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YK 657 Lexopcbkuii A.A.

ANHAMIYHI MOAESI BE33BUTKOBUX
OobCAriB BUPOBHULTBA

lponoHyembcss Memod riobydosu modeni mo4yok 6e33bumkosocmi

MocTtaHoBKa npobnemu. B 3anexHOCTi Big NnaHoOBUX 3aBAaHb, SKi MOXYTb CTOATU
nepen BUPOOHMKaAMK MPOAYKLIl, BUHMKAE npobrnema y camii noctaHoBui nobynosu
mMopenen 6e33butkoBux 0OcsriB BMpoOHWUTBA (TOYOK 6e336UTKOBOCTI) HAK Ans
OAHOMPOAYKTOBOrO Tak i 6aratonpoaykToBOro BMpOGHMLTBA Yy BUNALKY HEPIBHOMIPHOMO
pO3MoAiNy NOCTIMHNUX BUTPAT NMaHOBOro nepioay, Wo 3MiHIOKTLCSA B Yaci.

AHani3 ocTaHHiX pgocnigxeHb Ta nyonikauin. [na o6’eKTMBHOMO BWCBITNEHHS
Oyaob-skoi npobrnemyn HeobXigHOK YMOBOKO € BUBYEHHS HanpauioBaHb MOMepeaHix
pocnigHukie. MNutaHHA MoaentoBaHHA 6e336MTKOBOCTI irypye B AOCUTb YMCESbHIN KifTbKOCTI
nitepaTypHux gxepen. Ha xanb, geskum npobrnemam Ujiei TeMaTukm, NpuBegeHNM aBTOPOM,
He npuginanace yeara i Tomy ny6nikadii, CTOCOBHO NOCTaBneHmx npobnem, BigCcyTHi.

MeTta pocnigxeHHsi. Ha ocHOBi aHanisy pesynbTaTtiB oTpuMaHux B poboTi [1]
PO3BUHYTU PO3POOKY MeToaukum nobyaoBM MMAAHOBOT AMHAMIMHOT MOAEN KPUTUYHMX
obc4ris BUpobHMLTBA B TICHOMY NOEAHAHHI MaTEMaTUYHUX i iIHbopMaLinHKX nigxoAis.

3aBpaHHA pocnigkeHHA. Ha ocHoBi pesynbTatiB, oTpumaHux B poboti [1],
pO3rnsHEMO MOCTAHOBKY 3ajadvi BW3HAYeHHs TOYOK 6e3306UTKOBOCTI  CTOCOBHO
XapaKTepHUX CUTYyaLin, WO MOXYTb BUHUKHYTU B NpoLEeci NNaHoBOT AisnbHOCTi. CnoyaTky
pPO3rnsiHEMO MOCTAHOBKY 3aday i 1X BUpIWEHHA ON9 NnaHoBUX TOYOK 6e330MTKOBOCTI
CTOCOBHO OHOMNPOAYKTOBOIo BUPOOHMLTBA a NOTiM | BaratonpoayKToBOro.

lMpruBegemMo KOpOTKUW aHani3 pesynebTaTtiB oTpumMaHux B poborti [1]. Haragaemo
3MiCT 3aBOaHb, WO CTaBunuMCb B UMX poboTax. PosrmaHemo 3aBgoaHHsA Ans
OZHONPOAYKTOBOro BMPOBHMNLTBA

3aBpaHHA 1. 3a nnNaHoBUMU 3MiHHUMW OAMHUYHMMK BuUTpaTamu (U), uiHOwO
peanisauii (C) nnaHoBoro nepiogy (T), 3annaHoBaHoro obcary BupobHMLTBaA
npoaykuii X,, BW3HaA4MTU B nNnaHoBoMmy nepiodi 6e336uTKoBUA MiHIManbHUM obcsr
BMpoOHMUTBA X, | TEpMiH MOro HacTtaHHA i, B MMNaHoOBOMY Mepiodi, BUpyYka Big
peanisauii skoro, nokpura 6 BCi CyKynHi BUTPATK LbOro TepPMiHY.

Hexan Ha kiHeUub NnaHOBOro nepiogy NOCTiMHI BUTpaTh cknagatumyts Z (T) y.o.,
a Ha noyatok, Z (0) y.o. BennunHa Z (0) moxe po3rnggaTuCh sik aBaHCOBaHWIA Kanitan
Ha noyaTky nnaHosoro nepiogy, a Z (T')—Z (0) — 9K NOTOYHI MOCTINHI BUTpaTH

NaaHoBOro nepiogy. 3BMYaAMHO, MOXHa aBaHCyBaTW KOWWITM Ha BCi NOCTiNHI BUTpaTU
Z (T') nnaHosoro nepioay, B usomy Bunagky Z (7') = Z (0) . Ane npv BiACyTHOCTI KOLUTIB
poamipy Z (I')—Z (0) i HassHocTi Tinbkv kanitany Z (0), noTo4vHi MocTinHi BMTpaTh
Z (t)—Z (0) npnxoanTbCsi NOKPMBATK 3a paxyHOK BUPYYKM OTPMMaHOI B MOMEHT 4acy t.

MpunyctMmo, WO 3MmiHa MOCTiIMHUX BUTPaT MPOTArOM MNNAaHOBOro nepiogy
BinOyBaTMMeETbLCA B MiHiMHIA 3aneXHOCTi Big Yacy t (Wwo Bignosigae 6aratboM cuTyalism,
Hanpuknag, 3apobiTHa nnaTta aaMiHnepcoHany, aMopTu3auinHi BigpaxyBaHHA i T.4.) ,
10670, Z (t)=Z(0)+dt, pe d — wWwBMAKICTb 3MiHW MOCTINHUX BUTPAT (KINbKICTb
NOCTINHUX BATPAT B OAMHULLIO Yacy).

B ctaTTi [1] 6yB 3HanaeHun TepMiH HacTaHHA 6e336MTKOBOCTI 3a (POPMYIIOH,

A()Y4

‘= ’ (1)
(C-O)X, ~(Z(T)-20)
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a MiHiMmanbHuin 6e336uTKoBMI 06CAr BUPOBHMLTBA 3HAXO4MBCS 3@ OOPMYIIOH),

Z(0)
() )
X

p

X, =

Z(T)-2(0)

dopmyna (2) mae 3mict 3a ymosu, wo C-U - >0, T06TO, KONMU

P
MapXXnHanbHU NPUOYTOK Big oguHULi npoaykuii 6yae GinblwnM Big NOTOYHMX MOCTINHUX
BUTPAaT Ha OAMHMLIO 3anfiaHOBaHOrO BUMYCKY NPOAYKLUil. Y BUNAAKy, KON aBaHCYTbCA
BCi CyKynHi Butpatu, to610 Z(T) = Z(0) i X NpMxoanTbCA BIOLIKOLOBYBATU 3 BUPYYKU
NPOTArom NaaHoBOro nepioay, 1o dopmynu (1) i (2) npunmaroTe BUrNSA,

_ 12 (T)

S (C-U)X,’ (3)
_Z(T1)

Xo =0 (4)

Y Bunagky ©Garato nNpOAYKTOBOro BUPOBHMUTBA po3rnsganacb aHanoriyHe
3aBAaHHs.

3aBaaHHA 2. 32 NNaHOBUMM 3MIHHUMW OguHUYHUMK BUTPaTamm (Uq,Us, . . . ,U;), LiHamu
peanizauii (C4,C,, . . . ,Cp) no koxHomy Buay npoaykuii nnaHosoro nepioay (T),
3annaHoBaHnmu obcsrammn BUpobHULTBaA NPOoAyKUii (Xp1, Xpz, - - . ,Xpn), 3@ aBAHCOBAHUMU Ha
noyaTKy mMraHoBoro nepiogy nocTinHumMn Butpatamn Z(0), MNOTOYHUMW MOCTIMHUMM
Butpatammn Z (T), WO pO3NOAINATUMYTLCS PIBHOMIPHO MPOTArOM NMaHOBOrO nepioay,
BU3HAUMTN TepMiH (o) HacTaHHA 6e330MTKOBOCTI B nnaHoBoMy nepiodi i 6e336MTKOBI
o6carn BupobHMuTBa (Xp1,Xp2, - - - ,Xbn),, BUPYYKA B peanisaui Skux, nokpuna 6 BCi CyKynHi
BUTPaTW LbOro TEPMiHy.

TepmiH HacTaHHa ©e3306uTKOBOCTI | BignoBigHi 6e3306UTKOBI 06CArM BUNYCKY
nNpoayKUil OTPUMYBannCh i3 PiBHAHHS,

T2 (O U)X =2 (0) ot )

Pesynbtatn 3aBgaHHa 2 6ynu oTpumaHi i3 piBHAHHA (5) CTOCOBHO HACTYMHUX
BUNagkKis.

1.Z(0) = 0, To67TO, KONMWM aBaHCOBaHiI BUTPaATU Ha MNo4yaTKy MMAaHOBOro nepiogy
BiACYTHi. B ubomy Bunagky piBHsHHSA (5) Habyae surnsagy,

t> (Cyp —U )X, =Tdt » (6)
k=1
PiBHAHHSA (6) MaTMe po3B’a3kM i ix Byge 6esniy, konu

> (C, ~U )Xy =Z(T)-2(0), 7)

TOOTO, KON 3anfiaHOBaHUN MapXXuUHanbHUA NpUByTOK 3BiraTMMeTbCa 3 MOTOYHUMU
NOCTINHUMK BUTpaTamn. B niobuin MOMEHT Yacy BUpYYKa NMOKPWUE BCi CYKyMnHi BUTpaTK 3a
uen nepiog 4vacy. B ubomy Bunagky nobuin BUNYyCK NPOAYKLUIT NPOTAroM mMiaHOBOro
nepiogy € To4YKo 6e330MTKOBOCTI.
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2.Z(0)#0. Len BMnagok [o3BONs€E po3B’saA3aTh piBHAHHA (5) BigHOCHO
napameTpa yacy t,
TZ (0)
topt = n ’
> (Cy-U\ )X ~(2(T)-2(0)) (8)

3HandeHe 3HayeHHA napameTpa 4acy t MOXHa TpakTyBaTW SK nepiog, 3a SAKUN
NiANPMEMCTBO AOCArHe cTaHy 6e330uTkoBOCTI. lligcTaBndawyM NMoro y napameTpuyHi
PiBHAHHA X = (X« / T) t, OTPMaAEMO KOOpAMHATM TOUKM 6e336MTKOBOCTI 3a hopMynamu,

_ Z(O)/upk k =1 ns
S(c, 0, 200200 "7

2 X

ka

(9)

n
ne =Xy / Y. Xy, - BONSA KOXHOTO 3annaHoBaHoro obcsry BUNYCKy NPOayKuii B
i=1

s3aranbHomy ii  oB'emi. ®opmynm  (9) mMawTb  3MiCT 3@  ymMOoBW,  LWO
z Z(T)-Z(0
>(C, U, u, - 2020
j=1

&%

NpuOYTOK Bi4 OAMHMLI NpoAyKuii O6yde 6inbwKM Big MOTOYHUX MOCTIMHUX BUTPAaT,
BiJHECEeHNX 0O OOVHULI 3annaHOBaHOro BUMYCKY NPOAYKLUIT.

TakmM YMHOM, 3HAYEHHSI KOOPAMHATUM TOYKM 6e3306UTKOBOCTI BU3HAYAETbCH $IK
pesynbTaT [ifleHHs 3KOpPEeroBaHMX aBaHCOBaHWX MOCTIMHMX BUTpaT Ha Mo4yaTky
NNaHOBOro rnepiogy Ha cepefHbO3BaXEHUM MapXUHanbHUM npubyToK BiA4 OAWMHWMUI
NPoAyKLUiT 3@ BUpaxyBaHHAM NOTOYHMX NOCTIMHUX BUTPAT HaA OAMHULIO 3arafbHOro Yncna
BCiX BUAiB NpoayKLUil.

3. AKWO nNMaHYeTbCA BUAINEHHS KOLUTIB MOBHICTIO Ha MOKPUTTHA BCIX MOCTIMHUX
nnaHosux Butpart, 106710 Z (T) = Z (0), TOo dhopmyna (10) MaTUMe HaCTynHWUA BUNAA;

Z(T
kaz . ( ):upk
Z(CI —U;)uy,
=

>0 TO06TO, KOMM CepenHbO3BAXEHUA MapXUHANbHUN

k=1,..,n,
(10)

B ubomy BMNagKy, 3Ha4YeHHs KoopauMHaTKM TOYKM ©e330MTKOBOCTI BM3HAYETLCA SK
pesynbTaT [AiNeHHs 3KoperoBaHMX MNOCTIMHMX BUTPAT (Ha Aof BignosigHoro Buay
npoAdykuil B 3aranbHin 11 KiNbKOCTI) NNaHOBOro nepiogy Ha cepeaHbO3BaXeHUn
MapXXnHanbHUn NpMBbyTOK Big 0AMHMLI NPOaYKLUIiT BCiX i BUAIB.

3ayBaxumo, WO 3aBOaHHsa 1 CyTTEBO BIiOPI3HAETLCA Big MNoAibHMX 3aBOaHb
Garatbox niTepaTypHuX Axepesn, B Akux 6e336uTkoBUN o6Csar npoaykuii BU3Ha4YaeTbeCs
LUMASIXOM CriBCTaBNeHHs1 BCiEi BMPYYKW Big 11 peanisauii BCIM CYKyrNmHUM BuUTpaTam
NeBHOro nepiogy i TakMM YMHOM € CcTaTu4yHow Mogenn. La cratmyHa mopgenb
0e330MTKOBOCTI 0COBNMBO edeKkTMBHA B IHBECTULIMHMX Mpouecax, Komm noTpibHO
BKkasatu ToM obcAr npoaykuii, Henos'dA3aHui 3 ii BUPOOHMUTBOM, BMPY4YKa Big SKOro
BigWwkoayBana 6 BCi CyKynHi BUTpPaTV NEBHOro nepioay.

Lo crtocyeTbcs 3aBAaHHA 2, TO cTaTuyHa Mopenb 6e33buTtkoBocTi gns 6arato
NPOLYKTOBOIro BUPOOHULTBA HE MOXE MaTu OAHO3HAYHOrO BUPILLIEHHSA B CUAYy TOro, LLO

n n
PiBHAHHA > C ,X,=> U X, +Z He Moxe OyTM OOHO3HaYHO PO3B’A3aHE BiJHOCHO
k=1 k=1

obcsrie npogykuii X..
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BupiweHHst 3aBaaHb 1 i 2 BMMarae popmyBaHHs AMHaMIYHOI Moaeni 6e330MTKOBOCTiI.

[na ogHo npoaykTtoBoro BMpoGHMUTBA Modernb 6e330uTKoBMX O6CAriB BUMNYCKY
npoaykuii 6yna otpumana B po6oTi [1] i3 piBHAHHA, C (1) =UX (t) + Z (1), B 9KOroO:

1. Bupas CX (t) o3Havae, Lo BUNYyCK Npoaykuii i it 36yT BigdyBaloTbCca 0gHOYACHO;

2. cknapgoBa UX (t) Bu3Havae Ton gakT, WO 3MiHHI BUTpaTK i BUNYCK NPOAYKLiT Tex
BinOyBalTbCA OQHOYACHO;

3. BBaXa€eTbCS, WO NOCTINHI BUTpATW 3anexHi Big Yacy 3a MiHinHMM 3aKOHOM.

Ti x nyHkTM 1) — 3) MatoTb Micue i ona 6arato NPogyKTOBOT MOAEni.

Y3aranoHeHHs 3aBdaHb 1 i 2 BigHOCUTLCA A0 NYHKTY 3) (NYHKTM 1 i 2) nuwatoTbes
HEe3MiHHMMM) | nongrae B TOMYy, WO B MfNaHoBOMY nepiogi nepenbavaetbcs
HEepiBHOMIPHUIA PO3NOAIN NOCTINHMX BUTPaT TOBTO, KONM NNaHOBMIK MNepiog 3asganerigb
po3buBacTbCa Ha psAA nepioais, B AKMX MOCTIVHI BUTPATU 3MIHIOIOTLCS PiIBHOMIPHO ane 3
Pi3HAMM LWIBUOKOCTAMW, MPU LbOMY pPa3oBi MOCTiVHI BUTpPaATU MOXYTb 3[iNCHIOBATUCb
TiINbKM Ha MOYaTKy KOXHOroO nepiogy noAiny. TakuM YMHOM MPOMNOHYETLCA MOOErbHUMN
npouec B Yaci 3 TOYHICTIO A0 nepiogy NoAiny nnaHoBoro nepioay.

[na ysaranbHeHHs 3aBAaHHsA 1 cknagemo napamMeTpuyHi PiBHSAHHA MNOCTIMHMX
BuTpaT. Hexan ds (s = 1, ..., m) - WBNAKICTb 3MiHM MOTOYHWUX MOCTINHMX BUTPAT 3a
OAMHULIO Yacy B s-ToMmy nepiofi [ts; ts+4] (t+ =0, s = 1, . . . ,m, tn+1 = T) nnaHosoro
nepiogy [0; T], Zs — po3mip MOCTIHMX BUTPAT Ha No4vaTtKy S-TOro nepiogy 3anuiemo
napameTpuyHi PiBHAHHA NOCTINHWUX BUTpaT Z(t) Ha s-ToMy Bigpi3ky Yacy [ts; ts«1],

Z +d (t—t)komut e[t t,,] (1

Z,(t) =
0, konut €[t ,t ]s=1,..,m
3ayBaxuMo, L0 BENMYMHA Zs CKNagaeTbes i3 NOCTIMHUX BUTPAT B MOMEHT 4acy ts
TaKk i 3 MOTOYHMX BUTPAT, BU3HAYEHUX B TOM X€ MOMEHT 4acy ts. Takum 4YnmHOM,
m
Z(t) =) Z(t). MNpaBoMipHicTb BUGOPY KyCKOBOMIHIAHOT 3anexHOCTi MOCTiHNX BATPAT
j=1
BiJ Yacy MOSACHIOETbLCA TUM, WO 3MiHa MOCTIHMX BUTPAT Ha MNPaKTUUi He Moxe ByTu
HeniHINHOK 3a HECKIHYEHHO Mari NPOMIKKM Yacy.
Touka 6e336MTKOBOCTI BU3HAYAETLCS i3 PIBHAHHSA

CX (1)=UX ()+ Z (1), (12)

3 9KOro noTpibHO nonepeaHbLO 3HAWTU Yac HacTaHHs 6e33buTkoBocTi. [Ana uboro
. . X
nigctaBUMoO  nNapaMeTpudHe PpiBHAHHA 0Ocary BWUMNycKy nNpoaykuil X (t) :T—”t

i napameTpuyHe piBHAHHSA nocTiHux BuTpat (11) B (12),0Tpumaemo,
X
T

MpaBa YyacTuHa piBHAHHA (13) € KyCKOBOMIHIMHOW (OyHKLUi€E, B3arani po3puBHOLO.
JliBa yactuMHa piBHAHHA (13) npeacTtaBnsie coboro npsiMy, WO BUMXOOUTb i3 nodvaTtky
koopauHaT. KopeHi piBHAHHA (13) ue abcuucn TOYOK nepeTuHy LMx OABOX NiHin. Takux
TOYOK MepeTuHy Moxe OyTn He ofHa, a 3Ha4uTb Moxe OyTnm He OAWH KOpPiHb
PiBHAHHA (13), TOBTO MOXHa OTpMMATK AekKinbKa CTPOKIB HacTaHHA 6e33buTkoBOCTI Ans
NiANPMEMCTBA, a TakoX MOXHa OTpMMATK BIi4MOBIAHO i AeKinbka TOYoK 6e336UTKOBOCTI.

L (C -U)t= Zm:Zs(t), (13)
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MpakTnyHO nowyk po3B’a3kiB piBHAHHA (13) 3BOAUTBCS OO MOLIYKY MOMEHTIB
. X
(6e336MTKOBOCTI) Yacy, 3a AKMX NpsiMa MapXuHanbHOro NpuoyTky P(t) =T"(C -U)t

nepeTMHae KOXHY CXOAMHKY, 3adaHy napamMeTpuyHUM piBHSAHHAM (12). MomeHTu
6e336UTKOBOCTI 3HaxoAATbCS AK PO3B’A3KN PiBHSIHb,

X . .
T"(C -U)t= {ZS +dy(t-t), telt,t, ], s=1..,m. 3BiOKA, MOMEHTM 6e336MTKOBOCTI
MOXYTb ByTK 3HangeHi 3a oopmynamu,

o T2 ~dt)
©X,(C-U)-Td,

s=1,..,m, (14)

OueBngHo, MOMeEHTM ©6e330MTKOBOCTI, a 3Ha4UTb | ToukM 6e336muTKOBOCTI ByayTb
BIACYTHi, konw t; ¢ [t t.. ], s=1...,m

3ayBaxuMo, WO, 3HarngeHi 3a hopmynamm (14), MoMeHTN 6e330MTKOBOCTI NOAINATbL
BECb nriaHoBui nepioa T Ha Yacosi iHTepBany, Lo BiANoBidaTUMYTb 30HaM NPUOYTKOBOCTI
i 3BMTKOBOCTI, CTpOre YepryBaHHs SKUX, SK nokasye npuknag 1, He obos’s3kose.

Akwo Tenep 3HanWAeHun i3 piBHSHHA (14) napameTp uacy ¢, 6e336UTKOBOCTI

. . X
nigcTaBuTM y  PIBHAHHA BUMYCKY Mpoaykuii X (t) :T—”t , OAEPXUMO  TOYKM
6e3361TKOBOCTI 3a hopmMynamu,

Z —dt
X :S—}z{,s:l,...,m,
c-U-—
X

p

(15)

KomeHTap 3HaxomkeHHsA To4kM 6e336UTKOBOCTI 3a dhopmyrioto (15) Takmum xe, K i
3a dhopmynoto (9). Toukn 6e336MTKOBOCTI 3HAXOOATLCH K pe3ynbTaT AiNeHHS NOCTIMHUX
BUTpaT (Z,—d(t,) Ha noyatky (s-Toro) nepiogy Ha MapXwHarnbHUN NPUOYTOK OAMHUL

NpoayKuil 3a BUpaxyBaHHSAM MOTOYHUX MOCTIHMX BUTPAT (S-TOro) nepiony, BiAHECEHUX
A0 OAWHWLI 3annaHoBaHOro BUMNYCKY NPOAyKLi (% )-
P
AHanoriyHa cuTyauis BUHMKAE i y BUNaAKy Garato npoayKToBOro BMPOOHMLTBA.
MapamMeTpuyHi piBHAHHA BUNYCKY NPOAYKLUil MO KOXHOMY 1i BUAY 3anuCyloTbCs Y BUrMSAI
X . . .
X (t) :T—”’t , oe ij- 3annaHoBaHW BMMNYCK NpoAaykuii j-toro Buay. Hexawn Cj, — uiHa

peanisauii, Uj 3MiHHI ogWHWYHI BUTpaTK j-TOro Buay NpoAaykuii. Ak BigoMo, 6e336MTKOBI
obcArn BuNycKy NPOAYKLil No KOXXHOMY 1T BUAY 3HAXOAATHCS i3 PIBHAHHS,

ZCJXJZZUJXJ+Z’ (16)
= =

B piBHAHHA (16) nigctaBMMO napameTpuyHi PIBHAHHA MNOCTIMHMX BUTpaT, WO
BU3Ha4yalTbcs 3a dopmynot (11), a TakoX napameTpuyHi PIiBHAHHS 3annaHoBaHUX

obcsariB  BMNYCKy npoaykuii Xj :?pjt, OTPUMAEMO PIBHSAHHA BIQHOCHO TEPMiHY

HacTaHHSA 6e330UTKOBOCTI
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1 (C,-U)NX,, =T Z(t), (17)
= Jj=l
MomeHTu 6e336UTKOBOCTI 3Haxo4ATbLCH AK PO3B’sA3KN PiBHSIHb,

tZ(Cj -U)X, =T({Z, +d (t—t)),telt, t, 1,5 =1,...,m. 3BiaKu, MOMEHTH
=l
6e336UTKOBOCTI MOXYTb BYTK 3HaWAeHi 3a dpopmynamu,

. T(Z -dt,)

t ,Ss=1...m,

TR (18)
Z(cj ~U )X, —Td,

[ani, 3HangeHi, CTOCOBHO 4acy, KopeHi piBHAHHA (18) nigcTaBnawTbCA B

napameTpuyHi  pPiBHAHHA  BUNYCKY  NpPOAYKUil Xj :?p’ti 3HaxoOATbCA  TOYKU

6e336uTKOBOCTI 3a hopMynamu,

X _ :uk(Zs_dsts) S_l m
bks —  p Td 90 — lyeees 1L,
2 (€=U, = (19)
> x

i=1

pi

PosrnsaHemMo npuknag Bu3HayeHHs Toukn 6e336UTKOBOCTI y BMMagKy OAHO
NPOAYKTOBOro BUPOGHMLTBA.

Mpuknag 1. TopeosesnbHe nidnpuemcmeo “Ipinb” peaniszye cmpasy “Kypsyde gpine”
3a UuiHorw 5epH. 95 Kon.sa nopuyito. 3MiHHI OOUHUYHI 8umpamu cmaHo8UMUMYMb
4 epH. 15 kon. OyikysaHul rnpomsicoM des’amu micsiuie (3 bepe3Hsi Micsiusi no epyoeHsb)
06cs2 36ymy 15500 nopuiti. lNocmiliHi TOMOYHi sumMpamu Ha HacmyrHi 0ee’ssimb Micsuie
nepedbayarombcs 8 poamipi 18000 epH. Ha nodyamok nnaHo8020 nepiody nidrnpuemcmeo
nnaHye Ha 5000 epH. 3akynumu obrnadHaHHs, 8 wocmomy Mmicsaui npudbamu rnpuHmMep
ona  kommromepa eapmicmio 1000 epH . MPomMsi2OM OcmaHHiX n’amu  Micsuie
sumpamumu 2000 2pH. Ha peMOHm OesiKux npumiwieHb. [MompibHo eu3Hayumu 8
rnnaHosomy rnepiodi 6e3zbumkosi obcsicu 36ymy KypsiHo20 ¢birie i mepMiH iX HacmaHHs,
supyuyKa 8i0 pearnizauii AKo020 nokpusia 6 yci CyKynHi eumpamu Ub020 MepMiHy.

3a BM3HA4YeHHAM, YHKUiS MOCTIMHMX BUTPAT, B 3aNexXHOCTi Big4 4acy matume
HaCTyMHUIA BUrNSAA.

5000+ 2000¢ ko ¢ € [0:4)
Z () = {13000+ 2500 (¢ — 4) kout < [4;6) (20)
14000+ 2500 (¢ — 4) kou t € [6:9]

3pobumo nosicHeHHA o copmynu (20). LBMAKICTb 3MiHKM NOCTIMHMX BUTPaT
NPOTAroM nepLunx N'aTn Micsuis ctaHosuTb dq = d, = d; = ds = ds = 18000 / 9 = 2000 rpH.
Ha Micsaub, a NpoOTArom OCTaHHiIX YOTMPLOX MicsauiB cKknapae
de = d7 = dg = dg = 2000 + 2000/ 4 = 2500 rpH.Ha micaub OueBngHo, Z; = 5000 rpH.
Bennunna Z, =13000 rpH. = 5000 +2000x4 BM3HaA4ae poO3Mip MNOTOYHWUX MOCTIMHUX
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BUTpAT Ha KiHeLb neplloro nnaHosoro nepioay [0;4], a came, cyma Zg = 14000 = 13000
nnc pasosa Bunnata B po3mipi 1000 rpH. Bigobpaxkae NOCTINHI BUTpaATXU Ha No4vaTok
TPeTbOro NSIaHOBOro nepioay,

3anuvwemo napameTpuyHe PiBHSHHA MapXXMHanbHOro NpubyTKy,
15500

X
P()=(C-U)~ 1= (595 -4.15)

t =3100 ¢ (21)

Poss'askn  piBHAHHA P (t)=Z (f) BUW3HaA4YaTUMyTb  MOMEHTW  HAaCTaHHS

0e336MTKOBOCTI. PiBHAHHSA 5000 + 2000f = 3100¢ mae €ONHUN KOpiHb
t=5000/1100=4,5, <qakun He nonagae B npomikok [0;5).  PiBHAHHSA
13000 + 2500 (¢ —4) =3100¢, abo 3000 = 600 Ha npomikKy [4;6) Mae €aMHUA KOpiHb
t =5 micauis. PiBHaHHsa 14000+ 2500 (¢ —4) =3100¢ a6o 4000 = 600t mae Ha Bigpi3ky
[6;9] kopiHb t = 6,667 MmicauiB. TakuM YMHOM, MAEMO Ba MOMEHTU Yacy, 3a SKUX MOXE
HacTyNuTM B nnaHoBoMy nepioai 6e330MTKOBICTb. 3HAYeHHA TOYOK 0e330MTKOBOCTI
3HangeMo i3 napaMeTpuyHOro piBHAHHA obcary Bunycky npoaykuii, X (t) = (X, / T)t
npnt=>5; X (5)=(15500/9)5 =8611 oa., npn t=6,667, X (6.6) = 11480 oga.

BusHaunmo nepiogn 6e33butkosocTi. Tak sk Z (0) > P (0), To npoTtarom n’atu
micaui. TobTo Ha npomixky 4acy [0;4) nignpuemcTtso 6yae 3butkosum. Big m’'atu go
6,6 micsaus nignpuemcTBo Takox byae 36uTtkoBuM. [N nepeBipkn Lporo dhakTy AOCUTb
B3ATW [OOBINbHE 3HA4YeHHs i3 NpoMmixky [4;6.6) , ckaximo t = 6, i nigctaButn B (20)
ogepxumo, Z (6) =14000+ 2500 (6—4) =19000> P (6) =3100x6 =18600. lNpoTarom

OCTaHHIX YOTMPbOX MiCALIB NiANPUEMCTBO Y CBOIN LiANbHOCTI Mae 6ytn 6e336MTKOBMM.
HincHo, Z (9) =14000 + 2500 (9—-4) =16500 < P (9) =3100%x9 =27900.
B «iHUi nnaHoBOro nepiody BuMpydka Big peanisauii npoaykuii cknagatume

X

C ?pt =5.95 155% 9 = 92230 rpH, 3MiHHi BUTPATH,
X

U ?"t = 4.15155%9 = 64330 rpH.

Akwo cniBcTaBNATU BCKO BUPYYKY OO0 BCiX CYKYNHWX BMTPAT NNaHOBOrO nepiogy
(3a 9 micauiB), To MiHiManbHUM o6’em NpoAaykuii, Ak 3abe3neynTb X cniBnagaHHA
Z(9) 14000+2500(9-4) 26500

C-U  595-415 1,8
iHBeCcTUUiMHI 3aTpatn B po3mipi 4,15x 4569 + 26500, HanpaBneHi Ha NOKPUTTA CYKyMHUX

CTaHOBUTUME

=4569 nopuin. Hanpuknag, Bci

BUTpAaT, MOXYTb ByTUY BiALWKOOOBaAHI 3@ paxyHOK BUPYYKM Big peanisauii 4569 nopuin.

Py4yHuii pospaxyHOK, €K BMAHO i3 nMpuknagy, QAns BMU3HAYEHHA TepMiHiB
0e330uTKOBOCTI i camumx TO4YoK 6e33bUTKOBOCTI, € HaaTo rpoMi3gkMMm. 3BUYANHO,
HanKpalMm BapiaHTOM X MOWYKy TOOTO nowyky abcuuc TOYOK MepeTuHy npsiMoi
Map>XMHanNbHoOro npubyTKy i NnamaHol MNOCTINHUX BUTPAT, € KOMMIOTEPHUM BapiaHT.
MponoHyeTbea B cuctemi Mathcad Pro BignosigHa nporpama 3Haxo4KEHHS LUX TOYOK.

[MpoBecT NOBHY aBTOMAaTM3aLil0 PO3PaxyHKIB MOXHa, BUKOPUCTaBLUM Hanpwuknaa,
cucTeMn KOMM'IOTEPHOI MatemaTukm Taki 9k Mathcad 11. B uin cuctemi cknageHa
nporpamMa BM3Ha4YeHHs1 ToYoK 6e33butkosocTi. MNMpueegemo Ti it pparMeHTH, sKi NOTPIiGHI
KOpuCTyBayam, OrycKalum Ty YaCTUHY NporpamMu, Lo BiAMNOBIiAa€e 3a po3paxyHKu.

PoapaxyHok i reomeTpnyHe BU3HAYEHHS TOYOK 6e336UTKOBOCTI OAHOMPOAYKTOBOIO
BMPOGHMLTBA i3 3MIHHUMK “rIOCTIHMMUK BUTpaTamun”
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B Tabnuuo “c” noTpibHO BHeCTW: UiHy peanisauii ogMHuui npoaykuil; B Tabnuuto
“zv’- 3MiHHI BUTpaTWU Ha OAMHULEO NpPOAyKuii; B Tabnuuto “pl” - nnaHoBUM BUNYCK
npoaykuii; B Tabnuuto “rpv’- pasoBi NOCTIMHI BUTpaTM KOXHOro nepiogy; B Tabnuuto

“ppV” — NOTOYHI NOCTINHI BUTPATU KOXHOro nepioay.

c.= 1 Zv: = 1 pl: = 1
1 5.95 1 4.15 1 15500

rpv: = 0 1 2 3 4 5 6 7 8

0 5000 0 0 0 1000 0 0 0

ppv: = 0 1 2 3 4 5 6 7 8
0 2000 | 2000 | 2000 | 2500 | 2500 | 2500 | 2500 | 2500 | 2500

Pesynbtatu:
Touka 6e33buTkosocTi=(8,611x10° 1,148 x10%)

Mepioan HacTaHHs 6e336utkoBocTi = (5 6,667)
MpuByTOK Ha NoYaToK NMaHoOBOro nepiogy = —5 X 10°

MpuByTOK Ha KiHeLb nnaHosoro nepiogy = 2,79 x10*

Bupyuka B Toukax 6e33butkoBocTi = (5,124 x 104) 6,831x 104

MapxuHanbHuit puByTok B Toukax 6easbuTkosocti = (1,55x10% 2,067 x10%)

Mepioa = ("36utkoBuin" " 36mTKOBUIA" "NpMBYTKOBUIA" )
x 2.5 10
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trace 1
trace 2

PosrnsHemo npuknag BM3HAYEeHHs Toudknm 6e330MTKOBOCTI Yy BMnagky ©Garato

NPOAYKTOBOrO BUPOBHULITBA.
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Mpuknag 2. TopeoeenbHe nidnpuemcmeo “Tpinb” peanisye dsi cmpasu “Kypsive
ine” i “Kayure ¢bine” 3a uiHoro 5 2pH. 95 kon. i 4 epH. 90 Kon. 3a nopuito 8idNMo8IGHO.
3MiHHI 0OUHUYHI sumpamu cmaHosumumyms 4 epH. 15 kon i 3 2pH 50 Kon. 8i0rnogioHO.
OuikysaHuli npomsicom Oeg’simu micsuie (3 bepesHss micsauss rno epydeHe) obcsie 36ymy
16500 nopuit “Kypsiue cpine” i 14900 nopuit “KaduHe ¢pine” . [locmitHi nomoyHi
sumpamu Ha HacmyrHi 0eg’simb micsuie nepedbavarombcs 6 poamipi 18000 epH. Ha
rnoyamok rnnaHoeoz2o repiody nidnpuemcmeo rnaHye Ha 5000 epH. 3aKynumu
obnalHaHHs, 8 wocmoMy micsaui npudbamu npuHmMep Ons KoMmmr'romepa eapmicmio
1000 epH .I npomsa2omM ocmaHHix n’amu micsuie sumpamumu 2000 2pH. Ha pPeMoHmM
Oesikux npumiweHb. [MompibHO su3Hadyumu 8 raHosomy repiodi 6e3zbumkosi obcsieu
36ymy Kypsi4o20 ¢bine i mepMiH ix HacmaHHs, supyydka eid peasnisauji sko2o rnokpusna 6
YCi CyKyrnHi eumpamu Ub020 mepMiHy.

MoTpiGHI po3paxyHkM B NpuKnagi 2 NPMBOASATLCA HA OCHOBI KOMIMIOTEPHOT CUCTEMMU
Mathcad Prq, dpparmeHTn S9Koi NnpuBeaeHi HUXKYe.

PoapaxyHok [ reomeTpuyHe BU3HAYEeHHSA TOYOK 0e330MTKOBOCTI
GaraTtonpoayKToBOro BUPOOHULTBA i3 3MiIHHUMM “NOCTIMHUMKU BUTpaTamn”

B tabnuuto “c” noTpibHO BHECTU: LiHW peanisauii 0aNMHULI NpOoayKLiT KOXXHOro Buay;
B Tabnumuo “zv”’ — 3MiHHI BUTPaATU Ha OOMHULIIO NPOAYKLIT KOXXHOro Buay; B Tabnuuto “pl” -
nnaHoBi BMNYCKM NPOAYKLIiI N0 KOXXHOMY BUAy; B Tabnuvuio “rpv’- pa3osi NOCTiNHI BUTPATU
KOXHOro nepiogy; B Tabnuuto “ppv” - NOTOYHI NOCTINHI BUTPATN KOXXHOIO nepioay.

c: = 0 1 2v: = 0 1
0 5.95 4.9 0 4.15 3.5
pl = 1 2
1 15500 14900

rpv: = 0 1 2 3 4 5 6 7 8

0 5000 0 0 0 0 1000 0 0 0

ppv: = 0 1 2 3 4 5 6 7 8
0 2000 | 2000 | 2000 | 2000 | 2500 | 2500 | 2500 | 2500 | 2500

Pesynbtatun

Mepioau HacTaHH 6e336uTkoBocTi = (1,463) Mepioa = ("36uTKoBMIA" "NpuGYTKOBMIA" )

Toukm 6essbuTkosocTi = (2,52x10° 2,422x10%)
MuByToK Ha NoYaToK NnaHoBoro nepiogy = —5 x 10°
MpuByToK Ha KiHeLb nnaHosoro nepiogy = 4,876 x10*
Bupyuka B Toukax 6e3s6utkosocti = 2,686 x10*

MapskuHanbHui npubyTok B Toukax 6e33buTkosocTi = 7,926 x 10’

pagpiyHe 306paxkeHHss Moyok 6e33bumkosocmi
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Po3paxyHku 3a KOMM'IOTEPHOIO NPOrpamoro JatTb 3poOMTU NIACYMOK B TOMY, LLO
cTtaH 6e336MTKOBOCTI HacTynuTb NpuMbnu3HO 4epes niBTopa MicAud. 3a uen nepiog
noTpibHo Byae Bupobutn 2520 nopuin “Kypsiue cpine” i 2422 nopuin “KayuHe apine”.
MpoTarom 1,5 micaua nignpuemcTso byae 36UTKOBUM, peLuTy Yacy — NpubyTKOBUM.

BucHoBku. B gaHin poboTi 3anoyaTKOBYETLCA PO3rMNsd igeanisoBaHoi modeni B
TOMY PO3yMiHHI, Wo: 1) 30yT Npoaykuii 36iraeTbcs B Yaci 3 ii BupobHuuTBOoM. B3arani mix
30yToM npoaykuii i i BUPOBHMUTBOM iCHye BIiAMOBIAHWMW nar. 2) 3MiHHI BUTpaTU i
BUPOOHULTBO TeX BiabyBalOTbCA OAHOYacHo. B OGinblOCTi BMNAgKiB Le He Tak.
3) uiHa peanisauii i OOWHWYHI 3MiHHI BUTPATW NPOTArOM NMAHOBOMO Mepioay NULalTbCH
He3MiHHMMKW. 4) noYaToK BWMYCKY | 3akiHYeHHs BWMYCKy BCiIX BWAIB  NPOAyKUil
BigOyBaeTbCcA B NNaHOBOMY nepiodi oAHoyacHo. Taka ymoBa MNPUPOAHO MOXe
nopyLyBaTUCb. 5) MPONOHYETbCA PO3BGUTTS NMAHOBOrO nepiogy pPiBHOMIpHMM. Takum
YMHOM, MepioaM HacTaHHA 6e336UTKOBOCTI PO3PaxoBYOTbCA 3 TOYHICTIO OO0 nepiogy
po30buTTA nnaHoBoro nepiogy. Hacnpaegi po3duTTa nnaHoBOro nepiogy MNOBMHHO
BignoBigaT! 3MiHam MOCTIMHWUX BUTPAT NPOTAroM NIaHOBOro nepiogy. 6) no4aTok 3MiHu
NOCTINHMX BUTPAT BiQHOCUTBLCA Ha NoYaToK Nepiogy po3duTTsa. Taka cuTyauid, gK Bigomo,
He 3aBXau criBnagae 3 pearnbHicTIo.

3 ornagy He BMKOHAHHA BCiX NepepaxoBaHWX MyHKTIB 1) — 6) MOXNMBI nodanbLui
y3aranbHeHHs1 B nobyaosi mogenen 6e330MTKoBOCTI.
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