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OBIIASA XAPAKTEPUCTUKA PABOTHBI

AKTYaJBHOCTH TeMbl. B IPOMBINIUIEHHOCTH U HAPOJHOM XO3AMCTBE yroOJib
ABJISIETCSI BAKHBIM 3HEproHocutenemM. Jlonbacc pacnosaraet 00JbIIMMHU 3aMacaMu
yIJIsl, OCHOBHAsl Macca KOTOPOro IOOBIBAETCA MOJ3EMHBIM criocoooM. HayuHnbiMu u
MPOU3BOJICTBEHHBIMU  KOJUIGKTUBAMHM TIpojJieJlaHa 3HauyuTeNbHas pabota Mo
YVIYUYLIEHUI0 TEXHUKO-3KOHOMHMYECKHX IIOKa3areneld oTpaciu. TexHUu4eckue
BO3MOXXHOCTH  CO3[JaHHBIX ¥  BHEAPEHHBIX JOOBIYHBIX U  IPOXOIYECKHUX
KOMIUIEKCOB, TPAHCHOPTHBIX CPEICTB IO3BOJISIIOT 3HAYUTENBHO TIOBBICUTH
Harpy3Kky Ha 3a00M.

BwmecTte ¢ TeM, nHTeHCH(pUKALIMSI ¥ KOHIIEHTPAIUs TOPHBIX PaboT, 0COOEHHO
o Mepe yriryOseHus IaxT, Bce 0osiee OrpaHMYMBACTCS MPOSBICHUSIMU OMACHBIX
CBOMCTB YrOJBHBIX TIUIACTOB, TaKMX KaK Ta30BbIAEICHUE, MbUIEOOpa30BaHuE,
BHE3aITHbIE BHIOPOCHI YIJISl U ra3a, CaMOBO3rOpaHHe yriid B MaccuBe. B kommiekce
METOJIOB pEIICHHS 3a7a4 OOphObl C OCHOBHBIMU OMACHOCTSIMU TPHU MOA3EMHOMU
J00bIYe YISl OYEeHb BAXKHOE MECTO 3aHUMAIOT MPOLECChl BO3ACUCTBUS Ha
YTOJIbHBIC ILJIACTHI, TMO3BOJISIONIME H3MEHUTh HMX COCTOSHHE M 3a CUeT STOro
CHU3UTh UHTEHCUBHOCTD MPOSIBJICHUSI OMTACHBIX U BPEJIHBIX CBOMCTB.

B uncne crmoco0oB BO3ACHCTBUSA BBIACISIOTCS TEXHOJIOTHYECKHE (CXEMBI
BCKpBITHSI, CHUCTEMbI pa3pabOTKU, MOPSIOK OTpPabOTKH IUIACTOB, YIMpaBIICHUE
MPOSIBJICHUSIMU ~ JIABJIEHUSA TOPHBIX TIOPOJ, CHUCTEMBI NPOBETPUBAHUS) U
cnenuanbHble (IpeaBapUTENbHOE TUPABIMYECKOE BO3JCHCTBUE, YBIAXKHEHUE,
MTHEBMATHYECKOEe, (DU3UKO-XMMHUYECKOE BO3JECHCTBUE, Jeras3alus, KOMIUIEKCHOE
BO3JICHCTBHE).

BozneiictBue ocyimiecTBiseTcs B COOTBETCTBHM C  pa3pabOTaHHBIMH
TEXHOJIOTUYECKUMHU CXEMaMH, [apamMeTpbl KOTOPBIX PACCUMTHIBAIOTCS HAa
OCHOBAaHHWU TEOPETUUYECKUX NPEACTABICHUNW O MPOLECCEe M OMHCHIBAIOIINX HX
3aBUCHMOCTEM.

OddeKTUBHOCTh  MPOIECCOB  BO3ACHCTBUS  OMPEICISAETCS  CTEIEHBIO
CHUIKEHHUSI TPOSIBJICHUN OCHOBHBIX OMACHBIX W BPEIHBIX CBOWCTB YTOJIHHOTO
rJiacTa npu BeleMKe yris. PazpaboTaHHbIE U BHEJIPEHHBIE CIIOCOOBI BO3JICUCTBUS
Ha IUIaCT JAl0T BO3MOXKHOCTh B OINPECICHHON CTENEeHH MPEeoa0JIeTh HEraTUBHOE
BJIMSIHUE OCHOBHBIX OMACHOCTEW M 3HAYUTEIBHO MOBBICUTH HArpy3Ky Ha 3a00¥ u
yIy4dlIUTh yclioBus Tpyaa. OaHako 3(G(EKTUBHOCTh NMPUMEHSEMBIX CPEICTB B
ONPENIECIICHHBIX TOPHOTEXHUYECKUX WU TOPHO-TEOJIOTHMYECKHX YCIOBHUSX BCE €IIE
HEJI0OCTaTOYHAa, O Y€M CBUJCTEIbCTBYIOT JaHHBbIE OO0 aBapusAX Ha psje IIaxT.
OpHoli W3 TPUYUH HEIOCTATOYHOM 3(P(HEKTUBHOCTH BO3JACHCTBUSA SIBIISIETCS
HECOBEPIIEHCTBO CIIOCOOOB KOHTPOJIS M yIPaBIICHUS TIpolieccaMu 00pabOTKH, YTO
HE TO3BOJIET OMEPATUBHO PEarupoBaTh HA YACThIE U3MEHEHUS YCIOBUU paOOTHI
TEXHOJIOTUYECKOT0 000pYyA0BaHusl, OOYCIIOBJICHHbICE AHU30TPOMHUEN YTOJIBLHOIO
macta. Penienue maHHo# 3agadyu BO3MOXKHO IMyTEM aBTOMATHU3alUM yIPaBICHUS
MPOIIECCAMU TUPABINYECKOTO U THEBMATUYECKOTO BO3/ICUCTBUSI.

B »3TOi1 CBSI3M pa3BUTHE TEOPETHUUYECKUX OCHOB, COBEPIICHCTBOBAHUE
QIrOPUTMOB  (PYHKIIMOHMPOBAHUST W MOJAU(UKAIIMS  BJIEMEHTOB  CHUCTEM
aBTOMATU3UPOBAHHOTO yIpaBJICHUS npoieccaMu KOMILJIEKCHOT'O
TUAPOIHEBMATUYECKOTO BO3JICHCTBUS HA YrOJIbHBIE IUIACTHI SIBJIAETCS Ba)KHOU



2

Hay4YHO-TEXHMYECKOH 3a/1a4ei, UMEIOLIEH OTPACcIeBOE 3HAYCHHUE.

CreneHb pa3padoOTAaHHOCTH TeMbI HccJenoBaHus. Pemennro mpobiem
Pa3BUTHS TEOPUU M TEXHOJOTHUU BO3JCUCTBUS Ha YTOJbHBIE TUIACTHI MOCBSIICHBI
paboThl MHOTMX HAy4YHO-HCCJIEIOBATEILCKUX WHCTUTYTOB M By30B CHI', B ToM
yucie MakHUU, HouVYI'U, BoctHUU, UT'TM, PAHUMU, UDITI, JouHTY,
MITY u ap., a Takke 3apyOeKHBIX y4pexkJIeHud u By30B ['epmanuu, Yexuu,
[Tonpmn, CioBakuu, AHIIMU, ABCTpAJIUM.

OaHuM W3  OCHOBHBIX NPEUMYLIECTB  CIOCO0a  THAPABINYECKOTO
BO3JICUCTBHS SIBJISIETCSl 3a0JIarOBpEMEHHOE U HEOOpaTUMOE H3MEHEHHUE CBOMCTB
YrOJIbHOIO MAacCHBa, 4YTO IMO3BOJIUT MPEAYNPEIUTh BO3HUKHOBEHHE OMACHBIX
SIBJICHUI TIPU pa3pabOTKe yroJbHOTO TUIACTa.

HccnenoBanusiMmu B 00JaCTH CO3/IaHUS M COBEPIIICHCTBOBAHUS CIIOCOOOB M
CPE/ICTB HArHETaHWsS] TEKYUYMX BEIIECTB B YTOJbHBIM IUIACT 3aHUMAJIKCh MHOTHE
YYEHBIE: A.A. CKOUYMHCKUH, A.N. KcenooHnrona, A.C. Bypuakos,
O.M. Mockaneako, H.B.Hoxxkun, I'.E.IlanoB, A.®.bynar, K.K. Coduwuiickui,
b.1. Mengenes, A.Jl Anekcee, 1.B. Autunos, B.H. [TaBnbiu, M. Macker, bekkep,
I1.b. Yapron u np.

[IpuMensieMble ¥ MOPEASIOKEHHBIE K HACTOSIIEMY BPEMEHHM CIOCOOBI Har-
HETaHUsl >KUJIKOCTEW B YTOJIbHBIM IUIACT JAlOT MPUHIUMIHUAIBHYIO BO3MOKHOCTH
MPEeIOTBPAIICHUS OMACHBIX SIBJICHUH B IIaXTax.

Bwmecte ¢ Tem, HecMOTpst Ha 0OJIBLION 00bEM MPOBEACHHBIX UCCIIEIOBAHUMH,
3G (HEKTUBHOCTH MPUMEHSEMBIX CIIOCOOOB BO MHOTHX CIydasx HE YIOBJIETBOPSET
TpeOOBAHUAM TIPAKTUKH.

AHanu3 CyIECTBYIONIUX CIOCOOOB HATrHETAHUS >KUJIKOCTEH B YTrOJbHBIM
IacT ¢ IeNbi0 OOphOBI C OCHOBHBIMH OMACHOCTSMH IIOKa3bIBAET, YTO HEOO0-
XOJIUMBIM  YCITIOBUEM BBICOKON dS(PPEKTUBHOCTH BO3ICUCTBUS SIBISETCS paB-
HOMEPHOCTb THIPaBIMYECKO 00pabOTKH yroabHOIO MAacCUBA.

['maBHOM NpUYMHONM HEPABHOMEPHOCTH PACIPOCTPAHEHUS KUAKOCTH IIpU
HAarHEeTaHWUM SIBJISCTCS] aHU30TPONUs (PUIBTPAIIMOHHBIX U KOJIJIEKTOPCKUX CBOMCTB
acTa,  BbIpaXKarmomiascss B~ M3MEHYMBOCTHM  3HaueHH  koddduimeHrta
NPOHUIIAEMOCTH M A()PEKTUBHON MOPUCTOCTH IO BCEM HANpPaBICHUSM, YTO
OPUBOJAUT K PE3KUM KoyieOaHMsIM MmapaMeTpoB mponecca. IPHPeKTUBHBIM
Croco0OM ToAJiepKaHUsl CTaOMJIBHOCTH BO3JICHCTBUS SIBJIIETCA BHEIPEHUS
aBTOMATU3UPOBAHHOTO YIPABJICHUS TEXHOJOTUYECKUM MPOIECCOM 00pabOTKU
MacCHBa.

Leabo padoThl siBiseTcs 000CHOBAHWE CIOCOOOB Pa3BHUTHS CTPYKTYp H
METO/JIOB ~ MOIU(DUKAIMKM  [MapaMeTPOB  CUCTEM  YIOPABJICHHS  IMPOIIECCOM
KOMIUIEKCHOTO  THAPOIHEBMATUYECKOTO  BO3JCHCTBUSL HA  AHU3OTPOIHBIN
YTOJIBHBIM MacCUB JUIsl TOBBIMIEHUS 3()PEKTUBHOCTH OOpHOBI C OCHOBHBIMU
OMAaCHOCTSIMU TPHU MOJ3EMHOM yriaeq00bIye.

Jns  TOCTWMIKEHMsSI TOCTaBJICHHON 1enu CcHOpMYyIUpPOBaHbl W PEIICHbI
cjeayime 3a1a4m:

— BBINIOJIHUTh AHAJIM3 TEXHOJOTUYECKUX CXEeM THAPABINYECKOrO U
MTHEBMATHYECKOTO BO3JCHCTBUS Ha YTOJbHBIM IUIACT C LEJIbI0 OMNpeaeNeHus
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OCOOCHHOCTEH MPOTEKAHMS TMPOILIECCOB B YCIOBHUSIX BBIPAKEHHOW aHHU30TPOIUHU
YTOJIBHOTO IUIACTA;

— pa3paboTarb MaTeMaTHYECKME MOJEIU M TIPOBECTU KOMIIBIOTEPHBIC
MCCIIEIOBAHUS TIPOLIECCOB HAarHETAHUS XKUJAKOCTH B YTOJIbHBIN IUIACT MOJ3EMHBIM
CIIOCOOOM U C MTOBEPXHOCTH;

— NPOAHAIM3UPOBATH  MATEMATHUYECKUE  MOJACIM  ITHEBMAaTUYECKOTO
BO3JICUCTBHAsS HA YIOJIBHBIM IIIACT, IPOBECTHM MOJEIMPOBAHUE IIpoLecca U
000CHOBATH CBSI3b THAPABINYECKON U ITHEBMATUYECKOI 00paboTKH;

— CUCTEMATU3UPOBaTh  MapaMeTpbl TEXHOJOIMHM U  pa3padoTaTh
JITOPUTMBI YIIPABIICHUS MIPOLIECCAMH C YYETOM HECTAOUIIBLHOCTH MX MPOTEKaHUS;

— pazpaboTath pEKOMEHJAIMM [0  MOJEpPHU3alUU  apamMeTpoB
CTPYKTYPHBIX  DJIEMEHTOB  CHCTEMBl  aBTOMATU3UPOBAHHOTO  YNPABJICHUS
IIPOLIECCOM KOMIUIEKCHOI'O TMAPOITHEBMATUYECKOIO BO3ACHCTBUA;

- pa3paboTartb CTPYKTYPY CHUCTEMBI aBTOMATU3UPOBAHHOTO
NPOEKTUPOBAHMUS TEXHOJOTWUM YyMpPaBIEHUS TMpoleccaMd U 00OCHOBAaTh €€
IapaMeTphl;

— pa3paboTaTh PEKOMEHJALMM IS MPAKTUYECKOTrO IMPUMEHEHUs
CUCTEMBl yIpPaBJIEHUA MPOLUECCAMH KOMIUIEKCHOTO THAPOIHEBMATUYECKOTO
BO3/EHCTBUS Ha YTOJIBbHBIN IUIACT.

O0beKT nccjef0BaHuil — MPOLECCH] THAPABINYECKOTO U THEBMATUYECKOTO
BO3JEHUCTBHUS HA AaHU30TPOIIHBINA YTOJIbHBIM ILJIACT.

IIpeamer wucciaegoBaHU — MaTeMaTUYECKUE MOJEIU, CTPYKTypa H
aNMrOpUTMbl  (YHKIIMOHUPOBAHUSI CUCTEMBI aBTOMATU3UPOBAHHOTO YIIPABICHUS
IIPOLIECCAMH BO3JEHCTBUSA HA YTOJbHBIN IIJIACT.

Hnest paGoThl COCTOMT B HCHOJIB30BAaHUM OCOOCHHOCTEW (PU3MUECKHX
ABJICHUM, TPOUCXOAIINX IPU BO3JCUCTBUM HAa aHWU3OTPONHBIM YIOJIBHBIM IUIACT
KUIKAMU M Tra3000pa3HbIMU areHTamu, s OOOCHOBaHUS CTPYKTYpbl U
IapaMeTpoB CUCTEMBI ABTOMATHU3aLIUH yIpaBJIEHUs IIPOLIECCaMHU,
oOecrnieunBaromieii  moBbilieHHe  APHEKTUBHOCTH  CIOcoO0a  KOMIUIEKCHOM
TUIPOITHEBMOOOPAOOTKH.

Metoabl uccienoBanusi. J[ns pernieHus MOCTaBICHHBIX 3alady B paboTe
MPUMEHEH KOMIUJIEKCHBIH METO/I, KOTOPBIM BKJIIOYAET B ceOsi: aHaIU3 U 000011IeH e
JAHHBIX HCCIEOBAHMI TMPOLIECCOB TUAPABIMYECKOTO U IMHEBMATHYECKOIO
BO3JICHCTBHSI HA YrOJIbHBIE IUIACTBI M METOJOB pacyeTa HX [1apaMeTpoB;
MaTeMaTU4YECKOE MOJEIMPOBAHUE IPOLECCOB HAa OCHOBE JIETEPMHUHHMPOBAHHBIX
MaTeMaTHYeCKUX MOJIEJIeil; TeopeTHdyeckoe OOOCHOBaHME MyTEeW IOBBIIICHUS
3((})EKTUBHOCTH MPOLIECCOB 3a CUET HCIOJIb30BAHHUS  ABTOMATHYECKOIO
yOpaBICHUS; KOMITBIOTEPHBIE OJKCHEPUMEHTHI /Jii OOOCHOBAaHUS U pacyera
IIapaMeTPOB MIPOLIECCOB.

Cas3b padoThl ¢ HAYYHBIMHU NMPOrPAMMAaMM, IJIAHAMH, TeMamMH. Pabora
BBIIIOJIHEHA B  COOTBETCTBMM C TEMAaTHYECKMMHM IulaHaMu  J[OHEKoro
HAallMOHAJIBHOTO TEXHUYECKOTO YHUBEPCUTETA U SIBIIAECTCS YACTHIO MCCIEAOBAHUM,
B KOTOPBIX aBTOp NpPUHUMAJIA y4YacTHE KaK HMCHOJIHHUTENb: rocremMbl H—19-10
«Pa3paboTka M WUCClEIOBaHME MaTeMaTHYECKUX MOJeNeld W MPUKIATHOTO
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IPOrpaMMHOr0 OOecHedeHHs Il KOMIBIOTEPHOIrO MOJEIMPOBAaHUS U pacyera
[IapaMeTpOB  CIIOKHBIX  JHHAMUYECKMX  cucTeM»,  Ne ['ocymapcTBeHHOU
peructpanuun  0113U000955; rocrempr H-25-05 «MccnenoBanue mnpoueccos,
pazpaboTka  MaTE€MaTUYECKUX  MOJENEW, TMPUKIAJHOTO U  CHUCTEMHOIO
IPOrpaMMHOr0 oOecreyeHus: JUisi MOJEIMPOBAHMS M pacyeTa MapaMeTpoB
JUHaMHuYeckux cucrem»; rocreMbl H-18-15 «MccnenoBanue u pa3paborka
MaTeMaTHYECKUX MOJENIEH U MPOrpaMMHOr0 0OecTeyeHusl Il MOJCIUPOBAHUS U
pacuéra napaMmeTpoB JMHAMHUYECKHX cucTem»; roctemel H-20-18 «Mccnenosanue
IPOLIECCOB, pa3paboTKa MaTeMaTUUYECKUX MOJENIEH U IPOrpaMMHOr0 00ecrieYeHus
JUISL KOMIIBIOTEPHOTO MOJEIMPOBAHMS M pacu€ra NapamMeTpoB  CJIOKHBIX
JUHAMUYECKHUX CUCTEM.

Hayynasi HOBH3HA W INPAaKTH4YeCKas LEHHOCTbh MOJYYEHHBIX
Pe3yIbTATOB COCTOUT B CJIEAYIOLIEM.

Hay4yHas HOBU3HA:

— Brnepsbie pa3paboTtana AeTepMUHUPOBAHHAS MaTeMaTUYeCKas MOJIEb
IIPOLIECCAa BBICOKOHAIIOPHOTO HArHETaHWsl THIPOBO3IYLIHONM CMECU B YIOJIbHBIN
IUIACT C MOBEPXHOCTU KaK OOBEKTA YINPaBJICHMS, B OCHOBY KOTOPOH MOJIOKEHBI
ypaBHEHHUs MaTeMaTtudeckol ¢u3uku. Mcrnonb3zoBaHue HOBON MOJAENIU MO3BOJISIET
OIPEJENNTD BIIMSIHUE OCHOBHBIX I1APAMETPOB MPOLECCa HA KAYECTBO BO3ACHCTBUS.

- BrnepBeie pa3paboTan anroputM ympaBieHHs cOpOCOM [aBICHHS B
TEXHOJIOTHYECKON cXxemMe 00pabOTKH IJ1acTa C MOBEPXHOCTH Ha OCHOBE PEIyKLUUU
YPAaBHEHUH B YACTHBIX MPOMU3BOAHBIX K CHCTEME COOTHOLUEHWH, MO3BOJIAIOIIMX
00OCHOBaTh KaK JUCKPETHBIM, TaK W HENPEPHIBHBIA XapakTep YIpaBlICHUS,
00€eCleynBaroIIero MpeAOTBpAlllEHUe HEraTUBHOIO BIMSHUS IIpoliecca Ha
OKPYXKaIOIIyI0 Cpeny.

- [Tomyunnu  panpHeiliee  pa3BUTHE  METOJAbl  MOAU(UKALUU
XApaKTEPUCTUK MHUKPOIPOLECCOPHBIX YCTPOMCTB, COCTABIIAIOLIMX DJJIEMEHTHYIO
0a3y cucTeMbl aBTOMATU3UPOBAHHOTO YIIPABIEHUS MPOIIECCOM.

- OOOCHOBaHBl ~ HallpaBJIEHUS  COBEPIICHCTBOBAaHUS  aJrOPUTMOB
yOpaBICHUS W MapamMeTpoB OOOPYIOBaHHS ISl MOBBIMIEHUS 3(PPEKTUBHOCTH U
KAa4eCcTBa BO3/ICUCTBHSI.

IIpakTH4YecKkas HEHHOCTh:

- Pa3paboTaHbpl anropuTMbl M MAKEThl NPUKIATHBIX IMPOrpaMM JUIs
KOMITBIOTEPHOU peanuzanuu IPEII0KEHHON JNETEPMUHUPOBAHHOMN
MaTeMaTU4YECKON MOJIEIIN npouecca IIPUHYIUTEIBHOTO BHEJPECHUS
ra30KMJIKOCTHBIX  CMECEM B  HEOJHOPOJHYIO  CIUIOIIHYX  Cpeny ¢
HEONpEeIEIEHHBIMA XapaKTEPUCTUKAMHM, YTO I03BOJISIET MCCIEN0BATh MapaMeTphbl
IIPOLIECCOB U CUCTEMBI YIIPABIICHMUS.

— Ha ocHOBaHuM pe3ynbTaTOB BBIYHCIUTEIBHOTO OKCIEPUMEHTA
000CHOBaHbI HAMPABIIEHUS COBEPLIEHCTBOBAHUS CTPYKTYPbI U MAPAMETPOB CUCTEM
YIIPaBJIEHHUS IPOLECCAMM.

TeopeTnyeckasi 3HAYMMOCTH PadOThI COCTOMT B TOM, YTO 00OCHOBaHHAas
METOJMKA  IIOCTPOEHUS  JETEPMHUHUPOBAHHOM  MAaTE€MaTU4YeCKOH  MOJCIIH,
OCHOBAaHHOW Ha YpPaBHEHMSIX B YAaCTHBIX MPOU3BOJAHBIX, OTPAXKAIOUIMX (QUIUKY
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IIPOLIECCOB, NPOUCXOMAIINX B HEOJHOPOAHOW CIUIOIIHOM Cpele MpHU HAIOPHOM
THJIPOTTHEBMATUYECKOM  BO3JCHCTBUM,  SBISETCS  HOBBIM 3 ()EeKTHBHBIM
TEOPETUYECKUM HHCTPYMEHTOM MCCIIEJOBAHUSI TEXHOJOTMYECKUX MPOLECCOB 0e3
MPOBEICHUSI IOJITOCPOYHBIX JOPOTrOCTOSIIUX POMBIIUIEHHBIX SKCIEPUMEHTOB.

[IpensioxkeHHbIA TOAXOA B JalbHEHIIEM MOXET OBbITh paclupeH Hu
JIOTIOJIHEH (PYHKIMSIMM aBTOMAaTH3UPOBAHHOIO MPOEKTUPOBAHMS AJISl MOBBIIIECHUS
KayecTBa YIPaBJICHUS, a TaKXKe IMO3BOJSET CTaBUTh U PEIIaTh OOJIBIION CHEKTP
CTaTUCTMYECKUX W MaTeMaTUYECKUX PACUETHBIX 3aJad M 3a]ad, CBA3AHHBIX C
IIPUHATUEM PELICHHUM, HMEIOIIMX MECTO B TEXHOJIOTMUECKUX cHcTeMax. PasBurue
JaHHOW pPa3pabOTKM MOXKET OCYILIECTBIATHCS IyTeM JIOMOJIHEHHUSI €€ HOBBIMU
pelIeHUs MU B 00JIaCTH aHATUTUYECKOTO U YHCIEHHOTO aHallM3a TEXHOJOTHYECKIX
CXEM,  YCOBEPIIECHCTBOBAHMS  METOJOB  OpPraHU3allMM M yIPaBJICHUS
CHEeLUATN3UPOBAHHBIMU ITPOLIECCAMMU.

IIpakTH4yeckass 3HAYUMOCTb IOJYYEHHBIX Pe3yJbTATOB 3aKJII0YAETCs B
TOM, YTO PE€3yJbTaThl UCCIEAOBAHUN MMEIOT IIUPOKUN CHEKTP MPUMEHEHHS s
pa3nuYHBIX MpeAMETHBIX oOsactedd. [lpemynoxkeHHas npakThueckas peanu3anus
pa3pabOTaHHOM MOJENU MO3BOJIIET (PopMuUpOBaTh 0a3bl AAHHBIX O BO3MOXHBIX
Ha0opax mapamMeTpoB O0OpyJIOBaHMS JJIi KCIOJB30BaHUS B  CHUCTEMax
aBTOMAaTU3UPOBAHHOIO YIIPABJICHUS U MPOEKTHPOBAHUSA, YTO MOXKET ITOCIIYXKHUTh
(YHKIMOHAJIBHBIM JIONOJHEHUEM U Pa3BUTHEM HH(POPMALMOHHBIX CUCTEM
Pa3IMYHBIX IPEIIPUATUN U OpraHU3aLUM.

HayuHble mo/10keHNsl, BBIHOCUMBbIE HA 3a1IMTY.

l. VY CTaHOBIEHO, YTO MPOLECC BHICOKOHAIIOPHOTIO BO3JECUCTBUS Ha
YTOJIBHBIH IJ1aCT THUAPOBO3AYIIHOM CMECHIO C TIOBEPXHOCTH IPHU cOpOCE AaBIICHUS
COIPOBOX/IAETCSA PE3KUMHU BBIOpOCAMM 3arpsi3HEHHBIX PAcTBOPOB Ha OOJIbILINE
pacCTOSIHUSL OT CKBa)KMH, YTO HAHOCUT yluepO okpyxaromei cpeae. Ha ocHoBe
pa3paboTaHHONW MaTeMaTHYeCKOW MOJAENu pa3paboTaH alrOpuUTM AUCKPETHO-
aHaJIOroBOro cOpoca JaBJICHHs, NPUMEHEHHE KOTOPOTO MO3BOJISIET YCTPAaHUTh
HEraTUBHOE BJIMSIHUE MPOLECCa Ha OKPYXKakollee IPOCTPAHCTBO.

2. [TokazaHo, 4TO 0OOCHOBaHHbIE METOJbl MOAU(UKAIMU MapaMeTPOB
AJIEMEHTOB CHUCTEMBI YIIPaBJICHUS! CIIOCOOCTBYIOT MOBBIIIEHUIO OBICTPOJICUCTBUS U
Ka4eCcTBA yIIPABJICHUS IIPOLECCOM.

CreneHb 10CTOBEPHOCTH M 000CHOBAHHOCTH Pe3yJbTaTOB, MOJ0KECHUMN
U BBIBOJOB 00€CIEUMBACTCS KOPPEKTHBIM HCIIOJb30BAaHUEM PE3YJIbTATOB
UCCJIEIOBAHUM, HMEIOIIMUX IIMPOKUA CIEKTp IPUMEHEHUs Uil pa3InyHbIX
TEXHOJIOTHYECKUX CXEM MW PEKUMOB NPHUHYIUTEIBHOTO BHEAPEHUS TEKYy4HMX
areHTOB B CIUIOIIHYIO CpEeAy HEOJHOPOJHOIO CTPOEHUS C BBIPAKEHHOMN
aHU30TponMeld (QUIBTPAlMOHHBIX CBOWCTB. [IpeminokeHHas mpakTHuecKas
peanu3anus  pe3yJbTaTOB  MAaTeMaTHYECKOr0  MOJEIHMPOBAHUS  MO3BOJIAET
PEKOMEHIOBaTh CIIOCOOBI MOIU(UKAIIMKA TEXHOJIOTUH M MAapaMeTPOB, YTO MOXKET
MOCTY>KUTh HOBBIM PEIICHWEM 3a/layil MOBBIIICHUS 3(PPEKTUBHOCTH BO3ACHUCTBUSA
U KayecTBa 0OpabOTKM IJIACTOB, a TAK)KE PA3BUTHUSI TEOPUM MOCTPOEHUS CHUCTEM
aBTOMATHU3alIMK YIIPABJICHUS MPOLECCAMU U TPOSKTUPOBAHMS 000PYAOBAHMUS.

Peanu3anusi BLIBOAOB M peKOMeHAAIMIT pa0d0ThI MOATBEPAKAAETCH:

— BHEAPEHUEM B NPAKTHKY pabOThl CIy>kKO OXpaHbl TpyJla Ha TOPHBIX
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NPEANPUATUIX Pa3padOTaHHOIO C y4acTHEM aBTOpAa HOPMATHBHOIO JIOKYMEHTa
«PernamenTHbIEe TpEOOBAHUS K YCTPONCTBAM KOHTPOJISI TAPAMETPOB U YIPABJICHUS
MPOIIECCOM TUIIPOAMHAMUYECKON 00pabOTKU YroJibHBIX TIACTOB» (Y TBEPXKICHO
renepanbHoil aupekuuen [Tl JIYKK, cornacoano I'Y MaxkHUU, I'Y JTouHUMN,
r. Jlonenk, 2005r1.);

— BHeapenmeM B  y4ebmblii mpomecc T'OYBIIO  «JJOHEIKMIA
HAIIMOHAJIBHBI TEXHWYECKWM YHUBEPCHUTET» (cnpaBka Ne 52.1-
03/19 ot 14.05.2019 06 ucnospb30BaHUHU B YUeOHOM MPOIIeCcCce MPH YTESHUHU JICKITUN
W TPOBEJACHUU MpakTHYecKuX (1abopaTOpHBIX) 3aHATHM Ha Kadeapax
«VIcKyCCTBEHHBIM UHTEIUIEKT U CUCTEMHBIN aHanu3» U «lIpukiagnas Mmaremaruka»
no aucuuimmHaMm: «Teopus ynpaBieHus», «IMUTaAlMOHHOE MOJEIMPOBAHUEY,
«CHCTEeMHBII aHAJIN3 CIOXKHBIX CHCTEM YNpaBieHUs», «CUCTEMbl YNpaBICHUS
npeanpusituem», «MareMaTuuecKkue makeThl MPUKIIAIHBIX IPOrpaMm»» ).

Pa3paboTanHbpie aBTOPOM PEKOMEHJALMHU 110 MPUMEHEHHUIO MPEATOKEHHBIX
aJIrOpUTMOB u CTPYKTYP CUCTEMBI yIPABJICHUS poLeccoM
TUAPOITHEBMATUUECKOTO  BO3JCHCTBUS HA YrOJbHBIA IUIACT MPUHATHI K
HCIIOJIb30BAHUIO:

- B HCCIENOBAaTEIbCKMX U TMPOEKTHhIX pabdorax MakeeBCKOro
roCyJapCTBEHHOTO HAy4YHO-UCCIIEIOBATEIbCKOIO0 HMHCTUTYTa MO O€30MacHOCTU
pab6or B ropHoil mnpomsbinuieHHocTH (MakHUUW) mpu paspaboTke MeETOI0B H
CPEJICTB MOBBIIICHHUS 0€30MaCHOCTH TPY/la Ha IIaXTax;

- B HayyHO-HcclenoBaTenbckux pabotax OAO  «ABTomarropmari
uM. B.A. AuTunoBa» npu co3gaHuUd CUCTEMbI ABTOMATU3UPOBAHHOTO KOHTPOJS U
YOPABJICHHUS] MEPONMPHUATHUSIMU IO TEXHUKE OE30MacCHOCTH M OXpaHe Tpyaa Ha
niaxrax.

Anpobanus pe3yibTaTOB AUCCEPTAIUMN.

OCHOBHBIE PE3yJbTAThI, TIOJOKEHUS M BBIBOJBI JTUCCEPTALMOHHON pabOTHI
JOKJIaIbIBATIUCH U 00cyxaanuch Ha: VII MexayHapoJHOl Hay4HO-METOAHYECKON
koH(pepenuun «CoBpeMeHHble MpoOsieMbl  TeXHOChEepbl U MOATOTOBKU
uHxKeHepHbIX KaapoB» B ropoae Cycc (Tynuc) ¢ 08 mo 17 oktadps 2013 r.; IX
MEXAYHApOJAHON HAyYHO-IIpakTUYecKor koHpepeHuun «lIpobnemsl ropHoro nena
M DKOJIOTUU TOPHOTO MpOou3BojaAcTBa» (24-25 ampenst 2014 r., r. Autpanur); XXI
MexayHapoqHOM HayYHO-TEXHUYECKON KoH(pepeHnn «MamuHocTpoeHue u
texHochepa XXI Beka» (1. CeBactomosb, 15-20 centsaops 2014r.); VIII
MexayHaponHoi  HaydyHO-MeToaudeckod  koHdepeHiuu  «CoBpeMEHHbBIC
npo0iemMbl TeXHOC(Epbl W TOJATOTOBKM WHXKEHEPHBIX KaJpoB» B T. XamMMaMeT
(Tynuc) c 28 centsiOpst mo S5 oktsi0ps 2014 r.; XXIII MexayHapoaHOW HAy4HO-
TeXHUYECKON KoH(pepeHun «MammnHoctpoenue u TexHochepa XXI Beka» B
r. CeBacronone 12-18 centsops 2016r.; IX MexaynapogHoid Hay4yHO-
MeToauueckoir koH(pepeniun «CoBpeMeHHBIE MpoOJeMbl TexXHOchepsl U
MOJTOTOBKM MHYKEHEPHBIX KaapoB» B ropoae Cyxym, 01-09 okrts0ps 2016 r.; IX
Mexnaynaponnom cumnosuyme Geotechika 2000: Ilonwina, I'muBuiie-YcTpoHb,
17-21 oxTsa6ps 2000r.

JInuHbIii BKJIAX COMCKATEJsl COCTOMT B (POPMYJIMPOBAHUM LIE€TH, 3a]a4
UCCJIEIOBAHUM, OCHOBHBIX HAYYHBIX TIOJIO)KEHHM U BBIBOJIOB, pa3paboOTKe
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MaTEeMaTUYECKUX MOJIEIEH U MPOrpaMMHOr0 0OecreueHus AJi UX KOMITbIOTEPHOU
peanuzanuu, pa3paboTKe pPEKOMEHJAUWN M0 MPAKTHUYECKOMY MPHUMEHEHUIO
pE3yJbTaTOB; OCHOBHBIE Hay4HbIE PE3YyJIbTAThl JHUCCEPTALMU BKIIOYAIOT B ce0s
aHaM3 OCOOEHHOCTEH NPOTEKAHMs MPOLECCOB, MPOUCXOASIIUX MPU HATOPHOM
HArHETAHUU KUIAKOCTEW M Ta30B B AHU3OTPOIHBIA YTOJIBHBIA IUIACT C LEJBIO
YOPABJICHHUS] €r0 COCTOSHUEM Ui OOpbObl C OCHOBHBIMH OMNACHOCTSIMU TpHU
MOJI3EMHOM yriie00bIYe, MaTeMaTUUYE€CKUE MOJIEIH, BHIYMCIUTENbHBIE METObI U
QITOPUTMBI YIIPABICHUS MPOLECCOM THUIPONHEBMATUYECKOrO BO3JCHCTBUS, a
TaK)K€ MPOTrpaMMHBIE KOMIUIEKCHI, YTO BIEpBbIE MO3BOJIMWIO CHOPMHUPOBATH
IOJIHOE  AJITOPUTMUYECKOE W IPOrpaMMHOE  OOECIEYeHHE  CUCTEMbI
aBTOMAaTU3UPOBAHHOTO YIPABIICHHUS npoueccaMu KOMIIJIEKCHOU
THJIPOITHEBMATUYECKOM 00pabOTKM YrOJBHBIX IUIACTOB; TEKCT JAUCCEPTaLUU
HaIlMCaH aBTOPOM CaMOCTOSITENIBHO.

IIyoaukanuu.  OCHOBHBIE ~ HayyHbIE  pe3yJbTaTbl  JAUCCEPTALUU
oryonukoBaHel B 19 Hay4yHbIX paboTax, U3 HUX 6 cTaTeil B CIEMUANTU3UPOBAHHBIX
n3nanusax, pekomenaoBanubix BAK /IHP u B peunensupyembix KypHanax, 2 B
JIpYTUX W3JaHUSAX, pe3yJbTaThl MPOLUIA anpodaluio W OnyOJUMKOBAaHBI B
Matepuanax 11  MEeXIyHapoJIHBIX  HAy4YHO-TEXHMUYECKMX  KOH(epeHLHUH.
[TyOnukaium B JOCTaATOYHON MEpE OTPaKaroT CojiepKaHUue padOThlI.

CooTBeTCcTBHE TeMbl U COAEPKAHMS JAUCCEPTALMU NACHOPTY HAYYHOM
CIenuaJIbHOCTH.

[TosmyueHHble pe3yabTaThl, MOJIOXKEHUS U BBIBOJBI OTBEYAIOT TPEOOBAHUSIM
nacriopra  cnenquaibHocTd  05.13.06—«ABTOMaTH3alMsi U yOpaBJICHUE
TEXHOJIOTUYECKUMU MPOLIecCCaMU U MTPOU3BOJICTBAMU (MO OTPACIIAM) (TEXHUYECKHE
HayKu)», B yacTHOCTU: 1.4 «TeopeTudueckne OCHOBBI U METOABI MAaTEMAaTUYECKOTO
MOJICJIMPOBAHUSl  OPraHU3alMOHHO-TEXHOJOTMYECKUX CHUCTEM M KOMIUIEKCOB,
(yHKUHMOHANBHBIX 337a4 U OOBEKTOB YIPABIEHUS M HUX AJITOPUTMHU3ALUN»; I1.5
«TeopeTnueckue OCHOBBI, CPEICTBA M METOJbl MPOMBIIIJIEHHON TEXHOJIOIUU
coznanusas ACYTII, ACVII, ACTIIII u ap.»; n.17 «/cnonp3oBaHue MeETOJIOB
aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS ISl MOBBILEHUS 3P (HEKTUBHOCTH
pa3pabotku u moaepauzauuu ACY»; .18 «CpencrtBa 1 METOAbI MPOEKTUPOBAHUS
TEXHUYECKOTO, MAaTeMaTUYECKOro, JIMHIBUCTHYECKOTO M  APYTMX  BHJIOB
obecrnieuenuss ACY».

Tema u coxpepxanue auccepraunu «COBEpPUIEHCTBOBAHUE AJIITOPUTMOB U
[IapaMeTPOB 3JEMEHTOB CUCTEMBI aBTOMAaTU3HPOBAHHOI'O YIIPABJIECHUS IPOLIECCOM
IMIPOITHEBMATUYECKOIO BO3JIEHCTBHSl HA YrOJIbHBIE IUIACTBI» HAa COMCKaHHE
YYEHOM CTENEHH KaHAUAaTa TEXHHYECKNX HayK COOTBETCTBYET MACIOPTY HAy4YHOU
cnennanbHocTh 05.13.06 — «ABTOMaTH3aUMg U YNPABICHUE TEXHOJIOTHMYECKUMU
MnpoleccaMd W MPOU3BOACTBAMU (IO OTpaciisiM) (TEXHUYECKHE HAyKH)», MO
KoTopou amccepraumonHomy cosery /[l 01.024.04 mnpenmocraBieHO IpaBo
NPUHUMATH AUCCEPTAIIMOHHBIE PAaOOTHI K 3aIUTE.

Crpykrypa U o0bem paborbl. [luccepranus COCTOMT U3 BBelcHUS, 4
pa3zesnoB W 3aKIOYEHUs, U3J10KeHa Ha 164 cTpaHuIax MallMHOMMCHOIO TEKCTa,
COJIEPKUT 52 pucyHka, 11 Tabiuil, CHUCOK MCHOJIB30BAHHON JTUTEPATYyphl U3 124
HaMMEHOBaHUM U 2 npwioxeHus Ha 10 ctpanunax.
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OCHOBHOE COJAEP XAHUE PABOTbI

B mnepBom pa3gene «AHaIM3 TEOPETUUYECKUX OCHOB M TEXHOJIOIMH
IPOLIECCOB TUAPOIHEBMATUYECKOr0 BO3JEHCTBUS Ha YroJibHble IacThl. Llens u
3a/1a4M MCCIICIOBAHMS» HA OCHOBAHUM MCCIEJAOBAHUS U aHAJW3a JINTEPATyPHBIX U
(GOHIOBBIX MCTOYHUKOB, HOPMATHUBHBIX JOKYMEHTOB IO COCTOSIHUIO BOIIPOCA O
HarHeTaHUM KXUAKUX U ra3000pa3HbIX CyOCTaHIMM B yrojbHbIE IJIACThI MIOKA3aHO,
4YTO B HACTOSIIEE BpPEMs ITOT cHocoOd OOpbObl C OCHOBHBIMU ONACHOCTSIMU B
H1axTax MOJy4Ynsl IIUPOKOE PaCIpPOCTPAaHEHUE B YIOJIBHOM IPOMBIIIIIEHHOCTH, €I0
Pa3BUTUIO MOCBSIIEH OOJIBIION 00BEM UCCIIEA0BAHU.

[TokazaHo, 4YTO OAHMM M3 HETaTUBHBIX (PAKTOPOB, OINpeAEIIEMbIX
aHU30TPONUEN YTOJNBHBIX ILJIACTOB, SIBJISETCS CYIIECTBEHHAas HECTaOMIbHOCTh
napaMeTpoB  MPOIECCOB, YTO HE MO3BOJsET oOecnedyuTh TpedyeMyto
3¢ HeKTUBHOCTL 00paboTKu. PaawkambHBIM CITOCOOOM pelieHusl TaHHOW 3aaadu
ABJIIETCSI ABTOMATH3alMsl KOHTPOJIA MAapaMeTpOB M YIPABJICHHS MpOLECCaMu
IUIPABIMYECKOM, MHEBMAaTUYECKOM M KOMIUIEKCHOM 0OpabOTKH yrOJbHBIX
IIJJACTOB.

B pesynbpTaTe mpoBeAeHHOro aHaiu3a cHOpMYJIHMPOBAHBI LENIb U 3aJa4u
paboThl, MPECTaBICHHBIE BO BBEACHUH.

Bo BTOpoM pa3sgene «COBEPIICHCTBOBAHUE CTPYKTYp W aJITOPUTMOB
CUCTEMBI aBTOMaTU3UPOBAHHOTO YIPABJICHUS IIPOLIECCAMHU
TMIPOITHEBMATUYECKOIO BO3JECUCTBUS HA YrOJIbHBIC IIACTBI M3 IOA3EMHBIX
BBIPAOOTOK» BBIOJTHEHO OOOCHOBAaHWE HAIpaBJICHUS PAa3BUTUS CIIOCOOOB
aBTOMATU3UPOBAHHOIO KOHTPOJISI TApaMETPOB U YIPABJIECHUS TEXHOJOTMYECKUMU
IpoleccaMu BO3JEHCTBHs Ha yrojbHble IiacTel.lMccinenoBaHus IMOKa3alav, 4TO
Haubosiee mpUeMJIEMbIM MYTEM JJIsi MIOCTPOEHUSI CUCTEMbl YIPABICHUS SIBIISAETCS
NPUMEHEHNE CIeINATN3UPOBAHHBIX YCTPOICTB Ha 6a3e MUKPOKOHTPOJLIEPA.

CrpykTypa 0a30BOI €1MHMIIBI CUCTEMBI IPUBE/ICHA HA PUCYHKE 1.

Pervaatop

+

udpo-amanor ogslii npeobpazoBaTens

i ?

CreuHanMsipoE aHHOe BEMHCIHTENEHOE Verpoificteo
verpoiicteo (CBY) ma baze EEOJA JaHHBIX

Mukponpoueccopa (MIT) (VB

1 i

Amnanoro-1mdpoeoit npecbpazoBaTens

f f

Fy

Jarare Jaraux
maemeHua P(t) pacxoma Q(t)
) .

»  Hacocuas vcranmoexa  —» luapomaricTpans

Pucynox 1 — Ctpykrypa 6a30BO €IUHUIBI CHCTEMbI aBTOMATU3HUPOBAHHOTO
KOHTPOJIS U YIPABJICHUS ITPOLECCOM HArHETAHUS )KUIAKOCTHU B YIOJIbHBIM IIJIACT



9

brnok-cxema  anroputmMa = (QYHKIMOHHPOBaHHMS  0a30BOH  CTPYKTYPHI
MIPUBEJCHA HA PUCYHKE 2.

[Ipy nOCTpOEHNUH CUCTEMBI YIIPABIEHUN IIPOLIECCOM Ba)KHOU COCTaBIIAIOLIEH
ABJIIETCS OJIOK MAaTEMAaTHYECKOro o0ecreyeHus!, MpeIHa3HAYUeHHbIN JIJI1 UMUTALUN
COCTOSIHUA U ONIEPATHUBHOTO OINPEAEIICHUs TEKYILUX Pe3yJbTaTOB 00paOOTKH.

Hagamd

/ FlcxooHRI2 O3aHHRE /
|

Pacuer verasmem semaame (1)...(3)

JamaHus Af
|

t =0, myex

o |
|

ompos TaliMepa

HET

Oa

ompec marameoe & P(L), QOO

HET

P(H-P>0 1P

b

=397 wm i 1/\2- P(1)

Pucynox 2— brok-cxema anropurma (pyHKIIMOHUPOBAHUS YCTPOUCTBA yIIPaBICHUS
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Ha pucynke 3 mpuBeneHa OJIOK-CXeMa alrOpUTMa OCHOBHOW MPOTpPamMMbl
MozenupoBanus rporecca MODEL.

C y4€TOM BBILIEU3II0KEHHOTO TPOBOJUTCS pa3pad0TKa CTPYKTYPhl CUCTEMBI
aBTOMATU3UPOBAHHOT'O YNPABIEHUS MTPOLIECCOM I'MAPABINYECKOTO BO3ICUCTBUS.

Ha4vdano
EBEOO HCXOOHEX
/ OaHHEIX

safaHHe HCXOOHEX 3Ha4deHUH
BCHOOMOT'ATEJNEHEIX NEPEMEHHEIX

3
pacdeT
pacnpeeneHus NIpoHULaeMOCTH

4)< r=2,N,1

4

BEIMHCIIEHHE CTPOKH
MaTpPHIE JaBJIECHHA

5
BEMHCIEHHE cTonbLa

J= jd

MaTpHLUEl JARE HHA
]
6 v

BEMHCIEHHE 3HAYEHU

JaENeHHA H TEMIIa Har HET aHHA
INA KaXOoH CKBaX MHE

HET

‘f’ OKOHYaHHe
cYETA

Pucynox 3 — brok-cxema ocHoBHo# niporpammbl (MODEL)
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BBenem 0003HaueHUS CTPYKTYPHBIX DJIEMEHTOB CHCTEMBI:

SDH — o00pabGoTka miacta 4epe3 OAMHOYHYIO CKBAXXHMHY, NapalielIbHYIO
JTUHUH 332005,

LWT — 06paboTka miacTa mo JIOKaJIbHOMY CHOCO0Y;

RWT — oOpaboTka miacta 4depe3 JIUHHBIE OMNEPEKAIOIIUE CKBAKUHBI
(pervoHanIbHBIN CIIOC00);

DSK — BCKpbITHE TUIACTOB KBEpIILJIaramMmu;

CHT - rugpaBiuueckoe BO3JCHCTBHE 4Yepe3  KackaJ  CKBaXKHH,
napajieIbHbIX JMHUH 32004.

Koopnuuanuio paboThl  OCYIIECTBISET YNPABISIOMIMA  MPOTPAMMHBIN
Moayibs (CPM). O6001ieHHast CTpyKTypa CUCTEMbI IIPUBEIeHA HA pPUCYHKE 4.

e e v e s (e + _________ =

Ounenka KavecTpa

HET

ITpu3nak 3aBepuIeHus

Pucynok 4 — CTpykTypHO-(yHKIIHOHATbHAS CXEMa CUCTEMBbI

B pesynbTaTe pasBUTHSA HMCCIEIOBAHUK CIOCOOOB TPEIBAPUTEIBLHOM
00pabOTKM yYTrOJBHBIX IUIACTOB OOOCHOBAHO NIPUMEHEHHE KOMILJIEKCHOTO
TUAPOITHEBMATHUECKOTO  BO3JICHCTBHUSA, IIpeyIaraercsi CTPYKTypa  CHCTEMBI
aBTOMATH3WPOBAHHOTO  VIPaBJICHHUS  MPOIECCAaMH  THAPOIHEBMATHYCCKOU
00pabOTKH yroJLHOTO TUTACTa, MPUBECHHAS HA PUCYHKE 5.



12

B Tperbem pazgesie «CoBEpHIEHCTBOBAHME MATEMaTUYECKUX MOJEIEH U
QITOPUTMOB YIIPaBJIEHUS NPOLECCOM T'MAPONHEBMATUYECKOIO BO3ACHCTBUS Ha
YTOJBHBIN IJIACT ¢ TOBEPXHOCTU» HA OCHOBAHUU TEOPETHUECKHUX MPEJCTaBICHUHN O
nporecce MTHEBMOTUAPOANHAMUYECKOTO BO3JICUCTBUS MOJTyY€HBI
JETEPMUHUPOBAHHBIE ~ MaTEeMaTUYECKWE  MOJENM  Mmpouecca, O0O0OCHOBaHbI
MPAKTUYECKUE PEKOMEHIAIMU IO BBIOOPY TEXHOJIOIMYECKUX IMapaMeTpoB U
pa3paboTaH  aJropuT™M ympaBieHuss cOpOCOM  JIaBlIeHHUS, TMPU KOTOPOM
MpeloTBpaIlaeTcsl OTPULIATEIbHOE BIUSHUE TMpollecca Ha MPWIETAIOIIYI0 K
HarHeTaTeJIbHOW CKBaXHMHE TEPPUTOPHIO.

CAVIITTIO

[IpegycmoTpeHa
TTHERMOOODAOOTKA

IICYIIIIO

[MCVIITO

CPM
|

OanHouHag
CKB 2K1IHA

JIoKanmBHBII
crocod

HET

PerunoHanbHbII
cnocod

SDH a

HET

Bexpertie

LWT aa MIACTOR

RWT

HApyraz
cxeMa

CHT

KOHEL[

Pucynok 5 — O600611eHHas CTPyKTypa CUCTEMBbl aBTOMATU3HPOBAHHOTO
yIIPaBJICHUS MPOLIECCAMH THIPOITHEBMATHIECKON 00paOOTKH YrOJIbHOTO TIACTa
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[IpumeHeHne  METOJOB  aBTOMATU3WPOBAHHOIO  IMPOEKTUPOBAHUS  C
UCIIOJIb30BAHUEM KOMIIBIOTEPHBIX TEXHOJIOTMM B COYETAHMM C ONTHUMM3aLUEH
YOPABJICHUS] IPOEKTOM CHCTEMbl BO3JIEUCTBHS Ha YroJIbHBINA MJIACT 00€CIeUnBaET
MOBBIIIEHHE KauecTBa 00pabOTKHU macTa U 3pPEeKTUBHOCTH BO3AECHCTBUSI.

Ha pucynke 6 mnpuBeaeHa  (yHKUMOHAIbHO-JOTUYECKAs  CXEMa
IPOEKTUPOBAHUS.

Ha pucynke 7 npuBesneHa pyHKIHOHAIBbHO-IOrn4eckas crpykrypa CAY.

Ha pucynke 8 npencraBieHa OlOK-CXeMa alropuTMa BbIOOpa TEKYIIEro
BEKTOpPA yIPABICHUS.

I leas BO3OelicTBHA

I

|

I [MHesMopacuneHeHNE CHmxenue
I VTOIEHOTO II7acTa
|

|
|
|
|
MACCHEA rasoHACBIIIEHHOCTH :
|
|

II TexHoTOrHYeCKAH CXeMa

ECEPRIEARINAA CEEAXIIHA WHATHETATEIEHAR-0TTOYH ad»

|
|
|
|
Bepruxaneuan T'pvnmna cEeasHH I
|
|
|

I11 PesxaM BO3deliCTBHA

H MOCIEIVIOIMM cOpocoM J—

| I
| I
| I
I I
| HargerarensHas c IMuxmideckos HarHeTaHHUE C I
I MAKCIMAITBHBIM TaBICHIHCM KOHTpOIEM ngﬂﬂmgﬁ |
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Pucynok 8 — biiok-cxema ajiroputMa BeIOOpa TEKYIIETO BEKTOpa YIpaBIeHUs

B uyerBéprom pasgesne «CoBeplICEHCTBOBAHHE MapaMETPOB 3IIEMEHTOB
CUCTEMBbI aBTOMATHU3UPOBAHHOTO VIIPABJICHHS» PACCMOTPEHBI 3aJa4yd BbIOOpa
AJMIEMEHTHOW 0a3bl W COBEPIICHCTBOBAHUS  XAPAaKTEPUCTHK CTPYKTYPHBIX
sanemeHnToB. IlokazaHo, UTO TmoOCJeAOBaTelbHAsE MHOTOTAKTHAas  BBIOOpKa
MHUKPOKOMAHAbl  MMO3BOJsieT yMeHblMTh uuciao DBHUC TI3Y B cxeme
MUKPOIPOTPaMMHOM MaMsITH B Spa3, riae S- 4uciao yacTed, Ha KOTOphle pa3Outa
MHUKPOKOMAaH/a.

Pa3paboTanbl peKOMEHAAIMU N0 MPUMEHEHUIO U JalIbHEHIIeMYy pa3BUTHIO
aBTOMAaTHU3alUK YIIPABIICHUS IIPOLIECCAMU BO3AEHCTBUS HA YTOJIbHBIE TIIACTHI.

3AKJIIOYEHUE

Juccepranus gBiseTcsl 3aKOHYEHHONW Hay4YHO-HCCIIEI0BATENbCKON paboToH,
B KOTOpPOU IOJIyYEHO HOBOE PELICHUE aKTYyJIbHOM HAyYHO-TEXHUYECKOW 3a/1a4H,
3aKJIIOYAIOUIECs B Pa3BUTHU CTPYKTYPbI, MATEMATUUECKOTO U aJrOPUTMHUYECKOTO
oOecrieyeHusi CHUCTEMbl  aBTOMATHU3UPOBAHHOTO  YMPABICHUS  MPOIECCaMU
KOMIUIEKCHOTO THUIPOIMHEBMATUYECKOIO BO3AECHCTBHS HA YrOJIbHBIE IUIACTBI Kak
cpeactBa OOpbObI C OCHOBHBIMH OMNACHBIMU SIBICHUSIMU TPU MOJA3EMHOMU
yraeno0brde, OOOCHOBAaHWHM TIApaMETPOB W alNTOPUTMOB (DYHKIIMOHUPOBAHUS
CHUCTEMBI U €€ MOJCHCTEM, O00ECIICUMBAIONINX CTAOMIM3AINIO0 TEXHOJIOTHICCKUX
XapaKTEePUCTUK MPOILIECCOB 00paOOTKH YroJIbHBIX IJIACTOB U IMOBBIIIEHUE HA 3TOU
ocHOBE 3 (PEKTUBHOCTHU BO3ICUCTBUS.

OcHOBHBIC HayuyHbIE pE3yJbTaThl, I[OJYYECHHbIE B pabOTe, MOXKHO
chOpMyIUPOBATH CIAEIYIOIIMM 00pa3oM.

1. B pe3ynbprare aHanu3a JAHHBIX TEOPETUYECKUX U SKCIEPUMEHTAIBbHBIX
UCCJIEIOBAHUIM psila aBTOPOB W OpraHM3alMi I[OKa3aHO, YTO Hauboliee
MIPOTPECCUBHBIM CITOCOOOM OOpPHOBI ¢ OCHOBHBIMHU OMACHOCTSIMHU TIPU TOJ3EMHON
n00bIYe YISl SIBISIETCS KOMIUIEKCHOE THIPOITHEBMATHYECKOE BO3JCHCTBHE HA
pa3pabaThIBaeMblii YTOJIbHBIN IIACT.
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2. YCTaHOBIIEHO, YTO MPOLECC TUAPABINYECKOTO BO3/ICCTBUS HA YTOJIbHBIN
IJIaCT COMPOBOXKIACTCS PE3KUMH KOJICOAHUSMH OCHOBHBIX TEXHOJOTHYECKHX
napaMeTpoB (JaBjeHHWS W TEMIIa HArHETaHWs) B IIMPOKOM JHAarna3oHe,
OOyCJIOBJIEHHBIMU ~ BBIPA)KEHHOM aHU30TpONHel  (UIBTPALMOHHBIX CBOWCTB
YrOJIbHOTO MAacCHBa, YTO ONpPEACNISIEeT HEOOXOIUMOCTh NPUMEHEHHUSI CpEJICTB
KOHTPOJISI ¥ YIPABJICHHUS] TEXHOJOTMYECKUM 00O0pYyIOBaHHEM, 00€CIEeUMBAIOIINX
CTAOMIM3AIMIO TTApaMETPOB IpoIlecca U MOBBIMICHUE d(PPEKTUBHOCTU 00PabOTKU
J1acTa.

3. MerogomM MaTeMaTUYECKOTO MOJEIUPOBAHMS IOKA3aHO, YTO IPOLECC
YBIQXXHEHHS] YrOJBHOTO IJJacTa NpPU THAPABIMYECKOM BO3JCHCTBUU YeEpe3
OJIMHOYHYI0 CKB&)XHHY OOYyCIIaBIMBA€T BBICOKHI ypOBEHb BapHalliu MPUPOCTa
BJIQYKHOCTU B 00pabaThIBA€MOM MacCHUBE.

4. MareMatu4eckue MOJENH IpouLecca TMAPABINYECKOr0 BO3IAECHUCTBUS Ha
VTOJIBHBIA  TUIACT  COCTaBIISIOT  MaTEMaTHYECKOe OOECICUCHHE  CHCTEMBI
aBTOMATU3UPOBAHHOTO YIIPaBJICHUS OOpaOOTKONM AaHU3OTPONHBIX MAaCCHBOB.
OrnpeneneHsl napamMeTpbl TEXHOJIOTUU U CUCTEMBI YIIPABIICHHUS:

a) KOHTPOJMpPYyEeMble MapaMeTphl — JaBJICHUE W TEMIl HarHeTaHus, 00bem
noJaHHOM pabouel >KUIKOCTH, BpeMs o00pabOTKu, IOKa3aTeldb KadecTBa U
3¢ PeKTUBHOCTH TIpOIIECCa;

0) ynpaBJISIONINI MTapaMeTp — TEMIT HarHETaHUsl.

5. Pa3zpaboTtaHbl CTpyKTypa U adropuT™M (PYHKIIMOHHPOBAHUS YCTPOMCTBA
KOHTpOJISI MapaMeTpPOB U YIOPaBJIEHUA MPOLECCOM HAarHeTaHus KUIKOCTU B
AHU3O0TPOITHBIN TUTACT Yepe3 OJMHOYHYIO CKBAXXKHHY, KOTOpas SBJISETCS 0a30BOM
€AUHULIEM  CUCTEMbl  aBTOMATU3UPOBAHHOIO  YIPABICHUS  MPOLECCOM
THIPABINYECKOTO BO3JCHCTBUA. B OCHOBY (DYHKIIMOHMpPOBAaHUS YyCTPOMCTBA
MOJIOKEH TMPOrPAMMHBIA  NPUHUMUII  BBINOJHEHUS AJTOpUTMA  YNPABJICHUS
MPOIIECCOM HAarHETaHUsl, pealii3yeMblii MUKPOKOHTPOJIEPOM.

6. Pa3zpaGorana oOiias CTPyKTypa CHUCTEMbl YyIOpPaBJIEHUS MPOLECCOM
TUAPABIMYECKOTO BO3JCHCTBUSI, BKJIIOUYAOIIAs BCE MPAKTUUECKH HCIOJIb3yEeMble
CXEMBbI U PEKUMBI THIpaBInUeCcKoil 00padoTku. Pa3paboTaHbl CTPYKTypa U COCTaB
MaTeMaTUYECKOro 00ECIEUEeHHSI CUCTEMbI, BKITIOUAIOIINE MATEeMAaTHYECKUE MOJIeNH
IIPOLIECCA U AJITOPUTMBI UX PEATH3ALINH.

7. OOmwmii ajroput™M pemieHus 3aJadd  MOJICTTUPOBAHMS  SIBISETCS
YHUBEPCAIbHBIM, OH 00ECIIEYMBAET BO3MOKHOCTh MOJIEIMPOBAThH BCE BKIIIOUCHHbBIE
B cucTeMy cxeMbl. OCHOBHAs MPOrpamMMa COCTaBJIeHA ISl IBYMEPHOM IMOCTAHOBKHU
3a/layi, MPUYEM paccMaTpuBaeMasl 00JIacTb MOXKET JIeXaTh KaK B IUIOCKOCTH
IJ1aCTa, TaK U B NEPIEHAUKYJSIPHOM €M IUIOCKOCTU. Pa3innyHble BapUaHThI CXEM,
PEXXUMOB U TIOJIOKEHHS 00JIACTU PEIICHUS 33J1al0TCsl HA0OPOM MCXOIHBIX JTaHHBIX
Y 3aMEHOM HEKOTOPBIX OMEPATOPOB MPOrPaMMBI.

8. Pazpaborana CTpyKTypa TMOJCHUCTEMBbI YIPABICHHUS IPOLIECCOM
MHEBMOOOpPAaOOTKH, a TakKKe CHUCTeMbl AaBTOMATU3UPOBAHHOIO YNPABJICHUS
MpoIleCCaMi KOMIUIEKCHOTO THAPOMHEBMATUYECKOTO BO3JEHCTBUSI HAa YTOJbHBIN
1acT.

9. Pazpaborana  JgeTepMUHHMpPOBAHHAasi  MaTeMaTH4yecKas  MOJEIb
BBICOKOHANOPHOI'O BO3JECHWCTBUS HAa YrOJbHBIM IUIaCT C [OBEPXHOCTU, Ha
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OCHOBaHUHM KOTOpOH pa3paboTaH aqropuTM cOpoca AaBiE€HHA, 00ECIIeUYNBAIOIIUI
0e3omacHoe JIsl OKpY>Karolel Cpe/ibl BBIMOJHEHUN TEXHOJIOTMYECKON Onepaluu.

10. Pa3paboTtanbl MeTObI MOJIU(UKALMN TAPAMETPOB IJIEMEHTOB CHCTEMBbI
yIpaBiieHus1, 00ecreunBaronire NOBbIeHne 3PHEKTUBHOCTH (PYHKIIMOHUPOBAHUS
CUCTEMBI.

CIIUCOK OINYBJIMKOBAHHBIX PABOT 110 TEME
JUCCEPTALIUN
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npoleccaMd M MPOU3BOJCTBaMU (IO  OTpacisiM) (TEXHUYECKUE HAYKH)»—
JOHHTY, Jlonenk, 2019r.

B nuccepraumm pemieHa akTyajdbHas ~Hay4yHO-TEXHHMYECKas 3a/aua,
3aKJIIOYAIONIAsCA B PA3BUTUU CTPYKTYPhl, MATEMaTUYECKOTO U aJTOPUTMHUYECKOTO
oOecrieyeHusi CHCTEMbl  ABTOMATH3UPOBAHHOTO  yIOpaBJIEHUSA  Mpolieccamu
KOMIUIEKCHOTO THUJPOMHEBMATUYECKOIO BO3JACHCTBHS HAa YrOJIbHBIE IJIACTBHI Kak
cpeactBa OOphObI C OCHOBHBIMM OMNACHBIMHU SIBICHUSMU TPU TMOJA3EMHOMU
yriienoonsiue, OOOCHOBAHMM TAapaMETPOB M  aJITOPUTMOB (YHKIIMOHUPOBAHUS
CUCTEMBbl U €€ IOJICUCTEM, OOECIEUMBAIOIINX CTAOWIM3ALMI0 TEXHOJOTMYECKUX
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XapaKTEPUCTHK MPOIECCOB 00PAOOTKHU YTOJBHBIX IJIACTOB W TOBBIIMIEHUE HA ITOU
O0CHOBE d(D(PEKTUBHOCTH BO3ICHCTBUS.

Y CTaHOBJIEHO, YTO MPOLECC TMAPABIMYECKOrO BO3JAECHUCTBUS HA YTOJIbHBIN
IJIaCT COMPOBOXKIACTCS PE3KUMH KOJICOAHUSIMH OCHOBHBIX TEXHOJOTHUYECKHX
apamMeTpoB, UYTO OMNPEISIIECT HEOOXOIUMOCTh MTPUMEHEHHUS CPEJICTB KOHTPOJISI U
yIpaBICHUS TEXHOJIOTHUECKUM o0opyIoBaHUEM, 00eCTICUNBAIOIIINX
CTAOMJIM3AIMIO TTApaMETPOB IIpoIlecca U MOBBIMICHUE d(PPEKTUBHOCTU 00pPabOTKU
Iacra.

Pa3paboranbl CTpykTypa W anropuT™M (YHKIIMOHHPOBAHHUS YCTPOWCTBA
KOHTPOJISI TapaMeTpOB M YMPABICHUS MPOLECCOM HArHETAHUS >KUIAKOCTH B
AHU3O0TPOITHBIN TUTACT Yepe3 OJMHOYHYIO CKBAXXHHY, KOTOpas SIBJISETCS 0a30BOM
CAMHUIICH  CHUCTEeMbl  aBTOMAaTH3MPOBAHHOTO  YIPABJICHHUS  IPOIECCOM
TUAPABIMYECKOr0 BO3AeHCTBUs. B 0OCHOBY (YHKIMOHUPOBAaHUS YCTPOICTBA
MOJIOXKEH TPOTPAMMHBI  TIPUHIIMI  BBITIOJIHCHHSI  allTOPUTMA  YIIPABICHUS
MPOIIECCOM HArHETaHUS, PeaTu3yeMbIii MUKPOKOHTPOJICPOM.

Pa3paborana oOmas CTpyKTypa CHCTEMBbI YNpPaBJICHUS MPOIECCOM
THIPABINYCCKOTO BO3JCHCTBHUS, BKIIOYAOINIAs BCE MPAKTUYECKU HCIOJIB3yEeMbIe
CXEMBI U PEKUMBI THAPABINYCCKON 00paboTKu. Pa3paboTaHbl CTPyKTypa M COCTaB
MaTEeMaTHYECKOTO 00ECIICUCHUSI CUCTEMBI, BKIIFOUAIONINE MATEMaTHICCKUE MOJICIN
IpOIECCa U aJITOPUTMBI X peaTr3aIi.

Pa3paboranbl MeTOIbI MOAM(PHUKAIUU MAPAMETPOB JJIEMEHTOB CHCTEMBI
yIpaBiieHHs, 00€CTIeUnBAIONIHE MOBBIICHUE dP(HEKTUBHOCTH (DYHKIIMOHUPOBAHUS
CUCTEMBI.

KioueBble ciaoBa: mporiecc, yrpaBieHUe, MapaMeTp, MaTeMaThdecKas
MOJIEJIb, AITOPUTM, CTPYKTYpA.

ABSTRACT

Lazebnaya L.A. The modification of algorithms and parameters of
elementsof automatics control system of hydropneumatic treatment process
on coal seams. — Manuscript.

Dissertation for degree of technical sciences candidate in the specality
05/13/06 — Automatics and controlof technological processes and enterprises (by
branches) (technical sciences).- DONNTU, Donetsk, 2019.

In the dissertation solved up-to-date scientific and technical challenge of
development structure of mathematical and algorithmic providing computer-aided
process management integrated fluid power impact on the coal seams as a means
of combating the main hazards in underground coal mining, validation parameters
and algorithms of functioning of the system and its subsystems, providing
stabilization of the technological parameters of processing coal seams and increase
efficiency of influence on this basis.

Found that the hydraulic impact on coal seam is accompanied by sharp
fluctuations of main technological parameters, that defines the necessity of
application of monitoring and control of technological equipment to ensure
stabilization of process parameters and increase processing efficiency.

Structure and operation of the algorithm developed device control settings,
and process control fluid injection in anisotropic seam through a single hole, which
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is the basic unit automatic control system process of hydraulic impact. The basis
for the functioning of the device was based on the principle of software running
discharge management, implemented by the microcontroller.

A general structure of hydraulic impact management system that includes
almost all used hydraulic regimes and schema processing. Developed the structure
and composition of software systems including mathematical models and
algorithms for their implementation process.

Developed methods for modifying parameters of control system
components, to ensure a better functioning of the system.

Keywords: process, management, parameter, mathematical model, the
algorithm, structure.
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