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Buenuii cexperap
criewiasii3oBaHoi BYEHOT paan O. 1. CmupnoB

3ATAJIBHA XAPAKTEPUCTHKA PABOTH

OGrpynryBanHsi BHOOpY TeMH JAochimkeHHsi. Po3BrHeHa aBTOMOOLIBHA
IPOMHCIIOBICTh € OfHUM 3 HaliBAXUIMBILIMX CTPYKTYP, AKa BIUIMBAE HAa HaliOHAIbHY
Gesnexy aepxasu. [l 3abe3neyeHHs BUCOKHX MOKA3HHKIB, OB’ A3aHHX 3 aKTHBHOIO
0e3nekol0 Ha TpaHCMOPTi, HeoOXigHO MOCTIHHO MiABMILYBAaTH EKCILTyaTauiiHi
BJIACTHBOCTI aBTOTPAHCIIOPTHHX 3acO0iB i MOKpaNIyBaTH €IEMEHTH iX KOHCTPYKIU.

3pocranns - o6cariB BHpOOHMLTBa aBTOMOOINMIB y cBiTi i 30inbmeHHs ix
KUTBKOCTI Ha IOporax pi3HUX KpaiH 3MyIIy€ JepKaBH Ha PiBHi 3aKOHOAABYHX AKTIB i
CTaH[ApTiB MiJBHIIYBaTH BMMOTH 10 TajlbMOBOrO KEPYBaHHs, CHCTEM KEpyBaHH:A
arperarami TpaHCMicil Ta HiIBiCKH, a TakOX A0 €KOJOriYHMX BHMOT, TaKHX, IO
CTOCYIOTECS HOPMYBAHHS 30BHILIHEOTO IIyMY:aBTOTPaHCHOPTHHX 3aCO0iE.

TpamuuiiiHi MeTOAH, IO BHKOPHCTOBYIOTHCA IUIf PO3PaxyHKiB NUHAMIKH i
CTAaTHKH MHEBMAaTHYHUX MPHUBOZIB i MHEBMATHUYHHX anapariB, He JO3EBOJIAIOTH Ha
eTari ‘TIpOeKTyBaHHs 3/ifCHIOBaTH MPOTHO3YBaHHA MEPEXiHMX MPOLECIB i BUXiTHHX
XapaKTepUCTHK 0e3 INpOBEJeHHA MAOAATKOBMX EKCIIEPHMEHTAIBHHX IOCHTiZKEHb.
Po3pobka HOBHX METOZIB OUiHKH JHHAMIKH H CTaTHKH, 8 TaKOX BIOCKOHAJIECHHA
BIIOMHX pO3pPaXyHKOBMX METOMIB CNPUAIOTH MiZBULIIEHHIO AKOCTi NPOEKTYBaHHA
aBTOMOGIIbHAX THEBMATHYHUX NPHBOZIB i MHEBMAaTHYHMX aNapatiB.

KpiMm Toro, MOH Vkpainu Bu3Hayae po6OTH, NpPUCBAYEHI MiJBHIIECHHIO
Ge3reKu Ha TPAHCIIOPTi AK HaiOLIbII aKTyalbHi HANPAMH JOCIi/DKEHb.

3a ygacte B poboTi «P0o3po6ka TEOPETUYHHX i MPAKTHYHKX OCHOB CTBOPEHHA i
MPOMHCIIOBE OCBOEHHSA HOBOT'O MOKOJIIHHA KOHKYPEHTO3JATHHX, BUCOKOE()EKTHBHKX
i HanifiHuX amapariB NHEBMaTHYHHX CHCTEM JOPOXHIX TPAHCIOPTHHX 3acObi»
aBTOpOBi mNpHuCy/keHa JlepkaBHa npeMis YkpaiHM B ramys3i HayKH i TexHiku
(Va3 Ipe3npenta Ykpainu Ne1256/98 Bix 17 nucronana 1998 p.).

38’5130k po6oTH 3 HAYKOBMMH IIPOrpamMamH, ILIaHamH i Temamu. Po6ora
BHKOHyBalaca BiamoeiaHo mo IlocranoBu KaGinery MiuicTpiB Ykpainu Ne 39 Bix
26 ciuna1994 poky «Ilpo opraHizauilo BHpOOGHHLITBa MiCBKHX aBTOOYCiB '‘BEJIHKOL
MictkocTi», [Toctanorrn HanioHaneHoi Panu 3 muTaHe G€3MEYHOI KHUTTERIAIBHOCTI
HacenieHHa Ne 3 Bix 25 rpyansa 1997 poky «IIpo BiamoBigHiCTP yMOBaM OXOPOHH
npani MaUiiH, TPAHCIIOPTHUX 3acobiB, o0OsaqHaHHA, AKi BUTOTOBJAIOTECA B YKpaiHi.
A TaKo)XX BiANOBINHO 1O IUIaHiB HAYKOBO-JOC/iAHMLBKUX PobiT Kadenpu aBToMobL1iB
XapKiBCHKOr0 HalliOHAIBHOTO aBTOMOOLIBHO-A0OPOKHBOIO YHIBEPCHTETY 3 MPOOJIeMH
«be3neka JOPOKHBOTO PyXy», KOMIUIEKCHOI TeMH «CHCTeMHE NpOEKTyBaHHA Ta
KOHCTPYIOBaHHs TPaHCIOPTHMX 3acobiB, ski 3abe3nedyroTh HeobXimmy 6esmeky
NIOPOXKHBOTO  PyXy», KOMIUIEKCHHX TeM «TeopeTudHi Ta eKCIiepMMEHTAIBHI
JOCHI/DKEHHA * €JIEKTPOITHEBMAaTHYHOIO TaldbMOBOTO ‘TPHBOAA ABTOTPAHCHOPTHHX
3acobiB» (I'P. Ne 0198U005036), «TeopeTHdHi Ta €KCHEPHMEHTAIBHI -IOCIiDKEHHA
€JIEKTPOITHEBMATHYHOrO - FaJIbMOBOrO~ i HPMBOZA: " ' aBTOTPAHCIIOPTHHX . 3acobiB,
06’€HAHOro 3 *aHTHOOKYBANLHOK TaTEMOBOIO cucTeMoro (I'P Ne 010:11005210),
«PileHHs MOB’3aHUX 3aBAAHB ra30BOi Ta EIEKTPONMHAMIKH B €JIEKTPOIHEBMATHIHHX
anapatax MamuHOOyayBaHHa» (I'P Ne 0103U001442), «Po3pobka mnporpaMHOro




KOMILIEKCY 1 PO3paxyHKy HECTalliOHAPHHX B’A3KMX Tedil rasy Ha mapafieibHHX
cucremax» (I'P Ne 0105U002170), «TeopeTsHi OCHOBH NPOEKTYBAHHA iHTEIEKTY anbHOT
nigBicku aBTOOYCIiB | BaHTXHUX TpaHCHIOPTHHMX 3acobiB» (I'P Ne 0109U001350),
«Po3poOKa Ta BIPOBA/UKEHHA iHTEJEKTY&IbHOI CHCTEMH KEpPYBAHHA TralbMaMu
TpancroprHoro 3acobm» (I'P Ne 0112U001239). Ponbp aBropa y BHKOHaHHi
LMX HAayKOBO-JOCIIJHUUBKMX pobOTax momsirac y (opMyBaHHI METOHONOTiYHHMX
HiZXOZIiB, AKi JO3BOJLIIOTH peari3yBaTH HAYKOBi 3aBJaHH:A 32 BKa3aHMM HANpPAMKOM,
a Takox po3po6ui i peanisauii METONIB yOCKOHANICHHA MHEBMaTHYHMX NPUBOJIB i
anaparis aBTOTPAHCIOPTHHX 3ac00iB, OCHOBAaHMX HAa EKCIEPMMEHTAIBEOMY iX
JOCIiZKEHHI.

Mera i 3aBaanns AocaixkenHs. Meroio po6oTH € popMyBaHHA TEOPLTHIHHX
OCHOB CTBOPEHHsI Ta BAOCKOH&/ICHHA ITHEBMATHYHHX aNapaTiB ralbMOBOTO KEPYBAHHI,
MiZBiCKM Ta 34EIUIEHHA ABTOTPAHCIIOPTHOro 3acofy 3a paxyHOK KoMObiHyBaHHA
METOIY 3 PO3NOAUIBHAMY NApaMETPaMH Ta METOMY 3 30CEPE/DKEHUMH I1apaMeTPaMH,
IO MiZ(BHIIy€ MBHAKO/II MHEBMATHYHMX aNapaTiB Ta KO3BOJLAE 0OpaTH panioHaNbHi
[poLecH KepyBaHH HHMH.

V 3B’A3Ky 3 THM, IO HepeXigHi NpOECH, MO HPOTIiKAIOTh B EJIEMEHTaX
TPaHCIIOPTHOro 3acoby 3 aBTOMAaTH30BaHHMH IPHCTPOAMH, € CKJIaJHUMHU 06’ €KTamu,
B AKHX HasBHi pisHi ¢i3Muri ABMINAG, OCHOBHMMH 3aBJAHHAMH, AKi HeoO6XimHO
BHUPILIATH, €:

—po3pobka i BIOCKOHANIEHHA METONIB MAaTEMaTHMYHOrO MOJENIOBAaHHA
IepexiJHAX MpOLEciB y NMHEBMaTWYHUX NPHBOJAX i amapaTax aBTOTPAHCHOPTHHMX
3aco6iB 3 ypaxysaHHAM criemmpiky ix poboTy;

—po3pobka MpOrpaMHOro KOMILIEKCY [JIi MAaTeMaTH4HOrO MOZEJIOBaHHA
TPHUBMMIPHHX HECTALIOHADHMX Tedili NOBITPA y MHEBMATHYHMX amaparax rajbMOBOIO
MpPHBO/1a aBTOTPAHCIIOPTHUX 3aco0iB i CHHTE3y NEPEXiHHUX XapaKTEPHCTHK MPHBOJAA B
Liomy;

-~ po3pobKka MaTeMaTHHHOI MOJENi EJNCKTPONHEBMATHYHOIO TaJbMOBOTO
NpHBOJA, SKA ajalTOBaHa U1 AOCIIDKEHHA po6OTH KOHTYpa NPHBO/A Y pesieHHOMY
pexuMmi;

-~ OLiHIOBAHHA BIUTHBY JMHAMiKM E€NEKTPOMArHITHOTO KJanaHa Ha 4ac peakuii
MeMOpaHn i Bu3HayeHHA (akTOpiB, AKi BIUIMBAIOTE HAa MBHOKONiIO MeMOpaHHOro
MOAYJIATOPA;

-~ BHKOHAaHHA (i3MYHOrO Ta MAaTeMaTHYHOro MOJIETIOBAHHA PEryibOBaHOI
MMHEBMATHYHOI MiABICKH;

— po3po0MTH KpHTEpii KepyBaHHA IHEBMATHYHOW Mi/BICKOIO IpH Ppyci
aBTOTPAHCIIOPTHOTO 3aco0y Ta 3ampONOHYBaTH METOAMKY BHOOpY MpOXiaHHX
MEPETHHIB peryJiATopa piBHA IiAIOTH;

-~ cpopMyBaTH KOMIUIEKCHI BHMOTH JIO PHUBOZIB KEPYBAaHH:A 34EIUIEHHIM Ta Ha
iX OCHOBI OOrpYHTYBaTH BUOip NPHHLMIIOBOT CXEMH MPHBOJIA 3YETUIEHHS,

-~ po3pobKa MaTeMaTHYHOI MOZAeJi poGOTH 34EIUVIEHHA Ta NPHBONA 3 NHEMO-
riZpaB/liYHUM MiACHIIOBAYEM, a TAKOX METOAMKY BH3HAYEHHA PalliOHAIBLHCIO 4Yacy
BBIMKHEHHS 34€IUICHHS;

— po3pobka MaTeMaTH4HOI MOJeNi MHEBMAaTHYHOTO TalbMOBOTO MPHMEOHR 3
PErynsTOpoM FalbMOBHX CHJI, SKMH CyMIIlEHO 3 NOBITPOPO3NOAINIBEHAM KDPAaHOM Ta
BHKOHATH JOCIi/PKEHHS IIPOLIECY aBTOMATHYHOTI'O ralbMyBaHHS MPHYilTHOT TAaHKH;

— po3po0Ka ‘KpUTepiiB CyMiIEHHS Ta METOIAMKHM NPOEKTyBaHHA pPeryJsaTopa
raJIbMOBHX CHJI; €yMillIEHOTO 3 OBITPOPO3MOALIEHUM KPaHOM.

O6’ext gocnimxennn. [lponec Tedil CTHCHEHOrO MOBITPS B MOPOKHHUHAX
MHEeBMAaTHYHHUX arlapaTiB Ta MHEBMATUYHUX NPHBOJAX KEPYBaHHA raIbMaMH, MiIBiCKOIO
Ta 34eIUIEHHAM aBTOTPaHCIIOPTHHX 3aco0iB, po6odi NPOLECH B FAIbBMOBOMY KEPYBaHHi
aBTOTPAHCIIOPTHHX 3ac06iB; poboui NMpolecH M Yac KepyBaHHA TPaHCMICi€, poboui
MPOLIECH TIiJI YaC KepyBaHHs THEBMATHYHOIO Mi/IBiCKOIO.

Mpeamer mocaimxeHnHsi. YIOCKOHANEHHA CIOCOOIB PEryJOBaHHS BHXIAHHX
nmapaMeTpiB NMHEBMAaTHYHHX alapaTiB Ta NHEBMAaTWYHHX IPHBOAIB KepyBaHHA
ralbMaMH, 34€IUIEHHAM 1 NHEBMATHYHOIO - IJIBICKOIO Ha OCHOBi METOAONOTii
CHCTEMHOTIO MiAXOY IPH MPOEKTyBaHHI i TEOPETHYHOMY aHaTi3i iX BIAaCTHBOCTEH.

Meroau nocaimxennsi. B mpoueci anamizy pobit 3a oOpanuM HampaMoM
JOCTI[PKEHb BHKOPHUCTOBYBABCs icTOpH4HHMi Merox. [IpH CTBOpeHHI TeOpeTWYHHX
OCHOB i BIOCKOHAQ/IEHHi THEBMAaTHYHHX aNapaTiB rajIbMOBOTO KEPYBaHHs, 34€IUICHHS
i MiABICKM BMKOPHCTOBYBAJIMCS METOAM CHCTEMHOro aHamidy. Jlid JOCHiTKeHHs
JMHaMiK{ [POLIECYy KepyBaHHA rajlbMaMy, 34EIUIEHHAM | MHEBMATHYHOIO IiBiCKOO
BHKOPUCTOBYBAJIHC METOAM MAaTEMaTHYHOIO Ta KOMII'IOTEPHOTO MOZETIOBAHHA,
METOIM PO3B’A3aHHA 3BHYANHUX NUepeHUiaTbHUX PiBHAHB i PIBHAHb B YaCTMHHHUX
NOXiZHUX, NpH 06pobui pe3ynbTaTiB €KCIEPUMEHTANBHHX MAOCIIDKEHb — METOX
KOPEALIHHOTO aHai3y. ;

HaykoBa HOBHM3HA OTPHMAHHX pe3yJbTaTiB. OCHOBHMMH HayKOBHMH
PE3yNbTATaMH, AKi BHHOCATHCS Ha 3aXHCT, €: )

—ynepuie 3ampolOHOBAaHO METOH pPO3PaxyHKy [AWHAMIKM ITHEBMaTHYHOIO
raJIbMOBOTO NpPHUBOZY, AKWH BiIpi3HAETBCA Bil BiZIOMMX KOMOiHYBaHHAM MeTOZa 3
PO3NOIINBHAMH TapaMeTPaMy, U1 BH3HAYECHHA KOe(illieHTIB BUTPaTH MHEBMaTHIHHUX
amapatiB Ta METOJa i3 30CepEKEHHMH NapaMeTpaMH Ui MOCITiDKEHHA JHHAMIKH
Pi3HOMaHITHHX JJAHOK THEBMATHYHOTO TAILMOBOIO IIPHBO/A;

—ymepuie y3araibHeHi ¢yHKNii, IO JO3BONAIOTH, Ha BiAMiHY Bix BiZOMHX,
pO3paxoByBaTH OWHaMiKy NHEBMaTHYHOTO Ta €JIEKTPOMHEBMATHYHOTO TaJIbMOBHX
NPUBOJIB B MOHOTOHHOMY Ta LHMKJIIYHOMY peXHMaxX Ta HaJlaHi peKOMEeHHaIil moao
X BUKOPHCTAaHHA JUIA OTPUMaHHA HaHKpamoi TOYHOCTI Ta IBHAKOCTI PO3paxyHKiB;

—oTpuMaHi HOBi  (YHKUIOHaIbHI 3B’A3KH  CTPYKTYPHHX  €JIEMEHTIB
€JIEKTPOITHEBMAaTHYHOI'O MOJYJIATOPA THUCKY, fKi, Ha BiAMiHy, Bil BIJOMHX MiZABHLIYIOTH
TOYHICTE iMITALifHOrO MOJIEMIOBAHHA ENEKTPOIMHEBMATHYHOIO TIaJIbMOBOTO IMPUBOIY
aBTOTPaHCIOPTHOTO 3acoly;

- OTpUMaNa TOJANBIIMA PO3BUTOK TEOPiSi CTBOPEHHA Ta BIOCKOHATIEHHS
MHEBMAaTHYHHX anapaTiB T[AIBMOBOTO KEPyBaHHA, KEPyBaHHA ITHEBMATHYHOIO
ITiBICKOIO Ta MPHBOJOM 34EIUICHHA, KA Ha BiIMiHY BiJl BilOMHX O3BOJISIE BpaxyBaTH
0cOoONHBOCTI KOHCTPYKLIT anapartiB i pobounx npouecie, mo BigOyBalOTECA B HHX;

-~ yHeplle 3alpONOHOBAHO PaLliOHANIBHI CITiBBiAHOIEHHA IEPETHHIB BITyCKHOTO
Ta BHIIyCKHOTO OTBOPIB perynATopa piBHA HiJIOTH NHEBMAaTHYHOI MiJBIiCKH 3



MEeXaHiYHUM KepyBaHHAM, AKi, Ha BiIMiHy Bil BiIOMHX, IO3BOJISIOTE YIOCKOHATHTH
XapakTep NHEBMaTHYHOIO MiZPECOPIOBAHHA TPAHCIIOPTHOrO 3acoby;

— YAOCKOHAIEHO MOZENb ITHEBMAaTHYHOIO TajbMOB NpHBOZA NPHYIMHOL
NIAHKM, K4, Ha BiIMiHy BiZ BiJOMMX, BPaxOBYy€ IO€ ¢byHkuii perynsTopa
ralbMOBMX CHJ Ta MOBITPOPO3MOAUILHOTO KpaHa Ta HO€/HAHHS ocobiHBicTh
[pOLECYy aBTOMATHYHOTO FaJbMyBaHHA y BHIIANKY PO3DHBY JKHMBJIAYOI Marictpaii
npudena ato HaniBnpHyena.

IpaKTHYHe 3HAYEHHA OTPHMAHHX pe3yiabTaTiB. PoboTa Mae Teopernuse i
[paKTHYHE 3HA4YEHHS, OCKUIPKH Pe3yJIbTaTH TEOPETHYHHX JOCIIKEHb JNOTMOBHIOIOTH
Teopil0 pobOYMX MPOLECIiB TaTbMOBOTO KEPYBaHHs, KEPyBaHHA IHEBMaTHYHOIO
MiJBICKOIO Ta 34YEIUICHHAM. 3anponOHOBaHi B JMCEpTallil 3a1€XHOCTI MOXYTh OyTH
BUKOPHCTaHi py GopMyBaHHI XapaKTEPHCTHK raJIbMOBOTO KEPyBaHHS, OLHIOBaHHI
napaMeTpiE KepyBaHHsA MHEBMATHIHOIO MiBICKOIO Ta 3ueruieHHAM. OCHOBHI HayKOBi
TMOJIOKEHHS. pO3po0KH i peKoMeHAawii BAKOPHCTaHi:

—y HaByagbHOMy mpoueci miarotopkn OakamaBpiB i MaricTpie 3a
cnemiamsHocTaME. 133 «[anyzee MammHOOymyBaHHA» Ta 274 «ABTOMOOLIBLHMIA
TpaHCHOPT»;

—y moaudikaliax perynaTopiB raabMOBHX CHJI, 00’€HaHHX 3 MOBITPOPO3-
MOJUIBHUM KPaHOM;

—y KOHCTpPYKIii JBOMaricTpaJbHOro 3aXMCHOro KilalnaHa,

—Yy KOHCTPYKIifiX NHEBMOTiAPaBIigHOr0 NpPHBOAA KEPYBaHHA 34YEIUICHHAM
aBTomo6inis MA3, KamA3 Ta iH.;

— Y KOHCTPYKIAX ITHEBMOTiApaBIliyHHX MiICHIIOBaYiB MPHBOJA 34EIUICHH;

— B KOHCTPYKIAIX pEryJIATOPiB piBHA IiJJIOr'M MHEBMATHYHOI MiABICKH.

BoBYaHCHKMM arperaTHuM 3aBofoM (M. Bopyancek, XapkiBceka 06i1.)
yIpoBapKeHi B cepiiine BUpo6HULTBO: 12 Mogudikawiit ITT'Y, 3 moxudixanii PYII. 3
MOMEHTy BCTaHOBJIeHHS y BHpoOHMuTBO III'Y pisHux Momudikauifi BoryaHCEkuit
arperatHuii 3aBoj BAroToBHB noHan 600 000 mrr., a PYTI — 120 000 mrt.

Ocobucruii BHecok 3x06yBay4a. Bci oTpuMaHi pe3yibTaTy, AKi BAHOCATECSA Ha
34XHCT, OTPHMaHi aBTOPOM CaMOCTilHO. Y cniIbHHX pofoTax 3800yBau:

—po3pobuB  KpHTepili  CyMilleHHi peryadTopa TralbMOBHX CHI i
noBiTpopo3noAineHoro kpaxa [1, 10, 59];

— BHKOHAB OLIHKY €()eKTHBHOCTi raJlbMOBOro KepyBaHHsA mpuyena [1, 19, 48,
49, 60];

— BHKOHAB aHali3 iCHYIOYMX NPHBOMIB KEpYBaHHA 34eIUIEHHAM [1, 6, 13, 18,
38, 55];

— 3aNpONOHYBaB i EKCIEPUMEHTAIBPHO MiATBEPAHB METOAMKY BH3HAYEHHA
napaMeTpiB IHEBMOTiIPaBIIiqHOTO MiZICKIIOBa4a NPHBO/A 34emwieHns [9, 15, 3945,
53];

—PpO3poGHE METOX PpO3paxyHKy MepeXilHHX MpoLecieE B HMHEBMATHYHHX
anaparax [14, 17, 20, 23, 26, 31-33, 50];

— BUKOHAB OLIHKY MaTeMaTHU4YHOI MOZENi, B AKiH po3B’A3aHO CJIBHO PiBHAHHA
eJIEKTpo- Ta ra3oBoi JMHaMiku [5, 16, 24, 30, 34, 61];

S ree

— po3pobMB MaTeMaTH4Hy MOZENb IHEBMaTHYHOI MiIBICKM Ta METOMMKY
BH3HAYEHHS IUIOLIi MPOXiAHMX MEPETHHIB PeryIATopa piBHA mimnory [2, 7, 8, 25, 29,
36, 37, 54, 56-58];

— mpoiB nabopaTopHi Ta AOPOXHI BHNPOOYBaHHA IIOAO OUIHKA JHHAMIKM
€IEKTPONHEBMAaTHYHOTO ra/IbMOBOro npuBody [3-5, 21, 27, 28, 35, 46, 47, 51].

Anpobanisi pesyabTaTis Auceprauii. Jlucepranifina po6ora o6rosopena Ha
HayKoBOMy ceminapi kadenpu aBromoGiniz imeni A. B. I'pencckyra. XapKiBcbkoro
HALOHANBHOTO  ABTOMOGLIBHO-HOpOXHBbOro  yHiBepcurery (XHAJZY). OcHogHi
MONOXKEHHS 1 pe3YJbTaTH TEOPETHYHAX i EKCIEPHMEHTAIBHMX  JOCHiDKEHb
IONOBIATHCA, OOTOBOPIOBATMCA 1 OTPHMAIM INO3MTHBHY OLHKy Ha HayKOBO-
TEXHiYHHX i HayKkoBo-MeTomuuHuX ceciix XHAJIY i MixHapomHux KoHpepeHUisx,
ak-oT: HaykoBo-TexHiyHa KoHdepeHuis «HazilHiCTe ~MalIMH, MeXaHi3MiB,
ycratkyBanHa» (c. Cnasceke, Kapnaru, Ykpaina, 15-17 mororo 2000 p., ¢opma
yuacTi — 3ao4na); 30-a MDKHApogHa HayKOBO-TEXHiuHa KOHQepeHuis «be3neka
KOHCTpYKL{ii aBTOTPaHCHOPTHHX 3acobiB» (c. ABrtomonirod, Mockosceka o6,
Pociliccka ®enepauis, 31.05-01.06.2000. p., ¢opma yuacti — oyua); Haykoso-
TeXHiyHa KOH(epeHNLis (3 MDKHApOAHOIO YYacTiO) «ABTOMOOLIBPHHA TPaHCHOPT:
nporpec, TexHosorii, kaapw» (M. Ceactonons, Kpum, Ykpaina, 4-8 sepecus 2000 p.,
dopma yuacti — 3a0una); HaykoBo-TexHiuHa koHQepenuis «Teopis i mpakTuka
pO3poOKH KOJICHHX i YCEHHYHUX MALIMH CIEUiabHOrO NpH3HAYEHHD (M. AJlymrra,
Kpuwm, Ykpaina, 11-15 Bepecus 2000 p., dopma yuacti — ouHa); 38-a MiKHapoaHa
HayKOBO-TeXHiuHa KoH(epeHLis «Be3neka aBTOTPaHCTIOPTHHX 3ac06iB) (C. ABTONOJIrOH,
MockoBcbka 061., Pocificeka ®enepauis, 1820 gepsns 2002 p., dopma ydacti —
ouna); XIII HaykoBo-TexHiuHa KOH(epeHLis 3 MibkHapoaHow y4dacTio «TpaHcnopr,
€KOJoris — CTifikuii po3BHTOK», (M. BapHa, Pecmy6mika Bonrapis, 10-12 TpaBas
2007 p., hopma yuacTi — 3a04Ha); 62-a MDKHAPOJHA HayKOBO-TEXHIUHa KOH(epeHLiA
«AKTHBHa 6e3neka aBTOTPAHCIOPTHHX 3aco0iBy», (C. ArTomoniroH, MockoBceka o611,
Pocificeka ®exepauis, 45 uepeHa 2008 p., popma yuacri — ouna); MikHapoaHUA
HayKOBHil CHMIO3iyM «ABTOTpakTopobynyBanns — 2009», (MI'TY «MAMH»
M. Mockea, Pociliceka ®enepauis, 25-26 6epe3ns 2009 p., dopma yuacTi — ouHa);
Mixnaponna konpepenuis «[Iporpec TpaHCHOPTHHX 3acobiB i chmctem — 2009»
(M. Bornrorpan, Pocifickka ®enepauis, 1315 BepecHa 2009 p., dopma yuacti —
3aoyHa); 70-a MDKHapoAHa HayKOBO-TeXHiYyHa KoH(pepeHlis «KoHCTpykTHBHA
Gesneka TpaHCIIOPTHHX 3acobiB» (c. ABTomomiroH, MockoBceka 06, Pocifickka
®denepaunis, 1-2 yepsua 2010 p., popma yuacti — ouna); XIII MixHaponHa HayKOBO-
TexHiyHa KoHQepeHUis «ABTOMOOLIBHHA TPAHCNOPT: MPOGNEMH i MEPCIEKTHBM»
(M. Cepacronons, Kpum, Vkpaina 13 — 18 Bepecus 2010 p., dopma yqacti — 3a04Ha);
MiXHapoasa HayKOBO-TEXHiyHa KoHdepeHUis BLIOPYCBKOro  HalliOHANBHOTO
TexHiyHoro yHiBepcuTeTy «[iZpONHEeBMOCHCTEMH MOGUIBHMX i TEXHOJNOridHMX
mamun» (BHTVY, M. MiHcek, Pecny6iika binopyce, 17-19 nucromaja 2010 p.,
dopma yuacti — 3aouHa); 78-a MDKHApoJHa HAYKOBO-TEXHiYHa KOH(pepeHLis
«KoHCTpykTHBHA 6e3neKy aBTOTPaHCHOPTHMX 3acobiB», (C. ABTOMNOIIroH,
Mockogchka 0611., Pocificbka ®enepauis, 67 uepsns 2012 p., popma ydacTi — ouHa);



1-a MDKHapOJHA HAyKOBO-IIPAKTHYHA KOH(QEPEHLis «AKTyalbHi MHTAHHA POBMTKY
TPAHCTIOPTHOI cHCTeMm», (M. Maxauxana, Pecrybrika [larecran, 14-15 Tpasus 2015 p.
¢dopma ydacTi — 3a04Ha); Mmcﬂapozma HayKOBO-NIPAKTHYHA TA HAYKOBO-METOMIHA
ombepenum «Hositai TexHonorii B aeToMoGiteGyayBaHHi, TPaHCHOPTI i Npu
migrotoeui ¢axisui» (M. XapkiB, XapkiBChKHH HaUiOHaNbHHMH aBTOMOOGLIBHO-
nopoXHili yHiBepcuTer, Ykpaina, 20-21 xoetHa 2016, dopma yuacti — ouHa);
MixHapoAHa HayKOBO-NPaKTHYHA xonq)epemml «ABTOMOGiNBHHA TpPaHCIIOPT Ta
aBToMOGine6bymysanns. HoBiTHi TexHonorii i METOAM NiATOTOBKH (baxmum»

(M. X.apxm, XapkiBCbKHH HAUiOHATBHHA aBTOMOGI.HLHO-ll EO)KHlﬁ ymnepomer

yGurikamii. OCHOBHI TIOJNIOXEHHA Auceprauifinoi pobots onybmikosani y
61 HayKoBi# po6ori, y Tomy wdcii: 5 MoHorpadiii; 38 cratedt y HayKkOBHX (axoBHX
BUAAHHAX YKpainu (3 HUX 25 cTaTell — y BHAAHHAX, IO BKIIOYEH] 10 MDKHAPOJHHX
HAYKOMETpHUHHX 6a3); 4 myOmikaumiii y 3aKOpOOHHMX BHIAHHAX (3 HHX 2 — ¥
BHAHHAX, 10 BKJTIOUEH] 710 HayKoMeTpHYHoi 6a3u Scopus, Ta 1 —y Web of Science);
9 Te3 y 36ipHMKax NOMOBijeH Ha HAyKOBHX KOH(EPEHUiAX; OTPMMaHO 5 IATEHTIB
YKpaiHH.

Crpykrypa i o6csr poGorn. JlucepTalia CKIaNacTbCs 3i BCTyNy, 5 po3aiiis,
BHCHOBKIB, CIICKY BHKODHCTAHMX JUkepen i moparkiB. IToHuii obcar amceprauii
cx1anae 563 cropinku, y ToMy 4MCIi 6 nonatkis Ha 49 cropiHkax. O6car OCHOBHOTO
TeKCTy aucepramii craHoBHTE 301 cTopinky, 324 pucyHkiB Ha 163 cropiHKax,
18 Tabmump. CHHMCOK BHKODHCTaHHX IDKEpea HapaxoBye 359 HaliMeHyBaHb Ha
40 cropiHKax.

OCHOBHHM 3MICT POBOTH

V BeTymi NpeACTaBleHa 3arajbHa XapaKTEpPHCTHKa poGoTH; obrpyHToBaHa
aKTyanbHiCTb TeMH; CQOPMYIBOBAHO METy, 3aBJaHHfA, OO’€KT | npeaMer
NOCHIIKEHHsA; OMMCaHi METOAM AOCHIKEHHA i 3B 430K poSo'm 3 HayKOBUMH
NPOrpaMaMH, IUIAHAMH, TEMaMH; BH3HAYEHO HAYKOBY HOBHM3HY i IPAKTHYHE 3HAYCHHA
OTPHMAHHX pezym;rarm, npezcTaBieHo iHdopmalifo moao anpobauii # myGnikauil

MPCWJ’ILT&HB JOCIKEHB.

d

Y mepmomy po3aini pO3MIAHYTI METOAM PO3PAaxXyHKy AWHAMIKHM &IapaTiB
[HEBMATHYHOTO -TATLMOBOrO HPHBOJA ABTOTPAHCIOPTHUX 3aco6iB. 3amponoHOBaHO
MeTon JocHikenns JE-TaHKM 3 BHKOPHCTaHHAM DO3NOZAINEHHX napamerpis. B
OCHOBY MATEMaTHYHOI MOJeli NPONOHOBAHOTO PO3PAXyHKOBOTO METOAA NMOKJIACHi
pisnanHa Eiinepa u11 ONKCY HeB’A3KHX Tewil Ta piBHAHHA (1) W18 B’A3KHX Tedil.

g, o AEx + BEy +CE; ) ) 8(Any +Bny +Cn;) 3 8ty + BGy +CC)
dt df_, dn dc

A€ O — BeKTOp KOHCEPBaTHBHHX 3MiHHHX;

=0,(1)

A, BT1a C — koediuieHTH, sii 3a€xaTh Bijl TEH30pIB TaMiHAPHOroO, TypOyIEHTHOrO
Ta e«l)elcmsﬂoro B’A3KOr0 HAnpy)XeHHsi, @ TaKOX BiJ TEIUIOBHX MOTCKiB Yy
BiANOBI/IHAX HaNpAMax.
Jlisa 3aMHMKaHHA LMX PiBHAHD BUKOPHUCTOBYIOTHCS pmmmx CTaHy iZealbHOro
rasy (2) i Mozesi TypOyJIEeHTHOI B I3KOCTI.

—=RT. 2)
5P

BHKODHCTaHMIi METOJ MAaTeMaTHYHOrO MOJENIOBaHHA  (3ANEXHO  BiX
NOCTAHOBKY 3aB/IaHHA) MAa€ HACTYIHi NPUNYIIECHHSA.

1. IpunyimeHHs Mpo HeB’A3Ky TEilo rasy. F

2. TlpunyuieHHs Npo agiabaTHaHy Tedilo rasy.

3. IlpunyuieHHs Npo BUKOPHCTAaHHA TIinoTe3H ByciHecka A BH3HAYEHHA
TypOyneHTHOro HampyxkeHHi. [logaHe NpHIYIEHHA 3aCTOCOBYETBCA  UIA
pO3paxyHKy B’A3KMX CTal[iOHapDHHX Tedil y MNpPOTOYHHX MNOPOXKHMHAX [PH
BH3HA4Y€HHi KoedillieHTa BUTpaTH rasy i MOB’A3aHE 3 THM, IO BUKOPHCTAaHHs HOro
3HAYHO CKOPOYYE Yac po3paxyHKy TypOyJeHTHHX Tediii y MPOTOYHHX NMOPOXHEHAX.

3acTOCYyBaHHS TAKMX MpPUIYINEHb XapaKTepHE: TUIBKH A IHEBMATHYHOIO
rabMOEOrO TPHBOJA ABTOTPAHCIIOPTHHX 3ac06iB. ;

CiTkoBa MOJIENb, HA MPHKIAZl rAILMOBOI kamepH: (pyc. 1), Gyia nobynosana Ha
OCHOBi reKcaeapiB, IO JO3BOIWIO BHKOHATH MOJENIOBAHHA: MPOLECIB IepeTiKaHH:A
CTMCHEHOI'O MOBITPA 1O ycsoMy 06’ eMy JIE€-naHKH Ta B3/I0BX CTiHOK LIbOro 06’ eMy.
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PucyHok 1 — CitkoBa MoJie/lb NOPOXKHHHH IaIbMOBOi KaMepH

IMpu pozpaxyHKax DpoLecy HamoBHEHHA JI€-1aHOK BHKOPHCTOBYBAJIOCS MOHA
660000 iTepauiii, a npu criopoxHeHHi — 880000 iTepawii.

B pesynbrati MOEMOBaHHA OTPHMaHi KpHBi HANOBHEHHA Ta CIHOPOXHEHHS
raJibMOEOI KaMepH, LIO € 3MIiHOK CEepeHBO iHTerpajJbHOro THCKY 3a 06’eMoM, IO
BH3HA4YAETHCA 3a HOPMYIIOI0:

n
leiVi

PRSI, 3

?QMM




JI€ 11 — KUTBKIiCTE KOMIpOK; i — iHJIEKC, IO BiTHOCHTECA IO MOTOYHOL KOMIpKH.
[lig uac pospaxyHkiB (ikcoBaHi NapameTpd MOTOKY NOBiTPA J03BOJIHIIA
BH3HAYMTH 3MiHy mapameTpis 3a 06’eMoM (puc. 2).

PucyHok 2 — ITone po3noaity CTaTHYHOTO THCKY HA MOMEHT
yacy 0,0001074 ¢ y npolieci HaNOBHEHHS rAbMOBOI KaMEpH

Pe3synsTatn po\;paxymcm npencrasnem Ha pHUC. 2, MOKa3yloTh, WO neplon
3MiHF THCKY B TATbMOBili KaMepi MOXHA PO3NUIMTH Ha TpH CTajii: nepexinHui
HpPOLEC, CTA/INIA PEKUM i PEXHUM HACHHCHHA.

Tepexiauuii poLIEC XAPAKTEPH3YETHCA HA3BKHM THCKOM Ha ONOpHHH JHCK i
dopMyBaHHsM CTPyMEHA NiIBENIEHOTO MOBITPA B KaMepy.

Haiibinsm TpHBATHM 33 4acoM € CTaiuil pexxuM. SIK MOoKasyloTh pe3yJIbTaTH
AOCIi/DKeHb IPH 3MiHi MiHiMATBHOTO THCKY B IOPOXHHHI Mabke B 3 pas, Xapaktep
pO3MOAINy THCKY 3a 06’€MOM TPakTHYHO HE 3MiHIOETBCA. Hpﬂ CTIOMY TpaHC-
3ByKOBOMY HAllOBHEHHi B nopoxamm YTBODIOETECA CTPYMiHb NOBITPA, IO CTBOpIOE
MaKCHMa/IbHE 3yCHIUIA B LEHTpi onopHoro mucka. ITotik, mo cq;opmyaancx i map
nomrpn TOBMHMHOK0 6/M3bKO 1,5 MM BH3HAYAIOTh MAKCHMAJIBHI JHHAMI4HI 3ych,
AKi JiFOTb Ha ONOPHMH JIHMCK. IIpn UBOMy MAKCHMAIBHA IIBHIKICTb NOBITPS
YTBOPIOETECA OL1A ONMOPHOTO MHCKa, 3abe3nedylouw, BiZIMOBIZAHO, MaKCHMaJIbHHM
TEIUIOBHH NOTIK Yepes HBOro.

TIpoiec HACHYEHHS XapaKTePH3Y€ThCs He3HaYHHM (MeHIue 15 %) nepenanoM
THCKY B MOPOXHHHI i MaricTpaii, TOMy IpaKTHIHOTO inTepecy A pO3PaxyHKy
NHEBMATHUYHHX anapaTiB TaJbMOBOI CHCTEMH He Ma€ 4epe3 BHMOrH, IO
npen’ABIAIOTECA A0 AMHAMIYHOT XapaKTePHCTHKH ralbMOBOTO NPHBOJA.

ITpouec CHOPOXHEHHA TalbMOBOI KaMepH YMOBHO MOXHA PO3ALUTH Ha TPH
OUMHKH: Tieplla XapaKTepH3y€ThCA BCTAHOBICHHAM TPAHC3BYKOBOrO PEXHMY
BHUTIKaHHA TOBITpS (Q)opmysammm IOTOKY TIOBIiTpPA 3 BHXIJHOrO OTBOpY), Apyra €
CTATIHM NPOIECOM BHTIKaHHA i TPETA — pexuM HacuueHHs. ITin uac cranoro npouecy
napaMeTpH Ha rpalmm HE NEPEHOCATHCH BCEpENUHY po3paxyHKoBoi obacTi, wo
XapaKTEPH3y€ HE3MiHHICTh NapaMeTPiB B OPOXKHHHI.

3 oriy Ha Te, WO O6NACTE NMOCTIHHHX 3HAYEHb THCKY, K TP HANOBHEHHI,
Tak i Mg 9ac CMOPOXKHEHHd, 3alMae 6ineme 90 % (BiAXWJIEHHA CEPEAHBOrO

Ll

iHTErpanbHOrO 3HAYEHHS CTATHYHOrO THCKY Bill MiHIMAIBHOTO NMPH HAIOBHEHHI He
nepesumye 4 %), MOXKHA BBAKATH, IO 3aCTOCYBAHHA METOZIB 3 3ocepemxeﬂmm
napaMeTpamMM /Ui OIMCY MPOLECIB y TaibMOBiA Kamepi He CHOPHATHME 3HaYHOMY
3HIKEHHIO PO3paxyHKOBOI TOYHOCTI.

MurtTeBi KoedilieHTH BHTPATH BU3HAYUMO HACTYIHUM YHHOM:

— JUIA TIPOLIECY HATIOBHEHHS IPH HAJIKPUTHYHOMY PEXHMI MaEMO

V B el
m(& = Pp); 4)

— 1A JOKPHTHYHOTO PEXXHMY

B, =1,0432

k-1 k-1

x x :
21,8898 ] J1—| P | T oy et ol )

At-f \/ﬁ Pm Pm

neAt =ty — 1.
KoedilieHT BUTpaTH OpH PO3ra/ibMOBYBaHHI HEOOXiIHO BU3HAYATH TUIBKH VLA
HaZIKPUTHYHOTO PEXHMY: '

k—l
(Lt

p2k —pk
f\/— p; P

KoediuieHT BUTpaTH HOBITPsA 114 ralbMOBOi KAMEPH BH3HAYAETHCA SK CEPEAHE
3HaYEeHHs Ha BCbOMY iHTEpBali po3paxyHKOBOIO 4acy.

JUIs DiBMINEHHA TOYHOCTi pPO3paxyHKiB IpPH 3aCTOCYBaHHi MeTona i3
30CEpe/DKEHMMH TapaMeTpaMH TPONOHYETHCA BHKOPHCTOBYBAaTH —KOMOiHOBaHHI
METOX i3 3acTOCyBaHHAM KoeQili€HTiB BMTpaTH, fKi BHM3HA4Y€Hi 3a JONOMOIOI0
METOIy i3 pO3NOALIEHUMH NapaMeTpaMu. TakuM YHHOM TPONOHYETHCA TUCK Mill 4ac
HATOBHEHHA Ta CNOPOXHeHHs JIE-NaHOK BH3HA4aTH BilNMOBiMHO 32 ¢popmynamu (7)
Ta (8)

h=0,4891—— s (6)

dp _1 R  d(np,):
kRTG+ G dt |-—T,,———~[G,dt |, 7
iV ( I ) L% dt b[Jm o
prl dTl_'_Tdml +k- P]d—Vl‘
dpy _ RT] dt dt dt ®)

dt (k-2)%

ne G, — ¢yHKUis MacoBOi BHTpaTH rasy il PO3paxyHKOBOI [IOPOXHHHH,
k — xoediuienT agiabatu; R — yHiBepcalbHa ra3osa nocTiiiua; 7,, — TeMIepaTypa rasy
y Marictpani; ¥, — 06’€M NOPOXHMHH SKYy HaNOBHIOIOTh ab0 CHOPOXHIOKOTE;
p1 — THCK y MOPOXHHMHI AKy HAaIOBHIOIOTH 260 CMOPOXKHIOIOTH; ! — 4ac HAaIlOBHEHHA
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abo cropoxHeHHs; T, — TemnepaTypa y MOPOXHHHI Hi 4ac ii CIOPOXKHEHHS;
— Maca rasy y OpOXHHHi, AKY CIIOPOXKHIOIOTE.

V npyromy po3iini MpoaHaTi3oBaHO E€BOIOLIAHWA PO3BHTOK EJIEKTPOHHHMX
CHCTEM KEpyBaHHS NHEBMATHHMM TaIbMOBHM IIDHBOZIOM, PO3DISHYTI TEHACHUI
po3BUTKy tbymcnm €JIEKTPONHEBMATHIHOTO ranemoBoro npmeopa (EINITI). Ha
OCHOBIi aHanizy po6oTH KOHTYpiB 3amacHoi ransmoBoi cucremu EIIITI BcTanORNCHO,
WO BEXiZ 3 JaJy €NEKTPOMATHITHOrO po3’€HYBRIBHOrO KianaHa, AKHil Kepye
poGOTOI0 aBapifiHOTO KOHTYpa, NpHBENE A0 BHUKIIOYEHHA 3 poGord npaue-azmﬂm
po6040i ranbMOBOi CHCTEMH. Ilpoaﬂamaonauo icHyroui MaremMarH4Hi Mozeni, mo
OmHCYIOTh pobOTy €IEKTPOMArHiTHOTO KianaHa i /AWHAaMIKy [HEBMaTHYHOTO
TaJbMOBOTO PHBOAA. 3anucaHi CHCTEMH PiBHAHB JHHAMiKH THEBMAaTHYHOIO KOHTYpa
i enelcrpomamm-loro KIanaHa, IO Jai0 MOMUIMBICTE A TaibMOBOTIO KOHTYpa
To4HiLIe onucaTH poboTy Kackany nocwieHHs i kontypa ETIITI B uinomy.

PiBHSHHA, IO CTOCYIOTECA PyXy NOBiTps B KoHTYpi (9), EINITI ynockonaneHi
LLISXOM TOEAHAHHS PiBHAHB, NIO ONHMCYIOTH OHOYACHO HANIOBHEHHS i CIIOPOXHEHHS
KoHTYpa. Lle 1ano 3Mory po3paxoByBaTH HANOBHEHHS i CIOPOXHEHHA Pi3HHX [LTAHOK

xoutypa EINTI npu MOHOTOHHOMy HamoOBHEHHi a60 CIOPOXHEHHI raibMOBOI

kamepH. SIK TOKa3aqM MOIIYKOBi EKCIIEPMMEHTH, TaKi PEXHMH XapaKTepHi A
peneitroro criocofy kepyBaHHA koHTypom EINITI

rkR[Sign(Pl T pn() : W(Ti;Trx)er]dt h erdprx +k- pdenc(hm)
1

G = K o) TP o) U
ORI 1 o
A(SHEY 4- 1+E,(CCy)
max[pr‘;‘;cz;pm-c"écz] i .
GG = : Ra
max(Pl’Prx)
< :Ii"'Trx. T1+Tm —
e 4 A hich
W (T T) = . N e
max(py; Pr)
i i
To=Tp| 22 k
Do
k-1

11

ne k — nokasHuk amiabat; R — yHiBepcanbHa rasoBa INocTikHa; 7,—
TeMmmepaTypa Nepel BXOAOM B ransMoBy Kamepy; G, — BHUTpara MOBiTps OpH
HANOBHEHHI i CNOpOXHEHHi ransMoOBOi KamepH; 7,, — TeMmeparypa MOBiTps B
raneMoBiit kamepi; ¥, — 06’€M rajabMOBOi KaMepH; p, — THCK TOBITpA B rasMOBiH
KaMmepi; p; — THCK NOBIiTpA B TPyGONPOBOAI MEpea ralbMOBOI0 KaMepow; @Y, ) —
dyHKuUi BATpaTH NPH HANOBHEHHI ralbMOBOI kaMepH; O(Z,) — QyHKUA BATpATH
NpH  CHNOPOXKHEHHI raibMOBOI  KaMepu; K —  BH3HA4acTeCsi 33 (opMyJion
K= J— -k/(k-1); & — xoediuient onopy; ¢(U,)— QyHKuis BATPATH NPA HANOBHEHHi
i copo:KHeHHi ranbMOBOT KaMepH, /i, — Xill IITOKA rallbMOBOI KaMEpPH, M.

MozemoBanHa poboTh KOHTypa nia gac nogayi Ha oGMOTKY €NEKTpOMarHita

1M no3B0NIHIIO onepxar 3aJIEXKHICTh Yacy BiJKPHTOIO CTaHy MeMOPaHHOrO KjanaHa
Bix napamertpiB nopadi IIIIM enexkTpHYHOro CHrHamy Ha 06M0Txy enexrpouarnna
(puc. 3).

3a pe3y/bTaTaMK MOJEIOBAHHS JHHAMIKH CYMiCHOI pOOOTH €IEKTPOMArHiTHOrO
Kianasa Ta MemOpanu Gysi0 BHABJIEHO, IO Ha IIBHIKOAII0 MeMOpaHHOro KianaHa
CYTTEBHIA BILIUB POOJIATS: Mepenal THCKy Ha MeMOpaHi, IIPH sIKOMY BOHA CIAlbOBYE;
rpaHMLi 3MiHM THCKY B MiACHWTIOIOYil MOPOXKHHUHI i IMBMAKICTE HAPOCTaHHA THCKY B
MiACHITIOIOUil MOPOKHHHI.

o
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PucyHOK 3 — 3aNexHiCTh 4acy BiIKpHTOrO CTaHy BITyCKHOIO
MeMOPaHHOrO KianaHa BiJi YaCTOTH i TPHBAIOCTI ofadi iMmysscis IIIM
Ha 0OMOTKY €JIeKTPOMarHiTHOro KianaH€a

Sl mokaszanM po3paxyHKH H excnepnme}rranbm OOCTi/UKEHHS YMOBH poOOTH
BIYCKHOrO i BHITyCKHOTO MeM6paH}mx KJIanaHiB BUABWIHCA HEOJHAKOBHMH, YHM
O6IpyHTOBaHa pi3Ha TOYHICTH NMpPH BIYCKAHHi i BHNyCKAHHi NMOBITPA 3 ranbMOBOi
kamepd. OdYeBHOHO, IO BHIYCKHA MeMOpaHa IpH HANOBHEHHI MiIACHITIO0YO]
MOPOYKHMHM BiJi aTMOCQEPHOro THCKY CHpalioe mBHaumie. MoxemoBanHs poGortu
BIyCKHOT # BMIyCKHOT MeMOpaH 3 eJIeKTPOMArHiTHUMH KJIaNlaHaMH, y SKHX pisHUHA
YMOBHHH JiaMeTp, MiATBEPAWIO aKTyalnbHICTh OOMEKEHHA MiHIMAJIBHOrO THCKY B
MiJCHTIOIOUiN MOPOXHHUHI BIYCKHOrO KianaHa i JO3BONMIO BHOpaTH pauioHaibHi
NpoXidei Nepepi3H eneKTPOMArHiTHOro KiamnaHa, a TaKox iX KUIBKiCTh, WIO
3a6e3nedy e MaKCHMaIbHY IUBHAKOAI0 MeMOpanH (pHc. 4).
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PucyHok 4 — I'padik qacy CrIpaubOBYBAHHS BITyCKHOTO MeMGpaHHoro KJ1anasa
3AIEXKEO BiJl YMOBHOTO JliaMeTpa eIeKTPOMArHiTHOrO KJIanaHa i ix KibKocTi

OnuiHka cymicHocTi pospoGneHoro Moxayisropa 3 AT3 BukoHyBanacs 3a
JOTIOMOTOIO BiTOMOI METOZMKH, SKa BAOCKOHATIEHA LIVIAXOM YPaXyBaHHs Oy CTUMOT
60pTOBOi HEpiBHOMIipHOCTI i NapaMeTpiB KOHTYpa, IIO OMHCYKOTB OKpeMi #oro
minsHKY, AKi BiATOBiaOTk 3a skicte poboru EIITI.

V3arageHeHHs TPHOX BAMOT 10 cTaTHuHoi xapakrepucTuku EINTTI nozsonmio
CHCTEMHO OL{HIOBATH CyMiCHIiCTb KOXHOTO okpemoro Kortypa EINITI 3 AT3. ITepue —
3abe3neyeH xomq)opTaGenLnocri cnyxcﬁonux TalbMyBaHb, BHKODHCTOBYIOUH
H(,quJmmcrs JIOZICHKOTO opramsmy 10 3MiHH ynoBiNbHeHHs. [Jpyze — 3a6e3ne4eHHs
MOMCUTHBOCT] Pery/ioBaHHs THCKY I/l 4ac raibMyBaHHsA Ha JILOAY NpH MiHIMaJIbHOMY
peanizoBaHOMY KOC(blI.IlCHTl 3yerUIeHHA Konic 3 goporoo. HasBHiCTE nBOX
MOJYJIATOpPIB Ha OnHi# oci zomycKae iX acMHXpOHHY po6oTy uepe3 mo OyJ0 BBENEHO
mpeme obmexcenna — srimo 3 JICTY UN/ECE R 13-07,08:2002 nomyctima
60p'rona HEpiBHOMIipHIiCTB THCKY V1A 6ym>-m<01 oci He MOBHHHA NMepeBUNLyBaTH 25 %
BiJ GiNBIIOI BeJIMYMHH B JianasoHi Bix 2 m/c? i 6m1,me, a TaKoX He INEPEeBHIIyBaTH
3Ha4YeHHd, BianoBinHe 25 %, npu YTIOBUIBHEHHI 2 m/c’ i MeHIe.

IMic/s1 IeTanbHOTO NOCTiIKEHHS MPOLECY 3MiHH THCKY B KOHTYpi pesiefiHOro
EINI'TI (puc. 5) BBeseHo noaarkoBy HepiHicTh (10), mwo o6Mexye BEIAYHHY piBHA
THCKY.

tanp <[AP,], (10)

¥ KB'tninx_craH
ne [AP,] — romyctHMa BeqMdMHA crynens THcky, MIIa; f,, oy — 4ac

BiIKDHTOTO  CTaHy MeMOpaHHOro KiamaHa; tanfl — TEMI 3pOCTaHHS THCKY Y
Tpy6ONpoBOi MiXK raTEMOBOKO Kamepoio i moaynaropom, MIla/c; K, — koedilieHT

Bupmmonamm THCKY .
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PucyHok 5 — ITinsuiuenHs THCKy B KOoHTypi EIIITI Ha BeNWYHHY OAHOrC CTyNeH

V pe3yneTati po3paxyHKiB 1y BAHTKHOTO aBTOMOOINA 3aralbHOrO NpU3HAYEHHS
HETBEPTOrO  KIIacy 3171431410, srigHo 3 yciMa TpEOMa OOMEXEHHAMH BH3HAYCHHSA
cryninuacrocti EINITI, pospaxonalmﬁ peabHM piBeHb INBHIEHHA ynonumﬂemm
BiZNOBiIHH JOCATHYTOMY PIBHIO BiIKPHTOrO CTaHy BITyCKHOTO KJIANAHE.

V AKOCTi y3aralpHeHO! XapaKTePHCTHKH CyMiCHOCTI Mozxymopd i AT3 3a
BCiMa TpbOMa OOMEXEHHAMH 3alpONOHOBAHO JONMYCTHMHH Yac BiKPHTOTO CTaHy
mMeMOpaHHOro KiIanana Moy iTopa (puc. 6 a Ta 6 6).
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aTa 6 — nepeaHBOi OCi HOPOXKHBOFO Ta HapaHTaxkeHoro AT3 BiANoOBigHO;
1 — 3a ymoBH 3a6e3ne4eHHA KOMQ)op'raGenLHocri 2 — 33 YMOBH JOITY CTHMOI
60pTOBOI HEPIBHOMIPHOCTI; 3 — 32 YMOBH 3aTHOCTI perymonaﬂm THCKY
Ha IBOAY; 4 — peabHe 3HAYCHH lyinep. crany min

Pucynok 6 — Jlonmyctumuii 4ac BiIKpUTOro CTaHy KianaHa Kom"ypé EINITI
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Sk BuHO 3 pHc. 6 aTa 6 6 yci TpH KpUTeEpii 110 4ep3i BU3HA4AIOTH [OITYCTHME
3naueHHs 3MiHM THcky B Komtypi EINITI 3anexHo Bil piBHA YNOBiILHEHHs Ta
posramyeanHs Bici aBromMoGind. Chia 3a3Ha4uTH MO VIS MOJYJIATOpa SKHH
3abesnedye TUIBKM OCBOBE DETYJIOBAHHA THCKY JOIYCKA€ThCS HE BPaXOBYBATH
obMexeHHs 2 (auB. puc. 6 aTa 6 6).

BeraHoBneHo, IO  HaiiGinbm  cxinagHo 3abe3nmeunTH  koMmgoprabesbHe
rajbMyBaHHs TiepeaHbolo Biccio AT3. JInd Hel He 3aBX/M BIAETHCA 3a0e3MeHTH
ymoBy (10). LluM MOACHIOETBCA 3aCTOCYBAaHHA B TIbMOBHX CHCTeMax GQipMu
WABCO m1a KepyBaHHS TaJbMOBHMH KaMepaMH 3aJIHBOT OCi OHOTO peNeHHOro
€JIeKTPOTTHEBMATHYHOTO MOJYJIATOpa, a JUId KEPYBaHHS TalbMOBHMH KaMepamH
nepeusoi Bici koMGiHauii 3 ksasinponopuitiHoro momysnsiropa EIIITI i peneiinux
moxynaropis ABC.

V  pospobnenomy EIITI 3amponoHOBaHO —BJOCKOHAICHHH — allrOPHTM
KepyBaHHs KOHTYPOM, CIPIMOBAHHH Ha NOKPAIEHHA TPHOX MNapameTpiB poGoTH
koHTypa. [Tepmuii — 3MEHIIEHHS PiBHS MiIBUIICHHA THCKY NPH 3alIOBHEHHI KOHTYpa
TNOBiTPSM MiA 4Yac IUIABHOTO IEPEMillleHHs mefanmi raibma. Jlpyruii — yCyHEHHs
nepeBMTpaTH PoGOYOro Tia Mifl Yac MepePEry iOBaHHs CHTHAIY 3BOPOTHOTO 3B’A3KY
(33) y pesynbTaTi NepeMHKaHHS MOJYJATOpa Ha BMIyCK mositps. Tperid —
IiBMILEHHSA MBHAKO/iI IPHBOAA 338 PaxXyHOK MONEPEeJHBbOTO MiJBHINEHHS THCKY B
raJIbMOBIH KaMepi Biapasy, mic/is TOpKaHHs nenaii ramema. [Ipu npomy BinGysaeTses
BHOIpKa 3a30piB y TaNbMOBHX MeXaHi3MaX. JIONAaTKOBi BEPXHS Ta HIDKHS IDaHHIU
CHpalbOBYBaHHs €JIEKTPOMArHiTHAX KianaHis (puc. 7) cTBopiotoTs kopumop LUIM.
VcepemuHi pOro KOPUAOPY iCHye 30Ha HEUYTIMBOCT, WO 3ae3nedye CTIAKICTH
pOBOTH CHCTEMH aBTOMATHYHOIO PEryJOBaHHA i a3y BUTPHMKHM THCKY B KOHTYPI.
Mix HwkHBOIO rpanuuer0o kopupopy IIIM i HIDKHBEOK TPaHHLCIO 30HH
neuyTanBocti (Lo Line 1 — Lo Line 2) BiyCKHHI €IEKTPOMArHiTHHI KJIanaH Ipaoe
3a 3akoHOM L1IIM, sxuii HaBe/ieHO Ha pHC. 8.

7 Tr
%1; Hi Line 1

g c
% W/%f /// 7 // ; Hi Line 2

Y ' Lo Line 2
X \\\\\%@ {

i Lo Line 1 i

. t
Pucynok 7 — PosrauryBaHHs 30H IEPEMHUKaHHS €JIEKTPUIHHX KIIallaHiB

VCyHEHHsI TIepeBHTpaTH poOOYOro Tijia JOCATAETHCSA TAKOXK BBEACHHSM Y
IrOpUTM KEPYBaHHS «4acy BHDIBHIOBAaHHS THCKY» T, (puc. 7), BIPOIOBX SKOro
BHOIPKOBO GJIOKYIOTHCS KOMaHM ejlekTpoHHoro 6ioky kepysanus (EBK) nesxumu
€IEKTPOMArHiTHUMHK KJIAIIaHaMH MOAyJIATOpa. B npoueci HapoCTaHHA CHTHENTY Bil
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nmatyuka 33 OJ0KyeThbCs KOMaHa Ha BiAKPHTTS BHIYCKHOro KianmaHa. B mporeci
3HWXKEHHA PiBHA CHTHATY BiJ JaTyuka 33 6J0Ky€eThest poO0Ta BIyCKHOIO KaltaHa.

Besmunna xopnaopy INIM - —>

Pucynok 8 — Kpuga 3minu kopunopy 11IIM

V¥ TperbOoMY pO3AiJi HaBEAEHO EKCIIEPUMEHTANBHI JOCIII/DKEHHSI METOK AKX
€ mepeBipKka TEOPETHYHHX NEPEAyMOB, INOKIAJCHHX B OCHOBY MPOEKTYBaHHA
anapariB MHEBMaTHYHOTO raJlbMOBOTO NIPHBOJA.

BinnmoBinHO 0 MeTH miA 4ac NMPOBENEHHA €KCNIEPHMEHTAIBHHX JOCIiDKEHb
OyJiv BUpillIeH] HACTYIHI 3a1ayvi:

-- BU3HAYEHHA TOXHOKH PO3paxXyHKOBHX MiIXOXiB, sIKi OyJIO BHKOPHCTAHO B
paMKax MeToZy i3 30cepeDKCHUMH NapaMeTpaMH;

-- BU3HAUCHHA 4acy MaJiHHA THUCKY B XHBJIAYiil MaricTpasi, BIPOIOBX AKOTO
npuyin (HamiBOpHYin) € HEKepoBaHWM (MOBHICTIO pO3’€[HAHUH 3 - TaTLMOBOIO
CHCTEMOIO TATaya);

-- BU3HAYEHHA 4Yacy BiJl MOMEHTY PO3PHBY JKHBJISHOI Maricrpajli 10 MOMEHTY
JOCATHEHHS BCTAHOBJICHOTO THCKY B FaJIbMOBHX KaMepax;

-~ BU3HAYEHHS THCKY B JKMBJISA4ill Marictpai, mpu SKOMy COpaLBOBYE IPUCTPIit
aBTOMATHYHOTO IaJIbMYBaHHs NpHyena (HaniBopuyuena);

- BU3HAYEHHS 4acy CNpalIOBaHHA CKIAJIOBUX KacKagy [MiJICHJICHHS
MeMOpaHHHX K/IanaHiB Ta (akTopiB, 0 HAa HHOTO BILIMBAIOTH;

- BCTAHOBJICHHS CYMICHOCTI pOOOTH pO3pO0JICHOTO 3aXHCHOrO KJallaHa i3
koHTypom EIIITI;

- mobyoBa CTaTHYHHX XapaKTEPHCTUK pO3pOOIIeHHUX anapariB.

Jlna aHamizy po3poOneHHX i HaABHHX PO3PAaXyHKOBHX METOHIB MOOYAOBaHi'
NOpiBHWIBHI TIpadikd PpPO3MJISAHYTHX BHIIE TEOPETHYHHX 1 EKCIEPHUMEHTAIBHHX
pesyJbraris (puc, 9).

Anai3 rpadiki (puc. 9) nokasas, O BCi BUKOPUCTaHi METOAM AAIOTH SKiCHO
NPaBHJILHAI MPOTHO3 MIOJO NEePEXiHUX MpOoLECiB y NpuBoAi. s KilbKiCHOT OLIHKH
NpPOMOHOBAHOr0 i HAABHHX METO/IB BH3HaueHi i 3BedmeHi m0 Tabn. 1 noxubku
pO3paxyHKiB JUHAMIYHHX MpPOLECiB, MO BiAOYBAlOTbCA Yy IHEBMATAYHOMY
rasibmcBomy nipusoni (ITI'TT) aBTomo6insg KpA3-6510.
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KHBJIAYiM MaricTpani, BIPOZOBXK SKOTO HAMIBIpPHYIN, MNOBHICTIO PO3’€AHaHMA 3
FaJIbMOBOIO CHCTEMOIO TAraya, € HeKepOBAHUM, LIIO CHPHAE B LIIJIOMY CKOPOYEHHIO Ha
60 % uacy, 3 3,4 ¢ 1o 0,7 c, Bif MOMEHTY PO3PHUBY KHBJLTUOI MATiCTpai A0 MOMEHTY
JIOCATHEHHS BCTAHOBJIEHOrO THCKY B FJIbMOBHX KaMepax HalliBIIpH4ena.

A

8

>
TS U

Tuck, [Na

w

1
A

7

.

st i i i i

gt 02 03 04 05 06 07 08
Uac, ¢

03 1 0 02 04

PucyHok 9 — I'padiku 3MiHH THCKY Y KOHTYPi CEpeIHHOr0 MOCTa MiJl 9ac
rajibMyBaHHS Ta IiJl YaC pO3raIbMOBYBAaHH

Tabmung 1 — [Toxubku po3paxyHKiB

anig TToxuOKH BiZINOBIIHUX METOMIB PO3paxyHKY, %
M.®. Mermoka | O.B. I'epit | yAoCKOHaJICHHH
Hanosuenns I'K 3amH10ro Mocta 1,39 12,94 3,47
Cnopoxuenns ['K 3anHp0ro Mocra 19,31 35,75 7,20
Hanosnennst 'K nepeaasoro Mocra 0,10 0,26 5,74
CnopoxxnenHst 'K nepeHporo Mocrg 2,05 0,56 5,09
Hanosnennst 'K cepeiHporo Mocra 11,46 14,81 4,39
Cnopoxsenns 'K cepeqHporo Mocra 15,72 12,46 4,23

OtpuMani pe3ysIbTaTy CBiAYaTh PO MOMJIMBICTE BHKOPHUCTaHHs MIPONIOHOBAHOTO
METOJTy JUIsl TPOTHO3YBAHHS MHAMIKH THEBMATHYHOIO NPHBO/IAa aBToMoGwA. [ToxnGka
PO3paxyHKiB Uil KOXHOTO 3 PO3PaxyHKOBHX MeToAiB craHoBisATe 10,72 % (Meron
0. B.Tepu), 8,34 % (Meron M. @. Merimiok) i 5,02 % (yAOCKOHANECHHH METO/).

EkcrieprMeHTAIBHI JOCTI/DKeHHs, iMiTalii BilpuBy HamiBnpuuena Bij Taraua,
NPOBOJWIMCS HAa HamiBOpHYenax kareropii O; i Os Ha creHiaBHOMY CTEHAI
«BOBYAaHCHLKOTO arperaTHOrO - 3aBOMy», SKWif TpH3HA4YeHHH i1 BHOPOOYBaHb
MHeBMAaTHUHHX  amapatis  [IITI.  Pesynbrard  HOCHiDKEHb  cepiiiHOoro i
€KCTIEPUMEHTAILHOTO IIPUBOJIA NIPEACTaBNIEeH] Ha ociuorpami (puc. 10).

TTopipHs/IbHUI aHATi3 OTPUMAHHX OCLMJIOrpaM MNO3BOJAE HAOYHO OLIHHMTH
JMHAMiuHy XapaKTepPUCTHKY cepiiiHoro i BrockoHaneHoro IMI'TT nanienpuyena y pasi
PO3PHBY XKHBIIHOI MaricTpali.

XapakTepHOI0 0COONHBICTIO AMHAMIYHOT XapaKTepHCTHKH cepiitHoro nprBozia
€ BIIHOCHO NOBLTBHE TAJiHHA THCKY B KMBJISYiil Marictpari 0 3Hauenns 5-10° ITa
(minis 1), O BAKIKMKAE 3aTPUMKY MOYATKY TiJBHIICHHA THCKY B FaJIbMOBHX Kamepax
(inig 2).

3acrocyBanusi pospoGieHoro PI'C 3 dyHKUisMH MOBITPOPO3NOAUIEHOIO
K/TaaHa Ha HamiBnpuueni mozeni 9370 IO3BOJISE CKOPOTUTH Yac MajiHHA THCKY B

SANIEREN
Mo [
K
/
N\
N

N wdofes
\ U/
\

AN i
, \/
7

o o5 1 15 2 25 3 35 4 45 5
t, ¢ —s
1 Ta 2 — cepiiinmii npuBix; 3 Ta 4 — yIOCKOHAJICHHI NPHBIJ,
mo Mae PI"C 3 ¢yHKUisMH NOBITPOPO3MOALIBHOTO Kilanana; 1 1a 3 -- THCK
y JKHMBJIA4i# MaricTpaii; 2 Ta 4 — THCK y rajIbMOBHX Kamepax
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PucyHok 10 — [lusamiuna xapaktepucraka [1I'T] sanisnpuaena 9370
Ii/] YaC PO3PHBY >KHBJIAHOI MaricTpaii

TakuM 4YHHOM, pO3pOONEHHH PperyisaTop TaTBMOBHX CHJI 3 (QyHKUiAMM
NOBITPOPOSNOAIIGHOrO ~ KianaHa JO3BOJME iCTOTHO MOKPAIMTH JMHAMidHy
XapaKTEepPHCTHKy NMHEBMATHYHOrO ralbMOBOrO IPHBONA HANIBNPHYENA Y pasi po3pHBY
JKHBJIAYOI MaricTpani. BHKOPHCTaHHS aHATIOTiYHOrO €KCIEPHMMEHTAIHHOTO raTbMOBOTO
MPHBOJA Ha IIPUYENi A03BOJIAE CKOpOTHTH raJbMOBHI LUIAX HEKEPOBAHOTO [IPHYENA.

TopiBusnbHi KoCHiDKEHHA cepifiHoro i BrockonareHoro [T HaniBnpuuena
9370 mokasanM, HI0 Yac CHpalbOBYBaHHA cepmnoro i BIOCKOHAJIEHOT™O MpHBOjA
BinbyBacrhca 3a 0,4 ¢, a yac PO3rabMOBYBaHHA BianosizHo 32 0,61 0,5 ¢

Takum uymHoMm pgochimkenHs [IITI, mo Bxmodae PI'C 3 d)yﬂmwmn
nosrrpopoanonmmoro KlanaHa, Ha HaniBnpuyeni 9370 noxasany, mo cnpomel-mx
Kom:'rpyxuu II'TT HaniBNpHYena NUIAXOM MOEAHAHHA PEryIATOpa ralbMOBHX CHI 3
NOBITPOPOSIOAIZIGHAM ~ KJIaNaHOM He [PH3BOAMTH 10 TOTIiPHIEHHS ~ 9acy
CIpaLBOBYBAHHA i Yacy pO3rajIbMOBYBAaHHS rajlbMOBOIO IPHBO(A. ‘

V xoai ekcnepuMeHTanbHuX Aociimkens EINTI Gynu BU3HaueHdi JAeKinbka
POGOYHX XapaKTEPHCTHK FalbMOBOTO MPHBOJA HA HEPYXOMOMY aBTOMOGLI. i
XapaKTePHCTHKH NO3BOTHIH OliHHTH e(EKTHBHICTE YIOCKOHANEHb BHECEHHX Y
KOHCTPYKLiIO anapartiB i airOpUT™M KEpyBaHHA KOHTY POM EINITL.

Bumpamna xapaxmepucmuka — BA3HA4alacs UUIAXOM GararokpaTHoro, p13-
KOTO, IIOBHOO HATHCKAHHA HA raibMOBY MeAalb NPH BiJKIIOYEHOMY KOMITPEcOpi.
BaratokpaTHe, IUTaBHE HATHCKaHHY Ha TaIbMOBY INefaib, WO 3abesmedye He
MOHOTOHHE HANOBHEHHS FaJIbMOBHMX KaMep, XapakTepH3y€e NOIATKOBi BIPaTH THUCKY
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NOBiTPA, MOB’A3aHi 3 po6OTOI0 MiACHIIOIOUMX IOPOXKHUH i NMEPEMHMKAHHA KIariaHiB
MOJYJISITOpa Ha CKMAaHHA THCKY B PE3yJIbTaTi IEPEPEry IIOBaHHA.
xcnepumenTanbHuii  koHTyp EIITI  BTpadae npauesgaTHicT>  1pH
HaIJIMLIKOBOMY THCKy B pecusepi 0,15 MIla, mo BinfyBaeTscsa micnd 46 NMOBHUX
ClpaupOBYBaHb. 3aCTOCYBaHHA y aIrOPHIMi KEPyBaHHA «Yacy BHPIBHIOBAHHA THCKY»
O3BOJLIE pa3oM 3 [MNIABHMINEHHAM TOYHOCTI (IO mnoTpedye 3MEHIUECHHA 30HH
HEYyTUIMBOCTI) 3MEHUINTH BUTPAaTH 3amaciB NoBiTpA y pecuBepi Ha 4,6-7,7% mpu
BiJK/TIOYEHOMY /Kepesti CTHCHEHOTO IMOBITP: Ta IVIABHOMY I€peMillleHi nefai rabma.
Junamivna xapaxmepucmuxa — BU3Ha4anacs NpH iHTEHCHBHOMY HATHMCKaHHI
Ta BigmyckaHHi nepaii ransMa (puc. 11).

800 o L R T BT 80
i [2iH8 THEKY 34 |, i SYCHILIK Ha NEARN TRILMA | Pmax H
700 A Ay
600 y 60
500 50
i i
400 3uina TMCKY B TaTRMOBIH 40 (
. saMepi
300 TN Y B TR =1 ’
i 3Inina THEKY B raTBMOBIH i3 r
200 HoepeHiM niBKIERHAM THEKY 0 0,08 Pmax| 20
100 ‘)sj.il(pnai. wo sanexat a0 MU ) 10
+ Gty ‘Kpum, 1o nanexats ao EIIITI
0 .4 i 0
0 0,1 Ly 0.2 0.3 04 05 ° 0%

0,02 g

PucyHok 11 — [lunaMika HanoBHEHHS TATbMOBUX KaMep 3a/iHbO] Bici
nia 9ac poboru EINITI 1a ITITI

TopiBHANEHMI aHATI3 HAMOBHEHHA 1 CHIOPOKHEHHSA TaJbMOBHX KaMep 3aJHbO1
Bici miz gac po6otu EINITI Ta II'TT nokasye 36inpmenss mBuaKoail nepmoi Ha 0,1 ¢
A BriyckanHs i 0,15 ¢ QA BHOYCKaHHA ITOBIiTPA 3 raibMOBHX Kamep. I[lpu
MOYATKOBiM IIBHAKOCTI ranbMyBaHHs 60 KM/Tof Take 30iUIBLICHHA WBHAKCOARIT Aae
CKOpPOYEHHA rajibMoBoro nuiixy Ha 1,5 m. Ile BinOyBaersca 3a paxyHOK IIBHALIOTO
NpUBEAEHHS B JAiI0 TaJbMOBHX MeXaHi3MiB y mnepioag pyxy AT3 i3 mBHaxicTio
GJAHM3BKOI0 AC MOYAaTKOBOI INBHAKOCTI TrajibMyBaHHA. JIONaTKOBHM pe3epBOM
CKOPOYEHHS ralbMOBOrO IIUIAXY € MOIEPEAHE NPHBEIECHHA TaTlEMOBHX MEXaHi3MiB B
poboue MmosoxKeHHs Micisl NepeMileHHs IITOKa FalbMOBOI KaMepH i BHOOpY 3a30piB
y TrajlsMOBOMY MeXaHi3Mi. 3acTOCyBaHHsS MOIEPENHLOTO HAmNOBHEHHS TarlbMOBOI
KaMepy JUIA NPHBEJEHHA B JAil0 IaIbMOBOTO MeXaHi3My Ha CTajil TOpKaHHA nemaii
rajipMa J03BOJAE 30UIbIIMTH WBHAKOLIO nomaTkoBo Ha 0,03 ¢ Ge3 30umbieHHS
TEMIly HAPOCTAHHA YMOBiIbHEHHsA. Take ITiIBHINEHHA THUCKY AO3BOJIAE CKOPOTHTH
raJibMOBHI IUIAX NIPH €KCTPEHOMY TajlbMyBaHHI A0JAaTKOBO Ha 0,5 M Ipu NovaTKoBii
IIBHAKOCTI rasibMyBaHHs 60 kM/roz. OTKe, CyMapHe 3MEHIIEHHA ralbMOBOTO WUIAXY
CKJIaAac 2 M, O € 3HaYHUM MOKPAIaHHAM 1 oauHOo4YHOro AT3.
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Cmamuuna xapakmepucmuxka — 1€ 3aI€XHICTh THCKY B TaJIbMOBilf kamepi Bia
nepemitueHHs nepani ranema (puc. 12). CratmuHa xapakrtepucruka EITITI
NPENCTaBIIA€ MOy, OOMEXEHY KPHUBHMM, AKi ONMUCYIOTH PiBHi 3MiHH THCKY, LIO
BH3HAYaIOTh TOYHICTh PETyJIIOBaHHA.

Ha OCHOBi aHanisy CTaTMYHMX XapakTepucTHK B KoHTypi EINITI (puc. 12)
MOXXHa 3pOOHTH BHCHOBOK IPO HEHOCTATHIO HMIBHAKOZIIO BIyCKHOTO MeMOPAHHOro
KJanaHa MOy IITopa.
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PucyHoxk 12 — Cratndna xapakrepuctuka EINT'TI npu perymoBaHHi 3
TIONEPEDKEHHAM 3aJIE)KHO Bill IIBMAKOCTI HAPOCTaHHA CHrHaTY 33

Amnani3 yMoB #Horo poGOTH IPYHTYEThCA Ha Cepil €KCIEDHMEHTIE 3
peecTpauielo TUCKY B HiJCHIIOKYiH MOPOXHUHI BITyCKHOr0O MEMOPaHHOTO KiIANaHa.
B pesynbrati ROCTimKEHHA 3’ACYBaJOCA, IO Ha TOYHICTH PETyJIOBaHHA THCKY B
koHTypi EINI'T] BIIMBAIOTE YMOBH POGOTH BITyCKHOTO Ta BHITyCKHOIO MEMOPaHHOTO
KJ1anaHa, OCKUIBKH 11 060X MeMOpaH eJIeKTpPOMAarHiTHIH KilaraH BUKOPUCTOBYETECA 3
OJJHAKOEMMH XapaKTePHCTHKAaMH, a TOYHICTP PEryIOBaHHA JAOCATacThCA pi3Ha
(puc. 12). Tlpu 3agaHOMy MiHIMIBHOMY 3Ha4Y€HHI CHTHAIy BiJl [A4TYHKA
nepeMilleHH Nenali, MOXKHa CKa3aTH, L0 Yac CIpallbOBYBaHHA MeMOpaHHOro
KJIaraHa 3HaxoauThes B Mexax 0,018-0,022 c. (puc. 13).

' Ilin vac mocnimkens pobotH koHTypa EINITI 3 MeMOpaHHHM MOZYJIATOPOM Y
pexumi nomanHa I1IIM Ha BuNycKkHHi KianaH 3’4CyBajocs, IO 1€ MPH3BOAMTE 10
3MEHIIEHHS MMCKPETHOCTI MONAHHA CHTHAIiB KepyBaHHA. SIK MOKasaB aHani3
(puc. 14), icToTHOMy 3MEHLIEHHIO PO3Mipy piBHA MiJBHINEHHA THCKY, a TaKOX
cTifiki# poboti koHTypa EINI'TI MOXYTh CIIPHATH HBi NPHIHHM:

— irnopyBanHa EBK curHany Bin natumka 33;

— 9aCTKOBE CIIOPO>KHEHHS MiICKIIOI0YOT HOPOXKHHUHH.

YV nopiBHAHHI 31 CTATHYHHUMH XapaKTEPHUCTHKaMM, fKi OTpHMaHi mix d9ac
MOIIYKOBOIO EKCIIEPUMEHTY, XapaKTEPUCTHKH BH3HA4YeHI Mic/iA yAOCKOHANEHHA
Moy nsTopa 3abe3neuyIoTh NOKPAILIEHHA TOYHOCTI peryoBaHHs Ha 7,4-13,9%.
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PrcyHok 13 — ExcriepumeHTa/IbHe BU3HAYEHHA INBHAKOiT MeMOPaHHOTO KiaraHa
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Pricynok 14 — Hanoeuenns koutypy EIIITI 32 nonomororo 1M
npu gacroti 20 ' TpuBanocTi iMmynecy 67 %

OCHOBHHMM €JIEMEHTOM KOHTYPa 3alacCHO! Ta/lbMOBOI CHCTEMH B PO3pOOIEHOMY
€JICKTPONTHEEMATHYHOMY T'a/IbMOBOMY npnsom € ABOMAriCTpaIbHUA 3aXMCHHMHA KilanaH
s ENTTI. OcobmmBicTio HOro KOHCTPYKUii € BiACYTHICTh €NIEKTPHYHHMX KIanaHis,
KEPOBAHHX €JIEKTPOHHHM 6JI0KOM KepyBaHHs. Lle JI03BOMA€ BHKIOUMTH BHXI 3 Jany
3aXHCHOTO KOHTYpa a0 HOro MHMOBIEHE CTIPAbOBY BAHHA YePe3 NOPYIICHHA B pobori
E/ISKTPHIHHY. €JIEMEHTIB 3aXHCHOTO KiianaHa abo nepe6oi B eNeKTpOKHUBIICHH].

CyMicHiCTh JBOMAriCTpaJIBHOTO 3aXMCHOro KnanaHa 3 koHtypom EINITI
3a6e3MeuyeTbCs rapaHTOBAHUM 3aKPUTTAM 3aXMCHOTO KJlallaHa 0 HapOCTaHHA THCKY
B KOHTYpi 3amacHOi raJibMOBOI CHCTEMH. BHKOPHCTaHHA aJropuTMy 3 romnepeHiM
Mi/(BUIIEHHSM THCKY B TJBMOBiii xamepi 3a6e3nedye 3aKpHTTS 3aXHCHOTO KiaraHa

S
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me [0 HOYaTKy 3pOCTaHHA THUCKY B TajJbMOBOMY KpaHi AKHH Kepye 3aXMCHHM
KOHTYPCM.

ApapiiiHoro xapakrepucTukoro Kontypa EINITI € 3miHa THCKYy B raibMOBiH
KaMepi IpH HECTIPABHOCTI AKOro-HeOy b efeMeHTa ranbMoBoro npusoza (puc. 15). i
imiTauii aBapiifHoi cuTyauil B enekTpoHHHi 610k kepyBaHHs Oysia 3amporpamoBaHa
TecroBa mporpaMa. Pobora mporpamu iMiTyBala HECHIPaBHICTh, fKa EKBiBa/IEHTHA
BHXOAY 3 Jiaxy OyIp-SKOTrO 3 eNeKTPOMArHiTie mpueoAa abo BiNCYTHICTh WBJICHHA B
6oproBiii Mepexi. B mpoueci ranbMyBaHHS HPOrpaMHHM CIIOCOOOM eeKTpOHHHMIT 610K
KEPYBaHHA IIEPEBOAMB MOMYJIATOP Y PEXHM CIHOPOXHEHHA IaJIbMOBHX KaMep Micid
JOCATHEHHS MAaKCHMAaJILHOTO THCKY ToBiTps (pHc. 15).
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PucyHok 15 — [Tepexianuii nporec 3MiHH THCKY B FaJIbMOBii kKamepi
npH iMiTauil BUXoxy 3 axy po6o4oi rajibMoBOi CHCTEMH

lanepMoBa neaats 3aIHIIANTAc] HATHCHYTOIO, 33 PaXyHOK YOO THCK Y KOHTYpi
3amacHOl raJibMOBOI CHCTEMH MiATPUMYBaBCH Ha 3aJaHOMy BozieM piBHi. [Ticnsa
DafiHHA THCKY B rainbMoBifi kamepi 10 MiHiManbHoro tucky 0,02 MIla 3axmcHui
KIIANaH [1ePeMHUKaBCd B PEXHM po0OTH aBapil{HOI ranbMOBOI CHCTEMH i TafbMOBi
KaMepH IIOYHHAIN 3alIOBHIOBATUCA 3 KOHTYpa 3allacHOl raIbMOBOI CHCTEMH. B mimax
Oe3neku ralpMyBaHHA NMEPEOHBOIO Biccio 3ilicHIoBanoca koHtypoM IIITI, THCk y
SIKOMY 3MiHIOBAaBCS CHHXPOHHO 3 THCKOM Y KOHTYpi 3amacHOI raJibMOBOi CHCTEMH
EINITIL.

VY deTBepTOMY PO3ALTI NPOBENEHO MOCIIIKEHHA KEPOBAHOI IHEBMATHYHOL
MiOBiCKM Ta 3alPONMOHOBAHO paUiOHAJIBHY 3aJEXHICTH IUIOMi BIYCKHMX Ta
BHITyCKHUX OTBOPIB PeryJsaTopa piBHs HiyIory.

Ha OCHOBi MaTeMaTMYHOrO0 MOJENIOBAHHSA BH3HAYEHO EKCIUTyaTaliiHi
BJIACTMBOCTI THEBMATHYHOI mixBicku. [1LsxoM BupilieHHs cHCTeMH Oy epeHIifHIX
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piewanp (11), mo BigmoBinaoTh po3paxyHkoili cxemi (puc. 16) migTBepmxeHo
BIUIMB MApaMETPIiB CJIEMEHTIE NiBICKM Ha JMHaMiuHe HEHTpanbHE IONOXEHHA
TpaHCHOpTHOro 3acofy mix 9ac Horo pyxy.
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Pucynok 16 — Po3paxyHkoBa cxeMa KOJHBAJILHOI CHCTEMH

Pyx chcTeMH, mI0 HaBefeHa Ha PHCYHKy 20 pO3MIAHYTO B iHEpLiaybHiA
CHCTEMi KOOpAMHAT, HOB’s3aHili i3 3emnero. KoopauHaty x BimpaxoByBanaca Bin
NOJNOXEHHA CTATHYHOI PiBHOBArM MiJPECOPEHOi MacH m,, a KOOPAHMHATa y — BiX
NOJIOXKEHHS CTATHYHOI PiBHOBArH HEIiAPECOPEHOI MacH My,

d*x dx dy)
-my - —s—m_ g+ F(x,y,T)-F, X
My 2 g+ F(x,y,T)- (ddt
2
—My - d2 — My 8= F(x,y,T)+F,, (dx dy)+
i gt g o (11
dy dq(t))
+F . (¥,9(1) - —, == =0,
w(¥»4( )) m( et
ar 1 ,-E-(T—Tm )= P dV d(h)
dt e C,, MUY P d(h) dt
ne T- a6comoma TeMnepatypa nositps nepen apocene, K; 7., — remneparypa
noskig, K; % — moxigHa mnHeBMaTH4HOro 6anoHa mo aedopmalii, MM
b — ToOBWMHA CTiHKM [HeBMaTHuyHoro OanoHa, M; &k -— Koe(blmem

Texmonpom 1Hocti, B1/(Mm'K); S — mwroma nosepxHi NHeBMaTH4IHOTO 6asnoHa, M5 G —
Maca noBiTps, kr; T — TeMnepaTtypa MoBiTps BCepeHHi IMHEBMAaTHYHOIO 6a110Ha K;
M, — HETHOPECOpeHa Maca, KT; m,, — HiAPecopeHa Maca, Kr; [, — CHiIa, IO CTBOPIOETHCA
aMOPTH3ATOPOM; F oy, — CHIIA, IO iMITy€ aMOPTH3YIOUH BJIACTHBOCTI LIMHM; [ — CHIa,
IO CTBOPICETBCH MNPYXKHHUM €JIEMEHTOM; s = X—y — IIOTOYHE 3HAYEHHA BHUCOTH
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NHEBMATHYHOIO GayioHa, M; P — THCK MOBITPA BCEpENMHI MHEBMAaTHYHOro OayoHa,
IMa; Cy — Tennoemnicts noBirps, JHx/kr-K; F, — cHna, O iMiTy€ NPy KHi BIACTHBOCTI
LIMHH.

IMopiBHsuibHHM  aHAMi3 pO3paxyHKiB pyXy KOJMBAIBHOI CHCTEMH 3
ypaxyBaHHSM TEIUIOBiABENEHHA Yepe3 CTiHKM OanoHa i 6e3 HpOro mokasas, WO Taki
napaMeTpud KOJIMBaHb, AK aMIUNITYJa KOJNHMBaHb, WIBHAKICTE i HPHCKOPEHHA
HiApecopeHol MacH 3aMINAIOTECA abCOMIOTHO iNeHTHYHMMH. B Toii ke uac cepenne
TOJIOXKEHHA MiAPECOPEeHOi Macy i BUCOTH MHEBMATHIHOTO IpY)KHOrO €l€MEHTa Iij
4ac PO3paxyHKy 3 ypaxyBaHHAM TEIUIOBiJBENCHHA MalOTh JEMIO MEHILi 3HAYCHH:
(puc. 17). Lle MOACHIOEThCA BTpaTaMM TeIUIa vepe3 CTiHKH Oamona. HuM Huxie
TeMIeparypa JOBKLLIA, THM HUX4e PO3TalIOBY€ETHCA MiJpecOpeHa Maca.
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PucyHok 17 — da3oBa niarpaMa KOJMBaHb IMiAPECOPEHOI MacH

Pi3HHI Y BHCOTi NMHEBMAaTHYHOrO NpPYXHOrO €JIE€MEHTa CKJIAJac BEIHYHHY,
AKy MOXKHA OPIBHATH i3 30HOIO HEUYTIUBOCTI peryasropa. Kpim Toro, remneparypa
noBiTpA BCepeauHi 6GanoHa 3HAYHO BIUIMBAE HAa BHTPAaTHI XapaKTEPHCTHKM
peryysaTopa piBHs MiIOrH. Y 3B’A3Ky 3 IIAM 3po6iIeHO BUCHOBOK IPO HEOOXiAHICTH
BpaxyBaHHs TeIUIOOOMiHy 3 JOBKUULAM il 4ac JOCHIDKEHHA pery/bOBaHOl
NHEBMATHYHO! MiABICKH. _

3aBAAKM  3aCTOCYBaHHIO Teopil (QYHKUiOHaNbHHX [EpPETBOpEHb ~ NpPH
MOZEMIOBaHHI MHEBMATHYHOI Mi/IBICKH BJAJIOCA OTPHMATH PilICHHA, AKi JO3BOIMIH
3a37aNerigp OLIHIOBATH Taki MapamMeTpd ITHEBMaTHYHOI MiIBICKM fAK aMILTiITyaa
KONMBaHb migpecopeHoi i HemigpecopeHoi Mac, WIBHAKICTH i NPHCKOPEHHA
nepeMillleHHs IMiApecopeHoi i HemiapecopeHoi Mac, a TaKOXX IPOBOJMTH aHANi3
BIUIMBY [apaMeTpiB IHEBMaTHYHOI MiJBiCKM Ha BKa3aHi BenuuueH. Ilpore
CKJIaNHICTh i HE3pYYHICTh OTPUMaHHX pillleHb, a TAKOX HEMOMXJIMBICTH OLIHMTH
npo6oi miABICKM i BiOpUB Kojieca Bil AOPOrH, HE BHKJIIOYAIOTE BHKOPHCTAHHA
MaTeMaTUYHHX MOZENeH, IO IPYHTYIOTECS Ha YHCEJIBHHX METOAAX.
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_ MogemoBanss poOOTH  MiIBICKM TaKMMH METOJaMHM  Halo  3MOry
NpoaHali3yBaTd BIUIMB [apaMeTpiB MiNBiCKM HAa 3HAYEHHA [AUHAMIi4YHOrO
HEWTPATBHOrO IIOJIOKEHHA BHCOTH ITHEBMATHYHOrO MpPYXKHOTO €EIEMEHTa I10Ka3as,
IO TONOMKEHHA KPHBOI Aogin (PHC. 18) NOBHICTIO 3al€XHTh Bil CHMETPHYHOCTI
XapaKTepPHCTAKH aMOPTH3aTOpa.
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1 — cuMeTpHYHa XapaKTepUCTHKA; 2 — HECHMETPHYHA XaPaKTEPHCTHKA

Pucyrok 18 — BIUIHB HECHMETPHYHOI XapaKTEPHCTHKH aMOPTH3aTOpa Ha AHHAMiIYHe
HelTpanbHe NOJIOKEHHA BUCOTH MHEBMATHYHOTrO MPY)KHOTO €IEMEHTA

Ilpy nifBumIeHH] 4acTOTH 36YPIOBAIEHOI il HECHMETPHUYHA XapaKTepUCTHKA
aMOpTHU3aTOpa CHOPHAE 3HIKSHHIO Aoy, Y pasi CHMETPHUHOI XapaKTEpPUCTHKH
amopTH3aTopa (IO € NpUIyLIeHHAM Yy GUBIIOCTI aHANTHYHHX MoneneH IinBicok,
3aCHOBAHMX HA CIHEKTpalbHili Teopii miOpecopiOBaHHA i CTATHCTHYHOI NHUHAMIKH
TPAHCHOPTHUX MAIIKMH) 3MEHINEHHS Aogi HE BiIGyBacTBCA.

PeryipoBana miaBicka O3BOJISE KOMIICHCYBATH 3HHXKCHHA JMHAMi4HOIo
HEHTPAILHOrO MOJIOKEHHA 1 3MEHIUMTH BiporiaHicTE npo6oro (puc. 19).

Kinekicts noBiTpa y GaioHi mix 4ac pyXy 3 PeryJbOBaHOI NMHEBMETHYHOK
NiIBiCKOK cnoyaTKy 30iMBLIYETHCA, a MOTIM JEmO 3MEHIIY€ETHCS, IO MOB’A33HO i3
3aracaHHsAM rapMOHIMHOT CKJIaTOBO] BJIACHHX KOJIMBaHb I1iIPECOPEHOI MaCH.

TMiginTerpansuuii Bupaz y ¢opmyni (12) € KinekicTio moBiTps B KI/c, IO
BHITyCKAETHCSA, 33 OAHH NEPiOA KOJIMBaHb.

17 '
=?-£dGm(t)~dt; . 2 412)

ae T — TpUBaNiCTh Nepiony yCTAIEHUX KOJIHBAHb, C;

G,,m(?) — BHTpaTa MOBiTPA Ha BHITYCKy 3al€XHO Bia 4acy, ;(r/‘c'.‘

BuTpara NoBiTpA MiABICKOIO 3a/I€XHO Bil 4aCTOTH 30yPEeHHA NPELCTABICHO Ha
pwuc. 20.
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1 — ammutiTy1a KOJIMBaHB MiApECOpPEHOl MacH; 2 — aMILTITyia KOJIMBaHb BUCOTH
MHEBMATHYHOTO MPY>KHOTO €JIEMEHTa; 3 — BiACTaHb 10 Oydepa CTHCHEHHS!;
4 — Bigcrane [0 6ydepa Binbolo; S — nHHaAMiYHE HEUTPATEHE MOJIOXKEHHS BUCOTH
MHEBMAaTHYHOTO MPYKHOTO €JICMEHTA

PucyHok 19 — AMIUTITYIHO-4aCTOTHA XapaKTEPHUCTHKA PETyJIbOBAHOT
ITHEBMATHYHOT MiABiCKH
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3ajexHicTh TUIONI TPOXiAHMX HEpepiiB JBOCTYNIHYATOrO PEryjasaropa
BJIAETbC HAOIM3UTH [0 if€albHOI 3aJIEXKHOCTi 33 pPaXyHOK 3MiHH BHITyCKHOIO
OTBOPY i 3MillleHHs 30HH BBIMKHEHHS JIpYToro piBHs BUTpatH (puc. 21).
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Pucynok 21 — [Tnoina npoxigHAX nepepisiB CepifHOro i BIOCKOHANIEHOro
perynsTopis

ITo6ynoBaHi aMILTITY JHO-4aCTOTHI XapaKTEPHCTHKH PETyJIbOBaHOI THEBMATHIHOT
MiABICKH 3 CEPilHUM | BIOCKOHAICHHM PETyJIATOPaMH MiITBEP/DKYIOTH NPaBUIbHICTE
3aIPONOHOBAHOTO METOAY. 3aIEXKHICTh 3MilEHHS HEHTPANLHOTO MOJIOKEHHS VIS
BIIOCKOHAJICHOTO PETYJIATOpa DiBHS Mi/UIOTH, OTPHMaHa B PE3YJILTaTi PO3PaXYHKY
AUX, 300paxeHa Ha puc. 22 Ta 23.
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PucyHok 22 — 3aIeXHIiCTh 3MillleHHs AHHaMiYHOT HEHTpai Bijl aMILTiTy i1
KOJIHBAHHS BaXEJNA PerysTopa, OTpUMaHa MpH po3paxyHky AUX
JJIs CepiHOrO i BAOCKOHAIEHOTO PETYJIATOPIB
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PucyHok 23 — BuTparta noBiTps CEpiiiHiM i BAIOCKOHAJIEHHM
peryJaTopaMu 3aieXKHO Bijl 4aCTOTH 30ypeHHA

THMOBI OCIHIJIOTPaMH KOJIMBAHb NHEBMATHHYHHMX NPYXHHX EJEMEHTIB 3a/HEOT
IiBICKHM Ml 4ac pyXy aBTOMOOLIA i3 CepiliHUM PEryJIATOpOM piBHA Mi/VICTH MOKa3aHi
Ha puc. 24, a 3 yIOCKOH&IEHHM — Ha puC. 25. SIK BUIHO 3 OTPHMAHHX OCLIJIOrpaM,
YIOCKOHANIEHH# peryJsmop 3alesnieuye KOJMBAHHA MpYXHOTO eJleMeHTa MOo0IH3y
CTATHYHOTO HEHTPAILHOTO MOJNOXKEHHS, TO/li AK CEPiiHMI PEryJsTOp CIPHUAE HIDKIOMY
PO3TalIYBaHHIO IUHAMIYHOTO HEMTPATILHOIO MOJIOXKEHHS.
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PucyHok 24 — KonvBaHHs THEBMaTHYHOTO MIPYXKHOTO €1IEMEHTA
32 BUCOTOIO B MABICL 3 CEpiiHEM PETYJIATOPOM PiBHA MiUIOTH
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PucyHok 25 — KosInBaHHs ITHEBMATUYHOTO TNIPYKHOTC €IEMEHTA
3a BHCOTOIO B Mi/IBiCIIi 3 yZIOCKOHAJICHMM PETyJIATOPOM pPiBHA HiIOrH
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Ha ocHOBi OTpHMAHHX OCLHIOrpaM 3po6/€HO BHCHOBOK PO BiANOBIIHICTH
pe3yJbTaTiB TEOPETHUHHX JOCII/LKEHb EKCTIEPMMEHTAIILHAM JIAHHM.

¥V n’stroMy po3aiJii IpoaHasTi3oBaHo iCHYI04i IPHBOAY BUMHKaHHA 34€MICHHS,
BHMOIH [0 HHX, & TAKO)X METOAMKH INPOEKTYBaHHA Ta JOCHIIKEHHA. Buspneni
HeZONMikH, AKi OOYMOBJIEHI 3aCTOCYBaHHAM 0arare0X NpHNyIUEeHb Nig 4ac
MOJEMOBaHHA PODOTH 3YEIVIEHHA Ta 3aCTOCYBAHHAM Y MEAKHX KOHCTPYKLUifX
Apocen y rigpasiivHii yacTHHI npuBozAa. JloCi/UKEHO BIUIMB IHEBMOTiIpaBIiaHOro
NpHBOZIa 3YEIUICHHA HAa AMHAMiYHe HaBaHTKEHHA arperaTiB TpaHcMicii. (cHOBHY
ypary Oyj0 NpHALUIEHO APOCENBHOMY pETryIIOBAaHHIO Yy NHEBMaTHUHiA YacTHHi
MPHBO/IA MiJ] Yac MpoLecy BMHKAHHA 34EIUICHHA (pHC. 26).
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PucyHoK 26 — BruiuB napamMeTpiB HaBaHTaXeHb i KOHCTPYKTHBHHX
¢axTopiB Ha yac nepemillleHHs IITOKa MHEBMOTiIPaB/Ii9YHOTO
MiZICHTIOBAYa IPH BBIMKHEHHI 34ETUIEHHA

Ha OCHOBi 3anmpONOHOBAaHOI METOAMKHM BJAAIOCA YHHMKHYTH 3aCTOCYBaHHA
gpoceniB y rimpaBniuHif 9acTHHI NpPHUBOJA, BHKOPHCTAHHA AKHX HEraTHBHO
BioOpaXkaeThCca Ha JUHAMIYHHX NMPOLECaX BMMHKAHHSA 3Y€IUICHHSA. 3alpPONOHOBaHA
METOIMKA PO3paxyHKy CTRTHYHHX XapaKTEPHCTHK JIO3BOJIAE€ BPAXOBYBaTH 1109aTOK
CrpaupOByBaHHA MiJCWIIOBAYa Ta XapakTep IiIBHLIEHHA THCKYy Y NHEBMAaTHYHOMY
WIHZpPI, @ TaKoX TpPOBECTH palioOHAIbHHM BHOGIp OCHOBHHX mapaMeTpiB
criakyrodoro mpucTporo. KOMIUIEeKC 3alpONOHOBAHHX Mip JO03BOJIMB 3HM3HTH
3yCWUIAs Ha mepam 34emwieHHs Ha 10 %. 3anpomoHoBaHi B po6oTi miaxoau mmomo
JOCTI/DKEHHs IHEBMaTHIHMX ANapaTiB JO3BOJIMIM BH3HAYUTH Koe(DilieHTH omopy
€JIEMEHTIB MPHBOZAA 34YEIUIEHHA B 3aJIeXHOCTI BiJl IIBHIKOCTi 3MiHH THCKY MNOBITpSA
6€3 npoBeAEHHA EKCIIEPUMEHTAIbHHX JOCHiIDKEHb.

BHCHOBKH

'V muceprauiiiHiii po60Ti BAKOHAHO y3arajlbHEHHA i PO3BHTOK HayKOBHX OCHOB
aKTyaJbHOI i BaXJIMBOI HayKOBO-TEXHi4HOI mpobiemH migBHILEHHA Oesmexu pyxy,
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KOM(OpPTa6GENbHOCTI i MOMINIEHHs eProHOMIYHOCTI aBTOTPAHCIIOPTHHX 3acobiB, 110
CKJIANaloTh TEOPETHYHY OCHOBY CTBOPEHHA 1 BJIOCKOH&IEHHA NHEBMATHYHHMX
anapaTiB raJbMOBOrO KepyBaHHA, MiABICKH i 34EIUIEHHA HA €Tanax IPOEKTyBaHHA i
BHPOOHHLITBA.

(OCHOBHI HAayKOBIi i IPHKJIaHI Pe3yIbTaTH JOCIiDKEHS

1. 3amponoHoBanmii i 0OrpyHTOBaHMil MeToA BH3HAa4YeHHA KoediuieHTis
BMTPATH IA anapatiB NHEBMaTHYHOIO TajlbMOBOTO IPHBOJA ABTOTPAHCIOPTHHX
3ac00iB Ha OCHOBiI NPOCTOPOBOrO MOZEIOBAHHA TPHBHMIPHMX CTalliOHapHHX i
HECTALIOHAPHKX TeYili CTHCHEHOTO IOBITPA B IOPOXXHUHAX anapaTiB MPHBOZA.

2. Habye mogaismoro po3BHTKY METOZ i3 30CEpEDKEHHMH NapaMeTpaMH B
YaCTHHi BH3Ha4YeHHs Koe(ilieHTa BUTPaTH Ha OCHOBi YHMCENBHOIO MOJCIOBAHHA i
BpaxyBaHHA 3MiHH THCKy y BYy3li, IIO [JO3BONKIO PO3MOBCIOAHTH HOro Ha
[THEBMATH4YHi rajJbMOBi IIPUBOIH aBTOTPAHCTIOPTHHX 3aco0iB.

3. TpuBuMipHe MOZENIOBaHHA nepexmmlx DpOLECIB y TraabMOBiii Kkamepi
AO3BOJIJIO JOBECTH, WIO NOJIA PO3HOALTY CTaTMYHOrO THCKY i Momyns BEKTOpa
WBHAKOCTI TMOTOKY /O3BOJIAIOTH CTBEPIDKYBaTH NP0 HE3HAYHMH  pO3MOAiN
TEPMOIQMHAMIYHKMX MapaMeTpiB 3a 00’€eMOM (cepeAHe IHTErpajbHE 3HAYCHHA
CTaTHYHOTO THCKY BiJ MiHIMaJbHOTO IIPH HATIOBHEHH] He nepeBHinye€ 4 %).

4. TlopiBHANBHI TEOPETHYHI JOCHI/KEHHA MAMHAMIKH  ITHEBMaTM4HOIO
ralbMOBOTO IPUBOIA 33 TPHOMA PpO3IVIAHYTHMHM METOJAMH IIOKas3aiM AKiCHY
30DKHICT pe3y/bTaTiB po3paxyHKy i BiANOBiAHICTE HaABHHM €KCIIEPHMEHTAILHMM
pesynbraram (moxubka He nepesumye 7,2 %).

5. Po3pobnenuii mporpaMHMi KOMIUIEKC VI MaTEMaTHM4HOro MOZETIOBAHHA
TPHMBHMIPHHX HECTALIOHAPHUX Tedil MOBITPA B anaparax MHEBMATHHOIO rabMOBOTO
TIPHBOZIA ABTOTPAHCTIOPTHHX 3ac00iB i CHHTE3y NepeXi/iHUX XapaKTEpUCTHK NPKBOZA B
uiomy, sKi MOXyTh 6yTH BHKODHCTaHI IIPH aBTOMATH30BAHOMY ITPOEKTYBaHHi.

6. 3anmponoHOBaHA  MaTEMaTH4YHa MOJENb  EJIEKTPOHHO-NHEBMATHYHOIO
TaJbMORBOTO NPHBOJIA, IO BKJIIOYAE THHAMIYHY MOJIENh €/IEKTPOMATHITHOTO KIlanaHa,
JO3BOJISIE BAKOHY BaTH PO3paxyHKH, mo Ha 90 % 36iraloTbCs 3 eKCIEPUMEHTAILHUMH
JaHUMH. Mozens Mae NepCneKTHRY BAOCKOHAIEHHS, SKIIO PO3IIIANaTH KOTHBATPHAN
XapaKTep BUPiBHIOBaHHS THCKY NOBIiTpA B KOHTYpi mpuBoaa penefinoro ETIITL

7. BcTaHOBJIEHHMH B3a€EMO3B’A30K 4Yacy CHPALLOBYBaHHA MeMOpaHHM Bin
OCHOBHMX MApaMeTpiB eJIEKTPOMArHiTHOro KiamaHa (30KpeMa Bil YMOBHOIO
niaMeTpa, HANpyrd JKMBJIEHHS, KUTBKOCTI €JIEKTPOMATHITHMX KJIAaNaHiB y OJHOMY
KackKaji, MOCWICHHSA THCKY NOBITpA 3 060X 60KiB KJianaHa).

8. BoockoHalieHa KOHCTpPYKIif MOJIYJIATOpa THCKY, 3/aTHa 3abe3neunrH 4ac
crpaupoByBannd 0,008 ¢ i yac Bimkputoro craHy kiamada 0,0065 c. llleunkomis
MOZIY/IATOpA THCKY BH3HAYAEThCA ONTHMATBHUM IiJI00poM 06°eMy HiaCHIIO0O4O0L
NOPOXXHHMHHM, IIPOXiAHAMHM [epepi3aMM €NeKTPOMarHiTHUX KiamaHiB i ix
HIBH/IKOAIEI0, BETHYHHOIO OOMEXKEHHA THCKY B IiACKULIOIOYil MOPOXHHHI, a TaKoX
TiepenazioM THCKY, IO Ji€ Ha TOBEPXHIO MeMOpaHH.

9. Pozpobrienuii i gocnmi/pkeHuil ABOMariCTpalbHUN 3aXHCHHH KianaH, sSKHi
3abe3neuye aBTOMATHYHE CNPaLbOBYBaHHA 3amacHoi ramsmoBoi cucremu EIIITI i
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BHBOAMTE AT3 Ha mouaTKOBMI piBeHb YNOBiIbHEHHA He Oinbuie Hik wepe3 0,55 ¢
TiciIs BUXOJLY 3 Jiagy pobodol rabMOBOI CHCTEMH.

'10. EKCIIepHMEHTATBHO  MIATBEPDKEHA  CYMIiCHICTb, — MpaLie3faTHiCTh i
ecpenmmmcrb po3po6enux KOHTYpiB poGouoi ¥ 3amacHoi ransMoBoi cHcTemH. Ilpn
rabMyBaHHi OZMHHYHOTO aBTOTPAHCIIOPTHOrO 3acoby, ocHamesoro EIIITI,
eexTHBHICTH 3pocna 70 10 % npu raapMyBaHHi po6oYoI0 rallbMOBOIO CHCTEMOIO, i B
1,5-2 pasu — IpH TANBMyBAHHi 3allaCHOIO T'AIBMOBOIO CHCTEMOIO B NOPIiBHAHHI 3
HOPMAaTHBHOIO.

11. EKciepuMeHTaIBHI  JOCTiDKEHHS mmaMixn TunoBux  JI€-naHok
[HEBMATHYHOTO IAIEMOBOIO MPHBOJA nizrrsepmum KOPEKTHICTh 3aIpONOHOBAaHOIO
METOny Tpummpuoro MOJEIOBAHHA TEPEXiHUX NpOLECIB B OKPEMHX anaparax
npy ransMyBaHHi i p03l"aJTbMOBYBaHHl Ioxubka €KCEPUMEHTAILHHX NaHHX HE

_mepeBumyBana 5,0 %.

' 12. 3anponoHoBaHa METOIMKA BH3HAYCHHA iomi npoxunmx nepepms, AKa
Ha craii n[poemynaﬂux N03BOJIAE OLHHTH BIUIHB PEryaATopa piBHA MiJVIOTH Ha
napame‘rpn KOJMBaHb MiAPECOPEHOI MacH i BH3HAYATH PALiOHATEHY 3AJIEXHICTH
wiomi MNpPOXiZHMX Mepepi3iB 3aleXHO Bil KyTa BiIXWICHHA HOro Bakend.
BukopucTadHa 3arxponononauox METOAMKH  JAO3BONAE  MpH npoe:crysanm
[IHEBMATHYHOI MiABICKH TOUHille BU3HAYATH HeoOXimHuH auHamiunui Xin migsicky,
IO CIIPHAE 3HHKEHHIO pmm mijytoru Ky3oBa Ha 5-10 %.

13.V pesynsTari BHKOHaHHX AOCHi/DKEHb NOBEJEHO, IO PEryIasTop piBHA
TI/TOr| i, 9ac PyXy aBTOTPAHCIIOPTHOTO 3ac00Y KOMIEHCY€ 3HIDKEHHA AMHaMi4HOro
HEHTPATLHOrO TOMOXEHHS i I03BOJIAC 3MEHILIMTH [HHAMITHHUHA XilX nigBicku Ha 20-30 %.

14.Tlpu Buxopncraﬂm eNIeKTPOHHHX CHCTEM KEpYBaHHA MHEBMATHYHOIO

MiABICKOIO )cpmeplem KepyBaHHA HeoOXimHO obpatH yMoBy MiHiMaBHOI BiporigHOCTI
npo6oio TijIBiCKH, WO BHPKAETHCA B MIATPHMYBAHHI NEBHOI BifICTaHi 0 6y(bepa
CTHCHEHHS TN 9ac PyXy aBTOTPaHCIOPTHOro 3aco0y. BUKOHAHHS LBOrO KPHTEpilo
JI03BOJIAE 3MEHIIHTH TUHAMIYHHHA Xix nigsicku Ha 10-15 %.

15. EKCIEDHMEHTANBHO ~ MiATBEPUKEHA  CNPABELUTHBICTE  PO3pobieHol
MaTeMaTHYHOi MoAe)i i METOMHKH nnﬁopy pauioOHaNBHUX napame'rpin perynsropa
pieaa mimnorn. IToxubka pO3paxyHKiB BiIXWIEHHA AMHAMIiYHOro HEHTpaIbHOrO
MOJIOXKEHHA H amnm'ry,uu KOJIMBAHb 3HAXOAUTECA B Mexax 6—11 %.

16. TIpoBeneHi OCiDKEHHA JO3BOIHIM PO3POOHTH KOHCTPYKIO Pery/iaropa
piBHA mianory, fKa BMpOBa/keHa B cepiiiHe BHpOOGHHUTBO Ha BOBYaHCBKOMY
arperaTHoMy 3aBOZi i 3a 0CTaHHi pokH ix 3po6reHo Gitbiue 120 000 mTyK.

17. BAOCKOHA&/ISHA ~ METOIHMKA po3paxyHKy CTaTUYHOI  XapaKTEPHCTHKH
THEBMOTAPaBIiMHOrO NiACHIOBAYa, B TOMY YHCHI JOCIDKEHHH BIUTHB TiCTEPE3UCY Ha
AKICTh perymosa}mx NpOLIECY KEPYBaHHA 3deIUieHHAM. PospoGnena Meroamka
MOJICIOBAHHS JMHAMIYHMX XapakTEpUCTHK ITHEBMOTiAPABIIYHOTO MiACWIOBAYa, AKa
ZI03BOJIAE  BPAXOBYBATH 3MiHy CyMapHOro xoednme}rra - OTIOpY pr6onposomn i
TIPOXi/(HHX rTepepi3iB MiACHIIOBAYA B 3a/IEXHOCT] Bill LUBHKOCTI 3MiHH THCKY MOBITPA.

18. locmipKeEni  BIUIHB nnenmormpanmqnoro MpHUBOJAA 34EIUICHHA Ha
JIMHAMiYHy HABAHTAXKEHICTh arperati TpaHcMicii. OCHOBHA yBara MpH AOCIiDKEHHi
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ubOro nuTaHHA GyNa MPHALEHa JPOCEILHOMY PETy/IIOBAHHIO MPOLECY BBIMKHEHHA
3uelyieHHs B [HEBMaTHYHili 4acTHHI npuBoga. B pesynsTaTi UBOro BAATIOCHA
YHHKHYTH BHKOPHCTAHHS JPOCENIB y rifpaBidHii YAaCTHHI MPHBOAA, BUKOPUCTAHHSA
AKAX HEraTHBHO BILIMBAE HA JMHAMiKy NMPOLECY BAMKHEHHS 34EIUIEHHS.

19. EKCIEpMMEHTATBHHMH ~ [OCTIDKEHHAMH  CTATHYHMX i JMHAMIYHHX
XapaKTEpHCTHK  CTEOPEHOrO IHEBMOTIIPaBJIiYHOrO MiACHIIOBAaYa IIiJ[TBEPIDKEHA
a/leKBATHICTh PE3yJIBTATIB MATEMATHHHOTO MOJIEMIOBAHHA MEPEXiTHHX MPOLECIB
(moXubKa CTATHYHKMX XapaKTEPHCTHK CKIafia€ He Ginbie 5 %, MMHAMIYHHX — 68 %).

20. BuxoHaHi JIOCIT [KEHHSA JI03BOJIL/IH CTBOPHTH KOHCTPYKILIO
[HEeBMOTIAPARTIYHOrO MiACHIIOBaYa NpHMBOAA, AKMH 3abesnedye (yHKUIOHATBHY
MpaLe3AaTHICTs i CTaGLIBHICTH Ha BCiX pexxumax po6oTH. Pospobienuii I ICHTIOBaY
cepiliHO BUMycKaeThCA BoBUaHCHKHM arperaTHuM 3asozoM. Ha CHOTOHIIIHIHM AeHb
niacwnoBaygis 3pobneHo 6itbme 600 000 mTyk.

CIIHCOK ONYBJIIKOBAHUX IMPAIlb 3A TEMOIO JHCEPTAII

1. Toeblmenne 3PPEKTHBHOCTH TOPMOXKEHHS ABTOTPAHCIOPTHEIX CPECTB
C NHEBMATHYECKMM TOPMO3HBIM mNpuBogoM: MoHorpagus / [Typenko A. H,
Boromonos B. A., Kmumenxo B. 1., Kupuarsiii B. U.]. — X.: XTAJ/ITY, 2000. - 472 .

2. CoBepIIEHCTBOBAaHHE CIOCOGOB PEry/lMpOBaHHMA BBIXOAHBIX I1apDaMETPOB
TOPMO3HO# CHCTEMBI aBTOTPAHCIIOPTHBIX cpencTe: moHorpapus / [Typenxo A. H.,
Boromoos B. A., Kimmenko B. H., Kupuarsiii B. H., Xogpipes C. f.]. — X.: XHALY,
2002.-400 c.

3. OCHOBBI CO3JaHMSi M WCCIENOBAHHMA 3JIEKTPOHHO-IIHEBMATHYECKOI'O
TOPMO3HOTO YNpaBJieHUs TPAHCIOPTHBIX cpencTs: moHorpadus / [Typenko A. H.,
Knumenko B. U., Peokux JIA., Jleontses I.H., Kpaciok A. H.]. — X.: XHAZLY,
2012.-288 c.

4. TeopeTHYECKHE U MPAKTHIECCKHE OCHOBEI CO3IaHUA JIEKTPOIIHEBMATHIECKOIO
TOPMO3HOTO TIPHBOJA X AHTHOJIOKMPOBOYHOH CHCTEMBI aBTOTPAHCIIOPTHEIX CPEACTS:
monorpadus / [Typenko A. H., Knumenxo B. M., Jlomaka C. H., Peuxux JI. A,
Muxanesuud H. I'., Ueban A. A.]. — X.: XHAZY, 2012. - 336 c.

5. Peain3anys HHTEJUIEKTyIbHBIX QYHKIHMHA B 3JIEKTPOHHO-ITHEBMAaTHIECKOM
TOPMO3HOM yNpPABIEHHH TPAHCIOPTHBIX CPEACTB: MOHOrpagusa 2-¢ H3LaHHE/
[Typenko A. H., Kimamerko B. H., Boromosos B. A., Peokux JI. A., JleourseB I.H.,
Kpaciok A.H., Muxanepnd H. T'.]. - X.: XHAZLY, 2015.-450 c.

6. Kmumenko B.M. O npuMeHEHHH B CHCTEMaX yTMpaBJIeHHA aBTOTPEHCIOPTHHIX
cpencTs runponHeBMarnueckoro npueoga / B.M. Kimmmenko, B.IL J]orsm-lon /"
ABTOMOGWIBHBIH TpancropT. — X.: PUO XTATY, 1999. — Bemyck 3. — C. 54-56.

7. Typenko A.M. Maremaru4Ha MOJIE/I> THEBMATHYHOIL M1iJBICKH TPAHCTIOPTHHX
3aco6is / A.M. Typenxo, B.O. Boromonos, B.I. Knumenko, A.l. llunos // BicHuk
TepHOMiNECHKOrO HALOHAIHHOTO TEXHIYHOTO YHiBEPCHTETY. — Tepuomniie.: TATY,
2000. — Bunyck 4. — C. 124 — 127.
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8. Typenko A.H. Biuanue perynsropa ypOBHA IOJIa HAa 3KCILTy aTallHOHHBIE
cBoiicTea nueBMaruyeckoii mogpeckd / A.H. Typenko, B.A. Boromonos, B.W. KnuMenko,
AM: Hlunoe // BecTHHK XapbKOBCKOI'0:-FOCYAAPCTBEHHOIO MOJMTEXHHYECKOro
ynuBepcureTa. — Xapskos: XTIV, 2000. — Bemyck 82. — C. 42 — 43.

9. Typenko A.H. IlukoBpie HMHAMUYECKME HArpy3kH B TPaHCMHCCHH
aBTOMOGHIA M MeponpuATHs [0 UX yMeHbienuto / A.H. Typerko, B.A. boromoros,
B.M. Kimmmenko, B.IL. JlorsunoB // BecTHHk XapbKOBCKOLO IOCYA3pCTBEHHOTO
HOJIMTEXHHYIECKOro yHHBepcuTera. — Xapbkop: XITIV, 2000. — Bemyck 119. —
C.19-21. ;

10. Typenko A.H. DKCHEpUMEHTANBHBIH PEryJATOp TOPMO3HBIX CHJI C
dynxumamu TopmosHoro kpaka npuuena / AH. Typenko, B.A. boromoos,

B.1. Kymmenko, A.B. Capaes // AproMo6mibHBi# Tpancmopt. — X.: PUO XI'AIITY,

2000. -- Bemyck 4. - C.5— 7.

11. Typenko A.H. AHanu3 BpPEMEHH BKJIIOYEHMS CLEIUVIEHHA TPaHCIOPTHOIO
cpencisa ¢ nHeBMoruapasnuaeckuM ycumutenem / A.H. Typerko, B.A. Boromonos,
B.M. Kmumenko, B.I1. JloreuHoB // BecTHHK XapbKOBCKOrO rOCYAapCTBEHHOTO
OJATEXHHUECKOro yHHBepcHTeTa. — Xapbkos: XITIV, 2000. — Bemyck 124. —
C.117-122. : it

12. Typenko A.H. HccnemoBadne mpouecca BIIIOYEHHA CLEIUISHHA C
nHeBMoruapaenpgeckuM ycwmrenem / AH. Typenko, B.A. bBoromornos,
B.UA. Kmumerko, B.II. Jlorsuuos, C.B. I'puinenko // BecTHuk XapbKOBCKOro
roCyJapCTBEHHOTO IIOJIMTEXHHYECKOro yHuBepcHTeTa. — Xapbkor: XIT1Y, 2000. —
Beimyck 128. - C. 109 — 114,

13. Typenko A.H. K Bonpocy 0 riApOIHEBMATHIECKOM TOPMO3HOM NPHBOAE /
A.H. Typenko, B.A: Boromonos, B.W. Kmumenko, U.H. Huxuruenko // BecTHHK
XTCALTY. = X.: PUO XTATY, 2000. — Bemyck 11. - C. 16 — 18.

14.Typenko A.M. Ilpuparsicts rinepGoniunoi ¢yskuii BuTparH Wit
PO3paxyHKy IHEBMaTHYHOIrO rajibMOBOTO NMPHBOJA ABTOTPAHCNOPTHOro 3acoly /
AM. Typenko, B.O. Boromonos, B.I. Knumenrko, A.O. Llynpuk / BeeykpaiHcekui
IMOMiCAYHHI HayKOBO-TEXHiYHMH i BHPOOHMYMA XypHal «MalIMHO3HABCTBO». —
JIeBiB, 2000. — Bumyck 9. — C. 35 — 38.

15. Typenko A.M. AHai3 4acy BKIIOYEHHA 34EIUIEHHA 3 HEBMOTIAPABIIi4HIM
nigcumosayeM / A.M. Typerko, B.O. Boromonos, B.I. Kinamenko, B.I1. JIorsiHoB,
C.B. I'pumenko / MeTonu Ta mpuiaau KOHTpOmO AKocTi. HaykoBo-Texniunmii
*KypHa. — IsaHo-®paukiscsk: 2000. — Bumyck 6. —C. 103 — 107.

"~ 16.Typenko A.H. OnpeneneHne XapaKTEpPHCTHK CTAaTHYECKOH TOYHOCTH
3NeKTPOIHEBMAaTHYECKOrO TopMo3Horo npueona / A.H. Typenxo, B.H. Kiramerxo,
H.H. Anekca, A.A. Cepnii, C.B. YepkoB // ABTOMOOWIBHEIA TpaHcmopr. — X.:
XT'AATY, 2001. — Bemyck 6. - C. 35 — 37.

17.Typesko A.H. AHanu3 METONOB paClIEIUIEHHMA TpPH H3YYCHUH
HECTALMOHAPHBIX TEYEHHH CXKATOro BO3AyXa B IHEBMAaTHYECKHX CHCTEMaX
asToMo6wm / A.H. Typenko, B.A. Boromosnoe, B.U. Kiumenko, A.B. Kpamckoi,
A.H. Jlapun // Asromo6unsHbli Tpancnopt. — X.: XTALITY, 2001. — Beimyck 7-8. —
C.119-122.

33
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AHOTAIIIA

Kaumenxko B.I. TeoperuuHi OCHOBH CTBODEHHS Ta BAOCKOHATICHHA
NHEBMATHYHHX 4NapaTiB TalsMiBHOTO KEpyBaHHA, MiABICKA Ta 34CIUICHHA
aBTOTPaHCHOPTHHX 3aco6iB. — Kpaidikauifina HaykoEa npaud Ha NpaBax pyKOIHCY.

Jluceprauia Ha 3700YTIA HAYKOBOrO CTYMEHs JOKTOpa TEXHIYHHX HAyK 3a
cnemiansHicTio 05.22.02 — apToMO6iNi Ta TpakTopH. — XapKiBChKuii HAUiOHATBHHH
aBTOMOGLIBHO-IOPOXHil yHiBepcuTeT, MiHicTepcTBO OCBiTH i Hayku Vkpainm,
Xapkis, 2018.

Jlucepraiis NpUCBAYEHA BHpIlEHHIO NpoGNeMH NiABHIIEHHA Oe3neKH pyxy
aBTOTPAHCIIOPTHHX 3ac06iB, MOMIMIUEHHIO iX MIABHOCTI XOZy, @ TAKOX NOJIMIIEHHIO
epronouiqﬂux OKA3HHKiB TMPHBOJA KEPYBaHHS 34EIUICHHAM HAa OCHOBi CHCTEMHOIO
NigXony 0 NpOEKTYBaHHs, BHPOOHHIITEA i eKCILTyaTaLii, O € OCHOBOK CTBOPEHHA
Ta BIOCKOHAICHHS IHEBMATHUHMX anapaTiB [aJibMOBOTO KEPyBaHHA, MilBICKH Ta
3YeIUIEHHs aBTOTPAHCIIOPTHHX 3aco0iB.

3anpoNOHOBAHO METOX PO3PAXyHKy MHHAMIKH MHEBMAaTHYHOTO TIaibMOBOIO
NpUBOOA VIS JOCHIMKEHHS JIaHOK ITHEBMATHYHOrO Ta eJIeKTPONHEBMATHYHOTO
raJIbMOBOTO NPHUBOZA 3 €JIEKTPOHHUMH MOIYJIITOPaMHU THCKY.




38

BHOCKOHAIEHO NHEBMAaTH4HHWI TaJbMOBHHA TPHBIA NPHYIMHOI JIAHKH Ta
BPaxoBaHO OCOGNMBOCTI NPOLECY aBTOMATHYHOTO TalbMyBaHHA Y pasi pO3pHBY
JKHBJIAYOI MAriCTpasi MpUBOMA.

JloBeneHO, IO ABOCTYNHYATAN PErynATOp PiBHA MiJVIOTH 3HIXKY€ AHHAMiuHE
HeWTpaqbHE MNOJIOKEHHS TPAHCTOPTHOro 3acofy i 3MeHINye AMHAMIYHHA Xif
migBickn. Bu3Haueno  pauioHanbHe — CNiBBiTHONmIEHHA — mepepi3iB  oTBOpiB
[PONIOHOBAHOIO PEryIATOpa.

Bukosani  JOC/IKEHHA  NpPOLECY  KEPYBaHHA  IHEBMOTiIPaBIiYHUM
NiICWIIOBaY2M TPMBOAA KEPyBAaHHA 3YEIVICHHAM JO3BOJMIM BHOpAaTH pauioHabHi
napaMeTpH ioro XxapaKTepHUCTHK.

.. JIpaKTHUHE 3HAYEHHA OTPUMAHHMX PE3Y/ILTATiB MiATBEPDKEHO BIPOBA/DKEHHAM
3aIIPOTIOHOBAHMX METONIB i MiAXOiB y cepiiiHe BMPOGHMUTBO Ha aBTOMOGIMBHMX i
aBTOArperaTduX MiZMPHEMCTBAX Ta BUPOOHMUTBAX.

Kio4goBi cI0Ba: - UHAMIKA, €JIEKTPOIHEBMATHYHHI TIaJbMOBHMH IIpHBIZ,
MOMYJSITOp THCKY, NHEBMAaTHYHA MiNBiCKa, PEryaAToOp piBHA MiWIOrH, MiACHIIOBaY
34CIUICHHsE THEBMOTiApaB/IiuHUHA.

AHHOTAIIMA

Knumenxo B. . TeopernueckHe OCHOBHI CO3JaHWA H COBEPIICHCTBOBaHHUA
[IHEBMATHYECKHX alIapaToB TOPMO3HOTO YMpABJICHHA, MORBECKH M CUEIUICHHA
aBTOTPAHCHOPTHBIX CpeacTB. — KpanuukaumoHHas HayyHas paboTa Ha mpasax
PYKOIIHCH.

Jluccepranums Ha COMCKaHHE YHEHOH CTENEHH MNOKTOpPa TEXHHYECKHX HayK Io
cneuuansHOCTH 05.22.02 — aBTOMOOWIH U TPaKTOPhl. — XapbKOBCKHI HalHOHAIBLHBIA
ABTOMOOHILHO-IOPOXKHBI  YHHBEPCHTET, MHUHHCTEPCTBO O0pa3sOBaHHA M HAyKH
Vikpaunbl, Xappkos, 2018.

JucceprauponHas paboTa IIOCBAIICHA - PEIICHHIO AaKTyalbHOH Hay4HOH
npo6reMsl MOBbHIIEHHA. 0€30MaCHOCTH IBIKEHHS aBTOTPAHCIIOPTHBIX CPEICTB,
y/yuHIeHHs - “MX  IHIABHOCTH - XOZa, ~a Takke YJy4YHIeHHI0 SPrOHOMHYECKHX
noKasaTtesek NPUBOAa- YIPaBIeH!A CLEIUIEHHEM Ha OCHOBE CHCTEMHOrO MoAxoaa K
HPOEKTHPOBAHHIO, TIPOU3BOACTBY H KCILTyaTallMH, YTO COCTABILAET TEOPETHYECKYIO
OCHOBY CO3/[aHWi M COBEPIICHCTBOBAaHHMA NMHEBMATHYECKHX ANIaPaToB TOPMO3HOIO
yIpaB/ieHusl, IOABECKH H CLEIUIEHHA COBPEMEHHBIX aBTOTPAHCIIOPTHBIX CPEACTB.

Ha- oCHOBE ' NPOBEAEHHOrO" aHajiM3a M CHHTE3a, @ TaKKe BBIMOIHEHHBIX
TEOPETHYECKHX M IKCIIEPHMEHTAIBHBIX HMCCIIE0OBaHUH NMPEIOKEH METOX pacyéra
MHAMUKY ITHEBMATHIECKOrO0 TOPMO3HOrO NPHBOZAA YYHTHIBAIOIIMH KOMOMHaLMIO
METOAa ‘¢’ PacTpeneNéHHBIMA NIapaMeTpaMH, Ui ONpeneNeHHs Ko3¢p(HUHEHTOB
pacxona THEBMATHYECKHX alNapaToB M METONA ¢ COCPENOTOYEHHBIMH NapaMeTpaMu
NS MCCNENOBAaHHA JMHAMHKHM pPasliMiHbIX 3BCHBEB THEBMAaTHYECKOro H
3JIEKTPONHEBMATHYECKOrO  TOPMO3HOr0 MpPHBOAA C  JJIEKTPONHEBMATHYECKHUMH
MOIY/IATOpaMy faBieHns. Ha OCHOBE aHamM3a CyIIECTBYIOUIMX TEOPETHYECKHX |
HOJXONOB, ENepBble 06061eHp! GyHKIMH, MO3BONAIOIHE PACCYUTHIBATE AUHAMHUKY
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[HEBMATHYECKOrO M  JIEKTPOHHO-NHEBMATHYECKOrO TOPMO3HOIO JIpHBOZA B
MOHOTOHHOM H UMKJIHYECKOM PpEXKHMax, MNpPEUTOKEHb PEKOMEHIAUMH 10 MX
NPHMEHEHHUIO T TOJTyYeHHA HAWTy YLied TOYHOCTH H CKOPOCTH pacuéra.

TeopeTHYECKHMH M 3KCIIEPUMEHTATBHBIMA HCCIIEOBAHHAMH  OMPENIEIEHO
PAlMOHANBHOE COOTHOLUEHHE CEYeHHH BIIYCKHOTO H BBINyCKHOrO OTBEPCTHH
JBYXCTYNIEHYaTOr0 peryJiaTopa YpOBHA II0Ja YNpaBIAEMOH IHEBMaTHYECKOH
noaBeckoi. JlokazaHO, 4YTO JBYXCTYNEHYATblH pEryJaTop YPOBHA IOJa HpPH
JBIKEHHH KOMIIEHCHPYET CHWDKCHHE JHHAMHYECKOTO HEHTpPAIBHOIO IOJIOKEHHA
TPaHCIOPTHOTO CPENCTBA M MO3BOJAET YMEHBIINTh NHHAMHYECKHH XOJ{ MOABECKH.
[MpoBeAeHHbIE HCCIENOBAHMA TMO3BOJMIM BHIOPaTe pPANMOHAIBLHBIE [1apaMeTpsl,
paspaboTaHa M 3allMINCHA NaTeHTaMd KOHCTPYKUMA PEryJaTopa ypOBHs MOna,
KOTOpasi CepUiHO MPOH3BOJHTCA H Peanu3yeTcs Bo4aHCKMM arperaTHbiM 3aBOJOM.

BBINOMHEHB HUCCIIEAOBAHUA MO COBEPLIEHCTBOBAHMIO MPOLIECCA yNPaBICHHA
NHEBMOTHIPABIIMYECKAM YCHIHTENEM IIPHBOJAA YIPABJICHHMA CLEIUICHHEM, KOTOpBIE
MO3BOJIMIM Ha OCHOBE MaTeMaTH4eCKOro MOJEJHMpPOBaHHA BBIOPAaTh PallMOHAIBHEIE
NapameTpbl BBIXOAHBIX M BXOJHBIX XapAaKTEPUCTHK IHEBMOIHAPABIIMYECKOTO
yCHJIATEIsS IPUBOJIA CLEIUIeHHs. BriGpaHEl palioHaNbHEIE TAPAMETPEI, pa3paboTaHa
Y 3allIMILEHa IaTeHTaMH KOHCTPYKUMA ITHEBMOTH/IPABINYECKOT) yCHIIMTE]IS IPUBO/A
yOpaBlieHHs CLEIUIEHHEM, KOTOpasd CEPHMHAHO MPOHM3BOAMTCS M pealusyercs
BoJIYaHCKHM arperaTHbiM 3aBOJIOM Ha IMPOTSKEHHH YK€ HECKONBKHX NECATHICTHHA.

Y coBepIIEHCTBOBAH ITHEBMATHYECKHH TOPMO3HOM NPHBOA NMPHLENHOIO 3BEHa,
B KOTOpPOM (QYHKLHMH DETYJIATOpPa TOPMO3HEIX CHJI M BO3[IyXOpacnpeaenuTesbHOro
K1anaHa o0beNMHEHbl B OJHOM anmapate M Y4YTeHa OCOOEHHOCTE MpoLEcca
ABTOMATHYECKOTO TOPMOXKEHHA B Cllyuae paspplBa IHTAIONMEH MarucTpand.
IpemnoxeH . KpuTepui  COBMELICHHS  PETyjATOpa  TOPMO3HBIX CHI  C
BO3/yXOpacHpeAe/MTeNbHbIM KIaaHOM B OJHOM anmapare, COrJIaCHC KOTOPOMY
ofecrnieunBacTCs AOMONHHUTENBHAS 3alIMTa MHEBMAaTHYECKOrO TOPMO3HOrO IpPHBOJA
NpHIeNa OT MpPEeXIEBPEMEHHOrO BKIIOYEHHA aBTOMATHYECKOTO TOPMOXKEHHS MpU
€CTECTBEHHEIX KOJIe0aHUAX JABJIEHHA BO3AyXa B NHUTaloLIeii MarucTpaiu 6e3 norepu
ObICTpOEHCTBUA NPHBOJA B CITyYac pa3phlBa MMTAIOIIEH MaruCTpaIy.

[TpoBenieHbl - SKCIEPHMEHTAIBHBIE  HMCCIENOBAHMA  JHMHAMMKM  THIOBBIX
JIE-3BeHbeB MHEBMATHYECKOr0 TOPMO3HOrO MpPHBOJA. OKCHEPUMEHTANBLHBIMH
HCCIIEHOBAHMAMM  TOATBEPKAEHa  COBMECTHMOCTh,  pabOTOCHOCOOHOCTE M
3¢ dexTHBHOCTE pa3pabOTaHHBIX KOHTYpoB paboueli M aBapuiHOM TOPMO3HOA
CHCTEMBI C 3JIEKTPOHHO-ITHEBMAaTHYECKHM TOPMO3HEIM IPHBO/JIOM, YTO IIO3BOJIHIIO
TIOJTYYHTh YJIy4YLIEHHbIE XapaKTePUCTHKHU MO OBICTPOAEHCTBHIO H TOPMO3EOMY Iy TH.

OKCrepUMEHTANbHEIMH  HCCIIEIOBAHUAMH CTATHYECKHUX H JMHAMHYECKHX
XapaKTEPUCTHK PEryJIATOPOB YPOBHS MOJIa U NMHEBMOIMAPABIMYECKUX Y CHIMTENECH
NOATBEepXIEeHa HX (YHKUHOHAIbHAA paboTOCOCOOHOCTH, HAAEKHOCTE H
JOJIrOBEYHOCTb.

[NpakTieckoe 3Ha4eHHe NOMYYEHHBIX Pe3yJIETaTOB MOATBEPKIECHO BHEAPEHHEM
NpPEeUIOKEHHBIX METOJOB M TMOAXONOB B CepHHHOE NPOHM3BOACTBO, OMBITHO-
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KOHCTPYKTOPCKHE paboThl Ha aBTOMOOWJIBHBIX M aBTOArperaTHuIX NPEANPHUATHIX
MPOU3BOJCTBE U HCIIBITAHUA.

KiioueBble €/10Ba: JHHAMHKKA, 3JIEKTPOHHO-ITHEBMaTUYECKHMH ' TOPMO3HOH
NIPUBOJ1, MOZYJIATOP JABJICHHA, THEBMAaTHYECKas MOABECKA, PEryJIATOp’ yposxm nona,
YCHIIMTE/b CLIETUIEHHA ITHEBMO] rmxpammqecmﬁ

ABSTRACT

Klymenko V.I. Theoretical fundamentals of creation and improvement of
vehicle brake control pneumatic devices, suspension and clutch. — Qualification study
as manuscript. ‘

Thesis for.a-Doctor of Technical Sciences degree: speciality 05.22.02 —

Automobiles and Tractors. — Kharkiv. National Automobile and Highway University, °

the Ministry of Education and Science of Ukraine, Kharkiv, 2018.

This thesis is devoted to the solution of a topical scientific problem of the
improvement of vehicle traffic safety, vehicle movement smoothness as well as the
ergonomic parameters of the clutch control gear on the basis of a systems approach to
their dgsign, manufacture and exploitation that is a theoretical basis for the creation
and improvement of the vehicle brake control pneumatic devices, suspension and
clutch.

The method for the computation of the dynamics of the pneumatic brake gear is
proposed to study the dynamics of various links of the pneumatic brake gear.

It is proved that the two-stage floor level controller compensates for the
lowering of a dynamic neutral position of vehicle during movement and to decrease
movement of the suspension. The rational ratio sections of the two-stage floor level
controller is determined.

The pneumatic brake gear of a towed member is improved and the feature of
automatic braking is taken into account, in case the feedmg circuit is broken.

This research contributes to the improvement of the control process of the
clutch control gear pneumohydraulic booster that enables us to choose the rational
parameters characteristics.

The practical significance of the results is confirmed when the proposed
methods and approaches have been used in serial production and experimental design
work at automobile and automobile unit enterprises, in industry and during tests.

Key words: dynamics, electropneumatic brake gear, pressure mcdulator,
pneumatic suspension, floor level controller, pneumohydraulic clutch booster.
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