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Po3mmpenns mepex IleTpi i komMmiekcHi yncaa

Jlnsi M0Oeniosants mexHoaA02IUHUX NPOYeCi8 PI3HUX THHOPMAYTUHUX | MPAHCHOPMHUX CUCTIEM, y MOMY YUCTHi i
cucmem 3anI3HUMHO20 MPAHCIOPMY, ¥ CIammi YOOCKOHALEHO UXiOHy npedukamiuy nosuyilo |-2o piens (nepedymoena
KoMnjiekcHa no3uyist 1-2o pisns), po3pobneno éxiony npeduxamuy nosuyiio 1-2o pisns (nicisymosna KOMnIEKCHA RO3UYIsL
I-20 pisns), peanizosano mexanizm pobomu nepedymoeHoi komniexcholi nosuyii |-2o piens i nicistymoenoi KomniekcHoi
nos3uyii' -20 piens, onucano OuHamixy QyHKYIOHYS8aHHsI NePedyMOSHOI KOMNIEeKCHOT no3uyii 1-20 piens i nicistymoenoi
xomniekchoi nosuyii |-eo piens. Ha npuknadax oOIpyHmMosano memy 3ACMOCYSAHHS B6€OCHUX NepedyMOGHOL [
nICAAYMOBHOL KOMRAEKCHUX no3uyiti |-2o pigns.

Kntouogi cnosa: mooens, poswupena mepexca Ilempi, euxiona npeduxamua nosuyis 1-20 pigns, exiona npeouxamua

nosuyis |-2o0 piens, nepedymosna xomniexcna noszuyis |-2o0 pisns, nicistymosna komniekcha nosuyis |-2o pisus.

IMocranoBka npodieMu

s MOZeNroOBaHHS TEXHOJIOTTYHHMX IPOIECIB PI3HUX
iHpOpMaliHHUX 1 TPAHCIOPTHUX CUCTEM, Yy TOMY YHCII i
CHCTEM 3aJi3HUYHOTO TPAHCHOPTY OYyJiIM pO3MITHYTI
HoBOBBeJeHHs Mepex Iletpi [1-5]. ¥V crarri [1] Oynm
BBeJIEHI HOBI MOMYJIAIIII: 610 dyeu — iHTiIOiTOpHA AyTra N-TO
TIOPSAIKY; 6uUOU nOo3uyil. TO3UINS N-TO PiBHSA, MO3UILA 3
(bikcoBaHMM dacoM 3aTpuMaHHs (imok, mo3uiis N-ro
piBHS 3 (IKCOBAaHMM HYacoM 3aTpuMaHHs (iIIOK; MPOCTa
NpeMKaTHa TO3ULs; MPEeAUKaTHA MO3UList N-TO piBHA. Y
craTTi [2] po3pobieHO NMpenuKaTHUIl mepexin i HaBeACHO
OpHUKIaIu MOAeneil #oro 3acrocyBanHs. Y crarti [3] —
eJeMEeHTH po3mupeHoi mepexi IleTpi: iHribiTopHa ayra
N-20 TOPSIZIKY; MO3HUIlis N-TO PiBHSA, MO3UIiSA 3 (PIKCOBAHUM
gacoM 3arpuMaHHs (imok, mo3mimisi N-e0 piBHA 3
¢ikcoBaHMM yacoM 3arpuMaHHs  (QIimIOK, HpocTa
NpeiMKaTHA MO3MLIs, NMpeauKaTHa IO3ULis N-20 piBHA i
NpEeIMKaTHUI Tepexifi ONMcaHi MaTeMaTH4HOI0 MOBOIO i
BizoOpaxkeH1 3a JONOMOToI0 rpadiuHuX iHTepHpeTamnii i
HAa HABCJCHUX IPHUKIANaX OOIPYHTOBAHO I[IHHICTh
BUKOPHCTAHHS €JIEMEHTIB po3imupeHoi mepexi [lerpi mis
nmoOymoBU MoJelNeH, SKi ONMUCYIOTh CKIIaJHI TEXHOJOTIIHI
MIPOLIECH PI3HUX 1HPOPMAIIHHUX 1 TPAHCIIOPTHUX CHCTEM,
a B crarti [5] BBEIEHO NPEAUKATHY y3arajbHEHY HO3HUIIIO
1 TmpeaWKaTHY y3arajdbHEHY IIO3UIlII0 N-20 pIBHA Ta Ha
KOHKPETHOMY  TpPHKIAAi  BiIOOpakeHO  3aJICKHICTh
KOMITOHEHTIB (YHKI[ii MapKyBaHHS JUIS PO3IIHPEHOT
migMepeki 3 BUXIAHOIO IPEIUKAaTHOIO Y3arajibHEHOO

no3uliro K-eo piBHA 1 BXITHHMH eJEMEHTAPHUMH
no3uLisiMH, y crarti [6] mOpoBemeHO PO3IIUPCHHS
MOJJIMBOCTEH KOMIUIEKCHOT —mo3umii Buxy N —IM

(BuximHa mpenUKaTHA TMO3HLIs), PO3POOICHO KOMIUICKCHY
nosutito Buay N+IiM (BXigHa mpeguKaTHA MO3HIISA) i
peaii3oBaHO MeEXaHi3M poOOTH KOMIIIEKCHUX MO3HUIIN
BuAiB N—IiM i n+im.

O B. C. Ceaxeubknii, 2020

TexHONOTIYHI TpOLECH IO CBOIH TPUPOAL €
TUHaMidHEMU. ToMy MoOyIOBaHy MOJEIb TEXHOJOTIYHUX
MIPOIIECiB 3 BHKOPUCTAHHIM PO3IIMPEHHX Mepex lletpi
OyaemMo  ommcyBaTH 3a  JOMOMOTOK  JUHAMIYHHX
Tabnuie [1].

ITocTanoBKka 3agaui

TomoBHa Mera crarrti — YAOCKOHAJIUTHU BI/IXi,HHy

npeidkaTHy — mosumito  |l-eo  piBs  (mepemymoBHa
KOMIUIEKCHA TO3UIlis |-20 piBHA), pO3pOOHMTH BXIigHY
npeadkaTHy — nosuiiro  l-eo  piBEa  (micisymoBHa

KOMIUIEKCHA TMO3MIIs |-20 piBHS), peallizyBaTH MeXaHi3M
poboTH IMEpeyMOBHOI KOMIUIEKCHOT MO3HMIl |-20 piBHA i
MCIAYMOBHOI KOMIUIEKCHOI T03MLii |-20 piBHs, omucatu
OUHAMIKY (GYHKLIOHYBaHHS MEPeIyMOBHOI KOMILICKCHOT
no3uii |-eo piBHA 1 HMicIIyMOBHOT KOMIUIEKCHOT mo3uii |-
2o pieas. Ha mpukmagax — OOIpYHTYBaTH  METY
3aCTOCYBaHHS BBEICHHX MNEPEAYMOBHOI 1 MiCIIYMOBHOI
KOMIUICKCHHUX NO3uLiit |-co piBHS.

Bupimenns npodaemn

Ilepedymosna nozuuis |-zo piens

BusnauenHs 1. mepenIyMOBHAa KOMIUICKCHA MO3HLISA
[-20 piBus (BuximHa mpeaukaTHa mosuuis |-eo piBHs) — 1e
nosuuisi |-eo piBHA, y skiit (puc. 1) mepuuii piBeHb
3a[1a€ThCSL YUCIOM N, —iMM, Apyruil piBeHb 3aJaeThCs
4HCIIOM I, —iMm,, ..., | piBeHb 3aaeThes yncnom n —im, .

Buxinna mnpeaumkatHa nosuuis l-eo piBHs (puc. 1)
BUpilye KOHQUIKTHY CHTyallil0 cropampoBaHHs K
MEPEXO/iB, SKi BUXOASTH 3 JAHOI IMO3MIIi, 1 JEMOHCTpPYE
no3unito 3 | piBHiB, y sKili 3amaHa MOCIHIJIOBHICTH
BIOPAJIKOBAHUX YHMCeN N —im,,n, —im, ,..., n —im,
BIAMOBiMHO BKazye Ha N mepexim, ne 1<n<l, skuii mae
CrparoBaTH, i Ha M dimox, ne M>1, sxi cnix BuayuwnTy 3
no3umii s 1<i<k.
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IHOPOPMAILIIMHO-KEPYIOUI

CUCTEMU HA BAJIIBHUYHOMY TPAHCIIOPTI

P

SPl_C

Puc. 1.1linmepexa Sy, o 3 nepedymosHoi0 KOMILIEKCHOIO

nozuuiero |-20 piBas

Hexail y migMepexi BUXigHa IpeJuKaTHA MO3uLis |-eo

. 0
P1BHA P Mae II0YaTKOBC MapKOBaHHSA

m(P°) = (m,m,...,m), a no3uuii pj s 1<K marots

nouarkose Mapkopauus IM( F’J) s 1<G<k. Y pesynbraTi

3aMycKy MOCJTITOBHOCTI MEePEXO/IiB tnl , tn2

""’tn| MapKOBaHHS MiAMEPEKi M OyAyTh BIAOBIIHO
. . ! " |
3MiHIOBaTHCs Ha HOBi MapkoBanus M, M ..., M o,

nepexoy tnl
(Dl‘q OTA<k <k) C(k =n), i noe mapxosauns

HO3HIii p°

IIpu CITpaIfoBaHH1

Oyne

f o\ _ . .o '
m(P") = (0,m,...,m), HoBi MapkoBaHHs mO3MIiii le
1<j,<k-1  6Gymyms
m(Ph) = m(Ph) mns 1< j; <K, -1 nose mapkosanus

BHU3HAYATHUCS dhopmyioro

TUTs BH3HAYATUCS  (HOPMYIIOI0

MO3UIIiT Pk Oyne BH3HAYATHUCS (hopmyIoro
1

mI(R('l) =m( Pk1) + M, HOBI MapKOBaHHsA NO3MLIi PJ-;
k1+15 j2 <k Oymyrs Bu3Hauatucs (HOPMYIONO

m(P,)=m(P,) wms Kk +1<j,<k

bt

nepexomy tr'12

(Et;(z OT 1<k, <k) C(k, =n,),inose mapkopanus

HO3HIIT po

ITpu CIIpaItoBaHH1

Oyne BHU3HAYaTUCS (dopmyioro
m (P°) = (00, M,...,M ), HOBi MapKOBaHHSA MO3MUIM
le mis 1< |, <K,-1 6yayts BusHauatHcs Qopmysnoro
m(Ph) = m(Ph) s 1< jls kz-l, HOBE MAapKOBaHHS
TTO3UIIiT Pk Oyne BH3HAYATHUCS (hopmyoro
2

m (sz) =m (sz) +IM,, HOBI MapKyBaHHS IIO3ULIH
lez JUTSE k2+1§ jsz OynyTh BH3HAYaTHCSA (OPMYIIOIO
m (Plz) =m (Plz) Ut k2+1§ j2§kiT. .

nepexomy t;\

(Etl;l OT A<k <k) O(k =n), i nose mapkopanus

O3uIiT P0

ITpu CIIpaItoBaHH1

Oyne BU3HAYATHCS

M (P°) = (00..0) , nosi waprosasns nosuiii P,

dhopmyoro

1< jl < k| -1 Oyayts
O Y=miID(p
m(P,) = mi ()

TS BU3HAYATUCS  (POPMYIOI0

w 1< ;<K -1, mose

MapKOBaHHsI TO3HUIIIT Pk" Oyne Bu3HayaTHCA (OpMYIIOHO

Wfl)(Fl’(")=m(l_l)(Ff;|)+m, HOBi MAapKOBaHHS TO3MIIH

F)]-'2 mis K +1<j,<k 6ynyTs Busnauatucs dopmyrnoio
Op' Y=mlD(p ;

mO(PL) = M (P) amm k +15 j, <.

Inakie, TOCIiZOBHICTh IIEPEXOMIB tnl, tnz Ve

3anyctuthbes (puc. 2):

(@, OT A<k <k) Ok =n)=(m (P°) = (O,m, ...,.m)) O (m'(P,) = (m(P, ).1< j, <k, -1) O (M(R) =
mR,)+m)O(M(P,) =m(P, ).k +1< j, <k), (4, OTi<k<k) (k=) =m (P°) = (00,m;....m)) O
(M (P)=m(P,),1< j, sk, ~) T (M'(R,)=m(R)+m)C(M(B,) =m(R )k, +1< j,<K) ...,

(4, OT 1<k <K) Ok =n) =(m"(P°) = (00..0)) O (M"(P)=m'?(P.), 1< j, <k - O(m"(R,) =

A ®)+m)Om ™ (P.), k +1< j,<k).
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3ayeascenns 1: pemyunnu K i | — nosineHi, ne | — kinbkicTs piBHiB npemukaTHOi no3uwii, a K — kinbkicTs nepexois,
SIKi BUXOATH 3 TIPEUKATHOT MO3HII1.

g
Puc. 2. Mogtens Ha 6asi minvepexi S, o
Mogenb S, ommcaHa 3a JOIOMOIOIO pOo3MHpEHOT 3acTocyBaHHsS PO3poOIeHOT Momemi S PO3TIISTHYTO
Mepexi [leTpi, 3a1a€ThCsl MATPUIIIMU Ha nipuknani 1 1yis KOHKPETHUX JaHHX.
0L 02 .. .0 O O...0 Mpukaan 1. Cxman moi3ga Ha COPTYBAIBHIM TipIli

noctymnae B po3dpopmyBanHs. [10131 MiCTUTh TpH BigUery.

PP=0102 ...0 1 2 ... K
11 ...011...1 fawme, - M(Po,) =1, M(Pe;) =0.m(Py;) = 0.
m(P) =2-132, m(P,)=1-15, m(R,)=3-11§
01010202...0-10 1 2 ...k m(P;)=0,r 1<j<3. [lunamika TexHoIOri4HuX
T'=/0 02 0 03... @ 0 1112... mporeciB poboTH Mojedi S BimoOpakena B Tabm. 1.
m-1m-1... -1 m 11 ... 1 3aranom nepexonu T, OT imirytors nepexomu ty i
] nepexoan ti' ,ae1<i<3.
1 NOYaTKOBUMH MapKOBaHHIMH m(PR,,) =1,

M(Py,) =0.,..m(Py) =0, m(P,) = n=im, ne
1<i<l, m(P;)=0,1el<j<Kk.

Tabmuug 1
JuHamiuHa TaOJIMISA TEXHOJIOTIYHUX MpoueciB podoTH Moaesti S
Homep | Y.0.u T, Po1 P, | Py ' P, ' P, ' P, |:>l'1 P, | Ps 3ayBakeHHS
TaKTy
1 0 |ty| O | 2| 0| 232 15 318 0| o0f of Hossinnaliuesiguerens
2 0 t'2 0 1 0 0 1/5| 3/18 ol 32 0 Buxonano l-ue iouennenns
3 1 t02 0 0 1 0 15| 3/18 5 32 o| Ho3eix Ha 2-re BiguerieHHS
4 1 ti 0 0 1 0 0 3/18 5 32 0 Buxonano 2-ee giouennenns
5 2 t03 0 0 0 0 0 3/18 5 32 0 Jo3Bia Ha 3-T€ BigUeIICHHS
6 2 t'3 0 0 0 0 0 0 32 32 18 BuKOHaHO 3-m€ eidqenﬂeHHﬂ
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Ilicnaymosena nosuyin |-20 piens

BusHaueHHs 2. MICISyMOBHA KOMIUICKCHA ITO3HILIS
|-20 piBua (BximHa mpemukatHa mosumis l-eo pisms) — e
nosunis l-eo piBma, y sxiii (puc. 3) mepmmii pisenb
3a/Ia€THCA YUCJIOM: nl+iml, Jpyrui piBeHB 3a1a€ThCA

guciaoM N, +im,, ..., [-if piBeHb 3amacThes  UMCIOM

n +im .
F, L
B, b
Py, ly

Puc. 3. Mogens po3hopMyBaHHs CKIamy Mmoi3aa Ha
COpPTYBIBHIH TipIi

BxigHa mnpexukatHa mno3uuiss l-eo piBus (puc. 3)
BUpilIye  KOH(JIKTHy cuTyauiroo crpamosanns K
MEPEXO/iB, SKi BUXOMAATH 3 JAHOI MO3MWIIIi, 1 IEMOHCTpPYE
nosunito 3 | piBHiB, y sAKili 3ajaHa MOCTIZOBHICTH

BIIOPSIIKOBAHUX YHCET nl+iml, n2+imz N +im .
BigmosigHO BKasye Ha N mepexinm, ne 1<N<l, axuii mae
crpaiosaty, i Ha My ¢imok, ne M>1, sxi cnix ButyduTH
3 mo3uwii i 1<i<k.

Hexait y migMepexi npeaukaTHA MO3MIs |-ro piBHA
Ma€ I0YaTKOBE MapKOBaHHS m(PO)z(ml,mZ’._.,m), a

HO3HUIIT F’J it 1<K MaroTh MoYaTKoBE MapKOBAaHHS

m(PJ) st 1<j<K. VY pesyspTarti 3amycKy moCiiI0BHOCTI

EPEXOIiB tnl, tnz tn| MapkoBsaHHs niamepexi M

OynyTh BiAMOBIZHO 3MIHIOBATHCS HAa HOBI MapKOBaHHS
: " [
M, M. MO

Ipu CIIpAIIOBAHHI epexomny t

L
(Utkl OT 1<k <k) C(k =n,), i nose mapxosanns

MO3HIIT p° Oyne BHU3HAYATHUCS hopmyioro

m(Po) = (0, m,...,m ), HOBi MapKOBaHHs MO3MILiit ‘P-l

j
s 1< j1§k1-1 OynyTh BH3Ha4aTHcs (HOPMYIIOIO

m(Ph) = m('le) ms 1< ], <K, -1, nose mapxosanus
Oyne BHU3HAYATHUCS dhopmyoro
m(R)=mR)-m, z mR)zm,

sz VTS k1+1§j2§k OynyTh

MO3ULIT F;(
1
HOBI

MapKOBaHHs IO3UIIIH

BU3HAYATHCS  (hOPMYIIOIO m(P]Z) = m('sz) ans
K +1<j,<k.

IIpn CIIPAIIOBAHH] Hepexomay ‘tnz
(D'tk2 OT 1<k, <k) C(k,=n,), i nose

mapkoBanss nosurii P° Oyme BusmHauaTmcs (OpMYIO0
m (P°) = (0,0,m,...,m), HoBi mapkoBanHs mno3MILii

'le ms 1< j;<K,-1 Gynyrs Busnauatucs dopmymnoro

m(Ph) = m(Ph) ms 1< |, <K,-1, nose mapkosanms
BU3HAYATHCS

Oyne (dhopmynoro

m(R,)=m(R)-m, e m(R)2m, nosi

MO3ULIT ' F;(
2

MapkoBaHHA mo3umii P s k2+1§ jzik OynyTh

2
BHU3HAYaTUCS  (HOPMYJIIOIO m(P]Z) = m(PJz) y A
k2+1§ j2§ki T. 1.

IIpu CIIPAIIOBAHH] Hepexomay tnl

(Dth OT 1<k <k) O(k =n), i nose mapxosanns

MO3MIIIT p° oyne BHU3HAYATHUCS (dhopmyor

m®(P°) = (0,0....0), Hosi mapxoBanms nosuuii 'F’jl
1<j, <k -1 6ymyms

m ()= m" (R

TS BU3HAYATUCS  (POPMYIOI0

w 1< )<k -1, nose

MapKOBaHHS TMO3UITiT Pk Oyne BHU3HAYATHCS (HOPMYIIOIO
1

NDY=m /(DY) _ (1-1) ' .

m((qu)—m (qu) m, ze M (PK)Zm HOBI

MapKOBaHHsI IO3UIIIH P ans k' +1§j2§k OynyTh

J2
BU3HAYATUCS (DOPMYIIONO m"’('sz) = m(l_l)(‘pjz), st
K +1<j,<k.

IHakmie, MOCIiIOBHICTh MEPEXO/IiB tnl, tn2 P

sanyctuthbes (puc. 4, 5):
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(O, OTask <) Ok =n) = (M (P°) = (O,m, ... m)) O (M (P,) = m(P,), 1< j; <k, -1 1
(M(R)=m(R,)+m) O(mi(R,)=m(P, ).k +1< j, k), (0t OT 1<k, <k) O(k, =n,) =
(m'(P°) = (00,m,....m)) 0 (M (P,)=m(R,), 1< j; <k, )T (M (R,) = m(R)+m) C(m(R,)=
rn'('ﬂz),k2+1s j,<K),..., (D’tkl OTl1<k <k) O(k =n)=m"P%= (0,0...,0))D(m<|>('le)=
m'(R,), 1<}, <k -0 (R) =m"(R)+m) 0 (m"(P,) = m'*(R,), k +1= j, <K).

3ayeascennsa 2: penuunny K i ] — 10BinbHi, 1e K — KinbKicTh piBHIB IpeIMKaTHOI IO3MILIT, aj — KUIBKICTh TICPEXOIiB,
SIKi BUXOJATh 3 TIPEMKATHOT MO3HIIl.

0

B LTI Y | .
N

Puc. 5. Mogens Ha 6a3i miamepexi Sp, |
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Monenb S, OIMMCaHa 3a JOTOMOTOI0 PO3IIUPEHOT
Mepexi [leTpi, 3a1aeThCsl MATPUIIIMU

11 12 Ik 0 O 0
PT=[11 12 k 21 22 2,

1 1 1 m m, m,

11 12 k 21 22 2
T'=|0 0 0 21 22 2

1 1 1 1 1 1

i nouarkopumu wmapkosammmn M(P;) = m,, ze

1<i<k,
m(Py) = (n, +im,,n, +im,,..., n, +im,)

m(P,;) =0,rel<j<I.

Hpuxkaax 2. Ha puc.6 HaBemeHo
NePECTABJICHHSI TPYIH BaroHiB 3 MPUUMAaNbHO-BIAMPABHOL
(1I-B) xomii Ha copryBanbHO-BignpaBHy (C-B) komiro.

Hosuuii P, , P, i P, wmoxemoors npuiimansho-

MOJIENTH

BiJIMTpaBHi KOJIii BaHTOXKHUX TOI3MiB, a MO3UIIT sz , e

1< j <4, mozemoroTs copryBaibHO-BixnpasHi kouii. Ha

npuiAManeHO-BiANpaBHUX Koxisix 1, 2 i 3 BixmoBimHO
3HaxoguThbess 36BaroHis, 24Baronu 1 21Baron. Imakue,

m(P,) =36, m(B,)=24 i m(P,)=21.

O3HakM IepecTaBIeHHs TPyl BaroHiB 3 NpPUHMaJILHO-

m(P,) =12 +i14,

m(P,) =11 +i17 .

Ha

COpPTYBaIBbHO-BiNpaBHUX Komisx 1, 2, 31 4 BiAmoBimHO

MiArOTOBJIEH]

16 Barouis.
m(P,,) =33, m(P,;) =21 i

[lepecraBiieHHs1 TPy BaroHiB 3 NMPHUHAMAaJIbHO-BIANIPABHUX

KoM Ha

COpPTYBAJILHO-BiANPaBHi

3a1a0ThCA
f(Py,) =1,

Baranom mepexonu T, T imiryrors mepexomu 1, zme

24

Barond, 33BaroHw,

Inakie,

TPUBAJIOCTAMU

f(Py)=1 i

Kol

21Baron i
m(R,,) = 24,
m(R,) =16.

BIZITOBITHO
f(Py) =0,
f(Py)=1.

1<i <3, nepexomn t;, ne 1< j £4,inepexonu ty;. e

1< j<4.

JlnHamMiKy TEXHOJIOTIYHHX TIPOIECiB poOOTH MOJei

S npomemMoHCTpOBaHO B Tabw. 2.

124121

12+i24
11+i17 |

11419 J—»I—»O
! . f

BIANPAaBHUX KOJNIH Ha COPTYBAJIbHO-BIANpPaBHI KOl
33/1al0ThCSL  BIAMOBITHO MapKoBaHHAMH M ( P01) S R e et
m(P,,) =0, m(Py;) =0, m(Py,) =0. s
ITlicnsyMOBHI ~ KOMIUIEKCHI  IMO3WIi  3a7alOThCA  SIK
m( Pll) =13+i21, rr(%) =11+i19, Puc. 6. Monens nepecraBieHHs Tpynu BaroHis 3 [1-B
kol Ha C-B xodiro
Tabmuwus 2
Juuamiuna Ta6aHIs TeXHOJIOTIYHNX NpoueciB po6oTn Moedi S
Ir:I/(r)lMep Vou | T, ‘Pll . P | Py Pl‘ Pz' I:‘3‘ I:)4' Py | Pa Py Pa
1 0 ‘t13 36 24 0 13/21 11/19 12/24 11/17 24 33 21 16
2 0 t,, 36 24 0 0 11/19 12/24 11/47 45 33 21 16
3 1 't11 17 24 0 0 11/29 12/24 11/37 4% 33 21 16
4 1 t,, 17 24 0 0 0 12/24 11/1f 45 52 21 16
5 2 ‘t12 17 0 0 0 0 12/24 11/1y 45 52 2] 16
6 2 t,s 17 0 0 0 0 0 11/17% 45 52 45 14
7 3 't11 0 0 0 0 0 0 11/17 45 52 45 16
8 3 t,, 0 0 0 0 0 0 0 45 52 45 33
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BucHoBku

[TocraBneny MeTy B CTaTTi BAKOHAHO, a CaMe:

- YJIOCKOHAJIEHO BMXiJHY MNpEIUKATHY MNO3uLi0 |-20
piBHs (MEpeyMOBHa KOMILIEKCHA To3uli |-20 piBns, ska
3a1a€ThCS  TOCIHIJOBHICTIO  BIOPSIKOBAHHX  YHCEI

n-im,n—-im, ..., ...n —im),

- pO3pO6IIEHO BXiAHY NIpeauKaTHy Ho3ulito |-20 piBns
(micnsiymMmOBHa KOMIUIEKCHa mo3uuis |-2o0 piBHsA, ska
3aJa€TbCsl  IOCITIJOBHICTIO  BIOPSAKOBAaHMX  YHCEN

n+im, n,+im, ..n +im);

- peai3oBaHO  MEXaHi3M  po0oTH
xoMmmuekcHoi mosumii  l-zo  piBHa i
KOMILIEKCHOT To3utii |-20 piBas;

- ONMCAHO JWHAMIKy (YHKI[IOHYBaHHS NEpeayMOBHOI
KoMIiekcHoi mnosumii  |-eo0  piBHa 1 micnsymoBHOT
KOMILIEKCHOT 103u1ii |-20 piBus;

-B  OCTQTOYHOMY pe3yibTaTi Ha  HPHKIAagax
OOIPYHTOBAaHO MeTy 3aCTOCYBaHHS BBEJICHUX
IIepeayMOBHOI i MiCIAyMOBHOI KOMIUIEKCHHMX TO3MLiH |-20
piBHSI.
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Cenenxnii B.C. Pacmmpenue
KOMILTEKCHBIE YUCIIA.
AuHoTammsi. I8 MOJIEIMPOBAHUSA  TEXHOJOTHYECKUX
MPOIECCOB PasIMYHBIX UH(POPMALIMOHHBIX u
TPAHCIIOPTHBIX ~CHCTEM, B TOM YHCJIIE W CHCTEM
JKEJIE3HOIOPOIKHOTO TPAHCIIOPTA, B CTaThe
YCOBEPIIICHCTBOBAHO  MPEAYCIOBHYIO  MPEAUKATHYIO
no3uiuio  |-ro  ypoBHs (peayciaoBHAas —KOMILIEKCHAS
mosuius  |-ro ypoBHs),  paspaboTaHO  BXOIHYIO
NPEAUKATHYIO MO3MIHUI0 |-ro  ypoBHs (mOCTyCIIOBHAs
KOMIUIEKCHAss TO3MIMs  |-ro  ypoBHA), peain3oBaHoO
MeXaHM3M  paboThl  MEPEXYCIOBHOM  KOMILIEKCHOM
MO3ULUK |-r0 YPOBHS ¥ TOCTYCIIOBHOM KOMIUIEKCHOM
MO3ULIUH I-ro YPOBHH, OIUCAHO JTHUHAMUKY
(GYHKIMOHUPOBAHHSA npeIyCIOBHOM KOMILUIEKCHOM
MO3ULUK |-r0 YPOBHS ¥ TOCTYCIIOBHOM KOMIUIEKCHOM
nosunuu |-ro yposus. Ha mprMepax 060CHOBaHHO IEib
TPUMEHEHUS BBEICHHBIX TIPEAYCIOBHOM M TIOCTYCIOBHOM
KOMIUICKCHBIX MO3UIHH |-T0 ypOBHSI.

KuarwueBble cioBa: Mozenb, pacmmpeHHas cetb Ilerpw,
BBIXOJHAS TPEMUKATHAS MO3UIHUA |-TO ypOBHS, BXOMIHAs
TpenUKaTHAs TIO3WIHs |-r0  YpOBHS, MpeayCIOBHAs
KOMIUIEKCHAas MNO3uuus  |-ro  ypoBHsS, MOCTyCJIOBHAs
KOMIUIEKCHAs TTO3MIHs |-ro ypoBHs.

cereii Iletrpu mn

Seletsky V.S. Expansion of Petri nets and complex
numbers.

Abstract. For modeling of technological processes of

various information and transport systems, inclgdin
railway transport systems in the article: - thetiahi

8. Reisig W. Petri nets - an introduction (EATCEpredicate position of thel-th level is improved
Monographs on Theoretical Computer Science 4preconditional complex position of theh level which is

Springer Verlang 1985.

9. Corsi F., Castagnolo B. Probablistie delay eatidn
nets.”

in combinational digital circuits by Petri

set by sequence of ordered numbets=im,, n,—im,,
., N —im), - the input predicate position of tHeth
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level is developed (post-conditional complex pesitof - conditional complex position of thé - th level is
the I-th level, which is given by the sequence of orderedibstantiated on examples.
numbers: nl+irnll n,+im, ..., n+im), - the Keywords. model, extended Petri net, initial predicate

. _ . iti fl - th level, input predicat ition of- th
mechanism of operation of the preconditional compl osfton o 1l 1eVE], Input predicale position
. . o evel, preconditional complex position df - th level,
position of thel-th level - the dynamics of functioning of ostconditional complex position df- th level
the preconditional complex position of theéh level and P plexp '
'Ejhe ppst;jconditional complex position of th¢h level is Haoiiuna 23.11.2020.
escribed.

Teghnological processes of models l_)y the nature Ereyvkuit Bacuns Cmacvosuu, xanoudam mexHivHux
dynamic .that it is offgred to describe quels ayk, nposionuii  incenep  eupoGHu020  nidpo3diny
technological processes with use of the expandedri®ts « 77, qiqcvie sidoirenns’ @inii “ I'onosnozo inghopmayitino
by means of dynamic tables.l 00UUCTIOBANBHO20 YeHmpPY' aKYIOHePHO20 MOoB8APUCEd

A precondition subnetS,, , is constructed on the* Vipsanisnuys". E-mail: Selezkyj@ukr.neORCID iD:
¥ https://orcid.org/0000-0001-6981-9450

basis of the initial predicate position of theh level

(precondition complex position of tHeth level, Whif:h is Seleskyj Vasy Stasovich, Candidate of Technical
given by the sequence of ordered numbems-im, ggiences, Provincial Engineer of the Virobnichnoe
where 1<i<l). The prerequisite subnet is described ipidrozdilu “Lvivske viddilennya” filis of the “Head
mathematical language and is represented by gmphioformation and Obligatory Center” of the Ukrzalisa
interpretation. Joint-Stock Partnership. EmaiBelezkyj@ukr.ne®DRCID
The dynamics reproduces the technological proces#eshttps://orcid.org/0000-0001-6981-9450
of the model, which is developed on the basis & th
prerequisite subnet, and the model in which the
prerequisite subnet is used is illustrated andyaedl on an
example with specific data - train composition, evhi
enters the sorting hill in disbandment.
The need to develop a new population of the pasitio
type - the input predicate position of théh level (post-
conditional complex position of thkth level, which is
given by a sequence of ordered numberstim, where

1<i<l) made it possible to develop a post-conditional
subnet 'Spr - The newly introduced postconditional

subnet'SF,r , is described in mathematical terminology

and represented by a graphical interpretation.

The operation of the model, which is developedhmn t
basis of the postconditional subnet, is describsidgua
dynamic table of technological processes of the ehod
The model is illustrated and its application is lgped on
an example with concrete data - transfer of graafpsars
from receiving - sending tracks on sorting - segdnacks.

Embedded models that use a preconditional subnet

S., o (built on the basis of a preconditional complex

position of thel-th level, which is given by a sequence of
ordered numbers: n —im, where 1<i<) and a

postconditional subnet'SPrI (built on the basis of a

postconditional complex position of thé¢h level, given by
a sequence ordered numbens#im, wherel<i<l) make
it possible to build models of composite objects.
The purpose of application of the introduced
preconditional complex position of the th level and post
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