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USE OF ARTIFICIAL INTELLIGENCE IN AUTOMATED SYSTEMS

The rapid development of artificial intelligence and its integrai with production automation have initiated changes in the
commercial activities of enterprises. Companies and commercial enterprises are focusing on the application of artificladémee along

with advancing production automation to achieve new héits of mastery and perfection. This article provides a characterization of the
application of artificial intelligence and automation to demonstrate how artificial intelligence and automation are interredd and how

they can be more efficient when they womas a whole, and what competitive advantages they can offer. The combination of artificial
intelligence and automation has transformed the way enterprises operate. With the integration of these technologies, comgame
optimize their operations, enhare their products and services, and improve their overall efficiency. One of the main advantages of using
artificial intelligence and automation is that it allows businesses to process and analyze large amounts of data quickcenchtely. This is
particularly important in sectors such as finance, where decisions must be made quickly based emrealata. Another advantage of using
artificial intelligence and automation is that it enables companies to reduce their labor costs while increasing prodyctiutomation can
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take care of repetitive and mundane tasks, freeing up employees to focus on more important tasks that require a human/Audificial
intelligence can also assist in decisionaking by analyzing data and providing insights that humamsay missOverall, the combination of
artificial intelligence and automation presents significant opportunities for businesses to enhance their operations andageimpetitive
advantage. However, it is important for companies to carefully consider tbeeptial risks and challenges associated with these technologies
and to develop strategies to mitigate them.

Keywords: machine learning, automation industry, artificial neural network, autonomous computing, algorithms.
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BIDOCHKO ANDRII
Lviv Polytechnic National University

UTILIZING LARGE LANGUAGE MO DELS FOR SOFTWARE
GENERATION BASED ON DOMAIN -SPECIFIC LANGUAGES

In this study, we explore the potential of large language models (LLMs), specifically the4@GRddel, in generating software
based on domairspecific languages (DSLs). We evaluate the penance of these LLMs and discuss the implications of our findings for
software engineering, automated code generation, and artificial intelligence.

The rapid proliferation of artificial intelligence (Al) technologies and techniques is leading to transfotine changes across
multiple domains. One significant area of interest is the potential use of large language models (LLMs) in automating softwde
generation, especially leveraging domaspecific languages (DSLs). This paper presents adepth investigation of the capabilities of a
GPTF4 model for interpreting and generating DSL software code. We first describe the process of training the model on a vast abrp
software code developed in various DSLs. We then evaluate its performance usings aetomprehensive tests designed to assess its ability
to generate accurate, efficient, and maintainable code from BExplecific prompts.

The evaluation metrics include accuracy of code generation, runtime efficiency, and maintainability of the genecaigel
Preliminary results indicate that the model can produce code with a comparable degree of accuracy and efficiency to hungaanpmeers,
and even surpasses humarritten code in maintainability due to consistent coding style. However, the model etgiinnitations when faced
with complex scenarios and less prevalent DSLs. These findings, though promising, highlight the necessity for furthehreseaprove the
robustness and versatility of such models, particularly in the realm of complex softwakelopment tasks. The implications of these results
extend to the fields of software engineering, automated code generation, and Al, potentially revolutionizing the currentaseft
development paradigm and paving the way for novel applications.

Keywords Large Language Models, Software Code Generation, DoiSaercific Languages, GHIT Atrtificial Intelligence, Natural
Language Processing, Machine Learning
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BOYKO NATALIYA
Lviv Polytechnic National University
MYKHAILYSHYN VLADYSLAV
Lviv Polytechnic National University

EVALUATION OF THE EFFICIENCY OF THE RECURSIVE DATA SET
DISTRIBUTION PROCESS USING THE CART ALGORITHM

The paper presents the results of research and a comparison of the results of foreign and domestic works, which showgtd the hi
efficiency of the CART model in predicting the effectiveness of advertising campaigns, which coincides withnthesioas of other
researchers. The given comparison allows to confirm the advantages and stability of the algorithm in the context of evgladiiertising
campaigns. The algorithm of data collection, processing and analysis for the application of tRT @#ethod is given. The process of dividing
nodes, which is carried out before reaching a given number of nodes or until reaching a certain level of tree depth, demshsihe
evaluation function used for node division and based on the -@idex, whid estimates the impurity in the node, is given. The lower the
impurity of the node, the more it is considered important for further division. A model for evaluating the effectivenesdveftiaing
campaigns using the CART algorithm has been developednidthod of checking the accuracy of the developed model is given. The results
of the model are compared with real data. The use of GridSearchCV to perform searches in the depth range from 1 to héslamae F1
score is given as an evaluation metrithe cv parameter in question specifies the number of convolutions to use in the-eatidation
process. The novelty of the study is the use of the CART algorithm to evaluate the effectiveness of advertising campaghsd As
analyzed that allows youo quickly and accurately analyze large volumes of data and determine the most important factors that affect the
effectiveness of advertising campaigns. The practical value of the research is substantiated, which is that the develapitchalgllows
rational use of the budget for marketing activities and optimization of advertising campaigns in order to achieve the bestsresul

Keywords algorithm, Classification and Regression Tree, Gini index, Receiver Operating Characteristic, Area Under the Curve.
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C> 1143

2.

tdf. s odz ¢ fls!

1 Oyddss L
otsdzO HBste' o dg¥ *
r oz ¢jtdo’

g MzdS O 2 h s
C'dz Sk’ oM A
ed i35 dzOW o dz' Ml

h( ° print(data.isnull().sum())

dz COd dedn L OFf
o dCtstedflsOdd
LOfdMm o, O
fosi zh jCahs.

v ° data.info()

<class 'pandas.core.frame.DataFrame’>
RangeIndex: 1143 entries, @ to 1142

dm' & E dzOBtSte’ H O
Bd SSH narni
sy j, dzaj &3O
LAy d2@ L O

ue
f t
H

C adfid i i @ Data columns (total 11 columns):
Xyz_campaign_id 9 #  Column Non-Null Count Dtype
fb_campaign_id 0 T 1163 non-null  Lntes
age @ 1 xy;icampaigniid 1143 non-null  inte4
gender Q 2 fb_campaign_id 1143 non-null  intéd
interest 9 3 age 1143 non-null ob]:ect
Impressions o 3 Do peicosti B .y
clicks a 6  Impressions 1143 non-null  inte4
Spent ) 7  Clicks 1143 non-null  inte4
Total_Conver‘sion @ 3 ?g‘i:; Conversion ﬁﬁ :22:233 ﬁiziw
Approved Conversion Q 1@ Approved Conversion 1143 non-null  int64
dtype: inte4 dtypes: float64(1), int64(8), object(2)

memory usage: 98.4+ KB
0) B)

tdf. 3. 0) s'd¢' Mk’ fsfkhjd]s LdOyjd dfdvs CHOEES s Misse § yv

wL odeotHEz dO twdmMkzdiikz 30 o dHdss, hs fwesfkzh jdds L d
LdzOyjdz kO "5 LO®B diz KBsydd fesfizhsdlsd.

L Ofisfdzds StsCtd BbH) §jtejo 6O Ikdf ' ® HOdIE O f{j
BjlsBH i nf oOyhdady s LIOEOEr dfsh). | MRS EOQUd BE L tdhbk kSO 3B
CodzsdgC d BOE Is! Isdff TdHjoeadtiintcgdetlsdd © spent

ulso o B daso b L g dzdgk B f 5L dzOYj dedgd kMYt M desfylst  t6

1 é E 2.0 8

00 l s ]
o] — — i - .
Ldh. Gsgod o nWoddr

1" 2y y! sets oadeoydds OdesdizOdz' . ¢ dzts 3O dz' 9 HOdzd A
sy SbkoOdsets hOpdsdk OBt dtstdkd. |tdd Esykzks' skisd Mftd
OBts 9C0OLEoOIsd dzO { tetsB dzj iy’ oL et ~H GPddsn . ) OyRIEEREO df te'ts yiZ3s ) 2
BO OdOd L 5O HBSH,j &t o Odedgy HOd]T, Itz 5 odwWe dj dadgw s C
1 sBEHtsa ©O whdeoO 1L o zmMOdzd (S stesB S B 2 CGteOW " €) B J E
fslsj day'ddsdgPiilz’ @ £ HOdzd R . ]l dz dzOH O AW stediOYT ¥ o oS
BjiH Odgz, CoOldd , iy okMm' s O il dagl 2 &5 OB § et d ( C
o jtnd gy @oDBIsqd (Q3), O -d5jd OHEA] MY ied G dBEsyEES 0o ¢
tesL €dH L dzOy4 dz £ HOdzd R, O OSCBY sCOLEZoaOId hisydde'
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By 2is! Bklsd odwe dzj dz we Gt o3 L dzOyj dzdzv , hs odrRrtHWIS!
Ld&ZORsHWIs! fqw HBG] §8MbbdbH whdCO
c¢ odHdzs L tdmkdSkz 4, ftodhkzlsd O0dsd®kOd d' L dzOy,j dzdzv
whdCO O oakfp'@). 1 LBOOdBs HOd o' H OddkOd 2. | ' Hfg ¢€Od
) WHC" 9 Blzdzs o dHOdzj dzts
55

Spent (9 tjLEd IsOIs). 5 6
lesOdzOdz’ L' d3s 9L O Lo dwLSCd 3 3 HOdddBd LO HBY BREGE
odd3 tes ' My d dz' dzg' 2dets’ L Odzj ydzsfyls® A3y HowdO 1L &3’ deded d3q
[ Otedyw Cttej dzvy' '~ BYdmdzs ' Is! Mvw OCdd3 yddesds [ 16] (At
’ (X, —X)?
O—Xz 7.’
n—1
cov(x,¥) = Y (X, — X)+ (% — )/, @
cov[Xf,XJ,-)
Tf-'lz—'
(0, *0;)
Hd rcsg ¥’ y' ' dals Sstej X, T a3 Y L a3 dzdzd d3q

cov( Xgtso Qtc) OKYXy 3" N
-l OdeH Otcls dzj o ' HXl,dzfi) BzGrtlzh © td35 dizplzts © © HX ¥ oAy jdteldv H de’ o3 el j dzd
L d3" dXdzets’
X#L dzOyj dzdz"X, L o3' dadats’
n-¢ " dz € fiylag j = myls
IBudmdzd dzs B3O Is te(ddfesfff. SHO)te jdFzwoy ' LRd3' dzdzd d3d L © HEf sdisetsyr W kd
LsBtOLdBs 2 oadedzwH' sjfdzsets® G Otlsd.
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tdfm. 5. [Obtdyv Ctejdvy' 2 & 3y L& deded g

10 tedmMizdzC 2 5 dzgO2B  dz2 h fddz dzO S ] idzehgs? HOPsHEBpEhEO' |
e " Hydls: ftets Isj, hts toj ¢ dzO d3dz’ Cof Oz ~, wg° ftedL otsHWIs!
CstedMmiskzo OyY' o .

] " LEOd L' BB L' wLisE B Y L3 dzgdeddsd L o dMmMsC s € stej dzw
AClIicksd, AfTpeant dConversionodo o (Wpddmdets L 3" dedets’ Al mpr essi

le6

175 = . 3 . R .
1207 et . . e t . Sin 2 *
| "'.."':3.--' TRV ae st i I:' * g .
S 1.00 1 . "_. g.’..'_.. Lo . ".'._:.:..-:.'o-" - i;.:.:.:. e . :-
g’ws— }4!'..;\ . . it \::'J. .:ll' 5.'i=! 28 3 .
ol Pt i,
0.25 - 5 'II I l.:- L .
0.00 { s -
0 S0 100 150 200 250 300 350 0 100 200 300 400 0 5 10 15 P 30
Clicks Spent Total_Conversion
tdm. 6. Y1o'wLtC & ¥ LA dO Bdodv s sy Tmwpdysi 6n” i "Clicks"; B)
"Spent; 8) LeodwLBEC & 3 "I mpression" i " Total _Conversio
10 tdifzds odHdss, hts ©) * B) ®OsIl: Mmdd dd2 §(sLdlsd
LdzORtsHdls! M BO2%j §'H 45 cwLOHkM o ' IsyCd dj dOHLG tfs
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LodwLsC, Odj Mmdosh d2.
litwjo ' teddsts, yd kM ™ "d My tof Gdddgdfsi. Y@L s L Odzj

YCniWHIiCTh KaMnNaHiv B 3aNeXHOCTi Bif cTaTi nokynus YCniWwHIiCTb KaMnaHii B 3aneXHocTi BiA Biky nokynus
600 1 success
400 = 0
w1
500 350
300 A
400
a E 250
G ]
% 300 2 200 1
2 <
2
150 |
200
100 -
100 success 50 A
- 0
-1 0
0 = a 3 g
w = B A B e
CraTe Bik

o) B)
{dfm. . wieys & y MisOklss §aCkfysy L6 kows FedHEESEzf ys) SCkf' od

CS odHaifty. L70, ytsdtse ' ¢d LH' ' 2fdddzO B  d'hj EMmf" " dedn
ysdzse'  &'dh BMmn d dz dg' HESE fsCkftse ' H ofdzdotsds toj C dzOdgdzedr € C
COoOmf Odz" LOdyd'taffg.” H7 @) S k) fis§izlf dgf IstEfifplz, 7B teJ to ifls @asdz] detds
B'dzNhj eofdzdo O dzO dBsdzsH' , Izl s dz] dash § HBE T Thdzd h o2d & s

[ BHO2 B3 dztso ' sL dzO¢ d, hsB YsCteOhdlsd " Ade 2 0OdzOdz' L .
C 3 zOBBd x,YHC T 9 (

{f BLH dzdd3s € " dzt €' Mis+ fesCkfs¢ L tj CdzOd3d dzO 5 -C Olsj Gt
5''Amourt_Purchased -30', 'Amount_Purchased -B0', 'Amount_Purchased 20 ' ) sO ¢' dz €' Mmis!
COjetste’ 2 (" Amount _ Cl i-20'k 'Ardour®_ClickedA 2000, nAmoudtl Clickéd e16A0QL,
‘Amount_Clicked 208100, 'Amount Clicked 466 00 ' ) .OC ®y Isff jtojlso sted d3ts CBdzts dz€ Iz
COjeBste’" Odz! dgz ({ dm. 8) .

xXyz_campaign_id age gender interest Impressions <Clicks Spent success Amount_Purchased Amount_cClicked ;’:

0 x 30-34 M 15 7350 1 1.43 1 Amount_Purchased_1-5 Amount_Clicked_1-20
1 x 30-34 M 16 17861 2: 1.82 ] Amount_Purchased 0 Amount_Clicked_1-20
2 x 30-34 M 20 693 0 0.00 (o] Amount_Purchased_0 Amount_Clicked_1-20
3 X 30-34 M 28 4259 1 1.25 4] Amount_Purchased_0 Amount_Clicked_1-20
4 x 30-34 M 28 4133 1 1.29 1 Amount_Purchased_1-5 Amount_Clicked_1-20

tdfm. 8. 1tdS d&zOH HBHOO Odzdz?" detsodm 5L d2ZOS " Amount _Purchased

CS BOEMEHR, HBHO9 Odzdzw dztso dr L dZOC ftets2h dzts 1ziffdj' v dzts
Miso stej dzgffatr’'cds BB HH S s tss skl earn B ' Bdz BIsj¢d [ 18] tetsLH'
L wedr 80% Istej dezo Odz' dzgd= HOdedr ° 20% Isj frf— T

[ 0dz' ftslste' Bdzs tBtOIsd GflsdBzOdz dalz @ dz| reeevemean 1y dzw dzO 9 1
sflsd 30dz! dzs’™ cGdzdBdded HJtej £ de'zh jifhs o s't6 j tad d3 IsOts ts
dzOH ' 2 dgts”’ BsH | Az’ CART. 1 OdzZOHIsts Hte' B dzj GraopuT Bsy § dz

H Odzd a3, StsH " wWC L OdOHIts cdzdBtsC) H ] o |t fitejfse
M smtse * o o dL dzOyj dzdzv sflsd B3Odz! dats’ cdzd B d 5j 90O 't
fitjrt] ipdzECdf jtayn jv fsdve0O o kg, Mt [ comm 120 OL'
dzOB stcd H dzv dzO o y O dzdzv sO fjtjo' b d, O f | ocwesiownwrt | y' dzd Isd

' Ldzdr to' oedev" R Hd&W Sty dtsets dzOBtstekz
ssets, dz2OMC' d ¢ d HBB O] dat®eHjHAE &3t tc @ pdad
1 Ot . 9 {ftojHMIsO9 dzj dzd 2 Odze steq Is d3,
fitedntedmdes™ fitejo' 6Cd Hov odetttlz G IsdBG e
v ZO0h sz o df OHCE odiBtedMmistsalz’ Is! fqw Gleidseachcvaosann ¢ h CV  H dz

H' Of OL sdz Cdzd B d@z PI Ho ¢ wHdy MisGs.0 2 15 ¥ ted C O 51
OORBilste cv odL dOY0' ¢'d €' Mls! LotstelstsC| sumecmnanpan | € St d fils C
te

AJ HBL 9

QQ—.

GridSearchCV

Jo
q’ d: CTBOpUTH 0B'eKT

w d3ts dzfy Is te Iz
o5

o
]
fjtejo tCd. 102Ct0ON" G ' jtcf OtcOBj Isted I5SO 15 nanammpesmrr H o2 C 2 6 Is 4
1 026fIsd BOdz' dz' " s G dzd B d dzts 8 odweddzOMmt dmce dd B dudzO 3.
JSLEZBE BSHjdk Odketsttdlsdkz CART L KOS fiyd deoides @asns © gdyd B d dets
His dz0o yOdz' dzgdn HOddrR. [ d&v VY!' tsets fslstc' B :E”ﬂsgoddzj”dtzsw,
- mbottdlsd dSHjd CART 'L BOSMdBOd GRh, § e 6s o dzss 3
- ftedflssikze Olkd &sHjd HEtS &Oo yOd! dzds HOdzd 2 ;
- LtetsBdlsd ftescdsLd dzO tfhdss' IsjfMmistsedn HOddRA.
1" fdzv dyieve tiEsiH j O, SBEOREZ B ftesHEZCIsdo di st .
rdzv sy’ d¢d ftetsHkESIsde dzsfls® dBsHjd odSttedilsO’ dBs 5O
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(precision), ¢f#soydztsldStzr ((rFelc slcloy eBO (ABtedidz d&zO 3) .
accuracy = (TP + TN) / (TP + TN + FP + FN)
precision =TP / (TP + FP) 3)
recall =TP /(TP + FN)
f1_score = 2 * (precision * recall) / (precision + recall)

HJ TP-C ' dz' €' st HteOoddz des f sL dlsdeNedis’ &' dO'Migll* ¢ tste @ataff ' dtss d
CdzOMmMdW " Ctso OdzBR-C ff wWzef € z@is® o iz Of GO of dizts dZE ZOMJ W ' ENs 9 Oded & * fjlisd & dz
JftcOo dqdzt dets dzj 6 OIsdo des C dzOMdW ' S s90dzdms Jtod & dzOH ' 0.

Accuracy: @.9868421852631579
Precision: 1.©

Recall: ©.9743589743589743
F1l Score: ©.9878129872129869

tdm. 10. [iltedCd boydshls' &sHjd

1 2Oy j dzdzv d3j Isted$ accuracy, precision, recal | sO f 1 _
HsBtod (4t HE ANsO' tffdOdids’ SOofRfod ' . V1twtslsjy, &syj BEIS
f slste’ B dets ff tothdg' HlsGfy " Stomififzy §f jtoj o' o€ d Ml 2¢sMis™ &sH | &z  dzO

[ dzv  ftetse j Hg @atZvH OB B By jBs odStstedmisOlsd W lkdgy' e
sklearsnnmm del sel ecti on. Avw WEdSty' v HBLO Y tesLH' dzdisd dzOB'
SHdz 2 YOfmlsdd 1O IsjfMlskzeOlsd dzO “dgh ' 2, fcoltstes s yd yj2 4t

Average Accuracy: ©.9991228070175439

tdfm. 11. wjjHd 2 BOd bsydshls' &sHjd

4jtejHdW Issydz Mmis! BsH § dzb OdzOH @ W'fy. HEMJYlS'H o yWOfis ¢ OB H
Mo Hydl! (s Mls' 2¢* Mis! dBsHjdz dO© detseadrs HOdzd R .

[y ddds bsyd Mls! dBsHjdk' L O HEfsdksetss " dhdn &BibtedC.
dzS y - confusiomlsptrisk|l padh. Lifygis@mfagd yW,csR3gUBCf ¢ OL °
Bd dzts € , LicsBdzj dzgfrn BtsSH jdzdzs , ftste' adavdets L WOCIKkdydsdd&idd L dz
Bzt ¢ yslsdqted fsSOLddsSd: true positives (TP), false
fl2).

[l ==
BN

Confusion matrix

Bought

True label

Didn‘t Buy

s

& &

<F =
o

Predicted label

tdfm. 12. [Obtdy" §sdddkst

C BOm@EJd2, B dz' h ' Mls! IjMmMlssadrs odfOHS o fjtejHB OYOdz
sBEHE® 3 ROC ( Receivef£tcOpkr 80 gL COa za dstse AULL i( A)Y e
odSCtstedmistsalzs yd WikdzgS y' ckit-t ear auc 1 9ao rses Yyl mezj szdzY s 14 fsis'
Eddz StesCd:
ud madzj dedz? L dzOy 4 dz True Positive Rate (TPR) ' Fal se
h § dzdzv :
- 10OHOId HJwECd?2 H OfOLBd fssetsada L dzOyJ dz .
- T2y Sy deses fstetsetso s BOC Hpydededzdz, SO dC SwPMlsOIsY sy’ ¢
csLOrnlzdeS 2 TPR FPR.
- TPR tBYydfmdze ‘ Is! fpw wg
- FPR tBydmdzs “ Isi iqw wg¢
2) 1 5B IkHtsoDtc RODE™ :
- 10dzj Mlsd L dzOyj dedzv FPR 20 o'y x 18O L dgOyj dedz? TPR dzC
- 1" " HdzOId tslsted d30 dr' dzwis tusCodfts taf) telmfimy s L RECB0d3 d
3) {Budmdzj dgdz? AUC. [BydRizdbts i GBAUE){fL® RBEsHBsE st ydmdse
[ sted BOdzdgWte JRPAC SO AUC HBLotdw' sy ' ddlsd j¥WjShkdoeds fMmls:
fsLdlsde dzd d&3d I[sO dzi ¢ (ldfdna dedldsdy . § o dzC WzPH O dgP uj dedz -CAAHD s ff) dzsh ©
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kdds StOhj 029030 Is! MW dgiSHj d .

Receiver Operating Characteristic

08

True Positive Rate
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—— ROC Curve (area = 0.99)
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False Positive Rate
tdqfm. 18 kdROC

1 2Oy j dzdz? AUC HBste' adgs' 0.9872 © HOdsdZz oadfoOHCE, ht
stsyde Mls! E ftoscdtsLzoOdede tojL Edz sOIs’ 9.

[ dzv tlsted 3O dilzve tedfm Hzjdzlz'ISOH j 6 8 O t&' " j dz CART L odStste
Conversion Prediction Blkdzd oadStsdOd d&OmMskzfd Sttt d:

- 1" HeslsaC O HOdM]=R: HOIsSOMjIls Bk ("  HEtlstsadzj dzgd?2 h dz
stcj dgzo Ocdz! dzd2 ' Isjflstsed?2 dzOB®Stc(d .

- 1 sBZHBo O d3te® jldAcj dzz 9 Odz! detsdsz  dzOB St6° HOdedr Bl
CART. [BHJjd dz0o yOdz0Of: &0 shdse' ~fO0wOCljttdmisds tj s dzOd

- Yy O twjLikzd IsOIs’ o: LO HBfh@cetss IsjiMstotsets dzOB T
BsjHdz' . I 2dzd tesSL ORtsa Odr dBilstedtd ROC AUC, Istsydsz Mmis: ( Ac
F1-f s¢ OL dzsc€re).( F 1

[ bted B3O0dz BjlstedSd fsCOLEEIs! HBMdI! odMmMtse’ tjLbkzd O

Accuracy (utsydsg s’ ): 0.9868. Av BjikcdONgdTOLBOY' d&O
BdzdL' €j Hts 1 tLd&ZOyo', "'t dBsHjd ftOsdd dets S dzOMmd¥W ' Ckz°

Precision (utsyds flss ) : 1.0. Aw d3,Jlst13q’€O oCOL E° dz0
ftesedesL "' @ MjtejHnH kMm' A l]’tSLqu’asdz(ﬂZDut]DtslsGdzisL ‘dEts.H J 1dxdz0 i dzdimyts ¢
Csdzd otsdzO f jtcd HBOYO' 1]’1SLq’lsq’adch2 C zOMm.

Recal l (1 o desls @) : 0.97 AW Bjltedc O oCO0OLLE" dz0
ftosddesL "9 fjtejH kM A OCIsdy dzis L disdaza@d@© j ¢ h jsd3fizdk g 'do .
HsBtey of L dz@° (s Lq’lsq’adz ¢ &zOMmd .

F1 Score: 0.9870.F@&3" 6O ‘° cOtdsds ydedds MjtejHds o3 d3' y Istsyds fMmlse

1 20y dzgdzy 0. 9870 Mo ' Hydl!' (s oadMmsSk Itsyd fmMis: ' s

ROC AUC Hfste" odzt‘ 0.9872, ht fo  aydts! L dslsd adf'fips S & o
LiesBdlsd ftcOoaddz ded?2 HtescdesL . vydd3 Bdzdy yd L deOyj dedgvn ROC A

[ObttdyY fodRddzst fsCO0LEZz' tjLizd Ok ¢ d&OofmMd¥' ™ COy' ° &
BstedzOdz' L Oy"' fsCOLkz*, hs dsH| dzh dep'c Ol& dd dzditc OP td di? dizBH
ftcOoddz' des C ZzOMd¥W ' Cs00dedr L dldodedrn ftedC dzOH' @ (TP), 3
(FN) = 0 dzgjftcOQoddz des C dzOMd¥% " ¢ s90 Oded ~ g’ISchlscfadchn f tod ¢ dzC

[ bted B30dz’ tiLbkzdz IsOIsd e HYOk'z RO MadhHB O " j ¥ ote%lﬁcﬁzﬁ)dgc

L HOIsdz fyls ftcOoddz des tetsL " L dzOo Olsd IJ’ISLq’lscfadz, s ©
dzj fcOo ddz' dets § ZOMdW ' CStsoOdedr ftedSC dzOH' &, hts §"  Hiso jtoHY k'’

MtsYyoO dzOh ° da sifds CHOL jOdkd o dMmtsClz JjWjClsde dz' s odSstedf
j Clsdo desfls” tej CdzOdzdn C OBy Odz' 2, " daz ftslstcjBO [z HIESH
Y
JtGhJ, teddes¢ toj CAZOBd YsMmis' 2des L a3 dzt sy Mw,C d&Ed teC
Oy' o9LO" dBsH' B8Is! L HFOEDEBEH, MMisWd Odztlztize §r Bgzes 4 © |
0 ' sdydedr " deflstclzdkj dzls @ o d KOG O Sdetso dzj dzdz? SO  OH (
fOodz 2. [ GHOISC 59 H 5 ) dz'H SN dedizO dz padzdpdz Is fiptfste df W llod dzdzs
stedMlsOdzdzy OdzestedlsdBz CART o Ctdalsj CMls® datsadr toj & dzO dz3d
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- [flsddB LOY' W ]S &Odkdkdr COdkfOod 2: HtSlItSd3tSGO BOC jIstd
We' ) CdzOddz S Odf Odz 0 ¢ @28 dh jWiSkdedddsd ' wC' o yd
LemjtejHdlsd L Emqaah g0 GOBRQEjE " n i S kzOkd kO sflkdd Lko Ol

- ) &zZOdzz o Odzdz? t6j S ZOBdedm S OB Odz' 2: HBYIBBSEO B ftose desL
COBRFOdz" 2. Aj HBLoBEY' &ROwLSjlbsdZceOd3 L OLHOM] G H! L KORE
HcOrR zo Odzdzy 5 sy’ S ko Odzdr of dzdo ' o.

- HjG6dBRBjdsOYy' W OEHdltste® " eodwedzj dedgw € dzt ytse d
COBIOdz ™ Hdzw fjodedmn Micdeidzls' @8 OEHI " . AJ H
o] CdzOBEz SO "  Hoadhdlsd Ctsdzo j tofy" ® .

- [ cde steddze SO OdzOdz' L tjLlkzdz sOIs" 9: fHtetso jHj dedgw ff syl
COBI Odz" 2. 1BdteOdedzy HOdzdr fHtets MisydoeOy o IsO "7 tj OCy" &
tejLEzd sOIsd ' odesfdilsd dzgitsBr  HdZ SBtcjCilsdead E MisteOIlsjc' & to

- JOSMddi Loy w ftedBlkzlsCk: odsltj dddzj dedz? dz@2B" dzr P jJW ¢

T WOCkst'
0" &y dde

LB d hjdeder fdelzlsSk. A HE{sBOEO' f Hodhdlsd jWjiCldo:
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THE POTENTIAL OF SOLAR ENERGY IN THE CONDITIONS INDUSTRIAL AGGLOMERATIONS OF UKRAINE

In Ukraine, the largest agglomeration of mineral development is the KryRih iron ore basin, which includes a large number of
mining enterprises. Meanwhile, the harmful impact on the environment of mining enterprises is very significant and princailyes the
disturbance of fertile lands suitable for use in agriculture. ltakid be noted that mining enterprises are significant consumers of electricity,
which currently has certain limitations in its consumption and, taking into account the actual consumption and the givetslimhimaximum
energy consumption, it is currenthynideficit both in the Dnipropetrovsk region and in Ukraine. In recent years, solar energy has been actively
developing in Ukraine. The issue of the introduction of solar power plants in the conditions of industrial agglomeratiotiedarritory of
Ukraine is relevant not only among the scientific community, but also among industrial enterprises. For the problem under intiestigtas
logical and expedient to study and analyze the relevant indicators of weather conditions. Thus, analytical and queetifeedictive values
of seasonality indices and peak hours of solar irradiation wetgtained. The application of the obtained calculations allows determining the
optimality of the application of the proposed devices of solar power plants to obtain tla&imum possible value of the generated power for
the given conditions. A positive driver in this direction is also the fact of using the spaces of decommissioned teraitariastive industrial
agglomerations for energy production in an environmentallgfe way.

Keywords: solar energy, forecast, industrial agglomeration.
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BORTNYK GENNADIY, BORTNYK SERHII, KYRYLYUK SERHII
Vinnytsia National Technical University

PARALLEL ANALOG -DIGITAL CONVERTER WITH CORRECTION OF THE TIME UNCERTAINTY OF THE
OUTPUT SIGNAL

The paper proposes method of expanding the dynamic range of parallel analtmdigital converters (ADCs) on the basis of
adjusting the time uncertainty of the output signal. It was established that the discretization of the input signal in rBesAof the parallel
type isaccompanied by a deviation of the actual moments of formation of the signal readings from their nominal position on thestimeAs
a result, the phenomenon of temporal uncertainty of the output signal of the parallel ADC occurs. This leads to theaameeaf parasitic
frequency components in the frequency spectrum of the output signal of the converter, which narrow the dynamic range BfiGhe A

The adjustment process consists of two stages: assessment and compensation. At the first stage, thetirakierofertainty is
estimated. Finding the error due to time uncertainty is carried out for the input test signal of the ADC with the minimugirapewidth.
Time instability error compensation is performed digitally using Taylor series expansion. It wsabéished that with the increase in the
number of members of the Taylor series, which take part in the formation of the output signal of the ADC, the accuracyadjustenent
increases, but at the same time, the hardware implementation is complicated te speed of the ADC adjustment tools deteriorates. To
overcome this contradiction, the ADC output signal is formed based on the first three members of the Taylor series.

The structure of a parallel analogo-digital conversion device with multiphase sasting based on the parallel buitdip of several
ADC channels is presented. The analogligital conversion device operates in two modes. The calibration stage is performed in a
conventionally real time scale. In the operating mode, a real analog signapiglied to the input bus of the ADC. The corrected output signal
of the ADC is fed to the output bus of the device.

Analysis of the effectiveness of the proposed method confirmed that thanks to the developed method, it is possible tdhexpand
dynamic range of a 1ébit high-speed ADC by 25 dB in the high frequency band.

Keywords: analogto-digital converters, temporal uncertainty, multiphase sampling, dynamic range.
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BORTNYK GENNADIY, BORTNYK SERHII, BRYL MYKHAILO
Vinnytsia National Technical University
MELNYCHUK STEPAN
Ivano-Frankivsk National Technical University of Oil and Gas

PARALLEL-SEQUENTIAL ANALOG-DIGITAL CONVERTERS WITH NONLINEARITY ERROR
CORRECTION

The paper proposes a method for increasing the resolution of paratesequentiahnalog-to-digital converters (PSADCs) by
correcting nonlinearity errors.It is proved that the PSADCs with adjustment functions as a-ttage ADC. The first ADC (ADC1) converts the

input signal into a code Nl- Upon the signal of the end of the a@msion in ADC1, the second ADC (ADC2) is started, which converts the

remaining signal into a codeN2 . The total correction value is formed in the adder, which corrects the conversion error in ADC1. At the end

of the conversion, the AL code is summed with the correction in the adder. This result is then summed at the end of the conversion in ADC1
with the source code of ADC2. As a result, the adjustbil conversion result is read from the output of the adder.

Structural schemes dPSADCs based on integral and differential correction of ADC nonlinearity errors are given. The considered
structures of PSADCs do not require the use of an accurate ditptanalog converter at the stage of determining bit errors. The proposed
correction method makes it possible to remove progressive errors directly from fghed PSADCs due to the fact that the corrective action
in it is carried out in digital form.

The developed PSADCs enable signal conversion in a wide frequency band and are cliegectey high resolution and
conversion error compliance with the declared resolution of the ADC.

An analysis of the effectiveness of the proposed method of improving the resolution of the PSADCs was performed. NI Multisim
11.0 circuit simulation package waused to quantitatively evaluate the performance of the PSADCs with correction of nonlinearity errors. At
the same time, the output signal of the ADC was studied in the frequency domain, that is, the numerical parameters ottherspéthe
analog equvalent of the ADC output signal were analyzethe simulation results made it possible to state that the method of digital
correction of PSADCronlinearity errors makes it possible to increase the effective bit rate of the converter by 1.9 bits.

Keywords:analogdigital converters, nonlinearity errors, resolution, effective number of bits
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BOROVYTSKY VOLODYMYR, HUDZ OLEKSII
National Technical University of Ukraifel gor Si korsky Kyiv Pol y:

TECHNIQUE FOR CONTRAST DETERMINATION IN CASE OF HARMONIC
SPATIAL MODULATION OF ILLUMINATION

The paper proposs a method for calculation of the contrast, bias and current phase of harmonic spatial modulation of
illumination, which can be used for thredimensional digital image capture in optical microscopy and other optiegdéctronic systems. This
technique isbased on analytical solution of the system of linear equations and allows the calculation of the contrast of harmonic spatial
modulation with any values of phase angles. The input data for demodulation is three spatial signals after harmonic modulaitb
different initial phases as a stack of digital images with harmonic spatial modulation. This data makes it possible to centpashree
dimensional images by the selection of the maximal values of the contrast in tieensional space. The paper coiria the analytical
solution of the system with three linear equations that helps to identify the principal parameters of harmonic spatial mtdnjancluding
its average value and contrast. As a result, the expression for contrast calculation is priesantanalytical form. This expression is valid for
any modulation phase angles that do not coincide. The proposed technique allows calculation of the contrast for eactvaigeatithout
any approximation. As a result, the accurate contrast value candbtained and used for automatic restoration of thremensional images.
The advantage of the proposed method is that it can be implemented with economical units that form harmonic spatial moduttio
illumination. These units may be installed on masttical microscopes and other electioptical systems for automatic capture of the three
dimensional images. As a result, the proposed technique significantly reduces the price of transforming economical optrcahémts into
automatic electrooptical systems for threalimensional digital image capture.

Keywords: digital image processing, threBmensional digital image, spatial modulation of illumination, digital demodulation.
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EVALUATION OF THE EFFECTIVENESS OF TREATMENT WATER EMULSIONS
FROM OIL BY PHYSIC O-CHEMICAL METHODS

In this work the processes of treatment of water emulsions from oil with application of aluminum coagulants
activated carbon as a sorbentlouding agent were investigated. These were coagulants such as aluminum sulphg&OAk,
aluminum hydroxide AI(OH} and aluminum hydroxide AI(OHLI. Treatment of water emulsions was carried out with
coagulants separately and in combination with activated carbon, and studies were conducted to determine the effectiveness
of their separate and capatible uselt is determined that aluminum coagulants in doses af5D mg/dm3 both separately
and in combination with a sorbent provide a high degree of oil removal from emulsions. The level of wat¢ément reaches
97799%. The use of activated carbdn doses of 800 mg/dm3 causes a linear decrease in the concentration of oil in water
with an increase in the dose of the sorbent. Aluminum hydroxide (without sorbent) has the greatest efficiency in oil removal
from water, as it ensures maximum reductiaf oil concentration in both fresh and mineralized water. At the same time, the
compatible application of aluminum coagulants with activated carbon is characterized by efficiency fluidity. This efficiency
depends on the type and concentration of coaguladgsed sorbent, as well as mineralization of the initial water. The
greatest stable and linear combined effect is observed with the simultaneous use of aluminum sulfate and activated carbon in
the treatment of fresh water, and aluminum hydroxochloride inmbination with activated carbon in the treatment of highly
mineralized water. The degree of watdreatment reaches 98,§99,3%, and 99799.8%, respectivelyThe results of this
study show that the use of aluminum coagulants to extract oil from waterusiains of various mineralization is appropriate
and effective.

Key wordswater-oil emulsions, bilge waters, aluminum coagulant, active carbemulsion treatment
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Introduction

Water transprt is an important trade and
transportation and, accordingly, plays a significant rol
in the country's economy. At the same time, shippin
like other water users, it affects the environment, i
particular the hydrosphere.

One of the most dangerous swstes, which
pollute the hydrosphere, is oil and -obntaining
waters.
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Despite the fact that according to the statistic
of the State Statistics Service of Ukraine the inflow ¢
oil products into the sea and river of Ukraine wit
return waters (fig. 1) arreduced, their contribution to ~-e--Seaof Azov ~~¢--Black sea
the pO”Ution Of the hydro Sphere remains H.ig:h —e— Rivers of the Sea of Azov —e— Rivers of the Black Sea

The total amount of oitontaining waters Figure 1. Inflow of _oiI products into the seas and rivers of Ukrain
coming from vessels into the hydrosphere is with return waters (2009-2019)
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insignificant in absolute terms than the amount of oil coming from oil tankers. Howtée influence of wateuil
emulsions on the ecological state of the water environment is significant.

During the operation of water transport in the vessel's machinery departments, flaskiwastesoil
emulsions are formed. On sea vessels thesersvate called bilge water, and on river vesseslaing water.

The sources of the formation of the bilge water on vessels are vessel engines, generators and other parts of
the propulsion systems (pumps, pipes, mechanical and operational componentsnadchiiee departments).
Basically, bilge waters contain heavy fuel, oil, oil for hydraulic systems, detergents, additives to oils, chemicals.

According to the requirements of national and international regulatory and legal acts, a skip from the
vessels of dj harmful substances, garbage, polluted and regulated waters is forbidden both on internal waterways
and in internal sea waters and territorial seas of Ukraine. In addition, bilge waters from vessels should be transferred
completely to specialized treatmtefacilities for furthertreatmentand contamination [2], [3], [4]. The exception is
only the overboard (in international waters) of the waters cleaned by ship's installations (separators), which contain
oil products in the quantity not more than 15 miilt [5].

Maximum permissible concentration (MPC) of oil products for water of water body of domestic drinking
and culturaldomestic use is 0,3 mg/dnand for fishery water body0,05mg/dn? [6], [7].

Failure to comply with regulations on the diversidnuatreated oHcontaining waters in the water body
may cause violations of life cycles of all components of the biosphere, which will lead to negative consequences for
people the environment, biota [8].

Based on the initial characteristics of the-anhtaining waters, namely: oil concentration in water,
morphological composition of the bilge waters, etc., apply the appropreetenentmethods. Physical, physical,
chemical, chemical, biological and combined methods of cleaning are often used.

Bilge wates belong to heterogeneous dispersive systems [10] with particles of different size. Normally, the
this emulsions contain up to 50% of oil products in sizes up to 10 microns, 25% of partiplés 30 microns, the
rest have sizes from 30 to 200 micro8§ [

Systems formed by the admixture of such a group are kinetic unstable, and nonsoluble substances are kept
in a dependent state by dynamic forces of the water flow. To remove the impurities of this group apply phenomena
and techniques, which are basedpbiysical and chemical processes such as: adgesia on the surface of inert granular
loads, sedimentation with the help of reagents. Therefore, basically, use the following methods treatatent
Drainage, filtration, microfiltration, centrifugation, @gulation, flotation [10].

Wide application of sewage treatment by coagulation method [11], [12], [13]. For coagtdetibneniof
sewage, as coagulants use salts of aluminum and iron. More often used aluminum sulphate, less often used chloride
and hydrehlorides of aluminum, sulfates and iron chloride, sodium aluminum [14].

The purpose of coagulants application is to reduce the aggregate and sedimentation stabiligef ion
coloid and highly dispersed impurities contained in water.

The efficiency of oagulation and degree of wateeatmentdepends on the nature and dose of coagulant,
water compositionpH and temperature. For exampliyring coagulation treatment of wateith aluminum
compounds should pay special attention to pH, and, if needecttcitrréhus, due to the amphoteric character of
aluminum compounds in both acid and alkaline medlilnere is an incomplete hydrolysis of coagulandl it leads
to high concentrations of residual aluminum in water [15]. The process of coagulatiorcadtaihing waters will
theoretically have the effect of mineralization, as the content of salts in waters of oceans and some seas reaches
50 g/dm® and more [10].

Aluminum sulphate AK(SQy)s is one of the most common coagulants. Its coagulation propertieaused
by the formation of coloid hydroxide aluminum and basic sulphate as a result of hydrolysis [16]. The advantage of
aluminum sulphate is its availability and low cost. Among its shortcomings are noted low content of the current
component (15%\l.03), low efficiency at low water temperatures, acidification of water with low alkalite content
due to hydrolysis of coagulant [17], and high water hardness causes a sedimentation of calcium sulphate.

One of the main aluminwbased coagulants is the fresjplecipated aluminum hydroxide (AI(Ok))
which is easily dissolved in acids aatkalite. The advantages of its use are that it is easily hydrolyzed, contains
more active component, acidifies water at hydrolyze, has higher efficiency than aluminum sulfhdteever,
aluminum hydroxide has aelghtenedsensitivity to pH and water temperature. The isoelectric area for aluminum
hydroxide, wich is characterized by the lowest solubility, corresponds to pt¥,5,5At lower pH values,
dissolvable basic saltseaformed, at higher pH valuésaluminate. At the temperature of the gnihg water below
4A4, the coagulation processes of admixture are slowed down due to the increased of aluminum hydroxide, the
residualaluminum gets into the filtrate, and the flakes of hydroxide are formed in water already after treatment [17].

Hydrochlorides of aluminum areonsidered the most effectivamong aluminum coagulantsv. The
advantages of these coagulants include the fact that they have a high coagulation capacity in a broad range of pH,
ensure formation of large flakes, which are quickly precipitate, their corignmip 25 30% lower for aluminum
sulphate with the santeeatmentfficiency [10].

Somption methods of water treatment with the application of adsorbents are used for wastewater treatment at
concentration of organic compounds less thajiddi®. Even modifcation of sorbents allows to use them at post
treatmentthe stages to remove residual amounts of dissolvedadiicts [18].

In order to increase the processes of coagulation water treatment use complex methods. For example, by
adding mineral impuritiesc{ay, bentonite, graphite), which act as additional centers of crystallization of products of
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hydrolysis, there is an increase of effect of sorption of dissolved impurities and thus accelerating coagulation [19].

There are not so much scientific works debto coagulation methods of watdl emulsions treatment
[20], [21], [22], [23]. This is explained by the various composition ofcoiitaining sewage, therefore, there is a
need a large number of researches in order to determine dptieféctive cogulants and their working
concentrations.

Purpose of work

The purpose of the work was to determine the efficiencireztmentof fresh and mineralized waterl
emulsions by using of aluminum coagulants in the presence or absence of absorbent.

To achievehe set goal it was necessary to solve the following scientific tasks:

1. assess the effectiveness of aluminum coagulants depending on their composition aadddosethe
mineralization of watepil emulsions.

2. determine the degree of effectivenes$susing activated charcoal in combination with aluminum
coagulants for treatment of fresh and saltycoihtaining waters depending on the type and dose of coagulant, the
concentration of the sorbent.

An example of the basic material

In the work used modevateroil emulsions with oil concentration of 1@g/dn¥. There were used
emulsions of two compounds: watessed emulsion and emulsion based on mineralized solution with sodium
chloride concentration of 3@dn®.

Aluminum sulphate (Ak(SQy)s), aluminum hydroxide (AI(ON}) and aluminum hydroxochloride
(AI(ON)2Cl) were used as aluminum coagulants. Working doses of coagulants were changed in the range from
2 mg/dn? to 50mg/dn? in the conversion to aluminum oxide ¢®k). Coagulants were used separately or in
combination with activated charcoal.

Activated charcoal was used as a sorbeutbidizer. In case of its separate (single) applicatibe
working concentration were in the range frorm§/dn? to 100mg/dn®. In combined application with coagulants,
the working concentrations of activated charamatesponded the values of 50 and t@f/dn?.

After the addition of reagents, the pH was adjusted to 7.5. The mixing time was 3 minutes, after which the
solutions were allowed to stand for 24 hours. After settling, the samples were filtered with persettiite tape”.

The residual oil concentrations in filtrates were determined by extraction spectrophotometric method [24].

Based on the obtained experimental data, the degree of oil removal from water (Z, %) was calculated using

the formula :

Z= (1 _c%) - 100, % 1)

wherec i the residual concentration of oil ireatedwater, mg/dr
C, 1 the initial concentration of oil in emulsion, mg/ém
Carbon tetrachloride (C@lwas extracted as an extractant. The reference solution was a ssofablg.

Discussion of results
As mentioned above, oil and oil products are the main component of the bilge waters. Therefore, the first
stage of the work was to conduct research on the establishment of the efficiency of oil removal freoil water
emulsims depending on the type and dose of coagylantsthe mineralization of the initial solutions. The results
of the studies are shown in Figures 2 and 3.
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Figure 2. Change in the concentration of oil in fresh (1, 2, 3) and salt (4, 5, 6) Wat‘Eanfﬁa[]: 100mg/dm?) depending on the type of
coagulant AlL(SOy); (1, 4), AI(OH);3 (2, 5), AI(OH).CI (3, 6),and their doses (in terms of AIO3)
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Figure 3. Dependence of oil removal from fresh (1, 2, 3) and salt (4, 5, 6) wat[al‘lg-m-n-a[]= 100mg/dm®) depending on the type of
coagulant AL(SOq)s (1, 4), AI(OH); (2, 5), Al(OH).CI (3, 6),and their doses ( in terms 0fAl ,O3)

As can be seen from Fig. 2, when using aluminum sulphate at dosgs0ohg/dn? in term of ALO;, the
concentration of oiin waterdecreases to 3,18,41mg/dn?, respectively, wich corresponds to the degree of oil
extraction 96,8298,59% (fig. 3). For salty oitontaining waters ([NaCl]=36/dn?¥) under such initial conditions,
the residual oil content i the range of 291 0,54 mg/dm?, and the oil extractiofrom water is 97,8199 46 %,
respectively.

Aluminum hydroxochloride in terms of the efficiency of removing oil from emulsions provides better
performance than aluminum sulfate, but less effective than aluminum hydroxide. abigast provides a decrease
of oil concentration to 2,0®,95mg/dn? (Z = 97,9499,05%) in fresh water, and in mineralized water the
indicators are slightly worseat the level 02,45 1,92mg/dn?#, but the degree of oil extractias still high- Z =
97 55 98,08%.

Among aluminum coagulants, the effectiveness of which was investigated in this work, aluminum
hydroxide demonstrates the best performance in both fresh and salt Whieroagulant at doses of50 mg/dn?
per ALO; in fresh water provides aedrease theil concentration to 1,90,8mg/dn? and in sea water the oil
content decreases to 1{1834mg/dn?. Accordingly, the degree of watgeatmentfrom oil is 98,0399,20% for
fresh water and 98,299,66% for sea water.

The second stage of the kkavas to conduct research to determine the effectiveness of the use of activated
charcoal in processes treatmentof the bilge water from oil, depending on the dose of the sorbent and the
mineralization of the initial solutions. The results of the stsdire shown in Fig.

3,00 4 100,00
99,50
2,50
99,00
2,00 A 98,50
” 98,00
E 1,50 00 o
B 97,50 N
="}
£ 1,00 97,00
J 96,50
0,50
96,00
0,00 T T T T T v 95,50
5 10 25 50 75 100
——1 -2 -3 —e—4 D, mg/dm?

Figure 4. Dependence of residual oil concentration ifresh (1, 2, 3) and salt (4, 5, 6) wate||:I-Ii-m-n-a!]= 100mg/dm? and degree of oil

removal from fresh (3) and salt (4) waters on the sorbent dose

As can be seen from Fid, when using activated carbon at dosesi 4006 mg/dn¥, the concentration of oil
in water decreases linearly with increasing the dose of sorbent. Fresh water treatment ensures reduction of oil
concentrabns in water to the level of 2,8850mg/dn¥, which corresponds to the degree of oil extraction o187
99,50%. For mineralized solutions ([NaCl]=8@in?) at the same initial conditions, residual oil conceitrat are
at the level of 1,4i0,43 mg/dn?, and the oil extraction from water is,98/ 99 57%,respectively.

Since the MPC of oil products for water body of domestic drinking and cullorakstic use is
0,3mg/dn?, and for fishery water bodiy 0,05mg/dn¥, the next stage of work was determination of dependence of
the degree of efficiency of complalié use of sorbent and aluminum coagulant in the processesatrhentof oily
waters from the type and dose of coagulant, concentration sorbent and water mineralization. The results of the
studies are shown in Figi 10.
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Figure 5. Change in the concemation of oil in fresh (1, 2, 3) and salt (4, 5, 6) Water[ll-lz-m-n-a[]= 100mg/dm®) depending on the dose of
Al5(SOs); (in terms of Al,O3) and the working concentration of the sorbent: Gng/dm? (1, 4), 50mg/dm? (2,5), 100mg/dm?® (3, 6)
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Figure 6. Dependence of oil removal from fresh (1, 2, 3) and salt (4, 5, 6) watdiH;,,;i2;]= 100mg/dm?) depending on the dose of
Al5(SQy); (in terms of Al,O3) and the working concentration of the sorbent: ng/dm? (1, 4), 50mg/dm?® (2,5), 100mg/dm? (3, 6)

As can be seen from Figp, with the combined use of aluminum sulfate coagudaibses of 250 mg/dn?
and activated carboat doses of 5tng/dn? and 100mg/dn? for the treatmentof wateroil emulsions, there is a
significant decrease in the remaining oil centrations. The decrease in oil concentrations is observed both with
increased coagulant doses and increased concentrations of activated carbon. The reduction of residual oil
concentrations using these compositions is more significant for fresh watefoth@ameralized. In particular, at
combined treatment of edontaining fresh waters, alumim sulphate (56ng/dn?) and activated carbon, the
residual concentration of oil in water decreaem 1,41mg/dn? in the absence of sorbent to 0/99/dn? with a
sorbent dose 050 mg/dn?, and ata sorbent concentration of 168fy/dn? the oil cortent in water decreases to
0,69mg/d?. The degree of watdreatment from oil (fig. 6) is 98,6%, 99,0%, 9%, respectively.

In case of processing of mineralized solutiofig. 6) similar patterns are observed, but the decrease in oil
concentration is not as linear as in the cas#@aztmentof freshwater solutions. Thus, at complex application of
aluminum sulphatg50 mg/dn¥) and activated carbon during salt water treatmtre residual oikconcentration
decreases from 0yfg/dm3 in the absee of a sorbent to 0/8g/dn? with a sorbent dose of G8g/dn¥, and with
an activéed carbon concentration of 1a@y/dn¥, the oilcontent in water decreases to Ogbg/dn?. Accordingly,
the degree of watereatment from oil (fig. 6) is 99,5%, 99,67%, 5%.

Most likely, the additionalreatmentof the emulsion is facilitated by the enlargement of insoluble particles
due to the sorption of insoluble oil on the surface of the sorbenth@nsubsequent precipitation of agglomerates
from solutions.
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0,00 T T T T |
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Figure 7. Change in the concentration of oil in fresh (1, 2, 3) and salt (4, 5, 6) watH,;12;]= 100mg/dm?) depending on the dose of
AI(OH) 3 (in terms of Al,O3) and the working concetration of the sorbent: 0 mg/dm?® (1, 4), 50mg/dm? (2,5), 100mg/dm? (3, 6)
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Figure 8. Dependence of oil removal from fresh (1, 2, 3) and salt (4, 5, 6) WatEHQ-m-n-a!]: 100mg/dmq) depending on the dose of
Al(OH) 5 (in terms of Al,Os) and the working concentration of the sorbent: Gng/dm?® (1, 4), 50mg/dm? (2,5), 100mg/dm? (3, 6)

The compatible use of aluminum hydroxide and activated carbon does not contribute to the efficiency of
thetreatmentprocess. On the contrary, it is charaizied by a ngative characteri@. 7, 8). Individually, aluminum
hydroxide the best results in extracting oil from water emulsions (fig. 2, 3) compared to other aluminum coagulants
considered. However, the addition of activated carbon significantly impairs the erdic@hus, the addition of
sorbent in concentrations of B@y/dn? and 100mg/dnt at a dse of aluminum hydroxide of 58g/dnT leads to an
increase in the residual concentrations of oil in water. For example, femiperalized water, the residual oil
conent at tle concentration of coagulant Bfy/dn? increases from 0,8@g/dn? in the absence oforbent to
1,17mg/dn? in the concentration of activated carb8Amg/dn?, and at the inerased dosages of sorbent to
100mg/dn? the oil content in water is alsdgh i 1,13mg/dn? (fig. 7). And the degree of watéreatment of
course, decreases from 99,2% to 98,@ig. 8).

During treatmentof highly mineralized water (fig. 7) there is also a negative effect. At the doses of
aluminumhydroxide in the range ofi30mg/dn?, its individual use is much more effective than at the complex
application with a sorbent. Accordingly, the degredreatmentof emulsions also decreasesnr®9,7% to 98,%

(fig. 8).

2 5 10 20 50
D, mg/dm?
—-e—1 -2 ——3 -84 ——5 ——6
Figure 9. Change in the concentration of oil in fresh (1, 23) and salt (4, 5, 6) WaterﬂHEnm-a[]: 100mg/dm?) depending on the dose of
AI(OH) .ClI (in terms of Al,Os) and the working concentration of the sorbent: ng/dm? (1, 4), 50mg/dm?® (2,5), 100mg/dm? (3, 6)
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Figure 10. Dependence of oil removal fronfresh (1, 2, 3) and salt (4, 5, 6) wate[Hz-m-n-a!]: 100mg/dmq) depending on the dose of
AI(OH) .Cl (in terms of Al,O3) and the working concentration of the sorbent: ng/dm? (1, 4), 50mg/dm?® (2,5), 100mg/dm? (3, 6)

The efficiency of the process abmplextreatmentof wateroil emulsions of aluminum hydroxochloride
and activated carbon depends on the initial mineralization of water (fig. 9, 10).

In the case of combinadeatmentof low-mineralized waters of aluminum hydroxochloride and activated
camon, a stable positive effect is observed at the dose of coagul&dtnug/dn? and sorbent concentrations of
50 mg/dn® and 100mg/dn®. At these concentrations, the residualdgitreases from 0,9fg/dn? in the absence of
a sorbent to @2mg/dn? in caseof sorbent dose 5@g/dn? and to 0,1@ng/dn? in case of sorbent dose
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100mg/dn?. The watertreatmentlegree correspond to the value 994)®9,58%, 99,8% (fig. 10). At lower doses
of aluminum hydrochloride sorbent impairs indicators of watsatment

In the highly mineralized water, aluminum hydrochloride is the least effective in comparison with
hydroxide and aluminum sulphateigif 2). However, in combination with activated carbon already at low
(5 mg/dn?) concentrations of coagulant, the efficiencyodfextraction from salty sotions increases significantly
(fig. 9). Increasing the sorbent dose fréBmg/dn? to 100mg/dn? practically does not contribute to increase the
degree of watetreatmentfrom oil (fig. 10). Residual oil concentrations in watat different doses of activated
carbon are almost the same.

Summarizing the results, it is possible to say that the efficiendyeafmentof fresh water from oil at
complex treatment with aluminum coagulants and activated carbon i) Slepends o the type of coagulant.
The greatest combined effect is observed with simultaneous application of aluminum sulphate and activated carbon
i the effect is the most stable and linear. In particular, in case of absence of sorbent at a concentrationmdf coagula
of 50mg/dn? the residual content of oil for aluminum sulfate, aluminum hydroxide, aluminum hychlmxie in
fresh water is 1,4ing/dn®, 0,80mg/dn? and 0,95mg/dn?®, respectively. At addition of activated carband
coagulants in doses of Bdg/dn?, the corresponding valuege 0,99mg/dn?, 1,17mg/dn? and 0,42mg/dn?. In
case of further increase of dosages of activated carbon Gond@in? at stableconcentration of coagulants
(50 mg/dn¥), the residual oil content correspondsdt69mg/dn¥, 1,13mg/dm® and 0,16mg/dn?. High efficiency
of treatmenif low-mineralized water at the complex use of aluminum hydrochloride and sorbent is observed only
for high concentrations of reagents. The combined use of aluminum hydroxchloride and activated carbon at low
concentrations is inappropriate. Treatmenthe mineralized water from oil using coagulants and activated carbon
(fig. 51 10) it is advisable to use aluminum hydroxochloride in combination with a sorbent. At the same time, there is
a stable linear incrse in the efficiency of watetreatment And aluminum sulphate or aluminum hydroxide is
impractical to use in combination with activated carbon. This is confirmed by the supporting irsdidatiie dose
of coagulant 50ng/dm3 in the absence of active lwam, the residual oil content for aluminum hydroxochloride,
aluminum hydroxide, aluminum sulfate in salt water corragisdo 1,92ng/dm3, 0,34ng/dn¥ and 0,54mg/dn?. In
the case of active carbdn the dose of 5éng/dn? at the same concentrations of colagt (50 mg/dn?), the
indicators are 0,5Img/dn¥®, 1,96mg/dn? and 0,3Img/dn?. And at increased doses of activated carbon
(100mg/dn?) at he same doses of coagulants ag/dn?) the residual concentrations of oil abgs4mg/dn?,
1,28 mg/dn? and 0,54mg/dn.

The ambiguity of the obtained results can be explained by the heterogeneity of the initiabilvater
emulsions. However, it can certainly be argued that the use of aluminum coagulants to extract oil from water
solutions of different mineralization ieasonable and effective.

Conclusions

As a result of the research, it was shown that aluminum sulphate, aluminum hydroxide, aluminum
hydroxochloriden concentrations from éhg/dn¥ to 50mg/dn? provide a high degree of oil removal from watelr
emulsions The degree of watéreatment is 9i799%.

It is proved that the efficiency of oil removal from water using aluminum coagulants depends depends on
the chemical composition of coagulant, as well as on mineralization of the source water. Aluminum hysrtvede i
most effective in extracting oil from water, which provides minimal residual concentrations in both fresh and
mineralized water.

The compatible use of aluminum coagulants with activated carbon is marked by a fluidity of efficiency,
which depends orhe type and concentration of coagulant, the dose of sorbent and the mineralization of the source
water.

As for the prospects of further research, it is planned to conduct research on the processes of removing oll
from water solutions by electrochemical imats, in particular electrocoagulation and electroflotation. In these
research it is planned to use iron and aluminum electrodes.
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MODELING OF THE DYNAMICS OF ROTORS OF VARIABLE MASS OF
TECHNOLOGICAL MACHINES

The dynamic parameters of rotors of variable mass of windimgwinding machines in a nofinear setting were
studied. For one of the approximationsthe constant linear speed of the winding V=const, the engineering dependences on
time for the following parameters were obtained in an explicit form: the current radius of the rotor r(t), the angular velocity
55 6qh OEA 1 T jAtheGnorhed ofiHe Andb(nEok movemeni(t). These dependencies are the basis for creating
a softwae-hardware complex of dynamic control and maintenance of specified parameters of unwindimgling
technological machines in online mode. Computer modelling of the model for the parameters of a specific technological
machine- longitudinal cutting machinePRS5201 manufactured by the I1zhvazhmash plant was carried out. The simulation
results were in good agreement with the experimental data obtained in the-fglhle experiment. The relevance of the work is
confirmed by acts of proceedings at several entésps of the paper industry in Ukraine and Europe.

Keywords:rotor with variable mass, nonlinear dynamics, dynamic parameters, moment of inertia, moment of
momentum.
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Introduction

Modern processing technologies use hogifformance winding and unwinding maoeés for compact
packaging and processing of tapes, strips, sheets, cables, ropes, fabrics -avm/earormaterials, etc. High
productivity requires the maximum possible speeds of the winglimgnding process, which, in turn, is limited by
the mechanical @racteristics of the wound materials. On the other hand, the presence of dynamic models of these
processes helps to increase the productivity of technological processes, and the control of the transition to rigid
modes with limited acceleration allows rtot exceed the dynamic loads and the ultimate limit of strength of the
wound material, which also improves the quality of technological operations.

The aim of the work is the construction of dynamic models of rotors with variable mass at a constant linear
speed of windingunwinding, as a theoretical basis for the creation of a software and hardware complex for
controlling the parameters of the technological process, the identification of the regularities of the dynamics of
rotors of variable mass, the consttion of a mathematical model of a twort rotor of variable mass in a ndinear
setting and experimental verification of proposed models.

Review of recent publications.

Rotary machines are extremely common in many fields of mechanical engineeringg anidi processing,
agricultural machinery, metalworking, food and light industry. At the same time, in many cases, the technological
processes of processed masses of raw materials interacting with the rotors of technological machines lead to a
change in ta mass and geometry of the rotbteshchersky 1.V[1], Kosmodemyanskyi A.A.3], Popikov O.0[4].
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Among the works devoted to the dynamics of bodies of variable mass, the classical works of .V. Meshcherskyi, I.I.
Artobolevskyi, M.E. Zhukovskyi, I.I. Blelkman, A.A. Kosmodemyanskyi, L.G. Loitsyanskyi, A. I. Lurie, F. R.
Gantmacher, R. Appell, E. Routh, J. Pollard, and others. It is kivbegmchersky I.V[1], Kosmodemyanskyi A.A.

[2], Popikov O.0.[4], that rotors with variable mass have variable inerti@lameters and variable geometry.
StudiesBykov V.GJ5, 6, 8] Kovachev A.S.[9], Zaitsev N.N.[11, 10] are devoted to the regularities of the
dynamics of rotors of variable mass in a nonlinear setting. A significant part of research is devoted toehesprobl

of balancing, changing resonance frequencies, minimizing the dynamic reactions of supports, and identifying the
limits of the asymptotic stability of rotor dynamiksirakin A.D. [15], Degtyarev S.A[16], Horbenko A.N[17, 18,

19]. Models of the dynaios of rotors in a nonlinear setting with infinitely large turns are giveboirokin F.D [13,

12]. In Kurakin A.D. [15], Degtyarev S.A[16], Makarov A.A[14], the peculiarities of the nonlinear dynamics of
rotary machines with a controlled change oftfan in the supports, impulse contact interaction with the stator and

the presence of damage such as cracks are indicated. The influence of the anisotropy of moments of inertia and the
definition of critical modes of nonlinear dynamics are givemlarberko A.N. [19], Volkova N.V.[20], Gorovoi,
S.A.[21]. Possibilities of dynamic monitoring of rotors of compressors of Ukraine'srstatiansmission system

are studied irKrivoruchko V.T.[22], and accelerated resource forecasting of such systems isigiGrabar 1.G.

[24,25] Reduction of vibrations in rotors using passive balancing devices and their mathematical modeling, as well
as a fowball balancer design proposed by Makram[28]

Despite the large number of publications devoted to the dynariosoos with a variable mass, the issues
of modeling the dynamics of rotors with a variable mass in an explicit form, with obtaining convenient engineering
formulas, remain poorly studied. Such models make it possible to propose a strategy for maeagpegating
modes of rotary machines and significantly increase their productivity and product quality. Therefore, the study of
the dynamics of technological machines with rotors of variable mass is interesting and relevant from both a
theoretical and a pctical point of view.

Formulation of the problem.

Variable mass rotors are quite widespread in modern technological and transport machines (rolls, drums,
spindles, coils for winding or unwinding threads, ropes, tapes), heavy engineering, power engineering
instrumentation, etfl-4). A fundamental feature of such problems is the variability of mass and geometry
parameters over time. Dynamics, vibrations, change of natural frequencies, minimization of negative consequences,
minimization of dynamic componenin supports, etc. In modeling the dynamics of rotors with a change in mass, it
is conditionally possible to distinguish three classes of problem formulation:

1. V=consti constant linear speed of winding (unwinding) tape (strip)

2.%¥ = ¢ olncenstant anglar speed of the rotor of the windiugwinding machine

3.V()=var;¥ ( t )sthe general case.

Theoretical studies. In this work, we will use the constraintVEconst As shown above, the rotors of
winding and unwinding machines, tapes, threadpes, rolls change their mass radiusr, moment of inertidy
over time:

m= var
r =var )
I, =var

As a result, variable torqudy, is required for the drive shaft, such rotors, with ablé angular velocity
and variable value of powét:

M. =var
w=var (2
N =var

The differential equations of motion of the rotor can be written in a general form (in a linear formulation):

/hxlx:MCtG_M (3)

whereMr is the reduced moment of friction.
To solve (3) under general initial conditions:

Sl = o
W o= Julio =4
it is necessary to define functional dependencies:
m(t); r(t); 1, (0) )
It follows from (5) that with variabléx(t) the differential equation of the rotor motion (3) is only a partial

case, that is, an approximation fg ¢ o.n s t
For the general case of the problem formulation, we will use one of the central theorems of dymtiaenics

4)
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theorem on the change of the momentum of the amount of motion:
di _ -
oMo (6)
dt

For rotors with two fixed wheelbarrows, thiat a fixed axis of rotatiof m the projection of the vector
equation (6) onto this axis gives:

dL,
-2 = 7
at (1)
Where:
szlx QX;MX '\A:Qts M- (8)

It follows from (7)}(8) that it is possible to build a mathematical model of theadyics of the variable
mass rotor, if it is possible to build the functional dependencies (5).

Case 1V=const

Let the speed of the winding tape:

dl
=— =consl (9)
dt

where I(t) is the length of the tape.

Case (9) corresponds to the conditiafigninimizing the effects of jerks and shocks in the system, which
means minimizing changes in the tension folg® of the winding (unwinding) tape or web. In the case of
collecting straw into a roll (9) corresponds to the condition of the movemein¢ dfaier at a constant speed, which
from a practical point of view is also quite convenient for practical implementation.

Assumptions of the model: Let a tape of thickriebe fed to a drum of radius at a constant spead

Determiner(t); ¥ ( ;0 ); txd) in an explicit form as a function of time.

Fig. 1.To the derivation of the dependencieMy ¢) and¥ ( t )
As follows from Fig. 1, the current radiugnd the length of thieth turnl; can be expressed:

I li

i
1 ri=rot+h 1= 2 o'(h)‘
2 r>=ro+2h =2 'o'l(Zh'I) (10)
é é é
n rn=ro+nh =2 "ofnin)
Then the total length of the wound tape
€3 0 4]
n ok Hr F, + OF >
=4l =2pg€‘éo ° 7 ° °h+(1 263+ n)Y
= 6 neOL ' o 0 (11)
n +1 eh
= b —— nOQj 2 —(r 1
2p8n M bg o (1)
This allows you to determine the number of tumnas
r_.-r
n=-1&__0-nh . b (12)

h
It follows from (11)(12).
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2 & I To b 0
lE =r(rmax T O)é 0 _-mz—o 9
¢, (13)
_2:0 al’max-H’O h
__(rmax -ro)%—
h C 2
For h<<(r maxro) it follows from (13).
210 ér.max-H’O 6 2 2
IEO T(rmax -rO)wg 2 gihqr max | _O) (14)
(14) allows you to find the total time of the winding ritl
_llz P 2 2
tE - V W( max o ) (15
As in the case of (10), wheawmtfoMeachtumst , it all ows to
[ ¥i o (]
1 V 20(r, +h
M{: qjlzﬁ _p(O )
r,+h 4 \Y
2 _ Vv _2p 20(p+2h)
;= af, =~ S
r, +2h A \Y 16
3 Vv _2 200+ ) ¢
w, = of, = S
r,+3h A \Y
é é é
N vV qi _% _2p(r, +nh)
" r,+nh "W V

The values of, andgpt make it possible to obtain the functional dependence Eftvithout the parameter
n. However, before that, it is necessaryotziain the sum ofpit gn order to obtain the total time from the start of
winding to reaching theth turn:

Therefore :
i ti g
11
0t =L ¢, te =22 (r, )
22 2 2
quzvp ( +h2 =01, +, T/B( oh)" Ver( o h -
33
0, =22 ¢, +h3 t3E=qal+qa2+m3;,2€[r pro2e bl
€ é é
uN 2p 20&  n+nh g2 éh
= +h < >
o, Vv 6 te=0l, tdp, + » P 8n 07n H—Z\gjn :802 n( +
The current time (17) and the value of ygandtgfimom ( 16)

a parametc form:

é VvV
| " r,+nh
| 2 ¢ (18)
Tt =%nS 4=(n B
3 “En
VAN &
From the second equation of system (18), it is easy to obtain the equation with reapect to
h 3 h \%
n® +n§go + 8t-500 0 (19)

The solution of which gives
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nh=,[%, NoRvy @, h (20)
¢ 2 P 2
Substitute nh intohte first equation of system (18):

mt) =

Jo:of”

<

3 h hv ., .. h (21)
%0 +— g+— 10—
¢ 2= p 2
(21) allows you to functionally set the dependence of the angular speed of the rotor on thevtimb
starts from the beginning of winding the roll. For the thickness of the wowmd a3 3 minf, the valueh/2 is
neglected, as it is infinitely small of a higher order of smallness. Then:

\Y,

Mmt) = ————
’I’ 2 +h7V e (22
min p

Table 1 shows the estimate of the approximation error (22)
h/fmin 0,1 0,01 0,001 0,0001 0,00001
U, % 5% 0,5% 0,056% 0,005% 0,0005%

Jo:of”

It follows from (21}(22) that the angular velocity of the rotor is inversely proportional to the winding time
to the power of 0.5. Approximation (22) allows you to obtain engineering formulas for calculating other rotor
parameters frortime. In particular, the dependence on time of the current radius of the rotor:

hv
r(t)=,|r2, +—t (23)
p
variable mass of the rotor from the time of winding:
m(t)=m +/r, t (24)
moment of inertia of the rotor from the time of wingin

&, hyv
+Vr e+t

| (t):[m’ O @9

" 2

moment of the amount of movement of the rotor from the time of winding:

L(t)ZIXW '_'\é[m) M, t] rr2ni nﬂt_ (26)
p
derivativedL/dt
a hV, 6 \Y/
a v At G v 9B
—=1 45 ¢ ' @7)
d 4 , hV
rmin+7t
Jo,

In this way, the approximation (22)(27) was obtained the functional dependence of the dynamic
parameters of the rotor on the winding time. These dependencies are completely determined by the winding speed
V=const the tape thickness h and the drum radiys The obtained dependencies (22§J27) allow solvirg
engineering problems of the dynamics of a rotor of variable mass when winding (unwinding) a layer of constant
thickness with a constant linear speed of winding.

As a result of the research, a mathematical model of the dynamics of the rotor of varisblasduilt
and the regularities of its movement in a wide range of parameters were rewghtdthe mass of the rotor and its
moment of inertia change by MO times. This makes it possible to carry out a dynamic analysis of the movement
of the rotorand to choose rational technological parameters of the machine, as well as to propose a methodology for
choosing the optimal modes of operation of units with rotors of variable mass, in partitmlarnwinding and
winding machines according to the eribn of the limit stresses in the winding material (rope, tape, canvas) . On the
basis of these models, algorithms and instrumental tools for the design of rotary machines operating under
conditions of changes in the madimensional and inertial parameteof the system are proposed. The proposed
models allow working out optimal control modes, in particular, in a significant part (more than 80%) in a computer
experiment, significantly automating engineering calculations, creating a CAD subsystem "Dgnaiygis and
control of rotary machines of variable mass and dimensional characteristics" and the corresponding hardware and
software complex. This is relevant both at the design stage and at the stage of operation of such machines. The
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obtained results nk& it possible to improve the calculations of the dynamics of rotors of variable mass and to
determine the limit modes of operation of the units according to the specified criteria.
Application example.

The rotor of the longitudinal cutting state has thkéofving parameters:

Imir=0,15M; rma=0,9m; B=1,8m; h=10%m

11=0,144kg/m' ; | ,=0,080kg/n? ; } =800 kg/m® ; V=5 m/s

|:( r 2ma)( - rzmin)* ’ /h:24739 m

Ma=B*L*}, = 3562 kg, Mo = "* r%min*B* } steel = 1018kg

Mgrotor = Mo+ Myar = 4580kg; h/rmin=10-4/0,15=0,00066thendt =0, 03 3 %.

The simulation data dhe dynamic parameters of the rotor are shown in Figg27.

Change 1n rotor radius over time at a constant
winding speed

0,9 /J
0,8

E\ 0,7 /
v
=2 06
® 05 /
| 5.
5 04
5 0,3 /
e« 0,2
0,1 v
o |
0 1000 2000 3000 4000 5000 6000

Time, s

Fig. 2. Change in rotor radius as a function of winding time

Change in rotor angular velocity over time at a
constant linear winding speed 5 m/s
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Fig. 4. Dynamics of the moment of inertia of the rotor from the time of winding
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Fig. 5. Dynamicsof the moment of the amount of movement of the rotor from the time of winding
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Fig. 6. Dynamics of the derivative of the moment of the amount of movement of the rotor during the winding process

Conclusions

1. As a result of the simulation, the equatiohthe dynamics of the variableass rotor as a function of the
winding (unwinding) time were obtained in an explicit form in a nonlinear formulation.

2. Obtained engineering formulas for changing the winding radius, angular velocity of the rotor, mbment
movement and its derivative as explicit functions of time, which allow to program the monitoring and control
system for the process in real time (on line).

3. On the example of specific technological equipmeatlongitudinal cutting machine the promsed
models were tested and implemented in production at several paper enterprises in Ukraine and Europe
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DEFINITION OF THE EFFICIENCY OF NITRATE REMOVAL FROM WATER
USING THE REVERSE OSMOSIS METHOD

Nitrates are usually present in all natural water bodies. Their source is usually agricultural production, municipal and dtiene
wastewater,and surface runoff. Elevated concentrations of nitrates in drinking water pose a serious threat to both the environment and
human health, and their removal and content control are quite relevant. The content of nitrates in drinking water is regiilhie the
requirements of regulatory documents and, according to the recommendations of the World Health Organization, should notl &ee
mg/dma3. Since nitrates are stable and highly soluble water anions with low precipitation or adsorption capabilities, theyuaite difficult to
remove from water. Currently, processes such as electrodialysis, reverse osmosis, ion exchange, catalytic and biologitatiaegre used
to purify water from nitrates. The choice of a specific method for removing nitrates frontewas determined by the technical means of
purification, the ultimate purpose of the purified water, the cost, and the degree of purification. Baromembrane methogsytinular
reverse osmosis methods, are promising, but their possibilities for nitr@emoval have not been sufficiently studied. The reverse osmosis
process for the removal of nitrates from water has been studied. A module with gpl@ssure Filmtec TW30812-50 membrane was used
for reverse osmosis water purification from nitrates. Théfieiency of nitrate removal on a reverse osmosis membrane was low, and the
selectivity of the membrane increased with increasing permeate recovery from 10 to 90% at an initial nitrate concentrati8rd ghg/dm?,
from 34.32 to 72.90%, at 10.0 mg/dinfrom 37.14 to 69.20%; at 30.0 mg/dén within 74.8681.92%, and at 150.0 mg/df within 82.92
83.11%. In general, selectivity increased with increasing nitrate concentration in the water. The residual nitrate concenisain the water
were significant in almeat all cases and often exceeded the permissible level in drinking water. At the same time, the nitrate content in the
concentrates was low, which complicates the problem of their disposal.

Keywords: reverse osmosis, nitrates, water purification, selegtiwibncentration.
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HRYNKO IRYNA., SKRYPNYK TETYANA, BARMAK OLEXANDER
Khmelnytskyi National University

QUANTUM CONVOLUTIONAL NEURAL NETWORKS: IMPLEMENTATION SPECIFICS
IN TECHNICAL, NATURAL, AND SOCIO -ECONOMIC SYSTEMS

The paper analyses and investigates the usage of quantum convolutional neural networks in technical, natural, and socio
economic systems. Quantum convolutional neural networks are a novel approachdaeiattion processing that is based on the principles of
guantum mechanics and artificial intelligenceln technical systems, the potential of using quantum convolutional neural networks for
solving complex tasks such as image processing, machine learnimjpeediction has been explored. The results have shown that quantum
convolutional neural networks can provide more accurate and faster computations compared to classical neural networks.

In natural systems, research has been conducted on the use of gomamnvolutional neural networks for modeling and
predicting complex natural processes. Their effectiveness in understanding genetic data, studying complex molecular s¢uetute
analyzing ecological systems has been investigated. It has been foundjtiattum convolutional neural networks can deliver more precise
and rapid results compared to conventional data processing methddssocieeconomic systems, the possibilities of employing quantum
convolutional neural networks for social network analysiinancial market forecasting, and resource management have been studied. The
application of quantum convolutional neural networks has the potential to enhance prediction accuracy and facilitate moestieié
decisionmaking in socieeconomic system3heresearch findings confirm that quantum convolutional neural networks have the potential to
be utilized in various domains, including technical, natural, and see@mnomic systems. They can achieve higher accuracy, processing speed,
and predictive capabilies compared to traditional methods.

Keywords: quantum computing, neural networks, artificial intelligence, qubits....
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Results using Estimator for H 1, H 2 and H 3 with the ansatz

Binding energy for H 1: -8.4365811896105766 MeV
Binding energy for H 2: -1.7491595316575461 MeV
Binding energy for H 3: -2.845678898257444 MeV
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SOFTWARE IMPLEMENTATION AND RESEARCH OF QUICK SORTING ALGORITHMS

Thearticle is devoted to software implementation and research of parallel quick sorting algorithms. Ngnf@l the case when it
is not possible to use the assets of OpenMP or CUDA technologies, which are oriented towards C++. An original programdeazloped
that implements parallel sorting algorithms in the form of a console application using the G#e @evelopment of distributed systems and
parallel computing affects the development of algorithms using parallel technologies. There is a need to compare the @ffafi@fgorithms
using technologies of distributed systems and parallel computing. Witwn parallel quick sorting algorithms were selected for software
implementation: sequential quick sorting; naive parallel quick sorting; optimized parallel quick sorting; paradletial sorting; hyperquick
sorting; parallel quicksort by regular samplingMaterial on each algorithm in C# is provided. A comparison of the speed of the considered
parallel sorting algorithms was made. The possibility of comparing the efficiency of algorithms is interesting and inforendtivthe
educational process of trainindT specialists. The software implementation of the research of quick sorting algorithms is performed in an
iterative mode in a few steps: download the program; in the open console window, enter the desired length of the sortiygfarra
generation; enterthe minimum value of the array element; enter the maximum value of the array element: choose the desired one from the
list of available sorting algorithms (enter the serial number from the list of algorithms from 1 to 6); after selecting trérgy algorithm, the
array is sorted, then the sorting time in milliseconds (ms) is displayed. and a sorted array. As a result of the reseaashfound that for
technologies related to C#, the best of the considered algorithms is hyperfast sort, and optimizatlepsort or naive parallel sort are
acceptable.

Key words: program, algorithm, sorting, parallel sorting, parallel computations
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fMselskzo Odzdz? o dCtsdgz’ s' MW dzO0 § OOdzj dz' ded R ety j MELOR, sy
n. 4 d&ZOHdz Mis' f @IsdNsISAL My Btc ZO@OdREs o' Misddé $ &OmEz Opt i mi

desEdlsd f Gl dsdiscs ( NEEERO Ouai? MY ¢ k) dh §&d s’

[ Hfr]l;’q’fr]g 9, w e Wapdms Hdz@HidY flzf @ Istf sy jdg@ste " o H dzW f Otc Odzj
LOo jteh jdedzw de@f CBzOfty ' dzj dzsdse ey Mste’ 9 ' HiNstclstse Oded 2
yJ dzZstcOdz' dzts e s okL zO wBtetsBCd, wed?2 sBO6' Hzlz® tejLkdz SOIs
Myfdmst)
namespace hyperquicksort
{ public static class SequentialQuickSort
{ public static void Sort<T>(T[] array) where T : IComparable<T>
{
Sort(array, @, array.Length - 1);
}
private static void Sort<T>(T[] array, int left, int right)where T :
IComparable<T>
{ if (left < right)
{
int pivotIndex = Partition(array, left, right);
Sort(array, left, pivotIndex - 1);
Sort(array, pivotIndex + 1, right);
}
}
private static int Partition<T>(T[] array, int left, intright)
where T : IComparable<T>
{ int pivotIndex = GetPivotIndex<int>(left, right);
T pivotValue = array[pivotIndex];
Swap(ref array[pivotIndex], ref array[right]);int
storelndex = left;
for (int i = left; i < right; i++)
{ if (array[i].CompareTo(pivotvalue) < @)
{
Swap(ref array[i], ref array[storeIndex]);
storeIndex++;
3
}
Swap(ref array[storelndex], ref array[right]);return
storelIndex;
}
private static int GetPivotIndex<T>(int left, int right)
{
return left + (right - left) / 2;
}
private static void Swap<T>(ref T a, ref T b)
{
T temp = a;
a=~b;
b = temp;
}
}
i
tdm. 1. sd&zOM Sequential QuickSort
L.itsLH dzdisd Mf dnints$h s s Linds' b tiked Is fif Is " umfdme' o, Mz 3" Mded
ftesyj Mtste’ o
2. dlsostedIlsd p slssC' 9 o' HYitseo Hdzs HB ¢ dz CsfMls' HEBMIsk Y dzd
3.1tedL dzOydisd ¥ Himf dmsC C sy dets Bkz L p fslsts¢C* o, OB d Cts
odnrn HdzBets M dmME Lz.
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namespace hyperquicksort
{
public static class NaiveParallelQuickSort
{ private const int SEQUENTIAL_THRESHOLD = 2048;
public static void Sort<T>(T[] arr) where T : IComparable<T>
{ sort(arr, @, arr.Length - 1);

}

private static void Sort<T>(T[] arr, int left, int right)where T :
IComparable<T>
{ if (left < right)
{ if (right - left < SEQUENTIAL_THRESHOLD)

{
}
else
{ SequentialQuickSort(arr, left, right);
Int pivotIndex = Partition(arr, left, right);
// Invoke two tasks to sort the left and right
halves of the array in parallel
Parallel. Invoke(
() => Sort(arr, left, pivotIndex - 1),
() => Sort(arr, pivotIndex + 1, right)
);
F

b
private static void SequentialQuickSort<T>(T[] arr, int left,int right)
where T : IComparable<T>

{

if (left < right)

{ int pivotIndex = Partition(arr, left, right);
SequentialQuickSort(arr, left, pivotIndex - 1);
SequentialQuickSort(arr, pivotIndex + 1, right);

}

}

private static int Partition<T>(T[] arr, int left, int right)
where T : IComparable<T>
{ int pivotIndex = GetPivotIndex<int>(left, right);
T pivotValue = arr[pivotIndex];
Swap(ref arr[pivotIndex], ref arr[right]);int
storeIndex = left;
for (int i = left; i < right; i++)
{ if (arr[i].CompareTo(pivotValue) < @)
{ Swap(ref arr[i], ref arr[storeIndex]);storelndex++;
}
}
Swap(ref arr[storeIndex], ref arr[right]);
return storeIndex;

}
private static int GetPivotIndex<T>(int left, int right)
{ return left + (right - left) / 2;

}

private static void Swap<T>(ref T a, ref T b)
{ T temp = a;a = b; b = temp;

}

tdfm. M Ndzi veParall el Qui ckSort
4. 159" dzr dzgd B yddes3 tBtOld hdse dzd? j-kPBEdste®®@. § jtcjHOd 2
5.0 Soydsdiz ftesyjfm' , SHdsyOMdts (§fOtOdjd d&s) o Eff' a s
Hits tsBtcOdats’  tsgfotspd elztpivot stpayf2d |
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namespace hyperquicksort
{ public static class OptimizedParallelQuickSort
{ private const int SEQUENTIAL_THRESHOLD = 2e48;
public static void Sort<T>(T[] array) where T : IComparable<T>
{ Sort(array, 8, array.Length - 1);

}

private static void Sort<T>(T[] array, int left, int right)where T :
IComparable<T>
{ if (left < right)
{ if (right - left < SEQUENTIAL_THRESHOLD)
{ SequentialQuickSort(array, left, right);
}
else
{ int pivotIndex = Partition(array, left, right);
// Invoke two tasks to sort the left and right
halves of the array in parallel
Parallel.Invoke(
() => Sort(array, left, pivotIndex - 1),() =>
Sort(array, pivotIndex + 1, right)

);
}
}
private static void SequentialQuickSort<T>(T[] array, intleft, int
right) where T : IComparable<T>
{ if (left < right)
{ int pivotIndex = Partition(array, left, right);

SequentialQuickSort(array, left, pivotIndex - 1);
SequentialQuickSort(array, pivotIndex + 1, right);

}

private static int Partition<T>(T[] array, int left, intright)
where T : IComparable<T>
{ int pivotIndex = GetPivotIndex<int>(left, right);
T pivotvalue = array[pivotIndex];
Swap(ref array[pivotIndex], ref array[right]);
int storeIndex = left;
for (int 1 = left; i < right; i++)
{ if (array[i].CompareTo(pivotValue) < @)

{ Swap(ref array[i], ref array[storelndex]);storeIndex++;
}

}

Swap(ref array[storeIndex], ref array[right]);return

storelIndex;

}

private static int GetPivotIndex<T>(int left, int right)
{ return left + (right - left) / 2;
}

private static void Swap<T>(ref T a, ref T b)
{ T temp = a;a = b; b = temp;

}
}
}
tdm. 3. sd&zOmM Opti mi zedParall el QuickSort
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namespace hyperquicksort
{ public static class ParallelSequentialQuickSort

{

private const int SEQUENTIAL_THRESHOLD = 2048;

public static void Sort<T>(T[] array) where T : IComparable<T>
{ Sort(array, @, array.Length - 1);

}

private static void Sort<T>(T[] array, int left, int right)
where T : IComparable<T>
{ if (left < right)
{ if (right - left < SEQUENTIAL_THRESHOLD)
{ SequentialQuickSort(array, left, right);
Y
else

{
int pivotIndex = Partition(array, left, right);
// Invoke two tasks to sort the left and right
halves of the array in parallel
Parallel.Invoke(
() => sort(array, left, pivotIndex - 1),() =>
Sort(array, pivotIndex + 1, right)

Y5

}

private static void SequentialQuickSort<T>(T[] array, intleft, int

right) where T : IComparable<T>

where T :

{ if (left < right)
{ int pivotIndex = Partition(array, left, right);
SequentialQuickSort(array, left, pivotIndex - 1);
SequentialQuickSort(array, pivotIndex + 1, right);

}

private static int Partition<T>(T[] array, int left, intright)
IComparable<T>
{ int pivotIndex = GetPivotIndex<int>(left, right);

T pivotValue = array[pivotIndex];

Swap(ref array[pivotIndex], ref array[right]);

int storeIndex = left;

for (int i = left; i < right; i++)

{ if (array[i].CompareTo(pivotValue) < @)

{ Swap(ref array[i], ref array[storeIndex]);storeIndex++;

}
}
Swap(ref array[storeIndex], ref array[right]);return storelndex;

}

private static int GetPivotIndex<T>(int left, int right)
{ return left + (right - left) / 2;

}

private static void Swap<T>(ref T a, ref T b)
{ T temp = a;a = b; b = temp;
}

tdH. sdzOM Parall el Sequential QuickSort.

3

RIS T e T N 14023323

101"



Technical sciences ISSN 23075732

using System;
namespace hyperquicksort
{
public class HyperQuickSort
{
public static void Sort(int[] data, int left, int right)
{
// Check if the data should be sorted in parallelif (right
- left > 1e00)
{
// Invoke two tasks to sort the left and right halvesof the
array in parallel
Parallel.Invoke(
() => Sort(data, left, (left + right) / 2),
() => Sort(data, (left + right) / 2 + 1, right)

);
}
else
{
// Use a traditional quicksort algorithm
to sort the data Quicksort(data, left, right);
}
}
static void Quicksort(int[] data, int left, int right)
{
// Check if the data is already sortedif
(left >= right)
{
return;
}
// Choose a pivot value and partition the data around it
int pivot = data[(left + right) / 2];
int i = left;
int j = right;
while (i < 3j)
{ while (data[i] < pivot)
{ i++;
}
while (data[j] > pivot)
{.  d-=
}
if (i <= j)
{ int temp = data[i];data[i] = data[j]; data[j] = temp; i++;
j--;
}
}
// Recursively sort the left and right halves of the data
Quicksort(data, left, j);
Quicksort(data, i, right);
}
b
}
tdm. 5. sd&zOM Hyper Qui ckSort
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namespace hyperquicksort

{

public class ParallelQuickSortByRegularSampling

{
public void Sort(int[] arr)

{
}

Quicksort(arr, ©, arr.Length - 1);

private void Quicksort(int[] arr, int left, int right)

{
if (left »>= right)

{
}

return;

(left + right) / 2;
arr[pivotIndex];

int pivotIndex
int pivotvalue
int i = left;
int j =

right;

while (i <= j)

while (arr[i] < pivotValue)

it++;
}

while (arr[j] > pivotvalue)

{

¥
if (1 <= 3)

it

int temp =
arr[i];arr[i] =
arr[j]é arr[j] =
temp; 1++;

-

}

if (left < 3j)
{
Parallel.Invoke(
() => Quicksort(arr, left, j),()
=> Quicksort(arr, i, right)
)
;)

else

{

Quicksort(arr, i, right);

tdm. 6. sd&zOm Parall el Qui ckSortByRegul ar Sampling
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POLYETHYLENE FILMS FOR LONG -TERM STORAGE OF METAL PRODUCTS:
REQUIREMENTS, NEEDS, PROPERTIES

The main criteria put forward to polymer coatings as means of antirrosion protection of metal products have considered by
studies. Thévasic requirements of consumers for aftorrosion protection of metal products using film materials have been established. It is
shown that the use of film polymer materials for lortgrm protection of metal products is characterized by features due lie tombination
of preserving the functionality of polymer materialsprotective and barrier characteristics and the preservation of the metal product itself.

It was determined that the main directions in the development of film polymer coatings for {tergn protection are the study of
their aging processes, changes in properties depending on the terms and conditions of operation, consideration of thecénfifiche
constituent components of the coatings on the duration of operation and the possibifith@ir further use. The change in the properties of
polymer composites is the result of the action of many factors that can cause a positive or negative effect.

The separate directions of development of works on aging of polymers, which are activelyedaotit today are researching on
films with volatile atmospheric corrosion inhibitors of metals, plasticizers and other technological additives. At the semg the main
accentis placed on the correct selection of ingredients of coating and express aisalgespite the use of accelerated experiments, the
development of appropriate mathematical apparatus for interpreting the results, improvement of research equipment.

The analysis of scientific studies of the aging processes of polyethylene films dupemrgtmn and the determination of the
necessary directions of research will facilitate and improve the preservation of the properties of polymer materials, agntetkie service
life of metal products.

Key words: polymers, polyethylene films, filler, stture, aging, closed storage.
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HORIASHCHENKOKOSTYANTYN, STETSIUK VIKTOR, HORIASHCHENKOSERH]IY, LYSY| ANDRIY
Khmelnytskyi National University

MODELLING AND TESTING OF SYNCHRONOUS MOTORS WITH PERMANENT MAGNETS

Permanent magnet synchronous motors (PMSM) have been known for a long time. In Ukraine, this typean$ risohot used
widely enough. Synchronous motors require less energy to provide sufficient performance than thé&neelh induction motor. It shows
what PMSM require control equipment to ensure smooth rotor start, motion and stop.

Three schemes like MeFrequency (VF), Sensorless Vector Control (SVC) and Vector Control (VC) to control motors are currently
known. But only the control of the encoder at VC control type ensures an adequate start of the synchronous motor. PMSibwaltow
archive a constantincrease in speed, a quick response to the rotor load. The output torque of the PMSM is automatically regulated by the
supply voltage and current with stable rotations.

The article shows results of comparing existing PMSM motor with an encoder with ti8@ator Control Driver and virtual model
of PMSM with a variable loadn the mathematical model of a synchronous motor, the equation of the stator of an asynchronous motor is
used, which takes into account the interaction with the rotor through the magodlux. The position of the rotor magnets is determined by
the rotor design itself, regardless of the stator voltages and currents. The instantaneous value of the induced electrdiomagv€EMF) is
also determined, which makes it possible to determihe stator currents and the rotor torque.

Permanent Magnet Synchronous Motors (PMSMs) are widely used in machinery such as elevators, shredders, and conveyors due to
their ability to "hold position" when the motor brakes are off, with the load supportedesp by the PMSM motor itself. The higipeed
response of the frequency converter together with the control system ensures a constant rate of increase in the motoregmdiess of
load changes. Thus, the synchronous motor maintains stable mechanicatacteristics regardless of changes in load and rotation
frequency. At the same time, the motor voltage and current are dynamically adjusted to ensure the desired output performance

Keywords? - synchronous motor, control, encoder, vector control
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DUPLIAK STEPAN, SHAKHOVSKA NATALIA
Lviv Polytechnic National University

ASSESSMENT OF ADEQUACY OF CONTENT BY CONTEXT USING BERT MODEL ENSEMBLE METHODS

Over the past 20 years, text has dominated the Internet as a means of communicating information. Every day, new peopta are bo
and every day, new people sign up for social media. Due to lack of education and attentapie pese social media to express their thoughts
and virtualize themselves, sometimes forgetting that there is another person on the other side of the monitor. Such protéssean life
lead to the reckless or sometimes intentional generation of contérdt may violate the rules of the communities where this content is
produced. One of the primitive and nestalable examples of dealing with the problem of uncontrolled generation of social content is physical
moderation. This method makes sense in privatésed channels of communication with the audience, where the bandwidth of a person as a
moderator is sufficient to effectively control the information space. Despite the reliability of humans in terms of infoomatnd moderation,
humans are lifelongéarners, and they are what they read or see. Therefore, there is a possibility that human moderation is biased from the
point of view of all people who are in the same information spa€ke topic of assessing the adequacy and ethics of a text is gaining
popularity even as the amount of information generated in social networks increases. The problem is that modern methodsewhteation
are not able to work with differently contextualized data, i.e. a model trained on one data set is tied to the caitéhea data environment in
which this set was collected. The method developed in this paper allows a model to be trained on different contexts arddedéplatasets,
and to directly vote each model in the ensemble for its own version of the truth aiegrto the local context of that model. We will develop a
binary message adequacy/normality classifier based on ensemble technology. You can observe the set of methods | havhathasen t
optimal in terms of execution time, training time, RAM, and, atingly, accuracy. In particular, these are methods such as Catboost
XGBoost for classification and extraction of features and context, BERT and itsypebROBERTa were chosen. | will conduct a
corresponding analysis and experiment on these methodsetdfy that this method is really effective.

Keywords: neural networks, BERT, RoOBERTa, Catboost, XGBoost.
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