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Kaxk u3BecTHO, JII000H CIOKHBINH THHAMUYECKUI OOBEKT YIPAaBICHHsI HMEeT OOJBIIOe KOMTHMYeCTBO (PU3NUSCKHX Ma-
paMeTpoB, KOTOPBIE B OOLIEM Cllydae He MOTYT OBITh OIpPE/IeJIeHbl TOYHO WIIM MEHSIOTCS B HEKOTOPBIX TPE/eIax coO BpeMEHEM
WM OT NIPOU3BOJICTBA K IPOU3BOACTBY caMoro oobekra. [Ipy mpoeKTHPOBaHUHM aBTOMATHYECKOH CHCTEMbI YIPABICHHS 110100~
HBIM 00BEKTOM HEOOXOIMMO YYHTHIBATh YKa3aHHbIC pPa30pOCHI Ha €ro MapaMeTphl, MOTOMY HPHHATO HAXOAUTH HEKOTOPBIC
MpezebHbIe COUeTaHus pa30poCcoB MapaMeTpoB 00bEKTa B CMbICIE Kakoro-nbo dyHkiuoHana. [lpoektupyemas cucrema ym-
PpaBJICHUs JJOJDKHA 00€CIIeYHBaTh YCTOHYMBOCTD M YIIPABISIEMOCTD JIBHKCHHUS BO BCEX HAllICHHBIX MPEEIBHBIX PEKUMaX 00b-
eKTa ynpasieHus. HaxoxaeHne coueTanns pa3opocoB Ha IapaMeTpbl 00bEKTa yIpaBiIeHUs, KOTOPOE ONPEENAeT IPEACIIbHBIH
pexuM, B 00IIEeM cilydae 3a7a4a He TPUBHAJIbHAS; eClIi (PH3MYECKUX IapaMeTpoB, Ha KOTOPbIE 3a/laHbl pa3opoChl, MHOTO, TO
perarb 3aja4y nepeOopoM CIMILIKOM TPYAOEMKO, a JaTh HKCIEPTHYIO OLIEHKY CIOXHO. [ToATOMy B cTaThe paccMarpHBaeTCs
AIITOPUTM IS HOMCKA Oe3yCIIOBHOTO (B JaHHOM CJIy4ae YCJIOBHOTIO) JIOKAIILHOTO KCTpeMyMa (DYHKIMH, KOTOPBIH OTHOCHTCS
K IPSMBIM METOJIaM, TO €CTh OITMPACTCS HEMOCPEACTBEHHO HA 3HAYCHMS (YHKLIMH. YKa3aHHBIH QJITOPUTM MPUMEHEH, JUIL
IPUMEpa, K TIOUCKY MPEeIbHOT0 PEKUMA MHAPABIMYECKOrO CEPBONPUBOAA C HEKOTOPBIM KOJIMYECTBOM MapaMeTPOB, Ha KO-
TOpBIE 3a/IaHbl Pa30pPOCHL. DTO TaKHE MapaMeTpbl, KaKk KOAQGHUIMEHT yCHIICHHS 110 YIPABIAIOLIEMY TOKY, JaBJICHHUE TUTaHHs,
9KBMBAJICHTHAS )KECTKOCTb U T. /1. B cTarbe 1aHo moapoOHOE ONMCaHUe alNropuTMa, BeIOpaH (QYHKIMOHAT U1l MUHUMU3ALUN 1
TIOKa3aHbl Tpaduueckue pe3ynbraThl HOMCKA MPEIeIbHOTO PeXKUMA.

KitoueBble ClI0Ba: CHCTEMa yIPaBICHHUS, IPEISIbHBIA PEXKUM, aITOPUTM MOMCKA SKCTpeMyMa (yHKIIIH.

PaCCMOTpI/IM MaTeMaTH4ecKyt0 MOJAETh JIH-
HEapU30BAaHHOTO THAPOIPHUBOJA YIIPABIIs-
tomiero oprana. Ilepemarounas gyukuus (I1D)
THJIPOTIPUBOIA TIPEJCTABIICHA B OINEPATOPHOM
dhopme Jlamnaca (1)

TS+ 1,8 + TS+ 1 ()

Kosdppuumentsr 1O (T, T,, T,) 3aBucaT
OT 3HAYCHUH (PU3UUYECKUX MapaMeTPOB THAPO-
MIPUBOA, HA KOTOPBIE B OOIIEM CiTydae 3adaroT-
sl pa30pOChL. DTO MOTYT OBITh CleayroIIHe (Qu-
3UYECKHE BEIMYUHBL: KOI(D(DUIIMEHT yCUIIeHUs
[0 YIPaBISIONIEMY TOKY, JaBICHUE TUTaHUS,
SKBHBAJICHTHAS JKECTKOCTbh, TIPOM3BOIHAS IIAp-
HUPHOTO MOMEHTA I10 YTIIy OTKJIIOHEHHS], TOCTO-
SITHHBIE BPEMEHU yCUITUTEICH.

TpebOyercss ompenenuTh Takoe codera-
HUE pa3OpocoB Ha (GU3MYECKHUE MapaMeTphl (B
YCIIOBUSAX OTPAaHUYEHHUS HA pa3dpOCHI), KOTOpoe
MaKCUMaJIbHO OTKJIOHSET HOMHWHAJIBHBIC Mapa-
METpbl THUAPONPHUBOJIA B CTOPOHY YXYIIICHUS
€ro 4acTOTHON XapaKTePUCTHKU U MapaMeTPOB
MIEPEXOIHOTO Tpoliecca.

Jns pemieHust MaHHOW 3aJadd MOXKHO
HCIIONIb30BaTh U3BECTHBIM MeTof Xyka—/[>kuBca,
KOTOPBIM CITY’KUT Ui TOUCKa O€3yCIOBHOTO (B
HAIlleM CJy4ae YCJIIOBHOIO) JIOKaJbHOTO IKCTpe-
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MyMa (YHKIIMA ¥ OTHOCHUTCSI K TIPSIMBIM METOZaM,
TO €CTh OMUPAETCS HEMOCPEIACTBEHHO Ha 3Haue-
HUSL QYHKIUU. AJITOPUTM JISIATCS HA JIBa dTara:
HCCIIETYIOIINI MTOUCK U TOUCK IO 00pa3iLy.

Ha nepBom sTane (“cciaenyromnuii mouck)
3ajaeTcsi crapToBas Touka (00o3HauuMm ee 1)
¥ LIary 7, 0 KoopauHaraM ((GU3HYECKUM mapa-
MeTpaM TUAPONPUBO/IA). 3aTeM 3aMOPAKHUBAIOT-
Csl 3HAYEHMS BCEX KOOPJAMHAT KpOME MEpPBOM U
BBIYMCIISIOTCS 3HAYEHUs QYHKIIMM B TOUKAX X, +
h, v x,— h, (Tae x, — mepBas KOOPAMHATA TOUKH,
a h, — COOTBETCTBEHHO 3HA4YEHHUE IIara Io TOM
KOOPJMHATE), MOCJe YEero OCYIIECTBIAETCS Ie-
pexof B TOUKY C HaUMEHBIIINM 3HaueHueM (yH-
KIMK. B 3TOM TOYKE 3aMOpakKUBAOTCS 3HAUYCHUS
BCEX KOOpAUHAT, KpOME 2-U, BBIUNCISAIOTCS 3HA-
ueHus (QyHKIUM B TOYKax X +h u x—h,, nanee
CJIeyeT Mepexo B TOUKY C HAaUMEHbIINUM 3Ha-
yeHueM (YHKIUHU U T. . JUIS BCEX KOOPJAWHAT.
B cnyuae ecnu st kKakoW-InOO KOOPAMHATHI
3HaueHUe (YHKIMU B UCXOIHOW TOYKE MEHBIIE,
YyeM 3Ha4eHHUs JJ1s1 000MX HalpaBiIeHU miara, To
miar mo 9Toi KoopauHaTe yMeHblnaercs. Korma
IIary 10 BCEM KOOPAMHATAM /i, CTAaHYT MEHbIIIE
3aJJaHHBIX COOTBETCTBYIONIMX OTPAHUYEHHH €,
AJTOPUTM 3aBepIIaeTcs U Touka | Mpu3HaeTrcs
TOYKOM MUHUMYyMa.
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Puc. 1. 3amac ycTOWYMBOCTH THAPONPHBOIA MO aMILIU-
Tyzae h
Fig. 1. A safety factor of the hydraulic drive at amplitude %

Minimum => h=0.13365
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Puc. 2. TIporiecc moucka mpeneabHON 4acTOTHOM XapaKTe-
PUCTUKH, HAYUHAA OT HOMMHAJIbHON

Fig. 2. The process of finding the limiting frequency
response, from the nominal

1= == Homrarb o pexum mMaponpusoaa
—— BxogHol cumHan
—— MNpepenbHbli peXM MAPONPUBO AR

Puc. 3. IlepexomHbie mpoIecchl IPH BO3ACHCTBAN SIMHITIHO-
TO BXOJIHOTO CHUTHaJIa HA THAPOIIPHBOI JUTsl HOMHUHAIIb-
HOTO PeKMMa 1 HalIGHHOTO MPEAETBHOTO PEXKUMA

Fig. 3. Transients under the influence of a single input
signal to the hydraulic actuator for the nominal
mode and the found limit mode
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Taxum 06pa3zom, mpoBes UCCIEAY O
MIOUCK T10 BCEM KOOpPAMHATaM, MbI TIOJTY4YUM HO-
BYIO TOUKY C HAMMEHBIIIUM 3HAaYCHUEM (PYHKIIH
B OKpecTHOCTH (0003HaumM ee 2). Jlanee MOXXHO
IPUCTYNATh KO BTOPOMY 3TaIly ajJropuT™Ma — Io-
HCKY 10 00pasIry.

Ha srame nowucka no o6pasity OTKJIajbl-
BaeTcs TOUKa 3 B HanpaBJieHUH OT 1 Kk 2 Ha ompe-
JIeIIEHHOM paccrosHuu. Ee koopanHaTe! notyya-
1oTcst o hopmye (2)

Xy =X +MX, —X), (2)
IJI€ X, — TOYKa C HOMEPOM I;
A — mapameTp ajaroputMa, KOTOpbIid 0OBIYHO

BBIOMPAIOT PaBHBIM JBYM (A = 2).

3ateM B HOBOHW TOYKe 3 MPOBOTUTCS
UCCIIEYIOIUN MOUCK, KaK Ha 1-M 3Tame ajiro-
pHUTMa, 32 UCKJIFOYEHUEM TOTO, YTO IIAT HA ATOM
JTane He yMeHblaercsa. Ecinu B pe3ynbrare HO-
BOT'0 MCCIIEAYIOLIET0 MOUCKa YIaI0Ch MOTYyYUTh
TOYKY 4, OTINYHYIO OT TOYKHU 3, TO TOUKY 2 nepe-
o0o3HauaroT Ha 1, a 4 Ha 2 ¥ OBTOPSIOT MOUCK
no oOpasnyy. B ciydae ecnu He ynaercs HalTh
TOYKY 4, OTINYHYIO OT TOYKHU 3, TO TOUKY 2 Iepe-
0003HauvaroT Ha TOYKy | ¥ moBropstoT 1-if 3Tamn
aJIropuTMa — UCCIEAYIOLIUI MOUCK.

B HamieMm citydae B KauecTBE MUHMMHU-
3upyeMoil (pyHKIIMU BBIOpaHA BETWYHHA (YHK-
[[MOHAJIa HA MHOXKECTBE CIy4YallHBIX pa30pocoB
napaMeTpoB CEpPBONPHUBOAA, COOTBETCTBYIOLIAS
BEJIMYHMHE 3ar1aca YCTOHYNBOCTH THAPOTIPHUBOAA
1O aMILTUTYAE h =[1— A(o)| . — min (puc. 1).

Hcnonp3oBanue aJanTHPOBAHHOTO METO-
na Xyka—J[>KuBca JUis TorcKa HanOosee BeposiT-
HOTO IPEIETIBHOTO PeXHUMa JIJIsl TUAPABINYECKOTO
CEpBOIIPUBOIA YIIPABIAIOLIETO OpraHa (mepena-
touyHas ¢yHkuus (1)) B ycioBusix pa3dpocoB Ha
niecTh PU3NYECKUX MapamMeTpoB (M OrpaHUYCHUN
Ha HUX) JaJI0 CIEIYIOIINE pe3yIbTaThl:

a) Impolecc MOUCKa MpeaeNbHON 4acTo-
THOM XapaKTepUCTUKHU THIIPOIPUBOJA, HAUMHAS
OT HOMHHAJILHON TOYKH, IIOKA3aH Ha pUC. 2;

0) mepexoHbIe MPOIECCHl MPU BO3JEHC-
TBUU €IMHUYHOTO BXOJHOTO CHTHAJIa HA TUIPO-
HPUBOJL I HOMUHAJIBHOTO PEKUMA U HaliIEHHO-
IO MPEeJIeIbHOIO peXkrMa II0Ka3aHbl Ha pHcC. 3.

VYcioBueM BbIXOJAa M3 LHKIA TIOHMCKA
IPEIEeIbHOTO PeKUMa OBLIO TO, YTO 110 MPOIIeC-
TBUU JIECSTH MTPOXOJIOB OMUCAHHOTO aITOPUTMAa
MUHUMH3UPYEMbIN QYHKIIMOHAT (BEJIMYMHA 3a-
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FINDING THE MOST LIKELY LIMITING REGIME FOR HYDRAULIC SERVO CONTROL BODY
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As it is known, any complex dynamic management object has a large number of physical parameters, which generally
can not be defined precisely or vary to some extent with each production of the object. In the design of an automatic control
system of such an object the spreads on its parameters are to be considered, so it was decided to find a combination of limiting
spread of the parameters of the object in the sense of a certain functionality. The designed control system should provide
stability and control over the motion in all the found limiting modes of the control object. Finding the combination of spreads
on the parameters of the control object that defines the limit mode is generally not a trivial task, if the physical parameters that
are set spread a lot, to solve the problem is too time-consuming, and to give expert evaluation is difficult. Therefore, the article
discusses an algorithm to find absolute (in this case, conditional) local extremum of the function, which refers to the direct
methods, that is directly based on the value of the function. This algorithm is applied to search for an example of a limiting
regime of the hydraulic actuator with a number of parameters for which spreads are given. The examples of the parameters
include the supply pressure, the equivalent stiffness etc., in this paper a detailed description of the algorithm is given, a
functional is chosen for minimization and the graphic results of the limit mode are shown.

Keywords: control system, limit mode, the search algorithm of an function extremum.
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