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Ipucopuyyx  I'B. Mopneni Ta 3aco0M  MIABUIIEHHA  €(PEKTHUBHOCTI
ABTOMATHU30BAaHOTO  KOHTPOIIO  TEXHOJOTIYHMX  TPOIECiB  HAa  TPOTATIIAX
KBa3IMWIIHAPUYHUX 00epToBUX 00’ekTtax. — KBamidikamiiiHa HaykoBa Impaisi Ha
paBax PyKOITHCY.

HNuceptanis Ha 3100yTTS HAayKOBOrO CTymHeHs JokTopa ¢dinocodii 3a
cnemianbHICTIO 151 — aBTOMaTH3a1is Ta KOMI' FOTEPHO — IHTErpOBaHi TeXHOJor1i (15 —
aBToMaru3allis Ta NpuiaanoOyayBaHHs). — I[BaHO-DpaHKIBCHKUNM HaIlIOHATBHUM
TEXHIYHUH yHIBepcuTeT Ha(TH 1 ra3y, [Bano-Opankiscbk, 2020.

Metoro aucepTaliiHOrO JOCHIDKEHHS € TiABUIIEHHS eKCIUTyaTaiiitHo1
HAJIMHOCT1 Ta PUTMIYHOCTI pOOOTH KOHCTPYKIIIT IPOTATINX 00EPTOBUX €JIEMEHTIB B
I[yKPOBIii MPOMUCIOBOCTI, TAPAHTYBAaHHS BUCOKHUX, IKICHUX Ta KUTbKICHUX MTOKa3HUKIB
TEXHOJIOTIYHOTO MPOIIECY YIPaBIiHHS aBTOMaTU30BAHUMH CUCTEMaMHU KepyBaHHS, 110
(GYHKIIIOHYe B CKJIQJHUX YMOBaX eKCIUTyaTtailii, po3poOJjeHHs U YJAOCKOHAJICHHS
ICHYIOUMX MaTeMaTUYHUX Mojielied O0O0epTOBUX IWIIHAPUYHUX 00’ €KTIB IS
KOHTPOJIFO 1 3a0e3nedyeHHs HaaiiHOT poOOTH B CKJIaJi aBTOMATH30BaHOI CHUCTEMH
KepyBaHHS.

VY aucepraniiiHiii poOOTI BUPIMIEHO HAYKOBO-TIPAKTHYHY 3aJa4y BU3HAUYCHHS
TEXHIYHOTO CTaHy €JIEMEHTIB KOHCTPYKI[i TE€XHOJOT1YHOrO OOJagHAHHS ITYKPOBOI
IIPOMMCIIOBOCTI, 1[0 Ma€ T€OMETPUIHY KOH(ITypaIlito MPOTATINX 00epTOBUX 00’ €KTIB
METOJIaMH1 aBTOMATH30BAHOTO KOHTPOJTIO 32 IX CTAHOM 3 BUKOPUCTAHHSIM TEOPETUUHUX
Ta EKCIEPUMEHTAIbHUX METOAIB. 3 METOI0 EKOHOMIii pecypciB Ha MPOBEIACHHS
PEMOHTHHX pOOIT MEPEeBAXXKHY YBary 30CEpEKEHO Ha BUKOPUCTaHHI METOIB
MaTeMaTHYHOTO MOJIETIOBAHHS TEXHOJOTTIYHUX IIPOIIECiB, SIKI BUMAraroTh MiHIMaJIbHOT
EKCIIEPUMEHTATBHOI 1IarHOCTHYHO1 1H(hOpMaIlii.

VY BcTyni oOTpyHTOBAHO aKTYaJdbHICTh 33124 JTOCHIJDKEHHS, MTOKA3aHO 3B’ 30K
poOOTH 3 HAYKOBUMH MPOTpaMaMHu, IUIaHAMHU, TEMaMH, 3a3HAYCHO HAYKOBY HOBU3HY
Ta chopMynpOBaHE MPAKTUYHE 3HAYCHHS] OTPUMAHUX PE3yJIbTATiB, IPOBEICHO aHAI3
0COOUCTOrO0 BHECKY B IMyOJiKalii 3a TeMOI pOOOTH, BU3HAYEHO METYy, 00 €KT 1
npeaMeT JOCTIIKEHHS, TPOaHali30BaHO KUIbKICTh MyOJIiKalii Ta CTyHiHb anpoOartii

pob6oTH.



VY nepiomy po3aini nposeaeHo ananiz [IOO (mpoTsariux o6epToBUX 00’ €KTIB)
K 00’€KTIB KOHTPOJIO, BUBYEHO OCOOJIMBOCTI iX KOHCTPYKIIiH, MPOBEICHO aHali3
ICHYIOUHX METO/1B eKCIIepuMeHTAIbHUX focaimkeHb [100 3 3a3HaueHHSIM HasBHUX .

3niiiCHEHO aHalli3 ICHYIUMX MAaTEeMaTUYHUX MOJIeNied IJig OIIHIOBaHHS
nmapaMeTpiB  HaNpY>KEHOTO0 CTaHy JOCTIDKYBaHUX OO €KTIB 3 3a3HAYCHHSIM
HEBUPIIIEHUX 3a7a4 MOJEIIOBaHHSA, HAMIUYEHO 3aJlayl, 10 MOXXYTh OyTH BHpILIEHI B
MpolLeci BAKOHAHHS POOOTH.

BkazaHo, 1o HeoOXiHO PO3POOUTH TaKl 1HXKEHEPHI METOJUKH PO3PAXYHKY
napaMeTpiB TEXHIYHOTO CTaHy (HampyXeHUM CTaH 3 ypaxXyBaHHSM TOIOJIOT1I 00’ €KTY,
OaHIaXyBaHHSM  €JIEMEHTIB  KOHCTPYKIII, aepoJMHaMIYHI  XapaKTEPUCTHKU
nonateBoro arperary [IOO), sxi 60 nmamu 3MOry 3 TOYHICTIO, IO OOYMOBIICHA
BUPOOHMYUMHU BHUMOTaMH, XapaKTepu3yBaTh 3MIHY TexHiyHoro crtany I1IOO 6e3
JIOIATKOBO1 JieTanbHOi 1H(opMaIli mpo BCl CHUIM Ta HABAaHTAKCHHs, (AKTOpH
XIMIYHOTO, TETUIOBOT'0, a8POIMHAMIYHOTO BILIUBY, SIK1 IIFOTh HA 00’ €KT B MPOIIECI HOTO
TpUBAJIOi eKcIuryaTalii. BuokpemiieHO HacTymHHMM Kiac 3amad, $Ki HEOOX1IHO
BUPIIIUTHU B TIPOIIeCi TOCTKeHHs TexHiuHoro ctany [100 1 Bu3HaueHO MaTeMaTHYHe
MOJIENIIOBaHHs Tpoliecy aedopmyBaHHs Ta HampykeHoro ctany [1IOO 3a 3MiHOIO X
IPOCTOPOBOT KOHPITryparii:

CydacHI METOJIM OIlIHIOBaHHS TEXHIYHOTO CTaHYy €JIEMEHTIB KOHCTPYKIIIT
POTATINX 00€PTOBUX 00’ €KTIB, SIKI BAKOPUCTOBYIOTH B I[yKPOBIM MPOMHUCIOBOCTI;

MaTeMaTUYHE MO/ICITIOBaHHS HaIpy>XeHo-Ie(opMoBaHOTO CTaHy
TEXHOJIOTIYHUX €JIEMEHTIB KOHCTPYKIlIi B I[yKPOBOMY BUPOOHHUIITBI HA OCHOBI 3MIHU
iX mpocTopoBOi KOH(Irypaiiii i, 30kpema, mporecy OaHaaKyBaHHS;

MaTEeMaTUYHE MOJICITIOBAHHS aepOIMHAMIYHUX BIUIMBIB Ha BeHTHIsATOpH [100 3
ypaxyBaHHSIM 3HOIIEHOCTI JIOMATe 3 OIIHIOBAaHHSM TOYHOCTI aepOJWHAMIYHUX
MOJICJIEH;

pO3pOOICHHST MOJENeld Ta MPOTrpaMHOro 3a0e3MEeUeHHS MJIs BiTHOBJICHHS
€JIEMEHTIB JIOMATKOBOTO amapary MPOMHUCIOBUX BEHTUJISITOPIB, sIKI BUKOPUCTOBYIOTh

y IIYKPOBI{ MPOMHCIOBOCTI;



po3po0Ka METOJUKH PO3PAXYHKY EKOHOMIYHOI €()EKTUBHOCTI MPOBEICHUX
JOCIIIPKEHb TEXHIYHOTO CTaHy eneMeHTiB KOHCTpyKiii [IOO, 110 BUKOPUCTOBYIOTHCS
B LIYKPOBIH IPOMHUCIIOBOCTI;

CTBOPEHHSI METOJIIB OI[IHIOBAHHS JIOBTOBIYHOCTI TEXHOJOT1YHHUX E€JIEMEHTIB
KOHCTPYKI[Ii B ILIYKPOBOMY BHpPOOHMIITBI Ha OCHOBI 3MIHM iX HPOCTOPOBOIi
KOH(irypaii Ta 1ii iHmux GakTopiB CUIOBOIO BILIUBY.

VY npyromy pozaun ¢opmanizoBaHO Kiac 3ajad TEXHIYHOI JIarHOCTHUKH Ta
KOHTPOIIF0, HEKOPEKTHHUX 3 MaTeMaTHYHOI TMTOrMsAay, [UIsl SKUX OYHZyeThCs
perymspu3yrounii anroput™M. HaBemeHo po3B’si3aHHS 3a/4adi OIIHIOBAaHHSA 3MiHU
HanpyKeHO-/1e()OPMOBAHOTO CTaHy MOJICTHBHOTO 00’ €KTa 3 pEaTbHOI0 TEOMETPHUHOIO
KOH(Irypalielo 3a JaHUMH [pO TMEpeMIlIeHHs To4Yok mnoBepxHi. [loOymoBaHo
po3B’sizanHs 3anadi npo HJC texHomoriunoi TpyOu, sika B MpOIECI eKCIuTyaTarlii
nignsrae 0aHIaKyBaHHIO Ha OCHOBI PO3B’si3aHHs 3a1a4i Jlame 11t ABOIIapOBOi TPYOH.
JlocimKeHo 3MiHy HANpyKeHO-1e(OPMOBAHOTO CTaHy B pEATbHOMY TEXHOJIOTTUHOMY
00’€KTI IIYKpOBOi MPOMHUCIOBOCTI IO B TMPOIECi eKCIUTyaTallli 3a3Ha€ 3HAYHHUX
TEXHOJIOT1YHUX BIUIMBIB Ta Ma€ CKJIAIHY MPOCTOPOBY KoHiryparito oci. BuBdeHo
0COOJIMBOCTI 3MIHM 6 KOMIIOHEHT TEH30pY HAINpPY>KEHb 32 MEPEMILIEHHIMU 6 TOYOK
noBepxHi gochimkyBanoro TOILII(TexHomoriyaui 00’ €KT IIYKPOBOI MPOMHUCIIOBOCTI).

Y TperboMy po3aiii 3aMPOIMOHOBAHO CHCTEMY OIIHIOBaHHS aepoAMHAMIYHUX
XapaKTePUCTHUK JIOTIATKOBOTO arperaTty CKIaJHUX TEXHIYHUX CUCTEM — BEHTUIISITOPIB
PI3HOTO MPU3HAYCHHS B IIyKPOBIH IMPOMMCIIOBOCTI, ra3onepeKavyyBajIbHUX arperaris,
aBlamifHUX ABUTYHIB ToImo. IIpoBeaeHo BHOIp CHCTEMU KOOPAWHAT JJIS IINTHYHUX
mpodiIiB 3 PI3HUMH BEIMYMHAMH MajuX IMIBOCEH, CTBOPEHO MaTEeMaTUYHY MOJCIb
mpoliecy OOTIKaHHS 3 BUKOPUCTAHHSIM IHTErpabHOTO piBHSIHHS Dpenronbsma Il poxy
JUTSI BU3HAYCHHS JOTUYHOI KOMIOHEHTH HIBUAKOCTI MOTOKY, 3alIPOIIOHOBAHO METOT
HOTO YHCETBHOTO PO3B’S3KY IUIIXOM BHUKOPHUCTaHHS (QOpMyNIH Tpamerin s
HAOJIDKEHOTO  IHTETPYBaHHS BHW3HAYCHUX IHTETpajiB, CTBOPEHO BiAMOBIIHE
nporpamMe 3a0esnedeHHs. Po3rissHyTO BUTAAKW JJIS PI3HMX 3HAYCHb MIBOCEH Ta
KUIBKOCTI KOHTPOJBbHHUX TOYOK. [IpoBeaeHO TECTOBI pPO3paxyHKH sl MOJIEIbHUX
eMNTUYHUX OpodUIIB MiJ PI3HUMHU KyTaMH aTakd Ta 3 PI3HOK BEIWYUMHOI MaJIUX

MIBOCEH BEpXHBOI Ta HUKHBOI IOBEPXOHb, BUABICHO 100PE Y3rOAKEHHS 3 IAHUMHU PO



PO3paxyHKH 3a IHIIUMH MOJIETIIMH. 3a JOTIOMOTOI0 PO3POOJIEHUX MIX0 1B BUKOHAHO
MOJICIOBaHHSI 3MIHM TeoMeTpli mpodiiio 3aBASKM BIAKJIAJaHHIO HAa T[OBEPXHI
npo(UIF0 KOMIIOHEHTIB Ta30pIAMHHUX CYyMIIIEH Ta MpU 3HOIIEHHI JOMATEBOTO
arperary B IpoIleci eKCIuTyaTailii BHACI10K A1 abpa3suBHUX KOMIIOHEHT. J{oCIKeHO
3MIHY JIBOX OCHOBHMX XapaKTEPUCTHK — KOEC(PIUIEHTY aepoAMHAMIYHOTO OINOpY Ta
Koe(dilieHTy miAiiManbHOI cuid. MeToNUKYy y3araJbHEHO Ha BHIAJI0OK CHUCTEMU
JonaTen 3 ypaxyBaHHSAM KUIBKOCTI YIIKOJKEHUX NPO(UTIB Ta CTYNEHS YIIKOIKECHHS.
Bkazano cdepy ramysi mogaabIioro BUKOPUCTaHHS METOIUKH.

VY derBeprOoMy PpO3AUII  PO3MVISIHYTO AaBTOMATH3allil0 BHPOOHUYOIro Ta
TEXHOJIOTIYHOTO  TPOIECiB 3 TOYKHM 30pY BJIOCKOHAJIEHHS  yCTAaTKyBaHHS,
TEXHOJIOTIYHOTO OCHAIIEHHS 1 SKOCT1 MPOLECy, TaK 1 3 TOYKU 30py 3abe3neueHHs
TEXHIKO-€KOHOMIYHO1 €()eKTUBHOCTI.

ABTOMaTH3aIls I[yKPOBOi IMPOMHCIOBOCTI 3a0e3neuye sKICHY, €(EeKTHUBHY
poOOTYy BCIX TEXHOJOTIYHUX JUISHOK I[yKPOBOTO 3aBOJYy TUIBKH 3a JOMOMOTOIO
KOMILJIEKCHOTO TIIX0AY JI0 PillIeHHS JaHOi 3a/1adi.

[lepBuHHI TmepeTBOprOBaul 1 TMpUIaAd 3 BHCOKMMH eKCIUTyaTaliiiHuMU
XapaKTepUCTUKaMH, BHKOPHUCTOBYBaHI B AaBTOMATHYHIM CHCTEMi YIpaBIIHHSA
texHojoriyaux npouecis (ACY TII), naroTh MOXKIMBICTH MAaTH JOCTOBIPHI 3HAYEHHS
KOHTPOJIbOBAaHUX  TapaMETPIB  TEXHOJIOTIYHOTO TMpollecy, pOOJATh CHUCTEMH
aBToMaTu3allii GyHKI1OHAJIBHO 3aBEPIICHUMH 1 BUCOKOHAIIMHUMU.

Po3pobnena cuctema aBTOMAaTHYHOTO KEpyBaHHsA OapabOaHHOIO CYIIHUIBLHOIO
YCTAaHOBKOIO [IJIsl BUCYIIYBaHHS LYKPY 13 3a0€3MEUEHHSM PEryJIlOBaHHS BOJIOTOCTI
BUXITHOT CHUPOBUHHU 1 ii TemmepaTypu. 3ajaHa BOJIOTICTh JOCATAETHCS 3MIHOIO
KUTBKOCT1 TEIUIOTO CYXOTO TOBITPS 1 3MIHOIO 4Yacy CYIIIHHS IIJISXOM 3MIHHM KyTa
Haxmwiy OcCi CymuiapHOTO Oapabany. 3amaHa Temmeparypa BUXITHOI CHpPOBWUHU
JIOCSITAETHCS 3MIHOKO KITBKOCTI XOJIOJTHOTO CYXOTO TTOBITPSI.

A TakoX BU3HAYA€THCS MUTAHHS LIOJ0 PO3POOKHM METOIMKH Ta MPOTPAMHOIO
3a0e3MedeHHs I CHUCTEMH BIJHOBJICHHS MOYAaTKOBOI KOHQIryparii JIOmaTKOBOTO
amapaTy €JEMEHTIB KOHCTPYKIIiI METOJOM HaMWJICHHS BIJIHOBIIOBAJIBLHOIO IIapy
HUISIXOM MIKPOJYTOBOTO OKCHUJIYBaHHSI aJIOMiHIIO Ta #oro cruaBiB. OCHOBHUM

pe3yJIbTaTOM JOCIIKEHb € M00YI0Ba CTOXaCTUYHOT MOJIEII, SIKa JJa€ 3MOTY OLIIHUTH



YacTKy YM BIJICOTOK IUIOLII MOBEPXHI, 0OOpPOOIEHOI 3a4aHOI0 KUIBKICTIO IMITYJIBCIB.
®opMy caiy KOXKHOTO IMITYJIbCY BBA)XKa€EMO KPYIOBOIO Ta HE3MIHHOKO. 3 pOCTOM
KUIBKOCTI IMITYJIbCIB BIJCOTOK IUIONII OOpOOJIEHOT MOBEPXHI EKCIIOHEHIAIbHO
HaOJIMKY€EThCS 10 MakcuMmyMy. [lapameTp 11i€i eKCIIOHEHITIaTbHOT 3aJIEKHOCT1 MIPSIMO
MPOIOPLINHUI BIIHOUIEHHIO IUIONIl, MOKPUTOI OJHUM IMIYJIBCOM [0 IOl BCI€T
noBepxHi ( IpUHaMHI B IHTEpBaji 3HaueHb 1poro BigHomeHHs Big 0,0001 mo 0,001).
TounicTe 1iei Moaeni € He ripmorol% npunaiimui 3 WMoBipHicTIO 0,95. Monens
no0yaoBaHa METOJAOM CTATUCTHYHOTO aHaNi3y KOMIT IOTEPHO 3MOJIEIHOBAHOTO
npoLecy.

JIJisi OIiHFOBAaHHS PEAJbHOTO TEXHIYHOTO CTaHy JIF0YMX MaricTpajibHUX Ta
TEXHOJIOTTYHUX TPYOOIPOBO/IIB, ITIHAPUIHO-00€PTOBUX 00’ €KTIB BUBUYECHO TTUTAHHS
II0JI0 OI[IHKM TEXHIYHOTO PECYpCy 3 ypaxyBaHHSM TEPMIHIB eKcCIuTyartailii 00’ €KTiB,
PEXHUMIB /111 Ha HUX CHJIOBUX (DaKTOpiB PI3HOI MPUPOAH, AKI OOYMOBIIIOIOTH 3MIHY
Hecydoi 3/aTHOCTI 00’ €kTiB. BojgHOuac BHKOPUCTAaHO CTAaTUCTHYHI MIIXOMH, 5Kl
nepeadavyaroTh HaJaHHSA J0AaTKOBOi 1HGopMalli npo crnocodu HaBaHTAKCHHS
JOCIIPKYBAHOTO 00’€KTa, HASBHICTh HAaBaHTAXEHb, [0 MAalOTh MEPIOAUYHUN
xapakTtep. g 1bOro BUBYEHO KOMITOHEHTH, SIKI XapaKTepPU3YIOTh 3MIHY HaNpy>KeHb
nedopMoBaHoro craHy. J[ns BU3HAYEHHS JOBTOBIYHOCTI KOHCTPYKIIIH HEOOXI1THO
3’sCyBaTH, YU MIANOPSAIKOBYETHCS 3aKOH 3MIHU HAIpY>KEHb HOPMAJIBHOMY 3aKOHY
posmnoainy. [Ipu 11boMy BUOHMpPAEMO Ti CEKTOPH HA MIJIIHAPUYHOMY 00’ €KTi, Ha SKUX
3MiHAa HaNpY>XEHb € MaKCUMaJbHOIO. [IOTEHIIIITHO MOXIMBO KOHTPOJIIOBATH IPOIIEC
3MIHM Halpy>K€Hb B KOXKHIM TOYIIl PO3PaXyHKOBOI CITKH, ajie€ B TaKOMY BHUIIAJKY
BUHUKA€E HEOOXIMHICTP MaTH CIOpaBy 31 3HAYHUMHU oOcAraMu OOYHUCIICHD.
3ampoIrioHOBaHO  PO3PAXyHKOBY  CXeMy JUIsl  OIIHIOBaHHS  JOBTOBIYHOCTI
TEXHOJOTIYHUX 00epTOBUX 00’ €KTIB 3 BUKOPUCTAHHSM CTATUCTUYHOTO KPHUTEPIIO, a
TAaKO CMOCI0 BHU3HAYECHHS 3MIHM HaIpy>KEeHO-Ae(OPMOBAHOTO CTaHy BKa3aHUX
00’ekTiB. PeanmizoBaHO METOAWKY TEpPEBIPKH TilMOTE3W MPO HOPMAIBHHUMA 3aKOH
PO3MOIUTY BUMAIKOBOT BEIMYMHU — 3MIHHM HAMPYKEHOTO CTaHy 00’ €KTa TOCIIKEHHS.
BcraHoBNIEHO HAMPSIMKY HACTYITHUX JTOCITIIKEHb.

Po3rnsiHyTo 3aBIaHHS €KOHOMIKO-COLIIAJIBHOTO XapakTepy, TOOTO HACKLIBKU

(¢iHaHCOBO OOTPYHTOBAHMMH € peaji3allisl 3aXOJIB TEXHIYHOI JIarHOCTHKU Ta



KOHTPOJIIO, & TaKOX YJOCKOHAJIEHHS YIpPaBIiHHA HUMHU 3 MOMISIAY 3a0€3MeYeHHS
0e3aBapiiiHO1 poOOTH 1UX 00’€KkTiB. JlJig BUpIMIEHHA IIUX MUTaHb BUHHMKAE MOTpeda
moOy/I0BU BIJIMOBIIHUX MAaTeMAaTUYHHX MOJENIEH TEOPETHKO-€KCIIEPUMEHTAIBHOIO
XapakTepy. 3auisl IbOro BUKOPUCTAHO anapar 3BU4aHuX AU(epeHIialbHIX PIBHSIHb.
Takuil miaxig MOKHa BUKOPHCTOBYBATH EKCIIEPUMEHTAJIbHO 3a YMOBH, KOJH BCI
GyHKIII1, 0 MOJETIOITHCSA, € ACUMITOTUYHUMU CTaluMH BennduHamu. [lim gac
MIPOBEJICHHS KOHTPOJIO JIarHOCTMYHUX 3aXOJIB Ha TEXHIYHUX O0’€KTax 3 METOIO
NiABUIICHHS €()EeKTUBHOCTI YIpPABIIHHS, HEOOXITHO 3aCTOCOBYBATH €(EKTHBHI
METOJM, SKI O JamuM 3MOry OJep)KyBaTH BIJUYTHUH pe3yJbTaT NpPHU BIAHOCHO
HEBEJIMKHUX 3aTpaTax.

KuarouoBi ciaoBa: mnpotsrii o0epToBi 00°€KTH, Hampyx eHO-IepopMoBaHUMN
CTaH, aepoJMHAMIUHI XapaKTEPUCTUKH, BITHOBJICHHS IOBEPXOHb, JOBIOBIYHICTD,

€KOHOMIYHA €()EKTUBHICTb.
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SUMMARY

Grygorchuk G.V., Models and means to increase the efficiency of automated
control of technological processes on long quasi-cylindrical rotating objects. —
Qualifying scientific work on the rights of the manuscript.

Thesis for the degree of Doctor of Philosophy in specialty 151 — Automation and
computer-integrated technologies (15 — automation and instrumentation). — Ivano-
Frankivsk National Technical University of Oil and Gas, lvano-Frankivsk, 2020.

The purpose of the thesis research is increasing the operational reliability and
rhythmicity of the long rotating elements in the sugar industry, guaranteeing high,
qualitative and quantitative indicators of the technological process for managing
automated control systems operating in difficult conditions, development and
improvement of existing mathematical models for rotating cylindrical objects to
monitor and ensure reliable operation as part of an automated control system.

The thesis deals with the solution of the scientific and practical problem for
determining the technical condition of thbane structural elements of the technological
equipment applied by the sugar industry, which has a geometric configuration of long
rotating objects by automated control over their condition using theoretical and
experimental methods. In order to save resources on repair work, the main attention is
paid to the usage of methods of mathematical modeling of technological processes that
require minimal experimental diagnostic information.

The introduction substantiates the relevance of research objectives, shows the
relationship with scientific programs, plans, topics, scientific novelty and practical
significance of the results, analysis of personal contribution to the publication on the
topic, defines the purpose, object and subject of research, the number of publications
and the degree of approbation of the work were analysed.

In the first section the analysis of LRO (long rotating objects) as objects of
control is carried out, features of their designs are studied, the analysis of existing
methods of experimental researches of LRO with the indication of available is

performed.



The analysis of existing mathematical models for estimating the parameters of
the stress state of the studied objects with the indication of unsolved modeling
problems is carried out, the problems that can be solved in the process of work are
outlined.

The analysis of existing mathematical models for estimating the parameters of
the stress state of the studied objects with the indication of unsolved modeling
problems, the problems that can be solved in the process of work.

It is indicated that it is necessary to develop such engineering methods for
calculating the parameters of technical condition (stress- strain state taking into account
the topology of the object, banding structural elements, aerodynamic characteristics for
the blade unit of long rotating objects), which would allow with accuracy due to
production requirements to characterize changes in long cylindrical objects without
additional detailed information about all forces and loads, factors of chemical, thermal,
aerodynamic influence w ich acted on object in the course of its long operation. The
following class of problems is singled out that need to be solved in the process of
studying the technical condition of long rotated objects and mathematical modeling of
the process of deformation and stress state of long cylindrical objects by changing their
spatial configuration:

- analysis of modern methods for assessing the technical condition of structural
elements of long cylindrical objects used in the sugar industry;

- mathematical modeling of the stress-strain state of technological elements of
the structure in sugar production on the basis of changes in their spatial configuration,
and, in particular, the process of their banding;

- mathematical modeling of aerodynamic effects on long rotating objects fans
taking into account the wear of the blades with an assessment of the accuracy of
aerodynamic models;

- development of models and software for restoration of elements of the blade
unit of industrial fans used in the sugar industry;

- development of methodology for calculating the economic efficiency of
research on the technical condition of long rotating objects design elements used in the

sugar industry;



- creation of methods for assessing durability of technological design elements
in sugar production on the basis of changes in their spatial configuration and the action
of other force factors.

In the second section the class of problems for technical diagnostics and control,
incorrect from the mathematical point of view is formalized for which the regularizing
algorithm is constructed. The solution is given to the problem of assessing the change
in the stress-strain state of a model object with a real geometric configuration based on
the data on the movement of surface points. The solution to the problem of stress
strained state of the technological pipe, which in the process of operation is subject to
banding is constructed on the basis of the solution of the Lamé problem for a two-layer
pipe. The change of the stress-strain state in the real technological object of the sugar
industry is investigated, which in the process of operation undergoes significant
technological influences and has a complex spatial configuration of the axis. The
peculiarities of the change of 6 components of the stress tensor by the displacements
of 6 points of the surface of the investigated thermal objects of the sugar industry are
studied.

The features of the change of 6 components of the stress tensor along the
displacements of 6 points of the surface of the investigated TOCP (technological object
of the sugar industry) have been studied.

In the third section, a system is proposed for assessing the aerodynamic
characteristics of a blade unit of complex technical systems — fans for various purposes
in the sugar industry, gas pumping units, aircraft engines, etc. The choice of the
coordinate system for elliptical airfoils with different values of the semi-minor axes
was carried out, a mathematical model of the flow process was created using the
Fredholm integral equation of the second kind to determine the tangential component
of the flow velocity, the method for its numerical solution was proposed by using the
trapezoid formula for the approximate integration of certain integrals, the
corresponding software. The cases are considered for different values of the semi-axles
and the number of control points. The test calculations for model elliptical profiles at
different angles of attack and with different values of the minor semi-axles of the upper

and lower surfaces are carried out; good correlation is revealed with the data on



calculations by other models. With the help of the developed approaches, the modeling
of the change in the geometry of the profile was carried out due to the deposition of the
components of gas-liquid mixtures on the surface of the profile and the wear of the
blade unit during operation due to the action of abrasive components. The change in
two main characteristics - the aerodynamic drag coefficient and the lift coefficient - is
investigated. The technique is summarized for the case of a blade system, taking into
account the number of damaged profiles and the degree of damage. The area of the
industry for the further use of the method is indicated.

The fourth chapter examines the automation of production and technological
processes from the point of view of improving equipment, technological equipment
and process quality, and from the point of view of ensuring technical and economic
efficiency.

Automation of the sugar industry ensures high-quality, efficient operation of all
technological sections of the sugar refinery only by an integrated approach to solving
this problem.

Primary converters and devices with high performance characteristics, used in
the automatic control system of technological processes (ACS TP), allow to have
reliable values of the controlled parameters of the technological process, make the
automation systems functionally complete and highly reliable.

The system for automatic control of a drum drying unit for drying sugar with the
provision of adjusting the moisture content of the feedstock and its temperature has
been developed. The specified humidity is achieved by changing the amount of warm
dry air and changing the drying time by changing the angle of inclination of the drying
drum axis. The specified temperature of the feedstock is achieved by changing the
amount of cold dry air.

And also, the issue of developing a methodology and software is being
determined for a system for restoring the initial configuration of a blade unit of
structural elements by spraying a reducing layer by micro-arc oxidation of aluminum
and its alloys. The main result of the research is the construction of a stochastic model
that makes it possible to estimate the proportion or percentage of the surface area

processed by a given number of impulses. The shape of each impulse trace is assumed



to be circular and constant. As the number of pulses increases, the percentage of the
treated surface area exponentially approaches its maximum. The parameter of this
exponential dependence is directly proportional to the ratio of the area covered by one
pulse to the area of the entire surface (at least in the range of values of this ratio from
0.0001 to 0.001). The accuracy of this model is no worse than 1%, at least with a
probability of 0.95. The model is constructed by the method of statistical analysis of a
computer-simulated process.

To assess the real technical condition of existing main and process pipelines,
cylindrical- rotating objects, the issues of assessing the technical resource has been
studied, taking into account the service life of the objects, the modes of action on them
of various nature force factors, which cause a change in the bearing capacity of the
objects. At the same time, statistical approaches were used, providing for the provision
of additional information on the methods of loading the object under study, the
presence of loads that have a periodic nature. For this, the components characterizing
the change in the stresses of the deformed state are studied. To determine the durability
of structures, it is necessary to find out whether the stress variation law obeys the
normal distribution law. In this case, we select those sectors on the cylindrical object,
on which the change in stresses is maximum. It is potentially possible to control the
process of changing stresses at each point of the computational grid, but in this case, it
becomes necessary to face a significant amount of computation. The calculation
scheme is proposed for assessing the durability of technological rotating objects using
a statistical criterion, as well as a method for determining the change in the stress-strain
state of these objects. A technique for testing the hypothesis about the normal
distribution of a random variable — a change in the stress state of the object of research
has been implemented. Directions for further research have been established.

The problem of an economic and social nature is considered, i.e., how financially
justified are the implementation of measures of technical diagnostics and control, as
well as improving their management from the point of view of ensuring the trouble-
free operation of these objects. To solve these issues, it becomes necessary to construct
appropriate mathematical models of theoretical and experimental nature. For this, the

apparatus of ordinary differential equations was used. This approach can be used



experimentally under the condition that all simulated functions are asymptotic
constants. When monitoring diagnostic measures at technical facilities in order to
improve management efficiency, it is necessary to apply effective methods that allow
you to get tangible results at relatively low costs.

Keywords: long rotating objects, stress-strain state, aerodynamic

characteristics, surface restoration, durability, economic efficiency.



[MEPEJIIK YMOBHUX [TO3HAYEHb, CUMBOJIIB,
CKOPOYEHG I TEPMIHIB
TOPII — TernnoTexHOJIOTTYHUN 00’ €KT 3 PO3MOAUICHUMHU IMapaMeTpaMHu.
[1OO — npoTsrnuii 06epToBUA 00’ €KT.
HJIC- nanpy>xene neopMyBaHHS CTaHy.
CAIIP-cuctema aBTOMaTU30BaHOIO MPOEKTYBAHHS.
ACK-aBTOMaTHM30BaHa CUCTEMA KEPYBaHHS.
ACTI-aBTOMaTH30BaHa CUCTEMA MMPOCKTYBaHHH.
ACY TII- aBTomMaTH30BaHa CUCTEMA YIIPABITIHHS TEXHOJIOTTYHUMH TIPOIIECaMHU.
TOLII-TexHonOr14HMi 00’ €KT IIyKPOBOi MPOMMCIOBOCTI.
OK- 00’€KT KOHTPOITIO.
OPII -00€KT 3 pO3MOAUIEHUMH TapaMETPaMHU.
[TV - mo4aTKoOBi yMOBH.
I'V -rpanuyHi yMOBH.
H,,(x) - muorounen Epmita cTenens n.
A, 1 - xoediuientn Jlame.
T- Temnepartypa.
a — Koe(IIieHT TeMIepaTypOIPOBITHOCTI.
(a, B,y) — HanIpsIMHH BEKTOP MPAMOI.
x? — dynkiis posnoainy ITipcoHa.
S, (, T - KOPJIMHATH TIOB’sI3aH1 3 MUJIIHIPUIHUM TLJIOM BIJIMTOBITHO B3JIOBXK OCI.
TiJIa , TIO TMOJSIPHOMY KYTY Ta IO pajiiycy OcCi Tiia.
I,-(&) mepmwmii iHBapianT TeH30pYy Aedhopmalii.

[-] - uina gactuna yucna.



