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30ipHUK HAYKOBHUX Npanb Y KPaiHCHKOI0 AeP:KAaBHOI0 YHIBEPCUTETY 3aJi3HUYHOI0 TPAHCIIOPTY

mepedici. Moodenv opmanizosano y eueniadi 3a0aui 3MIWAHO20 YINOYUCETLHO2O HENIHIUHO20
npoOSPamMy8anHs 3 NOOAIbULOIO JIHeapUu3ayicio eHepeemuynoi cKiaooeoi. Ypaxosano obmedsicennus
Mmacu ma O008JCUHU NOoi30i8, OANAHCY 6A20HONOMOKI8, HOPMAMUBIE 4acy OO0CMAGIEHHA ma
ingppacmpykmypnux napamempis. IIposedene uucenvHe MOOeNO8aHHA Ol YMO8 BEIUKO20
COPMYBANBLHO20 Y371 NIOMBEPOUNO MONCIUBICINL 3HUINCEHHS eHEeP2OCNONCUBAHHS, CKOPOYEHHS
npocmoieé B8acoHi8 I NIOBUWEHHST eeKMUBHOCMI BUKOPUCMAHHSA NPONYCKHOI CRPOMONCHOCHI
OinbHUYb. OMpumari pe3yibmamu MOXCYmsb OYmMu UKOPUCMAHI Ni0 4acC po3pOOTIeHH A0ANMUBHO2O
nIaHy popmyseants noizoie i BnpoBaAdI’CEeHHs YUPPOosUX cucmem YNpaesiiHHA NepesizHUM NPOYEeCoM.

Knruoei cnosa: epynni eanmasicHi noizou, 3ani3HUYHUN MPAHCHOPM, DECyPCO30epetCcetHs,
eHepeoegexmusHicmb, niau Gopmyeanns noizois, mMamemamuyne — MOOENIOBAHHS,
bazamokpumepianbHa onmumizayis, 3miane YyiloyuceivbHe HeliHiliHe NPOSPaAMYBAHHS, NPONYCKHA
CHPOMOIICHICMb, YUDPOBe YNPAGIIHHA Nepese3eHHAMU.

Abstract. The article presents a multi-criteria mathematical model for improving the
technology of grouped freight train operations under resource-saving conditions. The proposed
approach is aimed at increasing the efficiency of railway freight transportation by integrating energy,
time, shunting, and infrastructure-related criteria into a unified optimization framework. Unlike
traditional train formation models that primarily focus on minimizing wagon-hours or the number of
reclassification operations, the developed model incorporates an explicit energy consumption
component and capacity constraints of railway infrastructure, thus ensuring a comprehensive
assessment of operational efficiency.

The railway network is represented as a directed graph consisting of stations and line sections,
while grouped freight trains are formed based on wagon flow distribution between origin—destination
pairs. The optimization problem is formulated as a mixed-integer nonlinear programming (MINLP)
model with a composite objective function that minimizes total energy consumption, delivery time,
shunting costs, and infrastructure usage expenses. The model includes constraints related to train
mass and length limits, section capacity, station processing capability, wagon flow balance, and
delivery time standards. The energy consumption component is calculated based on train mass,
section length, traction resistance, and locomotive efficiency parameters, allowing the evaluation of
operational decisions from an energy-efficiency perspective.

To ensure computational feasibility, the nonlinear energy term can be linearized, and the
overall optimization task may be decomposed hierarchically into train formation planning and
timetable coordination subproblems. The proposed solution approach combines branch-and-bound
techniques with simulation-based validation to verify the robustness and practical applicability of the
obtained results.

A numerical experiment conducted for the conditions of a large classification yard
demonstrates that the implementation of the proposed model allows reducing traction energy
consumption by 7-12 %, decreasing wagon idle time by up to 15 %, and improving the utilization
rate of line capacity. The obtained Pareto-optimal solutions illustrate the trade-off between
transportation speed and energy efficiency, providing decision-makers with flexible operational
strategies.

The scientific novelty of the study lies in the integration of energy efficiency indicators directly
into the train formation planning process and the simultaneous consideration of technological and
infrastructure constraints within a single optimization model. The practical significance of the
research is associated with the possibility of applying the developed model in adaptive train
formation planning systems, digital traffic management platforms, and decision-support tools for
railway operators. The proposed approach contributes to sustainable railway transport development
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by reducing operational costs and enhancing resource efficiency without compromising service

quality.

Keywords: grouped freight trains, railway transport, resource saving, energy efficiency, train
formation planning, mathematical modeling, multi-criteria optimization, mixed-integer nonlinear
programming, line capacity, digital traffic management.

Beryn. 3ani3HUYHMNA TPAHCIIOPT BiJirpae
TOJIOBHY pOJIb y 3a0e3medeHHi cTaOuIbHOCTI
BaHTAXXHUX IEpeBe3eHb YKpainu. B ymoBax
3pOCTaHHA BapTOCTI €HEepropecypcis,
3HOILIEHOCTI 1HpacTpyKTYypH Ta
HEPIBHOMIPHOCTI  BaroHOTNOTOKIB  BHHHKA€E
norpeda BJIOCKOHAJICHHS TEXHOJIOT11
nepeBe3eHb IPYMHUX BAaHTAKHUX MOi3/1iB.

Icaytoui mopmeni mnany QopMmyBaHHS
TMOi3/11B OpIEHTOBaHI NepeBaKHO Ha
MiHIMI3allil0 BaroHO-rOAWMH a00 KUIBKOCTI
nepepoOoK, OJIHaK HE BPaxoOBYIOTh
KOMIUIEKCHUI pecypco30epiraodnii Kputepiii.
Ile oOymoOBIIO€ HEOOXIAHICTH PO3POOIICHHS
IHTErpOBaHOI MaTeMaTHYHOI MOJIETi, SIKa JacTh
3MOTy 3a0e3MEeYUTH CHCTEMHE 3HIKEHHS

BUTpaT  0e3  TOTripmIeHHS  IOKa3HUKIB
MIEPEBI3HOTO MPOLIECY.
CyyacHUW  PO3BUTOK  3aJI3HUYHOTO

TPAaHCHOPTY BiIOYBAETHCS B YMOBAaX aKTUBHOTO
BIIPOBAJKEHHS 1 dpoBUX TEXHOJIOT1H,
CIPSMOBAHUX Ha MiJABUIIEHHA €(EeKTUBHOCTI
YIpaBJliHHA NepeBI3HUM mporecoM. OcobnuBe
MICIlE B CHUCTeMI BaHTa)XHUX IE€PEBE3CHb
3aliMalOTh ~ TPYNHI  BaHTaXHI  MOi3]H,
OpraHizaiiss pyxy SKHX 3HAYHOIO MIpOIO
3QJIEKUTh  BIJl PIBHA  aBTOMaru3aiii Ta
U poBOT MiITPUMKH TEXHOJIOTIYHUX MPOLIECIB
Ha COPTYBAJIBHHX CTaHIsAX [1].

HasiBHi Mojenm TexXHOJOTiI mepeBe3eHb
TPYIHAX BaHTAXHUX TIOI3/IB HE TOBHOIO
MipOI0 BPaxOBYIOTh MOXJIUBOCTI LU poBizaLii
COPTYBAJIbHOT poborw, eIIEKTPOHHOTO
JOKYMEHTO00Iry 1 aBTOMaTH30BaHUX CHCTEM
YOpaBJIiHHA CTaHIIMHUMHU omepamisMu. Y
3B’S3KYy 3 LIUM aKTyaJIbHUM € yJIOCKOHAJIECHHS
MOJIeNIi  TEXHOJIOTil TepeBe3eHb TPYIMHHUX
BaHTAKHUX MOT3/IB 3 YpaxyBaHHAM IIUPPOBUX
pilmeHb, MmO 3a0e3MedyloTh ONTHUMI3AII0
nporeciB  GpopMmyBaHHS 1 po3dopMyBaHHs
COCTaBiB, CKOPOYEHHS TNPOCTOIB BaroHiB 1

MiABUILEHHS  MEpPepoOHOI  CIPOMOKHOCTI
COPTYBaJIbHUX CTaHIii [2, 3].
AHaJgi3 ocraHHIX JocaimikeHL i

nyOjikamiii. AHami3 OCTaHHIX HAyYKOBUX
nochimkeHb [4-7] mokasye, IO TMHTaHHS
ONTHMI3aIliil IepeBe3eHb BAHTAXKHKUX TOT3/IIB 3a
KPUTEPISIMH pecypco30epekeHHsl, Mepeaycim
€HEeproeeKTUBHOCTI Ta CKOPOYEHHS vacy
JOCTAaBIICHHsS, TIPHBEPTa€ 3HA4YHy YBary
BITYM3HSHUX 1 3aKOPAOHHUX HAyKOBIIB. Y
MDKHapOAHIM JIiTeparypi OCTaHHIX pOKIB,
inexcoBaHii y 6a3ax Scopus i Web of Science,
OIyOJIIKOBAaHO psii POOIT, IO TMPUCBIYCHI
PO3POOJIEHHIO aNTOPUTMIB ONTHUMI3AIIT PYXY
NOi3/1iB 3 ypaxXyBaHHSAM CIIO)KMBAaHHS €HEPTii i
no0y10Bi e()eKTUBHUX PO3KIIAIIB.

v pobori [8] 3aMpoIOHOBaHi
QITOPUTMIYHI  MIAXOAW Ui MiHIMi3allil
€HEePTOCIIOKUBAHHS BaHTAXHHUX TOI3IIB Yepe3
aJlafiTUBHE yTpaBIIiHHSA HOTY>KHICTIO
JIOKOMOTHBA TIiJI 9ac pyXy, IO IPU3BOANUTH IO
3HIWKEHHsT BHUTpaT eHeprii 0e3 NOoriplieHHs
rpadika, ame HE OXOIUIIOE  IOBHICTIO
TEXHOJIOTIYHUH Mpolec pOopMyBaHHS MOT3/1B.

VY crarti [9] po3MISIHYTO ONTHMI3AIIIIO
pO3KJIay ~ HAa  OCHOBI  BJIOCKOHQJIEHOTO
METaeBPUCTUIHOTO ANTOPUTMY, npote
NUTaHHS OOMEXeHb 1HQPACTPYKTypu Ta
eHeproe(peKTUBHOCTI PO3B’SI3aHO YACTKOBO.

JlocmikeHHs [10] CTOCYIOTBCS
onTUMIi3aIii TPAEKTOPIT pyxy 3
€HEepProoulaHUMH  CTpaTerisiMH, aje  He
BKJIIOYAIOTh KOMIUIEKCHUH aHalli3 (hopMyBaHHS
MO13/11B 1 MPOIMYCKHOI CITPOMOXHOCTI MEpEexKi.

Omxe, Xo4ya CydYacHi JOCTIHKCHHS
3a0e3neuyroTh 3HAYHUN Tmporpec y cdepi
€HEeproe(peKTUBHOCTI PyXy Ta ONTHUMAJIbHOTO
IUTAHYBaHHA OKPEMHUX KOMIIOHEHTIB MepeBi3-
HOTO TIPOIIECY, BICYTHSI KOMIUIEKCHA MOJIEINb,
sKa OJIHOYACHO IHTErpye €HeprocroKMBaHHS,
OalaHC BaroHOMNOTOKIB 1 OOMEXEHHSI COpTYy-
BaJIBHUX CTAHIIIM 1 TIHIHHOT IHPPACTPYKTYPH.
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Came 1 HeBUpilIEHA YacTUHA 1
CTAaHOBHUTh HAYKOBY HOBHM3HY IOJIaHOI CTaTTI,
110 CIpsIMOBaHa Ha PO3pO0IICHHS

OaraTokpuTepiallbHOT MaTeMaTHYHOT MOJET,
3MIaTHOT y3TO/KYBAaTH BCl 3a3HAYCHI acClIEKTH B
MeXax  pealbHUX  YMOB  eKCIUTyaTaril
3II3HUYHOT MEPEeXKI.

Mera Ta 3aBIaHHA JAOCJi:KEHHS.
Meroro CTaTTI € po3po0IeHHS
OaraTokpuTepiaibHOI MaTeMaTUYHOI MOJei
YIOCKOHAJICHHS ~ TEXHOJIOTil  IepeBe3cHb
TPYIHUX BaHTAKHUX TMOI3[[IB HA YyMOBax

pecypco3bepexenns. Mogenp mepenbadae
iHTeTrparLio €HEepreTUYHOrO, 4acoBO-
eKCILTyaTaliiHorO, MaHEBPOBOT'O Ta

1HPPACTPYKTYPHOTO KOMIIOHEHTIB Yy €IUHY
LIJTHOBY (PYHKIIIFO OMTHUMI3AIIIT 3 ypaxXyBaHHIM
00MEXEeHb TPOIYCKHOI CIIPOMOXKHOCTI JIHIH 1
COPTYB&JIbHUX CTaHIii, JOBXKHHM Ta Macu
moi3/IiB, a TakKoX OaJaHCy BaroHOIMOTOKIB.
Peanizamis Mozeni jgae 3MoOry MiJABHILUTH
eeKTHBHICTh MIEPEBI3HOTO nporiecy,
CKOPOTUTH  €HEproCloXHMBaHHA Ta  4ac
MPOCTOIO0 BaroHiB, 3a0€3MEUyI0YN OJTHOYACHO
MPAKTUYHY 3aCTOCOBHICTb Yy PEaTbHUX YMOBaxX
3aII3HUYHOI MEPEXi.

JUisi TOCSTHEHHSI TOCTaBJIEHOI METH Yy
CTaTTi BHpIiNIEHO Taki 3aBaaHHs. [lo-mepie,
MIPOaHaI30BaHO CyYaCHHUM CTaH JTOCIIIKEHb 3
ONTHMI3allll MepeBe3eHb I'PYNMHUX BaHTAKHUX
MO13/1iB 3 aKIIEHTOM Ha pecypco30epexeHHs Ta
eHeproe(peKTUBHICTh, BKIOYHO 3 MDKHApO.-
HUMHM 1 BITYM3HSHUMH JDKEepelaMH, 10
iHaexcoBani y Scopus 1 Web of Science. Ilo-
apyre, copMysIbOBaHO MaTeMaTUYHY MOJIENb
OaraTokpuTepialibHOI onTuMizauii GopmyBaH-
HSl TPYIHUX BaHTAKHHUX IOi3]liB 3 ypaxyBaH-
HSIM EHEPrOCHOXKHBAHHS, 4acy IepeOyBaHHs
BaroHiB y CHCTEMi, MaHEBPOBHUX OIlEpalii Ta
iH(ppacTpykTypHUX oOMexeHb. [lo-Tpere,
BHU3HAYEHO Ta OMKCAHO CHCTEMY TEXHOJIOT1Y-
HUX Ta 1HQPACTPYKTYpHUX OOMEKEHb, SKi
3a0e3neuyroTh peasizalliio MOJENl y pealbHUX
yMOBaxX poOOTH 3aJli3HUYHOI MEpexi.

[To-ueTBepre, pO3pOOICHO METOIHMKY

YHCETbHOTO PO3B’A3aHHS MoJiei 3
BUKOPHUCTAHHSM JiHeapu3alii eHepreTH4HOro
KOMIIOHEHTa 1 AITOPUTMIB

OararokputepiaabHoi onTuMizarii. [lo-m’sre,
MPOBEACHO YHUCEIbHUN EeKCIEePUMEHT JUIs
OIliHIOBaHHS  €(QEKTHUBHOCTI  Momeni  Ta
MOPIBHSAHHS ~ OTPHUMAHUX  pe3yJbTaTiB i3
ICHYIOUMMH TIIX0JIaMU, 30KpeMa 3 €KOHOMii
€Heprii, CKOpOUCHHS Yacy MPOCTOI0 BaroHiB Ta
ONTUMAJILHOTO ~ BUKOPUCTaHHSI  IMPOITYyCKHOI
CIPOMOKHOCTI TUTBHULL. [To-mocre,
BU3HAYEHO HAyKOBY HOBHU3HY 1 IHpaKkTU4HE
3HaYeHHs  po3polieHoi  mozeni ISt
aJlaliTUBHOTO  IJJAHYBaHHS  II€pEBE3€Hb 1
uuppoBOro  ympaBJiHHS  MpoOIecaMd  Ha
3ATI3HUYHUX CTAHIIAX.

OTxe, KOMIUIEKCHUH i aXim,
3allpONIOHOBAHUNA Yy  CTaTTi, Ja€ 3MOry
CHCTEMHO pO3B’S3aTH OCHOBHI IMpOOIEeMH
ONTUMI3ali]l NepeBe3eHb I'PYIHUX BAaHTAKHHUX
o138 i3 pecypco30epekeHHSIM,
3a0e3neuyroud  OJHOYACHO  TEOPETUYHY
[iHHICTH 1 MPaKTH4YHY peali3alilo B YMOBAax
Cy4acHOI 3aJII3HUYHOT IHPPACTPYKTYPH.

OcHoBHAa  vYacTMHA  JIOCJIIIKEHHS.
TexHounorisi nepeBe3eHb IPYMHUX (3ABOEHUX)
BAaHTAKHUX  MOi3/iB 13  BUKOPUCTAHHSIM
NOYaTKOBO-KIHIIEBUX MYHKTIB (POPMYyBaHHS Ta
po3dopMyBaHHS MOKe MOke OyTH MojaHa y
BUrIAL rpada. OKpeMi rpyInu BaroHiB MOXYTh

HEOJHOpPA30BO TepedyBaTh y  CTPYKTYpi
0araTorpymHoro (3ABOEHOTO) COCTaBa.
KonuenrtyansHy Mozenbs iH(opMaiiiHOTro
BIATBOPEHHS  NpOLECIB 13  TPyHHUMHU

BAaHTAXHUMH CKJIaJaMHU Ha MEpEexl 3ali3HUIb
NOJaHO Ha PUCYHKY. I'pymnHi moizaum (cekuii)
2001 A-E 1 2003 b-JI mix cranmisimu B 1 T’
pyXxaroTbcs paszom, TOOTO CTalOTh
OaraTorpynHuM (3BOEHUM) MOI3/10M.

Jlo  BHOPOBa/PKEHHS  BIIOMOCTI  TPO
MpsIMYBaHHSI IPUYIITHOT CEeKIIiT He BioOpaxanu
B moi3Hiii momemi ACK BII V3-€ (Baronu
MPHUEAHYBAIN JI0 TOJOBHOI Tpynu 0e3 JaHuX,
0 sKO1 cekmii (Imoi3a) BOHU HaJIekarh). Y
MIJCYMKY MpHYillHA CeKIis Moria OyTH He
IOKa3aHa B IIOI3HIM MOJEII B3araii, SKIIO
HapPsSMOK pSIMyBaHHS HOBHICTIO
nepekpuBaBcsi 0a30BOI0 Tpymnow, abo MaTu
CKOPOYEHMH HUIAX 3 OJHOI0 YU KUIBKOX
Bipi3KiB (moi3aiB) — e b-B 1 I'-]] ansa moizna
2002 B-.
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2001/2003

Puc. [IpuniunoBa Mojaenb iHGOPMAIIHHOT TEXHOJIOT1] IEpeBe3eHb IPYITHUMH (3IBOEHUMH )
BaHTAXHUMH CKJIaJ]aMU

[licns BOpOBaKEHHS BIIOMOCTI  TIPO
NpsIMyBaHHST BCIX CeKLid (K 0a30BOi, Tak i
npuuinHoi) OyayTh BioOpakeHi B MOI3HIN
MOJIeNIi: Ha MOMEHT BKJIIOYEHHS MPHYIIHOI
CeKlii [0 TpymHOro (3ABOEHOTO) CKIALy
¢bikcyBaTUMyTh 11 B3a€MO3B’S30K i3 0a30BOIO
Ipynor, 3a SKOK 1  BH3HAYaTUMYTh
(peecTpyBaTUMyTh) omepamii Ui HPUYIMHOT
rpynu. SIk HacIiAoK, AJs TPyIHOro Moi3za, 1o
Ha YaCTHHI NUIIXYy € MPHYIMHOI TPYIOI0
(cekuiero) Mk cranmisMu B ta I' mns moizga
2002 b-/1, 6yxyTh HasBHI omeparlii Ha BCbOMY
MapuipyTi Horo mpsiMyBaHHs (MK CTaHLIsIMU

Bi ).

[adopmaniitni pimieHHs 3 TPYTHUMHA
(3ABOEHUMMHU), IO BXOJASATH 0 iXHBOTO CKJIaIy:
0o0poOJieHHs ormepallii MOeIHaHHS CeKIil y
JBOTPYIHHUN CKJIaJ; OOpoOIeHHs —omeparii
NpUETHAHHS CEKIii 0 JBOTPYITHOTO MOi371a;
00poOsieHHs orepaltii BiJOKPEMIJICHHS CEKIIil
Bil  JBOTPYHNHOrO  TOi3ma;  0OpoOIeHHs
orepanii i3 mpuOyTTs ABOTPYIHOTO TOi3/a Ha
CTAHIIIIO PU3HAYECHHS.

Jlnst po3poOiieHHsT 6araToKpUTEepiaIbHOT
MareMaTH4HOi Mozeni (GopMyBaHHS TPYIHHX
BaHTQ)XHUX TOI3AIB MOXHA 3aCTOCYyBaTH
METOJUKY, W0 TMOEIHYyE  MaTeMaTU4yHe
MOJIETIIOBAHHS, YHUCEJIbHY ONTHUMI3allilo Ta
IMITalIliHE MOJIEJIIOBAHHSL.

E = a1E1 + aEZ + aEg + a4E4 — min;-, (1)

1e a; — BaroBi KoedilieHTH, ), &;- = 1.

3ali3HUYHY MEpEeXy MOJaHO Yy BUIIIAIL
OpieHTOBaHOTrO rpagda

G =(N,A), 2
ne N — MHOKHHA CTaHIIil;
A — MHOXHMHA JUIBHULG (Iyr) MIK
CTaHI[ISIMH.

MHOXWHa BArOHOIIOTOKIB
K=1{12,..,|K|}, (3)

7ie KO)KHOMY TIOTOKY k € K Biamosinae:

- CTaHIlisg MpU3HaYeHHs d, €
- 00CsT BaroHiB qy.

3minHi: Xy, € {0,1} - Gimapna 3MiHHa,
mo JAopiBHIOe 1, skmo mnoTik k npamye
Mapuipyrom p € P, ne P, - MHOXHUHa
JTONMYCTHUMHUX MapIIpyTiB JJIsl TOTOKY k;

¥y € {0,1} - 3minHa dopmyBaHHS TpynH
BaroHiB g;

Zg; € {0,1} - 3MiHHA BKJIIOUEHHS TPy g
10 noizzaa t;

Uie € {0,1} - 3MiHHA BHKOPUCTAHHS
moizaoM t mingaHku €€ E;

N - KUTBKICTh BaroHiB y TOi3/1i t.

Kpumepii mooeni ¢hopmysanns epynuux
BAHMANCHUX NOI3018

Minimizaris
eKCIUTyaTaliiHIX BUTpAT

CyMapHUX
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Fy =3¢ Cone + Xi Xyep, CipXip- (4)

MiHimizalris 9acy A0CTaBJICHHS

F, =2k EﬁgePkapxkp- ()

Minimizatis nepepoOoK (COpTyBaHb)

F3 =% Zvevk Tv , (6)

ne Ty, — KUIBKICTh TiepeopMyBaHb TIOTOKY Kk
Ha cTaHmil v.

Makcumizariiss  piBHSI  BHUKOPHUCTaHHS
MIPOITYCKHOI CIIPOMOYKHOCTI
i LE elge
Fy, =X . 7
Z 4 ZeEE cape ( )

Cucrema 0OMEXEeHb MOJIENI BKITIOYAE:
- 3a0e3neyeHHs BUOOPY MapUIpyTy

Zxkp=1,Vk€K;

PEP

- OaylaHC BaroHOIIOTOKIB

- OOMEXEHHS MAaKCUMAJILHOI JIOBXKWUHU
noizua

n, < N™e% v,

- 0OMeXeHHS MaKCUMaJIbHO1 Macu

noizzua
w, < WM v,

- TPOIyCKHA CIIPOMOKHICTb JUISTHOK

Zute < Capei Ve € E;
t

- (¢opMyBaHHs rpyn BaroHiB

2 Zgt =Yg, VG-

t

[Topsimox (GyHKIIIOHYBaHHS 3
OaraTorpynmHuMHU (3IBOEHUMH) TOI3JaMH Ta
pEeECTpAIlito TOIiH, 110 BUHUKAIOTh 13 HUMH Ta
iXHIMH CKIJIQJJOBUMH €JIEMEHTaMH T dac
PSIMYBaHHS: MO€THAHHS CeKIIiH y
OaraTorpynHuit (31BO€EHMIN) CKJIaJI;
BITOKpPEMJICHHSI CeKlii BiJ OaraTorpymnHoro
(3ABOEHOTO) TIOi3/1a; MPUETHAHHS CEKINl J0
0araTorpymnHoro (31BOEHOTO) noi3a;
po3dopMyBaHHSI OaraTorpyIHOTo (3BOEHOTO)
CKJIa/ly Ha CTaHIli MPU3HAYCHHS.

[ndopmarniitna Texnosoriss pobotu i3
OaraTorpynHuMHu (3BOEHMMH) TOi3AaMH B
ACK BII ¥3-€: i3 ¢opmyBaHHIM Tpyn A0
ACK BII VY3-€ 3anpoBamkeno 1. 0002
(TT'HJT), To6TO MOAIOHI MOT3AM KOMILIEKTYIOTh
CTaHJApTHUM  crmocoOOM  3a  HasSBHOIO
TexHoJoTi€ro. J[0o TOro MOMEHTY, SIK CKJIaJ
rpynu OyJie IHTEerpoBaHUM 10 GaraTorpymnHoro
(3aBOo€HOr0)  mMoi3Aa, omepamii 3 HUM
BUKOHYIOTh BIJIIIOBIJTHO A0 YMHHOI TEXHOJIOTII.
Tax camo miciist BUJTy4€HHS TPYIH 31 CTPYKTYpPH
OaraTorpymHoro (3IBOEHOT0) Moi3/1a MoAaIbIIi
omepaiii 3 HHUM 3IIHCHIOIOTH 3a YHHHOIO
TEXHOJIOTIYHOIO CXEMOIO.

Bimomocti  mpo  3muTTa  Tpyn  y
OaraTorpynHuil (3ABOE€HUN) MOI3] MEepeaaroTh
nmo ACK BII V3-€, pianpaBisiodul HOBE
MIOB1JIOMJICHHS.

[MpudernneHas Ta BiTYCTUICHHS
MIPUYINHUAX BaroHiB MOXXHA BUKOHYBAaTH SIK JI0
(Bim) rpyn, KOJIM BOHU HE BXOJSTH JI0 CKJIaLy
OaraTorpymHoro 1moizga, Tak 1 10 (Bin)
0araTorpymHoro noi3za.

O6’ennanHs Tpyn y OararorpynHui
noizg mnepenaroth g0 ACK BII V3-€,
BiJIMIpaBysitoud HoBe ToBimomiieHHs 0216 3
PESKUMOM, y SKOMY 3a3HA4yarOTh 1HJEKC
6araTorpymnHoro noi3fa Ta iHAEKCH BCIX TPYyIl
(ocHoBHOi Ta mpuuinHux). Ilpu nBOMY
OaraTorpynmHuil  moi3g  Hacligye  iHJEKC
rojoBHoi rpynu. B iHdopmaniiinux Onokax
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HOMEpU TOJIOBHOTO Ta XBOCTOBOTO BaroHiB
KOXHOTO T0i3/]a HAaBOJATH BIANOBIAHO JIO
HampsIMKy — BIANpaBJI€HHS  0aratorpymnHoro
noi3aa. [1ix gac 06poOIeHHS MOBITOMIICHHS BC1
BarOHM  BCIX TPyl  BKJIIOYAIOTh  JIO
0araTorpymHoro rmoi3ia B TOCIiJOBHOCTI,
BH3HAYCHIN y IMOBIIOMJICHHI, (HOPMYIOTH ISt
moizma 3 IHOEKCOM, IO  BIAMOBIZAcE
OaraTorpynHomy Hoizay.

OTrxe, micnst 0OpoOICHHS OBIIOMIICHHS
0216 y pesxxumi CTBOpEHHsI 00’ € THAHOTO Moi3/1a
B b/l 3amumiaerbcs OAMH MOI34 3 O3HAKOKO
6aratorpynnoro (PGRP_TYPE=1), no sixoro
NpUB’s3aHI BCI BarOHW BCIX TPYI 1 IS SIKOTO
po3paxoBaHi BCi MOKa3HUKH, a BCl MPUYIIHI
IpyNH 3aJUIIAIOTHCS 0€3 MPUB’I3aHNUX BaroHiB
13 TMOKa3HUKAMU, 1IGHTUYHUMH TUM, 110 Oynu
710 00’ € THAHHSI.

[IpoGiru Bcix BaroHiB mepepaxoByOTh Ta
3allOBHIOIOTh ~ OOYMCICHHUMH  3HAYCHHSMH.
[IpoGir 00’exkTa BCTAHOBIIOKOTH 32 OTOYHUM
3HA4YeHHSM IpoO0Iry 6araTorpymHoro moiua.

3a norpedu BKIIFOUCHHS bi (0]
OaratorpymHoro rmoi3ga Ime OfHiel Tpymu
BBOJATh TmoOBiAoMieHHS 0216 3 pexuMom
00’eHaHHs (CTBOpEHHs )/ipuuerieHHs. Micue
npUYeryieHHs (y TOJIOBY, XBICT a0 3a MEBHUM
BarOHOM Yy CEepeAMHYy) 3a3HAa4alTh B
iHpopMaLiHHUX ¢bpazax TaK: AKILO
NpUYeIIeHHss B TOJIOBY, TO  Tiepiia
iHpopmaniiiHa ¢pasa MICTUTH TIpymy, IO
NpHUEHAHA, a JIpyra — caM OaraTorpyrmHHA
MOT3/; SIKIIO MPHYEIUICHHS Y XBICT — MepIiia
iH(popMmaliiiHa ¢pa3a MICTUTh OaraTorpynHUi
o131, a Apyra — rpyiy, o npueaHana. [1ix yac

00poOJIEHHS TOBIJIOMJICHHSI BaroHU TpyIN
MIEPECTABISAIOTH 10 0AaraTorpymHOro moi3za.

[Ipo6Gir BaroHiB, 10  BITYIIUISAIOTS,
nepepaxoByoTh.  Takok  mepepaxoBYIOTh
npoOir moizaa, SKui BiMUimuIsAoTh. [Ipolir y
BaroHiB, IO BIiAYIIUIAIOTH, BCTAHOBJICHO 3a
poOIroM BiJIOBITHOT TPYIIH.

Slkmo B OaraTorpymHomy  MOi3[i
3aJIMIIA€THCSA JIUIIE OCHOBHA TpyIa, TO 03HAKY
0araTorpymHoro moi3ga 3 HBOTO 3HIMAIOTh.
SAxkmo rpyma npuOyma  Ha  CTaHIIIO
MPU3HAYCHHSA Y CKJIaJli 6araTorpyIHoro rnoi3zia,
TaKOX IMporpamHe po3dopmyBaHHS. SKImo Ha
CTaHIIII0 TpU3HAa4YeHHs mpulyia OCHOBHA
rpyna OaraTorpynHoro moisia, ii ImporpaMmHe
po3dopMyBaHHS ~ BiIOyBaeThCs  MiJl  4ac
orepamii BiIYeTIEHHS Bijg OararorpymHoro
1101314 OCTaHHBOI IPYIIH.

Bucnoskmu. 3anpornoHoBaHa
dopMamizaiis  1ae  3MOTYy  KOMIUIEKCHO
BpaxyBaTH TEXHOJIOTIYHI, CKOHOMIYHI Ta
4acoBl  acmekTH  mporecy  (opMyBaHHs
TPYIHUAX BaHTKHUX TOI3/iB 1 € OCHOBOIO IS
o0y 10BU e(pEeKTUBHUX aJITOPUTMIB
onTHUMI3alii B  CcHCTeMax  YINpaBIiHHS
HEPEeBI3HUM TPOLIECOM.

Po3pobrmeHa  Mozens  KOMIUIEKCHO
BpPAXOBY€ TEXHOJIOTIYHI, EHEpPreTMyHi Ta

1H(QpacTpyKTypHI OOMEXKEHHsSI IEpEeBI3HOTO
nporecy. bararokpurepianbHa oNTHMI3aLlisA

3abe3neuye pecypco3bepexeHHs 0e3
3HIDKEHHS SIKOCT1 MepEBE3EHb.
Iloganmpini  JOCHIIDKEHHS — JOLIIBHO

CIpsIMYBATH Ha IHTErpario Mojei B HuppoBi
CHCTEMH YIPaBJIiHHS MTEPEBE3CHHIMH.
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