IpennosxeHHbIii criocob onpeneneHus mapamerpoB HD mis TaroBoro acuH-
XPpOHHOI'O MpUBOJa C OTPAHUYCHUEM TOKa TATOBOM CETH MOYKET 6I>ITI> HCITIOJIb30BaH
KaK IJ1d onpeacJICHUA mapaMETpOB HAKOIIUTEIIA SJHEPTUU IJId €0 IPUMEHEHUA IPpHU
MOJCpHU3alIUN CYHIECTBYIONIUX ACUHXPOHHBIX TATOBBIX IPUBOAOB, TaK U C LEJIbBIO
OTIpeieIeHUs] ONTUMANbHBIX apamMeTpoB HD M acHHXPOHHOTO TATOBOTO MPUBOJA
JUISl HOBBIX pa3paboToK.

BoiBoabl. B cTaThe paccMOTpEHO HCMOJIB30BAHHE ACHHXPOHHOTO TSTOBOTO
MPUBOJIA C HAKOIMTEJIEM SHEPrhu JAJIsS OTPAaHHYCHHUSI TOKa TSATOBOM CETU U Ipej-
JIOKEH CIOCO0 OMpeesieHus ero mapamerpoB. V3moxeHHbIH MOAX0A K ompeene-
HHUIO MApaMeTpPOB HAKOIMHUTENs] SHEPTHH MOXKET OBITh HCIONB30BaH Ui APYTHX
CITy4aeB ero MPUMEHEHHS.
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Po3pobnena MeToarka, sika J03BOJISIE BCTAHOBUTH BIIMB PO3IIOJLTY MOTYXXKHOCTI MK arperatamu riopu-
nHoi croBoi ycraHoBkH (I'CY), anropurMy kepyBaHHS Ta eKCILIyaTal[ifHOTrO MapImpyTy pyxXy Ha ITOKa-
3HHUKH TATOBO-LIBUJIKICHUX BIACTUBOCTEH 1 MAJIMBHOT €KOHOMIYHOCT] BAHT)XHUX aBTOMOO1IIB. B sixocTi
OLIIHOYHUX KPUTEPIiB BUCTYIAIOTh MIOKA3HUKH TATOBO-LIBUAKICHUX BIACTUBOCTEH, MAIIMBHOI €KOHOMIY-
HOCTI Ta BUTpPATH €JIEeKTPpU4HOI eHeprii aBTomoOineM i3 I'CY. Bukopucranuii iMOBipHICHUI MiaXix 10
BUOOpY parioHanbHOI BenmmauHU notyxHocTi I'CY, 1i posnoainy mix enexrponsurynom (EN) i xeury-
HOM BHYTpilIHboro 3ropsiaus (JIB3) Ta BuGOpy pexumiB ix crinbHOi po6oTH.

KirodoBi c10Ba: aBTOMOOLIB, aITOPUTM, TTOTYXKHICTb, €IEKTPOABHUIYH, TATOBO-IIBUKICHI BIac-
TUBOCTI, TAJIMBHA EKOHOMIYHICTh, €HEPTis, MapIIPYT PYXY, IIBUJKICTb.

Beryn. B YkpaiHi nuTaHHSIM CTBOpPEHHS aBTOMOOLIS 3 TIOPUIHUME CHIIOBH-
mu ycraHoBkamu (I'CVY) zaiimatotsest O.B. Baowcunos, O.11. Cmupnos, C.A. Cepi-
k08, O.M. Timxoe Ta iHII BYeHi. [InTaHHS DOIUTBHOCTI CTBOPEHHS aBTOMOOLIIB 3
I'CY posrmsayro B pobortax A.B. /[ybunena, A.A. Buxosa, M.I. Konobosa,
H.O. I'puwenxo, II.M. Kupxuna, B.X. /lanexa, B.®. Xapuenxo, M.1. Ilnixa [1 —
10]. B pob6otax [3 — 6] aBTOpHM OCHOBHHUMH MPHYUHAMHU BIIPOBAKEHHS TPAHCIIOP-
tHHX 3ac00iB (T3) 3 'CY HazuBaroTh 3a0pyJHEHHS HaBKOJHUIIHHOTO CEPEIOBUIIA,
Ha/JMipHE CIOXXKMBaHHS HE BiJHOBJIIOBAHMX NPUPOJIHHUX pecypciB (HadTa Ta ras)
ABTOMOOIJIBHUM TPaHCIOPTOM. ABTOPH BiJI3HAYalOTh, IO BIPOBAPKEHHSI aBTOMO-
6inst 3 'CY 3HaYHO MOKPAIIUTE €KOJIOTI4YHI Ta eKOHOMIUHI MoKa3HUKU T3.

VY pobori [6] HaBeneHO OOTPYHTYBaHHS HEOOXiMHOCTI cTBOpeHHs T3 st Mi-
CHKHX ITaCaKUPCHKHUX IIEPEBE3€Hb 3 TiOPHUAHOI0 CHIIOBOIO YCTaHOBKOIO. ABTOpH
BIJI3HAYAIOTh, 10 00’€IHAHHS MO3UTHBHUX sKocTel J[B3 Ta TATOBOro enekrpo-
MIPUBOJY Ha TPAHCIOPTHOMY 3aco0i JJ03BOJISIE OTPUMATH TIEpEBaru B MOPIBHAHHI 3
TPaAMIIHOI0 KOHCTPYKIIEIO 332 PaXyHOK IJIBUIIEHHS €KOJOT1YHOT YHCTOTH, €KO-
HOMIi MayuBa, MMOJIIIIEHHS JUHAMIYHHX BiacTuBocTel Ta miasuiueHHs KK/ ene-
ProyCTaHOBKH.

AHaJji3 ocTaHHixX gociaimkensb. [[upoke koo 3amad i3 JOCTIHKEHHS CUCTEM
KepyBaHHs I'CY posrmsayto C.A. Cepikosum [7 8 Ta iH. ] BiH posrisiHyB 0co0mn-
BOCTI ITOCIIiTOBHO- napanenLHm cxemu I'CY i Tpanemicii aBTomobins 3 I'CY sk
00’eKTy KepyBaHHs 3a IIBUJKICTIO pyXy. byna orpnmaHa mMaTeMaTHYHa MOJENb
CHII0BO{ yCTaHOBKHM AJ1st aBToMoOLTiB 3 I'CY 3 mOCIiZoBHO-TIapaienbHOI0 CXEMOIO.
OTprMaHa MOJENb BHKOPHUCTOBYETHCS MPH ONTHMI3allil MPOLeCcy Mepepo3noaiTy
MIOTOKIB MOTYXHOCTI Mk arperatamu [ CY Ha pi3HOMaHITHUX TSATOBO-IIBHAKICHUX
pexxumax. OcobnuBicTio poboTu [8] € Te mo, kepyBanus ['CY B maHOMY BHIaIKy
3IIIHICHIOETHCS 3a JIONIOMOTOI0 HACTYITHHX KEepPYIOUHX [ii: MOJ0KEHHS OpraHy Ke-
pyBaHHS NOTY>HicTIO /IB3 (cTymiHb BiIKPHUTTS APOCENBHOI 3aCHiHKH y %); CTpY-
My OOEpHEHOI eNeKTPUYHOI MAaIIMHH; MEepPeJaTOYHOTrO BiJHOIICHHS U TpaHCMicii
Big JIB3 1o Bexgyumx Komic; KoedimieHTy, 10 BPaxOBY€ MMOBHOTY BMHKAHHS 3Y€ll-
JCHHSL.

Bucsitieni y BigoMux Jpkepenax poOOTH HE MOKHA HAa3BaTH BUYEPITHHIMH B
IUTaHI IOCTAaHOBKH 3aJadi [I0/I0 BU3HAYCHHS NapaMeTpiB BaHTAKHUX aBTOMOOLIIB
3 I'CY. Ha xanp, BiAcyTHS 3arajisHa METOOJIOTISI B MOJIETIIOBaHH] Ta IPOEKTYBaH-
Hi ocHOBHHX KoMnoHeHTiB 'CY. Anroputm kepyBannsa ['CY Ta nponec ontnmiza-
il aJroOpuTMY KepyBaHHS 3 BH3HAUECHHSIM ONTHMAIFHUX YMOB ITEPEXOy MiX pe-
KUMaMH POOOTH € YHIKQIbHHM y KOXXHOTO aBTOBHPOOHHKA Ta 3aCEKpedeHuM. Y
it 00;acTi Bee mie 3ayMIIaeThes 0araTo HEBUPIMICHUX MUTaHb. BiTUM3HAHE aBTO-
M00i1e0y TyBaHHSI 3HAYHO BiJICTa€ y PO3pOOIl Ta peamizamii IOro HaNpsMKy. B
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3B 13Ky 3 IMM JIOCIHIJDKCHHS B O0JIAacTi CTBOPEHHS BITUM3HIHOTO aBTOMOOLIS 3
I'CY € akTyanbHUMH.

IMocranoBka 3aga4i. MeToro TOCIIKEHHS € pO3pO0Ka METOJUKH 3 HACTYI-
HOIO peaizali€ro y BUMIIAL KOMIT I0TEPHOT IPOrpaMy, sIKa JI03BOJISIE METOIOM YH-
CEIIbHOTO E€KCIIEPUMEHTY BCTAHOBUTH BIUIMB PO3MOLUTY MOTYXHOCTI MIX arpera-
tamu ['CY, anroputmy KepyBaHHS Ta €KCIUTyaTallifHOr0 MapIIpyTy pyXy Ha IOoKa-
3HUKH TSTOBO-IIBUAKICHUX BJIACTHBOCTEH 1 MaJIMBHOI €KOHOMIYHOCTI BaHTAXHUX
aBTOMOOLTIB. B AKOCTI OLIHOYHMX KPHUTEPIiB BUCTYMAIOTh ITOKa3HUKU TATOBO-
LIBHJKICHUX BJIACTUBOCTEH, MAJMBHOI €KOHOMIYHOCTI Ta BUTPATH EJIEKTPUIHOI
eHeprii aBromobinem i3 I'CVY.

MartemMaTH4Ha MoAeJb. Moeas aBTOMOOUIS MOYKIIMBO OIMCATH MaTeMaTH4-
HUMH (popMyITaMil Ha OCHOBI 3arajlbHUX MPUHIIMIIB MEXaHIKA. MoJeFOBaHHS aBTO-
Mo6is 3 I'CY yCKIIaTHIOETHCS TUM, IO BiH SBIISIE COOOIO CKIIAJHY MEXATPOHHY CHC-
TeMy, B sIKili HEOOXITHO OpTraHi30ByBaTH CyMICHY pPOOOTY €ICKTPUIHNX, MEXaHITHIX
Ta TeIIoBUX arperaris. [Ipu MonemoBanHi apTomo0urst 3 ['CY BaxkimBo, o6 Moie-
TFOBaHHA 00’€KTa KepPYBaHHS i allTOPUTMY KepyBaHHS MPOXOAWIO B €JMHOMY Cepe-
JIOBUIIII, IO JTa€ MOXKJIMBICTh ONTHMI3yBaTH BCIO CUCTEMY B IitoMy. [l edexTus-
HOTO MOJICITIOBAHHS BAXKIIMBO 30epiraTté OanaHc MiX TOYHICTIO PO3PaXxyHKY Ta IIIBH-
JIKICTIO MoJIeIfoBaHHs. Ha neskux eramax po3poOKd MOTpiOHI MBHIKI iTepartii, T00-
TO HE IyXe TOYHI, U1 MIBUAKOTO BUKOHAHHA MOemi. ICHye NekimpKka miaxomiB 10
MopemoBarHs. OIHIH 3 HUX, 1€ MOJCITIOBaHHA BiJ eHepreTndHoi ycTaHoBku (EVY)
no npusoxy Bemyunx komic (IIBK) [11]. Takwmit miaxin 3amo3udeHuid 3 TPaKTAKA
PO3POOKH eeKTpoIiepeiad TEIIOBO3IB Ta MOYKE BUKOPHCTOBYBATHUCS JJIS TIPOCKTY-
BaHHA npuBoAiB aBToMo0LTiB 3 ['CY. [puammm monemoBanns Big EY mo I1BK mo-
Ka3aHUM CXEeMaTU4HO Ha puc. 1.

Pey Teywey Poy Trex Wk, Presx Ty wy Py

Es—{EY(n) [ cY(n) || MBK(n,J,i) KA (r ) 1)

Puc. 1 — Cxema monenrosanns Big EY go IIBK.

3a/1aBIINCh EHEPTI€I0, KO0 BOJIOAIE eHepreTHuHa ycTaHoBKa ( Egy ), Bpaxo-
Bytoun koedinienT xopucHoi nii (KKJI), Bu3Ha4aeTbCs MOTYXHICTh ( FPgy ) Ky

Mmoxke Hagatu EVY. Jlam 3amaBmck KK cunoBoi ycranoku (CY) Ta nepeaarou-
HOI0 (DYHKIIIEFO, 10 ONMUCYE 3aJICKHICTh MK BXITHUMH Ta BUXIJHUMH ITapaMeTpa-
MH, BH3HAYa€ThCS MMOTYXKHICTh, Ky Hagae CY, a TakoX KPyTHHH MOMEHT Ta yac-
ToTta obepranHs BuxigHoro Bainy CVY. Ilotim, 3axaBmmcy KK/I, MomMeHTOM iHEpIii,
nepenaTouyHNM BifgHOIEeHHM (i) (a0o 3MiHOO nepeaaroynux yucen) [1BK, Bu3Ha-
4aeMO l'IOTy)KH]CTB prTHI/II/I MOMEHT 1 4acToTy oOepTaHHS Ha BTy IBK. ami,
3aJaBIIMCh JUHAMIYHUM pajiycoM koieca (KJI) Ta momeHTOM iHepii Koneca, BU-
3HA4Ya€EMO IIBUJIKICTh PyXY TPaHCIOPTHOTro 3aco0y. B nesikux BUmaakax, KOJIH He-
MOXIJIMBO 33JaTUCSI YMOBaMH eKCILTyaTarii aBTOMOOLIs, a 32 yMOBaMH yHidikarrii
a0o 3 IHIIMX TPUYUH, BUOIp EHEProyCTaHOBKH 3iHCHEHHIl, TOOTO BiloMa MOTYX-
HicTh EY, 1110 BUKOPHCTOBYETHCS Ha CTBOPEHHS CHIJIM TATH, TAKHMH MiIXiJ € €IHHO
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MOKITBHM.
VY Bumaakax, KOJIM Ha TMOYATKOBIN CTamii MPOEKTyBaHHS BIIOMI eKCIUTyaTa-
LiiHI YMOBH, 3aJiaHi y BUTJISA/ 3MIHU IIBUJIKOCTI PYyXy B 4aci, Ha 06a3i BIIOMHX 3a-
JISKHOCTEH 3 Teopil pyXy aBTOMOOLIS MOXIIHUBO OOIPYHTYBAaTH 3arajibHi BUMOTH
JI0 eNEeKTPUYHHX, MEXaHIYHUX, TEINIOBUX arperariB Ta CUCTEMH KEPYBaHHS CHJIO-
BOIO YCT@HOBKOIO aBTOMOOUIS. Takok MOXIMBO HNPOTHO3YBaTH E€HEPreTHYHi Ta
TEXHIKO-€KOHOMIYHI TIOKa3HUKH. BiNbII panioHaIbHUM € MOJICIIOBaHHS 32 METO-

oM Big [IBK mo EV, mokazanuii cxeMaTu4HO Ha puc. 2.
Trek Wk, Prax TeyWey Pey Pey

k)

N E
1 [ KA 2 MBK(nLLI) | cvin) eV

Puc. 2 — Cxema mopnentosanus Big IIBK no EVY.

3amaBmuCh PEKUMOM EKCILTyaTallii, HapHuKIa, Y BUTISAL 3MiHH IIBUAKOCTI
aBTOMOOLIS B Yaci Ta IWHAMIYHUM PajiiycoM KoJjeca, MOKIMBO BU3HAYHUTH IIOTY-
JKHICTh, KPYTHHII MOMEHT Ta KyTOBY IIBHAKICTH, IO IMMOBHHHI OyTH CTBOpEHi Ha
Baiy IIBK mms 3abe3medeHHs1 3aaHOTO PEXUMY eKCIUTyararii. B momamemomy,
3amaBmuck 3HaueHHsIM KKJI TpancMicii, MOMEHTOM iHEpIIii BaJliB, MepeIaTOYHIM
BimHOImEHHAM (a0 pspoMm mepenatouHux BigHomeHb) [IBK, — Bu3HauaeTses mo-
TY>KHICTh, KDYTHHI MOMEHT Ta 4acToTa o0epTaHHs, 10 moBUHHA cTBOpUTH CVY aB-
tomobins. [ami, npuitassumm nonependi 3aadenns KK CY, Bu3sHagaeMo moTyx-
HICTB, Ky MoBUHHA Hajmatu EY. Otpumane 3HadeHHs motyxHocTi EY mo3Bomse
o0paTy onTUMaNbHI mapaMeTpu PO3MOALTY TOTYXXHOCTI Mix arperatamu EY mis
3aJIOBOJICHHS 33JJaHOTO PeXXUMY eKcIuTyaTamii. Takuil miaxig 10 IpOEeKTyBaHHS aB-
tomo61iB 3 'CY Meromomnoriuno 6inemn BunpaBaanuii. Kpim mporo, e mo3Bosse
MiHIMI3yBaTH KiTBKICTh BapiaHTIB PO3PAaXyHKIB 1 BUKIIOYUTH Ps HEBU3HAUEHOC-
TEH, SIKi YCKJIaIHIOIOTh IPOLIEC MPOCKTYBAHHSL.

PosrnsHemMo B po6oTi caMe Takwii MiAXix A0 BH3HAYCHHS Oa)KaHUX XapakKTe-
PHUCTHK aBTOMOOLIA IPH BiIOMHUX yMOBaxX eKCIUTyaTallii. BiactuBocTi aBTOMOO1s
3aJIekaTh BiJ HOTO 37aTHOCTI HAOMpaTH MIBUAKICTB, JOJIATH MiTHOMHU Ta 3YIHHS-
THCS 10 TIEBHOI IIBUAKOCTI 3a HEOOXiTHWI MPOMIXKOK dacy. B HOpMaapHHX yMO-
Bax pyXy MaKCHMAalbHI MOXJIHBOCTI aBTOMOOINISI BUKOPUCTOBYIOTBCS PiZKO, TPO-
TSATOM TPHUBAJIOTO 4Yacy CHJIOBA yCTAHOBKA 3aBaHTa)KEHA JIMIIE YacTKOBO. PeanmbHe
TATOBE 3YCHUIA 1 MBHIKICTH aBTOMOOLIS 3MIHIOIOTECS B IIMPOKUX MEXKaXx, SIKi BH-
3HAYAIOThCA TPUCKOPEHHSM, CHOBUIBHEHHSM, yXWIOM abo mimitomom Tomio. Lli
3MiHHM TIOB'SI3aHi 3 JOPOXKHBHOIO 0OCTAHOBKOIO Ta THUIIOM aBTOMOOLTI. Pexmnm pyx
aBTOMOOLIS B MicTi ab0 1032 MICTOM TaKOX QyXe CHJIBHO BIUTMBAE HAa TaKi HOTO
XapaKTEePUCTHKH, SIK CTYIEHb 3aBaHT)XEHHA. Bce 1e myke CKIaJHO BIUIMBAE Ha
TATOBE 3yCWJUIA 1 3MiHYy IIBHIKOCTI aBTOMOOINIA B peallbHUX JOPOXKHIX yMOBaxX.
OpHak, IesKi THIIOBI 13710B1 IUKIH MOXYTh OyTH BHKOPHCTAaHI I MOZICITIOBAHHSI
TUTIOBHX JOPOXKHIX yMOB. Lli i3110Bi IIUKIN MPENCTAaBIAIOTh 3BHYAHO y BHUIJIAII
3aJ1eXKHOCTI IBUIKOCTI aBTOMOGLIS Bijl yacy pyXy MO TOPM3OHTaibHiil 10po3i. [3-
JIOB1 IIMKJIM BUKOPHCTOBYIOTH JJIsl OIIHKH HaJMBHOI eKoHOMigHOCTI. [lepeBaru ri-
OpuAHOTO aBTOMOOIS Kpallle BCHOTO PeallizyloThCs IPH PYCl Y MiCBKOMY LMK 3
BEJIMKOIO KUTBKICTIO 3yITHHOK Ta TaIbMyBaHb.

3 piBHSHHS AWHAMIKH PyXy aBTOMOOLIS B MO3I0BXHBOMY HanpsMKy (1), pis-
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HSHHS TUHAMIKU PyXy aBTOMOOLNISI B MO3/I0BKHBOMY HAIPSIMKY IIPEIICTABISIETHCS
SK:

dav .
M5E=(Flf+Ftr)—Fw—Ffingma, (1)

ne M — maca aBTOMOOUTA; O — 1€ KOe(iIi€HT, MO0 BpaxoBye 00EpTOBI MacH;
dV/dt — niuiliHe TPUCKOPEHHS aBTOMOOLIA B TO3J0BXHBOMY HANPIMKY PYXY;

F; — cuma onopy Ko4eHHIo; £, — aepoauMHaMidHa cHia omopy; [, — cuma Ti-

XKIHHS BiJl TIOBHOI MacW aBTOMOOIUIS; @ — KyT Haxwiy IOPOXXHBOTO TOKPHTTS;

F,;, F,, —TAroBa cuia BiJNoOBiHO Ha TEPEHBOI Ta 33JJHBOT OCSX.

HeoOxinHe TsroBe Ta rajibMiBHE 3yCHIUIS, HOTPIOHE ISl BUKOHAHHS PEXHMY
EKCILTyaTallii aBTOMOO1JIs, MOKHA 3aIHCATH Y BUTIISIIL:

Eb:Ef+FwiM5il—It/ingina, 2)

ae [, —cuna TArM Ha BeJy4HMX Kojecax.

Ie piBasuHs y Bunanky ['CY mapanensHOro THIy 3 MPHUBOAOM Ha Pi3HI OCi
CKJIaJIA€ThCS 3 MOTPIOHOTO TATOBOI'O Ta TAJIbMIBHOTO 3yCHJLIS Ha MepeHiil Ta 3a1-
Hill OCAX aBTOMOOLIIS BiAMIOBITHO:

F

1

=Fy, +Fy, 3)

[MigcTaBUBIIM CKIAIOBI CHITH OTIOPY B (2) OTpUMAEMO:
1 .
Fy :Mgfrcosa—i-EpAfCDV2iMé'a;—ViFg sina . 4)
t

[puckopenns aBToMo6ins dV/dt po3paxoByeTbCs iTepaLiiiHIM METOIOM 32
BIJJOMOIO 3aJICXKHICTIO IIBHIKOCTI aBTOMOOIIA BiJ Yacy B XapaKTEPHHUX YMOBax
pyXy. 30LnblIyI04M MIBUAKICTD BiJ V), 10 V)., Ha KOXKHOMY KpOLi BU3HAYA€ThCS
3HAYCHHS NPUCKOPEHHS, K IOKa3aHOo Ha puc. 3, 3a popmyoro (5):

INIBHMOokicTs

Vk+1

tk  thk+l Yac

Puc. 3 — 3minu mBuaKocTi y 4aci.

AV _Vien =V k=1,2,..,n), (5)
dt fy—1
Je 7 — KUTBKICTh TOYOK PO3PaxyHKYy.
KpyTHuit MOMEHT Ha Kojecax aBTOMOOLISI MoXe OyTH po3paxoBaHHii 3a (o-
pMyJIoH0:
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do 2 do
T =T —J —2 uspuon, = > J v, 6
w p P dt FYOT]; IZZI: w dt ()

ne T, — KpyTHHi MOMEHT, 1o cTBoproeThest I'CY; d@/di — kyToBe IpUCKOpEHHS

BUXIIHOTO Bajly TPaHCMICil; # — KiJIBbKICTb KOJIiC aBTOMOOLIA; dw,, /dt — KyToBe
NPHUCKOPEHHs Koieca; J, — MPUBEICHUIT MOMCHT 1HEPIii TPAHCMICIT; upg — Tepe-
ZaTOYHE BiTHOIIECHHS KOPOOKH Mepenad; i, — IepeJaTouHe BiTHOMCHHS TOIOBHOT
nepenadi; 77, — koedilieHT KopucHO] Aii TpaHcMicii; J,, — MOMEHT iHepuii koieca.

TsroBe 3ycwiuisi Ha BEAy4uX Kojecax MOKe OyTH po3paxoBaHO 3a (opmy-
JI010:

do ! do.
T, —J, —2 \uppugn, = J W
_ P p dt FYoT]; ZI: w dt
r = r ; (7
d

Je 7; — 1ie IMHAMIYHUH pajiyc Kojeca.
3 piBHsiHHS (7) oTpuMaeMo kpyTHHH MomeHT ['CY:

S do,
F‘trd_g']w dt dw

T = ‘ -J, —Z. 8)
P P
Upgloll, dt
KyroBa mBuakicTs Komic Moxe OyTH po3paxoBaHa sK:
1)
P
o, =—", )
UppU

Ae @, —4acTora obepranns BuxigHoro Baja ['CVY.

JliniiiHa IMBUAKICTH LEHTPY KoOJieca aBTOMOOLIS MO)ke OyTH po3paxoBaHa
TaK:

V=o,r. (10)

KyroBa 1IBHIKICTh BHXiJHOI'O Bally CHJIOBOI YCTAHOBKH PO3PaxOBYETHCS 3a
dhopmyiioro:

Vuggu
o, = % . (11)
d

Posrisinemo GanaHc MOTY>KHOCTI TP pyci aBTOMOOLI. B TsroBomy pexxumi
HeoOXi/iHa MOTYXHICTh €KBIBaJICHTHA MOTYKHOCTI OIOpY Ta MOTY)KHOCTI, BTpaue-
HOi B TpaHCMicii, TSTOBOMY MOTOpi, CHJIOBIH eJeKTpoHili, Oarapei. Brpatu noty-
YKHOCTI MOXKHa BpaxyBaTH uepe3 Koe(illieHTH KOPHUCHOI il BiINOBIAHNX eJleMeH-
TIB 77,5 > Mins> Mpar - KK aKymymsaTopHOi 6aTapei 77,,, 3aleXHTh Bix THiy Oara-
pei. KKJI cygacHux cBuHIIEBO-KuCIOTHUX Oatapei 0,8 — 0,9 [12].

[MoTyxHicTh, SIKy TIOBHHHI PO3BHBATH CHJIOBI arperary, BU3HAYa€ThCS B 3a-
JISKHOCTI BiJ pexuMiB pobotu. [Ipu nboMy He BpaxOBYETHCS JONATKOBE HaBaH-
Ta)KEHHS Bl KOHAMIIOHEPY, MiJCHIIIOBaYa PyJIbOBOTO KEPYBaHHS Ta iH.

B pexxuMi pyxy Biz eleKTpoIBUTyHA /I BU3HAUEHHS MOTPIOHOT MOTY>KHOCTI
CHJIOBO YCTQHOBKM HEOOXIHO BH3HAUUTH, SIKY HOTYXXHICTH TpeOa IMiJBECTH 10
KOJIiC aBTOMOOLIIS [l BAKOHAHHS BUMOT €KCILTyaTalliifHoro pexumy. PozpaxyHok

142 ISSN 2222-0631. Bicnux HTY «XI1l». 2015. Ne6 (1115)




MPOBOIUTHCS 332 (HOPMYJIOIO:

P, :K(Mgfrcosa+lpAfCDV2 iM&d—ViFg sin aj. (12)
n, 2 dt
[Tpn npoMy, po3paxyHOK MPOBOAWTHCA Y BHIIQJKaX HPUCKOPEHHS 1 pyXy 3
MOCTIHHOIO IIBUAKICTIO. Byy€eThCs 3aeXHICTh MOTPiOHOT MOTY>KHOCTI BiJI IIBHI-
KOCTI pyXy. AHaTi3yl0ul OTPUMaHIi JaHHI MOKJIUBO BU3HAYUTH JOULIBHY MOTYX-
HicTb enekrpoasuryHa (EJI).
B pexumi pyxy 3a paxyHok JIB3 moTyxHicTh, SKy HEOOXiTHO 3a0€3MCUHTH,
PO3paxoByeThCs 32 GOPMYJIOLO:
Fous = By - (13)
Bakanuii KpyTHHII MOMEHT BH3HA4a€eThCs 3a Gopmyloro (8), KyToBa HIBHI-
KicTh 3a popmyioro (9). Po3paxyHOK 3mIHCHIOEThCS TIPU 3MiHI TEPEIATOYHUX H-
cell KOPOOKHM Tepesiad B 3aJI€KHOCTI BiJI MIBUAKOCTI, sika Oyjae oOyMoBIeHa yMO-
BaMH EKCIUTyaTarlii.
CepeznHst BUTpaTa MaJIMBa NPOTATOM i3/J0BOTO IIMKIY BH3HAYAETHCS 33 BUpa-
30M:
4 1
G, =I [Mgfcosa+ pAfCDV2+M5—+F smajdt (14)
/R 2 dt
Je O — nuroMa TeIuloTa 3ropsHHS nanusa (1t 6ensuny 34,5 MIx/n); 17, — KK

JB3.

B pexumi pyxy 3a paxyHok EJl i /IB3 npuBix Bemydux Koiic OZHOYACHO
3niiicHIOEThCS 3a paxyHoK /IB3 ta EJI. Po6oTa ko)xHOTO NIpUBOY B CKJaji TiOpu-
JTHOT CHJIOBOT YCTAQHOBKH Yy Jiana3oHi CBO€T ONTUMAJIbHIN e(eKTUBHOCTI Ma€ BaxK-
JIUBE 3HAYCHHSI [UIS 3aralibHOi e()eKTUBHOCTI TPAHCIIOPTHOIO 3aco0y. I[B3 AK 1Ipa-
BHIIO, Ma€ Kpally eeKTHBHICT 3a IIOBHOI IOTYXKHOCTL. BifxuienHs Bix uporo ai-
amasoHy NPHU3BEE 10 Pi3Koi BTpaTH eheKTHBHOCTI. 3 iHIIOro GOKy, BTpaTa e(beK-
THBHOCTI B CIIEKTPUYHOTO [BHIYHA HE Taka 3HAaYHA B MOpiBHsAHHI 3 JIB3, sxuii
TIPAIIOE JATEKO BiJ] ONTUMAIBHOTO PEXUMY.

HaBaHTa)keHHSI Ha TPaHCIIOPTHUI 3aci0 BHUIAJAKOBUM YHWHOM 3MiHIOETHCS B
X0l eKCIUTyaTalii yepe3 4acTi NPUCKOPEHHS, CIOBUIbHEHHS. [10Ty)XHICTH HaBaH-
Ta)KEHHS CKJIQIAETHCS 3 IBOX KOMIIOHEHTIB: MOCTilHa (cepeHsi) Ta AMHaMiYHa I10-
Ty*kHIicTb. Y aBToM0011st 3 ['CY ofmH npuBiz, SKAN Kpallle MpaIfioe Ha cTarioHap-
HUX pexnmax JIB3, Moxxe OyTH BUKOpUCTAHMH /sl 3a0€3MeUeHHs CepeiHbOl 110-
TYXHOCTI. 3 1HIIOTO OOKY, €JEKTPUYHHUH NpPHBIJ MOXe OYTH BHUKOPUCTAHHH JUIs
3a0e3MnedeHHs TUHAMIYHOT TOTYKHOCTI [13].

[Tix gac pyxy aBTOMOOLIb Ma€e NEBHY KiUNBbKICTh KiHeTH4HOI eHeprii. [Ipu ra-
JIBMYBaHHI 38 PaxyHOK CHJI TepPTS KiHETHYHA EHEPTisl IEPETBOPIOETHCS B TEIIOBY
Ta PO3CIIOETHCS B HABKOJIMIIIHE cepenioBuIie. [10TyKHICTb, IKy MOXKIIMBO OTpHMa-
TH 32 paXyHOK peKyTeparii KiIHeTHYHOI eHepril aBTOMOOLIS MPOTSTOM TalbMyBaH-
HS1, PO3pPaXxOBYETHCS 32 (hopMyIIoro:

By = EgV 11,000 in g - (15)

[Tpu uboMy po3paxyHOK MPOBOAUTHCS TUILKU TPH CIOBUIbHEHHI. KiNbKiCTh
€Hepril, sika BTpayaeThCs MPH BUKOHAHI i3J0BOTO LIUKITY, PO3PaxOBY€EThCs 3a Gop-
MYJIOIO:
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E:j.Pomdt+j‘Pindt. (16)
0 0

[ToTy>xHicTh TeHepaTopa sl 3AIHCHEHHS peTeHePaTUBHOTO TalbMyBaHHS 3a-
JISKUTD B/l HOTYKHOCTI, sIKa TIOBMHHA OYTH Ha KOJIECI aBTOMOOLIIS [Uisi 3A1HCHEHHS
1310BOr0 1MKITY. PO3paxyHOK HMOTYKHOCTI MPOBOIUTHCS 3a Gopmydoro (12), npu
LbOMY JIMIIIC y BUIIAJKAX YIOBUIbHEHHS.

[Ticnst BU3HAYEHHS HEOOXIMHOI MOTY)KHOCTI JUIsi BAKOHAHHS 13I0BOTO LUKITY
BU3HAYAETHCSI HEOOXIHA SHEPrisl Ta OyIy€eThCs 3aIeKHICTh PO3MOTY HEOOX1THOT
eHepril Bix mBUAKOCTI aBTOMOOLUIS. L5 iHOpMallis € Tye KOPUCHOIO IUIs POEK-
TYBaHHS Ta KEPYBaHHS CHCTEMOIO PEKyIepaTHBHOTO TaJibMyBaHHA. B miamasoni
LIBUJKOCTEH, JIe PO3CIIOEThCS HAWOLIbINA KUIBKICTh €Heprii, raibMiBHA e(eKTUB-
HICTh pOOOTH E€JIEKTPOMOTOpPY, MPALIOIYOr0 B PEXUMI I'eHepaTopa, Moxe OyTu
HaiOIbIIa. B IHIIMX MIBUIKICHUX Jiala30HaX peKylepaTuBHE rajJbMyBaHHS MO-
JKHa HE 3aCTOCOBYBAaTH.

bnok kepyBanns aBromo0inem 3 ['CY peanizoBaHuil 3 BUKOPUCTAHHIM Heo-
pil kinyesux aemomamis [14]. Bxin aBToMara B KOKEH CTaH y BIINOBIAHUIT MO-
MEHT 4aCy BHU3HAYA€ThCS HE TUIBKM CTAHOM BXOJIB B JIAHWHA MOMEHT Hacy, ajie i
BHYTpILIIHIM CTAaHOM CXEMH B MOMEHT I0JIadi BXITHUX CHUTHAIIB. Y CBOKO 4epry,
BHYTPILIHIHA CTaH CXEMH 3aJIOKHUTh BiJ| CTaHy Il BXOJIB Yy MONEPEAHId MOMEHT Ya-
Cy, a, OT)KE, BU3HAYAETHCS IOCTIJOBHICTIO HAAXO/KEHHS BXiOHHMX curHaiiB. Ha
BXOJY KOMOIHALIMHOI CXeMH HaAXOAATh 30BHIlIHI curHainy. I1if BIIMBOM CUTrHa-
B KoMOiHamiiHa cxema (OopMye MOCHIIOBHICTh CUTHAIIB Ha BHXOMl. 3araibHa
MOZEINb JIOTiKW KepyBaHHS IPEACTAaBIAETHCS 32 JOIOMOTOI0 MOJEII:

S(0) = pLX(t=1: S(-D: n
Z(n=y[S©)],

ne S(t), S(¢t—1) — cran aBTOMara B MOMeHT wacy ¢ i t—1; X(t—1) i Z(¢) —

BXIJIHI Ta BUXI/IHI CHTHAJIM aBTOMaTa B MOMEHT Yacy ¢ i £—1.

Orxe, ctan S(f) aBTOMara MpH HOTO OMHUCI OJHO3HAYHO BU3HAYAETHCS BXifI-
HUMHU curHanamu X (f—1) 1 BHyTpimHiM craHoM S(f—1) B momepenHii MOMEHT
yacy ¢—1. Curran Ha BuXoZi aBToMaTta Z(f) y pO3IISIHYTHH MOMEHT 4acy ! B
Mozesi Mypa MOBHICTIO BH3HA4a€eThcsi CTaHOM S(f) aBTOMara B JaHWl MOMEHT
qacy.

Jlorika KepyBaHHS peaizyeThCs 3a JIOOMOTro0 iHCTpyMeHTy Stateflow B ce-

penoBume MatLab Simulink. Ha puc. 4 300paxena 0J0k-cxeMa aIrOpuTMy Kepy-
BaHHS.

PesyabTatr po6oTn mporpamu. MaremaTHyHa peaizallisi 3alpoOrOHOBaHOT
METOIMKH pealli3oBaHa B cepenoBuine MatlLab, 11 3pydHOCTI POBEICHHS po3pa-
XYHKIB OyJI0 CTBOpeHO iHTepdeiic 1iisi BBEIEHHSI BUXITHUX AaHUX JUISL PO3PAXYHKY
(puc. 5).

[Momyk panioHanbHOT BETMYHHU (AKTOPIB 3AIHCHIOETHCS 32 JOMOMOTIOIO ITiJ-
NpOrpaMH LUKJIIYHOTO MOJISIIOBAHHS, SIKa JTO3BOJISE JOCIIHKYBATH BILIHB OJHO-
YacHO JIBOX Oyab-sKMX (DaKTOpiB Ha pi3HHUX piBHAX (pHc. 6). Takuii miaxin qo3Bo-
JIsiE TIPOBECTH BUOIp Ta OOTPYHTYBAaHHS 3HAYEHb MaKCHMAJIbHOT IOTY)KHOCTI CHJIO-
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BOI yCTAHOBKH, PO3MOJILT MOTYXHOCTI Mixk JIB3 1 eleKTpOBUTYHOM, KITBKICTh He-
00XiZHOT eHeprii AJsl 3MiHCHEHHs 1340BOTO IIMKIY, EMHICTh 1 MOTYXHICTh aKyMy-
JIATOPHOI Oatapei, BUTpaTy manuBa. Takox MOXKIUBO MiI0UPATH ONTUMAIbHI YMO-
BU TIEPEXO0Jy MK CTaHamH (peXHMaMu) poOOTH CHIIOBOi YCTAaHOBKH. AJie OTpH-
MaHi 3HaYeHHs MOTPe0yBaTUMYTh MOJAIIBIIOT TIEPEBIPKH.

reak_pedal==1]
;
[gas_pedal==1 &
charge_signal<=MinValueCh
speed_signal>MaxVakESpeedlovE lectrolCE]
" &

L
308, lotion_for_ICE

entry, during:

Cruise_mation

entry, during
- entry, during
Hotor=1 Hotor=0 -
Wotor_clutch=1 Cruise_mation=55

Engine_clutch= L
Cruise_motion=0
ChargelSharge_Sip

entry, during
1ot As_Gen=1
Motor clutch=1

[b\sak_psda\::M K

Puc. 4 — brok-cxema anroputMy KepyBaHHS CHIOBOIO yCTaHOBKOIO
aBTOMOOis 3 'CY.

Tubpra AnannTne =
— Bubip napauerp - Tpad
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Puc. 5 — Inrepdeiic mporpamu po3paxyHKy 3a MeTOOM Bij koiic 10 EV.

B pesynbrati po3paxyHKiB MOKYTh OyTH oTpuMaHi 3—D rpadivHi 3anexHOCTI
BUTPATH IAJINBA, [TOTYXHOCTI €IEKTPOIBUTYHA, TOTYKHOCTI JIB3, BuTparn emnexr-
pUYHOI eHeprii B 3aJIeKHOCTI Bifl MIBUIKOCTI pyXy, A0 akoi mparmroe EJI, Ta Bix
criBBigHOIIEHHS MoTyXHOCTI arperariB ['CY. Jina koxkHOrO rpadika MOXKHA IT0-
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OymyBaTH CIMEHCTBO 130KIIiH, sIKe BiAMOBinaTuMe MHOKUHI mapamerpiB ['CY Ta 1i
CHCTEMHU KepYyBaHHs, 3a SIKUX OyJe BUKOHYBAaTHCh LIBHIKICHUIH PEeXHM pyXy Ha
eKCIUTyaTalliiHOMY MapIpyTi PyXy, HIiCIsA YOro MOCTaE MUTAHHSI OOIPYHTYBaHHS i
BUOOPY OCTaTOYHMX BEJIWYMH LIUX TAPAMETPIB HA OCHOBI OJIEPKAHUX PE3yIIbTATIB.

-} frmMainLoopSim kel il

LivkniyHe moaenioBaHHA

Bubepite napameTpi, 3afaiiTe Mexi 3MiHW NapameTpis Ta Kpok, HaTuCHITE "Tlyck”
Mpu BCTAHOBNEHI MEXC | KPOKY YHWKAINTE HECKIHUYEHHWX LMKNIE

DakTop Nzl W' Daxrop Me2 m'
Mininym 10 Mininym 5
Makcumym 90 Makcumym 50
IHTepean 10 |uTepean g

Myck

Puc. 6 — Moaysb HUKJIIYHOTO MOJICITIOBAHHS.

IlepcnekTHBH MoAAJBLIIMX AOCTiAKeHb. [Ipu ekcrepTHOMYy OLIHIOBaHHI
BrnactuBocteil aBroMo0inst 3 I'CY crmig HamaBaTu OinbInry mepeBary mapaMmerpam,
SIKi BIITIOBIZAIOTH pealbHIM yMOBaM ekciutyararii T3 — i3goBuM mukiam Ta/abo
eKCIUTyaTalliiHIM MaplipyTaM. B momanbmomy miaHyeThcs IPOBECTH OOYHCIICH-
Hs nmapametpiB I'CY a1 BaHTa)KHUX aBTOMOOITIB Ta MIPOBECTH MEPEBIPKY aIeKBa-
THOCTI PO3p0O0JIEHOT METOANKH EKCIIEPUMEHTAIBHO.

BucHoBku. Po3po0iieHO MaTeMaTH4Hy MOJETb Ta IIPOrpamMy po3paxyHKy 3a
HEI0 B CepeAoBHINI MporpamMHoro npoaykry MatLab/Similink, mo mo3Bomnse mpo-
BOJWUTH B IHTEPAKTUBHOMY PEXHMIi PO3PAaXyHKHU 32 PI3HUMH 1310BUMHU IHKIAMH.
3a ZonmoMOroro IIi€i mporpaMu MOKIIMBO: 3MiHIOBATH 3HAYCHHS BHUXIIHUX Iapame-
TpiB, BUOMPATH PEXUM PO3PAXyHKY, CIIOCTEPIraTH MOTOYHY IIBHAKICTH aBTOMOOi-
IS Ta CTYIIHB 3apsay Oatapei, ogepkaTi rpadidai pe3yIbTaTH pO3paxyHKiB.
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OCOBEHHOCTH IIYJIbCUPYIOIUX CTPYH )KUJKOCTH
BBICOKOUM CKOPOCTH

B pabote B akycTHUecKol U ra3oIMHAMHYECKOM OCTAaHOBKAaX HCCIIEI0BAHbI MPOIECCH B UMITYJILCHOM
reHepaTope CTPyH XHAKOCTU. B akycTHdeckolf HOCTaHOBKE paccMaTpHBalach OTHOMEpHAs 3aj1ada Oe3
yueTa JBHKEHHs MOPILHS M UCTeYEeHHs CTpyU. B rasonnHaMuyeckoi MoCTaHOBKE YHUCIEHHO pellanach
OJIHOMEPHAs U OCECUMMETPUYHAs 33/laua C YYETOM JBMXKEHHs MOPIIHS, UCTEYEHUs CTPYH U KaBUTaLUK
xuakocTu. IIpoBesieHO cpaBHEeHUE Pe3yIbTaTOB PAacCUETOB AN PA3HBIX MOjeleil ABMKEHHS XKUIKOCTH,
CZIeNaHbl COOTBETCTBYIOIINE BBIBOABL. [I0ka3aHo, 4TO MyIbCally CKOPOCTH CTPYH CBSI3aHBI C BOTHOBBI-
MH IIPOLECCAMHU B YCTAHOBKE.

KaroueBble cj10Ba: MMyJIbCUPYIOIIUE CTPYH SKUAKOCTH, KHIKUE AUCKH, UMITYJIbCHBII reHepaTtop
CTpYH, KaBUTaLUs, YUCIEHHOE MOEIUPOBaHHUE.
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