rii Tomo. Po3poOieHHs BipTyaJlbHOrO J1a0OPATOPHOrO MPAKTHKYMY J03BOJISIE
OLIIbII THTEHCUBHO BHKOPHCTOBYBATH iH(OpMalliiiHi TexHoiorii B ocBiTi. B mepc-
HEKTHBI — CTBOPEHHSI HOBHMX KOMIT'FOTEPHHX MPOrpaM Ta JOMOBHEHHS IEPENiKy
712a00paTOpHUX POOIT BIAMOBIAHO A0 IEPENiKy MPOIECiB, 0 BUBYAKOTHCS CTY/CH-
TaMH CTapIIUX KYPCiB Pi3UKO-TEXHIYHOrO Ta (Hi3UKO-eHEPreTHIHOrO (PaKyIbTETIB.
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AHAJII3 IUTAHb KOMIIEHCAIIII ATIMTUBHUX 35YPEHb
TP AIATHOCTHULI JU3EJIBHUX AT'PEI'ATIB

Po3rnstHyTI nUTaHHS MOOYIOBU CUCTEMH KOHTPOJIIO 1 1arHOCTUKH CTaHy (OPCYHOK JHM3EIBHUX arpera-
TiB. JIy1s1 po3poOKM cHCTEMH KOHTPOIO 00paHui 00’ €KT DOCHIKEHHS, PO3IJITHYTI IPUHUMIH Horo (yH-
KLIOHYBaHHS, IPOBEICHO OIS JITEPaTypH Ta MPOAHATI30BAHO MOXJIMBI MOZEINI MPOLECIB Y PO3IIIIY-
BaHOMY 00’€KTi, 0OpaHi OCHOBHI HAaNpsAMKH POOOTH NPHU NPOBEAEHHI IOCIIKEHb, 3p00JICHO BUCHOBKH
PO MEPCIICKTHBH MOAANBIINX PO3POOOK.

PaccMOTpeHBI BOIPOCH ITIOCTPOSHHS CHCTEMbI KOHTPOJIS U IMATHOCTUKK COCTOSHHUS (hOPCYHOK U3EIbHBIX
arperatoB. JIJist pa3paOOTKK CUCTEMBI KOHTPOIIS BBIOpaH 00BEKT HCCIEIOBAHUS, PACCMOTPEHBI IPHHIIUIIBI
ero (GyHKIMOHHPOBAHUs, IPOBEJIEH 0030p JIUTEPAaTyphl U MPOAHATN3HPOBAHBI BOSMOXKHBIC MOJIEIH TIPO-
LIECCOB B PAcCMATPHBAEMOM OOBEKTE, BHIOPaHBI OCHOBHBIC HAIPABJICHHs PaOOTHI IPH IPOBEJCHUH UC-
CIIC/IOBAHUM, CIICNaHBI BBIBOABI O IIEPCIIEKTHBAX NalbHEHIIHX pa3paboToK.
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The article deals with the issues of building control systems and diagnostics of injectors diesel units. To
design the control system is chosen object of study, considered the principles of its operation, reviewed and
analyzed the possible models of the object in question, selected the main directions of work in research,
conclusions about the prospects for further development.

IMocranoBka npodiaemu. CyyacHa BITUM3HSHA MPOMHCIIOBICTb, SK HIKOJIH,
notpeOye BBEJCHHS HOBITHIX TEXHOJOTIH y BCi cBoOi ramy3i. OJHi€0 3 TEeXHIYHUX
npobiieM, sIKy HeoOXiTHO BUPIILIUTH, € TMPodIeMa JIarHOCTYBaHHS CTaHy HaJHUBHOL
CHCTEMH BHUCOKOT'O THCKY JHM3eNbHUX arperatiB (JA) i3 3acrocyBaHHsM 0e3po30ip-
HHUX TEXHOJIOTiH. B mepury uepry e crocyeTbcsl BUABJICHHS NPUAATHUX IS TI0Ja-
JIBILIOTO 3aCTOCYBaHHs (POPCYHOK B peXKHMi peanibHOro 4acy. B [1] mocuts nerainb-
HO PO3IJISIJATUCh METOJMKY BHUSIBIICHHS HECIpaBHOCTEH (POPCYHOK 3a BiOparisiMu
TPYOKH NMAJIMBHOTO HACOCY BUCOKOTO THCKY, IPOBeIeHa Kiach]ikallisi HeCIpaBHOC-
Teii, 3aIpPOIIOHOBAHI anapaTypHi Ta alrOpUTMIYHI 3acay IPH BUTOTOBJIEHI BiIIO-
BiJTHUX 3ac00iB JliarHOCTUKH 1 KOHTpomto. [Ipore B [1] Ha mocnipkenHs: Oynu Ha-
KJaJieHi OOMEKeHHsI, SIKI CTOCYBAJIMCh TOTO, IO AiarHOCTHKa (opcyHOK BinOyBa-
Jlach Ha TEBHIH YaCTOTI — YacTOTi XOJIOCTOro Xomay. Take oOMeXeHHs He Ha/aio
MOXITUBOCTI OILIIHKH BJIACHHUX KOJNWBaHb J[A, 1 TOMy, He HaJIal0 MOXIIUBOCTI OLiH-
KU TIPUIATHOCTI (POPCYHOK HE Y TECTOBOMY PEKHMI, a Y PEKHMI PEATbHOr0 4acy.

AHaJti3 JliTepaTypu 10Ka3aBs, 110 HAa JAHUI Yac BXKe po3poliieHa JI0CTaTHBO
BEJMKAa KIUIBKICTh CTEHIIB KOHTPONIO (PYHKI[IOHYBaHHS (OPCYHOK, poOOTa SKHX
0a3yeThcsi HA CaMUX PI3HOMaHITHUX anroputMmax [2-4]. [Ipore mocriiiHe po3miu-
PEHHSI TEXHIYHHUX Ta TEXHOJIOTYHUX BUMOT ITPUBOJIUTH JI0 HEOOXIIHOCTI CTBOPEHHSI
HOBUX, BCE OLJIbII JOCKOHAJMX arapaTypHUX, AITOPUTMIYHUX Ta MPOrPaMHUX 3a-
co0iB y Wit cepi.

MeTo10 cTaTTi € aHANI3 MOXKJIMBOCTI MOOYIOBH CUCTEMH KOHTPOJIIO YH Jliar-
HOCTHKH TPHUIATHOCTI JOPCYHOK JUIS MOJAIIBINOI EKCILTyaTallii B pexKuMi peabHO-
ro gacy. [ns peamizamii takoi 3ama4i HeoOXimHI IOCimKeHHs BiOpaliii Ha TpyO-
Kax MaJMBHOTO HACOCY BUCOKOTO THCKY IIPH Pi3HMX YacTOTaX OOCpTaHHs Bajia Ta
PI3HUX HaBaHTAXKCHHSIX.

Amnaui3z Moneneii podounx 30H JIA. CxemoTexHiYHa MOAENb POOOYOT 30HU
JIA npu niarHocTHili ctaHy (OPCYHOK sl YOTUPHOXIMIIIHAPOBOTO JIBUTYHA HABE-
JleHa Ha puc. 1.

MaremaTnuHa MOJENb Ii€i 30HM Ma€ BUTJIS] MATPHLL BIUIUBY:

Wh W W Wy
W, = Wy Wy Wy Wy , (1)
Wy Wi Wiz Wy
Wo Wy Wi Wy
ne W.

f# — BIUTUB POOOTH

— BIUIMB po6oTH i -ro mutiHapa JIA camoro Ha cebe; W

j -ro nmiiHapa Ha [ -tuid. B Mogeni (1) eneMeHTH ABIAIOTH coOOK0 TepenatHi ¢y-
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HKIIT KOJMMBaJIbHUX JIAHOK W (p)=k/ (712 P+ Lip+ 1) . B pobori [1] Oynu cunre-

30BaHI MOZeNIi KOMIICHCATOpiB GyHKLUiH W, ,

BU3HAYEHHS! TPHUJIATHOCTI (POPCYHOK JUIsi MOAANBIIOl eKCIUTyaTalii B MakeTHOMY
PEeXHUMI Ha CTEH/Ii 3 BUKOPUCTAHHIM 0€3p030ipHUX TEXHOJIOTIH.

y1 y2 y3 y4

110 JTOIIOMOTJIO PO3POOHTH alIrOpUTM

z 2 =3 4

Wiz| | Wi Wi3 W21 W22 W23 Wiz W33 Wi3a| | Wa2 Waa Wa3

X1 X2 X3 X4
Pucynok 1 — Cxema po6ouoi 30u1 JIA npu miarHocTHL cTaHy (OPCYHOK.

[pore, Buxix yacrotu oOepranHs Bana JIA 3a Mexi XOJOCTOro XO[y, 3a3BUYAl,
MPU3BOJUTH JI0 301IIbIIEHHS MOXUO0K 1-ro poxy [5]:

G(N/2, ks 12075)
G(N/2)

a3 = _[ f(u/Sey)du=1~
k3

b

G(N/2, ks /2025)

Q3 = _[ Sl Sy )du=1~

o G(N/2)
Ta 2-10 poxy:
kay G(N/2, &y 1202,
Bs = f(u/SL, )du: ,
o ! ? G(N/2)
kxp G(N/2, by 12025
Bs = f(u/SL, )du:
2 ! ’ G(N/2)

N k3 l . . . see
ne G| —,—— | — HOPMAIbHO PO3MOJiICHA ¢byHKuis, npu KIacudikamii crany
2 20:,
&c3
(OpCYHOK 32 MPHUHIMIIOM — MPHUIATHUN/HEPUIATHHUI.
[ToBHa WMOBIpHICTh TOXHUOKH MpH KiIacU]ikaiii Mae BUTIIS;

P=0.5(ay + B51), 200 P=0.5(as, + B,) - ()
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Ha morssa aBTOpIB Iie BUKIMKAHO BIACHUMH KOJHMBAHHAMH POOOYOi 30HH
JA, aMIutiTyna sSIKUX € 3MiHHOIO BEJIMYHMHOIO. JIOCTOBIpHICTH i€l rinoTe3u mepe-
BipsuUIach €KCIEPUMEHTAIBHUM IIULSIXOM.

ExcrniepuMeHTAIbHI A0CTiIXKEHHSI TapaMeTPiB BIACHHX KOJUBaHbL Po00-
yoi 30 JIA. Ha puc. 2 npuBezneHi rpadiuHi 3a1eXHOCTI 3MIHH PiBHS aMILTITYIN
BiOpOKOJIMBAHb B 3AJISKHOCTI Bifl 4acTOTH 0OepTaHHs Bana JIA.

U,B
30

20

10 | H ftlt WIH |

3
nx10,
00/xB

0 1 2 3
PucyHok 2 — 3anexHicTh aMILTITYM KOJIUBaHb Bi/l 4aCTOTH 00CPTaHHSI.

Ha puc. 3 npongemoHcTpoBaHi rpadivni 3aJeXKHOCTI, SKi BKa3ylIOTh IPaHHYHI
30HM TmepexifHoi obmacti mnpu  kinacudikamii 3a NPUHIUIIOM — PUAAT-
HUIi / HeNpUIATHUI [S] Ta TPEHIOBY JiHIIO, KA OMKCYE 3aJIEKHICTh BIACHHUX KO-
nuBaHb JIA Bi yacToTu obepTaHHs Baja.

B sikocTi IepBUHHOTO MepeTBOpIOBaYa BUKOPHCTOBYBABCS BiOpoaKceIeoMeTp
AII18.

Jani Ha puc. 2 Ta puc. 3 CBiIYaTh PO HASBHICTH CYTTEBUX aMIUTITYJ Biac-
HHUX KONuBaHb JIA mix 4ac cBOei poOOTH, a TAaKOX MPO JTOCHTh CKIIAJHUN XapaKTep
anpOKCUMY0YO0T PyHKIIIT.

Jis rpagivHoi 3anexHOCTi puc. 3 Oyna 3/ificHeHa anpoKCUMAIlisl 1 BUSBICHA
¢yHKIis, SIKY HeOOXiTHO BPaXOBYBaTH IPH JIarHOCTHIII CTaHy (OPCYHOK:

5 =6.Tn> —15.5n+17.7.
Takum yrHOM, MOJIENb HA pUC. | TOBUHHA OyTH JIOTIOBHEHA BILTMBOM (DYHKIIIT

30ypeHb, M0 MPUBOAUTH O aJUTUBHUX 3MIleHb Y BEKTOpI ) = f (x, s) (me x —
BEKTOp BXiHMX BIUIUBIB (X, X,,...,X,), » — BEKTOp BHXiZHMX JAHUX
(3> ¥35 > ¥,)) 1 IOBHHHO BPaxoBYBAaTUCh IIPH BUKOHAHHI aJITOPUTMY KOHTDPOIIO

YU JiarHOCTHKH.
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Pucynok 3 — ITonpaBouHi kpuBi Ipu niarHoctumi ¢popcyHok JA.

ImiTaniitne mogemoBanns. /s Bepudikalii oOTpUMaHUX pe3yJbTaTiB MPH
JIarHoCTHIll cTaHy (OpCyHOK ManuBHOI cucteMu J[A MOLUIBHO 3IHCHUTH iMiTa-
uiiine MozentoBanHs. CydacHi HporpamHi 3aco0H JIO3BOJISIIOTH 3MOJENIOBATH
MPaKTHYHO Oy/b-sKi IPOIIECH B TEXHIYHHX 00’€kTaX. Take MOJAENIOBaHHS JIa€ MO-
JKITUBICTh 31MCHIOBATH BU3HAYEHHS ITapaMeTpiB mepefaTouHux (yHKINN, Kopery-
BaTH CTPYKTYpY NepefaTouHuX (GyHKIIH 00 €KTY NOCIIKEHHs, OOMpaTH ONTHMa-
neHi peryasitopu (IT1, TILJT Tomro) ta ix crpykrypy [6].

[pu npoBeeHHI iMITALITHOrO MOZIENIOBaHHS (YHKI[IOHYBaHHS CUCTEMH Jiia-
THOCTHKH aBTOPH OOpajM Ul BUKOPHCTAHHS IHTErPOBaHI CepeOBHINA MaTeMaTH-
YHUX Ta imkeHepHuX po3paxyHkiB MathCAD 2001 (MathSoft Inc.) i Matlab 6
(MathWorks Inc.), a Takox cepeoBHIIa iMiTamiiHoro MmoaemoBans Simulink 4 i
naker npukinaaaux mnporpam Control Systems Toolbox, mineH3oBaHi Komii SKHUX
3HaXOAATHCS y IXHBOMY PO3IOPSIKEHHI.

IlepcnexkTHBH MOJAJBIIMX AOCHiXKeHb. [Ipn po3polui amapaTypHuX, ai-
TOPUTMIYHUX Ta MPOrPaMHUX 3aCO0IB JUISi CUCTEM KOHTPOJIIO Ta JIarHOCTHKU He-
00XiJIHO BU3HATH, IO KPIiM JeTepMIHOBaHUX 30YpeHb MpH JIarHOCTULI cTaHy (op-
CYHOK Ha MMOBIpHiCTh TOXHOKH 3a Kiacudikaiiiero (2) BIUIMBAE Maca BUIAJKOBUX
npotieciB. BizjomMo, 1m0 3MeHIIeHHsT TOXHOOK BUIAJKOBOTO XapaKTepy MOXHaA JI0Cs-
THYTH BIATIOBITHOIO CTaTHCTUYHOIO 00poOkoro. IlpoTe, B maHOMy, BUNAAKy, Taka
CTATHCTUYHA 00pOOKa MOBMHHA MPOBOAUTUCH Ha KOPOTKHX BHOIpPKaXx, a Lie YHEMO-
JKITUBITIOE CYTTEBE 3MEHIIICHHsI TOXUOOK Kinacudikaii [7].

Ha nymKky aBTOpiB, BUXiJ| 3 MOJOXEHHS MOXKe OYTH 3HAWICHH IILUIIXOM BH-
KOPHCTaHHS B CUCTEMax KOHTPOJIO Ta JIarHOCTHKH TPHHIIMIIIB ajanTaiii 3 BUKO-
pHUCTaHHSIM alropuTMiB momryKy: [ayca-3aiimensi, TpaJieHTHOro, HaicKOpiIIOro
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BucHoBkH. Y naHill cTaTTi pO3risIHYTI CXeMOTEXHIYHA Ta MaTeMaTHYHa MO-
neni podouoi 30 1A, BUsIBIeHI 30ypeHHs, SKI HaAalOTh BIacHi KoiuBaHHA JIA
IIiJ] 9ac CBOET poOOTH, 3aIIPOTIOHOBAHI MIAXOIH 10 MTOOYAOBH CHCTEM KOHTPOITIO Ta
JIiarHOCTUKH (OPCYHOK B PEKIMI PEaTHHOTO Yacy.
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MOJEJIMPOBAHME ITPOTOJIBHOI'O YIAPA IO CTEP)KHIO
C COCPEJOTOYEHHOHU MACCOU

Po3risiHyTa JUHaMika CTEpKHS 3 TOYKOBOI MAacolo, LI0 30CEpPE/PKEHa Ha HOro He3akpiluleHOMY Kpai
(Topiii), o SIKOMY BiOYBa€ThCsl HETIPYXKHUI yAap TBEPAUM TIJIOM, sIKe pyxaeThbces. [loka3aHo, 1m0 Koe-
¢iientn quHAMiYHOCTI, oO4mciieHi 3a Teopisimu CeH-Benana ta Kokca BifIpi3HSIOTbCS HECYTTEBO B
HIMPOKOMY IHTEpBaIi 3MiHM ITAPaMETPiB TiJl, SIKi CIIBYJapAFOTHCS.

PaccMmoTpeHa UHAMHKA CTEPXKHS ¢ TOYEYHOH MacCOi, COCpPelOTOUCHHON Ha ero He3aKpeIUICHHOM Kpae
(Topie), 1o KOTOpOMY IPOU3BOAUTCS HEYNpPYruil yaap ABMKyMUMcs TBepAbIM TenoM. Ilokaszano, 4ro
KO3 PULIHEHTH AMHAMUYHOCTH, BEIYUCIICHHBIE 10 TeopusiM Cen-Benana u Koxca, oTnnyarorcst He3Ha-
YUTENIBHO B IIHPOKOM MHTEpBajle H3MEHEHHUs] IapaMeTPOB COYyIapsIOIIHXCs TeIl.

The dynamics of a beam with a point mass concentrated at its not assigned-edge, which is produced by

inelastic impact by a moving solid. The dynamic coefficients calculated from the theories of Saint-
Venant and Cox differs slightly in a wide range of parameters that satisfy the-body collisions are shown.
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