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AHOTAIIS

Jumomua pobota Ha TeMy «Po3poOka KOMIT FOTepHO-1HTErpPOBaHOI CUCTEMHU
KEepyBaHHS TEXHOJIOTIYHUMH MPOLIECAMH Ha Macja03aBOA1», BAKOHaHA MOpO3I0KOM
BrnagucnaBom AmnppiiioBuueMm 3a cmemianbHicTIo 174 - ABTomaru3aiiis,
KOMIT IOTEPHO-IHTErpOBaHl ~ TEXHOJIOTITI  Ta  pOOOTOTEXHIKA,  IPHUCBSIYCHA
OOIPYHTYBAHHIO Ta IPAKTUUHINA pO3pOOIIl CTPYKTYpH 1 PYHKIIIOHATBHUX €JIEMEHTIB
CUCTEMM aBTOMATH3allli TMpoIlecaMH MacJ03aBOAYy [UJIs IIJBHUINCHHS iXHbOI
e(eKTUBHOCTI, CTAOLIBLHOCTI Ta EKOHOMIYHOCTI. Y XOA1 MAOCHIIKEHHS OyJo
MPOBEJICHO CUCTEMHHUN aHaji3 ICHYHYOro 00JIaiHaHHs, pO3pO0JICHO MaTeMaTHIHY
MOJieJb Ta CHHTE30BAHO AJITOPUTMHU KEPYBAHHS KIIOYOBHMHU MapamMeTpamMu —
TeMIepaTyporo 1  piBHEM.  3alpoONOHOBAHO  BUKOPHUCTAHHS  CY4YacCHOIO
nporpaMmoBaHoro jorignoro kourposepa OBEH I1JIK-73, 10 103BOaMIO CTBOPUTH
(GyHKIIIOHAJIBHY Ta CTPYKTYPHY CXEMH CUCTEMH aBTOMATHU3allll, €JIEKTPUUHI CXEMHU
Ta POrpaMHy peanizalliro KOHTPOJIepy.

Kiro4oBi cioBa: aBTOMaTH30BaHE KEpPYBaHHS, Macjio3aBOJi, TOMOTEHI3allisl,
emyunbcis, [UIK, perynstop, MaTeMaTndHa MOJIETTh.

ABSTRACT

Master's thesis on the topic "Development of a computer-integrated system for
processing technological processes at an oil plant", performed by Moroziuk
Vladyslav in the specialty 174 - Automation, computer-integrated technologies and
robotics, is dedicated to the justification and practical development of the structure
and functional elements of the process automation system of a creamery to increase
their efficiency, stability and cost-effectiveness. During the study, a system analysis
of the existing equipment was conducted, a mathematical model was developed and
algorithms for controlling key parameters - temperature and level were synthesized.
The use of a modern programmable logic controller OWEN PLC-73 was proposed,
which allowed creating a functional and structural diagram of the automation
system, electrical diagrams and software implementation of the controller.

Keywords: automated control, creamery, homogenization, emulsion, PLC,
regulator, mathematical model.
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BCTYII

AKTyaJabHicTb TemMHM. B yMmoBax rnoOanmizaiii pUHKIB Ta MOCHJICHHS
KOHKYpEHIlli, e(QeKTUBHICTh (PYHKIIOHYBaHHS MPOMMCIOBUX IIIINPUEMCTB,
0COOJIMBO  XapyoBOi IMPOMHUCIIOBOCTI, OE3MOCEPEIHHO 3aJCKHUTh BIJl PIBHS
aBTOMaTu3alii BUPOOHUYMX TMpoleciB. MacloXKUpPOBUIM KOMIUIEKC YKpaiHu €
OJIHI€IO 3 KIIFOYOBHUX raTy3ei eKOHOMIKH, 110 MOTpeOye MOCTIMHOT MOIepHi3aIlii AJ1s
3a0e3neyeHHss CTabUTbHOI SKOCTI MPOMYKLIi Ta 3HWKEHHS COOIBapTOCTI.
BupoOHUIITBO Ha Macio3aBOJi XapaKTEPHU3YEThCS CKIATHUMU TEXHOJIOTTUYHUMHU
mporiecaMu: BiJ eKCTpakiii Ta padiHaimii ojii 10 TOHKOrO €MYJbI'YBaHHS Y
MalioHe3HOMY Iiexy. HemocTtaTHiii piBeHb aBTOMATH30BAHOTO KEPYBAaHHS IUMU
poliIeCaMy MPU3BOJIUTH J0:

1. HecTabumbHOI SKOCTI KIHIIEBOTO MPOAYKTY (Uepe3 JIOAChKUiA (pakTop Ta
HECBOE€YACHE pearyBaHHs Ha BIAXUJICHHS TapaMeTpiB).

2. HagMipHuX BUTpaT pecypciB (€Hepris, CHpOBHHA) 4yepe3 HEONTUMAaNIbH1
pEXUMHU poOOTU 00JIaTHAHHS.

3. 3HWXKEHHA  NOPOAYKTHUBHOCTI  4Yepe3  MPOCToi  Ta  MOBUIbHE
nepeHaaro>)KeHHs 00J1aTHaHHS.

Po3poOka Ta BOpOBaKEHHS CyYacHOi CHCTEMH aBTOMATH30BAHOTO
KepyBaHHS TEXHOJIOTIYHHMH TIPOIECaMHd € KPUTUYHO BaKJIMBHUM KPOKOM JIJIS
3a0e3MnedeHHs] eHeproeeKTUBHOCTI, €KOJIOTTYHOCTI Ta KOHKYPEHTOCTIPOMOXKHOCTI
Macj03aBOy Ha Cy4aCHOMY PUHKY.

MeTow AUNJIOMHOI POOOTH € TEOpETUYHE OOIPYHTYBAHHS Ta MPAKTHYHA
po3po0Ka CTPyKTypu 1 (YHKIIOHATHHUX €JIEMEHTIB CUCTEMHU aBTOMATH30BAHOTO
KepyBaHHS KJIIOYOBHUMH IIPOIIECAMHM Ha MAacj03aBOMdI JUIA IMIBHINCHHS IXHBOI
e(heKTUBHOCTI, CTAO1IHPHOCTI T4 EKOHOMIYHOCTI.

JIst MOCSTHEHHS IIOCTaBIICHOT METH HEOOX1JHO BUKOHATH TaKi 3aBJAaHHS:

1. IlpoBectu aHami3 ICHYIOUHX TEXHOJIOTIYHUX MPOIIECIB HA MAaCI03aBOJI
(30Kpema, TpoIIecy MiAITOTOBKU CUPOBUHH, 3MIIIIYBaHHS Ta TOMOT€HI3allii) 3 TOYKH

30py iX aBTOMAaTH3allli.



2. BuzHauutH OCHOBHI 00’€KTHM KEpyBaHHS, TEXHOJOTIUHI MapaMeTpu Ta
HEO0OX1/1H1 3aCO0M BUMIpIOBaHHS.

3. Po3pobutu MaremaTtuyHi MOJEl KJIFOYOBHX TEXHOJIOTITYHHMX IPOIIECIB,
HEOOX1/IH1 ISl CUHTE3Y aJITOPUTMIB KEPYBaHHS.

4. Cunte3yBaTH Ta OOIPYHTYBaTH BHOIp ONTUMAJIbHUX AaJITOPUTMIB
aBTOMATUYHOTO  PETyJIOBaHHS Uil  MIATPUMAHHA  3aJlaHUX  [apameTpiB
(TemmiepaTypu, TUCKY, PiBHS, B'SI3KOCTI).

5. Po3poOutu  ¢yHKIIOHaTBbHY Ta CTPYKTypHY CXE€MH  CHCTEMH
aBTOMaTM3allii, BKJIOYalOuW BHOIp amapaTHOi Oa3u (KOHTPOJEPH, JaTUYUKH,
BUKOHABYl MEXaHI3MHM).

6. OUIHUTH  OYIKyBaHy  TEXHIKO-€KOHOMIYHY  €(QEKTUBHICTh  BiJ
BIIPOBAXKEHHS pO3pO0OJIEHOT CUCTEMHU aBTOMATH3ALIl].

O0’eKkTOM A0CTIIKEHHSI € TEXHOJIOT1UHI IPOLECH BUPOOHUIITBA MPOAYKIIIi
Ha Macli03aBo/il Y MallOHE3HOMY LIEXY.

IIpeameTom aoc/IiKeHHsI € METOJM Ta 3acO0M aBTOMATHU3allll, MPUHIIUITN
noOyoBU Ta  (YHKIIOHYBAaHHS CHCTEMH aBTOMAaTH30BaHOIO  KEPYBAaHHS
TEXHOJIOTTYHUMHU MPOIIECaMU MacJI03aBOY.

VY mporeci pob6oTu OyIu BUKOPUCTaH] TaKi METOM:

e CHUCTEMHHMI aHalli3 — Ji1 BHU3HAUYECHHA (PYHKIIOHAIBHOI CTPYKTYpH
00'ekTa KepyBaHHS.

e TEOPETHUYHI OCHOBH AaBTOMAaTHYHOTO KEpPYBaHHS — JJsi CHUHTE3y Ta
aHaJ3y CTIMKOCTI PEryJsSATOPIB 1 AITOPUTMIB.

e MaTeMaTHYHE MOJENIIOBaHHSA — JJI1 OMHUCY JUHAMIKM TEXHOJIOTTYHHX
MPOIIECiB Ta IXHBOT IMITaITi].

e aHaJI3 HAYKOBO-TEXHIYHOI JIITEpaTypu Ta HOPMATHUBHOI JTJOKYMEHTAIlli —
JUIs BUOOpY amapaTHOi 0a3u Ta OOTpyHTYBaHHS TEXHIYHUX PIIIEHb.

JlumiomHa poOoTa CKIIaJa€eThes 31 BCTYILY, S OCHOBHUX PO3/iTiB, BUCHOBKIB,

CIIUCKY BUKOpUCTAHUX 16 jpkepent Ta 2 10JaTKiB.
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Po3ain 1

XapakTepucruka BUPOOHMITBA MPOAYKIIII MACJI03aBOAY

1.1. Crpykrypa Macji03aBoay Ta HOro MpoayKIlis

[Mpoaykiiss  Macio3aBogy  (MacjaoXKHpOBOTO  KOMOIHATy) €  Jyxke
PI3HOMAHITHOIO 1 TMOJAUISETHCS HA KUIbKa OCHOBHHMX TPYII, SIKI BHUPOOJISIIOTHCS
HUIIXOM MEepepOOKH HACIHHS OJMIMHHUX KYJbTYp (COHAIIHUK, COS, PIMaK, JIHOH TOILIO).
OcCHOBHI KaTeropii MPoayKIIii:

1. PocnuuH1 07111 - KITFOYOBA MPOIYKITis, 1€ OCHOBHUM MPOIYKT, 3aPaJIH STKOTO
i icHy€ 3aBOJ;

o cupa (HepadiHoBaHa) OJIisl - OTPUMaHa MICJA MPEeCyBaHHs a00 eKCTPaKIIii,
SKa HE TPOWIUIA TOBHOTO OYHWIINEHHS. BHUKOPHUCTOBYETHCS TEPEBAXKHO IS
NOJAJIBIIOT epepoOKH;

o padiHOBaHa Ta 1€30/I0POBaHA OJIis - OUHUIIIEHA OJIis, sIKa BTpaTUja SCKpaBo
BUpaXEHUN CMakK, 3amax 1 Mae 30UIbllIeHud TepMiH 30epiranusa. Lle omis, sky
3a3BUYail KyMyIOTh y IUISIIKAaX JJIsl CMaKeHHS Ta caJlaTiB.

Binpi3HAIOTh COHAITHUKOBY, COEBY, PINAKOBY, KyKypyA3sSHY Ta 1HIII BHUJIH.
Omisg X0JIOAHOTO BIKUMY (MEHIII TIOIIMpPEHa) - 30epirae MakCMMyM KOPHUCHHX
PEUYOBHH, ajieé Ma€ MEHIIUKN TepMiH 30epiraHHs.

2. poxyxist TimbOokoi nmepepoOku xupis. Lli MpoAyKTH BUPOOJISIIOTHCA Y
crelia/li30oBaHMX lLiexax IMIJISIX0M MOAU@iKallil osin:

o MailoHe3M Ta MallOHE3H1 COYCH - eMyJIbCliHA MPOIYKI[iS HAa OCHOBI Oii,
SI€YHUX MTPOAYKTIB, T1PUMIL, OLTY Ta CIEIiH;

e MaprapuHu - €MyJIbCisl KUPY Ta BOJU 3 J00aBKaMH, OTPUMAaHA HUIIXOM
rigporeHizamii omii. BuKOpHCTOByeTbcs B KyqiHapii, XJiOomeyeHHI Ta
KOHJIUTEPCHKOMY BUPOOHUIITBI;

e CHOpPEIU - CyMIIlI MOJIOYHOTO JKHPY Ta POCIMHHHUX OJIi, SIKa Ma€ MEHIITY
XKHUPHICTh, HIK BEPIIKOBE MACJIO;

e CIICILIATI30BaH] KUPH — 1€ KUPHU JJIs1 KOHAUTEPCHKOI, XI100MEKapChKOl

IPOMUCIIOBOCTI, (PPUTIOPHI KUPH TOIIO.
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3. TloGiuna mpoaykiisi (IPOAYKTH TEpepoOKH HACIHHS), SKI € I[IHHOKO
CHPOBHHOIO, OTPUMAHOIO TICIIsl BUIAJICHHS OJIii 3 HACIHHS:

¢ IMIPOT — BUCOKOOUIKOBHH 3aMUIIOK Ticist ekcTpakiii omii. Lle ocHoBHMIA
KOMIIOHEHT JIJIsI BUPOOHMIITBA KOMOIKOPMIB JIJIs TBAPUHHUIITBA,

¢ MaKyXa - 3aJIMILIOK MICIIs IpecyBaHHs ol (MeHII TuboKa nepepolka, Hix
mpoT). TakoK BUKOPUCTOBYETHCS JIJISI TOJIIBIII CUTHCHKOTOCTIOIAPCHKUX TBAPHUH;

o JymmuHHS (Ty3ra) - OOOJOHKAa HACIHHA, SKa BIJOKPEMIIIOETHCS TEpeT
BIUKUMOM. BUKOpHCTOBYeThCS K OlonmanuBo (MaJMBHI TpaHynu) abo A
BUTOTOBJICHHS JICSIKUX OYyIIBEILHUX MaTepiaiB.

OTxe, MPOAYKIliS Macji03aBOJly BapllOEThCA Bl 0a30BOi CUPOBUHU (01 Ta
HIPOT) A0 TOTOBUX XapYOBUX MPOAYKTIB (MalOHE3M, MapTapuHH).

TexHONMOrYHUN TpolecC BUTOTOBJICHHA MalOHE3y BKIIIOYA€ CTBOPEHHS
ONTUMAJbHUX YMOB, MO0 OTPUMATH OJHOPIAHY 1 CTIHKY CHCTEMy 3 Maibke
HEPO3YMHHUX KOMIIOHEHTIB, TakuWxX SK ojis 1 Boja. Ilpu po3pobui nmx ymoB
BpPaxOBYIOThCSl (DAaKTOPH, TaKl K KOHILEHTPAIliSl CyXHMX KOMIIOHEHTIB, IIBUAKICTh
JI0JJaBaHHs OJIii Ta IHTEHCUBHICTh MEXaHIYHOTO BILIUBY.

BupoOHu1TBO MalioHe3y CKJIaae€ThCsl 3 HACTYITHUX CTaIIM:

1. mAroToBKa OKpEeMUX KOMIOHEHTIB PEENTYPHOI CIIOTYKH;

2. 103yBaHHS KOMIIOHEHTIB 1 MATOTOBKA MallOHE3HOT MacTH (eMyJIbIyI0UOi 1
CTPYKTYPYHOYOi OCHOBH);

3. naroroBka "rpy0oi" eMysbCii;

4. miAroToBKa TOHKOAMCIEPCHOT €eMCYIIbCli (TOMOreHi3alus);

5. BBEJIEHHS CMAaKOBHUX 1 apOMaTUYHUX J00ABOK;
6. po3dacoBka mpoyKIIii;
7

. TPAHCIIOPTYBAHHS Ha CKJaJ Ta 30epiraHHsl.

1.2. IliaroroBKka OKpeMHUX KOMIIOHEHTIB peleNnTYPHOI CIIOJTyKH

Cumydi KOMIIOHEHTH, TakKli SIK CyX€ MOJIOKO, IIYKPOBHM MICOK, S€YHHI
MOPOIIOK, TPYUYHUN MOPOIIOK 1 Cijib, MPOCIFOIOTHCSA Yepe3 BIOpocHTa, Ha SKUX
pO3MIIIIEHI MAarHiTH JJIsi BUJIOBJIGHHS (epOMarHiTHUX JOMIIIOK. BiJCyTHICTB

TPYAOYOK y CyXHUX KOMIIOHEHTAX MPU3BOAUTH A0 30UIbIIEHHS 1X 34aTHOCTI BOUpaTH
12



BOJIOTY Ta PO3CIIOBATUCSA MiJ] yac HAOpsSKaHHS, a TAaKOX MIJBUILYE iX MOBEPXHEBO-
aKTHBHI BIACTUBOCTI Ta 3/IaTHICTh €MYJIbI'YBaTH.

[Ipo3opHuUM CONBPOBHN PO3YHH MOJAETHCS 3 COJIEPO3UYNHHMKA J10 KOHTEMHEpA
JUIsl TIPUTOTYBAaHHSI OLTOBO-COJBOBOTO pO34MHY. Boma nomaerbcs 10 poO3UMHY
3aJIe)KHO BiJl MOTPIOHOT KOHIIEHTpAIlii, sika cTaHOBUTH 13-15% nmms maiioHesiB 3
BHUCOKHUM BMICTOM Kupy 1 9-10% nist HU3bKOKaNOpiiiHUX MalioHe31B. BakyyM-Hacoc
BBOJIUTHCA TAKOX 10 I[bOr0 KOHTeHHepa 1 moaae 80%-HUil OLITOBUI KUCIOTY B
KUIBKOCTI, mepeadadeHiii perentoM. KoHIeHTparisi o1ToBOi KUCIOTA B PO3YWHI
noBuHHA OyTH He Oubie 7 - 9 % a1 BUCOKOKANOPIHHUX MailoHe31B 1 He OLIbIIe 5
- 6 % N1 HU3bKOKAJIOPIMHUX.

SIK110 HEMae TOTOBOTO PO3UMHHUKA IS COJIl, TO CYXYy CLIb MOXHA J10/1aBaTU
0e31mocepeIHbO B EMHICTD 3 OLITOBO-COJTLOBUM PO3UMHOM, SIKa OCHAIIIEHA MIIIAJIKOIO.
Mimasnka 3a0e3mneuye nepeMilryBaHHs pO3YHHY, 00 CLITb MOBHICTIO PO3YMHIIIAC. .

JUis  yHUKHEHHS He0a)XaHOro TOCTPO-KHCJIOrO CMaKy B MaioHesl,
CIIPUYMHEHOr0 BUKOpUCTAaHHAM 8(0%-HOi OLTOBOI KHUCJIOTH, 3aCTOCOBYIOTH
apOMaTU30BaHUN OLIET

[Ilo6 YyHUKHYTH HEMPHEMHOTO TIPKOTO MPHUCMAKy B MaloOHEe31, TipYMYHHUI
MOPOIIIOK MiITOTOBJISIIOTh 32 TAKUM METOAOM. 3a 24 TOAWHHM 10 BUTOTOBJICHHS
MaioHe3y, MOTPIOHY KIIBKICTh TIPUYMYHOTO MOPOIIKY PO3MIMIYIOTH y 0auky 3
eMajboBaHOi ab0 HepkaBitoyoi craii. ['ipunyHuil MOPOIIOK 3aIMBAIOTh TapsIuOI0
Boa0t0 (80-100 °C) y cmiBBimHOIIEHH] 1:2, m100Ope MEpeMIlIyOTh 10 OTPUMaHHS
OJIHOPIAHOI KOHCHUCTEHIIIT 1 3pIBHIOIOTh BEPXHIO MOBepXHIO Tipuuii. Ha piBHy
MOBEPXHIO TpuuIll HaMBaroTh map rapsiaoi Boau (100 °C) Bucotoro 4-6 cm. badok
MIUTHPHO 3aKPUBAIOTH KPUIIIKOIO 1 3aJIMINAIOTH MPOTIroM no6u. [lotiM BepxHiil map

BO/IH 3JIMBAIOTh.

1.3. IIpuroryBaHHs MaHOHE3HOI NNACTH
OaHuM 3 BaXJIMBHX YMOB JUISI CTBOPEHHS CTIMKHUX €MYJIbCIH € HaleKHa
MiJTOTOBKAa eMyJjberatopiB. lle Bkiroyae oTpuMaHHS iX Y BUIJISI OJHOPITHOTO
KOJIOITHOTO PO3YHMHY 3 MAKCHMAJBHOIO AMCHEPCI€l0, 10 3a0e3neuye ePeKTUBHY

eMYJIBIYI0uy J1IO.
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SleyHuil TOPOMIOK 1 CyXe MOJIOKO € OCHOBHHUMH €MYyJIbraTopaMu, sKi
3a0€3MeuyroTh HE0OX1JIHY CTIUKICTh €MYJIbCIi.

[Ipoiec rOoTyBaHHSA MaHOHE3HOI MACTU BKIIOYA€ PO3UMHEHHA CYXHUX
KOMITOHEHTIB Ta X 3MIIIyBaHHS 10 OTPUMAHHS OJHOPIAHOI KOHCHCTEHIli. Po3unHeHHs
CyXuX KOMIIOHEHTIB BiJOyBa€ThCs y ABOX PI3HHMX 3MIIIyBayax: B OAHOMY 3MillyBadyi
PO3YHHSIOTH CyXe MOJIOKO 3 TIPYMYHUM MOPOIIKOM (SKIIIO TPYMYHUN TOPOIIOK HE OYB
3amapeHuid paHilie), a B IHIIOMY - SEYHUI MOPOIIIOK. X04a MOKHA PO3YUHSTH BC1 CYXi
KOMITOHEHTH Pa3oM Yy OHOMY 3MilllyBadi, POTE 11€ HE PEKOMEHIYEThCS, OCKLIBKHA BOHH
NOTPeOYIOTh PI3HUX TEMIIEPATYPHUX PEKUMIB 00poOKu. [Ipu 3MilryBaHHI MAcTH y OJTHOMY
3MilllyBa4l, MPOAYKTUBHICTh TNEPIOAMYHOI JIiHIT BUPOOHHUIITBA  MailOHE3y
3MEHIITY€ThCS, OCKIIIBKU 301TbIITY€THCS Yac, HEOOX1AHUM IS TOTYBaHHS TACTH.

[Tin 9ac mpUroTyBaHHS MaKWOHE3HOI TACTH BUKOPHCTOBYIOTHCS JBa
3MiNTyBadl Il PO3YMHEHHS KOMITOHEHTIB. SIKIO TipyuIll He Oyiia monepeaHbo
3armapeHa y OKpeMiii EMHOCTI, TIPOIIeC PO3MOYNHAETHCSA 3 1 3anaproBaHHs. B omHOMY
3 MaJuX 3MIIIyBaviB HAJIUBaKOTh Tapsdy Boay (90-100 °C) i mogaroTh TipuUUMYHUM
MOPOILOK y CHiBBiAHOMICHHI 1:2-2,5. [ToTiM BMUKAIOTh MIIIANIKY 1 IEPEMIIIYIOTh 10
OTpUMaHHS OJHOP1AHOT MacH. [{o ripundHOi Macu 10/at0Th Terty Boay (35-40 °C),
CriBBIIHOIIEHHS CYyXOT'0 MOJIOKA i BOAM 3AJICKUTH B1J] TUITY MaOHE3Y: JUIsl )KUPHHUX
MaiionesiB - 1:3, mnsg HexxupHux - 1:4. Ilicng 3aBaHTa)KeHHS BCiX KOMITOHEHTIB,
MIIIAJIKY BMHUKAIOTh 1 3alyCKalOTh Mapy B 3MminryBadi. [ JTOCATHEHHS Kpalioro
pPO3UMHEHHSI KOMIIOHEHTIB Ta HACTYIHOI MacTepu3allii, TemIepaTypy cyMini
niABUIIYIOTE 10 90-95 °C 1 yTpuMmyloTh npu Iii Temmnepatrypi npotsrom 20-25
XBUJIMH, IMICJISI YOTO CYMIIl OX0JIOKYIOTh 110 40-45 °C.

SIK110 TipunyHUI TOpOIIOK OyB MOMEPEAHbO 3alapeHuil, TOTOBY TipUUYHY
Macy JO0JaloTh Yy 3MilllyBad pPa3oM 3 IHIIMMH CyXHMH KOMIIOHEHTaMH Iepen
nacrepuzaniero. I[lpu 1mpOMy KUIBKICTH BOJHM, SKa Oyna BUKOpPUCTaHA IS
3aMaproBaHHA TIPYUIl, BPaXOBYETHCS 1 IOJAETHCS 10 CYMIII

Jlo nmpyroro 3MilmryBada JOJAlOTh SIEYHUN TMOPOIIOK Ta BOJIY, HArpiTy O
temneparypu 40 °C, y BigHomenHi 1:(1,4-2) nyist BACOKOKaTOpIHHUX MailoHEe31B Ta

1:(2,5-2,8) nna MaiioHE31B 31 3HUKEHUM BMICTOM kupy. Ilicis uporo 3amyckaroTh
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MIIIAJIKY, TOCTa4yal0Th apy Y COPOUKY Ta MABUIIYIOTH TEMIIEpaTypy cymilii a0 60-
65 °C, Tpumarouu npu I Temrneparypi npotsrom 20-25 xpuinuH. s mominmeHHs
JUCTIEPCHOCTI PO3YHHY TMEPIOJUYHO BKIIOYAIOTH EMYJbCATOP Y 3BOPOTHOMY
HampsMKy pa3oM 31 3MimryBadeMm. [licias 3akinuenHss 20-25 XBWIMH PO3YMH
0XOJOKYIOTh A0 30-40 °

OTprMaHi PO3YMHU SIEYHOTO TMOPOIIKY 1 CYXOro MOJOKAa 3 I1HIIMMH
KOMIIOHEHTaMH MOXKHa 3MIITyBaTH y Oy/b-SKOMY CITiBBIIHOIIIEHHI 3a JOTIOMOTOO
MaJIMX 3MIIITyBayiB MUIIXOM MEepEKadYyBaHHS PO3UMHY.

[Ipu npuroryBanHi MalOHE3HOI MacTH B OJIHOMY 3MilllyBayi,
POLIEC POZYMHEHHSI KOMIIOHEHTIB PO3MOYMHAETHCS 3 3aMaprOBaHHA T1PYUIll, SKIIO
BOHA HE OyJia MonepeHbO MiIr0TOBICHA.

VY 3minryBau Juisi TOTYBaHHSI MallOHE3HOI MacTU JOJA€ThCS rapsya Boja 3
temneparyporo 90-100°C 1 ripunyHHil TOPOLIOK Y CHiBBiAHOIIEHHI (2-2,5):1
BIANOBIAHO. PeTenbHO mepeMinryeTbes 10 OTpuMaHHs ofHopigHoi Macu. [ToTim 10
OTPHUMAaHO1 TPUYNYHOT MaCH JJOIat0ThCsI BoJIa 3 TeMiiepatypoto 35-40°C, cyxe MOJIOKO
y criBBigHOWIEHH] 3:1 1151 BUCOKOKANOPIMHUX MaioHe3iB 1 4:1 nns maiioHe3iB 3i
3HUKEHUM BMICTOM XHUPY, OlkapOOHAT HATPIIO, IYKOP-TMICOK 1 KyKYypYyA3sSHHM
docharauii kpoxmains. [Ipu perenbHOMY nepeMinryBaHHI BCS CyMIII yTPUMY€ETHCS
npu temneparypi 90-95°C npotsirom 20-25 XBUIIHH.

[licns po3uMHEHHs W macTepu3aiii cyMimn, il MOPOXO0JIOKYIOTh 10
temneparypu 40-45 °C, 1 g0 3MillyBada J0AAOTh BOAY 1 S€YHUI MOPOIIOK Y
criBBigHomeHH1 (1,4-2):1 nns BuUCOKOKaNOpiMHMX MaioHesiB 1 (2,5-2,8):1 nmus
MaiOHEe31B 31 3HWKEHUM BMICTOM kupy. [loTiM Temnepatypy cymiliii miairpiBaroTh
1o 60-65 °C 1 yrpuMytoTh npu Liid temmnepatypi npotarom 20-25 xsuiuH. L1[06
MOKPAIIUTH JIUCIIEPCHICTh OKPEMHUX KOMIIOHEHTIB MAaCTH, PO3YUH TMEPIOTUYHO
(KOH1 5 XBWJIMH) MPOITyCKAIOTh Yepe3 €MYJIbCaTop y 3BOPOTHOMY HAINpPSIMKY B
sminryBadi. [licmsg 1pOTO OTpUMaHy MalOHE3HY WAaCTy MPOXOJIOMKYIOTh [0
temnepatypu 30-40°C 1 mepenaroTh y BEIMKUN 3MIlIyBay Jjisi TOTyBaHHA "Tpy0oi"
MaHOHE3HOT eMYJIbCIi..

Jns epexTuBHOT eMysbryr0doi ¥ cTabiIi3yro4oi i KOMIOHEHTIB, TaKHUX

15



SK TIPYMYHUNA TOPOIIOK, SE€YHUN IMOPOIIOK,CYyXEe MOJIOKO, BaXJIMBO BPaxoOBYBAT
U IXHIO TOTOBHICTh. PEKOMEHIYETHCS TOKIJIATHO PO3TEPTH T1PUHIIIO, 1100 YHUKHYTH
HAsIBHOCT1 HEHAOPSIKIIMX YaCTOK 1 TpyI04OK. Te 5k caMe CTOCY€EThCS 1 CyXOro MOJIOKa
Ta sIEYHOTO MopoiKy. [Ipu iIXHROMY 3MillIaHH] TOBUHHE Oy TH IOCATHYTE PETEIbHUM
B3aeMHUI po3nonaut. lle mocsraeThcs NUISIXOM 3MINTyBaHHS iX y 3MiNTyBavi 3
MapOBOJITHOIO COPOUYKOI0, SIKA MA€ MIIIAJIKY JUTsl IHTEHCUBHOTO JAMCTIEPTyBaHHS.
['oTOBHICTH acT MOKHA BU3HAYUTH Bi3yaJbHO, CIIOCTEPIratouu 3a npoooro,
sKa B1IOWpaeThes i yac 3MinryBanHs. [Ipoba macTi, HaHECeHa Ha JEepPeB'THyTIAC
TUHKY,[TOBUHHAa MAaTH OJHOPIJHY KOHCUCTEHIIII0. Yac mepemMilryBaHHsl 3aJIeXKHUTh
B1JI TOTOBHOCTI IIACTH ¥ MiATOTOBJICHOCTI OKPEMUX KOMIIOHEHTIB JI0 3MIIIIaHHS.
Maiione3Ha macrta IS BHUCOKOXHPHHX MAaiOHE31B MOBHHHA MICTUTH HE
MmeH1ie 37-38% cyxux pedyoBUH, TOML 5K Ui MAaHOHE31B 3 MEHIITUM BMICTOM KUY

111 KOHIIGHTpAIlis MoBUHHA OyTH He MeHIe 32-34%.

1.4. IlpuroryBanns '"rpy0oi' MaiioHe3HOI eMYJbCil

s ctBopeHHs "rpy0oi" eMysbcii BUKOPUCTOBYIOTHCS OUIBIN 3MilTyBadi 3
MilTaJIkaMi paMHOTO THITY a00 3 TIPUBOOM, 11O JJO3BOJISIE PETYIIOBATH IIBUIKICTh
oOeptanns. Li 3minryBaui 3a0e3meuy0Th HU3bKY YacTOTy OOEpTaHHS, IO CIpHE
e()eKTUBHOMY 3MIITyBaHHIO. BakinBo, 11100 MIITAJIKU PIBHOMIPHO TEpPEMIITyBaiv
KOMIIOHEHTH B YCIX IIapax 3MillyBaya 1 yHUKATH 30H 3aTPUMOK YU 3aCTOI0.

[Ticns miArOTOBKM MalOHE3HOI MACTH B MAIMX 3MIITyBavax, il MepeKavdyoTh
y BEJIMKUH 3MilTyBay. Y BEJIMKOMY 3MilllyBayi, P MOCTIHHOMY TepeMIlllyBaHHI,
noJalTh pociuHHy oo (20-25 °C) B HeoOXiAHIM KUIBKOCTI 3TIHO PEIeNnTy.
[IpoTtsrom mepmmx 7-10 XBUIMH OJII0 IOAAIOTh MOBUIHHO (4-6 J1/XB), a MOTIM 3
oinpmoro mBuAKicTIO (10-12 1/xB). MokHa po3mnouyatu JgoaaBaHHs ojii 3a 3-7
XBUJIMH JI0 3aBEPIICHHS TEpeKadyyBaHHS BCi€l MAaWOHE3HOI MACTH Yy BEITUKHA
3mimryBad. [1[o6 3abe3meunTu piBHOMIPHHUM PO3MOAIA Oii, BOHA IMOJAETHCS Yy
BEJIMKUI 3MIIIyBay 4epe3 CHellialbHUN PO3MOAUIBHUK, KU Ma€ JAIPKH 1 Haraaye
3MIHOBHK.

[Ticns 3aBepieHHS MpOLeCy 3JIMBY OJIii, Y 3MIIIyBay MOJA€ThCS 3a3/1ajeriab

IPUTOTOBJICHUM PO3YMH COJIl W OUTY 31 creniagbHoro 0ayka mpu MIBUAKOCTI 6-8
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JTpiB HAa XBUIUHY. [1icis 11bOT0 70/1aF0Th PO3YMHHI CIIelii. BaXI1Bo 3ayBaXKUTH, 110
HEPO3YMHHI B €MYJIbCIi Crellii, a TaKOK CMaKoBl ¥ apoMaTH4H1 100aBKH, TOBUHHI
OyTH 10/aH1 MiCJs TOMOTeHi3allli eMyJIbCii.

HeoO0xiaHO JOTpUMYBaTHCS TOYHOTO MOPSIKY MTPH A0AaBaHHI OJii Ta OI[TOBO-
COJILOBOT'O PO3YHMHY A0 MailOHe3HO1 nmacTu. L{e BaxmBo, OCKIIbKU HEMPaBHIIbHE 200
IIBUKE JOJIaBaHHS MOJKE TPHU3BECTU 10 YTBOPCHHS 3BOPOTHOI €MyJhCii, a Ha
NIEBHOMY €Tarli eMyJIbI'yBaHHS - 10 po3'eMHaHHS (as3.

OTtpumana "rpy0a" emyJbCis B 3MillTyBadi MOBUHHA MaTH TUM "ouist y Boi" 1
OyTH CTiliKOIO, 100 HE pO3IIApOBYBATHCS MiJ Yac TMPOXO/KCHHS dYepes
romMoreHizarop. BizyanpHO Taka eMysbCis TOBUHHA MAaTH OJAHOPIIHUM BUTIISA 1 HE

PO3AUIATHUCS Ha IIAPHU MiJ] CTA0KUM MEepEeMILTyBaHHIM.

1.5. T'omoreni3zauisi eMyJibcii MailoHe3y

OcrtaHHIM KPOKOM Yy TIPOIECi BHUIOTOBJICHHS SIKICHOTO
MailoHe3y € TOMOreHi3allis, sKa 3IIHCHIOETbCS 3a JOMOMOTOI0 TOPIIHEBUX
roMoreHi3aropiB. I'oMoreHizallis eMyJbcii MailoHE3y € BaXKJIMBOIO 1 MPOBOIUTHCS
3 ypaxyBaHHSIM HaJIS)KHOTO THUCKY. THCK y TOMOTEHI3aTOpI PETYIIOETHCS MUITXOM
HAJIAIITY- BaHHS MPOMIKKY B TOMOT€HI3yI04ii TOJIBIII.

[Tig gac BBeAEHHS €MyJbCil B TOMOTEHI3aTOp, BCTAHOBIIOETHCS ONTHMAJb
HUI THUCK, SKUU TapaHTye OTPUMAaHHS MailoHe3y 3 MOTPIOHOI KOHCHCTEHIIIEIO.
[Toku HE AOCATHYTO HEOOXITHOTO THUCKY, MallOHE3 IMOBEPTAETHCS 3 TOMOTEHI3a
TOpa A0 BEIUKOro 3MinryBada. ONTUMaJbHUN THCK Ui BHUCOKOKATIOPIMHUX Ma
roHe3iB 3HaxoauThcs y miamazoni 0,90 1,1 Mlla, a mus HU3BKOKAJIOPIHHUX Ma
HoHe3iB - y mianazoni 15, 0 - 17,5 MI]a.

Y BenmmKoMy 3MilllyBadi peKOMEH Ty €ThCS IPOBOIUTH CJIA0KE MePEeMilTyBaHHS
eMYJIbCii, OCKIJIbKM IHTEHCHBHE MEPEMIITYBaHHS MOXKE CIPUYUHUTU PyHHYBaHHS
a00 po3lIapyBaHHSI eMYyJIbCii, a JOBIHH Iepioj 0e3 mepeMilllyBaHHS TaKOK MOXKE
MIPU3BECTH JI0 po3MIapyBaHHs (ha3.

[Ticast mocsirHEHHST HEOOXiMHOTO THCKY, TOTOBHM MalOHE3 3 TOMOTEHI3aTo
pa mepeKkauyrTh 10 KOHTeHHEpa a00 EMHOCTI JJII TOTOBOTO MallOHE3Y.

BinxwieHHs BiJ ONTUMAIBHOTO THCKY JJIsi TEBHOI KOHIICHTpAIll eMyJIbCii
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MOke Math Hachiaku. [Ipy mepeBuIlieHHI THCKY, aicopOIliifHI IUTIBKH, SKi
YTBOPIOIOTBCSI MK OJIIMHOIO ¥ BOJHOIO ha3zamMu, MOXYTh OyTH pyHHOBaHI, IIO
MPU3BOAUTH JI0 3TUTTS X a3 (koanecmeHilii). 3 iHmoro 00Ky, Mpy 3aHWKEHHI
TUCKY HE JIOCSTAEThCS JOCTATHBOI AUCTIEpryBaHHs (a3, 10 YTPYIHIOE OTPUMAHHS
TOHKO-JCTIEPTOBAHO1 1 CTIMKOi eMYJIbCIi.

[Tig gac ekcrmyararii MOPUIHEBUX TOMOTEHI3aTOPIB BAXKIMBO YHHKATH BT
ATYBaHHS TMOBITPS 1 MOro HaKOMMYEHHs Mij kjianaHamu. Lle moxke cripuyuHUTH
HECIPaBHICTh KJIANaHIB 1 HETaTWBHO TO3HAYHMTHCS Ha POOOTI TOMOTEHI3aTopa B
nutoMy. ToMy HEOOXigHO 3a0e3MeUnTH HAJNICKHY F€pMETHUHICTh TOMOTEHI3aTopa
Ta YB@XHO KOHTPOJIOBATH MpoIleC POOOTH, 00 YHUKHYTH BTpaTH €(hEeKTUBHOCTI
1 3a0e3Mmeyn T HOro HopMasibHe (PYHKI[IOHYBaHHS. .

[Ipyn npuroTyBaHHi MailoHE3y 3 MPSHOIIAMHU Ta CMAaKOBHUMH J100aBKaMH,
11l IHTPEAIEHTH TOAAIOTh Y BEJIMKUH 3MIINTyBay MEPe]l TUM, SIK BBECTH PO3UHH OIITY
i comi.

OUTOBOKHCI EKCTPAaKTH MPSHOLIIB JOJAIOThCS BPYYHY OJIHOYACHO 3
PO3YMHOM OUTY y BHUIVISIAI MAacisHUX po34MHIB. Lli po3uMHHM TOTYIOTBCS Y
cmissigaomenHl 1:100 ado 1:50.

Texnonoriuyna cxema 300pakeHa Ha puc. 1.1.

udpamu noznayeno: 1 - Bynkep 3 ripdnuHuM Mopomkom, 2 - [nactnunnii
TEIJI000MIHHUK, 3 - YaHu 3 omieto, 4 - PesepByap 3 Bojowo, 5 - byHkep 3 cyxum
MOJIOKOM, 6 - ByHKep 3 se4HIM MOpoIIKoM, 7 - ByHkep 3 irykpom, 8 - 3mMimryBayi maii,
9 - 3mimyBau Benukuii, 10 — T'omorenizatop, 11 - Jlo3aTopni OyHkepu, 12 -

PoznuBHuii anapar, 13 - 3akatounuii ctaHok, 14 - [TakyBajibHUIT CTaHOK.
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Pucynox 1.1. TexHosoriuna cxema
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[Iporiec BUTOTOBIIEHHS MaioHe3y Oyae aBTOMATH30BaHO 3a JOIIOMOTOIO
BEJIMKOTO TEINIOOOMIHHOTO 3MilllyBaya, SIKUM Ha TEXHOJIOTTYHINA cXeMi O3HauYeHUM

uporo 9.

dyHKIIIOHAJIbHA CXeMa aBTOMAaTH3allli To3HavYeHa Ha puc. 1.2.

-
by
Ly
+

[
o

1

o
uy
o
%
(o]
o
=Y
0
[
=i

{Inunady no
HICUE

Slelelek

aady Ha

o
wumi

Pucynok 1.2 ®yHkIioHaIbHA CX€Ma aBTOMAaTH3allii TEMI000MIHHOTO 3MiIITyBay
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Po3aia 2
MaremaTu4yHe MOJIC/IIOBAHHS MPOLIECIB IPY BUPOOHULITBI MailOHe3y
2.1. ExcnepuMeHTAJIbHI JOCTIIKEeHHS MPOLECIiB NP BUPOOHULTBI
MaMoOHe3y
Y pob6oTi [3] Oys0 BUKOHAHO PEOJIOTIYHUN aHATI3 BOJHUX PO3YMHIB HU3KH
NPUPOJIHUX KaMele (30KpeMa, KCaHTaHy, ryapy Ta pi>KKOBOIO JIEpEBa), a TaKOX
ixHIX KOMOiHamiil. MeToro X eKCIepUMEHTIB OyJI0 BCTAHOBJICHHS IOIIJIBLHOCTI
3aCTOCYBaHHS 3a3HAUEHUX KaMmelned K e(QEeKTUBHUX CTaOuIi3aTopiB  JUis
MalOHE3HUX eMYJIbCid. J[Jis1 OIiHKM iXHBOi CTaOLII3yH04O0i 3AaTHOCTI, CIIOYATKY
JOCITIIKYBAJIKCS BOAHI PO3UYMHM KaMmelel y Jiana3oni KoHeHTpariit Bix 0,1 % mo
1,0 %. Ha miacraBi oTpumMaHuX AaHUX Oyju MoOyJ0BaHI peosoriyHl KpHBI Teuli

PO3YMHIB, 5Kl I€TabHO MPOLTIOCTPOBaH1 Ha puc. 2.1-2.5.
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Pucynok 2.1 — Peosioriusi KpuBi Te4ii BOJHOTO PO3UYUHY KaMell KCaHTaHy [3]

Y mxepem [3] miaTBEepmKEHO, MO BOAHI PO3YMHU KCAaHTAHOBOI Kamesi
JIEMOHCTPYIOTh MOBEIHKY HEHBIOTOHIBCHKUX piauH. Llelt BUCHOBOK 0a3zyeTbcs Ha
HEJTHIHHOMY XapaKTepi 3aJIeKHOCTI IMBUAKOCTI 3CYBY BiJl HANpyTH 3cyBYy. [Insxom
rpaiuHOr0 Ta aHAJIITUYHOTO aHalizy OyJM BHU3HAYEHI KJIIOYOBI PEOJIOTIYHI
napaMeTpy IIMX PO3YMHIB, BKJIIOYAIOUM HAIpPyTy 3pyHHOBAHOI Ta HE3pyHHOBAHOL
CTPYKTYpH, @ TaKOK YMOBHY MEXY IJIMHHOCTI. BaXXJTUBUM BIIKPUTTSAM € T€, 1110
BOJIHI PO3UYMHM KCAaHTAHOBOI KaMeJl BUSIBJISIOTH TUKCOTPOIHI BiacTUBOCTI . Lle

O3Hauae, 110 iXHS B'I3KICTh TUMYACOBO 3HUKYETHCS IMiJ] BIUIMBOM MEXaHIYHOTO
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HaBaHTaXXEHHS (3CYBY) 1 MOBHICTIO BIJIHOBJIFOETHCS JIO IMOYATKOBOTO PIBHS IMiCJIS
NPUTIMHEHHS 11 Hanpy>KeHHs. 1{g BIacTUBICTh HAOYHO BIOOpa’keHa HA PUCYHKY

2.2 y BUTJISA1 TakK 3BaHOI "MeTdi ricrepesucy’.
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Pucynok 2.2 — «Iletns rictepe3ucy» BOAHOTO PO3UMHY KaMe/ll KCaHTaHy [3]

ABTOpH TyOmiKailii [3] HA0OYHO MPOJEMOHCTPYBaIU (IUB. puc. 2.2), 10 s
KCaHTaHOBOI KaMeJIl CIIOCTepIraeTbes "MmeTis rictepe3ncy’: st TOCSITHEHHS MeBHOI
IIBUJIKOCTI 3CyBY HEOOX1/Ha BUIIlA HAIIPyTa 3CYBY MPH NEPBUHHOMY IPHUKJIAIaHHI
HaBaHTaXEHHA (MPSAMUI Xi11), HK NpU HOTO MOJAJIbIIOMY 3HMKEHHI (3BOPOTHHI
X11).

Ha BigMiHy BiJ KcaHTaHy, BOJHI PO3UYMHHU KaMmedl Tyapy BUSBISIOThH
HEHBIOTOHIBCHKY MOBEIIHKY JIMIIE MPU BULIUX KOHIEHTpaLIiX — a came, noHazg 0,5
% (mac.). Km0 >k KOHLIEHTpalis TyapoBoi kameni He nepesuiiye 0,5 %, ii po3unHu
MOBOJISATHCS Mailke SIK HIOTOHIBCHKI PIAMHU, TEMOHCTPYIOUM MPAKTHUYHO JIHIAHY
3aJIeKHICTh MK IIBUAKICTIO Ta HANPYToro 3¢yBY. L1 3a5€KXHOCTI LTIOCTPYIOTHCS Ha
pUCYHKY 2.3.

KpiMm Toro, momameIni MOCTIIKCHHS BHUSBUIW SIBUILE CHUHEPTI3MY MpHU
CHiTbHOMY BHMKOPHMCTaHHI KaMmelell KCaHTaHy Ta TIyapy. IXHe 3MilllyBaHHs
IPU3BOJUTH JI0 PI3KOTO 3POCTAaHHS B'SI3KOCTI (3MEHIIEHHS IIBHAKOCTI 3CYBY NpHU
OJIHAKOBIW Hampy3i), MO MIATBEPIKYEThCS MaHUMU Ha pUCYyHKY 2.4. llew

CUHEPTreTUYHUM e(eKT € BAKIMBUM JIJIs1 TEXHOJIOTIT cTadmi3anii.
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Pucynok 2.3 — Peosioriuni KpuBi Teuii BOJHOTO pO3UUHY Kamei ryapy [3].
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Pucynox 2.4 — Peosnoriuni kpuBi kameai kcantany (0,5 % mac.), ryapy (0,5

% wmac.) Ta ix cymimi (0,25 % mac. kameni ryapy + 0,25 % mac. kameni KCaHTaHy)

[3].

Hocnimkenuss [3] Hao4HO UIIOCTPYIOTh MOTYXXHHUM CHHEPTi3M: IpHU
Hanpy:xeHH1 300 mIla, mBUAKICT 3¢YBY B po34uH1 kcaHTaHy (>1300c—1) maiixke B
JIeB'ATh pa3iB BUILA, HIK y CyMillIl KcaHTaHy 3 ryapoMm (<150c—1), mo cBiauuTh npo
3Ha4HE 30UTBIIIEHHS B'SI3KOCTI OCTAHHBOI. 3 OTJISAY Ha Te, 1[0 KCAHTAaHOBA KaMmelb
3/1aTHA JI0 CHHEPTIYHOI B3a€MO/I1i 3 yCiMa raJlTakTOMaHaHaMU (BKJIFOYHO 3 KaMeISIMHU
ryapy Ta PKKOBOTO JIepeBa), MOJAIbIIe BUBYCHHS PEOJIOTIYHHX BIACTHBOCTEH
CyMiIlll KCaHTaHy Ta KaMeJll Pp1KKOBOTO JAepeBa TakOXk Oyyo 371HCHEHO, 1 HOro

pe3yNbTaTu NPEJCTaBICHI HAa PUCYHKY 2.5.
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Puc. 2. 5 — Peonoriuni kpuBi Teuii BOJHUX PO3UHMHIB KaMeJll POAKKOBOTO

JiepeBa.

3rigHo 3 puc. 2.5, po3uMHU KaMeAl PLKKOBOTO JepeBa JEMOHCTPYIOThH
HEHBIOTOHIBCHKY IMOBEIIHKY JIHMIIE TOJ1, KOJM iXHS KOHIIEHTpAIlis MEPEBUIIYE
nopir y ~0,7%; mpu MEHIIMX 3HAYCHHSX 3aJICKHICTh IIBHIKOCTI 3CYBY BIJ
HaIpyTH 3aJIMIIAETHCS JTIHIHHOW. BaXJIMBO BIA3HAYMTH, IO MPH 3MIITyBaHHI
KCaHTAaHOBOI KaMel 3 KaMeIIr0 PIKKOBOIO JepeBa CUHEPTIYHUM ePeKT 1100
30UTBIIIEHHS B’ A3KOCTI, BUSBIICHUN 13 KAMEJIIO Tyapy, HE CIIOCTEPIraeThesl.

JIns KUIBKICHOI XapaKTepUCTHKUA KOXKHOI KameJl OyJiM BHU3HAYeH1 il
KJIIOYOB1 PEOJIOTIYHI MOKa3HUKHU (IHIAEKC Teuli, Hampy>XeHHsS 3pyHHOBaHOI Ta
HE3pYyHHOBAHOI CHCTEM, a TaKOX BIAMOBIJHI B'SI3KOCTI), siKi it 1% po3unHIB
HaBeneHl B Ta0i. 2.1.

JlomaTtkoBO, JUIsi BCTAHOBJICHHS BIUTMBY TEMIIEPATYpHOTO PEXKHUMY Ha
BJIACTUBOCTI IIUX T1POKOJIOi/IIB, OyJI0O BUKOHAHO iXHE PEOJIOTIUHE TOCTIIKEHHS

B niama3oH1 Temneparyp Bij 200C g0 800C (auB. puc. 2.6).
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Ta6nuis 2.1. XapakTepucTHUUHI BEJIMYUHU PO3UYHUHIB POCIUHHUX Kameaei [3]

[Toka3Huk Kamenn Kamenn Kamenn
KCAHTaHY ryapy POKKOBOTO
nepeBa
Hanpy>keHHs MpakTHUYHO 154 /8 35
HE3PYUHOBAHOT

cucremu, H/m?

B’ a3kicTh mpakTuyHO He3pyiHOBaHOi |11,4 19,1 9,5

cuctemu, Mlla/c

Hanpy>xeHHs1 TpakTUYHO 265 330 305
3pyHHOBAHO1

cucremu, H/m?

B’s3K1cTh pakTU4HO 3pyliHOBaHOi (0,58 0,53 0,16

cuctemu, Mlla/c

[HaeKC Teuil 0,17 0,83 0,59
25
é 20 @ & & g
" 15 P
]
é 0 / \ I
o0 ' — s
=
M 5 //-O—K‘menb POXKKOBOTO JIepeBa
ol —5—KaMe b Tyapa
0 — ——KaMelb KcaHTaHa
20 30 40 50 60 70 80

Temneparypa, °C
Pucynok 2.6 — 3ayexHicTh €eKTUBHOI B S3KOCT1 Il KaMmelel KCaHTaHy,

ryapy Ta po>KKOBOTO JepeBa Bij TemieparypH [3].

BceranoBneHo, mo B’SA3KICTh BOAHMX PO3YMHIB KaMe[eW 3 MiJBUILEHHIM
TEMIEPATypU 3MIHIOETHCS TMO-pI3HOMY. Tak, B’SI3KICTh BOJHOTO PO3UYMHY Kamesi

ryapy He 3MIHIOEThCS Tig4yac 30UIBIICHHS TEMIIEpaTypH, B B’A3KICTh PO3YMHIB
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KaMe/ll PO’KKOBOTO JepeBa IMiJABUIILYEThCSA 31 30LIBIICHHSIM TeMIieparypu. Taka
MOBE/IIHKA CBIAYMTH MPO 3MILHEHHS CTPYKTYPH, SIKa YTBOPIOETHCSA B PO3UMHI MPH
1IBUIIIEHHI TEMIIEpaTypH.

Pazom 3 TuM, BOAHMI pO3YMH KaMelll KCAHTAHy XapaKTepU3Y€EThCA
3aJISKHICTIO sIKa MAa€ MaKCUMYM Tpu Temneparypi po3unny 40 °C. Taka moBeaiHka
MOSICHIOETbCSI TUM, L0 IpU TiABHUIIEeHHI TemnepaTypu 1o 40 °C crpykrypa, sika
yTBOPWJIACh Yy PO3YMHI, IOCTYNOBO 3MIIHIOETHCS, MICHS YOro MOJajbllle
MIBUIIEHHS TPU3BOAUTH IO 3MEHIICHHS B3a€MOJII MK OKPEMUMH AUISTHKAMU
CTPYKTYypH a00 MK OKPEMUMHM JIAHLIOTaMU KaMeJll, B pe3yJIbTaTi 4oTro B’SI3KICTh
TaKOro PO3YMHY MOYMHAE MOCTYOBO 3MEHIIYEThHCS.

Buxonsuu 3 omepxkaHuX pe3yJsbTaTiB BUABIEHO, 1o Temieparypa 40°C e
palliOHAJIBHOIO TEMIIepaTyporo JJIsl MPUTrOTyBaHHI PO3UYMHIB KaMeJl KCaHTaHY,
OCKUIBKM B TakOMy pa3l y  pO3UMHIB YTBOPIOETbCS CTPYKTypa, sKa
XapaKTEPU3YETHCS MAKCUMAJILHOIO MIIHICTIO Ta 3a0e3reuye HalOUIbIy B S3KICTh

CHCTCMMU.

2.2. OO0poOka pe3yabTaTiB eKCIIEPUMEHTIB

Jlani mpencTaBiieHl pe3yJbTaTh eKCIEPUMEHTAIIBHOTO BUBYEHHSI MOJIEIBHUX
eMYJIbCiH, 10 CKJIaay SKUX Oy BBEACHI pI3HI POCIMHHI KaMme[l. Y Mpoleci Mux
JOCITIIKEHB 0yJI0 BCTAHOBJICHO, SIK 111 T0OABKH BIJTMBAIOTH HA CTIMKICTh MOJIEITHHUX
eMYJIbCIH, 1 po3po0JIeHI MaTeMaTUYHI 3aJI€KHOCTI, 110 J03BOJISIOTH 0OUHCIIOBATH
B’SI3KICTh eMYJIbCiH K (QYHKIIIIO BMICTY B HUX Kamezieil. Kpim Toro, B ibomMy po3aiii
OOTPYHTOBYETHCSI HAMOUIBIN pallioOHAILHUM CTIOCIO BBEJIEHHSI POCITMHHUX KaMeaeu
Oe3nocepeIHbO y MaOHE3H1 eMYJIhCII.

3 METOIO OIIHKM MOTEHIIATy POCTUHHUX KaMeJlel SIK cTa01113aTopiB BOTHO-
OJIIMHUX €MYJIbCI Ta BHU3HAYEHHS BIUIMBY IXHbOI KOHIIEHTpAlli Ha 3arajibHy
CTaOUIbHICTh CUCTEMH, OYJIO TIPOBENICHO CEPIl0 EKCIMEPUMEHTIB. Y JTOCHIIKEHHIX

BUKOPHUCTOBYBaJIacs MOJIeJIbHA CyMilll, 110 MicTiia 35 % omii. Taka KoHIeHTpallis
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YKUPOBOI1 (ha3u BIAMOBIIA€ BMICTY OJIi1 Y HU3bKOKUPHUX BUAX MaiioHe3y. [leTanbHi

pelenTypy BUKOPUCTAHUX MOJCIBHUX CyMilliel HaBeaeH1 y Tabaui 2.2.

Tabmuis 2.2. Penientypu MoAeIbHUX cyMmitiei [3]

KiJIbKiCTh BHECEHHSI KOMITOHEHTIB, (T) JJIs

KoMroHeHT Bpa3KiB

1 2 3 4 S 6
PociaunHa omis 35 P35 35 35 35 35
Bona 65 |65 65 65 65 65
SleqHUI JKOBTOK 1,0 (1,0 1,0 1,0 1,0 1,0

Konnenrpat monounoro 6utky (0,8 (0,8 0,8 0,8 0,8 0,8

Kamenp kcaHTany - 0,05 10,10 (0,15 (0,20 10,30
Kamens ryapy - 0,10 10,20 (0,30 (0,40 10,50
0,05 10,05 10,05 0,05 0,05

Kamenp poskKoBOTO JiepeBa

MonenbHl eMynbeii TOTyBamucs B JaO0OpaTOPHUX yMOBax 3a JOMOMOTOIO
rOMOTeHi3aTopa, IPaIfor0Y0ro Ha MBUIKOCTI 00epTaHHs Mimajaku B aianazoHi 3000
10 5000xB—1. CTiiKiCTh OTPUMAHHUX EMYJIbCiH OyJia OmiHeHa BIAMOBITHO 10 BUMOT

JCTY 4560, pe3ynpTaTi 40ro HaBeJieHO Ha Pucynky 2.7 .

100
90
80 7
70
60
50

40 ||

30 7
20
10

0 T T
1 2 3 4 5 6

% wuezpyitHoBaHO! eMynbCil

Pucynok 2.7 — CTifiKiCTh MOJEIBHUX €MYJbCIM 3 JI0JaBaHHSAM Kamenaei

KCaHTaHy, I'yapy Ta KamMeJli pO’KKOBOTO JiepeBa.
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Amnani3 maaux (puc.2.7) mokasaB, IO HEOOXiJIHA, 3T1IHO 3 HOPMATHBHOIO
JIOKYMEHTAIII€I0, CTIMKICTh eMYJIbCIi JocsraeThes aulie y 3pa3zkax Ned, No5 ta No6.
Opnaxk, 3pa3ok Ne6 MaB HaAMIPHO MIIHY CTPYKTYpY, HEXapaKTEpHY AJIsl KIHIIEBOTO
MalOHE3HOTro MPOAYKTY. Buxoasuu 3 1poro, Oyjgo BCTaHOBJIEHO, IO pallloHAJIbHA
KOHIIEHTpaIllsl CyMilll KaMmenel uis HHU3bKOXKHpPHOTO ManoHesy (35% xupy)
3HaxoauThcs y Mexkax 0,55—0,65%. Ilpu mpoMy ciig BpaxoByBaTH, IO 4Yepes3
HasBHICTh JIOJATKOBUX PYHHIBHHUX KOMIIOHEHTIB (COJIi, OLITOBOi KUCJIOTH TOIIO) Y
IPOMUCIIOBIN pelenTypi, MOKe BUHUKHYTH OTpeda y He3HAYHOMY 301JIbIIECHHI L1€]
KUJIBKOCTI.

JonatkoBo OyJio J0OBEIEHO, IO B'A3KICTh 3pa3KiB IJIABHO 3POCTAaE BIJ
NEPIIOro A0 MIOCTOTO 3paska. Ll 3anmexHicTh cTaja MiJCTaBOIO AJIS MPOBEACHHS
JpiOHO-(paKTOPHOTO EKCIIEPUMEHTY, CIPSIMOBAHOTO HA BH3HAYEHHS TOYHOTO
BIUIMBY PI3HUX KaMeZell Ha B'S3KICTb MOJAEIBHUX eMYJbCiii. MeToro 1boro eramy
OyJ0 OTpUMaHHA MaTeMaTH4YHOi 3aJeKHOCTI, 3/1aTHOI MPOTHO3YBAaTHU B’SI3KICTb
cucteMu SK (YHKIIO BiJI BMICTY JOJaHUX POCIUHHUX Kameaed. 3MIHHUMHU
daktopamu (dakTopamu BapilOBaHHsA) Oyiu o0OpaHi KOHIIEHTpAIil Kameneu
KCaHTaHy, I'yapy Ta PDKKOBOTO JIEpEeBa, a TaKOXX BMICT BOJM B eMyJbCli. 3a
pesynbratamMu 20 TMPOBEACHUX EKCIIEPUMEHTIB METOJ0M Jpi0OHO-(PaKTOPHOTO
rianyBaHHs [3] Oyna moOypoBaHa BIANOBIIHA MaTeMaTUYHA 3aJI€KHICTb.

BcranoBneno [3], mo perjaMeHTOBaHA HOPMATUBHOIO JIOKYMEHTAIlI€r0
CTIMKICTh eMyJbCii 3a0e3MmeuyeTbes A YeTBEPTOro, I’ ATOT0 Ta IIOCTOrO 3pa3KiB.
Pa3om 3 THM, BIIMIYA€THCA, IO €MYJbCIS, KA YTBOpPEHA B IIOCTOMY 3pa3Ky
BIJIPI3HSIETHCS JIy’KE MIITHOIO CTPYKTYPOIO, SIKa HE BIacTHBa MalloHe3aM. Buxoasiuu
3 I[LOT'0, PALIIOHAIBHOIO KIIBKICTIO CYMIII1 Kamenen 1711 MaiioHe31B 3 BMICTOM >KUPY
35 % caig BBaxkatu 0,55-0,65 %. Pa3om 3 TUM, OCKUIBKA B MallOHE3H, OKPIM OJIii,
BOJIM Ta €MYJIbraTOPIB JHOJAIOTH 1€ 3HAYHY KUIBKICTh PEIENTyPHUX KOMIIOHEHTaX,
K1 MOXKYTb CIPUSATH PYHHYBAHHIO eMYJIbCii (Cli1b, OLITOBA KUCJIOTA Ta 1H.), OTXKE LIS
KUIBKICTh MOX€e OyTH 301/IbIlIECHA.

JloBeneHo, 0 B’A3KICTh 3pa3KiB 301IBIIYETHCS TP MEPEXO0/Ii BiJ MEPIIOro

3pa3ka 10 IIOCTOro. Buxonasum 3 1poro, B MOJAJIBIIOMY IPOBEAECHO IpiOHO-
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(dakTOpHMII eKCIIepUMEHT JJisi BU3HAYEHHS BIUIMBY KaMeled Ha B S3KICTb
MOJICJIbHUX €MYJIbCii Ta oJiep>KaHHS MaTeMAaTUYHOI 3aJIe)KHOCTI, sika O 103BOJIsIA
IIPOrHO3YBATH B’SI3KICTh CUCTEMU Y 3aJIEKHOCTI BiJ] KIJIBKOCTI IOJJaHUX POCIMHHUX
Kamezel. Sk axkTopu BapitoBaHHS BUKOPHCTAHO BMICT KaMezel KCaHTaHy, Tyapy
Ta POXXKKOBOTO JiepeBa, a TaKOX BMICT BOAM B eMmyJjbCii. 3a pe3ylibTaTaMH
npoBefeHHST 20 EeKCIEepUMEHTIB METOAOM JpiOHO-(PAKTOPHOTO EKCHEPUMEHTY

o0y I0BaHO 3aJICXKHICTB [3]

Y =13.298+2.56-C_, +484-C,, 2.1)

KcaH

AHauti3 orpuManoi 3anexxHocTi (1), 1e Y mo3Hauae B'a3kicTh emyiibcii y Ia-c,
a C.yap Ta Cyeqn — KOHIIEHTpALIT KaMesiel Iyapy Ta KCaHTaHYy B1ANOBIAHO, 103BOJINB
3pOOUTH BUCHOBOK, IO KJIIOYOBHMM BIUTUB Ha B'SI3KICTh €MYJbCii MalOTh JIUIIIE
KOHIIGHTpaIlli KaMmeaedl Tryapy Ta KcaHTaHy. IHINI 3MiHHI, BBEJICHI B
eKCIIEpUMEHTAJIbHU J1aH (Taki sSIK BMICT BOJY Ta KOHIIEHTpAIis KaMe/l pi>KKOBOTO
JiepeBa), HE YMHATh 3HAYHOTO BIUIMBY Ha B'S3KICTh. [IpoTe, moganbIii J0CIIKEHHS
(po3ain 5) mokaszanu, M0 KaMellb PIKKOBOTO JiepeBa HeoOXiHa i1 popMyBaHHS
BIJIOBIAHOT TEKCTYPH 1, Y TIO€JHAHHI 3 1HIIUMHU KaMeIsiMu, 3a0e3neuye 3arajbHy
CTIMKICTh MAaHOHE3HUX €MYJIbCiil.

Jlnst mocsirHEHHST HEOOX1HOT B'SI3KOCT1 Ta CTIMKOCTI KPUTUYHO BAXKIIUBUM €
pPIBHOMIpDHUH  pO3MOJIT  yCiX KOMIIOHEHTIB, OCOOJIMBO €MyJbraTopiB Ta
cTabimizaTopiB. BBeJeHHS pOCIMHHUX KaMmeledl CTaHOBUTh TEXHOJIOTTUHY
CKJIQJHICTh, OCKIUJIbKH, Oyay4d BOJOPO3YMHHUMH, BOHHM YaCTO YTBOPIOIOTH
HeOaXkaHl TPYIOUYKH, IO TMEPElIKOKA€ IXHROMY TOMOTE€HHOMY po3moiny. Jis
YHUKHEHHS 1i€i mpoOjeMu, Ha OCHOBI MPOBEACHUX JOCIIKEHb, OyJo
3alpOIIOHOBAHO BBOAMTH KaMell y BUTJISAL CyCIeH31i, TONepeHbO 3MIIIABIIH iX 13
YaCTUHOIO PELENTYPHOI pociuHHOI oiii. Llelt Merox 3abe3neuye iXHE piBHOMIpHE
JTUCTIEPTyBaHHS.

3 METOI BCTAHOBJICHHSI PalllOHAJLHOIO CITIBBIIHOIIEHHS MIDX PI3HUMU
POCIMHHUMM KaMeJsiMHU, sKke O 3a0e3nedyBajio ONTUMAalIbHI OPraHOJENTHYHI

XapaKTEPUCTUKHU, OyJ0 3acTocoBaHO cumriuiekc-rpatdactuii twian I[lledde. Ak
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HE3aJIeXKHI TapaMeTpu y IIbOMY JOCIIPKEHHI BUKOPUCTOBYBAIMCS KOHIIEHTpAIi
TPpOX BHUJIB KaMmelneW, a (QyHKI€W BIATYKY BHCTyNaB BIJHOCHUH Oan
OpraHOJEeNTUYHOI OLIHKHU. JI0JaTKOBO KOHTpOJIIOBaNAcs B'3KICTh eMyubeii. [licns
00pOOKH EKCIIEPUMEHTAIBHUX JaHWX OTPUMAHO MaTeMaTH4HI 3aJIe)KHOCTI (2.2) Ta
(2.3), sKi MO3BOJISAIOTH MPOTHO3YBATH B'SI3KICTh MAaWOHE3HOI €MYJbCii, a TaKOXK

KUIBKICHO OIIIHIOBATH 1i OpTraHOJICITUYHI TOKa3HUKH [3].

B=3-Cu +3 Comn +2 Crneoe +6,75-Corir* Croam +45-Corop - Cor = (2.2)

Kcanm POJHCOK Kcamm

- 2,25 . C . C + 6,75 . ngap ’ C ’ (C Cxcaum) + 4’5 ) Cayap ' C

Kcanm POIHCOK Kcamm ayap POIHCOK

iy~ Coomeor ) T11,25-C -C -(C ~Chpe)+9:C,,,, - C -C

Kcanm POdHCOK Kcamm Kcanm POIHCOK >

n=24-C,, +16,5-C

2yap Keanm

-3,825-C -C +24,975-C

Keanm ‘podicok ayap

s B Cpomak) + 12’825 ’ Cxcaum ) - 47

+15,3-C, e t14,175-C, ) Cop +1.8-C - C e — (2.3)
(C,

C ayap Cxcaum) + 1395 : C7 C

Keanm 2yap ‘podicok

ne B—BinHOCHMI Oai, skl BioOpaka€e OpraHoJENTHUYHI XapaKTEPUCTUKU

Maiionesy; M| - B s3kictb npu 3,0 ¢, Tla-c; Coyqp — KOHILICHTpALisl Kameni ryapy,

%; Cown ~ KOHIIGHTpaIlis KaMesl kcantany, %; C — KOHIICHTpAIliI KaMei

POdICOK

POKKOBOTIO JiepeBa, %o.

binbin HaouHO oTpUMaHi 3anexHocCT1 (2, 3) npencrariaeHo Ha Pucynok 2.8

LEVEL # 2: 15

0g 0.8 w7 0.6 0.3 4 03 02 01 Z3

Pucynox 2.8 — Jliarpamu cKJ1a/1-BlIaCTUBICTb, SIK1 B1I0OPaXKaIOTh 3aJIEKHICTh
OPTaHOJIETITUYHUX XapaKTEPUCTHK (a) Ta B’A3KOCTI MAOHE3HUX eMYJIbCii (0) Bifl
CHBBITHOIIIEHb KOMITOHEHTIB cTabinizaropy [3].

TakuM 4MHOM, OOTPYHTOBAHO palliOHAJIbHE CIIBBITHOIIECHHS POCIUHHHUX
30



KaMmezie B KOMIUJIEKCHOMY CTa01113aTopl Mae CTAaHOBUTHU: KaMelb KCaHTaHy — 20
%; kamenp ryapy — 70 %, xamenp poxkkoBoro nepeBa — 10 %. Came Take
CHIBBITHOILIECHHS 3a0e3neuye HeoOXiJHI OPraHOJICITUYHI XapaKTepUCTUKU Ta

B’S3KICTh MaMOHE3HO1 EMYJIBCI].

2.3. IloOynoBa Ta gociaifKeHHS AMHAMIYHOI MOJeJi 00 €KTa KepyBaHHS
MaremaTuyHe MOJENIOBaHHS, € METOJAOM BHBYEHHS IPOIIECIB Ta SBHUII]

IIAXOM CTBOPCHHA 1X MaTeMaTUYHUX MOJECJICH Ta IOAaJIbIIOro aHanisy 10050.¢

MOJIeJIel, 9aCTO BUKOPUCTOBYETHCS 3 00UUCITIOBAILHOT TEXHIKH.

/s B HCTT

Pucynok 2.9. Cxema TernaoBUX IMOTOKIB MpH HarpiBaHH1 MailoHe3y Q 5 —
TEIJIOTa HAarpiToi BOIU

Q s — TEIUIOTA SIKa BUXOAUTH 13 BOJIOIO

Q 1ner — TEIUTOTA SIKA BUAUTSIETHCS HA HAarpiBaHHS HAaBKOJHUIITHBOTO
CEepeIOBHIIIA.

Q u.m — TEIUIOTA SIKA BUAUTIETHCS JJIs1 HArp1BY MallOHE3y

Q 1uey — TETIJIOTA SIKA BUJUISAETHCS HA HArPIBY HABKOJIMIIHBOI'O CEPEIOBUILA

YCTaHOBKOIO.

2.4. 3arajabHi BiIoMOCTI IPO 00’ €KT peryJIl0BaHHA
TemmooOMiHHA yCcTaHOBKA JJIsi TOTYBaHHS MalHOHE3y Ma€ TakKi MmapamMeTpu:
00’eM KaMepu CTaHOBUTH - 3 M3, 00’ €M MailoHE3y, SIKMM MOXKe OyTH y Iiii Kamepi
CTaHOBHUThL - 1 M3, pamKoBa Milajgka Mae MBUIKICTb oOepTanHs - 2400 o0/xB,
BUCOTA pe3epByapy - 1.7 M, MOBEpXHs Mae IOy Teruionepeaayi - 7.82m2.
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Temneparypa Boau, sSika BHKOPHCTOBYETHCS JJIS HarpiBaHHS, CTAHOBHTH
90°C, temmepaTypa BCiX KOMIIOHEHTIB Ui MPUTOTyBaHHS MaiioHe3zy - 15°C. ¥V
cuctemi nupKytoe 120 1 Boau, a MpoIyKTUBHICTE Hacocy ckianae 600 si/rox.

Tennmoemuicth Boau craHoBuTh 4100 J[x/kr°C, ryctuna Boau - 990 kr/m3,
KoedilieHT TeronpoBinHocTi Boau AopiBHIoe 0.55 Bt/M°C. Koedimient
TeIJIONpPOBITHOCTI MakoHe3y ckiagae 0.2 Bt/m°C, a #ioro TemnoemHicts — 3814

Jlx/kr°C, ryctuna maiionesy — 933 xr/m®,

2.5. IlepexinHuii mpouec

[lepmuit eran cTBOpeHHs cucTemMu aBToMatudHoro kepyBanHs (CAK) ms
BUTOTOBJICHHS MalilOHE3y € MPOBEACHHS TOCIiKEeHb, III0 CIIPSIMOBAaHI HA BUBUYCHHS
XapaKkTepUCTHK 00'ekta KepyBaHHA. OIHHMM 3 TOJIOBHUX pe3yJibTaTiB IUX
JOCIIKEHb € OTPUMAaHHS NepeaaTHoi PyHKIIT 00'ekTa KepyBaHHs.

Ha minmpuemctBi Oyna oTpuMaHa XapaKTepUCTHKA, sKa BigoOpaxkae
3aJICKHICTh PETryJIbOBAHOI TeMIIepaTypH B TEIJIOOOMIHHUKY (3MilllyBayi) BiJl 4acy
1pu oro 3anycky. L xapakTepucTrka Ha3UBa€ThCA "KpuBa po3roHy". Bona Bkasye,

SIK TIIBUIKO 3MIHIOETHCSI TEMIIEpPATypa B 3aJICKHOCTI BiJT 4acy.

0 500 10040 1500 20040 2500 3000 3506

Pucynok 2.10. Kpusa po3rony TeminooOMiHHHKA — 3MillIyBaya
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Byna orpumana kpuBa po3roHy Ha BUPOOHUIITBI 3a (hopmyIIor0:

= y(t;) — y(0) g y(t;) — 20
M =3 —y0) ~ 65-20
\

VY Ttabnuiii 2.3 HaBEACHO Pe3yJIbTaTH PO3PAXYHKIB, HEOOXITHI 1JIs1 TOOYI0BU

HOPMOBAHO1 KPUBO1 PO3TOHY.

Ta6muis 2.3. Pe3ynbrat HOpMyBaHHSI KPUBOi PO3TOHY

t, XB. 0 2 4 6 8 10 12
y (t) 0 0 5 12 18 27 33
t, XB. 14 16 18 20 22 24 26
y(ti) 39 44 48 51 54 56 58
t,XB. 28 30 32 34 36 38 40
y(t) 59 60 61 62 63 63 63
t, XB. 42 44 46 48 50 52 55
y(t) 64 64 64 64 64 64 65

HopmoBana kpuBa po3rony 3o0paxeHna Ha puc. 2.11. /s cratTuaHux 00'€KTiB,

nepeaaTHa QyHKIis, OTpUMaHa Ha OCHOBI KPUBOi PO3TrOHY, MOXe OyTH OINHCaHA SIK

1HEepIIiifHA JIaHKa 3 3aIli3HCHHSM.

W(S): Koy * g ToyS
ToyS+1

ne koy - koedimient nepenadi; Toy - MOCTIiHA Yacy, sSka XapaKTepU3ye
HOTO THEPIIIHICTS, C; Toy - YaC YUCTOTO 3aIi3HEHHS, C.

JIst 3HaXO/KEHHSI YHMCIIOBUX 3HaudeHb MocTiiHOol wacy TOVY Ta wacy
3amizHeHHS TOY 00'ekTa MOXHA CKOPUCTATHUCA IOTUYHOKO IO PO3TiHHOI
xapakTepucTuku. e moxke OyTu rpadik, Ha IKOMY BiJOOpa’keHa 3aJICKHICTh
BUX1IHOT BEIMYMHU (HAMPHUKJIaA, TEMIIEPATypH) Bl Yacy ImpH 3MiHI BXiTHOTO

BIUIMBY (HAPUKIAJ, KEPYIOUOTO CUTHAILY).
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500 Rlee o] 1500 2000 2500 3000 3500

T= 220

Pucynox 2.11. BusnaueHHs mnepenatHoi (QyHKIII TermiooOMiHHHUKA

3MilllyBaya Ui KaHaly KepyBaHHS TEeMIIEpaTypo0 MailoHe3y rpapiyHUM METOI0M

Koediuient nepegadi 06’ ekta KepyBaHHS BU3HAUYAEMO 33 BUPA30M

koy = Ox — On
Av
ne Ok ta O — € KiHIICBE Ta MIOYATKOBE 3HAYCHHS TeMIIepaTypu MaioHe3y,’C;
Ax — 3MiHa BX1JJHOTO BILIUBY, %.
Ok = 65°C, O = 20°C; Ax = 20%.

65— 20
20

°C
% xoody pe-. ﬂp"?.]

kf)}’ = = 2,25 [

3HaueHHs! MOCTIHHOI Yacy Ta 4acy YMCTOrO 3ami3HEHHsS, BU3HAYEHI 3
HOPMOBAHOI PO3T1HHOI XapaKTEPUCTUKHU, CKIATAI0Th
Toy = 980 C, Toy = 220 c.
[lepenaTHa ¢yHKIlS TEMI000MIHHUKA — 3MIITyBaya JiJisi BUTOTOBJICHHS

MalOHE3HOI eMYJIbCil 0 KaHaly peryJloBaHHS TeMIlepaTypu

2.25 R
Wl =G ©
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Po3ain 3

IIpoekTyBaHHS CHCTEMH ABTOMATH3AIII i TOCIIKeHHS TI AKOCTI

3.1. Bu0ip TexHiyHux 3ac00iB aBTOMaTH3aIlil

3.1.1. KoHTYp pery/iloBaHHSI TeMIIepaATypH

[lepBuHHI BUMIpIOBAJIbHI MEPETBOPIOBAUI-NIPUCTPOI, SKI MPU3HAYCHI IS
MEPETBOPECHHS CUTHAIY 3 BHUMIPIOBAIIBHOTO CEPENOBUINA HA 3pyYHHA IS
MOAANBIIOr0 30epeKeHHsI, 00POOKHU, MEPETBOPEHHS 1 T.JI. CUTHAJ. BOHU 103BOJISIIOTH
OTpUMAaTH BUMIPIOBaJIbHI JIaH1 B (hOpMI, IKa MOXKe OyTH 3pYUHOIO JUISI TOAATBIIOTO
aHaJi3y Ta BUKOPUCTaHHS.

Bubip TCM 50W sk mnepBUHHOTO BHUMIPIOBAJILHOTO IEPETBOpPIOBAaYa ISl
KOHTYPY PEeryJIIOBaHHS TEMIEPATYPH € PO3YMHUM DIllICHHSIM. TepMOMEeTpHr Omopy
€ HaIMHUMH BUMIPIOBAJIbHUMHU TIPUCTPOSIMHU, BIJIOMI CBOEIO BUCOKOIO HAJIMHICTIO
Ta 3/IaTHICTIO MPAIFOBATH TPUBAIHM Yac 0€3 MoJIOMOK, MTPOCTOTOO B €KCILTyaTallii i
MOHTaX1, @ TAKOK TOCTYITHICTIO 1 BUT1HOIO LIHO0. M1AHMI TEpMOMETp OIIOPY, KU
300pakeHuid Ha puc. 3.1, € OJHUM 3 THUMIB TEPMOMETPIB OMOPY, 5Kl IITUPOKO

BUKOPHUCTOBYIOTHCS /ISl BUMIPIOBAHHS TEMIIEPaTypH.

Pucynox 3.1 MinHuii TepMOMeTp Onopy

TexHiuH1 XapaKTepUCTH TEPMOMETPA OTOPY BitoOpaxkeni y Tabmuii 3.1
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Tabmuis 3.1. TexHiuH1 XapaKTepUCTH TEPMOMETPA

XaApaKTePUCTHER OTCXX4

HomiHaneHa cTathyba XapakTepucTea (HEX) 30M, 100M 5011, 1000 PH100, P4300, Pt1000

LianasoH TEMNEPATYR, WO EMMIPISHOTECA
» ENAc gomycey &
» Enac gomycky B ta C

YMOBHUA THCK

MokazHWE Tennosol iHepuii

Onip izonAyi

KinbXicTe SyTNHEAX ENEMEHTIE

Cxema EHYTRILLHIX 3'&3HaHE NPosigHKKR

BWEOHaHHA CEHCOpA BIIHOCHO KOpmycy

LoswKHa kalensHoro BUECOY

TN HAPISHOMD WTYLEpa

MaTepian 3aXMCHOT apMaTypH

CTyniHE 33XMCTy

-50.._+100°C
=50...+130°C

—100.__+250°C

—196.._+250°C —60...+250°C

0.1...6.3 MMa (3anexH0 Bi0 KOHCTPYKTHEHOMD BUEOHEHHRA)
He Dinble 10...30 ¢
He meHwe 100 MOm

1 ado 2

2 — AEOXOPOTOES
3 - TpoxgpoToEa
4 — 4oTWpEOXAPOTOEA

iS0NbOBAHWA

0,2 i — cTaHaapT
4o 20 M- 33 3aMOBNEHHAM

METPMYHE pizh, TPYDHA pisk

cTank 12X18H10T
natyHe

IP54 (IPE7 — gn= mogenen 314, 414, 164, 174)

[lepenatna ynxiist [IBII BupaxaeTbes y BUTIIS/II IHTETPAIbHOI JTAHKH 1

CITY>KUTb JIJI1 BU3HAYCHHS 3QJIEKHOCTI MK BX1THUM 1 BUX1JHUM CUTHajJaMu. Mu

PO3TIISIAEMO 1 aHAJII3YEMO 1110 TIepeAaTHy (PyHKIIIIO:

WHBH:KHBH/ THBH (3 . 1 )

Temneparypauii koedinienT onopy st Mifi = o ,=4,26%103[1/ °C];K pn=

Ro* @ =100%4,26*103=0,426;
W(p) = 0.426 12s+13.1.2. (3.2)

3.1.2. KoHTyp pery/iioBaHHs PiBHA

Jlis  KOHTpOJIIO piBHS HAMOBHEHHS pe3epByapy TEIIOOOMIHHOTO
3MilllyBaya B KaHaJl peryjloBaHHsA, 5 o0OpaB BiOpauiiHUN piBHEMIp
VEGASWING 61. Ileéi BubGip 0O0yMOBICHUN  TEXHOJIOTTYHUMU
0COOJIMBOCTSIMU, OCKIJIBKM HEOOX1HO JIUIIE TOTPUMYBATUCh 3aaHOTO PIBHA,

a He MOCTIHO BuMiproBaTH ioro. BiOpamiitauit piBHemip VEGASWING 61
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MOKa3aHWil Ha PUCYHKY 3.2.

Pucynok 3.2 Curnamizarop piBast VEGASWING 61

BiOpamiiinuii curHamizatop piBHSA € YHIBEpPCaJbHUM JIaTUUKOM,
MPU3HAYCHUM JIJIs1 BAMIPIOBAHHSI PiBHS pivH. BiH MOXe OyTH BUKOPUCTAHUN
y OyAb-sIKiid TO3ULII MOHTaXY, 1110 pOOUTH MOTO JAy’K€ THYYKUM 1 3pYYHUM Y
BUKOpHUCTaHHI. BiH 3a0e3neuye HajiiiHe Ta TOYHE BUSBICHHS PIIUHU 3
BHCOKOIO TOYHICTIO J0 MUIIMeTpa. llel mpuiaa 4acTo 3aCTOCOBYETHCS IS
3aXHUCTY BiJ MepernoBHEHHs pe3epByapiB 1 koHTeiiHepiB. VEGASWING 61 €
NPUCTPOEM, IO XAPAKTEPU3YEThCS BHCOKOK  HafilHICTIO. OCHOBHI
XapaKTEPUCTUKHU LIbOTO PiBHEMIpA HaBeJeH1 B Ta0nuill 3.2.

Tabmuus 3.2 OCHOBHI XapaKTepUCTUKH PiBHEMIpA

3acTocyBaHHS CUTHAJTI3aIlis PIBHS PIIVH

Marepian Hepk. cramp  316L, Hastelloy C4,

emanboBana ctainb, ECTFE, PFA

[Tpuennanus: pizb0a Big GY4A, ¢manui Big DN25 a6o
ririeHivyHe

Po6oua Temneparypa -50...+250°C

Po6ouwnii Tuck -1...+64 6ap (-100...+6400 kI1a)

37



3.1.3. KonTyp pery/ioBaHHs BUTPATH

JI71s1 BUMIpIOBAHHS KUJTBKOCTI PI3HUX PiJIMH, 110 MPOTIKAIOTh Y€pe3 CUCTEMY, S

BUKOPHUCTOBYIO CIELIaJbHUM TPUCTPI - yJIbTPa3ByKOBUM BHUTpaTOMip abo

muunbHuk B3JIET MP. Ileli npuctpiif 37aTHUM TOYHO BUMIPIOBATH IIBHAKICTH

MOTOKY 1 00CST PI3HUX PIIMH, TAKKUX SK rapsda BoJia, X0JI0IHA BOA, CTIYHI P1AWHH,

KHUCJIOTH, JIyTH, Xap4yOBi MPOITYyKTH TOLIO0. BiH MOXke OyTH BUKOPUCTAHUN B OTHOMY

ab0 JeKIIbKOX TPyOOIpoBoAax, Kl Mepe0yBaroTh ITiJI TUCKOM B PI3HUX YMOBax

excruryatarii. OCHOBHMMHU MepeBaraMu IbOTO YJIbTPa3BYKOBOI'O BHUTpaToOMipa-

JIYUIbHUKA € MOro 3JaTHICTh KOHTPOJIIOBATH 1 BUMIPIOBATH KijbKa BHUTpaT

OJIHOYACHO, & TaKOX IUPOKUNA CHEKTP MOXKIMBOCTEH i BUBOAY IIUX BUMIPSIHUX

3HA4YEHb, a CaMe:

Ha P1IKOKPUCTANIYHUHN IHAUKATOD;

y BUTJISAI HOPMOBAHOTO CTPYMOBOI'O CUTHAITY (32 3aMOBIICHHSIM);

y BUTJISI/I1 IMITYJIBCIB 3 HOPMOBAHUM Baroto ado JIOTTYHUX CUTHAJIIB;
10 MociigoBHOMY iHTepdericy RS-232/RS-485;

no inTepdericy Ethernet (3a 3amoBrieHHIM).

VYawTpaszsykouii Butparomip B3JIET MP 300pakennii Ha puc. 3.3. OCHOBHI

XapaKTEPUCTHKHU pIBHEMIpa HaBeIeH1 B Ta0I. 3.3

Pucynoxk 3.3. anTpaéByKOBHﬁ Butparomip B3JIET MP
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Tabmuns 3.3. OCHOBHI XapaKTEPUCTHKU PiBHEMIpA

HaiimenyBaHHA nmapaMerpa

3HayeHHs1 mapaMeTpa

JliameTp yMOBHOTO ITPOXOY, MM

Bix 10 1o 5 000

[IBUIKICTh TOTOKY, M/C

ot 0,1 1o 20

JiamazoH Temrneparypu piaunu, °C

Bix - 30 mo +160

Temneparypa HAaBKOJIMIIIHBOI'O
CepeoBUILA TUIsL BTOPUHHOT'O

nepetBoproBaya (BIT), °C

ot 0 1o 50

Tuck B TpyOompoBOAi i BpPI3HUX

He OunbIme 2,5

NEePEeTBOPIOBAYIB eJIEKTPOAKYCTUYHHUX
(ITEA), MIIa
Cryninb 3axucty BIVTIEA IP54/1P68
I'mubuna apXiBiB BUMIpIOBAJIbHOT
iHdopmartii, 3arucis:
- TOAUHHOTO
1440
- 1000BOTO
60
- MICSIYHOTO
48
- IHTEpPBAIBHOTO
14400
- I03yBaHHS
Y 512
Hanpyra xxuBneHHs BuTparomipa, B 24

CrnoxuBaHa MOTYyXHicTh, BA

He OubLie 12

Cepenniii  4vac HaIpaIroBaHHs
Ha BIZIMOBY, T

75000

Maca BII, kr

He OutbIe 3

I"abaputhi po3mipu BII, mm

250 x 132 x 90
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3.1.4 Bulip BUKOHABYOI0 MeXaHiZMy

BukoHap4di MexaHi3MH B CUCTEMaX aBTOMaTUYHOTO K€PyBaHHsI BIAMOBIIAI0OTh
3a MEPEMIIICHHS PETYJIIOI0YOro OpraHy BiAMOBIAHO 10 OTPUMAHOTO KEPYHOHOTO
curHaiay. IX ronoBHa (YHKIiS HOIArac B TOMY, 00 pearyBaTH Ha CHUTHAIIM
KepyBaHHSA 1 3a0€3meYuTH HEOOXiMHI 3MIHM B CHCTEMI NUISIXOM TMEPEMIIICHHS
peryyiodoro oprany. BukoHaBui MexaHi3MH MOXYTbh MaTH pi3HI (opMu Ta
NPUHIIAIN i, 3a7€KHO BiJl KOHKPETHOTO 3aCTOCYBaHHS, aje iX OCHOBHA MeTa -
3a0e3MeYnTH TOYHE 1 BIANOBIIHE TMEPEMILICHHS PEryJIOIY0ro OpraHy Juis
JOCSITHEHHSI Oa)KaHUX IMapaMeTPiB 1 peKUMIB POOOTH CUCTEMHU.

O6pano MD0-40/10-0,25 P-99K B sikOoCcTI BUKOHABYMX MEXaHI3MIB uepes ix

BIIMIHH1 XapaKTEPUCTHUKH, TaKl SIK HaA1IHICTh, MPOCTOTa y Oy0BI Ta EKOHOMIUHICTb

(puc. 3.4.).

Pucynok 3.4 Enextpuunuii BukonaBumii mexanism tumy MEO TexniuHi

XapaKTepUCTUKU BUKOHABUOT'O MEXaH13My HaBejieH1 B Ta0J1. 3.4.

[lepenaTHa ¢yHKIIIS BAKOHABYOTO MEXaHI3MY Ma€ BUTJIST IHTETPYHOYO1

JIAaHKH BUTIIAOY

k
W(p) = 3
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Ta6nuis 3.4 TexHiuH1 XapaKTepUCTUKH BUKOHABYOTO MEXaHI3MY.

HalMeHYBAHHA NapaMmeTpy ZHAYEHHA
HomMiHansHWA KEPYTHHA MOMEHT Ha
BUXIOHOMY BaNY, H M 40
HomMiHansHWIA Yac NOEHOTO Xoay
BUXIOHOMO BANY, 3 10
HoMiHaNEHE 3HAYEHHA NOBHOM Xoay
BuxigHoro sany, ob 0.25
CNoMEaHa NOTY#HICTE, B A 110
Maca, Kr 8
Hanpyra #MENeHHA, B 380
YacToTa xapdysaHHA, [y 50
CTyniHe 3&8XMUCTY 1]
BNOK CUrHanizauil nono#eHHA PEeOCTaTHHA

JACToTa BENHOUYeHs A0 630 B roguHy NpY NOETORHOMY

Pexum poSoTh MexaHiamy - 54
b y BENHUEHH 00 5%

MaEcuMansEHa YacToTa BENHYEHHA no 1200 8 rogMHy NpY NOETOPHOMY BENHOYEHHI 00 5%

Koedimient nepegayui BAKOHaABYOTO MEXaHI3MY PO3PAXOBYETHCS
3ahOpMyJIOHO:

¢ — KyT IOBOPOTY BUX1JHOTO BaJly;

t — HOMiHaJBHUI Yac OBHOTO XOJy BUX1THOTO Baly. 3HAXOJIUMO

Koe(]iIlieHT Iepeaadyi BUKOHABUOTO MEXaHI3MY:

A
=22
t
120 rpaj.
= 10 4 cex.

[TepenatHa (yHKIIISI BAKOHABYOTO MEXaHI3MY Ma€ BUTJISI;

12
W(p) = =
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3.1.5. Bu0ip e1eKTpOABUIYHIB i HacOCiB
S o6pas enexTpoaBuryH cepii AIP 160S4 niist 3minryBaHHs yCiX KOMIIOHEHTIB
y TEII0ooOMiHHOMY 3MinryBaui. el enekTpoaBuryH € Tpuda3sHuM, aCHHXPOHHUM,
3MIHHOTO CTpyMy, 3arajlbHONPOMHUCIOBUM. BiH  BHUKOPHCTOBYETHCA IS
KOMIUIEKTAIll] pI3HUX arperariB Ta MEXaHi3MiB sIK eNEeKTPONpuBo. EnekTpoaBuryH
pU3HAYEHUH T pOOOTH BiJ] MEPEKI 3MIHHOTO CTpyMy 4yacToToro 50 I'11 3 HanpyToto
220/380 B.
Enextponsuryn AIP 160 S4 mae HoMiHaNbHY MIBUAKICTH oOepTtanHsa 1500
00€pTiB 32 XBUJIUHY.
XapaKkTepucTrKa eJIeKTPOIBUTYHA!
e ["aGapur (BucoTa oci o0epTanHs Bayia): 160 MMm;
e jiameTp Baja: 48 mwm;
e moTyXHICTh: 15.0 kBT;
e Cuia ctpymy: 30 A.
e [P: 54.
Estampinox EFI - 1ie MoHOOIOUHMI BIAIIEHTPOBUN HACOC, SKUH CKIATAETHCS
3 IEKUIbKOX KOMITOHEHTIB. Koprnyc Hacoca BUTOTOBIIEHU 3 HEPXKaBIIOYOi CTai, 1
Ui Moro BUPOOHMIITBA BUKOPHUCTOBYETHCS METOJ XOJOJHOTO IIITaMITyBaHHS.
PobGoye koseco Hacoca TakoX BUTOTOBJIEHE 3 HEPKaBIIOUOl CTalll 1 MOXke OyTH
3po0JieHe METOJO0M XOJOJHOrO INTaMIyBaHHS ab0 MIKPOJITIB, 3aJIEKHO Bij
KOHKpEeTHO1 Mojieni Hacoca. Kpim Toro, B Hacoci € TOpIeBe yIIUILHEHHSI, KPUIIKA 1
Bajn. Estampinox EFI ocnamenuii BHyTpIlIHIM  OJWHAPHUM  TOPIIEBUM
VIIUTBHEHHSM, siKe 3a0e3nedye HajliiHe YIIIJIbHEHHS Ta TepPMETHYHICTh pOOOTH
Hacoca. [le#t Hacoc 11eanbHO MiIXOAUTh AJI PI3HUX MPOMHUCIOBUX 3aCTOCYBaHb, /1€
noTpiOHa eeKTUBHA MepeKadyBaHHS P1UH.
Marepianu:
e Jlerani 3 HepK.CTaJIl, 1110 KOHTAKTYIOTh 3 mpoaykToM AISI316L
(1.4404)
e [nmmi gerani 3 Hepk.ctam AISI 304 (1.4301)

e [Ipoxianku, o KOHTAKTYHOTh 3 MpoaykTtoM EPDM
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o Toprese yuiiapHEHHS:

e OOGeproBa wactuna — Cer

¢ Cramionapsa yactuna — C

e MakcuMmasbHI YMOBH €KCILTyaTallli:

e MakcuManbHHI THCK - 6 Oap

e Temneparypa-10°C go +90 °C

o [IponyxTuBHICTE-65 M*/h

e MakcumanbHuii nudepeHil. Hanopy - 42 m

e MaxkcumainpHa BUAKICTE - 3000 06/MuH

3.1.6. Bubip 3anipHoi apmatypu

3amipHa apmarypa — e IPUCTPOI AJi pEeryIroBaHHs BUTPATH MOTOKY PiJIvH,
rasziB 1 TA. Y SKOCTI 3aIlipHOi apMaTypMu — s oOpaB CIJIETIbHUM PeryIoBabHUM
knanaH VFS2.

Heo0ximHi mapameTpu 17151 BAOOPY PEryJIFOI0YOT0 OpraHy:

y = 1r/cMm- 00’ emHa maca Boau; v = 0,3 — B’3KICTb;

Qmax=0.6 M%/ro1, — MaKCHMalbHA BUTPATa BOJN;

Qmin = 0.12 M%*/rog — MiHIMaIbHA BUTpATA BOJIY;

P; = Skr/em?, P, = 3kr/cm?, Phay = 1KT/cM?— mepenanm TUCKIB.

MaxkcruMasbHa MpOITyCKHA 3/1aTHICTh PEryJII0I0Y0ro OpraHy Moxe OyTu
oOumciieHa 3a 10rmoMororw Gopmynu. BukopructoByrouu 1110 GopMyy.

Perymniorounit opran BUOUParOTh 32 HACTYITHOT YMOBHU:

K, =0 / 4 0424
= * |[———— =1 ik
y o eMaxX "\ pec — Pmax roj

B T
3

M
Ky > 12 Kngx = 1,2+ 0.424 = 0508 —

43



3HaxonauMO poOoYy MUISHKY BHTPATHOI XapaKTEPUCTUKH BUOPAHOTO
peryJiroyoro oprady 3a ¢gopmysorw (2.9):

BusnauaeMo BiJHOIIEHHS Tepenaay TUCKY Ha PETYJIOIUMN OpraH Npu
3

K, =0 E g =
4 = * = 0.6 —
o, Beiis ron
K
n=-—=,
Kp
_0424
=

MaKCHMAaJIbHIN BUTpATI JI0 TIepenaay TUCKY B JiiHii 3a popmysioro (2.10):

YTouHIOEMO TIepenaj] TUCKY Ha BAKOHABYOMY MPUCTPOI 32 (HOPMYIIOI0:

Pc
APen =y
APpr = i Yl
BT ™1 +0.7062 ~ “cmM2

Busnauaemo BuUTpaTy piguHU 4Yepe3 BUKOHABUYMM MpPUCTpii B pasi

nepenajayTUcKy Ha HboMY 3a (OpMYJIOH0:

APgp
|4

o e
Qgn = 0. 1 " roa

3Hax0JMMO BIJHOCHY MAaKCHMajbHy Ta MIHIMaJbHY BHUTpaTy pIiIMHU 32

dbopmynamu (2.12) ta (2.13):

Qpn = K}»PD :

_ Omax 06 __
“mﬂx e QB" = U& 2=
il BIB

0,2

ruml'?l T QH" == ﬂ.& rs
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Pucynoxk 3.5. Po6oui XapakTepuCTHKU I PETyTIOBATHHUX KIIAMaHIB

Imin=0.18 l1ax=0.8
3a rpadikom (puc. 3.5) BHOMpPAEMO BHUTPATHY XapaKTEPUCTHKY

BUKOHABYOT'O MEXaHI3MY, 3T1JTHO BITHOCHOT'O XOJIy 3aTBOpa PETYJIIOI0YOT0 OPTaHy:

P
1.0

N

0.6

i
=
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- /A/
// / ///

0
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02

7

/

N
\
\\\\\
A\
w

7 A

Vs

0 0.2 04 0.4

F

Pucynoxk 3.6. 3minu nepenajiiB TUCKIB Ha BM 17151 perymtoBaibHUX KilanaHiB
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[Tpu bOMY BiTHOIIEHHS TIEpEnay TUCKY Ha PEryIroI0uril OpraH 10
nepernagy TUCKY B CHCTEMI 3MIHIOETHCS BII Lmax= 0,95 10 Lmin= 0,75,

110 BiAMOBiIa€ HACTYmHUM miepenanam (2.13) 1 (2.14):

AP, .
ﬁmin — ﬁ;n

AP,
ﬁmax — ﬁ

3HaX0IMMO 3HAYEHHS TIepernary THCK.
3a 1OMOMOT 00 JTOBITHUKOBHX JAaHUX BUOUPAEMO PETYIIOBAIBHUN KJIalaH 3
niametpom Dy = 15 MM i mponyckHoro 3natHicTio Kpo= 4,0 M*/ron.

Krc

APpmin = Bmin * AP¢ = 2,25 Coi2

Krc
ABnax = Pmax * 4Pc = 2-85m

VY sikocTi 3amipHOi apMaTypMmu — s 00paB CiICIbHUN PETYIIOBAILHUNKITAIAH

VFS2.

Pucynok 3.7 CigenbHuii peryitoBaibHuii knanan VFS2

TexHiuH1 XapaKTEepUCTHKHU PETYIIOBAIBHOIO KJIalaHa HaBe/leH1 y Ta0u. 2.5
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Tabmuns 3.5 TexHiYHI XapaKTepUCTUKH PETryJIFOBAIBHOTO KilamaHa

HomiHansHug giamerp DN 15 20 | 25 | 32 | 40 | 50 65 a0 100
Mponycxsa sgatvicrs knanauy, k., |m¥r] 04 | 063 | 10 [ 16 | 25 | 40 [ 63 | 10 | 16 | 25 [ 40 | 63 | 100 | 145
Xig wroky MM 10 15 20 i
BigHOCHAA Diana3oH perynsBasHA EliY | 5l | 10001

ButparHa KapakTepucTiea narapudmisHa

DakTop Kasirayii £ > 04

MNportikauka (arigko crasgapty [ECS34) we Binblwe 0,05% aig k.

HominansHisi ek PN | 6ap 25

PerynsoBaxa cepega Baaaxa napa, nigroroanska soa abo BogHmi poaury rrikons (go 50%)
pH perynboBaHoi Cepenu 7.l

Temneparypa perynsosanai cepei| °C (102" .. 200

JenHaHHA

{Dnanui 3righo crangapry 150 70052

Marepiann

Kopmyc 7a Kpwka

Bricokomilumi waeyH EN-GJS-400-18-1T (GGG40.3)

| EN-GJS-400-15 (GGG 40)

Cigno, KOMYC [30N0THIE] T2 WTOK

Hepwaaiioua crans

YijinsHEHHA

Kinbus 3 PFTE (3aminsoBani)

3.1.7. Bubip nporpamMoBaHoOro JIOTiYHOI0 KOHTPOJIepa

[Tporpamosanwuii noriuanii kouTposep (I1JIK) € enekTpoHHUM IPUCTPOEM,

SKUN BUKOPUCTOBYETHCS JIJIS1 aBTOMAaTU30BAaHOT'O KEPYyBaHHS BUPOOHUYUMHU

MpoIlecaMu Ta 00JIATHAHHSAM. Y SIKOCT1 IPOrPaMOBAHOTO JIOTIYHOTO KOHTPOJIEpa, S

BuOpas Osen [IJIK 73. Texuiuni xapakrepuctuku OBeH 73 HaBeqeH1 y Tab. 3.6.

Pucynok 3.8. ITJIK OBen 73
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Tabnurs 3.6 Texuiuni xapakrepuctuku OBeH 73

LlerTpansHuit npoLecop

Poanip Retain-nam'sti (EEPROM)

OGcar onepaTHEHDT NaM'aTi AnS s5epirakHA 3MIHHUX Nporpam
0'em nam'aTl 30EpIraHHA npoTpam

OF'eM nam'aTi BBEAEHHA-BHEELEHHS

Uac podoTi FOZMHHWKS PEANEHOTD Yacy NiCNs NPonagaHka KHENEHHA

KOHCTPYKTHEHE EMKOHAHHA

CTyniHb 33XWCTY KOPMYCY 3i CTOPOHM NWMUEE0T Naxeni
HanpyTa #MBEneHHA

CnosHBaHa noTy#HICTs, He Ginblue

MapameTpH ByI0BAHOMD BTOPUHHOTD JHEDENa #MENEHHA

32- pospAaHKi RISC npouecop 50 ML Ha Gasi agpa ARM7?
443 Bawt

10 %5

280 k5

600 GanT-qna PLEY3-M
360 Hait-10 PLKT3-L

HE MEHLLE TPBOX MICALIE
Kopnyc WKToBOrD KpinmeHHA.
FabapuTHi poasipy (BxlLxT), mm
(168 = 137 x 55) = 1 Mmt

IP55

50.245 B (4actoTor Ein 4700 63 My}

AnA nocTitkoro crpymy, 12 BT
AnA aminKore crpymy, 18 BT

BMxigHa Hanpyra 24 £ 3 B, cTpym He Ginklwe 180 mA

[uTepdeticu 3B’ s13ky HaBeneHui y Tadi. 3.71 3.8.

Tabmuns 3.7 Iatepdeiicu 3B’ 3Ky

[HTEphefT 2 [HTEpDERCH ONUOHANEHD:

1-# inTephedic: R3-485, R5-232 afo sigcyTHIA;
21 iTepedic: RS-485, RS-232 afo igoyTHiR.

Pesum poSotn inTepdedcie Master, Slave

MigTprMyEaHi NpOToKONM

OBEH, Modbus-ASCIVRTU, GateWay (npotokon CODESYS)

Ta6muis 3.8. [aTepdeiicu Ta MPOTOKOIIH, K1 M ATPUMYIOTHCS.

MpoTokon [hTepdedc  3ACTOCYBEHHR

CBEH RS-232 MigTpumanya mogynis esegerHA /emeegeqns OBEH Mxi10

RS5-485 PoGota y Mmepesax CBEH cnineto 5 TPM2:x¢

Modbus RTU RS-232 MiOTEMMEHHA MOAYTIE BEE0EHHABHBENEHHR T2 ONSPaTopCHENY NAHENEN (Hanpuknan, OBEH CNdwn, 38'R30K
Modbus ASCI RE-485 51 SCADA-cucTEMAMH

Gate'Way {npoToxon R5-232 [porpamyBaHHs KOHTpONEpa, HanaroIKeHHA KOPHCTYESLBKDT Nporpamu

CODESYS) PoSoTa 3 OPC cepeepom CODESYS
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3.2. BuOip anropurmy KepyBaHHs 00’ €KTOM

3 mod4aTKy HEOOXiJHO BHU3HAYUTH, SKE CIIIBBIJIHOIIEHHS MDK 4YacoMm
pEryIIIOBaHHS 00’ €KTa aBTOMATHU3AIlli 4acoM 3aIli3HEHHS.

Jns mouaTky HEOOX1JHO BHM3HAUWUTH, SIKE CITIBBIIHOIICHHS MIX YacoM

3aImi3HEeHHS 1 4aCOM PeryJIIOBaHHS 00’ €KTa aBTOMAaTH3AaIli1

r_zzo_o222
T 980

T . [ )
SIKILIO % > (0.2, mepeBary BIJIAalOThb  MNO3UIIHHOMY (pelieHHOMY) aTOPUTMY
oy

KEpyBaHHS, ajeé MOXJIMBE BUKOPUCTAHHSA 1 HEMEPEPBHOTO AJITOPUTMY.
BuOip pilieHHs 3a71€XUTh Bl BUMOT, sIKI BCTAHOBJICHI JIJISl POLIECY YIIPaBIIHHS 3

TOUYKH 30pY TE€XHOJIOT1].

ako 0,2 <;O—y< 1,0, mepeBary BiIJalOTh HeENepepBHOMY abo 1udpoBOMy
oy

anroputMy kepyBanus (I11J1-, I1I- a6o [T-anroputm kepyBaHHS).

T . o o
SIKIIO % > 1,0, BuOuparoTh  croemiadbHUid ~ NUPPOBUKA  peryiasTop 3
oy

EKCTPATOJISITOPOM, 1[0 KOMIICHCY€E 3aIi3HIOBaHHS B KOHTYP1 KEpyBaHHSI.

KpiMm TOro, mnpoBOOUTBCS pO3PAXyHOK AMHAMIYHOTO KoedilieHTa
pETYIIOBaHHS, IO J03BOJSE BHOpaTH ONTHUMAIBHUN alrOPUTM I KEepyBaHHS
00'eKTOM.

OCkUTbKH 00'€KT KEpyBaHHS € CTaTUYHUM, MH OOHMpAaEMO JTWHAMIYHUN

KOe(]iIlIEHT peryJIFoBaHHS 3 BUKOPUCTAHHSIM JaHO1 (GOpMYJIN:

I
Rﬂ K Kﬂymﬂl‘:ﬂ (3-6}

7€ y1 — MakcuMasbHe JuHamiuHe BiaxuieHHa K, — koedilieHT nepenayi
00’ €KTa KepyBaHHS

Vaxe — MAKCUMAITLHO MOXJTUBE 30ypPEeHHS 32 HABAHTAXKCHHIMH Y1 =5%,
Ko=2.25, Yyae=10 %

=— =222 (3.7)

A7 225410
HacrtynHoro uyeproro rpadiuauMu 3a1eXHoCTIMHU gictaemo ITI-anrroputm
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KepyBaHHS

1- [T-anroputm
2- I-anroput™m
3- [1I-anroput™

4- [HI1-anroput™m

Puc 3.4. I'padiuna 3a5exHICTh

SIK110 BITHOLIEHHS Yacy YUCTOTO 3aMi3HEHHS JI0 Yacy peryJloBaHHs B KaHal
""Temmeparypa 3MilryBadya — TeINIOOOMIHHUK — BUTpaTa rapsioi BoAU" CTaHOBUTH
0.263, TO peKOMEHIYETHCS BUKOPUCTOBYBATH HENEPEPBHUIN AITOPUTM KEPYBaHHS.
s po3paxyHKy napamerpiB HacTouku 1l perynsaropa BUKOPUCTOBYETHCS METO
CHR (Chien-Hrones-Reswick). lleii mMeron BiApi3HSEThCSA BiJ METOAY 3irjep-
Hikonbca, OCKUIbKM BHKOPUCTOBYE KpHUTEpId MaKCHUMajdbHOi  IIBHUIKOCTI
HApOCTaHHS IPU BIJICYTHOCTI MIEpeperyJitoBaHHs ado MpHu HasgsBHOCTI He OuibIie 20%
nepeperyIroBaHHs. BUKOpHUCTaHHS TAKOTO KPUTEPIIO JO3BOJISE OTPUMATH OLTBIIINAN
3amac CTiikocTi B cuctemi.. /s anepiognyHoro mporecy 0e3 mepeperyitoBaHHs
(Aperiodic step response) Ta Uil KoiMBaibHOro mpomecy 3 20%
nepeperymoBanHsaM (20% Overshoot).

VY 1a6n. 3.9: Kr=Kp, TN =Ti, TV =Td, KS=Ko, Tq=To, Tu=1
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Tabmuis 3.9. 3naueHHs anepioANYHOTO Ta KOJIUBAIBHOTO MPOLIECIB

Controller Aperiodic step response | 20% Overshoot
P-Controller K, (.30 - T',,%{T (.70 - T‘%-T_
Pl-Controller | K, 0.60 - o 0.70 - 4
Ty 4.00 - T, 2.3 +T5;
PID-Controller | K, 0.95 - T};"ﬁ'ﬁ_ 1.20 - 7-%;—
Ty 2.40 - T, 2.00 - T,
Ty 0.42 . T, 0.42 - T,

3a TaONMMYHUMH JAaHUMH, PO3PAXOBYEMO TMapaMeTpy HaJaroKeHHs

MIPOTIOPIIIIHOT CKJIaI0BOI PETyIsITOpa.

J171s1 3HaXO)KEHHSI Yacy 130JJpoMy:

K.=0.6 2 1.188 3.8

= u.o *» —me — || 5

r 220 * 2.25 G4
T; =4 %220 = 880 (3.9)

3.3. OuniHka IKOCTi aBTOMATHYHHUX CHCTEM 32 CTAHAAPTHUMH MOKAZHUKAMH

AKOCTI

dyHKIIisg Tepeaadl HE3aMKHYTO1 CHCTEMH aBTOMaTUYHOTO KepyBaHHs (3.10)

MOIXC 6YTI/I 3ariMcCaHa HAaCTYIITHUM YHHOM:

Wro3(s) = Wigi(s) - Wipy(s) - Woy(s) - Wege(s)

1 ) 12 225-¢72205 0426

880s/ s 980-s+1 15-s+1
12020 * s + 13.66

~ 12904000 * s* + 875600 = 53 + 880 * 52

WP{j?(S) = 1.188- (1 +

Y (3.10)

12020 = s + 13.66
Wpo3(s) 12904000 = s* + 875600 * s> + 880 = 52
T+ Weos(s) 14 12020 * s + 13.66
12904000 * s* + 875600 * s* + 880 * s

W30e(s) =

VY nopansiomy, B cepenopuiii Matlab Simulink, Mu Oyayemo imiTariiny
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MO/IeJIb CUCTEMHU aBTOMATHUYHOTO KepYBaHHS. MOJieib (3.4) BUTIIsa€ HACTYITHUM

YHUHOM:

> BM oK

nen 1.188
12 225 | |
0.426 ¢ ‘ I }‘ " 90+ 1 | > /\f -
155 +1 1.188
880s

Pucynoxk 3.4 Imitamiitna monens CAK TemmiepaTypu IpUroTyBaHHs

MalOHE3HO1 MTacTH
3 rpadika (3.5) BUaHO, 110 MepexiHa XapaKTepUCTUKA CUCTEMHU
aBTOMATUYHOTO KEPYBaHHS BUPOOHUIITBA MalilOHE3Y JEMOHCTPYE 3a10BUIbHI

IMOKA3HUKHU SKOCTI:

- MepeperymoBaHHA 0 = 2 Omax A e, 100% = 0%;
A (E)yem

- KOIHBAIBHICTE n = 0;

- ™AC perymOBaHHAL

- T rer = 1850 ¢;

- BI/ICYTHA CTATHYHA ITOXHOKA.

0 500 1000 1500 2000 2500 3000 500 4000

Pucynox3.5. Ilepexigna xapakrepuctuka CAK BupoOHMIITBA MalloHE3Y
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Taxk, 3 mepeximnoi xapakrepuctukn CAK MoxHa 3pOoOUTH BHCHOBOK TIPO
CTIMKICTh CUCTEMH. SIKIIIO CHCTEMa JIOCATaE YCTAJICHOTO 3HA4eHHs 0€3 KOJIMBaHb
micist 30ypeHHs abo 3MIHM YIPaBIiHHS, 1€ CBIIYUTH MPO CTIMKICTH CHUCTEMHU. Y
IbOMY BHUMAAKy, KOJH CHCTEMa NPUXOIUTH JO YCTaJCHOrO 3HA4YCHHS 1 HE
CIIOCTEPIral0ThCs ’KOJTHI KOJIMBAHHS, MOJKHA CTBEPIXKYBATH, IO CHCTEMA € CTIHKOIO.
[le BaxuMBHHA TOKa3HUK Ui €(EKTUBHOTO (YHKIIOHYBaHHS CHCTEMH
aBTOMAaTHUYHOTO KEpyBaHHS, OCKUIbBKM CTIMKICTh 3a0e3meuye CTallIbHICTh 1

HAJIHHICTh POOOTH CHCTEMH.
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Po3ain 4

4.1 Po3poOka eJIeKTPUYHMX CXeM aBTOMAaTH3aIil
4.1.1 Bubip MarHiTHOro mycka4a

[Ipn BuOOpI MYCKO3aXMCHOI amapatypd s CHCTeM aBTOMATUYHOTO
KepyBaHHS, BpPaXOBYIOTh TaKi (JaKTOPH, SIK THII CTPyMY, PIB€Hb HAIIPYTH, TOTY>KHICTb,
KUTBKICTh TIOJIFOCIB, YMOBH 3aXHCTy BiJl HEHOPMAJIBHUX PEXKUMIB poOOTH
oOnasiHaHHs, KJIIMaTUYHE BUKOHAHHS Ta CTYIEHI 3aXUCTY.

MaruiTHUH  myckad - 1€ CJICKTPOMEXaHIYHUM  TPHUCTpid, 110
BUKOPUCTOBYETHCS JIJISI YIPABITIHHS KUBJICHHIM €JICKTPOABUTYHIB. Lleit mpuctpiii
BUKOHY€E Ppi3HI (PYHKIIIi, Takl SIK 3alyCK, pO3TiH, MOCTIHHA poOOTa, BIIKIFOYEHHS
YKUBJICHHS 1 3aXHUCT €JICKTPOJABUTYHIB BiJl IEPEBAHTAKCHb.

BuOip enexTpoMarHiTHOTo myckada 31HCHIOETHCS BIATIOBITHO 10 HACTYTTHUX YMOB:
1) [Ipu BHOOPI €IEKTPOMATrHITHOTO IMyckaya He0OX1JHO BpaXOBYBaTH MOTO THUII
abo cepiro.

2) 32 HOMIHAJIHLHOIO HAIMPYTOIO 32 YMOBOIO:

U H.MH.>UM. >

ne Uy un- HOMIHAJIbHA Hapyra MarHiTHOro myckada, B; U, - HOMiHaibHA Hampyra
elleKTpoMepexi, B;
3) 32 HOMiIHQJIBHUM CTPYMOM 32 YMOBOIO:

I H.MH..E IH 2

ne  lyyun - HOMIHQJIBHUM CTPYM Mar”iTHOTO myckada, A;l,; - HOMIHAJIbHUHN CTPyM
HaBaHTa)XCHHA, A.
4) 3a HOMIHQJBHOI HAMNpPYrol KOTYIIKH €JIeKTPOMAarHiTHOTO ITycKada 3a

YMOBOIO:
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U K.MHE U KK.»

ne U yn— HOMIHQJIBHA HAIIPyTa KOTYIIKKA MarHiTHOTO myckada, B; Uy

- Harpyra KoJja KepyBaHHsl, B;

5) 3a HasIBHICTIO TEIJIOBOTO pEJie;

6) 3a CTylIEeHEM 3aXHUCTY;

7) 3a KJIIMaTUYHUM BUKOHAHHSIM.

Jnsa  enexTpoaBuUryHa BHOIp

KM21poBoiMO HACTYITHUM YHHOM:

U,=380B,1=30A.

€JIEKTPOMATHITHUX  IyCKayiB

KMI1

i

3a HaBeJIEHUMH TaHUMU BUOHpaeMO erekTpoMaraiTHui myckad KMI-34012.

Ta6nuis 4.1. TexHiuHI XapaKTePUCTHUKHU €JIEeKTpOMarHiTHoro myckada KMI-

34012.

TexHIYHI XapaKTepHCTHEHN

HomMiHanbHa Hanpyra MUBNeHHA NaHUHa
ynpae Us AC 50 lNu:

Hominanbua pobouwid ctpym Ie 400 B:
THN NIAKAHYSHHA QONOMIXHHXY NaHLOrie:

KinbKicTh AOMOMIMHWX HOPM 33MHEHYTHX-
H3 KoHT:

KinbKicTh QOMOMIMHWX HOPM POZIMEHYTHX-
HO KOHT:

HoMiHaneHa pab Hanpyra 3MiHHOTO CTPYMY
Ue:

HomidanbHa Hanpyra izonauyii Ui:
HomiHanbHa iMNYyNbCHa HanNpyra:

YMOBHHH TennoBvi cTpym Ith npu AC-1:
HomiHanbHa NOTYMHICTE Npu AC-3 230 B:
HomMiHanbHa NOTYHHICTL Npy AC-3 400 B:
HomiHanbHa NOTYMHICTE Npu AC-3 660 B:
MaKC KOPOTKOUYACHE HABAHTAMEHHA:
YMOBHHMH CTPYM KOPOTKOTO 3aMUKaHHa Inc:
ZaXMWCT Bifj HAACTPYMIE - Npeoxp gG:

MoTyWHICTL po3CitoBaHHA Npu Ie AC-3:

2308

40 A

renHTOBe
Z'ENHEHHA

1

230; 400; 660 B

660 B

6 kB

60 A
11.0 ¥BT
18,5 KBT
30.0 kBT
720 A
3000 A
5o A
2,467
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Bubip aBTOMATHYHHUX BUMHMKAYiB

ABTOMaTUYHUN BUMHKAY - 11€ MPUCTPIH 151 KOMYTaIllii KOHTaKTiB, SKUH MOXKE
BKJIFOYATH, BUMUKATH 1 TPUMATH TIEBHUM CTPYM HaBaHTAXKCHHS MPOTITOM MTEBHOTO
qacy, KOJH €JIEKTPUYHE KOJO 3HAXOJUThCSA y pobouomy cTaHi. BiH Takox 31aTeH
BUMUKATH CTPYM B pa3l MPOTIKAHHS aBapiifHOTO CTPyMy 4Yepe3 HbOTO..

ABTOMAaTHYHI BHUMHKa4dl BHOUPAIOTHCS TAaKUM YWUHOM, 1100 HOMIHAJIbHHMA
CTPYM TOJIOBHOTO KOJ1a BUMHUKayda (Ia.HOM) Ta HOMIHAJILHUM CTPYM HOTO TEIIOBUX
1 €JIEeKTPOMAarHiTHUX BUMUKaHb (Ip.HOM) Oy HE MEHIIUMU 3a TPUBAIMM poOOUMii

ctpyM (ITp.po0) AUTSTHKY MEpeKi, IKY BOHH 3aXUIIAI0Th:

".s.rw.u = ‘!mp. poG II.I}JH'J.H = ‘...m;:l. poG "
3arajgpHa l'IOTy}KHiCTB CUCTCMU.:
P =15000 + 4500 + (6 * 110) = 20 160 Bt (4.1)

Jlng noganeioro BUOOPY aBTOMAaTUYHOTO BUMHUKada HEOOX1THO BPaxOByBaTH

3HA4YCHHA CUJIN CTPUMY, AKC Mac€ I[OpiBHIOBaTI/II

P 20160
U 380

=53.05A (4.2)

Takum YUHOM, 3 YpaxyBaHHAM HAaBCIACHUX TAHUX, MU PCKOMCHAY€EMO BI/I6paTI/I

aproMarnunnii Bumrkad [EK BA88-32 3 peittunrom 63 A.

4.1.2 Bwu0ip TenioBoro peJse

S BuGpas Temose pene PTJI 2055 sk 3acib 3axucty s enektpoasuryHa. 11
pene 3 cepii PTJI mpusHadeHi a1l 3aXHCTy €JIEKTPOJBUTYHIB BiJl CTPYMOBHUX
NEpPEeBaHTAXXEHb TPUBAJIOCTI, K1 MEPEBUILYIOThH JOMYCTUMI 3HaUYeHHsA. BoHU Takox
3a0€31evyr0Th 3aX1CT B1JI aCUMETPii CTPYMIB B (pa3ax 1 BiJI BIIKIIOUCHHSI OJHIET 3 (has.

TexHiuH1 XapaKTepUCTHKHU HaBeneH1 y Tabmuis 4.3
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Taomurs 4.2

TexniyHa xapakTepucTrka aBToMatnuHoro Bumukada [EK BA88-32

MaxcumaneHuil HoMiHaneHHIA cTpyM (Da3oewi rabapuT) lpm, A 125
HomikanbHWA CTpyM™ (YCT3BK3 TENNCBOFC po3yenneaua), |, A 63
YcTaeka enekTpoMardiTHoro posuennioeaus |, A 10 In
Poauennioeay HagcTpymie TEMNNOBMA T3 ENEKTPOMATHITHHA
MP110
MP211
HomikansHa poboua Haibinewa eigkioUa0Ya 30aTHICTE |-, KA 12,5
HomiHankHa rpaHMuHa Hailbinews BigKnOUa0OUE 303THICTL |y, Mpu 220 B, kA 25
HomMinansha rpasMuHa Hahbinewa eigxniouyaoys 30aTHIOTS |, npr 690 B, kA -
MexaniyHa 3HococTidkicts uMknie Bxa-Biokn, He MeHwe 8500
EnexkTpuuna sHococTiMkicTs umknie Ben-Bigkn, He MeHwe 2500
BukoHaHHA ETHYHE .
EMCYEHE

Tabmuis 4.3. TexHiuHi XapakTepuctuku TerioBoro pene PTJI 2055
Bupobruk: ETAN (YepaiHa) [lianazoH ycTaeow pene, A: 30-41
HomiHanoHa Hanpyra, B: 660 Bucota, mMM: 116
Yacrota, Mu: 50/60 LupKHa, MM: 75
CryniHb 2axucty: [P 00 FnubuHa, MM: 76,3
HomMiHanbHua cTpym, A: 80 Maca, kr: 0,505
KoHTakTu: 1p + 13 FapaHTia, mic: 12

[MOTYXHICTb CNOMMBAHA OAHWM NofKCom, BT; 3,03

Buoip nepemuxkaya

[lepemukadi BUKOPUCTOBYIOTBCS ISl 3MIHU PEXKUMY pOOOTH aBTOMATHKH,
yCTaTKyBaHHS a00 IHIIIOTO MPUCTPOIO 3 OJHOTO CTAaHy B 1HIIUH, SK 1 TEXHIYHUMHU
pekuMaMu poOOTH, IO BKa3YIOThCs MiAmpueMcTBOM. KynaukoBuii mepeMukad,
AKuit s BUOpas, Mae mogens EMAS PS020ZE210. Horo TexniuHi XapakTepuCTHKA

MO>KHA 3HaWTH B Tabnuil 4.4.
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Tabnuis4.4 Texniuni xapaktepuctuku nepemukad EMAS PS020ZE210

BupobHmk 3010TA Tunoena. BypoeaHui
KpaiHa: TypeyumHa KinskicTh das: oHODAZHM
KOHCTPYKTHEHE BUKOHEHHA: KynayKosui HoMikanbHuii cTpym: 204

Tun npucTpok: NOBOPOTHHM epemkay  CTyniHb NMNOBONOTD3AXNCTY: IP20

KinbkicTb nonkcie: | MexaHiuHa 3HOCOCTIMKICTD: 100 Tuc. Lnknie

Cxema nepemuKanHA; 102 [lianazoH pofoynx TemMnepartyp: Bin-5a0+40°C

4.1.3 Bu0ip curHaJbHHUX JaMIl

B sikocTi curHanbHUX gaMIl i1 aBToMatu3aitii s 0opas tamnu IEK AD16DS
niameTpoM 16 MM 3eneHOro, KOBTOro 1 uepBOHOro konbopiB. Lli jammwm
BUKOPUCTOBYIOThCS JIJIsl IHJIMKAI[IT pOOOTH yCTaTKyBaHHS 1 BKa3ylOTh HA MOT0O CTaH
ab0 pexuM poOOTH, a TaKOXX MOXYTh CHUTHAJII3yBaTH NPO aBapiiHUW CTaH

oOJ1aTHAHHAL.

4.1.4 Bu0ip KHONOK KepyBaHHS

KHonku kepyBaHHS BUKOPHCTOBYIOTHCS Uil JUCTAHIIMHOIO 3amycky 1
3YIIUHKH YCTAaTKyBaHHS, TAKOT'O SIK €JIEKTPOJIBUTYHHU, HACOCH 1 T.J. B KOCTI KHOMOK
KEepYBaHHS I TEXHOJIOTIYHOTO YCTAaTKyBaHHA S 0OOpaB KHOMNKOBHUM MOCT

e.cs.stand.xal.d.211, sikuii Ma€e 1B1 KHOIIKH.

4.1.5 BubOip nposoais i kadeiB

[[lo6 BuOpatu mepeTH KaOeno, MpoBOAY abo IIHypa BIAMOBIAHO J0
JOMYCTUMOI'O0 TPUBAJIOrO0 CTpyMy, Mu MoxeMmo ckopuctatucs IIVE (IlpaBuna
ylamTyBaHHA elekTpoycTtaHoBok). ['maBa 1.3 [IVE nHamae Bka3iBku 11040 BUOOPY
MPOBITHUKIB 3 ypaxyBaHHSM HarpiBaHHsI, EKOHOMIYHOI IIIJIBHOCTI CTPYMY Ta YMOB
KopoHu. TaOnuil 10MyCTUMUX TPUBAJIUX CTPYMIB JIJIsl IPOBO/IB, IIHYPIB 1 KabesiB
3 TYMOBOIO 200 IIJITACTMACOBOIO 130JIA111€10 HaBeeH1 Y AaH1i 1i1aBi. Cepel HaoUIbIII
nommpennx Mapok nposigaukis € [IBC, BBII, BIIII, I1I1B, ATIIIB, BBI', ABBI ta

1HIII1.

58



[Tomry monepeyHoro nepepisy Kujl MPoBOJIIB, IHYPIB 1 KabeliB BUOUPAIOTh

BIJIMTOBIJTHO JI0 AOMYCTUMOTO TPUBAJIOTO CTPYMY.

I mp.oon. Z] pO3.5

1€ 1,0;— pPO3paxyHKOBUHM CTPYM JUISIHKH €JIEKTPUYHOI Mepexi, A.

MakcumMalibHO JOTyCTUMUM pobouunii ctpym s aeuryHa AIP 160S4 moxna
PO3paxyBaTH 3a HACTYMHOIO (HOPMYJIOIO:
10° = P,

:v@*U*nn*cnsw

L, = 29609 A (4.3)

3a HaBeJICHUMHU JJaHUMU BUOUpaeMo kadenb BBI'HI™ 4x6 3 MigHUMU KuIamu,
MOJTIBIHIJIXJIOPUTHOIO 130JIA111€10, B TIOJIBIHIJIXJIOPUIHIA OOOJIOHII Ta TEpepi3oM
cuioBHX KUl 6 MM2. HoMiHaJIbHUI CTPYM 1IOTO KaOento cTaHOBUTH 40 A.

Jlst BUOOpPY KabeJto 171k HACOCY TaK0X BUKOPUCTOBYEMO 1110 (hopMyTy:

L 10%«n
n_\@*b’*nn*msqp

=118A (4.4)

3a uuMu nanuMu BuOupaemo kabens BBIHIT 4x1.5 3 momepeuHuM mepepizoM Kui

1.5 MM2, siKuil Ma€ HOMIHAJIBHY CHITy CTpymy 16 A.

4.1.6 BuOip xa0e10 1J1s :KMBJIeHHA AW KePyBaAHHA

3a numu gaHuMu BuOupaemo kabdenb BBI'HI 4x10 3 migHumu xuiamu, 3
MOJTIBIHIJIXJIOPUTHOIO 130JISIITIEI0, B TOMIBIHIIXJIOPHUIHIA OOOJOHII, Tepepi3oM

cUIoBUX Xl 10 MM2 Ta HOMIHAJIBHOIO CHIIOK cTpyMy 50 A miis skuBJieHHs 1madu

KEepyBaHHS.
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4.2 TIpMHUUIIOBA eJIeKTPHYHA CXeMa

dparMeHTOM MPUHIMIOBOI elekTpuuHoi cxemu (Jlomarok 2) mependadeHO
HAsIBHICTB JIBOX PEXHUMIB pOOOTH - aBTOMAaTUYHOTO 1 py4HOro. J{is mepeMukaHHs
MDK [IUMHU PEKHUMaMHU BUKOPUCTOBY€EThCS nepeMukad SAT.

Ha cxewmi 300pakeHo 8 MOTOpIB, SIK1 BiIMOBIa0Th:M 1 — ipuBiA MilTankw;

M2 — Hacoc;

M3 — M8 — enekTpoaBUryHH BUKOHaBunX Mexanizmiea MEO 40\10.

Kuonku SB, sKki MaioTh HeMapHW MOPSAKOBHI HOMEp, BIANOBIAAIOTH 32
3YNUHKY €JIEKTPOABUTYHA, @ KHOIKH 13 apHUM MOPAIKOBHUM HOMEpPOM — 3a HOro
3amycK. MarsiTHl MycKayl BUKOPHUCTOBYIOThCA IS JAUCTAHLINHOI KOMYyTarlii
elleKTpoABUryHiB. KojkeH MarHiTHHi IMyckay Ma€ CBil MOPSAIKOBUN HOMEp, SIKUN
BIJIMIOBIJIA€ TIOPSIKOBOMY HOMEPY €JIEKTPOABUTYHA, JI0 IKOTO BIH M1JKJIFOUEHHUN.

CurnanpHa samma HL1 — BigmoBimae 3a curHamizamiro poOUTH TPHUBOJIA
MIIIAJIKH, eJIeKTpoaABUryHa M1.

CurnanpHa namna HL2 — BiamoBigae 3a curHaizaiiiro pooOoTH Hacoca.

Jlo mporpamoBaHoro joridyHoro kontpojepa DD1 migkimroueHi HacTymHi
MATYUKHU 1O BIAMOBIIHUX BXO/IIB:

Ptl — natuux temneparypu JTC 100M, mo niaxiarodeHuit 3a 3 IpOBIIHOO
CXEMOIO MiIKITIOYCHHS.

P1 — natuuk piBHsL.

P2 — P7 — natuuku BUTpATH.

brnok >xuBneHHs Ul BUKOPUCTOBY€ThCS MJis KUBIICHHS MPOrPaMOBAHOIO
goriyHoro koutpoiiepa (I1JIK) i1 3Haxonutbest y (i3u4HOMY 3B'SI3KY 3 JTaTYUKAMU

Yyepe3 KOHCTPYKI[IHHY HEOOX1THICTh

4.3. Po3podka cxemu 3’€IHAHD

Bignosigno no JACTY 2.702-75 "IlpaBuia BUKOHAHHSI €JIEKTPUYHUX CXEeM",
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cxemH 3'€elHaHb € rpadIYHUMHU TMPEACTaBICHHSAMHU 3'€IHAHb M1 KOMIIOHEHTaMHU
yCTaHOBKH a00 BUpoOy. L1 cxemu po3poOIsitoThCsS Ha OCHOBI IPUHIIUIIOBUX CXEM
KUBJICHHS 1 BUKOPHCTOBYIOTHCS MIiJ YaCc MOHTaXy HaJaroJKEHHS IPUCTPOIO.
Cxemu 3’€IHaHb BUKOHYIOTh Ha M1JCTaBl TAKUX 3arajibHUX MPaBUIL:

* cXxeMH 3’€lHaHb PO3pOOJSIOTH HA OJWH IIUT, MYyJbT, CTATOP, CTAHIIIO
KepyBaHHSI.

e yCl TUNOW amnapaTiB, NpWiIaAiB Ta apMmaTypu, 0 TepeadaveHi
IPUHILIUIIOBOIO EJEKTPUYHOI0 CXEMOIO, MalOTh OyTH TMOBHICTIO BiIOOpa)keH1 Ha
cxeMi 3’ €IHaHb

* [O3UIiiHE TO3HAYCHHS MPUJIAIIB Ta 3acO0IB aBTOMATH3aIlli, a TaKOX
MapKyBaHHsS JUISHOK KUI, MIO0 NPUHAHATI HA NPUHIUIOBHX CXEMax, MOTPIOHO
30eperTu Ha cxemi 3’ €THaHb.

Cxemu 3'elHaHb MOXXYTh OyTH BUKOHaHI 3a JOMOMOIOI0 TPHOX OCHOBHUX
Croco0iB: aipecHOTO0, rpadivyHOTO 1 TAOIUIHOTO.

AJnpecHUI croci0 € MHUPOKO TMOIIMPEHUM B aBTOMAaTH3allli 1 IMOjsIrae B
BUKOPHUCTAHHI aJIpec JJis 3B'A3KY MK €JI€MEHTaMH arnapaTypu. 3aMicTh IPOBEACHHS
JHIA 3B'I3Ky MK KOXKHOIO TapOI0 €JIEMEHTIB, apecHUN Crocid BUKOPHUCTOBYE
¢ poBi abo TiTEpHO-LIU(PPOBI aapecH, sIKl MPOCTABIAIOTHCS HAa KOKHOMY arapari
abo enemenTi. Lli agpecu BKka3yloTh, 3 IKUM KOHKPETHHM araparom abo ereMeHTOM
MOTPIOHO BCTAHOBUTH €JIEKTPUYHUM 3B'SI30K 3TiHO 3 MPUHIIMIIOBOIO CXEMOKO abo
HNOpSAIKOBUM  HOMepoMm  eneMeHTa. lLleil cmoci®6  A03BoJsie  YHUKHYTH
MEePEHACUYCHOCTI CXEMH JIIHISIMU 3B'sI3KY 1 IMOJIETIIYE i1 YUTaHHS Ta PO3YyMiHHS.

['padiuynuii criocid BUKOPHUCTOBYETHCS 71l TIOKA3y 3'€IHAHb MK arnapaTamu
IUIIXOM YMOBHUX JIiH1M Ha KpecieHHi. Ll crocid 3acTocOBYy€ThHCs TOJIOBHUM YHHOM
JUISL IIUATIB 1 MyJIBTIB, A€ KUIBKICTh amapaTypy € BIIHOCHO HeBeNrKoro. I'padiunuii
croci0 TaKoX BHUKOPUCTOBYETHCS Ui TMOOYJOBH CXEM TpPYOHHUX MPOBOOK.
Hamnpukinan, SK11o B 0 JHOMY MyJIbTI BAKOPUCTOBYIOTHCS TPYOU 3 Pi3HUX MaTEpialiB,
TaKHX K CTallb, Mi/ib, TUTACTUK, TO JIJISl TO3HAYEHHS LIUX TPYO BUKOPUCTOBYIOTH P13HI
TUOU JIHIA (CYLUIbHI, IITPUXOBI, IITPUXOBI 3 JBOMAa KpamnkaMH TOILO) Y

BIJIMOBIHOCTI 3 YMOBHUMHU MTO3HaUYeHHsAMU. Cxema HaBejieHo B JlogaTky 3.
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4.3 Po3polOka cxemu HiAK/II04YEHb

Bianosigao qo I'OCT 2.702-75, cxemMu BMUKaHHS BUKOPUCTOBYIOTBCS IS
Bi3yasTizailii 30BHIIIHBOTO MIJKIIOYEHHS anapaTiB, YCTAaHOBOK, ITUTIB, MyJbTIB Ta
1HImoro oo6nagHaHHs. BoHM po3poONAIOTHCS HAa OCHOBI MPHUHIMIIOBUX CXEM
KUBJIEHHS, criendikariii npuiaaiB i oOJagHaHHS, a TAKOXK KPECICHb BUPOOHUINX
NPUMIIIICHb, J€ II0Ka3aHO pO3TalllyBaHHS TEXHOJIOTIYHOTO OOJaJHaHHSA Ta
TpyOomnpoBoiB. Lli cxemMu BUKOPHCTOBYIOTHCS MiJI YaC MPOBEACHHS MOHTaXY
MPOBOJIKHU, sIKa 3a0e3Medy€e >KUBJICHHS IIUTIB, MYyJbTIB, YCTAHOBOK, MPHUJIAIIB Ta
arnapariB

3a3Buyail icCHye JABa THUNM CXE€M MIAKIIOYEHb: rpadiuHa Ta TaOIM4HA.
I'padpiuna cxema € OUIBII MOWIMPEHUM BapiaHTOM. Y TrpadiyHiil cxemi
BUKOPHCTOBYIOTHCSI YMOBHI I'padiyH1 CUMBOJIH JIJIs1 300paKeHHS PI3HUX €JIEMEHTIB.
30kpema, BOHa BUKOPHUCTOBY€ETHCS AJI TOKa3y HACTyMHUX KOMIIOHEHTIB: BIIOIpHI
OPUCTPOI Ta TMEpPBUHHI MEPEeTBOPIOBAaYl, IIUTH, IYJIbTH, JIOKaJbHI MYJbTH
KepyBaHHS, KOHTPOJIO, CHTHAJI3aImili Ta BHUMIPIOBAaHHS, a TaKOX IO3AIUTOBI
npuiaan Ta 3ac00M aBTOMAaTH3AIlil;

3’€IHYBaJIbHI Ta MPOTSHKHI KOPOOKH, BUTHHI KOPOOKM KIHINB TEPMOMApH,
€JIEKTPOIIPOBOJIKH Ta KabeJIi, 110 MPOKIaaI0ThCS 1032 IMUTAMH; BY3JIU MPUETHAHHS
€JIEKTPOIIPOBO/IIB 1 MPUJIA/IiB, anapatiB Ta KOPOOOK; 3a0ipHy anaparypy, €JIeMEHTIB
JUTSE 3’ € THAHHS Ta BIATATYKEHHS; KOMYTaIlliH1 3aTHCKaY1, PO3MIIIEHI 11032 IUTAMH;
3aXMCHE 3a3EMJICHHS.

[[Tadu, nynpTH, OKpeMi NPWIAJA Ta arapaTd Ha CXeMax 300pakaroThbCs Y
BUTJISAJII IPSIMOKYTHUKIB 200 KOJIiB, 1 BCepeInHI TUX (iryp pO3MIIIYFOTHCS BiIITOBIIHI
MIJMUCH, SIK1 1IeHTU(IKYIOTH 111 €JIEMEHTH

Ha cxemax migkJItO4eHHS 3B'S3KM OJHOTO MPU3HAYECHHS 300pPaKYIOThCS 3a
JIOTIOMOTOI0  CYIIIJIBHUX JIIHIN, $KI TOKa3yloTh Oe3MepepBHUIN 3B'A30K MIiX
KoMrnoHeHTaMu. OJIHAK, B MICIISX MTPUETHAHHS 10 BAKOHABYMX MEXaHI3MIB Ta 1HIITNX
amapariB MPOBOJIU PO3JISIOTHCS, 00 HAHECTH MApKyBaHHS HA KOXKEH OKPEMHI

npoBia. L{e 103BoJisi€ 3p03yMITH, SIKU TPOB1J MOB'SI3aHUN 3 KOHKPETHUM NPUIIATI0M
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Yy anapaToM, CIPOIIY€E€ MOHTaX 1 OOCIYroByBaHHS CHUCTEMH, a TAKOX IOJETIIY€E
PO3YMIHHS CXEMU M1 IKITFOYEHHS.

Ha cxemax 3'emnanp, ski BimoOpaxaroTh MpoBOaM abo0 kabemi, HaBOMISTH
1H(OopMaIIito Ipo HOMEP MPOBOJIKK a00 MIAKIIOUYEHHS, MapKy MpoBoO Iy abo kKaberto,
HoT0 TIepepi3 Ta JOBKUHY. SKIIo mpoBOIKa 3/A1iICHEHA B TPYO1, TO TAKOK BKA3YETHCS
xapaktepucTuka Tpyou. Lle nornomarae i1eHTU(IKyBaTH KO’KEH OKPEMHUIA TPOBia a00
Kabellb, BCTAHOBJIIOBATH iX XapaKTEpPUCTUKH 1 3a0e3rnedyBaTH  HAJICKHE
MIIKIIOYCHHS Ta MOHTaX cuctemu. [Hdopmariis mpo HOMEp, MapKy, mepepis i
JIOBKMHY TIPOBOJIIB 1 KaOeJiB € BaXJMBOIO [JIs EJEKTPUKIB Ta TEXHIYHOTO
NEepCOHaIy, K1 IPALIOIOTh 31 3'€JTHAHHSAMHU 1 00CIIYyTOBYIOTh €JIEKTPUYHI CUCTEMU. .

[IpoBoau, mKryTu Ta kabesi Ha cxemax 300paKyIOThCSl Y BUIJISIAL JIIHIN, AK1
MarTh TOBIIMHY 3BUYaiHO B jiana3oHi Bijg 0,4 1o 1 mm..

Cxemu miIKIIIOYEHb 3a3BUYail CTBOPIOIOTHCS 0€3 30epekeHHs MaciTaly, B
3pY4YHOMY JJII KOPUCTyBaHHs BUTIIsAL. [le o3Hadae, 1o po3mipu Ta mpomnopirii
KOMITOHEHTIB MOXYTb OyTH 3MIHEHI, [00 3a0€3MeUYUTH YITKICTh Ta 3pO3YyMUIICTh
cxemu. ['oioBHA MeTa moJisrae y repeaadi HeoOXiaHoi iH(opmartii mpo
M1KITFOYEHHS Ta B3a€EMO3B'SI3KM M)XK KOMIIOHEHTaMHU, @ HE B TOYHOMY BiITBOPEHHI

peanpHUX po3MipiB. Cxemy HaBeneHO B JlogaTky 4.

4.4 Po3polOka3arajJibHOI0 BUIJISY HIUTA KEPYBAHHA

[[ut 1 myapTH € MICHAMHM KEpyBaHHS, KOHTPOJI Ta CHUTHami3amil
eNeKTpu(IKOBAaHUX 1 aBTOMATHU30BaHUX CHCTEM. Y HHMX pO3TallloBaHa amaparypa
KEepYBaHHs, KOHTPOJbHO-BUMIPIOBAJIbHI MPUCTPOi, MPUCTPOi CUTHAII3alii Ta
3axucTy. DacagHi CTOPOHM IIUTIB 1 MyJIbTIB YaCTO MAaIOTh PI3HOMAHITHI €JIEMEHTH,
Kl CHOPHUSIOTh 3pO3YMIHHIO Ta 3py4YHOMY KopucTyBaHHIO. Lle momomarae
orepaTopaM 1 TEXHIYHOMY IIE€pCOHAIy JIETKO OpIEHTYBAaTUCh 1 3I1HCHIOBATU
KepyBaHHS Ta MOHITOPHMHI CHUCTEMH, a TaKOXX 3abe3reuye 3py4yHICTh 1 OC3IEKy B
eKCIUTyaTarlii.

[Ty noALISIIOTH 32 BUKOHAHHSM Ha:
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BIIKpUTI (TTaHEJIbHI) Ta 3axulleHi (mado.i);

IIUTH 1 TyJIBTH MOXKYTh OYTH PO3JIJICHI Ha JIB1 KaTEropii B 3aJI€KHOCTI B1JI iX
npusHaueHHs. OnepaTuBHI UIUTH Ta MyJIbTH BUKOPUCTOBYIOTHCS 711 KEPYBAHHS Ta
KOHTPOJIIO TEXHOJIOTIYHUMHM TMpOIIECaMH, B HHX 3HAXOASAThCS I1HCTPYMEHTH 1
npucTpoi, HeoOXimHi Ay omepatopa. HeomepaTtuBHI IIUTH Ta MYyJNbTH
BUKOPHCTOBYIOTBCSL JJII PO3MIIICHHA amaparypu Ta MpWIaiB, SKI He
BUKOPUCTOBYIOTbCA ~ O€3MOCEepeIHbO  OMepaTropoM Ui  KEpyBaHHS  4H
CIIOCTEPEIKEHHS 32 TEXHOJIOTTUHUM HPOLIECOM;

IIUTH 1 MMyJIbTA MOYKHA MOJIJTUTH Ha MICIIEB1 KaTeropii, K1 pO3TaIlllOBYIOThCS
nopsia 3 eleKTpudikoBaHMM Ta aBTOMAaTH30BaHUM ycCTaTKyBaHHSAM. Lle mosBossie
omieparopaM MaTd 3pYYHUH JOCTYI 10 HEOOXITHUX KEepyBaJbHUX CJIEMEHTIB Ta
IPUCTPOIB JIJ1s1 €PEKTUBHOTO KEPYBaHHS Ta KOHTPOJIIO 33 yCTaTKyBaHHSIM,;

arperatHi UIMTH 1 MyJIbTU MAIOTh anapaTypy JUisl KepyBaHHS, KOHTPOJIIO Ta
CUTHa3aIlli OJHOTrO OKpemoro arperaty. Bonu 3a0e3medyiorh e(eKTuBHE
YOPABIIHHSA T4 MOHITOPUHI OKPEMHUX KOMIIOHEHTIB. Y CBOIO 4epry, OJOYHI IIUTH 1
OyJBTH PO3MINIYIOTh 3aco0m enekTpudikaiii Ta aBTOMaTH3aiii g KUIBKOX
arperariB, siki 00'€elHaH1 B KOMILUIEKCHY YCTAHOBKY, IO CIIPOIIY€ 1HTErparfito Ta
KEpPYBaHHSI BCI€IO CUCTEMOIO;

IEHTPaAJIbHI (PO3MINIYIOTh anapaTypy eJekTpudikarii Ta aBToMaTH3allii, 1o
BITHOCHUTHCSA 10 BCHOTO TEXHOJOTIYHOTO MPOIECY a00 KOMIUIEKCY TEXHOJOTIYHO
MOB’SI3aHUX BUPOOHMUIITB);

JOTIOMIXKHI (PO3MILIYIOTh PEECTPYBAIbHI MPUIAANA Ta JIYUIBHUKU, PENCHHI
IIUTH, IIATH KUBJICHHS TOIIIO);

3araibHUM BUJI IIMTKA KEPYBaHHS HABEJICHO B JIOJATKY 5.

4.5 Po3paxyHok HagilH{HOCTI CHCTEeMH ABTOMATHYHOI0 KEPYBaHHS

HaniifHicTh cucTeMH BU3HAYA€ThCS 11 37JaTHICTIO BUKOHYBATH BCTAHOBJICHI
GYyHKIIT IpU MEBHUX YMOBaX €KCIUTyaTallii. SIKIo cucremMa Ma€ HU3bKy HalliHICTb,

1€ MOXE MPU3BECTH 10 3HIKECHHS MPOAYKTUBHOCTI, 30LIBIIEHHS MNOTpeOH Yy
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00CJIyroByI0OUOMY TEPCOHANI Ta 3pOCTaHHS BUTpAT Ha PEMOHT 1 00CIyroByBaHHS.
JI71s1 OIIHKY HaIITHOCT1 aBBTOMAaTUYHOI CUCTEMH KepyBaHHS HEOOX1JHO pO3paxyBaTH
IHTEHCUBHICTh BIJIMOBH KOXHOTO OKPEMOTO €JIEMEHTa 1 CKJIACTU BIAMOBITHY
Ta0JIUI0, HAPUKJIIAM, Tabuuio 4.5, 1e OyayTh 3rpyIoBaHi I1i AaHi.

Tenep 3HaxX0IUMO 3arajibHy IHTCHCUBHICTH BiJIMOB.

3HarouM CTPOK HOopMaibHOI ekcruryatamii t = 10000 roguH, MU MOKEMO
BU3HAYWTHU PE3YJIbTYIOUY IMOBIPHICTB BiJiMOBH P(t) 3a 1ieit mepioxn:

Ppe(t) = ezt (4.6)

1e K — KOe(IIIeHT, 1110 BPaxOBY€E BILIMB 30BHIIIHBOTO CEPEIOBUINA
(mpuitmaemo 1);

P (&) = e~54:2745:1076:10000 _ ( 581 (4.7)

Otxe npotsirom 10000 roauH poOOTH MPHUCTPOIB, X WMOBIPHICTh BiJIMOBHU
ckianae 0,581. Y Bumaakax, KOiau pe3ybTyroua HaAilHICTh 00'€KTa HE BIJIMIOBIIA€E
3alaHUM TEXHIYHMM BHMOTaM, 3aCTOCOBYEThCS PpE3EPBYBaHHS SIK METOJ
MMIBUIIIEHHS HA1HHOCTI.

MiniManbHa 3a1aHa WMOBipHICTE 6Ge3BiaMoBHOI pobotn Pz (1) =0.95 >

Ppes (1 )=0.581. [1[06 migBUIMTH HAMIHHICTS CXEMH 3aCTOCOBYEMO METO
HABaHTa)XCHOTO pe3epByBaHHA. Pe3epByBaTH MOTPIOHO: €IEKTPOMArHiTHI MycKadi
(8 mT.), Terose pene (1mrt.), kHonky (161T.).

OTtxe Buxoasuu 13 hopmynu (4.8):

P,(t) = P1(t) — P2(t) (4.8)

Jle P1 (- imoBipHicTs Ge3BiaMOBHOI POGOTH CXEMH, IO PE3EPBYETHCS;

Py ()~ imoBipHicTe 0e3BiAMOBHOI pPOOOTHM YACTHHH CXEMH, IO

pe3epBYBaHHIO HE IIJJISATAE

P,(t) = p—3.1455:107°:10000 _ 0,969 (4.9)

P,..(t) 0.581
P,(t)  0.969

P = = 0.599 (4.10)
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Tabnuus 4.5. Po3paxyHKH 1HTEHCUBHOCTI KOKHOT'O OKPEMOTO €J1€MEHTa

Ne | Hazpa enemenrta | KinbkicTh | [HTEHCHBHICTH 3aranbHa
/I €JICMEHTIB, | BIJIMOB, IHTEHCUBHICTh
54r. Ai-10° 6, 1/ron BiaMoB Ai-107, 1/ron

1. | Knomnkosi 16 0.063 1.008
BUMHKAYi
«ITyck,Ctom»

2. | EnextpomarHitHi | 8 0.25 2
myckaui

3. | TennoBuit 1 0.1375 0.1375
BUMHUKAY

4. | Enextponsuryn |8 5.24 41.92
3MIHHOTO CTPyMY

5. | IlakeTtHi 1 0.175 0.175
nepeMHuKayi

6. | Tepmopesucrop |1 0.087 0.087

7. | CurHaibHi 2 0.091 0.182
JamMIu

8. | ABromatnunuii |1 0.22 0.22
BUMUKAY

9. | datumk piBHS 1 1.5 1.5
KOHTAKTHUN

10. | JaTuuk Butpatu | 6 1 6

11. | bnok >xuBnennst | 1 0.6 0.6

12. | Konraktu 17 0.025 0.425

13. | Pozetku 1 0.02 0.02

Axuo BpaxyBaTH, 10 HABAHTAXXCHE PE3CPBYBAHHS BKIIIOYAE MApPaJICIbHE 3'€,ZIH3.HH5[

€JIEMEHTIB OJIHAKOBOTO THITY, TO MOXEMO BUKOPUCTATU (HOpMyIy JJisi OTpPUMAaHHS

HOBO1 (POPMYJTFOBAHHS:
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_ log(1 — 0.599) .
a log{1 — ¢~*1455-107°:10000) = (4.11)

Tak, moctatHbO MaTu Juiie oauH enemeHT (mist SB1), skuit Oyne

3'eJHAHUHN MapaienbHO, 00 3a0e3neunTy NOTPIOHY HaIIHHICTD AJISl BCIET CXEMHU.
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Po3ain 5
IIporpamMmyBaHH# JOTiYHOT0 KOHTPOJIEpa

Jlis  mporpamyBaHHS JIOTIYHOTO KOHTPOJIEpa BHKOPHUCTOBYBATUMETHCS
nporpamae cepenouiie CODESYS V3.5. Ilporpama Oyne cTBOproBaTucs 3
BUKOPHUCTAHHSM JIBOX MOB IIPOTPaMyBaHHS, a cCaMe CTPYKTYPOBaHO1 TEKCTOBOI MOBH
(Structured Text - ST) 1 ¢ynkmionanpHO-010K0BOI miarpamu (Function Block
Diagram - FBD).

VY moBi nporpamyBanHsa FBD OynyTh BUKOPUCTOBYBATHUCS JIOT1YHI OJIOKH, a
TaKOoX OJIOKH, 1110 YTBOPEHI1 3a paxXyHOK MporpaM, Hanucanux Ha MoBi ST. 3aranpHa

CTpyKTypa nporpamu Ha MoBi FBD mae Burmsiz (puc. 5.1.)

RS 1 E
| PLC_PRG.Zakinchenia | RS a
[ stz |— : SET a-—l— PLC_PRG —
OoR fﬂESET [Start Zac_Gir— 3T
1 [Stop Zac_ ¥ 3c_Y
St F_Gir Zac_Til— 3¢
I ‘ F_Ya Zac_OcR— 3¢
F_Qil Zac_Temp— 2C
F_OcR Zac_ Cyci— 30
F_\odzs Zzc_Perek—] 2C
E | Temp Zac_Voda—| £
Transfomiation | | LH Nasog—
LH_In Tp| | —K_Cyel Motor—{ M
Tp_IN LH K_Ochystks Zzkincheniz
F_Gir_In F_Gir [Error —‘
F_¥a_In F_¥a
F_Gil_In F_Gil
F_OcR_In F_OcR
F_Voda_In F_Voda AT
Error Persk_and Ochystka ' —
—Zzkinchaniz Cyc
K_Cycl Ochyst
K_Ochystks K_Ochystks

Pucynok 5.1 Ctpykrypa nporpamu

PLC RPG € ronoBHuM 610K0M, 110 K€pYy€E BCiMa IporiecaMy aBTOMaTU3aIlli,
30KpeMa TPOIeCOM BapiHHS MaloHEe3y. Y HBOMY MICTATHCS OMHCH OCHOBHHX
3MIHHMX 1 QYHKIIIH, SIK1 BIATOBIAI0TH 3a IIEH MpoIiec. Horo Bxigaumu napaMeTpamu
€ BuxigHl mapamerpu Osioky Transformation, sikuii 3a0e3mnedye NepeTBOPEHHS
CUTHaJIB 3 AaTuukiB y mudpoBuid koa. [Iporpamuuii 6ok Perek and Ochystka
BIJIMOBIZIA€ 32 PEKUMHU POOOTH CHCTEMH, 30KpeMa IUKIIYHUNA PEKUM a0 PEeKUM
NEPEeKavKH, a TAaKOX 3a MOAAIBIINM PEKUM OYHCTKH TEIIOOOMIHHOTO 3MilIyBaya.
["on0BHMIA 6JIOK IPOTPaMU CKIIAIA€THCS 13 HACTYTTHUX 3MIHHUX HaBeJIEHO Ha puc. 5.2.
biok PLC RPG nanucanuii Ha MoBi nporpamyBanHs ST. TekcT mporpamu mokaszaHo Ha

puc. 5.3.
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VAR_IMPUIT
VAR_INPLIT
VAR_INPUIT
VAR_INPUT
VAR_INPUT
VAR_IMPLIT
VAR_INPUIT
VAR_INPLIT
VAR_OUTPUT
VAR_OUTPUT
VAR_OUTPUT
VAR_OUTPUT
VAR_OUTPUT
VAR_OUTPUT
VAR_OUTPUT
VAR_OUTPUT
VAR_INPUIT
VAR_INPUT
VAR_OUTPUT
VAR_OUTPUT
VAR

VAR

VAR

VAR,
VAR_INPUT
VAR_INPUT
VAR
VAR_OUTPUT

Error
Start
Stop
F_Gir
F_¥Ya
F_oil
F_OcR
F_Voda
Zac_Gir
Zac_Ya
Zac_0il
Zac_OcR
Zac_Temp
Zac_Cyd
Zac_Perek
Zac_Voda
Temp
LH
MNasos
Motor
TON_1
TON_2
SA1
al
K_Cycl
K_Ochystka
TON_4
Zakinchenia

BOOL
BOOL
BOOL
REAL
REAL
REAL
REAL
REAL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
REAL
REAL
BOOL
BOOL
TON
TON
BOOL
STRING
BOOL
BOOL
TON
BOOL

MoMUNKa gaT4uKa

Bxndetrn

BukndesHR

ButpaTa ripusui

BuTpaTa AEYHOro Nopowey i T4.
ButpaTa onii

BWTpaTa OUETOED - CONBOBOTD POIYMHY
BuTpaTa BOAM ANA OYMCTKK

3acniska ripyui

3acniHKa ASYHOro NopoWwKy

3acnikka onii

3acniHka OUETOED - CONBOEBOTD PO3IUMHY
3acniska perynioealHA TEMNEpaTypu
3acniHKa NepeKadkH 3 UHKNoM
3acniska Nepekaqki Ha roMorexizarop
3acniska BOaM ANA OYHCTEK

2HAYEHHA TEMNEQATYPM

3HAYEHHA piBHA

Brn./Bukn. kacoca

Brn./Bukn. gBMryHa MilankW

Takmepw

KHOMKE UMKNiYHor o pexumMy poSoTk

KHOMKE pEXMMY OUMCTEN

Pucynox 5.2. 3minni 6;10ky PLC RPG

IF Start = TEUE THEN

Motor := TRUE:
IF 1LH > 3 THEN
Zac Gir:=FRL3E;
Zac Ya:=FRLSE;
Zac_0Qil:=FRL3E;
Zac OcR:=FRL3E;
Zac Woda:=FRLSE;
ELSE
Zac Gir:=TRUE;
Zac Ya:=TRUE;
Zac_0il:=TEUE;
Zac OcR:=TRUE;
END TF

Pucynok 5.3. Tekct nporpamu
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EPEBIPKE DOTOEY PiIMEN B TpyOompoBomi
TDH l{ t= Zac_Gir OR Zac_Ya OR Zac 0il OR Zac_OcR, PT:= T£135);
IF Zac_Gir = TEUE AND F Gir = 0.0 AND TCH_1.Q = TEUE THEN
Start := FRLSE;
Zac_Gir:= FRL3E;
END IF
IF Eﬁc_Ia = TEUE AND F ¥z = 0.0 AND TCN 1.0 = TRUE THEN
Start := FRLSE;
Zac_Ya:= FRLSE;
END IF
IF Eﬁc_ﬂil = TEUE AND F 011 = (0.0 AND TONM_1.Q2 = TEUE THEN
Start := FRLSE;
Zac 0il:= FRL3E;
END IF
IF Eﬁc_pcR = TEUE AND F OcR = 0.0 AND TCH 1.0 = TEUE THEN
Start := FRLSE;
Zac OcR:= FALSE;
END IF
/. KowTyp TEMOEpaTYRH
IF Temp <cl AND Stop = FLLSE THEN
Zac Temp:= TRIE;
END IF
IF Temp < €5 AND Temp > ¢ THEN
Zac Temp:= FALIE;
END IF
IF Temp > ©5 THEN
5A1 := TRUE;
Zac_Temp:= FALSE;
ELSE
SAl := FRLIE;
END IF
IF K Cycl = TRUE AND Zac Gir = FALSE AND Zac Ya = FALSE AND Zac OcR = FALSE
Zac Cycl:= TRUE;
Nasos := TRUE;
Zac Perek := TRUE;
Zac Gir = FAL3E;
Zac Ya := FAL3E;
Zac OcB = FAL3IE;
Zac (il := FRL3E;
END TF
TON _2{IN := K Cycl, PT:= T£103);

IF K Cycl = TRUE AND TON 2.Q = TIRUE THEN
Zac CGycl := FRL3E;
IF 18 = 0 THEN

Motor := FALSE:

Pucynok 5.3 (mpo1oBxKeHHS)

AND Zac 01l
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Zac fa := FAL3E;

Zac OcR := FAL3E;

Zac 0il := FAL3E;
END IF

END IF

IF K Cycl = TRUE AND Ton 2.Q = TRUE AND K Ochystka = TRUE AND LH = 0 AND Zac Cycl =
AND Zac Gir = FALSE AND Zac Ya = FALSE AND Zac OcR = FALSE AND Zac 0il = FALSE THEN
Zac_Temp := FAL3E;

Motor := TRUE;
Zac Voda := TRIE;
Zac Gir:=FAL3E;

Zac Ya:=FAL3E;
Zac 011:=FAL3E;
Zac_OcR:=FAL3E;

Zac_Perek:= TRUE;

TON 4{IN:= K Ochystka, PTi= T#105);

END IF

IF K Ochystka = TRUE AND TON 4.Q = TREUE THEN
K Ochystka := FAL3E;

Motor := FRLSE:
FAL

Zac Voda:i= E;
Zac Temp := FAL3E;
Zac_Perel:= FALSE

Zakinchenia := TEUE:

lac Gir := FAL3E;

Zac Ya := FRL3E;

Zac OcR := FALSE;

Zac 0il := FAL3E;
END IF

IF Zzkinchenia = TEUE OR 5TCP = TEUE THEN

E Cycl :=

FALSE;

Zac Temp := FRL3E;

Motor :=

FALSE;

Zac_Voda:= FRLIE;

Motor := FRL3E;

Zac_Gir := FAL3E;

Zac_Ya := FRLIE;

Zac OcR := FRLIE;

Zac_0il := FRAL3E;
END TF

END_IF

PucyHnok 5.3 (mpogoBxXeHHS)
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biiok nepeTBOpeHHs CUTHATY Ma€ HACTYMHUHN BUTIIAL (puc. 5.4):

—| 'l
A1 —
= b cas :

s 5 Ermar Wrror
Te_k Aradeg

A E =
1] = Cax =
i L Errar Errar
LE_In Araicg

L E =
Sl = (=T F_iGir —
i L Errar Errar
F_iair_jn Aralesn

A4 E u
it - Dt S
z - e
F_¥a_n AT

] a ,
e B ax [(X=]
s 5 Ermar Wrror
F_2d_r, Aradeg
= - -
: - Srvar|—{ e T
F_CeR_n peradeg
e . oo ]
z s Srvar | e T

F_ ety _rs Jradeg

Pucynok 5.4. bnok Transformation

Kosxen 010k Mae BX171H1 3HAUCHHS, CEPE/I AKUX MEPII ABa MPEACTABISIOTh

MaKCUMaJIbHE 1 MiHIMaJIbHE 3HaYEHHS, K1 MOXKe BUMIpATH JaT4rK. OcTaHHE

BX1/IHE 3HAYEHHS MPEJCTABIISLE CUTHAJ, OTPUMAaHUM BiJ] CAMOTO JaTYUKA.

brok Al n ckitagaeTbest 3 HACTYMHOTO Koy (puc. 5.5).

ut := (H-L)/27045*Analog+L;
H Code:= 27648;

L Code:= 10:

IF Analog » H Code AND Analog < L Code THEN
Error := TRUE;
END IF

Pucynok 5.5. biok Al n

Mapxkep Error BiamoBizgae 3a curHajizailito HCHOpMaJibHOI poOOTH JaTYMKA.

Aximo 3HaueHHs curHaidy MeHme 10, e o3Hadae, Mo JaT4uK MEepeuB 00puB. A

SKIO0 3HAYEHHS CUTHaNy Ouibiiie 27648, 11e MOXe BKa3yBaTH Ha HEMPABUIILHY



KaJ1iOpOBKY JlaTuyrKa a00 HEeMpaBUILHO BCTAHOBJICHI MAKCUMAaJIbHI MEXI1 JJIsl HbOTO.

HporpaMa MUKy, IICPCKAYKH 1 OYHCTKHU dKTUBYE€TBCA MIIIAXOM HATUCKAHHA

BIJIMTOBITHOT KHOTIKM HA TTaHeIi oneparopa. BoHa Mae Taky CTpyKTypy:

PLC_PRG.Zac_Gir

SR2
—= &
SR
K_Cyel SET1 Q1
——RESET
SR1 [:
SR =
[ K_Ochystka SET1 al
RESET
| Zakinchenia I—‘
[:_ AND
OR f

PLC_PRG.Zac OcR

PLC_PRG.Zac_Qil

PLC_PRG.Zac_Ya

Cycl
Ochystha

[

[

OR

Pucynok 5.4. Ctpykrypa nporpamu LUKy, IEPEKAYKU 1 OUHCTKH

[{s mporpama po3poOJieHa 3 ypaxyBaHHSM BCiX TEXHOJOTIYHHMX BHUMOT 1

3a0e3nedye HaJleKHE Ta TpaBUiIbHE QYHKIIOHYBAHHS aBTOMAaTHU30BAHOI CUCTEMH.
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Po3xia 6
Po3paxyHOK TeXHiK0-eKOHOMIYHOI e(peKTUBHOCTI aBTOMATH3aLiL

CUCTEM BUPOOHHUIITBA MailOHe3y.

BupoOHUYO-TEeXHIYHI HAMPSMKHA OXOIUTIOIOTh 3aXOJd, CIpsSMOBaHI Ha
MOKpAIIeHHs SKOCTI CHUPOBUHHU JUIsI MOr0 BUKOPUCTaHHS B BUPOOHUIITBI,
BJIOCKOHAJICHHSI KOHCTPYKIIi MAaIlWH, YCTaTKyBaHHS 1 BHUpOOIB, BUKOPHCTAHHS
O1BIII €KOHOMIYHUX BHJIIB CHPOBHUHHM Ta MaJIMBa, BIPOBAKCHHS HOBOI TEXHIKH 1
nepenoBux TexHousorii. Lli 3axoam copsMoBaHI Ha MaKCHMalbHE 3MEHIICHHS
TEXHOJIOTIYHUX BIJIXOJIB 1 BTpaT MaTeplajJbHUX PEeCcypciB y Mpolieci BUPOOHUIITBA,
a TaKO’X Ha MaKCMMaJIbHE BUKOPUCTAHHS BTOPUHHUX MaTeplajJbHUX PECYPCIB.

OCHOBHI OpraHizaniifHO-eKOHOMIYHI HamnpsSMKH E€KOHOMIi MaTepialbHUX
pecypciB BKIIOYAIOTh KOMILIEKC 3aX0/11B, CIIPSIMOBAHUX Ha MOKPAIIEHHS HAYKOBOTO
PIBHSI HOPMYBAHHS 1 IJITAHYBaHHS MaTepIaJOEMHOCTI MPOMUCIIOBOI Mpoaykiii. Lle
BKJIIOYA€E PO3pOOKY Ta BOPOBAPKEHHS TEXHIYHO OOTPYHTOBAHHUX HOPM 1 HOPMATHUBIB
BUTPATHU MaTepialbHUX PECYPCIB.

OCHOBHMI HUISAX 3HIKEHHS BUTPAT MaTepiajibHUX PECypciB Ha KOXKHOMY
MIMPUEMCTBI MOJIATAE B 301IbIIIEHHI BUPOOHUIITBA KIHIIEBOI MPOAYKIIIT TPU TOMY K
00cs31 cupoBuHU 1 MatepianiB. Lle 3amexuTh BiJ piBHS TEXHIYHOTO OCHAIECHHS
BUpPOOHMIITBA, KBami(ikaiii MpamiBHUKIB, OpraHizamii MaTepiaTbHO-TEXHIYHOTO
3a0e3neveHH s, a TAaKOX BiJ] PalllOHAIbBHOIO BUKOPUCTAHHS HOPM BUTPATH 1 3a11aciB
MaTepialbHUX pecypciB. Benuke 3HaueHHsT Mae 3MEHITIICHHS! BTpaT y BUPOOHUUOMY
IIPOIIEC, 110 MOKE MMPU3BECTH 10 EKOHOMIT MaTepiaabHUX pecypciB Ha piBHI 15-20%.

Butpatu Ha MOHTa)kH1 poOOTH TEXHIYHUX 3ac001B aBTOMaTH3allli Ha
Cy4acHOMY PHUHKY Tipaill OyJie ctaHoBUTH TIpuOan3Ho 17-20% Bijg BapTOCTI

TEXHIYHHUX 3aC001B, TOMI1:

KM =0.18 *89 377 = 16 087,86 rpH. (6.1)

74



Tabmuusg 6.1. Komrropuc cucremu aBTOMaTUYHOTO KEPYBAHHS

HasBa Kisbk. BapricTs,
THC.TPH
Hatuuk temnepatypu OBEH JITC 100M 1 0,274
Hatuuk Butpatu B3JIET MP 1 35,000
Hatuuk piBaro VEGASWING 61 1 9,060
Enexrponsuryn AP 160S4 1 9,200
M€0-40/10-0,25 P-99K 6 9,000
Hacoc Estampinox EFI 1 8,000
Enexrpomarnithi myckaui KMIM-34012 8 5,404
Tennosuii Bumukau PTJI 2055 1 0,749
Curnainbsni Jammu IEK AD16DS 2 0,054
ABTomaTtnununii BuMukad IEK BA&E-32 1 0,860
baok xuBnenns 24 B 1 0,380
[TaketHuit nepemuxkady EMAS PS020ZE210 1 0,215
[Iporpamuuii koutposaep OBEH 73 1 5,632
Kuonkosutii moct e.cs.stand.xal.d.211 8 0,949
Kabenb 175Mm. 4,600
Bcnoro 34 89,377

SKuo0 mpUMHATH, MO BapTICTh TPAHCIOPTHUX BHUTPAT, MOB'A3aHUX 3
J0CTaBKOI0, TOTPY304YHUMHU pOOOTaMH Ta IHIIUMHU BUTpaTaMH, CTAHOBUTH 2% Bij
BapTOCTI 3aCO001B aBTOMAaTH3allii, TO:

Ktpanc.= 0,02 * 89 377 = 1 787,54 rpH. (6.2)

SKm0 mpUHATH, 10 1HIN EKCIUTyaTalliiiHi BUTpaTH, Takl SIK MPOKJIaJaHHS
Kalenro Ta 1HIII MOMAIOHI BUTpaTH, CTAaHOBIATH TakoXk 2% BIiA BapTOCTI 3aco0iB

aBTOMAaTH3alii, TO:
Kin.= 0,02 * 89377 = 1787,54 rpH. (6.3)

OTxe KamiTaabH1 BKJIQJICHHS Y JJaHy CUCTEMY aBTOMaTH3allii Oy TyTh CTAHOBUTH:
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K == K3,a, + KM + KTpch, + KiH == 109 039,94 I‘pH. (6.4‘)

AK1o0 MU BM3HAYUMO MOBHY CyMYy KalliTaJIbHUX BKJIAZIEHb, TO 3MOXXEMO
pO3paxyBaTH, CKIJIbKHA KOLITIB Oy/ie aMOPTHU30BaHO MPOTArOM [IEBHOIO NepioAy.
B naHomy BuUNajKy, aMopTu3allisi OyJe MNPOBOJAMTUCA 3a NPONOPIiHHUM
MEeTO0M NMPOTAroM 5 pokiB. ToMy cyMa aMopTU3aliiHUX
BiZjpaxyBaHb CTAaHOBUTHME:

K 10903994

A, = T_1 = = = 21 804,99 rpn.

SKo0 MU pO3rJsAa€EMO BUTpPATH, TOB'SA3aHI 3 EKCIUTyaTalll€l0 CUCTEMH
aBTOMAaTH3allli, TO OJHHUM 31 3HAYHHUX CKJIQJHUKIB € PEMOHT YCTaTKyBaHHS IIi€l
cuctemu. [Ipu HekamiTaTbHOMY PEMOHTI, MOYKHA MIPUMHSTH, 110 BapTICTh 3aTpar He

nepesuirye 20% BiJ BApTOCTI 00JIaTHAHHS, TO:

Kpew. = 0.2 % 89 377 = 17 875,4 rph. (6.6)

KinbKicTh BUKOPHUCTAHOI €JIEKTPOCHEPTII0 B MICSIb IS i€l CUCTEMU OYyIyTh

CTaHOBUTH:
Ezx=(P*6)*22=(20,160+6) 22 =2 661,12 kBrT. (6.7)
Jle P — moTy>xHICTh cCTEMHU aBTOMaTHu3aIlli y kB1;6 —
yac poOOTH cucTeMH Ha | 3MiHY;
22 — KIIBKICTh pOOOYMX JTHIB HA MICSIIb;
BapricTh 3aTpaT Ha €IeKTPOEHEPTi0 B MiCALIb:

Ke=En*C=2661,12* 1,68 = 4 470,68 rpH. (6.8)

ne C — tapud Ha omiaTy elekTpoeneprii 3a 1kBT.

Takoxx MOTPIOHO poO3paxyBaTW BUTPATH Ha OIUIATYy IMpalll OOCIyroBYKYOro
nepcoHainy JaHoi cuctemu. Jyis 3a0e3nedeHHs: HOpMaabHOTO (DYHKIIIOHYBaHHS Ta
IIBUJKOTO pearyBaHHs Ha BWIIAJOK BHHHUKHEHHsS HemependauyyBaHUX CHUTYyalii
NOTPIOHO MaTH JIBOX IMpaliBHUKIB. 3apo0iTHA IUIaTa PO3paxOBYe€TbCS HAa OCHOBI

Tapu(dHOI CTaBKH, JIe BApTICTh TOJUHU POOOTH CTAaHOBUTH 60 TpH.
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ButpaTu Ha omiaty npaiii B MiCSIIb:

Kon = ((60 * 8) * 22) * 2 = 21 120 rph. (6.9)
ExcrumyaraniitHi BUTpaTH 3a MiCsIIb CTAHOBIIATH:

Ke = Au + Kpew. + Ke + Kon = 45 283,16 rpH. (6.10)

IIpy BigoMHX eKCIUTyaTallliHUX BUTpaTax, MOXHa 3HAWTH COOIBapTICTh

BUTOTOBJICHOI IPOAYKIIii, TO/I:

Bu= (1%5) %22 = 110T. MaiioHe3y

Jle 1 — e mpolyKTUBHOCTI CUCTEMH 3a TOANHY;S —

KUIBbKICTh LIUKJIIB BUPOOHUIITBA.

Toni yacTka co61BapTICTh TOHU BUPOOJICHOT TPOAYKIIT OyAe TOPIBHIOBATH:
K. 4528316

Ch = B_M T: 411,66 I'PH.

[ToBHa coOiBapTiCTh MPOAYKII 13 3aTpaTaMy Ha CKIaaHuku JTopiHIoe 5000.
[TpubyTok peanizoBanuii 3 npoaaxy maitonesy = 3000 rpH.

Toxi TepMiH OKYITHOCTI cCUCTeMHU Oye JOPIBHIOBATH:

" _1{_1[}9039,94_302 a3
T Yy 300012 15

OTXxe TepMiH OKYTTHOCTI JaHO1 CHCTEMHU CTaHOBUTH 3 poKH 1 1 Mics1p, 1m10€

€KOHOMIYHO JOLJIEHUM 1HBECTYBAHHSIM.
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BucHoBok

Y npaHiii gunsomHIA  poOOTI OyJI0 MPOBEACHO JOCHIIKEHHS IIPOIECY
BUTOTOBJICHHSI MAWOHE3HOI eMYJIbCli 3 BUKOPUCTAHHSIM PETYJIIOBaHHS TEMIIEpaTypu
MalioHe3y uepe3 KaHaJl Ha MAacJOoXXUPOBOMY KOMOiIHATI. Y TMepumioMy po3ifii
JOKJIaJIHO OMHUCAHO TEXHOJIOTII0 BUPOOHMIITBA MalOHE3Y METOJOM MEpPIOJAUYHOTO
BUTOTOBJICHHS, @ TaKOX po3polOiieHa TexXHOoJoriyHa 1 (yHKIIOHAJbHA CXeMa
aBTOMATHU3Alli1 IaHOTO IPOILIECY.

Y apyromy posaini Oyino BHOpaHO TEXHIYHI 3acO0M aBTOMATH3aii, SKi
BKJIIOYAIOTh TEPBUHHI BUMIPIOBAJIbHI MPUCTPOi JJII BUMIPIOBAHHS TEeMIIEpaTypH,
BUTPATH PEUOBUHM Ta PIBHA, a TaKOXX BUKOHABYl MEXaHI3MHU, IMPOTpaMOBaHUM
joriyauii KoHTposiep Bia komnaHii OBEH, peryimiorounii opras, eleKTpOJBUTYH 1
Hacoc. bymu mpoBenmeHi po3paxyHKH TepenaTHUX (PyHKIiM ais  3aco0iB
aBTOMATHU3aIlli MO KaHAly pEeryJIOBaHHS TEMIEpaTypu, a TaKoX BUKOHAHHM
PO3PaxXyHOK i1 BHOOPY PETYIIIOI0UOTO OpraHy.

Y TpethoMy po3aini OyB MPOBEACHUM pPO3paxyHOK HOPMOBAHOI KPHUBOI 3a
OTPUMAHOI0 PO3TIHHOIO XApPAaKTEPUCTHKOIO ISl BHU3HAUYECHHS MepenaTHoi (QyHKIii
o0'exta aBTOMartm3ailii. Takox Oyja CTBOpeHa iMITalliiiHa MOJENIb JIaHOI CUCTEMU
aBToMartm3ailii y cepegoBuiii Matlab Simulink. [IpoBeneHo nociiKeHHs OCHOBHUX
napameTpiB SKOCTI CUCTEMU 3 BUKOPHUCTAHHSIM ITi€T MOJIETII.

VY yerBepTOMy pO3/1i OyB MPOBEICHUIN PO3PaXyHOK MOTY>KHOCTI CUCTEMHU 3
METOI0 BHOOpY BIAMOBIIHUX HPUCTPOIB AJIS IMYCKY, HAJAIITYBaHHSA Ta 3aXHCTy
cuctemu. byB po3pobinennii pparMeHT eIeKTPUIHOI MPUHIIMIIOBOI CXEMU CHCTEMH
aBTOMAaTH3allli, a TAKOXK CXEMU 3'€/IHaHb, MIAKIIOUYECHb 1 3araJbHUM BUTIISA madu
kepyBanHa. OmucaHi OCHOBHI BHUMOTH, SKI OyJM BpaxOBaHI TpPH PO3POOII IUX
KpeciieHb. Takok Oyna 37iiCHEHa OIllHKa HaJIMHOCTI CHCTEMH Ta IpPOBEICHE
pe3epBYBaHHS HEOOX1THUX €JIEMEHTIB TSl 3a0e3MeueHHs HaIHHOCT1 pOOOTH.

VY n'stomy po3aim Oynu MPOBEAEHI PO3paxyHKH, MOB'S3aHI 3 €KOHOMIYHUM
acneKkToOM JaHOi CUCTEMHU aBTOMaTHu3allli. bynu po3paxoBaHi BUTpaTH, HEOOXIIHI JJIs
npuaAOaHHs, TPAHCIOPTYBaHHS Ta MOHTa)Xy 3aco0iB aBTOMAaTH3allii, a TaKOX

eKcIutyaTaliiini Butparu. KpiMm toro, OyB mpoBeneHH pO3paxyHOK COOIBapTOCTI
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BUpOOJIeHOT TTpoaykili. Ha ocHOBI 1ux naHuX OyJl0 BU3HAYEHO TEPMIH OKYITHOCTI
CHUCTEMH aBTOMATH3aIlli, TOOTO dYac, MPOTATOM SKOTO I1HBECTHINI B CHUCTEMY
MOBEPHYTHCS  3aBASKA EKOHOMIYHMM BHTOJlaM, OTPHUMaHMM B Ppe3yJbTari
aBTOMATHU3AIlii PoIIeCy.

Y moctoMy po3aun OyJ0 HpOBEAEHO MpOorpaMyBaHHS OOpaHOTO paHilie
JIOTiYHOTO KOHTpousiepa. i mporpamMyBaHHS BHUKOPHUCTOBYBAJIOCS CEpPEOBHIIE
CODESYS. Byno neranpbHO OmMHMCaHO, 3 SKUX OCHOBHHMX OJIOKIB 1 MOB CKJIajaiacs
mporpaMa, a TakoK HaBeleHa 1 CTpyKTypa 1 ocHOBHI 3MiHHI. lLle mo3Bose
KOHTPOJIEPY BUKOHYBAaTH HEOOX1aH1 (DYHKIIIT 1 KEpyBaTH IpoliecaMyd aBTOMaTH3aIlil

3TiJIHO 3 BCTAHOBJICHUMH aJIrOPUTMaMH 1 yMOBaMH.
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