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B crarne BBITOTHEHEBI HCCIICAOBAaHMA BJIMAHUA PaCHpCACTICHHUA IMOTOKOB IIOC3J0B IIO Yy4YaCTKaM
KEJIe3HOOPO’KHOT'0 MOJIMTOHA Ha YKOHOMHYECKHE TI0Ka3aTeNny, popMaln30BaHa U pelleHa 3a1a4a Beioopa
MapIIPyTOB MPOITYCKa ITOE3/10MOTOKOB.

KiroueBble cioBa: pacrpejelieHue IMOTOKOB, NMPUOBUTh KENE3HBIX JIOpOT, BBIOOP MapIIpPyTOB,
3aj71aya ONTUMH3AINH, )KEJIE3HOLO0PO’KHBIHN ITOJIUTOH.

The impact of flow distribution of trains on the railway polygon sections on the economic indicators
have been performed in this article. The problem of selecting routes of the trainflows was formalized and
solved.

Keywords: distribution of flows, earnings of railways, the choice of route optimization problem, the
train polygon.
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JIHITPOTIETPOBCHK

®OPMYBAHHS PAIIIOHAJILHUX MTOTOKIB MOi3IB HA MEPEXKI
3AJIIBHULLD

VY naHill cTarTi 3alpONOHOBAaHA MaTeMaTHYHa MOJENb PAalliOHATBHOTO PO3MOJUTY MOi3JONOTOKIB IO
3a13HUYHIN Mepexi. OCHOBHa MeTa JOCHIKEHb — pPO3poOKa anroput™my (GOpMYyBaHHS HaNpsIMKiB
MO{3/IOMOTOKIB 110 HAWKOPOTIIOMY IUIIXY MEpEeXi 3ali3HHUIlb, 110 3a0e3Me4YuTh MIHIMaJbHI BUTpPATH
€HepropecypciB Ha MPOCYBAaHHA MOi3/iB. PO3Moia MOTOKIB MO Mepeki BUKOHAHO 32 JIOMIOMOTOI0 Teopil
rpadis. B skocTi KpuTepito ONTUMAIBHOCTI 0OpaHO MIHIMYM I0i3/10-KLIOMETPIB IPOOIry.

KalouoBi ciioBa: 3amizHWYHa Mepeka, TMOTIK TMOi3/iB, MaTeMaTHYHa MOJEb, palliOHaJIbHUI
PO3MO/IiI, BEKTOPHA ONMTUMI3aILis.

Beryn. V gacu nmedinmuty pyxomMoro ckiagy, a TaKoX ITi 9ac Mepexoay 3HadHOI
KUTBKOCTI PYXOMHX OJMHHIIb 3aJI3HUYHOTO TPAHCIOPTY Yy TPUBATHY BIACHICTH, BCE
OUTBIIIOT aKTyaJIbHOCTI Ha0yBarOTh MUTAHHS PalliOHATHHOTO BUKOPUCTAHHS BaroHHOTO Ta
JIOKOMOTHMBHOTO TAapKy, a TaKoX TMHUTAaHHA MIHIMI3aIlli BUTpAaT EHEPropecypciB Ha
MPOCYBaHHS BarOHO- Ta MOi370MOTOKIB. B yMOBaxX puHKOBHX BiTHOCHH Ha TPAHCIIOPTHOMY
PUHKY, 3alli3HMISI MOBMHHA MPHUIUIATH OUIbIIE YBard MO0 SKICHOTO OOCITYyrOBYBaHHS
KOXXHOTO KiieHTa. i MIATPUMKH KOHKYPEHTOCIIPOMOXHOCTI 3ali3HUIL HEOOXiTHO
BIIPOBA/KYBAaTH HOBI TEXHOJIOTIi IIOJO0 MOKpAIICHHS BUKOPUCTAHHS TEXHIYHHX 3aCO0iB
TPAHCIIOPTY.

AHajgi3 gociigxens Ta myOaikamii. 3amadi  po3moniTy MOI3AOMOTOKIB O
3aII3HUYHIA MEpexki 3a PI3HUMH KPUTEPIAMH PO3TIISTHYTO OaraTbMa aBTOpaMu 1 Mae 0e3mid
anroput™MiB ii pimenbp [l — 3]. 3aBmaHHA pamioHAIBFHOTO PO3MOAUTY TMOTOKIB MIX
CTaHIIIMH TaKOX IIHPOKO TpejacTaBieHa B mitepatypi [4 — 7]. IloTtokoBi 3amadi, K
MPaBWJIO, 3BOJATHCSA JO MOIIYKY TaKOro PO3MOJLTY TMOTOKIB Y MEpPExi, MpH sKkomMy O
3a0e3neuyBaBcs €KCTpEMyM Jieskoro kputepito. Ilpu 1pomy HE0OXiTHO BpaxoBYBaTH
OOMeXEHHS, 10 HaKIAJaloThCd yMOBaMH 30epeXeHHS TMOTOKIB y By3lax 1
HEMEPEeBUIICHHS TOTOKAMH TPOIMYCKHOT CIPOMOXHOCTI Ayr. THIOBMMH TOTOKOBUMH
3aJadyaMi € 3ajJada Mpo TOTIK MiHIMaJIbHOI BapTOCTI, MPO MAaKCUMAIbHUU TMOTIK,
TpaHCIOPTHA 3aJ]ayua, 3a/ia4ya npo Mpu3HaueHHs Ta iHi. J{J1s1 iX po3B’sa3aHHs pO3p0O6IEHO

© 10. B. UHBICOB, 2013

ISSN 2079.5459. Bicnux HTY “XIII». 2013. Ne56(1029) 66



guMaio  e(EeKTHBHUX aJITOPUTMiB, CQOPMYBaBCS HaBITh  BIAMOBIIHUN  HaMpsSM
00YHCITIOBATBHUX METO/IIB i/l HA3BOIO MOTOKOBOTO MPOrpaMyBaHHs [§].

@opmyTIOBAaHHS METH Ta 3aJa4i A0caiTKeHb. BimoMi Mojen po3noginy MOTOKIB y
Mepexax [8] 6a3yroThcsl Ha MOHATTIX Teopii rpadis [9]. Lle moB’s3aH0 3 TUM, 110 Tpad mae
MOJKJIUBICTh HAOYHO BiJIOOpa3HTH CTPYKTYpPY MeEpexi, a mapaMeTpu HOTo BY3IIB 1 IyT —
OpPEJCTaBUTH OCHOBHHMMHU UHCIOBUMHM XapakTepucTHKaMu 11 enemeHTiB. HaOip
XapaKTePUCTUK 3aJICKUTH BiJl MPUPOIN CHCTEMH, IO JOCTIIKYETHCS, a TAKOXK XapaKTepy
3a/1a4, 110 BHUPINIYIOTHCSA, OJHAK Y MOTOKOBUX MOJENSX X, K MPaBUJIO, MPEACTABISIOTH
TaKUMH TapaMeTpaMu, SK 30BHINIHIA TOTIK Yy BY31dl, MOTIK MO [Ay3i, MPOIyCKHA
CIIPOMOJKHICTh TyTH, BAPTICTh TPAHCTIOPTYBAHHS OJMHHUIII TTOTOKY MO JTy31 TOIIO.

Jlnis Toro, mo6 BUKOHATH PO3IMOILT MOTOKIB MO 3aJi3HUYHIM Mepexi, 3a TOTOMOTO0
QITOPUTMIB, omHMcaHux y Teopii rpadiB [2 — 4, 10 — 11], HeoOXiAHO TpenCTaBUTU
3aI3HUYHY MEPEXKY y BUTIIANI rpady 3 BIAMOBIIHUMHU IMyHKTAMU BiANPABICHHS Ta
MPU3HAYCHHS TPAHCIOPTHOI MpOAYKIii (TOi3/1iB), a TakoXX 3aJaTH Bary KOXKHOI Iyru
(BiACTaHb MK MTYHKTAMH).

B saxocTi kputepito OoNTUMaNIBHOCTI 00MPAEMO MIHIMYM MO013/10-KiJIOMETPIiB MPOOIry:

C=> > X,, l(®)—>min

i,jeV wel; (1)

e (@) _ TOBXKHMHA TIUISIXYy @
2. Koo G(V,E)

Wy CyMapHU# NoTik Ha rpadi

IlocTanoBka 3agadi po3moaijly MOi3A0MOTOKIB Ha Mepexi. Y maHiii crarTi
3aBAaHHS BHW3HAUCHHS pAIIOHAJIBHUX IIOTOKIB Ha MeEpeXi IpeJICTaBlIeHe SK 3ajada
BEKTOPHOI ONTUMI3aIIii.

G(V,E) _ HEOPIEHTOBAHWUUA Tpad 3 MEpesiKoOM BEPIIHH Vi pedep E.

R(e) .

Hexaii
Koxuomy peOpy BiANoOBiIae 4uciio

I'pad G(V,E) Mae 3aJaHi TOTOKU Bf', LjeV.

. W, . . . . w.
Hexaii ¥ — Habip npoctux musixiB 3 | B/, a@ — nesknii mpocTii mumsix 3 ¥ .

X P. . ) )
[To3Haunmo 4yepe3 = ’® yacTHHY MOTOKY 7, SKWH peai3yeThcsA Ha mUIIXy @, Toni
Mae€ Micle

Z X, ijo — Pf/ ’ (2)
W, . .
Brenemo inaukaTop pebpa e Ha NUIIXy @, TOOTO
1, A
1, :{ SR 3)
0, SIKIIO € & @,
TOZI CyMapHHH TOTIK 10 pedpy e st Habopy uuisixis W, cknaze
> X, 1,(e), 4)
W

a 3araJibHUi MOTIK MO TaHOMY peOpy e JTOpIBHIOBaTUME

N@=> > X, -1,(e): €< (5)

i,jeV weW;
Skmo N(e) — MakCHUMaJbHO JONMYCTHMHHA TOTIK s pedpa, TO TIOBHHHO
BUKOHYBAaTUCSA OOMEKEHHS 110 MPOMYCKHIM CIIPOMOXKHOCTI:
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N(e)< N(e), ecE. (6)
Ao mpUycTUTH, Mo /(@) — IOBKUHA MLIAXY @, /(o) = S R(e)> TO BeTHUMHA

eew

Pr=> > X, (o) (7)

i,jeV weh;
MOJKE CIIYTYBAaTH OL[HKOK PaliOHaJIBHOCTI PO3MOALLY 3aJaHuX MOTOKIB b, i,j€V Ha
rpapi G(V,E).
[Toznaunmo E, — HabOip pebdep, ki OyIu BUKOPHUCTaHI Tl MOOYI0BU HAOOPY MPOCTHX
NUIAX1B MK yciMa BEpIIMHAMU, TOJI BETUYHHA

L(E)= ) _R(e) (8)
eck.
BIJIOOpakae TOBKUHY MEPEKI.
Tobro, Mae Micue 3aBiaHHi BH3HAYHTH TaKMH pPO3MOALT MOTOKIB X, , 1100

nokasuuku Pr(E,) i L(E.) Oynu MiHIMaJIbHUMH, i BUKOHYBaJIUCS YMOBH (2) Ta (6).
[HImIMMK  cIOBaMHM  3aBAaHHS PO3MOJLIY IOI3JOMOTOKIB 3BOAUTHCA 10 3aaadi

BEKTOPHOI onTUMIi3aIlil
L(E.
E) 1, min ©)
Pr(E.)
3a yMOB (2) Ta (6).
3ayBakuMo, 110 B MiJCyMOBYBaHHI Z MOBUHHO OyTH [ < j, IIe O3Hauae, 1o Oyzae
i,jeV
BU3HAYCHO PO3MOALT MOTOKIB B OJHOMY HAmNpSMKY (TyIH), SKIIO > j, TO OTPUMAEMO
PO3MOJI B IHIIOMY HampsSMKY (Ha3an).
Sxmo posrmsamata rpad G(V,E) sk Momens Mepexi 3ali3HUIl, BEPIIMHH —

HallMEHYBaHHS CTaHIlifl, TO po3ymiroun mig R(e) — Biactanb, a P, K MOI3IOMOTIK MiX

ij
NyHKTamMu [ Ta j 1o pedpy e, tomi L(E.) sBise coO0K0 TOBKHUHY MEPEXi BaHTaXHHUX
nepeBe3eHb, a Pr(E.) 3 TOYHICTIO IO MOCTIHHOTO MHOXKHHKA BifoOpa)ka€ BUTPATH Yacy
Ha JOCTABKY BaHTaxy [12 — 14].
@opMyBaHHS HANPSIMKIB MOI310MOTOKIB M0 HAWKOPOTIIOMY LLISAXY 3 (i — j)
Bubip HanpsamKky 3aiiiCHIOETECS 32 (POpMyIOIO:
. Pr(E.vule})— Pr(E.)
min . (10)
“ri I(E.viep) —I(E.)

['padiune NPEICTAaBICHHA s
(dhopMyBaHHS HAMpPSMKIB TOI3/I0MTOTOKIB
BiJI0OpaxkeHo Ha puc. 1.

Hexaii e, peanizye MiHIMyM, TOI ,

nonoBuuBIM E, = E, U {e,}, npuiinemo
B Touky A, (puc. 1) i T. A. TaKUX TOYOK
oyne |E\E* +1.

BayBaxkumo, mo Pr(E, U{e}) < Pr(E.)

Tak sk L(E, Wiep) < L(E.). Puc. 1 — ®opMyBaHHS HAIPAMKY MOI3I0MOTOKIB
Ywciio HanpsIMKIB MOI3J0MOTOKIB 3 [ B 110 HAHKOPOTILOMY IUIAXY 3 i B J

- I(E)
E) I(E.ie}) 1(E)
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j 1o HaiikopoTmomy nuisixy 3 (i = j) 6yne N(N+1)/2,ne N = |V|

IToOyaoBa npocTux nuisxiB Ha rpadgi. Sk ouH 3 BapiaHTIB MOOYIOBH MPOCTUX
NUIAXiB Ha Tpadi, MOXKe CIY)KUTU HacTynHU# anroput™m. Hexait N — KiIbKiCTh BEpIIUH Y
rpadi G(V,E); zn — nouaTkoBa BepiinHa;, zk — KiHIeBa BepiuHa. HeoOximHo
BU3HAYUTH BCI IPOCTI NIJISIXU 3 zN B zk .

1) Iloznaunmo KP — Oe3niu npoctux HuisixiB; KW — 0e3mid BapiaHTIB MOXKJIMBHUX
HUISAX1B.

2) 3amaeMO TIOYATKOBY Ta KiHIEBY BepiiuHy zn 1 zk . [TonoBHioemo KW ={{zn}}.

3) BubOupaemo BapiaHT MoXJuBOoro mnursixy weKW 1 Bumansemo #oro 3
oe3miui KW .
4) Busnauaemo z,, z,,..., z, CyMDKHI BEPLIMHH JUIS LIISIXY W.

5) IlepeBipsieMO KOKHY CyMDKHY BepIIMHY z,, i=1,p, p<N:

5.1) sxmo z,=zk, To KPU{w\Uz} — NONOBHIOEMO MHOXWHY HpPOCTHUX HIIIXiB
HOBHM IPOCTUM IUISXOM;

5.2) sxmo z, "w=, o KW U{wUz} — NONOBHIOEMO MHOXHHY BapiaHTiB
MO>KJIMBHUX IIIISIX1B HOBUM BapiaHTOM.

6) Skmo KW = — MHOXHHA BapiaHTIB MOXJHMBUX ILISAXiB TMOPOXKHSA, TO
noOy0BaH1 BCi MPOCTI IIISAXH, IHAKIIE TIEPEXOAUMO 10 TYHKTY 5.2.

Jns mpuknany po3risHEMO H2 o3
moOyZ0By MPOCTHX MIIAXiB Ha
YacTHUHI Mepexi 3aJII3HUL
VYkpainu, IIpeACTaBICHOL y
CTPOIIEHOMY BHIJISI, cXeMa SKO1
y BUIIAmi rpady HaBeJeHa Ha \ et
puc. 2. -

Posrnsaemo rpad G, mo e S
Mmictuth N =7 BepmuH (puc. 2). HAB e G

. . 12 -
BusHaunmo BC1 IpOCTI NUISAXHA 3 o \ )ﬁg o
6

zn= 2 B zk = 4. TlonoBHIOEMO (

33

Puc. 2 — 3anizandHa Mepexa y BUTIISAI1 Tpady

Ilas-1

MHOKHHY BapiaHTIB

nuisaxiB KW = {{l1}}.
O6upaemo ouH 3 BapiantiB w = {1} ; Bumansiemo iioro 3 Muoxuau KW ={}.
Busnauaemo cymikHi BepmuHM a8 nuisixy w={l} z =3, z,=1; KigbKicTh
CYMDKHHX BEpIIUH p =2.
Tax sk z, # zk, z, # zk , o KP={}.
[TormoBHIOEMO MHOKHHY BapiaHTIB ILIAXiB HOBUMH Bapiantamu KW ={{2,3},{2,1}}.
OO6upaemo ouH 3 BapiantiB w = {2,3}; Bugansemo ioro 3 muoxxuau KW ={{2,1}}.
Busnauaemo cyMmikHI BepmmHH il nunsixy w=1{2,3} z =4, z,=7; KUIbKICTh
CYMDKHHX BEPIIUH p =2.
Tak sk z, =zk,a z, # zk , 10 KP=1{2,3,4} .

[TonoBHIOEMO MHOXUHY BapiaHTIB HUISAX1B HOBUMH BapiaHTaMu
KW ={{2,3,7},{2,1} }.
Posrnsnaroun BapiaHT NIISIXY w=1{2,3,7} - KP=1{2,3,4},
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KW ={{2,3,7,5},{2,3,7,6},{2,1} }.
Posrnsnaroun Bapiant nuisaxy w=4{2,3,7,5} — KP={{2,3,4},{2,3,7,5,4}}.
Posrnsnaroun Bapiant nusaxy w={2,3,7,6} — KW ={{2,3,7,6,5},{2,1} }.
Posrisinaroun BapiaHT HIIIXY w=1{2,3,7,6,5} —

KP=1{{2,3,4},{2,3,7,5,4},{2,3,7,6,5,4} } , a Tako’x BUAAIIEMO IIC¥ BapiaHT 3 MHOXKUHHU

pimens KW ={{2,1}}.

Homaemo npo Bapianty KW ={{2,1}} cymikny BepumHy =z, =7, TOIi
KW ={{2,1,7}}. Tenep nomaemo nmo Bapianty KW ={{2,1,7}} Tpu CyMiXKHI BEpIIHHH
z,=3, z,=5, z,=6. tomi KW ={{2,1,7,3},{2,1,7,5},{2,1,7,6}}. Tax sk z #zk,
z,#zk, a Takox z;#zk, TO KIUIbKICTh MOXJIMBUX BapiaHTiB  IUIAXiB
KP=1{{2,3,4},{2,3,7,5,4},{2,3,7,6,5,4} } .

Posrnsnaroun BapianT nuiaxy w={2,1,7,3}, momaemMo 10 HROTO CYMiXKHY BEPIIHHY
z, =4, tomi KP=1{{2,3,4},{2,3,7,5,4},{2,3,7,6,5,4},{2,1,7,3,4} } , npu upomy
KW =1{{2,1,7,5},{2,1,7,6} }.

Posrnsmaroun BapianT umsxy w={2,1,7,5}, nomaemo o0

HBOT'O CYMIXHY BEpUINHY z, =4, TOI

KP=1{{2,3,4},02,3,7,5,4},12,3,7,6,5,4},{2,1,7,3,4},{2,1,7,5,4} },

npu bomy KW ={{2,1,7,6}}.

Posrnsmaroun Bapiant nuwsixy w=1{2,1,7,6}, momaemo
10 HBOT'O CYMDKHY BEPIIUHY z, =95, TO1
KW =1{{2,1,7,6,5}}. Tax sx z #zk, TO INPOAOBKYEMO
OOIMIYK  MOXIMBHX NUIAXiB. JlogaeMo [0  BapiaHTy
KW =1{{2,1,7,6,5}} cymikny BepmuHy <z, =4, Toxi
KW ={}, npu npomy nomaemo numax w=4{2,1,7,6,5,4} no

MHOXHHH IIJIAX1B, TOJII

KP={{2,3,4},{2,3,7,5,4},{2,3,7,6,5,4},{2,1,7,3,4},{2,1,7,5,4},{2,1,7,6,5,4} }

Kinemns anroputmy. Puc. 3 — I'padpiuna
Ha puc. 3 mpencraBnena rpadivuna peanisaiis MeTOLy peaiisailis METOY

MOOYTOBU MPOCTHUX MIJIAXIB. MOOY/TOBH MTPOCTHX
Taxum yuHOM, 13 BepIIMHU 2 B BEpIIUHY 4 icHY€E 6 ILISAX1B

MOKJTUBUX IUISAX1B PyXy MOI3/0MOTOKIB.

Po3noais moiznonorokiB 3a Hanpsimkamu. Hexait y minrpada H(V,E.) € W(E.)
HamnpsMiB, @ — Aeskuit nwsx 3 W(E,), toni, skmo pedpo e € @, TO MOi3I0MOTIK 10
JaHOMY peOpy BiJ HanmpsMKy mo3Hauumo udepe3 X (e,w). CymapHwmii MOTiK 1Mo pedpy e
cKiaze

N)= Y X(ew). (11)

wel (E.)
enw=e

Bemnmunna N(E.) =max/N(e) BU3HaAYae MaKCHMalbHHHA MOI3JOMOTIK, TOMI SKIIO

ecEs

N(E.)<N to rpad H(V,E.) € HOMYCTHMUM 3 TOYKH 30py MPOMYCKHOI CIIPOMOKHOCTI

HUIAXy. Y BUOAAKY, KOJIM MAaKCUMAaJbHO JOMYCTUMUM MOTIK N y KOXHOTO pedpa pi3Hui,
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10 pomyctumicts rpada H(V,E,) BusHaudaeThcs cmiBBimHOmEeHHIM N(e) < N(e)

Ve e E,. Dopmyna s nigpaxyHky Benunuuau N (e, @) sSBise co00r0 BUpa3

Jle) my,

Xew)=) > P(i,i), (12)
p=lv=j(e)+l

ne P(i,,i,) — NOi300M0TIK 3 i, B i,;

(j(e), j(e)+1) — HOMepH BepIIUH B MapUIPYTi @, AKi 3'€JJHaHI peOpOM e € w;

m,, — 4UCJI0 BEPUIMH y MapIpyTi @ .

Posrmsiaemo rpad G (puc. 4), mo BimoOpaxae 3ali3HUUHY MEPEKY MK 7 MyHKTaMH.
3amaeMo Ha3BH pedep:

el={1,2}, e2={1,7}, e3={2,3}, e4={3.,4}, e5={3,7}, e6={4,5}, e7={5,6}, e8={5,7},
e9={6,7}.

3amaHa MaTpuIls BijicTaHeH R(e) 1 moi3I0MOTOKIB B] MAarOTh BUTJIAI:

[0 39 0 0 0 0 41 2 20 0 5 5 14]
3990 49 0 0 0 0 0 0 18 40 0 17
0 49 0 33 0 0 24 0 0 11 310
Re)=| 0 0 33 0 14 0 7 16

0
1

0 7
0|R=/211 14 0 5

0 0 0 14 0 26 28 310 11 5 0 20 8
0 0 0 0 2 0 12 020 8 220 0 0
41 0 24 0 28 12 0| 6 7 0 0 8 10 0

OOMexXeHHS 3 TMPOMYCKHOI CIPOMOXKHOCTI M KOXHOTO pebpa mpuitMaemMo

onHakoBuM. Bono Gyze piBaum N(e) =140.

BuxopuctoByroun makeT CHMBOJIBHUX obOuucieHs Maple [15 — 17], orpumaemo
PIIIEHHS 3 PO3MOJUTY TOI3J0MOTOKIB Ha MPOCTUX NUIAXaX 3 YpaxyBaHHAM IMPOMYCKHUX
CIIPOMOYKHOCTEH pedep.

Ha mepmomy ertami BUKOHaHHA 3aBJaHHS MOOyAyeMO OCTOBHHH rpad MiHIMaabHOL

cymaproi gomxkunau [2 — 3] H(V,E.), sxwii noka3zano Ha puc. 5. CymapHa JOBXKHHA
nooynoBanoro rpada H(V,E.) cranoBute L(E,)=171, Habip pebep nanoro rpada sBise
coboro E, ={el,e3,e4,e5,e6,e9}.

3

&
R , Puc. 5 — OctoBHuii rpad MiHIMaIbHOT
Puc. 4 — Buxigawuii rpad mepexi CYMApPHOT TOBKHHH

[loOynoBaHa MHOXKMHA BCIX MPOCTHX HUISXIB 3 I B j, MpU YoMy I< j, TOOTO
PO3MIISAIA€THCS OMH HAPSIMOK (Tyan), 1us rpada H (V, E.) npencrasieHo B Tabm. 1
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Tabmuis 1 — [epenik nuisxis rpaga

3\B B2 B3 B4 B5 B 6 B7

31 [el] [el, €3] [el, €3, ed] [el, e3, e4, [el, e3, e5, [el, €3, e5]
eb6] e9]

32 - [e3] [e3, ed] [e3, e4, eb] [e3, e5, e9] [e3, e5]

33 — — [ed] [e4, e6] [e5, €9] [e5]

34 - - - [e6] [ed, e5, e9] [ed, e5]

35 - - - - [e6, e4, e5, [e6, ed, e5]

e9]
36 — — — — — [e9]

Posmozin moi3monoToky Ha MHOKHHI MPOCTHX HUISIXIB 3TIHMCHIOETHCS HACTYITHUM
YUHOM: 3 BepIIMHU | B BepmInHy 2 1o nusxy [el] peamizyeTbes mOi3A0MOTIK 2; 3 BEPIIMHU
1 B BepmmHy 3 mo nuiaxy [el, e3] peamizyerbest moizgonoTik 20; 3 BepmHUA 1 B BepIIMHY
5 mo Xy [el, €3, e4, e6] peanizyeTbest MO3AOMOTIK 5; 3 BepIIMHU | y BEpIIUHY 6 1O
nuixy [el, e3, e5, e9] peamizyeThcs MOI3AOMOTIK 5; 3 BEPIIUHU | y BepIIUHY 7 MO NUISAXY
[el, €3, e5] peamnizyeTbes moi3nonoTik 14; 3 BepmmHU 2 y BepuIuHy 4 mo nuisxy [e3, e4]
peanizyeTbes MOI3MOMOTIK 18; 3 BepmMHH 2 B BepHIMHY S5 Mo mUIAXy [e3, ed, eb6]
peanizyeTbes moi3aonoTik 40; 3 BepmIvHA 2 Y BepIINHY 7 MO NULIXY [e3, eS] peanizyeThes
noi30moTik 17; 3 BepimaM 3 B BepIIMHY 4 10 NUIXY [e4] peanizyeTbes moizaonoTik 11; 3
BEpIIMHU 3 B BEPIIUHY S5 10 NIIAXY [e4, e6] peani3yeThes MOI3I0MOTIK 7; 3 BEpIIUHU 3 B
BepIIMHY 6 TI0 NUIAXY [e5, e9] peanizyeThCs MOI3I0MOTIK 3; 3 BEPIIUHU 3 B BEPIIUHY 7 MO
nuiaxy [eS] peanizyetscs moizmonotrik 10; 3 BepmmHM 4 B BEepmIMHY 5 MO HIIAXY [e6]
peanizyeTbcs TOI3AOMOTIK 5; 3 BepmmHM 4 B BepmmHy 6 mo nuisixy [e4, e5, e9]
peanizyeTbes MOI30MOTIK 7; 3 BEPIIMHH 4 B BepIIUHY 7 MO NUIAXY [e4, eS| peamizyeThcs
noi30MmoTiK 16; 3 BepmmHM 5 B BepIMHy 6 1o HUIIXY [e6, ed, e5, €9] peanizyeThcs
noi3gonoTik 20; 3 BepmIMHM S5 B BEpUIMHY 7 MO HUIIXY [e6, e4, e5] peanmizyeThcs
MOT3/I0MOTIK 8.

[Ipy ngaHoMy poO3MOAUTI HAaBaHTAXXEHHS Ha KOXHE pedpo 3a MOi3I0NOTOKOM
Bij0OpaxxeHe B TabI. 2.

Tabnuus 2 — HaBaHTaxkeHHs pebep 3a Moi310M0TOKOM
Pebpo el e3 e4 e5 eb €9
JloBxnHa 39 49 33 24 14 12
[Toi3momoTik 46 119 132 95 65 35

Jlauuii  po3mojin  MOI3AO0MOTOKIB  3a/J0BOJIBHSE  OOMEXKEHHS 3 MPOMYCKHOT
CITPOMOIKHOCTI.

A 3HayYeHHSA  TOKa3HWKAa  pAIlOHAJBHOCTI  PO3MOJLITY  TOTOKIB  CKJIaje
Pr(E+)=15591 noiz00-km.

MuoxwuHa pebep, siki e yBiinum B rpad H(V, E.) sBuse coboro {2, €7, e8}.

[ToOymyemMo BC1 MOXKITHBI KOMOIHAITIT 3 €IEMEHTIB TaHOT MHOKUHU

QE={{e2}, {7}, {8}, {2, €T}, {e2, e8}, {€7, e8}, {2, €7, e8}}.
Bubuparoun 3 moOyaoBaHOi MHOXKHHU KOMOIHaIii0 pebep MiHIMaIbHOI Baru, mo uepsi
noxaemo ix jgo rpada H(V,E.) i mpoBOAUMO PO3MOJUT MOI3JOMOTOKY HA OTPUMAHOMY
rpadi 1 BCIX MPOCTUX MUISAXIB.

ToOTo HacTymHUM KPOKOM JUIsl pO3MOUTY TOI3J0TIOTOKY Oyze 1oaaBaHHs A0 rpada

ISSN 2079.5459. Bicnux HTY “XIII». 2013. Ne56(1029) 72



H((V,E.) pebpa {e7}, Bara sikoro !
JOpIBHIOE 26, puc. 6.
Tenep MHOXXMHHA pebep naHoro rpada
ABJISIE COOOIO0
E, ={el,e3,e4,e5,e6,e7,e9} . Poznonin
MOTOKY 3 JI0JJaHUM peOpoM BiOyBaeTbCs
aHAJIOTTYHUM YMHOM: 3 BEpIIUHU | B
BEpIIMHY 2 10 IIIAXY [el] peamizyeTbes
MOT3/IOTOTIK 2; 3 BepIINHU 1 B BepInHy 3
o nuixy [el, e3] peanmizyerbes
noi3aonoTik 20; 3 BepmuHU | B BEpIIUHY
5 mo mutaxy [el,e3, e4, e6] peamizyeThcs
MOT3/I0MOTIKS; 3 BepIIMHU | y BepmIuHy 6
o nuisIxy [el, e3, e5, e9] peamizyeTbcs MOI3AOMOTIK 5; 3 BepUIMHU | y BepHIMHY 7 TO
nusixy [el, e3, eS] peanizyeTbest moi3monoTik 14; 3 BepmuHU 2 y BepUIMHY 4 10 IUIIXY
[e3, e4] peani3yeTbes MOi3OMOTIK 18; 3 BepInHN 2 B BEPIIMHY S MO HUIAXY [e3, e4, e6]
peanizyeTbes moizaonoTik 40; 3 BepvHM 2 Y BEepIINHY 7 MO NULIXY [e3, eS] peanizyeThes
nmoi30moTiK 17; 3 BepimHaM 3 B BepIINHY 4 10 NULIXY [e4] peanizyeTbes moizaonoTik 11; 3
BEpIIMHU 3 B BEPIIHUHY S5 10 NIIAXY [e4, e6] peani3yeThes MOI3A0MOTIK 7; 3 BEpIIUHU 3 B
BEpIIMHY 6 TI0 NUIAXY [e5, e9] peanizyeThCs MOI3I0MOTIK 3; 3 BEpUIMHU 3 B BEPIIUHY 7 TIO
nusixy [e5] peami3yeTbes moizgonoTik 10; 3 BepmmHN 4 B BEpImIMHY S5 MO mUIAXy [e6]
peanizyeTbes MOI30MNOTIK 5; 3 BepIIMHH 4 B BepIIUHY 6 MO NUIAXY [e6, e7] peamizyeThes
MO3J0MOTIK 7; 3 BepmuHU 4 B BepmuHy 7 mo nuisaxy [e6, e7, €9] peamisyerbcs
noi30moTiK 16; 3 BepmmHM 5 B BepiuHy 6 1o HUIsAXy [e7] peamidyeTses moizaonoTik 20; 3
BEPIIMHU 5 B BEPIIMHY 7 IO HUIAXY [e7, €9] peanizyeThcs MOi3I0MOTIK 8.

[Ipy 1BOMY pO3MOALT HAaBAHTAKEHHA Ha KOXHE pedpo 3a MOI3J0MOTOKOM
BiIoOpaxxeHuit B TabmI. 3.

7
6
Puc. 6 — JlonaBanus pebpa {e7} no rpady
MIHIMaJIbHOT JTOBKHUHU

Tabnuns 3 — HaBantaxeHHs pebep moi3JomnoToKoM

Pebpo el e3 e4 e5 e6 e’ e9
JloB)KHHA 39 49 33 24 14 26 12
[ToizmomoTik 46 119 81 49 80 51 32

OTpuMaHi 3HaY€HHS HE MEePEBUITYIOTh OOMEXKEHB 3 MPOIMTYCKHOT CIPOMOXKHOCTI.

3HaueHHs TMOKa3HHWKa PalliOHATBHOCTI PO3MOJiLTY MOTOKIB ckimane Pr(E,)=14304
noi300-KM.

JIJIS TT0aTBIIIOTO PO3MOJILTY MOi3I0M0TOKIB, Aogaemo B rpad H(V,E.) xomOiHarii
pebep 3 mHOkuHH QF . 3HauCHHS MOKA3HUKIB PAliOHAILHOCTI PO3MOALTY MOTOKIB ISt

naHux rpadis 3BeeMo B Tab. 4.
Cepen po3rimsaHYTHX 8 BapiaHTiB (Mo4YMHAW4M 3 Tpada MIHIMATBHOI JOBXKHUHU
H(V,E.), i 3akinuyroun noBHEM rpadoM (G ) TUIbKH YOTUPH HE3PIBHAHHUX MiX COOOIO

no ITapero [12]. Lle Bapiaut 1 rpada H(V,E.), nosxuna uuisixy sikoro L(E,)=171 xkm,
3HaueHHs nokasHuka Pr(E,)=15591 noiz00-km; Bapiant 2 rpapa H(V,E.) (mo rpada
H(V,E.) nomamu pebpa {e7}), nmomxkwmHa uuiixy sikoro L(E.)=197 xu, 3HaYeHHS
nokasuuka Pr(E,)=14304 noiz0o-xm.
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Tabnuns 4 — 3HadeHHS MOKa3HUKIB PaIliOHAILHOCTI MPH JI0/IaBaHHI B rpad
KoMOiHaIlii pedep, MOUMHAIOYY 3 MIHIMAJIBHOI Baru

Howmep PeOpa, Bara pe6ep, 1o Cymapna 3HavyeHHS TOKa3HUKA
BapiaHTa | MIOJIOAIOTHCS | JOMAIOTHCS, KM | IOBXKHHA IIJIAXY |  PamlioHaIbHOCTI,
1o rpady rpada,km 013710~ KM
1 - - 171 15591
2 e’ 26 197 14304
3 e8 28 199 14442
4 e2 41 212 14067
5 e7, e 54 225 15364
6 e2, e’ 67 238 12215
7 e2, el 69 240 12303
8 e2,e7,e8 95 266 11925

Bapiant 6 3 Tabn. 4 (no rpada H(V,E.) nomamu pebpa {e2, €7}); TOBKHHA ILIAXY
L(E,) =238 xm, 3HaueHHs nokazuuka Pr(E,)=12215 noiz0o-km; Bapiant 5 3 tadiu. 4 (10
rpada H(V,E.) nomamu pebpa {e2, e7, e8}), noxuna nuiaxy L(E.,)=266 km, 3HaUCHHS
nokasuuka Pr(E,)=11925 noiz00-xu; Bapiant 8 3 Tadn. 4 (no rpadva H(V,E.) nonamu
pedpa {e2, e4, €9}); nosxuna nusaxy L(E.) =266 xu, 3HaueHHS MMOKa3HUKA
Pr(E,)=11925 noizoo
-KM, @ PEIITa «TipIIi»,
HIXK Il YOTHPH.

I'padiune \Q\
MIPEICTABIICHHS
HegpiBH}IHHI/IX MIXK 200 —°
co6oro 1o I[lapero *2

. . P 180 T~
BapiaHTIB ‘®
MpeACTaBICHO Ha 160
11500 12000 12500 13000 13500 14000 14500 15000 15500 16000
puc. 7. L, km
Takum yuHOM,
PIIIICHHSAM 3aBJIaHHS
BEKTOPHOI ONTHUMI3aIii
(9)3a ymoB (2) 1 (6) a1 pO3TIITHYTOTO MPUKIIaMy € Bapiantu 1, 2, 3, 5, ta 8 3 Tabdmn. 4, mo
3HAYHO CKOPOTHJIO YHUCIIO YCIX MOXKJIMBUX BapiaHTIB PIIICHB IS MPUIHATTS PIllICHHS.

280

260

N
S
o

Pr, noizgo-km
N
N
o

Puc. 7 — I'padiune npeacTaBieHHs HE3PIBHAHHUX BapiaHTIB MO
[Tapeto

BucHoBku. 3a1a4a po3noAUTy MOTOKIB MOi3/11B HA MEPEXi Ma€ psiJ HeJAOMIKIB:

—  3ajlaya BUPINIYETHCA ISl OTHOPITHOTO BAaHTAXKY;

—  TPU3HAYCHHS MOi3I0MOTOKIB HE BUTPUMYIOTHCS;

—  HE BPaxOBY€THCA MPOIMYCKHA CIIPOMOXKHICTh 3aJII3HUYHUX JUISHOK;

—  IpY BU3HAYEHHI ONTUMAIBHOTO PO3MOALTY BPaXOBYETHCS JIUIIE OJUH KPUTEPIiii;

—  HeMae€ MOXJIMBOCTI BpaXxyBaTH 0araToKOJiHHICTh IEPETOHIB;

—  He BpaxOBYIOTHCS Pi3HI KaTeropii moi3uis;

—  HE BpPaxXOBYIOTbCA pi3HI Koe(]iieHTH 3MOMYy MPOMYCKHOI CIPOMOYXKHOCTI
noi3aMu, Ta 1HIII.

Tomy po3moain moi3A0NOTOKIB MO Mepexi HeOOX1THO BHUKOHYBATH 3 ypaxyBaHHSIM
3a3Ha4eHUX (HaKTOpiB Ta OOMEKeHb. TakuM UYWHOM, PINICHHSM 3aBIaHHS BEKTOPHOI
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ontumizaiii (9) 3a ymoB (2) 1 (6) 1151 po3rIsIHYTOrO NpUKiIagy € Bapiautu 1, 2, 3, 5, ta 8 3
Tab. 4, 110 3HAYHO CKOPOTHJIO YUCJIO YCIX MOXJIMBUX BAapIaHTIB PIIEHb JJIs MPUUHSITTS
pimenHs. Bubip KOHKpeTHOTO BapiaHTy, 1€ BXKE 3aBJIaHHS HE MaTEeMaTUYHE.

OTxe, 3aBJaHHS BH3HAYCHHS paIllOHAIBHUX TIOTOKIB Ha MeEpeki Moxe OyTH
MPEICTaBIeHO K 3a7adya BEKTOPHOI OMTHMIi3allii 3 BiAMOBITHUMH OOMEKeHHIMH. [laHa
3aJjaua Ma€ MIMPOKE 3aCTOCYBAHHS.

Skmo posrnsgatu rpadp G(V,E) sk Momenb 3ami3HHMYHOI MEpEkKi, BEPIIUHU —
HallMEHYBaHHS BiJIOBIIHUX MYHKTIB MPU3HAYCHHS, TO po3yMitoun mijx R(e) — BiacTaHsb, a
niy B, — moi3fomoTik MiK myHkTamu [ Ta j, L(E.) sBIsA€ COOOH JOBKUHY MEpexi

BaHTAXHUX TepeBe3eHb, a Pr(FE,) 3 TOYHICTIO J0 MOCTIMHOTO MHOXXHHMKa BiloOpakae

BUTpPATH Yacy Ha MepeBe3CHHS.

Pimenns manoi 3amayi 103BOJISIE 3HAYHO CKOPOTUTH YMCIIO YCIX MOXJIMBUX BapiaHTIB
pillieHb, 1 JTOTOMOITH TPHUHHATH pIlIeHHS, cepea He3piBHAHHHMX mo [lapero BapiaHTiB,
BHOpaTH ONTUMAaIbLHUH.
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@opMyBaHHA pPalioHAJLHUX MOTOKIB MOi3AiBHA Mepe:xi 3amizauub / Yuodico 0. B. / Bicauk
HTY «XIII». Cepis: Hosi pimenns B cydacHux texHomorisax. — X: HTY «XIII», — 2013. - Ne 56 (1029). —
C.66-76 . — bibmiorp.: 17 Ha3s.

B nanHOM crathe mpeIoKeHa MaTeMaTH4YecKas MOJENb PAlUOHATIBHOIO pacrpeesieHUs
MI0E3/I0MTOTOKOB IO JKEJIE3HOJOPOKHOH ceTn. OCHOBHAs LeNb HCCIeNoBaHUI — pa3paboTka aaroputrMma
(GopMHpOBaHUS HANpaBJICHUH IOE30MOTOKOB IO KpaTdailllieMy MyTH CETH >KeNe3HBIX JOpOor, YTO
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o0ecreYynT MIHUMAJIbHBIE PACcXOJIbl YHEPTOPECYPCOB Ha MPOJIBMKEHHE MOE3/I0B. PacnpeieneHre moTokoB
[0 CeTH BBINOJHEHO C IOMOIIBI0 TeopHu rpadoB. B kadecTBe KpHTEpHs ONTHMAILHOCTH BBIOpaH
MUHUMYM TI0€3/10-KHJIOMETPOB Tpodera.

KnioueBble cj10Ba: JKeNe3HOJOPOXKHAs CETh, IOTOK IIO€3/I0B, MaTeMaTH4YecKas MOJelb,
palMoHaIbHOE paclpeelIiCHUe, BEKTOpHAs ONTHMHU3AIHS.

Mathematical model of the rational trainflow distribution on the rail network was offered in this
article. The main purpose of research work is development of the algorithm which will help to make the
shortest paths of the trainflows, which will provide a minimum expenditure of energy resources to the
promotion of trains. The trainflows distribution on the network was made with the help of the graph
theory. The minimum of the train-kilometers was chosen as the optimality criterion.

Keywords: railway network, train flow, mathematical model, rational distribution, vector
optimization.
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AHAJII3 1 OGTPYHTYBAHHS PU3UKIB IHHOBAIIIMHOI
JIAJIBHOCTI BH3

CraTTss TpHUCBSYEHA JOCTIPKEHHSM MO0 BU3HAYCHHS PHU3WKIB IHHOBALIHHOI MiSUTBHOCTI BHIIUX
HaBYaJIbHUX 3aKIaJiB Ta (akropiB, IO iX CHOPUYMHAIOTE. B poboTi OOrpyHTOBaHI MiIXoau [0
kinacugikanii iHHoBaliMHMX pu3ukiB BH3 1 HaBeneHo MexaHI3MH CBO€YacHOro iX YCYHEHHsA abo
MOTIEPEKEHHSI, 110 MIBUIIUTH PE3YIbTATUBHICTH AISUIBHOCT] BULIIMX HABYAJIbHUX 3aKJIaJIiB.

Kurouosi ciioBa: pusuku, iHHOBaIlii, oriHioBanHg, BH3, knacudikartis.

Beryn. B yMoBax MIBUAKOIUIMHHUX BHUMOT CIIOKHBa4da OCBITSHCHKUX TMOCIYT
(MaitOyTHBROTO (haxXiBIsI 3 OJTHOTO OOKY 1 poOOTOAABIIA — 3 IHIIIOTO), OCHOBHUM HaIPsSIMOM
PO3BUTKY 1 3acO00M MIABHIICHHS IMIDKY BHUIMUX HABYAJIBHUX 3aKJIaJliB, € YCIHIIIHE
3MIMCHEHHS 1HHOBAIIIMHOI MISUTBHOCTI, 0€3 SIKOi HeMOXXJIMBa MOJIEpHI3aIlis HaBYAIBHOTO
nportiecy. OcobIuBO 1€ aKTyaJlbHO ChOTOJ/IHI, KOJIM HA PUHKY OCBITSHCHKUX TMOCTYT e
KOPCTOKA KOHKYPEHIIis 32 abiTypieHTa.

3rigHo [2, 3] iHHOBaIiliHA TISUTBHICTB — I1€ KOMIUIEKC Jiid, METOIO SIKOTO € CTBOPCHHS,
BUPOOHUIITBO Ta MOITUPEHHS HA PUHKY MPOAYKTIB, TEXHOJIOT a00 MOCIyT — pe3ybTaTiB
HaykoBoi mpairi. To0To, Sk BUIHO 3 BH3HAYCHHS, BOHA Ma€ 3 OCHOBHI O3HAaKH — KIHIICBY
peaiizaiito, HOBU3HY MPOAYKTY a00 TEXHOJOTIH YW TiIXOJIB, MO0 3aCTOCOBYIOTHCS Ta
paIlioHabHUN XapaKTep UIA CII0KHBaYa.

Ha xadenpi metposorii, ctangaptusamnii, ceprudikaiiii KuiBcrkoro HaiioHamabHOTO
VHIBEPCUTETY TEXHOJOTIM Ta MU3allHy MPOTITOM OCTaHHIX IT'SITH POKIB MPOBOAUTHCS
HU3Ka JOCIIKEHb, TOB’SI3aHUX 3 BHUPINICHHSIM MHUTaHb 1HHOBaMiiHOI mMisitbHOCTI BH3,
30KpeMa BU3HAYCHHSA Ta 3aM00iraHHs IHHOBAI[IMHIX PU3UKIB.

MeTta po6oTu. MeTor pob0OTH € aHaTI3 TPUHITUIIIB 1 IMAXOIB II0I0 OI[IHIOBAHHS Ta
BU3HAYCHHS PH3UKIB, NPHUTAMAaHHUX I1HHOBAIIMHIA JUSUTBHOCTI BHUIMX HAaBYAJIBHHUX
3aKJIa/IiB.

AHaJi3 ocTaHHiX AocjailzkeHb Ta myOJikanii. OCHOBHI MIAXOAM A0 BHU3HAUCHHS
MOHATTS Ta CYTHOCTI pPU3UKIB HaBEACHO Y Tpallsix [6,9], skl moka3yroTh 6araToacrieKTHICTh
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