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ABTOMOBUIEBY IYBAHHS

YK 519.816

CAMOPOAOB B.b., n.1.1., npod., HTY «XIIN»
AHJ/[POCEHKO B.B., acc., HTY «XII»

BUKOPUCTAHHA KJIACTEPHUX PAH’KUPYBAHD JJISA
ITPOI'HO3YBAHHSA BUKOPUCTAHHA PYXOMOTI'O CKJIAAY

B poboti po3poOieHo MeTOAMKY MJisi BHUKOHAHHS IPOTHO3YBAaHHS BUKOPHCTAHHS PYyXOMOIO CKJIaay Ha
MIAMPUEMCTBAX aBTOTPAHCIIOPTHOI Trany3i. Po3po0iieHO alropuT™, sSIKUil BKIIIOYAE HOCIIIOBHICTD MPOLELYD IS
MPOBE/ICHHSI IPOTHO3YBAHHS Ta OMKCAHO OCHOBHI BXinHI jaHi. PopMaizoBaHO Ta Ha/IaHO MOSCHEHb IOJ0 BCIX
omepariii mporHo3yBanHs. OKpeMO NPEACTABICHO MEXaHi3M Ui BU3HAYCHHS CE30HHOI CKJIAJOBOI JAMHAMIKA
BUKOPHUCTAHHS PyXOMOTO CKJIaJy.

Beryn. TpaHcnopTHO-eKCHENMIIHHUX pPUHOK YKpaiHM Ha0yBae IOCTYIIOBOTO
PO3BUTKY, OCHOBHOIO PHCOIO SIKOTO € 3B'I30K MDK i1H(OPMAIIHHOI Ta TEXHOJOTIYHOIO
CKJIQJIOBOIO TPAHCIOPTHOTO Tpouecy. [HO3eMHMIT 1OCBiA CBIQYUTH TPO HEOOXITHICTH
BIIPOB/KCHHS B3a€MOIIOB'SI3aHUX 1H()OPMAIIITHO-TEXHOJIOTIYHUX CHUCTEM JIJISl PI3HUX BHIIIB
TPaHCHOPTY. 3arajbHUM IIJICYMKOM TaKoro 3B'i3Ky € 4YiTKa CHHXPOHi3allisl MepeBi3HOro
MpoIieCy, M0 MO3UTHBHO BIUTMBAE SK HA CKOHOMIYHHWI CTaH MiANPUEMCTB TaK 1 Ha SIKICTh
oOciyroByBaHHsl Kii€HTIB. OJHaK, BIJICYTHICTb YITKOTO 3B'3KYy MIDK MiJIPUEMCTBAMHU B
VYkpaiHi NpU3BOIUTH [0 YCKJIQIHEHHS TMPOLEAYPH CHHXpOHi3amii. B Takmx ymoBax
NEepeBi3HUKAM JOBOAMTHCS MPOBOAUTH CAMOCTIHHHMI OararodakTOpHUIN MONIYK KIIEHTIB 3
ypaxyBaHHSIM HasBHOTO PYyXOMOTO CKJIQJy Ta MOXKJIMBOCTI HOTO JOAATKOBOTO 3allydeHHS 3a
paxyHOK MpHUBATHUX MignpueMiiB. Lle mpu3BoauTh 10 HEOOXITHOCTI MPOBEACHHS MOJITUKU
ONITUMI3aIlil BTACHUX TPAHCIOPTHHUX TMOTYKHOCTEH ITiJ1 MOTpeOH BeNMKUX KimieHTIB. [lomiTrnka
noJisirae B palioHamizaiii Ta yHiikamii mapky pyxomoro ckiamgy. Yacrime Horo cTpykrypa
(dopMyeThCS U1 HIBENIOBAaHHS KOJMBAHb IONUTY Ta IOCTIHHOTO BHUKOHAHHS TEPEBE3EHBb
HPOTSATOM OKPEMOIO TEpPMIHYy — Ce30Hy abo poky. Takuil miaxiJ BUKIMKAa€e MOSBY HU3KU
npobieM, cepell SKMX OCHOBHE MiCIle MOCITAI0Th MHUTAaHHS NMPOTHO3YBAaHHS BHUKOPUCTAHHS
PYXOMOTO CKJIaJy Ha HaCTYIHUI Mepio.

[ToGymoBa yHiBepcalbHOI METOIUKHU TIPOTHO3YBAaHHS BUKOPHCTAHHS PyXOMOTO CKIIQIy
JUIs ABTOTPAHCHOPTHUX MiJNPUEMCTB JO3BOJIMTH ABTOMATH3YBAaTH INPOLEC HPUNHHATTA
ONEpPATUBHUX piMIeHh HIOAO0 (OPMYBaHHS ONTHMAJIBHOTO TIAPKYy PYXOMOTO CKJIafy.
Pe3ynbraToM BIpOBaHKEHHS METOJUKU MOKE CTaTH CHCTEMa ONEPATUBHOI 3MIHU CTPYKTYpPH
napKy 3a paxXyHOK yCBiJIOMJICHOI 37a4i a00 B3STTS TPaHCTIOPTHUX 3aC00IB B OPEHIY.

AKTyaJbHiCTh NMPodJeMH A0CTilzKeHHs. J[0 HaOLIBII PO3MOBCIOKEHNX MOZIEIEH
IPOTHO3YBaHHS BUKOPUCTAHHS PYXOMOT'O CKJIQAy BiTHOCATBHCS CTaTUCTHYHI Mojelni. B Hux,
3a JIONOMOTOI0 aHAJli3y YacoBUX PAMIB (OPMYIOTHCS 3aKOHU PO3MOAUICHHS BUIAIKOBOL
BEJIMYMHHM BHUKOPHUCTOBYIOUM sIKI BHUKOHYIOTh O€3locepeiHbo NporHozyBaHHs. Hemomikom
BUKOPUCTAHHS CTAaTUCTUYHO-WMOBIPHICHUX METOMIB € HEOOXiJHICTh BH3HAYCHHA Ta
OOIpyHTYBaHHs (PAKTUYHOTO 3aKOHY PO3MOJUIEHHS BUNaIKoBoi BenuuuHH [1, 2]. ITpu npomy,
yacrinie, BUOIp OyIp-sIKOTO 3 HUX BHUMAarae 3ria/DKyBaHHS OKPEMHUX YacTOT. SIkuii BIUMB
CTBOPIOE IPOLEAYpa BIIMOBHU BiJ peajibHOI CTPYKTYpPH YacTOT Ta HaB'I3yBaHHS KJIACHYHOIO
3aKOHY 3QJIMIIAE€THCS HEeBimOMHUM. J[0BONI CKIIAAHUM cTa€ 1 BUOIp KpUTEPito Ul TIEPEBipKH
PO3XO/KEHHS TEOPETUYHOTO Ta EMITIPUYHOT0 PO3MOILTY

UYncenbHI METOM, a CaMe€ METOJM iHTEPHOJILii Ta armpokcumarii [3], yepes 3HauHY
IPOCTOTY BUKOPUCTAHHS € OUIbII NPUHHATHUMH OJHAK BOHM MAIOTh HU3KY BJIACHHUX MpoOsIeM
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Ta HenmouikiB. Cepe HUX OCHOBHE MiCIle Tocijae BUOip THUIY moJiiHOMY. HeMoXXuBicTh HOTO
TOYHOI'O Ta YUCEJIBHOI'0 OOIPYHTYBAHHS MPU3BOIUTH A0 MOSIBH “HaJlli” CTOCOBHO NMPaBUILHO
NPUMHATOTO PILLICHHS.

[ToOynoBa Mozeni Ha OCHOBI KJIacTEpHUX pPaHKHUPyBaHb JO3BOJUTH HiBEIIOBATH IIi
HENOJIIKM Ta JacTb MOXIIMBICTh TPHHHATH OOTPYHTOBAHE pIIICHHS CTOCOBHO 3MiHHU
CTPYKTYpH Mapky y 4daci. HeBiAMoOBIAHOCTI B KJIACTEPHUX PAHKUPYBAHHSAX HIBEIIOIOTHCS 32
JIOTIOMOTO10 aHali3y sApa MPOTUPIY, L0 JI03BOJISIE CIPOCTUTH MPOLETYpPY HMOLIYKY TPEHAY Ta
CE30HHOI CKJIaJOBOI.

Pimennss 3amaui. [IporHo3yBaHHs BHUKOPHUCTaHHA pYXOMOro CKJIaay JUis
TPAHCIIOPTHO-EKCIEAULINHUX MIJMPUEMCTB BHACIIAOK CHENU(pIYHOCTI aBTOTPAHCHIOPTHUX
HOCIIYT CTa€ MPUYMHOIO MOSBU BIANOBIAHUX BUMOT Cepesl IKUX BUJIEHO TPU OCHOBHHX:

- BIICTEKEHHS MICIYHOI TUHAMIKH;

- 000B'SI3KOBICTh TOOYIOBU 3arajIbHOTO TPEHAY;

- HEOOX1HICTh MOOYJOBH CE30HHOTO paH)XUPYBaHHS.

VY BIANOBIZHOCTI O TMPEACTaBIEHUX BUMOI PO3POOJIEHO AaNTrOpUTM MPOBEAECHHS
NPOTHO3YBAaHHS BUKOPHUCTaHHA PyXOMOTO CKiaxy. OCHOBOIO UIsi HACTYITHOTO TIPOTHO3Y €
KUTBKICTh TOJAWH, #AKi OyJlo BiAMpanpOBaHO BIANOBIAHUM aBTOMOOiTeM. B  sKkocTi
MaTeMaTHYHOTO anapaTy BUKOPHUCTOBYETHCS METOJ IMIOTO/KEHHS PAHKUPYBaHb C KIIaCTepaMu
[4]. ParlionansHy MOCIHIIOBHICTH OMEpalliii HaBEJICHO HA PUCYHKY 1.

| BuxigHi 1aHi 11 IpOrHo3yBaHHs |

| BuxigHi 1aHHi A1 TPOrHO3YBaHHS |

| DopMyBaHHSI 3araJIbHOT JTUHAMIKH |

| BuzHaueHHs MPUPOCTY 33 paHKUPYBAHHIMHU, SIKi CITIBIAAAIOTh |

| BincrexxeHHs ce30HHOI CKJIaI0BOI |

| KopuryBanus ce30HHOCTI |

| Bupaua BUXigHux JaHUX |

Pucynoxk 1 - [TocninoBHICT onepariiii IpOrHo3yBaHHS BUKOPUCTAHHS PyXOMOTO CKIIaay

MatemaTiuHa TOCTAaHOBKA 3a/Jaul BUTIAJAE HACTYNMHUM YHHOM. [Ipumyctumo, mio
MHOKMHA aBTOMOOLTIB, fKi BKIIOYEHO JI0 TMapKy pyXOMOro CKJaay ONHCYEThCS
MHOKUHOIO H = {hl,hz,..., h, } Yac BUKOHaHHS POOIT 32 KOKHOIO MapKOI0 PYXOMOT'O CKJIazry
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onucyeTbcsi 6iHapHUM BinHOWEHHAM (1). 3a BXigHOW0 iHQOpMaLiero HOPMYETHCS MHOXKHHA
. . . h
paHXHUPYBaHb 3 KJIaCTEpaMH, SIKi BUTVIAAIOTH K MOCTIAOBHICTD pos,' =\t, <t, =t ;<)

1 2 12
L tl7h'(t1’1) tph‘(tl,Z) tph'(tl,lz)

Llp" (1) p".2) . p"(.12)], (1)
t l‘ph’“(;‘j,l) tph’-(.t.j,Z) tph'(.t”j,l2)

B pe3ynbraTti OTpUMVEMO MHOXKHHY PaHKUPYBaHb 3 KJIacTepPaMH, SKi BUTIISIAIOTH 5K

. . poslh"zt <t =t <.
TIOCJIIZIOBHICTh Bei PaHKMPYBaHHSA 33 OKPEMHUM aBTOMOOUIEM Ta

OKpCMUM MlCSII_IeM 3BOAATHECA 00 61HapHOF0 BIIIHOIJ_IGHHH 3a JOIIOMOI'OIO 3aJIEKHOCTI

h; h;
I, axwo t;" <t

h, . .
bo (t,.t,)= 0 S kEm k=12, m=12,.,]. (2)
, AKWo t,' >t
B pe3ynbrati ogepKyeMo MaTpHITO
1 2 Jj
1 1 bol (t,.t,) bo" (tl,t/)
2| boli (t,.1,) 1 bol tz,t,) , 3)

Hlpot ) wobln)

1€ jm — MICSILIb, Ul IKOTO BUKOHAHO PaHXHUPYBaHHS.

HactynHwuii aHanmiz mossirae y BUAUICHHI sapa mpoTupid. s mporo HeoOXiIHO BUKOHATH
NOTIapHEe NMEPEMHOXKEHHS BCIX €JIEMEHTIB BiJIMOBIIHUX MATPUIlb. SIApOM MPOTHPIY € mapu s
SIKAX Pe3yJIbTaT JIOPIBHIOE HYJIIO B 000X HaNpsIMKax, TOOTO

adsh’(tk7tm):b0;lrin(k’ m) bo}m(k’ m) bO (m’tk)'boj‘lrin(tm’tk):()
kzm k=1,2,.,j m=12,..,] '

(4)

[lincymMKoBe AIpO MPOTUPIY BU3HAYAETHCS 32 JOMOMOTOK) MAaTEMAaTHYHOI omeparii
00'eTHAHHS OKPEMUX AJep MPOTUPIY PaHKUPYBaHb 3 KIacTEpaMu

ADS" =Uads" (t,,t,) k#=m k=12,...j m=12,.... )

B pesynbrari OfiepKye€MO MOCHINOBHICTH mpoTupid. Jlnst X ycyHeHHs Ta
BCTAHOBIICHHS MOPSJIKY MDXK Kiactepamu [4] ITOBUTBHO OOMPAETHCS OJIUH 00'€KT 3 TepIIOro
KJIacTepy Ta JApyruii 3 iHmoro. Ilopsimox Mix KJIACTEPAMH BCTAHOBIIOETBCS TAKHH, SKHiH
NPUAHATO MK OOpaHMMH OO'€KTamu B Oyab sKifl 3 DaHKUPYBaHb SIKI PO3IIISAAIOTHCS.
PauioHalbHICTh TaKOro MIAXOAY JA0OBeleHa B poboTi [S]. MOX/IMBO BUHUKHEHHs CUTYaii,
KOJIM J1Ba 00'€KTa 3HAXOATHCS y KJIacTepl B YCIX HaJlaHUX paHXKUpyBaHHIX. BHacinok nporo
MiJICYMKOBE PAaH)KUPYBAaHHS TaKOXK OMMCYETHhCS LIUM KiacTepoMm. B pesynbraTi (akTudHO
OJIEPXKY€EMO 3arajlbHUil TPEH]I BUKOHAHUX pOOIT a00 TMHAMIKy BUKOPHUCTaHHS OKPEMOT MapKu
pyxomoro ckiaay.  Bona mnpuiiMae BuUIUNIAL paHXXUPYBaHHA 3 KjlacTepam, TOOTO
RS" =ty <t =1, <..| DOpMyBaHHS 3aralbHOi IMHAMIKA TPU3HAYEHO JUI 3MEHIICHHS
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BIUTMBY LIyMiB 200 BUITAJKOBUX BUKHUJIB 3HAY€Hb 32 OKPEMHUMH MICSILSIMH Ha TiJICYMKOBHI
pe3yJbTar.

BincoTtkoBa nuHamika € 3MIHHOIO BEIMYMHOIO. [IpHUMHOI0O 1BOMY € CE30HHI
KOJIMBAaHHS Ta HasBHI JIOTOBOPH Ha TepeBe3eHHS. B pesynbraTi po3paxyHKH BiJCOTKOBOI
JMHAMIKM BUKOHYIOTBCS Y€Pe3 BU3HAUYCHHS CEPEIHIX BEJINYUH 30UIbIICHHS (3MEHILEHHS) 32
MOC/IIOBHOCTAMH SIKi CHIBNAAA0Th. BIICOTKM 3MIH 3HAXOAATHCA SIK CyMH MUK CEpeIHIMH
BEJMYMHAMH 32 CXOKUMH TMOCIIJIOBHOCTAMH 3 MOMEHTY TIOBTOPEHHS IMHAMIKH. [l mouryky
MOMEHTY TIOYaTKy OJHOTHUITHOI JIMHAMIiKM BHKOPHCTOBYETHCS 3BOPOTHIN MepepaxyHOK

eHeMeHTlB RSh . 3,HII/ICHI'OIOTLC$I HOplBHfIHHH NnepeAO0CTAaHHBOI'0 3HAKY ,Z[OMIHYBaHHH. B
BUITIAZIKY, KOJIM Bl1H CIIIBIIaJa€ — IMOPIBHIOKOTHCS IMOIICPCAH1 3HAKU. HOI_HYK TOYKHU ITIOYATKY
3aBEpINYETHCS, KOJNW 3HAKM HE CIIBNAAal0Th. HacTymHUM KpokoMm OyayroThcs OiHapHi
BiJTHOIIICHHS JIOMIHYBaHHS JIUIS BCIX MICSIIIB
1 2 j
i i
k 1 bo's (t,,1,) .. bo" (t,.1,)

k + 1 bo_/m ( k+1 ’tl) 1 bO;”"’ (tkJrl ’t./) . (6)
BON ' =

J | bl (e,.1) bojm( ,) |

B nopanbumx pospaxyHKax TNpPUAMAOTh y4acTh TUIBKH MICSI, Ui SIKHX
NIOMHOKEHHSI BCIX €JIeMEHTIB He Ja€ Hyls B 000X Hampsmkax. CepenHs IUHaMiKa
BU3HAYAETHCS 3 PIBHSHHS

i‘(tp”" (t,1) 10" (t,.1,1)
tphi (tn’l) (7)
(tr—l) ’

DINh[ — i n=tr

i=kp

ne 7 — KiJIbKICTh POKIB IMiCJIsl TOUKH TIOYATKY JMHAMIKH, O,
kp — micsiii, nMHAMIKa AKUX CITIBIAIAE 3 3arallbHUM TPEHIIOM, O/I.
OpnepxkaHa AMHAMiKa MPUPOCTY JIO3BOJISIE BU3HAUUTH OOCIT POOIT HAa HACTYNHUI

MIEPiOJ] IO MICSIIIX
o )0 DIV 11202 ®

HacTynmHum KpOKOM BUKOHY€TBCs BU3HAYECHHSI CE30HHOCTI TOIUTY Ha OKPEMY MapKy.
[Momryx ce30HHOCTI NPU3HAYEHO IS aHaJn3y JOLUTBFHOCTI 3/1a4i OKPEMOi MapKu PyXOMOTO
CKJIaJly B OpEHIy Ha BIAMOBIMHUN TepwmiH. (s 1pOoro 3a JaHWUMH MPOTHO3Y OYAYETHCS
OiHapHE BiTHOIICHHS TOMiHYBaHHS

Iy Iy
pbo” (k,m)= 1" #<0 P (k)gpth ) o k212012 m=12...12. )
0, axwo pt" (k)< pt" (m)

VY pesynbTari POpMYETHCS MATPUIIS, SIKa OIIMCYE CE30HHICTh NIEPEBE3CHB

1 2 12
1 1 pbo"(1,2) .. pbo’(1,12)
o 2| pbo"(2,1) 1 . pbo"(2,12)| (10)
12| pho " (12,1) pbo"(12,1) .. 1
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[Tomryk peanpHOi JMHAMIKM 3AIHCHIOETBCA 32 JOTMOMOIOI0 IMPOTHCTaBIICHHS
IPOTHO3HUM JIaHUM DE3YJbTaTIB IMONEPEeIHbOr0 POKY. 3a OCTaHHIM piK Takoxk OyayeTbcs
OiHapHe BigHOIICHHS goMiHyBaHHS (11).

1, saxwo tph" (tj,k)s tph" (tj,m)

sbo" (k,m)= kzm, k=1,2,..,12 m=12,.,12, (11
( ) 0, ﬂkwotph"(tj,k)ﬁtph"(tj,m) (1D
1 2 12
1 1 sbo"(1,2) ... sbo"(1,12)
2| sho"(2,1) 1 .. sbo'(2,12)
SBO" = . ' (12)
12| sbo " (12,1) sbo™(12,1) ... 1

Amnamiz nBox BigHOmeHb (PBO " 1a SBO h‘) 7A€ MOJIMBICTh BHIUIATH SAPO
npotupiu. [licns #oro 3riaaKyBaHHS OAEPKYEMO OUIBII TOUHY CE30HHY JAMHAMIKy poOOTH
OKpeMoi MapKy pyXOMOTO CKJaxy TOOTO CE30HHY MOCIIIOBHICTh Ha HAaCTyHmHHMU pik. Bona
npuiiMae BUTTIS PaHXKUPYBAaHHA 3 KiacTepamu (OJHAKOBUH 0Ocsr podiT) Bia OUIBIIOrO 10
MEHIIIOTO 32 00csATaMH POOIT MiCSIIS.

Hanpukmag ~ PSO' =[5>6>{78}>1>3>4>9>11>10>12>2].  Haii6insm

HATPY>KCHHM MOYXHA BBa)KaTH MICSAII 3 5 10 8 BKIIOYHO. [IpocTrME Ta MEHII TPYIOMICTKUMHU
€ Micani 3 9 mo 12 BkiIoYHO. AHami3 00CSTiB MEPEeBE3CHHS 32 HUMU JO3BOJIUTH MPUHHATH
pilIeHHS PO HaJlaHHS OPEHAHM PYXOMOTO CKJIaay TPETIM 0co0aMm.

BucnoBku

B po6oTi HagaHO HOBUM MiAXiA A0 MPOTHO3YBAHHSA, SIKUU LIJIKOM BiJPi3HSAETHCS BiJl
KJIACUYHUX. B HbOMY NIPHITHATO TIPHITYIIICHHS TIPO HASBHICTh OCHOBHOT'O TPEHY Ta CE30HHOT
cka10Bo1. Po3pobnena Metoanka 103BOJIsIE BU3HAYATH TOUYKY IMOYATKy OAHOTHIHOI moii. Lle
A€ MOXJIMBICTh HIBEIIOBATH CTATHCTHYHI BUKHIU Ta MOXHOKH. OKpEMO BH3HAYAETHCS
noMicsiuHa JWHAMiKa Ta CE30HHa CKIajoBa IMepeBe3eHb. Jlume Bci  pe3ynbraTu
MIPOTHO3YBaHHS JO3BOJIATH C(hOPMYBATH IPYHTOBHE PIIICHHS IOJO 3MIHU CTPYKTYPH MapKy
PYXOMOTO CKJIaJy y 4aci.

JIOLITPHUM € TPOBEJCHHS IEPEBIPKU 3alPOIIOHOBAHOT METOJIUKHA Ha PEabHOMY
MOJIITOHI TPAHCIIOPTHOTO OOCIYroByBaHHS. Pa3oM 3 MOPIBHSAHHAM 3 ICHYIOUMMH MOJAEISIMU 1€
JO3BOJIUTH BHIUIATH ii cina0Ki CTOpPOHM Ta HaJaTH PEKOMEHAANid MO0 ITOAAIBIIOTO
MPAKTUYHOTO BUKOPUCTAHHSI.
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