IHOPACTPYKTYPA PUHKY

TEOPETUKO-FrPA®OBASA MOAE/Ib ®UUHAHCOBOW
OTYHETHOCTU NPEANPNATINA

THEORETICAL-GRAPHIC MODEL ENTERPRISE FINANCIAL REPORTING

YAK 519. 876. 2:658. 14/17
https://doi.org/10.32843/infrastruct34-49

MapTbiHOBa E.B.

K.3.H., [OLLEHT,

[OOLEHT Kadoefpbl BbICLLIEV MaTeMaTukn
1 3KOHOMUKO-MaTemMaTuyecknx MeTof0B
XapbKOBCKUIA HaLMOHAbHbII
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C camoz0 Hayana BO3HUKHOBEHUSI MemoOb!
MOOe/IUpoBaHUsI C UCMO/b30BaHUEM Meopuu
2pachos Haxodusnu csoe NPUMEHEHUE 8 CaMbiX
pax/uyHbIX U BHEWHE HECXOXUX 06/1acmsix:
XuMUU, 3/1EKMPOOUHaMUKe, 2eoepachuu U m.
0. Cmambsi nocssilyeHa aHa/iu3y U3BECMHbIX
Mamemamuy4eckux mooeneli pa3sumusi Masio2o
npednpusimusi U paspabomke Meopemuko-
2paghosoli  duHamuyeckoli 0OHOMPOAYKmMOoBoLi
Modesniu  ¢huHaHcoBol  desimesibHoCMU  npeod-
fpusmusi. AKmyasibHOCMb paccmampusaemoli
npo6/ieMbl cocmoum 8 mMOoM, Ymo Ha Ccospe-
MEeHHOM 3marie pa3sumusi 3KOHOMUKU, KaK 8
Haweli cmpaHe, mak U 3a py6exom, 8 cucmeme
(huHaHCoB020 yrpas/IeHusi Npeonpusimuem sce
6o/1blee BHUMAaHUE ydesisiemcsl BOMpocy opaa-
Hu3ayuu OeHeXHbIX MOMOKOB. VIMEHHO OHU OKa-
3bI8AKOM CYWECMBEHHOE B/IUSIHUE HA KOHEYHbIE
pe3synibmamsl xo3siicmseHHol desimesibHocmu
npednpusimusi. Bmecme ¢ mem ciedyem omme-
mumb, 4mO KOHYEenyusi OEHEXHO20 MomoKa
npednpusimusi kak caMoCmosime/IbHo20 00b-
eKkma (buHaHCoB020 yrpas/ieHusi He fosyyuia
40Ccmamo4YHO20 OMPAXEHUsT HEe MOJ/TbKO B Ome-
4yecmBeHHoU, HO U B8 3apybexHol lumepamype
10 BOMPOCcam (hUHaHCOBO20 MEHEDXKMEHMA.
KnioueBble cnosa: Mode/iuposaHue, (hUHaHCo-
Basi 0essmesIbHOCMb NPeonPUSIMUS, OeHEXHBbIU
rnomoxk, epach, Mampuya ceqeHud.

3 camo20 no4amky BUHUKHEHHSI Memoou
MOOe/II0BaHHS1 3 BUKOPUCMaHHSIM meopii epa-
¢hiB 3Hax00U/IU CBOE 3aCMOCYBaHHS B PI3HUX
i 30BHI HECXOXUX 2asly35X: XiMil, enekmpo-
duHamiyi, eeoepadhii mowjo. Cmamms npu-
cssiYeHa aHanisy si0OMUX MamemMamuyHUX
modesiell po3BuMKy Masio2o nidnpuemcmsa
ma po3pob6/IeHHI0  MeopemuKo-2paghosoi
OduHami4Hoi 00HOMPOAyKMOoBoi Modesii thiHaH-
€080i 0isi/ibHOCMI MidnpueMcmaa. Akmyasib-
Hicmb yiel npobaiemu nossizae 8 MoMy, Wo Ha
cy4acHoMy emari po3sUmKy eKOHOMIKU, 5K Y
Hawil KpaiHi, mak i 3a KOpAoHOM, y cucmemi
(hiHaHCO0B020 ynpas/iHHS  MiONPUEMCMBOM
yce binbwa ysaza npudinsiemscsi NMUMAaHHI0
opeaHizayii epowosux nomokig. Came BOHU
cnpasnsome icmomuull BrAUB Ha KiHYEBi
pesysibmamu  20crnodapcbkoi  Oisi/IbHOCMi
nionpuemcmsa. BodHoyac cni0  3asHa-
yumu, WO KOHYenyis 2powoso20 MOMoKy
nidnpuemcmsa K camMocmiliHo2o 06'ekma
(hiHaHCOBO20 yMpasAiHHA He ompumana
docmamHb020 BIOOOPAXKEHHS HE MIfbKU Y
BIMYu3HsHIl, ane i 8 3apybixHIU nimepamypi
3 nUMaHb YiHaAHCOBO20 MEHEDXMEHMY.
KntouoBi cnoBa: mooesito8aHHsl, chiHaHcosa
OisifibHicMb - NidnpueMcMaa, 2powWosul  Momik,
2pach, Mampuysi nepemuHis.

From the very beginning, modeling methods using graph theory found their application in various and superficially dissimilar areas: chemistry, electrody-
namics, geography, etc. This article is devoted to the analysis of well-known mathematical models for the development of a small enterprise and the devel-
opment of a graph-theoretic dynamic one-product financial model the activities of the enterprise. The relevance of the problem is that at the present stage
of economic development, both in our country and abroad, in the system of financial management of an enterprise, more and more attention is paid to the
organization of cash flows. They have a significant impact on the final results of the economic activity of the enterprise. However, it should be noted that the
concept of cash flow of the enterprise, as an independent object of financial management, has not received sufficient reflection, not only in domestic but also
in foreign literature on financial management. The financial activity of the enterprise is proposed to be considered as a coherent oriented graph on which the
first Kirchhoff law is defined. Also considered is the task of analyzing the dynamics of various types of small enterprises, the production process of which is
described by different production functions, including non-linear ones. When solving problems associated with the dynamics of the development of a small
enterprise, matrix graph theory, differential equations, and stochastic analysis were used. The dynamics of the development of a small enterprise and the
financial circuit on it using a combination of several approaches: the construction of a network model of the enterprise and the analysis of the dynamic equa-
tions of enterprise development are considered. A system of equations is obtained that describes the dynamics of the development of a small enterprise
and the circuit of its financial resources. This allows managers to make effective management decisions. In the future, it is planned to consider a nonlinear
modification of the model and investigate the solution of the corresponding nonlinear degenerate differential equations.

Key words: modeling, financial activity of an enterprise, cash flow, graph, section matrix.

MocTtaHOoBKa Npo6neMbl. AHaIN3 AVHAMUKU U
(PMHAHCOBOro Kpyroobopota MasiblX NpeanpusiTuii
AB/IAETCA OCHOBHbLIM 3/IEMEHTOM MOZAE/IMPOBaHUA
N OLEHKM MX [eATenbHoCTU. [ocTpoeHne mMogenu
(hMHAHCOBOI OTYHETHOCTY NPEaNpPUATAS HEOBX04UMO
ANna ero passutusa 1 adPeKTUBHO TOMBKO B Clyvae
KOMBUHMPOBAHWUSA Pa3HbIX NOAXOLO0B.

AHanus nocneaHux uccnegoBaHuii n nyo6nu-
Kauwii. B nocnegHee Bpems Bce 60Mblue MOSBS-
eTcs paboT, NOCBALLEHHbIX NCNOMNb30BAHUI0 METOA0B
Teopuu rpadpoB nNpu MOLENUPOBAHUN 3KOHOMUYE-
CKuX 3agad. ViccnenosaHunio 3TMX BOMPOCOB MOCBS-
LLeHbl paboTbl TakMx yueHblx, Kak C.P. XauyaTpsH,
M.B. lMnHeruHa, B.l1. bysaHoB, M.®. BoHpapeHkKo,
H.B. bunoyc, A.l. Pytkac, O. ®unnunc, A. lap-
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cva-Aunac n gp. Mpu aHanuse geATeNnbLHOCTU npesa-
NPUATUSA CYLECTBEHHYIO pPOJb WUrpaeT AuHamukKa
pasBuUTUS OCHOBHbIX MNPOU3BOACTBEHHbLIX (YOHAOB.
JnHamnyeckre cBA3M ONMNCbIBAKOTCSA CUCTEMOW And-
pepeHumnasibHo-anrebpanyecknx ypaBHeEHW Buga:
Ax'+Bx =f(t). VccnegoBaHuio peLleHuid  3TOro
ypaBHEHUS NocBsileHbl paboTbl K. Bellepwtpacca u
. KpoHekepa.

MocTaHoBKa 3apjaun. B aToii pabote npegna-
ralTca MarematmyeckMe MeTofbl, MCNosib3yemble
B (pMHAHCOBOM aHa/M3e, KOTOpble MNpPeacTaBsAoT
COBOKYMHOCTb MOAXOA0B Y METOAO0B, NO3BONSAOLLMX:
COOTHOCUTbL OyayliMe NOTOKU AOXOAOB C TekyLieli
CTOVMOCTbI0, N3MePATb A0X0Abl OT aslbTEPHATUBHBIX
BapuvaHTOB MHBECTMPOBAHUSA, NPOBOAUTL 06PabOoTKy
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AaHHbIX. OCyLLeCcTBASETCA 3TO C LeNblo npeackasa-
HUS peaslbHbIX XapakTepUCTUK MNPOU3BOACTBEHHO-
3KOHOMWYECKO CUCTEMbI, 4YTOObI PYKOBOAUTENAM
6bl10 flerye NPUHUMATL pelleHnss Ha OCHOBaHUM
aHan3a, NPon3BefeHHOro € NOMOLLLI0 MHGopMaLIM-
OHHbIX TEXHOMOMIA.

M3noxeHne OCHOBHOIo Matepuana uccnepo-
BaHuA. CuntaeTcs, 4To masioe NnpeanpusaTue MoxeT
pasBuBaTbCA Kak 3a CYeT BHYTPEHHUX NCTOYHMKOB,
Tak 1 3a CYeT BHellHel (oMHaHCOBO NoAAEPXKKM B
BUAe vMHBecTMUnii. OCHOBHbIE MPON3BOACTBEHHbIE
QOHAbl — €AMHCTBEHHbIA NUMUTUPYIOLWNIA dhakTop,
onpegensawwWwmii BeINyCcK npogykunn. Manoe npeg-
npuaTne PyHKUMOHUPYET NPU HEM3MEHHOI TEXHO-
noruu, 4to npegnonaraeT NOCTOAHCTBO ero hoHA0-
oTAaun.

C yyeToM cAenaHHbIX NPeanocbisIoK NPous-
BOACTBEHHAas [AeATe/IbHOCTb ONUCbIBAETCA OAHO-
(paKTOpHO NPOU3BOACTBEHHON hyHKUMeEn Tuna
JleoHTbEBA, a TEMMbI Pa3BUTUA NPEANPUATMA onpe-
AensTca AMHAMUKOW OCHOBHbIX MPOU3BOACTBEH-
HbIx cpoHgos. [10].

3aBNCUMOCTN MEXAY OCHOBHbLIMU NMEepPeMEHHbIMM
MOZE/IN MaJI0r0 NPeAnpUATUSA NPeACcTaB/EHbI Ceay-
IOLLE CUCTEMOI YpaBHEHWIA:

P(t) =1 A(t); (1)

M (t) = (L -c)- P(t); (2
M()=M(t) - N(t); (3)

N(t) =7,P(t) + 1,k (1 —v)M(t); (4)
(‘jj—'? =vM(t) +I(t); (5)
te[0,T]; vel[01]; k, e(0,1], (6)

roe P(t) — BbiNnyCK NPOAYKLUUN B MOMEHT t B CTOM-
MOCTHOM BbIpaxeHuw; f —nokasatesb (hoHgooTAauN;
A(t)— CTOMMOCTb OCHOBHbIX MPOU3BOACTBEHHbIX
(POHAOOB; C —YyaernbHasi ce6ecToMMOCTb BblNycka npo-
AYKUWW B CTOUMOCTHOM BblpaxeHun; M°°(t) — obLias
NpuoebLIbL Maoro npeanpuaTusa; M(t) — umuctasa npu-
6bl/1b MaIOro NPeANpPUATUS 3a BbIYETOM Has10roBbIX
otuncneHnii; N(t) — cymMMa HasloroBbIX OTUUC/IEHWIA;
7,,T, — CTaBK/N Ha/0roobn10XeHns1 Ha 06beM Bblry-
CKa W NpubbISIb COOTBETCTBEHHO; v — A0S YNCTONA
npubbInu, OTHNC/IAEMON Ha pPevHBECTMpOBaHue,
(v <v); k, — Koa(hULMEHT, oTpaKalowuii Jo/o He
pevHBECTMPYEMbIX CPEeACTB NPUOLIIN, HE MMEHLLMX
NblOT MO HaNOroo6/10XeHNO (He BCe penHBeCTUpYye-
Mble CpeAcTBa 0CBOGOXAAlOTCSA OT HAI0MOB), U oLe-
H/MBaeMblli CTaTUCTMYECKUM MyTeMm; [(t) — BHellHue
WHBECTULMM, NOMYYEHHbIE Ma/IbIM NPEANPUATUEM HA
6e3B03Me3/HOli OCHOBE.

Mpu atom ypaBHeHuns (1-6) umewT cnepyto-
LLYIO 3KOHOMUYECKYIO uHTepnpetauuio: (1) — onpe-
JensieT NMHERHY MPOU3BOACTBEHHYIO (DYHKLMIO
MaJsioro npeanpuaTus; (2) — xapakrepumsyer npouecc
dhopMMpoBaHMsa ero obuleii npmMbbian 3a BbIMETOM

n3gepxek npoussoacTtea; (3) — onucbiBaeT Benu-
YMHY YNCTOW NpUBLISIM 3@ BbIYETOM 0OLLEN CyMMbI
HaNOroBbIX OTYMCAEHWIA; (4) — YNPOLLEHHbIA anro-
pUTM pacyeTa Hasl0roBbIX OTUYUC/IEHWIA, a NbroThl,
npegocTasnsieMble NpeanpuaTUsaM, PEMHBECTUPYIO-
LLMM CBOIO NpUOBbIIbL B NPOM3BOACTBO, YUNTbLIBAIOTCA
C NOMOLLBI0 A0/ UHBECTULMOHHBIX OTYMCNEHUA v
n KoadhdomumeHTa k, (BennynHa ero 06bI4HO 3aBU-
CUT OT rpaHuupl geinctemsa nerot v <v); (5) — onu-
CblBaeT AMHAMVKYy NpUpPOCTa OCHOBHbIX MPOWN3BOA-
CTBEHHbIX (DOHAOB 3a CYET COOCTBEHHbIX CPEACTB U
BHELUHUX UHBECTULINIA.

MopcTtaBnAas ypaBHeHUA (2) v (4) B COOTHOLIEHME
(3), nonyyaem:

M(t) = (1 —c)P(t) -7, P(t) — 7.k, (L —v)M(t) =
= POIA-C) -7yl -k, (L-vIM(@)
Bblpaxasi fiBHbIM 00pa3oM nepemeHHyto M(t),
NMeeM:

()

M(t) = l-c—-1,
l+7,k,(1-v)
Otcroga, noactasnss (8) B (5), nonyyaem:

C;—‘t‘ =aP(t)+I(t), rae a=

P(t). (8)

dl-c—-1, v )
1+7,k,(1-v)
Monyyaem oOKoH4YaTeNbHO AuddepeHymaibHoe
ypaBHeHue (K KOTOpOMY CBOAWTCS CMCTEMA COOTHO-
leHunii (1- 4)), merollee cneayowmii Bua;
d—A=aA(t)+l(t), e a=fa.
dt
PaccmoTpm Tpu ciyyas AMHaMUKL nHBecTuumi I(t) :
1) I(t) =1, = const,
2) I(t)=pt
3) I(t) = Be”".
[JaHHble cyyan COOTBETCTBYIOT TPEM BO3MOXHbIM
cTpaTterusiMm rocyfapCcTBeHHON MOAAEPXKKA Manoro
npegnpvHMMaTenscTBa: 1) NOCTOSAHHOM — C IUKCU-
POBaHHLIMU 06 bEMAMN NHBECTULMIA A/18 KaKA0r0 U3
nepuoaos; 2) NIMHEHO Bo3pacTalLeil — ¢ TeMNOM
pocta mHBectuumin B >0; 3) BO3pacTawLweli — co
cpegHuM Temnom S >0, HO N0 HESIMHEHOMY 3aKOHY
N C MVHUMaJIbHbIM YPOBHEM rapaHTUPOBaHHON rocy-
AapcTtBeHHon nogaepxkn (/(0)=B npu t=0).
O6uee peleHne AVHeRHoOro HeoAHOPOAHOro
AndpcbepeHunanbHOro ypaBHEHMS € NOCTOSIHHbIMU
KoapdmumeHtamun (5) Ans paccmartpuBaemblx npa-
BbIX YacTei UMeeT COOTBETCTBEHHO BUA:

(10)

(11)

loyar  lo
Alt) = (A, + g)e g (12)
A=A+ Lyer — P @v1y, @3
a a
_ B at _ B pt
A(t)—(A0+a_ﬂ)e a gt (14)
rae A, =A(0). Conoctaenas Temnbl pocTa

OCHOBHbIX (DOHAOB A/151 Pa3/IMYHbIX BApMaHTOB UHBE-
CTUPOBAHNA Masioro npeanpusTusi, yéexaaemcs,
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4TO OHW, KaK W CrefoBasio oxuaaTtb, 6onee BbiCOkMe
npu 60/51ee UHTEHCUBHON CDMHAHCOBOM MoAAEpPXKe.
OpHako OHM 3aBUCAT UM OT NapameTpoB, XapakTepu-
3yHOLWMUX AeSATENbHOCTb PacCMarpyMBaemMoro 3KOHO-
MWYECKOTo 06beKTa, B YACTHOCTM, OT CTPYKTYPHbIX
XapakTepucTK paccMaTpvMBaemoli CUCTEMbI, onpe-
AensoLmxcs pasmMepom a .

Matemartuyeckass CTPyKTypa OCHOBHOIO Yypas-
HeHns guHamukn masnoro npegnpuatna (10), kak
N CTPYKTypa MOMyYeHHbIX peweHuii (12) — (14),
COOTBETCTBYOT  pesynbrataMm  AndpdpepeHumnans-
HOro aHasM3a NPUMEHNUTESIBHO K MPEeNnPUATUIO, Kak
X0351ICTBEHHOMY 06bekTy. OfHaKO 3KOHOMM4YecKoe
cofepXaHue nepemMeHHbIX, BXOAALLMX B NOSTyYEHHbIE
peLleHns, Ans conocTaB/seMbIX NCCef0BaHni pas-
JINYHO ¥ onpefenseTca NCXOAHbIMY NOCkIIKaMun pac-
CMaTpUBAaEMbIX B K&XA0M C/yvyae Moeneil.

PaccmoTpym 60nee COoXHbIA ciy4aii, npu KoTo-
POM He TO/IbKO BHELUHWE, HO W BHYTPEHHWEe WHBe-
CTUUUM Manoro NpegnpuaTua ABNAKTCA PyHKUMel
BpemMeHn. ITOT cfyyail yunTbiBaeTcsa B Mogenu
nyTemM onucaHus JUHaMUKN NepeMeHHON’, oTpaxato-
LLei [oNH0 YACTON NPUBLIAN, OTYNCASEMOI Ha penH-
BECTUPOBaHWE, KaK W3BECTHON (PYHKLMU BPEMEHU
v(t) [2]. 3ameTum, 4TO nNpu A6OM Bruae (hyHKL Wi
v(t) ™Mogenb Masioro npeanpusaTMs CTaHOBUTCSA
HeNMHeHo.

Mo cBOEMY 3KOHOMWYECKOMY COAEPXaHUK AaH-
Has nepemMeHHas ynpasfsoWMiA napaMeTp, Xapak-
Tepusylowuii pasmep CpeacTB, HanmpaBAseMblX Ha
notpebneHve u HakonneHue. [lo3aTomMy BBegeHue
B MOZeNb AVHAMWUKM NepeMeHHol v(f) onucbiBaet
onpefenieHHyo cTparervio noBeaeHusa npeanpuaTus
npu pacnpegeneHnun YNCTon NpubbIIN.

Manoe npeanpusaThe paccMaTtpusBaeTcs Ha Bpe-
MeHHOM uHTepBanie [0,T]. MycTb v(t) — u3BecT-
Has MOHOTOHHO BO3pacTalLllas QPYHKUMA BPEMEHH,
[NA KOTOPOI 3afaH BEPXHUA npefes N3MeHeHns ¢
(onpegensieMblii 3KCNEPTHO WM Ha OCHOBE CTaTw-
cTuyeckoro aHanmza 0< @ <1;v(T)=¢). BHewHune
MHBECTULMM SBNSIOTCA HeKOTopoN doyHKUMeln Bpe-

mMeHu I(t), npuyem jl(t)dtzl’. Tpebyetca onpe-
0

OeNUTb BEPXHIO TpaHuLy W3MEHEHWS OCHOBHbIX
hoHO0B Masioro npegnpuatia A(t) 1 oueHuTb ux
BE/IMUMHY K KOHUY nepuopa T .

C y4yeToM cAenaHHbIX NPeanocbi/ioK ypasHeHUe
(10) umeeT BULA:

C;—';\ =a(h)A(t)+I(t),

(15)
L-c-nv() ,
1+z,k,(L-v(t)

CooTHoweHne (15) — HenuHeliHoe auddepeH-
unasnibHoe ypaBHeHWe, pelleHne KOTOpPOro 3aBucut
oT BuAa cyHkumm I(t) . Ecnn OHO HepaspelummMmo B
SIBHOM BuJe OTHOCUTENbHO A(t), ero MOXHO peLuaTb
NpuenvkeHHbIMY MeTogamu. Kpome Toro, ans Hero

roe a(t) = (16)
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MOXHO ONpefenuTb BEPXHIOK TpaHuLy OUHAMUKK
A(t) .MpouHTerpuposaB 06e 4acTu ypaBHEHUA Ha
uHTepsasie ot 0 Ao t, nonyyaem:
t t
A(t)— A(0) = j a(t)A(t)dt + j/(t)dt. (17)
0 0
t
C y4eTom Toro, 4to A(0)=A, u jl(t)dt =[", nony-
yaem: 0

Alt)= A, +1 + ja(t)A(t)dt . (18)

0
[ns ypaBHeHus (18) npumeHuMa oueHka PoHy-
onna-bennmaxa:

t
a(t)dt

At) < (A, +1))e (19)

3ameTum, 4To a(t) pacTeT MOHOTOHHO C POCTOM
v(t), 4To cnepyeT 13 cooTHolleHus (16). Cneposa-
TeNbHO, MaKcumasibHoe 3HadeHue yHKUmA a(t)
pocTturaeT npu v(t) B KOHUe nepuoga T . 3TO NO3BO-
NAET NOMYUYUTb BEPXHIOK OLEHKY AMHAMWKM OCHOB-
HbIX (DOHAOB B YNPOLLEHHOM BUAE:

At) < (A, +1e® , tne a=a(T) npu v(T)=¢. (20)

[nsa onpegeneHHocTn 3agagum doyHkumnio v(t) B
BUAE CNeaytoLLei CTeNeHHON gYHKLNN:

v(t)=7yt*, (21)
rae y — Temn  HapawmsaHus” npowuecca penHse-
CTMPOBaHWA CpefCcTB Maoro NPeanpusaTUs.

B coOTBETCTBMU CO CAENAHHBIMU NPEANOCHIKaAMM
oyaem cumTarhb:

t*  npu
V() = {7 p
@ npu
Tak kak v(T)=yT? =¢ N0 OnpeaeneHunio 3aaaH-
HOl DyHKUMK, MOyYyaeM BeNMYMHY Temna peuHse-
CTUPOBaHUSA:

t<T

t=T (22)

2

y :%, a Takke v(t):(f;_—tz. (23)

MonyyeHHoe BbipaxkeHVe NO3BONSAET ONpenenTb

napametp a(t) B cooTBeTCTBUM C chopmynoit (16).

O6o3Hauns f(l-c—1,)=m un 7,k, =n, NPUXoaum K
crefyoLwemMy BbIPaXKeHUIO:

P L2
m—zl‘ 2
aty=——T - met

1+n[1 —%tz] T2[1+n—’;—ft2]

(24)

Moacrasus (24) B cpopmyny (19), MOXHO nony-
UNTb OLEHKY AON1S1 BEPXHEW rpaHuubl hoHaoB A(t)
ONna paccMOTPeHHOro Buaa yHkumii v(t). C aTol

t
LEeNbl BbIYUCANUM MHTErpan E(t):ja(z)dz. Ouve-
BWHO, YTO o

t 2
S L

014n-"9
T

(25)

ne

O603Ha4YMM g=1+n;q=F.

Torga
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[ 2
E(t) = J- z°dz _ mq g-qz° _gdz_

09— qz ngy, g- qz*
m “ dz
M (dz+g[—%,
n[j +gj — 22]

E0=""1-t+ o] % q (26)
0] — g

O603HauvB p = \/g , 113 BblpakeHus (26), nonyyaem:

duz
E(t)=— [t —j K2 1=

1- (uZ)
t

__111[_{.+.;£_|n }_:;éig. ];: (270
n 2u |1+ pz||,
BT 1“”‘].
2u |1+ pt

NTak, oueHka BepxHei rpaHuLbl OCHOBHbIX (DOH-
foB npn z=T B cooTtBeTcTBUN C hopmyrnoii (19)
nveet BUA;

m 1-uT

1+uT

T

AT)< (A + M) 2

‘ nnn

mT

1
— ou _MT
1/1T!en,

AT)< (A +17
(M) < (A )1+#T

(28)

roe

m=f(l-c-t,); n=tk,; g=1+n,

ne. ne

T Ty

BennunHa BepxHeli rpaHulbl AMHAMUKMA OCHOB-
HbIX (POHA0B 3aBUCUT OT UX HaYasIbHOTO YPOBHA A,
o6Lero o6bema BblAeNEHHbIX 3a Nepuoj UHBECTU-
uuii | v ot uenoro paga apyrux gaxkropos. B uucno
hakTopoB, «(PopCUPYHOLLMX» AMHAMUKY pocTa npo-
uecca, OTHOCATCA MepeMeHHble, onpegenswoLme
3P(PeKTMBHOCTb MPOM3BOACTBA U BEUYUHY YAE/b-
HOI NpM6LIIM MasIoro NpeanpuaATUS (BXOAAT B napa-
MEeTp m); K Yicny pakTopoB, «TOPMO3ALLMX» ANHA-
MWKY, OTHOCATCH MepeMEeHHble, orpaHuyvBalroLme
[0/10 NHBECTUPOBAHNA N XapakTepusyoLme «Hano-
rOBbI Mpecc» Ha npeanpuaTie (BXOASAT B napame-
TPbl N U w).

OueHKy AMHAMWKN OCHOBHbIX (DOHAOB Masioro
NpeanpuaTiS MOXHO OCYLLECTBUTbL Takke A1a Cry-
yas n3MeHsLelics Bo BpeMeHnn ooHgootgaum f(t).
3TOT cnyyali COOTBETCTBYET BHEAPEHMNIO HOBbIX TEX-
HOMOTMIA  NPOM3BOACTBA, 0O6YyCnaBNMBaKOLWMX POCT
3OPEKTMBHOCTY W NOBbILIEHNE MPOU3BOAUTESb-
HOCTU TpyZa, U MNPWBOAUT K HE/IMHENHON mMopdenu.
O6bwasa oueHka AuHaMuKn (PoHOO0B OydeT Takke
onvcbiBaTbCa HepaBeHCTBOM (19). KoHkpeTHas Benu-
YyMHa 3TOM OUEHKM Oy[eT onpefensitbCA xapakre-
poOM M3MeHeHus yHKunii ooHgooTgaun f(t), Bxo-
Aswen B nepemeHHyro a(t) . ®axkTnyecknm paHHbIl

c/lyyain 03Ha4aeT Mcnosib3oBaHue B MOAENN Masioro
npeanpusaTUS HOBOW MPOU3BOACTBEHHON COYHKL M.
B cBsi3u C 3TMM BO3HUKaET 3aja4va NpoBeAeHUs aHa-
nM3a AMHaMUKM PasnnyHbIX TUMOB MasibiX Npeanpu-
ATWIA, NPON3BOACTBEHHbIN MPOLLECC KOTOPbIX OMNUCHI-
BaeTCs pasHbIMU MPOU3BOACTBEHHBLIMU (DYHKLUSAMM,
B TOM YMC/E U HESIMHEHbIMU.

PaccmoTpum Manoe npeanpuaTie, (YHKLUOHU-
pytoLlee B yCMOBUSX, ONUCbIBAEMbIX TOW Xe cucTe-
MO NpeanocbI/IOK, KOTopasi UCNosb3yeTcs B paHee
paccmoTpeHHoi mogenn. OgHako BMECTO ofHodak-
TOPHOI NPOM3BOACTBEHHOWM (OYHKLUKN, ONUCLIBAEMON
cooTHoweHnem (1), bygem Mcnosb30BaTb HesTMHEN-
Hble BUAbl MPOU3BOACTBEHHbIX OyHKUMIA [11].

[dvHamuka pa3BuTUS Masibix NPeanpusaTUA YacTo
XapakTepusyetcs 3HauuTeNbHOW HeNWHEWHOCTbIO.
Tak, Ha MepBbIX CTaAMsAX WX pocTa MOryT Habo-
JaTbCs 3HauUTeNbHble TeMMbl Pas3BUTUSA, KOTOpble
3aTeM CMEHSIOTCS 3aTyxaroLleil ANHaMUKON.

1 — nuHeHas: P(t) =1 - A(t)

2 — ctenenHas: P(t) =y -[A®)]

_3 — ¢ 3atyxatowym Temnom pocta: P(t) = P(0) +
+p[1-e*"].

[na onncaHns yHKLMOHMPOBaHNA Masioro npes-
NPUATUS MOXET OblTb WCNO/b30BaHa CTeneHHas
oyHKUMA BMaa:

P(t) =y At)". (29)

Mpu AumMuTMpytoLeM hakTope OCHOBHbIX NPOU3-
BOACTBEHHbIX (DOHAOB OHA ABNSETCA YaCTHbIM Cry-
YyaeM M3BeCTHOW dyHKUMM Kobb6a-Ayrnaca [4], nve-
toweii BuA;

P(t)=yA@l)“L, a+A=1, (30)

rae y — napamertp 3Toi yHKumun, L — TpyaoBble
pecypcbl, a U A — KO3IPPULNEHTbI 3/1aCTUYHOCTH
3aMeHbl OCHOBHbIX (DOHA0B M TPya COOTBETCTBEHHO.

Vcnonb3ys cooTHoweHune (9), nonyyaem OCHOB-
HOe ypaBHeHMe AMHaMWKW Masioro npeanpuaTus B
c/lyyae CTENeHHON MNPOU3BOACTBEHHON COYHKLMMK,
KoTopasi UMeeT BUA;

dA
dt

AHanus ypaBHeHus (31) nokasas, YTo OHO Hepas-
peLnmMo B SBHOM BUAe A1 HEKOTOPbIX BUAOB npa-
BbIXx vacTteil. Tak gna cnyvaes [(t)=I,=const u
I(t)= Bt 3TO ypaBHEHWE LenecoobpasHo pelaTb
NPUBNMKEHHBIMN METOZaMM.

B TO Xe BpemaA 414 YactHoro cnyvaa /[, =0 oHo
npeobpasyetca B O4HOpPOAHOE YypaBHeHue bep-
HY/NW, peLleHne KOTOpPOro MOXET ObiTb HailgeHo

1
[ ( )]a WIRTE
(31) paspelwwmmo Takke ans cnyyasa I(t) = BA(t), To
€CTb KOra NOTOK rocyapCTBEHHbIX MHBECTULMIA NPO-
nopumMoHasieH AMHaMMKe OCHOBHbIX (hOHAOB Masoro
npeanpuaTnsa ¢ Ko3PULMEHTOM NPONopLNOHab-
Hoctn B,0< B <1. ViHbIMM crioBamu, B paccMmarpu-

=a[A®t)]" +I(t), rae a=vya (31)

METOAOM NOCTaHOBKWU: X(t) = YpaBHeHue

341




IHOPACTPYKTYPA PUHKY

BaeMOM C/yyae peannsyeTcs creayloLas crparerus
rocygapCTBEHHON NOAAEPXKM — YyeM 6onblle npes-
npusaTue, Tem 60sbLLE UHBECTULUI eMY BblAeNsaeTcs.
Mpwn aTom ypaBHeHue (31) npuHUMAaET BUA:

dA "
Fri = alA(D]" + BA(t) . (32)
Paspenum o6e yactu ypaBHeHus Ha [A(D)]” :
1 dA -
——-a-f——-=0. (33)
[A@D)]" dt [A(t)] -
O603HaunM:
1
X(t) = I ———— (34)
[A®)]
MpoanddepeHLMpoBaB, UMeEeM:
dX =(1-a) [A(t)]1 “t d—A unm
1_da__1 d—X. (35)
[AB)]* dt 1-a dt
Moactasum (34) 1 (35) B ypaBHeHwue (33) 1 nonyunm:
Ld—x— Bx(t)-a=0.

o dt
I'Ipe06pa3yﬂ, nony4ymm crefytowiee HeogHopos-
Hoe fiMHeliHoe anddepeHunanibHoe ypaBHEHNE:

%—ﬁ(l—a)x(t)za(l—a)- (36)

O6luee pelleHne COOTBETCTBYIOLLIENO OAHOPOA-
HOrO YpaBHEHMS:

ax
T Bl -a)x(t)=0

nveet Bna.

(37)

x(t)=c-eft=r, (38)

Vcnonb3yss MeTof BapuauvoHHON MOCTOSHHOW

¢ =c(t), nonyyaem 13 ypaBHeHus (36) cnegymwoulee
COOTHoLWeHue ansa c(t):

% PN L e()B(t-a)-e" T — Bl -a)- e’ —a(l-a).

Mpeo6pasys, MMeem:

WHTerpupyem (39), nonyyaem

c(t) = Eﬁ -ePe L Cnmm
o —
c(t) =— 5 & ghair 4 (40)

Takum obpasom, noacTtasve (40) B BblpaxeHue
(39), nonyyaem:

x(t) = { -gfletr +C} eroar =2 4 o ghten (41)
B B
C yyeToMm (34) nMeeM criefytoliee BblpaXeHue
ansa A(t):

Alt) = [X(l‘)]ﬁ = {_% +C. P :|1“

OTcloga MOXeM Oonpefenutb 3HavyeHue KOH-
ctaHTbl C us ycnosusa t =0, A(0)=A;:
1

a [ ._a
A ={——+C} C=—+A""
B B

WTak, obllee pelleHne HeogHopoaHoro avdicpe-
PeHUMaNbHOro ypaBHeHUs (32) UMEET cnepyoLwnii BUg;
1

Alt) = {(% + A el - % }1“ _

KauyecTBeHHbIi aHanM3 guHamukn A(t) us coot-
HoweHns (42) cBUAETENbCTBYET, YTO POCT OCHOBHbIX
(hoHA0B onpefenseTcs B faHHOW MOLeNn ux Havasb-
HbIM COCTOSIHUEM A, CTPYKTYPHbLIMMN XapakTepucTu-
KamMnM obGbekTa a, a TakkKe COOTHOLLEeHVWEM Temna
pocTta mHBectTuLMM S U1 nokasartensaMmu 3pdexkTuBs-
HOCTU MPOM3BOACTBA « .

PaccmoTpum avHaMuKy pasBuTUSA Masioro npeg-
npuaTUS M (PUHAHCOBLI KPYroobopoT Ha HeM C
NMOMOLLbI0 KOMOUHMPOBAHNS HECKO/TbKUX NOLAXOL0B:

1). NMocTpoeHune ceTeBoli Mogenu paboTtbl npes-
npuaTtuna [6; 7; 9).

2). AHanM3 AUHAMWYECKMX YpaBHEHWIA pa3BUTUS
npegnpuaTtuna [3].

[BmxeHne (uHaHCOBLIX NOTOKOB Ha npeanpu-
SATUN MOXET ObITb NPEACTaB/IEHO CXEMOVA;

(42)

de —=a(l-a) el (39) JTy CUCTEMY MOXHO MPeACcTaBUTb CrAeAyHLWUM
dt 06pasom:
Hanoru
WuBectuum [IpousBoacTro [Iponaxa Yucras npubbUIb
. * ® ° °
bank Dounnael Pecypcol Tomap Bromxker
IPEANPUATHS
I
PeunBectupoBanune

Puc. 1. ®uHaHCOBbIi KPyroo60poT Masioro nNpeanpuAaTUs

<V} Bunyck 34.2019




MATEMATUYHI METOAW, MOAEI TA IHGOPMALIIAHI TEXHOIOT T B EKOHOMIL|

P(t) X,

AQ) M™(t)

X, X5
vM(t) NG
I(0) (1-v)M (1) ®

X Xe X7

Puc. 2. ®uHaHcoBble NOTOKN MaJ1oro npegnpusaTus

Takum 06pa3oM, (UHAHCOBYIO [AEeATeNbHOCTb
NpeanpuaTUa MOXHO paccMaTpuBaTb Kak CBSI3HbIA
OPWMEHTUPOBaHHbLIA rpad), Ha KOTOPOM OnpeneneH
neps.sblii 3akoH Kupxrodpa [1; 4; 8]. 310T rpad coaep-
XUT X BEpLWWH, Y AOYyr, K40 N3 KOTOPbIX CTABUTCS
B COOTBETCTBUE PSS, aKTUBHBIX U MACCUBHbIX 3/1E€MEH-
TOB, a TaKXe nocnenosarefibHaa nepemMmeHHasi Benu-
ynHa. COBOKYNHOCTb 3TUX BENYMH XapaKTepusyoT
COCTOsIHME NOTOKOpAacCnpeaesieHns B CETH.

Y3nel rpadpa G: X, — 6aHK; X, — OCHOBHble
dhoHabl NMpeanpuaThA; X, — Pecypcbl NpeanpusaTus
(cbipbe, obopynoBaHue, TPyAoBble Kagpsbl); X, — Npo-

n3BefleHHble ToBapbl; X, — OOMKET NpefnpuaTuA
(pacyet 6anaHca); x; — Haoru;

MepemeHHble 1 NapamMeTpbl UMEIOT CrieayoLni
39KOHOMMWYECKUA CMbIC: [(t) — BHELHWE WHBECTU-
UM, NosyyeHHble MasbiM npegnpustunem Ha 6es-
BO3Me3[HOl OcHoBe; A(t)— CTOMMOCTb OCHOBHbIX
NPOU3BOACTBEHHbIX POHA0B; P(t) — BbINyCK Npoayk-
LN B MOMEHT t B CTOUMOCTHOM BbIpaxeHuun; M (t)—
06wan npubblib Masioro npeanpuaTns; M(t)—uncras
NpUobINL Masoro NPeAnpuUATUS 3a BbIYETOM Has10ro-
BbIX oTuucneHunii; N(t) — cymma HaoroBbIX OT4YMC-
NIEHUA; v — AONSt YACTOIN NPUOLININ, OTYNCISIEMON Ha
penHBecTUpoBaHue.

[nsa Toro, 4To6bl B NONYYEHHOWN CMCTEME BbINOS-
HAMCb 3aKOHbl COXpaHeHus Kupxroda, BBefem
OVKTUBHBIA y3en X, (BHELLHIO cpedy), KOTOpbIi
COEMHUM C UCTOYHUKOM (X,) U cTOKamu (Xg,X, ).
B HoBoOGpa3oBaHHOM rpade G Bblgenum kapkac T
1 HailileM thyHlaMeHTa/IbHble CEYEHUA S, S,,...,S;, S;
no fepesy:

CooTBeTcTBYIOWAA (PyHAaMeHTaslbHas mMarpuua
ceyeHuii S, bygeT umetb Bug [5]:

Puc. 3. NpeacTtaBneHue ouHaHCOBOI ceTu nocpeacTBoM rpada G
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1234567 8 9 10
1 /1 000000|0 -1 0]
2 /01 00000|-1 -1 O
3/0010000|-1-1 0]

S,=4 |[0001000O0]|-1-10
5 /0000100|0 0 -1
6 |[0000O01O0|0 -1 1
7]0000001[0 -1 1

a BEKTOpP-NOTOK:
Lty=[1) A®) P@®) M™(t) N(@t) (1-vIM()
@-v)M@E) vM(@©) 1) N@)]

MpumeHUM 3akoHa Kupxroda a/1st TOKOB:

1)
- )
1 0000O0O|O0 -1 O P@)
01 000O0O|-1 -1 0 ;
M (t)
001000O0O|-1 -1 0 N
S,-L(t)=|10 0 01 0 0 0|-1 -1 O | (L VM) =0
-V
00001000 0 -1
(L -v)M(t)
0000011 O0|0 -1 1
vM(t)
000O0O0O1|0 -1 1
- N 1)
N(t)

Takim 06pasoM, MOMy4YMM CriefyoLlye 3aKoHbI
COXpaHeHus1 PMHAHCOBBIX NMOTOKOB HAa NPeANnpUATAN:

A(t)-vM(t)-I(t)=0;
P(t)-vM(t)-I(t)=0;
M (t)—vM(t)—I(t)=0.
Vcnonb3ysa moaesib AMHaMUKN Masnoro npeanpus-

TWS C JIMHEAHON NPOV3BOACTBEHHOW OYHKUMEN NOSy-
Yyaem ypaBHEHMUS:

(43)

P(t) =1 A();
M*(t) = (1 -c)- P(t);
M()=M(t) - N(¢); (44)
N(t) =7,P(t) + 1,k (1 —v)M(t);
(Z’—?:VM(t)+I(t); te[0,T]; vel01]; k, e(01],

roe f —nokasatenb YOHA0O0TAAYM; C — yAenbHas
€ce6ecToMMOCTb BbiMyCKa NPOAYKLUMN B CTOMMOCTHOM
BbIP&XKEHWUN; 7,,7, — CTaBKW HaIOro0BNOXKEHNS Ha
06bem Bbinycka 1 Npubbl/ib COOTBETCTBEHHO; K, —
KO3(hpULMEHT, OTpaKatoWwuin JON0 He PENHBECTU-
pyembix cpeacTB NpubbIn, He UMEKLMX fbroT No
Has10ro06/10KeHUI0 (HE BCe peVMHBECTUPYEMbIE Cpes-
CTBa 0CBOOOXAAKTCS OT Ha/I0r0B), U OLEHNBAEMbIiA
cratuctnyeckum nytem 0 <k, <1.

O6beguHVB ypaBHeHua (43) u (44) nonyyum
CUCTEMY YpPaBHEHWI, ONMCLIBAKOLNX OUHAMUKY pas-
BUTUA MasIOro NpeanpusaTust U KpyroobopoT ero
(PUHAHCOBbIX CPEACTB:

¢l Bunyck 34. 2019

P(t) =1 - A(t);
M (t) = (1 -c)-P(t);
M()=M"*(£) - N(?);
N(t) =7,P(t) + 7,k (L -v)M(t);

Ccfl_/? =vM(t)+I(t); t<[0,T]; v €[0,1]; k, €(0,1], (45)
Alt)-vM(t)-I(t)=0;
Pt)-vM(t)-I(t)=0;

M (t) —vM(t)-I(t) =0 .
MonyyeHHas cuctema sBASIETCA TOM MaTtemartu-
Yeckoli Mopenbto, KoTopas OTpaxaeT B3aMMOCBSI3b

Mexay nepeMeHHbIMU, NapamMmeTpamMi 1 ee CTPYKTYPOIA.
3anuiiem Tenepb 3Ty CUCTEMY B BEKTOPHOM BUJE:

Ax"+Bx =f(t), (46)
rae
X = (X0 X X5, X, %5) = (A@). PO MO () M0)N()) ", (47)
00000
00 0
A=(0 0 0 0 Of
00000
10000
f -1 0 0 0 “8)
0 -1-¢) 1 0 0
B={o 0 1 -1 -1
0 7, 0 7,k,(1-v) -1
0O 0 o0 —v 0
f(ty=(0 0 0 0 I1)" (49)

Vcnonb3ysa onpegenexHus u3 rnasbl 3 nccnegyem
cnekTpanbHble CcBOWCTBa nNyyka AA+B. [Nocun-
Taem onpegenutens nydyka AA+B — xapaktepuc-
TUYECKMI NOMMHOM ypaBHeHus1 (46): det(AA+B)=
=—A(l+71,k,(1-v))+fv(l-c—71,)£0. OH oBpaua-

fvrl-c-1,)
(L+1,k, (1-v))
BaTeslbHO Ny4oK AA+B — perynspHblii, a A, — 370
€[0UHCTBEHHOE KOHEYHOE COBCTBEHHOE YKCIO.

CoO6CTBEHHbI BEKTOP  X,, OTBevawwwuii cob-
CTBEHHOMY 4MCNy A, ABMAETCA PELUeHNEM ypaBHe-
HUA (A,A+ B)x =0 v nmeeT BUA:

x0=(1 f fl-c) ) M] (50)
\%

erca B OTonbKO nMpn A, = Cnepo-

\4
e 1, = vA-c-m)
(L+ 7k, (1-v))
Torga nonydyaem cnegytollee passioxeHune BXoa-
HOTIo 1 BbIXOAHOIO NMPOCTPAaHCTB:

X=R"Y=R": X=X_+X,, Y=Y, +Y,,

X, =KerA =span{x,,X,,X;,X,} , X, = span{x.},
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Y, =B(X,)=span{y,,¥,¥sYs}
Y, = A(X,) = span{y.}
e x,=(0 1 0 0 0)",x,=(0 0 1 0 0)",
x,=(0 0 010", x,=000 0 1)"

X4
on(l f fl-c) ﬁ Mj",
v v

tr

y,=(-1 (1-¢) 0 7, 0),

tr

¥,=(0 1.1 0 0)", y,=(0 0 -1 y-1 —v)",

v,=(0 0 -1 -1 0)", y,=(0 0 0 0 1)".

MocTpouM Mo KaHOHMYecKol nape 6asncoB

(X0 X0 X3 X, X5}y (V1 Y20 ¥ Yar Vs | NPEOGpasytouime
mMatpuubl Q n P:

0O 00O 1
1 000 f
0100 f(1-c)
Q= (51)
0010 ko
v
\4
-1 0 0 0 0
c-1 1 0 0 0
c+r -1 1 1 1y
_ ® ® ? ®
P= oo -1) k-1 k-1 1 (52)
[ [ [ [
v(t—c-1) v v v
® ® ? ®
rae o =1+1,k, (1-v).
Beepnem
X=0Qz,[2=(2,2,...2,); |Q|#0]. (53)

MoactaBuB Qz BMECTO X B (46) U YMHOXWB

no4s1IeHHO c/ieBa Ha P, nonyynm:
A% Bx=F(t).
dt
Taknm obpa3om:;

A=PAQ, B=PBQ, f(t)=Pf = (f(t),5,(t),....E(t)), (55)

(54)

Toraa mMatpuupbl A U B UMeloT BUA;

0 00O0OTO O 1 000 O

0 0O0O0OO O 01000
A=/0 0 0 0 0,B=|0 0 1 0 0 |(56)

0 0O0O0OO O 00010

0 00 O0 1 0 0 0 0 A
Cuctema (46) npepacTtaBnsieT coboii cuctemy
yeTbipex ypaBHeHuit suga: N [%)zi =f, (i=14)

U OJHOrO ypaBHEHUs BUAA: st+%:?5. NO —

Hynesble 6710ku1, a 610k J=(4,). OTcloaa nocnepno-
BaTe/IbHO OJJHO3HAYHO OMpPeae/ifeM PeLleHUs:

Z, = f1,22 =f2, Z, = fa,Z4 =f4,

t
z, = e"'K + j e™f (1)dr. (57)
0
OG6paTHblli Nnepexoq, oT cuctembl (54) K MCXOQHOWA
cucteme (46) ocyuwectensaercsa copmyrnon (53,55).
W Torga pelueHvne umeet Bug;
X = ( ey ) fa—-che) o0 (fv(lfc)*%)h(t)J ,
1%

v

T (Lrk,1-v))
K — onpegensetca HayaslbHbIMU  3HAYEHUAMM
3KOHOMUYECKMX NapameTpoB BBELEHbIX paHee.
PaccmoTpm Tpm criyuast AMHaMUKN HBECTUUMIA I(t) :
1) I(t) =1, =const.
B paHHOM crniyyae, npu hukcMpoBaHHOM obbeme
WHBECTULWI peLueHne cuctemsl (46) meeT BUA:

_ it o do (it _ 1) _ Jo | put _ 1o
h(t)=e K+%(e 1) [K+%Je %.(58)

A fv(l-c-
rAe h(t) = ™K + [~ Iix)dr, X = “ 20
0

2) I(t)=pt.

Mpu NuHeRHO BO3pacTaloLweil cTpaTernn MHBeC-
TMPOBaHUs — C TEMNOM pocTa uHBecTuuuii >0
umMeem cnegyrulee pelleHne guddepeHumansHo
cuctemsl (4.4):

2

h,(t) = €"'K + %(e‘of ~thy—1)= [K + %]e’“’ _Bs+1) (59)

3) I(t) =1,e™.

Mpw BO3pacTatoLeli — co cpegHum Temnom S >0,
HO MO HEeIMHEHOMY 3aKOHY U C MUHMMa/IbHbIM YPOB-
HEM rapaHTUPOBAaHHO rocyAapCTBEHHOW NOAAEPXKKN
(I, =1(0), npn t=0) nonyuum peLleHne cneayo-
Liero Buaa:

[/ ) [ ) I,e”
hy(t) = €K + —2— (e —e™) =| K + —2— |e* - 2= . (60)
ek g e) ( j

n
A =B Ao =B

HaiigeHHble pelleHVs coBnagarwT C Moy4eH-
HbIMW paHee pesynbratamn. 3TO CBULETENLCTBYET
0 TOM, NOCTaB/eHHanA 3ajava A0onycKaeT pas/iMyHblie
noaxoabl ANs UCCNefoBaHUS CUCTEMbI U Haxoxzie-
HUSI PELLEHNIA.

BbiBOAgbl M3 MPOBEAEHHOr0 ucc/ef0oBaHUs.
Pa6ota nocesileHa aHaM3y W3BECTHbIX Marema-
TUYECKMX MOAENen pasBMTUS Manoro NpeanpuaTus
N paspaboTke TEeOPETUKO-rpad)oBOi AMHAMUYECKOWA
OAHOMNPOAYKTOBOI MOAen hMHAHCOBON AeAaTeNnbHo-
CTW npeanpuaTus. MNMpu pelleHnn 3agay, CBA3aHHbIX C
OVHaMUKOI pa3BuUTMS Maslioro NPeanpusaTUs, UCNosib-
30Ba/INCb MaTpuyHasa Teopus rpados, anddepeH-
LMasibHble YpaBHEHWIA, CTOXaCTUUYECKNIA aHa/In3.

B pabote Takke paspaboraHa MoAesb, OMUCHI-
BalLlas OBMKEHUS PUHAHCOBLIX MOTOKOB U KPYroo-
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60OpPOT AEHEXHbIX CPEACTB HA MasloM MpPeanpuaTn,
OCHOBaHHas Ha TeopeTMKO-rpacdoBOM NOAXOAE.

B fanbHeiilwem nnaHnpyeTcs pacCMOTPeTb Henu-
HelHyl Moaudnkaumo mModenn W UccreaoBatb
pelleHne COOTBETCTBYIOLUMX HEMMHENHbIX BbIPOX-
AEHHbIX AnddpepeHUNanbHbIX YpaBHEHWIA.
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THEORETICAL-GRAPHIC MODEL ENTERPRISE FINANCIAL REPORTING

The purpose of the article. The article is devoted to the analysis of well-known mathematical models for
the development of a small enterprise and the development of a graph-theoretic dynamic single-product model
of the financial activity of an enterprise. The relevance of the problem is that at the present stage of economic
development, both in our country and abroad, in the system of financial management of an enterprise, more
and more attention is paid to the organization of cash flows. They have a significant impact on the final results
of the economic activity of the enterprise. The concept of cash flow of an enterprise as an independent object
of financial management has not received sufficient reflection, not only in domestic but also in foreign literature
on financial management.

Methodology. The financial activity of the enterprise is proposed to be considered as a coherent oriented
graph. When solving problems associated with the dynamics of the development of a small enterprise, matrix
graph theory, differential equations, and stochastic analysis were used.

Results. A qualitative analysis of the dynamics of capital productivity from the ratio indicates that the growth
of fixed assets is determined in this model by their initial state, structural characteristics of the object, as well
as the ratio of the growth rate of the investment and production efficiency indicators. The resulting system
Ax'+ Bx = f(t) is the mathematical model that reflects the relationship between variables, parameters and its
structure.

The case is considered in which not only external, but also internal investments of a small enterprise are
a function of time. This case is taken into account in the model by describing the dynamics of a variable that
reflects the share of net profit allocated to reinvestment as a known function of timev(t). With any kind of
functions, the model of a small enterprise becomes non-linear. In terms of its economic content, this variable
is a control parameter characterizing the size of the funds allocated for consumption and accumulation.
Therefore, the introduction of variable dynamics v(t) into the model describes a specific strategy for the
enterprise’s behavior in the distribution of net profit.

Practical implications. The paper considers the dynamics of the development of a small enterprise and
the financial circuit on it with the help of a combination of several approaches: building a network model of the
enterprise and analyzing the dynamic equations of enterprise development. This allows managers to make
effective management decisions.

Valueloriginality. In the work, a model is developed that describes the movement of financial flows and the
cash flow in a small enterprise, based on a graph-theoretic approach. In the future, it is planned to consider
a nonlinear modification of the model and investigate the solution of the corresponding nonlinear degenerate
differential equations.
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