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AnHomayus: B cmambe npedcmaegneHbl pe3yabmambl UCCAe008AHUS GAUSHUS y8eAUuUeHUss MOWHOCMU UCNO/Ab3YemMo20
aHcambas matiMepHbiX CURHAAbHbIX KOHCMPYKYUl npu NOCMOSIHHOU OAuMeabHOCMU KOOO08blX KOHCMPYKYUll HA CKOPOCMb
nepedauu uHgopmayuu 6 yugpposbix cucmemax cga3u. OOOCHOBAHA UenecoobpasHOCmb yeeauueHus MOWHOCMU
UCnoNb3yemo20 aHcambasi maiiMepHbiX CUSHANbHBIX KOHCMPYKYUll, nymeM U3MeHeHUsl Yucad UH(pOpMAyuoHHbIX OMpe3Koe 8
KOO0BbIX KOHCMPYKYUsIX 8 CUCmMeMax nepedauu uHgopmayuu, ucnoab3yrowjux yugposyio ceasb. IlposedeH aHaau3z memooos
nepedauu uHgopmayuu 8 yugposoll cesi3u Nnpu UCNO/Ab308aAHUL NO3UYUOHHO20 CNocoba KoOUpoeaHusi C U3ObIMOUHbIMU
kodamu. ObocHosaHa HeyenecoobpazHOCMb UCNO/Ab308AHUSI NO3UYUOHHO20 KOOUPOBAHUsi npu nepedaue 601bWwiux 006emo8
uHpopmayuu. Tlpedcmaenen Mmemod KoOUPOBAHUSL CUSHAAA HA OCHOBe MAUMEepPHbIX CUZHA/bHbIX KOHCMPYKYull C
UCNo/b308aHUEM OMOeNbHbIX 8PeMeHHbIX OMpPe3K08 CUu2HAAd, He MeHee HALIKeUCMOo8020 UHMepeana O/s1 Kaxcool cueHaAbHOl
KoHcmpyKkyuu. OyeHusaromcs epeMeHHble napamempbl KOOOBbIX €108 MAUMEPHbIX CUHA/bHbIX KOHCMPYKYULl: SHMponus u
UH(OPMAYUOHHASA eMKOCMb HAUKeUCmogo20 3/eMeHmda npu KoO08OM ynaomHeHuu Kavana. IIpedcmaeneHbl pe3ynbmambi
uccnedosaHust 8bibopa achgpekmueHoll OnuHbI KOOOBO20 €/108a 8 MeMOoOe KOOUPOBAHUS CUZHAAA C UCNONb308AHUEM MALUMEPHbIX
CUCHA/MBbHbIX KOHCMpYKYUll 0451 y8eauueHusi ckopocmu nepedayu uHgopmayuu e yugposbix cucmemax cesisu. IIpusedeHbl
pe3yabmambl UCCAe008AHUSl BAUSHUS NAPAMempo8 maiiMepHblX CUSHAIbHBIX KOHCMpYKYull HA CKOpoCcmb nepeoauu
uHpopmayuu, Komopble nokasanu 3¢hekmugHOCMb UCNOAb3068AHUS Memood KOOUPOBAHUs CUZHAAA C UCNO/Mb308AHUEM
matiMepHbIX CUSHANbHbIX KOHCMPYKYULl NO CPABHEHUIO C MemoOOM NO3UYUOHHO20 KOOUPOBAHUSL C U3ObIMOUHbIMU KOOAMU 3d
cuem ygenuueHus UH(POPMAYUOHHOU eMKOCMU HAllK8UCMOB020 3/1emMeHmd.

Abstract: The article presents the results of the study of the effect of increasing the power of the used ensemble of timer
signal constructions with a constant duration of code structures on the speed of information transfer in digital communication
systems. The expediency of increasing the power of the used ensemble of timer signal constructions is justified by changing the
number of information segments in code structures in information transfer systems using digital communication. The analysis
of methods of information transfer in digital communication using the positional coding method with redundant codes has
been carried out. The inexpediency of using positional coding in the transfer of large amounts of information is substantiated.
A method of coding a signal based on timer signal constructions using separate time intervals of the signal, not less than the
Nyquist interval for each signal structure is presented. The time parameters of the code words of the timer signal constructions
are estimated: entropy and information capacity of the Nyquist element during the channel code compression. The article
presents the results of the study on the choice of the effective length of a code word in a signal coding method using timer
signal structures to increase the speed of information transfer in digital communication systems. The results of the study of the
influence of the parameters of the timer signal structures on the information transfer rate are shown, which showed the
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efficiency of using the signal coding method using timer signal structures compared to the positional coding method with
redundant codes due to an increase in the information capacity of the Nyquist element.

KioueBble coBa: MeTo/bl Tiepefaurt MH(opmanuu, nudpoBasi CBsi3b, MO3ULIMOHHBIE KO/bl, KOJIOBOE CJIOBO, KOJIOBbIE
KOHCTPYKILIWH, TaliMepPHbIe CUI'HA/IbHbIe KOHCTPYKIIMH, HAMKBUCTOBBIN 3/IEMEHT, HAWKBHUCTOBbIM HHTEpPBAaJl.

Keywords: methods of information transfer, digital communication, position codes, code word, code constructions, timer
signal constructions, Nyquist element, Nyquist interval.

1. NadopmariuoHHbIe NapaMeTphl NO3UI[HOHHBIX KO/10B
1) Metoabl mepenauu uHpopMaruu B 1ubpoBod cBs3u [1] obecrieunBaroT mepefady COOOIIEHUWH OT JUCKPETHBIX

.. o N
HNCTOYHHMKOB, UMEIOIINX CUeTHOe (KOHeque) YMC/IO COCTOSIHUM =~ ™,
— -1 i -
"h"ri"?’._EI:=D d[a(LEU = Lgd:}l)

rje % _ snavenne pa3psiiHBIX K03(hULMEHTOB, KOTOPbIe He TIPEBBIILIAI0T 3HAUeHNS;
€. yMc/I0 pa3TMUHBIX 3HaUEHMI MH(OPMAIOHHOTO apaMeTpa B KaHare.
3aMeTHM, UTO B pealbHOM JBOMUHOII CHCTeMe C MO3UIMOHHBIM KoJupoBaHieM & = 2.

MakcuMabHOe YHC/IO0 Pa3MeUueHHbIX KOMOWHAIIWH MPY COOMIOIeHNU YCIOBUH ISt d; ut pagHo [3].
Ny =a"
r/le N — YKCJI0 3JIEMEHTOB B KOJIOBOM CJIOBE.
2) KomuecTBo MHGpOPMaLIMK B MO3UIMOHHBIX KOJ0BLIX cioBax (H) ompezensiercs: urcsioM nHGOPMALIMOHHBIX 37IeMEeHTOB

. N
B HMX. Ec/m Kof ripocToii [3], T.e. UCIIOb3YIOTCSA BCe ™ KO/OBBIX CJIOB, TO

H =log, Ny = log;a" =nlog; o )

a
W3 Beipaxkenus (1) cienyer, uTo eciv -~ >2, TO NPU MO3ULMOHHOM KOJMPOBAaHUU B KaXKJOM 3JIEMEHTE COZIEPXKUTCS Oosiee

omHoro Oura wHpopmaiyu. CyIlecTBYIOIIMe CUCTEMbI CBSI3M WCIOJB3YIOT H30BITOUHBIE KOJBI, B KOTOPBIX KaXzjas
KOMOMHAIUsI COZIEPKUT M 37IeMEHTOB MH(OPMAL[UOHHBIX U T 3/IEMEHTOB [IOTIO/THUTETbHBIX (M30BITOYHBIX) [2].
n=m-+r
Hanpumep, B KoZie C UeTHBIM UKC/IOM eIUHUL] MH()OPMAIIMOHHBIMU SIBJISTFOTCS TOJIBKO (N-1) 371eMeHTOB, a B 9-371eMEHTHOM
KoZie X3MMUHTa COZEPXKUTCS 5 MH(OPMAMOHHBIX 3JIEMEHTOB U 4 TIPOBepOUHBIX [3], crejoBaTe/lbHO, SHTPOIHS KaXKAOTO
5

I
KozioBoro cyioBa H=5, a uHdopmarjoHHasi eMKOCTb OJJHOTO 3jieMeHTa - #=%=0,5555...

3) CnemyeT 3aMeTWTb, UTO KaK[oe KOZOBOe CJIOBO TpPHU TO3ULIMOHHOM KOJWMPOBaHWU TiepefilaeTcs B KaHaj

X ~
KOB(l)(l)I/IL[I/IeHTaMI/I l, AJIMTEe/IBHOCTb CUMIHa/ld KaXXI0Io U3 KOTOprX paBHa AJINTeJIbBHOCTH 3/IEMEHTAa HEII/IKBI/ICTEI [4]
1
t, =—
AR
rae: F- mosioca ciektpa cursana.
B 3ak/r0ueHuu 3Toro pa3zesia OLleHMM BO3MOXXHOCTH IMepenadun 2-X CUMBOJIbHBIX chaM6ne171 TeKCTa pyCCKOl"O SA3bIKa IIpU

TIO3ULIMOHHOM KOZIMpoBaHuU. Tak [ijisi mepefaurt 32 CUMBOJIOB PYCCKOTO si3bIKa He00X0oAUMO coriacHo (1) 5 aneMeHTOB Koga (

log;32 =5 »=32x32=102 log, 1024 = 10

. N 4
), a A Tepejjaud [ByX CHMBOJLHBIX aHcambied, (& ) HeoOX0oAUMO

3JIeMEHTOB B KO/1I0BOM CJIOB€ (aHanoquo, AJId Tiepefadu 3-X CUMBOJILHBIX aHCambJiei JAJIMHA KOJOBBLIX CJ/IOB 6y,£LET, paBHOI‘/JI

3log; 32 =15 37IeMeHTOB).

TakuM 00pa3oM MOXKHO C/iefiaTh BBIBO/I, UTO MpH Iepejade OAHUM KOZOBBIM CJI0BOM HHpopMarnyu 0-Z CUMBOJIOB
PYCCKOTO sI3bIKa, CYII[ECTBYET JMHelHasi 3aBMCMMOCTb KOJIMUEeCTBA 3JIEMEHTOB B TPYIIOBOM KOMOWHAIMH OT KPaTHOCTH Z,
CHAMBOJILHBIX aHCAMOJIeH.

2= <
4) Cnenyet 3aMeTUTbh, UTO TIPU Pa3lMUHBIX MeTO/ax, 06ecrneunBaoX (GOpMUPOBAHUE (3- ) pa3IMYHBIX KOMOWHAIMH

oflijee UKCIO 3/IEMEHTOB 11 B KOZIOBOM CJIOBE PaBHO
ny = Zlog, 32

Ny = 23 u Ny = 27

Hanpumep, peanusauyeii 6yayt = . Onst popmupoBanust 1024 KOOBBIX C/IOB MOXKHO BOCIIO/Ib30BaThCS

OJJHAM KOJ|OBBEIM CJIOBOM C UKCJIOM 3JIEMEHTOB m = =13 =3

U, WA ABYMS KOAOBBIMH CJ/IOBAMM T10 5 3/IeMeHTOB n , AN
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. Ny =28u Ny = 2°
C TIIOAMHOXXeCTBaMHM UKcCe/l pear3aliu g g , 4dTO

=7

=72 . =
ABYMsI KOJOBBIMU CJ/IOBaMH IIpU M < H T 8

23 —

obecrieunT oOiiee uncio peanusaimii (4*256=1024). Tlpu m =3 TOZIMHOXKeCTBa OyayT E; 2:=128; (=

=3+7=10) c TeM e uncoM peanu3zaiuii (8%128=1024).

K HeJOoCTaTKaM IMO3ULJUOHHOTO0 KOAUPOBaHWA C/IeAYeT OTHECTHU:
1. PaccrosiHue Mexay coceJHMMU MOMEHTaMH MOAYJ/JIALWKW KPATHO [O/IMTE€/TbHOCTU HaWKBHUCTOBOT'O 3JIeMeéHTa, 4YTO
Or'paHUYMBAE€T MOIJHOCTL pea/i3yeMOoro MHOXKeCTBa Ha MHTE€PBaJ/Ie 1N 3JIEMEHTOB;

2. DneMeHTHOCTb KOJOBOT'O CJIOBA N OMpeie/IsseTCsl YACIOM Pa3/IMYHbIX COCTOSTHUMA KOAMPYEMOI0 UCTOUHHUKA N [4]
n=E%log, Ny

+
e E”_ CUMBOJI “I[e/IoTO OOJIBITIEr0 UKC/Ia logz Nig»
an

CUrHajlax He MpeBbIIAeT ~

i , m3 [1] u [2] cnenyer, uTo MakcMMasbHOe YMCI0 N TIPU JBOMYHBIX

5) B KoppeKTHPYIOIIMX (M30BITOUHBIX) KO/IaX TPAHUUHOE YUCJ/IO JOTIOIHUTE/IBHBIX ' 3IEMEHTOB OMpe/esisieTCs TPefesioM
Bapiiamoga - I'niis6epra [1]

20m =2 = Ef:;: ci—1
rze dy_ TpebyeMoe KO/JJOBOe pacCTOsTHUE.
B Tab/murie 1 NpHBe/ieHbI 3HAUEHHs YHCe/T 3OBITOUHBIX 37IEMEHTOB I, TIpH '+ €1+15 npu dy=3md; =23
Ta6smna 1 — Un10 poBEPOYHbBIX 37IEMEHTOB IPH d € const
dy/m 1 2 3 4 5 6 12 13 14 15
D 4 7 8 8 9 9 14 15 15 15

d=5um=1

Kak ciegyer u3 Tabsuibl 1 mMpu KOAOBOM pacCTOSTHUH VHTEPBA/IOB peajn3alifii, YMCI0 U30BITOUHBIX

3/IeMEeHTOB TIpY MMO3WLMOHHOM KOJMPOBAHUU OOJIBIIOTO UKC/Ia MHGOPMALMY 3HAUUTETEHO BO3PACTAET, UTO Ae/laeT TaKoU KOJ
He3(eKTUBHBIM.

2. TaliMepHbIe CUTHA/IbHbIE KOHCTPYKIHH

B oT/iMuMe OT MO3WIIMOHHOrO Crocoba KOAUPOBaHusl, Korja HHGOPMAaLHs O TIepelaBaeMOM pa3psifie OTpeAenseTcs BUIOM
CUTHala Ha eAVUHWYHOM (HalKBHCTOBOM) WHTepBase, B TaliMepHBIX CUTHa/ibHBIX KOHCTPyKLusx (TCK) uHdopmarus

“3a0KeHa” B MPOJO/DKUTENBLHOCTSX (AMMHAX) | OT/JE/MbHBIX BPEMEHHBIX OTPE3KOB CHTHAZA i Ha HHTepBane Kakzoil

CUTHAJILHOM KOHCTPYKIIUH Tm. C LeJbI0 yMEeHbIIeHUsI MeXXCUMBOJIBHBIX UCKaKeHUMH TPOAO/DKUTE/IBHOCTE KaXK0T0 U3

OTPe3KOB CHTHaJa B CUTHa/IbHOW KOHCTPYKLMY He MeHee HallKBHCTOBOTO MHTepBaa [2].
Tpp =t + zd

&)

ez,ﬂEU+z

Wi I' — 1jenble unca.

o
ty = A=—
BpeMeHHOM 0Tpe30K MOKa3bIBaeT YaCThb e4UHUYHOIO 3/1eMeHTa ¥ U ompefesieTcs IapaMeTpamMu IoMex B KaHajie

o o gz E 24, ...5
Y IOIyCTUMOU BEPOSITHOCTBIO JIOXKHOT'O TTpYeMa CUrHa/IbHON KOHCTPYKIMH ( o).

IepBoe caraemoe BeIpakeHus (2) obecrieurBaeT yCTaHOB/IEHHE TIEPEXO/IHOTO TIPOLiecca Ha BBIXO/[e KaHasla MpH repejaue

BCeX i OTPe3KOB Ka)KAOM CUTHATIbHOM KOHCTPYKLIMH, a BTOPOe (z‘i‘) HeceT UH(OPMAIHIO O KOJJOBOM CJIOBE.

. N,
ABTOpamMM TaliMepHBIX CHWTHa/loB [5], ompezmeneHa MmomHOCTh (umcno peamusaiu TCK (T 7)) Ha wuHTepBase m
HAWKBUCTOBBIX /IEMEHTOB:

N.ﬂ = E:Y-S—I:[S—:Lj (3)

ITocne pa3snoykeHus BoIpakeHus (3) moayyaeM:
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_ (ms—ils — 1))

o ! (ms — is)!

N s=7gmmamed -8omiel=7
B tabmre 2 ripuBegersl MomgHocTy (7)) TCK mpu A A
W3 tabmumipl 2 cefyeT cesaTh BBIBOZ, UTO UMC/IO PeaM3al[iii CUTHA/IBHBIX KOHCTPYKLIMH YBe/JIMUMBAETCS KakK IpU
yBeMUeHHWM WHTepBaja peanu3aliuii m Mpu i=const, Tak W TPU yBEeJWYEHUM OTJe/bHbIX BDPeMeHHBbIX | WHTepBajoB TpU
m=const.
Hnst BbiObopa 3(deKTUBHON [JIMHBI KOJOBOTO CJIOBAa TMPOBEAEM aHa/INU3 W3MeHeHHUs1 3HTporuu (H) v MHGOPMAlMOHHOM

eMKOCTHU HaMKBHUCTOBOI'O 3/IeMeHTa (‘r"f) [3].

IMpu stom, yuutbiBass paboTsl [2], [3] ompenenviM 3HaueHUsI BEPOSTHOCTH TOSIBJIEHUS] OTAEMBHBIX COOBITHI Pl', a uepes
3HaueHus MoC/IeJHero OLeHUM Huly
B =%: H=1log,Ny; Iy= mfn;‘%
Taoiuua 2 — MouHocTH Np TallMepPHBIX CHTHA/IBHBIX KOHCTPYKI{UH

i m=4 m=5 m=6 m=7 m=8

1 22 29 36 43 50

2 120 253 435 666 946

3 120 680 1330 2925 5456

4 1 330 3060 12650 35960

5 - 1 792 11628 65780

6 - - 1 1716 38760

7 - - - 1 23450

8 - - - - 1

z 263 1293 5654 29629 131643

B Tabnutie 3 npuBeieHbl 3HaUeHUs UHPOPMALIMOHHON eMKOCTH HAWKBUCTOBOT'O 3/IEMEHTa [Ijisi me‘l' =10 npu s€ 2+10 npu
i=4.
Tab6una 3 — IHpopMaLMOHHAsa eMKOCTb HAMKBMCTOBOIO 3/IEMEHTA

s\m 4 5 6 7 8 9 10
2 0 0,781378 1,021547 1,102035 1,118911 1,10747 1,082972
3 0 1,025857 1,285708 1,354543 1,353715 1,324484 1,283664
4 0 1,225857 1,491881 1,547103 1,530285 1,486146 1,432158
5 0 1,395456 1,661204 1,702908 1,671914 1,615078 1,550109
6 0 1,542849 1,804954 1,833806 1,790197 1,722343 1,647975
7 0 1,673264 1,929886 1,946693 1,891763 1,814194 1,731615
8 0 1,790257 2,04038 2,045939 1,980763 1,894511 1,804647
9 0 1,89636 2,13944 2,134494 2,059969 1,965873 1,869462
10 0 1,923445 2,229218 2,214442 2,131325 2,030079 1,927725

W3 Tabnmuiiet 3 criefyer:

1) C yBeJIMYeHHEM m TIpU S=const I/IHCl)OpMaI_[I/IOHHaﬂ €MKOCTh HAaMKBMCTOBOI'03JIEMEHTA yBeJIMUMBAETCS [0 Myeax (HOCJIE

m!‘tﬂ}:

— YMeHBIIAeTcst), C yBelMrYeHHeM S TIPU M=const 1 i=const yBeJMUNBaeTCsl.

B Tabmvie 4 npuiBeieHbl 3HAUEHUS Ta TIpYU 3HAUEHUSIX m* + =10 U U3MeHsIeMOM uucjie WH(GOPMALIMOHHBIX OTPE3KOB
iel=as=7
Tabnuna 4 — indopmainpoHHas eMKOCTh HAHKBHCTOBOI'O /1eMeHTa
i\m 4 5 6 7 8 9 10
1 1,114 0,971 0,86 0,775 0,705 0,648 0,6
2 1,726 1,596 1,46 1,339 1,235 1,146 1,069
3 1,727 1,882 1,831 1,733 1,633 1,533 1,443
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m

4 0 1,673 1,929 1,946 1,891 1,814 1,731
5 - 0 1,604 1,929 2 1,984 1,932
6 - - 0 1,534 1,905 2,019 2,035

AHaM3 JaHHBIX TaOIUIB! 4 TIOKA3bIBAET:

1) I1pu KaXXI0M 3Ha4YeHUH [ C POCTOM I, Iy BHavajie YBeJIMUMBAEeTCs, IT0C/Ie NJOCTHIKEHMS Max _ YMeHbIIAeTCs:
Mg i = 1) =4 (1,727)

My (i = 2) =5 (1,882)

My i=3) =6 (1,929)

My i =4) =7 (1,946)

m,.(i=5) =8 (2.00)
(

My (i = 6) =10 (2,035)

2) ,[[I[FI yBe/IMueHus I/IH(bOPMElI.II/IOHHOﬁ €MKOCTH HAaMKBHCTOBOI'O 3/IEMEHTa MO’KHO CyMMUPOBATb I/IHCI)OPMEII_[I/IOHH])IE

E€MKOCTH TIpU M=const ¢ pa3JIMUHbLIM YK CI0M I/IHCl)OpMaL[I/IOHHbIX OTpEe3KOB.

3aK/IroueHue
WccrnepoBanusi BIMSHUS TIapaMeTPOB TaliMepPHBIX CHUTHAIbHBIX KOHCTPYKLIME Ha CKOPOCThb mepejaud HHGOpPMaLUU

TOKa3aji0, YTO W3MeHssl UMCI0 WH(GOPMALMOHHBIX OTPEe3KOB i B KOJOBBIX CJIOBAX TaliMEPHBIX KOJOB TMpPH TMOCTOSTHHOM
3HaueHWY MHTEpPBaJla pear3alyi m =const MOXKHO YBeJIMUMBATh CKOPOCTH Mepefaul MHQOpMaru.
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AHomayisn: Aemopamu HasedeHHi pe3yibmamu eKcnepuMeHmManbHuUx 00caiddiceHb Npoyecie 2paHy0ymeopeHHs CKAAOHUX
2emepozeHHUX cucmeM 0751 00epHCAHHS 2yMIHO-MiHepaabHUX KOMNo3umie 3 nowapogoio cmpykmypoto. IIpu 3acmocysaHHi
OpURIHANBbHOI KOHCMPYKYiT 8i0YyeHMpP0o8o20 MexaHiuHo2o ducnepeamopa. Skuil 3abesneuus 36iabweHHs 30HU OUCNep2y8aHHs i
niosuwue egekmugHicmb npoyecy menio-macoodbminHy. /Jocaiou npogoounuch i3 3acmocyeaHHIM Memoody CmpyMeHego-
nyAbcayiliHo2o ncee003piodiceHHs: 8 A8MOKOAUBAALHOMY pedcumi sfiKull cmeopumb 306iblueHy 30HY IHMEHCUBHO20 menio-
macoobminy ecepeduHi anapamy. ITouamkogumu yeHmpamu 2paHyasyii 6yau epayau cyabgpamy amoHis 3 Oomiwkamu
2yMiHOBUX peuosuH . B cepeduHi wapy ecmaHoeneHull mexaHiuHuil ducnepeamop KoHiuHoz2o muny. Maca wapy e npoyeci
pobomu nidmpumyeanacb NOCMIliHOW WASIXOM 6UBAHMANCEHHS 2PaHyAb08aHo20 npodykmy. Ilepenad mucky e wapi
8uMipi08ascsi 3a 0ONOMO200 8005IHO20 OupmaHomMempda, d memnepamypa — KOMNIOMEPHO-iHPOPMAYIlIHUM KOMNIEKCOM 3
mounicmio 0,5 °C. Po3pobseHa kapma mpeKie mepmonap, no napaieibHuM NJAOWUHHAM, OAs1 NPO8EOeHHO OO0CAi0NHCeHHS
memnepamypHo20 no/st 8 pobouill 30HI MexaHiuHo2o Oucnepzamopd. 3anponoHOBAHA MAamMeMamuyuHd Modedb npoyecy
3HEB0OHeHH ma epaHyaayii, wo epaxogye eumpamu eHepeil HA 6UNAPOBYBAHHSI B0/02U NpU 3HEBOOHEHHi ma
2paHy/I0ymeopeHHi, a0eK8amHo Onucye npoyec npu 3ACMOCY8AHHI CMpyMeHe8o-nybCayiliHo20 pexcumy nces003pioNHceHHs.
IMopieHsbHull aHaniz 008o0uMb 8UCOKY 30idCHICMb ycepeOHeHUX 3HAueHHs: MeMnepamypHo20 Noss ma 3HaueHb OMPUMAHUX
npu po3paxyHKy mamemMamuyHoli MoOeai npu peanizayii cmpymeHego-nyabCcayitiHo2o ncegd03piodceHHs 8 ABMOKOAUBAABHOMY
pedxcumi 3 3dCMOCOBAHHAM KOHIUHO20 Oucnepzamopd. BusHaueHo memnepamypy npu siKili peanizyembcsi cmilikull npoyec
2paHyaayii npu niosuwjeHoMy NUMoOMOMy HABAHMACEHHI 3d 80102010 8 anapami 8 yiaomy.

Annotation: The authors present the results of experimental studies of granulose formation processes of complex
heterogeneous systems for obtaining mineral composites with a layer structure. When applying the original design of a
centrifugal mechanical dispersant. Which provided an increase in the dispersion zone and increased the efficiency of the heat-
mass exchange process. Experiments were carried out with the application of the method of jet-pulsed fluidization in an
autoclaving mode, which would create a fusion zone of intense heat-mass transfer inside the apparatus. The initial centers of
granulation were granules of ammonium sulfate with impurities of humic substances. In the middle of the layer is a
mechanical dispersant conical type. The mass of the layer in the process of operation was maintained constant by unloading
the granular product. The pressure difference in the layer was measured with the help of a water difmomanometer, and the
temperature was a computer-information system with an accuracy of 0.5 °C. A map of thermo-steam tracks, parallel to the
plane, was developed for conducting a study of the temperature field in the working zone of a mechanical dispersant. The
mathematical model of the process of dehydration and granulation, which takes into account the energy consumption for
moisture evaporation under dehydration and granular formation, is adequately described by the application of the jet-
pulsating mode of fluidization. The comparative analysis proves the high convergence of the averaged values of the
temperature field and the values obtained when calculating the mathematical model for the implementation of jet-pulsed
pseudo-fluidization in an autoclaving mode with the use of a conical dispersant. The temperature at which a stable
granulation process is implemented at a high specific load on moisture in the apparatus as a whole is determined.

KrouoBi cj1oBa: MexaHiUHUI AyicriepraTop, TemMiiepaTypHe I1oJie, HeoJHOPiiHe I1CeB/[03piKeHHs, PO3IIO/lieHHS

Key words: mechanical dispersant, temperature field, inhomogeneous fluidization, distribution
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Bcryn

B cyuacHux yMmoBax WIMPOKO 3aCTOCOBYIOTbCSI TEXHOJIOTII [/l ofep)kaHHs TBepAMX KOMIIO3UTIB i3 3ajaHuMU
B/JIACTUBOCTSIMU sIKi MalOThb BiJIIOBiIHY Mopdosiorito, 1110 3abe3rneuye piBHOMIpHe PO3MOAiIeHHs MiHepaJbHUX Ta OpPraHiuHUX
KOMITOHEHTIB TI0 BCbOMY 00’eMy TBepzoi yacTuHku. Ha mymMKy aBTopiB [1] B 3a/1eXXHOCTI Bif ciocoby BBeJeHHS po604oro
PO3UMHY, B/IACTUBOCTEN KOMIIOHEHTIB Ta iHTEHCHUBHOCTI Terj000MIiHHUX TPOLIECiB MOXKHA OJIep>KaTU TBEPAi UYACTHUHKU i3
IIiJTbHOO, TIOPHCTOR, «MaluHOMOAi6HOI» abo TOpOmoAiOHOK CTPYKTYpOo. EQEeKTHBHICTh TaKWX TPOLIECiB BU3HAUAETHCS
KoeQiLlieHTOM TPaHy/IOyTBOPEHHS], SIKM TOKa3ye YacTKy CYyXWX DEeYOBHH $IKi HaJXOJSTh B ariapaT 3 pobOYMM PO3YMHOM i
TpaHC(OPMYIOTBCS B TPaHy/IbOBaHUM NIPOAYKT. Lleli mapameTp BU3HAUAEThCS:

—  TigpoAMHAaMIUHMM DPEXHMOM TICEBJO3Di/KeHHST KU 3abe3neuye eheKTUBHE TMPOTIKaHHS TEMI0-Maco0OMiHHUX
TpoLieciB

— cnocoboM BBefleHHs Dpigkoi ¢as3u (romoreHHoi abo reTeporeHHol) fKMH IO CyTi BHU3HAYaE MeXaHi3M
I'PaHy/I0yTBOPEHHSI.

Orisap iTepaTypHUX /HKepes

[Tvpokuit fiarma3oH BIaCTUBOCTEM KOMIIOHEHTIB B pifiKii ¢asi, peosioriuni Ta ¢i3WKo-XiMiuHi BMaCTHUBOCTI BU3HAUAIOTh
pi3HOMaHITTs croco6iB Ta KOHCTPYKLiH aucnepraropis [1-3].

B ocTaHHi pOKM B CilIbCKOrOCIIOAAPCHKOMY BUPOOHMITBI MOUYaIM BIPOBA[PKEHHS MPUHLWIIIB CTAJOr0 PO3BUTKY ILOAO
paLlioHa/IbHOT0 3eMJ/IeKOPUCTYBAHHS 3 OJHOYACHUM ITOKDALLleHHSM SIKOCTI IIPOAYKTUBHOI YaCTUHU BPOKar0 TOMY aKTyalbHUM
HayKOBO-TEXHIUHMM 3aB[JaHHSM CTajl0 CTBOPEHHSI OpPraHo — MiHepasbHUX [0OpUB HOBOTO IOKOMIHHA $IKi MICTWIM OKpiM
TPaJMLIIHHUX MiHepaJbHUX KOMIIOHEHTIB, CTUMY/IIOIOUi TyMiHOBi DEUOBMHM Ta iHIII MikpoeneMeHTH. ToOTo B SIKOCTi
CHPOBHMHU BUKOPWCTATH BiIXOAW XiMiUHOI Ta XapyOBOI NPOMUCJIOBOCTI, 1110 MICTATb [TOKMBHI Ta CTUMYJIFOIOUI PEYOBHUHU.

3rigHo [4] Jo BOAHMX PO34MHIB Cy/b(aTy aMOHit0, 10 YTBOPIOETHCS MPY BUPOOHULITBI Karpo/akTaMy JOJAr0Th TYMiHOBI
PEUOBMHH Ta iHIII MOXKUBHI PEUOBHUHH 30KpeMa KicTsiHe 6opoiHo. CKIaZHy reTeporeHHy CHCTeMYy MOZA0Th Ha TPAaHYJISL{IO B
amapar 3 ICeB/I03Di/pKeHUM LIapoM [Jisl Ofiep>KaHHsS TPaHy/IbOBAaHOI0 MPOAYKTY 3 MOILIAPOBOIO CTPYKTyporo. I'paHy/nboBaHui
MPOZIYKT MOBWHEH Matu cdepononibny ¢opmy 3 po3mipamu 1,5 + 4,5 MM 3 DiBHOMipHMM pO3MOJi/lIOM TI0 BCbOMY 06’eMi
MiHepa/IbHUX Ta OpraHiyHMX peyoBHH. Peasi3allisi TakKUX MpoLieciB BU3HAYAETHCs CIOCOO0M BBeZIeHHS pifKoi dasu [0 anapary.

B poGorax [5-9] HaBegmeHi pi3Hi criocobu mogawi ofHopizHOI pigkoi ¢asu 3a gomomoror pisHOro THIy (HOPCYHOK
pO3TaIliOBaHMX HaZ abo y I1api 3epHUCTOTO Marepiaty. ITpore Taxkuil mpoljeCc TPaHY/IOYTBOPEHHs € CTOXaCTUYHHM B
SKOMY 4acTillle peani3yeTbCsl arjioMepalliiHuii MeXaHi3M i TOMYy BHUKOPHCTOBYETbCSI TPU 3HEBOAHEHHI MOHOCHUCTEM.
AHanoriueMid  pe3ynbTaT JOCATa€TbCd IIPM  3aCTOCYBaHHA MeXaHIUHMX BHUCOKOLIBUJKICHUX  JUCIepraTopiB ki
BCTAHOBJ/IIOIOTHCS Ha/j 11IapOM 3epHuCTOro Marepiamy [10].

Ons 3abe3neveHHsl TIOIAPOBOTO MeXaHi3My TpaHy/I0yTBODEHHST B 6araTbOX BHUIaZKaX 3acTOCOBYHOTh «Wurster»
TEXHOJIOTit0, fIKa MOJIATae y Po3TalllyBaHHi B arapari 3 MCeBA03PiPKeHUM I11apOM BePTUKaTBHUX TPYD uepe3 siki 3[iHCHIOEThCS
HaripasJieHa LIMPKYJISALiis 3ePHUCTOrO Marepiany B pe)XUMi [THeBMOTPAHCIIOPTY.

B HWkHIiN yacTHHI TPyOM KoakcianbHO po3TamioBaHa (OpCyHKa AJisi po3nusieHHs1 pinkoi ¢asu. Ha aymky aBropi [10]
PeoJIOTiUHI BIaCTUBOCTI Takoi Aucriepcii [eIlo MOTipLIYEThCs, Ie HeraTWBHO BIUIMBAaE Ha CTiMKicTh mporecy. Tomy zsis
3abe3reueHHs1 3aJjaHOI TPOAYKTUBHOCTI TO pizKid ¢asi uucio Takux cucteM 30imblnyeTbcsa. B peanbHMX yMoBax Iie
YCK/JIaZHIOE KOHTPOJb 3a POOOTOI0 OKpeMHX OJIOKiB [JUCIEpPryBaHHs, a [Jisi BBeJEHHS TeTePOreHHUX CHUCTeM B3araii €
HenpuitHATHOI. OKpiM TOTO, PU TaKOMY CIIoco0i BBeJieHHsI PiZKoi a3y CyTTEBO 3pOCTAE JIOKATBHUM PU3MK Mepe3BOJI0KeHHsT
TBePJUX UaCTUHOK, TOMYy IO KOHL[eHTpallii TBepAWX YaCTMHOK y BHUCXiJHOMY BepTHMKajlbHOMY IIOTOLi B peXHUMI
MTHEBMOTPaHCIIOPTY € MiHiMa/IbHOO (TIOPO3HICTS € 2 0,8).

OkpiM TOro B TakuX arapaTax Ma€ Miclle HeflOCTaTHSl IHTEeHCUBHICTb IepeMilllyBaHHs, a OT)Ke He NOBHe BUKOPUCTAHHS
icHy10UOi IIOBEPXHi 3ePHUCTOrO MaTepiasty B Ipoljecax TelIo-MacooOMiHy.

OcHoBHa yacTHHA

Hocnigy miporjecy rpaHy/sLii TpPOBOAWINMCHL B amaparti, mo Mae (opMy mapasenminesa 3 po3mipamua AxBxH =
0,3x0,11x1,2 CcHOpS/HKEHOTO Ta30pO3IMO/AiIbUMM TPUCTPOEM B HIDKHIN YaCTWHI Ta BCTAaHOBJIEHOTO pO3MO/iTbHHAKA B
HaJMipHOMY MPOCTOPI, O SKOI MiZABOAUBCS HarpiTuii no Temreparypu 190 °C ra3oBuil TerioHocik Ta BigOyBanacs mojaua
pob0ouoro po3urHy, BUTPATH SKOTO PeTyJIFOBAIICH /IS TTi/ITPUMYBaHHS TeMItepaTypH B mm1api fio 95 + 3 °C.

Bucora niceBo3pipkeHoro mapy cranosuia Ho = 0,320 H, i BU3Hauanach eKcriepuMeHTanbHO 3 yMOB MaCOOOMiHHY.

Pinka ¢asa Bopgunack MexaHIYHUM [JUCIepraTopoM KOHIYHOI KOHCTPYKIl, pO3TallOBaHWI MO ILieHTPy Kamepu
rpanysaropa, Ha Bucori 0,68 Ho.

B fIKOCTi MOUaTKOBUX LIEHTPIiB IpaHy/isillii BUKOPUCTOBYBAIUCH chepornofibHi rpaHymm cynbhaTy aMoHisi 3 [OMIIIKOM
T'YMiHOBHMX PeUOBHMH 3 eKBiBa/leHTHUM fiiameTrpoM 1,5 MM. [lo armapary nozaBaBcst 40% BofsiHUIN PO3UMH Cy/Ib(aTy aMoHis, 1[0
MicTUTb 1% ryMIiHOBHUX pEUOBHH.

Temnieparypa TeIyioHOCist Ha Bxofi 0 anapaty Tex = 190°C TeMriepatypa 1iapy B xapakTepHiit Touni X =250, Y =0, Z =
220 3a MOKa3HUKaMHU SIKOI ITPOBOM/INCH PeryJIioBaHHs BUTpAT pobouoro po3unny T, = 95 + 1 °C.
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Oprasnisallis mporecy Npy CTPyMeHeBO MyJ/bCalliiHOMY IICeB[O3i/)KeHHI B aBTOKO/IMBaJlbHOMY DeXHMi HaBe/leHa Ha
PUCYHKY la.

IpoBeneHi pocmimkenHs [11] mokaszam, B pob0UOMY peKUMi CTPYMEHEBO ITyJIbCAL[iHOTO TCeB/03pi/KeHH] B araparti
PUCYHOK la, MO)XHa BUZIUTY 3 30HU 3 TOUKHU 30Dy TiJpOJUHAMIKY.

I — 30Ha HU3XiHOTO PyXy 3€PHHCTOTO MaTepiaay B sIKYy 3aBASKH aCUMETPUUHOMY BBeJE€HHIO TEIJIOHOCIs (3pifKyrouoro
areHTy) BifIOyBaeThCs TepeMillleHHsI 3epHUCTOTO Marepiany BHACTiOK iHepuifiHoro BuHeceHHs i3 3onu II i III y BepxHiii
yactuHi 30HM 1. Ilopo3HicTh Imapy B Ijili 30Hi NPaKTHMUYHO € cTanow & = g = 0,4, TOMy 10 BHUCOTA IIapy B Iieif MOMEHT
36inbIIyeThes B (1,7+2)Ho.

I — mexoBa 30Ha B siKili BifOyBaeThcsi 3D mepeMilllyBaHHsSI 3epHUCTOTO Marepiaay BHAC/iJOK PyXy BHACTiOK PyXy
ra3oBux Oy/bballioOK Ta TepeMillleHh Ha X MiClle 3epHUCTOr0 MaTepiaqy B OCHOBHOMY i3 30U I. TTopo3HicTe B wiii 30Hi
3MiHIO€ThCA 1MKIiyHO €7 = 0,45 - 0,68 - 0,45. B cepesnuHi wi€i 300U Ha Bucot; 0,45H, Big moBepxHi ['PII posraiioBaHuit

D, =80 mm, D, = 40 rm

MeXaHiYHHI JycriepraTop, KOHIUHOTO TUITY 3 po3Mipamu Ta JJOBXXUHOI 47 MM.

III — B 1iii 30Hi BifIOyBaeThCs aKTUBHE 00’€JHAHHS Ta30BUX CTPYMEHIB, 1[0 BUX0/ATh 3 ['PII i MpuU3BOAUTD /10 YTBOPEHHS
ra3oBoi Oy/nb0aIIKy B MOMEHT MOYATKy PYXy Y BEPTUKaJbHOMY HampsiMKY ii 06’€M MpakKTUYHO TIOBHICTIO 3aTlOBHIOE MEPETHH
30nH 111, 1110 NpU3BOAUTE /10 iHEpL{iIHHOrO BUHECEeHHs 3HAYHOI KiJIbKOCTI 3epHUCTOr0 Marepiaay B HaIapOBUM MPOCTIp, MPU
B3aeMojil i3 BcTaBKOw 4, mepeMilyeTbcs B 30HY [. Takum unHOoM B 30Hi III yTBOprOETHCS akKTUBHUM BUCXiJHUM PyX
3epHUCTOr0 MaTepiany, SIKUM XapaKTepu3yeTbCs LIUKIIUHOI 3MiHOI Topo3HocTi €m = 0,45 +0,75. Bucora BepTUKa/JIbHOTO
takeny Y4 = 80 MM, sika 3 ypaxyBaHHSIM BUCOTH TOUKM BBefieHHs1 A = 40 mm [11] Mogens pyxy cheponogibHoi rpaHymu Ha
BHYTPIIIIHi} MOBEPXHi KOHIYHOTO /IMCIIepraTopa HaBe/ieHi Ha PUCYHOK 16.

Pizka ¢asza mpu nozaui uepe3 TPyOKy 2 pO3MOJi/SIOTLCS Mifl €0 BiILeHTPOBOI CU/IN Yy BUTVISI/I TUTIBKYU MO BHYTPIILIHIM
MOBEPXHi JUCIepraTopa, siKka 4aCTKOBO IPM MOTPAIUISIHHI [0 OTBOPIB NPOXOUTh Ha 30BHILLHIO NIOBEPXHIO JuclepraTopa T1a
PO3MUIOETECA B 30BHILLIHIO 30HY 3pouweHHs 3.3, pucyHok 16. [ucnepratop 3HaxoAuTbCs B CepeauHi
NceBA03PIAXKEHOrO LWapy i TOMy 3€pHUCTUI MaTepian 3aMoBHIOE YaCTUHY Aucriepratopa sakui obeprtaeTtbces. Mpu
LbOMY TrpaHy/M sKi 6e3nocepefHbO KOHTaKTYIOTb i3 BHYTPILUHbOIO MOBEPXHEID JAucnepratopa YacTKOBO
noranHaloTb pigky dasy i nig aieto BigUEHTPOBOI CMIM BUBOAATLCA 3 Yalli Aucrepratopa B rOpU3OHTasIbHOMY
HanpaMmy.

EE]
4 /
.
7.
e=0,4 0,4<e<0,7 g
a) Cxema B3aeMo/il ra30BOro CyL{i/IbHOTO CepeZoBHIIa i3 6) Mogenb pyxXy 3epHHUCTOrO MaTtepiay B 30Hi
3epPHUCTUM MarepiazioM 3pOILIeHHS
1 — ra3opos3mno/Aiibumii MpUcTpiid, 2 — Kamepa 1 — mepesHst Ta 3aHs CTiHKa anapary, 2 — Tpy0ka nojaui
TpaHy/SaToOpa, 3 — MeXaHiuHUM Aucieprarop, 4 — pizkoi da3m, 3 — MexaHiuHu# Avcneprarop, 3.3 —
HaTpaBJsiroua BctaBka [11] 30BHILLHS 30HA 3POILIEHHSI MEeXaHIuHOro JYCrepraTopa,
A — nogaua HarpiToro TernsioHocis, B — mogaua pigkoi B3 — 30Ha UUpKy/IsILil 3epPHUCTOrO Martepiany y
(asu 0 gucmepraTopa, BHYTPIIHI} 30Hi AvicriepraTopa.

C — Bi/iBeieHHS BiJiIIpaljbOBaHOIO TEIJIOHOCIS i3
TICeB/03Pi/IKeHOr 0 1apy
H, — BuCcoTa noyaTKOBOro HepyXOMOI'O 111apy B arapari
Puc. 1 — Cxema B3a€eMo/jii ra30Boro CyIjiibHOro cepefAoBHIIa i3 3epHUCTUM MaTepiajiom
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Hocnign npoBogumck 1ipy 3HeBogHeHHI 40% (Mac) po3unmHy cysbgary i3 BMiCTOM TYMiHOBHX pPeuoBHH 10 2% TIO

Bi/IHOILIEHHIO [I0 CyXUX PEUYOBHH.

KiHeTnyHi XapaKTepUCTUKH TPOLIeCY TPaHyJ/IOyTBOPEHHsI i3 3aCTOCYBaHHSM KOHIUHOTO JAucriepratopa 3 BifbOiliHUMM
KisbLsimu [10] HaBe/ieHO Ha PUCYHOK 2 — 6 TIOKa3yl0Th MO3UTHUBHY AUHaMiKy pocta De pHUCYHOK 2 Ta MOCTiJOBHUNA 00MiH MiXK
(hpakiissMu PUCYHOK 3, III0 CBiTUMThb TPO BifICYTHICTH aryiomepartiB. JlMHamika 3MiHUM TemriepaTypu TeIIOHOCIS Ha BXOJi 0
arlapaty Ta 1iapi , pUCYHOK 4, XapakTepusye CT&61J'Ii3aLIiI{:: _TEMIOBOTO PeXMMYy anapara. IIpu upoMy focsSTHYTI poboui

3HaueHHsI TIMTOMOTO HaBaHTaKeHHs 3a Bosorow ar = 0,58 ™™ mo B 1,5+1,9 mepepuiuye 1jeif MOKasHUK 151 JUCKOBHX

gucnepratopiB pucyHok 5. Ilpu 1jpoMy KoedillieHT rpaHy/soyTBopeHHs @ > 90% pucyHOK 6, a rpaHy/bOBaHM TPOAYKT

BiZIMOBiZa€ iCHYIOUXM BUMOTaM.

oy TROpeHHA D €, MM
]
<=

AHYJITO
—_
=

0.5

KoediieHr rp

0,0

0,330 0,497 0,663 0,830 0,997 1,164 1,330

Puc. 2 — [lunamika 3MiHM eKBiBa/IeHTHOI0 JiameTpa

‘1{0

A
) 2,14
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L. roa

rpaHyJ

seayee AT

e J— TBX

—h—Tuw

-

AT 7
ie:

200

/t:_

snaly

....-ﬂ‘

0 @

>

0,333 0,500 0,666 0,835 1,000 1,167 1,333

Puc. 4 — lunamika 3MiHM TeMIepaTypH TeNI0HOCIsI
Ha BX0/Ii Ta B Kamepi anapara
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1. roao

Puc. 3 — /luHamika 3MiHM MacOBHX BiICOTKIB
okpemux ¢pakuiu i3 po3mipom rpanys: +0,5 mm; +1,0

mMm; +2,0 mMm; +3,0 mm; +4,0 Mm.

N
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’ /V J
0.5
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0,330 0,497 0,663 0,830 0,997 1,164 1,330

T, TOX

1-KOHIYHMI AUCTIEPraToOp

2-TMCKOBUH AWCIIepraTtop

Puc. 5 — /IluHamika 3MiHA MUTOMOT0 HAaBAaHTA)KEHHS
MOBepXHi IIapy 3a B0JIOroI0
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T.roj
Puc. 6 — Ilunamika 3MiHu KoedirjieHTa rpaHy/I0OyTBOpeHHs

[y BUMiprOBaHHS TIO/IST TemMIiepaTyp poboya Kamepa rpaHy/isTopa po30UTa YMOBHHUMH TIOIMHAMH PUCYHOK 7, B SIKUX
pO3MillleHi TpeKUu TepMoriap .

MmI1(X=50;Y=0-110; Z=0+500)

mI2X=150;Y=0-110; Z=0+1500)

MMI3(X=200;Y=0-110;Z=0+500)

mI4(X=50Y=0-110;Z=0+220)

Pe3ynibTaTii BUMIpIOBaHHSI TEMIIEPATYPHOTO MOJIs B MOJIi JUCIepratopa no mmpuHi Ha BucoTi Z = 220 (Bick obepraHHs
JucriepaTtopa) B HU3XiJHOMY MOTOLI

£ _ps525E2
PUCYHOK 8 dy "M CnocrepiraeTbcst MiHiManbHe 3HaueHHs 71°C Ha Kpaiii [ucriepratopa 3 HaCTYITHAM

MOBEPHEHHSIM TeMIlepaTypy B AucriepcHoMy cepezoBulli fo 94 °C Ha Bigcranb AY,; = 30 MM, pUCyHOK 8.

o 82
T
iR

. Y f . S

e ~ ~_Tk

Puc. 7 — Cxema po3MillieHHsI TPeKiB TepMoOMap B KamMepi rpaHy/ATopa
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L1
J¥HaMiYHUM 3pOCTaHHAM dy "' pUCYHOK 8 y BUCXiZIHOMY TIOTOLIi TPaJi€HT B3JOBX POOOUOI 30HM TPOXU MEHIIIUH
dr dr
==_0275= = =107
dy MM dy M

, @ B (OpOHTa/IBHIl 30Hi Mepes; Kpaiikoro Aucriepraropa " pucyHOK 8.

3miHa Temniepatypu T4 B Tpeky po3tawioBaHomy B I1JT 4 X = 200mm, Z = 220mMm

0 < X <110 pucyHOK 9 nokasye, 1[0 B 30Hi 3pOLLeHHsI TeMIlepaTypa 3MeHLLIYy€eTbCS 10 JOBXUHI JucrnepryBaHHs Bif 93 1o
75 °C Ha 6iuHili KpaiiLi AucrepraTopa 30HH penakcauii AY,craHoBuTth 10 MM, L0 B TPH pa3u MeHIIIe HiXX y MONepeJHEOMY

BUMAJKY.

BuwmiproBanns temmnepatypu B I1JI 2 Tpeky posramoBaHoro Ha Z = 270 MM, HaBefleHO Ha pUcyHOK 10 Xapakrep 3miHU
TeMITepaTyp 10 [JOBXKHMHI 30HU [UCIEepPryBaHHs aHaJOTiUHUK mornepesHiM i3 30i1bleH00 30HO0I0 peakcarii AYio 0 40 MM.

].[E MOSICHIOETHCSI iHTEHCUBHUM HEPEMiLL[eHHHM 3BOJIOXKEHUX I'PaHy/l Y BEPTUKa/IbHOMY HalIPAMKY.

1 l 0] 110
AT, AT. T4
i o7 oC 909
100 ° 100 96 95 Sp as
o1 23 92 92 92 93 g @ ® 93 ®
@ @ @ 90 gg @
90 @ 90 ® @ @ ® 25
@®
=20 80
AfY
70 70 | g
o0 60
S0 50
40 40
0 10 20 30 40 50 60 70 80 90 100110 O 10 20 20 40 50 60 70 80 90 100110

MM

Puc. 8 — 3mina Temneparypu B IUIOIHA HA MeXi 30HI
IiII mpu X=100 mm,
0<Y <110 MM, Z = 220 mm, T3

3miHa Temrepatyp B Tpeky Tepmonapu T 11 po3raiosaniit B I1JI 2 Ha Bucoti Z = 170 MM sikuit po3sTaiioBaHuii Ha 10 Mm

BiJ1 OinbIII01 KpaliKu AuicTiepraTopa HaBeJjeHnid Ha PUCYHOK 11.

100 S 1
ATg; T10 91 92
oC Q0 @
0 ® @ 9 ®

84 o5 82 82
® e "0 e
80 @ @® 76
@®
70
P

60
50
40

0 10 20 30 40 50 60 70 80 90 100110

MM
Puc. 10 — 3mina Temmnepa. , ... .. AU3Xi{HOMY HOTOITi
miomuHa A ipu X= 150 mm, 0 <Y <110 mm, Z = 270
mm, T10

MM

Puc. 9 — 3mina Temnepa., ... , BUCXijHIH IIomuHI A
npu X=200 mm, 0<Y <110 mm, Z = 220 mm, T4

00 95

929

29 900

86250

50

40

o 10 20 30 40 50 60 70 80 90 100110

MM
Puc. 11 — 3miHa TeM... ..., pu B I1JI 2 mip
aucnepraropoM, npu X= 150 mm,
0<Y <110 mm, Z = 170 mm,

14


http://www.atbp.onaft.edu.ua/

ﬂ'ﬂ AsTomaru3atiis TexHosorivHux i 6izHec-niporeciB Volume 10, Issue 4 /2018 m
http://www.atbp.onaft.edu.ua/

[Jiarna3oH 3MiHM TeMmepaTyp [0 Kpaillku Aucrnepraropa, 1o 3HaxoAuTtbcs Ha piBHI 90 — 80 °C pucyHok 11, no A0OBXHHI
Jucrepratopa 3MiHI€eThbes Bif 87 fo 65 °C 3 HactynHuM nigBuieHHsM Ao 80 °C. 11i 3HaueHHs Jelo HWKul Bifi TeMepaTypu
B XapakKTepUCTHUHill Toulli i MiZATBep/)KyIOTh BIIMB 30HU [JUCIIEPryBaHHSA. AKTUBHUM TifpOAVHAMiuHUM PeXUM 3YMOBIJIIOE
BiZICYTHiCTb 30HM penakcariii repes 6isbIIOI0 KpaliKOK0 JuCIiepraTopa.

110
@115 147
100 /
W16
c 137
©T132 AT 133137 4
A | 129 ““127129* A
130 *iHS 197 4 i A
59 A 120 A
> A
120 A

109

B 107 107107107~ .
110 1 103

101 103 '

10100 M WHET g o
100 M - -
St s
93 gy 94 93 93 g5 ¢y 93 0 2 0 P

90

90

50

80

¢ 10 20 30 40 =~ =7 70 80 90 100110
MM

40
0 10 20 30 40 =0 #0070 80 90 100110
MM
Puc. 12 — 3mina 1 _ TYPH B YacTHHI Puc. 13 — 3mina remneparypu B IIVI 1 npu mm, I1J1 2
pucnepraropa miomuHa 3 npu X= 150 mm, 30<Y npu X=150 mm, 0 <Y <110 mm, Z = 90, IIVI 3 npu
<110 Mmm, Z = 210 MM X=250 mm,0 £ Y <110 Mmm, Z = 110 Mmm

HasiBHicTb HampaB/ieHOTO LMPKYJISLIIMHOTO pyXy 3 30HM JAWCIriepratopa MiTBepP)Kye XapakTep 3MiHM TeMIlepaTypu B
TPEKy, L0 MPOXOJWThH TO BepTHKaMbHIM ruoupHi Ha 10 MM Hmkue Bici oGepranHsi TS5, pucyHok 12. Tak, MiHiMaibHa
3HAUEHHs TeMIIepaTypH B IUIOLIUHHI BBeJieHHs pifkoi ¢a3u 50 °C, a Ha Buxogi 85 °C, pucyHok 15 ToOTO rpafiieHT CTaHOBUTD
dTg Tpan
—=1373—

dy MM 3pna pesakcarii migsuieHo g0 95 °C AYs = 40 mm. I[Ipu 1poMy po3Mip 30HM pesakcarii repes Gi/bIIo0

KpalKOI [IUCIIepraTopa B HWKHIiM Bici o0epTaHHs Jocsrae MakcMMaibHUX 3HaueHb AYs = 40 mm. ['pafieHT TemmepaTyp B

e N
cepefvHi Aucnepraropa 4t "

Lle#t mapamerp pa3oMm 3 BeyeudHOH AYs CBiIUMTH TPO TIOTY)KHUM CTPYMiHb 3BOJIOXKEHWX UACTHWHOK, sKi TiJ ZAi€ro
BiZILIEHTPOBOI CU/M BiJIBOJATHCA 13 Yallli JUCriepraropa.

Ha pucysky 13 HaBejeHi pe3y/bTaTM BHUMIpDIOBAHHS TeMIlepaTyp B TIOPU30HTaJbHUX IUIOLIUHAX PpO3TALLOBAHUX
BiAMOBiAHO:

T15(X=50mm, 0<Y <110 MM, Z =110) IIJT 1

T16(X=150mmM, 0<Y <110 MM, Z =90) ITJI 2

T17(X=250mmM, 0<Y <110 MM, Z = 110) TTJT 3

Tak Ha Bucoti Z = 110 mm B IJT 1, Husxiguuii pyx 3ouu | Temneparypa 1o Bcii rmbuni 3001 0 < Y < 110 3HaX0UTHCS B
Mexax 95 + 93 °C T15, pucyHok 13. 3HaueHHs1 TeMIlepaTyp BUMIpHOIOTbCA MO cepefnHi 30HU I, 3Haxoputees Ha 5 + 10 °C
Buie HiXX y TIJI 1 B giamasoni 3Hauens 99 + 107 °C, T16, pucyHok 13 B sKiii BiZiOyBa€TbCsi CIPSIMOBAHWM pyX HArpitoro
TeIIOHOCIA.

Ha pucyHOoK 14 HaBeZileHa eKCllepMMeHTa/JbHO BU3HauyeHa 3MiHa TemIlepaTyp IO BUCOTI amaparty Jjjs mil,2,3 Ta
po3paxoBaHa 3a Mo/ieJb.

Bucora mapy npu sikiii Temriepatypa JucriepciiiHoro cepezioBuina crabinizyerses 95 + 3 °C s i 1 i 2 gocsraetbes Ha
Bucoti Z = 110 MM, a ans momyHu 3 AZ = 200 MM 1ie TIOSICHIOETbCS CTPYMEHeBO MyJ/bCalliiHUM IICeB03pifKeHHsSIM B
aBTOKO/IMBA/IbBHOMY PeXXMMi PUCYHOK 14. 3HWKeHHs cepefiHbOI Temmneparypu wmapy npu Z = 200 mm g4 ITJI 2 nos’s3ane i3
30HOI0 BBeZIEHHSI pifKoi ¢a3u i3 3acTOCyBaHHSIM KOHIUHOTO [UCIepratopa sike 3aBAsKA iHTEHCHBHOMY 06’€MHOMY
repeMilllyBaHHIO IPU3BOJUTS /10 BUPIBHIOBAHHIO TeMIlepaTypy B [IOPBHSHHI 3 iHIIMMH IUIOIMHAMHU Ha BUCOTI Z = 300 MM.
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TakyuM uYMHOM B OKOJII AMCIIepraropa yTBOPIOETbCSI 30HA 3pOLUEHHS y BUIVISAAL 3pi3aHOr0 KOHyCa pO3TalllOBaHOI'O
TOPHU30HTAJIBEHO 3 BUCOTOR, 1110 Ha 20% TepeBHIIye poOouy JOBXKUHY JUCTIepraTopa Ta 30BHIILHIN JiaMeTp.

210

ATs

Ay
5
T
>
>

50
0] 100 200 MM 300 400 500
O Il 0O INL2 A IINL 3 =——Po3paxyHKOB1JaHl

Puc. 14 — 3miHa TemMniepaTypH TeIJIOHOCisI 110 BUCOTIi anapara B IVIOIHHI
IUL. 1(Husxipauit pyx) X = 50, IIJ1. 2 (nenTpanbHa mwiomnfuHa) X = 150, ITJ1. 3 (Bucxigauii pyx) X = 250.

Yepes 10 0b6sacth 3 uactotow 1,6 — 1,8 T'iy BiiOyBaeThcst iHTEHCHBHE TiepeMillleHHs MaTepiaay BHACIiZIOK peastizaril
CTPyMeHeBO-ITyJIbCALliiHOr0 TICeBA03piiKeHHs B aBTOKO/IMBaIbHOMY PEXXUMI, IIPY KoMy /10 45% MacH 111apy BUHOCUTBCS 3a
MeXi MouaTkoBoro 06’emy imapy [12].

3BifKY 3arajJbHUN Yac UKy 1, = 1/F = 0,155 +0,625¢, 3 sikoi 2/3 1, — 1je 3arajbHUI yac repeMiltieHHs1 MaTepiany i3 30Hu 11

i IIT 3a Mexi mouaTkoBoro 06’emy 1mapy, Ta ? T, — 4yac repeMillleHHsI 3ePHUCTOT0 MaTtepiany B THMYaCOBO YTBOPEHHi MyCTOTH

3ouu 111 II1 [13].
BpaxoByloour CTOXaCTUUHY TPUPOAY TCEBO3PiIKEHOr0 1Iapy MAaKCUMajbHO MOX/IMBUEN 4ac repeOyBaHHS UaCTUHOK B

30Hi 3polueHHs gocsrae 1, = 0,42 — 0,36 c. B sKiii Temrepatypa cepeJOBHIIa HAaOMMKAETBCSA [0 TEMIEpaTypd MOKPOTO

TePMOMeTpa, 1[0 TIPX HasBHOCTi po3mipy B Mexax 10 + 250 MKM 3yMOB/IO€ )OPMyBaHHS TUTIBKA DiJMHU 3a PaxXyHOK [il
azre3iiHO-COPOLIHUX CHUII.

B ocHOBY MaTeMaTH4HOi Mo/ieni TeryiooOMiHHY TIOK/IaieHO piBHSHHS aBTOpiB [14] sike 10rOBHEHO BUTpaTaMH eHeprii Ha
nigirpie pigkoi ¢asy, sika 3HaX0AWUTHCS Ha TIOBEPXHi TpaHy/ y BUTJIAAL TUIiBKY, Ta BUTPaTH Ha HarpiBaHHs Ta BUIIAPOBYBaHHS
po3unHHUKa. Tozi piBHAHHS TernIoBoro 6anaHcy i ra30BOro TEIVIOHOCIS 3aMUCYEThCS Y BUIVISL:
oT, T,

£-p -C aTF +VF £ -p - = -a ]
ot Ox oy

-a-F(T- Tp+n)+Gp (1- xp) (r+C, -Tw);

s rpany:

81ﬂp+n a"Z*F"""
(- &) p C =LV, (- ) p —LE =a F (T~ T,,)-

-G, (- x,) (r+C, T,.,)+G, X, ‘G

[Jle € — TIOPO3HICTh 1Iapy (JacTKa rasy)
pr — [YCTHHA Tasy, Ko/m’
pr— [YCTHHA TPaHYJI, K&/M>
H
W, - IIBUJKICTb rasy, ¢;
T

C.— TenoeMHicThb rasy, &K
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BT

Ar— TETIONPOBiHICTE a3y, ¥k

F — m1ToMa ToBepXHs TpaHy/l B [1api Ha 3ajaHiii BUCOTi, M%/ M>
1
6l1—zg] d¢=—i-

v
dg d. = 3
b

F =

d.— exBiBasIeHTHI jiaMeTp YaCTHUHOK B I11api, MM
Xj— MacoBa yacTuHa i — Toi dpakiii,
d;— cepenHiit po3mip i — Toi dpaxiiii, Mm
KT

G,— MUTOME MacOBe HABAHTAKEHHS 1Py 3ePHICTOr0 Martepiaiy, &+

X, — KOHILIeHTpaLlisi CYXHUX PeUOBHH B PO3UKHi, 1110 TIOAAETHCS [J0 TpaHysaTopa, % (Macc)
T:, T,— Temnepartypa Teln0HOCIsI Ha BXOA1 0 TpaHy/1dTopa i Temneparypa B mapi, °C
T: — TemnepaTypa TemioHocis, K;

i
C,— TeIJI0EMHICTb poGOYOro po3urHy, L0 MOAAETHCA [0 anapary, © F+

BT

q — edpeKTHUBHA TeIUIOTa KpucTajisanii, * Fa2

r e

I — MIATOMA TeII0Ta MapoyTBOPeHHsI, T
E
Wi - IIBUAKICTb PYXy TBEPAWX YaCTHHOK, £;

Br

o — Koeil[ieHT TerIoBiaui Bij rasy /10 moBepxHi rpany, #K;

[

| E

a — KoeiLlieHT TeMIIepaTypoIpoOBiAHOCTI, ¢

[TopiBHSIHHSA 3MiHYy TeMmIlepaTypyd pO3paxOBaHOK PUCYHOK 14 3a piBHsAHHSM (1) 3 eKCriepuMeHTalbHUMH Ja€ XOpOIly
30iKHiCTB 3a BUHATKOM 30HH 111, B sIKili 3acTOCOBaHMI CTPyMeHeBO-ITy/IbCAlliiHUM CIIOCiO BBeZIeHHSI TEMIOHOCIs.

Tak 3aB/fIKM 3aCTOCYBaHHIO MeXaHiYHOI'0, KOHIYHOT0 AWcriepraropa 3 po3IIMpeHO0 30HO0 JUCIepryBaHHs, TemMepaTypa
mapy B 3oHi III (BucxigHa) 3 AT; = 40 °C, B MOpiBHSAHHS 3 iHIIMMM 30HAMK Ha BUCOTi PO3MO/iNieHHs JUCIiepraTopa 0csrae
3HaueHb 30HU | (Hu3xifHOT) pucyHok 14. PisHuug temnepatyp Z = 100 mm, AT, = 12 °C, mjo Malike B TP pa3y MeHIle HDK
NpA  3aCTOCYBaHHI [JUCKOBOro jucnepraropa. lLle [03Bo/is€ yYCyHYTM PH3MK YTBODEHHSI arjoMmepaTiB BHAC/IOK
Tepe3BOJIO’KEHHS 11apy B 30HHI BBeZIeHHsI PiJKoi da3u.

BucHoBku
3arporioHoBaHO MaTeMaTHMuUHa MO/ie/lb [JO03BOJIS€ a/ieKBaTHO OIMCATH yCepeAHeHi 3HaueHHs TeMIlepaTypHOro MOJs Py
peasizaifii CTpyMeHeBO-Ty/bCal[ifHOTO T[ICeBA03DPi[pKeHHs, 3 3aCTOCOBaHHSM KOHIUHOTO JUCIiepraropa Ta BHU3HAUWTH
TeMIepaTypy TpH sIKiii peani3yeTbcs cTilikuit potiec rpanymslii @ = 90 % Ta CyTTEBO MiZABUIIUTU MUTOME HaBaHTa)KeHHS 3a
BOJIOTOO B arapari B LILJIOMY.
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AHomayis: B cmammi po3easdaiombesi pe3yabmamu npayi Hao epaHmosum npoekmom €C Ne 83263440 «Po3gumok
YKDATHCbKO-M0/10d8ChKO20 MPAHCKOPOOHHO20 BUPOOHUUO-HAYKOBO-0C8IMHLO20 KAACMepa 3 nepepobKu 6MOPUHHUX NPOOYKMie
8uHopobcmea». Pobomu HanpaesneHi Ha 3HuUdiceHHs1 cobieapmocmi 8UHOpOOHOT NPoOYKYiT 3a paxyHOK KOMN/AEKCHOI nepepobKu
8MOPUHHOT CUPOBUHU, WO 0de MOXcAugicmb 0depycysamu npodykKmu, siki npedcmaensomb 3HA4Hy UYiHHICMb 018 HU3KU
eanyseli HapoOHO20 2ocnoddpcmea, a came: emuaogulli Cnupm, 6UHHY KUC/AOMY, eHOMAHUH, 6UHO2PpAadHe MAacio,
6iokoHyeHmpamu eimamiuie epynu B, gimamin D, ¢ypadxcHi kopmu, abpazueHi mamepiaru ma iHwi. ITpedcmaeneHa
payioHanbHa 015 O0ecbKo20 pe2ioHy mexHOA02IUHA cXeMa nepepobKU, SIKa 8KIIOUAE HO8I 3pasku 00/1aOHAHHS — cenapamop,
0pobapky, iHgpauepeoHy cywapky. Cnocobu mepmoobpobKu cupoguHu ma KOHCMpYKYii 061a0HAHHS 3axuljeHi nameHmamu
Ykpainu. 32i0Ho i3 3anponoHogaHumu cnocobamu mepmoobpobku cywapka UKC-1 3abe3neuye iH¢ppauepeoHe HazpieaHHs
HAciHHs 8uHO2pady 3 lioeo HacmynHuM adiabamuuHuM 0X0A00HCeHHIM-003pieaHHsM. TIpusedeHa KOHCMpYyKmMueHd cxema
cywapku. Takodxc po3210aembCsi MexHIUHa peanisayis cucmemu agmomMamuyHo20 KepyeaHHs iH(pauepeoHo Cywapkoro, 8
cepedosuwyi Simulink npoepamu Matlab OdocniddceHi aneopummu pe2ya08amHs, wWo 3abe3neyylomb 6UCOKY MOUHICMb
niompumaHHsi memnepamypu HACiHHSL 8 npoyeci cywinHs. IIpedcmaeneHa modenb Cywapku SIK 00°€Kmy Kepy8aHHs,
3anponoHo8aHa cmpykmypa cucmemu, sika 00360/51€ UACMKOBO KOMNEHCy8amu 6naue Ha memnepamypy HACIHHSL 308HIWHIX
HeKOHMponboeaHux 30ypeHb. IIpueedeHi NOpigHbHI pe3yabmamu MOOEAI8AHHSI CUCMEeM asMOMAMUYHO20 pe2yAt08aHHs
38uuatiHoi i nidsuwjeHoi OUHAMiUHOi mouHoCcmi, sIKi niomeepounu OOYiAbHICMb BK/MIOUEHHs 8 cucmeMy 000amKo8020 KAHAY
KomneHcayii enaugy 36ypeHb. HagedeHi pe3ynbmamu npomucaosux aunpofyeaHb yCmamkye8aHHs ma cucmem agmomamusayii.
BusigneHi payioHanbHi napamempu mexHo102iUHO20 npoyecy CyWiHHS 8UHO2PAOHO20 HACiHHA. BunpobogysaHHs niomeepouau
3aseneHi Xxapakmepucmuku po3pobsaeHux cucmem asmomamusayii i ycmamxyeaHHsi.

Abstract: In this article working results on EU grant project Ne 83263440 “The development of Ukrainian-Moldavian
cross-border production-scientific-educational cluster on the processing of secondary winemaking products” are examined.
Activities are aimed at reducing prime cost of winemaking products due to the complex processing of secondary raw
materials, which makes it possible to obtain products that are of considerable value for a number of national economy sectors,
namely: ethyl alcohol, tartaric acid, enotanin, grape butter, vitamin B bioconcentrates, vitamin D, fodder feed, abrasive
materials and others. A rational for Odessa region processing technique is presented, which includes new models of
equipment — a separator, a crusher, an infra-red dryer. Means of raw materials heat treatment and equipment designs are
protected by Ukrainian patents. According to the proposed methods of heat treatment, the IKS-1 dryer provides infrared
heating of grape seeds with its subsequent adiabatic cooling-maturation. Dryer design diagram is provided. Technical
implementation of infrared dryer automatic control system is examined as well in MatLab/Simulink environment, namely:
control algorithms which ensure high accuracy of maintaining the temperature of the seeds during drying. The model of the
dryer as a control object is presented, the structure of the system is proposed, which allows partial compensation of the
external uncontrollable disturbances influences on the seeds temperature. Conventional and increased dynamic accuracy
automatic control systems comparative simulation results are shown, which confirmed the expediency of inclusion an
additional channel of external disturbances compensation. The results of industrial testing of equipment and automation
systems are presented. The rational parameters of grape seeds drying technological process are revealed. The tryouts
confirmed the claimed characteristics of the developed automatic control systems and equipment.
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KnrouoBi cnoBa: cxema mepepoOKd BHHOTDAJHUX BHUABKiB, iH(payepBOHa CyllapKa, CHUCTeMa aBTOMATUYHOTO
peryJiroBaHHs 3 KOMIIEHCAI[i€l0 30BHIIIHIX 30ypeHb

Keywords: grape cake recycling scheme, infrared dryer, automatic control system with compensation of external
disturbances

Bcryn

InTerpariis Ykpaiau i MonoBu y CBiTOBHIT €KOHOMIUHHM MPOCTIP CYTIPOBOAKYETHCS )KOPCTKOI0 KOHKYDEHITi€I0 Ha PUHKY
BUHA, 1110 00YMOBJIIOE€ HEOOXiZHICTh MifIBUILIeHHS SIKOCTi BUHOPOOHOI MPOAYKLil Ta 3HMKeHHs 1i cobiBapTocTi [1]. IcToTHIM
pe3epBOM 3HIKEHHS CO6iBapTOCTI BWHAa B YKpaiHi € e(eKTHBHe BUKODUCTaHHS BUHOTPajly LUISIXOM BIPOBa/KEHHS
0e3BifXiIHUX TEXHONOTiH, sKe PO3IJISJAETbCS SIK CTpAaTeriuHUil HampsMOK parliOHaJbHOTO BHKOPHCTAHHS 0OMEXeHUX
TIPUPOJHUX PECYPCiB i OXOPOHU HABKOJIMILIHBOIO CepefloBUILIA.

ITpu mepepo61ii BUHOrpaZy Ha BUHOMaTepiaan yTBOPHOeThcs 15...20 % BTOpPUHHOI CMPOBWHM, paljioHa/ibHa repepobka
SKOI [la€ MOJK/IMBICTb OZlep)KyBaTW TMPOAYKTH, 0 TMPeZCTaB/siOTh 3HAUHy L{iHHICTb A psfy raays3ell HapoJHOTO
rocrogapcTsa. TakUMHM €: eTHIOBUH CIUPT, BUHHA KUC/IOTA, EHOTAaHWH, BUHOTPaJHe Maciio, Oi0KOHIIeHTpaTH BiTaMiHiB rpymnu
B, Bitamin D, Gypakai Kopmu, abpa3vBHi MaTepianu Ta 6e3mid iHIIMX.

3 MeTOI0 BUpillleHHs iCHyl0UMX Tpo0JieM, MOB'sI3aHUX 3 TIepepOOKO0 BTOPUHHOI CHPOBHHU BUHOPOOCTBA, TI0UaBCs TIPOLieC
006'e1HaHHS] BUHOPOOHMX Mi/IMPUEMCTB Ha OCHOBI K/TaCTEPHOI i1e0/10rii.

B 2017 p. EBporelickkuM COI030M YKpaiHi Ta Mosnzosi 0y/10 BugiseHe GhiHaHCYBaHHS [jisl peai3allii TpaHTOBOTO TIPOEKTY
€C Ne 83263440 «P03BUTOK YKPaiHCHKO-MOJIIABCHKOTO TPAaHCKOPJOHHOTO BHMPOOHWYO-HAYKOBO-OCBITHBOTO KJlacTepa IO
repepoO1li BTOPUHHUX MPOJYKTiB BUHOPOOCTBa».

ITapTHepamu rpaHTOBOIO MPOEKTY €:

0  lleHTp perioHanbHOro po3BUTKY «Stabilitatea» (Kompat, Monjosa) - nifupyrounii napTHep;

0 TI'O «lleHTp MicbKOro PO3BUTKY Ta iHhopMaLiiHUX TexHOsori» (Ofeca, YkpaiHa);

0  Acouianis «Bunorpazapi i BuHopobu Opecekoi obnacti» (Ofeca, YkpaiHa).

AcorjilioBaHi napTHepH:

O  YKpaiHCbKa KOpHoparjist 1o BHHOIPa/ilapCTBy Ta BUHOPOOHOI MpoMHCIOBOCTI « YKpBUHIIpoM» (KuiB, YkpaiHa);

0  Ogecrka HarjioHaIbHA aka/ieMisi XxapuoBUX TexHosorii (Opeca, YkpaiHa);

0  IuctutyT mpobseM PUHKY i eKOHOMiKO-eKostoriunux gocaimkeHs HAHY (Ogeca, YkpaiHa);

0  HauioHanbHuii HayKOBUI 1jeHTpP «[HCTUTYT BUHOTrpajapcTBa i BuHOpoOcTBa im. B.E. TaipoBa» (Opeca, Ykpaina).

AmHasii3 iTepaTypHHX AaHHX i IOCTaHOBKA NMPo6/ieMu
00yMOB/IIOIOTL Te, 110 BTOPMHHA CHPOBHMHA BMHOPOOCTBA MO 3MiCTy 0i0/IOTiyHO aKTHMBHHX peUYOBHH IlepeBepIly€e BUXIJHY
cUpoBUHY i BuHO. I1pu parjioHasbHIH 11 TepepoOIii MOXXHa ofjep>KaTy TIPOAYKTH, sIKi TIPe/ICTAB/ISIOTh 3HAUHY LiHHICTh 715 Py
rasy3ei IpOMHUCIOBOCTI: XapuoBoi, (hapMarieBTHUHOT, TTap(hoMepHO-KOCMeTUYHOI Ta iH.

IpyKiaau NpoAyKTiB TiepepoOKY BTOPUHHOI CUPOBUHU BUHOPOOCTBA HaBeieHi B Tabsuii 1.

Tabsmuisa 1 — IpoaykTu nepepodKu BTOPHHHOI CHPOBMHH BHHOPOOCTBA

BropuHHa cupoBUHA IIpoayKTH nepepo0KH BTOPHHHOI CHPOBHHH BUHOPOOCTBA
BHUHOpPOOCTBa (KOHI|eHTpaLlisi KOPUCHUX PEYOBUH y BUXi/iHiil CHPOBHHI)
I'pebeni EnotanuH (0,22...2,5%), BUHHA KUC/IOTa, Haroi, [00puBa
BuuaBku ETunoBuii ciupT, BUHHA KUC/IOTA, BYT/I€BOAM, T10/1i(eHO/TbHI KOHL|eHTPaTH, Haroi
. BuHorpagne maciio, (9,9...17,9 %), Bitamin D, KopM fiJ1s1 TBapUH, XapuoBUH
Hacinns . . o . o
TIOPOILIOK, abpa3uBHi Marepianu, eHoTanuH (0,31...5,6 %), 6inok (8,2 %)
[Mkipouka [MonideHonsHI KOHIeHTpaTH, eHoTaHuH (0,15...4,2 %), KOpM /i/1s TBapyH, J00prBa
. . CriupT, 6iOKOHIIEHTpATH BiTaMiHiB rpyru B, O1/IKH, TeNnTHH, aMiHOKHUC/IOTH,
JpiKmpKoBi oragy

eHaHTOBHUH edip

Hali6isnbIny yacTKy i 3HaUMMICTb Cepej BTOPUHHOI CUPOBHHH BUHOPOOCTBA CTAaHOBJSITH BUHOTPA/HI BUUYAaBKH, TIepepoOKa
SIKHX € He BUPIllIeHOt0 TIPo06/1eMor0, HaJ| KOO TTPALjfo€ Halll KOJIEKTHB.
PayioHanbHa cxema nepepobku 8UHOPAOHUX 8UUABKIG
BuuaBku — Lie 1IibHUM 3a/MILIOK TBEPAUX YaCTMH BMHOTPAJHOTO I'DOHA, SKWUM OJ|ep)KYIOTh ITiC/Is NpecyBaHHsS COIOAKOL
abo 30po/KeHOI Me3rH.
Y 3B's3Ky 3i HIBUAKMM OKHCHEHHSIM i MiKpoOia/bHUM TCYBaHHSIM IIi€i CUPOBMHM HeoOXiAHUH 11 MOALM i CyumiHHS, 1[0
3abe3neuye TprBase 30epiraHHs, 4acTo — 10 OHOTO POKY.
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3aKop/IoHHe TeXHOJ/IOTiUHe YCTaTKYBaHHS JJIs L€l METH JJOCUTb BUTpPATHE B MpUAOaHHI Ta 00CayroByBaHHi. Lle o6Mexye
Horo 3acTocyBaHHs1 i CTaBUTh 3ajjauy pO3pOOKHU OFO/PKETHOTO BiTUM3HSHOTO aBTOMATU30BAaHOTO YCTaTKYBaHHS, L0 He
TMOCTYTIAETHCSA 110 IKOCTI iCHYFOUMM 3aKOPJ,OHHUM aHa/IoraM.

Ha mepuiomy etarti Hamy po3poOsieHi Ta BUrOTOBJEHi ZOC/IiZHO-TIPOMUC/IOBI 3pa3KM yCTaTKyBaHHs, HeoOXifHOTO s
MEepBUHHOI T1epepoOKM BUHOTPaZIHUX BUYaBKiB. Lle [03BO/MIO 3amporoHyBaTH paijioHanbHy fAias8 OfieCbKOro perioHy
TEXHOJIOTiUHy CXeMy, IpefCTaBleHy Ha puc. 1. Bosori BUYaBKM Mic/si BUHOIPaJHOrO Ipeca IepepobHOro MmiJlpHEMCTBA,
HaMpHK/aJ], TPAHCIIOPTePOM (CTPiUKOBWM, IIHEKOBMM a00 iHIIMM) HaMpaB/siOTh Y MPUHOMHMEN OyHKep po3pob/ieHOro Hamu
cernlaparopa BUHOrpagHux HacinHsg CBC-2 npogykrusHicTio 1000...1200 kr/rog,.
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Puc. 1 — Cxema nepepo0KH BHHOTPa/JHUX BUYABKIB i rpedeHiB

TyT BUUaBKM Tifal0Th 2-X CXif4acTOMy MexaHiuHOMY BrymBy. Ha mepiioMy etarti BiZiOyBa€eThCsi pO3IMyLIEHHS! IPYOK
BUYABKIB i BifjlileHHs1 HaciHHS BUHOTpay Bif #ioro mkipouku i m'sikoti. IloTim ycto Macy mpociBaroTh, pO3Zi/IsiFOuM Ha TPU
MOTOKU: KajibpOBaHOr0 HACiHHS, IIKiPOUKH 3 M'SIKOTTIO i BEJIMKMX YaCTOK M'SKOTI i3 JpiOHUM HaCiHHSIM, He TIPUJATHUAM [Jisi
oJiep>KaHHs1 BUHOTPaIHOrO Macja.

OCKillbKM OTpUMaHi CK/IafIoBi He TMiJ/IATal0Th TPUBAIOMY 30epiraHHio, iX MaKCHMajlbHO LIBMAKO HAmpaB/siOTH Ha
CYILIiHHS, HAaIIpYK/aZ, Y po3pobsieHiii Hamu iHppauepBoHili cymapri MKC-1 npoaykrusHicTio 300...350 kr/rog.

HocnigHo-npomucnoBuii 3pa3ok cyiapku MKC-1 no3BoJjisie BUCYIIyBaTH HaCiHHS BUHOTPaAy, LIKIPOYKY i M'SIKOTb, SIKi
MO>KHA Tic/1s1 1boro 36epiraTy TpMBaIui yac 10 oYaTKy iX repepoOku.

ITepepobka BHHOrpafHOrOo HaciHHs Iepefbauae BUJiIEHHs IIpeCyBaHHSAM BHHOTPAJHOIO Macjia, Horo inbTpatiito,
30epiraHHs1, 03yBaHHs Ta OyTesmroBaHHs Ha OflecbKOMY 3aBo/li KicToukoBHX i pocimHHuX oiit (O3KPO). ITpr iboMy YacTHHA
BUHOIPAJJHOTO Macjia HalpaB/IsiOTh Ha TIOJa/IbLIY MepepodKy.

BuHOrpasHy Makyxy, OTpYMaHy y pe3y/bTaTi NpecyBaHHs, PO3Me/IOIOTh Ha CIlerjialbHOMy M/MHI [2], a oTpumanuit
MOPOILIOK BUKOPUCTOBYIOTh, HAMPUKJIA[, [JIs1 O/IepXKaHHS Kakao-3aMiHHUKA, CKpabiB y KOCMeTHLI Ta iH.

BucyieHa mkipouyka BUHOTpaZy J1erKo BifjIi/IIETbCA Bifi MOr0 M'SKOTI LIISIXOM IOBITPSIHOTO CerapyBaHHS B cellapaTopi
CKM-1, sixuii y 1ieli uac IpOXOAWUTh BUTIPOOYBaHHSI.

Cyxa LIKipoYKa BUHOTPaJy BUKOPUCTOBY€EThCA [JIs1 Of\epyKaHHs HarloiB, HalIpUK/aj, yaro TUIy «Kapkaze».
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I'pebeHi BUHOTPaZy XapaKTepU3YIOThCS BEJUKOK 00'€EMHICTIO MpPU Majil Maci, [0 BUMarae iXHbOTO 3/piOHIOBaHHS Ta
yMaKyBaHHS B Tapy MO MiCIli Ofep)KaHHsl Tiepesi TPaHCIOPTYBaHHAM /I TIofanbliol mepepobku. Lle 3akazgano po3pobku
npobapku rpebeniB BuHorpagy JI'B-1 npoaykrueHicTio 250...300 Kr/rog,.

CmeopeHHs1 HOBUX XapuoeuXx i iHWUX npodyKmie

B panuit yac Ha Kadezpi TexHonorii BuHa i eHosoril (TBiE) OHAXT mnpoBoasThCst JOCTiIKeHHSI 3 METOI BU/ieHHS
KODHCHHUX DEUYOBHMH i PO3pPOOKM HOBMX XapuoBMX i IHIIMX TIPOAYKTIB i3 BTOPMHHOI CMPOBMHHM BHUHOPOOCTBa. 30KpeMa, 3
BUCYILIEHUX M'SIKOTI, IIKipOUKHU i rpeGeHiB BUHOTPAY.

Merta i 3aBaHHA AOCTi/HPKEHHSA

BUpPOOHMKM Cy4acHOTO YCTaTKyBaHHsS OCHAILYIOTh HOTo 3acobamMy aBTOMaTu3allil, siKi 3abe3rnedyoTh 3aJaHi HOMiHanbHi
peXkuMu pobOTH, 3HIDKEHHsI Ki/IbKOCTi Opaky i eHeproButpar. Y JaHili myOmikarjii po3misiHyTe MUTaHHS PO3POOKU CHUCTEMH
aBTOMaTHUYHOTO KepyBaHHs OJHOTO 3 BUJIB yCTaTKyBaHHs, a came iH@pauepBoHoi (IU) cymapka UKC-1, po3pobieHoi Hamu
151 TIepepo0KY BTOPUHHOI CHPOBMHU BUHOPOOCTBA.

Meroau i MaTepianu foC/Ti/PKeHHSA

Ingppauepeona cywapka UKC-1 sk 06'ekm Kepy8aHHs

IHdpauepBona cymapka KC-1, HaBesieHa Ha pUC. 2, TTpU3HaueHa /i1 CYITiHHS BUHOTPA/HOTO HACiHHS T1epe/ BUAiIeHHSIM
3 HBOr'0 Macjia. BctaHoOB/IeHa efleKTpUYHA MOTYKHICTh cTaHOBUTH 30 KBT, npoaykTuBHicTh 300...350 Kr/roA.

3rigHo i3 3anporioHoBaHUMH criocobamu TepMoobpobku [3, 4] cymapka MKC-1 [5] 3abe3neuye iHdpauepBoHe HarpiBaHHs
3 HACTYITHUM a/1iabaTHUHUM 0XO0JI0/PKEHHSIM-/]03PiBaHHSIM HAaCiHHS Y 30Hi pO3pi/KeHHs..

Y kopmyci 1 cymapku mnepeabaueHi perymoBasbHi 00ATH 2, 3a JOMOMOrOK SKUX MOXKHA 3MiHIOBAaTH HaXWII
(mpoayktuBHicT) UKC-1. Tam >ke 3MOHTOBaHWI BiOpOTpaHCHOPTEp HACiHHS, SIKUH CKJIA[IA€ThCs 3 TIOJIOTHA 3 i cuta 4, 110
TIpe/[CTaB/ISIIOTE COO0I0 €MHY YKOPCTKY KOHCTPYKLit0. EnekTpornprBoy 5 3a JOMOMOror mToBxaua 6 i matyHiB 7 3zifcHIoe
3BOPOTHO-TIOCTYTIANLHUI PyX BiOpOTpaHCIiopTepa, repeMimiarour 00pob/roBaHe BUHOTPaiHe HaCiHHS.

Bonore HaciHHA ]

1 — kopnyc cywapku; 2 — pezynoeanbHi boamu; 3 — nonomuo giubpomparcnopmepa (3ona I9-HaepieaHHs); 4 — cumo
gibpompaxcnopmepa (30Ha adiabamuuHo20 0X0A00HCeHHs-003piBaHHs1); 5 - eekmponpusod 8ibpompaHcnopmepas
6 — wmoexay; 7 — wamyHu; 8 — 3asaHmavicysanbHuil 6yHkep; 9 — I4-Haepieaui; 10 — I1TT memnepamypu noiomHa
gibpompaHcnopmepa; 11 — npucmpili KOHmMpoO cepedHbOI memnepamypu HACiHHSA; 12 — eeHmuasmop; 13 — KOK#Cyx 30HU
pOo3pidceHHs; 14 — wjum KOHMPOIo i Kepy8aHHsL.

Puc. 2 — 3aranbHuii BHj iHppauepBoHOi cymapku BUHoOrpagHoro Hacinaa KC-1

[y 3aBaHTa)KEHHs1 HaCiHHA y CyLIapKy mepenbaueHWi 3aBaHTa)KyBaibHUM OyHKep 8, 00/ajHaHUI pery/iroBanbHONO
3aCJIIHKOIO i IPUCTPOEM PiIBHOMIPHOI'O PO3MO/iLy HACiHHS 10 MOJIOTHY 3.

Hap, 1jum no/10THOM y TPOX 30HAX HarpiBaHHsS HaciHHs BcTaHoB/eH] IU-HarpiBaui 9. KoHTpo/b TemriepaTypu NoJIOTHA 3 Y
LIUX 30HaX (3i 3BOPOTHOI CTOPOHH LIbOTO TIOJIOTHA) 3/iMICHIOIOTH 3a JAOTIOMOTO0 TIEPBUHHUX BUMipIOBaJIbHUX I1€PETBOPIOBAYIB
(TIIT) remniepaTypu 10, y SIKOCTi SIKMX 3aCTOCOBaHi roBepxHeBi TepMoMeTpH oropy rpaaytoBanHs 10011 kinacy gomycky «By.

CepezHi0 TemnepaTypy MNOTOKY HAaCiHHS MicC/isl HarpiBaHHS KOHTPOJIIOKOTh MPUCTPOEM 11, KU COBIIBHIOE TIPOXO)KeHHS
HaCiHHA i3 O/I0THA 3 CaMOIJIMBOM Ha CUTO 4 30HU OXOJIO/KeHHs. Y NpUcTpoi 11 HaCiHHSA HANpPaBJ/ISAOTh [J0 BCTAHOBIEHUX TYT
TepMoMeTpiB oropy rpagytoanHsa 100 IT kimacy gomycKy «Bx», ocHalleHuX pafiaTopaMu i e(eKTUBHOTO TeTrIo00MiHy 3
IIOTOKOM HaciHHA. LI TepmoMeTpy, MiJK/IIOUeHi 0 MIKPOIIPOLIECOPHOIO KOHTPOJIepa, BUMIPIOIOTh CepefiHI0 TeMIleparypy B
LleHTpi NMOTOKYy HaciHHg i mo Horo kpasix. 3HaueHHs 63+20C cepefHBLOI TeMmIepaTypyd LIbOTO TIOTOKY, OZlep>KyBaHe 3a
JIOTIOMOT 010 TIPUCTPOIO 11, CBiUUTD TPO 33/jaHe 3HauUeHHsI HOro KOHJUIIitHOT BOIOTOCTI.
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Micns npucTporo 11, HaciHHA TOMAaZA€ Ha CUTO 4 — Y 30HY OXOJIOZKEHHS, [1e TPOXOJIOZKYIOTECS 3a PaXYHOK TeryIoo0MiHy
3 arMocdepHHUM TIOBITPSIM, II[0 BCMOKTYETbCSI BeHTUIATOPOM 12 Kpi3b cuto 4. [Ipy 1jpoMy 30Ha po3pimkeHHs 13 moeanHye
MiII0H cuTa 4 i3 BCMOKTYBa/IbHUM MaTpyOKOM BeHTH/IsITOpa 4.

MikporporiecopHa Ta iHIIa KOHTPOJILHO-BUMipIOBajbHA araparypa, 10 3[iliCHIOE KOHTPO/b TpOLleCy CYIIiHHS,
3MOHTOBaHa B IIUTI KOHTPO/IO i KepyBaHHsi 14. IIIUT HACTiHHOrO BUKOHAHHs 3 TiepeJHIMU [BepMH, Ma€ rabapuTu
400x400x200 MMm.

IMepma i gpyra (1o Xony pyXy HaciHHs) 30HU TeryioBoi IY-06po6Ku He pery/boBaHi. EneKTpUYHa MOTYXKHICTb OCTaHHBOI
TPeThOi 30HW HarpiBaHHsI PEryJIO€ThCS 3a JOMOMOrOK MiKPOKOHTpOJiepa i CUMICTOPHOrO mMepeTBOproBava mo curHany I1I1
ycepe/iHeHOI TeMIlepaTypH IIOTOKY HacCiHHs, SIKUil 3MOHTOBaHO B IpUCTpoi 11.

CTpykTypHa cxema iaHoro o0'ekta kepyBaHHs (OK), Mae BUT/IAZ, HaBeJileHHH Ha puc. 3.

BOJ'.IOFE 30Ha 1 30Ha 2 30Ha 3 > 30Ha CVL.
HaclHHA |9-HarpiBy |Y-Harpisy I4-HarpiBy OXONOAMEHHA HaciHHA

Puc. 3 — CTpyKTypHa cxeMa CylIapKH fIK 00'€KTa KepyBaHHsI

ZocaiddceHHs cucmemu asmomamu4Ho20 pezyaoeaHHs cywapku UKC-1

CrTpyKTypHa CXxema, HaBeJeHa Ha puc. 4, BigbOuBae MatepianbHi MOTOKM i iHpopMmaniiHi 3B's3kM B cuctemi. ITI1
TeMIlepaTypyd CyLIapKd TIOB's3aHi 3 MiKDOMPOLIECOPHUM KOHTPOJIEpOM, SKMH BHUPOO/sS€ CHUTHAaMd KepyBaHHS, ILO
BKJTFOUAIOTh/BiZIK/TFOUAtOTh BiOpoTpaHcnopTep, BeHTUsTop, IY-HarpiBaui nepiuoi i apyruii 30H HarpiBaHHs. KoHTposep, Kpim
TOI0, 3a JOIIOMOI'OK) CMMICTOPHOIO I1epeTBOPIOBaya 3MIiHIOE e/IeKTpUYHY ITOTYKHICTh [U-HarpiBaua TpeThOl 30HU HarpiBaHHS,
BUBO/ISTUM CEpe/IHIO KiHLeBy TeMIIepaTypy IMOTOKY HaCiHHS Mic/Ist 30H HarpiBaHHS Ha 3a/jaHe 3HaueHHs i cTabii3yroun Horo.

t'C sonor.| 1y- Harpisad I - HarpiBay IY - HarpiBay 30Ha t'C cyx.
“HaciHAA 7] 30HM 1 30HW 2 30HM 3 OXONOAMKEHHS HaCiHHA
7y
— — CUMicTOpHMIA
MMt C nonotHa MMt C nonotHa nepeTeopoBayY
‘i“"*~g y 4 r
MiKpOnpoLecopHUin KOHTpOAEp < MM cepefHboi t C

Puc. 4 — TexHiuHa CTPYKTypa CHCTeMH aBTOMaTHYHOI'0 Pery/Il0BaHHS
cymapku KC-1

¥ mporieci GyHKI[iOHYBaHHS Ha CUCTEMY aBTOMaTUUHOro pery/toBaHHst (CAP) cyiapku BIU/IMBaOTh 30ypeHHs, BUK/IUKaHi
BIIXW/IEHHSIM TeMIlepaTyp HaBKOJIMIIHBOIO CepeJOBMILA i BOJIOIOCTI HACIHHA Ha BXOJI B CylIapKy, Macu 1 IIBUJKOCTI
repeMilieHHs] HaciHHS TI0 BiOpOTpaHCIopTepy, KOJMBAHHS HANpyTd B Mepeski >KMBJIeHHs! Ta iHmi 30BHiHI ¢dakTopu. [is
30ypeHb 30i/Ibly€e Yac BUXO/Jy Ha HOMiHA/bHUM PE>XUM POOOTH CyILApKH i MOTipIIyIOTH sIKiCTh CTabimizalii TemrepaTypu
HaCiHHsI Ha BUXO/i, 110 4aCTO NIPUBOAUTH [J0 HEMPUITYCTUMUX KOJIMBaHb MO0 KiHIleBOI BOJIOTOCTI.

e Bu3HauMI0 HEOOXiZAHICTb NOCIIZKEHHS i po3p0o0OKU B paMkax HaBezeHOI cTpykTypu CAP pailioHabHUX aJrOpUTMiB
peryJIroBaHHs.

HocnikeHHsT CHCTeMU TIPOBOAM/IOCS IIUITXOM KOMITHOTEPHOTO iMiTariiiHoro mogemtoBaHds CAP y cepegosuii Simulink
nakera nporpam Matlab. Ha cxemi MogentoBaHHs, HaBeJeHOI Ha pHC. 5, 3HaUeHHs Kepylouux BIUIMBIB ui(t), ua(t), us(t)
TIpUKHATI B giana3oni 3miau 0...100 %. Boru mogaroThes Ha IY-HarpiBaui N, N», Ns, ripeicTaBsieHi 6e3iHepIiiiHUMU JlaHKaMH
3 KoediuieHTamu nepenadi ki, ko, ks, °3/%. Y pe3ysbTaTi HarpiBaHHs BifOyBa€eThCs 3MiHA TemriepaTyp HaciHHS yi(t), yo(t) i

y5(t) °C Ha BUXOAi BiANOBiAHO 30H 1, 2 i 3. [luHaMiKa 30H npecTaBneHa nepesatHumy dynkuismu ¢ — SR (T (Tip + 117
sIKi 3 JOCTATHBOI [ijIfl IPAKTUYHUX L[i/Iel TOUHICTIO OMUCYIOTh MPOLIeC HarpiBaHHs. 30BHIIIHI HEKOHTPO/ILOBaHi 30ypenHs fi(t),
fo(t), f5(t) BimOuBarOTH BIUIMB Ha MPOILEC HArpiBaHHS 30BHIlIHIX (aKTOpPiB, y MOZesi BOHU MPUBEJEHI [0 BXOIB y 30HAX

HarpiBaHHs i X BIUTMB BUpaXKaeThest B °C. [Ipu 1IbOMy CJTifi 3a3HAUMTH, 1[0 iHTEHCUBHICTh 36ypenHs f(t) HalbinbIIa, OCKiTbKY
BOHO T0B'si3aHe 3 HEPiBHOMIpPHICTIO ITOUaTKOBOT BOJIOTOCTi HACiHHSI Ha BXO/i i HePiBHOMIipHICTIO Hioro rnopaui.
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Crisplayi

Puc. 5 — Cxema moaemoBanasa CAP cymapku KC-1 Haiinpocrimoi crpykTypn

CAP HaMnpocCTilIoi CTPyKTYpH, SIKY 3BUYAHHO 0OUpatoTh /s MPOCTHX 00'€KTIiB KepyBaHHs, SIB/ISIE COOO0 OJJHOKOHTYPHY
cucremy 3 ITI[I-perynstopoM. Y 1IbOMy BUMAJKy PETyJsSTOp cTabimi3ye TeMrnepaTypy HacCiHHS Ha BUXOZi i3 TPeThOi 30HU Ha
3HAUEHHI ts; = 63 °C, 3MiHIOIOUM TOTY>KHiCTh HarpiBaua N3. fIKicTb perystoBaHHSI MO)Xe OyTW OLliHEeHa, HamnpWKIaf, 3a
KpUTepieM

1

1= =2 [T™%e(t)|dt, — min

Trmod

e Tma — 4Yac MogfiemoBaHHs, e(t) — TMOMWIKA PpeTy/IIOBaHHS, sKa JOPIBHIOE PDIi3HUII MDK IMOTOYHUM 3HauyeHHSM
pery/b0BaHOl TemMIiepaTypH i 3alaHuM.

B mnporeci ekcrutyaratii Ha CAP 6e3ynMHHO BIUIMBalOTh HEKOHTPOJbOBaHI BUPOOHWUI 30ypeHHs, 10 MPUBOJSTH 10
TIOTipILIeHHs SIKOCTi i1 po0oTH.

YacTKOBO KOMITEHCYBATH BILIMB, HAMpUk/aj, 30ypenns fi(t) Ha perynboBaHy 3MiHHY — TeMIIEPATypy B TPETili 30HI MOXKHa
nipi BUKopucraHHi CAP 3 KomrieHcali€to 30ypeHb.

OckinbKu TemriepaTypa TOJIOTHA BiGpOTpaHCIIOpTepa Ha BHXOAi 3 TEpLIOi 30HM BUMIDIOETBCS, TO MOXKHA TIPH LbOMY
noOy/JyBaTH JOJATKOBUM KaHai 3B'S3KY, SIKMH Oy/le KODPEKTYBaTH KepYyIOUWi BIUIMB DEry/sTopa, MOJIMIIYyIOUM SKiCTb
perymoBaHHsL. I3 11ieto MeToto Oysia ckiazeHa cTpykTypHa cxema CAP 3 KomneHcatiero 30ypeHHsl, HaBefieHa Ha puc.6.

Ipu 1pOMY CJ1if 3a3HAYMTH, 1110 HeoOXiJHOIO YMOBOIO BUKOPUCTAHHSI [JAHOI CTPYKTYPH € aZieKBaTHICTh MO/iesiel mepiioi i
Jpyroi 30H HarpiBaHHsl iX peajbHUM JUHAMiUHMM BJIaCTUBOCTAM. I3 Iii€t0 MeTO Ha JOC/IiJHO-IPOMMUC/IOBOMY 3pasKy
cymapku MKC-1 Oysiu eKcriepUMeHTa/IbHO BH3HAueHi TepeXiZiHi XapaKTepUCTHUKW 30H HarpiBaHHS, a MO OTPUMAaHUX MpHU
JbOMY pe3y/ibTaTaM mobyZoBaHi BiAmoBifAHI Mozesni. ¥ mporieci JocsTifHO-MPOMKCIOBOT eKcIutyaTarii cymapku B 2017 p. 6ysio
3pobJieHe TIPUMYILEHHS], 1[0 /i1 3HWKEHHs] KOJIMBaHb TP MYCKY CUCTeMH 3afilaTuuK y faHidi CAP noBuHeH OyTu iHepLiiHUM
(610 Zad Ha puc.6) 3 epejaTHOIO QYHKI[IERO

W(p) =1/(5+Tip + 1).

Pe3ynbTaTH J0C/TiKEHDb

IMpu mapamerpuuyHoMy cuHTe3i patjioHanbHOI CAP 0y/io mpoBefeHO KOMITIOTEDHE MOJETIOBAHHS CUCTEMH B Di3HUX
pexumax 1i poboTu. [esiki 3 pe3y/bTaTiB HaBeZleHi B JaHil myO:mikariii.

Ha puc. 7a moka3saHi JuHaMiuHi XapaKTepUCTHKW 30H HarpiBaHHs cymrapkd MKC-1 sk 00'eKTiB KepyBaHHS, a TaKOX
(hparMeHTH CTaMX PEXUMIB 3 KOJIMBaHHSIMH KiHIIeBOI TeMIlepaTypy HarpiBaHHs HaciHHA i/ BIJIMBOM 30ypeHb.
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6) B)
a) cxema MoOent8aHHsl 3 KOMNEHCayiero 308HIlUHbO20 30ypeHHs fi(t);
6) cxema modeni nepwoi 30HU HaepieanHs (Model 1);
8) cxema modeni Opyzoi 30HU HaepigaHHs (Model 2)
Puc. 6 — Cxemu mogemoBanaa CAP 3 kommneHcani€ew 30ypeHb
80 80 —
T°C I°C
70 e 70 S o s T—
/3ora 3 TeaxC ;\/ \
60 £ 60 e -
/ J0Ha £ r/ i
- Has 2
50 //_'_ 50 /
40 - Qarail] 40 /
L === T
30 30
/ t.c / t.c
20 20
0 100 200 300 400 : 0 100 200 300 400 500
a) 5)

a) — nepexioHi ma cmani npoyecu 8 OK;
6) — nyckoei pesicumu CAP: 1 — 3 6e3iHepyuoHUM 3a0amuuKoM;
2 — 3 iHepyiliHUM 3a0amuuxom
Puc.7 — Pe3y/IbTaTH KOMII'FOTEPHUX eKCIIePUMEHTIB

Pesynbratu mopemoBaHHs CAP, HaBezieHi Ha puc. 76, MiATBepIXYIOTh JOLIBHICTH NMPUHAHATOrO TMPUITYIIEHHS TPO
3aCTOCyBaHHS iHepLiltHOrO 3azaTyrKa. I1py 1ibOMyY Yac BUXOJY Ha peXKUM i KOJIMBaHHS TeMITepaTypy IPH IyCKy CUCTeMH, sIKi
BUKJIMKaHi 3aMi3HeHHsIM Y KOHTYPi Pery/IioBaHHs i 00Me)KeHHsIM KepyHUoro BIUIUBY PerymsiTopa, 3HKYHOThCS.
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[esiki pe3ysibTaTy MOPiBHAMLHOTO JOCTipkeHHs pisHux CAP mip ziii BUMaZKoBrX 30ypeHb HaBe/ieHi Ha puc. 8.

64
63.5
63
62.5
% . O OSSO USSP i
t.c
1000 1200 1400 1600 1800 2000

1 — ¢ppaemenm 3miH peeyabosaroi 3miHHOI y 38uuatinili CAP;
2 - ¢ppaemeHm 3miH pezyabosaHoi 3miHHoi 8 CAP 3 komneHcayieto 30ypeHb

Puc. 8 — ITopiBHsA/IBHI pe3ysibTaT MoperoBanHsa CAP

BukopucTadHs 3amporioHoBaHOoi CTpykTypu CAP 3 KomreHcarjiero BImBy 30ypeHHs fi(t) 3a iHmmMX piBHMX yMOB
JI03BOJIUJIO 3HU3UTH (KpHBa 2) aMIUIITyJi KOJIMBaHb i 3HaUeHHs KpUTepito SIKOCTi perymtoBaHHs. [JaHa ctpyktypa CAP mMosxe
OyTH e(eKTMBHO BUKOPHUCTaHA Ha IPaKTHULL.

Peanizariist 3anporionoBaHoi CAP moxke OyTH Jierko 3/jiliCHEHa MPOTrPaMHUM MUIIXOM 3 BUKODUCTAHHSIM BiTUM3HSHOTO
MiKpOIIPOLIeCOPHOTO KOHTpOJiepa, Hanpukiaz, tTuny MIK-52 dgipmu « Mikpos».

BunpobysaHHsi po3pobneHux cucmem i ycmamxyeaHHs

3 MeTow TiepeBipkU e(eKTMBHOCTI 3arporOHOBAaHUX HAMU pillleHb Oy BUrOTOBJEHI 3MeHIleHi Gi3uudi mopesnti
yCTaTKyBaHHs [|/is1 TEPBUHHOI MepepoOKH BTOPUHHOT CUPOBUHK BUHOPOOCTRA.

Bocenu 2017 p. ui mogeni Oynu mignaHi BunpoOyBaHHSIM Ha OpfecbkoMy 3aBOJi KiCTOUKOBMX i DOCTHUHHMX OJTiH.
YcniwHicTs BUNpoOyBaHb BifKpya AOPOTY MOJAJBLIIOMY BJOCKOHATFOBAHHIO HAIIMX PO3PO0OK. Y HaC/iIKy Oy/M BUTOTOBJIEHi
i 1oCITiTHO-TIPOMUCIIOBI 3pa3KM yCTaTKyBaHHs, sIKi Tako Mpouiu BurnpodysanHst Ha O3KPO.

Ipy BUMpPOOYBaHHAX y SIKOCTi CHPOBMHH BHKOPUCTOBYBa/MUCs BOJOTI (5542 %) BUYaBKU BUHOTPAZy, a BUCYILIEHi 3pa3Ku
HaCiHHs, IKipOYKH, TIOPOIIIKY 3 MaKyX{ HaCiHHS OL[iHFOBaJIM 3Ti/{HO 3i CTaHJapTHUMHU MeToAuKamHu [6, 7, 8].

HocnmimKyBanucs pi3Hi pexkumu poOOTH YCTaTKyBaHHS, BIUIMB Py (aKTOpiB, cepes sIKMX 3MiHM MacH i MIBUAKOCTI PyXy
CHIPOBHHH B 30HaX 00POOKH, KiIbKOCTi MMPOXOAiB CHPOBUHH, TEMIIEPATYPHI peXXKUMH Ta iH.

Tak, Hampukiaj, TMpy JOC/Ti/PKeHHI A0C/TiIHO-TIPOMUCIOBOTO 3pa3Ka iH()pauepBOHOI CyIIapKd BUHOTPAJHOTO HACiHHS
HVKC-1 6y/0 BCTaHOBJIEHO, 11J0 3HAUEHHS CepeIHbOI KiHIIeBOI TeMrepaTypH HaciHHs 63+2 “C micis [Y-HarpiBaHHs BiJnoBigae
3HaueHHI0 8-10 % BOJIOrOCTi Ha BUXOA| i3 CyIIapKH, a «4ac repeOyBaHHSI» Y 30HaX CYLIiHHS MPU LIbOMY CTaHOBUTH OJIU3BKO 2
XBUJIMH.

Bocenu 2018 p. po3pobsieHi Hamu [JOCTiJHO-TIPOMUC/IOBI 3pa3Ku yCTaTKYBaHHS MPOUIIIM «IOJIbOBI BUIIPOOyBaHHS» y
rocrnozapcTsi « @pymyimka-Hoea» TapyTrHcKoro paiiony Opecbkoi obsacri (puc. 9).

Cemnaparop BuHOrpagHoro HacinHs CBC-2, IU-cymapka IKC-1 i gpobapka BuHOrpaguux rpebedie [I'B-2 Gymu
3MOHTOBaHi Ha BiJKpUTOMy MaH[aHUMKy TOCIOZapCTBa i BHUKOPHUCTOBYBAJIMCS [Jisi TEPBUHHOI TMepepoOKH BUHOTPAJHUX
BUYABKIB i rpebeHiB, 11[0 HAJXOJU/IHU 3 MIiCLIEBOI'O BUH3ABO/Y.

OTtpuMaHi rpu 11bOMyY HariB(pabpUKaTH MOCTY>KUIA CHPOBUHOIO TIPH IXHiM MO/a/blIii epepobiii BiAMOBIHO pO3rITHYTiH
paxirie cxeMi (guB. puc. 1) Ha O3KPO.

Y mporeci ekcrutyarariii po3po6/ieHOro HaMH yCTaTKyBaHHsI OyJii BUSIBJIEHI Ta yCyHYTi OKpeMi He[[OTiKH, BiJpaliboBaHa
TEXHOJIOTisl HOro 00C/yroByBaHHs. 3pa3Ku rOTOBUX MPOAYKTIB Oy mijijaHi 1abopaToOpHUM aHasi3am.

Y wuinomy BUMNpoOyBaHHS TMPOMIUIA YCHIlIHO, TMiATBEPAMBIIN 3asB€HI XapaKTePUCTHKU PO3PO0OJIEHUX CHCTEM
aBTOMaTH3aLlil I ycTaTKyBaHHS.
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1 2 3
1 — cenapamop 8uHoepaoHo2o HacinHa CBC-2; 2 — in¢pauepeoHa cywapka UKC-1;
3 — dpobapka 2pebenis guHozpady JI'B-2.
Puc. 9 — BunpoOyBaHHs po3po0/IeHOr0 YCTaTKyBaHHsI B rocrnojapcrsi « Ppymymmka-Hopa»

BucHoBku

1. Tlepepobka BTOPMHHOI CUPOBUHH BUHOPOOCTBA € Ba)K/TMBUM HapOAHOTOCIIOAPCHKUM 3aBJJAHHSIM.

2. Po3spobneHa panioHamsHa A1 OJecbKOro perioHy TexXHOJOriuHa cxeMa TepepoOKM BHUHOTPaJHUX BHUABKiB i
rpebeHiB.

3. Po3pobsieHuii i BUTOTOBIEHUH PsAfl, AOC/TiIHO-TIPOMUCIOBUX 3pa3KiB YCTAaTKyBaHHS /IS peastizariii 1i€i TeXHOIoriuHol
CXeMH.

4.  Po3spobiieHa, f0CTi/KeHa, 3MOHTOBaHa i Hanmaro/pkeHa CAP iH(ppauepBOHOI CyIllapKH BUHOTPAJHOTO HACiHHS.

5. TlpoBegeni ycmimHi BUipoOyBaHHST po3po0/ieHHMX 3pa3KiB CHCTEM i yCTaTKyBaHHs B J1abOpaTOPHHMX i 3aBOACHKHX
yMmoBax Ha OfecbKoMy 3aBOZi KiCTOUKOBMX i DOCIMHHUX Ofill, a TakoX B «IOJIbOBUX yMOBaxX» arporocroflapcrea «
®pymyrka-Hosax.

6. Kommekc po3pob6ieHOro BiTUM3HSHOIO yCTaTKyBaHHS MOXKe OyTH peKOMeH/0BaHWi [ e()eKTHBHOI repepobKu
BTOPMHHOI CPOBUHH BHHOPOOCTBa B YKpaiHi i MoszioBi.
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Abstract:The operation of technical objects is subject to the regulatory conditions established by their manufacturer.
Regime of regulatory conditions keeping needs to be controlled. A new technical object at the time of commissioning has an
initial, maximum level of technological efficiency of operation, including ecological, economic and general technical
components, and has an initial, complete working capacity resource too. During operation, the technical object wears-out, its
technological efficiency is reduced. In accordance with the international standard and the standard of Ukraine, a technical
object that has exhausted a resource is subject to decommissioning and replacement with a new technical object, since at a
level of technological efficiency that is less than the minimum, the use of technical object is inexpedient. However, in the
current difficult economic conditions in Ukraine, the replacement of worn-out equipment with a new one is impracticable.
Further use of worn-out equipment is inevitable. To control a worn out object, complex automation is required. The technical
object is studied in this direction from three positions. The first is to study the process of wearing-out. The second is the
prediction of wearing-out dynamics. The third is the object control in the process of its wearing-out. The development of the
theory and practice of worn out objects automating leads to the formulation of new tasks. With long-term operation of the
equipment, it is necessary to periodically adjust its characteristics. It is necessary to create adaptive automatic control systems
that take into account the degree of equipment wear-out and conditions of its operation. It is important to establish the
patterns of influence of the current state of the equipment and the operating conditions on its residual resource. A productive
way to increase the efficiency of worn-out equipment is its renovation by implementing measures that increase the level of
efficiency of the most worn-out elements of technical objects. The technical objects control with registration their wear-out
will ensure compliance with the regulations for their operation.

Keywords: technical object, regulatory conditions, wear-out, control, technological efficiency, automation, renovation.

Introduction

The stagnant development of world production, which began in the middle of the last century and continues today, has led
to a complication of its state. In Ukraine, as in other countries, in the fleet of operating equipment, the proportion of technical
objects (TO) that have spent their working capacity resources has increased prohibitively. For example, in the most advanced
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industry - power engineering - more than 95% of the existing boiler equipment has worked more than 1.5-2.5 resources. The
level of technological efficiency of worn-out equipment is lower, the longer it functions after the completion of its resource
use. Such equipment needs to be renovated in order to improve its technological efficiency. The next, higher level of
renovating a technical object is the renovating of the control system of a technical object with regard to its wear-out.

The problem of increasing the technological efficiency of worn-out equipment has been formed and continues to worsen.
The significance and scope of the required varied efforts to solve the problem are of the state level and of paramount
importance. The program of measures to solve the problem is complex, very resource-intensive and urgent.

The most important condition for successfully solving this set of problems is to ensure high-quality control of all stages and
parts of the process of solving it.

One of the elements of the problem is the task of technical objects control with registration their wear-out.

A new TO at the time of commissioning has an initial, maximum level of technological efficiency of operation, including
ecological, economic and general technical components, and has an initial, complete working capacity resource too. In
practice, the level of technological efficiency of TO is judged by the level of one of the three components listed above, which
is accepted as the leading one for this TO.

From the moment of putting into operation, TO begins the expenditure of a resource, wears out. This leads to a continuous
decrease in the level of its technological efficiency, all its components. In this case, the residual working capacity resource is
reduced.

At the moment of the completion of the expending (i.e. exhaustion) of the resource, the TO reaches its limit state, the level
of its technological efficiency reaches its minimum permissible value.

In accordance with the international standard and the standard of Ukraine, a TO that has exhausted a resource is subject to
decommissioning and replacement with a new TO, since at a level of technological efficiency that is less than the minimum,
the use of TO is inexpedient, if to proceed on generally accepted standards and requirements for the degree of perfection of
relevant existing TO.

The TO working capacity resource, declared by its manufacturer, can be realized if the regulatory conditions of operation
specified by the manufacturer are observed. Regulatory conditions are a complex set of interrelated technical and
organizational factors. To comply with the regulatory conditions, the maintenance regime for this complex must be controlled.
This control task is very difficult. In particular, due to the need to renovate the traditional control process, taking into account
wear-out.

As it's known, the operated technical object wears-out. The level of its technological efficiency decreases. The patterns of
this process are complex and insufficiently studied. This set of questions is the subject of technical gerontology (TG).

Statement of problem

The solution of the TG problems is based on the optimization of the operating mode of TO, which can be implemented only
through the use of their integrated automation. At the same time, it is necessary to use the entire arsenal of automation
equipment, all its elements, and above all, control, regulation, blocking, protection, alarms, and technical diagnostics.

It is assumed that the TO is initially equipped with traditional means of automation, which help to solve common
technological problems. Realignment to automation in accordance with the rules and regulations of the TG puts forward new
elements of technological problems, sometimes requiring an unconventional approach to finding ways and means to solve
them. It puts forward new tasks within each of the three functions of the TG as a scientific discipline [1 - 4].

Solutions of problem

Let us dwell on the functions of the TG.

1. The TO studying with registration their continuous wear-out (primarily due to the degradation of structural materials by
strength properties) during operation.

2. Prediction (forecasting) of the process of wear-out of objects in time.

3. Object control taking into account the process of their wear-out in time, which is equivalent to the indirect control of this
process.

Within the framework of the first function, it is necessary to study in depth a number of issues, including the following:

- factors affecting the condition of the TO; means of obtaining signals proportional to the current level of physical
quantities, which act as such factors;

- the separation of these factors into the ones which depend on the properties of TO and the regime factors which do not
depend;

- mechanism, character, direction, intensity of the impact of these factors (static characteristics);

- the consequences of their long-term effects on TO, i.e. signs of wear-out (dynamic characteristics of output parameters,
first of all - strength and other service properties of structural materials in technologically especially important details,
properties of the surface layer on their working surfaces, deformation of gaps in joints, regime of appearance and development
of cracks, etc.);

- the dynamics of change in the state of TO (its reaction) under the action of various factors individually and in their
totality;
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- methodology and method for assessing this state based on the analysis of data about its reflecting parameters,
characteristics of TO;

- indicators (characteristics) of the properties and state of important parts and TO as a whole, the level of which should be
affected by the automatic control system (ACS) in the framework of solving the general task of control of TO wear-out ; means
of receiving signals proportional to the current level of such indicators;

- technological process parameters that characterize the mode of TO operation, the value of which can be used in
automation to solve this problem; means of receiving signals which proportional to the current level of these parameters.

In the second function, the following is necessary:

- to have information about the properties, TO state and mode of operation at the previous stage;

- to have the results of solving the problems of the first function;

- to have information about the permissible deviations of the controlled parameters of the TO state (for example, about the
permissible degree of degradation of structural materials by strength parameters) and the technological process at the
upcoming stage of their operation;

- to have a technical assignment for the projected phase of the TO operation, which contains information about the
upcoming mode of operation and the allowable degree of wear;

- to perform the estimated forecast of TO wear-out and tear at the upcoming stage of their operation;

- to develop organizational-technical regulation for the TO control at the upcoming stage of their work.

As part of the third function, the following is necessary:

- to ensure the collection of current operational information about the TO state and the state of the technological process,
their processing, generalisation and analysis;

- based on the current results of the analysis, promptly to diagnose the state of the TO in real time (or with an admissible
small delay);

- on the basis of the obtained data, to work out an the control algorithm for the process of wear-out and tear for the next
period;

- to ensure the operation of the ACS of process TO wear-out in accordance with the regulations drawn up according to the
norms of the TG;

- to carry out the necessary scientific procuring and technical service of ACS of wear-out process.

It should be noted that the evolution of TG puts forward a number of new technological tasks within each of the three
above mentioned functions. In this regard, in relation to the field of this scientific discipline before the theory and practice of
automation, features of solving traditional problems appear, new problems arise. Among the latter are the following:

- identification of objective unambiguous clear signs of TO wear-out, free from the influence of any factors except its
condition;

- the transformation of these signs into a useful technologically expedient signal of full value metrologically , changing its
parameters and transferring it to the automation system;

- creation and development inside the existing systems of technical diagnostics of the element (unit) responsible for
assessing the condition (degree of wear-out) of TO, taking into account their operating time (age);

- creation in the automation system of a contour of software control of the TO wear-out process, containing elements of
logic and designed to extremely slow down this process, to ensure a high degree of adaptation of TO to operation conditions, to
assess their condition, to optimize the operation mode taking into account the degree of wear-out, to evaluate the residual
working capacity resource.

Traditional ACS are customized with regard to the actual static and dynamic characteristics of TO in controlled areas of the
technological process. Over time, due to the wear-out of objects, these characteristics undergo changes. Therefore, for
equipment used for a long time, it is necessary periodically to do testing and adjust the characteristics. This is one of the
elements of novelty in the application of traditional automation.

The radical solution of the problem is to create such ACSs of TP that would allow to optimize the process of control of
objects taking into account their continuously changing state throughout their operation. This solution should be based on the
use of special adaptive self-adjusting ACS in which the adaptation node operates according to an algorithm that takes into
account the current state (degree of wear-out) of the TO and the conditions of their operation.

The wear-out control program should primarily concern the most vulnerable parts of TO, i.e. those that determine their
condition throughout the campaign. In practical conditions, the adjustment of the program or its individual fragments is
inevitable. In particular, after the reconstructive repair of the mentioned vulnerable parts of TO, it is necessary to make
corrections in the appropriate places of the program. In this sense, the adaptability of the wear-out management program must
be high.

To create new ACS by the TO wear-out process, to develop new algorithms, it is necessary to know the regularity of the
influence of the current state of TO, conditions and duration of operation on the properties and residual resource of these
objects. Data collection to establish these regularities is an important and urgent scientific and technical problem. It has
significant features in each of the areas of production, in each of the real TO.

It is essential to reflect the tasks of the TG in the curricula of universities [5].

30


http://www.atbp.onaft.edu.ua/

ﬂ'ﬂ AsTomaru3atiis TexHosorivHux i 6izHec-niporeciB Volume 10, Issue 4 /2018 W
http://www.atbp.onaft.edu.ua/

Conclusions

1. The operation of technical objects is subject to the regulatory conditions established by their manufacturer.

2. Regime of regulatory conditions keeping needs to be controlled.

3. During operation, the technical object wears-out, its technological efficiency is reduced.

4. To control a worn out object, complex automation is required.

5. A worn-out technical object is studied from the standpoint of studying the process of wearing-out, predicting the
dynamics of wear-out, and controlling the object in the process of its wear-out.

6. With long-term operation of the equipment, it is necessary to periodically adjust its characteristics.

7. It is necessary to create adaptive automatic control systems that take into account the degree of equipment wear-out and
conditions of its operation.

8. It is important to establish the patterns of influence of the current state of the equipment and the operating conditions on
its residual resource.

9. Control of technical objects with regard to their wear-out ensures compliance with the regulations for their operation.

10. A productive way to increase the efficiency of worn-out equipment is its renovation by implementing measures that
increase the level of efficiency of the most worn-out elements of technical objects.

11. The technical objects control with registration their wear-out will ensure compliance with the regulations for their
operation.

References

[1] Voinova S.O. Tehnichna gerontologiya yak naukova distsiplina. Zmist. Mistse. Priznachennya / Mater. n.-t. konf.
«Novyie i netraditsionnyie tehnologii v resurso- i energosberezhenii», 28-29 sent. 2006g., Odessa - Kiev: ATM
Ukrainyi, 2006.- S. 16 - 20.

[2] Voinova S.O. Tehnichna gerontologiya i yakist roboti znoshenogo ustatkuvannya / Mater. VI Mezhdunar. n. — praktich.
konf «Kachestvo, standartizatsiya, kontrol: teoriya i praktika», 26-28 sent. 2006g., Yalta. — Kiev: ATM Ukrainyi, 2006.
-S.14 - 16.

[3] Voinova S.A. Tehnicheskaya gerontologiya. Potentsial vliyaniya na effektivnost funktsionirovaniya tehnicheskih
ob'ektov / Mater. za VI Mezhdunarodna nauchna praktichna konferentsiya «Naynovite postizheniya na evropeyskata
nauka-2010», 17 - 25 yuni, 2010g. Tom 20 «Tehnologii. Fizicheska kultura i sport».- Sofiya: «Byal GRAD-BG» OOD,
2010.- S. 79 - 84.

[4] Voinova S.O. Upravlinnya tehnichnimi ob’ektami i tehnichna gerontologiya / Schokvartalniy nauk.-virobn. zhurnal
«Avtomatizatsiya tehnologichnih i biznes-protsesiv», 2011, Ne 7, 8.— Odesa: ONAHT, 2011.—S. 20 - 23.

[5] Voinova S.A. Mesto tehnicheskoy gerontologii v spetsialnyih distsiplinah tehnicheskogo vuza / Zb. tez. dopov. 32-yi
nauk. — metod. konf. vikladachiv ODAHT “Problemi metodichnogo zabezpechennya bagatostupenevoyi vischoyi
osviti”, Odesa, 10-12 kvitnya 2001r. — Odesa: Minosviti Ukrayini, 2001. — S. 46.

CIHCOK MCI0/1b30BaHHBIX HCTOUHHKOB

[1] BoinoBa C.O. TexHiuHa repoHToJIOTisl SIK HayKoBa AuciuruiiHa. 3micT. Micte. IlpusHaueHHst / MaTep. H.-T. KOHOQ.
«HoBble 11 HeTpaJMLIMOHHBIE TEXHOJIOTUH B pecypco- U 3HeprocbepeskeHun», 28-29 ceHr. 2006r., Ozecca - Kues: ATM
Yxkpaunsl, 2006.- C. 16 - 20.

[2] BoinoBa C.O. TexHiuHa repoHTOJIOTisA i SIKiCTb POOOTH 3HOLIEHOTO ycTaTKyBaHHs / Marep. VI MexayHap. H. —
TpakTUy. KoH( «KauecTBo, CTaHAApTU3aLYs, KOHTPOJIb: TeOpPisl U TpakTHKa», 26-28 cent. 2006r., fnta. — Kues: ATM
Ykpaunsi, 2006. - C.14-16.

[3] BounoBa C.A. TexHuueckasi repoHTonorus. [loTeHlMan BAUSHUS Ha 3G (GeKTUBHOCTb (QYHKLMOHUPOBAHKUS
TeXHUUeCKUX 00beKToB / Marep. 3a VI MexxayHapo/iHa Hay4Ha MpakTHUHa KoH(pepeHIWs1 « HaliHOBUTe TIOCTIKeHUsS Ha
eBporeiickata Hayka-2010», 17 - 25 tonu, 2010r. Tom 20 «TexHonoruu. dusnuecka Kyarypa u criopt».- Codusi: «bsin
I'PA-BI'» OO/, 2010.- C. 79-84.

[4] Boinosa C.O. ¥YmpaBniHHS TeXHIUHUMU 00’€KTaMH i TexHiuHa repoHTOJ0Tis / [IoKBapTansHUi HayK.-BUPOOH. JKypHaII
«ABTOMaTH3allisi TEXHOJOTIUHKX i 6i3Hec-mporieciB», 2011, Ne 7, 8.— Ogeca: OHAXT, 2011.— C. 20-23.

[5] Bounora C.A. MeCTO TeXHUUECKOM repOHTO/IOTMU B CHEL[Ha/IbHbIX JAUCLIMIUIHHAX TeXHHUUEeCKoro By3a / 306. Te3. [0MoB.
32-i Hayk. — MeTof. KoH}. Bukaagauis OJAXT “IlpobiemMy MeTOAMUYHOrO 3abe3rneueHHs OAraTOCTYIEHEBOI BUIIOL
ocBitn”, Opeca, 10-12 kBiTHa 2001p. — Opeca: MiHocBiti Ykpainu, 2001. — C.46.

31


http://www.atbp.onaft.edu.ua/

m AsTomaru3atiis TexHosorivHux i 6izHec-niporeciB Volume 10, Issue 4 /2018 m
http://www.atbp.onaft.edu.ua/

YK 681.51

CHUHTE3 CUCTEMbI ABTOMATHUYECKOI'O
YIIPABJ/IEHHSI POBOTOTEXHUYECKNMM YCTPOMCTBOM
JJIA ITPUT'OTOBJIEHUSA TTOJIY DABPUKATOB
IMEJIbMEHHOMU ITPOYKIIMU OCOBBIX ®OPM

Tony6kos I1.!, Ilyraukos /1.%, Eropos B.?, IToxieouna H.%, T'abyer K.°, T'onrano B.°

123456 _ Opecckas Hal[oOHaIbHAsK aKaZieMust TUILEBbIX TexHosorui, Onecca, YKpauHa

ORCID: '0000-0002-7663-6772; 20000-0003-2577-8858; 0000-0003-4699-834X; “0000-0002-9789-608X, *0000-0003-0704-
9774 °0000-0002-5392-6574.

E-mail: 'pavelsergeevichgolubkov@gmail.com, *ulkiorrrra@gmail.com, *mechatronics.robotlab@gmail.com,

“nadin_design@ukr.net, *kostyacart@gmail.com, *skipper9629@gmail.com.

Copyright © 2018 by author and the journal “Automation technologies and business - processes.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licanses/by/4.0

£ .7 ONAFT
M RTEA Open Access

DOI: 10.15673/atbp.v10i4.1231

AHHomayus:B pabome paccmampugaemcs CuHme3 CUCMeMbl A8MOMAMUYECKO20 YnpaeneHust HA2pesoM mecma e
npoyecce npuzomoeneHus neabMeHHOU nNpodyKyuu cA0cHOL mpyoHopeanusyemoli Kybuueckoli ¢hopmbl. Tak Kak, e npoyecce
npou3eoocmea NpoOykma Heobxo0uMo noo0epiHcUBamb 3a0aHHYIO NOAONCUMENbHYI0 MeMnepamypy mecmd, Haxoosuwe2ocs Ha
3amopodiceHHoM ¢papuie, mo 3adaua ynpasedaeHusi MexHOA02UYeCKUM NpoyeccoM ceedeHd K 3adaue pe2yaupo8aHust
meMnepamypHo20 pedxcumd Hd Hazpegame/bHbIX 3/emeHmax obopydoeaHusi. B pabome maksice paccmompeHa cucmema
asmomamuyeckoll onmumu3ayuu 3d0aHHO20 3HAYeHUs memnepamypbl 8 30He C/Aenku nejabMeHHOU npodyKyuu, Komopas 8
coomeemcmeuu ¢ Mamemamuyeckoli Mooeablo 0dem 603MONCHOCMb, UCNO/b3Ysl NOJAyYeHHble memnepamypHble 3HA4eHus,
paccuumamb U npoeepumb 8 pednbHOM 6peMeHU HeobXoOumble 051 No/MyuyeHusl BblNycKaemoll npoOyKyuu, 3HaueHue
meMnepamypHo20 pexcumd CO21dCHO YCMAHOB/AeHHbIM pe2iaMeHmam. Pe3yabmambi pabombl cucmembl npou3eedeHbl 8
naxkeme Simulink MowHo20 npoepammHozo obecneuenus Matlab, npedHazHaueHHO20 0/ MAMeMaMuUUecKko2o MoO0eauposaHus
DA3AUYHBIX MEeXHO/N02UUECKUX Npoyecco8 U nposepeHbl AKMUBHbIMU 3KCNepUMeHmamu, 4mo HA2Asi0HO UAmocmpupyemcs
epachukamu nepexodHbix npoyeccos. ObopydogaHue, HA KOMOPOM NPOU38OOUAUCH AKMUBHBIX 3KCNepUMeHNibl uMeem mpu
30HbI NOOO2pesa mecma u32omasnueaemoll neabmMeHHol npodyKyuu u 08e 30Hbl (popmoeaHusi. B 30Hax nodoezpesa cucmema
ynpaesneHusi npou3go0CMeeHHbLM NPoyeccoM noiyudem OdHHble O meMnepamype mecma u 8bi0aém ynpagastowjue CUesHabl Ha
HaepegamesnbHble 31eMeHmbl. Pacuembl npou3godsmcs 6 Kaxcool 30He omoeibHO U NApaiienbHO Npou3eooumcs pacuyem
mamemamuyeckoli modeau. Mmess mamemamuueckue moleau CAP npousgodum pacuembl U CpagHUMe/bHblll aHAAU3 8
pedicume peaabHO20 8peMeHU, UCNO/b3ysi mabauyy peenameHmHbIX 3HaUeHULl.

Abstract:lt is discussed in this paper the synthesis of the automatic control system for heating the dough in the process of
preparing ravioli products of a complex cubic form. Since, during the preparation of the product, it is necessary to maintain
the desired positive temperature of the dough, which is on frozen mincemeat, the task of controlling the technological process
is defined as the task of regulating the temperature mode on the equipment heaters. It is also discussed in this paper the system
for automatically optimizing the temperature setpoint in the zone of ravioli, which, in accordance with the mathematical
model, makes it possible, using the obtained temperature values, to calculate and check in real-time the temperature mode
according to the established regulations value required for the production. The results of the system produced in the Simulink
package of program Matlab that is used for mathematical modelling of various technological processes and verified by active
experiments, which are vividly illustrated by transient graphs. The equipment on which the active experiments were carried
out has three zones for heating the dough of manufacturing ravioli products and two molding zones. In heating zones, the
process control system receives data about the dough temperature and provides control signals to the heating elements.
Calculations are made in each zone separately and in parallel the calculation of the mathematical model is made. Having
mathematical models SAR performs calculations and comparative analysis in real time using the table of established values.

KioueBbie cioBa: cunre3 CAY mporjeccoM HarpeBa nejbMeHst Kyouueckoit ¢opmbl, CAP TemmnepaTypbl HarpeBa Tecta
nenbMensi, CAO TeMriepaTypbl HarpeBa TecTa rejibMeHs, oayabpuUKaThl TeJIbMEHHOM TPOYKIUH.
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Ienbio paGoTel SB/ISIETCS] CHHTE3 CUCTeMbl aBTOMaTUUeCKOTO YITPaBIeHHs TIPOLeCCOM HarpeBa INejibMeHHOM MPOYKLUH
0co0BIX (hopM.

HocTiKeHue 1ieNy 0Cy1eCTB/sIETCS TIPY BBIMIOJTHEHWH CJIeIyIOLIMX 3afau:

1) CwuHTe3 MHOTOMEPHOM CHCTeMbI aBTOMATHUeCKOTO Pery/IMPOBaHUS TeMIlepaTyphl HarpeBa TecTa AJisi IPOM3BO/ICTBA
neIbMeHHOM MPOJYKIUY B 30HaX 000Py/j0BaHus;

2) CuHTe3 cUCTeMbl aBTOMaTUUeCKOW OMTHMH3allMM TemrepaTypbl HarpeBa TecTa IelbMeHHON MPOJAYKIUU B TpeTbei
30He 060DY/I0BaHUs], COTJIACHO PeryIAMEHTHBIX 3HAUeHHUH.

Cymb pabombi: B mipoliecce TPWUTOTOB/IEHHS] TeJIbMEHHOM TMPOAYKIMHA TEeCTO C TOJIOKUTEIbHOW TeMIlepaTypoun
HerpepbIBHO HAXOJAWTCS B KOHTakKTe C 3aMOPO)KeHHbIM (apiem. Temreparypa capiua paBHa TemIiepaType 3aMOpPO3KH U
MoxkeT 6biTh oT -40°C go -15°C. ITo TexXHOMOrMW [ NPUIOTOBJIEHUs I€JbMEHHON MPOAYKLMU TeCTO MOJ/UKHO HMETh
TemnepaTypy He Hike 23°C. OpHako, u3-3a TOTO, YTO TECTO HAXOAWUTCS B KOHTaKTe C 3aMOPO)KeHHBIM ¢apilieM OHO
VHTEHCHUBHO OXJIQXK/AeTCs, B CBSI3UM C ueM B Mporiecce paboThl HEOOXOAWMO W3MEHSTh U IO[/IePXKUBATh TEMIIEPATypy B
OKDECTHOCTSIX 3a/IJaHHBIX 3HAYEHWM COrJIaCHO Tab/MIbl perjiaMeHTOB. 3ajjaua yrpaB/ieHWs TPOLeCCOM HarpeBa TecTa
Co/lep>Kalllerocsi B TPOU3BOJMMON Te/JbMEHHOW TMpOAYKLMM CBOJWTCS K 3a/laue peryjupoBaHusl W TI0jlep’KaHus
TIOJIO>KUTE/TbHOW 3a/laHHOM TeMIlepaTyphl TecTa W He/IOMyIeHHs] HarpeBa 3aMODPO’KEHHOTO (hapIla CBBIIE pPerjaMeHTHOTO
3HaueHus1. CUHTe3 CUCTeMbl aBTOMaTUUEeCKOIr0 yTpaB/ieHUs] HAUMHAeTCs C 3aflauM OIpejiesieHNs perjaMeHTa peryarupyeMbIX
TepeMeHHBIX, Pe3y/IbTaThl KOTOPOH HAarJIZIHO WUTIOCTPUPYIOT C TTIOMOIILIO TAaO/MUIILI PET/IaMeHTa YITPaB/IsIEMbIX TIePEMEHHBIX.

Ta6smna 1 — Tabuna perjiaMeHToB

Homumansroe JTonyCcTHMbIe OTK/IOHeHHs OT HOMUHAJIa
3HauyeHue
TapaMeTpa i JmrensHble KparkoBpemeHHEIe
Haspanue O603Ha- EpuHunp! Fi—— (t —o0) (0 < t << o0)
rapameTpoB YeHHUs H3MepeHus
H3MeHeHUs
HOMUHAJILHOTO BeJIMUMHA Be/IMYrHa BpeMsl, ceK
3HaueHus!
1 2 3 4 5 6 7
TecTo B 1
tr1 °C +25 12 +5 60
Kamepe
TeCTo B 2
tr °C +25 12 +5 60
Kamepe
TeCTo B 3
trs °C +25 12 +5 60
Kamepe
BpeMsi CJIETIKU Ten CeK 3-5 +2 5 60
dbopma
St - 1 - - -
resIbMeHst
Ha puc. 1 mnpuBefeHa CTPyKTypHas CxeMa CHUCTeMbl aBTOMAaTH4eCKOTO YIIpaBjeHUs TIpOLleCCOM HarpeBa TecTa

TIPOU3BOIUMOM TIe/TbMeHHOW TIPOYKLIUH.

Cxema COCTOWT M3 [IBYX IOJCHUCTEM — TOJCUCTEMbl aBTOMAaTHUeCKOrO PEery/MpoBaHUsl U MOACUCTEMbl aBTOMaTHUeCcKoi
ontumm3zaiui. OOBEKTOM VIpaBleHWsI B CHUCTeMe aBTOMAaTUYeCKOTO Ppery/MpOBaHUsl SIBMSETCS TeMIlepaTypa TecTa
neJIbMeHHOM TPOAYKLMHU B Tpex 30HaX. TakuM o6pasoMm, OY sBsieTCs MHOTOMEDHBIM W COCTOMT W3 4 YIpaBJisieMbIX
nepeMeHHBIX: TeMIlepaTypa TecTa B 11epBoi 30He Ty, BTOpoii 30He Ty, U TpeThel 30He Ti3; a TakKe BpeMeHH, B TeueHUe
KOTOPOT'0 TIPOMCXOANT CJIeTKa O/fHOM eMHHLIbI TTeJIbMeHHOM MPOYKLUH Tc,. KoTMuecTBO KaHaIOB yIpaB/ieH!sI TaKKe YeThIpe.
IMpuHIMNManbHOM 0COOEHHOCTBIO CXeMbl SIBJISIETCSL TO, YTO Pery/JMpoBaHHe TeMIlepaTypbl B KaXK/OH 30He OCYIIeCTB/SEeTCS
TIPY TIOMOIIA CBOET0 peryJstopa. PeryimupoBaHye oCyIeCTB/SI€TCS METOZOM HelpepbIBHOTO U3MepeHUsl TeMITepaTyphl TecTa
TP TIOMOLLM IaTYMKa TeMIIepaTyphbl, PacrIo/IoKeHHOT0 Ha JIarkax MopIuHell [UMHAPoB 6apabaHa.
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Puc. 1 - KongenryanbHasi cTpyKTypHas cxema CAY

BaXHO MOJYePKHYTh TaK)Ke, UTO AATUYMK TeMIlepaTypbl W3MepsieT He TeMIlepaTypy CaMOro TecTa, a TeMIlepaTypy Ha
JIarKax, B KOTOPBIX PacIio/ioKeHbl HarpeBaTesibHbIe 3/1eMeHThI TPOU3BO/ISAIIME HarpeB TeJIbMeHHOTO MTpoAyKTa. Ha KaxpIit u3
VMH(POPMAaLIMOHHBIX KaHA/IOB JIaTUMKOB TaK)ke HeTpepbIBHO [ieliCTByeT BO3MyIIjatolllee BO3/lefiCTBHE B BHfle OTpULIaTe/bHON
TeMITepaTypbl 3aMOPOKeHHOTO (apiia, KOTOpoe TPUBOAUT K OXJIaXK/EHHIO TecTa. Bpemsl CJIENKU TesbMeHsl, KaK BHU/IHO W3
CXeMbl He peryiupyeTcs U 3a[jaHO COTJIaCHO TeMIlepaTypbl Tab/uIbl peryiaMeHToB. Bropasi mozicucTeMa peanu3syeT (QyHKIHIO
ONTUMH3allUM TeMIIepaTypPHOIO PeXMMa B TpeTbel 30He, IT0CPeACTBOM MCIIO/Ib30BaHUs MH(GOPMAIUK TeMIlepaTyp B MepBbIX
IByx 30Hax. CyTb ee 3aK/r04YaeTCs B M3MEHEHUH 3a[aHHOTO 3Ha4YeHHs TeMIlepaTyphl B TpeThell Kamepe COIJIaCHO PacueToB,
TIO/TyUeHHBIX B TIePBbIX /IBYX Kamepax Jyis IoyueHus TieJlbMeHHOM MPOAyKLMH B Kamepe dopMoBaHus. [/t pelieHust 3a/jauut
CHHTEe3a CUCTeMbI aBTOMATHUECKOTO YIpaBJieHus Oblia OCTPOEHa UMUTALIMOHHAS MO/Ie/Tb 00BEKTa yIpaBJieHus B TIPOrpamMme
MaTreMaTHueckoro MogenupoBannss Matlab, a Takke cucrema yripaBneHus. IIpoBesieHbI aKTHBHBIE 3KCIIEPUMEHTEHI,
HoATBepKjamole paborocrnocobHOCTh cucTeMbl. CTPYKTypHast cxeMa HMMHTAlMOHHOW MOZeNM CHUCTeMbl YIIpaBIeHUs

TIpUBeJieHa Ha puc. 2.
10 W Tgap_za  Tdap o

Tihap_an P » ]
mogene fH ol Ter o )
TnenemenA1
- ) - Toap m - T1
> PlDI.S.: @
— tcn ton ton_kamepsil
Sum
Tn1_a FID Cantrallerd Moaens Harpesa_sonal Mogens T1_cnycTA ton T_nenkmenal

ton_kamepsil — v

2

ten ton_rkameps2
ten v — - TnenkmeHA2
»{Tgap 2 tha p _
»

Il

y

PID(s} uT2 ten i 2 4.{ l:l
Tn2
ne-sa Sum?2 PID Cortrallerd Mogens Harpeea_loHaZ ’—’MUAEHH T2_cnyctAten ‘ T_nenemeHA2
|J W ton_ramepsl2 > [:
| tcn _ ten
665 A . *—D_wap - > Tdap T 5 TnenemeHAd
B PID(s) P uT2 |
Tn3_ag T2
- Sumt pip Controller1 ‘ Mogens Harpess_soas @
mogene T3_cnycTa ton T_nensmeHA3

Puc. 2 — Cxema mojempoBanus CAY nponeccoMm HarpeBa TecTa neJibMeHHOI'0 NPOAYKTa NPU aBTOMaTU4YeCKOM
peryJIMpOBaHHH TeMIepaTypHOro pe)XumMa 00paboTKH ChIPbsi, BADHAHT Pery/iMpoBaHus TeMIepaTypbl B TPeTheil 30He

6% = 66,5 °C ter =1.0¢c
npu GUKCUPOBaHHOM 3aJaHHOM 3HAYeHHH Y BpEMEHH CJIeIIKH Ne/IbMeHsl =
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Ha puc. 3 NpuBOAWTCS BHYTPEHHEE COJIepKUMOe OJIOKOB.
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Variable
Transport Delay1

0.433s
Transfer Fen1

Variable
Transport Delay2

Variable
Transport Delay3

E)
) In1 Out1 +
tcn_kamepel1 + !
Triggered T2
Subsystem1 Add4
(D
Tdap
Variable
Transport Delay1
1
Tdap_fu_nau
Pap_fi Variable 0.433s
Transport Delay? CcymMaTOp50 Transport  Transfer Fen1
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Variable
Transport Delay3
tcn
ten_kamepbi2
- Triggered
Toap 1 Subsystem1
Variable
665 Transport Delay2
Tdap_fH_ra4

Variable
Transport Delay1

4 ) Add3 Transport  Transfer Fent
Delay

x)

a — Mode/lb HeKOHMPOAUPYeMblx 803MyUjeHUll meMnepamypbl 3aMOPOX*CeHHo20 papwia; 6 - modenb pacuema speMeHuU
3a0epotCcKU npu nepexooe U3 30Hbl Npuemd CbIpbsi 8 NEPeyIo 30Hy Ha2pesa neAbMeHHO20 NpoOyKmd; 8 - Modeab pacyema
8pemeHU 3a0epiCcKu npu nepexooe U3 nepeoli 60 8MOPYI0 30Hy Ha2pesd NeibMeHHO20 NPOOYKMa; 2 - Mooelb pacuema epemMeHu
3a0epcKu npu nepexode u3 8mopoli 8 mpembell 30Hy Hazpeea neabMeHHO20 NPodyKma; 0 - Mode/b Hazpeed mecma
nesnbMeHHO20 NpodyKma 8 nepeoil 30He; e — MoOenb Hazpesa mecma nesabMeHHO20 NPoOyKma 60 8mopoll 30He; HC — MoOeb

Haepesa mecma ne/fibMeHHO20 npodyKma 8 mpembeli 30He nebMeHHO020 NpodyKma

Puc. 3 — Copep)xumoe 6710KOB CTPYKTYpHOU cxembl CAY

B kauecTBe ycCTpoiicTBa yripaBJjieHUs UCMob30Bancs perynsrop c [IM]] 3akoHOM perynMpoBaHus, JAalOLUil Ha MpakTHKe
yIOB/IETBOPUTE/IbHBIE pe3yJ/bTaThl TPH pelleHWd OOJbIIMHCTBA 3ajjau yIpaBJjeHHs, 4YTo ObIIO TOATBEP)KAEHO IIpu
MPOBEJIEHUM aKTUBHBIX 3KCIIepUMeHTOB. [Iyisi mapameTpuueckoro cuHrte3a ITU]I perynstopa Obin ucrosb3oBaH 670k PID
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6ubmoTekn Matlab Simulink co BcTpoeHHBIM anrOPUTMOM pacueTa ero HacTpOoeuHbIx mapameTpoB. Copepskumoe 6Ji0Ka
CHUCTEMBI aBTOMaTHUECKOW ONTUMM3ALIAH 3a/JaHHOTO 3HAUEHUSI TeMIIepaTyphl TPeThel KaMephl MoKa3aHo Ha pucC. 4.

BpEMA NepeKnioyeHiA MHeBMoLUIMHApa 3-.
(3 >+

In3 Add1

Puc. 4 — Copiep)xuMoe 0/10Ka ONTHUMHU3ALMH 3aJaHHOT'0 3HAUEHHS TeMIIEPaTypPbl HarpeBa TecTa Me/ibMeHs B TPeTheit
30He

Ha puc. 4 mpuBefieHbl pe3ysbTaThl MofenupoBaHuss CAP MMUTallMOHHOM MOJied C ONTHMAaIbHBIMU HaCTPOEUHBIMU
napametpamu IT1/]-peryssropa.
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Puc. 5 — Mope/mmpoBaHue porecca Harpesa Tecra 1ejJbMeHHOr0 IpojyKTa IIPH aBTOMaTH4eCKOM Pery/JIMpOBaHHH

67 =23°C 8% =123°C
b

TEeMIIEPATYPHOI'0 peXXumMa 06p860TKI/l CbIpbA AJIA 1 H (l)I/IKCl/IPOBaHHLIX 3HAYE€HHUAX 3aJdHHOT0

. 6" = 66,5°C ta=10¢c
3HaueHHUs TeMIepaTyphl B TpeTheil 30He ° Y BPeMeHH C/IenKH =1

[lpuBeseHHble Ha puc. 5 rpadMKu MOJeNVpPOBAHUS Tpoliecca HarpeBa TecTa IeJIbMEHHOTO IIPOAYKTa IOKa3blBarOT
KpaTKOBpeMeHHbIe BBIXOZbI PeryMpyeMoil epeMeHHOM 3a paMKH [JOMYCTUMBIX perjiaMeHTHbIX 3HaueHWi TeMIiepaTryp, 4To
BU/IHO Ha puc. 5, B. HecMOTpst Ha 3T0, BBIXO/, TeMIlepaTyphl sIB/ISIETCS] KPaTKOBPEMEHHBIM 1 He KPUTUYHBIM JI/1s TPOM3BO/ICTBA,
T.K. B IeHCTBUTETILHOCTH, 10 Pe3y/IbTaTaM MPOBE/IEHHBIX SKCIIEPUMEHTOB, 3a TAKOW KOPOTKUN MPOMEXYTOK BPEMEHH He OyzeT
HapyllleHa CTPYKTypa TecTa U, CIe/ioBaTe/IbHO, Opaka MpoAyKLuu He OyeT.

BriBoabI.

[TpuroToB/ieHre Ie/IbMEHHOM TPOAYKLM CTPOrod KyOWdeckoil OpMbI SIBISI€TCSl aKTyalbHBIM HallpaB/ieHHeM, Tak Kak,
BO-TIEPBBIX, Takas (opMa I03BosisieT U30eXaTb pas/IMuUHbIX MOAZEIOK CO CTOPOHBI KOHKYPEHTOB, TeEM CaMbIM IIOBBLICHB
JoBepre KOHEUHBbIX TOKymarejed K (upMe MPOW3BOJWTENIO; BO-BTODBIX, IEJbMEHH TaKoW (opMbl OyAyT 3aHUMATh BCe
TI0JIe3HOe MeCTO B YIIaKOBKe, TeEM CaMbIM, TI03BOJIsISI 5SKOHOMUTh Ha YIIaKOBOUHOM MaTtepualie, a TakyKe MecTe TIpU XpaHeHU! Ha
CK/azax v TpaHcropTupoBke o 20%. CrefoBaTenbHO, aBTOMAaTH3aLMsl TIpOLiecca TIPUTOTOBJIEHHsI TTeTbMeHHOW MPOJYKLUH
cTporo¥ Kybruueckor GopMeI SIBJISIETCS aKTyalbHOW 3aJaueil.

B pesy/bTare BBIONHEHUs IIOCTaB/eHHbIX 3aJa4 Ha aBTOMAaTH3allMI0 TeMIIepaTypHOTo pexxhma 06paboTKy renbMeHHOH
MPOJYKLUMA B TpOLieCCe ero MPUTOTOBJIEHUS BHJHO, UYTO CHCTEMa aBTOMATHUECKOTO PperyJMpOBaHUsl TOTHOCTBIO
COOTBETCTBYIOT perylaMeHTy Be/leHHs] TeEXHOIOrndeckoro rnpotiecca. CiiefioBaTeslbHO, MOJKEM yTBepKAaTb 00 SKOHOMHUeCKOH
COCTaB/ISIIOLIell TP XpaHeHWW, W3rOTOBJIEHWH, (pacOBKe M TPaHCIIOPTHPOBKE NPOM3BOJUMON MpoAykuuu. IlpuMeHeHue
CHCTEMBl aBTOMAaTUYeCKOTO YTIpaBJieHWs, TOTyuyeHHOM B XOfe CHHTe3a /s paboThl B TEXHONOTMYeCKOM TpoLiecce
MPOU3BO/ICTBA TOMy(pabpUKATOB TMeNbMEHHOM TpPOAYKUUK Kybuueckod ¢opmbl 00yc/iaBiAMBaeT 3KOHOMHUYECKYHO
3¢ QeKTUBHOCTE M COKpAIllaeT BpeMsi IIPOU3BOCTBA.
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Annomayus: Komnanus S-engineering exodsiyas e xonduve SE Group International 3aHumaem audupyowjue nosuyuu 8
obsnacmu asmomamu3ayuu MmexHoA02UHeCKUX Npoyecco8 3epHonepepabambieéarowjell ompaciu ekMouds 6 C80U NpOoeKmbl
UHHOBAYUOHHble —pa3pabomku. B uacmHocmu KOMNAHus 3aHumaemcs paspabomkoll  UHHOBAUUOHHBIX — cucmem
asmomamuyeckoll ONMUMU3AYUU 3d2Py3KU NOMOUYHO-MPAHCNOpmHbIX AuHuli (ACO3 TITJI) 3epHO8bix MepMUHA/O08.
Paspabambieaemble cucmembl npeOHasHaueHbl 05 nosbiwleHus npousgodumenbHocmu ITTJI, cHudceHust yOenbHbIx 3ampam
3/eKmpuueckoll 3Hepeuu Ha nepezpysKy, npedomepawjeHus dedpuliHbiX cumyayuli, C8s13aHHbIX C 3a8a/naMU 3epHa 8 bawmakax
Hopuil u Haosecogom bOyHKepe 8ecoe u3-3a nepeepysku ITTJI, YkasauHble 3adauu pewaromcsi cucmemoll 8 YCA08UsiX
¢opmuposaHusi nomoka 3epHa 0OHOBPEMEHHO U3 HeCKOAbKUX ucmouHukog. ACO3 peanusyem mexHonoeuu Leffol & Senumac
(L&S), 3anamenmoeanubie SE Group International. Texnonoeus LEFFOL: cnocob KoHmMpo/s cmeneHu 3azpy3ku KoHeetiepa /
Method of Loading Efficiency Control. Texnonoeus SENUMAC: cnocob asmomamuyecko2o ynpasneHus 3az2py3koil nomouHo-
MpAaHCcNOpmMHbIX AUHULL chinyyux mamepuanos / S-engineering Useful Model Method of Automatic Control of Process Shipping
line upload of granular materials.

Pazpabomka makux cucmem 8KkAOUadem HeCKOJAbKO 3manos, OOHUM U3 KOMOpbIX fGAsemcs 3man Uccae008aHus
¢yHxyuoHupogaHus IITJI, uzyueHue ux cgolicme KAk 00®eKmMoe ynpaeneHus C yeablo OdnbHelilie20 OmpaxjceHuss 3mux
cgolicme 8 aneopummax ynpagienus. Ocoboe eHUMAHUe ydensemcsi U3YUeHUI) NOOCUAOCHBIX 3a08UdiCeK, MAK KAk UX
KOHCMPYKYUS1, pasmepbl, NPUHYUN YCMAHOBKU 3HAYLMeAbHO &1UsIOM HA Npoyecc ucmeueHus 3epHd.

B OaHHoli cmambe paccmampusaemcsi SKCnepuMeHmManbHoe nojsydeHue mMamemamuueckux mooenell ucmeueHust 3epHa u3
NOOCUAOCHBIX 3ad8UdiceK 045 danbHelilell ux peausayuu e aseopummax ynpagieruss ACO3 IITJI nepeepy3ku 3epHa Ha cyod.

Abstract: S-engineering company, which is part of the holding company SE Group International, occupies a leading
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position in the field of automation of technological processes in the grain processing industry, including innovative
developments in its projects. In particular, the company is engaged in the development of innovative automated loading
optimization system of the flow-transport lines (ALOS FTL) of grain terminals. The developed systems are designed to
improve the performance of FTL, reduce the unit cost of electrical energy for overload, prevent accidents associated with
grain blockages in the elevator shoes and overhang hopper of the scales due to FTL overload. These problems are solved by
the system in the conditions of the formation of grain flow simultaneously from several sources. ALOS implements Leffol &
Senumac (L&S) technology, patented by SE Group International. LEFFOL technology: method of controlling the degree of
loading of the conveyor / Method of Loading Efficiency Control. SENUMAC technology: a way to automatically control of
process shipping line upload of granular materials / S-engineering Useful Model Method of Automatic Control of Process
Shipping line upload of granular materials.

The development of such systems includes several stages, one of which is the stage of studying the functioning of FTL, the
study of their properties as control objects with a view to further reflect these properties in control algorithms. Particular
attention is paid to the study of the silo gates, as their design, size, installation principle significantly affect the process of the
outflow of grain.

The article deals with the experimental obtaining of mathematical models of the outflow of grain from the silo gates for
their further implementation in the control algorithms of the ALOS FTL for loading grain onto ships.

KnroueBble c0Ba: Tieperpy3ka 3epHa, IIOTOYHO-TPAHCIIOPTHBIE JIMHWH, IIPOM3BOJAUTENIBHOCTb, 3HEpro3aTparhl,
aBTOMATH3MPOBAHHAs CUCTEMA ONTUMU3ALMH 3arpy3KH.

Keywords: grain reloading, flow-transport lines, productivity, energy consumption, automated loading optimization
system.

ITocraHoBKa 3apaym.

ACO3 IITJI neperpy3ku 3epHa [1-3], BHeJipeHHasi Ha HECKOJbKUX 3epHOBBIX TepPMHHa/laX SB/SeTCS WHHOBAL[MOHHOU
paspaboTkoii komraHuu S-engineering. Ee 11e16 — opMupoBaHye 0TOKa 3epHa OJHOBPEMEHHO U3 HECKOJIbKUX HCTOYHHKOB,
TNoBbIlIeHNe npousBoguTenbHocTH ITTJI, cHKeHMe HeprosaTpar Ha Meperpysky, NnpefoTBpalljeHre aBapUiHbIX CUTYalui,
CBSI3aHHBIX C 3aBajlaMd 3epHa B DalliMakax HOPUM U HaJBecOBOM OyHKepe BecoB u3-3a neperpy3ku II1TJI. ACO3 peanusyet
texHosorun Leffol & Senumac (L&S), 3anarenroBannsie SE Group International [4-5].

DyHkmy, peanusyemsle ACO3.

1. ABTOMaTHUeCKMM pacyeT CTeNeHW OTKPHITUS 3a/IBWKEK I10 3aJaHHOMY COOTHOLIEHWIO pacxXoJOB 3epHa U3 3aJaHHBIX
CUJIOCOB B ero OOIIIHi TOTOK Ha OTTPY3KY.

2. ABTOMaTHuecKas cTabunn3aliysi pOM3BOAUTENLHOCTH 0011lero noToka 3epHa (3arpysku ITTJT).

3. ABTOMaTHUeCKOe TpeJoTBpallieHre aBapuitHbIX ocTaHOoBOB IITJI u3-3a pa3sBuUTHs 3aBajoB 3epHa B HalliMakax HOPUH U
HajBecoBOM OyHKepe BecOB (IIpM OrpaHHYeHUM IIPOM3BOJAUTENLHOCTH BECOB YCTAHOB/IEHHBIM IIOJIOXKEHHEM 3a/IBHKKH
Mo/IBeCOBOro OyHKepa).

4. ABTOMaTHUeCKUI BBIBOJ, MPOM3BOANUTeNLHOCTH [TTJI Ha MakCMMa/IbHO AOCTHKUMYIO B TEKYILMX YCJIOBUSX BeJIMUUHY.

5. ApTomaruueckoe ObICTpoe (TOC/ie KOMaH/bl OIepaTopa, BBI3BAHHOW HEOOXOJVMOCTBIO WU3MEHUTHh PEXHMM 3arpy3Ku
CyJHa) u3MeHeHHe npousBoauTesnsHOCTH ITTJI fo ofHOTO M3 [BYX 3a[aHHBIX CHW)KEHHBIX YDOBHEW U BO3BpaT B DeXUM ee
ONTHMU3aLUU.

[nst peanusanmy 3¢QekTuBHOro ympasieHust B aaroputmMax ACO3 B ¢opMme MaTeMaTeueCKUMX Mojesiell OTpaXkaroTCsi
ocobeHHOCTH Tpoljecca Neperpysky 3epHa Kak 00beKTa yrpasseHHs. B uacTHOCTH, peanu3ylOTCs MaTeMaTHuecKue MOJeNu
TIpoliecca UCTeueHH s 3epHa 13 TMO/ICH/IOCHBIX 3a/IBIDKEK. XapaKTep HCTeueHus! 3epHa OIpe/ie/isieTCsl ero BUI0M, MeXxaHUueCcKoM
KOHCTPYKLIMel BBIMYCKHOTO YCTPOMCTBA, pacIoyioyKeHUeM 3aJBIDKeK C PYUHBIM U OT JIBUrartesisi TiepeMelljeHHeM Iubepa
PAZOM APYTHUX (GaKTOPOB MHAWBHAYATBHBIX [JIs1 K&XKIOTO 371eBaTopa. B TakuX yc/ioBUsx Hanbosiee KOHCTPYKTUBHBIM SIBJISIETCS
KOMOWHMPOBAHHBIA WK Cyry00 3KCIIepUMeHTabHBIM MeTOZbI TIOyYeHHsT MaTeMaTHueCKOHW MOJenu Tporecca MCTeYeHUs
3epHa.

MeToabl U MaTepuasbl UCC/IeOBaHUM

[ns monyyeHWsi MareMaTW4eCKUX Mojeneli Tpoliecca WCTeueHHsl 3epHa U3 TMOJCWIOCHBIX 3a/BIDKEK Ha 3jeBarope
«HoBotex-TepmuHan» (r.Ogecca) ObUTM TIPOBeIEHBI Psfl  AKTUBHBIX SKCIIEDUMEHTOB 110 TIO/IyUEHUIO PacXO/HbIX
XapakTepyuCTUK 3a7Bwkek. Ha puc.l B KadecTBe TipMMepa IIpefCTaBleH BHJ OKHa C JWarpaMMaM{d H3MeHeHUs
npousBoguTesibHOCTU [ITJI OTrpy3ku 3epHa B CY[ZHO U CTelleHW OTKPBLITUSI TOJACHIOCHOM 3aJBWKKWA TIpU TPOBeJeHUU
AaKTUBHOT'O KCTIEPUMEHTA 110 CHATUI0 JUHAMUYEeCKHUX XapaKTePUCTUK M PaCXOJHOW XapaKTePUCTHUKHU TTO[CHTIOCHOU 3a/[BIKKH.
A B Tabmuiie Nel cBefieHBI 3KCIIEPUMEHTA/IbHBIE JIaHHbIE, TO/yYeHHbIe MPHU OMpeJe/eHHd pPACXOAHON XapaKTepUCTUKH
TO/ICUJIOCHOM 3aIBW>KKM cujioca "C3-3" sneBaropa "HoBoTex-TepMuHan" f/isl 3epHa parica.
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Puc. 1 — Buj okHa ¢ AuarpaMMaMy U3MeHeHHs NPOou3BoANTeIbHOCTH 1 (T/u) ITTJI oTrpy3KH 3epHa B CYyAHO U CTeMeHH
OTKPBITHS MOACH/IOCHOH 3aABIWKKH 2 (%) NpH NpoBejeHHH aKTHBHOT'0 SKCIIEPUMEHTA 110 CHATHIO PacX0/HOI
XapaKTepUCTHUKH MOACUI0CHOM 3aBIDKKHU

Taommna 1 — IkcnepuMeHTaIbHbIE JaHHBIE, [T0JIyYeHHBbIE ITPU ONpeAe/IeHMH PacXoAHOH XapaKTepUCTHKH
TMOACH/IOCHO# 3aBIKKHU ciitoca "C3-3" 1eBaTopa "HoBoTex-TepMuHa" /sl 3epHa parnca

Ne 3KcrIepumeHTa CrereHb OTKPBITHS ITIpousBOAUTEIBHOCTD IIpousBoAUTEILHOCTD
TTOZICUJIOCHOM IITJI (pacueTHas), ITTJI (rroka3anus
3a/IBWKKU, % /9 OyHKepHBIX BECOB),

T/4
1 50 100 108
2 60 185 175
3 70 345 344
4 80 550 584
5 85 705 716
6 90 910 950
7 92 1000 1050

Wpentndukanus Mofenell BbimosHsulack B rporpamme «Curve Fitting Tool» cucremer MATLAB. Ilpu npoBefeHuun
WAeHTU(UKALMKY MoJesiell yunuTbIBanach (Gu3ndecKast CyIIHOCTh MPOLiecca UCTeueHHUs 3epHa, HeoOX0ouMasi TOUHOCTh MOZ e/
Y ee TIPOCTOTA AJsI AanbHeduied peanusauuu B anroput™Max ACO3 ITTJI. TlostomMy B KauecTBe CTPYKTYPbI MOJeNH Obil
BbIOpaH TIOMIMHOMOM BTOpOro Topsifka. Ha puc.2 mpencraeieHbl Pe3ynbTaTel HOeHTUOWKAUH MOJEId PacXOLHOU
XapaKTepUCTUKY MOJCUIOCHON 3a/BIKKU B niporpamme «Curve Fitting Tool». B cTpyKkType Mofie/u OTCYTCTBYIOT (PU3UUECKU
He 000CHOBaHHBIe Ieperu6bl GyHKIMKM. ['paduK MOJenH JOCTaTOYHO TOYHO COOTBETCTBYET SKCIEePHUMEHTATBHBIM [JAHHBIM,
YTO TOATBEP)KAAETCs] IOJMyYeHHBIMM 3HAUeHHUSIMH UMC/IOBBIX KO3((HULIMEHTOB, ONpeensoliX TOUYHOCTb COOTBETCTBHS
MO/Ie/I! SKCIIepPUMEHTa/IbHBIM JaHHBIM.

Pe3ynbTaThl HCCIeJ0BAaHUM.

[MonyueHHast MOZieTb OTPaKaeT 3HAUMTeIbHYIO0 HeTMHeHOCTh PaCXOZHOW XapaKTePUCTHKY TO/CHIOCHOM 3aJjBIKKH. YUeT
3TON HeMHENWHOCTU TIO3BOJIUT TPABWIHHO (POPMHPOBATh PACXOA 3epPHA M3 KaKAOM 3a[BIDKKUA TPU (POPMUPOBaHWU TIOTOKA
3epHa U3 HeCKOJIBKHAX CHUT0COB OJHOBPeMeHHO. [lOMOo/IHUTe/NbHO, TIo/TyueHHas: MOZie/lb OTpakaeT 3HauWTe/bHOe M3MeHeHHe
Ko3bduryenTa Inepefaud B KaHajle YIpaBAeHUs  Ha pasHbIX IIPOU3BOJUTENBHOCTAX. IIpM H3MeHeHUM 3aJaHHOU
npousBoauTenbHOCTH € 200T/4 1o 950 T/u KO3 duIeHT nepenaun OyZeT MeHSITbCsl PUMEPHO B 5 pa3. Takue 3HaUUTebHbIE
M3MeHeHUsl CBOMCTB KaHasa yIipaB/ieHusl JO/DKHbI OBbITh OTPaKeHbI B a/ICOPUTMax yIIpaB/ieHus] 1 00ecrieunTh BbICOKUHN 3amac
YCTOMUHMBOCTH CUCTEMBI.
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Fit name: |untitled fit 1

S . » Degree: |2 ~ Fit

i v > Robust: | Off ~ Stop

Z data: (none) ~

Fit Options...
Weights: | (none) ~

Results

A 1000 N
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untitled fit 1

Linear model Poly2:
) = p1*x*2 + p2*x + p3
Coefficients (with 93% confidence bound:
pl= 04585 (0.3203, 0.5887)
p2=  -4374 (-63.03, -24.45)
p3= 1161 (492.7, 1829) >

Goodness of fit:
SSE: 1787
R-square: 0.9976
Adjusted R-square: 0.9963
RMSE: 21.14

< 5 80

Table of Fits ®

Fitname ~  Data Fit type SSE R-square  DFE Adj R-sq RMSE 2 Coeff Validation ... Validation ... Validation ...
[ untitled .. [y vs. x |poly2 [1.7269¢-03  |0.9976 4 0.8963 211359 3

Puc. 2 — Pe3ynbTaThl HAEHTH(UKALIMH MOJIe/IH PACX0/JHOH XapaKTePUCTHKHM MO/[CHIOCHOH 3a/IBYDKKH B
nporpamme «Curve Fitting Tool» cuncremsl MATLAB Ha ocHOBe 3KCIIEpUMEHTA/IBHBIX JAHHBIX, MOTyYeHHbBIX IIPH
OTrpy3Ke parnca Ha cyjHo u3 cuioca "C3-3" sneBaropa "HoBorex-repmunan”

BbiBOjBI.
B pesynbTaTe MpoOBefeHHBIX MCC/Ae/J0OBaHMI TOMydyeHa MO/ie/b HMCTeueHUsl 3epHa parca U3 TOJCHUIOCHBIX 3a/IBHKeK

sneBaropa "HoBortex-tepmunan” (r. Ogecca). Mogenb MoxkeT ObITH OTMacIiTabMpoBaHa M TIPUMEHSITHCS K APYTMM BHZAaM
3epHa. YUeT CBOUMCTB Mojiesiu B anroputMax yrpasieHuss ACO3 TTTJI oTrpy3Kku 3epHa MO3BOUT 00eCreunTh ObICTPBIN BBHIBOJ
ITTJI Ha 3aaHHY0 NIPOU3BOUTENBHOCTb, BEICOKYHO TOUHOCTb IPOLIEHTHOTO BBOZA 3epHA IPU ero OTrpy3Ke M3 HeCKOJbKUX
CHJIOCOB OJJHOBPEMEHHO, CTabH/IBHYIO M YCTOWUMBYIO PabOTy CHCTEMBI B Pa3/IMUHBIX PEKUMAaX.

CIHCOK MCM0/1b30BaHHBIX HCTOUHHKOB

[1] Xobun B. A. Konuenuusi 3¢¢deKTHBHOr0 yripaBieHHs MMPOM3BOAWTENHHOCTBIO TTOTOUHO-TPAHCIIOPTHBIX JIMHUHN TIPH
neperpy3ke 3epHa / B. A. XobuH, C. B. Illectonanos // XpaHeHue U riepepaboTKa 3epHa. — JJHerponeTpoBck, 2011. —
Ne 10 (148). — C. 26-29;

[2] Iectonanos C. B. Ontumu3aiiys Mpou3BOJUTENHLHOCTU TIpoLiecca Teperpy3ku 3epHa B yC/IOBUSIX OTPaHHUYeHUs TUIIa
«aBapuiiHas cutyaiusi» / C. B. [Hecromanos, B. A. Xo6un // XVIII MixnHapoa. KoH}. 3 aBTOMar. ynpaB/iHHS
«ABToMaTtuka — 2011». — JIeBiB, 2011. — C. 194-195;

[3] KupbsizoB U. H. ABTOMaTM3MpoBaHHasi CCTeMa ONTHMM3AL[MM 3arpy3Kyd MOTOYHO-TPAHCIIOPTHBIX JIMHUM Teperpy3ku
3epHa: UTOTY TIPOM3BO/ICTBEHHBIX UcnbiTanuii / V. H. Kupbszog, C. B. Ilecromnanos / XpaHeHue U repepaboTKa 3epHa.
— JJHenporeTpoBcK, 2013. — Ne 7 (172). — C. 43-46.

[4] TTat. Ha BuHaxig 99525 VYkpaina, MIIK (2011.01), B65G 17/00, GO1R 29/00. Crocib KOHTpO/IO CTyIeHs
3aBaHTa)KeHHS KoHBeepa / AuHaeB b. C., I'epacumoB B. B., Xobun B. A., Kupbs3os U.H., Illectonanor C. B. u ap.;
BnacHUK TOB «C-IrmxuHipinr». — Ne a201014455; 3asei. 03.12.10; ony6s. 25.05.12, Bron. Ne 10. — 14 c.

[5] ITat. Ha BuHaxig 95887 Ykpaina, MIIK (2011.01), B65G 17/00, B65G 47/46 (2006.01), B65G 65/42 (2006.01), GO1G
11/12 (2006.01). Crioci6 aBTOMaTHYHOTO YTIPABiHHSA 3aBaHTa)KeHHSM MOTOKOBO-TPAHCIIOPTHOI JIiHii CHITKUX
MarepianiB / AnnaeB b. C., T'epacumos B. B., Xo06iu B. A., Kip’sa3os 1. M., [llectonasos C. B. i in.; Braciuk TOB «C-
IHxuHipiHr». — Ne a201015861; 3asBi1. 29.12.10; ony6:1. 12.09.11, Bro. Ne 17. — 24 ¢;

References
[1] V. A. Khobin et al. “Kontseptsiya effektivhogo upravleniya proizvoditelnostyu potochno-transportnyih liniy pri
peregruzke zerna”, Hranenie i pererabotka zerna, vol. 10, pp. 26-29, 2011.

42


http://www.atbp.onaft.edu.ua/

ﬂ'ﬂ AsTomaru3atiis TexHosorivHux i 6izHec-niporeciB Volume 10, Issue 4 /2018 m
http://www.atbp.onaft.edu.ua/

[2] S. V. Shestopalov et al. “Optimizatsiya proizvoditelnosti protsessa peregruzki zerna v usloviyah ogranicheniya tipa
«avariynaya situatsiya”, XVIII Mizhnarod. konf. z avtomat. upravlinnya «Avtomatika—2011», Lviv, UA, 2011. pp.
194-195.

[3] I. N. Kiryazov et al. “Avtomatizirovannaya sistema optimizatsii zagruzki potochno-transportnyih liniy peregruzki zerna:
itogi proizvodstvennyih ispyitaniy”, Hranenie i pererabotka zerna. vol. 7, pp. 43—46, 2013.

[4] B. S. Annaev et al. “Sposib kontrolu zavantazhennya konveera”, UA Patent 99525, May, 25, 2012.

[5] B. S. Annaev et al. “Sposib avtomatichnogo upravlinnya zavantazhennyam potokovo-transportnoyi liniyi sipkih
materialiv”’, UA Patent 95887, September, 12, 2011.

Y]IK 629.5.064.5.(045)

OIITUMM3AIIMSA ITPOIIECCA ABTOMATHNYECKOM
CHUHXPOHUBAIIU CYAOBBIX IN3E/IB-I'EHEPATOPOB
ITPU JETEPMUHUPOBAHHOMU ITIOCTAHOBKE 3AJIAUA

IIleBuenko B.A.

HarmonanbHbil yHUBepcuTeT «Opecckasi MOpCKas akageMusi», Ofecca, YKparuHa
ORCID: 0000-0003-3229-1909

E-mail: vash4891@gmail.com

Copyright © 2018 by author and the journal “Automation technologies and business - processes.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licanses/by/4.0

@ (@ | f&o | ONAFT
Ikl Open Access

DOI: 10.15673/atbp.v10i4.1233

AnHomayus:IIpoyecc ynpaeneHus CuHxpoHu3ayueli eeHepamopog s643emcsi 0OHUM U3 Haubosee CAO0HCHbIX NPOYeccos 8
Cy008bIX 3/eKmpo3Hepeemu4ecKUx ycmaxoekax. Paspabomke memodoe abcmpakmHoeo U CMPYKNypHO20 CUHMe3a
ycmpoticme asmomamuyeckoll CUHXPOHU3AYUU ¢ NpUMeHeHUeM nociedHux 00CmuceHuli 31eKmpoHHOU NpoMbiuLieHHOCMU, d
makoice CuHme3y aa20pummuuecko2o obecneueHust 0151 NPOPAMMUPYeMbIX cucmem yoensiemcsi HeOOCMAMmMouHO 8HUMAHUsL. B
pabome npeodnoiceHo Mamemamuyeckoe U ajg20pummuyeckoe onucaHue npoyecca agmomamuyeckoli CUHXpoHU3ayuu ou3sesb-
2eHepamopoe 8 cy0oeoll 31eKkmpo3HepeemuUeckoll ycmaHosKe. BbiOesneHbl mpu 8uda Kpumepueg onmumaibHOCMuU ynpasneHus
npoyeccom CUHXpOHU3Ayuu npu OemepMUHUPOBAHHOU U cmoxacmuueckoli nocmavoske 3adauu. OnpedeneHbl PuCKU
OMK/AOHeHUs hakmuueckoli mpaekmopuu CUHXPOHU3UPYemM020 00vekma om osxcudaemoli. IloayueHa o606WeHHass cmpyKmypa
ynpaeseHus NpoyeccoOM CUHXPOHU3AYUU U a120pumm (PyHKYUOHUPOBAHUSI CUCMeMbl YNpaeneHus 3MmuM Nnpoyeccom.
OnpedeneHa cmpykmypHas cxemd KaHand no020HKU 4acmombl CUHXPOHU3UPYeMOz20 Ou3e/lb-2eHepamopd, d makice OnucaHbl
nepedamoutble yHKYuu Kaxco0ozo ee 38eHd. OnpedeneHbl Mamemamuueckue 8bIPaXdCeHUsl BDeMeHU OHCUOAHUS HACTYNAeHUs
MOMEHMA CUHXPOHU3MA, d MAKdce napamempos, onpedeasiowjux 3a0epicKy 6peMeHU cpabambleaHust 2eHepamopHO20
asmomama. Iloayuena duazpamma, uafocmpupylowds cnocob onpedeneHuss napamempog CuHxpoHusayuu. Haeasionoe
onucadue npoyecca npu nomowu an20pummos, oudepaMm U mamemamudeckux eblpadceHull nozeoaum 6e3 mpyoa
peanusoeamb  NpeoaodCeHHblll cnocob 8 COBPeMEHHbIX Ccucmemax aemomamuyecKo20 ynpaeneHus  CyOO8bIMU
3/1eKmpo3Hep2emuuecKuUMU yCmaHo8Kamu.

Abstract: Generators synchronization control process is one of the most complicate processes of the ship’s electrical power
plant. Automatic synchronization control devices development abstract and structure synthesis methods, programmable
synchronization systems algorithms receives little attention. Diesel-generator automatic synchronization process mathematical
and algorithmic description is proposed in the paper. It is selected three optimization criterions on synchronization process
control in deterministic and stochastic task formulation. Synchronization object actual trajectory deviation from expected
trajectory risks were defined. Synchronization control process generalized structure and such process control system
algorithm were received. Synchronizing diesel-generator speed control channel structure diagram and it’s all transfer
functions were defined. Synchronism moment expectation time and generator’s circuit breaker closing time delay
mathematical expressions were defined. Synchronization parameters defining diagram is presented in paper. Synchronization
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process easy algorithmic description, diagrams and mathematical expressions will allow to realize proposed method in
modern electrical power plants control systems without any difficulties.

KiwoueBble cnoBa: CHHXPOHM3alMsi TeHepaTOPOB, AyajbHOe YIpaB/leHHe, aflalTUBHAs CHCTeMa, TMOATOHKA YaCTOThI,
AJITOPUTMBI YTIPaBJIEHUS.

Keywords: Generators synchronization, dual control, adoptive system, speed control, control algorithms.

BBejeHue

CuHXpOHU3alMs reHepaTopHbIx arperatoB (I'A) oTHOCHTCS K HauboJsiee CJIOXKHBIM M BeCbMa OTBETCTBEHHBIM TPOLIeCcam
yTpaB/ieHHs1 B 3JIeKTPOIHEpPreTHKe CyZoB. [I103TOMy HCCIeJOBAaHUIO CBOMCTB 3TOTO TIpOLjecca U COBEPIIeHCTBOBAHHIO
TEeXHUUECKUX CPE/ICTB aBTOMATH3allUH Y/Ie/IAeTCss 0C000e BHUMaHHe.

Hapsiiy ¢ 3TMM HeomnpaBaHHO Maji0 BHUMaHWUs y/essieTcsl pa3paboTke MeTOZOB abCTPaKTHOTO M CTPYKTYPHOTO CHUHTe3a
YCTPONCTE aBTOMAaTHUECKOW CUHXPOHU3ALMH C TIPUMEHEHHEM TOC/IeIHUX AOCTWKEHUN 3/1eKTPOHHOU TMPOMBIIIIEHHOCTH, a
TaK)Xe CUHTe3y aJrOPUTMHUECKOr0 obecrieueHus /ijisi IPOrpaMMUPYEMBIX CUCTeM. B syuiiem ciyvae aBTopsl [1,2] npuBogst
OTMCaHWe TIPUHLUMA /I€HCTBUS y3/10B HEKOTOPBIX TUIMOBBIX CUHXPOHH3aTOPOB W/IM aJITOPUTMbI YIIPaB/IeHUs B CaMOM 0011jeM
BUJE.

B cBsi3u € 3TUM BCTaeT 3a/jaua aHaju3a CYIECTBYIOUIUX CIOCOO0B aBTOMATHM3allMM TPOLeCcCa CUHXPOHU3ALUU ISt
YCTAaHOB/IEHWSI MAaTeMaTHUeCKMX MO/Ie/Ieli OCHOBHBIX TMpeobpa3oBaresiel M WCCAeJOBaHUSA WX C TIO3WLMH peau3alii B
MUKPOIIPOLIECCOPHBIX crcTeMax. IIpy 3TOM HEOOXOAUMO CTPEMUTHCA K MaKCHMMa/bHOMY KCIIO/Ib30BAHUIO TOI0KUTEIBHBIX
CBOMCTB KeCTKOH (anmapaTypHoii) ¥ MpOrpaMMHpPyeMOil JIOTUKU C TO3WL[MM TakKUX KpUTepUeB KaK HaJie)KHOCTb, TOYHOCTb,
OBICTPO/IEICTBHE, IMATHOCTUPYEMOCTD.

AHanu3 TuTepaTypPHBIX JAHHBIX U MOCTAHOBKA MPO00/IeMbI

K HacrosiiiieMy BpeMeHH OrMyO/IMKOBaHO psifi GyHaMeHTanbHbIX paboT [3-5], 0XBaTHIBAIOIIMX MaTeMaTHUECKHE METO/[bI
WCCIIeI0BaHUSI Y TIPOEKTHPOBaHUS 3JIEKTPOIHEPreTHUeCKUX CHCTEM CO CTaTHUeCKOW JUHAMUKOM U TlepeMeHHOUM CTPYKTYpPHOM
CXeMOH.

Psig pabot [6-8] mocesiiiieHo pa3paboTKe M ONTUMHU3aAlMK PeXUMOB paboThi COOC, rfe oTMeueHa HeoOXOAUMOCTh
WCCIleloBaHUM B YaCTU COBEPILIEHCTBOBAHKS He TOJIBKO IJIaBHOM YIIpaBJIstOIlel CUCTeMbl BEPXHEr0 YPOBHS, HO U JIOKaTbHBIX
TIO/ICKCTEM YTIpaBJIeHHs! Bajlo- U [in3e/b-TeHepaTopaMHu.

CoBepIIIeHCTBOBAHHE aATOPUTMUYECKOTO obecrieueHuss B KOMOWHAI[MM C WCIIO/Ib30BaHWEM COBPEMEHHOM IdpoBoi
TEXHUKHU B CY/IOBOM 3/7I€KTPOIHEPreTHKe AaeT 00JblMe BO3MOXKHOCTU B Pa3BUTHM aBTOMATH3allud TIPOLIECCOB YTpPaBJIeHMS],
KOHTPOJII M 3allUThl OCOOEHHO Ha CyJaxXx C KOMOWHMDOBAHHBIMU W THODUIHBIMHM 3/IEKTPUUECKUMM TPOMY/IbCUBHBIMU
Komruiekcamu  [9-11], a Takke Ha CyJaXx C CHCTeMaMM [JUHAMA4YecKOrO TIO3WUL[MOHWpoBaHus [12,13], rae
3JIeKTPOIHepreTHUecKas CUCTeMa 3a4acTyr0 Hepa3phIBHO CBsi3aHa C 3/IeKTPUYeCKHUM TIPOIY/IbCUBHBIM KOMIIEKCOM. BosbImmix
MIPEMMYILECTB B IUIaHe IIOBBLIIIEHUS] TEeXHHKO-9KOHOMHMUeCKHX T1oka3aresie COC MOXKHO [OOWUTBCS —yIIpaBjieHHeM
COOTHOIIIeHUsI COOCTBeHHBIX napametpoB [II" [14], perast 3a1auu, cBsi3aHHbIe ¢ 0OecrieyeHNeM MHUHUMYyMa pacxo/ia TOT/IMBa U
W3HOCA OT/eNIbHBIX [eTanel, CHWKeHWeM WHTEeHCHBHOCTH Harapoobpa3zoBaHusi M fp. LlenecooOpa3Hoil Takxke SIBISeTCS
ontumu3zarus pabotel ACY COOC B 4yacTV TOBBIIIEHUS OBICTPOJENCTBUS WU3MEPEeHUs] M [IUArHOCTUKU 3JIEKTPUUECKUX
napameTpoB [15] ¢ 11e/1bt0 CBOEeBpeMeHHOM ee afjanTaliii U peKOH(pUryparuu.

Lens 1 3aa4u UCCIeJ0BAHAS
Lesibio paboThI SIB/ISIETCS TIOMCK METO/]a ONTUMA/IbHOTO YIIPaB/IeHUs TIPOL[eCCOM CUHXPOHU3AL[UK [H3€e/b-TeHepaTOpPOB MpH
JleTepMUHHMPOBAHHOM MOCTaHOBKE 3a/lauy B CY/JOBBIX 3/IEKTPOHEPreTUUeCKUX yYCTaHOBKaX.

MeToabl U MaTepHaJbl HCC/Ie/0BaHUSA

3ajjauy ONTHUMH3ALMK CBsDKEM C OIpefie/leHMeM TaKOrO 3aKOHa yIIpaBJieHHsi, KOTOPBIN Y/ 0BIeTBOPsil OBl HEKOTOPOMY
YC/IOBUIO S5KCTpeMyMa, SIB/ISAOIeMyCsl TOKasaTesleM KadecTBa (W/IM TOKasaTeseM AOCTH)KUMOCTH IIOCTaBIe€HHOM Lien), U
YUUTBIBa/I Obl TPEOOBAHUS [0 OTPAHHUUEHUIO YIIPABJSIOLIMX BO3/eWCTBHUI, KaueCTBY 3/IeKTPO3HEPTHH, a TakKe BO3MOKHbIE
W3MeHeHUs (B TIpoLiecce 3KCIUTyaTallii) TEXHUYeCKUX XapaKTepPUCTHK CHHXPOHHU3UPYeMbIX 00beKTOB. IToceiHee TpeOoBaHe
BbI3bIBAaET HEOOXOJMMOCTb PAaCcCMOTpPEeHUs] pa3pabaTbiBaeMON CHCTEMBI B KJacCe aJanTHBHBIX (CaMOHACTPAWBAOIIWXCS)
CHCTeM YTIpaBJIeHUs.

ITockosbKY TpOLlecC CHHXPOHU3ALUH SIB/SETCS CTI0KHOW U MHOI'OKPUTepUa/IbHOM 3a7iaueld, To ee pellieHHe 1jesiecoo0pasHo
pacueHUTb Ha COCTAaBHBIE 3Tarbl, KaXK/bI U3 KOTOPHIX HEOOXOAMMO pacCMaTPUBATh HE3aBUCUMO Kak pelleHHe OTAeTbHON
YacTy 3agaud. [I71s OLleHKH 4acTHOM 3a/jaurl MoKeT ObITh BBIOpaH OJMH KPUTEPUH, ec/y 3afiada pocTast ¥ Masas 1o oosemMy, 1
TpyIIia KpUTepHeB, ey 3aflaua KOMILIeKCHasi. IIpy 3TOM OfyH U3 TPYIIbI KPUTepHeB BLIOMPAETCsl B KauecTBe OCHOBHOTO, a
OCTaJIbHbIe SIB/ISIOTCS [IOTIOJIHUTEBHBIMU M B YCJIOBUSIX WX B3aWMHOTO aHTOTOHM3Ma MOTYT MMeTh IPHOPUTETHYIO OCHOBY.
ITpy pelieHNM YaCTHBIX 3a/jau MOXKET OBITb MPOM3Be/ileHa CMeHa OCHOBHOTO M IOTIOJIHUTE/IBHOIO KPUTEPUEB WM M3MeHeHHe
TIPUOPUTETA U CTENEHN BXKHOCTH [JOTIOTHUTE/IbHBIX KDUTEPUEB B 3aBUCUMOCTH OT TPeOOBaHUH K ObICTPO/IEHCTBUIO, PeabHON
00CTaHOBKY, BUIa TIpeJIIMCAaHHOTO YIIPaB/eH!s ¥ APYTUX (HaKTOPOB, BIUSIOIMX Ha MPOTeKaHHe TPoLjecca CHHXPOHU3aIWH.

44


http://www.atbp.onaft.edu.ua/

ﬂ'ﬂ AsTomaru3atiis TexHosorivHux i 6izHec-niporeciB Volume 10, Issue 4 /2018 N
http://www.atbp.onaft.edu.ua/

OnpefenieHHble aBTOPOM B [16] 3a7auy CMHXPOHM3AL[MM MOXXHO YCJIOBHO pa3sfie/iuTh Ha 3ajaud ObICTPOZEHCTBUS, T.e.
33/lauM BBITIOJIHEHUSI yTpaB/AeHUs] B KpaTyaMlliMii CPOK, 3aJjaud yrpaBjieHWsl B MpeAnvcaHHOe (3alaHHOe) BpeMsi U 3afauu
yTIpaB/ieHus! B TIPeIIMCAHHBIX YC/IOBUsIX. TakuM 00pa3oM, UCXO/Isl U3 CMBICJIOBOTO COJIep>KaHUsI 3a/iay YIpaBJ/ieHuUs], 3aruIieM
TPY BUJIa KDUTEPHUEB ONTHUMA/ILHOCTH: [/ 3a7jau ObICTPOZAEHCTBUS

K =minT
i (€]
rje T — BpeMs yrpaB/ieHus:; U — yrpaBjieHue CUHXPOHU3UPYEMBIM 00beKTOM;

[I7IsI 3a[ja4 yIIpaBJieHUs B 3alaHHOe BpeMsi

K :mln(T3a/:[ - Tli)aKT ),
(2

rae T, — 3agaHHoe (TIpenMCaHHOe) BpeMsi TpeOyemoro yripaBieHUsl, Tgpaur — (AKTHUYECKOe BpeMs, 3aTpayeHHOe Ha
BBITIOJIHEHUE yTIpaBJ/eHMs;

Y [I71s1 3314 yTIpaB/ieHNs B 3a[JaHHBIX YCIOBUSIX

K =min|AIT,,, - Al

. 3
rze Al — gonmyctumas BemurHa oTKIoHeHUs rapameTpa I1; oT I1,on; Allgar — pakTyeckoe oTknoHeHue I1; oT I1,en.

B COOTBETCTBUM C pacCMaTpPUBAeMbIMH TTOCTAHOBKAMH 3ajlau  YIIPABJEHWS CHHXPOHU3HUPYEMBIMU OOBEKTAMU —
JleTepMUHHIPOBaHHOM U CTOXAaCTUUeCKO! — BBeZieM KPUTEPUU ONTUMAa/bHOCTH.

Hawnbomnee BocTpeOOBaHHOL SBISIETCS 3a/jaua YIPaB/eHUs B IeTePMUHUPOBAHHOM MOCTaHOBKe, 6a3UpYIOIasics Ha TOM, UTO
yTpaB/ieHne CUHXPOHU3UPYEMbIMU 00BEKTaMU, @ 3HAUUT U TPAEKTOPUU WX JIBWKEHUS B MPOCTPAHCTBE 3a/Ial0TCsI N3BECTHBIMU
dyHKIMsIMMA BpeMeHHW. YacTHBIM C/yuyail TakoW MOCTAaHOBKM [JOMYCKAaeT, UTO KpPUBble HampsbkeHusi ceT Ups, Kak 00beKTa
CUHXpPOHU3Ma, U reHepatopa Usy, KaK CHHXPOHH3UPYEMOr0 00BEeKTa, MpeJCTaB/IsAOT CO00W CHUHYCOHa/bHbIE (YHKI[UH
BpeMeHU COOTBETCTBEHHO.

Kputepun onTvMasbHOCTM 3aZlad CUHXPOHM3ALMM B JeTePMUHUPOBAHHOW I1OCTAHOBKE I10JIHOCTBIHO OIMChIBAIOTCS
3aBucuMocTsamH (1-3).

[TockonbKy B pellleHHWH 3aJad TOUHOW CUHXPOHU3ALMU OIpeZessIoIIMU  SB/ISIOTCS YCIoBust (3), TO [AJsT OLieHKU
3¢ deKTUBHOCTU yIIpaB/eHHsl JAaHHBIM TIPOLIECCOM TIOJIOXKUM B OCHOBY orpefieneHusi All,,, U Allg.: TPOHKM TapaMeTpoB
D=(AU,on, @spon, Ozon) 1 ®=(AU, s, &), COOTBETCTBEHHO. B 11€/10M, yuuThiBasi, UTO TpEBbIllIEHHE JIFOOOro U3 MapameTpoB
Tpoiiky @ COOTBETCTBYIOIIETO AOMycKa U3 D MpUBOAUT K BOSHUKHOBEHHIO CYIIIeCTBEHHOTO YPaBHUTE/ILHOT'O TOKA B IpOLecce
CUHXPOHU3AINH, TOCTaBUM Pa3HOCTh (Allon — Allpar) B COOTBETCTBHE (QYHKITMOHATY

lyp =——— —__Sin—~
Xg1 + Xg2 + X, 2

>

rae K — Ko3(GULVEeHT, YUMTHIBAIOIIMN anepruoiMYecKyl0 COCTaB/SIOIIYH TOKa; X471 U Xg4p — CBepXIepexo/Hble

WHAYKTUBHbIE COITPOTUBJ/IEHHA I10 HpO,Z[OJ'II:HOfI OCHU CHMHXPOHM3HDPYEMBIX TI'€HepPATOPOB; X. — 3KBHBA/IEHTHO€ HWHAYKTHBHOE
COIIPpOTHBJ/IEHHE 3JIEMEHTOB CeTH, COeAMHAIIUX CUHXPOHU3MPYyeMbIe I'eHePaTOPhbI; 0o — HauaabHbIN yroJs caBura (ba3 Mexny

npogosbHbIMU DJJC CUHXPOHHU3UPYEMBIX T'eHepaTopoB, T.e. MEXKY E(;’l U E;Z .

TakuM 06pa30M, OCHOBHOM KPUTEpPU OLIEHKU 3(PQEKTUBHOCTH YIIPaB/IEHHs POLIECCOM CUHXPOHU3aLMU OyZieT UMeThb BU/;

K :mulmyp

[IpUMeHMB TOJTyUeHHbIe paHee BBIPAKEHMS K KaKJOMy U3 JBYX TUIIOB 3a7jau OLEHKH 3((EeKTHBHOCTH, MONYUYUM JIBe
TPYIIB! KPUTEPUEB ONTUMATBLHOCTH:
JU/1s TIepBOTO TUIA 3a/a4
K =min(P®) _ o GpicTposeiicTBHIO;

K =min(P(Tsy = Tyaxr)) _ 110 BBINOMHEHNIO B 33/[aHHOE BPEMSE;

K =min(P(IT,y; - Mga)) _ 110 BBINOIHEHUIO C 3a/JaHHOI TOUHOCTBIO;

¥ J7151 BTOPOTO TUIIA 3a/jau;
K =min(M(T)) _ o 6picTpoeiicTBIIO;

K =min(M(Tsa = Tyar)) — 110 BBINONHEHMIO B 3a/JaHHOE BPEMSE;

K =min(M (Al 105 = Allgar)) _ 1o Bpiro/HEHHNIO C 33JaHHON TOYHOCTBIO.

[TepByto0 rpyIiny KpuTepueB OyzeM IPUMEeHSTh /sl OLleHKH KauecTBa (PyHKIJMOHHUPOBAHUS CUCTEMBI ITPH CTOXAaCTUUECKOM
TI0JX0/ie K OIpe/ie/IeH|I0 MOMeHTa ONTUMyMa CHHXPOHH3al1H.

Bropyto rpyrmiy KputepreB 0yeM HCII0/b30BaTh /ISl OLIEHKU CUCTEMBI MPH YIIPaB/IeHHH MPOL[eCCOM YPaBHUBAHHS YaCTOT
CHHXPOHHU3UPYEMBIX 00BEKTOB M OINpeZie/ieHHH MOMEHTA TOAaud OIepeXKaroliero MMITY/IbCa Ha BK/IFOUeHHe TeHepaTOpHOTO
aBToMarta. Ec/iM Mpu 3TOM MOCTaBUTH TpebOBaHHe, B COOTBETCTBUU C KOTOpbIM CY Tipy (hOPMHUpPOBaHWM YMPABASOLIMX
BO3/IeHICTBUI ZI0/DKHA YUUTHIBATh U3MEHEHHe TEXHUUECKUX XapaKTePUCTHK 00BEKTOB YIIPABIeHHS B MPOLIECCE SKCIITyaTall|H,
TO JlaHHBIe 33/lauMl C/leflyeT pelaTh Ha 6a3e TeopHy [yasbHOro yrpasneHus [16].
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CuHTe3 aIropuTMa ONTHMAJILHOTO YIIPaB/IeHWs B TEOPHM JIyajJbHOrO YIpaB/IEHUs /i YaCTHOTO CJiyyasi, 10J, KOTOPBIA
MOMA/IAk0T /IBe TOC/eAHNe 3aflaud, CBefileM K cienyroinemy. [IpeAnoioxkum, uto U3BeCcTHa MaTeMaThueckas Mofesb (1bo
CYIIEeCTBYIOT JKCIIepUMeEHTa/TbHbIe JaHHBIE) OIMUCHIBAIOIIAsl C JUCKPETHOCTBIO T M3MeHeHHe BequunHbl X(i,j)EX(Nxi — N») B
TpoLiecce repeBofia — Py CUHXPOHU3UPYEMOro 00heKTa U3 OHOTO — HauaJbHOTO B [[PYroe — 3a/laHHOe KOHEYHOe COCTOSIHUE,
T.e.

Uy (X4, 6,2, Py, 10— X, 4)

rae, Uy — pesysibTaTHast pyHKUMS repeBoja no BeanurHe Xy(T); X(T) — ynpasssieMas BeinurHa; Xu(T) — ee 3HaUeHHe B MOMEHT

TIOSIBJIEHUsI ~ yTIPAB/ISIONIero Bo3gelcTBus; O(t) W Z(T) — WU3MEHEeHUS TeXHWKO-3KCIUIyaTallMOHHBIX —TIOKa3aTesiei
CUHXPOHU3UPYEMOro 00beKTa B MPOL[eCCe IKCIUTyaTalliu.

Ilpu >TOM, B TIpoLiecce peajv3aldM TOO0OT0 W3 TEPeBOJOB THIA XH—EX—> X, B mobo#, k-iI MOMEHT BpeMeHH

yTpaBJIsiioOLLed cUcTeMe W3BeCTHBI MpejmnucaHHoe — Xi(t) U ¢axktuyeckoe — X ;(D (t) snaueus yTIpaB/sieMOl BeJTUUMHBI.

[HononxutenbHast uHdopmarus o BenuurHe Z(1) cofepkutcsi B Bektope HabmogeHudt Viei=(Vici, Via,. .., Vi) Bennunnbl X(1) B
TIpeALIIeCTBYIOIiE MOMEHTEI BpeMeH! B BeKTope yripaBineHUH 0i.1=(8y.1,0ko,...,0n), KoTOpBIE perucTpupytorcs B namsta MII
CY u npesicTaBsitoT coboii HabM0aeMyto IpeIbICTOPHUIO YIIpaB/isieMoro mpotecca. 3gece V; =X, +h;,i €0,k - 1, tae h;
— C/Ty4aiiHasi TOrpelliHOCTb M3MepeHUsl BeIMUMHbI X; C U3BeCTHOM IVIOTHOCTBIO pacrpefenenus BepositHocTeld P(h;).

Ecmu HabmozieHHs1 3a peaM3yeMbIM II€DEBOZIOM TOKAa3bIBAIOT, UTO CYILECTBYeT OTK/IOHeHHe (akThueckoro X ,((D (1)

3HaueHUsl yTIpaB/sieMOl BeJMUYMHBbI OT MpeAnrcaHHoro — X E(r) , TO TIOTepHd, BHOCHMble CHCTEMOH, MOXXHO OLleHUThb
yzAenbHOM QyHKIMel ToTephb
w, (o) =w(x 2, x v
BriosiHe oueBH/IHO, UTO 3a KOHEuHOe BpeMs ¢yHKIMoHupoBanus MIT CY B mporjecce mepeBofa — Nt 0006IeHHas
¢$yHKOWs oTepb OyJeT UMeTh BUJ;

n
w=3WX?2 X"
k=0
TakuM ob6pa3om, cucTeMy OyZieM CUMTaTh ONTUMAJBLHOM, [/l KOTOPOM MOJHBIM PUCK R — MaremaTHueckoe OXKUaHWe
(yHKL[M TIOTepb — MUHHMaJIeH, T.e.

n n
mlw] =3 M|w,| =3 R, - minR ®)
k=0 k=0
3mech Ry — yIeabHBIN PUCK, KOTOPBIM OTpeIeNsIoT Kak
R, = frkP(Vk_l,ek_l)dw ©)
W(Vi-1,0k-1)
@yHKIMOHAN I'k B (6), Ha3bIBAEMBIH YCIOBHBIM y/e/IbHBIM DUCKOM, TIPE/CTaB/seT Co60d MaTeMaTHUecKoe OXKUjaHhe

y/leNbHBIX TIOTepb Wy npu (UKCHPOBaHHBIX 3HaYeHUsIX BeKTOPOB Vi.i ¥ Bi.;. OH onpefensieTcst B BUZe:
Zy = WX (0 2)XP(Z V1,0, hdw
W(Z,0K) ’

™

rae Iv= P (0 k /Vi-1, O)_1) — ycnoBHas nioTHOCTb pacripesiesieHus Oy, HasbiBaeMasl y/le/bHOM CTpaTeryeil yrpas/aeHHts.

B (6) u (7) cumBonoM | o6o3HaueHa 06/1aCTh MHTeIPUPOBaHUs. BblpakeHue p(z/ Vi1, 05 1) npezcTasiseT coboi

arloCTepUOpHYIO TUIOTHOCTh paclpejiesieHHsi HeH3BeCTHOro napamerpa Z W IPU 3a[@aHHBIX allPUOPHBIX IVIOTHOCTAX Po(Z) u
P(h;) naxoputcs o popmyne Baiieca:

k-1 k-1
PO(ZI IP(VJZ,B,-)I IFi)
i=0

P(Z/Vy.1,0,.1) = L
P(Vk-l’ak-l)

®)

YcnoBHas MI0THOCTS pacripesienenus P (VlZ , 0; ) oTpeieNnisieTCs C yueToM (4) 1o U3BeCTHOM TUIOTHOCTH pactipe/iesieHust

P(h;). TlocnepoBaTenbHOCTh yHKIMEN 1ipu §={I'o, I'y,...,I"s} TIPUHATO Ha3bIBaTh CTPATETHEH YIIpaB/IeHMs. 3aBUCUMOCTb PHUCKa
R ot crparernu § 0603HaunM R° 1 6yzieM CUMTaTh ONTHMA/IBHOM, eC/IM OHa MUHUMM3HPYeT PUCK R.

OTa cTpaTerus UIIETCs B K/acce AOMNYCTUMBIX cTpaTeruii A. U3 (6-8) cnenyer, uro Kaxxjoe cnaraeMoe Ry B (5) 3aBUCHUT OT
BbIOOpa nocnegoBarensHOCTH {I', Ty, ... I'n}. TIpu 3TOM BBIOOp yzenbHOUM cTpateruut 'y BUSeT He TOJNBKO Ha Ry B k-blid
MOMEHT BPEMEHH, HO M Ha 3HAUEeHUs BCeX OYAYIIUX y[e/MbHbIX PUCKOB Ry.1,...,Ry. DTO B/IMsHUE MPOSBISETCS, KaK CAeYeT U3
(8), uepe3 amocTepHOpHYIO IIJIOTHOCTh pacIipefiesieHUss HEU3BECTHOrO IIapaMeTpa M COCTaB/sieT CYILIHOCTb AyaJbHOCTH
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yTpaB/ieHus: BLIOOp yIIpaB/ieHUs OTPe/ie/isieT He TOJIbKO TMOBeJIeHHe BeJIMUMHbI X, HO W TeMIT HaKOIuleHus: uHdopmaiuu o6
U3MEHEeHUU Z.

Pe3ybTaThl HCC/IEJOBaHMS

B cBs3M C BBIIEU3/IOKEHHBIM, ONTUMAaibHasi CTpaTerusi yIpaB/ieHWs] TIPOLIeCCOM CHHXPOHM3allud, B YaCTHOCTHU
yPaBHMBAHUSI YaCTOT CHHXPOHU3UPYEMbIX OOBEKTOB U OIpe/iesieHUs MOMEHTa [MoJauM OIepekalollero MMITyJbca Ha
BKJIFOUEHVE T['eHepaTOPHOr0 aBTOMaTta, Oy/eT CBsizaHa C pa3paboTkol 3¢ (eKTUBHBIX CIIOCOOOB U3MEPEHUs] TeXHUUEeCKUX
roKasaTesieli 00beKTOB YTIPaB/IEHHUs U OTIPe/IeNIeHNsI UX U3MEHEHUH B TIPOL[ecce SKCITyaTal|u.

Eciu Teneps, MojiyuyeHHbIe BbIllle pe3y/bTaThl, a TAKXKe M0JyUeHHbIe aBTOPOM B pabote [16] 06061uTh 1 hopMaIn3oBaTh
C yueToM BbIOpDAaHHOM CTpaTeruu ympaB/eHHsi, TO CTPYKTYpa ONTUMA/LHOTO yIpaB/ieHHUs MPOLIeCCOM CHHXPOHHU3alUK Oyjer
WMeThb BUJ, puc. 1.

Ssi(i) |
3 taov !
|
I* sy Usy ' Uos ] Xm(t)
RG D G A R e
|
- - | g
d(i,j)
STRan
CNV|CNV !
|
RTI, RTD N
AoV X(i.)) SWG(i) cy
PBM(i) CI3Y
STRvn
s VLT(i
Y(i,j) m ATIC
!
BB6O,£[ u
npe? paBkOB. Pa6orta B 1ieHTp.
2 yHKy.
rporpaMme
HeT
na
OrnpepenexHue
CHSsy 1 ®opMUpoBaHue 1
) BBIBOJ
CHSo, VLT()#11
v
Pacuer ®opmHpoBaH1e 1
Yo () = f>(Taps SV?‘EBQA "
JTp2 Tye #
Onpejenenye v Tz o) @
INC() 1 !
DCR(i) ®opmupoBaHHe 1
BBIBO/J]
Pacuer ADV()
Yingld) =T,
Ty 10 Her
D
OIJM;IIRQ}O?’ZHI/IQ u Aa
RTI(i) ¥ RTD(i)

Puc. 1 — O6o01ieHHasi CTPYKTypa ynpaB/ieHHs MPoLeccoM CHHXPOHU3aLUH

BeienniM B CTpPyKType, puc. 1, KaHa/l yIipaB/ieHUs TOJTOHKOW YacTOTBl M TPeJCTaBUM €ro SKBHUBAJE€HTHOM CXeMOM
1MppPOBOM aBTOMATHUECKOM CHUCTeMbl YIIpaB/eHUsI C CUTHAlIOM ®sy (puc. 2), B Kotopoit MII cucrema BBINOJHSIET POJb
JVCKPETHOTO aBTOMAaTHUeCKOTO YIIPABJISIOIIEr0 YCTPOWCTBA, pabOTAlOI[ero IMKINYeCKW, C HWHTEePBaJOM OOHOBIIEHHS
nHpopmauuu =T

47


http://www.atbp.onaft.edu.ua/

ﬂ'ﬂ AsTomaru3atiis TexHosorivHux i 6izHec-niporeciB Volume 10, Issue 4 /2018 W
http://www.atbp.onaft.edu.ua/

JeTepMUHYpOBaHHas IOCTAaHOBKA 3aJiaud T[03BOJIIET pacCMaTpuBaTh YIIpaB/sOLee YCTPOMCTBO, KaK 3JIEMEHT
HeIpepbIBHOTO JeHCTBYS, 3aKOH (DYHKLIMOHUPOBAHKsI KOTOPOTO MOXKHO OIMCATh MaTeMaTU4ecku. B obrem ciyuae 3to 6yger

3aBUCUMOCTh BHZIA
. o
IMP — 5
Wer(p)
rzie Wer(p) — nepefaTouHasi pyHKLUS LIeNH [TO/ATOHKU.

I*

kGA sy

Toap +1 Usy sin(@syt +0sy) Ups Sin(wpst +0ps)
USY UOS

. PR
Yip (i) — =™ — t1yp

Wsy

kRG (T3p + 1) j,\)_*@ - kGM tip

Tip® +T,p +1 p

Puc. 2 — CTpyKTypHasi cxeMa KaHa/ia MOArOHKHA YaCTOThI

Kak BU/IHO U3 CTPYKTYpHI pUC. 2,

k keo(Top+1) K
W (p) =W, (p) W,-(p) W.,(p) ="GM . _"RG 3 GA .
CrR'\P M \P’) "Wgrg'Pp GA\P D T1p2+T2p+1 Top+1

_ kGMkRGkGA(T3p +1)
T T ap* +(T, T, +T)p® +(T, + T, ) p* +p

WCR(p)

TakuM 06pa30oM, BbIpAKEHHE

o = kou krg keaTyp +1)
T T ap* +(T,T 5 +T) p° +(T, + T, p? + p

trvp

OyZieT OmuCHIBaTh peabHbINA TIepexofHON MpoLiece, BbI3BAHHBIN peav3alideli B LIl MOATOHKH YIIPaB/ISIOIero Bo3jeHCTBYs
tmp, @ OOpaTHAs 3aBUCUMOCTh

*
w

t =

T T ap* +(T, T, +T)p> +(T, + T, )p? + p

MOXKET ObITh M0JI0KEHA B OCHOBY UCKOMOTO yTIPAB/IEHUS.

Tako¥ TOIX0/ K PaCueTy tp [IO3BOJISIET YUUTHIBATH BCE BO3MOXKHBIE B TIPOLeCCe KCTUTyaTarmu D0Y W3MeHeHUs BeJTMUNH
kem, Kre, kca, Tca, Ti, To, Ts, XapakTepU3yIOIMUX JUHaMUUecKre cBoicTBa Len: GM — RG — GA. OpHako peamm3anus B MIT
crcTeMax 3aBUCMMOCTH BU/Ia

trvp :Fl(w*’TGA’Tl’TZ’TS’ krcs>kem s kGA)

KpaliHe 3aTpy/JiHeHa 13-3a CJIO)KHOCTH, a 3a4acTylo, 1 HEBO3MOYKHOCTU JJOCTOBEPHOTI'O orpeZesieHus: mapaMeTpoB Tca, T1, Ts, T,
krc, kom 11 ka B peanbHbIX D3Y.

[To sTOli mpuuuHe NMosMHOM Wcg(p) 3aMeHUM TPOMKOW XapaKTepUCTHK B=(S,T;,M.5), UTO MO3BO/SET ONMMCATh UCKOMBIN
3aKOH yIpaB/ieHUs 3aBUCUMOCTBIO BUA

tIMP = FZ(ms,T3,S,anﬁ),

e S — TeMI U3MeHeHHs 4acToThI BpalljeHus: GA, T, — 3ana3/jbIBaHue 110 KaHa/ly yIpaB/ieH!sl YaCTOTOM BpalljeHUs], Ny.s — BbIOET
TI0 YacToTe Bpall|eHHsI [IPYU CHATUY YIIPaBJISIOILero BO3/IeMCTBUS tivp.
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Onpe,qeneHI/Ie OINNTUMA/IbBHOT'O MOMEHTA BK/IOUEHHA T'€HEPATOPHOTI'O dBTOMdTd CHUHXPOHHU3UPYEMOIro O6'beKTa CBA3dHO C
pemieHreM COBOKYITHOCTH 3a[la4, TadKHMX KaK: oOrpejejeHrue B3auMHOI'O pacrlio/Io)KeHHWsA B TPOCTPAHCTBE BEKTOPOB
OJHOMMEHHBIX Cba3 HarIpﬂ)KEHI/Iﬁ CUHXPOHU3NPYEMBIX 06'BEKTOB; pacueT BpeME€HU OXXHaHWsA tox OIITUMYMa CHMHXPOHHU3allH,
T.€. MOMEHTA reOMeTprU4YeCKOro COBIId/leHHA HAa3BAHBIX BEKTOPOB, d)OpMI/IpOBaHI/Ie oriepexkarouiero MMITy/ibCa Ha BK/IFOUEHHEe
reHepaToOpPHOro aBTOMAara CUHXPOHU3UPYEMOro 00LeKTa.

B coorBercTBUU C ,ELETepMI/IHI/IpOBaHHOI?'I TIOCTaHOBKOM 3a/laii B3aMMHO€ pacriojioKeHre B IIPOCTPAaHCTBE BEKTOPOB
OJJHOMMEHHBIX (ha3 HAIPSDKEHUA CHHXPOHHU3MPYEMBIX 00BEKTOB MOKET ObITh OIHCAHO BLIPAKEHNEM

—() =) =)
rsy =ros +Ars >
rje
k
AR =F 0 7O :[t(k) - t(O)]d‘Z%) Z\Augk)\ =Ups Ugy sianS[t(") - t(o)]

— BEKTOp, OIpe/ie/ISIFOLIMI H3MeHeHNe BelIMUMHbI HanpspKeHus orubaroiieii 61ieHnit 3a BpeMst lt(k) - t(O)J .

(k) Q)
Tockonbky Bekrop 7{*) =7} (K sin__, a Takke, yUUTbIBas, UTO 79 =0 u cryuait, kora —> =0 (pexum
3aBMCaHMsA), TI0 YC/IOBHIO 33/IaUM BBITAZiaeT U3 PaCCMOTPEHHS, IOy UHM:
0) o
TS 'Sin—az = Ugy Uos SIHTS[t(k) - t(O)] ’
OTKy/Ia
a® = g [t(") ] t(O)J
1160 10.15673/atbp.v10i4.1233
(k)
o
[t(") _ t(O)J =t, = ©)

Ws

Takum obpa3om, orpezeneHa 3aBUCHMOCTb BEJIUUMHBI tox OT TEKYIUX 3HAUeHWH s U Of, UTO T03BOJISET MPUCTYIUTH K
pa3paboTKe COOTBETCTBYIOIIEro Maremarvueckoro obecneuenuss MIT CY CO3Y c yuyeToM ee BO3MOXXHOCTEHM M TIPUHATHIX
CrIoco60B U3MepeHwsl.

IMockomeky MII crcTeMa OTHOCHTCS K K/IacCy LUGPOBBIX CHUCTEM, TO B OCHOBY Criocoba W3MepeHHs BeJMYUH ®s U O
MI0JIOKUM TPUHLIAII CyeTa KOJIWYecTBa BPEMEHHBbIX WHTEPBAJIOB 3a MEepUOo/bl CHUHYCOWJanbHbIX HanpsbkeHuil Usy, Uops, 3a
VHTepBa/ BpDeMeHH, XapaKTepU3yIOInii pa3HOCTh ¢a3.

YcnoBumcs Tak ke, uto MII cuctema cofepkuT HeobxoiuMble GopMypoBaTeny [UGPOBLIX CUTHANOB, OTOOpaKaroLNX

1 1
TOC/Ie/{0BaTeTLHOCTH MepHOfoB Hanpskennii cuaxpormupyeMeix obbextos (Isy =——) u (Tos :f_
sy os

TaK’Xe JIOTHUeCKoe YCTPOUCTBO C/IOKeHUs LIM(POBBIX CUTHAJIOB, MT03BOJISIOLIEe OTPe/ie/INTh U3MepeHHe yIiia o Ha BpeMeHHOM
uHTepBasie Ts, KOTOPBIM IIOJIHOCTBIO COOTBETCTBYET I1epuoAly orubatomeld 6reHui

), puc. 3, a

w
Ug :2Um Sil’lTSt rpu Ugy =Ups =U,,

Uos e
\ \ | \ | \ |
Usy Tos Tsy
- L | 1
sy
Ue [| [ ] [1 I
B oy a1 oo aiﬁ* AL.Q:‘
Us
M
e
K
H K
H* K*
01 H, Hi Hf 02 t
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Puc. 3 — [luarpamMma, WTIOCTPUPYIOIIAsA Croco0 onpe/e/ieHHs IapaMeTPOB CHHXPOHU3ALHH

OCHOBHOW TPYAHOCTBIO, C KOTOPOM TPUXOAWUTCS CTaJKMBaTbCd TPU pa3paboTKe MaTeMaTHUecKoro obecreueHus
MHKPOIIPOLIeCCOPHBIX YCTPOMCTB yIpaB/eHUsl CUHXpOHU3auued I'A, sBjsieTcsl INOMydyeHHWe PacueTHOTO BbIP&KEHUs [iIs
Be/IMUMHBI BpEMEHU tox OT Hauasa u3MepeHusi (1) yria o o Toukd ontuMyma 0, . CBsi3aHO 3TO C TeM, UTO B TeueHue Ts
3HaueHHs YI7I0B & Ha CUMMeTPHUHBIX yuacTkax O:M u MO, rornapHo coBrazaroT. [TosToMy ucrosb30BaHre 3aBUCUMOCTH (9)
[JJIs1 OTIpeiesieHus BPeMEHH (o, OyZeT cripaBe/yIuBo TOIBKO Ha yuactke MO;:

a
tow =—— =— T§s.
wg 2w

OneHrBasi MyTH pellieHNs JaHHOM 3aJjauy, OCTAaHOBUMCSI Ha Hjiee M3MepeHUs IBYX I0C/ie/loBaTeIbHbIX 3HaUeHU yria o C
JanbHelllel OLleHKOW 3HaKa UX Pa3HOCTU. [Ipy 5TOM MOKHO YCTaHOBUTH C/Ie[yHollee: eC/iu O < Oz, TO MPOLIeCC U3MEepPeHus X
NpoBoAUTCS Ha yuacTke O;M, npu a; > o, — Ha yyactke MO,

O,E[HaKO B C/1ydadx IIO/JIHOTO Ha/IOKE€HWA BPEMEHHBLIX HWHTEPBAJ/IOB T; U T; OTMEUEHHAasA 3dKOHOMEPDHOCTb MOXeT OBITE
Hapyllli€Ha, UTO IIpuBeJeT K OIHI/I6Ke B OorpejejeHNU 3HdKd.

Kak BuziHO U3 pHC. 3, /I JAHHOTrO C/Iyyasi 3HAYEHHUs o CYUTAIOTCS MUHUMAIBHEIMK (o) 1 Beerga OyayT menbine AT = |Tos
- Tsy|. [ToaTOMY [17151 ICK/TFOUEHHST BO3MOXKHBIX OLIMOOK M3MepsieMble 3HaUeHHst He0OX0/IMMO MPOBEPSITh 10 YC/IoBUIO of > AT.

TakuM 06pa30M, MOXXHO 3aMKCaTh C/IEYIOIIUE BHIPAKEHUS JIJIsl OTIPeZie/IeHUs] ICKOMOTO TapaMeTpa fox:

a
tox =|1- —|Ts , ecmt oy < otz
21

a
tow = T, ecmu o> oy
2%

— TS Y TOS

, Tos :217(]) u Tsy =2tgy,
TSY - Tos

b0 yuuThiBasi, uto s

TMOJTIyYHM B OKOHYATe/JIbHOM BH/I€ BBIDXKeHUH, HE‘O6XO,Z[I/IMLIE AJId pelneHus MOCTaBJ/IeHHOMH 3a/layuM MpejioKeHHbIM MeTO0M.

¢ =|2- Q| Tos Tsy
oK — sy eCyIv 01 < Oy
) Tos = Tgy
¢ =%, Tos Tsy
oK , eCJI (X1 > 0
T Tos = Tsy
IIpu TakoM TMOAXOZe K ONpeZeNeHUI0 t.. BEJWUMHY 3a/lePKKA BPeMEHHW Tapy Ha T0Jauy OIepeKarollero HWMITy/bca
BKJTFOUEHMSI TeHePAaTOPHOI0 aBTOMAaTa MOYXHO PaCCUMTaTh 10 hopMyJie;

Tapv = tox( - tcp,uy (10)

rje tep. — BpeMsi cpabaThIBaHUS 371eMEHTOB KaHasla BK/IIOUeHHs TeHepaTOPHOTro aBTOMaTa.
Kak BugHo u3 BeipakeHus (10), TOUHOCTb MOJK/IIOUEHUs] CHHXPOHU3UPYEMOT0 00beKTa K 00beKTY CUHXPOHM3Ma 3aBUCHUT
He TOJIbKO OT TOYHOCTH M3MepeHUs! BeJTUUMH O U s ¥ PACUeTa tox, HO U OT JOCTOBEPHOCTH TeKYIIero 3HaUeHUsI BeTMUMHBI fep.y.

B [16] moka3aHo, uTO tcp.u gst(l) = fz (TAB, Tp1> Tpos Tyc), rae Tyc>Tp1>Tpo U Tag — coOCTBEHHOE BpeMs
cpabaTbIBaHUs OCHOBHBIX 37IEMEHTOB KaHa/la BK/IFOUEHUS TeHepaTOpHOr0 aBTOMAaTa, COOTBETCTBEHHO: YIIPABJISIONIEH CUCTEMBI
(Tyc), pene ranseanmueckoii pasasku (Tpi), mpomexkyrounoro pene (Tp2) U aBTOMaTHUeCKOro BBIK/IIOUATesNs

reneparopa (Tap), MO3TOMY IS tep, MOXHO 3aIIUCaTh

i)+, (i)

tepy (D) =Tap i) + 7y (D) + 7 yeli)

cp.

B mnporecce 3kcruyaTanuu cyzioBoii DDY, 1o Mepe BbIpabOTKM pecypca YIpaB/sitollell CHUCTEMBI, amnnapaTypsl

COTIPSDKEHUSI ¥ aBTOMAaTHUUeCKOTO BBIK/IIOUATESIs, UX BPEMEHHbIe TOKAa3aTeMu Ty, Tpi, Tp2, Tap — U3MEHSIIOTCS, UTO TIPUBOJAUT K

CYLIeCTBEHHBIM W3MEHEHUsIM lp, W, KaK CAe[CTBUe, K OLMOKaM B pacyeTe tp,. I[IOCKOMBKY TpU 3TOM OOJBIIYHO

[IOCTOBEPHOCTh UMEIOT ToC/IeIHNe K — BK/TFOUeHUI U3 N, TIPe/ILleCcTBYIOIINe PacueTy BeTMUUHSI tq, (n+1), TO [/ onpeseneHus
Toc/IeIHe MOYKHO BOCITO/Ib30BaThCs (hopMyrnont
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n

Z(‘CAB(i) +rp1(i) +T

_i=n-k
.u(n+1)—’:”

()

2(i)+r

p Y

tep P

O0cyx/eHne pe3y/1bTaToB

Takum o6pa30M, MoJ/iyyeHbl MaTeéMaTH4YeCKHWe BbIPDAKE€HMs, JieXKalljie B OCHOBEe OIripenesieHudA ONTUMa/JIbHOro0O MOMEHTA
BK/IIOUE€HWSA T'€HepaTOPHOIo0 aBTOMdTd CHUHXPOHU3UPYyeMOIro 06’LeKTa B YCUIOBUAX AETepMI/IHI/IpOBaHHOﬁ IIOCTAaHOBKHU 3ad4a4
YTIpaBJIEHHUS TIPOLIECCOM CHHXPOHHU3ALINH.

TpesyioKeHHbIH CMOCO6 yIpaBieHusi MPOLIECCOM CHHXPOHM3ALMKM TIO3BOJIUT €r0 ONTHMU3MPOBATH IO DSy TaKHAX
KpUTepHeB, Kak: ObICTPO/IeiiCTBYE, BBIOHEHKE B 3aJaHHOe BpeMs, BBITIOTHEHHe C 3a/JaHHOM TOUHOCTBIO.

HarnsaHoe ornucaHue mporecca rpy MOMOILH alTOPUTMOB, iMarpaMM U MaTeMaTUYeCKUX BbIDKEHUI M03BOJUT Oe3 Tpyza
peanu3oBaTh TPEJIOKEHHbIM Cr10co6 B COBpPEMEHHBIX CHCTéMax aBTOMATHUECKOTO  YIPaBJE€HUS  CYAOBBIMU
3JIEKTPO3HEPreTUYeCKMMH YCTAaHOBKAMMU.
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AnHomayus:ITokazaHa akmyaabHOCmb npobaeMbl NOBblLLUEHUs1 Kauecmea pabombl UOHHO-N/IA3MEeHHbIX YCMaHo8oK. OOHOU
U3 8adiCHbIX 3a0au 0451 MAKUX YCMAHOBOK siensiemcst pazpabomka 3¢gekmusHozo KomnblomepHozo uHmepeetica ux cucmem
asmomamu3zayuu. IlpugedeHbl Hedocmamku UMelOWUXCs uHmepgelicos. YKaszaHo, umo umelowjuecs uHmepgelichbl
OpUeHMUpPOBAHbl HA /A02UYECKOe ynpasjeHue u He obecneuuearom 6bICOKUL ypo8eHb agmomamusayuu npoyeccd. AHanu3z
mexHO/02U4ecKo20 pezaamedHma pabombl ycmaHoeku «Byiam» ¢ paspabomanHoli 04 Heé cucmemoll asmomamu4ecKo2o
YNpaeneHus nokazasa, umo npoyecc 06pabomxu Memaniopexcyuje2o UHCMpymeHma MOM#CHO pazdeaumb Ha cmaouu co Cmpozo
3a0aHHbIMU MPebOBaHUAMU K Kadxcooll u3 HUX. B pe3yabmame aHaausa pe2iameHma u npakmuku pazpabomku s¢ppekmugHbix
KoMnblomepHbix uHmepgeticos cgpopmynuposarbi mpebogaHus K uHmepelicam onepamopos UOHHO-NAA3MEHHbIX YCMAHOBOK,
Komopble ydoenemeopsitom mpeGo8aHUsIM  CUMYAUUOHHOL 0C8e00MAEHHOCMU U  peKOMeHOayusiM MeHcOyYHapOOHO20
cmanoapma ANSI/ISA-101.01-2015. IlpueedeHbl 3KpaHbl pazpabomaHHo2o uHmepdelica 8 paziuUUHbIX MeXHOA02UUYeCKUX
cumyayusx 015 Kadxcooll cmaouu, Komopble uiaocmpupylom 3¢ gekmugHocmb npednazaemMozo peuleHusl.

Abstract: The actuality of the problem of improving the quality of operation of ARC PVD ion-plasma installations is shown.
One of the important task for such installations is the development of effective computer interface for the automation system.
The drawbacks of the available interfaces are shown. It is indicated that the available interfaces are focused on logical control
and do not provide a high level of process automation. The analysis of the technological regulations of the work of the
“Bulat” unit with the automatic control system developed for it showed that it is possible to divide process on stages with
strictly specified requirements. As a result of the analysis of the regulations and practices of developing effective computer
interfaces, the requirements for interfaces of operators of ion-plasma installations are formed that meet the requirements of
situational awareness and ANSI/ISA-101.01-2015 international standard recommendations. Screens of the developed interface
are given in various technological situations for every stage that illustrate the effectiveness of the proposed solution.

KnroueBble csioBa:UenoBeKO-MallMHHBIA HHTepQeiic, KOMIbIOTepHas CHCTeMa aBTOMATH3alld, WOHHO-TUIa3MeHHast
yCTaHOBKa.

Key words: Human-machine interface, computer automation system, ARC PVD ion-plasma installation.

BBepieHue. YCTaHOBKY MOHHO-TI/Ia3MEeHHOTO HalbUIeHUs Mpe/jHa3HaueHb! [ijIs TOBBIIeHUs] M3HOCOCTOMKOCTH M KauecTBa
paboThl MeTa/uIopeXKylero uHcTpyMenta OfHOM U3 Hanbosee COBEpIIEHHBIX TEXHOJIOTUH MOHHO-TUIa3MEHHOTO HaITbl/IeHUS
sIBJIsieTcsl HaHOTexHosorust Metoga KUB (kaTopHo-uoHHasi 6omMbapupoBka), pa3paboraHHas B YkpauHe. Takasi TeXHOIOTHS
WCTOJb3yeTCsl B CepuiHbIX ycTaHoBKax — «bynat» (Ykpauna), HHB-6.6 (Poccuiickas ®egnepanus), BY-2MBC (Benapycs),
MR-333 u MR-383 (CIIIA) u fpyrue.

C MomeHTa M300peTeHMs] camMa TeXHOJIOTHSI Halbl/IeHWs He ycTapesa, OJHAaKO CYLeCTBeHHOW MOJepHHU3aLu TpeOyroT
CYIIIeCTBYIOL[Mie CHCTEMbl aBTOMATHM3MPOBAaHHOTO YIIPABIE€HHs TEXHOJIOTMUECKWM TIIPOLeCCOM YCTAaHOBKH. [loBbIleHHe
KauecTBa pabOTBl YCTaHOBKM BeJETCS B TPeX HAalpaB/leHUsX: CHUHTe3 Oojiee COBEPIIEHHBIX LIU(PPOBBIX CHCTEM
aBTOMAaTHUECKOr'0 YIIpaBjeHUs YCTaHOBKOHM, pa3paboTka Oosee KayeCTBEHHON M HaJeXHON INPOrpaMMHO-TEXHUUECKUH
CTPYKTYPBbI CUCTEMBI aBTOMATH3allUH, yJIydllleHHe 5proHOMAYeCKHX TIoKa3aTeseil KOMITbIoTepHoro uHTepdeiica [1].
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CuHTe3 yCOBepIIeHCTBOBAHHOM TO3TAITHON CUCTeMBI aBTOMaTUYeCKOr0 YITPaB/IeHHsI yCTaHOBKOM IPOBe/ieH HaMK B paboTe
[2]. Tloka3aHo, YTO WCIIO/B30BAHUE Pa3pabOTaHHOM CUCTEMBI YTIPABIE€HUs TO3BOJISIET CYLECTBEHHO MOBBICHTH CTOMKOCTb
VHCTPYMeHTa B CpaBHEHUM C MCIO/b3yeMbIMU B HacTOsilljee BpeMsl yCTaHOBKaMH. Tak, HarmpuMep, NpU MOHHOM OYMCTKe
yAAJlI0Ch AOCTUYb OTKJIOHEHWEe TeMIlepaTypbl OT TpOrpaMMHOro 3HaueHus Ha 5 K BMecto pernameHTHbiIXx 25 K, uytO
CII0COOCTBYET yJIyUllIeHHI0 KauecTBa 06paboTaHHOTO MHCTPYMEHTA, 10Ka3aTenb AeheKTHOCTH KOTOPOro CTAaHOBUTCSI PaBHBIM
ofHOMY banny.

Llenbto HacTosiilell paboThI sAB/sieTCs pa3pabOTKa yCOBEepILIEHCTBOBAHHOTO MHTepdelica B3aMO/eHCTBHS C OTIepaTOPOM.
VHTepdeiic fo/mKeH COOTBETCTBOBaTh TPeOOBaHMSAM MeXKAyHapoaHoro craHzapta ANSI/ISA-101.01-2015 u moazep>KuBaTh
BBICOKHI YDPOBEHb aBTOMATH3aL|VH, 3a/I0)KEHHBIN B Pa3pabOTaHHYI0 CUCTEMY yTIpaBJ/ieHHsl yCTaHOBKOH. Pa3paboTaHHbIe paHee
unHTepdeiicel [3-10] He COOTBETCTBYIOT TIPeAbSIBIEHHBIM TpeOOBaHHUSM. DTO OOBSCHSETCS TeM, UTO 3aJada pa3paboTKu
uHTepdeiica paccMmaTpuBazach OTZEJbHO OT 3afayd pa3paboTKM CHUCTeMbl aBTOMAaTHYecKoro ympasjeHus. Ecmm
aBTOMATH3UPOBAaHHOe YIIpaB/leHe B Takux WHTepdeiicax M peanu3yeTcs, TO, KakK MMPaBUIO, TOJBKO C TIOMOIIBIO arOPUTMOB
peayM3aliy I10C/Ie/[0BaTe/IbHOTO BBIMOJHEHMS Ofepaliyii 110 3alaHHbIM YCIOBUSIM. VI3 [OCTYIHBIX MCTOUHMKOB, Haubosee
COBEpIIIEeHHbI KOMITbIOTEPHBI WHTep(heiC YCTaHOBKOW WMOHHO-TUIa3MEHHOTO HarlblJIeHusl Tipe/icTaBieH B pabore [3].
IMTpeumyiecTBoM pa3paboTaHHOTO MHTepetica sBseTCS OpUeHTALMs Ha CeHCOPHBIN SKpaH, BO3MOXKHOCTE 3aZiaBaTh PeLierThI,
peanu3oBaHHas CHUCTeMa OTYeTOB. B To >ke Bpemsi MHTepdelic peanusyeTcss He B COOTBETCTBUM C COBPeMEHHBIMU
TpeOOBaHUSIMA KOMITBIOTEPHOM 3PrOHOMMKH, BU/IEOKa[p SKPaHHOW (OpMbI He OTOOpakaeT AWHAMMKY TMpoLiecca, a
TOKa3aHHasl CHCTeMa peLieNTOB COOTBETCTBYET YMCTO JIOTMUECKOMY YIIpaBleHWI0 TiporjeccoM. Takum obpasom, 3afada
paspabotku 3¢dexTHBHOrO0 MHTepdeiica A1 MOHHO-TI/Ia3MEeHHbIX yYCTAaHOBOK OCTaeTCs akTyalbHOM M B HacTosilljee BpeMsl
TIOJTHOCTBIO He pelleHHOH.

OcHOBHBIEe 3Tanbl PadoThl HOHHO-IJIA3MEHHON YCTaHOBKH. YCTaHOBKa «Bysar» mipejrnosaraeT Tpu 3Tara paboThr:
VOHHAs OUMCTKA, HAHECEHWe TOKPBITUS U OxjaakAeHue. Ha KaxkAOM W3 YKa3aHHBIX 9JTaloB HeoOxoauma paborta
COOTBETCTBYIOIIEH CUCTEeMbI aBTOMAaTUUEeCKOT0 yrpaeyeHus. CXeMaTHUeCKH TPOLeCC MOXKET ObITh TIPe/ICTAaB/IeH CIeYHOLUM
obpazom [1] — cm. puc. 1.

MoHHas ouncTka HaHeceHwne nokpbITUA OxnaxgeHve

lNnaeHbil
peaynsmop
lNnaeHekil peaynsmop memnepamypsl | memnepamypbi

lnasHbit pegynamop daeneHus

PenelHbit

peaynsmop
memrepamypbi
q
Harpes Crabunuaauusa Temnepartypsbl MnasHoe
no nporpamme W AaBneHua oxnaxpeHve

Puc. 1 — Dransl padoTsl ycTaHoBKH «BysiaT» U TpedyeMble CHCTEMbI peryJIMpoBaHusd, /s
o0ecnieyeHNs KauecTBa UX pead3aliiy

Pa3paboTKa CHUCTeM aBTOMaTUUeCKOTO YTIpaBIeHUs /i KaXKJ0ro U3 3TaroB MpoBeZeHa B pabote [2]. DKcreprMeHTaIbHO
oripe/ie/IeHHBI TeXHOJIOTUYeCKUH periaMeHT, /st KaXI0ro Tana o6paboTKH CTaJbHOTO MHCTpyMeHTa — pesa 12X18H10T,
npeficTaB/eH B Tabiuie 1.

Kak BuiuM, nipeficTaB/eHHbIN TeXHOJIOTUUECKUI perjiaMeHT I103BOJIsSeT XapaKTepr30BaTh TEXHOJIOTMYeCKHUH MPoLiecC Kak
CTPOrO MO3TaNHbIM C >)KeCTKHMM BpeMeHHbIMU perjiaMeHTaMH, HapyllleHHe KOTOPOro MO’KeT NMPOMCXOAWTH MO C/leflyIOLM
TPeM TpUYMHaM: HeJJOCTOBEpHBIM perjiaMeHT, HeKOPPEeKTHbIe HACTPOMKU PerynsTopoB, 0TKa3 000pyAoBaHus. JbQeKTUBHbIHN
KOMITbIOTEepHBIN MHTep(elic Jo/KeH MoMorarth Jerko WAeHTHGULIMPOBaTh HapylleHWe U T03BOJISITh TOYHO JIOKaIW30BaTh
WCTOUHUK OLIMOKHU.

@opmyaupoBanue TpeGoBanuii K wuHrepdericy. O030p COBpeMeHHbIX CTaHJApTOB B 00JaCTH 3PrOHOMHKU
KOMIBIOTEPHBIX MHTep(helcoB npeacTapieH B pabote [11]. B paboTe mpoBesieHa pa3paboTka UHTepdelica C UCMOIb30BaHUEM
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pekomeHaiui crangapta ANSI/ISA-101.01-2015 ¥ KOHLEMNUUM CUTYalMOHHON OCBEJOMJIEHHOCTU IO MOJenu IDHACIH,
KOTODBI TO3BOJIsIeT U30eXaTb PaCpPOCTPAaHEHHBIX OMIMOOK TMpoeKTHpoBaHWsT UYMW MpOMBIIIJIEHHBIX TeXHOJIOTMYeCKUX
nipotieccoB. O630p OCHOBHBIX OIIMOOK MPOEKTHPOBAHUS, KOTOPbIE YCTOSUIUCH B MPAKTHKe MPOMBILIUIEHHOW aBTOMAaTH3aluH,
npuBefieH B pabore [12]. W3 o0630pa BeigenMM Te MpobeMbl, KOTOpble KacaloTCs PACIpOCTPAaHEHHBIX KOMITBIOTEPHBIX
HHTep¢eiicoB MIOHHO-TIJIa3MeHHBIX YCTaHOBOK:

- Ha OCHOBHOM 3KpaHe pasMelljaeTcsi MHeMOCXeMa C MHOKeCTBOM LIM(POBHIX IapaMeTPOB, UTO He I103BOJISIET OLIEHUTHb
[JUHAMKMKy U CIOpPOrHO3UPOBaTh TeueHWe mporjecca (TMOCKOIBKY TPEHAbl OTOOpaXKalTCsi Ha JAPYroM 93KpaHe, WIH He

0TOOpaXKkaroTCs BOBCE),
- UCTIOMB3YEeTCsl MHOXKECTBO OTBJIEKAFOIIUX (haKTOPOB — M30BITOUHOE 1IBeTOBOE 0opmieHre, 3D-TeHH, aHUMaLIWS,

- OpraHu3anus 3KpaHOB OPHEHTHWPDOBAHAa Ha IIpe[CTaBJ/IeHHEe I/IHCI)OPM&L[I/II/I Pa3HbBIX THUIIOB W HEe ABJIAETCA CJ/IeJCTBHEM

dHa/Ii3d THUITIOBBIX I,ELEI‘/’ICTBI/II\/’I oriepaTopa " 3a/ia4, KOTOPbIe OH AO/DKEH IMOCTOSAHHO pellaThb,

- s/eMeHTHas 0a3a W 1UQpoBol andaBUT MHTEPGhEHCOB HEAOCTaTOUHO OOOCHOBAHBI, UTO HE TO3BOJSIET 3(M(HEKTUBHO

Harpas/sITb BHUMaHUe orepaTopa.

Tabuna 1 — TexHosoruueckuii perjiaMeHT 00padorku pesna 12X18H10T

Otan Oneparus TpeboBaHus TexHuueckoe obecrieyeHue
1. 3arpvaka IToka3aHve yCTaHOB/IEHHOTO B KaMepy
n/;aTe pIZana [Ipon3BoOANTCS BPYUHYIO TeH30/laTuMKa He [JO/DKHO MO3BOJISTh
P TIPOJOJDKUTS Tpoliecc 6e3 MaTepHana.
2. locTuxxeHue JocTkeHue faBieHus Bk/tounTh BakyyM Hacoc 0 JOCTHXKeHUsI
BaKyyMa B Kamepe 0.3 TIa JlaBJieHus], 3aTeM OTK/IFOUUTb
3. Bkmrouenue MexaHu3M BpallieHus JeTanel, JaTuiK CKOPOCTH
MexaHu3Ma Hoctwkenue 8 06/MyH Bpall[eHUst
Bpall[eHUsI
Pacuet nuHeliHOM
TIpOrpamMbl IOBBILICHUS
NonHas P pe ena
TemriepaTypsl.
OUMCTKA paryp
IoBbIlIeHKe TeMIIepaTypel
4. IlnaBHoe o CucreMa nojiauu HarpspKeHUst, TMPOMETP,
T10 NIporpamMe 3a 3aflaHHbIN . N
TIOBBIILIEHHUE MPOrpaMMHO peaTu30BaHHbIN peslelHbIN
TeMIiepaTypsl uHTepBan Bpemeri B 1800 ¢ eTyJ/IATOp TeMIlepaTyphl
patyp TIpY MaKCUMajbHO pery P PaTypRL.
JIOTyCTHMOM OTKJIOHEHUU B
25 °C J0 JOoCTHXKeHUs
TeMreparypsl B 527 °C.
OTk/r0ueHue peryasarTopa u
5. 3aBepuieHue CucreMa noJiauu HarnpspKeHHst, IPOrpaMMHO
CUCTeMBI NTO/jauu N N
JTana peaM30BaHHbIN perlelHbIN PeryIsaTop
HanpsKeHUs
1. BkitoueHue OTKpBITHE BEHTUIA MIOJauu o
VcnonHuTenbHBIM MeXaHU3M 0/jauy a3oTa
110/layu a3oTa a3oTa Ha ypoBHe 2.3 Mr/ceK
Bxirouenue cucremsl
MOJlauy HarpsDKeHUs Ha
2. BkiroueHue nyru b0k perynsiTopa HanpsoKeHUst Jyru
JyTY C Hava/lbHbIM
Hanecenue HarpspkeHueM 362 B.
HOHHO- Obecrieuenrie cTabUIEHON
T1a3MeH- 3. Crabunusanys TeMIlepaTyphl U jaBjieHust B | MaHoMmeTp, UCIO/THUTe/IbHBINA MeXaHU3M NoZavun
HOr'0 JaBJIeHUs U Teuenue 1000 cek c a30Ta, MMPOMeTp, OJI0K peryssTopa HarpsokKeHHUst
TIOKPBITUSA TeMIlepaTyphbl B TIOMOLIIbIO BK/IFOUEHUS ZyTH, NPOrpaMMHO peanu3oBaHHble ITM-
Kamepe cooTBeTcTBYrOLMX TTN- peryJsiTopbl
peryJisiTopoB
OTK/II0OUeHHe Pery/saTopoB U
4. 3aBeplueHue b0k perysiiTopa HarpsbKeHUst IyTH,
CUCTeMBI No/jauu
JTarna IIpOrpaMMHO peanm3oBanHble I11-perynsaTopsl
HanpshKeHUs: Ha AyTy
Oxnaxze- BktoueHue perynstopa u
HUe oxyiaxkaenue g0 227 °C B
1. IInaBHOE TeyeHue 1800 cek npu ITvpomeTp, MexaHW3M MOJAuX a30Ta,
oX/1aXKeHue o0ecrieueHny CKOPOCTH TIpOrpaMMHO peanu3oBaHHbIN [1M-perysitop
M3MeHeHUs TeMIlepaTyphl He
6omee 0.3 °C/cex
2. OTKIrOUeHue OTK/II0UYeHHEe perysaTopa u ITporpaMMHoO peanu3oBaHHbIN [TH-peryJsitop,
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peryJsTopa

CHUCTEeMBI IToJaur
d30Ta

OXJIaXKAeHUA 1 3dKPbITUE BEHTUJIA MTOAAYN

M€XaHHM3M I0Ja4M a30Ta
da30Ta

3. 3aBeplueHue
jTana

HocTmkenue arMochepHOro
[laBJIeHUs] B Kamepe U MaHoMeTp, BBIK/TIOUATe/b HalpsKeHsl.
OTK/IFOUeHHe YCTaHOBKH.

Cae/ieM paljioHa/bHbIe Tpe6oBaHUs U CTIOCOOBI MX pear3aliiy B Ta0/uily 2.

Tabmna 2 — OcHoBHbIEe TPeOoBaHMsA K pa3padoTke uHTepdelica U crioco0bI MX peaM3anuu

TpeboBanue Criocob peanu3zanuu
1. MHcnonb3yetcs cBeTsio-cephlii HoH
Wcnonp3oBanne BU3yanbHOTO
2. Hcnonb3yeTcs ynpolreHHass MHeMOCXeMa yCTaHOBKH C MCITO/Ib30BaHUeM
TIpe/iCTaB/IeHUs] 5KPaHOB B .
TeMHO-CepbIX JINHUH
COOTBETCTBHUH C o o o -
3. JKenTblii 1BeT 3aKperyieH 3a Mpe/iaBapUiHON, KPaCHBIN — 3a aBapUHON
pPeKOMeH/IalsIMHU CTaHZAapTa CHMHATBALeH
ANSI/ISA 5.1 ! H
4. [lelicTBUs OIIepaToOpPOB /I0/DKHBI IOATBEPXKAATHCS
1. OcHoBHBbIe TapaMeTpb! 0TOOPa)KalOTCS B TPEHAX C yKa3aHWeM
JOIYCTAMBIX TPaHUL] ITapaMeTPOB IYHKTHPHBIMH JTMHUSIMU TEMHO-
3eJIeHOT 0 1{BeTa, YTO [103BOJIsIeT CIIPOrHO3UPOBaTh TeueHue mpoliecca
JocTrxeHne CUTYalIOHHON 2. TpeHp oTobpa)kaeTcs He 3a BeCh MPOMEXKYTOK TMPOLIeCca, a 3a
0CBe/IOMIEHHOCTH PpaLMOHaTBHBINA, KOTOPBIN TI03BOJISIET OLIeHUTh CUTYALUI0 — B JAHHOM
cnyvae 10 MyuH
3. CocTosiHMe BBITIOIHEHHS TEKYIIero 3Tara Mporecca MoXKHO OLIEHUTh C
TIOMOLIbIO TIOJIOCKOBOT'O MHAWKAaTOpa
1. Brigensiercs 5 5KpaHOB: NPOLIECC, OTUETHI, PeLlelT, AUarHoCTHKa,
Jlornuecky 060CHOBaHHast HacCTpoOKKa
OpraHu3arysi 5KpaHoB C 2. Bce 3KpaHbBI UMEIOT TpU 00s13aTeNbHbIE 30HBI: MEHIO MepeKTFUeH s
OpHeHTaLlell Ha 3a/1auy, 5KpaHOB, OCHOBHasi 30Ha, 30Ha 0TOOpa’KeHUsI COOO1IeHN I
KOTOpBIE [JO/DKHBI PelaThCs 3. DKpaH «mporecc» NpejHa3HaueH [/ IPOCMOTpa COCTOSIHUS TeUeHUs
orepaTopoM TIpoLiecca, ero CoZiep>KuMoe JUHaMUYeCKH U3MeHsIeTCsl B 3aBUCUMOCTH OT
TeKYIIlero 3Tarna TeXHOJI0TM4ecKoro npolecca.
1. IlBeT /IMHUI YTIPOIL{EHHON MHEMOCXeMBI 1 LIBET TeKCTa eé 371eMeHTOB -
TeMHO-CepbIit
2. [Ins oTobGpa)keHUsl CBSI3U 37IEMEHTOB KOHTYPOB YTIPABIEHHUS UCTIO/b3YeTCs
Vcrionb30BaHWe UHTYUTUBHO
N . MTyHKTUPHAst JIMHYS YepPHOTO LIBeTa.
TIOHSITHOM 3/1eMeHTHOH 6a3bI o
N 3. [nst orobpa>keHUsT aKTUBHBIX 3JIEMEHTOB UHTepdelica (JaTuvKoB,
vHTepdetica, KoTopas
VICTIOJTHUTE/ILHBIX MEXaHU3MOB, TM0/I3yHKa MTPOrpecca) UCIoJIb3yeTcs
COOTBETCTBYET 1|BETOBOMY o
andasnTy CHHSIsI JTMHUS C 3aKPACKOi OesTbIM LIBETOM.
4. 1IBeT TeKCTa aKTUBHBIX TeXHO/JIOTMUECKUX [1apaMeTPOB — CUHHUI.
5. liBer TekcTa mapamMeTpoB, KOTOPbIe MO//IeXaT BBOAY — CBETJIO-3e/IeHbIN
6. 1IBer TekcTa 71eMEeHTOB, [10 KOTOPbIM MOJKHO II1e/IKHYTh, - (PMOJIETOBbII.

Pa3pa6oTka uHTep(deiCHbIX IKPaHOB.

PaccMOTpUM peanu3ariviio KaXkKAOTO U3 TSTH WHTepheHCHBIX 3KpaHoB. Kak

yKasaHo B Tab:1. 2, paspabaTeiBaeMblii HHTepdeiic J0/KeH COCTOATh U3 5 9KPaHOB.

OkpaH «PelenT» M03BOJIsIeT CO3[aTh WIM peJlakTUPOBaTb TeKyIMi pellenT. Pellent 3ajaeTcs A/ 3alaHHOTO THIA
Mareprasna 1 naptud. llensio popmrpoBaHys peljerita siBJsieTCsl JOCTHKeHHe 3a/JaHHBIX 1T0Ka3aTresied KauecTBa MpOoAYKLIMY, B
TIepBYIO O4epe/ib — CTOMKOCTH, MUKPOTBEPJOCTH U TOMIIMHBI IIOKPBITHSI MHCTPyMeHTa. [171s1 onpe/iesieHus 3TUX [1apaMeTpoB [0
paboThl WMHCTPYMEHTAa BO3MOKHO HCII0/b30BaTh (OpMYyJibl, TpUBefeHHble B pabore [13]. PaccmoTpum ompepesieHue
rapamMeTpoB HMHCTPYMEHTOB B35ITOT0 HaMM Marepuana — MeTaqnddeckoro pespa 12X18H10T. CroiiKocTh HWHCTPYMeHTa
3aBUCUT OT MapaMeTPOB TEXHOJIOTMUECKOro Tporecca — fgaenenus P, [1a, Temmeparypsl T, K, v BpeMeHM HaxXoX/eHUs T, C B
VMOHU3aLMOHHOM Kamepe. Torza, CTORKOCTh MHCTPYMEHTa Ompe/iesisieTcsi 1o hopmysie

C =0.12 -0 10°° +1.31 -H + 4.24 -5 =0.12 -4.30 -10"' +1.31 -31.72 + 4.24 -6.78 =74.24 MuH,

rje CLernsieHue C MOKPhITHEM O paBHO

0=4310°- (10° (3.110° {T - 786))°) {2- ¢*7) =4.310° - (10° (3.1 10°* (T - 786))°) (2- &*90%) =

= 4.3-10° [1a=0.43 MIIa
MHUKDPOTBEP/IOCTb MIHCTPYMEHTa PaBHa
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H =32- (110" {800~ 728 {1+0.08 -P))’) {2- €*%7) =32- (1 10"* {800~ 728 {1+0.08 -0.3))°) {2- &"2%%) =

=31.72 I'TIa,
TOJILIMHA [TOKPBITUS UHCTPYMEHTa paBHa

§=1.11110"° v {7.2- €*®”) =1.11110°° 1000 {7.2- "*°) =6.78 10" 1.

CnemoBarenbHO, y»kKe TpW (POPMUPOBaHWM peLlenTa MOKHO TIpeJBapUTeNbHO OI[eHUTh TIapaMeTphl KauecTBa. Ilo
pe3ynbraTtaM (YHKIMOHMPOBAHWS YCTAaHOBKM [OCTUTHYTHIE TlapamMeTphl KauecTBa MOXKHO OLI€HWTBb, WCTIONb3Ys CpegHUe
3HAUeHUs] TEXHOJOTMUECKUX T[apaMeTpOB (3HAueHHsl TapaMeTpoB KauecTBa IIOKa3aHbl Ha (OpPMe 3Tara OX/IaKAEHUS).
BHelunuii BuA 5KkpaHa «PeljenT» rokasaH Ha puc. 2.

MPOLECT OTYETEI | | PELLEMT | | AWATHOCTURA | | HACTPORHA

I [ ]

JofiaeuTe peyerm

|

Lofasmmes marepuan

— 9TAN HOHHOH OUHCTKH

Bpewms ouncTin Hauanenad TeMIEpaTy pa KonewHad Termepatypa  JOOVCTHMD ¥ MEHENIEHHE HA  JI0OVCTHMO VEEIMHEHHE Ha
—— 3TAINI HAHECEHHA HOHHO-TLTASMEHHOID [TOKPBITHA ~
IVIHHH My M I arcH My M
— 3TAIN OXTAMKIEHHS
Konewmag renmep arypa Iare. cxop 0CTE M3 MEHEEHA TEMITED ATY PEI

—— OKHIAEMBIE KPHTEPHH KAYECTBA

CrofrocTe: 74 nmm,
IukpoTEEp AOCTE 31.5 [Tla. | COXPAHEHHE PELIETITA |

]

v 09:54:52

Puc. 2 — BHemHmii Buj 5kpana «Perjenim»

Oxkpan «IIporjecc» WCMONB3yeTcs A HaOMIOJEHHs 3a XOJOM BBIMOJHEHHWs] BCEX 3TAlOB TEXHOJIOTMUYECKOro MpOLecca,
KOTOPBIN BBITIOJIHSETCS B COOTBETCTBHMHM C 33/laHHBIM B pellelTe peryiaMeHTOM. BHeImHWM BHJ 5KpaHa Ha IIepBOM JTare
TOKa3aH Ha puc. 3.

Ha puc. 3 mokasaHa TexHOJOTMYecKas CUTYyalldsl TpeBBIIIeHHs TeMIlepaTypbl MPH BLINOTHEHUM Olepalyy IJIaBHOTO
TIOBBILIEHUs] TeMIlepaTypbl Ha 1 sTare (MOHHOM OYMCTKM). YTpaBiseMasl IlepeMeHHast peryssropa TemrepaTypel (PT1)
nmocturna 207 °C, uro nipeBbiaet Tpedyemoe Ha 600 ¢ yrpasisitoiieit mporpamMmoii 3Hauenue B 177 + 25 °C. CoobujeHue 06
3TOM OTOOpa)kaeTcsi CHU3y 3KpaHa BMecTe C Iojiauell 3BYyKOBOW CHUTHa/IM3aliUH, KOTOpasi MPOJO/DKaeTCsl 0 MOATBep KAeHUs
coobmienus. Ha puc.4 mokasaH BHEIIHUM BW/ YKa3aHHOTO 9KpaHa Ha 2 u 3 stane. Ha puc. 4, a Ioka3aHa TeXHOJIOrH4eckKast
CUTyalMs OTKas3a JBWraTe/sl WCIOJHUTEJIBHOIO MexXaHM3Ma IoJauu a3oTa B Kamepy IIpM BbINOJHEHUM Ollepalyd
cTabunu3aluy JaBieHusl U TemrepaTypel B Kamepe Ha 400 c. Ha puc 4, 6 mokasaHO HOpMasibHOe BBITIOJHEHHE OTepaLiy
IIJIaBHOI'O OXJIaXKAeHUs 3 3Tara TexHoJoruyeckoro rnporecca Ha 1600 c. ITockosbKy 3Tan HaHeCeHUs TIOKPBITHS 3aBeplleH, TO
Ha 3KpaHe BO3MOXXHO BBIBECTH PaCCUMTaHHBIE IMOKa3aTes il UCXOAs U3 (aKTHUeCKHUX OTKJIOHEHUH TapaMeTpsl TeMIlepaTyphl U
JiaBJIeHusl.
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| NPOLECC ‘ | OTHETBI | | PELENT ‘ | AMATHOCTHHA | | HACTPOWKA |

it -0
I
| I
L c
[ L——+
] =
| | !
| | C——
NPCOLLNG BPEMEHM: 00 M3 1800 CEK
@ IMATEFMAS @ BAKYYIV EPALLIEHME STAM Lt MOHHAR OUM CTHA
3AlPYHHEH BRAKOHEH BRAKDHEHO ( )
| | | MAYSA | | TN | WMATEPMAM: CTAME. PELIEMT MoAl, MARTMA 711,
& [29.09.2018 09:54:55] Temnepatypa 207 °C Bbiw e Aomycrmoid — 202 C(Ha 600 cek npouye o) \/ 09:54:52
Puc. 3 — Buemnuii Buj 3xpasa «IIponecc» Ha 1 stame
wowe | [oen | [ e | [aemana | [ e | ‘ P ougee | ‘ T | ‘ PELLET ‘ | AMATHOCTIHA ‘ ‘ HACTPOHA |
I 201°C } ,,,,,,,,,,,,,, | 0.2 °Ciex I

]

@)
BobhmH

NFOLTO BPEMEHW: 400 M3 1000 CEK MFOLUIAQ BFEREHM: 1600 M3 1600 CEH
B marepuan D Barvva PG 3TAN2 NOKPEITHA y B warerman B sarvvm D4 spawenae BTAMN 3: OXAAKAEHKUE
N WATEPMAN: CTAMIb. PELENT NeAL. NIAPTHA 711
‘ | | e ‘ | o ‘ MIATERVAT, CTATE. PELIEITT Rt TARTAR 7L ‘ | ‘ e | | aon CTORKOCTE: 74 WUH, MUKPOTBEPAOCTE: 315 MMA
i v | 095452 A [28.09.2012 10:54E5 fanrarent noaau 30 v 09554552
a) DTart HaHeCeH!st TIOKPLITHS 6) Otan oxIaxeHUs

Puc. 4 — Buemnuii Bup 5kpana «IIponecc» Ha 2 u 3 sTane

JKpaH «/lMarHocTHKa» TpeAHa3HaueH [yisi BBINOJHEHWS [JWarHOCTUKY (QYHKIMA CHCTeMbl aBTOMAaTH3alliud U AJIs
BMelllaTe/IbCTBA B X0, TEXHOJOTMUecKoro npoiecca. IIpM BO3HWKHOBEHMM aBapuUMHOW WM  TepeZaBapUilHOM
TEXHOJIOTUUeCKON CHUTYyal[y OTepaTop MMeeT TPU BapHaHTa JIeHCTBHI: OCTAHOB MpOLiecca, UTHOPUPOBAaHUE COOOIIeHUs /10
KOHIIa paboThI nporiecca (B cIyuae NMpeyIpeXkieHH WK 0TKa3a HeKOTOporo 060py/[0BaHs B KOHL{e 3Talla Iporiecca), raysa
npouecca. B cnyuae Bribopa may3pl C IIOMOIbIO SKpaHa [UarHOCTUKM BO3MOXKHO CKOPPEKTHPOBAaTh YIIPABIISIOILHE
BO3/1eHCTBUSI ¥ IPOJIO/DKUTH BBIMIOIHEHMe TIpoliecca. BHemHui Byl 5KpaHa NoKas3aH Ha puc. 5,a.

OkpaH «Hacrpolika» IpefHa3HaueH IPeVIMYIIECTBEHHO [JIs1 WH)XKeHepa [0 aBTOMaTHU3aldd W TI03BOJIIeT HU3MEHHUTh
HACTPOWKU Pery/isSTopoB. BHeIIHMIA BU/ 3KpaHa MoKa3aH Ha puc. 5, 6.
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a) JKpaH «/luarHocTuKa» 6) Okpan «Hactpoiika»

Puc. 5 — BHemunuii BHJ 3KpaHoB «/lnarHoctuka» u «Hacrpoiika»

3KpaH «OTueTbI» A0/DKeH TI03BOJIATb OTOﬁpa)KaTb OTYEeTHI II0 H3roTOBJ/IEHHIO Ka)K,ZLOﬁ MMapTrUH, KOTOpPbI€ BK/IKOUAIOT
BpeMEHHbIE Fpa(fl)I/IKI/I HW3MEHEHHS T1apaMeTpPOB B KaXXAOM 3TdIle, AeﬁCTBHH A/ITOPUTMOB CUCTEMBI yIIpaB/I€HWA, ,E[eﬁCTBHS[
OrepaTopoB, BOSHUKIIINE OH.II/I6KI/I, OXXHJaeMble U JOCTUTHYTHBIE TTOKa3aTe/IM KaueCTBa IMPOAYKLIHUHN.

BbiBOBI.

ITpoaHa/M3UpPOBAaHO TEKylljee COCTOsiHUE MpobsieMbl pa3paboTku 3deKTHUBHBIX UHTEP(ENCOB [y yIpaBieHUs UOHHO-
TIa3MeHHBIMUA YCTaHOBKaMH. [10Ka3aHO, UTO WMeoIyecs WHTepdeichl He COOTBETCTBYIOT COBPEMEHHBIM TpeOOBAHUSIM
SPTOHOMUKH U TIPEJTIOJIararoT YMCTO JIOTUYecKoe yripaB/ieHHe TporjeccoM. Ha ocHOBe aHanu3a paboThl yCTaHOBKU «BymaT»
TIpUBeZleH TeXHOJIOTUYeCKUi persaMeHT mporjecca o6paboTKH MeTanIopeXyllero HHCTPYMeHTa, KOTOPbIM SIB/SeTCsl CTPOro
MO3TalHBIM C JKeCTKUMH BpeMeHHbIMU persiaMeHTaMHu. ONTUMajabHBIM pelleHUeM SB/SeTCS UCI0/b30BaHHWe CUCTEM
aBTOMAaTHUECKOI'0 PeryJMpOBaHMs [JIs1 KaXKJOro M3 3TaloB TpoIiecca, CHHTe3 KOTOPHIX IpoBeZieH B pabote [2]. Anamu3
perjamMeHTa M COBDEMEHHBIX MPaKTHUK pa3paboTku 3¢¢deKTUBHBIX HMHTepdelicoB MM03BOMMMM CHOPMUPOBATL TpeOOBaHUS K
uHTepdeiicy onepaTopa MOHHO-TIA3MEHHOMN YCTaHOBKH, KOTOpasi (PyHKIIMOHUPYET C UCIO/Ib30BaHNeM Pa3paboTaHHBIX CUCTEM
yTIpaBJIeHus!.

Pa3paboTaHbl 3KpaHbI, KOTOpPblE COOTBETCTBYIOT TpebOBaHUSAM K uHTepdelicy. IIpuBeJieH BHEIIHWHA BHJ 3KDaHOB
«[Tporecc», «Penent», «IrarHocTHKa» U «HacTpolika» B pa3HbIX TEXHOMOTMYECKUX cuTyanusx. ChopMUpoBaHbl TpebGoBaHMs
K 3KpaHy «OtueT». JlajpHeHIIMM Hampap/ieHHeM HCC/e[j0BaHUsl SIB/ISETCS BOIPOC NMPOrpaMMHO-TeXHUYECKOH peanu3aliiu
pa3paboTaHHBIX CUCTEM YyTIpaB/IeHUs U UHTepdetica ¢ moMoisio SCADA-CHUCTEMBI.
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AHomayin:Y cmammi po32120arombCsi NUMAHHA MexHOA02il ma memooonozii 01 asmomamusayii npoyecy nowyky ma
po3pobyi HOBUX cnocobie 3acmocyeaHHs CY4aCHUX MEXHO/AORIU KOMN’IomepHO20 MOOe08aHHs md CyuydcHux Memooie
obuucnenb, a nomim po3pobKU Npo2pamHoz0 3abe3neueHHs 048 aemomamu3ayii uUKO-MeXHUUHUX | MeXHOA02IUHUX
docnidsceHb ma po3paxyHkie. OcKinbKu, OaHi mexHono2ii documb po3guHymi cami no cobi ma maromb eeauky 6asy 3HaHb,
eapiaHmie ix sukopucmauHs dydce 6bazamo, 8i0 HABUAABHUX OO0 iHJ#CeHepHUX 000amKie, Mo He MeHW aKmydabHOI, € mema
gisyanizayii naaMie, cxem abo Ou3aliHy MmalibymHbo20 00AAOHAHHS, A MAKOJNC CKAAOAHHA e2pacpikie nNOpieHSAHHS
Xapakmepucmuk edce ICHylOUUX npucmpoie ma naaHyemux 00 po3pobku ma eupobHuymed. [isi BUKOHAHHS CAMO20
docniddceHHs 6yna euxkoHaHa iHchopmayilina onpayroeanHs (cmammi, Oonoegidi, cami 3acobu asmomamuszayii) emanie
po3eumky 0aHoi memu. B pesyaibmami asmopamu 3pobsaeHi 8ucHo8Ku npo nodanblui HANPSIMKU po38UMKy no 0aHoi memamuyi,
susieneHi nepegazu icCHylOUUX pilleHb i u3HaueHi obaacmi, siKi HEOOCMAMHbO ONPAYbOBAHI.

Abstract: The article deals with the issues of technology and methodology for the automation of the process of searching
for and developing new ways of using modern computer modeling technologies and modern computing methods, and then
developing software for the automation of physical, technical and technological research and calculations. Because the given
technologies are sufficiently developed in themselves and have a large knowledge base, there are many variants of their use,
from educational to engineering applications, no less relevant, there is a topic of visualization of plans, schemes or design of
future equipment, as well as drawing up charts of comparison of characteristics already existing devices and plans to develop
and manufacture. In order to carry out the research itself, information processing (articles, reports, automation means itself)
was carried out for the development stages of this topic. As a result, the authors draw conclusions about further directions of
development in this subject, identify the advantages of existing solutions and identify areas that are underdeveloped.

KnrodoBi cioBa: MogentoBaHHs, NporpaMHe 3abesreueHHsi, aBTOMaTH3allifl iH)KEHEDHUX PO3PaxyHKIB, INOPiBHIbHUN
aHani3

Keywords: modeling, software, automation of engineering calculations, comparative analysis

Introduction

The purpose of the research is to study the automation technologies for calculations to help solve the problem of
construction optimization of heat and mass exchange machines, optimize the parameters of operating modes of refrigeration
and air conditioning systems, and develop a computer application that allows the user to test all the benefits of automated
calculations. One of the important parts of the whole project is the user interface and the appearance of the calculation results,
which will be given much attention and research time..

Analysis of the current state of the question

The current state of the development of computer systems for information processing and management is characterized by
the expansion of the fields of application, much of which require elaboration in complex algorithms for the intensity of the
flow of data on hardware and computer media that meet the limitations of dimensions, energy consumption, cost and time
development [1].
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Computer system - an information and technical complex for the purpose of processing, saving, input-output information.
The computer system includes computers, printers, servers, etc. with software. Information is exchanged through the computer
network, through the local or global data transmission system. When describing the systems, they use technical, organizational,
documentary, functional, algorithmic, software and information structures. Problems solved in computer information systems,
have a number of characteristic features that affect the technology of automated data processing. The computer system has the
ability to integrate with other engineering technologies, expand the capabilities and create a single environment for
management due to the diversity and unification of computer equipment.

Computer systems are very important in the modern world. They are used, practically, in all spheres of society, have
become irreplaceable for modern managers (and not only). Thanks to the computer system it is possible to solve applied tasks
in the subject areas of activity such as technological preparation, management, accounting, automation of processes [9].

The experience of solving research and application problems shows that regardless of their complexity, the ultimate goal
can be achieved either by the formulation of an experiment or by the method of mathematical modeling. Each of these methods
has its advantages and disadvantages. With the help of an experiment it is possible to solve even very complex tasks, while the
reliability of the results is higher, the more thoroughly worked out is the technique of experiment. At the same time, the results
obtained will relate only to the conditions under which the experiment was conducted, as a result of which the generalization of
results to other conditions is not correct. In addition, we must take into account the economic side of staging a complex
experiment. In this regard, the method of mathematical modeling with the help of computer technology is more likely when
analyzing not a real task, but its model image. The process of mathematical modeling is depicted in the following sequence:
the physical formulation of the problem; mathematical statement of the problem; mathematical study of the problem; analysis
and comprehension of the mathematical solution and comparison of it with the experiment [2].

The process of mathematical modeling is depicted in the following sequence: the physical formulation of the problem;
mathematical statement of the problem; mathematical study of the problem; analysis and comprehension of the mathematical
solution and comparison of it with the experiment. Let's consider more mathematical formulation and mathematical study of
the problem. The mathematical formulation consists in the formation of a mathematical model of the investigated problem,
which is usually a system of equations of mathematical physics (differential, integral, integral-differential). The mathematical
study of the problem actually reduces to solving the system of equations and analyzing the results obtained. We can solve the
output for relatively simple problems: in the system of equations and the solution to submit as dependencies expressed through
elementary and other known functions. If possible, then they say that an analytical (exact) solution of the problem has been
found. However, the overwhelming majority of practically important problems do not have analytical solutions. These include,
for example, the construction tasks: the determination of the stress-strain state of plates, foundations; stability problems,
thermal conductivity for solids; directed diffusion, etc. In these cases, numerical methods are used which, by operating the
system of algebraic equations (analogs of the equations of mathematical physics), make it possible to construct a certain
sequence of arithmetic operations, increasing the number of which gives an exact solution. Since in practice there is a finite
number of steps (operations), the solution found is approximate. And as computational operations are performed over numbers,
then the corresponding methods are called numerical. The greatest development of numerical methods has recently been
achieved due to the use of computer technology, which has high computational speed and a large capacity of RAM. However,
the main role in this case is given, of course, to a person who should be able to formulate and assign a task, to describe its
mathematical dependencies (to create a mathematical model of an object), to formulate an algorithm for solving a problem on
computer technology, to write a program in algorithmic language, understood by computer,_to solve the problem and to
evaluate the results [3].

Regarding the evaluation of the calculation results, it should be noted that the combination of numerical methods and
computer technology makes it possible to do it effectively and promptly, varying the most important parameters of the design
scheme of the problem with the subsequent numerical analysis of their impact on the final result. In fact, it is a numerical
experiment because the terms of the problem can be changed many times. Despite the differences in the methodology, a
physical experiment and physical research are closely related to the numerical experiment, especially in the part where the
evaluation of the reliability of the results is required. The mathematical model of an object is a set of equations that examines
real physical objects (processes, phenomena). The mathematical model is not the same as the investigated object, but it is only
its approximate description, since it is built with some simplifications and idealization. The model takes into account the most
important moments and interrelationships that are most characteristic of the real object being studied. At the same time, due to
the replacement of the real object with the corresponding mathematical model it became possible to formulate the problem as a
mathematical problem and use it for solving it by one or another mathematical apparatus. The algorithm is an understandable
and precise prescription (an instruction) for the performer to carry out a sequence of actions aimed at achieving this goal or
solving the task. The accuracy of the solution is a measure of the proximity of the numerical solution to the analytic one.
Convergence of the solution is a gradual approximation of it to the exact one. After choosing a mathematical model of an
object and its description in algorithmic machine language, numerical implementation of the problem on computer technology
is carried out. Recently, in the realization of practical tasks, for the most part, they use computer technology, which can
perform from several hundreds to millions of operations per second. The greatest application in engineering calculations has
acquired computer equipment, which have not only high-speed computing, modern software, but also an advanced service part
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that allows you to quickly diagnose errors, to graphically display the results of calculations, to perform calculations in dialog
mode. Great popularity among users also acquired Personal computers also acquired great popularity among users[4].

Analysis of analogic systems

Like any technological process, the processing of information on a computer is formed by a set of actions performed in a
certain way and in a certain sequence. This specially organized process is carried out with the help of two main components of
any type of computer technologies - its hardware and software.

Let us consider the existing software system of different application lines.

Applied computing solutions for logistic tasks

Managing logistics systems, product supply chains, or individual fragments of them is highly effective, with the use of
modern tools for solving tasks that require optimization. It contains not only known mathematical methods and models with
worked out algorithms for solving economic problems, but also so-called security tools. Without these two components, a
modern specialist in the field of logistics is not able to provide an equilibrium state of the logistics system, the supply chain.

For this period of development of society, the computer, as a means of ensuring the successful work of professionals, is
well known to all, first of all, as a calculating machine. Serious economic and managerial tasks are solved with its help. To
succeed in their solution, now logistics provided modern software tools that combine a large arsenal of common various
computing packages and special packages for processing various information. Here is a brief description of them.

1. The problem-oriented software package of numerical methods MERCURY is intended for the solution of various applied
computational tasks, such as economic and managerial tasks. This package uses systems of linear and nonlinear algebraic
equations, optimization of functions, analysis of properties of functions using graphs, etc. MERCURY can handle the
relatively optimal level of managerial tasks that are relatively simple in size. Its main drawback is certain restrictions on the
amount of information that needs to be entered into the database.

2. MathCAD combines a series of mathematical systems with a user-friendly interface. Different versions of this system are
known today, which provide an opportunity to solve the problem of recording very complex mathematical expressions such as
integrals, matrices, symbols of sums and products, systems of equations with constraints, etc., rather quickly.

The system makes it possible to visual work with graphics, especially two-dimensional. There is also implemented three-
dimensional graphics and built-in capabilities for building animated charts, allowing you to see the process in dynamics.

3. With regard to a wide range of managerial tasks and office technologies that are widely used by managers and logists,
graphic systems and image processing programs are of interest - Paintbrush, Paint, Ulead ImagePals, Adobe Photoshop,
Corel DRAW graphics packages and more..

4. Tools for processing text information - modern text editors, which represent a software product that provides the user
computer tools for creating, processing and storing documents of various nature and complexity. These include text editors
(MultiEdit, Brief, Norton Editor, Quick, etc.), document editors (Lexicon, Ami Pro, Microsoft Word, etc.), publishing systems
(Corel Ventura Publisher, Adode PageMaker, QuarkXPress, etc.) editors of scientific texts (TEK, Mathor, etc.).

5. Tables data processing tools — Microsoft Excel.

6. Integrated systems. Two systems of this class are widely known: MS-WORKS and Microsoft Office. They are, in
essence, an integrated software package. The components included in the complex can be used both individually and together
for the solution of business day-to-day tasks..

Network technologies - a kind of informational space that provides users with the means of information exchange and
collective use of network resources: hardware, software and information. With the help of the network, different issues are
solved regardless of the location of clients and partners, which is especially useful for logists with a large geography of
communication..

To date, logistics is mainly used by three groups of networks:

* networks that connect personal computers directly to each other using regular telephone lines;

* UUCP-based networks (UNIX-to-UNIX Copy Program) and connecting large numbers of computers using both regular
telephone lines and specialized high-speed channels.;

* networks that are part of the Internet community and provide not only the ability to transfer any information, but also
access to seized resources in real time scale.

The following list of software used in logistics activities, along with mathematical methods, of course, promotes a quick
solution to tasks that require optimization. However, this software is common for both logistics, for managers, for marketers,
and for many professionals working in different fields. You can specify the following for a specific logistics area.

The rapid speed of development of information technologies allows us to obtain modern arithmetic tools for making
logistic solutions, special computing or modeling packages. To date, they have been developed quite a lot and they are used
quite effectively by European and American firms and companies. For example, standard sets of routing tasks such standard
packages as PARAGON, CAST, OPTRACK, the referent model SCOR for managing supply chains, modern software
program ORACLE for the management of logistics systems, including supply chains and many others have been widely used
in Europe and America. Due to the impossibility of describing all existing packages for an example, let us consider only two,
which are successfully used today by the logistics services of enterprises, companies and companies of Ukraine - these are the
software product ORACLE and the reference model SCOR [7].
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Applied computing solutions for engineering tasks
In [8] a mathematical model of dynamics with distributed parameters for a reflux absorber diffusion refrigeration machine

is developed that describes the temperature distribution along its surface (temperature field) with a known temperature
distribution of the vapor-liquid mixture. When receiving this model, a porous approach was used. According to it, the reflux
was considered to consist of a set of interconnected cells of small length, each of which is described by a model with lumped
parameters. The surface temperature of each i-th cell is determined by their initial values (at t = 0), the total heat flow to it is

1) heat flow from a steam water-ammonia mixture to a wall of a reflux condenser;

2) heat flux into the environment from the wall of the reflux condenser;

3) the heat flow along the reflux conduit) and at time t from the moment of change.

The system allows simulation and calculations at different values of distances and the different nature of the temperature
change of a steam-liquid water-amine mixture in a reflux membrane.

Software for calculation of the developed algorithm of real-time calculation of the values of the temperature of the vapor-
liquid mixture in the defluhemator of the absorption diffusion refrigeration machine. These temperature values are not
available for direct measurement. This system creates a real basis for the creation of automatic optimization systems for the
operation modes of absorption diffusion refrigeration machines on the criterion of maximum energy efficiency.

In [9] the following problems are considered:

- the problem of development of circuit solutions for multifunctional systems with direct (direct) regeneration of absorbent
and improvement of heat-mass exchange devices of drainage and cooling circuits of solar systems of air conditioning are
considered::

- theoretical and experimental development of a new class of gas-liquid-type solar energy converters for direct absorption
of regeneration;

- creation of unified compact heat and mass exchange equipment (absorber-dehumidifier with internal evaporative cooling,
solar desorber-regenerator, evaporative coolers), which ensures minimization of energy consumption;

- modeling of working processes taking into account the characteristics of film flows in heat-mass exchange machines and
conducting research of solar regenerators of absorbent and evaporative coolers;

- obtaining the results and recommendations that provide the calculation and design of such systems on the basis of the
completed cycle of theoretical and experimental work.

Conclusion

The research of the technology of creation of software for automation of engineering calculations and its application on the
modern wide market, one of which is mechanical engineering, production of refrigerating technics, air conditioning devices, is
carried out. To do this, the mathematical model for calculating heat loss in the middle of the channels of various heat-mass-
exchange units was improved, a software product was constructed with the ability to set up individual calculation parameters.

To achieve the goals and objectives, the necessary tools and tools were first identified for each part of the project, which
are models, program code, user interface. Development was started with the study of models of research objects, further using
the environment and development tools created software implementation for models. The final task was to collect the results of
calculations and visualize the results in the form of comparative graphs.
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AHHomayusi: B cmambe onucblgaemcsi UCNO/Mb308aHUE HeuemKol /A02UKU O/S1 pelleHust 3a0ay UCKYCCIMBEeHHO20
uHmesnnekma ¢ uepax. IIpedcmasneHbl OCHOB8Hble NpobaemMbl 8 CO30AHUU UCKYCCMBEHHO20 UHMes1eKmd, d Makdce OCHOBHble
MemoObl peaauzayuu UCKYCCMBEeHHO20 uHmeanekma e uzpax. OCHoeHoe 6HUMaHUe yOeqeHO Memoody Heuemkoll N02UKU.
npeumywjecmeam U He0OCMAMKAM €20 8 nNpakmuuyeckoM npumeHeHuu. Heuemkas soeuka npedcmaensem coboil
HAOMHOJecmeo mpaouyuoHHOU N02UKU, KOmopoe Obi10 pacwupeHo 015 06pabomku noHsmus 3Ha4eHuli YacmuyHoli npaeobl
medxncdy 6yneeoli ¢yHKyuu ucmuHbl U noxcHocmu. Heuemkas sno2uka o6biuHO npuHumaem ¢opmy Heuemkol cucmembl
paccyxicoeHuli, a ee KOMNOHEHNIbl - 3MO Heuemkue nepemeHHble, Heuemkue npasuad U MexaHu3m Heuemkoz0 8bleodd. Imom
MemoO noseo/siem AUHeBUCMUYECKU cgopmyauposamb yeau HecobcmeeHHozo nepcoHaxca (NPC) u npedocmasnsem
803MOXCHOCMb OYEHKU cumyayuli 158 NPUHAMUSL pewleHusl.

OcHogHoll yenblo pabombl npedcmasneHa paspabomka UHmMenneKmyanbHo20 deeHmd, Komopblll peaausyem nosedeHuecKue
peaxkyuu Ha OCHOge npasun € UCNOAb308aHUEM HeuemKux MHodcecme. B kauecmee npakmuueckoll 3adauu npedcmasneHa
3adaua onucaHus nogedeHueckoli peakyuu NPC Ha uHmepakmueHble 06seKmbl, npu docmudiceHuu onpedeneHHoll yeau. /s
pelleHuss 3moli 3adauu 68e0eHO NOHsAMUe NOCMOPMO20HAAbHO20 NPOCMPAHCMBd, KOMOpoe Nno360/5em Onuchl8anib
MHOJCeCmeo Heuemkux cumyayuti U cpagHumb ux mexcoy coboll.

B pesyabmame 6bL1a nocmpoeHa mabauya npagun noeedeHuss NPC, Ha ocHose KOMOPOU MOJNCHO CnpoeKmupogamb
nogedenueckyio peakyuto NPC. . OcCHO8HbIM npeumyujecmeom OaHHOU Moldenu siensemcsi 3a0aHue Heuemkux cumyayutl ¢
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NOMOWbIO IUH2BUCMUUECKUX NepeMeHHbIX. Omo obecneuusaem npocmomy NOHUMAHUS YCA08Ull HA 3mane paspabomku u
co30aHus modenu bonee CA0HCHbIX cumyayutl.

Abstract: The article describes the use of fuzzy logic to solve artificial intelligence problems in games. The main problems
in the creation of artificial intelligence, as well as the basic methods for the implementation of artificial intelligence in games
are presented. The focus is on the method of fuzzy logic. advantages and disadvantages of it in practical application. The fuzzy
logic represents the superstition of traditional logic, which was expanded to handle the concept of partial truths between the
Boolean function of truth and falsehood. Fuzzy logic usually takes the form of an obscure system of reasoning, and its
components are fuzzy variables, fuzzy rules, and the mechanism of fuzzy output. This method allows the linguistic formulation
of the objectives of the improper character (NPC) and provides an opportunity to assess situations for decision making.

The main purpose of the work is the development of an intellectual agent that implements behavioral responses based on
rules using fuzzy sets. As a practical task, the task of describing the behavioral response of an NPC to interactive objects,
when achieving a specific goal, is presented. In order to solve this problem, the concept of a post-thoroganal space is
introduced, which allows describing a set of fuzzy situations and comparing them with each other.

As a result, a table of NPP behavior rules was constructed, on the basis of which it is possible to design the behavioral
response of NPPs. . The main advantage of this model is the task of fuzzy situations with the help of linguistic variables. This
ensures easy understanding of the conditions at the design stage and the creation of a model of more complex situations.

KiroueBbie ci1oBa: VckyccrBeHHBIN HHTenneKT, NPC, HeueTKOe MHOKeCTBO, HEUeTKasl JIOTHKA, KOMITbIOTeDHbIE WTPBI,
TIPUHSTHE PeIIeHws], TOCTOPTOTrOHA/IbHOe MPOCTPAHCTBO.

Keywords: Artificial Intelligence, NPC, fuzzy set, fuzzy logic, computer games, decision making, post-orthogonal space.

BBeaenue. Ha cerofasiHuii eHb pa3paboTKa Urp SIB/ISIeTCS TPYAOEMKHMM U CJIOKHBIM TTPOLIECCOM, KOTODPBIH BK/TIOUAeT B
cebst MHOXKeCTBO oTpac/ield OT rpaduueckoro odopm/eHUs, CLieHapHOIO MacTepcTBa [0 IporpamMmupoBaHus. Illnpokoe
TIpUMeHeHVe B UTPOBOM MHAYCTPUM OTBeJeHO pa3paboTke MCKyccTBeHHOro uHtesnekta (M), K IW oTHocsTCs cienyoiiye
acriekThl BU/EOUTPBI: YIpaBjieHHWe aHMMallel, py/ieBoe yripaBjeHHe, TPOLiecC TOMCKAa Ha MeCTHOCTH, IUIaHWpOBaHUe,
TaKTUUECKOe W CTpaTerMueckoe MeliuieHue u obyuenue [1, 2]. Pa3BuUTHe HOBBIX METOAOB W TexHosoruil MU sBnsercs
OCHOBHOM 1ipobsiemoii B paspaborke NPC, tak kak VIU 3TO CTO’KHO-TTPOrpaMMUpPYeMblii KOMITIIEKC KOMaH/i, KOTOPBIM OCHOBaH
Ha CHCTeMe NIPUHSATHS pellleHUl B Orpe/ie/ieHHON CUTyaluy.

Ho urposoii VU siBisieTcst JIMILIL OHOU W3 BeTBel Oosiee IIMPOKOTO NMPUMeHeHHsT NCKYCCTBEHHOTO UHTesutekTa. CorylacHO
Anany TbrOpuHTY, KOTOPOrO CUMTAIOT OTLIOM MCKYCCTBEHHOTO WHTeJNIEKTa, areHT SIB/seTCs MHTe/IeKTyalbHbIM, eC/Id ero
MOBe/IeHre HEBO3MOXKHO OTJIMUUTB OT uesioBeka [3]. Urpoeoii UM nobGasnsieT elle ofHy 4acTh onpesenenus UW. s toro,
yroObl Wrpa OblIa YCIIENIHOW, He HY>KHBI BBICOKOYMHBIE, UeI0BeKOIoo0HbIe, HermoOefuMble 3KCIIePTHBIE OMIOHEHTH,
TpebyeTcsi BHE[PUTE YOe UTe/TbHBIX IPOTUBHUKOB, areHToB 11, ¢ KOTOPBIMU He CKY4HO Urpars [4].

IMosToMy HGOJBLIMHCTBO UTP UCMOJIB3YIOT OUeHb TIPOCThbie MeTobl VIV Takue Kak KOHeuHble aBToMaThl (FSM) u nepeBbs
TIPUHSATHS peliernti [ 1, 2].

BaillecoBcKue CeTH HCIOMBb3YIOTCA B CTpaTernu peanbHoro BpemeHu urpel (RTS) pans mnanupoBanust nemd [1].
[NosBrsitOTCST HEMPOHHBIE ceTH B cepun Urp Creatures, a Takke B HECKOJIBKUX De)XMMax peasbHOTO BpDeMeHM CTpaTeruueckue
WIpHI U B OTMeueHHO# Harpasiamu urpe Black & White 2. B mocnegHee BpeMsi UCII0/Ib30BaHKE SBOJTIOLIMOHHBIX aTOPUTMOB
ObL1 NOMTy /IsIpU3KUpOBaH B BUZeourpe I"amaktndyecke Opyxue [5].

OTH MeToAbl TPYZAHO pear3oBaThb B cpaBHeHWHU Ayt FSM wmm gepeBbeB pemeHuid. HekoTopele U3 Gosiee MPOJBUHYTHIX
MeTOZ0B, HarprMep, TeHeTUYeCKKe arOpUTMBbI, 00BIUHO MTPUHOCAT € cO00M MO0 BHICOKYHO BEIUHMC/IUTEBHYIO CTOMMOCTH WJTH
BBICOKOM CTOMMOCTH MaMsITH.

Cpefy 3TUX MeTO/I0B HeueTKasl JIOTHKA SIB/ISIeTCS OJHUM U3 Ba)XKHEHIMX MHCTPYMEHTOB, KOTOPbIE [O/DKEH HUCIO/Ib30BaTh
paspabortuuk urposoro MM u3-3a npocToTh! eé GOpMYIUPOBKU B COUETAHUU C eé BbIpa3UTeIbHOCTH.

Heuetkasi jjoruka npecraBisieT co00H HaJMHOKECTBO TPaJIULIMOHHON JIOTHKH, KOTOpOe ObIJIO paciIupeHo /it 06paboTku
TIOHSATHSI 3HAYeHUH YaCTUUHOM MpaBzbl MeXXy OyJieBol (YHKIMM UCTHHBI U JIO)KHOCTH. HeueTkasi loruka 00bIYHO IPUHUMAEeT
(hopMy HeueTKOH CHCTeMbl pacCyk/leHUH, a ee KOMIIOHEHThI - 3TO HeueTKHe IepeMeHHble, HeueTKre TpaBU/la U MeXaHH3M
HEUeTKOr0 BbIBO/IA.

Teopusi HeUETKUX MHOXeCTB Obina BBefeHa B 1965 roay Jlottu A. 3aze B 006/1aCTH aKaZieMUUeCKOTO UCKYCCTBEHHOTO
uHTeneKTa [6], HO peanuM3oBaTh €ro wWJeHW YAaaoCh SIMOHCKUM MCCIeJOBaTessiM, KOTOpbIe TPOZAEMOHCTPHUPOBAJIH
MpaKTUYeCKoe UCI0/Ib30BaHMe HeUeTKUX CUCTeM yripasieHus. HeueTkast IorMKa Takke HCIOJIb3yeTCsl B COUeTaHUHU C IPYTUMU
MeTtozamu MU, TakuMH Kak 3BOJIFOLIMOHHbBIE aTOPUTMbI WM HelpOHHBIE ceTH, B 00yueHUH U Kiaccudukauu [7].

Kak v MHoTrHe fipyrue akazeMuueckue Metossl VIV, HeueTKas JTorvKa Oblia TpoTecTrpoBaHa B Buzieourpax [7]. Heuerkas
Jioruka Obla OoQuIManbHO TpeAcTaBieHa B pa3pabotrke wurp B 1996 Jlappu O'BpaiieHom [8] ¥ c Tex mop u3yyeHa u
yCOBepIlIeHCTBOBaHa pyrumMu aBropamu [1,2].

IIpeumyiiecTBa HEUETKOM JIOTHKH
HeueTkasi jiorvka MOXKeT ObITh TOJie3Ha Ayisi UrpoBoro MM B HecKosbKUX acriekTax. OHa MOXKET UCMOJIb30BaThCs ISt
npuHATHS petieHnit NPC, Takux Kak BHIOOD TIPeMETOB WK OPY>KHisl, /IS yIIpaB/IeHus! ABM)KEHHEM FOHUTOB.
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W3-3a IMHTBUCTUYECKOTO XapaKTepa HEUETKOW JIOTUKHM (OPMYJIMPOBKA MPABHJ MOXKET OBITb BBLINIOJHEHA 3KCIEPTaMU B
obnactu N, a 3aTeM HeueTKasi CUCTEMa MOXKET UCIOIb30BaThCS AJIsI TIOZIPaKaHUs pacCy XieHusM 3kcrnepta [9]. Oto 6osbloe
NPEUMYILECTBO [0 OTHOLIEHHIO C JPYTMMH MeTO[aMH, KOTOopble TpeOyIOT 3HaHHsS KakK CaMOro MeTo/id, TakK M IpaBUJI ero
HaCTpPOWKU.

HeueTkrie MeTOZbI MO3BOJISIFOT CTPOMTH OTHOLIEHHS BBOZA-BbIBOJA Ha OCHOBe 3HaHHH 3Kcriepra 6e3 HeoOXOAUMOCTH
CO3/]aHUs1 CJIOKHON MaTeMaTH4eCKOW MOJe/d, KOTopasi MOXKeT 0Ka3aTbCsl YTOMUTENTbHOM WM HeBO3MOKHOM /IS ITO/TyYeHUs
[7].

Heuerkasi 70rMKa MO’KeT HCII0Jb30BaThbCsl /ST MOJEIMPOBaHUSl CJIOXKHOTO TOBefleHWsT C HH3KOM BBIUMCIUTETBHOM
CTOUMOCTEIO [1].

HepocraTku npuMeHeHHs] HeYeTKOH JIOTHKH

Heuetkas 1oruka TpebyeT NMpaBWILHOTO OTIPe/ie/ieHusT BXOJHBIX U BBIXO/IHBIX ITepeMeHHBIX, a Tak)Ke X OTHOlIeHui. Ecmm
HeT 3KcrepTa B obnactu VN, cnoxkHo Oyaet pazpaboTath MpaBuiia U, BO3MOXXHO, TIOTPeOyeTCst MHOTO HACTPOEK, UTO TPUBEZET
K YBeJIMUeHHIO BpeMeHH pa3paboTKU.

KoHcTpyrpoBaHHe HeueTKON CHCTeMBI Uil UIPbl CO MHOTMMHU areHTamd, B C/y4yae eCjiM OHU He OyAyT TILaTeqbHO
pa3paboTaHbl, MOKeT TIPUBECTM K TIPOBepKe COTeH IIpaBW/J Ha KaKIOM BpDEMEHHOM Iiare, IOJHOCTBIO HCK/IIOUast
MperMyIecTBa HU3KOH BBIUMC/IUTENbHONM CTOMMOCTH €IJMHUYHBIX INPOBEpOK. XOTS CaMblii NPOCTOM BapHaHT HeueTKOU
CHICTEMBI TIOSIB/ISIETCS B OOJIBLIMHCTBE WP, W3-3a 3TOTO HeJ0CTaTKa ObLIM MpeIoXKeHbl yIyUlleHus], CBs3aHHble C TIPUPOAOH
urposoro 1U. [2].

OnvH KOHKPETHBIM MpUMep He/l0CTaTKa MHOTUX TIPaBU/I B HEUETKOH JIOTHKe Ha3bIBaeTCss KOMOWHATOPHBIM B3pbeiBoM [10].
PaspaboTuuku urpooro MU mpepjaraioT npuHATh Metof Kombca [11], KOTopbidi MO3BOJSIET MMHEMHBIA POCT TPaBUI B
OTHOIIIEHUY YKC/la TepeMeHHbIX U MHOXKEeCTB.

JlutepaTypHbIi 0030p. IlepecMaTpuBasi JUTepaTypy, Mbl MOXKEM HAWTH HECKOJBKO YIIOMHHAHWN 00 HCIIOb30BaHUH
HEeUeTKOM JIOTUKH B BU/IEOUTPaX.

BattleCruiser: 3000AD6 - 3TO KOCMUYecKass CTpaTerpyeckass Wrpa C TIPOTUBOPEUMBOM WCTOPHENM pPa3BUTHA, KOTOpas
WICTIO/B3YeT HeueTKYIO JIOTUKY Hapsily C HeHPOHHBIMU CeTSIMU /IJIsl yIIPaB/IeHHs] HEeMTPOBLIMU ITepCOHa)kaMH B urpe [12].

S.W.A.T. 27, npencraBnisieT co00OM TaKTUUECKYH0 WUIPY B peaJibHOM BpeMeHH, KOTopas Oblla TOCBSIeHa IIMPOKOMY
WCIIO/Ib30BaHUI0 HEUeTKOW JIOTMKH, TI03BOJISIIOLLE HEWTPOBBIM TIEPCOHA)KaM BeCTU Ce0si CIIOHTaHHO Ha OCHOBe UX
oripe/ie/IeHHbIX JIMYHOCTeH U criocobHocTel [12,3].

Civilization: Call to Power8, mormaroBasi ctpaTernyeckasi Urpa, sIBJSFOLIAsiCs TOOOUHBIM 3((hEKTOM OueHb W3BECTHOM
¢panmmsel, ucnonszyer FuSMs nsisi onpesieneHust puopyTeToB Ajisi Al cTpaTermueckoro ypoBHS, ITO3BOJISIS OTPe/ieNrTh
VH/MBUya/IbHble YepThl AJIs1 Pa3HbIX WJepoB LUBMWIM3auy [3].

V3 mpuBeIeHHBIX PUMEPOB MBI BUJIUM, UTO HEUeTKas JIOTHKA YCIIELTHO MCIIO/b3YeTCs B Urpax, XOTS pa3paboTuuKu, Kak
TIPaBUJIO, He UAYT Aasbllle, YeM MPOCThIEe IOTHUeCKUe CUCTEMBI BBIBOZA.

Hens 1 3ajaun ucciegoBaHus. OCHOBHOW Iefbl0 paboThI TpefcTaBieHa pa3pabOTKa WMHTe/UIeKTYalbHOTO areHTa,
KOTOpBIN peaju3yeT TOBe/IeHUECKWEe PEeaKlMd Ha OCHOBe MpaBW/ C WCIO/b30BaHMEM HEUETKUX MHOXecTB. B KauecTBe
MPaKTHUeCKOW 3afaun Oy/leM paccMaTpyBaTh KOHKDETHYIO CUTYalluil0 B KOTOPOHM yuacCTBYIOT OOBEKThI WHTEPAKTUBHOTO
OKDY>KEeHHUsI, TAKKe KaK JIBepPh U JIECTHUIIA. 3a/jaua COCTOUT B TOM, UTOOBI peaii30BaTh MOBEJEHUECKYIO PEAKIIHI0 Ha OTKPHITHE
[IBEpU U TIOIHSTHE TI0 JIeCTHHULIE /IJIs JOCTIDKEeHHe OTpe/ie/IeHHOMU 11e/Ti B UTPOBO#A ciieHe [13].

Pa3paboTka mpaBW/I C MCIO/H30BAHHEM HedyeTKHMX MHOXecTB. [Ipu obiiem moaxoge NPC Oyner mpuHUMaTh 3TH
00beKThl KaK TIPErATCTBUSI U He CTaHET B3aMMO/IEWCTBOBaTh C HUMH. B 1e/isiX yCTpaHEHHsl 3TOM TPOOJIeMbI MOXXHO
HCTIO/Ib30BaTh HEUETKYIO JIOTHKY [I/Ist BBIPDAOOTKH (hOpM TOBeZIeHHs, HeOOXOJUMBIX [Ijis B3aMMO/IEHCTBUSI C STUMU O00BEKTaMU.
Yrtobbl M30eKaTh MHOTO3HAUHOCTU TPAKTOBAaHWS CEMAHTMUYECKHUX 3HAYeHWM OJIHOTO M TOTO )Ke rapameTrpa B pa3/IMuHbIX
CUTYalUsIX, CTPOSTCS MOJIHbIE OPTOrOHA/IbHBIE ceMaHTHUecKue (TIOCTOPTOroHasbHbIe) MpocTpaHcTBa [14], KoTopkle ciay»Kat
00/1aCTAMU HEUETKUX 3HAUEHUI KaXK/I0T0 U3 MapaMeTPOB BHE 3aBUCHMMOCTH OT PAaCCMaTPUBAEMOM CUCTEMBI.

715t TOCTpOeHusI IOTHOTO OPTOTOHABHOTO ceMaHTHUeckoro rpoctpadcTBa (ITOCIT) HeKOTOPOro HeUeTKOro rmapaMeTpa [N?i
onpeJesnsieTcsl MHOKECTBO HEUETKUX 3HaYeHU ﬁi ={ f)lk tk =1..K; , rae K; xomuecTBo HeueTKMX 3HaueHUH, TPMHUMAEMBbIX i-
M TapaMeTpoM, B BHZie HEUeTKUX UHcCesl ¢ (DYHKLHel PUHA/JIeXKHOCTU Mik , KOTopasi orpesiesieHa Ha UHTepBane ( pl.l;, p,.l; ), me
( p;;, pll;) € D, - 3Hauenus Hauana U KOHIla MHTEpBAJa COOTBETCTBeHHO, a D), - 6a30BOe MHOXECTBO HEUeTKHX 3HaueHHii
rapameTpa f?,- .

s Toro, uto6sl noctpoentsie D, mHoxectBa Gbu TTOCII, HEOGX0AUMO, YTOObI OHHM YOBJIETBOPSAMHU CIIEAYIOLMM
aKCHuoMaM :

k o ~k
Axkcuoma 1- HOPMaJ/IbHOCTB: KaXK[ad (l)yHKI_[I/IH TIPUHAA/IEX)KHOCTH ‘ui HeUyeTKHMX 3HA4YeHHUH pi A0CTUTraeT eArMHHUIbI Ha
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ok ok
HEKOTOPOM HeHyJIeBOM OTpe3Ke 3HaueHuii [ Di > DPic, 1 6a30B0ro MHOMKecTBa D;:
Vk €L K, ] pr €D, : i (p) =1 €lp}, . Py, ]
s BN Tp; g (p) = D ELPy, > Py,
k k k
Akcroma 2 — QyHKUMsl (I; He yObIBaeT cieBa OT Pj, 1 He BO3PACTAeT CIIPaBa OT P, :
k k, k k
u; (p) =W (pib ), P <Dj
k k. k k
U; (p) =u; (Pie), D > Di
k
Akcroma 3 - GyHKLMM 4, He MOTYT UMeTh 6ojiee IByX TOueK pa3phbiBa IIepBOro poja.
o ~k ~ 1
Axcroma 4 - onHoTa: A1t moboro 3Havennst P u3 MHOectBa D, Haiffercst HedeTkoe 3Hauenne p; € D, ¢ HeHyreBbIM
k o
3HaueHueM (YHKLMH IPUHAJIXHOCTH (; (p) B JAHHOM TOUKe:
~ k
Vp €D, Vke[LK;]: u; (p) #0
o o .k o
Axcroma 5 - OpPTOrOHa/lbHOCTb: CyMMa BCeX 3HaueHui (yHKLMII mpeHajexHocteidl u; (p) B HekoTopoi Touke P

6a30BOFO MHO>XeCTB Di A0/DKHaA pOBHHTbCH eauHuLe
K,
k2:1 w (p) =1, pPED,
~k ~
Kaxzgoe nHeuetkoe uncio p; € Dl. orpe/iesieTcs uepe3 QYHKIIMIO TIPUHA/IIEXKHOCTH CIeYIOIIEro BUAA:
0, P <Pip> Pi ZPie
- 1 . , .
%, Pib<Pi<Phy
k k, kb, ~ Pkb .
p; = u; (p))= ! i o i :l...Np,k =1..K; (1)
1, Pib, <Pi<Ple,
Pi Phe

i i
—7 i *Pkb <Pi<DPke
Pke,™ Pre

k k k .
C yuetom p; <D,,u, <D,,u, <D, rae <D; oTHoLIeHue CTPOroro ropsjKa Ha MHOeCTBe HeueTKUX 3HaueHwui i -ro

TrapameTpa, J0JDKHBI BBITOMHATHCS CIeAYIOIHe YCIOBUS:

ol o=pl = min(p; )
bk bk, D. . N
! i :1..Np
i i max(p;)
Pre = ke, — D.

1

e P, - HEKOTOpOe YeTKOe 3HayeHHMe i -T0 HEeYeTKOro rmapamerpa p,ie, p;(b COOTBETCTBEHHO Haua/lbHOe W KOHEUHOe 3HaueHwUst
WHTepBasia 3HaueHui 6a30Boro MHoXectBa D, , Ha KOTOpOM (YHKLHsI PUHA/JIEKHOCTH K-TO HeUeTKOro 3HaueHws i mapamerpa
TIOJIOKUTENIBHO ONpefiernieHa; p,i«_,l, p;d,l - Haua/IbHOe Y KOHeUHOe 3HaueHHUsl COOTBETCTBEHHO MHTepBajia 3HaueHWH 0a30BOro
MHOXecTBa D;, Ha KOTOpOM (yHKIMS IPUHAZ/IEXXHOCTH K-ro HeueTKOro 3HauyeHus i-ro napameTpa paBHa eAMHULIE.

[ly1s1 oripefieneHys cOCTOSIHUSL 00beKTa HEOOXOJMMO CpPaBHUBATh HEKOTOPYIO BXOJHYIO HEUETKYIO CUTYaLHI0 S; C KaXZoH
HEUeTKOH curyarueii S;. B KauecTBe Mepbl /7l OTIpe/ie/IeHHs CTereH: 61M30CTH HeUeTKOM CUTyalu S; HedeTKOi cuTyaruu
S; MCIOBb3YIOTCS: CTeNeHb HEUeTKOro BK/IIOUEHHs HEUeTKON CUTyalun S; B HEUeTKYIO CHTYalLjui0 S, CTerleHb He4eTKOro

paBeHCTBa HEUeTKOW CUTyalun S; M HeueTKOHM cuTyaruu S;. Beibop mepbl 611M30CTH ompesenseTcsi 0Co6eHHOCTAMH

HEUEeTKOM CUTyal[uM U OpraHu3aiueli 0;10Ka MPUHSTUS PeLleHui.
Tak, A/ crnefyloIUX HeUeTKUX CUTYaLUii:

M
ius.(pm) ‘usj(pm)
Si =t ’SJ =\ H]
P Pm

m=l m

1L
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M
rae {:pr'r }i"l".=1 - Ha60p MPU3HKOB, 110 KOTOPLIM OITpeAe/IA0TCA HeUeTKre CUTyalliH, d

P
,J'JT. (pw} — kW mE L
- Tml J k=l

rae Us, ( Pm) — CTelleHb NPUHA/JIEXKHOCTH TIpU3HakKa P,, K Tepmy T, ,a P(m) ~ xomauecrro T€PMOB B TEPM-MHOXXECTBE
Mpu3Haka pP,, .

\2
Onpefenenyie: CTereHeM BK/IIOUEHHS CUTyalu S; B cUTyalio S; sBnsercs BenmumHa — (S;,S;), ompenensemas

BbIpa)KeHUEM:
M

Y (5,8;) =" na Y Us, ((Pm); s, (Pw))
e Us (P Us. (P,y)) BbIUMCSIETCS CIEAYIIM 06pa3oM:
" tts, () s (Po)) =" 08 (0 (L) = (] (T )
rae (,u,i (T~ (ulf (T,;)) onpezienseTcss OTHOILEHHAEM:
(1t (T) = (1) (L)) =max(l= p (T), 1) (T
TIpy 3TOM CUMTaeTCsl, 4TO CMTyalust S; HEUeTKo BK/IHOUaeTcs B cutyaumio S;, S; €S; ecm Y (S;,S j) =4, toe A-

HEKOTOpOe TOporoBoe 3HaueHue. CylecTBOBaHMe [BYX B3aMMHBIX BK/IIOUeHHMH cuTyaluii S; ¥ S; O03HayaeT, YTo MpH

TIOPOrOBOM BK/MOUeHMHM A cutyauu S; M S; TIPUMEPHO OfMHAaKoBbl. Takoe CXOJCTBO CHTYyallii Ha3bIBAeTCS HEUETKUM

DaBeHCTBOM.
Ipexae Bcero HeoOXOAUMO 00eCreunTh yrpaBjieHWe [ABWKeHUeM. [Ijii 3TOro HCIOJ/b3yeTcs JIMHTBUCTHYECKast
repeMeHHass move (JBYDKEHHE), KOTopas OIpeJesisieTcsl 3HaueHWeM CKOpPOCTU [BWkKeHUs. OHa TIpe/CTaBleHa TpeMms
paznuuHbiMu TepMamu forwards (Briepef), stop (octaHoBa), backwards(Hazaz).
OcHOBbIBasich Ha mpeablayux ¢opmynax (1) HeoOXOAMMO TOCTPOUTH TMOCT OPTOrOHAJbHBbIE TPOCTPAHCTBA. Tepm

forwards (eriepen) orpepensieTcsi Kak HEUYETKOE YMC/IO C TOMOLIBH (GYHKUMM NPUHAANEXHOCTH M fvarg (v), xoropas

3a/laeTCsd COOTHOILIIeHHneM:

_ L,O <v V1
luforvard(v) =1V1

LV0 <v <V

Tepm backwards (Hasaz) orpejensieTcss Ha HeUyeTKOE YMC/IO C MOMOIbI0 DYHKLMM MpHHAZ/IeKHOCTH ' backwards (),

KOTOpas 3a4aeTcCsd COOTHOIIeHHeM:

v
| —0=v=-v1
Aubackwards (V) - Vi

1,-Vli<v=<-V

max

(v),

T v
Tepm stop (CToM) onpezie/iSeTcsl Ha HeyeTKOe YMC/I0 C TIOMOIbI0 (DYHKIIMHM PUHA//IEKHOCTH © oF KOTOpasi 3a/jaeTcst

COOTHOIIeHUEM (4).

v+V1
Vi
Uz V) = LV =0
Vi-v
—,0<v V1
Vi
[TocTopTOroHasbHOE IPOCTPAHCTBO NIepeMEeHHON move TpeZicTaB/IeHHO Ha pUCYHKe 1.

,-V1<v <0
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\ \ /
\ \/
\ I\
NN
v/

Puc. 1 — ITocropToroHajbHOe NPOCTPAaHCTBO MHO)XKeCTBa NepeMeHHOH move

K npoueccy nepeziBikeHusi HeOOXOAUMO NMPUMEHHUTD elllé OfHY JMHIBUCTUYECKYI0 IlepeMeHHYH0 turn, KoTopasi OTBedaeT
3a ToBopoT Tena. OnvcaHHasi 6a3o0Bast epeMeHHas OTpe/iesisieTCs OTHOCUTEIBHBIM YIJIOM MOBOPOTa B rpafgycax. [lepemeHHas
turn ykaseiBaeTcsi 4 HeUeTKMMM CHUTYalUsIMH [/l TIepeMeHHBIX, KaK/asi M3 KOTODPBIX yKa3blBaeT Ha OOBEKT, K KOTOPOMY
nmo/okeH moBepHyThcss NPC: button(kHonka), door(gsepn), ladder (nectrwmia), exit(Bbixom). PYHKIMH 3THUX TepPEMEHHBIX
U3MEHSIIOTCS TUHAMUYECKH, TaK Kak MO3WIIUs 3TUX 00BEKTOB H3MEHSIETCS CO BpeMeHEM.

Taxke MpefycMOTpeHa JIMHIBUCTHUYeCKasl MepeMeHHasi look, KoTopasi M03BOJIsIeT yNpaB/sATh YIJIOM Hak/lOHA roJoBbl. B
nepemeHHY!0 look BXozsT 2 TepM-MHO>KecTBa up (BBepx), down (BHM3), non (He U3MEHSTh).

BbinenepeuniciieHHble  JIMHIBUCTUYecKue TepeMeHHble door ¥ ladder sBisitoTCSL IMepeMeHHBIMM  OIMCBIBAIOIIMMU
BOCTIpUSITUS 0OBEKTa.

Ilepemennass door mpepcraBneHa TepMamu open(oTkpbita) close(3akpeita) u fully open (IOMHOCTBIO OTKpHITA).

. o . B
TMepemenHas button mpescrapssieT co6oit 670K YTIPAB/SIOIMX PEIIEHNH, 3HaUeHHe KOTOPOTO UMEeT HECKOJIBKO COCTOSIHUN — *

(3aKpBITh MOMHOCTHIO), By (3aKpBITh HAaroJIOBUHY), B, (ocTaBuTH), B*‘(omp])m, HaIoJIOBHHY), BE{OTKPLITL TIOJIHOCTBIO). s

Ka)X/IOTO OIpeZle/IEHHOT0 COCTOSIHUSI CTPOMTCS HedeTkKas cutyaruoHHas cetb (HCC). HeueTkas cuTyauyoHHast ceTb [15]
nipe/icTaB/isieT co60M HeUeTKHi OpreHTUPOBAHHBIN B3BellIeHHBIH rpad MepexooB M0 HeUETKUM 3Ta/IOHHBIM CUTYallHsIM.

JIuHrBUCTUYeCKas repeMeHHas ladder, ompezeneHa ¢ rnomoibio AByX TepMoB held(3ansThiit) U top(BBepx). Tepm held
oTipefiesieH BO BpEMEHM U MMeeT MaKCHMMasbHOe 3HaueHue 1, yepe3 cekKyHAY Kak NPC KOCHeTCs JieCTHUL[B 1 BO3BpalljaeTcs B
0 c Tor MomeHT, Korza yepe3 cekyHay NPC coiimer c yectHuiipl. TepMm top rpejcTaBiieH mnepemeHHOW height (Beicota).
IMepemenHasi mpuHUMaeT 3HaueHue 1 B MomeHT, korga NPC roToB COWTH C JIeCTHHUI[bI U 3HaueHue 0, rmoc/ie Toro, Kak Oyer
C/lefaH 1Iar OT BepXHel CTyIeHH JIeCTHUL[BI.

Pe3ynbTaThl uccirefoBanusa. [anee HeoOxomuMo pa3paboTtath HAGOp MpaBWI AJisl TIOC/E[OBATELHOIO BBITOJTHEHUS
JedictBuid. s Toro, uro6el NPC ripoiiien uepe3 iBepHOM 1poeM BHauaje HeOOXOJUMO HaXaTb Ha KHOIKY, a 3aTeM TPOUTH
yepe3 fiBepHOH rpoeM. [IpaBuia nofo6HOM 3a/jaur ONIMCHIBAIOTCSA B C/Ie/yIOIel Tab/uLie.

ITpu opraHM3auuy 3Tol (HOPMBI MTOBeAeHNsT He0OXOAUMO obecrieunTh ITPUOPUTET C oOpallleHreM K Ha)KaTHIO KHOTIKH, a
T0C/Ie TIPOXOJUTE Yepe3 [BEePHOM IpoeM.

Ons toro, utodsl NPC B306pascs 1o jecTHULle HeoOXOAMMO CHauasa MOAOUTH K JIeCTHHIIe, CXBATUThCS 3a HeE, 3aTeM
TIOAHSTE B3TJIA BBEPX U OCYILECTB/ISAThH ABMW)KEHHe B MPSIMOM HarlpaB/ieHUH [0 TeX TOp, MoKa He Oy/leT JOCTUrHyTa BepiivHa
siecTHULIbl, ociie NPC Heo6X0JWMO HarpaBUTh B3I/ BIepe] M CONTH C JIECTHHILILI Ha moj. ITpaBuia momo0HOMH 3amaun
OIMUCBIBAIOTCS CJIEAYIOLMM 06pa3om.

Ta6auna 1 — MpaBuaa 3a434n B3aMMOeNCTBME C ABEPbMU
HeticTBue

YcnoBus

If not button_pressed

HOBepHyTI)CH B CTOPOHY KHOIIKHW, ABUHYTbHCA BIIEpe/

If button_pressed

[ToBepHYThCS K [1BEpU

If button_pressed and door not fully open

OCTaHOBUTHLCS

If door fully open

[ BUHYTbCS BIIepefi, IOBEPHYTHCS K IBEPH
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Ta6muua 2 — MNpaBuaa 3a4a4m B3aMMOENCTBUE C IECTHULIEN

YcnoBust HeiicTBue
True JIBUHYTHCS BIiepef,
If ladder is not held IToBepHYTHCS K JIECTHUIIE
If ladder is held ITocMoTpeTh BBEPX
If ladder is top [TocMOTpeTh BBEPX, [IBUTAThCs, IOBEPHYTHCS K BHIXOY

Ha ocHoBe mipe/iCTaB/eHHBIX MPaBWI MOBEAEHUNM MOXKHO ONMUCATh Psif MOA0OHBIX cuTyauuil B3aumogelictBus NPC ¢
oObeKkTamMy OKpy»Katoled cpefbl. OCHOBHBIM TPEMMYIIIECTBOM JIaHHOW MOJeSIM SIBJISIETCS 3a/jlaHe HeueTKUX CUTyalui C
TIOMOIIIbI0 JIMHTBUCTUYECKUX TIePEMEHHBIX. JTO 06ecreunBaeT MPOCTOTY MOHMMAHUS YC/IOBUM Ha JTare pa3paboTKU U
C03/jaHus1 MO/iesiu 60JIee C/IOXKHBIX CUTYaLH.
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AHomayjis: Po3ensHymi eidomi KOHCMPYKUii poauKosux onop cmpiukosux mpaHcnopmepie, siK eneMeHmy 8aHMAaXcHOi
cucmemu cyoOHa. BusHaueni Hedoniku ma wiasixu 800CKOHANEHHS. 3anponoOHOBAHO HOBE CXeMOMEXHIUHE pDilueHHS poauKoeol
onopu.

Summary: Considered known designs of roller bearings of belt conveyors, as an element of the ship's cargo system.
Deficiencies and ways to improve. A new circuit design of roller support is proposed.

K/104o0Bi cj1oBa: CyJHOBHI CTPiUKOBHI KOHBEED, CTPiuKa, POMHMK, eKCIITyaTaLlis, pPEMOHT, 00C/TyrOBYBaHHS.

Keywords: ship conveyor belt, belt, roller, operation, repair, service.

1. Bctyn

Bararopiunuii JocBif ekcrulyartarjii TpaHCIIOpTepiB MiATBep[)Kye TOMOBHi [0-CTOIHCTBAa KOHBEEPHOTO TPAHCIIOPTY -
BUCOKUM piBeHb MPOAYKTUBHOCTI Tipalli, 1[0 /OCATA€TbCS IUIAXOM aBTOMAaTH3allii poOOTH YCTaTKyBaHHS, MOXX/IMBiCTh
TPaHCIOPTYBaHHsS BaHTa)Ky HA BeJMKi BifcTaHi i HU3bKI BUpOOHHWUI BuUTpaTd. BOHM € OFHMM 3 OCHOBHHX 3aco0iB
6e3nepepBHOTO JiTBHUYHOTO i MariCTpabHOTO TPAHCTIOPTY B MOPCHKHUX MOPTaX, Ha BYTIBHUX IIaXTax, PO3pi3ax i pyJHUKax.
3acTocyBaHHs CTPIUKOBUX TPAHCIIOJIPTEPIiB TOCTIMHO 3pOCTaE B 3B'I3Ky 3 POCTOM BaHTaXKOIMOTOKIiB 1 BiAcTaHel
TPaHCHOPTYBaHHS, IJ0 3yMOBW/IO HeOOXOZifHICTH CTBOpeHHsSI BHCOKONPOJYKTMBHHMX CTPIUKOBMX TpaHCHOPTepiB Oinbiioi
JIOBXXUHU i IOTY>XHOCTI (puc. 1).

HocuTb BUCOKi KamiTa/bHi BUTPAaTU Ha MpHU0aHHsA TpPAHCIOPTEPIB KOMIIEHCYHOTHCS HU3BKUMM €KCIUTyaTal[iiHUMU
BuTpatamu. Co0iBapTiCTh OJUHUII BaHTaXy, II0 TEPEBO3UTHCA CTPIUKOBUMM TpPAHCIIOPTEPAaMM HIKYE, HDK Yy iHIIHX
TPaHCIOPTHUX 3aCc0biB, 110 3aCTOCOBYIOTHCS /1S TlepeBe3eHb BaHTaXKy Ha TY XK BiJICTaHb.
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Puc. 1 — HalinomupeHimmii THI CTPiYKOBOro TPAHCIIOPTEPY

2. AHasi3 1iTepaTypHHUX JpKepesT i I0CTaHOBKA MUTAHHSA

[IpakTvKa BUKODUCTaHHs TPAJULIIMHUX CTPIUKOBUX TPaHCIIOPTEPiB pi3HOMAaHITHOrO TIpM3HAueHHs, BUKOHAHHA i
TUIIOPO3MipiB IOKasye, 110 BciM 6e3 BUK/IIOYEHHS, MPUCTPOSIM NPUTAaMaHHUK HeBUKODIiHHMM NPUHLUIIOBMM HesoMiK - 3HOC
PO/UKIB i 3MitrieHHsIM cTpiuku. [TepiofnyHi migiioMu i orycKaHHS Ji/ISTHOK CTPIUKY Ta Jie)kauoro Ha Hill BaHTaXKy MPU3BOJASTD
[0 TIOSIBM JIMHAMiYHUX HABaHTa)KeHb, 1je Oi/NbIIOro 3HVKEHHS TepPMiHYy C/1y>KOW CTpiUKM i pOJMKIB, a TaKOX CYTTEBOTO
3pOCTaHHs eHeproeMHOCTI MpoLiecy TpaHCHOpTyBaHHA. Lli mpoljecu NpusBOAATE [0 MepefyacHOr0 BUXOAY CTPIUKU 3 jafy,
3CyBY BaHTaXy, Apo6JieHHs], TU/IeHHs i BTPaT HOro SIKOCTi MPH TPaHCIIOpTYBaHHi [1].

[nis ToLyKy UUISXiB TiJBUILIEHHS] TEPMiHY CJTY>XOM CTPiUuKM i POJIMKIB TpoaHaiizoBaHi KOHCTPYKLii HaHMOIIMpPEeHIIIX
DOJIMKOBHX BY3/IiB CTPiYKOBUX TpaHCTIOpTepiB [2 - 4].

Bigomuii posluKOBUIA By30J1, 1110 MiCTUTh OCHOBY Ta POJIMKHU 3 MiJIIMITHUKAMK KOB3aHHs [2].

5 4 1 2 3

6 7

Puc. 2 — Po/tuK 3 mijIIUITHUKOM KoB3aHHA: 1 — Kopnyc; 2 — crakaHu; 3 — Bich po/IMKa; 4 — MiIIUMHAKYA KOB3aHHS; 5 —
YIiTbHIOBA/IBHI KiTbIifA; 6 — CTONOPHI KibIs; 7 — mrrugTH.
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Hepomniku npucTporo, siKi 00yMOBIIeHi 3aCTOCYBaHHSIM CTajIeBOTO POJIMKA Ta MiAIIMITHAKIB KOB3aHHS:
- HeoOXiIHICTh MOCTIHHOTO OHOB/IEHHS 3Mall[yBa/IbHOrO MaTepiaay miJIUITHUKa;
- He3axMIleHiCTb POJMKOBOTO By3/a Bifi AWHaMiUuHUX yZapiB BaHTaXy Ha CTpiulli Ta eKCIulyaTaliliHMX
thakTOpiB;
- 3HaYHi BUTPAaTK Ha PEMOHTHI pOOOTH.
Y MeHmIi# mipi excrityaTaiifiHi Ta KOHCTPYKTUBHI ()aKTOpM BIUIMBalOTh Ha XapaKTepUCTUKA POJMKOBOTO BYy3/a, II0
MICTHUTb OCHOBY Ta POJIMKH 3 TiAIMNHAKaMU KoueHHs [3].
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Puc. 3 — Posnk 3 mijInunHauKoM KoueHHsi: 1 — oboiima; 2 — kopnyc; 3 — Bich posiMKa; 4 — miAIMIMITHUKYA KOYeHHSs; 5 —
CTOTIOpPHE Kifblle; 6-8 — yIiIbHIOBA/IBHI KU/TbIS.

Henomniku npucTporo, siki 00yMOBJIEHi 3aCTOCYBaHHSIM BiZIKDUTOTO CTAJIeBOr0 POJIMIKA Ta TTi/[IIUMTHYKIB KOUeHHS:

- He3axWILEeHICTb POJIMKOBOTO By3/Ia Bifi AMHAMIUHKX y/lapiB BaHTa)Ky Ha CTPiuLli Ta eKCTuTyaTaliiHux (akTopis;

- HEeMOJK/IMBICTb TPAHCIIOPTYBAHHS BAHTaXKy Y BUIJISAZ1 BeIMKUX ()parMeHTiB;

- 3HAuHi BUTPaTU Ha PEMOHTHi poOOTH.

3. Mera i 3aaui Joc/TipKeHHSA

B ymoBax, 10 CK/amucs, [OLI/MBHOIO CTana po3pobKa HOBOTO CXEeMOTeXHiUHOro pillleHHs POJIMKOBOTO BY37a.
IMepeabauanocs, 1110 KOHCTPYKTUBHE BUKOHAHHS TIOBUHHE 3a0€3MeunTH PUCTPOIO:

- MOXJIMBICTb 3aCTOCOBYBaHHSI y TPaHCIIOpTepax AJIs1 TPAHCIIOPTYBaHHS BeJIMKUX ()parMeHTiB BaHTaXy;

- TIPUCYTHICTb AeMridipyBaHHS AUHAMIUHUX y/apiB BaHTaXy I0 POJIMKAX;

- TiJBUIIleHy 3HOCOCTIMKiCTb CaMHX POJIMKIB;

- 3HIWKEHHS eKCIUTyaTal[ifHUX Ta PEMOHTHUX BUTpAT;

- 30epeKeHHs MPOCTOTH CXEeMOTEXHIYHMX DillleHb POJIMKOBUX BY3/1iB BifIlOMUX THITIB.

4. OCHOBHi NyHKTH Ta pe3y/JbTaTH JOC/TiKeHHSs

CyTb CXeMOTEXHIUHOTO pillleHHsI ITOSICHIOEThCSI KpecyIeHHsIM (puc. 3).

InipoBa BTy/IKa 3arpecoBaHa [j0 OCHOBH i B3aeMO/Ii€ 3 TOPCIOHHHAM BaJIOM 3aBJSKH BiJTIOBITHUM ILLJTiLJaM Ha HbOMY.

IIpy HaAXOMXeHHI AiNSHKA TPaHCIOPTEPHOI CTPIUKM 3 BaHTa)KeM [0 BIJNOBIHOTO POJIMKA JWHaMiuHe HaBaHTa)KeHHS 3
pOJIHKa Kpi3b CTOWKH MepelaEThCsl 0 TOPCIOHHOTrO Bajy. ITii BIVIMBOM HaBaHTaXKeHHs Bifi0yBaeThCs fedopMallis KpyueHHs
Baly. 3aB/JAKK NPYXHIM ZledhopMaltisiM Basly Bifi0yBaeTbCs raciHHs Ta AeMII(ipyBaHHAM KOITMBaHb TpaHCHopTepy [5].

5151 3pificHeHHsT BUHAaXO0/ly 3aCTOCOBAHO KOMOiHaI[if0 MeXaHiyHUX elleMeHTiB.

Y mnepmiomy AvHaMiYHOMY peXuMi (TPaHCIIOPTYBaHHS BaHTaXy y BUI/ISAI Manudx ¢parMeHTiB) AeMrdipyBaHHs
JUHaMIUHMX HaBaHTa)XeHb Ha OCHOBY Ta Mi/IIMITHUKY POJIMKOBOTO By3/a Bi0OYBA€ThCs 32 PaxXyHOK TPY>KHUX ZAedopmariiit
TOPCIOHHOTO Basly. 3HMXXEHHS 3HOCY TPAHCIIOPTEPHOI CTPIUKHU BifI0YBAEThHCS 3a paXyHOK BUKOPUCTAHHSI apMOBAHOTO TYMOBOT'O
YyOXJia pOJIHKa.

Y ppyromy AWHaMiYHOMY peXUMi (TPaHCIIOPTYBaHHS BAaHTa)Xy y BUIVIAL BeIMKUX QparMeHTIiB) JemridipyBaHHS
JVHAMIUHMX HAaBaHTa)XeHb Ha OCHOBY Ta Mi/IIUITHIKA POJIMKOBOTO By3/1a BiIOYBAa€ETHCS 3a pPaXyHOK MPYXKHUX AedopMariiii K
TOPCIOHHOTO Bajy TaK i Aii TYMOBUX aMOpTH3aTOPiB. 3HWKEHHsI 3HOCY TPaHCIIOPTEPHOI CTPiUKM BifI0YBa€ThCS 3a paXyHOK
BHKODHCTaHHS1 apMOBaHOT'0 'YMOBOT'O UOXJI1a POJIMKA.

3arpornoHoBaHe CXeMOTeXHiuHe pillleHHs BiJpi3HS€TbCS TUM, L0 POJMK 3 MiALIMITHAKAMU 3aKpilJleHHuil Ha CTOMKax,
3 €IHaHUX 3 TOPCIOHHUM BasoM, sIKUM 3adikcoBaHUM y LUIIL[BOBiIM BTY/Li OCHOBY, POJIMK BKPUTO PO3 €EMHHM apMOBaHUM
TYMOBUM YOXJIOM, a CTOMKH MalOTh TYMOBi amopTr3aropH [5, 6, 7].
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Puc. 4 — PotmkoBuU# By30J1 CTPiYKOBOro TpaHcnoprepa: 1 — ocHoBa; 2 — nutinboBa BTY/IKA; 3 — TOPCiOHHMI Bas; 4 —
MiJIIUIMHIKYA KOUeHHs; 5 — poyIMK; 6 — apMoBaHMii T'yMOBH 40x0J1; 7 — Bich posiuka; 8 — croiika; 9 — ryMoBuit
amMopTH3aTop.

5. BUCHOBKH

TakuM YMHOM, B PO3pO0IEHOMY By3/1y KOMOiHAL[isi IPY>KHUX €/IeMEeHTIB Ta ITiJIIUITHUKIB 3a0e3neuye:

- MiJBUIIEeHHS NPOJyKTUBHOCTI TPaHCIIOPTEPiB;

- MOXJIMBICTb TPaHCIIOPTYBaHHS BeJIMKWX (hparMeHTiB MaTepiasiB;

- BIZICYTHICTb 3CyBY TPaHCIIOPTEPHOI CTPiUKW;

- JeMndipyBaHHs AVHaMiYHUX HaBaHTa)XeHb Ha POJIMKOBUI BY307;

- MiIBUIIEHHS TePMiHY C/Ty)KOU POJIMKOBUX BY3/1iB Ta TPAHCIIOPTEPHOI CTPIiUKY;

- 3HIDKEeHHs eKCIUlyaTalliiHUX Ta peMOHTHUX BUTpaT.

3acTocyBaHHs 3arpOMOHOBAHOI MO/e/li POJIMKOBOTO BY3/1a, KPiM TOTO, /I03BOJMTh MiABUIUTH Oe3reKy i eeKTHUBHICTh
BaHTa)KHUX TEXHOJIOTIYHUX MPOLIECIB MPU POOOTI 3 IUPOKUM CITEKTPOM BaHTaXiB.
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