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IMAPAJUIEJIBHA PEAJIIBAIIISAI METOAY CKIHHEHHHUX EJIEMEHTIB
JJIA 3AJJAYI TEPMOIIPYKHOCTI

I'omeniok C.I., Ko3y6 B.I1O.

PARALLEL IMPLEMENTATION OF THE FINITE ELEMENT
METHOD FOR THE THERMOELASTICITY PROBLEM

Homeniuk S.I., Kozub V.Yu.

Y cmammi 0ocniodcyiomsbca npoekmui po3paxyuKu KOHCMpY-
Kyitl, wo nompebyioms 6ceOiuno20 ananizy npoyecie oeghop-
My6aHHs nio 0i€ro ekchiyamayitinux nasanmaicenv. B peans-
HUX YMO8aX eKcniyamayii 0inbuicme enemenmie KOHCmpyKyii
3HAX00AMbCA Ni0 0Ii€I0 MeXaniuHux i meniosux HAeaHma-
orcennv. [lna amanisy npoyecie 0epopmyeaHHs HeoOXiOHO eupi-
wiyeamu 3aoauy mepmonpyscnocmi. [[na po3e’si3anna maxux
3a0ay 3a36UHall UKOPUCTNOBYEMbCS MEMOO CKIHYEHHUX eile-
Menmis, MOYHICMb K020 3ANeACUMb 8I0 KiTbKOCMI pO3PAXYH-
Kosux 6y3nie. OOHuM 3 emanie po36 a3y6anHs 3a0ay Mepmon-
DYIACHOCIE € POPMYBAHHA MAMPUYL HCOPCMKOCMI MA Menio-
nPoBIOHOCMI CKIHUEHHUX eleMenmis. [ enemeHmis 00H020
MUny GUKOPUCIMOBYIOMbCS 00UUCTEHHs 3a 00HAKOBOI0 Npolye-
Oyporo i KinbKicmb MAaxKux O00YUCIeHb 3YMOGIIE  UYac
Po36’sa3yeanna 3a0ayi. Y mpaouyiiinomy nioxo0di yi oouucien-
HA UKOMYIOMbCA NOCTIO08HO. Y 8UNAOKY 6enukux po3mipie
CIMOK KIMbKIiCmb ma uac po3paxyHKia 30L1buyomscs, wo no-
mpebye onmumizayii 00uUCIeHb 3 BUKOPUCIAHHIM Al20PUm-
Mig napanenvhux obuucnens. Ilapanenizayis memooy cKiHueH-
HUX elemenmie nompeOye ynpaenints pobomoio 00Cmamubo
8eNUKOI KILbKOCTNI NPoYecis, a Mmakoic YNopaoOKYEaHHs 0OMiHY
oanumu mixc npoyecamu. Hac euxonannsa napanenvHux oopa-
XYHKI8 8UBHAUAEMbCA HAUNOGLIbHIWOW0 niozadauero. Ilpu ¢o-
PMYBAHHI MAMPUYL HCOPCMKOCTI MA MENIONPOSIOHOCHT 6U-
HUKA€E HeoOXIOHICIb Npo8oOUmY [HMe2PY8aHHs no obracmi
CKIHYeHHO20 enemMenmy. Buxopucmanns momenmnoi cxemu
CKIHYEeHHUX elleMeHmi8 nepemiwents i oegpopmayii anpoxcu-
MYIOMbCA 0OHAKOGUMU NONTHOMAMU, WO CHPOWYE 0OUUCTEHHSA
inmeepanis. Lla npoyedypa 3axinuyemoca gopmysanuam 610-
Ky Mampuyi #copcmrxocmi, Rpudomy 0 CyCiOHIX CKIHYeHHUX
enemenmis yetl OJI0OK € 4acmKo8o ChitbHum. Y cucmemi i3 3a-
2aIbHOI0 nam'ammioo 0OMiH IHGhopmayiero midxc npoyecopamu
8I00y8acmvbCsi 34 0ONOMO20I0 3MIHHUX, WO 306epiearomvcs 6
saeanvuii nam'smi. Pospobneno ancopummu napaneivnoco
npocpamyeants 0nia noby0osu Mampuyb HCOpCMKOCmi CKiH-
YEeHHUX ~ eleMeHmieé  ma  PO3PAXYHKY — HANPYIHCEHO-
oeghopmosanozo cmany o naxemy npocpam «MIPEJIA+».
Ompumano po36’sa3Ku 015l po3PAXYHKOBUX CIMOK PI3HUX PO3-
wmipis. [ocniosceno enaus napanenizayii Ha 4ac po3paxyHky.
Kniouogi cnosa: memoo cKiHueHHUX eneMenmis, Mampuysl
arcopcmrocmi, napanenvhi obuucnenns, OpenMP, nanpyaice-
HO-0eopmoganuli cma.

Beryn. Ilpu npoekTyBaHHI KOHCTPYKIIH, 110 mpa-
LIOIOTh B YMOBAaxX TEIUIOBOTO 1 MEXaHIYHOIO HaBaHTa-
JKCHHS, BHHUKA€ HEOOXIHICTh MPOTHO3yBaHHS (Hi3UKO-
MEXaHIYHUX XapaKTePUCTHK 1 TMOKa3HHUKIB SKOCTI Y
TPUBUMIPHOMY aCHEKTI.

OpHuM 3 HaHOUIBII e(EKTUBHUX YHUCCIEHUX Me-
TOMIB TIPOEKTHHX PO3PaXyHKIB € METOJ CKiHYCHHHX
eJleMeHTIB. XapaKTepHOI OCOOJMBICTIO METOIY € Oe3-
MOCepeHil TMepexin Big KOHTHHYaIBHOTO OO0'€KTY IO
JUCKPETHOTO MUIIXOM ampOKCHMAIlii reoMeTpii Jocimi-
JUKYBAHOTO OO'€KTY 1 IIyKaHUX MOJIB IepeMilieHb (Ha-
Mpy)XeHb). Y IbOMY BHIIAQAKY [UIA CKJIaZeHnX abo 1ma-
pYBaTHX KOHCTPYKIIH KOXXEH eJEeMEHT KOHCTPYKLIl
(abo miap) 3 pi3HUMHU (Pi3UKO-MEXAHIYHUMHU XapaKTEPH-
CTMKaMH WiIJAa€ThCsl IUCKpeTU3alii Ha MPOCTOpPOBI
eslemMenTH. OTprMaHa JUCKpEeTHA MOJIETIb TBEPJOTO Tijla
JI03BOJIsIE e()eKTHBHO NPOaHaJi3yBaTH MOBEAIHKY TBEp-
JIOTO Tijla B eKCIUTyaTaliiiHuX ymoBax. Ha ocHOBI BHKO-
pHUCTaHHS METONy CKIHYEHHHX €JIEMEHTIB OTPHMAaHO
YHCENBbHI PO3B’A3KM 3agad  TEPMONPYXKHOCTI s
B’si3KompykHUX Tix [1-3]. TpuBuMipHY 3amaqy TepMori-
PYKHOCTI HEOJHOPIAHUX B OKPYKHOMY HAmNpPSMKYy Tl
obepTaHHS HAa OCHOBI MOMEHTHOI CXEMH CKIHUYCHHHX
eneMeHTiB [4, 5] po3B's3aHo B poboTax [3, 6].

JIyis miIBUIIEHHS TOYHOCTI PIllIEHHS 4YacTiiie 3a
BCE BUKOPUCTOBYIOTH PO3PaXxyHKOBI CITKH BEJIHKOTO PO-
3Mipy, 110 HEraTHBHO BIUIMBAE HA 4Yac PO3B’S3yBaHHS
3agadi. OCoOMMBO Il CTOCYETHCS PO3B’SI3KIB HEJHIK-
HHUX 3aJ]ad 3 BHUKOPHCTaHHSIM iTepaulidiHUX HpoLeayp.
OmHUM 3 MIOXONIB JO ONTHUMI3allil po3paxyHKiB € 3a-
CTOCYBaHHS IApaJICIbHUX OOYMCIICHb, HIO JO3BOJISE
3HAYHOIO MIPOO IIJBHIIUTH NPOAYKTHBHICTH ITPOEKT-
HUX JOCIIIKEHD.

g MeTony CKiHUEHHHMX €JIEeMEHTIB MOYKHA BHIi-
JUTH TPU eTami po3B’si3yBaHHs 3ajadi: (opMyBaHHS
BXITHMX JIaHMX 3 HAaHECEHHSM PO3PaXyHKOBOi CITKH;
dhopMyBaHHs MaTpHIIb CUCTEMH  PIBHSIHBb i
PO3B’sI3yBaHHS CHUCTEMH DPIBHSHb; MPOLIEAypa BHBEICH-
Hs pe3yibTatiB. [Ipy yomy hopmyBaHHS MaTpHIi XKopc-
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TKOCTI Ta PO3B’S3YBaHHS CHCTEMH anreOpaidHuX piB-
HSHB CKJIaJla€ OCHOBHI 3aTpaty dacy. [IpuckopeHHs Bu-
KOHaHHS LUX €TaliB JO3BOJUTH 3MEHIIMTH 3aTpaTH
MamuHHOro Yacy. OJHMM 3 MiAXOAIB IO MPUCKOPEHHS
00paxyHKIB € BUKOPHCTAaHHS MapajeibHUX aITOPUTMIB
[7].

Cepex MeTOJIB MiJBHUILEHHS MPOXYKTUBHOCTI Ia-
parnenizamii 00YMCIIEHh MOXKHA BUAUTUTH METOIH, IO
0a3yloTbcsi Ha BHUKOPHUCTaHHI OJIOYHHMX aITOPUTMIB
MPSIMAX METOJIB PO3B’sI3yBaHHS CHCTEM JIHIHHUX ajre-
OpaiYHUX PIiBHSHB 3 PO3PIIHKEHUMH CHMETPUIHHMHA Ma-
TpumsaMu [8, 9]; MeTonu, CpsSMOBaHI Ha JOCHIHKEHHS
e(eKTUBHOCTI JIEKOMIIO3HILII PO3paxyHKOBOI 00JacTi
[10]. 3a MeTomaMu mEKOMMO3UIIT 3a/1a4a PO3MITIAETHCS
Ha  JEKiJIbKa  TMiA3agad  MEHIIOI  PO3MIpHOCTI,
PO3B’si3aHHS SIKMX MOJYKHa BHKOHATH IapajiesibHo. bi-
JBIIICTh MyOJiKaIil MTPUCBSYEHO PI3HUM MiIX0AaM J0
PO3B’sI3yBaHHSI CUCTEM PiBHSHB, 110 POPMYIOTHCS B Me-
TOMi CKiHUeHHHX eneMeHTiB [11-15]. Ilpore myxe Mano
pobiT mpucBsueHO napainenizanii o0unciens npu ¢op-
MYBaHHI MaTpHIb CUCTEM PIBHSHb METOAY CKIHUECHHHX
eneMeHTiB. Yac, 0 BUTpadaeThes Ha (GOPMyBaHHS Ma-
TPHL KOPCTKOCTI CKIIAJIAE CYTTEBY YACTHHY BCHOTO Ya-
cy pimenns. [Ipu po3B’si3yBaHHI 3B’s13aHHUX 3a/1a4 Tep-
MOIPY’KHOCTI OBOAUTHCS NMPOBOAUTU OJHOTHIHI OIIe-
pauii s GopMyBaHHsSI MaTPHILb KOPCTKOCTI Ta TEIIO-
npoBigHOCTI. [Ipu pirieHHI HEMHIHHUX 33734 3a MOJIH-
¢ikoBanum meronoM Hbrorona-KantopoBuuya Ha mes-
HUX ITepallisiX JOBOIUTHCS TAKOXK MEpPEepaxoByBaTH Ma-
TPHUILI KOPCTKOCTI 3 ypaxyBaHHAM reometpii negopmo-
BaHOTO Tina [5].

Merto10 po6oTH € po3pOOKa METOUKH Iapalieiib-
HHUX OOYHCIICHb PO3PAaXyHKOBUX MATPHIb CKIHYECHHX
€JIEMEHTIB U4 33729 TEPMOTPY>KHOCTI.

Bukaan ocHoBHOro martepiaay. @opmymoBaHHS
3aJa4i TEPMOINPYXKHOCTI y Bapiauiiini ¢opmi mae Bu-
IS

jlj&de—jijP&u—deuzo, (1)

ne F' — BinbHa enepris; P, Q— BekTopu 00'€eMHHX 1 ITOBe-
PXHEBHX HABaHTAKEHb; U — BEKTOP IEPEMILICHb.

Jlist po3B’si3aHHA 3a7adi MPYKHOCTI HEOOXiIHO 3HAWTH
PO3B’SI30K 33124l TETIIONPOBIHOCTI

[[[e.(T =Ty)5Tav +[[[ B/ (T - T)Se,dv =
vV vV

=[[[A"T,8T ;dv+ [[[wyoTdv + [[[q + (T - 6)]5Tds » (2)
V 4 N

Jie ¢, — TeINIOEMHICTh MpH MOCTifHiil nedopmaii; £ —
KOMITOHEHTH TEH30pY 130T€PMIYHUX IPYKHUX HOCTi-
HUX, SIKI BU3HAYaIOTh B3a€MHUH BIUIMB TEMIIEPATypHOTO
nons i nmonst aedopmaniif; e; — KOMIIOHEHTH TEH30PY
nedopmariii; A/ — KOMIIOHEHTH TEH30py TEILIONpPOBi-
HOCTI; Wy — T'YCTMHA BHYTPILIHIX JKEepesl TeIUIOyTBO-
PEHHS; ¢ — TEIUIOBHIA TOTIK; /1 — KOS(IIiEHT TETTo00Mi-
Hy; 6 — TemIepaTypa HaBKOJHIIIHBOTO CePEIOBHUILA.

PiBasHEs (1), (2) hakTHYHO € 3B’SI3aHOI0 3a7a9€r0
TEPMOTIPY>KHOCTI 32 HAsABHOCTI BIUTUBY TeMIIEpaTypH
TiJla Ha (Hi3MKO-MEXaHIvHI apaMeTpH, 0 MPUTaAMaHHO
O1IBILIOCTI MOJIMEPHUX Ta KOMIIO3UIIIMHIX MaTepiaiB.

PosrissHemMo 1moOyZOBY MaTpullb YKOPCTKOCTI Ta
TEIUIONPOBITHOCTI CKIHYCHHOTO €JIEeMEHTa 3 alpOKCH-
Malli€l0 MepeMillleHh Ha OCHOBI MOMEHTHOI CXeMU CKiH-
YCHHUX CJICMCHTIB.

Benemo 10 po3misay To0aibHY JIEKapTOBY CHC-
TeMy KOOpIWHAT z;. JIJIs onmMCcaHHS BIACTUBOCTEH CKiH-
YEHHOTO €JIEMEHTY PO3MIITHEMO MICIIEBY CHCTEMY KOOP-
JIUHAT X;, B AKiH KOOPIWHATH TOYOK CKIHYEHHOTO eJie-
MEHTY JiexxaTh Mexax Big -1 mo +1. IlepemimeHns ta
TeMIleparypy Tijla JOBITbHUX TOYOK CKiHYEHHOTO ele-
MEHTY ampOKCHUMYEMO Y BHIVISAI PO3KJIAJaHHS IO CTe-
neHeBuUM (QyHKIIsIM [5]:

& (par),, (par)
=33 T oy
p=lg=1r=1

S S S (P (par)

- par),, (par
T=222r"yr, 3)
p=lg=1r=1
ne @y ,.p- koedinientn posknaganns, Y - uabip cre-
NeHeBUX (QYHKIIH BUILY:

y (P = (x{’xq )/(p q'r!),

ne (p=0,1,2,3; ¢=0,1,2,3; r=0,1,2,3) - cTeneHi anpokcu-
MalIfii 3a BiIlIOBITHUMH HANpsiMaMH KOOPIMHAT.

Jliis 0OpaHOTO THIY CKIHYCHHOTO €JIEMEHTa BCTa-
HOBJIIOETHCSI BIAMOBIZHUI 3B’130K MiX BY3JIOBUMH 3Ha-
yeHHsIMH (QyHKIIT Ta KoedimieHTamu po3kianaHHs (3).
Bukopucransst 6a30BHUX cTeneHeBUX (YHKIIH 103BOJISIE
arnpOKCHMYBaTH epeMilleHHs Ta aedopmarii y BUrisiai
po3kiananHs aranorigso (3) [5].

M N L

— Z z z y(pqr) (pqr) )

p=lg=lr=1

Cepen KkoehiIlieHTIB PO3KIAAaHHS KOMIIOHCHTIB
TeH30py aedopmariiii B psag MakiopeHa yTpUMYIOTHCS
JIMIIE Ti, IO BiANOBIAIOTH alPOKCHMAIIi] NepEeMilleHb.

BukopucranHs CHiBBiHOIIEHh MOMEHTHOT CXEMH
CKIHUCHHUX EJIEMEHTIB JI03BOJIIE YHUKHYTH e(EeKTiB
«XUOHOTO 3CYBY».

Jus dopmyBaHHS MaTpPHUI JKOPCTKOCTI CKiHYEH-
HOTO €JIEMEHTY BHKOPHCTOBYIOTHCSI CITIBBIIXHOILCHHS

Bapiaii eHeprii mpy>kHOI Hedopmarii Y BUTJIAI:
— i
SW = [o¥ Sg,dv. (4)
KomnoHneHTH TeH30pa MpY)XHUX HAIPY>XEHb

npuiiMaeMo y BUIIIsiAL 3akoHy ['yka:

o’ =2ug"g"e; + 209", (5)
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ne i, A - xoedinientn Jlame; g - kommonenTH MeTpHy-
HOTO TeH30pa; @ - QyHKLIs 3MiHH 00’ eMy.

OyYHKIII0 3MiHEHHS 00’€My TaKOXX MOXHA IIpe[-
CTaBUTH Y BHUIJIAII PO3KIAJaHHA 110 CTCIICHEBUM (DyHK-
M

M N L
0=y sa(pqr),/,(pqr) _
p=lg=1r=1

Toni Bapiawnisi eHeprii mpyxHoi nedopmanii Mae
BUIIISA

W ={6u)' [G+G,]{u}, (6)

re G=lll41tv Y2ug" ey} [4] av, )
Gy = flf [B]{w}g" (v} [B] av. ®)

Marpuni 4 i B oGuMCTOIOTECA fuiA BysiB

IHTeTpyBaHHA. 3a aHAIOTIYHOIO CXEMOIO OyIyeThCS Ma-
TpHULA TEIUIONpOBinHOCTI. BapiamiiiHe piBHAHHS IS
CTaIiOHAPHOI TETJIOMPOBIAHOCTI MA€ BUTIISL

Wy = _[ w,OT + X T BT dv+ _[ qdTds +
14 ox; aaj S,
+[ W(T-0)5Tds =0, ©)

S,

BpaxoByrour ampOKCHMAIIIO TEMIEpPaTypH 110
00’eMy CKIHYEHHOro ejeMeHTa piBHsHHA (9) Mmae BH-
LIS

oW, (ot} [H){T}+{oT)" | R [iT)+

+{oT) {P}+{sT) {S}=0,  (10)

ne H= jlj[c]{y/’iT}/?ﬁ{y/,j}T [c]" Jgav . (11)

OOuucieHHs HTErpajiB L0 BXOJSTh B PIBHSHHSI
(7), (8), (11) MmoXxxHA BUKOHATH 32 OJTHAKOBOIO CXEMOIO.

PesyabraTu mociaigkens. s napanensHoro oo-
YHCIIeHHS BUKOpUcTaHo 0i0mioreky OpenMP ockinbku
npu 1oOyIOBI MaTpHIb CHUTBHO BHUKOPHCTOBYIOTBHCS
MacHBH JIaHHX.

OpenMP — e Mozens mporpaMmyBaHHS CHUTBHOT
mam’ATi, Ka MATPUMY€E MYJIbTUILIATPOpMEHe OaraTor-
poliecOpHE MPOrpaMyBaHHsI CITIJIBHOT ITaM’sITI Ha MOBax
nporpamyBanas C, C++ i Fortran, moctymHa ams mmpo-
KOTO CIIEKTPY apXiTeKTyp MpOIecopiB i omepariiHux
cucreM. bibmioteka OpenMP ckmagaerscs 3 Habopy
JPEKTUB KOMIIUIATOpA, Mixnmporpam Oi0IioTekH Ta
3MIHHHX CEPEOBHIIIA, SKi BIUTMBAIOTh HA MOBEIIHKY ITi[
Yyac BUKOHAHHS.

IIporpamyBanns B OpenMP mnosndArae y BUKOpHC-
TaHHI TaK 3BaHUX MMapajebHIX KOHCTPYKIiH (IUpEeKTHB
KOMIIUIATOPA), SAKi BCTaBIAIOTHCSA Y BUXIOHWUN KOJ, iH-
CTPYKTYIOUH KOMIIUIATOp TeHEepyBaTH IIEBHHH KOI.
OpenMP Bu3Hauae pi3HI KOHCTPYKIT, IO O3BOJISIOThH
po3mapanenoBaTy MOCHiIOBHUN KOJl I CHHXPOHI3yBaTH
OKpEeMi TIOTOKH.

{06 3MeHmMTH AeTaii3alio MpodiIeMu Ta 3MeH-
IIMTH HAKJIaJHI BUTPATH, TIOB’A3aHi 31 CTBOPCHHSIM 1 3a-
BEpILICHHIM MOTOKY, 3a3BHYal po3napaleoloTh KpaiHi
LUKJIM B ITOPUTMI, 110 B HAIIOMY KOHKPETHOMY BHIIa-
JIKY BIANOBIiZa€e posnapalieNIiOBaHHIO UKy HaJ eJeMe-
HTaMu B omeparii 30upannus. Ha puc. 1 npeacrasneno
610K-cxeMy mapainensHoro anroputmy OpenMP.

®opmMyBaHHA MaTpuLi
HKOPCTKOCTI

OB4McneHHs KoediliHTIB
noniHoMIB posknaaaHHs

nepeMilleHs Fork

l .....................

YucenbHe iHTErpyBaHHA
OB4MCcNeHHa TeH3opiB NepeTBOpeHHA
KOOPAWHAT B y3nax iHTerpyBaHHs.
OBGHMCNEHHS METPUYHUX TEH3OPIB B
yanax iHTerpyBanHs. ObuyncneHHa
fechbopmauit. OBYUCNEHHA IHTErPanbHUX
cym

l .....................

3anoBHeHHs MaTpuLi
KOPCTKOCTI CKIHYEHOro
enemMeHTy

Puc. 1. Brok-cxema mapaneiabHOTO aaropuTMy
YHCENBHOTO IHTerpyBaHHI

Ha ocHOBI po3p0o0iieHOro MiIX0ay MPOBEACHO PO3-
paxyHOK IIWHHM i BHyTpimHIM THcKoM 600kI1a. Pania-
nbHe HaBanTaxeHHs 80kIla. IIIBuakicTh KOYEHHS CKJla-
nae S0xm/ron. OOpaxoBaHi IOJSI MEpEMIleHb, HaIpy-
JKEHb Ta TEMIEepaTypy AUCUIIATUBHOTO po3irpisy [7]. Ha
pHc.2 IpencTaBIeHO MOPIBHAHHS Yacy 0OpaxyHKY 3 BH-
KOPHCTaHHSAM 3aIPOIIOHOBAHOTO MiAXOY 10 O0YHCIEH-
HSI MaTPHUIIh KOPCTKOCTI 1 TETUIOMPOBITHOCTI Ta 3 BUKO-
PHUCTaHHAM TPAIUIIIIHOTO ITiAXOMY.

]
]
Lkt

5000 10000 15000 20000

Puc. 2. Yac po3B’s13Ky AJIs pi3HOT KiJIbKOCTI BY3IiB:
1 — Tpaguuiiina cxema;
2 — cxeMa 3 mapaJeNbHUMHA OOUUCTICHHAMH.
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JUis po3paxyHKY BHKOPHCTAaHO OOYHMCIIOBAIBHUI

komiuieke «MIPEJIA+» 13 3acrocyBaHHsIM mapalielib-
HHUX OOYHCIIEHb MaTpHLb CKIHYEHHOTO eJeMeHTy. Tec-
TyBaHHs BUKOHYBaJIOCh Ha mpuctpoi 3 Intel i17-9750H (6
snep ta 12 notokiB) Ta 16 'b RAM.

BucnoBku. Po3pobnena meroauka (opmyBaHHS

MaTpHLb KOPCTKOCTI Ta TEIUIONPOBIIHOCTI Ha OCHOBI
BUKOPUCTaHHsI MapajeibHUX OOYMCIICHb IHTErpalbHHX
KBaJIpaTypHHUX CKJIaJHHUKIB JO3BOJISIE PUCKOPHUTH IIPO-
IleC PO3B’s3yBaHHA 3a7lad MEXaHIKH KOHCTpyKiiil. Cko-
pOYEHHS yacy po3B’si3aHHS ckianae 7%. Bukopucranus
6ibmiotekn OpenMP B makeTi HpUKIATHUX TIPOTpam
«MIPEJIA+» nigBuiye eeKTUBHICTh PO3PAXyHKIB.

10.

12.
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The article examines design calculations of
constructions that require a comprehensive analysis of
deformation processes under the action of operational loads.
In real operating conditions, most structural elements are
under the influence of mechanical and thermal loads. To
analyze deformation processes, it is necessary to solve the
problem of thermoelasticity. To solve such problems, the finite
element method is usually used, the accuracy of which
depends on the number of calculation nodes. One of the stages
of solving problems of thermal elasticity is the formation of
matrices of stiffness and thermal conductivity of finite

elements. Moreover, for elements of the same type,
calculations according to the same procedure are used, and
the number of such calculations determines the time of solving
the problem. In the traditional approach, these calculations
are performed sequentially. In the case of large grid sizes, the
number and time of calculations increase, which requires
optimization of calculations using parallel calculation
algorithms. The parallelization of the finite element method
requires the management of the work of a sufficiently large
number of processes, as well as the arrangement of data
exchange between processes. The execution time of parallel
calculations is determined by the slowest subtask. When
forming the stiffness and thermal conductivity matrices, it is
necessary to perform integration over the area of the finite
element. Using the moment scheme of finite elements,
displacement and deformation are approximated by the same
polynomials, which simplifies the calculation of integrals. This
procedure ends with the formation of a stiffness matrix block,
and this block is partially shared by neighboring finite
elements. In a shared memory system, information is
exchanged between processors using variables stored in
shared memory. Parallel programming algorithms have been
developed for constructing stiffness matrices of finite elements
and calculating the stress-strain state for the "MIRELA+"
program package. Solutions for calculation grids of different
sizes were obtained. The effect of parallelization on the calcu-
lation time was studied.

Keywords: finite element method, stiffness matrix,
parallel computing, OpenMP, stress-strain state.
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JEKJAPATUBHUI MIJIX1J IIPU CTBOPEHHI
MYJbTUILIAT®OPMHUX JOJATKIB

Ko3y6 I'.O., Ko3y6 10.I'.

DECLARATIVE METHOD FOR CREATING MULTIPLATFORM APPLICATIONS

Kozub H.O., Kozub Yu.H.

YV pobomi naoano ananiz cyuacnux ananozié po3pooxu Kpoc-
niamgopmHux ma MyabmMunIam@opmMHux 000amKis, 00Ciui-
Oorceno  incmpymenmu  pospobxu Kotlin - Multiplatform ma
Jetpack Compose. Onucano 0i3nec-nociky ma Mmemoouxy
cmeopenHs iHmepgeticy Kopucmyeaya nio OeKiibKa niam-
@opm, wo chpuse 3MEHUEHHIO 8aPMOCMI NPOOYKMY ma npuc-
KOpeHHsL 11020 po3pobku. [Ipedcmasneno memoouxy po3pooku
MYTbMUNIAMPOPMHO20 000AMKY 0N ONEPAYIIHUX CUCTEM
Android, Windows, Linux ma macOS, akuii 0ozgonse cmeo-
prosamu onogi xeuni y 36ykoeomy opmami. Jocuioxnceno
NPUHYUNU OEKIAPAMUBHO20 NPOSPAMYBAHHS MA (PeuMEOpKU
ona mynvmuniamgopmuoi po3podxu. [na npoepamuoi peani-
3ayii OKpeMux HamueHux 000amKi6, 0OPAHO HAMUGHT pilieH-
Ha. Takomy piuleHHIO CRpUsiE 8UKOPUCTOBYBAHHS (hpetimeop-
xie Kotlin Multiplatform, wo 0ossonse cmeopiosamu yHieep-
canvHutl K00 n02iku 0ooamxy, y noeonanni 3 Ul ¢hpetimeop-
xom Compose Multiplatform. Ix 3acmocysanns oac modcnu-
8ICMb HANUCAHHS €OUHO20 KOOY J02IKU ma inmepgeiicy 0o-
0amxy 018 0eKiNbKOX Naamgopm 0OHOUACHO, WO 00NOMa2ae
EKOHOMUMU Yac | YHUKAMU 3HAYHOL KinbKocmi nomMuiox. 3a-
NPONOHOBAHO MEMOOUKY PO3POOKU APXIMeKmypu KOMROHEH-
mie Android-dodamxy. Mooyrvha cmpykmypa apximexkmypu
NPOEKNY NOOINEHA HA O8I YACMUHU: HA COMMON MOOYb, AKUU
Micmumb Y co6i OCHOBHY 102Ky 000AmKY, a MAaKoic niameo-
pMmHi peanizayii KOMnoHeHmie, ma NAAmM@OOPMHI MOOYIL, WO
BUKOHYIOMb  [HIYianizayito ma 3anyck 000amxy Ha NeHii
nramepopmi. Onucano KoHmpaxm Oi3Hec-102iKU KOMNOHEH-
mis, wo peanizyemuvca y inmepgheiicax Store. Iloxkasano ¢op-
myeanns popmamy meaodii 0ooamxy 3 mpwox xaacig: Song,
Track ma Chord.. [{na eiomeopenns 36ykie cmeopeno cneyia-
JbHY ymunimy. Bona 6UKoHye 3a6aHmadcents 38yKie 3 pecyp-
cig 000amKy ma i0meopIoe 3 HAOAHHAM HEOOXIOH020 MY3UHy-
HO20 MOHY. 38yKu 30epiealomsvcs 6 pecypcax CRilbHO20 MOOY-
as y euensioi MP3 ¢aiinie. [[na nanazooscenus docmyny 0o
peno3umopiie 3 KOMHOHeHmig Oi3Hec-102iKu 000amKy, GUKO-
PUCMOBYEMBCS. BNPOBAONCEHHS 3anedcHocmetl. Jlozika énpo-
BAOJICEHHST 3ANEICHOCMEN ONUCYEMbCA Y (Paiinax-mooysx
Koin. 3anpononosano memoouxy, wo y3a2anpHie Menooono-
2I10 pO3pOOKU MYTbMUNAAMMOPMHUX 000AMKIE HA MOSL Npo-
epamyeannsa Kotlin ma suxopucmanms, dekiapamuenoz2o nio-
X00y 015 po3podku inmepgheiicie Kopucmysaua nio 0exiibKa
naameopm.

Knwwuoei cnoea: MVIKotlin, Decompose, Android, Kotlin,
Store,Common, Jetpack Compose, Kotlin Multiplatform.

Beryn. B cBiTi mOpIYHO 3'SBISETBCS MIJIBHOHU
CTapTamiB, KOPUCTYBadl CTAIOTh BCE BUMOIJIMBIIIUMH i
Yac BHBEICHHS MPOrPaMHOTO NPOAYKTY Ha PUHOK CTa€E
Ha0arato BaXXITUBIIIEC BapTOCTi, TOMY PO3POOHHKH 00OH-
paroTh HaTHBHI pimeHHsA. OIHAK MPOTpaMHa peaizallis
OKpeMHUX MOOITBHMX JOMAATKIB MiJ JAEKUIbKa IUIaThopM
cnpusie 30UTBIIEHHIO BUTpaT Ha ix miarpumky. Cepen
PO3pOOHUKIB MOOITPHHUX JOIATKIB, CIIOCTEPITa€ThCs Te-
HICHI[IS BMIHHSI IIBUAKO BHOCHUTH 3MIHH y JTOJATOK Ha
notpe0y pUHKY. BHaCi10K 4Oro BUHHKAE HEOOXITHICTh
BU3HAUYCHHS €)EKTUBHUX IIJXOJIB 10 PO3POOKH KOHKY-
PEHTHHX MOOUTBHHUX MYJIBTHIIAT(GOPMHUX JIOJATKIB.

Ha mBuakicte po3poOKu, BIPOBaKEHHS HOBUX
(yHKIIIOHATBHOCTEH, SIKICTh Ta 3pyYHOCTI BUKOPHCTAH-
Hsl IIPOTPaMHOTO JOJATKy BIUIMBA€E 3aCTOCYBaHHS KpoOcC-
mwiaTGOpMHUX 1HCTpyMeHTIB. HafiBimomimmmu Kpoc-
mwiarhopMHIMH iHCTpyMeHTamMu €: Xamarin, React
Native, Flutter.

Xamarin — mmatdopma Big Microsoft mist cTBO-
perHs gomatkiB mixg Android, i0OS, Windows, Linux,
macOS, watchOS Ta tvOS. Xamarin BKIIt04Yae €1uHy 3a-
rajgpHy KojioBy 0a3y C# i Hajjae MOXKJIMBICTb TECTYBaTH
JIOJIATKA Ha JEKUJIbKOX IMPUCTPOSX 3 BUKOPHUCTAHHSAM
Xamarin Cloud. Xamarin Mae JBa OCHOBHHX iHCTpyMe-
HTU: Xamarin.Android, Xamarin.iOS i Xamarin.Forms.
[To wactusni xkpocruiatpopmMHoi po3poOku Xamarin mpo-
MOHY€E BUKOpPUCTOBYBATH €IMHUN API
Xamarin.Essentials. Xamarin.Android i Xamarin.iOS
HAIUISIOTh JOAATOK THUMH K MOXKIHUBOCTAMH 1 iHTEp-
(deficoM, sIKi € y HATHBHHX pillleHb. Y BHUIAIKy
Xamarin.iOS mporpama KOMITUTIOETBCSI O€3M0CepeIHbO
B MammHHAKA kon (AOT-xomminsmisi), ToAi sK B
Xamarin.Android criouatky BizOYBa€ThCSI KOMIIISALIS B
0alT-KON, SKMUH MOTIM IHTEPIPETYETHCS BiPTyaJbHOIO
mamuHoo (JIT-komminswist). st mprckopeHHs mpote-
Cy HamMcaHHi KOJy, Kpalle BHKOPHCTOBYBaTH
Xamarin.Forms, B skoMy Maiike BCi eJIeMEHTH MOBHIC-
TIO CyMicHi 3 Oynb-sxumu miatdopmamu [1].

React Native po3pobnennii kommaniero Facebook,
nosBoisie nucatu pogatku 1t 10S, Android, Windows,
Web, Windows Phone, VR, Android TV, macOS, tvOS
Ha MoBi JavaScript. CepenoBuile MOCTAaBISETHCSA 3 Be-
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JIMKAM Ha0OpOM TOTOBHX KOMIIOHEHTIB, OJIHAK BOHU HE
3aBXKAM aJanTyrThCS M Pi3HI MWIaThOopMH, MO0 BUMa-
rae JOAAaTKOBUX KOPUTYBaHb B KOJi. B TOHHUTBI 3a mpo-
JYKTUBHICTIO PO3POOHHMKM BIJJIalOTh IepeBary came
upoMy (peiimBopky. Native 103BOJIsIE BUKOPHCTOBYBa-
TH KaCTOMHI MOJyJi Ha MOBax [yl HATUBHOI PO3pO0KH,
ajie X HeOOXIJHO MUCATH OKPEMO I KOXKHOI miatdo-
pmu [2].

BeskomtoBHMi  KpocriathopMHUil  pperiMBOpK
Flutter Bin Google 3 BiAKpUTHM BUXiTHHM KOJIOM ISt
MIBHAKOI po3poOku noxarkiB mix  Android, iOS,
Windows, Linux, macOS, Web ta Google Fuchsia, Bu-
KOPHUCTOBYE O0'€KTHO-OPi€EHTOBAaHY MOBY IpOTpamy-
BaHHS DartFlutter BUKOpPHCTOBYE OIMH 1 TOH K€ KO st
BCiX ImIaTopM, TepeBeplrye KOHKYPEHTIB 1 TEeMOH-
CTpy€ HaWBHILy IPONYKTHBHICTH 3aBASKH BIACHOMY
JIBIDKKY pEeHIEepHHTy 1 cydacHid moBi Dart, sika Oyna
pospobnena Google. Flutter Britouae croponni SDK,
API mns 2D, animarii, BuacHi BimpkeTu Material Design
1 HaJjae MOXKJIMBICTh OBTOPHO BUKOPHCTOBYBATH iCHY-
tounii kox Java, Swift ta Objective-C [3].

[NepeBaramu xocmatopmMHOi po3poOKH € BHCOKa
MIBHAKICTH Ta HU3bKA BapTicTh po3poOKH. Jlo HEOMIKIB
BIZTHOCSATBCS: BITHOCHO HU3bKA NPOAYKTIBHICTb, y TIOPI-
BHSIHHI 3 HATUBHHUMH JOJAaTKaMH; 3aiiMae OLIbIIE MICIS
y mam'siTi; CKIagHa MiATPUMKAa HU3KOPiBHEBUX IUTIAT(O-
pMHEX (YHKIIH; HOBI TUIATGOPMHI MOMKIHMBOCTI 3'AB-
JISIFOTHCSI MI3HIIIE HIK Y HATUBHUX JI0/IaTKAX;

1106 BUpIIKTH LI HENOJIKH, BUKOPUCTOBYETHCS
JEKIapaTHBHUN MiOXiA MpOrpaMyBaHHS 3 BUKOPHUCTaH-
HsaM  ¢peiimBopkiB Kotlin Multiplatrofm Tta Jetpack
Compose.

Meta po6oTH — NOCIHIIKEHHS MIIXOIIB AeKiIapa-
THBHOTO MPOrpaMyBaHHS MPU CTBOPEHHI MYJIBTHILIAT-
(hopMHUX JOAATKIB IiJ| IeKiIbKa MIaTdopM, 3 BUKOPHC-
TaHHSM CyYaCHHUX IHCTPYMEHTIB Ta METO/IIB.

BukJjageHHsi oCHOBHUX MatepiajiB. i cTBO-
PEHHS MYJIBTH-IUIATGOPMHHUX JOJATKIB BHKOPHUCTOBY-
€Thcs MOBa iporpamyBanHs Kotlin Ta cepenosuma pos-
po6xku IntelliJ IDEA abo Android Studio, 3a TexHos0TI-
€M, sIKa O3BOJIA€ BUKOPHCTOBYBATH OAMH pa3 Hamuca-
HU# Ko Ha Oe3miui wiaThopM OaHOYACHO € (ppeiiMBOPK
Kotlin Multiplatrofm, ne cuctema 30ipku Gradle miar-
pumye cunTakcuc groovy i kotlin script (kts).

V¥ Kotlin Multiplatform e monsiTTs targets — miiso-
Bi rutatdopmu. Ha puc. 1 mokasaHo, sIK y qaHux 0J0Kax
HAJIAIITOBYIOTHCS HEOOXIJHI HaM ONepaiiiHi CUCTEMH,
B HATUBHUH KOJI, Ji¢ 1 KOMITLTIOEThCS Kox Ha Kotlin [4].

Source sets

Detault source set for
ompdation main of the jve
target

Producton code shared
between all target platiorms.

Tests for all target platorms

Puc. 1. Peanizauist jvm Ta js tapreTis [5]

BinmoBimHa cTpyKTypa KOy Ma€ BUTIISI

kotlin{

Jjvm()

Is0)

source Sets {
val commonMain by getting {}
val commonTest by getting {}
val jsMain by getting {}
val js Test by getting {}

}
1

AHaJOTrYHAM YMHOM PEali3yeThCs MIATPUMKA 1H-
mux wiatdopm.

Source sets — 1ie BuXigHi Koam [yt miatdopm. €
3araipHUA HaOlp BUXITHUX KOMiB i utatdopmHi (ix cTi-
JMBKU, CKUTBKH B TIPOEKTI TapreTiB, 3a IMM CTEXHUTh
IDE). Ins peamizarii 1i€i 0cOOMMBOCTI BHKOPHCTOBY-
€ThCsI MeXaHi3M expect-actual (puc. 2).

gQr_pe_r:_t_ class
fun log(me

import platform.Foundation.*

‘actual
fun 1

Puc. 2. Mexani3m expect-actual [5]

Expect-actual mo3Bosisie 13 3arajpbHOro MOy
3BepraTucs 10 IuiaTdopmosanexHoro komy. MoxkHa
OroJIOCUTH expect nexiapaiiiro B Common MomyJi i pe-
anizyBarty ii B miaardpopMHux mMoxyisix. CTpykrypa my-
JBTU-TUIATGOPMHUX MPOEKTIB CKIIAAETHCS 31 CHUIBHOTO
MOJyJIst Ta MOy iB matdopm (puc. 3).

VM Code 15 Code

e Kotlin/Native

Native Code

Puc. 3. Ctpykrypa Kotlin Multiplatform

Ha miéi cxemi kokeH mrap (miardopma) Mae 1o3-
HaueHHS:

— Common Kotlin - cniipHui Kox 1 BCiX IUia-
T¢opM. Bin Bkitouae B cebe OCHOBHY JIOTIKY JOJATKY,
CHUIbHI OiOJMIOTEKH Ta IHCTPYMEHTH. 3a IOTOMOIOO
MmysabTuIDIaTpopMuux 6ibmiorek Kotlin MokHa mosTop-
HO BHKOPHCTOBYBAaTH MYJIbTH-IUIAT(OPMHY JIOTIKy B 3a-
TaIEHOMY i crienuiYHOMY IS TTaThopMu Koxi. 3ara-
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TBHAUNA KO MOXe IOKJIafaTucs Ha Habip 0ibmioTek, sKi
OXOIUTIOIOTh NOBCIKIEHHI 3aBmaHHsA, Taki sik HTTP-
3aIATH, cepiaii3amis Ta YIpaBIiHHS CHIBIPOTrpaMaMu;

— Kotlin/JVM, Kotlin/JS, Kotlin/Native — s
B3aemojii 3 maropMaMu BHKOPUCTOBYIOTHCSI Bepcii
Kotlin. Bonu matots posiupenns mou Kotlin, a Takox
6i10mioTexu Ta IHCTPYMEHTH JUIsl KOHKPETHHX IIaThopM
(JVM, JS i Native).

3a nmomomororo Kotlin Multiplatform ButpadaeTs-
Csl MEHIIIE Yacy Ha HAIMCAHHA Ta MIATPUMKY OIHOTO i
TOTO X KOy JUISA Pi3HUX IUIATGOPM 1 BHKOPHCTOBYETHCS
MeXaHi3M CHITBHOTO Koxy [5].

HesBaxaroun, Ha Te, 0 GPEHMBOPK 3HAXOIUTHCS
Ha cTajii po3po0KH 1 HE BUCTA4Ya€ TOTOBHUX PillleHb, BiH
Ma€ CBOI CYTT€BI IIepeBaru:

—  €IMHUNA KOJI, IKHI MOXHA B OyJlb-SIKHIA yac J0-
MUCYBAaTH 1 3MIHIOBATH;

— yYac Ha JOAaBaHHS HOBOTO (YHKIIOHALY JUIs
JIeKUTbKOX T1aTdopM ckopotuscst Ha 30-50%;

— moxin Oi3Hec-NOriKM MK TuiargopmaMu  3i
30€peXECHHSAM BIIACHOTO KOAY AJISI KOKHOTO KITIEHTCh-
KOTO0 iHTepdeiCy;

— TIOMWJIKH B pa3i BAHUKHEHHS 3’ SIBISIOTHCS Bijl-
pa3sy Ha Bcix mmaTgopmax, M0 TOJIETHIye iX 3Haxo-
JDKSHHS;

— Oynp-sKi 3MiHHM Ta KOPUTYBAaHHS BiOYBalOTHCS
OJIHOYACHO Ha BCiX uatdopmax.

JexnapaTuBHAN MiAXin nependadae HaAaHHS CIie-
nudiuaoi Ui npenMeTHol obiacti mMoBu (domain-
specific language, DSL) st BUpakeHHs TOTO, 110 X04e
KOpHUCTYBaY, 1 3aXUCTY 1 BiJi HU3bKOPIBHEBUX KOHCTPY-
KUiil (UMKIIB, YMOBHHMX IIO3HA4YEHb, NMPHU3HAYEHB), SKi
MarepianizyloTh OaxaHUl KiHLEBHH cTaH. [leknapaTus-
HE IMpOrpaMyBaHHS MOXKHA JOJATKOBO PO3AUIMTH Ha
MporpaMyBaHHS 0OMEKEeHb, JIOTIYHE MMPOrpaMyBaHHS Ta
MpOTpaMyBaHHS JOTiKH 0OMeXeHb [6].

OnHUM 3 TIPUKIAIIB BUKOPUCTAHHS JCKJIapaTHB-
Horo nporpamyBanHs Ta DSL € Ul ¢peiimBopk Jetpack
Compose. lle ¢peitMBopk mis cTBopeHHs1 iHTepdeiicy
kopuctyBaya s Android-momaTkiB, Mae ajganTariii mig
Desktop (Windows, Linux, macOS) ta Web. Bin crpo-
nrye i npuckoproe po3podky Ul, 3MmeHiye HeoOXimaHy
KUTBKICTh KOXY JJIS BUPINICHHS 3a]1a4 Ta Ma€ MOTYXKHi
IHCTpYMEHTH 1 iHTYiTHBHO 3po3ymini API-inTepdeiicu
Kotlin [7].

[Ipu HammcaHHI KOy MPOTPAMHOTO 3a0e3MeueHHs
JUIS SIKOTO TIOTPiOHAa TOCTifHA MiATPUMKA, HEOOXiTHO
MIHIMI3yBaTH 3B'S3aHICTh i MAKCHMI3yBaTH HOTO IIiiC-
HicTh. [le m00pe BimoMuil MpUHIMIT PO3POOKH Mporpa-
MHOTO 3a0e3nedeHHs Separation of concerns, 1 mossrae
B TOMYy, 100 3TpYIyBaTH SIKOMOTa OiNbIIE 3B'A3aHOTO
KOJly pa3oM, o0 KOJ MO>KHa OyJIO JIErKo MiATpUMYyBa-
TH Ta MaciiTabyBaTH, KOJM JOAaTOK 3pocrae. Jetpack
Compose 3acHOBaHHH Ha (DYHKIIOHAIBHOMY ITiIXO0JI /10
nporpamyBanss. [ns onmcy iHtepdeiicy kopucryBaya
BHUKOPUCTOBYIOThCs Composable QyHKIIIT:

@Composable

fun App(appData: AppData) {
val derivedData = compute(appData)
Header()

if (appData.isOwner) {
EditButton()

}
Body {
for (item in derivedData.items) {
Item(item)
H
}
¥

Le o3Hauae, mo npu BUKIMKY iHIMX Composable-
(hyHKIIH, BOHH BimoOpaxkaioTs cTpykrypy Ul s Bu-
KOPHUCTaHHSA HamawoThes Bci mpumitueu Kotlin, BKITIO-
garoun onepatopu if i ki for It yrpaBmiHHSA CTPY-
kryporo Ul, mo6 BupinryBaTu OifbIl CKIamHy JIOTIKY
inTepdeiicy kopucryBaya.

Onniero 3 ocobnmmBocteit Jetpack Compose € iHKa-
ncynsigist crany B Composable ¢ynkuisx. Cran B noxaa-
TKY — 1e Oy/ib-sIKe 3HAYCHHS, IKE MOXKE 3MIHIOBATHCS 3
rimHoM vacy. Composable ¢yHKIsE MOXke MaTH 1HKarl-
CyJbOBaHUI B Hel cTaH, sSKWi 30epiraerbcst Mix ii BH-
kiaukamu. Lle mparmatudHe pimieHHs, sike crpourye Ho-
rO CHUTHATypy Ta JIO3BOJISIE BUKOHYBATH JIESIKI OIITHMI-
3aIii, o 0COOIMBO 3PYYHO IJI aHIMAIii Ta IHIINUX pe-
4eil, SKi He MOTPiOHO 3MiHIOBAaTH ab0 CIOCTEpIiraTu 30-
BHi [7]. IlepeBaru Jetpack Compose: He3aleXHICTh BiJ
KOHKPETHHX BepCiii 1iIboBOI miardopmu; Bes podoTa 3
Ul BUKOHY€TbCA 3a JONOMOIOI0 MOBU IPOIrpaMyBaHHs
Kotlin; BUKkopHrcTaHHSI KOMIIO3UIIT 3aMiCTh CIa/IKyBaH-
Hs. Ul-koMmoHeHT omucyerbesi y BUDIANl (QyHKUIT 3
aHotauiero Composable, sika Bianosigae TiUTBKU 32 00-
MeXeHHH (yHKIioHal, TOOTO 6e3 3aifBoi JIOTiKHM; OJIHO-
HAaIpaBJICHICTh IMOTOKY JAaHWX; 3MEHIIEHHS KiJIbKOCTi
koxay st Ul-noriku.

PesyabTaTn nociaimkenb. (s po3poOku nonat-
KiB BUKOpHCTaHO MOBY mporpamyBaHuas Kotlin, e cra-
TUYHO THUITI30BaHAa MOBA MPOTPaMyBaHHS, III0 KOMIILITIO-
eThcsl B JavaScript Ta mpamroe noBepx JVM [8]. Hus
OMHUCY JIOTIKK 1HTepdeicy KOpUCTyBaya MpU BUKOPHC-
tanHi Jetpack Compose Halikpalie MiaXOAWUTh MaTepH
MVI [9]. ¥ MVI B3aemonis 3 inTepdeiicoMm KOpucTyBa-
4a 00poOIsETHCS Oi3HEC-TIOTIKO0, 1110 BHOCHUTH 3MiHHU B
CTaH, SKU{ BIUIMBA€ Ha BimoOpakeHHs iHTepdeicy Ko-
puctyBaya. lle mpu3BOOUTH A0 OIHOCIIPSIMOBAHOIO i
LUKJITYHOTO TIOTOKY AaHuX. s peanizauii peakTHBHO-
ro OTPUMAHHS OHOBJICHUX IaHHX, BUKOPHUCTOBYIOTHCS
3acoon Kotlin, taki ax Flow, StateFlow ta Channel
[10].

Crioci6 HammcaHHS CHITBHOTO KOAY 3 BHKOpPHC-
tanHsaM mabnony MVI mis Kotlin Multiplatform nanae
¢petimBopk MVIKotlin. Bin Takox BKjIrOYaE B cebe mo-
TYXHI IHCTPYMEHTH HaJIaroJPKeHHsI, Taki sIK JIOT'yBaHHS
Ta “ time travel ”.

MVIKotlin He MPUHOCHUTSH 1 HE 3aCTOCOBYE KOITHOT
KOHKpETHOI apXiTextypu. Moro BiamoBizambHicts omu-
CYETBCSl HACTYITHUM YMHOM: HaJa€ €IMHE JDKepeso ic-
TUHH IS cTaHy; 3abesneuye abcrpakuiro st Ul 3 ede-
KTHBHHMH OHOBJICHHSIMH; 3a0e3redye IpUB’ 3Ky 10
JKHTTEBOTO LIMKITY MK BXOJIaMHU Ta BUXOIAMH.

OcnoBoro MVIKotlin € Store, mo mpencrasisie
coboro mozens Bix MVI, sika MicTuTh Oi3HEC-JIOTIKY

(puc.4).
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Intent

Puc. 4. liarpama Store [11]

Store mae Taki KOMIOOHEHTH: Intent — BXiIHA MOIis,
sxa ipuxoauth 3 Ul; Label — ogrOpaszoBa BuxigHa mo-
Iis1, sika moBepraerses g0 Ul State — craH, sKuii Bigo-
Opaxkaetscst Ha UI; Bootstrapper — KOMITIOHEHT, SKHA
BUKOHYE iHilliaii3auito Store, Ta Mpu HEOOXiTHOCTI Bi-
npasisie ofil 10 Executor; Action — mogii, siki Bignpa-
Biige Bootstrapper 1o Executor; Executor — BukoHaBelb
0i3HeC-JIOTIKM Ta yCiX acMHXpOHHHX orepatii. [Tix gac
BUKOHAHHS abo Mmicisl 3aBeplIeHHs orepauiid, Executor
Moxke BimmpaButu Label mo Ul ta Result no Reducer;
Result — pesynpTar BUKOHAHHS Oomeparlii, sKUi mepena-
etbes 10 Reducer; Reducer — kommoHeHT, skuit mpuii-
Mae Result Ta 3mintoe State [11].

HacrtynHuii Kox I€MOHCTPY€E OIKMC KOHTPAKTY 0i3-
HEC-JIOTIKM KOMIIOHEHTIB peanizyeMoro y iHrepdeiicax
Store 3 po3po0JIEHOTO MPOrpaMHOro 3acTOCYBaHHS
Composer ” [12]:

interface TestStore : Store<Intent, State, Nothing> {
//Onuc nmoain
sealed class Intent {
data class TabChanged(val newTab: Tab) : Intent()

}

//Onuc crany
data class State(
val selectedTab: Tab = Tab.AllMusic

)
//JlonoMiXHi CyTHOCTI cTaHy
enum class Tab {
AllMusic, AllPlaylists, AllSamples

}
H

Peauizaniiss KOHTpaKTiB Store BUKOHYEThCS Y Kiia-
cax StoreProvider.

Janst poboTH 3 MyJIBTH-TUIATPOPMHUMHU MOAYJISIMH,
NPOBEICHO HANALITYBAHHS CHUCTEMH 300py TPOEKTIB
Gradle ta BukoHaHo y ¢aiinax: build.gradle.kts momgys
common; build.gradle.kts MOJyJIs android;
build.gradle.kts moxyms desktop.

ApXITeKTypa MPOEKTY MOIiIeHa HAa JIBI YaCTHUHHU:
Common MOAYNb MiCTHTh ¥ CO01 OCHOBHY JIOTIKY J0Ja-
TKy, & TakoX IuaTGopMHi peanizalii KOMIOHEHTIB;
riaTGopMHi MOIYJII - BUKOHYIOTh iHilliai3amiio Ta 3a-
MyCK JOJATKy Ha MeBHii miardopmi (puc. 5).

Monynb cribHOI Jioriku Common CKIAAa€EThCs 3
5 yacTuH:

— COre makeT - MiCTUTh KJIACH THUIIB JaHUX I07a-
TKY;

— data maker - peanizye pobotry 3 0a3010 ZaHUX
Ta HaJa€ KIACH-PENO3UTOPil sl TOCTYIy JO JAHUX 3
feature makery;

android module l

common module

eskiopttan

Puc. 5. MonynbHa CTpyKTypa n0OaTKy

desktop module l

A

— feature makeT - MICTUTh KOMIIOHEHTH-CKpaHU
nmonaTtky 3 OisHec-morikoro Ta Ul wacTmHOMO, a TaKkoX
OIUCYE HABIrailio Mi>K KOMIOHEHTAMHU;

— di maker - BuKoHye HanamryBaHHus dependency
injection y g01aTKy;

— ©0a3a ganux SQL Delight.

[TnaTrpopmHi Moy BHKOHYIOTH iHiliani3awito
TOJIOBHOTO KOMITOHEHTY JIOJATKY 31 CIUIBHOTO MOAYJIS,
BMHKaroTh DI Ta 3amyckaroTh 101aTOK.

IHimiamizamis 10AaTKy BHUINIAJAE€ HACTYIHHM YH-
HOM:

— Bwmuxkaetecs dependency injection y kmaci
App:

— CTBOpIOETBCS TOJOBHUM KOMIIOHEHT Ta BHKO-
PHUCTOBYETHCSI IPY CTBOPEHHI TOJIOBHOTO BiKHA JOJAT-
Ky.

dopmar Menonil JONATKY CKIANAETHCS 3 TPhOX
knaciB: Song, Track ta Chord.

Knacc Song mictuts y co0i ineHTudikarop, Ha3By,
iM’sl KOMITO3UTOpa, Ha3By allbOOMy, iM’s IlepenncyBaya,
JIOBXHMHY MeJONil y MITICeKyHAaX, 4ac CTBOPEHHS Ta
pelaryBaHHS Ta CIIHCOK TPEKiB.

Kinacc Track onmcye cyTtricTs Tpeky. Bin mae ime-
HTH]IKATOp, IHCTPYMEHT, TOH Menoxii, BPM, rydHicTh
Ta CIIMCOK aKOPIiB.

Knacc Chord onmcye CyTHICTh akopay Ta MiCTHTh
4ac Ha 3BYKOBIM JOpPDKII y MUTICEKYHIAX Ta CIHCOK
ineHTHdIKaToOpiB HOT.

Jnst BIATBOpPEHHsSI 3BYKIB CTBOPEHO CHELiaJIbHY
yTHiIiTy. BoHA BHKOHY€E 3aBaHTa)KEHHS 3BYKIB 3 pecyp-
CiB JIOHAaTKy Ta BIATBOPIOE 3 HAJaHHSIM HEOOXIJTHOTO
MY3WYHOTO TOHY. 3BYKHM 30epiratoTbcs B pecypcax Clii-
JbHOTO MoayJist y Burisini MP3 daiinis.

KoHTpakT yTWIITH OIHKCAaHO Yy
SoundMachine:

iHTepdeiici

interface SoundMachine {

suspend fun loadSounds(soundsPaths: List<String>):
List<Sound>

suspend fun playSound(sound: Sound, pitch: Double = 1.0)
}

JUtis Hamaro[KeHHS IOCTYITy OO PEmo3UTOpiiB 3
KOMIIOHEHTIB 0i3HEC-JIOTiKH JOAATKY, BUKOPHUCTOBY€ETh-
cs BIPOBaDKeHHs 3anexxHocted Dependency Injection.
Jlorika BHIPOBa/KEHHsI 3aJIE)KHOCTEH OIMCYETHCS Yy
(aiimax-monynsix Koin. DatabaseModule mictuth Mo-
Iy’ po3poOiieHOro 00’€KTy 0a3u HaHMX Al KOXKHOT
iatdopmu OKpeMo: Common MOy}
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PreferencesModule; RepositoryModule;
SoundMashineModule. Bci mMomyni BripoBapkeHHs 3a-
neHocTel iHiiIThes y QyHKuil initKoin.

BucnoBku. B po0oTi po3risiHyTO NMPUHLMIH Jie-
KJIapaTUBHOTO MiAXOY AJsl po3poOku iHTEepdeiciB Ko-
pucTyBaua mia aekiibka miardopM. [IposeneHo mgoci-
JDKSHHsI Ta BIPOBADKEHHS CYYaCHUX iHCTPYMEHTIB Ta
METOJMK PO3POOKH MYJBTUIIATHOPMHUX TOJATKIB:
Compose Multiplatform, Jetpack Compose, MVIKotlin,
Dependency Injection. 3a 3amporOHOBaHOIO METOIH-
KOIO, IO y3arajdbHIOE METOMOJIOTiI0 PO3POOKH MYIBTH-
w1aTGOpMHUX TONATKIB Ha MOBI IpOTrpamMyBaHHSI
Kotlin, cipoekToBaHO CTPYKTYpy HONATKy Ta CTBOPEHO
apxiTekTypHuil matepH MVI, axuii Haiikpame mizxo-
JUTH MiJ JeKIapaTUBHUI CTHIIb MYJIBTH-IIIaT(GOPMHOTO
dpeiimBopky Compose Multiplatform. Po3po0rieno
mpoekT “Composer”, 0 A03BOJIIE CTBOPIOBATH MY3HU-
Hi Menonii y HoBoMy Qopmari, a TakoXX MPOBOJHUTH 3
HUMH pi3HI MaHITyJIsii.
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Kozub H. O., Kozub Yu. H. Declarative method for
creating multiplatform applications

The work provides an analysis of modern analogues of
cross-platform and multi-platform application development,
the Kotlin Multiplatform and Jetpack Compose development
tools are investigated. The business logic and methodology of
creating a user interface for several platforms are described,
which contributes to reducing the cost of the product and
accelerating its development. The method of developing a
multi-platform application for Android, Windows, Linux and
macOS operating systems is presented, which allows you to
create background waves in sound format. The principles of
declarative programming and frameworks for multi-platform
development are studied. For the software implementation of
individual native applications, native solutions have been
chosen. This solution is facilitated by the use of Kotlin
Multiplatform  frameworks, which allows you to create
universal application logic code, in combination with the
Compose Multiplatform UI framework. Their use makes it
possible to write a single logic code and application interface
for several platforms at the same time, which helps to save
time and avoid a significant number of errors. A methodology
for developing the architecture of Android application
components is proposed. The modular structure of the project
architecture is divided into two parts: a common module,
which contains the main logic of the application, as well as
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platform implementations of components, and platform
modules that perform initialization and launch of the
application on a certain platform. The business logic contract
of components implemented in Store interfaces is described.
The formation of the melody format of the application from
three classes is shown: Song, Track and Chord.. A special
utility has been created to reproduce sounds. It downloads
sounds from the application's resources and plays them with
the necessary musical tone. Sounds are stored in the shared
module resources as MP3 files. Dependency implementation is
used to establish access to repositories from application
business logic components. The logic of implementing
dependencies is described in Koin module files. A
methodology is proposed that summarizes the methodology of
developing  multi-platform  applications in the Kotlin

programming language and the use of a declarative approach

for the development of user interfaces for several platforms.
Keywords: MVIKotlin, Decompose, Android, Kotlin,

Store,Common, Jetpack Compose, Kotlin Multiplatform.
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METOJIOJIOTIA ITEHTU®IKALII IIJIAMOHAKOIIMYYBAYIB
3 BUKOPUCTAHHAM METOJAIB MAIIMHHOI'O HABUAHHSA
HA TEOITPOCTOPOBHUX 30BPAKEHHAX

Kputcbka 51.0., Xmeasnunbkuii /1.b., Bito6opoxosa T.O.

MACHINE LEARNING-BASED SLUDGE IDENTIFICATION
ON GEOSPATIAL IMAGES

Krytska Y.O., Khmelnytskyi D.B., Biloborodova T.O.

B ocmanni poxu cnocmepicacmuvcsi 3pocmanus 6unaoxie Oe-
Gopmayii npOMUCIOBUX WAAMOHAKONUYYBAUIB, Pe3VIbMamom
Kol y bazamvox eunaokax € pyuHi6HUll 8NIUE HA HABKOTUULHE
cepedosuuje ma exocucmemy. Monimopune wiamMoHaKonuyy-
6auie Mae supiuianbHe 3HAYeHH O 3anodieanHs pyUuHi6HUM
nacaiokam Oegpopmayii. Tpaouyitini memoou MoOHImopuney
8UMA2AIOMb BENUKUX PeCypCieé ma Maxodic ManoepexmusHi
O/ PAHHBLO20 BUAGNEHHA NOMeHYiliHoi degopmayii. Biodane-
HUll MOHIMOpUHE HA OCHOBI 2€0NPOCMOPOBUX 300padICeHb €
nepCneKMuHUM HARPAMKOM OISl MOHIMOPUHZY WIAAMOHAKO-
nUYY8auie 3 Memoio PAHHbO20 GUSLEIEHHS NOMEHYIHOI Oepo-
pmayii. B pobomi npedcmaeneno gopmanizayiro emanie ma
BUHAYEHHS MEMOO0N02ii MOHIMOPUHRY WIAMOHAKONUYYBAYIE
Ha OCHOBI 2e0NPOCMOPOBUX 300padicenv 3 GUKOPUCIAHHAM
Memooié MAWUHHO20 HABUAHMA: GU3HAYEHO 3AcoOU MOMIMO-
puney, opmanizoeano emanu, po3poOieHO MeXHIuHY O10K-
cxemy npoyecy. Busnauena memooonozis 6ka0uae HacmynHi
emanu: (1) gopmyeanns eubipxu ma nepedobpobra 306pa-
Jicennv, (2) xknacuirayis 3 6UKOPUCIAHHAM AN2OPUMMIE Ma-

wuHHo20 Hasuanhs, (3) eanioayis pesyibmamie kiacugixayii

ma eusHauenHs mooeni 3 Haieuwoio mounicmio. Memooonozis
sacnosana na sukopucmanni Google Earth Engine (GEE). 3a-
cobu nnamegopmu 8KIOUAIOMb THMEPAKMUSHULL cepéep 000a-
MKI8, W0 NPAYIOE 3 BIOKPUMUM KAMALO20M OQHUX, OOUUCTIO-
sanvHe iHmezposane cepedosuiye po3pooKu, 2eonpocmoposuil
API  (xnienmcoki Oibniomexu umadaromov obononku Python i
JavaScript ona 6e6-API ¢ apximexmypi REST. IIpakmuuny pe-

anizayito ma OYiHKY SAKOCMI 3anpONnOHO8AHOI Memooono2i

npo6edeHo Ha OCHOBI OAHUX 300PaAdCeHb WNAMOHAKONUYY68a4a
c0006020 supobnuymea BAT «/lucuuancwvra coday. Ilposede-
HO nonepeomio obpodKy 306pasxcens. 1) 6i06ip 306pasicens Oe3
xmap, 0718 NOKPAWEHHs Pe3VIbImamis nooanbuio2o ananizy, 2)
006 ’eonannus wapie s00padicens /13, 3) anomayis o6 ’exmis, 4)
PO30IiNeHHs OAHUX HA Mecmoguil Mma MpeHy8albHUull Habopu
Oanux nixcenie. Knacughixayito peanizosano 3 euxopucman-
wam aneopummie CART, RF ma SVM Egexmusnicmov mooenei
BU3HAUEHO HA OCHO8I mounocmi i0enmudixayii. Hateuwa
MOYHICMb HA MeCMOoGUX OaHUX OOCASHYMA 3 8UKOPUCHIAHHAM
SVM, wo cmanosuna 98,05%.

Knwuosi cnosa: xiacugixayis 300padcenb Oucmauyitinoeo
30HOYBAHHA, MAUUHHE HABYAHHS, WIAMOHAKONUYY8AY

Beryn. IllnamoHakonnvyBadi € BEIUKUMH CIOPY-
JlaMH, y SIKMX 30epiraroTbCs BiAXOIH, IO YTBOPIOIOTHCS
BHACJIIOK TIPOMHCIIOBOT AisIBHOCTI miampuemcTsa [1].
OcTaHHIM YacoM 3pocia KiIbKiCTh BHNAJKIB aedopma-
il IDIaMoOHaKonmw4yBadiB. Pesymbratom amedopmariii
[IJJAMOHAKOTIMYIyBaya y 0ararbox BHIIAJKaxX € pyHHiB-
HUH BIUIMB Ha HABKOJIMIITHE CEPEIOBHIIE Ta EKOCHCTE-
My. MOHITOPHHT IIJJAMOHAKONIMIYBadiB Ma€ BUPIIIaIIb-
HE 3HAYEeHHS UL 3amo0iraHHsA pPyWHIBHHUM HACHigKam
nedopmarnii. TpamuriitHi METOOM MOHITOPHHTY YacTo
BUMAraroTh BEJIMKUX BHTpPAT 4acy Ta PETENbHOro Bi3ya-
JIBHOTO OmIAAy. Takok, HE3BaXKAOUM HA iXHIO Hamil-
HICTh 1 TOYHICTh, PAaHHI CHUTHAJIM MOTEHI[HHOT medop-
Manii MOXyTb OyTH HE BUSIBJICHI, OCKIJIbKM KOHTPOJIb
0OMEeXeHHH JIOKaJbHUM MOHITOpHHTOM. ToMy B psiai
BUMAJIKIB TPAJMIIIHHI METON MOHITOPHHTY € HEIOCTAT-
HBO epekTuBHUMH [2,3].

I'eonpocTopoBi 300paxkeHHS, OTPHUMaHi 3a JOIO-
MOTOI0 3aco0iB JHUCTaHLIHHOTO 30HIYBaHHS 3eMil
(133), Hapa3i e(heKTUBHO BHUKOPHUCTOBYIOTHCS B Pi3HO-
MaHITHHX O0NAcTSAX, TAaKUX SIK MOHITOPHHT ITOBEpXHE-
BUX BOJ [4], y Teonorii, kaprorpadii, ekoorii, JicoBoMy
Ta CITLCHKOMY TOCTIOIapCTBi, OKEAHOJOTii, METeOpOI0-
rif Ta {HmMMX ramy3sx [5,6], Mo Mokasye BENUKHN 1MOTe-
HITiaJT 1X 3aCTOCYBaHHsI I BiJJAJICHOTO MOHHTOPIHTY
[IJJAMOHAKONIMYYBa4iB 3 METO0 ijeHTH(ikauii MOoTeH-
iitHo1 nedopmarrii.

Cynyrauk Landsat 30upae ta QikcyBae maHi mpo
Hay ruraHety noHan 40 pokiB, 110 JO3BOJISIE IpOaHalTi-
3yBaTH 3MIiHH pelbedy TOMIO. 3i 3pOCTAaHHIM KUTBKOCTI
300pakeHb, MOXIIMBOCTI OTpPHMaHHS iH(OpMAIis PO
3MIIIEHHS TOBEPXHI MOCTiIHHO mokpamrytorees [7]. Ta-
KOX, PO3BUTOK XMAapHHUX PIllIeHb AJIs1 0OpOOKH reorpoc-
TOpOBHUX 300pakeHb, Takux sk marpopma Google
Earth Engine (GEE) [8], Hamae momaTkoBi MOTYXHOCTI
Ta pecypcH IJIsi BHpIMICHHS 3a7adi MOHITOPHHTY IILIa-
MoHakonuuyBa4iB. Kiacudikaiis gaHHX Te€OMpoCTOpo-
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BUX 300pa)KeHb 3 METOI0 iIeHTU(IKAI] 30HA UIaMOHA-
KOIMYYyBaya Ta BU3HAYEHHsI HOTO IUIONI JO3BOJIUTH Bij-
cTexyBary ehopMalliio NUIAMOHAKOIIMYyBaya Ha BeJH-
KUX IUIOIIAX, i € OCHOBOIO BUKOPHCTAHHS T'€0IPOCTOPO-
BUX 300paxenb J[33 sk M0AaTKOBOTO IHCTPYMEHTY IO
TPaIUIIHAX 3aCO0IB JIOKAJHHOTO MOHITOPUHTY CTaHY
[IJIAMOHAKOIIN Iy Ba4iB.

Jns xnacudikamii CymyTHHUKOBHX 300pakeHb W
BWITy4eHHS iH(OopMallii BUKOPHCTOBYIOTHCS J1Ba MiIXO-
JIA: Ha OCHOBI1 00'€KTiB Ta Ha OCHOBI mikcemiB [9]. O6u-
JIBA METOIU MOXKYTh OyTH iHTErpOBaHi 3 MAaIIMHHUM Ha-
BYAHHSM /IS iIeHTH]iKaMii MuTaMOHAKOTUIyBaviB. Me-
TOAX MALIMHHOTO HABYAHHS BBaXKAIOTHCS €(PEKTHBHUM
MeTomoM i imeHTH(dikamii 00'€KTIB TUCTAHIIIHOIO
30H/yBaHHs y Kiacudikaiii 300pakeHb Ta pO3Ii3Ha-
BaHHi 00'exTiB [10].

VY poborti [11] mpoaHai3oBaHO MPOMYKTHBHICTH
PI3HUX METOMIB MAIIMHHOIO HABYaHHS, TaKUX SK
Random Forest (RF), K-naitommkunx cycinis, SVM Ha
ocHoBi Metomy Jlemmcrepa-llledepa. YV poboti [9]
MPEJICTABICHUM aHali3 METOIIB MAIIMHHOTO HABYAHHS,
takux gk RF [12], SVM [13] mpu 3acTtocyBaHHiI Ha OTI-
THYHAX YU OaraTomianma3oHHHX CYIYTHHKOBHX 300pa-
XKeHHAX. RF mMpoko BUKOPUCTOBYETHCA B Pi3HUX JOAA-
TKax JMCTAHIIHHOTO 30HAYBaHH: [15], € MeHI 4yTiu-
BHM 10 CKJIaJHHX HA0OpPIiB JaHMX Ta 3rigHO 3 [9] moka-
3ye e(heKTUBHI pe3ysabTaTH Kiaacudikailii CymyTHHKOBHX
300pakeHb.

MeTor0 po0OOTH € TOCIIKCHHS MOMIIUBOCTEH 1
MEPCIEKTHB BUKOPHCTAHHS METOJIB MAIIMHHOTO Ha-
BYAHHS 3 METOIO0 Kiacuikalii reonpocTopoBUX 300pa-
JKEHb JUIS MOHITOPHHTY [UIAMOHAKOITMYYBaYiB.

3aBoaHHA JOCHTIHKEHHS BH3HAUYEHO HACTYITHUM
YHHOM:

- opmMaizaris eTaniB Ta BU3HAYCHHS METOIOIOTI{
MOHITOPUHTY IIIAMOHAKONNYYyBadiB Ha OCHOBI Ieorpo-
CTOPOBHX 300pa)KCHb 3 BHUKOPHUCTAHHSIM METOJIB Ma-
IIMHHOTO HABYAHHS: BU3HAYCHHS 3ac001B, (hopMatizaris
eTarriB, po3poOKka TeXHIYHOI OJIOK-CXeMH TPOLIeCy;

- 3aCTOCYBaHHS 3aIPOIIOHOBAHOI METOMOJIOTIT IO
inenTudikallis NIAMOHAKOMMYyBa4a Ha TeONpOCTOPO-
BHX 300pakKeHHSX.

MeTon0J10Tiss MOHITOPMHTY NLIAMOHAKOMHYY-
Ba4yiB Ha OCHOBi reompocTopoBux 300pa:kenb J133.
3anpornoHoBaHa METOJOJIOTISl 3aCHOBaHA HAa BHMKOPHC-
tanHi GEE. 3acobu ruiaropMu BKIIOYalOTh IHTEPaKTH-
BHHI cepBep AOAATKiB, L0 MPALOE 3 BIIKPUTUM KaTa-
JIOTOM JIaHUX, OOYMCITIOBAJIbHE IHTEPOBaHE CEpelOBH-
me po3poOku, reompocropoBmii APl (xmieHTCBKI 0i0-
mioTekn HajgaroTb obononku Python i JavaScript mms
Be0-API B apxitextypi REST).

Meroponorist Bkitouae HactynHi eranu: (1) ¢dop-
MyBaHHs BHUOIpKH Ta mnepenoOpoOka 300paxeHb, (2)
Kkiacu(ikaiis 3 BAKOPUCTAHHAM aJTOPUTMIB MaIlHHHO-
ro HaByaHHs, (3) Bajifauis pe3ynpraTiB Kiacudikauii Ta
BU3HAUCHHS MOJIEJi 3 HAWBHUINOK TOYHICTIO. Po3polite-
Ha TEXHiYHA OJIOK-CXeMa TMpPOLEeCy IMPEJCTaBICHa Ha
puc.1.

@opmysanns eubipku ma nepedobpodka 306pa-
arcenn. Tpouienypa ¢hopmyBaHHS BHOIPKH MPOBOJUTHCS
3 BHKOPUCTAHHAM 300paxkenp [I33, y Tomy umcii Bifg
Landsat, MODIS, Sentinel-1 Tta Sentinel-2, mo Ha-
naroteest y karanorax GEE. Micis Sentinel-2 36upae
bararocrneKkTpaibHi 300paKEHHS 3 BHCOKOK PO3MIiJIb-
HOIO 3[ATHICTIO, SIKi KOPHUCHI IS IIMPOKOrO KoJjia J0fa-
TKiB, BKJIIOYAIOYM MOHITOPUHI POCIMHHOCTI, IPYHTO-
BOro Ta BOJHOI'O IIOKPHUBY, 3MiHI/l 3€MHOTI'0 IIOKPUBY, a
TaKOXX T'YMaHITapHI PU3MKU Ta PU3UKH CTHXIHHOTO JInXa
[16]. 3rigro 3 karanorom manux GEE, mi 300pakeHHS
BiTHECEHI 0 piBHA 2A, a 300pa)XeHHS MOBEPXHEBOTO
BiZIOOpa)KeHHs TIPONIILUIN MONEPEeHI0 00POOKY UIsi KO-
peKmii BUIPOMIHIOBaHHS, TeoMeTpii Ta arMocdepH 3a
nmaanmu GEE cranom Ha 21 ciuas 2021 p. [17]. IIpo-
BOIUTHCA TTOTIepeHs 00poOka 300pakens: 1) BinOip 30-
OpaxeHp 0€3 XMap, I MOKPALICHHS Pe3yJbTaTiB MO-
JIANIBIIOr0 aHamizy, 2) o0’eJHAHHS MIapiB 300pa)<eHb
J133, 3) aHorartist 00’€KkTiB, 4) pO3MIJICHHS JaHUX HaA Te-
CTOBHH Ta TPEHYBaJIbHUI1 HAOOPH JAHUX MIKCEIIB.
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Ha ocHOBI criekTpambHUX 1 TEKCTYPHHX XapaKTeprc-
TUK CYIYTHHKOBUX JaHHX BHAUICHO H'ATh KaTeropii
00’€KTiB 300pa)keHb: JOPOTH, POCIMHHICTH, BOTOWMHU-
111, CUIbCHKOTOCIIOAAPCHKI KYJIBTYPH Ta IIIIIAMOHAKOIIH-
yyBaui, O0'ekTH 300pakeHHs1 € HabopaMu 3B'A3aHUX ITi-
KCeJiB, II0 MalOTh OJHAKOBE Ifiyie 3HaueHHs. [Iporec
aHoTalii 00’€KTIB € mpoueayporo ineHTrdikarii 06'exra
300pa)KeHHs Ta MPHCBOEHHS YHIKAIBHOTO iJeHTH]iKa-
TOpa BCIM IiKcelsiM o0'exra. Pesymsrarom aHoTawii €
KOITisST BXiTHOTO 300pa)KeHHS 3 JOAATKOBUM IIAPOM Mi-
TOK, IO 3'€IHY€ TIKCelNi 31 3HAYeHHsAM ineHTh(ikaTopa
00'eKTa Ha OCHOBI 3B'SI3HOCTI MIKCETIB y MEPIIOMY IIapi
300paKEeHHSL. .

VYei Toukn BUOIpKU 00'€HAHI B OJHOMY Liapi Juist
(dhopmyBanHst Habopy aaHux, e 70% mikceniB 0OpaHO
BUIIAJJKOBUM YWHOM JJIsl HaBYaHHS MOJEIN, a peluTa
30% naust IepeBipKy Ta OL[IHKH TOYHOCTI aJITOPUTMY.

Knacughikayisn 3 suxopucmanusm aneopummie ma-
wiunno2o Haguanua. Jns xnacudikamii 3apornoHOBaHO
BUKOPHCTAHHS HACTYIHHUX aJTOPUTMIB MAIIMHHOIO Ha-
BuaHHs: CART, Random Forest (RF) Ta SVM.

Banioayis pesynemamis xnacughikayii. Marpuis
IUTyTAHWHA € OCHOBHUM METOAOM OIlIHKH TOYHOCTI,
SKUH ONHCYE TOYHICTh Kiacuikarii Ha TECTOBHX Ja-
HUX. Ha OCHOBI OLIHKM TOYHOCTI BHM3HAYAEThCS OII-
TUMaJbHA MOJIEJb IS iMeHTH]IKAIT IITAMOHAKOTHYY-
BayiB. Ha ocHOBI ineHTH(ikOBaHOTO 00’€KTy BH3Ha4a-
€ThCS TUIOINA IITAMOHAKONIMYYBaya. 3MiHM TUIOMII IUIa-
MOHAKOIIMYyBa4a 3 IJIMHOM 4acy MOXYTb OyTH BUKOpPH-
CTaHI JUI1 MOHITOPHHTY Horo nedopmartii.

InenTudikanis nUIAMOHAKONMYYBaYa 3aBOAY
«Jliccona» Ha reonpocTOPOBUX 300pa’KeHHAX Ta BH-
3HAYeHHd ioro miomi. OmiHKa SKOCTI 3aIpOIIOHOBAHO1
METONOJIOTII TpOBeIcHa Ha OCHOBI JaHUX 300pakeHb
HIJTAaMOHAKONUYyBava 3aBony «Jliccomay», skuit Bumiie-
HO KPacHHUM INPSIMOKYTHUKOM Ha pHUC. 2.

Puc. 2. I'eorpadiune po3ranryBaHHs NUIAMOHAKOIIMIYBada
3aBony «Jliccomay» Ha Mami

Bubipka chopmoBaHa 3 BHKOPHUCTAHHSIM 300pa-
skerb Sentinel-2 Bixm GEE. J{yst nociikeHHS BUKOPHC-

TaHO MJaHI KOHTPOJIBHHX 300pakeHh 3a 2015-2022
pik, a xBunboBui kon Quality Assessment 60
(QA60) BukopuCTaHO B SIKOCTI (iIABTPY Ui 3MEH-
MEHHA KaJJaMYTHHUX 4YaCTHUHOK Ta YCYHCHHSA BIIJIUBY
XMap Ha 300paKeHHSX.

PeaiizoBaHO aHOTYBaHHS HACTYMHHUX 00’€KTIB 30-
OpaskeHb: TOPOTH, POCIHHHICTh, BOAOHMHUIIA, CLITHCHKO-
rOCMHOMAPChKi KyJIbTypH Ta HUIAMOHAKOIMHMYYBad. AHO-
TaIlisl IUIAMOHAKOITMYYyBaya MPOBE/IeHA 3a JBOMA XapakK-
TEPUCTUKAMH [IUIAMOHAKOMTUYyBava: Bigxomu 1 - ams Bi-
IXOMIB, 1[0 MalOTh HHU3bKE 3aJISITaHHS, Ta BiOAXOoou 2 -
JUIS BIOXOMIB, IO MAalOTh BUCOKe 3aisranHs. [Iporec
aHoTaIlil 00’€KTiB MPEACTABICHO Ha PHUC. 3, A€ a) aHo-
Tallisl POCIMHHOCTI, 0) aHOTAI[isI BOIO¥MM, B) JOPOTH, T)
Bigxoam 1, o) Biaxomu 2, €) iHie.

Puc. 3. Anoraiist 06’ €KTiB:
a — aHOTAlLisl POCIMHHOCTI, O — aHOTallisl BOAOIM, B — JI0pOTH,
r —Bigxomu 1, 1 — Bigxomu 2, ¢ — iHIIIE

[IpoBeneno xiacugikamito 3 BUKOPUCTAHHAM ail-
roputMmiB CART, RF ta SVM. Ilpuknax pesynbraris
knacugikanii npeacrasieno Ha puc. 4, ne a) CART, 0)
RF Ta B) SVM.

Puc. 4. BinokpemieHHs 00J1acTi IIaMOHAKOITUIyBaJa:
a—CART, 6 —-RF, - SVM

IIpoBeneHo BiIOKPEMJICHHS KJIACH(IKOBaHOI 001a-
CTl LINTAMOHAKONMYYBa4ya BiJXOIB Bijl 3arajpHOi Maru.
[Mpuknazn pe3ynsraTiB BiIOKpEMIIEHHS IIPEJCTABICHO Ha
puc. 5, ne a) CART, 6) RF ta B) SVM.

[MopiBHsUTbHUI aHaTI3 aNrOpUTMIB imeHTH}IKaMil
[ITAMOHAKONUYyBaya MPOBEACHO LLISXOM OLIHKH TOY-
HocTi Kiacugikanii (JUBUCH TaOIHUIO).

HatiBumry TounicTh imeHTH]IKamii MITAMOHAKOIIN-
yyBada Ha 300paXeHHsX, o JopiBHIOE 98,05%, moka-
3aB anroput™M SVM.
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a 0 B
Puc. 5. BinokpemieHHs 0071acTi IITaMOHAKOITUYyBaJa:
a—CART, 6 —-RF, - SVM

Tabnuis

Pe3ysibTaTn OHiHKHM TOYHOCTI KiIacugikamii

Anroputm Tounicts, %
CART 73,12
RF 85,62
SVM 98,05

BucnoBku. B poboti mpezacrasieno dopmaiza-
L0 eTamiB Ta BU3HAYEHHS METONOJIOTii MOHITOPUHIY
[IJIJAMOHAKOIIMYYBa4iB Ha OCHOBI TI'€ONPOCTOPOBUX 30-
OpakeHb 3 BHUKOPWUCTAaHHSIM METOJIB MAIIMHHOTO Ha-
BYAHHS: BU3HAUCHO 3aCO0M MOHITOPHUHTY, OopMati3oBa-
HO eTaru, PO3pO0JCHO TEXHIYHY OJIOK-CXEMY MPOIECY.
[MpencraBneHo mpakTHYHY peaiizaiito GopmaizoBaHuX
€TaIrB METOJOJIOTIi Ha MPUKIAMI iIeHTU(IKAIIT TIIamMo-
HaKoMu4yBada 3aBofy «Jliccomay, 110 BKIIIOYMIIA HACTY-
mHi eramu: (1) ¢popmyBaHHA BHOIpKH Ta mepenodpodka
300pakeHpb, (2) xracudikaiis 3 BUKOPUCTAHHAM aJro-
PUTMIB MAaIIMHHOTO HaBUYaHHSA, (3) Bamigamis pe3yibTa-
TiB Kimacuikamii Ta BH3HAYCHHS MOMAEI 3 HAWBHUIIOK
TouHicTIO. [IpakTHyHa peai3allist MPOBeACHA 3 BUKOPH-
cranusm mardpopmu Google Earth Engine. [Tonepenus
00poOka 300paxkeHb BKJro4ana: 1) BigOip 300pakeHb
0e3 xMap, Ul MOKpAIEHHS! Pe3YJbTaTiB MOJaJIbIIOr0
aHaiizy, 2) 00’eqHaHHs mapis 300paxens /13, 3) aHo-
Taris 00’€kTiB, 4) PO3AUICHHA NaHUX HA TECTOBHU Ta
TpeHyBaNbHUIA HaObopy maHuX mikceniB. Kiacudikariro
HA OCHOBI JIJaHWX ITIKCENIB Peaii30BaHO 3 BUKOPHCTAaH-
HsaMm anroputMiB CART, RF ta SVM EdexruBHicTh MO-
JleJiell BU3HAUE€HO Ha OCHOBI TOYHOCTI imeHTH(IKaIii
nutaMoHakonmdyBada. [lopiBHSUIBHUE aHAIi3 alropwuT-
MiB igeHTH(iKalli [IUIAMOHAKONMYYBaya IPOBEICHO
HISIXOM OL[IHKKM TOYHOCTI kiacuikauii. HaiiBumry Tou-
HICTh imeHTH(IKAI] IIJITAaMOHAKOIMYyBaya Ha 300pa-
KEHHAX, 110 JopiBHIOE 98,05%, ImOKa3aB aJroOpuT™M
SVM

Jiteparypa

1. Celenza, G., 2019. Industrial waste treatment process
engineering: Biological Processes. CRC Press.

2. Grebby S. et al. Advanced analysis of satellite data reveals
ground deformation precursors to the Brumadinho
Tailings Dam collapse. Communications Earth &
Environment. — 2021. - T. 2. — Ne. 1. - C. 1-9.

3. Robertson, P. K., L.d. Melo, D.J. Williams, and G.W.
Wilson. Report of the Expert Panel on the Technical
Causes of the Failure of Feijao Dam I. 2019. URL:

10.

12.

16.

. Sentinel-2 MSI:

https://www.resolutionmineeis.us/documents/robertson-et-
al-2019 (nara 3BepHenHs 10.12.2022).

Kpurceka . O., Bino6oponosa T.O. lociippKkeHHsT MeTO-
IIiB OOpOOKH Ta aHaNi3y TeOMpOCTOPOBUX 300paXeHb IS
BiJIaJICHOTO MOHITOPUHTY TIOBEpXHEBHX BOJI. BicHHK
CHY imeni Bonogumupa Jans. — 2022, — Ne. 1 (271). — C.
11-17.

Imran, Shabir Ahmad, Do Hyeun Kim. Quantum GIS
based descriptive and predictive data analysis for effective
planning of waste management. IEEE. — 2020. — T. 8. — C.
46193-46205.

Kodwo Miezah, Kwasi Obiro-Danso. Municipal solid
waste characterization and quantification as a measure
towards effective waste management in Ghana. Waste
management. — 2015. — T. 46. — C. 15-27.

Cigna, F., & Tapete, D. (2021). Present-day land
subsidence rates, surface faulting hazard and risk in
Mexico City with 2014-2020 Sentinel-1 IW InSAR.
Remote Sensing of Environment. — 2021. — T. 253. — C.
112161.

Google Earth Engine. Developers.google.com URL:
https://developers.google.com/earth-engine (mata 3Bep-
Henus 10.12.2022).

Ghorbanzadeh O., Blaschke T., Gholamnia K., Meena
S.R., Tiede D., Aryal J. Evaluation of different machine
learning methods and deep-learning convolutional neural
networks for landslide detection. Remote Sensing. — 2019.
—T.11.— Ne. 2. - C. 196.

Roodposhti M. S., Aryal J.,, Bryan B. A. A novel
algorithm for calculating transition potential in cellular
automata models of land-use/cover change. Environmental
modelling & software. —2019. — T. 112. — C. 70-81.

. Mezaal M. R., Pradhan B., Rizeei H. M. Improving

landslide detection from airborne laser scanning data using
optimized Dempster—Shafer. Remote Sensing. — 2018. —
T. 10. — Ne. 7. - C. 1029.

Micheletti N, Foresti L, Robert S, Leuenberger M,
Pedrazzini A, Jaboyedoff M, Kanevski M. Machine
learning feature selection methods for landslide
susceptibility mapping. Mathematical geosciences. —2014.
—T.46.—Ne. 1. - C. 33-57.

. Huang Y., Zhao L. Review on landslide susceptibility

mapping using support vector machines. Catena. — 2018. —
T. 165. - C. 520-529.

. Kavzoglu T., Colkesen 1., Sahin E. K. Machine learning

techniques in landslide susceptibility mapping: a survey
and a case study. Landslides: Theory, practice and
modelling. — 2019. — C. 283-301.

. Melville B., Lucieer A., Aryal J. Object-based random

forest classification of Landsat ETM+ and WorldView-2
satellite imagery for mapping lowland native grassland
communities in Tasmania, Australia. International journal
of applied earth observation and geoinformation. — 2018. —
T. 66. — C. 46-55.

Shaikh M. A. Using GIS in Solid Waste Management
Planning: A case study for Aurangabad, India. —
Institutionen for datavetenskap, 2006.

MultiSpectral Instrument, Level-2A.

Developers.google.com URL:
https://developers.google.com/earth-
engine/datasets/catalog/COPERNICUS_S2 SR. (mata

3sepHeHHs 10.12.2022).



20 BICHUK CXIZHOYKPAIHCBKOIO HALIIOHANBHOIO YHIBEPCUTETY imeHi Bonoaumupa Jans Ne 5 (275) 2022
References 17. Sentinel-2 MSI: MultiSpectral Instrument, Level-2A.

1. Celenza, G., 2019. Industrial waste treatment process Developers.google.com URL:
engineering: Biological Processes. CRC Press. https://developers.google.com/earth-

2. Grebby S. et al. Advanced analysis of satellite data reveals engine/datasets/catalog/COPERNICUS_S2_SR. (mata
ground deformation precursors to the Brumadinho 3peprenHs 10.12.2022).

Tailings Dam collapse. Communications FEarth &
Environment. —2021. ~T. 2. —Ne. 1. - C. 1-5. Krytska Y.0., Khmelnytskyi D.B., Biloborodova T.O.

3. quertson, P. K, Ld. Melo, D.J. Williams, and G:W' Machine learning-based sludge identification on geospatial
Wilson. Report of the Expert Panel on the Technical images.

Causes of the Fal}ure ,Of feuao Dam 1. 2019. URL: In recent years, there has been an increase in cases of
https://www.resolutionmineeis.us/documents/robertson-et- deformation of industrial sludge, which in many cases has a
al-2019 (nara 3ep HCHH 10.12.2022). L dévastating impact on the environment and the ecosystem.

4. Krytska. Y0, Bllobor(?dova T.0. Geospatial images Monitoring of Waste accumulation sites is crucial to prevent
processing and analysis for. femote. surface. Wgter the destructive effects of deformation. Traditional monitoring
monitoring. Herald of East Ukrainian National University. methods require large resources and are also ineffective for
Severodonets_k - EUNU. —2022. — Ne. 1 (_271)' -C. 11-17. early detection of potential deformation. Remote monitoring

5. Imran, Sha_b 1 Ahmad, DO, Hyeun Kim. .Quantum GIS based on geospatial images is a promising area for monitor-
based. descriptive and predictive data analysis for effective ing of sludge caps with the purpose of early detection of po-
planning of waste management. IEEE. —2020. - T. 8. - C. tential deformation. The work preseﬁts the formalization of
46193'46295' . . .. i stages and determination of the methodology of Waste accu-

6. Kodwo Mlezah,. K_W%I Oblro-]?ansq. Municipal solid mulation sites monitoring based on geospatial images using
waste characte‘rlzatlon and quantlﬁcatlpn as a measure machine training methods. identified monitoring tools, formal-
towards effective waste management in Ghana. Waste ized stages, developed a technical block diagram of the pro-
management. — 2015. - T. 46. - C. 15-27. cess. The defined methodology includes the following stages:

7. Clgn_a, F., & Tapete, D. (2_021)' Present-day. laqd (1) sampling and imagery, (2) classification using machine
subs1.dence_ rates, surface faulting h.azard and risk in learning algorithms, (3) Validation of classification and model
Mexico Clty, with 201,4_2020 Sentinel-1 IW InSAR. determination with the highest accuracy. The methodology is
Remote Sensing of Environment. — 2021. — T. 253. — C. based on the use of Google Earth Engine (GEE). Platform
112161 . tools include an interactive server of applications with an

8. Google Earth Engine. Developers.gpogle.com URL: open data directory, computing integrated development envi-
https://developers.google.com/earth-engine (nara ronment, geospatial application programming interface (client
speprennd 10.12.2022). ) libraries provide Python and JavaScript shells for web-API in

9. Ghorbapzadeh 0., Blaschke T", Gholarpma K, Mef.:na representational state transfer (REST) architecture). The
S.R.,.Tlede D., Aryal J. Evaluan.on of dlfferf.:nt machine practical implementation and quality assessment of the pro-
learning methods apd deep-l.earmng convolutl.onal neural posed methodology was carried out based on image data of
networks for landslide detection. Remote Sensing. — 2019. Waste accumulation sites of the open joint-stock compaﬁy
—T. 11 = Ne. 2. C. 196. (OJSC) «Lysychanska soday. Pre-processing of images: 1) se-

10. ROOd,pOShtl M. 8, Aryal T, ) Bryan B. ,A'_ A novel lection of images without clouds, to improve the results. 2)
algorithm for calculating transition potential in cellular unification of layers of remote sensing images. 3) annotation
automgta models of land-use/cover change. Environmental of objects, 4) separation of data into test and training sets of
modelling & software. — 2019, - T 11_2' —C.70-81. . pixel data. The classification is implemented using Classifica-

11. Mezaa}l M. R'Z Pradhan. B., Rizeei H. M Improvmg tion and Regression Trees (CART), Random Forest (RF) and
lan('isl.lde detection from airborne laser scanning data using Support Vector Machine (SVM) algorithms. The effectiveness
optimized Dempster—Shafer. Remote Sensing. — 2018. - of the models is determined based on the accuracy of identifi-
T..10. - NE' 7.-C. 102,9' cation. The highest accuracy on test data was achieved using

12. Micheletti N, Foresti L, Robert S, Leuenberger M, SVM. which was 98.05%.

Pedra}zzml A, Jaboyedoff M, Kanevski M. Mach%ne Keywords: remote sensing images classification, ma-
learning feature selection methods for landslide chine learning, waste accumulation sites

susceptibility mapping. Mathematical geosciences. — 2014. ’

—T.46.—Ne. 1. - C. 33-57.

13. Huang Y, .Zhao L. Review on lgndslide susceptibility Kpnrebka S1.O. — 1.., 101eHT Kadespi KoMIT IOTEPHHX HayK
mapping using support vector machines. Catena. —2018. — Ta imkeHepii CXiTHOyKpalHCHKOrO HAI[iOHAJIBHOTO YHIBEpCH-
T.165. = C. 520-529. . . ) TeTy imeni Bonogumupa Hast, e-mail:

14. Kavzoglu T., Colkesen 1., Sahin E. K. Machine learning kritskayana@gmail.com
techniques in landslide susc.eptibility mapping: a survey Xmeapruubicnii J1.B. — Marictp kaeIpH KoMI’ lOTepHHX Ha-
and a case study. Landslides: Theory, practice and yK Ta imkeHepii CXiIHOyKpalHCHKOTO HalliOHAJIBHOTO yHIBEp-
mode} ling. - 2019,' —C. 283-301. . CHUTETYy iMeHi Bonomumupa Hauns, e-mail:

15. Melville B., Lucieer A., Aryal J. Object-based random dimon22052000@gmail.com
forest. clgssiﬁcation of Landsat ETM+ and WorldView-Z BinoGoporopa T.O. — K.TH., JOICHT, JOUCHT Kadexpw
satellite Imagery for mapping lowland native grgssland KOMIT’ FOTEepHUX HayK Ta imxeHepii CXigHOyKpaiHCHKOTO Halli-
communities in Tasmania, Australia. International journal OHAJILHOTO yHiBepcuTeTy iMeni Bomomumupa Jlans, e-mail:
of applied earth observation and geoinformation. — 2018. — beloborodova.t@gmail.com
T. 66. —C. 46-55.

16. Shaikh M. A. Using GIS in Solid Waste Management

Planning: A case study for Aurangabad, India. —

Institutionen for datavetenskap, 2006.

Crarrsa momana 25.09.2022.



BICHWK CXIGHOYKPATHCHKOIO HALIOHANBHOIO YHIBEPCUTETY imeni Bonogumupa Oans Ne 5 (275) 2022 21

DOI: https://doi.org/10.33216/1998-7927-2022-275-5-21-27

YK 004.3

JTOCJIIKEHHSA EOEKTUBHOCTI BIPTYAJIbHOI BATATOIIOTOYHOCTI
(2,3,4 IIOTOKH) TUITY HYPER THREADING ITP1 BUKOHAHHI IIOTOKIB
B OJHAKOBHX TA PI3BHUX YMOBAX

Hemzeascbkuii [1.0., Cagponona C.O., bapoapyk JI.B.

RESEARCH EFFICIENCY VIRTUAL MULTITHREADING
(2,3,4 THREADS) TYPE HYPER THREADING WHEN EXECUTION
THREADS IN THE SAME AND DIFFERENT CONDITIONS

Nedzelskyi D.O., Safonova S.O., Barbaruk L.V.

B cmammi ananimuynumu memooamu 3 enemenmamu meopii
MAC08020 00CIY208Y8aHHA OOCNIONCEHA eheKmuHicms s0ep
cyvacHux npoyecopieé 3 GUKOPUCMAHMAM GipmyanvHoi 6aza-
monomounocmi muny mexronozii Hyper Threading npu 2-x,
3-X, 4-x nomokax 3 ypaxy8auHam CMpYKMypHUX ocoOaugoc-
meil s10pa AK NpU 6UKOHAHHI NOMOKI6 68 0OHAKOBUX YMOSAX,
maxk i 6 pizHux ymosax. I1io oonakosumu ymosamu posensioa-
J10Cs. GUKOHAHHA NOMOKIE, KONU GUKOPUCMIOBYEANU OOHAKOBI
obcsazu pisnie kew-nam'ami. 11i0 pisnumu ymosamu pos2nioa-
auca cumyayii, KOAU NOMOKU NOCNIO08HO BUKOHYBANUCA 6
YMOBAX 3 BUKOPUCMAHHAM OOCTHYNHUX 00CA2I8 Kewl-nam'ami, a
napaneibHo NOMOKU GUKOHYBATUCS 6 CIPUWUX YMOBAX BUKOPU-
cmauHa  Kew-nam'ami (3 8UKOPUCTAHMAM HUMCUO20 DI6HS
Kew-nam'smi abo Hasimv onepamueroi nam'smi).

Jlna Oocniddicenns UOPAHO WUPOKO NOWUPEHI Mad HAOYHI
npoepamu: «Mnooicenns mampuysy, «Piwenns ougepenyia-
JIbHUX DIGHAHL Yy NPUBAMHUX NOXIOHUX MemOoooM cimoky. Y
npospamax, wo 00caioxcysanucs 6yno udiieHo sA0po, ymou-
HeHi THEOPpMAYIliHO 3a1eHCHi KOMAHOU [ KOMAHOU pelyKyii,
cpopmosani epynu KoMauo, ix KilbKicmv ma BU3HAYeHi yacu
BUKOHANHS KOJICHOI 2PYNU 8 NPO2PAMi I0pd, A MAKOIC BU3HA-
YeHi UMOBIPHOCIMI NOSBU KOJCHOT epynu Komano. Pospobneno
MEMOOUKy 00CniodiceHb ma mooeiv 0pa. s docniodcenns
BUKOPUCTNOBYBANACA 080PA3HA CRPOUjeHA MOOenb A0pa Npo-
yecopa. Byno susnaveno xoeiyienm nasanmasicenus yHisep-
canvrozo PII ma, 6 3anexcnocmi 6i0 3HaueHHs pi3HUX napa-
Mempig npocpamu i A0pa npoyecopa, 8U3HAUEHO KoeQiyieHm
sukopucmanns 11V moodeni, eusnaueni cepeoHiii uac GUKOHAH-
HA A0pa npozpamu ma cepeoHi 4acu GUKOPUCIIAHHS OKPEMUX
cneyianizo8anux YHKYIOHATLHUX NPUCMPOTS.

Haseoeno pesynomamu 0ocniodicenv y euensioi popmyn npu 2-
X, 3-x ma 4-x nomokax ¢ 00HOMY Qi3uuHOMY 0PI AK NPU GU-
KOHAHHI NOMOKI8 8 0OHAKOBUX YMOBAX, MAK | 8 DI3HUX YMOBAX.
Iliomeepooicena egpexmuenicms gipmyanvroi bazamonomou-
nocmi muny Hyper Threading npu 06ox, mpvox, womupbox
NOMOKAX 3 BIOCYMHICIIO CMPYKMYPHUX KOH@IIKmMie, max i
npu Pi3HUX YMOBAX — HAAGHOCI CIPYKMYPHUX KOHPAIKMIE 6
niocucmemi Kew-nam 'smi.

Ilpu éuxonanni nomokie y pisHux yMo8ax eghexmugnicmo (Ko-
eiyicHm NPUCKoperHs) MeHud, HidC NPU GUKOHAHHL 6 PIGHUX
ymosax. Axujo npu euxonanni 00HO20 NOMOKY GUKOPUCHIOB)-

emucsa binbuie NONOSUHU Kew-nam'ssmi mpemvo2o pieHs abo
nompibua inmencusna poboma 3 onepamugHol0 nam'smmio,
BUKOPUCMAHHS GIPMYATbLHOT 6a2amonomo4Hocmi HeooYiNbHO.
Knrouogi cnosa: bacamonomokosa gipmyansHicme, npoyecop,
A0po, KOHEEEP KOMAMO, Nepeutkoou, npooyKmugHicmy, egex-
MUEHICMb.

Beryn. Haituacrimie eeKTHBHICTB siiep MpoLeco-
piB JociijpKyBaniacs €KCIepUMEHTAIbHUM IUIIXOM 32
JIOTIOMOTOI0  ITporpaMHuX TecTiB. OTpuMaHi AaHi mpo
Yac BUKOHAHHS TECTiB I03BOJLSUIM BH3HAYHUTH BiJIHO-
IIEHHs peabHOi epEeKTUBHOCTI /10 MiKOBOi e(eKTHBHO-
CTi.

[IpoTte TecTn HEe MOXKYThH BIATIOBICTH Ha NMUTAHHSA,
YoMy peasibHa MPOAYKTHBHICTh 3HAYHO MEHIIE Teope-
TUYHOI MPOIYKTUBHOCTI 1 SKUMH IUIIXaMH MOXKHa 30i-
JBIINTHU PEabHy MPOIYKTUBHICTb.

VY pobotax [1,2], a Takox B OaratboxX MOmIOHUX
poborax, mochi/KyBaiacs BipTyajJbHa IBOIIOTOYHA
epextuBHicT, (mpu peanizauii TexHousorii Hyper
Treading) ekcnepyMeHTaIbHUM ILUIIXOM, BHUKOHYIOUH
pi3Hi TecTd. BcTaHOBIIEHO, 1110 B OaraThbOX BHUIAIKaX Bi-
pTyajibHa JBONOTOYHICTH 3a0e3neuye 30uIbIeHHs ede-
ktuBHOCTI 10 30%. YV Toii ke 4Yac, Mpu BUKOHAHHI Jie-
SIKMX TIpOTrpaM eQeKTHBHICTh a00 He 30LIbIIyeThCs, 00
HaBITh NOTIPIIYETHCA. Y BCiX EKCIIEPHUMEHTAIBHIX JOC-
JDKEHHAX OUITXOM BHKOHAHHS Mporpam i ¢ikcarii ya-
Cy iX BUKOHaHHSA HE BKa3yBaJlUCsS NPHUYHHH, SIKI MOSIC-
HWIM 0, 9OMy OTpHMaHi Taki pe3ynbTaTH. Y BHUIAIKax
BiJICYTHOCTI a0 HaBiTh HETATHBHOTO €(eKTy Ie Mosc-
HIOBAJIOCS] THM, 1110 BUKOHYFOYI1 JIBI TPOTPaMH KOHKYpY-
BaJIM 32 OJIHAKOBI pecypcu 0e3 BKa3iBKU LIUX PECypciB i
CTyHeHs1 X BUKOPUCTaHHS KOXXHOIO MPOTpamolo OKpe-
MO.

B po6orti [3] mocnikyBanack aHATITHYHAM METO-
JIOM e(EeKTHUBHICTh BIPTyaJbHOI JBOIOTOYHOCTI THILY
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texnounorii Hyper Threading B oqHOMY i3uaHOMY sApi
mporiecopa Mpu BUKOHAHHI KUTBKOX PO3TMOBCIOIKEHUX
nporpam (MHOKEHHSI MaTpHIlb, pimeHHs audepeHiia-
JIbHUX DPIBHSHB 3 MPUBAaTHUMH NOXIJHUMH, IIBUJIKE IIe-
petBopenHst Dyp’e) mpu HASIBHOCTI MEPEIIKOJ TUTABHIN
po0OTI KOHBEEpPa BUKOHAHHS KOMAaHJ IMPH BUKOHAHHI
OJIHI€T Ta BOX OJHAaKOBUX NporpaM. BcraHoBieHo, 110
IIpY BUKOHAHHI OJHi€l porpamMu KoeQillieHTH BUKOPHU-
CTaHHs OKPEMUX MIJICUCTEM SIpa a TAKOXK OIEePaTHBHOL
mam’ati 3HagHO MeHmni 1. KoedimieHTn BUKOpUCTaHHS
KeII-TlaM’sITl  TaKOXX JaJiekl Bix MakcuMaibpHuX. ITiaT-
BepIKCHA JOUITBHICTG BHUKOPHCTAHHS TEXHOJIOTIl
Hyper Threading. IIponeMoHCcTpoBaHi JAesiKi MPUYUHH
BiJICYTHOCTI epexTBHOCTI  TexHomorii  Hyper
Threading.

B pob6ori [4] koediuieHT npuckopeHHs (edexTus-
HICTBH J1BONOTOYHOI BipTyanbHocTi Ty HT) Bu3Hauas-
csl SIK BIJIHOLIEGHHSI Yacy IOCIIIOBHOTO BUKOHAHHS JIBOX
nporpam B ofHOMY (i3HYHOMY $Api 0 4acy napaielb-
HOTO (OZHOYACHOTO) BUKOHAHHS LMX JIBOX IIPOTpaM, y
oMY K (Di3n4HOMY s/pi (TOOTO B pEKUMI BipTyaIbHOL
neoriotouHocti Tty Hyper Threading). [Tpu mpomy
nependavyanocs, Mo Ui OAHOMIOTOYHOTO BUKOHAHHS Ta
JIBOIIOTOYHOTO BUKOHAHHS porpaM (isudHUX pecypciB
simpa JocTaTHRo. Hampukiran, po3Mipu MacHBIB Taki, 10
00csTH Kell-maM'saTi JOCTaTHI Ui PO3MIIIEHHS JaHUX
BUKOHYBaHHX IPOTPaM.

[Ipote, He 3aBXIM BUKOHYIOTHCS Taki yMOBH. Y
0araThOX BHINAJKAaX MOXJIMBI CUTyalii, KOJIH 00csr
KeII-IIaM'sITi JOCTaTHIN Uil pO3MIIIEHHS JaHUX OJIHO-
MOTOYHOI ITPOrpamH, ajie He JOCTAaTHIH ISl pO3MIIIeHHS
JIBOIIOTOYHUX Tporpam. [Ipm aBopa3zoBoMy IOCITiJOB-
HOMY BHKOHAaHHI IPOTpaMH B OJHOIIOTOKOBOMY DEXKH-
Mi, po0OTa BUKOHYETHCS B CIPUATIUBUX YMOBax (3Had-
HO OiNTBINIa KiNBKICTH 3BEPHEHB 33 JaHUMH 3JIHCHIOETh-
Cs B IIIBUJIK] PiBHI KeIlI-Mam'sITi).

IIpn pBOMOTOYHOMY TmapajeIbHOMY BHKOHAHHI
mporpaM, po060Ta BUKOHYETbCS B MEHII CHPUSTIMBUX
yMOBax (3HayHO OibIIa KiJBKICTh 3BEPHEHD 33 JTaHUMHU
3MIACHIOETHCS HA TOBUIBHIIII PiBHI Keml-mam'sti a0do
HaBITh B omepaTtuBHy nam'site). lle o3Havae, Mo yMOBH
BUKOHAHHS JIBOX OJHONOTOKOBUX IIPOrpaM MOXYTb
CYTTEBO BIJPI3HATHUCH BiJ] YMOB IapajeibHOIO BHKO-
HaHHS JBOIIOTOKOBOI IporpaMu. BinmoBimHO pesynbra-
TH (Koe(ilieHT MPUCKOPEHHS) MOXXYTh TaKOX 3HAYHO
BiJIPi3HSTHUCS.

BucHoBku, orpuMmani B po0oti [4], cymHIBY He
HIIAI0TECS, ale BOHH CIIPaBEIUIMBI TIABKU ISl ONTH-
MaJIbHUX MO€IHaHb PO3MIPIB JaHUX y IIporpaMax Ta po-
3MIpiB KelI-1aM’sTi B S/pi Ta B IPOLIECOPI.

Takox y poboti [4] He mocCiiIKyBanacs MOXKIIHU-
BICTh BUKOPUCTAHHS TPHOXIIOTOYHUX 1 YOTUPHOXIIOTOY-
HUX IIPOTpaM B OJHOMY (hi3W4HOMY si/ipi, X04a 3po0ie-
HO BHCHOBKH, IIIO 1 I/l Yac BUKOHAHHS IPOrpaM y JBO-
MIOTOYHOMY BapiaHTi (i3U4HI pecypcH siipa BUKOPHCTO-
BYIOTBCS HE TIOBHOIO MipO¥O.

Meto0 1aHOi poGOTH € HOCHIIKEHHS e(peKTHB-
HOCTI  BHKOPHCTaHHS BipTyallbHOI 0araTOmOTOYHOCTI
tuny Hyper Threading npu 2-x, 3-x, 4-x moTtokax mpu

HasiBHOCTI SIK ONTHMAJIbHOTO, TaK i HEONTHMAJIbHOTO
CIIBBIIHOIICHHS PO3MIpIB JaHHX B MMpOrpamax Ta po3-
MIpiB Kem-nam’siTi B siapi (iHaKIIe Kaxydd CTPYKTyp-
HUX KOH(QJIIKTIB B MiICKCTEMI KEIl-TIaM sITi).

MeTtoanka nociimxkeHb. B crarTi BHKOpHCTaHA
METOJIMKA TOCTIKEeHD 3 pobotu [4]. Y mociimKyBaHUX
nporpamax «MHOXeHHSI MaTpulb», «Po3B’s13aHHs -
(hepeHUiaNBEHUX PIBHSAHD B IPUBATHUX MOXiJHUX METO-
JIOM CITOK»:

®  BHIUDIIOCA SIIPO — IUITHKA MPOTpaMH, sKa 3a-
Oe3rnedyye OCHOBHHI BHECOK ITijl 9aC BUKOHAH-
HS TIPOTPaAMU;

e  po3poOISLTHCS HAa YMOBHOMY aceMOiepi mpo-
TpaMu siziep;

e 3'sicoByBajHCs iH(QOpPMALINHHO 3alIeKHI KOMaH-
JTU 1 KOMaHIU PEAYKIIii, SKIIO BOHH €;

e (opmyBaimcs rpyny KOMaHJ, sIKi BUKOHYIOTh
iH(hOpMAIIIHO 3aJeKHI JUITHKA KOMaHJ s7pa,
11X KIJIBKICTb;

e  BU3HAYaMCs HMOBIPHOCTI MOSIBU KOXHOI Ipy-
I KOMaHJ B TIPOTpaMi siipa;

e  BHU3HAYANMCSA YacCH BUKOHAHHS KOXHOI Ipynu
KOMaH/I B IIpOrpaMmi s11pa;

e pospoOstacs MOIENb sAnpa IPOLecopa, ILI0
BUKOHYE SIJIPO IIPOTPaMH;

e B Mozmeni iHGOPMAIIHO 3aleXHI TPyHmH KO-
MaH/J BUKOHYBaJINCA Hi,Z[CI/lCTeMO}O BUKOHAHHA
MOCIIZIOBHO 3TiJHO 3 aJrOPUTMOM BHUKOHaHHS
MPOTPaMH.

Jani Bu3Havammes:

e  cepelHii yac BUKOHAHHS 5/Ipa IPOTpaMu;

e  cepemHi 4acH BUKOPHCTAHHS OKPEMHUX CIelia-

TM30BaHUX (PYHKI[IOHATBHUX IPHCTPOIB TAKHX
SIK: KeII-TIaM'sTi TePIIoro, IPYTroro i TPEThOTo
PiBHIB; MPHUCTPOT MHOXKEHHS, MPHUCTPOi CKJa-
JIaHHS;

e Kkoe(ilieHT HaBaHTAXECHHSA YHIBEPCAIHHOTO
(hYHKIIOHAIBHOTO NPUCTPOIO;

e  koe(ilieHT BHKOPUCTAHHS MPHCTPOIO YIpaB-
ninast (ITY) Moperni B 3a1€KHOCTI Bl 3HAYCHHS
PI3HMX ITapaMeTpiB MPOTpaMu i sapa MpoLeco-
pa;

e Koe(illieHTH BUKOPUCTAHHS CIICIialli30BaHIX
(YHKIIOHATHFHHUX TPUCTPOIB.

Mopess sigpa npouecopa nNpy BUKOHAHHI MOTO-
kiB. [l jocmimkeHHs BUKOpUCTOBYBajiacs ABoda3Ha
CIpOIIEHa MOJENb sI[pa MPOLECcopa, IO CKIAJA€ThCS 3
npuctporo ynpasiiaaa (I1Y), mizcuctemn BUKOHaHHS
rpyn komasj i 0ydepa Mixk HUMH.

CTpyKTypHY CX€MY €KBIBaJICHTHOI CIIPOIIEHOT MO-
JIeJTi siZipa HaJaHO Ha PUCYHKY.

[TV nmoyeproBo uymrae 610K KOMaHIHOI iH(OpMa-
uii nmotoky i (i =1;2;3;4) 3 migcucremu nam’sti, AEUIN-
(dhpye et 610k KoMaHAHOI iHpOpMaIii Ta 3amucye dep-
TOBY Tpymy mpojaemmdpoBaHUX KOMaHA B Oydep mpo-
nemmrpoBaHUX TPYN KOMaHA MOTOKY i. IMoBipHicTh
renepatii i-1 gemmdposanoi rpynu komana Wi.
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I'pynu

Komanau KOMaH 11

IMpuctpii
YIpaBIiHHA

Bydep »| YHiBepcanbuuii OIT

Puc. Chopomrena cTpykTypHa cxeMa MOJEINI sapa

Ilependavaerncsi, M0 MpoIEC TeHeparlil rpyn Ko-
Maua [1Y HalmpocTimmii 3 TOKa30BUM 3aKOHOM PO3IIO-
JIUTy 9acy MiXK 3reHEpOBaHUMH Tpynamu Komasn. [HTe-
HCHUBHICTh TEHepallii rpyn KOMaHJ BU3HAYa€eThes (op-
mymoro (1)

)\.]‘[yzl/treH, (1)

Je treH — MaTeMaTH4YHe OYiKyBaHHA d4acy TeHepauil
TPYIH KOMaHJ.

Yac renepauii yeproBoi rpynu xomanj I1Y 3ane-
KHUTh TUIBKU BiJl apXiTEKTYpHUX 1 CTPYKTYpHHX 0CO0-
JIMBOCTEH sApa mpoiecopa.

[Ticns renepanii ogHiel rpyny KOMaH[ Ta 3aIMCy il
B Oydep NOTOKY 1 NMpUCTpiil ynpaBimiHHS IEPEXOAUTH
JI0 TeHepalii Tpyn KoMaHa Jiisl moToky i+l, skmo Oy-
tdep mpomemmdpoBaHUX KOMaHI IFOTO TOTOKY HE 3a-
MOBHEHUH. [HaKIIe MPUCTPI yIpaBIiHHA NEPEXOIUTH
0 TeHepalii rpyn KOMaHJ A HACTYIHOTO IO 4ep3i
MOTOKY i+2.

Sxmo Oydep xoMaHx MOTOKY i 3arOBHEHHH, TO
NPUCTPIH yNpaBJiHHS IEepecTae TeHepyBaTH HOBI IPy-
U JJ151 [HOTO MOTOKY 1.

Sxmo Oydepu KOMaH[ BCIX MOTOKIB 3allOBHEHI,
TO NPUCTPIH YNPaBIIiHHS MPOCTOIOE.

[Mizcucrema BUKOHAHHS TPy KOMaH/ CKJIaIaeThCs
3 JIEKUIBKOX ~CIIelialli3oBaHuX (YHKIIOHAJIBHUX IPHU-
ctpois (OIIj).

Tunu ®I1:

e Il unTaHHA [OAHUX 3 KeII- IMaM’STi MEepIIoTo
piBas L1D.

e Il yntanHA JaHWX 3 KemI-TIaM STi APYroro
piBus L2.

e Il ykraHHS JAHHUX 3 KEII-IIaM’SITi TPETHOrO
piBus L3.

e @Il ynraHHA Ta 3aMuCy JAaHMX 3 (B) OmepaTH-
BHY I1aM’SITb.

e  OII cxinagaHHs/BigHIMAHHSA.

o @Il MHOXEHHS.

e @Il minenns.

[Hmi cnenianizoBaHi MPUCTPOI.

Komanau 3 Oydepi mpoxaemnppoBaHix KOMaHI
OTHOYACHO MOXYTh BHIABaTHCA 10 BCix HasBHHX DI,
pu yMoBi, mo koxHIH PII roToBUil mpuitMaTé KOMaH-
Jly Ta TOTOBI ONEpaHy sl i€l KOMaHIH.

@II ynraHHs AaHUX 3 KEeLI-NaM'siTi MEepLIOro piBHs
L1D moxe oHOYaCHO YMTATH 2 OIEPaHIH i 3aIiCyBa-
TH OJIUH PE3yJIbTaT.

@II yntaHHs JaHUX 13 Ke-am'saTi APYroro piBHA
L2, @I yntaHHs JaHUX i3 KEMI-TIaM'SATi TPETHOTO PiBHSI

L3, ta ®II yuraHHs Ta 3anKCcy JaHUX 3 (B) ONEpPaTUBHY
nam'ssTb KOMOIHAIIfHOTO TUITY Ta y OyAb-sIKMA MOMEHT
4acy MOXYTh BUKOHYBATH JIHIIE OJHY KoMaHy. Jlo BU-
KOHAHHS HACTYITHOI KOMAaHAW BOHH MOXYTHb PO3IIOYH-
HATH TUTBKH TICIIS 3aBEPIICHHS MOMIEPEIHbOT KOMaH/IH.

Axmo OII BineHUi 1 B Oydepax mpoxemmdppoa-
HUX KOMaH]| HEMa€ TOTOBHX 10 BUKOHaHHS KoMmaH[, OI1
MIPOCTOIOE.

Hanpuknan, mnpu BHKOHaHHI sIpa TPOrpaMu
«MHOXEeHHS MaTpHUIb» Tpyla KOMaHA, IO CKJIaJa€Th-
csl:

e 3 KOMaHJ YHTaHHA 2-X OMNEPaHdiB 3 Kelll-
nam'sti fanux nepioro piHs (L1D), komanau
MHOXKCHHS IIPOYUTAHUX OMCPAH/IB 1 KOMaHIU
HATPOMA/DKYIOUOTO JOJAaBaHHS PE3yNbTATiB
MHOXCHHS BUKOHYETBCS 3 IHTCHCHUBHICTIO
pwi=1/tckmn, e tcki - MOBHUM 4Yac BHWKOHAHHSA
oreparii CKIaJaHHS.

e 3 KOMaHJ YHMTaHHS OlepaHga 3 Kell-nam'ari
nanux nepmioro pisHs (L1D), komanau ynTan-
Hs OTlepaH/a 3 ONEepPaTUBHOI Mam'siTi, KOMaHIH
MHOKCHHSI TIPOYUTAHUX OIECPAH/IB 1 KOMaHIU
HArpOMa/DKYIOUOro JOJaBaHHS pPE3yJIbTaTiB
IpYIH,  BHUKOHYETbCS 3  IHTEHCHBHICTIO
Lon=1/tor, e tor- Yac YWTaHHSA OlEpaHAa 3
OIIEepPaTHBHOI MaM'sTi;

e 3 KOMaH]| YHTaHHS ONEpaHAa 3 KeII-TIaM'sTi
JAHUX NIpyroro piBHA L2, KOMaHIW YUTaHHS
omepaHga 3 Kem-mam'sTi apyroro piBHS L2,
KOMaHIM MHOXCHHS MPOYUTAHUX OIEpaHIiB i
KOMaHIM HAarpoMaJKyl0doro JOJaBaHHS pe-
3yJIbTATIB MHOXKEHHS, BUKOHY€EThCS 3 IHTEHCH-
BHICTIO, II0 BH3HAYAETHCS YacOM YHTAHHSI
orepaHzia 3 Kewl-am'sti apyroro piBHs L2
uLo=1/t1,, A€ t, Yac YNTaHHS ONEpaHa 3 Kelll-
nam’siTi gpyroro piBas L2.

e 3 KOMaH]| YHTaHHS ONEpaHAa 3 KeII-TIaM'sTi
JIaHux nepioro pieas L1D, koManau 9uTaHHS
omepaHja 3 Kem-maMm'aTi TPeTboro piBHA L3,
KOMaHIIM MHOXCHHSI NMPOYUTAHUX ONEpaHIiB i
KOMaHIM HarpoMaJKyl4oro JoJaBaHHS pe-
3yJbpTaTiB MHOXeHHA (tum rpymm LI1; L3;
Muox.; Jlo/1.) BUKOHYETHCSI 3 IHTEHCHBHICTIO,
10 BU3HAYAETHCS YaCOM YMTAHHS ONepaHzaa 3
Keul-nam'siti Tpetboro piBHs L3 pp =1/t 3, ae
ti3 9ac YWTaHHS OIepaHIa 3 KelI-ram’sTi
Tperboro piBus L3.

Pesynbratu g0oCiKEHB.
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Tabmuws 1

JocuikeHHs1 NporpaMu « MHOKeHHsI MATPHIIb

IToTokM BUKOHYIOTHCSI B PIBHHX YMOBaX (CTPYKTYPHI KOH(JIIKTH BiACyTHI)

Bapiant

KoediuienTn npuckopenns

Hpuknagn koedinieHTiB NpUCKOpeHHs

Bcl maHi B L1

_ 2/m+ 15topy/ton

npu ton = 2567; topy = 41; m=64

Sk = 2/m + 15togq/Kton 52 =1.79; §3 = 2.43;
S4 = 2.95.
BCi fani B L2 Sk = 2/m+tr,/ton + 15 * topy/ton npu t;, = 127; ton = 2567; togy = 47;
"~ 2/m 4+t /ton + 15topu/kton m=256
52 =1.68; 53 = 2.18;
S4 = 2.55.
Bei ani B L3 Sk = 2/m+ ty3/ton + 15 * topy/ton npu t; 3 = 367; to = 2567; topy = 47;
~ 2/m+ ty3/ton + 15topu/kton m=512

S§2 =1.45; 53 =1.70; 54 = 1.87.

Bci gani B OI1 [IpuckopeHHs BinCyTHE

m>o0cary L3

IoToKkN BUKOHYIOTBCSI B HEPIBHHX YMOBAX (CTPYKTYPHi KOH(JIIKTH €)

CTpyKTypHUH KOH(- She 15topy npu ton = 2567; togy = 47; m=100;
mikt L1/L2 T tpa+15togy/k S2=1.43; S3=1.88; S4=2.22
CrpykrypHuil KOH(- ~ _tr2+15topy npu t;, = 127; top = 2567; togy = 47;
mikt L2/L3 ~ tr3+15togy/k m=256
S2=1.03; S3=1.2; S4=1.31.
\
Ipumitku:

tL| — TaTEHTHICTPH KeII-TaM’sITi IePIIOTO PiBHS;
t1 o — JTATEHTHICTh KEII-TIaM’Ti Ipyroro piBHS;
t 3 — JIATEHTHICTH KEII-TIaM’sITi TPEThOTO PiBHS;
tor _ JIATEHTHICTH OIIEPATUBHOI MaM’sTi;

topy — 9ac OOYHUCIICHHS OJIHIET omeparii;

m — po3Mip KBaJpaTHOI MaTPHIL.

ITepenbagaeTbes TakoXK, IIO:

o gkmo DIl BiIbHWH, TO YeproBa 3reHEpOBaHa
rpyna Komasj 3 BimnoBigHoro Oydepy mpo-
nemnpoBaHUX KOMaH/ Biipa3y HaJAXOIUTh Ha
BukoHaHHs B OII;

e  BuOuUpae rpynu KomMasz 3 Oydepa rpyn KoMaH
srigao gucuumuiiag FIFO.

e Skmo PII BinbHUI 1 B Oydepi rpyn KoMaHn
HeMae 3as1BoK, To DI npocroroe.

[otix BukoHarux B ®II rpym kKomMaH[ HaWTIPOCTi-
WA, 3aKOH pO3MOITy TOKAa30BHH 3 1HTCHCHBHIC-
TIO Lon=1/ten, € ten — CEPEHIN Yac BUKOHAHHS IPYITH
KOMaHJI.

BucnoBkmu. 1. [Ipy BUKOHaHHI TOTOKIB B PIBHUX
yMOBax Koe(ili€HTH MPUCKOPEHHS 3MIHIOIOTHCS TaK:

1.79 - mis nBONOTOYHOCTI; 2.43 - I TPHOXIIOTO-
4yHOCTI; 2.95 = U1 YOTUPHOXIIOTOYHOCTI NPH BUKOHAH-
Hi BCIX ITOTOKIB 3 BUKOPHCTaHHSIM KeII-Iam’sITi TepIio-
ro pius L1D.

1.68 - mns mBomoTowHOCTI; 2.18 - A TPHOXIIOTO-
YHOCTI; 2.55 = M1 9OTHPHOXIIOTOYHOCTI IPH BUKOHAH-

HI BCIX MMOTOKIB 3 BUKOPUCTAHHSM Kell-1aM’sITi JPyroro
piBas L2.

1.45 - ansa aBomotouHocTi; 1.70 - mjs TPHOXIOTO-
yHOCTi; 1.87 = 11 YOTUPHOXIIOTOYHOCTI NPH BUKOHAH-
Hi BCIX MOTOKIB 3 BUKOPUCTAHHIM Kell-1laM’sITi TPEThO-
ro piBust L3.

[TpuckopeHHs BiICYTHE, SIKIIO JIaHi HABITh OJHOTO
MOTOKY OuIbIIi 00CATY Kell-nmam’siTi TpeTboro piBHs L3.

2. SIKIIO MOTOKM BHKOHYIOTBCS B HEPIBHHX yMO-
Bax (CTPYKTYpHI KOH(QIIKTH €) KOe(ii€eHTH MPHCKO-
PEHHS 3MiHIOIOTHCS TaK:

CrpykrypHuii koH}IikT L1/L2 (0quH MOTIK MOXKe
BHKOHYyBaTHcs 4yepe3 L1, a Bxe 2, 3, 4 moToku OyayTh
BHKOHyBaTHucs uepe3 L2) - 1.43 - w1 ABOMOTOYHOCTI;
1.88 - st TppOXNOTOYHOCTI; 2.22 A1l YOTHPHOXIIOTO-
YHOCTI.

Crpykrypuuii koHpikT L2/L3 (oquH moTik Moxe
BUKOHYBaTHcs uepe3 L2, a Bxe 2, 3, 4 moToku OyayTh
BUKOHyBaTtucs uepe3 L3) - 1.03 - mist ABOIOTOYHOCTI;
1.20 - gms TproxmoTovHOCTI; 1.31 U1 YOTHPHOXIIOTO-
YHOCTI.
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Crpyxrypauii koHuikT L3/OI1 (oauH NOTIK MOXKe
BHKOHYyBaTHcs 4yepe3 L3, a Bxe 2, 3, 4 moToku OyayTh
BUKOHYBATHCSl 4epe3 ONEepaTUBHY NaM’SiTb  IPHCKO-
PEHHS BIJICYTHE.

3. HasBHICTh CTPYKTYpHHUX KOH(IIKTIB MPH BHKO-
pPHCTaHHI MiJACUCTEMH Kell-llam’siTi 3HAYHO 3MEHIIYE
KoedilieHTH npuckopeHHs. Hanpukman: npu asonoro-
yHOCTI - Bix 1.79 no 1.45 — npu BUKOHAHHI NOTOKIB B
piBHHX ymoBax; 1o 1.03 Ta BiICYTHOCTI IPHCKOpPEHHS;
MIPHU TPHOXIIOTOYHOCTI Bix 2.43 mo 1.70 — mpu BUKOHAH-
Hi TIOTOKIB B piBHUX yMmoBax; 10 1.20 Ta BigCyTHOCTI

MIPUCKOPEHHS NPY BUKOHAHHI TIOTOKIB B HEPIBHUX yMO-
Bax; ISl YOTUPHOXITOTOYHOCTI Bix 2.95 no 1.31 npu Bu-
KOHaHHI TMIOTOKIB B PIBHMX YMOBaX Ta BIJICYTHOCTI IpH-
CKOPEHHSI [TpY BUKOHAHHI TOTOKIB B HEPIBHUX YMOBaX.

4. IliaTBepAKYIOThCS EKCIIEPUMEHTAIIBHI JIaHi Tec-
TiB €()eKTUBHOCTI BIpTyaJbHOI JBOIIOTOYHOCTI MPO J10-
CHTb 3HaYHE MOXKJIMBE MPUCKOPEHHS, TaK i Ipo HOro Bi-
JICYTHICTB.

5. BipryanbHi TpbOX- Ta YOTHPHOXIIOTOYHOCTI
e(eKTHBHI.

Tabmuws 2

Jociinzxennss nporpamu «Po3B’si3anHs qudepeHnialbHUX PiBHAHD B NPUBATHUX NOXiTHUX»

IHoToKkM BUKOHYIOTHCSl B PIBHHX YMOBAX (CTPYKTYPHI KOH(JIIKTH BiICyTHI)

Bapiant

KoedinienTn npuckopenns

Ipuxknagu

Bci mani B L1
Sk =

3ton/n+16t3gy
~ 3ton/n+16tigy/k

n=128; tor =2561 ; tigy = 121;
tipy = 241
S2=1.97; $3=2.91, S4=3.82.

BCl gani B L2

_ 3ton/n+ 2ty + thpy + 15t3ky

1’1=128, ton =256t 5

Sk o + 2, + t15q + 15t354/k topy = 127; tpy = 247;
ti, = 12t
§2 =1.78; §3 = 2.39;
S4 = 2.90.
BCi mani B L3 ok = 3ton/n + 2tys + thgy + 15t3ky n=128; to =2561 ; tdgy = 127;
" 3ton/n + 2tz + thgy + 15t354/k t3pu = 247; ty3 = 3617
S§2 =1.67; §3 =2.15;
S4 =25,
Bci gani B OI1 ok = 3ton + togy + 15t35y m>o06c¢sry L3

" 3ton + thgy + 15t35y/k

n=128; tor =2561 ; tigy = 121;
tipy = 241

§2 =1.19; §3 =1.27;

S4 = 1.31.

IIoTOKM BUKOHYIOTHCSI B HEPIBHHX YMOBAaX (CTPYKTYPHi KOHQJIIKTH €)

CrpyxrypHuii ok = 3ton/n + togy + 15t3sy m=64; n=128, ton=256 1,
xonixr L1/L2 T 3ton/n+ 2ty + tdgy + 15t¢54/k topu=12 T, thpy=24 T, t;p=12T
S2=1.65; $3=2.26;
S4=2.78.
Crpykrypuuii o tonm + 2ty + topy + 1585y n=128, t;,=12 1, ton=256 T,
xondaixr L2/L.3 = Ston/n + 2ty + tagy + 1562 topu=12 T, thpy=24T, £;3=40 T
o b3 T OB T IOk S2-1.45; S3-1.85;
S4=2.14.
CrpykrypHuii _ 3ton/n+ 2t;3 + thpy + 15655y m>1024
. k = .
koHuikt L3/0OI1 3ton + t(l)B‘{ +1 5t(2)5q /k [IpuckopeHHs BiJICyTHE
IMpumiTky:

k — KITBKICTh MOTOKIB; N — KUTBKICTB iTEpaiil;
m — po3Mip KBaJpaTHOI CITKH;
tL o — JIATEHTHICTH KeII-IaM’sITi IPYyTroro piBHS;
t13 — JIATEHTHICTh KelI-11aM’sITi TPEThOTO PiBHS;
tor — JIATEHTHICTh ONEPaTUBHOT IaM’STi;

tdpy— Fac OGUICICHHS MepIIoi MOpIIii omepaii;
t&5y— 9ac oBuNCIIEH S APYTOi MOPIIii OMepariii.
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BucnoBkmu. 1. Ilpn BUKOHaHHI TIOTOKIB B PiBHHUX
yMOBax KOe(ili€HTH MPUCKOPESHHS 3MIHIOIOTHCS TaK:

1.97 - ansa aBomoTo4HOCTi; 2.91 - M TPHOXIIOTO-
4yHOCTI; 3.82 = I YOTUPHOXIIOTOYHOCTI NPH BUKOHAH-
Hi BCIX ITOTOKIB 3 BUKOPUCTAHHSIM Kell-1am’siTi TepIio-
ro piBast L1D.

1.78 - nns mBomoTowHOCTI; 2.39 - IS TPHOXIIOTO-
yHOCTi; 2.90 = U1 YOTUPHOXIIOTOYHOCTI NPH BUKOHAH-
Hi BCIX MOTOKIB 3 BUKOPUCTAHHSIM KEIII-TIaM’ ST IPyTroro
piBHs L2.

1.67 - gns mBomoTOYHOCTI; 2.15 - s TPHOXIIOTO-
YHOCTI; 2.5 = s 90THPBOXIIOTOYHOCTI MPH BUKOHAHHI
BCiX TMOTOKIB 3 BUKOPHUCTAHHSIM KeII-TIaM’ SITi TPEThOTO
piBas L3.

1.19 - ansa aBomoTouHoCTi; 1.27 - mjIs TPHOXIIOTO-
yHOCTi; 1.31 = 1 YOTUPBOXIIOTOYHOCTI NPH BUKOHAH-
Hi BCIX MOTOKIB 3 BUKOPUCTaHHSM BUKJIIOYHO OIEpPaTH-
BHOT mam’sITi

2. SIKIIO MOTOKM BHKOHYIOTBCS B HEPIBHHX yMO-
BaxX (CTPYKTypHI KOH(QIIKTH €) KOe(illieHTH HpUCKO-
PEHHS 3MIHIOIOTBCS TaK:

CrpykrypHuii koH}IikT L1/L2 (0quH MOTIK MOXKe
BHUKOHYyBaTHcs depe3 L1, a Bxke 2, 3, 4 moToku OyayTh
BHUKOHyBaTHucs uepe3 L2) - 1.65 - mis ABOMOTOYHOCTI;
2.26 - Wi TPHOXIIOTOYHOCTI; 2.78 I YOTHPBOXIIOTO-
YHOCTI.

CrpykrypHuii koH(ikT L2/L3 (oquH moTik Moxe
BHUKOHYBaTHcs yepe3 L2, a Bxe 2, 3, 4 notoku OyayTh
BUKOHYBatHcs yepe3 L3) — 1.45 - s ABONOTOYHOCTI;
1.85 - mns TpROXMOTOYHOCTI; 2.14 - I YOTHPHOXIIO-
TOYHOCTI.

Crpykrypauii koH}utikT L3/OI1 (oauH NOTIK MOXKe
BHUKOHYyBaTHcs yepe3 L3, a Bxke 2, 3, 4 moToku OyayTh
BUKOHYBATHCS Y€pe3 ONEpaTHBHY IaM’SITh - HPHUCKO-
PEHHS BiJICYTHE.

3. HasBHICTh CTPYKTYpHHUX KOH()IIKTIB MPH BHKO-
PHCTaHHI MiJCUCTEMH Kell-IlaM’sTi 3MeHIye koedillie-
HTH TIPUCKOPEHHS.

4. ITiaTBEepAKYIOThCS EKCIIEPUMEHTAIIBHI JJaHi Tec-
TiB €()eKTUBHOCTI BIpTyaJbHOI JBOIIOTOYHOCTI MPO J10-
CHUTb 3HAUYHE MO>KJIMBE IPUCKOPEHHS, TaK 1 PO HOro Bi-
JICYTHICTB.

5. BipryanbHi TpbOX- Ta YOTHPHOXIIOTOYHOCTI
e(eKTHBHI.

3aranapHi BucHOBKH. OTpUMaHi aHATITHYHI BUpa-
3¢ 11 KOe(ilieHTiB MPUCKOPEHHS.

Bonu miaTBepKyIOTh €(DEKTHBHICTh BIPTYaIbHOT
0ararornoToyHoCTI Mmpu 2-X, 3-X, 4-X MOTOKaxX B OJHOMY
(hiznvHOMY sApi K NPU BUKOHAHHI MOTOKIB B PiBHUX,
TaK 1 B HEPIBHUX yMOBax.

JloOpe KopemoIoThesl 3 eKCIIEPUMEHTAIILHUMHU Jla-
HUMH TECTIB MPO e(EKTUBHICTh BIpTyaJIbHOI ABOIOTOY-
HOCTI Ta MOXJIMBOCTI BiJICYTHOCTI MPUCKOPEHHS.

SIKII0 TpM BUKOHAHHI OJTHOTO TIOTOKY BHKOPHUCTO-
BY€TbCS OLJIbIIIE ITOJIOBUHU 00CATY KeI-1am’siTi TPeTho-
ro piBHA a00 HeoOXimHA iIHTEHCHBHA POOOTa 3 OTepaTH-
BHOIO T1aM’ATTIO, BUKOPUCTAHHS BipTyaJIbHOI OaraTormo-
TOYHOCTI 3aJIe)KUATH BiJl THITy TIPOTpPaM, Ki OyIyTh BH-
KOHYBATHUCS, 1 MOXKe OyTH HEIOLIbHIM.
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Nedzelskyi D.O., Safonova S.O., Barabruk L.V. Re-
search efficiency virtual multithreading (2, 3, 4 threads)
type Hyper Threading when execution threads in the same
and different conditions.

The article uses analytical methods with elements of
the mass service theory to investigate the efficiency of the
cores of modern processors using virtual multithreading of the
Hyper Threading type with 2, 3, and 4 threads, taking into ac-
count the structural features of the core both when executing
threads under the same conditions, and in different conditions.
Under the same conditions, the execution of threads was con-
sidered when they used the same amount of cache memory
levels. Under different conditions, situations were considered
when threads were executed sequentially in conditions using
available cache memory volumes, and parallel threads were
executed in worse cache memory usage conditions (using a
lower level of cache memory or even RAM).

Widely used and visual programs were selected for the study:
"Multiplication of matrices”, "Solution of differential equa-
tions in partial derivatives by the grid method". In the studied
programs, the kernel was identified, information-dependent
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commands and reduction commands were specified, groups of
commands were formed, their number and execution times of
each group in the kernel program were determined, and the
probabilities of occurrence of each group of commands were
determined. A research methodology and a model of the core
have been developed. The study used a two-phase simplified
model of the processor core. The load factor of the universal
functional device was determined and, depending on the value
of various parameters of the program and the processor core,
the utilization rate of the model control device was deter-
mined, the average execution time of the program core and the
average utilization times of individual specialized functional
devices were determined.

The results of studies with 2, 3 and 4 threads in the form of
formulas in one physical core are given, both when threads
are executed under the same conditions, and under different
conditions. The effectiveness of virtual multithreading such as
Hyper Threading with two, three, four threads with no struc-
tural conflicts and under different conditions - the presence of
structural conflicts in the of cache memory - has been con-
firmed.

When performing threads under different conditions, the effi-
ciency (acceleration factor) is less than when performing un-
der equal conditions. If a single thread uses more than half of

the third-level cache memory or requires intensive work with

RAM, then the use of virtual multithreading is inappropriate.
Keywords: multi-threaded virtuality, processor, core, in-

struction pipeline, interference, performance, efficiency.
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VYJIOCKOHAJEHHA KOHCTPYKIII BY3JIA EKCTPYJEPA MOBLIBHOI
POBOTOTEXHIYHOI INIAT®OPMHA
JJISA 3D-APYKY BEJIMKOMACIHITABHUX CTPYKTYP

I'pumiok B.1O., Hesmwoaos LI, Illumoan O.M.

IMPROVING THE EXTRUDER UNIT DESIGN
OF A MOBILE ROBOTIC PLATFORM FOR LARGE-SCALE
STRUCTURES 3D PRINTING

Gritsyuk V.Yu., Nevliudov I.Sh., Tsymbal O.M.

Aoumuene supobnuymeo mae enuyesHuil nomenyian y 0yoi-
8ENbHIll 2aY3i, A MAKOXHC NPU SUPOOHUYME] MaA PeMOHMI 00-
poorcnix nokpummis. Pobomomexniunuti 3D-0pyx eenuxoma-
CUMAabHux cmpykmyp 0036015€ apximexmopam i 6yodigenvHu-
KAM 3HAYHO POWUPUMU MediCT NPOeKMYSaHHA KOHCMPYKYill
ma nidsuwumu egexmusHicms ix Oyoisnuymea. MobinbHi
naameopmu 0ns 3D-0pyky dozsonsiroms supiwumu npooiemy
obMmednceno2o poboyozo npocmopy. 3 memoio niosuujeHHs
ehexmuenocmi ma eKOHOMIYHOCMI MOOIILHOI pobomomexHi-
unoi niam@opmu ons. mexnonozii 3D-0pyky eenuxomacuima6-
HUX CMPYKMYp NPONOHYEMbCA BOOCKOHANUMU KOHCMPYKYIIO
8ysna excmpyoepa. Lle docsieaemvca winaxom ob ’eonanna ene-
KMpoO8U2yHa, WHEK08020 ekcmpyoepa ma nazpieava 6 00Ho-
my kopnyci. Taxuii nioxio dae ekOHOMI Macu ma po3mipie, a
Maxkodc cymmeee nioguwerHs Koe@iyienmy KopucHoi Oii ma

HAOIlIHOCMI cucmemu 3a paxyHox QYHKyioHanvrol inmezpayii

Mma nOBHO20 BUKOPUCIAHHA OUCUNATNUBHOI CKIA0080i eHepeii.
Ilpononosanuii nepemeoprosay 0ns MoOinbHOI pobomomexHi-
yHoi naamgopmu  BUKOPUCMOBYE 30GHIWIHINL POMOP-UIHEK,
AKUL O0HOUACHO BUKOHYE YHKYIT pomopa acuHxponno20 08u-
2YHaA, HAZPIBANLHO20 eleMenmd, 6UKOHABH020 MeXAHI3MYy i 3a-
Xucnoeo kopnycy. Memotw pobomu € oyinka epexmugnocmi
BUKOPUCTAHHSA WIHEKOBO20 NEPemeopiosaia y cKaaoi Mooinb-
HOI' pobomomexHiunoi niamgopmu 0Nk AOUMUBHO20 GUPOO-
Huymea. Jna  OocsicHeHHA ~Memu  npoeedeHo  KiHyego-
efeMenmuuti po3paxyHox i amauniz npocmopoeo2o po3nooiny
BUXPOBUX CIMPYMI6 HA OLNAHYI NOPOHCHUCTO20 DepomazHim-
HO20 pomopa. 3a 00nOMO2010 NPOSPAMHO-00YUCTIOBATILHOO
xomniaexcy Comsol Multiphysics ompumano kapmunu po3nooi-
Ny Z-CKNA00BOI 2YCIMUHU BUXPOBUX CINPYMIS,  MAKOIC PO3NO-
Oiny eycmuHu OUCUNOBAHOT NOMYICHOCHI, WO 8PAX08YE BCi
6uou empam 6 pomopi. Xapakmep po3nooiny gycmunu Oucu-
NOBAHOI NOMYIICHOCIE 8 POMOPI ICMOMHO 3MIHIOEMbCS 31 30i-

JAbWEHHAM Yacmomu nojis, wo enjiueac Ha AKicmb mMennosoi

0ii na mamepian. Pezynomamu npocmopogozo po3nooiny 6u-
Xposux cmpymie pomopa 00380/510Mb YOOCKOHANUMU KOHC-
mpyKyilo nepemeopilosaua, 3abesneuumu 3a0aHi 3HAYEHHSA
memnepamypu ma 2padicuma, AKi, c60€l0 4epeoio, BU3HAYA-
oMb MeXaniuHi @IACmueocmi mamepiany Ha 6uxooi npu-
cmpoio.

Knwwuoei cnosa: aoumushne eupobHuymeo, mobinoHa pobo-
MOmexHiuHa naameopma, 4uUceibHuti pospaxyHox, 0yoieHuy-
meo, 8y30.1 eKCmpyoepa, 6UXpPO8i CIpYyMU.

Beryn. AnutiBHE BUPOOHHLTBO SIBJISE COOOIO HO-
BUIl KJIaCc TEXHOJIOTIH, sIKi 3a0e31euyoTh yHIKaJlbHI I1e-
peBaru Ipu CTBOPEHHI KOHCTPYKLIH cknamHoi ¢opmu,
110 MalOTh BEJIMKHH NONUT B Oarathox cepax 3acrocy-
BanHA [1-3]. Kpim cBoOoaM nn3aiiHy, aquTHBHE BHPOO-
HHUITBO Ma€ BEJMYE3HMH NOTEHLiak y OyAiBeibHiH ra-
my3i [4-6], a TakoX TPU BUPOOHMIITBI Ta PEMOHTI JO-
poxHix mokputTiB [7, 8]. Omgna 3 mpobmem 3D-gpyky
MOJISITa€ B TOMY, 1[0 THIIOBI HACTUTBHI MIPUHTEPH € CTa-
MIOHAPHUMHU Ta MAlOTh OOMEXEHHH POOOUYM TPOCTIp.
MobinbHi poboToTexHivHi miatdopmu s 3D-apyky
BCE YacTillle BIIPOBA/DKYIOTECS B cepi apXiTeKTypH Ta
OYyIIBHHIITBA, JO3BOJISIFOUM BHPIIIUTH IF0 MPOOJEMYy.
Kpim Toro, pobororexHiunuit 3D-npyk BenmkomMacuira-
OHHMX CTPYKTYp JO3BOJISIE apXiTeKTopam i OyIiBeIbHU-
KaM 3HayHO PO3IIMPHUTH MEXi NMPOEKTYBaHHS KOHCTPY-
KIi{ Ta MiABUIUTH ¢(hSKTHUBHICTh X OYiBHUITBA.

AHaJIi3 oCTaHHIX JocCHiIKeHb i myOJikamiii.
B po6ori [4] ciBpoOiTHHKE MaccadyceTchKOoro TEXHO-
JIOTIYHOTO IHCTUTYTY IPEICTABHIN BEINKOMACIITAOHY
uudpoBy OyaiBenbhy tiatdopmy (DCP) mis 3ommy-
BaHHs, aHaI3y Ta HU(PPOBOr0 BUPOOHMITBA HA MICLI.
Le# noCHiAHUIBKUI MPOEKT CKIANAETHCS i3 CUCTEMH 3
5-0ckoBOi TigpaBnivyHOl MOOUIBEHOT cTpin Altec, pHK-
pimenoi no 6-ockoBoi pobortmzoBanoi pykun KUKA.
[Toxi6HO nmo GiosoriuHOi Mopenmi JIIOJCHKOro Iuieda i
PYKH, 1Sl CUCTEMa BUKOPHCTOBYE BEJIMKY CTPUTY JUIsl 3a-
TaJbHOTO TIO3UIIIOHYBaHHS 1 MaJE€HbKY pPOOOTH30BaHY
PYKY JUIS TOYHOTO MO3HUIIOHYBAaHHS Ta KOPEKINi KO-
BaHb. [Imardopma Ga3yeThCsi Ha BaHTAXKHOMY aBTOMO-
Oini, mo Mae BarTaxomiaomHicTs 1500 QyHTIB Ta Ma-
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Hinyssmiiay 3matHicTh 20 ¢yHTIB. POo3poOHUKH TMOBI-
JIOMJISIFOTh TIPO TIOTEHIHHI TepeBarn MpOeKTy, BKIIO-
Yalo4d BUTOTOBIECHHS HECTaHAAPTHUX AapXiTEKTYPHUX
(dopm, iHTerpauio AaHMX 30HAYBaHHS Ha Micli B pe-
JKMMI peajbHOrO Yacy, MiJBULIEHHs e(eKTUBHOCTI Oy-
JIBHUIITBA, MIABUIICHY PO3AUILHY 31aTHICTh, 3HUKCHHS
KUTBKOCTI TOXHOOK Ta miABHIeHHs Oe3neku. [Iratdopm
DCP pospobiiena sik mardopma aist IPOSKTyBaHHS Ta
OyIiBHUILTBA, IO JO3BOJISAE BU3HAYATH, IPOCKTYBATH Ta
CTBOPIOBAaTH BHCOKOIHTEIPOBaHI apXiTEeKTYpHI KOHC-
TpyKuii. Po3mmpeHi MOXIMBOCTI aBTOMAaTH3aIli CHHX-
POHI30BaHUX BHPOOHHYUX TOCHTIJOBHOCTEH CTBOPIOIOTH
MOXITUBICTh PO3POOKH MEPEIIETEHOr0 Habopy B3aeEMO-
3B'I3KIB MIXK CTPYKTYpHHMH, apXiTEKTYPHHUMH Ta €KO-
JIOTITYHUMH CUCTEMaMH, 110, CBOEIO Yeproko, 3ade3rneuye
CHpaBXHIO iHTerpauito crnopynu. Lle nocsiraetbes 3a
paxyHok yHiBepcanbHocTi DCP Ta 31aTHOCTI CTBOpIO-
BaTH TIE€TJIi 3BOPOTHOTO 3B'I3Ky MDXK IpoLiecaMy 30H.Y-
BaHHS y peallbHOMY 4aci. B maii0yrHbomy mutardopma
Oyne ocHalleHa MEXaHIYHUMH 1 CEHCOPHHMH CHCTeMa-
mu. Jlpyra Bepcist DCP BuxopucToBye sk miathopmy
TYCEHHYHHUH eIeKTPOMOOLTh 1 3aCTOCOBYETHCS IS €KC-
TPY3ii MiHU MPH 3aJTUBaHHI CTiH, [0 aHAJIOTIYHO METOIY
6J10KOBOTO OY/IIBHUIITBA.

Y nocnimpkenHi [5] aBTopu po3poOwiid cuctemy
MOOUIBHOTO JPYKY, IO CKJIAAAETHCS 3 JBOX POOOTH30-
BaHUX MaHIMyJATOPIB HAa MOOUIBHIN 0a3i (puc. 1), sika
JIPYKy€ LEeMEeHTHI 00'€KTH JOCUTH BEJIHMKOTO DPO3MipYy.
Sk npaBuiio, OyAiBeNbHI Marepiany, MUPUHA KX Oi-
JbIIa, HDK BIZCTaHb JI0 ONOPH CHUCTEMH OYyHIiBEIHLHOTO
3D-npyKy, HE MOXYTb OyTH HagpykoBaHi. L{e nmos's3ano
3 TUM, IO PO3MIpU APYKOBAHOI KOHCTPYKIIiT OOMEKeH1
OIHUM 3 TPbOX (DaKTOPiB: JOCSHKHICTIO MaHIITyIIsATOpa
pobora, oOMmexxeHNM 00'eMoM abo KapKacoM, IO TO-
3BOJISIE TOMIBIN PYXaTUCS B3IOBXK IEBHOI OCi. Aie po3-
POOHUKHU [TO3BOJIMIIM CUCTEMI pyXaTHcs Y Oylb-IKOMY
HaIIpsIMKY, IOKM BOHA 3HaXOMUTHCS HA IUIOCKIH MoBep-
XHi, BCTAHOBHUBIIM MPOMHUCIOBUI POOOT-MaHIMyJIATOP
Ha KoJiicHy 0a3zy. IloTim, 3a monomororo nuianry ias-
LeBEe COIUIO MaHimynsaTopa miarGopMu 3'€qHYEThCS 3
HacocoM. Pyxu poOora-maHimynstopa Ta MOOiUIBHOT
wiaTGOPMH  PETENIbHO IUIAHYIOTBCS Ui JOCATHEHHS
CKOOPAMHOBAaHMX 3yCWIb. BiH BUKOPHUCTOBYE YITpaBIliH-
HSL PyXOM 31 3BOPOTHHM 3B'S3KOM 1 BHCOKOTOUYHY JIOKa-
mizarito pobora, mo0 MepeKoHATHCS, 110 COTUIO YKIIAAa€e
0eToH y moTpiOHOMY Temri Ta y moTpidHoMy Mmicti. Po-
3MILIYIOYM KaMmepy Ha 3aJHii 4acThHi MOOLIbHOI 6a3u,
il «cucTeMa JoKalizalii» Kpaiie Mpaioe Ha OUIbIIii
TUTOIII [TOBEPXHI.

JlOCHiTHUKK  CTBEPIUKYIOTh, IO IXHS CHCTeMa
JPYKY Mij 4ac pyXy Moke 30UIbIINTH pO3MIp KOHCTPY-
KIIi{, SIKi MOX€E BUTOTOBUTH ofuH pobort. 1106 moBectu
11e, BOHH BHKOPHCTOBYBaJIM MOOUIBbHY IIaTGOpMy IS
3D-mpyKy UinbHOI OETOHHOI KOHCTPYKLIl pOo3MipoM
210 cm x 45 cm x 10 cM, mo Oe3ymMOBHO Oijble, HiX
87-caHTUMETPOBa JOCSDKHICTH POOOTa-MaHIIyJIsITOpA.
s cucrema MoOXe 3HAYHO ITIBUIIUTH €(PEKTUBHICTH
3D-apyky OymiBeNbHUX KOHCTPYKWiH. Ase ms pobora
1€ He 3aBepIlIeHa, OCKUIBKU CHCTeMa Mae Jiesiki ooMe-
JKEHHS1, 0COOJIMBO 1110/10 HEPIBHOMIPHOCTI pOOOYHX 30H.

Puc. 1. Cucrema MOGUIFHOTO IPYKY 3 BUKOPHCTAHHSIM
PpOOOTH30BaHUX MaHIMyIATOPiB HAa MOOLNBHIH a3l

Hocnigauky [HCeTHTYTY nepenoBoi apxiTekTypu
Karanonii npencraBuinu ineto MobinsHOro 3D-npyky,
JIe 3aCTOCOBYIOTHCSI TPH OKPEMi CHCTEMH JUISL IPYKY ap-
XITeKTypHUX KOHCTPYKLiil 3 BUKOPUCTaHHSIM LIEMEHTY
[6]. Minibuilders — 1e, o cyTi, mpomec excTpy3ii Oara-
TomapoBoro Matepiamy (puc.2). Ll TexHOMOTIS BKe
J00pe 3apexoMeHnayBana cebe sk y 3D-mpyky 3araaom
(Bimoma sIK MOJEIIOBaHHS HaIUIaBiacHHsS a0o FDM), Tak
i B 1 BapiaHTax y Macmradi koHcTpykuii. Minibuilders
BiJIPI3HSETHCS Bifl IHIIUX MPOIECIB Ay)KE IHHOBAIIHHUM
1 30BCIM 1HIIMM MIAXOA0M 70 (PaKTHYHOIO JAPYKY KOHC-
TpyKii. Y Toil 4ac, ik B iHIIMX TEXHOJIOTiAX BUKOPHC-
TOBYIOTBCSI HOpTas abo poOOTH-MaHIIyJIsATOpH, SIKi
NepeMilIyIOTh COIUIO HaBKOJIO JPYKOBaHOI MOBEpPXHi, B
Minibuilders BUKOPHCTOBYETBCSI Tpyna HEBEIUKHX PO-
0OTiB, SKi TPAIIOIOTh Pa30M i HABITh IiTHIMAIOTHECSA Ha
MOBEPXHIO KOHCTPYKIIi i "ac i IpyKy.

Puc. 2. 3acTocyBanHs okpeMux cucreM 1 3D-apyky
KOHCTPYKIIIH 3 BAKOPUCTaHHSM LIEMEHTY

Texnomorist aguTuBHOrO BHUPOOHHIITBa Pylos €
MPOIIECOM eKCTPY3ii mapyBaTux mMarepiaiis. Lle mporec
MoJlemoBaHHsA MeTogoM HamasineHHs (FDM) y macm-
Tabi KOHCTPYKIIii, TOCUTh BIIOMHH TPOLEC HACTUILHUX
NPUHTEPIB, Jie MaTepian y piakii popMi BUIABIIOETHCS
Yyepe3 MaJeHbKE COIUIO Y BUIIIALI Oe3repepBHOro noTo-
Ky 4ud HUTKH. [ToTiM mMarepian TBepAHE Ha JIpyKapChbKii
MOBEPXHI 1 CTae TOTOBMH 10 APYKY HACTYITHOTO LIapy.
VY 1ioro HacTLIBHOMY aHAJIOTy BUKOPHCTOBYETHCS PO3II-
JIaBJICHUH TUIACTHK, KUl MIIABUTHCS MPU NPOXOHKEHHI
yepe3 rapside COIUIo, a HOTIM TBEPJHE MPHU OXOJIOKEeH-
Hi TiCTIsl HAHECEHHS Ha TTOBEPXHIO.
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[ponec macmtabyBanHsa B OyAiBHUITBI a0COIIOT-
HO mpoTwiexHuil. TyT marepian Ha OCHOBI LIEMEHTY,
3a3BUYail po3unMH abo macra 3MIMIYETbCs Oe3nocepes-
HBO Tepen mojauero B Marmwmnuy. Ille pinkuii marepian
BUJIABJIIOETHCS Yepe3 MPOCTy HAcCaJKy, sika JIMIIE JOMOo-
Mmarae (opMmyBaTH Ta crpsMoByBaTth Matepian. Komu
Marepiain Jocsirae IOBepXHi APYKY, BiH IIOUYMHAE TBEPII-
HYTH caM 10 co0i B pe3yJbTaTi peakiii 3 MoBiTpsM, siKa
BioMa sk 3aTBepuiHHs. Llei mpormec Mae 3HaYHHU pi-
BeHb YYTJIMBOCTi, TOMY IO 3aTBEPIiHHSI HE IOBHHHO
OyTH TIOBHICTIO 3aBEpIIEHO 0 TOTO, SIK OyIe HaApYyKO-
BaHO HACTYIHUH IIap, Moo 3a0e3meYnTi XopoIe 39el-
JIeHHS MDK LIapaMH, ajle BOHO TaKOX Mae OyTH JocTat-
HiM, 00 BHUTPHMATH Bary HaCTYMHOTO mapy (abo ma-
piB). LlpoMy mporecy nmputamMaHHO Te, L0 eKCTPY3iiiHe
COIUIO BCTaHOBJICHE Ha JIEKUIBKOX Pi3HUX poOOTax, siKi
MEHIII 32 PO3MIPOM 1 MIEPEMIIIyIOTHCSI HABKOJIO a0 Mo-
BEpX B)KE HAJPYKOBAHHMX YACTUH KOHCTPYKIi. [HIIi TH-
1 OyaiBenbHUX 3D-npuHTEpPiB HaMararoTbes 301IbIIN-
TH CBil poO3Mip, 00 MaTH MOXXJIMBICTH APYKYBaTH
KOHCTpYKIii B apxiTekTypHuX Macmradax. Lle#t migxin
Ma€e BENUKY IepeBary, NO3BOJLSIIOUM IPUHTEPY OyTH
MEHIIINM, HiXK 00'€KT, IKHH BiH APYKY€, YHUKAIOUH IIPO-
onemu oOmexeHHs po3mipy. [Ipouenypa npyky (puc. 3)
MOYMHAETHCS 3 MepeTBopeHHs daiiny koHcTpykiii 3D-
MOIENI Ha IIISX 1 MapaMeTpd KOHKPETHOTO poOoTa-
npuHTepa B mpoueci Apyky. Lle pobuthes 3a gomomo-
rOI0 CIEeLiaIbHOTO MPOrpaMHOro 3a0e3IeueHHsl, siKe Te-
HEpPY€E Cepiro KPUBHX JJIsi KOXKHOTO po0OTa, IKUMH BiH
PYXa€eTbesl PU CTBOPEHHI Pi3HMX 4acTHH 00'ekta. LIi
KpHBI, 1[0 CTBOPIOIOTHCSI OJJHA HAJ OIHOIN0, € (paKkThy-
HUMH mapaMu o0'exty. TOBIIMHA IMX IIAPiB 3aJICKUTh
BiJl pi3HUX (PAKTOPiB, BKIFOYAIOYH IIBUAKICTH EKCTPY3il
Ta THII BHKOPHCTOBYBAaHOTO Martepially, OCKUTBKH BCi
MaTepiad MOBOAATHCS TMO-Pi3HOMY IIiJ] Baror HaHece-
HUX 3BEpXy HIapiB.

Puc. 3. Ilpouenypa napyKky 3 BAKOPUCTAHHSIM POOOTiB
Minibuilders

Po6otr Minibuilders cTBOPIOIOTH MIapW TOBIIH-
HOIO TpUOIM3HO 6 MM, II0 MO)KHA PEryJIIOBaTH 3a IO-
MOMOTO0 LIBHIKOCTI pyxy npuHTepiB. [Iporpamue 3a-
Oe3redeHHs MepeTBOPIOE 11 BUTHYTI IIUIAXH B CUTHAIM
YIpaBIiHHS IPUCTPOEM, SIKI NEPENAIOThCS HA 30BHIIL-
Hiit koutposep (IIK abo inmwuit npuctpiit). Konrponep
YIpaBIIsie PyXOM i COIUIOM JUIsi KO>KHOTO poOoTa 1 yKia-
Jla€ IIapy BiANOBITHO JI0 BUTHYTHX TpaekTopii. [pyk
yciel KOHCTPYKIIi PO3IiICHH A HA TPH CEKIlil, B KOXKHIN
3 SKUX TpAIoE CIeriabHui podot. Bei Tpu T po-
0OTIB MiAKITIOYEHI IO OLIBIIOTrO TOJOBHOTO OJIOKY, KUt
Kepye HUMH Ta [ocTavyae MaTepian. Sk TUTbKH OCTaHHIO
4acTUHY a0 IIap HaJPyKOBaHO, IPOLEC 3aBEPIIYETHCSL.

BigmoBimHO [0 KOHIEMIIT «CaMOPEMOHTOBAHHUX
MicT» [7, 8], mapk aBTOHOMHHUX TPAHCIIOPTHHX 3aCO0iB i
JIPOHIB CKaHyBaTUMe JOPOTH Y IOIIyKax TPILKH, 1 yCy-
BaTUMeE iX JI0 TOTO, SIK 3'SIBISATHCS BHOOIHU. BHUSIBHUBIIH
TpillMHY Ha J0po3i, pobotr i3 3D-mpuHTEpOM 3MOXKE
MOMICTUTH acdaibT y TpiluHy, Mmoo ii BigpeMoHTyBa-
TH, 1 BC€ II€ MPOTATOM XBWIMHH. Takuid MiaXid MOKe
3aCTOCOBYBATHCSl BHOYI, W00 YHHUKHYTH TIEPEKPUTTA
JIOPIT, AKi MOXYTB MOPYLINTH PYX TPAHCIOPTY. Amapar
B MiJJOMYy 3acHOBaHMH Ha HacTinbHOMYy RepRap-
npuntepi Mendel 90, ane ocHaIeHUH CliCIialbHUM CK-
CTPYZEpOM Ta COIUIOM i3 BHCOKOTEMIIEpaTypHOro ¢o-
tornofimMepy. Jpyk BHKOHYEThCSI OITYMHOIO KPUXTOIO 3
YaCTHHKAMH MIJIIMETPOBOTO PO3MIpY, 1[0 3aCHITAETHCS Y
OyHKep, HarpiBaeThcs 1 MPOAABIIOETHCS YEPE3 COIIO 3a
JIOTIOMOTOI0 ITHEKa. By3ou1 ekcTpyaepa Mae BHYTPIlIHIO
HarpiBajbHy BTYJKY. ['paHysid pO3M'SKIIYIOTHCS, KOJH
BOHH TIPOXOJAITh Yepe3 IIHEK, 32 PaXyHOK IiJBHIIEHHS
TEMIIepaTypy Yepe3 Ail0 HarpiBaJIbHUX PE3UCTOPIB, IO
MPU3BOIMTD 10 BUTIKaHHS PiAKoro OiTyMy i3 coruia, siK
MmoKa3aHo Ha puc. 4, a. KpokoBi nurysu, temreparypa,
TpaJieHT Ta IIBUAKICTH 0OEpTaHHS ITHEKa KOHTPOIO-
FOTHCSI TIPOCTOO €JIEKTPOHIKO0, MiAKIIoueHo0 a0 [1K
(puc. 4, b). ITokparieHi MexaHi4Hi BIacTHBOCTI € (yHK-
LIE€I0 TEMIIEPaTypH, 1110, MOXKJIMBO, MOB'A3aHO 3 MIKpO-
CTPYKTYpHHUMH 3MiHamu B acainbTi. Lle nmpusBoauTs 10
YTBOPEHHSI BOJIOKOH, $IKi NEPEKPUBAIOTH TPILMHH, IO
MI/IBUILY€ YAAPHY B'SI3KICTb.

XYZ Stepper

Connections uss
toPC

Stepper
Motor
Printed

Enclosure

Pellet
®| Hopper

Screw Extruder

Thermistor
> > Heating
I Resistors

Metal Inser\ /

Extruded Asphalt

Printed Object
(a) (b)

Puc. 4. KoHCTpyKIlisi CHCTEMHU: a — KOHCTPYKIIisl EKCTPYAepa;
b — ynpasiisitoya eIeKTPOHIKa
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Y Xomi eKCIepUMEHTIB aBTOpH [7] BCTAaHOBWIIH,
o temneparypa Big 125 °C go 135 °C € ontumanbHO0O
JUIsl CTBOPEHHsI Oe3rnepepBHOi ekcTpy3ii achanibTy 3 Ho-
CTIMHOIO NIMPHHOIO JiHii. 3a IXHIMHU HMPOTHO3aMHU IMapK
aBTOHOMHHUX TPaHCIIOPTHUX 3aco0iB 3abe3neunth (yH-
KIIIOHYBaHHsI HOBOi €KOHOMIYHOI MOJIEJIi, 1[0 JIS)KUTh B
OCHOBI MICBKOI iHQpPacTPyKTypH, sIKa IPHHECE KOPUCTD
CYCHIIBCTBY. A TIOKpaIlleH] Ta HaJallTOBYyBaHI BIACTH-
Bocti 3D-npykoBanoro acanbTy y NMO€IHaHHI 3 HYyY-
KicTiO Ta e(heKTUBHICTIO TIaTGopmu 3abe3nedaTs nepe-
OB MIiAXiA 10 0OCIyroByBaHHS 00'€KTIB MICHKOI iH-
(hpacTpyKTypH.

OxpiM I0pir, 11e JO3BOJIHUTH 3MIHUTH CIIOCIO peMo-
HTY Ba)KKOJOCTYINHUX KOHCTPYKIIH, TAKMX K INIOCKHX
JaxiB OyniBenb Ta iHIIUX criopyA. [lepeBara nporo me-
TOJy TOJIATAa€E HE TUIBKU Y MOXKJIMBOCTI CKOPOTHUTH BH-
TpaTi (iHIII METOAM PEMOHTY YacTO BUMararoTh 3Be-
JieHHs1 OyliBENIbHUX PHUIITYBaHb Ta 3aKPUTTA abo BilK-
JIOYeHHS 1H(PACTPYKTYypH Uil OTPUMaHHS JOCTYITY),
ane W y TOMy, II0 PEMOHT MO’KHa pO3IOYaTH paHille,
JIO TOTO, SIK BiIOYIEThCSl MAaCIITA0HE 3HOIIYBaHHS.

EdextuBnicts TexHOMorii 3D-apyky Benmmkomac-
IITAOHUX CTPYKTYp MOXKHA MIiIBHIIMTH 33 PaXyHOK
00'eqHaHHSI €JIeKTPOJBUTYHA, ITHEKOBOTO €KCTpyepa i
HarpiBaya B OJHOMY Kopmyci. Lle 103BOJUTh 3MEHIIHUTH
Macy Ta po3Mipu, a Takox 3HauHo nijBuiuT KKJ Ta
HaJlIHICTh CHCTEMH 32 PaxyHOK (DYHKIIOHAJIBHOI iHTe-
rpauii Ta MOBHOTO BHKOPHCTaHHS JHCUIIATUBHOI CKJIa-
noBoi eneprii. ITorpeba B CTOpOHHIX pKepenax Teruia
3MEHIIYETHCS ad0 B3aralli 3HUKAE, a IOBEPXHS €JIEKT-
POMEXaHIYHOTO TIEPETBOPIOBAaYa IOBHICTIO 3aHYpEHa y
pPEUYOBHMHY 3[aTHa TepeAaBaTH il MakCUMaJbHY Kijlb-
KiCTB TEIDIOBOI Ta MEXaHIYHOI €HepTii.

[panesnaTHicTh imei 00'eTHAHHS €NEKTPOIBUTYHA
Ta pobodoro oprany Oyia IpoIeMOHCTpOBaHa OaraTbMa
JIOCIIJIHAKAMH, Y TOMY YHCIII aBTOpamu cTatTi [9], sKki
MIOKa3aJIM IIepeBark eHeproe)eKTHBHOTO IPOMHUCIOBOTO
Mikcepa Juiss BUpoOHHLTBA OeToHy. Mikcep CTBOpEHHI
Ha 0a3i CHHXPOHHOT'O JIBUI'YHa 3 MAaCHBHHM (hepoMarHi-
THUM POTOPOM Ta TNOCTIHHMMH MarHiTamu. Jlomari, 1o
NpU3HAYeHI Ul MepeMilllyBaHHS PO3TALIOBYIOTbCS OJI-
pa3y Ha Bally BUKJIIOYArOYM HAsBHICTH JIOAATKOBOI Me-
XaHIYHOI TIepeiayi.

[puctpoi Takoi KOHCTPYKIii BUKOHYIOTH 00epTa-
JTBHUHN 1 MHITHANA pyX OJHOYACHO, a TAaKOXK MAarOTh MO-
IyIBHY CTPYKTYpPY (pHcC. 5), ika MOXKe BKIIOYATH OyAb-
SIKY KUIBKICTh MOJYJIIB 13 3arajibHOIO TpHda3HO0 00MO-
TKoO1O [10-13].

SIK mpaBUIIO, BOHW BHUKOPHCTOBYIOTHCS Ul Iepe-
MillyBaHHs Ta cBepAiiHHs [ 14], ogHak, iXHE MOTEHMIN-
HE 3aCTOCYBaHHS BapilOEThCS BiJl BEPCTATIB 10 poOOTO-
TEXHIKM Ta PI3HUX MPUCTPOIB, 110 BUKOPHCTOBYIOTHCS
JUIsl CKJIQJIaHHS, 3aXOIUICHHS, NIepEMIIlIeHHs, YIaKOBKH,
cTpyumryBanHs [11, 15].

[I1o6 HaOYHO MOPIBHATH i3 3BUYANHNUM €IEKTPOA-
BUT'YHOM, L0 BUKOPUCTOBYETHCS B MPOMHCIOBUX MIiK-
cepax, OyB oOpaHH ACHHXPOHHHH ABHUTYH 3 €KBiBaJCH-
THOKO MEXaHIYHOI0 TOTYXXHICTIO, HOMiHATbHUMHU 00ep-
TaMH Ta KPyTHUM MOMEHTOM.

InaykTop
NiHIAHOTO pyXy

B uaykop
| o6eprosoro
pyxy

Puc. 5. JIBocTaTtopHuii 06epTaabHO-TiHIHHAN
SJICKTPOMEXaHIYHUIT IepeTBOpIOBaY

KinbkicTh cHOXXKMBaHOI JBUI'YHaMH eHeprii 3aje-
’aja BiJl TPbOX YMHHHUKIB: pobouoro yacy (t), HaBaHTa-
xennst (P) i KKJI (). CriBBifHOIIEHHS MK HUMH PO3-
PaxoByBaJOCsI HACTYITHUM YHHOM:

W=(-P)/n.

KoedoimieHT KOpHCHOI IIii €1eKTPOJBUTYHA 3 MacH-
BHUM pOTOpoM (puc. 6) mMpH TOBHOMY 3aBaHTaKEHHI
ctaHoBUB 94%, a A aCHHXPOHHOTO JABHIYHa HaOIH-
xaBcs 10 87%.

[MopiBHsIIbHUIT aHATI3 pE3YJIbTATIB IPYHTYETHCS Ha
myOmikarii, mo Oyja mpeacTaBicHa Ha KOH(epeHIl 3
MIPOMHCIIOBOTO Ta KOMEpPLIHHOIO BUKOPHCTaHHS €Hep-
rii [16]. Bapro HarojocuTH, 1110 BKa3aHHi MOPiBHSUIb-
HUHA aHalli3 eJEeKTPOABUIYHIB HE BpPaxOBYE TEIUIOBI
BTpaTH B MAacHBHOMY POTOpi Ta cTaropi, siki JOLITBHO
BUKOPUCTOBYBATH ISl PO3IrpiBY Ta 3MEHILCHHS B'S3KO-
cTi pobouoro marepiany [17, 18].

Crix Bim3HAUWTH 3HAYHI HAyKOBI 3M00yTKH 3apy-
Oi>KHUX aBTOpPIB B cdepi MOCHiIKEHHS eIeKTPOMATHIT-
HUX 1 TEIUIOBUX MPOIECIB y TaKWX IEPETBOPIOBAYAX.
3HauHa KUIBKICTh TyOunikauii cepex sikux [19-21], mpu-
CBSTYCHI JOCIIDKCHHIO (DI3MYHHUX ITOJIIB B aKTUBHIN 30HI
€JIEKTPOMEXaHIYHUX IePETBOPIOBaYiB 13 (hepomarHir-
HHUM POTOPOM 32 JIOTIOMOTOF0 YHCEJIbHUX METOIIB.

ABHIVH 3 MACHBHHM POTOPOM
AA TpasMIiifHOro BHKOHAHHA

120

KKA, %
2

25 50 75 100

HapaaTanenusa, %

Puc. 6. 3nauennst KKJI i nBuryHa 3 MacHBHIM POTOPOM i
ACHHXPOHHOTO JIBUTYHA TPAJULiHOTO BUKOHAHHS
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TakuMm YHHOM, AN IHIBUINEHHS e()eKTUBHOCTI,
€KOHOMIYHOCTI Ta YHIBEpPCaJIbHOCTI MPUCTPOIB, SAKi 3a-
Oe3neuyroTh omepamii TPaHCIOPTYBaHHS, IEPEMIlTy-
BaHHA, MPECYBaHHA Ta HaI’piBaHHH, BAXXJIMBC 3HAYCHHS
Mae ix BUKOPUCTAHHA K JIaHOK TeXHOJ’IOFi‘IHOFO JIaH-
rora. Sk AJIbTCPHATHBA BUILE3a3HAYCHUM HiﬂXOﬂaM
IIPOTIOHY€EThC MOOLTEHA POOOTOTEXHIYHA IIaTdopMma,
OCHaIlleHa [ITHEKOBHUM EJIEKTPOMEXaHIYHUM IIEPETBOPIO-
BaueM (exctpynepom). IIponoHoBaHMI IepeTBOpIOBaY
BHKOPHCTOBY€E 30BHIIIHIA POTOP-IITHEK, SIKUH OJHOYAC-
HO BUKOHY€ (YHKII pOTOpa aCHHXPOHHOTO JBHTYHA,
HaTpiBaJILHOTO €JIEMEHTa, BUKOHABYOTO MEXaHI3My Ta
3aXUCHOTO Kopmycy [22]. OTxke, 3 ypaxyBaHHSIM «KOPH-
CHUX» BTpar enekTpomarHitHoi cuctemu, KKJ[ emekt-
POMEXaHIYHOTO MEepeTBOpIOBava 30UIbIIyeThCS 10 98-
99 %.

VY IIHEKOBOMY MEPETBOPIOBAUi BUKOPHCTOBYETHCS
NPUHLIUI CaMOPETyYJIIOBaHHS TP NIEPETBOPEHHI eHeprii,
3TiTHO 3 SIKMM PO3IIO/ILT Ha KOPUCHI TIOTOKH TETIJIOBOT Ta
MEXaHIYHOT eHeprii 3 ICHIOETHCS BiIIOBIIHO IO BEIU-
YMHU TTOTOYHOTO KOB3aHHS, SIKa 3aJISKUTh Bij CIIBBiI-
HOILICHHS €JIEKTPOMArHITHUX MOMEHTIB JIBUTYHOBOTO Ta
raseMiBHOTO MoaymiB. [Ipu min’emHaHHI OOMOTKH CTa-
TOpa ABUTYHOBOTO MOIYJS OO JUKEpesa >KUBJICHHS,
CTBOPIOETHCS MarHiTHE 1oJie, sike ooepraeThes. Lle moire
Jlie Ha TPUJIETITy 30HY 30BHINIHBOTO (hpepoMarHiTHOTO
poropa, B SKif 32 3aKOHOM EJICKTPOMArHITHOI 1HAYKIIT
HaBoaAThkcs BUXxpoBi crpymu (BC). V pesynbraTi 11b0r0
(hopMyeThCSI  €CKTPOMArHiTHUN MOMeHT. OCHOBHHM
PEKUMOM POOOTH BBAXKAETHCS MPOTHIICKHUN HAIPSIMOK
o0epTaHHs NOJMIB, NPH SIKOMY TaJIbMiBHUH MOAYJIb IIpa-
IIIOE TIPM KOB3aHHI S, > 1, TOOTO B pexXuMmi elleKTpoMmar-
HITHOTO TaJbMYyBaHHS.

Mera cratTi. g omiHKH €pEeKTHBHOCTI BUKOPHU-
CTaHHS ENEKTPOMEXaHIYHOTO IEepPeTBOPIOBaYa y CKIIAIl
MOO1UTEHOT POOOTOTEXHIYHOI MIATGOPMHU I MPOMHUC-
soBoro 3D-apyKy HEOOXiTHO BHKOHATH aHAJi3 pO3IO-
JIUTy BHXPOBHX CTPYMIB y (hepoMarHiTHOMY pOTOpi SIK
OCHOBHUX JKepen TeruioBuaiieHs. e Oyne ciyryBatu
Ba)XXJIMBOIO 1H(OpMaLi€ro sl TPOrHO3YBaHHS ONTHMa-
JbHUX 3HA4Y€Hb TEMIIEPATYpH, TPAJi€HTa Ta IIBHIKOCTI
obepraHHs. Y CBOIO 4epry, Li 3HaYeHHS OyayTb BH3HA-
YaTH MEXaHI4HI BJIaCTHBOCTI MaTepiary Ha BUXOJI MpHU-
CTPOIO.

B poOoti cBoe BTiIEHHS OTpUMalia TPUBUMipHA
MoudiKaIis KiHIIeBO-eJIEMEHTHOT MOJIENI, [0 pealri3o-
BaHA B PaMKax MPOrpaMHO-00YHCIIOBAILHOTO KOMILIe-
kcy Comsol Multiphysics. 1eit koMILIEKC BiJHOCHThCS
JI0 HaiOUTpII ampoOOBaHMX 1 JHOCTYIMHHUX MPOTPaMHHX
MPOJYKTIB, IO peaji3yloTh METO/] KiHIIEBUX EIEMEHTIB.
Po3paxyHok TpuBumipHoTro posmnoainy BC BukonaHo Ha
JUISHII pOTOpa ISl ABUTYHOBOTO MOJYJISI €KCIIEPUMEH-
TAJIFHOTO 3pa3Ka LIHEKOBOTO IepeTBopioBava. TpuBH-
MipHa reoMeTpist MOJIeNIi CKJIaIa€ThCsl 3 HACTYITHUX PO3-
PaxyHKOBHX AUJISIHOK: ITOPOXKHUCTOTO 30BHIIIHBOTO PO-
TOpa, 3y09acTOro MarHiTONPOBOAY CTaTOPa, MOBITPSHO-
ro 3a30py Ta 0OMOTKH craropa. KyroBa gacrora obep-
TaHHS POTOPa BH3HAYAETHCS SIK YAaCTOTA JDKEPEN IOJIS
BIIMTOBIZTHO 10 POTOPHOI cUCTeMH KoopauHaT. [Tutoma
€JIeKTPHYHA MPOBITHICTH MaTepially poTopa mpuiimaa-

¢Sl BIOIOBITHO IOBIIKOBHX JaHUX 3 YpaxyBaHHSIM yce-
penHeHoi Temmeparypu mpu pobodYoMy KOB3aHHI JBH-
ryHoBoro moxyna s = 0,88. HemiHiifHicTP MarHiTHHX
BJIACTHBOCTEl MacCHBHOI'O pOTOpa Ta CEpICYHHMKa CTa-
TOpa BPaxOBYETHCSA 3aBIAHHSM BIJIOBITHUX KPHUBHX
HaMmarHiuyBaHHs. J[epena ToJisi 3aJar0ThCsl CTOPOH-
HBOIO T'YCTUHH CTPyMy Ha JISTHKax Ia3iB craTopa 3rij-
HO TpH]a3HOi CXeMH 3’ €AHAHHS OOMOTKH.

PesynbTaTn nociimkenn. Pe3ynsraT po3s’s3aHHsS
MOJTFOBOI 33/1a¥i y BHUIIALI TPUBHUMIPHOTO PO3MOILTY
BC moxkazano Ha puc. 7. OQUHOYHUI MOTIepedHuil 3pi3
MOPOXKHUCTOTO POTOPa HABEICHO AJISI BEJIMYMHH KOB-
3anHs s = 0,88 (n, = 90 00./xB.). 3pi3 BUKOHaHWH Yy
«KpafoBiif» 30HI MOPOKHUCTOTO LWITIHIPA, a 3adapOy-
BaHHSAM pPI3HOIO KOJIBOPY Ta IHTEHCHBHOCTI BU3HAua-
€ThbCs BeNIMUMHA Z-ckyanoBoi ryctunu BC. Ha npomy x
PHCYHKY TOKa3aHO JIiHIIO, B3AOBX SKOI BUKOHAHO 3pi3
CTIHKH pOTOpa, IPEJICTaBICHUH Ha puc. 8.

4,42*107

-4,42*107

Puc. 7. Po3nogin z-xomnonentu rycruau BC
y MONEepPEeYHOMY Tepepi3i 30BHIMIHBOTO TOPOKHUCTOTO
poropa nipu s = 0,88 (A/m?)

4,42*10]
B

3

-4.42*107

Puc. 8. Posnonin z-komnonenTu ryctunu BC y cTinmi
30BHIIIHBOrO MOPOKHUCTOrO poTopa mpH s = 0,88 (A/m?)

HaiiGinpiie 3HaueHHsS HOPMAIBHOI KOMIIOHEHTH
ryctuan BC Tpoxu nepeBHIye MakCHMalbHY BEIUYH-
Hy (4,42 A/mMm®) z-xommonenT mis s = 0,88. OCHOB-
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HUM JDKEPEJIOM TEIIOBOI MOTYKHOCTI € map BHYTPIMI-
HBOI MOBEpXHi poropa (4-5 MM), oObepHeHH# y Oik pKe-
pena eIeKTPOMarHiTHOTO TOJIs.

Kaptuny po3nojiny TyCTHHH IUCHIIOBAHOI IMOTY-
JKHOCTI, III0 BPaxoOBY€ yci BHIM BTpaT y pOTOpi Hpen-
craieHo Ha puc. 9. [lepeBaxkHO, r'ycTHHA AMCUITOBAHOT
MOTYXXHOCTI Ha 30BHIIIHIN IMOBEpPXHI pOTOpa 3HAXO-
muthes y Mexkax (10,5-20)-10° Br/v’.

3HauHMI Mepenaj T'yCTHHH JHCHIIOBAHOT MOTYX-
HOCTI MK BHYTPIITHBOIO Ta 30BHIIIHBOIO MOBEPXHIMHU
poTOpy B pOOOYHMX YMOBaX He € KpHUTHYHUM. TeruioBa
SHepris poTopa aKTUBHO NEPEIAETHCS HABKOJIHUIITHBOMY
Marepiany, a TeMIepaTypHUi IPalieHT y HANPSIMKY TO-
BIIMHU CTIHKM LIIHAPA 3aJMIIaTHMEThCS HEBEIMKUM
[18].

906107
19

1

b

1,05*10°

Puc. 9. Po3nozis ryCTHHY MOTYKHOCTI Y 30BHIITHEOMY
IOPOXKHUCTOMY poTopi 1pH s = 0,88 (B/m)

3a3HauMMO, 10 XapaKTep PO3MOALTY TYCTHHHU JH-
CHUIIOBAHOI IMOTYKHOCTI B POTOPi iCTOTHO 3MIHIOETBCS 31
30UIBIIEHHAM 9acTOTH II0JIs, 10 BIUIMBAE HA SKICTh Te-
wIoBoi 1ii Ha Mmatepiain. Lle 3ymoBiieHO 3MiHOIO KOH(I-
rypauii koHtypiB mnporikanHs BC, iiMoBipHO, uYepe3
3MCHIICHHSA Fﬂl/I6I/IHl/I IMPOHUKHCHHSA eJ'IeKTpOMaFHiTHOFO
TOJIs, @ TAKOXK BIUIUBY KpaioBoro edekry.

BucnoBku. IligBuineHHs e(eKTHBHOCTI Ta €KO-
HOMIYHOCTI MOOUTBHOT poOOTOTEXHIYHOI TMIaTdopmMu
quisi TexHouorii 3D-apyKy BENMKOMACINTaOHHX CTPYK-
TYp JOCATAETHCS NIIAXOM 00’ €IHAHHS SJIEKTPOIBHUIYHA,
IIHEKOBOTO €KCTPYAEpa Ta HArpiBada B OJHOMY KOpITY-
ci. Takwmif migxig gae eKOHOMIO MacH Ta Po3MipiB, a Ta-
kox cytreBe miauineHHs KKJI ta naxiiiHocTi cucremu
3a paXyHOK (pyHKIIIOHAJIBHOI 1HTerpaiii Ta MoBHOTO BHU-
KOPHCTaHHS JAMCUIATHBHOI CKiamoBoi eHeprii. OrfiHka
PIBHIB I'YCTHHH JMCUIIOBAHOI MOTY>KHOCTI Ha MOBEPXHI
pOTOpa JJ03BOJISIE TOBOPUTH NPO MEPCHEKTUBH 3aIpOIo-
HOBAHOTO MiIX01Y 3 YIOCKOHAJICHHS KOHCTPYKIIT By3/a
eKCTpyAepa MoOLIbHOI poOOTOTEXHIYHOI maTdopmu
Juisi 3D-npyKy BETMKOMACIITAOHUX CTPYKTYP.
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Gritsyuk V.Yu., Nevliudov L.Sh., Tsymbal O.M. Im-
proving the extruder unit design of a mobile robotic plat-
form for large-scale structures 3D printing.

Additive manufacturing has huge potential in the con-
struction industry, as well as in the production and repair of
road surfaces. Robotic 3D printing of large-scale structures
allows architects and builders to significantly expand the
boundaries of structural design and increase the efficiency of
their construction. Mobile 3D printing platforms solve the
problem of limited workspace. To improve the efficiency and
cost-effectiveness of a mobile robotic platform for 3D printing
technology of large-scale structures, it is proposed to improve
the design of the extruder assembly. This is achieved by com-

bining the electric motor, auger extruder and heater in one
housing. This approach provides savings in weight and size,
as well as a significant increase in the efficiency and reliabil-
ity of the system due to functional integration and full use of
the dissipative component of energy. The proposed converter
for a mobile robotic platform uses an external auger rotor,
which simultaneously performs the functions of an asynchro-
nous motor rotor, a heating element, an actuator and a pro-
tective housing. The goal of the work is to evaluate the effi-
ciency of auger converter using as part of a mobile robotic
platform for additive manufacturing. To achieve the goal, a fi-
nite element calculation and analysis of the spatial distribu-
tion of eddy currents in the area of a hollow ferromagnetic ro-
tor was performed. The distribution patterns of the eddy cur-
rent density z-component, as well as the distribution of the dis-
sipated power density, taking into account all types of losses
in the rotor, are obtained using the Comsol Multiphysics soft-
ware and computing system. The distribution nature of the
dissipated power density in the rotor changes significantly
with an increase in the field frequency, which affects the quali-
ty of the thermal effect on the material. The results of the spa-
tial distribution of the eddy currents of the rotor will improve
the design of the converter, provide the specified values of
temperature and gradient, which in turn determine the me-
chanical properties of the material at the output of the device.

Keywords: additive manufacturing, mobile robotic plat-
form, numerical calculation, construction, extruder unit, eddy
currents.
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STUDY OF THE DYNAMICS OF THE MOVEMENT MECHANISM
OF AN OVERHEAD CRANE AS A COMPLEX ELECTROMECHANICAL SYSTEM

Rudniev Y.S., Romanchenko J.A., Linevich A.O.

JOCTIIKEHHSA JTUHAMIKA MEXAHI3MY HEPEMIIIEHHS
MOCTOBOT'O KPAHY SIK CKJIATHOI EJTEKTPOMEXAHIYHOI CHCTEMHA

Pynnes €.C., Pomanuenko FO.A., JlineBuu A.O.

The article studies the dynamics of the crane movement mech-
anism to take measures for their reliable operation and reduce
the wear of movement mechanisms. For this, the following as-
sumptions are accepted: transverse motion is not considered,
the dynamics of engines and electric drive is not considered;
the crane is presented in the form of a seven—mass system, the
load suspension is adopted as rigid.

It has been established that account of flexibility of the rope,
with which the load is suspended, does not significantly affect
(no more than 10%,) the values of the largest dynamic loads in
elastic connections; therefore, when determining the loads in
the elastic connections of the movement mechanisms, it is pos-
sible to use a system with an elastic mechanism and a rigid
suspension of the load. The processes in the movement mech-
anisms of load-lifting cranes are considered, using the calcu-
lated seven-mass dynamic scheme of structures. During the
mechanism operation the oscillations occur in its metal struc-
tures and transmission shafts, in addition, the load sways
(which, together with a rope of length L, forms a pendulum
with a moving suspension point).

The graphs show the forces in the longitudinal, transverse
beams of the crane and the linear speeds of wheels, with an
external force applied to each wheel of 21700 N. All three
types of oscillations have different frequencies, which allows
them to be considered on simpler two-mass models. But when
using synchronous rotation systems (SRS) on the movement
mechanism, which are often prone to oscillations, the pro-
posed model is better suited, because it takes into account the
interaction of the SRS and the mechanism at different vibra-
tion frequencies. With these loads, the mismatch of the path of
the sides Ax. does not exceed 0,025 m, the relative swing of
the load x; is not more than 0,25 m.

The article found that according to the seven-mass model,
when a driving force is applied, mechanical oscillations arise
in which three frequencies of interaction are observed. For the
crane designs discussed in the article, these frequencies are
0,2, 0,95 and 6,4 Hz, to study a more complete picture of the
processes, it is necessary to consider the transverse displace-
ment of the crane and the dynamics of electric drive move-
ment.

The parameters of the calculated scheme for output data of the
bridge are determined. Based on obtained results the calculat-
ed scheme of crane movement mechanism was constructed.
The system is converted into a three-axle, the first of which is

the rotor of engine, the second - the first gear together with
the coupling, and the third - the axle with two gears.
Keywords: overhead crane, elasticity, design, load suspen-
sion, dynamic load, oscillations, force.

Introduction. Overhead cranes are widely used in
mechanical engineering, metallurgical production, nu-
clear power plants and other industries. Overhead cranes
are heavily loaded machines, their daily load reaches
70-80%, the load capacity is 75-85% of the nominal, the
actual operating mode of the cranes is often overesti-
mated compared to the standard. Despite the fact that
the designs of overhead cranes have been improved for
many years, premature failures of the crane system
(crane-crane runway) still occur. In addition to opera-
tional and technological causes of failures (unscheduled
maintenance, violations of operating rules, etc.), design
imperfections of crane assemblies can serve as causes.
The most characteristic causes and consequences of
premature failures include the short service life of crane
wheels and crane rails, fatigue failure of end beams, de-
struction of low-speed shafts of movement mechanisms
with mounted gearboxes, loosening and wear of the
track gauge, wheel derailment [1].

The objective. The role of technological cranes
that presented in modern steelmaking can hardly be
overestimated, their number in a converter shop can
reach several dozen. To take measures for their reliable
operation and reduce the wear of movement mecha-
nisms, it is necessary to study the dynamics of the crane
movement mechanism, which is an objective of this
work.

Research results. The following assumptions are
accepted: transverse motion is not considered, the dy-
namics of engines and electric drive is not considered,
the crane is presented in the form of a seven—mass sys-
tem, the load suspension is adopted as rigid. It has been
established [2] that account of flexibility of the rope,
with which the load is suspended, does not significantly
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affect (no more than 10%) the values of the largest dy-
namic loads in elastic connections; therefore, when de-
termining the loads in the elastic connections of the
movement mechanisms, it is possible to use a system
with an elastic mechanism and a rigid suspension of the
load.

To consider the processes in crane movement
mechanism, we will depict the structural elements in the
diagram. The calculated seven—mass dynamic scheme
of the movement mechanism is shown in article [3]. It
contains: two reduced masses my;, my of impellers
(with electric motors), two reduced masses of idle
wheels mg3;, my, masses m;, m, of the crane end beams
(the mass of the crane cross beam is evenly distributed
between m; and m,, the mass of the cart is taken into ac-
count in mass m,), mass of cargo ms; elastic connections
are taken into account by the stiffness coefficients: ¢;, —
the transverse beam of the crane, ¢, ¢,, ¢; ¢, — halves of
the end beams of the crane; L; — the length of the sus-
pension of the load; F;, — elastic force in the cross beam
of the crane; F;, F,, F; F,— forces in the end beams of
the crane; Vi, Vo Vi Vaw Vi, Vs — linear speeds of the
crane wheels and central points 1, 2 of the end beams of
the crane bridge; x; — linear movement of the load rela-
tive to the point 2 of the load suspension; Ap — skew
angle of the transverse beam of the crane.

During the mechanism operation the oscillations
occur in its metal structures and transmission shafts (due

4

to the presence of an elastic connection between the
masses m; and m;), in addition, the load sways (which,
together with a rope of length L, forms a pendulum
with a moving suspension point). Dynamic loads in
elastic connections of movement mechanisms can ex-
ceed static loads by 3+7 or more times [4, 5], and pen-
dulum oscillations of the load cause uneven movement
of cranes movement mechanisms or trolleys and create
inconvenience during their operation.

To solve the above problems, an appropriate crane
control system is needed, which would ensure the syn-
chronism of the movement of the crane longitudinal
beams. But often synchronous rotation systems tend to
oscillate, so their interaction with the movement mecha-
nism is of great interest. To study such interaction, a
model of the movement mechanism is needed, built on
the basis of the calculation scheme in one of the applied
modeling packages, for example, in MATLAB and
SIMULINK. The data of a bucket crane with a lifting
capacity of 100 tons of the converter shop of the Al-
chevsk Steel Works (mj, = my, = mz, = my = = 31250
kg, m; =42500 kg, m,=127500 kg, m;=100000kg, c;, =
2.5%10° N*m, ¢; = ¢; = ¢; = ¢4 = 20¥10° N*m, L, = §
m, friction coefficient k; = 0,0062). The graphs show
the forces in the longitudinal (Fig. 1,a), transverse (Fig.
1,b) beams of the crane and the linear speeds of wheels
1, 2 (Fig. 1,c), with an external force applied to each
wheel of 21700N.
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Fig. 1. Graphs:
a — elastic force F; in the longitudinal beam; b — elastic force F; in the transverse beam; ¢ — wheel speeds Vy;, Vi,
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Fig. 2. Graphs of relative displacements of load x,; and sides of the crane Ax,

It follows from the graphs that torque and velocity
oscillations have three components: suspended load os-
cillations w, = 1,25 rad/s; oscillations due to compliance
of the transverse beam w, = 6 rad/s; oscillations due to
the compliance of the longitudinal beams w, = 40 rad/s
[3].

All three types of oscillations have different fre-
quencies, which allows them to be considered on sim-
pler two-mass models. But when using synchronous ro-
tation systems (SRS) on the movement mechanism,
which are often prone to oscillations, the proposed
model is better suited, because it takes into account the
interaction of the SRS and the mechanism at different
vibration frequencies. Figure 2 shows the deviation of
the load from the suspension point and the linear mis-
match of the path traveled by the sides of the crane.
With these loads, the mismatch of the path of the sides
Ax. does not exceed 0,025 m, the relative swing of the
load x; is not more than 0,25 m [3].

The mechanical part of the electromechanical sys-
tem contains all the connected moving masses: the en-
gine, the transmission and the actuator. A direct idea of
the moving masses of the system and the mechanical
connections between them is given by the kinematic
scheme of the electric drive, one of the variants of
which is shown in Fig. 3.

Engine M through the first gear z,/z, drives a long
intermediate shaft, which through two gears z3/z4 trans-
mits energy to the wheels (runners) of the crane bridge.
The total mass of the bridge m,, consists of the masses

of the bridge itself, the trolley and the load. The bridge
is moving at speed V. Shafts and axes of runners have
limited stiffness, which is determined by specific coeffi-
cients C;. In the elements of the movement mechanism
of the bridge there are forces of friction (in gears, wheel
axles, wheels on rails by flanges), and also forces of re-
sistance of rolling on rails.

The considered scheme clearly shows the position
that in the general case the mechanical part of the elec-
tric drive is a system of bound masses that moving at
different speeds rotating or translationally. Under load,
the elements of the system (shafts, supports, gears) are
deformed, because the mechanical connections are not
absolutely rigid.

The masses and stiffness of the bonds in the kine-
matic chain of the drive are different. The greatest mass
and the least rigidity of connections have a decisive in-

fluence on the movement of the system. Therefore, one
of the first tasks in the design and study of the electric
drive is to compile calculation schemes of the mechani-
cal part, taking into account the possibility of neglecting
the elasticity of sufficiently rigid mechanical connec-
tions and approximate consideration of the influence of
small masses. This is a graphical representation of a sys-
tem in which the masses (moments of inertia) are repre-
sented by rectangles whose areas are proportional to
these inertia, and the stiffness of the connections be-
tween them is represented by lines whose length is pro-
portional to the pliability. Due to the presence of gears,
different elements of the system move at different
speeds, so compare directly their moments of inertia .J,,
mass my, stiffness of connections Cj, Cy, displacement
Ag;, AS, , etc. is impossible. To compile the calcula-

tion scheme of the mechanical part of the electric drive,
it is necessary to bring all the parameters of the kine-

matic circuit to one movement (engine or working
body).

Fig. 3. Kinematic scheme of the movement mechanism
of crane bridge

The condition for compliance of the given calcula-
tion scheme with the real mechanical system is the ful-
fillment of the law of conservation of energy (kinetic,
potential), as well as the elementary work of all forces
acting in the system, the moments of possible displace-
ments.

When designing and researching electric drives,
the moments of inertia, mass, stiffness of connections of
real elements are usually known, and the forces acting
in the system are either set or calculated based on the in-
itial data of the mechanism and the conditions of its
technology [6].

Definition of parameters of calculated scheme at
such initial data of the bridge:

Bridge mass mz=2600 kg;

Load mass m;=20000 kg;

Movement speed V' =75 m/min;
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Wheel diameter d,, =0,4 m;

Diameter of pins d, =7,5 cm;

Coefficient of rolling resistance on rails /=0,05 cm;

Coefficient of friction when sliding in the
1 =0,07 pins;

Friction of the flange of the wheels on the rails

take into account by the coefficient K=0,07;
Gear efficiency 1 =0,95;

Flywheel moments of gears and coupling ele-
ments:
GD! =0,2 kgm* GD; =3,4 kgm’; GD =2,4 kgm’;
GD; =20  kgm’ with  the  wheel);
GD’ =0,4 kgm®.

Coefticients of rigidity of:

engine shaft C,; =1,8-10° Nm;

shaft C; =5,6-10° Nm;

wheel axles C,, =500-10° Nm;

The internal viscous friction in the transmission el-
ements due to the complexity of its receipt is taken into

account by the total reduced scattering coefficient i/, at

(together

a level corresponding to the logarithmic decrement of
vibration damping 4, =0,25.
The engine has the following data:
P, =175 kW; n,, =945 rpm; 4,, =2,8;
J, =0,142 kgm’.

Gear ratios
Z, 65 Z, 67
l:—2:—24,06;z'2=i3=—4=—=4,79.
Z, 16 Z, 14

Total gear ratio from the engine shaft to the wheel
axles
i=i-i,=4,06-4,79=19,45.
Total efficiency coefficient of gears
n=mn-1,=095-0,95=0,9.
The total moment of resistance at the loaded crane
that brought to engine shaft
My, =1 (my +mL)-g'(/,trp +f)K/’ lin =
_0,2-(26000+20000)-9,81-(0,07-0,0375+0,0005)-1,3

9,45-0,9
=21 Nm.
Rated and starting torque of the engine
P,-10°
M,=—2~ ___ 7500 =75,8 Nm;

®70,105-n, 0,105-945
M, =084, -M, =0,8-2,8-75,8=170 Nm.

The moments of losses in wheel pairs that brought
to the engine shaft
_AM, (-mM, (1-0,9)-21

AM,,, = =0,7 Nm.
wpP 3 3
Moments of inertia and mass are given.
Gears:

J,=GD] /4=0,2/4=0,05 kgm®,;

J,=GD; /4’ =3,4/(4-4,06”) =0,053 kgm’;
J, =GD; | 4i’ =2,4/(4-4,06") = 0,045 kgm®;
J, =GD; /| 4i* =20/(4-19,45°)=0,013 kgm®;
Coupling
J,=GD> /4i’ =0,4/(4-4,06") =0,006 kgm?;
Bridge with load
Jy=(my+m W /@ =(m,+m,)r, /i’ =
=(26000+2000)-0,2° /19,45 = 4,86 kgm’.

The values of the stiffness coefficients of the shafts
and wheel axles:

engine shaft C,, =1,8-10°Nm;

shaft C; =C, /i’ =5,6-10° /4,06 =0,34-10°Nm;
wheel

C, =C,/i* =5-10°/19,45" =1,32-10° Nm.
Based on the obtained results, the calculation

scheme of the crane movement mechanism can be pre-
sented as shown in Fig. 4, a.

axles

J I3, Ja
Od T IA\ "\‘
— I, 1 T H ]
J I
d s v Cw |======-
— Ces = ! ,: AMyF T |Il ':
Mg AMwp ",’ :D \
I3, 14 -~
a (Mg*AMWP)
(OF]
—_— I+t 2(J3 )+
Cas
Ja I~ <
— Css 2AMwp
Ms
—
b (Ms—AMyp)
24 Tu=2(Js +lay+Iu
L &S) Crn
i —
2AMwp
1=ttt )i+ m
—
. (Ms—AMyp)

Fig. 4. Calculated scheme of the movement mechanism
of overhead crane (according to Fig. 3)

As can be seen from the scheme, significant inertia
in the system is the mass of the bridge J,,, the first

gear pair (J, +J,) and the engine rotor J,. Two shafts
have significant susceptibility. Therefore 2(J, +J,)
can be connected with J,,, and J,, — (J, +J,) with,
replacing two parallel branches with series-connected
C; and C;, on one elastic connection with the stiffness
coefficient
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C. o C;-Cy, :20,34~106 -1,32-10°
2T clya, (0,34+1,32)10°

The system is converted into a three-axle, the first

of which is the rotor of engine, the second - the first

gear together with the coupling, and the third - the axle

with two gears (Fig. 4, b). The first mass is connected to

the second by an elastic bond with C; =C,,, the sec-
ond to the third by a bond with C,,. The starting mass
of the engine is applied to the first mass, to the second -
the moment of losses in the first gear AM,,, to the
third - the moment (M,, —AM,,) of technological re-

sistance and losses in two transfers. Further simplifica-
tion of the scheme is obtained by combining the first
two masses with each other and replacing all elastic
bonds with a single one with a stiffness coefficient.

¢ _CuCy _1810°-0,54-10°

e, +Cy, 2,34-10°
Such a two-mass system with inertia

J=J,+J +J,+J, and J, =2(J,+J,)+J,, has an

m

=0,54-10° Nm.

=0,415-10°Nm.

elastic connection between them with stiffness C,
v, =0,4 (4,=0,255),
which reflects all the dissipative forces arising in such a
system (Fig. 4, ¢). A moment is applied to the first mass
is(M s—AM,.) and a moment of resistance to the sec-
ondis (M;—-AM,,) .

Conclusions. When studying the dynamics of an
overhead crane without transverse displacement, it was
established that according to the seven-mass model,
when a driving force is applied, mechanical oscillations
arise in which three frequencies of interaction are ob-
served. For the crane designs discussed in the article,
these frequencies are 0,2, 0,95 and 6,4 Hz; to study a
more complete picture of the processes, it is necessary
to consider the transverse displacement of the crane and
the dynamics of movement electric drive.

and scattering coefficients
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PynneB €.C., Pomanuenko FO.A., JlineBuu A.O. JocJi-
JKeHHs1 JMHaAMIKM MeXaHi3My nepeMillleHHsI MOCTOBOIO
KPaHy K CKJIA/IHOI eJIeKTPOMeXaHi4HOol cucTeMH

V' ecmammi nposedeno docnioscenns ounamiku mexawi-
3MY nepecysamtsa Kpaua Os 8HCUmms 3ax00i6 wooo ix Haoili-
HOI pobomu ma 3HUdICeHHs 3HOCY MeXAaHi3Mi nepecyeanisl.
Jns yvoeo npuiinamo maxi npunyuwjeHHs. He po3eisaoacmbCs
nonepeynHuil pyx, He po32NA0AEMbCA OUHAMIKA O8USYHIE Ma
eneKmponpueody;, Kpam npeocmaeieHull y 6uenadi cemu-
Macoeoi cucmemu, niogic BAHMANCY NPUUHATNULL HCOPCIMKUM.

Bemanoeneno, wo obnix enyuxocmi xanama, 3a 0ono-
MO20I0 AK020 NIOBIUEHUTI BAHMANC, HECYMMEBO (He Oinvule
10%) nosnauacmvca HA 3HAYEHHAX HAUOINBUWIUX OUHAMIYHUX
HABAHMADICEHb Y NPYIUCHUX 36 A3KAX; MOMY NpU GUHAYEHHI
HABAHMAICEHb 8 NPYICHUX 38 AZKAX MEXAHI3MIE8 nepecy8anHs
MODICHA 6UKOPUCTOBYEAMU CUCIEMY 3 NPYICHUM MEXAHIZMOM
i dcoOpCmMKUM RIOGICOM BAHMAICY.

Poszenanymo npoyecu 6 mexauismax nepecyeanHs 6aH-
MaxconioiiManvHux Kpawié 3a O00NOMO2010 PO3PAXYHKOBOI
cemMu-macogoi OuHamiunoi cxemu koncmpykyin. Ilpu pobomi
Mexanizmy GUHUKAIOMb KOTUBAHHA 8 1020 MemanioKOHCMPYK-
Yisax I mpaHcMicCiliHuX 6anax, Kpim moeo, 6i00yeaemvcs pos3-
20UOYBAHHA 8AHMAICY (AKUL PA3OM 3 KAHAMOM OO0BICUHOI
VMBOPIOE MAAMHUK 3 PYXOMOIO MOUKOIO NIOGICY).

Ha epaghixax 6ynu nokazani 3ycuiis 6 no30082CHIl, No-
nepeunii 6anKax Kpawa ma JAiHIUHI WeuoKocmi Koaic, npu
npukaadenux 306niwnix 3ycunnax 21700 H 0o koscnozo kone-
ca. Bci mpu 6uodu Konuganv Mawomv pisHi 4acmomu, o 0o-
360715€ po3ena0amu ix Ha OLIbW NPOCMUX 080MACOBUX MOOe-
aAx. Ane npu GUKOpUCMAHMI HA MeXAHI3MI nepecy8amHs cuc-
mem cunxponnozo obepmanns (CCO), aAxi wacmo cxunvhi 00
KOMU6aHs, Kpauje nidiiioe 3anponoHoeana Mooeib, mak sx 60-
Ha epaxogye e3aemooito CCO ma mexanizmy Ha pi3HUX uac-
momax Koaueaws. Ilpu Oanux HaganmasiceHHax Hey3200JiceH-
HA wasaxy cmopin ne nepesuwye 0,025 m, gionocHe po3zeouidy-
sanus eanmaoicy ne oinvuie 0,25 m.

Y ecmammi ecmanoeneno, wo 3a cemu-macogoio mooen-
J0 NpU NPUKAAOEHHT PYWIIHO20 3VCULIA BUHUKAIOMb MEXAHI-
YHi KOIUBAHHS, 8 SIKUX CNOCMEPI2AEMbCsl MPU YACMOmu 83dc-
MOOIL. [nsi KoHcmpyKyitl Kpaua, po3ensauymozo y cmammi, yi
yacmomu cmanosasmo 0,2; 0,95 ma 6,4 I'y. /s docnioxcen-
H5l NOBHIWOT KapmuHu npoyecie HeoOXIOHUIl po3esid nonepe-
YHO20 3MilyeHHs KpaHa ma OUHAMIKU eleKmponpusooy nepe-
MIWEHHS.

Busnaueni napamempu po3paxynkooi cxemu npu euxio-
HUX OQHUX MOCma. Buxo0sauu 3 00epocanux pe3ynvmamis, no-
6y0o6ana po3paxyHKoga cxema Mexamizmy nepemiwjents kpa-
ny. Cucmema nepemeopioemvcs HA MPUMACOBY, NEPULOIO 6
AKIL € pomop 08u2yHa, Opyeoio — nepuia nepeoava pazom 3i
3 €0HY8ANLHOIO MYDmMOI0, a MPembo — MICI pa3om 3 080Ma
nepeoaiamu.

Knrwuogi cnosea: mocmosuili Kpaw, npysCHiCmbv, KOHC-
MpYKYis, Niosic aHMAMCY, OUHAMIYHE HABAHMAINCEHHS, KO-
8aHHS, 3YCUILTA.
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METOAU BUBYEHHS BUCOKOTEXHOJIOTI'TYHUX JUCHHUIIJITH

Kapmok JI. B., IaBinenko H. O., I'anzka C. A., TezeBi A0gaaxajex 'oma Axmen

METHODS OF STUDYING HIGH-TECH DISCIPLINES

Karpyuk L. V., Davydenko N. O., Ganzha S. A., Gezevi Abdalhaleh Goma Ahmed

Y cmammi poszensidaromvcsa numanns ma npoonemu Hag4aHHs
CMyOeHmi6, 3 AKUMU 60HU 3YCMPILAIOMbCA NIO 4AC GUEYEHHS
BUCOKOMEXHONOTYHUX OUCYUNIIH. Y SUWUX HAGUANbHUX 3d-
kaadax (BH3) 6 cyuacnux ymoeax nompiben Hosuti nioxio 0o
ni020moeKu cmyoenmie pisHUX PIBHI8 HABUAHHA — AKICHUL,
mexnonociunui. [o niocomosku ¢haxisyie eanysi 3uanv «As-
momamu3zayis ma npuradodbyOyeaHHa» GUCY8AIOMbC NIOBU-
weni sumozu. 36adcaioyu Ha ymosu mpaouyitinoi oceimu, pe-
anizayis yux 6umMoz NoG'sI3aHa 3 NeGHUMU MPYOHOWAMU.
Bnposadoicentsn 6UCOKOMEXHONOIUHUX OUCYUNTIIH 8 HAGUAHHS
0036071€  0OCUMb  WEUOKO PO3pOONAMU MA NPONOHY8amu
cmyoeHmam pizHOMAHimmsa éapianmie iHOUSIOYANbHUX 3a6-
O0aHb 34 6eUKOI KIIbKICIMIO meM 3 YPAXy8aHHAM Di6Hs No-
4amko6oi komn'tomepnoi niocomosnenocmi cmyoenmis. Ilpu
npagunvromy nioxodi CAIIP mooice Oymu npekpachoro ocHo-
8010 3ANPOBAOINCEHHS Y OCGIMMHIL NPOYEC NPOEKMHO20 CROCODY
nasyauns. Cyms 11020 NojA2ae 6 Momy, wo euKIa0ay 3a0de
BUXIOHI OaHi Ma (HOPMYNIOE 3aNIAHOBAHI Pe3VIbmamu Ha6-
uaneHoi 3a0aui. Cmydenmu cami HAMiuarOMes NPOMINHCHI 3a6-
OaHHSA, WYKAIOMb WIIAXU iX 8UpiUeHHs, a BUKOHYIOHU NPOEKMI,
NOPIGHIOIOMb OMPUMAHT pe3yIbmamu i3 3ampedy8anumu, npu
HeoOXiOHOCmI Kopuzyroms pecyivosani napamempu. Y pe-
3ynemami 60HU HAOYBAIOMb HABUYOK CAMOCMILIHO «000y8a-
muy HOGI 3HAHHSA, 6YAMBCS 3ACMOCOBY8AMU IX 00 GUDIUEHHS
NPAKMUYHUX 3060aHb, HAOY8aAIOMb Nepulo2o0 00C8idy 00-
COHUYbKOT pobomu. Ane Ha wasxy eupiwenns yiei npobiemu
BUYi HABYUATLHI 3AKNAOU CbO2OOHI 3yCMPiualoms HU3KY ceplio-
3HUX MPYOHOWIG, NO8'A3aHUX 3 HeOOCMAamHbOl0 Mamepians-
HOIO ©a3010 (Hecmaua NOMYICHUX KOMN'IOmMepis, GUCOKA 8ap-
micmb niyensitino2o npozpammo2o npodykmy mowo). Lllonpa-
60a, Hu3Ka eeaukux komnauii — pozpobnuxie CAIIP — npono-
Hyloms (be3xouimosno) «ypizaniy cmyoenmcuvki eepcii CAIIP,
AKI MOJCYMb Hadamu 3HauHy OONOMOZY 6 Hasuanui. B ceoio
uepey euguenns cyuachux CAIIP ma nabymms Hagu4ox y po-
b6omi 3 HUMU, 6e3YMO8HO, chpusmuMe NiO8UWEeHHIO AKOCMI Ni-
020MOGKU iHIICEHEPHUX Kaopi6, 3HAYHO CKOPOMUMb Nepioo
yacy, HeoOXionull 0na adanmayii Monr00020 cneyianicma Ha
pobouomy micyi nicia 3aKiHUEeHHs U020 HABYAILHO2O 3d-
K1a0y, CYymmeeo RiOSUWums 1020 3ampebdysanicmsv 3 OOKY
pobomoodasys. Kpim moeo, GUKOPUCIAHMA ) HABYATLHOMY
npoyeci cucmem agmoMamu308aH020 NPOEKMYBAHHSA, NOPSO 3
PiweHHAM OCHOBHO20 3a80aNHs, 0a€ HU3KY 000AMKOBUX OCEi-
mHuix egpexmis. Cymapua 0isi maxux egexmie 6a2amopaz’oso
noKpawyye pe3yibmamu Haguauua. B oamiti cmammi posens-
Oaromucsa Oeaxi iominni pucu CAIIP, axi nosumuno enauea-

0Mb HA Pe3yIbMamusHiCMb Ni020MOSKU CYYACHO20 Cheyiai-
cma.
Knwuogi cnoea: npockmyeanns, mexuiune 3a60aHHA, Mame-
MAmudHa mMooenb, Memoou, MOOeNOBAHHA, KOSHIMUSHUIL Npo-
yec.

Beryn. Jlekinbka OCTaHHIX IECATHIITH Yy CBITI
03HAMEHYBAJIMCS HE JIUIIE OypXJIMBUM PO3BUTKOM KOM-
M'IOTEpHOI TEXHIKH, a ¥ 3apOo/PKeHHSAIM Ha il OCHOBI Ta
MOAAJBIINM CTPIMKHUM PO3BHTKOM HOBOI raiy3i 3HaHb,
SIKy CBOTONHI MpuitHATO HazuBatu [T—rexHomorismu. Y
Bumii mkomi [T-TexHOoNOTii MHUPOKO 3aCTOCOBYIOTHCS ¥
HABYAIBHOMY TIPOIIECi: 1€ €IeKTPOHHI MiAPYIHUKH, MY-
JIBTUME/1ia-CUCTEMH, KOMIT'IOTEpHI TMPOrpaMu, CHCTEMH
KOHTPOJIIO 3HAHb, CHCTEMH AUCTAHLIIHOTO HaBYaHHA Ta
Oararo ixmoro. ITopsn 3 mepepaxoBaHMMHU 3acobamu
JUIsl 1iJIed HaBYAJIbHOTO TIPOEKTYBAaHHs BCE YacTille 3a-
CTOCOBYIOTH TaK 3BaHi CHCTEMH aBTOMaTH30BaHOTO TIPO-
extyBanHs (CAIIP), mo sBISIOTH COOOK0 MAKETH MPHK-
JaTHUX TPOOJIIEMHO-OPIEHTOBaHUX IporpaM. [lnTaHHs
iX 3aCTOCyBaHHS B OCBITHBOMY IIPOIIECi 3aCIyTOBYIOTh
Ha MMWIBHY yBary, OCKUIbKM Y BUPOOHHUIITBI PE3ybTaTH
BIIPOBA/KCHHS HOBITHIX TexHOIOTi# Ha ocHOBI CAIIP y
MIPOEKTYBAHHSA HAWCKIAMHIIIAX BHPOOIB MAaBHO IOBEIH
CBOI IIepeBaru nepes TPaguiHHUMI METOIaMHU.

Choro/Hi 0flHa BaXKJIMBa PO3pOOKa y MAIIMHOOY-
JlyBaHHI, €HEPreTHIli, eNEeKTPOHII He 00XOAMThCS Oe3
BUKOPHCTAHHSA CHUCTEM aBTOMAaTH30BAaHOTO NPOEKTYBaH-
Hs. Cam Tepmin «CAIIP» cTaB cCHHOHIMOM Takux Xapa-
KTEpUCTHUK, K BHCOKA TOYHICTh Ta BHCOKa IIBHJIKICTH
MPOEKTYBaHHS. B IMX yMOBax € OYeBHIHOIO HEOOXis-
HICTH JIESIKOTO KOPUTYBaHHS BY3IBCHKHMX OCBITHIX IIpO-
rpaM. B manmii 9ac 10 HaWBaXKIHMBIIINX KOMITCTCHITIN
BUITYCKHHKIB BY3iB iH)KCHEpHHX CIICIiaJbHOCTEH 1 Ha-
MPSIMiB TiATOTOBKY [ 1] BimHECEeHI BMIHHS BHKOPHUCTOBY-
BaTH MAaKeTH NMPUKIAJHUX NPOrpaM aHaji3y Ta CHHTE3Y
MIPUCTPOIB.

Ha mnsixy Bupimenns wiei npoonemu BH3 choro-
JIHI 3yCTpiYaloTh HU3KY CEPHO3HUX TPYIHOILIIB, MOB'S-
3aHUX 3 HEJOCTAaTHHOIO MaTepialbHOI0 0a3010 (HecTaua
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MOTY>KHUX KOMI'IOTEPiB, BUCOKA BAPTICTh JIILEH31HHOTO
IpOrpaMHOro mponykry Ttomo). lllonpasna, HU3Ka Be-
JTUKUX KoMmaHii — po3pobHukis CAIIP — mponoHyooTs
(Oe3ko1ToBHO) «ypizaHi» cryaeHTchki Bepcil CATIP, siki
MOXXYTb HaJlaTH 3HAYHy JOIOMOT'Y B HaBYaHHI.

Busuenns cyuacuux CAIIP ta HaOyTTS HaBHYOK y
poboTi 3 HUMH, OE3yMOBHO, CHPHUSITUME ITiJBUIICHHIO
SIKOCT1 TITOTOBKU 1HXCHEPHUX KaJpiB, 3HAYHO CKOPO-
TUTP MEPioJ] Yacy, HeoOXiHUI T ajganTaiii MOJoI0To
creniaiicra Ha pododoMy Micui Ticis 3akiHueHHs: BH3,
CYTTEBO MiIBUIINTE HOTO 3aTpeOyBaHICTh 3 OOKY poOo-
TomaBus. KpiM TOro, BHKOPHCTaHHS y HaBYAJIBHOMY
IpolLeci CHCTEM aBTOMAaTHU30BAHOTO MPOEKTYBAHHS, I1O-
psiA 3 pIOICHHSAM OCHOBHOTO, C(OPMYIHOBAHOTO BHIIE
3aBIaHHS, Ja€ HU3KY JTOJATKOBHUX OCBITHIX e€()eKTiB, Cy-
MapHa Jisg SKUX 0araTopasoBO MOKPALIYye pPe3ylbTaTH
HaB4yaHHs. PosrsiHemo nesiki BinminHi pucu CATIP, ski
MO3UTUBHO BIUIMBAIOTH HA PE3YJABTaTHBHICTH MiJATOTOB-
KU Cy4acHOTO cIiellianicTa.

BukJiageHHsl OCHOBHOTO MaTepiay.

Cucmema 012 NPOEKMYBAHHA  CUCHIEM.
BimnosigHo mo BusHaueHHs [2] CAIIP — me cyKymHICTb
3ac00iB Ta METOJIB 3/IMCHEHHS aBTOMAaTH30BAaHOTO
NPOEKTYBaHHs. BOHa BKIIOYa€ KilbKa CKJIAJOBUX 4Ya-
ctuH (TiACUCTeM), IO Ha3WBAIOTHCS TEXHIYHUM, MaTe-
MaTHIHUM, MIPOTPAMHUM, JIiHTBICTUYHUM, iH(pOpMAIiii-
HUM, METOJUYHUM Ta OPTaHi3amiiHUM 3a0e3IIeUCHHSIM.
Baxxauso, mo CAIIP — 11e cucTeMa «J1IoJiHa-MaIInHay.
KonekTuB po3poOHUKIB € CKIJIQJIOBOK CUCTEMH IPOEK-
TyBaHHsI, 1[0 BUKOHY€E MPOEKTHI pOOOTH Yy B3aEMOIi 3
EOM. 3a3znauena ocobausicte CAIIP HaiiOinbmn mpu-
POZHO CIIpUsiE PO3BUTKY Y CTYIEHTIB HABUYOK POOOTH B
KOJIEKTHBI, II0 € OJHICI0 3 HAWBAXKJIMBIIIHUX BHMOT
OCBITHIX CTaHIAPTiB.

Hyxe BaximBo, mo yci CAIIP npusHaveHi s
MPOEKTYBaHHS HE OKPEMUX JeTalledl UM BY3JiB, a BCi€l
CHCTEMH 3arajloM. TakuM YHHOM, CTYAEHT, PO3IOYH-
Hatoun poboty 3 CAIIP, 3 mepmoro Kpoky OTpUMyeE
VSBJICHHS NP0 HaHCKIATHIMUN BHPOOHWYMI Tmpoiec
MPOEKTYBaHHSA. BiH BYMTBHCS CKIaAaTH TEXHIYHE 3aB-
JIQHHS, 3HAHOMHUTBCS 13 KOHCTPYKTUBHHUMH OCOOJIUBO-
CTSIMA MalOyTHBOI CHUCTEMH, BHKOHYE KpECICHHUKH,
BUOUpae Mmarepialii Ta eJIeMEeHTH A 11 peasizamii
tomo. CAIIP no3BOJISIOTH MOJCIIOBATHA POOOTY amapa-
TypH 1 MalOTh 3acO0M aHami3y IpoIeciB, M0 BinOyBa-
10Thcs B MoJieni. Lle 3abe3nedye cTyJeHTY MOXKJIHMBICTD
B IHTEPAKTHBHOMY PEXKHMi aHaNi3yBaTH pe3yJbTaTH,
31CTABISITH 3 TEXHIYHUM 3aBIAaHHSAM, IIPH HEOOXiTHOCTI
BHOCHTH KOPEKTWBH y BuximHi nmaHi. CTyneHT mpu
BOMY 3alHSATHHA CIIPABXHBOIO TBOPUOKO IHYKEHEPHOIO
cnpasoto. [IpomixkHi Ta migcymkoBi pesynbratu CAITP
O04YHCITIOE 3 ypaxyBaHHSM B3a€MOJII OKpEeMHUX ele-
MEHTIB TPOEKTOBAHOI CHUCTEMH, IIMM CIIPHUSIOYM Hai-
B)XJIMBILIOMY TPOIECY CHHTE3Yy 3HAaHb, OTPUMaHHX
CTYAGHTOM Ha paHHIX eramax HaB4yaHHs. CHHTE3 po-
3pi3HEHUX 3HAHb MPUINCIUIIOE HACTIIBKH HEOOXiTHUI
JUIsl pO3pOOHMKA CKJIATHOT TEXHIKM CUCTEMHHUH MiAXIiz.

Ilpoexkmne nasuanusa. I1py paBUIBLHOMY MiIXO1
CAIIP Mmoxxe OyTH TIPEKpacHOIO OCHOBOIO 3alpo-
Ba/DKEHHS y OCBITHIMl TpOIEC TMPOEKTHOTO CIIOCOOY
HaB4aHHA [3]. CyTh fioro mossrae B TOMY, III0 BHKJIAJa4d
3aJa€ BUXIiTHI MaHi Ta GOPMYITIOE 3aIIaHOBAHI pe3yiib-

TaTH HaBYaJIbHOI 3amavi. CTyIZCHTH caMmi HaMivalTh
MPOMIDKHI 3aBIaHHS, IIYKAIOTh NUISXX X BUPIMICHHA, a
BHKOHYIOUH IIPOEKT, TOPIBHIOIOTh OTPUMAaHI Pe3yIbTaTH
3 HEOOXIJIHUMH, TPH HEOOXiJHOCTI KOPHUTYIOTh pery-
JbOBaHI MapaMeTpu. Y pe3yJbTaTi BOHM HaOyBalOTh
HABHYOK CAMOCTIITHO «100yBaTH» HOBI 3HAHHSI, BYaThHCS
3aCTOCOBYBATH iX JI0 BUPIIICHHS NPAaKTHYHUX 3aBIaHb,
HaOyBalOTh MEPIIOTO JOCBIAY TOCTIJHUIBKOI pOOOTH.

Pons mepmarora B Takiii curyamii 3BOAWTBCS 1O
CHPSIMOBYIOYOI, KOHCYJBTAIliHHOI Ta  KOPHUTYIOUOl
nmisotbHOCTI. [lpm mboMy BHMOTH 10 KBawmigikarii
BUKJIafadya IijJ 4ac poOOTH 3a IMPOEKTHHUM METOAOM
Ha/I3BUYAiiHO BHCOKi. Temep Bif BHKITagada BXKE HEHO-
CTaTHhO BHMAaraTd HAasBHOCTI Oaraxy 3HaHb i JOCBIIY
pobotu 3 CAIIP, yMiHHS BUCTYIHTH B POJi TpEHEpa,
akuii Tpae. Moro poms 3Hauno ckiagmima. CripaBa B
TOMy, IO MOAIOHMH METOJ]| HaBYaHHS HPUITYCKA€E MO-
PYIICHHS TPaAMIIHHOT MOCTIJOBHOCTI BUBYCHHS JTU/IaK-
TUYHUX OAMHHLE Kypcy. CTYIEHT Mae MOXIIUBICTh ca-
MOCTIHHO (hOpMyITIOBaTH Tl ceOe HaBYANIbHI 3aBIaHHS
BIZIMOBITHO 70 OCOOJHMBOCTEH NPOEKTY, IUIAHyBaTH Ta
BUPINIyBaTH X y Till MOCTIJOBHOCTI, sIKa MOTpPiOHA /IS
foro BukoHaHHsA. [lpm mnbpOMy BHHHUKae HeOe3neka
«IIPOTYCKY» Y BHBYEHHI BOXJIMBUX PO3IUIIB Kypcy. €
iHII pu3ukd. Hampukinaz, HEMPUITyCTUMOIO € CUTYAIlis,
KOJIM CTYAEHT JOCHThH YCHILIHO OCBOIOE IpaBHiIa KOPHU-
cryBanHs CAIIP, He mepeiiMarounch BUBYCHHS METOIB
NPOEKTYBaHHA, 3alporpaMoBaHMX y cucremi. OTxe,
BIPOBA/DKEHHS IPOEKTHOTO METOAY HABYAHHS, IO CIIH-
paetbes Ha BukopuctaHus cydyacHux CAIIP, moxke gatu
MPOTPECUBHUI pe3yNbTaT, ajle BUMAarae Jy)ke BHBaXke-
HOTO MigXOAy Ta Y4YacTi BUKJIAAAdiB JyKE BHCOKOT
kBaiikarii.

Mamemamuuni mooeni ma mosxcnusocmi CAIIP.
[Tpn BuBueHHI ¢i3nUHNX a00 IHKEHEPHHUX IUCLUILIIH
MaTeMaTUYHUHA OIMC MPOLECIB YacTO HAIITOBXYETHCS
Ha 3HAYHI TPYAHOIII CIPUNHATTS OTPUMAHUX Pe3yIIb-
TaTiB i (I3UYHOTO TIyMadeHHS BHUpa3iB i Gopmyr. Y
UX BHUMAAKaX Ha JOMOMOTY IPUXOIHUTh YHCEJIbHE
(xoMIT'toTEepHE) MOJENIOBaHHA. Mojenb O3BOJSIE HE
TUIBKM BUKOHYBAaTH PO3pPaxyHKOBY YacTHHY, aje i mpa-
BWJILHO TpPaKTyBaTH OTPHMaHi pe3yJbTaTd, TIInOIIe
BHHUKATH B MPOLIECH, III0 BUBYAIOTHCS. 3 OCBITHBOI TOY-
KH 30py CaM MpOIEC CTBOPCHHs MOAIOHMX MaTeMaTHY-
HUX (OTpuMaHHA (opMys, po3poOKa anropuTMiB) Ta
KOMIT'IOTEpHUX (HAITMCAHHS Ta HaJIaroKEHHs IpOrpam)
MoJeNiel € ONHMM 3 HaWBXKJIMBIMIMX Ta Haiedek-
TUBHIIINX €TaIllB BHUBYEHHS OMCHMIUIIHK. Ha xaib,
copMyITIIOBaTH 3aBHaHHS CTYIEHTY 3 JOPYYEHHSM pO-
3pOOUTH CEepHO3HYy MOJENb BHAETHCA PIOKO, OCKITBKH
HAaBYAIBHUM IUIAHOM JaJIeKO He 3aBKAu NependaucHo
HEOOXIIHY KUIbKICTh TOAMH Ha 1o poboty. Bukiana-
4eBi, SIKMiT 00paB Takwmil miaXij, JOBOJUTHCS WTH HA BU-
MYUIEH] 3aX0/I{, CKOPOUYYIOYH 3aBAaHHs, 3aCTOCOBYIOUYH
HaONM)KeHI MeTonu BUpIlIEHHS mpobieMu. Y nux
BUIAJKaX JOLIJIBHO PO3MIITHYTH MOXIIUBICTH BHKOPH-
CTaHHS MOKYIHOTO HporpaMHoro npoxaykry sk CAIIP.
PoGota 3 HEto He MOTpeOye BUTPAT 3yCHITh Ha PO3POOKY
MOJIETIi, CTY/IEHT Ma€ JIMIIE OCBOITH IpaBHia poOoTH.
Lle 703BOJIUTE 30CEPEANTUCH Ha TIPOLIEC] MPOEKTYBAHHS,
HAa BHBYCHHI Ta aHaJNi3l OTPUMAHHUX pPE3YJIbTaTiB Ta,
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MOXJIMBO, Ha TPOIEIypi ONTHUMI3aIii
pimIeHHS.

Bognouac po6ora 3 CAIIP mae i cBiit «TiHBOBHIDY
0ix. He Gepyum OesmocepenHbOi y4acTi y CTBOpEHHI
MaTeMaTH4YHOI MOJENi, CTYIEHT OTPHUMY€ JHIIE NpH-
Onmu3He ysBIEHHS Mpo ii 0COONMBOCTI Ta METOIH
BUpiNIeHHs. SIK mpaBWio, WOro yactuHa pPoOOTH 3BO-
JIUTHCS 10 TIPaBHJIBHOTO OMHUCY (KOMI'FOTEPHOTO Kpec-
JICHHSI) TTPOEKTOBAHOTO BUPOOY. [Ticys nporo HeoOXimHI
omneparii CAIIP BHKOHye caMOCTIfHO B aBTOMAaTHYHO-
My pexuMi. ¥ pe3yibpTaTi BUHHKAae HeOe3leKka IoBepX-
HEBOTO OCBOEHHS TEOPETHYHHX OCHOB HMCIHILTIHH.
[[Momparxa, 3a0makeHi Ha CTBOPEHHI MO BUTPATH
3yCHIIb TO3BOJISIIOTH 3HAYHO Al NPOCYHYTHUCS LIISIXOM
CTBOPEHHS IIPOEKTY.

Amnanizyroun MoxiuBocti 3acrocyBanHs CAIIP B
OCBITHBOMY TIpOllECi, HE 3aiiBe Haraiat, 00 Mepii
CpoOu aBTOMAaTU3yBaTH MPOLIECH IPOEKTYBAHHS 4acTo
HAIITOBXYBAJMCS Ha TNEPEUIKOAM, IOB'sI3aHi 3 HeEJo-
CTaTHIMM OOYMCIIOBAJIBHUMH pecypcamH (HEBHCOKa
MIBUJKICTE OOYHCIICHb, Malli O0OCATH OIEepaTHBHOT
naM'sTi  KOMITIOTepiB, NpUMITUBHME iHTepdeiic). Lli
oOMmexxeHHs1 3MmynryBamu po3poouukiB CAIIP  crBO-
pIOBaTH CHCTEMH, 3aCHOBaHI Ha NMPHUMITHBHIIINX MOJe-
JSX, IO BHKOPHCTOBYIOTH HAONMKEHI METONU OIUCY
MPOEKTOBAaHNX BUPOOiB. OCh YOMY CIIOYATKy TaKi CH-
CTeMH HE JTy’Ke BIIPI3HAINCS Bl HABYAIBHUX MOJICIEH.

BypxnuBi TeMnu pO3BUTKY OOYHMCIIOBAJIBHOI TEX-
HIKM TOCTYHOBO JIO3BOJISIIM 3HIMAaTH OOMEXKEHHs Ha
CTYMiHb aBTOMAaTHu3allii MPOEKTyBaHHs. 3OLIbIICHHS
MIBUAKOAIT, MiABHUIIEHHS «IOTYXXHOCT» CHUCTEM aBTO-
MaTHU30BaHOTO MPOEKTYBAHHS Ta PO3LIMPEHHS X MOX-
JIMBOCTEH — 1€ HE €IMHUI 1 HAUTOJOBHIIIUKA pe3yIbTaT
mporpecy B ramy3i [T—rtexHomoriit. 3Ha4HO HaifBaX-
JMBIIIUM PE3yJbTaTOM CTalla MOXIHBICTH MOYaTKY
crBopeHHss CAIIP, mo 0a3yioTbcs Ha JTOCKOHANIMINX
MaTEMaTHYHUX MOJEIIAX, sIKl HAHOUIbII aJeKBaTHO OIIU-
CYIOTH CKJIafHi (i3W9HI MPOIECH 3 ypaxXyBaHHIM YHC-
JICHHUX 3B'A3KiB, BIIACTHBOCTEW MarepiamiB Ta #Oro
3MiH y Tpoueci poOOTH, BIUIMBY AOBKULIS TOIO. Sk
HacJIiI0K, BHockoHaneHHs moneneil Ta CAIIP Ha ix oc-
HOBI MPHU3BEJIO /IO MiIBUIIEHHS JIOCTOBIPHOCTI PE3yJib-
TaTiB MIPOEKTYBaHHS, a PO3poOKa 3ac00iB aHaJi3y Ta OIl-
TUMi3alii OTPUMaHUX Pe3yJIbTaTiB, a TAKOXK CTBOPECHHS
3py4HUX iHTep(eHciB pi3Ko MiABAIIMIN €()EeKTHBHICTD
Tparli MPOEKTYBAIBHHKIB.

BupinieHHst muTaHHS PO Te, K Kpame op-
raHi3yBaTd HaBYAJIbHE NPOEKTYBAaHHS — 3 BUKOPUCTaH-
HiM CAIIP a6o Ha OCHOBI CHpOIIEHHX MOJENEH, IO
CTBOPIOIOTBCS CTYJCHTOM, — INOBHHHA NpPUHMAaTH Ka-
(denpa. lle pimieHHS BHMara€ BHBaXXEHOTO MiAXOY,
00JTIKY BCIX «32» Ta «IPOTH» Ta BUCYBAE BUCOKI BUMOTH
J10 KBauti(ikallii BUKJIAAaIbKOTO CKIay.

[ToBepratouunchk a0 Mporecy HaBYaHHS, CIif Haro-
nocuty, mo pobora 3 CAIIP no3Bossie cTyneHTy nopu-
HYTH B atMmocdepy, HaOIMmKeHy 10 YMOB MaiOyTHBOI
poboTH Ha peasbHOMY BUpOOHMITBI. PesynbraTamu io-
TO TIPOEKTY CTaHyTh HE MPOCTO aOCTPaKTHI CTPYKTYpHi
cxemu, QopMynaH i OUQPH, a KOHKPETHI KOHCTPYKIIi
MpUjaniB, BUTOTOBJICHI 3 pPEANbHUX EJEMEHTIB 1 Ma-
tepianiB. CAIIP mae cTymeHTY MOXJIHBICTH OIIIHHTH
MOBEIIHKY XapaKTEePHCTHK CIPOEKTOBAHOTO HHUM IIPH-

OTpHUMAHOTr 0

Jaxy B peaJbHUX yMOBAX, y TOMY YMCII 1 IpW 3MiHi Ima-
paMeTpiB 30BHIIIHBOTO CEPEIOBHUINA, OLIHUTH HE00-
XiZHI BUTpaTH Ha Woro BUpOoOHMITBO i T.m. Lle cepiioz-
HHI KPOK y CIIPaBi MiIrOTOBKH CIELIaNICTa 3 OISy Ha
BUMOTHM CYy4YacHOTO BHUpPOOHMITBA. 30JNM)KEHHS HaB-
YalbHHUX 3aBJAHb 13 MOTpeOaMH Ta MOMJIUBOCTSIMU BH-
POOHHUIITBA B JaHWIT Yac — Iy)Ke aKTyallbHa IpodJiema.

VY mpoueci NpoEKTyBaHHS CTYICHT Mae MOX-
JIUBICTh TMPOBOJMUTH HEBEIUKI BIACHI TOCIIIKCHHS,
CHpsIMOBaHI Ha OTPUMAaHHS ONTUMAJIBHOTO PIiIICHHS.

Poooma 3 CAIIP ak xoenimuenuii npouyec. Ha-
yajbHE TPOEKTYBaHHA Imij 4yac Bukopuctanus CAIIP
3HaYHO PO3IIMPIOE Ti3HABANBHI MOXIHBOCTL. L[pomy
CIPUSIOTH 3aKJIa[ICHI Y HUX MEXaHi3MH IMPOEKTYBaHHI
Ta BiOOpaXeHHSI OTPUMAHUX pe3ynbTariB. [IpakTudarO
BCi Cy4yacHi CHUCTEMH aBTOMAaTHU30BaHOI'O ITPOEKTYBaHHS
JIO3BOJISIIOTH Bi3yalli3yBaTH CKIaaHI (i3uuHi mpolecy,
SIKI HE CIIOCTEPIraloThCsl y 3BUYaiiHUX yMoBax [4].

Cuix 3a3gaunty, 110 Bci CAIIP 103BOJISIOTE MiCiIs
CTBOPCHHS MPOCTOPOBOi KOMI'FOTEPHOI Mozenmi 11
BCEOIYHO PO3MIISTHYTH, HOOAYUTH «HEBUANMY» CTOPOHY,
BUBYMTH JIETATI Ta BY3JIM, IO 3HAXOJSITHCS BCEpPEIUHI
0J10Ky, Kpalie 3po3yMiTH iXHE B3a€EMHE PO3TalIlyBaHHS.
[HmmMME  croBamu, cucTeMa TPOEKTYBaHHS (hopMmye
aZicKBaTHUH JeTanmizoBaHuii 00pa3 BHpoOy, IMIO CTBO-
PIOETBCSL.

Komn'tomepue inmepaxmugne mooenio6annsa nHa
ocnoei CAIIP ak eéipmyanvna nabopamopna poooma.
[Mepexix 10 HOBUX OCBITHIX CTaHIApTIB 3aXkajaaB Iie-
periisiy CHiBBIIHOIICHHS TOIUH ayJAWTOPHOI Ta camo-
CTIHHOI POOOTH CTYIEHTIB HAa KOPHCTh OCTaHHBOI. [Ipu
IOMY OYCBHIHO, II0 3HMW)KEHHS KIJIBKOCTI J1aboparop-
HUX 3aHATh 3 OUTBIIOCTI MTUCIMIUTIH HETAaTUBHO TO3HA-
YUTHCS HA SIKOCTI IMIATOTOBKU. JIESKMM KOMITPOMICOM
MoXxe OyTH BHKOHAaHHS BipTyaJIbHHX aHAJOTIB Jabopa-
TOPHHX POOIT, y SIKMX 3aKJIaJeHO KOMITIOTEpHE Moje-
moBaHHA [5, 6]. CAIIP i B ipbOMy BHIAIKy MOXE BH-
SBUTHUCA Ty>K€ KOPUCHUM iHCTPYMEHTOM Ta CKJIACTH OC-
HOBY CTBOpEHHsI J1abopatopHoi pobotu. BaxknmmBo Bif-
3HAYUTH, MO 11 BUKOHAHHS MOJYKHA OpraHi3yBaTH M-
CTaHIIMHO, 110 MM030aBUTHL HEOOXITHOCTI BCTAHOBIIIOBA-
T CAIIP Ha KxOMIT'IOTEp KOXKHOTO CTYZICHTA.

3acié niosuwienns momueauii 00 HAGUAHHA.
[TporioHyeTbcs BUKNIaAa4aM «PO3BUBATH Y THX, XTO
HABYAETHCS CAMOCTIWHICTD, 1HINIATHBY, TBOPYi 3i0-
HOCcTi». lle crmamne 3aBmanHs. OjHi€I0 3 HAHUTONOB-
HIUX yMOB ii BHKOHAHHS € TIiJBHIICHHS MOTHBAIIil
CTYICHTIB 1O HaBUaHHSI 3a BHOpaHUM Hampsmom. Jlo-
CBiI oprasizamii OCBITHBOTO TMpoIrecy sK mis Oaka-
JaBPiB, TaK i IJIs MariCTpiB CBIAYUTH MPO TO3UTHBHY
ponb CAIIP y migBHIEHH] 3aliKaBJICHOCTI CTYJCHTa y
BUBUEHHI npeamera. Pobora 3 KOMIT'TOTEpOM, 3 «po3yM-
HOIO» IPOrPaMoOI0 aBTOMATH30BAHOTO IIPOEKTYBAHHS B
PEKHMMI Jiayiory 3 MEepIIMX KPOKIB 3aly4ae CTyJIeHTa 10
HaMIIKaBIIIOro mpoiiecy TBOpeHHs. [[fo mcuxooriuny
0COOJIMBICT JTOBOJUTHCS BPaxOBYBaTH y IIKIJIBHOMY
Bili. He BUIaKOBO 3a KOPIOHOM HApPOIUBCH i CTAE BCE
OiTBII MOITYJISIPHUM cCIiemianbHui TepMiH edutainment,
110 O3HAYa€ OTPUMAHHS 3HaHb yepe3 Ipy. Taka «mzopoc-
ma rpa» B aOCOMIOTHIM OUIBIIOCTI BHMAAKIB CIIpHSIE
MiABHUINEHHIO 1HTEPECy CTYIOeHTa OO0 MaiOyTHBOI Ipo-
decii..
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Bemuki moxmBocti CAIIP HamaroTh cTyneHTY
BIIEBHEHICTH Y TOMY, IIO BiH MOK€ BHKOHATH CEPHO3HI
npoexTa. | cnpasni, ssx6u BH3 nocuts mmpoxo 3amyda-
JIM CTYJICHTIB 10 BUKOHAHHS 3aMOBJICHb HIINPUEMCTB 13
PO3pOOKHM HOBOI TEXHIKH, CTYJICHT BimuyBaB Ou cebe y
Opyd LbOMY DPIBHOIPAaBHUM BHKOHABIIEM HAayKOBO-
JOCTITHOT YM JOCIITHO-KOHCTPYKTOPCHKOI pPO3pOOKH,
nposeaenoi BH3. V Garathox mpokuganacs 0 morpeba
y TBOPUOCTI, y peayi3auii BIacHMX il Ta CTBOpEHHI
cBOiX po3pobok. ¥ psni yniBepcureriB CIIA icuye cu-
CTeMa MiITPUMKH MOMIOHHWX IHIMIATHBHUX pPO3pOOOK
CTYICHTIB Ta MPOCYBAaHHS iX HA PHUHOK. [HTENEKTyanpHa
BJIACHICTh Yy LIGOMY BHIIAJKy HAJICXHUTh CTYICHTY Ta
VHIBEpCUTETY; AOXiJ BiJ MPOAaXy TaKHX pPO3POOOK
CTaHOBUTH 3HAYHY YACTKY y OFO/KETi yHIBEPCHTETY.

BucnoBku. PosrnsiHyTHil aHaniz ocoOimBocTed
3aCTOCYBaHHS CHCTEM aBTOMAaTH30BAaHOT'O IPOEKTYBaH-
HSl B OCBITHBOMY IIPOIIECI TPYHTYETHCS HA PEaTbHOMY
JIOCBiMl BHKJIAJAHHS HU3KUA TEXHIYHUX NHUCLMIUIH, SKi
3a Cy4YacHOIO TEPMIHOJIOTI€I0 MOXYTb OYTH BiJHECEHi
0 cepu BUCOKMX TexHoJorid. Hasenmeni pesynbraTtu
CIIOCTEPEHKEHHS, X0U 1 € BUYCPIIHUMH, aJle MEPEKOHIIH-
BO JIOBOJSTH IWIMA sl TO3UTHBHUX  e(eKTiB.
Hait0inpl MiHHOK B HUX € BIAIOBIAb HA IHUTaHHS, SK,
SIKUM 9UHOM MOXHA 3a0e3mednTi POpMyBaHHS Yy Maii-
OyTHIX OakanaBpiB Ta MAaricTpiB IIO HU3KH HaiBaX-
TUBIMUX Tpo(ecifHIX KOMIIETEHINH, MPHIOMy SIK
KOMIIETEHI[IH, CQOPMYJIbOBAHUX B  YKpaiHChKHX
OCBITHIX CTaH/JapTax, TaK 1 KPUTEPIiB SIKOCTI iHXKeHep-
HOi OCBITH, BHKJAJCHUX Yy BHMOTax 3apyODKHHUX Ta
MDKHapOJHHUX aKpEeAUTALIHHUX OpraHi3amii.
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Karpyuk L. V., Davydenko N. O., Ganzha S. A.,
Gezevi Abdalhaleh Goma Ahmed. Methods of studying
high-tech disciplines

The article deals with the issues and problems of teach-
ing students encountered in the study of high-tech disciplines.
Higher education institutions (HEIs) in modern conditions re-
quire a new approach to the training of students of different
levels of education - a qualitative, technological approach. In-
creased demands are placed on the training of specialists in
the field of knowledge «Automation and nstrumentationy.
Considering traditional education, there are challenges in re-
alising these requirements. The introduction of high-tech dis-
ciplines into teaching allows a variety of individual task op-
tions to be quickly developed and offered to students on a
large number of topics, taking into account the level of initial
computer proficiency of the students. With the right approach,
CAD can serve as an excellent basis for introducing project-
based learning into the educational process. It consists of the
teacher setting the baseline data and formulating the intended
outcomes of the learning task. The students themselves outline
intermediate tasks, look for solutions and, when completing
the project, compare the results with those required and adjust
the parameters to be adjusted if necessary. As a result, they
acquire the skills to independently «extracty new knowledge,
learn to apply it to solving practical problems, and get the
first experience of research work. But on the way to solving
this problem, higher education institutions today face a num-
ber of serious difficulties associated with an insufficient mate-
rial base (lack of powerful computers, high cost of licensed
software, etc.). It is true that a number of large CAD compa-
nies offer (free of charge) «'stripped-downy student versions
of CAD, which can be of considerable help in learning. In its
turn, studying modern CAD and acquiring skills in working
with it will undoubtedly contribute to the quality of engineer-
ing training, significantly reduce the time required for a young
specialist to adapt to the workplace after graduation from a
higher education institution, and significantly increase his/her
employers' demand for him/her. In addition, the use of auto-
mated design systems in the educational process along with
the solution of the main task gives a number of additional edu-
cational effects. The cumulative effect of such effects repeated-
ly improves learning results. In this article, some distinguish-
ing features of CAD are considered, which have a positive ef-
fect on the effectiveness of the training of a modern specialist.

Key words: design, technical task, mathematical model,
methods, modeling, cognitive process.
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CKPHUIITH ITPU ABTOMATMU3AIII PO3POBKU KPECJIEHUKIB B AUTOCAD

Kapmok JI. B., laBinenxo H. O. Jlopis M. I'., I'ypin O. M.

SCRIPTS IN AUTOMATING THE DEVELOPMENT OF AUTOCAD DRAWINGS

Karpyuk L. V., Davydenko N. O., Loriia M. G., Gurin O. M.

YV oaniti cmammi posensdaemoca nonammsa ckpunmie npu as-
momamusayii po3pobKu KpecienuKia y epapiunomy peoaxmo-
pi AutoCad. Oouicio 3 nepesae euxopucmanua AutoCAD i ge-
PMUKATbHUX pileHb HA U020 OCHOBI € MOJCIUBICIb ABMOMA-
musayii onepayiti abo Oitl, wo yacmo nosmoprwiomscs. OOun
i3 Haunpocmiwux cnocobdie asmomamuzayii npoyecie y
AutoCAD — nanucamu ckpunm abo cyenapiu. ¥ yivi cmammi
MU posenauemo, ax cmeopiosamu cyenapii 0nsi AutoCAD. Lo
Jic maxe cyenapiu? 3 mouxu 30py Komn'romepnoi mepminono-
2ii, cyenapiii — ye npospama, aKka 6UKOHYEMbCs Oe3 empydan-
nst kopucmysaya. [{ns AutoCAD ¢haiin ckpunma - ye mekcmo-
sutl ¢haiin y kooyeanui ASCII, axuil micmums Habip iHCMPYK-
yiti 0ns komanonoeo paoxka AutoCAD. Tax camo, ax akmop
2pae csoro ponv, crioyouu cyenapiio, mak i AutoCAD crioyio-
Yu cyenapiio 30amHull 6UKOHY8amu NOCIIO06HICMYb 3A0AHUX Y
yvomy cyenapii oitl. Datinu cyenapiie onss AutoCAD maromo
Gopmam *.scr. Ilepw Hixe asmomamusysamu npoyec, #o2o
nompiono onucamu. LL{o6 AutoCAD mie euxonamu HeoOXiOHi
0ii, nonepeduvo mpeba euxoHamu yi Oii camocmitiHo i 3anu-
camu ix nocuiooguicms. A nomim onucamu yio ROCIIO08HICMb
y cyenapii. Taxum 4uHoOM, KOJCeH CYeHapiu, wo 3anycKacmo-
Csl, BUKOHYE NeeHe 3a80aHHs, € IHOUBIOYANbHUM O/l KONCHO20
kpecnenuxa. Tobmo mekcm cyenapito — ye auuie pe3yaibmam
00pOOKU KOHKPEmMHUX SUXIOHUX OaHux, a *.scr-¢hatin — nuuie
NpoOMIdICHA NIaHKA, WO 36'A3y€ npozpamy, 6 AKill Nuuemvcs
cyenapiil, 3 AutoCAD. Ckpunmu AutoCAD mooxcna euxopuc-
mosyeamu 015 asmomamusayii 6aeamvox 3ae0ausb. MoowcHa
BUKOPUCMOBY8AMU CYEHAPIll 074 000A8AHHA CMAHOAPMHUX
wapie abo cmunie 0o kpecienuxa. Mooicna nanucamu cyena-
Piil 0113 OHOBNEHHSI OCHOBHO20 HANUCY KpecieHuka. 1, 3euuaiino
21C, MOJICHA adanmysamu cyerapiti O1s asmomamuszayii OpyKy
Kpecnenuka. Axujo npogecmu ananiz npoyeoyp, wo GUKOHY-
10MbCS KOHCMPYKMOPOM RpU 0POpMIeHHI c80€i pobomu, mo
MOOJICHA nodavumu, ujo 6Ci 60HU OOMPUMYIOMbCA CYEOPUX ATl
20pUMMi6, 8 OCHOBY AKUX NOKIAOEHO 3a2aNbHONPULIHAMI Me-
MOOUKY (HOPMU NPOEKMYBAHHSA), A MAKOIC BUMOSU PI3HUX HO-
pmamusnux dokymenmie. Hasgnicmo maxux gpopmanizoeanux
aAn2opumMI 8IOKpUBAE WINAX ABMOMAMU3AYI] NPOEKMHUX PO-
0im i3 BUKOPUCAHHAM NePCOHANbHUX KoMn tomepis. OchosHa
npobnema nonsedac y nepeoayi OAHUX 3 PO3PAXYHKOGUX NpPO-
epam y epagiuni, a 66y008ani po3paxyHkosi Mooy, K npa-
8UTLO, HEe MAIOMb MOXMCIUBOCT MOOUGDiKayii nio 3a60anus, wo
BUpIULYIOmMbCL  KOHKpemHUM — Kopucmysayem. Y  nooawii
cmammi po32na0armuca cnocobu nodionoi nepedadi 3 pospa-
XyHKOBUX npozpam 6 epagpiuni. Bupiwenns yvoco 3agdanms

HABoOUmMvCs Ha NPUKIAoi Koukpemuoi npocpamu. Taxoxc y
cmammi  1l0emvcsi npo  me, WO CKPUNMu HAnUCaui O0ns
AutoCAD npayroromy i 6 inwux dooamxax Ha 6a3i AutoCAD.
Kpim moeo suxopucmosyrouu nakemuy o6po6ry ¢aiinie, mo-
JICHA 06pOOIAMU KpeCIeHUKU YIAUMU NAPMIAMU.

Knrouoei crosa: ckpunmu, AutoCAD, kpecnenuk, agmomamu-
3ayis, aneopumm, cenepayis, KOManou, inmepgeric, 000amxu,
cneyugixayis, cyenapiti, npoeKm.

Beryn. PoGora iHxeHepa-KOHCTPYKTOpa Oyab-s1KoT
rajysi, 3aifHATOT MPOEKTYBaHHSM PI3HUX BHPOOIB, MO-
B'si3aHa 3 BMKOHAHHSM BEJMKOI KUIBKOCTI periiaMeHTo-
BaHMX Ta YacTO MOBTOPIOBAHMX Ail: MPOBEICHHSIM PO3-
paxyHKiB, ckiajaHHAM crenudikanid Ta iH. [Ipoekty-
BaHHS TEXHIYHOTO O00'€KTa — 1€ CTBOPEHHS, MEPETBO-
PEHHS Ta YSBICHHS Y 3araJIbHOIPUHHATINH hopMi 0Opasy
IBOTO TIIe He icHytouoro o0'ekra [1, 2]. OmHak, K Hmoka-
3y€ MpaKTHUKa, Oe3MmocepenHbO «CTBOPEHHS» 00'€KTa,
T0OTO POPMYBaHHS Y CBIIOMOCTI MPOEKTYBAIBHUKA HO-
ro KOHCTPYKTUBHOTO BHKOHAHHS, CKJIaJy €JIEMEHTIB Ta
NPUHLMIIB Ji1, 3aliMae JInIIe He3HAuYHy YacTUHY Ipolie-
cy npoektyBaHHs Onu3pko 10-15%. Pemry wacy imxe-
Hep TNPHUCBAYYE BUKJIAJCHHIO CBOIX AYMOK Ha marmip i
MPUBEACHHIO iX /10 3arajIbHOMPUHHATOTO BUIIISIAY [3].

BukJiageHHsl OCHOBHOTO MaTepiay.

ABTOMaTH3anig Ta ii mepeparu. SIkmo nposectu
aHaJI3 IpoLenyp, SKi BUKOHYIOTHCS KOHCTPYKTOPOM ITijT
yac o(OpMIIEHHS CBO€i poOOTH, MOKHA MOOAYUTH, IO
BOHHU CJIJIYIOTh CYBOPHM aJTOpUTMaM, B OCHOBY SIKHX
MTOKJIAZICHO 3araJIbHOTIPHHHATI METOOUKH (HOPMHU TIPOE-
KTyBaHHS), 1 HaBiTh BUMOTH Pi3HHX HOPMAaTWBHUX MIO-
KyMeHTiB . HasBHICTP Takux (hopMmaiizoBaHHUX alropu-
TMIB BiJKpUBA€ MUISIX aBTOMATH3alil MPOEKTHUX POOIT
i3 BukopucTanHsiM EOM — niepcoHaj bHUX KOMITIOTEPIB.
I opHUM 13 HAWMOLIMPEHIIINX OAATKIB, B IKOMY MOXKHA
aBTOMaTU3yBaTH MPOEKTHI poOOTH, € rpadiuHuil penak-
Top AutoCAD [5]. Ilicns 0CBOEHHSI OCHOBHUX TPUHIIH-
niB podotu B AutoCAD BHHHKae HEOOXiJHICTH 1M030a-
BUTHCS] PyTUHHUX OTIEpalliif, 5IKi, 3aJIS)KHO Bif crienudi-
K{ BHKOHYBaHHX 3aBlIaHb, MOXYTbh 3aiiMaTi Oarato 4a-
cy. s mporo € JomaTKOBi MporpaMu, HAaMCaHi MOBOIO
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nporpamyBadaa LISP. 3Bincu i moxonuTs Ha3Ba CKpPHII-
tiB: JIICII-nomatku.

OpHUM 13 HAMMPOCTINIMX CHOCOOIB aBTOMATH3a-
uii mporieciB B AutoCAD e HammcaHHS CKpUMTIB abo
cruenapiiB. l{o xk Take cueHapiii? 3 TOYKH 30py KOM-
M'FOTEPHOI TEPMIHOJIOTII, ClIEHapiil — e mporpama, sika
BUKOHY€TbCs O3 BTpydYaHHS KopucTyBava. Jlis
AutoCAD daiin ckpurita - e TekcToBuid aitn y xony-
BaHHi ASCII, sxuit MictuTh HaOlp IHCTPYKLIl W1 KO-
maamHoro psmka AutoCAD. Tak camo, sk akTop rpae
CBOIO POJIb, CIiAyIOUM clieHapito, Tak i AutoCAD cii-
IYIOUH CICHApil0 3MaTHUH BUKOHYBATH IMOCHTIIOBHICTH
3aJJaHuX Yy oMY ciieHapii aii. Paiinu cueHapiiB s
AutoCAD matote opmar *.scr. [epir Hixk aBTOMaTH-
3yBaTW mporec, #oro mnorpioHo omnucatu. o6
AutoCAD Mmir BHKOHATH HEOOXimHI [ii, MOMEPEIHBO
TpeOa BUKOHATH ITi Jil CAMOCTIMHO 1 3aIIKCATH iX MOCITi-
JIOBHICTh. A MOTIM OIMUCATH IO MOCIIJOBHICTh y CIIE-
Hapii. TakuM YMHOM, KOXKEH CIIEHApil, IO 3aMyCKa€eThb-
csl, BUKOHY€E ICBHE 3aBJIAHHS, € {HOUBIAyalbHHM IS
KOXKHOTO KpeciieHuKa. ToOTo TekcT cleHapito — 1ie Ju-
IIe pe3ynsTaT 0OpOoOKH KOHKPETHUX BHUXINIHUX NaHUX, a
* scr-haiin — JuIe MpoMiKHA JIaHKa, M0 3B'S3yE TPO-
rpamy, B sKiif nuiierses creHapiit, 3 AutoCAD.

Posrnsnemo 3Buuaitnuii npuknan. [licis anamizy
KIJIbKOX BapiaHTiB MallOyTHHOrO BHPOOY MPOEKTYBAIIb-
HUK BHUDINIMB 3aCTOCYBaTH 3y0dYacTe 3ayeruieHHs s
nepenadi obepTaHHs MiX BajlaMu. 31 CIIy>KOOBOTO IpH-
3HAYEHHs BUPOOY, 0 po3polIIsieThest, HoMy Biomi ya-
cToTH oOepTaHHs BayiB (1) 1 HaBaHTaxeHHs (), 110 TIe-
penaerbcsa. HeoOXimHO maTi NMOBHHMN BHYEPITHUI OIHUC
MeXaHi3My Ta Horo erneMeHTiB. xumu OymyTs mii mpoe-
KTyBaibHUKA? CIIOYaTKy, 3 BEIMYHMHH KPyTHOTO MOMe-
HTY, BiH migbepe marepiamu kodxic. [lotiM, 3a Gpopmyna-
MH, BiTOMUMH 3 Kypcy «Jletani mamuH», mpoBeae po3-
paxyHOK BCIX T€OMETPUYHHUX MapaMeTpiB, MPHU3HAYUTH
TEXHIYHI YyMOBH Ta mepeiife 10 ohopMIIeHHS poOoYHx
KpECJICHUKIB MpoekTy. Takum 4MHOM, B pe3ynbrati 2-3
TOJIWH POOOTH B 3aJCKHOCTI Bim KBamidikamii Oyze
OTpPUMaHO HEOOXIIHUI pe3yIbTaT — Habip KPECICHHKIB.

SIKIIO MOTJISIHYTH HA BUKOHaHY IPOEKTYBaJbHU-
KOM po0O0Ty, TO MOXXHa MOOA4YMTH, 110, TOYHHAIOUYH 3
MOMEHTY MPUIHATTS PIllICHHS PO BUKOPUCTaHHS 3y0-
gacToi mepenadi Ta BU3HAUCHHS 11 OCHOBHHX IapaMeT-
piB (n, T), Bci momambIi Oii aXk 10 BUIA4i TOTOBOI KOHC-
TPYKTOPCHKOI TOKYMEHTaIlii, MOXYTh OyTH 3a IideHi
cekyHau BukoHaHi EOM 6e3 yuacTti caMoro KOHCTpYK-
Topa. 3amis peamizamii 1i€i imei BUKOPHCTOBYIOTHCS
CrelialibHI POrpamMHi JOAATKH — CHCTEMH aBTOMATHU-
3oBaHoro npoektyBanHs (CAIIP).

Ile omuu nmpuknan - ohopmieHHS crenuikarii
abo iHmMX BigoMocTeil BHPOOIB, IHCTPYMEHTIB abo
npouenyp. Ha npoMy erami Bcst IpoekTHA iHpOpMAILIis
(merauti, X KUTBKICTh TOIIO) BXKE BiJOMa, 3aBJaHHS TIO-
Jsirae B TOMy, 1100 mojaTy el MacuB JaHUX y HeoO-
XiTHOMY BHTIIAAI. YcCi TOB'SI3aHi 3 UM MPOIEIYPH Ta-
KOX MOXKYTh OyTH BUKOHaHi 3 BUKopuctanasMm CATIP.

PesynsTaTn. Buxoznsdu 31 BChOro BHUIIECKa3a-
HOTO, MOXKHa c()OPMYIIIOBATH OCHOBHI IEpEeBark BHKO-
puctanus CAIIP:

1. ITigBHIIeHHS TIPOXYKTHBHOCTI MTPOEKTYBAHHS.

2. MOXIUBICTh JETAIBHIIIOTO ONpAIIOBAHHS
MPOEKTHHUX PIllleHb 32 PaXyHOK MOPIBHSIHHS JEKIIBKOX
BapiaHTiB.

3. 3HWKEeHHS HMOBIPHOCTI MOMUJIOK TIPU TPOBE-
JICHHI PpO3paxyHKiB 3a paxyHOK YHEMOXKJIHMBJICHHS
BIUTHBY JIFOACHKOTO (hakTopa.

4. BukiroueHHs1 HEBIINOBIAHOCTEH MpH 0opM-
neHHi (IpudT, TOBIIMHA JiHINA TOIIO), 1, K HACIIIOK,
MiABHUIIECHAS YUTa0CbHOCTI KOHCTPYKTOPCHKOTO TOKY-
MeHTa [6].

5. 3HIKEHHS TPYIOMICTKOCTI O(QOPMIICHHS pe-
3yJIBTATIB MPOEKTYBAHHS, 10 AA€ 3MOTY 301IBIINTH IH-
TOMY Bary TBOp4oi poOOTH KOHCTPYKTOpA.

CyuacHi MOBH MpPOrpaMyBaHHsI pOOJISITh 3aB/aH-
HS aBTOMaru3alii iH)KeHEPHUX PpO3paxyHKIB JIOCUThH
JIETKO BHpIIIyBaHMM. Benuka KiNbKiCTh iHCTpyMeHTa-
JBHHX 3ac00iB Oyjia cTBOpeHa 1 i1 0POPMIICHHS po0o-
4oi JOKyMeHTalii. Y pi3HHX Taly3sX HPOMHCIIOBOCTI
3HAMIIUTM CBO€ 3acCTOCYBAaHHS Pi3HI KOHCTPYKTOPCHKI
CAIIP, Taki sk AutoCAD, SolidWorks, Creo
Parametric, CATIA, T-Flex/CAD Ta 6arato inmmux [4].

OcHOBHa TIpobJieMa ToArae y nepeaadi JaHuX 3
PO3paxyHKOBUX Tporpam y rpadiuHi, a BOyqoBaHi po3-
pPaxyHKOBI MOJYJIi, SIK IPAaBUIIO, HE MAIOTh MOXKJIMBOCTI
Moudikariii ma 3aBIaHHs, 10 BUPIIIYIOTHCS KOHKPET-
HUM KOPHCTYBaueM.

PosrnsiHeMo criocoOu momiOHOT mepenadi 3 po3-
paxyHKOBUX mporpam B rpadiuni. BupimeHHs nporo
3aBJIaHHSl HABOJAWTHCS HA MPHKIAA KOHKPETHOI mpo-
rpamu.

Cnoco0u aBTomMaTu3anii kpeciaenuka. OTxe, €
Take 3aBJaHHA: HEOOXiTHO BHKOHATH TOTOBHH Kpecie-
HUK 3a JTaHUMH pO3paxyHKy 0e3 ydacTi kopuctyBaua. B
SIKOCTI TpaigHOl IMporpamMu I BU3HAYEHOCTI BUOEpe-
Mo cucremy AutoCAD — BuCOKa MOMYJISIPHICTH Iii€l
KOHCTPYKTOPCBHKOT CHUCTEMH Ja€ MOMIJIMBICTh 3HAUTH
0e3iu MpakTHYHUX JOJATKIB PO3IJSIHYTUM MUTAHHIM
(xoua onmcaHi HWKYE MPUHLMIK MIIX0AATh 1 A7st Oara-
ThOX iHIMX cucteMm). AutoCAD mae BiacHy BOyIOBaHY
MOBY HporpamyBanHs, AutoLisp, ojHak 1 BUKOpHCTaH-
HS HakJajgae neBHi oomexeHHs. Ilo-mepie, po3poOHH-
Ky JOBEIEThCS BUBYATH HOBY MOBY IPOTpaMyBaHHS, a
HO-Jpyre, HEMOXIIMBO BUKOPUCTOBYBATH BCIO Millb CY-
YaCHHUX MOB BHCOKOTO piBHA. ToMy HEOOXiZHO MOOyIy-
BaTH MPHUHIUIHA aBTOMATH3AIii, 10 HE 3aJIe)KaTh Hi Bif
MOBH TpOrpaMyBaHHsl, Hi BiJ onepaiitnoi cucremu [3,
4].

PosrisHeMo KijibKa croco0iB aBTOMATH3ALIIT:

1. Besnocepeons eenepayis aiiy KpecieHuxd.
PesynbraTom pobotu nporpamu € rpadiuHuid Qain, ro-
TOBHH JI0 BIIKPHUTTS, KOPUTYBaHHS, APyKy Ta iH. (Puc.

1.
Buxiani Daiin
: IIporpama
JaH1 KpECJICHUKa

Puc. 1. Cxema renepariii kpeciieHuKa
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Ha mepumii normsin, e HaimBuAmmiA 1 Haitede-
KTUBHILIMK CMOCI0 aBTOMaru3ailii KpecleHHs, MpoTe
HOro BUKOPUCTaHHS IIOB'S3aHE 3 MEBHHUMH TpPYJHOLIA-
mu. s ctBopenHs daiiny kpeciennka AutoCAD, To0-
TO (haitry 3 posmupeHHsM .dwg, HeOOXiTHO 3HATH HOTrO
dopmar (crerudikariiro ¢aitny). BpaxoByroun, 1o s
iHpOpMAIlisl € IHTEJIeKTyaJbHOIO BJIACHICTIO PO3POOHH-
Ka i, SIK PaBHIIO, HE HATAEThCA Y CHiTbHE KOPUCTYBaH-
Hsl, JOBOJUTHCS BHUKOPUCTOBYBATH BiIKpUTHIl (opmat
rpadiuanx ¢aitnis .dxf. [{e TekcToBuMit (aiii, Mo BKIIIO-
Ya€ BEJMKY KiJIbKICTh PI3HUX CEKIH Ta PO3MILTIB, Y SKHX
MICTHTBCS Bes iH(QOpMAIIis PO KpeciIeHuK. SIK Tokazye
MpaKTHKa MPOrpaMyBaHHs, TeHepallis Takux (aiiB BU-
SIBISIETHCS TPOOJIEeMaTHYHOIO Yepe3 iX 3HauHi po3Mmipu
Ta CKJIaHICTh CTPYKTYPH.

2. Asmomamusayis 3 euxopucmanuim API-
inmepeeiicy (cnemiaabHOTO THTEPQEHCYy, TOJOBHOK Me-
TOIO SIKOTO € BIIPOBA/PKEHHS y CBIM MPOAYKT (yHKIi
CTOPOHHBOTO JOJATKY). Y IIbOMY BUIaAKy poOOTa mpo-
rpaMy BUIVIAAAE HACTYITHUM YAHOM: ITiCJISl IPOBEACHHS
BCIX HEOOXIMHMX pO3paxyHKiB Iporpama 3aIycKae
AutoCAD i 3a nonomoroto API-xomann (Takux sk, Ha-
TIPUKIIAJ, JiHis, K0J0) popmye kpecneruk (Puc. 2.).

Buxizni
e |::> [Tporpama
Daiin
croommmal (| Auwacap| (|

Puc. 2. Cxema renepariii kpecieHnka 3 BUKOpucTanasam API

Hapani #ioro Mo>xHa BiznpenaryBatu, HaJapyKyBa-
TH, 30€perTH TOIIIO.

Henonixom manoro crocody € HEOOXiAHICTD BU-
BYEHHS BeJIMKOI KinbkocTi komaHn API, Habip skux pi-
3HHN A KOKHOI rpadigHoi cucrtemu. Kpim toro, mo-
MUJIKH, TTOB's13aHi 3 BukopuctanHsM API Ha erami Hana-
TOJDKEHHS IPOTPAaMHU, MOXKYTb 3aBAATH YIIKOIDKEHHS SIK
nporpaMHoMy 3a0e3NeyYeHHI0, Tak 1 BCil omepariiHiii
cHucTeMI.

3. Asmomamusayis na ocHogi ckpunmis. Y 1bO-
My BHIJKy pE3yJbTaroM poOOTH NpOrpamMH CTae
CKPHIT - NPOMDXKHUI TeKcToBHH (aiin, Ha mijcTaBi aa-
HUX SIKOTO ITPOBOANTHCS 1MOOY0BA TOTOBOTO KPECICHHU-

ka (Puc. 3).
Buxm.m |:> Tporpama I:> Daiin
JIaHi CKpHIOTa
Daiin
KpeC/eHHKa AutoCAD

Puc. 3. Cxema renepariii kpecieHuKa
3 BUKOPUCTaHHSM CKPHIITIB

Ile#t cnoci®6 aBTOMaTH3aIil HiAXOIUTH IS BCIX
rpadiuyHUX CHCTEM, IO MATPUMYIOTH pOOOTY 3 KOMaH-
qHuM  psakoMm (B T.4. AutoCAD, SolidWorks, Creo
Elements/Pro, CATIA Tomo). [laHi, 10 MiCTATBCS Y
(haiimi ckpunTa, € KOMaHIAMH, aHATOTIYHUMHU THM, SKi
BBOAATHCSA B KOMaHAHOMY psiaky AutoCAD. ITapamer-
paMu KOMaH/JI € JaHi, OTPMMaHi BHACIIIOK pO3paxyHKiB,
BUKOHAaHMX mporpamoro. Iliciast BUKOHAHHS CKpHIITa
OTPUMYEMO TOTOBHI KpeCIEeHHUK, TOTOBE 10 JIPYKY 30e-
PEXKEHHS 1 T.II.

PesynbTaTn. 3i cKka3aHOTO BHWINE BHIHO, IO
e(heKTUBHICTD BUKOPUCTAHHS PO3PaXyHKOBOI IMPOTpaMu
y BCIX TPbOX BHIIaAKaX NPAKTUYHO OJJHAKOBA — KOPHC-
TyBad MpPaKkTH4HO Bigpa3sy OTPUMYye TOTOBHH Kpecie-
HUK. ToMy JOIITBHICT BUKOPUCTAHHS TOTO YH 1HIIOTO
cnoco0y aBToMaru3allii ciiJ| OLiHIOBAaTH 3a TPYAOMICT-
KICTIO PO3pOOKH pO3paxyHKOBOI IpOrpamMu Ta HeoOXin-
Hill kBauTi(hikaii mporpamMicra.

Ha ocHOBi noCBimy BHKOpHCTaHHS BCIX TpPBOX
METOJIiB MO’KHa 3pOOHTH BHCHOBOK, III0 aBTOMAaTH3aIlis
Ha OCHOBI CKPUINTIB € Halie()eKTUBHIILIOIO, 1 JOCATAETHCS
1€ 3 TAaKUX NPUYHUH:

- He motpibHO BHBUeHHsS cnenndikaiii Oyb-
saxux (aitniB uu npuHnKOiB podotu APIL.

- Komanau, 1o BKIJIIOYAIOTHCS IO CKPHITY, 3BH-
YHI JUI KOPUCTYBaya i 332 HUMH 3aBXKIM MOXHA OTPHU-
MaTy JIOTIOMOTY Y CTaHJIapTHIl TOBiIKOBIH CUCTEMI..

- @aiin ckpunra Mae 3HaYHO MEHIIWI PO3MIp,
HiX (aitnu iHmmx gopmaris. Ha puynky 4 npencrasie-
Ha jgiarpama, IO MOKa3ye MOPIBHSHHS PO3MIPIiB TPHOX
tumiB daitnis (y xirobaiitax): ¢aiin «oOMiHy KpecieHu-
kamm» (*.dxf), daitn AutoCAD (*.dwg) Ta ¢aiin ckpur-
ta AutoCAD (*.scr). Slk BumHO i3 miarpammu, aitn
CKpHITa Mae MiHiManpHHNA po3mip. Lle mocsraeTpcs 3a
paxyHOK BKIIIOUEHHS 10 HHOTO TLTHKH HAaHHEOOXiTHIMO1
(i BomHOYAC TOCTaTHBOT) iHpOpMAIIii.

120 113
100 —

60 —
40— 37.1

279

* dxf *.dwg *.ser

Puc. 4. ITopiBHsHHS po3MipiB (ailsiB pi3HOro Gopmary

- Jns pobotu mporpamu He OOOB'S3KOBa HasB-
HICTh Ha KoMm'toTepi BcraHoBieHoi cucremu CAD.
CreHepoBaHi CKPHUIITH MOXYTh OYTH MEpETBOPEHI y pasi
HEOOXiTHOCTI B KPECJIEHHUKH ITi3Hille, HA 1HIIOMY KOM-
m'totepi. Lle mae MOKIIMBICTh CYTTEBO TPUCKOPUTH MIPO-
Lec MPOEKTYBAaHHS Ha MaJMX MiANPUEMCTBAX, A€, SK
MIPABUJIO, KITBKICTH MAKETIB JIIEH31HHOTO MTPOrPaMHOTO
3abe3nedeHHss 0OMeKeHa Yepe3 BUCOKY BapTiCTh OCTaH-
HbOTO. TaKUM YMHOM, CKPUITH € TPOCTHM 1 B TOW XKe
gac e(pEeKTHBHAM MEXaHI3MOM aBTOMATH3alii, 0 I0-
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3BOJISIE iICTOTHO M ABUIUTH MPOAYKTUBHICTD MTPOEKTHUX
pooir.

[pukian aBroMaTH3alii Ha OCHOBI CKpHITIB —
nporpama «Crierudikaris.

PosrisiHemo siK mpuKIiaa nporpaMy, noOymoBaHy
Ha BulIeBHKIaneHux mpuHimnax (Puc. 5). IIporpama
NpU3Ha4YeHa I aBTOMAaTH3alil CKJIAQJaHHS KOHCTPYK-
TOPCHKHX crienu(ikalii, a TAKoO)K OTPUMaHHS TOTOBHX

3alOBHEHNMX OyaHkiB  crenudikamii  y  ¢opmari
AutoCAD [6].
i
Din  fedcrena  Crpaesa
Faope| 3] 0s]0 ™
Jrr—
a1 KNOBOI000ZBD  Mepres cbuwero evad
&k MencrmensHan samces
Deran
1 Cramma 1
2 Maasauaiitia 1 =
Jlononmenbrbie napameTpst
3 Oprasnidamums
Papati. [Eaidace CB [ oa 0 00 FTOHT MTDIE
Mpceep: [ecincaMB.  Howssnosorse
|Cran noeoporiassi
T Ko Henoneaosame wpdr:
& ISOCPEUR
H. Koverp,
 Aral
Hre. 1Hae=me 0a C Tut
Hotatre (Ins) I Pmmwrbl&hi]l Yasms [CukD) ] Mpeatpascoars F3] |

Puc. 5. OcnoBHe BikHO nporpamu «Crienndikariisn

VY CTpyKTYpHOMY IJIaHi Iporpama CKIaJaeThCs 3
JIBOX MOJYJIB, IPU3HAYCHUX, BIAMIOBIIHO, IJI1 BHECECH-
HA iHMopMarii 1o cnenudikamii Ta I MPUBEACHHS 11
JI0 He0OXiJHOTO BU1Y (TIEPETBOPEHHSI HA KPECIICHHK).

[epumit Momynb siBisie coOOKO iHTEpdeEiic, 3a-
BISIKM SIKOMY KOPHCTYBad MOXKE IIBHJKO 3aHECTH JaHi
nmo crerudikarii. [Ipu oMy BOymoBana O6ibiioTeka
CIIEMEHTIB CYTTEBO MPUCKOPIOE Ta MOJIETIIy€E TMPOIEC
3anoBHeHHs popmu (Puc. 6).

REEY
Hotesi paaaen | Crpory | Ooewserr | Oevam Craaaprios iaeme Enycrw crpoey |
PopraaT [ = I Hdesroit
Gony |
Mo, 6 = I” Opyan
Difioasimsran: r—
Hasaassanassnie:| Eoir | Knace Tesoenic W
Ten | € wecrirpasnec ramuemon |
Mapamerper
DuaeTp peanted, 1‘2_ Ofasrisatssie HIamm
Dewia, v [0 [FomrMizeg3056 |
Knace npowsocTi Fe [rocr7meno x|
Fommecren f—i_a I” Opwoe:
Mpvaariman: 1—~
“thee |

Puc. 6. BikHo J01aBaHHS JaHUX JI0 CHienUdikaiii

VY 6azax JAaHUX MPOTrpaMu MICTHTBCS iH(pOpMAILlis
Npo JieTalli, 0 BUKOPUCTOBYIOTHCS Haifuacrilie, Mate-
planu Ta TMNM NOKyMeHTiB. HasBHiCTh 11a0JI0HIB 1O3-
Ha4YeHb CTAHJAPTHUX BUPOOIB O3BOJISE YHEMOKIUBUTH
X MOIIYK y BIAMOBIAHMX HOPMATHBHUX JOKyMEHTax, a

TaK0>X YACTKOBO BIJIMOBUTHUCS BiJl BAKOPHCTAHHS CaAMHUX
HOPMAaTHBHUX JOKyMEHTIB, OCKIUJIBKH BCS HEOOXimHa
iHpOpMallist B)Ke MICTUTBCS Y mporpami. Jlonatkosi ¢y-
HKIIii JTO3BOJISIFOTh YIOPSAKYBATH TMO3MIIT, BBECTH MO3-
HaueHHs JeTayeil mabjaoHy Ta BUKOHATH iHIII Jii, IO
JTO3BOJISIOTH MPUCKOPHUTH poOOTY 31 crenudikaiiiero. Y
Iporpami € MOXJIMBICTh 30€perTH BBEJCHI JIaHi Y CBOE-
My BiacHOMY (hopMaTi Ta BHKOPHCTOBYBAaTH IX Hajaii
SIK QHAJIOT.

Hpyruit Momyns sSBiIsIE COO0I0 AITOPHUTM, IO Tie-
PETBOPIOE BBEACHI MPOEKTYBAILHUKOM JaHI B HEOOXi-
HUI BUTISAA. 3amyCKaeThcs BiH IMICIA HATHCKAHHS Ha
kHoriky «[IpeodpazoBath (F9)» i pe3ynbrarom ioro po-
0oTH € (aiin cKpunTa, IPU3HAYCHUH JJIs BAKOHAHHS B
cepenouii AutoCAD (Puc. 7).

Cneywdrkayqa 3.0 il

= AN CKPMNTa NOMY'YEH,
\_5) 3anycTHTE AUtDCAD, HABEDHTE KOMaH-

A% SCR M OTKpORATE NoNyYeHHEIR dakin

Puc. 7. BikHo, 1110 iHpOpMY€E KOpHCTyBaYa
PO CTBOPCHHS CKPHIITY

[Micns Bukonanas ckpunta B AutoCAD (Oyxab-
SIKOi BepCil) OTPUMY€EMO ETEKTPOHHUI KPECICHHK CIIe-
uudikaiii y NOBHIM BIAMOBIAHOCTI O HOPMAaTUBHOTO
JOKYMEHTA.

PesyabraTn. [IpakTudHa HiHHICTE pO3pOOIEHOT
MpOrpamMH TOJISTae B TOMY, 110 BOHA JIO3BOJISIE CYTTEBO
MiIBUIINTH MPOIYKTUBHICTh POOIT Ha eTami KOHCTPYK-
TOPCHKOI ITIATOTOBKM BHPOOHUIITBA, IOB'SI3aHOMY 13 3a-
MOBHEHHSIM CTaHIAPTU30BAHUX KOHCTPYKTOPCHKUX JO-
KyMeHTIB. Takox mporpama BIPOBaKYEThCS Ta BUKO-
PHUCTOBYETHCSI B OpTaHi3alifx, M0 3aiMarOThCS MPOEK-
TyBaHHAM. M1e oanbIe BIOCKOHATIEHHS TIPOTPAMH.

BucnoBkn. TakuM 9WHOM, PO3TISHYTI HPUHIIH-
MU JI03BOJISIFOTH CTBOPIOBATH BENHKY KiJIBKICTh MpOrpa-
MHHUX JJO/IaTKiB, IPU3HAYCHUX A1 aBTOMaTH3aMlii BUKO-
HaHHS POOIT Ha PI3HUX eTamnax TEeXHIYHOI MiJrOTOBKH
BUPOOHHILITBA.

Takox crerianizoBani GYHKIIIT IS PO3MINICHHS
Ta pejaryBaHHs KOMIIOHEHTIB, MOOYAOBH KiJIbKOX JIaH-
IIOTIB 332 OJHY OMeparlito, 3'€AHaHHS iX HA PI3HUX ap-
KyllaX, IapaMeTpHYHe CTBOPEHHS KOMIIOHCHTIB, BUKO-
pucTaHHs 0a3 1aHUX Ta rpadivHUX MEHIO, aBTOMATHYHE
MO3HAYEHHs CKJIaJO0BHX YacTHH Ta aBTOHyMepallis JiaH-
IIOTIB  3HAYHO IIPHUCKOPIOIOTH CTBOPEHHS HACTYITHHX
TUITB CXEM: EJIEKTPUYHI TMPHHIUIIOBI, OIHONIHIHHI,
MTHEeBMaTHYHI, T1IpaBiiuHi, cxemu 3'equanb ta KBITiA.

OTKe, TpH TPOEKTYBaHHI B CEPEIOBHIII
AutoCAD crocobu aBTOMaru3amii IOCTYHHI Oynb-
SIKOMY KOpHCTyBa4eBi, HE BUMaraloTh HaBU4YOK Iporpa-
MYBaHHS Ta BUKOPHCTaHHS JOJATKOBHX MpPOrpam, MoO-
JKYTh BUKOPHCTOBYBATHCh Yy pi3HUX Bepciax AutoCAD,
BKJIIOUAIOYH CIICIiaTi30BaHi Bepcii, 3HaYHO 3MEHIIYIOTh
BUTpauCHWH Ha poOOTY Yac Ta CIPOIIYIOTh caM podo-
quii mporec. KoxkeH i3 MeTonmiB aBTOMaTH3aLii mepen-
Oadae 1eBHI 3HaHHA, MOXKE BHUKOPHCTOBYBATHCS 1O BU-
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KOHAHHS HU3KH KOHKPETHUX 3aBIaHb 1 Mae€ mepeBaru i
Henoniku. CueHapil [/l HaNMCaHHS BUMAaraloTh 3HaHb
KOMaH/I, KOMaHHHUX OILIH, creumianbHuX (QyHKIiH, sKi
3aCTOCOBYIOTHCS JIJIsI MAKeTiB, TOOTO BCe, MO0 MOKHA
BBOJUTH B KOMaHIHOMY PsiaKy. Takum 4MHOM, y cepe-
nmopuili AutoCAD icHye 0Oe3miy BOYJOBaHUX MOKITUBO-
cTell i WOro ajanTaiii 0 BUPINICHHS KOHKPETHUX
3aBJIaHb Ta aBTOMATH3aIlil POOOUOTro MPOoIIECy.
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Karpyuk L. V., Davydenko N. O., Loriia M. G., Gu-
rin O. M. Scripts in automating the development of
AutoCAD drawings

This article discusses the concept of scripts in
automating the development of drawings in the AutoCad
graphics editor. One of the advantages of using AutoCAD and
vertical solutions is the ability to automate frequently
recurring operations or actions. One of the easiest ways to

automate processes in AutoCAD is to write a script or script.
In this article, we will look at how to create scripts for
AutoCAD. What is a script? In computer terminology, a script
is a program that runs without user intervention. For
AutoCAD, a script file is an ASCII text file that contains a set
of instructions for the AutoCAD command line. Just as an
actor plays a role following a script, AutoCAD can follow a
script to perform the sequence of actions given in that script.
Script files for AutoCAD are always in *.scr format. Before
automating any process, it must be described. In order for
AutoCAD to perform the required actions, you must first
perform these actions yourself and record their sequence. And
then describe this sequence in the script. Thus, each run script
that performs a specific task is individual for each drawing.
That is, the text of the script is only the result of processing
specific source data, and the *.scr file is only an intermediate
link that connects the program in which the script is written
with AutoCAD. AutoCAD scripts can be used to automate
many tasks.You can use a script to add standard layers or
styles to a drawing. You can write a script to update the
drawing title block. And, of course, you can adapt the script to
automate the printing of drawings. If we analyze the
procedures performed by the designer when designing their
work, we can see that they all follow strict algorithms, which
are based on generally accepted methods (design standards),
as well as the requirements of various regulatory
documents.The presence of such formalized algorithms opens
the way for automation of design work using personal
computers. The main problem is the transfer of data from
calculation programs to graphic ones, and built-in calculation
modules, as a rule, do not have the ability to be modified for
tasks solved by a specific user.The presented article discusses
the methods of such data transfer from calculation programs
to graphic ones. The solution of this problem is given on the
example of a specific program. The article also says that
scripts written for AutoCAD also work in other AutoCAD-
based applications. In addition, using batch file processing,
you can process drawings in batches.

Keywords: scripts, drawings, automation, algorithm,
generation, commands, interface, applications, specification,
script, project.
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BUKOPUCTAHHSI MATEMATHYHOI MOJEJI JJISI ONTAMI3ALII
JANHAMIYHUX ITAPAMETPIB ITPOLECIB BUPOBHUIITBA AMIAKY

Kyaikos /1.0., Kynina O.A, Jlopia M.I'., lleaimes O.b.

USE OF A MATHEMATICAL MODEL FOR OPTIMIZATION
OF DYNAMIC PARAMETERS OF AMMONIA PRODUCTION PROCESSES

Kulikov D.O.. Kupina O.A., Loria M.G., Tselishchev O.B.

Y pobomi posenadaemocs numanns po3pooku mamemamuyHoi
MoOeni, AKY MOJCHA 3ACmOco8y8amu AK OA8 ONmumizayii

MEXHON02IUHO20 npoyecy, maxk i O1s A8MOMAMu306aHoi cu-
cmemu pezynrosanus. Ilepesacu maxozo nioxody Hacmynmi:
6IH SPYHMYEMbC HA 00 EKMUBHUX OAHUX, WO Gopmye cam
00 °€km KepysamHs; 0OCMAMHbO NPOCMA pPeanizayis maxKozo

nioxo0y; OMPUMAHH A0eK6AMHOL I MOYHOI MaAMeMamuyHoi

Mooeri.

Hocnioocenns nposooumscsa 0ns onmumizayii mexHoa02iuHo-
20 npoyecy ma asmomMamu308anoi cucmemu pe2yni08anHs, Wo
po3ena0acmuvcs.

Adanmayis modeni 6yde 3abe3neuysamu eghekmueHicns 0060x
cmpameeiti  kepysanna. [ 0ocseHens.
OUHAMIYHOT MO0 GUPIULYBAUCS HACMYNHI 3A60AHHS.

- 6yyia  po3pobrena  IHQOPMAYIUHO-NOIUHY — CcXemy
63A€MO0386 AI3KI6 MIdIC napamempami. mexHoI02iuHo20 npoyecy,
Wo po32na0acmucs;

- cKknadeHa mamemamudni Mooeni 2a308020 peakmopy 3a
KOHYeHmpayicio Yinb0ogo2o KOMnoHenma ma 3a
memnepamypoio.

Ompumana ounamiuna mooenb 003601€ A0eKEAMHO ONUCAMU
Xxapakmep 3MiHU napamempie y Olanda3oHi, 5SKi 3HAYHO nepe-
suwye peanamenmui epanuyi. Lle ocobnueo éaxciuso npu 3a-
cmocyeanti il 6 cucmemax KOHmMpoao 6e3neku peakmopa u
MeXHON02TYHUX MPenasicepax.

B pesynomami Oocnioacenv ecmanoeneno, wjo ypaxyeawus 6
MoOeni npoyecy XimiuHoi peakyii 0038015€ KOHMPOIIO8aAmMuU
makuii CKIaOHuil napamemp AK 3MiHa aKkMueHOCMi Kamaniza-
mopa. Lle xapakmepucmuxa 30amnocmi Kamanizamopa npu-
cKkoprosamu  Ximiyny peakyito. Kamanimuuna axkmugHicms
BUBHAUAEMBCSL K PIBHUYSA MINC WEUOKOCHAMU OOHIET | miei o
peakyii 8 0aHUX yM08ax 3a NPUCYMHOCMI KAMAizamopa ma
6e3 Hbo2o abo K GIOHOWeHHSA Yux weuokocmeil. Kamanimuu-
HA aKMuHIiCMb 3anedHcums 8i0 NPUpoou ma KilbKOCmi aK-
MUBHUX YeHmMPI8, AKi bepymb Yuacmy 8 KamaniimuuHomy npo-
yeci. B ideanvHomy eunaoxy, Koau ci akmueHi yeHmpu Ka-
manizamopa bepymv yuacmv y Kamanizi, KamauimuyHa ax-
MUBHICMb — MAKCUMATbHA KITLKICMb MOAEKY, WO npopeazy-
6AU HA OOHOMY AKMUGHOMY yeHmpi 3a oounuyio uacy. lleu
NOKA3HUK € OYJice BAdICIUBUM NPU GUSHAYEHHI HeoOXiOHocmi
aoanmayii modeni. Aoanmayis Mooeni 00HOYACHO 3abe3neyye
il aoexeamuicmv AK y cucmemi onmumizayii, maxk i y agmo-
mamuszoseanoi cucmemi pezynosanns. IlJo € cymmeegoio nepe-

ONMUMANbLHOL

6a2010, 60 00380JIA€ GUKOPUCTNOBYBAMU OOHY MAMEMAMUYHY
MOoOenb 8 OeKiIbKOX BUNAOKAX, W0, 8 CB0I0 Yepey, € Oinbul 00-
YITbHUM 3 eKOHOMIYHOI MOYKU 30D).

Knrouoei cnosa: mamemamuyna mooens, adanmayis Mooeli,
PeaKkmop, agmoMamu308aHa CUCMEMd peyliO8aHHs, ON-
mumizayis.

BeTyn. AMiak € 0JJHUM 3 OCHOBHHUX IIPOAYKTIB Xi-
MIYHOi MPOMHCIIOBOCTI, BHPOOHHUIITBO SIKOTO CKJIAJA€
MUIBHOHHM TOH Ha PiK 1 BIIHOCUTBHCS JIO BETMKOTOHHAX-
HUX XIMIYHUX BUPOOHHUITB. TeXHOIOTISI CHHTE3Y aMiaKky
3 €JIEMEHTIB € CYy4acHHUM MeToqoM (ikcarlii atMocdep-
HOTO a30Ty, IO IOKJIMKaHa 3a0€3Me4nTH TOTPeOH JIFo I
CTBa Y a30TOBMICHHX CHOJIyKax. Y 3B'I3Ky 3 IIUM amiak
€ OCHOBHOIO NMPOMIDKHOIO CHPOBHHOIO IUISI OJCpKaHHS
MPAaKTUYHO YCiX IHIIMX MPOIYKTIB 3B'I3aHOTO a30Ty, JI0
HAMOIIBII MOLIIMPEHUX 3 SKUX BiJJHOCATHCS a30THA KHC-
noTa, 1i comi i qobpuBa. Y cBitoBiii mpakruii 80 % Bifg
3arajJbHOT0 00CSITy BHUPOOHHIITBA aMiaKy BHUKOPHCTO-
BY€TbCS Y BUPOOHMITBI MiHEpaJbHUX H0OpHB. AMiak
TaKOX HIMPOKO BHKOPUCTOBYETHCS JUISI CHHTE3Y TaKHX
BOXJIMBIIIMX TMOJIMEPHUX MarepiaiiB, sK MNOJiamijiu,
nojiyperany, mojiakpuioHiTpun Ta iHmi. Hlmsxom
HITPYBaHHS a30THOIO KHCJIOTOIO PI3HUX OpPTraHiuyHHX pe-
4oBUH (TOJTyoly, (eHody, OCH30iy, LENI0I03H, TIIile-
PUHY) OIEPXKYIOTH iX HITPOIOXiIHi, SKi BUKOPHUCTOBY-
IOTBCSL K BHOYXOBI PEUYOBHHH (HITPOOEH30JI, TPOTHI,
MIPOKCUIIIH, aMOHITH), a TaKOX HAMIBIPOAYKTU JUIs
CUHTE3y OapBHUKIB (HANPHKIIA]] aHLUTIHY).

AKTYyaJIbHICTBb.

VY 3B'S13Ky 3 BEIMKUM IONUTOM JIFO/ICTBA B IPOYK-
Tax 3B'A3aHOTO a30Ty (0COONMBO a30THUX J00pUB)
CBITOBE BUPOOHUIITBO aMiaky 3a 00‘€MaMH IOCTYNaETh-
Csl TUTBKM BHPOOHHUIITBY CipuaHOI KHCJIOTH 1 KHCHIO. €
TPHU OCHOBHI TEXHOJIOTII OTPUMAaHHs aMiaky: ITiJ HU3b-
KM THCKOM, IiJl CEpEIHIM THCKOM Ta IIiJ] BHCOKUM
TCKOM. Jliarma3oH THCKIB IJII CHHTE3y aMiaKy CTaHO-
BuTh (12-34) Mlla. Hai6inem po3noBCIOKEHOIO CXe-
MO0 OTPUMAaHHS aMiaKy B YKpaiHi SBISE€THCS cXema i
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cepenniM TrckoM (Tiopsinky 30 MIla). OcHOBHI TOTYX-
HOCTI ICHYIOUMX BHPOOHUIITB HalIOl KpaiHU SIBJISIOTHCS
600 1/m00y, 1360 1/m00y Ta 1700 T/m00y. Ha manomy
eTari CBITOBMH PO3BUTOK ITPOMHCIIOBOCTI CHHTE3Y
amiaKy Mae psj MPONO3uIlii i oro peamizarii. CuH-
Te3 aMmiaKy MpOBOJSTH B OCHOBHOMY 7 Ha yCTaHOBKax
noryxHicTio 1360-1500 1/100y; OKpemi arperaté ma-
10Th NoTyXHicTh 2000 T/100y, IPOEKTYIOThCS arperaTu
notyxHicTio 3000 1/100y. B excrityarariii 3HaX0AAThCS
Tako)Xk MOOYIOBaHI paHIMIE YCTAaHOBKH ITOTY>KHICTIO
CuHTe3 amiaky — OIHH i3 IIUPOKO 3aCTOCOBYBAaHUX Yy
MPOMHUCIIOBOCTI CIIOCOOIB TepepoOKH BYTIEBOAHEBOT
CHUPOBHUHH I 30KpeMa MpUPOJHOTro razy. [1].

BaxnmBoo mpo0nemMor0 MpOMHCIOBOTO BHPOO-
HUIITBA aMiaKy € MiJIBUIICHHS TEXHOJIOTIYHOI Ta eKO-
HOMIYHOI e(heKTUBHOCTI I1hOT0 TIporiecy. [lopsi 3 MeTo-
JlaM{ PO3B'SI3aHHS 11i€l TPoOJeMH 3a PaxyHOK BIIPO-
Ba/DKCHHS HOBHX KaTaJli3aTOpiB Ta BJIOCKOHAIIOBAHHS
KOHCTPYKIIH peaKTOpHOTrO 00J1alHaHHS, ITMPOKO 3aCTO-
COBYEThCS ONTHMI3allis TEXHOJOTIYHAX IapaMeTpiB
MIPOLIECY CHHTE3Y aMiaky.

Oxpeme Micre 3aiiMae 3amavya e(eKTUBHOTO PEry-
JFOBaHHS NPOLIECOM Ta BUPOOJICHHS ONTHMAJBHOI CTpa-
Terii 3MiHM TEXHOJIOTIYHUX mNapameTpiB. Po3B’si3aHHs
miei 3amaui BUMarae po3poOKy MaTeMaTHYHOI MOJeli,
sKa Bi0OpaXkae ITUHAMIKy MPOIECy 3 BUCOKOIO CTerie-
HIO aJIeKBaTHOCTI B HIMPOKOMY Jlialia3oHi 3MiHM Tapa-
METpiB.

Mera podoru. Mera pobotm — Ortpumaru
JUHAMIYHY MOJENb, SIKa JO3BOJISIE aJICKBATHO OIMKMCATH
XapakTep 3MIHM TlapaMeTpiB B IEBHOMY Jiana3oHi
Qiama3oHi, aganTailis sSKoi OJHOYAcHO 3abe3medye i
aZCKBaTHICTh K Yy CHCTeMi ONTHMi3amii, Tak 1 y
ABTOMATHU30BAHOI CHCTEMI PeryJIFoBaHHSI.

JUis  DOocsATHEHHS METH HEOOXIiTHO BHPIMIUTH
HACTYITHI 3aBJaHHS:

- po3pobutu  iH(MOPMAIIHHO-IOTIYHY  CXeMy
B32€EMO3B’SI3KIB  MDK TapaMeTpaMu TEXHOJOTTYHOTO
MPOLIECY, IO PO3TIISAAETHCS;

- CKJIACTH MaTeMaTU4HI MOJIEIi Ta30BOTO PEAKTOPY
32 KOHIICHTPAIi€l0 [LTHOBOIO KOMIIOHEHTAa Ta 3a
TEMIIEPaTypoIo.

AHaniz pociaigxenb i nmyOJikauiii. PesyabraTn
pocaimxkenb. [Iporec cuHTE3y amiaKy MPOBOAWUTHCS 3a
UPKYJISLIHHOI0 CXEMOI0, L0 J03BOJISIE JOCATATH 3HAY-
HOi cTereHi KoHBepcii cuHTe3-razy. OCHOBOIO TEXHO-
JIOT1YHOT CXEMH € PEaKTOp MOJIMYHOTO THITY 3 Oaiinacom
«xosogHoro» razy. Ha puc. 1 HaBeneHa cxema Takoro
peakTopa.

BupoOHUITBO aMiaky BiIpi3HSETHCS BIJTHOCHO BH-
COKOIO CKJIQJIHICTIO ¥ DPI3HOMAHITTAM MapaMeTpiB, IO
BIUIMBAIOTh Ha XiJ| MPOLECY, CKIAIHOI KiHETHKOIO Xi-
MIYHHAX peaKIiid, PO3MOMUICHICTIO i HETIHIHHICTIO Ia-
paMeTpiB mpouecy Sk 00'ekTa MopenoBaHHA. [cHyroue
BUPOOHULITBO € BUCOKO aBTOMAaTH30BaHHM, OJHAK Ke-
pYBaHHS IPOLIECOM BEIEThCA 3a aJTOPHTMAaMH, sIKi HE
BPaxoBYIOTh 3MiHH ITapaMETPiB peaKkTopa y daci.

VY 3B'i3Ky 13 UM MOCTAa€ MUTAHHS PO3POOKH MaTe-
marnuHoi Mozeni (MM), sika Oyna 6u 3aCTOCOBYBaHOIO
SIK JUTS ONTUMI3aLlil TEXHOJIOTIYHOTO MPOLEeCy, TakK 1 s
aBTOMAaTHU30BaHOI CUCTEMH PETYJIOBaHHA. Y 1IbOMY BH-
MaJKy ajanTarfis Mojelni Oyzae 3a0e3meuyBatu eeKTu-
BHICTh 000X cTpareriii ynpasiinas. Kpim toro, nuHami-
YHY MOJIeNTb MOKHA 3aCTOCOBYBATH y CHCTEMH HABYaH-
HS 1 TpPeHYBaHHSI 0OCIIyTOBYIOUOTO IIEPCOHAITY, & TaKOX
IiIBUIIEHHS Oe3eKH poboTH peakropa. [2-4]

Llnpry naLiiHmnn
ras a3 Ha AXO
Sl
D
XB1
.5
HIC
XB2 r”_@
H
/HICY -
xe3 |2 To
H _q_
nTHEY T
D=

Y

Puc. 1. Cxema 6arato moaugHOTO ra30BOr0 PeakTopa i3 BOyI0BaHUM TETIIOOOMIHHUKOM
TO — remnoo6Mminnuk; I11, T12, TI3 — neprua, apyra u TpeTs MONHULI i3 KaTali3aTopoM;
OX - notik ocHOBHOTO X0y cuHTe3 - ra3zy; Xb1, XBb2, XB3 — nmotoku «xonoquux» OaiinaciB cuHTE3 - Ta3y
Ha BiANoBiaHI nonku peakropa; AXO — amiauHo-xonoawibsHe BigaineHss; TIRA 1-6 - npuiaayn KOHTPOIIO TeMIEPaTypy;
FIR - 7 — npunan koHTposII0 BUTpaTH cuHTes - rasy; HIC 8-10 — maHeni AucTaHuiiiHOro KepyBaHHs €JIEKTPUYHUMH 3aCyBKaMHU
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HasBricTes BenMMKOI KUIBKOCTI CKJIAJZHOTO XIMIKO-
TEXHOJIOTIYHUX OOJIaJIHAHHS 1 PI3HOMAHITHUX IMPOLECIB
CYTTEBO YCKIIAIHIOE MOJICIIIOBAHHS BCHOI'0 KOMILIEKCY B
uitomy. Tomy JioriuHo movatu 3 GopMyBaHHS JAWHAMI-
YHOI MOJIENIi Ta30BOT0 pPEaKTopa, y SIKOMYy i BimOyBa-
I0ThCSI OCHOBHI TIPOLIECH CHHTE3y amiaky. XiMi4Hi Mpo-
1ecy, o BigOyBalOThCS B PEAKTOPI, TAKOXK XapaKTepH-
3YIOThCS BEJIUKHM CTYNEHEM CKJIAIHOCTI, TOMY 3amada
PO3pOOKH MaTeMaTHYHOI MOZEINI BCiX OCHOBHHUX HpOIIe-
CiB 3 ypaxyBaHHIM iX AMHAMIKH € CYTTE€BO HETPHBiab-
HOIO.

CTBOpeHHSI MOJEINi CKIAAHOTO (Hi3UKO-XIMIYHOTO
NpOLIECy €, SIK TMPABUJIO, ITEPALlIHHUM MPOIIECOM, KOJIH
(GYHKIIOHYBaHHSI PO3POOIIIOBAILHOT MaTeMaTHYHOT MO-
JIelTi TIOCTIHO 3PIBHIOETHCS 3 MapamMeTpaMH PealbHOro
MPOIIECY ¥ BiJIIOBITHO KOPETY€EThC. [5,6]

[Ipu upoMy HeoOXiHE 3aCTOCYBaHHS 3HAHb 13 Pi3-
HUX HayKOBHX O0JIaCTEH, 30KpeMa, HEOOXIJHO Bpaxo-
BYyBaTH:

- (i3nuHI 3aKOHM 30epeXeHHST PSYOBUHH, SHEPrii 1
IMITYJIBCY;

- TEPMOJIMHAMIYHI BIIACTHBOCTI PEUOBHH;

- XiMIYHI MEXaHi3MH 1 KIHETHKY peakIliil.

Y  peakropi, IO  pO3MANAETBCH,  THUCK
cTabinizyerbesi poOOTOI0 KOMITpecopa cuHTe3-razy. To-
MY, TUCK HE € PeryJIbOBAaHOI0 BEJIMYMHOIO, a MOXKE OyTH
BiZiHECeHUi1 10 30yprorouoro ¢axropy. [Ipu kepyBaHHi
ra30BUMH pEaKTOpaMM JIOCTAaTHBO PETyJIIOBATH TEMIIe-
patypy, a KOHIICHTpAI[if0 MOKHA OI[IHUTH BHKOPHCTO-
BYIOUM MaTeMaTH4HY MOJENb Ipouecy. Perymrordnm
napaMeTpoM Uil KOXKHOT TIOJIKH € BUTpaTa CHHTE3-Ta3y
38 «XOJOTHUMY» OalIacoMm.

Bci inmni mapamerpu mporecy € 30yprdnMi KO-
opaumHatamu. Jlo HHX CIiJ BIZHECTH TEMIIEpaTypH

BXiguux notokis 7, ta 7T, Ta konuentpauii O, Ta Q, y

HUX LTBOBOrO KOMITOHEHTY. I[H(opMaliiiiHo-IoriuHa
cXeMa ra30BOro peakTopa HaBe/leHa Ha pHC. 2.

T(2) | Qi ) | Tof2,) | @itz ) | Fi(25) | Q2] Piz,)

Q)

T ()

Puc. 2. InopmaniiiHo-oriaHa cxema oA
KOJIOHH CHHTE3y aMiaKy

Takox cii BIIMHUTH, 110 BUXiIHI KOOPAMHATHU ra-
30BOTO pPEaKTOpa € B3a€EMOIOB’SI3aHUMU. Tak, HaIpH-
Kyiaz, 3MiHa TemnepaTypu 1 B peakTopi 3 0qHOTrO GOKY
BimnoBigHO 10 3akoHy Jle Illarenpe 3MIHUTH KiJTbKICTh
PCUOBHHHM, II0 YTBOPIOETHCS, TOOTO BHUKIIHYE 3MiHY
koHUeHTpawii (J. 3 1pOro BUILUIMBAE, LIO 3MiHA Oyab-
SKOT 3 BXIJIHUX KOOpAMHAT (pery:orwdoi abo 30yproro-
40T) BUKJIMYE 3MiHY BiJjpa3y BCiX BUXiTHUX KOOPJIUHAT.

Hns BuzHaueHHs MM ra3oBoro peaxkTopa Ciil
CKJIACTH [IBI YaCTKOBI MOJENi: 332 KOHIICHTPAIIEI0 0

HUILOBOTO KOMIIOHEHTY Ta 3a Temieparyporo 1 . Ckia-
eMo 1l yacTkosi MM.

PosrnsHemo cknaganHa yactkoBoi MM 3a KOH-
HeHtparielo () amiaky, IO YTBOPIOETBCS B peakwii
(mimpoBoro KOMMoOHeHTY). CkiameMo piBHSHHS Ma-
TepiaabHOTO OajaHCy 3a MITbOBUM KOMIIOHEHTOM (KOM-
MMOHEHTOM, IO YTBOPIOETHCS B peakiii). LlimpoBuit
KOMIIOHEHT HAJIXOIUTh B PEAKTOp 13 HEepLIMM Ta 3 Apy-
I'MM TIOTOKOM (HAIpHKIIAJl, Y TEXHOJOTIYHUX CXeMax i3
PEIMKIIOM), YTBOPIOETBCS B PEAKTOPI B HACIIIOK peak-
i1, HAKOIMYYETHCSI B PEAKTOPI Ta BiABOJUTHCS 3 MOTO-
KOM, SIKHH BUXOJIUTB, i3 peaKTopa.

PiBHsHHS MarepianbHOTO OajaHCy 3a LTBOBHM
KOMITOHEHTOM Ma€ BHTJISII.

dm, +dm, +dm,=dm, +dm, (D

ne dm, = F,Q,dt — Maca 1iIbOBOrO KOMITOHEHTY, IO
MOTpaIuIsie B pEeakTop 13  HepIIuM
dm, = F,Q,dt — Mmaca WiIbOBOrO KOMIIOHEHTY, IO

IIOTOKOM,;

HOTpaluIie B PEaKTop i3  JOPYIMM  IOTOKOM;
E P ;

dm, = pVK, exp| ——— (0-0,)~—dr — Maca 1itb0BOro
RT B,

KOMIIOHEHTY, 110  YTBOPIOETBCS B  PEaKLii;

dm, = pVd(Q — maca LiTbOBOTO KOMIOHEHTY, sKa

HAKOTIMIYEThCS B peaxTopi 00’emMom V;
dm = (F1 +F, )th — Maca IiJTbOBOTO KOMIIOHEHTY,
110 BiJIBOJMTHCS 3 PEaKTOpa.
B pisnsui (1) F; — BUTpaTa MOTOKY MEpLIOro pe-
arenry, ¢ ; [, — BUTpaTa NMOTOKY JPYroro peareHry,
C

Ke

;  — TYCTHHa ra3oBoi CyMillli B peakTopi (BH3Ha-

c

yaeTbes 3 piBHAHHA Menueneesa-Kianeiipona), —-;
. . 3

V' — Binemmii 06’eM rasoBoro peakropa, M°; K —

wBHAKICTs Ximiunoi peakuii, —; O, O, , 1a O —

c
KOHIIEHTpALLis LibOBOr0 KOMIIOHEHTY Ha BXOJaX Ta Ha
T —
Temmeparypa y peakropi, K ; R - yHiBepcanbHa raso-

Hone Hone

Mmonv- K MOJlb

BUXOJ[l 3 peaKkTopa BINMOBITHO, Mac. YaAcmKa,

Ba CTaja, ; E - emepris axtusarii,

PiBHsHHS MartepiampHOrO OamaHcy B TEXHO-
JIOTIYHUX 3MIHHUX HaOy/le BUTIILY

FiQdt + F,Q,dt + pVK,, exp[—%](Q—Q”)Pidt, 2)
0

= pVdQ +(F, + F, )Odt

[Micns nineapu3arii, BUIy4eHHS PIBHAHHS CTaTHKH
Ta Mepexoy A0 0e3po3MipHUX KOOpAWHAT
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(AQ . AT =y, AP . AF )
- = ’ - = s —_— = 5 —_— =X, -
Qo N TO 2 Po Y3 Flo 1
AF _AS _ AL AQ . AT,
= T o M2 =20 — =z, —= =2z,
FO SO 7110 Ql() T20 3
AF. A AP
AQ2:Z4; t=1z; G, =Zg; ——=12; ), 0T
Os Fy O, P,
PUMYEMO piBHSHHS:
d
7 %+yl =K x +Kpzy + K3z, + K25 +
+ K526 + Ky,
3)
e T, = PV o, crana yacy, C;
Hl
E P .
Il = Ql[Fl +F, - pVK, exp(_RTj(Q_QH )Po:| >
K :M — koediuient; K = _%;
1 17 12 17
1 1
VK E
Q2F2 p Oexp _RT QH P
Ky =-K, =~ v K= o/ =
HI 15 1, P,
E E
—— pVK, exp(— ](Q—QH)
— koedimient; g _ RT, RT, P
16 1, P,

— Koe(iIi€eHT.

PipasiHHS (3) € YacTKOBOIO AuHAMiYHOWO MM ra-
30BOr0 PeaKkTopa 3a KOHIEHTPALIE0 HiITbOBOIO KOMIIO-
HeHTy 0e3 ypaxyBaHHS Jacy 3arizHeHHs. [7,8]

s Toro mo6 po3poOUTH YaCTKOBY MaTeMATHIHY
MOZENb Ta30BOT0 peakTopa 3a TEeMIIepaTypolo, CIij
CKJIaCTH PIBHSHHS TeruioBoro Oanancy. Teruo B peak-
TOp HaJIXOJHTh i3 MOTOKAMU PEAreHTIB, BUALIIETHCA Y
npotieci peakuii. Lle Temnio Hakonmu4yeThest B 00°eMi pe-

aKTOpa Ta BUXOIUTH i3 HbOro 3 notokom F| + F, . Ilpu

po3paxyHky MM BBaxaTUMeMO, IO BTpara TeIuia y
HaBKOJIUIIIHE CEPEIOBUILE HE3HAYHA Ta HEI0 MOXKHA He-
xTyBatd. OT)XKe PIBHSHHS TEIJIOBOrO OanaHCy MaTHMe
BUTJISI;

dq, +dq, +dq, =dq, +dq, )

ne dq, = Fic,T,dt — xinbkicts Temia, o HaAXOAUTH

13 IepLUIMM NOTOKOM; dqz = cmszdt — KLUIBKICTb

TeIUIa, IO HAOXOAWTh 13 JPYTHM  TIOTOKOM;

dqp :rpVK(Q—Q”)Pidt — KIJIBKICTh TeEIUIa, IO
0
BUJIUIAETbCA B HACTIJOK PeaKuii; qu = ,OVCdT -

KUUIBKICTh TeIla, IO HAKOIMHMYYETHCS Yy PEeaKkTopi;

dq=(F, + F,)cT dt - xinsxicts Tenna, mwo BrXo-
JIITB 13 peakTopa.
B pieaanni (4): ¢, ¢,, C— TENIOEMHICTh

BXiJIHMX Ta BHXiJHOTO TIOTOKY, A ; T1 , T 2, I —

ke K
TeMIepaTypa BXiIHUX Ta BHUXiZHOTO MOTOKY, K -
.. Hoc .
nuToMa Temnora peakigi, 2 ; d7T — 3miHa Temmnepa-
Ke

Typu y peakropi, K .
[Micns nineapu3alii, BUIy4YeHHS PIBHSAHHS CTATHKU
Ta Mepexoy A0 0e3pO3MiIPHOTO BUIIISLY MAaEMO:

dy
5] th+)’2 =Ky X + Kz +Kp3z3 + (5)

+Kouzs + Kyszg + Kysz7 + Ky )

Vel
me 7, = P7h _ crana Jacy, c;
2
E E
(Fio +Fao )Ty —E”PVKO exp[— RTJ
I, = » 0 0713
Qo = Quo )
H! PO
c, T,y —cT, )F .
K, = ( 2°20 0) 20 _ koediwieHT;
I
2
Fe Ty er Fye,Ty
K, =—""11% — xoedimieHT; K, =—222 -

2 2

FIO(CITIO _CTO)

Koedirient; K = — xoedimieHT;
2
E P
rpVK, expl ——— 10, —
RT P
K, =— 0 0 — koediwienT;
HZ
P
rpVK, exp(— T](Qo 0.0 )?
R-zé — HO 0 _
2
E P
roVK, exp| ——— —
PVK, p( ROJQOPO_

KOeiIli€eHT; K, =

H 2
KoeilieHT.

PiBHsiHHS (5) € 4acTKOBOIO JMHAMIYHOIO Marema-
TUYHOIO MOJICIUIIO T'a30BOTO peakTopa 3a TeMIleparTy-
poro.

Amnanizytoun orpuMaHi dactkoBi MM razoBoro
peakrTopa, ciix 3poOMTH BHCHOBOK, IO BUXIIHI KOOp-
UHATH € B3aeMo3anekHuMu. Piasaaas (3) Ta (5) yTBO-
PIOIOTH CHCTeMy piBHSAHB. s TOTO, MO0 BHKIIOYHTH
3aJICKHICTh OIHi€l BUXiMHOI KOOPAWHATH B 1HIINX,
CITiJT pO3B’SI3aTH CUCTEMY PIiBHSHB (6).
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dy

7 7;4'}’1 =Kx +Kpz; + K324 + Kiyzs +

+ K526 + K, .(6)
Dy K+ Kyr K K

7y 7 TV =Ly X+ Kz + K323 + KpyZs +

+ K526+ Kogz7 + Ky

Cucrema piBHsHB (6) MOXe OyTH po3B’si3aHa Oy ib-
SKUM MeTojoM. Lle MokHa 3pOOMTH BHKOPUCTOBYIOUH,
HalpHKIaJ, MaTpUUYHUHA METONl PO3B’S3aHHS CHUCTEMH
PIBHSIHB, SIK 1€ OYJIO NTOKa3aHO paHille.

AHANOTIYHAM YHHOM  CKJIQJAIOTBCS  CHCTEMH
piBHSHB AJIs APYroi Ta TPeThOi MONHMIb peaktopa. Lli
TPU CHCTEMH DIiBHSHb CYMICHO 3 MATEMAaTHYHOK MO-
JIEIUTI0 BHYTPIITHBOTO TETIOOOMIHHUKA, SKUH SBIISIE
c0000 KOXyXOTpyOUJacTuil TETrI0OOOMIHHUK (BUBiA IH-
HaMIgHOI MaTeMaTW4YHOiI Mojaeli HaBeAcHWH B [5]),
CKJIQJAIOTh MaTeMaTH4HY MOJEIb KOJOHH CHHTE3Y
amiaky y BUpOOHHIITBI aMiaKy.

BucnoBok. OTprMaHa AUHAMIYHA MOJIENb JO3BO-
JIsi€ aJIeKBaTHO OIMCATH XapaKTep 3MiHHU MapaMerTpiB y
JianasoHi, sIKii 3HAYHO TEPEBUIIY€E PErIaMEHTHI MexXi.
Lle ocobaKBO BasKJIMBO IIPU 3aCTOCYBaHHI 11 y cucTeMax
KOHTPOJTIO OE3MEKH PeakTopa Ta TEXHOJNOTTYHUX TpeHa-
JKepax. YpaxyBaHHS B MOJIEJNI IpoLeCy XiMI4HOI peak-
Iii JO3BOJISIE KOHTPOIIOBATH TaKUH CKIIQJIHUHN TapamMeTp
SK 3MiHa aKTHBHOCTI Kartamizaropa. Llefi mokasHUK €
Iy’Ke BaKJIMBHM TIPH BH3HAYCHHI HEOOXITHOCTI ajar-
Tauii Mojieni. Axanrarisi MoJeli 0IHOYacHO 3a0e3neuye
il afieKBaTHICTB SIK y CUCTEMI ONTHUMI3allii, Tak 1 y aBTo-
MAaTH30BaHOI CUCTEMI PEeryIIOBaHHS.
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Kulikov D.O.. Kupina O.A., Loria M.G., Tselishchev
O.B. Us of a mathematical model for optimization of the
dynamic parameters of ammonia production processes .

The work deals with the development of a mathematical
model that can be used both for the optimization of the
technological process and for the automated regulation
system. The advantages of this approach are as follows: it is
based on objective data that forms the control object itself; the
implementation of such an approach is quite simple; obtaining
an adequate and accurate mathematical model.

The study is conducted to optimize the technological
process and the automated control system under
consideration.

Adaptation of the model will ensure the effectiveness of
both management strategies. To achieve the optimal dynamic
model, the following tasks were solved:

- an informational and logical scheme of relationships
between the parameters of the technological process under
consideration was developed;

- mathematical models of the gas reactor based on the
concentration of the target component and temperature were
compiled.

The obtained dynamic model allows to adequately
describe the nature of the change of parameters in a range
that significantly exceeds the regulatory limits. This is
especially important when it is used in reactor safety control
systems and technological simulators.

As a result of research, it was established that taking
into account the chemical reaction process in the model
allows controlling such a complex parameter as the change in
catalyst activity. This is a characteristic of the catalyst's
ability to accelerate a chemical reaction. Catalytic activity is
defined as the difference between the rates of the same
reaction under the given conditions in the presence of a
catalyst and without it, or as the ratio of these rates. Catalytic
activity depends on the nature and number of active centers
involved in the catalytic process. In the ideal case, when all
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active centers of the catalyst participate in catalysis, the
catalytic activity is the maximum number of molecules that
reacted on one active center per unit of time. This indicator is
very important when determining the necessity of adapting the
model. The adaptation of the model simultaneously ensures its
adequacy both in the optimization system and in the
automated regulation system. Which is a significant
advantage, because it allows you to use one mathematical
model in several cases, which, in turn, is more expedient from
an economic point of view.

Keywords: mathematical model, model adaptation,
reactor, automated control system, optimization.
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THE USE OF THE MULTIVARIATE ANTISKID SENSOR
TO GAIN MAXIMUM TRAILED LOAD OF THE ROLLING STOCK

Mogyla V.I., Morneva M.O., Kovtanets M.V.

BUKOPUCTAHHSI BATATOITAPAMETPOBOT'O IPOTUIO3HOT' O JATUYHKA
JJIA PEAJIIBALIII MAKCUMAJIBHOI CUJIN TAT'K PYXOMOI'O CKUIALY

Morunaa B.1., MopuaeBa M.O., Kosraneus M.B.

The article examines the use of the antiskid sensor to gain
maximum trailed load. Skidding means the slip of wheels of a
vehicle (tram, railway carriage) along the bearing surface
(road, rails) where the linear speed of the wheel surface is
lower than the speed of the bearing surface towards the vehi-
cle.

The wheel slip occurs during braking. It is caused by the ex-
cess braking force over the traction with the bearing surface.
Skidding of rail vehicles leads to the wear-out of locked
wheels in the place of their contact with the rail and to the flat
area on the wheel tire.

To prevent skidding of railway vehicles, one should regulate
the braking force, depending on the load, using the cargo au-
tomatic mode or apply systems and devices of antiskid and
nonskid equipment of vehicle units. The system for gaining
maximum trailed load by attaching rail vehicles to the electric
drive should have a skidding detection device (tram, railway
carriage). At specified parameters of the engine and traction
converter, the coefficient of transmission and the time constant
of the nonskid device are chosen in case of steadiness.

For this purpose, one linearizes the system and builds the sta-
bility area in plane of the specified parameters using the D-
decomposition method.

The final choice of the coefficient of transmission and the time
constant is made so that the system will be less subject to fluc-
tuations and the slip speed will be as resilient as possible.

The system for gaining maximum trailed load by attaching rail
vehicles to the electric drive will be optimized by its supple-
menting with corresponding technical means that can include
the use of the multivariate antiskid sensor.

Contemporary antiskid devices involving quick-response elec-
tronic equipment will allow not just preventing wheel failures
but also increasing the adhesive coefficient in contaminated
areas of the route.

The use of the multivariate antiskid sensor will allow obtain-
ing a more informative useful signal in order to expand the
functional capacity of the sensor, increase the reliability of its
operations, which will ensure maximum trailed load of the
rolling stock.

Keywords: sensor, electronic device, rods, skidding, electric
transport, slip, adhesive coefficient.

Introduction. The skidding phenomenon is the
slip of wheels of a locomotive or carriage along rails
where the linear speed of the wheel surface is lower
than the speed of the bearing rail surface. Skidding
occurs during braking. It is caused by the excess braking
force over the traction with the bearing surface. It
appears not only during wheels locking up but also
during their rotation when the wheel slips along the road
[1].

The goal of the research is to investigate the
impact of using the antiskid sensor to gain maximum
trailed load of the rolling stock.

Research results. Skidding of rail vehicles (tram,
railway rolling stock, subway) leads to the wear-out of
locked wheels in the place of their contact with the rail
and to the flat area on the wheel tire, the so-called wheel
flat. Wheel flats (asymmetry of wheels towards the
rotation axis) results in the increase in noisiness
(chattering from rail strokes), vibration (the distance
from the wheelset axle to the rail surface is unsteady
when moving), uneven wear of rails (so-called
corrugated rail wear) [2].

To avoid skidding and ensure its prevention in
railway vehicles, one should regulate the braking force,
depending on the load, using the cargo automatic mode
or apply systems and devices of antiskid and nonskid
equipment of vehicle units.

Therefore, the system for gaining maximum trailed
load by attaching rail vehicles to the electric drive
should have a skidding detection device that forms a
feedback control signal proportional to the speed of
excess wheel slip. At specified parameters of the engine
and traction converter, the coefficient of transmission
and the time constant of the nonskid device are chosen
in case of steadiness. For this purpose, one linearizes the
system and builds the stability area in plane of the
specified parameters using the D-decomposition
method.
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In the built area, one takes initial points for which
the calculation of the transient process is conducted on
the model considering the non-linear nature of the
adhesion characteristics in order to define quality
indicators. The final choice of the coefficient of
transmission and the time constant is made so that the
system will be less subject to fluctuations and the slip
speed will be as resilient as possible [3]. The fluctuation
of the transient process defines the use of the squared
integral quality evaluation while the marginal resilient
slip ensures the maximum traction effort in case of
adhesion.

Thus, to avoid skidding and ensure its prevention
in railway vehicles, one should regulate the braking
force, depending on the load, using the cargo automatic
mode [4] or apply systems and devices of antiskid and
nonskid equipment of vehicle units.

The system for gaining maximum trailed load by
attaching rail vehicles to the electric drive will be
optimized by its supplementing with corresponding
technical means that can include the use of the
multivariate antiskid sensor [5].

Figure 1 shows a constructional scheme of the
multivariate antiskid sensor that contains body 1 with
embedded axis 4 in bearing bushes 2 and 3, on which
bob weight 5 is set, and bob weight 7 is set via resilient
element 6 along with permanent bar magnet 8, 9, the
first and third differential flux-gate magnetometers 10-
12, element HI 13, element I 14, analog-to-digital
converter 15, computing block 16, and frequency
counter 17.

1

12
10

Fig. 1. Constructional scheme of the multivariate antiskid
sensor

In the stationary velocity node, bob weights 5, 7
rotate simultaneously. The movement of permanent bar

magnets 8, 9 towards the first and third differential flux-
gate magnetometers 10-12 at the output of the first
differential flux-gate magnetometer 10 results in signal
H,pp that enables transmission through the second

input of element I 14 of short pulses formed at the
output of element HI 13, to the input of which the zero
signal from the second differential flux-gate
magnetometer 11 is given, which reads the vertical
intensity of magnetic field Hgy,y,, during its staying on

magnetic neutral axis n-n of permanent bar magnet 8
(Fig. 2). This results in short pulses at the output of
element I 14 with frequency f of axis rotation 4, which
are given to the control input of analog-to-digital
converter 15 and frequency counter 17. At the same
time, a signal at the output of the third differential flux-
gate magnetometer 12 is absent.

Bun B Bupg A

Fig. 2. Principle diagram of multivariate antiskid sensor
operations

During vehicle movement, while braking and
when wheels can shift to skidding, bob weight 7 rotates
towards bob weight 5 using resilient element 6 as a
result of inertness, outrunning it at a corresponding
angle. Meanwhile, permanent bar magnet 9 along with
bob weight 7 is screwed up around at distance / towards
permanent bar magnet 8 (Fig. 2). At the same time,
signal H 20p proportional to displacement / occurs at

the output of the third differential flux-gate
magnetometer 12 that reads the vertical intensity of
magnetic field, Hgepp, which goes to the information

input of analog-to-digital converter 15 and then to
computing block 16, the output of which Output 1
results in the Braking/Skidding signal (depending on its
value) (Fig. 2).

During vehicle movement, while speeding up and
when wheels can shift to dragging, bob weight 7 rotates
towards bob weight 5 using resilient element 6 as a
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result of inertness, failing to keep pace with it at a
corresponding angle. In this case, signal Hgeppy

proportional to displacement / occurs at the output of
the third differential flux-gate magnetometer 12, which
goes to the information input of analog-to-digital
converter 15 and then to computing block 16, the output
of which

Conclusions. The use of the multivariate antiskid
sensor will allow obtaining a more informative useful
signal that will enable analyzing braking, skidding,
speeding up and dragging modes of the vehicle. After
the analysis, one will be able to expand the functional
capacity of the sensor, increase the reliability of its
operations, which will ensure maximum trailed load of
the rolling stock.

Contemporary antiskid devices involving quick-
response electronic equipment will allow not just
preventing wheel failures but also increasing the
adhesive coefficient in contaminated areas of the route.
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Moruaa B.I., MopueBa M.O., Kosraneur M.B. Bu-
KOPHCTAaHHS 6araTonapamMeTpoBOro NMPOTHIO3HOIO AaTHM-
Ka JIJs peanizamii MaKCHMAJIbHOI CUJIM TATH PyXOMOI0
cKaaxy

Y cmammi posensinymo numanns w000 6UKOPUCMAHHSA
NPOMUIO3H020 OAMUUKA 0Nl OOCASHEHHA MAKCUMATLHOT Cuau

msazu. FO3 - K083aHHA NO ONOPHIL NOBEpPXHi (0opo3i, pelikax)
KoJlic mpancnopmuozo 3acoby (mpamearo, 3ani3HUYHO20 6420-
Ha), npu AKOMY JIHIlIHA WEUOKICMb NOBEPXHI KOJiC Hudicue
wWBUOKOCMI ONOPHOT NOBEPXHI 000 MPAHCHOPMHO20 3AC00Y.

O3 cnocmepizacmuvcs npu 2anvmysanni, npuyuHoio 103a
€ nepesuujeHHsl 3yCUNIA 2aTbMA HAO CUNOIO 3YenjieHHs Koaecd
3 onopHolo nogepxuero. [l peiikosux mpancnopmuux 3acooie
DPYX 1030M NpU3600UmMs 00 CMUpPAHHA 3a010KO8AHUX KOIC Y
Micyi iIX cmuKkanHs 3 pelikor ma nosei Ha OaHoajxici Koleca
NIOCKOI OLAHKU.

LIJob6 3a6e3neuumu nonepeoxcents 103y Ha 3ANIZHUYHO-
My MpAanchopmi 3aCmMoco8YEMbCsl pe2ynio8ans 2a1bMi6HO20
3YCUNIAL 3AN€ICHO BI0 3A6AHMAIICEHHS 3 OONOMO20I0 8AHMAIC-
HO20 asmopedicumy abo GUKOPUCIMAHHA CUCTEM MAa NPUCMpo-
is npomuiosnoco ma nPomMubYKCy8anbHO2O 00NAOHAHHA 00U-
Huyb mpancnopmuoeo cknady. Cucmema peanizayii maxcuma-
JILHOI cunu mseu 3a yMOGAMU 34eNnieHHs Pelikogux mpaHcno-
pmHux 3acobie 3 enleKmpudHUM NPUBOOOM NOBUHHA Mamu
npucmpitl UAGIEHHS 1034.

Ocmamounuii eubip KoegiyieHma nponyckauHsa ma no-
CMIliHOL wacy pooumscs maxkum 4uHoM, wobd cucmema Oyia
MeHul CXuibHa 00 KOMUBAHD, A WBUOKICIb KOB3aHHA 6yia Ma-
Keumanvno cmiiikoro. Cydacui npucmpoi 3 GUKOPUCMAHHAM
WBUOKOOTIOUOT eleKMPOHHOI anapamypu 00380J5iMb He Millb-
KU 3anobiemu nonomyi Komic, aie i nioguwumu Koegiyicnm
3uenieHHs Ha 3a0pyOHeHUX OLNAHKAX MPACU.

Ilpu 3a0anux napamempax Osucyna i msa208020 nepe-
meopiosaua Koegiyicnm nepedaui i cmana yacy npomuoOyK-
CYI04020 NPUCTPOIO BUOUPAEMBCSL 30 YMOBU CIILIKOCIN.

Ocmamounuii 6ubip xoegiyicnma nepedaui, cmanoi ua-
¢y 30IICHIOEMbCS. MAKUM YUHOM, Wob cucmema Oyna AKomoz2a
MeHW CXUNbHA 00 KOIUBAML, d WBUOKICMb KO63aHHA 0yaa
O6IU3LKA 00 MAKCUMATIHO NPYICHOL.

Buxopucmanns 6azamonapamempogozo npomuiosnozo
oamuuxa 003601UmMs OMpuMamu Ol iHPOpMamueHuil Ko-
PUCHUTL CucHan, wob posuupumu QYHKYIOHANbHI MONCIUBOC-
mi damuuxa, niosuwUmMU HAOIHICMb 1020 pobomuU, WO
cnpusmume 3a06e3neyentIo peanizayii MaKcumManbHol cunu ms-
2U PYXOMO20 CKAA0Y 3aNI3HUYL.

Cyuacni npomukoe3ani npucmpoi 3 6UKOPUCHAHHAM
WEUOKOOTIOUOT eeKMPOHHOL anapamypu 0036015Mb He Millb-
KU 3anobiemu nonomyi Komic, aie i nioguwumu Koegiyicnm
3uenieHHs Ha 3a0pyOHeHUX OLNAHKAX MPACU.

Knwwuoei cnoea: oamuux, enekmponuuil npuiao,cund
mseu, 103, e1eKmpompancnopm, Koe3anHs, Koegiyicum 3uen-
JIeHHSL.
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KOHIEIIIA TA PEAJI3ALIS KOMILUIEKCHOI PEHOBAILI I PETEHEPAIIT
T'YMOTEXHIYHUX BUPOBIB, OJITIl TA KOMITIO3UTIB 3AJII3HUYHOT O
TPAHCIIOPTY 3 OTPUMAHHSAM HOBUX SIKOCTEM MATEPIAJIIB

Moruaa B.1., Kosraneus M.B., Mopuesa M.O., Kopraneus T.M.

CONCEPT AND IMPLEMENTATION OF COMPLEX RENOVATION AND REGENERATION
OF RUBBER ENGINEERING PRODUCTS, OILS AND COMPOSITES OF RAILWAY
TRANSPORT WITH OBTAINING NEW QUALITY OF MATERIALS

Mogila V.I., Kovtanets M.V., Morneva M.O., KovtanetsT.M.

Poboma npucesuena cmeopennio Haykoeoi meopii KoHyenyii
ma 3aKOHOMIpHOCMEN N06 A3AHUX 3 NepepoOKOI NPOMUCTO-
6ux 6i0x00dis 3aniznuunoi eanysi — I'TB (eymosomexuiynux u-
pobis), onii i macmui, HAKIAOOK NAHMOSPAPIB, 2ANbMOBUX KO-
JI000K, 0OIPYHMYBAHHIO iX eKOI02iuHOoi Hebe3neku ma po3poo-
Yi KOMIIEKCHUX cnocodie penosayii, pecenepayii, ymunizayii
0 MiHIMI3ayii aHMPONO2eHHO20 GNIUBY HA HABKOIUWIHE Ce-
pedosuwye. Ananiz cyuacno2o cmamy 3acmocy8ants mMexHouo-
2iul penosayii, pecenepayii I'TB, oniti gyeneemicuux nonimepis,
meopemuune ma eKcnepumMeHmanbhe OOCHIONCEHHS 61ACHU-
socmell GIONPAYbOBAHUX MAMEPIANie, MeMnepamypu, emicmy
600U Ma IHWUX NAPAMEMPI8, 6NAUG TOKANLHO20 OXON00NCEHHS
sucoxoyacmomuux (BY) i nonao eucoxowacmomnux (IIBY)
eeKMPOMACHIMHUX N0 GIONPAYbOBAHUX MAMePIanie, 8UKO-
pucmanus  030Hy Ona  iHmeHcugbikayii Odecmpykyii 2ymo-
MexXHIuHUX 8Up0OI8, WO 00360UMb PO3POOUMU EKONOSTHHO-
besneuni cnocobu pezenepayii, penosayii ma ymunizayii I'TB
PI3H020 CKNady [ mepMiny 30epieanhsl.

3anpononosano cnocib6 ompumanns pioko2o ma 2azono0ioHo-
20 NAIUBA 3 8i0X00i6 2YMO-MACMUNLHUX Mamepianie, 8 AKOMY
3aKa0YHe ON0K IHHOBAYIIHUX MEXHIYHUX pilens, a came: 36)-
OJICEHHAM YIbMPA3EYKOBUX KOAUBAHb OJiA PYUHYBAHHA 2YMO-
8UX 8I0X0018; pO3iepie Memaniesux KOpo HABeOeHHAM MOKY GU-
cokoi wacmomu; 30Y0JCeHHs eNeKMPOMACHIMHUX KOAUBAHb
KOpOY, 030H 8 MIPONI3HIU Kamepi 015 NOKPAWEHHS. PO3YUHY
2yMu ma ymeopeHHs 0OHOPIOHOI cymiwi. Bemawnoeneno, wo
nio dicio 030HY 8I06YEAEMbCIL WBUOKE OKUCIEHHS 2YMOBUX G-
0X00i6 y 36’AA3KY i3 PYUHYBAHHAM MINCMONEKYAPHUX MA GHY-
MPiUHbO-MONEKYIAPHUX 36°A3Ki6. Tomy, npu nasenocmi na
NOBEPXHI 2yMU MIKPOMPIWUH (KITbKICMb AKUX 3HAYHA O 8i0-
npayboeaHux wuH), Hacamnepeo NOYUHAEMbCA AMAKa 030HOM
mux MONeKyl, AKi PO3MAWOBAHI Y 6ePUIUHAX MPIWUH, WO
npueooums 00 WEUOKO20 PO3POCMAHHA MPIWuH [ po3naoy
mamepiany Ha WMAMKU 3 NOPIGHAHO 2NAOKUMU NOGEPXHAMU. Y
BUNAOKY 030HHOI AMaKu, NOBEPXHI WMAMKIG, W0 YMBOPUTUCS,
oKxucneni, mobmo Ha NOBEPXHAX 3HUICYEMbCA MONEKYIAPHA
maca 1 3'61A10MbCA KUCHEBO-MiCMAWI NPOOYKMU OKUCTIO-
eanta cymu. Ilapanensno 3 nooanHam 030Hy ma YibmMpaszeyKy
BKIIOUAIOMb NO Uep3i eNeKMpPOMAaHimu, Ki CMeopIoiomy eie-
KmMpoMmazHimHe noie;, memanesuil Kopo (6xo0ums 00 CK1aA0y

2yMu) no uepsi pyxaemvcsi 6i0 0OHO20 MASHIMA 00 [HUIOZO.
Enexmpomacnimu axmueizytomo pyx cymiwi. Takum uunom
00CA2A€EMbCsL POZUUHEHHS 2YyMU, 8I00iNeHHs i1 6I0 Memanesoi
YACMUHYU MA BUCOKOEPHEKMUBHE NEPEMIULYBAHHSL.

Knrwwuogi cnosa: cymosomexuiuni aupobu, ymunisayis, cnoco-
6u nepepobKu, penosayis, pezenepayisi.

Beryn. B ocranHi gecsaTHpiuds CyTTEBO 301IbIIHN-
Jocsi BUPOOHHMLITBO BCIX raiy3edd MPOMHUCIOBOCTI, IO
MPU3BEJIO JI0 YTBOPEHHS BEJIUKOI KUIBKOCTI BiIXOIIB.
AXTyanpHICTh MOCTI/PKEHb 10 OCBOEHHIO HOBHX METO-
QB yTwiizamii BiIXOMIB Oe3MOoCepeHbO TOB'sA3aHa 3
CKOJIOTIYHMM aCTeKTOM 3a0pyAHCHHS HABKOJIHIIHBOTO
CepeloBHIIa BiIX0OJaMH IPOMHUCIOBOTO BHUPOOHHUIITBA
[1]. ObmexeHicTh 3amaciB MPUPOJHUX CHEPrOpecypciB
JIUKTY€E MOUIYK HOBHX METOAIB PEHOBALl, pereHeparii,
MepepoOKN BiOXOMiB, IO JO3BOJUTH BUPIIIUTH PsI
pobJeM CydacHOI eKOHOMIKH Ta eHepreTuku. OgHiero 3
HaBaXIMBIIINX TPOOIIEM, 3 SKOIO0 3IiTKHYJAcs CBITOBa
LUBLTI3allisg B JaHUi Yac, € npobiema 3a0pyaHEHHs Ha-
BKOJIMIIHBOTO CEPEIOBUIA BiIXOAaMU T'yMOBOTEXHIY-
Hux Bupo6iB (I'TB), odiii, MacThI, ByIJIEBMICHUX TOJIi-
MepHHX MarepiainiB [2, 3]. Jlo HenqaBHBOTO Yacy OCHOB-
HUMHM METOIAMH YyTWi3allii TakuX BIAXONmiB Oyno ix
CKJIQIyBaHHs Ha MONIroHax abo MpoCTe CHaJOBaHHS.
OpHak Taki METOAM HE BHPILIYIOTH Mpobiemy 3alpyn-
HEHHS HABKOJMIIHBOIO CEPENOBHIA, TaK K MO-MepIle
U OUTBIIIOCTI MaTepiajiB MPOCTO HE iCHye MiKpoopra-
Hi3MIB, 34aTHUX IEPETBOPIOBATH iX B Oe3meyHi I Ha-
BKOJIMIITHBOTO CEPEIOBHINA PEYOBHHHM, a HO-APYTe, IPH
CHaJIIOBaHHI, YTBOPIOETHCS 3HAYHA KUIBKICTh ra30mopii-
OHUX 1 TBEPIUX BIJXOIIB, 5IKi, B CBOIO Uepry, TAKOXK He-
00XxiHO yTHiTi3yBatu. Y 3B'I3Ky 3 IIUM po3podOka edek-
TUBHUX CIIOCOOIB yTHIIi3alii BIAXOMIB TAKMX MaTepiajiB
€ OJIHIEIO 3 MEPIIOPSIHUX 3aBIaHb CBITOBOI CITUTBHOTH.

AHaJi3 ocTaHHIX pociaizxeHb i myOuaikanii. B
npoleci eKcIuTyaralii Ta MoJajibliol nepepoOKu BHPO-
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0iB Ta MarepialiB, 30KpeMa 3aJli3HUIHOTO TPAHCIIOPTY,
BiZIOYBaIOTHCsI YMCIIEHHI (DiI3UKO-XIMIYHI MEPETBOPEHHSI.
JlocnmipkeHO 3MIHM: MOJIEKYJISIPHOTO CKJIAAy; MIKpo- i
MaKpOCTPYKTYpH Kay4yKiB, II0 BXOAATh y PELEITYpPY
BIANpalbOBaHUX TyM (TiApeHKOBHX MPOKJIAJOK, IIJIaH-
riB,), OJIif, HAKJIAJOK MaHTOrpady, raTbMOBHX KOJOJOK;
X XiMI4HOI CTPYKTYpH; CTaHy MiKpoarperamii, IiIbHO-
CT1 BYJIKaHI3aLiHOI CITKH, PiBHS JECTPYKIII Ha Pi3HUX
CTaJIisIX epepoOKH.

O6'extamu gocmimkerHs ciryxwmi: ['TB (mmanry,
TYMOBI YIIUTFHIOBAJIGHI JJISI TATBMOBUX ITHEBMATHIHIX
CHCTEM PYXOMOTO CKJIAAy 3aJi3HHIb, TPOKIAAKH TYMOBI1
JUIsl PEHKOBOT KOJIi, KUIbISI TYMOBI YIIUIbHIOBANBHI 1
TOIIO), OJii, MacTHja, TaJbMIiBHI KOJOIKH, HAKJIaIK{
nantorpady BITYU3HSIHOTO Ta IMIOPTHOTO BHPOOHUIIT-
Ba, SIK HOBUX, TaK 1 BUHIIIOBIIKX 3 EKCIUTyaTallii; pi3Hi 3a
po3mipamu (paxiiii TyMOBOi KpPUXTH, a TaKOXX percHe-
par, OTpUMaHUii KOMOIHOBaHOI MEXaHOTEPMOXIMiIUHOI
nectpykuii [2]. st Beix nmepepaxoBaHUX 00'€KTIB JOC-
JDKSHHS 3IMCHEHO MO Marepiany Ha dpaxmii. ds
BUXIZIHUX W THX, 10 IPOHIIIN eKCIuTyaTamnito abo mepe-
poOKy 3pa3KiB, MPOBENECHO CTPYKTYpPHHUH aHANI3 3a pe-
3yJAbTATAMHA JUHAMIYHOT MEXaHIYHOI CHEKTPOCKOMIl
(Temneparyphwuii inTepBan Bix -100 go +1500 °C, gac-
tora 20 ['1) Ha MasSTHUKOBOMY €JIACTOMETPI B CKaHYIO-
YoMy TemrieparypHomy pexxumi. J{iist gpaxuii nposene-
Hi JIOCHI/DKCHHS MOJICKYJIIPHOTO CKJIamy, XIMI4HOT
CTPYKTYPH, T€TEPOTeHHOCTI (METOJaMU ONTHYHOI MiK-
POCKOMIi Ta CBITJIOPO3CIFOBAHHS).

OcTtaHHIM YacoM y Ipeci, HayKOBUX ITyOJiKamisx i
MaTeHTax 3'IBUJIOCS 0ararto IOBiJOMIICHb PO Pi3HI Ha-
MpsIMKH 1 3aco0mM TiepepoOKH BiAXOMIB MarepiaiiB y
LiHHI Opra”ivHi pedoBuHH [2, 3, 4]. OmHUM 3 TaKuX Ha-
MPSIMKIB € 1X TepMidHA 1 TEPMOKATANITUYHA JIECTPYKILis
Y BYIVIEBOJHEBI (paKilii, sIKi miciist BiINOBIAHOT 00pOOKH
MOXYTbh OyTH BHUKOPUCTaHI B SIKOCTI BHCOKOSIKICHOTO
MoTOpHOTO manusa. [Hdopmalris, HaBeeHa B JliTepary-
PHHX JDKepenax, HOCHTh HEe CUCTeMaTH4HUWH 1, Haivac-
TillIe, CyNepewIBUNA XapaKTep.

VY 3B'SI3Ky 3 OUM, JOCHIPKEHHS NPOLIECIB TepMi-
HOi 1 (i3MKO-XIMIYHOI TEPMOKATAIITHYHOI JECTPYKIii
MarepiasiiB i po3poOKa BHCOKOE(PEKTUBHUX MPOMHCIIO-
BUX CIIOCOOIB IepepoOKN BiAXOJIB MOJIMEPHUX Marepi-
QJIIB € TOCUTH aKTyaJIbHHM 3aBIAHHSM.

EdextnBHIM MeTOHOM mEepepoOKH CKIATHUX II0-
JMIMEpHUX BIIXOMIB € HU3BKOTEMIIEpaTypHa AECTPYKIIis
(mipomiz) [3, 5]. Jlna razonomiOHMX MaiuB Mpu OLIbII
HU3bKUX €HEPreTHYHHX BHTpaTax Ha IIPOBEICHHS YHO-
CKOHAQJICHHS TEPMIYHHMX METOMIIB MEPEPOOKH MOJiMep-
HHUX BIAXOIIB aKTyaJbHUM € MOLIYK HOBUX Karaji3aro-
piB, SIKi MalOTh BUCOKY aKTHBHICTb i JelIeBU3HY. Bax-
JMBICTH Li€l MPOOIEMHU XapaKTEepU3YETHCS BiICYTHICTIO
(haxoBuX myOmikalii B HAYKOBUX BHIAHHSAX 332 OCTaHHI
POKH.

I'ymu Ha OCHOBiI HATypaNBHOTO KaydyKy, i30IPEHY,
OyTazieHy 1 iX COIOIIMEpIB 3 CTUPOJIIOM MAlOTh B CBOIH
CTPYKTYpi HEHACHUCHI 3B’S3KH, SIKi aKTUBHO B3a€MOIi-
I0Th 3 030HOM, 1 LIei (PaKTOp MOKHA BUKOPHCTOBYBATH B
TEXHOJIOTIYHOMY MpOILeci X mepepoOKHu. reabIpOHHUKa-
touoi xpomotorpadii. B pesysibrari Oyiam oTpumani Bi-

JIOMOCTi TIPO OOCSTH PO3YMHEHOTO Marepiaiy, cepen-
HBO-YUCEJIBHOI 1 CepeHbO-MACOBOT MOJIEKYJSIPHOT Ma-
CH, TIOJIIZIMCIIEPCHOCTI, 3Hali/leHa BEMYMHA XapaKTepH-
cT4HOI B's3kocTi. [IpM NOpIBHSHHI PI3HUX CIIOCOOIB
pereHepariii METOI0M CBITJIOBOi MiKPOCKOIIii BU3HAYAIH
pPO3MIpH TYMOBHX BKJIIOYEHb, SIKI HE 3a3HalM 3MiH Yy
npoueci 00podku. Ha ocHOBI KpuXTH 1 perenepary Oynu
OTpHMMaHI BYJIKaHI3aT 3a €IMHOIO PELENTYpOIO i MpoBe-
JIeHI CTaHJapTHI BUNPOOYBaHHS iX (i3MKO-MEXaHIYHHX
BJIACTUBOCTEN.

Cepen HaliBaXXITMBIIINX BIACTUBOCTEH pereHepa-
TiB, HEOOXITHUX VIS OWIiHKH iX 3MaTHOCTI 10 IepepoOKn
i 3 TOYKU 30py MOXKIMBOCTI BUKOPHUCTAHHS IPU CTBO-
pEeHHI HOBUX BUPOOIB, OI[IHIOBAIN TEPMOOKHUCIIOBAIILHY
crabutpHicTh (mepuBarorpadis, JCK), rtemiodizuuni
napameTpu 1 JlieneKTpuyHi BiactuBocti) [4, 5, 6, 7].
JlocmipkeHO MOXKITHBICT MOAPIOHEHHS! TYMH HaKJIaI0K
1 KOJIOJIOK 32 HOBUMH PIIlICHHAMH Ta CIloco0aMu. 3Hai-
JICHO peareHTH, SKi TPHUCKOPIOIOTH JOCIIIKYBaHUH
npouec. Tak, oKcupariifHi MpouecH, IO BHUKIMKAIOTH
JIECTPYKIIIO OPraHiYHUX CHOJYK IiJ| Ji€I0 O30HY, MHO-
BHHHI TIPUCKOPIOBATH TIEPEPOOKY IMOIIIMEPHUX BiIXOMiB
1 MOXYTh BifirpaBaTd 3HaYHy pOJIb B HAYKOBIH Teopil
peHoBalil Ta yTWiizaiii, Mo NoTpedye MOAaIbIINX
KOMIUIEKCHUX JIO0CJIIKEHD.

st ynockoHaNeHHs TEPMIYHMX METOIIB TIepepoo-
K{ TOJNIMEPHHUX BIJIXO/IB aKTyaJbHHM € MOIIYK HOBHX
Karaji3aropis, sSiKi MalOTh BUCOKY aKTHBHICTb i JICIICBH-
3Hy. BaxxmuBicTh 1i€i mpoOieMu XapakTepu3yeThes Bil-
CyTHIiCTIO )axoBHX IyOJiKaIliii B HAyKOBHX BUAAHHAX 3a
ocTaHHI poku. ['yMl Ha OCHOBI HATYpaJbHOTO KaydyKy,
i3ompeny, OyTazieHy i iX comomiMepiB 3 CTUPOJIOM Ma-
IOTh B CBOIH CTPYKTYpi HEHaCHUYEHI 3B’SI3KH, AKi aKTHUB-
HO B3a€MOJIIOTH 3 030HOM, i IIe¥ (pakTop MOKHA BHKO-
PUCTOBYBATH B TEXHOJIOTIYHOMY IPOIIECi iX mepepoOKu.

3 oy Ha TOHM (aKT, M0 KUIBKICTh HIOPIYHO Bij-
NpalboBaHUX BIJXOMIB Besuka 3a oocsroM (monazn 200
nepepoOKH, BTOPUHHOTO BHKOPHCTAHHS, IT€PETBOPECHHS
y ByIJIEBOIHEBI MayiuBHI (pakuii J03BOJIUTH 30€pertu
EHEepreTUy4Hi 1 MarepiajbHi pecypcH, CTBOPUTH IOJat-
KOBE JDKEpPENIO BHPOOHWIITBA MOTOPHOTO TalIMBa 1 Ol
Ta YacTKOBO BHPIIIMTH mpoOneMy Horo aedinury [6, 8,
9.

3HomieHa JeTanb (TaJbMiBHA KOJIONKA, HaKiIaaKa
na"rorpady), BinmparsoBaHi omii, mactuna, [ TB mpen-
CTaBysie COOOIO I[IHHY BTOPUHHY CHPOBHUHY, L0 MICTUTb
65-70% rymu (xaydyk), 15-25% TexHIYHOTO ByIJIELIO,
10-15% merairy, ToMy Oye IPOCTO 3I0YMHHO BUKHUIATH
«3Homeni 'TB». Bymieup, sikuii MicTUThCS B moJtiMe-
pax, HEOOXiTHO MepepoOsATH 1 3aTydaT OTPUMAHUIN B
pe3yabTari KOMIUIEKCHOI OararoctaiiiHol epepoOKku, B
E€KOHOMIYHHI 000POT.

3aBasku yHiKagpHOMY ckiany I'TB, omii, mactuna
BYIJICLICBI MaTepiany € LiHHUMH BTOPHHHHUMH pecypca-
MH, SKi IOUIJIBHO TEepepoONIATH EKOJIOTIYHO YHUCTUMHU
METOaMH i €KOHOMIYHO BWTIIHUM HUIIXOM. Po3poOka
€KOJIOTIYHO Oe3MeYHuX Ccroco0iB peHoBalii, pereHepa-
1i1, 3HEIIKO/KEHHS Ta YTHJIi3allisl BiAMpPAlbOBAHUX Ma-
TepialiB i3 3aCTOCYBaHHM JICIIEBUX aKTHBATOPIB 1 cop-
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OCHTIB, OTPIMaHUX 3 BiAXOIB Pi3HUX Taily3ei, € aKTya-
JILHUM 1 3aTpeOyBaHUM 3aBIaHHSM.

BcTaHOBIICHHSI OCHOBHUX 3aKOHOMIPHOCTEH TMpO-
TikaHHs niponizy I'TB B npucytHocTi Karanizatopis ¢i-
3MKO-XIMIYHMX METOJIB aHaJi3y J03BOJUTH BH3HAYUTH
ONTHUMAJBHI MapaMeTpy MpPOBEACHHs Ipolecy (Temrie-
parypa, BUI i KOHIEHTpalis XJOPHIY MeTaiy), o B
MOJANTBIIIOMY TTO3HAYUTHCS Ha 30UTBIICHH] €()eKTHBHOC-
Ti TIporiecy mepepodku [4, 6, 7, 8].

O30H B TpoIIeci JeCTPyKIii moIiMepiB 31aTeH BU-
KOHYBATH POJIb «XIMiTHOTO HOXa», IO JO3BOJIHUTH iCTO-
THO TiJABHIIUTH €(PEKTUBHICTh TEXHOJOTI{ iX mepepod-
KH.

Kinekicts I'BP, siky MoxHa BHKOpHCTAaTH Ui X
peHoBallil i perenepallii, y 3araJbHOMY BHUIaJKy BHU3Ha-
4arTh 3a opmysoro [5]:

H=C-P, (1)
ne H — HopMa BiIXO/IiB, 1110 YTBOPIOKOTHCS, KI/KT, MM,
MM
C — o0csr npoayKiii ado CUPOBHHU, NMPU BUPOOHUIITBI
a60 mepepobLI AKOT yTBOPATHCS BiIXOH, KT, M, M’;
P — Ge3po3mipHHi KOe(iliEHT, IO BPaXOBYE YacTKy Bi-
JXOJiB, MPUAATHUX MIJIs BUKOPHCTAHHA (Y KOXKHOMY
KOHKPETHOMY BHUIAJIKy Lieil KOoeil[ieHT BU3HAYAETHCS B
3aJIEXKHOCTI BiJl MPUAATHOCTI BiAXOMIB sl IEPEpOOKH
M0 HAMpPSIMKax BUKOPUCTAHHS).

Jis migBUIIEHHS pPiBHA BHKOPUCTAHHS BiTXOZIB
Ba)KJIMBE 3HAYCHHS MA€ BIOCKOHAJICHHS CHCTEMH LIHOY-
TBOpPEHHS Ha BIOXOAM ¥ OJEp)KyBaHy 3 HUX MPOAYKIIIO.
Liny BimXomiB, HANIPUKIIAJ, MEXaHIYHOI MepepoOKU CH-
POBUHM ¥ MarepialiB BH3HAYarOTh, BUXOIIYM i3 IIIHU
CHUPOBHHH, IO NEpepoOIIsETHCs, a00 MOBHOLIHHOTO Ma-
Tepiay 3a JOMOMOTOI0 KOoedillieHTa epepaxyBaHHs IIi-
HH, PO3MIp SIKOTO 3aJICKUTh BiJ CIIOKUBYMX BIACTHBOC-
TeH BiXOiB, TOOTO BiJl CTYNCHS 1X MPUIATHOCTI IO BH-
kopuctanHs. OCHOBOI I BH3HAYCHHS CKOHOMiYHOL
e¢exTuBHOCTI BUpoOHMNTBA mpoxayknii 3 I'TB € iioro
CIIBCTaBIICHHA 3 BUPOOHUIITBOM ITi€T K MPOAYKIii 3 BU-
XiZHOT CHpOBWHM, 3rimHO popmymn [5]:

E=(BIl-1-BB)-QB, 2)
ne E — edexTuBHICTD BIZIXO/IIB,
TPH./OIVHHMIIIO TIPOAYKIIIT;

BII i BB — npuBeeHi BUTPaTH Ha OAWHUIIIO ITPOIYKIIi
BiJIMIOBiTHO 3 TIEPBUHHOI CHPOBUHU (Matepiaiy) i 3 Bi-
XOJIiB, TPH.;

I — xoedili€eHT, 10 BpaxOBY€E CIOXKHBYI BIACTHBOCTI
MPOJYKIii 3 IEPBUHHOT CUPOBUHHM ¥ BiXO/IIB

(=QI1/ QOB);

OB — KiNbKiCTh NPOYKIii, BUPOOIIOBAHOI 3 BIIXO/IB Ha
pix (3a 3BiTHUII NIEpiof);

QI1 — KinbKiCTh NPOIYKLIi 3 TEPBUHHOT CUPOBHHH, PiB-
HOI[IHHOT 1O CITIO’KMBYHMM BJIACTHBOCTSM KiJIbKOCTI MpO-
JTYKIIii 3 BiTXO/iB.

Bu3HaueHHs] HOPMH BiJXOIiB MOKHa PO3IISIHYTH
Ha TIpUKIani 300py BiAmpar-OBaHUX MAcTHII - HaHIo-
MIMPEHIMNX 1 MIHHUX BiIXOIiB MPOMHUCIOBOCTI W TpaH-

BUKOPUCTAHHSA

cropry [1]. Ilix HOpMyBaHHSM BIOXOMIB BigIpaIibOBa-
HHUX MacTHJI PO3yMi€Thcsl BU3HAYCHHS IIAHOBOI MipH iX
300py. Hopmu 300py BimpanboBaHHX MacTHJ MO CTY-
TIEHIO arperaiii (YKpyImHEHHS) Miapo3aUISoThCs Ha 1H-
MUBIAyalbHI ¥ TpynoBi. [HIuBIAyansHa HOpMa 300py —
Ll TEXHIYHO OOIPyHTOBaHa KUIBKICTh BiANPalbOBaHUX
MacTHJI, SIKi BUTATAIOTHCS 13 BCIX MacTHJIOMICTKHX €M-
HOCTEeH 3 OAMHMII PyXOMOTro ckiaxny. IpymoBa Hopma
300py BIANPalbOBAaHUX MacTHI (HOpMOBaHHWI 30ip 3a
pik) — 1me 30ip MacTHI i3 3arajbHOI KiJTBKOCTI OIHOM-
MEHHOTO yCTaTKyBaHHsI, 3ai{HITOTO B peaizallii IiaHo-
BHX 3aBIaHb 10 KOXXHOMY PIiBHIO IDIAHYBaHHS (JET0 —
BIJUIUJIEHHST JOPOTH — MiHicTepcTBO). [pynoBi HOpmH
300py BiJIpalbOBaHUX MACTHJ PO3PAaXOBYIOTh Ha IMiJIC-
TaBl IHIUBIyaIbHUX HOPM.

BuximHuMH AaHUMH JJIs BU3HAUCHHS 1HIWBITya-
JBHUX HOPM 300pYy BiINpalbOBaHUX Macell €:

V; — 3anmpaBHa MICTKICTh KOHKPETHOTO JIOKOMOTH-
Ba(OepyTh 3 IHCTPYKIIi 3 eKCIUTyaTarlil MaluH);

K,j — xoeQillieHT MOBHOTU BHXOJYy BiJIpalbOBa-
HUX Macen (3JICKUTh BiJl 0COONMBOCTEH KOHCTPYKIIii
€MHOCTI CHCTEMH 3Ma3yBaHHS, B'I3KOCTI BXKUBAHUX Ma-
cell, TeMIIepaTypy 3JIMBHOTO Macia, PO3TallyBaHHS Ta
THUITy 3JIMBHUX OTBOPIB, MICI[SI YCTAHOBKU KOHKPETHOTO
THUIly yCTaTKyBaHHs), MpUiiMaeThesl B Mexax Big 0,8 1o
0,95.

VY 3aranbHOMy BUnaaky K,; € ¢yHKUi€o f BigHO-
IICHHS KUTBKOCTI (00'eMy) 31MTOr0 Maciia V3IuT 10 Ki-
JBKOCTI (00’ €My) 3ampaBiacHoro V;.

Knj = f - (V3mu1/Vi), 3)

[HauBinyansHa HOpMa 300py BIANIPAIbOBAHOTO MOTOP-
HOTro ab0 1HIYCTpPiaJbHOTO MACTHJIA JUIS BCiX BUJIB Te-
XHIKH ¥ yCTATKYBaHHS, a TaKOXK 3ali3HHYHOTO TpaHC-
MOPTY PO3PaXOBYETHCS 3a POPMYIIOO:

Nisj =Vi- Kni, 4

ne N;; — inauMBigyanbHa HOpMa 300py MOTOPHOTO abo
IH/IyCTPIaNbHOTO MAacTHJIa AJISl OJWHHMII YCTATKyBaHHS
IIEBHOTO THITY B HATYPAIbHUX OJUHHILIX, KT, T.
[TpoBenenuii GaxiBUsIMHU aHaTi3 MOKA3ye, 10 HOP-
MU 300py MacTii B YKpaiHi 3Ha4HO HMXKYi, HIX y Oara-
ThOX IHIIMX KpaiHax. Lle oOymoBmoeTbes, MalyTh, Bin-
CYTHICTIO €IMHUX TBEPANX HOPM BTpAT JJIsI BIANIPAIbO-
Banux HadronpoxykriB. Tak, Hanpukmax, y ITombmo
30ip BiANpanbOBaHMX IHIYCTpPiaJIbHUX MAacTHJI CTaHO-
Buth 50%, a tpanchopmaropanx — 90%; mpubauzHO
Taki )X HOpMHU 300py Ha(TOIPOAYKTIB yCTAaHOBJICHI B
Bomrapii i pani iHmmx kpaid. B Ykpaini s pisaux mi-
JIPHUEMCTB MICBKOTO TOCIIOfApCTBa HOpPMH 300py CTa-
HOBJISITH: MOTOPHUX MACTHJI aBTOTPaKTOPHOTO MapKy —
25%, iHRyCTpiajbHUX BiANpanbOBaHUX MacTHI — 35%
[1]. [pu upomy crmig 3a3Ha4YMTH, IO SAKIIO 30ip HadTO-
nponyktiB rpyn MMB (macio MoTopHe BiAnpaiboBaHe)
i MIB (macno iHmycTpiajibHE BigIpanboBaHe) IUIaHY-
€TBCSl i HOPMYETBHCSI TUPEKTUBHUMH OpraHaMu, TO 30ip
rpyn CHB (cymim nHadTOnpOmyKTiB BigmpanboBaHa),
KyI¥ BXOAATH 1 HAQTOMPOAYKTH, MPAKTHYHO HE IUIaHY-
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€ThCA 1 HE HOPMYETBCA. METONNYHI OCHOBH BH3HAYCH-
Hs1 00CSITiB YyTBOPEHHS BIXOIB Oy po3po0iieHi mpak-
THUYHO Y BCIX MPOBIJHUX Tajly3six MPOMHUCIIOBOCTI Kpai-
HUL

Hopmy yTBOpeHHs BinxoamiB (i3uko-XimMiuHO-
TepMiuHOi TiepepoOku (0OpoOKH) CUPOBUHU I Marepia-
JIB pO3paxoBYIOTh SIK PI3HUIIO MK HOPMOIO BUTpaTH
CHUPOBUHH W MaTepialiB Ha OJWHUIIO MPOAYKII Ta ix
YHCTOIO (KOPUCHOIO) BHUTPATOIO, 3 YpaxyBaHHAM HEMH-
HYYUX BTPAaT, OOYMOBJICHUX TEXHOJOTIYHUM PEKHMOM
JTAHOTO BHUPOOHWIITBA, a TaKOXX PIBHEM OpraHizallii BH-
PpOOHIYOTO TIpotIecy 3TiAHO GOpMYITH:

Ny=N-0Q0-q-a, %)

ne N — HopMa BUTpaTH CUPOBUHHM, MaTepialiB, Kr/T, T/T,
/M, T/M” Ta iH.;

QO — uncta (KOpHCHA) BUTpaTa CHPOBHHH, MaTepiajliB Ha
OJIMHUIIIO TOTOBOI MPOIYKIIii, T, M2;

¢ — HEMUHYYi BTpAaTU MPH BUITYCKY TOTOBOI MPOIYKIII,
M, IIT. TA 1H.;

a — BUJI HEMUHY4HUX BTpar, a=1 ... m.

KisgpkicTh BIAXOAIB BHUPOOHHUIITBA, IO MOXYTh OYyTH
BUKOPHCTaHI AJIsI OJIEPXKaHHs HOBHUX BUJIB MPOIYKII,
3TriHO 3 POPMYJIOIO IOPIBHIOE:

Ne=No-V-p, (6)

ne V' — obear mpoaykuii abo CHpOBHHH, IIpH TepepoOIi
SIKOTO YTBOPIOIOTBCS BiIXOMIH, T;

p — KoedilieHT, 0 BpaxoBye YaCTKY BiAXOJiB, pHIa-
THHX JJIS BAKOPHCTAaHHS.

[TiamprueMCTBO MOBMHHO CAMOCTIHO BU3HAYATH Ta
MO/IaBaTH BiJJOMOCTI MPO MOANbIIE TTOBOKEHHS 3 BiJl-
XOJZIaMH 32 MICIIEM HaJIXOIKCHHS, 30KpeMa 3a3Ha4aloTh:
YTWTI3aLio, TepepoOKy, 3HEUIKOPKEHHS, THMYacoBe
30epiraHHsi, TPAHCIIOPTYBAHHSI, 3aXOPOHCHHS, CIIAJICHHS
4y KOMITOCTyBaHHA [ 1, 10].

Meta nociuimKeHHsI TIOJSITa€ B IIPOBENCHHI KOM-
TUIEKCHOTO JOCHIDKEHHS TMPOIECiB AECTPYKIlii Haio-
mmperimux Bigxonis I'TB B cepenoBHII MaCTHIBHHUX
MarepialliB Ta iHIINX 3 OXHOYACHWUM JETaTbHUM aHalli-
30M CKJIaJy IIPOAYKTIB, IO YTBOPSITHCH.

PesyabraTtu gociimkeHHs. Po3poOka TexHIYHHX
pillieHb OCHOBaHAa Ha €HEePro30epiraroYux TEXHOJOTIsX.
[MTanuBo, oTprMaHe Ha OCHOBI 3allPOIIOHOBAHUX CIIOCO-
oie [11, 12, 13, 14], Moxe OyTH BHKOPUCTaHE y TEILIOC-
HEpreTHYHNX yCTAaHOBKAaxX Ta Ha TPAHCIIOPTHHX 3aco0ax,
SKi TIPaLIOIOTh HA PiJKOMY BYIICBOAHOMY Ta ra30MOJi-
6noMy nanuBi. TexHOJIOTiS OTPUMaHHS ITajHBa 3arare-
HTOBaHMMH CTI0CO0AMH BiJIPi3HIETHCS:

MPOCTOTOI0 TEXHOJIOTIYHOTO Tporecy (He3HaYHA
TPUBAJICTh TIpoOLeCy 3ApiOHIOBAaHHS BIiAXOMIB TyMO-
MACTHJIPHHX MaTepialliB TPaHCIOPTHUX 3aco0iB Ta Oe3-
HOCEePEHBO OJIep)KaHH [aJIkBa);

BUCOKOIO SIKICTIO OJIEP’KYBAaHOTO PiJIKOTO BYIJIEBO-
JTHOTO TIaJINBa;

He noTpedye BUKOPHCTAHHS 3HAYHOI KiJIBKOCTI pi-
3HUX KaTalli3aTopis;

HE €HeproeMHa (He3HauHi CHepPrOBUTPATH HA ITifi-
IpIB Mif| Yac mporecy);

He MarepialoeMHa.

Crioci® oTpuMaHHS PIKOTO Ta ra3omnoaiOHOro Ia-
JIMBa 3 BIIXOAIB T'yMO-MacTHJIbHUX MarepiaiiB (puc. 1),
B SIKOMY 3aKJIO4HE OJIOK IHHOBAIIMHMX TEXHIYHHX pi-
IICHb, a caMme: 30yIKEHHSM YIbTPa3BYKOBUX KOJUBAaHb
JUIl pyWHYBaHHS T'YMOBHX BIIXOZiB; pO3irpiB Meraie-
BUX KOPJ HaBEACHHSIM TOKY BHCOKOI YacTOTH; 30yIUKCH-
HS €JICKTPOMArHiTHUX KOJHMBAaHB KOPAY; 030H B MipOJIi3-
Hill kKamepi I MOKpAIIEHHS PO3YMHY TYMH Ta YTBO-
PEHHS OJHOPITHOI CYMIllli, IPAIFO€ HACTYITHAM YHHOM.

['ymoBi Marepiajii 3aBaHTaKYIOTh JIO0 MipPOJII3HOTO
arapary Kpi3b )KUBWIBHHUK. /Il pO3UMHY T'yMH JONAIOTh
HU3BKONPOOHUT OeH3uH (Tuny «Kanoray) 3a mpomop-
miero 1:1, cymimr nepeminrytots. Jlo onep>kaHoro mpo-
JYKTY JOZAIOTh BiJNpanboBaHE MacTWIO Yy IMPOMOPLil
1:1. JInsg 3M’SIKIIEHHS TYMOBHMX BIJIXOZIB IipOJIi3HUH
amapar HiIKITOYaloTh 0 TOKY BHCOKOI 4YacTOTH, LIO
CpHs€ WiNBUIICHHIO TEMIEpaTypH Yy amapari Ta
PO3M’SIKIICHHIO TYMO-MacTHIBHOI cymimni. Ha HacTym-
HOMY €Talli 3HIMa€eThC CTPYM BHCOKOI YaCTOTH W 10
KaMepu 4epe3 HacoC MONAETHCS 030H Ta BKIIOYAETHCS
arapar, 110 CTBOPIOE YIbTPa3BYKOBI KOJIMBAHHS B Kamepi
3 CYMIIIIIIO.

i symar i
Hgnpoupodone
2z MICLAD

H
]

BERANOHOHE
nanbo

B

piee
naific

Puc.1. Cxema ycTaHOBKH JUISL OZIEp>KaHHS PIIKOTO Ta ra3oIo-
JiOHOTO BYTJIEBOJHOTO ITAINBA 3 BiIXO/IB I'YMO-MaCTHIBHHX
MarepialiB TPaHCIIOPTHUX 3aCO0iB:

1 — xopmyc miposi3Horo amapary; 2 — pe3epByap
3 HU3bKOSIKICHUM BYTJICBOJHUM NAJIMBOM; 3 — pe3epByap
3 BOJIOK0; 4 — 030HATOp; 5 — Hacoc; 6 — Hacoc;

7 — BUNIapOBYBay; 8§ — €NEKTPOL CTPYMY BUCOKOT
4yactoty; 9 — enekrpomarit; 10 — mxepeno
yIBTPa3ByKOBHUX KOJIMBAaHb

[Tix niero 030HY BigOYyBA€ThCS IIBUIKE OKUCICHHS
TYMOBHX BinxoziB (puc.2) y 3B’s3Ky i3 pyHHYBaHHSIM
MDKMOJIEKYIISIDHUX ~ Ta  BHYTPIIIHBO-MOJIEKYJISIPHUX
3B’s3kiB [10, 14]. Tomy, nmpu HasBHOCTI Ha MOBEPXHI
TYMH MIKpOTPIIKH (KUTBKICTh SIKUX 3HAYHA JUISA BiIII-
panpoBaHWX IIHMH), HacaMIepel] IMOYMHAEThCS araka
030HOM THX MOJICKYJ, SIKi PO3TAIlOBaHI Yy BEpIIMHAX
TpiuuH. lle NpHBOOMTH OO IIBHIKOTO PO3POCTAHHS
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TPIIKH 1 po3magy Marepialy Ha IIMATK{ 3 MOPIBHSIHO
DIAJKUMHU ToBepxXHAMH. CHTyawlisi cxoxa Ha HH3BKOTE-
MIIepaTypHe KpUOreHHe pyiHyBaHHA. OnHaK, y BUIAJ-
Ky O30HHOI aTaku, MOBEPXHI IIMATKIB, 10 YTBOPHJIHCS,
OKHCJIEHI, TOOTO Ha MOBEPXHSIX 3HMWKYETHCS MOJICKYIIsI-
pHa Maca ¥ 3'SBISIOTHCS KHUCHEBO-MICTSII TMPOIYKTH
OKHCITIOBaHHS TyMH.

Y X0zl 030HHOTO PO3TPICKYBaHHS NPOTIKa€ TUTBKU
OllHa XIMIYHA peakiis: 030H pearye 3i 3B'SI3KaMH Mak-
poMonekyln. B peaxmii GepyTh y4acTh TILTBKH 3B'SI3KH
C =C, po3ramoBaHi Ha MOBEPXHi (4epe3 BENUKY IIBHU-
JIKICTB peaxiiii): 030H MONpPOCTy HE BCTUTAE MPOHUKHY-
™1 BrmO. IlprenHaHHs 030HY A0 TOXBIHHOTO 3B'S3KY
CYIPOBO/DKY€EThCS 11 PO3PMBOM 3 YTBOPEHHSM JIBOX
¢parmentiB. IlepeqymMoBH 111 BUHHMKHEHHS TPIIUH
CTBOPIOIOTBCA caMme Ha il ctafii. Po3TsarHyTi i HEpo3-
TATHYTI €IEMEHTH TYMOBHUX BIIXOMiB MO-Pi3HOMY U IOT-
muHaTh 030H. Lle imoctpye puc. 2. HeposrsarHyTuit
TYMOBHIA MaTepiaj 3JaTHUIl IIBUAKO MPHEIHATH OJMH-
JIBa €KBIBaJICHTA 030HY (3 PO3paxyHKY Ha 3MICT 3B'S3KIB
C=C y NoBepXHEBOMY MOHOIIAPi), IOTIM MIBHIKICTH
MOITIMHAHHS 030HY 3MEHIIYETHCS B JIECSATKH pasiB. SIk-
10 K 3pa30K OyB IMOMEpPEenHbO POSTATHYTHIA, TO BiH IIPU
Ti¥ Jke IBUJIKOCTI peakilii MorIMHAe 030HY B KijJbKa pa-
3iB OijblIIe.

Peakuisi mpoTikae npu AyKe HU3bKUX CHEPrOBHT-
parax. Mo)kHa ckasaT, 10 030HHE pyHHYBaHHS Ha 4a-
CTKHM TIEBHOTO pO3Mipy BuUMarae eHeproBurpar B 5-10
pasiB MeHIe, HK KpHOreHHe pyliHyBaHHs. Komu pyid-
HYBaHHS #izie 10 ayxe Manux yactok (menmre 0,5-1 mMm),
Te e(eKT OKHCIIIOBaHHS B CEpEeJHbOMY BHPaXEHHH JI0-
CUTHb CHJIBbHO. SIKIIO K pYyHHYBaHHS 3aBEpIIyETHCS
YTBOPEHHSM 4YacTOK 2-10 MM, TO OKHCIIOBaHHS B cepe-
JTHBOMY MOYKHA PO3IVISIIATH K cliaOke.

BE3 JE®@OPMALIT We

2 10
EKBIBANIEHTN Oy —>

T'YMA PO3TAHYTA

Puc. 2. Mexani3M peakuii 030Hy 3 NOABIHHUMH 3B'I3KaMU
eJacToMipy — a;

0 — rpadik, KiIHETHKI NOTJIMHAHHS 030HY (B €KBIBaJIEHTaX),
Wy 1 W, — IBHIKOCTI MOTJIMHAHHS 030HY
BYJIKaHI30BaHHUM €J1aCTOMIPOM:

1 — HEepO3TATHY T TTOJii30NpeH: 2 — MOJii30MPEH, PO3TATHY-
tiid Ha 20 %; 3 1 4 — BiANMOBIAHO, PO3TATHYTHH 1 HEPO3TSTHY-
TUH MOIXJIOPOTIPEH

Peakuisi mpotikae npH ayKe HU3BKUX CHEPrOBHT-
parax. MoxkHa cka3aTy, IO O30HHE PyilHyBaHHS Ha 4a-
CTKH TIEBHOTO pO3Mipy BuMarae eHeproBurpar B 5-10

pas3iB MeHIIle, HiX KpPHOTeHHE pyiHyBaHHA. Komm pyii-
HyBaHHS #11e 10 Iyke Maimux yacTok (meHme 0,5-1 mm),
Te e()eKT OKUCIIOBAHHS B CEPeIHbOMY BHPAXKCHUH HO-
CUTh CHJBbHO. SIKIIO K pYyHHYBaHHS 3aBEpUIyETHCS
YTBOPEHHSAM 4acTok 2-10 MM, TO OKHMCIIOBaHHS B cepe-
JTHBOMY MOYKHA PO3IVISIIATH SIK cliaOKe.

[NapanenpHO 3 TOJAHHAM O30HY Ta YABTPa3BYKY
BKJIIOYAIOTh TI0 4ep3i eNEeKTPOMAarHiTu, siki CTBOPIOIOTH
eJIEKTPOMArHiTHe II0Jie; METajleBUH KOpA (BXOAWTH IO
CKJIaly TYMH) TIO Yep3i PyXaeTbcs Bill OMHOTO MarHiTa
no iHmoro. EmeKkTpoMarsiTé akTHUBI3yIOTH PyX CYMIIIi.
TakuM YHHOM JOCATAE€THCS PO3YUHEHHS TYMH, BiAIi-
neHHs ii Bil MeTalleBOi YaCTUHU Ta BHCOKOC(EKTHBHE
nepeminryBanHs. Ha ocTaHHbOMY eTarri Kpi3b Cymimn 3
BIZIXOIIIB TYMOBHX BHPOOiB, HUI3bKOCOPTHOTO BYTJIEBOJI-
HOTO CEpEe/IOBMIIA Ta BiANPAIbOBAaHOTO MAacTHIIA, MPO-
MyCKaroTh BOJsHY mapy. OCTaHHs MiAirpiBae Ta OMHUBA€E
MOJIEKYJIM CyMIIlIM, Ha MOJIEKYJIIPHOMY piBHI IepeBi-
IIyI0 CyMmim y mporeci 6opbaTaxy, MO B CBOIO Yepry
MIPUCKOPIOE TIPOLIEC PO3UNHY TYMHU Ta YTBOPEHHS BYIJIe-
BOJIHOTO TaJIMBA (SIK P1AKOTO, TaK i ra30moaiOHoro).

3acToCcyBaHHS TAKOTO CIIOCOOY MPUCKOPIOE TIPOIIEC
PO3YMHEHHS, TTePepOoOKH Ta CyMIIIOYTBOPEHHS, ITiJBH-
I1y€ SKiCTh OTPHIMAHOTO HaJIbHOTO.

JanuM croco6GoM IpHITycKaeThCs nepepodniatu 6
TOHH Ha JI00y y BIIHOIICHHI 3 TOHHU T'YMOBUX Marepia-
7B 10 3 TOHH BiAIpanboBaHOro MacTia. IIpoxykrus-
HICTh crioco0y 3a 100y CKIanae:

- o pigxoMy nanusi — 4,2 ToHHN/100Y;

- o razy — 0,3 ToHHN/100Y;

- 10 BYIVIEBOJOMICTSIIOMY TBEPIAOMY 3JIMIIKY —
1,2 ToHHN/N00Y;

- o metanokopay — 0,3 ToHHN/ 1O0Y.

Buxix pigkxoro manuBa cknagae 70% Bim macu 3a-
BaHTAKEHUX T'YMO-MAaCTWJIBHOI BiIXomiB, Tazy — 5 %;
BYIJIEBOJOMICTAIIOMY TBepAoMYy 3anumky — 20 %, me-
Tainy — 5 %.

BucHoBKH. 3HaiiJlcHO ONTHUMalbHI YMOBH 3[iiic-
HeHHs mporneciB pereHepamii 'TB 1 BiampamboBaHux
MiHEpaJbHUX MOTOPHHX Macell y KOMIIOHEHTH MOTOp-
HOTO TaJINBa.

3anporoHoBaHO e(peKTHBHUI KaTami3aTop AECTpy-
kuii I'TB y BiampanpsoBanux omisix. Po3pobneno kom-
TUTIEKCHUH TBOXCTAIIMHUN COCiO mepepoOKH BigXomiB
I'TB B KOMIOHEHTH MOTOPHOI'O MaJIMBa, 110 BKIIIOYAE IX
JECTPYKIIIO 3 KaTalli3aTOpOM 1 TiApYBaHHS PiIKUX MPO-
JYKTIB JIECTPYKLIl 3 OTPUMAHHIM KOMIIOHEHTIB MOTOP-
HHAX MAJIMB, 110 BIAIOBIJAIOTE OCHOBHUM IOKa3HHUKAM
I'OCT.

[TpoBeneHo (i3uKO-XiMIUHI JOCHTIPKEHHS! 3aKOHO-
MipHOCTEH MpoTikaHHs Tpouecy TepmoaecTpykuii I'TB
B IIPUCYTHOCTI KaTaJIi3aropis.

BukoHaHI eKCIICpUMEHTATBHI JOCHTIHKCHHS JISITITH
B OCHOBY TEXHOJIOTi HEpepoOKH BiAIIPAIILOBAaHUX Macel
3 BUKOpHCTaHHAM KaraimizatopiB CBY, EM moms. Pe-
3yJIBTaTH EKCIICPUMEHTABHUX JOCHIIKEHb HiCIeKTPH-
YHHUX 1 peoyioriyHuX BracTuBocTet BM € HeoOXigHOIO
0a3010 Ui BCTAaHOBJICHHS ONTHMAJbHHUX ITapaMeTpiB
BIUIMBY. 3alIpOIIOHOBAHO CIOCIO 3HEBOJAHEHHS BOAOHA(-
TOBHUX €MYJIbCiil BIUIMBOM €JIEKTPOMAarHiTHOro mois. Pe-
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3yNIBTaTH JOCIITHO-IIPOMHCIIOBUX BHIIPOOYBaHb IIOKa-
3aJI BUCOKY €()EKTUBHICTh 3aIPOIIOHOBAHOI TEXHOJIOTI].

3anpornoHoBaHU Croci0 peHoBallil BignpanboBa-
HHUX HAKJIaJ0K MaHTorpadiB I03BOJISE MOBTOPHO BHKO-
puctoByBary 10 60 % BHXiTHOTO MaTepiaiy.

3anpornoHoBaHO cnoci® 30uTbLIeHHST (B 2 pasn)
JKHTTEBOTO LUKy Haknagok mantorpady. Pozpobinena
KOHCTPYKIsl 1HCTpyMEHTY JJsI TOXPiOHEHHS T'yMOBHX
MiAPEHKOBUI MiIKITAI0K.

3 JIOKaIIbHOTO OXOJIOMKEHHS 30HH 00pOOKH 3arpo-
MOHYBAaTH €(QEKTHBHI KaTali3aTopu — IUIA pereHepartii
oii, mprckopeHnit gectpykuii I' TB B ouii.

OpnepxaHi HayKOBO-TIPAKTUYHI pe3yNbTaT CBil-
YaTh MpO Te, WO BIANPAlbOBaHI Marepiald BiIXOIIB
I'TB, ranpMiBHHX KOJIOIOK, HAaKJIaJOK maHTorpady,
OJIii, MacTHJ, BYIJIEBMICHHMX IIOJIMEPHUX Marepiasis,
SKi paHille CKJIaJyBajHCsl Ha MOJIroHax abo cranroBa-
JIMCsl, TICHS HAayKOBO-TEXHOJIOTIYHOT aKTHBi3allii BiHO-
BIJIM TTOYATKOBI SIKOCTI, a JIesKi TICPETBOPEHI B aBTep-
HATHBHI BYIVICBOJHI MAJMBa, IO JO3BOJIHTH KOMIICHCY-
BaTy 31 3HAYHUM NPUOYTKOM BUTpav€Hi Ha JTOCIIHKESHHS
KOILITH.

Ili moCATHEHHS MalOTh BaXKJIMBE 3HAYCHHS IS Bi-
TYHU3HSHOT Ta CBITOBOI HAayKH Ta TEXHIKU 1 MOXYTb BHU-
KOPHUCTOBYBATHCSl y PI3HHX Tally3sX HPOMHCIOBOCTI.
lany3eBi miANpUEMCTBa MOXKYTh BUKOPHUCTOBYBaTH Ha-
CTYIHI pe3yNIbTaTh poOOTH:

1. Ipouecu Tepmiunoi aecrpykuii ['TB 1 omiii 3a-
JI3HUYHOTO TPAHCIIOPTY, 110 3abe3neuytoTh 90-95% Bu-
X1 piIKUX BYTJICBOIHIB.

2. HoBuii edexkTuBHMI KaramizaTop I Iepepod-
KM BiJXOJIB MOJIMEPHHUX MaTepialiB Ha OCHOBI B pijKi
BYIJICBOJIHI.

3. Jlob6aBka BYIIIEBOOOMICTAILIOTO 3alUIIKy Je-
crpykuii I'TB y kinbkocti g0 10% Bix Baru, B mporeci
OKHCJICHHSI TYAPOHIB 1O OIiTyMy, 3Ha9HO MPUCKOPIOE
MpoLIeC OTPUMaHHS OITYMIB Pi3HUX MapoK.

4. BianpanpoBaHi YaCTHHU €JIEKTPOIPOBITHUX Ha-
KJIaJOK mnaHTorpaga eJeKTpOBO3a 3aCTOCOBYBATH JIJIS
MOBTOPHOTO BHKOPHUCTAHHS B SIKOCTI BHUXIIHOI CHPOBH-
HH, 10 30UTBIINATE IX MPAIEe3IaTHICT Y 2 pa3H.
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Mogila V.I.,, Kovtanets M.V., Morneva M.O.,
Kovtanets T.M. Concept and implementation of complex
renovation and regeneration of rubber products, oils and
composites of railway transport with obtaining new
qualities of materials

The work is devoted to the creation of a scientific theory
of the concept and laws related to the processing of industrial
waste of the railway industry — REP (rubber engineering

products), oil and lubricants, pantograph linings, brake pads,
substantiation of their ecological danger and the development
of complex methods of renovation, regeneration, disposal to
minimize anthropogenic impact on the environment. Analysis
of the current state of application of technologies of
renovation, regeneration of REP, oils of carbon-containing
polymers, theoretical and experimental research of the
properties of waste materials, temperature, water content and
other parameters, the effect of local cooling of high-frequency
(HF) and over-high-frequency (OHF) electromagnetic fields
of waste materials, use of ozone for the intensification of the
destruction of rubber-technical products, which will allow to
develop environmentally safe methods of regeneration,
renovation and utilization of REP of different composition and
shelf life.

A method of obtaining liquid and gaseous fuel from
waste rubber-lubricant materials is proposed, in which the
final block of innovative technical solutions, namely: the
excitation of ultrasonic vibrations for the destruction of
rubber waste; heating of metal cords by introducing a high-
frequency current; excitation of electromagnetic vibrations of
the cord; ozone in the pyrolysis chamber to improve the
rubber solution and form a homogeneous mixture. It was
established that rapid oxidation of rubber waste occurs due to
the destruction of intermolecular and intramolecular bonds
under the influence of ozone. Therefore, in the presence of
microcracks on the surface of the rubber (the number of which
is significant for used tires), ozone first begins to attack those
molecules located at the tops of the cracks, which leads to the
rapid growth of cracks and the disintegration of the material
into pieces with relatively smooth surfaces. In the case of
ozone attack, the surfaces of the formed pieces are oxidized,
that is, the molecular weight decreases on the surfaces and
oxygen-containing products of rubber oxidation appear. In
parallel with the introduction of ozone and ultrasound, turn on
electromagnets that create an electromagnetic field; the metal
cord (included in the rubber) alternately moves from one
magnet to another. Electromagnets activate the movement of
the mixture. In this way, the dissolution of the rubber, its
separation from the metal part and highly effective mixing are
achieved.

Keywords: rubber engineering products, utilization,
renovation, regeneration.
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BUBIP MOJIEJI 3YEILIEHHSA 1)1 MOJAEJIOBAHHA JUHAMIYHOI
HHOBEJIIHKHX IOKOMOTHBIB

KoBTaneus M.B., Huranoscbkuii 1.0O., Ceprienxo O.B., Hoxenko B.C., Kopraneus T.M.

CHOICE OF A COUPLING MODEL FOR SIMULATING
THE DYNAMIC BEHAVIOR OF LOCOMOTIVES

Kovtanets M.V., Tsyganovskiy 1.O., Sergienko O.V. Nozhenko V.S., Kovtanets T.M.

Y ecmammi nposedeno oenao ocnognux mooenei, wjo 3acmoco-
BYIOMbCA Y CYHACHUX NPOSPAMHUX KOMNIEKCAX MOOENI06AHHS
OUHAMIKU pelikogux eKinaicie. [emanvno po3enanymo, uo oo-
yucnents OOMUYHUX CUTL Y KOHMAKMI «KOAeco-petikay npu mo-
0en08anHi OUHAMIKU DeliKo8UX eKinaicig modice 30IUCHI08a-
mucs. mpooma cnocobamu: «WeUOKi» aneopummi, anpoxcu-
Mayis aHATIMUYHUX DIUEHb, YUCETbHUX eKCNePUMEHMIE YUl eK-
CHepUMEeHmManbHuxX OaHUX, GUKOPUCMAHHA PO3PAXOBAHUX HA-
neped 006i0kosux mabauys. Aemopamu 6yno po3pobiero npo-
epamy VDEUNU CONTACT, ockinvku obuucienHs y Oaitl
npozpami € 00CUmy mpyoOOMICMKUMY, NPOZPAMA BUKOPUCHIO-
8yEMbCA 01 YNOPAOKYBAHHS 008i0K08Ux maonuys. Ilposedeno
odocnioocents Memooie po3e'a3anHa MaHeeHyiaibHoi 3a0ayi y
CYHACHUX NPOSPAMHUX KOMNIEKCax MOOeno8aHHs OUHAMIKU
pelikosux exinaxcie ma nobydosana iHgopmayitina mabauys.
Tlobyooeani kpuei 3uennentss, po3paxo8ani 3a 0ONOMO20I0 pi3-
HUX MemoOuK Oisk OOHUX | MUX camux yMo8 KOHMAKMYEAaHHsL.
3nauenns KpumuuHO20 KOB3aHHSA, OMPUMAHO2O 3 OONOMOZOI0
npoepam FASTSIM, oopisuioe npubnuszno 0.03%, mooi sx exc-
nepuMeHmanbLHO OMmpuMane 3Ha4eHHs cmanosums Onu3bko 2,5
%. Ilicis 3pusy 6 GyKCyeamHs Koepiyicnm 3uenjieHHs y 6cix
meopisax, kpim Minosa i VDEUNU CONTACT ssascacmvca
KOHCMAaHnmoio, mooi K y peanbHuxX yMoeax cHOCHmepieacmucs
naodinusa koegiyienma 3uennenus. Ilpoauanizoeano mooicu-
8ICMb 3ACMOCYB8AHHA PIZHUX MOOeTell 3UeneHHs. 01 MOOEt0-
BAHHS OUHAMIKU PYXOMO20 CKIA0Y 8 Pexcumax eubicy ma msi-
2u, NOPIGHANHSA MoOenell NPOBOOUNIOCS Ol HOBUX NPOQinie Ko-
Jeca ma peviku npu HyIb080My OIUHOMY GiOHeceHHi KOMicHOi
napu. Ompumani nio yac UKOPUCMAHHA 008IOKOGUX MAOIUYD
pesyremamu, cgpopmogati 3a 0onomozor npoepamu VDEUNU
CONTACT, nopisHioganucs 3 pe3yibmamamu, OMPUMAHUMU
nio uac suxopucmanus areopummy FASTSIM, ceiouame npo
me, WO He36ANCAIOYU HA HE3HAYHI KIMbKICHI GIOMIHHOCHIL,
MOJICHA 2060pUML, WO AKICHO OMpumani pesyrbmamu 36iea-
tombcs. Taxodce y pobomi po3ensioases pyx 10KOMOmMusa 8 pe-
HcUMI mA2U HA NpAMIU Oinanyi wnaxy ooexcunoro 1200 m 3 pi-
BHUM ppuKyiiinum cmanom peuiox (cyxi i eonoci). Ilo pesynb-
Mmamam MoOeno8aHHs GUOHO, WO 3ad BIOCYMHOCMI 00YDeHb 3
060Ky mpaexmopii pyxy KomicHoi napu npu MOOen08aHHi 3a
donomozor aneopummy FASTSIM npaxmuuno 36icatomvca 3a
PI3HUX puKyitiHuX YMO8, | cnocmepieacmvcst CMIUKULL pyx 10-

KoMomuea. Y moil dice yac npu mMoOen08anHi 3a 00NOMO20I0
npoepamu VDEUNU CONTACT pyx € necmitikum i xapaxmep
83A€MO0ii KONICHOI napu 3i WIAXOM CYMMEBO GiOPI3SHAEMbCA
npU CYXux ma 607102Ux petikax.

Knirouogi cnosa: 3aniznuunuii mpancnopm, KOHMAakm «Koieco-
petikay, koegiyicnm 3uenieHHs, Ko3anHs, mazd, OUHAMIKA.

AKTYaJIbHICTh TOCTiIKeHHs. Y TIepeBaXkHid Oi-
JIBIIOCTI POOIT, MPUCBIYCHUX TOCIIPKCHHIO KOHTAKTY
«KOJIeCO-peiikay KOehIIliEHT TepTsS KOB3aHHS BBAXKAETh-
Cs KOHCTAHTOKO 1 3MIHIOETBCS Y IIMPOKOMY JTiama3oHi.
TakuMm 4MHOM, PE3yNbTAaTH MOJCIIOBAHHS Oe3mocepe]-
HBO 3aJIeKaTh BiJl 0OpaHOTO JOCIHITHHUKOM 3HAYCHHS.
[Ipote 3rimHO 3 CyYaCHWMHM JOCITIDKEHHSAMH B 00acTi
TpuOOIOTii KoeiieHT TepTsA 3aJCKUTh Bif 0ararbox
¢dakTopiB ¢pukuiiHOi B3aemomii. Haiibiipin 3HaYMMU-
MU 3 HHX € BEepTHKaJbHE HaBAaHTAKEHHS 1 TeMIeparypa
B obiyacti koHTakTy. Ha nmanumit MomeHT y TpmOoiorii
HEMae€ aJIeKBaTHOI TEOPETHYHOI MOJIEi, 110 ONHUCYE 3a-
JIeKHICTh Koe(illieHTa TepTs Bi HaBelIeHUX BHIIE (ak-
TOpIB.

TeopeTHyHU aHATI3 TOCTITKEHHS.

BaxnuBuM eneMeHTOM KOMI'IOTEPHOTO MOJEIIO-
BaHHS [UHAMIYHMX XapPAKTEPUCTUK 3aTI3HUYHUX TPaH-
CIIOPTHHX 3aC00iB € MOJENb B3a€MOIIS Y CHCTEMI «KO-
neco-peiikay. Po3po0iieHO BeNMMKy KUTBKICTh MOIEnen
3UEIJICHHS, OTJIS/L SIKUX MOXKHA 3HaiTH y poboTi [1].

Merta cratTi. CTaTTs NPHUCBSYCHA OTJISILY OCHOB-
HUX MOJIENIeH, 10 3aCTOCOBYIOTHCS Y CYyYacCHUX IpO-
IpaMHHUX KOMIUIEKCAX MOJCTIOBAHHS JUHAMIKU PEHKO-
Bux exinaxis (PE).

OcHoBHA yacTHHA.

Hacnpaszi o04rCiIeHHsT TOTUYHUAX CHII Y KOHTAKTi
«KOJIECO-peiikay TPU MOJCTIOBAHHI TUHAMIKH PEHKO-
BUX CKIiMaXKiB MOXE 3IHCHIOBATHCS TPHOMa CIIOCOOaMu

(puc.1).
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CnocoOu 00YHCICHHS TAHTCHUIATBHHUX CHJI B KOHTAKTI «KONIECO - PEHKa»
MPH MOJC/IFOBAHHI JHHAMHMKH TPAHCIIOPTHOTO 3ac00y

{

v

«l1IBuaxi» anropuTMu

AnpokcHMaLif aHATI THYHHX
pilliCHb, YHCCIBHHX CKCICPHMCHTIB
YH CKCIICPUMCHTAIBHHX JAHHX

BHKOpHCTaHHS PO3PaxOBaHHX
Hanepes A0BiAKOBHX Ta0AMLb

Puc. 1. Ciocobu o0unCIeHHs TAHTSHIIATbHUX CHJT Y KOHTAKTi «KOJIECO-peHKa

«Llleuoki» areopummu. B 1bOMy BUITQJKy TaHI'€H-
[MiaNbHI CHJIM Y KOHTAKTI «KOJECO - peika» oOYMCIio-
I0ThCSL HA KOXXHOMY €Talli iHTerpyBaHHs Uil BCIX KOH-
TakTiB. Lle Mae ceHc npu BUKOPUCTaHHI aJrOPUTMIB, 110
MaroTh BUCOKY OOYHCIIOBaJIbHY MIBUAKICTH. Taki anro-
PUTMH OTPUMAJIM Ha3By «UIBUAKUX» [2, 4, 5, 6, 7 Ta
iH.].

Haii6inpmoro nommvpeHHs HaOyB YUCENbHHUHA ai-
TOpUTM Ta KoMmm'torepHa nporpama FASTSIM, po3po6-
neni Kankepowm (J. J. Kalker) [2] Ha ocHOBI cnipomieHOi
teopii [3]. B nanawnit wvac FASTSIM e ¢akTiHaHIM CTaH-
JapToM Mozeni (GppUKIiHOT B3aeMOil Tina, M0 KOTUTH-
cs (komeca) 3 0OCHOBOIO (pefikoro). BpaxoBytoun Benmuky
MOMYJISIPHICTh, CaMa CIpOIIEHA Teopis Ta mporpama
FASTSIM 3a3naBanu uucieHHHX Moaudikaniin 3 me-
TOIO: MPUCKOPEHHS poOOTH [4]; yTOUHEHHSI 3aKOHY Tep-
T [5]; 3a0e3meYeHHsT MOXKIIUBOCTI JTOCIIPKCHHS HEei-
NTUYHOTO KOHTAKTY [6].

O.ITonax (O.Polach) po3poOuB iHme pimeHHs 3a-
Jladi BU3HAYEHHS CWJIM 3uerieHHs [7] Ta iforo mporpa-
MHY peanizanito ADH. Ha npuknani MonemoBaHHs py-
Xy YOTHPHBICHOTO JIOKOMOTHBa B MPOTPaMHOMY KOM-
wiekci ADAMS/Rail, arop [7] npoBiB mopiBHSAHHS pe-
3yJNbTaTiB, OTPIMAHUX i 9Yac BUKOPUCTAHHS ITiIpPOT-
pamu ADH 3 pesynpratamu, OTpUMaHUMH 3 BHKOPHC-
taHHsM anroputMy FASTSIM. Ilokazano, mo ADH
3HayHo nepesuiye FASTSIM 3a mBuakopi€ero, mo He
JMBHO, ockiibk ADH peanizye aHanmiTH4He pillleHHs, a
FASTSIM — uncensHe.

Mopneni [2, 4, 5, 6, 7] J03BOJISIOTE MOJICITIOBATH
TUTBKH BUCXI/IHY TUIKY XapakTepUCTHKN 34YETUICHHS, 1110
oOMexye chepy ii 3acTocyBaHHsS. 30KpeMa, HE MOXKHA
MOJICTIIOBATH PYX PYXOMOTO CKJIaay B PEXHMI TATH UM
raJbMyBaHHS.

Anpoxcumayis aHaniMuyHUxX piuieHb, YUCeTbHUX
eKCnepuMeHmie Uy eKCnepuMeHmanvHux oauux. Jlesku-
mu aBropamu [8, 10, 11, 12] 6ynu noOymoBaHi anpok-
CHMYIOYi BHPa3u [UI PO3PAaXyHKY CHIIM 3YEIUICHHS.
3HaueHHs CUJI 34YCIUICHHS y JaHUX PO3paxyHKax MOXKe
3aJeKaTh Bil KUIBKOX 3MiHHHX, TOJIOBHUMH 3 SIKUX €
KOB3aHHSI, JIiHIHA BHUIKICTb PyXy Ta BEpTHKaIbHE Ha-
BaHTa)KCHHS.

VYV 1926 p. Kaprep po3rasHyB IIOCKY 3afady KO-
YeHHS HECKIHUYCHHOTO MWTIHIpPA 10 TOBCTIHA IUIACTHHI.
B ocHOBI #ioro Teopii JeKUTh MPUITYIIEHHS TIPO Te, IO
MO3/IOBKHI Ta TIONEpPEYHI TAHTCHIIWHI CHIM IIPOIIOp-
ifiHI BiTHOCHUM IIBUAKOCTSM KOB3aHHs. B pesymbraTi
Kaptep otpumar Bupas mis xoedilli€HTa 34eIUICHHS B
3aJIOKHOCTI Bijl 3HAYCHHS KOB3aHHS, NMPYXHUX BIACTHU-

BOCTEH Matepianmy, KoedillieHTa TepTs Ta MaKCHMallb-
HOT'O KOHTaKTHOTO TUCKY. Tak 3BaHui MeTon Mromnepa
[8] € anpokcumariieto anamituuHOro pimenHs Kaprepa.

Ha ocHOBI ekcriepuMeHTaJIbHOT 3aJeHKHOCTI MIX
KOB3aHHSAM Ta CHJIOIO 3YEIUICHHS KOJIICHUX Iap, OTpH-
MaHol B eKCIUTyaTaliiiHux ymoBax [9], Minosum [10]
no0yAoBaHoO 1i aHANITHYHY anpoKcHMalilo. XapakTepu-
CTHMKa 34EIUICHHS JUTHIacs Ha TPU AUIHKH [8]: mpyx-
Horo mpormnopiiiiiHoro koe3auus (0< ¢ <0.0014), npy-
)Horo koe3aHHA 0.0014 < £ <0.025 1 minsgHKa OYKCY-
BaHHs a00 103a (& > 0.025 ) (Tepminosnoris mo [8]). s
KOXKHOI JUISTHKY 3HAMJICHO CBOIO alpoOKCHMYIOUy 3aje-
KHICTb.

Jns HagaHHS MOKIMBOCTI MonenmoBaHHs Tru O.
[Monmax y po6oTi [11] 3amponoHyBaB MOETHATH MOACTH
[7] 3 mMogmemmio, sika ONMHCYE 3aNEXKHICTh KoedilieHTa
TEpTs] KOB3aHHS BiJ IIBUAKOCTI KOoB3aHHA. Ha mymky
O. ITomaxa, koMOiHAIIsI 3aJIEKHOCTI KOe(iIlieHTa TepTs
KOB3aHHS BiJ] IIBUIKOCTI KOB3aHHS MiX KOJIECOM 1 pei-
Koo 1 3MeHIIeHHs koediuienTiB Kankepa C|,,C,,, Cs3,

C,;, 110 BUKOPHCTOBYIOTBCS B Mozeni [7], mo3Bossie

o0y IyBaTH BCIO XapaKTEPUCTUKY 3YEIUICHHS sK 3aje-
KHICTh Koe(illieHTa 3YeryIeHHS BiJl BIIHOCHOTO KOB-
3aHHS, BUpa)XEHOro y Bincotkax. [Ipu mpomy 3abesrme-
YyeThCs 330BUILHUN 30ir 3 €KCIIEpUMEHTAJIbHO OTpPHU-
MaHUMH 3aJIEKHOCTSIMH.

Y poGoti [12] mpoBeneHO YUCENBHUN EKCIICPH-
MEHT, 32 pe3yJbTaTaMH SIKOTO OTPUMAHO BUpa3 sl CU-
JIM 34eTICHHS, sKa 3aJIeKaTh BiJ (PUKIIHHOTO CTaHy
MIOBEpXOHb, KOB3aHHS, BEPTUKAJIBHOTO HABAHTAXKCHHS,
MIBUIKOCTI PyXY, MOMIEPEYHOTO 3MIIIEHHS KoJIeca 11010
peiiKu Ta KyTa HabiraHHs KOJICHOI mapw.

IIepeBaramu Takux MOJEJEN € MPOCTOTA TA IIBUJI-
KicTh oOumciensb. JI0 HEOOMIKIB MOKHA BiJHECTH TOM
(akT, 0 BOHU HE JAIOTh MOJIMBOCTI OTPUMATH PO3-
MO/ MapameTpiB (HOPMaTbHUX Ta JOTHYHUX HAMPYT,
poOOTH CHJIM TEpTS TOIIO) MO IUIAMi KOHTaKTy. Tomy
001acTh 3aCTOCYBaHHS MoOJieNeii 0OMeXeHa AOCIiIKEH-
HSMH JUHAMIYHOI TMOBEAIHKH pPYXOMOTO CKiamy Oe3
MOJKJIMBOCTI TOCTIKCHHS MIITHOCTI, (POPMO3MIHU (3HO-
cy) xodic i pefiok. KpiM Toro, nmpu gaHomy miaxoai pos-
pPaxyHOK TaHTCHUIAIBHUX 3yCHIIb MOJIUBHH TiIBKA
MIPU OJHOTOYKOBOMY KOHTAKTi KoJieca 3 PerKoro, y pasi
JIBOTOYKOBOTO KOHTAKTy CIiJ| MPUIYCKaTH, 0 B 30HI
KOHTaKTy Ha rpeOeHi BiI0yBa€eThCsl YUCTE KOB3AHHSI.

Buxopucmanus pospaxoeanux naneped 008ioko-
sux mabdauyb. BpaxoByloUn IUKIIYHUNA XapakTep pyxy
KOJIICHOT Tapy, MOXKHa pO3paxyBaTH i3 3aJaHOI0 JIHC-
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KPETHICTIO TAaHTEHIialbHI CHJIM B KOHTAKTi «KOJECO —
pelika» OIMH pa3 Iepel MOYaTKOM MOJENIOBAaHHS Ta
30epertd JoBiAKOBI Tabiuui. Jlam mix yac po3paxyHKy
JMUHAMIKH JaHI BUTyYalOThCs 3 TAOJMIb Ta 32 HEOOX1-
HOCTI TPOBOIUTHCS iX iHTepnoisiuis. Takum dYuHOM,
MIBUJKICTh PIIICHHS 3ajJieKaTHME JIMIIC BiX po3Mipy
Tabmuup. BXiZHUMHU mapameTpamu IJisl CKIagaHHs J0-
BIZIKOBHX TaOJHIb, SIK MPABHJIO, € MOJOKCHHS KONICHOT
napu B KOJii, BEpTHKaIbHE HABAHTAXKECHHS Ha KOJECO,
JiHiHA Ta KyTOBa MBHIKICTH PYXY.

VY poboti [13] Kankep 3ampomnoHyBaB BHKOpPHC-
TaHHS TPU CKIAJaHHI JOBIIKOBUX TaOIHIb MPOTpamy
CONTACT, 3acHoBaHy Ha TO4YHIl Teopii (exact theory)
[14] BupimieHHs: TpUBUMIPHOT 3a/1a4i KOYEHHS 13 KOB-
3aHHSM JUIs NINTUYHOTO KOHTAKTY Ta PI3HUX BapiaHTIB
MOJIAaHHS 3aKOHY TepTs. TabmuuHi JaHi 00pOOJIAIOTHCS
3a ponomoroto nporpamu USETAB, sika mpaiioe y 8
pasiB mBu/me 3a anroput™M FASTSIM i mae Gunbin To-
YHI pe3yNbTaTH. BoHa CKIagaeThCs 3 BIaCHE TOBiIKOBOT
tabmuui 3 115 000 3anwmcis, i mignporpaM Ui 34nTY-
BaHHS Ta IHTEPIOJALIT JaHUX 3 TAOJHIIL.

Astopamu [15] po3po0iieHO HaIiBEMIIpUYHY MO-
JIeNTb KOHTaKTy KoJjeca 3 perikoio. Bona mobynoBaHa 0e3
«TpaJMLIHOT0» MOALTY KOHTAaKTHOI 3aj1a4i Ha HOpMa-
JbHY Ta TaHreHianbHy. Lle no3Boise BpaxyBaTH B3ae-
MHHUIl BIUIMB HOPMAJIbHHX Ta TaHTEHLIaJbHUX HAIpYT,
10 BaXJIMBO y pa3l KOHTaKTy MOBEPXOHb Koyeca Ta
peiiku, SIKi MaroTh y3ro/pkeHy (GopMy (HampHKIiai, KOH-
TaKT y 30HI pebopan a0 KOHTaKT 3HOIIEHUX MPO]IIIiB).
[Ile omHier0 OCOOMUBICTIO MOJIENi 34eTUIeHHS [15] € BU-
KOPHUCTaHHS EMIIIPHYHHX 3aJIe)KHOCTEH KoedilieHTa Te-
pPTS IpU KOYEHHI 3 MPOCIHM3aHHAM Bill TEMIEpaTypH B
KOHTAKTi 3a pi3HUX (QpUKHIHHUX YMOB. IIpukiam Takux
3aJIeKHOCTEH MOXHA 3HaiTH y poboTi [16]. Le#t miaxin
JTO3BOJISIE MOJICTIOBATH KOHTAKTHY B3a€MOJIIO TIPH Pi3-
HUX (PUKIIHHUX CTaHaX KoJieca Ta PEWKU Ta BEIHMKUX
3HAUCHHSX X BIZIHOCHOTO MPOCIN3aHHS.

Ha ocHoBi mozeni [15] aBTropamu 0yio po3pobie-
Ho mporpamy VDEUNU CONTACT (ckop. Big
Volodymir Dahl East Ukrainian National University
Contact Model) [17, 18, 19]. Ockinbku 0OYUCICHHS Y
nporpaMi €  JIOCUTh  TPYAOMICTKHUMH, Hporpama
VDEUNU CONTACT BUKOPUCTOBY€TBCS IJIs1 YHOPSIA-
KyBaHHS JJOBiTKOBHX TaOJIHUIIb.

Bxiganvn mapamerpamu mporpamu  VDEUNU
CONTACT €:

- TEOMETPHYHI XapaKTEPUCTUKU PEIKOBOT KOJIIT Ta KOJIi-
CHOI Iapu;

- IXHs B3a€MHa Opi€HTallis;

- BEpTHKAJIbHE Ta O1YHEC HABAHTA)KCHHS HA BICh:

- MapaMeTpy pyXy KOJIiCHOI Imapu;

- (bpuKLIHHKH CTaH.

[Iporpama VDEUNU CONTACT o6umnciroe:

- KyT O19HOI XATaBHIIi;

- TOYKHU MMOYATKOBOTO AOTHKY;
- (hopMy TUISIMU KOHTAKTY;

- paziycH KiJl KOUCHHS;

- KyTH Haxwiy;

- PO3MOILT 3a IUIAMOI0 KOHTAKTY HOPMAaJbHUAX Ta TaHTe-
HI[IaJIbHUX HAIpyT, TEMIEPaTypu Ta poOOTH CHIIH Tep-
T
- MPOEKIIi CHIIH 34ETUICHHSI.

B TaGnuri 1 HaBeeHO METOAM PO3B'SI3aHHS TaHTe-
HI[IAJILHOT 3a/1a4i y Cy4acHUX MPOTrPaMHUX KOMIUIEKCAX
MojenmoBaHHs nuHaMiku PE.

Tabmuus 1

MeToau BUpillleHHS TAHT€HUIAJIBHOI 3a/1a4i y Cy4acHUX
NMPOrpaMHHUX KOMILIEKCaxX MoJeTI0BaHHs AuHaMiku PE

IIporpama Kpaina Mertox BUpIIICHHS
pO3poOHHKa TaHTCHINIATbHOT
3amayi
ADAMS/RAIL | Benukobpuranis | IIporpamu
FASTSIM, ADH
CONPOL ITanis IIporpama
FASTSIM
CONTACT Kuraii Mopudixartist mpo-
PC92 rpamu CONTACT
DYNARAIL CIIA IIporpama
USETAB
GENSYS [Bermis IIporpama
FASTSIM
LaGer CroBaxist IIporpama
CONTACT
OCREC Dpantiist Mopaudikartist mpo-
rpamu FASTSIM
NUCARS CIIA JloBinKoBI Ta0MIIi
po3paxoBaHi 3a
JIOIIOMOT 010 TIPO-
rpamu DUVOROL
SIMPACK Himeuunna IIporpamu
FASTSIM, ADH
TDS ITanmis IIporpama
CONTACT FASTSIM
VAMPIRE CIIA Heniniitauii, mo
0a3yeThcs Ha 3a-
3JIJIETiIb PO3pa-
XOBaHUX JIOBIJIKO-
Bux Tabnuipix Ka-
JIKepa
VOCOLIN Opanis Monaudikaris mpo-
rpamu FASTSIM
Kankepa
VuiBepcanpauii | Pocis Monaudikaris mpo-
MEXaHi3M rpamu FASTSIM
Kanxkepa, mogeni
Mirosuiepa, MiHoBa

[IpoananizyeMo MOJIMBICTh 3aCTOCYBaHHS Pi3HUX
MoJieiel 34eIUICHHS /ISl MOJIEIIIOBaHHS JTUHAMIKH pY-
XOMOTO CKIIaJly B PeKUMax BHOITY Ta TSATH.

[opiBHAHHS MoOAENeH MPOBOIUIOCS IUII HOBHUX
npogimiB xoneca (AMerl) Ta petiku (P65) nmpu HymHO-
BOMY Oi4yHOMY BifHeceHHI kousicHol nmapu. KoediuieHt
TepTs B Mojiensix npuitHatuid pisaum 0.38. IlIBuakictsh
pyXy HopiBHIoe 20 M/c, BepTHKalIbHE HABaHTAXXCHHS Ha
koneco — 50 xH.

Ha puc. 2 HaBeneHi KpHBi 3UeIICHHS, PO3paxoBaHi
3a JIOOMOTOI0 PI3HUX METOJUK ISl OMHUX 1 THX CaMUX
YMOB KOHTaKTyBaHHS.
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Puc. 2. KpuBi 3ueruieHHs [uis pi3HUX MOJIeNIed KOHTAKTY «KOJIECO-peiKa»

3HaueHHS KPUTHYHOTO KOB3aHHS, OTPUMAHOIO 3
nornomororo nporpam FASTSIM, nopiBHioe npubIu3Ho
0.03%, Toni SIK eKCIepUMEHTAILHO OTPUMAaHe 3HAUCHHS
CTaHOBHUTH OnMM3bKO 2.5 %. Ilicna 3puBy B OykCyBaHHS
Koe(illieHT 34eruieHHs Y BCiX Teopisix, KpiM MiHoBa i
VDEUNU CONTACT BBaka€Tbcsi KOHCTaHTOIO, TOML
SK y peaJlbHUX yMOBAaX CIIOCTEpIraeThbecsl MajiHHS KOe-
¢imienTa 3ueruieHHs. 3 iHImOro 60Ky, y podoti [20] mo-
Ka3aHo, 10 3 MOTipIIeHHIM (PUKIIHHNX YMOB 3Ha4YCH-
HSl KpUTUYHOTO KOB3aHHS 30UIBIIYETHCS, TO/I K B TEO-
pisix Kankepa, HaBmaku, 3MeHITyeThcs. Takox Ha puc. 2
MMO3HAYCHO 00JIACTh KOPEKTHOCTI 3aCTOCYBAaHHS allTOpH-
™y FastSim, nmopiBHSIHO 3 KpUBHMH 3YETUICHHS, 3aCHO-
BaHUMH Ha €KCIIEPUMEHTAIILHUX JTaHUX.

Jlnist OLIHKY BIUTMBY BUOOPY MOJIEN 34YETUICHHS Ha
JMHAMIUHY TIOBEJIHKY BaroHiB y peXuMi BHOIry mpo-
rpama VDEUNU CONTACT Oyna inTerpoBaHa sk Iii-
JIMOJIENb 34YETUICHHSI IO POTrPaMHOT0 KOMILIEKCY «YHi-
BepcanbHUN MexaHi3M 7.0». JlochmimKeHHS POBOMIO-
cs IUTST YMOB MaHYECTCPCHKUX TECTIB MuHaMiku [21],
BU3HAHUX «ECTATIOHHUMMN» ISl Bepudikamii mporpaMHuX
MaKeTiB, M0 MoIemorTh nuHamiky PE. ¥V tectax posr-
JSIAI0THCS PYXH IBOX MOJEJIEH TPaHCIIOPTHOTO 3aco0y

(T3) - macaxupchkuii Barox 3 qeoma Bizkamu (TM1) Ta
JBOBicHHMI BaHTaxHui BaroH (T32) — 3a wotupma Mo-
JensiMH KoJiil. Bijbll fneTansHUl OMUC TECTy MOXKHA
3HalTH y poboTi [21].

PesynbraTy, oTpuMaHi miJ 4ac BUKOPHCTaHHS JI0-
BIZIKOBUX TaliuIb, chOPMOBAHUX 3 AOTIOMOTOIO IIPO-
rpamu VDEUNU CONTACT, mnopiBHIOBaNUCS 3 pe-
3yJIbTaTaMH, OTPUMAHNUMH T1iJ] YaC BUKOPHCTAHHS ajro-
putmy FASTSIM. Ha puc. 3 miniero 6e3 mapkepa 1mo3-
HadeHi  pe3yNbTaTH, OTPHMaHi 3a  JOMOMOTOIO
FASTSIM, a miHi€l0 3 MapKepoM — 3a IOMOMOTOIO
VDEUNU CONTACT. HesBakaroun Ha HE3HAdHi Ki-

JbKICHI BIMIHHOCTI, MOYXHa TOBOPUTH, IO SIKICHO
OTpHUMaHi pe3yJbTaTH 30iraroThCsl.

———
To—
=== Mwnep
—e— Polach(ADH)
= + «FastSim
~—a— MiHoB
e \/DEUNU CONTACT
£
0.03 0.04
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Puc. 3. Pesyneratn MaH4ecTepCchbKOTO TECTY JHHAMIKH:
a — OiyHe BiZHECEeHHs MepIIoi Ta ApyTroi KOJIiCHOT mapu
(TC1, monens mursixy 1);

0 — monepeunuii 3cys ky3oBa (TC2, Mmonens nuisixy 2)

Jlnist OLIHKY BIUTMBY BUOOPY MOJIEN 34YETUICHHS Ha
JMHAMIYHY TIOBEIIHKY JOKOMOTHBA B PEKHMMI TATH IPO-
rpama VDEUNU CONTACT ta anroputm FASTSIM
OyJu IHTETpOBaHi SK MiAMOICTH 3YCIUICHHS Y MOJCTH
pyxy mectuBicHOTO JoKoMoTHBa TE — 116 [22], po3po-
6neny Ha kadenpi 3anisanynoro tpancropry CHY im.
B. ains.
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Puc. 4. Tpaekropist pyXy nepuioi KoJIiCHOI apu Juist pi3sHUX (PUKLUIHHIX YMOB

PosrisinaBest pyx JIOKOMOTHBA B PEXKHMI TATH Ha
MpsIMiid IUISHI NUIIXY JOBXHHOK 1200 M 3 pi3HUM
¢hpukuiitanM craHoMm peiiok (cyxi i Bostori). LIIBuaKicTh
pyxy nopisaioe 30 M/c, 3a30p y KoJlii CTAHOBUTBH +7 MM,
peiika BBa)KAETHCS TIAAKOIO (BEPTUKAIBHI Ta TOPU30H-
TaJbHI HEPIBHOCTI BIACYTHI).

PesynbraTé MozienfoBaHHS HaBeneHO Ha puc. 4. Sk
BHIHO 3 PHUCYHKA, 32 BiICyTHOCTI 00ypeHb 3 OOKY Tpae-
KTOpii pyXy KOJICHOI Mapu npu MOAETIOBaHHI 3a JOMO0-
Moroto anroputmy FASTSIM npaktudHo 30iraroThes 3a
pi3HUX (QPUKLIHHUX YMOB, 1 CHOCTEpIiraeTbcs CTIMKUI
pyX JIokoMOTHBa. Y TOH XK€ 4ac Mpu MOJETIOBaHHI 3a
nonomororo nporpamu VDEUNU CONTACT pyx €
HECTIMKMM 1 XapakTep B3a€MO/Ii1 KOJICHOI mapy 3i mus-
XOM CYTTEBO BifIpi3HSETHCA MPU CYXHX Ta BOJIOTUX peid-
Kax.

BucHosku.

AHaii3 OTpUMaHHUX pe3yIbTATiB MOKA3aB, II0:

1. [Ipu MomerOBaHHI JWHAMIKH BaroHiB, a TaKOX
JIOKOMOTHUBIB Y peXuUMIi BUOIry BUOIp MOJIEITi 3UCTUICHHS
IPaKTUYHO HE BIUIMBAE Ha JUHAMIYHY MTOBEAIHKY TpaH-
CIIOPTHOTO 3ac00y.

2. BUKOpUCTaHHS TIOIIUPEHOTO  AITOPUTMY
FASTSIM nix yac MoJentoBaHHS PyXy JIOKOMOTHBA B
PEXKHMMI TATH (TaTbMyBaHHS ) € HEKOPEKTHHM.

3. B anropurmi FASTSIM 3 noripmenHsaM ¢puk-
LifHAX YMOB 3HaYCHHS! KPUTHYHOTO KOB3aHHS 3MEHIITY-
€TBCS, TOJI SIK 3TITHO 3 EKCIIEPUMEHTAIFHUMH JTaHUMHU
BOHO Ma€ 301TBIIYBaTHCS.
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is considered in detail that the calculation of tangential forces
in the "wheel-rail" contact when simulating the dynamics of
rail crews can be carried out in three ways: "fast" algorithms,
approximation of analytical solutions, numerical experiments
or experimental data, use of pre-calculated reference tables.
The VDEUNU CONTACT program was developed by the
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authors, since the calculations in this program are quite time-
consuming, the program is used to organize reference tables.
Methods of solving the tangential problem in modern software
complexes for modeling the dynamics of rail crews were
studied and an information table was constructed. Coupling
curves calculated using different techniques for the same
contact conditions are constructed. The value of critical slip
obtained with the help of FASTSIM programs is
approximately 0.03%, while the experimentally obtained value
is about 2.5%. After stalling in skidding, the coefficient of
adhesion in all theories, except Minov and VDEUNU
CONTACT, is considered constant, while in real conditions, a
drop in the coefficient of adhesion is observed. The possibility
of using different clutch models to simulate the dynamics of
the rolling stock in coasting and traction modes was analyzed,
the comparison of models was carried out for new wheel and
rail profiles with zero lateral displacement of the wheel pair.
The results obtained when using the reference tables,
generated using the VDEUNU CONTACT program, were
compared with the results obtained when using the FASTSIM
algorithm, indicating that, despite minor quantitative
differences, it can be said that the qualitatively obtained
results coincide.

The work also considered the movement of the
locomotive in the traction mode on a straight section of the
track 1200 m long with different frictional conditions of the
rails (dry and wet). According to the simulation results, it can
be seen that in the absence of disturbances from the side of the
trajectory of the wheel pair, when simulating with the help of
the FASTSIM algorithm, they practically coincide under
different friction conditions, and a steady movement of the
locomotive is observed. At the same time, when modeling

using the VDEUNU CONTACT program, the movement is
unstable and the nature of the interaction of the wheel pair
with the road is significantly different for dry and wet rails.

Keywords: railway transport, «wheel-raily contact,
coupling coefficient, sliding, traction, dynamics.
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