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Annomayusa. OOUH U3 BaXXHBIX (AKTOPOB, ONPEAENAIOINHA AIUTEILHOCT HauaIbHOH (ONBITHO-NPOMBILUIEHHON) dKcIutyaTanuu ERP-cuctemsl,

— 3TO Ka4yecTBO IOJITrOTOBKH I0Jb30BaTeNe K COBMECTHOH paboTe B MHTEPUPOBAHHOW (HA YPOBHE JJIEMEHTApHBIX TPAaH3aKIMH) cHCTEME
ynpasieHus. O4eBUIHO, YTO UTUTEILHOCTh HAYaJIbHOM JKCIUIyaTallMd U COOTBETCTBYIOLIME MOTEPH OT MHIMACHTOB, BO3HHKAIOIIMX MPHU
skcrutyatanuu ERP-cucteMbl, MOTyT OBITh CYIIECTBEHHO YMEHBILIECHBI HE TOJIBKO 32 CUET Ka4e€CTBEHHOTO NMPOSKTUPOBAHHS M TECTUPOBAHHS
ERP-cucTeMBbl, HO B 3HAUYUTEIBLHON MEPE 3a CYET MOBBIIICHUS YPOBHS KOMIIETCHIIMI ITOJIb30BaTEICH, JOCTUTaEMbIX TIOCPEICTBOM O0YUYCHHUS.
IIpuBoauTCSt MaTemMaTiueCcKas MOCTAHOBKA 3a7a4r (POPMUPOBAHHUS IPOrPaMMbI 00yUeHus [is monb3oBareneit ERP-cuctembl kpynHoO#t MeTan-
Jyprudeckoil KOMIaHUH, B KOTOPOIl KpUTEpUEM sIBIIsieTCs 00lee MpUpanieHiHe KOMIIETSHIMI T0JIb30BaTelieil B pe3yibTaTe peaau3aluu Ipo-
rpamMsbl 00ydenus. [Ipouenypa pemenus 3anaun 0a3upyeTcs Ha METO/IE CETEBOTO NPOrpPaMMHUPOBAHMUS, KOTOPBIH OIHMPAETCS HAa CTPYKTYPHO-
O0Z00HOE CETEeBOE NMPEACTABICHUE KPUTEPHS U OrpaHUYeHNd. B paboTe npuBeeHb! 001mas cxemMa U IpUMep peIieHUs HCCIIEAyEeMOH 3ajauH,
B KOTOPOM OT/IEJIbHbIEC OLIEHOYHBIE 3aJa41 PEIICHbl METOIOM JUXOTOMHYECKOTr0 IPOrpaMMUpoBaHus. [lonyueHHbIe MPUONIHIKEHHBIE PeLICHHS
MOCTABJICHHO 33184 MOTYT OBITh YJIy4IIEHBI TOCPEACTBOM HAXOXK/ACHHS II00ATBHOIO ONTHMYMa HCXOIHOM 3a/1a41 METO/IOM BETBEH U rpa-
HHI, B KOTOPOM B Kaue€CTBE IPAHMI] IPUMEHSIOTCS 3HAYCHUSI [IeJIeBOH (yHKIMK HallICHHOTO PUOIMKeHHOTo perienus. Ha npakruke ObiBaeT
1esnecooOpa3Ho paccMOTPeTh 3ajjauy, 00paTHYI0 K paCCMOTPEHHON B CTaThe, B KOTOPOH KPUTEPUEM SBISIOTCS 3aTpaThl HAa oOydeHue. B cuiry
CTPYKTYypHOTO mono0ust QyHKIKI MpupalieHus KOMIIETEHIIUI 1 3aTpaT Ha o0y4yeHne oOparHas 3a/jaua MOXKeT OBbITh PEelIeHa [0 TOH Ke CXeMe,
YTO IpeIoXKeHa I NpsIMOH 3a1auu. PaccMoTpenHas 3aaua MOxeT ObITh 0000IEHa ITOCPEICTBOM YueTa MpPEeANOUTeHUH Mosb30BaTeneit
OTHOCHTEJIHO 3HAYUMOCTH OT/ACNBHBIX IPOIPAMM OTHOCHTEIBHO JPYTHX C IOMOIIBIO BBEJCHUS COOTBETCTBYIOIIUX «BecOBy». O0mmas cxema
peLIeHus 3a1a4y [IPU 3TOM HE U3MEHHUTCS.

Kniwouesvie cnosa: ERP-cucrema, nons3osareib, IporpamMma o0yueHHs, KOMIISTEHIUS, MHIUCHT, 3a/1a4a ONTUMHU3ALMH, METOJ] CETEBOTO IIPOrPaMMHpO-
BaHUs1, CTPYKTYPHO-NOO0HBIE (DYHKIMH, OLICHOYHAs 3a/ja4a, METO/] BETBEH U IPaHUILL.
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K omHOMY W3 BaxXHBIX (DAKTOPOB, OMPENEISIONIUM
JUIUTENbHOCTh ~ HadaJbHOW  (OMBITHO-IPOMBILUIEHHON)
skcruryatanun ERP-cuctemsbl, 0OTHOCHTCS Ka4ecTBO MOATO-
TOBKH TI0JIb30BaTeNeil K COBMECTHON padoTe B MHTETPUPO-
BaHHOW (Ha ypoBHE 3JIEMEHTAPHBIX TPAH3AKIHUI) CHCTEME
ynpasnenns. Ha puc. 1 mpuBeneHsl 1Ba rpaduka 3aBHCH-
MOCTH KOJIMYECTBA WHIMICHTOB, BOSHUKAIOUINX 10 BUHE
MOJIb30BaTeNIel Ha Ha4aJlbHOM IIEPUOAE IKCILTyaTalllu, OT
KadecTBa OOy4eHHs Tonb3oBareneit (4 — xopoiiee o0yue-
Hue, B — HeynoBieTBoputenbHoe) [1 — 5].

O4YeBHIHO, YTO JUTUTEIHLHOCTh HAYabHOW JKCIUTyara-
UMU U COOTBETCTBYIOLIME MOTEPU OT MHLUMUIECHTOB MOTYT
OBITh CYIIECTBEHHO YMEHBIIICHBI HE TOJBKO 3a CYET Kaue-
CTBEHHOI'O NMPOEKTUpOBaHUs U TecTupoBanus ERP-cucre-

MelI [1, 2, 6 — 8], HO B 3HAUNTENBHON MEpE 3a CUET IOBHIIIIE-
HUS YPOBHS KOMIIETEHLINH MTOJIb30BaTENEH.

ITycth {{ p j,-|i =Ln, }‘ j= l,m} — MHOXECTBO MPOTpaMM

oOydeHHs, peaJn3yeMbIX KOHCAJITHHTOBOH KOMITaHHEH,
yuactBytonieil B co3gannu ERP-cuctemsl. 3meck j — HO-
Mep Ou3Hec-TpoIecea, i — HOMEP MPOrpaMMbl O0YJCHUS,
p;; — i-as porpamMma oby4eHus s j-ro GUsHeC-IpoLecca,
n,— KOJIMYECTBO NPOrpamMMm OOy4YeHHs I j-ro MpoLec-
ca, m — KOIM4YeCcTBO Ou3Hec-mporeccoB. O003HAUMM uUe-
pes ¢, = c(pjl.) CTOUMOCTb OOYYEHHs OJHOTO IOJIb30BaTe-
I 10 IIPOrpamMMe p,;, 9epes ¢, = ¢(p;) — «IpUpAILCHUE
KOMITETCHIIMH TONB30BaTelNs (KoTopoe OyaeM OICHHBATh
B 0a/u1ax) B pe3ysibTaTte OOy4eHHs IO MporpaMme P> He-
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Konuuecmso unyuoenmos
'S

t

Puc. 1. 3aBUCUMOCTB KOJTMUYECTBA HHIMJCHTOB HAa HAYaJIbHOM NIEpHOJIE
skcmutyaranuu ERP-cuctemsl ot kauecTBa 00ydeHus MOJIb30BaTENeH

Fig. 1. Dependence of incidents number at the initial period of ERP
system operation on quality of users training

pes kﬂ. = k(pﬂ.) — KOJIMYECTBO T0JIb30BaTENICH, KOTOPBIX XKe-
JaTenbHo 00yunTh 10 nporpamme p,. Ionoxum rakke,
YTO PYKOBOJCTBO KaXKAOro OM3HEC-Ipoliecca HaKNaIbIBa-

i
€T OrPaHUYEHUE 1A MUHUMAJIBHOE KOJIMYIECTBO kj < Zk/‘i
=l
IpoIemuX 00ydeH:e MoJIb30BaTeel, P KOTOPOM OHO
MOXKET TPUCTYNUTH K HadaJdbHON dKcIuryatanun. O0o3Ha-
YMM 4epe3 ¢ TpeeNbHbIA 00beM CPEICTB, KOTOPBIN py-
KOBOJCTBO NpEINpPUATHS MOXKET HANpaBUTh Ha OOydeHHe
M0JIb30BATENEH.
Dopmanuzayus 3adauu. Beenem nepeMeHHYIO

1, ecu p ; BKIIFOYEHA B IPOrpaMMy 00y4eHus

HOJ'IB?:OBaTeJ'IeI\/'I;

0, B IPOTMBHOM CIIy4ae.

PaccMOTpHM  CHEAYIONIYI0 MareMaTHYeCKyl MOJENb
paccMmaTrpuBaeMoi 3a1a4u:

ZZkﬂqﬂx — max; (1)
j=1i=1
Z k iCiiX i o (2)
Jj=1i=1
kix; 2k, j=1m. (€)

i=1

Pemennem 3amaun (1) — (3) sBnsieTcs Takas mporpaMma
{{xﬁ|i =1,n; }‘ j= 1,m} o0ydeHHs IOJh30BaTeNeH, KoTopas

MaKCHMHU3UPYET CYMMapHOE «IIPHPAIICHHEY KOMITCTCHITHIHA
noJip3oBareneit (cooTHourenue (1)) mpu 3agaHHOM OTpaHu-
YEHUH ¢" Ha TIPeebHbIN 00bEM CPEJICTB, BBIIEICHHBIX Ha
oOydeHue (cooTHouieHue (2)), U KoTopas YIOBIECTBOPSET
3aJJaHHBIM PYKOBOJCTBOM OH3HEC-IIPOLIECCOB OTPAaHUICHU-
SM Ha MUHHMMAJIbHO HEOOXOIMMOE KOJIMYECTBO IOJH30Ba-
TeJeH, MoIeKaIuX o0ydeHuro (m cootHomeHuH (3)).

814

Cxema pewenus 3adauu. [{ns pemieHust 3anaqu
(1) - (3) mpumeHMM METO CETEBOTO MPOTrPaMMHUpPOBa-
HUSI, KOTOPBI MIPEAToaraeT MocaeI0BaTeIbHOE PEIIeHHE
[ETOYKN OIICHOYHBIX 3amad, (opMHpyeMoll Ha OCHOBE
CTPYKTYPHO-IIOOOHOTO CETEBOTO MPEACTABICHUS LIEIEBON
¢byHKIMU 1 orpanndeHui [9 — 14]. OnuH U3 BapHaHTOB Ce-
TEBOTO MPENCTaBICHUS KPUTEPHS M OTPAaHHYEHUH CBOAUT
pemenwne 3anaun (1) — (3) kK mocnenoBaTeNnbHOCTSIM 33134,
BBITIOJHAEMBIX Ha JBYX DTarax.

1. Pemmenue MeTogoM TUXOTOMHYECKOTO ITPOTPAMMHEPO-
BaHMA m 33734 (GOpMHUPOBAHUS IPOTPaMM O0YUIEHUS MOJIb-

30BareiIe xX; = {xﬁ i= l,nj } j= L_m JUISL KaKIoro OusHec-
mporiecca:
Zkﬂqﬂx — max; 4
¢; :Zkﬂcﬂx <c’; ®)]
i=

n;
= ijixji 2 k;. Q)

i=1

CTpyKTypHO-TIOOOHOE ceTeBoe MpeAcTaBiIeHue QyHK-
it g, ¢, kj, HCTIONB3YeMOe JIJIsl OTIpeICIICHH S ITOCIICI0Ba-
TEIBLHOCTH OIEHOYHBIX Toj3a/au i 3a1a4 (4) — (6), naHo
Ha puc. 2.

2. PenieHne METOIOM TUXOTOMUYECKOTO POrPaMMHUPO-
BaHUS 3aJ1a4u:

q=2qjxj — max; @)
j=1

®)

a
Il
s

0
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o
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¥

CTpyKTypHO-TIONIOOHOE CETEBOE MpEACTaBICHUE (PYHK-
Ui ¢ ¥ ¢ IPUBEAEHO Ha puUC. 3.
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Puc. 2. CereBoe npencrasnerne GpyHKIHi 455 ¢ k/.

Fig. 2. Network representation of 4, ¢, k/. functions
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Puc. 3. CereBoe npeacrasieHne GpyHKIuit ¢ U ¢

Fig. 3. Network representation of functions ¢ and ¢

JT0 mpeAcTaBiIeHrue CBOAUT pelieHue 3anadu (7) — (8)
K ITOCTIEIOBATEILHOMY petieHuto (m — 1) 3aaa4u Ha OCHOBE
m pelIeHnH, OTy4YeHHBIX Ha dTamne /.

Ilpumep. PaccmoTtpum cityuail ¢ Tpems Ou3HEC-TIpo-
neccamu (m = 3) U COOTBETCTBEHHO C Tpems (n, = 3), IBy-
Ms (n, = 2) n 1Byms (ny = 2) nporpaMmamu 0Oy4eHus 1
3THX IporeccoB. McxomHrple JaHHBIE TSI IpOrpamMM 00yde-

HUSI IIpUBE/IeHB! B Ta0I. 1.
3

* —_— pa— p—
ITonoxum, aro ¢ = 1100. 3ameTnm, 9TO € = ZZC i =
m=1 i=1
= 1512, T.e. BBIICIICHHBIX PECYPCOB HE XBaTaeT JJIsl 00yUe-
HUS BCEX IMOJIb30BaTesel. B coOTBETCTBHM CO CXeMOH pe-
mieHus pemaeM 3ana4du (4) — (6) mwist kaxmoro j, j =1, 3.
1. Pewenue 3a0auu (4) — (6) onaj =1:

OLICHKA 3HAYCHHH ¢ ), ). k(ll)(12)

Canay
6 18
2 5
128 308
0 12
0 3

0 180

12 0 1

xll

k. =

OIlEHKA 3HAYEHUN q, 1= Canaaazy K

“dananazy €

= kanazas

Tabnuma 1

Hcxonnble JaHHbIE IPOTPAMM 00y4eHHs

Table 1. Initial data of training programs

Py | P | P | Pu | Pn | Ps | Pn
i 4 3 5 3 4 5 3
i 3 2 3 4 3 4 2
i 60 64 90 54 90 90 54

O TR

15 27 21 33
1 3 6 5 8
270 450 398 578

0 12 6 18
0 0 3 2 5
0 180 128 308

T3 00 10 o1 11

11%*12

Perenusi, BbIICICHHBIC KYPCUBOM, HEIOIIYCTHMBI 110 Orpa-
Huuenmio k, >k = 5.

JlomycTUMBIe pelIeHust 3a1a41 ISl TIEPBOTo Ipolecca
crenyomiee:

g, 27 18 21 33
6 5 5 8
1 450 308 398 578

=X, XX 101 110 011 111

X 11*12%13

1

AHanornyHo peniaeM 3ajaqy (4) — (6) aus j = 2:

OlIEHKA 3HAYEHUH g, = 9122 €2 = Canm)e k, = k(2])(22)
12 24
1 3 7
270 486
0 12
0 0 4
0 216
X2 0 1

Penrenue (12,4,216) nomunaupyer pemenue (12,3,270).
JlonycTrMbie peleHns 3a1a4u sl BTOPOTo Mmpoliecca:

) 27 24
k, 4 7
¢, 216 486
Xy = Xy X,, 10 11

Pewenue 3a0auu (4) — (6) onaj = 3:

OLCHKA 3HAYCHHH (3 = ¢ 335> C3 = C3132)> K3 = k(3132

6 26
2 6
108 468
0 20
0 4

0 360

X3 0 1

x31
I[OHYCTI/IMLIe peUICHUs 3aaa49r Il TPETHErO IMpouecca:

q, 6 20 26
k, 2 4 6
108 360 468
X, =Xy X 01 10 11
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DEVELOPMENT OF TRAINING PROGRAMS FOR USERS
OF ENTERPRISE RESOURCE PLANNING SYSTEM

AV, Zimin', LV. Burkova?, V.V. Mit'kov3, V.V. Zimin3

TLLC “Audit EnergoNovosibirsk”, Russia, Novosibirsk

2V.A. Trapeznikov Institute of Control Sciences, RAS, Moscow, Rus-
sia

3Siberian State Industrial University, Novokuznetsk, Kemerovo
Region, Russia

Abstract. One of the important factors (may be, the main one) determin-
ing duration of initial (trial) operation of Enterprise Resource Planning
(EPR) is quality of users training to collaboration in integrated (at the
level of elementary transactions) control system. It is obvious that du-
ration of initial operation and corresponding losses from the incidents
arising at EPR operation can be significantly reduced not only due to
high-quality design and EPR testing, but, considerably, due to increase
in level of competences of users reached by their training. Mathemati-
cal definition of training program development for EPR users of large
metallurgical company is given in the article. The main criterion there
is general increment of users’ competences as a result of implemen-
tation of training program. Procedure of task solution is based on
method of network programming which relies on structural and similar
network representation of criterion and restrictions. General scheme
and an example of solution of the studied task are provided in which
separate estimated tasks are solved by method of dichotomizing prog-
ramming. Received approximate solutions of an objective can be imp-
roved by means of finding global optimum of initial task by method
of branches and borders in which values of criterion function of found
approximate decision are applied as borders. In practice it is expedient
to consider a task, opposite to described in the article in which costs of
training are the criterion. Owing to structural similarity of functions of
an increment of competences and costs of training the return task can
be decided according to the same scheme that it is offered for a direct
task. The considered task can be generalized by taking into account the
preferences of users regarding the significance of individual programs
relative to others by introducing appropriate “scales”. General scheme
of task solution won’t change.

Keywords: ERP-system, user, training program, competence, incident, op-

timization tasks, network programming method, structurally similar
functions, assessment task, branch and boundary method.
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