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BIMCBKOBI HAYKI

KnrouoBi cnoBa: modenv oyinku napamempis, aneopumm no6yoosu
cxemu OIS POPMYBAHHS iHCMPYyMeHmie 00poOKU iHPopmayil, asmomobiny-
Hi NyHKMU NPONYCKY.

ITocranoBka mpo6memMy y 3aralbHOMY BUIIAAL. MeTolo po6otn
aBTOMOOINbHOTO MyHKTY IpomycKy (AIIII) € BUKOHaHHA KOHTPOIBbOBAHOTO
IPONYCKy dYepe3 HepXKaBHMII KOPAOH YKpaiHm oci6, aBTOMOOGITbHMX
TPAHCIIOPTHUX 3aco0iB 1 BaHTaXiB (00’€KTiB KOHTPOMIO), a TAKOX
BUABJICHHA | NpUINMHEHHS CIpo6 iX He3aKOHHOTO IlepeMillleHHS dYepes
Jep>KaBHUI KOPJIOH.

KoHTponboBaHi TpaHCHOPTHI 3acoby pO3PI3HAIOTbCA 3a TUIIAMU
(yerkoBi, BaHTa)XHi, BaHTa)XHi BaHTaXKOIIJITOMHICTIO 6inblle 3,5 TOHH,
aBTOOyCHM Ta iH.) i 3a cK/IafioM onepariiit KOHTpomo. ToMy B opraHisariiHii
cTpykTypi pobotn AIIII w1t KOXKHOTO TUITY TPAaHCHOPTHUX 3ac06iB (masi
— 00’€KT KOHTPO/II0) 200 3asABKOI0 (BMMOTOI0) Ha 0OCTYTOBYBaHHSA Ta 4ac
ix Bui3gy i B’i3gy B YKpaiHy mepem6adeHi KOHKpeTHi IpyImyu CMYT PyXY,
obmagHaHi 3acob6aMy IPUKOPZOHHOTO Ta MUTHOTO KOHTpO. KimbkicTh
CMYT Yy TPYIIi MOKe KOJMBATHUCA Bif ofiHiel o n > 1. IIpu nboMy Ko>kHa
CMyra € CaMOCTi/lHMM KaHaJIOM IIPMKOPJOHHOTO KOHTPOMIO (KaHa/lIoM
00C/TyroByBaHHA).

KoskeH TpaHCTIOpTHMII 3aci6 HaAXOANUTH O KaHAITy 0OCTyroByBaHHS
(IpMKOPIZOHHOTO KOHTPOIO) y 3a3fiajieTifib He Bimommil (BUIaKOBMI1)
MOMeHT 4acy. CyKyNmHICTh TaKMX TPAaHCHOPTHUX 3aCO0iB yTBOPIOE IOTIK
3asBOK (BMMOT) Ha 006C/TyrOByBaHHS.

J7151 3aKOHOCTYXHAHUX IPOMaZisiH IPUKOPIOHHNI KOHTPO/Ib TIOBUHEH
BifiNIOBifaTVl €BPOIENICBKUM CTAaHAAPTaM, IO 3TifHO 3 KPUTEPiAMU MOXKe
BUP@)XaTNUCsI BUMOTOK MiHIMaabHOI TPMBANIOCTI dYacy mepeOyBaHHsA
06’exTiB koHTpOomo B AIIIT i KinbKicHO MOKe OyTH OLiHEHNIT TPUBAIICTIO
olepariiif KOHTPOJIIO, JOBKIHOIO i TPMBAJICTIO IepeOyBaHHA B Uepsi.

Tomy pna 3abesnedeHHS BifNOBITHOCTI IpoIlecy HPUKOPHZOHHOTO
KOHTPOJIIO €BPOIIEIICBKIM CTaHAAPTaM HeOOXi/[HO CBOE€YAaCHO KOPUTYBATH
MOTOYHMI cTaH oprcTpyKTypu AlIII 3a/me>xHO Biff iHTEHCMBHOCTI BXiTHOTO
IIOTOKY aBTOMOOiiB.
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3a Majol IHTEHCMBHOCTi IIOTOKY OO’€KTiB KOHTpPOJIO OKpeMi
CMYTU PyXy MOXYTb 3aKpuBatucA. Y pasi 30iIblIeHHA iHTEHCUBHOCTI
IOTOKY O0’€KTiB KOHTPOJIIO CTapIiMil HPUKOPHAOHHMX Hapsnis B AIIIT
IOBMHEH CBOEYACHO 301bLIYBATH KiBKICTD pOOOYMX CMYT PyXy, a 3a
MaKCUMaJIbHOTO 3POCTAHHS IHTEHCUBHOCTi IIOTOKY O0’€KTiB KOHTPOJIIO
— IepexOfuTy [0 BUKOPUCTAHHA METO[iB CKOpOYeHMX IepeBipok. IIpn
IIbOMY BMMOTa IPUIVHEHHS CIPoO HE3aKOHHOTO IepeMilljeHHs 00 €KTiB
KOHTPOJIIO Yepe3 Jep>KaBHII KOPIOH He 3HIMA€ETbCA.

PasoMm 3 TMM CKIaJ, KOXXHOTO TpPaHCIIOPTHOrO 3acoby (o6’ekra
KOHTPOJIO), 3a3[ajieriib He BioOMMil, MOXKe BK/IOYATH SK CcaM
TPaHCIOPTHUI 3aci6 i BOfjis, Tak i BaHTaX i macaxupis 3 pisHUM HabopoM
KOHTPO/IbOBAHUX O3HAK, IO POONUTb TPUBAIICTH KOXKHOTO KOHTPOJIIO
3agfgazerifp He BigoMow (BumagkoBowo). IIpm mpomy iHAMKaTOpHMI
napaMeTp i NPUMHATTA PpilleHb — IHTEHCUBHICTb BXiIHOIO IIOTOKY
00’€KTiB KOHTPOJIIO — € XapaKTepUCTUKOI CTATUCTUYHOI (MaTeMaTHYHe
OYiKyBaHHS 4MC/Ia BYUMOT B OfMHUIIO 4acy), s il OLiHKM HeoOXimHmit
TPUBAIUII IIepiof CIIOCTEpeXXEHHA 3a POOOTOI CMYT PyXy, IO MOXe
INPU3BOANUTY IO BTPATV ONEPATMBHOCTI IPUMHATTA PillleHb 3 YIIPaB/IiHHA
po6ororo AIIII B Linomy.

Tomy mys oninky motoyHoi epexTnBHOCTI poboTn AIIIT i cBoeyacHoTO
HNPUHATTA PillleHb LO/J0 KOPUTYBAHHA JIOrO OPICTPYKTYPU Ta PEXUMY
poboTu (CTyneHs MOBHOTH II€PeBiPOK) MOXKe OyTV KOPMCHOI po3pobOka
BiJIMOBiTHOI MOJIei.

Opnak npo6sema IoJsira€ B TOMY, 110 TaKa MOJieNb, 3a iHopmariieo
CIIOCTepeXXyBaHMX IapameTpiB nporecy poboru AIIIl, moBuHHA [03BO-
JIATY BUKOHYBATH OLHKY Ife “He BUAMMUX 3Ha4eHb iHTEHCUBHOCTI BXiJ-
HOTO IIOTOKY 00’ €KTiB KOHTPOJIIO Ta iHIIMX CTaTUCTUYHNX XapaKTePUCTUK
po6otu cmyr pyxy ta AIIII, mo Bu3HauawTh eeKTUBHICTb J10T0 PO6OOTHL.

AHani3 ocTraHHIiX gocATHeHb i myOmikaniit. 3asHayeHa npo6rema
CIiB3BYYHA 3 BiZJOMOIO B JIiTepaTypi Ipo6/1eMOoI0 JlerajibHOl eKOHOMI4HOT
po3Bigky i KoHTppo3BifkM [1, 2]. 3a pimleHHAM PO3ITIAHYTOI HpobIEMM
icHye 3HayHa KIUJIBKICTb JIiTepaTypy 3 J[ETAJIbHUM OIMCOM TEXHOJOTiI
IMiJrOTOBKM i Be[JeHH:A Bi3ya/IbHOI, ar€HTYpPHOI, TeXHIYHOI, aHaJIiTUYHOI
(3acobamy InTepHer) Ta iHIMIMX BUAIB PO3BiKM, a TAKOXK MeETOMiB
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inpopmaniiiHo-aHamitnynoi pobotu [1-3], y TOMy umcni MeTofiB
imentndikanii npuxoBaHMX mapaMeTpiB i BIACTMBOCTENl OO’€KTIB 3a
HeIpAMUMMI O3HAKaAMIL.

IIpore MeTony neranbHOI €EKOHOMIYHOI pPO3BiJKM 3HAYE€HDb ITapaMeTpiB
00’€eKTiB, /11 AKUX He icHye iHpopMmalii npo ix mortoyHi Ta/abo MaitbyTHI
3HAY€HHs, Y BilOMill /liTepaTypi IOKM HEe PO3IIIAHYTI.

HeBupimeni mnpobmemu i Mmera po6orm. Posrisnyra 3agada
inentndikanii npuxoBaHUX ImapaMeTpiB po60TM 00’€KTa Ta YIpaBIiHHA
opranisauiitHoro cTpykryporo AIIIl noBuHHa BUpiIyBaTUCA 3a IOTOYHOIO
iHpopMmallier0 CIOCTEpPEeXYBaHUX, Y HAHOMY BMIAAKy — BUIIQJKOBMX
3HaYeHb ITapaMeTpiB.

Y 3B’A3Ky 3 LMM BMHNUKAae HEOOXifHICTb BMpillleHHA HpobieMu
BU3HAYeHHsA crocoby (meromy) 1 amroputmy moOyAoOBM — CXeMMu
s GopMyBaHHS IHCTpyMeHTiB 00poOku iHdopmamii, a Takox
iIX BMKOPUCTaHHA M JIETaJIbHOTO OTPMMAaHHA OLIHOK [iliCHMX i
IIPOTHO30BaHMX 3Ha4YeHb IIPMXOBAHNX NapaMeTpiB pealbHOro 06’eKkTa —
ATITI. Pimenns chopmynboBaHoi mpobieMn € METOIO JaHOI pO6OTH.

Buxnan ocHoBHoro Marepiamy. 1. Ajroput™m pimeHHA 3ajaui
OTPMMAHHSA OLHOK iCHYIOUMX 1 IIPOTHO30BAaHNMX 3HAY€Hb INPUXOBAHUX
nmapameTpiB peanbHoro o6’exra — AIIIIL.

Jlnd OTpUMaHHA OIIIHOK IIPOTHO30BaHMX 3HA4YeHb IIPUXOBAHUX
mapameTpiB 06’€KTiB i IpoleciB Ha NMPaKTUIl BUKOPUCTOBYIOTH HesSKMIL
aHaJIOT peasIbHOI IifICHOCTI, TaK 3BaHY “MOJie/b’, 110 JO3BOJISIE peati3yBaTu
MOXIUBICTD Tlepef0aueHHs. 3 I[i€I0 METOI0 CKOPUCTAEMOCS BiIOMUM
BU3HAYEHHAM.

[Monsarrsa “mopens’, yrBopene Bif nmar. modulus — mipa, 3pasok, y
IIMPOKOMY CEHCI C/10Ba MIiCTUTH OYAb-sKMil 00pa3 siKkoro-HeOynb 00 eKTa,
mporiecy abo sBUILa, IKUI CTY>KUTb OpUriHamoM Mogerni (4, c. 828, . 5]. 3
HparMaTUYHOI TOYKY 30PY, MOfIe/Ib € iHCTpyMeHTOM 00po6ky iHdopmarii
3 MeTOI0 Ilepefi0aueHHsI pPO3BUTKY 00’eKTiB (mporeciB i sBuIn) y xoxi
dbopMyBaHHS JaHUX [JIS IPUITHATTS PillleHb 10710 06’€KTa MOJeTIOBAaHHS.

besnocepenHim 3aBIaHHAM MOJI/TIOBAHHS € 3aBJAHHA LI0J0 TOOYAOBY
Mogiesi peanpHOro 06’€kTa (IIPOIlECy) 3 METOH IPOTHO3y MOXX/IMBUX
MaiiOyTHIX 3HaueHb INyKAHMX IIapaMeTpiB i1 IOKAa3HMKIB B yMoOBax
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HasIBHOCTI JIOCTYIy [0 OyAb-sKMX BiJOMMX i aKTyaJbHMX ITapaMeTpiB
peanbHOTrO 06’€KTa (IpoLecy).

3BOpPOTHOI0 3ajadyel0o MOJENIOBAHHA € 3ajjada mobymoBm (Ta/ab6o
IIepeTBOPEHH) MOJie/Ii 3 MeTOI0 BiTHOBJIEHHS ITOIIePefHiX ab0 TenepiurHix
3HaueHb IIPUMXOBAHNUX IIApaMeTpPiB peasbHOro o6’ekra (Imporecy) 3a
inpopmariero npo mapaMeTpy, JOCTYIIHI /IS CIIOCTEPEKEHHS.

Anroputm posp’sizaHHsA oOepHeHOI 3ajadi MOJEMIOBAHHSA, KU
MOXXHa BUKOPUCTOBYBAaTU fK QJITOPUTM OTPMMAHHSA OLIIHOK [ilICHMX i
IIPOTrHO30BaHUX 3HaUYeHb NpuxoBaHux napametpis AlIIIl, sanpomnonyemo
Yy TAKOMY BUIJIAJ:

1) BupilmTy IpsAMY 3aa4y MOZIE/IIOBAHH:, TOOTO MOOYyBaTy MOJENb
peanbHOro 06’€KTa, BBOXKAIOYY MOXK/IMBUM OTPUMAaHHS 3Ha4eHb OY/Ib- AKMX
aKTya/IbHUX IIapaMeTpiB peambHOro 06’ekra. Ckmactu GOpMynIbHY CXeMy
B33a€MO3B’ 3Ky ITapaMeTpiB i TOKa3HMKIB 00 €KTa, IKMIT MOJETIETHCS;

2) BUSHAYMUTY CKJIaJ [IApaMeTpiB, sIKi JOCTYIHI /IS CHOCTEPeXKEeHHs
B pealbHOMY 00’eKTi. 32 HEOOXiTHOCTI CKOPUIYBaTH OTPUMAHy MOJeNb
TaK, 06 IapaMeTpy, JOCTYIIHI I COCTepeXXeHH, Oynu 6e3moceperHbo
BpaxoBaHi B MOJie/Ii. YCTaHOBUTH IIE€PEIiK IyKaHMX IIapaMeTpiB;

3) mepeTBOPUTM BUXiIHYy MOZENb 1 OTPUMATH 3aJIEKHICTDH
LIYKaHUX ITapaMeTpiB i ITOKA3HMKIB BiJj 3Ha4eHb ITApaMETPiB, 32 AKUMU
criocrepiraioth, copMmyBaTy GOPMY/IbHY CXeMy I AITOPUTM PO3PaXYHKIB
MPUXOBAHMX HIYKAHUX ITapaMeTpiB i IOKa3HUKIB.

2. Po3p’sxeMo mpsAMYy 3afady — MOOyAyeMoO Mofenb poboTy opHiel
rpynu 3 n cMyT pyxy B AIIIL

HocTynHa 15 cioctepesxeHHs 9acTuHa po6oryu AIIII MicTuth cMyrn
PYXy 3 aBTOMOOINAMM, MICI pO3TallyBaHHS HPUKOPHAOHHUX HApALIB 3
NEePEBIpKM IOKYMEHTIB, MiClisl PO3TAllyBaHHA IPUKOPLOHHUX HApAJMIB 3
OIJIARY TPAaHCIOPTHMX 3ac00iB.

Ha KOXHiI cMy3i KOHTpOJIb aBTOMOOI/SA 3[iVICHIOETBCS MLIIIXOM
HepeBipKM J[OKYMEHTIB Ta B IIOJA/JbLIOMY — OITIALY TPaHCIOPTHOIO
3acoby. Tomy o6upBa 3a3Ha4eHMX IPUKOPHOHHNUX HAPAAU IIPALIOITH
HOCTIi/IOBHO 1 3a0e3Ie4yIoTh €NVIHMIT KOMIIEKC HEeOOXiJHMX IepeBipoK
KO)XHOTO TPAHCIIOPTHOTO 3aco0y, yTBOPIOOYM KaHal OOCIyrOBYBaHHSA
napiiiaIbHOTO MOTOKY aBTOMO6iNiB inTeHcusHOCTI I, (puc. 1).
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Puc. 1. Cxema poborn opHiei rpymu 3 n cmyr pyxy AIITI

ITizcymMkoBa TpMBAMiCTh OOCTYrOBYBaHHA KOXKHOTO aBTOMOOINA
3aJIOXNTD Bifj CK/Iafly IOTO €/lleMeHTiB, 3a3Jajerinb He BifoMa (BMUIIaIKoBa)
i Ho6pe aIpOKCUMYETHCS IOKA30BMM 3aKOHOM PO3IOAiNy [5]:

f(t)=p-exp(—p-t),
me T, = M[Ti] - marematnmyne ouikyBaHHsA TpPuBAmOCTi i-To O6CTyTOBYBaHHA,
m= (TOGC)—I - IPOAYKTUBHICTH OHOrO mpuiagy obcmyrosysanss. Ksamidikanis mpu-

KOPJIOHHUKIB 3a/I0BOJIbHAE OJJHAKOBI BMMOT, 1[0 I03BOJIA€ BBAKATY PO yKTUBHICTH
IpunajiB 06CIyroByBaHHA NPUOIN3HO OHAKOBOIO.

IToTik aBTOMOOGi/NIB Ha BXOAi KOXKHOI Ipymu 3 n cMyr pyxy B AIIII
dbopmyeTbcs 3 Pi3HUX Kepen, KOXKeH 3 AKUX € JKEPeIoM CBOTO IIpH-
BaTHOTO IIOTOKy aBTOMOOimiB. ToMy cymapHmWil HOTiK aBTOMOOiNB
Ha BXOfIi KOXHOI rpynu 3 n cmyr pyxy AlIIl, BigmosigHO 10 Teopemnu
A. 4. Xununna [6], BUABIAETbCA OMM3BKMM [JO HANMIPOCTILIOTO 3 iHTEH-
cuBHicTIO | aBTOMOO6iMiB 32 XBuMHY. Bopil, Ak mpaBuIo, He XOUYTh BUTpa-
YaTy 3aiiBUI 9acC i UIYKAIOTb CMYTY 3 MEHILOK Y€PTrolo, 110 aBTOMATUYHO
BUPIBHIOE JOBXXIHY Y€Pry Ha CMYyTaX i I03BOJIA€ BBAXKATH 3arajlbHUIA 110~
Tik aBTOMOOiiB (iHTeHCcUBHOCTI I), SIKMIT PO3ramy>KyeTbCst Ha N IIOTOKIB 3
ofiHaKoBoIo inTeHcuBHicTIo I, = I /n (puc. 1).

3aBHaHHA NpUKOpAOHHNX HapAxAiB B AIIII monArae y BUKOHaHHI Ipu-
KOPIOHHOTO KOHTPO/IO (00CTyroByBaHH:A) BCiX aBTOMOOI/IB, OT>Xe, HeoO-
CITy>KEeHUMM aBTOMOOII 3 4yepru He Ay Tb. TOMy MOJe/IIo, siKa HaliKpalie
HigxomuThb 1A poboTH ofHiel cMmyru pyxy B rpymi 3 n cmyr B AIIII, € op-
HOKaHa/IbHa CHCTeMa MacoBoro obcmyrosyBanus (CMO) 3 HeoOMeXXeHUM
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YICIIOM M Micub i ouikyBanHs (M/M/1/«c). TIo6ynoBy Takoi Mogeni Bu-
KOHAEMO CIIOYATKY /IS KiHIIEBOTO YNMCIa M MicIp I O4iKyBaHHS (MO-
menbp M/M/1/m), HOTiM rpaHNYHUM II€PEXOLOM IIPY tH—> oC 3HALEMO PO3-
paxyHKoBi Bupasy mogeni M/M/1/ oc.

OpHOKaHa/IbHA CICTeMa MacOBOTO OOCITyTOBYBaHHA 3 OOMEXXEHUM YVIC-
7oM Micup i ovikyBaHHs (M/M/1/m). Po3rnsHeMo SIK IpUK/Iaj MOZRE/b
npolecy pob6oTn opHi€el rpynu 3 n cmyr pyxy B AIIIT ogHokaHanbHy (1 = 1)
CUCTEMY 3 11 MICLIb JyIs1 OYiKYBaHH: 3 iHTEHCUBHICTIO 00CTyroByBaHHS (IIpO-
AYKTUBHICTIO KaHA/Ty), PIBHOIO | i 3 HAIIPOCTIIIVIM BXiJH/M IIOTOKOM BUMOT
inTeHcuBHOCTI [.

Bumora, 1110 HafilinIa B MOMEHT, KOJIV KaHAJI 3alHATUI, CTA€ B Yepry i
4yekae 06CcmyroByBaHH:A. K10 Bci m Miciis y yep3i Byke 3ailHATI, TO BUMOTa
OTPMMYE BiIMOBY i 3a/IMIIIa€ CHCTEMY HEOOCTYKEHOIO.

Ipad mopeni ogHokananpHOI CMO 3 m Micub i1t O4iKyBaHH: 300pa-
JKEHMI Ha PUC. 2, ie CTaH S, BiNOBi/[a€ HAABHOCTI B cucTeMi 06CTyroBy-
BaHH: piBHO k BuMor. Ilepexony 3/1iBa HanpaBo BUKOHYIOTHCS Iif| BIUIN-
BOM BXiJJHOTO IIOTOKY BMMOT iHTeHcMBHOCTI . Ilepexopu crpaBa HanmiBo
BU3HAYAIOThCs IHTEHCUBHICTIO (1) 0OCTYyrOByBaHHS BUMOT €IVIHUM IIPK-
JaZioM 00CTyTOBYBaHHS.

Hnsa susenenns dopmyn dinanbHux fimoBipHoCTeit P, cTaniB S, mpo-
1ecy oOC/TyroByBaHHs BUKOPYCTOBYEMO IIPaBIU/IO Oa/laHCY IIOTOKIB Iepe-
xoxiB [7]. [TocnigoBHO 3anuieMo piBHAHHS 6a/1aHCY TOTOKIB /11 KOXKHO-
ro 3 yKaajeHux KoHTypis (puc. 2). I[lorim mepeiieMo ;0 BUKOPUCTAaHHS
6e3po3mipHOro koedinieHTa 3aBanTaxeHHs KaHany (p =1/ p#1) i, migcra-
BUBIIY KO>KHE IIOIIepeJJHE PIBHAHHA B [10JaJIblIe, OTPMMAEMO:

WP =I-Py | P=phy | P=ph
Wb =1I1-P; P, =pP; P, =pP, =p-pP,=p’P,;
WP =I1-P,; t—>P =pP,; + >P,=pP,=p:p’P =p'F,;

WP =I1-P_; P =pP._;; P =pP_ =p-p"'P=p"P,
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Yepra BiacyTHs

1 1 1 4

1 1
So ulil m {jsz “:u u o u

=

Puc. 2. Ipad mopeni ogHokananpHoi CMO 3 m micup s OYiKyBaHHSA
JI714 BU3HAUYeHH IMOBipHOCTI PO, HonepeRHbO 3HalaeMo cymy (m + 1)
YJIEHiB FeOMETPUYHOI IIPOrPeCii 31 SHAMEHHUKOM p
m+2

m+l m+1 m+2

=l+p+p +...+p™ +p
|- p"2 (1)
1-p

[lotiM oTpumany piBHicTb (B, =p"P,)) migcraBumMo B yMOBY

S=l+p+p°+..+p™' ;> S+p

:l+p-(1+p+p2+...+p”’”):l+pS; - S=

HOPMYBaHHsI IMOBipHOCTeII i, BpaxoBytoun ¢popmyny (1), sHaigeMo

m+l m+2

ZPk :Pomi‘ipk :PO|: l+p+p2+...+p"’”J:P01_p
k=0 =0 1-p

3BiicK OCTaTOYHO 3HaleMO BMpa3 A (piHaIbHUX IMOBipHOCTEN
cTaHiB Mogei ofHokaHanbHOI CMO 3 m Miclp i O4iKyBaHH:

:1'

l1-p

1_pm+2 4

P,= P.=p"-P, k=12,...m+1, )

CepenHs HOBXMHA 4epru (r) B cucTeMi 0OCTyroByBaHHS MOXe OyTH
3HaliJleHa AK MaTeMaTU4He OYiKyBaHHA BUIAJKOBOTO YJC/Ia BYMOT Y 4epai.
Bu3HauMMo MOXK/IMBI 3HAY€HHs OBXMHM YePIu: y CTaHi S, (3 IMOBipHicTIO
P)) — y 4epsi cToiTb 1 BUMOTa, y cTaHi S, (3 fimoBipHicTio P,) — y 4epsi cToiTh
(k-1) Bumora. OTpumaemo

m+l
r=Y(k=1)P, =1p°P+2p’ Py +..+(k—=1)p* P +...+mp""' P, =

k=2
=P2Po[1+2p+---+(k—1)p"*2+...+mp'"*‘]=p2Pol‘p((l’”#
-p
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[TosicHMMO, K OTPMMAHO KiHL€BMII BMPa3 [JISl CEPEJHDbOI NOBXMHUI
yepru r. CyMa B KBaJpaTHUX JY>KKaX € IE€PLIOI [TOXiJHOIO 110 ITapaMeTpy
p (cMm. [ p™]¢=m p™!) Bif cymn reoMeTpUIHOI Iporpecii

m+1

1-p
1-p
Haragaemo npasuio gudepeHiitoBanus gpo0oy [5]

S=l+p+p’+...4p* "V +. +p" =

3)

gj ur-u
v v

i pami, pudepenuiorwun Bupas (3) 1o 3MiHHI p, 3HAXOAUMO APOOOBY
YaCTHMHY BUPa3y CepejHbOI TOBXMUHY 4epru (r)

S,:[l—p”’”j [mevp] (1-p)r1-p™

1-p (1-p)*
_—mp" —p" +mp™ +p" ! +1-p"
B (1-p) )
—mp" —p" +mp"" +1  1—-p"(m+1—mp)
- (1-p)’ - (1-p)

Cepenns moBXuHa yepru (r) B cucTeMi 00C/TyroByBaHHS 3HAEThCS
OCTaTOYHO, AKIIIO 1lle BpaXyBaTy Bupas (2) mis itMoBipHOCTI P,

p*[ 1-p"(m+1-mp)] W
r= .
(1-p"7) (1-p)

CepenHe 4ncino BuUMor (w), 1o nepe6yBaioTh IIifi 06C/TyroByBaHHAM
(w). Bigsnaummo, 110 3 imoBipHicTio P, mif 06cyroByBaHHAM TlepebyBae
piBHO 0 (Hy/Ib) BUMOT, i 3 MPOTU/IEXHOKO iiMOBipHicTIO (1 - P)) kaHan 6ye
3aifHATMIT 0OCTyroByBaHHAM piBHO OfHiel BuMmoru. bepyum pmo yBaru
dopmyny mns fimosipHOCTI P, MaTeMaTiYHe O4iKyBaHHS YMC/Ia BUMOT, 1110
nepe6yBaloTh I1iJj 00CTyTOBYBaHHAM, IIPUiiMe BUTTIAN

m+2

w=0-B+1-(1-B)=1- I=p__p=p

l_pm+2 = 1_pm+2 .
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Cepepgne umcno (U) BuMmor y cucreMi OOCTyroBYBaHHS MOXKHA
BU3HAYNTH SIK CYMY JOBKMHI 9ePTH i Y1C/Ia BUMOT IIif 06C/TyrOBYBaHHIM:

U=w+r.
IMoBipHicTp BifMOBM B 0OCIyroByBaHHI 36iraeTbcs 3 iMOBipHICTIO

OCTaHHBOTO (11 + 1)-r0O CTaHy, OCKi/IbKY BUMOTa OTPYMYE BifIMOBY Ti/IbKI y
BUIIAJKY 3allHATUX BCIiX m Miclb y 4epsi

m+1 _
Fiow =P = m+lE) = ﬁ
-p

IMOBipHiCTb 06C/TyroByBaHHS i BifHOCHA IPOITyCKHA CIIPOMOXKHICTD
(q) MaTMMYTDb BUTTIAL:

m+l1

m+1
P o—gei_p -1 P (l=p)_ _1l-p
o6e — 4 6ioM (1_pm+2) (1—pm+2)

A6ComoTHa TIPOITYCKHA CIIPOMOXKHICTb 3HAlfieTbcA AK JOOYTOK
JacTKM (q) BUMOT, IKi 00CTyTOBYIOTBCA, Ha 3arajibHe uncio Bumor (I), mo
Ha/IXO[ATD Y CUCTEMY B OMHMIIIO Yacy,

A=I-g=1-P

obe *

Insa owiHku c.epengoro qacy O‘IiKy.l.SaHH}I B uepsi (t'-lep = Mt 1)
BU3HAYNMMO CepefHi 3HAUeHHsA BUIIA/KOBOI BEeIMYMHMU YacCy OYiKyBaHHA
(t,,) VIS MOKNMBMX CUTYaliii. Tak, AKIO B MOMEHT Ha/IXO)KEHHs BUMOTH
KaHaJI:

1) BinbHMit (iiMOBipHicTh 1€l mopii mopiBHIOE P)), TO cepenHiit yac
OYiKyBaHHA JOpiBHIOBaTuMe Hymo ¢ =0;

2) saitHATMI, i B cucrtemi Hemae yepru (VIMOBIipHICTB L€l mopil
TOOPIBHIOE Pl), TO CepefHill Yac 04iKyBaHH: Oy/ie HOPIBHIOBATY CEPEIHBOMY
Jacy obcmyroByBaHusa £ = 1/|.;

3) saitHATMIL, 1 B 4ep3i Bke € opfHa BuMora (JIMOBipHIicTh Iji€l mopil
fopiBHIOE P)), TO cepenHiit 4ac o4ikyBaHHsA lopiBHIOBaTUME | = 2/L

4) 3artHATHUIL, 1 B 4ep3i Bxe € (m — 1) Bumora (JiMOBipHIicTD 1ii€l mopii
flopiBHIOE P ), TO cepeqHiil 4ac 0uiKyBaHHs TOpiBHIOBaTUME = m/|L;
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5) 3aiHATHIL, i B 4ep3i Bci m Micup 3aitHATI (IMOBIpHICTB 11i€l opii fopiB-
HI0E P ), TOIi HOBa BMMOTa OTPUMYE Bi]MOBY B 06CTyroByBanHi £ = 0.

Hani ckopucTaeMocs BijoMOIO BIaCTUBICTIO: “MaTeMaTIHe CIIOAiBaH-
HsA CyMI BUIIAJIKOBUX BEIMYMH, JOPiBHIOE CyMi iX MaTeMaTU4YHUX OYiKy-

» . .
BaHb [5] i popmymnamu (2). Toxi ms t p SHAXOMIMO

P
:—0[ 1+2p+...+kp’“’1+...+mp’""].
w

Haramaemo, 1110 cepefHsi JOBXKIHA Yepry JOPiBHIOBAIA
r :szo[ 1+2p+...+mp'"’l],

i 3HaIEMO BiTHOIIIEHHS (tqep/ r)

uep _

P P [ 1424 kmp™ | M

¢ PP, [1+2p+...+mp’”’1] 1

3BificK OTPUMAEMO TaKe CIiBBiHOIIEHHS:

[
tltep - =

pu

To6T0 cepenniit 4ac ouikyBaHHA B Yep3i BUAB/IAETbCA PiBHUM Cepel-
HbOMY YMC/Ty BUMOT Y 4ep3i, ITO/Ii/IeHill Ha IHTEHCUBHICTh BXi/JHOTO IIOTOKY
BVIMOT.

CepepHill 4ac OuiKyBaHHA B 4ep3i B [iliCHOMY BUITAZAI 3HalifieMo,
nigcraBuBmm Gpopmyny (4) B (5). Bin gopiBHIOBaTIIMe:

t _p[1=p"(m+1-mp)] ©
uep . .
n(1-p"2) (1-p)
Cepepniit yac 00CTyroByBaHHs BMMOTM 3HaiiZleMO K MaTeMaTUYHe
ouikyBanHa (f ) BumagkoBoi Bemmuuuu (f) yacy ob6cmyroByBaHHA. 3a
BiIMOBM B 06C/TyroByBaHHi f{ =0 MiJi Yac BUKOHAHHA OOCTYyroByBaHH:

€)

~| =
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M[t ] =1/m maTemaTnyHe O4iKyBaHHs Yacy o6cmyroByBaHHs Bumorn (£ )
Oyze MaTy BUITLAL;

t, =0-P +l-P6L, L
n

6I0OM o obc *
3araJibHMII Yac 3HAXOMKEHHA BUMOTYM B CUCTeMi OOCTyrOBYyBaHHS
(t ) BUABMUTBCS PIBHUM
CHUCT

Tewem = Luep +o5. = §+h~
n

OpHOKaHa/IbHA CUCTEMa MAacOBOTO 0OCITYyrOBYBaHHSA 3 HEOOMEKEHUM
q1CIIOM Micip it odikyBaHHsa (M/M/1/cc). [lns mogeni mpouecy po6oTu
opHiel cMyru 3 rpynu cMyT pyxy B AIIIl rpaHMyHMM ITepeXofoM Ipy m—> o
3HaliIeMO aHa/MTUYHi 3a71eXXHOCTi: hiHanbHMX fiMOBipHOCTET P, cTaHiB S,
JUISL IKMX B CUCTeMi € PiBHO k BUMOT; iiMOBipHOCTi 06cmyrosyBanus (P );
imoipHoCTi BigMoBu (P ) B 06C/1yroByBaHHi; abCOMOTHOI MPOITYCKHOI
3naTHOCTI (A) cucteMy 0OCTyrOBYBaHHsI; CEPERHbOI JOBXKUHM 4epru (1) y
CHCTeMi; CepeJHbOTO Y¥C/Ia BUMOT IIifi 0O6C/TyroByBaHHAM (W) i B cuctemi
(U); mMaTeMaTM4HOrO OYiKyBaHHS YMC/Ia OOCTY)XEHUX BUMMOI Ha OJHIN
(N,,.,) i Ha Bcix (n) cmyrax (N_ ) rpymu cmyr pyxy B AIIII; koedirienTa
3aBaHTaKeHHs (p ) KaHay:

F=1-p; B(:p"PO; Pou=0; Ps=q=1; A=1; Ny =1 1;

o >

2
=

I = 1
T>h I-p

1

;w=p=£;U:r+w:—;N nN

p o6c — o6e.1>

1
Ziu=
n

p
1-
ty=—P—.
p(l-p)
3. BusHa4aeMo cKIaf mapaMeTpiB, AKi JOCTYIIHI I CTIOCTEPEKEHHS.
3a texHomnorieto po6oru B AIIIl y KOXHUIT HOTOYHMII MOMEHT Yacy t
MOCTYIIHI I CIIOCTePeXeHHA: KiIbKICTb MPAIIoounX cMyT pyxy (n),
CyMapHa KinbKicTh aBTomMo6inis (U,) y depsi i mig o6cmyropysanHAM Ha
opiit cmysi, wac (T), WO BUTPAYa€TbCA NMPUKOPIOHHUM HApPAIOM Ha
06C/TyrOByBaHHSA OJHOTO aBTOMOOI/IA.
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MatemaruyHi OYiKyBaHHS: KiIbKOCTI BMKOHAaHUX OOCIYrOBYyBaHb
(N.,) 3a 4ac t; HOBXMHM Yepr¥ Ha KOXHill CMy3i; yacy odyikyBaHHA B
4ep3i BUSHAYAEThCA HEBIZTOMOIO iHTEHCUBHICTIO OTOKY aBTOMOOi/TiB I, Ha
OJHill cMy3i i Ha Bcilt rpyni cMmyT pyxy B AIIIL. BigimykaHHS IpUXOBaHOTO
3HAYeHHs 3a3HauYeHMX iHTeHCUBHOCTEN CJIifi BUKOHATU i MOTIM 3HAWTU
3HaYeHH: 3a3Ha4YeHMX [TOKA3HUKIB POOOTHU I TPYIIN CMYT PYXY B LIi/IOMY.

4. IlepeTBOpMMO BMXiflHY MOJ€/Ib i OTPMMAEMO 3aJIEKHICTDh IIyKa-
HOTO TMapamMeTpa — iHTEHCMBHOCTI NMOTOKy aBTOMOOiniB I, i mokasHukis
(MaTeMaTVYHMX OYiKyBaHb MOBXMHM 4epryu, TPUBAJIOCTi O4YiKyBaHHS B
4epsi) Bifj 3HaYeHb CIIOCTEPEXYBaHMX HapaMeTpiB. 3HaieMO BMUpa3 s
PO3paXyHKy IOTOYHOI iHTEHCMBHOCTi TOTOKY aBTOMO6imB I, Ha opHiit
cMysi pyxy. 3 1ielo MeTol0 mepeTBOpUMO (GOPMYIY CEpPefHBOrO YMCIa
BUMOT B OffHOKaHaJ/IbHill CUCTeMi MacoBOro OOCTyrOByBaHHS TaK, I00
3HAWTU BUPA3 I OLiHKM IMPUXOBAHOrO 3HAYEHHs IHTEHCUMBHOCTI [
BXi/[HOTO IIOTOKY BMMOT 32 iH(QoOpMaIji€ CIHocTepe)XyBaHUX CepemHix
3HA4YeHb JJOBXXMHY Yepru:

U=t o P = _ﬂ‘:“'lf}] T ~(U11+U)'
1 ob6c 1

1—p T1+U, n 2

Omxe, nAnd BMU3HAYEHHA IIOTOYHOIO 3HA4YEHHA IHTEHCUMBHOCTI
BXi/[HOTO IIOTOKy aBTOMOOITiB Ha OFHY CMYTYy PyXy HOCKUTb OLiHUTU
MaTeMaTNyHi 04ikyBaHHA (CepelHE CIIoCTepe)XyBaHe 3HAYeHH:) KilbKOCTi
(U, ) aBTomobiniB Ha opmuiit cmysi (puc. 1) y rpymi cMyr pyxy Ta dacy
obcmyroysanss (T, ) omHOTO aBTOMOGi/A.

Y migcyMKy BUHMKA€ MOXK/IMBICTb IIPOTHO3Y 3Ha4€Hb MAaTEMaTHYHOTO
OYiKyBaHHA [IOBXMHU r Y€prM i MaTeMaTMIHOTO OYiKyBaHHA 4Yacy
O4iKyBaHHA Y 4ep3i Ha KOXHIN CMY3i pyXy

2
Y 2 I Yo R Y PP L)
T -(1+U) 1-p n(l-p)

OTpumaHi OIiHKM HO3BOAIOTH MOPIBHATY LI IOBXIHY Yepry i yac
o4ikyBaHHA (8) 3 TpaHMYHUM 3HaYEeHHAM. 3a pe3yIbTaTaMy MOPiBHAHHA
MO)Xe OyTM HpMITHATO PpillleHHSA HpPO HeOoOXifHICTb 3MiHM IOTOYHOI
opranisauiiiHoi ctpykrypu AIIIl 3a paxyHOK 36i7bLIeHHS KiTbKOCTI

1
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CMYT PyXy 3 METOI0 CKOPOYeHHs 4acy nepeOyBaHHS aBTOMOOiNIB y yepsi
a00 IO 3MEHILIEHHs Ki/IbKOCTI AiF04UMX CMYT pyXy 6e3 LIKOAM /IS SKOCTI
00cIyroByBaHHs aBTOMOOITIB i rpoMajisiH.

IIpn npomy 1wopasy ciij IONEPEJHbO OLIHUTY HOBE 3HAYEHHA
iHTeHcMBHOCTI [/, IapLiaJIbHOTO IIOTOKY IJIA CUTYyalii O4iKyBaHOTO

(HOBOI‘O) 3HAaYC€HHA KUIbKOCTI1 Ylnew CMYT PyXy B IpyIl, a TaKOXX HOBIL
OY1KYBaHI1 3HAY€HHA JOBXNWHI Y€PTU 1 9aCy OY1KYBaHHSA B 4€pP3L:

1 2
1 — _Lnew . S r= pnew . — pnew (9)

Lnew — ’ new ’ > Puep.new T .

My u 1-p,.. u(l-p,,)

SIK1110 HOBi 3HAYEHHA JOBXKVMHM Y€PIY i 9acy O4iKyBaHHSA BUABIATHCS
JOITYCTUMMMY, PillleHHs I[OI0 CKOPOYEHHS YMC/Ia CMYT PyXy B rpymi Oyze
OOI'PYHTOBAHVM i 10T0 MOYKHA IPUIIMATH /11 BUKOHAHHS.

BucnoBku. OTpyMaHi po3paxyHKOBi CIiBBiJHOIIEHHS HJIA OLHKMU
CTaTUCTUYHOI BeJIMYMHYU IiHTEHCHBHOCTI BXiJHOTO IOTOKY aBTOMOOi/NiB
Ha OKpeMYy CMYTY i Ha Bcio rpymy cmyr pyxy B AIIIl nosBonAoTb BuacHO
BUABJIATY HEOOXiIHICT 3MiHU Ki/IBKOCTI IPAIIOI0YMX CMYT Y KOXKHIl rpymi
CMYT PYXy aBTOMOOI/IbHOTO ITYHKTY IIPOITYCKY.

I0i > CITiBBifIHOIIEHHA NO3BONAIOTH Ki/IbKICHO OLIiHIOBAaTH OYiKyBaHi
3HAYEHHA [IOBXMHM 4YeprM i 4Yacy OUIKyBaHHA B 4Yep3i BiJIOBIZHO
[0 BapiaHTiB NPUITHATUX pillleHb 3a ONEPaTMBHOIO 3MIHOIO CKIagy i
KiZIbKOCTI IIpallOIounX CMYT y Ipymnax cmyr pyxy B AIlIl, mo Bu3Ha4a0TH
OpraHisaniifiHy CTpyKTypy aBTOMOOI/IBHOTO ITYHKTY IIPOITYCKY.

3 pospaxyHkoBux ¢opmyn (9) BUIUIMBAE, IO B pasi HaOMVKEHHA
3HaYeHHs1 Koedilli€eHTa 3aBaHTaXeHHsS r [0 oguHuLi (r 1) mOoBXuHa
4yepru i yac O4iKyBaHHA B 4Yep3i CIPAMYIOTbCA O HECKIHYEHHOCTI, 110
Mo>ke napanizyBatu po6oty AIIIL. Tomy noTouHe 3Ha4eHHs KoediljieHTa
3aBaHT@KEHHs € IHAMKaTtopoM criikocti B pobori AIIIl i Bmmarae
nocriftHoro KoHTpomo. Hapmami s BupilieHHs mpo6neMyu BTpaTu
crifikocti B po6oti AIIII cmig posrisAsHyTM OCOOMMBOCTI Iepexomy Ao
CKOpOYeHMX HabOpiB IepeBipok aBTOMOOI/IIB B aBTOMOOI/TbHOMY HYHKTI
IpPONYCKYy 3 MiHIMaJIbHOI BTPATOK iHOPMATMBHOCTI pe3ynbTaTiB 3
BMABJIEHHS IIPABOIIOPYIIEHb.
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Cmamms naditiwuna do pedaxuyii 13.11.2015.

Iopoonos B. I, Kupunenxo B. A., Ilempos B. H. Mopenb oueHKM
mapaMeTpoB M  YOPaBAeHNMsA  OPraHM3AIMOHHON  CTPYKTYpOIl
aBTOMOOIIBHOTO ITYHKTa MPOMYCKa Yepe3 rOCyJapCTBEHHYI0 I'PAHMITY
Ykpaunsbl

B crarbe mpepcTaBieHa MOJeIb OLEHKM IIapaMeTpPOB U yIpaB/IeHNUA
OpraHU3aIMOHHON CTPYKTYPOIl aBTOMOOM/IBHOTO ITYHKTA IPOITYCKa Yepe3
TOCY[JapCTBEHHYIO I'PAHNIY YKPAUHBL, 1 OIIpefie/ieH a/ITOPUTM HOCTPOEHNUSA
cxeMbl i1 GOpPMUPOBAHMSA MHCTPYMEHTOB 00paboTkm uHpopmanmu,
a TaKKe UX MCHONb30OBAHMSA [y JIETAJIbHOTO IIONYyYeHMSI OLeHOK
CYILIECTBYIOLIMX U IIPOTHO3MPYEMBIX 3HAYeHMI CKPBITBIX I1apaMeTpOB
peasbHOro 00'beKTa — ABTOMOONMIBHOTO ITYHKTA IIPOIYCKY.
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KrnroueBble cmoBa: modenv  OueHKU NApamempos, — anzopumm
nocmpoeHust cxemvl Onsl (POPMUPOBAHUS UHCPYMEHMO8 00pabomKu
uHgopmayuL, a6MomoOUNLHbIe NYHKMbL NPONYCKA.

Gorodnov V. P, Kyrylenko V. A., Petrov V. M. Model parameter
estimation and management organizational structure of highway border
crossing point across the state border of Ukraine

The aim of highway border crossing point (HBCP) is to perform a
controlled crossing the state border of Ukraine persons, motor vehicles and
cargoes (control objects), and detecting and preventing attempts of illegal
movement across the border.

Controlled vehicles vary in types - cars, trucks, trucks carrying over
3.5 tones, buses, and operational control. Therefore, in the organizational
structure of HBCP for each type of vehicle, call it “object of control” or
application (request) for maintenance, when they departure and enter
Ukraine they must go through specific groups of lanes equipped with means
of border and customs control. Number of lanes in a group can vary from
one to n> 1. More than this, each lane is a separate “channel” of border
control (channel service).

Every vehicle entering the service channel (border control) is not
known in advance (random) time. The combination of these vehicles creates
flow applications (requirements) for service.

For law-abiding citizens border controls must meet European
standards, in accordance with the criteria can be expressed requirement of
minimum length of time stay in control objects of HBCP and quantity can
be estimated duration of operations control, the length and duration of stay
in the queue.

Therefore, to ensure that the process of border control European
standards need time to adjust current state of organizational structure of
HBCP which depends on the intensity of the input stream of cars.

At low intensity of flow of control objects separate lanes may be closed.
By increasing the intensity of the flow of objects of control the senior of
border guard details in HBCP should promptly increase the number of
working lanes, and at an even greater increase in the intensity of the flow of
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control objects — move to the use of methods reduced inspections without
breaking regulations.

However, the composition of each vehicle (object of control), not
known in advance, can include both the vehicle and driver, and cargo and
passengers with a different set of controlled features, making the length of
each control - previously unknown (random). This indicator parameter
for decision-making - the intensity of input flow of control objects are
characteristic statistical (mathematical expectation of the number of claims
per unit of time) for its evaluation required a long period of supervision over
the work of lanes, which can lead to loss of efficiency of decision-making
management of HBCP in general.

Therefore, to assess the current performance of HBCP and timely
decisions on adjusting its organizational structure and regime of operation
(degree of completeness checks) can be useful to develop an appropriate
model.

But the problem is that such a model, according to the observed
process parameters of HBCP must allow to carry out an assessment is
not “visible” intensity values input flow of objects of control and other
statistical characteristics of the traffic lanes and HBCP, which determine its
effectiveness.

Unresolved problems and the purpose of work. The task of identifying
the hidden parameters of the facility and management of organizational
structure of HBCP should be solved on current observable data, in this
case —random values.

In this case it is necessary to solve the problem determination
process (method) and algorithm construction scheme for the formation
of information processing tools and their use to legally obtain estimates
of current and projected values of hidden parameters of the real object of
HBCP. The aim of this work is the solution of formulated problems.

Conclusions: The obtained value calculated to assess the statistical
value of the intensity of the input of stream of cars on a private lane and the
whole group of lanes in HBCP, allow time to identify the need for changes
in the number of employees in each group of lanes in the HBCP.
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These correlations allow quantifying the value expected by the length of
queues and waiting time in the queue in accordance with the decisions taken
options on changing the operational structure and number of employees in
groups of lanes in HBCP, determining the organizational structure of HBCP.

According to calculation formulas (9) in case of approaching the
meaning of the coefficient of downloads r to 1 (r ) length of the queue
and waiting time rush to infinity, which can paralyze the work of HBCP.
Therefore, the current value of the load factor is an indicator of stability in
the HBCP and requires constant monitoring. Further, to solve the problem of
instability in the HBCP should consider the characteristics of the transition
to a reduced set of inspections of cars in the HBCP with minimal loss of
information content of the results to detect offenses.

Keywords: model parameter estimation, algorithm of construction
scheme for the formation of information processing tools, highway border
crossing point.
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