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BuzHadeHHs1 CyKyIHOCTI pakTOpiB €(heKTUBHOCTI
(YHKIIIOHYBaHHS aBTOMOOIJTbHUX TPAHCIIOPTHUX CUCTEM
MaTeMaTUYHUMH METOIaMU aHAJI3Y

ITpoBeneno aHami3 (akTopiB BH3HAUCHHS €(EKTHBHOCTI ABTOMOOIIBHMX TPAHCIHOPTHHUX CHCTEM 32
JIOTTOMOTOF0 MaTEMaTHYHUX METO/iB. BUsBICHI HAWOILIBII BIUIMBOBI MOKA3HUKH, IO BiT0OPaXKarOTh KiIBKICHY
XapaKTEePUCTUKY BIIACTUBOCTEH IIi€i CKIAAHOI CUCTEMH i Jal0Th MOXJIMBICTH OIIHUTH CTYIIiHB BiIITOBiTHOCTI
(aKTHYHOTO pe3yabTaTy TPAHCHOPTHHX omepauiii Oaxkanomy. [lokazaHo, mo e(eKTHBHICTh TAKHUX OIEparlii
MOXe OyTH OLiHEHa PI3HUMHM MaTeMaTHYHUMH MeToAaMu.BHKOpHCTOBYIOUM AaHI METOIM MOXHA BH3HAUHUTH
HMOBIpHICTE 0€3BiIMOBHOI POOOTH TPAHCIIOPTHOI CHCTEMH B KOHKPETHHH IIepioj] 4acy, SKIIO METO0
TPAHCIIOPTHUX OIepaliil € MiABUIIEHHS iX SKOCTI 1 HaZiHHOCTI.

3’scoBaHO  (PaKTOpPH, SKi BPaxOBYIOTBCS TPH  JOCHIPKeHHI e(eKTHBHOCTI aBTOMOOULIBHHX
TPaHCIIOPTHUX cHcTeM. [loka3aHo, IO BeMMKa YacTka (hakTopiB HE KOHTPOJIIOETHCS OCO000, sIKa MpHHMae
pimenHs. 3aiCHEHO TX pO3IOI Ta HABEACHO JEeTANbHY KiIacH(iKaIlio.

BusiBnieHo, mo mpu JOCHIIPKEHHI aBTOMOOIIBHMX TPAHCIIOPTHUX CHCTEM 3 (hakTopamy, IO MaroTh
BHIIAJIKOBY NPUPOIY 3HAYCHb, IIHPOKO BHUKOPUCTOBYIOTHCS HMOBIPHOCHO-CTATHCTHYHI MaTeMaTH4HI METOM.
BoHu 103BOJNSAIOTE BCTAHOBHTH PO3IOAUIM BHIAJKOBHX 3MIHHMX (akropiB. B Toi ke 9ac moCiimKeHHS
eQeKkTUBHOCTI  (YHKIIOHYBaHHS JIOCHI/PKYBaHHX TpPAHCIIOPTHUX CHCTEM 3 YypaxyBaHHSIM (DakTopiB
HECTOXAaCTHMYHOI IPUPOAM, IIO € HEBU3HAYCHHMH, 3HAYHO YCKJIAIHIOETHCS BIJCYTHICTIO 3arajibHOL
MaTeMaTU4HOI Teopii, mo (OpMye METOMOJOTIUHI OCHOBM BHBYEHHS SIBHII 3 HEBH3HAUEHHMMHU (pakropamu.
IIpore, 3acTocyBaHHS METONIB NMPHUKIATHOI MAaTEMAaTHKH, SIK TEOPiH irop, MpUHAHATTA pillleHb, a TAKOXK HEYITKHX
MHOXXUH, JO3BOJS€ 3HAWTH HEOOXiHI ILIAXM PO3B'I3aHHS IIOCTABICHHX 3aBJaHb IPH HAsBHOCTI
HEBHM3HAYEHOCTI, 1110 Ma€ HECTOXaCTUUHHUH XapaKTep.

Po3rnsHyTO MTOHATTS (PYHKITIH PHUHATICKHOCTI 3 IMO3UIIINA €IEMEHTIB TEOPil YITKUX i HEUITKAUX MHOXKHUH.
HaBeneno pi3ni Bapianti Takux (yHKIIH B aHaNITHYHIA Ta rpadiuHiii popmax. 3a3HaveHo, MmO Taki QYyHKIT
3a/1aI0Th JISSIKY IiAMHOXUHY a00 Migo01acTs 3arajibHOI JOIMYCTAMOI o0iacTi 3MiHu (hakTopiB. BusHaueHo, 1o
migobsacTe, sKa BH3HAYA€ThCd (DYHKLIEIO NPUHAIEKHOCTI, B JEIKOMY PpO3YMiHHI BigoOpaxkae Mipy
HEBM3HAYEHOCTI JociikeHnx Qakropis. ITokazaHo, 110 YMM MeHIIA MMig00JIacTh, 0 BU3HAYAETHCS (PYHKIIIEO
MIPUHAJIEKHOCTI, THM MEHIIa Mipa HeBM3HaueHOCTi (hakTopiB. Bu3HayeHO, M0 HEWiTKa MHOXKHHA ITOBHICTIO
OITCYETHCS CBOEIO (DYHKIIEIO TPUHAIEKHOCTI i BUKOPHCTOBYETHCS K ITO3HAYEHHS HEUITKOI BEJIMKOT MHOKHUHH
¢axTopiB. BusiBieHO, 0 HEYiTKa MHOXHHA € TIOPOXKHBOIO, SKIIO 11 GYHKIIS NPUHAIICKHOCTI JOPIBHIOE HYIIO
JUIS YCIX eJIEeMEHTIB TPAHCHIOPTHOI CUCTEMH.

Po3riisiHyTO TIEpeTBOpPEHHS HEBU3HAYCHUX BUIAAKOBHX (HDakTOpiB e(PEeKTHBHOCTI aBTOMOOLIBHHX
TPAHCIIOPTHUX CHCTEM 3a JOIOMOIOI0 METOAY paHAoMi3amii, SKH Moke OyTH JOCITIDKEHO IO€THAHHIM
METO/IB Teopii HMOBIPHOCTI 1 MATEMaTHYHOI CTATUCTUKH.
aBTOMOOinNbHa TpaHcmoprHa cucrema, (akrTop, e(eKTHBHICTH, omepauis, GYHKUis NPHHAIEIKHOCTI,
paHoMi3anis, iIMOBipHiCTh, eKCIIePTHE OLIHIOBAHHS, MHOKHHA (DAKTOPiB

IHoctanoBka  mpoOaemu. EdekTuBHICT  (QYHKI[IOHYBaHHS  aBTOMOOUIBLHOI
TPAHCHOPTHOI CHCTEMHU IIOJIATa€ y 3JaTHOCTI 3abe3nedyBaTH pe3ynbTaT ii poboTw,
BpPaxoOBYIOUM YMOBH EKCIUTyaTallii Ta METOJHU 3aCTOCYBaHHS aKTMBHMX 3aCOOIB YNpaBIiHHA
[1-3]. TomoBHOIO METOIO YIPaBIiHHS aBTOMOOUIBHOIO TPAHCIOPTHOIO CHUCTEMOKO €
MakcuMizailisi e(QEeKTUBHOCTI BUKOPUCTAHHS AaKTHMBHUX 3acO0iB IiJi Yac BHKOHAHHSA
MOCTaBJICHUX 3aBJIaHb.
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[Toxa3nuku eeKTUBHOCTI BioOpaXkaroTh KUIBKICHY XapaKTEPHCTUKY BIACTUBOCTEH
CHCTEMH Ta Jal0Th MOJKJIMBICTh BU3HAUUTHU CTYIIIHb BIAMOBIOHOCTI (PAKTUYHOTO pE3yNbTaTy
TPaHCHOPTHUX omepauiii OaxanHomy [4-6]. Lli MOKa3HMKM MOXYTh MaTH Ti X OJWHUII
BHUMIPIOBAHHS, IO 1 MOKAa3HHKH $KOCTi, ab0 OyTtu Oe3po3mipHUMHU. Po3mojin moka3HUKIB
e(EeKTUBHOCTI, SIKI OMUCYIOTh pOOOTY aBTOMOOUIBHOI TPAHCIIOPTHOI CUCTEMHU, HA TIOKa3HUKH
AKOCTI 1 €(EeKTUBHOCTI € BIZHOCHHM Ta 3aJICKUTh BiJl XapakTepy pO3B'I3yBaHMUX 3aBJaHb
[7, 8]. Ha ocHOBI IMX MOKa3HUKIB PO3POOIISETHCS MPABUIO BUOOPY ONTHUMAIBHOTO CIIOCOOY
BUKOPUCTaHHS aKTUBHUX 3aCO0IB Y CTpATEriuHUX TPAHCIIOPTHUX OMEPallisiX, IKE IPYHTYETbCS
Ha KpUTEPiAX e(eKTUBHOCTI (PYHKIIOHYBAHHS TPAHCIIOPTHOI CUCTEMH.

Y mporeci nochikeHHS e(QEeKTHBHOCTI POOOTH aBTOMOOUIBHMX TPAHCIOPTHUX
CHCTEM BUKOPHUCTOBYIOTHCS METOMOJIOTTYHI MIX0H, 0 06a3yI0ThCs HAa €KCIIEPUMEHTAIBHUX
JOCITI/DKEHHSAX Ta MOJENIOBaHHI, mepenyciM marematuyHoMmy. Ilicist mporo BimOyBaeTbes
BUOIp TPIOPUTETHOT METH Ta OPraHI30BYEThCS BUKOHAHHS Omepariii i ii JOCATHEHHS.
EdexTuBHICT, Takux omeparii Moxxe OyTH OLiHEHa pi3HUMH crocobamu. lle MoxIuBO
3MIMCHUTH 4yepe3 IMOBIpHICTH 0€3BiIMOBHOI POOOTH TPAHCIOPTHOT CUCTEMHU B KOHKPETHHUH
nepion yacy. [Ipu oMy MeTOIO peanizallii TPaHCTIOPTHHUX OTEpAIliid € MABUIICHHS iX SKOCTI
Ta HaJIIHOCTI.

AHaJi3 octaHHix nocaimkeHb i myOaikamiii. Cepen (akTopis, sIKi BpaxOBYIOTHCS
IPU JOCTIKEHH] €)EeKTUBHOCTI aBTOMOOUIBHUX TPAHCIIOPTHUX CHCTEM, BEJIMKA IXHS YacTKa
HE KOHTPOJIOETHCS 0c00010, siKa mpuiiMae pimenHs [1, 2, 4, 9, 14]. Lle ctocyerbes nepenycim
00'€eKTUBHUX 3aKOHIB MPHUPOJIM 1 IPOMAJCHKOTO PO3BHUTKY, SIKI HEOOXiTHO BpaxOBYBAaTH Y
Oynp-sikomMy BUmaaky [6, 14]. HekonTponboBanumu € i Taki ¢pakTOpu: NOTOJHI YMOBH, ii
KOHKypeHTiB Ta iH. [10, 15]. OctanHi (QakTOpH XapaKTepuU3ylOTh YMOBHU (YHKIIOHYBaHHS
aBTOMOOLIbHUX TPAHCHOPTHHUX CUCTEM.

Jlo xepoBaHux (haKTOPIB HAJIEkKaATh Ti, HA SKi 0cO0a, IO MpHUIiMAe PIICHHS, 37aTHA
BIUIMBATU Ha CBii po3cya. Lle o3Hauae, mo TakuMu (akTopaMu MOKHA YHPABIATH I 4ac
IUTaHYyBaHHS Ta peanizauii TpancnoptHux omepauid [11]. o 1iei kareropii Hamexartb
¢daxTopH, SKI BH3HAYAIOTh OCOOIHMBOCTI (PYHKI[IOHYBAaHHS aBTOMOOUIBHUX TPAHCIOPTHUX
cucreM [16]. IIpu oMy 3a3HaYUMO, IO CTPATETii PO3BUTKY TAKUX TPAHCIIOPTHUX CHUCTEM
¢dopmyroThest 3 6e3nidi KepoBaHUX (PaKTOPiB, a YMOBH 3aCTOCYBaHHS MOXXYTh (DOpMyBaTHCS
SK 3 MHO>KWHH KEPOBAaHUX, TaK 1 HEKEPOBaHUX (PaKTOPIB.

30BHIIIHI (HaKTOpU SK KOPHUCHI, TaK 1 MIKIUIMBI, BU3HAYAIOTh BIUIMB HABKOJIUIIHBOTO
CEepE/IOBHUINA, IKUH MOXKE SK CIIPUATH €(PEeKTUBHOMY BUKOHAHHIO TPAHCHIOPTHUX OTEpaLliif, Tak
1 MepenIKo/pKaTH iXHbOMY yeIixy. BHyTpilHi (pakTopy OmHUCyIOTh B3a€EMOJIII0 PYLIIMHUX CHIT Y
MeKax TPAHCHOPTHUX CHUCTEM, 1110 BIUIMBAE HA XiJ| Ta MiJICYMOK BUKOHaHHS oneparii [1, 6, 7,
14, 16].

IlocTanoBka 3aBaanus. MeTor naHoi poOOTH € po3poOKa METOIOJIOTIYHOTO MIIX0Ty
moA0 3’scyBaHHS (DakTOpiB BU3HAUEHHS €(PEKTHBHOCTI (YHKIIOHYBAaHHS aBTOMOOLIBHUX
TPAHCHOPTHHUX CUCTEM 3a JJIOTIOMOTOI0 MaTeMaTUYHUX METO/IIB aHaJIi3y.

Bukaan ocHoBHoro martepianay. Ilpu pocnimkenHi epekTuBHOCTI (yHKIIIOHYBAaHHS
aBTOMOOUTbHUX TPAHCIIOPTHUX CHCTEM BHUKOPHUCTOBYIOTHCS (haKkTOopH, Kiacuikaiis SsKUX
HaBeJIeHa Ha puc. 1.

3 iH(pOpMaTHBHOI TOYKH 30pY MPO 3MiHHI (PAKTOPH B aBTOMOOUIBHUX TPAHCIIOPTHUX
CHCTEMAaxX iX MOJKJIMBO INOJUIMTH Ha BH3HAueHI A, 1 HeBU3HadeHI A, . JI0 BH3HaueHUX

¢daxkTOpiB HajexaThb 3MiHHI, 3HAYEHHS SKUX TOYHO BimoMmi. Lle Moxyre Oyru 3amaHi
napamMeTpu, peryinsapHi (QyHKIIT KOHKPETHHX apryMeHTiB Tomo. Jlo miei kaTeropii Takox
BIZTHOCSITHCSI KOHTPOJIOBAHI BXiH1 BIUIMBHU, BKJIIOYAIOUM KEPOBaH1 BETUUYHHHU.
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Jlo HeBu3Ha4YeHHX (PAaKTOpIB HajekaTh Ti 3HAYCHHS, SKI Yy peaJbHUX Mpolecax
aBTOMOOUIHHUX TPAHCHOPTHHUX CHUCTEM BiOMI JiHIIe 4acTKOBO. JIKepena HEBU3HAUCHOCTI LUX
(akTopiB (3MIHHMX) MOXYTh MaTH Pi3HY MPUPOIY. 3ACOUIBIIOTO iX MOIUISIIOTH HA 1Bl KaTEropii:
BUIIAJKOBI 3MIHHI A ; Ta 3MiHHI 3 HECTOXACTHYHOIO IPUPOJIO0 HEBU3HAYEHOCTI A ;.

Komu Bigomwmii po3moAin BUMAAKOBOI 3MIHHOI, 1 BBaXalTh CTaTHCTHYHO
BHU3HAYCHOIO. BUNaIKOB1 3MiHHI 3 HEBIIOMUM PO3IIOIUIOM TOIUISIOTHCS HA /IBA TUITH:

- 110 MAIOTh BIZIOMi apaMeTpH (CTaTUCTUYHI XapaKTEPUCTUKHN) PO3MOILTY;

- III0 MAIOTh HEBIIOMI MMapaMeTpH (CTATUCTUYHI XapaKTEPUCTHKH).

[Tpu nocmimkeHHi aBTOMOOUTBHUX TPAHCTIOPTHUX CHCTEM 3 BUIIQJAKOBUMU (haKTOpaMu
IIMPOKOTO 3aCTOCYBaHHS HaOyBalOThb MMOBIPHOCHO-CTaTUCTHYHI Meroau. lle mertomu
NapaMeTPUYHO-CTAaTUCTUYHOTO  aHaNi3y, sKI  JIO3BOJSIIOTH  BHU3HAYaTH  IapaMeTpu
PO3MOAUICHHS BHUMNAJKOBUX 3MIHHUX, CIHPAIOYHCh Ha Pe3yabTaTH CTATUCTUYHHUX
BUIIPOOYBaHb, KOJIH 11€ MOXKJIMBO. METOIM HeapaMeTPUIHOTO OLIHIOBAaHHS 3aCTOCOBYIOTHCS
JUTS. BCTAHOBJICHHSI PO3TIO/IUTIB BUIAIKOBHX 3MIHHUX.

DakTopy BU3HAYCHHA Ed)el(‘l‘l’lBHOC Ti aBTOMOOLIBHIX TPaHCIIOPTHUX CHCTCM

Buzuaveni Hesuznaueni
[
3MiHHL 3 3a0aHO10 Brnayikoroi __Pangomizania | Hecroxactuunof
TOUIICTIO TIpUpPOIRA npHpoaH
|_|3amarmi mapaMeTpH I'Ipuponna HOBe,I[iHKOBa HiHbOBa
pistoro poixy HEBH3HAYCHICTE HEBH3HAYEHICTL HCBU3HAYCHICTD
Binomi 3 BigomMuM 3 HCBLIOMIM 3 H‘Llﬂ:\fuMM Excriepraza 3 Hcai,lr)_\mm "
I perymapei GyHKIil Sl OSIOTIIION QyHKILisSIMU O e o i ] ByHKILSMH
MEBITHX apryMellTiB POSNOAIC p o IPHHATEKHOCTI IPHEATEKHOCTI
T
A Aeuspaverpuane |
1 OLIHKBAHHS
| 7 T
Keponarti ! 3 pinomumu MMapamerpuune 3 HEROMHUM 1
| amimwiiva. | T T T T T napaMeTpamu e o napavierpasu
’ ot posmoniny OL[IHIOBAHHS posnoainy

Pucynok 1 — Cxema kiacudikanii pakTopiB BU3Ha4€HHS €()eKTHBHOCTI aBTOMOOUTBHIX
TPAHCIIOPTHUX CHCTEM
Hoicepeno: pospobrerno asmopamu

HecroxacTuyHa HEBU3HAYEHICTE 3a3BUYail BHHUKAC BHACIIIOK TaKUX OOCTABUH:

- iCHy€e HuIecnpsMOBaHA MPOTUIIA 3 OOKY KOHKYPYIOUOi TPaHCIOPTHOT CUCTEMH, il
SIKO1 3aJIMIIAIOTHCS HEBIJOMUMHM — ITOBEIIHKOBA HEBU3HAUCHICH Af‘; ;

- HEJOCTaTHIN piBEHb NOCHIIKEHHS OKPEMHUX SIBHIL, AKi CYNMPOBOKYIOTH POOOUMIA
MPOIEC TPAHCHOPTHOT CUCTEMHU — ITPUPOHA HEBU3HAUEHICTD A‘A,' ;

- HEYITKEe YSIBJIIEHHS METH TPAHCIOPTHUX OTNepaliid y BiIMOBITHOCTI 10 peabHOTO ii
pe3yibTary, SKMUA CTBOPIOE MOXIIMBICTh PIZHOTO TIyMaueHHS, TOOTO BUKJIHMKA€E LLUILOBY
HEBU3HAYEHICTD Af}o .

HeBusnaueHi (QakTopu HECTOXaCTHYHOTO  XapakTepy A, MOXXHa yMOBHO
kiIacu(ikyBaTH Ha JBi KaTeropii:

- IS SIKUX B1MOMI1 (DYHKIIIT MPUHAIEKHOCTI Ta Jiama30Hy 3HaUYeHb 3MIHHUX;

- JUIA IKUX (PYHKIT IPUHATICKHOCTI 3IMIIAI0THCS HEBITOMUMH.
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Haii0Oinpima HeBU3HAYEHICTh BUHUKAE y BHUMAJKY (aKTOpIB, A SKUX HE BU3HAYEHI
¢bynkuii mpuHanexHOCTL. SIK mpaBWio, O TakuX (AKTOpIB 3aCTOCOBYIOTH METOX
eKCIePTHOTO OLIHIOBAHHS JUIsI BCTAHOBJICHHS JTialla30HYy iX MOKJIMBHUX 3HAUCHb.

Amnainiz e(eKTHBHOCTI aBTOMOOUIBHUX TPAHCHOPTHUX CHCTEM, SKHH BpaxoBYeE
HEBU3HAUYeHI (PAKTOpU HECTOXaCTUYHOTO XapakTepy, 3HAYHO YCKIAQJHIOEThCS dYepes
BIZICYTHICTh JIOCTaTHbO YHIBEpCAJIbHOT MaTeMaTH4yHOi Teopii, mo (opMye METOHOJIOTIUHI
OCHOBM BHBYCHHS SBUILI 3 HEBH3HaYeHMMH Qaktopamu. IIpore, 3acTtocyBaHHS Teopid
HEYITKUX MHOXXMH, irop Ta HMPUHHATTA PIlIeHb CTBOPIOE MOKJIMBICTh 3HAXOJKEHHS MEBHUX
MIXO/IIB /10 aHaJi3y €()EeKTUBHOCTI TPAHCIIOPTHUX CUCTEM B YMOBAX 3HAUYHOI HECTOXAaCTHYHOT
HEBU3HAYEHOCTI.

@OyHKIIT TPUHAIEKHOCTI BiIOOpaXKalOTh MEBHI CY/KEHHsS B KUIbKICHIM Mipi. BoHnu
3a71al0Th JIESKY MIIMHOKUHY a00 MiZo0IacTh 3araibHOI TOMYCTUMOT 001acTi 3MiHH (aKTopa.
[TinoGmacTh, M0 BU3HAYAETHCS (DYHKITIEIO TPUHANISKHOCTI, B JCSIKOMY PO3yMIiHHI BioOpakae
MIpy HEBHU3HA4YeHOCTi (akTopa. 3po3yMilO, UMM MEHIIA Mino0aacTh, IO BU3HAYAETHCS
(GYHKIIEIO MPUHATIEKHOCTI, TUM MEHIIa Mipa HeBM3HaueHocTi ¢akrtopa [12, 13]. V mexi
(byHKIIT TPUHATISKHOCTI, SKIO BUAUIAETHCS OJHE 3HaYCHHS (PAKTOpPa, TO MEPEBOIATH HOTro B
pO3psa eBHUX (HaKTOPIB.

PosrnsiHeMo MOHATTS (YHKLII MPUHATIEKHOCTI 3 MO3UIIA €IEMEHTIB Teopil YITKUX 1
HEYITKUX MHOXUH. [TOHATTS GYyHKIIIT TPUHAIEKHOCTI HEUITKOT MHOKMHU € JJOCUTH IIMPOKE
y3aranbHEHHS (YHKII TPUHATEKHOCTI 3BHYATHOT MHOXKMHHU.

Hexail € minMHOXMHa A yHiBepcaibHOT MHOKHMHU D. EnemeHTamu 11i€i MHOXUHH €
d, (dl. € D). Hexail QyHKLiS NPUHATIEKHOCTI /i, (d ), 10 XapaKTepU3ye Mipy HMPUHAICKHOCTI

eJIeMEeHTa d; MAMHOXKHUHI A, BitoOpaxaeTbcs Ha Binpizky [0, 1].
Jlnst 3BHYAiiHOT MHOXHMHM (DYHKIIiSI TPUHAIEKHOCTI € peJieiiHoi0, TOOTo HabyBae
3HAYCHb:

1, axwo d € A,

d)= 1
ﬂA( ) 0, s2xwo d ¢ A. M

3BUYaiiHI MHOXMHU MOXHA PO3TJISAATH, SIK OKPEMi BUIMAJKH BEIMKUX HEYITKHX
MHOXUH. Heuirka mnigMHOXHMHA A , IO € CKIAJ0BOIO YHIBEpPCAIbHOI MHOXHHU D
BU3HAYAETHCS 3a JONOMOrol0 (DyHKIIi NMPUHAIEKHOCTI K A(d):D—)[O,l] , AKa KOXXHOMY

€IeMEHTY d; € D CTaBUTh y BIANOBIAHICTH YHUCIO U A(d) 3 3amaHoro Bimpizky [0, 1], mo

XapaKTepU3ye Mipy IPUHAIEKHOCTI €IEMEHTY d; MIIMHOXKHHI 4.

HeuiTka MHOXMHA NOBHICTIO ONMMCYETHCS CBOEIO (DYHKIIIE€I0 IPUHATIEKHOCTI 1 TOMY i
3a3BUYall BUKOPUCTOBYIOTh SIK IMO3HAUEHHS HEUITKOI BEJIMKOiI MHOXXMHHU. BoHa BBakaeThcs
MMOPOXKHBOIO, AKIIO (DYHKIIIS 11 MPUHATIEKHOCTI AT BCIX €JIEMEHTIB Ma€ 3HAYCHHS HYJIb:

M, (d) =0, s Oynp-skux Vd, € 4. (2)
3BUYaiiHa MHOKMHA, (YHKILIS MPUHAJIEKHOCTI SIKOi BIAMIHHA B HYJS, € HOCIEM
HEYITKOI MHOKHHH [l (d ) . 3 OUMMHM JaHMMH MOJKHA IIOCTyNaTH sK I3 3BUYAlHHAM

CTaTUCTUYHUM MarepiajJoM M OTpUMaTu IEBHY YCEpeAHEHY (YHKIII0 MPUHAIEKHOCTI.
Tunosi Buau QyHKIIH OpHUHATIEKHOCTI HaBeIeH Ha puc. 2.

PosrnsiHemMo 4K 311MCHIOETbCS TEPETBOPEHHS HEBU3HAUYEHUX (DAKTOPIB B PO3PSI
BHUMAAKOBUX. J[esKi HEBU3HAYEHOCTI, Kl MAIOTh HECTOXAaCTUYHHUI XapakTep, 1HOA1 MOXKIUBO
MEPETBOPUTH Ha BHIAJKOBI (aKTOpU 3a pPaxyHOK BHUKOPUCTAHHS METOAY paHIoMi3allii.
Pannomizanis monsrae y mTy4yHOMY J10JaBaHHI €J€MEHTa BUIIAQJKOBOCTI B YMOBH, JI€ BOHA
cnouaTky BiacyTHsa. Ilpu anamizi edexkTuBHOCTI (DYHKIIOHYBAHHS aBTOMOOUIBHUX
TPAHCIIOPTHUX CUCTEM JIs MOIIYKY 00'€KTiB Moke OyTH BigoMa juile npubius3Ha o0nacTb
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po3TamryBaHHs TEBHOTO 00’ekrta. PosramyBanHs 00’€kTa € BH3HAYCHUM, aje MOXHA
INPUIYCTUTH, IO B MeXax 3aJaHoi o0JacTi BOHO MIANOPSAIKOBYETHCS PIBHOMIPDHOMY
HMOBIpHICHOMY po3nouty. TakuM 4YMHOM, IITYYHO CTBOPIOETHCS BUIIAIKOBICTh Y BU3HAUEHHI
noyiokeHHs. 0o0’ekra. [lomanpmmii aHami3 i€l paHaoMI3alli MOXJIMBHM 3a JIOIOMOTOIO
METO/11B Teopii IMOBIPHOCTEH 1 MATEMAaTUYHOT CTATUCTUKH.

o uld ulx)
7 1 7 7 __I—
| | |
| | |
' & | > ' B
g a X 0 a o g 0 a X
<x<
u(x)= L0sx<a, 1, axwo 0 < x < qy, (x)= 0, axuyo 0< x < a,
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a-x) rpadiuHO-aHAI THYHI BiOOpakeHHs (YHKLII PUHATIEKHOCTI
Pucynox 2 — Tunosi Buau (GyHKIIH IPUHAIEKHOCTI

IDicepeno: pospobaeno 3 sukopucmannam odicepen [12, 13]

OyHKIII0 TPUHAIEKHOCTI TaKOX MOJAAIOTH Yy (OPMI JIIHIBICTUYHOI 3MIHHOI, TOOTO
3MIHHOI, 3HA4e€HHs SKOi OIMCYIOTbCA CJIOBECHMMM BHpa3zamMu. Hampuknaza, kareropis
«CKJIQJHICTb» Y KOHTEKCT1 AaBTOMOOUIBHOI TPAHCIOPTHOI CHCTEMM € JIIHTBICTUYHOIO
3MIHHOIO, @ 1l MOXJIMBI 3HAYEHHsSI MOXYThb (OPMYJIOBATHUCA SIK: HE CKJIAJHOIO, HE IyXKe
CKJIaJIHOIO, CKJIaJIHOIO, IOCUTh CKJIAJJHOIO, YK€ CKJIaTHOIO.

VY neBHOMY Kjaci aBTOMOOUIBHHX TPAHCIOPTHUX CHCTEM JIHIBICTHUYHA 3MIHHA
BU3HAYa€ HEUITKY MHOXUHY (puc. 3). [lng 3HaueHHS «CKIaJHa cuctemMa» QYyHKIIA
IIPUHAJIEKHOCTI ,ug(x) (dbopMye BIANOBIIHY HEYITKY NIAMHOXUHY BCEpEIUHI 3arajibHOi
MHOXHWHU CHUCTEM, SIK1 BIAPI3HAIOTHCS KUTBKICTIO 3B’ SI3KIB MK TXHIMU €JI€MEHTaMU.
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Ha mnpaktuni ans Bu3HadeHHS (QYHKIIT HDPUHAJIEKHOCTI 4acTO BHUKOPUCTOBYIOTh
€KCIEPTHE ONMUTYBaHHS, 1100 BCTAHOBUTH YaCTKy €KCIIEPTIB, SIK1 IPH 3aJaHOMY 3HAYEHHI X
KJIAaCU(IKYIOTh TPAHCIOPTHY CHCTEMY SIK CKJIaAHy. Llg dacTka ekcrepTiB NpUHMAEThCS SK
3HaYeHHS (QYHKLI{ TPUHAIEKHOCTI ,ug(x). Hanpuxnan, sKmo 3 AecaTu eKCHepTiB YeTBEpO
KJIacu(IKyBalIl TPaHCHOPTHY cucteMy 3 20 3B’SI3KaMHU SIK CKJIAAHY, TOJI 3HaYeHHs (YHKIIIi
IPHUHAJIEKHOCTI CTAHOBUTD [l (x) =0,4.

s, /A

7/ P
a8 -
as —
04
02 +

DyHKIS TPUHATEKITOCTI

| | \ | -
7 w20 0 40 X

Yucao 3B'93KIB TPAHCTIOPTHOT CUCTCMH

Pucynok 3 - @yHKIis NPUHAIEKHOCTI HEYITKOT MHOXXHMHH CKJIAJHUX aBTOMOOIJTBHUX TPAHCIOPTHHUX CHCTEM

Licepeno: pospobaeno asmopamu

Crix TakoX 3a3HA4YUTH, L0 AJS XapaKTEPUCTUKH HEBHU3HAUEHUX (AKTOpIB, AKI HE €
CTOXaCTMYHUMH, 3aCTOCOBYIOTb CYO'€KTMBHY MMOBIPHICT 1 aHali3 aBTOMOOUIBHUX
TPAHCIIOPTHUX CHCTEM O0a3yeThCsl Ha MeTojax Teopii HMoBipHOcTel. OnHAaK BUKOPHCTAHHS
cy0'eKTUBHOT MMOBIPHOCT1 MOX€E MPU3BECTU JIO TOTO, 110 3aKOH BEIUKHUX YHCENl HE JIATHME.
3a3BHuail Taka IMOBIPHICTh BU3HAYAETHCSA IIJIIXOM €KCIIEPTHOIO OLIHIOBaHHS.

BucnoBkn. 1. 3’dcoBaHo (akTopu, SKI BpPAaxXOBYIOTbCA HpU AOCIIKEHHI
e(peKTUBHOCTI (YHKI[IOHYBaHHS AaBTOMOOUIbHUX TPAHCIOPTHUX CHCTEM, HaBeJeHa iX
knacudikamis. BusznaueHo, mo Oulblla YacTKka SKUX HE KOHTPOJIOETHCS 0CO00I0, fKa
IpuiiMae pileHHs.

2. BusBieHo, 1m0 MNpH JOCTIIKEHHI aBTOMOOUIBHMX TPAHCIHOPTHUX CHCTEM 3
BUMAJKOBUMHU  (paKTOpaMH  IIHPOKO  BHUKOPHCTOBYIOTHCS ~ HMOBIPHOCHO-CTATUCTHYHI
MaTeMaTH4HI METO/IH, 110 J03BOJISIOTh BCTAHOBUTH iXH1 PO3MOIUTH SIK BUQAKOBUX 3MIHHHUX.

3. BcraHoBieHo oOcTaBUHM BBeIEHHS (YHKIII NPUHAJIEKHOCTI, ii TpPAaKTyBaHHS 3
MO3ULII eleMEeHTIB Teopii YITKUX 1 HEUITKHUX MHOXMH. HaBeneHo pi3HI BapiaHTH TaKuxX
¢GyHKLIM B aHAITHYHIN Ta rpadidHii popmax.

4.  Po3riasHyTo  NepeTBOpEHHS  HEBU3HAYEHHUX  (akTopiB  e(EeKTUBHOCTI
(YHKIIOHYBaHHS aBTOMOOUIBHMX TPAaHCIOPTHUX CHCTEM B pPO3psAJ BHUIAJAKOBUX Ta
3aCTOCYBaHHs CYyO'€eKTMBHOI MMOBIpHOCTI W BH3HAU€HHSA 11 METOJAOM EKCIEPTHOIO
OLIIHIOBaHHS.
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Determination of the Set of Factors of Efficiency of Functioning of Automobile Transport
Systems by Mathematical Methods of Analysis

An analysis of the factors determining the efficiency of automobile transport systems using
mathematical methods has been conducted. The most influential indicators reflecting the quantitative
characteristics of this complex system have been identified, allowing for an assessment of the degree of
correspondence between the actual results of transport operations and the desired outcomes. It has been shown
that the efficiency of such operations can be evaluated using various mathematical methods. By applying these
methods, it is possible to determine the probability of the transport system’s reliable operation over a specific
period if the goal of transport operations is to enhance their quality and reliability.

The factors considered in the study of the efficiency of automobile transport systems have been
identified. It has been demonstrated that a significant portion of these factors is beyond the control of the
decision-maker. These factors have been categorized, and a detailed classification has been provided.

It has been revealed that in the study of automobile transport systems involving factors with stochastic
variability, probability-statistical mathematical methods are widely used. These methods allow for determining
the distributions of random variable factors. At the same time, assessing the efficiency of transport system
operations while considering factors of a non-stochastic nature, which are uncertain, is significantly complicated
by the lack of a general mathematical theory that forms a methodological basis for studying phenomena with
uncertain factors. However, the application of applied mathematics methods, such as game theory, decision-
making theory, and fuzzy set theory, enables the development of solutions to problems under conditions of
uncertainty of a non-stochastic nature.

The concept of membership functions has been examined from the perspective of elements of crisp and
fuzzy set theories. Various forms of such functions in both analytical and graphical representations have been
presented. It has been noted that these functions define a certain subset or subregion of the overall permissible
range of factor variations. It has been determined that the subregion defined by the membership function, in a
certain sense, reflects the degree of uncertainty of the studied factors. It has been shown that the smaller the
subregion determined by the membership function, the lower the degree of uncertainty of the factors. It has been
established that a fuzzy set is fully described by its membership function and is used to represent a large and
imprecisely defined set of factors. It has also been found that a fuzzy set is empty if its membership function
equals zero for all elements of the transport system.

The transformation of uncertain random factors affecting the efficiency of automobile transport systems
has been examined using the method of randomization. This method can be analyzed through a combination of
probability theory and mathematical statistics methods.
automobile transport system, factor, efficiency, operation, membership function, randomization, probability,

expert assessment, set of factors
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