C mnoMompio MPEeIOKEHHOH METOMMKH MOKHO KOMIUIEKCHO pelarh 3ajadd o0ecriedeHHs
HEOOXOJJMMOTO YPOBHS d(PEKTHBHOCTH MEPEBO3OK.

Lens wccnenoBaHus - MPEUIOKUTh METOAWKY MOJIECIUPOBAHUS IMPOIECCOB (YHKIIMOHUPOBAHUS
ABTOTPAHCIIOPTHBIX IPEANIPUATHI U OlpeielIieHne ONTHUMAaJbHBIX 3HAUYeHUI TIoKa3aTenel 3((EeKTUBHOCTH Ha
OCHOBE KOTOPBIX MOKHO ITOJIy4aTh ONTUMAJIBHBIE YIIPABICHYECKUE PEILICHHUS.

OOBEKT HccIenoBaHus - MPOIECCH PYHKIIMOHUPOBAHUS aBTOTPAHCIIOPTHBIX MPEANPHUSITHH.

ITocTynarensHoe pa3BUTHE SKOHOMHKH rOCYIapCTBa CTABUT BCE OO0JIEE JKECTKUE YCIOBUS K KaUeCTBY,
CKOpOCTH M oOecIieueHHsl BO3pAacTaloIMX OO0BEMOB IEPEBO30K I'PY30B M MACCAXHUPOB. DTO MPUBOIMUT K
YCHJIEHHIO KOHKYPEHIIMHY Ha PBIHKAX IPY30BbIX U MTACCAKUPCKUX IIEPEBO30K U CTABUT IIEpe]] IEPEBO3UHKAMU
3a7la4M COKpAIEeHUs ce0eCTONMOCTH YCIyT, OOHOBIICHNE MOABHKHOTO COCTaBa U APYTHUX OCHOBHBIX (DOHIOB.
JocTrdb 3TOro HEBO3MOXKHO 0€3 TIPUMEHEHHsI COBPEMEHHBIX METOJI0B TIPOTHO3WPOBAHHMS, TUIAHUPOBAHUS 1
YIOpaBJIEHUS IPOU3BOJCTBEHHBIMH IIPOLECCAMM.

3HAYMTENFHOE KOMWYECTBO MEPEBO3UMKOB MMEIOT A0 JAECATH eIUHUI] MOABIXKHOrO coctasa. Jlaxe
MIpY HAJIMYMU KEJTAHUS y TaKUX MPEeINpUATHii B OOJIBIIMHCTBE CIy4aeB HE XBaTaeT PECYpCOB HA MHHOBALIUU
U BHEIPCHHE COBPEMEHHBIX METOAOB YIPABJICHUS XO3SANMCTBEHHOM NEATENbHOCTBIO. YIIPABICHUE H
IUTAHUPOBAHUE Jla)ke Ha OONBIIMHCTBE CPEJHHX ¢ KPYMHBIX aBTOTPAHCIOPTHBIX MPEANPHSITHN
OCYIIECTBIISIETCS] C TIOMOILBI0 YCTapEBUIMX M HETOYHBIX METOJOB, NPHUBOJUT K MOIYYEHUIO 3HAYUTEIIBHBIX
PACXOXKIACHUN MEX]Ty )KENAEMBIMHA U JIOCTUTHYTBIMU PE3YJIbTaTaAMH.

VYuuTeiBas 3TO NOMCK METOAOB, NO3BOJSIIOUIMX NPHUHUMATh ONTHUMAJIBHBIE PELICHHS B IPOLECCax
yrpasieHus paboTol MpennpusTHii aBTOMOOUIBHOTO TPAHCIIOPTA SIBJISICTCSl BAXKHOW U aKTyaJIbHOM 3ajauei.

KJIFOUEBBIE CJIOBA: OKOHOMUKO-MATEMATUYECKOE MOJEJIMPOBAHME,
[MPOLECC ®YHKIIMOHUPOBAHUA, OIITUMU3ALVA, YIIPABJIEHUE, ABTOTPAHCIIOPTHBIE
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A MODEL FOR OPTIMIZING SUPPLIES OF PERISHABLE GOODS
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This model addresses the problems of supplies of perishable goods. The obvious example is
perishable foodstuffs, for instance, meat, milk, vegetables, bread, but the term can be used in a wider context
to include, for example, flowers, newspapers — a daily newspaper has a shelf life of one day. The model also
could be used under the circumstances of purchasing by retailers and wholesalers goods which have to be
sold during a short-term selling season.

As a rule, a demand for the above-mentioned goods within interval between successive regular
deliveries determined by a schedule is not the constant value and it is impossible to forecast this demand
absolutely precisely. But managers organizing a sale of these goods have to decide the problem of providing
a high level of satisfaction of purchasing demand, and, at the same time, minimizing losses connected with
unsold (during periods of their shelf-lives or selling season) goods. This problem could be decided as by
using by producers and retailers of technological advances that help to preserve the freshness of perishable
goods more long period of time (unfortunately these advances do not guarantee always saving of the same
taste of a product and sometimes even they could be injurious to health of consumers), as by rational
management by supplies of perishable goods and goods which have to be sold during a short-term selling
season.

Well known models of supplies of perishable goods and goods which have to be sold during short-
term selling season [1, 133-137] do not analyze a possibility of reaction to random variations of the demand
for the goods within the interval between successive regular deliveries by means of transport. The model
suggested in the article is proposed to respond to random variations of the demand for the goods between
successive regular deliveries by introduction a possibility of an ‘emergency’ delivery. And the total costs of
the suggested model of management by supplies of perishable goods and goods which have to be sold during
short-term selling season include the transport costs of the regular consignment, expected transport costs of
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the emergency consignment and the expected costs of carrying the unsold goods. The total costs are
minimized and the optimal level of the regular consignment is determined.
The Analytical Model

Let us assume, initially, that a delivery of a perishable good (g) — the supply — is determined by the
regular schedule which is connected with the shelf life of that good, for instance a shelf life of one day
implies, at least, regular daily deliveries. However, the demand for a good within the interval between
successive regular deliveries will not in general be constant value, let us denote this demand by a continuous
random variable X with a probability density function of f (x).

It is improbable that the demand in any regular delivery period would exactly match the supply. Thus
in the majority of situations there would be two outcomes:

(1) actual demand would turn out to be less than the supply, in which case the retailer would lose
the value of the unsold quantity, and
(11) actual demand would turn out to be greater than the supply, in which case the retailer would

not satisfy total consumer demand.

A retailer could attempt to meet fully the actual demand, and, at the same time, minimize total cost of
supply, by introduction of a possibility of making an emergency order (assuming of course that the supplier
and transport operator were agreeable) to cover the expected shortfall. So, if the actual demand (X) were
greater than the regularly scheduled supply (g) the retailer would order an emergency delivery of size (X —
g); if the actual demand were less than the regularly scheduled delivery, then the retailer would carry the loss
of the unsold good of size (g — X).

The total costs, S(g), of the supply of the good in the scheduled period may therefore be expressed as
the sum of the transport costs of the regular consignment S,(g); the expected transport costs of the
emergency consignment S,(g); and the expected cost of carrying of the unsold good, S3(g):

S(g)=5,(2)+S,(2)+S;(2) (1)

If we take into account that the costs of transport of a good on a delivery route is are determined by
such linear expression as [2, p. 107-108] (Appendix 1)

ag +b, ()

and also that the probability distribution of the demand when an emergency delivery has been ordered is
characterized by a truncation of the upper-tail, and can be expressed by

o)Lt

= . , where X2>g, 3)
1- J. f (x)dx
0
then the components of equation (1) may be expressed as
S(g)=ag+b )

sz<g)=ajoc—g)f<x)dx+bz[1—if<x)dx] , ©

g

S;(g)=AC[(g-x)f (x)ax , (©)

0
where a;, by and a, , b, — coefficients of linear expressions that determine the transport costs for the regular

and emergency consignments accordingly;
AC — the value of the loss of one unsold item of the good.
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To determine the optimal level of the regular (that is the initial) consignment, it is necessary to
partially differentiate the expression for S(g) with respect to g, and then set 05(g)/ 0 g=0.
Carrying out this partial differentiation yields:

8opt

a, —a, +bzf(g0p,)—(a2 +AC) Jf(x)dsz 7

And then the decision of the task lies in determining of the probability distribution of the demand in
the regular delivery period f (x) and solving equation (7) with regard to g, — the optimal level of the

regular consignment.
The demand for perishable goods is influenced to many factors and we could expect that it is
described by the normal probability distribution. So, equation (7) could be expressed as

_(gupl_mx )2 Eopt _(gupl_mx )2
n b2 7052 a, +AC ¢ 702 d 0 (8)
a,—a, +——ce -2 e g dx=0,
o N2 oN2m =, o

where m_ —expected value of the demand in the regular delivery period;

o, — standard deviation of the demand in the regular delivery period.

Let us take Eop 7 _ t ©

X

and put it in the equation (8). Then we receive

2

tapl
b, - a,+AC

2

W Tq’*(fopt)=0 , (10)

x"opt

a,—a,+
where

1 topr z
CD*(topt)z— I e 2dz.

N2 2,

The decision of the equation (10) with respect to t,, determines the optimal level of the regular
consignment:

gopt :mx+6x'topt . (11)

Equation (10) has no accurate decision and can be solved by using of approximation.
It makes sence also to analyse the function of total costs (1), (appendix 2):

S(g)=a,g+b +a2|:mx—g+(g—mx)cb*(g_m"]+quo(g_mXH+
o (o

X

S e e R |
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The character of the function of the total costs S(g) essentially depends of the value of the loss of one
unsold item of the good, parameters of the distribution of the demand for the good and factors determining
the costs of transportation, figure 1.

S(g),
S 1 (g)a
SZ(g)a
Ss(g)

S(g)=S1(g)*+Sx(2)(2)
3(g)

1(g)
2(2)

v

Zopt

Figure 1. — The function of the total costs and its components
Implementation Experience

In Ukraine first time the suggested model was applied under the circumstances of supplies of the
bread.

In Tsarist Russia (part of which Ukraine was), bread was traditionally produced and sold mostly by
local bakers — often individuals or family concerns. With the advent of the Soviet Union, local bakeries were
abolished and in their place large-scale bakeries were set up. The bread was then sold in shops, department
stores and supermarkets but consumer taste, and demand, for fresh bread persisted, and customers aspired to
buy freshly-baked bread if it were available. In that case the producer and the consumer were far apart.

Since the demise of the Soviet Union in 1991 and establishment of the independence of Ukraine, the
trend has been from the planned to the market-oriented economy; small-scale bakers have re-appeared but
the greater part (70%) of the supplies of the bread today is still met by large-scale enterprises. There is still,
of course, the demand for fresh bread, and in this context the consumer is benefiting, not only by the
reappearance and proximity of the local baker, and by technological advances that help to preserve the
freshness of the product more long period of time, but also by improving efficiency in the logistic chain
"bread-produced enterprise - transport operator — retailer".

The introduction of the model provides:

- high level of satisfaction of the purchasing demand for the fresh bread;

- cutting of the total costs in the logistic chain "bread-produced enterprise - transport operator
retailer" to 9%.

The transport operators, providing appropriate service of the retailers started to apply the emergency
delivery in accordance with the suggested model, have to create the reserve of trucks. A model of optimizing
the quantity of trucks in the reserve was also suggested by the author. It could be demonstrated in the future
publications.

Summary

The model for optimizing supplies of perishable goods has been described in the article. This model is
proposed to react to random variations of the demand for the perishable goods between successive regular
deliveries by introduction of a possibility of the emergency delivery. And the total costs of the suggested
model include the transport costs of the regular consignment, expected transport costs of the emergency
consignment and the expected costs of carrying the unsold goods. The total costs are minimized and the
optimal level of the regular consignment is determined. The model also could be used under the
circumstances of supplies of goods which have to be sold during a short-term selling season.

A model of optimizing the quantity of trucks for the purposes of making the emergency delivery is
also suggested. It could be demonstrated in the future publications.
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APPENDIX 1

1 — —
Cl:—[Ckm(zli—l(i_l)_i)+Cﬁx(l‘l—ta):l, (1)
qay ‘
b= Ckm l(ifl)fi-i- Cﬁxta’ 2)
where q — nominal capacity of a truck, t;y — load factor; Zi — average radial distance, km;
C
C,,=C.. —— _ costs per 1 km of ride of a truck, grn.; ¥, — operational speed, kmvh; /-1, — average

0
leg between successive points of the destination on a delivering route, km; #, — time of load and unload, h;

C,,, — variable costs per 1 km of ride of a truck, grn.; C, - fixed costs on an hour of truck’s work, gm.; 7,

— additional time for visiting to each point of the destination on a delivery route, h.

APPENDIX 2

g 0
During determination of integrals I f(x)xdx and J f(x)xdx we used formula for a probability
S 2
density function of normal distribution which truncation of the upper-tail (x> g)

1 xX—m,
f,,(X)ZUX(l_T)co( - ] ()

where q{x mx] — probability density function of normal distribution 7 :q)*(g—mx] - level of

o

X X

truncation of the upper-tail and formula for expected value of truncation random variable

m, =m +0.f,(g) )
As
[ £, @xdx=m, +— w[g"”XJ
: 1—@* 87| L O
Gx
and for X>g
1
S (x)= f (),
- x| 8=
O-x
SO

]Of,,(x)xdx=mx|:1—®*[ﬂﬂ+ax¢[g—mx]
g 9 o

X
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If we take into account that
g 0
J f(xX)xdx=m_— J f(x)xdx
e 2

SO

o) o)

X X

Jr (x)xdx=mp*(g‘m"]—axco(g‘m*]

After transformation the function of the total costs can be presented as:

-m -m
S(g):a]g+b]+a2 {mx_g+(g_mx)®*(g x]_dxqo(g x]}_k
GX GX
-m -m -m
+b,|1-D* £, ++AC| (g—m_ )D* §7M, +0.0 £,
GX GX GX
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[IpoBenennii, 3 BHKOPUCTAHHSM po3poOiieHOi Kiacudikamii Mojeneidl yHpaBIiHHSA 3aracamu
MIBHJIKOTICYBHUAX TPOAYKTIB TOBCSKIEGHHOTO IIOMHTY, aHalli3 TIOKasye, 0 HaHOubm edeKkTHBHA
JIBOCTYTICHEBA OpraHizallisi MOCTaBOK, sKa Tependadac MOXKIHMBICT JOJATKOBOT'O 3aBO3Y CIEHIaTbHO
BUJIJICHUMHU TPAHCIIOPTHUMH 3ac00aMH. AHami3 CyMapHHX BHUTpAT, SKi BH3HAYAIOTHCS 3 ypaxyBaHHSIM
HMOBIpHOCTEl BUMOT Ha JIOJIATKOBE 3aBE3CHHS y BUMAJKY Ae(illUTy, 1 BTpAT 4Yepe3 yTBOPEHHS 3aIUIIKIB
MpH 3aliBUX MOCTaBKaX, MOKAa3ye, M0 BUOIp BETMYUHH IMOYATKOBOI MOCTABKH € ONTHMI3aIiiHO 3a]auero.
OneprxaHo 3aJISKHICTD, 10 BCTAHOBIIIOE BIUIMB HA ONTUMAJIBHY BEJTMUUHY ITOYATKOBOT TIOCTABKU MapaMeTpiB
BUSIBIICHOTO HOPMAallbHOTO pO3MOJTy TONHTY 3a IHTEpBaJll 4Yacy MDK YEproBUMH IIOCTaBKaMH,
eKCIUTyaTaliiHuX (aKTOpiB, 10 BHU3HAYAIOTH ITOKA3HUKM BUKOPHCTAHHS aBTOMOOLUIIB Ha pO3BI3HUX
MapuipyTax, i BeNMYMHA BTPAT HA OJMHUIIIO HEpeaTi30BaHOl MPOIYKIIii.

KJIIOYOBI  CJIOBA: TIOCTAYAHHSA, HIBUJKOIICYBHI TIIPOAYKTH, MOJIEJIb
OIITUMIBALIIT IOCTAYAHD.

ABSTRACT

T.A. Vorkut, Kornienko O.V. A model for optimizing supplies of perishable goods. / Tatiana Vorkut,
Eugene Prylipko, Evgen Prilipko, Olena Kornienko // Management of projects, system analysis and logistics.
—K.: NTU-2012. — Vol. 10.

This model addresses the problems of supplies of perishable goods. The obvious example is
perishable foodstuffs, for instance, meat, milk, vegetables, bread, but the term can be used in a wider context
to include, for example, flowers, newspapers — a daily newspaper has a shelf life of one day. The model also
could be used under the circumstances of purchasing by retailers and wholesalers goods which have to be
sold during a short-term selling season.

As a rule, a demand for the above-mentioned goods within interval between successive regular
deliveries determined by a schedule is not the constant value and it is impossible to forecast this demand
absolutely precisely. But managers organizing a sale of these goods have to decide the problem of providing
a high level of satisfaction of purchasing demand, and, at the same time, minimizing losses connected with
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unsold (during periods of their shelf-lives or selling season) goods. This problem could be decided as by
using by producers and retailers of technological advances that help to preserve the freshness of perishable
goods more long period of time (unfortunately these advances do not guarantee always saving of the same
taste of a product and sometimes even they could be injurious to health of consumers), as by rational
management by supplies of perishable goods and goods which have to be sold during a short-term selling
season.

Well known models of supplies of perishable goods and goods which have to be sold during short-
term selling season do not analyze a possibility of reaction to random variations of the demand for the goods
within the interval between successive regular deliveries by means of transport. The model suggested in the
article is proposed to respond to random variations of the demand for the goods between successive regular
deliveries by introduction a possibility of an ‘emergency’ delivery. And the total costs of the suggested
model of management by supplies of perishable goods and goods which have to be sold during short-term
selling season include the transport costs of the regular consignment, expected transport costs of the
emergency consignment and the expected costs of carrying the unsold goods. The total costs are minimized
and the optimal level of the regular consignment is determined. The model also could be used under the
circumstances of supplies of goods which have to be sold during a short-term selling season.

A model of optimizing the quantity of trucks for the purposes of making the emergency delivery is
also suggested. It could be demonstrated in the future publications.

KEYWORDS: SUPPLIES, PERISHABLE GOODS, MODEL FOR OPTIMIZING SUPPLIES.
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[IpoBeneHHsbIA, C UCTIONBL30BAaHHEM Pa3paboTaHHON KiacCH(UKAIMKM MOJENEH YIpaBIeHUs 3armacamMu
CKOPOMOPTSAIIMXCS TPOJIYKTOB MOBCEAHEBHOTO CIIPOCa, aHalIW3 TOKasbIBaeT, 4To Hawmboree > (dexThBHA
JBYXCTyIIEHYATasi OpraHu3alus IIOCTaBOK, KOTOpas IPELyCMATPUBAET BO3MOXKHOCTH JIONOJHUTEIBHOIO
3aBO3a CHENHMAIbHO BBLACTSIEMBIMH TPAHCIOPTHBIMH  CpEICTBAaMH. AHAJIN3 CyMMapHbIX 3aTpart,
OIPENENIeMbIX C YYETOM BEPOSTHOCTESH TpeOOBaHWI Ha JIOMOJHUTEIBHBIM 3aBO3 B cCilydae Acduimra, u
MoTeph H3-32 O0pa30BaHUs OCTATKOB MPH M3JIMIIHUX IOCTaBKaX, IOKA3bIBAET, YTO BHIOOP BEIWYHMHEI
MEepBOHAYAJIBHOW  TIOCTaBKM  SIBJISIETCS  ONTUMHU3aUMOHHOM  3ajaueil.  [lomyueHa  3aBMCHMMOCTb,
YCTaHABIMBAKOIIAA BIMSHHE Ha ONTHUMAJbHYIO BEIMYMHY II€PBOHAYAIBHOM IIOCTaBKU IapaMETPOB
BBISIBJICHHOTO HOPMAJIbHOTO PAacOpeleNIeHHsl COpoca 3a MHTEpPBal BPEMEHM MEXAY O4YEpPEIHBIMU
MOCTaBKaMH, DKCILTYyaTaAllMOHHBIX (DAKTOPOB, OMPENENIONINX MMOKa3aTeNH UCIIOL30BaHHUS aBTOMOOMIeH Ha
Pa3BO30YHBIX MapUIPyTaX, U BEIMUYMHBI [I0TEPh HA €AUHULLY HEPEATU30BAaHHOU NPOITYKLIHUH.

KIIFOUEBBIE CJIOBA: IIOCTABKH, CKOPOIIOPTAINUECA TIPOAYKTHBL, MOJIEJIb
OIITUMUM3ALIMUN [TOCTABOK.
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