(5) HBII® (W, (Z)), muckpetnoi mozeni matanka (W,(Z)) i orpumanoi momerni
dinerpa B crpyxrypiHMBII® (W, (2) =W, (2) W, (2)).3 orpumannx naHux BHIHO,

10 3a paxyHOK O1iJbII IIMOOKOI MaTeMaTHUYHOI OOpOOKH pe3ysbTaTiB BUMIPIOBaHb
Jac Tn, yepes3 KU BiTHOBJICHWN BXIJTHWA CUTHAJ TaTYUKA BXOIUTH Y 30HY +2 % BiJl

aMIUTITYId BUMIPIOBAHOTO CUTHAITY, 3MEHIIUBCS OUIbII HIXK B 4 pa3u BITHOCHO TOTO
gacy I, 3a sIKnii BUXiJHHI CUTHAI JaTYMKa JOCATAE TUX XKE MEX.

BucHoBok

PosrnsHyTHil anropuT™M KOPEKIli 1HEPIIHHOCTI JaTd4hKa Ha OCHOBI JHMHAMIYHO1
MoOJIeJll HEHpOMEepe:KeBOI BUMIPIOBAILHOI CUCTEMH 3 ITOCIIOBHHUM BIJHOBJICHHSM 1
GUTbTpali€r0 BXIJHOTO CUTHAJIY JaTydKa JO3BOJISIE 33 PaxXyHOK OUIbII TJIMOOKOT
MaTeMaTHYHOi OOpOOKM pe3ynbTaTiB BUMIPIOBAHb IOKPAIIUTH METPOJIOTIUHI
XapaKTePUCTUKNA TIEPBUHHOTO BHMIPIOBAIHHOTO TIEPETBOPIOBada 0O€3 3MIHU HOTO
CTPYKTYpH, KOHCTPYKIIii Ta mapameTpiB. Pe3yiapTaTH MPOBEACHOTO0 MATEMAaTHYHOTO
MOJICTTIOBaHHS MiITBEP/HKYIOTh MOXKIIMBICTh CTBOPEHHsSI HAa OCHOBI 3alpONOHOBAHOI
IUHAMIYHOT ~ MOJENi  HEHUPOMEpEeKeBOr0  BHUMIPIOBAIBHOTO  MEPETBOPIOBAYA
IHTEJICKTyaJbHUX BUMIPIOBAJIbBHUX CHCTEM 31 3JaTHICTIO JO0 ajanTaiii CBOiX
JWHAMIYHUX IMapaMeTpiB IMiJ 30BHIMIHI BIUIMBaK4Yi (HAKTOpHW 1 YMOBHU IPOBEICHHS
BUMIPIOBaHb.
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Ilocmynuna 6 peokonneeuio 23.11.2011

V]IK 656.212

P. B. BEPHUI OPA, nou., JIHY3T im. ak. JlazapsiHa, JIHITpONETPOBCHK
0. 0. MA3YPEHKO, acuc, IHY3T iM. ak. JIazapsHa, JIHITPONIETPOBCHK

JOCAIIXKEHHS EOEKTUBHOCTI TEXHOJIOT'TI ®OPMYBAHHSI
JIBOT'PYITHUX MOI3/]IB B OIEPATUBHUX YMOBAX 3
BUKOPUCTAHHSAM IMITAIIHHOI MOJIEJII POBOTH
SAJIIBHUYHOT' O HAIIPAMKY

Hageneno 3aranbHy CTpYKTYpY IMITalliifHOT MO/l 3aJII3HUYHOTO HANPSIMKY, sKa Oyla BHKOpHCTaHA
JUISL TOCIIJDKEHHSI €(EeKTUBHOCTI CUCTEMH OIEpPaTHBHOI OpraHi3ailli BaHTa)XHUX BaroHOIIOTOKIB Ha
3aJI3HUYHOMY HAIPSIMKY 3 BUKOPUCTAHHSM TEXHOJIOT] (hOpMyBaHHS ABOTPYITHUX MOi3/1iB.

Ku104oBi cj10Ba: BaroHoIoTIK, ONiepaTUBHE KEPyBaHHS, IMiTallliiHa MOJIENb, 3ATI3HUYHUN HAMPSIMOK,
JBOTPYITHUU O3]

[IpuBenena oOmas CTPYKTypa MMHUTALMOHHOW MOJENHN KEJIE3HOJOPOKHOIO HAIPABICHUS, KOTOpas
Obula KCHOJB30BaHA JUIA HCCIeNoBaHUS 3(P(EKTUBHOCTH OINEPATUBHOW OpPraHMU3alldU TPY30BbIX
BarOHOIIOTOKOB B II0€3/1a Ha JKEJIEC3HOAOPOXHOM HAIPABIECHUU C HCIIONb30BAHUEM TEXHOJIOTUHU
(bopMHpOBaHUS ABYTPYIITHBIX ITOE3/0B.

KiwueBble cjioBa: BaroHomoTOK, ONEPAaTUBHOE YIpPABJICHUE, HMMUTALMOHHAS MOJIEID,
JKEJEe3HOJOPOKHOE HaAIlpaBJICHUE, IBYTPYIITHBINA O3]
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There has been descrabed structure of a simulataxtel of the railway direction which can be used
for studying the effectiveness of the operativeaargation of freight wagonflows into the trains on
railway direction with the use of technology of rrakup the two-unit trains.

Key words: wagonflows, operative making-up the trains, sirhatamodel, railway direction, two-
unit train

Bceryn Ta mocrtanoBka 3axavi

B cydacHnx ymoBax (pyHKIIOHYBaHHS 3aJi3HUYHOTO TPAHCTIOPTY YKpaiHu 3HauHA
yBara MOBHHHA NPUIUTSITHCh 3MEHIIICHHIO BUTPAT Ha MEPEBE3CHHS BaHTaXiB. OIHUM 3
MOJKJIMBUX 3aXOMiB IOAO 3MEHIIEHHS BIACHHX BUTPAT 3QI3HUI € YAOCKOHAJICHHS
CUCTEeMH Oprasi3alilii BaHTO)KHHUX BaroHOMOTOKIB y Toi3au. Sk IMOKa3ye MpaKTUKa
poOOTH 3ali3HMIb, B TICBHUX ONEPATUBHUX YMOBaX JOIIBHO 3aCTOCOBYBATH
TEXHOJIOT1I0 (POpMyBaHHSI JIBOTPYMHUX IOI3/11B Ha TEXHIYHUX cTaHIisfX. [Ipu mpomy
BUHMKAE MPpoOJIeMa OTPUMAHHS JTIOCTOBIPHOI KIJIbKICHOT OLIHKUA €(EKTUBHOCTI TOTO YU
IHIIOTO BapiaHTy KOPUTYBaHHS MAIIOYOro IulaHy (opmyBaHHA Moi3AiB. BukoHaHHs
JOCTIPKeHb IIOJ0 BIUIMBY THX YM I1HIIMX BapilaHTIB OpraHizaiii BaroHOMOTOKIB Ha
BUTPATH 3aJli3HUIb HA peabHUX 00 €KTax (3aJi3HUYHUX HAmpsIMKax 1 CTaHIsX) €
HEMOYKJIUBHUM.

KinbKicHY OIIIHKY T€XHIKO-EKCIUTyaTal[liHUX Ta eKOHOMIYHHUX MOKA3HUKIB pOOOTH
OKPEMOTO 3aJi3HUYHOTO HAMPSAMKY JJI KOXKHOTO 3 MOJIMBHX BapilaHTiB OpraHizamii
BaroHOIOTOKIB Ta/ab0 3MIiHM TEXHOJIOTIi iX 0OCIYroByBaHHsS HAaWOLIBII AOILIILHO
BUKOHYBATH 3a JOIMIOMOT'00 METO/IIB IMITallITHOTO MOJETFOBAHHS.

B naniif cTaTTi po3risiHyTa CTPYKTypa Ta MOPSA0K MOOYA0BH (PYHKIIIOHAIBHOL
IMITaIiHOT MOIe 1 pOOOTH 3aJII3HUYHOTO HAMPSIMKY, sSIKa MOKe OyTH BUKOPHCTaHA JIJIs
BUKOHAHHS JIOCIIPKEHb I0JI0 BIUTUBY CHUCTEMH OIEPATHBHOI OpraHizaiii BaHTaXKHUX
BaroHOTIOTOKIB HAa BHUTPATH 3aJi3HUIb MO (OPMYBaHHIO Ta MPOCYBAaHHIO MOI3ZiB Ha
3a1I3HUYHOMY HaTpPSMKY.

AHaJi3 JoCHiKeHb | myOJaikanii

Po3pobmi  MeToauky IMITAIlIfHOTO MOJENIOBAaHHS 3ai3HMYHUX CTaHIA Ta
HANPSMKiB MPUCBSYEHA JOCTATHHO BEJIMKA KUIbKICTh HAYKOBUX poOiT. Tak, Hanmpukiaz,
B pobortax [1, 2] po3pobieHo wmaremMaTWyHi MoOJeNTi JUIA iMiTarii Tporecy
MOT3/TOYTBOPEHHSI Ta NPOCYBAaHHS IMOI3MIB HAa MEPEki 3 3aCTOCYBaHHSIM O0'€KTHO-
OPIEHTOBAHO1 CUCTEMHU MOJICITIOBAHHS.

Cepen iMiTamiiHuX Mojeied (YHKIIIOHYBAaHHS 3alli3HUYHOT MEpexXi I[IKaBUM €
nocsin Buenux binl3Ty. B pobotax [3, 4] 3anpornoHoBaHO CHCTEMY aBTOMATH30BaHOTO
CTBOPEHHSI IMITAIlIMHOI MOJIEl 3aTi3HMYHOI MEpPEKi Ha OCHOBI IMITAIIIHHUX Mojelen
3QII3HUYHMX CTaHIIA, SKI BXOJATH A0 11 cKkiamay. Po3poOieHi Mojeni cTaHIn
dbopmanizoBaHi Ha OCHOBI Teopii CIThOBOIO IUJIAHYBaHHS Ta TeEOpii MacoBOTO
obciyroByBaHHs. OCHOBHUMH HEIOJIKAaMH JaHUX MOJIEIEH € CKIAIHICTh iX MOOya0BH
Ta JUCKPETHICTh Y MOJIEIIOBAaHHI pOOOTH 3aJII3HUYHOI Mepexki, TOOTO poOoTa KOKHOI
CTaHIl Mepexi MOJEIIOEThCSI aBTOHOMHO, a OTpPUMaHl pe3yJibTaTH € BUXIAHUMHU
JaHUMHM 711 MOJIETIIOBaHHSI poOOTH HACTyMHOI cTaHIi. Lle He 103BoJIsIE 3aCTOCOBYBATH
Taki MOJEN IS TOCHTIPKEHHS POOOTH 3aJII3HUYHOI MEpexXi B yMOBax OIMEPaTHBHOTO
KEepyBaHHS OpraHi3aIfi€l0 BarOHOMOTOKIB.

OpHi€l0 3 OCHOBHMX MpoOJieM, 10 BHHUKAIOTh MpU (PYHKIIOHATHEHOMY
MOJIETIIOBaHHI POOOTH 3ali3HUYHUX MEPEX Ta CTaHLIN, € CKIaJHICTh (opmamizarii
TEXHOJIOTIYHUX TIPOIECIB OOpPOOKH TMOi3/diB, SKI MOXYTh CYTTEBO BIJIPIZHATHUCS IS
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pI3HUX Kareropit moizmiB. Jljmsg TodermieHHs ¥ CHOPOIIEHHS TMIJATOTOBKU  JI0
moxaemoBanHs B JIHY3Ti BHKOHAaHO KOMIUIEKC HAyKOBO-IOCTIIHUX poOIT, M0
MOB's3aH1 3 PO3POOKOI0 METOAMKHU (hopMaizamii TeXHOJOTil 00CIyTrOBYBaHHS TOI3/IiB
Ta TEXHIYHOTO OCHAIeHHs cTaHmiid. [[ns BpaxyBaHHS BIUIMBY OIIEpAaTUBHO-
JTUCTICTYEPCHKOTO TIEPCOHATY B [5] 3alpONOHOBAHO KOHIICIIIIIO €praTHYHUX MOJIEIICH
CTaHI[I{, B SKUX JIFOJAWHA Oepe Oe3mocepeIHI0 yUacTh B MPOIIECi MOACITIOBAHHS 1 KEpye
TEXHOJIOTIYHAM TPOIIECOM CTaHIlil, BUKOHYIOUN (QyHKIIi qucrerdepa. B pobOorti [6]
3alPOIIOHOBAHO IMITAIlIMHY MOJENb 3aJi3HUYHOTO HANpPsSMKY, B SKIH TEXHOJOTIs
pobotn HampsIMKy ¢GopmMmajizoBaHa Ha OCHOBI Teopii CKiHUYeHHX aBTomaTiB. JlaHa
MOJIeJIb BUKOPUCTOBYETHCS ISl TOCHIDKEHHS OpTaHi3alii pyxy MOi3lliB Ta BIUIMBY iX
napaMeTpiB Ha TOKa3HUKH POOOTH 3alli3HUYHUX HaIpsAMKiB. Po3pobiieni monerni
JI03BOJISIIOTH aICKBATHO MOJIETIOBATH POOOTY 3ali3HUYHUX MEpex Ta cTaHIlii. Pasom 3
TUM JIJI1 BUKOHAHHS JOCIIKEHb (PYHKIIIOHYBaHHS 3aJI3HUYHMX MEPEK Ta CTAHIlIN B
YMOBax 3aCTOCYBaHHS OINEPATHBHOTO KEPYBaHHS POOOTOIO € HEOOXITHWM IMOJaJIbIIe
YIOCKOHAJICHHS BKA3aHUX MOJICIICH.

Pe3yabTaTn nociaixKkeHb

O0’exToM AOCHKEHHST OOpaHO 3ali3HUYHUN HAMpsIMOK, JI0 CKJIaay SKOTO
BXOJIUTh Tpu TexHiyHUX cTaHiii (A, B ta C). 3adi3HUYHHMI HAmpsIMOK Ta OKpema
TEXHIYHA CTaHIIsl, PO3IJSAAIOTECS SK CKJIagHI KEpOBaHI CHUCTEMH MacOBOTO
obociayroByBanHs (CMO), mo ckiaamamTbes 3 0araThbOX PI3HUX C€JIEMEHTIB, SKi B
poleci poOOTH TICHO B3a€EMOJIIIOTH MK COOOIO0 Ta MAalOTh B3a€EMHMI BIUIMB (CTaHIIIT,
JUTSTHKH, KOJIiT, OpUragu TeXHIYHOro 00CIyroBYBaHHS Ta iH.).

Po3po6iiena aBropamu GpyHKIIOHATIBHA MOCIIb 3a/Ii3HHYHOTO HanpsMky (PMH) e
nBopiBHEBOM. [Ipu 11bOMYy Ha MaKpOpiBHI MOJEIIOETHCS pOOOTa BCHOTO HAMPSIMKY B
IIJIOMY, a Ha MIKpOPiBHI — p0o00Ta KOKHOT OKpEeMO1 TEXHIYHOI CTaHIlli HAMPSIMKY.

VY 3aransHomy Burisai ®MH mosxe OyTu npeacrabiieHa CTPYKTYPOIO:

o [88 .8
Pg.Pg ....,Pg
Ie § — okpeMa TeXHIYHAa CTaHIlisl, M0 BXOAUTh 10 CKIATy 3aJTi3HUYHOTO
HarnpsaMKy; Pg —okpema ninsiHka MK IBOMa TEXHIYHHUMU CTAHITISIMU.

Crpykrypa ®MH BKIiIIO9a€ HaCTYITHI MOJIEIIL:
-reHepaTop BxigHOTO MoTOKY 1moizaiB (I'BII);
-MOJICJIb OTIEPATUBHOTO KEpyBaHHs opraHizariero BaroHornotokis (MOK3H);
-QyHKIIOHAIBHI MOJEN POOOTH KOXKHOI OKPEMOi TEXHIYHOI CTaHIli HampsSMKY

FeHepaTop BXx1 JTHOTO Mooyab onepamusnozo
(FBH) KepysaHHs op2aHizayicto

HOTOKY 68020HONOMOKIE

NpU3HAYCHUI IS - 3]

MO/ICITIOBAHHSI HER]

HaJIXOJKCHHS MOi3/IiB Ha 55 £

KOXKHY CTaHIII0 3 THX vy = v

miaxozia, siki He BxopaTh | TEHT oo TERRER L e

J0  CKIagy  JaHoro
3aII3HUYHOTO HANPSIMKY.  Pyc.1. CTpykTypa QYHKI[IOHATBHOI MO 3aTi3HHYHOTO
HAIPSIMKY
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MonentoBaHHSI HAJAXO/KEHHS 3asBOK HAa OKPEMY CTAHIIIO 3 THX CTaHIIiH, SKi BXOIAThH
710 TAHOTO HAMpPSIMKY, BUKOHY€ETHCSA 3a pe3yibTaTaMy poOOTH MONEPEIHBOI CTAaHIII Ta 3
BUKOPHUCTAHHAM I'paikoBOi TPUBAIOCTI pyXYy MOi3/IB.

Bximuuii moTik TmpeacTaBisie co00I0 MHOXKHHY TOI3IIB PI3HUX KaTEeropii, 110
npuOyBaroTh Ha TE€XHIYHY cTaHLito. [lapamerpu koxkHOro o0’exra O; B po3poOieHii
MOJIeJIi BU3HAYAIOTHCSA CTPYKTYPOIO:

0,~={S, Tnp, P, B},

ne S — iaeHTUdIKaTop CTaHLli HAAXO KEHHA Noi3fa; T, — MOMEHT NpHOYTTH
noi3aa Ha cTaHii; P — cnucok mapameTpiB nmoizaa; B — cnmicok mapamerpiB mporiecy
00CJIyroByBaHHsI 1013/1a Ha CTAHIII1.

[Toi3am MOXYTh HAAXOAUTH HAa KOXKHY CTaHI[II0 HAMPSIMKY 3 IEKIIBKOX ITiIXO/IiB.
MoOMEHT HaIXOMKEHHs 4eproBoro noizaa O] Ha CTAHIIIO 3 MIAXO0AY, 10 He BXOIUTH 0
00paHOro HAMPSIMKY, BU3HAYAETHCS 32 (POPMYJIIOHO:

Trp(j) = Tip(j-1) #j: (To = 0),

nie Trp(j-1) — MOMEHT NPHOYTTS Ha CTAHILO IIONEPEIHBOTO (-1) noi3na;

lj — inTepBan npulyTrs Mixk cymibkeuME (j-1) Ta ] moizgamu.

BenmunHa |j MOJEIIOETECS 3a IEBHUM 3aKOHOM PO3IOALILY, 200 BCTAHOBIIFOETHCS y
BIJIMTOBITHOCTI 10 PO3KJIAIY.

MowmenT Hapxomxenns noizna Oj Ha craHuiio | 3 nomepepnboi cranuii (i-1)
3aJ1I3HUYHOTO HAIMPSMKY BU3HAYAETHCA 32 (DOPMYIIOI0

Trpj (i) = Teuxj(i-1) *xj»
ne Tgyxj(i-1) —MoMeHT Binpasnenus Oj noizaa 3i cranuii (i-1);
txj —TpHBaiicTh pyxy Hoi3aa Mix craHuismu i-1ra .

MowmeHT BuxOAy moi3ma 3i craHuil Tgyx(j-1) BU3HAYAETBCS 3@ pE3yibTaTaMH
obciayroByBanHs 3asBku B DOMC cranmii i-1. Benuunna lxj BCTaHOBIIOETHCH
BIIMOBIHO 10 TpadiKy pyXy MOi3A1B MK JAHUMH CTaHIIISIMHU.

PimenHs mpo  3acTocyBaHHS  ONEPATUBHOTO  KEPYBAHHS  OpraHi3alli€ro
BaroHOMOTOKIB Ha 3aJi3HWYHOMY HANpsMKY, Ha MPaKTULl, NpUAMAE TMOIZHUN
JUCTIETYEP, MICTS Y3TOKEHHS I[LOTO PIIICHHS 3 TOPOKHUM IOI3HUM JTUCIIETYCPOM.

Jlnst  MopjenroBaHHS ~ ONEPATHBHUX  PIIIEHh TOI3HOTO JWCIETYepa  IIO/0
MO>KJIMBOCTI (DOpMYyBaHHS Ha TOJOBHIN CTaHIIl ABOTPYMHOTO moi3na g0 ckimaxy GMH
BkimoueHo MOK3H. OuiHioBaHHS Ta NPUNAHATTS pilleHHS 00 (QOpPMYBaHHS
OKPEMOT0 JBOTPYITHOTO MOi3/1a BUKOHYETHCS BIAMOBIAHO A0 CHEIialbHO PO3pOOIEHOT
nporueaypu [7].

Jlns MosienmoBaHHs poOOTH TEXHIYHUX CTaHINN HAMpsIMKY pO3poO0JIeHO BiAMOBIIHI
dbyHkioHansHi Mozeni cranuii [8]. Ilpu nmpboMy B KOKHY MOJEIb TEXHIYHOI CTaHIIi
BKJIFOUEHO MOJIYJIh ONIEPATUBHOTO KEPYBAHHS TEXHOJIOTTYHUM MPOIIECOM CTaHI1
(MOKTII). Ctpykrypa ®MC Ta cxema B3aeMOil ii OCHOBHHUX MOJIiEjIei HaBeJeHa Ha
puc. 2.

[Tpuznauennsasm MOKTII € Bu3zHaueHHs Ta 3acTOCYBaHHS palllOHAJIBHOI
(amanrtuBHOT) TexHONOTiI 0OMiHY TPYIl BaroHiB y JABOTPYIHHX IOI37aX B 3aJIEKHOCTI
BiJl OMEpaTUBHUX YMOB (YHKI[IOHYBaHHS CTaHINI Ta EKCIUIyaTaliifHOi cuTyauii Ha
HaIPSIMKY.
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Ha sanisHumi  pimeHHs  mpo S 1

. Inghopmayis npo nomounuii
Mooenv mexnono2iuno2o oman modent ' Mooy
i

3aCTOCYBaHHS aJaNTUBHOI TEXHOJOTI] npouecy potomu emanyii
00poOKku JABOTPYITHUX noi3aiB
npuiiMae MaHEBPOBUN 200 CTaHITIHUIA
JUCTEeTYep COPTYBAJIBHOI CTaHII 3a
HOTOJKCHHAM 3 MHO13HUM IBIT oMC
aucnerdepoM. Jiist bOro MaHEeBPOBHIA e
JUCTIETYEp 3aBYaCHO, BPaXOBYIOUH

iHQopMallito  MOA0  JBOTPYMHOTO
10131, aHaJlI3y€ MOKJIMB1 BaplaHTH
Horo oOpoOku Ta obupae HaiOIbII parioHanbHUM.IHPOpMartis, ska HeoOXiaHA aJis
aHaji3y BapiaHTIB 0OpOOKM JABOTPYMHOTO IM0i37a, MOXKe OyTH MOAiJIeHA Ha 30BHIIIHIO
Ta BHYTPIIIHIO.

Jlo 30BHIiIIHKOI 1H(OpMaIIii, sika MOKe OyTH OTpHMMaHa BiJl MMOI3HOTO JUCIIETYEpa
a6o 3 HACK BII VY3, BigHOCSATECS BIIOMOCTI I0JI0 MOMEHTY HAJIXOJKEHHS TO1371a Ha
CTaHII0 Ta HWoro ckiany. Bayrpimusa iHdopmanis GopmyeTbcs Oe3mocepenHbo Ha
camiii cranmii. Jlms 3a0e3medyeHHs HAWOUIBII SKICHOTO IIJIaHYBaHHS pPOOOTH
COpPTYBaJIbHOI CTaHILIIi HEOOX1HA HASIBHICTh HACTYMHOI OMEpaTUBHOI 1H(pOpMAIi IIIaH
(rpadik) mpuOyTTS MOi3MiB 13 CYCITHBOI CTaHIIIT;HASIBHICTh BarOHIB Ha KOJIIAX B MapKax
CTaHIIIi;CKIIaJl JABOTPYIMHOTO Moi3aa (KUTBKICTh BaroHiB y KOXHIM 3 Tpym, Micue iX
pO3TalllyBaHHS).

HasiBHICTP 1MX [JaHUX JO3BOJISE 3aBYACHO IIJATOTYBaTUCA OO0 OOpOOKHU
JIBOTPYITHOTO TM0i3la 3 YypaxyBaHHsSM HAHOUIbII paIliOHATLHOTO BHKOPUCTAHHS
pe3epBiB CTaHIlii, HEOOXIMHUX IJigi Horo obciyroByBaHHs. B pospoOneHin dMH
3HAYEHHS HEOOX1THUX JJIsl IPUUHSTTS PIIICHHS BX1IHUX MapaMeTpiB MOJETIOITHCS 3a
noriomororo I'BIl BiAmoBIAHUX CTaHIIA SK BUIIAJAKOBI BEJIWYHHUA 3a 3aKOHAMU
po3moiiy, siki HaBeaeHo B [9)].

Cunxponizauia moaeneii ®MC ta ®MH BHKOHYETHCS B JAMCKPETHI MOMEHTI
CHUCTEMHOTO 4Yacy ., SIKMA 3MIHIOEThCS 3 TEBHUM KpOKOM. Bci BkazaHi mojeni
noOy/oBaHl Ta peali30BaHl 3 3aCTOCYBAHHSM 00’ €KTHO-OPIEHTOBAHOTO MIAXOAY Y
cepenoBuii C++.

Po3pobnena wmozens (QyHKIIOHYBaHHS 3aJi3HUYHOTO HAMPSMKY JO3BOJISE
OTpUMAaTH HEOOXITHI EKCIUTyaTalliiHl TOKa3HUKU pOOOTH 3a TEBHMH Mepioj SK
OKpPEeMHX TEXHIYHMX CTaHI[IH, TaK 1 3aI3HUYHOTO HAIMPSMKY BIIUIOMY MPHU TiM YU 1HIINA
cucTemi opradizaiii BaroHomoTokiB. OKpiM TOro, 3a JOIOMOIOK pPO3p0OJIeHOT
iMiTariitHoi Mojenm HampsSMKy, MOXXHa OTPMMATH 3HAUEHHS 3arajJbHUX BUTpPAT Ha
OpraHizailil0 BaroHOINOTOKIB IO KOXXHOMY 3 MOJJIMBHX BapiaHTIB ONEPATHUBHOIO
KOpHUTYBaHHsI IJIaHy (DOpMyBaHHH.

3 MeTOWw BHU3HAYEHHSI NPHUIATHOCTI PO3POOJICHOT IMITAIIHHOT MOJenl 10
BUKOHAHHS TMPAKTUYHUX JOCIIDKeHb Oyjla BUKOHaHa i1 17eHTU(]IKaIlis Ta OIlIHKa
anexBaTtHOCTI. J[ns imeHTudikamii Moaen BUKOHAHO KOMIUIEKCHE JOCIHIDKEHHS JIBOX
BEIIUKHUX COPTYBAJIBHHMX CTaHINN YKpaiHu, 3a pe3yibTaTaMHu SKOTO BH3HAYCHI 3aKOHU
pPO3MOMUTY BUMAIKOBUX BEIUYMH TPUBAIOCTI HAKOMWYEHHS OJHOTPYITHUX COCTAaBIB,
TPUBAJIOCT] 3HAXOPKEHHS BAHTAXXHUX MOI3[IB PI3HUX KaTeropiil Ha CTaHIii, a TaKOX
CTaTHUCTUYHI XapaKTePUCTHKU BXIJHOTO MOTOKY moi3AiB. [lopiBHSIHHS, Ha OCHOBI

|
| ONepamugHozo
|

|
| Kepysanns T

,,,,,,,,,,,,,,,,,,,,

Kepisni komanou

Tloiz0u
Iloiz0u

Puc. 2. Ctpykrypa QyHKIIIOHATIBHOT MOJET1
TEXHIYHOI CTaHI]

93



HapaMETPUYHOTO KPUTEPil0 YIUIKOKCOHA, MOKAa3HUKIB POOOTH KOXKHOI COPTYBaJbHOI
CTaHIIli, OTPMMaHUX Ha peaJbHOMY 00’ €KTi Ta y pe3yJbTaTi MOJIEIIOBAHHS O3BOJIUIIO
3pOoOUTH BUCHOBOK MPO aJECKBAaTHICTh PO3POOJIEHUX MOJENEH CTaHIIM Ta MOXIJIMBICTDH
iX BUKOPUCTAHHS /JIsl BUPIILIEHHS IPUKJIATHUX 3a/1a4.

3a 1OMOMOTOI0 PO3pOOJIEHOT IMITAIIHOI MO/ENI 3aJi3HUYHOTO HAMPSIMKY OYI0
BUKOHAHO JOCIIIPKEHHS BITUBY CUCTEMH OINEPATHUBHOTO (DOPMYBaHHS ABOTPYITHUX

NOi3MIB 3  MHONYTHMX  OAHOIPYNHHX A B C
NpU3HAYeHb Ha OKpPeMi eKCIUTyaTaminal BaroHonoToRH 7
MOKa3HUKHA POOOTH, & TAKOK HAa BUTPATH 10 Nag > Noc S
Oprasizailii BAHTa&XXHMUX BaroHOMOTOKIB y N S

MOI3IM OKPEMUX TEXHIYHMX CTaHII Ta

X ) IoiznomoToku: Bapiant 1
3AJIBHUYHOTO HAIIPAMKY BHlJ'IOMy.CXCMa

: : Kag1 Keci
3QTI3HAYHOTO HANpsMKY, Ha MPUKIaIi Kact
SKOro Oyl0 BHKOHAHO OCITIIKEHHS, Ta < sapiant 2
MO>KJIMBI BapiaHTH oprasizarii £B2 My BCL

BaroHOMNOTOKIB HaBeJEH1 Ha puC.3.

BuxigHi ga"i 1o MOAEIIOBAaHHS HABEIEHI B
Tab6s1.1. TexHonoris Ta TpUBAJIICTH OOPOOKHU
Noi3AiB  PI3HUX  KaTeropid  MPHUHHATI
BIJIMOBITHO /0 TEXHOJOTIYHUX TIPOIIECIB
TEXHIYHUX CTAHLIH, 10 BXOAATH 70 CKIIaay

Puc.3. Cxema 3ai113HUYHOTO
HANpsSMKY Ta BapiaHTW OpraHi3arii
BaroHOIIOTOKIB y TIOT3/TH.

VYwmoBHi mo3HaueHHS: Npg, Ngc, Nac —
pO3MipI/I BaFOHOHOTOKiB; KABli K/_\C]_, KBCl_
KUIBKICTh OJHOTPYIHUX T013/1B; Kagy —

00paHOro 3ali3HUYHOTO HATPSIMKY. KUTBKICTh IBOTPYITHUX TIOI3/IiB.
Tabmmig 1.BuxigHi 7aHi 10 MOJEIIOBaHHS
HaiimenyBaHHs enemMeHTIB [To3na- | Ogunung | Yucnose
YEHHS | BUMIPY |3HA4YCHHS

KinpkicTh BaroHiB y ckiiaji noizaa m BaroHu 50
Baronornortik i3 A npu3HadyeHHSIM Ha cTaHIio C Nac BaroHu 200
Baronornorik i3 A npu3HayeHHsSIM Ha cTaHIio B Nap BaroHu 200
Barononorik i3 B npusnadennsim Ha cranimito C Ngc BaroHu 200
BurtpartHa ctaBka Ha 1 BaroHo-roguny Car I'PH 3,67
ButpatHa craBka Ha 1 JOKOMOTHBO-TOJIMHY | €y I'PH 82,1
MaHEBPOBOI pOOOTH
ButpatHa ctaBka Ha 1 JIOKOMOTHBO-TOJUHY IPOCTOIO € I'pH 148,8
IIOI3HOTI'0 JOKOMOTHBA

VY siKocCTi pe3ynbTaTiB (iKCyBaJIUCs HACTYMHI MOKa3HUKU poOOTH cTaHIiil A Ta B
JUIS BOX TMOMYTHUX IMpHU3HAUYeHb IJIaHy (OpMyBaHHS MOi3AIB 3a mepiof poOoTH
IPOTSATOM OJTHOTO POKY:

— KUTBKICTh MOI3/IB MO KaTeropisM (OAHOTPYIHI, ABOTPYIIHI), SKi MPUIHATO Ta
BIJIITPABJICHO 31 CTAHIII;

— CyMapHl BaroHO-TOAMHM 3HAXO/PKCHHS BAaroHiB KOXKHOTO MpPHU3HAYEHHS Ha
TEXHIYHUX CTAHIIAX,

— o0csar mMaHeBpoBOi poOOTH, MOB’'s3aHOI 3 (PopMyBaHHSM,pO3(OpPMYBaHHSIM Ta
00OMIHOM T'pYII BaroHis,

— TPUBAJICTH 3HAXO/KEHHS TI0I3HUX JJOKOMOTHBIB Ha TEXHIYHUX CTaHIIIfX;

— CyMapHi BUTPATH IOB’ sI3aH1 3 OpraHi3alli€l0 BAroHOMOTOKIB.
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JIns MOpIBHSHHS BaplaHTIB OpraHizalli BaHTa)XHUX BaroHOMOTOKIB y MOi3IU B
TabJl. 2 HaBENEHO PEe3yNbTaTH MOJCNIIOBaHHS MpH (HOPMYBaHHI JUIIE OJHOTPYIMHUX
noi3AiB Ha OOpaHi MPU3HAYEHHS, Ta MPH ONepaTUBHOMY (GOpPMyBaHHI ABOTPYIMHUX

I1O13/11B.

Tabmuns 2. Pe3ynbraTtu MoJen0OBaHHS! pOOOTH 3a113HUYHOTO HAMPSMKY

. OnepaTtuBHE
: o [cHyrouni
TexHiko-eKCITyaTaliifdl MOKa3HUKN KOPUTYBaHHS
[1DIT
[1DIT
Kas 1453 787
L . Kac 1459 905
Kinbkicts chopmMoBaHUX MOI3/1iB Knne 0 1220
Kac 1427 1099
cT A 691,75 542,48
Barono-roanau npocToro, THC. ct B 521,48 521,54
Bar-Toj ' i
SATBIIMHIIL | 1213,23 1064,02
HaIPSIMOK
TpuBaicTs poOOTH MAHEBPOBOTO Mty ana 1,6 1,85
JIOKOMOTHBA, THUC. JJOK-TOJI Mtz 1,44 2,39
TpuBaTiCTh IPOCTOIO MOTI3HOTO Mt;;a 0,87 0,87
JIOKOMOTHBA, TUC. JIOK-TOJ Mt,.» 6,47 6,80
cTa”is A 2800,303 2272,414
Piuni Butparu E, Tuc. rpH. 3a pik craHiiis B 2994,494 3122,177
CyMapHi 5794,797 5394,591
Exonowmist Butpat (y mopiBHsAHHI 3 (GOpMYBaHHIM 400.206
JIMIIIEe OJTHOTPYITHUX IOI3/1iB), THC. TPH '

AHami3yroun pe3yJbTaTH, HaBelEHI B Ta0s.2, MOXKHA 3pOOUTH BHCHOBOK, IIO
dbopMyBaHHS NBOTPYITHUX MOi3AIB B ONEPATUBHUX YMOBaX € €(PEKTUBHHM 3aXO0M
I0JI0 YIOCKOHAJIEHHSI CUCTEMHU OpTaHi3allli BarOHOMOTOKIB y TOI3/H, SKUH T03BOJISIE
CYTTEBO 3MEHIIUTH BJIACHI €KCIUTyaTalliifHi BUTPATH 3aJ113HULIb.

BucHoBxu

Po3poGnena momens poOOTH 3ali3HUYHOTO HAMPSMKY MOXE OyTH 3acTOCOBaHa
JUTISL TOCTKEHHS, aHaJT13y Ta OI[IHKYM BaplaHTIB OpraHi3ailii BAHTQ)XHUX BaroHOMOTOKIB
y moizau. DopMyBaHHS JBOTPYNMHUX TMOI3MIB Ha 0a3i MOMyTHUX OJHOTPYITHUX
NpU3HAYCHb B OMEPATUBHUX YMOBaxX 3a0e3redye eKOHOMIIO eKCIUTyaTalliiHUX BUTpPAT
Ha OpraHi3allil0 BaroHOMOTOKIB Y MO13/IM Ha 3aJI3HUYHOMY HamNpsIMKYy 0€3 J0IaTKOBUX
KaniTaJbHUX BKJIAAEHbD.

Cnucox aiteparypu: 1. Vieawuykuu E.M. MojaenupoBaHue MpOLIECCOB  YIIPaBICHUS
BaroHOIMOTOKAaMH Ha eie3HomopokHoM tpancnopre [Tekcr] / E.M. Yabsaunkuii, B.H. Cxuspos //
Bectauxk BHUMKTa. — 2003. -Ne 6. — C.39-422. bypunckas 3. IMUTaIIMOHHOE MOJICIIMPOBAaHUE
npoiiecca pacrpeieieHns COPTUPOBOYHON pabOThl U BarOHOIOTOKOB MEKAy craniusmu [Tekct] / 3.
Bypunckas, A. Kyrax, B. Muponenko, T. @ypcosa // 36ipauk HaykoBux npaib KYETT. — 2002, -Ne
1. — C.141-148. Cykau E.M. ABToMaruzamusi mpolecca HMCCISIOBaHUS BapHaHTOB OpTraHHU3AIlUU
NepEMEIIICHHsS] TPAHCIIOPTHBIX TOTOKOB B kene3Hopopoknoit cetu [Texcr] / E.M. Cykau //

95




Maremarnudi Mamuau 1 cucremu. — 2009. —Ne 4. — C.161-168. Maxcumen H.B. ImutanmonHoe
MOZICTTMPOBAHHE BEPOSTHOCTHBIX XapaKTCPUCTUK (PYHKIIMOHUPOBAHUS SKEIIE3HOJOPOKHON CETH
[Texct] / U.B. Makcumeii, E.. Cykaud, I1.B. I'upyn, E.A. EpodeeBa // MatematuuHi MaIimHu i
cucremu. — 2008. —Ne 4. — C.147-1535.h06posckuti B.1. TeXHUKO-I)KOHOMHYECKOE YIpPaBICHHE
JKEIIE3HOIOPOKHBIMU CTAHIIUAMHU Ha OCHOBe 3pratuueckux mozencit [Texcr] / B.M. Bobposckuii,
JA.H. Kozauenko, P.B. Bepuuropa // HHpopMauuoHHO-yIIpaBISIOMIME CHCTEMH  Ha
)Kene3HoaoposkHoM TpaHcnopre. — 2004, Ne6. —C.17-21.6. Koszauenko J[.M. MonentoBaHHS
pobotu 3amizHuuHoro Hampsmky [Tekcr] / JI.M. Kozadenko, I'.5I. Mo3sonesuu, O.B. Bnacrok //
Bicauk JIHY3T. — Quinponerposckk, 2009. Bun. 28. —C.143-148.7. Masypenxo O.0O. BuznaueHnus
edeKTy BiJ OnepaTUBHOrO (OpMYyBaHHS JABOTPYIMHHUX MOi3/1iB Ha 0a3l OAHOTPYNHHUX HpPU3HAYCHb
[Texct] / O.0. Masypenko // BocTouHO-eBpOIIEHCKUI KypHAI MEpeaoBbIX TexHojoruid. — 2011, —
Ne6/3(54). —C.7-13.8. Beprucopa P.B. JIoCIiIKeHHS MPOIIECIB COCTABOYTBOPEHHS HAa COPTYBAIBHHUX
CTaHIIIAX MeToaMHu iMitariiinoro moaemoBanus [Tekct] / P.B. Bepuuropa, O.B. ITyraua // Bocrouno-
eBPOICHCKHIA KypHAN nepenoBbix TexHojoruit. — 2010. -Ne6/4(48). —C.52-55.9. Maszypenro O.O.
BusnaueHHs XapakTepy HaJXO0/PKEHHs BaroHiB Ha OKpeMi mpu3Ha4YeHHs miany Gopmysanus [Tekcr] /
0.0. Masypenko // 36ipuuk HaykoBux npaup YKpIA3T. —Xapkis, 2010. Bun.113. —C. 128-134.
Ilocmynuna 6 peokonneeuro 19.11.2011

YK 004.9:004.031

0.10. YEPE/THIYEHKO, xann.texH.Hayk, goil., HTY «XIII», XapkiB
O.B. AHT' OJIEHKO, acn., HTY «XIlII», XapkiB

T.M. 3AI10POZKEIIb, mar, HTY «XIII», XapkiB

0.B. IKOBJIEBA xaun.texH.Hayk, noil., XHYPE, Xapkis

AHAJII3 BUMOI' 1O CUCTEMH ABTOMATH30BAHOI'O
TECTYBAHHSA 3HAHD

HaBeneni  ¢yHKImioHambHI  Ta  HEPYHKIIOHAIBHI  BUMOTH O  1HGOpMAIIMHOI  CHUCTEMHU
aBTOMATH30BAHOTO TECTYBaHHS 3HaHb. PO3rsgHyTI creHapii poOOTH OCHOBHHMX KOPHCTYBauyiB.
[IpoanainizoBaHi OCOOJMBOCTI TPOIECIB CTBOPEHHS TECTY, PO3PaxyHKY OIIIHOK piBHS 3HaHb Ta
HAQIIIHOCTI TeCTy.

Kuo4oBi cjioBa: TecTyBaHHS 3HaHb, iHQOpMaIliiiHa cucTeMa, IporpaMHi BUMOTH

[IpuBenensl (GyHKIMOHATBHBIE W HEPYHKIIMOHAIbHBIE TPEOOBaHUS K HMH(POPMAIMOHHON CHCTEME
aBTOMATH3UPOBAHHOTO TECTHPOBAaHUS 3HaHMWA. PaccMOTpeHbl cleHapuu paboOThl  OCHOBHBIX
nojp3oBaresneid. [IpoaHanu3upoBaHbl OCOOEHHOCTH TIPOIIECCOB CO3JAaHUS TECTa, pacdyera OIICHOK
YPOBH: 3HAHUHU U HaACKHOCTH TECTOB.

KiawueBble ¢jioBa: TECTUPOBaHKE 3HAHUH, MHPOPMAIIMOHHAS CHCTEMa, TPOrpPaMMHBIC TPEOOBaHUS

The functional and non-functional requirements iioiormation system of automated knowledge
testing are given. The main users’ workflows aresttered. The peculiarities of the processes of tes
creation, calculation of knowledge estimates astriiability are analyzed

Keywords: knowledge testing, information system, softwaureements

Beryn

TectyBanHsi € 3aco00M KOHTPOJIIO 3aCBOEHHS CTYJEHTAMU HAaBYaJbHOTO
Matepiany. BukopucTaHHS TECTIB MO3BOJISIE€ 3MIMCHUTH TEPEXin BiJ] CyO €KTUBHUX
OLIIHOK BHUKJAAauiB J0 OO0 €KTHMBHHX, HAayKOBO OOIPYHTOBaHMX METOMIB OIIIHKU
pe3ynbTaTiB HaBUYaHHSA. AKTYaJbHICTh TECTYBaHHS HIATBEP/DKYETHCS TUM, IO IIeH
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