mechanical losses in the main its coupling parts. In the work based on
the implementation of tribotechnology of recovery (TTR) using copper-
containing additives for motor oils and the processing flow of energies
electric and magnetic fields explores this question. The theoretical
Justification tribocoupling “cylinder liner-piston ring”, which is resource
limiting one. The change in this friction modes when using TTR is shown.
The theoretical analysis of mechanical power losses due to friction in the
main mate diesel is given. Bench tests confirmed the reduction of power
losses and improvement of the external speed characteristics of a diesel
engine YAMZ-236 when using TTR.

Key words: diesel engine, coupling parts, mechanical losses,
friction mode, tribotechnology of recovery, bench testing
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TEOPETUYHUN AHANI3 AIATHOCTUYHUX NAPAMETPIB
TEXHIYHOIO CTAHY CUCTEM TA ArPErATIB 3ACOBIB
TPAHCMOPTY 3A AOMOMOIOKO METOAIB TEOPII YYTIIMBOCTI
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LenmpanbHOyKpaiHCbKUl HauioOHanbHUU MexHiYHuUlU yHigeepcumem
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AHoTauifa. AxHania fiaegHocmu4HUX rnapamempie dae MOXuegicmb
AKICHO Kepysamu MmexHIYHUM CcmaHOM cucmeM ma azpezamis | 3acobis
mpaHcriopmy 8 uinomy, momy Ofi 8UPIWEHHA numaHb aHani3y
OiagHOCMUYHOI  [Hbopmauji  3arnporioHo8aHO  peanidysamu  ma
y3azalnbHoeamu ix y euenadi OiaegHocmudHux  psidie. [aHe
npedcmaesrieHHs cghopMosaHe Ha OCHO8I MnepioOU4YHO20 KOHMPOIIO
cucmem ma agpeaamis 3acobie mpaHcrnopmy.

AHaniz OiagHoCmMu4HUX psAdie rnoniseae y npoeedeHHi onepauil
ekcmpanonayii. Cami  OiaeHOCMUYHI  napamempu  3arnporiOHO8aHO
npedcmasnamu y euensadi adumueHoi modeni, wWo noedHye io2o
pezayrnsapHy ma UMO8IpHICHY cknadosi. Buxodsidu 3 npedcmasrnieHb 0aHoi
mooersii ma cghopmosaHoi rpouedypu 3anadxysaHHsA Ond n'amu ma cemu
moyYyoK OiagHOCMUYHUX rapaMempie cmae MOXIusuM ompumysamu
mpeHd ix 3mMiHU. TeopemuyHO ei0obpaxeHo aHarnia OiagaHOCMUYHUX
napamempie He 3a YUC08UMU iX 3HAYEHHAMU, a 3a PIZHUUEH 3MIHU iX

*HaykoBuI KepiBHUK — AOKTOP TeXHiYHUX HayK B. B. AyniH
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QyHKUIU. Ha OCHO8I  QaHux  0ocCriOXeHb  3arporoHO8aHO
guKopucmosysamu CeHcucmue 8 sKOCmi  JlI0KaflbHO20  aHasi3y
OiagHOCMUYHUX napamempis.

KniouoBi cnoea: diazHocmu4yHuUl napamemp, CceHcumus,
diacHOCmMu4HUlU psi0, MexHiYHUU cmaH, cucmema, azpe2am, 3acib
mpaHcriopmy

NMocTtaHoBka npob6nemu. [ocniaXXeHHA TEXHIYHOrO CTaHy CUCTEM
Ta arperaTtiB € BaXIMBMM 3aBAaHHAM AN TexXHIYHOI ekcnnyartauii
3acobie TpaHcnopTy (3T). [OCnigXeHHs Takoro nraHy MOXINBO
NPOBOAUTU T[PYHTYHOUMCb Ha AiarHoCTUuHy ©Oasy paHux, Wo SKiCHO
BigoOpaxkae Oyab-aki 3amiHK B 3T. PisHOpigHa giarHOCTU4YHa iHhopmaLis
noTpebye ysaranbHEHOro aHanisy Ta BUABMEHHA 3aKOHOMIPHOCTI 3MiHU
HaAiMHOCTI cucTem Ta arperatie 3T, TOMy POpMyBaHHA Ta BUABNEHHSA
JOYHKLIN AiarHOCTUYHUX NapamMeTpiB Ta OTPUMAHHS CEHCUTUBIB X 3MIHW €
BaXKMNBUM HAYKOBO-TEXHIYHUM 3aBAaHHAM.

AHani3 octaHHix gocnigkeHb. [pu gocnigXeHi TEXHIYHOroO CTaHy
Ta piBHA HaginHocTti 3T, BUPILLEHHA NUTaHHA X MNPOrHO3yBaHHA B
3anNeXHOCTi BiJ YMOB BUWKOPUCTaHHS, OCOONMBO BNAMBY YMOB Ha
3Ha4YeHHSa AiarHOCTUYHMX NapaMeTpiB Ta iX pearyBaHHS nigyac iCTOTHOI
3MIHW YMOB Ta peXxumiB eKkcnnyaTauii, Ha yBary 3acnyrosye
BUKOPUCTaHHSA METOLIB Teopii YyTNNBOCTI OYHKLIN.

KysbmeHko A. . 3a ponomorow Teopii YyTnMBOCTI  (PYHKLIN
BUpiLLYyBaB Npobrnemy po3paxyHKy AWHAMIYHOI CUCTEMU Ta BU3HAYEHHS
noxmbkn BigoBpaXkeHHA yHKUii TpubonoridHnx cuctem [1]. Peanisadis
Teopii uJyTnueoCTi BigoOpaxxeHa | B pobotax JaxapiHa d. M. i
Ocyrnosa P. M. [2, 3], ski NnpOBOAUNN TEOPETUYHI AOCHIAXEHHA MipU
YYTNUBOCTI QOYHKUIN ANF BU3HAYEHHA nMapameTpiB  HanalwTyBaHHSA
aBTOMaTU4YHUX cucTeM. Ane MeToau AaHol Teopil na ekcrnnyatauii
3acobiB TPaHCMNOPTY, PIBHSA iX HAZINHOCTI, OLIHKN 3MiHU TEXHIYHOMO CTaHy
NpPakTUYHO HE BUKOPUCTOBYBaNM.

Meta pocnimkeHb. CopmyBaTV TEOPETUYHI MepeaymoBU AIIS
AOCRIAXEHHSA Ta aHani3y TEXHIYHOro CTaHy CUCTEM Ta arperaTis 3acobis
TPaHCMOPTY Ha OCHOBI AiarHOCTUYHOI iHpopmauil 3 BUKOPUCTaHHAM
METOZAIB TeOopIi YyTNUBOCTI.

Pesynbtatn pocnigxeHb. MeTtogn ekcTpanonsauii TeHAeHUin
3MIHW [iarHOCTUYHUX NapamMeTpiB € HaWAOCTYNHILWMW cepen  BCiel
CYKYMHOCTI METOAIB JoopMyBaHHS AO0CNiAXyBaHUX QYHKLNA.
BukopuctaHHa ekcTtpanonsauil Mae y CBOI OCHOBI NpUMyLEHHS Npo Te,
WO AaHMA npouec 3MiHM AiarHOCTMYHOrO napameTpa € noegHaHHAM
ABOX CKIMafoBUX perynsapHoi i BUNagKoBoi:

D(L)=D(@,L)+n(L). (1)

BBaxaeTbc4, WO perynapHa cknajosa 4iarHoCTUMYHOro napameTpa
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D(a,l) npeactaense cobow YHKUi0 Big npobiry, O OMMCYETHCS
BEKTOPOM napameTpiB a, ki 30epiraloTb CBOi  3HAYEeHHA Ha
ekcTpanonauinHnu nepiod. La cknagoBa HasuMBaeTbCcA mpeHooMm abo
meHOeHUujero. Tig uuMn TepMmiHaMU PO3YMIETBCA [HTYITUBHE YABIEHHSA
NPO OYMLLIEHY Bif NepeLukos npouecy 3MiHM AiarHOCTUYHOro napameTpa.
IHTYiITUBHE, TOMY LLO ANA BINbLWOCTI TEXHIYHMX, NPUPOSHNX MPOLECIB HE
MO>XHa OfHO3HAYHO BiJOKPEMUTN TEHAEHLIIO Big BMNALKOBOI CKNag0oBoi.

Bunagkosa cknagosa (L) 3assuyan BBaXKaETbCH
HEKOPENbOBaHMM  BUMAAKOBMM npouecoMm 3  HenepeabadyBaHUM
MaTeMaTUYHUM OdikyBaHHAM. |i ouiHkM noTpiOHI AN noganbLioro

BU3HAYEHHA TOYHOCTI OTpumMaHol yHKUii. EkcTpanonauinHi metoau
FPYHTYIOTLCA Ha BUAINEHHI HanKkpawmx 3HayeHb B AEAKOMY PO3YMIiHHI
onncy TeHaeHuii | Ha BU3HAYeHHI [OCNIgXyBaHMX  3HAYEHb
AIarHOCTUYHNX NapamMeTpIB LNAXOM iX eKCTpanonaLii.

CneunivyHMMKM pycammn ekcTpanonsauii MoXHa HasBaTu MeToau
nonepeaHboi 0OpobKM HAABHUX AaHMX 3 METOK MEPETBOPEHHS X A0
BUAY, 3pPYy4HOro Ansa adHanidy norikm i isvkn npouecy 3MiHu
AIarHOCTUYHOrO  napameTpy, WO BrAuBae Ha  Bubip  BuUay
eKCTPanonoYOT YHKUIT, TaK | HA BUSHAYEHHSA MEX NOro 3MiHWN.

Y 3aranbHOMY BUrNagdi goopmyna 3rnagXXyBaHHA ANdA cepepHbol
TOYKW AiarHOCTUKN KOB3aK4Oi rpynu 3 m=2p+1 TOYOK MOXe OyTu

3anucaHa sK:

b =L 5D 2

[Mpwn BENUKOMY YUMCHi AiarHOCTMK NOYaTKOBOrO AiarHOCTUYHOMO Psaay

L0 npoueaypy MOXMINBO NPUBECTU A0 PEKYPEHTHOI, WO BUKOPUCTOBYE
KOXXHOrO pasy nonepegHe 3HayeHHs 3rnajgKeHoro piBHA:

~ N +D j+p - D J'—(P+1)‘ (3)
2p+1

JliHinHe 3rnagXyBaHHA € A[ocuTb rpybo  npoueayporo, Lo
BUABNSE 3aranbHU NPUBAN3HUIA BUrNAL TEHLEHUIT 3MIHW AiarHOCTUYHMX
napameTpiB. [nsa TOYHOro BU3HaYeHHA OOpMU 3rnajKeHol KpUBOT 3MiHU
AIarHOCTUYHOrO  napameTpa MOXe  3acToCoByBaTUCHA  onepauis
HeniHiMHOro 3rnag)xyBaHHa abo 3BaXKeHi KoB3aroui cepepHi. Y ubomy
BUNAAKY 3HAYEeHHAM [iarHOCTUYHUX napameTpiB, WO BXOAATb A0
KOB3aouoi rpynu, NPUNUCYOTbLCA Pi3HI BaroBi KOEMILIEHTM 3aneXxHo Big
iX BigCTaHi Big cepeavHu iHTepsany 3rnagxxyBaHHa. Bubupaetbca kpusa,
3assuyanm 2-ro abo 3-ro nopagky, i ii opguHaTa, WO BiANOBILAE LEHTPY
iHTepBany 3rnagXyBaHHA, OepeTbCa 3a 3rnagXeHe 3Ha4YeHHs pPiBHS.
OpAnHaTy UeHTpanbHOI TOYKA MOXHAa po3paxyBaTh SK L,EeAKy 3BaXeHy
CepegHio 3 YCIX OpauHaT TOYOK 3rnagXxyrdoi rpynu. Tak, anda
napaboniyHOro 3rragXyBaHHA MOXHa BUKOPUCTATW HACTYMHI oopmMynn
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3rnag)xyBaHHA no N'aTu i ceMmn Toukam 48 LeHTparnbHOro pisHA [3, 4]:

m=5:D; =— ;
35\+17D, +12D,,, -3D, ,,
~ 1(=-2D,5+3D, ,+6D, | +

(4)
3rnag)XyBaHHS LiarHOCTUYHUX PAAIB MO BEMMKOMY YUCHY TOYOK m
BUKOPUCTOBYETbCA BIAHOCHO pPiAKO: BOHO TMPUUHATHE nuwe no
BiHOLLEHHI A0 BENUKMX MO MPOTAXKHOCTI fiarHOCTUYHUX psagiB. Okpim
UbOro, MNO Kpasix psgy 3anuwaeTbCsd 3HavyHe 4YMCro Hes3a[oBifibHO
3rnagXeHnx TOYOK LiarHOCTUK, a ANA eKkcTpanonduii KiHueBe 3HauYeHHsA
AiarHOCTUYHOrO napameTpy Mae HanbinbLL BaXKMBE 3HAYEHHS.

AKWOo  3rmagXyBaHHA  COpAMOBaHE Ha MNEPBUHHY  0OpoOky
iHpopMauji AiarHOCTUYHOrO napameTpy ANS BUKIKOYEHHA BUNagKoBUX
KONMBaHb | BUABNEHHA TeHAeHUii, TO HeobXigHO BUKOPUCTATU
BUPIBHIOBAHHSA A4S 3PYYHILLOrO npeacTtaBfieHHA 3Ha4YyeHb AiarHOCTUYHNX
napameTpiB, 3anuwiaryn KOMULLHIMKA MOro 3Ha4veHHdA. BupiBHHOBaHHAM
MOXHa NpeacCTaBUTU MNEePETBOPEHHSA eMnNipudHOT oopmMynu sz(L,c_z)

A0 BUAY:
D=A+ BL. (5)
OueBngHoO, WO UAa npoueaypa Moxe ByTn peanisoBaHa He B YCiX
BUNagKax, He Ana yCiX QoyHKLUIA 3MiHW AiarHOCTUYHOro napameTpy npoTe
BinbLicTb QyHKLiN BiGHOCHO NPOCTO MigAar0TbCA BUPIBHIOBAHHIO.
HanbinbLu 3aranbH1MmMmmn npurnomamm BUPIBHIOBAHHS €
norapupmMyBaHHs | 3amiHa 3MiHHUX [5—7]. PosrnaHemo ui npunomMmn Ha
PALY PYHKLIA, WO MOXYTb NPEACTaBMATU 4iarHOCTUYHI napameTpu:
1.0na  pocnigXXyBaHHA  AiarHOCTUYHUMX — NapameTpis, Lo

OMUCYHTbCA CTeneHeBoo GOYHKUIE D=al’ 3aCTOCOBYHTb
norapugmiyHe nepeTBopeHHs Buay In D=Ina+bIn L i 3aMiHy 3MIHHUX:
L=InL;D=n D. B pesynbTtati Maemo (5), e A=mna, B=>.

Takum 4ymHom, nobyayBaBLUM  AiarHOCTUYHI  napameTpu, Lo
OMUCYKOTLCH  CTEMEHEBOK  3aNnexHiCTIo B norapudmivHiv - ciTui,
OTPUMAEMO MiHINHY 3aneXHICTb, AKy Nerko onucaTu i eKcTpanontoBaTy, a
NOTIM  nepepaxyBatn  pesynbtaty nNo  opmynax, 3BOPOTHUX
NOYaTKOBOMY MNEPETBOPEHHIO 3MIHHUX.

2. Ana nNoOKasHMKOBOI  QPyHKUIT D =aexp(bl) TaKOX MOXHa
3acrocysaTtu norapudmivyHe BUPIBHIOBaAHHA: I D=Ina+hL | 3aMiHy:
L=IL;D=InD. Otpumaemo (5), ae A=na.B=bh.

B ubomy Bunagky, oyeBuaHoO, cnig nepeabaunt nepecTporoBaHHS

eKcrepuMeHTanbHNX TOYOK B HaniBnorapudmiyHomy macwTabi 3
noganbLwmnm aHanisoM OTPUMaHOro rpadiky.
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3. Ana 3anexHocTi d = — BUKOPUCTOBYHOTbCA NEPETBOPEHHS:

a+blL
5:$:A+BL,AeA=a,B=b; (6)
4. Axwo  nepepbadyBaHa — emnipydHa  3aNEXHICTb  3MiHK
AIarHOCTUYHOrO  napameTpy Mae Burnsag  d= m , TO

1
d
koedilieHTn hopmynn D= A4+ BL OyayTe A=a,B=b.

BupiBHIOBaHHA MOXHa po3rnggatyv He nuvwe 9K MeTojq
NpeacCTaBneHHs MnoYaTKOBUX AIarHOCTUYHUX [aHUX, ane i 9K MeTojq
Be3nocepegHbOro HabnMMKEHOro BU3HAYEHHSA NapamMeTpiB YHKUII, LWO iX
anpokcumye. HanvacrTiwe came Tak i BUKOPUCTOBYETLCA LEW METOL B
AEAKNX eKkcTpanonsadisax. BigmiTumo, Wo MOXIMBICTb ©e3nocepesHboro
iX BUKOPUCTaHHSA ANS BU3HAYEHHA napameTpiB anpoKCUMYYOT oyHKLiT
AIarHOCTUYHNX MapamMeTpiB BU3HAYAETLCHA [OMMOBHUM YMHOM BUAOM
NOYaTKOBUX [AiarHOCTUYHMX [aHMX | MIPOK HaWMX 3HaHb, HaLoi
BNEBHEHOCTI BigHOCHO BUAY iX (PYHKLii 3MiHW, LLO ONUCYE NPOoLEC 3MiHW
TEXHIYHOrO CTaHy.

Y ToMy BUNagKy, AKWO BUA, YHKUIT HAM HEBILOMUIA, BUPIBHIOBAHHS
Cnig posrnagaTtn AK nonepegHo npoueaypy, B Npoueci AKOT LWIsXoM
3aCTOCyBaHHA pPi3HUX opMyn | NPUAOMIB 3'ACOBYETHCA HanbinbLu
BI4NOBIAHMN BUA OYHKUIT, WO OMNUCYE HasiBHI 3HAYEHHA AiarHOCTUYHUX
napameTpie. OgHMM 3 PI3HOBUAIB METOAY BUPIBHIOBAHHA € 40CHIAKEHHS
eMnipuYHOro psay AiarHOCTUYHOro napamMmeTpy 3 METOK  3'dCyBaHHA
AesKUX BnacTmBocTen doyHKUil, WO onucye wnoro. Hanpuknag, ue
BUKOPUCTaHHSA AudoepeHuianbHnX GOyHKUIN 3pocTaHHA. [lpyu LbomMy He
O0DOB'A3KOBO MNEPETBOPEHHA MpuU3BOAATbL A0 NiHIMHKMX opm, ane
pesynbTaTh AiarHOCTyBaHHA Cnig nigaatv neBHUMM npoueaypam, wob
nonerwnTy npouec BUMOOPY anpoKCUMYIOYOi (PYHKUiT B 3aBAaHHAX
ekcTpanonauii. Y npocToMy BUNaaKy MPONOHYETLCA BUKOPUCTATU
HaCTynHi Tpu TN gudpepeHuianbHUX QPYHKLIA 3pOCTaHHS:

1. NMepwa noxigHa, abo abcontoTHa AudepeHuianbHa QYHKUIS
3poCTaHHs:

NepeTBOPEHHS BUPIBHIOBAHHAM Mae BWUMMA4: D= , Zzexp(L). Top,i

,_dD
oll)=D'=—=. (7)

Ha rpaciky D=D(L) us yHKUIA NPEeACTaBNSETLCS KyTOBUM
KoediLiEHTOM B KOXHIN Touli rpadoiky; ¢(L)= const BNS NiHIAHOrO 3aKOHY
3MiHu D(L). Ons KpUBMX LpYroro NopsiAKy BOHA Mae NiHiiHWiA xapakTep
3MiHW, @ AnA eKCnoHeHUianbHUX KPUBUX — € eKCNOHEHUianbHOoH.
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3a3HaunMmo, WO 3HauveHHs ¢(L) 3anexwTb Big BuUOpaHUX macluTabis
BUMIPY AiarHOCTUYHMX napameTpis i Npobiry.
2. BigHocHMI pundbepeHuianbHnin koedoilieHT, abo norapudmivHa
noxigHa:
dpD
1=~ D) ®
D dL

Takum Tnn yHKUIT AndoepeHuianbHOro 3pOCTaHHA MOXHa BUABUTH
nobyaysaBwn rpadpik 3anexHocTi (L) B HaniBnorapugmMivyHOMY
MacLuTabi. B TakoMy Bunagky (L) Takox 6yge KyToBUM KOeiLieHTOM B
KOMHI TouLy. Mpu UbOMy AN eKCNOHEHLianbHOT 3anexHocCTi a(L)= const
a ANnsa cteneHeBoi PyHKUii — Mae rinepbonivyHnin xapakrep.

3. EnacTuyHicTb QoyHKUT:

()= dDL _ d(in D) ©)
DdlL. d(nL)

Ha rpadoiky pguHamiyHOro psay AiarHOCTUYHOrO napameTpy,
nobygosaHomy B norapupmiyHoMy  macwTabi,  enacTU4HICTb
BU3HAUUTLCA $SK KYTOBUA KOeILIEHT B KOXHiM Touui. [lpu ubomy
g(L)=const pns cTeneHeBOi (OyHKUil [(L); ANA EKCNOHeHLianbHoi
DyHKUiT £(L) — Mae NiHIMHAA xapakTep 3MiHW, MiHiMHa BOHa € i AnS
KOMOIHOBaHOI  eKCMOHeHUianbHO-CTENEeHeBOT  QOYHKLT. MNoTpibHo
BIAMITUTW, WO enacTuyHicTb &(L) € Ge3po3MipHO BenuuuHow. Lis
nepesara [03BOMSE NOPIBHIOBATU XapakTep 3MiHM Pi3HUX Npouecis, Lo
NPOTiKaKTb Yy BrlacHUX abo pisHMX macwradax i BU3Ha4aoTb TEXHIUHWUA
cTtaH ob’ekTa.

MpupocTn pyHKLUiT 3MiHM giarHOCTUYHOro napameTpy D(L), 3apaHoi
YACNOBMM  PAAOM, BU3HAYaAOTLCA  KIHUEBUMMW  PisHUUAMU  pAdy
A; =D, — D, ;. KiHUeBi pisHuUi, B3ATI BiA A, , Ha3MBaOTLCHA PI3HULIAMA
2-ro nopaaky i T.4.

AP =A, A, A =AP —AP (10)

Akwo 3rmagutu pisHUUI, TO OTPMMAEMO 3HAYEeHHA CepeaHix
NPUPOCTIB, 4HAKi, OYEeBUAHO, AN PISHOrO 4ucna m TOYOK iHTepBany
3rnagXXyBaHHA MaTUMYyTb BUITIAA,:

~  —-D . +D -
m=3,A; = 2 Wl 28 , m=5,A, =

2D, =D+ D +2Dp,
(1)
10
Mpwn 3rnag)yBaHHI KIHLEBUX PI3HULbL iHWWX NOPSALKIB OTPUMAEMO
3Ha4YeHHSA cepepHix NPUPOCTIB BIAMOBIAHUX NOPSAAKIB Z(f),Z(z) I T.A.
MobypoBa KiHUEBUX PIi3HMUb AiarHOCTUYHUX PSALIB € O4HUM i3

cnocobiB BM3HAYEHHS NOPAAKY OYHKUIT, WO anpoOKCUMYE LiarHOCTUYHNIA
pag. Buxogaum 3 nepegbavysaHoro suay onucy giarHoCTu4Horo psagy (1)
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3AINCHIOETLCA NPUNYLLEHHSA NPO Te, WO m-Ha KiHUeBa pisHuus D(L) npu
3POCTaHHI m nparHyTUMe 40 AEAKOT MeXI, LLO BU3HAYaETLCA AUCNEPCIED
BMNaAKoBoi cknagosoi 7(L). Topi, sKwo AY” ~const MOXHa BBaXarw,
wo dyHkuis £(@,L) mae m-in nopsgok. Ha npaktuyi y 3B'sisky 3
obmexeHnm YMCriom TOYOK AlarHOCTUYHOrO pPAAY, Noro
HeCTaUiOHApPHICTIO, BUMNAAKOBUMW BUKMAAMW | (HWKMK NPUYUHAMMU
OTPUMAaTN TaKy KapTUHY BAAETLCA AYXKe PIAKO.

Ha nigcrtasi cepeaHbLOro npupocTy crnpobyemo nepenTtn Ao
NOCTIMHOro piBHA abo NiHIMHOT 3aneXHOCTi. Ans ubOoro BUKOPUCTAEMO
pAL4 NOXiAHUX BEMUYNH | Norapndomis Bif cepenHboro NpupocTy:

Wl(L): ZL5W2(L): Z(Lz)éWs(L): ZL /BL;
w,(L)=log A, ,Ws(L)=log A, / Dy ; (12)
WG(L)zlogZL/Df.

OueBMagHO, WO Aesfki 3 HWUX BiANOBIAAKTb 3ragaHuUM BuULLE
LvdpepeHLiansHuM gyHKLisM 3pocTanHs (o(L)~W,(L); o(L)~W;(L)), iHuwi
PO3LUMPIOOTL CKNaj XapakTepuUCTUK AiarHOCTUYHOMO PS4y, BigKpuBarouu
MOXXITUBOCTI BUPIBHIOBAHHA A1 BEMUKOrO acOPTUMEHTY BUAIB (PYHKLIN.
Y nopiBHAHHI 3 gudpepeHuianbHUMKU - (PYHKUIAMW  3POCTaHHSA
XapakTEPUCTUKN cepedHixX NpupocTiB BinbLue NPUCTOCOBaHI 4Ns aHanisy
AiarHOCTUYHNX pAgiB, Nerko niggarTbca 6e3nocepesHbOMY OOUYMNCITEHHIO
i € AyXe KOPUCHUM 3aCODOM BUSABIIEHHS BNACTUBOCTEN anpOKCUMYHOUOT
doyHKUiT [6-8].

[Mpwn nporHo3yBaHHI, ekcrnnyartauii i BiANOBIAHIN 3MiHI TEXHIYHOro
ctanHy 3T 3 TEOPETUYHOI TOUKN 30pYy AOUINbHO Bigobpaxatn y Burnagi
MaremMaTtudHoi Mogeni MPUYUHHO-HACMIAKOBI 3B’A3KM MK CYKYMHICTHO
goakTopiB, K 3asHayaTb MpUYMHY, Ta LUiNbOBOK QYHKLUIEKD, 4dKa
xapakrtepudye Hacnigok. [llpu ubOMy cnig BpaxyBaTW, WO Benuka
KITbKICTb €NeMeHTIB CUCTeM Ta arperaTtiB 3T B3aeMOAiIH0Tb K MiX cobol0,
Tak i3 30BHIWHIM cepegosuweM. |Hgopmadito nNpo npouecn, SKi
NPOTiKaKTb B HUX nigyac ekcnnyartauii 3T Ta TEXHIYHUIA CTaH OTPUMYHOTb
PisHUMKN PIBNYHUMK MeToAamKn, a npu i oOpobui MOXHa BUKOpPUCTATH
METOAM Yy3aranbHeHOoI Teopii rpadis Ta Teopii YyTNUBOCTI LinbOBOI
doyHKUii. B npoueci gocniaXXeHHA 3MiHWU LiNboBUX QYHKUIM TEXHIYHOro
CTaHy Ta IX YJyTnMBOCTI BIi4 3MiHI ICTOTHMX dpakTopiB Ha yBsary
3acrnyroByloTb HacCTynHi nepesaru Teopii BiAHOCHOI YyTNUBOCTI LjinbOoBOI
QoyHKLUIi (Teopii ceHcuTumBiB) [1-6]:

- ceHeunTuB By b-sKoi PYHKLIT € 6e3P03MiIPHOI0 BENUYNHOKD,

- NOCTINHMA MHOXHUK nepes YHKUIED He BMnnBae Ha ii CEHCUTUB,

- CEHCUTUB CTeneHeBOl OYHKUIT He 3aneXXuTb Bif aprymeHTy i €
NOCTINHO BEMNYNHOL, LLIO AOPIBHIOE MOKA3HUKY CTeneHs yHKUiT,

- ceHenTuB 00YTKY ABOX (OYHKUIA OAHIET 3MIHHOI AOPIBHIOE CyMi
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CEeHCUTMBIB LMX OYHKUIWN,

- ceHeuTuB A00YTKY OAHIET QOYHKLIT, po3gineHnn gpobom Ha iHLy
QOYHKLIIO A0piBHIOE AOOYTKY CEeHCUTUBIB (PYHKUIi yMcenbHuka gpoboBoi
GyHKUiT Ha J00YTOK CEHCUTUBY OYHKLIT 3HAMEHHUKA;

-CEeHCUTUB CyMK ABOX YHKUIA OAHIET 3MIHHOI [OOpPIBHIOE CyMi
CEeHCUTMBIB QOYHKLII KOXEeH 3 SKMX MNOMHOXEHWM Ha CBiA BarosBui
KOeiLieHT Ta iHLUI.

HaHi BNacTMBOCTI MOXINBO AOTPUMYBaTUCh Ta BUKOPUCTATU Npu
aHanisi giarHoCTu4HOI Gasn JaHnx npo TEXHIYHWA CTaH CUCTEM Ta
arperatiB 3T. MatematnyHa CyTHICTb MigX0A4Yy MONArae y BUKOPUCTAHHI
CEeHCUTUBY (OYHKLii SK BIgHOLWWEHHS BIAHOCHOrO MNPUPOCTY QOYHKUii A0
BiAHOCHOIO NPUPOCTY aprymMeHTy:

senD(Ly=DS ()= PL) L _dDid) L (5)
D(L) dL dl.  D(L)

MpuBegeHy  GopMy  nNpeacCTaBneHHsAs  CEeHCUTUBY  MOXHa
BUKOPUCTaATU AN ONMTMMAaribHOI OUiHKM OyAab-SKOro napameTpy, SKun
HeoOXiAHO nigAaBaTh KOHTPOMK MPU BU3HAYEHHI TEXHIYHOrO CTaHy
cuctem i arperatis 3T. Baasum 3a ocHoBy Bupas (5), MOXHa BU3HAYUTU
KOeILIEHT YyTNNBOCTI KOXHOMO AiarHOCTUYHOMO napameTpy.

Hanbinbw nowmnpeHo Mipo abConTHOI YyTNMBOCTI OYHKLIN
CTaHy A0 3MiHM GoakTopIB € X KiHUeBU npupicT abo audepeHuian. Ans
LinboBOi  oyHKUiT cTaHy S(D) ogHoro daktopy (4iarHOCTUYHOrO
napameTpy) D, maemo:

dS(D) = @dD (15)
dpD
ABcConoTHa YyTNMBICTE QOYHKLiT CTaHy, 9K nNpasumnio, € PO3MiPHOH
BENUYMHOK, TOOTO noxigHa Big, OYHKLii CTaHy € PO3MIPHOK MIpOK Mo
AiarHOCTUYHUM NapameTpam i YyTIIMBOCTI:

aS(D) _ o
— = =S(D). (16)

AKWOo dyHKUiA CTaHy 3aneXuTb Big BeKTopa AiarHOCTUYHUX
napameTpis D=(D4,D,,...,D,), TO pPO3PI3HAOTb LNy CUCTEMY YaCTKOBUX
abConTHUX YYTNNBOCTEN (OYHKLii CTaHy:

oS(D,,D,,....D,) .,
IODZI =85, (Dy,Dy,....D,) ;
oS(D,,D,,...D,) .,
IODZZ =85, (D), D,,...D,); (17)
oS(D,D,,....D,)
101)2 =S, (D, D,,...D,).

n
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BigHocHa 6e3po3MipHa YyTnMBICTb LiNboBOI dyHKUil cTaHy S°(D)

abo i ceHCUTUB A OPIBHIOE:

sen(S(D))=§* (D) = DD JL.
S(D)/ D
ae: dS(D)/S(D) — BigHOCHWA NpUPICT UinboBoi dyHKUiT, dD/D — BigHOCHWIA
NPUPICT A4iarHOCTUYHOro napameTpy.

Buxogauum 3 dopmynu (18), CEHCUTUB QOYHKLiT TEXHIYHOrO CTaHy
MOXHa 3anncaTti B HaCTynHOMY BUMMSAAL:

SenS(D):dS(D)- D =S'(D)-L. (19)
D S(D) S(D)

PiBHAHHA (19) Bu3Hayae B3aEMO3B’A30K BI4HOCHOI YYTIUBOCTI
QYHKUIT OAHIET 3MIHHOI Ta abCONKTHOI YyTNMBOCTI PYHKUIT TEXHIYHOro
CTaHy. Y pasi 3aneXXHOCTi (oyHKUii CTaHy Bij BekTopa AiarHOCTUYHUX
napametpis D =(D,,D,,..D.....D,), iXHi YaCTKOBi CEHCUTMBM JOPIBHIOIOTH:

(18)

D
SenS, (D)=S7(D;)- L.
2D =S5(D) s
D
SenS,, (D)=S},(D,)- z_. 20
DZ( l) DZ( l) SDZ(DI) ( )
SenS, (D )=S}, (D,)- D,
Dn n Dn n SDn(Dn)'

BukopucToBytoun npaBunio  AUdepeHUitoBaHHA  nIorapugoMivHob
JYHKLiT, MaeEMO:
d(InS(D)) _ (InS(D))'S(D)

din D (nDYD

Takum 4YMHOM, YYTAMBICTb | YaCTUHHA YyTIMBICTb MOXYTb OyTn
BU3HaYeHi SK BigHOLLEHHA NOXig4HOI (YaCTUHHOT NOXig4HOI) Big norapudgomy
QyHKUii CTaHy A0 noxigHoi norapudmy [iarHOCTUYHOrNO i YaCTUHHMX
AIarHOCTUYHUX NapameTpiB.

Ha npakTuui, B OCHOBHOMY, BUKOPUCTOBYIOTb abCONIOTHI i BigHOCHI
YYTNUBOCTI (CEHCUTUBW) NEPLLOro i A4PYroro NopsaKis:

SSS(D):SS(SS(D)):dS (D). SD .
dD  S*(D)

ABcConoTHa YyTNMBICTb MEpLLOro Nopsaaky Big (yHKUii cTaHy — ue
WBUAKICTE  3MiHM  MNPUPOCTY OYHKUIT CTaHy Big 3MiHM 3Ha4eHb
AiarHOCTUYHUX napameTpiB, a abCconTHa YyTNAMBICTbL APYroro nopsgky
Bif (PyHKUii CTaHy — Ue WBWAKICTb WBWUAKOCTI 3MiHM (PYHKUii cTaHy abo
NPUCKOPEHHA  3MIHM  MNPUPOCTY  PyHKUiT 3i 3MIHOKO  MPUPOCTY

senS(D)=S*(D) = (21)

(22)
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AiarHOCTUYHOro napameTpy. ABCOMNIOTHY YyTNUBICTb Apyroro i OinbLu
BUCOKUX MNOPSAKIB MOXHa BUKOPUCTOBYBaTWU AN aHanidy CXOOXEeHHS
PO3paxyHKOBUX anropuTmis. CEeHCUTMB BIAHOCHOI YyTNMBOCTI NepLuoro i
APYroro nopsaaky QyHKUii CTaHy Big AIarHOCTUYHUX napameTpiB €
©e3po3MipHNM, a OTKe 3py4YHMM npu aHanisy 6asu gaHnx, ocodbnneo npu
BUKOPUCTaHHI iHOpMaLinHNX TEXHOMOrIN | MeTogiB 06pobkn Ha [MK.

BusHayeHHA 4yTnnMBOCTI y3aranbHIOETbCA Ha BUNALOK AOBINIbBHOMO
yncna cymu abo pisHUUI YHKUIN 3MiHW [iarHOCTUYHUX NapamMeTpis, Lo
CknagarTb OYHKLi0 CTaHy cucTeMun Ta arperatis 3T

N
S(D)=U,(D)+Uy(D)+U;(D)+..+U\(D)=>U,(D), (23)
i=1
ae: Ui(D) — doyHKUIA 3MIHM 4iarHOCTUYHUX NapameTpis, i = m — HOMep
Bi4MOBI4HOro arperary.
BigHOCHa 4yTnuMBICTb (CEHCUTMB) BULLE 3a3Ha4eHOi dyHKLUii Byae

MaTun BUrNAag.

50 =5 ©)-2LL 4 g @y L2
>U,(D) >U,(D)
=1 U (D) =1 (24)
+. 48Uy (D)——;
>U.(D)

pe: S°(D) — 3aranbHWUiA CEHCUTUB (BiIHOCHA YYTNMBICTb) PYHKLI CTany
Bif, AiarHocTuYHMX napameTpis D; S°(U) — ydacTtkosi ceHcutusu; Ui(D),
i=1,N — QyHKUii 3MiH/ BiANOBIAHOrO AiarHOCTWYHOrO napameTpy AnA
pi3HMX cucTem i arperaTiB 3T.

Peanisauii mMeTogy CeHCUTUBHOIO aHanisy, [a€e MOXIMBICTb
OTPUMATK YaCTUHHI CEHCUTUBU NO KOXHOMY 3 AiarHOCTUYHMUX NapamMeTpiB
Ha pisHUX nepiogax npobiry 3T [6]. MNMpu UuboMy PYHKUii HaZINHOCTI 3a
AlarHOCTUYHUMK napameTpam. OYHKLiK AiarHOCTUYHOro napameTpy Ta
3aranbHy yHKUil0 HaginHoCcTi 3T MOXHa BBaXaTu napamMeTpuyHo
3agaHumMu;

x. =D (L)
J J (25)
yj = Pj (L)
BukopucToBytoun npaBuna 3HaxXOAXEHHA CEeHCUTMBY | WMOro

BNACTUBOCTI BiAHOCHO HAaAINHOCTI arperaTty, Ha NeBHOMY npobiry MoXHa
OTPUMATK HaACTYMHE PIBHAHHS:

dp,
PLY DLy g P
DLy P(L) dD,
e

sen D;(L)= (26)

P(L)
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PiBHAHHA (26) onucye 3aneXHOCTi, BIAHOCHOI  YyTNUBOCTI
AlarHOCTUYHNX napameTpiB Big YHKLUiT HAZINHOCTI arperaTiB Ta CUCTEM |
3T B uUinomy.

BucHoBKuM

1.  3anponoHoBaHa Mogenb MPeACTaBreHHs  AiarHOCTUYHNX
napameTpiB TEXHIYHOro CTaHy cuctem i arperatis 3T y BUMMAAi aaUTUBHOI
CKNagoBoi, WO Bigobpaxae Noro peryndapHy Ta MMOBIPHICHY CKNaoBy.

2. CchopmoBaHO npoueaypy 3rnagXyBaHHS AiarHOCTUYHUX PALiB
TEeXHIYHUX cTaHiB 3T Ana n'aTn Ta CeEMU TOYOK AiarHOCTUK.

3. 3anponoHOBaHO MNPUPOCTU (PYHKUIM  3MIHW  [iarHOCTUYHNX
napamMeTpiB BUKOPUCTOBYBATU 4,15 aHani3y 4iarHOCTUYHOro ps4y nig vac
NPOrHO3yBaHHA TEXHIYHOrO CTaHy cuctem i arperaris 3T.

4. HaBepeHo nepeBar BUKOPWUCTAHHA BIAHOCHOI YyTNMBOCTI
(CeHceTuBIB) AiarHOCTUYHUX NapamMeTpiB NPWU AO0CNIAXEHI 3MIHU LiNbOBUX
JOYHKLIN TEXHIYHOrO CTaHy.

5. BipobpaxeHo aHaniTu4Hi PopmMynuM BUKOPUCTAHHA CEHCUTUBIB
AIarHOCTUYHUX napameTpiB nig 4Yac A[OCNIAXEHHA TEeXHIYHOro CraHy
cuctem Ta arperatie 3T Ta OUiHKM iX HAZINHOCTI.
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TEOPETUYECKUI AHANTU3 ANATHOCTUYECKUX MAPAMETPOB
CUCTEM U ATPErATOB CPEACTB TPAHCIIOPTA C NMOMOLLBHO
METOOOB TEOPUN YYBCTBUTEJIbHOCTU
B. B. AynuH, A. B. 'puHbKue

AHHOTaumnA. AHanu3 OuasHoCmuYecKkux napamempos 0Oaem
803MOXHOCMb Ka4YeCmeeHHO yrpaernsmb MEeXHUYECKUM COCMOSHUEeM
cucmem U aspezamos u cpedcme mpaHcropma 6 uesom, nomomy Ons
peweHuUss  8ornpocog  aHanuza OuasHoOCMU4YecKol  UHghopmayuu
npedroXxeHo peanuzosame U 060bwame ux e sude QuacHOCMUYECKUX
psdos. [JaHHoe npedcmaeneHue CcOpMUPOBaHO Ha  OCHOse
nepuodu4yeckoeo  KOHMpOrs cucmem U azpesamos cpedcms
mpaHcropma.

AHanu3 OuasHocmu4yeckux psadoe 3aknwoyaemcs 8 rposedeHuu
onepayuu akcmpanonauuu. Camu OuasHoOcmMu4Yeckue napamempbi
npednoxeHo npedcmasnsame 8 sude addumusHoll modenu, Komopasi
coyemaem ee0 peaynsapHyr U 6EepOsIMHOCMHYI0 Ccocmassisnouee.
Ucxols, u3z npedcmasrneHuli OaHHoOU Moldenu u CcghopMuposaHHoU
npouedypbi canaxueaHus Ons namu U cemMu modek duacHOCMuU4YecKux
napamMempos CMaHo8UMCs  803MOXHbIM  Mofydamb MpeHd  ux
usmeHeHus. Teopemudecku omobpaxeH aHanuia oOuagHOCMUYEeCKUX
napamMempos He 3a YUC/Io8bIMU UX 3Ha4YeHusMu, a 3a pasHuuel
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USMeHeHUss ux @yHKyul. Ha ocHose OQaHHbIX uccredosaHull
npedrioXXeHO UCMOo/b308amb CEHCUCMUS 8 Kadecmee J10KallbHO20
aHanusa OuacHOCMUYECKUX napamempos.

KnioueBble cnoBa: duazHocmu4Yeckul napamemp, ceHcumuse,
duazHocmu4deckul psi0, MmMexHU4YecKoe COCMOsIHUe, cucmema,
azpez2am, cpedcmeo mpaHcrnopma

THEORETICAL ANALYSIS OF DIAGNOSTIC PARAMETERS
OF SYSTEMS AND COMPONENTS OF VEHICLES USING
SENSITIVITY THEORY
V. V. Aulin, A. V. Hrynkiv

Abstract. Analysis of the diagnostic parameters makes it possible
to efficiently control the technical condition of systems and components,
and vehicles in general, because for issues analysis of the diagnostic
information suggested to implement and generalize them in the form of
diagnostic lines. This view formed on the basis of periodic monitoring of
the systems and components of vehicles.

Analysis of the diagnostic lines is contained in realization of the
operation of extrapolation. Themselves diagnostic parameters requested
to provide in the form of additionally model, which combines regular and
stochastic component. On the basis of representations of this model and
formed the procedure of smoothing for five and seven points diagnostic
parameters it is possible to obtain the trend of their changes. The
analysis of the diagnostic parameters not for their numerical values, and
the difference changes in their functions is theoretically shown. On the
basis of these studies it is proposed to use sensitive as a local analysis
of the diagnostic parameters.

Key words: diagnostic parameter sensitiv, diagnostic line,
technical state, system, assembly, means of transport
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