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PA3PABOTKA MATEMATHYECKOM MOJIEJIX TEXHOJIOT U
KPOCC-AOKHHI'A HA KEJIE3HOJOPOXHbBIX CKIAJAX

Ypmanosa 3.A.
TamKeHTCKUI HHCTUTYT UHXKESHEPOB JKEJIE3HOJOPOKHOr0 TpaHcopTa (TamkeHt, Y30ekucTaH)

Ha cerognsnauii 1eHb BO3HUKAET YCTOHUYWBAS TEHACHIIUS POCTa OOBEMOB IEPEBO30K TAPHO-YIMAKOBOYHBIX TPY30B.
OcHOBHas IPUYMHA - YCKOPEHHOE Pa3BUTHE MAJIOTO U CPEIAHEro Ou3Heca. B CBS3M ¢ 3ITUM BO3HHKAECT HEOOXOIUMOCTh B
PaCCMOTPEHHUU COBPEMEHHBIX TPAHCIIOPTHO-CKIAICKUX TexHojorui. [TocTaHOBKa MPOOJIEMBI 3aKITIOYAaETCsl B TOM, YTO
3a4acTyIO0 MPOUCXOIAT MPOCTON TPAHCIIOPTHBIX CPEIACTB M3-3a HECOTJIACOBAHHOCTH TPAHCIIOPTA MPHOBITHS M OTIPaBJIC-
HUS, a TAKKE UX HEPAIMOHAJILHOI'O UCIONb30BaHusl. [leb Bcelr pabOThI COCTOMT B TOM, YTOOBI MTOKA3aTh TEXHUYECKYIO
U DKOHOMHYECKYIO LIEJIECO00Pa3HOCTh JUISl JKEJIE3HOM JOpOTH Pa3BHTHS TEXHOJOTMH KPOCC-JAOKUHTA. JTa ILelb pac-
cMaTpHBaercs B padoTe Kak He4TO HOBOE /ISl CKIIAJICKOW CHCTEMBI )KEIe3HOJOPOXKHOTO TPaHCIIOPTa, OCHOBHOM 3a1avei
KOTOPOT'0 YacTO CUUTAIOT TOJBKO MPAMYIO MEperpy3Ky. MeTombl HcCieoBaHus 0a3upOBaIkCh Ha TCOPHUH ONTHMHU3A-
UM XO3SWCTBEHHBIX CBsI3¢H M KOMIUIGKTHBIX ITOCTABOK. B cTaThe mpemiokeHa MaTeMaTH4YecKas MOJEHIb KpPOcC-
JIOKHMHTa, TPEIOCTaBIAIONIAas Hanboiee ONTUMANIBHBIA BapUaHT IEPEBATIKU IPY30B Ha JKEJIC3HOIOPOXKHBIN CKIIAJ U IO-
CIIEIYIONIYI0 UX JOCTaBKYy J0 KOHEUHBIX moTpeduteneil. Takke Ha OCHOBE NPEIUIOKEHHOW MaTeMaTH4ecKOH MOJeNn
MOCTPOEHa UMHTANIMOHHAsI Mozienb B cpene Microsoft Excel. JlanHoe mcciienoBanne mokaspIBaeT, YTO IPUMEHEHUE TeX-
HOJIOTUH KPOCC-JOKHHTA MO3BOJISIET CKIIAICKOW CUCTEME YIYUIIUTh PeoOpa3oBaHusl rpy30M0TOKa.
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Ha ceronssmHuii 1€eHb BO3HMKAET yCTONYM-
Bas TEHJCHIIUS poCcTa 0ObEMOB MEPEBO30K Tap-
HO-YIIAaKOBOYHBIX I'py30B. OCHOBHas MpHUYKHA -
YCKOPEHHOE Pa3BUTHE MAJIOTO U CPEAHEro Ou3-
Heca. YuMThIBasg CKJIaJbIBaroniecss 00cTos-
TEIbCTBA, IKEJIE3HOJAOPOKHOMY TPAHCIOPTY
ClIelyeT yIelnuTh 0co00€ BHUMAaHHE Pa3BUTHUIO
CKJIQJICKMX KOMIUIEKCOB, UX (YHKIHMOHHPOBA-
HHUIO ¥ ocHameHuio [5]. O4eBUIHO, 9TO TaKue
CKJIaJICKH€ KOMILJIEKChI MOTJIM Obl OOCIIYy>KHUBATh
KaK BHYTPEHHHE, TaK U TpaH3UTHbIE Ipy3bl. B
COBPEMEHHOM MHPE JKEJIE3HOIOPOKHBIM CKIIaL
HE OTpaHUYMBAETCA TOJIBKO IMEpeBajKoil ¢ of-
HOTO BUJA TPAHCIIOPTA Ha JAPYroi, HO U pa3BU-
BAE€T JIOTIOJHUTENbHBIE YCIYTH B KOMILJIEKTAI[UU
u coptupoBke [7]. Heo6xoaMmMocTh MOCTOSTHHOM
peayiv3aliii MPOIYKIUU B YCIOBUSAX >KECTKOMN
KOHKYPEHILIUU NPUBOJUT K MOUCKY PA3IUYHBIX
CXEM JIOCTaBKH JI0 KOHEUHbIX noTpedureneil. B
CBSI3M C ATHM aKTyaJlbHbIM CTaHOBHUTCS BOIIPOC
MIPUMEHEHHS TEXHOJIOTHH «KPOCC-IOKHHI.

Hcxons u3 NpuHIUIIOB MOCTPOEHUS TEXHOJIO-
MU KPOCC-JJOKHHIA, BBIACISIOTCS [[Ba OCHOB-
HBIX €0 BUJA:

- OJTHOATAIHBIN KPOCC-AOKHUHT;

- IBYXATAIHBIN KPOCC-TOKUHT (pick-by-line).

[Ipy wucnonb30BaHUM OJHOATAIIHOTO Kpocc-
JOKMHIa TPY300THPAaBUTENb AJPECyET TPy3 OI-
peleIeHHOMY rpy30Imoaydareinto. JlaHHbli rpy3
IIPOXOJUT Yepe3 CKIIaJ B KaYECTBE OTIEIBHOTO

HEU3MEHHOTO 3akasza. [lomoOHBI 3Tam Kpocc-
JOKWHTa OOBIYHO HAa3bIBACTCS MPSAMOW Iepe-
IPY3KOH.

JIByXaTamHbeiii  Kpocc-IOKUHT  (pick-by-line)
MPEANOoJIaraeT, YTo MapTus rpys3a, OTIPy>KeHHAs
TPY300TIIpaBUTEIEM Ha CKJIaJl B KaueCTBE Ipy-
30BOM eauHMIBI, Oyaer mepedopMupoBaHa B
COOTBETCTBUU C TPEOOBAHUSAMU TPY30I0Tyda-
Tens. J[aHHas TEXHOJIOTHSI OOBIYHO TPUMEHSITCS
Ha y4acTKe COPTUPOBKU U KOMIUICKTAITUH.

B 060ux cnoco0ax MmogHOCTHIO UCKITIOYAETCS
pa3menieHue ToBapa Ha xpanenue [ 10].

B cnyuae, xorna ToBap npuxoauT chopMupo-
BAaHHBIM B 3aKa3bl (IIApTHH), KOTOPbIE HYXKHO
TOJBKO PacCOpPTUPOBATH IO TPAHCHOPTHHIM
CpencTBam, T.€. KPOCC-IOKHHT MPOU3BOIUTCS B
OJIMH 3Tall, MOXHO BBIJICJTUTH CJCAYIOUIUE €ro
BUJIBI (TA0M. 1).

Pa3zpaGorka Moaesd KpOCC-JOKMHIa Ha
JKeJIE3HOOPOKHBIX CKJIaJaX.

JlanHyro 3agady ¢ meperpy3kod Tpy30B Ha
YKEJIE3HOJOPOKHBIX CKIIagax JUisl JajdbHEWIIei
€ro JIOCTaBKH K KOHEYHBIM TOTPEOUTEISIM TSI
yn00cTBa HEOOXOIUMO CBECTH K KIIACCHYECKOU
TPaHCIIOPTHOM 3ajade. JlomycTtuMm, mmeercs m

(i= I,_m) rpy3ooTnpasurenci, n ( j =L_’7) rpy-

3ononydareneii u p (k =1, p) mepeBanovHbIX

CKIIQJICKUX KOoMIUIeKcoB. O003HauuM 4epe3 a; u
b; COOTBETCTBEHHO OOBEMBI IOCTAaBOK M TIOT-
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Tabnuna 1
Buapl kpocc-IOKHMHra Ha KEJIE3HOJOPOKHBIX CKIaIax
No HaumenoBanue XapaKTeprucThka I'padmyeckoe npeacraBiacHue
1 | Ileperpyska uyepe3 | [Ipoucxoaut 3aMeHa
YKEJTe3H0/10p O’KHBII TPaHCIIOPTHOTO CpeNCTBa
CKJIa 0e3  pachopMmupoBaHHS oo
rpy30BOM €AMHUIIBI i i I
XQne:mAnDanm mrnsauuun—nuarusaoﬂaun sunc'rm(
2 | Packonconmmanus OnuH TOCTaBIIMK — He-
CKOJIBKO Tpy30Ioiiydare-
Heﬁ HOI[aeTC)I HCCKOJIBKO Al'rnnnaum.uun ncl'uasnllucr—unarpsauuuun suucmx
MallIVH, B KOTOPBIX TPY3 U
OTIIPABJISIETCS KOHEYHBIM
TPy30MO0JIydaTeNsIM
Xeneauonuno:nm mrnuaomo-nuarnsacmun NUCTDK
3 | Menkue oTIpaBKu Heckonbko rpy3ooTnpa-

BUTENEN — OJIUH TPy30I10-
JTy4aTenb.

00000

ABTOMOBM/BHLIA NOMDY3 0MHO—DASMDNIOWHHEA SHOCTOK

=1

Xene :Honnpoxl-lun MoreyzoyHo-D uzrnu:oumn sl-)ucfuk

IToncoptupoBka
CKJIa/1a

Cco

K npumenmemy rpy3y
MpH TIeperpy3ke B BaroH
nmobaBisieTcss rpy3, Xpa-
HAILIMICS Ha CKIIaJE.

100000

ABRTOMOBWAbHLIA MOMSY30UHO—a3Fo¥30UHHA SUOCTOK

XeneaHoAOPOXHHR MOrPY30UHO—-PO3FPY3ONHHRA YUDCTOK
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pebnenus. Ilycty di — MOWHOCTD k-ro CKian-
CKOI0 KOMILIEKCA; Cix U Cjj - COOTBETCTBEHHO
CTOMMOCTh TE€PEBO3KH EIWHUIIBI I'py3a OT TO-
CTaBIIMKOB Ha IEPEBAJIOYHBIE CKIIA/IBI U C TIepe-
BAJIOYHBIX CKJIQJOB - K moTpebutensm. Torma
MaTeMaTH4ecKas MOJIeJIb paccMaTpuBaeMoil 3a-
Jau¥l IPUMET BU]]

m p p n )
Z:ZZCikxik+ZZC,‘jx,g—>mm €))

i=1 k=l k=1 j=1
IIPU OTPAHUYECHUSX:

14 m
D xy <ay; Zx,g.sb,.;
k=1 i=l1

2)

rae di - IpOIyCKHas CIOCOOHOCTh IepeBajoy-

m
DXy <diy x,; 20, xy >0,
i=1

HOTro

Jj=1,n — rpysonomydarens); xji, Xi - 00bEM
JIOCTAaBKHU 0 MapIIpyTy; a; - BEIUUYUHA pecyp-
COB Y I-I'0 MOCTABILUKA; b; - BEIMUNHA 3aKa3a j-
ro NoTpeduTens.

Torna maTpuiia paclIMpeHHON 3aaayu Oyaer
UMETh BUJI, YKa3aHHBIN B Ta0II. 2.

B mepBom (1eBom BepxHem) Omoke I otpa-
KAIOTCSl CBSA3M IPY300TIIpaBUTENIEH C IepeBa-
JIOUYHBIMM cKiIagamu. B uyerBeprom (mpaBom
HxHeM) [V O1oke oTpakarorcs CBS3M NepeBa-
JIOUHBIX CKJIaJIOB € Tpy3onoiydarensimMu. Bto-
poil (mpaBeiii BepxHuil) Omokx Il mokasbiBaeT
CBSI3M I'PY300TIIpaBUTENEH C TPy30I0IydaTes-
Mu. [TockoabKy 10 yCIOBHIO 33/1a4dl HETIOCPEI-
CTBEHHBIE NEPEBO3KU OT IPy300TIpPaBUTENEH K
Ipy30M0JyJaTessM 3anpenieHbl, T B 3ToM 0J10-
Ke Bce Tapudbl CUNTaIOT paBHBIMU M. B kavect-

cknaga (i =1,m-Tpy300TIpaBUTEb;

Tabmuma 2
CTpyKTypa MaTpHUIlbl PACIIMPEHHON 3a/1a4
[ToTpebutenu n ux 00BEMBI
S D, D, | B B,
2| =
= =)
218
g 5 d; d, b; b,
o) o
= | =
A] a
Do I i
A, | an
D, | d;
11T v
DP dP

BE 3HAYCHUS uucia M TPUHUMACTCS 3aBEIOMO
Oonbmioe yucio. Tperuidt (N€eBbIA HIKHUN)
ook III oOpasyercss mo cTpokam U CTOJIOIaAM
NepeBaJIOYHBIME CKJIaTaMu. Tak Kak IMepeBO3KU
MEX]ly TIepeBAIOYHBIMU CKJIAJaMU 3aIpeIiaoT-
Csl, TO COOTBETCTBYIOUIME IIOKA3aTEd TaKXKe
cuutarorcs paBHbIMU M. B sueiikax 6moxka 111, B
KOTOPBIX OTPAXKAIOTCS CBSI3UM  TEPEBATOYHBIX
CKJIaJI0B caMu ¢ co00i, Tapu(bl paBHBI HYIIO.
JlnaroHaib U3 HYJIEBBIX Tapu(OB, OTpaKAIOIIASL
CBSI3W TIEPEBAIIOYHBIX CKIIAJIOB CaMH C COOOM,
Ha3bIBaeTCsl (PUKTUBHOIA.

Hwke npuBeneHa MMUTAIMOHHAS MOJETb,
noctpoenHas B cpene Microsoft Excel. Matpu-
1a Tapu(oB, IPUHATHIX TIPU TPOBEICHUN MO/Ie-
JUPOBaAHUs MOKa3aHa Ha puc. 1. 3a/1aB 1eIeBYIO
¢yukuuio (1) ¢ orpanuueHusmMu (2), NOIy4uM

Pe3yNBTUPYIONIYIO MAaTpULly (puc. 2).

A B C D E F G H | ] K L M N
1 MATPULA TAPUDOB
2 i1 g2 lms lme [ms Jms g1 [z B3 [ea [es  [es
3 |Al % 5 1 4 2 3 120
4 |A2 5 6| 4 1 8| 3 80
5 |A3 3 1] 5 2 1 3 300
6 |Ad | 1 4 3 5 2] 250
7 |AS 1 3 3 2 8| 4 50
g o1 5 3 4 1 5 2l 100
9 |02 1 6 2 5 3 8 30
10|13 3 5 2 1 3 4 70
11 ﬂd 7| 2 5 1 4 B 240
12 £L5 2 2 1 4 il 8| 160
1306 5 3 2 4 1 afl 200
14 1000 30| 70| 240 160] 200 40| 10| 120 1s0] 130] 200]

Puc. 1. ManI/IIIa TapI/I(bOB, HCII0JIb30BAaHHBIX IMPU BBINTOJJHCHUH HMUTAMUOHHOI'O MOJCIUPOBAHUA
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16 PE3YNbTAT

17 a1 02 03 a4 a5 06 Bl B2 B3 B4 B5 B6

18 |Al 50 70| 0 0 0 0 0 0 0 0 120
19 |A2 0 80 0 0 0 0 0 0 0 30
20 |A3 0 0 0 140) 160) 0 0 0 0 0 0 0 300
21 |A4 0 30| 0 20) 0 200) 0 0 0 0 0 0 250
22 |A5 50 0 0 0 0 0 0 0 0 0 0 0 50
23 |01 0 0 0 0 0 0 0 0 0 0 0 100 100
24|02 0 0 0 0 0 0 30| 0 0 0 0 1] 30
25 | O3 0 0 0 0 0 0 0 0| 0| 40 0 30 70
26 |04 0 0 0 0 0 0 130) 0 110) 0 240
27 | A5 0 0 0 0 0 0 10| 30 120 0| 0| 160
28 |06 0 0 0 0 0 0 0 0 0 0 130) 70 200
29 100 30 70 240 160 200 40 160 120 150 130 200

30
31

22

LENEBAA mkaum-

Puc. 2. Matpuma pe3ynbTaTOB UMHUTAIIMOHHOTO MOJICTUPOBAHUS

O0cy:xneHnune pe3yJibTaToB.

Ha puc. 3 u 4 npencraBineHo BIUSHUE TEX-
HOJIOTUU KPOCC-JIOKHHTA Ha MEPErpy3Ky rpy30B
Ha >KEJIE3HOJOPOKHOM cKkiazae. [lpuBemeHHbie
JarpaMMbl TIOKa3bIBAIOT, YTO JaHHAs TEXHOJO-
TUsl TO3BOJIAET JOTPY)KAaTh TPy3 C JPYrUM Ha-
3HAYEHHEM, MPU 3TOM COOIIOasi BCE OTpaHUye-
Hus. Ha puc. 3 u 4 o6o3naueHo: 4;, A,, Az, Ay,
As — 00beMbl NOCTaBOK TI'PY300TIpPaBUTENEH;
1, 12, A3, dy4, /][5 — MOTITHOCTH TIEPEBATIOYHBIX
cknanoB; Bj, By, Bz, By, Bs — 00beMbl IOTPEO-
JICHHS TPY30M0JIydaTesiei.

300

HAS

250

200 CA4

150

WAZ

100 ~

mAZ

50 -
HAL

.

a2

al a3z 04 as s

Puc. 3. JImarpamma 3aBUCUMOCTH 00BEMOB
MMOCTAaBOK OT MOIIIHOCTEN MepPEeBaJIOYHBIX CKIIA0B

3aka0ueHue.

Pazpaborannas MoeNb MO3BOJISIET OCYIIECT-
BHUTh PAaCUETHYIO OIICHKY MEpPEBaJKU TPYy30B Ha
YKEJIE3HOJOPOXKHBIA CKIIaJ C MOCIEAYIONIEH UX
JOCTAaBKOW 1O KOHEYHBIX TOTPEOUTENICH 10
HanOoJiee ONTHUMAIBHOMY BapuaHTy. [Ipu sTom
YYHUTHIBAIOTCSI MOIIIHOCTH CKJIAZ0B, 00BEMBI 1O~
cTaBoK W mnotpebnenus. Eciu Gonee mmpoxo

paccMaTrpuBaTh 3aJadd CKIaa B DKOHOMHKE
XKEJIIE3HOM JIOPOTH, TO TEXHOJOTUsA Kpocc-
JOKHHIa MO3BOJUT CO3/aTh YCIOBUs 1 Oojee
YCIIEIIHOTO pa3BUTHUS pPblHKAa Y30ekucraHa H, B
TO K€ BpeMs, 00ecreuynuT 3HaunuTeIbHOE yBEIH-
YCHHE JIOXOJOB CAaMOIO JKEJIE3HOJIOPOKHOTO
TpPaHCIOpPTA.

300

mBG
250

mB5

200

mB4
150

100 -

50 A

Jis}

Puc. 4. Jlnarpamma 3aBUCUMOCTH 00BEMOB
MOTPeOJICHUS OT MOIIIHOCTEN TTePEBATIOYHBIX
CKJIaJIOB
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DEVELOPMENT OF A MATHEMATICAL MODEL OF CROSS-DOCKING
TECHNOLOGY IN RAILWAY WAREHOUSES

Urmanova Z.A.
Tashkent institute of railway engineering (Tashkent, Uzbekistan)

To date, there is a steady trend of growth in the volume of carriage of packaged goods, the main cause of which is the
accelerated development of small and medium-sized businesses. In this connection, there is a need to consider modern
transport and storage technologies. The problem is that often there are idle vehicles due to inconsistency of the transport
of arrival and departure, as well as their irrational use. The purpose of the whole work is to show the technical and eco-
nomic feasibility for the railway development of cross-docking technology. This goal is considered in the work as
something new for the warchouse system of railway transport, the main task of which many consider only direct over-
load. The research methods were based on the theory of optimization of economic ties and complete deliveries. The
article suggests a mathematical model of cross-docking, which provides the most optimal variant for transshipment of
goods to a railway warehouse and their subsequent delivery to end users. Also, based on the proposed mathematical
model, a simulation model is built in the Microsoft Excel environment. This study shows that the use of cross-docking
technology allows the warehouse system to improve the transformation of cargo traffic.

Keywords: railway transport, railway storage, packed-piece cargo, cross-docking, overload.

DOI: 10.22281/2413-9920-2018-04-02-247-252

251



Hayuno-mexnuueckuii gecmuuk bpanckozo zocydapcmeennozo ynugepcumema, 2018, Ne2

References

1. Antipova O.I., Ermolaev A.l. Application
of the cross-docking storage system in ware-
house logistics of industrial enterprises.
Economica i sotsium, 2016. No.5-3, pp. 232-
239. (In Russian)

2. Bova V.V., Kureychik V.V., Lezhebokov
A.A. Multi-level algorithm for solving transport
logistics problems based on the methods of
swarm intelligence. Vestnik Rostovskogo gosu-
darstvennogo universiteta putey soobshcheniya,
2013, No. 3, pp. 113-118. (In Russian)

3. llesaliev D.I. To the question about the
layout of the racks in the warehouse. Nauchno-
tekhnicheskiy  vestnik  Bryanskogo  gosu-
darstvennogo universiteta, 2016, No.1, pp. 99-
106. (In Russian)

4. llesaliev D.I. Justification of the project
network terminal piece cargoes. Nauchno-
tekhnicheskiy  vestnik  Bryanskogo — gosu-
darstvennogo universiteta, 2016, No.4, pp. 110-
117. DOI: 10.22281/2413-9920-2016-02-04-
110-116 (In Russian)

5. llesaliev D.I., Korovyakovskiy E.K.,
Malikov O.B. Transportation of export-import
cargoes in the Republic of Uzbekistan. Izvestiya
Peterburgskogo  universiteta  putey  soob-
shcheniya, 2014, Vol. 3, No.39, pp. 11-17. (In
Russian)

6. Ilesaliev D.I. On the question of the capac-
ity of warehouses of packaged-piece cargoes.
Nauchno-tekhnicheskiy vestnik Bryanskogo go-
sudarstvennogo universiteta, 2017, No.2, pp.
28-37. DOI: 10.22281/2413-9920-2017-03-02-
154-162 (In Russian)

Jlata npuHATHS K MyOJIUKaluu
(Date of acceptance for publication)
04.05.2018

7. Kurilov E.G. Concerning the issue of cargo
transshipment at border stations with different
track gauges. Nauchno-tekhnicheskiy vestnik
Bryanskogo  gosudarstvennogo  universiteta,
2017, No.1, pp. 107-111. DOI: 10.22281/2413-
9920-2017-03-01-107-111 (In Russian)

8. Malikov O.B., Korovyakovskiy E.K., Ile-
saliev D.I. Logistics of package shipments of
piece cargo. Izvestiya Peterburgskogo univer-
siteta putey soobshcheniya, 2014, Vol. 4, No.41,
pp- 51-57. (In Russian)

9. Malikov O.B., Kurilov E.G., Ilesaliev D.I.
Some questions of economic efficiency of
transportation of bulk cargo in containers. /zves-
tiva Peterburgskogo universiteta putey soob-
shcheniya, 2016, Vol. 4, No.49, pp. 493-501. (In
Russian)

10. Penzev V.N. Cross-docking. Logistika i
upravlenie tsepyami postavok, 2012, No.5, pp.
84-90. (In Russian)

11. Tyurin A.Yu. Application of cross-
docking in the organization of delivery of food
products. Vestnik Kuzbasskogo gosudarstven-
nogo tekhnicheskogo universiteta, 2010, No.4,
pp- 171-174. (In Russian)

12. Shulzhenko T.G. Application of methods
of the theory of mass casing in the modeling of
cross-docking warehouses. Vestnik INJEKONa.
Seriya: Economica, 2010, No.l, pp. 281-285.
(In Russian)

Author’ information
Zarina A. Urmanova — Assistant Lecturer
of Departament “Transport logistics and ser-
vices” at Tashkent institute of railway engineer-
ing (Uzbekistan), z.urmanova@mail.ru.

Jata myOnukanuu
(Date of publication):
25.06.2018

252



