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B pobomi poszensoaromvcs numanus w000 YOOCKOHAIEHHS NPoYecy Opeanizayii eUOKiCHUX
nacaxcupcbKux nepege3enb, a came  BUKOPUCMAHHA HOB020 Memoody 6  pO3pOONeHHI NIaHy
Gopmysanns nacaxcupcokux noizoie y O0aibHbOMY Ma MICYUEBOMY CHOJLYYEHHAX 3 YPAXY8aAHHAM
nepecaook Ha 3aNi3HUYHUX 80K3ANAX HA OCHOBI Memoody poio 4acmok. Busnaueno, wo nepesazoro
BION0BIOHO20 MemOody € GUCOKA WBUOKICMb 3HAXOOMNCEHHS PiuleHHs O]l MPAHCNOPMHOL MepexCi
8ENUKOI PO3MIPHOCTI.

Knrwuoei cnosa. nacasicupcoki  nepegeseHHs, Memoo  ONMuMizayii, MOOeno8aHHs.
nacajcuponomoxis.

B pabome paccmampusaiomcsi 60npochl  COBEPUICHCMBOBAHUS NPOYECCd OpP2aHU3AYUU
CKOPOCMHBIX NACCANCUPCKUX NEPEBO30K, d UMEHHO UCNONb308AHUE HOB020 Memooda 8 paspabomke
NIaHa OPMUPOBAHUA NACCANCUPCKUX N0E3008 8 OANbHeM U MeCMHOM COOOWEHUAX C Y4emoM
nepecacox Ha Hcene3HOO0O0POINCHBIX B0K3ANAX HA OCHO8e memooda pos yacmuy. Onpedeneno, ymo
NpeuMyujecmeom COOMEemcmseyloueco Memood A6IAemcs BblCOKAsl CKOPOCMb HAXOHCOEHUs
peuierus 0Jis MpAHCNOPMHOLL cemu O60IbUOU Pa3MEPHOCMU.

Knrwoueewvie cnoea. naccadxcupckue nepego3Ku, Memoo ONMUMUIAYUU, MOOETUPOSaHUe
naccaxcuponomoKos.

The paper considers the issues of improving the process of organization of high-speed
passenger transportation, namely the use of a new method in developing a plan for the formation of
passenger trainsin long-distance and local traffic, taking into account transfers at railway stations.
A mathematical model is formed that formalizes the technological process of organizing high-speed
passenger transportation in the form of an optimization task with a target function, which reflects
the total cost of passenger transportation with transfers and a system of constraints. These studies
are aimed at determining the optimal allocation of passenger traffic for the purpose of passenger
trains and operational adjustment of the plan for the formation of passenger trains. To solve the
problem, it is proposed to use a mathematical apparatus based on the method of fractional
particles. It is determined that the advantage of the corresponding method is the high speed of
finding a solution for a transport network of large dimension.

Keywords: passenger transportation, method of optimization, modeling of passenger traffic.
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Beryn. CyuacHi CBITOBI pUHKOBI YMOBH
GOpMYIOTh I 3aJII3HUYHOTO TPAHCIOPTY
HOBI CTaHJapTH HAa PUHKY TPAHCIOPTHHUX
MOCIYT, 10 TOJNSATaloTh B MiABUIIEHHI
IIBUKOCTI TMIEPEBE3CHHS Ta HaJaHHI SKICHUX
TIOCIIYT.

B ymoBax >xOopcTKOi KOHKypeHILil Ha
TPAHCIOPTHOMY PHUHKY 4YacTKa 3ajli3HMYHUX
MACaKUPCHKUX MEpPEeBE3eHb B MACAXKUPOOOIry
BCIX BHUJIB TpPAHCIOPTY CTAaHOBUTH TIOHA
44 4% 1 3 KOXHUM PpOKOM IIOCTYIIOBO
3MeHIIyeThCsA. [IpoBiAHY pOb 3aTi3HHYHHUX
MAaCaAKUPCHKUX  TE€PEeBE3eHb  BHU3HAYAIOThH
PEryJSIpHICTh 1 YHIBEPCAJIBHICTh IEpEBE3EHb
HE3AJIeKHO B MOPH POKY 1 KIIMaTHYHUX
YMOB, pO3Tajy)Ke€Ha Mepeka 3alli3HUIlb 1 iX
BHCOKI MTPOBi3HI MOKJIHBOCT!.

B ocHOBI 3alficCHEHHS 3ali3HUYHUX
MACaKUPCHKUX TIEPEBE3CHb JICKATh HE3MiHHI
MPOTITOM  KIUJTBKOX JIECATUPIYb TEXHOJOTI]
NEPEeBI3HOTO  MpoLecy, sKi  OOMEXYyITb
3/IaTHICTh MACaKUPCHKOTO KOMIUIEKCY THYYKO
pearyBaTté Ha yMOBU (DYHKIIIOHYBaHHS PUHKY
MacaXUpPChKUX TIepeBE3eHb 1 Ha BUMOTHU
CIIOKMBAYIB, Kl IIOCTIHHO 3MIHIOIOTBCI, a
yepes 1€ 3 KOKHUM POKOM 3aJli3HHIISI BTpadae
CBOIX TMacaxupiB. 3BakaroyW Ha 1€, I

3HUKCHHS 30UTKOBOCTI MacaKUPChKUX
IIepeBE3EHb Ta 1IBUILICHHS piBHS
OIIEPAaTHBHOTO pearyBaHHS B JAIbHBOMY Ta
MiCIIeBOMY CIIOJTyYEHHSX HEOOXiTHO

3aCTOCOBYBAaTH OpraHizaiiiiHi TEXHOJIOTIl, B
OCHOBY SIKMX TMIOKJAQJCHI KOHIICMIii, II0
BIAMOBIJAIOTE BHUMOTaM 3MIHHOI OCHOBH
opranizailii macaxxupchbKux nepesesens [1,3].
OmgauM 13 OCHOBHUX  HaIpsMKIB
YIOCKOHAJIICHHS MACAXUPCHKUX TEPEBE3CHb €
BIIPOBA/DKEHHSI IIBUIKICHOTO pPYXY, IO, SK
HACIIJIOK, nependavae oprasizarito
MIBUJKICHUX CIIOJIYYeHh MDK BY3JaMH TakK
3BaHuMH xabamu (anri. hub)y Bcix perionax
KpalHH Ta MepeBe3CHHsS Ha KOPOTKHX IUIeYax B
30H1 TsKiHHS Xa0iB. 32 TAaKUX YMOB MOTPiOHO
PO3B’ s3aTH 3aBJaHHS OpraHizaiii IIBUIKICHUX
MaCAKUPCHKUX  TIEpeBE3€Hh B yMOBax
nepecasiok Ta GopMyBaHHS HOBUX MiAXOJIB JI0
po3po0IeHHS IaHy dbopmyBaHHS
nacaxupcbkux moizais ([TOIIIT).

Amnanis OCTaHHIX JIOCIIKEHD i
nyomikamid. Sk moka3zaB  aHami3, TpH
po3poOieHHi Tpadika pyxXy HacakHpPCHKUX
MOI3/IB Mai’ke HE BPAaxXOBYIOTHCS BapiaHTH
npoi3ay macaxupa 3 rnepecankoro [1]. YB's3ka
pPO3KJIaJiB MPUOYTTS 1 BIAMpPaBICHHS TOI3/IB
Ui 3A1MCHEHHS Tepecajiku BUKOHYETHCS
TUIBKH JJISI HE3HAYHOI KITBKOCTI MOi3aiB. [Ipu
3aIli3HEeHH] MacaXUPChKOTro moizaa iHpopmarii
y IUCTIETYEPCHKOTO TMEepCoHay, IO TaKHM
noi3/1 AJIs macaxkupa € MOroKeHUM, HeEMae, a
OTXe, SKIO0 MacaXUup He 3asiBUTHh MpO cebde
NPOBIMHUKY BaroHa (MamiuHicTy) i, 31 CBOTO
00Ky, — TOH TOi3HOMY IHUCIIETYEPY, YB' SI3KHU
yacy NpuOyTTS Ta 3aTPUMKH BiANpPaBICHHS

MOTO/KEHOTO  Toi3ga  HEe  BiAOYJeThCH.
[IpoBeneHuM  aHami30oM  JOBENEHO, IO
MOMEPEeIHI  JOCHIDKEHHS B HANpPIMKY
pO3B’ 13aHHA 3aBJIaHHA IUIAHYBaHHS

IIepeBe3CHb 3 IepecajkaMi Ha MEpPEeKEeBOMY
PiBHI IPYHTYBAJUCh Ha 3HAYHUX CIIPOIICHHSX
B HOro IOCTAHOBII 1 HaBITh 3a TaKMX YMOB
JIOBEIM MPAKTUYHY CKJIATHICTh PO3B’ A3aHHS
JUIA  TIOJIirOHA BENUKOI posMipHocTi  [3,4].
Takum  uymHOM, HaOyBae  aKTyaJbHOCTI
O3B’ I3aHHSA 3aBIaHHSA oprasizarii
IIBUJIKICHUX MACaKUPCHKUX IE€PEBE3CHb B
yMOBax 3aJTI3HIYHUX nepecagouHux
KOMIUICKCIB Ha pIBHAX IJIaHy (OpMyBaHHS
MaCaKUPCHKUX MOT3IB [5-7].

JIoCBiA €BpOMENUCHKUX KpaiH TIOKa3ye,
IO TOJOPOX 3 TEPecagkor0 € Hale(eKTHB-
HIIIOIO 1 TOMY BUHUKA€E 3aBJaHHS PO3PaXyHKY

IIOIIII 3a gomoMoOroro  MaTEMaTUYHUX
METOMIB JJIsi BCi€l Mepexi 3 MOKIMBICTIO
BIPOBA/[DKEHHS y  BHPOOHHUNTBO, IO

J03BOJIUTH PAIliOHATBHO (HOPMYBATH CHCTEMY
opranizailii macaxupcbKux rnepesesensb [8,9].
BusHaueHHsI MeTH Ta 3aBJaHHA
aocaimkenHsi. Meroto gaHoi  poboTtH €
YIIOCKOHAJIGHHSI TIpOLIeCy OpraHizamii 3ami3-
HUYHHUX HIBUIKICHUX MAaCaKUPCHKUX IIepeBe-
3eHb B YMOBAax NEpeCcaZoK MPH BUKOPUCTaHHI
HOBOT'O METOJly B pO3po0JieHH] MIany GopMmy-
BaHHS TMMACAKHUPCHKUX TIOI3MIB HAa OCHOBI
METOAY POIO YacTOK. 3aBJaHHAM JOCIIKCHHS
€ BH3HAYCHHS ONTHMAIBHOTO PO3IOJLTY raca-
’KHPOIIOTOKY 3a MPU3HAYCHHSIM MacaXUPChKUX

36ipauk HaykoBux npans Yrp/AY3T, 2017, Bun. 173



30ipHUK HAYKOBHX Npanb Y KPaiHCHKOI0 Aep:KaBHOI0 YHIBEPCUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

Moi3/iB  HAa OCHOBI KOpEryBaHHS
(dhopmMyBaHHS TTACAKUPCHKUX TTOT3/IIB.

OcHOBHA 4YacTHHA AOCJTiKeHHs. J[s
pO3B’SI3aHHA TNUTaHHS 100 BHU3HAYECHHS
CTaHIIN Tepecakd MaCaKUPOIOTOKIB Ta
KaTeropiil MmacaXUpChbKUX TMOI3MIB, I SKUX
ciig mepenbauntud B rpadiky pyxy YB s3Ky
qacy NpUOYTTS Ta BIIMIpaBIICHHS,
3aMpOIOHOBAHO BUKOPHUCTATU AOCITIKEHHS B
rarysi HOBHUX METO/1IB orrruMizarii.
[IpoBeneHuM anamizoM OyJIO JOBEIEHO, IO
MOMEpPEeHl  JOCHIDKEHHS B HANpPIMKY
PO3B’ sI3aHHSA MOCTaBIICHOTO 3aBIaHHS
MOKa3aJIM MPAaKTUYHY CKJIATHICTh PO3B’ A3aHHS
JUIsL TIOJIIFOHA BEJIMKOI pO3MipHOCTI. 3ragaHe
3aBIAHHS € 3a/layeio OMNTHUMI3aIlli po3moalTy
MOTOKIB B 0araTronpoayKTOBUX Mepexax, sKa
BimHocuthbea 10 NP-<ximagamx 3amau 1 maec
KOMOIHAaTOPHUIA XapakTep.

IJIaHy

Ta OOMEXEHHAMU

ne Cy — BapricTh MEpEeBE3CHHS OMHUII

NOTOKY Ha K -My nmpu3HaueHHi macakxupchKUX
[oi3M1B, 10  KYpCyOTb  Ha  MOMEHT

po3paxyHKy; t — iHTEpBaJl CTaIliOHAPHOCTI B
. r
MeXax IUIaHOBOTro mepiomy [ ; X — 4mcio
nacaxupiB I -To MOTOKY, IO MOJOPOKYIOTh B
.. E .
1013111 k-I‘O HpI/IBHa‘-IeHHSI; b] — BapTICTh
Mepecagkd OJIUHUIIl TACAKUPOMOTOKY uepe3

R =Y Sl +SbE | - min,
k j

Meton onTuMmizamii Ha OCHOBI POIO
9yacToK [2] mOBiB, mIO €l METOA Ha BiAMIHY
Bill CHUMIUJIEKC-METOZy Ta TEHETUYHOTO
ATOPUTMY JIOCSITAE KPAIIUX Pe3yJbTaTiB MpU
PO3B’s3aHHI 3a/a4 BEJIMKOI PO3MIPHOCTI 3a
pPaxyHOK Kparmioi MBUAKOCTI 301)KHOCTI, SKOCTI
pO3B’si3aHHA 1 CTaOUIBHOCTI  TPOIEAypH
nomyky. [lpum peanmizamii gaHoro wmertomy
BUKOPHUCTOBYEThCS ~ TMapajurmMa  arcHTHO-
OpIEHTOBAHOTO MPOTPAMyBaHHS, L0 CIPHSE
MiBUIICHHIO TPOJYKTUBHOCTI OOYMCICHb Ta
CIPOIIYETHCS TIPOrPaMHA peaizailis.

Jlis po3B’si3aHHS 3aBAaHHS PO3POOKHU
[IOIIT ayms mepexi BETUKOI PO3MIPHOCTI B
pobori 3aIpOTIOHOBAHO BUKOPHUCTATU
po3po0JIeHy MaTeMaTUIHY MOJIENb 3 ITEOBOIO
¢byHK1i€I0, 0 Bi0oOpakae 3araibHy BapTiCTh
NepeBe3eHb MacaXUpiB 3 MepecagKaMu TaKOTO
BUTIISY:

- fg, saxwo |=s,
0, saxwo |#St, (2)
fg, saxwo | =t,
3)
(4)
)

nepecanoununii komiieke E i fst — BeJINYH-
Ha  IHTGHCHBHOCTI  IACaXHPOIOTOKY i3
mwrepena Ec(s=1,q) yerik E (t =1q"),
0  BIANOBigae 3aHymMepoBaHOMY [ -my

MOTOKY; fkr | _ qactka noToky I, mo npsimye
no my3i K (mpusnauenni) 3a |-m mapmpyrom;
yk — yucao Micup B moizgax K-ro MpU3Ha-
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YEeHHS, le’j —BeJIWYMHA TOTOKY, IO TMPO-

r .
XOJIUTh 4Yepe3 | -l mepecajouyHuil KOMIUIEKC,

zxrj = Xj nac/no06; P

nponyCKHa 3aTHICTh | -TO Hepecago4dHOro
KOMILIEKCY, mac/mo0.

MaKCHUMaJIbHa

il,i2 i10

=00 e X% 2

i24

i13 ,il4 15

i29 i27 (i25 i22 18 [,il6 ,i12 ,ill |7

i17

4% 4‘942’942 44 412 Ky Ky By Heg Bz

3amaHo 3ali3HUYHY MEpexy y BUTIISAL
opientopanoro rpady G’ [1]. Tpad
cknamaetecst 3 14 BepmmH T1a 29 pebep. Bcei
BepmHU rpady 3HAXOAATHCS HA YMOBHOMY
nojyironi. Jlaumit ¢izuunuil rpad Mepexi
300pakeHHil Ha puc. 1, a 1oro BEKTOp MO3UITI|
YaCTKH Oy/ie MaTh BHUTJISI

i19 ,i20 ,i21 ,,i23 ,i26 .,i28

i29 (i27 ,i25 (24 (22 ,i18 16 ,il2 ,ill ()

T Doy Bey Fprg Tpog ﬁza Yoy o o0 @ 2% By o oo o Yo é‘za Keuy Yoy g g7 0e)

Puc. 1. ®isnunuii rpad mepexi G’

st 06yiky OOMEXeHb Ha MPOMYyCKHI
3IaTHOCTI oyr Mepexi B pobori
3alPpOMOHOBAHO JJIsi KOXHOI 3 KOMIIOHCHTIB
BEKTOpA MO3HIII BCTAHOBUTH MEXI 1X 3HaUYEHb
B mpoctopi momyky. [lpuiimemo, 110
BEIMYMHA TMOTOKYy Joriunoro rpapy G’
BCTaHOBJIFOETHCS BEKTOPOM

U =[ug, Uy, Uy ,...,ug] = [902025] ,  ne

KOKHMH KOMIIOHEHT BIiONOBIimae 3agaHii

BEJIMYUHI I -ro MOTOKY Macaxupis.
MakcumanbHa TPONYCKHA 3AaTHICTH OIHCY-

€TbCI BEKTOPOM y=[y1,y2,yk,...,yK]=

30, 14, 70, 20], ne ko)XHa KOMIIOHEHTA
BIJIMOBI/Ia€ BEJIMYMHI TMPOMYCKHOT 3/1aTHOCTI
K-i myru rpagy mepexi G'. Bekrop mozumii
YACTKU 3 OOMEKEHHSIMM HA 3HAYEHHS KOXKHOI
KOMIIOHEHTH Oyjie MaTH BUTIIS
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i1,,i2 i10 ,,i13 |l4 |15

i19 ,i20 ,i21 ,i23 ,,i26 .,i28

TR PIRID A %84'51212)‘@ 28 Ka Ky oy Boa 55078

<3(}90

i29 (i27 (i25 (i24 |22 i18 (i16 (il2 (,ill

Yy Do oo Bp1a "y 2‘24 Ko Yo Spo a0 Yoo Koy oo g1 5 2‘24 Ko Yo po 520

<20

BpaxoByroun, 1110 cUCTeMa POIO YacTOK €
MeToAoM Oe3yMOBHOi omTuMi3auii, B poOOTi
uisi  00JiKy OOMEXeHb HEpIBHOCTEH Ha
NpPOBI3HI 374aTHOCTI AYr (MOMJIMBUX IpH3HA-
YeHb IaCaKUPCHKUX IOT31iB) 3aIPOIIOHOBAHO
3acTocyBarty mTpadHi GyHKUI BUTIIATY

g9(x) <0 = g(x) +|g(x)| =

he(x) = g(x) + ,.e=1B. (8

s CIIPOIIECHHS PO3paxyHKiB
3ampOIIOHOBAHO 3MIMCHUTH 3aITUC OOMEXKECHB Y
matpuuHid  Qopmi. Tak, ana  yB's3KM
PO3MIPHOCTI BEKTOpa TO3MIli YacTKH 3
KUTBKICTIO MPU3HAYEHb NACAKUPCHKUX MOi3/1iB
B MEpeXi HEOOXiJHO 3amucaTH MaTpPHIO
immuaenuiin A “mpusHadeHHs — 3MiHHI
napamerpy 3aga4i” posmipuictio K X ny [2].

Jlns pismunoro rpady mepexi G' (puc. 1) Ta
BeKTOpa Mo3uIlil yacTku (6) marpuus A wmae
po3mipHicTh (29% 36).

Toni oOMexenHs (4) MOXKHA 3amucaTH B

MaTpUUHiH dopmi AX{ <y a6o
AXit -y<0, ne g(x) = AXit -y. Tonui,
3T1JIHO 3 (8), MOKHA 3arnucaTi
h(X) = AX; -y +|AX; -y = 0.

OOMexeHHs1 PIBHOCTI 3aj1adyi B poOOTI
3aIpOIOHOBAHO MOAATH Y BUIJISII

05(x) = Aed¥X; =

toi, 3rigHo 3 (9), MokHa 3amucaTu WTpapHy
(GYHKILII0 y BUIIISAL

(7)
P
g9(x) =0 < [g(x)| =
h.(X) =|g(x)|. €)
Bsenemo hife} po3riiily  MarTpULO

inuuaenTHocti oprpadga A€(Q posmipHicTio
Nnx K (BepmmHu — 1yry), KOKHUI €l1eMEHT
skoi aj =1, sxmo i3 Bysma Ej Buxomuts
nyra K;
BxoauTh ayra K;
BUTIQJIKAX.

ay = -1, sxmo y Byson K
ajy =0 y Becix IHIMX

(st)

IToznaunmo yepes Aeq' ™’ MaTpuLio 3

paakamu S ta t marpuni A€(Q, a ugepes

Aeq(_g:) MaTpulro 3 BUAAJICHUMU pSAKAMHU 3

Homepamu S i t. Jlns mpoctotu cipuitHATTS
[I01aMO BEKTOp MO3ULII YacTKU y BUIVIAL
€JIEMEHTIB, IO BiAMOBiAalOTH I -My MOTOKY
nacaxupis B koxHiit 1y3i K mepexi G'.

Toni ymMOoBY Ha 30€peKEHHS IOTOKY Y
BYy3JIaX MEPEkKi MOKHA 3aITUCATH 5K

9,(x) = AeqUI X! =0,

h, =|g(x)| =|Ae

OOmexeHHsT  pIBHOCTI  Ha  3aJaHi

BEIWYUHHU [ -TO IMOTOKY MAlOTb BUTJIA]

~ g3(x) = Aeq®¥X} -u, =0,

=|g3(¥)] = |Aed ™ X} —u|.
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InTepecn rpynu Ta OKpPEMO KOXKHOIL
YaCTKU OMHUCYIOTHCS IITLOBOIO (DYHKIIIETO, 1110
BHU3HAYaE CTpaTeriio PO3MOAIICHHS
NacaXHpOIOTOKY 3a NpU3HAYCHHAMH
nacaxupcbkux noizaiB [5]. [ns BpaxyBaHHS
srajjanux oOmexkeHb 3amadi (1 — 5) BapianT
PO3MOAITY Maca)kKUPOMOTOKY IO TOi3JaX IMpH
pO3B’s3aHHI OCHOBHOI 3a7a4i MoXe OyTu
OLIHEHMH Ha OCHOBI IHIBOBOI  (PyHKIT
0e3yMOBHOI MiHIMI3aIlii

f (xt‘):sun{Axt‘.*c )+/1H ~ min, (10)

e (*) -
KCHHS BEKTOPIB CTOBOIIIB;

C- BekTOp, IO ONKHCYE BapTICTh
MPOXO/DKEHHST  MOTOKY TacaXHpiB  depes
KOXHY Jyry Mepesxi, po3mipaicts (1% K)). TTo
CyTi, BIJIMTOBITHO JI0 IyTH KOXXHUW KOMIIOHEHT
BEKTOpA OIUCYE BapTICTh MPOI3AYy OIMHHUII
MacaXUPOMOTOKY abo BapTICTh TEpPecaaKu
yepe3  NEPEcajjOouyHuil  KOMIUIEKC,  TpH,

orneparop MOCIEMCHTHOIO MHO-

C=[10124033151532515153332020

353316 316 3 3 3 16 16 16 IBhmipaicts
(1x29);

C - TpaHCcmoHOBaHa MaTpHII i3 BEKTOpa
psIKa y BEKTOP CTOBOIIS,

A —mapametp mrpadnoi Gpymkuii, A >0;

H —mrpadna byHKITis BUTIISATY
H = sum(h;) + sum(h,) + sum(hg), ne

sum( ) -
KO’KHOTO 3 BEKTOpPIB (J03BOJISIE TPUBECTH 10
OJHOTO 3HA4YEeHHS BeIMYUHY ITpady A

BEKTOPIB Pi3HOI PO3MIPHOCTI),

h1:AXit—y+AXit—y

onepaTop MOEJIEMEHTHOI CyMH

h, = ‘Aeq(_St)Xi

v hy = Aeq(g)xi = U |-

PesynpTar po3B’s3aHHS ONTHMI3AIiTHOT
3aadi  pO3MOJUTY  MAacaXKUPOMOTOKY IO
noi3ax 3 ypaxyBaHHAM IIEPECaTOK IS
noBinbHOTO (hizmyHoro Tpady mMepexi (puc. 1)
HaBEJICHO Ha PHC. 2, a BEKTOP IMO3HUIIIi YaCTKH,
10 ONHKCY€ ONTUMAIBHUI BapiaHT PO3MOILTY,
OyJie MaTH BUTJIS

X} =[0,52,38,0,0,0,0,53,22,22,31,0,0,0,0,0,22,17,333,13,7,7,7,13,13,17,8,83817,16,9,]
mpu f (X!) =6354y 0.

Puc. 2. Jloriunuii rpad mepexi, 110 OMUCYE ONTUMAIBHUNA BapiaHT PO3MOILTY
MacaXUPOITOTOKIB TIO MO13/1aX
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B wMexax mnpaktuyHoi peamizamii B NacaXWpONoTOKiB ~ mo  moi3gax  [6,7].
cepemoBuini  Matlab Gyno  mpoBeneHo DmrocTpartisi mporecy 3MiHU TMO3MINIH YacCTOK
PO3paxyHKH MIOAO MOJENIOBAHHSA PO3MOILTY HaBeJ/ieHa Ha puc. 3.

0
a

Particle Dynamics

Particle Dynamics

.

Cost

Dimension 36 -50 &0 Dimension 1 Dimension 36 e Dirmension 1

Puc. 3.Ilo3urii yacToK poro B TPHBUMIPHOMY IIPOCTOPI PO3B’ A3KIB HA MMOYATKY 3HAXOKEHHS
BapiaHTa po3moiry macaxkuponotokis micias 100itepariit pobotn PSOeuncremu (a)
Ta Ha MOMEHT 3HAWICHOTO ONTHUMaIbHOTO po3B’ 13Ky micist 700irepartiii (0)

BucnoBku. IlpoBenenunii po3paxyHKo- MOTOKIB 3 BHKOPHUCTAHHIM PO3PAXYHKOBOT
BUI EKCHEepUMEHT Ha Mepexi 3 14 BepruH MOJIENII  PO3MOJLTY MAaCaXUPOMOTOKIB IO
npu pos3B’'s3anHi [IDIII 3 mnepecankamu M013/1aX Ha OCHOBI CHCTEMH POIO YacTOK JacTh
MOKa3aB BHMCOKY IIBHJKICTh 301KHOCTI ajiro- 3MOI'y THYYKO pearyBaTH Ha YMOBH KOJIMBaHHS
putMy PSO, mo miaTBepIKye NEPCIeKTHB- PHUHKOBOTO  CEpEJOBHINA 1  MPIOPUTETH
HICTh Ta €(EeKTHBHICTh 3aCTOCYBAaHHS JIaHOTO CMOXMBAYiB, $KI TOCTIHHO 3MIHIOIOTHCS.
METOAY Y BHUPOOHHUITBI. 3a TakuxX YMOB 3anponoHOBaHMI METO/T JTIO3BOJINTh
3alpONOHOBAHMN  MiAXiJ A0  3IiHCHEHHS panioHabHO (POPMYBATH CUCTEMY Oprasizarii
IUIAHYBaHHSA I[IEPEBE3CHb 3  ypaxyBaHHSIM MIBUKICHUX MAcaXKUPCHKHUX MEPEBE3CHb.
TUNIOBHUX BapiaHTIB TEpECagKu Macakupo-
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