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3ACTOCYBAHHA METOAIB 3T JIAJIZKYBAHHSA JJ1A ITIPOI'HO3YBAHHSA OBCAT'Y
BUPOBHUIITBA

O6'exrom nocmimkenns € nixnpuemMctso TOB TIIK «Teppa» — npoBiaHuii BITYN3HIHUN BUPOOHUK BUCOKOSIKICHUX 3aXHCHUX ITOKPHTTIB IPOMHCIIOBOTO
NPU3HAYCHHS UL aHTUKOPO3iHHOr0 3aXHMCTy METAIOKOHCTPYKIIH 1 3ay1i300€TOHHUX KOHCTpyKUid. Hapasi Ha mimmpueMcTBi BIAKPUTI NUTAaHHS
IUIAHYBaHHS MaHOyTHIX 3aMOBJICHB, JOLIJBHOIO BHUKOPHCTAHHS IIOTY)XXHOCTEH 1 PO3IIMPEHHs BUPOOHHYHMX MOXIMBOCTeH. B poGoti mpoBexeHo
CHCTEMHHH aHajli3 IbOro MiANPUEMCTBA HUIIXOM PO3POOKH (yHKIIOHAIEHOI MOJEII IIPOLECiB Ta if 1eKOMIO3HLIT 3 PO3KIaNaHHIM 10 APYroro piBHs
nerarmizanii. B pe3ynbrati oTpuMaHO 3aady 3 IPOrHO3YBaHHS OOCATY BUITYCKY aHTHKOPO3IMHMX MOKPHUTTIB, SIKI 3am00iraoTh pyiHHauii MeTaueBUX
KOHCTPYKIIi Ta MexaHi3MmiB. L5 3aa4ya € akTyanbHOIO SIK [UISl CAaMOT0O MiANPHEMCTBA, TaK 1 MU 3aJ0OBOJICHHS HONUTY Ha PUHKY 30yTy. HaiiGinbim
e eKTHBHUMHU MaTeMaTHYHUMH MOJIEIISIMY, 32 JOIIOMOT'OI0 SIKUX MOJKHA ITPOrHO3YBAaTH PO3BUTOK ITPOLIECIB BUPOOHHITBA — [1€ MOZIEIi HA OCHOBI 4aCOBUX
psaiB. OMHUMH 3 HARITOIIMPEHIIIMX METO/IB IPOrHO3YBAHHSI TOKA3HUKIB TAKHUX PSIIB € METOAN 3TJ1a UKYBaHHS, SIKI BUKOPHCTOBYIOTBCS JUTSl 3SMEHILICHHS
BIUIMBY BHUIIQJKOBHX KOJHMBaHb. llocTaBieHy 3ajauy BHPIIICHO METOJAMH EKCIIOHEHIIAIBHOrO Ta aJalTUBHOTO 3INa/pKyBaHHs. [l mepeBipku
aJICKBaTHOCTI OTPHUMAaHUX MOJENEH 3aCTOCOBAHO KPHUTEpiil cepiil (BH3HAUYCHHS BUIIQJAKOBOCTI BIAXWIICHB BiJ TPEeHAY), KpHTepill mikiB (mepeBipka
PIBHOCTI HYJIIO MATEMAaTUYHOIO CIIOAIBaHHS), R/S-kpuTepiil (BU3HAYEHHS BiANOBIIHOCTI PO3MNOITY 3aIHIIKOBOI KOMIIOHCHTH HOPMAJIbHOMY 3aKOHY),
xputepiii JlapOina-YoTcoHa (BU3HAUSHHS HE3aJIEKHOCTI 3HAUCHb 3alHIIKOBOI KOMIOHEHTH). [IpoBeeHO aHami3 KOXHOI OTpUMAHOI Mogjeni
MIPOTHO3YBAHHS, a TAKOX OLIHEHO SIKICTh MPOTrHO3iB. 3pO6JICHO BHCHOBKU IOAO MOJAJIBLIONO BUTOTOBJICHHS HPOJAYKIii HA OCHOBI IPOTHO30BAaHHX
3Ha4YeHb. 3aIPONOHOBAHA MOJEIb MAa€ MPAKTHYHY CIPSIMOBAHICTh 1 MOKE BUKOPHCTOBYBATHCS Y 3a[a4ax, OB SI3aHUX 3 NMPOrHO3YBaHHIM B YMOBax
BUPOOHUYHUX MiIPUEMCTB.

KuarouoBi ciioBa: cucreMHuil aHaii3, 3amada IMPOrHO3YBAaHHs, EKCIIOHCHIlaNbHE 3IJAJUKYBAHHS, aJalTHBHE 3IVIA/DKYBAHHS, TOYHICTH
MPOTrHO3YBAHHS, aJIeKBATHICTb MOJIEII.

T. B. XOMAK, A. B. MAJIMEHKO, I. B. CHMOHEI]

ITPUMEHEHUE METOJOB CIJIA’KUBAHUSA JJI5 TPOT'HO3UPOBAHUS OB BEMA
ITPOU3BOJACTBA

Oo6bexToM nccnenosanus spisercss npeanpusatue OO0 TIIK «Teppa» — Bepymuii 0TeUeCTBEHHBIH MPOU3BOJUTENS BHICOKOKAYECTBEHHBIX 3aIUTHBIX
MOKPBITHH MPOMBIIIJIEHHOr0 HAa3HAYEHMs I aHTUKOPPO3MOHHOM 3alUTHl METAJUIOKOHCTPYKIHMH H )KeJIe300eTOHHBIX KOHCTpykiumil. Ceifyac Ha
MPEAIPUATUH OTKPBITHI BOIIPOCHI IJIAHKPOBAHUS OyNyIIUX 3aKa30B, 11eJI€CO00Pa3HOro HCIOIb30BAHMS MOIIHOCTEH M PaCIIMPEHUs IPOH3BOACTBEHHBIX
BO3MOXKHOCTeil. B pabGoTe mpoBeleH CHCTEMHBIH aHAIM3 3TOr0 HPEANpPHUATHA IyTeM pa3paboTKH (yHKIHMOHAIBHONW MOJENH IpPOIECCOB U ee
JICKOMIIO3UIIMM € PA3JIOKEHHEM J0 BTOPOTO YPOBHS JeTaiu3aluu. B pesyipTaTe mosnydeHO 3ajauy HPOTHO3MPOBAHHMS 00BEMa BBITYCKa
AQHTHKOPPO3MOHHBIX MTOKPHITHH, IIPEOTBPAIAIONINX Pa3pyIIeHHe METALIMYECKUX KOHCTPYKIIMM ¥ MEXaHU3MOB. JTa 3a/1a4a sBJISIETCSA aKTyalbHON Kak
JUIsl CAMOT0 TIPETIPUATHSA, TAK H JIJIs1 yJJOBJIETBOPEHHs CIpoca Ha peiHKe cObTa. Hanboee 2 dexTHBHBIMU MaTEMAaTH4ECKUMU MOJICIISIMH, C TOMOIIBIO
KOTOPBIX MOXKHO IPOTHO3HPOBATh DA3BUTHE IPOIECCOB IPOM3BOJACTBA — OTO MOJENH HA OCHOBE BPEMEHHBIX pAmoB. OIHHMH U3 CaMBIX
PacIpoCTpaHEHHBIX METO/10B IPOrHO3MPOBAHHS II0KA3aTeNel TAKUX PAAIOB ABJIAIOTCA METOBI CIIIaKMBAHUS, KOTOPBIE HCIIOIB3YIOTCS I yMEHBIICHUS
BIMSHHA ClydaiiHeIX konebanuil. IlocTaBieHHyIo 3ajady PEIIEHO METOJaMM SKCHOHEHIHAIbHOIO M aJalTHBHOrO CriakuBaHus. [l mpoBepku
AJICKBATHOCTHU TOJyYEHHBIX MOJIEJICH MPUMEHEH KPUTEPH Cepuii (ompeaeaeHne ClyqyalHOCTH OTKJIOHEHUH OT TPEHIa), KPUTEPHi MHUKOB (IpoBepKa
PaBEHCTBA HYIIIO MaTeMaTHYECKOro OKUAaHusA), R/S-kputepnii (onpenenenne cOOTBETCTBHUS PacIpeIeeHNs] OCTATOUYHONH KOMIIOHEHTHI HOPMAJIbHOMY
3aKOHY), Kputepuit Jlapouna-YorcoHa (onpezieseHne He3aBUCUMOCTH 3HAaYEHUI OCTaTOYHOW KOMITOHEHTHI). [IpoBe/ieH aHammM3 KaxJ0i MOoIydeHHOMH
MOJIeNI MPOTHO3HPOBAHMUS, a TAKKE OLCHEHO KAauecTBO MPOrHo3oB. CremaHsl BHIBOIABI OTHOCHTEIBHO JAbHEHIIEro M3roTOBJICHHS HMPOAYKIHU Ha
OCHOBE ITPOrHOZUPYEMBIX 3HaueHHH. IIpennokenHas Moiellb HMeeT MPaKTUUECKYIO HAPABICHHOCTh U MOXKET HCIIOIb30BaThCS B 3a[]a4aX, CBS3aHHBIX
C IPOTHO3HPOBAHNEM B YCIOBHSIX MPOH3BOICTBEHHBIX MPEAIPUITHH.

KiioueBble €j10Ba: CUCTEMHBIH aHAM3, 3a/a4a IIPOrHO3HPOBAHMS, DKCIIOHEHIIHANIBHOE CTIaKHBAaHUE, aJaTUBHOE CIIIa)KUBAHHE, TOYHOCTh
IIPOTHO3MPOBAHMUS, ACKBATHOCTH MOJIEIIH.

T.V. KHOMYAK, A. V. MALIENKO, H. V. SYMONETS
APPLICATION OF SMOOTHING METHODS FOR FORECASTING PRODUCTION VOLUME

The object of the research is the enterprise LLC TPK «Terra» — the leading domestic manufacturer of high-quality protective coatings for industrial use
for corrosion protection of metal structures and reinforced concrete structures. Now the company is open to planning future orders, the appropriate use
of capacity and the expansion of production capacity. The paper conducted a system analysis of this enterprise by developing a functional model of
processes and its decomposition with decomposition to the second level of detail. As a result, the task of forecasting the volume of release of anti-
corrosion coatings, preventing the destruction of metal structures and mechanisms. This task is relevant both for the enterprise itself and for meeting the
demand in the sales market. The most effective mathematical models that can be used to predict the development of production processes are models
based on time series. One of the most common methods for predicting the performance of such series are smoothing methods that are used to reduce the
effect of random fluctuations. The problem is solved by the methods of exponential and adaptive smoothing. To check the adequacy of the models
obtained, the test of the series (determination of randomness of deviations from the trend), the criterion of the peaks (checking the equality of the
mathematical expectation), the R/S criterion (determining the correspondence of the distribution of the residual component to the normal law), the
Durbin-Watson criterion (determining the independence of the residual components). The analysis of each prediction model obtained was carried out,
and the quality of forecasts was also assessed. Conclusions are made regarding the further manufacture of products based on predicted values. The
proposed model has a practical orientation and can be used in tasks related to forecasting in the conditions of industrial enterprises.
Keywords: system analysis, forecasting problem, exponential smoothing, adaptive smoothing, forecasting accuracy, model adequacy.

Beryn. Y Ham gac pyxJIMBiCTh €EKOHOMIYHUX SIBHII TA ~ PO3BUTKY TIpOLECY y CHCTeMi B MaWOyTHbOMY €
TIpoIeciB, 0COONMBO HA piBHI ramy3eil Ta MiJNPHEMCTB,  IPOBiAHOIO.
3poCTa€, 1  HAKOMUYYIOTBCS  JIaHI  CTATHCTHYHHUX AKTyanpHICTh TEMH JOCHI/PKCHHS BUIDIMBAE 3
crioctepexxeHb. Ha 06a3i ux JaHux 3aada MPOTHO3YBAaHHS — MOTPEOM MiJNPHEMCTB 10 po3BHUTKY. it Toro, mod Oyru
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KOHKYPEHTOCIIPOMOXKHAM  IANIPUEMCTBOM  TOTPiOHO
YIOCKOHATIOBATH TPOIECH Y BIAMOBIMHOCTI JO dYacy.
Hapa3si icHye BenmMka KUIBKICTH 1HCTPYMEHTIB IS
ONTUMI3alii TPOIECIB — OTHAMHU 3 HHUX € CHCTCMHUHN
aHaii3. KepiBHUITBOM MiANIPHEMCTBA TOCTaBICHO 33]ady
aHaJi3y poOOTH MiANPHEMCTBA, B PE3YIbTATI SIKOrO Oyio
OTPUMaHO 3a/a4y 3 IPOTHO3YBAaHHS BUTOTOBJIEHHS
AQHTUKOPO31MHNX TOKPUTTIB — OCHOBHOI MpPOMYKIii TiJ-
MIPUEMCTBA, 33 VTS TOAAJBIIOTO IUIAHYBAHHS 1 ONTUMI3allil
TIPOLIECIB.

Ha cporogHimmHiii geHb HaWOiIIbI e(pEeKTUBHUMHU
MaTeMaTUYHUMU MOJENSMH, 33 JIONOMOIOI0 SKUX MOYKHA
MIPOTHO3YBaTH PO3BUTOK IPOIIECIB, € Ti, MiJ 4ac Mo0y10BH
SIKHX BHKOPHCTOBYIOThCSI uacoBi psau. llupoke koo
COLIIaJIbHO-€KOHOMIYHMX, ~ TEXHIYHUX 1  IPUPOTHUX
MPOIIECIB  YacTO 300pa)kafoTh HAOOPOM  TMOCHITOBHUX
3Ha4eHb, 110 3a(hiKCOBaHi B pIBHOBIIIaJICHI MOMEHTH Yacy.
Taxwuii HaOlp 3HaYeHb HA3UBAIOTH YACOBUM PSIJIOM.

OmHuMH 3 HAWNONIMPEHINIMMH  METOJaMH
NPOrHO3YBaHHSl IOKAa3HUKIB YacOBHX pAIIB € METOAU
3rnaukyBaHHs. CyTh pI3HHX TNPUHOMIB 3IJIaKyBaHHS
YacoBUX DPSAIIB 3BOJMTHCS /O 3aMiHM (PAKTUYHHX PIiBHIB
4acoBOI'0 Psy PO3PaXYHKOBMMH, sIKI B MEHIIIH Mipi
CXI/I.]'IBHi a0 KOJIMBAHb. MeTO)II/I 3IIaJKyBaHHS
BUKOPHUCTOBYIOTBHCA [JIs1 SMEHIICHHS BIUIMBY BUIIAJKOBOI'O
KOMIIOHEHTa (BUIIaJIKOBUX KOJHMBaHb) Y YACOBHX psjax.
BoHu [aroTh MOXIMBICTH OTPHUMYBATH OUIBII «YHCTI»
3HAYEHHs, SIKI CKJIAJAIOThCS JIMIIE 3 JIeTepMiHOBAHMX
KOMIIOHEHTIB.

Meroto  po0OTH €  HPOrHO3YBaHHS
BUTOTOBJICHHS MPOYKIIIi HA MOAAIBLINHI MEpPio].

OO0'exToM JOCIIKEHHsI B POOOTI € MiANPUEMCTBO
TOB TIIK «Teppa», mo 3aiiMa€eThCsi BUTOTOBICHHSIM
AQHTUKOPO31HUX TTOKPHUTTIB.

[IpenmeToM HDOCHIIKEHHS € METOAU CHCTEMHOTO
aHaJi3y, IPOrHO3yBaHHS PIBHIB YACOBHUX PSJIIB 1 CUCTEMH 3
KpUTEpiiB Uil  OLIHKM  pe3ynbTaTiB B  Hpoleci
MIPOTHO3yBaHHs 00CATIB BUPOOHHIITBA.

Metonu pnocaimkennsi. Jlns BupimeHHs 3aaadi
CIIOYaTKy MPOBENCHO CHUCTEMHHMI aHali3 Ta CKJIAaJIeHO
(GYHKIIOHATIBHY MOJIENIb 3 PO3KIAJAHHAM J0 IPYroro
piBHsA meramizamii. [Ipu mpoBeneHi CHCTEMHOTO aHATI3y
OTPUMAaHO 3aJa4y 3 IPOTHO3YBAHHA O00CATY BHITYCKY
MPOAYKINi, $Ky BHUPIMIEHO 3a JOIMOMOTOK METOMIB
3rNIaJUKYBaHHS: ©KCIIOHEHIIaNbHOrO Ta  aJalTHBHOTO.
[IpoBeneno amami3 pe3ynbTaTiB 3 OIIHKOK METOMIB 1
NPUHHATO PIllIeHHS PO BHKOPHUCTAHHS OJHOTO 3 HUX Ha
TIPAKTHII.

HaykxoBa HOBHU3Ha OTpHMaHUX PE3YJIBTATIB MOJATAE Y
BHUKOPUCTAaHHI CHCTEMHOTO IIiIXOMY U aHAN3y 3a/advi B
mijoMy Ta po30uTTs ii Ha mig3amadi. 3a3Ha4YeHI METONU
MIPOTHO3YBaHHsI IEPEBipEHO Ha HAIHICTB.

PesymeraToM pobOTH € pO3pOONICHHH KOMIIIEKC
CHCTEMH JIS IDTaHyBaHHS Ha MiAPHEMCTBI 00CATiB BUPOO-
HHITBA, PEKOMEHIOBAHO 10 BIPOBADKCHHA y 3ajadax,
MOB’sI3aHUX 3 IMPOTHO3YBAaHHSAM B YMOBaxX BHPOOHHYMX
ITi IIPUEMCTB.

Omnuc 06’exty. Komnanis «Teppa» 3acHoBana B 1998
pomi i Hapasi € NPOBIJHUM BITYM3HSHHM BHPOOHHKOM
BUCOKOSIKICHHX 3aXHCHHX MOKPHUTTIB MPOMHCIOBOIO MPHU-

obcsry

3HA4YEHHS ISl aHTHKOPO3IMHOTO 3aXHCTy METaJOKOHCT-
pykuiit i 3amizoberonnnx koHcTpyknii NANO Industrial
use™. Kommnanis Hamiuye O0inbmn HixXK 1000 HaliMeHyBaHb
nponykuii. JlaHHI PO 3aMOBJICHHSI, BUTOTOBIICHHS, ITPO-
JaK KOXKHOTO 3 HHX 30epiraroTbCsi MpOTSATOM JIEKUTbKa
pokiB. IX JOLiNBHO NpencTaBisATH y BHUINAAI YaCOBUX
paniB, TOOTO HaOOpiB MOCIIIOBHUX 3HAYEHB, 3adikcoBa-
HHX B PIBHOBIJUIaJIeHI MOMEHTH Hacy.

Hapa3i Ha mianpueMcTBI  BIIKPUTO  ITUTAHHS
TUTAaHYBaHHS 3aJUI1 TOTOBHOCTI 1O MalOYTHIX 3aMOBJIECHb,
JIOLIJTBHOTO BUKOPUCTAHHS IOTY)KHOCTEH 1 PO3IIUPEHHS
BUPOOHWYHMX MOMIIMBOCTEH, SK pE3yJabTaT BHKOHAHHS
LiJIeH 1 Miciii KOMITaHii.

DyHKIiOHATBHA MOJeNb cucTeMH. [ pO3yMiHHS
MPOLIECIB Ha MiIPUEMCTBI TO0YI0BaHO MOJIENb B (hopMarti
IDEFO0 3a momoroto AllFusion Process Modeler [1, 2].
CriouaTtKy QyHKIIOHAIBHICTD MiIIPHEMCTBA OIUCYETHCS B
oMy, 6e3 moapoOui. Takuil Oonmuc Ha3UBAETHCS KOH-
TEKCTHOI giarpamoro [3]. Jljs maHOro mporecy KOH-
TEKCTHA Jiarpama MpeacTaBlieHa MO0 (quB. puc. 1),
ne I; — cupoBuHa, I, — 3asBKa Ha BUTOTOBJEHHS, C; —
3aKoHM YKpaiHu, C, — JIOKyMEHTallisl 3 TeXHIKH Oe3reKu,
C; — HOpMaTMBHA JOKyMeHTauisi, M, — nepconan, M, —
TexHiuHe ocHaleHHs, 0; — papba, O, — MOKPUTI MOBEPXHi.

Ha koOHTeKCTHil Jiarpami IOYaTKOBOTO piBHS
(nuB. puc. 1) mokazaHo, ski (GpakTopu HEOOXiaHI Ha BXOi
(cupoBuHa Ta 3aMOBJICHHS).
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Puc. 1. Mogens nporiecy poOOTH i IIPHEMCTBA

[Mporec «poboTa MiANMPUEMCTBAY BUKOHYETHCS IIiJ|
KEepIBHULITBOM  HOPMATHBHHX JOKYMEHTIB, 3aKOHIB
Ykpainu Ta JOKyMeHTAaIlii 3 TEXHIKH Oe31eKn. 3aMOBIICHHS
ONPallbOBYIOTBCS,  3aKyNOBYETbCS ~ CHPOBHHA  JUIA
HOJANBIIOr0 BHTOTOBJIEHHS Ta HOKPHUTTS IIOBEPXOHb 3a
yuacTio OynmiBenmpHHX Opmwraa. JSIkmo Bci  yMOBH
BUKOHYIOTBCS, TO Ha BHXOIl OTPHUMYIOTH pE3YyabTaT Y
BUTJISIAI TOTOBOI MPOAYKIii a00 MOKPUTHX HA 3aMOBJICHHS
KOHCTPYKIIiHA.

Hacrymaum piBHeM QyHKIIIOHATBHOI MOIENi €
JICKOMITO3HIIiSI KOHTEKCTHOL AiarpaMu (AUB. puc. 2) HA TaKi
i yHKIiL:

e  BUPOOHUIITBO MOKPHTTIB;

e OyniBenbHI POOOTH 3 TIOKPUTTSL.

OYHKINS «BUPOOHUITBO TOKPHUTTIB» (OHMB. pHUC. 3)
JIEKOMITO30BaHa Ha IiA(QyHKII:

e (opmyBaHHS 3aMOBIICHHS;

® 3aKyNKa CHPOBHHU;

®  BHTOTOBJICHHS;

®  BiJBaHTAXCHHS.
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Puc. 2. Jlexommo3uiiist Mojesi

[licns mpoBeaeHOi NEKOMITO3UIIT TPOIECY «BHPOO-
HUIITBO MOKPUTTIBY, OAYMMO, 1110 JaHUH MPOIEC € JOBOII
TPYJAOMICTKHIl OCOONHBO BUXOJSYH 3 TOTO, IO B MPOIIECi
BHUT'OTOBJICHHSI 3aJlisTHA BEJIMKA KUIBKICTH Pi3HOTO BHUIY
CHUpPOBHHH Ta MpPaIliBHUKIB.

OCKiJIbKH TIpoLIeC BUPOOHHIITBA MOKPUTTIB € JIOBOJI
CKJIAJIHUM 1 € SAPOM i AMPUEMCTBA — HOr0 OCHOBHUM JIXKE-
penoM mpuOyTKy, Oyao MPUHHATO PIIEHHS MPO JIOLLIb-
HICTh NPOBE/ICHHS IPOTHO3YBAaHHs O0CATIB BUPOOHHUIITBA
UId  [IOoAaJIbIIIOTO BUI'OTOBJICHHA. HpOFHOSyBaHHH 3
NOJANBIINM TUIAaHYBaHHSIM Ha 0a3i NMPOTHO30BaHMX 3HA-
YeHb € BAKJIIUBOIO CKJIAJIOBOI0 B POOOTI MiANPHEMCTBA
aJKe JOTMoMarae 3eKOHOMHTH PEecypcH 1 pa3oM 3 THM
30LIBIINTH TPUOYTOK.

Omxe, mis AaHOl 3ajadi MPOBEICHO CHCTEMHHMA
aHaJi3 MiJINpUEMCTBA JJIsl KOHKPETU3Allil KO)KHOTO eTamy
[4], Ha ocHOBiI sIKOro OOpPaHO METOIM MPOTHO3YBAHHS
3HAYEHb.

ExcrnonenuianbHe 3riapkyBanHHs. lle wMeron
MaTEeMaTUYHOT'O IEPETBOPEHHS, SIKUIi 3aCTOCOBYETHCS TPH
MPOrHO3yBaHHI 4acoBUX psniB. CBOIO Ha3BYy BiH OTPHUMaB
yepe3 Te, W0 TMpPH KOXHIM HAcTymHIM itepamil
BpaxOBYIOThCs BCI MOTEpEHI 3HAYCHHS PSY, ajle CTyIiHb
BpaxyBaHHS ~ 3MEHIIYETbCS 332  EKCIIOHEHIIaJIbHUM
3aKoHOM [5, 6].

3a MM METOJIOM HOBa IOCHTIJOBHICTh OYIYEThCS 3a
MIPaBUIIOM:

S =2y + (1 =Ny, S; =y, t=2]T, 1)

Ie T - KiJIbKICTh HaBEICHHUX CIIOCTEPEKEHb;

A—eauHa Bara, siKa MO)Ke OOWpaTHCs KiTbKOMa
HITSIXaMH.

[lo-mepmie, 3Ha4YeHHS A OOMPAETHCS —anpiopHUM
merogoM 3 npoMixky (0;1). B takomy Bumanmky, SKIo
obupaeTbesi 3HaYeHHS Oim3bke 10 1, TO OyayTh Oinbid
BKJIMBUMH TIPH TIPOTHO3YBAaHHI OCTaHHI JaHI 4acoBOTO
psny, npu BuOOpi A Oynm3pkuM 110 0, OUTBII BIULTMBOBHMU
OynyTh MUHYII 3HAYCHHS.

[Mo-npyre, moxHa oknactu A = 2/(1 4+ T).

[To-TpeTe, A obOmpaeThesi Tak, 100 MiHIMI3yBaTH
OJIMH 3 KPUTEPIIB TOYHOCTI MPOTHO3IB.

[Tporuo3 3Ha4yeHb 4acOBOr'O psiy AOPIBHIOE OCTaH-
HbOMY 4JIEHY ITOCITiIOBHOCTI

Veop =Se-p=12..., 2)

Jie P — pIBeHb MPOTHO3yBaHHI.

AnmanTuBHe 3riamkyBanns. Lleit meron 0a3yeTbcs
Ha TIONEPEeAHbOMY 1 J03BOJISIE aBTOMATUYHO 3MIHIOBATH
KOHCTAHTY 3TJIa/DKyBaHHs B mpoiieci obuuciens [7, 8, 9].
HoBa mociiioBHiCTh OyAy€EThCS 33 PABHUIIOM:

St41 = AYera + (L —A)S,, t=1.T, (3)

e A 3MIHIOETBCA 3 4YacOM B 3aJIEKHOCTI BiJ IOXUOKU
MPOrHO3yBaHHS:

E
M,
E =By —y)+ (1A —=BE_4,

A =

E

M, =Bly, =yl + (1 - B)M,_4,
ne B € (0; 1) — oOupaeTnes anpiopi.
IIporHo3 3HAYeHb YACOBOTO PSIAy  JOPIiBHIOE
OCTaHHBOMY WICHY TTOCITITOBHOCTI (2).
Bupimennst 3amxa4i npormosyBanns. B xomi

JIOCITI/DKEHHS JTISUTBHOCTI MIANPUEMCTBA TPOAHATI30BAaHO
MOKa3HUKH MPOJIAKY OJJHOTO 3 BUJIIB TOKPUTTS 33 OCTAHHI
2,5 poku.

W

I, | ®opmysamma |1,
25 ) :
JAMORJICHHA |

= I

3akynka
CHPOBHHH

"LQ

Burorosncuus

BUIBAHTAKEHHS e
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Puc. 3. lekommo3uitist mpotecy «BUpOOHUIITBO TIOKPHUTTIB»
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oOpaHo A Take, NpU SIKOMY MIiHIMI3YETBCS CEPEIHBO-

KBaJpaTW4yHa MOMMJIKA MpOrHo3y, mo cknamae 10%, a
MIPOTHO3HE 3HaueHHS — 50 OAMHHIL TOBAPY.
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TLaHI BUMHARACHT ERCNOHEHILRRIM METOLOM

Puc. 4. [liarpama 3ay1e’xHOCTi (paKTHUHNX Ta PO3PaXyHKOBUX
JIAHKX 33 €KCIIOHEHLiAIbHUM METOZIOM

PCSyJ'IbTaTI/I AIalTUBHOI'O 3IVIa/DKYBaHHA TIPEACTaB-
JIEHO Ha puc.S.
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s KINSIACTH NPOAINOT NPOSY KT

e [ 3H1 BUHAAACHT AAANTHEHUM METOAOM

Puc. 5. liarpama 3anexHocTi paKTHIHUX Ta PO3PaXyHKOBHX
JaHUX 32 aJalTHBHAM METOIOM

CepenHpOKBapaTHYHA MMOXHOKA IMPOTHO3Y 32 JAHUM
MetonoM ckianae 11%, a mporHo3He 3HaueHHs — 52 oau-
HUII TOBApYy.

Ouinka sikocTi mporuo3iB. J{ns Oymb-skoi Momerni
MMUTAaHHS PO MOXIIUBICTB 11 3aCTOCYBaHHS ISl aHAJI3y Ta
MIPOTHO3YBaHHSI MOXKE OYTH BHpIMICHO MiCIsI BCTAaHOB-
JIEHHS aJeKBAaTHOCTI, TOOTO BiAIOBIIHOCTI ITOCTiIKyBa-
HOMY Tiporiecy uu 06’exry [10, 11].

s mepeBipky aIeKBaTHOCTI MOZAETEH 3aCTOCOBAHO
HACTYIIHI KpUTepii:

® KpHTepiil cepiif — BU3HAUYCHHS BHUITAJKOBOCTI BiJl-
XWJICHD BiJl TPEHIY;

e KpuTepii MiKiB — TMepeBipka pIBHOCTI HYIIO
MaTEMaTUYHOTO CIIOIBAHHS;

e R/S-kputepiii —
pO3TONITY  3aJHIIKOBOI
3aKOHY;

BU3HAYEHHS BIIIIOBIIHOCTI
KOMIIOHCHTH  HOPMAaJIBHOMY

e kpurepiii JlapOina — YorcoHa — BU3HaUCHHS He3a-
JI©KHOCTI 3HAYEHb 3AJIUIIKOBOI KOMIOHEHTH [12].

VY Ttabn. 1 HaBeneHO pe3yNbTaTH MepeBipKU MoaeneH
Ha aJleKBAaTHICTh JJIsI €KCTPAroysinii KiJIbKOCTI BHUTOTOB-
JICHHSI TIPOJTYKIIii.

Tabmuus 1 — Pe3ynpraT nepeBipku Ha aIeKBaTHICTh

3HaqeHHs1 .
. Ymosa e ExcrnoHeHyianbHa
Kpumepiti . | mocmitiHux AdanmusHa modesb
adekeamHocmi ; Mmodensb
roKa3sHuKie
o k = 819k, =6 Knox =5
Kpumepiti cepiti kmax < k,V > V1 v, ~1022 \nl\ax= 12 adekeamHa Va3 adexeamHa
Kpumepiti nikie |M -§ < p< M+S ’\SA :?gz p=14 |adexeamma| P=13 |adexeamma
PigHicmb
MamemamuyHoe
o crodieatis t pos < tKPm . =2042|t,, =13| =0 [, =1239| u=0
3anuwKoeor
KOMHOHEHMU
Hynio
Kpumepiti dY =126
[fap6ira- dU <d <4_du v d =1,4 |adexsamna | d = 2,16 | adexsamma
Yomcora (f-d" =274
BucHosku adekeamHa adekeamHa
OOuziBi Mojeni 3a OTPUMAaHUMH pe3ybTaTaMu

MOXKHa BB@)KaTH aJCKBATHUMH 1 3aCTOCOBYBATH JUIS
3a3HAYEHUX [aHUX. ToMy IlepeaeMo 10 HepepaxyHKy
HaJiHHOCTI TPOTrHO3Y 3a/Uisd BHOOPY OIHOrO 3 METOJIB
nporao3yBaHHs A 3actocyBanHs B TOB TIIK «Teppan.

[lpn BW3HAuYEHHI TOYHOCTI NPOTHO3Y PO3TJISIHYTO
OCHOBHI XapaKTEPUCTUKU MOJENedl MPOrHO3YBaHHS JUIs
eKCTparoJIsiiii, sSIKi HaBelleHo y Tabur. 2.

Ta6muus 2 — Pe3ynpTaTi BU3HAUEHHS HA/IIHHOCTI IPOTHO3IB

Mogenb EKcnoHeHUiliHa| AganTusHa
TouHicTb NporHosy r 78% 73%
CepeaHbo-KBagpaTMYHa noxnbka | S 10% 11%
CepeHs BiAHOCHA NOXMBKa 5CE, 22% 27%
KoediuieHT po3biskHoCTi 14 0,106 0,114
KoeodiuieHT Kopensauji R 0,989 0,987
o Fo 1095,99 944,30
KpuTepii diwepa
For 7,64 7,64
N [ 36,06 32,97
Kputepiin CTbloaeHTa T
KPUT 2,76 2,76

OTxe, TIpH aHaji31 MOKa3HHUKIB PIBHS BUTOTOBIICHOT
MPOIYKII] MOIITBEHO BUKOPUCTOBYBATH CKCIIOHEHITIATBHY
Mozens. lle miATBEpKEHO KpUTEPisAMH adeKBaTHOCTI
Mozeni (paKTHIHUM JaHUM Ta PO3PaxOBAHUMHU KPUTEPIIMHU
HaIIMHOCTI MOJIEITI.

To4HICTP  €KCIIOHEHILIAIbHOI ~ MOZAETl  MpuiMae
3HaueHHs 78,3%. Lleil moka3HHWK € BHINM, HDK y ajar-
TuBHOI Mopem. CepemHbOKBaIpaTHdHA MOXHOKA CKiIa-
nmae 10%. 3navenns koedimienta xopemsamii 0,989, mo
CBIUUTH PO BUCOKHH JHIHHMN 3B’ 30K MK O3HAKaAMH.
Koedimient po3bdixkuocti (Tetina) Habmmkernnit go 0, mo
CBIUUTH NP0 HAONKESHHS POTHO3Y 110 ineansHoro. Cto-
coBHO kpurepiiB Dimepa Ta CThIOAEHTA: PO3PaxXyHKOBI
3HAaYCHHS KPUTEPIiB MEPEeBUIIYIOTh KPUTHYHI (TaOIM9Hi)
3HAaYCHHS, a II€ MIATBEPIIKYE CTATUCTHYHY 3HAUYIIICTh
mogeri [10].

TakuM 9YHHOM, [UIS TIPOTHO3YBAaHHS PO3BHUTKY
MATPIEMCTBA HEOOXiTHO BUKOPHCTATH METOJ] €KCITOHEH-
[IaTBHOTO 3TaKyBaHHA. [ OLIBII HAOYHOTO TIpen-
CTaBIICHHA PEaJbHUX Ta PO3PAaXyHKOBUX IaHUX HATAaHO
niarpamu (nuB. puc. 4, 5).
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