rPOMOSAKOCTb BbINUC-
MEHWIA, UX OCyLLECTBMNEHWE NpU NMOMOLYM CrieLmMannsupo-
BaHHOro NporpamMMHoro obecnedyeHns U ¢ UCNosib30BaHu-
€M 3BPUCTUHECKUX OrpaHUyeHuit Ha MoAenb Mo3BonseT
OTHOCUTENLHO ObICTPO NPUIATA K OMTUMansHOMY pelle-
HUIO AaHHOM 3aauu.

Mpumep ucnonk3oBaHUs
CTOXacTU4yeckou Mofenu yrnpasneHus
TPaHCMOPTHLIMU pecypcamm

MpefnonaraeTcsa, Y4TO BO3MOXHbB! TPU CLEHApUs pas-
BUTUA COOLITUIA (ONTUMUCTUHECKWIA, Haubonee BeposaT-
HbIl U NECCUMNUCTUYECKUIA). VX BEPOSITHOCTA paBHbI
0,2, 0,5 1 0,3 cooTBeTCTBEHHO. ONTUMUCTUYECKUIA CLe-
Hapu — 3TO Takol CLEHapuid, NpU KOTOPOM Konude-
CTBO MOCTYNawLUX NaccaXupoB COOTBETCTBYET BMe-
cTMmocTu asTobyca, U ouepegen He obpasyetcs. OH
BO3MOXEH, €CMnu No KakMM-TO NpudMHaM 4YacTb Hace-
NeHWA He nnaHWpyeT MNoMb3oBaTbCA OBWECTBEHHbIM
TPaHCMOpTOM B LieroM unu asTobycoM B 4YacTHOCTU B
paccmarpusaemMblil Nepuod BpemeHu. NeccumucTuve-
CKUW CLEHapuii — 3TO CLeHapuid, Npu KOTOPOM MHTEH-
CUBHOCTM NOCTYNMEHUA MNacCaXUpPOB Ha OCTAHOBKM
MakcyManbHO BO3MOXHbIE C YY4E€TOM YUCNEHHOCTU
HaceneHus okpyra. OH BO3MOXeEH, eCr 4acTb Hacere-
HUSA MepeknovaeTcs ¢ MeTpononuTeHa U / Unu yact-
HbiX aBToMobuneit Ha aBTOBYCHbIN TpaHcrnopT. OaHo
U3 NPUYKH TaKoro pasBUTUS COBLITUI ABNAIOTCA cboun B
pabote ropoackoro meTpononuterHa. Javnas npobne-
Ma ABNAeTCA TeMOW A8 OTAENbHOMO UCCRENoBaHUs 1
MOXEeT pacleHNBaTbCA Kak NepcnekTUBHOE Hafnpasne-
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HUe Aana JanbHewWluux uccneaoBaHu B obnacTtu (¢=12,..,m,), (j=1,2,3). Torga nonyuum mate-
ynpaBreHus TPaHCNopTHBIMKN pecypcamu.

. > MaTudeckoe oXxunaaHue 3HadeHuAa camoro HKLUMNOHa-
Haubonee BEPOATHbLIU CLIeHaphn COOTBETCTBYET exXe- A (by H

[HEBHOMY MOTOKY NACCAKNAPOB Ha BbILLENEPEUNCTIEHHbIX 12 (1_3)' .

OCTaHoBKax. VHTEHCUBHOCTU MOCTYMIIEHUS NacCaxupos F(a)=3xF,(a)= 3990667

ONst BCEX Tpex cueHapues Ans MapLupyToB 7, 46 u 131 J=1

npuBeLeHb! B Tabn. 2-4 8 COOTBETCTBYIOWNX CTOH6L\3X. ﬂanee BO3MOXHO OLEHUTb PUCK nobdoro BapuaHTa pac-

PaccuMTaeM MaTeMaTUieckoe OXWAAHWE WHTEHCUB-  npepeneHus, ucnonbays dopmyny (23). dopmyna (23)
HocTen NocTynneHua nacCaxupoB Ha OCTAHOBKW 10 6yD|eT UCTIONb30BaHa B CTaTbe AA OLEHKM pucka pac-
BCEM MapLipyTaM, UCnonb3ys AaHHele 3 Tadn. 2-4. Mo-  npegenenus, koTopoe MeTog, BETBEN U rpaHUy BuIGpan B
Ny4um crenyiowlyto TabrnLy sHa4yeHuil MaTeMaTUiIeckuX  kayecTBe ONTUMAMbHOMD. B KayecTBe TakoBOro MeToa
OXIAGHUIA UHTEHCMBHOCTE (CM. Tabr. 5, cocTaBneHa  guiGpan pacnpeseneHue, COOTBETCTBYIOLLEE KOMMYECTBY
aBTOpaMVI). ﬂpouepKaMM B Ta6nwue 0603HaYeHb! AYeil- aBTO6YCOB (25’ 22; 25, 10; 18)] LWPKYTIUPYIOLLUX NO MNATHA
KW, He coaepxaiime UHopMaLmMu o napameTpax nac-  paccMaTpuBaeMbIM MapLupyTam. BugHo, uto sToT Bapu-
CaxmponoToka Ha OCTaHOBKax BBWAY TOTO, YTO KOMWUYE-  aHT He COOTBETCTBYET PELUEHMSM, K KOTOPbIM MpULLen

CTBO OCTAHOBOK Ha MaplLupyTax pasfnimyaeTcs). METOA NpU PacCMOTPEHUW NpeabiayLux MoZenew, no-
Tabnuua 5 CKOMbKY 30€Cb MOABUIUCH AOMOSNHUTENBHBIE NapameTpbl
MATEMATUYECKUE OXWUOAHUSA (BeponTHqcm CleHapues 1 pasfuyHbie BapuaHTbl UHTEH-
WHTEHCUBHOCTEMN NOCTYNNEHUS CMBHOCTEW MOCTYINEHUA NacCcaXUpoB), KOTOpblE He Mor-
NACCAXXUPOB HA OCTAHOBKM M BbITb ydTeHbl B Moaensx (10-12) n (13-15). CornacHo
hopmyrie (23), nony4um crnegylliee 3HaYeHUe OLIEHKM
< HoMepa MaplipyToB u HanpaBreHus pUCKa oNTUMansHoro peLleHus:.
g 7 46 59 83 131 R(a)=0,2*(3990667 - 3072814)" +
Sl e kel 8liel 8t g lial 8t +0,3* (3990667 - 5147960)° +
ol = | & 2| & = 2| & ¥y el = by el = o 2
g| Blo | BE|o| BloT| BleT| Be +0,5 *(3990667 - 3750567
1[23/00[29]00]29/00][32]001}311/0,0 Takum obpasom, R (a) = 599 112 957 276,5. U3sne-
2121182221121 (21]29]|30]24]23 Kasi KOpeHb W3 3TOro 3HayeHus, nonyumm 774 023,9
3120212713027 ]|24(29]|26]30]33 (aTo xenaTenbHO caenatk ANS Toro, YTobbl NosSIBUNAch
412121 ]21}121]26127]28]29]|23[23 BO3MOXHOCTb MPOU3BOAUTE JanbHelilme [OelcTBUSA
51211181256125]127)27]29]29]27][27) Hag aTum 3HadeHuem, npearnonaraemMble Teopuen Be-
6112112129123127125[29|27]32|25] posTHocTeit). Hanpumep, AaHHOE 3HAYEHME MOXKHO CO-
74211181 18|16]16]1611.7]117]120]18] nocrapnsTe C aHANOMYHLIMI SHAYEHNAMA ANS APYTUX
8122122121125/27123129125123127] pacnpeaenenu, onpefensis, y Kakoro W3 BapvaHTOB
9 117116100]21128]28]30]|30]36]40 nepepacnpegenedua astobycoB no  Maplupytam
i0/25]25] - - 122121124123 1271271 Gonpwe cTeneHs pucka.
Hjatjat] - - 182132134 134)82132 BosmoxHO npoBoauTb aHanua yCTOWYMBOCTU pelle-
121251171 - - 127127129129138130) Luino scem TPEM MOAENAM, ONUpasich Ha NpusBeaeH-
]i S; fs 25 ;S gg 2? gg gg HbIA B NpegbiayLimMx pasgenax mareMaTudeckuin anna-
15 2’5 2’3 - 147 2’4 5:1 2’6 2’2 2’6 pat. MNpu atom nepen JINP sctaeT 3agava onpenene-
16 2:2 2:9 - - 3;2 2:9 35 3:2 1:7 2:1 HUSA BenuuuH &, & un A, 4TO fenaeTca ¢ y4eToM Toro,
710422 - T 12938131 41|00 16| HACKONbKO AMCTETYEPCKUA LEHTP CYUTaET AonycTu-
8|33 34 - " 10529 06 31 - - MbIM OTKMOHEHWEe YPOBHS KadecTBa OKasblBAaEeMbIX
1923271 - - [33 (334648 - - HaceneHuo ropoga ycnyr oT HOPMaTUBHOIO 3HAYEHUA.
50|20 22 - - 1291363238 - ” B cnyuae, koraa ecTb BO3MOXHOCTb JONYCTUTL He-
21|04 |19 - - 2629|2831 - N 3HAUUTENBHOE OTCTYNNEHUe OT ONTUMANbLHOrO pelle-
25| 21| 25 - - [05|24|06]26] - N HUS, OANA BCeX Tpex Mojenei LonyCcTUMO MPUMEHATH
23] 21 | 2,0 | - - [27[33]29136]| - - TaK HasblBaeMbl YCEYEHHbI METOA BETBEN W rpaHuLL.
2418 1,7 ] - - 27262928 - - Cyte naHHOM MoaudmkauMu MeToaa COCTOUT B TOM,
2500021} - - 129280026 - - uTo paboTa ero anropuTMa npekpaliaeTcst He Koraa
26| - - - - 124130 - - - - TEKyLaa oLeHKa coBnasia C BepxXHel / HKHEN OLEeHKoN
27| - - - - | 24123 - - - - Lenesoro dyHkUuoHana (Npu peleHnn pasHbix 3agad
28| - - - - 2626 - - - - JocTuraetca coBnagedue nubo ¢ BepxHel, nubBo c
29| - - - - 118119 - - - - HIDKHEN OLIEHKOI), a Korda pasHuua Mexay 3Tol oLeH-
30 - - - - 100129 - . - - KOW U TeKyllel He NpEeBbllaeT HEKOerc 3HaudeHus A,
AHaNoTM4HO MOXHO 3a/laTe UHTEHCUBHOCTY obCryxuBa-  koTopoe JINP onpeensieT CamMoCTOATENbHO UCXOas 13
HUSA NacCaKUPOB, ECINN PeYb UAET O LUTATHOWU CUTYaLMN. Cneundukn paccmaTpuBaemolt UM cuTyauuu. Hanpu-

MoxHO paccunTaTh 3Ha4YeHUs yHKUMoHana (13) ans  Mep, Korha AOMYycKaeTcs NpeBbllleHWe uMcha nacca-
K&X[oro pacnpefieneHusi asTobycos no mMapLpyTaMm U XWPOB, BPEMS OXMAAHWSA KOTOPbIX MPEBLILIAET KpUTU-
Kaxaoro Habopa WHTEHCMBHOCTEl MOCTYNMeHus mac-  4Yeckoe, ewe Ha 500 yen. B HekoTopoe Bpemsi CyTok

CaXWpoB Ha ocTaHoekn Ul (1) ((/=1,2,...5); HEODXOAMMOCTb MakcUManbHO GbiCTPoro ofcryxuBa-
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HWSA NaccaXvpoB MOXeT OTCYTCTBOBaTb, MO0 Xe B
onpefenelHbiX  cUTyauusax  (Yawe  BHELWTaTHBbIX,
Hanpumep, cboil B paboTe MeTpononuTeHa) NpPUXoauT-
ca UOATW Ha NOHWMXKEeHUEe KavecTBa TpaHCMNopTHOro ob-
CNyXuBaHUA NaccaXMpoB HA3eMHOro TpaHcnopTa paau
CO34aHUA KOMMEHCaLMOHHbIX MapLUpyTos npu cbonHon
nMHUKM MeTpo. MpuMeHeHWe yceudeHHOro MeToaa BeT-
Bel U rpaHuy Takke No3BONSIET COKPATUTL KOMUYECTBO
BbIYUCIUTENbHOW paboTbl.

3AKNIOYEHUE

B gaHHOIt CTaTbe pacCMOTPEHbl pasnudHble MOLEny ynpas-
NEHNA TPAHCMOPTHBIMY PECYPCaMi, Ha3HAYEHUEM KOTOPbIX
ABNAETCA pacnpejerieHne KOHEYHOro uucna TPaHCmopTHBIX
elJUHUL MO HECKONBbKUM MaplUpyTaM HaseMHOro ropojckoro
TpaHcrnopTa. Bbbifio NpegnoxeHo pelleHue NOCTaBMEHHOW B
pamMkax cTaTby 3a4adil C NOMOLLBI MeToAa BETBEN U rpaHull.
Pasnuynble MoaudMKkaumn onTUMU3ALUMOHHOR 3agaun Bbinu
NPOUNNICTPUPOBEHL!I C MOMOLLBID YWUCIEHHBIX MPUMEPOB,
onuceisalowmx paboTy asTobycHoro TpaHcnopTa B BocTouHom
aZAMUHUCTPaTUBHOM okpyre . Mockeb! B 4ac NuK (Mogenupo-
Banacs paboTa 2-ro aBToBycHoro napka).

Mockonbky NOBBLILIEHWE YPOBHSA Kayectea TPaHCNOPTHOMO
obCnykUBaHWUS NacCcaXuUpoB CEroAHA ABNASTCA NPUOPUTETHOIR
3afaqveil B ynpasneHuu roposckuM oBLUECTBEHHBIM TpaHCNop-
TOM, 33 ONTUMU3AUUOHHBIE KPUTEPWUU NPU MOUCKE peLUeHus
Obinu ApUHATBI BENUYUHBI, OoTpaxakwwne CBOEBPEMEHHOCTb
OKa3blBa@MbIX HaceneHUo TPaHCNOopPTHLIX ycryr. Tak, Hanpu-
Mep, Bblnun paccmoTpeHsl Mmogenu, Korga Tpe6osanoct> MUHU-
MUu3npoBaTe CyMMapHbie noTepn BpeMeHW Ha oXujaHue
TPAHCNOPTHOro 0BCNyXMBaHKA, @ TaKKe YUCMO Naccaxupos,
BPEMS OXWAEHUS KOTOPLIX MPEBLILLIAET HEKYK KPUTMYECKYHO
BenuyuHy. Momumo aToro, Bbina paccMoTpeHa cToxacTude-
CKas MOAenb YNPaBNeHWs TPAHCNOPTHBEIMK pecypcamMu, Korga
YYUTHLIBANTUCH pasfiuyHble cleHapuy pasBuTUS cobbiTuil (pas-
Hblé WHTEHCWBHOCTU MOCTYNNEHWS NacCaXUPOB Ha OCTaHOB-
Ku). Bbinu npeanoXeHbl cnocobbl OUEHKU YCTOWYUMBOCTW pe-
WEHWURA, MONYYEHHBIX C NOMOLLbLIO METOAR BETBEN W rpaHuLy.

B pesynbTaTe aBTopbkl MPUWNW K CrEAyOLIEMY BbIBOAY:
BBUAY TOro, YTO B NOCnNeAHue rogbl BO3pocna Heobxo4MumocTs
NOAAEPKAHUSA YPOBHA KayecTea TPAHCMOPTHOro oBcryxusa-
HUA Ha BbLICOKOM YpPOBHE, U B YCroBusx Gonbloro ropofa
TpebyeTcs obecneunts BecnepeboiiHocTe oBcnyXuBaHUA ro-
poXaH BCEMU BUAaMW TpaHcnopTa, AUCNeTYEepCKUe LEeHTpSI
TPAHCNOPTHbBIX NAPKOB Y& He MOTyT peluaTth 3agavy pacnpe-
AeneHUA TpaHCMOPTHLIX CPeACcTB IBPUCTUYECKUMI METOLAMU.
PekomeHayeTCA NCNoNb30BaTh Ha MPAKTUKE NPEATIOKEHHYIO B
cTathe MOAUDUKALWMIO MeToAa BETBEW U IpaHul, NOCKombKy
OHa MO3BONMAET € OTHOCUTENbHO HeBOoNbLUUMU  YCUNUAMM
HallTu onTUMansHoe peLlieHWe 334aqn ynpasneHus TpaHc-
NOPTHBIMU pecypcamit, YTO MOXEeT NPUBECTU K CYLLIECTBEHHO
3KOHOMUM OBUIECTBEHHOrO BpPeMeHW (a 3TO ABMAETCA Of4HOM
U3 KNYEBbLIX Lenei opraHusauuu paboTsl TpaHcnopTa B Le-
nom).

HanbHelllune uccnepoBaHus No NOAHATOW B cTaTbe npo-
Bneme MOryT NpoBOAUTLCA, HANPUMEP, B paMkax paspaboTku
CTOXacTUYECKON MOAENU CO3LaHUs KOMNEHCALMOHHbLIX aBTo-
BycHeIx MapLpyToB npu c6osx B paboTe MeTpononuTeHa unu
FOPOACKOro Tpampas. B nofoBHLIX CUTYaLUAX BOZMOXHO UC-
nonb30BaHWE YCEYEHHOro MeToAa BeTsell U rpaHuu. Takke
€CTb BO3MOXHOCTb MOAENUPOBAHUS paboTbl TPaHCNOPTHOro
napka ¢ MoMOLLb NPorpamMmMbl UMUTALMOHHOIO MOAennpoBa-
Hus «Anylogic», nossonsiowasn Gosiee NONHO NPOUANKOCTPU-
poBaTb B AWHaMUKE PacCMOTPEHHYID B CTaTbe CUTyaumio #
CbIMUTUPOBATL peanusauuio BblspaHHOI'O MeTo4oM BETBEW U
rpaHuL pelleHus, a Takke NpoaHanu3upoBaTk Mojenupye-
MYI0 CUCTEMY Ha Hamnuuue «y3kux MecT» U yBeauTbcs B
HAAEXHOCTU NPeAnoXeHHOro B CTaTbe METOAA.
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PELIEH3KA

AKTyanbHOCTb NpoGrieMet. B COBpeMEHHON 3KOHOMUKE AOCTaTOuHO
WMPOKO NMPUMEHSAIOTCR MaTemaTudecke MEeTOAbt B yNnpaBneHuun TpaHc-
MOPTHBIMU pecypcamu, B norucTuke. UenonbaoBalue MeToaa BeTBeit u
TpaHULy ABNAETCA MEepPCNeKTUBHLIM HanpasieHUeM COBepLIeHCTBOBa-
HUst paboThl AUCNETYEPCKON CNy*Ebi.

MpUMeHeHMe NpUBEAERHbIX B CTaTbe METOAOB NO3BOMSET NOBLICUTH
HaAXHOCTb U athEKTUBHOCTL OBCNYXKUBAHUA NACCAKMPOB rOPOLCKO-
O TPaHCAOPTA, CHU3WTL 3aTpaThl Ha OpraHWU3aLmnio paboTbl TPaHCnopT-
HOTO Napka.

AKTyansHOCTb paboTb! ONpeaenseTcs TeM, YTO B HACTOALLEE BpeMs
UCNONb30BaHUE METOAOB YNPABIIEHUs TPAHCNOPTHEIMU pecypcami,
NoAOGBHBIX NPeANOXeHHbIM aBTOPAMU, He ABMNAETCH NOBCEMECTHbLIM,
CnepoBaTenbHo, Heobxo4UMO NpuBNeKaTk BHUMAaHUE K 3Toi npobneme
MEHE/[)XEepPOB COOTBETCTBYIOLLEro X03AWCTBa.

HayuHas HoBM3Ha U NpakTUYeckas 3HauMMocTh. B cratbe npegno-
XeHbl ANCKPETHBIE 1 CTOXACTUYECKUE MOAEMW YRPaBNEHUs TPaHCNOPT-
HbIMW pECYPCaMU U NpUBELEHb! NPUMEPL! YX NPUMEHEHUS, B YaCTHO-
CTH, OCYWECTBNEHO MOAenupoBaHie paboTel aBTOBYCHOro napka.

3akntoueHue: peueH3upyemas cratbsa npeacrasnseT HaywaM ]
NPaKTUHECKUIX HTepec. PekoMeHayto ee K onyBnukoBaHuio B xypHare
«AyauT ¥ (OUHAHCOBbIA aHanua».

Bendukos  MA., 0.8.H., 8H.C, LlenmpansHbili  3KOHOMUKO-
Mmamemamuyeckul] uHcmumym Pocculickoll Akademuu Hayk, 2. Mocksa.
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