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MOJIEJIb KOHKYPEHTHOI'O BUITYCKY SIK CKJIAJIOBA CUCTEMHM
JUCTAHIIIAHOTO HABYAHHS

Posenanymo numanna eukopucmauHa iMimayitiHoco MOOeN08AHHA eKOHOMIYHUX npoyecie y cucmemi
oucmanyitinoi oceimu. 3anponoHosano Mamemamuiny MoOeib H08eOiHKU NIONPUEMCIMEA 8 YMOBAX KOHKYPeHYii, aKa
MOdHce BUKOPUCTNOBYBAUCS NPU Peani3ayii OUCTNAHYIUHUX KYPCI8 8i0N0BIOH020 CNPAMYBAHHSL.

Knrouosi cnoea. KOHKYpeHmMHUI 6UNYCK, MAMEMAMU4YHA MOOelb, MAMEeMAMUYHUL aHANI3, GUPOOHUYI

ModHcIUBOCHI, PYHKYIA KOPUCHOCTI.

IMocTanoBka npoodeMu, aHAJI3 OCTAHHIX
AOCJi/IZKeHb 1 myOJrikanin

BukopucTaHHsT IUCTAHIIMHHUX TEXHOJOTIH €
KITFOYOBOIO BIIMIHHICTIO CydacHOi ocBiTH. Ha croromHi
JVMCTaHIiHHI ()OPMH BUKJIAJaHHS aKTHBHO BIIPOBAIKY -
IOTBCSl 10 HaBYaJIbHOT'O IIPOLECY, MIATPUMYIOTHCS Y
TNiepeBaXkHIi OUIBIIOCTI HABYAIBHUX 3aKJIaJliB, HAO0YBaIOTh
PHC JNiTUPYIOY0i TEXHOIOTIT mAroToBKH (haxiBiis [1].

[TonynsipHICTh OHJAWH OCBITH — SBHIIE HE
BHITAJIKOBE, OCKUIBKH JUCTaHIIAHA (hopMa BUKIIAAaHHS
Ma€e HHU3Ky CyTTeBHX mnepeBar. Cepex HHX MOXHA
BKa3aTH HA BHCOKY TEXHOJOTIUHICTh HAaBYAJIBHOT'O
Ipolecy, 10 J03BOJISIE HAKOIUYYBATH T4 CUCTEMaTH-
3yBaTH BENHKI O0OCATH HaBYaJbHOI'O MaTepiany y
BHUTJIS/II TEKCTOBOTO, ay/1i0- Ta B1/IEO0 KOHTEHTY 3 METOIO
HOTO TMOJANBIIOr0 BHUKOPUCTAHHS, BUCOKHH piBEHBb
MOOITBHOCTI HaJaHHS OCBITHIX MOCIYT, PO3IMINPEHHS
reorpadii BUKJIaJaHHS, IPO30PICTh OIIHFOBAHHS SKOCTI
TOIIIO.

CyTT€EBUM MOLITOBXOM JI0 aKTHBI3allii BUKOpPHUC-
TaHHS JUCTAHI[IMHUX TEXHOJIOTIH CcTajd Ioil, II0
OB’ s3aHi 3 MAHAEMIEI0 KOPOHABIPYCY.

Bumymena po6oTta 3akiaaiB OCBITH B PEXHUMI
KapaHTHHY 3pOOUIIN TUCTAHIIMHUN CTIOCIO BUKIIaIaHHS
M HE €JMHO MOXKJIMBMM HaJIaHHS OCBITHIX ITOCIYT.

ToMy MOXKHa CTBEp/PKyBaTH, IO Ha CHOTI'OJHI
BUKOPHUCTAHHS AUCTAHIIIHHUX TEXHOJOTIH € HEeBiJ €M-
HOIO CKJIa/IOBOIO HaBYAJIBHOTO MPOIIECY, a MiABHUIIEHHS
e(eKTHUBHOCTI (hOPM HaBUAHHS € aKTYaJbHUM 3aB/aH-
HAM, 1[0 CYTTEBO BIUIMBA€ HA TIJABUIICHHS SKOCTI
OCBITHIX MOCIYT.

BopHouac ciin 3ayBaKMTH, IO BUKOPHCTAHHS
JTUCTAHIIMHUX TEXHOJIOT1H y HaBYaJIbHOMY TIPOIIEeCi Mae
nieBHi mpobaemu. Li mpoOaemu € HacIigKkoM cieudiku
CHpuiHATTS iH(popMalii yepe3 CHUCTeMy eJISKTPOHHHUX
KOMYHIKaIii.

Cepen HUX Taki sK, HANPHUKIAJI, YaCTKOBE
00OME)XEHHsI TPSIMOTO CIIJIKYBAaHHS 13 YJIEHAMHU TIpYyINu

CIIyXadiB, CKJIaTHUIM amamTamii 1o oHNaiiH (opmary,
00MEKEHICTE coLianbHOT B3aeMOil, HEOOXIIHICTE ITij-
TPUMKH, BUCOKOTO PIBHS CAMOMOTHUBAIIIT TOIIIO.

BinpmricTs i3 Bka3aHHX MpoOJieM MOJYKHA HiBEIO-
BaTH BHACIIIOK BUKOPUCTAHHSA Y MEKax AUCTAHLIHHOT
OCBITH Pi3HUX (OPM Ta METOJ(IB BUKJIaJJaHHS HABYAIIb-
HOTO MaTepiaiy.

BaxnmBy poip y mboMy MpoIleci Bimirpae cTBO-
PEHHSI KOMIT IOTEPHUX TPEHAXKEPIB Ta AUTOBUX irop, 1110
JIO3BOJISIIOTH JIOCHIIMTH TEBHI MPOICCH Ta BiAMpPAIlo-
BAaTH HAaBWYKH, SKi HaONIKEHI O peanbHOI poOOTH, 3
MOJIJIBIIONO 1X IHTErpali€ro 0 AUCTAHLIHHUX KYPCIB.

HeBix’€MHOI0 4acTHHOIO CTBOPEHHS 1HTEPAKTHB-
HUX irop abo TpeHakepiB € po3poOKa BiAMOBITHOT
MaTeMaTHYHOI Mojeni, ska Oyae iMITyBaTH TOW dH
IHITUH TIpo1iec.

V cTarTi Oy e po3risiHyTO OJHY 3 TAKUX MOJEICH,
oo IMiTye TMOBEHIHKY IMIAIPUEMCTBA B YMOBaX
KOHKYPEHTHOT'O CepejloBHIa. Taka MOJellb MOXe
BUKOPUCTOBYBATUCHh K IMIATPYHTS JUIS  PO3POOKH
IUTOBHX Irop Ta TPEHAaXKEPiB IPH IMiATOTOBIN criemia-
JICTIB BiIMIOBITHOTO CIPSIMYBaHHS.

Meta po6oTn

BpaxoByloun BuIlEBKa3aHe, METOK pOOOTH €
Ppo3po0Ka MaTeMaTHIHOT MOJIEITi KOHKYPEHTHOTO BUITYCKY,
Ky MOXKHAa BHKOPHCTOBYBATH JUI JOCIHI/UKCHHS Ta
BHOOpPY ONTHUMAaNBHOI CTparerii MOBEJIHKM IiJIpHEM-
CTBa B YMOBaX KOHKYPEHTHOTO CEpEJOBHIIA 3 METOO
MO/IaJIbIIIOT0 BUKOPUCTAHHS i€l Mozeni B cCHCTeMi

JIHACTAHLINHOT OCBITH.
ITocTanoBKka 3agaui

Crpykrypa Oi3HEc-IpoIecy MOBEIIHKU IiAPHEM-
CTBa CKJIQJAETHCA 13 HU3KH OJIOKIB, K 300pa)XeHO Ha
pucyHky 1. Bona Bkirouace taxi kommnonentu [2-4].

brok «Bupobnunua cucrema» (BC) peanizye Habip
BHpOOHNYMX (PyHKIIH. BXxomom € pecypcu Ta mapamerpu
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BUpoOHMIITBA. Buxonom OJIOKy € BUITyCK NMPOAYKLIl Y
HarypajibHOMY Bupasi. biok BC monentoerscst aBToma-
TUYHO, TIApaMeTpiB YNPaBIiHHA Y HHOMY HE mependa-
geHo. biok «PuHOK» peamizye 3 Tunm Mopenei
LIHOYTBOPEHHS Ta MOBEAIHKY CIIOXKMBaya, 110 BH3HAYae
oOcsirn peanizanii: 1) ¢ikcoBani wiHW; 2) npu3HauYeHi
BHPOOHMKOM IiHH; 3) KOHKYpEHTHI IIiHW, IO BH3HaYa-
I0ThCSI HAa OCHOBI MONUTY Ta mpono3utii [5]. Peanizamis
BUIIyIIEHOT MpoayKuii y Bunaakax 1), 3) — nmoeHa, y pasi
2) — BHU3HAUAE€THCA HAa OCHOBI (YHKII KOPHUCHOCTI.
Kepyrounm mapamerpoMm € minu P.

aK PB Hmax
3HoC AY Ty
o« v Y R I
BC Ll PuHOK TP
—>» L
F P
Mpwpict T At

Puc. 1. Crpykrypa GizHec-nipoliecy

HepeamnizoBaHi 3aJUIIKH HAKOIMIYIOTHCS 1 BKITIO-
YalOThCsl Y BUITYCK HA HACTYITHOMY €Tarll MOJICIIOBaHHS.
VY wmipy peanizamii npoxaykimii GopmyeTtbes goxia R. YV
po3moninpuoMy Oiomi «S» OXim MITUTBCS Ha JBI
cximanoBi: iHBectunii 1 1 cnoxuBanua C. Kepyrouum
rapamMeTpoM CIY)XUTb HOpMa HakonuueHHs S. Biok
«Po3BuTok BHpoOHHITBa» (PB) Momemioe crpareriro
PO3BUTKY BHMpOOHHMITBA 32 paxyHOK IHBECTyBaHHS
KOWITIB y 30UnbleHHs 00CAry BUpOOHHMYMX (OHIIB,
I/IBUILIEHHST TEXHIYHOTO Ta MpodeciiHOro piBHS, 3HU-
JKeHHsT MarepianbHuX BUTpar [6—10]. Bmox «Tpymosi
pecypen» (TP) perynroe ducenbHICTh mparoodnx [ 3
ypaxyBaHHSIM IXHbOTO TEPEPO3NOALITY MK ITiJIPHEM-

crBamu. [lapamerpu Oi3Hec-IpoleCYy HaBEACHO Y
Tabmumi 1.
Tabmuns 1
OcHOBHI TapameTpu Oi3Hec-TIpoIecy
[Tapametp 3MicT
K OcHoBHIi (oHAH ( BaPTICTH)
L TpynoBsi pecypcu ( YMCENBHICTb)
BC Bupobrnya cuctema
F BupoOuuya ¢yHKIis
Y Bumyck mpoayxkuii, Y=F( K,L)
AY HepeasizoBaHi 3amumiKu
P inn
R Hoxin
S Hopma HakonuueHHs
| TuBecThmii
Cc CnoxuBaHHs

Kpurepiem onTuManbHOCTI € MakcHMi3allis cymap-
HOTO CIIOKMBAaHHS WUmex. Ha 0a3i nmpexncTaBieHoi cxemu
MoOke OyTH 3reHepoBaHO 6 0a30BMX KOMIIOHEHTIB:
«ExoHOMiUHE 3pocTaHHs», «EKOHOMiWHE piBHOBary»,
«Po3BuTOK BHpOOHMITBa», «KOHKYpPEHTHUI BHITYCK»,
«TpynoBi pecypcn», «Jlyomomis», ki € HeBia €MHOIO
YaCTHHOI0 MpH MOOYIOBI TUCHHIUIIH EKOHOMIYHOTO
uuKIy. BoHN BiApi3HSIOTECS HAOOPOM KEPYIOYHX BIUIU-
BiB Ta YMOBaMH 30BHILIIHBOTO cepeoBuIIa. PosrisHemo
IUISL IPUKIIATy MOJENTb KOHKYPEHTHOTO BHITYCKY.

YV mpomy Oi3Hec-miporieci 00’€THaHI TPH CKIIAIOBI:
Ha0ip EKOHOMIYHMX acCIEKTiB MeXaHi3My YTBOPEHHS
JOXOJY MiANPHEMCTBA, PO3IIUPEHHS 00CATY BUITYCKY Ta
3HIKCHHS c00iBapTOCTI MPOAYKIii. 3 MOJEIUTIO TIpaIlo-
I0Th KUIbKa yYaCHHUKIB-KOHKYPEHTIB, KOXKEH YIpaBIsiE
cBOiM mizmpueMcTBoM. oMy Binomi BEXixHi napamerpu
MOJIeNi: OIiHKa MONUTY Ha MPOIYKIifo, i miHa, oOcsr
OCHOBHHMX (DOHJIB MIANPUEMCTBA, TPaHUYHHUN O0OCST
BUIYCKY NpoOxyKuii, i
NPaLOIOYHX.

Pobota 3 Mozmemio Mae iteparniitauii xapaktep. Ha
KO)KHOMY KpOIll YYaCHUKH aHATI3yIOTh CKOHOMIUHY

c00iBapTiCTh, YHCEIIBHICTD

CUTYAIif0 1 PO3MOAUISIOTh AOXi CBOTO MiATIPHEMCTBA,
CTIpsIMOBYIOYM HOTO Ha KamiTajdbHI BKIAaJaHHSI Ta Ha
CIIOKUBaHHA. MoJiellb KOXKHOMY KpOIl KOPHIYE CTaH
PHMHKY, KOPUTYE MOMUT, TOTOYHI LiHK, PO3Pax0OBY€ JI0XiT
migmpueMcTB. i gaHi JOCTymHI BciM ydacHUKaM. J{oXin
MATPHEMCTBA 3alISKUTh Big 00csATy BHIIyCKy V,
cobiBaprocTi Z Ta piBHs 1iH P.

Lian QopMyOTbCI PHHKOM B 3alIe)KHOCTI Bix
CyMapHOTo BHIYCKy. s 1[bOoro B MoJenb 3akiajieHa
(GYHKIIST €TacTHYHOCTI MOMHUTY 3a LIHOI, MPHYOMY
IPaHUYHUIT HOIUT 3pOcTae 3 MocTiiiHuM Temnom. Llina P
3aJISKUTH BiI cyMapHOTO o0csTy mporo3utiii. MeTa rpu
— BUOpaTH CTpaTerilo, siIka MAaKCUMI3y€e CyMapHe CIO0XH-
BaHHS MiJIIPHEMCTBA 33 IEBHUI TIEpioJI.

Buxkiax 0cCHOBHOTO MaTepiaiy

MaremMaTH4YHAa MOIe]Ib KOHKYPEHTHOIO BHITYCKY.
Hexait Vi — 00’eM mpoxayKuii B HaTypaTbHOMY BHpasi, IO
BHITYCKA€ MiIPHEMCTBO 1 3a riepiof t, i=1, ... N, N — KibKicTh
mignpueMcTs. Tofi 3araibHIil 00CST BUPOOHKIITBA CTAHOBH-
THME:

Ve =X, Vit 1)

bynemo BBakaTtm, mo I[iHa MNPOXYKLIl JiHIIHO
3aJIEXKUTh BiJl 3araTbHOT TIPOTIO3UIIIT:

P*
Pt = -
Gt

t+ P )

ne P* — rpannuna nina, Gt — rpaHuuHUI NONMT Ha
npoaykiito. bygemo takox BBaxartu, mo P=0 mpu Vt >=
Gt.
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PosrsHeMo IMHAMIKY OZHOrO MiJIPHUEMCTBA,
OITyCTHBIIM iHJeKC 1. BupoOHuua ¢yHKIis, 0 BU3HAYAE
BHITyCcK mponykmii y mepiomi t, ( t=1, 2, ..., T) mae
purnman: V. = VoF(K:L;), ne K¢ — 00’eM OCHOBHUX
¢onaiB, Lt — dncenbHICTh NpanIoYnX, TOOTO!

K, L
Ve =y i Ji ®

O06csar peamizamii npomykmii Vt 3a miHoo Pt
ckimagatuMe BenumunmHy Pt * Vit a BuTpatud craHo-
BUTUMYTh Zt * Vt | me Z — cobiBapTicTe OAWHUII
mpoayKii. BiamosigHo noxix miampreMcTBa 3a mepiox t
CTAaHOBUTHME:

Ve = V(P — Zy) 4

Benunurna Yt pO3MOAUIAETHCS MIANMPHEMCTBOM Ha
IIBl CKJIAJIOBI:

— KamiTanbHi iHBecTHIiii I, = S, V; (5)
— cnoxuBanus C, = (1 — S,)V, (6)
Y cBow  depry, KamiTalbHl  IHBECTHI]

CIpPSMOBYIOThCS Ha  (pi3UUHE
OCHOBHHX (DOH/IIB:

30iMbIICHHES 00’ €My

AK, = S;1,, (7

Ta Ha MiIBUIIICHHS TEXHIYHOTO PiBHA BUPOOHHIITBA,
IIO CIIpHS€ 3HIKEHHIO cO0iBapTOCTI MPOIYKIIIi:

Bemmunna AK; 30imbmrye o6car 00’eM OCHOBHHX
(OHIIB HA BENTHYHHY:

Kt+1 = Kt + AKt (9)

Ta, BpaxoByroudn (3), — BIUIMBaE Ha 00’eM
BHPOOHUIITBA.
Komrn, mo chopsmMoBaHi Ha  MiJBUIICHHS
TEXHIYHOTO PiBHS BUPOOHHUIITBA, BILTUBAIOTH KOSPIIi€HT
TEXHIYHOTO PiBHS:
— Vvt
Xev1 = Liz1 Ri/Keas, (10)
BiZl SIKOTO 3aJIeKUTh COOIBapTicTh mMpoaykmii (y
Mozeni npuitaaTo o=1):
— —aX
Zpyq = Zoe "t (11)
YncenbHICTh MPAIIOI0YMX Ta TPAaHUYHUH MTONTUT Ha
MIPOAYKIIIO 3pOCTAIOTH BiATIOBIAHO 3 TEMIIaMHU M U 3

Ly = Loe e+ (12)

Gy = Goe PXeer | (13)
TIPH IIbOMY PEKOMEHTYy€ThCSI BHOMpATH [3>1).
3aBIaHHs  JOCH/DKEHHS MOJETi, — JOCSAITH

MaKCHMaJILHOTO CyMapHOTO CIIOXKHMBaHHS:
. )
Fy =%.2, C;j > max (14)
BucHoBku

Bubmparoun onTHMambHYy ~CTpaTerilo, Ciryxad

TIOBUHEH CITUPATHCS HA TaKi peKOMEeHallii:

— MaJIi 3HaYeHHS Kepylodoro napamerpa Sit (HopMu
HAKOTIMYCHHS) TMPHU3BOAUTH OO0 30UTBIICHHS YacTKH
cnoxkuBanHs Cit, mnpoTe TmpuU IHOMY HOBLIFHO
MOKpauIyoThest (akTopu BupoOHunTBa Kit Ta Zit, npu
BEJIMKHX 3HAYCHHAX Sit CIIOCTEPIraeThcs MPOTHICKHIHA
eeKT - 3HIKYEThCS CTIOKUBaHHA, pu Sit =100 Maemo
Cit =0;

—3MeHmeHHs S'it TArHe 3a Cco0OK MOBiNbHE
3pocTaHHa 00cary ocHoBHUX (oHmiB Kt i Bumycky Vi,
NpoTe TpH LBOMY MiJBUIIYETbCS TEXHIYHUH piBEHb
BHUPOOHHUIITBA, 3HWKYETHCS COOIBAPTICTh MPOAYKIIT Zt,
o0 MOXE KOMIICHCYBaTH HETaTUBHHHA eQeKT Bix
3HIDKCHHS TEMITY 3pOCTaHHS BUIYCKY;

— 30UIbIICHHS. OOCSTIB BUIYCKY BHACIIJIOK HIBHII-
KOTO 3pOCTaHHS 00CSATY OCHOBHHX (DOHIB IPU3BOIUTH
nO0 TmamiHHA wWiHW Pt; Tpm
OiANPUEMCTB, M0 30UIBIIYIOTh BHITYCK, II€ MaiHHS

BEJWKIf  KUTBKOCTI
MOXe OyTH 3HaYyHHMM, IO CIPUYMHUTH 3HWKCHHS
noxoxiB Yit, ToMy HEOOXiIHO BPaxOBYBAaTH IOBEIIHKY
NapTHEePIB Ta EKOHOMIYHI MMOKA3HHUKH IXHIX MiAIpH-
€MCTB;

— 3HIDKEHHS COOIBapTOCTI 3a PaxyHOK BJOCKOHA-
JICHHSI TEXHOJIOT1i, eKOHOMIl CHPOBHHH Ta IiJBHIIECHHS
TEXHIYHOTO piBHA BHUpOOHHMLTBa cTabumizye Yit mpu
KOJINBaHHSX I[iHU; 3HIDKCHHS CO0IBapTOCTI He Oe3MeKHE
i YIOBUIBHIOETBCA 31 3POCTaHHSAM TEXHIYHOTO PIiBHA
BUPOOHUIITBA;

—ymoBa B > m B pgaHid Mopen 3a0e3nedye
MOXJIMBICTh 3pOCTaHHs wLiHM P 1pu oOMmexeHHi
3pOCTaHHsS OOCSTIB BHITYCKY OUIBIIICTIO MiJIIPHEMCTB
(S"it = 0), mo 36iEIIye HOXiL;

— YMOBOIO, KOJH 30iJbIICHHS BHITYCKY JIHIIE
OJIHUM TMIiANPUEMCTBOM 1 MPHU3BOAMUTH JO 301TBIICHHS
Horo noxoxy € piuicts: P-Zi > g (Vi+ A Vi), ne AVi—
NPUPICT BUNYCKY mnpoaykuii, g= P*/G - Bmius
3poCTaHHs BHIYycKy Ha miny. [Ipm mpomy y j-To
MATPHEMCTBA, 10 He 301IbIIy€E BUIYCK, TOX1J 3MEHIITY-
€ThCS Ha BeMMuuHy: Vj =g Vi Vj.

OmnucaHa MoJielb pealli3oBaHa K CKJIaJJ0Ba YaCTHHA
JMUCTAHIIIMHOI CHCTEMH, SKa BHUKOPHUCTOBYETHCS IIPHU
BHKJIQJaHHI KypciB B XapKiBCBKOMY HaIllOHAIEHOMY
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THE MODEL OF COMPETITIVE GRADUATION AS PART OF A DISTANCE LEARNING SYSTEM
M. Karpenko, O. Shtelma, I. Baranchuk
O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

The article deals with the use of process simulation modeling in distance education system.

In particular, it proposes a generalized mathematical model of the behavior of an enterprise operating in a
competitive market, and discusses one of the components of this model in detail.

The generalized model is represented by a number of blocks, each of which is responsible for a particular
production function of the enterprise. Among them are such blocks as "Production system", which transforms inputs
into finished products; "Market" block, which implements a certain set of pricing rules (fixed, intended by producer
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or competitive) and forms demand and sales volumes taking into account consumer behavior; "Production
development" block, which implements rules of production development depending on investment volumes, increasing
funds, increasing technical and professional level; "Labor resources™ block, which is responsible for the number of
employees in the enterprise.

All these components interact with each other, each of them has a set of adjustable parameters. Part of these
parameters can be fixed, which allows you to get a set of local models, that is, consider the characteristics of the
enterprise from different angles.

In the paper, the basis was focused on working with a variant of the model called "Competitive output".

According to the features of this model, the production function of the enterprise implements fixed mechanisms
for calculating the volume of production, the dynamics of labor resources, labor force, the volume of investment. The
main control parameter is the distribution of received resources between the consumption and development of the
enterprise (carried out with the help of the normative). According to the entered values at each stage of modeling the
system calculates the possible volumes of production, coordinates them with the demand, forms the current cost price
of production taking into account technical level and characteristics of labor resources and thus offers the available
volume of funds for further distribution.

The purpose of working with the model is to reach the maximum level of consumption by means of rational
allocation of resources with sustainable development of production up to the specified level.

In the article the behavior of the Competitive Output model has been investigated and general recommendations
on the choice of resource allocation strategy to achieve the optimal result have been given.

The described model is implemented as a part of the remote system, which is used in teaching courses at the
Kharkiv National University of Municipal Economy.

Application of modeling tools in combination with traditional methods of e-learning has confirmed their high
efficiency.

Keywords: competitive output, mathematical model, mathematical analysis, production capabilities, utility
function.




