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CUCTEMA YINPABJIEHNA TEXHOJIOTMHECKUM MNMPOLLIECCOM
B MOBWJ1bHOWU YCTAHOBKE AJ19 NOBEPXHOCTHOM
OBPABOTKU ACDAJIbTOBbBLIX AOPOI

A.A. Kauawn, A.H. Jlbicos, [].B. Ceprees

IpumMeHeHUe YCTAaHOBKM Ul TOBEPXHOCTHOM
00paboTKu mpugaeT acgaabTOBOM I0Opore HOBOE Ka-
YeCTBO C TOYKM 3peHUs1 Oe30MacHOCTU IBMXKEHMS, a
TaK e CYIIECTBEHHO MpPOAJIeBaeT €€ MOJTOBEUYHOCTb.
B paboTy cucrembl yhpaBieHUs 3aJ0XEH MHPUHIINIT
CHMHXPOHHOTO pacmpesiesieHnsi MaTepuajioB, chopMy-
JIMpOBaHHBI B pabore [2], 00OOIIaIoIeil OIBIT 10-
poxxHUKOB MDpaHIMK MO MOBEPXHOCTHOI 00paboTKe
ac(aJIbTOBBIX JOPOT.

1. CTpykTypa ¥ NPUHLIMII IEHCTBUS
CHCTEMBI YIIPABJICHUS

Ha pucyHke npencrtaBieHa CTPYKTypHasi cxema
CUCTEMBbI YIIPaBIEHUSI YCTAHOBKM, comepKaiasi MmyabT
YIIpaBJIEHUsI OIepaTopa, BHIYMCIUTEIbHOE YCTPOWCT-
BO, TaTYMKU U UCTIOJHUTEIbHBIE YCTPOICTBA.

OcHOBHasl 3amaya, KOTOpas pelaercss ¢ TOoMo-
IIbIO YCTAaHOBKM UISI ITOBEPXHOCTHOM 00pabOTKU ac-
(haTbTOBBIX JOPOT, COCTOMT B IO3MPOBAHMM MaTepua-
JIOB, DPErIaMEHTUPYEMOM B KOJMYECTBEHHOM BbIpa-
JKEHUM, B KOOPIWHATAX OTHOCHUTEJLHO TOPOTM M BO
BPEMEHHOM JMaria3oHe. B kauecTBe MaTepuasoB HC-
MOJB3YIOT 1ebeHb (pakimu 5-20 MM U BSDKYLIWNA
MaTepval B Bulie OMTyMa, HarpeToro 10 TeMIepaTyphbl
160 °C, wim GUTYMHOI 3MYJIbCUM, HATPETOM IO TEM-
niepatypsl 60 °C.

KoppekTupoBka pacxoma CBSIZYIOILETO Mare-
puana, B 3aBUCMMOCTH OT TEKYIIero 3HaueHUs CKO-
pPOCTM JBWXXKEHUSI YCTAaHOBKHM, OCYIIECTBISIETCS B
MPOTOTHUIIE C TIOMOIIbIO aKCHAJLHOTO HAcoca, KOTO-
pHIif, B CBOIO oYepelnb, MPUBOIUT B IBMXXEHUE THWI-
POMOTOP, MOMAIOLINI CBSI3YIOIIMI MaTtepual B (op-
cyHku. Hanuuue B cucTemMe IBYX KOHTYPOB YMpaB-
JIeHUS Ha TUAPABIMYECKUX JMHUSIX TPUBOIUT K
OOJIBIIIMM TIOCTOSIHHBIM BpeMeHH B 1-1,5 ¢, yTo mpu-
BOIUT K 3aTSITUBAHUIO TIEPEXOTHOTO IMpollecca B CHUC-
Teme 10 3-4,5 c¢. 3a 3T0 BpemMsi YCTaHOBKAa MOXET
npoexaTh OoT 3 10 13 M U OCTaBUTh 3a COOOIT HeKaue-
CTBEHHBII y4aCTOK JOPOTH.

VYKazaHHbIE HEIOCTaTKU ObLIM YCTpaHEHBI ITIy-
TEM BBeleHUS B CIMBHYIO THIPOJUHUIO JOTOJHM-
TEJIbHOTO WCTOJTHUTEIBHOTO YCTPONCTBA yMpaBie-
HUS C aCTaTUYECKUMM CBOWMCTBAMU OTHOCUTEBHO
OIIMOKY IO JABJIEHMIO CBS3YIOIIEro Marepuaia, Mo-
naBaeMoro uepe3 (OPCYyHKM Ha TMOBEPXHOCTb ac-
danbroBoii moporu. Cucrema ympaBieHMs 3allMIIe-
Ha nateHToM P® Ha mone3nyio mozaens [3]. Ipemia-
raeMasl cucTeMa yIpaBJieHUs! MO3BOJISIET YMEHbBIINUTh
Ha MOPSIIOK 3HaYeHWe MOCTOSIHHOW BpPEeMEHU U CBe-
CTU HEpaBHOMEPHOCTb HAHOCHUMOTO TTOKPBITUS [0
MPpUEMJIEMOI BETMYUHBI.

2. MaremaTudeckas MoJeb 00bexTa

B 4MClI0 HepeMeHHBIX BEKTOpa COCTOAHMS X(F)
BKJTIOYEHHL: @BJICHUE CBA3VIOMIEr0 MaTepuana B pam-
ri¢ — x;(f), JapIeHne Macyia B MarucTpaliy ynpaBiaeHus
OUTYMHBIM HacoCoM — X,(f), HanpsXKEHUE YIIpaBIeHHA
JBC — x5(t), vuHTerpai no ommbke AaBICHUA B pamile
OTHOCHTENBHO €70 pacueTHOro 3HaUeHHUs — X4(7).

HenyneBeie 31eMeHTH MaTpUIBl cocTosHus A(f)
3anucaHbl Ha OCHOBAHWH JKCIEPUMEHTANBHBIX [aH-
HBIX U CTpYKTyph oOvexta: a1 =-1/T; a,=
=x/anT1); @2 =-UTh; 3= x3/(030T2); @31 =
= X3,/ (01n15);  A33=—UT3;  a34= X3/ (xnT3); @41 =
= Xan/(X1nTa); @s4=-1/Ty, rme Ty — mocTOSAHHAS Bpe-
MeHH 6UTYMHOro Hacoca; T, — MOCTOSHHAs BPEMEHH
npurarens; 7; — nocroduHas Bpemer JIBC; T — no-
CTOSHHAA BPEMEHHW HHTETParopa; X, — HOMHHAIBHOE
JIaBNieHNe CBA3YIOIEro MaTepuaa B paMile; Xo, — HO-
MUMHAJIbHOE JABJIEHHME Macia B MarucTpajiud yrpasie-
HUA OUTYMHBIM HaCOCOM; X3, — HOMHHAJILHOE 3Ha4e-
HUE YTIPABJIONIEr0 HANPAKEHHUS; X, — HOMUHANBHOS
3HAYECHUE NMEPEMEHHOW COCTOSHWS, YpaBHOBELIHMBAIO-
nielf HOMUHAMBHEIE 3HAUEHHS IPYTHX TIEPEMEHHBIX.

KosdduumeHTy a;, COOTBETCIBYET CBA3b MEXIY
BBIXOZOM OMTYMHOrO Hacoca W pamiiod B BHJIE Ha-
nopHolt ruapomunny. Koadduimenry a,; cooTReTct-
BYeT NpsAMas MEXaHWYecKas CBA3b MEXJY BBIXOJHEIM
Bajiom JIBC u BXomHBIM BanoM OMTYMHOTO Hacoca.
KoadduuueHTy a; | COOTBETCTBYET CBA3b MEXY NaB-
JeHWEM B paMmne M YTPaBiAIONIMM HANPIKEHUEM.
KoabduimenTy a;4 COOTBETCTBYET CBsi3b MEXIY
VIPABIAIOIIMM HaNpMHKeHHEM U UHTErpalnoM oT
onOku ganenns B pamne. Koadduiuenty a,,; co-
OTBETCTBYET CBA3h MEX/Y HHTETpaloM OT OIINOKH
JaBJICHHS B paMiie ¥ TaBJIeHHEM B pamIie.

HeHyneBble 3/ieMEHTHI MaTpHibl yhpaBieHus B
UMEIOT CeNYIONMH BUI by, = 15 b5, = 1.

Vnpasnenue u(f) sABAsETCH BEKTOPHON BEIHMYM-
HOli, UMelomell B KauecTBe He3aBUCUMBIX KOMIOHEHT
HanpsokeHust ynpasienus JIBC u niponopnyoHanbHo-
ro KianaHa B CAMBHON THAPONMHUY. YiipaBieHue u(?)
MOKHO NPEJCTaBUTh B BUAE JMHEHHOH KOMOMHANUU
HEepPEeMEHHBIX cocTosHust: u(f) = Pxx(f), roe P - pe-
TyIATOp [0 COCTOAHMIO; py, (I=1,2; j=1...4) — ne-
u3BecTHbIE K03 ¢UIUEHTHI peryasiropa.

Peanmnzauus 3akoHa yrpapIeHUs BO3MOXKHA B CIIy-
4ae JI0JIHOM W3MEpAEMOCTH BEKTOpA COCTOAHUS WIM B
cnyyae nonHoil Habmonmaemoctn cuctemsl. IlpaMomy
U3MEPEHHIO NIOCTYIHO 3HAYEHWE NEPBOH KOMIOHEHTHI
BEKTOpa CocTosHuA X;(f), KOTOpas npeacTasisieT cobol
[aBJieHue CBsA3ylOllero Mareprana. Eme ojaHa mepe-
MeHHas x4(f) sBJeTCS BHYTpEHHell nepeMeHHOH, ee
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Ynpasnexvie wnbepamu
CTpyXTYpHaA cxema CUCTEMbI YNpaBneHus
3HaueHue (POPMHUPYETCS B BBIYUCIUTEIEHOM YCTPOMCT- MMEIOIIIEMYCS BEKTOPY HaOJMIOMEHUS MOXHO BOCCTa-
Be aJIropuTMudecku. B 310l CBSI3M HEHyJIEBbIE SJIeMEH- HOBUTb BECh BEKTOP COCTOSIHUSI CUCTEMbI YIIPABJICHMUS.
ThI MaTpuLa HaomoneHna C NpMHUMAROT BULL: ¢, = 1. Ilonydyenne >kemaeMbIX ITOKa3aTele IMHAMUYE-
IIpoBepka paHra MaTpuilbl HaOIIOMAEMOCTH II0 CKOTo KayecTBa M YCTOMUYMBOCTUA CUCTEMbI YIIPABJIECHUS
Kanmany maer 3HaueHue paHra paBHOe 4, COBIIAIal0- BO3MOXHO, €CJIM CUCTeMa SBJISIETCS MOJHOCTBIO YIpaB-
MM ¢ TIopsaKkoM cucTteMbl. CremoBaTeNbHO, II0 mgemoir 1o Kammany. IlpoBepka paHra Marpuiibl
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YIpaBnAeMOCTH AacT 3HAUCHME paHra paBHOoe 4, cona-
Jarolee ¢ nopAaKoM. CUCTEMEL. CnepopatenbHo, CUC-
TeMa ABJIICTCA MOJIHOCTBIO ynpaBnﬂeMoﬁ o KanMaHy.
HpOBEHeHHHe OUECHKH YHOPAB/EMOCTH WU Ha-
6moIaeMOCTH HOATBEPKIAAOT NPHHIMNHAIBHYHO
BO3MOXHOCTh NOCTPOCHMA CHUCTEMBI YIPaBJiCHHA C
KETaCMbIMHY JUHAMHYECKHMH XapaKTCPHUCTHKAMU.

3. MoaaasHblil cHHTE3
acTaTHYecKoli CHCTEMBI YO PaBjeHH

PaccmatpiBaeMast CHCTEMa HMEET YeTBEPTHIl
TIOpAMOK, MO3TOMY e€ NHHaMHUUYECKHe CBOWCTBA MOXK-
HO 3aath C TIOMOIIBIO YETHIPEX JKeJlaeMBIX KOM-
TUIEKCHO-COTPSDKEHHBIX  KopHel. Xapakrtepuctude-
CKOE YPABHEHHE C ENACMBIMU KOPHAMHE Ay, Ay, Az, Mgt

(A=A~ 2R - A3) (A — A9) = 0.

DTOMY YPaBHEHUIO MOMKHO TIOCTABHUTH B COOTBET-
cTBHE BeKTOp K03(pduuneHToB Vig(As), KOMIOHEHTE
KOTOPOFO ABNAIOTCA QYHKUMAMHE JKETaEMEIX KOpHeil.

Hns mactpoiikk k03 dUIHEHTOR peryaaTopa py,
(i=1,2; j=1...4) HeobX0INMO COCTAaBUTH XapaKTe-
PUCTHYECKOE YpaBHEHHME CHUCTEMBI YOpaBleHUS ¢
3aMKHYTEIM KOHTYPOM 00paTHOif CBA3M:

\E-(A-BxP)|=0,

rre E — exuHuYHAs MATPHLIA YETBEPTOTO NOPAIKA.

Hocne moacranoBky napamerpor marpun E; A, B
u P nonygaercs pextop koadduuuentor v,(P) xapak-
TEPUCTUYECKOTO YPaBHEHUSA C HEM3BECTHHIMYU K03 du-
HUEHTAMH MaTpuilbl peryaaropa P, KOTOphIE NONYYHTE
U3 pelIeHHA CHCTeMb] anrebpanieckux ypaBHeHHUIT:

vie(P) = via(hg).

4. Mopeab cucTeMBl YOPaBJICHAS
¢ pnasrpom Kanmana

Ha ocHoBe nMHEHHOH MOJENH CHCTEMBI YIipaBiie-
HUS CTPOMTCS PaclUMpPEHHAs MOMENb, BKIMOYAoIas B
cebs dunbTp KanmaHa, Kak AMHAMUYECKYIO CHCTEMY.

YpaBHeHHs COCTOSHUS PACIIUPEHHON CUCTEMEI B
BEKTOpHO-MaTpUyHO# dopme [1]:

Xx=Axx+Bx(u+f+v);

y=Cxx;
§=(A—KxC)xi+ny+Bxu;
u=-PxJx,

rme % — BeKTop cocTosHHs unpTpa Kanmana; v —
BEKTOP CIIY4aifHOTO BO3MYHIGHHA; W — BEKTOD HM3Me-
purensHoro myma, f — 3agaromee Bo3neficTeue.
BekTopH ciydaifHOro BO3MYIIEHWA V U U3MepH-~
TENBHOrO IyMa W B JIAHHOHM MOJENH NPEeACTaBIAIOT
cobolt cyyaiinbie HPOLIECCH C HOPMANEHBIM 3aKOHOM
pacOpefeneHus W HMEIOT CICAYIOIUE IHUCIEPCHU:

Dv=(0,5Pn)* — mucriepcus BXOIHOTO BO3MYHICHHS,
Dw = (0,1Pn)* — mucnepcus H3MEPHMTENLHOTO IIyMa,
rae Pn — HOMWHanbHOe fapieHue B pamne. JlaHHbie
COOTHOIMIEHUS OblAM TONY4YEHB Ha OCHOBAHWA JO-
POIKHBIX UCIBITAHNH ONBITHON YCTaHOBKH.

Koadduuuentsl dunprpa Kanvana K naxonarcs
€ MOMOIIBI0 MATPUYHOTO YpaBHEHUs PHKaTTH.

Jina ¢opmupoBanus OMIMOKM IO JABJICHHK B
paumrre chOpMHUPOBAHO 3aj1at0lIee BO3ACHCTRYE B BUsie
dbyHkME oT TpefyeMoro pacxola BEXKYIIETO MaTe-
puana 1 CKOPOCTH JBMOKEHUS! YCTAHOBKH TIO IKCHEpU-
MeHTaNbHEIM JaHHbiM. Haunydiee npubnvxesue no
MHHAMYMY CpefHEKBaapaTHYeCKoll omuOK@ 3Kcre-
pHUMEHTANBHEIX 3HAUEHRI JaeT crexyiomas QyHkuus
CKOPOCTH TpefyeMOoro ABIKEHUS YCTAHOBKH OT JIBYX
MEPEMEHHBIX!

V(p.g) = a0+ arq + ayp + bl
TIe p — AaBNCHHE CBA3YIONIETO MaTepuana B pamIie; ¢
— Tpe0yeMbiil PacXoji CBA3YIOMIEr0 HA3 €JUHUILY IUIO-
mMaay TOBEPXHOCTH IIOpOTH; ap = -45,9; a;=-29,7;
a; =66,4; b=9,2 — oCTOSHHBIE KO3PULIMEHTB.

D GeKTUBHOCTL pabOTHl (OMIIBTPa OLIEHUBACTCS
yepe3 KO3(MGUIMEHT Baprallii, KOTOPbI OIpeneis-
€TCsl KaK OTHOILICHME BEJMYMHBI CPEIHETO KBaIpaTH-
geckoro otkiIoHeHuss (CKO) x maTemaTmaeckomy
OXUIaHUIO.
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