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Anorauis. ITocmanosxa npoonemu. IlpoBeneHi B 6araTb0xX KpaiHaX TEOPETHUHI JOCIIDKEHHS MOKa3aiu, IO
aKTHBHI CHCTEMU MiABINIYBaHHS, B SIKAX SIK CUTHAJ 3BOPOTHOTO 3B'SI3KY BUKOPUCTOBYIOThH IIPUCKOPEHHS 200 a0COTIOTHY
MIBUAKICTh, JO3BOJSIOTh 3HAYHO MOJIIMIITUTH XOA0BI SKOCTi 1 CTIHKICTh pyXy TPaHCIIOPTHUX eKimaxiB. JlocmipkeHHs
MIPOBOJIMIIMCS Ha MOJIENISAX 3 OJHHUM CTETIeHeM BUTRHOCTI. B pe3ynpTati qocmiKeHHs OyIyBaliuCs aMILTITy XHO-9aCTOTHI
XapaKTePUCTHKH, 10 SKUX BiAOYBaIM BiINpaIfOBaHHSI CUCTEMH KepyBaHHS 3MiHOIO KOEQIIli€HTIB MOCHJICHHS aKTUBHOT
cui. KoedimieHTH MOCHIGHHS CHUCTEMH KepyBaHHSA BHOMpAaIHMCS METOIOM NpocToro mepedopy. Pesympratn
JOCTIKCHb TOKa3aJid, IO PiBEHb MPHUCKOPEHh Ky30Ba CKIMaXy 3 OJHOCTYIIHYATOK CHUCTEMOIO ITiJBINIYBaHHS
3HM3MBCA ynaBiui. KOHCTpyroBaHHs e()EKTUBHUX MPUCTPOIB AKTHBHOTO KEPYBaHHS JUHAMIYHHUMH MPOIECAMU
HEMOXIIMBO 0Oe3 3HAHHSA TCOPETUYHHUX OCHOB — 3aKOHIB KepyBaHHs. Po3B'si3aHHS 3arajbHOI 3a7ayi aKTUBHOTO
KepyBaHHS J0OOpe BiIOME 3 TEOpii ONTHUMAJIBHOTO KEPYBaHHS, ajle NPAKTHYHI Pe3yabTaTH OTPUMAHI JIUIIC s
HalnpocTimux Mojenei. Y mpani [9] oTpuMaHO 3aKOH aKTHBHOTO KepyBaHHS METOJIOM JTUHAMIYHOTO MPOrpaMyBaHHS
Ui Oe3MepepBHUX CTOXAaCTHYHHX CHUCTEM IS CTAalliOHAPHUX PEKHUMIB pyXy ekimaxy. Po3paxyHkoBa cxema Oyia
JIBOXMACOBOIO MEXaHIYHOIO CUCTEMOIO 3 JBOMA CTEMEHAMHU BUTbHOCTI. KpuTepieM ONTUMAIBHOCTI B3ATO KBaIpaTHIHUH
¢yHKIiOHAN SKOCTi. Baroi koedimieHTr (yHKIiIOHATa MPU3HAYAIHCS TOBUIEHO, TOOTO aBTOPH HE BHPIIIMIN ITHTAHHSI
BHOOpY BaroBux koe(imieHTiB pyHKITIOHATA SIKOCTi. ABTOp Tpai [1] 3anmponoHyBaB TeXHIYHI IPUHOMH, SKi TO3BOJIMIH
3aCTOCYBATH MaTPUIHHI METOJ AMHAMIYHOTO MPOTpaMyBaHHS 10 CHHTE3Y MapaMeTpPiB CKIATHUX CHCTEM i pO3pOOUTH
METOJIOJIOTII0 TIOETAITHOTO TIPOEKTYBAaHHS CHCTEMH IIi/BIIIyBaHHS TPAHCIOPTHHX eKimaxiB. Mema cmammi —
OTpUMATH 3aKOH ONTHMAIILHOTO KEPYBaHHS 3a aJrOPUTMOM METOJIY CTOXaCTHYHOTO JAWHAMIYHOTO MPOrpaMyBaHHS i
pO3pOOUTH CXeMy MPOrPAaMHOTO YIPABIIHHS MapaMeTpaMu MPYKHO-JAUCUIATUBHUX 3B'S3KIB CHCTEMH IMiIBIIIyBaHHS
TPaHCIOPTHUX eKimaxiB. Memoouka. Po3riIsHYTO aqrOpUTM METOJY CTOXaCTUYHOTO TUHAMIYHOTO MPOTPaMYyBaHHS
JUIS CUCTEM 13 F CTENCHSIMH BUIBHOCTI W OTPHMAaHO 3aKOH ONTHMAIBLHOTO KEPYBaHHsS MapaMeTpaMH MpPY)KHO-
JNUCUTIATUBHUX 3B'SI3KIB CHUCTEMH MmiIBimryBaHHS. J[s Momem ekimaky 3 OJHHM CTENEeHEM BiJIbHOCTI CKIIAJCHO
MaTeMaTuuyHy MOJEJIb KEPOBAaHOTO KOJHMBAIBLHOTO IPOIECY 1 pPO3pOOIEHO CXeMy MPOrpaMHOr0 KepyBaHHS
mapaMeTpamMH TPYXXHO-TUCHIIATUBHHUX 3B'I3KIB CHCTEMH MiABimIyBaHHS. Pesyasmamu. OTpUMaHO aHAIITUYHE
BHUPXCHHS 3aKOHY ONTUMAJLHOTO YIPABIIHHS MapaMeTpaMH MPYKHO-TUCHITATUBHUX 3B'S3KIB, K€ MICTHTH OIIHKY
BEKTOpa CTaHy CHCTeMH. EJeMeHTaMU OIiHKM BEKTOpa CTaHy CHCTEMH CTali y3araJlbHEHI KOOPAMHATH M y3arajabHEHI
IIBUJIKOCTi, TOOTO aKTMBHA KEpiBHA CWJIa HE IOBHHHA MICTHUTH Yy3arajibHEHI NPHUCKOpeHHs. Po3pobiieHO cxemy
MIPOrPAaMHOTO KEPYBaHHS MMapaMeTpaMu MPYKHO-IMCHUIIATHBHUX 3B'S3KIB CUCTeMU miiBimnyBaHHs. Haykoea noeusna.
Briepiie 3amponoHOBaHO MPUHIIMIT MIPOTPAMHOTO KEPYBaHHs MapamMeTpaMU MPYKHO-TUCHIIATHBHUX 3B'SI3KIiB CUCTEMH
MiBINTYBaHHS TPAHCTIOPTHUX eKinaxiB. Ilpakmuuna 3nauumicms. € BCi TIEPEIYMOBHU IS CTBOPSHHS BiTYH3HSIHOTO
BHCOKOIIBH/IKICHOTO TPAHCIIOPTY.

KnrouoBi cioBa: npunyun npocpamnoco ynpaeuninHa, napamempu cucmemu HiOSIUYSAHHA; MPAHCROPMHUL  eKInaic;
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Abstract. Problem statement. Theoretical researches conducted in many countries showed that active suspension
systems which use acceleration as a signal of reverse connection or absolute speed allow to improvie operational
qualities and stability of transport greatly. The researches were made on the models with one degree of freedom. During
the research amplitude-frequency characteristics were built and they were used while checking the management system
in active power coefficient changes. Amplification coefficients of the management system were chosen by means of
simple permutation. The results of the research showed that the level of body acceleration with single-step suspension
system was reduced a half. The creation of effective devices of active management of dynamic processes is impossible
without knowledge of theoretical basis — the law of management. The decision of common problem of active
management is well-known from the theory of optimal management, but the practical results were obtained only for the
simplest models. In the work [9] the law of active management by the method of dynamic programming for continuous
stochastic systems for fixed regimes of transport movement is obtained. The estimated scheme looked like a double-
mass mechanic system with two degrees of freedom. As the criteria for optimality quadratic quality functional was
taken into account. The mass coefficients of functional were chosen freely, i.e. the authors have not decided on the
question of quality coefficient functional choice. The author of the work [1] offered technical intakes which permit
using matrix method of dynamic programming towards the synthesis of complex systems parameters and developing
methodology of gradual designing of the suspension transport coaches system. Purpose of the article — to obtain the
law of the optimal management according to the method of stochastic dynamic programming and develop the scheme of
program management of parameters of elastic-dissipative connections of the suspension transport system. Methodology.
The algorithm of stochastic dynamic method of programming for systems with 72 degrees of loose has been examined
and the law of the optimal management parameters of elastic-dissipative connections has been obtained. Results.
Analytical expression of the law of the optimal management parameters of elastic-dissipative connections is obtained
that contains the vector of the system state evaluation. The elements of vector evaluation are the generalized coordinates
and speed, i.e. active management power must not contain generalized acceleration. The scheme of program
management of parameters of elastic-dissipative connections of suspension system has been developed. Scientific
novelty. The principle of program management of parameters of elastic-dissipative connections of the suspension
transport system is proposed. Practical relevance. There are all necessary preconditions for the creation of local high-
speed transport.

Keywords: principle of program management; parameters of suspension system; transport coach, stochastic dynamic
programming

IlocranoBka mpoGaemu. CuCTeMH 3  KOHCTPYKTOPCBKHX  PO3pOOOK  YmpaBiiHHS
MOCTIHHUMH napaMeTpamu HA3WBAIOTh  BPHUTAHCHKUX 3QJII3HUIL BUKOHAJIO TEOPETHUYHI
MacMBHUMHU 1 BIANOBIJHE YNpaBIiHHA —  JOCHIDKCHHS, KOHCTPYKTOPCBKI — pO3poOKHwH,
MAaCUBHMM yIpaBiiHHAM. Taki cucremu He  jabopaTopHi 1 OOMEXeHI eKcIUTyaTaliiHi
3aBKAM  3a0e3MeuyroTh  MOTPIOHY  SKICTh  BHUIPOOYBAHHS AKTUBHUX CUCTEM

(GyHKIIOHYBaHHS y pasi 3MiHIOBaHHS YMOB
30BHINIHBOTO cepenoBuia. MokHa TOOUTHCS
BIIMIHHOT OL[IHKHU ILUIaBHOCTI xony
BHUCOKOIIBHJIKICHOTO ~ TPAHCHOPTY, SKIIO B
MACUBHY CHCTEMY BBECTU MPUCTPOI aKTUBHOTO
KepyBaHHS napaMeTpamu MPYXKHO-
JTVCUTIATUBHUX 3B'S3KIB.

[IpoBeneni B 6ararbox KpaiHax TEOPETUYHI
JOCIIIKEHHS IIOKa3ajad, 1[0 aKTUBHI CHCTEMU
MiJIBIITYBaHHSI, B SIKMX SK CUTHAJI 3BOPOTHOTO
3B'SI3KY BHUKOPUCTOBYIOTH MPHUCKOpPEHHS abo
aOCOJIIOTHY MIBUIKICTh, JIO3BOJIAIOTH 3HAYHO
MOJIIIIUTH XOJIOBI SIKOCTI 1 CTIMKICTH pyXy
TpaHCIIOPTHUX  ekimaxiB. Y 1982  pori
omybrnikoBaHo nepekian crarti Jx. K. Xeapuk
[10], B ssKOMY OpPUBOAUTHCS OTJISAJT AaKTUBHHUX
CHCTEM IMiJBIIIYBaHHS 3apyOiKHOTO PyXOMOTO
CKJany 3ali3Hullb. Harojomryerscs, 110
BlJUTIICHHS JIOCIIKEHD 1 MIPOEKTHO-

IiABINIYBAaHHS, SKi 3a0€3M1€UyI0Th BEPTUKAIbHY
1 TIONIEPEYHY «XOJIOBY» CTIHKICTb.

SnoHChKI HaIliOHANBHI 3ami3HUI 1 (ipma
Hitachi po3pobwiu cuctemy miis MmiABUIIICHHS
CTIMKOCTI BaroHiB y BEpTUKAIbHOMY 1
MOMEPEeYHOMY  HampsiMax 32  paxyHOK
BUKOPUCTOBYBaHHS PETyIbOBaHUX
MHEeBMOLIWIIIHPIB.  J[Ba  NMHEBMOMWIIHAPH
BCTAHOBIIIOIOTHCS ~ BEPTUKATBHO W OJUH
yOoOmepeK  BaroHa 1 KepPymOTbea Il
MTHEBMOIWIIIHJPHA 32 MPHUCKOPEHHSIMHU Ky30Ba.
Kpim Toro, B cucremi miABINTyBaHHS
MPaIOI0Th 3BUYANHI ITHEBMOPECOPHU.
TeopernuHi MOCHTIKEHHS 1 BUNIPOOYBaHHS Ha
¢i3uuHiii  Momeni BaroHa IoOKa3aJid, IO
aMILTITYId BCIX BHUJIB KOJIMBaHb 3HMKYIOTHCS
Ha 50 %.

Y CIIA

BUKOPUCTAHHSA

JTOIJILHOCTI
CHUCTEM

TOCIIIJDKEHHSI
AKTHUBHUX
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i IBIIITYBaHHS MPOBOIUIIA hipma
Westinghouse, sxa po3poOuna TeopeTHHi
OCHOBM 1 CTBOpWJA JIOCHIIHHH  3pa3oK

€JIEKTPOTIIPABIIIYHOI CHUCTEMHU ITi/IBIIIyBaHHS
JUIE  3aCTOCYBaHHS Ha BHCOKOIIBHIKICHOMY
BaroHi-nmabopatopii MiHicTepcTBa TpaHCHIOPTY
CIIA. ®ipma General Electric (GE) BuBuana
MUTAHHS BUKOPHCTaHHS AKTUBHOTO
MiIBINIYBaHHS 1A  PYXOMOTO  CKJIany
MIBAJKICHUX MICBKMX JIHIH aHaJITHYHO 1 B
naboparopii Ha ¢izuunii mozem. ®Pipma GE
po3risgana  TiIpaBdidyHI 1 THEBMaTHYHI
BHKOHABCHKI1 €JIEMEHTH, KepoBaHi
CJIEKTPOHHUMHU TMPUCTPOsIMH  abo  3acobamu
ctpyMmeHneBoi aBromatuku. ®ipma MAN ®PH
JOCHIJKyBana e(QEeKTUBHICTb BUKOPUCTAHHS

aKTUBHOI  CHCTEMH MiIBINIYBaHHS IS
MiABUIIEHHS IIBHUJKOCTI PyXy 3a pPaxyHOK
KiHEMaTHYHOT crabim3arii pyxy

TPAHCHOPTHOTO EKiMmaxy.

[IpoBeneni B WX KpaiHaX TEOPETUYHI
JOCIIIKEHHS IIOKa3ajad, 1[0 aKTUBHI CHCTEMU
MIJIBIITYBaHHSI, B SIKMX SIK CHUTHAJI 3BOPOTHOTO
3B'SI3KY BHUKOPUCTOBYIOTH MPHUCKOpPEHHS abo
aOCOJIIOTHY MIBUIKICTh, JIO3BOJIAIOTH 3HAYHO
MOJIIIIUTH XOJIOBI SIKOCTI 1 CTIMKICTH pyXy
3alI3HUYHUX EKIMaxiB.

Puc. 1. Cxema akmugnoi cucmemu niogiutyganus /
Fig. 1. The scheme of active suspension system

TeopeTuuHi 1OCTiIKEHHS TPOBOIMIINCS HA
IVHAMIYHUX CHCTEMax 3 OJHHM CTeleHeM
BIJILHOCTI. Cxema  aKTMBHOI  CHCTEMH
i IBIIITYBaHHS HE3AIEKHO BIJ TOTrO,
PO3TIISIAIOTHCS KOJIMBAHHS ) BEPTUKAIBHIN 200
TOPU3OHTAIBHIM  IUIOIIMHAX, T[IOKa3aHa Ha
pucyHKy 1. Buxiguuii curaan jy akceaepomerpa
1 1 ¥Woro iHTerpanm — aObCOJNIOTHA MIBHUAKICTD —
MOCWJIIOIOTHCSL  BIAMOBIIHUMHU — TPUCTPOSIMU

C,, C, i BUKOPUCTOBYIOTHCS JUISl YIIPABIIiHHS

BHUKOHABCBKUM €JIEMEHTOM 2, SKUW CTBOPIOE
aKTHBHY CHILY:

F,=-C,j-C,J. (1)

HudepenmianbHe piBHIHHSA KEPOBAaHOTO
KOJIMBAJILHOTO TPOLIECY CHCTEMHU 3aMHUCYETHCS
y BUTJISII:

(C, +m)y+(C, +D)y+ky=by, +ky,.(2)

ne m — oOpecopeHa Maca  Ky30Ba;
k —KOpPCTKICTH ~ CHCTEMHM  IiABIIIyBaHHS;
b— koedillieHT Omopy TracuTeNiB KOJHBaHb,
y — TIEepeMilleHHs IIeHTpa Mac Ky30Ba;

Y ,— @MILIITY/1a HEPIBHOCTI.

VY pesynbrari AOCHIHKEHHS OYIyHOThCS
aMIUTITYJJHO-4aCTOTHI ~ XapaKTEepUCTHKH, 32
AKUMH HJle TpalloBaHHI CUCTEMH KepyBaHHS
c,, C,.
Koedimientn BUOMPAIOTHCS METOZOM MPOCTOTO
nepedopy.

Y 1983 p. P. T'ymn 1 V. Kopriom
onmyONiKyBald ~ OTJIAN Mpanb  3apyODKHHUX
aBTopiB [5]. TeopernmuHa wyacTuHA OIJSAAY
CBIIYUTH, IO PIBEHb TEOPETUYHUX PO3POOOK
3anumuBes komumHiM. Y crarti [[. Kapronma
[7] posrnsgaeTbcsi ABOXMAacoBa MeEXaHIYHA
CUCTeMa 13 JBOMa CTEMEHSMH BUIBHOCTI U

3MIHOIO KOE(QIIi€EHTIB TOCHICHHS

aKTUBHUM  JgemndysanHsM. Cuma  onopy
nemrdepa npornopuiiHa HIBHJIKOCTI
nepeMiIeHb Ky30Ba aBTOMOO1IS.

M. Tlommapax [8] po3pobuB cucremy
MiBIITYBaHHS BaroHa 3 aKTUBHUMU
€JIeMEHTaMH, 10 MPAIOI0Th Ha
€JICKTPOMArHITHOMY TIPUHIIATII. PiBenn

BEPTHKAIBHUX TPUCKOPEHHh Ky30Ba BaroHa 3
OJTHOCTYMIHYACTOK CHCTEMOIO MiABIITYBaHHS
3HM3MBCA Y/BIYi.

JlocBin eKcIuTyaTartii MIBUIKICHUX
eximaxiB B SAnowHii [4] moka3sye, 1mo epexTuBHE
raciHHS KOJIMBaHb Ky30Ba 3a  BHCOKOI
MIBUJIKOCTI pyXy HE MOoxe OyTu 3abe3neueHe 3a
JIOIIOMOT' OO 3BUYANHUX TiApaBIIYHAX
amoptu3aniid. JlocarHenHs ¢axiBLiB y raiysi
OTpUMaHHS 1  BCEOIYHOTO  JOCIIKEHHS
BUCOKOCTaOTbHUX KOJIOITHUX ~ PO3YHUHIB
(dhepoMarHeTUKiB 1 MarHiITOYYTIMBUX CYCIIEH31H
BiJIKPUBAIOTh MOXKIIUBOCTI JJIsl yIOCKOHATICHHS
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TPAOUIIAHAX 1 PO3POOJICHHS MPUHIIMIIOBO
HOBHUX OUIbII e(QEKTUBHHUX JAeMI(yBaTbHUX
MIPHUCTPOIB i3 PEryIbOBaHNUMH MTApaMETPaMH.

VY cratTi [6] OMUCYETHCS MOCTIHKEHHS, SIKE
3abe3neyye  BCeOIYHE  TOPIBHSHHS ~ MIDK
MOBHICTIO aKTUBHUMHM 1 HallBaKTUBHUMU
MiIBICKaMA IS HOJIIIIEHHS SIKOCTI
BEPTUKAIBHOL TUHAMIKA 3aJ1I3HUYHUX
TPAHCIIOPTHHUX 3aCO0IB.

KoHnctpyroBanHsT e(peKTHBHUX MPHUCTPOIB

aKTHBHOT'O KEpyBaHHS JTAHAMIYHUMHA
npoiecamu HEMOXKJIUBO 0e3 3HAHHS
TEOPETHYHHX OCHOB — 3aKOHIB KepyBaHHS.
Po3B'si3aHHs  3araipHOl  3a7adli  aKTHBHOIO
KepyBaHHs  A00pe  BigomMe 3 Teopii

ONTUMAJBHOTO KEPYBaHHS, aje MpPaKTUIHI
pe3yabTaTH OTPUMAaHI JIUIIE JIJIs1 HAUTTPOCTIIINX
Moneneit. ABTop myOumikaiii [9] oTpumaB 3akoH
aKTUBHOTO KEPYBaHHS METOJIOM JIHHAMIYHOTO
porpaMyBaHHs JUTST Oe3nepepBHUX
CTOXAaCTHYHUX CHCTEM.

3aKOH aKTUBHOTO KEPYBAaHHSI BU3HAYAETHCS
BHPa30M:

U'(t)=—-R"'B P.X(2). 3)

Tyr X(f) — omiHKka BeKTOpa CTaHy
cucremu. [lo3uTuBHO BHU3HAueHa marpuist P

BUXOJMTH 13 PO3B'A3KY HETIHIMHOTO PIBHSIHHSA
Pikxkari:

PA+AP -PBR'BP +0 =0. (4
JudepenuiaabHe piBHSIHHSA ONTUMAIBHOTO
bimpTpa:

X = AR(5)+ BU(t) + P,C'R,'[Y(t) - CX (1)] (5)

KopensmiitHa maTpulls TOMHIKHA OIIIHKU
P, BU3HAYAETHCS 3 PO3B'A3KY JUCIEPCIHHOIO

piBHsHHS Pikkari:
P, A + AP, - P,C R,'CP, + GQ,G =0. (6)

Ockinbku  piBHsHHA (4) 1 (6) He
mudepeHniaabHi, To KepyBaHHs (3) mpuaatHe
TUIBKH IS CTalllOHApHUX PEXKUMIB PyXy

eKiMaxy.

ABTOpH BUKOHAJIH MO/ICITFOBaHHS
KEepyBaHHS napaMeTpamu CHCTEMHU
M1 IBIIITYBaHHS 3JII3HUYHOTO eKimaxy.

Po3paxyHkoBa cxema Oynga JIBOXMacOBOIO
MEXaHIYHOI0 CHCTEMOIO 3 JIBOMa CTEHEeHAMHU
BUTbHOCT. KpuTepieM onTUMaIbHOCTI Y3STHUH
KBaJpaTUYHUHN (QYHKITIOHAT:

J =Mlq,(z, _ZT)2 +Q321§ +u’],

B SIKOMY NpUUHATO ¢, = ¢; =10. OTxe, aBTOpH

HE BHUPIIIWINA THUTaHHSI BHOOPY BaroBUX

KoeilieHTiB  (yHKILIOHATA  AKOCTi,  ane
HaBeJIeHI pe3ynbTaTu MaTeMaTUIHOTO
MOJICIIIOBaHHSI POOOTH  aKTHBHOI CHUCTEMH

MiBIIIYBAaHHS TIOKAa3ylOTh 11 €(QEeKTHBHICTb,

aMILTITYIH TIEPEMIIIeHb 1 PUCKOPEHDb Ky30Ba

3HWKEeHI B ABiul. Ha 3akiHueHHs aBTOpHM
poOIATH BHCHOBOK po BaXITUBICTD
po3B'ss3aHHA 3a7a4 GiIbTpaIii 1 ONTHUMAIBEHOTO

KepyBaHHS B CHUCTEMaX BHIIHUX MOPSIKIB 1

BBa)XXaIOTh JOCTOWHUM HaYKOBHM

JIOCITIJUKEHHSAM Mai0yTHBOTO PO3poOKy

TEXHIYHUX TPUHOMIB, IO 3YMOBIIOIOTH JO

3MEHIICHHSI TOPSJIKIB CHUCTEM 1 CIPOIICHHS

CTPYKTYPH CUCTEMHU ITiIBIITYBaHHS.

ABtop mpaui [1] 3anpomoHyBaB Taki

TEeXHIYHI TPUHOMH:

— YBEICHO OOMEXEHHS Ha  CTPYKTYpY
MIPOEKTOBAHOI CUCTEMH, sKe Iependadae
BUKOPHUCTAHHS JIHIHHUX 1 CHUMETPUYHUX
PO3PaXyHKOBHX CXEM;

— 3aiiicHeHO BHOIp BaroBUX KOEQIIli€HTIB

KBaJpaTUYHOTO  (yHKIlIOHATa  SKOCTI
BIIMOBIIHO /IO  BUMOT  CaHITapHO-
TITIEHIYHUX ~ HOPM, 110 rapanrye

30epekeHHsT 3J0pOB'S 1 MPale3IaTHICTh

JIOKOMOTHBHIN OpHTaIi 1 macaxxupam.

Y  pesynapTaTi  BAANOCS  PO3B'S3aTH
MaTpu4He anreOpaiuHe HeJiHIMHE pPIBHIHHS
Pikkari mjis cucreM i3 7 CTENEHsIMU BUILHOCTI 1
BUKOHATH MapaMEeTPUYHUNA CHHTE3 MaTPUYHUM
METOZIOM JIMHAMIYHOTO TpPOTPaMyBaHHS Ha
MOJIEISIX 3ali3HUYHOTO eKimaxy 3 6 1 18
CTETNEeHSIMH BUIBHOCTI. Kpim TOTO,
JEKOMIIO3HIIist METOTY CTOXaCTHYHOTO
JUHAMIYHOTO  MPOTPpaMyBaHHS  JIO3BOJIMIIA
po3pooHuTH METOJIOJIOTIIO MOETAITHOTO
MIPOCKTYBaHHS CHUCTEMU TT1IBIIITYBaHHS
TPAHCHIOPTHUX EKIMaxiB.

Mertomoioris nepenbayvae HoeTaIHe
IPOCKTYBAaHHS  CHCTEMH  MiABIIIYBaHHS 1
PEKOMEHIYETHCS ISl CTBOPEHHS TPAHCTIOPTHUX
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eKiMmakiB CUMETPUYHOI KOHCTpyKiii. Bona
MOJK€ 3aCTOCOBYBATHCS HA MOYATKOBUX CTAJlIAX
MIPOCKTyBaHHS TPaHCIIOPTHUX eKIMmaxKiB
HECUMETPUYIHOI KOHCTPYKIIIi.

Metomoorisi MOETaTHOTO POSKTYBaHHS
CUCTEMH IiJ[BIIITyBAHHSI MOJISITA€ B TaKoMy [2]:

— TMPOEKTYEThCS  MAacWBHA  (TpaaMIliiiHA)
CHCTEMa ITiIBIIITyBaHHS Ha OCHOBI METOIY
JMHAMIYHOTO [IpOrpaMyBaHHs s

Oe3nepepBHUX JIETEPMIHOBAHUX CHUCTEM 1
aHaJizy JMHAMIYHHMX IMOKa3HUKIB EKiMaxy
B poO0OYOMY Jiana3oHi MIBUIKOCTEH PYyXY;
— TEpeBIpSEThCS JOUUIBHICTh YBEICHHS B

[IaCUBHY CUCTEMY HiABIITYBaHHS
HPUCTPOIB aKTHBHOTO KepyBaHHS
napameTpamu PYKHO-TUCUITATUBHUX

3B'sI3KIB 3a anroputmMoM Kanmana-b'toci

OLIIHIOBAHHSI BEKTOpA CTaHy CHCTEMH Iij

Jac pyxy eKimaxy [0 BHIAJKOBUX

HEpIBHOCTAX  peikoBOro  mumxy i

NPUAMAETBCS  OCTATOYHE pIMICHHS TPO

MIPHUHIINIL Ji1 CHCTEMH TiBIIITYBaHHS,

— BHU3HAYAKOTHCA [OYATKOBI  JaHl  UIA
pO3pOOJICHHST TEXHIYHOTO 3aBIaHHS Ha
MPOEKTYBAaHHS  MPUCTPOIB  aKTUBHOTO
KepyBaHHS 32  aJIrOPUTMOM  METOIy
CTOXaCTHYHOTO JTUHAMIYHOTO
IIPOTPaMyBaHHsI, SKIIO TMPUHHSITO PillICHHS
PO TMPOCKTYBaHHS AaKTHUBHOI CHUCTEMHU
T1BIITYBaHHS.

Bupaz (3) noxasye, mo onTUMaJbHE
KepyBaHHS ~ Oe3lmocepenHhO  TOB'A3aHE 3
OIIIHKOI BEKTOpa CTaHy CHCTEMH, EIEMEHTHU
SIKOTO — TI€ OIIIHKU y3arajJbHEHUX KOOPJWHAT 1

y3arajJbHEHHUX LIBUJIKOCTEN JTUHAMIYHOT
CUCTEMH, a HE y3araJJbHEHUX IPUCKOPEHbD.
Bunukae  mpobiema  —  oTpuMaru

aHAJIITUYHUI BUpa3 3aKOHY ONTHUMAaJIbHOTO
KEepyBaHHSI JIJIsl 3aTAIbHOTO BUIIAIKY, HA OCHOBI

SKOTO PO3POOWTH MPHUHIUI  MPOTPaMHOTO
KEepyBaHHS napaMeTpamu PY>KHO-
TVCUTIATHBHHUX 3B'SI3KIB CHCTEMU
TiBIIITYBaHHS.

Mera crarri — OTpUMarhd  3aKOH
ONTUMAJIFHOTO KEPYBaHHS 3a aJTrOpPUTMOM
METOY CTOXaCTUYHOTO JTMHAMIYHOTO
IIporpaMyBaHHs i po3poOuTH CXeMy
MIPOTPaMHOTO KepyBaHHS napamMeTpamu
MPYXHO-AUCUITATUBHUX  3B'S3KIB  CHUCTEMH

TiIBIITYBaHHSI TPAHCIIOPTHHUX EKIMaXiB.

Buxkuian OCHOBHOI'O MarepiaJny.
Posrnsaemo AITOpUTM METOAY CTOXACTUYHOTO
JUHAMIYHOTO TporpamyBaHHs. MaremaTHyHa
MOZACIIb CUCTCMU 3alMUCYETHCA Y BI/II‘J'DII[iI

{X(t) = AX({)+ BU(t) + LN(?), )
Y(¢) = HX(¢) +V (1),

ne X — HeBIIOMHUH BEKTOp CTaHy CHCTEMHU;
U — BeKTOp KepyBaHHS; N — BEKTOp 30BHILI-
HiX 00ypeHb; Y —
VvV —

A, B, L, H — mOTIOMI>@H1 MaTpHIli BiAMOBITHIX

BCKTOpP CIIOCTCPCIKCHHA,

BEKTOD MOMMJIOK BHUMIPIOBaHb;

po3MipiB. 30BHIIIHI OOypeHHS 1 MOMUIKH
BUMIPIOBaHb BUXIJHUX KOOPAMHAT CHUCTEMHU
BBAKAIOTHCS TayCCIBCBKMMH  BUIAIKOBUMU
mpolecaMu THNY O170r0 IIyMy 3 HYJIBOBHM
MaTeMaTHYHUM  OdiKyBaHHsM. Omxke, iX
KOpeJsIiiHI QyHKIIT TPUIMaIOThCS Y BUTIISII:

Ky =08(t~1); K, =RS(t—7); K, =0,
e S - 0 -

MaTpuIs, nucnepcii
30BHIIIHIX MaTpuls,

nenbTa-pyHkis  [lipaka;
€JIEMEHTAMHU  SIKOi €
30ypeHb; R -
eJIEMEHTaMU SIKOT € Jucmepcii MOMHIIOK
BUMIPIOBAHHA KOMIIOHEHT BEKTOpa CTaHy.
[TouaTkoBUli CTaH CHUCTEMH € TayCCiBCHKOIO
BEKTOPHOIO  BUIIQJKOBOIO  BEJIMYMHOI, HE
3aJISKHOIO BiJl 30BHIIIHIX 30ypeHb 1 TOMUIIOK
BUMIPIOBAJILHUX TMPUJIAIIB, 13 MaTeMaTHYHUM

OYiKyBaHHAM X, 1 BIJJOMOIO KOpEIALINHONO

Marpunero K (0), €JIEMEHTaMu KOl €
JIUCIIepCii, 10  BUMAaralmThCs, BHUXIJIHHX
KOOpJUHAT CUCTEMHU. Sk KpUTepiit

ONTUMATBHOCTI MPUAMAETHCS (PYHKITIOHAI:

T ' '
J=M{[(X PX +U GU)dt}, (8)
tO
e CHUMBOJI M O3Ha4vae onepauiIo
MaTEMAaTU4YHOT O O‘IiKYBaHHSI. CraBUThCH
3aada: BH3HAUYUTU 3aKOH YHpaBHiHHSI 3a

OIIIHKOIO BEKTOPA CTaHy CHCTEMH, OTPUMAHOIO
HA OCHOBI  BUMIpDIOBaHHS 1i  BUXIJIHHUX

KOOp/IMHAT Ha iHTepBami dacy [f,,1] , skiit

JIOCTABJISIE MIHIMYM () YHKITIOHATTY.

BinmoBimHO [0 TeopeMH  PO3IITICHHS

0 .
ONTHMaJbHE KepyBaHHA U (f) B CHCTEMI,
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MpeACTaBIeHIN piBHAHHIMHE (7), IO TOCTABIISE
MiHIMYM ¢yHKLIOHATY (8), Ma€ TakKUi BUTIISA:

u’(f)=-G™'B SX, )
me X — OIiHKA BEKTOpa CTAaHy CHCTEMI;
S — wMarpums — pesymeTaT  po3B'S3aHHS
MaTPUYHOTO  JU(EpPEeHIiabHOTO  PIBHSIHHSA
Pikxkari:

das ' aa

Z:—SA—A S+SBG B S-P. (10)

Ominka BEKTOpa CTaHy CUCTEMH

BH3HAYAETHCS 3 PO3B'A3KY AUDEpEHIIaTbHOTO
PIBHSHHSL:

dX PR C .
——=(4-BG'BS)X +KH R'[Y(t) - HX]

11
p (11)
32 X(t,)=X,. VYV vpiBaamni (11) K -

KOpesIiiHa MaTpUIlsl TTOMHUJIKUA OIHKH, sKa
ollep’kaHa 3 PO3B'I3KY  JTUCHEPCIHHOTO
piBHsSHHS Ty PikkaTi:

dK

O = aK _ KA —KH R™HK + LOL .
t

K(t,)=K(0) . (12)
AmHani3 ANTOPUTMY METOY,
IIPEACTABICHOTO PIBHSHHIMHU (10-12),
NoKa3ye, 10  CTOXacTU4YHE  JWHaMI4HE

nporpaMmyBaHHs 00'eZlHY€e B co0i Ba METOMU:
JWHaMIYHE MMPOTpaMyBaHHsI I Oe3MepepBHUX
JeTepMiHOBaHUX cucteM 1 pinpTpu Kanmana—
B'roci.

3amnuiieMo PIBHSIHHS JTUHAMIKH
KEPOBAaHOTO  KOJHUBAJILHOTO  TIPOIECY ISt
HaWUTIPOCTIIIOT MoIemi TPAaHCIIOPTHOTO
eKInmaxy:

mz+bz+cz+ P(t)=cn, (13)
ne P(t)=a,z+a,z — 30BHImHSA cuma, MO
peaii3ye KepyBaHHS napaMeTpamu;

n — MOTOYHA aMILIITyJa HepiBHOCTI nuisaxy. Ha
PHCYHKY 2 HaBEICHO CXEMy MPOrpaMHOTO

KEepyBaHHS napameTpamu PYXKHO-
IMCUIIATHBHUX 3B'SI3KIB CHCTEMU
TiBIIITYBaHHS.

z z

S

Puc. 2. Cxema npocpamnozo kepysanus napamempamy RPYHCHO-OUCURATNUBHUX 36'A3Ki6
cucmemu niosiwysanns / Fig. 2. The scheme of program management of parameters of elastic-dissipative
connections of the suspension system

TakuM YHHOM, CTOXACTHYHE JUHAMIYHE
MpoTrpaMyBaHHsI JO3BOJISIE PO3POOUTH CHUCTEMY
MiJBIITYBaHHA 3 TIOCTIHHUMHU IapamMeTpamu
(macuBHa cucTeMa) 1 BHU3HAYUTH 3aKOH
aKTUBHOTO  KEpyBaHHS  [apamMeTpamMu  3a
OLIHKOIO  BeKTOpa cTaHy. [lpm 1pomy
napaMeTpu TPYKHO-JAMCHITATUBHUX 3B'SI3KIB

MaCHUBHOL CUCTEMU MOBUHHI Oytu
ontuMaibHUMH.  OnTUMalbHI  TTapaMeTpu
BU3HAYAIOTHCS METOJIOM JTUHAMIYHOTO
pOTpaMyBaHHS TSt Oe3nepepBHUX

JIETepMIHOBAHUX cUCTEM [3].
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BucnoBku. 1. OTpuMaHO aHATITHYHUN 2. Po3pobneHo cxemy MpOTpaMHOTO
BUpa3 3aKOHY ONTHMAaJIbHOTO KepyBaHHS  KepyBaHHS napameTpamu HPY>KHO-
rapamMeTpamMu IPY>KHO-IUCUITATUBHUX 3B'SI3KIB,  JAMCHUIATUBHUX 3B'S3KIB CUCTEMH ITiIBIIITYBaHHS
AKMM MICTUTh Yy3arajlbHEHI KOOPAMHATH 1  JUI HAMNPOCTIIIOl MoOJeNi TpPaHCIOPTHOTO
y3arajabHeH1 MIBUJIKOCTI, HE MICTHTh  €KITaxy.
y3arajabHEHI IPUCKOPEHHS.
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