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AHOTALIA Komn tomepro-iHghopmayitina mexHoIo2is 6upoOHUYmMea KaTbYUHOBAHOI COOU 3a AMIAUHUM CROCOOOM MAE 6 CEOEMY
CKAA0T OCHOBHI Ma OONOMINCHI KOMN TOMePHO-IHPOPMAayiiiHi MeXHOA02IT 31 CKIAOHUMU MEXHOIOSIYHUMU NPOYecamu ma anapamamu
i3 3AMKHEHUMU YUKTAMU 3a mMamepianibhumu nomokamu. Ocobausicme 3a3HAYeHUX MexHoN02Il NOAsA2AE 8 3MIHEHHI XapaKmepucmuK
6 uaci i3-3a HenepeodaueHUx NOPyuieHb MEXHOIOSIYHHO20 PeNCUMY 3d PAXYHOK HASBHOCMI AZpeCUBHUX ma abpasusHux cepeoosuly,
aki kpucmanizytomscs. OKpim mo2o, 0OCHO8HI MeXHON02ii Komn TomepHO-iHghopmayitinoi mexHon02ii 6upoOHUYMEA KarbyUHOBAHOI
co0U 3a amiauHum CnocoboM BIOHOCAMbCA OO0 HENIHIUHUX OUHAMIYHUX MmexHONo2iU. (OOHI€EI 13 OCHOBHUX MEXHON02il €
Komn tomepHo-iHghopmayitina mexnonozia pecenepayii 2azie i3 po3uUHi6 MexHOI02k BUPOOHUYMBA KATbYUHOBAHOL COOU 30 AMIAUHUM
CHOCOOOM 13 MEMOK HACUYEHHS OYUUEHO20 PO3CONLY 3 OMPUMAHHAM AMOHI308AHO20 PO3CONY 3a0aHoi akocmi. Haasnicmv 3aMKHeHUX
YUKTI6 amiaKy ma O0800KCUOY GVeleyl0 3HAYHO YCKIAOHIOE YNPAGIIHHS yicio mexHonozicto. OOHUM I3 3a80aHb, WO GUHUKAIOMb NPU
PO3pO6YI KOMN'TOMEPHO-IHPOPMAYIIHO20 YNPAGTIIHHA HENIHIUHUMU OUHAMIYHUMU MEXHONO02IAMU, € PO3POOKA 00CUMb NPOCMUX |
3PYYHUX OJISL OOUUCICHHS AN2OPUMMIE YAPAGIIHHS Makumu mexnonoiamu. Lle nog'sizano 6 neputy uepay 3 mum, wo piwenns 3a0ayi
KOMN TOMEPHO-IHOPMAYitiIHO20  YNPAGNIHHA — HENHIUHUMU — OUHAMINHUMU — MEXHOA0IAMU 6  MPAOuyitHiil NOCMAaHosyi |
3A2ANbHONPULHAIMUMUY  MEeMOo0amMu Npu3goo0ums 00 CKIAOHUX OOUYUCTIO8ANLHUX NPOYeoyp, WO € CKIAOHUM 01 YNPAGNiHHA 8
peanvHomy macumabi yacy. Tomy nesHuil inmepec npedCmasisAOMs AlOPUMMY YAPABTIHHA, WO 00380AI0Mb CHPOCMUMU Npoyec
VNPAGNIHHA HeNIHIUHUMU OUHAMIYHUMU MexHonoziamu Oe3 empamu iio2o axocmi. Po3poOky aneopummie maxux pearbHux
TMEXHON02I BUKOHYIOMb 13 3ACMOCYB8AHHAM NACUBHUX eKcnepumenmie. Y pobomi po3pobnenutl aneopumm KOMN'tOmMepHO-
iHGhopmayitino2o YynpasninHa HENHIIHOW OUHAMIYHOK MEXHONOZIEI0 peceHepayii 2as3ié I3 PO3UUHIE MEXHOA02Il BUPOOHUYMEA
KanbyuHOBAHO! COOU 34 AMIAUHUM CNOCOOOM 13 MEMOIN HACUHEHHS! OYUWEHO20 PO3COLY 3 OMPUMAHHAM AMOHI308AHO20 PO3COTLY
3a0aHOI AKOCMI, AKUL NPUHYUNOBO BIOPIZHAEMbCS NPOCMOMON0 Peanizayii i BUCOKOI0 UBUOKOOJIEI, MAE GIACMUBOCTI, OIUILKUMU 00
eracmusocmeil ONMUMANLHUX AI2OPUMMIE, [ MAE 30AMHICMb, NPU NOCMIUHOMY KOPUZY8AHHI MoOenel, aoanmyeamucs 00
eracmugocmetl HeliHitHUX OUHAMIYHUX mexHonozit. OKpiM moeo, po3spooneHull aneopumm 3a0e3neuye 3HUMCeHHs co0igapmocmi
BUXIOHO20 NPOOYKMY, ICMOMHO CHPOWYE MA CNPUAE NOKPAWEHHIO NPOYeCy KOMN TomepHo-iHpopmayiiino2o Ynpasninua HeliHiuHUMU
OUHAMIYHUMU MEXHONO2IAMU 3a OONOMO2OK CYHACHUX 0a2amo@yHKYIOHANbHUX, BUCOKONPOOYKMUBHUX, OA2AMOKAHATbHUX,
WBUOKOOTIOUUX [ HAOTUHUX MIKPONPOYECOPHUX KOHMPOIEPI6 3i CReyianbHUMU NPOSPAMAMU.

Knruosi cnosa: supobnuymeo KanbyuHo8aHoi coou, KoMn romepHo-inpopmayiline YRpaeninHs, HeMIHIUHI OUHAMIYHI MEeXHON02Il;
aneopumm, adanmayis,; MiKponpoyecopHi KOHmMporepu.

DEVELOPMENT OF ALGORITHM OF COMPUTER-INFORMATION CONTROL
BY NONLINEAR DYNAMIC TECHNOLOGY
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Department of technology systems automation and ecology monitoring, National Technical University «Kharkov Polytechnic
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ABSTRACT The computer-information technology of the production of soda ash in the ammoniac way consists of basic and
auxiliary computer-information technologies with complex technological processes and devices with closed cycles on material flows.
The feature of these technologies is to change the characteristics in time due to unforeseen violations of the technological regime due
to the presence of aggressive and abrasive media that crystallize. In addition, the main technologies of computer-information
technology for the production of soda ash in the ammoniac way relate to nonlinear dynamic technologies. One of the main
technologies is the computer-information technology of gas regeneration from solutions of the technology of production of soda ash
in an ammoniac way in order to saturate the purified brine to obtain the ammonized brine of a given quality. The presence of closed
cycles of ammonia and carbon dioxide significantly complicates the management of this technology. One of the problems arising in
the development of computer-information management by nonlinear dynamic technologies is the development of a rather simple and
convenient way to calculate algorithms for managing such technologies. This is primarily due to the fact that solving the problem of
computer-information management by nonlinear dynamic technologies in the traditional formulation and commonly used methods
leads to complex computational procedures that are difficult to manage in real time. Therefore, certain interests are management
algorithms that simplify the process of controlling nonlinear dynamic technologies without losing its quality. The development of
algorithms for such real technologies is performed using passive experiments. The algorithm of computer-information management
of non-linear dynamic technology of gas regeneration from solutions of the technology of production of calcined soda by the
ammoniac method was developed in order to saturate the purified brine with the obtaining of the ammonized brine of a given quality,
which essentially differs by the simplicity of implementation and high speed, has similar properties to the properties of optimal
algorithms, and has the ability, with constant correction of models, to adapt to the properties of nonlinear dynamic ones
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technologies. In addition, the algorithm developed reduces the cost of the original product, greatly simplifies and improves the
process of computer-information management with nonlinear dynamic technologies with the help of modern multifunctional, high-
performance, multichannel, high-speed and reliable microprocessor controllers with special programs.

Keywords: production of soda ash; computer-information control; nonlinear dynamic technologies; algorithm; adaptation;

microprocessor controllers.

Beryn

OnHuM i3 3aBJaHb, 0 BUHHUKAIOTH MPH Po3poOIi
KOMIT'IOTEpHO-1H(OPMAIIIfHOT0 yIpaBIiHHS HENHIHHUMHA
OUHAMIYHAMH TEXHOJIOTiISIMH, € pO3po0Ka TOCHTHh
MPOCTHX 1 3pYYHHX [UIS OOYNCICHHA alTrOPUTMIB
YIOpaBIiHHA TAaKUMH TeXHoJorisiMu. lLle moB'a3aHo B
MepIry 4epry 3 THM, IO pillleHHS 3a/adi yNpaBlliHHS B
TPamUIiiHIA  TOCTaHOBII 1  3araJlbHONPHAHATHMHU
METOJaMH HPHU3BOAUTE IO CKJIAJHHX OOYHCITIOBAIBHUX
npoueayp, U0 € He TPHIATHUM Uil YIpaBIiHHA B
peanbHOMYy Macmitabi vacy. ToMy meBHHMI iHTepec
NPE/ICTABISIIOTH AITOPUTMH YIPaBIiHHS, IO J03BOJISIOTH
CIPOCTUTH poIec YIpaBIiHHSA HENHIHHUMHA
JTUHAMIYHHMH TEXHOJIOTiSIMU 0€3 BTPATH HOTO SKOCTI.

Merta po6oTun

Pozpoburn ANTOPUTM KOMIT FOTEPHO-
iHQOpMAIIHOTO YNpaBIiHHS HENIHIHHOI JUHAMIYHOIO
TEXHOJIOTIEI0, KU JTO3BOJIUTh 3HM3UTH COOIBapTiCTh il
BUXIZHOTO TIPOJYKTY 3a/1aHOT SKOCTI.

BukJjiag ocHOBHOTO MaTepiaty

PosriasiHemo  3amady  po3poOKH  alNropuTMy
KOMII FOTepPHO-1HQOPMAIIfHOTO YIPaBIiHHA HETiHIHHOO
IWHAMIYHOIO TEXHOJOTIEI0 3 JBOMa BHUXOJAMH, IO
3HAXOIUTHCSA B PEKUMI HOPMAIBHOTO (YHKIIOHYBaHHS.
[IpukiagoM MOXe CTaTh KOMIT IOTepHO-IH(pOpMaIIiiiHe

yIpaBIiHHS (KIY) HEJNHIHHOI0 JTUHAMIYHOIO
texHonoriero (HAT) perenepauii razis (PI) i3 po3unHiB
TEXHOJOrii BUPOOHMITBAa KAJIBIMHOBAHOI COAM 3a

amiagauM cniocobom (TBKC) 3 wmeroro HacuyeHHs
ountieHoro posconry (OP) i3 oTpuMaHHSIM aMOHI30BaHOTO
poscomy (AP) 3amamoi skocti [1-6]. Po3poOky
ITOPUTMIB TaKMX pPEaJbHUX TEXHOJOTIH BUKOHYIOTH i3
3aCTOCYBAHHSAM ITACHBHHUX EKCIICPHMEHTIB.

I3 ypaxyBaHHAM BHIICHABEICHOTO PO3IITHEMO
OJIMH eJIeMeHT TunoBoi yotupuenementnoi KIY HAT PT°
i3 pozunmniB TBKC 3 wmeroto Hacuuenus OP i3
orpuMaHHsaM AP 3amaHoil SIKOCTI, JJIS IKOTO HPOBEICHHIA
NACUBHHI €KCIIEPUMEHT BUMIPIOBaHb KOXHI 15 XBHJIMH 13
gucyoM ( N =300) 3Ha4eHb I KOXKHOTO i3 BiCIMHAIIATH
KOHTPOJIFOBaHUX MapameTpiB [1-6]:

1) ympasmsroui (BximHi) mapamerpu (ix — 5):
BUTpaTd (QUILTPOBOI piAMHU (Bemy4yHil TOTIK), Mapw,
OYHIIEHOTO PO3COJIy, BAMHAHOI CYCHCH3il, XOJOIHOI
BOJIY;

2) mapamerpu, SKUMH YIpaBJsioTh (BuXifHi) (X —
5) 3HaueHHsA: KOHLEHTpauil amiaky Ta XJopy B
aMOHI30BaHOMY pO3COJIi, TeMIlepaTypd Mapa Ta30Bol
cymimn s HacuueHHs OP, KoHIeHTpamii amiaky Ta
XJIOPY B CyCHEH31i AUCTHIIALIT ;

3) koperyroun mnapamerpu (ix — 8): 3HaYeHHS

Temrepatyp: rasy i3 remnooominauka muctuisiiii (TC)
B KOHIeHcaTop-xoJoamibHuk ra3y mauctumiiii (KXIC)
ta piguny i3 KXJIC B TAC, pinuHu y BEepXHIO YacTHUHY
muctunepy cinabdkoi piguan (JICP), mapa-razoBoi cymirmri
i3 abcopbepy (AB) B mpomuBau razy adcopouii (III'AB),
aMOHI30BaHOTO PO3CONy Ha BHXOHi i3 AB, mapa-razoBoi
cymimi B AB, a Takoxx BuTpaTH: (PUTBTPOBOI PiTUHH YIS
KOperyBaHHs BHUTpaT IIapy, BamHAHOI CycmeHs3ii Ta
OYHIIEHOTO PO3COITY.

Taxy KIY HAT 6e3 oOmexeHHs CIIIBHOCTI IS
OTPUMAHUX Jalli pe3yNbTaTiB, MOXKHA OINCAaTH, B
MIPUITYIIEHHI MAIKUX BiIXUJICHD BiJl peKUMY HOPMAILHOTO
(GYHKIIOHYBaHHS, JIHIHHUMH PI3HULEBUMHU DPIBHSIHHIMHU
13 IOCTIHHUMH KOeili€HTaMH:

xtk+)=a" X(k)+b"U(k)+q" Gk), ()
Yk+D)=1"Y(k)+d"U(k)+e" Gk), ()

x(h) 0 (K)
e xwy=| TV vy =W
x(k—n+1) “, &k)
»(6) 2 ()
vin=| "ETV | Gwy=| &P |,
Y= £ +1) 2, (h)

X(k) ta Y(k) — BexTOopH BHUXOHIB (TIapaMeTpH, SIKAMH
ynpasnstors) HJT, nx 1 ta f X1 signosiguo; I —
onuHmuHa Matpunsg; U(k) — BekTOp yHpaBISIOUMX
(Bxinuux) mapamerpis KIY HJAT [x[; G(k) — Bekrop
30ypeHb (Koperywouu mnapamerpu), 1o aitoth Ha KIY
HAT mx1;a’,b",q", h",d",e" — tpancnonosani
BEKTOpPHU KOeQillieHTiB, sKi OTpUMaHi B pe3yJbTaTi
inentudikanii gocnimkysanoi KIY HAT i po3mipHOCTi
AKHX, piBHi, Bimnosiano [ xn, Ix f, IxIl, Ixm.

[Mpunycrumo, mo 3amaHa JiaroHajJbHA MaTPHIL
BapTOCTi YIPABIIAIOYNX BILUIUBIB:

¢, O 0

0 ¢ -0
c=s1=| . T 0

0 0 - ¢

ge ST — TpaHCIOHOBAaHMI BEKTOP BapTOCTI YIPABISAKOYHX
BrutuBiB [ X [ .
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IIpn 3amaHili MaTpWIli BapTOCTi YIPaBISIOYHX
BuBiB (3), MoxHa BuzHaunTH 3aBaaHas KIY HIAT (1),
(2) sk 3aBmanHs cTaburizamii Ha 3aKaHOMY PiBHI BEIMYHUH
x(k+1) ta Yy (kt+l), mo XapaKTepU3YyIOTb «SIKICTb»
BUXIJJHOTO TIPOAYKTY, NPH MIiHIMyMi BHTpaTr Ha 3MiHY
YIPaBIsFOuMX BIUIMBIB U, TOOTO HEOOXITHO MiHIMI3yBaTh
KpUTEpiit:

I1=AU"CAU, )

ne AU =U (k) —U(k —1) npu o6mesxennsx y

BUTJISIII PIBHOCTI:

Ax =x,—x(k) =x(k+1)—x(k) =
=a" (X (k)= X (k=1)+b" (Uk)-U(k=1))+ (5
+q" (G(k)~G(k—1))=a"AX +b" AU +q"AG

ne AX = X(k)— X(k—1),AG = G(k)— Gk —1),
Xo — 3aJIaHa «IKICTb» BUXOJY X.
AHaNOT1YHO OTPHUMY€EMO

Ay=y,—y(k)=h"AY +d"AU +e" AG , (6)

ne AY =Y(k)-Y(k—1), yo — 3amana «ixicTb»

BUXOIY ).

PiteHHs 3aBiaHHs yIIpaBIiHH, B HaBE/ICHIH BUILE
MOCTAHOBI[I, IPar€e J0 ONTHMAJIBLHOTO 32 YMOBH MallX
BIAXWJICHb BIJl PEXUMY HOPMAaJbHOTO (YHKIIOHYBaHHS
KIY HAT. Minimizauis kpurepito (4) mNOBUHHA
3a0e3MEUUTH  3HIKCHHS  COOIBapTOCTI  BHXIJHOTO
MIPOAYKTy B TOPIBHSHHI 3 TPAAUIIHHUMU METOJaMHU
AaBTOMAaTHUYHOTO YIIPABIIHHA, Tak SK Kputepid (4)
3aJIeXHUTH BiJl BAPTOCTI BXIJHHMX YIPaBISIOUMX BIUIMBIB,
saki g posrmsytTHX KIY HIAT € MartepianbHUMEU
TTOTOKaMH. Cxopucraemocst TUTS BHPIIICHHS
chopMyIpOBaHOI 3a7adi ONTHUMI3alii 3 OOMEXEHHAMHU Y
BUTJISIII PIBHOCTEH METOIOM HEBHU3HAYCHHUX MHOKHHUKIB
Jlarpamxa (tak 3Bany ¢yHkuito F) [7-12]. Chopmyemo
¢byHkiito F:

F=AU"CAU + A4 (Ax—a"AX —b" AU - -

Buximouaroun A1 ta A i3 cucremu piBHSIHB (8),
MOXHa OTPUMATH aHATITHYHUN BHpa3 i OOUMCICHHS
pi3HMINI JBOX BIUIMBIB AU, JUIs SKOrO HaBeJeHI HOBI
YMOBHI TIO3HA4YeHHs, IHIEKcalis Ta HailMEHyBaHHs
napameTpa k:

Ax—a"AX —q"AG —%(Ay —h'AY —e"AG)

AU =C)( e
k-2
ks

~b+,(9)

Ay —h"AY —e"AG - %(Ax —a'AX —q"AG)
1

+ -d),

2
k, _k
k]

ne k,=b"C'b, k,=b"C'd=d"C'b, k;=d"C\d.

®opmyna (9) npexacraBisie cob00I0 PEKYPEHTHHH
aNrOPUTM KOMIICHCAIii BIAXWICHHA BiA  3aTaHOTO
3HaveHHs BenmumH Buxoxis KIY HJAT (1), (2) i B
PO3rOPHYTOMY BHTJISI 3aIIMCYEThCS:

Uk)y=Uk-D)+¢, (10)

Jle & — BeIMYMHA KOMIIEHCAIlil, SKa BHM3HAYAETHCS 3a
dopmyroro (9).

AHanoriyHO BHKJIAZEHOMY MOXXHa OTpPHMAaTh
peKypeHTHHH  anroputM  obumcnenHs U(k) s
TEXHOJIOTiH, SKi MalTh HE JABa, a OUIBIIY KIBKIiCTh
BUXOHIB 1 A7 SKAX  BpPaxOBYETbCA  TUHAMIKA
YIpaBIsAIOUMX BIUIMBIB. PO3rIsHEMO [Ba TNPaKTUYHO
BaxumBux anroputmie KIY HAT. Axmo KIV HAT
OIUCYETHCSI OJTHUM PIBHSAHHSAM, noiOHuM (1), To6TO Mae
OJIUH BUXIJI, aJITOPUTM YIPaBIiHHS HA0YBa€ BUIIISAY:

(Ax—a"AX —¢"AG)-C'b

Uk =Uk=1)+ =

)

[MoniOuuii pe3ynpraT MoxHa oTpuMaTy iyt KIY
HAT 3 omHNM BUXOAOM, y SKHX BPaXOBYETHCS TUHAMIKA
BXI/THUX YNPaBISIOUMX BIUIMBIB. Y IIbOMY BHIIQJIKy TakKa
TEXHOJIOT15I ONUCYETHCS PIBHSIHHSM:

x(k+1)=d" X (k) +¢"G(k) + b U (k) +

~q"AG) + A, (Ay —h"AY —d"AU - &' AG) 12)
9 AG)+ A4y ¢ AG) CBTUK 1)+ DUk =2)+...
YMoBaMu HastBHOCTI ekcTpeMyMy (ByHKINT F €:
u, (k) w (k=1)
oF k k-1
A 2CAU-Ab—2,d =0 e Uy =P ve—n = =E D
OAU : :
a—F:Ax—aTAX—bTAU—qTAG:O,(S) u, (k) u, (k—1)
8ﬁ'l . bT bT bT . N
nam, b, ,b, ,b; — TpancnoHOBaHI BeKTOpH PO3MipHICTIO
a—F:Ay—hTAY—arTAU—eTAG=0 Ixl.
o4, Bekrop KIY HJT  Takow  TeXHOIOTi€H0
00YHCITIOETECS 32 POPMYIIOIO:
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Uk)=U(k—1)+
L (Ax—a"AX —g"AG-b U +bU"-..)-C'h, (13)
bECb,

e AU =U(k-1)~-U(k-2),
AU"=U(k-2)-U(k-3).

Criin 3a3HauuTH, WIO SIKIIO HE BPaxOBYBaTH
nuHamiky KIY HJT, o moxHa otpumatu ainroputm KIY
CTaTHYHOIO TexHousoriero. [l mpakTHYHOI peamizarii
PO3MITHYTHX BUIE peKypeHTHHX anroputmiB KIY HAT
MIpY 3aJaHiil MaTpHIll BapTOCTI YNPABJISIOYMX BIUIMBIB
HEOOXiZHO 3BEpPHYTHM YyBary Ha IN€ OIHY BAXIHBY
00CTaBHHY — HasABHICTH (i3MYHUX OOMEKEHb HA BEKTOP
ynpasmniaas U(k) y BUIIIAAl HepiBHOCTEH:

O<U(k)<P, (14)

ne O ta P — BexTopu (i3WYHUX 0OOMEXEHb Ha peaji3alito
BexTopa U(k) posmipnictio [ X [ .
Jnst Toro, moO JAOMOITHCS 3aJaHOi «IKOCTI»

BHUXOJIB TIPU HASABHOCTI TaKMX OOMEKeHb, HEOOXIITHO
MOTePETHRO NIEPEBIPUTH, UM BUKOHYETHCS HEPIBHICTb:

O<Uk-1)+AU<P, (15)

SIkuro ymoBa (15) He BUKOHYETHCS, TO HEOOXITHO
3'ACyBaTH, 32 PaXyHOK SIKHX KOMHOHEHT BekTopa U(k) ue

Binbysaethes. Hexait ue 6ynyrs U, U,,..,U], ne

HITPUX TO3HAYa€e 3MiHy iHaekcy. Toal 3HaYeHHS IUX
3MIHHUX TNPUAMAEMO PIBHUMH TPaHUYHUM 3HAYCHHSIM
iHTEpBaiB, Oinst SIKUX BOHU 3HaXOAAThCA.
HexomIiieHcoBaHe 3HaUEHHST BUXO/IB BiIMMOBIIHO:

AX' =Ax—a'AX —q"AG —b] AU, =b] AU, , (16)
AN =Ay—h"AY —e" AG—-d AU, =d] AU, ,(17)

AU, AU, .
ne AU, =| .|, AU, = : , b=| : |,
. ' ‘ i b2
AU! AU’
d,
d=| : |, 10610 Bugineno Ui(k) — BEKTOp ympaBiiHb,
d,

SKUU TpuiiMae TpaHW4HI 3HadeHHs, a Takox Us(k) —
BEKTOp IHIIMX YIpaBiiHb. P03i0'€MO MaTpHIll0 BapTOCTI
YIpaBIiHb TaK, 100 OTPUMATH MiA-MATPHUIIO BapTOCTI
yrpasniae Us(k) — C*. Toni ans orpumaHHs 3Ha4eHb
U,(k) neoOXximHo MiHiMi3yBaTH (yHKLIOHAN, MOIOHMIA

(4):

I =AUIC AU, (18)

pu oomexxeHHsX (16) ta (17), TOOTO B JaHOMY BHITaIKy
JIOCTaTHBO CKopHcTaTucs GpopmMyioro (9) ans 3MiHEHOTO

BEKTOpa YNpaBliHb Ta MaTpumi BapTocti. [licms
obOunciienHss AU, 3HOBYy HEOOXiIHO  MepeBipUTH
HEpIiBHICTB:
O, <U,(k-)+AU, <P, (19)
o, B
ne O, = s P, = :
0, B
SAxmo  HepiBaicth  (19) 3HOBY He Oyne
BUKOHYBaTHCsS, TO HEOOXiJHO KOMIICHCYBaTH HOBI

3JIMIIKM, [0 BUHUKAIOTH MICIS TOTO, SK 4YacTHHA
KOMITOHEHT BekTopa Us(k) npuiiMe rpaHIYHI 3HAUYCHHS.

OO0roBopeHHs pe3yJbTATIB

Po3pobnennit  amroputm  KIY  HAT  mpm
00MEKEHHSX Y BUIVIAII HEPIBHOCTEH HE € ONTUMAIIbHUM,
ane pae ONM3bKI JI0 ONTHMYMY pe3yJbTaTH, SKIIO
TEXHOJIOTiSl 3HAXOJUTHCS B PEXKUMI  HOPMAaJbHOTO
¢byHKIIOHYBaHHs 1, oTke, Bekropu ympasminasa U(k)
pizKo mpuiiMaroTh TpaHW4Hi 3HaueHHs. Tpeba mam’sTarty,
IO pIMIEHHS LBOTO 3aBJIaHHS MOXKE OYyTH NPOBEIEHO
JUIIe YHCeNbHUMH MerogaMu. Jlis (yHKIiOHYBaHHS
anmroputmis - KIY HAT (9), (11), (13) neoOxigne
nepioguuHe KopuryBaHHa Mogeneid (1) Ta (2) 3a
JTOTIOMOTOI0 allTOPUTMIB ieHTHDiKAIIii.

BucHoBok

Po3pobnennit AITOPUTM KOMIT'IOT€pHO-
iH(pOPMAIIfHOTO yHpaBJIiHHS HEMIHIMHUMHU TUHAMIYHUMHA
TEXHOJIOTIIMK TMPUHIWIOBO BiJPI3HAETBCS MPOCTOTOIO
pearizaiiii i BHCOKOI IIBUAKOIIE€I0, Ma€ BIACTHUBOCTI,
OJIM3BKUMU JI0 BJIACTHBOCTEH ONTUMAaIbHUX aJrOPUTMIB, 1
3MATHICTIO, TPH TIOCTIHHOMY KOpHTYBaHHI MOJIEINCH,
aJlanTyBaTUCS 10 BIACTUBOCTEH HENHIMHUX ITUHAMIYHUX
TexHojorid. OKpiM TOro, pO3pOOJCHUH aAITOPUTM
3a0e3mnedye 3HIKEHHS COO0IBapTOCTI BUXITHOTO MPOIAYKTY
Ta  ICTOTHO  TOKpallye  Tpomec  KOMI'TOTEpPHO-
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porpamam.
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AHHOTAIIUA Komnvromepro-uHghopmayuoHHas mexHoio2us npousgoo0Ccmea KatbyuHUpOBAHHOU coO0bl N0 AMMUAYHOMY CHOCOOY
umMeem 6 C60eM COCMABE OCHOBHblE U BCHOMOSAMENbHBIE KOMNLIOMEPHO-UHDOPMAYUOHHBIE MEXHONIO2UU CO  CLONCHBIMU
MEXHONO2UYECKUMU NPOYECCamu U annapamami ¢ 3aMKHYMeIMU YUKIAMU NO MamepuansHolm nomokamu. OcobeHHocms yKa3auHbix
MeXHON02Ull 3aKNI0YAeMCs 6 USMEHEHUU XapaKmepucmuK 60 6pPeMeHlU U3-34 HenpedUOEHHbIX HAPYUIEHUN MeXHOI02UYeCKO20
pedcuma 3a cuem HAlUdUs AzpecCUsHvlX U adpasueHvix cped, umo Kpucmanriusylomes. Kpome mozo, ocHosnvle mexnonocuu
KOMNbIOMEPHO-UHPOPMAYUOHHOU MEXHON0SUU NPOU3BOOCNEA KANLYUHUPOBAHHOU COObL NO AMMUAYHOMY CHOCOOY OMHOCAMCA K
HenuHeliHblM  OuHamuueckum mexuonocuam. OOHOU U3 OCHOBHbIX MEXHONOSUU ABNACMCA  KOMNLIOMEPHO-UHPOPMAYUOHHAA
MEXHON02UsL peLeHepayuu 2a308 U3 pacmeopos MexHoI02UU NPOU3B00CMEa KATbYUHUPOBAHHOU COObl NO AMMUAYHOMY CHOCOOY C
Yenblo HACBIWEHUS. OUUUEHHO20 PACCONA C NOTYHEHUEM AMMOHUSUPOBAHHO20 PACCONA 3A0AHHO20 Kavecmed. Hanuuue 3amxHymoix
YUKIL08 AMMUAKA U OUOKCUOA Yelepo0d 3HAUUMENbHO YCIONCHAem YnpaesieHue 3moi mexuonozueil. OOHOU U3 3a0a4, 603HUKAOWUX
npu  paspabomke KOMNbIOMEPHO-UHDOPMAYUOHHO2O YRPABIEHUS HETUHEUHbIMU OUHAMUYECKUMU MEXHON0SUAMU, ABTAEMCs
paspabomxa 00CMamoyHo HPOCMbIX U YOOOHBIX Ol BLIYUCIEHUS AN2OPUMMOB YNDAGTIEHUS MAKUMU MeXHON0UAMU. DMO CEA3AHO 8
nepeyio ouepedb C meM, YMO peuieHue 3a0auu KOMNbIOMEPHO-UHGOPMAYUOHHO20 YRPABNEHUs HENUHEUHbIMU OUHAMUYECKUMU
MEeXHON02UAMU 8 MPAOUYUOHHOU NOCMAHOBKE U OOWENPUHAMBIMU Memo0amu NPUSOOUM K CIONCHLIM BbIYUCTUMENbHIM
npoyeoypam u AGIAEMC CLONMCHbIM Ol YNPAGNEHUss 6 peanrbHoM Macwmabde epemenu. [losmomy onpedenennviii unmepec
npeoCcmasnAm aicopummbl  YAPAsNeHus, NO380IAI0WUe YIPOCMUMb NPOYecc YHPAGLeHUs HeNUHEUHbIMU OUHAMUYECKUMU
mexHonouam 6e3 nomepu ezo Kawecmed. Paspabomky ancopummos maxux peanbHbiX MexXHOI02Ull 8bINOJHAIOM C NPUMEHEHUEM
NACCUBHBIX IKCHEPUMEHMO8. B pabome 6vln paspaboman aneopumm KOMNbIOMEPHO-UHDOPMAYUOHHOSO YNPAGLEHUs HEAUHEUHOU
OUHAMUYECKOU MEXHONO2Uel pe2eHepayull 2a308 U3 pAcmeopos MeXHON0SUU NPOU3B0OCMEd KATbYUHUPOBAHHOU COObl HO
AMMUAYHOMY CHOCODY C Yelbl0 HACLIWEHUS OYUWEHHO20 PACCONA C NOYYEHUEeM AMMOHUIUPOBAHHO20 PACCONA 3A0AHHO20 KAYecmed,
KOMOpbLIl NPUHYUNUATLHO OMAUYAENCs NPOCMOMOl peanu3ayuu U 6blCOKUM ObicmpoOelicmeueM, umeem ceolicmed, ONUSKUMU K
CBOliCMEam ONMUMANIbHBIX ANOPUMMOS, U UMeem CnOCOOHOCMb Npu NOCMOAHHOM KOPPEKMUposKe mooenetl, adanmuposamscs K
ceolicmeam HenuHeuHblX Ouxamudeckux mexnonozuti. Kpome moeo, paspabomanuwill aneopumm obecneyusaem CHUNCEHUE
€e6ecmouMocmu  UCXOOH020 NPOOYKMA, CYWECMBEHHO YNpowjaenm u Cnocobcmeyem YiyuueHuio npoyeccd KoMNnblomepHo-
UHPOPMAYUOHHO20 YNPAGIEHUS HENUHEUHBIMU OUHAMUYECKUMU MEXHONOSUAMU C HOMOUWBIO COBPEMEHHBIX MHO2ODYHKYUOHATbHBIX,
6bICOKONPOUZB0OUMENBHIX, MHOLOKAHAILHBIX, ObICMPOOCUCMEYIOWUX U HAOENHCHBIX MUKPONPOYECCOPHbIX KOHMPOIIEPO8 CO
CREYUATTbHBIMU NPOSPAMMAMIU.

Knroueevie cnosa: npouseoocmeo KaibYUHUPOBAHHOU COObL,  KOMNbIOMEPHO-UHQOPMAYUOHHOE YNpasieHue, HeauHelHble
OuHaMUYecKue MeXHON02UU, al2OPUMM,; A0anmayus; MUKpONpoOyeccophvle KOHMpOLIepbL.
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