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MeToauka onTUMI3alil OCHOBHHUX TEXHIYHHUX
NMapaMeTpiB MEPCNEKTUBHUX MiCbKHUX
ejekTpoOyciB Tumy ONC

Boiitkis C. B.!

'HaykoBo-Texniunuii eHTp «ABTONOMIpPOM», YKpaina

Anomauia. Ilpoonema. Micoxi enexkmpobycu muny ONC, aki wupoko 3acmocosyromvcs O
nepeseseHb NACANCUPI6 HA MICOKUX MAPUWPYMAX, HABIMb 3a 30i1buenHs 0OnYCMUMOL NO8HOI Macu Ha
1500 ke maroms cymmego MeHuLy nacadicuposmiCmumicms Hidc agmobycu 6e1uKko2o Kiacy, Ha 0asi
AKux 6oHu cmeopeni. Mema. Busnauenns OnmumManibHux 6eiuduH OCHOBHUX KOHCMPYKMUBHUX Md
EeKCNyamayiiHux napamempis nepcnekmugHux enekmpoobycie Memodonozia. Ha ocnosi ananisy
MeXHIYHUX Napamempie MiCbKux enekmpo0bycié¢ CY4acHux KOHCMPYKYIll ma pe2iamMeHmo8aHux
MEXHIYHUX BUMO2 00 NACAACUPCLKUX MPAHCNOPMHUX 3ACO0I6 6eIUKOI MICMUMOCMI 6CMAHOB/EH]
3ANEeHCHOCI IX NACAHCUPOSMICIMUMOCTIE 8I0 POIMIDHUX naApamempis Ky308d, napamempis mac ma
BEUYUHU ABMOHOMHO20 npobicy enekmpoobycie. Pezynemamu. Pospooneni mpu eapianmu memoouxu
onmuMizayii napamempis nPoOeKMmMoBAHUX MICbKUX eleKmpoOyCi8 3a 0OHUM 13 3A0AHUX NAPAMEMPIE —
HOMIHAbHOK NACANCUPOBMICMUMICIIO, CePeOHiM 00008UM ABMOHOMHUM NPOOIcOM abO 008ICUHON
Ky306a enekmpooyca. Opuzinanvhicme. 3anponoHoSanull aicopumm GUSHAYEHHS ONMUMIZ06AHUX
napamempie nPoeKmo8aHux eiekmpoodycie Ha cmaodii po3poOIeH s eCKIZHUX NPONO3UYIL MA eCKIZHUX
npoexmis. Ilpakmuune 3Hauenna. 3anpononosana Mmemoouka 3a0e3neuye  NPOeKmy8aHHs
nepcnekmusHux micokux eirekmpodycie muny ONC, ski watibinew npudamui 01 3ACMOCY8AHHA Y
micmax Ykpainu, 3 3a0anoro abo MaKcumaibHO MOHCIUBOIO HOMIHANLHOIO NACAHCUPOSMICIUMICINIO 3
YMo8u 3abe3neuents 3a0aH020 abo MAKCUMANLHO MONCIUBO2O ABIMOHOMHO20 NPODI2Y.

Kntouoei cnosa: enexkmpodyc I-20 xnacy, MmicoKuti eiekmpooOyc;  NacaicupoemMiCmumicmo
enexmpobyca; napamempu Mac eiekmpooyca; onmumizayis napamempia; asmoHOMHUl npooie.

Beryn 3Ha4YHO OiNbIlIa HDK Maca CHJIOBOTO arperary 3
BIJIMOBIIHUIMH CHUCTEMaMH MIChKHUX aBTOOYCIB.
HagiTh 32 yMOBHM y3aKOHEHOTO 30iBIICHHS JI0-
IMyCTUMOI TOBHOI MacH eJIeKTpoOyCiB Ha
1500 kr 1Mo BiHOIIIEHHIO JI0 TOIYCTHMOI TOBHOT
Macu JIBOMOCTOBMX aBTOOYCIB, BMICTUMICTb
enexTpoOyciB [-ro kiacy y 3ajexHOCTi Bij THITY
32 EHEeProNOTYKHICTIO TATOBUX aKyMYJISTOPHUX
barapeit (AKB) 3nauno menma. [Ipu nupomy, Oi-
JIbIIa MACAKUPOBMICTUMICTh €JIEKTPOOYCIB 3a-
0e3mevyeTbes 32 paxXyHOK 3HAUHOT'O 3MEHILIEHHS
BEJIMYMHU  CEPEHBHOI000BOTO  aBTOHOMHOTO
npooiry.

OTxe, MPOEKTYBaHHS KOHCTPYKLIH CydacHUX
MEPCHEKTUBHUX MICBKUX €JIEKTPOOYCIiB 3 METOIO
oprasizaifii X BHPOOHHUIITBA Ha BITUYU3HSHUX
MiANPUEMCTBAX MIOBUHHO 0a3yBaTHCSI BUKIFOYHO
Ha ONTHUMi3alil IX OCHOBHUX KOHCTPYKTHBHHUX 1

bBinpmricte Mojeneil cy4acHUX eneKTpoOyciB
I-ro knacy NpoBiTHUX €BPONEHCHKUX BUPOOHU-
KiB, 30KpeMa, i JBOX BITYM3HSHUX MiANPH-
€MCTB — KOHIepHY «EnekTpon» Ta koprnopamii
«bornany, mpu3HauYeHHUX /IS TIEpEBE3CHb IMaca-
JKUPIB Ha MICBKUX MaplIpyTax, CTBOPEHi Ha OC-
HOBI 3aCTOCYBaHHS Ky30BiB MiCHKHX aBTOOYCIB 3
JTOBXHUHOIO Ky3oBa 12,0+0,3 M. HeoOximHicTh
3aCTOCYBaHHS aBTOHOMHHX JDKEpEN eJIeKTpoe-
Heprii (IEE) nnst xKUBJIEHHS TATOBUX €IIEKTPO/I-
suryHiB (TEJl), cuctem iX mijzapsypKaHHs i
yac nepe0yBaHHS Ha MaplIpyTax Ta KOMILIEK-
TyBaJbHUX BHPOOIB CHCTEMH KEPYBaHHS TSATO-
BUM TPHUBOAOM, MpH3BETa 1O 3MEHIIEHHS iX
HOMIHAJIbHOI MacaXMPOBMICTHUMOCTI. AJIXKe Cy-
MmapHa maca aBroHOMHUX JIEE Ta iHmmx ckia-
JOBHX YacTUH TATOBOTO NPUBOIY €JIEKTPOOYCiB
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IIIAaxH MOKpallleHHSI €EKOHOMIYHHX i €KOAOTiYHHX NOKa3HHKIB 7
aBTOTPAHCIOPTHHX 3acobiB. EHeprosbepiraroui TexHoAorii

eKCIUTyaTaIlifHuX MapaMeTpiB — HOMIHAJIBHOI
MacaXMPOBMICTUMOCTI, PO3MIPHHUX MapaMeTpiB,
rapaMeTpiB Mac Ta aBTOHOMHOTO MPOOiry.

AHaJji3 myOmikanii

EdexTuBHICTh ekciutyaranii enextpoOyciB I-ro
OCHOBHHX KOHCTPYKTHBHHMX Ta eKCILTyaTariii-
HUX T[apaMeTpiB: HOMIHAJIBHOI MAacaKupo-
BMICTUMOCTI, PO3MIpPHHX TapaMeTpiB Ky30Ba,
0COOIMBO HMOTO JOBKHHH, HapaMeTpiB Mac Ta
aBTOHOMHOTO  xofny. JlOCHiJKeHHST  pi3HUX
acmeKTiB e(heKTHBHOCTI eKCIuTyaramii CyJacHuX
MICBKHX €JIeKTpOOYCiB Pi3HWUX THITIB HaBEJeHI y
Oaratbox poborax. OIiHKa CyMapHUX BUTpaT Ha
3aCTOCYBaHHs eNeKTpoOyciB sl TIepeBe3CHb
MacakupiB HA KOHKPETHOMY MapuipyTi Ta HEOO-
XiZHI 00CATH pPIYHOI BUTpPATH EIEKTPOCHEPTil
HaBelieHi y [1]. 3anexHicTh BHTpaT e€JIEeKTpO-
eHeprii, HeoOXiTHOI I PyXy eNeKTpoOyciB Ha
MapmpyTi, Bil THIIOBUX IUKIIB, KIIMaTHIHUX
YMOB Ta CTHJIIO BOJIHHS KOHKPETHOTO BOJIis
posrisinyta y po6oti [2]. Anami3 mepeBar Ta
HEJOMIKiB aBTOOYCIB 3 TiIOPHIHUM IIPUBOJOM Ta
enekTpoOycis, obnmagnanux Tsropumu AKB a6o
NaJMBHUMHU €JieMEHTaMHu HaBeneHudd y [3, 4].
Amnani3z npormecy 3apamxanas JEE, 30xpema,
maroux AKDB emektpoOyciB tumry ONC 'y
HIYHHH Yac posriasHyTa y poborax [5, 6].
HampsimMku moIoBXKE€HHST TEPMIiHIB eKCIuTyaTarii
tsroBux AKB 3ampononoBani y [7]. Bruius
OCHOBHHX KOHCTPYKTHBHHX, EKCIUTyaTalliifHUX
Ta IHIHUX  (QakTopiB HAa  CHOKUBaHHS
EJIEKTPOCHEPTii MICBKUMH eleKTpoO0ycaMu i
yac TMepeBe3eHb NacaXHpiB pPO3TISHYTHH Y
poborax [8-10].

VY HaBeneHHX poOOTax aBTOpaMH ITOKA3aHO,
0 eKCIDTyaTalliiiHa e(eKTHBHICTh eJeKTpo-
OyciB 3aJie)KMTh, 30KpEeMa, BiJi OCHOBHHUX
KOHCTPYKTHBHUX  TapaMeTpiB  —  MacH
CIIOPS/DKEHOTO  e1eKTpo0yca, MacH TSITOBUX
AKB Ta HOMiHaNBbHOT MAaCaKUPOBMiCTUMOCTI.

MeTa Ta NOCTAHOBKA 3aAa4i

Mertoro poOoTH € PO3pOOICHHS METOIUKH OIl-
TUMI3allii OCHOBHMX KOHCTPYKTHBHHUX Ta €KC-
IUTyaTalifHuX mapameTpiB NepCIEeKTUBHUX eJie-
kTpodOyciB Tumy ONC — HOMiHanbHOI Mmacaxu-
POBMICTHMOCTI, PO3MIPHUX MapaMeTpiB Ky30Ba,
30Kkpema, AoBxkuHU, Macu Taroux AKbB ta aB-
TOHOMHOTO MPOOITy.

JIs1 mOCSTHEHHS ITOCTAaBJIEHOI METH HEOOXi-
JTHO BUPIIIMTH HACTYITHI 3a7a4i:

® BHU3HAYMTH 3aJCKHICTh MacH Ky30BiB

eleKTpoOyciB 0e3 ypaxyBaHHS MacH TSATOBUX
AKB Biz iX po3MipHUX mapaMeTpiB Ta BiJ OCHO-
BHUX KOHCTPYKIIHHUX MaTepiaiis,

e BHU3HAYUTU 3aJISKHICTh HOMIHAJIbHOI Ma-
CaXHPOBMICTHMOCTI BiJ TUIOII MACaXKUPCHKOTO
CaJIOHy, TIApaMETPiB TOPU30HTAIBLHOI MPOCKIIil
KY30BiB €JICKTPOOYCIB 1 BijI KiJIbKOCTI BCTaHOB-
JICHUX OJIMHAPHUX MACAKUPCHKUX CHJIIHB;

® BHU3HAYUTHU 3QJICKHICTh MAKCUMAIBLHO JIO-
MYCTUMOI MacaXHPOBMICTUMOCTI 3a TMapaMer-
paMu Mac — JOMYCTHMOI MOBHOI MacH €JIeKTpo-
OyciB 1 MacH y CIIOpsP)KEHOMY CTaHi, Ta Bix aB-
TOHOMHOTO TPOOITy.

AHaJii3 nacaKupoBMiCTUMOCTI Cy4acHHX
ejekTpodyciB Tumy ONC

Enextpodycu tumy ONC (anri. Over Night-
Charging) xapakTepu3yrOThCsi HassBHICTIO BEJIH-
koi kimpkocti TsaroBux AKD, po3mimenux Ha
JlaXy Ky30BiB, a00 Oe3mocepeHbo, y Ky30Bax —
y 3aaHiil yacTuHi ab0 y BiIOKpEMIJIEHHX BijCi-
Kax, c)OPMOBAHUX T TTACAKUPCHKAMH CH/IiH-
HAMU. BoHa noB’sA3aHa 3 3aCTOCYBaHHSAM CUCTE-
MU 3apsupkaHHs TaroBux AKB BUKIIOYHO Bij
3apsAOHUX CTaHI pO3MIMICHWX, 3a3BUYaid, Ha
TEPUTOPISIX aBTOTPAHCHOPTHHUX  ITiIPUEMCTB
abo mobmm3y Hux. 3apsypkaHHs Tsaropux AKB
TaKUX eJNeKTPOoOyCiB 3MiIHCHIOETHCS, 3A€01IbIIO-
ro, y HiYHy TIOpY A00H.

OCHOBHMMHU HEJIOJIIKAMH CYYaCHHX MiCBKUX
enekTpoOyciB ycix Tutis, ocoonuBo tuny ONC,
SBJIIOTBCS CYTTEBO 30UIBIIEHAa Maca y CIIOps-
JDKEHOMY CTaHI Ta 3HaYHO MEHIIA TacaKHPOB-
MICTHMICTh y TIOPIBHSIHHI 3 MiCHKHMH aBTOOY-
caMH aHaJOTIYHOI JOBXHMHH. Ta, He3BaKaruu
Ha 3HAYHO MEHIIy MacaXKUPOBMICTHMICTh €JeK-
TpoOYCiB BEJIMKOTO KJIACy 3 JIOBXKHMHOIO Ky30BiB
12,0£0,2 M, sika cTaHOBUTH Behoro 65-80 1o, y
MOPIBHSAHHI 3 MICBKUMHU aBTOOycaMH aHAIIOTid-
Hol gomkuHu — 100-105 wom., came Lied THII
€eKTPOOYCIB SBISETHCS HAWOIIBII JOMIJILHUM
JUISl CTBOPEHHSI HOBUX ITEPCIEKTUBHUAX MOJIENIEH,
oprasizarlii ix BUpOOHHIITBA Ta eKCIUTyaTallii Ha
MIiCBKUX MapIipyTax.

Ane HaBiTh 30UIBIICHHS PETIAMEHTOBAHOI
JIOITyCTHMO1 TOBHOI MacH eJIeKTpoOyCiB JI0

[M;] = 19500 kr, To6T0 Ha 1500 KT, OCKIIBLKM

JUTSL IBOMOCTOBHX aBTOOYCIB [M ;‘:J = 18000 kr,

iX HOMiHaJbHA MACAXXUPOBMICTUMICTh BCE XK Ha
20-45 4gomn. MenIIa.

OTxe, MPOEKTyBaHHS, BUPOOHUIITBO Ta €KC-
TUTyaTallisi IePCIeKTUBHUX MICBKUX €JIeKTPoOy-
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ciB Tty ONC Ha OCHOBI 3aCTOCYBaHHS Ky30BiB
MICBKHX aBTOOYCIB BEIIMKOTO KJIacy 3 JOBXKH-
Hoo 12,0+0,2 M SIBIS€THCA EKOHOMIYHO HEOLII-
meHUM. [IpoeKTyBaHHS MEPCIIEKTHBHUX MiCHKHX
enektpodycis Tuny ONC, sikuii HalOinbIm npu-
JIaTHUM JJIs1 3aCTOCYBAaHHS B YKpaiHa, IOBUHHO
3MIHCHIOBATHCS, TPUHANMHI, TBOMa ITUIIXaAMH.

® ONTHMI3AIi€I0 OCHOBHUX KOHCTPYKTHB-
HUX Ta eKCIUTyaTaliiHUX MapaMeTpiB — HOMi-
HAJIBHOT MACAKUPOBMICTUMOCTI, JOBKUHU KY30-
Ba Ta aBTOHOMHOTO IpO0iry, 30KpemMa, i Ipu 3a-
CTOCYBaHHI KOMITOHYBaJbHHIX CXEM 3 KOIICHOIO
dhopmyioro 4x2.2 (31 3IBOEHUMHU KOJIECAMH TH-
TOBOTO MOCTA);

® 3aCTOCYBaHHSIM KOMIIOHYBQJIBHUX CXEM 3
KoxicHOIO (popmyoro 4x2.1 (3 oguHAPHUMHE KO-
JIeCaMH TSATOBOT'O MOCTAa) Ta PO3MILICHHSM I1a-
CAKUPCHKUX JABEpEeH y Mexax KOolicHoi 0a3u
eeKTpoOycCiB.

IapameTpu nmaca:xKupoOBMicTUMOCTI MICBKUX
eJIeKTpoOyciB

Jo mapameTpiB macaKupOBMICTUMOCTI MiCHKHX
enekTpoOyciB (aBTOOYCIB, TpoJeiOyciB) Hale-
’)KaThb. HOMIHaJIbHA BMICTHMICTh, KUIBKICTD
BCTAaHOBJICHUX Y CAJIOHI MACaKUPCHKUX CHIiHb,
KUIBKICTh TACAXHUPIB, IKUX JOMYCKAEThCS Tepe-
BO3UTHU Y CTOSYOMY TTOJIOKEHHI, KiJBKICTh MicCIlb
JUTSL PO3MIIIEHHS TACAXHUPIB y IHBANIAHHUX Bi3-
Kax.

Bumoramu IIpasun €EK OOH Ne 107 [11]
perilaMeHTOBaH|1 HACTYITHI TapaMeTpH:

e MiHIMaNbHa KiIBKICTh MACaXUPCHKUX CH-
JliHb, sIKa TIOBMHHA OYTH BCTAQHOBJIEHA y maca-
JKUPCBHKUX CaJlOHaX MIiChKHX €JIEeKTpoOyciB 0e3
ypaxyBaHHS CHJIIHHS JJIs CITy>KOOBOI 0cO0M;

e QHTOMAa IUIOM@A JUIS PO3MilleHHs 1-ro
CTOSIYOTO MACAKHPA, KA JUIT MICBKUX €JIeKTPO-
Oycis ctanosuth (.= 0,125 m*/mnac.;

e [UIOIIA JUISHKU IUIOTH TacaKUPCHKOTO
CaJIOHY JUIS PO3MIIIEHHS Macakupa y iHBalij-
HOMY Bi3KY, PO3MIpH SKOi, HE MEHIIE: JTOBKH-
Ha — 1,3 M, mmpuna — 0,75 M.

MiHiMaJibHa KUTBKICTh CTAlliOHAPHUX OJIMHA-
PHUX TaCaKUPCHKUX CHIIHb, BCTAHOBJICHUX I1a-
CKUPCHKUX CaJloOHAX MICBKHX €JIeKTpoOyciB,
3aJIeKUTh BIJI IUIONII MACAXKUPCHKOTO CAJIOHY.
JomnyckaeTbes 3aCTOCYBaHHS BiAKHIHUX Taca-
KUPCBKUX CHIIHb, ajie BOHU HE BPaxOBYIOTHCS
[IPHY BU3HAYCHHSI MIHIMAJIbHOT KIJIbKOCTI CHJIiHb.

HomiHanbHa macaXHupoOBMICTUMICTh MiChKHX
eNeKTpoOyCiB OOMEKYEThCS JBOMa OCHOBHUMH
KOHCTPYKTUBHUMH (PaKTOpaMHU:

® [UIOLICI0 MACAXHPCHKOTO CAJOHY EJIEeKT-

nac

poOyca, MpH3HAYEHOIO Ui BCTAHOBIICHHS I1a-
CQXHUPCHKUX CHUJIIHb Ta PO3MIIIEHHS TaCaKUPIiB
y IHBaJIiTHUX Bi3KaxX 1 y CTOSYOMY ITOJIOKEHHI;

® JIOMYyCTHMOIO KOPHCHOIO Macoro ycix ma-
CaXXHpiB, SKI MOXYTh OyTH pO3MillleHi Ha maca-
JKUPCBKUX CUAIHHSAX Ta Ha TUX IUISHKaxX maca-
JKUPCBKOTO CalOHY, AKI MpH3HAYEHI I CTOS-
YUX MMacaKUPIB.

BuzHayeHHs macaKupPOBMICTHMOCTI MiCBKUX
eJIeKTPOoOYCiB 3a IJIOLIEI0 MACAKUPCHKOT0
CAJIOHY

3aranpHa MacakKuPOBMICTUMICTh MiCBKUX €JIeK-
TpoOyCIB 3a IJIOMIEIO MiUIOTH TMACaXKHPCHKOTO
CaJIOHy, Ha SIKii MOXYTh OyTH PO3MIlleH] maca-
JKUPCBKI CUIIIHHS Ta MaCaXUPH Y iHBAIITHHUX Bi-
3Kax 1y CTOSYOMY IMOJIOKEHH], BU3HAYAETHCS 32
BUPa30M

S Al
Nnac - ncnu + nBi3 + nCT - ncn | (1)

Je N, — KUIBKICTh MAacakHpiB, PO3MIIICHUX Y
CTalliOHAPHUX TACAKUPCHKUX CHAIHHSX, YOI
N,;, — KUIBKICTb NACaKUPIB y 1HBANIJHUX Bi3KaXx,

4OJI.; N, — KUIBKICTb CTOSIYMX MACaXUPiB, YOIL.;

N, — KUIBKICTh chyk00BHX 0ci0, Wi po3mi-

Cl1
IICHHS SKUX BUALJICHI OKpeMi CUIIHHS, YOII.
OCKiNbKH, Yy MICBKHX €JeKTpoOycax CIykK-
00Bi 0coOM (KOHIYKTOPH) MPAKTUYHO HE TEpe-
OadeHi, Bupa3 (5) MaTuMe BUTIIS]

S i
N, =N +n, +n.. (1.2)

[Nacaxkupchki OAMHApHI CHIIHHS MOXYTh
OyTH BCTAaHOBJIEHI Yy TMacaXHUPCHKOMY CallOHi
MICBKUX €JIeKTpOOYCiB B OJHOMY 3 TpPbOX
BapiaHTIB:

e Yy MiHIMaNbHO JOMYCTHMIH KIUIbKOCTI
OJIMHAPHUX CTAI[iOHAPHUX CHIiHb,

e y MakKkCHMaJIbHO MOXIUBIA KiJTBKOCTI
OJIMHAPHHX CTAaI[iOHAPHUX CHJIIHb 32 YMOBH 3a-
Oe3mneyeHHs HEOOX1THOT KUTBKOCTI HAKOMINYyBa-
JHHUX MalJaHYMKiB Ta PO3MILICHHS periiaMeH-
TOBaHOI KIJIKOCTI MMAca)KUpiB y iHBaNiIHUX Bi3-
Kax;

e y Oyab-siKii MOXITUBIH KUIBKOCTI CTaio-
HapHUX OAMHAPHHUX CUAIHb, OUIBIIIA HIX MiHi-
MaJbHO JIONMYCTUMA, Ta MOXIIUBIA KIUIBKOCTI
BIAKUIHHUX CUIIIHbB.

MiHiMaIbHO JOMYCTHMA KUIBKICTh CTallioHa-
PHHUX OJUHAPHUX NACAKUPCHKUX CHIIHb Yy ca-
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JIOHaX MICBKHX €JIEKTPOOYCIB BHU3HAYAETHCSA 3
YMOBH:

min
0,95, <ng, <S..» (2
e SHC — IJioma nmaca>xrupCbKOro CaJony IJist po-
3MiH1€HH}I MacaXupCbKUX CI/II[iHI: Ta CTOAYUX
Haca)KI/IpiB, M2, sIKa BU3HAYAETHCA 3 BUPA3Yy.

Snc = Sxy3 - SBOH ’ (3)

e Smf TUIOMIA TOPU3OHTAIBHOI MPOEKIii Ky-

30Ba elIeKTpobyca, M%; S, — IUIOIIA BiIiICHHS

BOJIis, BIIOKPEMJICHOTO BiJ[ ITACaKUPCHKOTO Ca-
JoHy, M%:

Sy = LB » (4)

xe L, 1 B,— BIANOBINHO, NOBXHHA i IIMPHHA

3
Ky30Ba elekTpolyca, M.

VYci cydacHi MiCbKi eIeKTpoO0ycH KITaCHYHO-
r0 KOMITOHYBaHHS 3 OJMHAPHUMHU a00 TMOJBii-
HUMH TTaCRKUPCHKUMU JIBEPUMA y TEPEIHHOMY
3BHUCI, 00JagHaHI BIMOKPEMIICHUM BiIIIJICHHSIM
Bozis (puc. 1), mmommi sIKUX, BU3HA4YeHI rpadid-
HUM METOJIOM, HaBeJieHi y Ta0u. 1.

Bkys

1

Lky3

Puc. 1. Cxema BifnijeHHS BOMIS MICBKHX €TeKTpoOyCiB: 1 — BiJOKpEMIIEHOTO YacTKOBO, 3 BXOJIOM i3
MacakKUPChKOTO CajJOHY; 2 — BIJJOKPEMIICHOTO IMMOBHICTIO, 3 OKPEMHM BXOJIOM

Tabmuusa 1. [Dromii pisHMX THINB BiIMIJICHb BOJIS
CYy4JacHHX MICBKUX €IEKTPOOYCiB

Tum Bigokpemiene
BIJUIIJIEHHS BOJIS YaCTKOBO | ITIOBHICTIO
Ilnorma BifgAiIeHHS BOIS,
2,6-2,7 3,5-3,6

2
Spon M

JomyctriMa MiHIMaNbHA KUTBKICTh CTallioHa-
PHUX OJUHAPHUX MACAKUPCHKUX CHJIHL y 3a-
JISKHOCT1 BiJi THITy BIJUIUIGHHS BOJisl y Mmaca-
JKUPCBHKHUX CaJOHaX MICBKHX EJeKTpOoOyCiB Ha-
BeJleHa y Ta0I. 2.

Tabmuus 2. Jlomyctuma MiHIMAlbHA —KUIBKICTh
NacaXUPCBKUX CHIOIHb y  caloHax
MICBKHX eJIEKTPOOYCiB

Po3mipHi napameTpu
Ky30Ba eJekTpodyca, M:

KinbKicTh nmacaXupcbKux

CHU/IIHbB, n?:,'; , Ol

- IOBXKHHA, LKy3

9,0 10,0 | 11,0 | 12,0

- mmpuHa, By,

2,55

Twun BigaijIeHHS BOIIs,

BiZIOKpeMIICHE:
- YACTKOBO 18 21 23 25
- TIOBHICTIO 17 20 22 24

MaxkcuManbHy KiTBKICTh MACaKUPCHKUX CH-
IliHb, SIKi MOXYTh OYTH BCTAHOBJICH] Y TTaCaXHP-
ChbKOMY CaJIOHI MICBKOTO €JIeKTpoOyca, Mporo-
HYETBHCSI BU3HAYATH 32 BUPA30M:

n(r)lelE;lX < kcn/:( Ll(y3 ' (5)

e kle — KoeiIieHT KiJTbKOCTI OJIMHAPHUX T1a-

CaXHUPCHKUX CUIHb B 3AJICKHOCTI BiJl JOBXUHH
Ky30Ba aBTOOYyca, CHII./M.

PeKOMeH,Z[OBaHa BeanunHa K BH3HA4YCHA

CHIL ®
Ha OCHOBI aHaNi3y TEXHIYHUX IapaMeTpiB JIBO-
MOCTOBHUX MICBKUX €JEKTPOOYCiB KIIACUYHOT
KOMITOHYBJIBHOT CXEMH 3 KOJICHOIO (HhOpMYJIIOI0
4x2.2 3 nopxkuHoto Ky3osa 9,0-12,0 M Ta mupu-
HO1O 2,5-2,55 ™, K, = (3,25-3,35) cun./m.

Po3paxyHkoBa MakcMMallbHa KiTBKICTh Tia-
CAXHUPCHKUX CHUJIIHB, SKI MOXYTh OyTH BCTaHOB-
JICHI y MacakKMUPChbKOMY CajlOHI MICBKUX EJIeKT-
poOyciB pi3HOT TOBKHUHHU HaBeaeHa y Ta01. 3.
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Tabmung 3. Po3paxyHkoBa MakcMMaibHa KiUTbKICTh
OJMHAPHUX MACAKUPCHKUX CHIIHb Y
CaJIOHAX MICBKHX €IeKTPOOYCiB

JloB:xKHa Ky30Ba

enextpobyca, Ly, M| 90 100 11,0 120

KinpkicTh macaxupch-

. max
KHUX CHUO1HBb, ncHL[ 1 OIL. 30 33 36 40

KinbkicTh CcTOSYMX TacaKUpiB, SIKi MOXKYTh
PO3MICTHTHUCS Y TACaXUPCHKOMY CaJIOHI MiCh-
KHX €JICKTPOOYCiB, BU3HAYAETHCS 33 BUPA3OM:

SCT
Ner < q_ , (6)

ae S, — IUIOIA MiJUIOTU MacaKHPCHKOTO Cano-

HY, Ha SIKIH MOXYTb PO3MIILIATHCS MACAKHUPHU Y
CTOSYOMY HOJIOKEHHI, M2,

[Inoma mianoru macakMpcbKOro CaloHy, Ha
SKI JTOMYCKA€ThCSI PO3MILICHHST MACaXKHUPIB Y
CTOSIYOMY TIOJIOXKCHHI, BU3HAYAETHCS 3a BHUpa-
30M:

S =S NS —| 2 )+Zs @

i=2

ne S, — IUIOIa TOPM30HTATLHOI NPOEKIIi 0K~
HapHOTO IACaXMPCHKOTO CUJIHHS 3 30HOIO IS

PO3MIIlEHHs HIl' TTacaXkupa, M2 N, — KUIBKICTH

Mnaca’kupCbKUX ;[Bepeﬁ OQHAKOBOI'O0 THILY i on-

HAKOBOI LIMUPUHU T10 MPOWMI, OI.; Sy — TIIOIIA,

Ky 3aiiMarOTh CITy>KOOBI JIBEpi i -0 TUITY Y BiJI-
YUHEHOMY CTaHi, Mm% S; — moma Oyab-sKoi iH-
1roi JUISTHKY TAacaXHPCHKOTO CAJOHY, Ha SAKIH
HE JONMYCKAEThCS PO3MIIIEHHsSI CTOSUUX Iaca-
KUpiB, M’ (HAIIPUKJIAL apKU KOIIC KEPOBAHOTO
abo TATOBOrO MOCTA).

ITnomy, Ky 3aiiMa€ OIMHAPHE MACAKUPCHKE
CUJIIHHS 3 30HOIO JJIsl PO3MIILIEHHS HIT CHUASUOTO
NacaXupa, PEeKOMEHIYEThCS MPUHMATH PiBHOIO

enr = (0,37-0,4) M*/cu.

[Tnoma, siKy 3aliMarOTh MacaKUpPChKi ABEPi Y
BiJTUNHEHOMY IIOJIO’KEHHI MPOTOHYETHCS BU3HA-
YaTu 3a BUPa3oM:

SZlBi = kJ-IBi bHBi ' (8)

ne K, — Koedirient, sikuii BpaxoBye THII Taca-
KUPCBKHUX ABepeit; b, — mmpnna npoiimu sise-

peii i -ro THITy y OOKOBHHI Ky30Ba, M.

Jns ogmHApHHUX Ta TONBIMHMX MaCaKHPCh-
KHX JIBEpeil 00epTOBO-MIOCTYNAIBHOTO THITY pe-

KOMEHOBaHUI k°" 0,24-0,25, nyist oquHApHUX

Ta TOJBIMHUX MACAKUPCHKUX JIBEpEH IUIOCKO-
MapayIeTbHOTO MEPEMIIICHHS, SIKi BlIUNHIIOTHCS

m=0,19-02,

CymapHa mIom@a IHIUX JUISTHOK ITiJJIOTH
MAacCaXHUPCHKOTO CaloOHY, Ha SIKIH HE MOXJIMBE
PO3MILICHHS MACAKUPIB Y CTOSIYOMY TOJI0KEH-
Hi, TIOB’s3aHa 31 OIUTBHOCTI TUIAHYBaHHS I1aca-
JKUPCBKOTO CAJIOHY MPOEKTOBAaHMX MEPCIEKTUB-
HUX MICBKHX €JeKTpoOyCiB, BH3HAYAETHCS 3a
MIPOTIOHOBAaHMM BHPA30M Y 3aJIS)KHOCTI BiJ] HOTO
JIOBXKHHH:

330BHI Ky30Ba,

isi =0,14L, +(0,8...2,6). )

Po3paxyHKoBa BMICTHMICTh MiCBKHX EJIEKT-
poOycCiB 3a IUIOMICI0 MACAKUPCHKOTO CallOHY
MOXKE MaTh KiJbKa 3HAYCHb Y 3aJIeKHOCTI BiJ
KUTBKOCTI BCTAHOBJICHUX MACAKUPCHKUX CUJTIHb:

et = Moy Ny (10.1)
N =Nor + Ny (10.2)
Nt =N + Ny + N (10.3)
S =NI4n_ +n. (10.4)

OCKUIbKH IIIOIIA AUISHKYA IJUIOTH Y Iaca-
JKUPCBKOMY CaJIOHi, SIKy 3aliMa€e OIMH iHBaJiJI-
Huii Bi3ok, piBHa 1,3x0,7 = 0,91 m% i Ha Hiii
MOXYTh PO3MICTUTHCS 7 YOJN. Y CTOSUOMY IIO-
noxenHi, Bupaszu (10.3 Ta 10.4) moxHa 3anuca-
TH y HACTYITHOMY BUTJISIII:

NS = nm'n +(n., —7); (11.1)
sac4 = CTI?IX +(nc1' _7) (112)

V 3aranbHOMY BHIIJKy PO3PaxyHKOBa Iia-
CQXHUPOBMICTHMICTh MICBKHX €JIEKTPOOYCIB 3a
TUTIOMICI0 TTACAKUPCHKOT0 CaJOHy TIPH BiJICYTHO-
CTI CHJIHHSA I C1y»k00BOi 0COOM BHU3HAYAETh-
sl 32 y3araJlbHEeHUM BUPA30M:

Nliac = ncml + (nCT - 7nBi3)' (12)
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3acTocyBaHHS y KOHCTPYKITISIX MICBKHX €Jie-
KTpOOYCIiB TOBHICTIO BiJJOKPEMJICHOTO BiJ Ta-
CAXHUPCHKOTO CaJIOHY BIUIIJICHHS BOZIS 3MEH-
IIy€ MacaXUPOBMICTHMICTD Ha!

SHB _ S‘iE
AN = BOJ, BOJ, , (13)

mac
Cer

Ie S::ﬂ— IUIOIIA BIOOUIEHHS BOiA, IOBHICTIO
BITOKPEMJICHOTO BiJI TACAKUPCHKOTO CaJIOHY,
M?; S5 — IUIOIIA YaCTKOBO BiOKPEMJIEHOTO BiJ

CaJIOHY BiJIIIEHHS BOIS, M2,
Jns HaBenmeHux y Taba. 1 mionn BiAIiJICHB

BOI —

Bomist An"Y'= 7-8 gom. Omxe, Bupas (12) mis

nac
BU3HAUEHHS IACAKUPOBMICTUMOCTI  MICBKHX
enekTpoOyCciB MOXHA 3aMHCaTH y Ie OiIbI y3a-
TaJlbHEHOMY BHTJISII
s _
NS =Nowe + (N, =70, ) £(7...8), (14)

15014 CT

ne 3Hakd "+" 1 "-" 3aCTOCOBYIOTHCS TIpU BHU3HA-
YeHHI N, 3 ypaxyBaHHSAM IUIOII BiIIiICHHS

CT
BOJIisI, BIJIMOBIZHO, BIJIOKPEMJICHOT'O IMOBHICTIO
a00 4acTKOBO.

Bu3zHaueHHS maca:kKMPOBMiCTUMOCTI MiCbKUX
eJIeKTPOOYCiB 32 10MyCTHMOIO TOBHOK)
MAacoro

3aranpHa Maca)KuPOBMICTUMICTh MICBKUX €JIeK-
TpoOyCiB 3a JOMYCTHMOIO MOBHOK Macoro 3a-
JIEKHUTh MacH CIOPSPKEHOro eneKTpodyca, sika,
y CBOIO 4epry, CyTTEBO 3aJIC)KHUTh BiJl THITy Ta
eHepronotyxHocti Tarosux AKB, i Bu3Haua-
€TBCS 32 BUPA30M:

NG, =——(ME=M& —m,, —n,m,,,), (15)

nac

e MJ — Maca Cropsi/uKEHOTO enekTpobyca 6e3
macu taropux AKDB, kr; m,,— maca TAroBuX
AKB, kr; N, — KUIbKIiCTb CIIy:k00BHX 0ci0 (BO-
Iif, KOHIYKTOp), YOI, M, — pPO3paxyHKOBa
Maca Ciry>k00Boi 0co0H, KI; M_,. — pO3paxyHKO-

Ba Maca 1-ro macaxwupa, Kr.
Jns MicbKuX eneKkTpoOyciB BiJIOBITHO BU-
moram [Ipasun EDQK OOH Ne 107 maca cmyx-

0oBoi ocobu M, = 75 kr, Maca 1-ro macaxupa

m,,. = 68 k.

Jlnst BUSHAUCHHSI MacH CIIOPSPKCHOTO €JIeKT-
pobyca 6e3 macu TsroBux AKDB 3 ypaxyBanHsIM
TOTO, IO IIMPHHA iX Ky30BiB MPU JOBXKHUHI TIOHAT
9,0 M Onu3bKa i1 piBHA 2,5-2,55 M, a BUCOTa Ky30-
BIB CYYaCHMX HH3BKOIMIJJIOTOBUX €NEeKTPOOycCiB
piBHa 2,6-2,7 M, BifpizHseTbcsa Bchoro Ha 3,8 %,
3aCTOCOBYEThCS BHPa3, 3alpONoHoBaHuii B [12]:

MS, = Amé, L (16)

cl Ky3'!

e AmJ — IHTOMA CIOPSPKEHA Maca eJIeKTpo-

OyciB-anaioriB 0e3 macu TsroBux AKbB, kr/m.
[MuToMa criopsmkena mMaca Ky30BIiB MiCBKHX
eeKTpoOyCiB, TSI BATOTOBIEHHS KapKaciB SKUX
3aCTOCOBYIOTBCS CTajeBi mpodini, a Aias maHe-
Jieil 30BHINIHBOTO OOJWIFOBaHHS Ta BHYTPIII-
HBOTO 03/00JIEHHS — KOMIIO3HIIIHHI MaTepiaiy,

Am? = 850-900 kr/m. Jlisi HpOEKTyBaHHSI mepc-
NEKTUBHUX MOJIeNIell MICBKUX eleKTpoOyciB
IIPONOHY€ETHCS puitMatn Am;, = 850-870 kr/m.

Maca Taroeux AKDB 3anexuTh Bif ix THIy 3a
OyZI0BOIO Ta HOMIHAJIEHOI €HEPrOMOTY X HOCTI!

Was

_ Makl
maK6 - w
Paxe

: (17)

ne W, ,— HOMiHaJIbHa €HEProHOTYKHICTh TArO-

Bux AKB, kBTTO1.; phg— MHTOMA E€HEProIo-

TyxHicTh TroBux AKbB, kBrTom./kT.

Jlns OCHOBHHMX THIIIB CYYaCHHX TSATOBHX
AKD, sixi Ha HHMHIIIHIA Yac HalJacTimie 3acTo-
COBYIOTBCSI y CHUCTEMax TATOBOTO MPHUBOAY elie-
kTpoOyciB s xkuBieHHs TE]], pekomenmoBani
BEJIMYMHU MTUTOMOI €HEProNOTYKHOCTI CTaHOB-
nate: gt 1siroBux  AKB  tumy  LiFePOy

pos=0,09-0,1 kBrrox./kr, a tuny LisTisO1 —
pos = 0,07-0,08 kBT TO/./KT.

OnTumizanisi 0CHOBHUX KOHCTPYKTHBHHUX Ta
eKCIUTyaTaliiHUX mapaMeTpiB
NEePCNeKTUBHUX MiCbKHX eJIEKTPo0yciB

OrnrruMizarist HaOLIbII BA3HAYAJIBHUX TEXHIY-
HUX TIapaMeTpiB MPOEKTOBAHMX MICHKHMX €IEKT-
poOyciB Ha eTamax po3pOoOJIEHHS €CKI3HUX IMPO-
no3uLii abo MOYaTKOBUX CTalisX PO3POOJICHHS
€CKI3HMX TPOEKTIB y 3aJeKHOCTI BiJ 3aJaHuX
BUXIJTHUX TapaMeTpiB MOXe 31HCHIOBATHCS TIO
OJITHOMY i3 HACTYITHUX BapiaHTiB:

e Bapiant N — 3aJaHa HOMiHaNbHA IIa-
CaXHUPOBMICTHMICTh €IIEKTpoOyca, YOIl ;
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° i — -
BapiaT L, — 3ajaHa BelMYMHA cepej
HBOJI0OOBOTO aBTOHOMHOT'O TIPOOITy, KM;

e BapianT Ly, — 3ajaHi JIoBKHHA Ky30Ba

enekrpobyca, L., M Ta cepeaHbon000BHii aB-

TOHOMHHUH 1poOir, L, km.

OnTumizaniss OCHOBHUX MapaMeTpiB MiCbKUX
eJleKTpoOyciB 3a BapianTom N

3a yMOBM 33JaHOi BEJIMYMHU HOMIHAJBHOI Ta-

CaXUPOBMICTHMOCTI TIPOEKTOBAHOTO EJIEKTPO-

O6yca NP |, BH3HAYEHHIO MiUIATAIOTh JOBXKHUHA

nac !

iioro kysosa L, ., momycruma Maca TATOBHX
AKb m,, Ta Beln4MHA MOXKIIMBOIO CEPEIHBO-
2060BOr0 aBTOHOMHOT0 IIpodiry L .

3 supasis (1), (6) Ta (7) npu 3amaniii maca-
JKUPOBMICTUMOCTI 1 BiCYTHOCTI KOHIYKTOpa
JIOBXKMHA Ky30Ba esekTpodyca (18):

n n
Orac N:ac NyisSyis S + 22( 1B LlB. )+ Z;;SI (18)
I-K . > i= i=
Y qnac kC"I[ + B]( kCHlI cun

ABTOHOMHUIT 1000BHI MTPOOIT MICEKOTO ele-
KTpoOyca po3paxoBYEThCS 32 BUPA30M, HaBelle-
HuM y [12]:

k pr m
pHax6' " ‘ax0d
L =—— 19
AWM 19)

e kp — KOCQII[IEHT JOMYCTUMOIO PO3PSIKESHHS

aroBux AKb; AW, muroma BUTpaTa eHepromno-

tyxHocTi TsAaroBux AKB, kBrrox./krkm; M:—

PO3paxyHKOBa [TOBHA Maca eJIeKTpolyca, KT.
HOns  Taroeux AKB tunmy  LiFePOs

k,= 0,85-9; pus= 0,09-0,1 kBrrox/kr, a
= (0,07-0,08)10 kBr-roa./KrKMm.

Maca Tsaropux AKDB BH3HauaeTbcsa 3 Bupasy
(15):

m,s <MS-—

aKkb —

(Mg, +m,, +m N2), (20)

OnTumizaniss OCHOBHUX MapaMeTpiB MiCbKUX
ejexTpodycis 3a BapianTom L,

3a YMOBH 33/IaHOTO CEPETHBO000BOTO MPOOIry

[~ 2 5, 3, )+ 35

L,, TPOCKTOBAHOIrO MICBHKOroO eneKkTpodyca, Bu-

3HAYCHHIO Ta ONTHUMI3allii HiJIAraloTh HACTYIITHI
napaMmeTpu: HeoOxigHa waca TsaroBux AKDB
JOBXHHa Ky30Ba L., Maca copskeHo-

aKG ' y3 2
ro exekTpobyca 6e3 macu TsroBux AKB M?, ta
HOMIHAJIbHA TACAKUPOBMICTHMICTD €JIEKTPOOY-
H
ca N,
Heo0Oxinna maca tarosux AKbB Bu3HauaeThes
3 Bupasy (19):

Ameranp

(21)
kpp:icﬁ

ak6

JIoBXHHA Ky30Ba IPOEKTOBAHOTO EJIEKTPO-
Oyca BU3HAYAETHCS HA OCHOBI BUPA3Y:

mBOlI = M:n + Mnac’ (22)

ta Bupasis (1,1) nmpu n,,,= 0, (6), (7), (9) 1 (16)

NpY IPUAHATIH BeNWYHHI Z S, = 3,25 Mm%
i=1

LK > i=2 i=1 (23)
: Amg, + e (B —k
me, + ( Kys cmlscym)
ac
Maca crnopsKeHOro enekrpoOyca BU3Ha4a- [M e] m.-m._ —-M°
. " m aK0 BOJI cn
€ThCs 3a BupaszoM (16), Toxi N < . (24)

m

mac
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OnTuMmi3zamis 0OCHOBHUX MapaMeTpPiB MiCbKUX

esieKTpodyciB 3a BapianTom L,

3a yMOBH 33/1aHOI JIOBXKMHHU Ky30Ba IPOEKTOBA-
HOTO enekTpodyca L, Ta 3ajaHOrO CepeiHpo-

1000BOro aBTOHOMHOrO mpodiry L, 3a Bupa-

30M (16) BU3HAYAETHCS CHOPSIKEHA Maca eJeK-
TpoOyca 0e3 BpaxyBaHHA Macu TsaroBux AKDB
M (o]

ci?

3a BUpazoM (20) — HeoOXigHa Maca TAro-

N <k L.+

L|<y3 BKy3 - Snou - kcym I‘Kysscml - nBiBSBiS - Z(nuni S/:[Bi )_ z Si

Bux AKb m, Ta 3a Bupaszom (23) iioro pospa-
XyYHKOBa HOMiHaJbHa MAacaXHUPOBMICTHMICTh
N . Ta MakCHMajbHa KiIbKICTh OJMHAPHUX Ia-

CaXUPCHKUX CHIiHb N, . JIIs BU3HAYCHHS Ma-

CKUPOBMICTUMOCT]I 3a IUIOMICI0 MAaCaKHUPCh-
KOTO CaJIOHy 32 YMOBH PO3MIIEHHS MaKCHMa-

JNBHOT KiTbKOCTI CHIIHB N[ MPOIOHYEThCS Ha-

CTYIHHUU BUpA3:

(25)

n n
i=2 i=1

nac CUIl KYy3

[HIIi po3paxyHKOBI mapamMeTpH, HaMPHUKIA],
MAacaXHMPOBMICTHUMICTh 32 TUIOLICIO MAaCaXKHPCh-
KOT'O CaJIOHY MPHU BCTAHOBJICHHI JOMYCTUMOL Mi-
HIMaJBHOI KIJTBKOCTI MAacaXUPChKUX CHUJIHb BU-
3HAYaIOTHCH, 32 HEOOXIHOCTI, 3a BiAMOBIAHUMH
BUpa3aMHu.

OnTumizanisi OCHOBHUX MapaMeTpiB MiCbKUX
eJIEeKTpoOyCiB 3a pi3HUMHU BapiaHTaMu

Pesynprat po3paxyHKiB OCHOBHHX KOHCTPYK-
TUBHUX Ta €KCIUTyaTalliiHUX IapaMmeTpiB mpoe-
KTOBaHMUX MICBKUX €JEeKTPOOYCiB 3a 3aJaHuX
HACTYNMHUX BUXIJHHUX MAapaMeTpiB:

e HOMIHalbHAa MACaXHUPOBMICTHUMICTh HE

menmre N =100 gom.;
® CepelHbOJOOOBUI aBTOHOMHHI TPOOIT
L., =200 xm;

e JIOBXMHA Ky30Ba ellekTpoOyca Ha piBHI

q Tac

JIOBKWHU KYy30BiB aBTOOYCIB BEJIHMKOTO Kiacy
Ly,=12 M, Ta NpUAHATHX BEIMYHMH IHIIMX Ia-

ko= 0,245;

bHBO = 0,8 M 11 OMHAPHUX i b}lBH = 1,4 M g

pamerpis — B =

2,55 wm;

MONBIMHUX TACAXHUPCHKUX JBEpeH; KIIBKICTh
asepeit n = 1+2 (BiAmOBiZHO, OJMHAPHMX i
o= 0,385 Mm%
Ko = 3,3, Amg = 860 xr/m; AmJ = 860 kr/m;
k,= 0,85-9 i Aw, = 0,07510° xBt'TOI./KT"KM,

Ta TMOMNEepPeAHbO pPO3paxoBaHUX MapaMmeTpax
n

(M Sy )= 0,784 M2 isi = 3,25 m? (cepe-
i=1

noxsiiianx); S, = 3,55 M% s

He 3Havenns npu L, = 10,0-12,0 M), naBeneni

y Ta0m. 4.

Tabmums 4. OCHOBHI mapaMeTpH MPOEKTOBAHMUX MIiCHKHX €NeKTpoOyCiB, po3paxoBaHi 3a pi3HUMH BapiaHTaMHU

X onrTAMizaLii

kag =12,0m
BapianT onrrumisariii (3a1aHi mapaMeTpu) N" =100 gom. an =200 kM
nac L, =200 km
JloBxuHa Ky30Ba, LKy3 , M (18)/ (23) 11,9 12,3 -
Po3paxyHKOBa MacaxupoOBMICTUMICTb, YOI - 104 102
- 3a momero nacaxupenkoro canony, NS - (24) (mpu NG =40 cun.)
- 3a jomycTumoro nosxoto Macoro, N (15) - 78 82
ABTOHOMHHI CepenHbO1000BHI TIPOOIT, an , km (19) 137 - -
npu ponyctuMiii Maci tarosux AKB, m_ . , xr (20) 2391 - -
npu HeoOXizuiit Maci Tarosux AKB, m . , xr (21) - 3499 3499
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AHai3 macaXupOBMICTHMOCTI MICBKHX eJie-
KTpOOYCiB 32 Pi3HMMHU BapiaHTaMH ONTHUMIi3allii
MOKAa3ye, 10 MPH 33]aHOMy aBTOHOMHOMY TIPO-
0iry moBkuHa iX Ky30BiB 3aHA/ITO BEJIHKA, OCKi-
JBKU TUIOLIA TACAKUPCHKUX CAJIOHIB BHKOpHC-
TOBYEThCS HE MOBHICTIO. OYEBUIHO, 1110 MiHIMi-
3aI1isi TaCaKUPOBMICTHUMOCTI 1 JOBKUHH Ky30BiB
eJeKTpoOyCciB MOBWHHA 3AiIMCHIOBATHCSA Ha OC-
HOBi BUKOHAHHS JBOX HACTYITHUX YMOB:

Mo <Nee <Nor' s (26)

cux !

S m
Nnac ~ N

mac’ (27)
TOOTO, pO3paXxyHKOBa KibKICTh OJUHAPHUX IIa-
Ca)XMPCHKUX CHIIHb N~ TOBMHHA OyTH Ta-
KOIO, TIpH SIKil 3a0e3medyeTsest yMoBa (27).

[Tpu npuiHATHX 3HAYCHHSX BHXIIHUX Mapa-
METPiB MPOEKTOBAHUX ENEKTPOOYCiB Ta 3a7aHo-
My aBTOHOMHOMY podiry L, = 200 kM i He0O-

X1THINA 11 oro nocaraeHdsa maci tsarosux AKB
tuny LiFePOs m, = 3500 kr niast BU3HAYCHHS

MAacaXMPOBMICTUMOCTI 3a JIOBKMHOIO Ky30Ba

al

S m
N.. Ta JOIMyCTUMOI MOBHOK Macorw N .

MIPOTIOHYIOTHCS HACTYITHI BUPA3H:
N3, <20,4L, —2,In!, —61, (28)
N™. <12,6(18,5-L,). (29)

3 BupaziB (28 Ta (29) noBkHHA Ky30Ba MIiCh-

KOTO eNeKTpoOyca MpH TPUHHATIA BEIWYHHI
[

Ney; CTAHOBUTB!
L. =0,064n, +8,91. (30)
KinbKicTh OJJMHAPHUX MACAKUPCHKUX CHIIIHb
N, » MependadeHux Jisi BCTAHOBJICHHS y Taca-

JKUPCHKOMY CaJlOHi MPOEKTOBAHOTO €JIEKTPOOY-
ca, MPUIMAaeTHCS Ha OCHOBI Tabm. 2 1 Tabu. 3.

PesynbpTaTti ontumizaiii OCHOBHUX KOHCTpY-
KTUBHHX Ta €KCIUTyaTaliiHUX MapamMeTpiB mep-
CHEKTHBHUX MICBKHX €JIEKTpOOYCIB IpH pi3HIN
KUIBKOCTI MAacaXUPChKUX CUAIHD y X cajloHax
HaBeZIeH1 y TaoJI. 5.

OTxe, 32 yMOBH 3a0€3MEUYCHHS] MaKCUMallb-
HOI TAacaXKUPOBMICTUMOCTI JOBXKHMHA Ky30Ba
MPOEKTOBAHOTO IEPCIIEKTHBHOTO KOHKYPEHTO-
CIIPOMOKHOT'O MICBKOT'O €JIeKTpoOyca y mepiio-
My HaOIMXEeHHI TOBUHHA cTaHOBUTH 10,5 M.

Tabmum 5. OCHOBHI TapaMeTpH MEPCIeKTHBHUX
MIiCBKHX eJIEeKTpOOyCiB

KinpkicTh onrHApHUX

. i 25 30
NACAKUPCHKUX CHIIiHB, N, , CHIL.

PospaxyHkoBa 10BXHHa Ky30Ba, I_I<y3 ,M (10,5 10,8

[MTacaxupoBMiCTUMICTb, YOI

100 96

- 3a IUIOLLEIO Ky30Ba caloHy, N>

- 3a JIOMyCTUMOIO MOBHOIO Macoto, N7 | 100 97

Ha erami ecki3HOrO MPOEKTYBaHHS Ha OCHOBI
BUOpaHMX MoOJeJeld KEepOBaHOTO Ta TATOBOTO
MOCTIB Ta KOMIOHYBAJFHOI CXeMH 3a KUIBKICTIO,
TUTIOM 1 PO3MIIIEHHIM Haca)XMPCHKUX IBepeit
JOBKMHA Ky30Ba ellekTpoOyca MOBHHHA OYTH
BIIKOPEKTOBaHA, TOOTO, MOXKE HE3HAYHO 301Tb-
IIyBaTHCS a00 3MEHIITyBaTHCS.

BucHoBku

PesynpraTi mpoBeneHUX AOCHTIKEHb HA OCHOBI
3aMpOIOHOBAHOI METOAMKH OINTUMI3allii HOMi-
HAJILHOI MACaKUPOBMICTUMOCTI Ta JOBXHHH KY-
30BiB MEPCIEKTUBHUX €IEKTPOOYCiB MOKA3YIOTh,
0 32 YMOBH 3a0e3MeueHHs cepeTHbO1000BOT0
aBTOHOMHOTO TIpo0iry 200 km:

e CKCIUTyaTalis MIChbKHX eNeKTpoOyciB TH-
my ONC, crBopennx Ha 0a3i Ky30BiB MiCBKHX
aBTOOYyCiB 3 JOBXKUHOIO Ky30Ba 12,0+0,2 M, sB-
JIA€THCS HE JOIIILHOIO, OCKUIBKH IUIONIA IX I1a-
CaXHUPCHKOTO CaJIOHY 3aHAATO BEIMKa, TOOTO HE
ONTUMAJIbHA;

e ra0apuTHA JOBXKHHA MEPCIEKTUBHUX Mi-
CbKHX  €JEKTPOOYCiB TOBHMHHA CTaHOBUTH
10,5-10,6 m, mo 3abe3neuye HAHOUTBITY HOMi-
HaJIbHY mMacaxupoBmictuMicts 100 4om. sk 3a
IUIOILEI0 aCAKUPCHKOTO CaJOHY, TaK 1 3a JI0Iy-
CTUMOIO N0BHOIO Macoro 19500 xr;

e 30UTBIIEHHS KITBKOCTI TACAKUPCHKUX CH-
JiHb MOBHHHO 3a0e31euyBaTUCs 3aCTOCYBaHHIM
IUIaHYBaHb TMACAKHUPCHKUX CAIOHIB 3 PO3Mi-
IICHHSIM OJMHAPHUX CTAI[lOHAPHUX Ta BiJIKH/I-
HUX CUIIHB.

3anponoHoBaHa METOJMKA Ha eTamax po3po-
OJIeHHS eCKi3HUX MPOIO3MIiN Ta eCKi3HUX Mpo-
eKTiB 3a0e3redye BH3HAUCHHS OCHOBHUX KOHC-
TPYKTHBHHX Ta EKCIUTyaTaliiHUX IapameTpiB
MPOEKTOBAaHUX MICBKHX €JIeKTpoOycCiB THITY
ONC 3a TppoMa BapiaHTaMU:

e crannmaptHoro tuny (ONC-st) 3 TsroBU-
Mu AKbB HeoOXigHOT EeHepromoTyXHOCTi Ta,
BIJIMIOBIAHO, 3 MakCHUMAJIbHOIO Macolo, Uil JI0-
CSITHEHHSI 33J]AHOTO CEPEHBOI000BOTO aBTOHO-
MHOT'0 TIpO0iry;

o Ty ONC-V [11] i3 3amiHHUMHE OJTOKaMH
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TaroBux AKbB, eHepromoTyxHiCcTh Ta Maca SKHX,
HaNpHUKIaj, YABIUI MEHII, 32 PaxXyHOK YOro ix
MacakKUPOBMICTUMICTh HE 3MEHIIYETHCS, TOOTO
3aJIMILIAETHCSI MaKCUMAaJIbHOIO, IPU 3MEHIIEHHI
JIOILyCTHMO] IIOBHOT MACH 10 MAKCUMAaJbHOI IS
JBOMOCTOBHX aBTOOYCiB, TpoJei0yciB Ta BaH-
Ta)KHUX aBTOMOOIIIIB;

e Ty ONC-T 3 po3MillleHHSIM OCHOBHOTO
onoky TsaroBux AKB HeoOxigHOi eHepronoTyx-
HOCTI y MpHUYeri (JIONMOMIXHHIA OJIOK TATOBUX
AKDB HeBenmnkoi eHepromoTy:KHOCTI Ta Maoi
MacH BCTaHOBIIOETHCS Y Ky30Bi eleKTpodyca).

Haii0inpm momineHUM Ui TIPOEKTYBaHHS
MEPCHEKTUBHUX KOHKYPEHTOCHPOMOXKHUX MiCh-
KHX eneKTpoOyciB nosxunoo 9,0-12,0 M 3 eko-
HOMIYHUX MIpKyBaHb Ta IIUIBHOCTI 3a0yJOBH
LEHTPAJIBbHUX YaCTHUH BITUM3HSHUX MICT Ta 3a
YMOBH 3MEHILEHHS JIOIIyCTUMOI IIOBHOI Macu A0
18000 kr s TOJOBXKEHHS TEPMIHIB eKCILTya-
Tallii MICBKUX BYJIHIb O€3 MPOBEICHHS KariTa-
JBHOTO PEMOHTY IX IOKPHTTS, SIBJISETHCSA Bapi-
aaT ONC-V.

Konduikr inTepeci
ABTOp 3asBJIsI€, IO HEMa€e KOHQIIIKTY iHTepeciB
0710 TMyOITiKaIlii mi€i cTarTi.
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The method of optimizing the main technical
parameters of the promising city electric buses of
ONC Type

Abstract. Problem. City electric buses of the ONC
type, which are widely used for passenger
transportation on city routes, even if the permissible
gross weight is increased by 1500 kg, have
significantly lower passenger capacity than the high-
class buses on the basis of the bodies of which they
are created. This is due to the fact that the mass of
traction batteries is much greater than the mass of
the power unit with all its city bus systems. Goal. The
goal is determining the optimal values of the main
technical parameters of promising electric buses
already at the stages of development of sketch
proposals or sketch projects. Methodology. The work
is based on the analysis of technical parameters of
city electric buses of modern designs and regulated
technical requirements for high-capacity passenger
wheeled vehicles, the dependences of their passenger
capacity on the dimensional parameters of the body,
the weight of the equipped electric bus without the
weight of traction batteries and the autonomous
mileage of electric buses. Results. Three variants of
a technique of optimizing the parameters of the
designed city electric buses on one of the set

parameters — the nominal passenger capacity,
average daily autonomous run or length of a body of
an electric bus are developed. Originality. An
algorithm for determining the optimized parameters
of the designed electric buses at the stage of
development of sketch proposals and sketch projects
is proposed. Practical value. The proposed method
provides the design of promising competitive city
electric buses of ONC type, which are most suitable
for use in the cities of Ukraine, with a given or
maximum possible nominal passenger capacity in
terms of providing a given or maximum autonomous
mileage and equality of passenger capacity,
determined by passenger area mass.

Key words: first class electric bus; city electric bus;
passenger capacity of the electric bus; parameters of
electric bus masses; parameter optimization;
autonomous mileage.
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AHaJIi3 HAHOLJIbII MOMIMPEHUX METOAIB
BU3HAYCHHS CTIMKOCTI CHEPreTUYHUX CUCTEM

I'natos A. B.}, Apryn III. B.}, Barau P. B.,
I'maroBa I'. A., Tapacosa B. B.2, Pyuka O. 0.2

1XapkiBchKuii HalliOHATBHUI aBTOMOOIIBHO-TOPOXKHIH yHiBepcuTeT, YKpaina
ZXapkiBchKuii HatlionanbHui yHiBepeuTeT TloBiTpsaux cui im. . Koxemry6a, IHCTUTYT HMBiIBHOT aBianii,
VYkpaina

Anomauia. J{na eusHaueHHs CMIUKOCMI eHepeemuyHoi cucmemu icHye bazamo memoois. Hatibinbuio-
20 BUKOPUCMANHA HaOyau memoou Jlanynoea ma memoo Moiceesa. B pobomi posxpumo ix cymuicmeo,
nepesazu ma HeoONiKu, 0COONUBOCII NPAKMUYHO20 GUKOPUCMAHHA. Busnaueno, wo oonum 3 nepcne-
KIMUBHUX HANPAMIE NIOBUUEHHS eeKmUBHOCIT pOOOMU MAMEMAMUYHO20 anapamy € GUKOPUCHAHHS
Memo0di8 Opy2020 NOPAOKY 68 MOOENO8AHHI | ONMUMIZAYIL pedCUMi8 pOOOMU eHePLeMUYHUX CUCTEM,
wo 00360J1€ 30iMbUWUMU WEUOKICMb | HAJIlIHICMb 30idcHOoCmi imepayiinux npoyecis. Pozbydosarno
aneopumm Oit, AKU NPUHAYEHULl 01 BUPIUEHHA NUMAHHSA CMIUKOCMI Y NPAKMUYHIT OialbHOCHI.

Knwuogi cnoea: enexmpoenepeemuyna cucmema; CMAMuyHi Xapaxkmepucmuku, CMIilKicmo,

OUHAMIYHI XAPAKMEPUCMUKU;, THMe2PANbHI Kpumepii; cuiu 30ypenHst; 6aiaunc nomyarCcHoCmi.

Beryn

Enexrpoeneprernuyna cucrema (EC) — me cyky-
MHICTh MPHUCTPOIB, SIKi J03BOJISIOTH IIEPETBOPU-
TH Pi3HI BUAM €HEprii B €JIeKTPUYHY EHEprilo,
nepeAaTH OCTaHHIO Ha BiJCTaHb, Ta PO3MOALIM-
TH 11 MIX CIIO)KMBayaMH, JI¢ BOHA 3HOBY IEpeT-
BOPIOETHCS.

Y HOpManeHOMY pobodoMy cTaHi, abo y HO-
pMalbHOMY HOMIHAJIBHOMY pEXHMi, cucTeMa
MOBMHHA HAJIHHO 3a0e3leuyBaTh CIIOKHBAHHS
€JIEKTPUYHOI eHeprii HopMoBaHoi sikocTi. OxHaK
KpiM HOPMAJIIBHOTO CTaHy ICHYIOTh aBapiiHi
CTaHM Ta MEPEXiJHi, M0 BUKIUKAHI Pi3HOTO pO-
Ny TepexiqHumu nporecamu (30yaaukamu) [1].
Lle moB’s3aHO 3 THM, 110 B CHCTEMi Oe31epepBHO
BiIOyBalOThCs sIK Majii 3MiHu (aykTyarii 3a
PaxyHOK 3MiH B MOTY>KHOCTI, CKJIa/li Ta KiJIbKOC-
Ti MIJKITIOUYCHUX CIIOXKWBAYiB) i, TaK 3BaHi, Be-
JMKI 3MiHH, SIKI BU3HAYAIOTHCS BapiallisiMd Be-
JMYUH MOTYKHOCTEH, 1110 BUPOOISIOTHCS 1 CIIO-
JKUBAIOTHCS, @ TAKOXK 3MiHOI KOH(}Iryparii cuc-
TEMH, HaNpHKIaJA, BKIIOUYEHHAM 1 BiAKIIOYEH-
HSAM I'eHepaTopiB, JiHIA mepenay, TpaHchopma-
TOpiB, MmifcTaHuill (By3/iB HaBaHTaKeHH). Taki
3MiHE 200 TMepexXoau BiJi OJHOTO PEKUMY JI0
IHIIOTO, TiJ] Yac HOPMAaJILHOI pOOOTH CHUCTEMH,

Ha3WBaIOTh HOPMAJIBHUMH TEPEXiTHUMHU PEKH-
mamu. Kpim Toro, EC, sik i Oynp-sika iHma cuc-
TeMa, 1HKOJIM 3a3Ha€ aBapiii, 10 TaKOX Beje JI0
BUHUKHCHHS MepeXiiHuX peskumis [2,3].

s HopmaneHOi pobotn EC npu pisHOMaHi-
THHUX 3MiHax (BIUIMB 330BHi, 3MiHa TE€XHIYHOTO
npoliecy, aBapis), HeoOXiJHO 3HaTH (po3paxyBa-
TH) TI OCHOBHI MapameTpH, Ta CTYIiHb BIUIUBY
Ha HUX. TakoX JJIs MPaBHIBHOTO 3IACHEHHS
nepexoay EC 3 onHOTO B iHIIUI pexkuM poOOTH
Ta BUXiJ Ha cTaimy poOoTy micis 30ypeHHs (110
BUKIIMKAaHE TEPEeXiTHUM MpPOIlecOM) HEoOXiITHO
MPOBOJIMTH aHAJi3 Ta PO3PaXyHOK OanaHCy Io-
TyXXHOCTeH cuctemu. [lpu 1ipomy, oJHE 3 roJo-
BHUX THUTaHb Ha SKE TIOTPIOHO IaTH BiAIOBIIb —
4yn OyJie cucTeMa CTIHKOIO.

AHani3 myOsikanii

3apa3 s BU3HAYEHHS CTIHKOCTI €HEpreTHYHUX
CHCTEM BUKOPUCTOBYIOTH BEJWKY KiIBKICTh Me-
toxiB [1,4-16] Ta kputepii. Hanpukian, merox
JlanynoBa, meton MoiceeBa [17,18], kpurepii,
I'ypaits, Paycca, Muxaitnosa toro [9,17,19,20].

ABTOopu poboTH [4] 3anpornoHyBalM HOBY
MOJIEJb OL[IHKU CTaJOCTi JUIl €HEPreTUYHUX CH-
creM. Mojeinb JOTPUMYEThCS IHTEIPOBAHOTO
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MIXOMy Ta MOCHIIKYE pi3HI UYWHHUKH, SIKi
BIUIMBAIOTh Ha OLIHKY CTilikocTi cuctemu. s
KO)KHOTO YHHHHUKA PO3POOIAETHCS 1HAEKC, 00
BiTOOPa3UTH CTYIiHP HOTO BIUIMBY Ha 3arajib-
HU 1HAEKC CTIHKOCTI CHCTEMH.

B crarri [5] posrnsmaerbes koMOiHAILS mif-
XOJ[IB JKUTTEBOTO UKy Ta aHAJI3y OXOIUICHHS
nmanux Jist orieku crifikocti EC. OcHOBHY yBary
NPUIUIEHO AOCTIIKEHHIO Ta 3'SICYBaHHIO TTOTEH-
iary X KOMOIHOBaHUX IiIXO/IB, 1[0 OPi€HTO-
BaHi Ha CTIMKICTh IHCTPYMEHTIB OaraTokpurepia-
JBHOTO aHalli3y pillleHb y cepi eHepreTUKH.

B po6ori [6] aBTOpH, CrTOYAaTKy, BU3HAYAIOTH
NOKA3HUKH CTAJIOCTI U €HepreTHYHOro IuIa-
HYBaHHsI, a MOTIM JOCHI/PKYIOTh 3aJIeKHOCTI Ta
3BOPOTHI 3B 513K MK MOKa3HUKaMH Ta 3HAYCH-
HSMU 1HAUKATOPIiB. SIK BUCHOBOK CTBEPIKYETH-
cs, 110 AaHAIITUYHUN MEPEKEBUHN TpoIleC i3 Te-
peBaramMu, MOKJIMBOCTSIMH, BUTPaTaMH Ta PU3U-
KaMH € TIXOSIIAM METOAOM JJIsi BUPIINICHHS
i€l CKIIagHOT MPoOIeMu.

B po6orti [7] npencrasieHo migxomu, MeTo-
JIOJIOT1, CIieHapii Ta IHCTPYMEHTH, 1110 BUKOpPHC-
TOBYIOTH eneMmeHTd [T TexHomoriid y crammx
EHEpPreTUYHNX CUCTeMax 3 JeTaIbHUM aHajli30M
PI3HUX METO[IIB pO3Ii3HABaHHS Ta KOMYHIKaIlil.

B crarri [8] mpemctaBieHO — TEXHIKO-
E€KOHOMIYHHI aHaji3 TiOpUIHWUX E€HEePreTUIHUX
CHCTEM 3 BU3HAYEHHSM IX CTIHKOCTI, sIKi poIio-
HYIOTb BHKOPUCTOBYBATH JUISl BOX CTOJHMYHHX
npoBiHLiK [pany.

B pob6ori [9] omucana MeTonKa BU3HAYEHHS
CTIMKHMX PEXHUMIB TPUBAJIOTO EKBIBAICHTY B3a€-
monoB's3anux EC pisHuX cTpyKTyp. 3a pe3yib-
TaTaMW YUCIICHHUX JOCHTIPKEHb chopMyiboBa-
HO KpUTEpill KOMUBAIHLHOIO MOPYIICHHS CTaTH-
YHOI CTIMKOCTi, SKi OTPHUMaHO 3a KPHUTEpieEM
I'ypsima.

B po6orti [14] po3risaaioThes MUTaHHS PO3-
pPOOKHM Ta JDOCIIHKEHHS METO/ly BH3HAUCHHS I1a-
paMeTpiB TPHUCTPOIB I CUMETpii TpudazHUX
CHUCTEM eJIeKTporniocTadanHs. Jljisi BU3HAUCHHS
BUMOT CHUMETpii Ta KOMIIEHcallii BUKOPHCTOBY-
€TBCSI METOJ CUMETPUYHHX CKIJIQJOBHUX. 3aCTO-
CyBaHHsI 3alpOIIOHOBAHOTO METOJy Ha JYMKY
aBTOPIB pOOOTH MPU3BEE 10 MiABUIIEHHS CTik-
kocti EC.

Crarti [10-13,15] npencraBnsrotTe BceOiuHe
OOTrOBOpEHHSI €HEPreTUYHOi CTIHKOCTI MiChKUX
paiioHiB 3 BU3HAYEHUMH E€HEPreTUYHUMH ITOKa-
3HMKaMH Ta TEXHIYHUM aHaIi30M TiOpuaHO1
E€HEPrOCHCTEMH, MO0 TIOKa3aTH BaXKIUBICTh
BIJTHOBJIFOBAHOI €HEprii JJisi JOCATHEHHS €HEep-
TeTUYHOI CTIMKOCTI. TakoK 3aIpoONOHOBAHO P
TEXHIYHUX PIIICHb Ta METO/IiB, IO ITiBUIIYIOTh

SIK CTaOUTBHICTD POOOTH, TakK 1 cTiKicTh EC.

Astopu pociimkerns [16] po3podusu ocHo-
BU KOHIIETIIii CTiHKOCTi eHeprocucreM. IX cyT-
HICTh TIOJISITA€ B TOMY, IO Tpamemist CTIHKOCTI
3aMpOBAKYETbCS AK Bi3yallbHUH 1HCTPYMEHT,
mo6 BiZOOpa3sUTH MOBEAIHKY EHEProCHCTEMH
mia yac aBapii. [pyHTyrO4YHCh Ha [IbOMY, BU3HA-
YalOThCSl KIIIOUOBI XapaKTEPUCTHKH BiJIMOBOC-
TIHKOCTI, SKUMH Ma€ BOJIOAITH CHEPrOCHCTEMa,
a TaKOXX TMPOTMOHYIOTHCS Pi3HI MOXKITUBI CTpaTe-
rii migBuinenHs critikocti EC.

OTxe, npu Bu3HaveHHi criiikocti EC mo me-
Tony JIamyHOBa MOXKHa KOPHCTYBATHCS BOMa
METOJaMHU: IPSMUM METOJOM 1 METOJIOM Hep-
moro HabmwkenHns [17,20]. [Mpsmuii metox JIs-
MYHOBa BIAHOCHUTHCS 1O AU(EpEHIiaTbHUX Me-
tomiB. N CyIKEHHS TPO CTIHKICTh CHCTEMH
TYT HE BiJIIYKYIOTh 3arajibHOro abo MmpuBaTHO-
ro pilleHHs OUQepeHiianbHUX PIBHSHb BHIY
Ay, = (Ayy, Axyy o+ Ay, ), @€ 3 iX JOIOMOTOFO
3HAXOMATh Tak 3BaHy V-(yHKII0, OBHA MOXiJ-
Ha SKO1 32 YacOM Ma€ JIesKi crierugidHi BIaCTH-
BOCTI, IO JONOMAaralTh OTPUMATH CYy/HKECHHS
npo criiikicTs cuctemu. Lli BracTuBOCTI hopmy-
JIOIOTHCS IBOMA TEOPEMaMH TIPSIMOTO METOJY.

bimbm mupoke 3acTocyBaHHS MPU BUPIIICH-
Hi SHEPreTHYHMX 3aBJaHb OTPUMAaB METO/ Iep-
uroro HabmwKeHHs (mepuuid Meton JIsmyHoBa).
[Ipm 3acTocyBaHHI IBOTO METOXY, IO BiIHO-
CUTBCS [0 TPYNH METOMIB IOBHOI iHTerparmii,
NpaBi YaCTHHU PiBHSIHb PO3KIANAIOTHCS B CTY-
TICHEB1 S, 110 CXOSATHCS.

OnmHak B JIESKUX TPAKTHYHHUX BHIAIKAX
Oinpln  BifgnoBizae (I3MUHUM SBHUIAM TEOPIs
TexHiuHOi critikocti mo H. JI. Moiceesy [18].

MeTa Ta nocTaHoBKa 3ajadi

Metoro pobOTH € AOCHIIPKEHHS MOMKIHUBOCTEH
PI3HUX METOJiB BH3HAUYEHHS CTIHKOCTI €Hepre-
THYHHX CHCTEM Ta CKJIQJIAHHS 3arajbHOTO aJro-
PUTMY JIiii 11010 3a0e3MeUeHHs X CTIHKOCTI.

st mocsiTHEHHST METH OYJH TTOCTaBIICH] Taki
3ajaui;

® [POaHaNi3yBaTH CYTHICTh Ta MOXIIUBICTh
BUKOPHMCTaHHS PI3HUX ICHYIOYHMX METOJIB 1010
BUpIIIIEHHs THTaHb cTiiikocti EC;.

® CKJIACTH 3arajbHHi aJrOpPUTM [id 11070
criikicte EC, skuii nomomoske BUPILIMTH IH-
TaHHS CTIMKOCT1 y MPAKTUYHIN JisTBHOCTI.

MeToau BU3HAYEHHS CTIilKOCTI
eHepPreTHYHUX CUCTEM

3MICTOM JIOCHIIPKEHb 110 BUSBICHHIO SIKOCTI PO-
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oot EC gBnsgerncsa oOUMCIIEHHS NEIKUX 1HTET-
paTbHUX BENWYHH, SIKi BUSIBISIOTH Ha MPOTA3I
BM3HAYAIOYOTO BiJpi3ka 4Hacy IHTErpajbHi Bif-
XWJICHHS THX BEJHMYMH, SIKI XapaKTepU3YIOTh
NOXHOKY perymoBaHHs. Takuil iHTerpanbHil
KpHUTepii BKa3ye Ha Te, 0 HEeMae HEOOXiAHOCTI
000B’SI3KOBO MPArHyTH 0 MiHIMyMY BiIXHJICH-
HSl BEJNIMYHMHH, SIKA PETYJIOETHCS BiJ 3aJaHoi.
[Ipu piBHHX yMOBax, HaiOiIbII CHIOKiHUM OY-
Jle TIepexii Bil OJHOTO CTaHy A0 iHIIOro 0e3
KonuBaHb. Lle siBisie co00r0 MO3UTHUBHUN (ak-
TOP OIIIHKHU SKOCTI po0oTH cuctemu. OHaK 1eit
MOKA3HUK HE 3aBXKIU € HallBaKIMBIIIMM. [HTET-
paibHiI KpUTEpil VTSI OIMIHKU SKOCTI pOOOTH CHC-
TEMH PO3pOOJICHI MPAaKTUYHO TUIBKK AT 3a0e3-
TICUEHHS CIIOKMBaya HAIPYror0 3a1aHoi SKOCTI 1
qacTOTH. JIOCHUTh 9acTO HEOOXIJHO OLIHUTHU SK-
iCTh aBTOMaTHYHOTO PETYJIOBAHHS CHCTEM Ta ii
po0oOTH B IIiIOMY.

Jnst mpoBeIeHHS aHaJIi3y 100 TTOYATKOBOTO
PeXHMY Ta PEKUMY, SIKHH Mae BCTAaHOBHTHUCS
miciist 30ypeHHs BUKIMKAHOTO MEPeXiTHUM Tpo-
1ecoM, HeOOXiMHO po3risanaTu OanaHc MOTYX-
HocTi. Tak, mepemada MOTY>KHOCTI Bi TeHepa-
TOpiB, TypOiHM SIKMX PO3BHBAIOTH TMOTYXHICTb
Pr, MOXIHBa TUTBKY B TOMY BUTIAJIKY, SIKIIO:

Pr=1(9) i P=y(9),

ne Pr — moTyxHicTh TypOiH; P — HOTYXHICTB,
SAKa TIePEeNaeThCs CIIOKMBaYaM, (¢ — IapameTp
peXHUMY.

Pexxum Mosxe iCHyBaTH, SIKIIO XapaKTepHUC-
tuk# Pr = f(¢), i P= (@) NepeTHHAIOTHCS, PHU-
4yoMmy 3a3Buvaii Pt = const, p = (E-U/x)-sin 4.

Takoxx HeoOXimHO, MO0 aKTHBHA IOTYX-
HICTh, SIKa BUPOOJISETHCS T'€HEPATOpPaMU CHCTE-
MU Pr, 1OpiBHIOBaJa MOTY>KHOCTI, SIKa TIOTJIMHA-
€THCSI B HABAHTAXXECHHAX Py 1 BTpada€eThcsl y BCiX
enemenTax cucremu AP:

P.=P,+AP=P. 1)

AHanoriuHa yMoBa iCHy€ B KOJIaX 3MiHHOTO
CTpYMY 1 JJIsl pEaKTHBHOI MTOTY>KHOCTI:

Qr:QH+AQ:Q- (2)
HeoOxigHO BigMiTHTH, 10 aKTHBHA 1 peak-

TUBHA TOTY>KHOCTI MOB'SI3aHi 3 MOBHOIO TOTYX-
HICTIO BiJIOMHM CIIiBBITHOLIEHHSM:

St =R +Q7, ©)

Je S, — IOBHA MOTYXKHICTb.

Pipastaas (1) 1 (2) HE € He3aJIEKHUMU, TOMY
o0 KOPHCTYBaTHCA HUMH HEOOXITHO pO3TJIsi-
HYTH JOJJaTKOBI YMOBH, SIKi BiJoOpaXKaroTh Pi3-
HOMAaHITHI 3B'SI3KH, 110 HEOOXIiHO JTOCIiIKyBa-
Th. Ane ipakTuka podotn cydacHux EC, mapa-
METpU SIKUX 3MIHIOIOThCS B IMIEBHUX Jialla30HaX,
JTa€ 3MOTY BCTAaHOBHUTHU 3aKOHOMIPHOCTIi, SIKUMHU
MOYKHA KOPUCTYBATHCSI.

Jis  po3paxyHKy peXHMIB peryJIbOBaHUX
EC, npu cTBOpeHHS IS HUX PETYJIIOKYNX 1 Ke-
PYIOUUX TPUCTPOIB Mae OCOOJIMBE 3HAUCHHS
3acTocyBaHHS po3pobienoi A. M. JlsmyHoBUM
3arajipHOI Teopii cTiikocTi pyxy [17].

[Ipu BusHaueHnHi criiikocti EC 3a momomo-
TO0 i€l Teopil MOCTHKyBaHUN PEXUM Xapakx-
Tepu3yl0Th napametpamu o, Eg, E; , 61T o

[ToBeniHKY CHCTEMH LBOTO PEKUMY OIHUCYIOTH
nudepeHIiaTbHIMA PiBHIHHAMA BUAY:
0=0, (oo’, E' ,5)
Ei=9, (Ez;o’ E,, ’6)
E; =0s(E,, . U,) (4)
U p = (P4 (e)
e=o. (e, 1)

e o, Ej, Ej,, 61T. 0. — y3araJpHeHi KOOp/H-
HATH EJICKTPHUYHOI CHUCTEMH, IO XapaKTeph3y-
10T ii cTaH — pekuM a0 MOXIHI BiJ| IIUX KOOP-
JIMHAT T10 Yacy.

Y mouatkoBuit MomeHT 4Yacy (mpu 1=t;) mo-

3HAYMMO 3MiHHI (TTapaMeTpu PexXUMY) 4epe3 Mo,
E(;O , 00. Topi, Bupilyt0un cuctemMy piBHSHB (4),

MOXKHa KOXKHY 3MIiHHY TPEJCTABUTU Yy BUTJISI
3aJIEKHOCTI BiJI IOYaTKOBUX 3HAUYEHbD:

©=y,(t, o, 50’60);
Ei=w,(t, E’0 , Eé( ,0,), TOLIO.

Pimmenns cucremu piBHsIHB (4) omuUCye 3MiHY
CTaHy eJeKTPUYHOI CUCTEeMH, TOOTO ii mepexin-
HUH mponec. PimeHHs nepeadavaeTbess €TMHUM
1 MpakTUYHO (3a3BUYAil) BINMOBIJIA€ TEXHIYHUM
3aBJIAHHSM.

[lIo6 cymuTh mpo CTiHKICTh YM HECTIMKICTh
PEKUMY CUCTEMH, CJIIJI JOCTIAUTH PIBHSHHS TaK
3BaHOTO 30y/pKeHOoro pyxy. lle piBHSHHS OmH-
Cye MepexiHUi mpolec Mmicis 3MiHM HapaMer-
piB pexxumy 9, o, E, 1 iHmmX, mo 3'sBunucs mig
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JE€0 CWJ, SKI Ha3WBarOThCSA 30ypeHHsAMU. Lli
CHIIM He OepyTh yd4acTi B PIBHAHHSX 30ypeHOro
pyxy. Y HaWOpOCTIMIOMY BHIAAKY BBaXKA€THCH,
0 MHTTEBO CTBOPWBIIM BIAXHWJICHHS, BOHH
3HUKJIM, 1 TeNep Ha CUCTEMY JilOTh TUIBKU BHY-
TpimHi cunu. Li cunn MoxyTh 30epert cucre-
My CTiIHKOIO a0o0, HaBMAaKW, MOPYIIUTH ii CTiHi-
KiCcTh TIpH M0ABI 30ypeHHs Ad, Aw, AEq.

Crixg mizkpecnuTH 3HAYCHHS JABOX MOHSTH:
30ypeHHs 1 cuiu 30ypeHHsI.

30ypeHHsT — 1€ Ti BIAXWIEHHS TapaMeTpiB
pexuMy, siKi pu OyJab-KUX NPHUYUHAX BiIOY-
BalOTHCA B CUCTEeMi. A cuim 30ypeHHs (SK MUT-
T€BI, TaK 1 TPHUBAJO [it04i) — 1€ IPUINHH 30y-
PEHb peKUMY, TOOTO HOTO BiIXWIIEHB Bl PiBHO-
Ba)KHOTO cTany [21,22].

[Ipu mpuitHATOMY TiAXOAI IO CTIMKOCTI a Hi
npupoaa cui 30ypeHHs, a Hi iX BEJIMYMHA HE
PO3TIIIAIOTECS, i BOHM HE OepyTh y4acTb B JH-
(depeHmianbHUX PIBHAHHIX. AHAN3 CTIHKOCTI
3BOJSATh TUTBKH A0 3'ICYBaHHS XapakKTepy 3MiH
30ypeHb (BiIXWUICHDB), HE BU3HAYAIOUM IX BEJIH-
yuHu. PiBHSHAS (4), AKi MOXKHA TIEPETIHCATH IS
30ypeHb, MatOTh BHUTJISII;

Ao = f (Aw,, AE,,Ad)
AE; = f,(AE4,, AE; , AS)
AE; = f5(AE; ,AU ) (5)
AU = f,(Ae)
Ae = f,(Ae,, AIT)

®opmynu cucteMu (5) MOXKHa TakoX pPO3T-
JSIIATH SIK BUPAa3 BiZIOMOTO NMEPETBOPEHHS Iepe-
HECEHHS M0YaTKy KOOPAWHAT 3 OJHI€] TOUKH B
iHmry. TpuBiQJIBHUM pIlIEHHSAM CHCTEMH DiB-
HsHB (5), 10 BiJMOBia€e cTamoMy pexumy, Oy-
ne: Aw=0, AS=0, AE; =01 1.1

He30ypeHuii cTaH CHCTEMH, IHAKIIE 3BaHUMA
JOCHITHUM CTajJUM PEKUMOM, OLIHIOETHCS SK
CTIMKMH, SKImo A1 Oyab AKOi 3aBrOJHO Masoi
obmacti €, 3a/J1aHOi HABKOJIO CTaHy DiBHOBAarw,
3aBK/IM MOYKHA 3HAWTH BiAMOBIAHY 0071aCTh U(E)
TaKy, Opu sKill cucrema, sKa BUSBWIIACS IIPH
PI3HUX TIOYAaTKOBUX 30ypeHHsX B o0yacTi € (pu
t=to) HikoMHM (TIpH OYAb-SIKOMY SIK 3aBTOJTHO Be-
aukomy t > to) He Buiine 3 obnacri €:

A ()] <&’ (6)

e i — Oyab-fKMd peXMMHUI mapamerp; & —
TiHIMHI po3MipHu 06JacTi €.
Crajuii pe)kuM CUCTEMHM HA3MBalOTh HECTIH-

KHM, SIKITIO HABKOJIO CTaHy PiBHOBArd iCHY€E Taka
o0nacth €, Ui SIKOi HE MOXKHA MiiOpaTH 00-
7acTh [(€), sIKa Ma€ BUIIEBKa3aHy BIACTHUBICTb.
Skio npu BHKOHAHHI HepiBHOCTI (6), Kpim
TOTO0, OyIyTh BUKOHYBATHUCS TAKOX 1 YMOBH:

limA6=0;

t—o

limAE, =0,

t—>o

abo0 B 3aralbHOMY BUNAJKY TS OyIb-sIKOTO Tia-
paMeTpa pexkuMy X MOJKHA 3alucaTu:

limAx(t) =0, )

—>00

TO PEKUM CHCTEMH, 11O BIAMOBIZAE I[OMY BHU-
NajgKy, Ha3UBAalOTh ACHUMITOTHYHO CTIHKHM.
30ypenuii pyx 00'ekTa B I[bOMY BUIIAJIKy BH3HA-
YaloTh SIK PyX, SIKHH TOBHICTIO CXOIHUTBHCS O
1oro He30ypeHOro PyxXy.

[Ipu BU3HAaYEHHI CTIHKOCTI EIEKTPUIHUX CH-
creM 1o Mmerony JlsmyHoBa MOXKHA KOPHCTYBa-
THUCSI TBOMa METOJIaMH: MIPSIMUM METOZOM 1 Me-
TOIOM Tiepmioro HaOmmxeHHs [Ipsmuit MeTon
JlsmyHoBa BigHOCHTBCS 1O nIu(epeHIiaTbHIX
MetofiB. Ilpu 1boMy, crernudivHi BIaCTUBOCTI
MOXHa C(OPMYIIOBaTH, SKIIO KOPHCTYBaTHUCS
JIBOMa TAKMMH TEOPEMaMH MIPSIMOTO METO.Y.

Teopema 1. He30ypenuit pyx CTiliKHid, SKIIO
JUIL  BIACTUBOCTEH JuepeHmiabHUX PIBHSHD
30ypeHOT0 pyXy JOCHIPKYBAHOTO 00'€KTa MOXKHA
3HAWTH TaKy 3HaKOBHM3HaueHHY ¢yHKIi0 V, y
SIKi¥ ITOBHA TMOXIi/IHA 3a YacoM Oyjie abo 3HAKOIIO-
CTIHOIO (PYHKIIi€FO, IO Ma€ 3HAK MPOTHIIEKHUI
3HaKy V, a00 GYHKIIiS TOTOKHO PiBHA HYIIO.

Teopema 2. Skmo ¢yskist V, sika 3a10BOJTb-

. . . av
HSI€ YMOBI IIEPILIOT TEOPEMU U MA€ MOXIJIHY o

sKa MPEICTaBIse COO00 TaKOX 3HAKOBH3HAYEH-
HY (yHKIifO, 3HaK SKOI MPOTHIEKHUH 3HAKY
¢yHKIiT V, To He30ypeHUil pyX MOCIHiIKyBaHOI
CHUCTEMH aCUMITOTHYHO CTIHKHM.

AJITOPHUTM aHAJTI3Y CTIHKOCTI eHepreTHYHOI
CHCTEMH

OyHKIist aekiIbkoX 3MiHHUX V = V(Y1, %2,... %)
Ha3UBAEThCAd 3HAKOBU3HAYEHHOI B IEIKih 00-
nacti N-mipHOTO (ha30BOTO IPOCTOPY B KOOPAH-
HaTaxX [HUX 3MiHHUX, SKIIO BOHA y BCiX TOYKaX
1iei 00JacTi HABKOJIO TOYATKy KOOpAMHAT 30e-
pirae ofuH i TOM e 3HaK i Hijie He 00epTaeThCs
B HYJIb, TIIBKU KPIM IMOYATKY KOOPIHUHAT.
Oynkiis V Ha3WBaE€ThCS 3HAKOIOCTIHHOIO,

Vehicle and electronics. Innovative technologies, Vol. 20, 2021



IIIAaxH MOKpallleHHSI €EKOHOMIYHHX i €KOAOTiYHHX NOKa3HHKIB 21
aBTOTPAHCIOPTHHX 3acobiB. EHeprosbepiraroui TexHoaorii

SKIO BOHA 30epirae oguH 1 TOW € 3HAaK, aje
MOKe 00epTaThCs B HyJIb HE TiJIbKH Ha MOYATKY
KOOPIHHAT, a 1 B IHIIMX TOYKAaX JaHii 00iacTi.

OyHKIis V Ha3WBa€THCS 3HAKO3MIHHOI, SKIIO
BOHA B JIaHi/ 00J1aCTi MOYATKy KOOPIUHAT MOXKE
MaTH Pi3Hi 3HAKH.

Crin 3a3Ha4mTH, M0 TeopeMu 1 1 2 3abe3me-
YyIOTh OTPUMAHHS TUILKUA JOCTATHIX YMOB CTild-
KOCTI, aje He HeoOximHmx. lle o3Hawae, 110
OTPUMAaHI yMOBHU HE OXOIUTIOIOThH BCiX BUMOT, 110
MIPEIABJISIOTECS O TapaMeTpiB CHUCTEMHU IS
3abe3nedeHHs i CTIKOCTI, X04a MpU BHKOHAHHI
IIUX YMOB cHcTeMa OOOB'SI3KOBO Oye criiika.
Kpim toro, meronu nobymnosu ¢ynkmii JlsmyHoBa
CTOCOBHO 0 EJIEKTPUYHHMX CHCTEM pO3pOOJIeHi
MaJio. 3HaYHI TPYAHOII MPH PO3POOIL IUX Me-
TOJIB M LIeH TEXHIYHHUX MPOTrpaM IOJSTAI0Th
B TOMY, IIO TIPH 3aJaHUX PIBHSHHAX 30ypEeHOTO
PYXy IOCTiPKyBaHOI €JIEKTPUYHOI CHCTEMH 3a-
3BHYAail MOke OyTH TimiOpaHO MeKiNbKa pi3HUX
BapianTiB ¢yHkuii JlamyHosa. lle mos'szaHo 3
TUM, 1[0 JUIS HABEJCHUX BHUIIEC TEOPEM MOTPiOHA
TIBKM 3HAKOBM3HAYEHICTh (DyHKIIi Ta i moxin-
Hoi. Pi3Hi BapianTn V — (yHKIIi, 110 3370BOITB-
HSIOTH JIBOM TE€OpEeMaM, MOXXYTh IIPU3BOIUTH IO
pI3HHX BapiaHTIB YMOB CTiHKOCTI CHUCTEMH, pe-
JKUM SIKOi BiZOOpaKE€HO 3allMCaHUMU PiBHSIHHS-
Mu. ToMmy 3acTocyBaHHs OpsAMOro merony Jlsamy-
HOBA JUIsl CHEPreTUYHHX 3aBJaHb oOMexeHe. Ha
JTAHUK Yac HOTO MOXKITMBO 3aCTOCOBYBATH TUTBKH
JUTSL I@SIKMX OKPEMHX BHITA IKIB.

Binpln mmpoke 3acTOCyBaHHS MPU BHUPILICHHI
€HepreTUYHMX 3aBJIaHb OTPUMAB METO/I IIEPIIOTO
HaOmkeHHs (mepmmii mMetox Jlsamynoa). Ilpu
3aCTOCYBaHHI IIbOTO METOJTY, IO BiJIHOCHTHCS JIO
TpYIY METO/IiB TIOBHOT 1HTeTpallii, paBi YacTHHH
PIBHSIHB PO3KJIQIAIOTHCS B CTYNEHEBI ps/H, IO
cxomaThes B oomacti Ay < m. Tyt n € masoro mno-
3UTHBHOIO BeIHYMHOM. [Ticist 1boro poskianas-
HsI BUXOJSITH PIBHSHHS, SIKI MatOTh BUTJISIL:

Ay = by Ay + L (A Ao A,) - (8)
k=1

ne b, — nocriiiHi niHIAHOT YaCTUHM PO3KIaaH-
u1; L (Ay,,Ax,,- Ay,) — CYKYIHICTh YICHIB
BUILIE TIEPILIOTO HOPSIAKY B IIbOMY PO3KJIaJaHHI.
BigkuHYBIIM 1F0 CYKYITHICTB 1 MPOBOJISIYM Ta-
KAM YHMHOM JIiHEapH3alilo, OTPUMYEMO CHUCTEMY
PIBHSIHB MEPIIOr0 HAOMMKEHHS, TOOTO HOBY CHC-
TeMy JIHIHHUX PIBHSHB 3 MOCTIHHUMHU KoeillieH-
Tamu. J1J1s1 BUPIIIIEHHS 1i€T CUCTEMH, 1110 Ma€ BU/I;

Ay = i_blkAXk ; 9)

XapakTepucTHYHE PiBHAHHS Ma€ BUJ:

D(p)=>.a,p""=0 (10

. d
Jie am — KoedillieHT; p — omeparop a; n,m-—

IH/IEKCH, IO XapaKTePH3YIOTh MOPSIOK TaHOTO
YJIeHA B XapaKTePUCTHYHOMY PiBHSHHI.

3HaNIIOBIIY 3HAYECHHS KOPEHIB p PIBHSIHHSA 3
(10), nerko 300pa3uTH 3MIiHH B Yaci i TAKUM YH-
HOM OTPHMATH B TEPIIOMY HAOIMKEHHI BiAIO-
BiJlb TIPO HASBHICTH CTIMKOCTI HE30ypeHOTO py-
Xy. XapakTep kopeHiB Bupaszy (10) moxe Oytu
3'sicoBaHUl 1 03 3HAXOPKEHHS iX BEIMYMHH 32
BiJTOMHM CIIOCO0aM.

CrifikicTh 10 mepuioMy HaOJIMKEHHIO BU-
3HAYalOTh HACTYIHUMH JIBOMa TEOpEMaMH Iep-
moro Merony JlsmyHosa.

Teopema 1. fkmio Bci KOpeHi XxapakTepUCTH-
yHoro piBHsAHHA (10) MaroTh HeraTHBHI JilCHI
gyactuHu, T06T0 Re(p,)<0, ne k=12,..,n, TO

He30ypeHH pyX CHCTEMH aCHMITOTHYHO CTiH-
KUH 110 TIepLIOoMY HaOIHKEHHIO.

Hes0ypenwnii pyx CTilikuii Ta HE aCHMITOTH-
YHUH, KOJNM XapaKTEPUCTHYHE PIBHAHHS HE Mae
KOPEHIB 3 NMO3UTHBHUMH IiHCHUMH YaCTHHAMH,
piBauME Hymo. Kpim Toro mi kopHi mpocti abo
KpaTHi 1 YMCIIO TPyMN pillleHb, IM BiJINOBIJHHX,
JIOPIBHIOE TXHBOI KPaTHOCTI.

Teopema 2. Skmo cepea  KOpEHiB
P, P,y P, » XapaKTEPUCTUIHOTO PIBHAHHS (4) €

xo4ua O OJIMH KOPiHB 3 HYJTHOBOIO JIHCHOIO Yac-
THUHOIO, TO HE30YpEeHUIl pyX CUCTEMH HecTiHKuii
M0 TIEPIIOMY HAOJIMKEHHIO.

Sxmo xapakrepuctuune piBHsHHA (10) Mae
KpaTHi KOpeHi 3 HYJbOBHUMHU JIHCHUMH YaCTH-
HaMH 1 SIKIIO YUCIIO TPYI pillleHb, SKi BiAMOBI-
JIAf0Th IIMM KOPiHHSM, MEHIIE IXHBOT KPaTHOCTI,
TO He30ypeHUl pyX € HECTIHKUM.

[Mpu mocmimkeHHI CTIHKOCTI 32 PIBHSAHHSIMU
NEePIIOT0 HAONKEHHS MOXYTh 3YCTPITHCS TaK
3BaHI KPUTUYHI BUMAJKH, SIKi HE BiJIOBIAIOTh
YMOBaM HaBEJICHUX BUIIE TEOPEM.

Taxk, SIKIIO cepe]l KOPEHIB XapaKTePUCTHIHO-
ro piBHsHHA (10) € X0ua 6 OIMH KOPiHB, Y KO-
My JilficHa 4acTHMHa JOPiBHIOE HYNIO, @ pelITa
KOPEHIB MarOTh HETaTHUBHI MIMCHI YaCTHHU, TO
HaBEJICHI BWIIE JBI TEOPEMHU MEPIIOTO0 METOIY
HE JAIOTh MOXJIMBOCTI CyIUTH NPO CTiHKICTB.
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VY KpUTHYHHUX BHIAKaX, KOJHM CHCTEMa 3Ha-
XOJIUTHCA Ha MEXI CTIMKOCTI, BIAMNOBIAbL HE MO-
ke OyTH OTpMMaHa Ha MIiACTaBl MOCIiIKEHHS
piBHsHB Tiepmioro HabmmxeHHsa (9). Tyt xapak-
TEp PyXy CHUCTEMH, BUPIIAIbLHUM YHHOM, 3alie-
JKUTh BiJl BIIKUHYTOI IpH mepexofi Bix (8) mo
(9) cykymHOCTI YJIeHIB BHILIOTO MTOPSIKY.

o6 BixmoBicTH Ha MUTaHHS, Yu OyJe B KpH-
TUYHOMY BHIQJKy CUCTEMa CTIHKOIO, HEOOXiTHO
PO3TIIIHYTH NIHCHI piBHSIHHSA 0€3 X JiHeapu3arii,
TOOTO MOBEPHYTUCS IO IOCHIIKEHHS CHCTEMH
piBHsHB (4) B iX mouatkoBiid gopmi. s Takoro
pony nocmimkens A. M. JlamyHoBHM 3armpomo-
HOBaHi Jeski mpuitomu [17]. 3ayBaxkumo, 1o 10
TEMEPIlIHBOTO Yacy NMPH BUBYCHHI PEXKUMIB erne-
KTPUYHHUX CUCTEM B OCHOBHOMY 3alMaiucs J0C-
JDKEHHSIMU HEKPUTUIHUX BUITA]IKIB.

Teopis crilikocTi mo A. M. JlsamyHOBY, 110
3aCTOCOBYETHCS K Ieplie HaOIMKEeHHS, epe-
Oadae maii BiAXWIICHHS 1 Bele aHali3 0e3 poar-
Tty 30ypIOIOUYHX CHJI, @ TOMY HE 3aBXKIHU 33/10-
BOJIBHSIE IHXKEHEpa-TIpakTHKa. barato TexHiYHNUX
3aBaHb HE MLIJIKOM BiANOBiAAOTh KOHIIEMI]
BU3HAYEeHHS CTifKocTi mo metoxy A. M. Jlsmy-
HOBa. Jlocnmi/pkyBaHI BiIXHMJICHHS BiJl CTaJIOTO
pexuMy OyBarOTh KiHLEBi, a Jii cui, mo 30y-
PIOIOTH CYTTEBUMH HE TUIBKH 3 TOYKH 30py
CTBOPEHHSI HHMH [ESKHX BIIXWICHb PEKHMY,
aje i 3 TOYKH 30py TOTO OE3MEepEepBHOTO BILUIUBY
Ha CHCTEMY, SIKH HUIMH YHHHUTHCS.

Jnst TeXHIYHUX 3aBIaHb MPAKTHYHO I[IKaBO i
BaYXJIMBO MiIATH 70 CTIHKOCTI Tak, mo0 Bpaxy-
BaTH BCl 1l 0OCTaBUHM.

B neskux mpakTUYHUX BUTAJKaX OUTHII Bif-
MOBiIae (PI3UYHMM SIBUIIAM TEOPis TEXHIYHOT
critikocti o H. /1. MoiceeBy. Cnenudika 1i50ro
METOJIy TIOJISITA€ B TIParHeHHI OTPUMATH OLIHKY
pitieHHss cucteMu au(epeHIiaTbHUX PiBHSIHB,
VHUKHYBIIU THX TPYAHOILIB, SIKi TOJSTAlOTh Y
HEOOXiTHOCTI TMM YH IHINMM IIIJISXOM BHPIIIY-
BaTH cHUCcTeMy nu(epeHIiaJbHiX PiBHIHb 200
JOCHI/DKYBATH XapakTep i KOPEHiB.

HaBenemMo 0CHOBHI TIOJIOKE€HHSI LIbOTO METO-
Iy JOCHIJDKeHHS TEXHIYHOI CTIHKOCTI Tpu Jie-
SAKHX PEKAMaX CHEPrOCUCTEM.

TexHIYHOI CTIMKICTIO CHUCTEMH Ha3MBaIOTh
3aTHICTH CHCTEMH, IO OTPUMAaa BIUIMB JESIKOT
cuiM (3a3BUYaid, 3a/1aHOT 32 BEJIMYMHOIO), 30epi-
ratu CTtaH, OJIM3bKUH 70 BHUXIIHOTO, a00 TMOBEp-
TaTUCsl A0 HBOTO, 3/AIHCHIOIOYM TPH LBOMY Ha
3aJaHoMy iHTepBasi 4Yacy (KiHIEBOMY abo He-
CKIHUEHHOMY) TaKi pyXH, IPU SKUX KOJHA 3MiH-
Ha (TTapameTp pexunMy) He TIEPEBHUIIUTD JESKOTO
KiHLIEBOTO, Halepe 3a1aHOTO 3HAYCHHSL.

MareMaTHYHO yMOBHM TEXHIYHOI CTIMKOCTI

MOKHa c(OpMyJIIOBaTH TakuM 4uHOM. Hexait
MEPeXiTHUN TPOIEC, M0 BHUHUKAE Y OyAb-sKii
cucTeMi micis 30ypeHHs, MPOSBUBCA Y BHUTIISI
nii e AP, (t) Ta BU3HAYa€eTHCs! PiBHSIHHSIM:

C:jitk:(p(t,xl,xz, ...... X.)+ AP, (1),

ne k=1,2,....n; X,X,,...X, — MapaMeTpu pexu-
My.

3rifHoO aHOMY BHILE BH3HAYCHHIO, CHCTEMa
Oyne cTiiikoro, SIKIIO B Hill, mpu Aii 30yprorounx
cun AR (t), yci mapamerpu pexumy Xi(t),
X2(t),... Xn(t) mpu Oyab-KMX CBOIX MOYATKOBHX
YMOBaxX Xi0, X20,...Xn HIKOJHM HE MOXYTb CTaTH
OinpIIe AEAKHX 3HAYeHb X, Xy ,...X,, 3BaHUX
BEpXHIMH MeXaMu. B mpoMy BUMaaKy KOXKHa 3
CUJI HE IIOBHHHA IIEPEBUILYBAaTU JACSIKOI BEpX-
HBOI MEXIi, a MOTOYHE 3HAUCHHS OYAb-IKOi CHIH
AP, (t) mpu naii Ha Bigpisky yacy 0<t<t 3amo-
BOJIBHSTH YMOBAM:

AP,(t) < AR,
AP, (1) < AB;;
AP (f)<AP,.

[Mopymennst Oynp-sikoi 3 ymoB X, (t) <X
03HayJae, 10 CHCTEMA Ha Biapisky yacy 0<t<t
He Mae TexHiuHoi criiikocTi. Ilepexim mo He-
CKIHYEHHOTO BIiJ[Pi3Ky Yacy Ja€e MOXKIHBICTbh
BU3HAYUTH TEXHIYHY CTiHKICTh CUCTEMHU MPOTS-
TOM HECKiHYEHHO BEJIMKOTO Yacy.

HeoOxinHO TakoX BIAMITUTH, IO iICHYIOTH 1
METOAM APYrOro TMOPSAKY, SIKi BHKOPHCTOBY-
I0TBCS B MOJICTTIOBAHHI PEXUMIB POOOTH €NEeKT-
POEHEPreTHYHUX CHCTEM.

OpHiero 3 BayXUIMBUX (QYHKIN aBTOMAaTH30Ba-
HHUX CHUCTEM AMCIETYEPCHKOrO YIPABIiHHS € Y-
paBIiHHSA peXuMaMu iX pobotu. Po3B’s3aHHS
CKJIaJTHUX 33]1a4 BHCOKOI PO3MIPHOCTI, SIKi BUHH-
KaloTh TIPH 1IbOMY, HEMOXKJIMBE 03 BUKOPUCTaH-
HSl Cy4acHOi OOYMCITIOBAILHOT TEXHIKU. Y CHIIIHE
(YHKIIOHYBaHHS CHCTEMH YIPABIiHHS B TEMITi
peaNbHUX TPOLIECIB B CHCTEMax EJIEKTPOIOCTa-
YaHHS 3a0€3MeUyeThCs HE TIIbKH MOKIIMBOCTSIMU
KOMIT'IOTEpIB (IIBUIKOIiSl, OOCAT OIEpaTHBHOT
nam’sTi TOIIO), ayie | OOYMCITIOBATBHUMU MOXK-
JIMBOCTSIMU QJITOPUTMIB 1 IPOrpamH, SIKYy BUKOPHU-
CTOBYIOTb JJIsl AOCATHEHHSI METH YIIPABIIiHHS.

OmHOYacHO 3 PO3BUTKOM  MOXKJIHMBOCTEH
KOMIT'IOTEpHOI TEXHIKH BiJJOYBA€ThCSI PO3BUTOK
00YMCITIOBAJIBHUX METOMIB PO3B’SA3aHHS 3ajgad
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IUTAHYBaHHS Ta YINPaBIiHHS PSKUMaMH CHEPIo-
CHCTEM.

OmHuM 3 TIEPCIIEKTHBHUX HAIPSMIB ITiBH-
meHAs e()EeKTHBHOTO MaTeMaTHYHOTO 3abe3rre-
YECHHS € BUKOPUCTAHHS METOIB JPYroro MopsiI-
Ky B MOZEJIOBaHHI 1 ONTHMIi3alii pe;KUMiB pobo-
™ EC, 1m0 n03Boas€ 30UIBIIMTH IMIBHAKICTH 1
Ha/IIWHICTh 301KHOCTI iTepaIliiHAX MPOIIECIB.

BaxxnuBoro 0COOMUBICTIO METOMIB JAPYTOro
MOPSAIKY € Te, M0 KBaJpaTHYHa anpoKCUMAaIlis
JIOCTaTHHO TOYHO BiTOOpaka€ PekKWM CIEKTPH-

9HOT Mepexi. B mepiry depry e CTOCYEThCS
PiBHSIHB YCTAJCHOTO pexuMy y (opmi Oamancy
MOTY)KHOCTEH, SIKI TaKOX € KBaJAPaTUIHUMHU.
MosxnuBi Monuikaiii METOiB APYTOTO MOPSI/-
Ky BU3HA4YaroThcsa (opMoro 3amucy piBHIHb CTa-
JIOTO PEeXHMY, METOAaMHU PO3B’SI3aHHS CUCTEMHU
KBaJIPAaTHYHUX PiBHSHb.

3aranbHUH adrOpUTM PO3B'A3aHHS CUCTEMHU
PIBHSHb CTaloOro pPeXuMy METOJaMH JPYroro
MOPSAKY TIPUBEAEHUH Ha puc. 1, anroput™m aHa-
mizy mono crifikocti EC Ha puc. 2.

[MouaTkoBI AaHHI :
HOMIHanNbHI HanpyrK y
Byani AU =U

HOM

A

OBuncneHHs piBHAHL
yCTaneHoro pexuwmy
UU\'}

}

Mepesipka ymos

v

OBuncneHHs BEKTOPY
nonpaesok AU

v

OBYUCNeHHs HOBOro
—|  HabnibkeHHs Hanpyr
AD’(K—D U (K3'+ &D—(x}

Hi 3aBepLUeHHs Tak
iTepauinHoro
po3paxyHKy
A Y
PosBsasaHHs cuctem OTpUMaHHA
KBagpaTUYHUX pe3ynbTylouol
PIBHSAHHB iHhopmadit

L

Puc. 1. Anroput™m po3paxyHKy 3 BAKOPUCTAHHIM METOJIB IPYTOro MOPSIKY
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Bci Ui MmeToam aHanisyloTb XxapakTepucTUYHe PiBHAHHS
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Puc. 2. AnroputMm aHaiizy moao criikocti EC

B neskux mpakTHYHUX BUTAAKaX OUTBII Bif-
MOBiIae (BI3UYHMM SIBUIIAM TEOPisl TEXHIYHOL
crifikocti o H. J[. MoiceeBy. Crienncika meto-
ny MoiceeBa momnsrae B TparHeHHI OTPUMAaTH
OILIIHKY PpIMIEHHS CHUCTeMHU JU(epeHIiaTbHuX
PIBHSIHB, YHUKHYBIIHM TUX TPYAHOILIB, SIKi MOJIS-
raloTh y HEOOXiTHOCTI THM YH IHIIMM IIIJISTXOM
BUDILIYBAaTH CUCTEMY JU(EpeHIianbHUX piB-
HSIHB a00 JIOCII/PKYBATH XapakTep il KOPEHiB.

BucnHoBku

[ BU3HAueHHs CTilika eHepreTHYHa cUcTeMa
YH Hi, MOXKJIMBO BUKOPHUCTAaHHS 0araTb0X MeTO-
niB. HallOie1oro BUKOpUCTaHHST HA0YIM METO-
1 JIsmyHoBa Ta 4acTKOBO — MeTo Moiceesa.

[psmuii mMeron JlsmyHOBa BiAHOCHTBCS [0
IuQepeHLiaTbHUX METOAIB. 3aCTOCYBaHHS Mpsi-
Moro Metony JIAmyHoBa ISl €eHEPreTUYHUX 3a-
BIaHL oOMexxeHui. Ha ganuii yac HOro MOXKiIH-
BO 3aCTOCOBYBATH TIJIbKU IS IESKMX OKPEMHUX
BHIIAJIKIB.

Binpm mmpoke 3acTocyBaHHS OTPUMAB IPH
BUDILIICHHI SHEPreTHYHHUX 3aBJIaHb METOJ| Iep-
moro HaOmmkeHHs (repmuii meron JlsmyHosa).
OJHUM 3 TEePCIIEKTUBHUX HAIPSIMIB ITiJ[BUIIICH-
HSl e(EeKTUBHOCTI POOOTH MATEeMaTHYHOTO ara-
pary € BUKOPUCTAaHHS METO/IB JPYroro HOpsIKY
B MOJICIIIOBaHHI 1 ONTHMI3allii peXXUMiB poOOTH

IHwi

EC. Lle mo3Bousie 30UIBIINTHA IIBHAKICTH 1 Ha-
JHAHICTH 301KHOCTI iTepallifiHUX MPOIIECIB.

Cruparounch Ha TPOBENCHUN aHami3 pi3HUX
ICHYIOUMX METOJIB IIOJI0 BHPIIICHHS IUTAHb
CTIMKOCTI €HepreTMYHUX CHUCTEM 3alpOIOHOBA-
HO Ta po30YyJ0BaHO aJTOPUTM [iH, SIKWH JIOTIO-
MOJK€ BUPIIIUTH MUTAHHSA CTIMKOCTI Y TpaKkTH4-
Hill JisUIBHOCTI.

Kounduiikr inTepeciB

ABTOpY 3asBJIAIOTH, OO0 HEMAa€e KOHQIIKTY 1HTe-
peciB oo myoJikarii i€l craTTi.

Jlireparypa

1. Aspamenxko, B. M. (2018). VcroiunBoctsh
JIIEKTPOIHEPTETHIECKMX CHCTEM Kak 3a/1ada
HENMHEWHON MexaHuku. [lpayi Incmumymy
Enexmpoounamixu Hayionanvroi Axademii Hayk
Yxpainu, 49, 5-10. Avramenko, V. M. (2018).
Ustoichyvost  slektrosnerhetycheskykh system
kak zadacha nelyneinoi mekhanyky. [Stability of
electric power systems as a problem of nonlinear
mechanics.] Pratsi Instytutu Elektrodynamiky
Natsionalnoi Akademii Nauk Ukrainy, 49, 5-10.
[in Russian]

2. Mareenko, 10. I1., & Kpasuuk, A. C. (2020).
OmiHka TIOKa3HUKIB OallaHCOBOi  HaJIMHOCTI
CHICKTPOCHCPICTUIHUX CUCTEM 3
BiJHOBIIIOBAHUMH JoKepelaMu eHeprii.

Vehicle and electronics. Innovative technologies, Vol. 20, 2021



IIIAAXH MOKpPaALUIeHHsI EKOHOMIYHHX i EKOAOTIYHHX ITOKAa3HHKIB 25
aBTOTPAHCIOPTHHX 3acobiB. EHeprosbepiraroui TexHoaorii

Mixcnapoonuti  Hayxogo-Texniunui  Kypuan"
Cyuacui Ilpobremu Enexmpoenepeomexuiku Ta
Asmomamuxu”, 145-149. Mateienko, Yu. P., &
Kravchyk, A. S. (2020). Otsinka pokaznykiv
balansovoi  nadiinosti  elektroenerhetychnykh
system z vidnovliuvanymy dzherelamy enerhii.
[Estimation of indicators of balance reliability of
electric power systems with renewable energy
sources.] Mizhnarodnyi Naukovo-Tekhnichnyi
Zhurnal" Suchasni Problemy
Elektroenerhotekhniky Ta Avtomatyky", 145-
149. [in Ukrainian]

3. Hnatov, A., Patlins, A., Arhun, S., Kunicina, N.,
Hnatova, H., Ulianets, O., & Romanovs, A. (n.d.).
Development of an unified energy-efficient
system for urban transport. 2020 6th IEEE
International Energy Conference (ENERGYCon),
248-253.

4. Abu-Rayash, A., & Dincer, 1. (2019).
Sustainability assessment of energy systems: A
novel integrated model. Journal of Cleaner
Production, 212, 1098-1116.

5. Martin-Gamboa, M., Iribarren, D., Garcia-Gusano,
D., & Dufour, J. (2017). A review of life-cycle
approaches coupled with data envelopment
analysis within multi-criteria decision analysis for
sustainability assessment of energy systems.
Journal of Cleaner Production, 150, 164-174.

. Kuleli Pak, B., Albayrak, Y. E., & Erensal, Y. C.
(2017). Evaluation of sources for the
sustainability of energy supply in Turkey.
Environmental Progress & Sustainable Energy,
36(2), 627-637.

. Salam, A. (2020). Internet of things in sustainable
energy systems. In Internet of Things for
Sustainable Community Development. 183-216.

[o2]

~

Springer.
8. Razmjoo, A., Ehyaei, M. A., Ahmadi, A,
Pazhoohesh, M., Marzband, M., Mansouri

Khosravi, M., Shahhoseini, A., & Davarpanah, A.
(2019). Implementation of energy sustainability
using hybrid power systems, a case study. Energy
Sources, Part A: Recovery, Utilization, and
Environmental Effects, 1-14.

9. Popov, M. G.,, & Lu, Z (2019). Adaptive
emergency control system with an algorithm for
rapid assessment of sustainability united energy
system. Journal of Physics: Conference Series,
1419(1), 012025.

10. Patlins, A., Hnatov, A., & Arhun, S. (2018).
Using of green energy from sustainable pavement
plates for lighting bikeways. Transport Means-
Proceedings of the International Conference,
574-579.

11. Patlins, A., Hnatov, A., & Arhun, S. (2018).
Safety of pedestrian crossings and additional
lighting using green energy. Transport Means-
Proceedings of the International Conference,
527-531.

12. Patlins, A., Hnatov, A., Kunicina, N., Arhun, S.,
Zabasta, A., & Ribickis, L. (2018). Sustainable
pavement enable to produce electricity for road
lighting using green energy. 2018 Energy and
Sustainability for Small Developing Economies
(ES2DE), 1-2.

13. Gnatov, A., Argun, S., & Rudenko, N. (2017).
Smart road as a complex system of electric power
generation. 2017 IEEE First Ukraine Conference

on Electrical and Computer Engineering
(UKRCON), 457-461.
14. Shymuk, D., Hnatov, A., Arhun, S,

Ponikarovska, S., Mygal, V., & Kunicina, N.
(2020). Solving the Problem of Balancing and
Complete Compensation of Reactive Power for a
Three-Phase  Power Supply System. EAI
Endorsed Transactions on Energy Web, 7(28).

15. Armin Razmjoo, A., Sumper, A., & Davarpanah,
A. (2020). Energy sustainability analysis based on
SDGs for developing countries. Energy Sources,
Part A: Recovery, Utilization, and Environmental
Effects, 42(9), 1041-1056.

16. Panteli, M., Trakas, D. N., Mancarella, P., &
Hatziargyriou, N. D. (2017). Power systems
resilience assessment; Hardening and smart
operational enhancement strategies. Proceedings
of the IEEE, 105(7), 1202-1213.

17. Wang, M. (2018). Note on the Lyapunov
functional method. Applied Mathematics Letters,
75, 102-107.

18. Jenucenko, B. C. (2020). O TtexHHYeCKoit
YCTOWYUBOCTH MHOJKECTB TpacKTOpui
JNACKPETHBIX  cUCTeM.  M3eecmus  Boicuiux
Vuebnoix 3aseoenun. Mamemamuka, 7, 63—75.
Denisenko, V. S. (2020). O tehnicheskoy
ustoychivosti mnozhestv traektoriy diskretnyih
sistem. [On technical stability of sets of
trajectories of discrete systems.] lzvestiya
Vyisshih Uchebnyih Zavedeniy. Matematika, 7,
63-75. [in Russian]

19. Wojcik, W., Mazakov, T., Jomartova, S.,
Ziyatbekova, G., Karymsakova, N., & Tursynbai,
A. (2021). The stability interval of the set of
linear  system. International Journal of
Electronics and Telecommunications, 67(2), 155—
161.

20. Mazakov, T., Wojcik, W., Jomartova, S.,
Karymsakova, N., Ziyatbekova, G., & Tursynbai,
A. (2021). The Stability Interval of the Set of
Linear System. International Journal of
Electronics and Telecommunications, 67.

21. Hnatov, A., Arhun, S., & Ponikarovska, S.
(2017). Energy saving technologies for urban bus
transport. International Journal of Automotive
and Mechanical Engineering, 14, 4649-4664.

22. T'natoB, A. B., Aprys, III. B., I3r06enko, O. A.,
Tapacosa, B. B., Jlerenenp, A. O., & Ilinasens,
O. O. (2018). Enepro3bepexeHHss B CHCTEMax
€JIEKTPOIIOCTAaYaHHS. Asmomobine I
Enexmponixa. Cyuacni Texwnonoeii, 13, 80-89.

ABTOMOOIAB i eAekTpoHika. CydyacHi TexHoaorii, Bun. 20, 2021



26 Ways to improve the economic and environmental indicators
of motor vehicles. Energy saving technologies

Hnatov, A. V., Arhun, Shch. V., Dziubenko,
O. A, Tarasova, V. V., Levenets, A. O, &
Piliavets, O. O. (2018). Enerhozberezhennia v
systemakh elektropostachannia. [Energy saving in
power supply systems.] Avtomobil i Elektronika.
Suchasni Tekhnolohii, 13, 80-89. [in Ukrainian]

T'naror Anapiii Bikroposua!, 1.1.1., npod. kad.
aBTOMOOLIBHOT eJeKTpoHikH, Ted. +38 06674380887,
e-mail: kalifus76 @gmail.com,

ORCID: https://orcid.org/0000-0003-0932-8849
Apryn Illacsina Baaikosna!, n.1.H., mpod. xad.
aBTOMOOLTBHOT eneKTpoHiku, Ter. +38 0993780451,
shasyana@gmail.com,

ORCID: https://orcid.org/0000-0001-6098-8661
I'narosa I'anna Aani‘l’Bﬂal, CTYZAEHTKa aBTOMOOi-
mpHOTO akyiprety XHAJY, Tem. +38 0990679809,
e-mail: hannahnatova@gmail.com,

ORCID: https://orcid.org/0000-0001-7263-3024
Barau Pycnan Bosogumuposuy’, acnipant kade-
pH aBTOMOOLIBHOT €NEeKTPOHIKH,

+38 0935761042, e-mail: ruslanbagach@gmail.com,
TapacoBa BajenTuna BceBoaoaiBHAZ, K.T.H., JIOIL.,
tei. +38066-828-47-31, val.vs.tarasova@gmail.com,
Pyuka Onexkcanap OMeNsiHOBUYZ, K.T.H., JIOIL., TEL.
+38 067-774-86-83, val.vs.tarasova@mail.ru,
1XapkiBchkuit HalllOHAJIbHUHA aBTOMOOIIIBHO-
nIopoxHii yHiBepcuteT, 61002, Ykpaina, M. Xapkis,
By SIpocnaBa Mynporo, 25.

ZXapkiBchkuii HalioHanbHMIT yHiBepcuteT IloBiTps-
HUX cui iMeHi IBana Koxkeny6a, [HCTUTYT HIMBUIBHOT
asiarrii, 61023, m. Xapkis, Byn. Cymceka 77/79.

Analyzing the most common methods for
determining the stability of energy systems

Abstract. Problem. There are many methods for
determining the stability of the energy system. In
normal operating condition (normal rated mode), the
power system must reliably ensure the consumption
of electricity of normalized quality. However, in
addition to the normal state, there are emergency
and transient states caused by various transients.
This is due to the fact that the energy system is
constantly changing its parameters. Such changes
are determined by variations in the amount of power
produced and consumed, as well as the changes in
system configuration. Goal. The goal is studying the
possibilities of various methods of determining the
power systems stability and drawing up the general
algorithm of actions for maintenance of their
stability. Methodology. When determining the
stability of energy systems by the Lyapunov method,
two methods can be used: the direct method and the
first approximation method. Lyapunov direct method
refers to differential methods. To conclude about the
stability of the system we do not find a general or
particular solution of differential equations, but with

their help we find a mathematical function, the
complete derivative of which over time allows to
obtain a conclusion about the stability of the system.
Results. Many methods can be used to determine
whether a sustainable energy system is stable or not.
The most common are the Lyapunov methods and the
Moiseev method. It is determined that the direct
Lyapunov method refers to differential methods. The
application of the direct Lyapunov method for energy
problems is limited. Currently, it can be used only for
some individual cases. The method of the first
approximation (Lyapunov first method) has received
wider application in the solution of power problems.
When applying this method, which belongs to the
group of methods of full integration, the right-hand
sides of the equations are decomposed into power
series. Originality. It is determined that one of the
perspective directions of increasing the efficiency of
the mathematical device work is using the methods of
the second order in modeling and optimization of
operating modes of electric power systems. This
allows you to increase the speed and reliability of the
convergence of iterative processes. Practical value.
Based on the analysis of various existing methods for
solving the problems of stability of energy systems,
an algorithm of actions is proposed and developed,
which will help to solve the problem of stability in
practice.

Key words: power system; static characteristics;
stability; dynamic characteristics; integral criteria;
perturbation forces; power balance.
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Robust laser positioning in a mobile robot
machine vision system
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Abstract. Problem. Laser scanning devices are widely used in Machine Vision Systems (MVS) of an
autonomous mobile robot for solving SLAM problems. One of the concerns with MVS operation is the
ability to detect relatively small obstacles. This requires scanning a limited sector within the field of
view or even focusing on a specific point of space. The accuracy of the laser beam positioning is
hampered by various kinds of uncertainties both due to the model simplifying and using inaccurate
values of its parameters, as well as lacking information about perturbations. Goal. This paper
presents the improvement of the MVS, described in previous works of the authors, by robust control of
the DC motor, which represents the Positioning Laser drive. Methodology. For this purpose, a DC
motor model is built, taking into account the parametric uncertainty. A robust digital PD controller
for laser positioning is designed, and a comparative evaluation of the robust properties of the
obtained control system with a classical one is carried out. The PWM signal formation by the
microcontroller and processes in the H-bridge are also taken into account. Results. The obtained
digital controller meets the transient process and accuracy requirements and combines the simplicity
of a classic controller with a weak sensitivity to the parametric uncertainties of the drive model.
Originality. The originality of the paper is in its focus on the MVS of the autonomous mobile robot
developed by the authors. Practical value. The implementation of the MVS with the proposed
controller will increase the reliability of obstacles detection within a robot field of view and the
accuracy of environment mapping.

Key words: DC motor, laser positioning, machine vision system, robust control.

Introduction enables mobile robots to perform a variety of

The performance of an autonomous mobile ro-
bot operating in an unknown cluttered environ-
ment requires to solve a number of tasks related
to the mapping of the surroundings and deter-
mining the robot space-time orientation within
the terrain (so-called SLAM) [1]. For these tasks
solution, robots are equipped with Machine
Vision Systems (MVS) based on different sen-
sors (camera, laser, radar, sonar, lidar, etc.) [1] —
[16]. Laser scanners are attractive sensors in
outdoor mobile robot localization and navigation
[1], [3], [8]-[16] because of their ability to pro-
vide instantaneous information about the range
and direction that can be used for feature extrac-
tion and obstacle detection. Fusing data from
laser scanners with information from other
sources benefits the accuracy of mapping and

tasks more confidently [1], [2], [12]. Though
that coupling entails and disadvantages, e.qg. it is
necessary to decide which sensory system pro-
vides now the most proper information about the
surrounding of the mobile robot [12].

One of the challenges, when used any type of
the MVS, independent of the way of its imple-
mentation, is the ability to identify relatively
small obstacles. That requires scanning of a lim-
ited sector of the field of view or even focusing
on a specific point in space. In the case of a laser
sensor, the solution of the mentioned problem is
to increase the accuracy of the laser beam posi-
tioning at a given angle.

For this purpose, for example, in the pro-
posed MVS in [12], the two stepper motors of
the laser spot positioning (LP) system in the ver-
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tical and horizontal planes are replaced by DC
motors [13]. Fig. 1. shows the latest prototype of
a system with a DC Motor.

Using a DC motor instead of a stepper motor
allows the laser beam to be rotated at any angle,
so that the MVS can continuously scan a given
limited sector within the field of view. Further-
more, a DC motor theoretically allows position-
ing the beam at any particular point.

However, the experiments [14], [15], [16]
show that the new LP drive still has some draw-
backs. These drawbacks are results of using in-
accurate values of the parameters of the DC mo-
tor and the LP, simplification of the DC motor
model, e.g. neglecting of some nonlinear effects,
such as Coulomb friction; cogging torque for
some of DC motors; friction coefficient jump-
changes in transitions; lacking information about
perturbations and variations of the motor param-
eters values, etc. Thus, the implementation of
the robust control of the LP drive is essential.
Robust control of the LP drive will allow im-
proving the accuracy and reliability of small
obstacles detecting within the MVS field of
view.

Fig. 1. Prototype of the Technical Vision
System: 1 — Mounting base; 2 — Maxon
REmax-29 DC Motor; 3 — 45-cut degree
mirror Edmund Optics; 4 — Laser module
Laserfuchs LFD650; 5 — USB Webcam
1080p AUSDOM

Analysis of publications

The popularity of DC motors as actuators for
various technical objects have led to a large
amount of research on robust control for these
motors.

The first papers dedicated to robust control
of DC motors appeared on early 1980s on the
wave of interest to the rapidly developing theory

of robustness. In particular, in [17], a micropro-
cessor control system was developed in order to
improve the drive performance of a DC servo
motor and reduce sensitivity to parameter varia-
tions, nonlinear effects, and other disturbances.
The control system consists of two independent
loops: a position controller to specify the system
transfer function and a complementary control-
ler to reduce system sensitivity.

A robust system for a DC motor position
control with a fuzzy controller and the additional
compensator was presented in [18]. The addi-
tional compensator based on the sliding mode
theory was used to improve the dynamical char-
acteristics of the drive.

A sliding mode control coupled with a PID
control was applied to control the motor speed
in [19].

As the interest in the H*-control methods in-
creased, they began to be used for the control of
various plants including DC motors. Thus, in
[20, 21] H>-controllers were designed for DC
motors speed and position control using
MATLAB Robust Control Toolbox. However,
in spite of significant theoretical achievements,
H* methods still do not spread in the everyday
practice of actuators control. It is explained not
only by the relative simplicity of implementa-
tion and comprehensibility of the 'traditional’
PID controllers but also by the imperfection of
H~* algorithms, in particular, difficulties in de-
termining the sensitivity function. Moreover,
both the different varieties of enhanced PID con-
trollers and the classical PID controllers can
provide robust properties to the system [22, 23].

In [24] an analogue robust PD-controller for
the laser actuator of the technical vision system
has been proposed. However, this controller is
not applicable for implementation by a micro-
processor system since it does not take into ac-
count the specificities of numerical differentia-
tion, signals digital filtering, and PWM control.

Purpose and Tasks

In this paper, we describe a robust digital PD-
controller with the coefficients that ensure the
proper quality of the laser positioning under par-
ametric uncertainty.

The paper is organized as follows. The dy-
namical model of the laser drive with uncertain
parameters is described in the next section. Then
the Simulink model of the system with the PD-
controller, tuned for the nominal drive model, is
presented; it is followed by an analysis of the
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parametric uncertainties effect on the system per-
formance. Afterwards, the robust PD-controller is
designed, the robustness and performance of the
system are also addressed in this section. Finally,
concluding remarks are stated in the end of the
paper.

Laser drive mathematical model

Since the DC motor is used as the drive for the
LP system, in this section we will consider DC
motor mathematical model. It is well known that
the model of an armature-controlled DC motor
is based on Newton's 2nd and Kirchhoff's volt-
age law and has the following form:

di(t) . de(t) _
L_dt +Ri(t) + K, 4t V (1), "
, 300 000 _ o
dt dt

where L and R are the electric inductance and
electric resistance of a motor armature circuit
respectively; J is the total moment of inertia of
the motor shaft together with the mirror; i(t) is
the armature current; 0(t) is the motor shaft posi-
tion; V(t) is the armature voltage; K is the mo-
tor torque constant; K, is the back-EMF con-
stant; b is the motor viscous friction constant.

It is assumed in equation (1) that the magnetic
field is constant and, therefore, the motor torque
is only proportional to the armature current i(t) by
a constant factor Ky. In practice, the strength of
the magnetic field can vary. Thus, that is one of
the assumptions mentioned in the previous sec-
tion, which simplifies the mathematical model
but makes it less accurate. After simple transfor-
mations, taking xi=i(t), x.=do(t)/dt, and
X3 = O(t) as state coordinates, we get

T [
1 b | L
X, |=|—= —= O0||x|+/0ju (2
. J J
X, 0 1 oll% 0
Xl
y=[0 0 1]|x, (3)
X3

where y is the drive output coordinate and
u=V().

Fig. 2 shows a block diagram that corre-
sponds to (2) and (3).

R |
o] |1z T
K, =
K, |e !
g 2EN B
b |
Fig. 2. The block diagram of the MVS laser

drive

Assuming the constancy of the magnetic field
is not the only simplification in the models (1)
and (2), (3). In a realistic system, the exact values
of the parameters R, L, Ky, Kn, J and b are un-
known. At the same time, we can always specify
the bounded intervals to which these values be-
long [25]. That is, (2) can be rewritten as follows:

_|§+8R _Kb-i-SKb 0
‘ L+3§, L+3,
)_(1 Km—f-SK 5+6b %
X, |=| —= = —= 0 x, |+
J +39, J +39,
X3 X3
0 1 0
 (4)
S
L+8,
+ 0 Ju
0

where () represent the nominal values of the
corresponding parameters and & represent the
possible perturbations on these parameters.

In this case, in the diagram of Fig. 2 the
blocks with parameters R, L, Ky, Kn, J and b can
be replaced with blocks R, L, K,, K., J and

b with feedbacks in terms of 8g, 81, Skb, Okm, O
and oy (Fig. 3) [24].
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d; on P2
u=F oL P T
d 5. J— Z;
Kp [«
d; Sy [ 23
] Ky =
ds S 24
- }—»{E 17 P T T2
ds 8y [— Zs
b |«
ds 5, | Zg

Fig. 3. The block diagram of the MVS laser
drive with uncertain parameters

Using the model (Fig. 3) with undefined pa-
rameters allows us:

- to synthesize a controller for the LP system;

- to estimate the robustness of the obtained
system and

- to evaluate the influence of the deviations
Or, OL, Okb, Okm, O3 and &, on the nominal
parameters R, L, K,, K_, J, b values at the
system performance.

Classic controller design

This section presents the solution to the first
listed above task. First, a PD-controller for the
nominal model of the drive is designed. Then,
we examine the robustness of the obtained sys-
tem is. As a drive, we consider the DC motor
Maxon RE-max29, which is used in the MVS
(Fig. 1). The nominal values of the motor pa-
rameters taken from the manufacture datasheet
[26] are listed in Table 1.

Table 1. DC motor Maxon RE-max29 parameters

Symbol Nominal Unit Variation
value

R 104 Ohm +40%

L 8.48 mH +40%

J 7.2x10°¢ kg-m? +40%

K 0.168 N-m/A +40%

Kb 0.168 V-s/rad +40%

(b [ 271x10* [ N'm'srad | +40% |

It is assumed, that the exact values of the mo-
tor parameters are unknown and they can range
within + 40% of their nominal values (Table 1).

The simulation was carried out using
MATLAB/Simulink. First, a digital PD-
controller for the nominal motor parameter val-
ues (Table 1) was designed. Fig. 4 shows the
Simulink model of the laser driver positioning
system. The content of the 'DC Motor' block in
Fig. 4 corresponds to the diagram in Fig. 2 with-
out the last integrator converting the angular
velocity X to the angular position Xa.

‘naa=31>(;:}——> Po@) 20 Pl plp N S:!IIII’
3

Reference ‘ Controller PWM H-Bridge DC Motor

position

Fig. 4. The Simulink-model of the system with
the driver nominal parameters

The motor is controlled by the PWM signal
(Fig. 5). To amplify the signal and to reverse the
direction of the motor shaft rotation the
MOSFET H-bridge is used (Fig. 6). The PWM
frequency is 488.28 Hz. The maximum voltage
fed to the laser driver is 12V. The PD algorithm
is implemented using a microcontroller.

Fig. 5. The Simulink-model of the PWM
subsystem in Fig. 4

The blocks ‘Forward’ and ‘Backward’ in
Fig. 6a are to choose the direction of the motor
shaft on the basis of the sign of the controller
output; they are built with the help of switch
blocks. The MOSFET Bridge model is exposed
in Fig. 6b.

The system quality requirements are formu-
lated based on the following considerations. Ac-
cording to [26], the nominal voltage of the Max-
on RE-max29 motor is 48 V, and the nominal
speed is 1820 rpm. This means that it makes one
revolution in 0.033 seconds. Thus, at a supply
voltage of 48 V, the motor can turn at any angle
up to 2z in about 0.03 s. In our laser MVS, the
motor is fed with 12 V, so it can be expected
that it will turn 4 times slower. In fact, however,
the effective sector of the robot MVS field of
view is less than n/2, therefore, 0.03 s is quite
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sufficient to turn the mirror to an arbitrary angle
within the effective sector.

Backward

MOSFET Bridge

IN1
o

Mosfet1 {é}
£

o

> |voitage Mosfet3 ~‘

+ , |Measurement c
i [

o o
Mosfet4 {g%& Mosfet2 {g%&
£ £

b
Fig. 6. The Simulink-model of the H-bridge
subsystem in Fig. 4: a — general form, b —
Content of the MOSFET Bridge
subsystem

On the other hand, the transient process of
the mirror positioning should have small over-
shot to ensure that the right position of the re-
cently scanned spatial point will be finally fixed
quickly enough. It minimizes the fuzziness of
the light spot and, subsequently, allows measur-
ing the 3D coordinates of this point as soon as
possible. In other words, it permits to accelerate
the scanning process, at least, without accuracy
losses, and in the best case it permits to increase
the 3D coordinate’s accuracy due to the more
precise positioning of the laser spot on the
scanned surface.

Finally, the precision of the mirror position-
ing should be high enough to ensure the accura-
cy of the mapping of the environment and de-
termining the shape of obstacles. Therefore, it is
highly desirable that the steady-state error con-
verges to zero. Thus, the design purpose is to
meet the following requirements:

- the settling time should be less than 0.03 s
with 2% tolerance;

- the overshoot of the system should tend to
zero;

- no steady-state error.

Synthesis of a PD-controller for a determinis-

tic object does not cause serious difficulties. For
our case, first, a continuous model of the DC
motor was used (Fig. 2), and the Ziegler-Nichols
method was applied to find the preliminary val-
ues of the coefficients k, and kq . Then, the con-
troller was described with the transfer function
(5), nonlinear elements were added to the con-
trol system (Fig. 4), the values of T and Ts in
(5) were chosen and the coefficients k, and kq
values were tuned manually.

C(z):kp+L

T
1ij fz ’ ©)
1+-—=.
Tf

z-1

where k, =20 represents the controller propor-
tional gain; kq=0.005 the derivative gain,
Ti=0.01s the filter time constant and
Ts = 0.001s the sampling time.

The simulation results are shown in Figs. 7
and 8. To test the performance of the LP system,
the three command signals that correspond to
1.8, 8.6 and 14 degrees are applied to the sys-
tem, and the responses are depicted in Fig. 7.
These angles are chosen as far as they belong to
sets of opening angles (scanning step angles)
which are the most appropriate for the scanning
with the laser MVS [27]. For example, the an-
gles in the range 14.0-14.6 degrees are the big-
gest angles that permit to scan the scene the
fastest possible way and without missing critical
obstacles. The angle around 8.6 degree is the
compromise between such constraints as “veloc-
ity” and “resolution”. The step angle around
1.8-4.0 degrees provides the slowest scanning,
and it is applicable for small obstacles detecting
or for precise coordinate measurement on the
edge of obstacle under highest interest for colli-
sion prevention in the path planning task of ro-
bot navigation.

15

T T
0.021 5

Laser pasition

2
e W LR B E
———

0020 s

Position, deg

o

0020 s
Q J T I

] a1 0.2 03 04 0.5 06 0.7 08 08 1
Time, s

Fig. 7. The positioning of the laser drive
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From Fig. 7 it is seen that the system meets
the mentioned requirements, for instance, the
settling time is about 0.02 s.

Fragment of the PWM signal fed to the laser
drive which corresponds to the PD-controller
output is presented in Fig. 8. This figure shows
only the scaled part of the signals for clarity.

I I I
|-'-'Cc|ntrol signal Duty cycle |

= b 1]
%3 L_|
g Vol
g L
? B
-
L-H
10 --.lt_..
S
[ b
o4 = = = :
04 0402 0404 0406 0408 041 0412 0414 0416 0418 042
Time, s
Fig. 8. The controller output and the

corresponding PWM signal

System Robustness Examination

In spite of the fact that the obtained system
meets the requirements, it is necessary to know
how robust it is to variations of R, L, Ko, Km, J
and b within a certain range. Here we suppose
that these parameters values can vary within the
range of £ 40% of the nominal values (Table 1).

Step response plots for the system computed
at random values of the uncertain parameters
from the specified ranges and with the controller
(5) are shown in Fig. 9.

1.2

T T
1 W =
14 14 "0'4“‘, -
7 % 7
Y, f ,'9'/ P
< 08 'ty 0, 7 -
o L'l " === Nominal values
= ’//,l l",l , — — - Uncertain values
7 4
S 0.6 u, /%1,/
= W 2%
7} 'y % .
g wife, s
0.4 4y, (%,
o Y,
ngd %,
o,
0.2
’
v

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Time, s

Fig. 9. The step responses for 20 values of the
uncertain parameters for nominal tuning

From Fig. 7 and Fig. 9 it is obvious that
though the controller (5), designed with the
nominal model of the LP drive, meets the re-
quirements for the transient process quality, the

variations of the model parameters values have a
significant impact on the system performance
and, first of all, on the settling time (Fig. 9).
Moreover, the overshoot can appear which is
undesirable for our system.

To evaluate the impact of the deviation of
each parameter value from the nominal ones on
the linearized LP system performance, the val-
ues of R and L, b and J, Ky, and Ky were varied
in pairs; the other parameters values remained
constant. As an impact index, we used the nor-
malized value of the mentioned above tuning
goals, generated by the MATLAB evalGoal
function (Figs. 10-12). Normalized value of tun-
ing requirement, returned as a positive scalar,
which is a measure of how closely the require-
ments are met in the tuned system. To satisfy all
the requirements the Performance in Figs. 10-12
should be less than 1.

Fig. 10. The performance index over R and L
versus nominal values of J, b, Ky and Ky

Performance
&

1.05

4
3 2
-4 1.5
x 10
2 1 %10

b 1 05 J
Fig. 11. The performance index over b and J
versus nominal values of R, L, K and Ky
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Performance

0.25

0.15

0.15
Kb 01 o Km

Fig. 12. The performance index over Ky and K
versus nominal values of b, J, Rand L

These figures show that the nominal tuning is
very sensitive to changes in the model values
parameters. Though the values of R, L, K and
Ky are given in the catalogue [26] (Table 1), and
in practice, they are unlikely to change in such
wide ranges as in Table 1, identifying the fric-
tion force value of the LP drive is a highly chal-
lenging task [14]. Thus, Figs. 10-12 indicate the
necessity to use a robust controller to minimize
the negative impact of uncertainties on the sys-
tem dynamic.

Robust controller

To design a robust controller the MATLAB
function systune() has been used, which yields
the following controller parameters: k= 36.2,
kq=0.143 and Ts=2.31-10"". The robust proper-
ties of the system with the modified controller
represent Fig. 13 and 14.

1F

0.8 1

0.6+ 0.9

Position, rad

0.4+ 0.02

0.2

=== Robust tuning
— - — Nominal tuning

0 . . . . . .
0.02 0.03 004 005 0.06 0.07 0.08

Time, s
Fig. 13. The step responses for 20 uncertain
parameters values for robust controller
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Fig. 14. The step responses for 20 uncertain
parameters values for robust controller

The step response performance of the homi-
nal LP system with the new controller is only
slightly worse than the previous one (zoom on
Fig. 13). Nevertheless, despite the similarity in
the responses of the systems, the robust system
does not have an overshoot at any combination
of the uncertainties (Fig. 14), i.e. the robust con-
troller provides better performance of the LP
system over the nominal design. To ensure it
the normalized parameter Performance is fond
for all pairs of Rand L, b and J, Ky, and K, (Figs.
15-17) by analogy with Figs. 10-12.

Robust tuning (nom. values Kb,Km,b&J)

Performance

160
140
100 120

L 4 60 80

R
Fig. 15. The performance index for the robust
system over R and L versus nominal
values of J, b, Kn and Ky

Figs. 15-17 show, that Performance indexes
for the robust system are much closer to 1 than
ones for the system with the controller, tuned for
the nominal motor parameter values.
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Robust tuning (nom. values Kb,Km,R&L) turbances. Investigation of this issue as well as
the experimental study of the system is the task
for future research.
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PobGacTtHa cucrema mno3uUiOHYBaHHSI Jiazepa B
CHCTeMi MANIMHHOIO 30py MOOiTbHOro podora
Anomauin.  Ilpoonema.  Pyx  asmonomnozo
MObinbHO20 poboma 'y Hegi0OMOMY OMOUYIOYOMY
cepedosuwyi euMazac BUpiwienHs psaoy 3a60aHb,
noe’szanux i3 noby008o Kapmu OMOYEHHSs Mmda
BUBHAYEHHAM  NPOCMOPOBO-YACOB0I  OpiEHmMayii
poboma ua yit xapmi. /s eupiwenHs BKA3aHux
3a60aHb pobomu 0ONAOHAHI CUCMEMAMU MAUUHHO20
sopy (CM3), 0o cknady bacamvox 3 AKUX 6X005imb
nazepui  ckauwepu. QOOHiero i3  npobnem  npu
suxopucmanni CM3 ¢ gusnenensi GiOHOCHO HEGeIUKUX
nepewkoo. [na yboeo 1asep nouHeH 6Mimu 3
BUCOKOI0 MOYHICIIO CKAHY8AMU 0OMEICEHUTI CEKMOP
nons 30py abo Qoxycyeamucs Ha neeHill mouyi
npocmopy. Oouax, ax CM3 6 yinomy, max i npugio
Jaszepa npaywms 8 YMO8aX HeSU3HAYEeHOCMI, U0
nepewkooicae eexmugHoMy
noxnaoenux na CM3 3ae0anv. Mema. niosuuyeHms
HAOTUHOCMI  BUAGIEHHA NEepewKoou 6 Noi 30Dy
cucmemu MeXHIYHO20 30py poboma 3a PAXYHOK
pobacmuoz0  Kepy8awHsA  NPUBOOOM  cUCMeMU
nozuyionysanns nazepa. Memooonozisa. I[lo6yoosana
MoOenb  08USYHA cmpymy, wo €

BUKOHAHHIO

nocminno2o
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npueooom aazepa 'y CM3, 3  ypaxysaumHam
napamempuunoi  nesusnauenocmi. Cunme3z06ano
pobacmuuti  yughposuu  Il/[-pecynamop  npugody

nosuyionysannsa Jnasepa. Ilposedena nopieHsbHa
oyinka pobacmuux — eracmueocmeil
cucmemu KepyeauHs 3 CUCMEMOI0 3 KIACUYHUM
PecyAmopoM. Ypaxosano npoyecu, wo
8100y6arOmMvCsi npu GOPMYBAHHI MIKDOKOHMPOLEPOM
LIIM-cuenany, ma y H-mocmi. Pe3yromamu.
Ooeporcanuii  yugposuil  pe2yiamop 3a00801bHAE
BUCYHYMUM — BUMO2AM 00 AKOCMI  Nepexionozo
npoyecy ma mo4HOCMi Yy CanoMy pejdcumi 6 YMoeax
napamempuyHoi HegusHaueHocmi. Opuzinanvricms
pe3yibmamie pobomu noifeac 'y OpieHmayilo Ha
pospobneny  aeémopamu  CT3  asmonommnozo
mobinenozo  poboma. Ilpakmuumne  3HaueHHA.
3acmocysanns ompumanozo pe2yisimopa 6 nasepHii
CT3 nioguwums HaAOIUHICMb GUABNIEHHS NEPeuKoo i

OMpPUManoi

MOuHicMb NOoOYO008U Kapmu O0Omouyiouo2o poboma
cepedosuna.

Knrouosi cnosa: oOeucyn nocmiilHoeo cmpymy,
NO3UYIOHYBAHHS 1A3epd, CUCEMA MAWUHHOZO0 30DY,
pobacmue KepysaHHs.
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Anomauia. Ilpoananizosano npeocmasneni HA PUHKY CUCHEMU ABMOMAMUYHO20 VYNPAGIIHHSL
asmoepetioepamu. BuznaueHno i 00IpyHmMOBAHO eKOHOMIUHI, MEeXHIKO-eKCNYamayiiti ma epeoHOMIuHI
2pynu Kpumepiig ubopy cucmemu asmomMamuyHo2o Ynpaeiinua asmoepeidepa. Pospobreno memoo
HeYimKo20 6a2amoKpumepiaibHo20 aHAizy O0as GUOOPY CUCMeMU A8MOMAMUYHO20 YAPAGTIIHHSA

aemoepetidepa 6 kiaci 3D cucmenm.

Knwuogi cnosa: asmoepetioep, cucmema agmomMamuiHo20 YAPAGIIHHA, MEOPis HEeYimKUX MHOJCUH,

Memoo eubopy, OyOieHUYME0 0opie, Kpumepii.

Beryn

B cyyacHux ymMoBax OHOBIEHHS iHQPACTPYKTY-
P aBTOMOOUIBHUX JIOPIT HaraJibHOIO € MoTpeda
e(heKTUBHOTO BHKOPHICTAHHS MOPOXKHIX OyriBe-
JHHUX MalllFH Ha BCIiX e€Tamax JOPOXXHBOTO 0y-
IBHUIITBA.

OpHi€er0 3 OCHOBHHX JOPOXKHIX MAIUH, IO
BUKOPHCTOBYIOTECA TpWU OYAIBHHUIITBI AOPIT €
aBTOTPEHJICpH, 110 BUKOHYIOTH 3HAYHUH 00CAT
poOiT npu ipodiIFOBaHHS Ta TIAHYBaHHS IAPiB
JOPOXKHBOT'O TOKPUTTSI, PEMOHTI Ta acQaibTy-
BaHHI.

EdexTrBHE 3acTOCYBaHHSI aBTOTpEHIIepiB, Y
Mepiry 4epry iX MPOAYKTUBHICTH 1 TOYHICTB
npo(hiaroBaHHs, HEMOXUINBE 0€3 BUKOPUCTaHHS
Cy4YacCHUX CHCTEM aBTOMaTHYHOTO YIPABITiHHSI.

Pazom 3 TuM mpoOiiemMa BHOOpPY MOMIIBEHOL
cucteMu aromMatuuHoro ympasiiHHI (CAY)
ABTOTPEHJIEPOM € aKTyallbHOIO, TOMY IO Ha PH-
HKYy YKpaiHH € B HasBHOCTI BellMKa KiJIbKICTh
3pa3KiB TaKMX CHCTEM, II0 BiPi3HAIOTHCS TeX-
HIYHUMH, €KCIUTyaTallifHUMK Ta 1HIIMMHU Xapa-
KT€PUCTUKAMU i BiJICYTHIN HayKOBO-
OoOIpyHTOBaHUII METOA BHUOOPY TaKuUX CHCTEM,
II0 Ma€ BPAaxOBYBaTH II0 CyKYIHICTh XapakTe-
PHUCTHK.

AHaJji3 myOmaikanii

ABTOrpeliiepn pO3pi3HSAIOTH 32 arperaryBaH-
HSIM, MAacol0, TOTYXXHICTIO, THIIOM IPHBOJY,
KOHCTPYKTHBHUMHU ocoOimBocTsiMu [1]. Haii-

OLIBII TOMMPEHNUMHE € CaMOXi/IHI MalllWHU 3 Ti-
JPOMEXaHIYHOIO TPAHCMICI€IO.

OOnanHaHHA CHUCTEMaMH aBTOMATUYHOTO
VOpaBIiHHSA B JaHWK Yac XapakTepHE U pi3-
HUX THUIB CaMOXIJHHX aBTOTpeiiiepiB, M0 BU-
pillyIOTh LTy HHU3KY DPI3HOMAHITHUX 3aBlaHb
10 OYIiBHUIITBY Ta PEMOHTY aopir [1]:

® TICpEMILICHHS CUMYYHMX OYyAiBENbHHX Ma-
Tepiais;

e 100y/I0Ba HEBEITUKUX HACUIIIB;

e mnpodimoBaHHA Ta IUIAHYBAaHHS IPYHTO-
BUX TIOBEPXOHB;

e po3po0Ka Ta MmepeMillyBaHHSI MaTEpPiaiB;

® MPOKJIAJIKa KIOBETIB Ta BOJOCTIYHMX Ka-
HaB, TOIIIO.

[Ipy BUKOHAHHI ONEPATOPOM aBTOTpEHAEpy
nMX 3aBldaHb 3 BuKopucTaHHIM CAY MaroTh
MiCIle HACTYTIHI TIO3UTHBHI PUCH:

e OiNbIl BUCOKAa TOYHICTH Ta CTAaOUIBHICTH
PiBHS SIKOCT1 BUKOHAHHS pOOIT;

® 3MEHIICHHA TPYIOMICTKOCTI poOOTH ore-
paropa;

® EeKOHOMisl poO0UOro vacy;

® CYTTEBO 3MEHIICHHS KiIBbKICTH IOMMIIOK
i1 Yac BUKOHAHHS POOIT;

® MOXIUBICTh BUKOHaHHS pOOIT B yMOBax
00MEXEeHOT BUAMMOCTI poO0UYOT0 MalJaHINKa;

e MOJKHA OLIBII TOYHO OLIHUTHA KIJIBKICTH
noTpiOHUX OyIiBENIFHUX MaTepialiB.

e OTpPUMaHHSA HEOOXITHOTO MacuBy iH(OP-
Marlii I10J[0 MMapaMeTpiB BUPOOHHUYOTO MPOIECY
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OIIepaToOpOM aBTOTpenzepa.

B 3anexnocti Bin konkperHoro tumy CAY
TIepelTiueHi BUIIE MepeBard MaroTh MicIe B Oi-
JBITHH 200 MEHTITIH Mipi.

B macmTaOHUX MpoeKTax AOPOKHBOTO OyIi-
BHUIITBA BUKOPHCTOBYETHCS BEJMKA POJMHA aB-
TOTpeiiepiB Pi3HUX BHIIB, IO 3aCTOCOBYIOTH
BUTOTOBJICHI DPI3HUMH BHPOOHHMKAMH CHCTEMH
ABTOMATHYHOTO YMpPaBIiHHA, ajleé OCHOBHA Yac-
ThHA pUHKY Takux CAY HaleXuTh NEKUTEKOM
koproparttisim, a came Trimble (CILLIA), Topcon
(Anowis), Leica (Beituapis) Ta MOBA (Hiwme-
yunHa) [2-4].

3okpema, miny HuU3Ky CAY s aBTorpeii-
nepiB npomonye ¢ipma Trimble y Bcix kiacax
TaKWX cucteM [2].

Tax, Hadimpocrima 3 kiracy 2D cuctem - xy-
toBa 2D cucrema Trimble MicTHTh HacTymHi
OCHOBHI €JIEMEHTH:

e Trimble AS400 naTyuMk Haxwiy;

e Trimble RS400 natunk obepraHHs;

e Trimble PM400 Momynb KepyBaHHS KHB-
JICHHSIM;

e Trimble CB450 a6o CB460 nucmieii ke-
PYBaHHS MAIIMHOIO 3 IPOrpaMHUM 3a0e3nedeH-
HSIM.

Ils cuctema m03BOJISIE MICIST BCTAHOBIICHHS
OIIEepaToOpOM IOYATKOBOI'O IMOJIOXKEHHS BiIBay
MiATPUMYBATH MOCTIHHUN MOTIEpeYHUH MPOdiib
00poOIOBaHOI MUISAHKM, OTPUMYIOUM JaHi BiX
JATYMKIB KYyTiB MOBOPOTY, 0OpoOsroun iX Ta
dbopMyroun curHan JUIsl TiIpaBIiKy AJs aBTO-
MaTHYHOI MIATPUMKH KyTa BiZBaJly 3a/IaHOTO
oneparopoM. TakuM YMHOM, ii 3aCTOCYBAaHHS
CHPOLIYETbCS KEPYBaHHS aBTOTPEHAEpOM Ta
3HW)KYE BUMOTH JIO PiBHS MiJATOTOBKH OIEPaTo-
pa aBTorpeiaepa.

Binemre MoxnmBoctel Hagae iHma CAY
nporo kmacy — jasepHa 2D cucrema Trimble,
NpYU BUKOPUCTAHHI SIKOT 3aCTOCOBYETBCS JIazep-
HUl OyHIBHUK IUIOIIMHI, IO BCTaHOBIIOETHCS
oTIepaToOpOM IIepe]l MOYaTKOM pobiT. B 1i ckmami
MOPIBHSIHO 3 KYTOBOIO CHCTEMOIO JIOJIATKOBO €
morna Trimble EM400 ta nazepHuii npuiiMaq
Trimble LR410.

BcranoBimennii Ha mIOTJI, IO MEXaHIYHO
MOB’si3aHa 3 BiJIBAJIOM aBTOTpeljiepa, Ja3epHuid
npuiiMay IpUiiMae Jla3epHUil MPOMiHb 1 mepenae
JIaHi B CUCTEMY YITPaBIiHHSA, 0 (POPMYE CUTHAT
JUIE  KepyBaHHS BHUKOHABYMMH MEXaHi3MaMH
BigBany. OTxe, mpouec npodiaroBaHHs BigOy-
BAETHCS B aBTOMAaTHYHOMY PEXUMI 3 BHCOKOIO
TOYHICTIO, a OIMEpaTop Mae MOMIJIUBICTh KOHT-
POJIIOBATH SIKICTh NOBEPXHI HE BUXOASYH 3 Ma-
muHE. OOMEXEeHHSM Tpd BHKOPHUCTaHHI L€l

CHUCTEMHU € Te, IO ii MOXKHA 3aCTOCOBYBATH JIH-
1re npy npoiTIOBaHHI IIOCKUX J1ISTHOK.

VasrpazBykoBa 2D cucrema Trimble Buko-
PHUCTOBYE yIbTPA3BYKOBI JAaTUYUKHU, IO BCTAHO-
BJICHI Ha OXHOMY a00 JBOX Kpasx BigBaiy.
Oneparop MO3ULIOHYE AATYUK HaZ CTPYHOIO
a0o IHIIUM KOITIPOM 1 ITCIIS IHOTO CHUCTEMA aB-
TOMaTHYHO MiATPUMYE 33JaHUI OINEpaTOpPOM
KyT 1 BUCOTY HaJ| KOMIpOM, a OIepaTop Kepye
HamnpsIMKOM pyxy aBTorpeiinepa. OpHak mpu
3aCTOCYBaHHI Ii€i CHCTEMH Yac BHKOHAHHS PO-
0IT cyTTEBO 301MBIIYETHCS 32 PaXyHOK OIepamii
IO BCTAHOBJICHHIO KOTTipa.

B kmaci 3D Trimble mpononye 3D GPS /
I''IOHACC cucremy, 1o nepeabavyae BUKOpHUC-
taHHs 0Oa3oBoi cranmii GNSS (Todro GNSS-
mpuiiMada 3 pPagioMOAEMOM), [0 Mae OyTH
BCTaHOBJICHA Ha OyJiBebHOMY MalIaHYMKY 1 B
TOYLll 3 BH3HAUYCHUMHU KoopauHaTamu. GNSS-
MpuiiMadi, MO BCTAHOBIIEHI IIOTAX, 3aKpiruie-
HMX Ha BigBayi Ha MaIlWHI, BU3HAYalOTh CBOE
MOJIOKCHHS 3 YpaxyBaHHSM JaHUX, OTPUMaHUX
3 0a30BOi CTaHII] Yepe3 pajlioKaHall, epPeaaroTh
1li JaHi B KEPYIOUUil OJIOK CHCTEMH.

Kepytounii 6110k MOpiBHIOE 11i 1aHi 3 MPOEK-
THUMH, BH3HAYa€ KEPYIOUMH CHUTHAN 1 Tepenae
HOro Ha BHKOHABYI MEXaHI3MH, IO MO3UIIOHY-
I0Th BiZBal.

TakuM YMHOM aBTOMATHYHO MiATPHUMYETHCS
BiJITBOPEHHS TPOEKTHOI TMOBEPXHI OyIb-SIKOTO
PiBHS CKJIaTHOCTI 3 TOYHICTIO +-1 cM.

Pazom 3 TUM Tpeba 3a3HAYUTH, IO BUKOPHC-
TaHHs 1i€i cucteMu notpedye 3D mozeni nose-
PXHi, IO He 3aBXAM € B HASBHOCTI. lcTOTHUM
00OMEXEHHSIM € TaK0X CYTTEBHUI BIUIMB 30BHIII-
HBOT'O CEepeNIOBHINA Ha TIepe/laBaHHs JaHUX MO
paziokaHaly Ta Ha 3B'30K 3 CYILyTHHKOM.

3D UTS cucrema Trimble — me onun npen-
ctaBHUK 3D cucreM, KU 3aCTOCOBYETHCS TPU
HEOOXiTHOCTI BHKOHATH YHCTOBY OOpOOKY IIO-
BEpXHI 3 TOYHICTIO B JEKUIbKa MiTiMeTpiB (Ha-
NpUKIa, mj yKiIaaky acgansty). Ha BiaMiny
Bix nonepenuboi CAY B maHiii cuctemi Ha Oy/Ii-
BEJIbHOMY MaiJIJaHYMKy BCTaHOBJICHHH pOOOTH-
30BaHUIl TaXeOMETP, 3B’ SI3aHUI 10 PajlioKaHaITy
3 OopToBUM KoOMIT FOTepoM. Ha BigBaimi aBToOT-
peiinepa 3akpituieHWi Ha mOrdi BigOuBay, 3a
MIOJIOKEHHSIM SIKOTO CTEXUTh TaXeoMETp, Iepe-
nmaroun gaHi 20 pa3iB Ha CeKyHIy Ha
koM 1oTep. OcTaHHi NOPiBHIOE JIaHi Taxeome-
Tpa 3 3D Mozemto nMpoeKkTHOI MOBEpXHi i (hop-
MYI0 KEpYIOUWi CHUTHAl, M0 IepeaaeThcs Ha
rigparmiky Bizpasa. OjHak Tpeba 3a3HAYMTH,
10 TaXEOMETp Jli€ Ha BifcTaHb 10 500 MeTpiB.
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Kopmoparist Topcon mist aBroMaTu3amii yii-
paBIIiHHS aBTOTPEHZEPOM MPOMOHYIO IIEe OAHY
Monens 3 kinacy 3D — cumcremy Topcon 3D
mmGPS, B saxuit 3pobneHo cnpolby moemaHaTH
nepeBaru CUCTEM, IO BUKOPUCTOBYIOTH TI00a-
JbHY CHCTEMY CYNyTHHKOBOI HaBiramii, i cuc-
TEM, III0 BHKOPHUCTOBYIOTH JIa3€pHI OMOPHI TO-
BepxHi [3].

Bbazoswuii komrutekt Topcon 3D mmGPS wmic-
TUTh JATYUKU IIONEPEYHOTO Ta IO30BXKHHOTO
YXWJIiB, AATYMK ITOBOPOTY BiABAIly, a TaKOX
I'HCC o0naguansas ta komnonentd mmGPS - |
nepenaBad jazepHoi 30HM PZL-1 Ta npuiimau
PZS-MC. Bukopucranns TexHoJjorii LazerZone
301IBIIYE TOUYHICTH BUCOTHOI CKJIaJOBOI CYMyT-
HUKOBHX BHUMIpIOBaHb 10 MiIIMETPOBOI TOYHOC-
Ti.

[Tpu upomy B Topcon 3D mmGPS nexnapy-
€ThCsI peajtizallii MOBHOTO aBTOMAaTUYHOTO KOHT-
poIto 32 pobOYNM OONaTHAHHSIM aBTOTpelaepa
Ta MakCHUMallbHa 3PYYHICTh B eKcIuTyarartii. Ta-
KOXK TIPOMIOHYETHCSI MOJIIUBICTh OJHOYACHOT
poOOTH pI3HMX MAaIIWH BiJ OJHOTO 1 TOTO XK
OIIOPHOTO IepeaBaya Ja3epHol 30HH, IPU LbO-
My Pa3oM 3 aBTOTpelJiepaMu CHCTEMOIO KOpHC-
TYIOThCSL OyaiBeJbHI MAalIMHU I1HIIUX THIIB,
ocrHameHi CAY kmacy 3D. Omxe, pu 3acTocy-
BaHHI Li€l CHCTEMHM Ha 00'€KTaX 3 BEIMKHUMHU
oOcsramu poOIT Mae IOJaTKOBI mepesaru [3].
Pa3zom 3 TMM naHa cucteMa € 3aJeXHOIO BiJ Ha-
JIAHOCTI OTPUMaHHS CYIyTHHUKOBHX CHTHAIIB i
11 BUKOPHUCTaHHSI YTPYJIHIOETbCS B 30HaX IIPO-
OJIEMHOTO MTPUHMaHHS CUTHAIIB.

Ille omniero cucremoro B kiaci 3D Bij miel x
Kopropamii € cucrema Topcon 3D LPS, sxa
IPYHTYEThCS Ha BUKOPUCTaHHI SIK OMNOPHOTO
eJIeMeHTa POOOTH30BAaHOTO EJEKTPOHHOIO Ta-
XEeoMeTpa, L0 3HAXOAUTHCS B KOHTPOJIBHIHN TO-
4l 3 BIJIOMUMH KOOpJIWHATaMH. 3aCTOCYBaHHS
€JIEKTPOHHUX TaXEOMETPiB J103BOJISIE OTPUMATH
BHCOKY TOYHICTH Mo3uIlioHyBaHHA [3]. PeanbpHe
MOJIOXKEHHS BiJiBajia, IO BIJICTEKYEThCS Taxeo-
METPOM, MOPIBHIOETHCS 3 3D MOAEIUII0 POEKTY
B OOpTOBOMY KOMITIOTEpi aBTOTrpeipepa i 1e
J103BOJIsIE (DOPMYBATH MOBEPXHIO 3 MITIMETPO-
BOIO TouHicTIO. OJTHAaK MpH LOMY Tpeba Opatu
[0 yBarum oOMeEKeHHMH paaiyc Aii TaxeomeTpa i
3aJIeKHICTh CUCTEMH BiJl IOTOJHUX YMOB.

Cucrema Leica iGG3 [3] peamnizye KoHIEN-
[0 MIBUAKOTO MOHTYBaHHs Ta 3HIMAHHS KOM-
MOHEHTIB, JT03BOJIIE 3MIHIOBATH KOH(QITYypaIlito
3 OJHIi€l Ha iHOIYy (3MiHA TIAHENI KOHTPOJEPIB)
3aJIe)KHO BiJl BUMOT JI0 pOOIT, 1[0 BUKOHYETHCS.
beskoHTakTHA MaHeNb YHNPaBIiHHA Li€l CUCTEMHU
JTO3BOJISIE TI030YTHCS TIPOOIIEM, 1[0 MAIOTh MICIIE

mpu kabenmbHOMY 3 3’€qHaHHi. 3D cucrema Ha-
Jla€ MOJKJIMBICTh TPAIfOBATH HE3aJEKHO Ta 3
MaKCHMAJIBHOIO TOYHICTIO B OyAb-AKOMY MicIIi
mpoeKkTHOi moBepxHi 3 kepyBaHHsIM GPS cucre-
Mo abo poboruzoBanuM TaxeomerpoM. llle
onHiero mepesaroro cucrema Leica iGG3 € aB-
TOMATHYHUA KOHTPOIb 3MIIIEHHS BifBally 3 BH-
KOPHCTaHHSIM BUCOKOTOYHOI TexHosorii Tri-
Sonic, 30kpema € (yHKIiS aBTOMaTH4HOTO YT-
pumannas Haxwiny. B Leica iGG3 peamizoBano
MOBHY 1HTETrpallif0 XMapHOTO PIllleHHs Ta Mepe-
JKHOT TuIaTgopMu Ais Bisyamizamii Ta OOMiHY
JTAHUMH 3 IIEHTPATBHIM 0(icOM.

Opnak, Tpeba 3ayBakWTv, MmO OE3IPOTOBI
KaHaJIM TepeJjaBaHHs JaHWX, 10 BUKOPHCTaHI B
i cHUcTEeMIi, HAKIAJAI0Th IIEBHI OOMEKEHHS Ha
11 3acTOCyBaHHs, 30KpEMa B 30HaX CYTTEBHX 3a-
BaJI.

Cucrema MOBA 3D-Matic [5] 3a momomo-
roro 'HCC Bu3Havae MONOKEHHA MAallMHU Ta
BHCOTY BiJBaiy, IPH CTapTi pyXy MAallMHU BH-
3Ha4Ya€eThes 11 opieHranis. Li gaHi 3icTaBISIOTH-
¢4 13 3aBaHTaXEHOIO iHpopMartiero y Burisiai 3D
MPOEKTY, 10 SKOTO B)K€ BHECEHI BCI MPOEKTHI
MO3/IOBXKHI Ta MOMEPEYHi YXUJIH, a TAKOX BHCO-
ta. [Ipu ymukanuai cucrema MOBA 3D-Matic
ABTOMAaTHYHO BCTAHOBIIIOE BiJ(BaJl HAa MPOECKTHY
Brucoty. OfHAK CHCTeMi MpHUTaMaHHI BCi oOMe-
JKEHHS, 1[0 HAKJIaIal0ThCsl Ha 3aCTOCYBAHHS CY-
MMyTHUKOBUX CHCTEM, A0 TOro x Openn MOBA
JaBHO 1 HaIIHO acouiroeThes 3 K1acoM 2D cuc-
TeM 1 Horo Buxij Ha puHOK 3D cucrtem BigOyBCs
BiJTHOCHO HEJIaBHO.

Otxe, pO3pOOHUKH Ta MOCTAYaIbHUKH CHC-
TEM aBTOMATUYHOTO YIPABIiHHS TPOMOHYIOThH
JIOCTaTHLO IIMPOKHiA BUOIp Moxpeneit CAY mis
aBrorpeinepis. Lli mMozeni xapakTepu3yrOThCS
BEJIMKMM HA0OpPOM IapaMeTpiB, MpH bOMY 3Ha-
YEHHS JIeKUX 3 HUX HE BKa3YEThCS MOCTAYalb-
HUKaMH, a JIOCTOBIPHICTh 3HAYEeHb 0araThoX ma-
paMeTpiB € CYMHIBHOIO.

TakuM uynMHOM, BHOIp HOIJILHOTO BapiaHTa
CAY amrorpeiinepa BiiOyBaeTbCsl B yMOBax He-
YITKOTO TPEJCTaBICHHS TaHUX IIOJNO Tapamer-
piB IIUX CUCTEM.

Po3pobka mojeneit BUOOpY anbTepHATHB Te-
XHIYHUX CHCTEM B YMOBaxX HEBHU3HAUCHOCTI
OCTaHHIM dYacoM BigOyBajiacsi METOAAaMH, IO
MaroTh 32 OCHOBY METOJI aHai3y iepapxiii [6-9].

B po6Gori [6] Oyno po3rasiHyTO 3aCTOCYBaHHS
BapiaHTy METOAY aHaJli3y iepapxii 3 YaCTKOBUM
ypaxyBaHHSIM HEUITKOCTI JaHWX JJIsI BUOOpY
pixydoro iHCTpyMeHTy, B poborti [7] 3acToco-
BAaHO KJIAaCUYHMH BapiaHT METOIy aHalli3y iepa-
pXiii st BUOOPY TpakTopa AJisi ClUTBCHKOTOCIIO-
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nmapcekux po0Oit. KombOinHamiss MeTomy aHamizy
iepapxiit 3 MeToZoM (yHKILIN mepeBar 3anporo-
HOBAHO /7151 BUOOPY KOHCTPYKIIK B poOoTi [§].

Takoxx Meron aHamizy iepapxiii 3acTOCOBY-
BaBcs AJs BUOOpy anbrepHatuB cepen CAY s
OKpEeMHX KIIaCiB JOPOXKHIX MAIUH, 30Kpema
CAY nopoxunoi ppesu [9].

OpHak 1711 BUOOPY AOLIIBHOI aJbTepHATHBH
HEOOXiZHO, TI0 MOKIIMBOCTI, OXOIUTH SIK MOYKHA
OipIIIe XapaKTepUCTHK, a TIPU 3POCTaHHI KiTb-
KOCTI KpHUTEpiiB MpM 3aCTOCYBaHHI METOIy aHa-
i3y iepapxiii BAHUKaIOTh TeBHI TpyaHoi [ 10].

Pazom 3 TuM [t 3aifiCHEHHST BHOOPY B YMO-
Bax HEYITKOi iH(opMaIlii BUKOPHUCTOBYIOTh Me-
TOIW, WO TPYHTYIOTbCS Ha Teopil HEUITKHX
MHOXHUH [11]. 3okpema, B poboti [12], BukoHa-
HO TIOPIBHSHHS IIUX METOJIIB 3 METOJIOM aHaJi3y
iepapxiil 1 mokazaHa iX KOHKYpPEHTOCIPOMOXK-
HicT. B pobGoti [13] meTomm Teopil HewiTKuX
MHOKWH BHUKOPHCTaHI B 3a/Jadi NMPHHHATTS pi-
IIeHHA TPO KymiBmo OyamHKy. B poboti [14]
BKa3aHi METOJHM 3aCTOCOBaHi i BUOOPY Ipoe-
KTHOT KOMaHAu. MeToau Teopii HediTKHX MHO-
JKUH BHUKOPHICTaHI Ui BUOOPY OpEHI-TIPOEKTY
B pobori [15].

Pazom 3 TuM B JiTeparypi BiACYTHI AaHi 1I0-
nmo metony Bubopy CAY aBrorpeiimepa B ymo-
BaxX HEUITKOTO MPeICTaBICHHS iHpopMaIlii.

MeTa Ta IOCTAHOBKA 3aa4YH

Mertor maHOi poOOTH € TiABUIIEHHS edek-
THUBHOCTI 3aCTOCYBaHHS aBTOIPEHIEPIB B J0PO-
JKHHOMY OYIIBHHITBI 32 PaxyHOK JOLIJIBHOTO
Bubopy CAY aBrorpeiinepa. nst mocsrHeHHs
i€l METH HANOIIBII JOMUIBHUM € 3aCTOCYBaHHS
Teopii HewiTKUX MHOXHH [12].

3aBnaHHs poOOTH!

e 00rpyHTyBaHHS KpuTepiiB BuOOpy CAY
aBTOrpeiiepa st JOPOXKHBOTO OYHiBHULTBA;

e po3poOka metoxy Bubopy CAY B ymoBax
HEBU3HAYCHOCTI ISl IOPOKHBOTO OYIIBHUIITBA
Ha OCHOBI Teopii HEYITKUX MHOXUH i3 3aCTOCY-
BaHHSIM OOTPYHTOBaHUX KPHUTEPIiB.

OOrpyHTyBaHHS KpUTepiiB BHOOPY

EdexTuBHICTh 3aCTOCYBAaHHSI CUCTEM aBTOMAaTH-
YHOI'O YIPABJIHHS JOPOXKHIX MAIIUH 3aJI€KUTh
BiJl CYKYITHOCTi TEXHIYHUX, CEKOHOMIYHHX Ta
€proHOMIYHUX (HaKTOPIB.

B cyuacHux ymoBax IOpOXHbOMY OyAiBHHUII-
TBY TPUIISIETHCS JOCTATHHO BEJIMKA yBara, aje
JOCUTH BUCOKHMI PiBEHB LiH Ha Cy4acHi CUCTEMH
ABTOMATUYHOTO YIPABIiHHS JOPOXHIMU Mallu-
HAMH Ta 3HAYHA BapTICTh IX 0OCIYroBYBaHHS,

ocobmmBo B Kimaci 3D cuctem, MOXYTh CTaTH
MOPOTOBUMH KpuTepismu mipu Bubopi CAY, Ha-
BiTh 3 ypaxyBaHHSM IIBHIKOI OKYITHOCTI IIHX
BUTPAT IPU BEIMKHUX 00CArax BUKOHYBAHUX PO-
oit. Tomy kputepii BapTocti npugdanus CAY i
BapTOCTi IX 3aCTOCYBaHHA MalOThb OYTH Bpaxo-
BaHi mpu BuOopi CAY.

[Ipy BUKOHAHHI aBTOTPEHACPOM HOPOKHIX
OyxiBenbHHUX poOIT OakaHO OTPUMYBATU 3aja-
HUN KIHIEBUH pe3yibTaT 3 MAaKCHMAaJbHOIO
MPOAYKTUBHICTIO 1 TOTPiOHOIO TOYHICTIO, IO
Mae OyTu 3abe3meueHo camMe 3acTOCYBaHHAM
CHCTEMH aBTOMAaTHYHOTO YIPAaBJIiHHA, fKa IO-
3BOJISIE 3HU3UTHU KUJIBKICTh IMPOXOIB BilBajia 0
HEOOXiAHOTO MiHIMYMY Ta BUKOHYBAaTH OIeparii
3 HEIOCSDKHOIO JIJIs1 HaBiTh JOCBIAYEHOTO omepa-
Topa TOuHicTIO. OTXe, KpHTepil TOYHOCTI Ta
MiBUIICHHS MPOAYKTHUBHOCTI Yy BEJHKiH Mipi
BU3HAUYAIOTh e(heKTUBHICTH 3acTocyBanHs CAY i
TOMY MaroTh OyTH BpaxoBaHi pu BHOOPI.

Yac montaxy CAY Ha aBTOrpeiiaep, Tpyao-
MICTKICTh ii HaJlaro/KEHHS € CYTTEBUM (haKTO-
POM, IO BIUIMBA€ Ha MUTOMY Bary 4acy Kopuc-
HOTO BHMKOPHCTaHHS aBTOrpeiaepy, ToMy ILeil
KpHUTEpiii TOTPiOHO BpaxoBYBaTH MpH BUOOPI
CAY.

Buxin 3 mamy Oymp-sxoi CAY m0poXHBOI
MaIllMHY, 30KpeMa aBTorpeiinepa, mig 4ac BUKO-
HaHHS POOIT TATHE 3a CO00I0 HeeEeKTUBHE BU-
KOprcTaHHS ab0 HaBiTh HEMOXIIUBICTH TPOIO-
B)KEHHS BUKOHAHHS 3alUTAHOBAHHUX POOIT, TOMY
Ha/IIHHICTh Ma€ TakoX OyTH BpaxoBaHa IPH BU-
oopi CAY.

Sxmo B 3actocyBanHi CAY Bce X BHHUKITH
MEBHI MPOOJIEMH, TO BiJ MIBUAKOCTI iX BHPpI-
HICHHS 3aJIeKHUTh TMOJANblIe epEeKTUBHE BUKO-
pucTaHHs aBTrorpeiaepa. ToMy HasBHICTH 1 SIK-
icTh cepBicHoro odciyropyBanHsi CAY e HeoO-
X1IHUM KpHUTepieM npu omiHtoBaHHI CAY.

ABtorpeiinep € 6araropyHKIIOHATEHOK JI0-
POXHBOIO MAIIMHOIO, TOMY Ba)KJIMBO MaTH MO-
JKJIMBICTh BUKOPUCTAHHS IEpeBar 3aCTOCYBaHHS
CAY y K MOKHa HIMPIIOMY KOJIi BUKOHYBaHUX
HUM OIIepalliif, 0 BUCYBA€ ONepalliiHuil niamna-
30H 3aCTOCYBaHHS B SIKOCTI KpHUTEpis OIIHKH
CAY.

IIpy upoMy piBeHb CKJIAQAHOCTI 3aBJaHb,
NOB’SI3aHU, HAIPUKJIA[], 3 HEIUIOCKHM XapakKTe-
pPOM TIOBEpXHI, 1[0 Ma€ BUKOHYBATH aBTOTpPEH-
Jep, TaKOXX B 3HAYHIM Mipi BU3HAYa€THCS Kila-
coMm Ta cTpykrypu nodymosu CAY, mo 3acro-
COBYeThCsI. TOOTO MOXKIIUBICTH aBTOMATHUYHOTO
BUKOHAHHS CKJIQJIHUX 3aBJIaHb TaKOX € BaXKIIHU-
BUM KpuTepiem Bubopy CAY.
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Ilepenik 3aBmaHp 1 CKIAAHICTH 3aBIaHb, IO
Mmae upimyBatu CAY aBrorpeiigepa, MOXYTb
3MmiHtoBaTuCs. Ilpu Takii 3MiHI BaKJIIMBO MaTH
MOJKJIBICTh MOAEPHI3yBaTH HAsIBHY CHCTEMY 0
HEOOXiZHOTO PiBHS, HE BUTPAYalOYM KOIUTH Ha
npuabdaHHg HOBoi. OTKe, MOKIUBICTh MOJCPHi-
3amii TaKoX € CyTTEBUM KPHUTEPIEM OIIHIOBaH-
usa CAY astorpeiinepa.

[TepeBaru Bix 3actocyBaHHs CAY MOXYTb
3HAa4YHO 3pPOCTH, SKIIO € MOXKJIHMBICTH OJHOYAC-
HOTO i1 BUKOPUCTaHHS IS JCKIJTBKOX aBTOTpEH-
JiepiB. 3 IbOTO BHILIMBAE HEOOXIIHICTh Bpaxy-
BaHHS TAHOTO KPUTEPiro Ipu mopiBHAHHSI CAY.

YMoBH BUKOHAHHS JOPOXHIMU MaIlIMHAMH, 1
30KpeMa, aBTorpeiiepaMu, OKpeMHUX BUIIB BU-
POOHMYMX 3aBIaHb MOXYTb OyTH BaKKHMMHU a00
HeOe3neuHnMHu. B 1boMy BUTIAJIKy HasSBHICTH i
AKICTh JUCTAHIIMHOTO KEPYBAaHHS BHUPOOHHYNM
MPOIIECOM Ma€ BeJHMKE 3Ha4eHHS 1 ii Tex Tpebda
BpaxyBatH mpu Bubopi CAY.

[Ipu BUKOHAHHI MPOEKTIB OyNiBHAUIITBA JOPIT
IHHOIO 17151 €)eKTUBHOI OpraHi3allii MPOeKTHUX
pOOIT € MOXKIMBICTH OMEPATUBHOTO KOHTPOJIO 3
OOKY IEHTPaIbHOTO OiCy 32 XO0M BUKOHAHHS
oreparii, a TaKoXX MOMJIMBICTh ONEPATHBHOTO
YTOYHEHHS MPOEKTHUX JaHUX 1 3BIPKHU iX Ha Mi-
cui po0Oit. HasiBHicTS 1 sKicTh manoi ommii CAY
€ CYTTEBOIO JJIA ii OIIHKH.

HesBakatoun Ha pO3BUHEHI MOXIUBOCTI Cy-
gacHuX CAY ocTaTouHi pilleHHs B TIPOIECi BU-
KOHAHHS POOIT MpHuiiMae orepaTrop aBTOrpeiie-
pa, TOMy Ba)KJIMBOIO € palliOHaJIbHA OpraHi3arlis
rioro B3aemonii 3 CAY, mo mnependauae, mo-
nepie, HasiBHICTh MPOCTOrO Ta 3Py4YHOIO iHTe-
pdeiicy, mo-apyre po3BHHEHY CHUCTEMY EKpaH-
HOi Bi3yamizalii omepalliii, 110 BUKOHYE aBTOT-
peiinep, i Mo-TpeTe HasBHICTH €PEKTHUBHOI ITiJI-
CHCTEMH KJIIMaT-KOHTPOJIO 1 3aXHCTY OIeparo-
pa BiJl BILUIMBIB 30BHILIIHLOIO cepenonuina. [le-
pemiueHi (akTopyu TakoX HEOOXiTHO BPaxoBY-
BaTH nipu BuOopi CAY.

EdexTrBHE BUKOPUCTAHHS TOPOKHIX MAITUH
1 30Kpema, aBTOrpeiiepis, noTpedye HAsIBHOCTI
BOYIOBaHO! MiJICHCTEMH IarHOCTHKH 1 PEeCT-
pamii, mo 3xificHioe camoniarHocTUKy CAY i
KOHTPOJIb CHCTeM aBTorpeiinepa. HasBhicTp i
PO3BUHEHICTD Ii€1 MiJICHCTEMH J03BOJISE TIOTIE-
penuTH MO MOXIIMBUI BHXiA aBTOrpeiaepa 3
naxy 1 MiHIMI3yBaTH BTpaTH NMpU BUHHUKHEHHI
Takoi cuTyalii, O € 3HAYyIIMMU OpU BUOOPI
CAY [2].

Takum gmHOM, MeTon BHOOpy CAY aBTOT-
peiiiepa Mae BpaxOBYBaTH IepeNidcHi BHIIE
KpHTEPii.

Po3pooka metoay Bubopy CAY
aBTOrpeiiepa

Merton Bubopy CAY aBtorpeiinepa Oyne cTBO-
peHa Ha OCHOBI Teopii HediTKuX MHOKHH [11].

Bubip CAY aBrorpeiinepa npoBOAUTUMEMO
Ha OCHOBI NOPIBHSJIBHOTO aHaJi3y JiAepiB LbO-
TO CeTMEHTY pHUHKY B kiaci 3D, a came cucrem:
Trimble 3D GPS / I'JTOHACC;

e 3D UTS cucrema Trimble;
Topcon 3D 'HCC;
Leica iGG3.

Oninka CAY aBrorpelizepiB Oyne BUKOHY-
BaTHUCS 3a C€KOHOMIYHHMH, TEXHIKO-
eKCIUTyaTal[iiHIMHA Ta €proHOMIYHIMHE TPyTaMH
KpUTEPiiB.

B ekoHOMIiUHIH TpyIli KPUTEPISIMU € BapTiCTh
npundaras CAY Ta BapTicTh eKcIUTyaTamii
CAY.

B TexHiko-ekcIuTyaTaliiiHiid rpymi MiCTAThCS
HACTYIHI KpUTeEpii:

® TOYHICTB;

® TIPOJIYKTHUBHICTH;

® TPYIOMICTKICTh MOHTaXy 1 HaJaroJpKeH-

HS,
e HaailiHICTB;
e piBEeHb  CEpBICHOrO  OOCIyrOBYBaHHS
CAY;

e fiama3oH omepariii, Mo MATPUMYETHCS
CAY;

® QJIaNTOBAHICTh /0 BUKOHAHHS CKJIaJHUX
3aBJIaHb;

® MOXJIMBOCTI MOJICpHI3allii;

® BHUKOPHCTaHHS JUIS JICKUIBKOX aBTOrpei-
ZAepiB;

® CTaHIIHE YIPaBIiHHS;

® B33aEMOJIA C IIEHTPAILHUM 0(icoMm;

e TijcHWcTeMa IarHOCTHKH 1 peecTpartii.

Epronomivna rpyma MicTUTh HACTYIHI KpH-
Tepii:

® 3pYYHICTH IHTEPPEIHCY;

e Bi3yai3allis oneparii;

e [ijcHCcTEMa KJIIMaT-KOHTPOJIIO.

BBaxkaeMo Tpu MOCTAHOBIN 3aBAaHHS BHOO-
py CAY aBrorpeiizepa, 110 nepepaxoBaHi BHIIE
KpUTepii OJJHAKOBO BaXKJIMBi. MHOXWHA anbTep-
HaTUB X TIpU BHOOPI CKIANAETHCSA 3 YOTHPHOX
BHUIIE IIEPEPAXOBAHMX CHUCTEM aBTOMATHYHOTO
VIIpaBIIiHHS, SKi TO3HAYAIOTHCS X;

Xz{xl,xz,x3,x4}. @

ne X1 — Trimble 3D GPS / T'JIOHACC; x2 — 3D
UTS cucrema Trimble; x3 — Topcon 3D I'HCC;
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X4 — Leica iGG3.

AnprepHaTHBH OyIeMO OLIHIOBATH 13 BHKO-
PUCTAHHSAM MHOXHHH, IO MICTHTH 17 piBHO3-
HAaYHUX KPUTEPIiB:

K={K,},i=117, )

ne Ki — Bapricte mpunbdanas CAY; Kz — Bap-
ticth ekcrutyaranii CAY; Kz — tounicts; Ks —
NPOAYKTHBHICTH; Ks — TPYAOMICTKICTE MOHTaXY
1 HamaromxeHHs; Ke¢ — HamiiiHicTh; K7 — piBeHB
cepsicHoro obciyroByBanas CAY; Kg — miama-
30H omepauiii, mo miarpumyetbest CAY; Ko —
alalTOBAaHICTh /10 BHWKOHAHHS CKJIQMHHUX 3a-
BIaHb; Kio — MoxauBOCTI MonepHizamii ; Kip —
BUKOPUCTaHHS JUIsl JIEKIJIBKOX aBTOTpeiIepiB;
K12 — nucranuiitne ynpapninas; Kis — B3aemois
¢ neHTpanbHUM oicom; Kis — mimcucrema miar-
HOCTHKH 1 peectpanii; Kis — 3py4HicTh iHTEp-
deticy; Kis — Bizyamizanis onepartiit; Kiz — mig-
CHUCTeMa KIIIMaT-KOHTPOJIO.

OuiHKN aTbTEPHATHUB MO KOKHOMY 3 KpHTe-
piiB, mo BxomaTh g0 MuOxuHH {Ki}, MokHa
NPEICTaBUTH SIK HEUITKY MHOKuHY [11]:

V(K;)= (TKi () Tk, (x ) Tk, (o), Tk, (xs) ) 3

ae Tg. (xl) — oIiHKa anpTepHaTuBH X| [ =1,4 3a

kputepiem Ki (i =1,17).

Pitenusim 3aBianHs BUOOPY € anbTepHATHBA
Xi, 0 y HAWOLIBIIIKA Mipi BiJIOBiIa€ BUMOTaM
3a BCi€I0 CYKYITHICTIO KPUTEPIiB.

Bupimansne npasuno P ans BuGopy Haii-
KpaIoi ajJbTepHATHBH JICKHUTh Ha TIEPETUHI BiJI-
MOBITHUX HEYITKUX MHOXHH:

P=v(K )NV (K )NV(K,)..NV(K,).  (4)

BukopucToBytoUHM BH3HAuUCHHS OIeparii me-
petuHy [12] HediTKMX MHOXHH MOYKHAa BH3HA-
YUTH (PYHKIIO TPUHAIEKHOCTI NIIYKAHOTO pi-
IICHHS 32 JJONOMOTOI0 3aJIeKHOCTI:

t,(%)=min (Tv(K,. )(xz))J =14. (5)

i=1,17
Haiikpamoro 6ye anpTepHaTHBa X, A1 SAKOi

3HaueHHs (PYHKIIT HAJIEXKHOCTI T P(x,) BUSIBUTH-

Csl MAaKCUMAIIbHUM, TOOTO Oyjie BUKOHAHO CIIiB-
BiJHOIIICHHS:

TP(xl*): max(rﬁ(X,))- (6)

I=1,4

TakuM YWHOM, PIIICHHSM 3aBIaHHS BHOOPY
CAY asrorpeiisiepa € anpTepHaTHBa X, MIO
HaMOIIBLIOI MIpOIO 33J0BOJIBHAE BCIM KpHTeE-
PisiIM y CyKYITHOCTI.

Jnst BW3HA4YEHHS CTYNEHS BiAMOBIAHOCTI
(pyHKmii HaNEXKHOCTi) KOXHOI 3 aIbTEpPHATHB
KO)KHOMY 3 BHIIICONMCAaHHUX KPUTEPIiB 3a IO0IO-
MOTOI0 METOAWKH, BHKIaneHoi B pobori [15],

ckianeno Tabmwmiro 1, BUXOASYH 3 JaHUX POOIT
[2-4].

Tabmuua 1. 3nauenHs GyHKLIT HaNEKHOCTI

3HaveHHs (YHKIIH HaJICKHOCTI
. IBTEPHATHB 32 YACTKOBUMHU
YacTkoB1 KpUTEPIl .
KpHUTEPISIMH
T(X) | t(%) | t(Xs) | 7(Xa)
V(K 0,5 0,7 0,6 0,7
V(K2) 0,4 0,8 0,5 0,6
V(Ks) 0,6 0,8 0,6 0,8
V(Ka) 0,7 0,7 0,8 0,7
V(Ks) 0,5 0,7 0,5 0,8
V(Ks) 0,6 0,8 0,5 0,6
V(K7) 0,6 0,6 0,7 0,8
V(Ks) 0,7 0,7 0,6 0,8
V(Kg) 0,5 0,6 0,5 0,7
V(K1) 0,6 0,6 0,6 0,8
V(K1) 0,6 04 0,8 0,6
V(K12) 0,7 0,6 0,7 0,6
V(Kiz) 0,8 05 0,8 0,7
V(Ki4) 0,5 0,6 0,5 0,6
V(Kis) 0,7 0,6 0,7 0,7
V(Kie) 0,6 0,5 0,6 0,6
V(K1) 0,7 0,7 0,6 0,6
Haiviertte 154\ 04 |05 |06
3HAYCHHS

3HaxX0IUMO IIyKaHy ajdbTepHATHUBY SIK Iepe-
TUH NPUBEACHUX B TAOMULI MHOXHH BHKOpPHC-
TOBYIOYHM BHpillIajbHE IpaBuiio P:

P={(x:0.4).(::0,4).(,50.5),(x,0.6) | (7)

OTxe, B pe3yibTaTi MOPIBHSHHS MiX COOOFO
OTpUMaHNX (PYHKLIH NpPUHATIEKHOCTI KOXKHOI 3
aIbTEPHATUB BHUSBIICHO, 110 HAWKPAIIOIO aJIbTe-
PHATHBOIO € X4, TOOTO. cuctema Leica iGG3.

BucnoBkun

[MpoananizoBaHo mpobiIeMy BHOOPY CHCTEMH
ABTOMATHYHOTO YIIPaBJiHHS aBTOrpeijepoM, a
came MpOBEACHO aHali3 icHyrouux 3paskis CAY
BiJl JiJepiB MO BUPOOHUUTBY JaHHUX CHUCTEM 1
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BHU3HAYCHO HEOOXIIHICTh MOOYI0BH METOAY BH-
0opy, 0 Jae MOXKITUBICTh BPaXOBYBaTH CYKYII-
HICTb OCHOBHHX Xxapakrepuctuk CAY aBTor-
peiinepa B yMOBax HEUITKOCTI iH(opMaIiii.

OOrpyHTOBaHO CYKYIHICTh KpUTEpiiB BHOO-
Py IOLIBHOTO BapiaHTa CHUCTEMH aBTOMAaTHY-
HOT'O YIPaBJIiHHS aBTOTPEUACPOM.

Po3pobneno merox Bubopy CAY aBrorpei-
JIepa Ha 0a3i 3acTOCYyBaHHS TEOpPil HEUITKHX
MHOJKWH, IO JIO3BOJISIE, HA BIAMIHY BiJl iCHYTO-
YKX, BU3HAYHUTH JIOUTBHY ATbTEPHATHBY 3 ypa-
XYBaHHSIM HEUiTKOCTi iHpopMarii.

3anporoOHOBaHMH METOA JO3BOJISE ITiABUIITH-
TH e(eKTHBHICTh 3aCTOCYBaHHS aBTOTpeimepiB
B JOPOKHBOMY OYJiBHHLTBI 3a paXxyHOK AOIIi-
npHOTO Bubopy CAY.

[Tpy mojanbIMX JOCTIHKEHHSIX TIaHYEThCS
y3arailbHUTH PO3POOJICHUH METOJ Ha 1HIII Kiia-
CH JIOPOXKHIX OyTiBEIbHUX MAIlWH.

Kounduaikr inTepeci
ABTOp 3asBIIs€, MO HEMaE KOHQIIIKTY iHTEpeciB
1010 MyOITiKaIlii i€l cTarTi.
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Method of selecting automatic control system of a
motor grader

Abstract. Problem. Effective use of motor graders is
impossible without the use of automatic control
systems, especially in modern conditions of large
volumes of road construction. However, among the
large number of samples of such systems, which
differ in various parameters, it is impossible to make
an appropriate choice without a scientifically sound
approach, taking into account the set of their
characteristics. It was found that these systems are
characterized by a large set of parameters, with the
values of some of them unknown, and the reliability
of the values of many parameters is questionable, i.e.
the choice must take place in conditions of fuzzy
information. The methods of choosing alternatives in
conditions of uncertainty described in the literature,
in particular when choosing technical systems based
on Analytic Hierarchy Process and fuzzy set theory,
are analyzed and the latter is taken to develop a
method of choosing a motor grader ACS. The goal of
the work is to increase the efficiency of motor

graders in road construction due to the appropriate
choice of ACS. The methodology of constructing the
method is the theory of fuzzy sets. The economic,
technical-operational and ergonomic groups of
criteria for choosing a motor grader ACS are
determined and substantiated. The construction of
the method was performed to select the ACS in the
3D class. As the alternatives, the systems which are
the leaders of this segment were chosen. The above
criteria are a set of criteria. The solution to the
problem of choice is an alternative that best meets
the requirements of the whole set of criteria. The
results of the work are the development of a method
of fuzzy multicriterion analysis for the selection of a
motor grader ACS in the class of 3D systems.
Originality lies in constructing the method of
choosing a motor grader ACS in conditions of fuzzy
information on the basis of reasonable criteria. The
practical value is the fact that the use of the
developed method will allow to make a scientifically
sound choice of the ACS of a motor grader taking
into account the whole set of criteria.

Key words: motor grader, automatic control system,
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criteria.
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MopaesoBaHHS BILUIMBY IapaMeTPIiB JIETKOBOI'0
ABTOMOOIJIA HA MPOLIEC Oro PO3roHy

Ocerpos O. 0.}, Uyuymenko B. C.!
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Anomauia. 3anponoHosano MamemMamuyHy Mooenb OUHAMIKU PO320HY 1e2K08020 aAGMOMOOLIA 3
VPAaxyeamHaM 4acy nepexniouenHs nepeoad. Mooenv 8paxosye napamempu agmomoobina i 0sucyHa,
pedicum nepemMuKantsa nepedad, 306HIuHI YMOo8U (napamempu 00POHCHbO20 NOKPUMMSL, VXU O0PO2U,).
B pesynomami pospaxyuky ons asmomoding Daewoo Lanos npoauanizosani HaAAHmMadiceHHs, sKi
BUHUKAIOMb 8 Npusodi agmomodina. Busnaveno uac, 3a axui  asmomoOinL poseansemvcs 00
100 xml200. Ilpoananizosarno eéniue macu asmomoOiis, HOMIHALLHOL NOMYHCHOCIE O8USYHA, PENCUMY
yacy nepemMuKkamHs nepeoad, paodiyca KOic, UCOmu aemomoOin, Koepiyicnma aepoOuHamivHo2o
ONoOpy Ha OUHAMIKY PO320OHY A8MOMOOIIAL.

Knrouoei cnosa: ounamixa asmomoding; nputlomucmicms, Mamemamuyre MOOeN08AHHs, NPUBIo;

napamempu a6m0M06i]lﬂ,' HABAHMAMNCEHHA

Beryn

OmHuM 3 BaKIUBUX ITOKa3HHKIB SIKOCTI PyXy
TPAHCIIOPTHOTO 3ac00y € HOro MPUAOMUCTICTS,
AKa XapaKTEePU3Y€EThCSI YaCOM PO3TOHY aBTOMO-
oinga mo 100 km/ron. Binm mpuifoMmucTOCTI 3ame-
’KaTh KOM(OPTHICTh KEPYBaHHSI aBTOMOOIIEM,
HOro KOMEPpIIiiHI SKOCTI, OTKE, MOIMIIESHHS JTU-
HAMIYHUX BJIACTHBOCTEH € OJHI€I0 3 KITFOYOBUX
3aBJaHb PO3POOHHKIB TPAHCIIOPTHOI TEXHIKH.

[TpuiioMuCTiCTh 3aNEKUTh Bij 0arathbox ma-
paMeTpiB - MaKCUMAaIIbHOT MOTY>KHOCTI JBHT'YHA
BHYTPIIIIHBOT'O 3TOPSIHHSI, MACH aBTOMOO1Is, TTa-
pameTpiB KOpoOKkH Tiepesad, JJ000BOT IUIOIII aB-
ToMOOiNs  Tomo. ExcrnepuMmeHTanbHE mOCHi-
JOKEHHS [[bOTO TIOKA3HUKA YCKIIAHIOETHCS BN~
KOIO TPYAOMICTKICTIO 1 BapTICTIO MPOBEACHHS
BunpoOyBanb. [Ipy BupilIeHH] 3a7a4 monepen-
HBOI OIIHKY BIUTMBY MapaMeTpiB ABUTYHA i aBTO-
MOO1JIS Ha IPUHOMHUCTICTE, BHOOP1 KOMITOHOBOY-
HUX pillleHb JOUIIBLHO MPOBOIUTH PO3PaXyHKOBE
JIOCITIJDKEHHS 3 BAKOPHCTAHHSM aJIeKBAaTHUX Ma-
TEMaTHYHUX MOJICIICH.

AHaJji3 myOaikanii

B nanwuii yac 3anporoHOBaHO PsJl MaTEMaTHYHUX
Mojesel TUHAMIKH TPaHCTIOPTHUX 3aco0iB [1-8].
B maiibinem ckmagaux 3 #Hux [1-3] aBTOMOOiTH

MPEICTABISIEThCS SIK TPY’KHO-MacoBa KOJHMBa-
JbHA cucTeMa. JleTallbHO OMHCYETHCS KOYCHHS
KoJIeca 0 HEPIBHUM 1 PIBHUM TOBEPXHSM, Bpa-
XOBYIOTBCS 1HEPIiiHI 1 IPY>KHI XapaKTepUCTUKU
PYXOMHUX YaCTHH JBUTYHA, TPAHCMICIT 1 KoJTiC.

B po6orti [2] 3anpornoHoBaHi 3aJIeKHOCTI, 110
BPaxOBYIOTh MPYKHI Ta iHEPI[iiiHi BIACTUBOCTI
JBUTYHA, TPaHCMicCii, PyJIbOBOrO KepyBaHHS Ta
Ky30Ba aBTOMOOLIS. Lle J03BONMIIO IMiJBUIIMTH
a/IeKBAaTHICTh MOJIEJI B pPeaJbHUX YMOBax PyXy
aBTOMOOLIS.

B mogmeni [5] po3riisimacThes mPpsSMOITiHIHHMH
pyX aBTOMOOIJIS, OIHIOIOTHCS TOKA3HUKH TS-
TOBO-IIBUKICHUX BJIACTUBOCTEH 1 MPOXIIHOCTI.
L MozieNb TO3BOJISIE TOCTI/IKYBATH XapaKTepH-
CTHKH PYyXy MO JJOPOTax 3 TBEPAUM HOKPHUTTSIM B
yMOBaxX HH3bKOTO Koe(illieHTa 3UeTieHHS 3 TIPO-
OYKCOBKOIO MIPOBIIHUX KOJTiC.

3a3HaueHi MOJENI XapaKTepPU3yOThCS CKIIa-
HICTIO peanmizamii Ta Bepudikalii, BUMararwTh
BCTaHOBJICHHS PAXY EMITIpHYHUX KOe(illieHTIB
Ha OCHOBI Pe3yJIbTaTiB eKCIIEPUMEHTAIBHUX J10C-
nipkenb. Kpim toro, B miteparypi Opakye iHdop-
Marlii 1o/10 BUKOPUCTAHHS TaKKX MOJIeNiel y 3a-
Jadax ONTUMi3alii napameTpiB aBTOMOOIIA.

VY neskux BUMAKaX, HAMPHUKIIAJI, i1 4ac CTBO-
PEHHS €CKI3HOTO TIPOEKTY aBTOMOOUIS, TIOTIepe/i-
HBOI'O OOIPYHTYBaHHSI KOHCTPYKLIi CHIIOBOI yc-
TAHOBKH, PaLliOHATbHO BUKOPHCTOBYBATHU MIPOCTI,
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ajie B TOM ke Jac OCTaTHBO HAIWHI MaTeMaTH-
yHi mojeni [6-8].

Hamnpukian, monens [4] mos3Bonsie Ha cramii
MPOEKTYBaHHS MPOTHO3yBAaTH MOJINBI 3HAYCHHS
[MOKA3HUKIB MaJIUBHOI €KOHOMIYHOCTI Ta 3AlHC-
HIOBaTH Ha iX OCHOBI BUOip palioHaNbHUX Mapa-
METpiB MeXaHi3MiB aBTOMOOLIA, 0 3a0e3medy-
I0Th BUCOKI IMOKa3HUKH HOTO MaJTHMBHOT €KOHOMi-
YHOCTI.

JlocuTe TOMYISPHOI0 MOAEIUTIO B YKpaiHi €
Mozenp UynakoBa Ta SIkoBieBa, ACTAIBHO ONU-
caHa B po0oti Crykanosa [7]. L{s Monens 103B0-
Jsi€ BU3HAYUTH MPUCKOPEHHSI Ta IUISIX aBTOMO-
Ol Ha OCHOBI PO3paxyHKy AWMHAMIYHOTO (hak-
topa. [IpoTe B 3a3Ha4eHili MoJeNi HeJOCTa€E Bpa-
XYBaHHS BIUIUBY 4acy IIEpEMHUKaHHS Mepeaay aB-
TOMOOLIA Ha MWHAMIKY Horo posroHy. IcHyroui
METOM MOJENIOBAaHHS IIPOIECY IEepPEeMUKAHHS
nepenau, Hanpukiaza [9-11] no3BossitoTh Bpaxy-
BaTH MPOIECH B3a€MO/Ii1 BEIy4YHX 1 BIIOMUX PpH-
KIIIHHAX €JIEeMEHTIB TPAHCMICIi, TpoTe X BHKO-
pHUCTaHHS HA TIOYaTKOBOMY €Tarli MPOEKTYBaHHS,
KOJIW HEBIJIOMUMH € KiHeMaTH4Hi i Mmacorabapu-
THI TTapaMeTpu JeTalieil TpaHcMicii € mpobaema-
THYHHUM.

MeTa Ta OCTAaHOBKA 3aAa4i

Merta po0OoTH — MOOy10Ba YTOYHEHOI MaTeMaTH-
YHOI MOJCITI JUHAMIKH PO3TOHY JIEIKOBOT'O aBTO-
MOOINS 3 ypaxyBaHHAM BILUTUBY Ha Ieil Tporiec
yacy NepeMUKaHHs Nepeaad.

Jlnst NOCATHEHHS J]aHOT METH TOTpiOHO OYI10
MpoaHati3yBaTH BiIOMi MOZIETIi pyXy TPaHCIIOPT-
HHUX 3ac00iB, 3aIPOINIOHYBaTH METOJHUKY ypaxy-
BaHHs Yacy NEpeMHKaHHS Nepeaad Ha Ipolec
PO3rOHY aBTOMOOLIISI, TOCHIJIUTH BIUIUB KOHCTPY-
KTUBHUX IapaMeTpiB aBTOMOOLIS Ha TUHAMIKY
Horo pyxy.

MeTtoauka po3paxyHKy

JlocmiKeHHsT JUHAMIYHUX BJIIACTMBOCTEH aBTO-
MOOUIA TpoBoAWIIOCS 3a MeToaukoro Yyna-
koBa €.A. i Skosnesa H.A. [7].

IaTepBan mBuIKOCTEH pyXy aBTOMOO1LS Bif 0
o 100 km/ron OyB po30uTuii Ha APiOHI MISTHKA
TpuBaitictio 1 km/rox (puc.1).

BBaaxkasocs, 1110 Ha KO>KHIH I1IBHULI aBTOMO-
O1JIb pyXa€eThCs 3 MOCTIHHUM PUCKOPEeHHsIM. Ta-
KMM YMHOM, 3HAIOYM MIBUIKICTh Ha MOYATKY Mi-
JITHKA 1 CEepelIHE NPUCKOPEHHS B PO3PaxyHKO-
BOMY IHTEpBaJi MOXXHA BU3HAYHMTH IIBUAKICTH B
KIHI[ JUITHKHA:

J=15,=05-(j1 + Jo).

I€ j1 ¥ j» — IPUCKOPEHHS HA MOYATKy 1 B KiHII
IUISHKY B1AIIOBIIHO.

/\n

11

o 4
<

Vy AV, vz Vin-1) Vo V

!

Puc. 1. Cxema 10 BH3HAYEHHS IIOTOYHOI'O
3HAYEHHS MPUCKOPEHHS aBTOMOO1IIS

J171st KOJKHOI TIJISTHKY MO>KHA 3aITCaTu:
V, =V + g, AL, (1)

JIe V1 1 Vo — IIBUAKOCTI HA MOYATKY 1 B KIHIII JiIs-
HKH BiNOBiHO; At — 4ac po3roHy aBTOMOOILI.
3 piBHstaHsA (1) :

at=2=%) )

Jop
Yac po3roHy 10 MBUIKOCTI Vo:
t, =t +At. (3)
[ToTrouHe 3HAYECHHS MPUCKOPEHHSL:

. dv g
= D— y 4
1= 5. (D-v,) (4)

ne D — munamivauit pakrop; o — KoedimienT cy-
MapHOTO JIOPOXKHBOTO OTOPY; § — MPUCKOPEHHS
BIJIBHOTO MAIiHHS; 0,6 — KOS(IIIEHT ypaxyBaHHs
00epToBUX Mac.

KoedoimienT 8,5 BU3BHAYAETHCS 32 EMITipUY-
HOIO 3aJIGKHOCTIO [7]:

85 =1+ (8, +8,12,) =,
m
e 61~ 6, =0,03 ... 0,05; My — Maca aBTOMOO1/I 3
MOBHUM HaBaHTAKEHHsSM; M — (dakTHYHA Maca
aBTOMOOUIS; Imp — TEpe/iaBajbHE BiJHOIICHHS
TpaHcMicii.
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OcHOBHUM (DaKTOpPOM, IO BU3HAYAE TIOTOYHE
3HAaYEHHS MPUCKOPEHHS aBTOMOOLIIS, € TUHAMIY-
HUH ¢akrop D, sKwii 3aneXuTh Bill CHIIN TATH,
CHJIM OTIOPY TOBITPsI 1 Baru aBToMoO11s. Lleit ma-
paMeTp BU3HAYAETHCS 32 POPMYIIOHO:

(R.-P,)
D — T [2) , (5)
G
ne Pr— cuna tsru; P, — cuna onopy nositps; G —
Bara aBTOMOOLIIS.
Cuita TIru Ha KoJiecax:

P. =3600- N, - (6)
V.

I
ne Ne — epexTrBHA TIOTYXKHICTH IBUTYHA; T|7p —
KK/ tpancwmicii.

Cuna omopy noBiTpst:

ne Ky — xoedinient odrikanns, Ky = 0,2 ... 0,35;
F — mtoria mo6oBoro omopy.
[Inoma moGoBoro omopy:

F=a-B,-H,

ne Ba— HaiOinpIa mupruHa aBToMo011s;, H —Haii-
OinpIa BHCOTa aBTOMOOLIS; 0 — KoeiIlieHT 3a-
IIOBHEHHS JIOOOBOT IUIOIII aBTOMOO1IS.

[ToBHwmit yac po3rony tp B iHTEpBai MIBUIKO-
CTeH:

t, =Al +At, +...+ At

Bumie mokasano, mo B 6a30Biii METOIUIl He-
JIOCTAa€ BpaxXyBaHHS BIUIUBY 4YacCy MEPEeMHUKAHHS
repeaayd Ha THHAMIKY PO3TOHY aBTOMOOiIS. AB-
TOpPaMH 3aPOIIOHOBAHO MPH MMEPEMHUKAHHI TIepe-
Jla4 Ha JUISHI[ PO3rOHY aBTOMOOLUIS BiJl IIIBH/I-
KOCTI V1 JIO HMIBHJKOCTI V2 4ac pO3roHy At aBTo-
MOOLIS BU3HAYATH 32 HACTYITHOK METOJUKOI.
Yac At po30uBa€eThCcs Ha J1Ba iHTepBau (puc. 2):

At = At, + At,,

ne Af1’ — dac mepeMuKkaHHs riepenadvi. Lleid gac
3aJIeXKUTh Bijg KBamiQikalii Boais 1 Moxe Bapiro-
Batucsa Bin 0,2 ¢ o 3 c. [IpoTsirom yacy Aty ’ mBu-
JIKICTh aBTOMOOLIISI 3MEHIIIYETHCS HAa BEIUYHHY
Av 1 HampuKiHII MEPUIOT0 IHTEPBALY JOCSTAE

3HAuYEeHHS V, =V; — AV ; A’ — 4ac po3roHy aBTo-
MOOLIA BiJ MBUIKOCTI V1 10 MIBUAKOCTI Vo.

[Tpu nepemukanHi nepeaay aBTOMoOO1Ib pyxa-
€ThCA 3a iHepii€eo, ToOTo cuiaa Tsaru Pri’ = 0.
BignoBigHo nuHamidHHNA (aKTOp MPOTATOM iH-
TepBaiy At

D, = R
G
A
v,
v, -
V=
v
At
/‘\.\
= I L —
s ~ by t
aty aly
a
Dl‘
DZ 28 /
Vs // /
4 7 /s
,// / >4
/
D‘.V /
72
v /
7
Aty S o [/
- — —
L / t,
aw, at t
/s
,/’
Dy —

Puc. 2. Cxema 10 BU3HAUEHHS Yacy pO3TOHY NPU
NEPEKIIIOUEHHI nepeaay: a — MBUIKICTE;
0 — nuHAMiYHHN (aKTOp

[IpuckopeHHsT aBTOMOO1IIS TPU MTepEeMHUKaHHI
mepenad j1’ po3paxoBYeEThCH 3a (hopmyiowo (4),
y SKy MiJICTABISA€TbC 3HAUEHHA KoedillieHTy
BpaxyBaHHs OOEpTANLHUX Mac aBTOMOOUIA Ous
TIPH BiJIETHAHOMY BiJ] TPAaHCMICii TBUTYHI.

Jlis cripolieHHsT PO3paxyHKIiB BBaXKAETHCH,
11O OITip MOBITPS MPH TIEpEeMUKaHHI Tiepeiad BBa-
JKA€THCS IOCTIMHUM 1 BIANOBIZA€ IIBHUIKOCTI
pyXy Ha momnepenHiil nepenadi. B npomy Buma-
JIKY TPUCKOPEHHS j1' BBAXAEMO MOCTIHHUM i
3MEHIICHHS IWBHUAKOCTI IPH NEepEeMHUKaHHI nepe-
nav Oyne:
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AV= - AL,

BiamnoBigHO MIBUIKICTE aBTOMOO1IIST 3MEHIITY-
€ThCS J10:

v, =V, —Av.

[Ipotsirom apyroro iHTepBaly, IMICIS 34el-
JICHHSI KOJIIHYAaCTOrO BaJly 3 TPAHCMICI€l0 JIBU-
TyHa, 3a hopmynamu (6), (5) BU3HAYAIOTHLCS BiJ-
MOBITHO TATOBE 3ycHiuisd Py’ 1 fuHaAMiYHUN (ak-
Top D2

IIpuckopeHHsT aBTOMOOIIIS IPOTATOM JIPYTOTO
iHTEpBAaIy j2” PO3paxoByeThCs 3a (hopMyInoro (4).
3a BIIOMHMH 3HAUEHHSIM MPHUCKOPEHHS j2’,
MIBUIKOCTAMH V; 1 V2 3a popmyroro (2) Bu3Haua-
€ThCsI Yac Az’ pO3rOHY aBTOMOOLIIS BiJT IIIBHJIKO-
CTi V; 10 MIBUAKOCTI Va.

CepenHe 3HaUEHHS JUHAMIYHOTO (haKTOpy Ha
PO3paxyHKOBOMY iHTEpBaIi:

_ DAt +D, - AL,
v At + At

CepenHe 3HaUCHHS IIBUAKOCTI Ha PO3paxyH-
KOBOMY iHTEpBaJIi:

(Vi V) AL+ (v, + V) - AL
wp 2 .

IIpu posroni aBTOMOOINS 3 METOIO JIOCAT-
HEHHS MAaKCUMaJIbHOT IIBUIKOCTI TIeJajlb aKkcele-
paropa HaTHCHYTa JIO YIOpy, OTXKe JABHTYH Tpa-
IFO€ 3 MAKCUMaJIbHUM HAaBaHTa)KEHHSM I10 30BHi-
ITHIA MBUAKICHIA XapakTepucTHIi. IloTyxHICTh
JBUTYHA BH3HAYa€ThCA 32 Pe3yJbTaTaMH MOJie-
JIOBaHHsA HOro pobodoro mporecy. 3aJ0BUIbHI
pe3ynbTaTH aae BukopuctaHHs (opmynn C.P.
Jlelinepmana:

2 3
N=N, - A\-%%-(H —[nij ()

H H

ne Ney — HOMIHaNBbHA MOTYXHICTB; A1, Az — eM-
nipuyHi koedinientn. s nBuryna A15SMS
MokHa B3aTH A1 = A2 = 1; n, np— poboua Ta HO-
MiHaJbHa YacToTa 0OepTaHHS ABUTYHA.

YacrtoTta o0epTaHHA KOJiHYACTOTO Baja JIBHU-
ryHa BU3HAYAETHCS 32 JaHUMH IIBUAKOCTI aBTO-

MO0, pajiyca KOJIC 1 TOTOYHOTrO MepeiaBajib-
HOrO BIZHOIIEHHS BiJ KOJIIC O KOJIHYACTOI'O
BaIy.

Po6oya wacTtora 06epTaHHs IBUTYHA BU3HAYA-
€THCSI MBUJKICTIO TPAHCHIOPTHOTO 3acoly, po3-
MipaMH KOJic Ta apaMeTpaMu TPaHCMICii:

VU U U
0,377,

Jie V — IBUAKICTh TPAHCIIOPTHOTO 3aC00Y; Uk —I10-
TOYHE 3HAYCHHSl TepelaBalbHOrO YKcia KOpo-
Oxu mepenay; Upy — MepeaaBaibHe YHCIO Po3aa-
BaJIbHOI KOPOOKHM (KOO0 po3daBaibHa KOpoOKa
BIZICYTHS, TO Upp = 1); Up — MepeaaBaabHe YUCIIO
TOJIOBHOI mepenadi; I'sy — CTaTHYHHUN pajiyc Ko-
neca.

MaremaTHYHa MOJICNb pealli3oBaHa B porpa-
MHOMY cepenoBuii MATLAB.

O0'eKT HocaixKeHHs

B sikocTi 00'exTa MOCIiIKEHHST 00paHO aBTOMO-
6116 Daewoo Lanos 3 apurynom A15SMS. Ila-
pameTpu aBTOMOOLIS HaBeaeHi B Ta0. 1.

Tabmmms 1. [Tapamerpu aBTOMOOLIE Lanos

[MapameTtp 3HaueHHs
napameTpy

Maca aBTomM0011s1 ma, Kr 1200
CratnyHuii pagiyc Kojec Is, M 0,3
JomycTiMa moBHa Maca. KT 1400
Bucota aBTomM00ins Br, M 1,432
ITupuHa aBTomMo0ins Hr, M 1,678
KoedimieHT 3amoBHEHHS JT0O0BOT 0,78
IO AaBTOMOOIIIS 0o
O6'em aBuryna, zVh, n 15
Hiamerp muingpa D, m 0,0765
Xon nopirsst S, M 0,0815
CremniHb CTUCHEHHS € 9,5
HomiHasnbHa eeKTHBHA MOTYKHICTH 63
JAB3 Newn, kBt
HowminanpHa 9acToTa 00epTaHHs KO- 5800
JiHYaToro Bana n,, X’
KK/ tpaHcwMicii ne 0,92
Iepenarouni unciia KOPOOKH mepe-
Aaq 3,454
ukl 2,056
uk2 1,333
uk3 0,969
uk4 0,828
ukb
Ilepenaroune 4ncio rojIOBHOI nepe- 4,13
nagi u0

Vehicle and electronics. Innovative technologies, Vol. 20, 2021



MozaeAlOBaHHSI MIPHKAAAHHX 3aAa4 B aBTOMOOiAeOyayBaHHI 49

i TPAHCIOPTHHX CHCTEMax

AHaJi3 pe3y1bTaTiB po3paxyHKy

ITpu po3paxyHkax yac NMepeMHKaHHS Tiepeaad 3a-
nmaBam 0,5 c¢. [lepekimiodeHHs 3 TepIioi Ha APYTY
nepenady 3MIHCHIOBATIN TIPH JOCATHEHHI IIBHUIAKO-
cri 30 KM/roz, 3 APYToi Ha TPETIO - IPU AOCATHEHHI
IIBUIKOCTI 55 KM/TOI, 3 TPEThOI Ha YETBEPTY — IIPH
JOCSTHEHHI mBHAKOCTI 90 KM/TOA, 3 YeTBEPTOi Ha
ATy — MPU JOCATHEHHI MBHAKOCTI 120 KM/TOxI.
PesynbTati po3paxyHKy mapaMeTpiB aBTOMOOLIS B
TpoIieci PO3roHy HaBeJICHI Ha pHC. 3.
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Puc. 3. [TapameTpu aBTromMo0i1st Daewoo Lanos B
IpoIeci PO3rOHY: a — 4ac PO3rOHY aBTO;
0 — quHamivHU akTop; B — cuiia iHepIIil
aBTOMOOUI; T — KpPYTHHH MOMEHT
OBUTYHa; J — 4YacTora OOepTaHHS
kosiHuacToro Bany JIB3; € — moTyxHicTh
JIBUTYHA; € — MPUCKOPEHHsI aBTOMOOLIS;
K — CHJIa OTIOpPY MOBITPS
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3 pucyHKy 3 BHIHO, IO pX 0a30BUX HaJIAIII-
TyBaHHSAX Ha KOXKHIM Tepemadi wyactota o0ep-
TaHHA KOJIIHYACTOTO Baja B IPOIECI PO3TOHY
3pocTae 10 3Ha4eHb Or3bKuX 10 4000 xBL. ITpu
ILOMY 3a0€3Me4y€EThCS IOCTATHRO BEJIUKA MOTY-
JKHICTh, KPYTHUN MOMEHT JIBUT'YHA 1 TATOBE 3Y-
cHIUIsE Ha Koutecax. [le TaroBe 3ycwinisi BUTpava-
€THCsI ICPSBAXKHO HA TIOJIOJIAHHS CUJT 1IHEPIIii, sKi
Ha TIOYaTKy PyXy aBTOMOOLIS IEPEBUILYIOThH
CHJIM OTIOPY JOPOTH 1 MOBiTps Oinbime HiX B 50
pasiB. Ilpm 3pocTaHHI IMIBHAKOCTI aBTOMOOIIS
cwIa iHepiii 3MeHIyeThes 1 Ha mBuaKocTi 100
KM/TOJT BCHOTO B JIBa Pa3y MEPEBUIITY€E 1HII CKIIa-
JTIOB1 HABAHTA)KECHH.

Cuna omopy MOBITPSl 3pOCTa€e MPOMOPLIHHO
KBaJpaTy MBHIKOCTI aBTOMOOLJIS 1 TPH IBHIKO-
cti 100 kM/Toa BHOCHTE CYTTEBHI BHECOK B 3ara-
TpHUH omip pyxy. Llg cuna oOmexye makcuma-
JILHO MOXJIMBY JUIsl JAHOTO aBTOMOOLIS IIIBH/I-
KiCTh, pO3paxyHKOBE 3HA4YCHHS SIKO1 a1 0azo-
BOrO BapiaHTy craHoBUTH 150 km/rox. Ilpm
ILOMY JUHAMIYHUHI (aKTOp i MPUCKOPESHHS aBTO-
MOOLISI CTalOTh PIBHAMH HYIIIO.

3 puc. 3 BUIHO, IO TIPH TTIEPEMUKaHHI TIepe-
Jlad cepeIHE 3HAUCHHS MPUCKOPEHHS aBTOMOO1IIS
Ha PO3PAaXyHKOBIH IUISHII Taga€ O0 3HAYCHBb
Om3pKuX 110 Hys. Lle mpu3BOAUTE 10 YIIOBLIB-
HEHHS pyXy TPaHCIIOPTHOTO 3ac00y.

IBuakicte 100 KM/TOn JOCSTaETbes 3a
18,2 c. Lle BiamoBigae MacmOpTHUM JaHUM aBTO-
Mo0ins Daewoo Lanos i cBim4uTh Tpo ajexBaTt-
HICTh PO3PaXyHKOBOT METOJIHKH.

TakuM 4YMHOM, YTOYHEHAa MaTeMaTU4YHAa MO-
JIeNb JIO3BOJISIE JIOCHI/PKYBATH TIOKA3HUKH JIBU-
ryHa i aBTOMOOUIS B TpOIIECi pO3TrOHY, BHU3HA-
YaTy BIUIMB Ha Il TOKA3HUKU KOHCTPYKTHBHUX 1
peryaroBaIbHUX MapaMETPIiB JIBUTYHA 1 aBTOMO-
0111, BUKOHYBATH ONITUMI3AIliiHI TOCIiPKEHHS.

Bnume napameTtpiB aBTOMO0ijIS HA ITMHAMIKY
HOro po3rony

3 BUKOPUCTAHHIM HaBEJICHOI BHIIC MaTeMaTHY-
HOi MoO/ieli BHKOHAHO PO3PaxyHKOBE JIOCIi-
JDKEHHSI BIUIUBY MacH aBTOMOOLJIS, CTaTUYHOTO
pajiyca KoJic, BACOTH aBTOMOO1JIsA, TOTYXHOCTI
JIBUT'YHA, Koe(dilieHTa aepOoAUHAMIYHOIO OMOPY
MIOBITPSI, Yacy Ta PeKUMY MEepeMUKaHHS Iiepeayd
Ha IPUHAOMHUCTICTH aBTOMOO1IISL.

bazoBuii KOMITJIEKT mapameTpiB: Maca aBTO-
MoOina — 1200 kr, craTuyHMi pagiyc KoJic —
0,3 M, BucoTa aBToMO0O1IIsSI — 1,432 M, HOMIHAJIbEHA
MOTYXHICTh IBUTYHA — 63 KBT, KoedilieHT aepo-
JUHAMIYHOTO oropy aBromo0inst — 0,35. Pexxum
NepeMUKaHHs [epeiay: Iepiia neperaya 3a1isHa

mpu pyci Big 0 10 30 km/rox, apyra — Big 30 10
55 xM/ron, Tpetsa — Bix 55 mo 90 km/roj, dyeTBe-
pta — Bix 90 mo 120 xm/rom, m'sita — moHax 120
KM/TOJI.

HowmiHaneHy MOTYKHICTH JBUTYHA BHYTpIll-
HBOTO 3TOPSIHHA 3a/laBajiu B Mexax Big 40 1o
80 xBt. ATMOC(epHI IBUT'YHH TaKOI MOTYKHOCTI
MOKHa 0€3 iICTOTHHX MpOoOJieM BCTAHOBUTH B Ti-
JIKAIIOTHUN TIpocTip aBToMOoO1s1 Daewoo Lanos.

Macy aBTOMOOIIST 3MIHIOBAJIM B MEXKaX BiX
1000 o 1500 xr. BRaskainu, 10 MiHIMaJIBHY Macy
3TiJTHO MacopTHOI XxapakTepucTuku 1200 kr mMo-
>kHa 3MeHHTH 10 1000 KT 3aCTOCYBaHHSIM ITa-
CTHUKOBOTO 200 aIFOMiHI€EBOTO OOJIHIIOBAHHS KO-
pIyCy, 3aMiHM YaBYHHOT'O OJIOKY LIMUTIHAPIB IBU-
ryHa Ha 0JIOK 3 aJIIOMiHIEBOTO CIUIaBy. Makcuma-
JpHA Maca aBTOMOOLIA 3 MMOBHUM HaBaHTa)KEH-
HaM — 1500 kr. i 3anumum 6e3 3Min.

CraTtuvHui pajiyc KOJIC BapiloBalld B MEXKax
Bix 0,24 mo 0,32 M. Taki kojeca MOXKHa 3aCTOCY-
BaTH 0e3 3HaYHHNX MepepoOOK KOPITYCy aBTOMO-
ois.

3riHO 3 TaHUMU JITEPATYPHOTO OTIIATY KOe-
¢bimieHT aepoaUHAMIYHOTO OIOPY 3aTaBaBCs B
Mmexax Big 0,2 mo 0,35. Taki mapameTpu MarOTh
ICHYFOUI KOHCTPYKIIiT aBTOMOOLIIB, OTXKE iX MO-
JKHA pealti3yBaTH Ha JOCIITHOMY aBTOMOOLII.

[Tpn nepemukaHHi epenad po3rISIIATNCS TPH
BapiaHTH, K BiAPI3HAIOTHCS IIBHAKICHUMH ia-
Ma30HaAMH aBTOMOOLISA TpH TepeMukanHi. Kpim
ba3oBoro (Ha3BaHMid «BapiaHT 2») HOCIHIIKyBa-
BCS BapiaHT, KOJIM Tepllia repeaaya 3a/isHa Ipu
pyci Bix 0 mo 20 xm/roxm, apyra — Big 20 g0
45 xm/ron, TpeTs — Bix 45 no 70 km/rom, deTBe-
pra— Big 70 mo 100 xm/roa, m'sta — TOHA.
100 km/ron (uelt BapianT HazBaHui «BapiaHT 1»)
1 BapiaHT, KOJIH TIepIla Nepeaaya 3a/1isiHa Ipu pyci
Bix 0 mo 40 xm/rox, mpyra — Big 40 mo 65 km/rox,
Tpers — Big 65 mo 110 xkmM/roj, yeTBepTa — Bij
110 no 140 xm/rox, m'ara — moHazn 140 xkm/rox
(meii BapiaHT Ha3BaHUi «BapianTt 3»).

Pesynbratu po3paxyHKy BIUIMBY HapaMeTpiB
aBTOMOO1IS Ha HOTO MPUHOMHUCTICTH HaBeIeH] Ha
puc. 4.

AHaui3 pe3ynbpTaTiB po3paxyHKy [TOKa3as, 1110
HaOIBII CYTTEBO 3 PO3TIISTHYTHX ITapaMeTpiB Ha
NPUHAOMHUCTICTH aBTOMOOLIA BIUTMBAIOTH HOTYX-
HICTh JBUTYHA 1 Maca aBTOMOOLIA. B macu
aBTOMOOUTSA Ha TpUHOMHCTICTD NiHiMHKA. [Ipu
3MEHIIIEHHI Macu aBTOMOOuUIs Ha koxHi 100 kr
gac po3rony g0 100 xm/rox 3meHIyeTbes Ha 1,5
c. BrumB moTyHOCTI JBUTYHAa Ha MPHHOMHC-
TICTh HEJIIHIAHUHI. 301IbIIIEHHS HOMIHAIBHOT 10~
TYXHOCTi JBUryHa Ha KOxHi 10 kBT npu3BoanTsb
JI0 3MEHILIEHHs Yacy po3roHy Ha 2—8 c. Benwmki
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3HAYEHHS BiIHOCITHCA A0 Jiana3oHy MajuX IO-
TY>KHOCTEH, MEHIII — JI0 Jlialia30Hy BiJJHOCHO Be-
JIMKUX TOTY>KHOCTEH.

KoedirmienT aepogmHamMiqHOTO OIOPY 1 BH-
coTa aBTOMOOLIS Ha MPHUUOMUCTICTH IBUTYHA
BIUIMBAIOTh HECYTTEBO. lle MOSCHIOETBCS THM,
IO 3a3HAueHi MapaMeTpH BH3HAYAIOTH CHITY
omopy moBiTps. OmHAK HAa IIBUIKOCTIX [0
100 xM/roj TUTOMUI BHECOK CHJIA OIOPY TOBi-
TPs B 3aTJIBHHIA OITip PyXy IpH PO3TOHI HE 3HA-
yauid. OCHOBHA CKJIaJI0Ba CYMapHOTO OIOpY —
cuJIa iHepiii.

3 puc. 4 BUAHO, IO 3MEHIIICHHS pajiyca KOJIic
Ha KOXKEH CAHTHMETP MOKPAIIY€E Yac PO3TOHY aB-
ToMOO1s1 pubnu3Ho Ha 1 c. lle mosicHIoeThCs
THM, 1[0 TIPY HE3MIHHOMY TIE€PeIaBATBHOMY BiJi-
HOIIICHHI JIBUTYH IpaIffoe Ha OLIBIIMX 000poTax
KOJIIHYACTOro Baja. K HaACHiOK, JOCSATAETHCS
BEJIMKa MaKCHMaJlbHA MOTYXHICTh 1 TATOBE 3Y-
CHILIISL.
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Puc. 4. Binue napamerpi aBromMo0isst Daewoo
Lanos Ha wuac posrony Big 0 g0
100 xm/ron: a — dYac mEpeMUKAHHA
nepenad KIIIT ; 6 — Bucora aBTOMOOLIS;
B — HOMIHAJIbHA TIOTY)KHICTh JIBUT'YHA,;
I' — CTaTUYHUI pajiyc Koiic; I — maca
aBTOMOOLIS; € — aepoAMHAMIYHHHI OIIip.
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OnHak CJIij 3a3HAYMTH, 110 LeH 3axig IOJIil-
IICHHS MTPUMOMHUCTOCTI € HeOaKaHUM, OCKLIBKH
OJTHOYACHO 31 3MEHIIICHHSM PO3Mipy KOJIIC 3pOoc-
Tae 3HOC MPOTEKTOPIB, BUTPATH HA TEPTS B J(BU-
TyHi 1 TpaHCMicii, a OTXe, 3pocTae MUTOMa BU-
Tpara majuBa i 3MCHINYEThCS HAIINHHICTh aBTO-
MoO1Ig B mistomy. KpiM Toro, moripuryerbest Ko-
M(OPTHICTh KEpyBaHHS aBTOMOO1JIEeM BHACIIZIOK
301IbLICHHS BiOpaliil pH pyci Mo AOPOKHBOMY
MOKPUTTIO.

BucHoBxku

IIpencrasiena B poOOTI MaTeMaTHYHA MOJIEIH
JTO3BOJISIE BU3HAYATH ITOKA3HWKH JBUTYHA 1 aBTO-
MOOIJIsl B TIPOIIECI PO3TOHY, BPaXOBYBAaTH BILIWB
Ha I[i TIOKa3HUKU KOHCTPYKTUBHHUX 1 pEryJroBa-
JHHUX TTapaMeTpiB IBUTYHA 1 aBTOMOOINISA, BUKO-
HYBaTH ONTHUMI3aIliiiHI JOCTIKEHHs. 3 BUKOPH-
CTAHHSAM JIaHOI MaTeMaTUYHOI MOJIEN] BUKOHAHO
aHaji3 BIUIMBY Ha TUHAMIKY pPO3TOHY KOHCTPYK-
THBHHX TlapaMmeTpiB aBToMoOis. [TokazaHo, o
HaANOIBIIION MIPOO Ha JMHAMIKY PO3TOHY BILIH-
BalOTh Maca aBTOMOOLJISA 1 HOMiHAJIbHA ITOTYXK-
HICTh ABUTYHA. BITHB iHIHMX ITapaMeTpiB HE Ha-
CTUTbKK icTOTHWE. J[aHO OOTPYHTYBaHHSI OTpH-
MaHUX Pe3yJIbTaTiB.

Po3pobnena mareMaTHdHa MOZENh MOXKE
OyTH BHKOpHCTaHa Ha CTaJliIX €CKI3HOTO Ipoe-
KTy aBTOMOOUIS, TONEepeIHbOT0 OOTPYHTYBaHHS
KOHCTPYKIIi] 1 MTapamMeTpiB CHIIOBOi yCTAaHOBKH.

HampsiMmoM momanbIioro AOCHTIKEHHS € JI0-
MOBHEHHS MPEICTaBICHOT MOJIENI I IMOCIISIMU
pobodvoro mporiecy i AMHAMIKH IBUTYHA BHYTpI-
IIHBOTO 3TOPSIHHS, KPYTHWJIBHUX KOJHBaHb CHUC-
TEeMH KojliHuacToro Bany JIB3, yrouHeHHM 1 10-
TIOBHEHHSM KOE(]IIi€HTIB pO3paxyHKOBUX 3alie-
JKHOCTEH NIl YpaxyBaHHS YMOB PYyXy aBTOMO-
ol
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Simulation of a car parameters impact on the
process of its acceleration

Abstract. Goal. The purpose of the work is
mathematical modeling of Daewoo Lanos passenger
car acceleration dynamics. Methodology. The
mathematical model is based on the methodology of
E.A. Chudakov and N.A.Yakovlev. According to this
method, the main factor that determines the current
value of vehicle acceleration at an elementary speed
section is the dynamic factor. This factor depends on
the traction force, the air resistance force and the
weight of the vehicle. The paper proposes formulas for
determining the dynamic factor and parameters of

vehicle acceleration at an elementary speed section,
where gear shift takes place. The model is
implemented in the MATLAB software environment.
The software product allows to determine the
parameters of the car during acceleration to the
maximum speed when the engine is running at the
external speed characteristic modes. Results Based on
the results of mathematical modeling for the Daewoo
Lanos car, the loads arising in the drive of the car
were analyzed. It is shown that the tractive effort is
mainly spent on overcoming the inertial forces, which
at the beginning of the movement exceed the
resistance forces of the road and air by more than 50
times. With an increase in the vehicle speed, the
inertia force decreases and at a speed of 100 km / h it
is only twice the other load components. It is shown
that with the accepted initial data, the Daewoo Lanos
car accelerates to 100 km/h in 17.7 s, which
corresponds to the experimental data. The influence of
the mass of the car, the rated power of the engine, the
mode and time of gear shifting, the radius of the
wheels, the height of the car, the coefficient of
aerodynamic drag on the dynamics of acceleration of
the car is analyzed. It was revealed that the vehicle
weight and the nominal power of the engine affect the
dynamics of acceleration from 0 to 100 km/h to the
greatest extent. The influence of other parameters in
the indicated speed range is not somewhat significant.
The explanation of the obtained results is given.
Practical value. The mathematical model presented in
the work allows to determine the parameters of the
engine and the car during acceleration, take into
account the influence of the design and adjusting
parameters of the engine and the car on these
indicators, and carry out optimization studies.

Keywords: car dynamics; receptivity; mathematical
modeling; drive unit; car parameters; load.
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JIarHOCTHKA TEXHIYHOI0 CTAaHY i MIPOrHO3YBAHHS
0e3aBapiiHO rapaHTOBAHOI0 HANIPAUKBAHHS
3y04acTHX KOJIIC BA%KKO HABAHTAXKEHUX MAIUH

Taiinamaka A. B.!, Mysukin 10. 1.}, Kaitnoii B. B.!

'Hanionansnuii TexHiuHMi yHiBepcUTET «XapKiBCHKUH MOMITEXHIYHMI iHCTHTYT», YKpaiHn

Anomauia. Y cmammi npoananizoeano ymosu pobomu 3youacmux nepeoay 6axdcKo HA8AHMAICEHUX
Mawiun. /lano o0ensd cywacHux nioxooieé 6 OyiHyi MEeXHIYHO20 CMAHY 3YOUACmUX KONIC 34 pieHeM
HAKONUYEHUX 8MOMHUX NOUWKOOMNCEHb 8 npoyeci excniyamayii. B xo0i ananizy cy4acHoi mexHiuHoi
Jimepamypu 6CmMaH08IeHO 084 NEPCHEKMUBHUX CROCOOU OIAZHOCMUKYU TMEXHIYHUX 00 €KMIG 3a pigHem
HAKONUYEHUX GMOMHUX NOUIKOOJICEHb 8 eKChIyamayii, a came 0ilazHOCMUKA 3a meepoicmio Memany i
JdiaeHoCmuKa 3a napamempamu Mazrnimuoi nemnui cicmepesucy. Po3pobieno anzopumm npogedeHHs
0iazHOCMUKU MEeXHIYH020 CMAHy | NPOSHO3VEaHHsA 0e3a8apiliHo 2apaHmo8ano20 HANPaYio8aHHs
3y0uacmux KouiC 6adCKO HABAHMAICEHUX MAWUH, 8 OCHO8Y fKO20 NOKIAOEHI 3anponoHO8aHd
npoyeoypa 0ia2HOCMUKU 30 BUMIPIOBAHHAM MEepOOCmi Memarny, KA GKIOYAE N aMmb OCHOGHUX
emanis: 6ubip npubopy, 6ubip cxemu SUMIPIOBAHL, GUOID YUCIA 3aMIpi6, KIILbKOCMI [ 63AEMHO20
PO3MAULYBAHHA MOYOK GUMIDIOBAHHA, PO3POOKY KOHCMPYKYIl Wabniony 01 6UMIPIOBaHb, pO3POOKY
npucmocy8anns O KpinjieHHs wadioHie i MemoOuka npocHO3Y8aHHA 3 YPAXY8aHHAM cmaodii
NPURPAYIO8AHHS I CMAOINbHUX 3a NIHIUHOW QYHKYIE HAKONUYEHHS NOUKOOHCEHb 8 eKCILyamayii.

Knrouoei cnoea: Oiacnocmuxa, mexHiuHUuili CmaH, NPOSHO3YBAHHSA, 2APAHMOBAHE HANPAYIOBAHHS,

3y6ltacme KoJleco, 6MOMHI NOUWKOONCEHHSL.

Beryn

B 11ifi ctaTTi BUCBITJICHO CYy4acHHUH CTaH 3 Jiar-
HOCTHKH 3y04YacTHX KOJIC 32 piBHEM HaKOIHYe-
HUX BTOMHHX IIOIIKO/DKEHb B TpOLeCi iX eKc-
rtyataiii. Lle BiJHOCHO HOBHI HampsiM J{iarHO-
CTHKM 3y0YacTHX KOJIC Ba)XKO HAaBaHTa)KCHHX
MaIllMH, HAMPHUKIA] aBTOMOOUIBHOI, TipHUYO-
PYAHOI Ta MeTamypriiHOi MPOMHCIOBOCTI. 3a
BKa3aHOI0 TEMOKO ICHY€E BiJIHOCHO HEBEJIMKa Ki-
JBKICTh MyOJiKamiid yepe3 MOMIUPEHICTh 1HIINX
JOCTAaTHHO PO3BUHYTHX HAMPSIMKIB JiarHOCTHKH
TEXHIYHOTO CTaHy, NpU3HAYEHHUX ISl mapu abo
rpynu 3y04acTuX KOJiC (peAyKTOpiB, TpaHCMi-
ciit). PazoM 3 Tum, y3araipHeHHS BigoMoi 1 ITy-
xKe oOMexkeHol iH(opMallii 1100 BHU3HAYCHHS
TEXHIYHOTO CTaHy OKpPEeMHUX 3y04acTHX KOJIicC
BAXKO HABAHTaKEHUX MAaIlIWH, OCOOJIMBO 3 Be-
JUKAMHU MOIyasMu (M > 20 MM), T03BOJISIE Ha-
MITHTH TIEPCHIEKTHBU PO3BUTKY 1 BIPOBAKEHHS
TaKoi JiarHOCTUKH TEXHIYHOTO CTaHy 3y0UacTux
KoJTiCc Oe3mocepeHbO B MPOIEC eKCILTyaTallii.

AnaJji3 myOaixanii

3y0uacTi Kojeca PEAyKTOpIB BaXKKO HaBaHTa-
JKeHMX MAIllMH, HamnpHkiaa OopToBa KOpoOka
nepeaay TaHKa Ha MaKCUMaJIbHUX MOTY>KHOCTSIX
abo TMpHBOJ BAJIKIB MPOKATHUX CTaHIB Yy 3BU-
YaHOMY peXHMMi MpaIIoI0Th 31 3HAYHUMH KO-
POTKOYACHUMH TEPEBAHTAKEHHIMH, y CEpeno-
BUIIII MIIBMIIICHOI BiOpallii Ta TeMrepaTypH dac-
TO 3 HEJOCTATHIM 3MAIlCHHSIM 1 HU3bKHM PiB-
HEM TOBITPSIHOI Ta TijpaBmiuHoi dimpTparii [1-
7]. Le cripuunHsie nepeayacHy MosBy BTOMHOTO
BUKPHIITYBAaHHS POOOYMX MOBEPXOHB 3YOIIiB KO-
Jic penyKTOpiB Ta BTOMHE iX pyHHyBaHHS. B
YMOBax BiJICYTHOCTI iH(OopMaIlii Mmoo AificHOTO
TEXHIYHOrO0 CTaHy 3yO4YacTHX KOJIC BKa3aHHX
PEAYyKTOPIB, 3 METOH BHKIIIOUCHHS aBapiiHOI
MIOJIOMKH, 1X 3aMiHa BHUKOHYETHCS IO 3aKiHUCH-
HIO 3aJIaHOTO CTPOKY ekcruryaraiii. [TigpuieH-
HSl e(DEeKTUBHOCTI BHPOOHUIITBA MOXKIUBE IPH
nepexosii BiA  IIAaHOBO-TIONEPEIKYBAILHOTO
00CIIyroByBaHHsI PEAYKTOPIiB 10 0OCIyroByBaH-
Hs 32 JIACHUM TeXHIYHUM ctaHoM. OTxe 1mocrae
HEOOXiZHICTh HAYKOBO OOIPYHTOBAaHOI'O BH3HA-
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YeHHS TEXHIYHOT'O CTaHy i MPOTHO3yBaHHS 0e€3-
aBapiifHO rapaHTOBAHOTO HAIPAIIOBAHHS 3yO4a-
CTHX KOJiC Ba)KKO HABaHTAKCHUX MAIIIWH.

TexHIYHMIA CTaH MallWH B eKCIUTyaTaiii BU-
3HAYA€THCS HA OCHOBI 3HAHHS 1H(POPMATHBHOTO
napametpy Texnidynoro crany (IITC), kpurepito
TPaHUYHOTO CTaHy 00’€KTY 1 pe3yNbTaTiB mepio-
IugHOrOo 49u Oe3mepepBHOTO KoHTpoio IITC.
[Tpu oliHII TEXHIYHOTO CTaHy 3yOUacTHX Tepe-
Jla4 IIAPOKO PO3MOBCIOJKCHI TaKi J{iarHOCTHYHI
nmapamMeTpH SK. IHTEHCHUBHICTH 3MIHH TeMIlepa-
TypH, KiHeMaTndHa ToxuOKa mepenadi, BiOpoa-
KyCTHYHI curHanu [8-14].

Peectpartiis 3MiHM TeMIiepaTypu 3y04acToro
3auerienns [9], Sx iHTerpanbHuii crmocib omiH-
KA TEXHIYHOTO piBHS BKa3ye JIMIIE Ha TOTip-
HIEHHS YMOB pPOOOTH 0e3 BCTaHOBJICHHS KOHK-
peTHOI mpuunHU. ToMy 1Iel MeTOX iarHOCTHKHU
MaJio ePEeKTUBHUIA.

MeTo/ OIIIHKK TEXHIYHOTO CTaHy 3y0uacTHX
nepenau [10], mo 6a3yeTbcs Ha aHami3i Xapak-
Tepy 3MiHH KiHEMAaTHYHOI MOXWOKHW Tepenadi,
JIO3BOJISIE€ BUSBIATH OJUHHUYHI IeeKTH 3yOIliB,
OLIIHIOBAaTH HEPIBHOMIPHICTh 3HOCY SIK TIApH, TaK
1 6araToCTyIIeHEeBOTO 3aUeIUICHHSI.

Bibpoakyctuunuii meron [13, 14] HaiOinbm
pPO3BHHYTHH 1 iHpOpMaTuBHHA. B nocmimkeH-
HSX BHIUISIOTH YOTUPU OCHOBHHUX ITapaMeTpH
BiOpamii pemykTopa, KO)KHOMY 3 SIKHX BiIIOBi-
Jla€ TIeBHUI BUJI TIOIIKO/XKEHHSI — BUKPHUIITyBaH-
Hl, TPIIIVHMU, CKOJTIOBAHHS, ITOJIOMKA.

3araJpHUM HENOJIIKOM JIBOX OCTaHHIX METO-
JIiB JIIarHOCTHKHM 3y04acTHX Tepefad € 3ajiex-
HICTh TOYHOCTI OIIIHKM TEXHIYHOTO CTaHy BIij
kBawi(ikamii giarHocTa, HOTo 3HaHb MPO OCOO-
JMBOCTI KOHCTPYKIIi i (YHKIIOHYBaHHS, a Ta-
KOXX TIpUpOJIU BiOpaniitaux npouecis. [Ipu mpo-
My aHalli3 Ta iHTepIpeTallis BiOpOaKyCTHYHUX
CUTHAJIIB Ma€ BEIHKY JIONI0 CyO €KTHUBI3MY B
po3mudpoBii TUNY JedeKTy i HOoro KinbKicHOT
ouinku. KpiM TOro, Ko)eH 3 BUILEBKa3aHUX Me-
TOJIB JIa€ iHTErpalibHy OILIHKY JJISl TPYIH KOJiC
1 HE JI03BOJISIE BUSBUTU TEXHIYHHMU CTaH OKpe-
MOTr0 3y04acToro KoJieca, OL[IHUTH 3HOC YU BH-
KpHIIIyBaHHS HOTO 3yOIIiB.

V 3B’s13Ky 3 BUIICBKA3aHUM, OCTAHHIM 4acoM
3’SIBUIINCSL HANpPSIMKH  JIaTHOCTHKH OKPEMHUX
TEXHIYHUX OO0 €KTIB 3a piIBHEM HAKOINMUYEHHX
BTOMHUX ITOIIKOJDKEHb B ekciutyaramii [15, 16].
HaiiGinpin akTyaJlbHUMH B paMKax mpoOieMa-
TUKH, 10 PO3TJIIAETHCS 0ayaThesl HANPSMKU
JIarHOCTUKH 3a TBepaicTio Mmerany [17-20], 3a
napamerpamu jaedopmaniiiHoi [18, 21, 22] Ta
MAarHiTHOI IeTens ricrepesucy [23-26].

3MiHa BJACTUBOCTEH TIOBEPXHEBUX ILAPiB
MeTajy 3yOuacTuX KOJIC B eKCIUTyaTamii MOxe

OyTH y3araJIbHCHHM Ji1arHOCTUIHUM KPHUTEPIEM.
Bumiproroun B Tporieci TJIAHOBO-
noTepeKyBalbHUX PpOoOIT, HANpHKIaa TBEp-
JICTh MeTally 3yOIliB B 30HAX MOXJIMBOTO PYH-
HYBaHHA, 1 TMOPIBHIOIOYM OTPUMaHI 3HAYEHHS 3
TPaHUYHO JOCSTHYTOIO TBEPIICTIO NEPEKTHOTO
KoJieca, OIIHIOITh WOro TexHiynuil cran [17].
OpHak mpu 3aCTOCYBaHHI HaNPSMKY JiarHOCTH-
KA 32 TBEPAICTIO METaly SK IiarHOCTUYHOTO
IHCTpYMEHTY IJIsl BUMIPIOBaHb Ha Micli Tpeba
BpPaxOBYBAaTH, 110, SIK BIJIOMO, SIBUILE BTOMH €
YYTIVBUM MIOAO0 BM SITHH ab0 IHIMNX PO3PHBIB
Martepiaiy, SKi CIPUYUHSAIOTH KOHLIEHTpalii Ha-
MPYKEeHb, 1 MOXYTh YTBOPIOBATUCH IPH BUMi-
proBaHHI TBepAOCTi. BukopucTanHA CcydacHHX
NpUIagiB Ui 3aMipiB HiBEJIIOE 3a3HaueHi HelO-
JKW METOMy, TAKUM YWHOM, MOXKHA CTBEPIKY-
BaTH, II0 METOJl MO>KHA BBaXXKaTU HEPYHHIBHUM.
Kpim Toro B po6oti [27] yTOYHIOIOTb, IO OCKi-
JILKY TIOJIIPYBaHHS 3pa3ka, MOIIKOHKEHOTO BTO-
MITIOBAHHSIM, YaCTKOBO, SIKIIO HE MOBHICTIO, BU-
Jlaisie TTOBEpXHEBi 3epHa, 3arapToBaHi xedop-
Malli€to, TOMy, 38 MOJIMBOCTI, 3pa3Ki OBUHHI
OyTH BiIULTIPOBaHI EIEKTPOXIMIUHUM METOOM,
1€ CIIiJ BUKOHATH TIepe]] IPOBEICHHIM ITHKIIid-
HOI 00poOku. BpaxyBaBiim 3a3HaueHi BUMOTH
NIpY MIPOBENEHI 3aMipiB TBEPJOCTI CIIijl 3a3HAYUU-
TH AyXe TapHY KOPEIAIII0 Pe3yabTaTiB 3aMipiB
3 TIpoIlecoM BTOMHOTO pyliHyBaHHA [18]. TexHi-
YHHUI CTaH JeTai, 3TigHO 3 maTeHToM [21], Mo-
JKHA BU3HAYHTH 1 32 KOe(ilieHTOM BHYTPIIITHBO-
TO0 pO3CiIOBaHHS €Heprii JOCIIIHOTO 00’ €KTy
NUISIXOM BUMIPIOBAaHHS KOEPUUTHBHOT CHIIM —
iH(OPMATUBHOI XapaKTEPUCTUKU TICTEPE3UCHUX
BrHactuBocTe Meramy. KoedimieHT BHYyTpim-
HBOT'O PO3CIIOBAHHS €HEPrii JeTalli MOPIBHIOKOTH
3 JaHMUMHU EKCIIEPHUMEHTAJIbHOI KPUBOI, paHilie
oTpuMaHoi s aHanorignoi gerani 31 100% pe-
CypcoM, TICJSI YOTO0 BHW3HAYAIOTH Oe3aBapiiiHO
rapaHTOBaHE HAIPAIIOBAHHS JETali.

Meton BU3HAYECHHS 3aJIMIIKOBOI HaMarHide-
HOCTI MeTalry JieTaini 0a3yeTbcs Ha TiCHIH Kope-
JAIIHHIA ~ 3aeKHOCTI MK  CTPYKTYPHO-
YyTIUBHUMH MarHiTHAMH MlapaMeTpaMy MeTamy i
BEJIMYMHOI0 MEXaHIYHOTO HaNpy>KEHHs. 3ajMIl-
KOBHI pecypc METaJlOKOHCTPYKIIii 3a pe3ysibTa-
TaMH MAarHiTHOTO KOHTPOJIO BH3HAYAIOTH 3a
MONIEPEHBO BCTAHOBJICHOIO EKCIEPHUMEHTAIIb-
HOIO 3aJISKHICTIO BEJIMYMHM MAarHiTHOTO mapa-
METPY BiJ KIJBKOCTI LHMKJIIB HaBaHTaKCHHS.
[Iupoko 3acTocOBaHWN MAarHiTHHH MapameTp —
KOEpLUHUTHBHA CHJIa Ma€ BHUCOKY YYTJIUBICTb IO
3MIHU CTPYKTYpH METaly TPH HaBaHTAKEHHI:
MPUPICT BEIUMYMHU KOCPIMTUBHOI CUIIM Bijl BU-
X1IHOTO TMOJIOXKEHHS 0 CTaHy pPyHHYyBaHHS, 3a-
JISKHO BiJ Mapku Marepiany, carae 100—-400%.
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IIpu BUKOpHCTaHHI 3a3HAYCHOTO METOAY Tpeba
BpaxoOBYBaTH, IO BiH MpaIio€ TUTBKA I (e-
POMAarHiTHHX MartepiaiiB, TakoK y podori [28]
NPUHIIIN 10 BUCHOBKY, III0 TTAPAMETPH TicTepe-
3WCY 3a3BHYail HE IEMOHCTPYIOTh 3HAUHHUX 3MiH
no ocranHix 10-20% TepMiHy cinyx0u npu
BTOMHOMY pyHHYBaHHI, TOOTO BHUKOpPHCTaHHS
METOIy 332 MEXEI0 TeKy4dOCTi MoTpedye dyTiu-
BOro o0iagHaHHsA. METOZOM MarHiTHOI CTpPYK-
TYpOCKOMIii BU3HAYEHO 3aJHIIKOBHIA pecypc Oa-
raThOX METAIIOKOHCTPYKIIN: OamTOBHUX, KO3JO-
BHX, MOCTOBHMX KpaHiB, IPOKATHUX BajKiB [29—
31]. HopmaTtuBHOIO 023010 ILOTO METOAY €
Mixkuapomuuii ctaagapt ICO 4301.

MeTa Ta IOCTaHOBKA 3agadvi

MeTtor poboTH € po3po0Ka aNrOpUTMY IMPOBE-
JICHHS TIaTHOCTUKY TEXHIYHOTO CTaHy i MPOTHO-
3yBaHHs Oe3aBapiiHO rapaHTOBAHOTO HATpAaIlto-
BaHHS 3y04acTHUX KOJIC Ba)KKO HaBaHTAXKCHUX
MaIluH.

JIns NOCSTHEHHS TMOCTaBJICHOI MeTH cop-
MYJIbOBAaHO HACTYITHI 33]1a4i:

® pO3poOUTH TpOLEAYPY AIarHOCTHKH TEX-
HIYHOTO CTaHy 3a pe3yibTaTaMd BH3HAYCHHS
PIBHS HAKOMMYCHHX BTOMHHUX IOINKO/XKCHb B
eKCILTyaTallii;

e BHOpaTH METOAWKY MPOTHO3YBaHHs Oe3a-
BapiiiHO rapaHTOBAHOTO HAPAIFOBAHHSI.

IIpouenypa Ta MeTOAMKA NPOrHO3YBAHHS
0e3aBapiliHOro-rapaHTOBaHOIO
HANPANOBaHHS 3y0UacTUX KOJIic

B wiii gacTuHi poOOTH MOKa3aHO PO3BUTOK CIIO-
co0y /iarHOCTUKU 3y0YacTHX KOJIC 32 BHUMIpIO-
BaHHSM TBEPJIOCTI METally MOBEpXHEBUX IIApiB
y 30Hax, Jie MOJIMBI BOTHHIIA pyiHyBaHHsS. B
nyOmikarii [17] Bka3zaHO 30HM BHUMIPIOBaHHS
TBEPJOCTI 3yOlLls, SKi PO3TAllIOBAaHO B MeEXKax
fioro TopueBoi moBepxHi. OmHAK MpH LBOMY
BiJICYTHI PEKOMEHJAIlii BiJIHOCHO YHCIa JOCi-
JIiB, KUIBKOCTI 1 B3a€EMHOT0 pO3TAlllyBaHHS TO-
YOK BUMIprOBaHHs. Big uncna mocmifiB mo 3ami-
Py TBEpAOCTI MeTally 3a BECh NEepioj Halparo-
BaHHS aX JI0 TPAaHUYHOTO CTaHy MOSIBU BTOMHHUX
pyHHYBaHb B OKOJHIII JAUIMIBHOTO JiaMeTpy
(puc. 1, 30Ha 1) un BTOMHMX pyHHYBaHb Yy HiX-
ki 3yous (puc. 1, 30Ha 2) 3aJICKUTh TOYHICTH
noOynoBu (yHKIIT BUYepnaHHs pecypey. [Ipu-
MYCTHBILY, 10 BUYEPIAaHHs pecypcy 3yOuacrto-
ro KoJyieca SABJsie CO00r0 (DYHKIiTO, sIKa HE 3pOC-
Ta€, MOKHAa OOMEXHTHCS  MIiHIMaJILHUMHU
(’sTHMa) HOCTiaMU, 10 BU3HAYAIOTH Oy Ib-SIKY
KPHBY JIPYyroro mopsiaky.

Puc. 1. Topeus 3yOrs 3 30HaMU BUMIPIOBAHHS
TBEPIOCTI

Sxmo € HexapakTepHI 3HAYCHHS TBEPIOCTI
OKPEMHX TOYOK, HEOOXiTHO MPOBECTH JI0JIaTKO-
Bi BUMIpIOBaHHS OJU3BKO BiJl MOTIEPEHIX, OCKi-
JTBKA MOXYTh OYTH HE TITBKH MOMHIIKHA BHMi-
pIOBaHb, ajie i HEOJHOPIAHICTH MeTamy. Tomy
KUIBKICTh TOYOK BHMIpIOBaHb B KOXXHOMY JOC-
T BiANOBIAHO 0 pekomeHaltiii [17] moBuHHO
OyTH HE MEHIIIE TPHOX...IT SITH.

B3aemHe po3TamryBaHHs TOYOK BHUMipIOBaHb
Yy KOXKHOMY JIOCIifli BH3HAYAETHCS METOI0 J[0C-
JKEHHS, METOJIOM BHUMIpPIOBaHHS Ta THUIIOM
TBepaoMipa. [Ipu BUMiptoBaHHI TBEpIOCTi Bijc-
TaHb BiJ Kpaio poOovoi moBepxHi 3y04acToro
KoJieca IO IEHTPY MepIIoro BiIOUTKY iHIEHTO-
pa TBepIOMipa, a TAKOX MK CYCITHIMHU BiJIOUT-
KaMH TIOBUHHO OyTH HE MEHIIE TPbOX AiaMeTpiB
BIIOUTKIB. 301IBIIIEHHS BiACTaHEH MK TOUKAMU
BHUMIPIOBaHb TOTIPIIYE TOYHICTh OLIHKH TEXHi-
YHOTO CTaHy 1 yTPYJHIOE ITPOTHO3YBAHHS 3aJTH-
IIKOBOTO pecypcy 3yOuacToro koseca. Yci me-
pepaxoBaHi BUMOTHY 10 BU3HAYEHHS TBEPJOCTI y
JIOKQJILHUX 30HAaxX 3yOI[iB 3axHINEHI MaTCHTOM
[32], sixmii 3abe3meuye HEOOXiIHY TOUHICTD JTia-
THOCTUKH 1 BHU3HAYEHHs Oe3aBapiifHO rapaHTO-
BaHOT'O HAIPAIIOBAaHHS 3y04acTUX KOJIiC.

YKopcTki BUMOTH J10 BifIcTaHEH MK TOUKaMU
BHUMIPIOBaHb MOTPEOYIOTh BUKOPUCTAHHS CITEIli-
AIBHUX MIA0JIOHIB 3 MOXKIIMBICTIO 1X OJJHOMAHIT-
HOT'O [EHTPYBaHHS 1 3aKpilJIeHHs] Ha 3y04acTo-
My KOJIeCi ITiJ] 9ac JTOCIiIiB.

BumiproBaHHs TBepAOCTi 3yO11iB MOXKYTh Oy-
TH TIPOBEJICHI 1 Ha POOOYMX MOBEPXHSX 3yOIliB —
HABKOJIO TIOJIFOCHOI 30HM 1 01J1s1 KOpeHs 3y0a.

OTxe, mpolenypa AiarHOCTUKU TEXHIYHOTO
CTaHy 3y04acTHX KOJIiC 32 BUMIPIOBaHHSIM TBEp-
JIOCTI MeTally MMOBHHHA BKJIFOYATH HACTYITHI OC-
HOBHI eTaIu:

1. BubGip nmpubopy — MOPTaTUBHOTO TBEp-
JloMipa;

2. BHUOIp cXeMHU BHMIPIOBaHb — 3 TOPILS YH
po00Uv0i moBepxHi 3yO11s;
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3. BuOIp uMciaa JOCHIIIB, KINBKOCTI 1
B3a€MHOTO PO3TAlIYBAHHS TOYOK BUMipPIOBAHHS;

4. po3poOka KOHCTPYKIi MmabJoHy JyIs
BUMIPIOBaHb B 30HAaX MOXJIHMBUX pPYHHYBaHb
3yOIIiB;

5. po3poOka mpuCTOCYBaHHS ISl KPiIUIeH-
Hsl 111a0JIOHIB.

IIporHo3yBanHsi 0Oe3aBapiiHOTO TapaHTOBA-
HOTO HampaIfoBaHHs 3yOuYacTHX KOJIC 3a pe-
3yJNbTaTaMH JIarHOCTHKH X TEXHIYHOTO CTaHy
BUKOHYETHCS 3a pekoMeHpamtisamu [33].

bezaBapiiine rapaHTOBaHE HaIpaIFOBaHHS
TEXHIYHOTO O0’€KTY II€ HAMpAI[fOBaHHS BIIPO-
JIOBK TEpMiHy, IO 3a0e3nedye 30epexeHHs Ta-
pameTpiB HOPMAaTUBHO-TEXHIYHOI JTOKyMEHTAIIil.
[TporHo3yBanHsi Oe3aBapiiHOrO TrapaHTOBaHOTO
HAMpPAIfOBaHHA MOXIINBE TPU HASBHOCTI TPHOX
ymoB — Bigomuii IITC, MOXIHMBICTh TIepiognd-
Horo (HemepepBHOro) koutpomo I[ITC, Hase-
HICTh KPUTEPIil0 TPAHUYHOTO CTaHy.

IIporHo3yBaHHs TrapaHTOBAaHOI'O Harmpa-
IIIOBaHHS 00’ €KTY 3BUYANHO 3IIMCHIOIOTH 32
CXEMO¥0, 1110 300pa’keHa Ha puc. 2.

H

K‘ 2 3 T

L
0 4, t t,

Puc. 2. TunoBa cxema 3alle)KHOCTI BETUYMHU
(H) mnomxomkens Bim tepminy (T)
ekcrutyaranii: 1 — npunpanroBanus; 2 —
cTaOUIbHE HAKOMMYCHHS TIOIIKOHKCHb;
3 — IHTeHCHBHE pyWHYBaHHS

Y
A
A

Yepes neBHi nepiou ekcruryararii ti, ta.... ty
BUMIPIOIOTh MAaKCHUMaJIbHI BEJIWYMHH TOIIKO-
JoKeHb (3HOC, Aedopmaitist) hi, ho....An 1 ekcTpa-
MIOJIFOIOTH 3JIEKHICTH JI0 TPAHUYHO JIOIYCTUMOT
BEJIMUMHU TMTOMKomKeHH hn. Taxkuit cocid 1o-
3BOJISIE OTPUMATH JIOCTATHHO TOYHY OIHKY Ta-
PaAHTOBAHOTO HAIPAIIOBAHHSA, SKIIO Bijoma 3a-
aexHicTb h(t).

B miit poOoTi mporHo3yBaHHS TapaHTOBAHOTO
HAIpAaIfOBaHHS 3y04acTHX KOJIC MPOMOHYEThCS
BUKOHYBATH 3 ypaxyBaHHSIM CTa il TIPUIIpaIIto-
BaHHSI 1 CTaOUIPHOrO HAKONMWYEHHS IOIIKO-
JDKeHb (JTiHIMHA (QYHKLIA), OCKUIBKK KoJieca
3HIMAIOTh 3 eKCIDTyartallii 3aB4acHO JI0 MOXKIIHU-
BOIO iX pyWHyBaHHsA. lIpumyckarouu, mo nom-
KO/DKEHHS (apamMeTp KOHTPOJII0) B 3y0UacTomy
KOJIECI HAKOMWYYIOThCS MOHOTOHHO 3a JIiHIH-
HOW (QYHKIII€IO, a TX JUcrepcis He 3MIHIOEThCS,

NpY TPOTHO3YBaHHI T'apaHTOBAHOTO HAMPAITIO-
BaHHsI BUKOPHCTOBYIOTh METO]I 32 CTaH/IapPTHU30-
BaHUMHU HOpPMaMH pPO3paxyHKy. BmemeHi mpu-
MYIICHHS CIpaBe/JIMBI B TOMY BHIAJKY, KOJH
napameTp KOHTPOJIO MiAMOPSAKOBYEThCS HOP-
MaJbHOMY 3aKOHY po3noaury. OCTaHHE cripaBe-
JUTMBE JUTsl TTOIIKO/DKCHB 3YOIIB, SIKi 3aJIeKaTh
Bif Oaratpox (haktopiB. IlpuuoMy BBakaeThCH,
0 KOXHHMH 3 (aKTopiB Ma€ pPiBHOBEIHKHMA
BIUTMB Ha TOSBY MOMIKO/KeHb, OTKE 3amporio-
HOBaHWMW BUJ (QyHKIII 3MiHH MapaMmerpa KOHT-
POITIO ILITKOM OOTPYHTOBAHHIA.

Jlinilfina ¢yHKIisE 3MiHU TTapaMeTpa KOHTpPO-
JIFO IPUMMAETHCS Y BUTIISIL:

Xt =c+¢,-1, )

ne C;,C,— KoedilieHTH JiHIHHOT (QyHKUii 3MiHU
napametpa; T=t —t,, 120, t; >0— nouarkose
3HAYCHHS HaNpaIlOBaHHS.

[TapameTp mnpu3HAaYeHHS (HANPUKIAZ TOII-
KOJ/IXKYBAHICTB) OIiHIOIOTH MO 3MiHi MapaMeTpy
KOHTPOJIIO 32 BUPA30OM:

yi =x(t)+&, i=1.N, @

e t,— 3HaueHHs HaNpaLIOBaHHS i-TUH TEpMiH
BuMiptoBanHs, t) <t <t,...<ty, & — HeoOme-

JKEHa BHIIAJKOBA BEIMYMHA 3 JHUCIEpCielo G-,
[0 CHMETPUYHO PO3TAIOBAHA BiTHOCHO HYJIbO-
BOr'0 MaTeMaTHYHOI'O OYiKyBaHHS a00 CHMETpPH-
YHO PO3IMOJIiieHa O0OMEKeHa BHIaJKOBa BEIH-
YuHa, AJIA SIKOT npu BCiX SHAYCHHAX HaIlpalro-
BaHHs BUKOHYETHCSI yMOBa:

—E<E(t)<E, 0<E<w. 3)

[Ipy pOMY YHCIO BUMIpIOBaHb BHOHMPAIOTH
3a ymoBu N >2m, ge M— KiIbKiCTh HEBiIOMHX
KoedillieHTIB 3aKOHY 3MiHH mMapaMerpa (peko-
meHayerscs N >11), a TepMiHM BUMipIOBaHb t;

— TaK, o0 BUMAJIKOBI BEIMYMHU &, Oymnu mpak-
TUYHO HE3aJICKHUMH.

PexomeHnyeTbCsl HACTYNHHM IOPSAOK NPO-
rHO3yBaHHS Npu N BUMIPIOBaHHSX BEIHYUHHU Y,
Yyepe3 OBUIbHI IHTEpBAJIN eKCILTyaTaLii:

1.  Po3paxoByIOTh BEIMYHHH:

Y:Zyi’Y :Z,Ti‘)’i- 4
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L 2
N N 2 ZTi
D:NZTiZ— ZTi ; Dy =E—;
i=1 i=1 D (5)
N
ZT‘ N
Dy, =D =— |=|1) ; Dy =—

2. Po3paxoByloTh

C,Cy

OLIHKH KOe(illi€HTiB

¢, =YDy +Y,-Dy,C =Y, Dy +Y, - Dy, (6)

3. Po3paxoByrOTh OIlIHKY CEpeHhOTO KBa-
JIPAaTUYHOTO BiAXUIICHHS:

N

o=>(Y-c-c,-t)/(N=-2). (7)

i=1

4. Po3paxoBylOTh cepeqHi KBapaTH4Hi Bi-
IXWIEHHS KoedilieHTiB C;,C, !

c,=04D,;, 0,=0,D,, . 8)

5. Po3paxoByroTh TapaHTOBaHi OIIHKH KO-
ediwienTiB C;,C, !

a,=¢*K-op; (9)
¢, =¢, £K-0,, (10)

ne K = 1,282 3 mosipuoro iimosipHicTio y = 0,9;
1,646 (y=0,95); 2,32 (y= 0,99); (+) 6eperbcs
npy 301UIBIICHH] MapaMeTpy MpU3HAYEHHS «II0-
IIKOJUKYBAHOCTI», (—) IPH 3MEHIIIEHHI.

6. PospaxoByroTh cepenHe (OUiKyBaHe)
Oe3aBapiiiHe HaITpaIOBAaHHS:

T, =(%,—a)lc—t,, (11)

Y

Ae Y,, — IPaHHYHE 3HAYCHHS [APAMETPY IPH3-

Ha4YCHHA, tK— HalpanroBaHHSI Ha MOMCHT

OCTaHHbOT'O BUMIPIOBAaHHSL.
7. Po3paxoByroTh rapaHTOBaHe Oe3aBapiii-
HE HalparoBaHHs:

T, =(Y%,—c ) e =ty (12)

Y

BucHoBku

3a aHai30M TEXHIYHOI JTiTepaTypH BCTAHOBJICHO
JIBa TIEPCIEKTUBHI CIIOCOOU JTiarHOCTUKH 3y04a-

CTHX KOJIC BaXKKO HABAaHTAKEHHX MAIIMH 3a
piBHEM HAKOMHWYEHHX BTOMHHX ITOIIKO/KCHb B
eKCIUTyaTallii: 3a TBEpPAICTIO MeTay i 3a mapa-
METpaMH{ MarHiTHO{ MeTJI TiCTepe3ucy.

Po3pobiieno mponenypy AiarHOCTUKH TEXHi-
YHOTO CTaHy 3y0YacTHX KOJIIC 3a BHUMIpIOBaH-
HSIM TBEPAOCTI MeTaly, sika BKJIIOYAE I’SITh OC-
HOBHHX €TalliB: BHOIp mpuOopy; BHOIp cXeMHu
BUMIpIOBaHb; BHOIp 4MCNa 3aMipiB, KINBKOCTI i
B3a€MHOTO PO3TalllyBaHHS TOYOK BUMipIOBAHHS;
PO3pOOKY KOHCTPYKIi MIA0NOHY Al BHMIpIO-
BaHb; PO3POOKY MPUCTOCYBAHHS ISl KPIiTUIEHHS
11a0JIOHIB.

BukopucTaHHS 3anpOIOHOBAHOT METOAUKH
MPOTHO3YBaHHS 0e3aBapiifHOTO TapaHTOBAHOTO
HaNpalroBaHHs 3y0UacTHX KOJIC 3 ypaxyBaHHAM
CTa/Iiif MPUIIPALIOBAHHS 1 CTAOUILHOTO 32 JIiHIH-
HOIO (DYHKITIEF0 HAKONMWYEHHS TIOIIKOKEHb B
eKCILTyaTallil moTpedye MiHIMaIbHO MOMIIUBUX
I’SITH AOCIIJIB IO TPhOM TOYKaM BUMIpPIOBaHb.
B mopiBHSAHHI 3 pO3BUHYTHUM BiOpPOaKyCTHYHUM
METOJIOM, TIPH BHUKOPHUCTAHHI SKOTO HEOOXiTHa
3HAYHA KiIBKICTh JAaT4YMKiB, Tak B poboti [18],
JUTS. BUSIBJIIGHHSI TIOIIKO/DKEHb 3aCTOCOBYBAIOCH
28 maTywWkiB, U1 JIOKajdi3alil MOIIKOKEHHS
BXKE 3HAHOOWIHCS 72 NaTYUKH.

[Ipu Bu3HaueHHI Oe3aBapiliHOrO rapaHTOBa-
HOTO HAITPAIIOBAHHS Ha OCHOBI JIEKUTPKOX KpH-
TepiiB TPAaHUYHOTO CTAaHy OCTATOYHE pPIlICHHS
NPUAMAETHCST IO TOMY KPHUTEpilo, SIKMi BU3HA-
4yae MiHIMaJbHUN TEPMiH.

IMopsika

Lls pobora mpoBoAMIaCh Yy paMKax JIOTOBOPY
Ne b® 1301 3 HartionanbHuM TeXHIYHUM YHiBe-
pcuTeToM «XapKiBChbKUH MOJMITEXHIYHUH 1HCTHU-
TYyT» Ha BUKOHAHHS 3aBJaHb IEPCIEKTHBHOTO
IUIaHy PO3BUTKY HayKoBOro Hanpsimy «TexHidHi
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HICHHS TEXHIYHOTO piBHS JeTaneldl Ta BY3IiB
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Diagnostics of the technical condition and
prediction of accident-free guaranteed operating
time of heavy loaded machines gear wheels

Abstract. Problem. This article highlights the current
state of diagnostics of gears on the level of

accumulated fatigue damage in operation. The
generalization of the known information on
determination of a technical condition of separate
gear wheels, especially with big modules (m> 20
mm), allows to outline prospects of development of
such diagnostics of a technical condition of gear
wheels directly in the course of operation. Goal. The
goal of this study is to develop an algorithm for
diagnosing the technical condition and forecasting a
fault-free operation of the gears of heavy-duty
machines. Methodology. The least squares method
and the confidence interval method are used to
predict accident-free guaranteed gear operation.
Results. A procedure for diagnosing the technical
condition of gears by measuring the hardness of the
metal has been developed, which includes five main
stages: selection of the device; choice of
measurement scheme; selection of the number of
measurements, number and relative position of
measuring points; development of a design of a
template for measurements; development of a device
for fastening templates. When determining the
accident-free guaranteed operating time on the basis
of several criteria of the limit state, the final decision
is made on the criterion that determines the minimum
term. Originality. The method of forecasting
accident-free guaranteed operating time of gears is
chosen taking into account the stages of running-in
and stable in linear function accumulation of damage
in operation. Practical value. The use of the
developed procedure for diagnosing the technical
condition of the gears of gearboxes of heavy-duty
machines will significantly increase the efficiency of
their operation due to the transition from scheduled
preventive maintenance to maintenance according to
the actual technical condition.

Key words: diagnostics, technical condition,
prediction, guaranteed operating time, gear wheel,
fatigue damage.
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AHaJIi3 Ta MporpaMHa peaJjiizauis

MOIU(PIKOBAHOT0 KpUNTOrpagpiyHoro mudpy
Bepnama ta mmmgpy Lezaps

dacroBens B. I.!

1XapkiBchKuii HalliOHATBHUI aBTOMOOIIBHO-TOPOXKHIH yHiBepcuTeT, YKpaiHa

Anomauia. B cmammi npogedeno awnaniz ma peanizo8aHi NpaxmuyHi nioxoou 00 RIOBUUJEHHS
iHmepecy cmyodenmis, sKi Hagyaomvcsa Ha cneyianvHocmi «Kibepbesnexay, 0o kypcy kpunmoepadii.
Obpano eHyuki memoou, wo 00380A10Mb Pi3Hi nidxoou 0o HasuaHHs. Peanizosano mooughikosarnuii
cumempuynull wugp Bepnama ma wugp Lesaps 3 suxopucmanusam KoHyenyii, wjo KOMOIHYE Cy4acHi

MOBU NPOSPAMYBAHHA MA NPUHYUNU
CcneyianbHOCMmsIX.

Knrouoei cnosa: wugp, kpunmoepagis,

Kpunmocucmemda, Ha64YaHHAL.

Beryn

CrporomHi y cBiTi iHQOpMamiifHUX TEXHOJOTIH
0e3 xopAoHiB Ta mU(poBOi TI00aNi3aMii MUTaH-
Hs iH(pOpMaliifiHOT Oe3NeKn CTOITh Ha MOPSAKY
JEHHOMY SIK HIKOJIM aKTyaJlbHO.

3 ormsimy Ha BeNMWYEe3HY KiJBKICTh Iepenad
JIAHUX Yy Cy4acHOMY CBiTi, IiATpUMyBaTH Oe3Iie-
Ky JaHUX HaJI3BHYAIHO BAXKJIMBO Ta CKJIJHO. Y
il poOOTI MPOMOHYETHCA JOCITIKEHHS Ta pea-
mizamis  Moau(}iKOBaHOTO KpHUOTOTrpadivHOTO
umppy Beprama ta mmdpy Lesaps, ki moxHa
BUKOPUCTOBYBATH ISl 3aXUCTy KOH(DiIEHIIHHOT
indopmarii [1-4].

ANTOPUTMU MPOTPaMHO Peai3oBaHi Ha MOBI
C++, 1X JOCITiIKEHHS MIPOBEJAECHO SKCIIEPUMEH-
TaJbHO, 1 PE3yJbTATHA OI[IHKH, a TaKOX IOPiB-
HSHHA 3 aHAJOTIYHMUMH PoOOTaMU JEMOHCTPY-
I0Th XOPOIIIi SIKOCTi 3aIPOIIOHOBAHOT CXEMHU.

VY po0oTi pO3rIsHYTO 3aXMCT JaHUX 3a JO-
MOMOTOI0 KpUNTOTpadivyHUX METOJIB Ta aJro-
pPUTMIB, 110 3a0e3Meuye Oe3MeKy JaHuX, 1110 Ie-
penarThes, Ta KOH(IASHIIHHICTD, IUTICHICTh Ta
noctynHicte iHpopmanii. Kpunrorpadiuni an-
TOPUTMH AISATBCS Ha JABI KaTeropii: Kpumoro-
rpadis i3 CAMETPUYHUM KITFOUYEM, JIe OJTUH KITI0Y
BUKOPUCTOBYETHCA SIK ISl IIMQPYBaHHS, TaK 1
i aemndpyBaHHs, Ta KpunTorpadis 3 acume-
TPUYHUM KIFOYEM: KOJH BUKOPHUCTOBYIOTHCS
JIBa Pi3HI KJIFOYi, OJIMH BHUKOPHCTOBYETHCS JUIS
mmpyBaHHA, a APYTUi — U1 AemnpyBaHHS.

npOcpPaAMY8aHHS,

Kpunmoepagii, sAKi cmyOeHmu 6uHaromv HA NPOQPITbHUX

CeKpemHUll KoY,  CHMItKiCmb,

AnaJi3 myOsikanii

[MocriiiHe MOMIMIIEHHS IHTEPHET 3B'A3KY CTajo
HEBIJ'€MHOIO YaCTHHOIO XXHUTTS, HAIPHKIA, Ha
po0oTi abo B HaBUAJILHOMY 3aKjaji, 1 HaBiTH
MIPY TIOBCSKJICHHOMY BUKOPUCTaHH1, HAIIPUKIIA],
HiJ 9ac JHUCTYBaHHS ENEKTPOHHOIO IOIITOI0 Ta
00MiHY MUTTEBUMHU MOBiIOMJICHHSIMHU.

3 pO3BUTKOM TEXHOJIOTii 30epiranHs Tta 00-
MiHy JAaHHMHU PI3HHMH CIIOCOOAMH TIO0 MEpexi
BiJ BiANIpaBHHUKA JI0 ajpecara MOCTAa€ MUTAHHI
3axucTy 1i€l iHopmallii B 3arpo3 adbo neper-
Ko/. 3axucT iHdopmarlii Mae 3iHCHIOBATUCS 32
JIOTIOMOTOI0 METOJIB 3aXHCTy, sKi 3abe3medy-
I0Th O€3MeKy JaHWX cepell 3aisTHUX CTOPiH
[5-7].

Indopmariiitna Oe3meka cTae Bce OUTBIT Baxk-
JIUBUM KOMITOHEHTOM OyAb-KOi iHpOpMariifHO1
cucrtemu. Jlani Ta iHpopmaltis, oo 30epirarTb-
Csl Ha CKJIaJIaX, MarasuHax, OaHKax, HiprHeMC-
TBaxX Ta MPOXOMATH 4epe3 KaHaJIM 3B'S3KY, IO-
BUHHI OYTH 3aXHUIICHAMH.

Bukopucranus kpunrtorpagiuHuX MexaHi3-
MiB 1 IPOTOKOJIIB MOX€E BHPIIIUTH OaraTo IMpo-
Osem Oesnexu (IUTICHICTh, KOH(IACHIIHHICTD,
JIOCTOBIPHICTH 1 HECTIPOCTOBHICTH iH(pOpMAIlii).

Xoua cmouyaTKy Kpunrtorpadiss BHHUKIA Yy
BIHCHKOBIM rany3i, HUHI ii BUKOPHUCTAHHS IIH-
POKO TIOIIMPHIIOCS Ha Pi3HI MBIIbHI chepH, K-
TO IHTEpHET-OAaHKIHT, JIep>KaBHI YCTaHOBH, eJie-
KTPOHHA KOMepIis Ta couianbHi Mepexi [8-10].
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Po3BuTok kpunTorpadigHUX TEXHOJIOTIH Mae
OesrocepenHii BIUIMB HA €KOHOMIKY, COITiaTbHI
Ta TIOJITHYHI aCIEKTH CYCIiIbCTBA. 3 OJHOTO
00Ky, TMOBCIOJIHE BHKOPUCTAHHS Kpurrorpadii
CHOTOJIHI MIABUINYE BAXKJIHMBICTH Kypcy Kibep-
Oe3neku B yHiBepcHTETi. 3 iHIIOI CTOPOHH, BH-
KJ1aaa4i 3 KibepOe3NeKn CTHKAIOTHCS 3 ACSIKHUMH
TPYJHOIIAMH B XO/Ii YUTAHHS IIbOTO KYypCy.

KiGepbesneka TicHO MOB'sI3aHa 3 IHIIMMHU Ha-
yKaMH; BOHA € TIEpETHHOM MaTeMaTuku, iHdop-
MaTHKH, KOMIT IOTEpHUX MepexX Ta 00poOKH ma-
Hux. OcHOBH  KpunTorpadii, omHiel 3 HaliBaXx-
JUBIIIMX CKIAJAOBUX KiOepOe3meKku, JIeKaTh
rIM0OKO B TaKMX NMPHUKIAJHUX HayKaxX, SIK TEO-
pis gmcen i abcTpakTHa anredpa.

OpHak OKpiM pi3HOI MATEMAaTUYHOI MiATOTO-
BKM, CTYyIEHTH MAalOTh I 1 pi3HI akajeMiuHi
intepecu. 1106 MaTH MOXIHBICTb BHBYATH
KpunrorpadidHi CHUCTEMH, CTYACHTH IOBUHHI
MaTH CHJIBHI MAaTEMAaTHYHI 3HAHHS, 0COOJIMBO B
TaKUX JUCIUILTIHAX, SK TEOpis 4mcen, adcTpak-
THa anrebpa, Teopis WMOBIPHOCTI i CTaTHCTHKA
[11-12].

Buia marematuka, JiiHiliHa anredpa € ayxe
BOXJIMBUMH TpeIMETaMU. AJle, SIKIO0 MH XOue-
MO 3a0XOTHUTH CTYACHTIB KpunTorpadiero, Tpeda
e(eKTHBHIllle BUKOPUCTOBYBaTH BCi acniekTu 1T
KJIacTepy. lneanpHO I HBOTO MiAXOIHUTH came
peaitizaiisi aNfrOpUTMIB Ta TIPOTpaM 3a JOIIOMO-
TOI0 MOB IIPOrpaMyBaHHSI.

IlepeBara xpunrorpadii 3 CHMETPUIHHM
KJTI0OYEM TIOJISIrae B TOMY, IO podoTa 3 UM Me-
TOJIOM JIy’K€ TpOCTa Jisi KOPUCTYBadiB, TaK SIK
Ui mHGPYBaHHS BUKOPUCTOBYETHCS — OJIH
KIIFOY, sIK 1 jns 1inedd gemudpyBanHs. Lleit
KITII04 Ma€ OyTH CEKpeTHHM i MOBHHEH OYTH Bi-
JOMUM TiBKH BIATIPABHUKY Ta OJEPXKyBady i
HIKOMY 1HITIOMY.

3 iHmoro 00Ky, y kpuntorpadii 3 BiIKpUTHM
KJTfo4eM € iBa Kirodi. OJMH KIIF0Y Ha3WBa€ThCS
BIJIKDUTUM KIIIOYEM, KU MOKe OyTH IOCTYII-
HUH OyIlb-KOMY, XTO XO4Y€ 3amudpyBaTH IOBi-
JOMJICHHS, a IHIIMH Ha3MBA€ThCS CEKPETHUM
KIIIoYeM a0 3aKpHTUM KIFOYEM, KM TIOBUHEH
30epiraTucs TUTBKH y OJIepKyBaya.

Ha »xanb, 11e BUKpUBa€e HEIOJIKUA OE3MeKH,
TakK SIK HUTICHICTh MN(QPYBaHHS MOBHICTIO 3aJie-
JKUTH BiJI HAIIMHOCTI MapOoJIs.

Xoua Maibke BCl yHIBEPCUTETH MalOTh Cy-
YacHI eNIEKTPOHHI JlabopaTopii 3 MepekeBUMH
KOMIT'IOTepaMH Ta JIOCTYIIOM JI0 IHTepHery,
NpaKkTUKa BUKJIaJaHHA Kypcy Kpumrtorpadii B
0araTbOX YHIBEpCHTETaX HE BKIIOYAE EKCIepU-
MeHTyBaHHS. L[ BiJICYTHICTh MPaKTHYHOTO 3a-
CTOCYBaHHsI Kpunrorpagii € OCHOBHOIO NPHYH-
HOIO BIICYTHOCTI iHTEpecy CTYAEHTIB A0 BUKO-

HaHHS IPAaKTHYHUX 3aBaansb [13-15].

Po3BuTOK cydacHHX Ta HANTIOMYISAPHIIIAX
MOB MPOrpaMyBaHHS HAJa€ MOMJIUBICTh CTBOPIO-
BaTH SIK KpANTorpadidHi TeCKTOMHI JOJATKH ITifT
omepaniiiHy cuctemy Windows Tak i MOOUTBHI
3aCTOCYHKM T omepaniiiai cuctemu [0S Ta
Android. 3aco6u x Web-miporpamyBaHHs 103BO-
JSIOTHh peaji3yBaTH Kpunrorpadiudi MeToaw Ha
MoBi JS ta Python. Ckpunt-iporpamu peaiizo-
BaHI Ha IMX MOBaxX MPOTrpPaMyBaHHS IOCTYIIHI
KOpHCTyBadaM 3 Opay3epiB Ta MeCEHIKepiB.

MeTa Ta IOCTaHOBKA 3a7a4vi

Mertoro poboTH € MiABUIIEHHS IHTEpECy CTyne-
HTIB, SIKI HaBYalOTHCI Ha crerjanpHocTl «Kibe-
poesneka», 1o xkypcy Kpunrorpadii. dyxe Ba-
JKJIMBO 1 KOPUCHO TPOITIOCTPYBAaTH, 1€ 1 SIKUM
YUHOM MOXKIIMBO CTBOPIOBATH IIPOTPaMHi peaiti-
3amii MeToniB muGpyBaHHA/JeMUPpyBaHHS, a
TaKOX HAaBECTH MPHUKIaIu Moaudikarii icHyro-
YUX AITOPUTMIB.

Jlns mOCSTHEHHS MOCTaBJCHOI METH HEOOXi-
JTHO BUPIIIMTH HACTYIIHI 3aayi:

- TIPOBECTH aHaJIi3 Ta pealizyBaTH MPaKTH-
YHI MiIXOAW JO IiIBUIICHHS 1HTEpPECY CTyIIeH-
TiB A0 Kpuntorpadii, MeToad TOBUHHI OYyTH
THYYKHMH Ta J03BOJIATH Pi3HI MiAXOAU A0 HaB-
YaHHS;

- peamizyBath MOAM(DIKOBAHUNA CHMETPUY-
Huit nmdp Beprawma,

- peamnizyBaru mmdp Llesaps.

AHaJi3 Ta mporpamMHa peaJisanis mudgpy
Bepnama

udp BepHama € cHCTEMOIO CHMETPUYHOTO
mmdpyBaHHs, i OyB 3alpONOHOBAHMI CITiBPOOi-
tHukamu AT & T T'mnebeprom Bepnamom i
Meimkopom  Ixozehpom  MobOopHoM B
1917 poui. Y 1949 pokax Oyma omyOiikoBaHa
pobota Kiona IllenHoHa «MaremaTnyHa Teopist
kpunTorpadii» , e BiH JOBIB a0CONIOTHY CTili-
kicTh mudpy BepHama i #1oro BHCHOBKOM CTajio
HACTyIHE TBepJpKeHHs: «uudp Beprama - Haii-
Oe3meyHina KpUNTOCUCTEMA 3 YCiX HasIBHUX).

Opnak mnst Toro mo6 mudp aidcHO OyB
CTIMKMM, HEOOXiIHO BUKOHAHHsS HACTYITHHX
TPHOX TPABUIL:

1. Kimou pns mudpyBaHHS BHOMPAETHCS
BUIIAJIKOBUM YHHOM.

2. JloBkyHa KJII04Ya IMOBMHHA JIOPIBHIOBATH
JTOBXKHHI BIJIKPUTOTO TEKCTY.

3. Kirou  moBHMHEH — BHKOPUCTOBYBaTHCS
TIJIBKY OJTUH Pas3.

VY xpunrorpadii mudp BepHama HazuBaroTh
TaKO «CXEMOIO OJHOPA30BHUX 3alMCHHKIB». Ha
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MPaKTHI MOXHA OIUH pa3 (Qi3UYHO IepeaaTH
HOCI# iH(pOpMAIlil 3 TOBI'MM ICTHHHO BMITaJKO-
BUM KIIIOYEM, a TOTIM, y Mipy HEOOXiTHOCTI,
nepecuiaty nosizomieHHa. Ha nipoMy 3acHoBa-
Ha ifes muQpo3anucHuKa: MU(PYBaTLHUK -
TUIOMATUYHOKO TIOMITOK a0 MpPU OCOOUCTIN 3y-
CTpiui 3a0e3meuyeThcs 3aMMCHUKOM, KOXHA
CTOpiHKA SKOT'O MICTHTH KiIF0Ui. Takuit ke 3amm-
CHHK € 1 y mpuiiMaio4oi ctoponu. Bukopucrani
CTOPIHKH 3HUILYIOTHCSI.

Iucdp Bepnama Oa3zyeTbcs Ha ABIMKOBIM
apudmernili. OCHOBHIUM O0O0'€KTOM pPO3TISAIY B
JaHOMY METoAl u(pyBaHHs € JOTidyHa omepa-
mis XOR (Bukmoune ABO). Takum unHOM, Tak
SK BHUKOPUCTOBYEThbCA ABIMKOBAa CHCTEMa YHC-
JIeHHs, TO BCi omepauii OyayTh 3IifiCHIOBAaTHCS
Haz HyneM (0) i onununeto (1). Jloriyna onepa-
it XOR na BinMiny Big onepamnii OR npwu nori-
yHomy nopiBHsHHI 0 1 1 mae 1, mpu mopiBHSAHHI
131 mae 0, a mpu 0 3 0 mae 0. OTxe, AKIIO MU
BuKOHaeMo orepariiro XOR wax yucmamu 10110
i 11010, T0 oTpumaemo: 10110 xor
11010 = 01100.

Hai, Tak gK mudp mpairoe 3 ABIHKOBOIO CH-
CTEMOIO YHCJIEHHS, HEOOXIJHO IaM'siTaTH, IO
OYyKBHU - Il BCBOTO JIMIIE JIesIKa IHTEpIpeTalis
YHciIa, TOOTO YUCIO € KOJOM CHMBOIY JESKOi
Tabnuili KoxayBaHb. Hampukiax, HalOimeIn mo-
mynsipHi Tabmumi komyBaHb 1e: ANSI, ASCII i
UTF (unicode). B xoxxHil TaOnuili OOUH 1 TOH
’K€ CHMBOII MOXX€ MaTH Pi3HHU KOJ, TOMY HE00-
XiJHO BUKOPHCTOBYBATH OJIHE 1 T€ K KOAYBaHHS
it g pyBanHs 1 gemmpyBanHsa. TakuMm 4du-
HOM, TIepel TUM SIK 3JiMCHUTH MH]pyBaHHS,
HEOOXiTHO MEePEeBECTH BCi CUMBOJIA B iX OJTHO3-
HayYHY YMCIIOBY iHTEpIIpETAaIlilo.

BukopucroByBaTi OyaemMo BIIacHY CHUCTEMY
konyBanHs. [Ipu 3acrocyBanni mu¢py Beprama
JI0 TTICBMOBOT'O TEKCTY, KOXHiil OyKBi BUKOpHC-
TOBYBaHOTO aj(aBiTy JaMo BiJNOBiAHWH il TO-
PSAAKOBHIA HOMED Yy IBIHKOBIM CHCTeMI YHCIICH-
Hs. Hanpuknan, Ko My BUKOPHUCTOBYEMO YK-
paiHChkui andasit, To 1e OyJ/le BUMIAJATH TaK:
a — 00000, 6 — 00001, 8 — 00010, r — 00011,

. — 111111. Tum caMuM MU BU3HAYUIU
CBOIO TaOJIHIIIO KOTyBaHHS.

ITicnst BOrO, HAIKCABINM ITOBITOMJICHHS 1
BUTAJaBIIM KIOY, KOXEH CHMBOJ HEOOXiTHO
MIEPETBOPUTU B HOT'O YMCIIOBE 3HAYCHHSI, BiJIO-
BiflHE [10 Hamol TaOJIMII KOIyBaHHS, 1 IICIs
poro 3aidcHuTH onepanito XOR Hag kKoXHOIO
BiZMOBIAHOIO Maporo. Tak K JaHWi METOo[ IIH-
(bpyBaHHS € CHMETPUYHUM, OTKE 3aCTOCYBABIIIH
oneparito XOR s KOXHOI Mapu CHMBOJIIB
mmp-Texkcty (mmdporpaMu) i KI0Ya, MH
OTPUMAEMO BiJIKPUTHUH TEKCT.

IIporpamuy peanizaiis mudppy Beprama Oy-
JI0O BUPINICHO POOWTH HA MOBI IMPOTpaMyBaHHS
C++.

[MpunycTuMo, Mo y HAC € PIJOK ab0 MacuB
cumBomniB - StrQ). lle Oyne BiIKpUTHIA TEKCT,
akuil Tpeba 3ammdpyBatu. Tenmep Ham Tpeba
BU3HAYUTH BUIMAIKOBHUH KIIOY 3 JOBXHHOIO, IO
JIOPIBHIOE JOBXKHUHI BiAKpHUTOTO Tekcty. CKopu-
CTaeEMOCS CTaHIAPTHOIO (YHKIIE€ TreHepaii
Bunaakosux uucen rand ans C++. s peaniza-
uii mudpyBaHHS OMUIIEMO IUKJ, B SKOMY Oy-
JIEMO TIOCHMBOJBHO 3IIHCHIOBATH OIICparliio
XOR. Ane nmns mporo HaM 3HAJOOHUTHCS I
OTOJIOCHTH MacCHUB-TIpHHMad, B KA MH ITOMIC-
THMO 3amu(POBaHUI TEKCT.

[Iporpamua peamnizanisi mwudpyBaHHs mUd-
poMm Bepnawma:

void shifr_Vernam

{ int i,len; // Busnagaemo HeOOXiHi 3MiHHI

len = strlen("Infomatiks");// Bu3Hauaemo mo-
BXHHY PSIIKA BIAKPUTOTO TEKCTY

char *Str0) = new char[len]; // oroxomryemo
IUHAMIYHAM MAacUB 3a3HAYEHOI NOBXWUHHU s
BIJIKPUTOT'O TEKCTY

char *key = new char[len]; //Touno Taxwmii
JKE€ MacHB OTOJIOLIYEMO IS KITF04Ya

char *shStr = new char[len]; // oronomryemo
MacHB-TIpUiMad JUIs 32 (POBAHOTO TEKCTY

StrO=" Infomatiks"; // nomiiiaeMo B MacuB
BIJIKPUTHH TEKCT

// BU3HAYAEMO KITFOY BHUIIAJKOBHM YMHOM

for(i=0;i<len;i++)

key[i]=(char)rand()%255;

// 6e3nocepenHBO came MUQppPyBaHHS

for(i=0;i<len; i++)

shStr[i]= StrO[i]"key[i];

// nis HaOYHOCTI BHMBEIEMO Ha €KpaH pe-
3yJIbTaT POOOTH

printf("\nOtkrytyi text: %s", Str0);

printf("\nZashifrovanyi text: %s", shStr);}

Jnst nemmmudpyBaHHS Ti caMi Aii TPOBOIUMO
JUTS 321U POBAHOTO TEKCTY.

AHaJi3 Ta nporpamMHa peaJizanis mudgpy
He3aps

PosrisiHemo cucremy mmdpyBaHHs, IKa HOCUTh
iM'st «amgp FOmis Lesaps». 3Hanuil puMcbKuii
IMITEpPaTop i MOJIKOBOJICIIb, IO KUB B 1 CTOMITTI
[0 Haloi epu, BUKOPUCTOBYBaB Ledl mudp B
CBOEMY JINCTYBaHHI.

udp Lle3apst CTOCOBHO 70 YKpaiHCHKOI MO-
BU monArae B HactynHoMy. KokHa OykBa 1oBi-
JIOMJICHHS 3aMIHIOETBCSl Ha 1HITY, SIKa B YKpaiH-
chKkoMy ai(aBiTi 3HAXOMUTHCS BiJI BHXIJHOI Ha
TPH NO3ULIT JaTi.

Takum unHOM, OykBa A 3amiHtoeThest Ha I, b
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Ha J| m Tak jgam mo OykBu S, sika 3aMiHIOETHCS
Ha B.

Jns posmmdpyBaHHsS NOBIJOMIICHHS HEOO-
XIHO 3HATH TUTBKHA CaM aJTOPUTM IH(pyBaH-
HA. bynp-axa moauHa, 1m0 3Ha€ croci6 mudpy-
BaHHS, JIETKO MOXE pO3IIN(PYBaTH CEKpEeTHE
MOBiJOMJICHHS. TakuM 4MHOM, KIIIOYEeM B JaHO-
My METO/II € CaM aITOPUTM.

Cropobyemo MmomudikyBatn mmpp Llezaps
JUIsl WOTO BJOCKOHaJeHHA. MoxHa Oyno 0
crpoOyBaTH po3mupuTH andasit 3 33 mo 36 cu-
MBOJIIB 1 O1ITBIIIE 32 PaxXyHOK BKJIFOYEHHS PO37Ii-
JIOBUX 3HAaKiB, armoctpoda i npobini. Lle 36i1b-
IIeHHs andaBiTy 3aMacKyBajio O TOBXKHHY KOX-
HOT'0 OKPEMOTO CJIOBa.

[Mpunyctumo, mo OyKBH 3CYBalOThCS HE Ha
TpH 3HaKa BIpaBo, a Ha n (0 <n <33). B upomy
BUTIAAKY B CHUCTeMi MH(pPyBaHHA 3'SBISETHCA
KIII0Y - YMCJIO N - mapaMeTp 3cyBy. Tak sk n
MOJKe TMPHUMMaTH Pi3HI 3HAYCHHS, 3HAHHS OIHO-
IO TUIBKM aITOPUTMY HE J03BOJHUTH MPOTHBHU-
Ky po3mudpyBaT CEKpeTHE TIOB1IOMIECHHS.

IIpoTHBHUK, HAMAratO4UCh 3HAUTH 3HAYEHHS
CEKPETHOTO KII0Ya, 3MOXKE TUTBKH TPOBOJUTH
aTaxKy IMmo mHuQpPOTEKCTyY CIIOCOO0M ITOCIiOBHO-
ro nepebopy BCiX MOMKIMBUX KIIOYIB (Tak 3Ba-
HUit MeTox "rpy0oi cuin").

IIpu TakoMy MeToni BimOYBa€ThCS IOMIYK
OCMUCIICHOTO MoBigoMiIeHHs. Take momymieHHs
PO OJMHUYHICTH PIICHHS LIJIKOM OOIPyHTOBa-
HO, KOJM BHXiJHE TOBIAOMJICHHA CKJIaJCHO Ha
OJIHI{ 3 MPUPOAHHUX MOB 1 MICTHTH Olnble m's-
TU-IIECTH 3HAKIB. AJie SIKIIO MOBIJOMJICHHS Iy~
JKe KOPOTKE, MOXJIMBUX PillleHb MOXe OyTH Ki-
nbKa. €1uHe pilleHHS TaKOXK AY)Ke BaXKKO 3HaM-
TH, SIKIIIO BHUXIJHE MOBIJOMIIEHHS, CKJIaIacThLCH,
HaNpUKIad, 3 udp.

IIpu meronmi mocCHinOBHOTO Tepedopy BCi
OTpUMaHi BapiaHTH OyIyTh PiBHO3HAYHI i 3JI0B-
MHUCHUK HE 3MOXKE 3pPO3yMITH, siKa came KOMOi-
HaIlis icTWHHA. AHami3yloun Mmm(pOTEeKCT, BiH
HE 3MOJKE 3HAHUTH 3HAUCHHS CEKPETHOTO KIIIOYa.
3BHYAIHO, Y SKUHCH MOMEHT OJMH 3 BapiaHTiB
mifiiine 10 Koxa, ajie B HACTIJIbKU MPOCTUH Me-
Tol IK(pPyBaHHS HE MOXKHA PO3pPaxoByBaTH Ha
O1ITBIITY CEKPETHICTB.

Ha ocHOBI 1ux MipKyBaHb Oyia moOyaoBaHa
MareMaTHyHa Mojens mudpa Llesaps. ko
CHIBCTaBUTH KO)KHOMY CHMBOIY angasiTy HOro
MOPSIIKOBUIA  HOMEp (IPOBOJSYM  HyMEpaIlito
3 0), To mmdpyBaHHA 1 JemUppyBaHHS MOXKHA
BUCJIOBUTH (OpMyJIaMH MOIYJIbHOI apudmMeTH-
KU:

y=(X+Kk)mod n;
X=(y—k+n)mod....n

JIe X — CIMBOJI BIJIKPUTOTO TEKCTY, Y — CUMBOI
M (pPoBaHOTO TEKCTYy, N — MOTYXHICTh aldasi-
Ty, K — K104

3 toukm 30py marematuku mudp Llesaps €
OKpPEMHM BUTAJAKOM adiHHOTO MHppy.

[Iporpamua peamizauiss mudpyBanHs /
nemmppyBanas — mmdpom  Llesaps  mus
JATUHCBHKOTO andaBiTy:

#include "stdafx.h"

#include <iostream>

#include <string>

#include <conio.h>

#include <stdlib.h>

#include <sstream>

#include <fstream>

using namespace std;

int main()

{int k; / 3miHHa
M QpyBaHHS/ AU PPyBaHHS

int shift; /Bennanna 3cyBy

string result =""; // psimok - pe3yabTat

cout<<" Beemith | ans mudpyBaHHs Ta IS
posmmdpysanus 2\n"; cin>>k;

switch (k) //SIkmo k

{ case 1: // Sxmo BuOpano mmppyBaHHs

{ cout<<" BBemiTh 3HAYEHHS 3CYBYy IS
mmdpyBanss \n";

cin>>shift;

if (shift > 26)

shift = shift % 26; // o6uucienns 3cyBy

cout<<"Read of file...\n";

// auTaHHA paitny

string s; // Psinok, 3unTanuii 3 daitny

ifstream in("Test.txt");

getline(in,s);

cout<<"TexkcT ¢aitmy: \n"<<s<<endl;

in.close();

cout<<"Ywmranus 3aBepiieHo!\n";

cout<<"Iludpysanus...\n";

for (inti=0;i<s.length(); i++) {

// SIK11o He JaTUHULL

if (((int)(s[i]) < 65)[I((int)(s[i]) > 122))

result += s[i];

// SIxuio OykBa € pAAKOBOIO

it (((int)(s[i]) >=97) && ((int)(s[i]) <= 122))

// SIkmio OykBa Ticisi 3CYBY BUXOIUTH 3a
Mexi angasiTy

Lif ((int)(s[i]) + shift > 122)

// JlonaBaHHs B PSIOK Pe3yJibTaTiB CHMBOJIA
result += (char)((int)(s[i]) + shift - 26);

// Slkmo OykBa michsi 3CyBY BHUXOAMTH 3a
Mexi annasiTy

else

// lonaBaHHsI B PSAIOK PE3yJIbTaTiB CUMBOJIA

result += (char)((int)(s[i]) + shift); }

BUOOpY -
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// SIk110 OyKBa € MPOMKUCHOO

if (((int)(s[i]) >= 65) && ((int)(s[i]) <= 90)){

// SIkmio OykBa Ticis 3CYBY BUXOJUTH 3a
Mexi andasiTy

if ((int)(s[i]) + shift > 90)

// lomaBaHHsI B PAJOK Pe3yJIbTaTiB CUMBOJIA

result += (char)((int)(s[i]) + shift - 26);

// SIxkmo OykBa Moke OyTH 3CYHyTa B ME¥XKax
andasity

else

/I JomaBaHHS B pSAAOK Pe3yIbTaTiB CHMBOJIA

result += (char)((int)(s[i]) + shift); } }

cout<<"IlIudpysanns 3asepirero!\n";

cout<<"PesymbraT:\n";

cout<<result; /BuBin pe3ynbraTy

break; }

case 2:

// Slxmo BuOpaHo aemmdpyBaHHI

{ cout<<" BseniTh 3HaYCHHs 3CYBY JIi
posmmdpysanss \n";

cin>>shift;

if (shift > 26)

shift = shift % 26;

cout<<"TIpouutaru daiin...\n";

string s;

ifstream in("Test.txt");

getline(in,s);

cout<<"Tekct daiimy: \n"<<s<<endl,

in.close();

cout<<"Ywurauus 3aBepieno!\n";

cout<<"Posmudposka...\n";

for (inti = 0; i < s.length(); i++)

{if(((int)(s[i]) < 65)||((int)(s[i]) > 122))

result += s[i];

if (((inH)(s[i]) >=97) &&

((int)(s[i]) <= 122))

{if ((int)(s[i]) - shift < 97)

result += (char)((int)(s[i]) - shift + 26);

else

result += (char)((int)(s[i]) - shift); }

if (((int)(s[i]) >= 65) &&

((int)(s[i]) <= 90))

{if ((int)(s[i]) - shift < 65)

result += (char)((int)(s[i]) - shift + 26);

else

result += (char)((int)(s[i]) - shift); } }

cout<<"Posmmpporka 3asepmeHal\n";

cout<<"PesynbraT:\n";

cout<<result; //Busin pe3ynbraty

break; }

default:

// SIK1110 TOMUJIKOBE 3HAYEHHS

{ cout<<"TTommaka\n";

break; }}

getch();

return 0; }

BucHoBkH

VY craTTi OMUCAaHO TOTIS Ha KPHUIITOCUCTEMU
muQpyBaHHs 3 00Ky MOB IPOTpaMyBaHHSL.
HaBeneni anani3 Ta peamizamis MoaudikoBa-
Horo kpuntorpadiuHoro mmppy Beprama Ta
mmdpy Lle3aps 3 BUKOpPHCTAaHHSM KOHIIESHIIIT,
10 KOMOiIHy€e Cy4acHi MOBH NPOTpaMyBaHHS Ta
MPUHOMTHN Kpunrtorpadii, Ski CTyneHTH BHUBYA-
I0Th Ha MPOPUTEHUX CIEI[IATEHOCTSX.
Buxopucranus kpunrorpadii sk HaBYaJIbHO-
ro 3aco0y JIOTOMOXE CTYJACHTaM pPO3BUBATH
CBOI HaBWYKM B MPOTpaMyBaHHI Ta pPO3yMITH
MOHATTA KibepOe3neku Ha MpuKianax peajizamii
MoaudikoBanoro mudppy BepHama ta mmdpy

[e3zaps.

Kounduiikr inTepeciB

ABTOp 3asBJIsI€, IO HEMa€e KOH(IIKTY iHTepeciB
010 My OTiKaIlii mi€i cTarTi.
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Analysis and software implementation of the
modified cryptographic Vernam cipher and the
Caesar cipher

Abstract: Problem. Modern cryptography is a very
important part of cybersecurity and confidentiality of
many operations. It covers almost all parts of our
lives, from e-commerce to specialized education of

students. Goal. The advantage of symmetric key
cryptography is that working with this method is very
easy for users, as one key is used for encryption, as
well as for decryption purposes, and this key must be
secret and should be known only to the sender and
recipient and no one else. On the other hand, public
key cryptography has two keys. Unfortunately, this
exposes the inherent security flaws, as the integrity of
the encryption depends entirely on the password. It
was decided to consider the implementation of a
modified symmetric Vernam cipher that avoids these
problems, and its modification and experimental
studies should further strengthen data protection.
Methodology. Higher mathematics, linear algebra
are very important subjects. But if we want to
encourage students with cryptography, we need to
use all aspects of the IT cluster more effectively.
Ideal for this is the implementation of algorithms and
programs using programming languages. It is very
important and useful for students studying
Cybersecurity to illustrate where and how it is
possible to create software implementations of
encryption / decryption methods. Results. The article
presents the analysis and implementation of the
modified cryptographic Vernam cipher and Caesar
cipher using a concept that combines modern
programming languages and the principles of
cryptography, which students study in subject-
oriented specialties. Originality. An original
approach to teaching Cybersecurity students by
implementing ciphers using applied programming is
described. Practical value. Using cryptography as a
learning tool will help students develop their
programming skills and effectively understand the
concept of cybersecurity in real-world examples.
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Peculiarities of English-teaching practice for
students of electrical engineering
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Annotation. Problem. As engineering is a vast area of study in the world and English is a recognized
language of international communication, knowledge of English is compulsory. Besides, we live in the
digital age and English is the only language in latest version applications, installation guides and
software instructions. Learning for students of engineering from not English-speaking countries is
very important not only for their scholastic life, but also for their prospective career, mobility and
successful communication. Goal. The goal of the work is to determine the features of teaching English
to the students of electrical engineering, specify the role of English language for engineering students,
outline the technique and methods of organizing the teaching process, look into innovative
technologies of teaching. Methodology. The methodology is based on the analysis of the existing
methods of teaching which are many, comparison of classical and innovative methods and analysis of
the strategies of different methods. The paper emphasizes creative approach in teaching as a key to
success. Results. The work provides a brief theoretical grounding and a working definition for
creativity and motivation in teaching English for Specific Purposes and English as a Foreign
language. It also explores the role and function of creativity in the context of the changing paradigm
regarding the overall scope of the educational system in general and of the language learning in
particular. Originality. The work offers combining creative methods and active strategies in fostering
better language acquisition during English classes. When we see that the students are involved and
motivated, it means that the strategy works. The teacher-oriented method is not currently welcomed in
language teaching, and the ways to make it student-oriented are offered in the work. Practical value.
The paper contains some practical advice on how a teacher can create more situations in which
students can contribute, initiate, control and create. Keeping in mind the dependence of the learning
success on creativity of teachers and motivation of students, new innovative methods of teaching in
proper combination with theory of language can be used.

Key words: creativity, engineering students, communicative, competence, learning success.

Introduction tion as we live in the digital age and English is
the only language in latest version applications,
installation guides, software instructions which
are available before they are or are not translated
into other languages. If you want to study
abroad or achieve a higher rank and degree in
science, English language of some specific level
is compulsory. If you want to understand and be
understood when going across the borders — the
decent knowledge of English is your way to
success. As engineering is the biggest field of
study in the world and English is one of the
most necessary social knowledge, we can see
how these two areas overlap. So, English com-
munication competence is an important part of

Engineering is a vast area of study worldwide.
As English is a recognized language of interna-
tional communication, it is quite understandable
that in order that the results of the studies are
known to everyone who is concerned, they
should be and most often are published in Eng-
lish. Besides, decent knowledge of English for
students of engineering from not English-
speaking countries is very important not only for
their scholastic life, but also for their prospec-
tive career, mobility and successful communica-
tion as everybody today faces the necessity to
communicate in English somewhere some day.
It is a primary language of global communica-
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academic and social life of engineering students
and their career [1].

Analysis of publications

Teaching English language to engineers (both
English for Specific Purposes and English as a
foreign language) has been undergoing consid-
erable changes and challenges because there are
many factors influencing the process. Many sci-
entists have looked into the problem since it
appeared as a separate area of language learn-
ing.

It was T. Dudley-Evans who admitted that
teaching ESP requires a specific approach, dif-
ferent from the general language teaching. In his
definition of ESP, he included three differentiat-
ing factors: ESP must be connected to a specific
discipline or field of study, teachers should use
different methodology than the one usually used
in teaching languages and the level of the stu-
dents should start from intermediate adult learn-
ers [2]. B. Jeffrey and A. Craft focused on the
creativity of teaching process, characterized by
imaginative, dynamic, and innovative approach-
es [3]. G. Molnar and Z. Sziits, understanding
that students communicate more self-confidently
via Facebook, using mobile communicational
technology rather than they do in the actual
classrooms, researched how mobile devices can
enhance engagement and interaction with learn-
ing activities [4]. H. Gu, H. Bo and L. Ren stud-
ied students’ attitude to different forms of edu-
cational materials and found out that about 85%
of the students prefer using e-textbook, and
53.33% of the students vote for interactive
teaching method [5]. H. Ning, G. Hornby exam-
ined the impact of cooperative learning on ter-
tiary EFL learners’ motivation [6]. The authors
of [7] maintained that students should speak in
English during the group activities, and they
should be congratulated whenever they succeed
in their attempt. They insist that in order to re-
duce the anxiety levels of the students, the
teacher should build a supportive and coopera-
tive atmosphere rather than a competitive or
stressful one [7]. A. Keane says that oral skills
allow you to interact at different technical lev-
els, both formal and informal. Filming or record-
ing a presentation of this type of activity, group
discussion of the strengths and weaknesses of its
implementation and evaluation of results have a
very effective feedback between the teacher and
students, as well as between the students them-
selves [8]. N. Bilan underlines that communica-

tive method is a means of learning foreign lan-
guages, it is aimed at the development and im-
provement of personality, the disclosure of its
reserve capabilities and creative potential, it cre-
ates the conditions for effective improvement of
the educational process in higher education [9].
T. Honcharenko says that the teacher must focus
on the prospects for effective use of acquired
knowledge, skills and abilities in future activi-
ties of the engineer, on the formation of their
ability and inner need for constant self-study,
self-education and self-improvement during all
active labor activity [10].

Purpose and Tasks

The goal of the work is to determine the features
of teaching English to the students of engineer-
ing, specify the role of English language for
them, outline the technique and methods of or-
ganizing the teaching process, look into innova-
tive technologies of teaching including teaching
through online resources as well as in the real
classrooms.

In accordance with this goal the following is-
sues are considered: the dependence of the
learning success on creativity of teachers and
motivation of students, innovative methods of
teaching, the right choice of the strategy, materi-
als and activities for successful acquisition of
foreign language skills and competences and
achieving overall language success.

Factors facilitating success of engineering
students at English classes

The social nature of language as a means of
communication dictates the need to learn a for-
eign language as a specially organized commu-
nication, taking into account the principles of its
optimization. As foreign language communica-
tion becomes an essential component of the fu-
ture professional activity of the specialist, a sig-
nificant emphasis should be placed on the selec-
tion of content, methods, techniques, organiza-
tional forms of rational combination of teaching
material and independent student learning, prep-
aration of differentiated, professionally oriented
sets of exercises. An important point in teaching
foreign languages is the creation of pedagogical
conditions for the intensification of educational
and cognitive activities of students and the pro-
ductive implementation of technologies in the
process of acquiring knowledge.

The purpose of teaching foreign languages in
non-language universities is to achieve a suffi-
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cient level for their practical use in future pro-
fessional activities. Training specialists means
formation and development of such communica-
tion skills that would allow to make professional
contacts in a foreign language in various fields
of activity and unforeseen situations. Thus, pro-
fessional competence largely depends on the
communicative competence of the specialist.

For engineering students, knowledge of a
foreign language, including English, is im-
portant for both education and career advance-
ment. The analysis of questioning about English
for the future career is in the diagram, Fig. 1.

Advance
31%

Beginner
21%

Fig. 1. The English proficiency level for
student’s career

It shows that the advanced level is not neces-
sary while the beginner’s level is still not
enough.

Furthering their education
Applying for jobs
Communicating wth colleagues
Running their own businesses
Traveling

Communicating with foreign friends

Engineering is one of the largest industries
knowledge, so many research and academic pa-
pers are presented in English. Without sufficient
knowledge of English, it is difficult to under-
stand the basic ideas and concepts of foreign
authors. Besides, one of the main motivation to
master a foreign language is student social life,
which provides prospects for the development of
close partnerships with peers and receiving
grants to study outside their home country. Ac-
quired communication skills are the key to suc-
cess in the world of growing globalization,
where the English language plays a dominant
role. In addition, quality training offered by for-
eign partners provides a significant competitive
factor in the labor market, as the need for highly
qualified specialists in engineering is constantly
growing. The globalization of the English lan-
guage in modern society provides opportunities
for the implementation of international projects,
intercultural communication and cooperation at
a high professional level. The survey shows the
following picture of English language usage,
Fig. 2.

Knowing at a decent level English grammar
and having a large vocabulary on stand-by, stu-
dents are still often unable to overcome the lan-
guage barrier and express their thoughts freely.
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Fig. 2. Percentage of students using English for various purposes

Knowing at a decent level English grammar
and having a large vocabulary on stand-by, stu-
dents are still often unable to overcome the lan-
guage barrier and express their thoughts freely.

Learning the language of the specialty re-
quires mastering a large number of terms and
special concepts needed by the future specialist.
A non-language student must be a specialist who

has a sufficient level of communicative compe-
tence in a particular field of activity, but the
number of classroom hours does not always al-
low the teacher to achieve the desired result.
According to the working curricula, students are
given many hours to work independently,
which, given the specifics of the subject, is not
quite effective as is not usually done properly
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and honestly. So teamwork is needed - in a
group, in a team, in pairs. It is clear that you can
learn to express your thoughts competently in
the process of live communication, when you
see that you are understood, when you can react
instantly and explain everything you are asked.
The three reasons which reduce the emotional
and value motives for learning a foreign lan-
guage are low communication skills of the stu-
dent, poorly developed foreign language course
in the specialty, incorrectly selected method.
According to Littlewood [11], the active in-
volvement of learners in the learning process
depends on such components as the favorable
conditions for learning and communication and
the subject of discussion which should meet the
interests and needs of students, be relevant to
here and now. Close cooperation between teach-
ers and students, teamwork training is the key to
success in learning the language of the specialty
and significantly increases the internal motives,
which is manifested in improving oral and writ-
ten skills [8]. Types of lexical and grammatical
exercises, taking into account specific terminol-
ogy, significantly expand the active lexical min-
imum and passive professional jargon. As pro-
fessional communication is currently one of the
main requirements of the employer to a young
specialist in engineering, and emotional intelli-
gence plays an important role in strengthening
communication skills, self-awareness and self-
regulation should already be formed in students
during training [12].

Language teachers teaching ESP are con-
fronted with a series of professional challenges
surpassing the regular requirements of a general
language teacher. It is rather difficult to find a
standardized ESP textbook which should fit per-
fectly the linguistic needs of a specific group of
students and the complexities of designing prop-
er activities to practice all language skills.

All components of education including
teachers face a new reality when the focus shifts
from the traditional informative purposes which
are becoming more and more outdated due to
the fast digital connectivity of the modern world
and the availability of information, towards a
more skill-based and attitude-based approach in
order to fit this new reality.

This context has made English teachers re-
consider their position and the specifics of their
activity in the classroom. By resorting to crea-
tive methodologies, they may create and suc-
cessfully implement activities which compen-
sate for the lack of standard resources while

providing a motivating learning environment. At
the same time, a creative approach to teaching
ESP brings about the conditions which allow
students to develop their personal and profes-
sional skills and manifest them openly. ESP
teachers’ creativity may be the best solution to
overcome the complexity of teaching a special-
ized form of linguistic discourse and that of cre-
ating the conditions fostering student communi-
cation skills and attitude formation. Creativity as
a motivating factor can be implemented in the
curriculum, the materials, the choice of activities
and teaching methods, the assessment tech-
nigues.

The significant changes in the way all educa-
tion is given require that rather than focusing on
informative purposes, which are very easily
achieved by a millennial who is very well aware
of many ways to find the information online,
ESP teachers should switch to a more holistic
approach. To do this, they should find and apply
creative, innovative ideas in their teaching rou-
tine, with a double benefit. On the one hand,
creative teaching strategies foster motivation,
which is a catalyst of learning. The use of inno-
vative teaching strategies has been a hot topic
since the last decade. Many studies consider
creativity as a personal trait and intellectual abil-
ity of different individuals, associating creativity
with genius and intelligence or with knowledge.
Tomorrow’s professionals are required to be
flexible, critical and creative thinkers rather than
patterned ones. In this perspective, the concept
of teaching is integrated with creativity and in-
novation.

When considering creativity in ESP, but also
in the entire educational field, the distinction
between creative learning and innovative teach-
ing is worth mentioning. The former can be de-
fined as any learning which involves under-
standing and new awareness and focuses on
thinking skills. Innovative teaching is the pro-
cess leading to creative learning, the implemen-
tation of new methods, tools and contents which
could benefit learners and their creative poten-
tial.

If we wanted to sum up the main ingredients
of creative ESP teaching, perhaps M. Michalko
would give a possible answer. According to him,
creative teachers look at “what possibilities
there are” and “what can be done with the pre-
sent resources” instead of “what is not possible”.
“Instead of excluding possibilities, creators in-
clude all possibilities, both real and imagined”
[13]. Also, a creative teaching process is charac-
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terized by imaginative, dynamic, and innovative
approaches [3].

According to Dana Rus, applied to the spe-
cific case of ESP, the features above would in-
clude the following methodological possibilities:
syllabus construction following needs analysis
and benchmark analysis; cohesive, consistent,
integrated-skill lessons centered around lan-
guage functions; a predominance of communica-
tive activities; the consistent use of technologies
in all phases of the teaching process; technical
vocabulary, which should only be taught in a
communicative context; grammar, which should
only serve as a means to a communicative end;
use of varied patterns of interaction with a focus
on collaborative tasks (group work, pair work);
interesting, alternative, project-based types of
assessment; intensive use of authentic materials
from the students’ field of study; the extrapola-
tion of specialized texts/topics to general com-
munication subjects; constant attention paid to
personal development skills (e.g. oral presenta-
tion skills); contact with representatives from
relevant industry to make students familiar with
real job-related topics (invited speakers,
roundtables, workshops, visits, video confer-
ences etc.); the use of direct test items to make
assessment as similar as possible with real-life
situations in professional backgrounds (e.g. in-
terviews, presentations, writing technical re-
ports, following oral directions to complete a
task, labeling diagrams/charts, writing technical
documentation, writing blog entries, filming
videos etc.) [13].

Enhancing creativity and motivation of
engineering students at English classes

The concept of creativity is quite complex and
diverse, and its aspects are usually studied and
analyzed from different points of view. This is
one of the reasons why there is no generally ac-
cepted definition of creativity, and therefore we
should always consider from what point of view
we define this concept.

A creative approach to teaching a foreign
language is to present creativity as one of the
many natural skills and talents that everyone
has. This approach is based on the idea that eve-
ryone can use their hidden potential to be crea-
tive under certain conditions, and that students
have different forms and levels of creativity.
The teacher's task is to stimulate their creative
potential in the learning process. Foreign lan-
guage teachers have the opportunity to take ad-

vantage of the following methodological ad-
vantages in order to stimulate students' creativi-
ty.

First, language is creative in nature. We can
express or convey an idea in different ways. In
addition, any expressed idea can cause many
different reactions and emotions. Any sentence,
phrase or word that we say or write is formed in
a unique moment of communication, they can be
created, formulated or paraphrased depending
on the goals of the author.

Secondly, during foreign language classes,
the teacher, in addition to the subject, can touch
on the topics of philosophy, management, juris-
prudence, focusing on language priorities. Under
such circumstances, a creative atmosphere is
created when students and teachers have the op-
portunity to share their individual experiences,
their own knowledge and skills.

Third, students can also be easily involved in
creative situations in which they have to find
one or more answers to a number of interrelated
problems. They do not know how to solve the
problem, they may not be sure how many solu-
tions the problem has - one, several or it can not
be solved at all. Students are not offered simple
situations with clear decisions won-lost or right-
wrong. Most likely, they will encounter difficult
situations with unclear or plausible solutions.
Because language use is a form of communica-
tion that can be used in almost any situation,
situations which are close to reality can be cre-
ated much more easily than when teaching other
subjects.

As a result, it should be noted that the use of
creative methods in teaching a foreign language
promotes the acquisition of foreign language
material. It demonstrates to students all the ver-
satility and complexity of the structure of lan-
guage, improves the skills of its application in
real life situations in a favorable and dynamic
environment.

For all kinds of communication language
learning is stimulating and provoking debates
and discussion. Classes can be organized as a
regular discussion of events or topics, as well as
a game of debate. This will help students to
deeply understand the topic and prepare for the
speech so that they can quickly and easily ex-
press their opinion, which will help them to
speak freely in real life. Besides, when they fur-
ther use social network in communication on the
topics, it will prove effective in ESP teaching
and can improve students’ ESP proficiency and
enhance their motivation for studying [14].

Vehicle and electronics. Innovative technologies, Vol. 20, 2021



IHIIi MpOOAEMH eKcIAyaTaliil i peMOHTY aBTOTPaHCIIOPTY 73
Ta HiATrOTOBKH BiZANOBIAHHX cneliaaAicTiB

Using “real grammar” is crucial. Grammar is
too often associated with rules and exercises
where students work in uncreative situations and
their answers are either correct or not. In other
words, they succeed or fail. Some creative exer-
cises can provides a motivation for students to
learn grammar creatively.

For example, a certain grammatical topic is
considered during the class. It is a good practice
to give real examples from movies or songs and
a homework to look for the examples and make
a list of them would be a good motivation. This
activity stimulates creativity and critical think-
ing, as students need to choose films or videos
that could theoretically contain these grammati-
cal constructions. There are also no right or
wrong solutions in this exercise, because even
those who do not find examples but show a list
of materials they have worked with will be suc-
cessful. The reason for everyone's success is the
fact that it forces students to spend time thinking
and focusing on the specific grammatical struc-
ture in the films they watch, in the music they
listen to, and ultimately in real life.

Introducing students to an interesting topic
that will make them think is a good idea. All
project-based lessons are based on solving a ma-
jor issue or problem. Ideally, these questions /
problems are asked by students. In order for stu-
dents to think, we need to provide them with
some ambiguous and interesting information.
This can happen organically or intentionally.
The teaching-learning process has to adapt to
changing learning contexts. Technology pro-
vides a learner independent in language learn-
ing. Thus, technology enables the learner’s ef-
forts easier and faster [15]. A book, a tour (even
a virtual one) or an article according to the inter-
ests of the students are all great ways to make
students think. When developing a topic and
guestion, we should remember that Google does
not need to know the answers! If Google can
respond instantly, that's certainly not enough to
conduct meaningful research. The problem
should be such that only in the process of study-
ing and collecting information it could be solved
and the individual point of view is critical for
the result of the research. We can help the stu-
dents by identifying some critical questions once
the topic is chosen. We should not forget that
the students of engineering specialties are most-
ly not used to “many-words” discussions, and
here our task is not only the answer but the real
debate, the reason and consequences of the deci-
sions on the topic are important. For example —

Your district is very dirty and not green at all.
Which must come first — planting trees or sort-
ing garbage? The topic must be studied, not only
the question answered. This is the main point of
the project.

Conducting your own research on the topic
and supervising students in their search is anoth-
er way. Students will need additional support
during the research phase. We can help a little
by doing some research for them and narrowing
the search to a few articles of the appropriate
level. During the research phase, we will be a
guide for students, as well as pay close attention
to how well students are oriented for educational
purposes.

For some projects, this may only include a
presentation. Nevertheless, all students should
be able to present their results to the audience.
This gives students a real practice of speaking
and answering questions, as well as forcing
them to critically evaluate the work they have
done.

Considering and including the professional
topics in discussions and debates is one more
way to integrate ESP and EFL during the Eng-
lish classes. The topics can be many as the range
of engineering and foreign language overlapping
is endless.

We depend on the student’s success during
the classes. We feel great is it was lively and
interesting. We usually feel that everything went
well because we saw that the students were in-
volved and motivated. A teacher-oriented couple
ceases to be an interaction and becomes a lec-
ture, which is not usually expected in language
learning. Therefore, the teacher needs to create
more situations in which students can contribute,
initiate, control and create. With this in mind,
we can also become partners in the learning pro-
cess, and realize that we can also learn a lot
from students and can be impressed with what
they managed to do.

Conclusion

This paper provides a brief theoretical substanti-
ation and a working definition for creativity and
motivation in teaching English for Specific Pur-
poses and English as a Foreign language. It also
explores the role and function of creativity in the
context of the changing paradigm regarding the
overall scope of the educational system in gen-
eral and of the language learning in particular.
Finally, it analyses the role and potential of crea-
tive methods and active strategies in fostering
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better language acquisition during English clas-
ses. Creative methods mark a next level in mod-
ernizing the teaching strategies so that the full
potential of a student’s abilities can be activated
and the desire for independence and originality,
for competition, for searching novelty and work-
ing better in the language classes are encouraged
to the students’ and teachers’ best satisfaction.
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Oco0/1MBOCTI NPAKTHUKH BUKJIAJAHHA AHIJIiNCbHKOT
MOBHM CTY/J€HTaM €eJ1eKTPOTeXHIYHOT
crneniajJbHOCTI

Anomauin. Ilpoénema. 3sadxcarouu na me, wo
eNeKMpPOmexHiKa ma elekmpomexamika €
6e/IUYE3HOI0 001aCmI0 3HAHL Y C8IMi, A AH2NIUCLKA
MO8A €  BUBHAHOW  MOBOIO  MIdCHAPOOHO20
CNIIKY8AHHA,  3HAHHA  AHNIUCLKOI  MOBU €
0608's13K06uM. Kpim mozo, mu dcueemo y yugposomy
8iYl, a AH2NIUCLKA MOBA € EOUHOIO MOBOIO 8 OCIAHHIX
eepcisix 000amkKie, IHCMPYKYil ma npocpamHO20
3abesneuenns. Hasuannsa ons cmyoenmie-inoicenepis
He AH2IOMOBHUX KPAiH OYHCce 8ANCIUBO He MINbKU O
ix HaeuanrbHO20 JHcumms, a U ONsl NEPCHEeKMUBHOL
Kap'epu, MobinbHOCMI MaA YCNIWHO20 CNIAKYBAHHSL.
Mema. Memoro  pobomu € BUBHAYEHHS
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ocobnueocmeti BUKIAOAHHA AHENIUCLKOI MO8U 0/
cmyoenmis IHOICEeHepHUX cneyianbHocmel,
OKpeClleHHs MeXHIKU mMa MemooOuKu OpeaHizayii
HABUANbHO20  npoyecy,  aHaniz  IHHOBAYIUHUX
mexHono2iu Hasuauna. Memooonozia. Memodonoeis
IPYHMYEMbC  HA  AHANI3L  ICHYIOYUX — Memooig
HAGUAHHSA, SIKUX 6a2amo, NOPIGHAHHI KIACUYHUX MA
IHHOBAYIUHUX MemoOi8, aHanizi cmpamezii pi3HUX
Memooie. VY cmammi nioKpecioemocs 8aicausicmo
Kpeamugnoeo nioxody 00 HABYAHHS K KIOYAd 00
yenixy.  Pesynemamu. Y  pobomi  Hadaemwvcs
KOpomKe meopemuune OOIDYHMYBAHHA Ma poboue
BUSHAYEHHS MEOPHUOCMI MA MOMUBAYIT ¥ BUKIAOAHHI
QH2NIUCLKOI MOBU Ol KOHKpemHUX yinetl ma
aHeNiticbKoi Mo8U AK iHO3eMHOI Mmosu. YV pobomi
MAaxooc  OOCAIONCYEMBbCS — POTb  MBOPYOCHI 8
KOHmMeKcmi 3MiHHOI napaouemu wooo 3a2dlbHOL
chepu ocsimnvoi cucmemu 6 yiromMy ma 6UGUEHHs
moeu  30Kkpema. OpucinanvHicme. Y  cmammi
NPONOHYEMBCSI NOEOHAHHS MBOPYUX Memodie ma
AKMUBHUX cmpameziti 'y CMBOPEHHI Kpawuii YMos
0601I00IHHSL MOBOI0 N0 YAC 3aHAMb 3 AHSAIUCHKOT
mosu. Konu mu 6auumo, wo cmyoenmu 3anydeni ma
MOMUBOBAHI, Yye 03HAYAE, WO CMpameziss NPayroc.
Memoo, opienmosanuii Ha 6ukiadauda, Hapasi He

8iMAEMbCs y 8UBHEHHI MOBU, AKMYANbHUM € Cnpoba
3p0OUMU  HABUAHHA OPIEHMOBAHUM HA CMYOeHmd.
Ilpakmuune 3nauenns. Cmamms micmums OesKi
NPAKMUYHi Nopaou wooo mozo, AK GUKIAOAY ModHice
cmgopumu  Oinbuie cumyayiu, 6 AKUX CcmyOeHmu
MO2ACYMb CRPUAMY, THIYII08AMU, KOHMPOIOBAMU MA
cmeoprosamu.  Ycenix  nasyamns  3anexcums  6i0
meopuocmi SUKIA0AYI6 ma MOmMueayii cmyoeHmis,
ye 00360J€ 3HAUMU HOBL [HHOBAYIUHI Memoou
BUKIIAOAHHSA 8 HANCHCHOMY NOEOHAHHI 3 Meopielo
MOBU.

Kntouosi cnosa: meopuicms, cmyoeHmu iHHCeHePHUX
cneyianbHocmel, KOMYHIKAMUGHUL, KOMNemenyis,
YCHIX HABYAHHS.
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