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CTpyKTypa KOPHCHOCTi 00CJIYrOBYBAHHSI HACEJIEHHS NMACAKUPCHKUM
TPAHCIIOPTOM

Merta. JlocniikeHHs CPsSIMOBAaHO Ha PO3BUTOK HayKOBO-TEXHOJIOTIYHMX OCHOB BH3HA4€HHs KOPUCHOCTI 00CIIy-
TOBYBAaHHS HACEJIEHHS IAacaXWPChKUM TPAHCIIOPTOM B YMOBaX ()OPMYBAaHHS IOCTAIIHOTO YIPABIIHHA SKICTIO.
Metoauka. CTpyKTypy KOPHCHOCTI 00CITyTrOByBaHHS HaCEIEHHS MacaXHPChKUM TPAHCIIOPTOM BH3HAYEHO Ha OCHO-
Bi PO3BHUTKY CHCTEMHOT'O NPEJCTaBJICHHS XapaKTEPUCTHYHOTO BIUIUBY CIIPUHHATTS PE3yJIbTaTHBHOCTI YIPaBIIHCH-
KHUX pilleHb i3 MiABHIICHHS SKOCTI TPAHCIIOPTHOTO OOCIYTOBYBAaHHS Ha pyXoMicTh HaceneHHS. OOIIK CKIATHUX
CHCTEMHHUX BIIACTHBOCTEH MICBKOTO TPOMaJCHKOT0 macakupchkoro Tpancmopty (MITIT) peanizoBaHO HITsIXOM
KOHCTPYIOBaHHS MDKPIBHEBHX B3a€MO3B’S3KiB Ta BCTAHOBJIICHHS] METOANYHHUX PETIAMCHTIB y3TOKCHHS ITapaMeTpiB
YIPaBJIiHHS SIKICTIO TPAHCHOPTHOTO OOCIIyrOBYBaHHsS HAaceJEeHHs 3 IMOKa3HUKAaMH CHPUHHATTS HOro KOPHUCHOCTI.
PesyabraTu. [Ipencrasnena joridyHa mociiJoBHICTh (JOPMYBaHHS PYXOMOCTI HAcCelIeHHsl IPYHTYEThCSI Ha BIITBO-
PEHHI 3araJlbHUX YMOB HiJBHIIEHHS KOPUCHOCTI TPAHCIOPTHOTO OOCIYrOBYBaHHS 3a paXyHOK IOETANHOI peasizamii
KEpIiBHUX 3aXO/JIiB, IO JIa€ MOXKJIMBICTh YCTAHOBJICHHSI YMOB iX JOIIIbHOCTI Ta apaMerpu3aii. [y skicHoT oiHKK
TEXHOJIOTIYHOI KOPUCHOCTI MIiCBKOT'O I'POMaJICBKOTO IMAcaXKMPChKOTO TPAHCIIOPTY PO3POOJICHO MOJENb PaHUYHOI
KOpHUCHOCTI. Ii MojaHo y BUTIISI KaTeropii, o BiATBOPIOE 3B’A30K MiX OTPUMAHHM PE3yJIbTATOM 3MiHM TTOKA3HH-
KiB SIKOCTI TPAHCIIOPTHOTO OOCIyrOBYBAaHHS HACEJICHHS, CIIOXXMBYOI KOPHCHOCTI TPAHCHOPTHOTO OOCIYrOBYBaHHS
Ta piBHEM 3acTocoBaHuX pecypciB. Haykosa HoBu3Ha. DopMaii3oBaHO NMPOLEAYPY OLIHKU CIIOKHBUOI KOPUCHOCTI
MICBKOTO TPOMaJICBKOTO TAaCaKUPCHKOTO TPAHCIIOPTY, IO Ha BiJMIiHY BiJl HABHUX I'PYHTY€ThCS HAa BCTAHOBIICHHI
BIUIMBY TEXHOJIOTIYHHX ITapaMeTpPiB POOOTH MapUIpyTiB Ha (JOpMYBaHHS PyXOMOCTI HACEJICHHS Ta 3a0e3meuye 00K
TIOKa3HUKIB SKOCTI TPAHCIIOPTHOTO OOCITyrOBYBaHHS HACEJICHHS B pa3i BU3HAYEHHs IPaHMYHOT MEXi TEXHOJIOTTYHOT
KOPHUCHOCTI yNpaBiIiHChbKUX 3ax0/iB. [IpakTuyHa 3HaUMMicTh. 3acTOCYBaHHS TEOpil KOPUCHOCTI JUIsl BIOCKOHAJICH-
Hsl pOOOTH MICHKOTO I'POMaJICHKOT0O TaCaXKUPCHKOTO TPAHCHOPTY B IIJIOMY CHPHsIE PO3BUTKY TEOPIi yIpaBIIiHHS Taca-
KHUPCHKHMH TIEPEBE3CHHSAMH Ta MOYKE 3HA4YHOI MIpOI0 MiJBUINUTH €(QEeKTHBHICT BUOOPY palliOHAIBHUX KEPIBHUX
3aX0/[liB, CIIPSIMOBAHMX Ha BJIOCKOHAJFOBAHHS TEXHOJIOTIUHHX IIPOIIECIB 1 TOJIMIIEHHS] TOKA3HUKIB SIKOCTI TPaHCIIOPT-
HOT0 OOCIIyrOBYBaHHsI HAaceJIeHHS. YCTaHOBJIEHO YMOBH (pOpMYBaHHsI MO3UTMBHOTO BIUTMBY CIIO)KHMBUOi KOPHCHOCTI
MICBKOTO MAacaKUPCHKOI0 TPAHCIIOPTY Ha PYXOMICTh MICHKOTO HacelieHHs. Ha OCHOBI BHIIiIEHOTO 3B’SI3KY B T0JaJIb-
IIOMY MO’KHa c(DOPMyBaTH CUCTEMY ITapaMeTpiB OLIHIOBAHHS SIKOCTI TPAHCTIOPTHOTO 0OCITyTrOBYBaHHS HACEJICHHSL.

Krouosi crnosa: micbkuii TpoManchkuii macaxkupebkuid Tpancmopt (MITIT); kopHCHICTS TPaHCTIOPTHOTO 00CTY-
TOBYBAHHS, SIKICTb TPAHCIIOPTHOTO OOCITyTrOBYBaHHS; PYXOMICTb HAcCEJEHHS; (YHKIsI TPaHUYHOI TEXHOJOTIYHOL
KOPHUCHOCTI yIpaBIIiHHS

Beryn BavyaMHu, 110 TPYHTYIOTECS Ha 3aCTOCYBaHHI ITOHAT-
Ts1 KOpUCcHOCTI. [IpH IbOMY aKIIEeHTOBaHO yBary Ha
BUBYCHHI 3aKOHOMIPHOCTEH CIIPUUAHSTTS YMOB 3a-
JIOBOJICHHS CIIOKUBYOTO MOIUTY, aHaji3i HagaHoi

Y cywacHiii Teopii yNpaBIiHHA COIiaJIbHO-
C€KOHOMIYHMMH CHCTEeMaMH HaOyIIi TOIIUPEHHS
MOJIeJIi OLIHIOBAHHS CIPUUHATTS IMOCIYT CIIOXKH-
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MPOMO3UIii, AOCHMKEHHI BHYTPIIIHIX MpOLECiB
1 BU3HAYEHH] pe3yNbTaTUBHIUX IMOKAa3HUKIB Ha ele-
MEHTHOMY piBHI MpejcTaBicHHs cucremu [7]. Bu-
KOPHCTaHHS Teopii KOPUCHOCTI B CUCTEMaX TpaHC-
MMOPTHOTO OOCITYyTOBYBaHHS BUXOAWTH 13 MESKHX
nepexymoB. [lepmr 3a Bce MaroTh Ha yBasi, IO Ta-
CaKUP 3aBXKAM TMOBOAUTHCA palioHaIbHO, TOOTO
nparHe OTPUMAaTH MAaKCUMyM KOPHCTi, IPH LILOMY
«KOPHCHICTB» € y3arajdbHEHUM CyO’€KTHBHHM TIO-
HATTAM, SIKE 3aCTOCOBYIOTH sl popMyBaHHS ysiB-
JICHHS TpO AOLIIBHICTH peaiizamii mepecyBaHHS
a00 e)eKTUBHOCTI BIPOBAIKCHHS KECPIBHUX 3aXO0-
nis [3]. HaiiBasxmBimia XapaKTepUCTHKA KOPHCHO-
CTI MOJISITa€ B TOMY, 1110 BOHA HE Ma€ (Pi3UUHOTO YU
MaTepiaJbHOTO BUPaKEHHS, OCKUTFKH ICHY€E B CBi-
noMocTi ciokuBada. KopucHicts mocimyru MITIT
MOJISITa€ B HOTO 3[]aTHOCTI 3a/I0BOJIBHATH MTOTPEOH
HACEJIeHHsT B 3[IHCHEHHI TPaHCIOPTHUX IEpeMi-
IeHb i3 BIAMOBIAHUM piBHEM SKOCTI TpaHCHOPT-
Horo obciyroByBanHs Hacenenns (ATOH) [7].

XapakTepHOI0 0COOJMBICTIO CYy4acHOTO PO3BU-
1Ky MI'TIT € HeoOXimHICTH BHpINICHHS 3aBIaHb,
OB’ SI3aHUX 13 PO3TIIIOM CKIAQIHUX, BAXXKO OIH-
CYBaHUX TMPOIIECIB B3aEMOJIl OO0 €KTIB 1 SIBHIIL
y Mexax OaraTopiBHEBUX (YHKITIOHATHHHX ITiJCH-
crem [13]. TIpo6aemy migsumenns SITOH MITIT
ChOTO/IHI TIOTPIOHO BHPINIYBAaTH Ha OCHOBI KOM-
TUIGKCHOTO PO3B’SI3aHHSI CYKYIHOCTI JIOKaJIbHHUX
TEXHIYHUX, TEXHOJOTIYHHUX, OpraHi3aliiiHuX Ta
COLIaJbHAUX 3aBIaHb, IO OOYMOBIIOETHCS TICHUM
B32€MO3B’I3KOM PI3HUX aCHEKTiB (QYHKI[IOHYBaHHS
MICBKOT TPAaHCIIOPTHOI CHCTEMH SIK OJJHOTO 3 TIOKa-
3HHKIB 3a0e3MeueHHs] SKOCTi JKUTTS HACEICHHS
[10]. V 3B’s13Ky 3 IIMM Ba)JIMBUM € PO3BHTOK CHC-
TEMHHX JIOCITI/PKEHb Y HaNpsiMi BCTAaHOBJICHHS HO-
BUX MOXJIMBOCTEH BHpILIEHHS 3aBIaHb YIPaBIIiH-
Hs1 ITOH Ha oCHOBI OOJIKY CKJIQJHUX CHCTEMHHX
BractuBocteir MITIT, y TomMy uucHi, HUISIXOM
KOHCTPYIOBAaHHS MIKPIBHEBUX B3a€MO3B’S3KiB Ta
BCTAHOBJICHHS METOJUYHHUX PErJaMeHTIB Y3ro-
JDKEHHSI TIapaMeTpiB yNpaBliHHS 3 TOKAa3HUKAMU
CIIPUHHSTTSI HACEJICHHSAM KOPUCHOCTI TPaHCIIOPT-
HOTO 00CITyTOBYBaHHSI.

Meta

He3paxkarouu Ha 3Ha4YHy HAyKOBY Ta IIPAKTHY-
HY 3HauuMicTh mpoOiemu migsuineHds SATOH,
CTYIIHb ONPALIOBAHHS IMUTaHb OI[IHKA KOPHUCHOCTI
TPAHCIIOPTHOTO OOCIYyroBYBaHHS HACEJCHHS 3 I10-

3ULiT 00Ky CIPUHHATTS YNPaBIiHCHKHX 3aXOMiB
BUBUCHO HEJOCTATHHO. TOMY METOI0 poOOTH € po-
3BUTOK HayKOBO-TEXHOJIOTIYHHX OCHOB BH3HAY€H-
HS KOPHCHOCTI TPaHCIIOPTHOTO OOCIYrOBYBaHHS
HACEJICHHS MaCAKUPCHKIM TPAHCIIOPTOM B YMOBax
(hopMyBaHHS [TOETAITHOTO YIPABIiHHS SKICTIO.

Metoauka

Teopiss KOPUCHOCTI 3a CBOEI0 METOIO CIIPSIMO-
BaHa Ha (OpPMYBaHHS yABIEHb MPO HEOOXiTHICTH
CTBOPEHHS YMOB JUIsI TIOBHOTO Ta CBOEYACHOTO 3a-
JIOBOJICHHS MOTpeO crnoxuBauiB. KopucHicTh MO-
KHA PO3IIIAJATH SIK CYKYIHICTh HMEBHUX SKICHHUX
a00 KUTBKICHO HACTIIKIB I iHAWBiTyyMa abo cy-
cuisibetBa [5]. KoxkeH i3 HampsiMiB Moxke OyTH
y Tiif 9¥ iHIOII# Mipi afanToOBaHWN 1O KOHKPETHHUX
3aBJaHb yJOCKOHAJICHHS TPAHCIIOPTHOTO 0OCIYTO-
ByBaHHSI.

Teopii kopucHocTi y cepi nmacaKUpchbKuX Te-
peBe3eHb HaOya 3aCTOCYBaHHS 32 TAKUMH HaIpsi-
MKaMHU:

— (opMyBaHHS palioHAILHOI MapIIPyTHOI Me-
pexi macaxupchbkoro Tpacmopty [1];

— BU3HAYCHHS NPIOPUTETY PO3BUTKY TPAHCIIO-
ptHOI iHdpacTpykTypu [11];

— YOpoBajpKeHHs  iHGOpMAIHOI  cHcTeMu
TPAHCIIOPTHOTO 00CIYroByBaHHs HaceaeHHs [8];

— BUOIip pyxomoro ckiany [12];

— BHM3HAYEHHS NapaMeTpiB TPAHCIOPTHOTO 00-

ciyroByBanss [2, 9, 14].

VY cucremi MiChKOTO IMacaXMPCHKOTO TPaHCHO-
PTY 3acTOCYBaHHS TEOpii KOPHCHOCTI MOXeE 3Hau-
HOIO MipOFO MiJBUIIUTH Pe3yTbTATHBHICTE BUOOPY
pamioHalbHUX KEpiBHUX 3aXOMdiB Ta B IIOMY
CTPUSTH PO3BUTKY TEOPil yNpaBIliHHS MaCaKUPCh-
KHUMH TIEPEBE3CHHSMH 1, BIJIIIOBIJHO, MPAKTHYHUX
pillieHb, HANpaBJIEHUX Ha BIOCKOHAIIOBAHHS TEX-
HOJIOTIYHUX TPOIIECIB 1 MOJIIMIICHHS IOKa3HUKIB
SITOH [2, 14].

VY po6oTi [2] sik MOKa3HHUK, IO BiITBOPIOE KO-
PHUCHICTh, BUKOPHUCTaHO HYac IepecyBaHHA. Y po-
ootax [9, 14] Ha ocHOBI 00JIIKY KOPUCHOCTI TpaHC-
MOPTHOTO 0OCITYTOBYBaHHS BCTAHOBJIEHO 3HAYEHHS
¢akTuuHOrO 00CSTY mepecyBaHb HaceneHHA. Oc-
HOBHHMM HEIOJIKOM LMX IAXOmIB € iX craruy-
HICTB, IO BHSBISETHECS B HEMOMKIJIMBOCTI OILTIHKH
noeranHoi nporpamu BaockoHaneHHss MITIT. O6-
MEXXEHICTh HasIBHUX MIJXOJIB JI0 PO3IJIsAy KOPHUC-
HOCTI YHEMOJXXITUBIIIOE OOJIK BIUIMBY pe3yJIbTaTH-
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BHOCTI CYKYMHOCTI 3ax0/iB Ha migsumenns ITOH
Ta 00YMOBITIOE HEOOXITHICTH (hopmaizariii Kopuc-
HOCTi TPaHCIIOPTHOTO OOCIYTOBYBaHHS. 3a TaKOTO
niaxony SITOH moxe OyTu nocmimKeHo i3 cucre-
MHOI W KOMIUIEKCHOI TIO3WIIii depe3 BiITBOPECHHS
kopucHocTi MI'TIT 3 mornsany rpynu iHIUBIAYyMiB
(criokuBauiB) Ta 3 Mo3uLii BUOOPY paliOHATBHUX
napameTpiB ympapniHHA. [pymoro iHAMBITYyMiB
BHCTYTIA€ CYKYITHICTh MACAXHPIB, IO KOPUCTY-
IOTBCSL SIK OKPEMHUMH MapLIpyTaMH MepexKi, Tak
i Bcim MITIT. ¥ Takomy HoAaHHi CyTHOCTI CIO-
KUBadiB MMOCIyT 3aranbHy KopucHictb MITIT mo-
JKHA TIPEJCTABUTH Yy BUIISAMI CYKYMHOCTI CITpHIA-
MaHUX CYCIIJILCTBOM Ta IHIUBIAYYMOM HACIIJKIB,
00yMOBJICHHX, 3BHYaifHO, HEoOXimHicTIO abo Oa-
KaHICTIO TMOT3/0K.

Cama mo co0i KOPHCHICTH OOCIyroBYBaHHS
MITIT moku mo He Moxxe OyTu (opmaiizoBaHa

y BHIJISIII CTPOTrOi MareMaTu4yHoi (GyHKUIl 3 BU3HA-
YEHOI0 PO3MIPHICTIO ¥ IHIIMMH O3HAKaMH OJHO-
3Ha4yHOCTI ii oOumcneHHs. Pazom i3 TuM sKicHe
nonanHs kopucHocti MITIT mo3Bomnsie B mporeci
peamizamii JOCHTIKEHb OMUCATH 3HAYHY YaCTHHY
B3a€MO3B’SI3KIB MK COLUAJbHUMH, EKOHOMIYHUMH
Ta TEXHOJIOTIYHUMH MapaMeTpaMu MPOLECiB TpaH-
CIIOPTHOTO  OOCITYyrOBYBaHHS HACCJICHHS  MICT
3 YMOB OLIHKH{ iX BIIMBY Ha 3aJIOBOJICHHS HOTO
PYXJUBOCTI Ta (hopMyBaHHs YMOB peaisaii mepe-
cyBaHb [4].

Jo cTpykTypu KOpUCHOCTI MOKHA BiTHECTH AB1
OCHOBHI KaTeropii: CIIOKWBYY Ta TEXHOJIOTIYHY.
Ha puc. 1 npeacraBnena cTpykrypa hopmyBaHHS
€JIEMEHTIB KOPUCHOCTI TPaHCIIOPTHOTO O0OCITyro-
BYBAaHHS HAceJeHHS MICBKMM I'POMaJChbKHM Iaca-
XKUPCHKUM TPAHCTIOPTOM.

KopwucHicts Tparcnopraoro oociyrosysanus MITIT (U, )

v
CnoxuBua xopucHicts (U, )

IMoTouna (y Burmsiai Burpar) (U,, )

Texuonoriuna kopucHicts (U, )

v

Honimuenns ATOH (U, )

A

Burparu Ha nepecysauns (U, )

Brparu Bin BTomu (U, )

3HIKEHHS BUTpaT
pecypeis (U, )
CKopoYeHHS HETATUBHOTO
BBy (U,,)

\ 4

OuikyBana (y Burisiai suroau) (U, )

—» KinbkicTh nepeminieHp HacelIeHHs, peai-

soBanux MI'TIT (77,)

IaauBigyansaa Buroga (U, B )

Couianbuuit edexr (U, )

Puc. 1. CTpykTypHIi CKJIa/10Bi KOPHCHOCTI 0OCITyTrOBYBaHHS MICHBKHM IPOMaICEKUM MacaXKHPCHKUM TPAHCIIOPTOM

Fig. 1. Structural components of utility services of urban public passenger transport

Crio’)kvBYa KOPHUCHICTh IMEPEeMIllleHb, peatizo-
Barux MI'TIT (U, ), moxe OyTu monaHa y BUIIIsiAL

HacHikiB y peanpHoMy waci (U, ) # mosrocrpo-
KoBiif nepcrexrusi (U, ). Hanpukian, s tpyno-

BHUX TIEpPeCyBaHb, XapaKTepHa CHUTYyallis, 3a SKOl
Macakup y peajbHOMYy dYaci TOHECe BHTpAaTH Ta
Oyze BiguyBaTH TPAHCIIOPTHE CTOMIICHHS IIiJ 4Yac

MOI3AKH, II0 HETaTMBHO BILUIMBA€ Ha 3arajJbHUMN
piBEHb KOPHCHOCTI mepeMilieHb. Y TOH ke dac
MacaKUp BiAUYBa€ AKYCh KOPHUCTh, IO OYiKY€ HOTO
MiC/s peaizaliii MOi3IKH: Macaxup npudyBae 10
MYHKTY [IPU3HAYEHHS, 16 MOXKE€ OTPUMATH pPealbHy
MaTepiajibHy BHHAropofy a0do 3al0BOJICHHS CBOiX
JKUTTEBUX TOTpeO. Y BHMIaaKy peasizallii TpaHc-
MOPTHOTO TIEPEMIIIeHHS OfiepKaHHs MalOyTHBOT
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MaTepiadbHOiI BUHAropoau abo 3aJI0BOJICHHS MOT-
pebu B GLNBIIOCTI BUITAIKIB MPU3BE/E O BIAUYTTS
KOPHCHOCTI BCHOTO 3aX0My. Y pe3ylmbTaTi po3riis-
JIy MaJIuX KOPIOPATHUBHHUX a00 reHepalbHUX CYKY-
MMHOCTEH IHIHMX BUIIB IepecyBaHb MOXKHa chop-
MYBaTH 3arajbHy MOJENh BU3HAYEHHS CIIOKHBYOT
kopucHocTi oocnyroBysanHs MI'TIT, mo mpencra-
BJICHA Y BUTJISAJI CIUILHOTO O0JIIKY JBOX OCHOBHHX
CKJIAJIOBUX:

u.=-U_,+U,. 1)

[Ipu upomy, mOAIOHO O MOHATTS «IHUCKOHTY-
BaHHS», OTPUMaHa 3TOJIOM BUT'0Ja MOKE CIIPHIi-
MaTHCs 33 CHaTHOI0 3aJekKHICTIO. Toai CIOXKUBUY
KOPHCHICTh TPaHCIIOPTHOTO MPOIIECYy MOKHA BUpa-
3WUTH 3aJIEKHICTIO!

Np b
U =2 Uy -Ui+ 2 Uk | ()
i-1

At=1

ne U) — moTouHa KOpUCHICTH JUIA i -TO iHAMBITY-

. . .. . c
yMa y BUTJIS/L BTPAT Bi TpaHCopTHOI BToMu; N

— xinbkicTh kopuctyBanb MITIT (kinbkicTs maca-
XKHUPIB); AT — eIeMEHTapHUH KPOK 4acy, y SIKOMY

nposiBistersess U, mH.; U

. — OdYiKyBaHa KOpHC-

HICTB JUIA [ -T0 nacakupa (IHAUBiAyyMa) B epioi

tV a6o omHomy skomych At; Ky — koedimient

3MEHIIICHHS 32 YaCOM BIIYYTTS BiJlAJICHOT KOPHC-
HocTi U, ; U/, — BuTpatu i -ro nacaxupa Ha nepe-
CYBaHHS.

HaBenena 3aiexHICTb HE € MaTeMaTHYHOIO
MOJICJUTIO OOYHMCIICHHS CIIOKHUBYOI KOPHCHOCTI 00-
cinyroyBanns MITIT. Ipencrarnena crpoda do-
pMaizaiii KOPUCHOCTI CBIAYWTH JHUIIE PO 3MiCT
Ta CKJIAJOBI, 110 32 CBOIMH BaroBUMH KoeQilli€H-
tamu (abo ¢yHKIisiMH) cy0’exkTHBHO (IHIUBIIya-
JbHO) ab0 KiUIbKICHO BH3HAYAIOTh KOPHUCHICTH SIK
6a3oBy kareropito ouintoBaHaa MI'TIT. CnoxxuBua
KOpHCHICTh U, € BU3HAYaJbHUM YMHHUKOM Y (o-

PMYBaHHI KiIBKOCTI TIEpeMillleHh HACeJIeHHS, pea-
nizoBanux MITTIT, — 77, . 3anexnicts 11, = f(U,)

y 3araJlbHOMY BHTJISIII Ma€ MPONOPIIHHUI 3B’ 30K,
IO JI03BOJISIE 3pOOUTH BHCHOBOK IPO MOXIJIUBICTb
BIUIMBY Ha PiBEHb PYXOMOCTI uepe3 3MiHy MOTOY-
HOT Ta OYiKyBaHOI KOPUCHOCTI. 3BiJICH BHILIHBAE,
[0 B AKIWCH KUIBKOCTI MOTEHLINHO MOMIIUBUX II€-

pemillenb /1, iXHs peanizallis MOKe HE BiIOyTHCS

Yyepe3 BIJICYTHICTh KOPHUCHOCTI. J[omimbHICTD MOi3-
t

JIKU 3aJIeKUTH BiI O4iKyBaHOI BUTOJIU ZU Loky
At=1

Ta BiJ 3BeAeHMX BUTpaT U, , 10 CKIajy SKUX Ha-

JIEKATh:

— 3arajbHI BUTPATH Ha OPTaHi3aIlito TPaHCIIOp-
THOTO TPOLECY, 10 B OCHOBHOMY BH3HAYAIOTHCSI
co0iBapTiCTIO IepeBE3CHb;

— OIIOCEpeIKOBaHI BUTPATH dacy Ha Iepecy-
BaHHS, IO MOXYTh OyTH CyO’€KTHBHO 3BEJIEHI 10
ix BapTicHOI iHTepIpeTalii;

— HETaTWBHHH BIUIMB HA CYCILIbHY HPOIYKTH-
BHICTB, 1[0 OIIOCEPEIKOBAHO BIUIMBAE€ Ha CIIPHI-
HATTA HepeMiHICHHSI HaCCJICHHSAM,

— 3BEJICHI JI0 1HAMBIAYaIbHOrO Ta CYCHIIBHOTO
HETaTHBHI COIliaIbHI HACTIAKK TpPaHCIOPTHOTO
nporecy.

SIKIO B3sITM JI0 yBaru T€, 10 KiJIBKICTh peai-
30BaHUX MOTEHLIMHHUX MEpeMillieHb [/, 3alIeKUTh

BiJl KOPUCHOCTI TPAHCIIOPTHOTO MPOIECY, TO MOXK-
Ha 3aTBEPUKYBATH, 1[0 KOPUCHICTH BU3HAYAE:
— 3arajgbHy PyXJIMBICTh HaceNneHHs, P, ;

— iX TPaHCIIOPTHY PyXJMBICTb, P ;

— PYXJIUBICTh MICTSIH Ha Maca)XKUPCHKOMY Tpa-
HCIIOPTI 3araJIbHOTO KOPUCTYBaHHSA, [pt .

Texnonoriuna kopucHicte MITIT (U, ) sBiste

cOo0OI0 BHYTPINTHIO XapaKTEPUCTHKY peani3arii
ynpaBiiHChKMX 3axoaiB. Came mo co0i MOHATTA
TexHoJoriuHoi kopucHocTi MITIT He Moxe OyTH
B [TPOCTOMY BHUIJISI/II 3aCTOCOBAHE IS OI[IHIOBAHHS
Pe3yIbTaTUBHOCTI BHYTpimHIX mporeciB. Ilpore-
Jypa BCTAaHOBJIGHHSI PiBHS TEXHOJIOTIYHOi KOpHC-
Hocti MITIT nepenbavyae BU3HAYCHHSI XapaKTepu-
CTHYHOTO BIUIMBY Ha CIIOKMBYY KOPHCHICTH TpaH-
CHOPTHOrO 00CIyroByBaHHs. ICHye 3B’S130K MiX
U, ta U_, mo BusBiserbcs y 3Mmini U, depes
3MiHYy YMOB pealtizailii MOTOYHUX TiepecyBaHb. Te-
xHojoriuHa kopucHicte MI'TIT BinTBOprOE KepiB-
HUH BIUTUB Ha mporec 3 mo3uiii ATOH (th ), BU-

TpaT pecypciB Ha 3JiHiCHEHHS TPaHCIOPTHHUX OIle-
pamiit (U,, ) Ta HeratuBroro BBy (U, ).
Po3B’s3anns 3agaui nigsumenns ATOH notpi-
OHO pO3IJISLAaTH B CKJaJli KOMILICKCHOI CHCTEMH
yrpasiniHHs. OCHOBOIO JIJISI IIBOTO € Y3TOKEHHS
LTBOBUX 1HTEPECIB CIOXKHUBAYIB TPAHCIIOPTHUX
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nocyr. JIJis BUKOHAHHS METH, TTOCTABJICHOT MepeT
MITIT, HeoOXimHEe BUPIMIEHHS ILIOTO KOMILIEKCY
3aBAaHb, SAKI TEPII 3a BCE OB’ sI3aHI 3 ITiIBHINCH-
HSIM HOTO TEXHOJIOTIYHOI KOPUCHOCTI. Y pasi pea-
mizamii KepiBHUX il OYIKYEThCS MONIMIIEHHS CY-

KYIHOCTI [apameTpis, o Bu3Ha4aoTh U,

U,, U, . Ilpu npomy BinOyneThCA MO3MTHBHHI
BILIMB Ha CKJaJ10Bi €JIEMEHTH IIOTOYHOI CIIOKHUBYOT
kopucHocti U, . Lle MOXIMBO 3a paxyHOK 3HH-

KEHHs1 BUTPAT Ha nepecyBanns U, Ta BTpaTu Bix
BTOMH U . 3a CBOIM 3MICTOM 3B’30K BILUIUBY Ha-

OyBae MOCIiTIOBHOCTI:

th = {thfutrfutn} —>Ug, =

={ et,Uef}—>UC — 11, .(3)

[Ipencrasiena noriyHa MOCHIJOBHICTD 3B’SI3KY
BIJITBOPIOE 3arajbHi YMOBH ITiJIBUIIICHHS KOPUCHO-
CTI TPaHCTIOPTHOTO OOCIYTOBYBaHHS 32 pPaxyHOK
peamizamii KepyrUnx 3aX0JliB, ajie He Ja€ MOXKJIIH-
BOCTI BCTAHOBJICHHS YMOB iX JIOIUJILHOCTI Ta Ta-
pameTrpu3arii.

Jis sIKiCHOT OIIHKY TE€XHOJIOT19HOI KOPUCHOCTI
MITIT MOXIHBO 3aCTOCYBATH TOJIOKEHHS TEOPil
TpPaHUYHOI KOpHCHOCTI. I'paHWdYHA TEXHOJOTiuHA
kopucHicte MITIT sBrsie coboro kareropito, 0

a—a

U

C

\'
Ua Ué.N UC
C /

Uct.)/

Ud

C

Al A A

MU,

A A A

BiATBOPIOE 3B’SI30K MK OTPUMAaHUM DPE3yJIbTATOM
TPAHCIIOPTHOTO OOCITYTOBYBaHHS Ta OOCSITOM 3a-
CTOCOBAHHUX pecypciB abo mapameTpamMH KepiBHHUX
3axoiB. [IpUHIMII TPaHUYHOI TEXHOJIOTIYHOI KO-
PHCHOCTI 3BOAMTHCS O TaKOTO: PE3yIbTATHBHICTD
nismeHOCcTi MITTIT 110710 3MiHM KUTBKOCTI peaitizo-
BaHUX IEPEMILIEHb HACEJCHHS BU3HAYAIOTh KOpPHU-
CHICTIO TPAaHUYHOTO PiBHS, 32 SIKOTO MOXYTb OyTH
3JI0BOJICHI TPAHCIIOPTHI MOTPeOH 3 MaKCHMallb-
HUM piBHEM AKOCTi 00cCiyroByBaHHs. BiH rpyHTY-
€THCS HA BUKOPUCTAHHI 3aKOHY CHaJHOI KOPHUCHO-
cti, mo g MI'TIT mae Taki KJIFOYOB1 aCIIEKTH:

— 31 3poctanHaM piBHs JATOH BinOyBaeThcs
3HW)KEHHSI BUTpAT Ta BTpaT Ha peaiizamilo mnepe-
MIIIEHHS, 10 HO3UTHBHO BIUIMBA€E Ha PiBEHb CIO-
JKUBYOI KOPHCHOCTI TPAHCIOPTHOTO OOCITyTOBY-
BanHs MITIT Ta 3a0e3neuye 30iJbIICHHS TpaHC-
MOPTHOT PYXJIUBOCTI HACEIICHHSI;

— 31 3pocranHsaMm piBHA SATOH 30inpmryerscs
CTHOXKMBYA KOPUCHICTh, alie MpH IOMY TeMI 30i-
npineHHst cnoxuBuoi kopucHocti MITIT ymogine-
HIOETHCS;

— Mepexifl OO0 KOXKHOTO HACTYIHOTO CTYIIEHS
ATOH 3HMWKye THTEHCHBHICTH MPUPOILIEHHS CIO-
»uB40i koprucHocTi MI'TIT.

Ha puc. 2 npencrasnena rpadivna inTepripera-
Lis 3MiHM [apaMeTpiB 3araibHOi KOPUCHOCTI
TpaHcnoptHoro oocinyroBysanus MITIT.

o0—b

muf
MUP 4

MUty
Al A A

A A A

Puc. 2. 3miHa KOPUCHOCTI TPAHCHOPTHOTO OOCITYTOBYBaHHS:
a — 3araJibHa CIO)KUBYA KOPHCHICTh; 6 — paHNYHa KOPUCHICTh

Fig. 2. Changing utility transport services:
a — general consumer utility; b — marginal utilitty

AHaJti3 npeAcTaBIeHUX 3aKOHOMIpHOCTEH 3Mi-
HU TIapaMeTpiB Ha puC. 2, @ 1a€ MOXIHUBICTD BHI-
JUTHU PSIJI XapaKTepHUX YMOB (POPMYBaHHS 3aralib-

HOoi crmoxuB4oi (U_.) Ta rpaHUYHOI KOPUCHOCTI
(MU;,). 3i 3pocrannsm piBas SITOH y nampsmi
A, — A, 30inblIy€eThCS 3araibHa KOPUCHICT Tpa-
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HenopTHOro obciyroByBanus MITIT, mo Mmoxe
OyTH TIpeACTaBIEHO SK IOJIIMIISHHS YMOB peai-
3arii Ta TiIBUIEHHSA KIJTbKOCTI MOTEHIIWHUX IIe-
pecyBanb HaceneHHs MITTIT (/7,). 3i 3pocTaHHAM
A Temn 30inbmeHHs U, yIOBUIBHIOETECS. Y pasi
MIXKCTYIIEHEBOTO repexony SATOH
(44 > A4, —> A, > A, —> A,) BinOyBaeTbcs 3HH-
JKCHHsI IHTEHCUBHOCTI MPHUPOIICHHS AUcd, AU?,

w
AUY, AU,
3MOTy OOIPYHTYBaTH MOJKJIHBICTh BHKOPHUCTAHHS
TPAaHUYHOI TEXHOJIOTIYHOI KOPUCHOCTI yNpaBIliHHS
MITIT MU, B pa3i onucy BIUIMBY KEPIBHHX 3aX0-

AU;’. Bussneni teHaeHmii IaroTh

niB Ha U, . Ik BuaHO 3 puc. 2, 6, KO 3pocTae
JATOH y nHanpsmi 4, — A4,, BinOyBaeTbCs 3HU-
’KeHHs piBHA npupocty AU, ta MU,, mo cBig-
YUTHh NP0 HASBHICTH 3MIHHOTO XapakTepy Ta rpa-
HUYHOI MeXi e(eKTHBHOCTI KEpiBHHX 3aXOIiB.
[IpencraBnena GyHKIiS TPaHUIHOI TEXHOJIOTIYHOT
kopucHocTi ynpasininag MITIT MU,, oueBuaHo,

3a10BOJIBHSIE BUMOTI'H!

du, (A) _,

7y (4)

ae dU_(A) — npupicT 3arajabHOi CIIOKUBUYOI KOPH-
cHocti; dA — mpupict crynenst ATOH.

3a3HayeHa 3aJICKHICTh IMOKAa3ye, IO (DYHKIIA
MOHOTOHHO cmagae 3i 3pocranHsMm STOH
A — A,. 3aranbHa HaKONKWYEHA CIOXKHMBYA KOPH-
CHICTH fABIISI€ COOOIO TUIOIMHY (irypH, IO 3HAXO-
JUTHCS MM PYHKIIEI0 KOPUCHOCTI TPAHCIIOPTHOTO
00CITyrOByBaHHSI:

A
TU(A)= [ U (A)dA, (5)
Act

ne A, — novarkose 3HayeHHsA cTyneHs SATOH;
A, —3HauenHs ctynens ATOH y toumni x.

I'paHMYHYy TEXHOJOTIUYHY KOPHCHICTH YIpaB-
muag MITIT Bu3HA4arOTh MMOXIJHOK 3arajbHOI
HaKOITMYEHOI KOPUCHOCTI:

dTU, (4)

MU (4) = dA

(6)

3pilicHuBIIM 3aMiHy y Bupasi (6) BelnuuHU
d7U,.(A) d4epe3 BHKOpPHCTaHHS 3anexkHOCTI (5)
Il TPAaHUYHOI TEXHOJIOTIYHOI KOPUCHOCTI, OTpH-
MaEMO:

A
MU= [ U@ |=U.). @)
A

Sk OGaummo, TpaHWYHA TEXHOJOTiYHA KOPHC-

Ha 3arajbHy CHOXKHBYY KOPHCHICTH TPAaHCIOPTHO-
ro oocmyroBysanHst MI'TIT U, ToToxHa i

MU, (4)=U, (4). (8)

ToroxxHe piBHSHHS CBITYUTH PO TE, IO OOH-
Ba mokasHMkn MU,1 U_ eKBIBaJleHTHI B CEHCI

MOJKJIUBOCTI iX 3aCTOCYBaHHS JUIS OI[IHKU PE3YJlb-
TATUBHOCTI YIIPABIIHCHKHUX 3aXOIB i3 MOJIMIIIEHHS
ATOH. Ha mpakTuri 1ie peanizyloTh TAaKUM YHHOM:
Oy/Ab-SIKMIl TEXHOJOTIYHUN YNPaBIiHCHKUI 3axXif,
mo 3abesneuye noximmenHs ATOH, moxHa po3r-
TMAAATH K Ji0, CIPSMOBAHY Ha TiABUINCHHS KO-
PHUCHOCTI TPaHCIOPTHOTO 0OCITyroByBaHHs. Po3r-
JNSHEMO TOCTamHy pealizalilo Ha MapuIpyTi

MITIT TPHOX YIPaBIiHCBKUAX 3aX0/IiB
Z, ={zr;1, 2%2,2%3} . Hepumii 3axin (z,, ) nepex-

Oavae peanizamilo KOHQIrypamiiiHOTO yIpaBIiHHS
MIEPEeBI3HOIO 3[aTHICTIO PYXOMOTO CKJIa[ly Ha Map-
wpyti, apyruit (z;,) — oOprasizamiio B3aeMoil
Cy0’€KTiB MapHIPyTHOTO MOTOKY B MeXax 3yIHH-
HUX ITIYHKTIB, a TpeTiii ( Z;,) — YIPOBa/KEHHS iH-
(dhopMariiHOTO CYIpOBOAY TPAHCIIOPTHOTO OOCITY-
roByBaHHS. Y XO0ji iX peamizamii BinOymeTscs 10-
csrHeHHs 3MiHn noka3HukiB ITOH: y pasi peai-

samii z;, — i3 A, 1o A, 3a peamisauii Z,, — i3
e r

A, 1o A, 3apeamisami z,;, —13 A, 10 A ,,.

J1s HAOYHOCTI MPEJCTaBIIEHHs MPOLECY NPHITyC-

tumo, 1o npupict ATOH BinOyBaeTbes 3 oaHAKO-
BHUM iHTEPBaJIOM:

AA&ZA&_AH:ASCH_A(:A&Q_AM- (9)

[igsumenns SATOH mpusBene no moeTamHoro
3pOCTaHHs CIIO)KUBUYOI KOPHCHOCTI TPAHCIIOPTHOT'O
obcayrosyBanHst MITIT mo U_(A)), U.(A.;).

U.(A.,), [0 B yMOBaX HEOKJIACHYHOI EKOHOMIY-
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HOI Teopii MOXe O3HayaTd, MO0 TaKOX BiIOYBCS
MPUPICT TPAHUYHOI TEXHOJOTIYHOI KOPHUCHOCTI

MUt(Zr;i)'

(8) Benmuuny mpupocty MU, (z;,) s KOXKHOTO

Iz BpaxyBaHHAM TOTOKHOCTI BUpa3y

eTamy peaiizamii ynpaBIiHCHKHX pillleHb BU3HA-
4aloTh pi3HUIEIo 3HaueHb U (A):

AMUI (Zr:’ll) = Uc (Ax) - Uc (Ax—l) ; (10)
AMUt (Zr:12) :Uc (Ax+l) _Uc (Ax) ; (11)
A]‘/Il]t (ern?:) = Uc (Ax+2) - Uc (Ax+1) : (12)

VYpaxoByroun 3aKOHOMIpHICTh (4) Ta mijcTaBu-
B 3anesxHocTi (10)—(12) mo Bupasy (6), orpuma-

€MO pamKyBaHHs 3Ha4eHb MU, (zy,;) VIS KOXHO-
IO YNPaBIiHCHKOTO PIllICHHS:

AMU, (2,1) > AMU, (21,) > AMU; (215) - (13)

HaBenena curyamis mnepeabadae, mo KOXKHE
HACTYITHE YIPaBIIiHCHKE PIllIEHHS X0Y 1 Ma€ MEHIIe

suavdeHHst AMU, (z,,;), OIHAK CIPHIMAETBCS CIIO-
’KMBayaMH SIK TMiABUILEHHA KopucHocTi U (A)).

Buxoastun 3 110ro, MOXXeMo OOIPYHTYBaTH TBEp-
JOKEHHS, 110 30UTBIIEHHS KiJTBKOCTI YIPaBIiHCH-
KHX 3aXOJiB JIa€ MPUPICT CHOKHUBYOI KOPHCHOCTI.
OnHak Take TBEPPKEHHS € MPAaBIUBHM JUIIE 32
YMOB BUKOPHUCTaHHS MapaJurMd pPaliOHAIBHOCTI
CITOKHBAYIB, IO JISKHUTh B OCHOBI HEOKJIACHYHOI
EKOHOMIYHOI Teopii. BoHa nependayae, mo KoxeH
MacaKUp MPOBOAUTH PETPOCIIEKTUBHY OLIIHKY 3Mi-
oy STOH i3 mo3uuii 3anam’sITOByBaHHS MEPBHH-
HOTo cTaHy A, _; Ta JOCATHEHOrO KiHIIEBOTO pe-

3ynbTaTy A,,;. IIpyu npoMmy obuaBa noHsATTA (CIO-

xuBua KopucHict MI'TIT Ta rpanu4Ha TexXHOJO-
riuna kopucHicth ynpasiinas SATOH) naroTsb
ineHTHYHMA QyHKIiOHANEHUH omuc. Lle oO6rpyHTO-
BY€E MOJIIMBICTH OIIHKA TPAHUYHOI KOPUCHOCTI Ha
ocHOBi 3MiHU noka3HukiB ATOH.

B ymoBax oOmekeHOi paiioHaJIEHOCTI CIpHK-
wartss SATOH poctoBipHicTh TOTOXHOCTI  (8)
€ MPOOJIEMATHYHOO. SIKIO MPUTYCTUTH HEJIOCKO-
HaJIy TaM’sTh, 0 HAJEKUTH J0 OCOOHCTOrO BH-
najgKy oOMeXeHOi palioHabHOCTI, QyHKIiOHAIb-
HUi ommuc cnoxusuoi kopucHocti MITIT ta rpa-
HUYHOI TEXHOJOTIYHOT KOPHUCHOCTI YIpaBIIiHHS
ATOH y 3aranbHOMY BHIIAAKY BiApi3HSAETHCA. 3a

Oy/Ab-sIKOTO BapiaHTa CHPUUHATTS mporecy ¢op-
MYBaHHSI 3aTrajbHOi OI[IHKH SBJISIE COOO0 HAKOIIH-
YeHHS KOPHUCHOCTI 3a BCiMa eTamaMu peajizamii
YNPaBIiHCHKUX PillleHb. 3arajdbHUN aOCONMIOTHUM
HaKOMUYEHUH pPEe3ylbTaT OIHIOIOTH SK PI3HHUITIO
0a30B01 KOPHCHOCTI Ta KOPUCHOCTI, OTpUMaHOi Ha
3aBepiiaibHOMY etami. Jljis parioHanbHOI MOJei
CIPUIHATTS KOPUCHOCTI BOHA Ma€ BUTJIISL

TU(25)=U. (A + 2 ULA),  (14)

ne U (A_;) — KopHCHICTb 3a 0a30BOro piBHA
STOH, rotunis; U, (A,) — KOPUCHICTb, OTpUMaHa
Bix momimmenas SITOH depes peamizarito ynpas-
JHCBHKOTO 3aX0y i, FOTUIIB;, Z; — KUIBKICTb 3a-

XOJIiB YTIPaBITiHHS.
s HepallioHaJIbHOI MOJIENI CHPUHAHATTS KO-
PHUCHOCTI:

TUC(Z;13) :Uc(Axfl) +
+3(U(A)-U(A), (15)

ne uU:(Aﬂ.) — BTpaTa B 4aci CIpUHHSITTS KOpHUC-
HocTi, orpumanoi Bin momimmenas SITOH wepes
peaizailiio yupaBiiHChKOTO 3aX01y i , FOTHIIIB,

B ymoBax HepamioHaNsHOT MOJIENI CIIPUHHATTS
YUHHMK 4acy BiJIrpa€e HEraTUBHY pojib. ToMy Mo-
JKHA 3alPOTIOHYBATH JIJISl OIIIHKH PE3yJbTaTHBHOC-
Ti YIPaBIIHCHKUX 3aXOJiB 3aCTOCYBaTH (HYHKIIIIO
NPUPOLICHHST HAKONMWYEHOI KOPUCHOCTI B daci
y BUIJISIIII TIOXIHOT BUY:

ATUC(Z;) = lim Uc(Ax—l) _Uc(Ax+2) .

t2 >0

" (16)
x3 x0

Sxmo pesynbrar 3minn ATOH A BinOyBaeTs-
Csl B MOMEHT 4acy tS, MOXHa I0/IaTH 3aJIEKHICTh
(16) y Bursimi:

AU, (t7)

ATU,(z") = lim
50 AL

ty >0

17)

ne U_(A._;) — abcomoTHHI NPHUPICT KOPHCHOCTI
B uaci, rormwiiB; U, (A;) — IpoMikok dacy, mpotsi-
T'OM SIKOT'O Pealli3yIoTh YIPaBIIiHCHKI 3aX0/H.
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VY xoni anamizy ¢QyHKUii MPUPOIIEHHS MOXXHA
IIATH BUCHOBKY, IO 301IBIIEHHS Yacy MpPHU3BO-
IIUTH 70 3HWKEHHS CIoKuBY0i KopucHocTi MITTIT.
PosrnsnyTi  3akoHomipuocti  (15)—(17) MoOXyTh
OyTH OKPEMOIO0 MOJEIUTIO TIOBEIHKH CII0KMBAYiB.
3a cBO€O CYTTIO 1l MOJKHA MOAATH Y BHUIJIAAL Tie-
CHUMIiCTHYHOTO MiAXOAY A0 OLIHIOBaHHS pe3yJbTa-
TUBHOCTI YPaBIiHCHKUX 3aXO/IiB.

PesyabTaTn

3a pgomomororo TabmuuHO-rpadivyHOl Mozeni
MPEeCTaBUMO OIUC CUTYalliil COpUHHSTTS yIpas-
niHcbkux 3axofiB 3 migsumenHs SITOH i3 Buko-
PUCTaHHAM PI3HUX THIIB CIOKWUBYOI TaM’STi.
VY tabu. 1 HaBeneHa MOJEb CHPUHHATTS TEXHOJIO-
T1YHOT KOPHUCHOCTI TPAHCTIOPTHOTO OOCITyTOBYBaH-
HSL.

Tabnuus 1

Tabau4yHa MofieJIb CHPUIHATTS TEXHOJIOTTYHOI
KOPHCHOCTi TPAHCIIOPTHOI0 00CTyTOBYBaHHS

Table 1

Tabular model perception of technological utility
of transport services

PerpocnexTiBHa OIliHKA
Eran [Torouna KOPHCHOCTi yTpaBIiHCHKUX
3MiHU OUIHKA pilieHs, IOTHIIB
KOPHCHOCTI
SITOH e B
I0THIIB Pamionanbue Hepantiona-
JIbHE
1 6 6 3
2 4 4 2
3 2 2 1
Paszom 12 12 6
3acToCcyBaHHS MPHHLIUIY KOPOTKOTPHBAIIOL

CIOYKUBYOI IMamM’ AT nependavae, 1o iCHye mnepioj,
MNPOTSATrOM SIKOTO Ha CHOXKHMBadya TPAHCIIOPTHUX
nocyr nie epexT HacuueHHs. [loeranHa peaiza-
il ynpaBIiHCHKHUX 3aXOJliB MOJSTae B iX yTUICHHI
B MOMeHTH yacy ty, t%,, t% 3 BimmosizHumu iH-
TepBajgaMu. 3MiHy criokuBuoi kopucHocti MITIT
BU3HAYAIOTh y Il MOMEHTH 4acy. Y MOAalbLIOMY
Mepiofi  CHOCTEpIraroThCsl  S(PEKTH  3MUBaHHS
nmam’sTi CIIOKMBayda, y X0l SKOTO BiOyBaeThCs
csoro poay obnynenns U_ (A ). Hampuknaz,
y X0zl peamizallil yrnpaBJIiHCbKHX 3aXOJIiB JOCAT-

HYTO U.(z,,)=6 rormi,

U.(z,,)=4 rorunis, U,(z) ;) =2 rormwii. Ouinky

TaKUX  3HA4YCHb:

kopucHocTi U_(A,) yCTaHOBIIIOIOTH y XOJIi CEpBi-

CHO-PECYpCHOTO MOJISIIOBAHHS MapaMeTpiB pobo-
i Mapupyty MI'TIT uepes 3MiHy MOKa3HUKIB, IO
BusHavatoTs SITOH. Bazosuii ctan MITTIT 3a0e3-
neuye U, (A_;)=8 rortmiis. PisHung mix pamio-
HAIBHUM Ta HEPaliOHATbHUM  CHPUHHATTIM
YMPaBIiHCHKUX PpillleHb MOJISATa€ B TaKOMY: Taca-
JKUp 13 parlioHaTbHAM CIPHHHATTIM TIaM’SITa€ TIo-
gatkoBuii cTaH SI'TOH Ta omiHIOE KOPUCHICTH yCix
peaizoBaHUX 3aXOIB 3arajioM 00 I[LOTO CTaHy.
Woro  cropuifHsaTTs  TOBHIiCTIO  Bijmmosinae

00’exTHBHIN ouinui, a came: U_(z),)=6 roruiis,

U.(z,,)=4 rorumi, U_(z, ;) =2 roruni. 3araisna
OIlIHKa KOPWCHOCTI TPAaHCIOPTHOTO OOCIYTOBY-
BaHHS B IIbOMY BUNAJKy Oyne ckiagatu 18 roTu-
niB. Ha puc. 3 npencraeieHa rpadivuna iHTeprpe-
Taris OpMyBaHHS OLIHKH KOPHUCHOCTI JJISl parfio-
HAJIBHOTO CIPUHHATTS eTamniB 3MiHu ITOH.

U

c

U.(A..)

18

12

a a a a a
x0 x1 x2 tx3 tx

Puc. 3. I'padivna iHTEpHIpeTaris GopMyBaHHS OLHKH
KOPHCHOCTI 32 palliOHaJbHOTO CIPHAHATTS

Fig. 3. Graphic interpretation of evaluation’s formation
of the rational perceived utility

I'padiuna inteprperaniss GopMyBaHHS OIIHKH
KOPUCHOCTI TPAaHCIIOPTHOTO OOCITYTOBYBAaHHS JUIS
HEpaIliOHAILHOTO ~ CHPUWHATTS ~ €TamiB  3MiHHU
SATOH nonana Ha puc. 4.

[Macaxxup 13 HeEpaliOHAIBLHOK IMMaM’ATTHO OIli-
HIOE KOKEH eTall OKPEMO CTOCOBHO HE ITO0YaTKOBO-
ro cra”y, a nomnepeaasoro. Oxep:kaHa OIiHKa KO-
PHUCHOCTI TPYHTYEThCSI Ha TIOPIBHSHHI JBOX CyMi-
HHUX CTaHIB TPAHCIIOPTHOTO OOCIYroBYBaHHS. 3a
TaKUX YMOB KOXKHa OLiHKa OyZe MEHIIOI HiX
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00’€KTHBHA OIliHKa pPe3yJIbTaTUBHOCTI 3aXOiB,

r
ml

nanpuxian, U, (z,,)=3 rortwi, U (z,,) =2 totu-

m, U_(z,3)=1 toruns. Ipu upomy dakruusa 3a-

rajibHa OIliHKa KOPUCHOCTI TPAHCIIOPTHOTO 00CTy-
TOBYBaHHS CKIaga€ 6 IOTHIIB 1 € MEHIIOK TOMY,
IO KOXKEH 3aXiJl MOPiBHIOIOTH 3 MOTOYHUM CTaHOM.

U

c

18

.Uc(Ac+1) UC(AX+2)

_____________ e AL,
Uc (A.(+l

12

a a a a a
txo x1 X2 txs tx
Puc. 4. I'padivna iHTepIIpeTaris GopMyBaHHS OMIHKA
KOPHCHOCTI 332 HEpaLliOHAJIBHOTO CIPUHHATTS

Fig. 4. Graphic interpretation of evaluation’s formation
of the irrational perceived utility

JouineHicTh peanizamii ynpaBIiHCBKHUX 3aXO0-
JiB BU3HAUYAIOTh HA OCHOBI TPAaHUYHOI Pe3yJIbTaTU-
BHOCTI KepiBHHX 3axoxiB (MU, (z;,)). B ymoBax,
KOJIM CIIPUHAHSATTS KOPUCHOCTI BiJl YIPOBaKEHHS
3axoziB noninmenHs ITOH y koxHOro nacaxupa
MOJKe HaOyBaTu pi3HOI (hOpMHU, AOIIIBHO MPEACTa-
BUTH OLIHIOBaHHA T'PAaHUYHOI Ppe3yJbTaTUBHOCTI
KEepIBHUX 3aXOJ[iB Y BUTIIA/I MiHIMAKCHOI (DyHKIIIi.
3uadyenHs abcomoTHOro piBas MU, (z;,) Bu3HA-
YaTh [UIIXOM BHOOpY Halikpamoi ¢yHKkmii
U.(A,) 13 napamerpuunoi mHoxunu U_(A) Ha
muoxuni A7 ={a, },(x=1, n,). ®yHkuio posro-
Ty BENWYMHH 3MIiHH CHPHUHATTS KOPUCHOCTI

a
Uc(txi)
Ul = {ux},(x =1,9,), o Bu3Hauae QyHKIIT IiTb-

y 4aci 3HAXOJATh 13  MHOXHUHH

HOCTI 3MiHM CHPUIHATTS macakupamu B 4aci. Oc-
HOBHA CYTh BHKOPUCTaHHS MiHIMakCHOTO METOIY
IPYHTY€EThCSI Ha TPUMYIICHHI PO BUKOPUCTAHHS
Haiikpamoi ¢yHkuii onucy 3minn ATOH Big ma-
pameTrpiB il BH3HA4YCHHS Ta HaWripmoi Mozemni
CTIIPUIHATTS 1i B Yaci:

dp t3
>omin max [ U, (4)U,(65)de; ,(18)

y=1 g EAE p(ux)eUé 2
X0

MU, =

e q; — KIJIbKICTh CIIOKHMBAYiB MOCIYT.

AmHaniz xapakTepy Ta 3MiCTy MOJeJli BU3HAYCH-
HSl TPaHWYHOI PE3yNbTATHBHOCTI /Ja€ MOXKJIHMBICTh
3pOOUTH PsI OCHOBOTIOJOKHUX BHCHOBKIB IIOMO
(opMyBaHHsS KEpIBHUX 3aXOJiB i3 MiJABUINCHHS
ATOH:

— BIUIMB Ha crioxuBay KopucHicte MITIT mo-
JKIIMBUHA TIUIIXOM peaizamii CyKyHmHOCTI 3aXO/IiB,
crpsiMOBaHMX Ha miasuiieHHs ctyrneHs SITOH, Ta
BUPaKAETHCSI y BUTTISAL 30UTBIIEHHS PYXOMOCTI
MICBKOI'O HAaCEJIEHH;

— BH3HAYCHHS PiBHS TPAaHCIIOPTHOI PYyXOMOCTI
HaceneHHs Ha MI'TIT € nepBuHHMM eTanoM ycra-
HOBJICHHSI PIBHS MOTO CIIOKMBYOi KOPUCHOCTI Ta
MOke OyTH BUKOPHCTaHE 5K OIlIHKA CEPBICHHUX Xa-
PaKTepUCTUK HAsIBHOTO TIOMUTY;

— peamizariisi ympaBITiHCHKHX 3aXO0JiB TOBHHHA
OyTH KOMIUIEKCHOK, IO Ja€ MOXJIHMBICTH CKOPO-
TUTH Tiepion (HOpMyBaHHS HAKOIMYCHOTO CITPHUK-
HATTs KopucHOCTI MI'TIT Ta 3Hu3MTH edekT Kopo-
TKOTPHBAJIOi CIIOYKUBYOI TTaM ’ATi.

HaykoBa HOBH3HA Ta NPAKTUYHA
3HAYHMICTh

ABTopH 11i€1 podoTH (hopMaTi3yBaal MPOILETy-
py ouiHku croxkuBuoi kopucHocti MITIT, mo Ha
BiZIMiHY Bijl HasiBHUX TPYHTYETHCSl HA BCTAHOBJICH-
Hi BIUIMBY TEXHOIIOTIYHHUX MapaMeTpiB poOOTH Ma-
puIpyTiB Ha POpMyBaHHS PyXOMOCTI HACENICHHS Ta
3abe3neuye oOuik mokazHukiB ATOH y pa3i Bu-
3HAUEHHS TPAaHMYHOI MEXi TEXHOJIOTIYHOI KOpHC-
HOCTI YIpPaBIiHCBKHX 3aXO0[iB. 3aCTOCYBaHHS TEO-
pii KOPUCHOCTI JUIsl BIOCKOHAJICHHS POOOTH MiCh-
KOTO TPOMQJICBKOTO TMAacaKUPCHKOTO TPAHCIOPTY
B I[IJIOMY CHPHSIE€ PO3BUTKY TEOpii YIpaBIIiHHSA Ta-
CaKUPCHKUMH TEPEBE3EHHSIMU Ta MOXE 3HAYHOIO
MIpOI0 MiJBUIIMTHA €(EKTUBHICTH BHOOpY palrio-
HaAJBHUX KEPIBHHUX 3aXO[IiB, CIIPIMOBAaHHUX Ha BJIO-
CKOHAJIIOBAHHSI TE€XHOJIOTTYHMX IPOLECIB 1 MOJiI-
IICHHSI TIOKAa3HHUKIB SKOCTI TPAHCIIOPTHOI'O 00CIy-
TOBYBaHHS HACEJICHHS.
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BucHoBxku

Juia BU3HAa4YeHHS pe3yNbTaTHBHOCTI YIIPaBIIiH-
cpkux 3axoxiB i3 momimmenas STOH mominpHO
3aCTOCYBATH TPUHIUIM OI[IHKYA TPaHUYHOI TEXHO-
soriunoi kopucHocti MITIT, mo sBiase coboro
KaTeropiro, sKa BiITBOPIOE 3B’SI30K MiXK OTpHUMa-
HUM PE3yJIbTaTOM TPaHCIOPTHOTO OOCITyrOBYBaH-
HSl Ta 00CSTOM 3aCTOCOBaHMX pecypciB abo mapa-
MeTpaMu KepiBHHX 3axofiB. CKIamoBAM eJieMEH-
TOM IapaMeTpu3allii TEXHOJIOTIYHOI KOPUCHOCTI
MITIT 3 no3umnii ominroBanus pieas ATOH e py-
XOMICTh HACEJIeHHS, Ky Oe3nocepenHso ¢Gopmy-

IOTh Ha OCHOBI OOJIIKy YMOB peai3arlii TpaHcrop-
THHX MEPeCyBaHb y peallbHOMY 4Yaci i JOBrocTpo-
KOBI#f TIEPCITCKTHRI.

JouineHicTh peanizauii ynpaBIiHCBKHX 3aXO-
IliB BU3HAYAIOTh HA OCHOBI TPAaHUYHOI PE3yIbTaTH-
BHOCTI KEPIBHHUX 3aXOiB. 3a PI3HUX YMOB CITPHIA-
HATTA KOPUCHOCTI BiJl YIIPOBaKEHHS 3aX0[iB TO-
ninmenns SITOH y macaxupiB AOIIBHO MpecTa-
BHTH OI[IHIOBaHHS TPAaHWYHOI PE3yNbTaTUBHOCTI
KEpiBHUX 3aXOJiB y BUITIAAI MiHIMakcHOI yHKIiT
sIKa OIHUCYE IMOETANHICTh BUOOPY yNPaBIiHCHKUX
PpIIIEHB.
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Structure of Passenger Transport Service Utility for Population

Purpose. The research is aimed at the development of scientific and technological bases for determining the util-
ity of passenger transport services for the population in the conditions of formation of phased quality management.
Methodology. The structure of the utility of passenger transport services for the population is determined on the
basis of developing a systematic representation of the characteristic impact of the perception of management deci-
sions effectiveness for improving the quality of transport services on mobility. The account of complex system
properties of city public passenger transport is realized by construction of interlevel interrelations and establishment
of methodical regulations for coordinating the parameters of quality management of public transport service with the
indicators of its utility perception. Findings. The presented logical sequence of population mobility formation is
based on reproduction of the general conditions of increasing transport service utility due to step-by-step realization
of control actions that makes it possible to establish conditions of their expediency and parameterization. A model of
marginal utility has been developed to qualitatively assess the technological utility of urban public passenger
transport. It is presented in the form of a category that reproduces the relationship between the result of changes
in the quality of transport services, consumer utility of transport services and the level of resources used.
Originality. The procedure for assessing the consumer utility of urban public passenger transport has been formal-
ized, which, in contrast to the existing ones, is based on the established impact of technological parameters of routes
on the formation of population mobility and ensures accounting of transport service quality indicators in determin-
ing the technological utility. Practical value. The application of the theory of utility in improving the operation of
urban public passenger transport in general contributes to the development of the theory of passenger traffic man-
agement and can significantly increase the effectiveness of the choice of rational management measures to improve
technological processes and the quality of transport services. The conditions for the formation of a positive impact
of consumer utility of urban passenger transport on the mobility of the urban population are established. Based on
the selected connection, it is possible to form a system of parameters for assessing the quality of public transport
services.

Keywords: urban public passenger transport; transport service utility; transport service quality; population mo-
bility; function of technological marginal utility management
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Kpurepii ouinkn it BuOopy pyxomoro ckiaaay ATII

Merta. 3a 0OCHOBHY MeTy pOOOTH TOCTABJICHO MPOBECTH aHANII3 Ta OOIPYHTYBaHHS KPUTEPIiB OLIHKU il BUOOPY
PYXOMOTO CKJIaqy — BaHTQ)KHHX aBTOMOOLITIB aBTOTPAHCIIOPTHUX MIANPUEMCTB — HA MiJCTaBI OISy HAYKOBHX JI0-
CIIJKEHB 13 i€l mpobnemaTrku. Metoanka. J{0CiiKeHHS] BAKOHAHO 3 BUKOPUCTAHHSM TaKUX 3arajlbHUX METOJIB:
abcTparyBaHHS i KOHKpeTH3aIlis, aHajli3, CHHTE3, IHAYKILIA, JenyKiis. Pe3yasTaTn. YCcTaHOBJICHO, [0 OCHOBHUMH
o3HaKamu kiacudikalii KpUTEpiiB OLIHKK i BHOOPY PyXOMOro CKIIaay €: KUIbKICTh (akTopiB (PO3pi3HSAIOTH OAUHH-
YHI i KOMIUICKCHI KPUTEii); piBeHb 3a1eKHOCTI (MOXKJIMBO BUAUIATH TTOBHICTIO 3aJI€XKHI BiJl 30BHIIIHIX YMOB €KC-
TUTyaTarlii, 4aCTKOBO 3aJIeXkKHi it He3anekHi Kputepii); xapakTep (KUIbKICHI Ta AKICHI KPUTEPii); KIIbKiCHE 3HAYCHHS
(abcomroTHi ¥ BimHOCHI KpuTepii). OGIPYHTOBAHO MPAKTHYHHUN MiIXi/ i 4ac BUOOPY MapKy PyXOMOIO CKIIAAy IUis
ATTII 3a Taknumu akTopaMu: XapakTep i CTPYKTypa BaHTaXKOIOTOKY; 00 €MHa Maca i MapTiHHICTh BaHTaXYy; AOpPO-
KHI YMOBH; 3a0e3leuyeHHs MaKcuMajbHOI MIBUAKOCTI M Oe3meku pyxy; 3a0e3rnedeHHs MiHIMaIbHUX BHUTpAT,
OB’ SI3aHUX 13 TMEPEBE3CHHAM BaHTaxiB. [IpeCcTaBlieHO cXeMy KpUTEpiiB BHOOPY PYXOMOTO CKIaay Ta 3’sICOBaHO
IT’SITh €TaIliB, SIKi BCTAHOBJIIOIOTH MOCJIIOBHICTh OI[IHKU i BUOOPY aBTOTPAHCHOPTHUX 3aco0iB: 1) aHaji3 yMOB me-
peBe3eHb 1 XapaKTepUCTHKU BaHTaXy; 2) BUOIp BaHTaXOIiJHOMHOCTI aBTOMOOLIS; 3) aHaIi3 MPUCTOCOBAHOCTI KOHC-
TPYKLIT 0 TOPOXKHIX YMOB; 4) aHaIIi3 TEXHIKO-EKCIUTyaTallilHUX BJIACTHBOCTEI aBTOMOOLIIB; 5) TEXHIKO-€KOHOMIUHA
OLliHKa aBTOMOOIJIB, BiiOpaHMX Ha MEPUIMX YOTHUPhOX €Tamnax, ska MO)Ke OyTH BHKOHAHA 32 PI3HUMHU KPUTEPIsIMU.
JIoUinbHICTh 3BeIEHHS Pi3HUX KPUTEPIiB B OJWH KOMIUIEKCHHII TTOKAa3HHK SKOCTI BUKOHAHO B rpadivHiid iHTEpIpe-
Tarii. 3’sICOBaHO, M0 TEXHIKO-€KOHOMIYHY OILIHKY aBTOMOOLTIB 3AIHCHIOIOTH HA OCHOBI KPHUTEPIiiB: MPOTYKTHBHICTh
aBTOMOOLISI, TPYAOMICTKICTh BUKOPHUCTAHHS aBTOMOOLIIS; €HEPTOEMHICTh IEPEBE3CHB; METAJIOEMHICTh TIEPEBE3CHb.
HaykoBa HoBU3HA. BukoHaHuil aHaniz kpuTepiiB 1aB 3Mory copMyBaTH METOJUKY OLIHKM i BUOOPY aBTOTpaHC-
MOPTHHX 3ac00iB, a BUKOPUCTOBYBAaHI NP IIbOMY KpUTEpii 3BECTH 10 CTPYKTYPOBAHOI CXEMH, SIKa BPaXOBY€E OCHOB-
HY METY — OTPUMaHHSI MaKCUMaJILHOTO MPUOYTKY BiJl TPaHCHOPTHOT poOOTH W MiHIMI3alil0 eKCIUTyaTalliiHIX BH-
tpat. [lpakTHyHa 3HaYMMicTh. Pe3ynbpTaTy BUKOHAHOTO JOCIIKEHHS MOXYTb OyTH BUKOPUCTaHI aBTOTPAHCIIOP-
THUMHU OiINPUEMCTBAMH MiJ] 4ac BHOOPY HOBMX BaHT@)XHUX aBTOMOOUIIB Ha eTamax 3aKyIiBii, BiJIOBIJHO 1O
MIPaKTUIHOTO OCBiTy MEpeBe3eHb Pi3HOTO POY BaHTAXKIB.

Kntouosi cnosa: aBrotpancnoptHe mignpueMctBo (ATII); aBToTpancmoptHuit 3aci6 (AT3); BaHTaX; KpUTEpil;
pyxomuii cknan (PC)

MOCTYT 13 NEpeBE3eHHS PI3HOTO POAY BaHTAXIB
Beryn [OCTa€e mepe]] LIMPOKUM BUOOPOM cepest cy0’ eKTiB
MiANMPHEMHUIITBA — aBTOTPAHCIOPTHUMH ITiJIIPHU-
emctBamu (ATII), siki MarOTh y CBOEMY PO3MOPSI-
okeHH1 pyxomuit cknaz (PC) — BanTaxkHi aBTOMO-
61 HeoOXimMHOI BaHTAXOIIAHOMHOCTI, IO Hai-

[ocayru 3 mepeBe3eHHs pi3HUX BaHTaXIB € J10-
CUTh 3aTpe0yBaHMMHU. MiX TMepeBi3HHKaMHU iCHYE
BHCOKa KOHKYPEHISI W «00poTh0ay 3a KOXKHOTO
MOTEHLIHHOTO KJi€eHTa. Y CBOIO Yepry 3aMOBHHK
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OLUIBII IPUCTOCOBAHI JJIsi BAKOHAHHS MEBHOI TPaH-
CIIOPTHOT pOOOTH.

ABTOTpaHCTIIOPTHI MANPHUEMCTBA B YKpaiHi de-
pe3 (iHaHCOBI OOMEXEHHS HE MOXYTh TOCTIHHO
OHOBJTIOBATH HAasBHUH PyXOMHH CKJIaJ, OPIEHTYIO-
YUCh BUKIIOYHO Ha MPOIECH BJIOCKOHAICHHS Ta
MOSIBY HOBUX MOJICJICH BaHTa)XXHUX aBTOMOOLIIB.
3a takux ymoB juisi ATII mocuTh akTyaJlbHUM TIH-
TaHHSM € BHOIp «ONTHMAJbHUX» MOJIENIeH BaHTa-
JKHUX aBTOMOOUTIB Ui 3AIMCHEHHS KOMEPIIHHOT
JUSUTBHOCTI, @ TOMY B JIONOBHEHHS JI0 OCHOBHHX
KpUTepiiB BUOOPY aBTOMOOINS — «I[iHA» Ta «Bap-
TiCTh  eKCIDTyaTalii», MJOIUIbHO CcdopMyBaTH
W mpoaHai3yBaTH iHIII KPHUTEpii, 32 SIKHMH MOX-
JIMBO CTBEPKYBATH Npo edeKTHBHICTH / Heedek-
tuBHIicTH PC.

[Ipobnemam oriHKM €PEKTUBHOCTI EKCILTyaTa-
uii PC ATII npuninuim BenuKy yBary, Taki Hay-
KOBIII, SIK 0. O. bauypus, B. I1. buukos,
M. M. boukaprosa, O. B. Bensmoxus, B. O. I'ya-
koB, O. B. Kynukos, B. A. Murayos, JI. b. Mupo-
tiH, M. B. Ilepsmmn, JI. T'. Pe3nuk, A. X. ®dac-
Xi€eB.

VY HaykoBUX po0OTax, AOCHIKCHHS MPOOIeMU
MIJBUIICHHS €(PEKTUBHOCTI €KCIUTyaTallii aBTOMO-
01J1iB 3MIIHCHEHO y IBOX OCHOBHHX HAIpsSMaX:

1) anami3 i po3paxyHOK 3arajbHUX TOKA3HUKIB
BUpOOHMYO-rocTiogapebkoi aisuibHocTi ATII [1, 3];

2) KiJIbKiCHA OIiHKa SIKOCTI TPAHCIIOPTHHX T10-
ciyr [10, 15] i Tenaenmiii po3Butky [17-20].

Kommnekcne nocmimpkeHHs npodiemu edektu-
BHOCTI eKCIUTyaTarlii, KpUTepiiB OIliHKKH i BUOOPY
PC na mpuxitai BaHTOKHUX aBTOMOO1ITIB 3/1IHCHUB
y aucepTaniitii poooti B. A. Murauos [9].

Meta

3a OCHOBHY MeTYy pOOOTH IIOCTaBJIEHO BUKOHA-
TH aHami3 Ta OOIPYHTYBaHHS KPHTEpIiiB OIIHKU
it Bubopy PC ATII nHa mifcraBi orisay HayKOBHX
JOCTIKEHB 13 11i€l MpoOIIeMaTHKY.

MeToanka

[Tix gac BubGopy # orinmi PC ATII BukopucTo-
BYIOTb CYKYITHICTb KPUTEpIiB, SIKi MOXKHA Kiacui-
KyBaTd 3a PI3HUMH O3HAKaM{ 3aJIE)KHO BiJl BHpi-
IIyBaHoTo 3aBaaHHs. Kputepii MOxyTb OyTH Kiia-
cudikoBani TakuM duHOM [9]:

— 3a KUIBKICTIO (DakTOpiB, SKi BpPaxOBYIOTh:
ONMHUYHI (YaCTKOBi) Ta KOMIUIEKCHi (y3araibHe-
Hi);

— 3a pIBHEM 3aJIC)KHOCTI: IMOBHICTIO 3aJICXKHI
BiJl 30BHINIHIX YMOB €KCIDIyaTallii, 9aCTKOBO 3a-
JIEKHI M He3aJIeXKHI

— 3a XapaKTepOM: KUIbKICHI Ta SIKiCHI;

— 3a KUJIBKICHUM 3HAYCHHSM: aOCOJIIOTHI Ta
BiJTHOCHI.

VY poborti [5] mix yac omiHKK i BHOOPY MapkKy
PYXOMOIO CKJIagy PEKOMEHIYIOTh KepyBaTucs
TUM, MO0 PYXOMHH CKIIa[ HAHOITBIIOI MipOro
BiJIMTOBi/TaB:

— XapakxTepy Ta CTPYKTYpi BAaHTAXKOTIOTOKY;

— 00’emHil Maci i TapTIHHOCTI BaHTaXYy;

— JIOPOKHIM yMOBaM;

— 3a0e3MCUCHHI0 MAaKCHMAIbHOI MIBHIKOCTI
i Oe3reku pyxy;
— 3a0e3mneueHHI0 MiHIMaJbHHUX BHTpAT,

OB’ sI3aHUX 13 TIEPEBE3CHHSIM BaHTaXIB.

Cxema BHOOpY pyXOMOTO CKIady 3 ypaxyBaH-
HSIM 3a3HaYCHHUX YMOB NpeICcTaBieHa Ha puc. 1.

3arajpHa MOCHTIIOBHICTH OIIHKHA W BHOOpY aB-
TOTPAHCIIOPTHUX 3acO0iB 3a MLi€I0 METOAUKOIO [5]
CKJIaJJa€ThCS 3 TAK OCHOBHUX €TaIliB:

1) aHasi3 yMOB MepeBe3eHb i XapaKTEPUCTHKH
BaHTaxy. OIIHOYHUMH KPUTEPISIMHA HA [[OMY eTa-
mi € Tam Ky3oBa (OopToBa IuiaTdopma, IUCTEpHA,
(bypron) i #ioro micTkicTh. Tun Ky3oBa BH3Haua-
IOTh POJIOM BaHTaXy — HOro (pi3sMUHUMU BIACTHBO-
CTSIMH, IIUIBHICTIO, THIIOM 1 (JOPMOIO TapH ¥ T. 1I.;

2) Bubip  BAHTAKOIIAOMHOCTI  aBTOMOOLIS
(ocHOBHMIA KpUTepiil), Ky BH3HAYAIOTH OOCSATOM
1 MapTidHICTIO IepeBe3eHb. 3araibHe MPaBHiIO 1O-
Jiira€ B TOMY, IIIO Il Yac INEepPeBE3CHHs JpiOHO-
MapTiHHUX BaHTAXIB 3aCTOCOBYIOTh aBTOMOOLII
MaJjioi BaHTAXKOIIIAOMHOCTI, @ B pa3i BEJIHMKOIO
W MOCTIHHOTO BaHTAXKOMOTOKY — TEPEBAKHO CIie-
miaai30BaHi ¥ BEJIMKOBAaHTAaKHI aBTOMOO1JII;

3) aHayi3 MPHCTOCOBAHOCTI KOHCTPYKIIT 10
JOPOXKHIX yMOB. TyT BUAUIAIOTH aBTOMOOLII 3ara-
JBHOTO TpU3HAYeHHs (IOPOXKHS Trpymna A), miaBu-
ieHoi npoxigHocti (opokHs rpyna b), mozamus-
x0B1 aBTOMOOLT. Ha BakkompoXigHUX Joporax
BaXXIIMBUM KpUTEpiEM BHOOPY € MPOXigHICTH, Ha
J0porax i3 TBEpAUM, ajie¢ HEPIBHUM MOKPHUTTAM —
IUTABHICTh X0y, Ha TIPCHKUX J0pOrax, 10 MaroTh
3HAYHI YXWJIM, — JWHAMIYHICTh 1 TaJbMiBHI BIac-
tuBocTi. Ha BrockoHaneHux noporax oOMeXyIOTbh
MOBHY Macy TPaHCHOPTHOro 3aco0y 1 HaBaHTa-
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EKCIUIYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

KCHHS Ha OJIHY BiCh 32 YMOBaMH BaHTaXKOIIiJHOM-
HOCTiI MITYYHHX CIOPYA 1 MIITHOCTI JAOPOXKHBOTO
MTOKPHTTS, MOXKYTh OyTH OOMEXXeHHS 3a rabapuTa-
MU PYyXOMOT'O CKJIaAYy;

4) aHaJli3 TeXHIKO-eKCIUTyaTalliiiHUX BIACTHBO-
CTeil aBTOMOO1IIB;

5) TexHiIKO-eKOHOMIYHA OIliHKAa aBTOMOOLTIB,
BiZiOpaHMX Ha MEpIIMX YOTHPHOX eTarax, sKa Mo-
ke OyTH BUKOHAHA 32 PI3HUMH KPUTEPISIMH.
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Puc. 1. Cxema it kputepii BHUOOpY pyxomoro ckiany [7]

Fig. 1. Scheme and criteria for selecting rolling stock [7]

Hanpukiiag, HaiOiIbll MOIIMPEHA METOAMKA
BUOOpY VYHIBEpCaJIbHOI MOJENiI aBTOTPAHCIIOPTY
JUIsl TIEpEBE3CHHSI MAaCOBUX BaHTaXIB 32 KpUTepis-
MU TPOJIYKTUBHOCTI H coOGiBaptocTi. [yisi mepese-
3€HHS BaHTaXIB 13 BUKOPHCTAaHHSIM CIIeIliali30Ba-
HOTO PYXOMOTO CKJIaly KE€PYIOThCS KPUTEPIEM CO-
OiBaprocTi nepesesens [5, 6]. I1ix yac Bubopy as-
TOCAMOCKHJAa Ui PO3POOKH IOpiJi y Kap’epax
BUKOPHUCTOBYIOTH KpUTEPiil cOOIBapTOCTI eKcCIITya-
Tanii # TpaHCTIOpTYBaHHs. Y pa3i OI[iHKH Ta BHOO-
Py cCIeliali3oBaHoTo i YHIBEpCaIbHOTO PYyXOMOT'O
CKJIaJy BW3HAUYalOTh PIBHOBAXXHUH CTaH IepeBe-
3€HHS, CIIUPAIOYNCh Ha KPUTEPiil MPOIYKTUBHOCTI
i cobiBaprocTi mepese3enHs [12]. Ha tpancmopr-
HO-eKCIEeIUIIHHUX MiAMPUEMCTBAX MepIIOYepro-
BUMH KPHUTEPIsIMU OLHKHK ¥ BUOOPY aBTOTPaHCIO-
prHEX 3acobiB  (AT3) € J;eski  TexHIKO-
eKCIUTyaTalliifHi MapaMeTpu TPAHCIOPTHOTO IPO-

uecy [4, 7, 8]. dnsa PC takumu KpuTepisiMu €: TeX-
HiYHa 1 eKCIuTyaralliiHa IIBUAKICTh, TaOapHTHI
PO3MIipH BaHTKHUX MICTKOCTEH 1 CAMHX TPaHCIIO-
PTHHX 3ac00iB; IIOBHA Maca, HaBaHTa)KCHHS Ha OCi;
MOTY)KHICTh JIBUTYHAa (CHJIOBHX yCTaHOBOK); BaH-
TaXOIJHOMHICTh 1 TadapuTHI PO3MIpH TPUYEIIIB,
HaMIBIPUYEIB 1 T. MOI.

CXOXKICTIO yCIX IMX METOJUK OLIHKH i BUOOPY
AT3 € omiHka pyXxoMOro CKJIaay 32 OKPEMUMH I10-
Ka3HUKaMU HOro poOOTH 3aJIeKHO BiJ] KOHKPETHUX
TEXHIKO-€KCIUTyaTallifHuX BiacTuBocted. Kpim
TOTO, Y HUX HE BPaxOBYIOTHCS SIKICHI XapaKTepHC-
TUKU TiepeBe3eHsb [2, 5, 13]: MiniManbpHUN Yac 10c-
TaBKW; MIHIMyM DPH3HKY HECBOEYACHOI JJOCTaBKH
(HamiifHICTh TEepeBE3eHHs); MAKCUMYM IepeBi3HOI
3IATHOCTI TPAaHCHOPTY (MOXKJIMBICTH MEPEBE3TH
HeoOXiJHI 00’€MU BaHTaXy); TOTOBHICTH JIO Iepe-
Be3eHHS y OyIb-sIKMi Yac 1 MOXKJIMBICTH 3abe3re-
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YEHHS IEPEBE3CHb Y PI3HUX YMOBaX (JIOCTYIHICTb
TPAHCIIOPTHUX MOCIYT, iX HE3aJeXHICTh BiJ MOTO-
THUX, KITIMaTHYHUX, YaCOBHX 1 MPOCTOPOBUX Xa-
PaKTepUCTHK); MiHIMyM BTpaT BaHTaXy MiJ 4ac
nepeBe3eHHs (30epekeHHs TOBapy, HOTO 3aXHIIe-
HICTB BiJ] BTpaT, IICYBaHH:, YIIKOPKEHb 1 PO3Kpa-
JaHb y XOJi TPaHCTIOPTYBaHHS W MepeBaHTa)XyBa-
JBHUX Omeparii).

ITi Bumoru 10 aBToMOOLTIB [5], AKi BUKOPHCTO-
BYIOTbH JJIsl TIEPEBE3CHHSI BaHTaXiB, MOYKHA OIiHHU-
TH y3araJlbHEHUM KpUTepieM — koediuieHToM ede-
KTHBHOCTI TIEPEBI3HOTO TMPOIECY, IO CTAaHOBHUTH
BiJTHOIIIEHHS BUTPAT, MOB’3aHUX 13 33J0BOJICHHSAM
noTped KITEHTIB aBTOTPAHCIIOPTHHUX MiANPHEMCTB
y IiepeBe3eHHI BaHTaXiB 0 ()aKTUIHUX BUTPAT:

K =[ (St +Spp +S+S, ) Wo =Ry |/
/[(Sts +Sup +S+8,) W +R +R, +

+R, + R+ Ry + R, + Ry + Ry + Ry |, (1)

ne Sis — co0iBapTICTh MIATOTOBKK BaHTaXYy IO Tie-
pEeBe3eHHs, TPH/T; Sup — COOIBapTICTh HABAHTAXKY-
BaJIbHO-PO3BAaHTAXYBAIBHUX POOIT, TPH/T; S — co-
0iBapTICTh TPAHCIIOPTYBAHHA, TPH/T; Sy — cOOiIBap-
TICTh CKJIaJyBaHHA BaHTaxy, rpH/T; Wq — obcsr
TpaHcmopTHOi poOotH, TkM; Ri — BuUTpaTH,
MOB’si3aHi 31 30UMBIICHHAM BiJICTaHI TPaHCIOPTY-
BaHHS, TpH; Ry — BUTpaTH Yepe3 HEBiNIMOBIIHICTH
aBTOMOOLUISI pofy ¥ XapakTepy BaHTaxy, SKUH Tie-
peBO3sTh, I'pH; Rz — BUTpaTH, MOB’sI3aHi 3 MOIIKO-
JDKEHHSIM 1 BTPATOIO BaHTaXy, I'pH; R4 — BUTparny,
MOB’s13aH1 3 BUKOHAHHSM JIOJIATKOBUX HaBaHTAXY-
BaJIbHO-PO3BAaHTAXYBAIBHUX pPOOIT, TpH; Rs — BU-
TpaTH, TIOB’s13aHi 3 JJOJATKOBUM 30epiraHHsM BaH-
Taxy, TpH; Re — BUTpaTH, NIOB’s3aHi 3 1HEpIliitHIC-
TIO TEpEeBI3HOro Tmpolnecy, rpH; R; — Butparwy,
TOB’si3aHi 31 30iJbIIEHHSM COOIBapPTOCTI TEPEBi3-
HOTO TIpolecy, TpH; Rg — BUTparH, mMoB’s3aHi 3i
30UIBIICHHSIM  COOIBApTOCTI  HABaHTAXYBaJbHO-
PO3BaHTaXyBaJIbHUX POOIT, TpH; Ry — BHUTpatH,
MOB’s13aHi 31 301IbIIEHHSM COOIBapTOCTI MiArOTOB-
KM BaHTaXy J0 TIepeBe3eHHs, IpH; Rig — BUTparH,
MOB’si3aHi 31 301JbIIEHHSAM COOIBAPTOCTI CKIIaIy-
BaHHSI, TPH.

AJe 3ampoONOHOBAaHMN KpUTEpid HE BpPaxOBYE
CIIO)KMBYMX BJIACTHUBOCTEN aBTOMOOLIB. BiH omi-
HIOE TEPEeBi3HUN NpOLEC y LIOMY W HE J103BOJISIE
poOuTH BHUOIp KOHKPETHOI MOJEN aBTOMOOLIS.

OpieHTyr0UMCh HAa HOTO 3HAUEHHS, BaXKKO 3pOOUTH
BHCHOBKH TIPO KIJBKICHE 3a70BOJICHHS IOTPEOH
KIIIEHTIB y TepeBe3eHHI BaHTaXiB. TakoX BiH
€ 0e3p03MipHUM, 1110 HE JTA€ MOXKIIMBOCTI OI[iHIOBA-
TH e(eKTUBHICTh aBTOMOOIIIIB y TPOIIOBOMY €KBi-
BaJICHTI.

OI1iHKY CITO)KMBYUX BIACTHBOCTEH aBTOMOOLIIB
BPaxoBYIOTb Y METOJIHIIi, 3alPOMIOHOBAaHUN aBTO-
pamu B po6ori [11]. 3a mi€ro METOIUKOIO CIIOYaTKy
BUIISIOTh JIECATh KOMIUIEKCHUX KPHUTEpiiB OLiH-
ku: inenTudikanis AT3 (Tun Ky3oBa i BaHTaXOIIi-
THOMHICTB), HasABHICTD HOPMAaTHBHO-TEXHIYHOT
MOKYMEHTAIlii, TeXHIYHi JaHi  aBTOMOOIJ,
cy0’ektrBHa omiHka AT3, cy0’ekTHBHaA OIliHKA
AT3 y nporeci ekcruryararii, orinka AT3 y mpo-
meci eKcIUTyaTallifHuX BUIPoOyBaHb (TAIMBHA
€KOHOMIYHICTh, HaJiHHICTh, €KOJOTIYHICTh), CKC-
IUIyaTaliiHi i BUpOOHUYO-CKOHOMIYHI MOKA3HUKU
poboTr aBTOMOOINIB, OIIHKAa PIBHSI CEPBICHOTO
oOciyroByBanHst AT3, oIliHKa MOXKJIMBOCTI i YMOB
npunbanus AT3, omiHKa y4acTi y BUCTaBKax, peu-
THUHTaxX, CaloHaX, Mpe3eHTarisaX. OCKiIbKN TexXHi-
Ko-eKcITyaratiiini BinactuBocti (TEB), mo Haie-
XKaTh JI0 TEpeNiYeHUX KOMIUIEKCHHX KpPUTEpIiB,
MAalOTh Pi3HUN (i3UYHUI CEHC 1 PO3MIPHICTH, aB-
topu [11] po3pobumu Mojemi, sKi TO3BOJISIOTH
3BOJUTH KPUTEPIi JI0 OAHOTrO IU(EPEHIIaTIbHOIO
(2) abo inTerpanbHOro (3) MoKa3HMKA SKOCTI:

)

[0 ©)
j-1

ne Il — BaroBuii koedimieHT TOKa3HUKA e(EeKTHUB-
HoCTi aBTOMOO1s; Vij — i1 moKa3HKK eekTHBHOC-
Ti j-ro piBHs; Wijj — BEeJIMUMHA CTEMEHS (-0 TMOKa3-
HHKa e(EKTUBHOCTI j-rO PiBHS; M — KiJBKICTh Ba-
rOBHUX KOe(ilie€HTIB; N — KUIBKICTh Mu(epeHIliatb-
HUX [TOKa3HUKIB SIKOCTI.

3anponoHOBaHUI KPUTEPI OXOIUIIOE BEMKUI
KOMIUIEKC YaCTKOBHX MOKA3HUKIB, IO XapaKTePH-
3YIOTh aBTOMOO1Ib SIK TPaHCIIOPTHHUH 3aci0, BUpI-
IIy€ 3aBJaHHs OLIHKK CIIOKUBYMX BJIACTHBOCTEH Y
CYKYITHOCTI 3 TEXHIKO-€KCIUTyaTalliiHUMHU BIacTH-
BOCTSAMH aBTOMOOLUIIB. AJle MOeJl 3BEICHHS KOM-
IJICKCHUX KPUTEPIiB 70 MMOPIBHIHHOTO BUY BHMa-
rar0Th BUKOPHCTAaHHS CKIAQJHOTO MaTEeMaTHYHOTO
amapary, po3poOky crenudiuaux Kiacu@ikarii
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TEXHIKO-€KCIUTyaTallifHuX  BJIACTUBOCTEH,  IIO
BIUTMBAIOTh Ha KIHIEBUH MMOKAa3HHUK SKOCTI, 3aly-
YeHHSI eKCIIEPTiB sl CyO €KTUBHOI OIIHKH CIO-
KUBUUX BIACTHBOCTEH.

3BeneHHS PI3HUX KPUTEPIiB B OMUH KOMILIEKC-
HAW a0o0 iHTErpadbHUN IMOKA3HHWK SKOCTI TOCITae
oco0MBe Miclle B METOAMKAX OLIHKU aBTOTPaHC-
MOPTHUX 3ac00iB Mij Yac iX BUOOPY, HOMY BEIUKY
yBara npuuiieHo B poborax [14, 16]. Tyt Bapto
BUAUTUTH «METOJl palapa» i «MeTon MmpoQimiBy,
y SIKUX KiBKICHI Ta SIKICHI KPUTEPii IHTErpyIOThCS
B 0€3pOo3MipHHIM TOKa3HWK — KOe(DIIEHT SIKOCTI
Ky, mo mopiBHIOE BigHOCHIN momii pamapa abo
npodinto, ToOyI0BaHOTO BCEPEIHHI OLIHHOTO TO-
ns. [Ipu oMy MOKHAa BUKOPHCTOBYBAaTH TEXHid-
Hi, EKOHOMIYHi, HOPMaTHBHO-TIPaBOBI Ta 1HIII KpH-
Tepii ominku. [lpukman pamapa sKOCTi MpencTas-
JICHUH Ha pHC. 2.

KoedoirtienT sikocti K po3paxoByroTh sik [9]:

S
Ky == (4% + (6 =% ) (= ¥) -

T (anz - Xn—l)(ynfz - yn—l) +

TXn-1Yna ):I [2m-1?, (4)

ne S, — mioma pagapa, MM%; S — 3arajibHa IUIOIIA
OILIIHHOTO KOJIa, MM?; Xi, Vi — KOOPJMHATH BEPIIMH
pamapa, MM; N — YUCJIO TEXHIKO-EKOHOMIYHHUX I10-
Ka3HUKIB aBTOMOOLISI, Y3ITUX JJIs OI[IHKH SIKOCTI;
I'1 — pajiiyc OI[iIHHOTO KOJIa, MM.

Pamapu aBTOMOOLTiB-KOHKYPEHTIB OyIyIOTh Ha
aHaAJIOTIYHOMY KOJIi. JIJIs MiZBUIEHHS 3MiCTOBHOC-
Ti MOKAa3HUKH PEKOMEHIOBAHO I'PYIyBaTH 3a CXO-
KMMH O3HAaKaMH, a pajialibHi IIKaJIH IpaxyloBaTH
Tak, 11100 HaMKpal MOKa3HUKH CepeJl MOPIBHIOBA-
HUX Mojieniell Oynu po3MillleHi 1Mo Kojy. 3a Besu-
KOi KUIBKOCTI TTOKa3HUKIB IMOOYA0Ba i pO3PaxyHOK
IUIONI pajgapa € TPYAOMICTKAM IPOIECOM, TOJII
BUKOPUCTOBYIOTh MPOCTIIIUN METOA — TpodiiB.
[Ipodinem HasuBaeTbcst rpadiyHe 300paskeHHS
BUOpaHMX KPHUTEPIiB OL[HKK aBTOTPAHCIIOPTHHUX
3ac00iB Ha PSAMOKYTHOMY MoJi (puc. 3).

Puc. 2. Pagap sikocTi BaHTa)XHOTO aBTOMOOLIISA
3arajbHOTPAaHCIOPTHOrO npu3HadeHHss MA3 5550:
UIIB — ymcTa MOTOYHA BapTIiCTh, THC. TPH;

B — BapTicTh aBTOMOOIJIS, THC. TPH;

BKO — BryTpimHii koedimieHT okymHOCTI, %; Kekcn — cymy-
TH1 KaIiTaJOBKJIAICHHS B €KCILTyaTallii, THC. TPH;

A —dacTka eKkcropTy B 00csI31 BUITYCKY, %;

Sekcr — eKcIuTyaTaliiHi BUTPATH, TPH/TKM;

Ku — Mipa BiAmoBiZHOCTI HOPMAaTHBHO-IIPABOBUM TOKYMEH-
TaM, %; Ec — ecteTnuHicTh, Oamu;

Ep — epronomiunicTs, 6anmu; NIB — HOTYXHICTh ABUTYHA, K.C.;
GO0 — Maca CIopsIKEHOT0 aBTOMOOLIIS, KT
( — BaHTXOIIIHOMHICTb, T; VMaxX — MaKCHMaJIbHA TIBH/I-
KicTb, KM/TOZ; VT — cepeliHs TeXHIYHA MBUIKICTh, KM/TOI;
1 — nuaamivnmii pakrop; ABC, I1BI1 — HasiBHICTH BiIIOBiAHO
aHTHOJIOKYBAJILHOI CHCTEMH
1 IPOTHOYKCHPYBAIBHOTO TPHUCTPOI0; Q — BUTpaTa nanusa,
1/100 km; Ked — koedilieHT eheKTHBHOCTI;

Ho — HanpamoBaHHs Ha peMOHT, KM; TTip — muTOoMa TpyoMi-
ctkicth [1P, mrom.-roa/1000 km; I1to — mepioauunicts TO-2,
THC. KM; Lp — pecypc aBTOMOOIIS THC. KM

Fig. 2. Quality radar of general purpose
truck MAZ 5550:

YIIB - net present value, thous. UAH; B — cost of the car,
thous. UAH; BKO - internal return ratio, %; Kexcm — related
investments in operation, thous. UAH; A — exports share in
output, %; Sexcmo — operating costs, UAH/tkm; Ku — measure
of compliance with regulatory documents, %; Ec — aesthetics,
points; Ep — ergonomics, points; Nas — engine power, hp;
Go — weight of the equipped car, kg; q — load capacity, t;
Vmax — maximum speed, km/h; VT — average technical speed,
km/h; T — ability rating; ABC, TIBIT — ABS, ASR respectively;
Q — fuel consumption, 1/100 km; Ke¢ — efficiency factor;
Ho — operating time till repairs, km; Top — specific labor
intensity of current repair, man-hours/1000 km; ITto —interval
betweeb maintenance 2, thous. km; Lp — car service
life thous. km.
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Puc. 3. Papap sikocti (po3ropHyTuii Bum)
BaHTA)KHOTO aBTOMOOLUIS 3aralbHOTPAHCIIOPTHOTO
npr3HaueHHS MA3 5550

Fig. 3. Quality radar (expanded view)
of general purpose truck MAZ 5550

KoeimieHT SKOCTI aBTOMOOIIT METOAOM IPO-
(iiB BU3HAYAIOTH SK BiHOIICHHS TUIOII OTpUMa-
HOTO TIPOGiTI0 # OIIIHHOTO MPSIMOKYTHOTO TTOJIA 32

dbopmyaoro [9]:
X Xn
S 2+x2+x3+...+xn4+

K. =2mr _ . 5
1= -} (5)

AJle 1l KOMIIEKCHI KpUTEpii MaloTh Ti K HEO-
JIKH, 0 W KoedilieHT e()eKTUBHOCTI NIEPEBE3CHbD,
30KpeMa He JO3BOJSIOTH 3pOOMTH BHCHOBKH IO
KIIbKICHE 3aJTOBOJICHHSI ITOTPEOH KITIEHTIB y Tiepe-
BE3CHHI BaHTaXIB, HE JAIOTh MOKIHUBOCTI OIiHIO-
BaTH e(EeKTUBHICTh eKCIUTyaTamii aBTOMOOIIB
y TPOIIIOBOMY €KBiBaJICHTI.

i HemomiKK BHPIMIYIOTH Y METOAWKAX TEXHi-
KO-€KOHOMIYHOI OIIHKH aBTOTPaHCIOPTHHUX 3aCO-
6iB [13; 14]. Hanpuknan, 3arporioHOBaHO BUKOPH-
CTaTH MiJ 4Yac OI[iHKK W BHOOpY aBTOTPaHCIOPT-
HUX 32c00iB TaKHil KPUTEPIi, SIK BEIMYNHA EKOHO-
MigHOTO e(eKTy, SKy BH3HAUYaIOTh SK PI3HUITIO
MOPIBHSHHUX 3BEJICHUX PIYHUX BHTPAT:

E=(C+E, -K)—(G+E, - Ky), (6)

ne Ci, C; — IOTOYHI piYHI BUPOOHUYI BUTPATH Ba-
pianTamu 1 i 2; Ki, K> — KamitanbpHi BKIAJCHHS 32
BapiaHTamu, rpH; Ey — KoeilieHT 3BeIeHHs Karli-
TaNbHUX BKJIAJEHb 3a BapiaHTaMH 10 MOTOYHHUX
piuHMX BUPOOHUYMX BUTpAT.

Ha ocHoBi HaBeaeHOT 3aiekHOCTI (6) BUIIJICHO
nie psji KpUTepiiB, SKUMU MOXKHA ONEpPYBaTH IiJ
Yac OLIHKK i BUOOpPY aBTOTPAHCHOPTHHUX 3acCO0iB:
KOeIilieHT TOPIBHAIBHOT €KOHOMIUHOI edeKTHB-
HOCTI JIOJJATKOBUX KaliTalbHUX BKIAJCHb E,, Tep-
MiH OKYITHOCTI JOAATKOBHX KalliTalbHUX BKJIaICHb
EKOHOMI€IO 3a PaxyHOK 3HIDKEHHS Co0iBapTOCTi
npoaykii (podoru) 7T,, KoedimieHT rocrmpo3paxy-

HKOBOi e(heKTUBHOCTI E,, HAPOAHOTOCIIOJAPCHKUI
eKOHOMIYHHH e(DeKT i 3B€ACHNH TOCIPO3pPaxyHKO-
BHH eeKT, pSIT IHITNX ITOKA3HHKIB.

Bax1BOO OCOOJUBICTIO KPHUTEPIiB € Te, 110
TYT aKIEHT 3pO0JIEHO Ha KOMIUIEKCHY OIIHKY €KO-
HOMIYHHX, COLIaJIbHMX Ta €KOJOIIYHUX YHMHHHUKIB
i BpaxyBaHHs iX cnenuiku miJ yac BUOOpYy Haid-
OinpIl e()EeKTUBHOTO DIMICHHS 3 albTepPHATHBHUX
BapiaHTiB. Lle HEOOXiaHI YMOBH ITiABUIIEHHS COIIi-
IbHO-€KOHOMIYHOT €()eKTUBHOCTI pPOOOTH aBTO-
MOOITBHOTO TpaHCHOPTY. Y LiJOMY MPONOHOBaHA
METOAMKA OIIHKK aBTOTPAHCTIOPTHUX 3acO0IB if
gac 1X BHOOpY CKJIamaeTbCs 3 TakuxX eramiB [9,
c. 44]:

1) BuGip 6a3u MOPIBHAHHSI — MOKA3HUKH ITOPiB-
HSJTPHOI €KOHOMIYHOI €(eKTHBHOCTI BH3HAYAIOTh
SIK BIJTHOCHI BEJIMYMHM, TOMY IX aOCOJIOTHE 3Ha-
YCHHSI 3aJICKUTh BiJl TOTO, 3 IKUMH IHITMMH Bapia-
HTaMH TEXHIKU BUKOHYIOTH IOPiBHIHHS,

2) Bubip Ta OOIpyHTYBaHHS KPHUTEDIiB, 32 SKHU-
MU Oylne BHU3HAYCHO TOPIBHAIBHY EKOHOMIYHY
edextuBHicTh. Hampukman, mokasHuk E, xapakrte-
pU3y€e NOPIBHAJBHY HAPOJHOTOCIIONAPCHKY €KO-
HOMIYHY €()eKTHUBHICTh JOJATKOBHX KalliTaJbHHUX
BKJIa/ICHb;

3) 3BelICHHSI  BUKOPHCTOBYBAaHHMX  KPHUTEIiB
OIIHKHU JI0 MOPiBHAHHOTO Buay. Lle moscHIOeThCsS
TUM, 110 SIKICHO PI3HOPiMHI MOKa3HUKHU (€JUHOYA-
COBi 1 MOCTIITHO MOBTOPIOBaHI MOTOYHI BUTPATH)
HE MOXXKHa CyMmyBaTH a0o0 BiJHIMaTH OJMH Bix OA-
HOro 0e3 TMOMEePeHHOTO 3BEICHHS JI0 OJHAKOBOI
SIKOCTI;

4) BUSBIIEHHS TEXHIKO-€KOHOMIYHMX i collia-
JBHUX TIOKAa3HUKIB, HAa SIKi BIUIMHE BUOIp MEBHOT
MOJIeJIi aBTOTPAHCIIOPTHOTO 3aC00Y;

5) ypaxyBaHHs (hakTopa yacy, MpOIMKTOBAHO-
ro HEOOXIJHICTIO BiJOOpakKeHHS B pO3paxyHKax
HEPIBHOIIHHOCTI Uil CYCHiJIbCTBA BHTpPAT i pe-
3yNbTaTiB BUPOOHUIITBA, 3MIMCHIOBAHWX Y pi3HI
MOMEHTH Yacy

6) BUKOHAHHS YMOBH CKOHOMIYHOI MOpPiBHSH-
HOCTI BapiaHTiB, MOXJIMBOI 32 NOTPUMaHHSA TOTO-
HOCTI KOPUCHHX PE3YJIbTaTIB;

7) Bubip HaHOLIBII BHUTIJAHOIO pIllICHHS, 3a
SKOTO BEJIMYWHA 3BEJICHUX BUTpAT HaiiMeHmIa abo
HapOIHOTOCHOAAPCHKUN €KOHOMIYHUHN eheKT Haid-
OIBIIHA.

BaxJnBoIO 0COONMBICTIO TPOTIOHOBAHHUX KpH-
TEpiiB 1 METOAMKN OLHKH aBTOTPAHCIIOPTHHUX 3a-
co0iB € iX yHIBepCaIbHICTh, TOOTO 3aCTOCOBHICTb

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/235411

22

© B. O. Xaspyk, O. O. [lapxomenko, 2021


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka ta nporpec TpaHcnopTy. Bicaux JIHIIponeTpoBCEKOro

HaLliOHAJBHOTO YHIBEPCHTETY 3alli3HHYHOTO TpaHcnopTy, 2021, Ne 2 (92)

EKCIUIYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

SIK HA BCBOMY JKUTTEBOMY ITUKJII aBTOMOO1JIS, TakK
1 Ha OKpEeMHX HOTO eTamax, 3ajJeXKHO BiIl BHUTpAT,
SIKi BPaXOBYIOTh ¥ pO3paxyHKax. AJe 11 MEeToIuKa
OIlepy€e TiNbKH €KOHOMIYHHUMH MOKa3HUKaMHU ede-
KTHBHOCTI aBTOMOOIIIIB i HE BpPaxoBy€ iXHI KOHK-
pPEeTHI KOHCTPYKTHBHI ¥ eKCIUTyaTalliifHi OKa3HH-
KH.

[Tixg yac po3poOku ¥ ekcryararii aBTOMOO1LTIB
BENMKY YyBary HEOOXiTHO MPHIIIATH TEXHIKO-
eKOHOMiYHii OIiHIi. 1i 3/ifCHIOIOTP HA OCHOBI
TaKUX KPHUTEPIiiB: NPOIYKTUBHICTH aBTOMOOLNS;
TPYJIOMICTKICTh BUKOPHCTAHHSI aBTOMOOIIIS; eHep-
TOEMHICTh TIEpEBE3€Hb; METAIOEMHICTh TIepeBe-
3¢Hb. B ocHOBY MeToy OyJja mokiajaeHa BceOiuHa
OIlIHKa JOCKOHAJIOCTI KOHCTPYKIIi aBTOMOOLS
IUIIXOM TEOPETHYHOTO I eKCHEepPUMEHTAIBLHOTO
BCTaHOBJICHHS KiJbKICHUX 3HA4Y€Hb BHMIPHHKIB
HOro eKCIuTyaTalliifHUX SKOCTEH 1 Ha I[ii OCHOBI
BU3HAYEHHs KiJIbKICHOIO 3HA4Y€HHs KiHLEBOIO Te-
XHIKO-€KOHOMIYHOTO KpPHUTEPit0 Horo edeKTuBHOC-
Ti — 3BEJICHUX NMUTOMHUX BUTpPAT Ha IEPEBE3CHHS

(Bu):

s _Ce +0,1-[K+0,1x(Ba+BH)].100’ @)
" W,
P

ne Cg — cobiBapTicTh excrutyartarii, rpH; K — karmi-
TaJbHI BUTpaTH, TPH; B. — IiKBiJHAa BapTicTh aB-
ToMOOiIs, TpH; B, — JMiKBigHA BapTicTh MpHyena,
rpH; Wp — piuHa IPOIYKTUBHICTH aBTOMOO1IIs (aB-
TOMOi3/1a), TKM.

OcoONHBICTIO Ti€T METOJIMKH OLIHKH W BHOOpY
ABTOTPAHCIIOPTHUX 3aCO0IB € CUCTEMHHU 3B’SI30K
MiX eJeMEHTaMH KOHCTPYKIi aBTOMOOLIS, eKc-
TUTyaTallifHAMHA SKOCTSIMU Ta €(EeKTHBHICTIO HOTO
BUKOPHCTaHHs. AJie 15l MeTouKa Oyia po3pooiie-
Ha JUId TUIAHOBOI EKOHOMIKH. BukopucToByBaHi
METOM PO3PaxyHKy cTaTei coOiBapTOCTI eKCILTy-
aTamii aBTOMOOLUTIB TPYHTYBaJWCh Ha >KOPCTKHX
HOpMAaTHUBaxX BHUTPATH TPOIIOBHX 1 MarepiajJbHUX
pecypciB TpaHCHOPTHUX mifanpuemMcT. Huni Oara-
TO 3 HUX 3acTapiau abo BiICYTHI B3arajii ajs cCy-
YaCHHUX aBTOMOOILTIB, OCOOJIMBO iHO3EMHOTO BHPO-
OHMIITBA.

ITuTaHHS TEXHIKO-€KOHOMIYHOI OLIHKH BaHTa-
KHHUX aBTOMOOLJIB y PUHKOBHUX YMOBaXx JETalbHO
BUCBITJICH] B poboTtax [13, 14]. HaBeneno meroan
OIIIHKKM E€KOHOMIYHOI €(EeKTHBHOCTI BaHTAKHUX
aBTOMOOLUIIB K TOBApHOTO MPOAYKTY 1 ISl BUPOO-
HUKa, 1 JUIsl CIIOKMBAYa, MPUYOMY SIK Y CTAaTHYHO-

My BUPaXCHHI, TaK i B IWHaMIilli TPOIIOBUX TOTO-
KiB i 9ac BUPOOHMIITBA i eKCILTyaTarlii aBTOMO-
OimiB. ABTOpY CTBEPIKYIOTh, IO HA MPAKTHUIl HE
BUKJIIOUCHI BapiaHTH, KOJIU aBTOMOOUIbL TPUHO-
CUTHh TPUOYTOK BHUPOOHHMKOBI 1 30MTKH CITOKHBa-
YeBi i HaBIAKH, IPU IbOMY CYMapHUN piYHHAN Ha-
poaHOTrOCTIONApChKHU  eKOHOMIuHMI edekT (6)
MO>Ke OyTH MO3UTHBHUM. Y TOM K€ 4ac KOXEH ro-
CHOJIAPIO0OYNN Cy0’€KT TepeayciM mdae mpo cBoi
KOPIIOpaTHBHI 1HTEPECH, TOMY KPHUTEpPil OIIHKH
mig 9ac BHOOPY aBTOMOOLTIB «HapOAHOTOCIOaap-
CBKHIl EeKOHOMIUYHUH edeKT» He 3aCTOCOBHHMH
Yy PHHKOBHX yMOBaX.

[IponioHyeMO SIK OAMH 3 OIIHHUX KPHUTEPIiiB
e()eKTUBHOCTI aBTOMOOLIS Al BHPOOHUKA BHKO-
pHUCTaTH HITOBY (DYHKINIIO, SIKA SBISIE COOOIO MPH-
OyTOK i pUHKOBY BapTiCThb aBTOMOOiNIS Ta Bpaxo-
BY€ MOMNHT Ha HBOTO I eKCIUTyaTaliiiHi BUTpaTH:

K .
pi
I, =Bj-S -E,- N ’Npiq,- = max , I'PH, (8)

piy;
ne B, — puHKOBa BapTicTh, 3a SIKOKO MOXe OyTH
peanizoBaHWN aBTOMOOINb {-TO BapiaHTa, TPH/IIT.;
Si — cobiBapTicTh i-ro BapiaHTa aBTOMOOIS (3 ypa-
XyBaHHSM BHUTpAaT Ha peajizalito), rpH/mr.; Ey —
Koe(ilieHT eKOHOMIYHOi edeKTUBHOCTI GipMu,
€KBIBaJICHTHHH TaKWM BeJIIMYMHAM, SIK BapTiCTh
KamiTaiay, CTaBKa JUCKOHTYBaHHs U T. MOJ., KN
PO3paxoBYIOTh 1HAMBIAYalIbHO AJISI KOHKPETHOTO
npoekty; N =~ — piunHuil 00Csr peamsanii i-ro Ba-

i
piaHTa aBTOMOOIJIS, SIKUM BH3HAYalOTh Ha OCHOBI
MapKETHHTOBHX JIOCIIJKEHb.

OCHOBHHUI KpUTEPIiH i 9ac OI[iHKA aBTOMOOi-
JsI B eKCIUTyarallii B puHKOBHX ymoBax [13, 14] —
piYHI TUTOMI €KCIUTyaTalliifHi BUTPATH:

[ Sexen, + Bt (B + Koer, )]
W.

1

S =

num, = min

, TpH, (9)

ne S.. — piuHi eKkcIulyaramiiiHi BUTpaTH i-ro Ba-

eKCII,
pianTa aBTOMOOLIS Oe3 ypaxyBaHHsS aMOpTH3allii,
rpH/pik; K — KamiTalbHI BKJIAJCHHS Ha EKC-

exor,
IUTyaTamilo aBToMoOuIs i-ro BapiaHTa, rpH; Wi —
pivHA MPOAYKTHBHICTH I-TO BapiaHTa aBTOMOOLIS,
TKkM; Ex — HOpMaTuBHa e(hEeKTUBHICTh KaIiTaTbHUX
BKJIa/ICHb MiANPUEMCTBA, 10 JOPIBHIOE ILOMY BH-
MaJKy 3BOPOTHIN BEIMYHMHI TEPMiHY CIyXOU aB-
TOMOOLIISL.
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Ouninka # BUOip aBTOMOOLTIB 32 HaBEACHUMHU Pe3yabTaTn
kpurepismu (6) — (9) mependadaroTs moriubIIeHe
BHBYCHHS ITOKa3HHUKIB COOIBapTOCTI IepeBe3cHb
1 IPOJYKTUBHOCTI aBTOMOOITIB.

TakyuM YMHOM, HaBEACHHWH aHali3 METOIUK
OIIIHKK ¥ BHOOpPY aBTOTPAHCIOPTHHUX 3aco0iB i1
BUKOPHCTOBYBAaHHUX TPH IIbOMY KPHTEPIiB J03BO-
JIUB CUCTEMAaTU3yBaTH 3HAHHS, HAKOIIMYEHI B IHO-
My HampsMi eKCIUTyaTallii aBTOMOOLTIB, 1 mependa-
YUTH TUISXM JUIS TOJANBIION0 HOTOo PO3BUTKY
(puc. 4).

Bu6ip panioHaabHOro THIy pyXOMOro CKJIATY 3a/1€:KHO Bil XapakTepy
nepese3eHsb i THIY BaHTaxy (puc. 1)

v

Bin6ip moaesieii aBTOMOOLIIB i3 BHOPaHOT0 PalioHAILHOTO THILY PYXOMOT0 CKJIATY
3a TeXHIKO-eKCIIyaTaliiHUMH Ta CIIOKUBYHMH BJIacTUBOCTAME (puc. 2; (2) — (5)

Y

TexHik0-eKOHOMIYHA OI[iHKA BiiOpaHux MoaeJsei
PanioHAJIBLHOr0 TUILY pyXoMoro ckiazny (6) — (9)

v

3BeeHi NMUTOMi BUTpaTH HA nepeBe3eHHst (7)
Piuni excnuryarauiiini Burparu (9)

¥

BeauunHa ekoHoMiuHOTO edexty (6)

Exonomiunmii edexT Bia ekcruryaraunii BAHTa)KHUX AaBTOMOOI1iB
AJIl BJIACHUKA PYXOMOI0 CKJIALY

Puc. 4. Metonuka ouiHKY i BHOOPY aBTOTPAHCIIOPTHUX 3aCO0IB 1 BUKOPHCTOBYBAaHI IPH 1IbOMY KpUTEPIii
Fig. 4. Methods of selection and evaluation of vehicles and the criteria used

I3 puc. 4 BuaHO, O Ha CTajil OIIHKH MAapKy BpaxoByE OCOOJIMBOCTEH Cy4acHOTO CTaHy aBTOT-
PYXOMOTO CKJaJy 3a TeXHIKO-eKCIUTyaTalliiHUMHU  PaHCIIOPTHOI Trays3i;
W CIIO’)KUBUMMH BJIACTUBOCTSIMHU HAsiBHI METOJHMKH 2) KpUTEpill «HAPOJHOTOCIOIAPCHKUIT E€KOHO-
Ta KpUTepil TO3BOJISIOTH 3MIHCHIOBAaTH BUOIp THUIy  MIUHHHA e(eKT» He BpaxOBYE IHTEPECiB KOHKpET-
aBTOMOO1ITIB. Ha cTanii TeXHIKO-€KOHOMIYHOI Olli- HOTO IMEPEBI3HMKA, OCKIIBKH 3a JOJAaTHOrO 3Ha-
HKH MOJIeJIel aBTOMOO1IIIB i3 BUOPAHOTO TUITy Py-  YE€HHS IIbOTO KPUTEPil0 HOTo IOXOIU MOXYTh OyTH
XOMOT'O CKJIay IIi KpUTEpii HE MOBHOIO MIpOIO Bi-  BiJI’EMHUMU;
JIOBIIal0Th BUMOTaM CYYacHOTO cTaHy (pyHKIIio- 3) kputepiii «puOYTOK sl BUPOOHUKA ABTO-
HyBaHHS aBTOTPAHCIOPTHOI T'aly3i, OCKIIBbKH: MOOUTIB» TINBKH OIOCEPEIKOBAHO BiOOpakae
1) kpurepiil «3BeZieHI MUTOMI BUTPATH Ha Ne- ©(QEeKTHBHICTh EKCIUTyaTalii, OCKUIbKH MPHUOYTOK
pEBE3EHHA» HE BPaxOBYE 3aJI0BOJICHHS MOTPeOM  BHPOOHHMKA MOXKIMBUN 1 3a HAsIBHOCTI 30UTKIB
B nepeBe3eHHsAX i kiieHTiB ATI, He nae MOX- Yy TPaHCHOPTHUX OpraHi3aliid;
JUBOCTI OLIHIOBAaTH €()EeKTUBHICTH EKCIUTyaTaril 4) xpuTepill «piuHi eKCIUTyaTaliiHi BHTPaTH»
ABTOMOOUITIB JUIS KOHKPETHOTO IIEPEBI3HMKA, HE HE JIA€ MOXKJIMUBOCTI OLIIHUTH, YU OKYIHUTHCS €KC-
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IUTyatamisi aBTOMOOLTIB 1 SKWH NpHOYTOK MpH
upoMy marume ATIL.

TakuM 9uHOM, HE PO3TIISHYTO KPHUTEpiil OIiH-
KM, Ha SIKHH MOXE Opi€EHTYBaTHUCS BJIACHUK PyXO-
MOTO CKJamy JJisi OCTaTOYHOTO BHOOpPY aBTOMOOi-
niB. Ockinbku PC OHOBIIOIOTH Pi3HOMapOYHUMH
TPaHCHOPTHUMH 3ac00aMH, TOCTPO IMOCTAE MUTaH-
HSl Tpo iX BuOip mix yac oHoBieHHs mapky ATIL
VY wiit cutyarii KiHIIEBUM KPUTEPIEM OLIHKH ITiJT
gac BUOOpY MOZeNi aBTOMOOLISI MOXe OyTH «IpH-
OyTOK BIIACHHKA PyXOMOTO CKJIaIy», SIKHH y CYKY-
ITHOCTI 3 BIIOMHUMH KPUTEPISIMH TO3BOJIUTH PaIlio-
HaJIbHO BHOWpATH aBTOMOOINI, IO TTOBHOIO MipOIO
BiJINOBIZIaAl0Th CY4acCHOMY CTaHy aBTOTPaHCIIOPT-
HOI raiy3i, TOMy II10:

1) i3 migBHUINEHHAM MPUOYTKY BIACHUKA PYXO-
MOTO CKJIaJly MiJIBUIIY€ETHCS pEHTa0eNbHICTh TPaH-
CHOPTHHUX MiJIPUEMCTB, 1 JOJATKOBI KOIITH MO-
XKYTbh OYTH CIIPSIMOBaHI Ha 1X PO3BHUTOK;

2) e, Yy CBOI Yepry, MpPU3BOJHUTH 0 MiJBHU-
HIeHHS e(DeKTUBHOCTI MepEeBE3eHb.

HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYUMICTh

VY Hanpsami migBuieHHS e(heKTUBHOCTI eKCILTY-
aTamii aBTOMOOUILHOTO TPAHCIOPTY BHU3HAYCHO
TOJIOBHUI pe3epB — OHOBJICHHS MapKy PyXOMOTO
CKJIaJly MOJENIIMUA aBTOMOOUIIB, IO NPUHOCSTH
MaKkCUMaJbHUH  TpUOYTOK  iX  BIIACHHKOBI.
VY 3B’S3Ky 3 IIUM TIOCTa€ 3aBJaHHs OLIHKHA BEITNYH-
HU MO>XKITUBOTO TIPUOYTKY 200 MiHIMi3aIlil eKCInTy-
aTallifHUX BUTPAT MEBHOI MOJEI aBTOMOOLIS ITij
Yac OHOBICHHS NapKy. Moro BHpIIICHHS 103BO-
JIUTH BIACHUKAM BHOWpATH HAWOLIBII pamioHaTbHI
BaHTa)XHI aBTOMOOLII Ha eTari KOMIUIEKCHOI TeX-
HIKO-€KOHOMIYHOI OIIIHKHM, II0 B IIUIOMY MOXE
MiBUIIATH €(PEeKTHBHICTD EKCILTyaTaIlii aBToMo0i-
JIB.

BucnoBxku

Otxe, aHai3 MUTaHHS €(EKTUBHOCTI eKCILTya-
tanii PC, 30kpeMa B yacTHHI pO3MIISAY KpUTEpiiB
OLIIHKK H BUOOpYy pyxomoro ckiaay ATII, mae
3MOTy c(OpPMYITIOBATH TaKi BUCHOBKH:

1) knacudikamnito KpuTepiiB 3HIHCHIOIOTH 32
YOTUpPMa O3HAKaMH: 3a KUIbKICTIO (hakTopiB, 3a
piBHEM 3aJIe)KHOCTI, 32 XapaKTepoM, 3a KiJIbKICHUM
3HAYEHHSIM;

2) mig yac BUOOPY pPyXOMOro CKJajay — BaHTa-
JKHUX aBTOMOOLIIB — OCHOBHUMH IS BAUKOHAHHS
TpaHCIIOPTHOT pOOOTH € Taki MOKa3HWUKH, SK Iap-
TIHHICTh TIEPEBE3CHb, BiJICTAaHb MEPEBE3CHD, Xapa-
KTEpUCTHKA BAaHTaXY;

3) mig wac mepeBe3eHHS «creludivyHnx» BaH-
TaXiB HAMTOJIOBHIIIUM KpUTEpiEM € coOiBapTiCTh
nepeBe3eHb;

4) nus mepeBe3eHHS HACHMITHHX BaHTaXIiB abo
Ha Kap €pHUX pO3pOOKax BUKOPHCTOBYIOTH KpHUTeE-
piit cobiBapTOCTi eKcmiyaTalii i TpaHCIOPTyBaH-
HS;

5) w1 TpaHCHOPTHO-CKCIEAUIIHHUX iAIpH-
€MCTB OCHOBHHUMH KpPHUTEPISIMH OLIHKA W BUOOpY
AT3 € Taki TexHiIKO-eKCIUTyaTaliifHI MapaMeTpH,
SIK TeXHIYHA ¥ eKcIUTyaTalliiiHa IMIBUIKICTh, Tada-
PUTHI pO3MipH BaHT&XHHUX MICTKOCTEH i camMmx
TPaHCIOPTHHUX 3ac00iB, TOBHA Maca, HaBaHTaKEH-
HS Ha OCi, TIOTYXHICTh IBUTYHA, BAHTAKOIIIHOM-
HICTH 1 rabapuTHI po3MipHu MpUYEIIiB, HATIIBIpUYE-
MiB;

6) y GibIIOCTI METOMUK OIIHKH i Bubopy AT3
HE BPaxOBaHO TaKi SKICHI IMOKa3HWKH TPaHCIIOPT-
HOT po0OTH, SIK MiHIMAJIBHUN Yac JIOCTaBKH, MiHi-
MyM PH3UKy HECBOE€YACHOI JIOCTABKH, MaKCHUMYyM
MepeBi3HOI 3IATHOCTI TPAHCIOPTY, TOTOBHICTH O
nepeBe3eHHst y OyAb-sKUi 4Yac 1 MOXIIHMBICTH 3a-
Oe3redeHHs MepeBe3eHb y Pi3HUX YMOBAX, SIKi MO-
JKHA OIIHUTH y3arajlbHEHUM KpHuTepieM — Koediri-
€HTOM e(heKTHBHOCTI nepeBi3Horo mporiecy (1);

7) COXKBYI BIACTHBOCTI aBTOMOOLIIB Xapak-
TEPHU3YIOTHCS JAECSATbMa KOMIUIEKCHUMH KPHTEpisi-
MU  OIlIHKH, cepeA  SKuUX  ijeHTudikais,
Ccy0’€KTHBHA OI[iHKA B MPOIIEC] eKCILTyaTallii, oi-
HKa PiBHS CEPBICHOTO 00CITyrOBYBaHHS;

8) KoedilieHT AKOCTI Ja€ MOKIIUBICT MMOEIHA-
TH KUIBKICHI Ta sIKiCHI KpuTepii y rpadivniil iHTe-
priperarii — pajgapi sKoCTi;

9) TeXHIKO-eKOHOMIYHA OIlIHKA MICTHTH Taki
KpUTEpii, SIK MPOAYKTHBHICTH aBTOMOOLIS, TPY/IO-
MICTKICTh BHKOPHCTaHHS aBTOMOOLIS, CHEProeM-
HICTb MlepeBe3eHb, METAJOEMHICTD II€PEBE3EHb;

10) nmix wac BuOOpYy MoOjeinedl BaHTaKHUX aB-
toMo01miB Juis ATII OCHOBHOIO METOIO € OTpU-
MaHHS MaKCHMAIIbHOTO MPUOYTKY BiJi TPaHCIIOPT-
HOI poOoTH ¥ MiHIMi3alisl eKCIDTyaTalliiHUX BH-
Tpar.
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Criteria for Selection and Evaluation of Rolling Stock of Motor Transport
Enterprises

Purpose. The basic aim of the work is to analyze and substantiate the criteria for selection and evaluation of
rolling stock — trucks of motor transport enterprises, based on scientific research on this issue. Methodology. The
research was performed using general methods: abstraction and concretization, analysis, synthesis, induction, deduc-
tion. Findings. It is established that the main features of the classification of criteria for selection and evaluation of
rolling stock are the number of factors (there are single and complex criteria); level of dependence (it is possible to
single out completely dependent on external operating conditions, partially dependent and independent criteria);
nature (quantitative and qualitative criteria); quantitative value (absolute and relative criteria). The practical ap-
proach at a choice of rolling stock fleet for the motor transport enterprise, proceeding from such factors, as character
and structure of cargo flow; volumetric weight and batch of cargo; road conditions; ensuring maximum speed and
traffic safety; ensuring the minimum costs associated with goods transportation. The scheme of criteria for the selec-
tion of rolling stock is presented and five stages are clarified, which establish the sequence of evaluation and selec-
tion of vehicles: 1) analysis of transportation conditions and cargo characteristics; 2) the choice of car capacity;
3) structure suitability analysis to the road conditions; 4) analysis of technical and operational properties of cars;
5) technical and economic evaluation of cars selected in the first four stages, which can be performed according to
different criteria. The expediency of bringing different criteria into one complex quality indicator is performed in
a graphical interpretation. It was found that the technical and economic evaluation of cars is based on the following
criteria: car performance; the complexity of using the car; energy consumption of transportation; metal consumption
of transportations. Originality. The analysis of the criteria for selection and evaluation of rolling stock allowed to
form a method of selection and evaluation of vehicles and the criteria used in the form of a structured scheme that
takes into account the main goal — to maximize profits from transport work and minimize operating costs.
Practical value. The results of the study can be used by motor transport enterprises in the selection of rolling stock
at the stages of purchase of new trucks, based on the practical experience of transportation of various types of goods.

Keywords: motor transport enterprise; motor vehicle; cargo; criterion; rolling stock
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Determination of Energy and Electric Capacity of On-Board Supercapacitor
Regenerative Energy Storage

Purpose. Development of a method for determining the main functional parameters of on-board supercapacitor
recuperative energy storage based on the asymptotic theory of extreme statistics by Gumbel, taking into account sto-
chastic nature of changes in recuperated voltage and current. Methodology. To achieve this purpose, methods, devices
and computer systems for temporary registration of recuperated voltages and currents on operating electric locomo-
tives, methods of the theory of random processes and methods of probabilistic and statistical processing of registro-
grams of voltages and currents were used. Findings. A computational and experimental method for estimating recu-
perative energy has been proposed and practically applied. A probabilistic method has been developed for determining
the energy and electric capacity of on-board supercapacitor recuperative energy storage units. Numerical probabilistic
and statistical calculations of the energy and electric capacity of on-board storage for the VL8 and VL11M6 electric
locomotives during their operation in the sections of Prydniprovska railway have been carried out. It was found that
the energy and electric capacity of on-board storage devices are distributed according to an exponential law with
a clear prevalence of their minimum values and in compliance with direct proportionality between them.
Originality. For the first time, an autonomous phase of recuperative braking mode of an electric rolling stock has
been developed, which makes it possible to significantly reduce the mass and dimension of a supercapacitor storage.
The asymptotic theory of extreme statistics by Gumbel was adapted to the method for calculating energy and electric
capacity of an on-board storage device, which made it possible to take into account the influence of stochastic nature
of changes in the recuperated voltage and current. The probabilistic influence regularities of the change nature in the
recuperation energy on the capacity of on-board storage in the phase of recuperative braking have been established.
Further development was obtained by a computational-experimental method for assessing the recuperative energy,
based on monitoring and using the time dependences of voltage and current obtained in real modes of recuperative
braking. For the first time in electric traction systems, it was proposed to carry out the transition from the recuperative
braking mode to the recuperative regeneration mode. Practical value. The developed method and technique based on
it make it possible to evaluate functional parameters of on-board storage device of all types of electric rolling stock,
considering stochastic nature of recuperated voltages and currents. Numerical-graphic dependences of the energy in-
tensity and capacity of the on-board storage are recommended for predicting and evaluating these parameters for
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various modes of recuperative braking. Since the task of designing an on-board storage unit (in terms of mass and

dimensions) is ambiguous, therefore, in each specific case of the type of electric locomotive and recuperation modes,

it must be solved individually, taking into account the probability of the corresponding capacitance values.
Keywords: on-board storage; energy capacity; supercapacitor; recuperative energy; random process; voltage; cur-

rent; extreme statistics

Introduction

The main disadvantages of the existing system
of regenerative braking of electric rolling stock
(ERS) of direct current, preventing its efficient im-
plementation, are caused by the necessary connec-
tion, that is, non-autonomy of recuperating ERS
with the traction power supply system [5, 14].
Therefore, currently, the issue of increasing the re-
liability, stability and electric power efficiency of
recuperative braking (RB) is particularly acute. In
our opinion, this problem can be solved by transi-
tion from the systems and modes of RB to the re-
generative braking systems [5].

The term «regeneration» itself (Latin regenera-
tio — regeneration) denotes the restoration of the in-
itial qualities of the waste product, i.e. the renewal
of electric energy of electrodynamic braking. In the
definitions of the concept of regeneration, there is
no condition for the return of regenerated electricity
to the supply network. This necessitates the need for
a regeneration energy storage at the ERS itself —an
onboard storage unit operating in a buffer mode.
The on-board buffer energy storage unit (SU) means
device, whose primary function is the operational
use of electrical braking energy by accumulation,
short-term storage and its subsequent implementa-
tion in the traction mode.

Currently available domestic and foreign publi-
cations show that the most energy-efficient and,
therefore the most prospect, are the on-board (on the
ERS) SU systems based on supercapacitors gener-
ally called «electrical double layer capacitors»
(EDLC) [5]. However, at the same time, SU must
have a number of certain parameters.

The basic parameters determining the functional
capabilities of the use of energy storage units in en-
ergy systems are as follows: maximum active power
P..«; maximum energy capacity E,,..; operation
time t,,,; energy reversal time t,. The energy stor-
age unit is located stationary in the electric power
system itself. Such parameters are also inherent in
stationary SU, used in the electric transport systems

provided that these parameters are designed to re-
ceive all the energy recovered for atrip in an electric
rolling stock [8]. In this case, the mass and dimen-
sion will be insignificant. An on-board storage de-
vice, including a supercapacitor, should perform
a completely different function. To reduce the stor-
age unit capacity C, it should operate in the so-
called phase regeneration mode: receive the electric
energy, recovered in the specific phase of recupera-
tive braking and then, in the next movement phase,
promptly give it to a specific consumer of the ERS.
Consequently, all the SU parameters must be de-
signed for the one phase RB energy. This mode is
advisable to reduce the capacity C, and, conse-
guently, the mass and dimensions of the SU, as well
as the energy reversal time. Thus, one of the main
functional parameters of the on-board SU should be
taken as follows: maximal power and maximal en-
ergy capacity, as well as the minimum ones: capac-
ity, weight and dimensions, and recuperation energy
reversal time.

The SU power should be equal to the ERS recu-
peration power in one phase of the RB, and its en-
ergy capacity — to the recuperation energy W, also
for one phase of the RB. The value of W, is basic
for determining the main SU parameter — its capac-
ity, as well as for assessing the functional capability
of using this IW%,.

The energy that is accumulated in the electric
field of the capacitor in the RB phase is determined
by the expression:

cu}
W, = 5
where U,— voltage at which the recuperation energy

was obtained in the RB phase. According to (1) the
required storage capacity is:

)

C="1>. @)
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In (1) and (2), the values W}, and U, are random.
Therefore, in practical calculations of C, it is neces-
sary to solve the problem, which values of W}, and
U, (maximum, minimum or average) should be
used. From the point of view of the sufficiency of
the value C to receive the entire I, it is necessary
to take the maximum values of 1%, but in this case,
an excessive volume of storage is not excluded. In
this regard, for some optimization of this approach,
we will apply the Gumbel asymptotic theory of ex-
treme statistics, i.e., the distribution laws and their
probabilistic characteristics of the extreme (maxi-
mum and minimum) values of the sample of the ran-
dom variable X under study.

For the first time, a relatively detailed method-
ology for calculating condenser on-board recupera-
tion energy storage units was described in work [6].

The work [16] presents the method of mathemat-
ical modeling of assessing the optimal capacity and
location places of supercondensers in rolling stock
of the urban transport system. Duplicate power sup-
ply scheme with a constant voltage equal to the trac-
tion substation of ERS was considered.

Also, in [11], a comparative analysis of on-board
tram systems for accumulating recuperable electric
energy based on supercapacitors and lithium batter-
ies was carried out by modeling. It has been estab-
lished that the payback period of the systems is
3 years, but the supercapacitor system is somewhat
more expensive in terms of the initial financial in-
vestment.

The ionistor capacity required to start an auton-
omous electric train when powered by its electric
drive is described in [1].

Similar studies, but for a supercapacitor storage
in the urban transport system, were carried out in
[10].

In [13], the electric train motion profile with an
on-board supercapacitor storage was optimized by
the method of discrete dynamic programming. The
objective function in the model is based on the mo-
tion equation.

The analysis of three types of recuperation en-
ergy storage devices (supercapacitors, flywheels
and batteries) in railway transport systems was car-

ried out in [12]. It has been established that it is ad-
visable to use supercapacitor storage as on-board
storage units in urban transport systems.

The work [17] performs studies for optimal trac-
tion power supply (when the peak power is needed)
using the on-board system of recuperation energy
storage.

The method for assessing optimal power and ca-
pacity of supercapacitors of regenerative energy
storage systems was proposed in [14]. It is demon-
strated that train power supply from a storage unit,
not from a contact network, significantly reduces
the energy losses in the traction power supply sys-
tem and operating costs.

The work [9] describes the stationary system of
energy storage based on the ionistors in the under-
ground. The required storage unit capacity is as-
sessed. It was established that energy savings reach
20%.

The methodology for determining the rational
parameters of supercapacitor recuperation energy
storage unit in the underground system is presented
in [3]. The author proposes only mass and cost of
on-board storage as the criteria for assessing the ra-
tional parameters.

As follows from the above-mentioned and
a number of other sources, they mainly discuss two
issues: the first is possible storage location options;
the second — its cost indicators. Secondly, the issues
of on-board supercapacitor storage units are consid-
ered only for urban transport systems (trams, trol-
leybuses, underground motor coaches), which is
caused by the possibility of calculating the energy
intensity and capacity of the storage unit for the en-
tire trip. For mainline transport systems (in particu-
lar, for electric locomotives), this is impractical
based on the large mass and dimensions of the stor-
age, which explains the lack of publications on these
systems. To solve this problem, another approach is
needed. And, finally, thirdly, all authors assess the
required energy and electrical capacities of superca-
pacitor storage units for deterministic (non-random)
recuperable voltages and currents, while they are
stochastic, often change abruptly (Fig. 1). This is
what determines the assessment of the rational pa-
rameters of the capacitive storage with a large error.
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Fig. 1. Registrograms of recuperated voltages (a)
and currents (b)

Purpose

The article provides for the development of
a method for determining the main functional pa-
rameters of on-board supercapacitor recuperative
energy storage in its phase regeneration mode of op-
eration and taking into account the stochastic (ran-
dom) nature of changes in the processes of recov-
ered voltage and current based on the asymptotic
theory of extreme statistics by Gumbel.

Methodology

Probabilistic and statistical calculations of the
energy intensity and capacity of on-board storage
units were carried out based on the registrograms
(time dependences) of voltage on the current collec-
tor U(t) and the recovered current I(t), were ob-
tained in real operating conditions of the VL8 and
VL11M6 electric locomotives in the Prydniprovska
railway. 30 synchronously recorded voltage and
current realizations were obtained and processed ac-
cording to the method in [15]. Receiving
registrograms was performed by connecting a per-
sonal computer to the control and measuring sys-
tems of electric vehicles, containing voltage and
current sensors included in the power traction cir-
cuits of locomotives. At the same time, the voltage
and the total, i.e. traction-recuperative, current were
recorded. In this case, the voltage and the total, i.e.,
traction-regenerative, current were recorded. The

registrogram sections, where the current had negative
values, were considered to be recuperation current.

The recuperation energy W, was determined by
the experimental-calculation method [5], based on
the time dependences of the recuperable voltages
and currents. This method was positively different
from the existing ones in the fact that the calcula-
tions were performed based on modern concepts
and formulas of powers and energy in electrical cir-
cuits with non-sinusoidal electrical values, while the
existing measuring instruments and systems were
based on the concepts and techniques adopted back
in the 40s of the twentieth century.

Based on this method, according to [5], the re-
cuperation energy is determined as follows (Fig. 2):

1y
w, :WZUnInAt’ (3)
n=1

where u,, i,— instantaneous voltage and current
values; N —total number of quantization points dur-
ing O-T time.

u, i A
u(t)
Un —
: f un+l :
P i(t) |
[ 1
1 1
| .
i i' n+1 i
(I I
Do N~
1At I
e l
1 \ | g
O tn tn+1 T t

Fig. 2. Discretization of realizations of voltage
and current

Theoretical aspects of the determining storage
capacity. Obtaining the distribution laws of extreme
values is possible in two ways. The first involves
performing experimental and statistical tests of the
value of Xv in strictly identical conditions for all ex-
periments, which is practically unfeasible for the re-
cuperation phases.

The second way is analytical, based on the use
of the distribution function F (x) of the investigated
random variable X, constructed earlier for the entire
sample size, that is, for all n values (the entire pop-
ulation) of X.

Let us assume that n measurements are carried
out for a random variable X having a distribution
function F(x) and a probability density f(x). The
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measurement results give a sequence of numbers
Xn1 < Xpp < -+ < Xpp. One should find the distri-
bution function F,,,(x) and the probability density

frn ()

fnn( ) - (X)

(4)
for the maximum values of the random variable x,,,,
in a set of n measurements. The distribution func-
tion F,,, (x) is nothing but the probability of finding
the inequality X < x in each of n measurement. If
we take the scheme of independent tests, then the
problem is extremely simple to solve. The probabil-
ity of finding the inequality X < xas a result of one
measurement is, obviously, F(x). Hence, according
to the probability multiplication theorem:

F.(x)=P,(X<x)=F"(x).
Application of formula (4) gives:

fon (X) =NF"(x) p(X) . ()

A similar problem can be set for the distribution
of the minimum values of x,,. The corresponding
characteristics will be denoted by F,;(x)and
pn1(x). According to the definition, the function
1 — F,41 (x)is equal to the probability of finding the
inequality X > x as a result of each of n measure-
ments. Noting that according to the probability mul-
tiplication theorem

P.(X>x)=[P,(X >x)] =[1-F(®]",
we will fin

F.(x)=1-[1-FX)]".

Differentiating the distribution function, we will
obtain:

f () =n[1-F(x)]"" p(x). 6)

The distribution laws F,, (%), fun (%), Fpq1(x),
frn1(x) and their parameters of extreme values are
determined by the nature of the investigated random
variable, size of n sample and the initial func-
tion F(x) of its distribution. In this case, with an in-
crease in n, the most probable values of the maxi-
mums of the random variable X shift to the right,
and the minimum ones — to the left.

If n is large, then using expressions is hampered.
Therefore, in the works [2, 3], the asymptotic prop-
erties of extreme values distributions with n — oo
were investigated and three so-called limit distribu-
tions Gumbel were obtained — the first, the second,
and the third. Each of them is applicable under cer-
tain restrictive conditions with respect to the inves-
tigated X. In particular, if the quantity X is limited
both from below and from above in the interval of
its existence [a, b] (which is typical for the values
W, and U,), then it obeys the third limiting distribu-
tion by Gumbel [3]:

— for maximal values:

W
exp[—(b X) }npﬂx<b,
A%

Fon (X) = (M
1 npu X > b;
— for minimal Ivalues:
(x-a)’
1-exp| - pu X > a,
I:nl(X) = v ) (8)
0 mpu X< a,

where $ and v — some positive numbers.

For not too large n (which is typical for I/}, and
Up) and the initial Gaussian distribution, the distri-
bution density of the maximum values of the inves-
tigated random variable X can be determined by the
formula:

a '™t 1
fnn(x)zn{0,5+cb(x_ ﬂ - x
c 2nc
2
Xexp{_(x_—a)} (9)
for the minimal values:

362
x—a\"" 1
fnl(x):n{O,S—CD( ﬂ . X
c 27

2
xexp{—@}, (10)
26

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/237500

© M. O. Kostin, A. M. Mukha,
O. H. Sheikina, O. Y. Kurylenko, 2021

33


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. Bichuk J{HiponeTpoBcbKoro

HaL[iOHAJIBHOTO YHIBEPCHUTETY 3aJIi3HUYHOr0 TpaHcnopty, 2021, Ne 2 (92)

EJIEKTPUYHUIA TPAHCIIOPT, EHEPTETUYHI CUCTEMHU TA KOMILIEKCU

where F(%) — is known Laplace function;

a, o— respectively, the mathematical expectation
and the mean-square deviation of the total sample,
that is, the function F(x).

In this case, the mathematical expectations and
mean-square deviations of the extreme values of the
investigated random variable X are determined by
the formulas:

Findings

The energy E,, and electric C capacities of the
on-board storage units of recuperated electricity for
the VL11M6 and VL8 electric locomotives oper-
ated with freight trains on the Nyzhnodniprovsk-
Junction — Chaplino section of the Prydniprovska
railway were calculated. In this case, the energy ca-
pacity is taken to be equal to the recuperation energy
W, and is determined by the above experimental-

X=M [X ] =atc-ynn; (11)  calculation method based on the voltage U, and cur-
- rent I, obtained (and processed according to [4, 15])
Om == o (12)  under real conditions of the recuperative braking

In expression (11), the plus sign refers to the

maximum values, that is, Ynn is determined, and the
minus sign refers to the minimum values.

mode. The capacity was assessed for three cases: ac-
cording to the average values of W},,U, for the RB
phase, according to formula (2) as the most probable
value of the statistical values, according to the sta-
tistics of the maximum values by Gumbel according
to formulas (11), (12).

The calculation results are shown in Fig. 3-6 and
in Table 1, from which follows.

Table 1

Energy and electric capacity of on-board storage devices
of VL11M6 and VLS8 electric locomotives

L Electric capacity of the storage unit, F
é Energy capacity, E According to the
S o E. KW/h Average value per g statistics of the
Ne o5 " phase 2 maximum values by
£ = Gumbel
3 3
o M[2,] Gy, M[3,] R g M[C] o
1 2 3 4 5 6 7 8 9
28.45; 0.3...16.6; 71.5;
1 | VL11M6 49.6 45.1 26.3 ' 17.9
V=0.235 V=0.411 V=0.06
48.72; 1.06...45.7; | 165.2;
2 VL8 81.87 108.1 V=06 64.54 \V=0.652 V=0.04 45.85

Note: V is the probability of the corresponding mathematical expectation.

The recuperation voltage, the average in the RB
phase, and in terms of instantaneous values, obeys
the Gauss law with a probability according to Pear-
son’s criterion equal to 0.23 (Fig. 3 and 5). Energy
E, and electric C capacities of on-board storage

units are distributed exponentially with a clear prev-
alence of minimum values. In this case, between C
and E,, as in formula (2), qualitatively direct pro-
portionality is observed (Fig. 4 and 6). The differ-
ence in the possible values of capacity C, given in
Table 1, indicates that the task of designing an on-
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board storage device (in terms of mass and dimen-
sions) is ambiguous, therefore, in each specific case
of the type of electric locomotive and RB modes, it
must be solved individually, taking into account the
probability V of the corresponding capacity values

(see Table 1).
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Fig. 4. Statistical distribution laws of energy (a)
and electric capacity (b) of on-board storage
device of VL11M6 electric locomotive
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Fig. 6. Statistical distribution laws of energy
(a) and electric capacity (b) of on-board storage device
of VL8 electric locomotive

Originality and practical value

Autonomous phase mode of regenerative break-
ing of electric rolling stock was developed for the
first time. It allows significantly reducing mass and
dimensions of supercondenser storage. Asymptotic
theory of extreme statistics by Gumbel was adapted
to the methodology of calculation of energy and
electric capacities of the on-board storage unit,
which made it possible to take into account the sto-
chastic nature of recuperable voltage and current.

The probabilistic patterns of the influence of the na-
ture of the recuperation energy change on the capac-
ity of the on-board storage in the phase of regenera-
tive braking have been established.

The developed method and the technique based
on it, allow evaluating the functional parameters of
on-board storage units of all types of electric rolling
stock, taking into account the stochastic nature of
recuperable voltages and currents. Numerical and
graphical dependences of the energy and electric ca-
pacities of the on-board storage units are recom-
mended for predicting and evaluating these param-
eters for various modes of regenerative braking.

Conclusions

1. The main parameters determining the func-
tional capabilities of the on-board capacitive storage
units of recuperable electric energy are the maxi-
mum energy capacity, the minimum electric capac-
ity and the energy reversal time, which are not cal-
culated for a full trip of the ERS with a train, but
only for the phase of its recuperative braking.

2. The most efficient and accurate method for
evaluating the recuperation energy, and hence the
energy storage capacity, is an experimental calcula-
tion method based on the use of time dependences
of voltage and current obtained in real recuperation
modes.

3. The random nature of the values of the recu-
peration energy and voltage determines the random
nature and capacity of the storage unit, which can
be assessed either by the total statistical set of W,
and U, or by Gumbel’s statistics of extreme capac-
ity values, or by determining its most probable
value.

4. It has been established that the energy capac-
ity of the on-board storage units of the operated
electric locomotives is distributed according to an
exponential law with a mathematical expectation of
50...82 kWh, and the absolute values of the capacity
in the range of x=~16,6...28,45 F are observed with
a probability 0.411 ... 0.235, and in the range of
~46...49 F — with a probability of 0.652...0.6. The
maximum values of capacities in the range of
~72...165 F are rare, their probability does not ex-
ceed 0.04...0.06.
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Bu3HaueHHsI eHepPreTHYHOI TA eJIEKTPUYHOI EMHOCTEH OOPTOBOIO CyNepPKOH-
JAEHCATOPHOI0 HAKONUYYBa4a eHeprii perenepauii

Mera. VY crarTi nepenbadeHo po3poOKy Ha OCHOBI aCHMITTOTHYHOT TEOPii eKCTpeMallbHUX CTAaTUCTHK | ymOems me-
TOIy BU3HAUEHHS OCHOBHUX (PYHKITIOHAIBHUX MapaMeTpiB OOPTOBOTO CYNEPKOHIECHCATOPHOTO HAKOMMYyBada €Heprii
pekymepanii 3 ypaxyBaHHIM CTOXaCTHYHOTO XapaKTepy 3MiHH peKylepOoBaHUX Hampyrd Ta ctpymy. Meroauka. J{is
JIOCSITHEHHSI TIOCTABJICHOT METH BHKOPUCTAHI METOJUKH, IPHIIATH Ta KOMIT IOTEPHI CUCTEMH THMYACOBOI peecTpartii
peKyInepoBaHUX HAIPYT i CTPYMIB Ha MIFOUMX €IEKTPOBO3aX, METOAM TE€OPii BUITAKOBUX MPOIIECIB 1 crtocoOn HMOBI-
PHICHO-CTaTUCTUYHOI 0OpOOKH peecTporpaM HAmpyT i cTpyMiB. Pe3yabTaTu. 3anporoHOBaHO Ta MPAKTHYHO 3aCTO-
COBaHO EKCIEPHMEHTAIBLHO-PO3PaxXyHKOBUI METO]| OLIHKU eHepril pekynepauii. Po3pobieno iiMoBipHiCHUI MeTO
BU3HAYCHHS CHEPIeTUYHOI Ta EJIEKTPUYHOT EMHOCTEH OOPTOBHX CYMEPKOHIESHCATOPHUX HAKOIMHMYYBauiB eHeprii pe-
Kymnepaiii. BukoHaHo yncesbHI HMOBIPHICHO-CTaTUCTUYHI PO3paxyHKH €HEPreTHYHOI Ta eIeKTPUYHOT eMHOCTel 60-
PTOBOTO HaKoNmu4uyBaya Jus exektpoo3iB BJIS ta BJI11M6 mix wac ix excrutyaratii Ha ninsiHKax [IpuaHinpoBcbKol
3aJi3HULI. Y CTaHOBIICHO, 110 EHEPreTHYHA Ta eJISKTPUYHA EMHOCTI OOPTOBMX HAKONUYYyBadiB PO3IOUISIOTH 32 €KC-
MIOHEHL[IAIbHUM 3aKOHOM 13 YiTKHUM IPEBAIOBAHHAM IX MIHIMAJbHHUX 3HAY€Hb 1 JOTPUMAHHIM MDK HUMH TIPSIMOI
npornopuiiHocTi. HaykoBa HoBH3Ha. Yiiepie po3po06aeHo aBTOHOMHUH (pa3oBHii pesKUM pereHepariiHoro raibMy-
BaHHS €JIEKTPOPYXOMOTO CKJIaly, IO JO3BOJISIE ICTOTHO 3MEHIINTH MacorabapuTHI MOKAa3HUKH CYIEPKOHICHCATOp-
HOTO HAaKONMYyBaya. AalTOBAHO ACUMITOTHYHY TEOPII0 EKCTPEMAIBHUX CTATUCTUK [ 'yMOest 10 METOIMKH po3pa-
XYHKY €HEPTeTHIHO]I Ta eJICKTPUYHOT €EMHOCTEH OOPTOBOr0 HAKONNYYBAa, 110 IO3BOJIMIIO BPAXYBAaTH CTOXaCTHIHUI
XapakTep 3MiHH PeKyIepOBaHHUX HATIPYTH Ta CTPyMY. Y CTAHOBJICHO HMOBIpHICHI 3aKOHOMIPHOCTI BIUTHBY XapaKTepy
3MiHHM €Heprii peKkyneparii Ha eMHICTh O0pPTOBOTO HaKOMMYyBaya B (hazi pereHepariiinoro ramsmyBanHs. [loganpimit
PO3BHTOK OTPHUMaB PO3PaXyHKOBO-€KCIIEPUMEHTAIBHII METOI OIHKA €HepTii pexymeparii, mo 6a3yeTscsi Ha MOHi-
TOPHHT'Y T2 BUKOPHCTAHHI YaCOBHUX 3aJIE)KHOCTEH HANPYTU Ta CTPyMY, OTPUMAaHHX Y pPealbHUX PEKHMaX peKymepa-
TUBHOTO TallbMyBaHHs. YTepile B CHCTEMax €JIEKTPUYHOI TSATH 3alPONOHOBAHO 3/IHCHIOBATH MEpeXij Bill peKUMY
PEeKyIepaTUBHOTO rajibMyBaHH 10 PeXUMY pekyrnepatuBHol pererepauii. [lpakrnuna 3HaunmicTb. Pozpobnennii
METOJI 1 METO/INKa, 1110 0a3yeThCs HA HhOMY, JIO3BOJISIIOTH OLIHIOBATH (DYHKIIOHAJIBbHI ITapaMeTpy OOPTOBUX HAKOIIH-
YyBayiB YCiX BUJIIB €JIEKTPOPYXOMOTIO CKJIaAy 3 YpaxyBaHHSIM CTOXaCTHYHOTO XapaKTepy PeKylnepOBaHHX Halpyr
i crpyMiB. UncenbHo-rpadivyHi 3aJIe)KHOCTI eHEPIeTUYHOI Ta eIEKTPUYIHOI EMHOCTEH OOPTOBOr0 HAKONUYyBaya PeKo-
MEHJIOBaHO JIJIsl IPOTHO3YBaHHS i OLIHKY IIMX IapaMeTPiB 3a Pi3HUX PEXKHUMIB pereHepaliinoro ranpsMmysanHs. Ocki-
JIbKH 3371a4a KOHCTPYIOBaHHSI OOPTOBOTO HAKOMMYyBaya (3a Macolo i rabapuramMu) HEOJHO3HAYHA, Y KOXKHOMY KOHK-
pPETHOMY BUNAJKY JUISl THITYy €JI€KTPOBO3a Ta PEKUMIB peKynepalii ii HoTpiOHO po3B’s3yBaTH iHAMBIAYaIbHO 3 ypa-
XYBaHHIM IMOBIPHOCTI BiAITOBITHUX 3HAYEHb EMHOCTI.

Kntouosi cnosa: GOpPTOBMI HaKONHMYyBad, CHEPreTHYHA €MHICTH, CYNEPKOHICHCATOP; C€HEpris peKymeparii,
BHUIIJIKOBHUI POILIEC; HANIPYTa; CTPYM; EKCTPEMalibHa CTATHCTHKA

Creative Commons Attribution 4.0 International © M. O. Kostin, A. M. Mukha,
doi: https://doi.org/10.15802/stp2021/237500 O. H. Sheikina, O. Y. Kurylenko, 2021

38


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J[HinponeTpoBcbKkoro
HaL[iOHAJIBHOTO YHIBEPCHUTETY 3aJIi3HUYHOr0 TpaHcnopty, 2021, Ne 2 (92)

EJIEKTPUYHUIA TPAHCIIOPT, EHEPTETUYHI CUCTEMHU TA KOMILIEKCU

REFERENCES

1. Afanasov, A. M., Arpul, S. V., & Myasnikov, A. S. (2015). The Analysis Regimes at The Start of Autonomous
Electric Power From the Electric Traction lonistor. Electrification of Transport, 10, 38-42. (in Russian)

2. Galambosh, Ya. (1984). Asimptoticheskaya teoriya ekstremalnykh poryadkovykh statistik. Moscow: Nauka.

(in Russian)

3. Gumbel, E. (1965). Statistika ekstremalnykh znacheniy. Moscow: Mir. (in Russian)

4. Kostin, N. A., & Sheikina, O. G. (2015). Non-Canonical Spectral Decomposition of Random Functions of the
Traction Voltage and Current in Electric Transport Systems. Electrical Engineering & Electromechanics,
1, 68-71. DOI: https://doi.org/10.20998/2074-272x.2015.1.13 (in Russian)

5. Kostin, M. A., & Nikitenko, A. V. (2014). Recuperative Braking Autonomy Is a Basis of Reliable and Efficient
Energy Recuperation in DC Electric Rolling Stock. Railway Transport of Ukraine, 3, 15-23. (in Russian)

6. Ryabtsev, G. G., Yermakov, I. A., & Rubichev, N. A. (2011). Raschet kondensatornykh nakopiteley energii dlya
vagonov metropolitena. Elektrotekhnika, 8, 15-19. (in Russian)

7. Sulym, A. O. (2019). Metodologiya vyznachennya racionalnyx parametriv yemnisnogo nakopychuvacha ener-
giyi dlya poyizda metropolitenu. In Abstracts of the 79th International Scientific and Practical Conference
«PROBLEMS AND PROSPECTS OF RAILWAY TRANSPORT DEVELOPMENT » (pp. 130-131), Dnipro
National University of Railway Transport named after Academician V. Lazaryan. Dnipro, Ukraine.

(in Ukraine)

8. Shevlyugin, M. V. (2009). Resurso- i energosberegayushchie tekhnologi na zheleznodorozhnom transporte i
met-ropolitenakh, realizuemye s ispolzovaniem nakopiteley energii (Extended abstract of PhD dissertation).
Russian University of Transport, Moscow, Russia. (in Russian)

9. Ahmadi, S., Dastfan, A., & Assili, M. (2018). Energy saving in metro systems: Simultaneous optimization of
stationary energy storage systems and speed profiles. Journal of Rail Transport Planning & Management,
8(1), 78-90. DOI: https://doi.org/10.1016/j.jrtpm.2018.03.003 (in English)

10. Arboleya, P., Bidaguren, P., & Armendariz, U. (2016). Energy Is On Board: Energy Storage and Other Alterna-
tives in Modern Light Railways. IEEE Electrification Magazine, 4(3), 30-41.

DOI: https://doi.org/10.1109/mele.2016.2584938 (in English)

11. Ceraolo, M., & Lutzemberger, G. (2014). Stationary and on-board storage systems to enhance energy and cost
efficiency of tramways. Journal of Power Sources, 264, 128-139.

DOI: https://doi.org/10.1016/j.jpowsour.2014.04.070 (in English)

12. Ghaviha, N., Campillo, J., Bohlin, M., & Dahlquist, E. (2017). Review of Application of Energy Storage De-
vices in Railway Transportation. Energy Procedia, 105, 4561-4568.

DOI: https://doi.org/10.1016/j.egypro.2017.03.980 (in English)

13. Ghaviha, N., Bohlin, M., & Dahlquist, E. (2016). Speed profile optimization of an electric train with on-board
energy storage and continuous tractive effort. In 2016 International Symposium on Power Electronics,
Electrical Drives, Automation and Motion (SPEEDAM) (pp. 639-646). Capri, Italy.

DOI: https://doi.org/10.1109/speedam.2016.7525913 (in English)

14.Kim, J., Kim, J., Lee, C., Kim, G., Lee, H., & Lee, B. (2018). Optimal Capacity Estimation Method of the En-
ergy Storage Mounted on a Wireless Railway Train for Energy-Sustainable Transportation. Energies,
11(4), 986-1005. DOI: https://doi.org/10.3390/en11040986 (in English)

15. Kostin, M., & Nikitenko, A. (2013). Statistics and Probability Analysis of Voltage on the Pantograph of DC
Electric Locomotive in the Recuperation Mode. Przeglad Electrotechniczny, 2a, 273-275. (in English)

16. Ratniyomchai, T., Hillmansen, S., & Tricoli, P. (2014). Optimal capacity and positioning of stationary superca-
pacitors for light rail vehicle systems. In 2014 International Symposium on Power Electronics, Electrical
Drives, Automation and Motion (SPEEDAM 2014) (pp. 807-812).

DOI: https://doi.org/10.1109/speedam.2014.6872019 (in English)

17. Sumpavakup, C., Ratniyomchai, T., & Kulworawanichpong, T. (2017). Optimal energy saving in DC railway
system with on-board energy storage system by using peak demand cutting strategy. Journal of Modern
Transportation, 25(4), 223-235. DOI: https://doi.org/10.1007/s40534-017-0146-6 (in English)

Received: November 13, 2020
Accepted: March 15, 2021

Creative Commons Attribution 4.0 International © M. O. Kostin, A. M. Mukha,
doi: https://doi.org/10.15802/stp2021/237500 O. H. Sheikina, O. Y. Kurylenko, 2021

39


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J[HinponeTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 2 (92)

EJIEKTPMYHUIA TPAHCIIOPT, EHEPTETUYHI CUCTEMHU TA KOMILIEKCU

V]IK 621.33:004.942

T. M. MILIIEHKO"

Kad. «[HTeNneKTyaNbHi CHCTEMH €HEPTONOCTaYaHHs», JIHIMPOBCHLKHUI HAIlIOHATEHAN YHIBEPCUTET 3aTi3HUYHOTO TPAHCTIOPTY
imeHi akanemika B. Jlazapsna, Byin. JlazapsiHa, 2, [{Hinpo, Ykpaina, 49010, Tex. + 38 (099) 136 96 25,
el mourra mishchenko_tn@ukr.net, ORCID 0000-0001-6336-7350

MeTomosi0risa Ta MoaeJIi KOMOIHOBAHOT0 MOJAEJIIOBAHHSA €JIEKTPOMATHITHUX
NMPOLECIB Y CHCTEMAX eJIEKTPUYHOI TATH

MeTta. OCHOBHOIO METOIO CTaTTi € po3poOKa iNeHTH(DIKAIHHUX MO/IeNeil 1 HOBOTO METO/1y MOZEIIOBAHHS EJIEKT-
POMarHiTHUX MPOLECIB Y CUCTEMax eIeKTPUYHOI TSATH 3 OJJHOUYACHUM ypaxyBaHHSM YCiX ii mijcucTeM, a TaKoX JeKi-
JBKOX (h1IepHUX 30H eneKkTpudikoBaHol ninsHKKH. MeToauka. [{J1s JOCATHEHHS IIOCTaBIEHOT METH BUKOPHUCTAHO Me-
TOJM MaTeMaTHYHOT'O MO/JICIIFOBAHHS, OCHOBH TEOPii BUMAJIKOBHX IIPOLIECIB Ta METOAUKY HIMOBIPHICHO-CTaTHCTUYHOT
ix 00poOKHM, METO/IM PO3B’SI3aHHS IHTETPANBLHUX PIBHAHB Ta aHAIII3Y EIEKTPUUHHX TATOBHX KiJl y CHCTEMaX €JeKTPH-
9yHO1 TATH. Pe3ysbTaTH. YCTaHOBICHO BUMOTH, SKAUM Ma€ BIiAMOBINATH acKBaTHA, CTOXACTHYHA iICHTU(IKaIiiTHA
MOJIENb NPHUCTPOIB CHCTEM EJIEKTPUYHOI TSATH. BHKOHAHO PO3B’A3aHHSA IHTETPAIBHOTO KOPEIALINHOIO PiBHAHHA
Openronpma mepmoro poxy. OTpUMaHO aHANITHYHAN BHpa3 ineHTH(IKAMiHHOI AMHAMIYHOI MOJEIN eJIeKTPOBO3a
JE-1 Ta 3nificHeHO TiepeBipKy ii ameKkBaTHOCTI. Po3pobieHo i mpeacTaBieHO B TaONHINI METOIOJNOTII0 KOMOIHO-
BAaHOTO MOJICTIIOBAHHS EJIEKTPOMArHITHUX TNPOLECIB y TMPHUCTPOSX 1 IIJCHCTEMax CHCTEM EJIEKTPHYHOI TSTH.
HaykoBa HOBU3HA. YTiepIiie 3apOIIOHOBAHO BUKOPHCTOBYBATH IMITYJIbCHY NEpeXiHy (YHKIIiO SK ineHTudiKaiiHi
MOJIeJI TSATOBOT MiACTaHLIT i TATOBOT MEpEeXki 3 elNeKTPOPYXOMHM CKJIAIOM TIiJI Yac MPOTHO3HOT'O MOJICIIOBAHHS elle-
KTPOMArHiTHHX Ta eJIEKTPOSHEPreTUYHUX IPOLECIB Y CUCTEMAX eJIeKTpU4HOI TAru. Po3pobiaeHo HOBHI MeTO] KOM-
TUIEKCHOTO MOJICTIFOBAHHS €IEKTPOMAarHiTHUX Ta EJIEKTPOCHEPIeTHYHMX MPOLECIB y CUCTEMI EIEKTPUYHOT TATH 3 O]
HOYACHHMM YpaxyBaHHSM YCiX I MiZICHCTEM, a TaKOX JAEKIJIBKOX MDKITIICTAHIIIHUX 30H eJIEKTPU(PIKOBAHOT TIISTHKH.
VYrepuie 3anpornoHOBaHO METO]| pO30MBaHHS KOPENSAIIHHUX (QYHKIINA A1 PO3B’sI3aHHS 1HTETPAIbHOTO KOPEJISLiii-
HOTO PiBHAHHS, IO JO3BOJISE BH3HAYATH IMITYJIbCHY TIepeXifHy (QYHKIIO K iIeHTU(IKAIIITHY MOAeTh OYy/Ib-sIKO] ITi-
JICICTEMH CHCTEMH eNeKTpudHOi Tsaru. [IpakTHuHa 3HauuMicTh. Po3pobneHi ineHTH(iKANIHHI MOIeNi Ta METO
KOMOiIHOBaHOTO MOJICITIOBaHHS JAI0Th MOXKITUBICTD IPOTHO3YBATH €NEKTPOMATHITHI IPOIIECH OJHOYACHO B yCiX (i-
JIEPHUX 30HAX EJICKTPU(PIKOBAHOT TUITHKU CUCTEMH eNeKTPHYHOI Tsaru. OTprMaHa iIeHTH]iKamiifHa MOJICNb eJIeKT-
poBo3a JIE—1 mosxe OyTn aganToBaHa 3 HOAAIBIINM ii BAKOPHUCTaHHSM JJIsl MOZETIOBAHHS IPOLECIB Y TATOBHUX KOJAX
€JIEKTPOBO3IB 1HIHNX TUMIB. 3aCTOCOBAHUH ITiJ] Yac PO3B’sI3aHHS IHTETPAIHHOTO KOPEJLIiifHOTO piBHAHHS BonpTeppa
nepioro poay (THIy 3ropTkd) MeToja ¢dakTtopuzauii KopemsunidHux (yHKUOid Moxe OyTH alanToBaHUH 0
PO3B’sI3aHHS 1HIIMX IHTErPaJIbHUX PIBHSIHb, IKUMHU OIHCYIOTh MPOLIECH B CUCTEMAaX €JIeKTPUYHOT TSTH.

Kniouosi crosa: nigcucrema; KOMOIHOBaHE MOJICIIOBaHHS, 11eHTH(DIKAIlIST; BArOBa (DYHKI[is; MOIEIIb; BUITAIKOBUI
MPOLIEC; HANPYTa; eJIEKTPUYHA TATa; CTPYM

BUMAJKy CHUCTEMY TSTOBOTO EIEKTPOIIOCTaYaHHS
(CTE) nocrtiitHOro cTpymy miJCHIIIOIOTH MO3I0BXK-
HBOIO JTiHi€I0 enekTponepenay 24 abo 36 kB moc-
TiliHOT Hanpyry, a EPC MicTuTh: TArOBUi TpaHcdo-
pMarop, BUNPSIMHO-IHBEPTOPHHUH IE€PETBOPIOBAY,
(binbTp, aBTOHOMHHI 1HBEPTOpP HANpPYTH, ACHHX-
POHHI JBUTYHH. 3BiJICH, CYTTEBO 3POCTAaE 1 CKIIAJ-
HICTh, 1 HEJIIHIWHICTh MIJCHUCTEM, a OTXKe, i yCi€l
CET, wo icToTHO YCKJIaJHIOE MaTeMaTU4YHE MOJIe-

Beryn

Sk Bimomo, BiJ YaciB 3aCHyBaHHS ¥ JI0 ChOTO-
neHHs Oyab-sika cucrema enekTpuynoi tsaru (CET)
CKJIQJIA€ThCS 3 MIJICUCTEM: 30BHINIHBOTO €JICKTPO-
nocradanss (3EII), tsroeux migcranmin (TII), Ta-
roBoi Mepexi (TM) Ta eneKTpopyXxoMoro CKIamy
(EPC). 3a3nauene ta psij iHmX GakTopiB 00yMOB-

JIIO€ 3HAYHY CKJIQJHICTh, BEJIIUKY MOTYXXHICTb, JH-
HaMIYHICTh 1 croxacTuyHicth KokHOI CET, 0co0-
JIUBO SIKIIIO BOHA MIOBMHHA 3a0€311eYyBaTH IIBUIKI-

CHUH (160 <V <200 KM/FOI[) Y¥ BUCOKOIIBHIKIC-
Huit (V =200 km/ron ) pyxu noizuis [7]. ¥V upomy

JIOBAHHA EJICKTPOMArHITHUX TporeciB. Tomy
B HAIIl Yac aHaJIi3 MPOLECIB IIJISIXOM MOCIIOBaHHS
(«xmacM4YHOr0» MaTEMaTUYHOIO YH IMiTalifHOTO)
Haliyacrille 341HCHIOIOTH JIMIIE B OAHIHM IIEBHIH ITi-
JICUCTEeMI, a JUIsf IHIIMX CTaBJIATh II€BHI YMOBH,
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1 BOHHM 3aJHMIIAIOTHCSA 0e3 yBaru. 3po3yMiio, 10
OTPUMaHI TaKUM YHHOM PE3yIbTaTH PO3PaxyHKiB
MalTh HEBUCOKY TOYHICTh, OCKUTbKH Bcs CET
CKJIAIA€THCS 3 HEMEPEPBHO ENEKTPUIHO 3B’ A3aHUX
(3a7e)XHUX OJTHA B1J OJHOI) MiACHUCTEM, OXOIICHUX
€IMHUM €JICKTPOMATHITHUM IIPOLIECOM, 1 TOMY TIOT-
pibHo anamizyBatu Bcto CET.

3 aHaITi3y HasBHUX Ha CHOTO/IHI SIK BITUYH3HIHHX,
3okpema [1, 5, 10], tak i 3akopmonnux [14-20] Ha-
YKOBHX TyOIKaIiii BUILTUBAE, IO MOJCIIOBAHHS
mpotieciB y CET 3piiicHioroTh 6€3 ypaxyBaHHS X
EJIEKTPUIHOTO B3a€MO3B’SI3KYy B MiICHCTEMAX 1 IPH
EOMY:

— sk Mojeii TTI BUKOPHCTOBYIOTH JIIKEPEIIO T0-
ctiitHoi uu cunycoinnoi EPC, mo yBiMKHEHE mociti-
JIOBHO 3 JIIHIAHUM pPE3MCTOPOM, IHKOIH JIOJIAI0Th
1 JTIHIMHUN THIYKTUBHUHA €JIEMEHT. 3p03yMLiJo, 10
TaKi MPOCTi CXeMH 3aMiIlIeHHS HE MOXKYTh BPaXOBY-
BaTW CKIAJHI HENiHIAHI JUHAMIYHI TPHUCTPOI,
sskumu oonaanani TI1. Hanpuknan, TIT noctiiiHoro
CTPYyMY MalOTh IMOTYXHi TOHWKYBaJIbHHM 1 TATOBUI
TpaHcQopMaTopu, BHUMIPSIMHO-IHBEPTOPHHUN arpe-
rar, 3rja/pKyBaJIbHUIA PeakTop, MaCHBHUH MiJCTaH-
HiAHUN QUIBTP, ABa MBUIKOIIFOYUX BUMUKAYI,

— aHanoriyHa cutyamnisg i 3 moxensmu EPC: ix
OepyTh 5K ifcalibHE HKEPENIO CTPYMY YH JDKEPEIIO
HE3MIHHOT aKTHBHOI MOTYKHOCTi, 3HAYCHHS SKUX
OTPUMYIOThH y Pe3yIbTaTi TATOBUX PO3PAXYHKIB 3a
HOMiHaJIbHOI Hampyru Ha crtpymonpuiimaui EPC.
Henomiku takux cxem 3amimesHs EPC nokmaaHo
HaBeJeHi B [3];

— TSTOBI MEpEXi 3aMill[ylOTh BiJOMHMH €IIEKT-
PUYHUMHU CXEMaMH 3 JTiIHIHHUMH aKTHBHUMU 1 peak-
TUBHUMH €JIEMEHTaMH, a JIiHIi eJeKTpornepeaay
it TpancopmaTopu B migcucremi 3EII—BiamosigHo
IT-oxi6HO0 un T-mOMIOHOK CXEMOK 3aMiIEeHHS
YOTHUPHUIIOJIFOCHHKA,

— MOJIEITIOBAHHS €IEKTPOMATrHITHUX MPOIIECIB Y
TATOBHUX KOJIAX IJICUCTEM 3IHCHIOIOTH JUIIE IS
nerepminoBanux Hanpyr i crpymiB y CET, y Toi
yac 5K 1X 1 ¢igepHi, i miacranmiiHi, i B EPC Benu-
YUHU € BUIAJIKOBUMH (CTOXaCTHIYHUMH) [6, 16].

O3HadeHl BHIE CKIAIHOCTI MiJCUCTEM HaKJja-
JIAF0Th 0COOJIMBI BUMOTH JIO 3aCTOCOBYBaHHUX METO-
niB mozemoBanHs mponeciB CET, ocHoBHMMHU
3 SKUX € MaTeMaTH4He Ta IMiTalliliHe MOJeIto-
BaHHSI.

OpHak 3acTOCYBaHHS JUIA IIi€1 METH JIUIIIE METO-
IiB «KJIACHYHOT0» 4YM KOMII IOTEPHOI'O MOJEIIO-
BaHHS (K HAMOUIBII TOIIMPEHUX) € HA3BHYAIHO
TPYJIOMICTKUM, 1110 00YMOBIIEHO TakuM [3].

«Kiracnune» MmozmenmtoBaHHs 0a3yeTbes Ha MOOY-
JIOB1 CXEMU 3aMillleHHS JOCIIIKYBaHOTO ITPUCTPOIO
abo cucTteMH 3 MOJAIBIINM MaTEMAaTUYHUM OITH-
COM, 3TiTHO i3 3aKOHAMH EJIEKTPOTEXHIKH, (Hi3ud-
HUX [IPOIIECiB, IO NPOTiKalOTh y HUX. OHAK aHAMI3
HaBEJICHUX y HAYKOBiH myOumikarii [7] cxeMoTexHi-
YHUX PIIICHh YaCTKOBO BXKE CTBOPCHHX 1 MEPCIICK-
TUBHMX MiJCUCTEM TATOBOI'O €JIEKTPOIIOCTaYaHHS
CBIAYUTH, MO-TIEPILE, PO iICTOTHY CKJIaIHICTH Ha-
BiTh 1X CTPYKTYPHHUX CX€M, HE Ka)Xy4H B3KE PO PO-
3paxyHKOBI CXEMH 3aMillleHHs 3 alrOpUTMaMH Po-
00TH iX TArOBUX IMepeTBoproBauiB. OTKe, 3aKOHO-
MipHa CKJIQJIHICTh 1 MATEMaTUYHHUX MOJIEJICH HaBiTh
Ut ofHi€el imepHOT 30HU ¥ 0JHOTO TMOi3a Ha Hil.
[lo-gpyre, mpakTH4HO, SIK TpaBwio, y GigepHil
30HI pyXaeThCsl KiJIbKa MOI3iB (TOOTO €NEeKTPOBO-
3iB), a B pasi opranizallii MBUAKICHOTO i BUCOKOIII-
BHJIKICHOTO pYyXiB IUIAaHYIOTh Yy3araii ITaKeTHHUH
rpadik pyxy moi3giB i3 5 ... 7 moi3gamMu B MakeTi
y ®inepHiii 30Hi. HapemTi, mig 4ac aHaizy eJleKT-
POMArHITHHX 1 EJNEeKTPOCHEPTeTUYHUX IPOIECiB
y MiJICHCTEMI TATOBOTO EJICKTPOIIOCTaYaHHs HE MO-
JKHA 0OOMEXKYBATHUCS OJHIEI (iZCpPHOIO 30HOIO, IM0-
TpiOHO po3rasaaTu 7 30H.

3a3HayeHe BHUILIE J103BOJISIE CTBEPIKYBATH, 11O
MPAaKTUYHO HEMOXKJIMBO MOOYIyBaTH TOYHY Mare-
MaTHUYHY MOJIENIb TaKO1 CKJIaTHOI HeTiHIIHOI qruHa-
MiuHOi noTykHOi cuctemu, sik CTE, Tinmbku, sk e
3apa3 371ICHIOIOTh, Ha OCHOBI TEOPETHYHOTO aHa-
73y Qi3UYHUX MPOIIECIB, MO MPOTIKAIOTh Y TPUCT-
POSIX UM MiACHCTEMAaX L€l CUCTEMH 3 MOJAIBIINM
BUKOPUCTAHHSIM 3aKOHIB 1 METOJIB TEOPETHYHOI
€JIEKTPOTEXHIKH. SIkpa3 3a3HaYeHe MPAKTHYHO i ra-
JBMY€E MaTeMaTU4HE MOZEIIIOBaHHS, a OTXKe, 1 Ipo-
rao3yBaHHs npouecis y nepcrnektuBaux CTE, oco-
ONMMBO THX, SIK MOJICPHI3YIOTH JJIsl BIPOBAKEHHS
HIBUJIKICHOTO i BHCOKOIIBHUJIKICHOTO PYXY IMOI3/1iB
[6, 16].

VY cBoto uepry, imiTaniiiHi Mozen € BipTyalb-
HUMH, 1 IX 3aCTOCYBaHHS Mae€ psiji OOMEXKEHb,
TIOB’sI3aHKX 13 HEAJIEKBATHICTIO MOJIENi B YMOBAX ic-
HyBaHHS MMapaMETPUYHUX €JIEMEHTIB y CXeMi cHc-
TEMH, a TaKOXK 13 TPYJOMICTKICTIO BJIAaCHE CaMOro
MpoLecy MOJCTIOBAHHS, TUM Ilaue BHUIIaJKOBHUX
MIPOLIECIB HANPYT 1 CTPYMIB.
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Ha namy mymky, BupitmenHss miei mpobiaemu Mo-
KuBe MeTomamu igeHTHdikamii [11], po3BHTOK
SIKUX CIIOCTEPIraeThcs OCTaHHIM 4acoMm [8, 18], 60
sIKpa3 imeHTUdIKAIA € OTHUM 3 e(DEeKTUBHUX METO-
1B TOOYTOBH MOJIENeH, Mo-Tiepiie, CKIaHUX MPH-
CTpOiB (YU CUCTEM) 1, TO-APYTE, 32 BEIUKO] iX KiJib-
kocti (y Hamni 3agaui — TII, EPC, TM, ¢igepsi
30HH). Metoau imeHTH(DIKAIlil TAKOXK ParioOHATLHO
3aCTOCOBYBATU JJISI MOJICIIOBAHHS MPHUCTPOIB (UM
CHCTEM), SIKi TITBKH PO3POOIISIOTH 1 PO SIKi HASIBHO
MarOTh MaJIo anpiopHoi iHpopmarii abo BOHA 30-
BCIM BiJICYTHSI.

Tomy Ha miacTaBi po3pobienux y po6orti [11]
ineHTU(IKAIHHUX MOJEIIEH IMiICUCTEM IMPOIIOHY-
€MO METO/IOJIOTIF0 HOBOTO, KOMOIHOBAHOTO, METOTY
MOJICTIFOBAHHS MPOIIECIB HE JIUINE B OJTHINA MIXKIIiI-
CTaHIIIHIN 30Hi, aJ€ 1 B ICKIIBKOX 30HaX €JICKTPH-
(hikoBaHOI TUISHKY ITEBHOT 3aJTi3HHII.

Merta

OCHOBHOIO METOIO CTaTTi € PO3poOKa ieHTU]I-
KaIiifHAX MOJIeJIel i HOBOTO METOIy MOIETIOBaHHS
enekrpomarHiTHuX nporieciB y CET 3 omHO9acHUM
ypaxyBaHHM yCiX ii miICHCTEeM, a TAKOXK JIEKITbKOX
¢bigepHHUX 30H eIeKTPU(PIKOBAHOT AIISTHKH.

MeToauka

Ha croromni icHye, Ha3BeMO HOTO, «PO3TIITHHE
MOJIEJIIOBAaHHSI, KOJIU TOCTIIKECHHS eJIeKTPOMArHiT-
HHUX TIPOIECIB 3IIHCHIOIOTh B OKPEMHUX ITiJICHCTE-
Max. Ha BiamiHy Big HBOTO METOAY CYTHICTH,
a OTKe, 1 THYYKICTH 3alpOIMOHOBAHOTO METOIY
«KOMOIHOBaHOT0» MOJEIOBAHHS MOJSTa€E B TOMY,
0 I CKIAJHHUX MIACUCTEM (UM OKpEeMHX IIpH-
CTpOiB) THITy «9O0PHOI CKPHHBKIY» OYAYIOTh MOAENI
«BXI-BHXiZ» MeTolaMu igeHTudikaii, a ais iH-
mux migcrcreM 1€l )k CET cTBOPIOIOTH KITacHYHI
Moze Ha 6a3i cxem 3amimenHs. Hampukian, moc-
JDKYIOUYH €JeKTPOTArOBEe HAaBAaHTAKECHHS B TIEBHIN
¢inepniii 3oni mix TII1 1 TII2, OyayroTh «knacu-
YHy» MaTeMaTn4dHy Mojienb TM (Ha OCHOBI 3aKOHIB
TEOPETUYHOI eNeKTPOTexHikh), a Mogemi TII1
i TTI2 — MeTogam¥u imeHTH}IKAIL]T.

VY 3arajgbHOMY BHIIQJIKy METOJIOJIOTISI 3aCTOCY-
BaHHS KOMOIHOBaHOTO METO/Y IIPEICTaBIIeHA B Ta0-
i 1.

Tabaums 1
MeTton0J10rist 3aCTOCYBaHHSI KOMOIHOBAHOT0 METO1Y
Table 1
Methodology of using the combined method
MeToau MOENIOBaHHS B:
Mincucrema, y sxiid
JIOCTIKYIOTh TIPOIECH
Ne BapianTa
JIELL TIT ™ EPC
Merto 3EN
Hazpa A
MOOCIIFOBAHHS
JIETT C . L . S
1 3EI imiTaniiiHe inmeHTHdikariiiHe | KI1acu4He | imeHTH(]IKaMmiiHE
2 TII iMiTariine KIITAaCUYHE - KJIacu4He | iAeHTU]IKaIliiHe
3 ™ - KJacuuHe | izeHTH(iKaliiiHe - ineHTHQIKaLilHE
4 EPC KJIaCHJHE iMiTaniiine | ineHTHdiKamiiHe | iMiTariine —

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/237404

42

© T. M. Mimenko, 2021


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 2 (92)

EJIEKTPMYHUIA TPAHCIIOPT, EHEPTETUYHI CUCTEMHU TA KOMILIEKCU

Pexomenanii, HaBeeH1 B TaOJIMIIL, 11010 BUKO-
PHUCTaHHS TOTO YM 1HIIOI'O METOAY MOJENIOBAHHSI
MiCHCTEM y Pi3HUX BapiaHTaX KOMOIHOBaHOTO Me-
TOAY HE € OCTATOYHHMHM, MOXKJIUBI iX 3MIHHU 3aje-
JKHO BiJl 32/IaHHUX ITapaMETPIB ITiJICHCTEM Ta ITOCTa-
BJICHOI 3a7ay4i ieHTH}iKaii, y By3bKOMY Ui HIMPO-
KoMy 3micrti [7, 11].

loenmudpixayitini mooeni niocucmem. J1ns sxic-
HOTO PO3B’sI3aHHS MOCTABJICHOT 3a/1a4i iIeHTH(iKa-
HidHA MOJENb JIOCIIIPKYBaHOI IMiJCHCTEMHU TI0-
BUHHA BIIITOBITATH TAKUM BUMOTaM:

— OyTH CTaTUCTHYHOIO, OCKUIBKH €JIEKTpOMar-
HiTHi npouecu B CET croxactuysi. [1pu upomy Bu-
3HAa4YeHHsI omeparopa (MOJENi) MiJACUCTEMH IIO0-
BUHHO 0a3yBaTHCS Ha NOHATTAX aBTO- 1 B3a€EMHOKO-
pensuiitanx QyHKIiN SK HaBaXKTUBIIINX XapaKTe-
PHUCTHUKAX CTOXaCTHYHHX IMIPOIIECIB;

— BiAMOBigaTH 3amadi  «YOPHOI CKPUHBKNY,
OCKUTBKH CTPYKTYpH TaKUX CKJIQJHUX ITiJCHCTEM,
sk TI1 1 EPC, neBigomi;

— Oyt miHiitHOtO. [lo-mepmie, me HeoOXimHO,
o0 3aTUIIaTHUCS B paMKaxX KOPEJMiiHHOT Teopil
BUMAJIKOBUX TIPOLIECIB, IO Ma€ IIMPOKE 3aCTOCY-
BaHHs B Pa3i CTATUCTHMYHHUX PO3B’S3aHb Y TEXHIII.
[lo-npyre, HeminiitHa cuctema (ii XapaKTepUCTHKA)
JOCTaTHRO TOYHO MOKe OyTH JiHeapu30BaHa, Ha-
MPUKIA, Ay’KE MOUIMPEHUM METOJOM CTATHCTHY-
HOI nmiHeapu3amnii. Haperri, skmo BXigHMiA 1 BUXia-
HUM mpoLecH MigKopsoThesa 3akoHy [aycca (o
gacro Mae mictie B CTE), To B pa3i BUKOHaHHS KpH-
Tepito MIHIMyMY CEpeIHBOKBAIPATHYHOI MOXUOKH
ONTUMANBHUYN JIIHIHHUI ONepaTop € B3arall OITH-
MaJIEHUM OTIePaTOpOM;

— OyTH ONTUMAIILHOIO 32 TIEBHUM KPUTEPIiEM.

Bukonanns 1iei yMOBH 00YMOBJIEHO THM, IO B
3arajibHOMY BHIIQ/IKY Ha BXiTHHI «KOPUCHUI MTPO-

nec X (t) MOXKyTb HAKIAIATHCS PISHOTO POy sK
TEXHIYHi, TaK 1 OpraHizamiiiHi, K BHYTpIIHI, TaK
1 30BHIILIHI I[OA0 IIJACUCTEM 3aBajy Z(t), TOOTO
Maemo: X (t) +Z (t) . Tomy HeoOximHuUl oneparop,
SIKUi 3a0e31meuyBaB OM HaWOIIBITY THHAMIYHY TOY-
HICTB IIEPETBOPEHHS BXIHOTO mpoiecy X (t) y BH-
X1JTHUH Y(t) y pa3i MpoTHO3YBaHHSI OCTaHHBOTO,

TOOTO HEOOXiTHUI ONTUMAIBHUHN onepaTop (onTu-
MayibHa MoJielib). [Ipu koMy citijy 3poOuTH 3acTe-
PEeXEHHsI, [0 BUpPa3 «ONTHMAIBHUH OIepaTop»
(«onTMManbHa MOJIEINBY) HE CBIAYHMTH PO TE, LIO

BiH (BOHA) BOJIOIE€ HAWO1IBIIIOI0 MOKITUBOIO TOUHI-
CTIO CBOET pOOOTH B KO)KHOMY KOHKPETHOMY BHIIa-
JIKYy 3HaYCHb MMapaMeTPiB MPUCTPOIB UM IiJCUCTEM
1 B Oyap-akuii MOMeHT dacy. OqHaK 3a JOCTaTHbO
TpuBaJIOi X pOOOTH B PI3HMX YMOBaxX, AJIS SKHX
BOHa IMpHU3HAYEHa, TOYHICTh MOJIeN Oy1e HaO1IbII
MOXKJIHUBOK. ToOTO «omTHUMaahLHA MOJEIL» IIO-
BHUHHA OYTH ONTUMAIBHOIO Y CEPEIHbOCTATHCTUY-
HOMY CEHCI MOXJIMBUX YMOB POOOTH ITiJICUCTEMHU.
BinbIe Toro, y BUNagKy CTOXaCTUYHOTO XapaKTepy

BxizHoro X (t) i Buxiznoro Y (t) mpouecis 3agauy

BH3HAYCHHS «OINTHMAJILHOI MOZENi» IOTPiOHO
3MIACHIOBATH 3a HMOBIpHICHUMH XapaKTepUCTH-

KaMu X(t) i BHXIiJHOTO Y(t) [9]. Ha npakTwmii

CTaTHCTUYHUX PO3B’sA3aHb 33Ja4i ONTHMI3allil orre-
paTopa 3aCTOCOBYIOTh PsiJi KPUTEPIiB ONTHMYMY.
Opnak mie 3 gaciB H. Binepa (1949 p.) # g0 uporo
4acy, 3TiJJHO 31 3HAYHOIO KUTBKICTIO IyOJTiKaIlii, 30-
kpema [9, 12], SKiCTh CTATUCTUYHOT ONITUMAIbHOCTI
MOJIETIi CHCTEMH HaWO1IbII BICOKA B Pa3i BUKOPHUC-
TaHHS KPUTEPII0 CEPEeTHHOKBAIPATHIHOI TIOXHOKH.
Sxmo Mojens (omepaTop) CUCTEMHU BiANOBimae
BOMY KPHUTEPIito, TOAI KBapaT Pi3HUII MiX po3pa-
xosaruM Y (t) i peansunm Y (t) 3HaueHHsAMH BH-

X1JTHOTO ITPOLIECY CHCTEMH 32 HOTo MPOTHO3yBaHHS
Ma€ MiHIMaJIbHY BEJTHYUHY:

& =M {[Y*(t)_v (O] |=min,

ne M —ormepaiiist MAaTeMaTHYHOTO OYiKYBaHHS.

Buxonsun i3 3a3HaueHoOro, IiJ 9ac po3poOKU
ontumainbHoi moaen TII, Oyaemo kepyBaTHCs UM
KpuTepieM. BBaxkaroTh 110 B pa3i BUKOHAHHS IIbOTO
KpHUTEPIO pe3yNbTaTH, OTPHMaHi 32 i€ MOJIEILTIO,
OyIyTh HAHTOYHIIIE BiJIIOBIIATH pPEeaTbHUM JIOCITi-
JDKYBaHUM BEJIMYMHAM TT1JICUCTEMH. Y IbOMY BHIIA-
JIKY MOJIEJIb BBKAIOTh aJICKBATHOIO, YMM 1 OIIIHIO-
€ThCs 11 e(DeKTUBHICTB.

VY Teopii Ta mpakTULi HPOTHO3YBaHHS Kepy-
BaHHS JIIHIMHUMH CHCTEMaMy HalOibII 9acTo 3a-
CTOCOBYIOTH ifieHTU(iIKAMiiHI MOJENi y BUTISAIL
«kIacu4HUX» GopM: nudepeHuiaabHOro adbo iHTer-
palIbHOTO oreparopa, iHTerpo-andepeHIiaTbHOro
PIBHSIHHS, YHCIIOBOTO PSALY, IMITYJILCHOT MepeXiqHOT
¢yHkuii, nepegatHoi a6o yacToTHOI GYHKIIH, pALy
Bounbreppa Ta in. [Ipu 11bomMy BUOIp BUIly BU3HAYA-
I0Th 32 CTPYKTYpPOKO JIOCHI/DKYBaHOI CHUCTEMHU Ta
3MiCTOM HOCTABJICHOTO 3aBJIaHHS.
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B enexTpoTexHilli Ta eHEPreTHIN HaWOIbIT 3a-
CTOCOBHUMH OIEPaTOpPaMu (MOJICTISIMH, XapaKTepH-
CTHKaMH) CUCTEMH € niepeaTHi QyHKIIT Ta iMITyb-
cHa mepexigHa ¢ynkmis. [lepematHi ¢yHKmii mMo-
JKHA PO3TIIAOATH SIK OCHOBHI XapaKTEPUCTHUKH JIi-
HIHHOT CHCTeMH, SKIIO TMiJg dYac aHamilzy il
BJIACTHBOCTEH KOPHUCTYIOTHCS TUIOIIMHOK KOMILIE-
KCHOT'O 3MIHHOTO (III0 XapaKTEepHO IIiJ 9ac JOCIi-
JOKCHb YCTAJICHUX TIPOIIECiB). AJie HaifuacTilie He-
00XIIHI JOCIIKEHHS B 00/1aCTl AIMCHOT 3MIHHOI .
VY 1poMy BUMAJAKY, HA AYMKY MPAKTHYHO BCIiX JI0C-
JIHYKIB, 3a iIeHTUdIKANIAHY MOIEb clif Opatu
IMIyIbCHY TiepexinHy (BaroBy) ¢yskiio. [Ipu
IIOMY B T€Opii CTATUCTHYHOI AWHAMIKH JiHIHHIX
crcreM nosezneHo [12], mo Barosa dymkuis h(t)

€ ONTHUMAJIBHOIO, SKIIO i1 OTPUMAHO SIK pe3ysbTaT
PO3B’sI3aHHS IHTETPATBLHOTO KOPEISIIIHOTO piB-
HsHHS PpearoapMa Nepiioro poay:

Ky (0= [h(e)K, (t-)de, ()

38 —0<t<o0;
un piBHAHHS Binepa—Xormda:

K, (t)=|h(7)K, (t-1)dr, (2)

o8

3at>0,

nes(1)i(2) K, (t) i K, (t)—ue aBro- i BimmosixHo
B3a€EMHOKOpEIIsIiifHa (DYHKII1 CTOXaCTUIHUX TPO-
necie X (t) Ha BXoxi Ta Y (t) Ha BUXOJI MijcHC-
TEMH.

OTke, BpaXxOBYIOUH 3a3HAYEHE BHIIE JUIS OTPH-
MaHHs BHUpa3y BaroBoi ¢yHkuii h (t) , K Mojei
(omeparopa) migcucTeMu (UM CUCTEMH, YU MPOCTO il
MPUCTPOI0), HEOOXigHO po3B’si3ath piBHSHHA (1)
a6o (2). Psa meToniB po3B’si3aHHs piBHsHHS (2) Ha-
BEJICHO B pO0OOTI [3], TOMY B 11ili pOOOTI PO3TJITHEMO

po3B’s3aHHs piBHsAHHA (1), IS 9OTO CKOpHCTaE-
MOCSI METOJIOM PO30HMBaHHS KOPEJSIMiHHUX (QYyHK-

uiit K, (t) » Ky (t) [11].
OTxe, MpeACTaBUMO aBTOKOPENSAIiiHy (DyHK-
uiro K, (t) Ha BXOJI MiJICUCTEMH Y BUTIISII:

Ky (t)3at>0,

K, (t)= _( ) 3)
K, (t) sat<0.

Ockinbky, sk Bigomo 3 [9], K, (t) ¢byHKUisA cu-

MEeTpHUYHa, TO:

Ky (1) =K, (1) . (4)
3a anasiorieio npesicrasumo i K, (t):
K* (t) 3at>0,
Ky (t)= iy ()
Ky (t)zat<0.

Burmsin i xapakTtep 3MiHH €KCIIEPHMEHTAIBHO
orpuMyBanux s miacucreM CET dynkmiin K, (t) .

K,y (t) [6] mokasye, mo ni Gyrkmii 3a t<0 € aHa-

TITAYHAMHA (QYHKIISIMA W TOMYCKAarOTh aHATiTHYHE
MIPOJIOBXKEHHS Ha MO3MTUBHY MiBBiCh. Toxi, BUXO-
nsran 3 piBHsSHHES (1) 1 t <0, MoXxkeMo 3amucaru:

K (1) = [h(e)K; (t—)d (6)

BinnosigHo no Bupasy (3) i B cuiry cumetpii (4)
po3i6’emo inTerpan B (1) Ha ABa iHTErpaH:

Ky (t):.:[h(r)K: (t—t)dz+

:.:[h(r)K;(t—r)dr+Ih(r)K;(t—r)dr+

+Th(r) Ky (t—T)dT—:‘;h(‘C)K; (t—T)dTI

:.:[h(r) Ky (t—t)dr+zh(r) K, (t—1)dt—
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3acTocyBaBImIM TPOIENYPY BiAHIMAHHA piB-
HsHHS (6) 13 Bupasdy (7), OTpUMyeMO iHTerpaibHe
piBHAHHS BonbTepa nepiioro poay y BUIIIAIIL:

0Ky 1) - Jhie) (=)

dr. (8
—K;(t—r) = )

PiBastaHS (8) MICTUTH pi3HEIEBE AP0 i TOMY €
IHTETpaJIbHUM PIBHSHHSAM THITy 3TOPTKH, SIKE
PO3B’S3YIOTh 13 3aCTOCYBaHHSM TMPSIMOTO MEPETBO-
penns Jlamnaca [4]. CopaBai, 3TiZHO 3 TEOPEMOIO
Bopens (treopemoro 3roptku) [3], piBHsHHA (8) B
orepaTopHiii ¢popmi 3a Jlariacom Mae BUTIISAL:

Ky (p)-Ky(p) =

=H(p) K (p)-K:(p)] @
3Bifcu mepenaTHa (QYHKIS YU MPUCTPOIO, YU
MiJICUCTEMH, UM B3araji CUCTeMH Oy/ie 3arcaHa sK:

H(p :KIV(B)_K;V(B)
=Bk (5)

OpwuriHan 1mykanoi BaroBoi QyHKIii h(t) 3Ha-

(10)

XOJISITh 32 TEOPEMOIO JINIIKIB K 0OEpHEHE IepeT-
BopeHHs Jlamiaca Big H ( p) .

loenmudpixayivina moodenv erexkmpososza JEI.
Kopucryrounce Bupazom (10) Ta ekcriepuMeHTaIb-
HUMU JaHUMH KOPEIIiiHOI (YHKIII Hampyrd Ha
cTpymomnpuiimaui K, (t) €JIEKTPOBO3a (SK BXiTHOTO
CTOXaCTUYHOI'O IMPOIIECY) Ta B3a€MHOI KOPEJISALIin-
HOi (yHkuii Hanpyru i Tsrosoro crpymy K (t),
orpumaemo Baroy ¢yskuiro h(t) emexrpososa

JE1 sk migcucremu CET nocTifiHOro cTpymy.
Otxe, MaeMo:

K, (t)=12-10" exp[ -0,1|7 | B?;
K, (t)=4,3-10 exp[ -0,35|1| | BA.

[MincrauBmm B (10) criamoBi Qakropu3ariit
IUX KOPEISIIMHUX (QYHKIIH, OTpUMaEMO Tiepea-
THY (YHKLIIO €JIEKTPOBO3a:

H (a) _4.3-10"-(0,1+0,35)-(p+0,1) L

12.10°-2.0,1(p+0,35)

Toni mrykana BaroBa (yHKIist Oyme:
h(t)=L"[ H(p)|=-0,806-5(t)+
+0,202exp(—0,35t) Cwm, (12)

e 8(t) — gynkuis Jipaxa.
Jst IepeBipKy aieKBaTHOCTI ITiel Mozei 3a (o-
PMYJIOFO

m, =Ih(t)-mu (t—r)drzmullh(t)dt

0

OyJ10 BU3HAYEHO 3HAYEHHS MaTeMaTHYHOTO OYiKY-
BaHHS TATOBOIO CTPYMYy M, €IE€KTPOBO3a B ycTalle-
HOMY pexxuMi poboTu. HucenbHi po3paxyHKH TOKa-
3aJIM, 110 3@ MAaTEeMaTHYHOTO OYiKYBaHHs HalpyrH
Ha  CTpyMoIpuiimaui m, =3 262 B3naueHns
m, =75L,2 A, mo nume Ha 0,5 % BiApi3HAETbCSA

Bil EKCIEPHUMEHTAJIbHO OTPHUMAHOI
755 A.

BCIIMYHUHU

HaykoBa HOBH3Ha Ta MPpaKTHYHA
3HAYUMICTD

VYrnepiie 3anpornoHOBaHO BUKOPHUCTOBYBATH M-
MyJbCHY Tepexifny QyHKHio sK ineHTHIKAIiHHI
MOJIEJI TATOBOI MiICTaHIIIT 1 TATOBOI MEpexi 3 ene-
KTPOPYXOMHM CKJI3JIOM TiJT Yac MPOrHO3HOTO MO-
JICITIOBAHHSI €IIEKTPOMArHITHUX Ta €JIeKTpOeHepre-
TUYHUX MPOIIECIB Y CUCTEMAX SJICKTPUUHOT TSATH.

Po3po0seHO HOBHH METOJ, METOJ| KOMILIEKC-
HOTO MOJICJTFOBAHHS €JICKTPOMATHITHHUX Ta €IEKTPO-
SHEPTeTUYHUX TIPOIIECIB Yy CUCTEMi ENeKTPUIHOL
TSATU 3 OJJHOYACHHM YpaxyBaHHSM ycixX ii migcuc-
TEM, a TAaKOX JEKIJbKOX MDKMIIACTAHIIWHUX 30H
eNEeKTpU(IKOBAHOI JUISHKH.

VYnepuie 3ampornoHOBaHO MeETOJ PO30MBaHHS
KOpeIsinHnX (GYHKIIH 1718 po3B’si3aHHS iHTErpa-
JILHOTO KOPESIIHHOTO PIBHSIHHS, IO TI03BOJISIE BH-
3HAYaTH IMIYJIbCHY NepexiHy QYHKIIIIO K 11eHTH-
(hikamiitHy Moziens OYAb-AKOI MiJCHCTEMH CHCTEMHU
EJIEKTPUYHO]I TSITH.

Po3pobieni imeHTHdIKAIIHI MOJENI Ta METOJ
KOMOIHOBAaHOI'O MOJIEIFOBAHHS Af0Th MOYKJIUBICTH
MIPOTHO3YBATH E€JIEKTPOMATHITHI MPOIECH OJHOYA-
CHO B YyCiX (piiepHHX 30HAX eIeKTpU(iIKOBaHOI [i-
JISHKYA CUCTEMH €JICKTPUYHOT TSATH.
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Otpumana ineHTH}IKAMIIHA MOIETh EIEKTPO-
Bo3a JIE 1 moxe OyTH amanToBaHa 3 MOJANBIIUM il
BUKOPUCTAHHAM TiJ ac MOJAEJIOBaHHS TPOLECIB
Y TSATOBHX KOJIaX €NEKTPOBO31B 1HIINX THIIIB.

3acTOCOBAaHMH TIiJT 9ac PO3B’SI3aHHS 1HTETPATh-
HOTO KopensiuiiiHoro piBHAHHS BonbTeppa nep-
IIOT0 POty (THITY 3rOPTKH) METOJT (DaKTOpH3aIlii KO-
pemsmiifanX QYHKIIH Moke OyTH aJanToBaHUI 10
PO3B’s13aHHs 1HIINX IHTErPaJbHUX PiBHAHB, IKUMH
OIMCYIOTh MPOLIECH B CHCTEMAaX €JIEKTPUYHOI TSTH.

BucnoBku

1.V HasgBHUX METOAAX MOJICIIOBAHHS CXEMH 3a-
MimrenHs npuctpoi i migcuctem CET He € aneksa-
THUMHU, OCKIJIbKY 3aHAJATO MPOCTi i HE BOJIOMIIOThH
3IATHICTIO MTPOTHO3YBaHHSI JOCIIKEHIX IPOIIECIB.

2. CKagHicTh, HENIHIMHICTD, CTOXACTHYHICTDH
1 IMHAMIYHICTh HacaMIIEpe T TATOBUX ITiICTAHITINA Ta
EJICKTPOPYXOMOTO CKJIa Ty OOYMOBIIOIOTH HEOOX1]I-
HICTh PO3POOKH Ta 3aCTOCYBAaHHS MOJEJeEH 1 MeTo-
IiB imeHTH}IKAIl JK CKIAZOBHX KOMOIHOBaHOTO
METOAY MOJCTIOBAHHS.

3. ImmynbcHa mepexigHa QyHKIIS onTUMalbHa
3a KpHUTEpIEM CepeaHBOKBAAPATUYHOTO BiIXU-
JICHHS, 1 TOMY € aJICKBAaTHOK MOJICIUTIO OYAb-SIKOTO
MPUCTPOIO YH MMiJICUCTEM EICKTPUIHOI TSTH.

4, 3anponoHOBaHUN METOT KOMOIHOBAaHOTO MO-
JICIMIOBAHHSI TIPOLIECIB Yy CHCTEMax eJIEeKTPHYHOT
TATH € aJCKBATHUM 1 WOTO MOXHA BHKOPUCTOBY-
BaTH TiJ 4ac JOCITIKCHb EJICKTPOMArHITHUX TPO-
[IECiB B IHIIMX CHUCTEMaxX E€IEKTPUYHOTO TPAHCIIO-

pTy.
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Methodology and Models of Combined Modeling of Electromagnetic
Processes in Electric Traction Systems

Purpose. The main purpose of the work is the development of identification models and a new method of model-
ing electromagnetic processes in electric traction systems with simultaneous consideration of all its subsystems, as
well as several feeder zones of the electrified section. Methodology. To achieve this purpose, the methods of mathe-
matical modelling, the basics of the theory of random processes and the methodology of their probabilistic-statistical
processing, the methods for solving integral equations and analysis of electric traction circuits in electric traction
systems are used. Findings. The requirements to be met by an adequate, stochastic identification model of electric
traction devices are established. The solution of Fredholm’s integral correlation equation of the first kind is performed.
The analytical expression of the identification dynamic model of the electric locomotive DE-1 is obtained and its
adequacy is checked. The methodology of combined modeling of electromagnetic processes in devices and subsys-
tems of electric traction systems is developed and presented tabularly. Originality. For the first time it is proposed to
use the pulse transition function as identification models of traction substation and traction network with electric
rolling stock in predictive modeling of electromagnetic and electric power processes in electric traction systems.
A new method has been developed, a method of complex modeling of electromagnetic and electric power processes
in the system of electric traction with simultaneous consideration of all its subsystems, as well as several inter-substa-
tion zones of the electrified section. For the first time, a method of partitioning the correlation functions for solving
an integral correlation equation has been proposed, which allows defining a pulse transition function as an identifica-
tion model of any subsystem of an electric traction system. Practical value. The developed identification models and
the method of combined modeling make it possible to predict electromagnetic processes simultaneously in all feeder
zones of the electrified section of the electric traction system. The obtained identification model of the electric loco-
motive DE-1 can be adapted with its subsequent use in modeling processes in the traction circuits of electric locomo-
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tives of other types. The method of factorization of correlation functions used in solving the Volterra integral correla-
tion equation of the first kind (convolution type) can be adapted to the solution of other integral equations, which
describe the processes in electric traction systems.

Keywords: subsystem; combined modeling; identification; weight function; model; random process; voltage; elec-
tric traction; current
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KommuiekcHi Mmoaesti BHOPSAKYBAHHS MYJIbTHIIOCIIIOBHOCTEH i3 HEHITKUMU
napaMeTpaMu

Meta. OCHOBHOIO METOIO CTATTi € ()OPMYBAHHS MaTeMAaTHYHUX KOMIUIEKCHUX KOHCTPYKTUBHHX MOAENEH Mpo-
LIECiB YHOPAOKYBAaHHSA MYJbTHIIOCIITOBHOCTEH €JIEMEHTIB i3 HEWITKUMH TapamerpaMu. IIpu I1boMy BCTaHOBIIECHO
TaKi BUMOTH JI0 MPOLEAYDP HEYITKOTO yIOPSAKYBaHHs MYJIbTUIIOCIIIOBHOCTEH 3 YpaxyBaHHIM CKJIaIHOCTI omepariit
(HYMIICO): ypaxyBaHHS HEYITKHX OI[IHOK CKJIQJHOCTI ormepariii GopMyBaHHs, HCOOXITHICTh BH3HAUCHHS HEYIT-
KUX KJIaciB JUIsi BIOPS/IKYBaHHS BUXIJHUX €JIEMEHTIB, a TAKOXX MOOYIOBU 1HIUBINyalbHUX HEUITKUX MOJENEH s
NPOLIECIB HAJIXOKEHHS 3aMOBIIEHb 13 Pi3HUX JpKepen. Meroguka. /st po3B’si3aHHs 33a]jad ONTUMAJIBHOTO IIaHy-
BaHHsI HEJIETEPMIHOBAHHX MPOLECIB KJIIHIYHOTO MOHITOPUHTY JIIKYBaHHSI XBOPUX BUKOHAHO ()OPMYBaHHS KOMILICK-
CHHMX KOHCTPYKTHBHHMX MaTeMaTH4HUX MOJIENeil MpOLECIB YIOPSAAKYBaHHS MYJIbTUIIOCIHIJIOBHOCTEH €IEMEHTIB i3
HewiTkuMu napamerpamu — FMLCPM. Ilix wac dopmyBanus moaeneit 3aqaa HYMIICO 3acTocoBaHO METOTUKY 3i
CTBOpPEHHSI Mojieliell i3 GararomapoBuMu cTpyKTypamu. [y peamizamii HEUiTKMX 3a7ad 3aCTOCOBAHO METOIU Ta
MIPOLIEAYPH TUCKPETU3ALil CHCTEMH HEUiTKMX BEJIMYHUH i3 BUKOPHCTaHHSAM MHOXHH 0—piBHiB. Pe3yabTaTn. ¥ crar-
Ti 3aIIPONIOHOBAHO MiIXi[l IO PO3B’sI3aHHA 33a[a4 aHAN3Y Ta ONTUMAILHOTO IDTAHYBAHHS MPOIIECIB KIIIHIYHOTO MOHi-
TOPHHTY JIIKyBaHHS XBOPHX, NPEICTaBICHNX SIK YIPABIIHHS MOTOKAMHU B CEPBICHUX CHUCTEMax Yy pa3i HEBU3HAUEHO-
cti. s #ioro ¢opmanizarii Ta BUKOHaHHS PO3pOOJIEHO KOMIDIEKCHI OaraTomapoBi KOHCTPYKTHBHO-IIPOIYKIIiHHI
MOJIeJIl BIIOPSIIKYBaHHS MYJIbTHIIOCITIJOBHOCTEH 13 HeuiTkuMHU napamerpamu. HaykoBa HoBM3Ha. Y poOoTi oTpH-
MaJli PO3BUTOK KOHTPYKTUBHO-TIPOAYKIIIHHI METOAM MOJIEIIOBaHHS CKIIaJHUX CHCTEM, MpecTaBieH] y ¢popmi Oara-
tourapoBoi Mogeni FMLCPM, mio npusHadeHa Juis MpoLeciB YHOPSAKYBaHHS MYJIbTHIIOCIIIOBHOCTEH €JIEMEHTIB i3
HeuiTkuMU napamerpamu. B FMLCPM 3ampornoHoBaHO MoJeni 1apiB, siki 3a0e3Me4y0Th YpaxyBaHHS HEUITKHX
OLIIHOK CKJIQJHOCTI Omepaliil ynopsaKyBaHHs, Kiacu@ikalilo HEYITKHX MapaMeTpiB BUXIIHUX eJIEMEHTIB, (GopMy-
BaHHs Ta aHaJi3 IHAMBIAYyalbHUX HEYITKMX MOJEJNel MpOleciB HAaJXO/PKEHHS 3aMOBJIEHb J0 CEPBICHHX CHCTEM.
MpakTuuna 3HauuMicTs. OTpuUMaHi pe3yiabTaTH MalOTh 3HAYECHHS U PO3BUTKY CHEKTPY 3aCTOCYBAaHHS 3aaad
ONITHMAJIFHOTO TIaHYBaHHS ITPOLIECIB Y CEPBICHUX CHCTEMaX, IPEICTABICHUX SIK YIMOPSIKYBaHHS MYJIbTHIIOCIITOB-
HOCTeH 13 HediTKUMHU napamerpamu. Po3pobiieni kommiekcHi mozeni npoueciB HYMIICO e npunatauMu ta edek-
TUBHMMH s (opMamizamii 3ajad aHaji3y Ta ONTHUMAaIbHOTO IUIAHYBAHHS IPOLECIB KIIHIYHOTO MOHITOpPHHTY,
a TaKoXX IIMPOKOTO CHEKTPY IHIIMX 3a]a4 MOHITOPUHTY HEIETEPMiHOBAHHMX IPOILECIB TPAHCIIOPTY, JIOTICTUYHHX Ta
CEPBICHUX CUCTEM.

Kntouosi cro6a: KOHCTPYKTHBHE MOJICITIOBAHHS; MYJIBTHIIOCIITOBHOCTI; YIIOPSAAKYBAaHHS MOCITIIOBHOCTEH; Oara-
TOIIAPOBi MOJIENIi; HEUiTKI MapaMeTpH; CKIAIHICTh onepaliil hopMyBaHH:; HEUiTKa Kacu(ikaIlisa; KIIHIYHIH MOHi-
TOPHHT; 1HAWBIAyaJIbHI HEYITKI MOJIETI MPOIIECiB
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Beryn

3amadi KOHCTPYKTUBHOTO (LUIIXOM MOOYIOBH)
ONITUMAJILHOTO BIIOPS/IKYBAHHS €JIEMEHTIB TIEBHUX
HEJIETCPMIHOBAHUX ITOCTIIOBHOCTEH a00 MHOXWH,
13 METOI0 OTPUMAaHHS BIOPSIIKOBAHUX YCTaHOBJIC-
HUM YUHOM 3aKJIIOUYHHUX CTPYKTYp, KOJH HE0OXil-
HO BpaxOBYBaTH CKJIATHICTh («Bary») 3aJaHUX
ormepariiii (GopMyBaHHS, € TOCHTH MOITUPEHUMH
W CKJIQJHMMU TIiJ] 4ac peaiizamii [2, 12, 15, 16, 20,
21]. Cepen HHMX HaWmpoCTili 3amadi COPTYBaHHS
[2], MO SIKMX HaJIeXaTh TAKOXX MOJICITIOBAHHS YII-
PaBJIiHHS JIaHIIOTaMH MOCTa4YaHHS VIS COPTYBaH-
Hs 3aMOBJICHb [15]. MOzemi IpymoBOro COpTyBaH-
Hf, SKI TpHU3HA4YeHI U1 3amad BuOOpy (QyHKIIN
knacudikanii gaaux [20], mporecu po3dopmMyBaH-
Hsi-popmysanns (P®D) zamizHuuHMX Oararorpymno-
Bux coctagiB (bI'C) [13, 21], koHCTpyKTHBHE (O-
PMYBaHHS MOJIENe TOTOKIB y OCIiKyBaHHX
Mepexkax y [S] Ta iH. 3arajiom pi3HOMaHITHI 3a7a4i
3 KOHCTPYKTUBHOTO BHOPSIKYBAaHHS JOBLIBHO Op-
raHi30BaHUX IOCIIOBHOCTEH €JIEMEHTIB CTaHOB-
JIATh 3HAYHWNA TEOPETUYHUN Ta MPAKTHUYHUHN iHTe-
pec.

Y crarti [5] ymepme Oyma chopmyrnboBaHa
3MICTOBHA ITIOCTAHOBKA 3a/1a4i ONTHMAJIBHOTO BIIO-
psAKyBaHHS HAOOpy MOCIITOBHOCTEH €JIEMEHTIB Ta
3allpoONOHOBaHA HOBAa MaTeMaTHYHAa MOJENb JUIS
KJIacy MPOLECiB KOHCTPYKTHBHOTO BIIOPSAKYBAaHHS
3 ypaxyBaHHsAM ckiagHocti omepamiin (YMIICO).
Ilpu upomy Oyna po3pobieHa KOHCTPYKTHUBHA
CTPYKTYpa JUIsl X YMCEeNBHOI peaisaitii.

Takox y 3a3HaU€HHUX CTATTIX OyJIO PO3IIISAHYTO
BakMBHiA npukian texuonorii YMIICO mns 3a-
J3HUYHOTO TPaHCHOPTY, SKHUMHU € mporecu PO
cocTaBiB. Y HaBeACHUX BHILE MPHKIAAAX TaKUX
3aja4 YHOPSIIKYBaHHS TOCIIZOBHOCTEH 3 ypaxy-
BaHHsAM ckiagHocti onepanid (YIICO), mapamer-
pH BCiX €IeMEeHTIB Ta 00 €KTiB IPOIIECIB, a TAKOK
iX MaTeMaTHYHUX MOJENEH Pa3oM i3 mpoueaypaMu
pO3TIIAIay SIK qeTepMinoBaHi. Pazom i3 M y [5]
BiJI3HAYEHO W MIMPOKWIA KJIAC PI3HOMAaHITHUX HeJle-
TEPMIHOBaHUX TPOIIECIB, PEATI30BAHUX MUITXOM
KOHCTPYKTHUBHOTO BIOPSIKYBaHHS HAOOPIB MOCITi-
JIOBHOCTEW 3aMOBJIEHb. TakoX 3ampOIOHOBAHO
knacu(ikalio 03HaK (BIacTUBOCTEH 00 €KTIB abo
MPOIIECIB YIOPSIKYBaHHS), HASBHICTb SKUX BH-
3Ha4Ya€ OKpeMi KJIACH MaTeMaTUYHUX MOJelei
aHaji3y Ta ONTHUMAJIbHOTO IUIAHYBaHHA. 30Kpema,
cepell TaKuX BHJIIB O3HAK BiJi3HauU€HI BIACTHUBOCTI

napamMeTpiB IMOTOKiB (HEUiTKi, HEBHU3HAUYCHI iH.),
KUTBKICTh TPOIIECIB Ta YHCIIO 30H 0OCITYyrOBYBaHHS
(omuH abo Oararo), ymMOBa MIOAO TMPHITYCTHMOCTI
BIIOPSIIKYBAaHHSA HE BCiX 00’€KTiB (BUIIyYeHHS OK-
pemMux), ypaxyBaHHs 3MICTy ¥ MOBHOTH iH(OpMa-
1ii IpO NOTOKH 3aMOBJICHb TOILO.

Oxpim P® 3a1i3HHYHUX COCTaBIB, MOJICIIOBAH-
Hs W aHai3 SKux BUKOHaHO B [13, 21], iCHYIOTh
IHII KJIacH HeJeTepMiHOBaHUX TPOIIECiB 00CIyTO-
ByBanHs YMIICO 3 meroro 3a0e3neueHHs ONTHU-
MaJBHOTO BHOPSIKYBAaHHS IX €lEMEHTIB. Y Hailii
CTaTTI MOCHIKEHO 3amadi 3 opraHi3arii MOHITO-
puHTY mporeciB pealimiTamii XBOpUX Ha mia0erT.
®dakTUYHO OTPUMaHI NPU IBOMY TEOPETHUYHI pe-
3yJIBTaTH MOXYTh OYTH 3aCTOCOBaHI B OUNBII 3ara-
JTFHOMY CE€HCI, HAIPHUKIIAM, T MOHITOPHHTY TEXHi-
YHOTO CTaHy MHOKHH CKJIQJHUX TEXHIYHUX CHCTEM.
Oco0MMBOCTSIMU TaKUX MPOIECIB MOHITOPHHTY € Te,
0 OKpeMi 00’€KTH KOHTPOJIIO (a came XBOpi) Ma-
I0Th BJIACHI, 1HIWBIiAyalibHI, MOZEJI IPOIIECIB pea-
Oinitarnii 3 HegeTepMiHOBaHUMH (y CTAaTTi — HEYiT-
KHMH) TTapaMeTpaMu. TakoX CYTTEBO Te, IO JaHi
CIIOCTEpEKeHb HEPIBHOMIPHI B 4aci.

[Ipobnemu MopemtOBaHHS HENETCPMIHOBAHHX
MPOIECiB i3 HEYITKMMHU MapaMeTpamH, a TaKOoX
HEpIBHOMIPDHHUMH  iHTEpBAJIAMH  CIIOCTEPEKEHb
MPUBEPTAIOTh yce Oinblie yBaru. Y cratTi [15]
3a3HAa4YeHO, MO0 0araTo METOMAIB CIEKTPaJbHOTO
aHamizy Oyio po3poOiieHO 3 ypaxXyBaHHSM IOCIIi-
JIOBHOCTEH, Y3ATHX i3 MOCTIHHUM iHTEpBajIOM BH-
Oipku. OJHaK iCHYIOTH EMITIPUYHI YacoBi PAIH,
HaMpuKIaj, y TeoHaymi (AaHi MpO YHCENbHICTh
CKaM’SIHIJIOCTEH, 130TOIMHUM aHaji3 TOINO), sSKi He
BIJINIOBIIAIOTh PEryJIsIpHOMY Bifi0Opy mpo0 uepes
BIJICYTHICTh JJAHMX, IPOTAJIMHU B JIAHWUX, BUITAIKO-
Bi BUOiIpKH 200 HEMOBHI MOCIIOBHOCTI qaHuX. Sk
MPaBUIIO, IHTEPIONALIST HEPIBHOMIPHOTO PAAY LIS
OTPHMAaHHsI MOCIIIOBHOCTI 3 MOCTIHHUM iHTEpBa-
JIOM JHCKpETH3allii 3MiHIOE HOTO BJIACTHUBOCTI,
y TOMY YHCJi CIIEKTPAIbHUI 3MICT psdy. ¥ Takux
BUIIQJIKaX 4acTo IMepeBary HajlawTh MiaxoaMm, sKi
MPaMOOTh 13 HEPIBHOMIPHUMH JaHUMH Oe3roce-
PeAHBO, YHUKAIOYM HEOOXITHOCTI IMepexolliB 0
SIBHOT'O TIOCTIHHOI'O KPOKY THTEPIIOJIALLII.

VY pobotax [9, 16, 18 | posrisaayTO MpobIEMY
MiABHUILEHHS TOYHOCTI MPOTHO3Y KiJILKOCTI Mallie-
HTIB 3 THEBMOHI€I0. 1 pillleHHs MOKe JOTOMOITH
MPAaKTUKYIOUUM JHKapsM MiAroTyBaTd HeoOXiHi
JIiKK, TPaliBHUKIB, 1HII 3aco0u. 3a3HaveHa TPo-
OnemMa CTBOPIOE BENUKY HeOe3neKy Al XKHUTTs Oa-
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raThOX JIIOJIEH, TOMY MiJ] ac MPOrHO3yBaHHs MOTPi-
OHa ajekBaTHA TOYHICTh. JJIA BHpIMIEHHS 3aBIaH-
HA BUKOPHCTaHO HeuiTki dacoBi psmu (FTS) sk
epeKTHBHUI cnocid mporHo3yBaHHs naHux. Llei
MeToA Mae mepeBard mepen Merogamu ARIMA
1 eKCIOHEHIIAIBHOTO 3TJaKyBaHHA XonTa. Bu-
KOpHUCTaHHSI mpomnoHoBaHoro meroxy FTS, skwuit
Moaudikye anroputm UeHa 3a paxyHOK OLIBII BH-
COKOTO TIOPSAKY BiJHOCHH, IO 3B’SI3yIOTh BHUXIIHI
JaHi, Jajl0 3MOTY MiJBHIUTH TOYHICTH MPOTHO3Y
YHCia Nali€HTIB 13 MHEBMOHIEIO.

VY crarri [10] 3anpomoHOBaHO HOBHHA METOI
MPOTHO3YyBaHHS HewiTkux dbacoBux psniB (FTS),
3aCHOBaHUH Ha ONTHMAJILHOMY pO30UTTI iHTEpBa-
JiB B YHIBEPCYMi TUCKYpPCY ¥ ONTUMAIIBHUX Baro-
BHUX BEKTOpax ABO(AKTOPHHUX TPYI JIOTIYHUX Bij-
HOCHH HEYITKOTO TPEHAY JpYroro IMOPSIKY
(TSFTLRG). IIporoHoBaHUII METOJ BHKOPUCTO-
By€ MeTOAM onTuMizalii poto yactuHOK (PSO) mns
OJTHOYACHOT'O OJICPXKAHHS ONTUMAJIHLHOTO PO3OUTTSI
iHTepBatiB i BaroBux BekTopis. Lleit metox FTS 3a
TOYHICTIO MTPOTHO3YBaHHS OOMIHHHX KYpCiB Iiepe-
BepuryBaB HasiBHI metonu TAIEX ta NTD / USD.

3MICTOBHO 3ajlauy OpraHi3allii Ta MOJEIOBaH-
HS MOHITOPUHTY MpoIleciB peabimiTalii 3axBopro-
BaHb MOXXHA 3BECTH /IO HEYITKUX IPOIECIB YIO-
PSAKYBaHHS, IPU3HAUCHHUX U (OpMyBaHHS «OII-
TUMaJIFHOD» YeprH XBOPHX Ha CIeliani3oBaHe 00-
CIIyTOBYBaHHA  (IiarHOCTYBaHHS,  JIIKyBaHHS,
orepariii Tomo). Bignosinxno mo [10], y HUX BXif-
HUMH JaHUMH € CIIUCKU XBOpWX (i3 JiarHOCTHY-
HUMU XapaKTePUCTHKAMH), 10 HAIXOASTH i3 pi3-
HUX JDKEpeN y JOBIUTBHIN MOCTiIOBHOCTI Ta B Pi3Hi
TEepMiHU. Y CIHCKax KII€HTIB MalOTh OyTH 3a3Ha-
YeH1 pe3yJbTaTH MOMEPE/IHIX aHaji3iB Ta BKa3aHi
HEOOXITHI JOJATKOBI OOCTEXEHHS TOIIO. 3ajada
BriopsiakyBanHs YMIICO mnomsirae B 1oOymoBi
3 KIJIBKOX BXIJIHUX TOCHIJIOBHOCTEH (CITUCKIB) OJI-
Hiei (a00 BCTAHOBJICHOTO YHWCJIa) BHXIIHOI ITOCIi-
JIOBHOCTI KJII€HTIB Ha OOCIYrOBYBaHHS, y SIKii
00’€KTH MOBUHHI OyTH BIOPSAIAKOBAHI BiJIIIOBIIHO
JI0 TIEBHUX JIIarHOCTOBAaHUX TIBJ Yac aHaJli3y Kare-
TOpili JNHTBICTUYHHUX IMOKAa3HHKIB: «IIEPIIOYEPro-
BO», «0iu3bko 10 mHiB» Tomo. [Ipu 1poMy eneme-
HTH 3 OJIHAKOBHM KJIACOM OIIIHOK JIiarHOCTYBaHHS
MO’KHA BB@)XKaTH SIK EKBIBAJICHTHUMH ILOJO BIO-
PSIKYBaHHS, Tak i BIIMIHHEMH MiX c00010, 3 ypa-
XYBaHHSAM TIOKa3HHMKIB «Barw» oIeparii, sfki 3a-
CTOCOBYIOTbH [UIsl BHOPSAKYBaHHA. TOX Ul Takux
3agau YIICO Bu3HaueHHs NOPSIKY KIIEHTIB y BU-

XiIHUX CTHCKaX, IO 3pOCTa€ 3a HOMEpaMH, He Bi-
JINOB1/Ia€ CYTHOCTI 3a/1a4 MPOIIeCy MOHITOPHHTY.

Hus pos3s’szanns 3amau YMIICO B [5] Oymm
3aMporOHOBaHI 3MICTOBHI Ta BiAMOBigHI ix (hop-
MaJlbHI TTOCTaHOBKH, copMOBaHI MOJIENi orepa-
1iid, moOymoBaHI METPUKH OI[IHIOBAaHHS CTYIICHS
HEBITOPSIKOBAHOCTI TIOTOYHUX CTaHIB IPOLECIB
KOHCTPYIOBaHHsI pillleHb, po3po0IieHi cremiani3o-
BaHI alTOPUTMHU pealtizamii 3aad yHOpsAKYBaHHS
«3 Barowy. Y TEOPETHYHOMY CEeHCi B poOoTi [17]
Ha TpuKIani 3amgad mojemoBanas YMIICO PD
cocTaBiB OyB 3ampONOHOBAHWNA PO3BUTOK KOHC-
TPYKTHBHO-TIpOAyKIifiHuX Moaeneit (KIIM). Moro
CYTHICTh ToJsiTae y (hopMyBaHHI OaraTomrapoBhX
KIIM, a6o MLCPM, ske BHKOHYIOTh MUISXOM
YBEACHHA IO MOENeil MOJaTKOBUX (POpMaTbHUX
CTPYKTYp KOHCTPYIOBaHHS. 3a PaxyHOK HOBHX 3a-
co6iB mozeneit MLCPM 3a0e3neuyroThCsi MOMKIIU-
BOCTI BpaxyBaHHS pI3HOI CKIIAIHOCTI oOmeparii
(hopMyBaHHS TIOPSIKY, a TAKOK MOXKJIMBOCTI aHa-
Ji3y MOTOYHUX BJIACTHUBOCTEH pillicHb (OLIHKU 3a-
TaJIbHOI CKJIAJHOCTI TporieciB (OpMyBaHHA pe-
3yNbTaTy, YMOPSIKOBAHOCTI TOCITITOBHOCTEH 3a-
MOBJIEHB TOIIIO).

B MLCPM ans mpouecie YMIICO Oyna 3a-
MIPOTIOHOBaHA CTPYKTYPHA JEKOMITO3UIS 3araib-
HOI MoOJieNli KOHCTPYIOBaHHSI HA CHCTEMY OKPEMHUX
YaCTKOBHMX MOJEJICH, IIapiB, sKi pa3oM i3 TUM (o-
pmanbHO 3anmumatotees KIIM. Tlpun mpomy Oynm
BHJIIJICHI TaKi MIapH OKPEMHUX OIepariil KOHCTPY-
I0BaHHA: L, — OIIHIOBaHHA-TIEPETBOPEHHS JaHMX;

L, — omiHrOBaHHS CTaHIB MPOIECY Ta BiAOIp MOX-
JUBHUX oOlepauid abo mnpoueayp HEpeTBOPEHHS
CTPYKTYp YNOpsJKyBaHHs; L,— renepaiis HacTy-
[THUX PiBHIB BY3IIB MOJEINi TPOLECY Yy BHUIIIAII
rpada; L,— ouiHIOBaHHS JOKaIbHUX ab0 riobaib-
HHMX BJIACTHUBOCTEH; L;— OLIIHIOBAaHHS 3arajbHHX
napaMmeTpiB Mozenel; Lg— onrtumizanis mporecy
dopmyBanHs pimieHb. OCOOIMBOCTI  CTPYKTYpPH
MLCPM HagezeHi B [19]. 3micToBHO hopmyBaHHS
KOMIUICKCHUX MOJeJel, NpU3HAuYeHUX Ui BIIO-
PSIKYBaHHS MYJIBTHITOCIIIOBHOCTEH 3aj1a4 npoiie-
CiB MOHITOpPHHTY pealiiTaiii 3aXBOpIOBaHb 3 He-
YITKUMU TapaMeTpaMH, MOJISrae B yTBOPEHHI HO-
BO1 cTpykTypu Oaratomapooi MLCPM, cknanosi
SKOi 3a0€3MeuyloTh peaiizailiio Habopy HeoOXia-
HUX 1 BU3HAYEHUX 3a]a4 HEYITKOTO MO/ICTIOBAHHSI.
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OCHOBHOIO METOIO CTaTTi € (QOpMyBaHHS KOM-
IUIEKCHIX MAaTEMaTHYHUX KOHCTPYKTHBHHX MOJE-
JIeH TPOIECiB YMOPSIKYBaHHS MYJBTHIIOCIIIOB-
HOCTeH 13 He’iTKuMH mapamerpamu. [lpm mpomy
BCTAHOBJICHO TI€BHI JTOJIATKOBI BUMOTH IO HEYIT-
kux npoueayp YMIICO (HYMIICO). [o-nepiue,
nmoTpeda BpaxyBaHHS HEYITKHX OI[IHOK MOKAa3HHKIB
ckiamHocti omepamiid. [lo-mpyre, kmacudikarris
XapaKTePUCTUK HAOOPIB HEBIOPSIKOBAHHMX BXiJI-
HUX 3aMOBJICHb MO0 iX MPU3HAYCHHS, TOOTO BH-
3HAa4YeHHs] BHUXITHHUX KIJaciB ymopsakyBaHHs. [lo-
MpeTe, YTBOPEHHS IHAWBIAyaIbHUX HEUITKHX MO-
JieJiel TIPOIIECIB HAJIXO/PKEHHS 3aMOBJICHB i3 Pi3-
HUX JKepen. [l peamizamii HEWiTKMX 3amad
HYMIICO HeoOXimHO TakoX BHKOHATH PO3BHTOK
0araTolapoBMX  KOHCTPYKTHBHO-TIPOIYKIIIHHUX
moaeneit (KIIM). TakuM 4MHOM, MeTa AOCIIKCH-
HS TIOJIATaE B PO3pOoOIli KOMIUIEKCHUX MOJAETeH 3i
cTpykTyporo OararomapoBux MLCPM, npuzHaue-
HUX JUIS aHali3y CHeIliajli3oBaHuX IMPOIECIB
HYMIICO.

MeTtoanka

Busnaunmo cytHicth 3agay HYMIICO mis mo-
JTAHWUX BUIIE TPOIICCIB MOHITOPUHTY. Y HHX BiJO-
MHMH € MHO>KUHU HEBIOPSIKOBAaHUX ITOCIIITOBHOC-
Teii, a00 CIMCKIB KIT€HTIB (3aMOBJIeHb) (iN-TOTOKIB,
abo HabopiB iN-Seq), siki HaAXOISATh Y JIOBLIbHIMH
TIOCIIIIOBHOCTI, @ TAKOXX MHOYKHHH BIOPSIIKOBAaHUX
[ITEOBHUX TIOCITIIOBHOCTEH 3aMOBJICHb (OUL-TIOTOKH,
abo out-seq). [ust enementiB in-notokis (in-order)
BU3HAYCHI TIEBHI BJIACTUBOCTI, aTpubyTH (@-order),
SIKi MOXyTh OyTH ¥ HEUITKUMH BenudrHamu. Ha
OCHOBI aHaizy (AiarHOCTyBaHHS, Kiacudikaii To-
mo) HabopiB arpuOyTiB (a-order) ememenrti (in-
order) He0oOXiIHO BCTAHOBHTH KAaTETOPit0 X IiJIbO-
BOTO TIOTOKY (iHIEKC OUt-Seq), a TaKoX MOKAa3HUKU
BIOPSJIKOBAHOCTI — POS-1HJEKCH, SIKI TAKOK MOXKYTh
OyTH JIHTBICTUMHUMH TEPMaMH).

BusHaueHO CyTTEBY BiIMIHHICTH ITOCTaHOBOK
s nipouieciB HYMIICO Big neTepMiHOBaHUX, JIe
1iTb0BI MOTOKM (OUt-Seq) Ta moTpiOHa B HHUX YIHO-
psinkoBaHicTh eneMeHTiB (in-order), toOTto pPOS-
iHzeKkcH, Oyno 3amaHo OesmocepenHbo. Hanpu-
Kiaj, y 3aBaanasx P® cocraBiB POS-iHAeKCH OYJI0
3aJaHO KOJAaMU CTaHILIH NpU3HAuYCHHS.

Jani BijoMa CYKYIHICTh OIepaliii KOHCTPYIO-
BaHHA OUt-Seq] 3  oOIliHKaMH iX  BiJIHOC-

HO1/a0COMOTHOI CKIIamHOCTI (Bark), MmO MOXYTb
OyTH 3amaHi JeTEpPMIHOBAaHUMH a00 HEYITKUMHU
BEJIMYMHAMH. 32 ONTHMAIBHOTO IUIAHYBaHHS OUt-
Seq BizoMi 3arajibHi pecypcH Ta OOMEXEHHS 010
NPOLECiB KOHCTPYIOBAaHHSA, a TAaKOXX YMOBH, IO
BU3HAYAIOTh iX 3aBepUICHHS. Y KiIbKOX in-
MOTOKAaX MOXJIMBE ICHyBaHHs enemeHTiB (in-
order), siki MaroTh OJTHAKOBI BCTAHOBJICHI KaTeropii
IILOBOTO MOTOKY (OUt-Seq) Ta mopsmIok 3a POS-
innexcoM. BukoHnano ymoBy «on-liney, mo o3nauae
MOXKJIMBICTh HEOJHOYACHOI MOSBU €JIEMEHTIB iN-
moTokiB. HeoOXigHO chopMyBaTi MOAEH MPOIECY
YTBOPEHHS Ha OCHOBI 3a/1aHOI MHO>KUHU HEBIIOPSII-
KOBaHHX IN-TIOTOKIB 3aMOBJICHb MHOXKHH YIIOPSI/I-
KOBaHMX 3a [OS-iHAEKCaMH TIpU3HAa4YeHHsS Out-
notokiB. [Ipu mpoMy moTpiObHO MiHIMI3yBaTH 3ara-
npHI BuTpatu Ha npouecu HYMIICO 3 ypaxysan-
HSIM BIIACTUBOCTEH aTpuOyTiB (a-0rder), mokasHHKiB
CKJIaJHOCTI OTepailiii KOHCTPYIOBAaHHS, a TaKOXK
pecypcHux oOMexeHb. [locTaHOBKa Ta (opmaiiza-
1isl IETCPMIHOBAHMX 3aJla4 ONTHMAJIBHOTO BIIOPS/I-
kyBanHa nporeciB YIICO naBenena B podori [19].

Hns dhopmyBaHHS Ta peamizalii KOHCTPYKTHB-
HUX HEUITKUX MOZEJICH 3 ypaxyBaHHIM CKJIaTHOCTI
onepauiii (HYIICO), y 1iii ctaTTi 3amponoHoBaHO
METOJIUKH Ta MpPOLEAYPH, 32 JOMOMOTOI0 SKUX
MpoIecH 3 HEYiTKUMH NapameTpaMu 3BOISTH 10
MHOXXMHH 3a7]ad MOJEIoBaHHs Ta aHamizy YIICO
3 JeTepMiHOBaHUMHU HapaMeTpaMu, 1o Oy J0c-
mimpkeHi B [5]. Taki MeToam MOJIENIOBaHHS Ta pea-
Ji3anii HewiTKUX 3a]a4 THUIIOBI 338 CBOEIO CTPYKTY-
pOto, ane BiPI3HAIOTHCA MPHUPOJIOID Ta CYTHICTIO
00’€KTIB 1 3MICTOM JOCIIIKEHHS.

3aranbHa CTPYKTypa KOMIUIEKCHUX MOJeJeH i3
peamnizanii HYMIICO B minomy BiIoBiJae cTpyK-
typi MLCPM, ne okpeMHMH LIapaMH 4acTKOBHX
MoOJieJIed  pO3B’SI3YIOTH  33ja4i  OmlepyBaHHS
00’€KTaMM Ta MporecaMy 3 HEUiTKUMH XapaKTepu-
cTukamMu a0 CKJIQJOBHMH. Y 3ajadax MOIEIo-
BaHHS TPOIIECIB MOHITOPHHTY 3aco0aMH HOBHX
okpemux mapiB MLCPM ypaxoByOTh HE4iTKi
OIIIHKHM TTOKa3HWKIB CKJIAIHOCTI OIepamii KOHCT-
PYIOBaHHS, BH3HA4YeHHs BHUXITHUX KiaciB (Out-
MOTOKH) Ta BIIOPSIIKOBAHOCTI efieMeHTiB in-order
y BUIJISAII POS-iHJEKCiB, GOpMyBaHHs Ta aHAIi3y
IHIVBITyaJIbHUX HEUITKUX MOJIENeH MpoIeciB Hal-
XOJKEHHsI 3aMOBJICHB 110 iN-moTokiB. KokHa 3 Ha-
BEJICHUX BHIIE HOBUX KOHCTPYKTHUBHHX MOJIeIei
HoBux mapiB MLCPM moxe OyTHM Takox 3acTo-
COBaHO OKPEMO 3a MPU3HAYECHHSIM.
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PesyiabTarn

[lixg gac ¢hopMyBaHHA KOHCTPYKTHBHHX MOJIE-
Jiel HediTKUX TMPOIIECiB YHOPSAKYBaHHS €JIEMEHTIB
OyneMo BH3HAYaTH 3araibHy CTPYKTYpy 3a1ad
HYMIICO y TakoMy BUTIISIII:

(s>Q):{S, »>Q,}.p.a=12...d, (1)

ne S, Sp ta Q, Qq Mo3HAYAIOTH HEUITKI CTPYKTYpH
in-seq Ta Out-Seq BIAMOBIAHO; P —4HCIIO IN-Seq
MOCTIIOBHOCTEH; q — 4YHCIO OUt-Seq MOTOKIB y
HVYIICO, 3 pi3HUMH KiIBKOCTSIMH TIOTOKIB (p,q) ;
d — rpanuuHe 3HaueHHs MHOXUH. OKpeMi CTPyK-
Typu mynetunocaigoBaocti HYTICO Gynemo mo3s-
Hauatv 9K S, > Q;, S, ->Q,, S, > Q, Tomo, abo
ckopodeHo SQ;, S,Q;, S,Q,. Crpykrypu nocii-
noBHOCTEH S’p Ta Oy CKIIQIAI0THCS 3 EIIEMEHTIB iN-
order (3amoBnieHHs1) abo €, ( p), e;(q), Axi xapak-
Tepu3yloThcsi Habopamu atpubytiB  (a-order).

Enementu S’ BIAPI3HAIOTBCS 3a HOMepamu |,

(BXiZHI HEBIIOPS/IKOBAHI 3aMOBJICHHS), & HOMEPH
BHXITHHX IIIbOBUX MOTOKIB (OUt-S€() BU3HAYAIOTH
HIJSIXOM 00pOoOJIeHHS 3Ha4YeHb aTpuOyTiB (a-order)
y MoJeni KOHCTpYIOBaHHS. Takok 3a paxyHOK
MpoLeyp MOJETIOBAHHS BCTAHOBIIOIOTH HOPSII-
KOBHI HOMep 1sl BuxomiB (OUt-seq), skuii Bu3Ha-
YalOTh 3a JOIIOMOTOI0 TPHUITUCYBAHHS €IEMEHTaM
TNOTOKIB €, (q) Pos-inuekcis (pos-ind) Iq - 3aaua 3
BH3HAUEHHs BHXiAHWX KimaciB (OUt-Seq) mnst Bro-
PSIIKYBaHHS €JIEMEHTIB BXIJHUX 3aMOBJICHb IN-
order mpusHaveHa /s 3a0e3MeUeHHsT MOXKIMBOCTI
BCTAaHOBUTH MK eleMeHTaMH OUt-Seq MOTOKiB
€ ( q ) Ta €, (q) 3BUYAHHOI YMOBH BIOPSAKYBAHHS

BIJINOBI/IHAX 3HAYEHD iHIEKCiB (POs-ind) N, :

n.(a)<n,(q),if r<m sa (r< m),

ne depe3 ' Ta M mo3HAa4YeHI HOMEPHU €JICMEHTIB
out-seq (Qy )

Ax 1 B [5], ans 3amau HYIICO mporec KOHCT-
pyloBaHHs BHOps/KyBanHs out-seq (Q,) momano
3a JONOMOTOI0 3HA4eHb MapaMeTpiB «30H 00Ciy-
ropyBanus» (30) Z,,e=12,...,m,. Crpykrypu
30 BH3HAYAIOTH YCi BIACTHBOCTI MPOIECY BHOPSII-

KyBaHHS MYJBTUIIOCIIJOBHOCTEH 13 HEUITKUMHU
xapakrepuctukamu. Peamizamito HYIICO Buko-

HYIOTh MTOCTAITHO, TIPU I[bOMY BCi XapaKTEPUCTUKU
KOHCTPYIOBAaHHS BiZIOOpakarOTh 3a JOMOMOTOIO
opieHTOBaHUX TpadiB i3 BepIIMHAMH, 110 30epira-
10Tb cTpykTypun 30 Z,,e=12,...m,. Pasom i3
XapaKTepUCTUKAMH TPOIIECY, HAMIPUKIIA, MOXYTh
MICTUTHCSA Sp, Qq ta ix momudikamii. s 30
K) - . )
Z, Z )BlILOMl MPOLEAYPH JIOCTYITY JIO CIICMEHTIB
D¢ = {De i (m)} , @ TaKOX MHOXHHH OIepartiii

nepeTBopeHHst F° = {Fez}, 3a SIKUMH BU3HAYa-

I0Th HOBMH 3MicCT 300 Z, . Onepauii nepeTBopeHHs

30 MamTh IIOKa3HUKH CKJIAJHOCTI, «Barm»

We = {Wez}, 10 MOXKYTb OYTH HEUiTKUMH BEJIH-
ynHamu [4]. IleperBopenna 30 Z, peanisyroTb
npouecn-ukonasti — A(Z, ) .

JI71st OLIIHFOBAHHS CTYICHS JOCSTHEHHS Pe3yJib-
Taty Q, OyB yBeleHuil MoKa3HUK R(Z) — 3ara-

JbHA OLHKAa HeBHopsakoBaHocti 30 Z, z®

3 ormsaay Ha R(Z), ONITUMAJIbHA peati3allist 3a1ad

YIICO, no po3paxyHKiB MHOXHWHH SKHX 3BEICHO
3amaui HYIICO, momsrae y BCTaHOBIEHHI (LIUIA-
XOM KOHCTPYIOBaHHsI BapiaHTiB) By, apTyMEHTIB
Ta TMOCIIJOBHOCTEW 3aCTOCYBaHHS OIEPaTOpPIB IIe-

e
perBopeHHs F~ s okpemux 30H Z,, mo06 oTpu-

Martu R(Z ) =0 3a MiHIMaNIbHHUX BUTpPAT Ha TPOIIEC
YHOPSIIKYBaHHS, CKJIaJIHOCTI OIepalliii KOHCTPYO-
BaHHS Ta 33JaHUX OOMEXeHb. [TOKA3HUKH CKIIa]-

HOCTI orepariiii mepeTBopeHns F° = {Fez } , TOOTO

We = {Wez}, y 3arajJbHOMY BHUMAJKy MOXYTh Oy-
TH HEYITKUMH BEJIUYMHAMHU, K1 33J]al0Th BEKTOpa-
MHu W(Z) = (Wl(z)' W,(Z), ..., WP(Z))'
A(Ze) , @ TAKOXX BIAMOBIAHUMHU MOJEISIMH HEYIT-
KHX BEIMYUH 1 Ha0OpaMH MPHUITYCTUMUX 3HAYEHb
nokasumkis W (Z), Dy ={W, (Z) <= W.}.
Pazom i3 mokasHUKOM R(Z) 3araJbHOI HEBIIO-

pankoBanocti 30 Z, z® mra 3amaa YMIICO
HEOOXIZJHO pealli3yBaTh HpPOUEAYPU PO3PAXYHKY
napameTpiB CKJIQJHOCTI OTepallii, ki BUKOHYIOTb
3a JIOTIOMOTOI0 MPHUITUCYBaHHS BEJTMYWH TOKa3HU-
KiB «Barm» TEepMiHaJbHUM CHMBOJIAM TI'pPaMaTHK
KOHCTPYIOBaHHS [5]. 3aranpHy OLIHKY CKJIAJHOCTI
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BIOPSAAKYBaHHS W(Zk) Ha eTami MpoLecy KOH-

crpytoBanust (K) 00IHCITIOIOTH TaK:

W (k) r :Wi(k) n W(')

ipq (p,q);vri p!q € mZ ' (2)

nie Wi(k)f OLIIHKa CKJIAAHOCTI By3na (; ( k) rpada

PO3MITOK Gp ; | — HOMEp Bysma; W (r).,, (n) —

«Bara» omeparii meperBopeHns (anroputmy A')
IUIs 30H ( p — BHUXiAHI, ( — pe3y/bTYyIOUi) 3aJexkK-
HO BiJ KIJTBKOCTI €JIEMEHTIB, Mo OepyTh y4acTh B
onepauii. Ckiaanicts, «Bary» arroputmy A’ Bu-
3Ha4yalTh y Mojeni TepMiHanamu (T,W;(Z)).
I'pad posmitkm Gp. Ipolecy KOHCTPYIOBAaHHS
(TIK, a6o PC) Bu3HauawTh XapaKTEPUCTHKAMH
30H obciyroByBanus Z(€). Posmitka G B 3ara-
JILHOMY BHUNAIKy € rpadoM, Je Mo3HaYeHi BY3JIH
0;(k) €Gpc (k), k — eran xoHcTpyroBaHHS, Xapa-
krepuctuku By3nmiB V- g;(k)e V. CxianoBum
eTaroM IPOIIECY KOHCTPYIOBAHHS MOPSIKY 3a1ad
HYMIICO e Bubip amroputmie A’ (k), mo mo-

KyTb OyTH 3acTOocOBaHi 10 By3na @;(k) ) Ha etami

(k +1). Ilpu upomy oGumcmoBaIbHI mpoLECH

uoo BinGopy momycrumux airoputmis A (k),
oreparliii mepeTBOPeHHs CTaHy MporeciB Gopmy-
BaHHS, MOOYZIOBM MHOXHH CTaHiB rpada po3MiTOK
Gpc Ta iH. MOJKHA BUKOHYBAaTH OJHOYACHO, Tapa-

nensHO. Y minomy ¢opmanizanis onucy 11K y Bu-
rasal rpada po3MiTok Gp. J03BOJISE SBHO 10JA-

BaTH ¥ OIIHIOBATH BCI MOTO BIACTHBOCTI WIOJO
(hopMyBaHHS BUCHOBKY 3 «Baroroy oreparlii.

Ilig yac ¢GopMyBaHHS KOMIUIEKCHUX MOJEIei
3agau HYMIICO 3acTtocyeMO METOAMKY, PO3p00-
sieHy B [5, 17], 110 moyisrae y CTBOPSHHI KOHCTPY-
KTUBHUX MaTeMaTHYHHX MoOjejel i3 Gararoriapo-
BUMH CTPYKTypaMu. KOHCTpYKTHBHI MOJIeli HIapiB
MpU3HAYEH] Ui pealizalii OKpeMHX 3MiCTOBHHX
mig3agad. Y moganbiioMy 4actkoBi momerni {Si}
MO3HAYAIOThs iHAEKCaMH 1,2,...,Ng

S=(S,51--S,)- )

Jiist BigoOpaskeHHs eTariB Mpolecy KOHCTPYIO-
BaHHS K CTBOPIOIOTH CTPYKTYpH rpada po3MiTOK

G(Z™), uepes sxuii 38’13y10ThCA Mik 0600 BCi
KOHCTpYKTHBHI Mojeii mapis {Si}.

[lomano CTpyKTypy peKypCHBHOI Oararorrapo-
Bol HeuiTkoi Mozen — FMLCPM, BigmosimHo mo
[5], y Burmsimi:

X2 .
Emicem = A in_seq &5 4)
as _)As,a(s+1) 3a S :1,2,...,ns _l; (5)

&ns - Ahs 1aend; &end - Aend'jxeA 'A\]

be&,

e QE[Z,...,nq].

TakoX KOHCTPYKTHBHI MOZEJI OKPEMHUX IIapiB
{S«} peanizyroTh omeparopu mapaieiIbHOTO KOH-
CTPYIOBaHHS TAKOTO BUTIISITY:

' é*v E.asynchr ; (6)

not(b)
&par - A:ond |vac
ae

1;.Y,

& (A ]) 2ict @

(b*=Ab;),1"
E.>synchr - A:nd b, I

Aynetr not(b-&.) ®)

B FMLCPM (4) — (6) mo3Ha4eHO CTPYKTypH
it peamizamii 3agad YIICO gk BHYTpilIHBOT
ckaanooi HYMIICO, mo 3aiexuTh Bix mapa-
METpIB TUCKPETH3allii HediTKUX MOJeJel, a came
a-piBHiB [3, 6]. V (4) — (6) mo3Haueni: A, — anro-
puT™ Tiporiecy GopMyBaHHS BHYTPIIIHIX MOJIeNeH
(L); Ay — aIropuT™M KOHCTPYIOBAaHHS MoJenei
mapiB LMCP,; A, — alropuT™M mapajienbHOro
KOHCTPYIOBaHHS; X — IPeJACTaBlIeHHs rpada po-
3mitok I1K; Z — 30HM 06cmyroByBanus; IN—Seq —

Habip BXiZHMX nocaigoBHOcTel; |;,Y;,b

— mapa-
MeTpH MapanenbHux nporecis (11); A, — anro-

puT™ KOHTpoOJtO 3aKinyenns (11); Ay, — anro-
PMTM CHHXpOHi3allii 3aKiHueHHs; A, — anropuT™

nosropy mozenei mapis (q) (5). YV (7) BusHaueno

napajieibHi CTPYKTYpH MOJENI HpOLecY KOHCTPY-
I0BaHHA A, i€t, AKi BUKOHYIOTH [0 yMOBHU

(b)) =true; y pa3i HaCTyIHHX 3BEpHEHb 0 alro-
pUTMIB A, iX HNpPOIYCKalOTh. YMOBH 3aBEPILECHHS

BCIX THapajenpHux anroputmie (7) mepeBipse
CTpYKTypa cUHXpoHi3aii (8) yepe3 noriuHuii Bu-
pa3 b.:3a b. =true mpoueaypa (6) 3aBepuryeThes.
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Po3zpooka FMLCPM pmns 3amaui HYMIICO
nam momsrae 'y (opMyBaHHI MOJENEH OKpPEMHX

mapis S:(Sl,SZ,...,SmS) (3). Cxema mporecy

¢dopmyBanas HYIICO cknamaerbes 3 Takux €ra-
MiB:

L1. OtpumaHHsl, KOHTPOJIb BXigHOI MYJIBTHU-
nociigoBHOCTI qanux 3agad HYMIICO (1).

L2. ®opMmyBaHHS HEUITKUX IMOCTIIOBHUX BXi-
IHUX IN-Seq Ta BUXIAHUX OUL-SEQ CTPYKTYp ist
HYMIICO (1). BuznaueHss asisi eeMeHTIB OTO-
KiB e, (q) pos-innekcis (pos-ind), i .

L3. IIporHo3yBaHHS HEUITKUX MOCTIIOBHOCTEH
BXiHHX IN-S€( Ta BUXiTHUX OU-SEQ CTPYKTYP.

L4. ®opmyBaHHS BHYTPIIIHIX MOJENeHd 30H
oOciyroByBanHs Z Z.,e=12,...,m,,

L5. ®opmyBaHHS Mojaeneld Mipu BHOPSAKY-
BaHHA (ML,;&;) 1 HEHITKMX MOJEIEH MOKa3HUKIB

{we,}.
L6. ®dopmyBaHHS Ta peami3almis O—piBHEBHX

HewiTKkuX Mojenei nporecis HYMIICO.
L7. BumiptoBaHHSI OIIIHOK TOPSIKY MYJIBTH-

CKJIQHOCTI omepamiid W*® =

nocainosrocreil R(Z):3a R(Z)=0 saBepmenns

0—PIBHEBOTO MOJICIFOBAHHS.

L8. Mogens ( MLs; &, ) momae 3MiCT yTBOPEHHS
KOHCTPYIOBAaHHS MHOXXHHU MOXIIUBUX OIEPaTOPiB
(mmpouenyp) mepeTBopeHs 30H Z, . (Moxiuse na-
pajiesbHe BUKOHAHHS BimoBiaHO 10 (6 ) — (8)).

L9. KoncrpyroBanHsI mapalieIbHUIMH OIEpaTo-
pamu (MLg;E;) HOBOro mapy rpada po3miTOK
G (Z )(k+l) .

L10. Ilepexin no eramy L6, ab0 BHKOHAHHS
MOpoIeyp CKaNApu3aiii HEYITKMX BEIHYHH pe-
3yJbTaTy, OTPUMaHUX Ha OCHOBI O—pPiBHEBHX HEYi-
TKUX MOJEIIEH.

[Ipoutec xoHcTpyroBanus 3amay HYMIICO
BIJIMOBITHO 70 €QMHOI CTPYKTypH (4) momaHo 3a
cxemotro L1 — L10. 3 ypaxyBaHHsIM yBeJCHHS HEYi-
TKOT «Barm» TEPMIHAJIB, SIKi TIPEICTABIISIOTH CKJIa-
JTHICTH OTepaiiid, a TaKoX 1HIWBITyaTbHUX MOJE-
Jell TIPOTHO3YBaHHS BXIJHUX IOCIIIOBHOCTEH iN-
seq OynyrOTh KOHCTPYKTHBHI MOJENI IIapiB JUIs
eramiB L2 — L10.

V3aragpHeHa Ojok-cxema Iapy peajizamii
o-piBHeBoi [3, 7] moxeni — MLCPM(a) — Gararo-
mapoBoi moxeni (MLCPM) sk ckiamoBoi mporre-
ciB HYMIICO npexcrasnena Ha puc. 1. Y 1ijgoMmy

MLCPM(a) Biamosinae (4). Ha pucyHky BimoOpa-
JKEHI OrepaTopy KOHCTPYIOBAaHHS, SIKi MOKHA BH-
KOHYBATH MapaseibHo, BiAMOBiaHO 10 (6) — (8).

rno4aTok

Z,(a),e=12..m,

R(Z{c))
Hi

Puc. 1. briok-cxema o-piBHEBOI MOJei
BropsiakyBanus — MLCPM(a)

Fig. 1. Block diagram of the a-level ordering
model - MLCPM(o)

VY 3HauHiii Mipi TponeAypy peaizalii HabopiB
netepMminoBanux 3amad YMIICO, ski Biamorina-
I0Th OKpeMuM o-piBasiM 32 MLCPM(a), puc. 1, 3a
¢dbysakmismu nonioni no MLCPM [4, 5]. CyrreBa
BIIMIHHICTh TIOJNSITAE B JUCKPETH3AIlii HEYITKUX
BenmurH 3a1ad HYMIICO umsixom dopmyBaHHS
BIJIIOBIAHHAX JIETEPMIHOBaHUX MHOKHH
O-piBHEBHX OIIHOK Toka3HUKiB [3]. HaBeneHi Ha
puc. 1 Habopu mpoueayp BHKOHYIOTh Taki (yHK-
mii: map W(o) 3abe3meuye GopMyBaHHS OITIHOK
«Barm» onepariii KOHCTPYIOBaHHS Ha PI3HUX O.-
piBHSX; HACTyMHUH mmap QyHKUi BUKOHYE (op-
MyBaHHS O-pIBHEBUX MOJEJNeil Uit 30H 00CIyro-
BYBaHHSI Ta BIOPSIKYBaHHS MYJbTHUIIOCIHIiJOBHOC-
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et Z,,e=12,...,m,. Konrpons R(Z(a)) 3axin-
YEeHHSl TPOLECY KOHCTPYIOBAHHS ONTHMAaJIbHOTO
MOPSIKY EJIEMEHTIB BH3HAYAIOTh OMEpPaTOpH OIi-
HioBauHs wmipu nopsaky R(Z(a))#0. Hapemri,
npoueaypu MLCPM(a) peani3yroTh 3aBIaHHS O-
PIBHEBOTO MOJIEIIOBAHHS IPOLECY KOHCTPYIOBaH-
Ha nopsaky HYMIICO.

Ha puc. 2 mpencraBieHa y3araibHeHa cxema
KOHCTpyKTUBHOI Mozeni 3amad — HYTICO. Oxpewmi
He3aJexHi (GYHKIT MOJIeli peai3yroThCs OJIoKaMu
— 1mapamMu koMIuiekcHoi mogeni. Ilap L;, peanisye
BCi QYHKIIIi OTpUMaHHS Ta KOHTPOJIO BXIAHUX My-
aeTHnocHimoBaocreit. Ly, {S(in-seq)}, BimmosimHO
no L1. Map L,,; 3abe3nedye KOMIUIEKC MOJeNeH
knacuikalii HEYiTKMX JaHuX Ta (opMyBaHHS
OMKCIB  BHUXIAHUX TOTOKIB, L,y {{Q(0ut-seq),
Q(pos-seq)}. Iap Ly,q BUKOHYE HpOLEIypH MO-
JETIOBaHHS Ta MPOTHO3YBAHHS BXiTHHUX MOCIIIOB-
nocreit, Ly,q{{FTS(in-seq), SpM(in-seq)}, orpu-
mauux L, {S(in-seq)}. Ilpouexypu mapy Lgyz
MpU3HAYeHI Ui peatizamii HEYITKHX Mojenei
HVTICO 3a paxyHok mepexony 10 GaraToducelns-
HUX JIETEPMIHOBaHHMX MOJIENEH, SKi HaJIekKaTh IO
PI3HUX O-piBHEBHX OIIHOK HapameTpiB HEYITKHX
XapakTepuctuk  Lpyz {luckpeTHi a — piBHi, a €
[0; 1]3. IIap MLCPM(a) peanizye 3amadvi, mpen-
cTaBJieHi Ha puc. 1. Meromu Ta mpouenypu QyHK-
mionanpHoro mapy {V(X+(a))}, X« 3abe3meuyioTs
y3arajJbHEHHS, CKaJISIPU3allil0 Pe3yNbTaTiB 3a1ad
MLCPM(a), oTpuMaHuX Ha pi3HUX O-PiBHAX JTUC-
kperusanii. [lix 4ac  BHKOHaHHS  yMOBH
Cond(R(X,)) s3axiHueHHS oOmnTHMI3aIlii MPOIECIB
HVIICO sk pesyabTar orpumyemo X,.

lap L2 mopeneit 3aBmanr HYMIICO Lprp:
(puc. 3) BuKOHYye mporenypHu (GopMyBaHHS, aHAII3
nweuitkux FTS [8, 11, 12, 14, 18], a Takox cemnapa-
oenpHuX SpM [4] mozeneit motokiB {in-seq}. s
IIbOTO CTBOPIOIOTH Imap (YHKIIH BereHHs bazu
JlaHux BXiTHUX MOTOKIB JJIsl MYJITHIIOCIITIOBHOC-
teir, 6ok DB, {in-seq}. Ha ocHoBi inpopmarrii
0a3u naHux (POpMyIOTH HEUITKI MOZENi MpOIIECiB
{in-seq}, 610k FTS, o 3abe3neuye modyaoBy Ta
MmporHo3yBaHHs okpemux moTokiB{FTS}. Taxox
3a panumu O1oxka DB Bukonyro ¢opmyBanus ce-
napabenbHUX Mozened mpoueciB SpM. Ocobunu-
BICTh IIUX MOJIENIEH Y TOMY, IO Ha iX OCHOBI pealri-
3YIOTh 3aj7adi aHajidy, MOJETIOBaHHS Ta IPOTHO-
3yBaHHS NPOLECIB i3 HEPIBHOMIPHUM KPOKOM MiX
CTIIOCTEPEIKECHHSIMHU.

MoyaToK

~

=
a
A

LFUZ

MLCPM ()

V(x.@)} X

Hi

Xopt

v
[ Kineup ]

Puc. 2. biok-cxema FMLCPM
Fig. 2. Block diagram of FMLCPM

Mopgeni FTS Ta SpM mis nporecis {in-seq}
HaBeneHi B pobOoti gami. [ponenypu mapy L2
(puc. 3) peanizyroTh 3agadi MoAemoBaHHs {SpMk,
FTSk}, a Takox ¢opmyBaHHS pe3ynbTaTiB Re:
{VOlk,le, Ak}

OxapakrepuzyeMo (QyHKLii OKpeMHX IIapiB
MLCPM(a) neranpimie. [TeBHi mapu KOHCTPYO-
BaHH1 FMLCPM MOXyTp MaTH MpeJCTaBJICHHS
moAi6HOM0 110 puc. 1 cxemoro.

OcoOnuBICTh IIapy YBEJEHHS MYJIbTHIIOCIIIO-
BHOCTI Janux L1 Mae mosnsirae B ToMmy, 1o Habopu
arpuOyTiB (@-order) ememeHtiB in-order MoxyTb
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OyTH HEOIHOPITHUMHM (IETSPMIHOBaHI, HEYITKI Ta
iH.). KoHcTpykTuBHI Mojeni ¢popMyBaHHA HeEUiT-
KHMX BXiZHHX IN-S€Q Ta BUXiTHHMX OUt-Seq mocimimo-
BHUX CTPYKTyp miapy L2 peanmizyloTh crnemiamizo-
BaHI mpoueAypu HediTkol kKiacupikamii [1], 3a
SKMMHJ BU3HAYAIOTh IMOTOKK OUt-Seq, a eixeMeHTaM
ycTaHoBmooTh (P0s-ind), iy .

| Moyarok |

{FTSk}-

.

SpM,

{SpM,, FTS,}

h 4
{Vol,, n;, 4,3}

A

KiHeub

Puc. 3. briok-cxema mapy mozaenroBaHHs Lprp
Fig. 3. Block diagram of the simulation layer Lerp

Mopneni mapy L3.3a0e3neuyroTh peaizaiiro
Ba)XKITUBOI «TEXHOJOTIUHOD» 3aja4i 3 yXBaJlCHHS
piteHs npo 3akinuenHs nporecie HYMIICO. dns
IHOTO TUISTXOM aHaNi3y Ta MPOTrHO3YBaHHS 00CATIB
HAAXODKEHHS HEYITKUX JAHUX BXIJHUX ITOCIIIOB-
HOCTE# iN-Se( BM3HAYAIOTH OYIKYBaHi CKJIaj Ta
o0Csirm JaHUX BHXIIHUX OUL-SE] CTPYKTYyp 3a
BCTaHOBJICHUM ITPOMIXKOK Hacy.

[lix wac gopmyBaHHs mapameTpiB mapis L4,
L5 BHyTpinHIX Mojesel 30H 00CIIyrOBYBaHHs 3a-
MOBIEHb Z Z,,e=12,...,m,, a TaKOX MOJEIeH

Mipu BropsakyBaHHA (ML,;E;) ypaxoByHOTh Ta-
KO HEYITKI MOJENl Ul IMOKAa3HUKIB CKJIAJIHOCTI
oneparii yropsakyBanas W€ = {Wez} €JIEMEHTIB

3aMOBJICHb.

B FMLCPM peanmizamiro HEWITKHX 33134
HYMIICO BukoHy0TH 3a momomoror mapy Lo6.
[Tpn boMy 3aCTOCOBYIOTH METOJH Ta HPOLETYPH
[3, 7], siKi 1O3BONSAIOTH peaizyBaTH HEUiTKI MOZe-
JIi TUIXOM IJUCKPETH3allii CHCTEMH HEUITKHX Be-
JIMIUH 13 BUKOPUCTAHHSAM MHOXHWH 0o—piBHIB. Ko-
HY 3 YTBOPEHHX IIiJ] Yac IUCKpeTH3alii gerepmi-
HoBaHuX Moxeneit YMIICO peanizytoTs 3acobaMu
MLCPM(av), i3 momanbIiuM y3arajibHEHHSIM, CKa-
nspu3ariero [3] oTpuMaHoOi CyKyITHOCTI YaCTKOBHX
pesynbratiB HYMIICO Bigmosigao mo L10.

IIpouenypu mapy L7, npuznaueHoro 1jis BH-
MIpIOBaHHS CTYIEHsI HEBIMOPSAKOBAHOCTI MYJIbTHU-
nociigoBHoctet R(Z), BHKOPHCTOBYIOTH MOJEINi
CTarTi [5], 3a AKMMHU MiJ YaC BUKOHAHHS YMOBH
R(Z)=0 mpouenypa 3akinuyerbcs. st BUMIpro-
BaHHsA R(Z) BHKOPHUCTOBYIOTh YHCJIOBI MOKA3HUKH
enementiB (pos-ind), i;. Jlns ominku ix ymopsaky-

{(ni <n, i< j),

i=12,...,n} mimux 4uces, IO MaiOTh 3POCTATH,

BaHHI  SK  IIOCJIJOBHOCTI

BUKOPUCTOBYIOTH ITOKAa3HUK:

mes(L)zML(L)zzri}/k; (9)

k-1

i=1

Ilig yac owiHIOBaHHS 3BOPOTHOTO, CHAIHOTIO,
MIOPSZIKY BUKOPUCTOBYIOTH MONiIOHY 110 (9) xapak-
TEPUCTHKY, sIKa Bi/IMOBIJIa€ BIACTUBOCTSM MipH [4,
5] Ta edexTrBHO 3a0e3Meuye peamizalliro Mozenei
HYMIICO.

IIpouenypu oONTUMaJIBHOIO
KOHCTPYIOIOTH  yCI  MOMKJIMBI

BIIOPSAKYBaHHS
[IOCJIIIOBHOCTI

L, ={L(Zj)}, i=12,...,m_, sxi BigmoBimaoTh mpa-

BWJIAM  TIEPETBOPEHHS 30H  OOCIyrOBYBaHHS
Z,,1=12,...,m,. lllnaxoM cnpsiMoBaHOro nepeoo-

py GopMyr0Th MHOKHHY L, , 1110 MICTUTh ONTUMA-

JIbHI  IIOCJIIJOBHOCTI L(Zj) 3aMOBJIEHb, TOOTO
3 min(R(LY).
Mogeni KOHCTpyrOBaHHs Tpada pO3MITOK

G(Z™), L8 ta L9, 3alesmedyloTh yTBOpCHHS

MHOXHHH BCIX MOXJIMBHUX OIEPAaTOPIB MEPETBO-
peHb 30H 00ciyroByBaHHsa Z, (Mozenb MLg;Eg),

a TakoXX (OpMyBaHHS 4YeproBoro Iapy rpada po-
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3MITOK 3a JOIOMOTOI0 BiTiOpaHHX OIEpaTopiB,
. k

monens ML, [5]. Ilin yac dopmyBaHHs G(z™)
BUKOPUCTOBYIOTH JIaHi PO CKJIaJ] 30H {Z,} , a Ta-
KOX TIpO 4YuCIIO BUKOHaBHiB. [lms By3miB Tpada
G(Z) BUKOHYIOTH YCi omeparii o0 iX meperBo-
pEeHHs, a TaKOX JUIA BCIX «HOBHIX» BY3JIB rpada
PO3paxOBYIOTh OIIIHKM TTOKa3HUKIB CKJIAJHOCTI,
BUKOPHUCTOBYIOUYH MOJEIb (9).

YpaxoBytoud KiTbKICTh BHUKOHABIIB, SKi MO-
KYTh peai3yBaTu oreparopu (GOpMyBaHHS BY3IiB
rpada G(Z) He3aJIe)KHO, YTBOPIOIOTH MOCHIIOB-

HOCTI peaji3alii TakuxX omepariil s KOXXHOTO
3 Hux. llepenivyeHi Bulle MpolLEAypd KOHCTPYIO-
BaHHs ontuMaibHOro HYIICO MoxHa hopmaasHO
BUKOHATH 32 JIONIOMOTOI0 TMapaleNbHUX CTPYKTYP
(6) - (8).

OcobnBocTi Monenel Ta TpoLeAyp peasizarii
nerepminoBannx MLCPM(a), y ToMy 4mcii BracTu-
BOCTI METOJIB BHOOpPY palliOHAILHUX HAa0OPIB Olle-
patopiB reHepariii By3iB rpada G(Z), pazoM i3
npuKiIagaMu  (popMyBaHHS BapiaHTIB TOIUTY 30H
{Z|} ITi/T Yac BUKOHAHHSA OTepaIliii KOHCTPYIOBAHHS

pillIeHb, a TaKOXK 3 OIIHKaMH Mip (9) yIopsIKyBaHHS
MyneTH-TIOCTiToBHOCTEH R(Z), HaBenewi B [5].
Hocnigumo xmouoBy 3amadi HYMIICO mns
MPOIIECIB KIIHIYHOTO MOHITOPUHTY MIOJ0 (GopMy-
BaHHS HEUITKUX BXiTHMX iN-S€(, BUXiAHUX OUt-Seq
MOCJIIZIOBHUX CTPYKTYp, 31 BCTAHOBJCHHSIM BHUMOT

J10 nopsiKy (pos-ind), 1y, Uit €NeMEHTIB MyJIbTH-

nociigoBHOCTEH. [t peamizanii miei 3amgaqi Oymue-
MO 3aCTOCOBYBAaTH IPOIEAYPH HEUITKOI Kiacudi-
Karii [1].

CyTTeBa BiIMIHHICTh IIMX MPOIECIB MOHITOPH-
ury HYMIICO Bix aerepmiHOBaHWX, HapUKIa
po3dopmyBanns BI'C, nossrae B nonepeaHii Bij-
CYTHOCTI y BXifHUX Habopax (iN-Seq) oaHO3HAYHOI
BITOPSIKOBAHOCTI €JIEMEHTIB IS IIIbOBUX ITOTO-
kiB (Out-seq), ToOTo POS-iHmekciB. Y mporecax
HVYTICO nnis enementiB notokis (in-order) BusHa-
4YeHi aTpuOyTH, 10 MOXYTh OyTH HEYITKUMH Be-
nuuuHaMu. ToMy Ui BCiX €JE€MEHTIB JI0JAaTKOBO
HEOOXITHO BCTAHOBUTHU KJIACU LIIILOBUX I[OTOKIB
(iHmexc Out-Seq) Ta MOKa3HUKH BIOPSIKOBAHOCTI.
lle BUKOHAHO LIISXOM aHaNi3y (AiarHOCTYBaHHS,
kiacudikanii Tomo) HabopiB arpuOyTiB (a-order)
enemenTiB (in-order) Ha OCHOBI MOE HEYITKOTO
JiarHOCTYBaHHS Ta MPOTHO3YBaHHS.

s miarHOCTYyBaHHS XapaKTEPUCTHK €JIEMCH-
TiB IIOCITIIJOBHOCTEM IN-S€Q i3 HEUITKMMHU Ta HEOI-
HODPIIHHMH YMOBaMHU HEBU3HA4YEHOCTI (CTaTHCTH-
YHi, HEYiTKi Ta iH.) BUKOPUCTAHO MOAEIH Ta MPO-
uenypy [1], sxa po3BuBae meroxa ynpapninas Ta-
kari-Cyreso [3]. [ns HEWITKUX  BEIWYUH
npoueaypa kinacudikamii (HIIK) cknamaerbes
3 TaKUX CTaIliB:

— ¢opmyBaHHS HaOOpIB HEUITKUX MapameTpiB
in-seq (X), a Takox ix aiarHocroBaHux ctaHiB (V),
SIKi BU3HAYAKOTh TEPM-MHOXXWHU JIIHIBICTHYHOL
sminaoi «Kmacu (pos-ind)»;

— tdopmysanus st (X) mopmeneit GyHKItii
HaJSKHOCTI TepM-MHOXHHaM cTaHiB (Y) JiHrBic-
THYHOI 3MiHHOT «Kitacu-(pos-ind)»:

(1 (%) Hp 06, oty (60,1 =1, 2,0

— JUIS KOXKHOi TepM-MHOXHHHU Vi € (Y) BCcTa-
HOBJIIOIOTh KOC(QIIIEHTH BIJHOCHOI Ba)KJIUBOCTI
(BruTuBY) mapameTpis (X):

w = (Wy, Wy ...,

(10)

k=12.L).

mk ’
2 Wy =
J ; (11)

— JUIs 3Ha4YeHb Habopy mapametpis in-seq (X)
PO3PaxOBYIOTh BEJIUYMHU (DYHKIIA HAJICKHOCTI
JUIsL BCIX TepM-MHOXWHHM cTaHiB (Y) JiHTBICTHYHOT
sminHol «Kmacu-(pos-ind)»:

-y (Xi*)) ’

(ul(xi*)al’lz (%)
i1=12,.,m

— pO3paxoByBaTH IOKA3HUKH PE3yJIbTYFOUHX
TepM-MHOXUH (cTaHiB (Y) 3 ypaxyBaHHSM Baro-
BUX Koeq)iuieHTiB (8):

Z kxu|k )

Benuuunu {V(k)}l (13) mpeacTaBisAIOTH Y3a-
rajibHeHi OI[IHKK MipH HAJIEKHOCTI MapaMeTpiB in-
seq (X) 1o xkoxHOI TepM-MHOXHHH 3MiHHOI «Kita-
cu-(pos-ind)». Pesymprar kmacudikamii (kK =
1,2,...,1) BigmoBigae MakCHMaJIbHOMY 3HAUYEHHIO
(13):

(12)

k=L2,..,1. (13)

(14)
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BayBakumo, mio mporeaypa HITK (10) — (14)
Moke OyTH 3acTocoBaHa Ais Kiacugikamii MHO-
KUH NaHUX, BIIMIHHUX BiJ] HEUITKAX. Y IHOMY
Bunaaky B mozensx (10), (12), (13) 3acTocoByroTh
1HIIT TIOKA3HMKH, 10 3MICTOBHO MOAIOHI 10 [(X) Ta
BH3HAYAIOTh HOPMOBaHi 10 inTepBany [0;1] xapak-
TEPUCTUKH JTOCTOBIPHOCTI mapameTpiB in-seq (X).
HaBenena 3aranpHa mporneaypa kinacudikauii mpu
IOMY 30epiraeTbes.

3a HasiBHOCTI Oa3u ganux (puc. 3, DB) BxigHnx
MYJIBTUIIOCIIOBHOCTEH MPOIECiB KIIHIYHOTO MO-
HiTopuHTy 3acobamu mozeni (10) — (14) Takox
MOXKHa PO3B’s3yBaTH 3aflady Kiacuikarii gepru
out-seq, 1m0 skoi HEOOXiJHO BiAHECTH NEBHI elle-
MeHTH HabopiB in-seq. Ilpomnenypa knacubikarrii
HIIK Takoxx A03BOJS€ peanizyBaTH 3a1a4 3 HEUIT-
KOTO TIPOTHO3yBaHHS (TEpiofiB 10 MOJiH, OYiKy-
BaHUX PiBHIB KOHTPOJILOBAHUX MOKA3HUKIB Ta iH.).
Jlis TakuX po3paxyHKIB SIK KJIACH JTIarHOCTYBaHHS
napametpiB (Y) ¢opMyrOTh BiIMOBIIHI TEPMH JIiH-
rBicTUUHUX 3MiHHUX, Hanpukiaa, [TEPIO/] («/do 3
nmHiBY, «Jlo 6 mHiBY, iH.), abo PIBEHb (P1, P2, ...).
Pesympratn knmacudikamii Bignosimao mo (13) —
(14) naroTh HaHOIIBII TOCTOBIPHI OL[IHKM HEYiTKUX
nepioniB 10 MoAild abo XapaKTEPUCTHUK MPOIECIB,
SIKi BIATIOBIJAIOTH HASABHIN iH(GOpMAIIii.

PosrnsiHeMo muTaHHS pO3paxyHKIB BEJTHMYUH
¢ynkuii Hamexsocti W(Y) IS TEPM-MHOXKHHH
crani (Y) (12) 3a Heuitkux mapamerpis in-seq (X),
puc. 4. Ilix yac MoJiefOBaHHS TPOIIECiB KIIHIYHO-
rO MOHITOPHHTY NPHWKJIAJOM TaKUX MapameTpiB
MOKe OyTH iHTepBall MK KOHTPOJILOBAHUMH TTO/Ti-
smu Tomro. Ha puc. 4 mokasani rpadivni mozeni
ninrsictryHoi 3MinHOT KPOK, noOymoBanoi 3 Bu-
KOPUCTAaHHSIM CTaHAAPTHUX MPOLEAYp HEYiTKOro
MoOJIeNroBaHHS [3].

Ymonwuii npukiaz 3minaoi KPOK mae Burisg
Sp = (10p, 60u, 110p), MICTUTH TPH KJIacH TEPMIB,
JOCTaTHIX [yt Kinacuikamii iHTepBaiiB KOHTPOJIIO
npoieciB MoHiTOpuHTy. TyT 3a I0MOMOro cum-
BOJIy «» TO3HA4YeHi TPUKYTHI HEUiTKI BETUYMHH
[3, 7]. Ha puc. 4 HaBeieHO MPUKITA i3 BU3HAYECHHSI
KJIACiB Ta OI[IHOK CTYTICHIB HAJIEKHOCTI 0 HUX JJIS
nerepminoBanoro (t1(X)) Ta meuitkoro (tx(X)) BXi-
JTHOTO TapamMeTpa.

3a cxemo10 puc. 4 mapaMeTpu BXiIHUX JaHHX
HaJIe)KaTh O HEYITKHX TEPMiB i3 OUIBIIOIO BesH-
YMHOKO CTymeHs HanekHocti. Tobro ti(X) Hae-
XHTh 110 Kinacy 10y, a HewiTkuit mapamerp tx(X) 1o
knacy 110p. OTpuMaHi OLIHKM CTYIEHS! HaJIeXHO-

CTi B MOJANBIIOMY BUKOPHUCTOBYIOTH Y TPOLEAYPi
HIIK.

Hameneni Bumie mapu npouneayp FMLCPM
(puc.1-3) 3a0e3nedyroTh pealtizaiiio BCiX 3ajad,
1o Bimpi3usroTh 3anadi HYMIICO Bin aeTepmino-
BaHUX 3aJ1a4 YMOPSJIKYBaHHS MYJIbTHIIOCTIIOBHO-
CTel, SIKMM TpHUCBsueHO pociimkenus [5]. Tyt
crenu(iuHIMU 33Jja4aMU € BpaxXyBaHHs HEUITKHX
OIIIHOK TIOKAa3HWKIB CKJIATHOCTI omeparlidi Gpopmy-
BaHHs, HEOOX1AHICTh BU3HAYEHHS BUXIJHHUX KJIACIB
JUTS BIOPSIIKYBAHHS 3a/1a4, YTBOPEHHS 1HIAMBITya-
JIBHAX HEYITKUX MOJIEICH MPOIECiB HAIXOHKCHHS
3aMOBJICHD 13 Pi3HUX JKepen. TakuM duHOM, 3ara-
npHA cxema peanizaii npouecis HYTICO nuisxom
MEepexoay 10 MHOXHH JEeTePMIHOBAHUX 3a1a4
YIOPSIKYBAaHHS, i3 TOAAJBIIUM y3aralbHEHHSIM
OKpEMUX pe3yNbTaTiB ONTHMAIbHUX PO3PaxyHKIB,
CKJIQJIA€THhCS 3 HABEJICHOI BUIIE CHCTEMHU MOZCICH
i MeToziB po3B’si3aHHs 3a7a4 erami L1 — L10.

HA

A p— — —_
| Ay A, A
HA3
Hal —
Ha2
HA2 "
0 A

1 (x) -'3 (x)

Puc. 4. OuinroBanHst QyHKII# HaEKHOCTI
(kmaciB) HEWITKMX MAPaMETPIB eIeMEeHTIB iN-Seq
(iHTepBaJIiB KOHTPOJIIO)

Fig. 4. Estimation of membership functions (classes) of
fuzzy parameters of in-seq elements (control intervals)

HaykoBa HOBH3HA Ta PAKTHYHA
3HAYUMICTh

VY crarTi oTpuMaia PO3BHTOK IMOCTAHOBKA HO-
BOT HAyKOBO-TIPUKJIAIHOI 3a7adi 3 IJIaHyBaHHS
CEPBICHHX CHCTEM IUIAXOM (POpMyBaHHS KOMILIE-
KCHUX KOHCTPYKTHBHUX MaTE€MaTHYHUX MOJIENIeH
MPOLIECIB YHOPSAKYBAaHHS MYJIbTHIIOCIIIOBHOCTEH
i3 HewiTkuMH napamerpamu. OcobnuBicTh HeneTe-
pminoBanux 3anayu HYMIICO BcTtaHOBIIOIOTH 110-
JIaTKOBI (11010 IETEPMIHOBAHHMX) BUMOTH JI0 HEYi-
TKHX TPOLEAYP YHOPSAKYBaHHS, sKi mepeadava-
IOTh YpaxyBaHHS HEYITKHUX OI[IHOK CKJIaHOCTI
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oreparliii popMyBaHHs, MOTPEOH MIOI0 BU3HAYCH-
HS KJIACiB JUTA BIOPSIAKYBAHHS BUXIJIHUX €JIEMEH-
TiB, HEOOXiHICTF TIOOYOBH 1HAWBIAYaTbHUX He-
YITKUX MOAEJEH IJisi MpOLECiB HaIXOKCHHS 3a-
MOBJICHb 13 pi3HUX pkepen. g peamizamii 3amad
HYMIICO ynockonaneHO KOMIDIEKCHI OaraTorma-
POBi KOHCTPYKTHBHO-NIPOAYKUiiHI Moxenmi. Po3po-
OneHo OaratomapoBi KOHCTPYKTHUBHI MOJeNi Mpo-
[IECIB  YIOPAAKYBaHHS  MYJIbTHIIOCTIAOBHOCTEH
3ajad KIIiHIYHOTO MOHITOPHHTY 3aXBOpPIOBaHb 13
HEYiTKUMH MapaMeTpaMH.

Po3pobieHi y cTaTTi KOMITIEKCHI MO Tpo-
ecie HYMIICO € edexktuBHUME 11 popmairiza-
1ii 3a7a4 aHamizy Ta ONTUMAIBLHOTO TUIAHYBAaHHS
MPOIIECiB KITIHIYHOTO MOHITOPUHTY, a TaKOX IIH-
POKOTO CIIEKTPY IHIIHMX 3a7jad MOHITOPHHTY Hele-
TEPMiHOBAaHUX MPOIIECIB TPAHCIIOPTY, JIOTICTHYHHX
Ta CEPBICHUX CHUCTEM.

BucnoBku

Y  crarti  3anpoONOHOBaHO  MiIXix  JO
PO3B’s13aHHs 33724 aHaJli3y Ta ONTUMAIILHOTO IUIa-
HyBaHHA IIPOLIECIB KIIHIYHOTO MOHITOPUHTY JIKY-

BaHHS XBOPUX, MPEACTABICHUX SIK YIIPABIIHHS T0-
TOKaMH B CEPBICHHX CHCTEMax B pa3i HEBH3HaUe-
HocTi. Jlist fioro ¢opmarizariii Ta BHKOHAHHS PO3-
poOJieHi KOMIUTEKCHI OaraTromapoBi KOHCTPYKTHB-
HO-TIPOAYKIIIHHI MOZAEI YMOPSIKYBAaHHS MYJIbTH-
MTOCTIIOBHOCTEH 13 HEUITKHUMH TapaMeTpaMud —
HYMIICO. Mopeni BpaxoBYIOTh HEYITKi MOKa3-
HUKH CKJIQJTHOCTI omepalliii GopmyBaHHS pillieHb
Ta iICHyBaHHS IHIUBIAyaJTbHUX HEUITKUX MOJENeH
peaOimitanii nys okpemux kimieHtiB. [1ix gac peani-
3amii HewiTkux mojenedi mpoueciB HYMIICO 3a-
CTOCOBYIOTH METOJHM Ta MOAU(IKOBaHI Mpouexypu
JETepMIHOBAHUX 3a/ad YIOPSJIKYBaHHS MYJIbTH-
MOCTIIOBHOCTEH, a TaKoX MOJeNi Ta yHi(ikoBaHi
mpoueAypu kinacudikarii, Tpu3HadeH Ui BCTa-
HOBJICHHSI BITHOCHH TIOPSIIKY MiX 3aMOBIICHHSIMHU.
s aHamizy iHIUBIMyaJdbHHX MOJEJEH IMPOLECiB
peabuiTallii OKpeMHX KIIIEHTIB 3aCTOCOBYIOTH He-
giTKi Mozeni kiracy FTS, gki yTBOpIOIOTE 3a JaHH-
MU CIIOCTEPEXKEHb BXIJHHUX HAOOpPIB  3aaau
HYMIICO.
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Complex Models of Ordering Multi-Sequences with Fuzzy Parameters

Purpose. The aim of the article is to develop complex constructive mathematical models of ordering processes
for multi-sequences of elements with fuzzy parameters. At the same time, the following requirements for fuzzy or-
dering of multi-sequences with complexity evaluation (FOMSCE) were established: accounting fuzzy estimates of
the formation operations complexity, the need to define fuzzy classes for ordering the initial elements, as well as
building individual fuzzy models for the processes of receiving orders from different sources. Methodology. To
solve the problems of optimal planning of non-deterministic processes of clinical monitoring of the patients’ treat-
ment, the formation of complex constructive mathematical models of the processes of ordering multi-sequences of
elements with fuzzy FMLCPM parameters was applied. For forming models of FOMSCE tasks, a methodology is
used to create models with multilayer structures. To implement fuzzy problems, methods and procedures for discre-
tizing a system of fuzzy quantities using sets of a-levels are applied. Findings. The article proposes an approach to
solving the problems of analysis and optimal planning of the processes of clinical monitoring of the patients’ treat-
ment, represented as flow control in service systems under uncertainty. For its formalization and implementation,
complex multilayer constructive-production models for ordering multi-sequences with fuzzy parameters have been
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developed. Originality. The work has developed constructive-production methods for modeling complex systems,
presented in the form of a multilayer model FMLCPM, which are designed for the processes of ordering multi-
sequences of elements with fuzzy parameters. In FMLCPM, layer models are proposed that provide accounting for
fuzzy estimates of the complexity of ordering operations, classification of fuzzy parameters of output elements,
the formation and analysis of individual fuzzy models of the processes of receipt of orders in service systems.
Practical value. The practical value of the results obtained lies in the spectrum development of applications of the
problems of optimal planning of the processes in the service systems, presented as an ordering of multi-sequences
with fuzzy parameters. The complex models of FOMSCE processes developed in the article are suitable and effec-
tive for formalizing the tasks of analysis and optimal planning of clinical monitoring processes, as well as a wide
range of other tasks for monitoring non-deterministic transport processes, logistics and service systems.

Keywords: constructive modeling; multi-sequences; sequence ordering; multilayer models; fuzzy parameters;
formation operations complexity; fuzzy classification; clinical monitoring; individual fuzzy process models
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Strain Hardening of Low-Carbon Steel in the Area of Jerky Flow

Purpose. The aim of this work is to assess the effect of ferrite grain size of low-carbon steel on the development
of strain hardening processes in the area of nucleation and propagation of deformation bands. Methodology. Low-
carbon steels with a carbon content of 0.06-0.1% C in various structural states were used as the material for study.
The sample for the study was a wire with a diameter of Imm. The structural studies of the metal were carried out
using an Epiquant light microscope. Ferrite grain size was determined using quantitative metallographic techniques.
Different ferrite grain size was obtained as a result of combination of thermal and termo mechanical treatment. VVary
by heating temperature and the cooling rate, using cold plastic deformation and subsequent annealing, made it pos-
sible to change the ferrite grain size at the level of two orders of magnitude. Deformation curves were obtained during
stretching the samples on the Instron testing machine. Findings. Based on the analysis of stretching curves of low-
carbon steels with different ferrite grain sizes, it has been established that the initiation and propagation of plastic de-
formation in the jerky flow area is accompanied by the development of strain hardening processes. The study of the
nature of increase at dislocation density depending on ferrite grain size of low-carbon steel, starting from the moment
of initiation of plastic deformation, confirmed the existence of relationship between the development of strain harden-
ing at the area of jerky flow and the area of parabolic hardening curve. Originality. One of the reasons for decrease in
Luders deformation with an increase of ferrite grain size of low-carbon steel is an increase in strain hardening indicator,
which accelerates decomposition of uniform dislocations distribution in the front of deformation band. The flow stress
during initiation of plastic deformation is determined by the additive contribution from the frictional stress of the crys-
tal lattices, the state of ferrite grain boundaries, and the density of mobile dislocations. It was found that the size of dis-
location cell increases in proportion to the diameter of ferrite grain, which facilitates the development of dislocation
annihilation during plastic deformation. Practical value. Explanation of qualitative dependence of the influence of
ferrite grain size of a low-carbon steel on the strain hardening degree and the magnitude of Luders deformation will
make it possible to determine the optimal structural state of steels subjected to cold plastic deformation.

Keywords: ferrite grain size; dislocation; Luders deformation; strain hardening index; low-carbon steel
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Introduction

In the process of plastic deformation of metal
material, the interaction of moving dislocations with
defects at crystalline structure is accompanied by
their deceleration up to a complete stop. To resume
plastic flow, it is necessary to unblock dislocations,
which becomes possible only due to an increase in
resulting stress. In the literature this phenomenon is
called strain hardening [1, 14]. To assess the degree
of development of strain hardening processes, vari-
ous techniques are used based on the analysis of
deformation curves [7, 16]. In appearance, the de-
formation curves of metallic materials are divided
into two types: with and without the area of jerky
flow. At the area of jerky flow, the propagation of
deformation is extremely inhomogeneous and pro-
vided due to the growth of deformation bands [9, 2].
In absolute terms, deformation degree in such
a band coincides with the length of jerky flow area
on the deformation curve. Such deformation in the
literature is called Luders deformation. Deformation
on section of jerky flow ends when the entire work-
ing part of the specimen is deformed by the amount
of Luders deformation. In the case of second type
of flow, the deformation curve has no section of
jerky flow [13]. In this case, after the appearance of
the first signs of plastic deformation, the area of uni-
form strain hardening immediately begins [3,10].
Regardless of the type of the deformation curve, the
level of mobile dislocations density must be suffi-
cient to maintain conditions for the continuity of
deformation propagation. On other hand, already at
the stages of appearance of the first signs of plastic
deformation as a result of interaction of moving dis-
locations with defects at crystalline structure, it be-
comes necessary to constantly compensate for the
continuous decrease in the number of mobile dislo-
cations. In this case, the growth rate of dislocation
density is determined by the structural state of alloy
and the size of main structural element [1]. For sin-
gle phase alloys and low carbon steels, the main
structural element is grain size.

Purpose

The aim of this work is to assess the effect of
ferrite grain size of low carbon steel on the devel-
opment of strain hardening processes in the area of
nucleation and propagation of deformation bands.

Methodology

Low-carbon steels with a carbon content of
0.06-0.1% C in various structural states were used
as the material for the study. Samples for the study
were a wire with a diameter of 1 mm. The structur-
al studies of metal were carried out using an Epi-
quant light microscope. Ferrite grain size was de-
termined using quantitative metallographic tech-
niques. Different ferrite grain sizes were obtained
as a result of combination of thermal and thermo
mechanical treatments. Varying the heating tem-
perature, cooling rate, using cold plastic defor-
mation and subsequent annealing, made it possible
to change the ferrite grain size at the level of two
orders of magnitude. The strain hardening charac-
teristics were determined from the analysis of ten-
sion curves plotted in logarithmic coordinates.
Strain curves were obtained by stretching the sam-
ples on an Instron type testing machine at a strain

rate of 10 s,

Findings

The strength properties of most metallic mate-
rials near the grain boundaries of matrix are ap-
proximately of the same order of magnitude as
compared to the perfect crystalline structure [3].
On other hand, dependence of the applied stress on
activation of a certain dislocation slip system and
the structure of grain boundary itself indicate the
development of complex structural changes upon
its overcoming. On this basis, for single-phase al-
loys, the grain size (d) is considered to be the main
structural element that determines conditions for
the initiation and propagation of deformation.

For low-carbon steels, this characteristic is the
ferrite grain size (Fig. 1). It was found experimen-
tally that with decreasing d, the resistance to the
onset propagation of plastic deformation increases.
Based on the analysis of deformation curves of
low-carbon steels (Fig. 2) and generalization of
experimental data on the change in resistance to
small plastic deformations(c,) (Fig. 2) and yield

stress (o) on the ferrite grain size (Fig. 3) obeys
to the relation [11]:

1
or=0,+k, -d 2, 1)
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wherec; is some initial stress, k, is the slope co-

efficient. Depending on the loading conditions and
investigated processes of plastic deformation, the
value of o; is quite often identified with the fric-
tion stress of crystal lattice [7], stress increase due
to the presence of impurity atoms in the alloy [9],
crystal lattice defects caused by embedded atoms
[3], flow stress, and the yield point of a single crys-
tal [1]. The value k, characterizes the stress inten-

sity from accumulation dislocations at slip plane
near the grain boundary [11]. According to the re-
sults of these works, the fulfilment of relation (1) is
confirmed; however, significant difficulties arise in
explaining the nature of dependence o; and k, on

the structural state of steel. For example, the data
[7] indicate absence phenomenon of pile-up dislo-
cations near grain boundaries in alloys with a
body-centred crystal lattice. In [5], it is believed
that the k, quantity is not constant, and according
to the results of [6] the exponent at d is not equal to
(-0,5).

Based on the generalization of indicated re-
search results, it is proposed to divide the value o;
into components:

)

— athermal and o] — thermal compo-

nents. The value of o is a rather complex charac-

teristic that determines dependence of o; on tem-

perature, chemical composition of alloy [6], rate
and degree of plastic deformation [7] according to
the ratio:

T E
G, =0; +0;,

E
i

where c

X
o] = oubp®® + a,ubd ! + a—33 ()

bag
where p is the shear modulus, b is the Burgers
vector, p is the total density of dislocations, A is

the distance between the particles (precipitates) of
the second phase, x, a,, a,, o4, o, is constants.

Fig. 1. Structure of low carbon steel after various heat
treatments. Magnification:
a— 800, b — 2000, c — 2500
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Fig. 2. Deformation curve in logarithmic coordinates

For single-phase metals and low-carbon steels,
for which the influence of second phase particles is
insignificant, and the role of second and third
terms can be neglected, relation (3) takes form of

Orowan's equation (c=a-p-b-\/p ) [1].

o,MPa | ‘ |
400 - e

2 L»

100 é/*/;/

0

0 3 6 9 o5 mm oS
Fig. 3. Influence of ferrite grain size by ratios (1),
for o, (1), yield stress (2) and ultimate strength (3)

of low-carbon steel with 0.06% carbon

Thus, the contribution of thermal component to
the values; for low-carbon steels can be signifi-

cantly simplified and reduced to dependence on the
dislocation density present in metal. A significant
variety of the structural state of metallic materials
is reflected in the conditions of the plastic flow
initiation. Depending on the type of crystal lattice,
under loading, metallic materials can have a jerky
flow area, or the development of the processes of
uniform strain hardening is immediately observed.
As follows from the analysis of numerous ex-
perimental data, relations at type (1) are equally
successful both for steels with and without a yield
area, for describing the yield stress and flow stress
up to the ultimate strength (Fig. 3, curve 3). At the

same time, a contradiction arises when using the
same equation to describe the strength characteris-
tics of metal with a different structural state. In-
deed, a single mechanism is used to describe the
behaviour of steels with different degrees of plastic
deformation [4]. However, depending on the de-
gree of plastic deformation, the mechanism has
certain differences. For example, for steel with
a yield point, the onset of flow is due to the for-
mation of slip bands from generation of disloca-
tions by the boundaries of ferrite grains [1]. While
at absence of a physical yield point, development
of slip is associated with the work of other sources
of dislocations [7]. As for the absolute values o;

and k, , the differences found may be associated not

only with the test conditions and chemical composi-
tion of the steel, but with differences in the initial
structural state. For technical iron and low-carbon
steel, in the range of ferrite grain sizes from 40 to
3,6, achange in k, from 18.2 to 22.2N/mm?32 was

found [8]. Moreover, at the same time, with a suffi-
ciently accurate coincidence between the calculated
relation (1) and the experimental values of yield
stress on ferrite grain size, the fulfillment of this
dependence may be violated when d is replaced by
the substructure parameter [1, 7]. Thus, for technical
iron and low-carbon steel with subgrains sizes of
0.5-7.0p, to explain the nature of dependence of

yield stress on d relation of the type (1) [8] was
used, in which k, is presented as a quantity de-

pendent on dislocations density in subgrains. The
exponent at d can also differ from the traditional
value (—1/2), reaching the value (-3/4) [1].

Thus, characteristics of resistance to small plas-
tic deformations for low-carbon steel are fairly
well described by relation (1), when the role of the
main structural element is assigned to the ferrite
grain size, and other influences are minimal. With
an increase in the dislocation density in the area of
formation of the first signs of plastic deformation,
the inevitable processes of their redistribution
caused the development of an alternative method
for determining the quantitieso; and k. The pro-

posed technique is based on the analysis of defor-
mation curve. As a result of extrapolation of the
area of uniform strain hardening of the CD section
(Fig. 1) to zero plastic deformation, according to
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[15], the obtained value o, was equated toc; from
relation (1).

This identification is based on the concept of
practically identical conditions for the appearance
of the first signs of plastic deformation and rather
close absolute values. According to the proposed
method, after replacing o;by o,, and k, by ky,
relation (1) takes the form:

1
- 1.4 2
or =0, +ky -d 2.

(4)
Considering that:

1

Ll 472 L1 _S1—6Gp
or —0,=k;-d 2, kf =———

1
d 2

In contrast to o; and k, from relation (1),

(4a)

quantities o, (Fig. 2) and ky (Fig. 4) are depend-
ent on the ferrite grain size. Comparative analysis
of the two methods for determiningo; and k,

showed both coincidence in absolute values and
their identical essence [15], and fundamental dif-
ferences [1], up to inconsistency [8]. In fact, these
techniques are based on several different mecha-
nisms of plastic flow development at the initial
stages of metal loading. In one case, it is the mo-
tion of free dislocations, in the other — it is un-
blocking or nucleation of additional dislocations
upon deformation. Thus, the indicated methods for
estimating parameters of deformation initiation and
the initial stages of its propagation should be con-
sidered as complementary to each other [8].

ky* kty-d™®
A

i -

160
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80
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9 d—o S’mm—o_ 5|

Fig. 4. The dependences ki -d~%° — (#) and

k& -d™%® _ (m) on the ferrite grain size
of low-carbon steel

It follows from above analysis that when the
first signs of plastic deformation appear, resulting
changes at internal structure in the metal are by
their nature quite close to changes as a result of the
development of strain hardening processes. Indeed,
the evolution of dislocation structure during plastic
deformation gives reason to believe that the devel-
opment of strain hardening processes is observed
already from the moment of appearance of the first
signs of irreversible mobile dislocations. Detailed
studies of changes in the dislocation structure on
the ferrite grain size of low-carbon steel made it
possible to determine two fundamental positions.
First, these are rather close values of the subgrains
size in comparison with the size of the dislocation
cell of the deformed metal [1]. Second, the disloca-
tion density at the beginning of the plastic flow is
inversely proportional to the size of the ferrite
grain. Taking into account the Orowan relationship

of o, ~ f(Jp) and o; = f(1/\[d) according to
(1), for the initial stages of plastic flow, we will
write:

px (5)

1
4

The use of relation (5) makes it possible to as-
sess the role of strain hardening processes at the
stages of nucleation and propagation of defor-
mation bands. Indeed, as shown in [9], the defor-
mation into the front of Luders band with a width
of A varies from =0 to ¢_ (Fig. 5).

e
3 £ 0
/

2 I

7

! |

|

0 & |
0 ) Moy 6 o

Fig. 5. Distribution diagram of the magnitude of plastic
deformation along the Luders band front (&, is the
Luders deformation, A, is the width of band front
in units of grain size)
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Considering that a certain amount (a) of grains
is laid along the length, the gradient of deformation
by the front of strain band will be:

de _ &
dr a-d

whereg, is the Luders deformation.

(6)

In essence, the value of g—; should depend

not only on the initial dislocation density, but also
on the magnitude of its increment during the for-
mation of the deformation band. According to the

Orowan relation [9], the local strain rate (é) is
generally estimated as follows:

e=p, -b-k-v 0

where p, is the density of mobile dislocations, b

is the Burgers vector, k is the geometric factor,
which is equal up to 1, and v is the velocity of

dislocation movement. Compared with (7), & can
be represented in terms of 3_; for the front of de-
formation band:

: de
e=V, H

where v, is the speed of movement in the front of

the deformation band. Assuming that v, cannot be

greater thanv , for the initial conditions of propaga-
tion of plastic deformation, the following relation
should be satisfied:

: (8)

V=V 9)

Equating (7) and (8) with each other, taking in-
to account (6), finally obtain that for the formation
of a deformation band of ¢ _in steel with a ferrite
grain size (d), the required density of mobile dislo-
cations:

__ &
a-b-d’
where a is the number of ferrite grains that fit on

the width in the front of the deformation band. It
was found experimentally [9] that the quantity a

Pm (10)

isactually a variable characteristic. It depends on
the size of ferrite grain and can range from one to
several d. The maximum value of a does not ex-
ceed 3. On this basis, one should take into account
the existence of a certain gradient density of dislo-
cations at transition from the peripheral sections in
the front of the deformation band to the volumes of
metal that have already undergone Luders defor-
mation. The theoretical concepts of a continuous
change at density of dislocations inside individual
grains during the formation in the front of defor-
mation band (Fig. 6, a) have not received practical
confirmation [12]. In fact, from the distribution
analysis of etching pits in individual ferrite grains,
it was found that dislocations within one grain are
distributed almost evenly. Thus, the density of dis-
locations inside an individual grain, during the
formation in the front of the band, should be con-
sidered constant without gradients at distribution.
As a result, structural changes at metal, within the
front of deformation band, will be determined by a
discrete change in density of dislocations at transi-
tion from one grain to another (Fig. 6, b).

/

Fig. 6. The scheme of structure in the front of defor-
mation band with a continuous distribution of disloca-
tions within individual grains (a) and at a constant dis-

location density (b) according to [10]

On this basis, development processes of strain
hardening of metal at the propagation region of
deformation bands have a discrete character. The
resulting conclusion has a certain applied value.
An example is the results of the development tech-
nology for obtaining alloys with ultra-fine grains
and the search for areas of their further use [1]. In
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general, development of strain hardening processes
during propagation of deformation bands presup-
poses an inevitable increase in deforming stress.
Based on this, the increase in deforming stress af-
ter completion of jerky flow should depend on the
value of ¢ .

To estimate the indicated increase of stress the
equation [9] was used:

Gzoc-u-b-\/g.

After substituting (10) into (11), we obtained
a relation for estimating the stress required for the
formation of a deformation band nucleus in a sin-
gle-phase alloy or low-carbon steel:

;s
o, =aub ﬁ

The fulfillment of dependence (12) and the
possibility of using it to describe the stress increase
at the yield point is confirmed by experimental
data for most low-carbon steels [9, 12]. Thus, at
the moment of completion in the section of the
jerky flow, a certain number of dislocations is al-
ready present in metal, which, depending on d, can
be estimated from (12). At same time, the data in-
dicating the lack of unambiguity at nature of influ-
ence of the ferrite grain size on characteristics of
the work hardening of low-carbon steel in the indi-
cated section of the deformation curve deserve
some attention. In addition to a significant number
of works showing an increase at coefficient and
rate of strain hardening with an increase in d [1],
there are data indicating a deviation from this ratio
[8].

One of the explanations for these deviations at
fulfillment of (1) is the absence of influence from
substructure parameters in the initial state of low-
carbon steel. As a confirmation of the above provi-
sions, let us evaluate the hardening effect at region
of deformation band formation depending on the
ferrite grain size of low-carbon steel using relation
(12). After substitution of experimental values ¢, in

(12), for specific grain sizes of low-carbon steel fer-
rite in different structural states (Fig. 7, a), taking
u=82260 MPa, b=2.48-10""mm,a=2, a =0.3,
the calculated results (o, ) are shown in Fig. 7, b.

(11)

(12)
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0.015

49 69 89

109 d,u
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25

20 /
. yral
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. 1’4 2

0

1
0 5

10 15 20
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Fig. 7. Influence of ferrite grain size on steel with
0.06% C on g, — (a). The relationship between the cal-

culated stress at the end of yield area ( &, ) according to
(12) and obtained experimentally ( Ac ), where

Ac=0,—-05, 0,,and oy, respectively, are the flow

stress at the end and the beginning of the yield area (b).
For structural states of steel:

1 — isothermal transformation at a temperature of 550°C, de-
formation by drawing by 25-90% and annealing at 680°C,
1 h; 2 — martensite quenching and tempering at 680°C, 1 h;

3 — normalization

Comparative analysis between the calculated
by (12) values of the stress increase at the section
of jerky flow (o) and determined from the tension

curve (Aoc), indicates a fairly good agreement
(Fig. 7, b), with a maximum difference between
them no more than 5%. Thus, the observed in-
crease at dislocation density during propagation of
the deformation band should be considered as con-
firmation of the fact of development of strain hard-
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ening processes. Indeed, if return to the analysis of
deformation curve (Fig. 2), then extrapolated part
of the curve (BC) can be considered as a kind of
continuation of the CD section region of homoge-
neous strain hardening.

In this case, as a result of formal substitutionof
the current values of deforming stress and values
of plastic deformation for the section of BC curve
(Fig. 2) into the ratio:

d_sz'(G_GO), (13)

de €
it is possible to evaluate the development of strain
hardening processes until reaching region with
parabolic hardening (CD, Fig. 2). For the region
beginning formation of the first deformation band
(point B in Fig. 2), the current value of deforming
stress should correspond to the valueo,, at ab-

sence of macroscopic plastic deformation (2). Af-
ter substituting indicated values into relation (13)
for point B at deformation curve, to obtain:

d_(S:m-(G—GO):m~O(14)
de € 0

Uncertainty in definition 3—6 according to
€
(14), after transformation takes the form:

do
de,c >0,

lim =m (14a)

e—>0

The fulfillment of relation (14a) confirms effect
from change of structure during the formation of
the embryo of band of the deformation on subse-
quent development of strain hardening processes in
the region with a developed substructure.

Originality and practical value

One of the reasons for decrease at Luders de-
formation with an increase in the ferrite grain size
of a low-carbon steel is an increase in strain hard-
ening coefficient, which accelerate decomposition
of uniform distribution of dislocations in the front
of the deformation band. The flow stress during the
initiating of plastic deformation is determined by
the additive contribution of frictional stress of the
crystal lattice, by state of the grain boundaries of
ferrite, and density of mobile dislocations. It was
found that the size of dislocation cell increases in
proportion to the diameter of ferrite grain, which
facilitates annihilation of dislocations during plas-
tic deformation. Explanation of influence of the
ferrite grain size of a low-carbon steel on the coef-
ficient of strain hardening and magnitude of
Luders deformation will make it possible to deter-
mine the optimal structural state of steels intended
for cold plastic deformation.

Conclusions

1. With an increase in the ferrite grain size in
a low-carbon steel, the decomposition likelihood of
uniform dislocations distribution into a structure
with a certain periodicity increases. This leads to
a decrease in Luders deformation.

2. Based on the analysis of structural changes in
low-carbon steel, the nucleation and propagation of
the deformation band is accompanied by the de-
velopment of strain hardening processes.
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Jedopmaniiine 3MillHeHHSI HU3bKOBYIJIELEBOI CTAJII B 00J1aCTi IepepuBYACTOL
Tedil

Meta. OCHOBHOIO METOI0 POOOTH € OILIHKA BIUIMBY PO3Mipy 3epHa (pepuTy HU3BKOBYIIIELEBOI CTaJl Ha PO3BH-
TOK IpOIIeciB MedOopManifHOTO 3MIIHEHHS B 00JIACTi 3apOKCHHS 1 MOMUPEHHS cMyT nedopmarnii. Meroguka. Sk
Marepian Al OCHiKEeHHs Oynn Hu3bKOBYyTieneBi crani 3 BmicroM Byraento 0,06-0,1 % C B pizHOMY CTPYKTYp-
HOMY CTaHi. 3pa3kaMu I TOCIiKEHHS B3ATO ApiT niametpoM | MMm. CTpYKTYpHI ZOCIIIKEHHS METary 34iHCHEHO
3 BUKOPHUCTaHHAM CBITIOBOTO Mikpockona «EmikBanT». Po3Mip 3epHa GepuTy BU3HAUEHO 32 METOIUKOIO KiTbKiCHOT
Metarnorpadii. PisHuii po3mip 3epHa (epuTy OTpUMAHO B PE3yNbTaTi NOETHAHHS TEPMIYHHX 1 TEPMOMEXaHITHIX
00poOok. BapitoBaHHS TemmepaTyp HarpiBaHHsS, CXeM 1 IIBUIKOCTEH OXOJIOJKEHHSI 3 BUKOPHUCTAHHSIM XOJOIHOI
IUIacTUYHOI AedopMarii i MoJaabLIIoro BiNady X03BOJIMIO 3MIHIOBAaTH pO3Mip 3epHa (epuTy Ha piBHI JBOX MOPSII-
KiB 3HaueHb. KpuBi nedopmauii oTpuMaHo B pe3ynabTaTi po3TATyBaHHS 3pa3KiB Ha BHIIPOOYBaJbHIN MalllMHI THITY
«IHCTpOHY. Pe3yabTaTn. Ha ocHOBI aHaii3y KpHBUX PO3TATYBaHHS HU3bKOBYIJICHIEBHX CTANICH 13 PI3HUM pO3MipoM
3epHa (hepuTy BCTAaHOBJICHO, 1[0 3apPOJPKCHHS 1 MONIMPEHHS TUTACTHYHOI Jedopmaltii B 001acTi mepepruBIacToi Teuil
CYMPOBOJKYETHCS PO3BUTKOM MPOLECIB AeopMaliiHOro 3MiHeHHS. J{OCTiKEeHHS TPOIeCy MPUPOCTY TYCTHHU
JUCIIOKAIIl 3aJIeKHO BiJ po3Mipy 3epHa (epuTy HHU3BKOBYTJIELEBOI CTai BiJl MOMEHTY 3apOJDKCHHS IUIACTHYHOL
nmedopmarii miATBEPIUIO iCHYBaHHS 3B 3Ky MK PO3BUTKOM AedopMariifHoro 3MiHeHHS B 001aCTi IepepruBIACTOL
Tedii i 00xacTi KpUBOi 3 mapaboxiyanM 3MminHeHH:IM. HaykoBa HoBH3HA. OqHIEI0 3 IPUYNH 3MCHIIICHHS Jeopma-
uii JIromepca 3i 30UTBIICHAAM pO3Mipy 3epHa (pepUTy HH3BKOBYTJIEUEBOI CTali € 3pOCTaHHS IMOKa3HUKa aedopma-
LifHOTO 3MIIHEHHS, IO MPHUIIBUALIYE PO3MAl PIBHOMIPHOTO PO3MOILTY AUCIOKALiNA Y GpOHTI cMyru nedopmarii.
Hanpy»xeHHs Tewil mig 4ac 3apoJUKeHHs IUTACTHYHOI AedopManii BU3HAYAETHCSA aIUTUBHUM BHECKOM Bil HAIpY-
JKEHHsI TepTs KPUCTATIYHUX I'paT, CTaHy MEX 3epeH (epury i I'YCTUHHM PYXOMHUX IMCIIOKalid. Y CTaHOBJIEHO, IO
MPOTOPIIHHO AiaMeTpy 3epHa (Qeputy BiOyBaeThCs 301IBIICHHS PO3MIPY IUCIOKAIIHHOI KOMIpKH, IO MOJIETIIYE
aHITUIALII0 TUCTIOKAIH i yac mactuuHoi aedopmanii. [lpakruuna 3HaunMicThb. [1oscHEHHSs SKiCHOT 3aj1eXHOC-
Ti BIUIUBY pO3MIpy 3epHa ()epUTy HHU3bKOBYTJICLEBOI CTaji Ha IMOKa3HUK CTyIeHs AedopMauiiHOTo 3MilHEHHS
i BenmuuHy aedopmauii Jlronepca J03BOMUTH BU3HAYUTH ONTUMAbHUI CTPYKTYpHHUH CTaH CTaleH, sKi MiIaloTh
XOJIOIHIN TUIACTUYHIN gedopMariii.

Knrouosi crnosa: po3mip 3epHa Qepury; auciokaiis; nedpopmamis Jrogepca; mokazHUK AedopMaliitHoro 3Mii-
HEHHS; HU3bKOBYTJIEICBA CTaJIb
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MeToauka ONiHKH apaMeTpiB y MexaHi3Mi BUOOpPY opraHisauiiiHo-
TEXHOJIOTITYHHMX pillleHb

Meta. OCHOBHOIO METOIO IILOT'O JOCITIKCHHS € OOTPYHTYBaHHS METOIUKH OLIHKU MapaMeTpiB BHOOPY OpraHi-
3alifHO-TEXHOJOTIYHUX pillIeHb, Ha SAKUX 0a3yeThCsS MeXaHI3M BHOOpPY Ta fKi BU3HAYAIOTH JOMUIBHICTH TOTO YH
HIIOTO PIMICHHS 3 MO3WIIi MPIOPUTETHOCTI MApaMETPiB Y MeXKaxX iHTETPOBAHOTO MiAXOLYy 3 YPaxXyBaHHSIM CHCTEM-
Horo edekry. Meroauka. 3rifHO 3 IHTETPOBAHHMM IMiAXOJOM, MEXaHI3M ONTHUMAaIbHOTO BHOOpPY OpraHi3alliifHO-
TEXHOJIOTIYHUX PilllcHh MOBUHEH 0a3yBaTHCS HA BH3HAYCHHX MapaMeTpax i moTpedye 3aCTOCYBaHHS MOJEICH, 110
BPaxOBYIOTh CHHEPIeTUYHUI eeKT (GaKkTopiB: 3pocTaHHs e()eKTHUBHOCTI AisTIBHOCTI B PE3yJIbTaTi IHTErpaii, 3JIUTTs
OKpEMHX YacTUH y €JIMHE IIiJIe 32 paXyHOK CHCTEMHOro e(eKTy, Ha MiJCTaBl eMIipuyHOro Meroay. ['oJloBHY poib
y MeXax iHTerpoBaHOTO MMiAXOY BiAirpae OlLiHKa IapaMeTpiB OpraHi3aliifHO-TEXHOJIOTIYHUX PillleHb, SIKY CIiJ] pO3-
TJISIIATH SIK OJIMH 3 IHCTPYMEHTIB IHTETpOBAHOTrO yNpaBiiHHs. Pe3yabTaTn. 3a3HaueHo, 1110 MeXaHi3M BUOOpY opra-
Hi3aliHHO-TEXHOJIOTIYHNX PIlICHh Ma€ BPaxOBYBaTH 3aCTOCYBAaHHS TEXHIYHHMX PIIICHb Ta OKPEMHUX KOHCTPYKTHB-
HUX TapaMeTpiB OyIiBeNsHUX BHPOOIB Y Pi3HUX yMOBaX 30BHINTHHOTO CEPEIOBHINA, OIIHIOBATH PHU3HKH, SKi BJIAC-
THBI peaizamii KO)KHOTO OpTaHi3aIliifHO-TeXHOJIOTIYHOTO PIMIeHHs, IO MiIBUIIYE HOro e()eKTHBHICTH, 32 PaXyHOK
BpaxyBaHHS CYMapHHX PU3MKIB. Buxoasun 3 mporo, oOrpyHTOBaHO METOJHKY OIEPaTHBHOI OLIHKH IapaMeTpiB op-
TaHi3alifHO-TEXHOJOTIYHIX PIlIeHb, sIKa JO3BOJSIE MiABHIIMTH ¢(PEeKTUBHICTH MEXaHI3MYy iX BHOOPY 3a paxyHOK
BpaxyBaHHS CyMapHHUX PH3HKIB Ta c()OpMyBaTH MATPHUIIIO OLIHKHA THIIOBHX OPTaHI3allifHO-TEXHOJOTIYHUX PIIlICHb.
Po3pobuieno indopmauiiiHy Mozens npoiecy BHOOPY OpraHizaliifHO-TEXHOJIOTIYHHX pillleHb BiJIIOBIAHO 10 3a-
BJIaHb OPraHi3aliifHO-TEXHOJIOTIYHOTO NPOEKTYBaHHs. HaykoBa HOBM3HA. 3aipolIOHOBAHO OOIPYHTOBAHY METOAM-
Ky Ta iHpOpMaliiiHy MOJIeNIb OLIHKH TTapaMeTpiB BUOOPY OpraHi3aliifHO-TeXHOJIOTIYHUX PillleHb, IO € MATIPYHTIM
JUIsl BUPOOJICHHSI aliTOPUTMIB, Ha TMiJICTAaBl BU3HAYEHUX MapaMeTpiB epeKTUBHOCTI BUOOpY, 13 Mo3MLil BIUIUBY (ak-
TOpIB 30BHIIIHBOTO CEPEIOBHUINA, IHTETPAILHUX MMOKA3HUKIB PilIEHHs, IMOBIPHOCTI HaJiHHOCTI peaitizalii mpoexT-
HOTO pinieHHs 0e3 NEeBHUX BiIXWIICHb BiJl NPOEKTHHUX mapamerpiB sikocTi. [IpakTuyna 3HaymmicTb. Pesynbratu
JIOCTIKCHHS CIIPUSIOTH THIII3aIlil BUPOOIIEHHS OpraHi3amiiHO-TeXHOJIOTIYHNX PillleHb, 3a0€3MEeUyOUH MPH [EOMY
MOJJIMBICTh YpaxXyBaHHS BCiX IHTETpaJbHUX MMapaMeTpiB BIUIMBY Ta (aKTOPIB 30BHINTHHOTO CepeIoBHUINA. MaTpHITIO
OIIIHKH THUIIOBHX OPTaHi3aIliifHO-TEXHOJIOTIYHAX PIMIEHh MOXKHA 3aCTOCOBYBATH SIK Ha PiBHI OKpeMoi OyaiBeIbhHO-
MIPOEKTYBAIBHOI OpraHi3allii, Tak i K OCHOBY iH(opMaIiitHoi cucteMn abo mporpaMu JUisi aBTOMATH3aIIii IpoIecy
BHOOPY OpraHi3amiiHO-TEXHOJIOTIYHUX PIIIeHb, II0 MPUIIBUALNINTG X aHaTi3 i IPUHHATTS Ta MiIBUIIATH e(heKTUB-
HICTh MEXaHi3My BHOODY.

Knrouosi cnosa: meronyka OLIHKY; IHTErpabHi MapaMeTpy; IHTErPOBaHUH MiJXij; MEeXaHi3M BHOOpY OpraHiza-
LIITHO-TEXHOJIOTYHHX PillIeHb; PU3UK; (paKTOPH 30BHIIIHBOTO CEPEOBUIIA

Ba» A.3.1 — 5:2016 [2]. Bona MicTHUTh 3arajibHi
Beryn BHMOTH JI0 OpraHi3ailii OyaiBeIbHOTO BUPOOHUIIT-
Ba, IO Mependadae BIPOBAKCHHS KOMIUIEKCY
3aX0JliB, CIPSIMOBAHUX Ha JOCATHEHHS BHCOKOI
MPOJIYKTUBHOCTI TIpalli (MakCUMallbHO MOKJIMBOTO
3MEHIIEHHS BUTPAT PYYHOI Opall Ta, BiAIOBIIHO,

OpranizaiifHO-TEXHOJIOTIYHY  JOKYMEHTAIIIf0
MpoleciB OyAiBHHUIITBA PO3POOIISIOTH BiIIOBITHO-
no JIBH «Opranizariist OyaiBeIbHOr0 BUPOOHHIIT-
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MiJBUIICHHS KOMIUIGKCHOI MeXaHi3allii); 3MeH-
IIEHHS BUTPAT PECypCiB; IOCATHEHHS ONTHMAllb-
HUX CTPOKiB (CKOPOYECHHS TepMiHiB) Oy/IiBHUIITBA;
CIPUSHHS BIPOBAKCHHIO CYyYacCHUX TEXHOJIOTiH
OyaiBHUIITBA.

Take perymroBaHHS, siIKe 31€0LIBIIOTO0 Mae pe-
KOMEHJaUiHHUA XapakTep MIOAO OpraHi3aliiiHo-
TEXHOJIOTIYHUX pilleHb, (OpMye BHUMOTH [0
PO3B’sI3aHHS HAYKOBOI Ta MPAKTUYHOI 3a1advi Mij-
BUIICHHS SKOCTI TAKUX PIllIEHb Ta MOTpeOye HOBUX
METOJIIB 1X MpUHHATTA. OCOONHMBO II€ CTAE aKTya-
THHUM y OyNiBHHIITBI Ta MPOEKTYBAaHHI CKIIAJHUX,
YHIKaJIBHUX CIIOPY 3 YPaxXyBaHHSAM 3aKOHOABUHX
3MIHIIOZ0 HOPMYBaHHs (HaJaHHs MPiOPUTETHOCTI
napaMmeTpudHoMy MeTony). Lls 3amada mos’s3ana 3
BEJIMKOI0 KUTBKICTIO (PaKTOpiB BIUTMBY Ha MpPHUH-
HSTTS PilICHHS, HEOOXIIHICTIO OXOIJICHHS Ta aHa-
73y 3HAYHUX MacuBiB iHQOpMAaIii y BiTHOCHO KO-
POTKi TepMiHH.

[le oxniero mpoOIEMOI0, Ha HAIll TOTJISA, € TE,
0 ChOTOJHI, OyJiBeNbHA Tady3b YKpaiHH HE 3a-
Oe3nedueHa HOPMATHBHUMHU JTOKyMEHTaMH, SKi
0 perymoBanu BHPOOJEHHS Oprasi3amiitHo-
TEXHOJIOTIYHUX PIllIeHb 13 BUKOPUCTaHHAM iH]Op-
MariifHoro MonemtoBanHs.BogHouac, y 6arateox
kpainax, Hanpukiaan, CIIA [13], BenrukoOpuranii
[15], Kanazi [8], Hogiit 3enannii [14] Ta iH., € Ha-
nionanbHi BIM-cTtanmapty, 1o nepeadoayaroTh po3-
pOOKy TIPOEKTIB OpraHizailii OymiBHUIITBA 3 BHKO-
PUCTaHHAM TEXHOJIOTiH iH()OPMANIHHOTO MOJIEITFO-
BaHHs [9]. 3ampoBa/pKeHHS TAaKOrO CTaHAApTy Ha
MiJICTaBl OCTHKEHHS 3apyO0iKHIX aHAJIOTIB Ta X
ajanrarii 0 BITYM3HSHHUX peajiii € aKTyallbHUM
y IUIaHl po3B’SI3aHHS 3a/avi MiJBUINECHHS SIKOCTI
OpraHi3alifHO-TEXHOJIOTTYHUX PIllICHb.

Merta

OCHOBHOIO METOI0 LIBOTO JOCII/DKEHHS € 00-
IPYHTYBaHHSI METOJUKH OI[IHKH MapaMeTpiB BHOO-
Py Oprasi3amiifHO-TE€XHOJOTIYHHUX PIIIeHb, 30Kpe-
Ma MeXaHi3My BHOOpY, BH3HAYEHHS OIIILHOCTI
TOTO YM 1HIIIOTO PIllICHHS 3 MO3UIiT MPIOPUTETHOC-
Ti MapaMeTpiB y MeXax IHTerpoBaHOTO IiIXOAY
3 ypaxyBaHHSIM CUCTEMHOI'O €(eKTy.

MeTtoauka

3rifHO0 3 IHTErPOBAHHMM IiIXO0IA0M, MEXaHi3M
BHOOPY OpraHi3aliifHO-TEXHOJIOTIYHUX PillleHh Ha
MiJCTaBl ONTUMAJLHOCTI MMOBHMHEH 0a3yBaTHCs Ha

TaKMX TapaMeTpax, sK KOIUTOPHCHA BapTiCTh
MIPOEKTY (Ta OKpEMUX pillleHb), CTPOKH pearizaiii,
mapaMeTpH SKOCTI 00’€KTa 3 ypaxyBaHHIM ieH-
TU(IKOBAHOTO TEpeTiKy pPHU3HKIB, IO CYIpPOBO-
JOKYIOTH peaii3alfifo TOro 4d iHIIOrO BapiaHTa Te-
XHOJIOTIYHOTO pimenHs [4-5].

[Tig yac BuOOpy opraHizamiifHO-TEXHOJIOTTYHHX
pillIeHh HEOOXiJTHO BUKOPUCTOBYBAaTH MOJEII, IO
BpPaxoBYIOThb CHHEPreTHYHUN edeKkT ¢aKTopiB
(3pocTaHHs eheKTUBHOCTI isSUTBHOCTI B Pe3yNIbTaTi
IHTeTparlii, 3JIUTTS OKPEMHUX YaCTUH y €UHE IIiIe
3a paxyHOK CHUCTEMHOTO e(eKTy (eMepKeHTHOC-
Ti)), SIKI B 3HAYHIA Mipi MOXYTh BimoOpakatucs
B TIpolieci peaizartii mpoexTy [3].

3acToCyBaHHS E€MITIPUYHOTO METONY, Ha SKOMY
MOBMHHA IPYHTYBATHCS 1MOOYI0Ba MOJeJeH, cupsi-
MOBaHMX Ha peastiallilo MexXaHi3My BUOOpPY opra-
Hi3al[iHO-TEXHOJIOTTYHUXPILICHb,  OOYMOBJIECHO
BpaxyBaHHIM y MeXaX BHPIIICHHS MPOOJIIEMH OII-
TUMaJbHO BUOOpY DILICHHS OLIHKUA PU3HKIB, SKY
MOXKHA 3IIMCHUTH a00 3a HAasSBHOCTI €(PEKTHBHOI
CHUCTEMH TIPOTHO3YBaHHS Ha IiJCTaBl CTaTUCTHY-
HUX JaHuX, a00 Ha TiJCTaBi €KCIIEPTHHUX OIIHOK
[4]. Tomy ronoBHY posib y MeXaX iHTETPOBAaHOTO
MiIXOAY BiAirpae OLiHKAa BCiX 3a3HAUCHUX BUIIC
MapaMeTpiB OpraHi3aliifHO-TeXHOJIOTIYHUXPIIIICHb,
SIKY CJiJl PO3TIISAATH SIK OJUH 3 iHCTPYMEHTIB iH-
TErpOBaHOTO YIPABITiHHS.

Pe3yabTaTtu

CyuacHi 3aBJaHHS OpraHizariifHo-
TEXHOJIOTTYHOTO MOJICIIOBAHHS B OYHIBHUIITBI IIe-
peadavyaroTh y3rofKeHHsS 3Ha4YHOI KiIbKOCTI mapa-
METpIB SIK Y IPOCTOPi, Tak i B yaci. [Ipomec yckia-
JTHIOETHCSI HEOOXIHICTIO PO3B’s3aHHS 3HAYHOI Ki-
JIBKOCTI JIOKaJIbHUX OpTaHi3aIiifHO-TeXHOIOTTYHUX
3ama4 (onTUMaNbHHUNA BUOIp) y JAHIIOTY 31 3HAY-
HOIO KUTBKICTIO KOMOIHAIIIH TIPOEKTHUX PIllIEHb.

KitouoBMM MOMEHTOM BBa)KaEMO TPOIIEC BH-
0opy KpuTepiiB oOprasi3amiifHO-Te€XHOJOTIYHOTO
pitmenHs. I3 mo3urii eheKTUBHOCTI Ta 3arajbHOTO
npolecy OyaiBHHMIITBA — 1€ BBEJCHHS B €KCILTya-
Tarito 00’€KTa 3 MPOEKTHUMHU MOKa3HUKaMu (Ta-
pameTrpu) y BCTAHOBJICHUH TEPMIH Ta i3 3aIulaHO-
BanumHu Butparamu. Llono okpemoro mix nporecy
a00 OKpeMOro opratizaliiHO-TeXHOJIOTIYHOIO Pi-
LICHHS — 1€ KpUTepii yacy, BUTpaT, CTYIiHb BIUIU-
BY Ha e(DEeKTUBHICTh POEKTY B3arali.

ToOTO OCHOBHMME BHUMOTaMH Ha CTajii peali-
3amii 00’€KTa € BUMOTH JIO SIKOCTI (SIKiCHI ITOKa3-
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HUKH); CTPOKHU peaizalii (BUTpaTH 4acy Ha peali-
3aIif0 MPOEKTY B MIJIOMY; BUTPATH Yacy Ha TPHHN-
HATTS pIlIEHHS IIOJ0 YCYHEHHS NedeKTiB Ta Bia-
XWJICHB); BapTicTh (Y LIJIOMY MPOEKTY Ta OKPEMHUX
OpraHi3amifHO-TEXHOJIOTIYHUX PINICHb, CIPSIMO-
BaHUX Ha YCyHEHHS Ne(eKTiB Ta BiAXWIeHb (Hac-
ninku pusukiB)) [11-13]. Skmo posrisaata mpo-
nec OyIiBHMLITBA, HANpHUKIAA, y CUTyauii mopy-
meHHs Tpadika BUKOHAHHS pOOIT, BAXKJIWBHX IIa-
paMeTpiB MPOEKTY KOIITOPHCHA BapTiCTh, CTPOK
peamizanii, sKicTe 00’€kTa, MmO OyIM BHUKJIMKaHI
ITEBHUMH PHU3UKAMH — TEXHOJIOTIYHUMH, (HiHAHCO-
BHMHM, OpTaHI3alifHUMU Ta iH., TO TEPEeiK 1 3MICT
OpTraHi3allifHO-TEXHOJIOTIYHUX pillleHb (PaKTUIHO
MOXK€ ICTOTHO BHPI3HATHCS BiJ THX, Ha MiJCTaBi
SKuX ~ Oymo  copMOBaHO  OpTraHi3amiiHO-
TEXHOJIOTIUYHY JOKYMEHTAIII 0.

HesBaxkaroun Ha TeHAEHLII A0 IIJBUIIEHHS
e(eKTUBHOCTI POOOTH TPOEKTHHUX OpraHizamii
(po3poliieHHsT  OpraHi3alifHO-TEXHOJOTIYHUX Pi-
IIeHB), ypaxyBaHHs PO3BUTKY TEXHIYHUX Ta iH)O-
pPMaIiiiHIX MOJIJIMBOCTEH, JOCUTh YaCTO IOTPH-
MaHH# TpadikiB BUKOHAHHS BUPOOHUYNX IIPOLIECIB
3aJMINAETHCS HAA3BHYAMHO CKJIaTHOI Tpoliie-
MO0, IO MOKE TOSICHIOBATUCH CIA0KOI0 OILIIHKOIO
YMOB 30BHIIIHBOTO CEPENOBUINA, Yy3TOIKEHOCTI
MPOTHO3YBaHHS HACTIAKIB iX BIUIMBY Ha 00 €KT,
Horo sIKiCHI MOKa3HUKH (y TOMY YHCHi SIKiCHI TO-
Ka3HUKW OyAiBeNbHUX TporieciB). BimmoimHo,e
TaKOX BIUIMBAE W Ha iHIII MapaMeTpH, sKi MOTpio-
HO pO3TJISIATH 3 YpaxyBaHHSM PH3MKIB 30BHIII-
HBOTO cepenosumia. [IpoexTHi opranizarii criupa-
IOTBCS HAa TEOJIOTiYHI iHQOpMaIiifHi CUCTEMH Ta
3actocoBytoTh [9—10]:

— IIUPOKUH nepeik ERP
(EnterpriseResourcePlanning)-cucrem  (opraniza-
IiliHa cTpateris iHTeTpallii BUPOOHUITBA 1 omepa-
i, ynpaBJIiHHS TPYAOBUMH pecypcami, (iHaHCo-
BOI'0 MEHEIDKMEHTY Il yNpaBJIiHHS aKTUBaMH, Opi-
€HTOBaHA Ha Oe3mepepBHE OanaHCyBaHHS W ONTH-
Mi3allilo pecypciB MiAMPHUEMCTBA 3a JOMOMOTOIO
CHeIialli30BaHOTO IHTErPOBAHOTO IMAKeTa IMPHUKIIA-
JTHOTO TIPOTPaMHOT0 3a0e3MeYeHHs] —KOIITOBHE Ta
TEXHIYHO CKJIaJ{HE PILLICHHS, 110 J03BOJISIE ONITHMIi-
3yBaTH Ta IHTETPYBATH BCi KEPiBHI MPOIECH B Me-
XKax KOMIaHii abo MPOEKTY);

— PM (Project Manager)-niporpamu (103B0JIsI-
I0Th MOOYyBaTH MPOIEC POOOTH HaJ MPOEKTOMI3
HasBHUMHU pECypcaMu B paMKaxX BUAUIEHOTO Oro-
JDKETY, BU3HAYEHHUX TEPMIiHIB 1 3 0OyMOBIIEHOIO

SIKICTIO); B OKPEMHUX BHUMAJKax CIICIiali30BaHi
MporpamMHi KOMITIEKCH IS 3MIHCHEHHS TPOEKTHUX
1 TEXHOJIOTIYHHUX PO3PAXyHKIB.

s po3B’si3aHHs 3a7ad, 110 MOTPEOYIOTh 00-
poOKHM 3HaYHOTO MacWBY JAaHWX, Oy/iBeIbHA Ta-
TTy3b, SIK 1 OUTBIIICTH 1HIINX, yCe aKTHUBHIIIIE 3aCTO-
COBYE METOOM KOMII IOTEPHOTO MOJICIIOBAHHS.
VY Ham 4vac Taki METOIM PO3BUBAIOTHCS HUISIXOM
HapOIIyBaHHS CHCTEMH KOOPIHMHAT, 1 BXKe 3apa3s
ICHYIOTb Mozeni, mo TpaHcopmyroTbes i3 3D
B 6D, BKIIOYalOYM OKpIM MPOCTOPOBHX KOOPAU-
HAT, 9acoBi, BapTicHi, TexHomoriuxi [7, 10].

VY minmomy edeKkTHBHICTH KOHIENIIil iH(popMa-
LiHHOTO MOJICNTIOBaHHS JAOBEICHA SIK cepell HayKo-
BOI CIJIBHOTH, TaK 1 Ha pealbHHUX mpoekTtax [1, 3,
4,7, 9, 12], ane cTBOpEeHHS TaKUX MOJCIEH 3au-
LIA€THCS TPYIOMICTKUM, BapTICHUM TMPOLIECOM,
1 € JOUINBHUM JIMIIE B Pa3i BUKOPUCTAHHS MPOTS-
TOM YCBHOTO JKUTTEBOTO LMKy IPOEKTY. BoaHouac
YIPOBaKEHHS  1H(QOPMALIHHOTO MOJICITIOBAHHS
B OyaiBeNbHY NPaKTHKY YKPaiHCBKUX KOMIIaHiH
MIPOXOJUTH JTy’K€ MOBIIEHO Ta 3HAYHO BiJICTA€E BiJl
CBITOBHUX TEHJEHIIIH y IIbOMY HaIpsMi, KpiM TOTO,
He 3a0e3Mevye Ha ChOTOJIHI KOMIUIEKCHOTO IIiIXO-
Iy Ta CTpaTeTiYHUX HaIpsIMiB PO3BUTKY OYIiBelb-
HOI ramy3i. Came ToMy KOMIUIEKCHICTh Ta iHTerpo-
BaHICTh € 3alOpPYKOI0 (OPMYyBaHHS €PEKTHBHOTO
MeXaHi3My BHOOpPY OpraHi3ailiiHO-TEXHOJOTIYHUX
PpillIEHB.

Kpim TOTO, BBa)kaemo, 10 MexaHi3M BUOOpPY
OpTraHi3alliifHO-TEXHOJIOT1UYHHX pillleHh MaEe BPaxo-
BYBaTH 3aCTOCYBAaHHs TEXHIYHHX DIllIeHb Ta OKpe-
MUX KOHCTPYKTHBHUX TapaMeTpiB OyIiBEeIbHUX
BUPOOIB y pI3HUX YMOBax 30BHILTHBOTO CEpeIo-
BUIIA, OI[IHIOBATH PU3UKH, K BJACTHBI peai3ariii
KOXXHOTO OpTaHi3aliiHO-TEXHOJIOTIYHOTO PpillleH-
Hsl, IO MiJIBUIY€E HOTO €PEeKTHBHICTH, 32 PaXyHOK
BpaxyBaHHsS CyMapHUX PU3UKiB, a 30BHIIIHE cepe-
JIOBHIIIE, OCOOJIMBO 3apa3, Ma€ iCTOTHI MepeyMOBU
JI0 3MiH Ta YTBOPEHHS JIOJaTKOBUX PU3UKIB y Oy-
IBEIbHIN IisUILHOCTI.

dopMmyBaHHS  OpraHi3alliifHO-TEeXHOJOTIYHHX
pillIeHs — IIe PeCypCOBHTPATHUII MPOIIEC, i3 BEJH-
KOIO KIUJIBKICTIO 3aJy4eHHX YYAaCHUKIB Ta 3alliKaB-
JNeHUX CTOpiH. KpiM Toro, mpWAHSATTS pillleHHS
BUKJIIOYHO Ha MiCTaBl MaTeMaTHYHUX MOJENEH Ta
KpUTEpIiB 1HOMI MOXKe BiOOpa3sUTH BCi HOTO
00’€KTHUBHI HACJIAKH, SKIIO, HANPHKIIAI, IiJ Yac
¢dopmyBaHHS Mojesned abo mapamerpiB He OyiH
BpaxoBaHi Bci (hakTopu (0COOIHMBO 1€ CTOCYETHCS
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BUOOpPY OpraHi3aliifHO-TEXHOJIOTIYHUX PIllICHb,
CHOpSAMOBaHMX Ha YCYHEHHS HACHIAKIB pHU3H-
kiB). Tomy motpeOye 000B’SI3KOBOCTI 3aCTOCYBaHHS
EKCIEPTHUX METOMIB Ta HaIpalOBaHHS MaTpHI
0a30BHUX MapaMeTpiB aHAJOTIYHUX CHUTYaIii 1 pea-
JI130BaHMUX MPOEKTIB.

Ille onmuiero ymoBOIO 3abe3mneueHHs e()EeKTHB-
HOCTI  MeXaHi3My  BHOOpY  oprasisamiiiHo-
TEXHOJIOTIYHOTO PIIICHHS Ma€ CTaTH, OKPIM BH-
3HAUYEHHS MapaMeTpiB, BU3HAYCHHS MPIOPHUTETIB;
1€ TIOSICHIOETHCS THUM, L0 B pa3i HACTaHHS MEBHHUX
pusukiB [16] 3amis 3a0e3ledeHHs MEBHOTO PiBHSA
OJTHOTO TIapamMeTpa (HaImpHKIaJ, SKOCTi) MH IIO-
BHUHHI 3MIHUTH BUMOTH JI0 1HIIIOTO mapamerpa (Ha-
MIPHUKIIAJ, CTPOKIB peamisamii ta (abo) BapTOCTi
MIPOEKTY).

OCHOBOIO TIPOIECY NPOEKTYBAaHHS OpraHi3a-
HiAHO-TEXHOJIOTIYHUX pillleHb € TEXHIYHI YMOBH,
SIKi PeTJIaMEHTYIOTh (DYHKITiOHaIbHE MPU3HAYCHHS
Ta KOHCTPYKTHBHO-TEXHOJOTIUHI mapamerpu [3],
Ha MiACTaBi SKUX (POPMYETHCS KOMILIEKC OpraHi-
3aI[ifHO-TEXHOJIOTTYHUX pimmeHb (Sotr, Sorz...Sotn)
3 ypaxyBaHHSIM:

— KOHCTPYKTUBHHX OCOOJIMBOCTEH MPOEKTY;

— oOMexeHb (MMPOCTOPOBHX, YACOBUX, JIOTICTH-
YHHX Ta iH.);

— 3abes3neueHHs (iHAHCOBMMHU Ta TPYJOBHMH
pecypcamu

— HAsABHOCTI Ta JIOCTYMY JI0 TEXHOJOTIUYHUX Pe-
CypCiB;

— MOXJIMBOCTI BHMKOPHUCTAHHS TCBHUX BHUJIIB
o0yagHaHHSA W TEXHOJIOTIH;

— TapaMeTpiB JOCATHEHHsS e(EeKTHUBHOCTI pea-
Jizanii mpoekTy (mapaMeTpu SKOCTi, HaJiHHOCTI,
(YHKIIOHAIBHOCTI, BAPTOCTI);

— imeHTHU(}IKOBaHMX PU3MKIB Ta X HACTIAKIB
BiJl TIEBHUX OpraHi3amiiHO-TEXHOJIOTIYHUX pi-
IICHb.

Buxomsun 3 3aBJIaHb oprasizariitHo-
TEXHOJIOTIYHOTO TMPOEKTYBAHHS, MPOIEC BHOOPY
OpraHi3amifHO-TeXHOJIOTTYHUX PIIICHh MOXEMO
BU3HAYUTH Y BUTIAAI Takoi iH(QopMamiiiHoi Moe-
i

Soti {Zi’ oti ,Cci ,Cti ’Qi } ) (l)

ne Zi — mapaMeTpu 30BHIIIHBOIO CEpeAOBHILA,
y SIKOMY Pealli3oBYEThCS MIPOEKT; Poti — MOKa3HUKN
(BMMOTHM) OpraHi3aliifHO-TEXHOJIOTIYHOTO pillIeH-

Hs1; Cci— iHTerpasibHi BapTiCHI MOKa3HUKHU OpraHi-
3aliHO-TeXHOIoriuHoro pimeHus; Ci — iHTEerpa-
JIbHI CTPOKH peajizamii pimeHHs; Qi — mapaMerpu
SIKOCT1 TIPO€EKTy (y TOMY YHCIi HapameTpu Hamiii-
HOCTI, ()yHKITIOHATBHOCTI, EKOJIOTI9HOCTI).

Oriaka BapiaHTIB oprasi3amiifHo-
TEXHOJIOTIYHUX PIllicHb TNependadae HeoOXiTHICTh
BpaxyBaHHs SIK IHTETPalbHUX XapakTEPUCTUK iH-
dopmarriiinoi mogeni (Cei, Cii), Tak 1 HMOBIpHICTh
HaAIMHOCTI peani3auii MPOEKTHOTO pilleHHs 0e3
MEBHUX BIAXWICHb BiJl MPOEKTHUX MNapaMeTpiB
stkocTi (puc. 1).

3acTocyBaHHS PI3HMX BHIB TEXHOJOTIH Ta
KOHCTPYKTHUBHHX TMapaMeTpiB y pi3HUX YMOBax
30BHIITHROT'O CEPEIOBHINA Ma€ Pi3Hi PiBHI PH3UKIB
[11]. Tomy Taka oIliHKa MOBMHHA 0a3yBaTHCS Ha
MoTepeHIi OLiHII ()aKTOPiB 30BHIIIHBOTO cepe-
JIOBMIIA, 1[0 MOXYTh BIUIMBATH Ha €(DEKTUBHICTh
OpraHi3alifHO-TeXHOJIOTIYHUX PHU3UKIB. Mopaens
epeKTHBHOTO 00Ky Takux pu3ukiB (R;j) Mae rpyH-
TyBaTHCd Ha 1HCTPYMEHTI OLIHKMA TapameTpiB
BILUTMBY 30BHIIIHBOTO CEPEOBHINA HAa OpraHiza-
iIHHO-TEXHOJIOTiYHI pimeHHs. 1{g BenmunHa MoXxe
OyTH BU3HAYCHA, SIK HACTIJOK |-TO PU3UKY (BTpa-
TH) Lj i mepenbayae oriHKy Horo iMoBipHOCTI (Pj),
a OYiKyBaHy BEJIWYHMHY PH3HUKY BHKOPHCTOBYIOTH
JUIE BU3HAUCHHS CTPaxoBOTO pe3epBy dacy (abo
MaTepiabHO-TeXHIYHUX pecypciB) [16]:

R, =L -p;. )

Sxmo po3risaaTté N BapiaHTIB opraHi3aliitHO-
TEXHOJIOTIYHOTO PiteHHS (Sot1, Sor2...Sotn), TO A
KOYKHOI'O 3 HUX BU3HAYAIOTh:

{Ccl —Ree .Gy — RCcl} =U;;
{Ccn - RCcn ’Ctn - RCcn} :Un' (3)

SAxmo BuzHauntn Uy, sIK aKTUIHMIA CTaH iHTe-
rpajJbHUX MOKa3HUKIB oprasizariitHo-
TEXHOJIOT1YHOTO pimenHs, a Ui — MpoexTHH, TO 3
ypaxyBaHHSIM BIUIMBY pu3ukiB ( Rj) Moxemo orii-
HUTH WMOBIpHI BIIXWIIEHHS MOKa3HUKIB OpraHiza-
LIHHO-TEXHOJIOTTYHOTO PIILICHHS:

6; =Uj _Uip' 4)
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) KOHCTPYKTHBHI  OCOOIMBOCTI
1 TpOEKTY;
BUXIJIHI JIAHI IMAPAMETPU 30BHILIHLOT'O ® obmexenHs  (IPOCTOPOBI,
IIPOECKTY CEPEJIOBUILIA 4acoBi, JIOricTHYHI Ta iH.);
® 3a0e3neueHHs  (PIHAHCOBUMHU
HAPAMETPH < Ta TPYJIOBUMH PECypCamHu;
TEXHIYHI YMOBU OPTAHIBALIIHO- L4 HASBHICTE  Ta  JIOCTYN  JIO
IIPOEKTY TEXHOJIOTTYHNX TEXHOJIOTIYHUX PECYPCiB;
PIILIEHD = MOKJIMBOCTI BUKOPHCTaHHS
N neBmux BUAIB OOJaJgHaHHSI Ta
TEXHOJIOT1il.
AN %
N

AHAJII3 TA OIIHKA BUXIJHNX ITAPAMETPIB

i

u: napaMeTpHu J0csirHeHHsI e)eKTHBHOCTI peaJizanii NpoeKTY (MapaMeTpH sIKOCTi, HaAilHOCTI,

(dyHKIiOHATBHOCTI, BAPTOCTI);

u: inenTudikoBani pU3MKH Ta iX HACJII/IKY Bi/l NIEeBHUX OPraHi3aniiiHO-TEeXHOJIOIIYHUX pillleHb.

A 4

PO3POBJIEHH KOMILUJIEKCY OPTAHI3AIIITHO-TEXHOJIOITYHUX PILIEHB
(Sml sz..... Smn)

1 |

MOJIEJIb

81' = Uif - Uip

AHAJII3 BIUVIMBY INEHTUPIKOBAHUX PU3UKIB

EPEKTHMBHOI'O OBJIIKY
PU3UKIB

<&

Ri=L; pi;

OIIIHKA BAPIAHTIB OPFAHI3AHIﬂHO-TEXHOHOFILIHHX PIIIEHb
SotilZi Poti Cci Criy Qi)

==

POPMYBAHHSI 3AT, AﬂbHOI MATPHUII OLIHKHM TUITOBHUX
> OPI'AHIBAIIIMHO-TEXHOJIOI'TYHMX PIIIIEHb

8 = f(Sot){Zi, Poti Cci, Crir Qi}

BUBIP HAMBLUIBII EOEKTUBHOI'O OPFAHI3AI_III71HO-
> TEXHOJIOI'TYHOI'O PILHIEHHSA
C. —min; Ci —min: O; —»max

Puc. 1. MeTonuka ouiHKYM IapaMeTpiB B MeXaHi3Mi BUOOpPY OpraHi3aiiifHO-TeXHOJIOTIYHUX PillIeHb

Fig. 1. Methodology for evaluating parameters in the mechanism for choosing
the organizational and technological solutions

SIKII0 BHKITIOUHTH BIUIMB (DOpC-MaKOPHUX PH-
3UKIB, TO BEJIMYMHA BIAXWIEHHS O; 3QJIEKUTH Bl
MOEHAHHSI MTapaMeTPiB 30BHIIIHBOTO CEPETIOBHIIA
Ta 0€3MOoCePeIHhO TEXHOJOTIYHUX OCOOJIMBOCTEH,
SIKi BUKOPHUCTOBYIOTH Yy TPOEKTHOMY pillICHHI.
BinmoBigHo, SKIO TEXHOJIOTII, HA SKUX 0a3yIOThCS
MPOEKTHI pillIeHHs, MMOMIOHI abo 1IEHTHYHI, TO O;
O1JIBIIIOI0 MIPOIO 3aJIC)KHTh Bl 30BHIIIHBOTO Cepe-
nopuia (yMoOB OyJiBeTbHOTO MailaH4yMKa), a Ta-
KOX KOHCTPYKTHBHUX YMOB 00’€KTa Oy/1iBHUIITBA.

Lle nae 3mory chopMyBaTH OI[IHOYHI aJIrOPHT-
MU Ta NapaMeTpH Ul IeBHUX MOAIOHUX opraHiza-

iHHO-TEXHOJIOTIYHUX pillleHb 1 CTBOPUTHU 3aralib-
Hy MAaTpHII0 OIIIHKK THUIIOBHX OpTraHi3amiiHo-
TEXHOJIOTIYHUX pIlIeHb, sIKa MOXe OyTH copmo-
BaHa Ha MiACTaBi JOCTOBIPHUX CTATUCTHYHUX Ja-
HUX paHillle peayi3oBaHuX MPOEKTIB 1 BKIIOYATH:
MapaMeTpy 30BHIIIHBOTO CEPEIOBUINA; TapaMeTpr
OpraHi3amifHO-TeXHOJIOTIYHOr0  PIIICHHS, KiJib-
KICTh MOXJIMBO JOIIBHUX PILICHb; MOJIUBI BijI-
XUJIEHHS (DaKTUYHHUX TIOKA3HHKIB BiJl MPOEKTHUX.
Taka maTpuis 37aTHAa 3a0€3MEYMTH IHTETPALliio
YyMOB  peaji3allii  IpPOEKTY,  OpraHizamiiHo-
TEXHOJIOTIYHUMH PIllICHHSIMH Ta 1HTErPaTbHUMU
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napaMeTpaMu 3 ypaxyBaHHSIM BIUIMBY Ha HUX PHU-
3UKIB.
3arajapHUNA BUTIISLA TAKOT MOJIENI:

6 = f (Sot){zh oti ,Cci ,CtiaQi}' (5)

OCKUIBKY BapiaHTH MPOEKTHUX Ta, BiAOBIIHO,
OpTraHi3aliifHO-TEXHOJIOT1YHUX PpillleHb, 10 Hamo-
BHIOIOTH MAaTpPHUIIO, MOXKYTh OyTH IOCTAaTHBO Pi3-
HOPITHUMH, KOHKPETHHH Crmocid KOIyBaHHA B
mpotieci 0OpoOICHHS TaHUX 3aJICKUTh BiJ MOJIEI,
Ky OyIyTh BUKOPHCTOBYBATH IJISl OLIIHKH O.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYUMICTh

VY poboti 3acTocOBaHO OOTPYHTOBaHY METOMH-
Ky Ta iH(pOpMaIiifHy MOJelb OIIHKH IapamMeTpiB
BHOOPY OpraHi3aliifHO-TEXHOJOTIYHAX PIIICHb,
IO € MATPYHTSM JIJIsi BUPOOJICHHS aJrOpPUTMIB, Ha
mificTaBl BU3HAUCHHX TNapameTpiB e(QeKTUBHOCTI
BHOOPY, 13 O3UIIi] BIUTHBY (PaKTOPiB 30BHIIITHHOTO
Cepe/IOBHINA, 1HTETPAILHUX MOKA3HHUKIB PilllEHHS,
IMOBIpHOCTI HaJiHHOCTI peaiizalii MPOEKTHOTO
pilneHHs 0e3 IMEBHUX BIAXWIEHb BiJ MPOEKTHUX
MapaMeTpiB SIKOCTI.

Marpuirio OLIIHKH opraizarfiifHo-
TEXHOJIOTIYHUX PIlIeHb MOXXKHA 3aCTOCYBAaTH IS

aBTOMAaTH3alii Mpouecy BUOOpPY, MO MPHIIBHI-
IIUTh aHaJi3 Ta MPUHHATTSA PIMICHD 1 IiIBUIIUTH
e()eKTUBHICTH MEXaHi3My BHOODY.

BucHoBku

VY pesynbraTi 3aCTOCYBaHHS METOAMKH OIepa-
THBHOI  OIlIHKK  TIapaMeTpiB  OpraHi3aIiiHo-
TEXHOJIOTIYHUX PIllIeHb, MEXaHi3M iX BHOOpY cTa-
He OuIbII eQEeKTHBHUM, 32 PaxyHOK BpaxyBaHHS
cymapHux pm3ukiB. lle mo3BomuTh cdopmyBaTu
MaTpUII0  OLHKM  TUIOBUX  OprasizaliiHO-
TEXHOJIOT1YHHX pillleHb SK Ha PiBHI OKpeMoi Oyi-
BEIFHO-TIPOEKTYBAJIBHOI OpraHizamii, Tak 1 MOXe
CTaTH OCHOBOIO iH(opMaIiitHOi cucTemMu abo mpo-
rpamu Juis aBTOMaTu3allii npoiecy BUOOpy oprasi-
3aIifHO-TEXHOJIOTIYHOTO PIIIEHHS 3 YpaXyBaHHSIM
BH3HAYEHUX Yy JOCIIKEHHI MapamMeTpiB.

Bubip Hait6inbm e)eKTHBHOTO OpraHi3aliiHo-
TEXHOJIOTIYHOTO pillieHHS OyJe BiJIMOBIIaTH yMO-
Bi: IHTErpaibHi BapTICHI MMOKa3HWKH OpraHi3arliii-
HO-TexHONOTiyHOTO pimenHHs: C¢—min; iHTerpa-
TBHI cTpOKH peanmizamii pimeHas Ci—min; mapa-
METpPH SKOCTiI TIPOEKTY (Y TOMY YHUCIHI HapamMeTpu
HaJIMHOCTI, (YHKIIOHAIBHOCTi, €KOJOTIYHOCTI)
Qi—max. Taki yMOBH TakOX MiAJISATAIOTh PAHXKY-
BaHHIO 32 PIOPUTETHICTIO.
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Methodology of Estimation of Parameters in the Mechanism of Selecting
Organizational and Technological Solutions

Purpose. The aim of this study is the substantiation of the methodology for assessing the choice parameters of
the organizational and technological solutions, the selection mechanism is based on and determining the expediency
of a particular decision regarding the priority of certain parameters within the integrated approach taking into ac-
count the systemic effect. Methodology. According to the integrated approach, the mechanism for the optimal
choice of the organizational and technological solutions should be based on certain parameters. The selection mech-
anism requires the use of models that take into account the synergistic effect of the following factors: efficiency in-
crease of the activity as a result of integration, merging of individual parts into a single system due to the systemic
effect based on the empirical method. The main role within the integrated approach belongs to the assessment of the
parameters of organizational and technical solutions, which should be considered as one of the tools of integrated
management. Findings. It was determined that the mechanism for selecting the organizational and technological
solutions should take into account the use of technical solutions and individual design parameters of construction
products in various environmental conditions, assess the risks inherent in the implementation of each organizational
and technological solution, which increases its efficiency by taking into account the total risks. Proceeding from
this, a methodology for the rapid assessment of the parameters of organizational and technological solutions has
been substantiated. The methodology makes it possible to increase the efficiency of the mechanism for their selec-
tion by taking into account the total risks and to form a matrix for assessing typical organizational and technological
solutions. An informational model of the process of choosing organizational and technological solutions according
to the tasks of organizational and technological design is proposed. Originality. A substantiated methodology and
information model for assessing the parameters of the choice of organizational and technological solutions is pro-
posed, which is the basis for the development of algorithms for their assessment, based on certain parameters of the
choice efficiency, from the standpoint of the influence of environmental factors, integral indicators, the likelihood of
reliability of the implementation of the design quality parameters. Practical value. The results of the study help to
make the process of developing organizational and technological solutions typical, while ensuring the ability to take
into account all integral parameters of the impact, and environmental factors. The matrix for evaluating typical or-
ganizational and technological solutions can be used both at the level of a separate construction and design organiza-

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/229848 © A. O. Iueroskin, 2021

82


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp20
https://orcid.org/0000-0002-5894-5168

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancrnopty. BicHuk J{HIIponeTpoBcbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 2 (92)

TPAHCIIOPTHE BYJIBHUIITBO

tion, and as the basis of an information system, or a program for automating the process of selecting organizational
and technological decisions, which will speed up the process of analysis and adoption of such decisions, and in-
crease the efficiency of the choice mechanism.

Keywords: assessment methodology; integral parameters; integrated approach; mechanism for choosing organi-

zational and technological solutions; risk; environmental factors
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YK 624.139:539.37

B. 10. VJIbSIHOBY"

Kag. «ImxeHepHa reolioris i reoTexHikay, IIpHIHIIPOBCHKA AepkaBHa akaaeMis OyIiBHUITBA Ta apXiTEKTYPH,
ByI1. UepHuiieBchkoro, 24-a, JIninpo, Ykpaina, 49600, ten. +38 (056) 756 33 43, en. momrra egig@pgasa.dp.ua,
ORCID 0000-0002-9028-3408

HInsixu migBueHHs1 epeKTUBHOCTI TepMonpeciomeTpii

Mera. Y poboti nepexbaueHO BU3HAUYEHHS NUIAXIB MiABUIIECHHS €(EKTHBHOCTI 1XEHEPHUX TOCITIKEHb, BHXO-
JISIYU 31 3HAYHOTO 00CSATY PO3BIAYBaJIBHHUX POOIT, 10 HEOOXITHO TMiJl Yac CTBOPIOBAHHS CYYaCHHUX TEXHOTCHHUX
00’€eKTIB, 3 ypaxyBaHHSIM HEJIOJIKIB HAsIBHUX MIPUJIAMIB Ta YCTaTKyBaHb, SIKi BAKOPUCTOBYIOTb JIJIsl BUMIPIOBAaHHS Ha-
NPY>KEHOTO CTaHy TPYHTIB, Ta y 3B’3KY 3 HOTPe0OOI0 y BIOCKOHAJICHHI KOHCTPYKIIT TEPMOIIPECIOMETPIB, 10 MaIOTh
CHPUSTH JOCHIIKEHHSM PI3HOMaHITHUX Mep3JuX IpyHTiB. MeTtoauka. [IopiBHIbHO-aHANITHYHUM METO/IOM Ta 3a
METOJIOM aHaJIOTil 00paHO NUISXU BIOCKOHAJICHHS JIONIATEBOTO TEPMONPECIOMETpa JUIsl AOCIIKEHHS MEP3IIHX IPYH-
TiB 13 pI3HOMaHITHHUMH 3allOBHIOBaYaMu. TeIUIOTEXHIYHMMHU PO3paxyHKaMU BU3HAYEHO INIMOWHY BiJTaBaHHs, abCco-
JIOTHE OCiTaHHA IPYHTY, MOIyJh Nedopmarii Ta iH. Pe3yabpTaTn. BuzHaueHi npoOiieMHI TUTaHHS 3aCTOCYBaHHS Ha-
SIBHAX TEPMOIIPECcioMeTpiB (0OMEKEHICTh JTOCIiIKeHb TPYHTIB IIEBHOTO THITY, TPYIOMICTKICTh Ta HEIOCTATHS TOY-
HICTh IIOKa3aHb) MOXYTh OYTH TOJalaHi 3aBASKH 3allpPOMOHOBAHIA yMOCKOHANCHIH KOHCTPYKIIi JIOMaTeBOro
TepMoIpecioMeTpa UIi BUOPOOYBaHb MEp3NHX MIMAHO-TIMHUCTHX TIPYHTIB, IO 0a3yeThCs HA TOMNIMIICHIN
cXeMi HarpiBaHHs, 3aCTOCYBaHHI SKICHUX MaTepialiB Ta 3MiHIOBaHHI Qopmu JomaTtei i koprycy. Ilpmman
MPU3HAYCHUH IS 3aCTOCYBaHHS Ha 0AaraToJITHLOMEP3JIHX 1 MPUPOTHUX MEP3JIUX IPYHTAX CBITY, 30KpeMa i YkpaiHu.
HaykoBa nHoBu3Ha. /{11 BHBYEHHs AedOpMaIiifHUX XapaKTEPUCTUK IPYHTIB, X TEIIOTEXHIYHMX IOKa3aHHUKIB,
y TOMY YHCJIi BUMIPIOBAHHS Yallli BiJTABaHHS 0araToJiTHbOMEP3IHX 1 CE30HHOMEP3JIMX IPYHTIB YIIEPIIE 3aPOIIOHO-
BaHO MOJIEJIb YZI0CKOHAJIEHOI'0 TEPMOIPECiOMeTpa 3 MOJIMIIEHO (JOPMOIO KOPITYCY 3 SIKICHMX KOPO3i€ECTIHKHX Ma-
TepiajiB, 30KpeMa i HeMeTalleBUX; 31 CKOPOYCHHSAM KiUJIbKOCTI HOTO JIOMATeH 10 OHIET BUCYBHOI CEKTOPHOT JIOMATI-
mramma (KBaJpaTHol abo OKpyTIIoi) Ta BUKOPHCTAHHIM OJHI€T HarpiBajbHOT JIOMATI-IIITaMIIa; CIielialbHy KOHCTPYK-
IiF0 IIyIa 3 MEXaHIYHUM /T1APaBIIYHEM MPHUBOIOM JAaTYHKA 3 TEPMOMAaporo (200 3 ABOMA IIyMaMH-«BHIKOIO» — JIIS
TOJINIICHHS BUMIPIOBaHb). TakoX peKOMEHIOBAHO BIIPOBA/DKCHHS SJICKTPUYHOI NPOBIAHOT CHCTEMH, IPU3HAYCHOT
JUTS BITaIUX IPYHTIB, 31 IITOKOM JUTs BUMIPIOBaHHS BUCYBHOI JIONaTi-IITaMIa. 3’ICOBAaHO MOXKIIMBICTh 3aCTOCYBaHHS
TepMoIIpecioMeTpa MiJ yac JOCIiKEHHS Ce30HHOMep3uX IpyHTiB. [IpakTHYHA 3HAYMMICTD. Y JOCKOHAJICHHS MO-
JIelTi IpriTay TOBUHHO CIPHUATH HOTO 3aCTOCYBAaHHIO B IHKCHEPHO-TEOJIOTIYHUX JOCHTIHKEHHSX i/ 9ac Pi3sHOMAaHIT-
HHX BUJIB OyIiBHULTBA, 30KpeMa TPAHCIIOPTHOTO  TiIPOTEXHIYHOTO, 6 BAKOPHUCTOBYIOTH METOAU TITMOMHHOTO 3a-
MOPOKYBaHHSI CIA0KHX 1 HECTIMKHUX IPYHTIB.

Knouosi crosa: nomati-mramny; TepMonpeciomerp; AedopMariiiHi BIacTUBOCTI IPYHTIB; yalla BiATaBaHHS;
METOJI «Iaps4oro LITaMIIa

Beryn Bararopiunuii 10CBi poOOTH MPOEKTHUX Opra-
Hi3aIliif ToKa3ye, M0 B MPAKTHIII iH)KEHEPHO-TE0JI0-
TYHUX JOCIIKEHDb HeAKl NOJHOBI METOIU BHU3HA-
YeHHs Ae(opMaliiftHuX BIaCTUBOCTEH IPYHTIB € Ma-
JIOTIPUJATHUMH Yepe3 iXHIO TPYIOMICTKICTh, IOBTO-
TPHUBAIICTh 1 HEAOCTATHIO TOYHICTh. [IpoTe BOHH
JIOLIUIBHI ¥ MPeICTaBISAIOTh 3HAYHUH 1HTEepeC 13 TO-
YKH 30pY 3aCTOCYBaHHS B yMOBax yce OUIBIIOTO

locnioapcbke OCBOIOBaHHS TEPHUTOPIN CYIIPO-
BOJKYETbCS (POPMYBaHHSAM HPOMHUCIOBHX, MiCTO-
OymiBeJIbHUX, TPAHCTIOPTHHUX Ta THIIUX TE€OCUCTEM,
KOXKHA 3 SIKUX TOTpeOye BiJMOBITHUX 1HKECHEPHO-
TCOJIOTIYHMX JOCTIKEHb, CIPSIMOBAaHUX Ha KOM-
TUIGKCHE BHWBUYCHHS MPHPOIAHUX 1 TEXHOTCHHUX
yMOB paitony. [lonmpu urcIeHHICTh Tpalb 3 iIHKeHe-

PHO-TEOJIOTIYHUX BHUIIYKYyBaHb HEOIHOPA30BO BU-
HUKAJIO TIUTAHHSA MPO iXHIO e()EeKTUBHICTH 1 PO Bi-
JICYTHICTh Y HOPMaX OOTPYHTOBAHO1 METOIUKH OITi-
HIOBaHHS JJOCTATHOCTI Ta SIKOCTi OTPUMAHOI iHXe-
HEepHO-TeoJoriuHoi iHdopManii, Mo Aa€ BETUKUI
MPOCTIp TSI Cy0’€EKTUBHOTO IIIXOAy MO TUIaHY-
BaHHSI i MPOBEACHHS TOCIITHAIIBKUX POOIT.

yCKIIaAHEHHs! OyIiBesIbHUX poOiT (uepe3 pizHOMa-
HITHICTh THITIB TPYHTIB 1 KJIIMaTHYHUX YMOB, TEX-
HOTEHHUH BIIUB HAa IPYHTH B MUHYJIOMY Ta ChOTO-
JIH1, HAasBHICTh Y MeKaX TEPUTOPIi IPYHTIB 3i crie-
nudivHuME BractuBocTsIMH) [6]. OmHi€0 3 TaKHX
MIPUYMWH, SKi CTAHOBIIAThH CKIIAIHICTH OYiBHHUIITBA,
€ TIPOIIeCH 3MEP3aHHs IPYHTY, 1110 1 CTaJI0 OCHOBOKO
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i€l poOoTH, y SKil PO3TIITHEMO TEPMOIPECIOMETPH
— IPUCTPOI I BUMIpIOBaHHs edopMaliiHuX Xa-
PaKTEepUCTUK 1 BIACTUBOCTEH MEP3IHX IPYHTIB
y HonboBUX ymoBax [1-3, 11-12, 14].

Sk BioMO, 32 KOHCTPYKIIEID Ta XapaKTepoM
BIUTMBY Ha CTiHKM OypOBHX CBEDP/UIOBHH IIpeciome-
TPH NOJUISAIOTH Ha pajiajbHi, IOIATEB Ta i3 CEKTO-
pHUM TIPHUKIAJaHHSIM HaBaHTaxeHHs. Jlomartesi
MpecioMeTpr 3BHYANHOI KOHCTPYKIIi (HAIpUKIaI,
JIIIM—14 Ta iH.) BIUIMBAIOTh HA IPYHTH TOPU30HTA-
JHbHAM HABaHTXEHHSM, sIKE IMepeJaeThCs ILIoc-
KUMH BEPTUKAJIbHUMH CTaJ€BUMHU IIJJACTUHAMU-
IITaMIIaMH: IITaMITH 3pi3af0Th CTIHKH JIiIEPHOT CBe-
PATIOBUHU 3 MiHIMAJIGHUM MOPYHICHHSM IPYHTY.
ATne Taki IprIaiv 3aCTOCOBYIOTh HE JIJIS BCIiX THIIIB
IPYHTIB (BHHATKOM €, HANpUKIAJ, BEIUKOYJIaM-
koBi). [IpecioMeTpH i3 CEKTOPHUM TOPHU3OHTATBHUM
MPUKIAIaHHSIM HaBaHTAXKEHHS, SIKE IePEeHacThCs
IBOMA CTaJ€BUMH, LMIIHIPUYHO BIHYTHMH IUIU-
TaMu (IITaMIIaMH), pO3TAIIOBAHUMHU Ha TPOTHUIIEK-
HUX CTOPOHAX CBEP]IOBHHH, KOXKHA 3 SIKUX OXOII-
moe cexTop Bix 45 1o 90°, € pi3HOBHIAMU 3BHYAM-
HUX JIONIATEBHUX MPECIOMETPIB, ajie 3 OLIBIINUM CTY-
MEHeM ypaxyBaHHS POOOTH MpHIIAAy y CBEpIIIO-
BUHI.

MeH1I BiloMi Taki K MPUIAAH TLTBKH 3 OJTHUM
BUCYBHHUM WITAMIIOM, i3 pO3TalIOBaHUM Ha MPOTH-
JIE)KHOMY OOIli CEKTOPHUM BUCTYIIOM Takoi K ¢o-
pMU, SIK 1 BUCYBHHI IITaMIT (HaBAaHTKEHHS CTIHOK
CBEPJUIOBUHU BiJ| IIbOI'O HE 3MIHIOETHCS, OCKIJIBKU
00H/IBa CEKTOPU THCHYTh Ha CTIHKU 3 OJJHAKOBOIO
CHJION0), @ OCh KOHCTPYKIIisI TX JICI[O CIPOIIEeHA: [IH-
JHAPUYHI IITAMITA CEKTOPHUX MPECIOMETPIB PO3K-
PHUBAIOTHCS TOPU30HTAIBHO, HABAHTAXKYIOUH CTIHKH
cBepAsIoBUHU. J[0 LIHOTO X TUITY HAJICKUTh 1 CBEPII-
JIOBUHHUHW JIONATEBHHA MPECIOMETp TiapaBIiliyHHUN
JITII'-42 niamerpom 273 MM, cKkoHCTpyiHoBaHui JI.
C. AmapsiHom (BupoOHMUMiA 1 HAYKOBO-TOCHTI THUHA
IHCTUTYT IH)K€HEpHUX BUIIYKYBaHb B OYIiBHHUIITBI
(BHAIBB)) amst mocimikeHHS IHPOKO PO3IIOBCIO-
JDKEHUX TPyOOYJIaMKOBUX IPYHTIB i3 Pi3HOMaHIT-
HUMH 3al0BHIOBauyaMu [4]. 3HAUHOTO MOIIUPEHHS
Lel TUII IpecioMeTpa He OTPUMaB, ajle BiIOMHUI JO-
CBIJI YCHIITHOI eKCILTyaTallii TakuX MpecioMeTpiB,
BUTOTOBJICHUX 334 OPHUIIHATHHUMHU KPECICHHSIMHU
Bimaiiom  gocimigHuX — podiT  «lliBCxiaTIEB»
(M. Maraznan, 1986-1989 pp.), 3a y4actio aBTropa
wiei crarri [14].

Uepe3 cKIagHICTe BUKOHAHHS Ta TPYAOMICT-
KicTh MpOBeAeHHs BUNPOOYBaHb IO CEpiitHOTO BU-
PpOOHUIITBA TIPHUIIAAX IIHOTO TUITYy He JINIDIH, X04a
MTOOJTMHOKI CIpOOH BiATBOPEHHS Ta 3aCTOCYBaHHS
Ha 00’exTax OyMiBHMIITBA IiJTBEP/HKCHI aBTOPChH-
kumu cBimonTBamu [11, 12], y skux ykaszaHo, 10
TEPMOIIPECIOMETPH CTIPHUSIOTH BiATaBaHHIO IPYHTY,
sIKE BUKOHYIOTH NPOIYCKAHHSIM CTPYMY B3JOBXK
npuiagy, OCHAIIEHOTO €JacTUYHOK OOOJIOHKOIO,
a 3MIHIOBaHHS pajiiyca BiATaaoi 30HH BU3HAYAETHCS
32 3MIHIOBaHHSM EJEKTPUYHOTO OMNOpYy IPYHTY.
VY Momudikamisx Hporo npuiaamy Iist IporpiBaHHs
Oynu 3acTOCOBaHI MPYKUHAY] TUTACTHHH, PO3TAIIO-
BaHi 1o topusx kopmycy [2]. 3a [14], HeomaHOpaso-
BUMH OyJH crpoOW TOJIMIIeHHS TOKa3HUKIB BU-
3HAYCHHS JAeOopMaIlifHUX BJIaCTUBOCTEH OaraToi-
THROMEP3JINX TPYHTIB, 30KpeMa i BEIUKOYJIaMKO-
BUX, 13 METOI0 3HIDKEHHS TPYIOBHTpAT 1 dacy
BUKOHAHHSI JIOCHIIIB, 10 BiZOOPaKEHO B aBTOPCh-
kux cBimomrBax Ne 1240826 (1985), Ne 1079749
(1981), SU 1573088 Al (1990). Sk 3’sicyBanocs
B pe3yJIbTaTi MPaKTUYHUX JOCIIKEHb, XapaKTepH-
CTHKHU CTHUCIIUBOCTI TPYHTIB, SKi BU3HAYAIOTh TEP-
MOTIpECiOMETpaMHy paliaIbHOTO THUITY Ha OCHOBI JIi-
HilHO-Ie(OPMOBAHOTO MTPOCTOPY, MOCTIHHO BiApi-
3HSJIMCS Bifl XapaKTEepUCTUK, OTPUMAHMX IIiJ] 4Yac
BHIIPOOYBaHHS IPYHTIB METOJIOM TaK 3BaHOTO «Ta-
pSAYOTO HITaMMay.

OxpiM MUTaHHS TOYHOCTI TEPMOIPECIOMETPHY-
HOTO METO/Ty, 0araTo He 3’COBaHO MO0 MapameT-
pamiB TIEPEXiTHOTO Mapy MiXK MEP3JIHUM 1 BiJITAITAM
IPYHTOM, SIKi BUMIPIOIOTb ITiJ] 4ac poOOTH pajialib-
HUX TEPMOIIPECIOMETPIB, a TaKOXX BUHHUKA€E HEOO-
XigHICTh ypaxyBaHHS (GOpPMH KOHycCa BiATaiIoOro
IPYHTY, sIKa BIUINBA€ HA PO3PAaXyHKH CTHCIHMBOCTI.
I3 Takux Ta iHIMIUX TPUYMH PO3pOOIEHI Mojeni
1 T0Ci MaJIo BXKUBAIOTH y TIPAKTHUII IHKEHEPHUX J10-
CJTi/PKEHb.

[Ipo cnpobu 3ailicHEHHsST TepMONpPECiOMETpHY-
HUX JIOCNIJKeHb Ha TPAKTHUIl CBiTYaTh SIK BiIOMYi
HOPMAaTHBHI JIOKYMEHTH, TaK 1 MaTepiaiu npodiib-
HUX HAyKOBO-TIPAaKTUYHHUX KOH(DepeHiii Ta 30epe-
JKeHl HaykoBo-TexHi4Hi 3BiTH [7, 13, 14]. OmHak
imicast 1991 p. indopmanist npo BUNpoOyBaHHS Me-
P37MX IPYHTIB TEPMONpPECIOMETPaMHU 31A€ThCS He-
MIOBHOIO, X04a 3pijiKa Mpo HUX 1 3rafyloTh B OKpe-
MUX BHJIAHHAX. 30KpeMa, y cBOil kau3i M. A. MiH-
KiH, OYEBHMIHO, Yy JOBIAKOBUX HUIAX [8], okpemo
BKa3ye, M0 BXKE ITiJ] 4ac JOCIi/DKEHb IPYHTIB Ta-

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/237279

© B. I0. Yibsnos, 2021

85


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp20

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec tpancnopty. Bichuk J{HinponeTpoBchKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 2 (92)

TPAHCIIOPTHE BYJIBHUIITBO

KUMH TIpUJIaJiaMy BiI3HaYeHa MOXHOKa, sika J0Cs-
rae 30-40 % i 6inbiue (y 3B’43Ky 3 HETOUHICTIO BH-
3Ha4YeHHs 00cATIB 1 (hopMu KOHYycCa BiATANOro Ipy-
HTY, a TAaKOK Yepe3 aHi30TPOIII0 CAaMUX BiIKIIA/IIB).
Sk Oyno 3a3Ha4eHO, BYKMBAaHHSA TEPMOIPECIOMETPIB
TICHO TOB’si3aHe 3 MPOOJIeMaMu BUBYCHHS Oararto-
aiTHeoMep3nux IpyHTiB [1-3, 10-12, 14, 16-20].
Aze i B YKpaiHi BAHUKAIOTh MPOOJIEMH if] Yyac po-
0iT i3 Mep3nuM TpyHTOM. TyT KOpHCHI W JOpeyHi
nociimkeras b. B. Mopkisauka # I[1. O. [Ipomenka
3 BUBYEHHS MOPO3HOTO 3[MMAaHHS IPYHTIB y IpO-
1eci BAKOPUCTaHHS TEIJIOBUX HACOCIB, 30KpeMa, i3
PO3MOAITICHHS BOJIOTH B MEP3JIUX IPYHTAX i 3MiHIO-
BaHHSI IIIIBHOCTI Ta JIESKUX BIACTUBOCTEH IPYHTIB
(BUNMHAHHS [PYHTY), IO BaXIUBO H y BUMNAIKY
NPUKJIAJIaHHA TaK 3BAHOTO «rapsuoro) MpHUBaHTa-
YKCHHS JI0 IITaMIIiB, i TiJl 9ac BHOOpY #oro rabapu-
TiB [9].

3 oMy Ha Te, M0 Cepio3Hi MpobIeMu BHIIPO-
OyBaHHSI MEP3JIMX IPYHTIB y MOJILOBUX YMOBAaX IIIe
W J0C1 3aJMIITUINCS, MOXIIMBE PO3IIMUPEHHS MEX
YKHBaHHS TEPMOTIPECIOMETPIB.

Crig Big3HauwTH, 1m0 B YKpaiHi OaraToJIiTHHO-
Mep3Ji TPYHTH SIK TaKi MOBHICTIO BiJICYTHi, MPOTe
MoMi0HI JOCTIHKEHHS IUIKOM TOPEYHi i 9ac BH-
KOHaHHS T'€OTEXHIYHOTO KOHTPOJIO B TPAHCIOPT-
HOMY OyIiBHUITBI (30KpeMa, miJl 4ac OyAiBHHULITBA
MeTpo B JIHIiMpi Ta iHITHX MIiCTax), a TAKOXK Y TiIpo-
TEXHIYHOMY OYAiBHUIITBI, /Ie¢ BAKOPUCTOBYIOThH Me-
TOJIM TIIMOMHHOTO 3aMOPOXKYBaHHS CITA0KUX TPYH-
TiB. HaykoBa KOMIIETEHTHICTh y Wiil Tanmy3i Moxe
BUSIBUTHCS KOPUCHOIO MiJI Yac PO3IIMPEHHS MO
TSUTBHOCTI YKPAaTHCHKUX TPOEKTHHUX Ta OYIiBENb-
HUX OpraHi3ailiii i 3a MexXaMu KpaiHu.

Meta

3 ornsAy Ha BHKJIAJIEHE MeTa POOOTH MOJISTae
B IIOIIYKY IUISIXiB MiIBUIIEHHS SIKOCTI 1H)KEHEPHO-
TeOJIOTIYHNX BUNPOOYBaHb Ta TOJMIMIICHHS BH3HA-
YeHHs JeQOopMaliiHUX BIIACTUBOCTEH MEp3InX
TPYHTIB Pi3HUX THIIB, i3 BUKOPHCTAHHSAM JOCBIILY
MPOBEJICHHSI TaKUX JOCIIKEHb IS OI[IHIOBAHHS
MPEICTaBICHOTO BapiaHTa TePMOIpecioMeTpa.

MeToauka

VY po0oTi BUKOPHCTAHI TaKi aHATITHYHI METOTU
JOCHI/KEHb, SK MOPIBHSUIBHO-ICTOPUYHUI Ta Me-
TOA aHajorii. Y3arajl HUTaHHS METOIOJIOrIT TICHO

MOB’s13aH1 3 METOJaMM TPOBEJCHHS BUIPOOYBaHb
Ta 00poOKH iH(popMmaIlii.

["o710BHOIO BIAMIHHICTIO Y TIPOBEIEHH] TOCIIIB
13 MEp3JIUMH TPYHTaMH 32 JOTIOMOTOI0 «TapsTaHXx»
LITaMIiB € HEOOXiJHICTh MONEPETHHOTO YTBOPEHHS
i, HUMU 30HH BiATANOTO IPYHTY TJIMOMHOIO HE
menme HiK 0,5 giameTpa mramma. 3i CIIOPSIHKEH-
HSIM JUTSL IKICHOTO MPOBEIEHHS TOYaTKOBOTO eTaIy
nmoaiOHUX BUMPOOYBaHb 1 MOB’sI3aHa OUIBIIICTD TE-
XHIYHUX TPOOJIEM Ta MpaBHIbHE BU3HAUCHHS TIIH-
OMHU BiATaJOro IPYHTY. YPaxoBYyIOUH, 1[0 TEPMO-
pecioMeTpu 3Ae01NIbIIOr0 BUKOPUCTOBYIOTH JUIS
BU3HAYCHHS MEXaHIYHHX BIACTHBOCTEH MEp3InX
IPYHTIB, a OTpPHMaHi JaHi 3aJeXaTh BiJ JHOAWC-
TOCTI ¥ IIBUAKOCTI MpOMEp3aHHs/BiATaBaHHS IPY-
HTY, JOCJIJDKEHHSI MOPO3HOTO CTaHy IPYHTIB i Cy-
MiXHI 3 HUMHU JIOCI 3aJUIIAIOTHCA MPOOJIEMHUMHU
MUTAaHHAMH, 30KpeMa I[0/I0: HassBHOCTI Ta MIUPUHH
00IrpiBaIbHOTO KiJBI, TTTHOWHU BiATaBaHHS ITOPIT
ITiJ] HUM, THCKY, 3a SIKOTO BiI0yBa€ThCs BiATaBaHHS
IPYHTY, a TAaKOX crtoco0iB 00poOKH pe3yNbTaTiB Ta
OIIIHIOBAHHS BEIUYUHU OCIJAHHSI, SIK1 3a1€KaTh BiJl
TUMIB IPYHTIB. 3a pe3yIbTaTaMu JOCHTIHKeHb OyIa
po3pobiieHa MeToIMKa 00OpOoOKH JaHWX, 3aCHOBaHA
BXE Ha MPYKHO-IUIACTHHYATOMY IIAXO[I, IO
OUTBII IITKOBUTO BPaxoBYE OCOOIMBOCTI HAampy-
KEHO-ZIc)OPMOBAHOTO CTaHy IPYHTY HAaBKOJO BiJl-
TaJ0i CBEPIIOBUHU. J[J1s1 BAKOHAHHS TEPMOTIPECIio-
MeTpii, SIK MPaBUJIO, PEKOMEHIYIOTh, MPOXOISTIH
ripan4i BUpOOKW (KOTJIOBaHH, myphu, AYIAKHA Ta
OypoBi CBEpIJIOBHHHM), 3a0€3MEeUyBaTH HEMOPY-
nieHy OyJOBY IPYHTIB Ta YHHKATH MPOCSKaHHS 110~
BEPXHEBHMH BOJIAMH Ta omajaMu. Jis 1ociipKeHb
00MpaTh MiHIMAJIBHY TOBIIUHY IIapy IpyHTY (He
MeHIe Hik 1,5 MOBXHHH JomaTi mpeciomerpa),
a 3pa3Ku IPYHTY BiOUParOTh He ONFKYe HiXK 32 3 M
Bit oci BupoOku. CyTHICTH JOCTIMIB TOJSATAE
B CXiJYacTOMYy JIOJaBaHHI HaBaHTaXEHHs (IO
0,01... 0,1 MIla); HaKOHEYHUK 31 ITOKOM TapyIOTh
(rumoty Jtomati 0OMParOTh 3ANIEKHO BiJ THUIY IPY-
HTY). HaKOHEUHNK yCTaHOBIIOIOTH METOJIOM BJIAB-
JIIOBAHHS, MICIISl YOTO BUMIPSIOTH THCK; MICIS KOX-
HOTO CTYIEHS HaBaHTAKCHHS BUTPUMYIOTh 4ac 110
YMOBHOI cTabinmizanii negopmanii IpyHTy. 3a Kpu-
Tepill yMOBHOI cTabinizauii BUnpoOyBanoro oocsry
IPYHTY OOMpAaIOTh MEpeMillleHHs JIONAaTi-IITaMIa.
Jnst po3paxyHKy Koe(illleHTiB CTHCIMBOCTI a Ta
BiJITaiBaHHS 4 3aIPOITIOHOBAHI 3aJIE)KHOCTI!
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KaAU R.,
e TG o

-V -1
o

KA AV
A=t

V —aPn
ne AU — nepeMileHHsI CTIHKY CBEPIOBUHU i TH-
ckoM AP; rou R— paaiycu cBepAJIOBHHH Ta BiTaIO1
30HU BIANOBIMHO; Vv — KoedimieHT Ilyaccona mms
BizTanoro Irpyuty; Vi AV —ouaTkoBwif 0OCsT Yari
BiJITaBaHHS 1 HOr0 MPHPICT YHACIITOK BiATaBaHHS
BiZIMOBiTHO; Pn — TOOYTOBU THCK y MEP3IIOMY IPY-
HTi Ha BiIMITIII BUIpoOyBaHb; Ku Ta K4 — po3paxy-
HKOBI Koe(ilieHTH, $AKI BHU3HAYAIOTH IIiJ] 4ac
PO3B’s13aHHS BIAMOBIIHMX KpaHoBUX 3amad (depes
MIIHICHI XapaKTepUCTHKH I[PYHTY 1 pajiyc darii

BigraBanus) [14].

)

PesyabTaTtn

[Ticns GaraTopiyHOI MepepBYU B IMOAIOHUX TOCITi-
JDKEHHSIX 3aIlPONIOHOBAHA BiJIHOCHO HOBAa KOHIIEI-
TyaJbHa MOJIEINb IPUJIALY, siKa o30aBieHa Oi1bII0-
CT1 HEJIOJIIKIB MPECIOMETPIB, PO3POOIICHUX paHillIe.

Jisa mpoBeneHHs TOCTiHKEHb MEP3IUX IPYHTIB
CJIiJ] KOHCTPYKTHUBHO 3MiHUTH 0a30BY MOJAEJb Tep-
monpeciomerpa JI. C. Amapsina JITIT'-42 (puc. 1).

Puc. 1. IIpeciomerp JITII'-42 koHcTpyK1Iii
JI. C. Amapsiaa

Fig. 1. Blade pressiometer LPG-42 designed
by L. S. Amarian

Y HOBii Mogeni mependadeHa  CYTTEBO
MOJIIITIIIEHA CUCTeMa HarpiBaHHs JIOTATI, 110 MOXE
3HIACHIOBATUCS TAKUMH CIIOCOOaMU:

a) TEHom, 3MOHTOBaHMM B 00’ €MHI MacCJIOHAIIO-
BHEHI JIOMATI-IITAMIIH, OCHAIIIEH] 3aI001’)KHUM KJIa-
MaHOM, 13 JKMBJICHHSIM HOTO0 CTPYMOM II0 KaOeso

BiJ ManorabapuTHOro OEH3MHOBOI'O arperara-rene-
paTopa Ha MOBEpPXHi 3 TEIUIO- U EIEKTPOi30IALIE0
IUIsl 3a0e3meYeHHs] MiHIMaJIBHOTO HarpiBaHHS ca-
MOTO KOpIycy mnpuiafy (o0 3amobirta «KOKCy-
BaHHIO» Macja B LIJIIHAPI FiAPOCUCTEMH);

0) TeruMM MOBITPAM i3 MOBEPXHi Bi ra30BOro
[AJIBHUKA 13 CHCTEMOIO IIJIAHTIB — 33 aHAJIOTIE0
3 rapsuuM mramnoM tumy HITT5000T koncTpykmii
AT «I'EOTECTy;

B) 3a JIONIOMOTOI0 IHIMX HarpiBaJIbHUX ele-
MEHTIB, Hanpukiaza, po3pookn TOB «Kpacl'eoTex-
HiKay.

Y IOCKOHaJIEHHsST NpWiIany MOXKJIHMBE LUIIXOM
YJIAIITYBaHHS 3aKPUTOr0 LIWITIHAPUYHOTO KOPILYCY,
3BYXKEHOT'O IO Kpasx (OBaJIbHOI (hOpMH); 3aCTOCY-
BaHHs OLIBIN SKICHUX MatepialiiB, CTIHKUX JI0 KO-
po3ii Ta crmpauroBaHHS, 30KpeMa i HEMETaJIeBHX;
BUKOPUCTAHHS TUIBKH OJIHIET BUCYBHOI JIOMATi-
mTaMna CeKTOPHOTO TUIY KBaJpaTHOI abo OKpyr-
moi ¢popMH B IUIaHI W TUTBKK OJIHIET HArpiBaIbHOI
momari-imrammna. s BUMIPIOBaHHS TeMIIEpaTyp
1 KOHTpPONO TIMOWMHM Yall BiJTaBaHHsS IPOTO-
HYEMO IIyT i3 MEXaHIYHUM/TiApaBIiYHUM TMPUBO-
JIOM JTaTYMKa 3 TEPMOIIApOI0 (MOXKIIMBHIA 1 HE OTUH
yn, i 3 iHOIEM HOTO PO3MIllIEHHSIM, HaIlPUKIIAL,
y BUIJISIIII «BHJIKWA» — JUISL 3pYYHOCTI MPOBEICHHS
BHMIpIOBaHb). TakoX MPOTOHYEMO BITPOBAKEHHS
€JIEKTPUYHOI IPOBIAHOT CUCTEMH, IPU3HAYEHOT JIJIsI
BiJITaJINX TPYHTIB, 31 IITOKOM ]I BUMipIOBaHb JI0-
BXXMHU BUCYBaHHS JIOTIATi-IITaMIIA.

MoxamBi ¥ Oinbin ckmamgHi ( BHTpaTtHi)
BapiaHTH KOHTPOJIIO YTBOPEHHsI Yallli BiJITaBaHHS,
HaATPUKIA];

a) T 9ac po3poOKH 2-X CBEPAJIOBHH B OJHIH i3
HUX (miameTpoM 273 MM) pO3TaIIOBYIOTh CaM MpH-
Jaja, a B iHIIIHN (giamerpoM 10 76 MM, Ha BifCTaHi
He Oumpre Hix 0,3 M BiJ cBepAJIOBHHH 273 MM)
HaBOPOTHU OC1 BUCYBaHHS JIONATI-IITaMIIa PO3TALIO-
BYIOTb caMy TEPMOKOCY, IpH3Ha4YeHy JUIs
BHUMIPIOBaHHS TEMIIEPATyp Y MeXax HarpiBaibHOI
JIOMAaTI-IITaMIIa;

0) palioOXBUJILOBUMHU JaTUuWKaMud abo JaTdu-
KaMH, 3aCHOBaHWUMH Ha SIIEPHO 1 Terohi3nIHuX
npuHiunax (ix 3acTocyBaHHS HOTpedye mpoBe-
JICHHSI CIeIliaibHUX, OlIbII JOPOTHUX JOCHIHKCHD,
10 BIUTUBAE HA BapTICTh NMPHUIIALY);

B) ANl YTBOPEHHS M MiATPUMYBaHHS THUCKY
MOJXKJIUBE 3aMiHIOBaHHS TiApaBIi4HOI (MacIsHOT)
CHCTEMH Ha eJICKTPOT1IpaBIiuHy a00 eJIeKTPHUHY.
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3a3HaynMo, 110 MPOBEJCHHS BUNPOOYBaHb Ta-
KHM TUIIOM Trapsioro mpecioMerpa, KpiM moyaTko-
BOTO €Taly, HE BIAPI3HIETHCA BiJ 3BUYAWHOI
MpecioMeTpii, ajie 3aJeXHO BiJ THIIIB IPYHTIB MO-
XKyTh OyTH BHeceHi Aeski 3MiHu. Hampukmnan, mis
BUILHOTO CTIKaHHS BiJITAIOT BOJY B MICI[i TOPKAaHHS
raps4oi JomaTi-ITaMITa He MOTPiOHO PO3MIIITyBaTH
caM Mpuiaj Ha yCTi CBEpAJIOBUHHM, HOTO miBiMIy-
I0Th Ha IITaHrax abo Tpoci Bulle 3a 3a0iil 1 He
MeHie HiX Ha 0,5 M (He BHKIIOYCHO W BHKOPH-
CTaHHA BHCYBHOTO/HEPYXOMOTO IITOKa-00-
MeXXyBaua B JHHII MpWiIagy). YpaxoBYIOUH MOXK-
JMBOCTI TIpHJaIy, HOTO PEKOMEHAYIOTH I JI0-
CJiUKYBaHHS TPYHTIB 06€3 rpyO0yJIaMKOBHX BKJIIO-
4eHb (a00 3 TX MiHIMaIBHOI KiJBKICTIO), TAK CAMO
HEOOXIZHO BHUKIIIOYUTH BUIPOOYBAaHHS CHJIBHOIIb-
OJIMCTUX TPYHTIB (It 3armobiraHHs KaTacTpodid-
HOTO OIUIMBAHHS CTIHOK CBEPAJIOBUHH) HABITh Y 3U-
MOBHH IEPioJ, MiAOUPAIOYN PEKUM HarpiBaHHS J0-
CNITHUM IIISIXOM — 3aJIe)KHO B TeMmepaTypu
TPYHTY Ha BiIMITIIi BUITPOOYBaHb, SIKy BU3HAYAIOTh
B CyMDKHIH TEPMOCBEPIUIOBHHI MaJoro Jxiamerpa
a00 Ha MmiACTaBi TEIIO(I3UYHIX PO3PAXyHKIB.

JUst BUKITIOUEHHST TPUMEp3aHHs IpUiiaxy B 3H-
MOBHH TEPiOJ IMICJIs eTaly YTBOPEHHS Yallli BiATa-
BaHHs HEOOXIHO MiATPUMYBATH IUIIOCOBY TEeMIIE-
paTypy BHCYBHOI JIonaTi mpecioMerpa, a 3aXUCHAN
KOXyX Ipuiiaay (KpiM BUCYBHOI Jomari), 30Kpema i
HEMeTaneBuH (3a 10CTaTHbOT KOHCTPYKIIHHOT Mill-
HOCTi), y pa3i HeOOXiqHOCTI CJIiJl HOKPUBATH CHHTE-
TUYHHM MaCTHJIOM IPOTH OOJIC/ICHIHHS.

JJ1s OCTIHHOTO Bi3yalbHOTO KOHTPOJIIO 3a CTa-
HOM CTiHOK CBEp/JIOBUHH Ta 3amobiranHs ix o0OBa-
JIeHHS, MO0 YHUKHYTH 3aKJIMHIOBaHHS MPUIIATy
B CTBOJI, mepeadadeHo OCBITIIOBalIbHE OOJaHa-
HHS B CaMiil CBEp/TOBHHI (3 PO3MIIIIEHHSM HOTO Ha
KOPITyCi Camoro Ipuiauy).

[locninoBHICTh BUKOHAHHS BHIIPOOYBaHb 00OHU-
ParoTh 3IEKUTH BiJl TETIOQI3NIHNX BIACTHBOCTEH
IPYHTIB, OTKE, IHTEpBaI MiXk HUIMHU B OJIHIH CBEp/I-
JIOBUHI 3 YypaxyBaHHSAM MOXKJIBOTO MOPYIICHHS
CYLIJTBHOCTI CEpeIOBHINA MMOBUHEH CKJIaJaTH HE
MEHIIIe HiXk 2-3 M.

3a3HaYMMO TaKOX, 10 Cy4acHi BUMOTH JI0 IPO-
BEJICHHSI POOIT 13 BUKOPHCTAHHSM TOPIOYHX Ma-
TepialiB nepeadayvaloTh HAJIEKHY MPOTHIIOKEKHY
Oe3neky (HasBHICTh JTOJATKOBOTO MIIIHOTO BOTHE-
racHMKa, OKpPIiM IIITATHOTO Ha OypOBI yCTaHOBIII).

HaykoBa HOBH3HA Ta NPAKTHYHA
3HAYUMICThH

VYnepiue 3anporiOHOBAHO KOHLENTYaJlbHY MO-
JIeNTb YIOCKOHAIEHOTO TEPMOTIPECioMeTpa, 3 TOJiM-
IEHO (POPMOI0 KOPIYCY 3 SKICHUX KOpPO3i€CTiii-
KHX MaTepialliB, 30KpeMa ii HeMeTaleBHX; 31 CKOPO-
YeHHSIM KUIBKOCT1 HOTO JIomaTeil 10 O/Hi€] BUCYB-
HOI CEKTOPHOI Jiomati-mraMia (KBajpaTHOi abo
OKpYTJI01) Ta BUKOPUCTAHHAM OJHI€] HarpiBaJIbHOT
JIOTATi-IITaMMa; 31 CIEeMialbHOI0 KOHCTPYKIII€0
IIyTa 3 MEXaHIYHUM /TiIpaBIi9HAM IPUBOIOM JaT-
YHKa 3 TEPMOIMAPOI0; TAKOXK PEKOMEHIOBAHO BIIPO-
BaJDKCHHS E€JICKTPUYHOI TpOBimHOI cuctemu. Ile-
penbaueHo pPO3IIUPEHHS MEX 3aCTOCYBAaHHS IIpH-
JIaay, OCKIJIBKY BiH IPUIATHUN HE TUTBKH JJis Oara-
TONIITHBOMEP3JIMX TPYHTIB, a W Ui CE30HHO-
Mep3mux (M0 MaloTh MIHYCOBY TeMIepaTypy Ta
MICTSATh Y CBOEMY CKJIaJI JIi).

BinzHaunmo, mo BIOCKOHAJICHHST pOOOTH Tep-
MOIIPECIOMETPA, SIKE MIPHUITYCKA€ KOHTPOJIb 3 YTBO-
PEHHSM dYarlli BiTaBaHHA, IO-HOBOMY CTaBUTH TI€-
pen JOoCHiTHUKaMW THTAaHHS BUBYEHHS HaIlpyKe-
HOTO CTaHy HE TUIBKH 0araToliTHbOMEP3IuX,
a 1 Mep3IHuX IPYHTIB, MOTPEOye yBaru 10 peTelb-
HOCTi BUMIpiB IIUPHUHH OOIrPiBaIbHOTO KBS i
yac poOOTH NMpWIaiB, BU3HAUCHHS TJIMOWHHU BijTa-
BaHHS 1 PO3PaXyHKOBOTO THCKY, 3a SIKOTO BimOy-
Ba€ThCsl  BIJATaBaHHSA, 110, CBOEK  4YEProio,
BHCBITIIIOE YHCIIEHHI AMCKYCiHHI mpoOiieMu I'pyH-
TO3HABCTBA W MEXaHIKH I'PYHTIB.

YnpoBapkeHHs i€l MOJENi Mpuiagy B Tpakx-
TUKY TEOTEXHIYHOTO KOHTPOJIO TiJ 4Yac OymiB-
HULTBA B TpPYHTaX, SKi NOTpeOyIOTH 3aMOpoO-
YBaHHSI, a TAKOXX Y POOOTax 3 MPUPOJHUMH CE30H-
HOMEP3JIMMH TPYHTAMH, y3aralli 3acTOCyBaHHS Tep-
MompecioTepiB 'y Hamiiii kpaiHi crpusuio Ou
HaOYTTIO HEOOXiTHOI KOMIIETEHOCTI B ITil Tay3i.

BucHoBxku

VY pe3yibTari JOCTIKEHb Ta aHaIi3y HasBHUX
PO3pO0OOK TIPeICTaBIIEH] IUISIXH PO3B’I3aHHS 1CTOT-
HOI iHXKEHEepHOI mpoOJieMd B OYIIBHUITBI Ha
MEp3IUX IPYHTAX — MOJIIMIISHHS BU3HAYEHHSI 1X Jie-
(dopmaniiHIX XapaKTEpPUCTHK 33 JOIOMOIOIO Tep-
MoTpecioMeTpa. 3anpornoHOBaHa MOJEIb MpHIaLy
Ma€ CIPUSITHA OTPUMAHHIO BipOTiIHUX jJedopmariii-
HUX XapakTepucTHK (Koe(ilieHTiB BiATaBaHH,
CTHCIMBOCTI, MoayJsi nedopmarii). AuckyciiHum
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MUTAHHSIM 3aJMIIAE€THCS TEPCIeKTHBAa 3acTOCY-
BaHHs TEpMOIIpecioMeTpa Ui Pi3HUX THIIB MpH-
POIHUX MEp3IHMX IPYHTIB, OCKIJIBKH TpHIa
MEPBICHO CTBOpPEHWH [UIsI BUNPOOyBaHb Oara-
TOJII THBOMEP3JIHX, TamXx rpy0oyIaMKOBHX
rpyHriB. [Ipencrasieni y craTTi npomno3uiii € epex-
THBHUM JIOCBIJIOM TIOIIyKiB Ta JOCITiIPKEHb HE
TIJABKY A7 OyAIBHULITBA Ha MEP3JIHX IpyHTaX. Pe-

HOMY U TAPOTEXHIYHOMY Oy iBHUIITBI 1J1s TITHOWH-
HOTO 3aMOPOXKYBaHHS ClHa0KMX 1 HECTIMKHX
IPYHTIB, 00 COPUSTH CKOPOYEHHIO TPYIOBHUTpPAT
Ta 4acy MpOBeACHHS BUMPOOYBaHb Nepe]] OYaTKOM
OyaiBHUITBa a00 y BUNaakax nepeOynoBH, aBapii
Ta IHIINX HE3aIJIaHOBAaHUX Mil, y TOMY YHCHi i Ha
3aJi3HULSAX — YCIOMH, 1 TPOBOSTH BUNPOOYBaHHS
Mep3IUX MOPiJ Y 3UMOBHI MEpiof.
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Ways to Increase the Efficiency of Thermopressiometry

Purpose. The purpose of the work is to identify the ways to increase the efficiency of engineering research, based
on the significant amount of exploration work required in the creation of modern man-made objects, taking into
account the shortcomings of existing instruments and equipment used to measure soil stress, and in relation
to the need to improve the design of thermopressiometers, which are aimed to facilitate the study of frozen soils.
Methodology. The ways to improve the blade thermopressiometer for the study of frozen soils with different aggre-
gates were selected by the comparative-analytical method and the method of analogy. Thawing depth, absolute soil
sediment, deformation modulus etc. were determined by thermal-technical calculations. Findings. The application
issues of concern of the existing thermopressiometers (limited research of soils of a certain type, complexity and
insufficient accuracy of readings) identified can be overcome by the proposed improved design of a blade thermo-
pressiometer for testing frozen sandy-clay soils. It is based on the improved heating circuit, the applicationd of quality
materials and changing the form of the blades and body. The device is intented for use on permafrost and natural
frozen soils of the world, including Ukraine. Originality. For the first time we offered a model of an advanced ther-
mopressiometer with an improved body shape made of high-quality corrosion-resistant materials, including non-me-
tallic ones. It has the reduced number of blades to one retractable sector blade-stamp (square or round) and one heating
blade-stamp. A special probe design with mechanical/hydraulical sensor drive with a thermocouple (or with two fork
probes to improve the measurements) was proposed. It was also recommended to introduce an electric conductive
system designed for thawed soils, with a rod for measuring the retractable blade-stamp. The possibility of using
a thermopressiometer during the study of seasonally frozen soils is established. Practical value. Improving the device
model should facilitate its application in engineering and geological research for various types of construction, includ-
ing transport, hydraulic engineering, which use the methods of deep freezing of weak and unstable soils.

Keywords: blades-stamps; thermopressiometer; deformation properties; thawing bowl; hot stamping method
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OcigaHHs 1OPOKHBOI0 MOJIOTHA HA CKJIAJCHUX 3i CJIA0KUX IPYHTIB OCHOBAaX

Meta. OCHOBHOIO METOIO I1i€l poOOTH € MOOYI0Ba TOYHHX AHATITUYHHUX 3aJI€KHOCTEH OCIIaHHS OCHOBH JOPO-
YKHBOTO TIOJIOTHA BiJ HOTO KOOPIMHAT 1 MPUKIIAIECHOTO O BEPXHBOI MEXKi OCHOBH TPATICIIEIOAIOHOTO 30BHIITHBOTO
HaBaHTaeHHs. Lle n03BouUTH po3paxyBaT Npo(iib OCiAaHHS OCHOBH B MEXaxX 1 32 MeKaMU HacHIly 3 BUKOPHC-
TaHHSAM METOJY MOIIAPOBOro MifcyMOBYyBaHHs. MeToauka. J[is J0oCArHEHHS METH BUKOPUCTAaHO TEOPETHYHI J0C-
JIDKCHHS TEOMEXaHIYHHUX MPOIECIB 13 BUKOPUCTAHHAM aHATITUYHUX 1 YHCEIbHUX MAaTEeMaTHUYHUX METOJIB. AHaJI3
1 y3araJbHEHHs Pe3yJIbTaTiB TEOPETUYHUX AOCIKEeHb. Pe3ynbTaTn. Y pamMkax MoJeni OCHOBH Y BUIIISI JIIHIHHO-
'O MPYKHOTO 130TPOIHOTO CEPEIOBHUINA i PO3PaXxyHKOBOI CXeMH II0CKOT nedopmariii OTpuMaHO aHAJITHYHI 3aJIeK-
HOCT] BEPTHKAJIBHUX 1 TOPU3OHTAJIBHUX HOPMaJbHUX Je(OpMalliif Bil KOOPAMHAT MiBIUIOLIMHY, 10 BEPXHBOI MEXI
SIKOi TIpUKJIaJIcHe HAaBaHTAaXXCHHS y BUTIAAL Tparerii. Ha 1miif 6a3i po3pobieHo anroputm moOymoBu mpodimo oci-
JIAHHS IOPO’KHBOTO TOJIOTHA, CKIIAIEHOTO 3 IPYHTOBHX MarepianiB. HaykoBa HoBu3Ha. OTpHMaHO aHATITHYHI 3a-
JISKHOCTI BEPTHKAJIbHUX HOPMAIbHUX Ae(opMalliii B OCHOBI JOPOXKHBOTO TOJIOTHA 3 TpamneleifaibHuM npodinem
Bix Hioro xoopauHat. [IpakTHyHa 3HaYNMicTh. BuknaneHi B mii poOOTi pe3ymbTaTH JOCTIKEHb TO3BOJSIOTH TO-
OyIyBaTH MPOEKTHHUN TPODITH JOPOKHBOTO MOJOTHA 3 IPYHTOBUX MaTepiaiiB 3 ypaxyBaHHIM CHIbHOT CTUCKATIBHOT
nedopmaitii rpyaty. KpiM Toro, oTpuMani pe3ysibTaTH MOXKYTh OyTH BHKOPHCTaHI IS BU3HAYCHHS HIDKHBOI MEXI
TOBIII OCHOB, III0 CTHCKAIOTHCS, 10 BEPXHBOI MEXI SIKMX MPHKJIAJEHE PO3MOJIiIEHE HABAHTAKEHHS! TPUKYTHOI abo
Tpanemnienogionoi popmu.

Kniouosi crosa: nopokHE MOJIOTHO 3 IPYHTOBOI'O MaTepiay; MIOCKa 3a1ada Teopil IPyKHOCTI; HOPMabHI Bep-
TUKaJIbHI HAalPy>KeHHsS! B OCHOBI; pO3MOJIJIeHe HABAaHTA)KEHHsI TPUKYTHOI 1 TpareuienoaioHoi popMu; cTaH riockoi
nedopmarrii

BUIAJIKy HAaBAaHTa)XEHHsSI Ha OCHOBY BiJIPi3HSETHCS
BiJl IPSIMOKYTHOTO.

Takox y poOorti [2] koedilieHT 3racanHs 10-
JATKOBUX HAIPYKEHb 3a TIMOUHOIO (3 HOTO BHKO-
PHUCTaHHSIM PO3pPaxOBYIOTh BEPTHKAJIbHI HOPMaJlb-
Hi Halpy>XeHHs 32 TIMOMHOI ¥ OCiJIaHHS OCHOBH)
HaBeJIeHWH y TabnuuHii Qopmi nuiie st HaBaH-
Ta)XEHHsI, 0 Mae HopMy NMPSIMOKYTHHUKA (B aHAai-
TU4YHIN QOpMi B HOPMAaTUBHUX JOKYMEHTaxX I J1aHi
TaKOX HE TPE/ICTaBIICH]).

3.Y YMHHHMX CBOTOJHI Ha TepUTOpPil YKpaiHu
0 psany iHIMX KpaiH OyJiBeNbHUX HOpMax IIOMAO
BpaxyBaHHs 3a3Ha4eHUX (AKTOPIB HASBHI JIOCHUTH
3arajbHi Ta npubaM3Hi BKasziBku [1-3, 6-8].

Beryn

ChOroJiHi Miji Yac MPOEKTYBAHHS JOPOKHBOTO
IMOJOTHA Ha OCHOBaX, IO CKJIaZe€Hl 31 CIIabKuX
IPYHTIB, BAHUKAIOTh TaKi IpOOIeMU:

1. [HoAi ocimaHHS TOPOXKHBOTO MOJIOTHA MAIOTh
OJIMH TOPSJIOK 13 Horo Bucoroio [1, 8, 13]. ¥V 1po-
My BUIAJKY TpeOa 3HATH OCIJaHHS OCHOBH I0JIOT-
Ha He TUTbKU B HOTO LEHTPI, a i OCiJaHHS Xapak-
TEPHHUX TOYOK 32 BCIi€0 IUIoNIero migonsu. Lle Ba-
JKJIIMBO I JOCATHEHHS BiJMOBIAHOCTI MPOdiI0
MOJIOTHA HOT0 MPOEKTHOMY ITOJIOKEHHIO 3 ypaxy-
BaHHIM AedopMaliiil 3eMHOI TOBEPXHi.

2.Tllpodins TOPOXKHBOTO TOJOTHA 3a3BHYAN
Mae tparnerienoniony dopmy [3, 6, 7]. ¥V takomy
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AHAJOTIYHO CIIOCTEPiraeMo 1 B TMPUCBSYEHIH
mid mpobremi HAyKOBiIM 1 TeXHIUHIN IiTeparypi
[10, 12].

3a3HayeHe O3BONAE 3pOOMTH BHCHOBOK, IO
BUKOPHUCTAHHS YHHHUX Ha TepuTopii YKpaiHnu
HOPM TPH3BOAMTH JIO HEJIOCTATHHO TOYHOIO Bpa-
XYBaHHS MPHUKIIAJACHOTO 10 IPYHTOBOI OCHOBH Ha-
BaHTA)KCHHS BiJl Baru JOPOKHBOTO MOJIOTHA.

4, OcTaHHIM YacOM IIMMPOKOTO BHKOPHUCTAHHS
IUIL TIPOTHO3YBaHHS HaNpyXEHO-IePOPMOBAHOTO
CTaHy IPYHTOBHX OCHOB Ha0yB METO] CKIHUCHHUX
enementiB [5, 11]. OxHak y nbOMy BHOAIKy Ha
pe3yJbTaTH PO3PAXYHKY ICTOTHO BIUIMBAIOTH PO3-
MipH pO3paxyHKOBOI 00J1acTi OCHOBH.

OCKiTbKM B HOPMAaTHUBHUX JOKYMEHTax YKpai-
HU BiJICYyTHI Oy/Ib-SIKi BKa3iBKH MO0 BU3HAYCHHS
PO3MIpiB pO3paxyHKOBOI 00J1aCTi, OTpUMaHi B X011
MPOTHO3YBaHHS HampyXeHO-1e(OopMOBaHOTO CTa-
Hy OCHOB JIOPOXKHBOTO TIOJIOTHA JaHi MOTPEOYIOTh
MEPEBIPKH 1, Y pa3i MoTpeOH, KOPUTyBaHHS.

VY Ham yac s BH3HA4YeHHS OCiJJaHb OCHOBH
JOPOKHBOTO MOJIOTHA BHKOPHUCTOBYIOTH HaOJMKe-
Hi (opMynH, y SKUX HE BPAaxXxOBaHO BIUIMB Ha Iie
OCiIaHHS TOPU30HTAILHUX HOPMATLHHUX HAIMPY>KEHb
Ta reOMeTpii MOMepevHOro Mpodiiro MoIoTHA.

Meta

VY miif CTaTTi MOCTAaBJICHO 3a METy 3HAWTH BHU-
pillleHHsI 3a3HAYEeHUX MPOOJIEM HUISTXOM MOOYA0BU
TOYHUX aHAJTITUYHHUX 3aJISKHOCTEH OCiTaHb OCHO-
BU JIOPOKHBOT'O TIOJIOTHA BiJl KOOPAWHAT 1 IPUKJIa-
JICHOTO JI0 BEPXHBOI MEXi OCHOBM Tparemuienoio-
HOT'O 30BHIITHBOT'O HABAaHTA)KCHHSI.

e mo3BomuTh po3paxyBaTH Tpodiias OCilaHb
OCHOBH B MEXax 1 3a MeXaMH HACHITy 3 BUKOpPHC-
TaHHSIM METOJIy MOIIapOBOTO IMiJICYMOBYBaHHSI.

MeToanka

3a BUXIIHI JaHl JOCIIHKEHHS B3ATO TaKi:

1. Po3rnsgaeMo HaWHECHPUSATIMBIIINN BHUIIA-
JIOK HaIpyXeHO-1e(hOPMOBAHOTO CTaHy OCHOBU —
JIOPOXKHIO 3 TPYHTOBOTO MaTepialy, JOBXKHHA SKOI
3HAYHO OiNbINa 3a 11 MUpUHY i BUCOTY (pHC. 1).

2.llonepeunnii npoiap HACUIy Ma€ BUTIISI
Tpamertii.

3. Tuck BiJ Baru HacWIy Ha OCHOBY JOPIBHIOE
no0yTKy mUTOMOI Baru ii mMartepiany Ha BHUCOTY —
BiJICTaHb BiJ ITiIONIBH HACHITY IO JI€HHOI IIOBEPXHIi
HAaCHUITy TI0 BEPTHKAITI.

st BUpilIEHHS TOCTaBIEHUX 3aBJaHb HEOOXi-
JTHO:

1.V pamkax Mozeni JiHIHHOTO MPY>KHOTO 130T-
POITHOTO CepeOBHINA, 32 YMOBH ILUIOCKOI Aedop-
Malii Ta HaBaHTakeHHA (puc. 1), oTpUMaTH TOYHI
AHATITUYHI PINICHHS, HEOOXiMHI I BU3HAYCHHS
OCiJIaHb OCHOBH IPYHTOBHX HACHIIIB.

2.Po3pobutH anroput™, o J03BOJISIE BPaxo-
BYBaTH IIiJl 9ac BH3HAYEHHsS OCiJaHh TPYHTOBHX
HACHUIIB HEOAHOPIMHICTH OyIOBU IPYHTOBOI TOBIII.

3. Po3pobutn anroputM, 1o 103BOJISE OJHOYA-
CHO BpaxOBYBaTH BUKJIAJCHI B 1. 1 1 2 YHHHUKWY.

Pe3yabTaTtu

Ha nepmiomy erami 3amada qociipkeHHs Oyna
chopmynboBana Tak. /1o OCHOBH NpHKIaAeHE Tpa-
neneifanbHe BepTUKAIbHE HAaBaHTAXKECHHS. Y JOBi-
JMBHIA TOYIll OCHOBH TOTPIOHO BH3HAYUTH HATIPY-
JKEHHSI, 1110 00YMOBJICHI IUM HaBAHTAXCHHSIM.

Jis po3m’sizanHHs 3amadi Oyja 3acTocOBaHA
cxema mpodinro Hacuiry (puc. 1), 3 BHKOpPHCTaH-
HSM SIKOI TPUKYTHa €Mopa KOHTAKTHUX THCKIB
MOKe OyTH MepeTBOpPEHa B TpareliemnoaioHe HaBa-
HTa)XCHHS.

[Togamo mapameTpu KOHTYPY HACHILy TaKUM
YUHOM:

1. Koopauaata OyJab-iIKOi TOYKM TPUKYTHHKA
mnk Moxe OyTH po3paxoBaHa 3 BHKOPHCTaHHSIM

dhopmyiu:
(1+§) U (x+a)-
Z,, 0=H.1 PL e
s Ueg- 11

+(1_§j -U(x—d)

ne H, a i d — mus. cxemy na puc. 1, U(X) —
crymindacta Qyskiis Xesicaiina [4].
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A2
n
H-h
k1
ml H
h
m a1 0 an X
Iy Jm=a-1Ljd=d-1, L k 7
a d=b-a
b

Puc. 1. BusHaueHHS TeOMETPHYHHUX PO3MIpiB IPYHTOBOTO HACHITY Ta HABAaHTA)XCHHS Ha OCHOBY,
sSIKE 3aJICKUTH BiJl OO Bary, ae:
h — Bucora Hacumy, b — mmprHa OcHOBH Hacuily; by — ImMpHHA rpebGeHs HACHITY;

04 Ta 0y — KyTH 3aKJIaJIeHHs JIIBOrO Ta IPaBOro yKOCIB HACHITY BiJIOBiTHO

[IpumiTKH: KUPHUMH JiHIIMHI MO3HAYCHUI KOHTYp HACHITY, @ TOHKHMMH — JTOTIOMIXHI JTiHi{

Fig. 1. Determination of the geometric dimensions of the soil embankment and the load on the base,
which depends on its weight, where:
h — height of the embankment, b— width of the embankment base; b; — width of the embankment crest;

oq and o, — left and right slope angles of the embankment, respectively
Notes: bold lines indicate the contour of the embankment, and thin — auxiliary lines

2. KoopauHara Oyap-sIKOi TOYKH TPUKYTHHKA
maink: Ha inrepsani Bucor z €(0,H —h) moxe Gy-

TH pO3paxoBaHa 3 BAKOPHCTAHHSM (OPMYIIH:

(1+LJ U(x+a)- N
Z,w (X)=(H =h) a ) -U(x)
{1_0'11} —bj ((xx-);l)

)

ne H, h, a, 1 d; — nuB. cxemy Ha puc. 1.

3. Bukopucrapiiu cxemy Ha puc. 1 Ta popmynu
(1) 1 (2), 3HalizeMo KOOpJAMHATY OYAb-KOT TOUKH
tpaneuii mMzkik. Otpumaemo:

me1k1k (X) = Zmnk (X) - Zmlnkl (X) =

(1+§][U (x+a)-U(x)]+

- +(1—§j[U (x)—U(x—d)] .
[“lj U(x+a)-
(H-h) _SEX_ NE)
*[1‘51} U (x-a,)

4. 1551 Toro, 11100 BU3HAUYNTH HABAaHTAXKCHHS Ha
OCHOBY BiJ] OJIHOTO ME€Tpa JOBKHHH I'PYHTOBOTO
HACHITY, MHOXKHUMO KOOpPJIUHATY, OTpUMany 3 (hop-
Mmynu (3), Ha NUTOMY Bary MaTepialdy Hacumy vy, .

i 1 metp, TOxi:
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o +(1—§j[U(x)—U(x—d)]_
O i
~Yu-(H=h) @

{4) s

JInst BU3HAUCHHS 3aJISKHOCTI HAINpPYyKeHb, IO
JIIOTh B OCHOBI HACHITY BiJ] KOOPJHHAT, BUKOPHUC-
TOBYeMO BigoMe (yHmameHTanpHe pimeHHs Pia-
MaHa MPO BEPTUKAIBHY 30CEPEIKECHY CHITY, IPHK-
JAJIeHy IO TOPU30HTAIBHOI BEPXHBOI IPaHUIIi ITiB-
TUTOLIMHY, 1 TIPUHIMIT cynepno3uii. 3rigHo 3 [9]
Ma€eMo:

o,(X,Z =2'23-X2 q(&)-dé;
(%2)=— J r(x,z’é)zt
22 %50(e) (x-8) o
(% ) !1 r(x,zé) , (5)
2.2 %a(e) (x-8)-
o (X ) % r(xzé)
(x-¢&)* +72°

ne GX(X,Z) i GZ(X,Z) — HOpPMaJbHI HaIlPYXEeHHS,
o AitoTh B HampsaMmky ocedd Ox i 0z BiamoBigHO;

. (X, Z) — JIOTMYHE HAINpPYXeHHs B IutomuHi 0Xz;
q(x) — MpUKJIaJIeHe 10 JIGHHOI MOBEPXHI OCHOBH
HABAHTAXCHHSI.

3Hai1IeMo pO3MOJiT BEPTHUKATBHUX HOPMAllb-
HUX HaNpyXeHb G, . (X, Z) B TOYIIi OCHOBH 3 KO-
opAMHATaMU (X, V) BiJ HpeACTaBICHOrO Ha puc. 1
HABaHT2)XEHHS, PO3MOIJICHOTO IO TPUKYTHUKY
mnk.

Hnst uporo y ¢dopmymi (1) 3amMiHUMO 3MiHHY
X Ha 3MiHHY &, MiJICTABUMO OTPUMaHHUI BUpPa3

y dopmyiy (5), BUKOHAEMO TIPOLIEAYPY IHTETPY-

BaHHsA Ha iHTepBali Bil X =-a A0 X, =d, mom-

HOXKMMO OTPUMAHHMH TakUM YHMHOM BHpa3 Ha 7,
U OTpUMAEMO:

n, -arctg(y, )+

z)=v-H-|+n, arctg(x,)— |;

—nS-X-arctg(xo)
ny=(-x+d)/(n-d);
n, =(x+a)/(n-a);
n;=(d+a)/(n-a-d);
Yo =X/
e =(—X+d)/z;

%o =(x+a)/z;
d=b-a

0z,mnk (Xa

. (6)

Jaui 3HaiineMo po3MOJii BEPTUKAIBLHUX HOP-
MaJbHUX HANPYKEHb G, . (X,Z) B TOULI OCHOBH

3 KOOpAWHATaMH (X, y) Bi TPEACTAaBICHOTO Ha
puc. 1 HaBaHTa)KeHHS, PO3MOALICHOTO 10 TPUKYT-
HUKY mynk;.

Jusg mporo y dopmyii (2) 3aMiHEMO 3MiHHY X
Ha 3MiHHy &, Mi/ICTABUMO OTpUMaHMil BHpa3

y Gopmyny (5), BUKOHAEMO MPOLENypYy iHTErpy-
BaHHsA Ha IHTEpBal Bil X =—8 10 X, =0d;, nom-
HO’KUMO OTPMMaHHMH TakUM YMHOM BHpa3 Ha v,

1 OTpUMAEMO:
n, -arctg (s ) +
v-(H —h)|+ng-arctg(x,)— |;
—Mg - X-arctg(y,)
Ny =(=x+dy)/(r-dy);
ns =(x+a)/(n-a);
N =(d; +2,)/(rn-2-d,);
Ts=(=x+d,)/z;
% =(x+a)/z;d =b-a

cyz,mlnkl =

-(7)

3asieXXHICTh BEPTUKAJIHLHOTO HOPMAaJIBHOTO Ha-
IIPY>XEHHs ©, (X,Z) BiJl KOOPAMHAT 3HANHIEMO SIK

pisHHuIO HanpykeHb o, . (X,2) i O, mnk, (x,2).

Maewmo:
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0, (X 2) =06, mc (X, Z)_Gz,mlnkl (x,2)=

m, -arctg () +
=y-H-|+n,-arctg(x,) - |-
—1, - X-arctg(x, )
n, -arctg (s )+
—y-(H —h)|+ng -arctg(y, ) —
—ng - X-arctg(y, )

. (8)

Ae My, My M3y Mas Msy Mer Koo Xav Xov X3 1 Xa —
nuB. popmynu (5) i (6).

AHAJIOTIYHHAM CIIOCOOOM 3HANIEMO TOPU30HTAIIb-
He HOPMaJIbHE HALIPYXKEHHs! O, (X, Z) . OTpuMaemo:

o, (x2)=

-1, -In(%s5) -

Mg -In (%) +

+n3-z-|n(x7)+
+1, - X-arctg(y, )+
+1, -arctg(y, ) —
I —n, - X-arctg () |
I M -In(xg) -

Mo - In(xs) +

+ng-z-In(y; )+
1, - x-arctg(y;) + |

+Mg -arctg(y, ) — . (9)
| e x-arctg () |

Ms =(x+a)/(na);

ne =(dy+a)/(m-a,-dy);
= of(-d)img = o/ (x-2);
Mg =2/(n-d); ny =2/(r-a);

s =22 +(—x+d)’ 76 =22 +(x+2)°;

—y-(H-h)

X, = X2 +2%;
te =22 +(—x+d,);
X9=22+(x+al)2;

d=b-a; d, =b —-a.

e My Mas Mgs Moy Mso Mes Koo Xav Xav Xs 1 Xa —
nuB. popmynu (5) i (6).

3HaueHHs HanpykeHns o,(X,z) i o,(X,z) Ta
BHUKOPHCTAHHS METOJY TIOIIAPOBOTO IiJICYMOBY-
BaHHS JI03BOJIAIOTh BH3HAYMTH OCIJTaHHS OCHOBH
HAa PO3PaxyHKOBiil Beprukami X=X . s 11bOro
HE0OXi/THO:

1. I3 BUKOpHCTaHHSIM HaBeAEHOI B poboTi [2]
METOJINKH 3HAWTH HIDKHIO MEXY TOBIII H, IO CTH-
CKa€ETHCSI.

2. [Ticns bOro OTPUMYEMO:

5(x) = z[g ((:+ZZ) +)*‘;z2 (x 7))
1| (@) 'Gz(X*,Zi)_

SO (i)

ne S(X') — ocimaHHs OCHOBH Ha PO3pPaXyHKOBiil
BepTukani; E; i v; — Moxyns 3aranpHoi gedopma-
uii # kxoediuient IlyaccoHa Ha poO3paxyHKOBIH
rIuOuHI; Z; 1 N — KUIBKICT €JIeMEHTapHUX I1apiB,
Ha sIKi pO3/iJIeHa TOBIIA HACUITY, IO CTHUCKAETHCS,
Ha iHTepBaJi IMHOUH Z € (0, H ) .

HaykoBa HOBH3HA Ta MPAKTHYHA
3HAYUMICTh

OTpuUMaHO aHANITUYHI 3aJI€KHOCTI BEpTHKAIb-
HUX HOpPMaJbHUX JedopMaliii B OCHOBI JOPOX-
HBOTO TIOJIOTHA 3 TpaNemieno1ioHIM npodiieM Bix
KoopauHat. Bukiazeni B poOOTi pe3ynbTaTH J10C-
JMDKEHb  JTO3BOJIAIOTH TOOYAyBaTH MPOEKTHUH
npodiab JOPOKHBOTO MOJIOTHA 3 IPYHTOBHUX Mate-
piaiiB 3 ypaxyBaHHSM CHJIBHOI CTUCKAIBHOI Jledo-
pmarii rpyHTy. Kpim Toro, 1i pe3yiabTaTH MOXKYTh
OyTH BUKOPHCTaHI JIJISl BU3HAYCHHS HIXKHBOT MEXI
TOBIIi OCHOB, III0 CTUCKAIOTHCS, IO BEPXHBOI MEXi
SKHX TIPUKJIAJIeHe pO3IOJiJIeHe HaBaHTAXKEHHS
TPUKYTHOI ab0 Tparerienonionoi popmu.

BucHoBku

VY nocniKeHHS TakKi pe3ybTaTu:

1. V paMkax Mojesi OCHOBH y BUIJISII JIiHIH-
HOTO TPYXHOTO 130TPOITHOIO CEepeoBUIIa W PO3-
PaxyHKOBOI cXeMH IIOCKOi Aedopmartii oTpruMaHo
AHAJITHYHI 3QJIGKHOCTI BEPTHKAIBHHUX 1 TOPH30H-
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TPAHCIIOPTHE BYJIBHUIITBO
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TPAHCIIOPTHE BYJIBHUIITBO

Roadbed Sedimentation on Folded Bases with Weak Soils

Purpose. The main purpose of the work is to construct accurate analytical dependences of the sedimentation of
the roadbed base on its coordinates and the trapezoidal external load applied to the upper limit of the base. This will
allow the foundation settlement profile to be calculated within and outside the embankment using the layer-by-layer
stacking method. Methodology. Theoretical studies of geomechanical processes using analytical and numerical
mathematical methods were applied to achieve the purpose, as well as analysis and generalization of the results of
theoretical research. Findings. Analytical dependences of vertical and horizontal normal deformations on the half-
plane coordinates to the upper limit of which the trapezoidal load is applied were obtained within the framework of
the base model in the form of a linear elastic isotropic medium and the calculated scheme of planar deformation. On
this basis, an algorithm for constructing a profile of a roadbed sedimentation made of soil materials has been devel-
oped. Originality. Analytical dependences of vertical normal deformations in the roadbed base with a trapezoidal
profile on its coordinates are obtained. Practical value. The research materials presented in this work make it possi-
ble to construct the design profile of the roadbed of soil materials, taking into account the strong compressibility of
the soil. In addition, the results obtained can be used to determine the lower limit of the compressible strata of the
bases, to the upper limit of which a distributed load of either a triangular or a trapezoidal form is applied.

Keywords: roadbed of soil material; plane problem of elasticity theory; normal vertical stresses in the base; dis-
tributed load of triangular and trapezoidal form; planar deformation state
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