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Cekuin 1
METOJIN MATEMATHYHOI'O MOJEJIFOBAHHSI

K. texn. H. Aepeun O.JI., 1. TexH. H. CagoBoii O.B., acn. Iepeus C.O.
Jninposcvkuti oeporcasHuti mexuiunux ynisepcumem, m. Kam'ancoke
JOCJIIAKEHHSA OIITUMI3ZOBAHOI'O 3A HIBUAKOAIETIO

EJEKTPOIIPUBOJA B YMOBAX BAPIIOBAHHS ITAPAMETPIB

OnHi€er0 3 BUMOT J0 CUCTEM KEPYBaHHS €JICKTPONPHUBOJIAMU € ONITUMAIBHICTD 32
MIBUIKO/I€I0. 3TiIHO 3 MeTojaoM N-i NepeMuKaHb, MPU CUHTE31 ONTUMAIBHUX
pPEryJsATOpIB TPUHUMAETHhCS JOMYIICHHS TMPO CTAIICTh pUBKA Ha I1HTEpBajax
craburizamii Hanpyru. BoHO € Jyke TNpOAyKTUBHUM, ajieé B JIACHOCTI HE
BUKOHYeThCS.  lle  cnpuumHsie  BiAXWUIIEHHS  pyXy  CHCTEM  KepyBaHHS
CJICKTPOIPUBOJIAMH BiJl PO3paxyHKOBUX TpaekTopiit [1, 2]. Taki cuctemu He MOXKHA
BBXKATH CTPOT'O ONTUMAIBLHUMU 32 MIBUIKOIEI0 0€3 T0JaTKOBOT KOPEKIIii.

Cuctema audepeHialbHUX PIBHSIHb AUHAMIKH CJICKTPONPHUBOAA IMOCTIHHOTO

CTPyMY 3 TPAH3UCTOPHUM IepeTBOproBaueM [1] mae Burisn
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Jle ®- KyToBa MBHKICTh Bay, K, ,R,L,J,C=K®- napamerpu enexrponpusona. i —

CTpyM sikopsi, U — Harpyra, P =d / dt — cumBou mudepeHmiroBaHHs.
Jlns moOyI0BH ONTHMATBHOT 32 IIBHUIAKOIIEI0 CUCTEMH KEpPYBaHHS HEOOXIIHO

3acTOCyBaTH [2] KacKaJ peleHUX PEeTyIsITOPIB
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1€ €,8- BLANOBIAHO KYTOBI INPHUCKOPEHHS Ta PUBOK, CUMBOJOM «™*» TMO3HAYEHO
3aJjaHl 3HA4YeHHS, IHAEKCaMH «max» I[03HaueHo piBHI oOMexeHHs; K .
KOEe(QILIEHT 3BOPOTHOTO 3B A3KY, Ug, ,Ug, — CUTHAIHU PETYISATOPIB.

[lapameTpuuHuii CUHTE3 PErysATOPIB (2) 3AIMCHIOETHCS 3a (OpMyIamMu

c . c 1 € max
gmax:_'lmax’amax:_'_'umax’Kma: .
J J L 2-amax

3)

3BepHeMocsi 70 00’ekta KepyBaHHsS (1) 3 TakuMu TapaMeTpaMu W piBHSIMH
O0OMEKEHHS MPOMDIKHUX KOOPIUHAT:
R=10m,c=4B-¢,L=01In,J =05ke- M@, =50¢ ", @
1, =20AU, =220 Bl =21, ,Upax =13-U,,.
K1 BU3HAYAIOTh KOE(ILIEHT 3BOPOTHOTO 3B’ A3KY PEryJIsiTOpa MIBUIKOCTI.
BukonaemMo eMmipuyHU MOLIYK ONTHUMAJIbHUX HANAIITYBaHb PETYISATOPIB (2)

He wMarounm 3morm 3MIHIOBAaTH q)aKTI/IIIHe 3HAa4YCeHHA U BHUKOHAa€EMO cepiro

max >
YHUCEJIIbHUX EKCIIEPUMEHTIB 3 BapilOBaHHAM pPO3PAXYHKOBUX 3HAYEHb AaMIUTITYIH

Hanpyru [2] mig yac obuucienp K, Jias 3pydHOCTI 3a7aBaTHMEMO 3HAUEHHS
HampyTu 3a JOIOMOro0 KoedilieHTa po3paxyHKoOBo1 Harpyru K,

Umax = Ky *Umaxo (5)
1€ Umpax — PO3PaxyHKOBA aMIUIITYJa HAPYTH Y MOTOYHOMY €KCIEPUMEHTI, Upyayo—
0a30Be 3HAUCHHS aMILTITYIH, BCTAHOBJICHE B (3).

Ha puc.1 HaBeneni pe3ynbTaTi TOOYIOBH CIMEMCTBA MEPEXiTHUX HYHKIIIN (o(t),

OTpUMaHi B Pe3yJbTaTi YOTHPHOX CEPii €KCIIEPUMEHTIB JJIsi BUMAJAKIB PO3TOHY MPHU

BapiloBaHH1 HANPyTH BIAMOBIAHO 0 BKa3aHUX 3HaueHb K, a came

*

a 0 =0,, smauenns K, 1)0,5; 2)0,7; 3)1,7; 4)2,4; 5)3,0;
6: o =03-0,,3mavenns K, 1)0,5; 2)0,7; 3)1,7; 4)24; 5)3,0;
B:® =01-w,, smauenns K, 1)0,7; 2)0,85; 3)1,1; 4)1,2; 5)14;

r:o =001-w,,3Havenns K, 1)0,7; 2)0,85; 3)1,1; 4)1,2; 5)1,4;



3 HEepepaxyHKOM dp., Ta K. 3a ¢opmymamu (3). [iarpamu Ha puc.l 3 Oublu
BUCOKMM  PO3TAallyBaHHSIM  BIANOBIIAIOTH  OUIBIIMM  HOMEpaM  BaplaHTIB
HajamtyBaHHa. LI ngiarpamMu 1€MOHCTPYIOTh pPO3ODLKHICTH Ha KIHLEBIM crafli

PO3roHy, sIka BUHUKA€ 4e€pe3 3CyB MOMEHTIB I104aTKy KOB3aHHs peryisaropa R, .
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Puc. 1. CimelicTBa nepexiiHUX XapaKTepuCTHK
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Puc. 2. 3anexkHicTh TPUBAJIOCTI peryJIl0BaHHs Bijl KoedinieHTa po3paxyHKOBOI HANIPYTH

3anexHocti t,,, Bin koediuienta pospaxynkosoi Hanpyru K, (puc. 2) maioth

BUPAXCHUN EKCTpEMyM, SKUH HE BiAMOBiIae 0a30BOMY 3HAYCHHIO BapiliOBAaHOTO
napametpa. lleit (akT BKazye Ha MOXIHMBICTH PO3POOKH METOAIB KOPEKIIii

HaJalTyBaHb €JIEKTPOINPHUBOJIA 3 METOIO HOro e(heKTUBHOT ONTUMI3AIlI].



Cnmcox BUKOPHCTAHUX JKeEpeJI

1. Cagonoii O. B. CreniaibHi MUTaHHS MaTEMaTHYHOTO OIMKCY 1 MOJCIIOBAHHS JTUHAMIKU
CKJIAJJHUX CUCTeM : HaByanbHUH nocionuk / O. B. Cagosoii, O.JI. [epenp. — JAHITPOA3EPKUHCHK :
JATY. —2014. - 206 c.

2. Hepenr O. JI. Merogq N—i mepemMukaHb y 3ajadax ONTHUMI3allii 3a MIBUIKOIIEO
moHorpadis / O.JI. depeusb, O. B. Camosoii. — Kam’saceke : JJATY. — 2021, — 252 c.

K. Texn. H. [Aepeun O.JL., 1. TexH. H. CagoBoii O.B., acn. Iepeus C.O.
J[Hinposcvkuti oeporcasHuti mexuiunux yrnisepcumem, m. Kam'ancoke
CHUHTE3 CUCTEM TPETHOI'O TIOPAAKY 13 AITIEPIOJUYHUM
BXOIXEHHSM Y KOB3HUM PEXKUMOM

J1o TO3MINHHUX EJIECKTPONPUBOIIB BUCYBAIOTHCS JIOCTATHBO YKOPCTKI BUMOTH
HE JIMIIIE CTOCOBHO TOYHOCTI BIITBOPCHHS 3a/IaHOTO ITOJIOXKEHHS, aje M JI0 SKOCTI
nepeximHux mpomeciB [1]. 3okpema, pazoM 3 BHMoOramu 3a0e3MeueHHS BHCOKOi
TOYHOCTI Ta MaKCHMaJbHOI NMPHU 3aJaHUX OOMEKEHHSX MMBUAKOAII [2], THITOBOIO
3a/]a4er0 TPOCKTYBAHHS TAKUX CHCTEM € O0OB'3KOBe (OpMYBaHHS TEPEXiTHUX
IpoIeCiB 3 amnepioJUuYHUM XapakTepoM. Bumosmina ¢opMu ONTUMAaIbHOI 3a
IIBUIKOTIE€I0 TIEPEX1THOT TPAEKTOPII, sIKa 3aJICKUTh BiJl BEJIMYMHH 33]1al0Y0T0 BILJIUBY
[1, 2], 3matHa 3a0e3meunTH amepiogu3aiiio KOB3HHUX PEKHMIB IPH YCiX (opmax
NEepPEeXiTHUX TPAEKTOPIiN, 3aCTOCOBYBAaHUX B paMKax MeTony N-1 IepeMUKaHb.
Cucrema nudepeHIiabHIX PIBHAHD TUHAMIKU MO3HUIIIHHOTO €JIEKTPOIPUBOAA
MOCTIHOTO CTPYMY Ma€ BUTJISI
kp-¢c .
pop=0, po=e=—-"(i—I)
J
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e @, M, €,8- BIANOBIIHO KyTOBI IMOJIOXEHHS, IIBUIKICTb, MPUCKOPEHHS Ta PUBOK
BHKOHABYOIO Baily, U - Hampyra meperBoproBaua; K, ,R,L,J,c=k®- napamerpu

eJIEKTPOTPUBO/IA.
Meton N-i nepemukanb [2] 103BOJISIE BUKOHATH MJis €JICKTPOMEXaHIYHOT

cuctemi (1) mapaMeTpuyHUil CUHTE3 KacKaJy peleHUX PErysiTOpIB

Uge =0 = Oy -Sign((p* —0— Ky 00— K -s)
uRw:S*:emaX-Sign m*—oo—ng -8) : (2)
Ug, =U" =U, -signle” —¢

)i (S K(Pm, K(Pg, Kee

Koe(iliEHTH 3BOPOTHHUX 3B’SA3KIB; CHMBOJOM * MO3HAYEHO
3a/1aHl 3HAYEHHS BIJAMOBIAIHUX 3MIHHUX, SK BXiAHOI, Tak 1 (OpMOBaHUX
peryasatopaMu sl MANOPSAKOBAHUX iM KOHTYPIB; 1HJACKCAMH «max» IMO3HAYCHO
piBH1 OOMEXKEHHS KOOPJAUHAT CTaHy.

Bupasu qis koedirieHTiB 3BOPOTHUX 3B’ S3KIB € QYHKIIISIMHA PIBHIB OOMEKEHHSI

KaHOHIYHUX KOOPJAUHAT O may +€max » dmax

2
(0] € w & e
K _ max + max K _ max + max K _ max - (3)

G0 R 2 0 Tee
2 €may  2- 8y 4 - 8y 12 - 2 - 8pax

Jlo BuxopucranHs ¢opmyn (3) pa3oM 3 anropuTMOM KOPEKIIii piBHIB
oOMexxeHb [2] 3BOIUTHCS MaTeMaTHYHUHN amapaT JaHoro metoay. Omuc KOB3HOTO
pyxy perynstopa R, pIBHAHHSIM 3HHKEHOTO MOPS/IKY MA€ BUTIISAL

2 _
Kee " P° +Kgp - P+1=0. 4

VY pe3ynbraTi aHai3y HOro KOpeHiB

2
B chw 4 \/K<Pw —4- chs
2-K(Pg Z‘cha

Q)

P12 =

noBefeHo [1], mo mpW HaJamTyBaHHI HAa ONTHMAalbHI 3a MIBHJKOJMIEID TEPeXimHi
npoiiecu KopeHi (5) MOXKyTh MaTH KOMILJIEKCHO-CIONy4yeH1 3HaueHHs. Lle 3ymoBitoe

KOJIMBAJIBHICTh PYyXYy CHUCTEM B MAaJIOMY OKOJII TOYKM PIBHOBAru sIK y caMoMy
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KOB3HOMY PEXHUMI, TaK 1 MPU BXOJKEHHI O HHOTO HAa KIHIEBIN CTajii MepexXiTHOrO
npouecy. Takuil xapaktep pyXy CHOpUUYMHSIE NEPEPETYTIOBAHHS 32 MOJOXKECHHSM, SIKE
€ HenpunyctumuM. HazaHi oOcTaBUHM pOOJSATH aKTyaldbHOI MOJHU(DIKaIio
MPOLIETyPU CUHTE3Y AJITOPUTMIB KEpyBaHHS (2) B KOHTEKCTI BUKOPUCTAHOTO METOAY
B HANPSIMKY 3a0€3MEeUYCHHS] YUCTO AIMCHUX 3HAYEHb KOpPEHIB (5) pIBHSHHS KOB3aHHS
(4) perymnstopa monoxenas [1].

3aBasku 3akiageHoMy y meTojai N-1 nepeMukanb 3B a3Ky KoedimieHTiB (3) 3
GopMOIO TIepexiHOiI TPAEKTOPii MOKHA TrapaHTyBaTH amnepiouvyHe BXOHKEHHS
CUCTEM y KOB3HUH peXHUM 3a paxyHOK jaedopmarnii OnTHUMalbHOI 32 MIBHJKOJIEIO
dopmu aiarpaMu MPUCKOPEHHS, KA € TPUKYTHOIO (pHc.l, a), 10 TpamerienoaioHoi
dbopmu (puc.l, 6). Taka Kopekiliss BUKOHYEThCS [2] 6€3 3MIHU aHAJTITUYHUX BUPa3iB

Koe(iIieHTiB 3BOPOTHUX 3B’SI3KiB. Jlnsg T 3M1MCHEHHS BBOJIUTHCS TMOHMKYIOUMMA

KOe(Ii€HT A1 MAaKCHUMAaJIbHOTO JJIS IPUCKOPEHHS, IKUH TOPIBHIOE K, =+ 24/3-3.

: s(t)

E(t) t I TSE_Wj t

i . T / 5
G
max irna_x

a) TPUKYTHA 0) TpanewieBUaAHA

Puc. 1. lo nopiBHsiHHSI (pOPpMHU PO3PAXYHKOBHX JiarpamM NpPUCKOPEeHHS

PiBH1 0OMexeHHSs, po3paxoBaHi 3a (hopmyiaMu

= J3
Emax < 2\/§_3"\/(’3max “Amax + Opmax =3 _amax‘(P*‘z . (6)
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3a0€3MeuyIOTh anepioansanio KOB3HOro pexumy R, uiHowo 36inbuieHHs Ha 8%

TPUBAJIOCTI PEKUMY BEJIMKUX BIIXWJICHb Yy TIOPIBHIHHI 3 ONTHMAIbHUAM 32
MBUAKOIEI0 mporecoM [2]. Take ynoBUTBHEHHS pyXy IUJIKOM KOMIIEHCYEThCS

BIICYTHICTIO TI€pPEPETYIIOBAaHHS HA KIHLEBIN CTaJl1i MePEeXiTHOTO MPOLECY.



Cnmcox BUKOPHUCTAHMX JIZKepeJI

1. Camoroii O. B. CremiaabHi NMUTaHHS MaTeMaTHYHOTO OIKCY 1 MOJICIIOBAHHS JWHAMIKH
CKJIaIHUX cucteM : HaB4yanbHUU mocioHuk / O. B. Camosoit, O.JI. Hdepens. — JIHINPOA3EPKUHCHK :
JATY. —2014. - 206 c.

2. lepeun O. JI. Merox N—i nmepemukanp y 3aJa4ax ONTUMI3allil 32 IIBUAKOIIEIO : MOHOTrpadist /
O.JI. Hepens, O. B. CanoBoii. — Kam’sinceke : JJITY. —2021. — 252 c.

K. texn. n. Koctups M.B.%, a. xim. n. Komeas M.JI.Y, Koctups B.B.?
Ynemumym mpancnopmuux cucmem i mexnonozii HAH Ykpainu
2[ncmumym 2eomexuiunoi mexanixu HAH Ykpainu
MATEMATUYHE MOJIEJKOBAHHS ITPOLECIB CTPYMOYTBOPEHHS
TA AHAJII3 EOEKTUBHOCTI POBOTHU TIOPUCTUX OKCUAHO-
HIKEJIEBUX EJIEKTPO/IIB

Ananiz myOikaiii, MPUCBSIYEHUX PO3BUTKY TEOPETUUYHHUX IPEICTaBICHBb PO
poboty okcuaHo-HiKeneBoro enekrpona (OHE) mykHuX akyMyJsTOpiB 1 TEXHOJIOT 1M
HOro BUTOTOBJICHHS IIOKa3ye, IO AaKTyaJbHICTh IIi€l TpoOieMu ToB'si3aHa 3
NOCTIMHUM YJAOCKOHAJTIOBAHHSAM JIY>)KHHX aKyMYJIATOPIB 1 PO3IIMPEHHSM CIIEKTpa
IPAaKTUYHOTO 3aCTOCYBaHHS OKCHJIHO-HIKEJIEBHX €JICKTPOAiIB, a TiABUIICHHS
excruryaraniiaux xapakrtepuctuk OHE B mpoMy BUNAAKy € OJHIEIO 3 TOJOBHUX
3aB/IaHb.

st moOynoBu OyAb-sIKMX MaTEMAaTHYHUX MOJENEH XIMIYHHUX JKEepen CTPyMy
HEOOXITHUMHU €JIEMEHTAMU € DIBHSHHA KIHETUKH EJIEeKTPOAHUX TMporieciB. BoHu
MalOTh BHIJIAJ JIOKAJIBHOI ToJspu3aniiHol xapaktepuctuku E(i,1) Ha wmamiid
OJTHOPIMHIN MUISHII MTOBEPXHI €NEKTPO/Ia.

MatemaTnyHa MOJeNIb KIHETHKHU TIpoliecy Ha TBepaodaszHoMy emekrponi E(i,T)
MOBMHHA BPAaXOBYBAaTH PO3MIP YaCTOK, MUTOMY €JIEKTPOMPOBIAHICTh, KOCQIIIEHT
nudy3ii pyxJIMBOr0 KOMIIOHEHTA B KPUCTAIIYHUX IpaTax. J[eski mapaMeTpu MOXYTh

3MIHIOBaTUCS 3aJ€XHO BiJ CTYINEHsS 3aps/KEHOCTI AaKTHMBHOI pedoBHHU. Taka



KIHETUYHA MOJIeNIb € HECTAaI[lOHApHOI U JOCUTh CKIaJHOW. BoHa Moxe OyTu
BUpIIIEHA TUIBKU YHCEIbHUMH METOJaMHU.

VY 1upoMy MOBIIOMJIEHHI IpEICTaBlIieHa MaTeMaTH4Ha MOJENb TBEPAO(Pa3HUX
3apsITHO-PO3PSTHUX MPOIIECIB HA OKCUIHO-HIKEIIEBOMY €JIEKTPO/Il, Y K1 MOTEHITial
€JIEKTPOJa NPECTABIAETHCS K PYHKIIA CTYNEHS 3apsKEHOCT] IOBEPXHEBOTO APy
yactku aktuBHOi peuoBuHM OHE NIOOH/Ni(OH);. Bim wMictuts y co0i
TEPMOJMHAMIYHY CKJIa/J0BY, KOHIEHTpPALIHHY ¥ aKkTUBaLIiHY MoJigpu3alii il oMiuHe
cnaJaHHs Hamnpyru B TPUKOMIIOHEHTHIH CHUCTEMI, 110 CKJIaJA€ThCA 3 OKHUCIEHOT
(NiOOH) i Bignosienoi (Ni(OH)2 dopm akTHBHOI pe4OBHHHU ¥ MIXKIIIAPOBOI BOJIH,
yepe3 SKy YacTKOBO MIIPYIOThb 10HM BOJIHIO. B OCHOBY Mojeni MOKJIajeHe
TEPMOJMHAMIYHE YSBJICHHS MPO AaKTUBHICTh MPOTOHIB 1 NMPOTOHHMX BaKaHCIH Yy
KPUCTAIIYHUX IpaTax 1 BBEJEHE MOHATTS KOEPIIIEHTIB aKTUBHOCTI 000X YaCTOK, 3a
3MICTOM OJIM3bKe /0 3amponoHoBaHoro JlptoicoM st po3uuHiB. EnexTpoXiMiuHUN
HpOLEC PO3IIIAAAETHCA ISl OJUHUYHOT YaCTKU Yy BUIJISA1 IUIOCKOTO KpHCTaja 3a1aHoi
ToBIMHY (puc. 1). [IpoToHHI NOTOKK B 000X HampsIMKax MPOXOASATh Yepe3 I'PaHUIII0
3 pO34YMHOM, TWJbHA IUIOIIMHA, LI0 MapajieilbHa poOOYill TpaHi, € EeIEeKTPOHHUM

KOHTAaKTOM.

AAeKmpoIn

6

< H
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Puc. 1. Moaeab mopucToro ejekrpoaa (a), pparMeHT MJI0CKOI MO/IeJIi, 1110 MOBTOPIOETHCSI
ejiekTpoaa (0) i eileMeHT CiTKOBOI IBOBUMIiPHOI MojieJti a3y aKTUBHOI Pe4OBUHU (B)

CraH KpucCTalma ONUCYETHCS OJHOMIPHHM PIBHSHHSIM  HECTAI[IOHAPHOTO
MEepeHocy TMPOTOHIB MexaHi3Mamu audy3ii ¥ enekTpomirpamii. BpaxoByeTscs
3aJIeKHICTh KOe(dillieHTa aKTUBHOCTI MPOTOHIB, KoedimieHTa audy3ii i mUTOMOTO
omopy TBepaoi (a3u BiA CTYMEHS 3apsKEHOCTI, IO 3MIHIOETHCS IO TIIMOWHI

kpuctana. KiHIleBUM PIlIEHHSM MaTeMaTU4YHOI MOJEN1 JOKaJdbHOI KIHETHKU €
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JTMHAMIKa 3MIHU TOBEPXHEBOI AKTHUBHOCTI MPOTOHIB (CTYMHEHS 3apsiAKEHOCTI), IO
BU3HAYA€ MUTTEBI 3HAUCHHS KIHETUYHUX IMapaMeTpiB mporecy (puc. 2).
CdopmynboBaHa B TakHMil croci0 KIHETUYHA MOJENb Oyilna BUKOPUCTaHA JJIs
MOJIeNIIOBaHHs enekTpoxiMiyaux npoueciB OHE B rasbBaHOCTaTUYHOMY PEXUMI U Yy
PEXUMI IUKIIYHOI BOJIBTAMIEPOMETPIi 3 JIHIMHUM PO3TOPHEHHSAM MNOTeHLiany. Sk
MPUKJIAJ, Ha puc. 3 HaBeJeHI MUKIIUHI BonbTammneporpamu (BA-rpamu) OHE nns
IBOX IMKIIB, Ha puc. 4 — BA-rpaMu mpu pPI3HUX 3HAYEHHSIX MUTOMOIO OIOPY

aktuBHOI peuoBrHM NiOOH.

I

0.8
Bouet 0.1

ool NS Luas| "N
NN
asl_0-1 -0.2 N

0 0.2 0.4 0.6 038 |-

Puc. 2. 3anexHicTb KoedillicHTa AKTHBHOCTI MPOTOHIB Bi/l CTYNEHsI PO3PATKEHOCTI AKTUBHOI
pe4oBuHH 1-0 Unciia Ha KPUBHUX — 3HaYeHHs KoedinieHTa A

=
. IA
: R
-2 +—0.3 0.4 5 0.6 = 0,,#
N AN 4 A
-8 \\, 4 a
-
Cmax B\\ C\ 6
0. -
0.4
0.2 \'1:%.'?\__\‘
[s])
= Al
w D
04 /,__}/r
> C
0.3 // B
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Pe3ynbpTaTn, onepxkyBaHl HUIIXOM OOpPOOKM EKCIEpUMEHTaJbHUX JaHUX Ha
3alpONOHOBAHIM MaTeMaTHUYHIM MoJieNl, € IMEeBHOW Mipolo yMoBHuUMH. [IpoTe,
MaTEeMaTU4YHY MOJIeJIb 3arajoM MOXHa BHUKOPUCTOBYBAaTH I MEPEBIPKU

PaBMIIBHOCTI OKPEMUX T1MOTES.

Professor Kruglyak 1.V., Ph.D., associate Professor Sereda D.B.,
postgraduate student Orel V.G., postgraduate student Zuzin E.P.
Dnipro State Technical University
MODELING IMPROVING THE THERMAL STABILITY OF CARBON-
CARBON COMPOSITE MATERIALS USING FUNCTIONALLY ACTIVE
CHARGES

The practical use of carbon-carbon composite materials (CCCM) in high-
temperature processes is greatly restricted because they are highly vulnerable to
oxidation, erosion, and burn-up when exposed to gas streams. To address these issues,
it is crucial to create effective protective coatings for CCCM to improve their
performance and prolong their lifespan. Refractory compounds, especially carbides,
borides, nitrides, and silicides, along with their alloys, have demonstrated potential as

promising materials for protective coatings.
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To identify compositions of powder functionally active charges (FAC) mixtures
that provide high wear resistance, a full-factor experiment was conducted. The
optimization parameters considered were the indicators of heat resistance for the Cr-
Al-Si and Cr-Al-Ti systems. The selection of the optimum mixture composition for
conducting FAC processes in the conditions of thermal autoignition was based on the
results of studying the thermal profile of the FAC process and the physical and

mechanical properties of the protective coatings [9].

The independent variables chosen for the experiment were the content of the
chromium component, silicon, titanium, and aluminum in the FAC mixture. Steel 50
was chosen as the starting material, and J, and NH4F were used as process activators
for all systems.

To achieve a 100% composition of powdered FAC mixtures, Al,O3 was utilized as
the final product. Regression analysis was conducted to establish equations
representing the dependence of the wear resistance of protective coatings on the
regime of thermal autoignition and the content of alloying elements. The resulting

equations were as follows:

Y1 =60,311-0,6X1+4,1X5 -0,6X3 + 0,1111X3% -3,3889X,? + 4,1111X32 + 2,375X1X3
+0,375X1X3 + 2,125X2X3

Y2 =61,356 - X143,6X, -0,1Xz+ 0,5556X12 - 4,4444X,% + 4,0556X3° + 1,25X1 X, +
0,75X1X3 + 1,5X5X3

The adequacy of the models was assessed, and it was found that they can be used
to predict the values of the response functions for any values of the factors between
the upper and lower levels.

For the tests on the heat resistance of protective coatings, flat samples of CCCM
with dimensions of thickness = 3 mm, length = 30 mm, and width = 20 mm were
utilized. The tests were conducted at temperatures ranging from 900°C to 1100°C in
an electric muffle furnace. The test samples were weighed every 5 hours of testing

using analytical scales VLR-200 with an accuracy of 10* g. The total test time was
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25 hours. To lower the temperatures that develop during reduction reactions, a
"pallast" additive, such as aluminum oxide Al>Os, is introduced into the FAC-
charges. The amount of the ballast admixture is determined from the heat balance
equation, considering factors like the heat capacity of the mixture at the reaction
Initiation temperature, the heat released during reduction reactions, the heat used to
heat the SHS charge, and thermal losses. X-ray structural and metallographic analysis
of coatings on CCCM revealed that the protective coating consists of two zones: the
inner one containing titanium carbide and the outer zone, the composition of which
depends on the choice of alloying elements in the FAC charge. For instance, when
doping with titanium, the protective coating consists of a carbide phase of TiC and
phases: Al2Cr3, CrAly, TiAl.

Doping with silicon, and titanium leads to a change in the thickness of the coating.
For example, at a process temperature of 1000°C and a holding time of 30 minutes,
the largest thickness is observed when doping with boron, and the smallest when
doping with titanium, which can be explained by a different gradient of chemical
potential, in agreement with thermodynamic calculations. According to X-ray
structural analysis, the silicon-doped coating on steel 50 consists of alloyed phases:
(Fe,Cr)23Cs, (Fe,Cr);Cs, FesAl, (Fe,Cr)sSi, and zones a-solid solution of Cr, Al, Si,

and Fe .

PhD Nadryhailo T., postgraduate Morhun'Y.
Dniprovsky State Technical University
METAL REFINING METHODS TO OPTIMIZATION PRODUCTION AND
IMPROVEMENT OF STEEL QUALITY

Metal refining process is an important component of steel production aimed at
improving product quality and optimizing manufacturing processes. This process
involves several stages aimed at removing unwanted impurities and restoring the

necessary characteristics of the metal.
14



One of the main methods of steel refining is the converter process, such as the
oxygen blowing process. During this process, oxygen is blown through molten metal,
allowing for oxidation and removal of excess impurities such as carbon, sulfur,
phosphorus, and silicon. This process enhances the quality of steel, reduces the
content of harmful impurities, and allows for control of the composition and
properties of the final product.

Another method is the electrolysis method, which is used in electrolytic refining.
In this process, the metal is immersed in a bath of electrolyte, where electrolysis takes
place, helping to remove unwanted impurities from the molten metal. This method is
particularly effective for removing excess carbon and other easily oxidizable
impurities [1].

Additional refining methods include metal alloying, where special additives are
added to the molten metal to improve its properties, as well as vacuum refining,
which allows for the removal of gaseous impurities and the production of high-
quality steel [2].

Overall, the metal refining process plays a key role in steel production, allowing
for the enhancement of product quality and the optimization of manufacturing

processes for more efficient production.

References
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A.¢.-m.H. IHaciunuk A. M., K.¢.-m.H. Xyna 7K.B.,
maricTp. baasicauii O.M.
J[Hinposcvkuti deparcasHuti mexHiuHull yHigepcumem
PO3B’SI3AHHS ONITUMIBAIIIMHUX 3AJAY TAPAJIEJIBHOI'O
YIIOPAJAKYBAHHSA 3 AHOMAJIBHUMHU BUITAJIKAMHA

YeminrHe BUPIICHHAS 33124 JUCKPETHOI ONTHMI3allii Ma€e HaJ3BUYAHO BaKIIUBE
3HAUEHHSI IS MiABUIICHHS €(QEeKTUBHOCTI BUPOOHMYOI JISVIBHOCTI Cy4YacHHX
IiAMPUEMCTB. 3aJ1a4i TAKOTO KJIACy 3yCTPIYarOThCs B 0araThboX raiy3siX i € J0CTaTHbO
PI3HOMAHITHUMM: B1J] TPOEKTYBAHHS JIOTICTUYHUX JIAHIIOTIB MOCTABOK JI0 MOOYIOBU
ONTUMAJIBHUX MapmIpyTiB pyXy TpaHcmopty. OJHUMH 3 aKTyaJdbHUX 3aJad IbOTO
KJIacy € 3aJ1avi MapajieIbHOTO YIIOPSAKyBaHHS.

Onniero 13 mpobiieM TpH PO3B’s3aHHI 3a7ad JUCKPETHOT oONTHUMI3AIi €
HAsSIBHICTh B HUX aHOMaJIbHUX cHUTYyalliil. ToOTO TakuX BUMAAKIB, KOJU 3MiHA BX1THUX
napaMeTpiB 3ajadyi, 10 3 JOT1YHUX MIPKYyBaHb MOBUHHA IMOKPAIyBaTH ONTHUMAaJbHE
3HAYEeHHS LLIbOBOI (PyHKIII1, a00 MpUHANMHI HE MOTIPIITYBaTH WOTO, MPU3BOAUTH 0
3BopoTHOTO edekry. Hampuknag y 3agadax mapajieabHOTO YIOPSAKYBaHHS IIe
30UTBIICHHS 3araJIbHOTO 4Yacy BHKOHAHHS 32 YMOBH 3MCHILIICHHS YaciB BUKOHAHHS
OKpeMHUX 3anad, a0o HasgBHICTb B OpiEHTOBaHOMY Tpadi TpaH3UTUBHHX,
He1H(POPMATHUBHUX JYT, K1 BIUIMBAIOTh HA ONTUMAJIBHICTh PO3B’sI3Ky, OTPUMAHOTO 32
JESKUM aJITOPUTMOM.

Yacosi anomaiii B 3a7a4ax mo0y/10BY MapayieNbHUX YIOPSAIKYBaHb € OJHIEIO 13
HaWIIKaBIIIMX Ta HAMMEHII JOCIIKEHUX 00IacTelt Teopii YIopsSAKyBaHb.

3apa3 NMWTaHHS BUBYCHHS aHOMAJId € JIy)Ke aKTyaJlbHUM, TaK SK HasSBHICTbH
aHOMAJIIi TOTO YH IHIIOTO POAY pPOOWUTH BAXKYMM TIPOBEJACHHS aHANI3Y dYacy
BUKOHAHHS HAa0Opy 3aBAaHb I 1UX 3aaa4. OCHOBHA i7ies TAKOTO aHaJII3y MOJIATAE B
TOMYy, M0 TMPOTHO30BAaHMM 4YaCc MOXE BHKOPHUCTOBYBATHCH JJII IOOYIOBH

napajieibHOro ynopsiAKyBaHHsS LIMX 3aBJaHb (BU3HAYEHHS CXEMHU iX BUKOHAHHS), a
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TAaKOX JJI1 3arajJlbHOrO aHaji3y MOKJIMBOCTI MOOYJOBU YNOPSAKYBAaHHSA ISl LUX
3aB/JaHb TAKUM YMHOM, 100 YacoBl 0OMeXeHHs Oy BUKOHAHI.

MoxkHa BUIUTUTH YOTUPHU TUIIM YACOBUX aHOMAJIIH:

- aHoMajis 3MIHM CHUCKY HOpIOpUTETIB (MpU 3MiHI CHUCKY MPIOPUTETIB
3araJibHUi Yac BUKOHAHHS 3aBllaHb 30UIBIIYETHCS, B TOM Yac, K OYIKYEThCS, 110 BIH
3QJIMIIUTHCS HE3MIHHUM);

- aHoMaJjis MociabJIeHHS BIJHOIIEHb YaCTKOBOTO MOPANKY (MpU BUAAJICHHI
onuiei abo JeKkiibKOX ayr i3 opienToBanoro rpadpa G=1{v U} s3aranchmii yac
BUKOHAHHS 3aBJaHb 30UTBIITYETHCS, B TOH Yac, IK OUIKyEThCS HIOTO 3MEHIIICHHS );

- aHOMalis 3MCHIIEHHS dYacy BUKOHAHHs 3aBAaHb (IIpH 3MEHIICHHI Yacy
BUKOHAHHSI OAHOTO a0 NEeKUTbKOX 3aBlaHb, 3arallbHU Yac BHKOHAHHS 3aBllaHb
30UTBIIY€ETHCA, B TOM Yac, SIK O4IKY€EThCS HOTO 3MEHILIECHHS );

- a”omajis 30UTbLIEHHS KUIBKOCTI BMKOHABIIB (MpHU 30UIbIIEHHI KUIBKOCTI
BUKOHABI[IB 3arajJlbHUii 4Yac BUKOHAHHS 3aBJaHb 30UIBLIYETbCS B TOW dYac, SsK
OYIKYETHCS 1OTO 3MEHIIICHHS ).

VY3aranpHeHe TapaselibHe YHOPSJIKYBaHHS, MOOy/IOBaHE 1O 3MIHU IMOYAaTKOBUX
napamMeTpiB 3ajaayi, OyaeMO BBaKaTH MMOYATKOBUM YIOPSAKYBaHHSIM. B rpadi HasBHA
aHoMaJIisl, SIKIIO IMCIs 3MIHM BXIJIHUX TapaMeTpiB 3ajadi JOBXKHHA OTPUMAHOIO
YIOPSAKYBaHHS OUIbIIE JOBKUHU IMOYATKOBOTO YIOPSIKYBaHHS.

VY 3amaui, M0 pO3MIAIAETHCS, MOKHA BUAUTUTH TaKl BX1IHI TapaMeTpu:

- OpieHTOBaHMM rpad G= {V ’U} , III0 3aJ1a€ 3B’ SI3KU MK BEPITMHAMM;

- h - mupuHa ynopsakyBaHHS, 0 OyIy€ThCS,

o T={uetnf Baru BEPILWH;

- L — criucok mpiopuTeTis.

OTpuMaHuM pe3yiabTaTOM B 3a/adi, IO PO3MIANAETHCS, BUCTYIAE 3HAYCHHS
ITb0BOT PyHKIIIT, TOOTO JOBXKKHA TOOYTOBAHOTO MAPAIEIBHOTO YIOPSIKYBAHHS.

BianoBigHo, MOKHA BUIUIATH TaKi MOKPAICHHS JJIsS MapaMeTpiB, IKi 0 MOIIH

MIPU3BECTH JI0 3MECHIIICHHS ONTUMAJILHOTO 3HAYCHHS IILTHOBOT (DYHKITII:
- BUJAJCHHS AYTH 13 OPIEHTOBAHOTO rpa(baG - {V U };

- 30UIbLICHHS MHUPUHU h yHOpSIAKYBaHHS, 1110 OYYEThCS;
17



T=

- 3MEHIICHHS Bar BCIX BEPIIUH {Tl’rz""’rn}, a00 Baru Jeskol KUILKOCTI1

BEPILNH.

I[{i 3MIHM BXIHUX [apamMeTpiB MPU3BOAATH [0 TPbOX OCHOBHUX THIIIB
aHOMaJIIi: aHOMaJii BUJAJIEHHS AYTH, aHOMAaJjii 30UIbLIEHHS IIMPUHU Ta aHOMadii
3MEHILeHHs Bar BepumuH. LI aHomanii 00’€lHye oJHA CyTTeBa JAeTallb: Oa)KaHUU
MOPAJIOK JI0AaBaHHs BEPUIMH 10 YIOPSAKYBaHHS (CIUCKY MPIOPUTETIB) 3aIUIIAETHCS
HE3MIHHHMM, a OT>KE€ 1 caMa JIOBKHUHA YIOPSJIKYBaHHS HE Ma€ 30UIbIIUTHUCH.

IZMOBipHiCTL MOSIBU  aHOMAJTIM  YCKJIQJHIOE PO3B’SI3aHHS 3ajadl MOOYI0BU
y3araJlbHEHOro TMapajielibHOTO YIOPSAKYBaHHS, aJKe HEMOXKIJIMBO 3a3/1aJieriib
BU3HAYUTH YU HE TOTIPIIMTH PO3B’A30K 3alVIAaHOBAaHE TOKPAIIEHHS BXITHHUX
napameTpiB, OB’ A3aHEe HA MPAKTHIII 13 TEBHUMHU BUTPATAMH.

Takum 4YMHOM, MOCTa€ MUTAHHS PO3POOKH METOIB, IO JO3BOJSATH YHUKHYTHU
BUHUKHEHHS aHOMaJIii ab0 CIpOrHO3yBaTH HMOBIPHICTH iX TIOSBH JIMILIE 32 BXITHUMU
napaMmeTpaMi 3a/1adi.

OpHuM 13 MeTOAIB YHUKHEHHS aHOMallid, [0 BUKOPUCTOBYIOTHCA TIpU
PO3B’sI3aHHI TaKUX 3aJla4, € 3aCTOCYBaHHS aJTOPUTMIB, 110 BUIPABJISIOTH aHOMAJIIIO
mig 4ac mnoOylnoBH TapalieNbHUX YHOpsaKyBaHb. OCHOBHHM HEHOJIKOM TaKUX
aJTOPUTMIB € Te, IO OUIBIIICTh 3 HUX TICHO TOB’S3aHI 3 apXITEKTYpPOIO MPOIECOopY,
JUISL  SIKOTO  PO3POONSEThCA TaKWM aJNrOpuTM, Ta crenudikoo 3amadi, 10
PO3IIISAAETHCS.

[Hmmi MeToj YHUKHEHHS aHoMalliii 0a3yeThCs Ha BUKOPUCTAHHI TEBHOI
Monu(ikaiii anropuTMy HAMpPaBICHOTO mepedopy. Asie Taki aarOpUuTMHU MArOTh
eKCIIOHEHTHY CKJIaJHICTh, 110 OOTSDKYE iX 3aCTOCYBaHHS AJIs MPAKTHUHUX 3a7ad
BEJTUKOT PO3MIPHOCTI.

B posmisiHyTOMy BUMAAKy JJIsl 3MEHILEHHS HETaTUBHOTO BIUIMBY aHOMAJii
MIPOIIOHYETHCSI BUKOPUCTOBYBATH MEPEBIPKY HEOOXITHUX YMOB HAsIBHOCTI aHOMAJIIH B
3ajadi. MeToj monsirae B TOMY, 10 Tepe] 3MIHO0 Oy/Ib-IKMX OYaTKOBUX MapaMeTpiB
3a/1a4l MPOBOJUTHCS MEPEBIpKAa YMOB BUHUKHEHHSI Takux aHoMauiid. [Ipu BukoHaHH1

YMOBH BIICYTHOCT1 aHOMAJII peaizyeTbCs aJrOpUTM MOKPAILEHHS PO3B’SI3Ky 3ajaui.
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B nporuiiexxHoMy BUINAJKy KOJIW 3MiHA BXIJHUX MapaMeTpiB 3aaadl MPU3BOAUTH A0
MOSIBU aHOMaJlii, TO Taka 3MiHAa BXIJHUX MapaMeTpiB 3a7adi ab0 HE MPOBOIUTHCS,
a00, y BUMNAJKy KOJIM Taka 3MiHa HEOOX1JHA, Micis HEl BUKOPHUCTOBYIOTHCS BiJIOMI
aJArOPUTMHU, LIO JIO3BOJSIOTH 3MEHIIWTH HETATUBHUM BIUIMB aHOMAaJid B MpoILEcCi
PO3B’sI3aHHS 3a]1a4i.
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K. Texn. H. CacoB O.0., maricTp CBucrtyn A.M.
J[Hinposcvkuti depaicasHuti mexuHiuHutll yHigepcumem
METOAN MATEMATHUYHOI'O MOAEJIIOBAHHS PAINIOHAJIBHUX
PEKUMIB POBOTU MICBKUX ABTOBYCIB HA MAPHIPYTAX

[TigBumMTH €(EeKTUBHICT, POOOTH MACAXKHUPCHKOI TPAHCIOPTHOI MEpexi Y
MDKITIKOBHN TIEP10]T MOYKJIIMBO MIJISXOM MEPEX01y Bij IHTEPBaIbHOI pOOOTH B TOAUHU
miK Ha poOOTY 3a PO3KJIAI0M B MOMEHTH CHaay MacaXupornoToky. Pob6ora aBToOyciB
MO0 PO3KJIaay TPH HU3BKIA 4YacTOTi iX pyXy J[la€ CKOPOUYEHHS Yacy MacaxupiB B
OUIKYBaHHI MOCaaKH, 30UTbIIeHHST KoedimieHTa HamoBHEeHHs. [IpoTe, 10 HACTYImHOTO
9acy BiJICYTHSI HayKOBO-OOTPYHTOBaHAa METOJMKH BH3HAYCHHS MOMEHTY MEPEXOoNy 3
1HTEpBaJIbHOI (popMU pyXy aBTOOYCIB Ha MapIIPyTi MEPEBE3CHb HA OPraHi3aIliio PyXy
3a PO3KJIaJ0M 1 HaBIaKH.

3amaya CKJIaIa€ThCsl Y BU3HAYEHHI KUTBKOCTI TPAHCIIOPTHUX 3ac00iB (1HTEpBay
PYXy), HEOOXITHUX JJI 3aCBOEHHS ICHYIOUOTO y MICTI MACaXXUPOIMOTOKY, a TaKOX
BHOOp1 Gopmu poboTH aBTOOYCIiB (3a po3kiIazoM abo iHTepBajaoM). Taka 3agada

BUPIIIYETHCA TMpPU MEPEeXOil BIJ MO3AMIKOBUX NEpIOAIB A0 MIKOBUX 1 Haza.
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[IpononyeTbes y AKOCTI LUIbOBOT (PYHKI[Ii BUSHAYEHHSI MOMEHTY 3MI1HU (OpMU pyXy
NPUMHATUH CyMapHI BUTPaTH, SIKI BKJIOYAIOTh TPAHCIOPTHI BTPATH B 3HUKEHHS
3aBaHTAXKEHHSI TPAHCIIOPTHOI CUCTEMHU, 1 BHUTpPATH NACaXUpIB, sKI MOB'A3aHl 3
OUYIKYBaHHSIM TOI3JIKM 1 BUTPAT MEPEBI3HUKA, OOYMOBJICHUX OPTaHI3aIll€l0 MpOoIEeCcy
NepEeBE3CHHS 3a Pi3HUMU (hopMamMu poOOTH.

3anexHICTh, U0 J03BOJIsI€ 3pOOUTH BUOIp HA KOPUCTh TOTO YM IHIIOTO 3acC00y

opratizaiii po6otTu aBToOyCiB Ha JIiHIi, BUTJIs/1a€ TAKUM YUHOM:

A
Qntoq.qu.n + Pt_o ) Snep.a + Ap “Cp + (AM - Ap) +C <

0
A

< Qntoq.i Sq.n +

i'lo
Lo

) Snep.a +4; Cpy + (AM - Ai) Crg (1)

ne Q,— oOcsAr TOmMUTy Ha TMEPEeBE3CHHs Ha HAWOUIBII 3aBaHTAXKEHINW JUIBLHUII
MapupyTy, 0ac; toyp toyi— BIIMOBIIHO CEPENHINM Yac OYIKYBAaHHS MAaCa)KUPOM
MOCaJKU TP POOOTI 3a PO3KIAJAOM 1 IHTEPBAIOM, TOJI; A, , A~ BIAMOBIIHO KIJIBbKICTD
aBTOOYCIB, SKI TPaIlOIOTh 3a PO3KIAIOM 1 IHTepBaJioM; A, — PpO3paxyHKOBa
KUIbKICTh TPAHCIIOPTHHX 3aC001B, /11 poOOTH Ha MapIIPYTi 3 ypaxyBaHHSIM PE3EPBY;
l, — noBxxuHa 0OOPOTHOTO pEiCy, KM.; t, — 4ac 000pOTy Ha MApPUIPYTi, TOM; Sy
BapTICTh OJIHI€T MACAXKUPO-TOAMHU OUIKYBaHHS mocaaku, TpH; C,, — TMOCTIHHI
BUTpPATH, SIKI MPUXOJATHCS HA TOAMHY poOOTH aBTOOyca, rpu/roa; C,, — MOCTIHHI
BUTpPATH, K1 MPUXOIATHCS Ha TOJUHY MTPOCTOIOBaHHS aBT0Oyca 6e3 poboTH, IpH/TOI;
Stepa — 3MIHHI BUTPATH, AKi IPUXOAATHCA Ha 1 KM. npoOiry aBrobyca npu poboTi Ha
MapuIpyTi, TPH/KM;

KinbkicTe aBTOOyCiB, HEOOXIMHMX JUIsi TIEPEBE3E€HHS TEBHOTO OO0CATY

MACaXXUPOIIOTOKY, PO3PAXOBYETHCS 32 (POPMYIIOIO

4 = Qo _ t£
M
a,r b @)
me O, — TaCaKMPOMICTKICTh aBTOOyca; [— Koe(illieHT BUKOPUCTaHHS
MacaXUPOMICTKOCTI; o — yac 00opoTy aBTOOyca Ha mapuipyTi; | — 1HTEpBan pyxy

aBTOOYCIB Ha MapIIPYTi.
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Yac ouikyBaHHS MNpu oprasizauii poOOTI 3a IHTEPBAJOM BH3HAYAETHCS 3a

dbopmynoro

I
21 ®)

B pe3ynbTaTi MaTeMaTHYHUX IEPETBOPEHb, OTPUMAHO BHPA3

t

l Qnt
Qn (toq.qun + K.pr ) Snep.a + ﬁ ) CHB) + (AM - q_yo) Cyp <

p'Vp p''p

<Q((£+U_IZ).S +leos o+ )+ (4, - Ly (4)
= &n\G T o7 on Ty Omepa T T 1B M a7: mn

L ri LI

e vy, — BIJIMIOBITHO KOE(DIIIEHT BUKOPUCTAHHS MACAKUPOMICTKOCTI MPU POOOTI MO
1HTEpBay 1 32 PO3KIAIOM; (;, q,— BIJITTOBIIHO MICTKICTh aBTOOYCIB, MPAIIOIYHNX IO
IHTEpBAJTy 132 PO3KIIATOM.

JliBa yacTHA HEPIBHOCTI BigoOpa)ka€ CyMy BHUTpAT MMacCaKupiB, MOB'A3aHl 3
OUiKYBaHHSAM IIOCAJKH, Yy BapTICHOMY BHIJIAJI, a TaKOXX BHTPATH IEpPEBi3HUKA Ha
oprasizaiiiio pyxy Ha MapipyTi o po3Kiaay, a IpaBa 4yacTHHa — MO iHTepBaiy. Yac
OUIKYBaHHS TMOCAaAKU TpPH poOOTI 3a PO3KIANOM Ha MapUIPyTI BU3HAYAETHCS
CTaTUCTUYHUMH METOJaMHu. SIKIIO J1iBa YacTMHA HEPaBEHCTBA MEHIIE MPaBoOi, TO
noriibHa (opMma opradizaiii pyxXy aBTOOYCIB 3a PO3KIAQJIOM, Yy MPOTHIC)KHOMY
BUMAJIKy eexkTuBHA poboTa aBTOOYCIB OyjAe Mo iHTepBady. SKI0 OOMABI YaCTUHH
HEpaBEHCTBA JOPIBHIOKOTH OJHA 1HIIIHM, TOI pi3HMIN y PopMi opranizarii aBTo0yciB
Ha MapuIpyTi He Oy7e.

TakuM 4UHOM, MOKJIMBO BCTAHOBUTH YMOBY IJisi BHOOPY ONTHMAIBHOI popmu
oprasizamii po6otu Ha wMapmpyti. [lpu 1BOMY 3abe3medyeTbcs BIANOBIAHICTH
MPOBI3HUX MOXJIMBOCTEH (aBTOOYCIB TIEBHOI MMACaKUPOMICTKOCTI, $Ki TOBHUHHI
3a0e3nedyBaTi BHCOKY SIKICTh TIEPEBE3CHHS MACAKUPIB K Y TOJUHU HAHOLIBIIIOTO
3aBaHTAKCHHS MEpEeXi, TaK 1 y MDKIIKOBUI IMEPioa) MACaXUPCHKOTO TPAHCIIOPTY
MIOTINTY, SIKA CPOPMYyBaBCH.

[Ipu BuOOpPi aBTOOYCiB HEOOXIMHOI MICTKOCTI IJIsi TIEBHOTO MAapUIPYTY,

BpPaxOBYIOTbCSI HACTYIHI (PaKTOPHU:
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1) MOTYXHICTh MACAKUPONOTOKY B OJHOMY HANPSIMKYy Ha HaWOUIbII
3aBaHTaXKE€H1M JUIBHUILI B TOAWHH ,,IIK ;

2) HEpIBHOMIPHICTh PO3MOAUICHHS MACAKUPOMOTOKIB MO TOAWHAM J00M 1
JOUIBHUIISIM MapIIpyTy;

3) IOLIIBHUI IHTEPBaJ PyX aBTOOYCIB 10 rouHaM J100U;

4) nOpOXHI YMOBH pyXy aBToOyCa 1 MPOIYCKHA CIIPOMOKHICTD BYJIHUIIb;

5) npoBi3Ha MOXKJIMBICTh, TOOTO MaKCHUMallbHAa KUTbKICTh MACAXHPIB, KA MOXKE
OyTu nepeBe3eHe aBTo0ycamu 3a 1 roiuHy B OJIHOMY HAaIPSIMKY;

6) co0iBapTicTh aBTOOYCHHX MEPEBE3CHb.

Bukopucranus aBTOOyCiB Majoi MICTKOCTI MpU BEIUKIM MOTYXHOCTI
NacaXMpPOMOTOKIB 30UIblIye HEOOXIIHY KUIbKICTh aBTOOYCIB 1 BOJAIIB, a TaKOX
NiIBUIIY€E 3aBaHTAXKEHHS ByJWIlb. HaBmaku, ekcruiyartaiis aBTOOYCIB BEJIMKOi
MICTKOCTI Ha HampsAMax 3 Maca>KMupornoTOKOM Majiol MOTYKHOCT1 IPUBOJAUTD /10 JTYKE
JOBTUX IHTEpBANIB PYXY, 70 HaJAMIPDHUX BUTPAT 4acy Haca)kMpaMHM Ha OYIKyBaHHS

aBTOOYCIB 1y 3B'SI3KY 3 IIUM JI0 BEJIMKUX HE3PYUYHOCTEH /1JIsi HACEJICHHS.

Doctor of Technical Sciences Sereda B.P.,
postgraduate student Udod A.M.
Dnipro State Technical University
THERMODYNAMIC MODELING OF PROTECTIVE CHROME
COATINGS ON ELASTOMERIC MATERIALS

In modern industry of production of rubber-technical products for rocket-space
technology, the problem of providing high strength and durability of protective
coatings used on parts of press tooling is urgent. One of the main factors affecting the
mechanical properties and durability of coatings is residual stresses arising in the
process of self-propagating high-temperature synthesis (SHS).

Residual stresses can have both positive and negative effects on the adhesion
and durability of coatings, depending on their magnitude and distribution. Therefore,
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it is necessary to study in more depth the relationship between the formation of
residual stresses and the mechanical properties of coatings on press tooling in order to
develop methods to optimize the application process and improve the quality of the
resulting protective coatings.

Rubber-based composites may prove to be competitive and eventually replace
traditional materials in a number of applications, as there are many advantages to
using these materials. For example, rubber-based composites often have a lower
density than traditional materials such as metals. This leads to a reduction in the
weight of products, which is important in a variety of industries where lightness is a
key characteristic. Rubber composites are characterized by shock absorption,
flexibility, and elasticity, which make them capable of handling dynamic loads and
adapting to various forms of deformation without losing structural properties.
Compared to metals, rubber composites can be less susceptible to corrosion, making
them more durable and less costly to maintain in some operating conditions. The
ability of rubber to insulate thermally makes them attractive for applications in
construction and other industries where thermal insulation is important.

However, it is important to take into account limitations and challenges, such
as limited strength compared to metals, possible problems with heat dissipation at
high temperatures, and the cost of producing and processing rubber composites. The
growth in demand for these materials will depend on technological development,
solving these problems and increasing their competitiveness in the market.

By analyzing the reaction products, we can create a model of the process of
formation of protective coatings under SHS conditions. Based on calculations of
adiabatic combustion temperatures of SHS systems, we can solve the heat balance
equation for the systems under consideration.

Mixtures of powders with different dispersions from 60 to 250 um were used
to apply protective coatings on steel samples such as steel 45, U8, 40X and 40X16M.

Characteristically, in the temperature range of 400-1600 K the share of

condensed phase decreases due to vaporization of the carriers used. Simultaneously,
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starting from the temperature of 800 K, the decomposition of reaction products
occurs, which indicates the appearance of decomposition products and a sharp
increase in the number of gas molecules.

Gaseous products interact with elements of the powder system (Al, Ti, Cr),
transferring them to the gas phase (AlJ, All,, AICIL, AICl,, CrCly, CrF, CrF,, CrFa,
TiCly, TiCls, TiCly etc.). At temperatures above 800 K, the fraction of condensed
phase practically does not change, indicating that reactions with the release of
condensed phase in the range of 800-1600 K without changing the number of
molecules, which is characteristic of decomposition, disproportionation or exchange
reactions with the substrate, which is the essence of chemical transport of elements.

Residual stresses appear after SHS treatment under conditions of thermal self-
ignition of SHS charges. At the fifth stage of the SHS process, during cooling,
residual compressive stresses appear as a result of the elastic interaction of the alloy
titanium coating and the structural material, which have different sizes and

coefficients of thermal expansion.

Ph.D., associate Professor Sereda D.B., postgraduate student Bilozor 1.V.,
postgraduate student Kiforuk D.M.
Dnipro State Technical University
MATHEMATICAL MODELING OF GAS PHASE COMPOSITION IN
FUNCTIONALLY ACTIVE CHARGES

The practical application of carbon-carbon composite materials (CCCM) in
high-temperature processes is severely limited by their tendency to oxidation, erosion
and burnout in gas streams. To overcome these challenges, it is crucial to develop
effective protective coatings for CCCM to improve their performance and increase
their service life. Refractory compounds such as carbides, borides, nitrides and

silicides and their alloys have proven to be promising materials for protective
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coatings. In addition to oxidation resistance, protective coatings made of refractory
compounds have high hardness and exceptional wear resistance. These characteristics
make them effective in protecting CCCM from high temperatures and aggressive
environments. Research is focused on determining the optimal parameters and
methods for obtaining protective coatings for CCCM to increase their heat resistance
and service life in high-temperature conditions. The main objectives of the study are
the development of functionally active charges (FAC) for the creation of alloyed
chrome protective coatings that provide optimal resistance to oxidation, erosion, and
the effects of gas flows. Various coating methods, such as chemical-thermal
treatment and liquid-phase saturation, were analyzed to determine their effectiveness
and impact on the mechanical properties of the material.

The selected independent variables for the experiment were the chromium,
silicon, titanium and aluminum content of the FAC mixture. CCCM was chosen as
the starting material and J, and NH4F were used as process activators for all systems.
It was observed that the introduction of more than 5% of gas transport agent into the
mixture resulted in significant distortion of the sample surface, while less than 1%
did not activate all gas transport reactions. The research findings and their subsequent
discussion were pivotal. Analyzing the reactions occurring in non-stationary
temperature conditions, coupled with experimental results and metallographic
studies, led to the formulation of a scheme for developing protective coatings. The
process of forming such coatings under thermal autoignition conditions can be
delineated into five distinct stages: inert heating of the FAC mixture to the
autoignition temperature, thermal autoignition, heating of the parts, isothermal aging,
and cooling.

To achieve a 100% composition of powdered FAC mixtures, Al203 was utilized
as the final product. Regression analysis was conducted to establish equations
representing the dependency of wear resistance of protective coatings on the regime
of thermal autoignition and the content of alloying elements. The resulting equations
are as follows:
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X :89,4 — 1,9X1 + 4,8X2 - 6,6X3 — 5,5X12 + 6X22 — 4X32 + 0,75X1X3 —
0,25X1X3—0,75X>X3

The adequacy of the models was assessed, revealing their capability to predict
response function values across a wide range of factor values. This ensures their
applicability for predicting responses within the specified upper and lower level
bounds. The main element of all heat-resistant coatings is aluminum, which is used to
form a protective a—Al,O3 oxide membranes. In diffusion coatings, the aluminum
content is usually at the level of 15... 25%. This aluminum content ensures the
formation of an o—Al,O3; oxide membranes during oxidation. The second most
important component of the coatings is chromium, which ensures the formation of the
a—Al,O3 membranes. The chromium content in high-temperature coatings is usually
7...20%. Compared to coatings produced under isothermal conditions, the heat
resistance of alloyed produced using FAC higher, which can also be explained by the
higher concentration of chromium, aluminum, silicon, and titanium, which contribute
to the formation of protective oxide membranes SiO;, TiO2, Cr,03, Al,Os.

Silicon is of great importance, as it is introduced to increase heat resistance to
high-temperature oxidation and salt corrosion. Since heat resistance does not depend
on the structure, but is determined by the chemical composition, for a higher content
of alloying elements such as silicon, titanium, chromium, and aluminum, which

increases heat resistance.
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J. Texn. . Coxanbkuii A.B1? | 1. Texn. n. JIpeye A.IO.

L Tninpoeceruil nayionanvnutl ynieepcumem im. Onecsa I'onuapa
2Vuieepcumem mumnoi cnpasu ma Qinancie
OBYHMCJIIOBAJIBHI TEXHOJIOI'TI B AEPOJJMHAMIIII HAJIBOJHUX
JIITAJIBHUX AITAPATIB

MaTteMaTHYHEe MOJICITIOBAHHS aepOJUHAMIKH TPAHCIIOPTHUX arapaTiB € JIOBOJI
CKJIQJTHOIO Ta aKTyaJIbHOO 3adauero. Ha choro/iHi HalOLIbII JOCKOHA1 MaTeMaTUYH1
MOJIeJl aepoAMHAMIKHU MO0yI0BaH1 Ha (PI3UYHUX BIACTHUBOCTSAX B’SI3KOTO CTHUCIUBOTO
ra3y Ta IPyHTYIOTbCs Ha piBHIHHSIX Ha’e-Ctokca. [IpaBoMipHICTh iX BUKOPUCTAHHS
HiITBEPKYEThCSI O0araTouynuceIbHUMHU AocipkeHHIMU. CKIaaHOCTI J00aBiisie TOM
dakT, 1Mo peaqbHU PyX TPAHCIOPTHOTO 3aco0y BiAOYBAa€ThCS B TYypOYJICHTHOMY
TIOBITPSTHOMY CEPEJIOBHIIT.

MopentoBaHHsT TypOYJEHTHUX pyXiB TMOBITPAHUX Mac € (yHIaMEHTaJIbHOIO
IpoOJIEMOI0 SIK TEOPETUYHO1 (PI3MKMU TaK 1 MPAKTUYHOI aepoJMHAMIKH. BinCcyTHICTH
yHIBEpCaJIbHOI TeOopii onucy TypOyJEeHTHHUX TeUil CTBOPIOE MPOOJIEMH 3 BUSHAYCHHSIM
aepoJMHAMIYHUX HaBaHTaXeHb. lle mUTaHHS € OHUM 13 KIFOYOBUX MOMEHTIB IMPHU
IIPOCKTYBaHHI BHCOKOIIBUIKICHUX TPAHCIIOPTHUX 3aC001B, OCKUIBKH MPH BUCOKUX
MIBUAKOCTSIX PYyXy TUIBKM Ha TIOJIOJIAHHSI OTIOPY MOBITpsl Moxke mpunaaatu a0 90%
3arajlbHUX CHEPreTMYHMX BUTpAT. TakuM dYUHOM HEOoOXigHI ¢yHIaMEHTaIbHI
JOCIIHKCHHS B a6pOUHAMIIlI BUCOKOIIBUIKICHOTO TPAHCIIOPTY.

CtpykTypa MOTOKY 1 KOPEKTHE BHU3HAYCHHS TYpPOYJIEHTHOCTI € BU3HAYAIBHUMU
dakTopaMu TIPU MOJEIIOBAHHI aepoAWHAMIKH JITAIBHOTO amapara moOIu3y
MiACTUIAI0Y0i TOBEpXHi. MeToau MOJENOBaHHS TYpOYJIEHTHHX Tediil, 3 TIEBHOIO
MIpOI0 YMOBHOCTI MOKHa PO3JUIMTA HA TPU TPYIHU: MIAXOAM, MO 0a3ylOTbCS Ha
BUKOPUCTaHHI ocepenHeHnx 3a PeitHonpacom piBassHR Hab’e-Ctokca (Reynolds
Averaged Navier - Stokes - RANS); nBa kJaCHYHHMX HiAXOAH - MPSME YHUCIOBE
MoxaemoBaHHsl TypOyneHTtHocTi (Direct Numerical Simulation - DNS) 1 meron
MozentoBanHs Benukux BuxopiB (Large Eddy Simulation - LES); ribpuani niaxomau,

0 COUpalThcsd Ha cruibHe BUKOpUcTaHHA RANS 1 LES migxomiB mns pizHHUX
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obnacrteil Teuii. Ha chorojgHi HalOUIbII MOUIMPEHUMH MiAXOAaMU € METOIH, IIO
0a3yloThCsl Ha BUKOPUCTAaHHI ocepeaHeHux 3a PeitHonmbacom piBHsiHb Hap’e-Ctokca
(Reynolds Averaged Navier - Stokes - RANS). Bouu 3aMHKaiOThCS 3a JTOIIOMOTOIO
Ti€i a00 1HIIOT HAMIBEMIIPUYHOT MOJIeIl TYPOYJIEHTHOCTI.

KnacuyHi BUXpOBI MigXoau € HaOUIbI JockoHanmuMu. lle mpsime yuciose
MozentoBaHHss TypOyneHTHocTi (Direct Numerical Simulation - DNS) 1 meron
MozentoBanHsl Benukux BuxopiB (Large Eddy Simulation - LES). Meton DNS
0a3yeTbcsi Ha OE3MOCEPETHBOMY MPSAMOMY YHCIIOBOMY PO3B’S3YBaHHI TPUBUMIPHUX
HecTallioHapHuX piBHAHb HaB’e-CTOKCY 3 pO3pI3HEHHSM CiX MPOCTOPOBO-YaCOBHUX
macmTabiB TypOysieHTHocTi. Llei meTon rpyHTyeThbcs Ha (PI3MYHMX NPUHLHMIAX
aepoJMHAMIKH 1 MOBHICTIO BUTbHUMN BiJl EMIIIPUYHUX MPUITYILIECHb.

VY pamkax merony LES piBHAHHS po3B’S3yIOThCSA OC3MOCEPEIHBO TMICHS 1X
norepeHL01 TPOCTOpoBOi (inmbTparltii. Lle 103BoIsIE BUKITIOUNUTH 3 PO3TIISAY YACTUHY
IIPOCTOPOBO-YacoBUX MacmTaOiB. [IpoBeneHa ormeparltisi 103BOJISE 3HAYHO TTOHU3UTH
BUMOTH JI0 POCTOPOBO-YACOBOT'O PO3pPI3HEHHA. TakKuM YMHOM MOHMKYIOTHCSI BUMOT
710 HEOOXITHUX 00UHCITIOBATILHUX PECYPCIB.

Jlns  ypaxyBaHHS BIUIMBY BiadiasbTpoBanux ("miaciTkoBux'") wmacmTadiB
TypOYJIEHTHOCTI IPUTATYIOTHCS T1 00 1HIII HANIIBEMITIPUYHI MOEITI.

B HaykoBiii siTepaTypi A OiAKpECAeHHS KapIMHATBHUX BIAMIHHOCTEH METOIY
LES Big migxofiB, 110 BUKOPHCTOBYIOThCS i 3amukaHHs RANS, iX Ha3uBaioTh
"OiACITKOBUMHA".

Jlo TpeThoi rpynu BIAHOCATH TIOPHAHI MiIXOJIH, IO CIIHUPAIOTHCA HA CILIbHE
BukopuctanHs RANS i LES minxoniB B pi3Hux obnactsx Tedii. Bonu € HaiOuibIm
PO3MOBCIOJKEHUMHU [IJIs1 TPAKTUYHOTO BUKOPHCTAHHS, BUXOISYM 3 MOMIJIMBOCTEH
00YHUCITIOBATLHOT TEXHIKH.

OTxe, po3paxyHOK TypOyJEHTHHUX Tedill 1 Ha TEMepiliHii Yac 3aJIHUIIaeThCs
OJTHIEI0 3 HAMOUTBIN CKIAAHUX MpoOJeM, a HajiliHe MepeadadeHHs XapaKTePHUCTHUK
TypOyJEHTHUX TOTOKIB, MO MPEICTABISAIOTh MPAKTUYHUHN IHTEpeC, SK 1 paHile €
IIBU/IIIEC BUKIIOYCHHSIM, HIK TTPABUIIOM, IO MOSICHIOETHCS BUHITKOBOIO CKJIQIHICTIO

TypOYJEHTHOCTI K (hI3UYHOTO SABUIIIA.
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3amaya OOTIKAHHS PI3HOMAHITHUX TiJI, TPAHCIIOPTHUX 3aCO0IB Ta iX €JIEMEHTIB
MOBITPSIHUM NIOTOKOM € JOBOJI1 CKIAAHOIO.

Metoau po3paxyHKy OOTIKaHHS T1L1 HA OCHOBI MOJIEN 1I€albHOT PITIUHA MaIOTh
ITUPOKE PO3IMOBCIOKEHHS B OOYMCIIIOBAIBHIN aepoAuHaMIIll 3aBASKH CBOii
NPOCTOTI Ta HEBENMKUM BHMMOraMm 1o pecypciB EOM. IXx 3actocyBaHHs 103BOJIs€
PO3B’s3aTH Al NPUKIAJIHUX 33]1a4 Ta 3p03yMITU (DI3UKY Teuii.

Bzarani 3amava oOTiKaHHS PI3HOMAHITHUX TUI, TPAHCHOPTHUX 3aco0IB Ta iX
€JIEMEHTIB MOBITPSHUM IOTOKOM € J0BOJI ckijagHor. Cepen METOAIB Ha OCHOBI
MOJIEINI 171eaqbHOT PIIMHY CIIJ] BUAUTUTH METOAN JTUCKPETHUX OCOOJMMBOCTEH, a came
MeToll JuckpeTHux BuxopiB (MJ/IB). Bin mnopiBHAHO mnpocTuUi, HE HAATO
TPYJAOMICTKUM, 3pyuHuid /uist 3actocyBanHsi EOM Tta noctatHbho epeKTUuBHUI croci0
MaTEMaTUYHOTO MOJIETIOBaHHS 00TikaHHS Tul. ToMy s po3B’si3yBaHHS 3a1ay
aepoMHAMIKM EKpaHOIUIaHIB Ta JAWHAMIKM IX pyXy L€l MeToj Moxe OyTu
Ha/J3BUYaliHA €()EKTUBHUM.

3actocyBaHHSI MOJENI 1/1eaJbHOI PIAMHHU [JIi pO3paxyHKy HECY4oi CHUCTEMU
TAKOr0 TMEPCHEKTUBHOIO TPAHCIOPTHOTO amapara J03BOJsE€  CPOPMYIIOBATU
aepoJuHaMIYHy 3a/1a4y sk 3anauy Heiimana ans piBusuns Jlamnaca.

PeanbHi 3amadi aepoMHAMIKH TPAHCHIOPTHUX 3acO0IB € HECTalllOHApHUMH Ta
BI[pUBHUMHU. B  JIOMOBiZI  pO3TIIsAIa€ThCS 3aJa4ya MOJEIIOBAHHA OOTIKAHHS
KpujaeBoro mpodiis JITATbHOTO amapata moOJu3y BOAHOI IMOBEPXHI ITOTOKOM
HECTHCIUBOI HEB’SI3K0O1 piauHU. P0o3po0ieHO MeToNuKy, ajiropuT™M Ta IMPOrpaMHe
3abe3nedenHs. /(s HamucaHHS KOAYy MpOrpaM BHUKOPUCTAHO MOBY MpOTpamMyBaHHS
Fortran 95. Kowmmiekc mporpam TpOTECTOBAaHO Ha CTaHAAPTHUX 3ajJadax
aeporimpomexaniku. Po3paxoBaHo aepognMHaMi4HI XapaKTEpUCTUK Npodiisi Kpuia
BHUCOKOMIBUIKICHOTO HaJJBOAHOTO O€3MUIOTHOTO amapary.

PoGory BuKOHaHO B paMkax NpoekTy “OOrpyHTYyBaHHS aepOJAMHAMIYHHX 1
MPOEKTHUX TMAapaMeTPiB BUCOKOIIBUIKICHOTO HAJBOJHOTO OE3MIJIOTHOTO amapary’” 3a
¢dinancoBoi miaTpuMkH HamioHaneHOro ¢GOHAY JIOCHIKEHb YKpaiHU (IPOEKT

179/0170).
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K. ¢.-m.H. CtpoeBa B.O., 3100. ’Kurasesa C.II.
Dnipro State Technical University
STUDY OF SOME COMBINATORIAL OPTIMIZATION PROBLEMS

Many actual optimization problems can be formulated as combinatorial
optimization problems. The mathematical formulation and methods for solving such
problems are based on the concepts of combinatorics or combinatorial analysis. The
study of the general properties of combinatorial optimization problems is gaining
independent importance, and methods for finding their exact solution are traditionally
considered to be among the most difficult issues in the development of computational
algorithms.

The problems of combinatorial optimization include those related to finding the
optimal value of the objective function on the set of some combinatorial objects.
Although some combinatorial optimization problems in their original formulation are
formed as optimization problems on graphs, their characteristic property is that many
of the admissible solutions have a certain combinatorial structure. The presence of
such a structure allows both to estimate a priori the power of the initial set of
admissible solutions and to reasonably approach the development of computational
methods for solving the corresponding optimization problems.

Typical problems in combinatorial optimization are partitioning problems,
partitioning and covering problems, problems of placing various geometric shapes on
the plane and in space, problems of finding combinatorial objects that have some
extreme properties.

In this paper, a number of actual problems of traveling salesman and optimal
partitioning of sets are investigated by means of linear integer programming and
discrete optimization. In particular, the problem of designing electronic equipment, in
which certain components of the system must be divided into separate modules, the

total power of which in each module should not exceed a threshold value, while the
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components of each module should contain the maximum number of conductors for
communication with each other, is investigated.

On the basis of the constructed and substantiated algorithms, computer
programs have been developed using Visual Basic, with the help of which a
numerical study of a number of actual applied problems has been carried out. The
analysis of the obtained results, their analytical study, allows us to conclude that the
developed algorithms are adequate and can be used to study other problems, which in

their mathematical formulation can be reduced to the above.
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Kana. ¢.-m. H. Ctpoena B.O., 3106. Cagosa JI.B.
Jninposcvkutl Oeporcasrnutl mexHiuHutl yHigepcumem
JOCIIAAKEHHA METOAIB EKCITEPTHUX OLHIHOK,
AKIHCTPYMEHTIB CUCTEMHOI'O AHAJII3Y JEAKUX CUCTEM

Sk 3miauThCs CBITOBa €KOHOMIUHA CHUTYAIlis Yepe3 ecaTh pokiB? Uu OynyTh
€KOJIOTIYHO Oe3MeyHi MiCTa 1 MPOMUCIIOB] MiAMPUEMCTBA ab0 K HABKOJIO BHUSIBUTHCS
pykoTBopHa myctens? JlocuTs 3aaymMaTvcs Haa MUMH MUTAaHHSMU, MTPOAHAII3YBaTH,
K JECATh POKIB TOMY MU YSBISUTH cO01 choromHimHIN CBiT, m00 3p03yMiTH, M0
CTOBIZICOTKOBO HAJIITHUX MPOTHO31B MPOCTO HE MOXkE OyTH. 3aMiCTh TBEPIKEHb 3
KOHKPETHUMH YHCIIaMH MO>XHA OYIKYBaTH JIMIIE SKICHUX OIIHOK. [Ipore, momcTBoO
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Ma€e MpUUMATH PIIICHHS, MO0 EKOJOTIYHUX Ta IHIIMX MPOEKTIB 1 I1HBECTHUIIH,
HACIIJKY SIKMX MMO3HAYAThCS 3a JACCATh, IBAUATH 1 OUIbIIIE POKIB.

Pa3om 3 nuM, B ymMoOBax BIMHHM 3 POCI€l0, OE€3MEPEUHO aKTyaJbHUM IOCTAE
MUTaHHS HapOIIyBaHHS BIMCHKOBO-CTpATETIYHOI Baru HaIIoOi JEp:KaBH, 30Kpema, 3a
paxyHOK BUKOPUCTaHHS HOBITHBOI'O, IHHOBALIMHOIO, BHUCOKOTEXHOJOTTYHOTO
HaIpsIMKY, SIK TO POOOTHU30BaHUX CHUCTEM O€3MUIOTHUX IIaTGopM 3 yaapHUMH abo
PO3BiTyBaITBHO-YIAPHUMH €JIEMCHTAMH.

ExcriepTHi MeToaW  OIIHIOBaHHS  3aCTOCOBYIOTh Y  BHUIAIKY, KOJH
BUKOPUCTAHHS TEXHIYHUX 3aCO0IB BUMIPIOBAHHS HE MOXJIMBO a00 €KOHOMIYHO HE
oOrpyHTOBaHO. Y pOOOTI TPEACTaBICHO OCHOBHI TOHSTTS METOIB EKCIEPTHUX
OITIHOK, JOCIIPKCHO €TamlM ITJTOTOBKM Ta TPOBEJACHHS CKCIIEPTH3W, OTPUMaHHS
EKCIIEPTHUX OI[IHOK, & TAKOXK CIOCOOM BUMIpIOBaHHs 00’ €kTiB. Ha 0cHOB1 MeTOoIMKHN
0o0OpoOKM JaHWUX METOJaMHM IapHOrO 1 TIOBHOTO IIONApHOr0 TMOPIiBHSAHB, i3
3aCTOCYBaHHSIM MaTpullb OlHApHUX TIEepeBar, IOCHIIHKEHO psJ TECTOBUX 3ajiad.
30kpema, JOCITIPKEHO METOAUKY OIIHIOBaHHS OOMOBHX MOKIMBOCTEH O€3MUIOTHHUX
KOMIUIEKCIB 3a TpylamMu Yy3araJlbHEHHX IIOKa3HUKIB. 3amnpoONOHOBaHAa METOIUKa
BPaxOBY€ Y3TOJKEHICTh JYMOK €KCIIEpPTIB 3a JOMOMOTro0 KoedilieHTa KOHKOpAarii
Ta J03BOJISIE TIEPEUTH BIiJ SKICHOTO JO KIJIBKICHOTO OIlIHIOBaHHS OOMOBHUX
MOYKJIMBOCTEN OE3ITIJIOTHMUX aBlal[liHUX KOMIUIEKCIB.

Takox pO3rISHYTO MIIXOAHM IO aKCIOMAaTHYHOMY BBEJCHHIO BIJICTAHEH MIXK
BIIMMOBIISIMU €KCIIEPTIB, ONTUMIZAIlIMHUH MIAX1 10 BU3HAYSHHS MiJCYMKOBOT TYMKH
KOMicii ekcnepTiB, BimacTuBoCTi Bijctani Kemeni 1 memianum KemeHi, 3acTocyBaHHS
KoedilieHTa KOpesilii Ta KOHKOPIAIIii; TOCIiPKEHO OCHOBH METOJI0JI0T1l HeUITKOCT1
Ta 3BEICHHS TEOopii HEYITKOCTI 10 Teopii WMOBIPHOCTEH 3 MOAAIBIIUM
BUKOPUCTAaHHSM B €KCTIEPTHUX TEXHOJIOTISX.

Ha ocHOB1 HaBeneHHWX y MOCHIDKEHHI TEOPETUIHUX IOJIOKEHb PO3POOIICHO
ANrOpUTMH  OOPOOKHM pe3yJbTaTiB OMUTYBAaHHS EKCHEPTIB Ta OOTPYHTOBAHO

pEKOMEeHaIlli 3 MPAKTUYHOTO BUKOPUCTAHHS METO/IIB €KCIIEPTHUX OLIIHOK.
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Cexkuiga 2
MATEMATHNYHI MOJIEJII

K. Texn. H. ABpamenko B. 1.

Ininpoecvkutl Oepocagnull mexHiuHuil yHigepcumem
MOJEJb HEOJHOPIJHOI'O J1XXEPEJIA
BUITAIKOBUX ITPOMEHIB HAJA IIVIOLIUMHOIO

SIKu1o JKepesio BUIAJIKOBHX NMPOMEHIB HAJl IJIOIIMHOKO HEPIBHOMIpHE, TO Ha
NOBEpXHI MiB chepu 3 LEHTPOM B TOUIIl JrKepesa BUMAJAKOBUX MPOMEHIB PO3MOALI
BIZIPI3HATUMETHCS BijJ piBHOMIpHOTO. B mumiHapuuniii cuctemi koopauHat (¢, 6, z)
PUITYCTUMO, 10 10 a3UMYTAIILHOMY KYTY (0 PO3IOJAUI € PIBHOMIPHUM Ha 1HTEpBaJi
(0,2m), a mo moysIpHOMY KYTY 6 HIUIBHICTH PO3MOILTY MIPOMEHIB JIIHIHHO 3aJI€XKUTh

BI,H 3HAYCHHSA KYyTa
f@=k-0+b 6e(05) 1)
2

BoueBuap, 1mo b — 3HaYeHHsA NIUIBHOCTI HA BepTUKaNbHIA oci z =0, k —
KyTOBHI KOedilieHT MpaAMoi. 3 ypaxyBaHHSIM BJIACTUBOCTEH IIUIBHOCTI PO3MOJLTY,

napamMeTpu kK i b He € He3aJIe)KHUMU 1 HIUTBHICTh MOYKE OyTH BHpakeHa

£(6,b) = (S_H—j”b) .0+b, be (o, %) (1a)
2 mk 8 8
f(@,k)=k-9+(;—7), ke(—ﬁ,ﬁ) (1b)

[Tpsimi miinbHOCTI TIipU b > 2/ x (k <0) e cmagaumu GpyHKIIIME, TpU b < 2/ T
— 3poctarounmu (k > 0), ane Bci mpsiMi IPOXOIATH Yepe3 TOUKY (”/ 4 2/ n)-

3aK0oH pO3MOAUTY BHUIAJKOBUX MPOMEHIB Ha TOBEpXHI chepu JOBUIBHOTO
paaiycy He 3aJeKHUTh Bi KyTa ¢, a 3aJeKHICTh NUILHOCTI Bi KyTa 6 BHpa)kKaeThCs

dopmynoro 1, =19(k-60 + b). BpaxoByrwounm, 10 TOPU3OHTATBHI pajiycu
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nponopuiiiHi sin @ [1],  mUIEHICTH PO3MOALTY HAa OBEPXHI MBCHEPH pagiycom Ty

Mae€ BUI

1
(k-6+b)*> C

fO)=C o2 “Rikrm-2 kP

[Ipu k = 0 mMae Micue cTana WUIBHICTh PO3NOALUTY Ha MOBEPXHI MmiBchepu.
[epexonasium, six 1 B po6oTi [1], 10 po3moaily KOOpIUHAT MEPETUHY TPOMEHIB 3

MOBEPXHEIO IJIOLIMHYU Ha BijcTaHi h Bix [pkepenna, OTpUMy€EMO

1 h ’
fl,y)=C-—- -(k - arccos + b> (3)
2T ([xZ+ Y+ hz)3 Va? +y?+h?

f(x,0) IMosepxus f(x,y) yIBOpIOE Y
0.08

npoctopi koHyc oOepranHs. Ha
MadoHKy 1 HaBeaeHi rpadiku
OCbOBHX  MEPETHHIB  HIUIBHOCTI
PO3IOLIIB BHUITAJIKOBUX IPOMEHIB

Ha IUIONIWHI JJIs Pi3HUX 3HAYeHb D,

000
4 3 2 1 0 1 2 4 ¥ 3HauenHa h=2. Ilpub =

~
~

W
Qlwn

- = =b=04] ——b=064 — —b=0,79 ,
_ o _ 0,64 (k=0) Mae MicILie
Mamronok 1. I'padiku ocL0BHX mepeTHHIB miuTbHOCTI f (X, )
PIBHOMIpHHUH PO3MOJIT IPOMEHIB Y
niBrpoctopi. g 3nadens b > 0,64 rpadiku OuthIn JOKamizoBaHi, npu b K 0,64
MaKCUMaJIbH1 3HaY€HHsI 3MINIYIOTHCS 3 EMIIEeHTPY, YTBOPIOIOYM Ha IUIOIIMHI KLIbIIE
HABKOJIO IIEHTPY.

. . . C-b? 4
Excrpemansai 3HauenHs B emineHTpl [(0,0)py = pym— Tak, npu b =-—
Y s

T

f(0,0)max = precaret 0,21, mpub =0 f(0,0),in =0.

B po6orti [1] po3rasiHyTo MOEIb, KOJIH HEPIBHOMIPHICTD JKEpEJIa MIHIEThCS B
3aNeXKHOCTI Bifl KyTa 6 IO eKCIIOHEHTi 3a (opMyInoro 1, = 1y - exp(a - 6) (B mpomy
BUIIAJIKY PIBHOMIpHUI po3mojin mpomeHiB Mae wmicie npu a = 0 ). [lopiBHSHHS
KPUBUX OCHOBUX IMEPETHHIB MOKa3alo iX OJU3BbKICTh MPHU BIAMOBIAHOMY Mig0O0pi

napameTpiB. Tak, 1 HaBeJACHUX HA Maj. | KpUBUX 3HaUYeHHIO mapametpa b =0,41 3
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koediieHToM neTepminauii R? = 0,988 sBignosimae Benmumna a = 0,467, a
3HaueHHio b =0,79 BignmoBimae 3 KoedillieHTOM JeTepMiHaIlii R? = 0,999
BennunHa a = —0,30.

3aKOHU PO3MOALTY KOOPJIWHAT MPOMEHIB Ha IUIONIWHI JJIs JBOX PO3TVISHYTHUX
MoOJielIell CYTTEBO HE BIAPI3HSIOTHCS, 1 JJIS 3aCTOCYBAaHHS Ti€l UM 1HIIOT MOAEIN1

HEeJHIMHOCT1 HeoOXiHA ToAaTKOBA 1H(pOpMAITis.

Cnmcox BUKOPHCTAHMX JKepeJI

1. Aspamenko B.I., CrpoeBa B.O. Moaeni po3noauly BUNIQAKOBUX NMPOMEHIB Ha IUIOMIMHI.
MaremaTruHe 1 mporpamHe 3abe3nedeHHs iHrenekryansHux cucreM (MII31C-2023). Tesn
nomosigei. Jquinpo: IHY, 2023. c. 55-56.

PhD Baxan C.M.
BCII «Texnonociunuti gpaxosuti konedrc TV »
3HAXO/I’KEHHSA MAKCUMAJIBHOT'O 3BHAUYEHHSA AJIS1 LIBUAKO
OCHUJIIOIOYNX ®YHKIIN

['eHeTHYHUN aNrOpuTM JIEMOHCTPYE BHCOKY €(PEKTHBHICTH MPH 3HAXOJKECHHI
PO3B’SI3KIB CKJIaJHUX ONTHUMI3AIlIMHUX 3a/1a4, 10 BUHUKAIOTH Yy Pi3HUX ramys3sax [1].
3aCTOCOBYIOYHM T€HETHYHI aITOPUTMH MOXHA €(EKTUBHO 3HAXOJUTH EKCTPEMYM IS
neskux (PyHKIIIH, 7€ IHKOJIW TPaaWIliiiHI METOAM 3a3HaroTh HeBaad. OKpiM TOTO,
TEeHETHYHI aJTOPUTMH TMOKAa3yIOTh BUCOKY aJaNTHBHICTh 1 CTIMKICTh JO JIOKAJIBHHUX
EKCTpEMyMiB, IO POOUTH IX aKTyadlbHUMHU JUIsI 3a7ad OaraTroKpuTepiabHOI
omrtumizaitii. BpaxoByroun CTpIMKHN PO3BUTOK OOYHMCIIOBAIBHUX MOTYXKHOCTEH,
TeHETHYHI aJTOPUTMHU CTAIOTh BCE OUTBII JOCTYIMHUM 1 MIMPOKO BUKOPHUCTOBYBAHUM
THCTPYMEHTOM JJII HAYKOBUX 1 PAKTUIHHUX JOCIIKCHb.

B poGorax [2-4] BHUCBITICHO OCOOJMBOCTI 3aCTOCYBAaHHS OIEPATOPHOI
Moau(ikalii TeHETUYHOrO aJrOPUTMY ISl 3HAXOJKEHHSI 3HAYEHHS TJ100albHOTO

MIHIMYMY M[IBUAKO OCIWIIOYMX (PYHKIIN 13 3aCTOCYBaHHSAM  PI3HUX THIIIB
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pexkoMOiHamli Ta MyTtamii. Y 3a3HauyeHuX poOoTax Oynu HaBeJEeHl pPe3yJIbTaTH
3HAXOJIKEHHA MiHIMyMY Juist pyHKI1i Pactpurina, [lIBedens, Jlanrepmana ta iHIIKX.

PosrnsinyTo npukian 3HaXoKeHHS eKcTpemyMmy st yHkiii Jlanrepmana, sika
OKpIM BHUPaXEHOTO  IIOOAJBLHOTO MakCcUMyMmMy Mae Halip JjokaimbHux puc (1).
JlocnipkeHHs BHUKOHAHO TMpPU HACTYIHUX MapameTpax: KUIbKICTb IOBTOPEHb
excriepuMeHTy — 1o 20 pa3ziB; 0e3 BUKOpPHUCTaHHs orepauli MyTaili, 3 MyTall€ro
ApPYroro THUIy — 3aCTOCYBaHHA CTOXaCTHYHMX MATPHUIb 3 BUKOPUCTAHHAM
BUIIAJIKOBUX NTApAMETPIB BUZHAUECHOTO TUITY Ta BUKOpHUCTaHHS MHOKUHU KaHTOpa, sk
OKpeMoro By oreparlii myTartii [5,6].

3HAXO/IP)KEHHS MaKCUMAaJIbHOTO 3HAYEHHSI peaji3oBaHO y BUIVISIAI MPOrPaMHOIO
MOJIYJIsI, IO peali3y€e NaHWW alfOPUTM Ta JA€ 3MOTy 32 KOPOTKHM MPOMIXKOK Hacy
BU3HAYATU JOCUTH BEJIMKY MHOXKMHY PO3B’A3KIB Ta HAJaTH CTATUCTUYHI PE3yJbTaTh

SIK JUJISI MAKCUMAJIBHOT'O Ta MIHIMAJIbHOT'O 3HAYeHb JOCTKYBaHOT QYHKIIII.

85 @ Bazhan_Oliinyk __program - [m} X

Oavi\Data  Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 Example 7 Example 8 Example 9 Example 10 Example 11 Example 12 Example 13 Example 14 Example 15

X F7 ~ (&.145) Start

» -0.006.. 1.5
099 |00s.. [\

098 |-0.005
097 000 1

0% 0003
095|002 /\ /\
0 |0.000..
0.5
033 |00mz.
092 00030
03 |00M7 [\ [\
09 0.0062. o P .Y A A Vo NN
; 0062... AN V
089 |0.0074..
088 00081
087 |00084..
05 v L
08 00082
085 00075
084 |0.0063..
-1

033 |0.0047..
082 0.0027.

081 |0.0004...
08 |0001. 15
079 |0.004 B 1 3 5 7 9
078 0,006... |\

Puc. 1. I'padik ¢pynkuii JJanrepmana
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Tabnuya 1

CraTHCcTHYHI XapaKTEePUCTHKH Pe3y/abTATIB POOOTH aJrOpUTMY
s pynkuii Jlanrepmana

.| Kinericte | Mytauia [I | Kinericte | Mytania I1I | Kinericte
Bes myTammi| " ) o , .
iTepartiit THITY iTepariii THITY iTepariii
Ercrpemym Fx)=145 x=4
Haiixpamit pezyasTar poboTi F(x) |[1.4547401 53 1,45474025 197 14547255 87
anropuTMY X 3.,9998181 4.00016453 3,99926652
Bimxmnenna x F(x) 0.0001819 | 0,0047401 | 0,00016453 | 0,00474025 | 0,00073348| 0,004725
Haiiripmii pesvaetar poboti F(X) 1.4543452 1373 145468785 213 145472115 297
ANnropUTMY X 4.003702 3,99864302 4 00082966
Bimxmnemma x F(x) 0.003702 | 0,0043452 | 0,00135698 | 0,00468785 | 0,000829%966 | 0,004721
min KITBKICTS iTepartift F(x) |14547401 53 1.45473991 50 1,45473845 g3
x 3,9998181 4.00019764 3,99970102
Bimspmenma x  F(x) 0.0001819 | 0,0047401 | 0,00019764 | 0.00473991 | 0,00029898 | 0.004738
max KiMbKICTE ITepariiit F(x) |14545942 1493 1.45472615 663 1,45473058 594
x 3,997745 4,00071783 3,99939834
Bimmmenna  x F(x) 0.002255 [ 0,0045942 | 0,00071783 | 0,00472615 | 0,00060166 | 0,004731
Cepenna snbEcTs fTepartit 371 187 204
Cepenne sHavenns GyHEL F(x) |14547042 1,45473228 1,45473506
x 3,9999627 3,99990584 3,0998242
CepenHe BiTXHIeHHA x F(x) 3,729E-05 | 0,0047042 | 9. 4158E-05 | 0.00473228 | 00001758 | 0,004735

CraTUCTHYHI XapaKTEPUCTUKUA PE3yJbTaTiB E€KCIIEPUMEHTAILHIUX BUIIPOOYBAaHb
s ¢yaknii Jlanrepmana HaBegeHi y TaoOmumi 1. 3amporioHoBaHi TUMH oreparii
MmyTaIlii eeKTUBHI 1 3a pe3yJbTaTaMH BILUIUBY Ha pOOOTY alrOpUTMY CHiBCcTaBHI. Bei
OTpUMaH1 pe3yJIbTaTH 3HAXOMSATHCA B MEXKax OOpaHOTO BIIXWICHHS BiJl BiJIOMOIO
PO3B’SI3Ky 1 MOKa3yIOTh €(PEKTUBHICTh POOOTH aJrOPUTMY, HaBITh MPU HAUOUIBIIIMA
KUTBKOCTI 1Tepalliii Ta HAUripIomMy 3HaueH1 3HaXO/DKCHHS EKCTPEMYMY.

3acTocyBaHHs ~ omeparopHoi  Moaudikaiii TEHETHYHOTO  AJITOPUTMYy 3
BUKOPUCTAaHHSAM PI3HUX THUIIIB OMeEpaliii MyTamii Ja€ MO3UTHUBHI PE3yNbTaTH IS
3HAXO/PKEHHS MaKCUMYMY, TaK camo 5K 1 JjIs MiHiMyMy. Pe3ynbpTatn ekcriepuMeHTiB
CBiTYaTh TPO T, MO0 JAaHUW aNTOpUTM € e(PEKTUBHUM IS PO3B'SI3aHHA 3aj]ad
BU3HAYCHHS TJIOOAIBHOTO eKCTpeMyMy (QyHKIIH onmHiel 3MiHHOI 1 BimoOpaxkae
HAJIMHICTh, MIBUAKOMII0 Ta PIBHOMIPHICTH POOOTH alTOPUTMY, a BHKOPHUCTAHHS

PI3HUX TPOIEAYp MyTaIlii MPU3BOASITH 10 THYYKOi pOOOTH T€HETUIHUX aJTOPUTMIB.
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Maricrpant banaubknii K.B., k. Texn. H. Kpacnikos K.C.
J[Hinposcwkuti OepoaicasHuli mexuHiuHutl yHigepcumem

HEYITKE MOJAEJIOBAHHA POBOTH TEIIVIOOBMIHHOT' O KOTJIA

VY cydacHMX yMOBaxX €KOHOMIYHOI €KCIUTyaTallii MPOMHUCIOBHX IiINPUEMCTB
0COONIMBY yBary NPUIUISETHCS MUTAHHSAM €HEproeeKTUBHOCTI Ta ONTHUMI3AIii
BUPOOHUYMX Tpo1ieciB. OTHIEIO 3 KIIOYOBUX CKIAI0BUX €(hEKTUBHOTO BUKOPUCTAHHS
SHEPIeTUYHNX PECypciB € poboTa TEImI00OMIHHUX YCTaHOBOK, Cepell SKUX KOTIH
bK3-220-100 3aiimaioTh BaxJIMBE MiCIle B EHEPreTUYHUX CHCTeMax O0araThox
MPOMHUCIIOBUX 00'€KTiB, B ToMy umncii i Ha [IPAT "Azot".

Mertoro pgaHoi poOOTH € pPo3poOKa Ta JOCHIDKCHHS MOJENl HEYITKOTO
MojeNmoBaHHsT poOoTu TermooominHoro KoTina bK3-220-100 y mpomMucimoBux
ymoBax. OcHOBHa yBara OyJe NpuAUIeHA aHalI3y MOXKJIMBOCTEW MIJBUILICHHS

e(eKTUBHOCTI POOOTH KOTJIa HIJISXOM OMNTUMI3allli HOro mapaMmeTpiB 3a JOMOMOTOIO
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MEPEeOBUX TEXHOJOr HEYITKOrO MOJENIOBaHHS. PO3riIsiHyTO METOIM HEYITKOIro
MOJICJIIOBaHHS SIK IHCTPYMEHT Ui OI[IHKM Ta ONTHUMI3alli poOouYux MmapaMerpiB
KOTJIIB.

3aNeXHUMU JIHTBICTUYHUMU 3MIHHUMH HEYITKOT MOJIEN1 Yy JAaHOMY BUIIAJIKY €:

1) Temnepatypa BuXiZHOro (IEperpiToro) mapa Uisi KOTJIA € OCHOBHUM
MOKa3HUKOM €()EKTUBHOCTI TEIJIOOOMIHY B KOTJI.

2) Edexrunicts kotna (KIIJ]) koTenpbHOro arperata BUMIPIOETHCS BiCOTKOM
BUKOPUCTaHHS TEIUIOBOI CHEprii majuBa I BUPOOHHUIITBA KOPHCHOI TEIUIOBOi
€Heprii.

3) Pisenp Bukuaie NOx Ta CO2 € BaKIMBHUMH IIOKa3HUKAMH €KOJIOIIYHOT
Oe3nexu poOOTH KOTJa.

HezanexxHuMy 3MIHHMMH €. TeMIlepaTypa TOpiHHS, THCK, BMICT BOJIOTH B
NaJIMBi, TEMIIEpATypa XOJOAHOTO IMOBITPs, KOHIICHTPAIlis KUCHIO.

Ha ocHOBI BH3HAYE€HWX JIHTBICTUYHUX 3MIHHUX CGHOPMYJIbOBAHO HEYITKI
npaBwia BUBOAY. Po3poOieHo mporpamHe 3a0e3MedeHHs Ha OCHOBI HEYITKOTO
MOJICJTFOBaHHS, TPU3HAUCHE JIJIsl OIIHKU €()EKTUBHOCTI pOOOTH KOTJIIB.

CtBOpeHO JneTanbHy 0a3y NaHUX EKCIEPUMEHTIB, SIka MICTUTh 3allUCH PO
npoBeaeHl cuMmynsnii  pob6orn korinie  bK3-220-100 3 pi3HEMH  BXITHUMH
napamerpamMu. ba3za nmaHux BKIOYae iHGOPMAIlIO MPO TEMIIEpaTypy, THUCK, BMICT
BOJIOTH, TEeMIIEpaTypy XOJIOJTHOTO TOBITPS, KOHIICHTPAIII0O KHUCHIO Ta OTpPUMaHi
3HauUeHHs €(EKTUBHOCTI KOTJA 32 KOXKHUM eKkcriepuMeHToM. Ll 6a3za maHux ciyrye
IIHHAM DPECYpPCOM JUIsl aHali3y BIUIMBY OKPEMHX IMapaMeTpiB Ha MPOAYKTHUBHICTH
KOTJIa Ta JJO3BOJISIE ONTHUMI3yBaTH MPOIECH €KCIUTyaTallii Ta yrnpaBliHHS KOTEIbHUM
obomagnanusMm Ha [TIPAT "Asot".

Kinnesuit edekt Bim BAKOPUCTAHHS 3alIPOIMIOHOBAHUX PIllIEHb MOJIATAE V:

* 3HIDKEHHS BUTPAT HAa MAJMBO 32 PaxXyHOK TOYHINIOTO YIPABIIHHS MPOIECaMU

TOPiHHS HA OCHOBI peajbHUX JIAaHUX Ta HEUITKOTO MOJICTIOBAHHS.

40



* 3MEHILIEHHS €KCIUTyaTallliHUX BUTPAT 1 30UIBIICHHS TEPMIHY CIIYKOHM KOTJIIB
yepe3 MOKpalleHUH KOHTPOJIb HaJ poO0OYMMHU MapaMeTpaMu Ta 3arnoOiraHHs
EKCTpEMaIbHUX PEXKUMIB POOOTH.

e [TigBumieHHss HaaIMHOCTI Ta O€3MEeKM MpOIlEeCciB Ha BUPOOHUUTBI 3aBISKH
3MaTHOCTI MOJENI TMPOTHO3YBaTH TMOTEHI[IMHI MpoOJIeMU Ta aBTOMATHU30BAHO
aJanTyBaTUCA J10 3MIH YMOB.

e [[igBUIIIEHHS €KOJIOTTYHOI OE€3IIEKH MUISIXOM 3MEHIIEHHS KIJIbKOCT] MIKIUTUBUX
BUKHJIIB B aTMOCHEpy, 110 JOCATAETHCS 32 paXyHOK OLIII €()eKTUBHOTO CIIATIOBAHHS
najuBa.

* 3a0e3Me4eHHs] MOXJIMBOCTI JJisi MPUUHATTS OOIPYHTOBAHMX YIPABIIHCHKUX

pillIeHb 3aB/SKN HAsIBHOCTI IETAIbHOT aHANITUKY Ta 1HGOPMAIIITHOT TIATPUMKH.

K. Ttexn. . Bitoyc O.1., k. Texn. H. Tannypa I'.1.,
acn. Yenypko B.K., maricTp. XoxorBa A.O.
J[Hinposcvkuti depaicasHuli mexuHiuHutll yHigepcumem
MATEMATUYHA MOJEJIb HAIIPYKEHO-IE®OPMOBAHOI'O
CTAHY 'YMOTPOCOBOI CTPIUKH KOHBEEPA

[ToTyxHi KOHBeepW OO0NAAHYIOTH CTpIUKaMHU apMOBAaHMMH Tpocamu. Taka
CTPYKTypa CTPIYKH 3YMOBIIIOE€ CYTTEBHH BIUIMB IOPHBIB TPOCIB Ha ii MIIHICTb, Ta
Oe3meKy ekcruryaTallii 0coOIMBO MOXUINX KOHBEEPiB. BU3HAUECHHS BIUIMBY MOPHUBIB
— aKTyajbHa 3ajJja4a BOHA JO3BOJIAE IS BIIOMOTO YIIKOKCHHSI apMyBaHHS CTPIUKH
npuiiMaTH OOTPYHTOBAaH1 TEXHIYHI PIIICHHS 3 YMOB ii eKCIUTyaTarlii mo CIpUsITUME
ITIIBHIICHHIO O0C3MEKH eKCILTyaTallii CTpiY0K Ha BUPOOHHUIITRI.

[Ipuitmemo, MmO TpPOCM MarOTh NPAMOKYTHUM TmiepetuH. [lmoma mnepetuny,
KOPCTKICTh Ha PO3TATYBAaHHS 1 BUTHH BIANOBIJAIOTh BIANMOBIIHUM IIOKa3HUKAM
TpociB. BOHU He CTHUCKYyBaHI B MOINEPEYHOMY MEpPeTHHI. ['yMOBI MOMIDKTPOCOBI

MpoIIapKu 1ePOpMYy€eThCs SIK BIHKIEPIBChKUN MaTepian. Taka mojenb BiANOBIIA€E
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MOJIeJII IapyBaTOr0 KOMIIO3UTTY PETYJSIPHOI CTPYKTYpHU. PIBHSIHHS pIBHOBaru He

KpalHIX TPOCIB:

2
AOI =i B{UM—ZUi +U, +co(OIWi+1 —_dWi—lﬂ =0
d

NG dx dx
d*w du ., du d*w d®w, d*w @
D—* -C(w,, 2w, +w_ )-Bc,| =2 —-—= +¢ by 2—ty—211=0
dx* (Wi < Wia) O{ dx  dx o[ dx? dx?  dx? H
JUJ1st 30BHIIMIHIX TPOCIB PIBHSHHSA MarOTh BUTJIAL:
2
Ad uzo +B ul—u0+co(m—dwoj =0,
dx dx dx
d*w du, du d?w, d*w @
D 0 _C(w,—-w,)-Bc 1_~0.¢ Ly 0 11=0,
dx* (W, = Wo) O{ dx  dx 0[ dx*  dx? ﬂ
d®u dw dw
A—N1Blu,,—U,+C N1 _ N 1=,
dx? { NN 0( dx  dx ﬂ
d*w du du d?w d?w )
D N_C(w, ,—w,)-Bc N1_“Nigc N1 N 11=0,
dx* (Wi =wy) { dx  dx 0[ dx? dx? H
ne N — KUTbKICTh TPOCIB B KaHATI.
JIuist CTPIUKHM 3 YIIKOMKEHHM cepeqHiM K - THM TpocoM IpaHM4Hi yMOBH
KOJU X —> +00 p;. _P w, :%20. 4)
N dx
ko x=0
=0, Wig sk, (5)
dx
du.. . d*w. .
Hi_Q, L=, i=Kk, 6
dx dx? ©)
d’w, dw. dw, dw.
D—'-Bc,|U,—U_+C i 2—t4+—= 11=0, 7
dxg O|: i+1 i-1 0( dX dX dX j} ( )

['pannuna ymoBa (4) BinTBoproee npunmnun CeH-BeHaHa. YMoBa (5) BimoOpaxae
BIICYTHICTh 3CYBIB TPOCIB Ta CHUMETPHYHICTh iX MPOTruHIB. YMoOBa (6) BpaxoBye
BIICYTHICTh 3yCWJUIS PO3TATYBaHHS 1 MOMEHTIB B MEPETHHAX PO3PHUBIB  TPOCIB.

YMmoga (7) BimoOpaxkae BIACYTHICTh 3YCHJIb IEpEpPI3yBaHHS TPOCIB.
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BupimienHss Mojeni NIIyKaTUMEMO [Jis JIiBOI HaNiBHECKIHYEHHOT YaCTUHHU

CTPIYKM Yy BUTTIAAL
u, = Ue"* [cos(p(i +6))— Ksin(p(i +6))],

(8)
W, :We“[sin(u(i+8))+ Kcos(p(i+8))]. °

[lincTaBuBmIM yxBajneHl pimeHHs B (1) oTpumanu cuUCTEMY OIHOPIIHUX
JHIAHUX  piBHAHb anreOpu. IlpupiBHSABIIM HYIIO BU3HAYHUK, OTPUMAIH

XAPAKTCPUCTUIHC piBHHHHH:

£i2B cos(u)—l_C2 cos(p)+1 o
A ° D

{C(COS(M)—l)}az 4B C ©
D

ﬁ(cos(u)—l)2 =0.

XapaKkTepUCTUYHE PIBHSIHHS B 3araJIbHOMY BHITQJIKy Ma€ IIICTh PI3HUX KOPCHIB.
JIBa kopeHi ailicHi. Yotupu nomapHo 3B's3aHi ysaBHO. 3 cuctemu (3) ms 0<u<2n

Bu3Hauniau K 1 0 oTpumanu pimeHHs:

k=1 n=1 (10)

1e a,, - HeBIIOMI MOCTIMHI IHTeTpallii, Kl BU3HAYaJId 3 YMOB AedopMarii Ha
Mexi x=0.

3 yMOBH 00MeXeHOCTI Jeopmariiii 3a 6€3MEKHOTO 3POCTaHHS KOOPAUHATH X B
pimenHi (10) BUKOpUCTAEMO JHIIE KOPIHI 3 MO3UTHUBHOIO JIMCHOIO YaCTHHOIO. Y

TAKOMY pa3i pillleHHs ITyKaTUMEMO y BUTJISIL:

u, = ZS:ZN:akne“k“X [cos(un (i+8,))—K,sin(p, (i+ Sn))],

k=1 n=1 (11)

= iZN:akanneO‘k”X [sin(w, (i+3 ))+K,cos(u,(i+35,))]

3 BUKOpHUCTaHHAM pinieHb (11) qociaipKkyBanm xapakTep po3noAuty aedopmariiii

=

st tymotpocoBoi crpiuku tumy ['TC — 3150. MakumanbHe HaBaHTaKEHHS
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COpHUiMarOTh CyMiKHI Tpocu. BoHo mepeBuiiye cepeane Ha 20%. Y pasi po3puBiB
IBOX cyMixkHUX TpociB — 40%.

Bucnosku. IlobynoBaHa MareMaruyHa MOJEIb TYMOTPOCOBOI  CTPIUKH.
BcTaHOBIIEHO 110 MOPUB CEPENHBOIO TPOCA 3MEHIIYE 1i TIArOBY  CIPOMOKHBCTH
npaktuuHo Ha 28%, nBox cyMikHUX — Ha 38%. Bimome 3MeHIIEHHS TATOBOT
CIPOMOXKHOCT1 CTPIYKM JO3BOJISIE NIl BIIOMOTO YIIKO/DKEHHS apMyBaHHS CTPIUKU
npuiiMaTi OOrpYHTOBaH1 TEXHIUHI PIIIEHH 3 YMOB ii €KCIUTyaTallii 10 CIPUSTUME

MBUILICHHIO 0€3MEKH eKCILTyaTallli KOHBEEPHUX CUCTEM Ha BUPOOHUIITBI.

K. TexH. H. BosiocoBa H.M., 3100. I'Ho€eBOiIi /I.B.
Jninpoecvkutl Oepocagnull mexHiuHull yHigepcumem
MATHEMATICAL MODELING OF THE DEVELOPMENT OF THE
HOTEL BUSINESS ENTERPRISE BY MEANS OF THE METHOD OF
ANALYSIS OF HIERARCHIES

The method of analyzing hierarchies is one of the most relevant methods in
modern decision-making theory, which can be applied to choose the optimal solution
to a problem in various spheres of life with a completely different composition and
type of data.

An important advantage of this method over most of the existing methods of
evaluating alternative options is a clear description of the judgments of experts and
decision-makers, as well as a clear representation of the structure of the problem: the
component of the studied system and the interdependencies between them. The
complexity of the research is characterized by a large number of interactions between
many subjective and objective indicators of different types and degrees of
importance, as well as between groups of people with different goals and conflicting

interests. These circumstances determine the probability of choosing one of the
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possible alternatives, which is acceptable to all only with a certain degree of
compromise.

The values of system indicators are dimensionless and subjective, as they are
determined based on the results of a survey or the method of expert evaluations.
Thus, we have real conditions of uncertainty, where loosely structured and
unstructured problems arise.

The essence of the method of Analytical Hierarchy Process (AHP) consists in
the breakdown of the elements that determine the essence of a certain problem into
simple components and in the further processing of judgments based on pairwise
comparisons. The main task of the method is to determine the global priorities of
alternatives, that is, their priorities relative to the root of the hierarchy. At the same
time, the results of expert surveys in the form of matrices of pairwise comparisons at
all nodes of the hierarchy, except for alternatives, are used as initial data. As a result,
the relative degree of interaction of the elements in the hierarchy can be determined
and the convolution of all specific estimates into an integral indicator can be
performed.

In the conducted research, using the method of analysis of hierarchies, the
analysis was performed and the evaluation and selection of the optimal project for the
development of the hotel business enterprise from 3 alternative projects was carried
out.

One of the main steps of the method is structuring the problem in the form of a
hierarchy or network. With a dominant form of hierarchy, for effective forecasting
and achieving convergence of set desired goals with logical ones, the optimal strategy
IS to combine direct and inverse planning processes into a single scenario - the
optimal hotel development project. After determining the technology for conducting
direct and inverse planning processes and creating a generalized scenario, local
priorities of indicators are formulated and an expert assessment of each of the
alternatives based on criteria is performed.

At the next stage of modeling, a matrix of pairwise comparisons of the influence
of primary factors - indicators of hotel activity evaluation on the focus of the
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hierarchy - the optimal hotel development project is built. According to a survey of
consumers of hotel services, owners and employees of the hotel and evaluation by
experts, 6 main indicators were determined: price policy, quality of service, loyalty
program for regular customers, safety of consumers and services, reliable and high-
quality suppliers, high-quality time management. According to this matrix, an own
vector is determined, the components of which can be considered as a local priority,
which assesses the level of influence of the factor on the educational system. At the
second level, the influence of the actors participating in the hotel system on the
indicators is investigated and the eigenvectors of the relevant matrices are
determined. Next, a pairwise comparison of the impact of alternative projects on the
common goal is performed. As a result of a pairwise comparison of all goals of the
fourth level of the hierarchy for actors, a system of dominance matrices and their own
vectors is formed, which allows for the analysis of forecast development projects.
Such an assessment is carried out starting from the top of the hierarchy, a weight
vector is determined to obtain the weighting coefficients of alternative projects. The
obtained system of matrices and their eigenvectors allows to perform the analysis of
projects and to determine the probabilities of their implementation.

The developed mathematical model, which is based on the scenario method of
forecasting and the method of analyzing hierarchies using the apparatus of the theory
of fuzzy sets, allows to determine the optimal situational project of hotel development
and to develop strategies for its successful implementation.
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Ynemumym npuknaonux cucmem ynpaeninns HAH Yipainu
2CEO International Additive Manufacturing Group
3Xepconcokuil nayionaneHull mexnivnul yHieepcumem
Hnemumym mpancnopmuux cucmem i mexnonozin HAH Ykpainu
YUCEJBHE MOAEJIIOBAHHS ®I3UYHUX ITPOLECIB
BUBIPKOBOI'O JIASBEPHOI'O IVIABJIEHHSA METAJIEBUX ITIOPOLIKIB

Bubipkose nazepue ruiasienns (Selective Laser Melting — SLM) — ne oxna 3
aUTUBHUX TEXHOJIOTIH, CyTh SIKOI TOJSATa€ B CTBOPEHHI PI3HOMAHITHUX BUPOOIB 3a
JOTIOMOTO0  JIA3CPHOTO IUIABJICHHS METAJIEBOr0 MOpomKy 3a 3amanumMu CAD-
monensasMu. TexHonoris SLM € KOHIIENTyallbHO MPOCTOr0, ajie (hi3uKa, Ha SKiid BOHA
IPYHTYEThCS, CKJIQJHA 1 OXOIUTIOE IIMPOKUN Jiara30H YacOBHX 1 MPOCTOPOBUX
MacIITabiB.

Po3pobka mpare3natHoi Mojeni g ONMHCY MPOIECIB, JTOCHIDKYBAaHUX V
MIMPOKOMY J1ara30H1 BHU3HAYAIBHUX MApaMeTpiB, € aKTyaJlbHOI 1 TMOKM M0 HE
BUPIIIICHOIO TMPOOJEMOI0 B JlaHId ramy3l 3HaHb. MareMaTudyHa MOJCNb, IO
PO3pOOJISETHCS, 3 OMHOTO OOKY, TOBUHHA BPaXOBYBAaTH OCHOBHI (Di3WYHI MPOIIECH, 1110
BiMOYBAIOThCS, a 3 IHIIOTO OOKY, OyTH JOCTaTHhO KOMIIAKTHOMIO I peaitizallii Ha
Cy4acCHUX MEPCOHATBHUX KOMIT IOTepax.

3arajpHa MaTeMaTHUYHA MMOCTAHOBKA 3a/1adi BUOIPKOBOTO Ja3epHOTO TUIABIICHHS
METaJeBUX MOPOIIKIB 3BOJUTHCA JO MOCTAHOBKH OKPEMUX CTPYKTYPHO 3B’S3aHHX
MDK c00010 3a7a4. A came, TakuX SK: 3ajada PO HECTAI[lOHAPHUN TEIJI0OOOMIH 3
ypaxyBaHHSM (Da30BUX MEPEXO[iB MPH HATPiBaHHI METAJIEBUX MOPOIIKIB PYyXOMUM
Ja3epHUM TMPOMEHEM; 3ajada Mpo JAWHAMIKY PIAKOTO MeTady B BaHHI PO3IUIABY 3
ypaxyBaHHSIM 00'eMHHX 1 TOBEPXHEBUX CHUT; 33/1a4a MPO BU3HAYCHHS HECTAI[IOHAPHOT
dbopMu BUIBHOT MOBEPXHI BaHHU PO3IUIABY 3a HAABHOCTI THUCKY BiJJadi, a TaKOX

BUHUKHEHHS MOP 1 po30pU3KYBaHHS PIAKOrO METATY.
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3amaya mpo HECTAIIOHAPHUM TEMI000MIH € HaWOLIbII BaXKIMWBOIO, OCKUIbKU
BUYEpNHA IH(OpMaLil NpO TEIJIOBUH PpPEXUM MOTpiIOHA SK HPU OMHUCI MPOIECIB
IUTABJICHHS Ta KpUCTali3alli, Tak 1 NpU OLIHIOBaHHI IJIOOAJIBHOIO HAmNpyKEHO-
neOopMOBaHOTO CTaHy TUla, OTPUMAHOrO BHOIPKOBHUM JIa3€pHUM ILJIABJICHHSM.
Po3B's1i3aHHs 1i€i 3aa4i 6€3 SIBHOTO ONMUCY JUHAMIKH PO3IUIABY, ajie 3 aJeKBaTHUM
MPOTHO30M (DOPMYBAaHHS BaHHU 3a 130T€pPMaMHU JIKBIAYCY Ta COJIAYCY € HANOUIBII
NOITUPEHUM  METOJIOM PO3PaxyHKY 3aJIe)KHOCTI BIACTUBOCTEH BUPOOY Bif
napaMeTpiB TEXHOJOTIYHOTO MPOIIECY.

OcHOBHE piBHSIHHS, SIK€ OMHCY€E HECTaIliOHAPHUIN MMPOCTOPOBUH MEPEHIC TeIIa €
PIBHSIHHS TEIUIONPOBIAHOCTL. 3 METOI0 ypaxyBaHHsS (Da3oBHUX IMEpEXO[iB PIBHSHHSA
TETJIOMPOBITHOCTI PO3B’A3yBaJIOCh BIIHOCHO EHTaJbIIII. B SKOCTI MOYaTKOBUX YMOB
3amaBanaca noctidHa Temneparypa 293°K. I'panuynHi yMOBH CKIIajajucs 3 yMOB
Hipixne, Heitmana Ta HproTona. Ilpum 1poMy BpaxoByBalucCs BTpaTH TeIia 3a
paxyHOK KOHBEKI[li Ta BHIPOMIHIOBaHHA. Y poO3poOJIeHIM Mojeni TyCcTHHA,
Koe(iIieHT TETUIONPOBITHOCTI Ta MUTOMA TETUIOEMHICTh € (DYHKIIIMH TeMIIEpaTypH.
Takoxx BpaxoByBaslacsd MpHUXOBaHa TerioTa (a30BUX IMEPETBOPEHb (IUIABJICHHS Ta
BUTIAPOBYBAHHS).

PiBHSIHHS TETUIONPOBIIHOCTI 3aIIMCYBAJIOCh B KPUBOJIIHINHINA CHCTEM1 KOOPIUHAT.
JIuckpeTHU aHAJIOT BHXITHOTO PIBHSHHS TEILIOMPOBIIHOCTI MOOY/IOBAaHO METOOM
CKiHUeHHX 00’emiB. Po3pobieHo anroput™m, sKkuid 0a3yeTbcsi Ha  HESBHIN
He(aKTOPH30BaHIM CXeMi JAPYroro MOPSAKY TOYHOCTI 32 YacOM 1 3a TPOCTOPOM, a
TaKOXK 3 MimiTepamisMu 3a rcepmodacoM. OTpuMaHa CKasIpHA CHUCTEMa JIHIMHUX
anreOpaiyHUX PIBHSAHb HESIBHOI CXEMH PO3B’sA3yBajlacsi METOJOM MiHIMI3arii
y3aranpHeHoi HeB's3ku (GMRES) 3 nemoBumMm LU-poskmamannsm  (ILU(k))
3arajbHOI MAaTPUIll CUCTEMH y SIKOCTI TIEpeI3yMOBIIOBaHHS.

B pe3ynbTati mpOBEAEHOrO UHCEIBHOTO MOJEIIOBAHHS HECTAIl[lOHAPHUX
MpoIeciB  BUOIPKOBOTO JIA3€PHOTO IUIABJICHHS METAJIIEBUX MOPOIIKIB OTPUMAHO
PO3MOALIT MOJISI TEMIIEPATYPH B PO3PAXyHKOBINM 00JaCTI 3 BUJLJICHHAM 30HU JIIKBIYCY

(puc. 1). IloOynoBaHO 3alIe)KHOCTI WIMPUHU Ta TJAMOMHM BaHHU PO3IUIABY BiA
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HIBUAKOCTI PyXy Jiazepy Ta JiaMeTpy JiazepHoi miusMu (puc. 2, 3). Orpumani

pe3yabTaTu 3aJ0BUIBLHO 301ral0ThCS 3 €KCIIEPUMEHTAIBHUMHU JTAHUMHU.

a 0
Puc. 1. Po3noain TemnepaTypu B po3paxyHKoBiii o6.1acTi (a) 3 BUAJIEHHAM 30HU JikBigycy (0)
W, : : : : : D, : : :
MKM i = = i i MKM E i i
. i i ® Experiment i ® Experiment
| ] ] 1

600 +--------- :----\\--1 -------------- —=— Computation "~ 600 B Y I i '''''''' 'i --------- —=— Computation 7]
| ) | | ' i i : : :

=S S S S P S— SR S— S S S

400 -------- R 4 : : ;
i i L i i ! : i :
| | T~ ¢ | | | |
: : : C— : : : : :
S R
i i i i i E e S E
| | | | | | | | —
0 ; ; ; ; ; V, 0 ; ; ; : : V,
0 50 100 150 200 0 Mmmlc o 50 100 150 200 50 mmlc
a 0

Puc. 2. 3anexnicTs mmpuHu (a) Ta r’audunm (0) BAHHM PO3IJIABY Bil LIBUAKOCTI pPyXy Jiazepy

(noty:xuicTs Jazepy P = 400 Br, niameTp s1azepHoi misimu d = 205 mxm)
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MKM | | | | | MKM ; ; ; ; ;
i i i ' ™ Experihent E E E ® Experiment

600 --------d i """"" T —=— Computation =~ 600 -----o- ?' """"" i """"" 'i """"" —=— Computation ™77
s\+ o b

400 --------- bomeeoeees P~ *-------- domeee- doooooeee 400 -----o-o- bommeeee oo EERRRRREEEE oo EIRRRREEEEE
5 5\\‘\? s : : : : :
T e

200 -------e- boneene foomnmneees feomneeees frmmmeeees fommmeeen 200 f--nno--d bonnoone oo bonnooned foononeeee
I T~ i
L . T
- : : - : : : i : o

0 T T T T T V, 0 : T T T T V,
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a 0

Puc. 3. 3anexnicTs mmpuHu (a) Ta randOuHu (0) BAHHHM PO3ILIaBY Bil IIBUAKOCTI PyXy Jia3zepy

(moty:xuicts Jazepy P = 400 Br, niameTp nazepHoi muisimu d = 262 Mmxm)

3aiineB M.O., k. TexH. H. KiaimoB P.O.
Jninposcvkutl Oeporcasnutl mexHiunull yHigepcumem
MOJEJIOBAHHSA MPOLECIB I' IPOAUHAMIYHOI'O

OTPUMAHHS EMYJIbCIHA

Bci icHyro4l METONMKHA pO3paxyHKIB IependadaroTh 3HAXOKCHHS PEKUMHHUX
XapaKTePUCTUK JUCTICPTYBaHHS, €MYJIbI'yYBaHHS a00 romoreHizamii. ICHyIOTh pi3Hi
METOU OJICP’KaHHS eMYJIbCIH Ta iX moaanbinoi 00poOku. [1lap moBepxHEeBO-aKTUBHOT
peuoBuau ([IAP) cTaHOBUTH OCHOBHUN MEXaHIYHHMHA 1 TEPMIYHHMM OTMIp Mpoiecam
TEIUIOMacooOMiHy MK (pazaMu, ToMy IS iHTEHCU(IKAIlT TUX MPOIECiB HEOOX1THO
nedopMyBaT 1 3roAOM 3pYyWHYBATH JaHUM IIap, pealizyBaTH MTpolec ApoOIeHHS
aucnepcHoi ¢asu, a micas IbOr0 Ha HOBIA MOBEPXHI po3ainy (a3 BiTHOBUTHU
HaHouap [TAP.

B naniii po6oti st apoOfieHHS YacTHHOK JMCIEPCHOT (a3 MPOIOHYETHCS
BUKOPUCTOBYBATH Pi3Ke CKUIAHHS THCKY Ta BUKJIMKAHE IUM Pi3Ke 3aKUMAaHHS BOJIH.
[lepmmM KpoKOM J0 pO3paxyHKYy € BHU3HAUCHHS XapakTEPHUX PO3MIpPIB HYaCTOK

aucIiepcHoi ¢a3u Ta oro po3mnoaul 3a po3mipamu. Buniisiroun HeoOX1THUN piBEHb
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3HAYEHHS PO3MIPY YaCTOK, SIKI HOBUHHI OyTH MPUCYTHIMHU B €MYJbCIi MICHS MPOLIECY

noJpiOHEHHs (HaNpUKiIal, MOBUHHI OYTH YacTKHU 3 pajaiycoM, 110 He mepeBuInye Rg¢

), BXKJINBUM € BU3HAUYEHHS XapaKTEPHOTO PO3MIPY CYCIJHIX YaCTOK, SIKI 3HAXOASATHCS
Outg BuUAUIeHUX A po3risay. llpuyomy ix paniyc moBHHEH OyTH MEHIIMM, HIXK

paniyc Ref. 3a snaiinenumu napametpamu Rer Ta Yo =h/Rer (h — Bigcrans mik

LHEHTPAaMH JIBOX HaMOUIbII OJM3bKO PO3TALIOBAHUX Kpareib) MOXKHAa BU3HAUYMUTU
HEOOX1IH1 3Ha4YeHHs KoedilieHTa MDK(A3HOrO HATATY 1 HEOOXIIHY IOYaTKOBY
TEMIIEPaTypy 3 PIBHSIHHS

9 (R,0,t,0)=1717 + 22000R - 10,486 — 0,296t —19,2760 + )
+1,414-107t* +1051,20* —135,4Rt + 0,085& — 52200 R — 0,666t0.
ne R — paniyc yactku; o — KOE(QIIIEHT MOBEPXHEBOIO HATATY MEXI PO3IALTY

da3; o = R/ Ref — BiIHOCHUH pajiiyc; t — moyaTkoBa TeMIepaTypa CUCTEMHU.

Kupnuenko FO.JI., k. Texn. H. Kiimos P.O.
Jninposcvkutl Oeporcasrnutl mexuHiuHul yHigepcumem
JOCIAZKEHHA HUKJIIB POBOTU CUCTEM BOASAHOI'O
HIJJI0OI'OBOT'O OITAJVIEHHSA

[IIupoke pi3HOMAHITTS BHKOPHCTOBYBAaHHMX CHCTEM ONAJCHHS IIOB’SI3aHE 3
repeBaraMM Ta HEIOJIKAaMH OKPEMHUX BHJIB 1, BIAMOBIIHO, OOMEXKCHHSIMH SKi
HaKJIaJla€ CIOXWBad. Tak B ACIKMX BHUIIQJKaX HEOOXITHO BiJIJaBaTH TIepeBary
KOHBEKIIIMHUM CHCTEMaM OITAJICHHS, a B IHIIUX TNPOMCHHCTHM. BukopucTaHHS
ITIJJIOTOBOTO OMaJICHHS HaOyBa€ IMHPOKOrO0 BHUKOPHCTAHHS HE TUIBKH B SKOCTI
JIOTIOMIDDKHOTO, ajieé BXK€ 1 SK OCHOBHOTO JJisi TMPUMIIIEHb 3 PI3HUMH 00’ €MaMu Ta
miomamu. Po3pobieHa maTeMaTndHa MOJENIb HECTaIllOHApHOI Teruionepeaadi mpu

poOOTI cUCTEeM IMIVIOTOBOTO OMaJeHHA. B mocmipkeHl mpuiiHATa BOJASHA CHCTEMA
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nigoroBoro onanenss 3 [IET tpybamu. Pe3ynbTaTu po3paxyHKiB IpUBEICHI Ha PUC.

1.
Temmepatypa, °C
42
40 A
38 A
36 A
34 4
32 4
30 4
28 A
26 A
24

0 2 4 6 8 10 12 14 16 18
Yac, roann

Puc 1. T'padik 3MiHu TeMnepaTyp 3a HUKJIaMH HArpis/oxoJion:xkeHHst (1 — noBepxHs

HiUIOrH; 2 — TOYKA PO3TANIYBAHHSI JaTYNKA TEPMOCTATA)

3 pHCYHKY BHJIHO, III0 TEMIIepaTypa MOBEPXHI MiJIOTH BIIPOJIOBXK JICSIKOTO Yacy
IIPOJIOBXKY€E 301IBIIYBATUCA TIPU BIAKIIOYEHI IMOJayl TEIUIOTH, Ha 10 BIUIUBAE
HEPIBHOMIPDHHMI HarpiB TNEpPEeTHHY CTsHKKH. Po3pobieHa MareMaThyHa MOJCIb
JI03BOJISIE€ TOCTIINTH HECTaIllOHAPHI MPOLIECH TEIIoNepeaayl B MiIJIOTOBUX CUCTEMax

OTAJICHHS Ta B MOJAIBIIIOMY ONTUMI3YBaTH iX poOOTY.

Maricrpant Manuii O.M., k. TexH. H. Kpacnikos K.C.
JIHinposcvKuli OepiicasHuti mexHiuHull yYHieepcumem
HEUYITKE MOIEJIOBAHHSA ITPOLECY I'PH HA MY3UYHOMY
IHCTPYMEHTI

AKTYyanpHICTh TEMH HEYITKOTO MOJICTIOBAHHS TPOIECY TPH HAa MY3UYHOMY
THCTPYMEHTI TIOJISITA€E B 3pOCTAIOYOMY 1HTEPEC JO BUKOPUCTAHHS 1HTEICKTyallbHUX

TEXHOJIOT1H y chepi My3U4IHOI OCBITH Ta 1HIYCTpIii.
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Mertoro naHoi po60TH € po3po0Ka METOy HEUITKOTO MOJCIIOBAHHS JI TPU Ha
MY3UYHOMY 1HCTPYMEHTI, SIKMM JO03BOJUTH aHANI3yBaTH Ta ONTUMI3yBaTu
HAaBYAJIbHUW TIPOLIEC.

BusnaunMo mapameTpu MoOJeNIOBaHHSA. BXigHUMH TlapaMeTpaMH € HOTH,
JUHAMIKa, TeMII, apTUKYJIALI, Ta 1HII1 My3U4H1 BKa31BKU. BUXiTHUMU mapaMeTpuMu
€ THTEHCUBHICTb 3BYKY, IO IMITy€ Ipy Ha IHCTPYMEHTI 3 ypaxyBaHHSIM BBEACHHUX
BXITHUX JaHUX.

Po3poOka HeUiTKMX MHOXHWH BKJIIOYA€ CTBOPEHHS HEUITKUX MHOXHH JIIsI
KO’KHOTO TIapaMeTpa, SIKUii BIUTMBae Ha rpy. Hanpuknaz, s AMHaMiku MOXKYTh OyTH
Taki MHOXHUHHU SIK "Tuxo", "cepennpo"”, "ryuno".

Chopmyemo HewiTKl mpaBuia, SAKi OyAyTb BUKOPHUCTOBYBATHCS IS
IHTeprpeTalii BXIIHUX MapaMeTpiB Ta TeHepallii BIANOBIAHUX MY3WYHHMX pEaKIliil.
Hanpuknazn, mpaBmio Moke 3BydaTH sK: "SKIIo HOTa BUCOKA Ta AMHAMIKA T'ydHA, TO
3BYK Ma€ OyTH SICKpaBUM Ta IPOHUKIUBUM".

Peanizaris cuctemu B C# BKIIFOUa€e porpaMyBaHHS aJrOPUTMIB HEUITKOT JIOT1KH
3 BUKOPUCTAHHAM JOCTYIMHHUX 0107110TeK a00 po3poOKy BIACHUX KOMIIOHEHTIB JJis
00pOoOKH HEUITKOT JIOTIKH;

Po3poOnenuit metom Moxke OyTH aJanToBaHUW JUIS PI3HUX MY3UYHHX
IHCTPYMEHTIB Ta CTHJIIB BUKOHaHHSA. Lle BKitouae B cebe MOKIMBICTH PO3MIUPEHHS
HEYITKMX MHOXKHMH Ta MPaBUJI JIJIs1 BpaxXyBaHHS CIENU(pIYHUX 0COOIUBOCTEH KOKHOTO
IHCTPYMEHTY, TaKuMX SK MEXaHiKa KJIaBiml y ¢opremiaHo ado IuxaibHAa TEXHIKA Y

JTyXOBUX IHCTPYMEHTIB.
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J.¢.-m.H. Maciunuk A. M.,
k1.0 Jebins L., k.¢p.-m.n. Xyma K.B.”
*JIHITPOBCHKHIA Iep/KABHUI TEXHIYHUN YHIBEPCUTET

“"HauioHanbHUli TPaHCIIOPTHHI YHIBEPCUTET

MATEMATHUYHA MOJEJb TA AJITOPUTM ONTUMI3AIIIL
OYHKIIOHYBAHHS ITYHKTY NPOITYCKY MUTHOI'O KOPAOHY

[aTerpariss ykpaiHCbKO1 TPAaHCIOPTHOI CUCTEMH B €BPOIEWUCHKY TPAHCIIOPTHY
MEpEeXy CTaBUTh TMIJBUIIEHI BUMOTM J0 (YHKUIOHYBAaHHS BCIX €JEMEHTIB
TPAHCIOPTHOI IHPPACTPYKTYPH, Y TOMY YUCII 1 MyHKTIB MPOMYCKY MUTHOT'O KOPJOHY
[1]. V 3B’s3Ky 3 1M po3poOKa Ta BIPOBAKEHHS CY4aCHHUX METOJIIB 1 TEXHOJOTIH
ontuMizaiii poOOTH MYHKTIB MPOITYCKY € JOCUTb aKTYyaJbHOIO.

Jis minBuieHHsT e()eKTUBHOCTI BHKOHAHHS 3aBJaHb MHUTHOTO OQOpPMIICHHS
NEPEeMIIIEHHS TPAaHCIOPTHUX 3ac00iB, BaHTaXIB 1 TMAaCaXUPIB MPOMOHYETHCS
BUKOPUCTOBYBATH MaTEMaTUYHy MOJIEJIb Ta alrOPUTM ONTHUMI3AIlli YHCEIbHOCTI
MUTHOTO TIAPO3AUTY aBTOMOOUIHPHOTO ITYHKTY MIPOITYCKY Ha OCHOB1 Te€Opii CHUCTEM
MacoBOT'0 OOCITYTrOBYBaHHS.

[Iporiec TpaH3UTHOTO TIEPEMIIEHHS BaHTaXIB 1 TPAHCIOPTHUX 3ac00iB
MOYMHAETBCS Yy TYHKTI MPOIYCKY depe3 JAcepKaBHUK KopaoH Ykpainu. Ilepmra
npoOjeMa — Ie Yepra B O4YiKyBaHHI MUTHOTO O(GOPMIICHHS TPaHCIOPTHOI'O 3aco0y,
IO HAJIAIIOB J0 MYHKTY MPOMYCKYy. BUpIIIEHHS NUTaHHS Yeprd TPAaHCIIOPTHHUX
3ac0o0iB mepes MyHKTOM MPOMYCKY 3aJeKUTh, MO-TIEPIIE, BiJl TPUBAIOCTI MPOLETYP
Ta (OPMAIBHOCTEH, IO 3MIHCHIOIOTHCA MHUTHHUMH Ta IHIIMMH KOHTPOJIOIOUYAMU
opraHamMu, TOOTO TIMTaHHA Ma€ TEXHOJOTIYHUN XapakTep; TMO-Apyre, Bil
PaIliOHAIBHOTO PO3IOAUTY 3aBJaHb MpAI[iBHUKAM MHUTHOTO MiApO3ALTYy. Y 3B S3KY 3
MM CIIPOIIEHHS Ta aBTOMATH3aIlil MUTHUX MPOIEAYp Ta iX TPUBAJIOCTI y Haci, a
TaKO)X BHKOHAHHS 3aBJaHHS 30aJlaHCOBAHOCTI KIUIBKOCTI MPAI[iIBHUKIB MHUTHHX
OpraHiB 3aJIEKHO BiJl XapaKTepy TPAHCIOPTHOTO MOTOKY Ta TEXHIUHUX MOMJIUBOCTEH
MyHKTY MPOIYCKY, HAJa€ HOBI MOXJIMBOCTI MHIABUIIEHHS €(PEKTUBHOCTI MPOULECY

MUTHOTO O(POPMIICHHS TPAHCTIOPTHHUX 3aCO0IB 1 BAHTAXKIB.

54



[IoOynoBy Ta HOCHIKEHHS MaTE€MaTU4YHOI MoJedl (YHKLIOHYBaHHS MYHKTY
MPOMYCKY MpOBEACHO Ha OCHOBI MeToly MounTe-Kapno. Muthuii ninpo3ain — e N-
KaHaJIbHa CHCTEMa MacoBOro OOCIyroByBaHHA O€3 BIIMOB, Yy fAKy HaJXOAMTb
MyaCCOHIBCHKUWA TMOTIK 3afBOK — TpaHcmopTHUX 3aco6iB (T3). B skocti kanamy
NpUIMaETbCsl MIHIMAJbHA KUIBKICTh MPAlIBHUKIB MHMTHOTO MiAPO3AULY, IO
Oe3nocepeHbo 3a0e3meuyoTh MUTHE 0OpMIIEHHS BaHTaxiB 1 T3.

[loxnagaemo, 1m0 Yac MDK HAAXOMKEHHSIMH JBOX TMOCIIJOBHUX 3asBOK

PO3MOIIEHUH 32 TOKa3HUKOBUM 3aKOHOM:

f(t)=ke™, (1)

ne f(t) — gyac Mixk JBOMA ITOCITIIOBHUMH 3assBKaMU, 0., K — IHTEHCHBHICTH BXiJIHOIO
notoky T3 3a rog.

JlocTimpKeHHsI TIPOBEJICHO JIUIS TaKKX MapaMeTpiB MOJISIIi:

* KUTbKiCTh KaHaliB oociyroByBanus N = {3; 4; 5};

* TPUBAJICTh MUTHOTO KOHTPOJIO Ta MUTHOTO O(OpMIIEHHS KOxHOTO T3
nocTiitHa 1 qopiBHIoe At = {0,333; 0,5; 0,667} rox.;

 1000Ba IHTECHCHBHICTH TpaHcmopTHoro motoky Kk = {300; 400; 500; 600;
700} T3 3a noOy.

B sikocTi mapameTpa onTtuMizarii BAKOPUCTOBYETHCS CEPEIHIM Yac MmpocToro (y
roJIMHaX) TPAHCIOPTHOrO 3aco0y y 4ep3i B OYiKyBaHHI MUTHOTO odopMileHHs. Y
BIJIMTOBIIHOCTI 13 3aIIPOTIOHOBAHUM QJITOPUTMOM MPUHMAETHCS MOMEHT HAIXOKEHHS
1-i 3asBu 71 = 0. 3asgBKa HAAXOAWUTH y MEPIINI KaHAT 1 00CITYroByeThcsl. MOMEHT
3aKiHYeHHS 0OCiyroByBaHHs rmiepmioi 3asBku 1.1 = Tq+At =0+0,333 = 0,333 rog.

MomMmeHT HaIXOMKCHHS HACTYIIHUX 3asBOK BU3HAYAETHC TaK:.

T'l' =T'i-l+til (2)

ne t; — TpuBaTiCTh Yacy MiXK JIBOMa MOCITIIOBHUMHU 3asiBKaMH 3 Homepamu [ —1 Ta i.
MosknuBi 3Ha4eHHS ; pO3paxoBYIOTHCS 32 (HOPMYIIOFO:
tt =—(@/K)Inr=(/Kk) (—Inr;), (3)

ae r; — Bunaakose gucio (0< r <1).
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[loTiM O0OYMCIIOIOTBCS IHTEPBAIM Yacy MDK THOCHIAOBHUMHU 3asiBKAMH 3
HoMepamu i Ta (i +1) aHaIOriyHO O TOrO, SIK IIe OyJ0 3pOo0JeHO sl 3asiBKU 3
HOMEpOM i = 1, pO3paxoOBYIOTHCS MOMEHTH iX HAIXOKEHHS 10 CHUCTEMH Ta
PO3MOALTY Ha OOCITYrOBYBaHHS BUIBHUM KaHAJIOM.

Ha ocHOBI OTpuMaHuX JaHUX KOMII IOTEPHUX EKCIIEPUMEHTIB MOOYJ0BaHO
rpadiky 3aJeKHOCTI 4Yacy NPOCTOK TPAHCHOPTHUX 3acO0IB Yy uep3i OYIKYyBaHHS
MUTHOTO O()OpPMIICHHS 3aJI€KHO BiJl mapameTpiB st 3, 4, Ta 5 KaHAIbHOI MOJIENI.

Amnaini3z pe3ynpTaTiB MPOBEACHUX pPO3PAXyHKIB TIOKa3ye, IO 3aJCKHICTh
CepeHBOTO Yacy nepeOyBaHHs TPAHCIOPTHOTO 3ac00y y 4ep3i BiJ IHTEHCUBHOCTI Ta
TPUBAJIOCTI 0OCITYyrOBYBaHHS TPAHCIIOPTHOTO MOTOKY Ma€ TEHJICHINl 0 3pOCTaHHS
JUIsE MOJIeNel 3 PpI3HOI0 KUIBKICTIO KaHalllB 0O0CIIyroByBaHHs. BigxuiieHHS Bij
BUIIE3a3HAUYCHOTO XapaKTepy 3pPOCTaHHS CIOCTepIracThCsa y 4- Ta 5S-KaHAIBHUX
MOJICJICH TPHUBATICTIO OOCIYrOBYBaHHSI OJHOTO TpaHCHOPTHOTO 3acoby At = 0,333
roj; y 4YOTHpUKaHAIbHIA Moneni 3 morokom K = 300 T3 3a noOy; a Takox y 5-
KaHabHIH Mojeni 3 motokamu K = 300 T3 3a go6y Ta k = 400 T3 3a m00y, 110
MOSICHIOETHCSI HEJTHIMHICTIO 3aJIe)KHOCT1 XapaKTepUCTUKUA (DYHKITIOHYBAHHS CUCTEMU
IpU TaKUX MapameTpax Mpu TpaHuYHIN IepepoOIIIoBaIbHIN CIIPOMOKHOCTI.

TakuM YuHOM, ONTUMAIbHUMHU MapaMeTpamMu (QYHKIIOHYBAHHS MHTHOTO
HiAPO3UTY B MyHKTI MPOMYCKY MOKHA BBaKaTH:

* TpUBATICTH OOPMIICHHSI OJHOTO TpaHCHOPTHOTO 3aco0y At= 0,333 rox;

* KUIBKICTH MpaIiBHUKIB MHUTHOT'O migpo3airy, mo Oe3mocepeaHbo
3MIIACHIOIOTh MUTHUW KOHTPOJIb Ta MUTHE oopmieHHs, N = 4;

* iHTEHCUBHICTB TpaHcTIOpTHOTO MOTOKY K = 300 T3 3a m100y.

3a Takux YMOB (DYHKI[IOHYBaHHS MHUTHOTO MIiApO3AUTY CEpeaHiil dac
nepeOyBaHHS TPAHCIIOPTHOTO 3aco0y y 4Yep3i B OUiKyBaHHI MUTHOTO O(OPMIICHHS
craHoBUTHME 1,5—2 XB.

BpaxoByroun MOXJIMBICTh BHHHKHEHHS THMYAaCOBUX EKCTPEMAIbHUX YMOB
byHKITIOHYBaHHS (30UTBIICHHS TPAHCIOPTHUX TIOTOKIB; 30UTBIICHHS TPUBAJIOCTI
MUTHOTO O(OPMIICHHSI 3a PaxXyHOK CIEUM(IKM BaHTaXiB; 30UIbILICHHS BUIIAJIKIB

BUSIBJICHHS MOPYLIEHHS MHUTHUX MPaBUJI), MPOMNOHYETHCS 30UIBIIUTU KUIBKICTh
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MpaliBHUKIB MUTHOTO mifpo3Auty. Lle nacte MOXIMBICTh HE TUIBKM 3MEHILUTU 4Yac
MPOCTOI0 TPAHCIIOPTHUX 3aC001B y uUep3l 10 MIHIMYMY, ajie W ypaxyBaTH (akTop

CTOMJIFOBAHOCT1 200 BIICYTHOCTI MPAIliBHUKIB TOIIIO.

Cnmcox BUKOPHCTAHUX JIKEpeI

1. Mertononoriss  ¢opMyBaHHA TPaHCHIOPTHO-MHUTHOI 1HPpPACTPYKTypu B
VYkpaini: MmoHorpadis/ 3a pea. A.M. Ilaciunuka. — Juinponerpocsk: YMCO, 2016. 168
C.

A.¢.-m.H. Ilaciunuk A. M., acn. [{ub6a. B. B.

JIHINpOBCHKUH epKaBHUM TEXHIYHUN YHIBEPCUTET

MATEMATHUYHA MOJEJIb ITIPSIMOI TA OBEPHEHOI
3AJAYI BAJICTUYHOI TPAEKTOPII TOJIBOTY
TBEPJOI'O TLJIA CPEPUYHOI ®OPMH

OnHuM 13 BUBHAYATBHUX (DAKTOPIB BILIMBY Ha OAICTUYHY TPAEKTOPIIO MOIBOTY
TBEPIUX TLT € BpaxyBaHHsS OMopy MoBiTps. Lle gae MOXIMUBICTh aeKBaTHO OI[IHUTH
BIUIMB aepPOJMHAMIYHUX CHJ Ha MOJIT 00’€KTa, IO BAXKIWBO MPHU IPOCKTYBaHHI
aBlamitHUX 1 apTwiepicbkux OoenpumaciB. JIOCHIMKEHHIO PI3HUX aCIEKTIB
MAaTeMAaTHYHOTO MOJICITIOBAHHSA OaJICTUYHUX TPAEKTOPIA TOJBOTY TBEPAMX TI
NPHUCBSUCHO MUTMH psn HaykoBux mnpank [1]. Tomy mnpoGiema momaibmioro
VIOCKOHAJICHHSI Ta PO3BUTKY METOJIB JOCHIIKEHHS MaTeMaTHUYHUX MOJIEeH
OaIICTUYHUX TPAEKTOPIN MOJTBOTY TBEPAMX T Pi3HOT POPMU € JOCUTH AKTYATHHOIO.

B naniii poboTi HaBemeHO pe3yabTaTH AOCHIIKEHHS MPSMOi Ta OOCPHEHOI
3amaui moOymoBH OamiCTUYHUX TPAEKTOPIA 3 ypaxyBaHHAM OIMOpPY TOBITPS TpH
HEBEJTMKUX MIBUAKOCTSIX MOJTBOTY TBEPAUX TLT chepudHOoi GOpMH.

PosristayTo 3amady moOymoBu 0aliCTUYHOT TPAEKTOPIT MOIBOTY TBEPIOTO Tija 3
MOYATKOBOIO IMIBUAKICTIO Vo 1 KYTOM (o MDK BEKTOPOM MIBHUIKOCTI 1 JIHIEIO
ropu3oHTy. [louaTok cucteMu KOOpAWMHAT PO3MIIIYETHCS B TOYIl MOYATKY MOJIBOTY

57



TiJa, BICh Y HallpaBjeHa BEPTUKAIBHO Bropy, a BIChb X HANpaBlieHA FOPU30HTAIBHO.
[Ipy MoaBOTI TBEPIOTO TLA MO OATICTUYHIA TPAEKTOPIl HA HHOI'O i CHUJIA TSKIHHSA
Ta cuia J1000BOro omopy mnoeirps, to6to F = F; + Fg;. Cuna j1060BOro omnopy

MOBITPsl HampaBieHa y MPOTHICKHOMY HAMNPSAMKY pyXy 1 Mae BeJIHUUHY, SKa

3aJIeKUTh B1J a0COJIIOTHOI MIBUJKOCTI Ta GopMu. BBaxaeThcs, IO TUIO Mae Maii

pO3MipH Ta Majly MIBUAKICTH, IO BiAmoBigae yuciay PeiiHonpaca Re < 1. YV takomy

BUIIAJIKy CHJIa ONOPY IMOBITPS Ma€ JIHIMHY 3aJIeXKHICTh 1 BitoMa gk omip CTokca Ta

U1l CPEPUYHUX TUT BOHA MOXKe OyTH BUpa)kKeHa HaCTYHUM CIIBBIIHOUIEHHSM [2]:
Fyr = —6mvd - v,

J¢ V — KIHeMaTH4yHa B’ sI3KiCTh cepenoBuina, d — giamerp Tina.

3a/1aya 30BHIIIHBOT OATICTUKY MOJSATAE y BU3HAYEHHI TPAEKTOPIi MOJIBOTY, KOJIU
BiJloMa JIaJbHICTh JTOCATHEHHS 11111, 1 HEOOX1THO BUOpATH ONTUMAIBHUMN KYT KUJAaHHS
J118 11 TOCSATHCHHSL.

®dyHKIS JaTbHOCTI MOJIBOTY TBEPAOro Tima X,(@o) IpeacTaBieHa y BHUIJISII
yHIMOZAIBHOT (YHKIIIT, SIKa CIOYaTKy 30UIBIIYETHCS Ha MEBHOMY MPOMDKKY KYTIB
KUAJAHHS, a TOTIM MOYMHAE 3MEHIYyBaTUCSA. Take 3MEHIICHHs BiOYBA€ThCS MICHS
JOCSITHEHHS TIEBHOTO MaKCHMAJbHOTO KyTa KHMJIaHHS, TICJS SKOTO ONTUMAJIbHUMA KYT
JUTSL JOCATHEHHSI MaKCUMaJIbHOT JaIbHOCTI 3MEHIITYETHCA. SIKIIO MU XOUYEMO BIIYYHUTH
B IIUTh Ha BIICTaH1 S, TOJ1 MOXYTh BITOYTHCS JIB1 PI13HI CUTYaITIi:

1) SIKm1o S > Xu(@max), TOAI MU HE MOXKEMO BIYUYUTH Y IIb i )KOJHUM KYTOM.

2) Axmio S < Xu(@max), TO, 3araJyioM, ICHYIOTh JBa PO3B'SI3KH PIBHIHHS X,(p) — S =
0: omuH Ha MPOMIDKKY [0, @max], @ IHIIWA HA TIPOMIXKKY [(@max, T/2].

Kyr kuwpmanHs nns JOCSATHEHHS MaKCHMAaIbHOI JalbHOCTI MOJBOTY 0e3
ypaxyBaHHSI OMOpPY TOBITps HOpiBHIOE 7/4. OgHAK 3 ypaxXyBaHHSIM OIOPY MOBITPS
3HAYEHHS KYT KUJIaHHSA JIJIS1 JOCSATHEHHS MaKCUMAaJIbHOI TaTbHOCTI 3MEHIITYEThCS.

Kyt nmocspkHOCTI @9 st mpoMikKy [0, @max] Ha3MBAETBCS TOJOTUM KYTOM
KUJQHHS, IS IPOMDKKY [@max, /2] — KPYTUM KyTOM KHJTaHHS.

JIist KpyTOro KyTa KHIIaHHS, KOJHM TUIO 3aIyCKAETHhCS M BEIUKUM KYTOM JO

JHI1 TOPU3OHTY, OANICTUYHA TPAEKTOPIS CTA€ BUIIOK, OCKUIBKU TUIO BIIJANSETHCA
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BiJl MMOBEpXHI 3eMJi Ha OUIbLY BiJACTaHb nepes naaiHHsAM Ha Hei. Lle moxe OyTn
KOPUCHO B CHUTYyaIlisiX, J€ MOTPIOHO MPONUTHU MEPEImKoar ad0 JTOCATTA BUIIOI TOUYKH.
HaBmakwu, 1151 MOi0roro Kyra KMJaHHS, KOJU TUIO 3aIyCKAeThCsl Mailke mapajieiabHo
JHIT TOPU30HTY, OaTICTUYHA TPAEKTOPIsl 3HAXOAMUTHCS OJIMDKUE O MOBEPXHI 3€MIII,
OCKUIbKU TUJIO HE Ma€ TaKoi BEJIMKOI BEPTUKAIbHOI CKJIaoBO1 pyxy. Lle Mmoxe OyTu
KOPUCHO B CHUTYyallisiX, /€ MOTPIOHO MIHIMI3yBaTH 4ac ab0 JOTPUMYBATHUCS OLIBII

HU3BKOTO MPODUIIO TPAEKTOPIT MOJIHOTY.

Cnmcox BUKOPHCTAHUX JIKEpeJI

1. Warburton R. D. H., Wang J., Burgdorfer J. Analytic Approximations of Projectile Motion
with Quadratic Air Resistance. Journal of Service Science and Management. 2010. Vol. 3, Ne 1. P.
98-105. DOI:10.4236/jssm.2010.31012.

2. Hackborn W. W. Motion through air: what a drag. Canadian Applied Mathematics
Quarterly. 2006. Vol. 14, Ne 3. P. 285-298.

A.¢.-m.H. Iaciuauk A. M., marictp HUymaxk M. C.

JIHITIPOBCHKUH Jiep>)KaBHUN TEXHIYHUN YHIBEPCUTET

MATEMATHYHA MOJIEJIb ONTUMI3AIIIMHOI 3AJTAUI
KJIACTEPHOI OPTAHI3AILIIl BAPOBHUYUX MTPOLIECIB

CucreMHUIT a”Haml3 MOXIIMBUX IUIAXIB BIJHOBJIEHHS Ta IMIBUILIECHHS
KOHKYPEHTOCIIPOMOYKHOCTI BITYM3HSIHOT €KOHOMIKHM ITOKa3ye, IO OAHUM 13 JTIEBUX
IHCTPYMEHTIB JJisi BHpIIIEHHS MpoOJieMu € KiacTtepHa ¢opMa opraHizailii ramry3ei
BupoOHHUNTBa [1]. B yMoBax mocTiiiHO 3pocTarouoi riobaiizamii Ta KOHKYpPEHIii
CTBOPEHHS Tally3€BHX KJIACTEPiB B YKpaiHi HA0YyBatOTh OCOOIMBOI aKTyaJIbHOCTI Ta B
YMOBAaX BiJTHOBJICHHS Ta IHHOBAIIMHOTO PO3BUTKY €KOHOMIKH Kpainu [2]. V 3B’s3Ky 3
1M, BJIOCKOHAJICHHSI METO/IIB MOJICITFOBAaHHS Ta ONTHUMIi3allii KJIaCTepHOI opraHi3arii

pETioHaIBbHOT MPOMHUCIOBOCTI € aKTYAIHHOO MPUKIIATHOIO 33/1a4€elO.
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TepMiH kjacTep BIeplle BBEICHHU B MaTeMaTHll 1 o3Hayae (HI3UYHO OJIU3bKE
pO3TalllyBaHHs JIOT1YHO TOB’SI3aHUX 00’€KTIB y MEXKaxX OJIHiI€l 00siacTi. AHANOTIYHE
3HAYCHHS Ma€ 1 EKOHOMIYHUH 3MICT (BU3ZHAYEHHS) I[OT'O TEPMIHY.

ExoHoMiuHMI KJlacTep — 1€ TepUTOpiaibHO-TaTy3€eBe acolliioBaHe 00’ €HAHHS
TEXHOJOTIYHO  B3a€EMONOB’SI3aHUX  CYO’€KTIB  TOCHOJAPIOBAHHS, a  TaKOX
o0ciyroByrounux  cuctem:  (iHAHCOBOi, = BHUPOOHUYOI,  HAYKOBO-TEXHIYHOI,
1H(pOopMaIliiftHOT Ta colianbHOT IHQPACTPYKTYPH PETIOHY.

TakuM 4YMHOM, EKOHOMIYHMM KJIacTep MPEJCTaBIs€ COOOK KOMIUIEKCHY
MYJbTUKOMIIOHEHTHY CHCTEMY CKJIQJHICTh MaTeMaTHYHOIO MOJIENIOBAHHS SIKO1
HaMpsIMy 3JICKHUTh Bl KUIBKOCTI B3a€EMOJIIOUMX €JIEMEHTIB: MIANPUEMCTB,
oprasizartiu, Cy0’€KTIB ~ HAyKO-TEXHIYHOTO  Ta  COIIaJbHO-€KOHOMIYHOTO
CHpsIMYBaHHS Ta 1H., @ TAKOXK YUCEIbHOCTI QYHKIIOHATBHUX 3B’ I3KIB MK HUMHU.

B nmanoMy JocChipKeHH1 3alpoONOHOBAHO IHTErPAbHY MaKpOEKOHOMIUHY
MOJIeNIb Taly3eBOr0 BUPOOHWUYOrO KiacTepa Jis MOJEIIOBAaHHS 1 JOCIHIIKEHHS
OCHOBHHUX 3aKOHOMIpHOCTeH ioro ¢yHkuionyBaHHsa. [loknmagaerbes, 1o ramy3eBuit
KJIacTep 1e AMHAMIYHA CUCTEMA CTaH AKOi B MOMEHT 4acy t BU3HAYa€ThCS BEKTOPOM
X(t). CtaH cucTeMH 3MIHIOETHCS Y BiIMOBIAHOCTI 13 JI€I0 YIPaBJISIOYHX MapaMeTpiB
u(t), siki Ha3MBaKOTh YIPABIIHHIM CHCTEMHU. 3a TAKUX YMOB, MaTeMaTHYHA MOJCIb
(GyHKITIOHYBaHHS Taly3€BOro KiIacTepa MOXKe OyTH MpeJCTaBlIeHa HACTYITHOIO

cUCTEeMOI0 H(epeHIiaIbHIX PIBHSIHB:

dx/dt = f(x(t), u(t),t), 1)
ne X(t) — morouHMii cTaH rary3eBoro BUpoOHNIoro kiactepa; X(t) € X, X — MHOXHHA
JOIyCTUMHUX CTaHiB cuctemu; U(t) — dynkuis ympasuinas, U(t)eU, U — mHOXHHA
JOITyCTUMHUX 3HAYCHD MapaMeTpiB ynpaniiHas; f — BeKTOp-QyHKIIiSI pO3BUTKY (3MiHH)
CTaHy CHCTEMH 3 YpaxyBaHHSM B3a€MOJIii €JIEMEHTIB KIacTepa.

Y cucremi (1) ympaBiiHHS ~ BU3HAYa€ThCS  YMOBOIO  €(EKTUBHOTO
GYHKITIOHYBaHHST KJjacTepa 3a KPUTEPIEM MaKcuMi3ailii e(eKTHBHOCTI Taly3eBOTO
BUPOOHUYOTO TpOIleCYy Ha BH3HAYeHOMYy mepiomi wacy [ti, to], mo 3amaerbes

ONTUMIZAIIMHUM () YHKIIIOHAIIOM Y BUTJISI/IL:
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E = fttlzCD(JE(t),ﬂ(t),t)dt—)max, )

ne [ti, to] — BHM3HaYeHHMI Yac IMOYATKy Ta 3aBEPIICHHS BHPOOHUYOTO IMPOIECY;
d(x(t) — yHKIioHan BU3HAYCHHSA €QEKTUBHOCTI Taldy3eBOi BUPOOHUYOL
CUCTEMHU JJIsl TIOTOYHUX 3HA4YeHb ii mapaMmeTpiB; U(t) — mapameTpu ONTUMATBEHOTO
yIPaBIIHHA TOCATHEHHS IIUJIEH BUPOOHUYOTO MPOLIECY.

3a3HauMMoO, IO BpaxyBaHHs CHEIIaJbHUX PEKUMIB MUTHO-TIOJIATKOBUX MUIBT,
COITIAIbHO-€KOHOMIYHOT'O PO3BUTKY Ta IHIIMX JIJI1 KOXKHOTO 13 YYaCHUKIB KJIacTepy B
JUHAMIIl PO3BUTKY CHUCTEMHU 3a0€3MeuyeThbCcsi MOXIIMBICTIO 3aJaHHS BJIACHUX
YIPAaBISAIOUUX TPAEKTOPIM Ta 3aJaHHSAM JOJATKOBUX YMOB JUIsl BpaxyBaHHsI CTaHy
KOHKYPEHTHOI'O CEpEeOBHIIIA.

3anponoHOBaHMN MIAX1A JT03BOJSE ONTUMIZyBaTH (YHKIIOHYBaHHS Tally3€BHX

KﬂaCTCpiB BI/IpO6HI/I‘II/IX HpOHeCiB Td BUSHAYHUTH IICPCIICKTHBH ix PO3BUTKY.

CnHCcoK BUKOPUCTAHUX JIZKepeJI
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IHoropeanii K.FO., k. Texn. H. Kiaimos P.O.
JIHinposcvKutli OepaicasHuti mexHiyHUL YHigepcumem
KOE®IIIEHT KOMIAKTHOCTI SIK ®AKTOP OIITUMI3 AL

KOHCTPYKIII MIIITPIBAYIB

Bci mepeBaru migirpiBaua MOKyTh OyTH BUpPa)KEHI1 KPUTEPIEM ONMTHMAIBHOCTI.
OnHUM 3 OCHOBHUX KpUTEPIiB MOKe OyTH BIAHOILICHHS KUIBKOCTI MEPE/IaHOl TeMIOTH

0 TIOTY>KHOCT1 BUTpPAY€HOI Ha IMOJOJIAHHS OMNOpPIB pyxy TemioHociiB [1, 2].
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HeponikoM Takoro KpuTepilo € MiHIMI3alisd TiIpaBIldYHUX OIMOPIB  HUISIXOM
30UIbIIEHHS] NPOXIAHOIO TMEPeTHUHY [UIsl TEIUIOHOCIIB, a 1€ MPU3BOJAUTH 10
30UIBILIEHHS 3aiiMaHOro 00’ €My TEII00OMIHHUKA. BIIbII AOLIUIBHUM € 3aCTOCYBaHHS
rabapuTHOT XapaKTepUCTUKHU Yy BUIIAIAI KOe(DILIEHTY KOMIIAKTHOCTI, AKUH IMOKa3ye
BIJTHOIICHHSI IJIOI1 TeTJI000MIHY A0 00’ eMy mimirpisaya [1].

B poGorti [1] Bu3HaueHe pIBHSAHHSA KOEQIIIEHTY KOMIAKTHOCTI MiJIrpiBaya

HOBiTpH, AKC MaA€ BUIJIA
kp =305,846 + 37,684x; +0,482x, —0,287x,x, —19,333x7 —0116x3, (1)

7€ X1 — KUIBKICTb PSIB TPyO MONEPEYHO MOTOKY; X2 — IOBXKUHA OJHIET TPYOKH,

Ha puc. 1 npuBenena 3anexxHICTh KOe(DIlIEHTY KOMIAKTHOCTI TETUIOOOMIHHUKA
BiJl OCHOBHUX (haKTOPIB.

I[J'ISI BU3HAYCHHA OIITUMAJIBHUX 3HAYCHDb kkp OTPUMAHO CUCTEMY piBHSIHI)

P 37,684 —0,287x, — 38,666, =0;
0Xq

(2)

Ky
—— =0,482-0,287x; —0,232x, =0.
OXy

B pesynpTaTi pillieHHS CUCTEMH PIBHSHB (2) OTPMMAHO CTaIllOHAPHY TOUYKY

byHKIIil
X, = 0,968;
©)
X, =0,88.
SIx BHIIHO 3 pe3ynbTaTiB MakcuMyM (QYHKIIT npumnagae maibke Ha N=3. Tomy
MpPUIMAIOYH 1I€ 3HAYCHHS KUTBKOCTI TpyO MOMEpedyHoO MOTOKY PIBHUM TPH, MOXKHA

OTPUMATH ONTHUMANIBHY OBXUHY OJHIET TPYOKH 32 YMOBU 3a0€3MCUCHHS MAaKCUMYMY

koedimieHTa KoMmakTHOCTI X, = 0,841, abo B po3mipaomy Burisiai |y = 0,468 m.
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Puc. 1. 3anexunicTb koeilieHTY KOMIAKTHOCTI TeNJI000MiHHUKA Bil 0CHOBHUX

(paxTopis

B poOori mpuBeneHa MeTOAWKA BU3HAYEHHS ONTUMAIBHOI KOHCTPYKIIil
migirpiBadiB 32 TaKUM IapaMeTpoM sK KoedilieHT KommakTHocTi. OTpumani
PIBHSIHHS J03BOJISIIOTh BU3HAUWTH BIUIMB TaKUX (DAKTOPIB, SIK KUIBKICTh PSAIB TPYO
MONIEPEYHO TIOTOKY Ta JOBXKHHA OJHIET TPyOKHM Ha KOE(QIIIEHT KOMIIAKTHOCTI
TEIJI000OMIHHUKA. 3a JIOTIOMOTO0 PO3pO0JICHOT METOJMKH MOJKJIHMBO B JIOCTAaTHBO
MPOCTiM TIOCTAHOBIII TpOaHATI3yBaTH 3HAYCHHS KOEQIIIEHTY KOMITAKTHOCTI TMpPH
PI3HUX TIOEMHAHHSIX TMPUBEICHUX (HAKTOPIB Ta ONTUMI3yBaTH KOHCTPYKIIIIO
migirpiBayva.
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Maricrpant Ilonpyra B.O., k. TexH. H. Kpacnikos K.C.
J[Hinposcvkuti deparcasHuti mexHiuHull yHigepcumem
HEYITKA MOJEJb ITIPOT'HO3YBAHHS PE3YJIBTATY HIAIIKOBOI
MAPTII

He3Bakatoum Ha 3HA4YHI KpOKH, IO Oyld 3poOJieHl Yy JOCHiIKEHHI
PI3HOMaHITHUX YMHHHKIB, SIKi BIUIMBAIOTHh HA PE3yJbTAaTH y CIIOPTHBHUX 3MaraHHsX,
npobsieMa BU3HAYCHHS ONTUMAJIBHOTO Ta YITKOTO allTOPUTMY OIliHIOBaHHS (haKTOPiB
YCHIXY Y CIIOPTI 3aJIMIIAETHCS TAJIEKOIO BiJl CBOTO BUPIIIIECHHS.

CTBOpIMO HEUITKY MOJeNbh MPOTHO3YBAaHHS pe3yNabTaTy MIAIIKOBOI MapTii Ha
TypHipi Bceykpaincbkoro piBHs. OnumiemMo BXiJHI Ta BUXIJIHI napametrpu. BxXimHi
napamMeTpH BIUTUBAIOTh HA BUX1THI.

[lepmmit BximHuii mapamerp — «MalCTEPHICTE» — BHUMIPIOETHCS PIZHUMHU
PIBHSAMH CWJIM OTIOHCHTIB. Y TOHSTTS CHJIa TPaBIs BKIIAJAETHCS CEPEIHIN PiBEHb
TaKUX TOKa3HUKIB, SK: TEOPETUYHI 3HAHHS, HABUYKU TPU W MPAKTUYHUN OCBIT
BUCTYNy Ha BceykpaiHChbKUX Ta MIDKHAPOJAHUX 3MaraHHsX.

VY sxocti rpaBig Nel nmpuitMaeThCs TOCBIIUEHHUN CIIOPTCMEH, SIKMM Ma€e 3BaHHS
«Maiictep copty YKpaiHu». Horo ormoHeHTOM (I'paBuem No2) moske OyTH IIAIIKICT
3 HACTYNHOIO CHJIOIO TpHU: PO3psAI — Mepimuid abo 3BaHHS — MaiicTep CHOPTY 4YH
rpoCMENCTED.

Hpyruii Bxigauii mapametp — «HacTpiit» — mo3Boiise 1ie 10 MoYaTKy maprii
OILlIHIOBAaTH Ticuxojoriunuii crtaH ['paBusg Ne2. Ileit kputepiii Moxe CyTTEBO
BIUTUHYTH HA MIICYMKOBHI pe3yibTaT y MapTii.

Buxinni mapameTpu iCHYIOTH y pe3yibTaTi 0OpaHOTO MPOIECY 1 pearyroTh Ha
3MIHY BXITHUX TMapamMeTpiB. €IWHUM BUXIIHUM TIApaMETPOM Yy MOJENl, 10
nochimpkyeTecs, € «Pesymprar»y ['paBrs No2. BiH moke MaTH TpW TOKa3HUKHU 3
HACTYITHUMH OJUHUIIIMH BUMIpPY: Tiepemora — 2, Hiuus — 1, mopaska — 0.

3a TOMOMOT0r0 BU3HAUEHUX 3MIHHUX CTBOPIOEMO HEUITKi MpaBUia Ta YMOBH, SKi
(bOpPMYIOTECS MPOrPAMHUM 3aCO00M JIJIsS HEUITKOTO MOJICITFOBAHHS.

Jlns oTpuMmaHHS 3HadeHb Oyno po3poOiieHe mporpamMHe 3a0e3TEUYCeHHS 3

BUKOPHUCTaHHSM MOBH nporpamyBanHs C Sharp.
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. ¢i3.-mar. H., c.H.c. Pequnus /1.0., in:kenep Tapacos M.C.

Incmumym mpancnopmuux cucmem ma mexuono2iu HAH Ykpainu

MOIEJIOBAHHA ITUHAMIKHN H-POTOPIB JIAP’€ 3 YPAXYBAHHAM
3MIHHOCTI HIOTOYHUX YUCEJ PEUHOJIBICA

AHaniz BapiaHTIB KOHCTPYKTHMBHOIO BHKOHAaHHS Ta MapaMeTpiB poOoYHX
pexXuMiB BiTpoycTaHOBOK 3 H-portopamu [lap’e mokasas, mo B poOodux JiamnazoHax
KyTOBUX IIBMJIKOCTEH PpOTOPIB BEJIMYMHU JIHIAHUX IIBUAKOCTEH Jomaren
3MIHIOIOTBCSI B IIMPOKUX MeXKax. BekTop MiHIWHOT MIBUAKOCTI Jomarti, a, OTXe,
3BOPOTHHM BEKTOpP HIBUAKOCTI OOTIKAHHS MpH ii BIACHOMY pPYCl MO KOIYy, 332 OJIUH
000pOT poTOpa 3MIHIOE CBOIO OPIEHTAIlII0 B TOPU3OHTATIBHIN IJIOMIMHI HA 27 pajiaH.
TakuM YMHOM, BEJIMYWHA BEKTOPHOI CYMH IIBHUIKOCTI BITPY 1 BEKTOPY HIBHJKOCTI
oOTiKaHHS JomaTi mpu il pyci MO KOJy TakoXX OyJae ICTOTHO 3MIHIOBATHUCS B
3JIKHOCTI BiJI TIOJIOKEHHS JIOTIATI HA TPAEKTOPIT 1 BEJIMYMHU KYTOBOT IITBUJIKOCTI.

Po3paxyHku KyTOBUX IIBUIKOCTEH Ta MOAYJIB 3arajJbHUX IIBHJKOCTEH
0OTIKaHHS JIOTIATeH POTOPIB TECTOBUX BITPOYCcTaHOBOK Masioro (420 Bt), cepennboro
(20 xBt) Ta Bemukoro (420 kBT) knaciB MOTYKHOCTI TNMPU BHUXOJI B PEXKUM
aBTOPOTAIlli JUIS XapaKTepHOI IMIBHAKOCTI BiTpy 12 M/c mokaszaB, MmO MOy
IIBUKOCTEH 0OTIKAHHS JIomaTel 3MIHIOIOThCA Bif HyJa 10 ~50 M/c. Ile o3Hagae, 110
y Ipolieci po3roHy poropa 4mcio PeifHonmbiaca 3MiHIOEThCS Bif Hyis g0 ~2,2-10°8,
Yucno Peiinonbaca 6e3mocepelHb0 BU3HAYAE XapaKTep 3aJIeKHOCTEH Bl KyTa aTakd
Koe(DiIieHTIB MiAMOMHOI CHJIM Ta aepoJAMHAMIYHOTO OMNOpYy, a, OTXKEe, CaMHX
aepoJUHAMIYHUX CHJI, 11O JIFOTh HA OOTIYHY MOBEPXHIO.

B nomoBini HaBeeH1 pe3ynbTaTH JOCHIKEHb CTYIICHIO BIUIMBY Bapialliii yucia
PeliHonb/ica HA MOMEHTHI Ta EHEPTeTUYHI XapakTepucTHKY jonarted H-poropa Jlap'e,
10 3HAXOSTHCS B PI3HUX (ha30BHUX MOJIOKEHHSIX HA KOJII 00€pTaHHS.

Sk TecToBmii IpUKIAA A JOCTIIHKEHh BUOpaHa JIOMATh 3 TOMUPEHUM B TaKHX
KoHCTPYKIisix cumerpuaHuM mpodimem NACA 0018. BuxopucroByBamucss Kpubi

3aJIeKHOCTEeH KoedimienTiB migiomuol cunmu C| i aepomunamiunoro omopy Cp Bin
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KyTa aTaku ¢ oTpuMaHi mpu (ikcoBanmx umcnax Peiimonsaca: 10% 2-10% 4-10%
8-10% 16-10* 36-10% 70-10% 10°% 2.10% 5-10° [1]. BrumuB BapiroBaHHS uymcia
Pelinonbaca HaOUIBII CYTTEBO BUSBIIAETHCS MPU KyTax ataku a0 ~40°.

Po3pob6iena moaens qunamiku H-poTtopa Jlap’e MoaepHi30BaHa 3 METOIO O0JIIKY
sanexxHocti C| i Cp Binm uucna Peiinonbiaca [2]. Bona 0a3yeThes Ha IHTEPIIOMIOOYii
(GyHKIIi, sKa 3AIMCHIOE JBOBUMIPHY IHTEPIOJSIIIO TaOIMYHO 3aJaHuX (YHKIIHI

C, =C,(a,Re) i Cp =Cp(a,Re), puc.1, 2.
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Puc. 1. TpuBumipuuii rpagik ¢pyHkuii CL = CL (a, Re)
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Puc. 2. Tpusumipnuii rpagix ¢pynxuii Cp =Cp (Ol ) Re)

[aTepriontoroua (yHKIIIST JO3BOJISAE MPOBOAUTH po3paxyHOK 3HaueHb C| 1 Cp ms

MOTOYHMX 3HAYEHb KYTIB aTaku 1 ymcna PeiiHonbpaca. B cBoro wepry, uncno PeliHombaca
PO3paxOBYETHCS HAa OCHOBI TIOTOYHHMX 3HAY€Hb HOPMAJIbHOI CKJIQJI0OBOI 3arajabHO1

mBuakocti  ootikanas W,,. IIpoBeneHO MOJCIIOBaHHS JTUHAMIKA IyCKOBHX 1
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yCTaleHUX pEeXHUMIB poOOTH TpuiomareBoro poropa [lap’e 3  pisHMMH
TCOMETPUYHIMH 1 MAaCOBUMH TTapaMeTpaMH €JIEMEHTIB pOTOpa.

[lopiBHSUIBHMIA aHaII3 pe3y/bTaTiB PO3PAXYHKY JUHAMIKK JOCIIKYBAaHUX POTOPIB
MOKa3aB, 110 OOJIIK BIUIMBY 3MIHM uKcia PeliHonbaca mpu poOOTI pOTOPIB B LIUPOKOMY
Jana3oHi KyTOBUX IIIBUIKOCTEM ICTOTHO BIUIMBAaE€ Ha aJCKBATHICTh PE3YJIbTaTiB
MO/IEITIOBAHHS TMHAMIKHA PEAIbHUM IIpOIecaM 1110 MA€ MICIIE B PI3HUX PEKHUMax POOOTH.
30UIbLIMITMCS B CEpeTHOMY B 2-3 pa3u TPUBAIICTh AUITHOK PO3rOHY POTOPIB 1 KpyTU3HA
JISTHOK BUXOJY B pekuM aBropoTarlii, Ha 60-70% 30utblmiacs KyToBa IIBUKICTH B
pexuMi aBropoTatiii. [IoMiTHO 30UIbIIEHHS! TUITHKU PO3rOHY 3 BEIMKUMH KyTaMH aTaKu.
Hopmanbha ckinaoBa aepoMHAMIYHUX 3YCHIIb IO JIFOTh Ha Jionati 30ubiiacs B 1,6 -

1,8 pasy. Ilimummmcs B 1,7 pa3y 3HaueHHS acpOJAMHAMIYHUX 3YCHJb, II0 TATHYTh, HA
JISTHKaX BUXOAY POTOPIB B PEKUM aBTOPOTAIlii, TOMAL SIK iX 3HAUCHHs O€3MOCEPEeTHBO B
PEXKHMMI aBTOPOTAIIil MPAKTUYHO HE 3MIHIIUCS. XapaKTep 3MiHA MOMEHTY, 1110 o0epTae, He
3MiHUBCS. [Tik MOMEHTY 3MICTHBCS BIATIOBIIHO JI0 3MIILIEHHS JTUITHKA BUXOIy POTOPIB B
pexuM aBtoportailii. [1ikoBi 3Ha4eHHss MOMeHTY Bupocid B 1,5 — 1,6 pa3. TakuM urHOM,
BpaxyBaHHS 3MIHHOCTI uucia PeliHONbAca TPUBOIUTH 10 30UTBIIEHHS TPUBAJIOCTI
MEePEeX1THUX TPOIECIB B PEKUMI PO3TOHY 1 3POCTAHHS 3HAYEHb CHUJIOBHUX YHHHUKIB.
OriHeHO BIUIMB BKa3aHOTO YTOYHEHHS HA XapakTep MEepexigHUX 1 CTalllOHApHHUX
pexuMiB pobotu poropa. OTpUMaHO 3aJICKHOCTI Yacy BXO/KCHHS B CTAI[lOHAPHUI
PEXUM BiA IBUAKOCTI BIiTpY. BcTaHOBIEHO B3aJeXHICTP MIDK BEIMYMHAMU
BIIIICHTPOBHUX CHJI 1 CKJIAJOBUMHU aepPOJMHAMIYHUX CHJI SIKI BUKOPHCTOBYIOTHCS B

MPOIIECi PO3PaXyHKY MIITHOCTI KOHCTPYKTUBHHUX €JIEMEHTIB BITPOYCTaHOBOK.
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Doctor of Technical Sciences Sereda B.P., postgraduate student Udod A.M.,
postgraduate student Skrebkov K.O., postgraduate student Gulyaev K.V.
Dnipro State Technical University
SIMULATION AND ENHANCEMENT OF CHROMIUM-ALLQOY

COATINGS PRODUCTION UNDER SHS CONDITIONS

Modern operating conditions for machine parts, assemblies, equipment, tools
and mechanisms place increased demands on their physical and mechanical
characteristics and service life. In this regard, the properties of their surface layer are
of great importance, and the development of new technologies for strengthening parts
made of structural materials is becoming increasingly relevant. To process products
made of carbon and alloy steels, methods for creating various functional coatings are
widely used. A coating is a locally modified surface layer characterized by a certain
chemical and structural-phase composition that differs qualitatively from the base
material.

The purpose of this research is to search for effective powdered SHS charges
that allow the formation of wear-resistant protective layers on structural materials
with different carbon content using self-propagating high-temperature synthesis
processes. The surface hardness is taken as an optimizing factor, which directly
affects the wear resistance under different types of friction. The solution to this
problem allows to ensure the durability of the equipment.

The mathematical planning of the experiment significantly reduces the number
of studies required to calculate the coefficients of the regression equation and obtain
an adequate model that characterizes the effect of the elements of the SHS charge on
the performance properties of steels with alloy protective coatings. The response
surfaces of the obtained mathematical models are represented by a three-dimensional
graphical dependence.

The regression analysis results in equations showing the dependence of the

wear resistance of protective coatings on the mode of thermal spontaneous
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combustion and the content of alloying elements. The following equations are

obtained as a result of the calculations:

Y: =876 - 1,3Xy - 1,3X>-0,6 X3 — 1,5 X1? + 1,5X5% + 3X3%2 — 0,875X1X>
+2,125X1X3 - 0,25X2X3_

The adequacy check of the models shows that they can be used to predict
response functions at any values of the factors that are between the upper and lower
levels. Coefficients whose absolute value is equal to the confidence interval Ab or
more should be considered statistically significant. Statistically insignificant
coefficients can be excluded from the models.

By replacing the variables X; in equation (1) with the right-hand side of
equation (2) and the subsequent reduction of similar ones, we obtain natural
equations characterizing the effects of the mode of thermal spontaneous ignition and

the content of alloying elements on the wear resistance of protective coatings:

AJ 1= 140,35+ 1,39 XC + 0,31Ti - 6,59Cr —0,06 XC?+ 0,06 Ti?+ 0,12 Cr®> -
0,04 XCTi + 0,09XCCr — 0,045TiCr

To assess the adequacy of the equations, a calculation is made based on the
obtained regression equations for the optimal mode of thermal self-ignition.
Calculation results are compared with experimental data. It was established that the
error between the calculated and experimental values of the response function does
not exceed 1.5%.

With the help of mathematical planning of the experiment, the number of
studies required to calculate the coefficients of the regression equation and obtain an
adequate model, which characterizes the influence of the elements of the SHS charge
on the operational properties of steels with alloyed protective coatings, is
significantly reduced. The response surfaces of the obtained mathematical models are
represented by a three-dimensional graphical dependence

The rational content of titanium is 22 - 26% by mass, and chromium is 4 - 7%

by mass (for the Ti-Cr system), thus, these values of the content of titanium and
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chromium make it possible to obtain minimum indicators of wear of steels with
alloyed protective coatings. Recommended rational SHS charge for obtaining wear-
resistant alloyed protective coatings: 25% CS + 25% Ti + 5% Cr + 39% Al;,03 + 2%
I+ 4% NH4CI.

Doctor of Technical Sciences Sereda B.P., postgraduate student
Syslov 1.V., postgraduate student Komendarov K.M.
Dnipro State Technical University
MODELING FORMATION OF TITANIUM COATINGS IN THE
CONDITIONS OF SELF-PROPAGATING HIGH-TEMPERATURE
SYNTHESIS

Multi-component coatings have been extensively applied to protect parts of
mechanisms and assemblies that operate under challenging conditions. To enhance
the wear resistance, microhardness, and corrosion resistance of steel products, various
methods of surface saturation with multiple carbide-forming elements, particularly
titanium and chromium, are frequently utilized.

This research examines the technology for producing doped titanium coatings
using the self-propagating high-temperature synthesis (SHS) method, which employs
gas-transport chemical reactions. The core principle of the SHS method involves
exothermic reactions that propagate as combustion waves. This process is marked by
rapid coating formation due to the temperature gradient within the system-product-
powder environment, facilitating the mass transfer of saturating elements to the
product's surface. The resulting coatings are composed of a film produced by these
interactions.

The purpose of this work is to simulate titanium processes in the SHS

conditions, to develop optimal compositions of powder SHS-charge for the
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application of heat-resistant coatings, thermodynamic analysis of reactions and
composition of the gas phase in the SHS process. Study of the structure, phase,
chemical composition of coatings. For coating used samples of steel 40X, 40X9C2,
40X10C2M.

For the manufacture of valves of internal combustion engines are advanced
requirements, so for their manufacture used a combination of different materials, as
well as the use of special surfacing and coatings. For inlet valves use high-
temperature high-alloy steel of martensitic class, for outlet heat-resistant high-alloy
steel of austenitic class.

Processes of titanium chromium were carried out in open reactors in thermal
auto-ignition mode. The working temperature range varied in the range 900 + 1050
°C, the total duration of isothermal holding did not exceed 15 minutes.

Mathematical planning of experiments was performed to develop optimal
charge compositions. The factors of the experiment were selected: (X1) - content of
alloying elements (chromium), (X2) - content of titanium, (Xs3) - content of chromium
component. Optimization parameters selected Y1 - wear resistance indicator for the
Ti-Cr system.

The choice of the basic level and the intervals of variation is made on the basis
that the introduction of ChC less than 10 wt. Based on the study of the change in the
characteristic temperatures of the SHS process, the number of ChC. is selected. Al,O3
Is used as a ballast impurity to produce a one hundred percent composition of the
powder SHS charges.

The obtained equation characterizing the influence of the technological regime
and the composition of the charge on the parameters of optimization of physical,
mechanical and operational properties, have the following form: Y, =86 - 2,2X; —
3,3X2 + 0,4X3- 4X1% + 0,5X2° + 5X3%- 0,875X1 X — — 2,125X1 X3 — 0,125X,X3,

The titanium content of 24-26% by weight of chromium is 4-7% by weight.
(for Ti-Cr system), thus, these values of titanium and chromium content allow to

obtain minimum heat resistance of steels with alloyed protective coatings.
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As a result of X-ray structural and metallographic analyzes, it is established
that a uniform, uniform coating is formed on the surface of the steels.

The phase composition of the zones is highly dependent on the carbon content
of the steel. In these conditions, chromium is characterized by a higher diffusion
coefficient than titanium and, due to its smaller atomic radius, forms solid solutions
more easily. In this connection it penetrates into the substrate to a greater depth than
titanium. Depending on the chemical composition of the substrate, carbides may form
in the surface area (Cr, Fe),3Ces or (Cr, Fe);Cs titanium alloy, located below
Fe,Ti, Cr,Ti, a- solid solution of Ti and Cr in a-iron; on steel 45— (Cr,Fe)3Cs,
doped with titanium,a- solid solution of chromium in iron with inclusions Cr,Ti; on
steel Y8 — (Cr,Fe)23Cs , (Cr,Fe);Cs Cr,Ti, (Ti,Cr)C.

K. ¢i3.-mat. Hayk Ckocap B.1O., Bopommiaos O.C., k. ¢i3.-MaT. HAYK
Bypuaos C.B., 1. TexH. Hayk /[3en3epcbkuii B.O.
Incmumym mpancnopmuux cucmem i mexnonoeiu HAHY

MOJEJIOBAHHSI EGEKTUBHOCTI PEUKOTPOHA

PeiikoTpoH — e TNPHUCTPIHA, SKIH TEPETBOPIOE EIEKTPOMATHITHY EHEpPTiio
CTpYMY BiJl JDKEpelia )KUBJICHHS Ha KIHETHYHY €HEprilo TiNa, sKe BiH mpucKoproe. Ha
MPAKTUIl PEUKOTPOHHU 3JaTHI MPUCKOPIOBATH TiLTa Macoro Big ~1 T g0 ~1 kr g0
mBUAKOCTI ~10 km/c. PeHKOTpOHM BUKOPHCTOBYIOTh B HAYKOBHUX JOCIHIKCHHSX,
KOCMIYHOI TEXHHWIN, y BO€HHOi cmpaBi [1]. Mera mocCmiKeHHS: 3IIMCHUTH
MOJICNTIOBaHHS (DI3MYHUX TPOIECIB MPUCKOPEHHS Tijla B PEHKOTPOHI 1 3po0OuTH
OIIHKY €(EKTUBHOCTI TEPETBOPEHHS EJIEKTPOMATHITHOI €HEeprii Ha KIHETHYHY

eHeprito Tia. KoHCTpyKIIito peKOTpoHa CXeMaTHIHO 300paykeHo Ha puc. 1.
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Puc. 1. CxemaTuuHe 300pakeHHs peiiKOTPpOHA

Enexrpuunnii crpym i(t) myckarorh mo peiikax 1 1 2 kpi3p Timo 3, ske
npuckopoTs. Ha Tino 3 nmie cuna JlopeHma, sika TPU3BOAUTH 10 PyXy Tila 31
mBHaKicTIO V(t). ParlioHaIsHUMH BBa)KaIOTh TaKi CIIBBIAHOMICHHS PO3MIpiB peiiok 1,
2 i tina 3, ski 300paxeHo Ha puc.l [1]. IIpu npomy mas Oyap sikoi b B ymoBax
MOCTIHHOT TYCTHHH €JIEKTPHYHOTO CTpyMy Lo Oyae npubmmusao 0,5881 mkI'a/M, sKIo
periku BUKOHAHO HE 3 (PepOMarHiTHOro MaTepiaiy.

[HAYKTUBHICTD 1 €EKTPUYHUNA OMip PEeHKOTpOHA MPUOJU3HO TaK 3aJIeKATh Bijl
BifcTaHi x(t), sKy mpoHILIO TLNIO:

L(t)~ Lo -x(t); R(t)=R, - X(t) (1)
ne Lo, Ro — IHIYKTHBHICTH 1 OITip peHKOTpOHA HA OJUHUIIIO JTOBXKHHHU.
Cuna, sika MPUCKOPIOE TLI0, MOKE OyTH BHPAKEHO TaK:

Fod {L(t)-i(tf} i, @

dx 2 2

VY «Hyab0BOMY» HAONMXKEHHI OylIeMO HEXTYBaTU CUJIOK TepTs 00 pelku Ta
CUJIOI0 aepOJMHAMIYHOTO Omnopy moBiTps. ToAl Ha MmiACTaBl APYroro 3aKOHY

HbroTOHY OTpuMaeMoO pIBHSIHHSA:
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F:m.dz_it):g.%. 3

Toni mWBUAKICTH TIa 3 TOPIBHIOE:
v(t) =V, + L. [i(tydt, (4)

ne Vo — 1moyaTkoBa MIBUAKICTE TLIA.

Bincranp, Ky NpoMILIIO Ti10, TOPIBHIOE:

t
x(t)= [ v(t)dt. (5)
0
KinetnuHa enepris, siky OTpUMaJIo Til10, JOPIBHIOE:
2 \s2
w - "V =VE) ©

e Vim — MakcuMasbHa MIBUIKICTh TU1a 3 (Ha BUXOJ1 3 peiikoTpoHa). Temnosi BTpatu
eHeprii B peWKOTPOHI B yMOBAX IMIYJIbCY CTpyMy MNpsMokyTHoi dopmu (Im —

MaKCUMAaJIbHUN CTPYM IMITYJIBCY, T — Yac IMITYJIbCY) MOKHA BU3HAUUTH TaK:

T 2 2 4 3
. LR V,t™ 1R Lyt
W, = [i(t)°Rox(t)dt = e Yot InRobo @
0 2 12m
3aMuIIKy eHeprii MarHiTHOTO MOJISl B PeUKOTPOHI MOKHA BU3HAYUTH TaK:
12 Ll
W, =m0 (8)
2
Brpatu eneprii B enekTpudHii Ay31 1eAKi JOCTITHUKA OI[IHIOIOTH TAKUM YUHOM:

ne Eq = 30 kB/m.
B pe3ynbTati epeKTUBHICTS IEPETBOPEHHS €HEPTii PpEHKOTPOHOM JOPIBHIOE:

_ Wiy . (10)
W, +W; +W, + W,

n

Hampuknan, OmiHKM BKa3yloTh, 00 €(QEKTHBHICTh TEPETBOPECHHS C€HEpPrii
peiikorponom 1 = 0,247 B Takux ymoBax: m = 0,1 kr; Vo= 0,1 km/c; Vimn =3 km/c; | =
1,94 m; © = 1,25 Mmc; Im = 0,89 MA; p = 3 r/em® (tino 3 amowminiro). Cepenne
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MIABULIEHHS TEMIIEpaTypu perok 3 OepuitieBoi OpoH3U (MMTOMA €JIEKTPONPOBIIHICTh
~ 107 Cm/Mm) pocsirae 24°C; W = 0,45 MJTx; Wt = 0,11 MJTx; Wq = 0,8 MJTx.

JUiss  BIOCKOHAJEHHS MOJENl Yy «IIepuioMy» HaOJMKEHHI HEOOXITHO
BpaxOByBaTH CWJIy TepTs Tida o pedku. g 1poro aBTOpW IJIAHYIOTH
BUKOPUCTOBYBAaTH pE3ylbTaTH JOCIIIKEHHS [2], B SKOMY BHMKOHAHO OI[IHKa
Koe(DILIEHTY TEPTA B YMOBaX CTUCHEHHS PEHOK.

Crnmcox BUKOPHCTAHUX JIKEpeI

1. Skosar, V. Y., Burylov, S. V., & Dzenzerskyi, V. O. (2023). Some Problems of Ultra-High-
Speed Transportation Technologies. Science and Transport Progress, (2(102), 5-16.
https://doi.org/10.15802/stp2023/288073.

2. JlocnmipkeHHST TPOIECY TEepTsA B EJICKTPOMArHiTHOMY MpHCKoproBadi Makpotin. B.FO.
Ckocap, C.B. bypunos, B.O. JI3en3epcekuii. BceykpaiHcbka HayKOBO-TIPAaKTHYHA KOH(EPEHITIS
«CTaH Ta MEepCreKTUBH PO3BUTKY €IEKTPUYHOTO TpaHCHopTy» (23-25 nucronmaga 2022 poky, M.
XapkiB). C. 35-37. URL:
https://met.kname.edu.ua/images/kAFEDRA/DOC/%D0%9A%D0%9E%D0%9D%D0%A4%D0%
95%D0%A0%D0%95%D0%9D%D0%A6%D0%98%D0%AF _2022/Konferenc ET_2022.pdf.

K. ¢i3.-mat. Hayk Ckocap B.IO., k. ¢i3.-maT. Hayk bypuiaosa H.B.,

K. TexH. HayK Kamincbkuii B.P., k. ¢i3.-mat. nayk bBypusos C.B.
Incmumym mpancnopmuux cucmem i mexuonoziu HAHY
MOJIEJIOBAHHA BUHAXIJTHULIBKOI'O ITPOLHECY HA ITPUKJIAJII
MMAJIMBHOI'O EJIEMEHTA

KucHeBo-BOHEBI MalMBHI €JIEMEHTH € TIEPCIEKTUBHUMHU  JIKEpEIaMU
EJIEKTpOeHEeprii. AJle TUIATMHOBI KaTali3aTOpH, SIKi 3aCTOCOBYIOTH B TaMBHHUX
€JIeMEHTaxX, JOPOri, 1 HEJOCTaTHhO €()EKTUBHO NPAIIOOTh. MeTa JOCHiHKCHHS:
3MIACHATA  QopMamizamito 1  MOJCTIOBAHHS  BHHAXIIHHUIIBKOTO  MPOIIECY
BJIOCKOHAQJICHHS TIaJJUBHUX EJIEMEHTIB Il 3HIDKEHHS BapTOCTI KHCHEBO-BOJHEBUX
MaJMBHUX €JIEMEHTIB 32 YMOBH 30€peKeHHs, a00 MiABUIICHHS €()eKTUBHOCTI IXHBOI

po6otu. JlocmiKeHHS € IPOAOBKEHHSIM podoTH [1].
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3rimno I'. Anprmrymepy [2], manuBHHIA eneMEeHT MOKHA (hOpMati3yBaTH, SIK
TEXHIYHY CHUCTEMY, IO CKJIANA€ThCA 3: «mose» Pp (HMOTIK KUCHIO); «pedoBHHa» V1
(«kucHeBHI» KaTajizatop); «mosie» P (IOTIK peareHTiB  Kpi3b MeMOpaHy);
«pedoBruHa» Vo («BOIHEBHI» KartamizaTop); «moie» P2 (moTik BoaHIO). BinBeneHHs
SIIEKTPUYHOTO CTPYMY 1 BiJ[BiJl TeIJla MH HE BKa3yeMO ISl CIIpoIneHHs. «KucHeBuii»
1 «BOJHEBHI» KaTali3aTOpHU — 1€ TIATMHOBI KaTali3aTOPH, SIKI MOXKYTh MaTH JIEsKi
BIIMIHHOCT1 32 BMICTOM IUUIATHHU 1 JIONMOMDKHUX peuoBUH. B3aemonii mik Vi1 P, a
TakoK MDK P 1 V2 € 3a710BUIbHUMHU, TOMY O3HA4eH1 SK NpsMH BiApi3ku. Hac He
32JI0BOJILHAIOTH B3aemoii Mik P11 Vi, a Takox Mk P2 1 V2, TOMy BOHM O3HA4€HI
XBUJSICTUMH  Bifpizkamu. ToOTO, MOTIK KHCHIO 1 MOTIK BOJHIO HE3aJ0BLILHO
B3a€EMOJIIIOTH 31 CBOIMM KaTaiizaTopamu. Bkazana cuTyairisi 300pakeHa Ha Jiarpami
(puc. 1, BepxHs CTpiuka).

Metoauka [2] mpononye aHani3zyBaTH HE3aA0BUIbHI B3aemoii P1 ~ V1, a Takox
MK P2 ~ V3, AK HEMOBHI «BETOJII», 1 MPOIMOHYE SIK 3aMIHy «pedoBuH» V11 V2, Tak i
n00y/I0BY HEMOBHUX «BEMOJIEH» J0 MOBHUX «Bemoliei». 3amiHa «pedoBuH» Vi1 V>
Ha «peyoBUHU» V3 1 V4 npoiatocTpoBaHo Ha puc. 1, cepenns crpiduka, a 1o0yaoBa 10

MOBHUX «BEIOJICH» MPOUTIOCTPOBAHO Ha pUC. |, HIKHS CTpIUKa.

o o

B SS— SR N
P, V, P Vy P,
Pi— Vao— V3 — P — V4 — Vo= P
Puc. 1. Mopgeiab BIOCKOHAJICHHS NMAJHBHOI0 €JIeMEHTA
Bkazana MoJienb MCUXOJOTIYHO CHOPOIIYE BHUHAXIIHUIBKUI MOMIYyK. Y
KOHKPETHOMY BHUIAJKYy JOIUIBHO 3pOOUTH 3aMiHy IJIATUHOBUX KaTali3aTOpiB Ha
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KaTajai3aTopy, BUPOOJEHI 3 HAHOYACTUHOK HIKENIO y BYyTJEUeBid 000J0HIII
(«pedoBuHn» V31 Vy). lllo cTocyeThess 100YI0BU 10 IOBHUX «BEIOJIEH», TO TYT MU
peanizyemo P1 —V30—V3 3amicts P1 ~ V3 (3amicts P1 ~ V1); a Takox peanizyemo P, —
V40— V4 3amicth P2 ~ V4 (3aMicTh P2 ~ V3). YV KOHKpETHOMY BUIIAJIKy JOIUIBHO 0
KaTaizaTopiB goaatu poscikaui (Vsg 1Vao) moTokiB raszie. Toxal moBH1 «Bemomi» (P1 —
V30— V3 1 P2 — V4~ V4) 3a0e3neuats Outblll €EeKTUBHY pOOOTY KaTami3aTopiB 1
NaJIMBHUX €JIEMEHTIB, 3arajoM.

CniBpoOiTHUKM [HCTUTYTY MIAHYIOTH MPOJOBXKUTU BJOCKOHAJIEHHS KHCHEBO-
BOJHEBUX TMAJMBHUX e€JEeMEHTIB. Taki MaJuMBHI €JIIEMEHTH MOXYTh 3HAWUTH

BUKOPUCTAHHS B €JEKTPOMOOLISX, MarHITOJIEBITALIHHOMY TPAaHCIOPTI Ta 1HII.

Cnmcox BUKOPHCTAHUX JIKEpeJI

1. Ckocap B.}O. MogentoBaHHsi BUHAXIIHUIIBKOTO MpPOLECY HA MPHUKIAAl JITIH-I0HHUX
akymynsaropis / B.FO. Ckocap, C.B. bypunor, B.O. [I3enzepcekuii // IlpuknaaHi muTaHHS
MaTEeMaTHYHOTO MOJIEJTFOBAHHS, 2021. T.4, Nel, C. 216-223. DOI.:
https://doi.org/10.32782/KNTU2618-0340/2021.4.1.23.

2. I'.C. AnpTmysnep. TBopuecTBO Kak TouHas Hayka. M. 1979. 184 c.

K. e. 0. Cte6aoxk H.®.", k. Texn. n. Botocoa H.M.™
*Vuisepcumem mumnoi cnpasu ma ¢inancie,” JJninpoecbkuii depiucasnuti mexuivnull
VHIgepcumem
APPLICATION OF THE CANVAS MODEL FOR DETERMINING THE
STRATEGY FOR OPTIMAL MANAGEMENT OF ENTERPRISES

Business Model Canvas (BMC) is one of the most popular strategic
management tools, which structures the business model of a startup, project or
existing enterprise and meets the priorities of consumers and ensures the growth of
performance indicators. The authors of this model are O. Osterwalder and Y. Pinier.

In today's realities, the business model is a struggle for the market and for the share
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that the researched company will occupy in this market, and the size of this share will
be determined by the competitive offer.

A properly designed structure of the model helps to determine the full
characteristics of the business, to conduct an analysis and predict possible
shortcomings even at the planning stage. The model consists of 9 main structured

blocks, which are interconnected and are depicted in the form of a designer table
(Fig. 1).

Problem Solution Unique Value Unfair Customer
Proposition Advantage Segments
Key Metrics Channels
Cost Structure Revenue Streams

Fig.1. The main blocks of the model

In each block, questions are placed, the answers to which give a complete
picture of the key parameters of a specific business model, and specific stages of
planning are also displayed.

The main elements of the business model are: product, customer attraction and
retention system, organizational structure and business processes, financial model,
operational management and business security. The main task is systematicity: at
each stage of the company's development, depending on its idea, risks, opportunities,
disposition of market forces, an appropriate level of systematicity is required.

It should be noted that the business model is both a diagnostic tool and a tool for

building the company's strategy and its analysis and adjustment. It is impossible to
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reliably predict the success of a product. However, at the modeling stage, it is
possible to determine the potential reaction of consumers to the offered product or
service. For this, the following are taken into account: advantages over analogues;
unique characteristics, design features; the proposed value; potential benefit for the
buyer; cost.

The company's business model is the answer to the question of what a specific
business is: what do we sell (what products)? Who are we selling to (target customer
segments)? What alternative choices do customers have (competitive environment)?
Why will the client choose to buy from us (competitive strategy)? How do we
promote our products in the market (promotion channels)?

In the conducted research, a business model of a coffee shop was built based on
the Business Model Canvas, which helps to analyze the advantages and
disadvantages of the enterprise.

The main structural elements of the created model are:

Important partners. Who are your key partners/suppliers? Who are your raw
material suppliers? Local authorities and regulatory authorities. Equipment
manufacturers.

Basic actions. What are the key steps needed to realize the value proposition
and generate profit? Equipment of the premises (repair, interior design, installation of
equipment, furniture). Development and coordination of menus: recipes, standards.
Personnel training. Preparation of drinks. Promotion, organization of events.

Key resources. What key resources does a value proposition need to be
profitable? Warehouse equipment. Staff (4 bartenders (work in shifts: 2 people
replace the other two), cleaner, manager, dishwasher (2 people: 1 person works in
shifts).

Key values. What is the value of the product for the client? What problem do
we help our customers solve, what customer needs do we satisfy? The value of the
service is the satisfaction of needs and the benefit that the customer will receive after

the purchase.
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Customer relations. What type of relationship exists in each of our customer
segments. Focus on regular customers. A clearly defined target audience (students,
businessmen, married couples, etc.). Clear positioning of the institution's format.
Service orientation.

Sales channels. What channels do you plan to use to contact customers? Street
advertising - postcards, flyers. Advertising for target audiences. Social networks.
Customer feedback.

Customer segments. Who are our most important customers? Income - average
and higher (in the region). Age categories. Type - youth, students, families with and
without children, office workers.

Cost structure. Space rent, utilities. Pay. Taxes (single tax, EUV).

Income stream. What value are our customers willing to pay for? What is the
contribution of each source of income to the total profit? Sale of beverages and
confectionery (average margin - 100%). Hall rental. Organization of the summer
playground. Sale of coffee beans (20-80% margin).

Therefore, a deep understanding of the market and all its participants is the basis
for every effective business owner. On its understanding, a strong competitive
business model is formed with the aim of creating a product or service with high

value.

Kana. ¢.-m. H. Ctpoesa B.O., 3100. bornanenko O.C.
JIHinpoecvKutli OepiicasHuti mexHiuHuLl YHieepcumem

IMITAIIAHE MOJEJIOBAHHS CKJIAJTHUX CUCTEM

B yMoBax oOMexeHOCTI pecypciB, 4acy Ta HEOCTATHHOI iHPOpMAITii, KUTTS
CTaBUTh TIEpEa JIOACTBOM BUKIHK Yy MOTpPeOi MPOEKTYBaTH, MOCHIIKYyBaTH Ta
ONTHUMI30BYBaTH CKJIAJHI CHCTEMH, PO3pOOJSITH 3aco0M KepyBaHHS HuMH. Jlis
JOCIIDKEHHSI PEaIbHUX CKIAJHAX CHCTEM AaKTHBHO 3aCTOCOBYIOTHCS 3aco0u

IMITal[IMHOTO MOJICJIIOBaHHS, K€ MOJIATaE y po3poOll KOMIT IOTEPHOI MpOorpamu,
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[0 OMHUCYE CTPYKTYpPY 1 BIATBOPIOE MOBEIHKY pEaJbHOI CHUCTEMH Yy dacl Ta
J03BOJISIE OTPUMATH MOAIOHY CTATUCTUKY PO PI3HI ACMEKTHU ii (YHKIIOHYBaHHS B
3aJIEKHOCTI BiJ BHUXIJHHUX JaHUX. Take MOJENIOBaHHsS nependadae po3poOKy
MOJICJICH Ta TIOCTAHOBKY EKCIICPUMEHTIB 3 METOI MPUUHATTS OOTPYHTOBAHHX,
JOLUIBHUX YIPABIIHCHKUX PILIEHb.

VY po6oTI IOCHIIKEHO pAJl NPUKIAJHUX AUHAMIYHUX JIOTICTUYHUX MPOLECIB,
MPOBEJICHO IMITAlliifHE MOJICIFOBaHHSA CHUCTEM MAacoBOro o0OciayroByBaHHs. s
JOCIIJDKEHHST JISIKUX 3 IUX 3a7ad BUKOPUCTOBYBAJIMCS MPOTPaMHI 3aco0u
cepenoBuiia Anylogic, 3a J0MOMOrolo SIKUX ONTUMI30BaHO POOOTY OJHOKAHAJIBbHOT
Ta OaraToKaHaJIbHOI CUCTEMH MacOBOTO OOCIyrOBYBaHHS 3 HEOAHOPITHUM MTOTOKOM
3asB. Ha 6a3i po3pobienoi Mmojeni «bank» mpoBeneHo iMiTaIliiiHI eKCIIEPUMEHTH, 3
METOI0 BH3HAUYCHHS CTATHCTHKH 3aBAHTAXKCHOCTI OAHKOMATY, CEPEAHBOI JOBXHHU
yepru Ta po3MOALTy yacy mnepeOyBaHHS KIIEHTIB y cucteMi. Takox mIpoBeaeHO
iMITaIliiiHE MOJETIOBAHHS 1HIOI JAWHAMIYHOI CHUCTEMH, a came, IUIaHyBaHHS
MOJIEpHI3allii CTaHIlli TEeXHIYHOTO OOCIyroBYBaHHS aBTOMOOUIIB. 3a JOMOMOIOIO
KOMIT FOTepHOi Mporpamu, po3pobiieHoi 3acodbamu cepenoBuiia Python, Bukonano
P  4YHMCENbHUX EKCIIEPUMEHTIB, Ha OCHOBI SKUX TMPOBEIEHO 3arajbHUM
ONTUMI3AMIHNHUN aHami3, MPEICTaBICHUN Yy BHUIJISAII PEKOMEHJIAIN IOAAIBIIOTO
IJIAaHYBAaHHS PO3BUTKY O13HEC-TIPOEKTY.

Po3pob6neHi anropuT™Mu MOXYTh OyTH 3aCTOCOBaHi JJIs JOCTIKEHHS 1HIIUX
3amay, SKI y CBOi MaTEeMaTHUYHIN TIOCTAaHOBIII MOXYTh OYTH 3BEIECHUMHU JI0

3a3Ha4YCHHUX.
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Doctor of Physical and Mathematical Sciences Mikhlin Yu.
National Technical University “Kharkiv Polytechnic University”
STABILITY OF NONLINEAR NORMAL MODES IN THE SYSTEM
OF COUPLED PENDULUMS IN A MAGNETIC FIELD

A mathematical pendulum can be considered as a basic model which is used
both in science and engineering to study the dynamics of different nonlinear systems.
Numerous applications of pendulums are well known too. An experimental,
analytical and numerical study of a system of two coupled pendulums in a magnetic
field have presented in a series of papers by researchers from the Lodz University of
Technology, in particular, in [1].

We study a system of two connected pendulums in a magnetic field (Fig.1)
assuming that the inertial characteristics of these pendulums vary significantly. Both
regular and complex behavior of the pendulum system can be observed [2]. The
regular behavior is realized in the form of the nonlinear normal vibration modes

(NNMs). Such modes here can be coupled, or localized ones.
:: —— Magnetic moment, I'Tl\

o
¢, [rad]

a b
Fig. 1. System of coupled pendulums (Fig.1a) and the magnetic moment [3]
(Fig.1b).

When these modes are unstable, the complex behavior of the pendulum system
Is observed. We analyze variations of the modal lines in the system configuration

space to estimate the stability/instability of the considered modes. The numerical-
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analytical approach, which is related to the Lyapunov stability criterion, is used to
detect the mode instability. Equations of motion of the system can be presented as the

following:

1)

EUPy = EyMpqgq, (p1) — eur” (‘P1 - %‘P%) — ki (@1 — @2),
@2 = €YMpag, () — 71" (‘Pz - %‘P%) — ki (@2 — 1),
where in the expansion of sine in powers of ¢, terms up to the third order

inclusive are preserved; u is the ratio of the masses of the pendulums; k; =% Is the

coefficient charactering the elastic coupling; I is the moment of inertia; y is the

(pz
Mmagllz 2a 12

intensity of magnetic influence; Miag,, === Minag,, =7 91,6 b are the
characteristics of the magnetic moments; r* (<p1,2 —§<pi2) are the restoring moments

of the pendulums, where r*=§. A formal small parameter & characterizes the

smallness of the ratio of the masses, the smallness of magnetic forces in relation to
the elastic forces and the relative smallness of nonlinear terms. The mentioned
vibration modes are constructed by the multiple scales method.

Procedure for studying the stability of vibration modes. We analyze the
stability of the NNMs using the analytical-numerical procedure, described in [3],
which permits obtaining boundaries of the NNM stability/instability regions in the
system parameter space. The following test to estimate variations y is used: the
instability of the solutiony = 0 is fixed if

y(©)=p [y(@) (0<t<T) )

In contrast to the Lyapunov definition, the time of numerical calculations T is
restricted in the test (8). Notice that all concrete calculations are made at points of
some chosen mesh of the chosen region of the system parameter space. These
calculations are carried out until the boundaries of the stability/instability regions on
a selected mesh in the space (or place) of parameters are stabilized. This is a
principal criterion for determining the calculation time T. Besides, there is some

arbitrariness in choosing the value of p. In fact, in the instability region, variations
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move outside the e-neighborhood of the solution as t increases, regardless of the
chosen parameter p. Thus, we can use it in the following simulation, in particular, p =
10. Here the stability of the vibration mode is determined by estimation of orthogonal
variations from the main rectilinear part of the modal line in the system configuration
space.

Results of the vibration mode stability analysis. Numerical calculations show
that the simulation time should not exceed 1000 s. With a shorter simulation duration,
the number of instability nodes increases in the plane (or in the space) of the studied
system parameters. However, extending the simulation duration beyond 1000 s does
not increase the number of instability nodes. Some results of the coupled mode

stability analysis are shown in Fig. 2.

a b
Fig. 2. Instability regions of the coupled mode in the parameter

spaces ¢1(0),v, u (Fig.2a) and ¢ (0), v, u (Fig.2b).

Direct checking calculations by the Runge-Kutta method of the fourth order
confirm the obtained results on the mode stability. Other combinations of system
parameters can afford similar results. Investigation of the localized mode stability is

made too.
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The obtained results allow us to draw important conclusions regarding the
stability/instability of vibration modes. In particular, both modes are unstable at small
initial deflections of the pendulums, when the effect of magnetic excitation is
significant. Besides, increasing the values of the mass ratio and coupling coefficient
reduces the number of these instability nodes. Conversely, for the localized mode,
increasing the mass ratio increases the number of instability nodes.
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Incmumym yopnoi memanypeii im. 3.1. Hekpacosa HAH Ykpainu, m./ninpo

PIBUKO-XIMIYHA MOJEJIb CIIIVIBHOI'O BUJAJIEHHA S, SI, P 13
YABYHY CIIOCOBOM BUCOKOTEMIIEPATYPHOI'O MOJAEJIIOBAHHA

B yMoBax miABUINEHHS BHUMOT /O KOHKYPEHTOCIIPOMOXKHOCTI 3a YMOB
3a0€3MeUYeHHs] BHCOKOi SKOCTI METaJOMPOAYKIi TOCTPO CTOITh MHUTAHHS IOJI0
MIATOTOBKH CKJIAJI0BUX METAJIONMIUXTH KOHBEPTHOI IJIaBKH (30KpeMa 4aByHY, 1110 Ma€
ITUPOKI MEXK1 KOJIMBaHb MO0 BMICTY aomimiok (Si, S, P).

[Ipoecu  nmecymbdypamii, nedocdoparii Ta mecumikoHIzalii  yCHINTHO
MPOTIKAIOTh y PI3HUX yMOBaX: Jecylb(]yparis-BiTHOBIIOBaHHUX, Aedocdoparris-

OKHCIIOBAJIbHHUX.
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[IpoGnemu 3HMKEHHS BMICTY CIPKM B YaBYHI YCHIIIHO BUPIIIYIOTHCS MIJISXOM
BUKOPUCTaHHSI YUCJIEHHUX TEXHOJIOTIH 13 3aCTOCYBaHHSM SIK pEarcHTIiB BamHa abo
MarHiro, Tax 1 iX cyMillIen.

[Ipobnema nedocdoparii yaByHy BHpIlI€HA MEHIIOK MIpOK 1 pIilIeHHS ii
peani3yerbcsi, K MPaBUIO, 3 BUKOPUCTAHHSIM 0araToCTyMiHYacTOi TEXHOJIOTrii, IO
BKJIIOYA€E JECUIIIKOHI3all1I0 YaBYHY Ha K0JI001 JIOMEHHOI Medi, MoIalblle CKauyyBaHHs
NUIAaKy 1 OCTaTOYHY JECWIIKOHI3aIlll0 4YaByHy Ta Woro jaedocdopaliiro B
YaBYHOBO3HHMX a00 3aiMBalbHUX KOBIIaX. [IpW 1IbOMYy BUKOPHUCTOBYETHCS 3HAYHA
KUIbKICTh peareHtiB g0 80-100 kr/r, a mnpouec CympoBOIKYETbCS 3HAYHUM
3HIKEHHsIM TemriepaTypu 4daByHy (150-170 °C). 3 uux mpuyuH i TEXHOJOT1i
HENPUUHSATHI 1711 pOOOTH MiANPUEMCTB Y KpaiHH.

3MeHIIeHHsT 4Yacy OOpoOKM Ta BTpaT TeMIEpaTypd UYaBYHY MOXKe OyTH
3MIACHEHO NUIAXOM TIOE€HAHHA TMpolleciB necynbdypanii Ta aedocdopaiii B
KOMILIEKCHY TEXHOJIOTIIO.

Y pamkax TpoBeleHHS pOOOTH, 3aCTOCOBYIOYH TEOPII0 HAMPABICHOTO
XIMIYHOTO 3B’SI3Ky MpOBEAEHAa HHU3KA PO3PAXyHKIB, a TaKOX MOJAIbIINNA aHaji3
OTPUMAaHUX pe3yJIbTATiB, CIPSMOBAHUN Ha MOOYNOBY (DI3UKO-XIMIYHUX MOJIEIICH
KOMILJIEKCHOT 0OpOOKY YaBYHY.

JIs1 BUSIBIIGHHSI ONITUMAJIBHUX CITIBBITHOIIIEHh KOMIIOHEHTIB CYMIIIIl MPOBEICHO
eKCTIEpUMEHTaIbH1 00POOKH, JIesIKI pe3yabTaTH 3 SKUX HaBeJeHI Ha pUCyHKax 1 Ta 2,
ne ocHoBHicTh B=(CaO+NaCO3)/(SiO2+Al03), B'szkicte n= f(Ae, p). Ae, p -

napameTpu Mi>KaToMHOT B3aeMoxii [1].

0,12
y=0,0825x2-0,2125x +0,1764
* R?*=0,874

0.1

n, Na-c

0,08

0,06 *o /

Puc. 1. BiuiuB 0CHOBHOCTI COJJOBMiCHOI0 LIVIAKY HA Or0 B'fI3KiCTh
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Puc. 2. BiiuB 0CHOBHOCTI COIOBMICHOI'0 IVIAKY HA HOro TeMIepaTypy IJIaBJeHHS

[IpoBeneno mnabopaTopHi MJOCHIKEHHS Ha «rapsdi» woneni. Ilig dac
JOCJIJDKEHb B sIKOCTI peareHTiB BukopuctoByBanu CaO, FeO, Na,COs 1 ixHi cyminri
B 3aJaHuX cmiBBigHOIIEHHSIX. [IpoBeneHo 10 o0poOOK, SIKi CYNPOBOKYBAIHCS
BiIOOpPOM MpOO Ta BBEACHHSIM PEarcHTIB.

3a pesynbTaTaMM BUKOHAHUX EKCHEPUMEHTAIbHUX AOCHIIKEHb 1 OTPUMAHHUX
JAHUX XIMIYHOTO CKJaay OyJio MpOBEJAEHO aHali3 MOBEIIHKH JOMIIIOK YaByHY B
3J1130BYTJICLIEBOMY PO3IUIaBI TPU KOMILICKCHIM 00poOi1Ii.

[To6ynoBaHo kaprorpamu (puc. 3) MOMAPHOTO BIUIMBY KOMIIOHEHTIB CyMIIlli
cucreMu CaO-FeO-Na;COs; nHa crymiHp BuaaleHHS noMimok [2]. Otpumani
EMITIPUYHUM IIUITXOM Pe3yJbTaTH 30IraloThCsl 3 TEOPETHYHUMH BHCHOBKAMH, SIKi

Oynu 3po0JIeH1 paHiIe.

Puc. 3. Kaprorpamu BniuBy cucrtemMu NaxCO3-CaO Ha cTyniHb BHAAJIEHHA 3a3HAa4Y€HOI

I[OMiH.IKI/I 3a pe3yJbTaTaMM €KCICPUMEHTAJbHHUX Z[OCJIiI[)KeHB
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[ToOynoBaHi noTpiiiHi aiarpamu (puc. 4) cTaHy BIUIMBY KOMIIOHEHTIB CyMIilli
cuctemu CaO-FeO-Na,COz Ha cTymiHb BUAAQJIECHHS [IOMINIOK HpPH KOMIUIEKCHIN
00poOui. [le 703B0NMMIIO OLIIHUTH palliOHAIBHUN CKJIaJ paiHyr040i CyMilll AJI1 YMOB

naboparopHux pociimxeHb — FeO — 30%, CaO — 60%, Na,COz;— 10%.

D_Si=1,6098"x+15,9706°y+12.7605'2:6.1004°X'y+6 6417°x'2:37.2105'y'z D_P = 2.1344°%+20,066°y+14,1866°2472.6188"x'y-23 5064°x'2-29.9322°y '
NaaCO3 NaaCO3

D_S=12,6952x+7,1336'y+13 47362422, 3484°x"y+32.8693"x'2+21 6238y 2
NazCO3

0.00 1.0 0.00 21.00 0.00 21.00

mango

Puc. 4. Notpiiini aiarpaMu cTaHy BIUIMBY KOMNOHeHTIiB cymimi cucremun CaQ-FeO-

Na,CO3 Ha cTynmiHb BHIAJIeHHS TOMIIIIOK 32 pe3yJibTaTaMi eKCIePpUMEHTATbHUX JA0CTi/IKeHb

CnHCcoK BUKOPUCTAHUX JIZKepeJI

1. [Ipuxogpko O. B. MeramnoxumMus MHOTOKOMIIOHEHTHBIX  CHUCTeM.- M.:
Meramryprus,- 1995,- 320 c.
2. Iprxompro . B. TTporsosupoBanwe (GHBHKO-XMMIHUECKIX CBOMCTB OKCHTHBIX crcTeM / TTprxomsko O.

B., Toro6urikast /1. H., Xamxotsko A. @. Crenanenxo JI.A.—JIaenpornierpock: "Tloporu'. —2013.— 344 c.

K. texn. n. lImatko /1.3., marictp Biacenko A.€.
J[Hinposcvkuti OepoaicasHuli mexuHiuHutl yHigepcumem
MATEMATHUYHA MOJEJb MAPIIPYTHOI CUCTEMM MICBKHX
ABTOBYCIB BEJMKOI MICTKOCTI

bynp-sika MapmpyTHa cucTeMa MicTa TOBHHHA BIAMOBIAATH PEAIbHUM
MACcaXUPOIIOTOKAM fK 32 PO3MipaMu, Tak 1 3a HanpsiMamu. [Hpopmariito mpo po3mipu
1 HampaBJeHHS TPAHCIOPTHUX IMEPEMIIIEHh HACEICHOTO IYHKTY Ja€ MaTpHIls
MMacaKUPOIOTOKIB, SKa MPEACTABISAE COOOI TAONMINO, B SIKIM Ui KOXXKHOI mHapu
MIKpPOpaliOHIB BKa3aHO KUIBKICTh MOI3J0OK 3a MEBHUUA MpoMixkoK uacy. I[lpu

onTUMI3alli MapUIPyTHOI CHUCTEMH HEOOXIAHI BIIOMOCTI MPO MACaKUPOOOIr
88



3YIMMUHOYHUX TYHKTIB, 00CS31 MEpEeBE3eHb MO MapuipyTam 1 BUJaM TPAHCIOPTY.
OnHi€l0 13 TOTOBHUX XapaKTEPUCTUK MAPIIPYTHOI CUCTEMH SIBIITFOTHCSI BUTPATH 4acy
nacaxupiB (cymapHi abo cepefHi) Ha OJIHYy CITbOBY TMOi3AKYy (BI MYHKTY
BIJITpaBJICHHS 10 MYHKTY NMpU3HAYCHHs). Ha 3HWKEHHS WX BUTPAT i CIIPSIMOBaHA
ONTHUMI3allisl MAPIIPYTHOT CUCTEMH.

OCKUTbKM  BJOCKOHAJCHHS MApIIPYTHOI CHUCTEMH JIOCUTh CKIQTHUHA i
NpaleMiCTKIA Ipouec, BIH MPAKTUYHO HEMOXIIUBHI 0€3 3aCTOCYBaHHS €KOHOMIKO-
MaTeMAaTUYHUX METOJiB. Tak, MapuIpyTHy aBTOTPAHCIIOPTHY CHCTEMY MOXHa
NPECTaBUTH SIK MOJIENb, SKa CKJIQJA€ThCS 3 TPHOX YACTHH: TOMOJOTIYHOI CXEMH,
NepeyHs MapUIPyTiB 1 MATPUI[l TACAKUPONOTOKIB.

[lepenik MapHipyTiB MOBMHEH MICTUTH IO KOXXHOMY 3 HHUX 1H(OpMaIii0 Ipo
Tpacy pyxy, HOBXHHI MapuipyTy SK A00YTKY JOBXHUH BIAMOBITHUX JUTHHUID
TOIIOJIOTIYHOT CXEMH BiJl MMOYATKOBOTO JI0 KIHIIEBOTO IMYHKTY, & TaKOX O CEpemHii
MacaKUPOMICTKOCTI1 aBTOOYCiB MO0 MapIIpyTaM, KITBKOCTI iX 1 iHTepBaiax pyxy. Taka
MOJIeNIb JI03BOJIIE OTPUMATH Maike BCl XapaKTEPUCTHKW MapIIPYTHOI CUCTEMHU.
AJNTOpUTM  pO3paxyHKy OINTHUMI3aIli MapUIpyTHOI aBTOTPAHCIOPTHOI CHCTEMH
3aKJTI0YAETHCS B MiHIMI3allll CyMapHUX BUTpAT Yacy MacaKHMpiB Ha IMOI3AKK Ha 0asi
MaTpHIll AaCaKUPO MOTOKIB 1 TPAHCIIOPTHOI MEpeXKi, sKa 3aJa€ThCS TOMOJIOTTIHOIO
CXEMOI0 3B’ SI3KIB MIKpOpalHOHIB KOHKPETHOT'O HACEJICHOTO MyHKTY.

[Ipu po3paxyHKax pO3IISAAETHCS TPU MOKIMBUX BHUMIAAKH: I MICTa SIKE
TUTBKU TIPOEKTYETHCS, JJIA MICTA SIKE PO3BUBAETHCS 1 MAa€ TPAHCIIOPTHY MEPEXKY; IS
BCTAHOBJICHHS 3B’S3Ky MICTa 3 HOBUM PallOHOM. Y BCIX IUX BUMAJKaX HEOOX1ITHO
BPaxOBYBAaTH PO3MIPH TMACAXKUPCHKUX TMOTOKIB, JAIBHICTh MOI3JOK MaCaXHpIiB,
co0IBapTICTh IIEPEBE3CHB 1 0OCATH KaImiTaloBKIaeHb. HeoOX11HO BCTAaHOBUTH MEXI,
B SIKMX KOHKPETHI BHJIM aBTOTPAHCIIOPTY 1 TUIH PYXOMOTO CKIanay OyayTh MaTu
HaWKpari eKOHOMIUHI TOKa3HHKH.

PiuHa KinbKICTh MacakupiB, KA IEPEBO3UTHCA aBTOOyCcaMM BEJIUKOi MICTKOCTI,
CKJIaJ1a€e

A 3ae
Qp=0,Qp (1)
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nie Qf)ae — 3arajbHa KiJIbKICTh ACAKMPIB, KA NEPEBOAUTHLCSA 3a PIK

Q 3ae _ k P (2)

p e mp’
ne K, — mepcrekTHBHa MPOTHO3YEMO KUTBKICTh JKUTENIB, P, — MPOTHO3YEMO
TPAHCIIOPTHA PYXOMICTh HACEJICHHS.

Kopucryrounch po3paxyHKOBHUMHU 3HAYEHHSIMU PIYHUX OOCSTIB IMEepeBE3€Hb
nacakupiB  PI3HUX BHJIB TPAHCHOPTY 3TIJHO iX YacTKM B OMNaHyBaHHI
3araJibHOMICBKOTO O00CSITYy TepeBe3eHb, MOXXHA BHU3HAYMTH HEOOXITHY KUIbKICTh
PYXOMOT0 CKJIaay AJii KOXHOTO BUAY TPAHCIOPTY, HAMPUKIAA JJs aBTOOYCHOTO

Oyne ckiaiatu

A Ajcp
A= % %'n (3)
Wéb‘ 365VTTHqCp;/0aB

ne QQ — piuHUi 00CST NepeBe3eHb, SKUW MPHUIMaaae Ha aBTOOYCHUN TPAHCIIOPT, Mac.;

I i'cnp — CepeaHs JaJbHICTh MOI3KK HAa aBTOOYCHOMY TPAHCIIOPTI, KM; 77, — KOe(DIIIEHT

HEPIBHOMIPHOCTI OOCSTIB TE€peBEe3eHb IaCaKUPIB; VT — TEXHIYHA IIBUIKICTB,

km/rox; T, — 4ac mepebyBaHHS B Hapsmi, Tox; P — cepemHst MIiCTKICTb PyXOMOTO

CKIady; Y — JNUHAMIYHUN KOE(QIIIEHT BUKOPUCTAHHS MICTKOCTi; @p — Koe(imieHT
BUKOPHUCTAHHS TApKy aBTOMOOLTIB.

Posnoxinene mo MapmipyTam 3araibHe HaBaHTaXXCHHS Jla€ MIICTaBy s
MIPOTIOPIIIMHOTO IO MAapIIPYTHOTO PO3MOAUICHHS pyXoMoro ckiamy. KiTbKiCTh

aBTOOYCIB Ha KOHKPETHOMY MapIIpyTi BUZHAYAETHCS 32 POPMYIIOIO

Q,, Ax
A, =M B (4)
M Q A
P
ne Qu — HaBaHTa)KeHHSA (00CST MEepeBE3CHb) HA JTAHOMY MapIIPYTi.

JIo OCHOBHMX  TEXHIKO-€KOHOMIYHHUX  IOKAa3HUKIB  pPOOOTH  MICBKOIO
MaCaKUPCHKOTO TPAHCHOPTY BIAHOCUTHCS PiuHA MPOAYKTUBHICTH Ha OJHO aBTOOYyCO-

MICIIE.
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[IpoaykTuBHICTH aBTOOYCO-MicI€ (B MaC-KM) BU3HAYAETHCS 32 POPMYIIOIO
W, =365a5T V, Ay, (5)

e ap — KOe(IIEHT BUKOPUCTaHHS aBTOOYCIB; 7, — CEpenHid 4Yac 3HaXOJKEHHS
PYXOMOTO CKJIany y mapiii 3a 100y, rox; Ve — eKcIuTyaTaliiHa mBHUIKICTb, KM/TO; [
— Koe(ilieHT BUKOPUCTaHHS MNpoOIry; § — MICTKICTh aBTOOyca; Yy — KOEQIIEHT
BUKOPHUCTaHHS MICTKOCT1 aBTOOYCIB.
Cepennbo1000Ba OTpeda B pyXOMOMY CKJIaJll aBTOOYCHOTO MapKy BU3HAYAETHCS
3a hopMyJIOI0
_ qu Meee 906

1, o020 (6)

ne > gl — macaxupooOir, Mac.KM; 7jes — KOCQIUIEHT, SIKWI BPaxoOBYe CE30HY
HEPIBHOMIPHICTh MACaXUPO TMOTOKIB; 7pos — KOEPIIEHT, KU BpPaxoBYE I00OBY
HEPIBHOMIPHICTh MACAKUPO MOTOKIB.

BusHnaueHHsT HEOOXITHUX MOMKJIMBOCTEM HEOOXITHO TPOBOJUTH HE IIO
CEpEeIHbOA000BUM TEPEBE3CHHAM, a IO MEPEBE3CHHIM Yy TOAMHU ,,IIK’. 32 OCHOBY
MPUINMAIOTLCS PAHKOBI TOJWHM ,,ITIK”, B SIKI CIIOCTEPITa€ThCsl BEJIMKA KOHIICHTpAIIis
nacakupiB y yaci. TpaHCOpTHa pyXOMICTh HACEJIEHHS Y FOJIUHU ,,lIIK~ B 3BUYAHUHN

TpyoBUi eHb gocsrae 0,12 1o60Boi BeTMYHHM.

IOraii B.T., k. Trexn. H. Kiimos P.O.
JIHinposcvKuli OepiicasHuti mexHiuHuLl YHieepcumem
BIIJIUB PO3BUHEHUX ITOBEPXOHb HAI'PIBY
HA OB’EM HIAIT'PIBAYA

['eomeTpuuni mapameTpu TiAirpiBadiB a00 OXOJOIKYBadiB € OJHUMHU 3
HAWBXIMBIMIUX TPU MPOCKTYBaHHI, TOMY IO HE 3aBXKIU MOXHA TEIIOOOMIHHUK
pO3TallyBaTH Yy BiIBEJICHOMY MPHUMIIICHI B CXeMi MUKIY BHpOOHHINTBA. Jl0 Takmx
rnapaMeTpiB MOKHA BIIHECTH JAOBXKHUHY TPYOOK TEMIOOOMIHHUKA Ta MOTO 30BHILIHIM

00’em. Ilpm onmTumizarmii mapaMeTpiB MIAICpiBaviB 3aBXKIM HEOOXITHO IOCATATH
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MIHIMaJIBHUX BUTpAaT MaTepiajiB Ha BUIOTOBJIEHHSA, HA IO BIUIMBA€ JOBXKHUHA
TpyO4acToi CUCTEMH, 3arajJilbHuil 3aiiMaHuii 00’eM, TpU HAWOUIBIIOMY pIBHI
TerionepeAaydi. ToMy 3aBAaHHS ONTUMI3alli KOHCTPYKLIi TEIUIOOOMIHHUKIB €
aKTyaJTbHUM.

HaiiGinporo BUKOpUCTaHHS JUIsl MIAIrpiBYy ab0 OXOJOJKEHHS CEepe/lOBUIIA
3HAXOJATh KOXKYXOTpYOHI TEMI000OMIHHUKHU. Takuil THN TEMJI00OMIHHUKIB JO3BOJISE
BUKOPUCTOBYBATH PO3BHUHEHI NMOBEPXHI TEMIOOOMiHY, a caMe opeOpeHi Tpyoku. Taki
TPYOKH BUKOPHUCTOBYIOTHCS sl 30UTBIIEHHS TJIOIII TETUIOOOMIHY MK TETUIOHOCIEM 1
HOBITPSIM, 1110 3HAYHO 3MEHIIYye 00'eM, IKHI 3aliMae TerI000OMIHHHUK.

Metoro poOOTH € BHU3HAUCHHS BIUIMBY KOE(DIIIEHTY OpPEOpEHHS, HECYydOro
niamMeTpy opeOpeHHsI TpyOKHM Ta JOBXKHMHM OJHIE] opeOpeHoi TpyOKH, K OCHOBHHUX
(dbakTOpiB HA TEOMETPUUHUN 00’ €M TEIII00OMIHHHUKA.

Jlist  palioHaJIbHOI TMOCTAHOBKM EKCIEPUMEHTY 10 BHU3HAYEHHIO BIUIMBY
(dakTOpiB Ha TaKy XapaKTePUCTUKY TEIUIOOOMIHHUMKA sIK Horo o0’eM 0O0paHO
[CHTPAJIbHUIA KOMIIO3UIIHHUA TUTaH japyroro mopsaky K=3. JlocmimkeHH:o
MiJISITal0Th HACTYMHI (aKTOpH: X1 — JOBXKHMHA OJIHIET TPYOKH, M; X2 — HECY4Hi
niaMeTp opeOpeHHs, M; X3 — KoedilieHT opeOpeHHs. 3a (YHKIIIO BIATYKY MPUHHATO
3arajabHUi 00’ €M TemIooOMIHHUKA Y1, M,

[TpoBoasiun AOCIIIPKEHHS BILIMBY MPUUHATHX NTapaMeTPiB Ha 3arajbHUM 00’ €M

anapary Oysia oTpuMaHa MaTeMaTUYHA MOJIEJb JOCTII)KYBaHOTO TIPOLIECY

9, = (7,32 +1,85x; +2,553x, + 2,222x3 +0,432xx, 1O + "
+ (0’358x1x3 +0,564%,x3 +8971-10 °x{ +0,198x5 +0,307x5 )10_3.

[lopiBHsiHHSA KOedilli€HTIB perpecii 3a aOCOMIOTHUMH BEIMYUHAMH TIPH

pO3paxoBaHUX JOBIpYMX IHTEpBajaxX IOKa3ye, IO JUIS JIaHOI MOJEN MOXHa HE
.. 2 .
BBA)XXATU CTATUCTHYHO 3HAUYLUIUMM KOCQILIEHT MPHU X{ , IKUH MOXHA BUKIIIOYUTHU 3

piBHAHHS (1). Y 3B’53KY 3 IIUM PO3TISHYTE PIBHSHHSI MOKHA CIIPOCTHTH JI0 BUIY
yl = 7,32 +1,85X1 + 2,553X2 + 2,222X3 + 0,432X1X2 +

2 2 -3 3 (2)
+ 0,358X1)C3 + 0,564X2X3 + 0,198X2 + 0,307X3 , 10 m”.
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Amnanizyrouu piBHAHHS (2) BUJHO, 10 HAMOUIBIINI BIUIMB HA 3araJIbHUM 00’ €M

TEIUIOOOMIHHUKA Mae (akTop X, (Hecyuumil glamerp TpyOu). Brumms koedimieHTy

opeOpeHHs Mae BTOPUHHE 3HA4YeHHs Ha 00’€M TEIUIOOOMIHHMKA TaK caMO fK 1 Ha
3arajibHy JIOBXKHHY HOro TpyOok. B To# ke uvac Takuil pakTop sSK OBKHWHA OJHIET
TpyOKH Mae HallMEHIIMI BIUIMB Ha IIyKaHy (yHKuito. Ciia BiI3HAYUTH BIICYTHICTb
BiI’€MHUX 3Ha4YeHb KoedillieHTIB mnpu (akropax mnsa (¢yHKIii o0’eMy amapary.
JIOCSTHYTH 3MEHIIEHHS 3arajdbHOro 00’eMy anapaTy MOXHa 3MEHIIEHHSAM JIOBXKUHU
OJIHI€T TPYOKH, KOoeilieHTY OpeOpeHHS Ta HECYUOro JI1aMeTpy TPYOKH.

Tum camum, 3MEHIIEHHS JOBXKUHU OJIHIE€T TPYOKM MPU3BOAUTH 10 OUIBLIOTO
edhexTy B 3HWXKEHI 00’€My TEIIOOOMIHHMKA HIK BIANOBIIHE 3MEHIICHHS
KoeQillieHTy opeOpeHHs Ta Hecydoro aiamerpy TpyOku. CymiCHUN BIUIMB
po3rsigaeMux (akTOpiB JIUIIE TOAAE BATOMOCTI 3MiHI OKPEMUX 3HaU€Hb (haKTOPIB.

B posmipHOoMy Bul piBHAHHS (2) MOXHA 3aMicaTu

V =3,274 - 3,418l; —291d,, — 0,533k, + 12375d3 + 3)
+0,0192k2, +5401d,, + 0,448k, +35,25d ko, 10 °m>.
[Tincrapmsitour 3HAYCHHSI JOBXHWHMU OJHIET TPYyOKH, HECYdUOro miaMeTpy
opeOpeHHs Ta KoeimieHTy opeOpeHHs B piBHSIHHSA (3) MOYKHA BU3HAYUTH 3arajibHUM
00’eM TertooOMiHHUKA. J[aHe PIBHSHHSA B JIOCTaTHBO MPOCTOMY BHIJISII JIO3BOJISIE

IpPOAHAII3yBaTH BIUIMB OCHOBHUX TMapaMeTpiB Ha 3HAXOKEHHS MIiHIMaJIbHOT

BEJIMYMHU V MPHU 3a3/1aJICT1b 3aITaHOMY 3HAYEHH1 OJJHOTO 3 MapaMeTpiB.
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Cekuig 3
AJITOPUTMMU TA ITPOI'PAMHE 3ABE3IIEYEHHS

Anapees 1.B., k. texn. H. Hagpuraiiiao T.K.,
J[Hinposcvkuti depacasHuli mexuHiuHuil yHigepcumem
CYYACHI 3ACOBA KOMIT'IOTEPHOT'O MOJAEJIFOBAHHA
IMPUKJIATHUX 3AJTAY 3A TOITIOMOI'OO HEUPOHHUX MEPEX

Komm'toTepHe MonenroBaHHS 3a JOMOMOTOI0 HEHPOHHUX MEPEX IIMPOKO
BUKOPUCTOBYETBCS B Pi3HMX cdepax, BKIOYAIOYM HAYKy, TEXHIKY, MEIUIUHY,
(iHAHCH Ta 1HIIII.

3arajgoM, HEHPOHHI MEpeXi BIAIrPalOTh KIYOBY pOJIb Y PO3B'A3aHHI
NPUKIAJHUX 3a/lad KOMITIOTEPHOIO0 MOJIENIOBAHHS 3aBISKH iXHIH 3aTHOCTI 0
BUBUEHHS CKJIATHUX 3aKOHOMIPHOCTEN y TaHMX 1 aJanTailii 10 HOBUX YMOB.

VY cydacHOMY CBITI BCe HacTillle 3yCTPIYa€eThCsl HEOOXIAHICTh aBTOMATHYHOTO
po3Mi3HaBaHHs TeKCTy 3 Qortorpadiii, 300paxkenp abo Bigeo. lle moxe Oytm
nepekiiaj PyKOIMMCHOTO TEKCTYy Ha 1HITYy MOBY a0o0 MPOCTO MBHIAKE ITU(pPOBE
yTBOPEeHHS 1H(OpMaIlii 3 marnepoBux HOCIIB — B OYIb-IKOMY pa3i, Taka MOXJIUBICTh
3HAYHO MOJIETTIYE KUTTS JTIOIUHU.

Peanizamist anroputMmy po3mi3HaBaHHS TEKCTY MOXIJIHBA 3a JOIOMOTOIO
IITYYHUX HEUPOHHUX Mepex. HelipoHHa mepexa — L€ MareMaTH4yHa MOJEINb, a
TaKOX ii IporpamMHe abo amapaTHe BTUICHHS, MOOYyI0BaHa 3a MPUHIIUIIOM OpraHizarlii
Ta (YHKI[IOHYBaHHS OIOJIOTIYHHX HEHUPOHHUX Mepex. DakTUYHO, B KIHIIEBOMY
PE3YNBTATI MU OTPUMYEMO MIPOIYKT, IKUH IMITY€ JTIOJCHKE MUCIICHHS.

AKTyanpHICT 11i€i POOOTH TONSATaE B  PO3POOII HOBOTO aNTOPUTMY
pPO3MI3HABAHHS TEKCTIB, SKWUH BUNPABUTH HEHONIKA ICHYIOUHMX CHCTEM, a TaKOX

CKOPOTHUTH O0CSIT BAKOPUCTOBYBAHUX PECYPCIB Ta 3aTPAvYCHOrO Yacy.
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Metoro poboTH € po3poOKa HOBOIO AIrOPUTMY pPO3MI3HABAHHS TEKCTIB Ha
300paxeHHI.

VY nmpomeci TecTyBaHHS aIrOpUTMYy Ha BXiJl MNpPOrpaMu MOAaBalucid Pi3HI
300paK€HHSA, W10 MaJd BIAMIHHOCTI MDK co000t0. OCHOBHUMHU HapaMeTpamu
TECTYBaHHS €:

- KiunbkicTh CUMBOJIIB Y TEKCTI JOPIBHIOE 5.

- BuxopucroByBanucs mpudtu Arial, Times New Roman, Calibri.
- Tekct Ha 300pakeHH1 HAaMCaHUM Ha CBITIOMY (OHI.

- Tekct Ha 300paxkeHH1 MOKe OyTH YOPHUM 200 KOJIbOPOBHM.

- KonbopoBuii TekCT Ha 300paxeHH1 Ma€e OyTH SICKPABUM.

- Tekct HanMcaHO 3 BUKOPUCTAHHSIM aHTJIACHKOTO anaBiTy.

- Po3mip uipud Ty 0 HaAKOBHUIA.

Jns koxHoro mpudty Oyno mpoBeaeHo 10 TecTiB, 5 3 HUX TPOBOJMIHCS 3
TEKCTOM YOPHOTO KOJIbOPY, Ta 1€ 5 3 KOJIbOPOBHUM. 3a IMIJCYMKaMH BCIX TECTIB OYI0

o0y T0BaHO TaOIHITIO:

Tabnuya 1 — Pe3ynomamu mecmygsanHsa anzopummy 0Jisi YOPHO-0LIUX 300parceHb

[pudr KinbKicTh MpaBUIILHO BU3HAYECHUX CUMBOJIIB Bceroro
Times New Roman 2 4 3 2 4 15
Calibri 5 5 5 3 4 22
Arial 5 5 5 4 5 24
Bceworo 12 14 13 9 13

3a maHuMU, HaBeJACHUMH y Tabnuii 1, MOXHA 3pOOUTH HACTYIHUM BHUCHOBOK.

Anroput™M e(EeKTHBHO PO3MI3HA€ CHUMBOJIM Ha 4YOPHO-OUTMX 300pakeHHsx. [Ipote,

KOJIM MIeThCsI PO po3Mi3HaBaHHs cuMBOIIB y mipudTi Times New Roman, anroputm

JIOTTYCKAa€ TIEBHY KUTbKICTh TOMHJIOK.

Ha nactymuiii Tabmuili mpeacTaBieHl pe3yiabTaTH PoOOTH aNTOPUTMY OO0

KOJHOPOBUX CHMBOJIIB Ha 300paKeHHI.

Tabnuya 2 — Pe3ynomamu mecmyeanns aizopummy 0isa K0Jaboposux 300paxcens

Mpudr KinbKiCTh MpaBMIIbHO BU3HAYEHHUX CUMBOJIIB Berworo
Times New Roman 1 1 1 1 2 6
Calibri 1 1 2 1 3 8

Arial 3 2 2 3 4 14
Bceboro 5 4 5 5 10
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3 Tabnuii 2 BUAHO, 1O CUCTEMA MEHII YCHIIIHO CIPABISIETHCS 3 KOJIbOPOBUMHU
300paK€HHAMH, TOMY II0 BOHHM MICTSATh JOJATKOBY IH(OpMAaNi0 Mpo KOJIip, L0
BIJIUBA€ HA POOOTY HEHPOHHOT MEPEXKI.

Po3Mip CUMBOIIB € 1€ OAHIEI0 Ba)JIMBOK XapaKTEPUCTUKOIO TEKCTy. Tomy,
JUIS. TIEPEBIPKU CUCTEMH, OylIM TPOBENECHI TECTH 3 300pa)KEHHSMU, IO MICTATh
CUMBOJIM Pi3HUX PO3MIipiB. [Ijisi TecTyBaHHS BUKOpHUCTOBYBaBcs WpudT Arial, axuit
MOKa3aB Kpallll pe3ysbTaTh MOPIBHSAHO 3 1HIMMH mipudpTamu. [ToyaTkoBuil po3mip
300pakenHs ctaHoBuB 350 Ha 200 mikceniB. Ha 300paskeHHi Oynau MPHUCYTHI Tpu
cJIoBa, siKi ckyananuch 3 11 pizHux cumBoiB. KoxkHa HOBa cripoOa MicTHIIA THITUN
HaO1p CUMBOJIIB U1l OUTBIIOT PI3HOMAHITHOCTI TECTIB.

Tabauusa 3 — Pesynrvmamu mecmysanHs ai2opummy 3a Pi3HUX PO3MIPAX wpugdmy

Posmip mpudry
Cripoba Ne 72 48 36 28 24 18 14 10
1 9 9 8 10 10 5 5 0
2 9 9 8 9 8 6 2 0
3 11 11 10 11 11 8 5 0

Ha ocHoBi maHux, mpencraBieHUX Yy Tabmuii 3, MOXKHAa 3pOOUTH TaKUM
BUCHOBOK: TOYHICTh PO3IMi3HABAHHS CUMBOJIB 3aJIeKUTh BIJ] CAMOTO CHUMBOJY Ta
pO3Mipy TeKCTy. butbIi po3Mipu TEKCTY CIPUSIOTH OUIBIII TOYHOMY PO3Mi3HABAHHIO.
IIpu po3mipi mpudty menme abo mopiBHIOe 10 TOYHICTH pO3IMI3HABAHHS CTa€
HYJIBOBOIO. Jlns  JOCSATHEHHST TOYHOTO PO3IMi3HABaHHS TEKCTy, HEOOXiTHO
3a0e3MeunT JOCTATHIO BIACTaHh MDK JIiTepaMu TakK, MO0 KOHTYpH JITep He
MEePETHHAIIUCH.

JIns  MOMINIIeHHS TOYHOCTI PO3Ii3HABaHHS CHMBOJIIB Y CJIOBI HEOOXITHO
MIPOBECTH TMOBTOPHE HABYAHHS HEHUPOHHOT MEpeXi 3 METOI PO3Mi3HABAHHS JIMIIE
JTEp, OCKUIBKM y TOIMEPEAHIX BHMAJAKaX Mepeka HEMpaBWIIbHO KiacudikyBaa
cumBoi "O" sk udppy "0". Lle He € KOPEeKTHUM B yMOBAXx 3aadi.

[Ile ogHMM HETOJIKOM QJITOPUTMY € 30UTBIIEHHS 4Yacy OOpoOKHM 300pa)KeHHS

npu 30UIbIIEHH] KUIBKOCTI CUMBOJIB Ha HboMY. Lle cTaeThcs udepe3 MOCHIIOBHY

00poOKy 3HaWIEeHUX KOHTYpIB. JIJisl MOJIMIIEHHS I€]l CUTYaIlli MOXXKHA PO3TJSHYTH
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MOXJIMBICTh PO3POOKH MapayiesIbHOI BEpCii alrOpuTMy, 110 J103BOJIUTH PO3MOAUIUTH
00poOKy KOHTYpPIB MDK KUIbKOMa HE3aJEKHUMU MOTOKAMH 1 3MEHIIHUTH 3arajibHUN
gac poOOTH IIPOTrpaMHu.

TakuM yrHOM, MiCIis MIPOBENCHHS PALY TECTIB HaJa PO3POOTIEHUM aITOPUTMOM,
Oyna 310paHa Aesika KUIbKICTh JIaHUX, SIKI HaJaJld BaXKJIUBY 1HQOpMaLi0 Mpo HOro
NPOAYKTUBHICT B pI3HUX yMoBax. Ilii yac TecTyBaHHS BHKOPHCTOBYBAJIHUCS
PI3HOMaHITHI BX1JIH1 300pa)K€HHs, 10 BKIIOYAIN PI3HI WPUPTH, KOJIBOPH Ta pO3MipU
cuMBOIIiB. Pe3ynbratu TecTiB OynM CHCTEMATU30BaHI 1 MPEACTaBIICHI y BHUIJISIL
Tabiuup Ta rpadikiB. byaum BHsBIEH! NEBHI HENONIKM alroOpuT™My, 1 Oyiu

3aHpOHOHOBaHi MO>KJINBI MOKPAIICHHA IJIsA Horo IIoAaJIbIIIOTr0 BJOCKOHAJICHHA.

Marictpant Anapees O.B., k. Texs. H. Hagpuraiuno T.7K.
J[Hinposcvkuti depaicasHuti mexuHiuHutll yHigepcumem
AJITOPUTMHU TA METOAU A®IHHUX NEPETBOPEHD JJIsA
PEAJIIBAIIII 2D-TPAHC®OPMAIIINA B T'PA®TYHUX BEB-PEJAKTOPAX

AdiHHI TIEpeTBOpPEHHS € KIIOYOBHM €JIIEMEHTOM KOMI'FOTepHOi Tpadiku,
0co0MMBO B 00JIacTi CTBOPEHHs Ta MaHinmymoBaHHsA 2D 300pakeHHSAMH Ta
aniMamismMu. ['padiuni BeO-peakTopu € OJHUM 3 KIIOYOBHUX IHCTPYMEHTIB, SKi
KOPHUCTYBadl BHKOPUCTOBYIOTHh ISl CTBOPEHHSA Ta OOMiHY ITM(GPOBUM KOHTEHTOM,
TaKUM SIK 300pa’Ke€HHs, aHIMallis, BiJIeO Ta IHTEPaKTUBHI €JICMEHTH.

OpnHak, He JUBJISYHCH HA T€, M0 AITOPUTMH Ta METOAU adiHHUX MEPETBOPEHD
ITUPOKO BUKOPUCTOBYIOTHCS, BOHM YAaCcTO MaJo 3pO3yMili 0araTbOM pO3pOOHUKAM.
Ile 0O0ymMOBIE€HO CKJIQAHICTIO MaTeMaTUYHOI Teopii, IO CTOITh 3a IIUMH
MIEPETBOPEHHSAMH, a TaKOX PI3HOMAHITHICTIO PI3HUX IMIIXOAIB JI0 iX peaiizailii B
pi3HHUX BeO-peaKkTopax.

CyyacHi BUMOTH J0 MPOAYKTUBHOCTI Ta SIKOCTI peHJepuHra rpadiku B BeO-

peaaKTopax IpoaAOBKYIOTb 3POCTATH. Takum YHMHOM, BHBUYCHHA Ta BJOCKOHAJICHHSA
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IrOPUTMIB Ta METOJIB apiHHUX MEPETBOPEHB I peanizauii 2D-tpanchopmaniii B
rpadiuHUX BeO-peJaKkToOpax Ma€ BHUCOKY AaKTyaJlbHICTb. ['JTMOOKE pO3yMiHHS LHMX
METO/IIB 1 aIrOPUTMIB TAKOXK MOXKE CHPUATH HOBATOPCTBY B Tajly3l BeO-Iu3aiiHy Ta
PO3BUTKY HOBUX THUIIIB BEO-PEIAKTOPIB.

Metoro naHoi poOOTH € JOCHIKEHHsI PI3HUX QJIrOPUTMIB Ta METOAIB, IO
BUKOPHUCTOBYIOTBbCSL Juisi  peanizanii  2D-Tpancdopmaniit  y rpadiuaux BeO-
pelakTopax, a TaKoXX po3poOka Ta peamizailii BJIAaCHUX aJITOPUTMIB, SKI
3a0e3neuyoTh e(peKTUBHE BUKOHAHHS a)iHHUX NIEPETBOPEHb.

OO6'eKTOM JOCHIKEHHSI € aJITOPUTMU Ta METOAu adiHHUX MEPETBOPEHb IS
peamizamii  2D-Tpancdopmaniii 'y rTpadiuHux BeO-pemakropax. JlocmimkeHHs
CIpsIMOBaHE Ha BUBYEHHS MPUHIIUIIB IMX TpaHchopmMalliil Ta X BIUIMBY Ha rpadiyHi
00'e€KTH, a TAKOX HA MOITYK e(pEeKTUBHUX PIIIEHb IS 1X peaizallii.

B po0oTi po3rasiHyTi OCHOBHI MPUHLMNK apiHHUX MEPETBOPEHB, BKIIOUYAIOUU
MaciTa0yBaHHsI, TTOBOPOT, 3CyB Ta MEpeKic, a TaKoX iX B3aeMOAil0 3 TpadiuHUMU
o0'ekTaMu, BUBYEHI ICHYIOUI aJITOPUTMHU Ta METOMIH, TaKl K aaroputMu bpesenxema
ta By s pactepu3anii JiHiN Ta Koja, alTOPUTMHU 3allOBHEHHS o0jacTeit Ta 6araTto
THIITHUX.

PesynbTaTom poboTH € BracHUM BeO-peaaKkTop, KU Ma€ HACTYITHUN
dbyHKITIOHAT:
- JlonaBanHs 4 06a3zoBuX ¢iryp Ha IMOJIOTHO: MPSIMOKYTHUK, TPHUKYTHHK, 3ipKa i
eJiric.
- Bunanenns ¢iryp.
- Koxna ¢irypa mae HacTynHi aTpuOyTH: MO3HISA (3CYB): MO OCAX X 1Y; pO3Mip:
IIMPUHA 1 BUCOTA; KYT MMOBOPOTY; KyT HaXUIy; MIPO30PICTh.
- Bci atpubyTr nocTymnHi 1715 3MIHH HA MTaHEI1 BIACTUBOCTEH.
- € MOXIMBICTh MEPETATYBAaHHSA, 3MIHA PO3MIpy Ta MOBOPOTY (irypud BpYyYHY 3a
JIOTIOMOTOI0 BIAMOBIMHUX TpadiuHUX eneMeHTIB iHTepdelicy (MaHimynsTopa), 0e3
BBEJICHHSI KOHKPETHOTO YHCIOBOTO 3HAYCHHS B MOJIS 3 aTpUOyTamH.
- AmniMaris ¢iryp. AHiMaIlisi, KpiM aHIMOBaHUX 3HAa4€Hb, TAKOXX MICTUTh 3aTPUMKY,
TPUBANICTH 1 (DYHKI[IIO 3aJIeKHY BiJl 4acy JuIsl peatizallii pi3HOMaHITHUX €(QeKTiB Ta
MJIABHOCTI aHIMaIlii. JIjis aHiMarii JoCTymH1 HACTYIH1 aTpuOyTH: MO3UIlis (3CyB): 11O
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ocsax X 1Y, MacIITaOyBaHHA: y TOPU3OHTAIILHOMY Ta BEPTHKAIBHOMY HampsMKax, KyT
MOBOPOTY, KYT HAXHJ1y, PO30PICTh.

- Amimanis diryp He mopymye moBediHKy MaHimynsTopa. Moro Bce mme MoXHA
BUKOPUCTOBYBATU [UIsl 3MIiHM aTpuOyTiB ¢irypu (TOOTO MOYATKOBOTO 3HAYEHHS
aHiMarrii).

- JocTynHicTh BIATBOPEHHS, CKUAAHHS 1 MEPErisily 3arajbHOTO 4acy aHiMarlii.
dirypu aHIMYIOTbCS OKPEMO OJHa Bl OJHOI, aje BIATBOPEHHS Ta 4ac aHiMallii €
3araJbHAMU JJIs BCIX 3 TOYKHU 30py KOPUCTYyBaya.

Hlns  cTBOpeHHs TpadiuHoro BeO-pemakTopy obpano wmoBy TypeScript
(JavaScript) Ta cyuacHuit ¢pperimBopk JavaScript Vue.js.

s rpadiunoro iHTepdeiicy obpano 6i10mioTeky PrimeVue depes i mupokuii
Ha01p KOMIIOHEHTIB 1 T€M, a TaKOK Yepe3 MPOCTOTY Ta BIAMIHHY JOKyMeHTAaIio. [
CIIPOILICHHS POOOTH 3 MATPUIIMU Ta OOYHUCIICHHS 0a30BUX MaTPUYHUX OTMeparlii
BUKOpUCcTaHO 010mioTeky mathjs. Jlis crpolieHHss CTBOPEHHsI aHIMaIliii oOpaHo
616;i0oTeky animejs. BoHa Mae BUCOKY NMPOAYKTUBHICTh Ta € IOCUTh HU3bKOPIBHEBUM
IHCTpYMEHTOM Tl THY4KOi aHimarllii CSS BiaactuBocTtei Ta JS 00’ €KTIB.

Ha pucynky 1 npencraBieHo pe3yiabTaT poOOTi POrpamu.

H | 100

Rotation

100:00:00 / 00:01:00

Puc. 1. I'pagiunuii Bed-penakrop
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[arepdeiic mporpamu, sSKUA NOpPENCTAaBICHUNA HAa TNaHENl IOpaBopyd, Haaae
MOXJIUBICTb O0MpaTH MOTpiOHY (irypy, BCTAHOBIIOBATH MOYATKOBI KOOpAMHATH i
pO3TalllyBaHHs, 3MIHIOBaTH KyT Haxuiy, oOepratu (irypy B 3aJaHOMY HANpSAMKY.
Takox € MOXJIMBICTh BUJATUTH OOpaHy (Iirypy, 3MIHUTH ii Mpo30picTh Ta 3pOOUTH
aHIMaIll0 IEPETBOPEHb PIrypH.

BucnoBku. B po6oTi npoBeeHO JOCHIIKEHHS Ta aHalli3 ICHYIOUHX aJrOpUTMIB
Ta MeTOAIB sl peamizamii 2D-Tpancopmaiii y rpadiuHux BeO-pelakTopax;
pO3p00JICHO HOBUM aJITOPUTM, 3aCHOBAHUW HA MOEHAHHI ICHYIOUUX MIIXOMA1B, SKUN
3a0e3neuye epexkTHBHE BUKOHAHHS a(piHHUX MEPETBOPEHb; PO3POOJIECHUN AIrOPUTM
peani3oBaHuM y BUTJIS1 IPOTOTUITY I'padiuHOro BeO-peaakTopy.

PesynpTaTi naHoi poOOTH MOXKYTh OyTH 3aCTOCOBaHI y peaIbHUX MPOEKTaX 3
po3poOku rpadiyHUX BeO-peaKTOPiB, MOKpallyoud iX (YHKI[IOHAIbHICTh Ta

NPOAYKTUBHICTH IPpHU poOoTi 3 2D-Tpanchopmariisimu.

PhD M. Babenko!, PhD Y. Babenko?,
Master’s student R. Kompaniiets!
!Dniprovsky State Technical University
2Taras Shevchenko National University of Kyiv
ENSURING THE INTEGRITY AND AVAILABILITY OF VIDEO
INFORMATION RESOURCES IN INFORMATION AND
COMMUNICATION SYSTEMS

The current state of information and communication systems is characterized by
a sharp increase in the use of video information monitoring to ensure the security of
critical infrastructure facilities. As a result, video information resources now occupy
the largest segment of traffic in these systems, particularly those utilizing wireless
technologies.

However, modern information and communication networks often lack
sufficient bandwidth to ensure the availability of video information resources. This
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inadequacy leads to significant losses in information security, specifically concerning
the availability and integrity of these resources. Consequently, the increased risk to
the efficient operation of critical infrastructure facilities underscores the need for
enhancing the availability and integrity of video information resources in monitoring
systems.

According to the ISO/IEC 27001:2010 standard, information security involves
preserving the confidentiality, integrity, and availability of information. Additional
properties such as authenticity, traceability, non-repudiation, and reliability may also
be considered. Availability refers to the property of an information resource that
ensures an authorized user or process can access it according to security policy rules
within an acceptable time frame. Integrity ensures that information cannot be
modified by unauthorized users or processes.

Recent studies in Ukraine and abroad have demonstrated that an effective
approach to improving information security, in terms of availability and integrity,
involves reducing the intensity of video streams. This can be achieved through the
development and application of efficient syntactic coding technologies, which help to
offload information and communication networks starting from the access network. A
particularly effective method involves the preliminary identification of segmented
video images, allowing the determination of the most informative segments—those
containing the most critical objects of interest. This method ensures a higher level of
information integrity while reducing psychovisual redundancy, thereby enhancing the
availability of information resources.

In conclusion, it is evident that further scientific and applied research aimed at
developing effective coding methods for video information resources is crucial. Such
advancements will significantly enhance the information security of these resources

concerning their availability and integrity.
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PhD M. Babenko, Master’s student I. Shevchenko
Dniprovsky State Technical University
STEGANOGRAPHIC HIDING OF INFORMATION IN FB2 FORMAT FILES

Recently, steganography has become one of the popular methods for protecting
information. The term “steganography" refers to hidden messages that completely
exclude the possibility of third parties discovering their existence. Steganography is
the science of transmitting a "secret” message from the sender to the receiver in such
a way that the fact of the transmission itself remains hidden from observers. In
English literature, methods for hidden data transmission are often referred to as “data
hiding." This hidden transmission condition distinguishes steganography from
cryptography, where the fact of transmitting a secret (encrypted) message is not
hidden and is well known. This distinction is significant because in many cases, the
mere exchange of encrypted messages can be evidence of illegal activity or, at the
very least, raise suspicions. This characteristic allows solving important information
protection tasks within traditionally existing information flows or environments.

Computer steganography is based on two main principles. First, files with
digitized images, as well as audio and video files, can be altered to some extent
without losing their functionality. Second, the human ability to discern minor changes
in sound or color is quite limited. Steganographic methods allow for the replacement
of insignificant data parts with necessary information.

Existing algorithms for embedding secret information can be divided into
several groups:

1 Those that work with the digital signal itself. This group includes the LSB
(Least Significant Bit) method.

2. Embedding secret information, often used for digital watermarks.

3. Utilizing file format capabilities.

Steganographic methods that use multimedia files as containers often rely on

replacing the least significant bit of the original data with a bit mask of the embedded
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data. This approach changes the bit distribution pattern. To avoid significantly
disrupting the structure of the original data, either pseudorandom filling is used, or
the density distribution function of the original data is analyzed, and the container is
filled according to the determined pattern.

Images, audio, and video are some of the most popular carriers for
steganography. However, text is ideal for steganography due to its ubiquity and
smaller size compared to these media. Text steganography involves hiding
information within text. Text has been one of the oldest means of hiding data, with
letters, books, and telegrams being used to conceal secret messages before the advent
of digital steganography. Additionally, text documents are the most common digital
media today, found in newspapers, books, web pages, source codes, contracts,
advertisements, etc. Therefore, the development of text steganography and
steganalysis is very important. On one hand, methods for hiding data in text
documents pose a significant threat to cybersecurity and offer a new communication
tool for terrorists and other criminals. On the other hand, these methods can have
legitimate applications in document tracking, copyright protection, authentication,
and the investigation of counterfeits and forgeries.

To embed hidden data in a text document, text steganography methods are
typically used. These methods can be easily embedded into any text, regardless of its
content, purpose, or language. However, such methods are easily broken, and the
secret information can become accessible to third parties. Additionally, a major
drawback is that these methods cannot transmit a large amount of hidden information.
Therefore, we apply the LSB (Least Significant Bit) method to text steganography,
usually used with digital signals, which involves replacing the least significant bits of
the container with the bits of the message to be hidden.

As the container, we have chosen the FB2 file format. The FB2 standard aims to
ensure maximum compatibility and manageability for freely distributed e-books. An

FB2 document is an XML (Extensible Markup Language) file. XML is designed for
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storing structured data, exchanging information between programs, and creating more
specialized markup languages (e.g., XHTML), sometimes called dictionaries.

The human eye cannot distinguish minor shades of the same color. This can be
exploited when developing an algorithm for embedding secret data in an FB2 file.
We have a message that needs to be hidden in the document, which must already
contain textual information. The volume of this information will determine the
amount of data that can be embedded. The more text the document contains, the more
data we can hide within it. The data will be embedded in the RGB channels of each
text character's color in the file. First, we need to parse the document to extract all
necessary data: the text and the color information of each character in RGB format.
Then, we replace the least significant bit of the color components with the bits of our
message. This operation will not introduce noticeable distortions to the text color,
making it imperceptible to the human eye. Instead, it will allow us to embed exactly 1
byte of our message into the color of each character in the input file. Therefore, the
maximum number of bytes (or characters) that can be hidden will equal the number
of characters in the document.

Similarly, data extraction from the container is performed by parsing the
document, obtaining the colors of the text characters in RGB format, and reading the
last bits of each channel. These bits will constitute one byte (or character) of hidden
data. By performing these actions for all colors, we will obtain the full text of the

secret message.
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PhD M. Babenko, Master’s student V. Yakymenko
Dniprovsky State Technical University
USING ONTOLOGICAL TOOLS IN CREATING INTELLIGENT SYSTEMS
IN E-COMMERCE

E-commerce, also known as electronic commerce, encompasses all platforms
and services where payments are made online, primarily through internet stores that
accept electronic payments. However, e-commerce is not limited to financial or
trading transactions conducted via networks; it also includes global business process
chains associated with conducting transactions.

Today, electronic commerce encompasses the electronic purchase or sale of
goods through online services or the internet, mobile commerce, electronic funds
transfers, supply chain management, internet marketing, online transaction
processing, electronic data interchange (EDI), inventory management systems, and
automated data collection systems.

With the rise of digitalization and mass transition to online platforms, e-
commerce has become a key driver of significant changes in the global economy.
Access to e-commerce is now possible from any smart device: by April 2022, there
were 5 billion unique internet users worldwide, accounting for 63% of the global
population. Consequently, approaches to launching and promoting new products are
evolving.

The main reasons people order goods online include free delivery (53%),
promotions and discounts (41%), the ability to read reviews (35%), ease of return
(33%), and quick checkout (30%). Additionally, 33.6% of customers compare prices
between online applications and physical stores before purchasing, and 81% conduct
thorough online research before making significant purchases.

The e-commerce market is expected to continue growing. According to Nasdag,
by 2040, up to 95% of all purchases will be made online. E-commerce is moving

towards personalization through "smart" search and product selection, personal
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recommendations, online stylists, and other tools. Artificial intelligence can analyze
all your purchases and preferences, making personalized recommendations based on
your specific characteristics. Retail networks are already implementing product
selections based on genetic tests and basic medical indicators.

An important aspect of designing an intelligent system is the ontological
analysis of the subject area, which involves structuring and classifying entities,
establishing connections, parameters, and characteristics, and developing a thesaurus.
Ontological analysis not only organizes knowledge about the subject area but also
enhances the quality of design work.

The literature provides numerous definitions of "ontology." Generally, ontology,
as a way of representing knowledge about a fragment of the surrounding world, is a
precise specification of a particular subject area. Ontology contains a vocabulary for
representing and exchanging knowledge about the subject area and a set of
connections established between terms in this vocabulary. Using ontologies as a
method of systematizing terms and concepts is a means of describing knowledge that
integrates other known models of knowledge representation.

Typically, an ontology appears as a description of declarative knowledge,
presented as classes with hierarchical relationships. An ontology is usually a set of
elements of five types:

1. Concepts (Classes): Abstract groups or sets of objects. These may include
other classes, instances, or a combination of both.

2. Instances (Individuals): Basic, lower-level components. One of the main goals
of an ontology is the correct and precise classification of instances.

3. Relations (Predicates): Connections between objects.

4. Attributes: Information about objects.

5. Axioms: Statements for modeling assertions.

Ontologies are widely used across all fields. Their diverse applications
necessitated the development of representation methods. Consequently, languages

such as Resource Description Framework (RDF Schema), Web Ontology Language
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(OWL), and Extensible Markup Language (XML Schema) emerged. HTML
describes documents and the relationships between them, whereas RDF, OWL, and
XML can describe arbitrary objects, such as people, meetings, or airplane parts.
Additionally, numerous editors for creating and editing ontologies have been
developed, each tailored to work with specific data formats and possessing unique
properties.

These technologies combine to provide descriptions that complement or replace
web document content. Thus, content can be represented as descriptive data stored in
internet-accessible databases or as markup in documents (e.g., extended HTML
(XHTML) with XML elements or, more commonly, purely XML with separate
layout or rendering hints). Machine-readable descriptions enable content managers to
add meaning to content, describing the knowledge structure we have about this
content. Consequently, machines can process the knowledge itself rather than the
text, using processes similar to human deductive reasoning and inference, thus
yielding more meaningful results and assisting computers in automated information

gathering and research.

PhD Baxkaun C.M., ctynenTka JlyonHa A.A.
BCII «Texuonoriunuii paxosuit konemx JJATY»

IMITAIIMHE MOJEJIOBAHHS POBOTH BAHKIBCHbKUX YCTAHOB

Cy4acHi ¢piHaHCOBI YCTAaHOBHU PETYISIPHO CTUKAIOTHCS 3 TOTPEOOO ONMTHUMI3aIlii
CBOIX TPOIECIB 1Jisi 3a0e3MeYeHHs] BUCOKOSKICHOTO OOCITYyroBYBaHHS KIIEHTIB Ta
paIliOHAIbHOTO BUKOPUCTAaHHSA pecypciB. OQuH 3 OCHOBHHMX AaCHEKTIB YIPaBIiHHS
0aHKIBCHKUMHU TIOCITYTaMH TIOJIATA€ B €(PEKTUBHOMY KEPYBaHHI MOTOKAMU KJIIEHTIB,
AKi TOTpeOyIOTh Y BHKOHAHHI PI3HHX omeparii y BiIAUICHHSIX OaHKy. Y IhOMY
KOHTEKCTI BHHHUKAE aKTyaJlbHAa TpoOiemMa omTumizallii mporeciB 0OCIyroByBaHHS
KIIEHTIB y OaHKIBCBKMX YyCTAHOBax. ImiTaimiiiHe MOJENIOBaHHS B1IBIIyBadiB
0aHKIBCHKUX YCTAaHOB € MOTY>KHUM IHCTPYMEHTOM JIJI aHaJI3y Ta ONTUMI3AIlli TaKUX
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npoueciB. Lleit MeTos 103BOJIsIE CTBOPIOBATH BIPTyallbHI MOJEII peajJbHUX BIIILICHb
0aHKIB Ta MOJEIOBATU PI3HI ClIeHapii 00CIYyroByBaHHs KIIIEHTIB JAJI OLIHKU IXHBOTO
BIUIMBY Ha 4Yac OYIKYBaHHS, 3aBaHTaXEHHS IMEpPCOHATy Ta IHII MOKa3HUKH
e(hEeKTUBHOCTI.

Onrtumizaniss mnponeciB poboTu (¢GIHAHCOBUX YCTAaHOB, aHajl3 PHU3UKIB,
TECTYBaHHS HOBHUX KOHLEMIIM, OI[IHKa NPOAYKTIB, ONTUMI3allisl MOpPTQens,
NPOTHO3YBaHHS Ta MPUHHATTS pillleHb — BCe e € (pakTopamu, SKi CIOHYKAIOTh
BUKOPHUCTOBYBATH iMiTalliiiHe MojentoBaHHs. KpiM Toro, imitaiiiiHe MoJIe/IFOBaHHS
703BOJIIE OaHKaM ONTUMI3ZYBAaTH PO3MOJLI KamiTany, 30UIbIIYyI0YM MPUOYTKOBICTD.
Taki Mozeni TakoXX JOMOMAararoTh po3poOJIsTH Ta TECTYBaTH CTpATEril YIpaBIiHHS
aKTHUBaMU Ta MacUBaMH, 100 3a0€3MEUUTH ONITUMATBFHUHN OajaHC MK JIOXOJIHICTIO Ta
pusukamu. He MeHm BaxiauBO, MmO OaHKHU, SKI BUKOPUCTOBYIOTH IMITaIliiiHE
MOJICITIOBAHHS I CTPEC-TECTYBaHHS, 3a3BUYAil BUSBISIOTHCS OUIBII CTIHKUMHU 10
CTPIMKHX 3MiH Yy () IHAHCOBUX PUHKAX.

Mertoro po6oTH OysI0 PO3POOUTH KOMIT FOTEPHY IMITAI[IHHY MOJEIbh MOTOKIB
BiJIBiTyBa4iB OaHKIBCHKOi YCTAHOBM IJIsA JIOCIIDKCHHS MPOIECIB OOCITyrOBYBaHHS
KJII€HTIB, €()eKTUBHOCTI Ta BIOCKOHAJICHHS cpepr OaHKIBCHKHUX MOCHYT.

3a JI0MOMOrol MPOTrpaMHOTO 3aCTOCYHKY, SIKHM [O3BOJISIE KOPUCTyBadam
CTBOPIOBAaTH Ta aHAJI3yBaTH IMITAIliiiHI MOJENI PI3HOMAaHITHUX CHCTEM, OYJI0
pO3p00JICHO KOMIT'IOTEPHY IMITAIlIiHY MOJIeNb peanbHOi (PiHAHCOBOI YCTAaHOBH
(MicieBoro Bimainmy OaHKY) 3 BIAMOBIZHOK KUIBKICTIO OaHKIBCBKHX TEPMIHAIB,
O0aHKOMaTIB, ONEPaTOPiB Ta KACOBUX BikOH. [lix wac mpoBeneHHs HOCHiIKEeHHS OyI0
MPOTECTOBAHO €(QEKTUBHICTh PIZHUX MOJENEeH TOBEMIHKH Ta OOCITyroByBaHHS
MOTOKIB BiABiAyBadiB OaHKy, J€ 4dYac MpUOYTTS KIIEHTIB JI0 CHCTEMH Ta
00CITyTOBYyBaHHS Ma€ CeKCIOHCHIIMHUN UM 3arajbHUN pO3MOJLI, a KUIBKICTh
00CTYyrOBYIOYMX KaHAIIB TOPIBHIOE OHOMY YH JIEKLUTHKOM.

Ha mozeni o6cnyroByBaHHS MOTOKIB BILTMBAIOTH pi3Hi (hakTopu. [lepm 3a Bce,
BAXKJIMBO BPaxOBYBaTH BaplaTUBHICTh BXIJHOTO MOTOKY KIIEHTIB, OCKUIbKH MIKOBI

TFOJIMHK a00 CE30HHI 3MIHM MOXYTbh 3HAYHO 30UTHIIMTH HABAHTAXXEHHS HA CHUCTEMY.
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SIKicTh Ta IMIBUIAKICTH OOCIIYTOBYBAaHHS TaKOX MAalOTh BEJIMKE 3HAYEHHS, OCKUIbKU
BOHM BH3HAYalOTh CEpeIHId yac mnepedyBaHHS KiieHTa B cuctemi. Kpim Toro,
KUIBKICTh ~ OOCITyrOBYIOYOTO MEpPCOHANY Ta BHKOPUCTAHHA TEXHOJOTIM s
YIPaBIIiHHS YepraMu MOXKYTb CYTTEBO BIUIMHYTHU Ha €(EKTUBHICTH OOCITYrOBYBaHHS.
[le ogun Baromuii (hakTOp — 1€ TPIOPUTETHICTH OOCIYTrOBYBAaHHS PI3HUX KaTEeropin
KJIIEHTIB, 110 BIUIMBAE HA 3aTraJIbHy JTUHAMIKY CUCTEMH.

BukopucraHHs 3aradpHOTO PO3MOAUTY JO3BOJSE MOJETIOBATH CUCTEMH
o0cnyroByBaHHs OUTbLI TOYHO, BiAOOpakatoyl peanbHi YMOBHU Ta BaplaTUBHICTb. Lle
BOXIMBO JUIA CKJIQJHUX CHCTEM, J€ YacOoBi TMapamMeTpu HE MiAKOPSIOTHCS
€KCTIOHEHI[IaTbHUM a00 HOpMaJIbHUM po3nojiiiaM. Mojeni 13 3arajibHUM Po3MOA1UIOM
€ THYYKIIIAMH, aje W CKIAIHIMIUMHU JUIS aHalli3y Ta pO3paxyHKiB. TakuM YHHOM,
3arajibHU PO3MOJAUT y MOJENSIX HaJae OUIbIIe PEealiCTUYHOCTI MPU MOJIEIIOBaHHI
CHUCTEM.

ImiTartiiine MojentoBaHHSI € €e(EeKTUBHUM I1HCTPYMEHTOM ISl ONTHUMI3aIlii
IpolleciB  0OCITYyroByBaHHS KIIIEHTIB y OaHKIBCBKUX YCTaHOBAaX, JIO3BOJISIIOUU
TECTYBaTH Pi3HI CIeHapii Ta cTparterii ynpariiHHSA. BUKopucTaHHS pi3HUX MOeiei
gornoMarae OaHKaM 3HWXKYBATH PHU3UKH, MIJBUIIYBaTH NPUOYTKOBICTH Ta

3a0e3IeuyBaTy Kpaluii 6alaHe MK JTOXOTHICTIO Ta pU3UKAMHU.

Acn. Bepuuropa /I.B., k. ¢i3.-mar. H. Kapimos LK.
JIHinposcvKuli OepiicasHuti mexHiuHull yYHieepcumem

KOMII'IOTEPHE MOJAEJIOBAHHA TEIIJIOBOI'O CTAHY
3BAPHUX BUPOBIB 3 METOIO PO3POBKH
PALIIOHAJIBHUX CXEM MICHEBOI TEPMOOBPOBKHA

[Ipu mpoBemeHHi MicIeBOI TEPMOOOPOOKH BETUKOrabapuTHUX BHPOOIB,
BUTOTOBJICHUX METOJIOM EJIEKTPOIIIAKOBOTO 3BapIOBaHHSA, 3aCTOCOBYIOTHCS Pi3HI
CXeMHU Opraizalii TEeXHOJOTiyHoro mpouecy. Kiacuunumu cramum JBOX30HHI Ta

TPHOX30HHI CXEMH, B SIKUX BHUJUISETbCS PI3HA KUIBKICTh 30H BIAMOBIIHO O YMOB
109



IiIBSICHHS/BIIBEICHHS TEIUIOTH 1O TMOBepXHi BHpoOy [1]. B aBOX30HHHX cxemax
BUJIUIAIOTHCS 30HU HArpiBy (MiJBEACHHS TETUIOTH) 1 30HU OXOJOKEHHS (B1IBECHHS
TEIJIOTH); B TPHOX30HHUX CXEeMaxX MDXK IMMH 30HAaMU BHUJUISETHCS 1€ 30HA
TEIUIO130JI51111, fIKa BIJIMOBIJAE AUISHKAM IOBEPXHI, 10 3HAXOIATHCS B KOHTAKTI 3
(GyTepoBKOIO Ieyl.

OcraHHIM YacoM B IIi CXEMH BHOCSTHCS TMEBHI 3MIHM, $IKI MiJIBUIIYIOTh
€(EeKTUBHICTh TEXHOJIOTTUHOIO MPOLECY 32 TUM UM IHIIUM KpUTEpieM. 3a3BUUail npu
IIbOMY CMOYaTKy Ha OCHOBI aHanizy (i3uku mporecy (HOpMYNIIOEThCS TIMOTE3a, a
MOTIM BOHA MEPEBIPSETHCS 1 MPUUMAETHCS a00 BIIKUIAETHCS 3aJI€KHO Bl pe3yJibTa-
TiB mnepeBipkd. OJHUM 13 JIEBUX CHOCOOIB MEPEBIPKU TIMOTE3 € KOMII IOTEpHE
MOJICJTFOBaHHS TEIJIOBOTO CTaHy BUPOOIB, M0 MiJUIATal0Th TEPMIUHI 00poOIIi.

B nmamiii  poGoTi BUCyHyTa TimoTe3a Mpo TMIABUIIECHHS €(EeKTUBHOCTI
TEXHOJOTIYHOTO TPOLIECY MICHEBOI TepMOOOPOOKH 3a paxyHOK TerIo130JIsIii
MOBEpPXHI BHPOOYy B 30HI OXOJIOJKEHHS. OOYUCTIOBAIBHUN  E€KCIIEPUMEHT,
HPOBEACHUN 3a OJHIE 3 MOAUQIKAIi aJIrOpuTMy, OMHcaHoro B [2], miaTBepauB

rinote3y. JleTanpHIIIe PO 11€ TOBOPUTHCS B JIOMOBIJII.
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. ¢iz.-mar. H. I'apt JL.JI., Byraeako A.O.
Jninposcvkuti Hayionanvrut yrnisepcumem imeni Onecs [ onuapa
YUCJOBI AJITOPUTMHU PO3B’SA3AHHSA 3AJAYI OIITUMAJIBHOI'O
KEPYBAHHA 3 BIYIBHUM INIPABUM KIHIEM

Mertonu po3B’si3aHHS 3ajlad ONTUMAJIBHOTO KEpyBaHHsS, K BIAOMO, MOXHA
KiacuQikyBaTu K npsami, Tak 1 Henpsmi [1]. [i MmeToan BiIpi3HAIOTHCA MIAXO0JaMU
70 TONIYKY pO3B’S3KIB 3a/layl ONTHUMAaJbHOrO KepyBaHHA. Hempsimi wmertonu
nepeadavarTh PO3B’SI3aHHS KpalloBOl1 3a7adl HEOOXITHUX yYMOB ONTUMAIBHOCTI, B
TOM Yac SK MNOpsMi METOAM HE BHUMAaramTb O€3MO0CEPEeIHbOT0 BUKOPUCTAHHS
HEOOX1THMX YMOB Ta JO3BOJISIIOTH OYyIyBaTH MIHIMI3yI04y MOCIIIOBHICTh, HA OCHOBI
AKOT TpaHUYHHUM TMEpPEeX0J0M MoOKe OyTH OTpHUMaHO TOYHHUN PO3B’SA30K 3ajadi
KepyBaHHS.

VY poOOoTi po3risgaeThCs 3a7a4a ONTUMAJIBHOTO KEPYBaHHA 3 BUIBHUM IpPaBUM

KIHIIEM, TIOB’s13aHa 3 JIIHIMHO CUCTEMOI0: MIHIMI3yBaTH (PyHKITIOHAI

17, 2
J(u):E ! (x2(t) + u?(t)) dt (1)
3a YMOB
X(t) =—ax(t) +u(t), 0<t<T; x(0)=x,, (2)

ne a, X, ta T >0 — Bimomi crami; U=u(t) Ta X=X(t)=x(t,u(t)) — mykani QyHKmii
Ha Biapisky [0, T] (kepyBaHHs Ta CTaH JOCIIIKyBaHOI CHCTEMH, BIAMOBIIHO); Ha
kepyBanHs U(t), 0<t<T He HakIaJEHO JXOJHUX IOJATKOBHX OOMEKEHb. 3TiAHO 3
pesynbratamu [1], dyakuionan (1) 3a ymoB (2) € HenepepBHO nudepeHiiiioBaHUM B

L,[0,T], a itoro rpagienT mist Oyap-sxoro U € L,[0,T] Bu3Hauaetbes 3a hopmysnoro

J’(u)E—ﬁ%[—%(xz(thuz(t))+\|/(t)(—ax(t)+u(t))}:u(t)—\p(t), 0<t<T. (3)

ae y(t) =wy(t,u) — po3B'sI30K crpspKeHOT qUbEpeHIiaabpHOl 3a1a4i
y()=ay)+x(t), 0<t<T; wy(T)=0. 4)
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Kpim Toro, rpaxient (3) 3amoBoibHsie B L,[0,T] ymoBy Jlinmuis 3 KOHCTaHTOO
L =2Te*" . dynkmionan (1) 3a ymos (2) € cumpho omykmum B L,[0,T] i mocsrae
CBOTO MiHIMYMY B €auHii Touri U=uU"(t), 0<t<T [1].

Jlns po3B’si3aHHs 33724yl ONTUMaIbHOTO KepyBaHHS (1), (2) Oyno 3acToCOBaHO
7Ba MIAXOAM, a caMe: HeNMpsIMUM METOJ, L0 MOJAraB y 3aCTOCYBAHHI HEOOXITHHMX
YMOB ONTUMAJILHOCTI y popmi mpunHiuny makcumymy JI.C. TloHTpsriHa, Ta IpsSMuii
METOJI, 3aCHOBaHUU Ha Oe3mocepeiHiid MiHiMi3alil 1nuiboBoro ¢yHkiioHamsa (1) 3a
yMoB (2) 3a gomomoror rpagieHTHoro metoay [1]. Ilig wac peanizamii HEnpsSMOro
MeToAy OyJo 3aCTOCOBAaHO JiBa CIIOCOOU PO3B’si3aHHS JIIHIMHOI KpakoBoi 3amadi (2),
(4) npunuuny Makcumymy [loHTpsAriHa: TOYHUN aHAIITUYHUN METOH Teopii
nudepeHIliaIbHUX PIBHAHb T4 YUCJIOBY CXEMY METOJIY CTPUIbOM 3 BUKOPUCTAHHSIM
metony Pynre-Kyrra nns posp’szanHa  gonomibkHuX 3axad  Komri. Ilig yac
3aCTOCYBaHHS MPSMOT0 MeTOAy Oys0 moOyJ0BaHO CITKOBY alpOKCHUMAIIiI0 BUX1THOT
3a/layl ONTHUMAJIBHOTO KEPYBAHHS 13 3allyd€HHAM Yy3arajlbHEHOi KBaJpaTypHOi
dopmynu CiMIicoOHa Ta peai3oBaHO TPAJAIEHTHUH METOJ MiHIMIi3aIli CITKOBOTO
¢dbyHKITIOHANIa 3 aJlalTOBaHUM BapiaHTOM BHOOPY KPOKOBOTO MHOXHHWKA. 3a3HayeHi
o0UHrCITIOBAIBHI CXEeMHU OYJI0 MPOrpaMHO peaji3oBaHO Ha MOBI MporpamMyBaHHS Java,
BUKOHAHO TMOPIBHSJIbHUHN aHAIIi3 OTPUMAHUX YHUCIIOBHX Ta rpadiyHUX pe3yJbTaTiB Ha
IPUKJIAai PO3B’sI3aHHS KOHKPETHHX 3ajad; c(PopMyinbOBaHO BiAMOBIAHI BHCHOBKH
I0JI0 MPAKTHYHOI 301KHOCTI, TOYHOCTI Ta aNTOPUTMIYHOI CKJIATHOCTI peaii30BaHUX
AITOPUTMIB.

I'padiuni 300pa>keHHsT pe3ynbTaTiB po3B’si3aHHs 3amadi kepyBanHa (1)—(3) 3

= ' = y = ) 1 = y 1
BXiTHUMH daHuMu a=3, X, =2, T =5, kpokom citku h=0,1 Ta TounicTIO 06UKCICHB

£=10"" nonani Ha puc. 1-3.
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Pe3ynpTaTi npoBeneHUX AOCIIKEHb MOKYTh OyTH BUKOPUCTAHI y MOAAJIBIIINA
HAyKOBIA poOOTI aBTOPIB M1 Yac MOOYAOBH YHUCIOBUX AJITOPUTMIB MPUIIBHUILIEHOT
30DKHOCTI JIJIs1 pO3B'sI3aHHS 3a/1a4 ONTUMAJILHOTO KEPYBaHHS MPOLECaMU, 110 MaOTh
NPUKJIATHUH 3MicT [2-4].

Cnmcox BUKOPHCTAHUX JIKEpeJI

1. Vasiliev F.P. Lectures on methods for solving extremal problems. MSU Publishing House, 1974.
376 pp.

2. Hart L.L. The application of projection-iteration methods to solving optimal control problems for
systems of ordinary differential equations. Hamburger Beitrage zur Angewandten Mathematik.
Institut fir Angewandten Mathematik der Universitdt Hamburg, 2000. Reihe A. Ne 152. Pp. 1-
17.

3. Hart L.L. Calculating the optimum two-link robot arm with respect to movement time. Journal
of Mathematical Sciences. 2001. 107(6). Pp. 4458-4463.

4. Hart L.L., Ruzhevych V.O., Diachenko M.A. Indirect computational schemes for solving

optimization problems for a dynamic system. International Congress on Scientific Research.
Adana, Turkey: IKSAD, April 2-4, 2023. Pp. 209-211.

I'pumenko A.A., I'pumenko C.B.

JlHinposcvkuti /epicasruil mexHiuHui yHigepcumem
JOCJIIXKEHHSA 3ACTOCYBAHHA METOAY HABYAHHA 3
HNIAKPINIJIEHHAM 3 BUKOPUCTAHHSAM AJITOPUTMY Q-HABUYUAHHSA
JJIA ITOP

VY Ham yam ayke akTyaldbHOIO SIBISIETHCA MpoOJeMa pPO3POOKH IITYYHOTO
iHTEeKTY y irpoBiit cdepi. I'pa - 11e HEBiT €MHA YaCTHHA JIIOJICBKOTO KUTTS, sIKa
KpIM  IHIIOTO MOXX€ BHKOPHUCTOBYBATHCH i1 HABUaHHA Ta  PO3BUTKY
IHTEJNEKTyaIbHUX HABUYOK JIIOMWHU. AJle HalKpale JtoiuHa Oy/ie HaBYATUCS, SKIIIO
Oyzle rpaTd i3 CUJIBHUM CYNEPHUKOM Y JIaHiid Tpi. Y Cy4acHOMY CBITi 3 PO3BHUTKOM
TEXHOJIOTIH IrPOBI1 MPOTPaMU CTAIOTh BCE OUIBIN MOMYJISIPHUMH, 1 3pOCTAE MOMUT Ha
MOKPAIICHHS IXHBOTO IrPOBOTO JOCBiAYy. 3ampoIlOHOBaHI TE3W MPEICTABISIOTH
JOCIIHKCHHS y Tally31 MallTMHHOTO HABYaHHS Ta MITYYHOTO 1HTENEKTY. 3aCTOCYBaHHS
MeTOAy "HaBUaHHS 3 MIAKPIJICHHSIM" 3 BUKOPUCTAHHSIM airoputMy Q-HaBUaHHS B

pEeXKUMI peasbHOr0 4acy JI03BOJIIE CTBOPIOBATH aJalTUBHIIII MPOrpaMu, SIKi 3/1aTHI
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aKTUBHO BYMTHUCA 1 TMOKpAIlyBaTW CBOi cCTpaTerii, 3a MIHIMaJbHO BIJBEJICHUN
npoMikok dacy. Kpim Toro, koMOiHOBaHMW MIAXIJ 10 HaBYaHHSA, SIKUW mHependavae
rpy Iporpamu siK 13 caMoro co000, TaK 1 3 peaJbHUMHU I'PaBLSAMHU, € IHHOBAI[IHHUM
METOJIOM, IO JO3BOJISIE MPOrpaMi aJanTyBaTHCS A0 PI3HOMAHITHHUX CTHIIIB T'pU Ta
nepesar rpaBiliB. [LITydHunil iHTEIEKT 3MOKe HABUATUCS BUKOPUCTOBYBATH TTOMMIIKU
1 cTpaTerii KOHKPETHOTO TPaBIl, [0 MOXKE CKOPOTUTU MPOIEC HABYAHHS JUIS ITI€T
nporpamMu, 1 JJO3BOJUTH 1i BUKOPHCTOBYBAaTH MEHIIE pECypCiB Ta mam’ sTi
komm 'otepa. Ilporpama HaBiTP 3MOKE IMOYAaTH BHKOPUCTOBYBATH B LUJIOMY HE
BUTpAIIIHI CTpaTerii, aje Taki, MO0 JaayTh 3MOTY BUTpPATH MIBHAIIE CaM€ B IbOTO
KOHKPETHOTO TpaBls 1 36KOHOMHUTH OOuYMcCIIOBaNIbHI pecypcu. lle BiakpuBae HOBI
NEPCIIEKTUBA CTBOPEHHS IEPCOHANII30BAHUX ITPOBUX  IHTEpPQEHCIB, 3AaTHHUX
e(deKTHUBHO pearyBaTH Ha 1HAMBIAYaJbHI MOTpeOU KOpuCTyBayiB. Taki AOCTIIKEHHS
MalOTh 3HAYHUW TPAKTHYHWUN TOTEHI[iaT 1 MOXYTh MPHU3BECTH N0 PO3POOKH
IHHOBaLlIMHUX ITPOBUX MNPOJYKTIB, 3JaTHUX YTPUMYBaTH yBary, 3ajydyaTH HOBHX
KOPUCTYBauiB Ta MOJINIIYBAaTH IPOLEC HABUYAHHS Yepe3 IrpHu.

B cydacHomMy CBiTI PO3BMUTOK TEXHOJIOTIM 3MylIye HAac aKTUBHO
BUKOPHUCTOBYBATH KOMII'FOTEpHI IpOrpaMu Ta IrpoBl MIaTGopMu s po3Bar Ta
HaBuaHHs. HampsMkoM Hamoro AOCHDKEHHS € po3poOka 1 BIOCKOHAJICHHS
MITYYHOTO IHTEJIEKTY B irpax, o0 3a0e3leuuTH KOpHCTyBadyaM MAaKCHMAaJIbHO
IIIKaBUH Ta BIOCKOHAJICHUH ITPOBUI JTOCBI/I.

Meron "HaBuaHHS 3 MmAKpiIeHHAM'", TOOTO MeTOox J€  Iporpama
BJIOCKOHQJIIOETHCSI Ha OCHOBI MHHYJOTO JOCBiAy, 1 anroputMm (Q-HaBYaHHS
BIJIKpMBAIOTh HOBI MOKJIMBOCTI JUIsl CTBOPEHHS IFPOBUX IIPOTPaM, 10 37]aTHI aKTUBHO
HABYATUCS Ta TMOKpallyBaTH CBO1 cTparterii B peaibHOMy daci. lle mo3Boise
CTBOPIOBATH a/IalITUBHE MPOrpaMHe 3a0e3MeueHHs, sike MoKe €()EeKTUBHO pearyBaTH
Ha Jii TpaBIliB Ta HABYATHCS HA iXHIX MOMMJIKaxX 1 ycmixaxX. Takmil miaxig Moxke
3HAYHO MIABUIINTH PIBEHb 3aXOIUICHHS Ta 33JJOBOJICHHS B/l IPH, 110 € BAKIUBUM IS
3aJlydeHHsT Ta YTpPUMaHHS KopucTyBauiB. B Ham wyac icHye nyxe Oarato

PI3HOMAHITHUX 1rOp, 1 1HKOJIM HaBYaHHS KOMII IOTEPHUX MpOrpamM MOXKe 3aiMartu
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nyxe Oarato yacy. ToMy onTumizallisi HaBYaHHS IUTYYHOTO IHTEJEKTY SIBISETHCS
BAKJIMBUM 3aBJIaHHAM CYYaCHHMX HporpamicTiB. Q-HaBYAHHS - METOJ MAIIMHHOIO
HaBUYaHHS, 0 3aCTOCOBYETHCS MiJ Yac PO3POOKH IMITYYHOrO IHTENEKTY B paMKax
are’HTHoro mnigxonay. HamexuTe 10 BUAYy HaByaHHS 3 MiaKpimieHHAM. Ha ocHoBI
0JIep>KYBaHOI BiJ CEpeIOBUIIAa BUHATOPOAU IIporpama (popmye (HyHKIII0 KOPUCHOCTI
Q, 1110 3ro/10M J]a€ MOKJIMBICTh BXKE€ HE BUIAJIKOBO BUOMPATH CTPATET1I0 MOBEAIHKH, a
BpaxoBYBaTU JIOCBIJ] MONEPEIHbOI B3aEMO/IIT 3 TpaBleM. SIK MpaBUIO IPU HaBYaHHI
IITYYHOT'O 1HTEJNEKTY, HAPUKIa/, sIK TpaTH y SIKyCh Ipy, MporpaMa NOBUHHA 31rpaTu
nyxe 6araro irop, mo0 o3HaOMUTHCS X04a O 3 OCHOBHUMU CTPATETisIMU, SIK1 MOKHA
BUKOPUCTOBYBATH y Iiil Tpi, aje 1e Moxe 3aiiMatu OaraTo 4dacy 1 mporpama
BUKOpHUCTae Oarato pecypciB 1 mam’sTi. ONTUMI3YBaTH 1€ MOXHA HABYAIOYUCh Ha
KOHKPETHUX I'PABISIX, BAKOPUCTOBYIOUHM CTpATErii, sIKi 3aCTOCOBYE L€l TpaBellb, alie
3roJIoOM TIporpamMa IOBHHHA pO3irpaTd cama 3 COOOI0 IIi CTpaTerii, HaBiTh SKIIO
nporpaMa 3a3Jajieriib 3Hae, 110 1i CTPATerii SIBISII0ThCA NporpairHumMu. Pooursces e
JUTSL TOTO, 1100 36KOHOMUTH 4ac 1 aM’siTh Ha HaBYaHHS, aJi>Ke Mporpami BiJoMO, 1110
HE JUBIIAYUCH HA Te, 110 CTPATETii € MPOrpallHUMHU, BOHH YacCTO BUKOPUCTOBYIOTHCS
pealbHUMH TpaBIsIMU, a OTXKE€ BUKOPHUCTOBYIOYM TIOMUJIKHA TpPAaBIliB, MOXKHA
3MEHIITUTH PECYPCH, IO BUKOPUCTOBYIOTHCS. MOXKIIMBO HABITh PO3POOUTH CTpATETii,
Kl BEAYTh JO TPOrpamry TMpPOTH JOCBIAYEHOTO TPaBIsl, aje  SIBISIIOTHCA
ONTHUMAJIBLHUMH 3 TOYKH 30pY 4Yacy 1 PeCypcCiB MPOTH HOBOTO TPAaBIl SKUH pOOUTH
NOMMJIKA y Tpl. Y TakoMy BHUMAJIKy IporpamMa e(eKTHBHO BUKOPHUCTOBYE CBOI
00YHUCITIOBATBHI PECYPCH, KOHIIEHTPYIOUHUCHh Ha CTPATErisAX, sIKi HAWOLTBII MMOBIPHO
MPUBEAYTH IO MIEPEMOTH MPOTH IUTHOBOI ayauTopii. Po3pobka Takux ctpareriit Moxe
JOTIOMOTITH TPOrpaMi IIBU/IIE aJanTyBaTUCS JO HOBHUX CYNEpPHHUKIB Ta LIBUALIEC
BUBYATHU iXH1 0cOOAMBOCTI. IIITydHUMI 1HTENEKT, KWW 3AaTHUM IIBUIKO BU3HAYATH
ONTUMAJIbHI CTpaTerii 3 TOYKH 30py €(EKTUBHOCTI PECypCiB, MOXKE IIIBHJIIIE
HABYATHUCS Ta aIalTyBaTUCS JI0 PI3HUX CTWJIIB T'PH 1 cTparterii rpasuis. Jlo Toro x
MOMUJIKM B CTpaTerii mporpaMu 3MOXKYyTh €(QEKTHBHIIIE HAaBYATH TPaBIB, IO

BUKOPHUCTOBYIOTH 110 MIPOTpaMy, aJi>Ke AUBISYUCH HA MO3UILI0 TPU 3 1HIIOT CTOPOHH,
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JIOAU Ma€ OUTBbIIE IIAHCIB 3HAUTH CBO1 BIACHI MOMUIJIKH, SIK1 BOHA HE MOMITHJIA, KOJIU
rpaja Ty * camy MO3HUIIiI0, ajie 3 IHIIOTro OOKY.

B pesynbrari, JOCHIIPKEHHS  3aCTOCYBaHHS ~ METOAY  "'HaBYaHHA 3
MNIAKPIUIEHHSAM" 3 BUKOPUCTAHHSAM airoputMy Q-HaBuYaHHS AJid IrOp 3 IOBHOIO
1HpOpPMAIII€I0 € BAXIMBUM KPOKOM y HANPSIMKY CTBOPEHHSI OUTbII IHTENEKTYaJIbHUX 1
aJanTUBHUX IrpoBUX cHUCTeM. [li JOCHIPKEHHS MaroTh BEIMKUM TOTEHIAN Y
MOKPAILEHH] SIKOCTI I'POBOTO JOCBIy KOPUCTYBauiB Ta PO3BUTKY HOBHX TEXHOJIOT1H

B ranysi MAallIMHHOI'O HaBYaHHA.

K. ¢i3.-mar. H. Kapimos LK., 3100yBauy Uepneubkuii B.M.
Jninpoecvkutl Oepoxcagnull mexHiuHull yHigepcumem

ATIPOKCUMAIISA ®YHKIIIN I MS EXCEL: JESKI 3AYBAKEHHS

[Momynsipuictes Tabauunoro mporecopa MS Excel cepen ¢axiBiiiB pi3HHX
CreliaJbHOCTe 0araTo B 4OMY 3yMOBJIEHAa HASBHICTIO CTaHAAPTHUX (YHKINN 1
CreliaJIbHUX IHCTPYMEHTIB, SIKI JalOTh MOXJIMBICTh JOCUTh IPOCTO BHUPIIITYyBaTH
BOXJIUBI JJI1 TPAKTUKU 3ajadi. 30Kpema, JJisg BHpIIIEHHS 3adadvi ampKcUMarlii
TaOMM4HO 3amaHoi (QyHkii (B T.4. Tpu 0O0poOIll EKCIEePpUMEHTAIBHUX a0o
CTATUCTUYHHUX JIaHWX) 3aCTOCOBYETHLCS arapar JIiHiA TpeHaa. B GaraTthox BUIagkax
BiH Jla€ MOXJIMBICTh IMOOYAYBaTH 3a BIJIOMHMH 3HauYe€HHAMHU (X,Y;) 3QJICKHICTH
y=f(X) 3 npuAHATHOW M1 NMpaKTHMKU TO4HicTIO. OJHAK, MOXYTh OyTH i meBHi
nmpooiaemMu.

Posrnsaemo Hactymuuii mpukiaa. Hexalr Bigoma TaOmuIs 3HAYCHB JSAKOI

GyHKIIT y = f(x) AT CYKYITHOCTI JaHuXx X;, 1=1, 2, ..., 10.

Xi 08, 18| 22| 31| 36| 48| 56| 62| 74| 83
yi| 0,16 0,77 04| -24|-214|-0,39| 102| 0,73] -1,33| -2,61
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Buxopucraemo crangapTHy mpoueaypy noOynoBH JiHiI TpeHIy B cepenoBuili MS
Excel [1]. [TopiBHIOIOYM pi3HI BapiaHTH (HYHKI[IOHAIBHOI 3aJIC)KHOCTI 32 3HAYCHHSIM

xoedilieHTa neTepminanii R?, o6epemMo Halikparuii 3 MOKIHBHX (puc. 1).

y =0.0217x5 - 0.5114x* + 4.3315x3 - 15.8612x2 + 23.4343x - 10.4290
R?=0.9890

I~
L&
N
e
b4

Puc. 1. TIoniHoMiaJbLHa 3aJI€KHICTH

Ak 6aunMo, JaHi MOXYTh OYTH TIPECTABIICHI 3aJIEKHICTIO

y = 0,0217x° - 0,5114x* + 4,3315x° - 15,8612x2 + 23,4343x - 10,4290, (1)
NpUYOMy 3HaueHHs KoedilieHTa aerepMminanii R?=0,989 cBiguuTh npo ayxe 100pe
HAOIMKEHHS.

Pospaxyemo 3a dopmynor (1) 3HadueHHs (yHKIIT Yi* 1 BiTOMUX 3HAYCHB
HE3aJIe)KHOI 3MIHHOI X; 1 mMokakemMo ix Ha miarpami (puc. 2). BusBnserscs,
PO3pPaxyHKOB1 3HAYCHHS MOXYTh BIAPI3HATHCS BiJ BIIOMHX JIOCHTHh CHJIBHO, IO
CTaBUTH TiJ] CYMHIB MOXIJIUBICTh BUKOpUCTaHHA (Gopmymu (1), He 3Baxalouu Ha

JIOCHUTh BUCOKE 3HaueHHs R2.
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1 £
[N AN
0 \ . . . . ® Tabmme gas
[ % 4 B \ a3 10
1 B $opryna (1)

_2 /A p—

—— IommonIaThHAT
(Tabmren mari)

Puc. 2. IlopiBusinus popmy. (1) i (2)

[losicHIO€TBCA 11€ THUM, 1110 PIBHSHHS JIIHIT TPEHA, iK€ BUBOJUTHLCS Ha Jiarpami,
MICTUTHh HE TOYHI KOe(IIli€eHTH, a OKPYTJIEHI A0 MEeBHOTO 3HaKY (B dopmymi (1) — mo
YETBEPTOI0 3HAKY ITICIIsI KOMH).

Bindopmaryemo piBHsHHS JiHIT TpeHAa (muB. puc. 1) Tak, mob6 koedirieHTH
BUBOAWINCS 3 TOYHICTIO JI0 I’ATOrO 3HAKy Micis KoMmu. OAepKUMO BHUIIO3MIHEHY
hopmyiry

y = 0,02174x° - 0,51139x* + 4,33152x3 - 15,86123x? + 23,43427x - 10,42903 . (2)

Pospaxynku 3a miero (popMynor TakoX MOKa3aHl Ha pUC. 2, IPUYOMY BOHU
MPAKTUYHO CHIBMAJAIOTh 3 BIIOMUMHU 3HAYEHHSMU Y, OTkKe, Gopmyny (2) MokHA
BUKOPUCTOBYBATH B IPAKTUYHUX ILJIAX.

Oninutn npugatHicte (Gopmyn (1)-(2) moxkna 1 mo-iHmomy. Jlng 1mporo

HEOOXI1THO 00UHUCTUTH KOe(DIIEHT aeTepMiHaIlii 3a GopMyIoro
R®=1--1 | (3)

n * . . .
ne S = Z(yi — i )Z- CymMa KBaJpaTiB BIIXWICHb pO3PAXOBAaHUX 3HAYEHb ) BlJ
i=1

3aJaHHX;

119



Sy = Z(Yi - ycp)2 - CyMa KBaJIpaTiB BIIXUJICHb 3aJJaHUX 3HAYEHb ) BIJ] X CEPEIHbOTO
i=1

l n
3Ha4yeHHs; Yop = 0 2 Vi,
i=1

B nasesienomy npuknazi aus popmynu (1) maemo R?=0,7895; s popmymnu (2) -
R?=0,9887 (mpakTuuHO crmiBnagae 3 KoeQil[icHTOM AeTepMiHAalii, 00UUCIECHUM IIPH
noOyaoBi diHii Tperaa B MS Excel). 3po3ymino, 110 B NPaKTUYHUX IUISX MOBHHHA
BUKOpPUCTOBYBaTUCA Popmyra (2).

TakuM YWHOM, HaBENEHUW MPUKIAA TOKa3ye, IO JErKICTb BUKOPUCTAHHS
cTaHAapTHUX iHCTpyMeHTIB MS EXcel He moBMHHA BBOJAMTH B OMaHy KOPHCTYBadiB.
3a HeoOximHOCTI Tpeba MPOBOAUTH JOJATKOBI JOCHIIKEHHS JJIs TIATBEPIKEHHS
oJlepKaHUX PE3YJIbTATIB.

Cnncox BUKOPHCTAHMUX JIKepeJI

1. Kapimos [.K. Komm’torepHi MeToau Ta 3aco0M PO3B’S3aHHS IH)XXKCHEPHHMX 3a/a4: HaBd.
nocionuk. Kam’saceeke: JIJITY, 2017. 283 c.

K.T.H., nou. Kauypa O.B., acn. Cyraas €.0.

J[Hinposcwkuti OepoaicasHuli mexuniuHutl yHigepcumem
IHNPOEKTYBAHHSA ACHHXPOHHUX /IBUT'YHIB 3 BUKOPUCTAHHSAM
JOAJATKOBUX MOAYJIB Y IPOT'PAMHOMY KOMIUIEKCI
SIMULATOR

[Tpu mpoexTyBaHHI ACHHXPOHHHUX JBUTYHIB 3 IHAYKIIMHUM PEOCTATOM BUHHUKAE
HEOOXITHICTh Y CHCTeMaTH3allii BUKOPUCTOBYBAaHMUX MaTepiamiB 1 ix BiIacTuBOCTEH. 3
IIIEI0 METOI0 y pO3pO0JIeHY CHUCTEMY aBTOMATH30BAHOTO MPOEKTYBAHHS BKIIFOUYCHO
moynb Material Properties, mo mo3Bossie y HaouHil (opmi opraHi3yBaTh JOCTYI 10

BC1X BUKOPUCTOBYBAaHHX MaTepialiB.
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Jlaauii MOAynb sBIsi€ COOOI0 aBTOHOMHY TMpOTpaMy, MICHs 3amycKy sKOi
KOPUCTYBad  MOXK€  BBOJWTH  HACTYNHY  IH(MoOpMmamioo:  HalMEHyBaHHs
3aCTOCOBYBAHOI'0 MaTepialy; eJIeKTPOIPOBIAHICTh; MAarHITHY MPOHUKHICTb.

Jliss onepskaHHS JOCTYNy 1O MAarHiTHUX BIIACTUBOCTEW BHUKOPHCTOBYBaHHUX
MarepiaiiB po3po0jieHa CUCTEMa aBTOMAaTH30BAaHOTO MPOEKTYBAaHHA MICTUTh MOJYJb
BH Curve. Jlaauii Moaynp sBIsie COOOI0 Tporpamy, IO J03BOJSIE OpPTaHi3yBaTH
BBCJICHHS W peJaryBaHHS KPUBUX HaMarHidyBaHHS BUKOPHUCTOBYBaHUX Marepiais.
[Ticns 3amycKy MOAYIs BiAKPUBAETHCS OCHOBHE BIKHO , Y SIKOMY KOPHCTYBad MOXE
BBOJAUTH KPWBY HaMarHidyBaHHA 3 Kkartajory. Ilicis 3aBepiieHHsS BBEACHHS
iHopmallis Moxke OyTH 30epekeHa Ha HOCIT uepe3 omiliro Save nmyHkTy Mexio File. Y
BUTIAJKY, SKIIO BUHUKAE HEOOXITHICTh 3MIHUTH TapaMETPpU BHKOPHCTOBYBAHOI
KpUBOi, J0CTyn A0 (aitmy mMoxke OyTH opraHizoBaHui uepe3 omiito Open myHKTy
meHrio File.

Ockutbku 'y po3poOJieHI  cHCTeMiI aBTOMATU30BAHOTO  IMPOEKTYBAHHS
BUKOPUCTOBY€Thes kpuBa ¥ = f(B?) , To kommiekc BH CUrve MicTUTh MyHKT MEHIO
Generator, 1o 103BoJIsIE CTBOPIOBATH (haliil JaHUX 3 HEOOX1THO KPUBOIO.

PesynapTaToM po0GOTH  pO3PaxXyHKOBOTO MOJIYJsA  po3poOiieHOT  cUcTeMHu
aBTOMATHU30BAHOT'O IPOCKTYBaHHSA € Tpadiku pO3MOALTY €JIECKTPOMArHiTHOrO W
TEIJIOBOTO TIOJIA y TEPETHHI 1HAYKI[IHHOTO PeocTaTy, a TaKoXX KPHUBI MEPEeXiTHUX
IpOIECiB MO CTPYMY, MOMEHTY, IIBHJAKOCTI. 3 METOI HAOYHOTO IMOAaHHS
OJICpP>KyBaHHs PE3YJIbTATIB PO3po0IeHO mporpamMHuii Moxynb Plotter, mo mo3Bosse
34NTyBaTH HEOOXiMHY iH(OpMAITito 3 pO3paxyHKOBHUX (DailyliB JaHUX 1 BUBOJAUTH ii HA
€KpaH MePCOHAIBHOI eJIEKTPOHHO-00YHNCITIOBAIEHOT MAIIIMHM .

st omepkaHHS HAOYHUX KAapTHUH PO3IMOAUTY €IEKTPOMATHITHUX 1 TEIJIOBUX
TOJIiB PO3po0JIcHa CHCTEMa aBTOMAaTH30BaHOT'O IPOCKTYBAHHSI BKJIFOYa€ MOyJb Surf,
Jauuii MoAynb sBIsi€e cOOOI0 MpOrpamy, IO JO3BOJSE 3YUTYBATH PO3PAXYHKOBY
iHbOpMaIlil0O B ONEpaTHBHY MaM ATh MEPCOHAILHOI EJIEKTPOHHO-00UYMCITIOBAIBHOT
MaIllMHA 1 BUBOAUTHU 11 HA €KpaH y BUIJISAAI KOHTYpHUX TpadikiB, TBOBUMIPHHUX 1

TpuBUMIpHUX TpadikiB moBepxoHb. [loniOHe moganHs iHQoOpMallli 103BOJISE HA
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CTaali NPOEKTYBAHHS  IHAYKUIMHUX pEOCTaTiB  BU3HAYUTU JIOKAJbHI MICIS
EKCTPEMYMIB €JEKTPOMArHiTHOI IHAYKUII W Temnepatypu. Kpim Ttoro, momynb
BKJIFOYA€ OJIOK IHTEPHOJIALIL, IO JA03BOJISIE 3IIAJIKYBAaTH OACPKYBaHI pO3PaXyHKOBI
nani. [Iporpama BKJIIOYA€E PO3Taly’)KEHY CUCTEMY MEHIO, (PYHKIIi IMIOPTY HaHUX,
TUIaHYBaHHS ¥ Bi3yaJsi3allil pe3yJbTaTiB.

IIporpamuuii mpoaykr OyAe 3acTOCOBAaHO JO YHUCEIBHOIO JIOCHIIKEHHS

EJCKTPOTEXHIYHUX 3a]1a4.

3n100yBau Hyxna 51.0., k. Texs. H. Kpacuikos K.C.
JIHINTPOBCHKUU JEp>KaBHUM TEXHIYHUN YHIBEPCUTET
PO3POBKA ITIPOTPAMHOI'O TA IHOOPMAIIMHOT O 3ABE3IIEYEHHS
BEB-CAUTY KA®EJPA HABUAJBHOT'O 3AKJIATTY

VY cydacHoMy CBIiTI, A¢ iHGOpMaIlIHI TEXHOJOT1 MPOHMKAITh y BCl chepu
KUTTS, 30KpeMa B OCBITY, CTBOPECHHS €(DEKTHBHUX Ta 3pydyHHX IH(popMaIiitHux
CUCTeM I HaBYaJbHHUX 3aKJIa/IB CTAa€ HAI3BHYAHO BaXXIIMBUM. Beb-caiit xadenpu
BiJIirpae KJIIOYOBY poOJib Yy 3abe3medeHHi JOCTYIy A0 HeoOXimHoi iHdopmarii ams
CTYJICHTIB 1 BHUKJIAJadiB, IOKpAIIyIOYd OpraHi3aiilo HaBYAILHOTO IPOIECy Ta
KOMYHIKAI[IF0 MDK yCiMa y4aCHMKaMH OCBITHBOT'O mporiecy. Po3poOka mporpaMHOro
Ta iHdopmaIlliitHoro 3abe3nedeHHs: BeO-cailTy Kadenpu € akTyalabHOIO 3a/1auelo, 10
CIpHsi€ TMIJBUIEHHIO €(QEKTUBHOCTI OCBITHBROTO TIPOIECY Ta 3aJ0BOJICHOCTI
KOPHUCTYBAayiB.

OcHOBHOIO ie€r0 POOOTH € CTBOPEHHSI IHTEPAKTUBHOTO Ta 3pPYyYHOTO Y
BUKOPHUCTaHHI BeO-caiiTy kadenpu, sxuii 6u 3abe3nedyBaB BCi HEOOXimHI (PyHKITT
JUTSL IATPUMKH HaBYaIBHOTO mporiecy. [IpoekT po3pobieHo Ha MOBI MporpaMyBaHHS
C# 3 BukopucTaHHsIM cepenoBuia po3podku MS Visual Studio 2019. Be6-caiir

BKJIIOYAE IITICTh OCHOBHUX CTOpiHOK: ['onoBHa, Ctynentu, Jucuumiinu, Buknagadi,
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Ouinku Tta Icropis kxadenpu. KoxkHa cropiHKa Mae CBOi YHIKanbHI (QyHKIII Ta
MO>KJIMBOCTI, CIPSIMOBaH1 Ha 3a0€e3MeueHHs MOTped KOPUCTYBAUiB.

OCHOBHI CTOPIHKH Ta iX ()yHKIIIOHAJIBHICTB '

1. T'onoBHa cTOpiHKa - BCTYIHA CTOPIHKA, 110 MICTUTh OCHOBHY 1H(pOpMallito
npo kadenapy. Llg cropinka € nHeHTpaabHUM XabOM ISl HaBIraiii no camry.

2. Cropinka "CTyneHTu" - MICTUTh CIIMCOK CTYJIEHTIB Kaeapu 3 MOXKIHUBICTIO
J0JaBaHHS HOBHUX CTY/ACHTIB, peJaryBaHHS Ta BHUJAJICHHS ICHYIOUUX.
PeanizoBaHo (yHKIIIO COPTYBaHHS CTYAEHTIB 3a MpPI3BUILIEM Ta JaTOIO
HApO/KEHHS, a TaKOX TONIYK 3a PI3HUMHU KPHUTEPisIMHU. Y NETalsX MOXKHA
NEPErsHyTH, K1 AUCIUIUTIHYA BIABIY€E CTYACHT Ta K1 OLIIHKU BIH OTPUMYE.

3. Cropinka "Qucuuruiiag" - BKItoyae iHGOpMaIliIo Mpo BCl JUCHHUILIIHY, HIO
BUKJIQIatOThCs Ha Kadeapi. € MOXKIUBICTh JOJaBaHHS HOBUX JUCIMILIIH,
penaryBaHHS Ta BUAAJICHHS ICHYIOUMX. B 1meransx AMCHUIUIIHM MOXHA
NEPETJISTHYTH 1i 3arajbHUN OMUC, CIIMCOK CTYACHTIB, SKI HABYAIOThCS Ha HIH,
Ta TXH1 OIlIHKH.

4. Cropinka "Buknagagi" - MicTuTh iHGOpMaIIiIO PO BHKIALa4yiB Kadeapu 3
doTorpadisiMu Ta OTUCOM JUCHUILIIH, SIKI BOHH BUKJIAIal0Th. € MOKIIUBICTh
J0JIaBaHHs] HOBHMX BHKJIAJIayiB, pelaryBaHHs Ta BUAAJCHHS IcHyouux. lle
JI0TIOMarae CTyZieHTaM Kpaiie 3HaHOMHUTHCS 3 BUKJIAIAIIbKUM CKIIAI[OM.

5. Cropiaka "OmiHKH" - €IeKTPOHHHH JKypHad, 1€ CTYJICHTH MOXYTh
NeperysaaTH CBOi OIIHKU Ta BiJBIMyBaHICTh. PeparyBaHHs JaHUX JTOCTYITHE
JIVIIIE BUKJIa1ayaM.

6. Cropinka "Ictopis kadeapu" - MICTUTH AeTalbHUN OMHUC icTOpii Kadeapu
Bi MOMEHTY 1ii 3acHyBaHHS [0 TemepimHboro udacy. lle cmpusie
(GbOpMyBaHHIO y CTYACHTIB Ta BHKJIAJIa4yiB TOUYYTTS TMPUHAJIC)KHOCTI Ta
TOPJIOCTI 32 CBOIO Kadepy.

[IpoexT peamizoBaHo Ha MOBI mporpamyBaHHs C# 3 BHKOPHUCTaHHSIM

cepenopuma MS Visual Studio 2019. Bubip 1miei miatdopmMu 3yMOBJICHHHA ii
MOTY>KHUMHU MOXJIMBOCTSMM JJIsl CTBOPEHHSI BeO-I0JAaTKiB, IHTerpaumii 3 0Oazamu
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JaHUX Ta 3a0e3MeyYeHHs BHUCOKOi MPOAYKTHBHOCTI 1 CTaOUIBHOCTI CHCTEMHU.
Buxopucrano texromnorito ASP.NET nnst po3poOku cepBepHOi YACTUHH Ta B3a€EMOJIT
3 0a3010 AaHUX, IO JI03BOJISIE AUMHAMIYHO OHOBIIIOBATH KOHTEHT cailTy. BeO-cailT mae
3pyyHuil 1HTepdehc miIa JoJaBaHHS, peJaryBaHHS Ta BHUJAJICHHS CTYJCHTIB,
BUKJIa/1aviB, JUCIHUILIIH Ta OLIHOK. PeanizoBano ¢yHKIIT COpTYBaHHS Ta MOIIYKY, IO
3a0€3MeuyIoTh JErKICTh Y BUKOPUCTaHH1 CauTy.
@OyHKI[IOHAJIbHI MOXJIHUBOCT1 CANUTY:
1. CopryBaHHS Ta TOLIYK
o PeanizoBano MexaHI3MU COpPTyBaHHs JJaHUX 3a TPI3BUIIEM Ta JaTOIO
HapoO/DKEHHs, a TaKoX (YHKIIOHAN MONIyKYy I1HQopMalii 1o pi3HUM
napaMeTpam, IO JI03BOJIIE KOPHCTyBadaM IIBHJIKO 3HAXOIUTH HEOOXiTHY
iHpopMalIlito.
2. Po30UTT Ha CTOPIHKHU
o Jlmsg mimBUINEHHS 3pYYHOCTI HaBiramii, KOHTEHT CalTy pO3MOJLIEHO Ha
KUJIbKa CTOPIHOK 3 IHTEPAaKTUBHOIO HaBiramiero. Lle m103Bosise KopucTyBauam
JIETKO TEpeMIIaTUCsS MDK pO3JUIaMH CalTy 1 3HAXOJWTH HEOOXITHY
iH(popMalriro 6e3 mepeBaHTaKEHHsI OJTHIET CTOPIHKH.
3. JlomaBanus ¢otorpadiii BUKIIagaviB
o CtBOpeHo dyHKIiOHAT s BimoOpakeHHs Qortorpadiii Bukiaagadi. lle
JT03BOJISIE CTYJEHTaM JIETKO 1IeHTH(IKyBaTH CBOiX BUKJIAJayiB, IO CIPHSIE
Kpamriii KOMyHiKallii Ta CTBOpIOE OUIBII TEPCOHATI30BaHE HaBUYaJIbHE
CEpEIOBHILIE.
4. EnexTpoHHUU XypHaI
o [HTErpoBaHO €NEKTPOHHUMN KYPHAJI, IKHUM JO3BOJIE CTyAEHTAM HEPETIISIAATH
CBO1 OIIIHKM Ta BIABIMYyBaHICTb. PemaryBaHHS HMaHUX JOCTYITHE JIHIIE
BUKJIaJja4am, 1o 3a0e3neuye KOH(iMeHITIMHICTh Ta TOYHICTh 1HGOpMAITii.
Po3pobnenuii BeO-caiiT kadeapu 3abe3medye CydacHHM MiAXia 0 yIpaBIiHHS
HaBYAJIbHUM TMPOIECOM, TMOKpallye KOMYHIKAaIil0 Ta JAOCTyn 10 iHdopMalii.
Buxopucranus moBu nporpamyBaHHsi C# Ta cepenoBuma MS Visual Studio 2019
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JI03BOJISIE CTBOPUTH HAJIMHUN Ta €(PEKTUBHUN ITHCTPYMEHT ISl MOTPeO HaBYAIBHOTO
3aknany. BnpoBamkeHi (yHKUII COpPTYBaHHS, IOIIYKY, PO30UTTS HA CTOPIHKH,
nonaBaHHs (GoTorpadiii BHKIAaNayiB Ta EJIEKTPOHHOTO XKypHaly 3a0e3NeuyroTh
BUCOKHUM pIBEHb 3PYYHOCTI Ta €(PEKTUBHOCTI BUKOPUCTAHHS CalTy. Takum 4HHOM,
po3poOJieHnit BeO-CaliT CIpHs€ TOKpAIICHHIO OpraHizailii HaBYaJILHOTO MPOIIECY,
MIJBUIIICHHIO PIBHSA KOMYHIKaIlii Ta 3aJ0BOJICHOCTI CTYJACHTIB Ta BHUKJIAJIauiB,

3a0e3Meuyloud BUCOKUN PIBEHb OCBITHIX MOCIIYT.

A.¢.-m.H. Ilaciunuk A. M., acn. Pina M. IO.
JIHINTPOBCHKUU JEep>KaBHUM TEXHIYHUN YHIBEPCUTET
3ACTOCYBAHHA 'EHETUYHOI'O AJITOPUTMY PO3MIILIHEHHSA
JUKEPEJI EKCTPEHOT'O ONOBIINEHHA HACEJIEHHSA

AKTYyalIbHICTh JIOCHTI/DKEHHS O0OYMOBJICHa TOTPeOO0 Yy TMOKpaIIeHHI CHUCTEM
€KCTPEHOT0 OMOBIIIEHHS! HACEJeHHsS. 3apa3 BUKOPUCTAHHS 3BYKOBHX CHUTHAIIB SK
JOKEpeJI €KCTPEHOTO OIOBIMICHHS € OJHUM 13 KIIOYOBUX €JIEMEHTIB CHCTEM
MOTIEPE/DKCHHS HaCeJICHHS y pa3i HaA3BUYAWHUX cuTyaliil. ToMy yaoCKOHaJIEHHS
ICHYIOUHX Ta po3poOKa HOBUX aJTOPUTMIB PO3MIIIEHHS TaKUX CHUCTEM
1H(QOPMYBaHHS HACEJIEHHS € IOCUTh aKTyaJIbHOIO 3a/1a49€IO.

B po6oTi 3anpornoHoBaHO ISl MOOYIOBU TEPUTOPIATBHUX CHUCTEM EKCTPEHOTO
OTOBINIEHHA Ta TOOYAOBa QJITOPUTMY ONTHUMAIBHOTO PO3MIIICHHS JpKEepen
€KCTPEHOTO OTMOBIIIEHHS BUKOPUCTAHHS T€HETUYHOTO aJITOPUTMY.

[ToOynoBa cydyacHHUX CHCTEM €KCTPEHOTO OMOBIIICHHS HACEJICHHS mependavac
ONTUMAaJbHE PO3MIIIEHHSI Ta palllOHAIIbHE BUKOPHUCTAHHS TMOTYXHOCTI 3BYKOBHX
JoKepenr 0e3 IMKOIHW 370pOB’I0 HAcelleHHS. TaKuM YWHOM, HEOOXITHO BU3HAYHMTH
JOCTATHIO KIJTBKICTH JDKEPEN OMOBIMIECHHS ONTHMAIBHOI MOTYKHOCTI Ta MICI iX

pO3MileHHs 1)1 €()EKTHBHOTO MOKPHUTTS TUIOII HACEICHHUX MYHKTIB [1].

125



JUiss BUKOHAaHHA TIOCTABJIEHOTO 3aBJAHHA IPONOHYETHCA  3aCTOCYBATH
FCHETUYHUN aJITOPUTM, SKUH € OJHUM 13 HaAWOUIBII BIIOMHUX €BOJIOLIMHUX
JITOPUTMIB Ta JOCTATHBO €(PEKTHUBHO BUKOPUCTOBYETHCS Y O0arathox ramyssx [2].

JIsi KOMIT'IOTEpHOTO MOJICJIIOBAHHS 3ajJadyl ONTHUMI3AIlll PO3MIIICHHS JKEpe
€KCTPEHOT0 OIOBIUIEHHSI HACEJEHHS MPONOHYETHCS TE€HETUYHUHM aJrOpUTM, IO
CKJIQZA€ThCS 3 TAKUX KPOKIB:

1) IlinroroBka Mamu HaceJEHOrO MYHKTY Ji€ BUPILIYETHCS 3ajiaya PO3MIIICHHS
3ac00IB €KCTPEHOro OMOBilIeHHs. Takl JaHl MaroTh BKJIIOYATH Takl MapaMeTpu:
KOH(Irypalio Ta IUIONIYy HACEJIIEHOTO MYHKTY, HACEJEHICTb TepuTopii (YOpHUH
KOJIIp), MOKJIMBI MICLISI JIJIsl PO3MIIIEHHSI JIPKEpeJ 3BYKOBUX CUTHANIB (OUTMHA KOJIIp),
HEMOXJIMBE PO3MIIICHHS KOJHMX TmpuianiB (cuHit komip) puc. 1. Ilnoma
HACEJICHOTO TMYHKTY HAOIMKEHO OOYMCIIOETHCSA SK TUIONA HAWOLIBIN OJM3bKUX
reOMEeTPUYHUX DIryp.

2) Po3poOka mporpamu TreHepaiii MHOXHHHM JO3BOJICHMX KOMOIHAIlIN
KoopauHAT (X, Y), B SIKAX MOXYTh PO3MIIIYBAaTHCS JKEpena OIOBIIIECHHS.
CyKymHICTh TaKMX KOOPJIWMHAT TMOEAHYETHCS Yy TEHOTHI, a JeKUIbKa BapiaHTIB
TeHOTHUITY — y TOMYJIsi0. TaKuM YHHOM, T€HOTHUIT 00’ €JJHY€E BC1 TOUKH PO3MIILIEHHS
JOKEpeJI OTOBIMIEHHS B OJWH CIOUCOK. 3a JaHUM aJTOPUTMOM HaWOLIBII
NPUCTOCOBAHUM TPEJCTABHUKOM TE€HOTHUIy Oyae TOH, y SKOro oOJacTh MOKPUTTS
HABKOJIO JDKEpesa OIMOBIMICHHS OXOIUTIOE HAMOUIBIY YHCENbHICTh HACEIICHHS IPH
3a/TaHOMY PIBHI 3BYKOBOTO CUTHaJy (YOPHI TIKCeNi 300pakeHHs, puc. 1).

Panmiyc mii mkepenr 3ByKOBOTO CHTHAIIY OTOBIIICHHS B 3aJICKHOCTI BiJ PI3HHX

KpUTEPiiB BU3HAYAETHCS TAK:

pPo—p—hxk1 —Exk)

r= 1y*10 20 (@D

e P — me HeoOXimHWKM MIiHIMaJbHMK 3BYKOBHM THCK Ha TpaHUI il ' JpKepena
OTIOBIIICHHS, Po — II€ MOYATKOBHMM 3BYKOBHH THCK;, 3a3Budaii 100 — 105x1b; ro —
MoyaTKOBa BiJcTaHb, 3a3Bu4aii 30M; h — BuHcoTa po3ramryBaHHsS JpKepena; Ki —
KOeQIIiEHT BIUIMBY BUCOTH; E — MOTyXHICTh eHepromoctadaHus; Ko — xoedirieHT

BINIMBY CHCPIroImmoCTa4YaHH:A.

126



3) OoOupaerscs BuxinHa (OaTbKIBCbKA) Mapa 3 HAWMOUIBIIMM MapaMeTpoM
MPUCTOCOBAaHOCTI.  Jlami  3acTocoByeThbcsi — omepaTop KpocoBepa. Ane  ans
POCTOPOBOTO 300paKEHHSI 3aCTOCOBYETHCS 3MIHEHA Bepcis Kpocosepy [2]:

3.1) ObupaemMo y mpoCTOpi TOBUTEHY TOUKY.

3.2) YV 000X BUXITHMX TIEHOTUIAX OOUPAEMO OJHAKOBI TOYKH 3a IX
KOOpAMHATAMU IICHTPY Ta PajiiycoM KoJa.

3.3) ¥V oaHOro reHoTHIly OOMpPaEMO KOOPIWHATH PO3MILICHHS JKEpen, sKi
3HAXOJATHCS BCEPEAMHI KOJIa, y IPYroro — 330BHI.

3.4) IloennyeMo oOpaHi TOUYKH B OJJHE PIILICHHS.

3.5) 3MiHIOEMO KIUIBKICTh JDKEpENl y Halllagky, a came, BUAAIIEMO 3aiiBi 3
HAWMEHIIIOK MPUJIATHICTIO, a00 K TOAAEMO II€ HE BUKOPHUCTaHI TOYKW T€HOTHIIIB, Y
BUTIQJIKy HECTaui.

4) TIpoBOAMTHCS OCTaTOYHa OOpPOOKA HACTYITHOTO TMOKOJIHHS 3a JOTIOMOTOIO
orepaTopa ycrnaaKyBaHHs, a00 kK orepaTopa MOKpalleHHs TeHOTHUITY.

5) OOwuparoTbcst Kpalli MPEeICTABHUKU BUIY Ul BKIIOYEHHS J0O HACTYIHOTO
HOKOJIIHHS.

Kpurepiit onTuManbHOro MOKPUTTS Ma€ TAKUN BUTIISIA:

S<(S1+S,+...+8Sp), (2)
ne S — mioma micta; Sp — IUIOIIA TMOKPUTTS 3BYKOBUMM CHUTHAjaMU 13 JKepen
iHbopmarlii. Y BUMaaKy, KOJIM CyMapHa IJIONMA TOKPUTTA JHKEpelIaMu OIOBIIEHHS
MEHIIIa HDK TUIoia MICTa, TO Mepe] MOYaTKOM HACTYMHOTO IUKIY TeHETHYHOTO
AITOPUTMY JI0 MaKCHMMajbHa KUIBKICTh JDKepen 30umbinyerbes Ha 1. Skmio ik
KpUTEpili MakcuMmizallii TepUTOpIiaJbHOTO TMOKPUTTS CHUCTEMOKO  OIOBIIIEHHS
HaceJeHHs Oyle BHKOHAHO, a camMe MPUCTOCOBAHICTh B OJHOTO 13 MPEIACTaBHUKIB
Oyze 3a0BUTHHO HAOIMKEHOIO 10 MICITh TTPOKUBAHHS — allTOPUTM 3aBEPIITy€E poOOTY,
a Ha TpadiuHOMy 300paxkeHHI OymyTh BKa3aHi TOYKH 3 KOOPJWHATAMH HAWKPAIIIOTO

pO3MIIIeHHS JKeped, puc. 1.
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Puc. 1. Cxema MOKIMBOro po3MillleHHS
JKepeJ1 ONOBIleHH S

Jami, 3a yMOBHU 10 pajilyCu Jii JKEpE OMOBIIICHHS MEPETUHAIOTHCS — MOCTAE
e OJIHa MOXKJIMBICTh ONTHUMI3allil, KOJIM MOXHa 3MEHIIUTH pajiyc Aii jpxepena I
IIJISAXOM 3HIDKEHHS TMOTYXHOCTI eHepromnocrauanHs (E), Bucorm (N) um iHImImMX
XapakTepuCTUK jpkepena. Lle momomoke 3HU3UTH HEKOM(OPTHUN PIBEHb 3ByKOBOTO
tucky 31 100-110 nb no 6inbin 6e3neynux ais moauau 85-95 nb Ta ontumizyBaTu
BUKOPUCTAHHS PECYPCIB.

Cnncox BUKOPUCTAHMX JIZKepeJT

1. Firdaus G., Ahmad A. (2010). Noise Pollution and Human Health: A Case Study of
Municipal Corporation of Delhi. //Indoor and Built Environment. Sage Public, 24-36.

2. ITapir 4., Kmumam M., TTupir 1O., JlaBpiB O. (2023). I'eneTnuyHuUii anroputM sk 3acid
PO3B'sI3aHHS ONTUMIZAIIMHUX 3a7ad. //[HPOKOMYHIKAIIIiHI TEXHOJOTII Ta €JIEKTPOHHA IHXKEHEepIs,
95-103.

K. TexH. H. Iloasxos B. O.
Inemumym mpancnopmuux cucmem i mexnono2iu HAHY

AJITOPUTM IEPAPXIYHOI'O NIOBYJIYBAHHSI PYXY
MEXAHIYHOI NIJCUCTEMU MATHITOJIEBITYIOUOI'O ITOI31A
Y ITIPOCTOPI If CTAHIB

TpancnopTHa cucTeMa 3 MAarHITOJIEBITYIOUMMH TOi3laMU  CTBOpPEHA IS
MEepPEMIIIEHHs] MacakupiB Ta BaHTaxiB. CHOXKUBYA IIHHICTD CUCTEMHU OJHO3HAYHO
BU3HAYAETHCS AKICTIO MEXAHIYHOTO pyXYy il moi3aiB. ToMy, sIK KIHIIEBa METa BUBYCHHS

1I€1 CUCTEMHU, TOBMHHA OyTH 00paHa moOyA0Ba HEOOX1IHOI IKOCT1 PYXIB ii MOi3/iB.
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Pyxu MexaHIYHOI HiACUCTEMM MOi31a, SIKI BIAOYBAIOTHCSA MijJ BIUIMBOM JIUIIIE

NPUPOAHUX 30ypEeHB, — MPUPOIHI PYXH — MOXKYTh OyTH ONHKCaH1 MOJEILTIO
v d T
a/l 'U#:Ez; aﬂy:C/ly. p(2)+(c/1,;/v.77 +ﬂ/1y)' p+|,1ﬂ; p:av;t”u,VE[l, L]! (1)

ne n“Vuel[l,L],L — y3arampHEeHi KOOpAMHATH PO3PAXyHKOBOI CXEMH MEXaHIYHOI

C, VA uvelll]

MIJICUCTEMHU TOi3/1a, a TaKOXk KUIBKICTh TaKUX KOOPJUHAT; CriCon

CorCoriw VA, u,ve[L L] — xoBapiaHTHHH MeTpPUUHHii TEH30p 3raJaHOrO arperary, a
TakoXk Horo TpuinaekchHuii cumson Kpicrodpdens 1-ro pony; 8, .1, V4, ye[l,_l_] -

JMCUTIATUBHI Ta KBAa3IMpyXHI KOEQIIIEHTH HaBEICHOI MOJEII; Ei‘v’le[l,_l_] —
30BHIIIHI 30ypeHHSI MiJICUCTEMHU.

Jlis HagaHHS pyxaM HEOOXITHUX BJIACTHBOCTEH, MOJICIIOIOU1 PIBHSHHS MOBUHHI
OyTH CyMICHUMH 3 IUIbOBUMHU CIIBBIJHOIICHHSMH, SIKi OMHCYIOTh IIi BJIACTHBOCTI.
Hanpuknan, no Hei MOXyTh OyTH TpUKIAaAEHI Kepyroul BIUIMBH. SIKIIO 3ragaHa
CYMICHICTh JIOCSITAETHCS, TO PyX IIJICHCTEMHU TapaHTOBAaHO Mae Oa)kaHi BIACTHBOCTI.
[Iporec nepexoy Bif MPUPOTHOTO O KEPOBAHOTO PYXY HA3UBAETHCS HOro MoOYI0BOIO.

3a3Buyaii, MexaHIYHa CHUCTEMa, fKa MOKe OyTH TpuHHATAa K aJeKBaTHA
pO3paxyHKOBa CXeMa MEXaHIYHOI TIJCUCTEeMHU II0i3[a, € BEJIMKOI, ICTOTHO
HETIHIHHOIW 1 ckiagHor. Kpim TOoro, 3a pigkiCHUM BHHSITKOM, TakKa CHCTEMa €
0araTto3B's3KOBOIO, a i1 pyxX BIiIOyBaeThCcs B HemepeadadyBaHi 30BHINIHIA Ta
BHYTpIIIHIA 00CTaHOBIIl. BUKOpUCTaHHS OJHOPIBHEBUX PETYIATOPIB I MOOYI0BU
PYXIB ONMHCAHOTO THUIy CHCTEM 3a3BHuYail Bele J0 HE3aJOBUIBHOI SKOCTI PYXIB.
Bunwnkatoua xomizis Moke OyTH yCyHEHa NpH iXHIM iepapXidyHid mOOymOBi, IO
3HAYHO MiABUIIYE €(DEKTUBHICTH MOB'SI3aHOI 3 HEIO MEPEPOOKHM Ta BUKOPUCTAHHS
BEITMKHUX MAcUBIB iHGOpMAIIii, a TOMY — 1 pE3yJIbTYIOUY SKICTh KEPOBAHOTO PYXY.

dakTopamu, Ki BIUTMBAIOTh HAa SKICTh PyXy MEXaHIYHOI MIJCUCTEMHU T0i3/a, €:
BJIACTHUBOCTI IIi€T MJICKCTEMH; ITOTOYHA BHYTPIIITHS Ta 30BHIMIHS 0OCTaHOBKA, B SKiH
BIH peani3yeTbcs; OCOOIMBOCTI PEryysiTopa MicucTeMu. Buxonsuu 3 3a3Ha4y€HOrO,

JOCTaTHHOIO € TPHUPIBHEBA CTPYKTypa 3raJlaHOro peryisropa: Ha HOTro HHU30BOMY
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PiBHI — IHTPOKOHTPOJIEP, SIKUW peanizye HeoOXIJHUN Hallp NaTepH pyXiB MEXaHIYHO1
MIJICUCTEMHU T013/1a, a TAKOXK 1X CTIMKUX CUHEPTii; Ha MPOMIKHOMY PIBHI — ajiantep,
10 MPUCTOCOBYE PYX A0 OOCTAHOBKHM; HA BEPXHHOMY PIBHI — KOOPAMHATOp, SKHIA
BUYEPITHO BUPIILIYE, Y CAHTETUYHIA B3aeMOJii 3 OJIOKaMH TOTIEPEHIX PIBHIB, pyXOBe
3aBJaHHS MeXaHiuHOl mincucremu. DyHKIIOHANIbHA TIO0ANBHICTh IMX OJIOKIB
3pocTa€e B iHBEPCHOMY MOPSIKY: KOOPAMHATOP € MPOBITHUM CHHTE3YIOUHM DPiBHEM
perynsaTopa; agantep — MPOMDKHHUM, y3TO/DKYIOUHM; iHTPOKOHTpoJep — (HoHOBUM,
IIPOBANIEPHUM.

OCHOBHOIO 3aBJIa4Y€I0 IHTPOKOHTPOJIEPA € «BHYTPIIIHHOCHCTEMHE)» KepyBaHHS
PYyXOM, SIKUH CTBOPIOETHCS, IO Iepeadadac BUXIHY IHIIIAII0 HOTr0 HEOOXTHUX
NEPBUHHUX KOMIIOHEHTIB, a TAKOXK iX «BHYTPIIIHE» yB'I3YBaHHS.

CuHTE30BaHUI pyX MiJCHCTEMH BiOYBAaeThCSI B YMOBaX OOCTAaHOBKH, SKa
3MIHIOETBCS, Yy 3arajJlbHOMY BHUNAJAKy, HemepembadyBano. IIporte, meit pyx mae
3aMIIaTUCs IiecIpsIMOBaHUM. ToMy OCHOBHMM (YHKIIOHATBHUM MPHU3HAYEHHSIM
IPOMDKHOTO PIBHS MOOYJOBU TaKOTO PyXy Mae€ CTaTH HaJaHHS HOMY BIACTHUBOCTI
IPUCTOCOBYBAHOCTI J10 3rafiaHoi 00CTaHOBKH.

[TincymkoMm peanizailii pyxy HiiCHCTeMH Ma€ OyTH BUYEPITHE BUPIMICHHS 3aj1a4,
mo nepen HUM crosTh. ONHaK omucaHl piBHI NMOOYAOBH 3a3HAayeHOro pyxy (Hi
Hapi3HO, HI B CYKYITHOCTi) HE MaOTh MOKJIMBOCTI Take BUpIlIeHHs 3a0e3neunt. Lle
— TpU3HAYCHHS BEPXHBOTO PIBHSA perynstopa (koopauHaTopa). Buxoasum 3
rJI00AIBHUX TUJIEH KOHCTPYHOBAHOTO PYXYy, 1€ piBeHb WOTO MOOYTOBU TMOBUHEH,
nepeayciM, BU3HAYaTH adTOPUTM JTOCATHEHHS TaKUX ILICH.

PyxoBi 3amaui, sKi MiQIATalOTh BHpIMIEHHIO (3 1X Jeramizamiero o
nepeciaifyBaHuX IiJIel), TIOBUHHI CTaBHTHCS IIepe] IIJCHCTEMOIO 330BHI
(HampuWKIam, 3a JOMOMOTOI0 MOJYJIS-33/aTYMKa) 1 KOPUTYBAaTUCS 3 ypaxyBaHHSIM
00CTaHOBKH, IO CKIAJAEThCs (KA OINHIOEThCSA amamtepom). I[licist BusBICHHS
3arajpbHOTO AJITOPUTMY TAKOTO PIllIEHHS, Ma€ BU3HAYATHCS PYXOBUH CKIIAJ 3aaadi
(ToOTO MIHIMANIBHO AOCTATHIN HAOIp 3rajlaHuX MaTepH PyXiB), IHIIIFOBATUCS 3aMUTH 3

iXHbOI peanizailito (i Oe3rnocepeIHIM KepyBaHHSIM IHTPOKOHTPOJIEpA Y B3a€EMO/IIT 3
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ajanTepoM), a TaKOX 3A1MCHIOBATUCA PETEIIbHUM KOHTPOJb 1 KOPUTYBaHHS L€l
peanizaiiii.

OTxe, pe3yabTyIOUni pyX MEXaHIuHOI MIJCUCTEMHU T013/1a OYIYEThCS Y Mpoleci
CUHTETHYHOI B3a€MOJI1i TPbOX ONMUCAHUX PIBHIB perynsTopa. [IpoBigHa ponb y Takii
noOyA0B1 3aBXIU HAJEKUTh MOr0 BEPXHHOMY PIBHIO — KOOPJAMHATOPY, SKHUW, 3a
JTOTIOMOTOI0 CHHTE30BaHMX HHUM KepyBasb Il () VAe[lL], xoopmuHye poGoTy
JBOX HIDKYMX PIBHIB Tak, MO0 3rafjaHuii pe3yabTYIOUUd PyX 3aBXKIU 3aTHINATIOCS
iJIeCIPSIMOBAHUM, TOOTO, BUYEPITHO BUPIIIYBAT 3aBJadl, sIKi epea HUM cTosTh. L1
3a/1a4i, 3 JeTali3alicro J0 IepeciIiyBaHuX IIeH, 3a/1at0ThCS 330BHI HANIPUKJIIAJ, — 3a
JIOTIOMOTOK0 MOAYJsI-3a/1aTdiKa. ba3uc moOyqoBM CTAaHOBIATH MATEpHU pPyXiB, a
TAaKOXK 1X CTIMKI CHHEprii, KOHCTPYMOBaHI HWXKHIM pIBHEM peryusaropa -—
IHTpOKOHTpoJiepoM. HapemTi, aganTaiis pyxy 10 OOCTaHOBKU 3IIHCHIOETHCS IIiJI
BIUTMBOM KE€pyBaHb, CHHTE30BaHMX MPOMIKHUM PIBHEM pEryJsiTOpa — aganTepoM,
AKUN TaKoXX KOPUTYE PYXOBI 3ajayi, L0 MIIJIATAlOTh BUPIINICHHIO, BUXOIAYU 3
PEe3yIbTATIB OI[IHKA OOCTaHOBKH.

OcHoBHa mepeBara MPOIMOHOBAHOTO AJNTOPUTMY i€papXidyHOI MOOYAOBH PYXy
MEXaHIYHOI MIJACUCTEMH MAarHiTOJEBITYIOYOr0 I0i3Ja B MPOCTOpi 1l CTaHIB
MOJIATAIOTh 'y MOMJIMBOCTI TOYHOI, aJCKBAaTHOI Ta EBPUCTUYHOI JICKOMITO3HIII]
r1o0aapHOl 3a7a4i Takoi MOOYIOBM Ha HHM3KY OUIBII MPOCTHX Tif3amad, Oarato 3
AKUX, Y 3HAYHIM YacTWHI, MOXXYTh OyTH BHUpIIICHI 3a37alieTiAb. 3aBASKA I[bOMY
BUHUKA€E PealibHa MOKIIUBICTh OUIBIIT TOYHOTO BUPINICHHS 3ralaHuX Mi3aaad, o, y
CBOIO YEpTry, TO03BOJISIE€ ICTOTHO MIABHINYBATH SKICTh KOHCTPYHOBAHOTO PyXy 0Oe3

BUKOPHUCTAHHS CKJIATHUX aJITOPUTMIB KEPYBAHHS HHM.
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PhD Firsov A., student Muzychka K.

Dniprovsky State Technical University
APPLICATION OF BLOCKCHAIN FOR BUILDING A QUALITY
MANAGEMENT SYSTEM IN MANUFACTURING PROCESSES

Modern manufacturing and technological processes incorporate automatic
control and monitoring systems. Aside from the apparent purposes of such
automation, it is essential to highlight the task of ensuring the quality of the produced
goods. According to the definition, quality is a philosophical category that describes a
set of properties and attributes of products, goods, services, work, labour and other
objects. These properties and attributes determine the ability of an object to satisfy
established needs and demands of people as well as to meet its purpose and
requirements. From a technical standpoint, quality is ensured through measurable
characteristics, and their adherence to a specified range determines whether a product
is of high quality. For consumer goods, this approach is quite viable. It does not
matter whether the current values for a specific item are near the upper or lower limit
of the characteristic parameter. What matters is that any combination of
interchangeable parts that meet the specified quality parameters can result in a final
product. This product falls within the defined quality range. The consequence of this
approach is the ability to make averaged estimates for service life, repair, and
maintenance.

As an alternative to this approach, it is possible to use modern information
solutions to switch to a different model when dealing with complex and expensive
products. In particular, by leveraging blockchain technology, one can move towards
tracking not only quality parameters but also the manufacturing trajectories of each
item.

Blockchain is a decentralized information storage technology, a distributed
database implemented as an ordered chain of blocks. Blocks are numbered and linked

by so-called hash sums. They are the result of data processing by a specific function.
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Each block in the chain contains two hash values: its own and that of the previous
block. With the need to change the information in a single block, it is necessary to
modify the data in all subsequent blocks of the chain.

Blocks of information are replicated on numerous computers worldwide, which
adds to the complexity of modifying the chain data and enhances data storage
reliability.

Decentralization is achieved by creating multiple copies of the database, which
are physically stored on different devices and in various geographic regions.
However, they are synchronized and collectively add new information to the
database. This approach differs from centralized networks, which operate on a client-
server model.

Many companies utilize blockchain to monitor the movement of goods between
suppliers and buyers. For instance, Amazon employs blockchain technology to
authenticate all products sold on the platform. Sellers can trace their global supply
chains, enabling participants such as manufacturers, couriers, distributors, end-users,
and secondary users to record events in the registry after registering with the
certification authority.

Blockchain-based energy companies have developed a trading platform for
selling electricity among private individuals. Homeowners with solar panels use this
platform to sell extra solar power to their neighbours. The process is nearly fully
automated: smart meters create transactions, and the blockchain records them.

Blockchain technologies are designed in such a way to ensure that once a block
or transaction is added to the chain, it remains unalterable, providing a high level of
security.

With data often stored on thousands of devices in a distributed network of
nodes, the system and data are highly resilient to technical failures and malicious
attacks.

Blockchain chains, in most cases, have open-source code. That allows

developers and users to modify it, which makes things easier. At the same time,
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making such changes unnoticed is almost impossible — to do so, one would need to
control more than 50% of the network's computational power, which is nearly
Impossible to achieve.

There is no need to create a data collection and processing center using
blockchain technology. Individual transactions have their own confirmation and
authorization for communication among participants.

Thus, there is a well-developed tool for building a system for recording
parameters and operations performed at each stage of the technological process.

A counterargument to implementing a blockchain-based control and accounting
system may be the complexity and high cost of deploying each node. According to
the documentation, for example, the Sui project deployment requires a sufficiently
powerful computer and an appropriate local network.

Not long ago, solutions emerged offering node deployment on a separate
physical device. One such project is Umbrel. It is an operating system designed to run
a Bitcoin node, Lightning Network node, and other self-hosted applications on a
Raspberry Pi. The cost of this solution is minimal. Accordingly, building and
deploying an accounting and control system using a blockchain network can be done
at a relatively minimal expense.

Naturally, the following question is how the collected data will be analyzed.
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PhD K. Yalova, PhD student M. Veremeichenko,
PhD M. Babenko, N. Lymar
Master’s student M. Verbytskyi
Dniprovsky State Technical University
USING SPLINES FOR DESCRIBING COMPLEX SURFACES

The task of describing complex surfaces is a significant scientific and practical
challenge, essential for creating images on screens or printed materials, developing
solid elements for architectural visualization, modern medical visualization systems,
and many contemporary computer games. Describing complex surfaces is also
applied in geology, Earth surface studies, engineering practices for geometric
modeling of technical object shapes considering their integral characteristics,
meteorology for real-time atmosphere and hydrosphere modeling, and weather
forecasting.

In modern contexts, the following approaches are used to describe complex
surfaces:

1. Parametric Description: This approach uses independent variables to identify
an element or subset from a set. In geometric tasks, parameters may define a specific
object from a collection of similar figures (e.g., specifying the length of a triangle's
side and the measures of two adjacent angles uniquely identifies the triangle). It is
crucial to consider the parameters’ domains during selection (e.g., the numbers
representing the lengths of triangle sides must be positive, non-zero, and the sum of
any two sides must exceed the third side).

2. Parametric Bicubic Surfaces: These surfaces are the simplest among surface
forms that ensure the continuity of the composite function and its first derivatives. In
other words, a function composed of several adjacent bicubic patches will be
continuous and smooth at the joints. Typically, bicubic patches are smooth, curved

quadrilaterals.
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3. Use of Various Types of Splines: Over the past two decades, splines have
taken a leading position in the theory of interpolation and function approximation. A
spline is a mathematical function defined over a domain divided into a finite number
of intervals, on each of which it coincides with a polynomial. From the perspective of
descriptive geometry, a spline is a continuous smooth curve passing through specified
points according to a particular analytical rule (equation or system of equations).

Generally, a spline S(x) can be described as follows:

S<x)=iaiwi(x)+ R(x)

i=0
where o are coefficients dependent on the values of the function f(x) B at control
points Xi;

v;i(X) are the basis functions of the spline;

R(x) are some regulatory additions.

Today, the development speed of software significantly surpasses that of
hardware systems and complexes. Developing appropriate software to enhance the
informativeness in describing complex surfaces has always been and will remain
relevant.

At the Department of Software Systems at Dnipro State Technical University, an
application has been developed based on algorithms for processing complex surfaces
using spline-based methods. To accelerate the construction of splines with a large
number of nodes, parallel data processing algorithms are utilized.

Despite the numerous studies and practical applications of splines for describing
complex surfaces, the task of constructing three-dimensional models of complex
surfaces using splines remains relevant. These models must balance locality
properties with high accuracy. Moreover, obtaining such models not only on
rectangular grids but also on triangular meshes is a direction for further scientific

research.
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Cekuin 4
KOMIT’IOTEPHI TEXHOJIOTI'II
B HABYAJIBHOMY ITPOLECI

K. TtexH. H. BosiocoBa H.M., 3100. Hectepos /.
JHinposcokutl mexHiyHuil yHigepcumem
J1O MUTAHHS IHTETPALIT 3MICTY MATEMATUYHUX JUCHUILITH
Y NIArOTOBUI 3JIOBYBAYIB BUIIIOI OCBITU CIHEIIAJIBHOCTI
«ITPUKJIATHA MATEMATHUKA»

[Ipobnema nudepenmiamii Ta 1HTErpamii B OCBITI € JOTIYHUM HACIIKOM
IPOIIECIB PO3BUTKY HAYKOBOTO 3HAaHHS, B SIKOMY AudepeHIfialis 3MICTy HayK TICHO
noB’si3aHa 3 HWoro iHterpaiieto. Lli 1B1 TeHAEHIIIT HEPO3PUBHO OB’ sI3aH1 MK COO0IO
[1]. Ha »xamp HaBuaJbHUI MaTepiaJl B pI3HUX HABYAIBHUX MaTeMaTHYHHUX
JTUCHUIUTIHAX HE 3aBXKIW BIAETHCA CHHXPOHI3yBaTU YW BHOYIyBaTH JIHIAHUM
JAHIIOT 3 MaTEeMaTUYHUX JOHUCHIMIUIIH 3 Y3TOJPKEHMMHU TeMaMHu 1 MNPUKIATHUMU
3a/1a4aMM iX 3acTocyBaHHS. HaToMicTh IHTETpajbHOI KOMIETEHTHICTIO (haxiBis 31
crenianbHocTi 113 «IIpuknamHoi mMaTemMaTuka € 3AaTHICTh PO3B’SI3yBaTH CKJIAJIHI
CrieliajgizoBaHi 3ajadi Ta MPaKTUYHI TPoOJeMH TNPHKIAAHOT MaTeMAaTHKUA Y
npodeciiiHii TisTIbHOCTI a00 y TpoIleci HaBYaHHS, IO Tepeadadae 3acTOCYBaHHS
MaTeMaTHYHUX TEOpii Ta METOMIB 1 XapaKTepU3yeEThCS KOMILUICKCHICTIO Ta
HEBU3HAYCHICTIO YMOB [2].

VY3arajapbHEeHHIO Ta CHUCTEMAaTHU3allil CYKyMHOCTI OTPUMaHHMX 3HaHb Ta BMIiHb 3
MaTeMaTUYHUX TUCIUILIIH Ta OMIAHYBAHHIO HAaBHYOK MATEMATHUYHOTO MOJCITIOBAHHS
cipusie cucTeMa 3axoAiB 1 ¢GopM HaBYaHHSA, SKa JAa€ CTyJICHTaM MOXKJIHMBICTb
caMOCTiiHO  (opmMyBaTH OCOOHWCTICHY CHCTEeMY 3HaHb, (OpPMyBaTH HOBI
MDKITPEIMETHI 3B’ I3KM 1 HA0yBaTH 3arajibHi Ta ()axoBl KOMIIETEHTHOCTI.

Jlo po3poOieHoi cucTeMu BXOASATH: TMPOBEACHHS TIDKHIB MaTEMATHKH,
MaTeMaTHYHUX  OJIMITIaJ, KOHKYpCiB  HECTaHJApTHUX  3aJad  Ta  1JIeH,
IHTEJIEKTyaJIbHUX Irop Ta TOJOBOJOMOK, IIiJl Yac SKUX CTYJASHTH BHKOHYIOTh

3aBJaHHS MPUKIAJHOI CIPSAMOBAHOCTI, M0 (POPMYIOTH BMIHHS IPOTHO3YBAaTH 1
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OLIIHIOBAaTH pE3yJbTaT, OLIHIOBAaTH MpPaBUWIBHICTh 3pOOJIEHUMX BHUCHOBKIB Ta
OLIIHIOBATH iX OOIPYHTOBAHICTb.

[Ipy mnpoBeneHHI HAaBYAIBHUX 3aHATh OTPUMaHHIO (DyHAAMEHTAIBHOI
MaTeMaTHYHOI TMIiATOTOBKH Ta HAJAroKCHHIO MDKIPEAMETHHUX 3B’SI3KIB CIpHUSE
KOMIUJIEKC KeWC-3aHATh AJisl 3100yBayiB OCBITH 2-3 KypcCiB, IO MICTUTh HPUKIAIHI
3aayl 3 PI3HUX MaTeMaTHMYHUX KypciB. Hampuknaa, mpu BUBYEHHI IHUCUUILTIHUA
«PiBHsiHHs MatemaTtnuHOi ¢isukm» (IV cemectp HIII «Ilpuknagna maTeMaTHKay)
nepen BuUBYCHHAM Metony Dyp’e, mo € ePeKTUBHUM 3aco00M aHaTiTUYHOTO
PO3B’sI3aHHS JIHIMHUX 3a]a4 MaTeMaTUYHOI (I3UKU [ qudepeHialbHUX PIBHSAHD
PI3HUX THIIB, OyJlM TPOBENEHI KEHC-3aHATTS, Ha SKUX PO3IJIAJNAIUCSH MHUTAHHA 1
3a/1a4i 3 paHillle BUBYEHUX MAaTEeMAaTUYHUX JUCIUIUTIH, a came: «BracHi 3Ha4YeHHS 1
BJIACHI BEKTOPH MaTpHIlb», «OpTOroHami3aiis i OpTOHOPMYBaHHS CUCTEMH BEKTOPIBY»
3 nucuuiUiinu «JIiHiiiHa anrebpa 1 aHaJITHYHA reoMeTpis»; «MeTonu IHTerpyBaHHs
byukuin», «Pamum @yp’e, posknagaHHs ¢yHKUIA B psaau  Dyp’e» 3 Kypey
«Marematnunuii aHaniz»;,  «JludepeHmianbHi piBHAHHS 3 BlIOKPEMIIIOBAHUMU
3MIHHUMEY, «JIiHIIHI audepeHIianbil PIBHIHHA APYroro MOPSAIKY 31 CTaluMH
koedimientamuy, «Jludepenmianpai piBHsHHA Komri-Eitnepa npyroro mopsaky» 3
nucuuIutiag «Jludepeniianbai piBHsSHHA». Bcei 111 muTaHHsS NMOTPiOHI IPU BHUBYEHHI
merony Dyp’e 1 micas TMPOBENCHHS IONEPEIHIX KeHc-3aHATh BiIOyBa€ThCS
y3araJbHEHHs 1 cHCTeMarTH3allisi Ha0yTUX 3HaHb 1 HABUYOK 1 (OPMYETHCS BMIHHS
IHTErpyBaTH HAKOMHWYEHWM JOCBIJ ISl CTBOPEHHS MaTeMaTU4YHUX MoOjeNed 3anay
MaTeMaTHYHOI (Pi3UKH.

Jlanuii miaxiy y HaBYaHHI 1€ HEJOCTAaTHHO OIpallbOBaHWM, a TOMY MOTpedye

MOIAJBIINX JOCHIIKEHbD.

Cnncox BUKOPUCTAHUX JIKepeJl

1. Mwumenko I., Jlykamosa T. IuTterpamis 3micty ¢axoBuXx MaTeMaTHYHUX AUCLHUILIIH Yy
npodeciiiHiil miaroToBui MaOyTHIX y4uuTeniB MareMaTukH. Di3MKO-MaTeMaTH4yHa OCBITa,
2022. Tom 34. Ne 2. C. 55-62. DOI: 10.31110/2413-1571-2022-034-2-009

2. OcsitHbo-mIpodeciitHa nporpama «lIpuknanna marematukay. JJITY. Kam’sucbke, 2023. 19
c. https://www.dstu.dp.ua/uni/downloads/opp_bak_pm.pdf

3. Hymkeuu O. InTerpatuBHMi minxix A0 ¢GopMyBaHHS MOHSITTS NMPO MHOXKHMHY MIMCHUX
qucen y CTYACHTIB MaTeMaTHU4YHMX crenianbHoctel// Haykosi 3anucku. Cepist: [IpoGiemu
MEeTOAUKH (PI3MKO-MaTeMaTUYHOI 1 TexHOoJIOTYHOT ocBiTH. Bumyck 4 (I). C.27-34.
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I'pumienko A.A., I'pumienxo C.B.
Jninpoecvkutl Oepicasnutl mexnHiuHull yHigepcumem
THHOBAIIMHI ACHEKTH 3ACTOCYBAHHS KOMIT’IOTEPHUX
TEXHOJIOI'TA B OCBITI: IEPCHEKTUBU MAIIIMHHOI' O HABYAHHSI
TA HEHPOMEPEXK

VY cyuacHiif OCBITI CTa€ BCe OLIbII OYEBUIHOK HEOOXITHICTH BIPOBAKECHHS
NEPEeIOBUX KOMIT'IOTEPHUX TEXHOJOTIA JIJIs TOKPAIICHHS MPOIecy HaBYaHHS Ta
3a0e3MnedeHHsl 1HANBIAYal130BaHOTO MIAXO0AY /0 CTyAEHTIB. MallMHHe HaBYaHHS Ta
HEHUPOHHI MepeXi HaJaloTh YHIKAJbHI MOMJIMBOCTI JJis ajamnTaiii HaBYaJbHOTO
MaTepialy mijJi ToTpedu KOXKHOTO Y4HS, aBTOMAaTUYHOI OI[IHKM Ta aHalli3y 3HaHb, a
TAKOXX CTBOPECHHS 1HTEJCKTyaJbHUX OCBITHIX areHrtiB. lli 1HHOBAIlIHI MiAXOAH
CHPHSIIOTh ITIIBUIICHHIO €()EKTUBHOCTI OCBITHBOTO TPOIECY, CKOPOYCHHS BHTpAT
yacy Ha HaBYaHHS Ta MOKPAIIEHHS 3arajlbHUX Pe3yJIbTaTiB HaBYaHHS. TakuM 4MHOM,
JIOCHIDKEHHs] Ta 3aCTOCYBaHHS MAIIMHHOTO HABYaHHS Ta HEWpOMepex Y
HaBYAJILHOMY MPOIECI MA€ BEIIMYE3HY aKTYyaJlbHICTh 1 Ma€ MOTEHIIal MPUBHECTH
3HAYH1 3M1HH 10 cPepH OCBITH.

Y mnpoBeneHOMY JOCHIDKCHHI BHJIUICHO KiTbKa aKTyallbHHX HAmpsMIB
JOCJTIJDKEHb B OCBITI, IMOB'SI3aHUX 3 MAallIMHHUM HaBYaHHSAM Ta HeHpoOMepeKaMHu.

1.Ilepconanizaliis HaBYaHHS 3a JOTIOMOT'0I0 HEUpOMEPEK.

VY cydacHOMY OCBITI CTa€ Jie/ialli BaXXJIMBIIIUM CTBOPCHHS 1HIHMBIAyali30BaHHUX
OCBITHIX TpOTpaM, BIAMOBIAHUX N0 MOTPEeO KOXKHOTO Y4YHsS. Y I[bOMY KOHTEKCTI
3aCTOCYBaHHS HEHpoMepek € 3HAYHUM MpopuBoM. Helpomepexi T03BOISIOTH
aHaI3yBaTH YHIKaJIbHI OCOOJMBOCTI KOKHOTO YYHSI Ha OCHOBI MOro akaaeMidyHOl
icTopii, mepesar Ta 3110HOCTeH. [le BigkprBae HOB1 MEPCIIEKTUBY ISl IEPCOHAI3AI1
HABYAILHOTO TIPOIIECY, MPOTIOHYIOUM CTYJEHTaM IHJIWBiAyajdbHI MIJISXH HABYAHHSA,
ajJanToBaHi Imia iXHI moTpeOM Ta TeMm 3acBoeHHs Matepiamy. Illmaxom
Oe3MepepBHOrO aHalli3y Ta 3BOPOTHOIO 3B'A3KY HEHpOMEpPEk i MOXKYTh €()EKTUBHO

BU3HAYaTH cCJIa0Kl MICISl CTYJEHTIB Ta MPOINOHYBAaTHU CIEliali30BaHl HaBYaJbHI
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Marepianu ab0 METOAM HaBYaHHA M 1X YCyHeHHS. Takuil 1HIMBIAYadi30BaHUM
MIAX1 CIIPUsi€ MiABUIIEHHIO MOTUBAIIIT Ta €(DEeKTUBHOCTI HABUaHHS, poOJIsIUr MpoIec
OCBITH OUTbLI IPUBAOIMBHUM Ta JOCTYIHUM JUJISl BCIX CTYJEHTIB.

2. ABTOMaTH30BaHAa OI[IHKA 3HAHb.

VY cydacHiit ocBiTi 3pocTae norpeda B ePEeKTUBHUX METOAaX OLIIHKUA 3HaHb, SKi
J03BOJIMIM O OUIBII TOYHO BU3HAYUTH YCHIIIHICTH CTYJEHTIB Ta 3alpPOIOHYBATH iM
IHAMBIAYaJ130BaH1 peKOMEH Ialli1 Il MOKpAIIeHHs pe3yJIbTaTiB HaBUYaHHA. MaluHHe
HaBYaHHS Ja€ TOTYXHI IHCTPYMEHTH JIJI1 aBTOMATH3AIlil I[bOTO MPOIeCy. AJITOPUTMHU
MaIIMHHOTO HaBYaHHS MOXYTh aHaJi3yBaTH BEJIMKI OOCSATH JaHHWX, BKJIIOYAIOUU
BIJINOB1JI1 CTY/ICHTIB HA TE€CTH, 3aBJaHHS Ta 1HIII OCBITHI MaTepiajau JJisl BUSBICHHS
3arajlbHUX TEHJICHIIIN Ta IHAMBITyalbHUX ocobOiuBocTel. Lle m03BOMsIE cTBOpIOBATH
OuTbll OO0'€KTMBHI Ta HaAlMHI KpUTEpii OIIHKH, II0 BPaXOBYIOTh PI3HOMAHITHI
aCIeKTH YCIIIIHOCTI cTyAeHTiB. KpiM Toro, aBTomaTu3oBaHa OlliHKA 3HaHb 3BUIBHSIE
yac BUKJIJIayiB, JO3BOJSIOUM iM OUIbII €()EKTUBHO 30CEpPEKYyBATUCh Ha Po3poOiri
HaBYAJIBHUX MaTepialiB Ta HAJaHHSA MIATPUMKH CTyIAeHTaM. TakuM YHHOM,
3aCTOCYBaHHS METOJIIB MAIIMHHOTO HABYAaHHS B OIIHII 3HaHb OOIISE€ MOKPAIIUTH
AKICTh OCBITH Ta ONTUMI3yBaTH MPOIECU HABYAHHS.

3. IHTeneKTyanbHi OCBITHI ar€HTH: POJIb HEHPOMEPEK Y MIITPUMIII Ta CYIPOBO/II
HaBYaHHS.

Bunukaroua nmorpeba B mepcoHani30BaHUX Ta €()EKTUBHUX METOAaX HaBYAHHS
MIPU3BOJIUTH JO MOSBH 1HHOBAIIMHUX TEXHOJIOTIH, TaKUX SK IHTEICKTYaJbHI OCBITHI
areHTu, mo 0a3ylThCs Ha HEHpoMepexeBUX anroputMmax. Li areHTH € BipTyaTbHUMHU
MOMIYHUKAMHU, 3[aTHUMHU aJanTyBaTUCS N0 IHAMBIAyalbHUX MOTPeO CTYIEHTIB,
HaJaBaTH MEPCOHANI30BaHY MIATPUMKY Ta 3abe3nedyBatu Oe3nmepepBHUM CYIPOBIT Yy
mporieci HaBYaHHS. PO3MIMPEHHS MOMXKIMBOCTEH HEHpOMEpeX HO03BOJISIE areHTaM
aHaI3yBaTH TOBEIHKOBI JlaHI CTYJIEHTIB, BUSABIATH iX MOTpeOW, TepeBaru Ta
mporpec y HaBuaHHI. Taki areHTH MOXYTh TPOTNOHYBAaTH IHIWBIAYyadbHI
pEeKOMEeH1allli, MOSCHIOBATH CKJIaJIHI KOHIIEMIIli, a TAKOX CTBOPIOBATH IHTEPAKTUBHI

HaBYaJlbH1 CEpPEeJOBUINA, CIPUSAIOYM TIUOMIOMY Ta €()EKTUBHOMY 3aCBOEHHIO
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Marepiany. TakuM YMHOM, pOJib HEHPOMEPEK Yy CTBOPEHHI IHTENEKTYyaIbHUX OCBITHIX
areHTiB CcTa€e BCe OUIbII 3HAUYIIOK Yy MIATPUMII Ta CYHOPOBOJI HABYAHHS,
3a0e3neuyoun HAMBIyalli30BaHUM Ta €pEKTUBHUI OCBITHIN MpoLEeC.

4.I'mnboke HaBYaHHS JUIsl aHAII3y OCBITHIX JAHUX: HOB1 MOXKJIMBOCT1 PO3YMIHHS
MPOIIECIB HABYAHHS.

3actocyBaHHsI TJIMOOKOrO0 HaBYAHHS JJIS aHAII3Y OCBITHIX JaHUX BIIKPUBAE
nepesi Cy4acHOI OCBITHBOIO CHCTEMOIO HOBI MEPCHEKTUBU Ta MOXJIUBOCTI. Lli
METOAM JIO3BOJIAIOTH aHAJII3yBaTH BEJMYE3HI OOCITH JaHUX, TakKl SK aKaJeMIdHi
yCIIXU CTYAEHTIB, iX TIOBEIIHKOBI TMaTepHU Ta B3AEMOAII y HABYAIbHOMY
cepenoBuull. [llnsxom o0O0poOkM LMX JdaHUX TIMOOKI HEWPOHHI MeEpexkl 3/aTHI
BUSIBJISITA TIPUXOBAHI 3aKOHOMIPHOCTI Ta TATEpPHHU, IO MPU3BOAUTH 10 OUIBII
TOYHOT'O PO3YMIHHS TMPOIECIB HaBYaHHS. AHai3 OCBITHIX JaHUX 3 BHUKOPUCTaAHHSIM
rJIMOOKOTO HAaBYAHHS JI03BOJISIE€ BUSIBISITH (DaKTOPH, IO BIUIMBAIOTH Ha HABYAIBHUN
yCHiX, Ta TMPOINOHYyBaTH eQeKTHUBHI CTpaTerii is TOKpalleHHs pe3yibTaTiB
HaBYaHHSA. TakuM YUHOM, TJIMOOKE HABYAHHS CTA€ MOTY>KHUM IHCTPYMEHTOM JIJIs
ONTHMI3aIlli OCBITHHOTO MPOIIECY, CTBOPEHHS MEPCOHATI30BAHUX OCBITHIX IMIJIXOiB

Ta MIBUINCHHS €()EKTUBHOCTI HABYAHHS 3arajoM.

K. ¢i3.-mar. H. KapimoB LK.*, k. e. H. Kapimos I'.I.*, k. e. H. Hy:xna C.A.**
b 9
*JIHINPOBCHKUL 0ePHCABHULI MEXHIUHULL YHIBepCcUmem

**[[HinposcoKUll OepaHcasHUll APaAPHO-eKOHOMIYHUL YHIBepcumem

1010 BUBOPY MOBU ITPOI'PAMYBAHHSI JIJISI BA3OBO1
KOMIT’IOTEPHOI NIJITOTOBKHU 3/I0BYBAYIB BUIIOI OCBITHU

BuBdeHHsI OCHOB mporpaMyBaHHS € 000B’I3KOBUM €TaroM 0a30BO1 KOMI FOTEP-
HO1 MIATOTOBKM 3700yBayiB BUINOI OCBITH pI3HHX creriaabHocTe. [Ipu mpomy
CTOCOBHO CHEIIaJbHOCTEN, $IKI HANpsMYy IOB’si3aHl 3 KOMIT IOTEPHUMHU HayKaMu

(ocBiTHSA rany3b 12), nuTaHHs npo BUOIp MOBU MPOTrpaMyBaHHS B3arajil HE BUHUKAE.
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BuBuatu notpiOHO Ty MOBY, fiKka 3a0€3MeYuTh HAWMIBUAIIMKA cTapT B npodecii. B

2024 porti g0 Takux MoB citig BigHectu C, C++, C#, Python, Java (puc.1).

Puc. 1. Haii6inbm nomyJisipHi MoBH nporpamyBanns B 2024 p. JIxeperno: [1]

IHma cripaBa — crieniaabHOCTI, K1 HE MOB’sI3aH1 HAMPAMY 3 MPOrpaMyBaHHSM,
30KpeMa, TeXHIYHi, XIMiYHI, €KOHOMIYHI. SIK OCHOBHUN IHCTPYMEHT mNpodeciiHoi
TISUTBHOCT1 MOBa IIPOTPAMYBaHHS B IIbOMY BHIIAJIKy HE poO3risigacThes. OqHak, Oyab-
sSKa JiSUTBHICTh (DaXiBIIB 3 BHINOI OCBITOIO MOTPEOyE BMIHHS JIOTIYHO MUCIIUTH,
po30UpaTrCa B aJrOpUTMax BHPIMICHHS NMPOQeCciiHUX 3a7ad, a MOXKJIMBO 1 cCaMUM
cTBOproBaTH HOB1 anroputmMu. Came Tomy 0a3oBa KOMII' FOTEpHA TiATOTOBKA
3100yBauiB 0aratboxX CrHeliadbHOCTEH Tependayac BUBUCHHS OCHOB aJrOpUTMi3allii
Ta mMporpaMmyBaHHsA. MoBa mporpaMmyBaHHS TP 1OMY, 3 OJHOTO OOKy, 3a0e3meuye
3HAMOMCTBO 3 TMPOIIECOM CaMOCTIMHOTO TporpaMmyBaHHS mpodeciiiHux 3amad, 3
JPYTOro — € 3ac000M TMePEBIPKU MPABUILHOCTI AITOPUTMIB.

31 cKa3aHOro BHWIIE BHUTIKAIOTH CHEHU(IYHI BUMOTH [0 BHOOPY MOBH

MporpaMmyBaHHs JIsi 0a30BOi KOMIT IOTEPHOI MIATOTOBKH 3/100yBadiB BHIIOI OCBITH.
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Moga nporpaMyBaHHs IOBUHHA OYTH BITHOCHO MPOCTOIO, 1100 OCHOBHI KOHCTPYKITii
MOXHa OyJ0 BHMBUMTH 3a TOW OOMEXKEHMH uYac, [0 HAJAEThCS 3700yBayaM-
Henporpamictam. B TOi ’ke uYac BOHa TOBHHHA HAaBYaTH XOPOIIOMY CTHIIIO
MPOrpaMyBaHHS 1 IOMyCKaTH y3araJbHCHHS Ta YAOCKOHAJICHHS HAIMCAaHUX MPOTpam
3 BpaxyBaHHSIM CyYaCHUX TEHJCHIIIN B MPOrpaMyBaHHI.

Came Takoro € MoBa nporpamyBaHHs [lackanb, sika BXKe 3 MOMEHTY 11 pO3poOKHU
BiJI3HAYAJIaCs THYUYKICTIO, HAAIMHICTIO, TPOCTOTOIO 1 SICHICTIO KOHCTPYKIIii; HaOopoM
PI3HOMAHITHUX CTPYKTYp JAaHuxX ( MpocTi 3MiHHI, MacuBH, (aiiu, MHOXKHUHH,
3aIuCH ), a TAKOK PO3BUHEHUMU 3ac00aMU CTBOPEHHSI HOBUX THUIIB AaHuX [2]. Kpim
TOro, MoBa Ilackaiabh MOBHICTIO BiJIITOBiIajla BUMOTaM CTPYKTYPHOT'O ITPOTpaMyBaHHS.
3rogoM po3NIMpeHa Bepcis MOBH Oysa peaii3oBaHa SK cHCTeMa MpodecioHaTbHOTO
nporpamyBanHs Typ6o-Ilackans ( Turbo Pascal ), omna 3 ocoOmmBocTeH sKOI
MOJIsiTa€ B HASIBHOCTI 1HTETPOBAHOTO  CEPEJOBWINA, IO 3abe3medye BBEICHHS,
penaryBaHHs, 30epiraHHsi, BHKOHAHHS Ta HaJAaro/)KeHHS IMporpaM B JOCHUTH
KOM(MOPTHUX [Jisi KOpPHCTyBaya yMoOBax. 3a jgornomoroto cuctemu TypOo-Ilackanb
TpUBIMKM Yac e(EeKTHBHO NpOorpaMyBalMcs 3ajadyi, MOB'I3aHI 3 HAayKOBUMH 1
THXKEHEPHUMH PO3paxyHKaMU; OMpallbOBYBaHHSIM €KOHOMIUHOI 1 CUMBOJIBHOI 1HGDOP-
Mallii; KepyBaHHIM TEXHOJIOT1YHUMU MPOIIECAMH TOIIIO.

CrpimMke BIpoBaKeHHs cucteM nporpamyBanus C, C++, C#, Python, Java na
JESKUA Yac MPU3YIUHUIO aKTHBHE BUKOPUCTaHHS MOBH mporpamyBaHHs [lackaib.
Brim, He3abapom 3’sBrItacs cucrema nporpamyBanas PascalABC.NET [3].

3ayBaxxumo, 1o Pascal ABC.NET — me cucrema mporpaMmyBaHHS Ta MOBa
Pascal noBoro mokominHsa ms miatdhopmu Microsoft. NET. MoBa mporpamyBaHHs
Pascal ABC.NET 3a0e3nedye MOXKIUBICTh BUKOPUCTAHHS BCiX OCHOBHUX €JIEMEHTIB
Cy4yaCHUX MOB TPOTPaMyBaHHS, BKJIIOYAIOYM MOMYJi, KJIACH, TEpe3aBaHTAXKCHHS
omeparlii, iHTepdericy, BUKIIOUCHHS, y3araJlbHeH] K1acu, 30MpaHHs CMITTS, JIIMO1a-
BHpPAa3H, a TAKOXK JICSKI 3aCO0M MapanenbHOCTI, 30kpema, nupektuBu OpenMP.

[Tnatdopma nporpamyBanusi Microsoft. NET 3a06e3neuye MoBY nporpaMmyBaHHs

PascalABC.NET Benukoi0 KUIBKICTIO CTaHJAPTHHX O10i0TeK 1 Ja€ MOMKIHUBICTH
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nocuTh mpocto cymimartu ii 3 iHmuMmu NET-moBamu: C#, Visual Basic.NET, C++,
Oxygen Tomo. Bona Hamae Taki 3aco0M SIK €IWHUM MEXaHI3M OMpAIIOBAHHS
BUKJIIOUEHb; €JUHUN MEXaHI3M YIpPaBJIiHHSA NaM’STTIO Y BUIJISAL 30MpaHHSA CMITTS;
MOXJIMBICTh BUILHOI'O BUKOPUCTAHHS KJIAciB, YyCHaJKyBaHHS, modiMopdizmMy Ta
iHTepPeiiciB MK MOAYIsIMU, HanMcaHUMU Ha pi3HuX .NET-moBax.

[Ipu Bcromy ubomy cuctema Pascal ABC.NET Bkitowae B cebe mpocte
IHTeTpOBaHE CepeloBUINE, SKE JOMyCKae IMIBUAKE CTBOPEHHS TIporpaM, He
o0TspkeHuX 1HTepdericoM. Takum 4YMHOM, BOHA HE BiJBOJIKae ¢axiBiisl, SIKUM HE €
npodecioHasoM B rajaysi IporpaMmyBaHHs, BiJl BUPIIIEHHS MOr0 OCHOBHUX 3a1ay. Jlo
TOTO K, MOXXHa BHKOPHCTOBYBaTH BCi IepeBaru KiIacuyHoi MoBH Ilackainb,
OpiEHTOBaHOT caMe Ha HaBYaHHS XOpPOIIOMY CTHJIO TporpamyBaHHs.  llpu
HEOOXiTHOCTI JOBEICHHS MPOrPAMHOTO MPOAYKTY JO MAacOBOTO BHKOPHUCTAHHS
3aBKIM MOXHA CKOPHCTATUCS TOCIyraMu MNpoQecioHATbHUX TPOTPaMICTIB st
CTBOPEHHS BIATIOBIAHOTO iHTEp(dEICY.

Taxkum ymHOM, Ha CHOTOIHI MPU BUOOPI MOBU MpOTrpamMyBaHHs sl 0a30BOi
KOMIT FOTEPHOT OCBITH 37400yBauiB-HEMPOTPAMICTIB CJIiJl BiAJaTH TEpeBary CUCTEMI

Pascal ABC.NET.

CnHCcoOK BUKOPHCTAHUX JIZKepeJt

1. MoBa mporpamyBanuss y 2024 pomi: 3 wuoro mouard ©HoBaukam? [/ URL:
https://Kiev.itstep.org/blog/programming-language-in-2022-where-to-start-for-beginners (mata
3BepHeHH:: 2.05.2024)

2.KapimoB [.LK. Komm’torepHi MeTroau Ta 3aco0M pPO3B’SA3aHHS IHXKEHEPHUX 3a7a4:. HaBY.
nocionuk. Kam’suceke: JJJATY, 2017. 283 c.

3.BuBuaemo wmoBy mporpamyBants Pascal ABC. URL: http://examples.infua  (mara
3BepHeHH:: 2.05.2024)
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K. Texn. Hayk Kocyxina O.C.

Biookpemnenuti cmpykmypruuii niopo30in « Texnonoeiunuii ¢haxosuii koneoxic
Jninposcbko2o 0epawcasnoco mexHiuHo20 YHIgepCcUumeny»
3ACTOCYBAHHSA KOMII'IOTEPHUX ITPOTI'PAM ITPU BUKJIAJAHHI
JUCHUTIITHA «JITHIHHA AJITEBPA»

VY cycniabcTBl 1H(MOpMaIiIHI TEXHOIOr1i BCEOIYHO MPHIMANal0Th Ha BCl cepH
KUTTSI, 1 OCBITHIM TMpollec BXE HEMHUCIMMHI 0e3 pI3HOMaHITHOI KOMII'IOTEpHOT
niaTpuMku. lle BU3HAuYae aKkTyaJdbHICTh BIPOBADKEHHS CYYaCHUX KOMIT'HOTCPHUX
TEXHOJIOT1d B OCBITHIA MpolleC Ha PI3HMX €Tanax HaBYaHHA 3700yBayiB OCBITH.
3pocTanHs o0cAry iH(popMallii 3 0JHOYACHUM 3MEHILIEHHAM 4acy HaBYaHHS MOTpedye
CHOTOJIHI TIIJIBUIICHHS 1HTEHCUBHOCTI 3aHSTh. 3 I[I€I0 METOK BUKOPUCTOBYETHCS
KOMI'TOTepHA TEXHiKa, IO JI03BOJIIE HAOYHO Ta IIBUAKO IPOBOIUTH CKJIAIHI
OOYUCIICHHS.

Bigyanizaiisi crnpusie kpamomy 3amnaM'aTOBYBaHHIO MaTepiany. Bukopucranus
KOMIT IOTEPHOT TEXHIKH J03BOJIAE€ BUKJIAJa4ueBl YaCTUHY UIIOCTPATUBHOTO MaTepiany
3arOTOBUTU 3a3dalieTifb. SKII0 Ha TpaguiliiHIKN momi iHGOpPMAaIIo JOBOAUTHCS
BUJAISITH, TIPU BUKOPUCTAHHI KOMIT'FOTEPHUX TEXHOJOTIN 3'SIBISETHCS MOMIHBICTH
MOBEPTATUCS JI0 HamWcaHOro paHime Oe3 BTpaTtu iHdopmallii. BukopucranHs Ha
JIEKI[ISIX 3arOTOBJICHUX 3a3/ajieriib (parMeHTIB J03BOJISE 3PYUHIIIC 1 3pO3yMuTiIIe
Uit 3700yBaviB OCBITHM CTPYKTYypyBaTH Marepiai, 3aaaBaTH (parMeHTH OMOPHUX
KOHCIIEKTIB Ta 3/1IICHIOBATH 3BOPOTHUM 3B'SI30K 3 HUMH y BHUTJISAI KOPOTKUX NMUTAHb
a00 TECTOBUX 3aBIaHb.

3 mucruiuninn - «JIiHiiHa anre6pa» pO3MOYMHAETHCS MaTeMaTHYHA OCBITa
3M00yBaviB, 10 HABYAIOThCS 32 OCBITHBO-TIpoeciiHuM cTyneHeM (axoBuid
Mosofmmii  OakamaBp 3a cremianbHOCTIMU «121  [HXXEHepis mpOTrpaMHOTO
3abe3neuenns» Ta «113 [puknanna matematukay. 3HaHHS, OTPUMaHi y IbOMY Kypci,
BUKOPHUCTOBYIOTHCSI B MOJAJBIIOMY y MaTeMaTUYHOMY aHali3i, Au(epeHLiaIbHUX

PIBHSIHHSX, JUCKPETHIM MaTeMaTHIll, MaTeMaTHYHIA JIOTII, METOJAax ONTUMI3aIlii Ta

145



1H. JIJ1 yCHiIHOTO 3aCBOEHHS Martepiany nucuuiuiing «JliHiliHa anredpa» 3100yBayi
OCBITM TOBMHHI MaTd MaTe€MaTW4HI 3HAHHS B paMKax WIKUIbHOI mporpamu. [lpu
BUBYEHI JIHIAHOT anreOpW Ha MNPAKTHUYHUX 3aHATTAX MOPYY 13 TpaguUIiHUM
MarnepoBUM PO3PaXyHKOM MOXKYTh OYTH 3aCTOCOBaHI Taki KOMIT'FOTEpHI IPOrpamMu, K
MatLab, MathCAD, Maple. Lle 103BOIMTH MIABUIIUTH IIKABICTh J0 MpeaMeTy, Oyie
COPUSTH KpalmloMy 3aCBOEHHIO MaTepiajia, CTHUMYIIO€ 3700yBadiB OCBITH 10
CaMOCTIMHOTO BUBYEHHS JOJAaTKOBUX MaTepianiB. [li  mporpamu €  3pydyHUM
IHCTpYMEHTOM Il pO3B’SI3aHHSA PI3HUX NPUKIAAHUX 3a7ad, aje Il MpPOorpaMu
BUMAaraloTh HaBHUYOK MPOrpaMyBaHHs BiJ 3/100yBayiB OCBITU Ta 3aKyMiBJ1 JILIEH311
BiJl HABYAJIHLHOTO 3aKJIaqy, TOMY MOXYTb OYTH 3alpOIOHOBAaHI Ha CaMOCTiliHE
BUBYCHHS JIMIIIC HAHOUTBIN 3alliKaBIICHUM 3/100yBadyaMm.

OpHak TmparoBaTH 3 MATPHISIMA Ta BHU3HAYHUKAMU MOXHA HE TUIBKH Y
CTeIliai30BaHNX MaTEeMaTHYHUX TMaKeTaxX, aje ¥ y 3BHYHUX O(ICHUX EeIeKTPOHHUX
Tabnuisix. BuBuenHs aucumrmutiag  «JIiHiiiHA anrebpa» B KOJEMXl 3a3BUYAM
POBOJIUTHCS Ha MepumioMy Kypci. Y 1el dac 3700yBadi OCBITH I TUIBKU
3HAMOMJISITCSL 3 KOJIE/DKEM, MpaBWJIAMH TMOBEIIHKM B HbOMY Ta OCOOJIMBOCTSIMU
pPO3KIaAy 3aHATh. ToMy IIel Yac He IyKe 3pYyYHHUU ISl BUBUCHHS HOBUX BEIIMKHUX
MaTeMaTHYHHUX TakKeTiB. EnekTpoHH1 Tabauill HaOyIu MIHUPOKOTO MOIMIUPECHHS, BOHH
BUBYAIOTHCS Yy IIKOJAX, YacTO BCTAHOBIIOIOTHCSA 1 Ha IUIAHIIETH, 1 HA Cy4YacHI
tenedoHu, To0To y 3700yBadiB OCBITH € JAOCTYII JO HUX NMPAKTHYHO 3aBXAu. [Ipu
[IbOMY 3/100yBadi OCBITH HE BIIUYBAIOTh TPYIHOIIIB ITiJT YaC pOOOTH B €IEKTPOHHHUX
TaOJIUIAX, 3HAXOMATHCA B KOM(POPTHOMY IICHXOJIOTIYHOMY CEpPEOBHINI 1 MOXKYTh
MTOBHICTIO 30CEPEIUTHUCS HA HOBOMY MaTepiaji 3 IPeaMETY.

B sKkocTi mpukmamy po3IrITHEMO PO3PAXyHOK CHUCTEM JIHIMHUX PIBHSHD
anreOpu MetofoM oOepHeHOi Matpuilli B odicHid mporpami Excel (puc. 1).
BaxxnmBoio 0COONMBICTIO €JIEKTPOHHMX TaOJMIb € MHUTTEBHH IMEpepaxyHOK BCIX
dbopMyn Ta pe3ynbTaTiB 0OYMCIICHBb MPHU 3MiHI BXIIHUX NaHUX. Tak, Mpu BUBYCHHI
nucuuIuliag «JIiHiiiHa anredpa» 3pydyHO HAOUHO JIEMOHCTPYBATH 3100yBavam, K Bij

3MIHM Ha HEBEJIMKY BEIUYUHY OJIHI€E] HU(GPU y BUXIAHUX JAHUX 3MIHIOETHCA
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3HAUEHHS BHU3HAYHUKIB, PO3B'SI3aHHS CHCTEMHM JIIHIMHUX PIBHSAHb Tollo. Marouu
MOXJIMBICTh 0araTopa3oBO 3MIHIOBAaTH BHXIJIHI JaHl, CTYJAEHTH MMOYMHAIOTH Kpallle

PO3yMITH B3a€MO3B'SI30K PI3HUX (DAKTOPIB.

CICE
®ain OcrosHe BcTasneHun ManwasaHHRA PozmiTia cTopiHKKM Coprynn Hani PeueHzysaHHA MNogaHHA
(==]
A2 H OB E & B =
Becrasumn | Astocyma Hewogasno @iHadcoea florigni Tekctosi Jata 1a Mocwnanss Marematuada  [Hwi Adncneryep
byHKLir0 - BUKOPUCTaHI ~ - - - HACT T3 MACHMEBM T - by HILT imen £z CreopuTy
BiGnioTeka byHKLiiA Bu3Ha4eHi
GE3 i fe | {=MMULT({C9:E11;G3:G5)}
A ] C D E F G H
1
2 MaTpuua cucremm A CToBMYKMK BiNbHWX YneHie B
3 3,00 4,00 2,00 8
4 2,00 -4,00 -3,00 -1
> 1,00 5,00 1,00 0
&
T ObepHeHa maTpuua Po3e'A30K X=
8 21
9 0,268293 0,15 -0,10 -1
10 -0,12 0,02 0,32 3
1 0,34 -0,27 -0,49
12

Puc.1 Ipuknan

[Tpu poOOTi 3 €IEKTPOHHUMH TAOJUISIMU Y 3700yBauiB OCBITH € MOXKJIUBICTD Y
OyIb-IKU MOMEHT 4Yacy 3MIHUTH O0OpaHy (QYHKIIIO Ha IHIIY, SKIIO I¢ He
CYIIEPEUUTh BUXITHUM JTaHHUM.

BrpoBajpkeHHsT y HaBUanbHUN TIpoliec poOOTH 3 ENEKTPOHHUMH TaOIUISIMHU
JaJI0 TIO3UTHMBHY JTWHAMIKY pe3yJbTaTiB BUBYCHHS 37100yBayaMH OCBITH JiHIHHOT
anreopu. 3aHATTS 13 3aCTOCYBaHHSM KOMIT IOTE€PIB BUKIMKAIOTH 3aI[IKABICHICTH Y
HUX, JIO3BOJISIIOTH OJIpa3y TMEPEBIPUTH CBOi po3paxyHKH. 3100yBadi, 3BUYHI [0
BUKOPHUCTAaHHS KOMITIOTEPHUX TEXHOJIOT1H, mepedyBaroTh y KoMGOpTHOMY i cebe
MICUXOJIOTIYHOMY CEpPEOBUIII, IO MOKpaIlye€ pe3yiabTaT HABYAIBHOI MiSUTBHOCTI

0COOJIMBO TIiJT Yac TUCTAHIIHHOT POOOTH.
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. mex.n. Kpuiosa T.B.
J[Hinposcwkuti deparcasHuli mexHiuHull yHigepcumem
DEVELOPMENT OF EDUCATION IN UKRAINE IN THE XVI-XVII
CENTURIES

"Education is the process and result of a person's assimilation of a certain
system of sciences, knowledge, practical abilities and skills and related to them one
or another level of development of his mental, cognitive and creative activity, as well
as moral and aesthetic culture, which in their totality determine the social face and
individuality of this person.

Education is the broadest of pedagogical categories, which has a holistic,
multifunctional and multi-meaning structure”.

Education has three more important functions: creative, technological and
humanistic.

These functions are combined with the educational, developmental and
educational function. They are considered in their unity and interrelationship.

The concept of "education” has several aspects, namely: a process that is a
holistic unity of learning, education, development, self-development; preservation of
cultural norms with orientation to the future state of culture; creation of conditions for
the full realization of an individual's internal potential and his formation as an
integrated member of society, performing the function of the succession of
generations.

The content of education and its level determine the requirements of production
and are determined by social relations, the state of science, technology, culture, and
the level of development of school affairs and pedagogical science. Teaching
methods aimed at solving certain educational goals are closely related to the content
of education.

In the second half of the 16th century, there were changes in the state-

administrative situation of a large part of Ukrainian lands. In the second half of the
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16th century, and especially in the third half of the 17th century, cities in Ukraine
were further developed as centers of craft and trade, economic ties between
individual lands were strengthened, and the prerequisites for the formation of a single
internal, i.e., national market arose. The process of development of the Ukrainian
nation continued, the national consciousness of the Ukrainian people grew, and
Ukrainian culture developed.

In order to fight against foreign oppression, national and religious pressures, the
urban and partly rural population organized themselves into brotherhoods in the 16th
and 17th centuries. These brotherhoods opened schools, printing houses, around
which cultural forces united. At the end of the 16th and beginning of the 17th
centuries, fraternal schools were established in 1585 in Lviv, in 1615 in Kyiv, in 1620
in Lutsk, Vinnytsia, Nemyrov, Kamianets-Podilskyi and some other cities. Teaching
in these educational institutions was conducted in the native language. Considerable
attention was paid to the study of Greek, and later Latin and Polish languages,
grammar, rhetoric, as well as arithmetic, astronomy, music and theology were
studied.

In the second half of the 16th century, the spread of education contributed to the
emergence of book printing in Ukraine. The first printing house was opened by Ivan
Fedorov in Lviv, where "Apostol™" and "Bukvar" were published in 1574. In 1578, the
Ostroz printing house was founded, then its equipment was transferred to the Lviv
brotherly printing house. By the middle of the 17th century, there were 25 printing
houses in 17 cities and villages in Ukraine: in Kyiv - the Kyiv-Pechersk printing
house, the printing houses of T. Verbytskyi and S. Sobol; in Lviv - M. Slezky and F.
Zhelyborskyi; Chernihiv Typography.

The Lviv Assumption Brotherhood was known for continuing the traditions of
Ivan Fedorov. It developed book printing and ensured the distribution of books in
Ukraine and abroad. In 1585, the brotherhood founded a school, which was to

eventually turn into an educational institution.

149



In 1632, the first higher educational institution in Ukraine was established - the
Kyiv-Mohyla College. It was created by merging the Kyiv Fraternal School and the
Lavra School. The school was attended mainly by the children of the Ukrainian
nobility, elders, clergy, rich burghers and Cossacks. Fraternal schools played a
progressive role in the spread of education and the development of Ukrainian culture.
This event marked the beginning of the development of higher education institutions

in Ukraine.

. nex. n. Kpuaosa T.B., k. ¢i3.-mart. H. Kapimos LK.
Jninposcvkutl Oepocagnull mexHiuHuil yHigepcumem
CYYACHI IHOOPMAIIWHI TEXHOJIOI'TI
B BUBYEHHI JUCHUIIJIIHA
«IMEJATOI'TKA TA METOJUKA BUKJIATAHHS Y BUIIIN HIKOJII»

HNucnurmnina «Ilemarorika Ta MeTOAWKAa BHKJIAJAaHHA y BHIIIH MIKOJI» €
000B’SI3KOBOIO  IMCITUIUIIHOIO  MIATOTOBKM 3/100yBadiB BHUIOI OCBITH JPYroro
(maricTepchkoro) piBHa 31 cmemianbHocTi 113 «IIpuknagna matematuka». Mera
BUBYCHHS JUCHMIUIIHU TOJSATa€ B MIATOTOBIII MalOyTHIX (axiBIiB 10 BEIACHHS
HABYaJBHOTO MPOIECY 3 MaTeMaTHUYHUX JUCHMIUIIH. B peanisix ChOTOJeHHS Taka
TSUTHHICTH HEPO3PUBHO TOB’S3aHA 3 3aCTOCYBaHHSAM 3aCO0IB KOMII IOTEPHOI TEXHIKU
Ta cCyJacHHX iH(popManiiHuX TexHotorii [1, 2]. Came TOMy mporpamoro TUCIUTLTIHA
«Ilemarorika Ta METOJMKA BHUKJIAJaHHS Yy BHIIIA IIKOJI» mependadyeHe BUBUYCHHS
BIJIMOBITHOTO TEOPETUYHOTO MaTepialy Ta MPOBEJEHHS CIEIialbHOTO MPAKTUYHOTO
3aHATTS  «BukopuctanHs  iH(POPMAIIHO-KOMYHIKAI[IMHAX  TEXHOJOTIH  TIpH
MIPOBEICHHI 3aHATH 3 MATEMATHKI.

OCHOBHI TEOPETHYHI MUTAHHS, IO PO3TIISAIAIOTHCS:

1. Komm’roTepHa MaTemMaTuKa, ii pojb B MaTeMaTUYHIN MIATOTOBII 3/100yBayviB

OCBITH.
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2. OCHOBHI MOXJIMBOCTI 1 MpIlOpUTETU 3acTocyBaHHA cuctemu MathCad npu
HaBYaHHI 3/100yBayiB BUIIO1 OCBITH.

3. Ilincucrema cumBoabHOi MaTemMatukun MathCad Ta ii 3acTocyBaHHA mpu
BHUBYEHHI U(EpPEeHIIaTIbHOr0 Ta IHTETPaAIbHOTO YUCIEHHS.

4. CranpaptHi ¢yHkuii 1 iHcTpyMeHTH MS Excel Ta iX BukopucTaHHS npu
BHUBYEHHI KJIACUYHOT MaTEMaTHKHU.

5. 3actocyBanHa MS Excel i aemoHcTpanii TEOPEeTHUHHMX MOJIOKEHb
MaTEMaTUKH.

6. MoxnuBocTti MS Excel ns po3B’si3aHHs 3a/1a4 ONTUMI3AIII].

[IpaktnyHa pobOoTa mojisirae B PO3pOOIl MPOEKTY MPAKTUYHOIO 3aHATT 3
3aCTOCYBaHHSIM KOMIT IOTEPHUX TEXHOJOTIA BHUPIIMIEHHS MAaTeMaTHYHUX 3ajad.
[Tpuknaau 3aga4, 0 MOXKYTh OyTH OCHOBOIO ITPOEKTY, HABEJIEH1 HUXKYE.

cosxdx

1. O6uncuti noxigny dynxmii f(x)= x> Insin X Tta j3 SNy
+2SIn X

2. BuzHauntn HaOMMKeHE 3HAUCHHS KOPEHS PIBHSHHS
2x —3sin2x—-1=0
3. Po3p’s3atu 3amauy Komri my1s qudepeHmiaibHOro piBHIHHS
y" -4y’ +3y = x5 +5x2
Ha intepsani [0;1] npu no4aTKOBI! yMOBI y(0)=0, y'(0)=2.
4. Po3B’si3aTH cUCTEMY PiBHSHD
2X, + X, =5Xg + X, =4

X —3X, —6X, =—7
2X, — X3 +2X, =2

| X +4X; = TX3 +6X, = =2

5. [leske  MmMAOPUEMCTBO  MOXKE  BHITYCKaTH  MPOAYKIIO N BHIIB,
BUKOPHUCTOBYIOUM MPU IOMY CHPOBHHY M BUMIB. BimoMi HOpMHU BUTpaTH i-0i
CHPOBHHM Ha OJHMHUIIIO TPOIYKII |-rO BUAY Cij, 3amacu i-oi CHPOBUHU @;,

co0IBapTICTh Sj Ta ONTOBA IiHA Zj OAWHUII |-01 nmpoaykuii. [ToTpiOHO ckiIacTh Takwii
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IUIaH BUITYCKY NpOAYyKIli, mo0 cymapHuil mnpuOyTok BiA ii peanizauii OyB
HaWOLTBIINM.

3BITHICTh O POOOTI mependayae OMMC TEXHOJOTIl BHpPIMIEHHS 3ajadl 3a
JOTIOMOTOI0 KOHKPETHMX MPOrpaMHUX 3aco0iB; 3aXHCT MIPOEKTY IPOBOJIUTHCA B
MPUCYTHOCTI BCIX CIIyXadiB JaHOI JUCHUIUIIHU Ha OCHOBI CIELIaJIbHO MIATOTOBJICHOT
Mpe3eHTallli.

Cnmcox BUKOPHCTAHMUX JKeEpeJI

1. KapimoB [.K. Komm’rorepHi TexHOJIOTHi B HaBYAJbHOMY MPOLECI TEXHIYHOIO
yHiBepcurery: MoHorpadis / I.K. Kapimos, I'.1. Kapimos. — Kam’suceke : JJJITY, 2020. — 168 c.

2. MeroAoNoriuHi TUTAaHHS MATEMATHYHOI ITTOTOBKH B TEXHIYHOMY YHIBEPCHTETI:
MoHorpadis/ H.M. Bonocosa, €.B. Jlepeus, [.K. Kapimos Ta inmi — Kamsuceke: JATY, 2020. —
178 c.

K.e.n. Hyxna C. A.
Jninposcovkutl oepoicasHuti acpapHo-eKOHOMIYHULL YHIgepcumem
3n100yBau Hy:xna 5. O.
Vuieepcumem mumnoi cnpasu ma ¢inancis
BUKOPUCTAHHA IHTEJEKTYAJIBHUX ThBIOTOPCBKUX CUCTEM
JJIAA TIEPCOHAJII3OBAHOT'O HABYAHHA 3I0bYBAYIB

VY cydacHOMY CBITI OCBiTa € OJHIEIO0 3 HaWBAXJIMBIMHUX cdep, M0 BU3HAYAE
PO3BUTOK CYCIJIBCTBA T4 €KOHOMIKH. 3 PO3BUTKOM 1H(POPMAIIMHUX TEXHOJOTIH Ta
MITYYHOTO I1HTENEKTY BUHHMKAIOTh HOBI MOXJIMBOCTI JUISI TOKPAIIECHHS OCBITHBOTO
IpoIiecy, 30KpeMa depe3 IMepcOoHalli30BaHe HaB4aHHA. [lepconamizaimis HaBYaHHS
JI03BOJISIE BPAaxXOBYBATH 1HAMBIAYyadbHI OCOONHMBOCTI, MOTpeOM Ta pIBEHb 3HAHBb
KOXKHOT'O CTYAEHTA, 110 CIpUs€ MIABUILIECHHIO €()EKTUBHOCTI HABYAIBHOTO MPOIECY
Ta MOTHUBAIII] 3100yBadiB.

InTenexryanbHi ThioTOpChbKl cucteMu (ITC) € ogHiero 3 HaNEPCHEKTUBHIMINX
TEXHOJIOTIH y I[bOMY HampsiMKy. BoHm 0a3ylOThCS Ha alropuTMax MaIlWHHOTO
HABYAHHS Ta BEJMKUX JAHUX, IO JO3BOJISIE aBTOMATH30BAHO aHATI3yBaTH MOBEIHKY

3100yBayiB, IXH1 YCIIXU Ta MPOOJIEMH, a TaKOXK aJdanTyBaTW HAaBYAIbHUN KOHTECHT
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BIAMOBIAHO 10 ixHIX 1moTpeO. ITC cnpustoTh MIABUIIEHHIO YCHIIIHOCTI 3100yBayiB
3aBISKM 1HAMBIAYyAIBHOMY MIAXOAY 10 HaBuyaHHA. [lepcoHanizoBaHl pekoMeHAaIlii
JO3BOJISIIOTh  3/100yBayaM Kpaille 3pO3yMITH HaBUalbHHUM MaTepian, MiABUIIYIOTh
iXHIO MOTHMBALII0 Ta 3aJy4YeHICTh Yy HaBuUaJdbHUM mpouec. 3100yBayl, sKi
KOPHUCTYIOTBCSl IHTEJIICKTYaJIbHUMH THIOTOPAaMH, JAEMOHCTPYIOTh BHUIII pe3yJbTaTH B
HaBYaHHI NOPIBHSAHO 3 TUMH, XTO HABYAETHCS TPAJULIHHUMU METOIAMH.

Apxitektrypa ITC cknamgaerbecsi 3 NEKUIBKOX KIIOUYOBUX KOMIIOHEHTIB, KOXKEH 3
SKUX BUKOHYE BOXXIIUBY POJIb Y 3a0€3MeueHH] IEPCOHATI30BAHOTO HABUAHHS: MOIYITh
300py JlaHUX, MOJTYJIb OOPOOKHU JaHUX Ta MOAYJIb PEKOMEH/IAITIH.

Mopayne 300py maHux 30upae iHpopMallito mpo CTyACHTA, BKIIOYAKYU HOTO
HaBYaJIbHI JIOCATHEHHS, BIANOBIAI HAa 3aBJaHHS, peE3yJbTaTH TECTIB Ta IHIILY
aKTUBHICTh y HaBUaJbHIA cUCTeMi. BUKOpPHCTOBYeE pi3HI JKepena JaHuX, Taki sK
€JIEKTPOHHI HaBYaJIbHI TUIATQOPMHU, OHJIAWH-KYpPCH Ta COIIajdbHI Mepexi. Moayib
00poOKM NaHWX aHai3ye 310paHi JlaHl 3a JIONIOMOTOK aJITOPUTMIB MAIlTUHHOTO
HAaBUaHHS Ta BEIUKUX JaHUX. Bu3zHavae i1HAWBIIyadbHI OCOOJHMBOCTI KOXXHOTO
CTyJIEHTa, MOT0 CHJIbHI Ta CJa0Ki CTOPOHHM, a TaKOXX IMPOTHO3M IIOJA0 MaiOyTHIX
HaBUYaJbHUX pe3ynbTaTiB. OcTaHHIA MOAYJIb (MOAYJIb PEKOMEHJaIliil) Ha OCHOBI
aHaJi3zy JaHUX TEHepye TEePCOHAII30BaHI pEeKOMEHJalll IJisg CTYACHTIB MI0A0
HaBUYaJbHUX MarepialliB, 3aBJaHb Ta CTpaTerii HaB4aHHS, 3a0e3leuye aaanTalliro
HABYaJbHOTO KOHTEHTY BIAMOBIAHO 10 MOTPeOd Ta pIBHSA MIATOTOBKH KOXHOTO
ctynenta. He MeHII BaXJIMBUM € MOIyJb B3a€MOAli 3 KOPHCTyBaueM, SIKUN
3abe3reuye iHTepdehc s B3aemomii 31 CTyJACHTAMHM Ta BHKIagadamu. Hamae
3BOPOTHHH 3B 30K y peajbHOMY Yaci Ta MIATPUMYE KOMYHIKAIIIIO MK 3100yBaueM
Ta CUCTEMOIO.

ITC aBTOMaTH3yIOTh 0arato pyTHHHHX 3aBlIaHb, TAKUX SIK MEPEBIpKa 3aBIaHb,
TECTyBaHHS Ta HaJaHHS 3BOPOTHOTO 3B's3Ky. lle mo3Bomsie BHKIamadam
30CepeNTHCS Ha OUIBII CKIAJHUX Ta TBOPYMX AaCMEKTaX HaBUaHHS, TaKUX SK
pO3po0OKa HOBUX HABYAIBHUX MaTepiaiiB, MPOBEICHHS JOCHTIKEHb Ta 1HANBIyalbHA
pobora 31 3100yBayamMu. 3MCHIIICHHS HAaBAHTAXKCHHS HA BUKJIAJAYiB TaKOXK CIPHSIE

TTOKPAIIIEHHIO SKOCTI OCBITH 3arajioM.
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Ha cporoanimHiii neHb ICHy€ KUIbKAa YCHIIIHUX HPHUKIAAIB BIPOBAIKEHHS
IHTEJIEKTyaJIbHUX TBIOTOPCHKUX CHCTEM Yy HABUYAIBHHUX 3aKjaJaX MO BChOMY CBITY.
Hanpuknan, Carnegie Learning's MATHia, Knewton, Smart Sparrow Ta inmii.

Carnegie Learning's MATHia - ITC, po3po0ieHa Iisi HaBYaHHS MaTEeMaTHKH.
BoHa BUKOPHCTOBYE aanTUBHI aJITOPUTMH )1 HaJaHHS MTEPCOHAII30BAHUX 3aBaHb
Ta peKOMEHAAIii 3100yBayaM, 110 T03BOJISE TTOKPAIIUTH iXHI MaTeMaTUYHI HABUYKH.
Knewton - apanTtuBHa HaBYaibHAa MaTGoOpMa, 10 BUKOPUCTOBYE TEXHOJOTII
IITYYHOT'O IHTEJICKTY IS aHali3y HaBUYAIBHMX JaHUX 3J00yBadiB CTBOPCHHS
IHAMBIAYaI30BaHUX HaBYaJIbHMX IUIaHiB. Ilmardopma 3acTocoBYeThCS B PI3HUX
JTUCHUIUTIHAX, BlJ MaTeMaTUKU J0 TYMaHITapHUX HaykK. Smart Sparrow - miatdopma,
0 J03BOJISIE BUKJIQJlauaM CTBOPIOBATH aJalTUBHI HaBYaJlbHI Marepiaiud 3
BUKOPUCTAHHSIM IITYYHOTO 1HTENECKTY. BoHa 3a0e3neduye 1HAUBIAYaTbHUA TIAX1A 10
HaBYaHHS, BPAXOBYIOUH PIBEHB MiATOTOBKH Ta MOTPEOU KOKHOTO 3/100yBayva.

AxtuBHO BrpoBakyioTh ITC  mud MiABUINEHHS SKOCTI HABYaHHA 1 B
YKpaTHChKMX 3akjafax ocBiTH. OOWH 3 TPOEKTIB, SKUH BapTO BII3HAUWTH, II€
Bukopuctanus 1uatrgopmu EAX (KuiBchbkuit HalioHaJIbHHN YHIBEPCHTET IMEHI
Tapaca IlleBueHka) y TO€IHAHHI 3 aJaNTHBHUMHU HABYAJbHUMU MOIYJISIMHU,
po3po0JICHMMH Ha OCHOBI MAIIMHHOTO HaBYaHHA. 3100yBadl  OTPUMYIOTH
NEepPCOHANTI30BaH1 3aBJaHHA Ta pPEKOMEHJallli, IO JJO3BOJISIE TOKPAIIUTH iXHI1
HaBYajJbHI pe3yjbTaTH Ta 3HU3UTH PIBEHb aKaJeMI4HOi HeycmimHocTi. [IpoekT
"Po3zymne nasuannsn" y Kuiscekomy nosirexniganoMmy iHCTuTyTi (KIII) BUKOpHcTOBYE
TEXHOJIOT1i MITYYHOTO IHTENEKTY IS aHaji3y Mporpecy 3400yBadiB Ta HaJIaHHS
IHAUBiNYyaTbHUX pekoMmeHaanii. Cucrema gomomarae BHSIBISATH clIaOKi Miclsl B
3HAHHIX 3700yBaviB Ta MPOIOHYE TOAATKOBI MaTepianu ais ix mokpameHnHs. [Ipoext
"Inmenekmyanvie  Hasyannsa"  (XapKiBCbKHN ~— HAI[IOHATBHHA  YHIBEPCHUTET
PaTioCIIEKTPOHIKN) BUKOPUCTOBYE JITOPUTMHU MAITUHHOTO HABYAHHS JIJISI CTBOPCHHSI
MEPCOHAII30BAHNX HABYAIBHUX TPAEKTOPii s 3m00yBauiB. CucremMa aHami3ye
PE3yNIbTaTH TECTIB Ta 3aBJaHb, HAJAIOYU PEKOMEHAIT III0/I0 MTOAAJBIIOTO HABYAHHS
Ta PO3BUTKY HaBWYOK. JIbBIBCHKUI HAIllOHAIBHUI YHiBepcUTeT iMeHi [Bana ®dpanka
AKTUBHO BHKOPHCTOBYE IHTEJIICKTYya bHI ThIOTOPCHKI cucTteMu (tutatdopma Coursera)
JUTS1 TOKpaIeHHs HaBYaHHs 3700yBaydiB-TyMaHITapiiB.

154



PO3BUTOK IITYYHOTO 1HTENIEKTY BIJIKPUBAE HOBI TOPU3OHTH ISl BIOCKOHAJICHHS
IHTEJNIEKTyaJIbHUX THIOTOPCBKUX CHCTEM. A came, NOIJIMOJIEHE NEepCOHaTi30BaHE
HAaBYaHHS, IHTEPAKTUBHI Ta OaraToBUMIpHI CEpPEJOBHINA HABYAHHS, PO3LIKUPEHI
MO>KJIMBOCTI B3a€MO/I1i, IHTErpalis 1HTEIEKTYalbHUX ThIOTOPIB 3 IHIIUMU OCBITHIMU
TEXHOJIOT1SIMH, aHAIITHKA HaBYaHHS, MOOUTbHE HaBYaHHS Ta 0arato iHIIOTO.

OTxe, IHTENEKTyaJdbHI TBIOTOPCHKI CHCTEMH MOXYTh BIIIIPABaTH KIIOYOBY
poiib 'y pedopMyBaHHI OCBITH, 3a0e3neuyroud OUTbII 1HAWBIAYyali30BaHUM Ta
e(deKTUBHUN HaBYAJIbHUI Mpoliec. BoHU crpusitoTh po3BUTKY KOMIETEHTHOCTEH 21 -
ro CTOJITTS, TAKUX SIK KPUTHMYHE MUCICHHS, IPOOJIEeMHE BUPIIICHHS Ta CAMOCTIHHE
HaB4yaHHA. Y MaiOyTtHboMy ITC MOXYTh CTaTH HEBIJI'€MHOI0 YaCTHHOIO OCBITHIX

CUCTEM, 3a0€3MeUy0UH SIKICHY Ta IOCTYIHY OCBITY JUJISl BCIX.
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