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HucepTairiero € pykomuc.

Po6ora BukoHana B XapKiBCbKOMY HAIllOHAJIBHOMY aBTOMOOLIBHO — JOPOXKHBOMY
yaiBepcureri MiHicTepcTBa OCBiTH i HAyKH, MOJIOA Ta, CIOPTY YKpaiHu.
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Puxnx Jleonin Osiekcanaposud,
XapKiBChKUil HALJOHAJIBHUM aBTOMOBLIBHO—IOPOXKHil
yHiBepcuret, npodecop Kabeapu aBTOMOOGIIIB.

Odiuiiini ononenTH: MOKTOpP TEXHIYHMX HAyK, Ipodecop
Bononnesunu JAmurpo Oserosuy,
Harionanpuuit Texuiunmii yaisepcurer HTY «XITH s,
3aBinyBad Kadeapu KOJICHUX Ta TYCEHHYHHX MAIITHH
im. 0.0.Mopo3zosa;

KAQHIUAAT TEXHIYHUX HAYK, JOUEHT

Boraescbkuii Onekcanap Bopucosny,

XapkiBchbKuil HAIIOHAIBHUN aBTOMOGLIBHO — JOPOXKHikH
yHiBepcuTeT, JOUEHT Kadeapu aBTOMOBLIBLHOT €IeKTPOHIKH.

Baxucr Binbymerbcs «2» jmucronaza 2011 p. o 12 romuni Ha 3acimammi cmemia-
nizoBanoi BueHol pamu [l 64.059.02 XapKiBCbKOrO HAIiOHAJIBHOTO aBTOMOGLIHHO-
JIOPO2KHBOTO yHiBepcuTery 3a azapecoro: 61002, m. Xapkis, Byi. [lerpoBcskoro, 25.

3 OucepTaliero MOXKHA O3HAMOMHUTHCH y 6ibmioreni XapKiBCHKOrO HAIOHAILHOIO
aBTOMODITIBHO-OPOXKHBOTO YHiBEpcHUTeTy 3a amapecoro: 61002, m. Xapkis, Byi. [le-
TPOBCHKOTO, 25.

Asropedepar posicianmii «30» BepecHs 2011 p.

Buennii cekpeTap
crieniajIi30BaHOl BUEHOI paJIu

W Harmok I. C.

3ATAJIBHA XAPAKTEPUCTUKA POBOTH

Akryanpnicre Temmu. Ha cydacHoMy erami aBTOMOGineOynyBaHHS BAMOIH
10 raJIbMiBHIX CHCTEM TPAHCIOPTHHX 3ac00iB, 001aIHAHUX CACTEMAMH aBTOMATH -
noro perymoBanns (CAP) ransmiBHOro 3ycuns, nocriiino migsumyorscs. Le 3ua-
XOZUTH BiIOOpa’keHHs B CTAHJAPTAX TA IHIIMX JEP’KABHUX i MIKHAPOAHHX JOKY-
MEHTaX, IO PEKOMEHIYIOTh Jjisl Pi3HUX KATeropiii TpaHCIOPTHUX 3aCODIB NOKa3HM-
ki epeKTHBHOCTI ralbMyBaHHs, K Ha CTa/il NPOEKTYBaHH, TaK i Ha cTaii ix cep-
rudikamii. BincyTHicTh BITYM3HAHMX CHCTEM aBTOMATHYHOIO PEryIIOBAHH:A rajlb-
MiBHOTO 3yCHJLIS 3MyIIy€ YKPAIHCHKUX BUPOOHUKIB, [Jif BUKOHAHHA HOPMATUBHHUX
BHUMOT, BCTAHOBJIIOBATU B aBTOMATH30BAHOMY [allbMiBHOMY KepyBaHHI CHCTEMH [PO-
pinHuX iHO3eMHUX ipM, Takux ax: WABCO Westinghouse, Knorr-Bremse, Bendix
Commercial Vehicle Sys, Haldex. Takuit nigxin NpuU3BOIUTH A0 MOINOPOXKYAHHA
BiTYM3HAHOI ABTOMODIIBLHOI TEXHIKK i BTpaTH KOHKYPEHTHOIO CEPeIOBHINA Ha
aBTOMODOLTEHOMY pHHKY YKpainu ta B kpainax CHZIL.

VYkpaina Ma€ pecypcu il CTBOPEHHS BiTYM3HAHUX CHCTEM ABTOMATHIHOIO pe-
I'Y/IIOBAHHS TAlbMIBHOrO 3yCHIUIs, aJle iX CTBOPEHHIO MEpEeMKOIXKAa€E BiJCYTHICTH
CHCTEMHOrO MiJXOM4y, IO A03BOJAB OM Ha eTami MPOeKTyBaHHS aBTOMATHU30BAHOIO
raMbMIBHOTO KepyBaHHs 3pobutu Bubip panionansuux napamerpis CAP rambmis-
Horo 3ycumnsa. CucrTemHHMIl MiAXiJ DO CTBOpEHHS aBTOMATH30BAHOTO rajbMiBHOIO
KepyBaHH: II0JIATAE B TOMY, [0 [eOMETPHYHi, KiHeMaTH4Hi, BATOBi IAPaMeTPH JABO-
BiCHOIO TPAHCIOPTHOrO 3aC00y 3 MHEBMATHYHUMH FajbMiBHUMY CHCTEMAMH B3a€-
MOIIOB’s13aHi 3 pOGOYMMHE IPOLIECAMH, IO BiIOYBaIOThCA B BUKOHYIOYHMX IPHCTPOAX
(Monynaropax) CAP ransMiBHOrO 3yCH/UIA Ta TMHAMIKOI ajbMyBAHHS TPaHC-
HOpTHOrO 3ac00y B PI3HUX eKCILIyaTaI[iiHAX yMOBaX.

3p’g30K po6OTH 3 HAYKOBMMH HporpaMaM#, ILIaHamMu, Temamu. Te-
MaTHKa, JOC/ILKEHHS € CKIIa0BOI0 YACTHHOI TaKUX HayKoBHX pobirT XapKiBChKO-
o HAIIOHAIBHOIrO ABTOMODLIBHO-IOpoXHKOro yHiBepcuTery (XHAY), mo Buxo-
HyBasmca Biamosimao no Hakady MinicTepcTBa TpaHCHIOPTY Ta 3B’A3KY YKpai-
ma Ne82 Big 10 mrororo 2004 p., Ta BigHOCATHCS IO KOMIUIEKCHHX TeM: ,besmeka
JIOPOXKHBOrO pyxy “, ,CHCTeMHe HpPOEKTYBAHHSA Ta KOHCTPYIOBAHHSA TPAHCIOPT-
HEX 3aC00iB, sIKi 3a0e3medyroTh HeoOXinHy aKTHBHY Ge3leKy JOPOXKHBOTO PyXy
, TeopeTndsi Ta eKCIePEMEHTAJIBHI JOCIILIPKEH sl €JIeKTPOMHeBMATHIHOTO IalbMiB-
HOTO NPHMBOZY ABTOTPAHCIOPTHHX 3ac0biB, 00’€ZHAHOrO 3 AHTHOJIOKYBAJIBHOIO
rampMiBHOIO cucremoro® (NeZIP0101U005210) ta ,,Po3pobka mnporpamHOro Kom-
[IIeKCy JJs PpO3PaxyHKy HeCTaliOHApHMX Tedil rady Ha [apaJieJIbHUX CHCTe-
max® (NeZIP0105U002170). OcobucTuit BHECOK aBTOpa y BUKOHAHHI [AX HAYKOBO-
mocaigHUX pOOIT moArae y po3poOilli, TEOPETUIHOMY Ta €KCIEPUMEHTAJIBHOMY J0-
crimxenni CAP rampmiBHOrO 3ycuiissi, po3pobii NporpaMHOr0 KOMIJIEKCY AJIS MO-
NeIOBaHHEA IAHAMIKK TabMyBaHHS JBOBICHAX TPAHCIOPTHUX 3ac06iB, 0Oma HaHIX
ABC, BEKOHAHHSI CTEHIOBUX JIOCJIiI>KEHb KOUEHHs Kojieca apTomobins 3iJl — 4335
mix srumBoM ABC, BUKOHAHHS TOPOXKHIX JOC/iAKEHb e(beKTHBHOCTI rajbMyBaHHS
asTobyca MA3 — 256200, 0671a/1HaHOr0 aHTUGIOKYBATBHOK CHCTEMOIO.



Mera i 3aBJaHHA OociaigkeHHs. MeTo0 pobOTH € CTBOPEHHsSI aBTOMAaTH-
30BAHOIO TAIBMIBHOIO KEPYyBaHHS TPAHCIOPTHUX 3acobis kaTeropiit Mz Ta N3 Ha
OCHOBi MeTOziB (hi3HYHOro Ta MATEMATHIHOTO MOZENIOBAHHA POOOIMX Mpo1ecis, Mo
BiOyBAIOTECA B HHOMY 3 yPaXyBaHHAM JMHAMIKM PyXy TPAHCIOPTHOTO 3acoby B
raJibMiBHOMY PeXKHMi.

V 3B’3Ky 3 THUM, O NepexinHi mpomnecH, AKi BiAOyBaOThCs i Jac raabMyBaH-
Hsl TPAHCIIOPTHOrO 3ac00y 3 aBTOMATH30BAHMM rajlbMiBHUM KEpPYBAHHAM, € CKIIa]-
HuUMH 06’€KTaMH, B SKHX 30CEPeKeHO Pi3Hi (pisuyHi ABUINA, OCHOBHUMH 33J29aMU
JOCTiI>KEeHHS €: )

— BUKOHAHHS TEOPETUYHHX JOCJIIKEeHb JMHAMIKHU rajlbMyBaHHA TPAHCIIOPTHUX
3acobis kareropiit Mz Ta N3 3 METOI0 yTOYHEHHs MOJENi NPAMOJIHIAHONO PyXy
TpaHCIopTHOro 3acoby, obnanssanoro CAP rambmiBHOrO 3ycuiis;

— BUKOHAHHS €KCIEPUMEHTANbHUX AOCHIPKEHb IHHAMIKY TabMyBaHHS KOJIECa
TpaHcHopTHOro 3acofy Kareropii N3 Ha Mexi GJIOKyBaHHA B CTEHIOBUX yMOBax
3 MeTOI BUBYEHHS BIUIMBY HABAHTAXKEHHs, IOYATKOBOI IMBHIKOCTI raJlbMyBaHHS,
X0y IITOKA raJbMiBHOI KaMepH Ta JpOCels, BCTAHOBJIEHOTO Iepej rajbMiBHOIO
KaMepoIO Ha, MAaKCHMAJIbHE 34YelJIeHHs, IO Peali3yeThCs MiX IIHHOI Ta OMOPHOIO
[IOBEPXHEIO;

— po3pobKa MPOrPaMHOTO KOMILIEKCY JJIsi NPOEKTYBAHHs aBTOMATH30BAHOIO
raJibMiBHOIO KEpYBaHHS Ta BUOOPY PaliOHAJBHUX MapaMeTpiB CHCTEM aBTOMATHY-
HOT'O PEry/IIOBAHHSA MaJbMiBHOIO 3yCHILIA HA OCHOBI BUKOHAHOIO aHAJII3y Ta pPe3ysb-
TATIB TEOPETHYHOIO JOCTIIKEHHS TMHAMIKHA rajlbMyBaHHS TPAHCIOPTHHX 3aC00iB
KaTeropii M3 ta Ns;

— BUKOHAHHS eKCIEPHMEHTANbHUX JTOCTiKeHb AUHAMIKY TajJbMyBaHHS ABOBI-
CHOTO TPAHCIOPTHOro 3acoby kaTeropii M3, obmagunanoro ABC, 3 MeToI0 mepesip-
K¥ aIeKBATHOCT] PO3POO/IEHAX yTOYHEHD B MOZEJI IPH TEOPETHIHOMY JOCIiZXKeHH]
MHAMIKH TaJbMyBaHHA TDAHCIOPTHHX 3ac0biB KaTeropiit M3z Ta N3;

— pOo3pobKa Ta eKCIepEMeHTaIbHEe JOC/IIPKEHHs B CTEHJOBMX yMOBax Oi0Ka
kepyBaunasi CAP ransMiBHOrO 3yCmilIsi, IapaMeTpH SKOTO OTPHMaHi Ha OCHOBi pe-
3y/IbTATIB MOJIEIOBAHHS PAbOYNX MPOIECiB ABTOMATH30BAHOIO ralbMiBHOIO Kepy-
BaHHS.

06’exm docaidocenns. Poboui mpomecu, mo BigOYBAIOTHCA B aBTOMATH30-
BAHOMy TaJIbMiBHOMY KepyBaHHI, Ta IX BIVIMB Ha JWHAMIKY PyXy TPaHCHOPTHOTO
3acoby xaTeropii M3 Ta N3 B raibMiBHOMY PeXHMI.

IIpedmem docaidoscenns. AproMaTu3OBaHe rajbMiBHE KePYBAHHSA Ta HOro
BIUIMB Ha AWHAMIKY PyXy TPAHCIOPTHHX 3acoGiB Kareropiit Mj Ta N3 B rajabmis-
HOMY PeXHMi.

Memodu docaidacenns. Meronu Gi3UUHOrO Ta MATEMATUIHOIO MOIEIIOBAH-
Hsl BHKODHCTAHO NPU pO3POOLI MPOrPaMHUX MOJIYJB 1A POSPAXYHKY AMHAMIKH
PyXy TPAHCIOPTHHUX 3ac06iB, 0018 JHAHEX ABTOMATH30BAHIM FaJIbMiBHEM KEpPyBaH-
HSIM; METOZM (PAKTOPHOTO MJIAHYBAHH eKCIEPUMEHTY BUKOPUCTAHO IiJ gyac npose-
JIeHHS CTEH/IOBHX €KCIEePUMEHTAJbHUX AOCTIIPKEHHAX; METOAX Teopii #MOBipHOCTI

Ta MATEeMATWYHO! CTATHCTHKHM JO3BOJIAIHM ONpPAIOBATH PE3yJbTaTH EKCIEPUMEH-
TAJIbHUX JOCHiI»KEHb; METOAX aHAJI3y Ta CHHTE3Y Teopii HaAIHHOCTI B TEXHII JaJIH
3MOry OIiHWTH BIUIUB CHCTE€MH ABTOMATHYHOTO DETYIIOBAHHIA Ha IUHAMIKY TaJlb-
MyBaHHS TPAHCIOPTHHX 3aCO06iB, IO HAJEXATh 10 kareropiit M3 ta Ns.

HaykoBa HOBH3HAa OTPUMaHHUX pesyiabTraTiB. OCHOBHMMH HayKOBHMH pe-
3y/IbTATAMH, 1[I0 BUHOCATHCA HA 3AXHCT, €

— ymeprie OTPEMAHO TEOPETHYHY 3aJEXKHICTb 3MiHM MAKCHMAaJbHOTO 34Y€IJIEH-
Hsl, IO Peasli3yeThCsA MiX IIMHOIO Ta ONOPHOIO MOBEPXHEIO, fKa BiZpi3HAETHCA BiJ
BimOMOI THM, IO BPAXOBAHO NUHAMIYHE BePTUKAJIbHE HABAHTAXKEHHs Ha KOJECO
TPAHCIOPTHOrO 3aco0y Mmij 9ac rajbMyBaHHS;

— yIepie OTPEMAHO TEOPETHYHY 3aJIEXKHICTH MiK Koe(ili€HTOM TaJIbMyBaHHSA
JIBOBICHOTO TPAHCIOPTHOrO 3ac0o0y Ta 34YemJIeHHAM HOro KOJIIC, 10 Peajli3yIoThCd,
AKa JO3BOJISIE BPAXyBATH CTYIEHb BIUIUBY CHCTEM aBTOMATHYHOIO PEryIIOBaHHA
raJbMIBHOTO 3yCHJUIs HA JUHAMIKY rajbMyBaHHA TPAaHCIOPTHOIO 3acoby Kareropii
M3 abo Ngs;

— Habyna MONATBIIOrO PO3BHTKY KOHIEMMis MPOEKTYBAHHA rajbMiBHOIO Ke-
pyBaHHs JBOBICHMX TPAHCIOPTHHX 3acobiB kareropiit M3 Ta N3, AKa DO3BUBAE
CHCTeMHHE TiIXi/ 1O IPOEKTYBAHHS aBTOMATHYHUX NPUCTPOIB PEryIIOBAHHHA raJlb-
MiBHOT'O 3yCHJLIIA.

IIpakTudHe 3HAYeHHs OTPUMAHUX Pe3yJbTaTib. PobGota Mae gk Teope-
THYHE, TaK i NPUKIaJHEe 3HAYEHHs. Pe3yibraTd TeOpeTHIHAX JOCTIIKEHb AOMOB-
HIOIOTB TEOPiIo aBTOMOB1/IA. 3alpOIOHOBaH] B ucepTanii 3aJI€XKHOCTI MOXYTh OyTH
BUKOPHUCTaHI M 9aC IPOEKTYBAHHA TaJbMiBHOIO KePYBAHHS TPAHCIOPTHOrO 3aC0-
6y, 06718,JHAHOrO IIPUCTPOAMH ABTOMATHYHOIO PEryJOBaHHA raJIbMiBHOIO 3yCHILTIA.
OTprMaHi 3aJ1€KHOCTI 34YeNIeHHs, M0 Peasi3yeTbCs Ta KoedilieHTa raJabMyBaHHS
TPAHCIOPTHOTrO 3ac00y MOXYTb 6yTH BUKOPUCTAHI HA ceprudikanifHAX TOTIrOHaX
IS OIIHIOBAHHS DO3MOJTY [aJbMIBHOTO 3YCHJUI MK OCAMH IIBOBICHUX TPaHC-
noprHEX 3acobiB kateropiit Mz Ta N3, a TakoX mij gac OIIHIOBaHHA €(eKTUBHOCTI
rajbMyBaHHA 3 BAMKHEHMM KOHTYDPOM TajlbMiBHOIO MPHUBOZY Ta y pa3i oliHIOBaH-
HA eEeKTUBHOCT] rajJbMyBaHHS TPAHCIOPTHHUX 3acobiB y BUIAIKY OOJI3JHAHHA IX
CHCTEMaMH ABTOMATUYHOLO PEryIIOBAHHS TalbMiBHOIO 3ycus. Pospolbienuii mpo-
IPaMHHMI KOMILTEKC IS IPOEKTYBAHHA FalbMiBHOTO KepyBaHH I03BOJIAE HA crazii
CTBOpEHHSI TaJbMiBHOrO KepyBaHH:, 00/IaJHAHOIO CHCTEMAMM aBTOMATHIHOTO De-
yIIOBaHHS TaJbMiBHOLO 3yCHJLIA, MiAi0paTn TaKi mapamerpu, aKi 6 3abe3nednsiu
HafiBAmLy eeKTHBHICTH raJbMyBaHHs TPAHCIOPTHOLO 3aC00y Kareropii Mz abo N3
B eKCIUIyaTAallii.

PesylpraTi BUKOHAHHX JOCHiZKeHb ympopamxeno Ha llonrascekomy —aBTO-
arperaraomy 3asoni BAT ,ITAA3“, IlonTaBCbKOMY aBTOArperaTHOMy BUPOOHHUITBI
TOB ,, AsroxomnorenT ILmtoc”, BoByaHCHKOMY arperaTHoMy 3asozi ITAT ,Bosuan-
cpKuit arperaTHuil 3aBOA Ta B HAYKOBO-BUPOOHMYiH (ipmi ,Enor-TT*, mo cneri-
aJli3yeThcs Ha BUPOOHHIITBL €JIEKTPOHHMX 6JI0KiB KepyBaHHs B TEXHIILi.

OcobucTuii BHecoK 3H006yBada. OcHOBHI TeopeTudHi Ta €KCIIEPHUMEHTAIIb-
Hi pe3ysbTaTH JOCHIIKEHb, BUKJIQJIEHI B OAucepTalil, BAKOHAHO OCODHCTO aBTOPOM



1 3a/IeKTapOBaHO y TaKOMY MEPeJiKy: 3ajeXKHICTb AJIS BH3HAYEHHS MAKCAMAIb-
HOIO 34eNJIeHHs, MO Peami3yeThCs Mik KOJIECOM Ta OIOPHOI HoBepxHero [1]; Ma-
TeMATHYHI MOJEN MeXaHiYHMX DeryJiATOpiB raJbMIBHHX CHJI, 3 KEpyBaHHAM Big
migBicku, siki 6a3y0ThCa Ha HOTO CTATHYHUX XapakKTepHCTHKaxX [2]; aHani3 cywga-
CHUX €JIEKTPOHHMX TaJIbMiBHHX CHCTEM TDPaHCIOPTHHX 3acObiB Kareropiét Mz Ta
N3 [3]; excriepuMeHTANBHI JOCTIIKEHHS ABTOMATHYHOI CHCTEMH 3 [IePEPUBAHHSM
a3 perysioBaHHs raabMiBHOIO 3ycuiuis [4]; aaroparm BHOOPY paliOHAIBLHUX Ieo-
METPHUYHHUX IIapaMeTPiB rajIbMiBHAX MEXaHI3MiB HA OCHOBI CTATHYHHX XapakKTepu-
CTHK raJIbMIBHOI CHCTEMH TPaHCIOPTHOro 3acoby kareropii Mj abo Nj [5]; cxema
€eKTPOHHO-THEBMATHYHOI PODOY0I rabMiBHOI CHCTEMH CyIacHHX TPAHCIOPTHHX
3acobie kateropit M3 Ta N3 [6]; anropurm i 3aKon KepyBaHHs: aHTHOJIOKYBAJILHOIO
CHCTEMOIO 3 IepepUBaHHsM (a3 PerysIOBaHHS rabMIBHOTO 3yCuiis [7]; yTodHeHHs
JI0 METOMUKH BUOOPY KoedilieHTa PO3NOiIY raJbMIBHIX CH MisK OCSIMH JBOBiCHO-
r0 TPaHCHOPTHOro 3acoby [8]; MaremarwuHi Momesni MHEBMATHYHOrO TaJbMiBHOIO
IIPUBOJY TPaHCIOPTHUX 3acobiB Kareropiit Mz ta N [11].

Anpobanig pesynbraris gucepramii. OCHOBHI MONOXKEHHS Ta pe3ynbTaTh
TEOPETHIHUX Ta EKCIEPHMEHTAIBHUX JOCITiIKeHb JONOBifamcs Ta 6ymu o6ropope-
Hi Ha HAYKOBO-TEXHIYHUX Ta HAyKOBO-METOAMYHHX ceciax XapKiBChbKOro HAIiOHAb-
HOrO aBTOMODLTbHO-IOPOXKHEOIO YHIBEPCUTETY Ta MiXKHAPOIHUX KOH(EepeHIisax:

— 54-ift Mi>XHApOAHIN HayKOBO-TexHiUHil KoH(epeHmil «KoncTpykTuBHAS Ge3-
I€Ka aBTOTPAHCHOPTHHX 3acobiB» (M. JImurpis, Pocifickka ®egepanis, OTYII
«HALTUAMT>, 07 - 08.06.06p.);

— 62-1it Mmi>knaponHil HaykoBO-TexHIuHiH KOHbepenmii «[TepcrexTusy PO3BUTKY
BITYM3HAHOTO aBTOMOGLNEGynyBanns. KoncrpykTusHa 6e3nexa aBTOTPAHCIOPTHHUX
3acobis (M. JImurpis, Pociiiceka ®enepauis, OI'YII«HUIIUAMT >, 04 - 05.06.08p.)

— MLXKHapoAHiit HayKoBO — npakTH4Hi# KoHbepenii , IIpobiemu HamiHOCTI Ma-
IIMH Ta 3ac00iB MexaHi3anii ClIBCHKOro roCHOIAPCHKOro BUPOOHHUITBA”, IPUCBAYe-
Hill mam’aTi akagemika Aninosuua B.S1. (m.Xapkis, Ykpaina, XHTYCT im. Ilerpa
Bacunenka, 15 — 16.05.08p.);

— XI mixHapogHiii HayKOBO-TexHiuHil KoHpepeHmii «ABTOMOBLIBHII TpaHC-
nopr: npobnemu Ta nepcnektusu» (M.Cesacromnons, Ykpaina, CHTY, 16.09.08p.);

— XII mixHapozHilt HaykoBO-TexHiuHi# KoHpepeHwii «ABTOMOGLTL I TpaHC-
nopr: npobiemu Ta nepcnekrusu» (M.Cepacronons, Ykpaina, CHTY, 15.09.09p.);

— II mixnaponmilt HaykoBo-TexHiumi#i xondepennii «Cyuachi TexHomorii Ta
[EpCIEKTUBM PO3BUTKY AaBTOMOOLTBHOTO TpaHcmopry» (m.Bimmmma, Vxpaina,
BHTY, 19 - 20.10.2009p.);

— 70-iit MikHaponHiil HayKOBO-TexHiuHiM KoHDepeHIii « KoncrpykTusna 6e3-
[I€Ka aBTOTPAaHCHOPTHUX 3acobiB» (M. Jmurpis, Pocilickka ®eneparis, OTYII
«HALTMAMT>, 01 - 02.07.10p.);

— I’ATiH HAYKOBO-NIPaKTHYHil KoHpepeHmil 3 Mi>KHapOIHO y4acTio «MaTema-
THYHE Ta iMiTauifine mozemoBanHs cucrem MOJIC’2010> (m.Kuis, IncTuryT npo-
GreM MaTeMaTHyHEX MammuH i cucrem HAH Ykpainn, 21-25.04.10p.);

— MiXHaponHi# HaykoBo-TexHiuni# Koupepernii AAU «ABTOMOBiNe- Ta TpaK-

)

i i eHiit
TOpOOynyBaHHA B Pocii: npiopureT pO3BUTKY Ta MLATOTOBKA K'anpm», npn;/l;:?v[ g
145-piggio M['TY «MAMU» (m.Mocksa, Pocificexa ®eneparis, MI'TY «
17.11.10p.);

— Mi>KHapO/Hiil HayKOBO- :
Hux Ta TexHosoriuamx Mamue” (M. MiHCBK,
O CHOBHI NOJIOXKEHHs AMCepTaIiHHOL poboTu BEKIaEHO B 9 Hay-
3 CIiBABTOPIB Ta OFHA B Te3aX nonosifeit), B TOMY rmcén

i ainu. 3a
5 onpuiIofHEHO y (haxoBUX BUIAHHAX, IO BXOMATH B MepeliK BAK Y!(();;A .
ifHOL CBiZIOIITBO HA K -
OTH OTPUMAHO OJHE aBTOPChKE
TeMOI0 AEcepTaIifiHol pob | i o
ny mporpamy (9] Ta OZMH TMaTEHT [10], sxi Bumaro [lepkaBHuM jenapTa
iHTeTeKTya bHOI BIACHOCTI B YKpaiHi.
CrpykTypa i obcsr poborm. [ucepramiiina pobora CKIa/AETHCA i3 r:}c'ryn}:,
i i B. [ToBHUIA
4OTHPBOX PO3[LNIB, BUCHOBKIB, CIMCKY BUKOPHCTAHHX Jxepedt 1 ,uo;la.;;lcmpiHKax
i i KiB Ha A
1 cropinky, y Tomy umcii 66 pucyn
o6csir poboTu ckaanae 24 Y ‘ i
10 Tabmump Ha 11 cropiskax, 9 JOZATKIB HA 48 cropinkax. CruCOK BAKOPHCT
mpkepes HapaxoBye 150 HafiMeHyBaHb Ha 16 cTopiHKax.

rexmiunil KordepeHnuil ,['iApOTHEBMOCACTEMHU MODiTB-
Bimopycs, BHTY 17 - 19.11.10p.).

IIy6uiikamil.
koBUX cTaTTAX (OmHa Ge

OCHOBHMUM 3MICT POBOTH

V BeTymi 06rpYHTOBAHO AKTYaJIbHICTH obpamoi Temu; CHOPMYIBOBAHO METY 1
i i : i 00’€KT, HayKOBY HOBHU3HY T2 NPAKTHIHE

3a7a4i JOCiIPKEHHS; BU3HAYEHO NPEeAMET 10 » B, % i
3HadeHHs pOOOTH, IOJAHO OCOOUCTHH BHECOK aBTOpa; OKPECJIEHO Py
Ta BIPOBAKEHH: y NPAKTUKY Pe3yJIbTaTIB ,D;OC.TIl,uX.(eHHﬂ.. w3 o

V nepmomy posaiii “CTan NATaHHA Ta 33711 AOCIIPKEHH n;)o‘i S,
HO HAyKOBi mpami 3 npobiemu ,ZLOCJ'IiJI)KeH‘HH. Qmﬂ,n HayKoso—'I:exm:OBHO R
pH BHCBITJIOE: Cy9JacHUi CTaH B aBTOMODLIBHIH npomncnor.so‘ccm CTO! R
TH30BAHOIO TaJbMIBHONO KepyBaHHA TPAHCIOPTHHX 3ac0613,' poam;myTo mi
pO3paxyHKy AMHAMIKH rajibMyBaHH: TPaHCIOPTHOIO 3:16(:06y, pOBZ?::ZCTeM e
PO3paxyHKy IIHEBMATHYHOIO IajlbMIBHOIO MPUBOLY; 3po n'euo aHa. S
MATHYHOLO PETY/TIOBAHHSA IajibMiBHOIO 3ycnuns; IPOaHAJII30BAHO 3
BU3HAYEHHS 3UCIJICHHS, IO Peali3yeThCs M.I)K IE!I/II'{OIO Ta, IOPOroI0. .

3a pe3y/IpTaTaMH aHAJI3y HAyKOBO-TEXHITHOL JITEPATyPH BPIHI.?'.TI'eHO, II;HM g
HASBHICTH BEJMKOI KiIBKOCTI JOCIIIKeHb, MPUCBAIEHUX JUHAMILL ra;xﬂ I\ZeTomB
TpaHCIOPTHHX 3acoliB, icHye HeobOXigHiCTh NOJaJIBIIOro gnocxoga:ii i
pO3paxyHKy OUHAMIKH rajbMyBaHH: Tpchnngan 3aco0iB, ocmnOMaTz;BOBaHom
giTepaTypi He BHCBITJIEHO 3arajlbHAX METOZIIB I'IpoeKT}"'BaHHS{ aBTOMA - B
rasIbMiBHOTO KepyBaHHs, X04a mepexigHi npOLecH, mo BigfOyBaroTbCs n;ﬁOM ool
MyBaHHS aBTOMOGLIBHOrO KOJIeca, Ta Mepexil [IPOIIECH y ITHEBMATH y
MiBHOMY TIPHBOJ] 32rajoM IOCTIIXKYBAIACT pisHuMu aBTopami. T

Ha, OCHOBi IIPOBEIEHOrO aHAII3Y cd;opmynbc_mam MeTa Ta 3a7ad4l ,uocnu;an 33;

¥ apyromy pos iati “JlocaimKenHa JuHAMIKA I‘a..TIbI\{IyBaHHSI Tpchrf,OEHKOHaHO
coBiB 3 CHCTEMAMH ABTOMATHIHOIO PEryJIOBAHHSA ralbMIBHOIO 3YCHILIIA

! . -
TeopeTHdHe AOCTIAXKEHHs AUHAMIKE PyXy TPaHCIIOPTHOrO 3acoby B PEXKuUMI TaJl




MyBaHHSI, PyXy KOJIECA MiJ BIUIMBOM CHCTEMM aBTOMATHYHOILO PEryJIIOBAHHA Fajlb-
MIBHOIO 3yCHJLJIsI, 3alIPOIIOHOBAHO METOAMKY aHailidy Ta BHOODY pO3MOIiILY rajib-
MIBHHX CHJI MiXK OCSIMH TPAHCIOPTHHUX 3aC00iB, YZOCKOHAJIEHO METOAUKY OLIHKH
e eKTUBHOCTI raJlbMyBaHHS TPAHCIOPTHUX 3ac00iB 00JIaJHAHUX CHCTEMAaMH aBTO-
MaruyHoro perysoBanus - ABC.

VY paMKax BIOCKOHAJIEHHsI METOLY PO3PAaXyHKY JUHAMIKH TajJbMyBaHHS JIBO-
BiCHHX TPAHCIOPTHHUX 3ac00iB, obnagHanux CAP ransmiBHOrO 3ycusuisi, 6ysu Brep-
I1e BU3HAYEH] 3aJIEXKHOCTI, W0 JO3BOJIAIOThH OMUCYBATH AWHAMIYHE HABAHTAXKEHHS
Ha KOXKHE KOJIeCO 3aJIe’KHO BiJ yXUJIy JOPOrH Ta KyTOBOTO MPHCKOPEHHS BiJHOCHO
MHUTTEBOrO LIEHTPA, 00EPTaHHS TPAHCIOPTHOrO 3ac00y:

m
NlL:m((b+z-hg)-g-2-B‘Cz+b'CS)§ (1)
m
N =g (@—z-h) g2 B-Crta-Cy); 3)
Nf = =5 ((e—zhg)-g-C1—a-Ca); “)

e m — Maca TPAHCIOPTHOro 3acoly, kr; L — kojicHa 6a3a TPaHCIOPTHOrO 3a-
coby, M; B — cepenus mmpuHa Kojii TpascmopTHOro 3acoby, M; b — Bimcramp mo
3aJHBOI OCi BiZ I[EHTpa MaC TPAHCIOPTHOro 3acody, M; a — BiICTaHb JO MepeaHbOL
oci Bim meHTpa Mac TpaHCIOPTHOrO 3aco0y, M; g — IPUCKOPEHHH BiJIbHOrO MaJiHHS,
M/c?; z — koedilieHT ralbMyBaHHS TPaHCIOPTHOrO 3acoby; hy — BHCOTA LEHTpa
Mac TpaHcHopTHOro 3acoby, m; C1, Cz, C3 — koedinieHTH, AKi BU3HAYAIOTHCA 32
3aJIE2KHOCTSIMU:

Ci=B-cosf—2-hg-sinp; Cg:l—zcl;
Z ®)
Cg:(2~hg-cos,B+B-sinB)(Vz-wa—a-d—ta);

ne B — KyT NOMEpEeYHOro HAaXWily OOPOTH, Tpaj; V, — JiHifHA MIBHAKICTH PyXy
TPAHCIOPTHOrO 3acoby, M/C; w, — KyTOBa IIBUAKICTH OOEPTAHHA TPAHCIOPTHOTO
3aco0y BiJHOCHO MUTTEBOrO LEHTPa ObepTaHHs, paj/c; ‘—%ﬂ — KyTOBE IIPHCKOPEHHS
TPaHCHOPTHOTrO 3acoby, pas/c?;

KoedinienT ranpmMyBaHHs TpPaHCIOPTHOrO 3aco0y BIEpIIE 3aIPONOHOBAHO BHU-
3HAYATHU 32 3aJIEXKHICTIO:

= EBCH ) (fa bty a) (O ) (b fita f5)42 B L fe
2:B-L—hg-(2:B-Co-(fH1—15)+C1-(FE-15%))

(6)

ne fL R fL, fR - 34ennenns, mo peamnisyeTbes MixK MIMHOIO Ta OMOPHOIO OBEPX-

HEIO BiJITOBiJHO Ha JIBOMY IEepeIHbOMY, IPABOMY INEPEIHBOMY, JIiBOMY 33JHBOMY
Ta NPaBOMY 33JHBOMY KoJjieci; f. — cyMapHui KOedili€HT Omopy KOYEHHs KOJicC
TPaHCIIOPTHOrO 3aco0y.

VY pasi npoekTyBaHHS IajJbMiBHOIO KEPyBaHHSA TPAHCIOPTHUX 3acobiB OZHIEIO
3 BasKJIMBHX XAPAKTEPUCTHK PO3IOALTY rajbMiBHHAX CHII MiXK ocaMH € KoedimieHT
PO3IOIILY TaJbMiBHHX CHII (Bu), AKuit 3 ypaxyBaHHAM Mi>KHapOTHUX BHUMOL J0
PO3NOiNy raJbMiBHEX CHJI MOXKHA BU3HAIUTH 3a 3aJIe’KHICTIO, 10 NPONOHYETHCA

BIIEpIIE:

jH-hg-(0,017+0,141-(<p—0,2))+b 1)
ﬂu =
L

e ju — YUOBUIbHEHHS CIOPSs?KEHOIO TPAHCIOPTHOrO 3acoby, MO MOBHHHO OyTH
JIOCACHYTE Ha MOBEPXHi 3 KoedilieHTOM 34elIeHHs ¥, 6e3 O6/10KyBaHHSA Oro KOJIC.

BukopucTanHs piBHsAHHS (7) O3BOJIAE BU3HAYMTH 39EIVICHHH, IO PeATI3yio-
THCSL 151 CHOPSAPKEHOrO T2 32BAHTAXKEHOTO TPAHCIIOPTHOTO 3aco0y, 38 JOIOMOrOK0
BIIOMHX 3aJI€2KHOCTEH:

h

ne fi, fo — 3YeMyIeHHs], IO PeaTi3yeThCs MiXK LIMHOIO Ta ONOPHOI0 TOBEPXHEI0 Big-
MOBiZHO Ha HepeiHiil Ta 3aIHii oci.

Kpupa fi = f(p) He moBuHHa GyTH BUIIE NPAMOI 2 HA PHC. 1, asie BOHa MOXe
MATH 3 L€I0 IPSIMOIO 3araibHy TodKy aoruky. Ha puc. 1 obmacTio e fmn obmexxeni
Bei MOYKJIMBI 3HAYEHHS BeAMIUH KoeilieTiB rambMmyBaHHs z Ha Koedimi€HTax
suemienus Bix 0,2 1o 0,8. Jlinia 1 — e MiHiManbHO JIONyCTHMi 3HAYEHHS Koedi-
Hi€HTA raIbMyBaHHA (Zmin)-

L'Z'ﬁu

L-z-(1— )
T btz by ®)

a—2-hg

fa=

z,hi:/a
3

Puc. 1. liarpaMa rpaHHYHOTrO 34ervIeHHs B GyHKIH B koedinienTa 34ernyeHns

SIKILO 3a JOIOMOroro 3aexHocTi (7) KpuBa 34eIlIeHHs, [0 Peali3yeThCs f1 HE
MOKe ByTH DO3TAIIOBAHA HUXK'IE IPSAMOL 2 = (9, TO HeODXiTHO 3MIHUTH KOOPAUHATH
[IEHTpa MaC TPAHCIOPTHOrO 3aco0y, IO IPOEKTYETHCSA, a00 BCTAHOBUTH creniaibHi
peryJIodd IPUCTPOL (PEryIATOpU rabMiBHUX CHIT) JJIs TOTO, 06 38(0BOJIbHHTH
BAMOIM MIKHAPOAHUX T3 HAIOHAJBHUX CTAHAAPTIB, IO CTOCYIOTHCS PO3MOALIY
raJIbMiBHEX CHJI TPAHCIOPTHOTO 3acoby.

BuKOpPHUCTOBYOYH CHCTEMHMH IIiXi/l 70 MPOEKTyBaHHsl aJbMiBHOIO KepYBaHH1,
0612, THAHOTO ABTOMATHIHAMU CHCTEMAMH HeobximHo BpaxosyBaru, o CAP ramb-
MIBHOrO 3yCHJLIA MOXKe 3HMXKyBaTH e(eKTUBHICTh raJibMyBaHHS TPAHCIOPTHOTO



3aco0y II0 BiZHOIIEHHIO 1O MaKCHMaJIbHO MOXKJIMBOIO rajbMyBaHHA 6e3 610KyBaH-
Hfl KOJIiC, TOMY IIpY BCTAHOBJIEHHI TAKUX CHCTEM HA TPAHCIIOPTHHH 3aCib He0OXiTZHO
BHKOHYBaTH yMOBY (9) miJ 9ac rajbMyBaHb Ha CyxXoMy acchaibTOBOMY IIOKPHTTI 3
xoedirienTom 3uenenns ¢ > 0, 7.

hg-zar - (f1— f2)
L

Zmaz > [zmin] (9)
J€ Zmaz — MAKCHMAJIbHUIM KOedillieHT raJbMyBaHHS TPAHCIIOPTHOTO 3acoby 6e3 6710-
KyBaHHA KOJIiC Ta BAMKHEHOIO CHCTEMOIO aBTOMATHYHOrO PEry/IIOBaHHS rajJbMiBHO-
TO 3yCHILIs; 247 — KOedillieHT rajJbMyBaHHS TPAHCIOPTHOrO 3ac00y 3 MPaIioI0Y0I0
CAP rabMiBHOIO 3YCHIISE; [Zmin] — MIHIMAJIBHO JOMyCTHME 3HAYEHHS KOeilienTa
raJlbMyBaHHS Ha IOBepXHi 3 KoedimienTom 34emnenss ¢ > 0, 7. .
s onjiHioBaHHS e(eKTUBHOCTI rajibMyBaHHs TPAHCIIOPTHOrO 3ac00y, 0bIaHa-
sHoro CAP ranbMiBHOrO 3yCHIuIsl, BAKOPUCTAHO TaKHWii mapaMmeTp, aK KoedirieHT
BUKODHCTAHHS CHUJIM 39eliIeHHs (£), [0 BU3HAYAETHCA 3TiAHO 3 MiKHADOIHUMHU Ta

HaIlOHAJILHUMHK CTAHIAPTAMHM 33 3aJIEXKHICTIO:
€= 1 (10)

Zmaz T+ hyzar(fi—fa) IZAL‘lEfl_fz)

Y nmucepTanii BJOCKOHAJIEHO BiIOMY 3aJI€XKHICTh [IjIs BUSHAYEHHS TajbMiBHOTO
IIAXY TPAHCIOPTHOrO 3ac00Y, IO AaJI0 3MOr'Y OLiHUTH BILIAB CUCTEMU aBTOMATH-
9YHOI'O peryJIlOBaHHS raJbMiBHOIO 3yCHJIA HA Ied BUXIJHHI MapaMeTp TPaHCIOPT-
HOTO 3aco0y:

0,58, - Vi

a9 ZmaezEF G- Sina

Soct =Vu - (tp+1t:+0.5-t4) + 3 (11)
ze SocT — 3yNMHKOBHI NUISX TPAHCIOPTHOrO 3acoly, M; Vi — MOYaTKOBa MIBHI-
KiCTb rajbMyBaHHS TPaHCHOPTHOrO 3acoly, KM/rox; t, —dac peaxuii BOAis, C; ts
— 9aC 3aIli3HIOBAHHS CIPANOBAHHS IPUBOLY, C; ty — 9aC HAPOCTAHHS yIOBLIbHEHHS,
C; 0 — KoediUieHT, 0 BPAXOBY€ BILIMB O0GEPTAIOYMX MacC; . — KYT MO3I0BKHBOTO
HAXHJIy IOPOTH, TPaJ.

Pe3ynpraToM npoBeneHUX TEOPETUYHUX JOCIIAKEHb CTAJI0 BIOCKOHATIEHHSA MO-
Zeni NpAMOJiHIHOr0 pyXy TPaHCIOPTHOrO 3ac00y, 30KpeMa, B YaCTHHI BUSHAYCHHS
koedinienTa ransMyBaHHA K GYHKIGL Bl 39emyeH s, mo peanidyersea. Lle mo3so-
JIAJIO TOTJIMOMTH KOHIIENIIO IPOEKTYBAaHHSI AaBTOMATH30BAHOIO ajbMIBHOIO Kepy-
BaHHs, y3araJbHEHy Ha KJaCc JBOBICHHX TPAaHCIOPTHHX 3ac00iB, i BUCYHYTH imero
crBoperHss CAP rasbMiBHOrO 3ycuiuisi Ha OCHOBI MOJE/IIOBAHHS AUHAMIKH TajJbMy-
BaHHS TPAHCIOPTHOIO 3aC00y.

Y Tperbomy po3zaiai “Bubip Ta o6rpyHTyBaHHSA BXiAHHX Ta BUXITHHX Iapa-
METpiB KepyBaHH: CHCTEM aBTOMATHYHOIO DErYIIOBAHHS CaJIbMIBHOTO 3yCHILIS”
BUKOHAHO YHCeJIbHI PO3pPaxXyHKH JUHAMIKK rajbMyBaHHs aBToOyca MA3-256200
3 MHEBMATUYHOIO TAJIBMIBHOIO CHCTEMOIO, OOJI3JHAHOK CUCTEMOI0 aBTOMATHYHOIO

peryniosants — ABC. B ocHOBY mpoBenieHOro IIOCTIiI>KeHHsI IOKJIaIeH0 METOIM PO3-
PaxXyHKy MHEBMATHYHOTO TaJbMIBHOIO NPHUBOZY, 3aIPOINOHOBAHUX 0O.B. T'epn Ta
M.®. MermokoMm. 3 ypaxyBaHHSM TEOPETUYHHUX JOCIIJKEHb, pOBEJIeHUX y e~
TBEPTOMY DO3IiTi, Ta yIOCKOHAJIEHOI MOZeNi MUHAaMIKA I‘aJIbMy.Ba,HH.H ZIBOBICHOT'O
TPAHCIOPTHOrO 3ac00y B APYrOMYy po3zini, obrpyaTyBaHO BHOIp BXiHMX Ta BH-
XiJHUX [ApaMeTPiB CHHTE30BAHUX JITOPUTMIB KEDYBAHH:A CHCTEM a,.BTOMa.TI/I‘IHO‘I‘O
peryJIiOBaHHS TAlbMIBHONO 3yCHILIA, B OCHOBY AIKHX IOKJIJIEHO TaKl 3aIeXKHOCTL:

— npu sukonasH] yskuii ABC

dw® 12,56 (t; — ti41) (12)
dt  NEF-tip1 -t (6 +ti41)

— p¥ BUKOHAHHI (YHKILI Mi>KOCBOBOI'O PeryrOBaHHA

dwge _ Mropz  Na <MTOP1 7. dwkl) (13)

di - Iy I - Ny dt

ne % — KYTOBE YIOBiIbHEHHSA «—» Ta KYTOBE IPUCKOPEHHS «+> KOJIOBOFO KOJIeCa,
pan/ ¢2; t; Ta t;11 — BLANOBiIHO TenepimHil iHTEpBAT Jacy Ta HACTyIHUI ¥HTepBa.n
Jacy MPOXOXKEHHs ONHOro 3y6a KOZOBOro Koseca Oing maTIuKa gmn,mfocn obepTa-
HHS, C; Nik — KinpKicTb 3y6iB KOJOBOTO KOJIECA,; d%z Ta 4‘;—;1 — BiANOBiOHO cepesHE
KyTOB€ YIOBiIbHEHH: KOJIC Ha 3a[Hi# Ta nepeaHii oci, pa,u,/cz; Mrop1 Ta Mrop2
— BigmoBimHO cepesHii raJbMiBHHN MOMEHT Ha mepeHiX Ta 3axHix Komecax, H-m;
N; ta No — BiIIOBiOJHO HaBaHTa’KEHHH Ha nepenHi Ta 33JHi KOJIeca TPaHCIOPTHOrO
3acoby, H; I — MoMeHT inepmii Koneca, Kr-M2.

Monemopanssa JuHaMiku rambMyBaHHs aBrobyca MA3-256200 e CKJI8(0BOI0
CHCTEMHOrO IMiAXOMy i mo/Arajo y BUKOHAHHI TaKuUX eTamiB: po30UTTS raIbMiBHOL
CHCTeMH TPAHCIOPTHOIO 3aC00y Ha OKPeMi JIAHKH, XapPaKTEPUCTHKH AKUX MOXHA
omucary 6e3 3aj1y9eHHs JOJTATKOBEX eMIIPHYHUX KOPeJIAIi; BUbip PO3paXyHKOBOI
CXeMH TajbMiBHOIO IIPHBOMLY; BU3HAYEHHs BUTPATHHUX XapPAKTEPUCTUK €JIEMEHTIB
IPUBOZLY; MOJETIOBAHHS JUHAMIKM rajbMyBaHHS TPAHCIOPTHOIO 3acoby 3 obpaHu-
MM IIapaMeTpaMu.

OcCoBIMBICTIO MOIENIOBAHHS AWHAMIKH TajJbMyBaHH:, € BUKOPHCTaHH:A 3aje-
skHOCTi (6), 10 yMOKTMBIIIOE MOJEIIOBAHHS PI3HAX raJIbMiBHMX CHCTEM TPAHCIIOPT-
HOro 3aco0y B Me»Kax OfHiel MaTeMaTH9HOI MOAE/i JUHAMIKH PyXy TPaHCIOPTHOrO
3acoby B rajIbMiBHOMY DPEXHMI.

TIreBMaTwuHMi TanbMiBHEHE npuBin asrobyca MA3-256200 mojano y BArIsA/I
JIBOX HE3AJIE’KHUX KOHTYDIB BiJNOBIIHO JO METOIUKH, sanpononosanoi O.B. Kpam-
CbKHM, OOYMCIIEHHS AKHX MPOBOAMIIOCS 33 JONOMOTOK0 PiBHSHB, OTPUMAHHAX 0.B.
Tepr; Ta M.@. MeTIOKOM i3 3aCTOCYBaHHAM SIBHOI CXEMH Pynre-Kyrra 3 agantus-
HUM KPOKOM 33 JaCOM.

Bu3HaueHHsA KPUBUX HAIIOBHEHHS Ta CIOPOXKHEHHS rajbMiBHOI KaMepu 103BO-
710 OTPAMATH KDHUBiI HADOCTAHHS TajbMiBHOIO MOMEHTa i pO3paxyBaTH iHTEH-
CHBHICTD 3HIMKEHHS IIBUIKOCTI PyXy CIODSIZXKEHOrO Ta 3aBaHTa’KeHOro aBToDyca






















