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HA KOE®INIEHT TUHAMIYHOCTI OBJIATHAHHS

AHomayis. BcmaHos1eHo 8NuU8 3MIHU MexXHOM0214HUX PeXUMIB NPOKAMKU Ha OUHAMIYHe HABa-
HMAXeHHA MOMANOK NPOKAMHUX cmaHis. [ocnioxeHa 3mMiHa KoegiyieHma OuHamiyHocmi ON5
PI3HUX MOBUWUH Hamomyemoi wmabu. JJaHi pekomeHOayii N0 onMUMAnabHUM MOBUUHAM HAMO-
MYBAHHA WmMabu 3 MOYKU 30py OUHAMIYHO20 HABAHMAXEHHSA Ha By3/1U 6apabaHHOT MOMaKu.
Knwo4osi cnosa: npokamHuli cmaH, MOMAjKa, Koe@iuyieHm OUHAMIYHOCMI, MOMEeHm Ccus
npyxHocmi

ITocraHoBKa nmpoo6iemMu. TexHOIOriyHe 00J1aHAHHS MeTaIypriifHOi ImpomMuc-
JIOBOCTI IMpPAaIl0€ B CKIAAHUX YMOBAX 3 TOYKM 30py AMHAMIUHMX HaBaHTaXXeHb. 3 iH-
Ioro 60Ky J0 iXHiX MeXaHi3MiB Ipe[ sIBJISIIOTbCS 0COOIMBiI BUMOIM — BOHM MalOTh
OyTu HagiiiHi B poOOTi Ta HOMYyCKaTH JieTKe peryaioBaHHs, a Y BUIIAJKy ITOJIOMOK J0-
ITyCKaTU MIBUAKY 3aMiHy ab0 peMOHT BY3J/IiB Ta OeTaJieil, Ta OOHOYACHO MOBMHHI
BIiATIOBiZaTM yMOBaM TOYHOCTI BiATBOPEHHS 3a[jaHMX TeXHOJIOITYHUX onepaniii [1].

[ToBHa SICHICTb B IpoIlecax, 10 CYIIPOBOIKYIOTh POOOTY MexaHi3MiB, sIKi mepe-
OyBalOTh Yy BaKKMX OMHAMIUHMX YMOBaX, ITO3BOJISIE KOHCTPYKTOPY BMOpaTu Tpa-
BIWJIbHE DPillleHHs, 0 3a6e3medyye HOPpMaJbHYy POOOTY MalIMHU. Y TO ke Yac Maliu-
HU He TIIbKM TOBMHHI 3aJ0BOJIBHITM yMOBaM MIIIHOCTI MpM 3ahaHiin IxHin
MPOAYKTUBHOCTI, a /i MaTy paljiOHaJIbHY METAJIOEMHICTD [2].

He3asieskHO Bif Mpu3HaUYeHHS i KOHCTPYKTUBHUX OCOOJIMBOCTEN BCi MalIMHU
MalwThb 3arajibHi BJACTUBOCTI — IPY)XKHICTb JTAHOK i 3[ATHICTb 3@ ME€BHUX YMOB 10
30yIKeHHSI KOMMBAAbHUX MpoIieciB. ToMy TeopeTUUHi MeTOAM OOCTiIKeHHS AMHa-
MIYHMX SBMI Y MallMHAaX, BK/IOYAKOUYM MPOKATHE BCTATKyBAaHHS, € 3arajbHUMM,
BiAMIHHICTb MOJISITAE JIMIIE B IapaMeTpax AMHAMIYHUX CUCTEM i PesKMMax TeXHOJIO-
TiYHOTO HAaBaHTAXXeHHS, IO Oy/e MOo3HAYATUCS HA CTYTEeHi iHTeHCMBHOCTI MOpyury-
BaHMX KOJIMBaHb [3].

[Ipu Takiit mocTaHOBIIi 3aBOAHHSI OIMHAMIUYHMIA PO3PaxXyHOK MallVHU MTOBUHEH
IIPOBOJIUTHUCS 3 ypaxyBaHHSIM IIPYKHOCTI JIAHOK, Y pe3y/IbTaTi Y0T0 MOXYTb OYTU BU-
3HAUYeHi CUJIM i1 MOMEHTM CMUJI MPY>KHOCTI Y BCiX JIaHKax JIiHil mepegauyi, 1110 3ajexxaTb
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BiL BeJIMUMHM 1 XapaKTepy 3MiHM 30BHIIlIHIX MOMEHTIB PYIIAHUX CUI i CUJ
oropy [2].

AHaji3z ocTaHHiX mFocaigKeHb i myoOmikamiri. OgHMM i3 3aBepIlyBaJbHUX
eTarliB MeTaJypriifHoro UMKy € MIPOKaTHe BUPOOHUIITBO.

VY cydyacHUX MPOKATHUX IleXaxX TeXHOJIOTiuHi omepallii 3/1iliCHIOIOTbCS I10 TTOTO-
KOBOMY i 6e3repepBHOMY IpuHIIMIIaX CTBOPEHHSI HOBOTO ITPOKATHOIO 00J1aHAHHS i
eKCIUTyaTallisl CKIaAHUX MallMH BMMarae BUKOPUCTAHHS JOCSTHEHDb B Pi3HMUX obJiac-
TSX HAYKU Ta T€XHiKK. Y MOTOKOBi TEXHOJIOTiUHI po0OOoUi JTiHii BOYAOBYIOTHCSI HOKMII],
MpaBWIbHI MallMHM, MOTaJKM, PO3MOTyBaui, KaHTyBaui, MaHiIlyJaSTOpU, IITOBXayi,
TpaHcnopTtepu [3]. I Big 31aromkeHoi poboTH 1IMX MeXaHi3MiB 3a/1€XXUTh MPOTYKTU-
BHICTb T€XHOJIOTIUHOI JIiHii B I[iJIOMY.

Po60T010 [4] OCUTDb peTeabHO PO3IJISTHYTO MUTAaHHS AMHAMIUYHMX HaBaHTasKeHb
3 TOYKM 30pYy B3a€EMOZii MPOKATHUX KIIiTeil 6e31epepBHOro MIMPOKOIITAO0BOIO CTa-
Hy 1680, rpu 1bOMY BIUIMB 3MiHM T€XHOJIOTiUHMX PEXKMMIB ITPOKATKM HA 0OIagHAH-
HSI TIOTOYHOI JIiHiI, 30KpeMa MOTaJIK!, He BUCBIT/IeHO.

BumiproBaHHS MOMEHTIB CMJI TIPYKHOCTI Ha CTaHaX BUKOHYIOTbCS B €KCIIepu-
MEHTAJIbHUX LIiJISIX 0OMeXXeHMI1 yac, SIK MpaBUIO B OHI, pifille B IBOX TOYKAX JIiHii
npusony. OTpuMaHi pesy/ibTaTU He ONUCYIOTh iHUII By3/au JiHil. B TOl Xe vac B
MPaKTUIi BUHUKAIOTh MUTAHHS, KOJM HEOOXigHO 3HATM MaKCUMMaJbHi IMHaAMiuHi
HaBaHTaKeHHS Ha Pi3HMX AiISIHKAX JIiHii, a caMe HeoOXiTHO PO3yMiTM 3aKOHOMip-
HOCTI IXHbOI 3MiHM ITif] Yac eKCIIyaTallii IPOKaTHOIO CTaHa 3 ypaXyBaHHSM TeXHiu-
HOTO CTaHy 0061afHaHHS Ta peXXUMiB TPOKaTKH [5].

Ily>ke 4acTO mpu OOCTiIKeHHI IMHAMIUHUX MPOLeCiB TOBOAUTBCS 3yCTPidaTUCS
3 aHaJIi30M MOKJIMBUX BIUIMBIB, IIPUPOJA SKUX MOBHICTIO He 3po3ymija. Lli BBy
MOXXYTb BUKJIMKATUCS SIK 30BHIITHIMYM HEKOHTPOJIbOBAHUMM (BUIIAJKOBMMM) 36ypIO-
BAaHHSMM, TaK i HEKOHTPOJIbOBAHMMM 3MiHaAMM TeOMeTpil i TapameTpiB CUCTEMU [6].

Ha cyvacHomy erami €OMHMM MOXIMBMM NUISIXOM HAyKOBOTO ITIOLIYKY
pO3B‘sI3aHHS 3a/a4 ONTMMi3allii B MexaHilli € MeToJ MaTeMaTUYHOIO MOIe/II0BaHHS.
OTpuMmaHe pillleHHS A€ MEeBHe YSBJIEHHS MPO B3a€EMO3B'SI3KM €JIeMeHTIB IMPOEKTO-
BaHOI MAalIMHU YM MEeXaHi3My, a TaKOX [TO3BOJISIE L[IJIECTIPSIMOBAHO 3MiHIOBATU Ma-
paMeTpu, a Ipy HeOOXiAHOCTI i KOHCTPYKIIiIO, MeXaHi3My. 3a JaHUMM MO Ee/TIOBAHHS
MO>KHa TepeBipUTU MOBEAiHKY MeXaHi3My B ifea/ibHMX Ta €KCTpeMaJIbHMX YMOBax
itoro po6otu [7].

MeTa mociaigykeHHsI. 3 BpaxXyBaHHSIM BUIle HaBeAEHOTO 3 METOI0 3HVDKeHHS
MIPOCTOIB OOJIaAHAHHS, 10 IPUYMHI aBapiifHUX BiZMOB, ITOB’SI3aHMX 3i 30iTbIIEHHIM

OMHAMIYHMX HaBaHTasKeHb BiJl HEIPaBMIbHO 0OpaHMX TEXHOJOTIUHMUX PEKUMIB IO-
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CTaB/ieHa 3a7ada 10 aHaJiTUUHOMY AOC/II)KeHHIO BIUIMBY 3MiHM Te€XHOJIOTiYHOTO
Tpoliecy MpoOKaTKM Ha KoedillieHT IMHAMIiUYHOCTI Ha MPUKIAAi POJMKO-6apabaHHUX
MOTAaJIOK MPOKaTHUX CTaHiB.

BukiameHHsI OCHOBHOTO MaTepiany mocrtigskeHHs. [IpuBoa 6ymb-sKoi ma-
IIMHYM CKJIAJAEThCS i3 30cepemkeHMX Mac, 10 3’e€AHaHHI MixX co0010 BasaMu, MyQd-
TaMM, 3yOUaTUMM Ta iHIIMMM repegadaMu. Bei 11i 3’emHyBaIbHi eJ1leMeHTH, SKUMU 0
JKOPCTKMMM BOHM He 3[0aBaJIMCS Ha MePIINii OIS, BOTOAIIOTh IPY>KHUMM BJIACTU-
BOCTSIM. TOMY IIiJT Ti€0 30BHIIIHiX HABaHTaxkeHb BOHU Ae(POpMYIOThCS i 30cepeske-
Hi Macy 3/1iCHIOIOTh, KpiM OCHOBHOI'O 00epTabHOIO PYXY, KPYTW/IbHI KOMMBaHHS. Y
3B’SI3KY 3 IIMM OiUISTHKM BaJliB 3aKPYUYYIOThCS a00 PO3KPYUYIOThCS BiITIOBiIHO 3pOC-
TAHHIO UM 3MeEHIIIeHHI0O MOMEHTIB CUJI MPY>KHOCTi BiJHOCHO CepelHbOT0 KPYTHOTO
MOMEHTY, SIKUii TlepefaeTbcsl BaloM. MOMEHTH CUJT TIPYKHOCTI Y AeSKUX BUITaAKax
MOKYTb OYTM HACTiJIbKM BeJIMKi, 11O B IeKiJibKa pa3 OyoyTh IepeBUINYBATH CTATUYHI
1 iHepIliliHi HaBaHTa)KeHHS, a Iie Oy)ke HeOGe3[eYHO 3 TOYKM 30py MIITHOCTi Haii-
Oi/IbIII HaBaHTaKeHUX JeTajieil Ta By3jiB. KpiM Toro, HeraTMBHMII BIUIMB Ha Mill-
HICTb JleTajieli YMHUTD LUKIIYHICTh HaBaHTaXkeHHs. ToOMy Mpy po3paxyHKy BayKKO-
HaBaHTaKeHMX MalIMH HEOOXiTHO BpaxOBYBAaTM IPYKHI CUJIM i XapaKTep iX 3MiHHO-
CcTi y vaci [§].

JInst aHasi3y BUMYIIeHMX KOJIMBaHb BUHMKAKOUMX B IMIPMBO/Ii 6apabaHa MoTas-
K1 ctaHy 1680 posriassHeMO ABOMAaCOBY KPYTWJIbHY cucTemy (puc.l), 10 KOl Npu-
K/JIaJieHi 30BHIlTHI MOMEHTU M; — MOMEHT TeXHOJIOTiYHOTO OTIOpy poOOUOro OpraHy,
TIpUBeEeHOro 40 Baja ABUTYHA, Ta My — HOMiHaAbHMIT MOMEHT €JIeKTPOABUTYHaA.

J1 — MOMeHT iHepIiii 6apabaHa MOTaJIKM 3 PYJIOHOM, ], — MOMEHT iHepIlii IKops eyie-
KTPOJBUTYHA IIpMBOIa 6apabaHa MoTaiku, Ci; — MpuUBeJeHa SKOPCTKICTb MTPOMisKHO-
ro Bajia, M; — MOMEHT TEXHOJIOTiUHOTO OTIOpY po6OYOTro OpraHy,

M; — MOMEHT ABUTyHA
Pucynok 1 - JlocimkeHHS BUMYIIIeHX KOJMBaHb B IIpUBOZi 6apabaHa MOTaIKMU
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HomiHanpHMIT ~ MOMEHT  eJeKTPOABMIYHA  MOXKHA  po3paxyBaTuM  3a
dbopmynoro [9]:
30-N

M, = 2 Hwm (1)
Tli'l'l}1

ne N, — HoMiHaJIbHa MOTYXHiCTb, €JIEKTPOJIBUTYHA, BT, /I pO3IJ/ISIHaeEMOro BUITAAKY
N, =100 xBT;

N, — HOMiHaJIbHi 00epTY eJIeKTPOABUTYHA, XB!, IJIsT pO3I/ISIAaEMOTO BUITAIKY N, =475
XB!;

B 3B’SI3Ky 3 TMM , 1110 HAMOTYBAaHHS BeJeThCS 3 ITONepeIHiM HATSITOM IITabu, TO
BeJIMUMHY MOMEHTY BiJl HATSITy ITabu Ha 6apabaHi MpuUItMaeMO K MOMEHT TeXHO-
JIOTiYHOTO oropy po6oyoro oprany [10]:

M:=T-R, H'm 2)
e R — moTouHMi paziyc pyJoHy, 3 OTJISIAY Ha Te, [0 AMHAMiUHi CKIag0Bi MalOTh Be-
JIMKUIA BIUIMB MPU ITyCKY Ta raJibMyBaHHi, IpUiiMaeMO IIOTOUYHMUI pafiiyC PyJIOHY pi-
BHUM pajiycy 6apabana, R=0,375m
T — MakcuMabHe 3yCUJIISI HATSTY, [0 PO3PaxOBYETHCS 32 METOAMKOI0 HaBeIeHOO B
po6ori [10].

MomMeHT M; Mae HampsIMOK, TPOTUJIESKHII HAIIPSIMKY MoMeHTa M; (To6TO, MO-
MEHTM Bif, pyLIiiiHMX CWUJI i Bif CMJI OTIOPY 3aByKAM HAIIpPaB/IeHi B IPOTUIEKHI 60KM).

3 ypaxyBaHHSIM I0JIOKeHb OMMCAaHUX B poboTi [11] 3anuineMo QyHKIlioOHa/IbHE
PiBHSIHHS pyXY [J1s1 JaHOTO BUMAJKY:

], +Co(o, —0,) = Ml’}
J,0, +Co(0, —0,) =M,

Lo cucTeMy piBHSIHb PO3B’sDK€MO HACTYITHUM YMHOM. [IOMHOXMMO mepiie pi-

3

BHsHHS Ha Co /J1, a apyre — Ha Co /], i, BiipaxyBaBIlIyM 3 MEPIUIOrO PiBHSIHHS JIpyTe,

OTPUMAEMO:

J, +1, — .M, +],M, C 4
T, 1], ° @

SIKIIO B IbOMY PiBHSIHHI IO3HAYMUTU MOMEHT CUJI Mpy>XHOCTI uepe3 CO(qpl-

C0(¢1_(|52)+C0( jco((l%_(l)z)

@2)=M, i, oTxe, C,(¢, —p,)=M,,, To itoro MoxxHa 3amucaTyu B hopMi JudepeHiia-

JIBHOTO PiBHSIHHSI MOMEHTIB CMJI IIPYKHOCTI, TOOTO:

Mosc Jitl oy (MJC )
12 0 ]1 _]2 12 11]2 0

B3aeM03B’130K MOMEHTIB CMJI TIPYKHOCTI MiXK PO3IOAIIEeHMMM MacaMu Ja€ iH-

Terpaj IbOro PiBHSHHS:

6 ISSN 1562-9945 (Print)
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]ZMI +]1M2 , (6)
J, +],

e A, B — ctasi iHTerpyBaHHS (aMIUIITyAM KOJIMBaHb MOMEHTIB);

M,, = Acospt+Bsinpt +

p — BJIaCHA KPyroBa 4acToTa.

st Bu3HaueHHS A i B HeoOXimHO BCTAaHOBUTM IMOYATKOBI YMOBU. SIKIIO mpu
IIyCKy, [0 II0YaTKy BMHUKHEHHS KOIMBaHb, cCucremMa
nepe6yBac B CTIOKOI i HABAHTAKeHHS B IIPYKHOMY 3B’SI3KY =02 M, =0
BifCyTHIi, TO ripu t=0,

Topi oTpumaemo:

=_]2M1+]1M2; B=0 (7)
Ji+],
[TizcTaBMBIIM OTpPMMAaHi CTaJli iHTerpyBaHHSA B (6) Ta BMKOHABIIM HEOOXimHi

TepeTBOPeHHSI MOMEHT CWJI TIPY>KHOCTi MOXKHA pO3paxyBaTH SIK:
M,, = 1My +1iM, (1-cospt) &)
Ji+],

BukoHaBImM po3paxyHKu 3a dopmynamu (1)-(8) Aas TOBHIMH HAMOTYEMOI
mtabu h=1,5; 2; 3; 4 oTpuMaeMo 3HaUEHHSI MOMEHTY CMUJI IIPYKHOCTI Y QYHKITii yacy
(puc.2).

[l XapaKTepUCTUKY IMHAMIUHOTO HaBaHTaKeHHS BBOASTH KoedillieHT muHa-
MiuHOCTi k,, SIKMiT BM3HAUAE€THCS SIK BiJHOIIEHHS MaKCUMAaJIbHOIO MOMEHTAa CUJI

IIPY>KHOCTI 10 CTAJIOro 0ro 3HaueHHs [12]:

K — Max (9)

BsgBuin 3 rpadika (puc.2) 3HaUeHHS MaKCMMaJbHOTO MOMEHTA MPY>XXHUX CUJ
Ta pO3paxyBaBIIN BeJIMUMHY M,, IK CyMy CTaTMUHOTO MOMEHTA Bif] CMJI OTIOpY pobo-
Yol MallMHM i MOMEHTA Bif, cui iHepllii i1 pyxoMMX Mac, OJisi KOXKHOTO TUIIOPO3Mipy
HaMOTYEMOIi ITabu, OTPUMAEMO:
K:4=1,98; K;5=1,988; K1,=1,9991; K;1,5=1,9999;
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PucyHoK 2 - I'pahik MOMeEHTY CIJI TIPY>KHOCTI Y QYHKIIii yacy

BucHoBku. [TpoaHanizyBaBIly BUKOHAHI pO3paxyHKM MOKHA 3pOOUTU BUCHO-
BKM, III0 ONTUMAJIbHMMM TOBIIMHAMM HAMOTYEMOI IITA0M Ha PO3IJISIHYTiA KOHCTPY-
KiIii MmoTanku € 1,5-4 MM, IJid IKMX OTPUMaHi 3HaUeHHS K< [Ki]=2 (IJi1 MeTanypriii-
HMX MallMH 3a BiICYTHOCTi 3a30piB) HailiBakuumM peXxuMOM 3 TOUKM 30Dy BIUIMBY
IVHAMiUYHMX CKJIaJOBUX SIBJISIETHCSI HAMOTKA IITA0M TOBIIMHOIO 1,5 MM.

'paHMYHOI0 TOBUIMHOK, 3 TOUKM 30py AMHAMIUHMX HAaBaHTa>KeHb, SIBJISIETHCS
mTaba TOBIIMHOIO 1,5 MM, 1ITa0y MEHIIOK TOBIIMHM He BapTO HAMOTYBaTy Ha Ja-
HOMY oOjagHaHHi. TakMM UMHOM 3MiHa TEXHOJIOTIYHMX PeXMMiB MPOKATKM, TIPU
repexoi Ha MPOKATKY OiJbIl TOHKOI 1ITabu, Ma€ 3HAUHUI BIUIUB 3 TOUKU 30pY IU-
HaMiUHMX HaBaHTaXeHb He TiJIbKM Oe3rocepeqHbO Ha caM IIPOKATHMIA CTaH, a i Ha
MeXaHi3MM IMOTOYHOI JIiHiI B L[iJTOMY.

PosrisgHyTa MeToauKa J03BOJISIE TOBOJI JIerko i 6e3 3aHaATO IPOMi3IKMUX PO3-
pPaxyHKiB BUKOHYBATU MO/Ie/IIOBaHHS MMPOIeCy HaMOTyBaHHS IITabu Ha 6apabaHHUX
MOTaJIKax 3 TOYKM 30py AMHAMIYHMX HaBaHTa)KeHb.
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BnuaHue napamempos mexHoso2u4eckoz2o0 npoyecca
Ha Ko3¢duyuenm dunamuyHocmu 060py008aHUA

YcmaHosneHo snusHUe u3MeHeHUs MexHOM02UYeCKUX PeXxumMoB NPOKAMKU Ha OUHAMUYeC-
KYI0 Hazpy3Ky MOMasaoK NPOKAMHbIX CMAHOB. Vccne0oBaHo usmeHeHue Ko3gguyueHma OuHa-
MUYHOCMU O/18 PA3HbIX MOJILYUH HAMAMbIBAEMOU NOJI0ChI. JJaHbl pekoMeHAayuu no onmumaib-
HOU MoJILUHEe HAMOMKU NOIOChI C MOYKU 3peHUs OUHAMUYeCKOU Ha2py3Ku Ha y3/1bl 6apabaHHol
MOMasKu.

Influence of technological process parameters on equipment dynamic factor

Technological equipment of the metallurgical industry operates in difficult conditions in
terms of dynamic loads. On the other hand, special requirements are imposed on their mecha-
nisms - they must be reliable in operation and allow easy regulation, and in the event of break-
downs, allow quick replacement or repair of units and parts, and at the same time must meet the
conditions for the accuracy of reproduction of the given technological operations.
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In modern rolling shops, technological operations are carried out according to the con-
tinuous and continuous principles of creating new rolling equipment and the operation of com-
plex machines requires the use of achievements in various fields of science and technology. Scis-
sors, straightening machines, coilers, uncoilers, tilters, manipulators, pushers, conveyors are built
into the flow technological working lines. And the performance of the technological line as a
whole depends on the coordinated work of these mechanisms.

The issues of dynamic loads from the point of view of the interaction of the rolling stands
of the continuous broadband mill 1680 have been considered rather thoroughly, while the effect
of changing the technological modes of rolling on the equipment of the current line, in particular
the coiler, is not covered.

In order to reduce equipment downtime due to emergency failures associated with an in-
crease in dynamic loads from incorrectly selected technological modes, the task was set to ana-
lytically study the effect of a change in the rolling process on the dynamism coefficient using the
example of roller coilers of rolling mills.

To analyze the forced vibrations arising in the drive of the reel drum of the mill 1680, a
two-mass torsion system is considered, to which external moments are applied - the moment of
the technological resistance of the working body, reduced to the motor shaft, and the nominal
torque of the electric motor.

On the basis of the considered calculation scheme, a functional equation of motion was
compiled through which the relationship between the change in the parameters of the techno-
logical process and the coefficient of dynamism was established.

The solution of the functional equation of motion makes it possible to establish the value
of the moment of elastic forces as a function of time, which is used in calculating the dynamic
coefficient, which in turn characterizes the dynamic loads on the nodes of technological equip-
ment. Its preliminary calculation allows avoiding emergencies associated with equipment failure
in case of incorrect selection of the technological process modes.

I'peuannit Osekcii MukosaiioBu4 - BUKIagay, kadeapa MeTaaypriiiHoro obmia-
HaHHS$, 3al10pi3bKNUI HalllOHAJIbHUI YHIBEPCUTET.

BacunpbueHko Tersina OsekcaHApiBHa - K.T.H., JOLIEHT [OOIEHT Kadeapu
MeTaJTypTiifHOro 06/1aiHaHHS, 3aMOPi3bKMii HalliOHATbHMI YHIBEPCUTET.

BnacoB Amnpapiit OnekcaHaApoBMY - K.T.H., [OIEHT [OLeHT Kadeapu
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O.1. babauenko, I''A. KoHoHeHko, €.C. Knememos, P.B. ITogoibcbKkuii
PO3POBKA PEKOMEHJIAIIIN IIOIO IIBUIKOCTEM OXOJIOIKEHHS
3AJIIBHNYHUX KOJIIC 3 3BACTOCYBAHHSAM MOZJETFOBAHHS
B ITIPOTPAMHOMY KOMIIVIEKCI QFORM VX 8.2
JJI1 ®OPMYBAHHS OJHOPITHOI ®EPUTO-TIEPJITHOI CTPYKTYPU

AHomauis. [JocnioxeHnHa npogodunu Ha cmani mapku ER7 3a EN 13262. Ha ocHosi sunpobysaH-
HA Ha npozapmosysaHicms (FOCT 5657) memodom mopuyeso2o 2apmysaHHa (no [xomeHi) su-
3Ha4anace BIOCMAHb Bi0 NOBEPXHI, 3 AKOI BUKOHYBAIU 00HOOIYHE 0X0JI00XeHHs, 0e mBepdicmsb
8i0n08idana BUMO2amM HOpMAmMUBHOI OOKyMeHmauyii 0S8 KoJic 3 00CIOXYyBaHOi cmani, ma 8io-
CMaHe, Oe B)ke He BIOOYBANOCH YMBOPEHHS 20/14ACMUX CMPYyKmMyp, 8 MoMy qucai 6eliHimy ma
giomaHwmemmy. bysno 3acmocosaHo modensaHHA 8 npoepamHomy Komnaekci QForm VX 8.2, 8
pe3ysbmami 6yna po3pobneHa modens, 074 adanmayii AKOi BUKOPUCMOBYBAAU pe3y/ibmamu
excnepumenmy. [liomsepounu BUCOKY 361XKHICMb pe3yibmamis po3paxyHKy ma ekcnepumeHmy.
llpu ybomy modenb A0380UNG OMPUMAMU MUMMEBY WBUOKICMb 0X0N00XEHHA 8 BU2/AD], AKUL
6inbwie BiONOBIOAE (hi3UYHOMY CeHCYy npouecy 1 YHUKHYmMU pO3KUOY (AakmuyHUX 3HAYeHb,
nos’sa3aHo2o 3 ouckpemHicmio ikcauii 0aHux. BcmaHosneHo, ujo Mummesa WeUOKICMb 0X0J10-
OXeHHS 3MIHIOEMbCA 8 Npoyeci besnepepsHoi pisHOMIpHOT nodayi 0xon00xysaya. PospobreHa
mMoOesb MOXe bymu BUKOPUCMAHA 018 noby0osu mepMoKiHemuyHux diazpam npu 6e3nepeps-
HOMY 0X0/7100)eHHT ma 0718 po3pobku pekomeHOAyili w000 pexumis mepmiyHOi 06POOKU 05
00CAi2HeHHSA 3a0aHUX MEXAHTYHUX 8acmusocmeli 3a NeBHO20 CMPYKMYpPHO20 CMAHY.

Knwo4osi cnosa: 3ani3HUYHi Kosneca, msepdicme, WBUOKICMb OXO/00XKeHHS, Nnpo2apmosysa-
HICMb, MOOEMOBAHHSA.

Pesynemamu ompumari 8 pobomi, s5Ka 8UKOHYEMbCS 8i0N08iIOHO J0 deprcasHoi yi-
60801 npozpamu <«Iliompumka po3eumky Npiopumemuux Hanpsmie Haykoeux 00Ci-
0xceHb», KOO hpozpamHoi knacugikauii sudamxie 6541230.

Berym. TIpy kpucraniszaiiii ctajieBoro 3imuTka ¢GOpMYyeEThCS XiMiuHa MiKpOHeO-
IHOPITHOCTD, MOB'sI3aHa 3 AEHAPUTHOIO JiKBAIII€0.

B mpoijeci MpUCKOPEHOTO OXOJOMKEeHHS AiSIHKU ayCTeHIiTy 3 MiJBUIeHUM
BMiCTOM KpeMHil0 i MapraHIill0 MOXYTb 3a3HaBaTH Y — o IIePEeTBOPEHHS 10 6e3mu-
¢dy3ifiHOMY i MPOMIKHOMY MeXaHi3My i SIBJSIOTh COOOK CTPYKTYPM 3 TOJTUYATOIO
MopdoJioriero (MapTeHCUT i OeJiHIT).

© Babauenxko O.I., Kononenko I'.A., Kinememios €.C., [Togonbcekuii P.B., 2021
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3MmiHa ($a30BOro CKaaxy i HEOAHOPIAHICTh CTPYKTYPHOTO CTAHy € HEeHOITyCTU-
MMMU 3TiTHO OKpeMMUX HOPMATUBHUX BUMOT Ta MOXYTb MPU3BOOUTU OO 3HMKEHHS
MeXaHiUYHMX BJIACTMBOCTEN 000iB 3a/i3HMUYHMX KOJIIC i 3MeHIIIeHHS 3arajbHoI eKc-
TTyaTalifHol HaAiifHOCTi UX BUPOOIB.

BigmoBigHicTh HOBMM Oi/IbII JKOPCTKUM BMMOTaM 10 3a/Ii3HMYHMUX KOJIIC MOK-
JIMBA TUIBKYU TIPM KOMIUIEKCHOMY TiXO/i 10 BAOCKOHAJIEHHSI TEXHOJIOTii iX BUpPOO-
HUIITBA IIpU OOI'PYHTOBAHOMY BMOOpPi peKMMIB TEPMiUHOI 0O0pPOOKM 3 ypaxyBaHHSIM
XiMIYHOT'O CKJIaZy CTaJIi.

Mera pociaimkeHHsI. Bu3HaueHHS pallioHaJbHOTO IHTEpPBa/Ny LIBUAKOCTEN
OXOJIOJIKEHHSI 000y 3a/i3HMYHOTO KoJieca IJIsl TOCSTHEHHSI BMCOKOIO PiBHSI TBep-
noCTi pepUTHO-MEPJIITHOI CTPYKTYPHU 3 3aCTOCYBAaHHSIM MO e/TI0BaHHSI.

Marepiaa Ta MeTOAMKU OOCTiAKeHb. [J0CiIskeHHS TPOBOAMIM Ha CTajli Ma-
pku ER7 3a EN 13262. 3pasok AOCIiIKYBAHOI CTali MifjasraB BUIIPOOYBAaHHIO Ha
MpOrapTOBYBaHICTh METOAOM TOplieBoro raptyBaHHs (3a I'OCT 5657 meTomom
II>komeHi). BumiprioBaHHS TBepaOCTi IMpoBoAMINCh Ha TBepaoMipi TK-2M. Mopeinto-
BaHHS MMPOBOAMJIOCH B MporpaMmHomMy komruiekci QForm VX 8.2.

PesynbTaTy pocaimkeHb. Ilicass BUIpoOyBaHb Ha IMPOTapTOBYBAHICTh 3a
I'OCT 5657, Bu3Hauanach BificTaHb BiJ MOBEpPXHi, 3 SIKOi BUMKOHYBaIM OTHOOIUHE
OXOJIO/I)KeHHSI, Jle TBepAiCThb BiJTIOBi/lajia BUMOraM HOPMAaTUBHOI JOKYMeHTaIlil JJisi
KOJIic 3 mociimkyBaHoOi cTasi (puc. 1), Ta BimcTaHb, e Bjke He BigOyBasoch raprTy-
BaHHS, TOOTO YTBOPEHHS rOJIYACTUX CTPYKTYP, B TOMY UMCJIi GeifHIiTY Ta BigMaHII-
TeTTy (puc.2). Ha HacTynmHOMY eTami HOCTimIKeHb OyaM po3MillleHi TepmoIriapyu B
IpYTruii 3pa30K 3 Ti€l X CTajli Ha MolepeaHbO BM3HAUEHi BificTaHi, Ta MPOBOAMIOCH
OXOJIOAKEHHSI B TUX CAMMX YMOBAX, SIK i Ji/Is1 IepIlIoro 3pasKa, 3 3alucoM 3MiHU Te-
MIlepaTypyu MiJi Yac OXOJIOJKeHHS (pUc. 3, a). 3a pe3yJbTaTOM aHa/lIi3y OTPUMaHUX
3aJIeXKHOCTE BM3HAUYABCS ONTUMAIbHUI [ialla30H MIBUAKOCTEN OXOJIOAKEHHS, 110
3abe3mevyBaTMMe 3a/I0Bi/IbHi 3HAUEHHSI TBEPIOCTI B IIeHTPaIbHNUX 00’eMax 06011y Ta
rapaHTy€e BiJICYyTHICTb TOJIYaCTUX CTPYKTYp OiJis MOBepXHi KOueHHs1 000dy Koseca.
AJle aHami3 pesynbTaTiB MOKa3aB, 110 HeOOXiHe peryaioBaHHSI iHTEHCUMBHOCTI 0OXO-
JIOMKEeHHSI TIpU TePMiuHiii 06po6i1i. [IJis1 po3po6KM pexkxuMiB audepeHIiialii BUTpaTu
OXOJIOAKyBaua HeobOximHe O6yna po3pobka Ta 3aCTOCYBAHHSI MOJIeJTi PO3pPaxyHKY 3Mi-
HU TeMIIepaTypyu MeTaJly B IIPOLieCi 0XOJ0IKeHHS.
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* Ctane EE’7

Teepaicts, HRC

5101520253035404550556065?0?580859095

BigcTaHBb BiJ TOPOIO, MM
PucyHoK 1 - 3MiHa TBepAOCTi B 3a/IeXKHOCTI Bifl BilCTaHi 40 TOPIlIO 3pa3Ka Mic/s BU-
MpoOyBaHb Ha MporapToByBaHicTh 3a TOCT 5657 (meTon, [Is>koMeHi)

B

PucyHoOK 2 - MikpocTpyKTypa 3pa3ka 3i ctayii mapku ER7 3a EN 13262 micis Topiie-
BOI'0 rapTyBaHHS Ha BiJcTaHi Big Topio 7,5 mMm (a, 6) Ta 13,5 MM(B, I)
a, B -x100; 6, r - x1000

B mporpamHomy komriuiekci QForm VX 8.2 6yma po3pobieHa mopenb, IJist
azarnrTariii IKoi BUKOPMCTOBYBaJIM Pe3y/IbTaTU €KCIIEPYMEHTY.

B ocHOBY po60TH IporpaMu IOK/IaJeHi OCHOBHI ITiIX0AM 3 Teopii Teriomnepe-
Jaui.
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SIKII0 B MpOCTOpi iCHY€E pi3HMUIIST TeEMIIepaTyp MiXX ABOMa TOYKaMM, TO BigoyBa-
€TbCS TIEpeHeCceHHsT eHeprii (Termoo0MiH) Bif 06J1acTi 3 6iIbIIOI0 TeMIIEPaTypoo A0
0071aCTi 3 MEHIII0I0 TeMITepaTypoIo.

BuainsioTh HACTYITHI TpM BUAYM TEIUIOOOMIiHY:

* TEIUIOTIPOBIIHICTD;

* KOHBEKIIis;

* BUIIPOMiHIOBaHHSI.

Mopenb po3paxyHKy 3MiHM TeMIIepaTypu B IIpolieci TepmMiuyHOi 06po6KM 0601y
3aJIi3HMYHOTO KoJjieca BMKOHYBajach 3a Jomomoroio mporpamu QForm VX 8.2, sika
MOXe PO3paxOByBaTU HepiBHOMipHe TeMIlepaTypHe I10Jie B 3arOTOBIIi, SIKe 3MiHIO-
€ThCS B Yaci B mmpolleci medopMailii, HarpiBaHHs a60 ii 0X0J0mKeHHSI.

BupminsioTh HACTYIIHI TpY BUIAM TEIVIOOOMIHY: TEIUIOMPOBiAHICTh; KOHBEKIIis;
BUIIpOMiHIOBaHHS. Ilepegaua Ternia TEIIONPOBiAHICTIO 3iliCHIOEThCS ITpU Oe3Ioce-
penHbOMY KOHTaKTi YaCTMH Tijia 3 pi3HOI0 TeMmmepatypoio. [IudepeHiiiaibHe piB-
HSIHHSI HeCTallioHapHOI TemIoNPOBiAHOCTI, 1[0 BUKOPUCTOBYETHCS IJISI MOJIeII0BaH-

HS 11bOro siBuuia B mporpami QForm VX 8.2 mae Buriisia;:
k(ngng@)Jrqg—pcaT €))
ne: D - oneparop Jlamiaca,
T - temniepatypHe nose [K],
t - vac [c],
k - koeditieHT TeronposigHocTi [BT / (M K)],
I - WIiINBHICTD [KT / M?),
C - mUTOMa TeroeMHICTh [ / (KT K)],
Jc - IOTYKHICTh BHYTPILIHBOTO Ji3Kepesia Temna [Bt / m®).
VY nporpami QForm VX 8.2 i onmcy KOHBEKTMBHOI'O TEIVIOOOMiHY BUKOPUC-
TOBY€ETbLCS 3aKOH HbioTOHa-PuxmaHa:
qn = h(l, —T.) 2)
ne h - koediuienT TernoBignaui [Br / (m? K)],
T, - TemIiepaTypa Tina (3arOTOBKM a60 iHCTPYMEHTY),
Tc - TeMIiepaTypa HaBKOJIMIIHLOTO CepeloBuIIa.
[Ii/7IbHICTh TEIIOBOTO MOTOKY BUIIPOMiHIOBAHHSI HA MOBEPXHi BU3HAUYAETHCS 3a
dbopmyioro:

qn = €0o(Ti' — T2*) 3)
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Jle € - CTYIiHb YOPHOTU peasibHOTO Tijla, SIKa BM3HAYA€E€ThCS SIK BiHOILIEHHS BUITPO-
MiHIOBAJIbHOI 3ATHOCTi JAHOTO Tijia 0 BUIIPOMiIHIOBAJbHOI 3JaTHOCTI aGCOTIOTHO
YOPHOTO Tijia IPU Tiii Ke Temneparypi,

co= 5,67 - 10® Bt / (M*K*) - mocriitHa CtedaHa-bonbiimaHa.

I[Tpoiiec Teruioo6Mminy B QForm VX 8.2 MoenioeTbCsl 3a JOIMTOMOT0I0 METOIY Ki-
HIIeBUX 00'eMiB. BifITOBiZHO [0 1IbOTO METOIY IMPOCTOPOBA AMCKpPETM3allisl 3aBIaH-
HSI 3[Ii/ICHIOETHCS LIJISIXOM PO30OMTTS PO3paxXyHKOBOI 06/1acTi Ha HeBeIMKi JOTUYHI
o0csiru. YcepenyHi KOSKHOTO KOHTPOJIBHOTO 00CSITY 3HAaXOAUTHCSI OJHA TOUYKA «ITPU-
B'SI3KM» IIIYKAHOTO CiTKOBOTrO pilieHHs. B sikocTi KiHLleBux 06’emiB B QForm VX 8.2
BUKOPUCTaHi ocepenku BopoHoro.

CiTka ocepenxiB BopoHoro 6yayeTbcst Ha 6a3i KiHIIEBO-eJIeMEeHTHOI CiTKM, BU-
KOPUCTOBYBAHOI AJIs1 IMCKpeTu3ailii JedhopMalMoOHHONM 3aBAaHHS. Y KOKHOMY 3 Ki-
HIIeBUX eJIeMeHTiB BUIISETbCS TOUKA, PiBHOBiAJa/ieHa BiJl KYyTOBUX BY3JIiB TPUKYT-
Horo (2D 3aBmaHHs) ab6o TeTpaempanbHoro (3D) enemeHTta. TakKMM UMHOM, KiHIIEBi
0b0csirM 'y BUIJISIAI ocepenkiB BopoHoro € reomeTrpuuHmMmu dirypamm, peobpa sIKUX
3'€QHYIOTh LIEHTPY OMMCAHUX Kil I TpUKYyTHUX (2D) i ormmcanux cdep s teTpa-
enpanbHuX (3D) KiHIIeBUX eJleMeHTiB.

[TopiBHSIHHS eKCIlepMMeHTa/IbHUX Ta PO3pax0BaHMX 3a JOMOMOIOI0 MOZeli pe-
3yJIbTATiB MiATBEPAMIIO iX BMCOKY 306ikKHiCTh. [IpM 1IbOMY MOJEIb JO3BOJINMIA OTPU-
MaTy MUTTEBY MBUIKICTb OXOJIOMKEHHST B BUTJISIAL, SKMit Oinbliie Bifgmosigae ¢isny-
HOMY ceHCy mpoiecy (puc. 2, 0), i YHUKHYTM pO3KUIOYy (aKTUUHUX 3HaueHb,
TIOB’SI3aHOTO 3 JMCKPETHICTIO QiKcallii JaHuX.
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PucyHOK 3 — 3MiHa TeMIiepaTypu B IIPOLeCi OXOJIO>KEHHS (a) Ta MUTTEBA IIBU/I -
KIiCTb OX0JIO[>)KeHHS (TIOPiBHSIHHS €KCIIEPMMEHTATbHMUX Ta PO3PAaXyHKOBUX 3HAUEHbD)
(6) mapku ER7 3a EN 13262
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SIK MOKkHA 6aUUTU 3 PUCYHKY 2, 6, MUTTEBA MIBUIKICTb OXOJOIKEHHS 3MiHIO-
€TbCS B TIpolieci 6e3mepepBHOI piBHOMIpPHOI Moavi 0XoyIoaKyBaua. B messkux Buma-
IKax (ikcyBaay 3HauHe YMHOBiJIbHEHHSI OXOJIOKEHHSI, 400 HaBiTh HeraTUBHi 3Ha-
YeHHSI MMTTEBOI IIBUIKOCTI OXoysomkeHHs. Ile mMoB’S3aHO 3 BUAIJIEHHSIM TeILJIOTU
(da30BUX MepeTBOPEHb, SIKe BUHMKAE ITif] yac po3Iaay ayCTeHiTy 3a AudysiitHuM Me-
xaHi3MoM. TakoX MOXKHA Bil3HAUYMUTH, 1110 AJIS1 Pi3HOI BiICTaHi Bif, TOPIIO0 MaKCUMY-
MM MUTTEBOI MIBUAKOCTI OXOJOMKeHHSI MPUITafal0Th Ha Pi3HMIL yac — Iie 4ac, Koau
Ha MeTaJl Ha TeBHill BiACTaHi MOYMHAE BIUIMBATU [is OXOJIOIKyBaya. [lo Toro Mmerasn
OXOJIOIKYBABCSI TiJIbKYM 3a paXyHOK BiIBOMY Teruia 6iuHOI0 MOBepXHel0. B Toukax, siki
po3TalioBaHi 6/1MKUe A0 TMTOBEPXHi iHTEHCMBHOTO TEIUIOBiABOMY MaKCMMaabHa MUT-
TeBa HIBUIKICTD OinbIia.

PesynbTaTy MoOAeOBaHHSI 3MiHM TeMIlepaTypy IO Iepepi3y 3pa3ka Ojs BU-
MpoOyBaHb Ha TOPIIeBe TapTyBaHHS MIPeACTaB/IeHi Ha PUCYHKY 4.
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PucyHoK 4 — TemmepaTypHi IoJis 110 Tlepepisy 3pa3Ka Jjis1 BUIIpoOyBaHb Ha Iporap-
TOBYBaHICTb 3i cTani mapku ER7 3a EN 13262: a — nnepep, mo4aTKOM OXOJIOIKEHHS;
6 — uepe3 1 c 0fHOGIYHOTO OXOJIO/IKEHHS; B - uepe3 60 ¢ OJHOGIYHOTO OXOJIOIKEHHST

3 a”a/mi3y PUCYHKY BUOHO, PO3IOiJ TeMIlepaTypu B Tili 3pa3ka B Ipoleci
OXOJIOA KEHHS 3pa3ka JOoC/iIKyBaHOi cTasi. Ha pucyHKy 4 BKa3aHi TOUKH, Y IKUX pe-

18 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHosorii» 3 (134) 2021 «System technologies»

aJ1i30BYyBaJINCh MIBUAKOCTI OXOJOIKEHHS, IPU SIKUX TBEPIiCTh Ta CTPYKTypa BiAmo-
BiJIaIOTh 3aJaHMM.

Po3pob6ieHa mMojenb 3MiHM TeMIlepaTypu I10 mepepisy 3paska sl TOPIEBOro
rapTyBaHHS IJi CTajeil pi3HOro XiMiyHOTO CKJIafdy, SKa JO3BOJUTbH MPOTHO3YBaTU
MMTTEBI Ta 3arajibHi MBUIKOCTI OXOJIOMKeHHS, (a30Buit CKIaj Ta MeXaHiuHi Bjac-
TUBOCTI Ha Oyb-SIKilt BificTaHi Bif MoBepxHi TeroBiaBoay. Taka Mmoaeab Moke OyTH
BUMKOpPMCTaHa 151 MOOYyA0BY TepMOKIHETUMYHOI JdiarpaMu Ipyu 6e3rnepepBHOMY 0XO-
JIOIKeHHi (puc. 5) Ta st po3po0bKM peKoOMeHallil 010 peXXUMiB TepMiuHOI 06po-
OKM 11 DOCSTHEHHS 3aJaHMX MeXaHiYHMX BJIACTUMBOCTEN 3a ITEeBHOTO CTPYKTYPHOIO

CTaHy.

i, 3

~ b i bt \

ASSTT,

e e A I o | e . . N
PucyHok 5 - TepmokiHeTMuHa IiarpaMa mocaimkyBaHoi ctani mapku ER7 3a EN
13262, mobymgoBaHa 3 3aCTOCYBaHHSIM MOJEJIi pO3paxyHKy TeMIlepaTypu

ripu 6e3repepBHOMY OXOJIOKEHI 3 3acTocyBaHHSIM Iporpamyu QForm VX 8.2

BucHOBKMU. BusHaueHMiT OOMYCTUMMIA iHTepBal WIBUIKOCTEN OXOJIOIKEHHS
MTOBEPXHEBUX i LIeHTPAIbHUX OUITHOK 000y KOJIiC MPU MPUCKOPEHOMY OXOJIOIKeH-
Hi 3 cTasni mapku ER7. [laHi MOXKYTb OYTM BUKOPUCTaHI JJIs1 BLOCKOHAIEHHS PEXMMIiB
TepMidHOI O6POOKM 3a/IiIBHMYHUX KOJIiC MOTOYHOTO BMPOOHMIITBA 3 METOH HOCST-
HEeHHS$ BMCOKOI'0 KOMILJIEKCY MeXaHIYHMX BJIaCTUBOCTEIA SIK IIPU iCHYIOUii TeXHOJIOr1i
OXOJIOJIKeHHSI, Tak i mpu audepeHI1iioBaHOMY OXOJI0AKeHHiI Ha MOJepHi30BaHOMY
ob6sagHaHHI TePMIYHOI OiITHKY KOJIECOMPOKATHOTO 1iexXy. Po3pobiieHa Mojiesib 3Mi-
HJ TeMIlepaTypy 0 Iepepi3y 3paska AJisl TOPLEeBOro rapTyBaHHS [Jis CTaJIell pi3HO-
ro XiMi4YHOTO CKJIaAy, sSIKa JO3BOJUTh MPOrHO3YBATM MUTTEBI Ta 3arajibHi IIBUIKOCTI

OXOJIOIKeHHS, (ha30BMi1 CKJIa, Ta MEeXaHiUHi BJIACTUBOCTI Ha OYIb-sIKiil BimcTaHi Bif
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TOBepxHi TeroBigBoay. Taka Moeab MOKe OyTY BUKOPMUCTAHA JIJIsl TOOYI0BY Tep-
MOKIHETUUHMX JiarpaM mpyu O6e3repepBHOMY OXOJIOIKEHHI Ta MIJIT pO3POOKMU peKo-
MEHJIALIil 040 PEXXMMIB TEPMiUyHOI OOpOOKM ISl MOCSITHEHHS 3aJaHMX MeXaHiu-
HUX BJIaCTUBOCTEH 3a IeBHOT'O CTPYKTYPHOIO CTaHY.
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Pa3zpabomka pekomeHdayuli no ckopocmet 0xX1aXK0eHUsl X ene3H000POXKHbIX Koec
C NpuMeHeHuUeM MoOeUPOBAHUA 8 NPO2PAMMHOM KomnieKce qform vx 8.2
0214 hopmMupoBaHua o0HOpPOOHOU heppumo-nepaumHol cmpyKkmypbi
bbin0 npumeHeHo modenuposaHue 8 npoepammHom komnaexkce QForm VX 8.2, 8 pesynbma-
me 6bi1a pazpabomaHa Mooenb, 017 adanmayuu Komopodl Uucnosb308aauU pe3yibmamsl 3Kcne-
pumenma. [lodmsepounu BbICOKYIO CXOO0UMOCMb pe3ybmamos pacyema u 3kcnepumeHma. Pas-
pabomaxHas Mooesb Moxem 6Gbimb UCNOSL30BAHA 01 NOCMPOEHUS MepMOKUHemu4eckux oua-
2pamm npu HenpepbIBHOM OXNIAKOeHUU U 01 pa3pabomku peKkomeHOayuli no pexumos mepmu-
yeckoli obpabomku.
Development of recommendations on cooling rates of railway wheels with the use
of modeling in the software package qform vx 8.2 for the formation
of a homogeneous ferritic-perlite structure
Summary. The tests were performed on ER7 steel according to EN 13262. Based on the
hardenability test (GOST 5657) by the method of end hardening (Jomen) the distance from the
surface from which unilateral cooling was performed, where the hardness met the requirements
of regulatory documentation for wheels of test steel, and the distance where the formation of
needle structures, including bainite and otmanshtette, no longer took place. Simulation was
applied in the software package QForm VX 8.2, as a result, a model was developed, for the
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adaptation of which the results of the experiment were used. Confirmed the high convergence of
the results of the calculation and the experiment. At the same time, the model allowed to obtain
an instantaneous cooling rate in a form that is more in line with the physical meaning of the
process and to avoid the scatter of actual values associated with the discreteness of data
capture. It is established that the instantaneous cooling rate changes in the process of
continuous uniform supply of the cooler. The permissible range of cooling rates of the surface
and central sections of the wheel rim during accelerated cooling of ER7 steel is determined. The
data can be used to improve the heat treatment modes of railway wheels of current production in
order to achieve a high set of mechanical properties both with the existing cooling technology
and with differentiated cooling on the modernized equipment of the thermal section of the
wheel shop. The developed model can be used to build thermokinetic diagrams under continuous
cooling and to develop recommendations for heat treatment modes to achieve the specified
mechanical properties under a certain structural state.

Bab6auenko OsiekcaHAp IBaHOBUY - TOKT. TEXH.HAYK, AUPEKTOP IHCTUTYTY YOPHOI
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pHoi meTanyprii im. 3.1. HekpacoBa HAH Vkpainu.
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CTUTYTY 4YOpHOi MeTasyprii iM. 3.1. HekpacoBa HAH Ykpaiun.
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yopHoi meTanyprii im. 3.1. HekpacoBa HAH Ykpainu.
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H.M. €pmioBa, H.O. BenbmariHa
MOJEJTIOBAHHS I OIITUMI3AIIISI [IAPAMETPIB ITPOLIECY B3AEMO/IIT
TPHOX IMIOIIPMEMCTB B €IVHIN BUPOBHUYIN CUCTEMI

AHomayisa. B cmammi HageOeHo mMemoOUKa NpoeKmyBaHHA npouecy 83aemodii mpbox nionpu-
EMCMB 8 €OUHIl BUPObHUYIl cucmemi. MampuyHum MemoOoM OUHAMIYHO20 NPO2PAMYBAHHS
BCMAHOBJIEHT PO3PAXYHKOBT (hopMyu 014 napamempis NPOeKMyBAHHA: YACMKU NOMOKY BAN0B0T
npoOyKYii, AKA HANPABAAEMbLCA NIONPUEMCMBAMU HA PO3BUMOK BAACHO20 BUPOOHUYMBA. B AKo-
Cmi Kpumepito onmuManbHOCMi npuliHAMuUU KeadpamuyHul YHKYIOHAN, GI3UYHUL CeHC AK020 -
sUMpPamMu 2powoBUX KOWMIiB Ha NIOmMpuMKy cmabinbH020 PyHKYTOHYBAHHSA npoyecy. [lpu ybomy
KiHUesa npoOyKyia BUPOBHUYOT cucmeMu, W0 HaNpasasEMbCA HA 30BHIWUHE CNOXUBAHHA NOBU-
HHa 6ymu makcumansbHa. CmsopeHo npoepamHull npodyKm i OmpuMaHo oNMUMasbHe PilleHHS.
BukoHaHo modentoBaHHA 8 cucmemi modentosanHa MBTI1 3.7 npouecy 83aemodii mpbox nionpu-
eEMcms 015 mpbox sapiaHmis. BapiaHm 3 onmumansHUMu napamempamu npoeKmyB8aHHs 3a6es-
neyye 36i/blWeEHHA BUPOBHUYOT nomyXHocmi nionpuemcms i 810nosioae 061acmi payioHasbHUX
3HAYeHb YACMOK NPOMIXHOT NPOOYKUIi NIONPUEMCMSB, W0 BCMAHOBAEHA WIAXOM MOOEBAHHA.
Knto4osi cnosa: onmumizayis, MoOe0BAHHA, MAMPUYHUL Memod OUHAMIYHO20 NPozpamMyBaHHS,
npouec 83aemo0ii mpbox nionpuemcms 8 €OUHIl BUPO6HUYIL cucmemi.

ITocraHoBKa mpo6ieMu. B mauuii yac 6arato mignpueMCTB, HE BUTPUMAaBIIN
KOHKYpPEeHIIii pUHKY, NPUIMHSIIOTh (PYHKI[IOHYBaHHS. BupimasbHe 3HaueHHS IIpU
BUKOPUCTAHHI 0OMeXXeHNX BUPOOHMYMX PECYPCiB Ma€ TicHY i 6e3mepepBHy B3a€EMO-
IiI0 MATIPUEMCTB B €VHi BUPOOHMUIN CUCTeMi Ha KOPUCTb OTPMMAHHS B3a€EMHOI
BUTOAM TIpM pillleHHi CyMiCHMX 3a/ay Mo 3af0BOJIeHHI0 MOTpeb cycmiabcTBa [3]. 3
TMIOTJISIAY CUCTEMHOTO ITiAX0oay 00'€KTOM IOC/iIKeHHS € Buay i ¢popmu B3aemonii,
TOOTO 00'€KTOM JOCTiAKEHHS € He Cy0'€KTHU, a Mpoliec B3a€EMOZAii Mixk HUMMU. AKTY-
aJbHUM 3aBIaHHSIM CbOTOAEHHS € CTBOPEHHSI CTabibHO (QYHKI[IOHYIOUMX i edek-
TUBHUX BUPOOHMUMX cUCTEM. [IJIsI IbOTO HEOOXiHO 3HATM 3HAUEHHST ONMTUMAaTbHUX
rnapaMeTpiB, $Ki XapaKTepU3yITb IMPOLEeC B3aEMOZIl IANPUEMCTB €AUHOIL
BUPOOHMYOI cucTeMy. Ha 0CHOBI Mojie/IIOBaHHS IIPOIeCy B3a€MOIii ITiIITPUEMCTB B
€nVHit BUpOOHMUIi cucTeMmi [1] BCTaHOBIIEHO, 110 KiHLIleBa MPOILYKIlis BUPOOHMUOI
CUCTEMMU, SIKy TMOCTABJSIOTh HA 30BHILIHE CIIOKMBAHHS, 3aJI€XKUTh BiJi MPOMIXKHOI
MIPOAYKIIii, IO 3aJMUINAETbCS MiAIIPUEMCTBAMM Ha PO3BUTOK BJIACHOTO BUPOOHMII-
TBa. CTaBUTBHCS 3aBAAHHS — CTBOPUTU METOAMUKY MPOEKTYBAaHHS MPOLIECY B3a€MOZi1

© €pmoBa H.M., Beirpmarina H.O., 2021

ISSN 1562-9945 (Print) 23
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 3 (134) 2021 «System technologies»

MiITIPUEMCTB B €AMHI BUPOOHMUYOI CHUCTEMI.

AHaji3 ocTaHHIX JOCIiAXeHb i myOJikaniin. ABTop poboTu [6] po3risnae
3aBJaHHS, 110 PO3KPMBAIOTh BHYTPIIIIHI pe3epBM OKPeMOro IiAIIPUEMCTBA B Pi3HUX
yMOBax 1oro QyHKI[iOHYBaHHS, B TOMY UMC/Ii B yMOBaxX Kpu3u. Briepiie cTBOpeHO
MaTeMaTU4YHy MOJielb >XUTTEBOrO LMKy MiANPUEMCTBA Ha OCHOBI Teopii
6e3repepBHUX AMHAMIUYHUX IIpolleciB. Moenb T03BOJISIE: TPOrHO3YBATH TTOBEIiHKY
MiATIpUEMCTBA B MaliiOyTHbOMY, IUIAHYBATH OTO PO3BUTOK, aHAJi3yBaTy CTiliKiCTh
(yHKIIOHYBaHHSI, MOZEIOBATU KPMU30Bi CUTyallii BCepeguHi MigNpueMcTBa i
TOBEIiHKY B PMHKOBUX YMOBax. BUXiTHMM ITapaMeTpoM IiAIpUEMCTBA € BUPOOHMYA
MOTYXHiCTb. Pobota [7] mpucBsyeHa aHami3y Ipolecy B3aeMOZii B €OUHiN
BUPOOHMYIN CHUCTeMi OBOX MiAMPUEMCTB, IO BUITYCKAIOTh Pi3HY IPOAYKIlil0. B
po6oTi [8] aHami3yBaBcsl mpoilec B3a€MOAii TPhOX MiAIPUEMCTB, IO BUITYCKAIOTh
pi3Hy npoaykiiito. B po6oTi [1] BMUKOHAHO aHA/IITUYHe AOC/iIKeHHS i MOAenoBaHHS
MPOLeCy B3a€MO/Iii TPbOX MiATIPUEMCTB, 1[0 BUITYCKAIOTh Pi3HY KiHI€BY MPOAYKIIIO.
I[lepie mignpuemMcTBo € GOHAOTBOPUYMM. JIpyre i TpeTe MigIpMeEMCTBA BUITYCKAIOTh
B3a€EMO3aMiHHY, B CEHCi CIOXMBAHHS, NpOAyKIito. [IpomMixkHa NpPOOYKILS BCiX
MiAIPUEMCTB Je Ha PO3BUTOK BJIACHOTO BUPOOHMIITBA, KiHIIEBA MPOMYKILis
(bOHIOTBOPUYOTO MiAMPUEMCTBA PO3MOIIISIETHCS IOPiBHY MiXK [ABOMA iHIIUMU
nignpuemcrsamu. KiHleBa mpoaykuis Opyroro i TpeTbOro MifgNpUEMCTBA
CIIPSIMOBYETBCSI Ha 30BHIllIHE CIOXMBaHHSA. CTBOpeHa Cxema MOJIeJIOBAaHHS s
cucteMmu mopenoBaHHs MBTII 3.7 i nIIXoM MOJe/IlOBaHHSI BCTaHOBJIEHO, IO JIJISI
CTiliKoro QyHKIIiOHYBaHHS JOCJiIKyBaHOI BMPOOHMUOI CHMCTeMM i HapOITyBaHHS ii
MIOTY>KHOCTi HeoOXimHo, 106 (GOHIOTBOPYE MiAIIPUEMCTBO 3aJMINAIO Ha PO3BUTOK
BJIacHOTO BupoOHMIITBa 0,7-0,8 yacTKM MPOAYKILii, 0 BUITYCKAETHCS, i TMOUYMHAIA
(GyHKIIOHYBaHHSI 3 MaKCUMMa/IbHO MOXJIMBMM KarmiTajioM. KpiMm Toro, KiHiieBa
MPOAYKILis (POHIOTBOPYOTO ITiATIPMEMCTBA MOBMHHA MOPiBHY PO3IMOMIISITUACS MiX
OPYTMM i TpeTiM MiAnpMeMCTBaAMM sl 3abe3IedyeHHsI OJHAKOBOI iHTEHCUMBHOCTI
HapOIIyBaHHS iX BUPOOHMUYMX MOTYKHOCTe. [Ipyre i TpeTe MiANIpueMCTBa MOBUHHI
3QJIMIIATY HAa PO3BUTOK BjaacHoOro Bupo6GHwmirTea 0,65-0,75 yacTKu MpomayKiiii, 1o
BUITYCKAETHCS i TOUMHATY QPYHKIIOHYBaHHS 6€3 30BHillIHiX O0OPTiB.

Meta pocaigykeHHs1. CTBOPUTU METOLMKY MPOEKTYBAaHHS IMPOLECY B3a€EMOZI1
TPbOX MiATIPUEMCTB B €AMHI BUPOOHNUiii CMCTEMI.

BuknageHHsI OCHOBHOIO MaTepiany JoctimKkeHHs. Bupo6Huua cucTema Mae
TP MiJAIPUEMCTBA, 1[0 BUITYCKAIOTh Pi3HY MpoayKiiito. Ilepiie migmpuemcTBo € do-
HOOTBOpUMM. JIpyre i TpeTe MiANPMEMCTBA BUITYCKAIOTh B3a€EMO3aMiHHY, B CeHCi

CIIOXKMBAHHS, NPOAYKILit0. [[poMibkHA MPOAYKILiS BCIiX MiAIIPUEMCTB Jiie Ha PO3BUTOK
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BJIACHOT'O BMPOOHMIITBA, KiHIIEBA MPOAYKILisI GOHIOTBOPUOrO IiAIIPUEMCTBA PO3IIO-
JIUISIETHCS IOPIBHY MiXK ABOMA iHIIMMM MignpueMcTBaMu. KiHiieBa mpogykiist gpy-
rOro i TPeThOro MiAIPUEMCTBA CIIPSIMOBYETHCS HA 30BHIILITHE CITOKMBAHHSI.

CTpyKTypHa cxeMa IIpe[icTaB/ieHa Ha PUCYHKY 1 [4].

Y11 1
[+ ]
L]
Pucynok 1 - CTpykTypHa cxema
Ha puc. 1 mosHaueHo: y, — BMPOOHMYA MOTYKHICTb i — IO MiJNPUEMCTBA;

7,71,7, — 9acTKa IOTOKY, LII0 BUITyCKAEThCS, 3aIMIlIeHa MigIpMEMCTBAMM Ha PO3BU-
TOK BJIACHOTO BUMPOOHMUIITBA; & — YaCTKa IMOTOKY KiHIIeBOi MPOAYKIIii (POHIOTBOPYO-
ro MiJIPUEMCTBA, IO PO3IOAUIIETHCS MK~ APYTUM i TPETIM MiANPUEMCTBAMMU; Y,
— KiHIIeBa MPOIYKIList BUpoOoHMUOi cuctemu. OTKe,
N=VuT Ve T VeV =Vut Vs Ve =V V05 Vs = Vs T Vi
Vs =A=A=0)yis vy =7y Yo =0=7)0y; yu =0
Yu ==y v =00 ya=0=7)y;

Y upboMy BMUMIAAKy MaTeMaTMuHa MOJe/ib Mpollecy B3aeMOZii TpbOX MiAIpu-

€MCTB 3aIlIMIIeTbCa y B]/II']I;[,I[i:
mtany, =0, »(0)=y,;
Vot any, =any;, ¥,(0)=yy;

Vs tayys =a;y, y;(0)=yy. (D)
'u;e all:ﬂl_y;aZZZM;a:B:M;alZ:M; a13:w, ml_’ ﬂ[
m, m, ms m, ms

— BimmoBigHO poHIOMICTKiCTD i KoedilieHT BMOYyTTSI OB® i — ro mignpuemMcTBa.

B po6oTi [2] moBeneHO, 1110 ONTUMAaIbHI TapamMeTpy MOXKHA BM3HAUATU Ha Ma-
TeMaTUYHUX MOJIeJIIX 6e3 30BHIIIHbOTO BIUIMBY, TaK SIK MPY OyIb-SIKOMY BIUIMBI B
CUHTe3yIouilt QyHKIii 6yme ckiamosa, 10 racuth itoro. Tomy 3anuiieMo mMaTema-
TUYHY Mozesb (1) y BUrIsAi
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MY +FY-CY =0, (2)
m 0 0 B 0 0 y 00 i 4
M={0 m 0} F=[0 g, 0| C={0 0 || Y=y, | Y=|p|
0 0 m, 0 0 B 00 7, Vs Vs

MaTtemaTU4YHy MOJiesib (2) IpUiiMeMO B SIKOCTi MO e/li-aHaora MpoeKTOBaHOTO
npoiecy. Bupimmmo 3amadyy MaTpMUYHMM METOJIOM OMHAMIYHOTO MPOrpamMyBaHHS.

MareMaTH4YHa MO/JIe/Ib KEPOBAHOI'O IIPOLIECY Ma€ BUTJISII:

Y =-M"'(FY + BU), (3)
B u
ne Y =|y, | — BeKTODp cTaHy npouecy; U =|u, | — BEKTOp YIIPaBJIiHHS;
y3 u3
B 0 0 1 00 I/m, 0 O
F={0 B 0 [ B=(0 10 M'=|0 l/m, 0
0 0 g 0 0 1 0 0 1/m,
B sKOCTi KpUTEPilo ONTUMaNbHOCTI IPUITMEMO KBaAPATUIHMI QYHKITiOHAIT
J=[(Y PY +U GU)dt, (4)
0
a, 0 0 4 0 0
ne P=|0 a, O G=|0 u, O |- mMaTpuliBaroBux koediuieHTis.
0 0 a 0 0 gy

CTaBUTHCSl 3aBIAHHSI - BCTAHOBUTY PO3PaXyYHKOBi dopMynu Ajisl TapaMeTpiB
IIPOEKTYBAaHHS: YaCTKM IIOTOKY BaJIOBOI NPOAYKUil y,7,,7,, L0 HAIpPaBISIETHCS
MiJMPUEMCTBAMM Ha PO3BUTOK BJACHOTO BUPOOHUITBA. @Di3MUHMUIT CMUCT
dbyHKIIiOHaMy - BUTpaTM TPOIIOBMX KOIITiB HA MiATPUMKY CTabiIbHOTO
dbyHKIioHyBaHHS mporiecy. IIpy 11boMy KiHIleBa MPOAYKIlisT BUPOOHUYOI cucTeMu,
SIKy HampaB/sIOTh Ha 30BHIIIHE CIOXMBAHHSI MOBMHHA OyTH MakcumaabHa. Heob6-
XiJTHOI0O YMOBOIO OITMMAJILHOCTI € pillleHHS HEeJiHilfHOTO ajre6paiyHoro piBHSIHHS
Pikkarti

P+SF+F'S—SBG'B'S =0, (5)
Ioe S cMMeTpMUYHA MO3UTUMBHO BM3HAuUeHa MaTpulls. B 3arajibHOMY BUTJISIAI PiBHSIH-
HS (5) BUPIiIUTY HEMOXAMBO. Y MaTpulli C MOJeJi aHajaora mpoiecy MpoeKToBaHi
rnapameTpu y,y,, 7, PO3TalllOBaHi Ha rOJIOBHIN JiaroHasi, iHIIi eleMeHTM MaTpuLi
OOpiBHIOIOTh HYII0. ToAdi ejemMeHTM MaTpuii S 3 ypaxXyBaHHSIM il MO3UTUBHOI
BJM3HAUYEHOCTi 06UMCITIOIOTCS 110 hopMmyiax
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Sii :ﬂi(ﬁi+\)ﬂj2+ai/ﬂi )9 i:1,2,3 (6)

BekTop yIpaB/iiHHSI BU3SHAYAE€TbCSI MATPUUYHUM BUPAKEeHHSIM
Syl 00 T
U=-G'BSY=—0 S,/u, 0 |Y|=-DY. (7)
0 0 S,/ul|Vs

ITimcTaBumo BekTOp yrpasaiHHsg (7) B (3) i Bpaxyemo, mo BU =U , orpumaemo
Y =—M"'(FY - DY), a6o MY +FY - DY =0, (8)
[MopiBHIOKOUM (8) 3 MoOmesat0-aHagoroM (2), Big3HauaeMoO PiBHICTh MaTpPUIlb

C =D iorpuMaemMo aHaJIiTUYHI 3aJIEKHOCTI IJIs1 BU3HAUEHHS ITapaMeTpiB IMPOEKTY-

v, =B ANB e, i=1,2,3. 9)

Enementn matpuilp P i G 3BMuaifHO BMOGMPAIOTh METOLOM IpPO6 i TOMMIIOK,

BaHHA V', ), 7,

1[0 CYTTEBO YCKJIQAHIOE CMHTE3 CUCTEM MO OaHOMy Kpurtepito. IIpu pimieHHi 1miel
po61eMy He0OXiTHO BUXOIMUTY 3 OCHOBHOT'O IMPU3HAYEHHS ITPOEKTOBAHOTO IpoIle-
cy. B maHomy BuIlagKy mapaMeTpaMyu ITPOEKTYBaHHSI € 4YaCTKM ITOTOKY BajoOBOi
IIPOAYKUIIL 7,7, ¥,, IO 3aJIMIIAIOTHCS MIANPUEMCTBAMM Ha PO3BUTOK BJIACHOT'O BU-
pobHunTBa. 11 oTpMMaHHS (i3MUYHO peai3yeMOro Mmpolecy IOC/iIKY€EThCs 3ajie-
SKHiCTh OCHOBHMX IMHAMiUHMX IMOKAa3HMKIB MigIIPMEMCTB Bif BaroBux KoedillieHTiB
(9) i BUBHAUAIOThCS pO3PaxXyHKOBi hopmMyn

o, =u,(y} -27,B); 0<y <1, 0,08<p <03. (10)
YV tabmuili 1 HaBegeHO pe3yJabTaTU MOJIENIOBAHHS B CUCTEMi MOe/I0OBaHHS

MBTTI 3.7 [5] mpoliecy B3a€MO/ii TPbhOX IMiATIPUEMCTB B €IMHiVi BUPOOHMUUI CHCTEMI.

Tabmuisga 1
Pe3ynbTaTit MogeMOBaHHS
Bap. Y 7 7 2 Vs Vs Vip
1 0,7 0,7 | 0,75 36327 31178 24257 7218
2 0,7 | 0,75 | 0,75 36327 37378 24257 8079
OIIT. 0,74 10,736 | 0,8 48451 35924 28917 8023
BucHOBKU.

1. BapiaHT 3 onTUMaabHMMM MapaMeTpaMy MPOEKTYBaHHS 3abe3mnedye 36i1b-

IIeHHST BUPOOHMYOI MOTYKHOCTI IMiAMPUEMCTB i BifIoBigae o6macTi pamioHaJIbHUX

3HaUeHb YaCTOK IMPOMIiKHOI MPOAYKIIil MiAMPUEMCTB, 1[0 BCTAHOB/JIEHA IIJISXOM Ba-

piaHTHOTO MOJie/II0BaHHS B po6OTi [1].
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2. MeToauKa IMPOeKTyBaHHSI IIPOLIeCy B3a€EMO/Iil IMiAIIPMUEMCTB B €AMHi1 BUPOO-
HUYOI CUCTEeMIi I0JISITa€ B TOMY, 1[0 Ha IMEePUIOMY eTari BUKOHYETbCS OINTUMIi3allist
rapaMeTpiB IpoIlecy, Ha IPYromMy - ILJISIXOM MOJE/IIOBAaHHS BiOYBa€eThCs IOPiB-
HSHHSI BapiaHTiB 3 3aJaHMMU i ONITUMa/IbHMMM TTapamMeTpamMiu, Ha OCHOBi UOTO TMPU-
JiMa€eThbCs pillleHHs PO BIPOBAKeHHS IapaMeTpiB MPOeKTYBaHHS B MIPAKTUKY.
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Modenuposarue u onmumusayua napamempos npoyecca g3aumooelicmsus
npednpuamuti 8 eQUHOU npou3Bo0CMBeHHOU cucmeme

B cmamse npusodumcs memoduka npoekmuposaHus npoyecca s3aumodelicmsus mpex
npednpuamudl 8 eOuHol npou3BoocmeeHHol cucmeme. MampuyHsiM MemodomM OUHAMUYECKO20
npo2pammupoBaHuUs YycmaHoBeHbl pacyemHsie popmy/ibl OJ1I7 NApamMempos NPoeKmMuUpoBaAHUSA:

yacmeli nomoKa 8an0800 NpodyKyuu, Hanpasasemol npednpusmuasMU Ha pazsumue coo-
CmBeHH020 npouzsodcmsa. B kayecmse kpumepus onmumansHOCMuU npuHumaemcs Ks8aopa-
MUYHbIl QYHKYUUOHAN, Gu3udeckuli CMbIC KOMOPo20 — 3ampamsl OeHexHbIX cpedcms Ha noo-
OepxaHue cmabubHO20 YHKUUOHUPOBAHUA npoyecca. [Tpu 3mom KoHe4YHas npoOyKYUs npous-
800CMBeHHOU cucmemsbl, HANPasAeMol HA BHewHee nompebeHue 00/IKHA 6bimb MAKCUMAIb-
Hol. Co30aH npo2pammHbIl npOOyKmM U nojy4yeHo onmumanbHoe peleHue. BoinosnHeHo modenu-
posaHue 8 cucmeme modenuposaHua MBTY 3.7 npouecca 83aumodelicmsusa mpex npednpuamudi
0714 mpex 8apuaHmos. Bapuanm ¢ onmumansHeIMu napamempamu NpoekmuposaHus obecnequ-
gaem ysenuyeHue npou3sooCcmBeHHol MowHocmu npednpuamud u sxooum 8 obaacms payuo-
HaNbHbIX 3HaYeHull Yacmeli npomexxymoyHol npodykyuu npednpusmud, YyCMaHOBAEHHYIO 8 pe-
3y/bmame 8apUAHMHO20 MOOENUPOBAHUS.
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Simulation and optimization of interaction process parameters three enterprises
in a single production system

The article presents a method of designing the process of interaction of three enterprises
in a single production system. The matrix method of dynamic programming establishes
calculation formulas for design parameters: the share of the flow of gross output, which is sent
by enterprises for the development of their own production. The quadratic functional is accepted
as a criterion of optimality, the physical meaning of which is the expenditure of funds to support
the stable functioning of the process. In this case, the final product of the production system,
sent to external consumption should be maximum. The software product is created and the
optimum decision is received. Modeling in the modeling system of MVTP 3.7 of the process of
interaction of three enterprises for three variants is performed. The option with optimal design
parameters provides an increase in the production capacity of enterprises and corresponds to the
area of rational values of the shares of intermediate products of enterprises, which is established
by modeling.
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A.N. Kocomnan
OLIEHKA YUCJIEHHO! 3®®EKTUBHOCTU
METO/IOB I''IOBAJIBHOI OIITUMUN3AILINIU

AHHomayus. B daHHol cmamee Mbl aHANU3UPYeM mecmossle 3a0ayu 2106abHOU onmumMu3ayuu
Ha YUCNeHHY 3(dexkmusHocmb mMemo0os8 ux peweHus. Asmop npedsazaem moouguxkayuu
3mux mecmosbix 3a0ay, KOmopsle ynpocmam nNposepKy YucaeHHol 3¢gekmusHocmu Memodos.
lTposedeHo cpasHeHue cywecmsyouux Memooos 2106a6HOU onmuMU3ayuu ¢ Memooom moy-
HOU KBaOpamuyHoU pe2ynapu3ayuu, npedsoxeHHbIM asmopoM. Imom mMemod NOKA3aa Hauyy-
Wwue pesybmamsl npu peweHuu 60bWUHCMBA MecmoBbix 3aday. B yacmHocmu, nyywue pe-
WweHus 6bI1u nosydeHbl 015 Mecmosbix 3a0a4y C Heu3BeCmHbIMU peweHuamu. Imom memod no-
3B0/155em pewams MyJbmMuMoOanbHble 3a0ayu 60bWOL pasmepHOCMu U 014 €20 peanusayuu
mpebyemcs moJibKO NPo2pamma J0KAIbHO20 NOUCKA.

Knioyessle cnosa: 2nob6anbHas onmumu3ayus, YucaeHHsle Memoosl, mecmossie 3adayu, memod
MoYHOU KBaopamu4HoUl pe2ynapusayuu.

BBemenue. 3agauy ONTUMM3AIMUY BO3HMKAIOT B JII000i cepe ues0BeUeCKOI
JIesiTeIbHOCTU. PellleHue Takmx 3a4au MO3BOJISIET IIPOEKTUPOBATh U CO34aBaTh OIl-
TUMaJjbHbIe CJI0XHbIE CUCTEMbI C MMHMMAJIbHBIM pacxoJoBaHMeM pecypcoB. Takue
3aJlauyM CTaBWIMCh M PElIaIACh elle 40 Haulei 3pbl. UHTeHCMBHOCTD UCCIeI0BaHUIT
B 0071aCTM ONTUMMM3AIMM CUJIBHO BO3pOCa BO BTOPOJ MOJIOBMHE MPOILJIOrO BeKa.
st perieHus 3aad ONTUMMU3ALY ObIJIO pa3paboTaHO OOJIbIIOE YMCIO PA3TUIHBIX
MeToA0B. OIHAKO 3T METO/Ibl MO3BOJIS/IM HAXOAUTD TOJBKO JIOKAJIbHbIE 3KCTPEMY-
Mbl B 3aJavyax ONTUMM3ALMU. DTO BBIHYXKAAJIO MUCCAeIOBaTeNeil CTPOUTh TOJIbKO
YHUMOZAJIbHbIE MOJIe/IM, YTO 3HAUUTEIbHO CY)KaJI0 00J1acTh MPUMEHEeHUS ONTUMMU-
3auuu. [IpakTuka TpeboBasia pellieHMs MHOTMX 3aJay, KOTOpbie ObLIM MYJIbTUMO-
OaJIbHBIMM. DTO BBIHYAMJIO MCCAemoBaTeseil 3aHSIThCS pa3pabOTKOM MeTOMOB [JIst
peleHNs1 MyJIbTUMOAANbHBIX 3aa4y. DTU UCCIeN0BaHMS HAYaIMUCh TOJBKO B KOHLIE
MpoLILIOro Beka. K 3ToMy BpeMeH) MeTObl pellieHNs AJ1s1 pelieHns YHUMOAAIbHbIX
3a/a4 1OYTH cebst ucuepnaayu. bosee akTyanbHOI SIBJISIETCS 3aa4a pa3paboTku 3¢-
(beKTUBHBIX METOAOB /151 pellieHNsT MyJIbTUMOIAIbHbIX 3a1a4.

ITocTaHOBKA 3aJauM M IejIb MCCAegOBaHMA. B 3amauax ri106aabHOM OMTH-

MU3aunun HEO6XO,E[I/IMO HalTU MUHMMAJIbHOE WM MaKCUMaJIbHOe 3HaueHue d)YHK-
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UMM MHOTUX IIepeMeHHbIX IIPU 3aJaHHbIX OTPAaHUYEHUAX HA 3TU [IepeMeHHbIe B BU-
Ile HepaBeHCTB WM paBeHCTB. Takue 3amauu, Kak MPaBUo, UMEIT MHOTO 3KCTpe-
MaJIbHbIX 3HAUEHUI U HA3bIBAIOTCS MYJbTUMOLAJIbHBIMU. B JaHHOM cTaThe ImoKasa-
HO, YTO METOJ, TOYHOWM KBaAPATUYHON peryaspusainnmu, MpeajioKeHHbIII aBTOPOM
IJ1s1 pelieHns1 MyJIbTUMOJA/TbHBIX 3a7jau Ha CETOAHSILIHNUI IeHb SIBJsIeTCs Hauboiee
3(pPeKTUBHBIM.

AHanu3 mocjegHUX MUCCAeOOBaHMII M IyOamMKauuii. IIpyu MocTpoeHun Me-
TOAOB I7I00AJbHOM ONMTUMM3AIMY HAMETUIOCH IBA OCHOBHBIX MTOAX0IA TeTepMUHM-
POBAaHHBIN U CTOXAaCTUYECKUI. BHavasie meTepMUHMPOBAHHBIN MOAXOH, OPUEHTUPO-
BaJICSl HAa pa3paboOTKy MeTOOB BeTBeil 1 rpanut [1]. B aTux metogax 0671acThb mouc-
Ka pas3buBazach Ha 4aCTM M Ha KaxkOoi 4acTy JIOKaJbHBIMM MeTOJAMM MCKaaach
BEPXHSISI M HYDKHSIS OlleHKa. Eciv aTu o1leHKM He coBITafasayu, TO Takas 4acTb pa3ou-
BaJIaCh Ha MEHbIIIMeE YacTU. DTOT IMOAX0 ObLT 3aMMCTBOBAH U3 006/IACTY AVCKPETHOM
ONTUMM3ALIMM U [IJISI peleHust 3aaa4 ¢ OyJeBbIMM TTlepeMeHHbIMU OH SIBJISIETCSI JI0-
MUHMPYIOIIMM ceronHsi. OMHAKO MeTObl BeTBeil U rpaHul] oKa3anuchb He 3ddek-
TUBHBIMM IJISI PellleHUs] MYJbTUMOLAJbHBIX 3aay. OTO CBSI3aHO C Pa3MePHOCTHIO
pelraeMbIX 3a7a4. Yske MMpy pa3MepHOCTSIX 3aauy O0JIble AecsTy 4McIo pasdue-
HMIt 00/1aCT pellleHn’t CTaHOBUTCS oueHb 00bIMM. CTOJKHYBIINCH CO 3HAUUTE/Tb-
HbIMM BBIYMCIUTEIbHBIMM IIPOOJIeMaMy, MCCAeAoBaTe/NM Havyaau pa3pabaTbiBaTh
CTOXaCTUUeCKMe MeTOAbl [IJisl pellleHusl 3a/ia4 1100anbHOl onTumusanum [2]. IToT
IIPOLIeCC MPOSOJDKAETCS U B Hallle BpeMms, XOTs, 10 MHEeHUIO aBTOpa, 3TO HaIlpaBJje-
HMe cebst ucueprano. [eHeTHUeckMe, IBOTIOLIMOHHbBIE U APYTHe CTOXacTUUYecKue Me-
TOJIbI MHOT/IA TT03BOJISIIOT HAaXOAUTh MPUOJIMKEHHbIE PEeIlIeHMs] B TeCTOBBIX 3aJauax,
HO BO MHOTMX CJIy4asiX OHM HaxXOHST pelleHus Oajiekue OT ONTUMAa/IbHBbIX. B Halie
BpeMs MPeBaIMPYIOT METOAbI MOJIyYeHUsI XOPOIIMX OLLeHOK pelleHUi ¢ MOoC/IenyIo-
1IeN JIOKaJIbHOW OoNTumMmu3sauuein. Iy 3Toro UCIoab3yeTcsl moayolpeneieHHass uin
BBIIIYK/Iasl pejakcalys, pelleHue OBOVCTBEHHBIX 3amau [3, 4]. 3TOT moaxon, mpe-
MMYIIECTBEHHO MCIOJIb3YeTCs B MPOrPAaMMHBIX MaKeTax IJisi pelleHus 3amay IJio-
6a/IbHOM ONTUMM3AIMK. XOTS TaKMe METO/Ibl He TapaHTUPYIOT MoTydeHue T106asb-
HOTO 3KCTpeMyMa, HO KaK MOKa3ajy YMCIeHHbIe 3KCIIepUMEHThI Ha TeCTOBBIX 3a/1ay,
3TU METO[IbI [TO3BOJISTIOT HAXOOUTh pelieHus 6JM3KMe K ONTUMabHbBIM.

PesyabTaTsl MccaemoBaHuii. IHONM moaxon mpenjiokeH aBTOPOM, KOTOPBIN
pa3paboTays MeTOJ, TOYHOV KBaApaTUUHON Peryisipusanyy Ijis perieHus MyabTH-
MOZJanbHbIX 3a7au [5]. B aTom MeTone 3amaya MyJIbTUMOLANIbHOM ONTUMM3ALIUU
rpeobpasyeTcs K 3KBUMBAJIEHTHON, HO 6ojiee MPOCTON 3a7aye MaKCMMyMa HOPMbI

BEKTOpAa Ha BBIMYKJIOM MHOXecTBe. [I[pocToTa mpeobpa3oBaHHOI 3amauM 3aK/I0da-
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eTcsl B TOM, YTO BO MHOTHMX Cyuyasix mpeoOpa3oBaHHas 3ajlaua CTAHOBUTCS YHUMO-
IaybHOM. [IJ1s1 ee pelieHUs JOCTaTOYHO ITPOTPaMMbI JIOKAIbHOM ONTUMM3AIMA.

Jist mpoBepkyu 3PHEKTUBHOCTY METOIO0B IJ100aJbHOM ONTUMMMU3ALMUMU pa3pabdo-
TaHO OOJIBIIIOEe YMCJIO TECTOBBIX M MPUKIIAIHBIX 3a/1a4. ITU TeCTOBbIe GYHKIMUM U 3a-
Iauy Jierko HaiiTu B Internet. Unc/io TeCTOBBIX 3a/4ay IpeBbIIIaeT ThICSAUY, UX pas-
MEPHOCTh MOXOIUT A0 HECKOJbKUX ThiCS4. JIBe Oosbllive 6a3bl TECTOBBIX 3a1au
MOXHO HaiTu 1o agpecam https://www.minlplib.org u https://www.gamsworld.org.
BOJBIIMHCTBO TECTOBBIX 3a7au (0COOGEHHO IepBoii 6a3bl) AAaHbI C pellleHUSIMU, TTOJTY-
YeHHbIMM pa3AMUHBIMM IIPOTPAMMHBIMM TMaKeTaMy T100a/JIbHOV ONTUMMU3AILUN
BARON, ANTIGONE, COUENNE, LINDO, SCIP u gpyrumu. 3T pe3yabTaTbl MOI'YT
MCIIO/Ib30BAThCS [IJISI CPAaBHUTENbHON 3DbeKTUMBHOCTM MeTomoB. OgHako sddek-
TUBHOCTH 3TUX TECTOBBIX 3a]1a4 YCJIOBHOJ IMI00aIbHOM ONMTUMM3ALIMA [IJIST TIPOBEPKU
MeTOHOB He OYeHb BbICOKasl. ITO CBSI3aHO C Te€M, YTO TOUYHOCTD pellleHMsI 3a/1auu 3a-
BUCUT OT TOYHOCTY BBITTOJIHEHUST OrpaHndeHuii. I 3a7a4 yCAOBHOM ONMTUMM3aLUN
OueHb Majble M3MeHEeHUsI TOUHOCTY BbITIOJIHEHUSI OTpaHMUYEeHMIt YacTO MPUBOIST K
CYIIeCTBEHHbIM M3MeHEeHMSIM 3HaueHMsI 1iejieBoi QyHKIIMM 3agaun. B aTom ciyuae,
60s1ee MHGOPMATUBHBIMMU JIJISI UMCIEHHOM ITPOBEePKM 3DPEKTUBHOCTM METOOB IJI0-
OaJIbHOI ONITUMMM3ALMU SIBJISIOTCS TECTOBbIE 3a7auy 6e3yc/IOBHOM ONTUMM3anyn. B
Internet Takke MOYKHO HaiTK MOpSAKa ABYXCOT TeCTOBBIX (YHKIMII, HA KOTOPbBIX
nipoBepsieTcst 3G PeKTUBHOCTh METOAOB. YacTh M3 HMUX MMEIOT pasMepPHOCTb N, YTO
M03BOJISIET pellaTh 3a/iauy MPOMU3BOJIbHOI pa3MepHOCTU. HeKoTopblie 3ajauyt MUMeIoT
TIPUKJIAIHOM XapaKTep, Halpumep, 3ajja4a MMHUMMU3aLMK MOTeHIMATbHOV SHEePTUA
aToma, pe3yabTaThl peleHnin KOTopoi gaHsl 00 1000 aToMoB BKIOUNTENbHO. K co-
’KaJIeHUI0, OOJIBIIMHCTBO TECTOBBIX 3a7au 0e3yCJI0BHON ONTUMMU3ALUU UMEIOT TPU-
BUaJIbHbIEe pellleHMs. ITO 3aTpyHgHsSIeT MpoBepKy 3(PheKTUBHOCTM METOA0B, TaK Kak
MIpOrpaMMbl TJI00Q/IbHOM ONTUMM3ALMMU MOTYT MOAMMUIIMPOBATHCS HACTPOIIKOIA
rapaMeTpoB [I0 MOJyuyeHMs 3aJaHHOTO TOYHOTO pellleHMs 3amauu. Takue ajropur-
MbI KaK reHeTUUYeCKMii, SBOMIOIMOHHBIN U APyrue comepskaT 60sbiinoe ymciao (60b-
nre 10) HacTpaMBaeMbIX rmapaMeTpoB. [Ipy M3BeCTHOM pelleHuM 3a7auy BbIOOp Ta-
paMeTpPOB MOKHO IT000paTh TaKMM 00pa30M, UTOObI aJITOPUTM JOCTUT ONTUMAIb-
Horo penieHusi. bonee MHGOPMaTUBHBIMU SIBJSIOTCS 3aJayM C HEM3BECTHBIMU pe-
neHusiMM. DTO TaKkue, HaIpuMep, Kak TectoBble ¢pyHKIMMU Rana u Egg Holder. s
9TUX QYHKIMIi TTOyYeHMe JIYUIINX penieHnit 6yeT CBUIEeTeNbCTBOBATL O OOJIbIIE
s dekTUBHOCTM MeToAa. ABTOD IpepjiaraeT YBeJIUUUTDb YMCI0 TaKUMX TECTOBBIX 3a-
Ay ¢ HeM3BECTHBIMM pelieHusiMu. Mbl 060061V MHOTME HecerapabesibHble TecC-

TOBbIE€ 3ada4UY¥ OBYX IIEpEMEHHLIX Ha 3ada4M N IIepeMeHHbIX. BTO, HaIlpuMep, TakKne
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TecToBble (GyHKUMM, Kak Bird, Adjman, Trefethen, Mishra 6, Scahffer 4 u npyrue.
Takke O0JBIIIOE UMCIO TE€CTOBBIX 3a/aU MMOJMHOMMAIBHON ONTUMMU3AIUY TTPELJIO-
’keHO B paboTax J. Nie [6], KOTopble ellle He BK/IIOUEHbI B CIIMCKY JIJis1 00513aTeTbHOTO
TeCTUpOBaHMsI. PellleHne B 3TUX 3aayax HeM3BECTHO, ITO3TOMY OHU 3(PdEeKTUBHBI
IJIST YMCTIEHHOM MPOBEPKM METOAO0B I100aIbHOM ONTMMMU3ALMKU. ABTOp IIpejjaraeT
n7s ipoBepkiu 3GHEeKTUBHOCTY MEeTOA0B UCIIO/b30BaTh pa3MepHOCTh 3amau h = 100.
B 60/1bIIMHCTBE MYOIMKALUSAX IPUBOISTCS pPe3yabTaThl UMCIE€HHBIX 3KCIIEPUMEHTOB
IJIS1 MaJIBIX pa3MepHOCTeN, UYTO He SIBJSIeTCs MHPOPMaTUBHBIM.

ABTOp Npy MOMOIIM METOAA TOYHOM KBAAPATUUYHOM perysipusalnum peumnia
OOJIBIIMHCTBO HETPUBUAIbHBIX TECTOBBIX 3a/ay. Pe3ynbTaThl 3TUX SKCIIEPUMEHTOB
yoenuTeabHO CBUIETENbCTBYIOT O 3HAUYMUTEIbHO Oosbiieii 3hGeKTUBHOCTM 3TOTO
MeTopa. [IpakTuyecku 151 BCex 3a/a4 ¢ HEM3BECTHBIMM pelIeHUsSIMM ObLIN TToTyve-
HbI JIyullie perreHus. B uactHocTH, mag yukuum Rana n = 100 HalimeHOo peleHue
f(x") = -50865,131, uTO 3HAUUTENBHO ITPEBOCXOOUT pe3yabTaT f(x') = -47332, mony-
YeHHbI OpyrMMu meTogamu. M 3To mpm TOM, 4TO 3Ta 3ajaya peliaeTcsi pa3HbIMU
MeTomamu yske 6osee 25 yietT. Hiske B Ta6s1. 1 mpuBeneHsl 10 TeCcTOBBIX QYHKITMI IS

rpoBepKu 3 GHEeKTUBHOCTY METO/IOB IJ1I00aIbHOM ONTUMMU3ALUMN.

Tabnuna 1
CIMCcoK TecTOBBIX QYHKIMIT MYTbTUMOAATbHONM OMTUMM3AIIUN
N2 | HasBanue TectoBas QyHKIMS
n-1
1| Ranma min{ S [(x,., +1)e0s( X, =3, + 1 sin(yx,, +x, +1])+
i=1

+ x; cos(4/| x,,; +x;, +1])sin(y/| x,,, —x, +1])]| =520 < x <520}

n—1
2 Egg min [, sinG/| x, —x,., —47|—(x,., +47)sinG| x,,, +x,/2+47|)]-512< x <512,
i=1

Holder
. n-1 L
3 | Adjman min{3 cos(x )sin(x, ) + 2xi | x e[-11]}
i=1 i1 X, +1
4 Bird

n—1 .
min {> [sin(x, )e! L cos(x,,, )e!' " Lt (x,—x.,,)’ ]| x e[-2m,27]}
i=1

n—1 X
5 | Trefethen min{S [ 1 sin(60x, ) + sin(70sin(x,)) + sin(sin@®0x, ,)) —

i=1

—sin(10(x, + x,,,)) +0.25(x7 +x7.,)*]| x €[-10,10]}.

. n—1
6 | Mishra6 min{Y_ - In[sin’(cos(x,) + cos(x;,,))* —cos’ (sin(x; ) + sin(x

i=1

+0.001((x, —1)* +(x,,, —1)*)}

Y+x, T+

i+l
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7 | Scahffer4 oo 2(sin(x? =x%,)=0.5
min {5 (0,5 + £ (S zx’“)z )| x e[~100,100]}
p 1+0.001(x; +x;,,)

8 | MZak- min =3 x, - (0.55ix,)> +(0.55ix,)* | x € [-5,10]}

harov i=1 i=l1 i=1
9 | Niel min{ix[ + i XX + i X,X;%, + i XXX, X, Il x ||2§ 1},

i=1 I<i<j<n ’ I<i<j<k<n ’ I<i<j<k<I<n ’

1 | Nie2 min{m;< (xx; +x7x, —x) —x/x7) | -1 < x <1},
0 S sn

Takne ¢yHkuuy kak Rana u Egg Holder cumtanuch MHOTrO pas pasjiUMIHbIMU
MeTOoAaMM, B TOM 4uciie u ojist pasMmepHocT n = 100. DyHKIMM 3—7 pacCUUTHIBAINUCH
TOJIBKO IJISl N = 2 ¥ 000O6IIeHbl aBTOPOM Ha pa3MepHOCTb h. OYyHKIMUS 8 SIBseTCS
MoauduKkalmeii M3BeCTHOM TecToBoi GyHKIMM Zakharov, mpepnjoskeHHOI aBTO-
poM. 3HaueHMe I7100aJbHOr0 MUMHMUMYMaA AJ1s1 MOAMGMUIIMPOBAHHOM (PYHKIIUM HEU3-
BECTHO, B TO BpeMsI Kak 1151 PyHKuyu Zakharov oHO TpuBMaIbHO.

[IpuBeneHHbIe B Ta61. 1 PyHKLIMM pacCUUTHIBAIMCh aBTOPOM METOAOM TOUHO
KBaJpaTUYHONM peryisipusalyuu, U pe3yjbTaTbl pacyeTa CPaBHUBAIUCH C JIyYIIMMU
pesyibTaTaMu, ITOJTYYEHHBIMM BCEMU IPYTMMU METOAAMU, KOTOPble MOXXHO HAWTH B
Internet. [Insa TecToBBIX GYHKIMIA, TTpeIIOKEeHHBIX aBTOPOM, pacueThl [IJis CpaBHe-
HUSI TIPOU3BOAMINCD ITPY TTIOMOIIYM 3BOJIOLMOHHOTO ToMcka u3 6ubanorexku Python.
PemieHne npuBeeHHbIX TECTOBBIX 3a7la4 METOAOM TOYHOW KBaApPaTUYHON perys-
pU3aLyMy MPOBOAMIIOCH C MCITO/Ib30BaHMeM ITporpaMmmbl OpenSolver. OTa nmporpaMmma
peannsyeT NpsMO-IBONCTBEHHBIN MeTOl BHYTPEHHEN TOUKU [JIS1 IOKAJIbHOM OMTU-
Mmu3anuu. OHa sBiaseTcsl HaACcTporikoi Excel, uTto yrmpoiaeT BBOA, MUCXOAHBIX JaH-
HbIX ¥ (opmysa, st BblunciaeHus GyHKIMA. 1T paccMaTpUBaeMbIX TECTOBBIX
byHKI1MIT JOCTATOYHO BBECTU OOHY (DOPMYJIYy U CKONIMPOBATH ee Ha 99 siueek.

Kaskmast TecToBast 3aj1aua IpeoOpa3oBbIBaIach KBaApaTUUHOM pery/spu3alyeit
K BULY

max{|| x || f,(x)+ s+ (=1 || x|P< d,x € E™}, (1)
rae fo(x) — TecrtoBasi ¢GyHKUMS, ||[x||*> — KBagpaT €eBKJIMIOBO HOPMbI BeKTOpa,
[1X]]? = x12 + ...+ X2 + X% 3amaua (1) comep>XUT ABa mapameTpa s u r. [lapaMeTp S BbI-
OupaeTcs TakuM, YTOOBI orpaHmMueHme 3agaun (1) B Touke MakCMMyMa ObIJIO aKTUB-
HbIM, a 3HaueHus1 r > 0 JO/DKHO OBITh TaKMM, UTOOBI orpaHndyenus 3amaun (1) ObLI0

BBIMTYK/IbIM. BhIGOD 3TUX MapaMeTpoB OObBIYHO He IpeACTaBisieT 3aTpyaHeHui. Tak,
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IJISI TIPeIJIOSKEHHBIX B Tab/. 1 PyHKIMI JoCcTaTOUYHO MOMOKUTD = 100, a 3HaYeHMe S
B 3aBMCUMMOCTH OT IMOJTy4aeMOr0 pellleHus Ha KaXXA0V UTepalnn.

3amaua (1) pemaetcst ciemyoIuMm ob6pasom. [IJIs Kaskaoro BO3pacTalollero
3HaueHus d pemiaetcst 3agava (1) mporpammoii OpenSolver. ITosrydyeHHbIe pelieHMsT
TIPOBEPSIIOTCS Ha BBITTOJHEHUsT yeIoBus rl|x||? = d ¢ 3amaHHOl TOUHOCTBIO. Eciiu 9TO
yCJIOBME BBIMIOJIHEHO [IJISI MMHMMAJIbHOTO 3HaueHus d, To perieHue 3agauu (1) coB-
rajaeT C pelleHueM MCXOmHOI 3amaun. OOGbIYHO TpebyeTcst mopsiaka 50 perreHMin
3agaun (1) rmpu pa3HbIX 3HaUeHMsIX d. [IoMCK ONTUMaAbHOTO 3HaYeHUs d OCyIeCTB-
JISIETCSI METOIOM AUXOTOMUM.

B Tabi1. 2 mpuBeeHbI pe3yabTaThl CPABHUTEIbHBIX UMCIEHHBIX 9KCIIEPUMEHTOB
IJIT PaCCMOTPEHHBIX TeCTOBbIX (QYHKIIMIA. V3 NMpuBEedeHHBIX Pe3yabTaTOB BUIMM,
YTO MeTOJ, TOYHOI KBagpaTtuuHoil peryiaspusanuu (EQR) mokasan cyiiecTBeHHO
JIy4llie pe3yJibTaThbl OJISI BCEX TECTOBBIX 3anay. [losiydeHHbIe pe3yJabTaTbhl MOTYT
OBITh MCIIOJIb30BAHBI JJISI MPOBEPKU UKC/IeHHOV 3((GEeKTUBHOCTM HOBBIX METOJIOB

[JI00aJIbHOM OIITMMM3allUN.

Tabnuua 1.
CpaBHUTeJIbHbIE UMCJIEHHBIE Pe3Y/IbTAaThl PEIIeHMT TeCTOBBIX 3a4a4
N2 3amada n Meton EQR Jlyulliee M3BeCTHOE
I/ pelieHue
1 | EGGHOLDER | 100 | -89948,532 -89938
2| Rana 1001 _50865,131 -47332
3 Trefethen | 100 | -237,73323 -135,6185154
Mishra 6 100 - -279,5928(python)
289,8371385
Adjman 100 | -23,95135 -23,30464(python)
6 Scahffer4 | 100 28,95141 48,951266(python)
M. Zakharov | 100 - -254808,9343(python)
255133,9934
Scahffer4 | 100 28,95141 48,951266(python)
Niel 50 | -0,9775492 -0,88776
10 Nie2 50 -94 -26

B kHure aBTOpa [5] mpuBemeHbl pe3yabTaThl peiieHus: 350 Opyrux TeCTOBBIX
3a/lay MeTOJOM TOYHOM KBaApPaTUYHONM peryiaspusanui, KOTOpble CPaBHUBAKOTCS C
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JTYUYIIMMUA pellleHUsIMU ITUX 3a7au, OJyYeHHBIX IPYTUMMU MeToAaMu. Bece pelieHus
aBTOpa MPUBEJEHBbI C OTBETAMMU, IT0 KOTOPHIM JIETKO MTPOBEPUTb UCTUHHOCTD pele-
Huit. MHOTO 3a7jau peliieHo 13 MpUBeIeHHBIX Bbillle 6a3 TaHHbIX.

BeiBoabl. B paboTre mpuBeleH aHa/INU3 CYIIECTBYIOUMX TeCTOBbIX 3ajau [Jisi
TIPOBEPKU UNCTEeHHOV 3G PeKTUBHOCTY METOOB I7100aIbHOM ONTUMMU3ALMNU. ABTOD
npenjiaraeT MoAM@UKAIMI0O U pacliMpeHMe STUX TECTOBBIX 3ajau, YITPOIIAIOIINX
NpoBepKy 3(PHEeKTUBHOCTM METOHOB. [ CpaBHUTEIbHON UMC/IeHHOM 3G GeKTUBHO-
CTU METO/IOB MCIIOIb30BAJICSI METO, TOUYHOM KBaApaTUUYHOI perynsipusainyu, paspa-
O60TaHHbBII aBTOPOM. DTOT MeTO/I, [T0Ka3aJl 3HaUMTe/IbHOe YMCIeHHOe TTPeuMYIeCTBO
NpY pellileHNM OONBIIMHCTBA TECTOBBIX 3aJau. JTO MPEUMYIEeCTBO 3aK/I0uaeTcsl B
TOM, UTO JIJIsl 3314 C Heu3BeCTHbIMU pelleHUsIMU MeToAoM EQR momyueHs ayuiine
pe3y/nbTaThl (MeHbIlee 3HAueHMe IIe/ieBOii (QYHKIMM), YeM BCEMMU IPYTUMU
MeTOHaMMN.
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OyiHka yucenbHocmi eghekmusHocmi Memodis 2106an6HOT onmumizayii

Y Oaxili cmammi mu aHanizyemo mecmosi 3a80ayi 2106abHOT ONMUMI3ayii Ha YUCesbHY
eekmusHicmb Memo0is ix po38’A3yBaHHA. ABMOP NPonoHye MOOU@IKayii yux mecmosux 3a0ady,
AKI cnpocmamb nepesipKy YucesnbHOi egekmusHocmi memodis. [IposedeHO nNOPIBHAHHA
iCHytoYux Memodig 2106a1bHOi onmuMi3ayii 3 MemoO0oM MoYHOi KBAOPAMUYHOT pe2ysiapu3auii,
3anponoHosaHum asmopom. Llleli memod noka3as kpawi pe3ynbmamu Npu po3s’si3yBAHHI
6inbwocmi mecmosux 3a0ay. 30Kkpema, Kpauwji po3s’'a3Kku 6yau ompumaHi 013 mecmosux 3a0a4 3
Hesidomumu po3s’azkamu. Lleli memod 00380/14€ po38’a3ysamu MybmuMoOasbHi 3a0a4i BeNUKOT
po3mipHoCcmi 1 014 (020 peanizayii nompibHa miibKu Npo2pama J0KAAbHO20 NOWYKY.

Estimation of the numerical efficiency of global optimization methods

Currently, test problems are used to test the effectiveness of new global optimization
methods. In this article, we analyze test global optimization problems to test the numerical effi-
ciency of methods for their solution. At present, about 200 test problems of unconditional opti-
mization and more than 1000 problems of conditional optimization have been developed. We
can find these test problems on the Internet. However, most of these test problems are not in-
formative for testing the effectiveness of global optimization methods. The solution of test prob-
lems of conditional optimization, as a rule, has trivial solutions. This allows the parameters of
the algorithms to be tuned before these solutions are obtained. In test problems of conditional
optimization, the accuracy of the fulfillment of constraints is important. Often, small errors in
the constraints lead to a significant change in the value of an objective function.

Construction of a new package of test problems to test the numerical efficiency of global
optimization methods and compare the exact quadratic regularization method with existing
methods.

The author suggests limiting oneself to test problems of unconstrained optimization with
unknown solutions. A package of test problems of unconstrained optimization is proposed, which
includes known test problems with unknown solutions and modifications of some test problems
proposed by the author. We also propose to include in this package J. Nie polynomial functions
with unknown solutions. This package of test problems will simplify the verification of the nu-
merical effectiveness of methods. The more effective methods will be those that provide the best
solutions. The paper compares existing global optimization methods with the exact quadratic
regularization method proposed by the author.

This method has shown the best results in solving most of the test problems. This paper
presents some of the results of the author's numerical experiments. In particular, the best solu-
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tions were obtained for test problems with unknown solutions. This method allows solving mul-
timodal problems of large dimensions and only a local search program is required for its imple-
mentation.
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A.H. XomueHnko, O.I. JlutBunenko, O.M. [lygueHko, [.0. ACTioHEeHKO
CTEPEOMETPISI CTUCHYTHX KOHOI/IIB

TA ®IBUYHA AJEKBATHICTDb BA3VICIB EJIEMEHTA Q8

AHomauis. Y pobomi po3ensdaomscs HOBI MoOeni 6a3uciB cepeHOUNOBUX CKIHYEHHUX esieMeH-
mis (CCE) Q8. CmaHoapmHul enemeHm Q8 sukopucmosytoms y Memodi CKIHYeHHUX e/leMeHmis
(MCE) sxe 6inbwe 50 pokis, HE3BAXAOYU HA (i3UYHY HEAOeKBAMHICMb CNeKMpa eKsisaseHm-
HUX BY3/10BUX HABAHMAXeHb. 30 OCMAHHT poKU 6i61iomeKa cepeHOUN0BUX CKIHYeHHUX e/leMeH-
mig CymmeBo NoNnoBHUNACA HecmaHoapmHumu (ansmepHamusHumu) modenamu. bynu scmaHo-
B/1€HT NPUYUHU HeadeKkBamMHOCMI cnekmpa 1 3anponoHoBaHi “peyenmu” ycyHeHHS Ub020 Heoo-
JIIKYy cmaHoapmHux cepeHounosux modenel. Hosi nidxodu 0o modentosaHHsA 6a3ucig 3a 0onomo-
2010 1EPAPXTYHUX hopM 3MyLWyIOmMb BIOMOBUMUCH BI0 KOHOI018 — NTHIYamMUuX NOBEPXOHb, AKI ACO-
YTHOMbCA 13 NPOMIXHUMU BY31aMU CmMaHOapmHux enemeHmis. Ha dymky asmopis, yi nosepxHi
Kamanaxa (1843 p.) HeAocmamHbo BUBYEHT T 3aC/Y208YIOMb HA YBA2Y Cy4ACHUX OOCHIOHUKIB.
Tomy O0ocnioxeHHs mpusaoms i Cb0200HI, BIOMOBAAMUCA BI0 KOHOi0i8 He 0608°3K080. Y pobo-
mi NOKA3GHO, AK WJIAXOM CMUCHEHHA NOBEPXHI KOHOI0a MOXHA ompumamu mMamemMamu4Ho 06-
IpyHmMoBaHul 1 pi3uyHO adeKBamHul cnekmp BY3/10BUX HABAHMAXeHb. L{TKaso, Wo maki Mox-
JUBOCMI 3aKNA0eHT B8 MPU2OHOMEMPUYHUX QYHKUIAX, nonyaapHicme Akux y MCE HeyxusnbHO
3pocmae.

Knwoy4osi cnosa: 6a3ucHi QyHKYii cKiH4eHHo20 enemeHma Q8, KOHOIO noniHoMianbHUl, KOHOIO
mpu2oHOMempuYHuUll, eKBiBaeHMH] BY3/1081 HABAHMAXEHHS, e(eKm CMUCHEeHHS HanpAMHOT
KoHoioa.

ITocranoBKa npo6semu. [Ipobaema, sk 3aBxkau B MCE, nmos’si3aHa i3 mobyo-
BOI0 6asucy ckiHueHHuxX enemeHTiB (CE), iK1ii 3a0BOIbHSIE YMOBAM iHTePIOJISILifi-
Hoi rirmore3u Jlarpanska. OCco6IMBO 1€ CTOCYETHCSI CTAaHAAPTHUX cepeHaumoBux CE,
SIKi MaTeMaTUYHO OOI'PYHTOBaHI, aje ¢isMUHO HeaJeKBaTHi (Ha TYMKY iHXKeHepiB —
NPUXWIbHUKIB MEeXaHiUHMX aHaoriii). VimeTbcs Mpo Bif’eMHi HaBaHTaKeHHS B Ky-
TOBUX BYy3J1aX, SIKi MOXKHA CIIOCTepiraTu, Hampukiama, Ha eqemeHTax Q8 i Q12. Buss-
neHo, o edekT “rpaBiTalliifHOrO BiZIITOBXYBaHHS” B KYTOBUX BY3/aX CIIPUUMHS-
I0Tb TIPOMIXHI BY3/IM, SIKi HEBUIIpaBAAHO MepeBaHTa)keHi. By3soBe HaBaHTaKeHHS
3aJIeXXUTDh BiJi 06’eMy MiX BiAIIOBigHOI0 6a31MCHOIO IMOBEPXHEI0 i TIJIOIMIMHOI HOCIs.
KoHoip - 1e JsiHiliyaTa moBepxHs 3 HYJIbOBOK KpuBMHOIW 'aycca. “YKopcTka” Momesb
KOHOiJla MiCTUTh HaAJIMIIKOBMIT 06’eM Tina. Tomy y 2016 p. aBTOpM pobGOTHU 3aIpo-
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TIOHYBaJIM iHITY cTepeoMeTpito mojeni Q8, BizMOBMBILINCH Bif KOHOIAiB [1, 2]. HoBi
Mojeni oTpuManu (i3MuHy afieKBaTHICTh, aje BTPATUIM TEXHOJIOTiUYHY IpuBab/Im-
BiCTb ISl apXiTeKTOPiB i 6ymiBessbHMKIB. ChOTOMHI MU ITepeKOHAJINCS, 10 BiZMOBJISI-
TUCS BiJl KOHOiiB He 000B’SI3KOBO. VY 11iif poO60Ti MM 3MEHIIIyeMO HaBaHTasKeHHS Ha
MIPOMIXKHMIA By30/1 38 paXyHOK CTMCHEHHS HaIllpsIMHOI KOHoifga. TBipHa nuIIaeTbCs
MIPSIMOJTiHITIHOI0. BUSIB/ISIETBCS, 1110 HOBY CTEpEOMETPil0 KOHOIiB Kpallle CTBOPIOBa-
TU 3a JOIIOMOI0I0 TPUTOHOMETPUUHUX QYHKIII. BUKOpUCTaHHSI HEMOTiHOMiaTbHUX
anpokcuMmaliiin B MCE HiKOro He IUBYE.

AHani3 ocraHHix FJoCIimKeHb i myosikanii. JliHijiuaTi moBepxHi KaranaHa,
30KpeMa KoHoiau, Bimomi 3 1834 poky. B MCE koHoigu 3’saBunucsa y 1968 p., koimn
Epratynmic, AitpoHc i 3eHKeBUY [3] MeTOOM ITiA00PY CKOHCTPYIOBA/IN MOJiHOMiaabHi
6asucHi ¢yukuii s CE nepioro nmopsaky (Q4), apyroro nopsaxky (Q8) i TpeTboro
nopsiaky (Q12). Ili eremeHTM HanekaTh OO0 CTAaHOAPTHUX i MalOTh Ha3BYy — CepeHIV-
NoBi (iHIIa Ha3Ba — i3omapameTpudyHi). Ha mpakTuiii HaliyacTille BUKOPUCTOBYIOTh
eneMmeHTH Q8, AKi B KOMOiHaIIii 3 TpUKyTHUMKaMM T6 e(heKTMBHO MPALIOIOTh B 06J1aC-
TSIX 3 KPUBOJIIHIAHMMM I'PAHULISIMMA.

Bisbille geTanbHOI iHbOpMallii MoxkHa 3HaiTU B [4-7]. OCOOMMUBICTH BCiX CTaH-
napTHux cepeHauroBux CE B Tomy, 1110 6a3MCHi MOBepxHi MPOMIKHUX BY3JIiB — KO-
Hoigy. CaMe KOHOIOM “BiAIOBiZaloTh” 3a Te, [0 B KyTOBUX BY3JIaX BMHMKAIOThH He-
MPUPOAHI (Bif’€éMHiI) HaBaHTaXeHHS Big  PIBHOMIPHOI OOMHMYHOI MacOBOI
cunu [6, 7). BinBepTuit 3eHKeBMY [6] Ha3MBa€ Takuii PO3MOAIT MIPOTUIPUPOSHUM i
6e3 30pOBOTO Ty31Y, a 6ibil cTpumanuit @anees [7] Ha3BaB PO3MO/IiJ HECTIOIiBa-
HUM. 3p0o3yMiso, 1o ¢axiBusgM 3 OymiBeIbHOI MeXaHiKM Takuii CIIeKTp He momoba-
€TbCs. TOMy movanmcs MOIYKY HeCTaHAAPTHUX MIAXOAIB [8, 9] Ta aJibTepHaTUBHUX
cepeHauMoBux mogeneii [1, 10]. Y poboTtax [1, 8, 9] aHoMatii ciekTpa By3/J0BUX Ha-
BaHTa)XKeHb BUITPABJISIIOTHCS IIJIIXOM 3a/Iy4eHHSs iepapxiuHux Gopm mosiHoMiB. ITpo
41e mosiiHOMianbHi 6a31CH, 30KpeMa TPUTOHOMETPUUHI, TToYaau MMUCATU Ha TIOYATKY
70-X pOKiB MMHYJIOTO CTOJITTS. [IpO MOXKIMBOCTI TPUTOHOMETPUYHMUX 0Oa3MCiB 3ra-
IYIOTb IMPOBigHI HAYKOBL [6, 11, 12], ane KOHKPEeTHI NPUKIAAU MPAKTUYHO BiCYTHI
B JOCTYIHUX JKepesax. Hiokde, Ha npuknazi enemenTa Q8, iTFOCTPYIOTCS MOXKIIM-
BOCTi TPUTOHOMETPii B 3aJ1auaxX MOJIe/II0BaHHS (i3MYHO aleKBaTHUX 06a3MCiB.

MeTa JOCTII)KeHHST — 34 JOTIOMOTOI0 TPUTOHOMETPUUHMX 06a31CiB KOHCTPYK-
TUBHO JIOBECTY iCHYBaHHSI MaTeMaTUYHO OOI'PYHTOBAHMX i (rosioBHe) Di3uuHO afek-
BAaTHUX MOJeJieil CepeHaUNOBUX ejleMeHTiB Q8.

BukinazeHHsI OCHOBHOrO MaTepiany JocCaigsKeHHs. M1 po3risgaeMo cepeH-
nuriB CE Q8 3 HocieMm y dopMi KaHOHIYHOr'O KBajpaTa: |x| <1,

y|<1. Bicim By3iB
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eJleMeHTa MaloTh KoopamMHatu: KyToBi Bysmum 1(-1;-1); 2(1L;-1); 3(1;1); 4(-1;1);
npomixkui Bysim 5( 0;-1); 6(1;0); 7(0;1); 8(~1;0). Haramaemo, ik Bur/smae 6asuc
enemeHTa Standard Q8 [3, 5-7].

TToBHe ysiBeHHs TPo 6asuc Q8 maroTh ABi GyHKIii: “KyToBa” N (x, y) (puc. 1)
Ta “npomixHa” Ns(x, y) (puc. 2). Lli dyHkuii peanisyioTh 6ikBafpaTHuHy iHTepHIO-

JISILiFO 1 MAIOTh BUTJISIA

N (x, y)=%(l—x)(l—y)(—l—x—y), aHaJIorivHO I i =2,3,4;

N5(x,y)=%(l—x2X1—y), aHaJIorivHo mjig i=6,7,8,

nei — HoMep (PYHKIIii, 10 acOIliI0ETHCSI 3 HOMEPOM By3JIa.

PucyHok 1 — ®yHK1ig N, (x, y) PucyHoK 2 — ®yHK1IisE

Ik 6aunmo, moBepxHs Ns(x, y) — 1le KoHOif, B IKOMY HaNpsIMHOIO € Tlapa6ora,

a TBipHOIO — MpsIMa.
By3710Bi HaBaHTaXXeHHSI ; 0GUMCIIIOIOTHCS 3a TIPABUJIOM iHTerpajbHOTO ycepe-

IHeHHs, ke BimoMe 3 yaciB HrioToHa i Korteca:
1 .
Vi :E”Ni(x,y)dxdy, i=12,..,8, (1)
D

ne S - IUIOLIA HOCIA.
3 reOMeTPUYHOI TOUKM 30Dy y; — Lie CepelHs ariikara [IOBepxHi N, (x, y). Bys-

JIOBi HABaHTaKeHHS Ha CTaHZapTHOMY Q8 Taxi:

1 1
= T I[Hl:1729374; ) HHi:5’6’7’8'
V1= A 7i=30 A
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Temnep 3po3yMiJio, 1[0 y 1IbOMY CIIEKTPi He TTOA00a€ThCS MPUXWIbHUKAM MeXa-

HiUHMX iHTepmpeTaliii. ®eHOMeH “TpaBiTaLiifHOrO BiAIITOBXYBaHHS” 3HMKAE, SIK
. 1
TUIBKA )5 <7

[HaKIIe Kaskyuy, BCe 3aJIeKUTh Bifl 00’eMy MiXX MTOBEpXHEI0 KOHOia i IIOmu-
HOIO HOCisI, TOUHiIlle Bif cepeHbOiI arTikaTy KoHoiga. Tpeba 1myKkaTu aJbTepHATUB-

Hi 6asucyu Q8, ISl IKMX BUKOHYETHCS yMoBa V; <1. Insl cTaHIAapTHOrO 6asucy 1ist
4 , . .
YMOBA He BUKOHYETLCS: Vs = 3 [ITo6 3MeHIINUTHU 06’€M IIiJi KOHOIZOM, MOKHA ITPO-

THYTU TBipHY, SIK 1ie 3po6jieHo B poborTi [1].

Ha skasb, Ipu 11bOMY 3HUKAIOTh KOHOIZM, @ pa30M 3 HUMM 3HUKAIOTb T€XHOJIO-
TivyHi IepeBaru Ta ecTeTMYHA MPMUBAOAMUBICTbL Mojeni. Hiskue rmokasaHo, SIK 3MeH-
IMIUTK 00’€M IIiJi KOHOIIOM IIJISIXOM CTUCHEHHS HaIpsIMHOi. Y IIbOMY cIoco0bi 3a-
MicTh (parmMeHTa IapaboiaM y poJii HANPSIMHOI MM BUKOPUCTOBYEMO (parMeHTU
TPUTOHOMETPUYHUX KpUBUX. EQeKkT 3MeHIIeHHsI 06’eMY ITIOCTPYIOTh HACTYIIHI aJib-

TepHaTUBHI MofeJli KOHOIAiB (puc. 3-4):

Mopens 1: Ns(x, y)=%-cosﬂ~(1—y) ;

2

)

lll \\
lg’fﬁ’f \{\\

Jt,'" ””"

PucyHOK 3 - CDYHKI_IiHNS(x, y) PucyHOK 4 — OyHK1IiA Ns (x, y)
moperni 1 mopeJi 3
Ha npomy My 3ynmMHWIM OpoLeAypy CTUCHEHHS KOHOIZIB, MaluyM Ha yBasi
a/leKBaTHICTb MaTeMaTM4HOI Mogeni i rimoresy mudysiiitHoi mismu. VmeTbes mpo
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cXeMy JBOBMMipHUX BUIIaJAKOBUX O/IyKaHb BpOYHIBCHhKMX YaCTMHOK 3 TMOIJIMHAIOUM-
MU By3JIaM¥ Ha TPAHMII HOCIS.
KytoBi 6a3ucHi @yHkiii Q8 KoHCTpyIOIOThCS 32 MeToaom Teitopa [13] y Bu-

/IS JiHiiHOT KoMOiHaIlii rimapa i ABOX CyCiiHiX KOHOi/IiB, HAIIpUKIIa,
Ni(x, y)=z-(1—X)-(l—y)—5(N5(x, »)+ N, y)).

OG6unic/ieHHs BY3/10BUX €KBiBaJIeHTHMX HaBaHTa)KeHb JA0Thb HACTYIIHI pe3yib-

TaTu:
. — -4 — 1
mssmomeni 1: yy=——; ys=—;
4 T
fo. — 1
o mopeni 2: y; =0 ; s =Z :
IJIsL Mogeni 3: —_ 1 . —_3
765 16

Tpeba 3ayBaxkuty, mo Ha —1<x<1 rpadik f (x)=cos% (puc. 3) maiike He

BipisHsaeThCS Bif cTaHmapra ¢(x)=1-x? (puc. 2). Te caMe MOXXHA CKa3aTy IpoO iH-
TerpajbHi XapakKTepUCTUKuU p; 1 ys Iepluoi Mojesi. A AKIO B3ITU 7 =3, TO Ha-

BaHTa)XeHHS CITiBITaAYTh i3 cTaHmapTHUMM. [ledpopmallis CTUCHEHHS Iovasiacs 3 Mo-
. . .. I 1 .
nemni 1. IIpo 1ie CBiZUUTb HEPIBHICTh — < 3 Mogenb 2 Bxke Gi3suyHO aieKBaTHa, BOHA
T

NPUIIMHAE “TpaBiTalliiiHe BimIITOBXYBaHHS”: HaBaHTa)KeHi JIMIIE MMPOMIXHI BY3JIN.
Mopenb 3 MOKHA BBakaTy Kpalllol0, TOMY II0 BOHA HaOJIKae TEOPETUYHI pe3yib-
TaTU J0 EMITipUUYHUX.

LlikaBo BiflrykaTy cepep, MoJiHOMiaJibHMX Mogeneit Q8 Taky, 110 Ma€ iHTerpa-
JIbHI XapaKTepUCTUKM TPUTOHOMETPUUHOI MoAei 3, TOOTO % i % Ilns1 uporo ic-

HY€ MeTOJi HeMaTpUUHOI KoHAeHcallii [1, 14], ikuit ae HacTymHi 6a3UCHi QPyHKIIii:
Nl(x, y):i-(l—x)-(l—y)(21xy+5x+5y+5), 7_/1 :i;
64 16

Nsle3)=L-(-x2f-p)nan). 75=2
64 16

BucHoBku. TpuronomerpuuHi mogeni CE Q8 1ie pa3 miarsepanin, 1o cepeH-
IUIIOBi eJIeMeHTM — HeBUUEepIIHe [IKepejio BaskaMBOi i mikaBoi iHdopmarii. Tpeba
BiI3HAUNTH, 11O CHOTOIHI HEOOOB’SI3KOBO BiIMOBJISITUCS Bil KOHOImiB 3apaan di3u-
YHOI afieKBaTHOCTI Momesi. KoHOImy MaloTh TakKoX “icTopuuHe” sHadyeHHs Ay MCE.
[Tepuri 6asucu cepenaumnoBux CE 6ynm ckoHcTpyiioBaHi i3 koHoimiB (1968 p.). Ene-

44 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHosorii» 3 (134) 2021 «System technologies»

raHTHUIt meTtop Teiyiopa (1972 p.) TaKoX CIIMpa€eTbCs HA KOHOiau. HoBi pe3ynbTaTt
MTOKa3yI0Th, [0 TPUTOHOMETPUYHI 6a3ucy CIIPOMOXKHI 30eperTu KOHOiau Ta 3abe3-
neunTy Qi3MUHy aJIeKBaTHICTh MO eJIet.
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Cmepeomempusa cxXambix KOHOUAOB U (hu3uyeckas adeksamHocms 6azucos 3nemenma Q8

Paccmampusaromcs Hosble MoOesu 6a3uco8 cepeHOUN0BbIX KOHeYHbIx 31emeHmos Q8. 3a
nocnedHue 200bl 6ubIUOMeEKa CepeHOUN0BbLIX KOHEYHbIX 3/1eMeHMmo8 CyuyeCmseHHO NonosHuU-
J1aCb HECMaHOAapMHbIMU (anbmepHamMuUBHbIMU) MOOenAMU. bblnu yCmaHoBAeHbI NPUYUHbI He-
ad0eKBamMHOCMU cnekmpa u npeosnoxeHsl “peyenmsl” ycmpaHeHus 3moz20 HeAoCMamKka Cmas-
o0apmHbix cepeHOUNosbix modesell. Hosble nNoOxo0bl K MOOesUPOBAHUKD 6A3UCOB NPU NOMOWU
uepapxudeckux ¢popm 3acmassiAlm OmMKA3aMbCA 0M KOHOUOOB — /IUHel4amsix nosepxHocmed,
KOmopsble accoyuupyromcs ¢ NpoMexymoYHsIMU Y31amu CmaHoapmHsix 3nemeHmos. Hosi docni-
OXeHHs NoKasyms, WO BiOMOBAAMUCS 8i0 KOHOi0iB He 0608’a3k080. [loka3aHo, Kak nymem
CKAmMUsA NOBEPXHOCMU KOHOUOA MOXHO NoJly4ums mamemamuyecku 060CHOBAHHBIL U u3uye-
CKU a0eKBamHbIli cneKmp y3/108bIX HA2PY3OK.

Stereometry of compressed conoids and physical adequacy of g8 element bases

The paper considers new models of bases of serendipity finite elements (FE) Q8. The stan-
dard element Q8 has been used in the finite element method (FEM) for more than 50 years de-
spite the physical inadequacy of the spectrum of equivalent nodal loads.

In recent years, the library of serendipity finite elements has been significantly replenished
with non-standard (alternative) models. The reasons for the inadequacy of the spectrum were
identified and "recipes" were proposed to eliminate this shortcoming of standard serendipity
models. New approaches to modeling bases with the help of hierarchical forms force to abandon
conoids - linear surfaces that are associated with intermediate nodes of standard elements. Ac-
cording to the authors, these Catalan surfaces (1843) are insufficiently studied and deserve the
attention of modern researchers. Therefore, research is being conducted today, and it is not nec-
essary to give up conoids. The paper shows how by compressing the surface of the conoid it is
possible to obtain a mathematically sound and physically adequate spectrum of nodal loads. It
is interesting that such capabilities are embedded in trigonometric functions, the popularity of
which in the FEM is growing steadily.

The purpose of the research is to constructively prove the existence of mathematically sub-
stantiated and (most importantly) physically adequate models of serendipity elements Q8 with
the help of trigonometric bases.

Trigonometric models of the finite element Q8 once again confirmed that serendipity ele-
ments are an inexhaustible source of important and interesting information. It should be noted
that today it is not necessary to give up conoids for the sake of physical adequacy of the model.
Conoids are also of "historical" importance to FEM. The first bases of serendipity FEs were con-
structed from conoids (1968).

Taylor's elegant method (1972) is also based on conoids. New results show that trigono-
metric bases are able to preserve conoids and ensure the physical adequacy of the models.
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A.G. Yasev
IMPROVEMENT QUALITY OF PREPARATION SPECIALISTS
IN AREA OF MATHEMATICAL MODELING

Abstract. Improvement quality of preparation specialists in area of mathematical modeling is
an actual problem in education students (especially applied) and non mathematical specialties.
For solving this problem must be used system and successive exposition of maintenance of the
stages of building model with obligatory demonstration of there intercommunications. Each
stage of modeling makes some part of quality of model. Most difficult stage is idealization of
original, because in this case the most important properties of original must be distinguished
and the experimental samples of output of variables of original and calculation samples of
model are got.. Main attention it must be spared to estimation of adequacy original and model
with the help of famous nonparametric criteria such as criterion Wilcoxon and special criterion
for small samples. Last part of modeling usually is optimization parameters of original.
Methodology of study, that provides a receipt of the deeper and complete understanding of es-
sence of mathematical modeling of technical objects is offered. Positive results are achieved by
using method which is proposed.

System exposition of material and accent on research and proof adequacy of model allow to at-
tain the deeper and complete understanding of essence of mathematical design of technical ob-
jects and promote efficiency of preparation of specialists in area of the applied mathematical
modeling.

Key words: education, design, adequacy, quality, preparation.

Introduction. Mathematical modeling is important addition, and sometimes
and by an alternative (especially for expensive and unique objects), for model meth-
ods of research of the systems.

For the learning the mathematical modeling to curricula of technical (and other
non mathematical) specialties are included special disciplines (in further exposition
- mathematical modeling or MM), in which examined common questions of model-
ing (including using mathematical methods) for applied profile fields (for example,
engineer, metallurgy, informative and economic systems etc.)

For successful mastering disciplines MM must be executed certain terms, which
may be divided on external and internal demands according to discipline MM.

External demands mainly are taken into account in structural-logical scheme

© A.G. Yasev, 2021
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(which are realized in curriculum) preparation of specialist. There must be envis-
aged a preliminary study of providing disciplines (in particular mathematics, infor-
matics and some profile disciplines). Thus necessary divisions and volumes of study
of providing disciplines are stipulated by the requirements of qualifying description
of preparation of specialist. In turn, discipline MM is providing discipline for special
profile disciplines of curriculum and its structure and volume also stipulated by cor-
responding qualifying description.

Internal demands are stipulated mainly by didactic features of learning disci-
pline MM. The aim of learning discipline MM is system task, namely, acquisition of
skills of construction and use of mathematical models. During teaching mathemati-
cal modeling it is necessary jointly to examine maintenance, connected with strictly
mathematical questions and actions, which are connected with creation models ((ac-
tually a modeling). The idea of the system must pierce all stages of study of disci-
plines MM. Exposition all that executable parts of curricula (realization of lecture,
practical and other types of lessons) must provide the achievement of this aim.

For creation of mathematical model it is necessary consistently to execute the
row of actions, namely, forming the aim, idealization of original, formalization,
identification and testing adequacy model.

Forming the aim at creation of mathematical model means pointing setting
of model, the required exactness and possible cost of modeling.

Pointing setting of model must include description of aim for using model (for
example, for researches, managements, optimizations) and field of using (turn-
downs of entrance and output variables). Exactness and possible cost of modeling
are associated.

Idealization of original is executed for simplification initial object by the way
of reasonable exception from consideration of unimportant properties of original.
Foundation for exception is quality analysis of maintenance of properties and quan-
titative estimation of degree of influence of entrance variables on output variables.
For example, it is possible to except properties which are not mentioned in the aim
of modeling. Other reason for exception may be small sizes of coefficients of pair
correlation between according input and output varieties.

Formalization consists in a reasonable choice of block-hierarchical structure
of mathematical model and forms of mathematical expressions for description
model. Structural complication of model (quantity of submodels, their connections,
number levels of hierarchies) determines by demands of accuracy of modeling and

by results of idealization. Kinds of mathematical expressions for description model
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(submodels) elects by the folded traditions in concrete application field or gets out
universal form of unidimensional or multidimensional polynomials.

As a result of formalization is created mathematical model for big group
close in physical nature originals.

Identification is doing for excretions of model for concrete original from this
group by the way of definition numbers of parameters of mathematical model. These
numbers are definited on the base of aim creation model by the way of analyzing
known apriori information or by special experiments and treatments of their results
(for example by methods of regressive analysis).

Testing adequacy of model is doing for estimation level of conformity of
mathematical model and the original, which has some difficulties in the conditions
of deficit of information and limit resources of time and facilities.

Conformity is provided if idealization, formalization and identification are do-
ing in correct way during building models, and accuracy input and output informa-
tion (for one and some samples). If level of adequacy is not sufficient, it is necessary
to analyze content works on each stages of creation model, something change and
to obtain implementation of condition conformity.

Depending from brunch of using mathematical modeling there is [1] definite
opinion about the level of conformity for models, which used during investigation,
designing or using original. Particularly, during investigation of originals it is possi-
ble maximum level of mistake (near 20%), during designing of originals demands
more strong conditions to accuracy (near 7%), and during using of originals these
demands are most strong (near 3%).

The problem of an estimation of conformity (the term adequacy is sometimes
used) of mathematical model and the original can be considered [4] as a version of a
known problem about checking of uniformity of two samples, formed by target vari-
ables of mathematical model and the original. Let elements of two samples, which
are realizations of target variables of model and the original, are mutually independ-
ent and submit to continuous distributions. The basic checking hypothesis, consists
in the assumption, that both samples are taken from the same sets and, so means
that functions of distribution of random variables are identical.

Considering, that in real conditions of modeling it is often inconvenient to re-
ceive the necessary information on laws of distribution of the random variables
forming samples, expediently use for this purpose nonparametric criteria. Famous
criteria of this type are criterion Wilcoxon and special criterion for small samples.

Let’s look the specialties of application the criterion Wilcoxon:
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1. At first it must be build variational raw for numbers of elements of
both samples.

2. Calculate criterion Wilcoxon as sum of ranks (serial numbers) of ele-
ments of smaller sample.

3. Compare criterion Wilcoxon with it criterial values, which are depends
from volumes of both samples and significance value Q.

4. Hypothesis about adequacyfor significance value Q is proved if value
of criterion Wilcoxon is between minimum and maximum criterial values.

Criterion Wilcoxon provides an opportunity of the analysis small samples, in-
cluding case when in one of samples is one value (the minimum quantity of values is
equal the second sample 9 at a significance value of 10 %). Considering, that crite-
rion Wilcoxon possesses, besides with sufficient power and efficiency, allows to allo-
cate area of modeling, criterion Wilcoxon is recommended to be used as the core at
estimation conformity of mathematical model and original.

More difficult is task to estimate adequateness of model when the quantity of
information is too small, for example, as it may be for the metallurgical processes. In
this case it is necessary to use other criteria, which is based on small samples as for
model so for original. It shows what is the difference between testing variety and av-
erage value for bigger sample (for original or model) on a relation to mean quadratic
deviation for this sample.

The criteria may be built in such way:

1. For bigger sample (indifferently model or origin) calculate statistical charac-

teristics

¥ 1 -
F—3n
b " 2—1%-!'

(52 =2En,(6—-3)
2. Determine the value of criteria
(8.5%) =max|(& —&)/8*|, r=1,m

3. According to rule of criteria main hypothesis (about the conformity of test-
ing variety) is true if it is true such condition

((57) < ¢, Q)
where n - volume of bigger sample,

&, - testing variety.

Practical using of criteria may be more simple if take its limit values
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fmiﬂ =§:_¢:(H,Qj + 5

If testing variety is placed between limit values so it means that hypothesis

about the conformity of testing variety is true with a definite level of significance
value Q.

The finishing stage of decision of task of modeling of the real object usually is
optimization. Depending on maintenance of concrete task [2] one (rarer a few) of
output variables of mathematical model gets out as a criterion of optimization, and
other output variables are taken into account in problem of optimization definition
as limitations as equalities or inequalities.

Optimization is based on mathematical models (which are built) and is doing
for determining optimal numbers of input varieties and parameters of model. For
solving such task may be used enough universal gradient method based on applica-
tion of the known [2] receptions of the extreme planning of model experiments,

System exposition of material and accent on research and proof adequacy of
model allow to attain the deeper and complete understanding of essence of mathe-
matical design of technical objects and promote efficiency of preparation of special-
ists in area of the applied mathematical modeling.
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MidsuwerHa akocmi nid2omosKu (haxisyis 8 2any3i MameMamu4yHo20 MOOeNOBAHHA

[idsuweHHs sKkocmi nid2omosKku ¢axisyis 8 obaacmi Mamemamu4yHo20 MOOeNOBAHHA €
aKmyasbHoto npobnemoro 8 ocg8imi cmydeHmis (0cob6AUBO NPUKAAOHUX) Ma HeMameMamuyHux
cneyianbHocmel.

Ana piwenHs yiei npobsemu NoBUHHe Oymu BUKOPUCMAHO CUCMeMHe ma nocnidosHe
npedcmasJieHHs 3Micmy emanis cmgeopeHHs Mooeni 3 0608’3K0B0K 0eMOHCMPAyIED ix B3AEMO-
38'a3k18. KoxHuli eman mMoOenoBaHHA CMBOPIOE NeBHY Yacmky skocmi modeni. Halibinbw ckaa-
OHUM emanom € 10eanizayia opu2iHaia, mak K 8 YbOMy BUNAOKY CaMi BAXAUBI AKOCMI opuzi-
HaMy NOBUHHI 6YMU BU3HAYEHI, U 00ePXAHI eKcnepuMeHmasnbHi BUGTPKU BUXIOHUX NepeMiHHUX
Opu2iHany ma po3paxyHKosi subipku modesni. [0108HA yBA2A NOBUHHA BymuU NpudineHa oyiHyi
adeksamHocmi opuziHaay ma modeni 3a 00NoOMOo20K0 BIOOMUX HenapamempuyHuUX Kpumepiis ma-
Kux Ak kpumepil Wilcoxon i cneyianbHull kpumepili 015 manux subipok. Kpumepili 6a3yemscs
Ha CMamucmuyHoMy aHAi3i BUXIOHUX nepeMiHHUX MOOesi ma opuziHany. 3a HeobxioHocmi po3-
pOo6AISIIOMbCS HOBI KOHCMPYKMUBHT 60 MexHO00214HI npono3uyii 019 BOOCKOHANIEHHS OpU2iHa-
ny. KiHyesoro ydacmuHow MOOeNo8aHHA 3a38u4ali € onmumisayia napamempis opuziHany. Me-
mo0 onmumizayii 06UpaEmMbCA 8 3anexHocmi 8id BUdy Modeni ma 3micmy 3a0ayi.

3anponoHosaHo Memodo0s102il0 HABYAHHSA, AKA 3a6e3neqye 00CAeHEeHHSA BibW 21UbOKO20
ma nosHO20 YABJIeHHA W000 Cymmi MameMamuyHo20 MOOeMOBAHHSA MexHiyHux 06'ekmis. [lo-
3UMUBHI pe3yibmamu ompuMaHi 3a805KU BUKOPUCMAHHIO Memoda, AKull 6y/10 cmBopeHo.

CucmemHe npedcmasieHHs mamepiasy ma akyeHm nio Yac HaB4YaHHI Ha 00CNI0KeHHT ma
dosedeHHi adeksamHocmi MoOesii 00380/1510Mb NOJYYUMU 61/IblW ACHE PO3YMiHHA cmyOeHmamu
CymHOCMi MamemamuyHo20 MOOe0BAHHS MexHIYHUX 06'€kmis 1 nidsuwWUMU ehekmusHiCMb
nio2omosKu ¢axigyis 8 061acmi NPUKIAOH020 MaMeMamu4yHo20 MO0 BAHHS.

Improvement quality of preparation specialists in area of mathematical modeling

Improvement quality of preparation specialists in area of mathematical modeling is an
actual problem in education students (especially applied) and non mathematical specialties.

For solving this problem must be used system and successive exposition of maintenance of
the stages of building model with obligatory demonstration of there intercommunications. Each
stage of modeling makes some part of quality of model. Most difficult stage is idealization of
original, because in this case the most important properties of original must be distinguished
and the experimental samples of output of variables of original and calculation samples of
model are got.. Main attention it must be spared to estimation of adequacy original and model
with the help of famous nonparametric criteria such as criterion Wilcoxon and special criterion
for small samples. This criterion is based on the statistical analysis of output variables of the
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model and original. At a necessity new structural or technological suggestions are developed for
perfection of original. Last part of modeling usually is optimization parameters of original. The
method of optimization is elected depending on the type of model and maintenance of task.

Methodology of study, that provides a receipt of the deeper and complete understanding of
essence of mathematical modeling of technical objects is offered. Positive results are achieved
by using method which is proposed.

System exposition of material and accent during the teaching on research and proof ade-
quacy of model allow to attain the deeper and complete understanding by students of essence of
mathematical design of technical objects and promote efficiency of preparation of specialists in
area of the applied mathematical modeling.

SiceB Onekcanap TeoprifioBmu - K.T.H.,, Ipodecop Kadeopu eKOJIOrii,
TeIUIOTEeXHiKM Ta OXOpPOHMU Iipalii HaljioHanbHO1 MeTa/ypriiiHO1 akageMii YKpaiHu.

SiceB Anekcanap TIeoprmeBmuy - K.T.H., Ipodeccop Kadeapbl 3KOJOTUH,
TEeIUVIOTEXHMUKM UM OXpaHbl Tpyda HalyuoHa/bHOM MeTaTypruyeckoit akageMuu
VKpauHbI.
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RESEARCH OF THE INFLUENCE OF A NETWORK INTERFACE ON THE
EFFICIENCY OF MODULAR MULTIPROCESSOR SYSTEMS

Abstract. The paper is devoted to the approach development related to methodology definition
for evaluation of the modular multiprocessor computing systems efficiency. At the same time,
the main attention is focused on the impact peculiarities on this network interface value. The
formation analysis of the multiprocessor system network interface architecture and the basic
modes of its operation have been analyzed. To evaluate the processes occurring in the system
during the information flows transmission, the network system bandwidth and the switch
throughput were compared; which allowed determining the preconditions for optimal compo-
nents selection of the multiprocessor computing system network interface. The performed re-
searches also allowed deducing analytical relations for determining the optimal number of sys-
tem nodes with different functioning modes. The selected processors coherency coefficient, net-
work interface and value of the computing area are deduced. The derived analytical relationships
also showed that the optimal number of blades in a multiprocessor computing system, that pro-
vide its highest speed, decreases with increasing computing power of the processors included. It
is shown that the network data interchange among the multiprocessor computing system nodes
the more likely to impede the overall computation process; the less time will be spent directly on
solving a specific problem.

Keywords: multiprocessor computing system, acceleration, efficiency, computing network load-
ing coefficient, computing nodes.

Introduction. Almost simultaneously with the first multiprocessor computing
systems advent, there emerged a need to evaluate their efficiency, performance,
speed and later the comparison with similar computing systems, considering the
listed criteria. It is the speed and performance that draw main focus, including the
multiprocessor computing systems design. Such an approach is aimed, for example,
to the development of new technological processes (when the time of computations
is a critical value), the analysis of environmental pollution, and also owing to its
method one can solve a variety of multidimensional non-stationary problems [1 - 3].
In addition, such problems types often have to be solved in medicine, military
equipment, etc.

© Moroz D.M., 2021
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One of the main problems of using a multiprocessor computing system to solve
such problems considered in this paper can be stated as follows: we have the dimen-
sion mesh difference M, the computation time of a problem solved by a single-
processor system denoted by the t value. This is a key parameter. It is necessary to
significantly reduce the computing time while saving the M value. Consequently, we
consider the problem where we aim to reduce the computation time by increasing
the nodes number in the multiprocessor computing system. In this case, the com-
puting area is evenly distributed among the multiprocessor computing system
nodes.

Problem statement. Significant interest in the practice of parallel computing is
the value evaluation of possible increase in productivity, considering qualitative
characteristics of the software product itself and technical capabilities of multiproc-
essor computing system. Ideally, one can predict that solving any problem by the
number of processors n should be n times faster than one processor. However, in
fact, such acceleration can hardly ever be achieved. The reason for this circumstance
is well illustrated by the Amdahl law (Gene Amdahl) [4]. The Amdahl law associates
potential computation acceleration when paralleling with the share of operations
performed a priori consistently. A preliminary analysis of Amdahl's law suggests that
the potential acceleration of computations when paralleling is associated with the
proportion of operations that are performed sequentially. The priori estimation of
the successive operations proportion f is not easy (the sequence concepts and opera-
tions parallelism are difficult to formalize and allow for ambiguous interpretations).
It's virtually impossible to estimate this value by simple analyzing the program text.
We emphasize that this estimate can only be made by real computations using a dif-
ferent number of processors. This circumstance was considered while evaluating the
developed multiprocessor computing system effectiveness. For that matter, in the
research of efficiency indicators, Amdall's law was applied to solve the inverse prob-
lem, which is in determining the value of f (the algorithm operations part that can
not be parallelized) based on experimental data obtained from the system's perform-
ance. That allowed quantifying the achieved parallelism efficiency. Taking into ac-
count the aforementioned, a general approach was developed to evaluate the per-
formance of a modular multiprocessor computing system.

It is also known that the computations parallelization efficiency essentially de-
pends on many factors; one of the most important is the specificity of the data trans-
fer among adjacent nodes of the multiprocessor computing system, since this is the
algorithm slowest part can undo the effect of increasing the processors number used.
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These issues are considered crucial in a simulation of a wide range of problems using
modular multiprocessor computing systems, and today those are successfully solved
by many researchers [5 - 9].

The unresolved parts of the problem. Working methods of efficiency analyz-
ing of multiprocessor computing systems do not allow determining optimal number
of its nodes for solving a certain class of problems. At the same time, they did not get
proper research development on the network interface impact on the efficiency of
modular multiprocessor computing systems. In addition, for computing multiproc-
essor system evaluation efficiency, the main analytical relations are not provided
through parameters of the system being studied.

Research purpose. Research purpose is to further develop the approach asso-
ciated with definition of a methodology for evaluating the multiprocessor modular
computing system effectiveness. At the same time, the main attention is paid to in-
fluence peculiarities on the given indicator of the developed system network inter-
face. It is also necessary to derive analytical relations for determining the optimal
nodes number in the application to different modes of its operation. For ease of es-
timation of the multiprocessor computing system efficiency, it is necessary to derive
the main analytical relationships through its parameters.

The research main results. For a class of problems that are solved in this pa-
per, all computations are performed on the basis of the difference grid. Then, when
analyzing the multiprocessor computing system efficiency, the most important pa-
rameter was the time to compute a single iteration (7, ) in association with the com-

puting field. In terms of multiprocessor computing system, this indicator was deter-
mined on the basis of the following ratio:
T=T,+T, €))

ex ’

herein 7 _’i, this value means the computation time of a single iteration by N com-
" N

puting nodes, in seconds, 7_is the time of boundary data exchange among the sys-

tem nodes, in seconds. The computation time of the single iteration itself when used
in the system N of the computing nodes can be specified by the following formula:
E-E -K,

! N-V, @)
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In expression (2) E; is the array length of the computations boundary field; at
the same time, this value determines the difference grid length along the abscissa; E,
is the length of the difference grid along the ordinate; Kx is the one difference cell
size of type Real*8 (64 bits); parameter V. shows the speed of computing when solv-
ing such problems using the proposed processor.

The value T, was determined by the following formula:

ro_mWN-DE K,

“ k-d-V,

(3)

In expression (3), the m value may be equal to one in the unilateral mode of
boundary data exchange, or two when it is two-way; V, is network bandwidth in the
system, Gbit/s; k is the communication channels number of the network operating
simultaneously (computing networks number), d - half-duplex (d = 1), or duplex
(d = 2) mode of the computer network in a multiprocessor computing system.

Under these conditions one can compute total computation time of a single it-
eration that will include, in fact, the computation time of a single iteration when us-
ing N nodes of a multiprocessor computing system and the time of boundary data
exchange depending on the number of nodes N, that is

o _EE Ky  om(N-DE K,
N-V, k-d-V,

4)

The relation (4) analysis shows that computation area distribution among the
nodes allowed reducing the number of computations performed by each of its blades.
Due to the fact that the multiprocessor computing system nodes work in parallel,
then the total computing iteration time decreases. At the same time, with the nodes
increase in the system, the boundary data volume also increases, and thus, time for
the information exchange among the nodes increases.

In order to compute acceleration and efficiency of the system, the commonly
accepted concepts in the theory of parallel computations were taken as the basis. An
analytical ratio was derived for estimating the efficiency of a multiprocessor com-
puter system through its parameters, i.e.

~ T,-k-d-V,-N
Q_Tl.,-k-d-Vn-N+N2-m-(N—1)-El.-KR. 5)

The performance indicators of multiprocessor computing system were simulta-
neously determined by the formulas (3 - 5) given above and by means of experimen-
tal computations. It was observed that the results obtained coincide, which is ex-
plained by the computations nature. Fig. 1, 2 depict simulation graphs of depend-
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ence of a single iteration computation time on the nodes number of a multiprocessor
computing system and computations acceleration dependence on the nodes number
of a multiprocessor computing system.

Fig. 1 shows a single iteration computation time with increasing number of
nodes decreases with hyperbolic dependence (curve 1). However, the boundary data
exchange time with the increase in the nodes number of the system increases ac-
cording to the linear law (line 2). The general picture of the change in a single itera-
tion computation time in a multiprocessor computing system illustrates dependence
represented by curve 3. An analysis of such a curve shows that at the first stage, the
computations time decreases with increasing nodes number of the system. A similar
result was foreseen. However, the reduction of this time occurred to a certain limit.
If, for instance, the nodes number exceeds six, then the total computation time be-
gins to increase. This happens along with the increase in the data amount, which get
transferred among the nodes. Thus, one can conclude that with the constant grid
size the blades number in the system should be no more than six. At the same time,
the time spent on solving the problem, decreased from 100 seconds to 30.81 seconds.
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Figure 1 - A single iteration computation Figure 2 - Computations acceleration

time dependence curves on the nodes dependence curves on the nodes

number of the multiprocessor computing number of a multiprocessor

system computing system

In the second part of the research, further development methods for analyzing
the multiprocessor modular computing system efficiency have been developed.
Moreover, the main attention was paid to the peculiarities of the network interface
interference of the developed system on its efficiency values. Initially, the network
interface architecture peculiarities of the multiprocessor computing system and the
basic modes of its operation were considered. To evaluate the processes occurring in

the system during the information flows transmission, the network system band-
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width and the switch throughput were compared. This procedure was necessary for
optimal selection of components of the network interface of a multiprocessor com-
puting system. In this regard, for the research convenience, the total bandwidth pa-
rameter of the multiprocessor network system was introduced according to the
specification of the manufacturer (v, ). It was defined as follows:

V=V, -N-d. ©

Herein N is the nodes number in the system, and v, is its network protocol

throughput, Gbit/s. With this approach it is already possible to compare the values of
the total network interface bandwidth of the system (r,) and the switch (y,) band-

width. For further analysis of the network interface of multiprocessor computing
system, the throughput coefficient of the network system () was introduced. Its

value was determined by the following ratio:

V
kS — V—S .
b (7)
By taking into account formula (7)
V,-N-d
kg =t —.
s v, 8)

To further use this approach, the concept of switching capacity coefficient (k)

was proposed and a formula was derived for its definition, i.e.
v,
k :Vp_—?w- ©)

To illustrate broad picture of the processes under research, some definitions
were introduced, and then, with their account, a more detailed analysis of the main
network characteristics of multiprocessor computing system was performed.

Definition 1. The network interface deficiency mode of a multiprocessor comput-
ing system is such an option of its network functioning, where there is an inequality:
kg <kj -

Definition 2. The network interface surplus mode of the multiprocessor computing
system is such an option of its network functioning, where there is an inequality:
kg >k -

Establishing the optimal nodes number in the cluster system. It should be
noted that the numerical-analytical schemes of the higher accuracy order, consid-
ered in the papers [12, 9], serve as the computational methods for solving the heat
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conduction problem. As a basis for determining the boundary data exchange time in
a cluster system while working in its network interface deficiency mode, the relation

(3) becomes as follows:
7o mWN-DE KK,
ol k-d-V,

, (10)
To compute the boundary data exchange time in the cluster system in its net-

work interface surplus mode, we apply the relation of the following form:
p_mWN-DE K NK,
ex2 T

Further, considering the multiprocessor computing system in the performed
experiment conditions, we establish in it the nodes number that provides the most
effective solution to the problem. At the same time, [5, 3] show that the computa-
tional speed will increase by about the moment when

T=T, . (12)

Thus, on the basis of the relation (12), it is possible to compute the nodes num-
ber in the cluster computing system needed to effectively solve the problem. Note
that this research phase aims to reduce the total computation time by parallelizing
the program. Obviously, at the same time, the overall grid size does not depend on
the computing nodes number in the cluster system. Taking into account the relation
(9), we obtain analytical expressions for determining the optimal nodes number of a

cluster system, when it operates in a network interface deficiency mode, that is,

T . N m-(N-1)-E -K,-K,
N k-d-V, . (13)
We also have the following expression for the network interface surplus:
T. m(N-1)-E K, N-K,
N ky-d -V, : (14)

Using expressions (13) and (14), we can obtain two equations in relation to N to
determine the optimal nodes number in a cluster system, where the total computa-
tional required time for solving the problem will be minimal. Thus, the equation (13)
reduces to a quadratic form, i.e.

vy Bokdv,
m-V, . (15)
For analysis convenience, we will write the equation (15) as follows:
2 —
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In equation (16) 2=s(£,,v,,1/7,), this value can be interpreted as the capabili-

ties coherency coefficient of the selected processors, the network interface and the
computing area value when the system operates in a network interface deficiency
mode. In addition, it should be emphasized that the correspondence of the cluster
system capabilities to the nature of the problems to be solved requires the coordina-

tion of all parts that is included in the value 4. Let's analyze this coefficient. At first
glance, the result turned out to be somewhat paradoxical. It shows that the coeffi-

cient of consistency A as well as the optimal blades number in the cluster system do
not depend on the data area size. Such an assertion can be explained by the fact that
the computation domain distribution among the cluster system nodes was carried
out at its constant size. This means that the ratio of the time spent on processing the
data in this area and the transfer time also remained unchanged and independent of
its size. The second very important conclusion is that the optimal blades number in
the cluster system, which provides its highest speed, decreases with increasing com-
puting power of the processors included in it. Such a statement becomes quite clear
when one considers that the network data exchange among the cluster system nodes
is more likely to impede the overall computation process, the less time will be spent
directly on solving a specific problem.

Thus, the equation (15) solution will be two radicals, one of them is negative,
and the other one is positive. Proceeding from the set physical conditions of the
problem, a positive radical is adopted, which value is equal to eight, hence N = 8.
Note that this result satisfies the inequality that establishes the conditions for the
cluster system to function in the network interface deficiency mode [14].

Equation (11) is reduced to a cubic form, i.e.

B k,dY

N°’-N?
m-V, . (14)
For the convenience of analysis, we will write it in this way
N’ =N* = u=0 (15)

In equation (15) u=y(£,.7,,1/v,), and this value can be considered as the

capabilities coherence coefficient of selected processors, the network interface and
the value of the computing area when the system operates in the network interface
surplus mode. Let's analyze the value of this coefficient. One can conclude that the
optimal number of blades in the cluster system is capable of providing its highest
performance, will depend on the size of the computing area, the switching capabili-
ties and computing power of the processors which the cluster system is composed
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from. These parameters variation allows selecting the appropriate blades number
when operating the system in the network interface surplus mode.

As a result of the equation (14) solution three radicals are obtained, in particu-
lar, two imaginary, and one valid. The actual radical corresponds to the nodes num-
ber: N = 33. However, this result analysis indicates that it does not satisfy the condi-
tion of the cluster system functioning in the network interface surplus mode [5].
Having analyzed the simulation results, we can conclude that under the conditions
of the problem being researched the optimal blades number of the cluster system
would correspond to N = 8.

Conclusions. Improvement and creation of new technological processes re-
quire considerable expenses for a large number of field experiments on laboratory,
experimental and industrial equipment, as well as in industrial conditions. The re-
duction of experimental researches and the time to conduct them with obtaining of
necessary information for technological developments design and implementation
can be achieved by multiprocessor computing systems.

The class of problems being considered in this paper is solved by a multiproces-
sor computing system. Thus, we have preconditions for quantifying the multiproces-
sor computing system efficiency. In this problem, the optimal nodes number in the
cluster system, with the maximum parallelism efficiency is N = 8. Such a cluster size
will provide 4.28 times faster than solving a problem by one computer. According to
the computed data, the proposed cluster mode allowed not only to improve system
efficiency, but also significantly reduce computing time, from 83.11 to 19.52 sec-
onds. At the same time, note that if such an acceleration computation value is not
able to provide control of temperature fields, then, in this case, it is necessary to ap-
ply more powerful processors. For these reasons, further promising research will be
aimed at highlighting such issues.
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JocnioxenHa snnusy mepexesoz2o iHmepgelicy
Ha eghpekmusHicmb 6azamonpoyecopHoi cucmemu

Cmamms npucssaveHa po3sumky nioxo0y 00 BU3HAYeHHA Memo00s102ii OUIHKU epeKmus-
Hocmi MoOy/bHUX 6a2amonpoyecopHuUx 064uC0BaAbHUX cucmemM. [lpu yboMy OCHOBHA yBa2a
npuoinaemMbcs 0cob1UBOCMAM BNAIUBY HA 3HAYEHHS 0AHO020 napaMempa mepexesozo iHmepged-
cy. llposedeHo aHaniz opmysanHs apximekmypu Mepexeso2o iHmepgelcy 6azamonpoyecop-
memi npu nepedayi iHGopMayiliHUuX NOMOKIB, NPOBOOUSIOCA NOPIBHAHHA NPONYCKHOI 30amHocmi
Mepexxesoi cucmemu ma nponyckHoi 30amHocmi komymamopis, w0 00380U/0 BU3HAYUMU ne-
pedymosu 014 onmuManabHo20 BUbGOPY KOMNOHeHMI8 Mepexeso2o iHmepgelicy 6azamonpouyeco-
pHOT 064uUC0B8aNbHOT cucmemu. [IposedeHi 00CNIOXKeHHS MaKox 003B80/1UAU BUBECMU AHANTMU-
YHI CNiBBIOHOWEHHA 014 BU3HAYEHHS ONMUMGAJIbHOT KIJIbKOCMI BY3/1i8 cucmemu 3 pi3HUMU pe-
Xumamu @yHKyioHysaHHsA. [TokazaHo, wo ob6MIH Mepexesumu OaHUMU MiX By31amMu 6azamo-
npoyecopHoi 06YUCTII0BAIbHOT CUCMEMU YNOBINIbHIOE 32a/1bHUL Npoyec 064uCIeHb.
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Research of the influence of a network interface
on the efficiency of modular multiprocessor systems

The paper is devoted to the approach development related to methodology definition for
evaluation of the modular multiprocessor computing systems efficiency. At the same time, the
main attention is focused on the impact peculiarities on this network interface value.

Working methods of efficiency analyzing of multiprocessor computing systems do not al-
low determining optimal number of its nodes for solving a certain class of problems. At the same
time, they did not get proper research development on the network interface impact on the effi-
ciency of modular multiprocessor computing systems. In addition, for computing multiprocessor
system evaluation efficiency, the main analytical relations are not provided through parameters
of the system being studied. Research purpose is to further develop the approach associated with
definition of a methodology for evaluating the multiprocessor modular computing system effec-
tiveness. At the same time, the main attention is paid to influence peculiarities on the given in-
dicator of the developed system network interface.

The formation analysis of the multiprocessor system network interface architecture and
the basic modes of its operation have been analyzed. To evaluate the processes occurring in the
system during the information flows transmission, the network system bandwidth and the switch
throughput were compared; which allowed determining the preconditions for optimal compo-
nents selection of the multiprocessor computing system network interface. The performed re-
searches also allowed deducing analytical relations for determining the optimal number of sys-
tem nodes with different functioning modes. The selected processors coherency coefficient, net-
work interface and value of the computing area are deduced. The derived analytical relationships
also showed that the optimal number of blades in a multiprocessor computing system, that pro-
vide its highest speed, decreases with increasing computing power of the processors included. It
is shown that the network data interchange among the multiprocessor computing system nodes
the more likely to impede the overall computation process; the less time will be spent directly on
solving a specific problem.

Mopo3 IMmutpo MakcumoBuY —MaricTp, [IHIIpOBCbKMIT HAI[iOHAJIbHMIT YHIBEpPCU-
teT iM. Onecst ['oH4apa, m. [IHImpo.

Mopos Imutpuiit MakcuMoOBUY —MarucTp, JJHempoBCKUit HALIMOHAIbHbIN YHUBEP-
cureT um. Onecs 'onuapa, r. IHenp.
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YK 004.021
B.II. Tapacos, B.I1. Monogens B.I1., T.M. Bynana, O.I'.baii6y3
AHAJII3 ICHYIOUMX TEXHOJIOI'TiH MOHITOPUHI'Y IOBITPS

AHomayisa. Poboma npucssyeHa icHyl04UM MexHOM02IAM MOHIMOPUH2Y NoBIMpA: Ha3eMHi (dam-
Yuku, ougy3itiHi mpybku 1 m.n.) ma s8iodaneHi pecypcu (cynymuuku, nimaku i m.n.). Takox 8
pamkax pobomu onucaHi cmaHoapmu OYiHKU AKocmi nosimps (€sponelicbkull ma amepuKaHch-
Kuli). B sakocmi npuknady po3anaHymo esponelicbkuli iHOekc akocmi nosimpa (EAQIL) ma iHOekc
Akocmi nosimps 3a cmaHoapmamu EPA (Environmental Protection Agency): onucaHi NoKasHuKuU,
30 AKUMU U] THOGKCU pO3paxosylombCA, PaHXYBAHHA CMAHY NOBIMPSA 8 3GJIeXHOCMI 810 3HAYeH-
HA THOeKcCy.

Knto4yosi cnosa: MOHIMopuHe, AKicmb NOBImMpS, THOeKCU SKocmi nosimps.

CTaH MOBITpS — € BasKIMBUM (PAKTOPOM He Ti/IbKU [1Jis1 HABKOJUILIHbBOTO cepe-
IOBUIINA, a ¥ AJ1s JoauHu B 1isiomy. B 2020 potii 6yo mpoBeieHO JOC/TiIKeHHS II10-
JI0 B3a€EMO3B'SI3KY MiXK TOBrocTpoKOBUM BIUIMBOM NO; i cmepTHicTio Big COVID-19.
Pe3yibTaTyt 1OKa3yIOTh, 10 3 4443 cMepTe/lbHUX BUTIAIKIB, 3487 (78%) Oyu B I1'SITU
perioHax, po3TallloOBaHMX Ha MiBHOUI ITasii i B meHTpasnbHii Icranii. Kpim Toro, B
THMX 3Ke II'SITU perioHax CIIOCTepiraloThCs HalBuilli KoHieHTpalii NO; B moegHaHHI 3
HU3XiTHUM ITOTOKOM ITOBITPSI, SIKMIA Tlepenikomkae eekKTUBHOMY PO3CilOBaHHIO 3a-
OpyaHeHHS TOBiTps. Lli pe3ynabTaTy Mmokasaau, IO JOBTOCTPOKOBMIA BIUIUB IIbOTO
3a0pyoHIOBaYa MOXKe OyTM OJHMM 3 HalGiabll BaskaMBUX (PAaKTOPiB CMEPTHOCTI,
BykanKanoi COVID-19 B nux perioHax, a MOXK/INBO, 1 B yCbOMY CBITi [1].

3 1IbOTO MOCTiMKEeHHS MOKHA 3POOUTU MPUITYLIEHHS IO TOTipIIeHHS SIKOCTi
TOBITPS BIUVIMBA€E Ha IMIBUAKICTb PO3MOBCIOKEHHS PeCIipaTOPHMX 3aXBOPIOBAHb.
[[Io6 BupimmT TpobIeMy 3i CTAaHOM IOBiTPST HEOOXiAHO TMPOBOAUTU CIIOYATKY
MOHITOPMHT (30ip maHMX) 3 MOJAJIBIIMM iX aHa/lIi30M Ta Kiaacudikamieo. Mera miei
pobOTM — TIPOBECTM aHali3 iCHYIOUMX CII0COOIiB MOHITOPMHIY SIKOCTi IOBITpS,
JOCJTIAUTU CTaHAAPTU SIKi BUKOPUCTOBYIOTHCS B YKpaiHi Ta B CBiTi, MOKa3HUKU, IO
BIUIMBAIOTh Ha iX 3HAYEHHS.

MoHiTopuHr aTMoc¢hepHOTro TMOBITPSI - Ile CUCTEeMATUYHA, AOBrOCTPOKOBA
OIliHKa piBHS IE€BHMX BUIIB 3a0PYTHIOIOUMX PEYOBMH IIJIIXOM BMMIipPIOBAHHS iX
KiJIBKOCTi Y BigKpuTOMy TMOBiTpi. MOHITOPpMHT aTMochepHOTo TOBITPSI €
HEBiJl €MHOI0 YaCTUHOK e(deKTMBHOI CUCTeMM YIIpaBIiHHS SIKICTIO IIOBITpSI Ta
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3[iMICHIOETbCSI 3@ OIIOMOIOI0 MepeXX HaBKOJMIIHbBOTO MOHITOPMUHTY, IO IMOBMHHI
niaTpumyBatu [2]:

— CBoe€uacHe HaJ@aHHS MMPOKOMY 3arajy JaHUX PO 3a6pyaHeHHS MOBITPS.

— JloTpMMaHHS CTaHAAPTIB SKOCTi HABKOJMUIIHBOTO IOBITPSI Ta PO3POOKU
CcTpaTerii BUKUIIB.

— TligTpuMKy moCTimKeHb MO0 3a0pyIHEHHS MOBITPS.

st 3abe3reyeHHs] poOOTM Mepexki BiAIMOBiIHO IO YMOB, BOHA MTOBMHHA OYTU
po3pobieHa 3 ypaxXyBaHHSIM Pi3HUX TUIIIB IiJITHOK MOHITOpMUHTY. BOHM MTOBMHHI OY-
TU 30aTHi iHhopMyBaTK IIPO IiKOBMI1 piBeHb 3a0pyIHEHHS MOBITPsI, TUIIOBI PiBHi B
HaceJleHUX NYHKTaX, 3a0pyIOHEHHSI TMOBITpS, IO TPAHCIOPTYIOThCS IO MicTa Ta
perioHy Ta 3a #oro MexkaMu, Ta piBHi 3a0pygHEHHSI MOBITpS MOOJM3Y KOHKPETHUX
mkepen. ToxX MOXXHA BUIIIATY IICTh 3arajJbHUX TUIIB HiJISTHOK, SKi MOTPEOYIOTh
KOHTPOJIIO [3]:

— Ti, gKi BU3HAYaIOTh HAMBUILI KOHIIEHTPaIlii, SIKi OUiKyIOTbCSI B 30Hi, 110 0XO-
IJIeHa Mepexelo;

— Po3minneHi o151 BUMipIOBaHHS TUTIOBUX KOHLIEHTPALLili y paliOHax 3 BUCOKOIO
HIiJIbHICTIO HAaCeJIeHHS ;

— SIki BM3HAuUalOTh BIUIMB [Kepes 3abpymHeHHST ab0o KaTeropiit mKkepen Ha
SIKiCTb MOBITpS;

— SIki BM3HAUaloTh 3arajabHMIi piBeHb (POHOBOI KOHIIEHTpaIlii;

— [Ins BM3HAUEHHS CTYIeHS TPaHCIIOPTY 3a0pyoHIOIUMX PEUOBUH cepef, Ha-
CeJIeHUX ITYHKTIB;

— Ski posmimieHi Ajs BUMipIOBaHHSI BIUIMBY 3a0pymgHEHHSI TMOBIiTpsS Ha
BUJMMICTb, POCJIMHHUI TOKPUB UM iHIIII BIVIMBYU HA OTOUYIOUE CepeOBUIIIIE.

1Sl yTOYHEHHST IPUPOAU 3B'SI3Ky MiXK 3arajJbHUMM LISIMY MOHITOPUHTY, TU-
MaMM AiISTHOK Ta Qi3MUYHMM pPO3TallyBaHHSIM KOHKPETHOTO MOHITOpa BU3HAUAEThHCS
KOHIIEIIIIisI POCTOPOBOr0 MacmTady. MeTow po3MillleHHST MOHITOPIB € MpaBuUIbHA
BiITIOBiIHICTh ITPOCTOPOBOTO MaciITaby, IpeICTaBIeHOTO BMOIPKOIO CIIOCTEpesKyBa-
HOTO IIOBiTpsI, Ta IPOCTOPOBOTO MaciuTaby, HaiOGiNbII BigMOBIAHOTO OO TUITY
MOHITOPMHIOBOI [iJITHKM, 3a0pyAHIOBaua IIOBiTPs, IO BUMIpPIOETHCS, Ta IIisTi
MOHITOPUHTY.

Takum YMHOM, MacIITab OMMUCYETbCS 3 TOUKM 30py Gi3MUHMUX PO3MipiB
MOBITPSTHOTO 06’€My, HAMOGIVKYOTO OO MICISI CIIOCTEPEsKEHHS, SIKe Ma€ IOCUTb
OIHAKOBi (haKTMYHI KOHIIEHTpallii 3a6pyAHIOIOUNX peuoBMH. MaciiTabu, 1o mpem-
CTaB/ISIIOTh HAMOIMBIIMIA iHTepec [Jjs1 TUIIIB MOHITOPUHIY TIpeIaCTaBjeHi Yy
tTabnuii 1[3]:
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Tabanug 1

ITpocTopoBi MmaciTabu

HasBa macmraby | Ommc

Mikpo macmitab | BusHauae KoHIeHTpallii B 006'emax TOBiTps, IOB'sI3aHi 3

po3MipaMy IUIOMHII BiJ KiJIbKOX MeTpiB g0 mpubamsHo 100

MeTpiB
CepepHiii Bu3Havae KOHIEHTPaLlil0, XapaKTepHY [J1s1 palioHiB pO3MipoM
MacIiTab 0 OeKiIbKOX MiChbKMX KBapTasiB 3 po3Mmipamu Big 100 meTpiB

1o 0,5 kinomerpa

PaiioHHMm Byu3Havae KOHIIeHTpallii B MeXXax IesIKOl pO3IIMPeHOi IO
MacIiTab MiCTa, sIKa Ma€ BiJHOCHO PiBHOMipHEe BUKOPUCTAHHS 3eMeJib i3

po3mMipamu B Mexkax Bim 0,5 mo 4 KimomeTpiB

Micbkuit Bu3Hauae KOHIIEHTpAllii B MeKaxX MicTa, MOpsAKy Bim 4 mo 50
MacIiTab KiJIoMeTpiB

PerioHanbHMii BusHavae, gK IpaBWO, CiJIbCbKY TEPUTOPi0 3 TOCUTH
MacIITab oIHOpPigHOIO reorpadicio 6e3 BeMKUX mKepen 3a6pyaHeHHS i

MIPOCTSITAETHCS Bifl AECSTKIB 10 COTeHb KiJIOMETpPiB

HauionanbHuit ta | [lpeacTaBisitoTh  KOHIEHTpallii, 10  XapaKTepu3yKTb
rJ106a/IbHUI TepPUTOPIil0 KpaiHM Ta 3eMHY KYJIIO B IIJIOMY

MacIiuTabm

[IpaBujibHEe pO3MillleHHS Tpwiagy BUMAara€ yTOYHEHHSI MeTU MOHITOPMHTY,
TUTIIB AiJISTHOK, HEOOXiJHUX IJIs1 TOCSATHEHHS MEeTH, a TTOTiM 6akaHOTO ITPOCTOPOBOTO
Macurtaby[4].

Knacudikalist miITHOK MOHITOPMHTY SIKOCTi ITOBITpSI € HEOOXigHOI YMOBOIO
17151 OyIb-SIKOi iHTepIpeTallii JaHux 3a6pynHeHHs. e moTpi6HO 114

— MakpoMaciTabHUX KpUTEPiiB pO3MillleHHS ;

— 3siTyBaHHs npo MeTanaHi ouinku (2011/850/ €C) [5];

— OIiHKM pelpe3eHTaTUBHOCTI, €eKCII03UIIil, MOJei, PO3MOALTY IXKepes TOIIO.
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bynb-ska ximacudikailiss IOBMHHA MaTM YiTKO BM3HAYe€Hi KiJIbKiCHO
BMMIpPIOBaHi IapaMeTpu Ta YiTKi MOPOrM MiX KjIacaMM Ha OCHOBI TaKuX MmapamMeTpiB
IJ1s1 11 BUKOPUCTAHHS 10 BCii €BpoIIi[6].

BigmoBimHo mo 361 crarti Yroau IMpo acomiaiilo MDK YKpaiHOWO Ta
€spomneiicbkum Coro3oMm, YKpaiHa 3000B’s13a7acsl BIIPOBAAUTI OCHOBHI MOJIOKEHHSI
nBOX eBporeicbkux aupekTuB: 2008/50/€C mpo sgKicTb aTMocghepHOro IMOBiTpsS Ta
YyyCTine MoBiTpsa s €Bponu; a Takok 2004/107/€EC nmpo mMuuI'sak, KagMmiii, pTyTb,
HiKeJb i MOMIMK/IIYHI apoMaTUYHi BYTJIeBOAHI y aTMOchepHOMY MOBITPi.

TUnoBMMM JaTUMKaMU, SIKi MOXXYTh BUKOPUCTOBYBATUCh B HACETEHUX IMYHKTAX

I71S1 TIOOYIOBY MepeXKi MOHITOPUHTY BMCOKOI ITiTbHOCTI, €:

[TacuBHi MOHiTOpU Ta TuUdYy3iliHi TPYOKM;

[Ipunaayu Ha OCHOBI QiAbTPIB IJIS TBEPAMUX YACTOK;

BUCOKOSIKiCHI JaTuMKM, iHTerpoBaHi B HepyXxoMy iHppacTpyKTypy [7];

HaTunMky HM3bKOI BapTOCTI BapiIOThCS Big MNPOCTUX [OATYMUKIB, IO
BUMIpIOIOTh JIMIlle OAMH 3a0pyIoHIOBAuU IO MPUCTPOIB, SIKi BUMIpIOIOTh HeKiabka i
BKJIIOUAIOTh MOK/IMBOCTI 3B's13Ky Ta METE€OPOJIOTiYHOI'O MOHITOPUHTY;

— Mob6inbHi aTumku[7].

Ockinpky OaraTo KpaiH, MalTb BeJMKi MPOTAJIMHM B HA3eMHUX Mepeskax
MOHITOPMHTY 3a0pyAHEHHSI IOBIiTpS, a CYNMYTHUKM HAJalOTh MOBOJIi BeJMKOMAcC-
mTabHy iHdopMmallilo, TO II0CTAa€ NUTAHHS BUKOPUCTAHHS JITaKiB Ta iHIIUX
MOBITPSIHMX 3aCO0iB JIS1 BUMipIOBAHHS SIKOCTi MOBITPSI BEpPXHbOTO IIapy, IO J03BO-
JIATH 301IBIINTY MMTOKPUTTS TEPUTOPIi Ta HAZATY OiJIbIII TOYHI aHi 110 3a6pyIHEHHIO,
HaIpuKIaz, AJj1s1 BUMipIOBaHHS [8] OLiHKM BUKNUZIB JIiTaJTbHMUX araparis.

CyIyTHMKOBi 3HIMKM JOIIOMAaraloTh BU3HAUUTU BeJMKi paiioHM 3a0pymHEHHS,
CIIpUYMHEHi TokeXaMu, NWIOBMMM ab0 MmilaHuMu OypsiMu, BUBEPKEHHSIMU
BYJIKaHiB, BeIMKUMM ITPOMUCIOBMMHU [isKepeiaMy ab0 TPaHCIOPTYBAaHHSIM TEXHO-
TeHHOTO 3a0pyIHeHHS 3 iHIIMX perioHis [8].

[lpuknagomM Takoro cymyTHUKa € Sentinel-5. Ile Mmicisi 3 MOHITOPUHIY aTMO-
chepHoro cepenmoBuiia B pamkax nporpamu European Copernicus. OCHOBHa MeTa
Micii - orepaTUBHMIT MOHITOPMHT KOHIIEHTpAaIliif ra3iB B aTMocdepi Ta KIiMary.

st mocsimykeHHS BIUIMBY PO3IOAiTY 3a6pyqHEHHS Bil KOHKPETHOTO JIskKepeia
abo rpymu Ikepes IJisl OLiHKYM SIKOCTi MOBITPSI Ta BIUIMBY Ha 3J0POB'Sl JIIOAVHU JIJIS
Ma/IMX TPOCTOPOBMX MAacCIITabiB MPUBATHUMM KOMIIAHISIMM  PO3POOISETHCS
crierjiasibHe mporpamMHe 3ab6e3mneueHHs (I13). Okpim mopentoBaHHs, [13 Moske BKIIIO-
YaTy OIL[iHKY IIPOTHO3Yy SIKOCTI IOBITPS BiANOBIZHO O CTaHAAPTIB Ta T'PAaHUUHUX
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3HaueHb, @ TAKOX MICTUTHU CTaHAApPTU BcecBiTHBOI opraHisailii OXOpOHU 3I0POB'S
(BOO3), €Bpormeiicbkoro Coro3y (EC), Benmkobpuranii, CIIIA ab6o Kuraro.

Ilsi miaTHOCTUKM CUCTEMM OLIiHKM SIKOCTi IOBITpSI CTBOPIOIOTHCS KpuUTepii
SIKOCTi HaBKOJIMIIIHBOTO MOBITPsI a00 CTaHAAPTU - Ie JOITyCTMMi KOHIIeHTpallii 3a-
OpPYIHIOIUMX PEYOBMH Y IOBITPI.

HemomaBHo BOO3 Bugana HaCTaHOBM LIOAO PiBHSI 3a0pyaHEHHS OTOUYIOUOTO
TOBITPSI, SIKi IIMPOKO BMKOPUCTOBYIOTHCSI Y BCbOMY CBIiTi, SIK Opi€HTUPU IJisI BCTa-
HOBJIEHHS CTaHAAPTIB Ta LjiJIeil yIIpaBIiHHS SKIiCTIO0 NOBIiTp4 [9].

B kepiBHuuTBi BOO3 3a3HaveHo, 10 cepelHbOpPiUuHI KOHILeHTpalii PM,s He
MOBUHHI mepeBuityBatu 10 MKr/m3, Toai K cepeqHbOm000Ba He OinbIn 25 MKr/m®
6isbIlle TPhOX pasiB Ha piK.

V cBoio uepry €C po3pobUB MMUPOKMUI 3aKOHOIABUMIA aKT, SIKMIT BCTAHOBJIIOE
CTAHAAPTHU Ta LI MO0 pSay 3a0PYIHIOIOUMX PEYOBUH Y MOBITPi.

HupexktuBu €C momo skocti nmoBitps (AupextuBa 2008/50/€C mpo SKicTh HaB-
KOJIMIIHBOTO TIOBITPSI Ta OUMILEHHS TMOBITpS [Hag €Bpornu Ta JupekTtusa
2004/107/€C npo BakKi MeTanu Ta MOJIUMKIIYHI apOMaTUYHi BYyIJ1eBOAHI B HABKO-
JUIIIHbOMY IIOBITpPi) BCTAHOBJIIOIOTh MOPOTOBi KOHIIEHTpAIlii 3a6pyIHIOIOUNX Pedo-
BUH, SIKi He MOBMHHI MepeBUIYBAaTUCh Y 3aJaHUI MPOMIKOK vacy. Y pasi rnepesu-
IIeHHSI, OpraHu BjagM TOBMHHI PO3POOUTM Ta BIIPOBAAUTU IUIAHM YIPaBIiHHS
SIKICTIO MOBITPSI.

B VkpaiHi oniHKa (aKTMYHOro abo MPOTHO3HOTO (PO3PaxyHKOBOIO) PiBHS 3a-
OpyaHeHHS aTMOochepHOTO MOBIiTPS MIPOBOOUTBHCS [UISIXOM
CIiBCTAaBJIEHHS TIOKa3HMKA 3a0pyAHEHHSI OJHi€l0  PeYOBMHOK abo CyMapHO-
ro mokasHuka 3abpymHeHHs (CII3) cymimimio peuyoBUMH 3 ITOKa3HMKOM TpaHUY-
HO monyctuMoro 3abpyaHeHHs ([/13). JOmyCTMMMM BM3HAEThCS piBeHb, IO He
nepesuiye I'13 [10].

Air Quality Index (AQI) - e iHmeKc [Jis 3BiTYBaHHS IIPO SIKiCTb IOJE€HHOTO
TIOBITPS, 10 30CEePeIKYETbCS Ha BIUIMBI Ha 3[0POB'S Ta BiAUyBalOTbCS MPOTSATOM
IeKiJIbKOX roIMH abo IHIB ITic/s BAMXaHHS 3a6pymHeHoro mosiTpsi. EPA po3paxoBye
AQI gns m'siTM OCHOBHMX 3a0pYyIHIOBAYiB ITOBITPS: Ha3eMHMII 030H, 3a0pygHEHHS
PM (Takox BimomMux $SIK TBepAi YaCTUMHKM), OKCHUJ, BYIJIEL0, MIOKCUJI CipKM Ta
niokcun asoTry. st KokHOiI 3 1Mx 3abpynHiolouux peuoBuH EPA BcTaHOBMIIA
HalliOHaJbHI CTAHAAPTU SIKOCTi MOBITPS [JIs1 3aXUCTY 300pOB'ST HacejeHHsS. O30HOBI
Ta YaCTMHKMU MOBITPS, SIKi MiCTSIThCSI B MOBITpi, € JBOMA 3a0pyqHIOBaYaMM, SIKi IIpe/i-

CTaBJISIIOTH HAMOIIBIIY 3arpo3y 3J0POB’I0 JIIOAVHM B I1iif KpaiHi.
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Yum Bumie 3HaueHHs1 AQI, TMm Oinbimmii piBeHb 3a0OpydHEHHS IIOBITPSI Ta
6inpia crypboBaHicTh 3m0poB’sM. Hanpukiaz, 3HaueHHs: AQI 50 sBiise cob6or0 Xo-
pOIITY SIKiCTb TOBITPSI 3 HEBEJIMKMM ITOTEHI[ia/IoM BIUIMBY Ha 3[40POB'S, TOMi SIK 3HA-
yenHs AQI monaz 300 nipencTaBiisie HeOe3IeuHy SIKiCTh MoBiTpsi. Meta AQI - morro-
MOTI'TU 3PO3YMITH, SKMM YMHOM MicCIleBa SKiCTb IMOBITPS BIUIMBAE Ha Ballle 300POB’S.
[l1o6 monerunty po3yminHs EPA po3pob6una BiracHuit crangapt AQI, SKuit TiTUThCS
Ha WIiCTb KaTeropii, KO>KHa 3 SIKMX Ma€ BJIACHUI BIUIMB Ha 3[0pOB'S. PiBHI iHIEKCY

npenacTaBiieHi y Tabnuii 2 [11].

Tabanig 2
PiBHIi iHIeKCy SKOCTi mOBiTps 3a cTaHzapToM EPA
Has3sBa piBHIO Iiama3oH ITosicHeHHS
3HaueHb
Xoporunii Bim 0 mo 50 | SIKicTb TMOBITPSI BBa)KAE€THCSI 3a/I0BIIBHOIO, a 3a-
OpyaHeHHS TOBITPS He MPeACTaBIIsIE MAI0 PU3U-
Ky a00 He Ma€ HiSIKOro pU3uKy
[TomipHuUi Bim 51 pmo | IKicTh MOBITpS NMPUITHSATHA; OOHAK IJIST IESIKUX
100 3a0pPYIHIOBAYiB MOXXe CIIOCTepiraTucs IOMipHe
3aHEIOKOEHHS IOAO0 3[0pPOB’Sl OyKe He3HAuHOl
KibKOCTI mtoferi. Hampuknan, mwonu, sKi He-
3BMYHO YYTJIMBI 1O O30HY, MOXYTb BiIUyBaTu
pecIiipaTOpHi CMMIITOMM
HesmopoBuit  mis | Bim 101 mo | Jltoam 3 ypasauBoi rpyry MOXKYTb MaTy mpobiie-
YYTJIUBUX TPy 150 MU 3i 3I0POB’SIM
Hespoposuit Bim 151 mo | KoskeH Moxke mo4yaTy BiluyBaTU JesIKi HEraTUBHi
200 HaCJIiAKY JIS1 30,0POB'S, a YIeHU ypasJuBUX IrPyIl
MOKYTb BiTUyBaTy OiJIbIII CEPIiO3HI HACTiIKM
Hyxe He3gopoBuit | Bim 201 mo | KokeH Moske 3asHaTu  OUIbII  CepPIO3HUX
300 HACJiKIB IJis1 340POB'S
Hebe3mneunnit 6inbire 300 | Moxke mocTpaskgaTy BCce HaceJeHHS

€BpOIENChbKMII iHIEeKC SKOCTi TIOBiTpS MO3BOJISIE KOPMCTyBauaM Oisblie

PO3YyMITM SIKiCTh TMOBITpPS TaM, e BOHM >KUBYTh, MPAIIOIOTh 260 MOIOPOXKYIOTh.

BimobOpaskaroun iHdopmaillito masg E€BpomyM, KOPUCTYBaui MOXYTb OTPUMaTU

pPO3yMiHHSI SIKOCTi IIOBITpsI B OKpeMMX KpaiHaxX, perioHax Ta MicTtax. IHAeKc
6a3yeThCs HA 3HAUEHHSIX KOHIIEHTpALlii II'SITM OCHOBHUX 3a0pYyIHIOI0UMX PEYOBMH,
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BKJIIOUatoun TBepai uacTuHku (PMig), npioHoaucrepcHi peuoBuum (PMzs), 030H (0s);
miokeun aszoty (NO); miokcupa cipku (SO;). IHmekc SIKOCTi MOBITpsT BimoOpaskae
TIOTEHI[iI/iHUI BIUIMB SIKOCTi TMOBIiTpsSI Ha 370pPOB's, OOYMOBJIEHMII 3a0pyIHIOBAUEM,
KOHIIEHTpallis sgKoro Haib6inpmal[l2]. Iddbopmarllis npo KOHIEHTpalil Ta

BiITIOBiIHMI BIUIMB Ha 30POB 'S TIIOAMHM IIpUBeeHa B Tabiuili 3 Ta Tabauili 4.

Tabnauis 3
[HIeKc Ha OCHOBi KOHIIEHTpallili 3a0pyaIHIOBauiB
3abpynHioBau | PiBeHb iHIEKCY
Iobpe Hemnorano [MTomipHo | IToraHo Oyxe T110-
raHo

PMzs 0-10 10-20 20-25 25-50 50-800

PM;, 0-20 20-35 35-50 50-100 100-1200

NO; 0-40 40-100 100-200 | 200-400 | 400-1000

Os 0-80 80-120 120-180 | 180-240 | 240-600

SO, 0-100 100-120 200-350 | 350-500 | 500-1250
Tabnuisg 4

[ToB’s13aHi i3 iHAEKCOM MOBiIOMJIEHHS IIPO BIUIMB Ha 3[J0POB’Sl JIDAVUHU

[Hpexc Bce Hacenenus Vpasnusi rpynu HaceJeHHs

SIKOCTI

TOBITPS

Iobpe SgxicTb TOBiTps MOOpa SIKicTb moBiTps mo6pa

Hermorano | Hacosopxyiitechb 3BuyariHuMu | Hacomomxyiirech 3BUUYAMHUMMU
BUJaMM aKTUBHOTO BiJIIOUMHKY BUJaMM aKTUBHOTO BiAIIOUMHKY

[TomipHO Hacomnomxyittech 3BuyariHuMu | Haconomxyiirech 3BUYANHUMU
BUJaMM aKTUBHOTO BiJIIOUMHKY BUJaMM aKTUBHOTO BiAIIOUMHKY

[Torano [TomymaiiTe  npo  3meHiueHHs | [logymariTe  1po  3MeHIIEHHS
iHTEHCUMBHUX 3aHSITh Ha CBiXXOMY | Qi3MUHMX HaBaHTaxkeHb, OCOOIM-
MIOBiTpi, AKIIO Y Bac 3’SIBJISIIOTHCS | BO Ha BiIKpUTOMY IOBiTpi, 0C0OO6-
TaKi CMMIITOMM, SIK OiJib B Ouax, | IMBO SIKILO Y BaC CUMIITOMMA.
Kalejab abo 6iib y ropii

Hyxe 3MeHIIiTh ¢Gi3nuHi HaBaHTaXXeHHS | YHMKANTe Gi3sMUYHMX 3aHITh Ha

TIOTaHO Ha CBi>XXOMY IOBITpi CBiXKOMY TOBITpi

KpaiHammu Ta MiKHAapOZHMMM OpraHisalisiMmu po3poOJISIOThCS CcepBicu 3

MOHITOPUHTY SKOCTI MOBITpPA B peasibHOMY yaci (OpenAQI AirNow), siki HagawTb
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MOK/IMBICTh KOPMUCTYBauaM OTpMMaTy iHGoOpMaliilo mMpo 3a6pyaHeHHs IMOBITPs 3a
IOTIOMOTIOI0 BiAKPUTHUX JAHUX Ta IHCTPYMEHTIB 3 BiAKpUTUM Kozom [12,13].

OTxe mxkepesiom iHDopMallii MOXYTb BUCTYIIaTH, SIK JaHi 3 HA3€eMHMX CTaHIIil,
TaK i CyMyTHMKOBI AaHi. HazeMHi cTaHIlii 1al0Th OiIbIN TOUYHY KapTUHY OO0 CTaHY
TIOBITPSI B TOYIIi, B TOJ Yac SIK IaHi CYITyTHMKOBOTO 300pakeHHS 3 MEeBHOI0 ITOX1O-
KOI0 (Uepe3 XMapHIiCThb TOIIO) MOKYTh OXOIUTU OibIy TEPUTOPil0 Ta BUPIMIUTU
npo6jemMy 3 IMOKPUTTSIM CTaHIisSIMM MicileBoCTi. B sIKocTi mOKasHMKA BIUIUBY
TIOBIiTPS Ha CTaH JIOAMHU BUKOPUCTOBYIOTh AQI. B sKoCTi mapamMeTpiB po3paxyHKy
TBep/Ii YaCTUHKMU, TPiOHOAMCIIEPCHI PEUYOBMHM, 030H, JiOKCHUL a30TY, TiOKCUI CipKM.
€OMHOro CTaHAAPTY OJIs1 pO3PaxyHKy He icHye. Ha cboromHi B YKpaiHi Ta B €Bpormi
BUKOPUCTOBYEThCS EBporelicbkuit iHAeKc sskocTi moBiTpst (EAQI).
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AHanu3s cywecmsyroujux mexHono2utli MOHUMOpPUH2a 8030yXa

Paboma nocsawjeHa cywecmsyruumM mexHoa02UAM MOHUMOPUH2a B030yXa: HA3eMHble
(0amyuku, duggy3Hsie mpybku u m.n.) U omoaneHHble Pecypcbl (CnymHuKu, camonemsl U
m.n.). Takxe 8 pamkax pabomsl ONUCAHbI CMAHOAPMbI OUEHKU Kayecmsa 8030yxa (esponeli-
CKUl u amepuKaHckuli). B kayecmse npumepa paccmompeH esponelicKuli UHOeKC Kayecmaa B03-
oyxa (EAQI) u uHOekc Kayecmsa 803dyxa no cmaxdapmam EPA (Environmental Protection
Agency): onucaHbl noKazamesu, N0 KOMOPbIM 3MU UHOEKCbI PACCYUMbIBAOMCA, PAHXUPOBAHUE
COCMOAHUA B030YXA 8 3ABUCUMOCMU OM 3HAYEHUS UHOEKCA.

Analysis of existing air monitoring technologies

Atmospheric air monitoring is a systematic, long-term assessment of the level of certain
types of pollutants by measuring their amount in the open air. Atmospheric air monitoring is an
integral part of an effective air quality management system and is carried out through
environmental monitoring networks, which should support timely provision of public information
about air pollution, support compliance with ambient air quality standards and development of
emission strategies, support for air pollution research.

The work is devoted to existing air monitoring technologies: ground (sensors, diffusion
tubes, etc.) and remote resources (satellites, aircraft, etc.). In addition, standards of air quality
assessment (European and American) are described. As an example, we consider the European
Air Quality Index (EAQI) and the Air Quality Index according to EPF standards: indicators by
which these indices are calculated, the ranking of air status depending on the value of the index
are described.

AQI (Air Quality Index) is used as an indicator of the impact of air on the human
condition. The European Air Quality Index allows users to better understand air quality where
they live, work or travel. By displaying information for Europe, users can gain an understanding
of air quality in individual countries, regions and cities. The index is based on the values of the
concentration of the five main pollutants, including particles less than 10um (PM10), particles
less than 2.5um (PM2.5), ozone (03); nitrogen dioxide (NO,); sulfur dioxide (50,).

To conclude, ground stations give a more accurate picture of the state of the air at a point,
while satellite image data with a certain error (due to cloud cover, etc.) can cover a larger area
and solve the problem of coverage of stations in the area. There is no single standard for
calculation. Today, the European Air Quality Index (EAQI) is used in Ukraine and Europe.
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TapacoB Bomogumup IlaBmoBuu - wmarictp, IHIOPOBCbKUII HalliOHAJIbHUIM
yHiBepcuretT imeHi Osecst [oHuapa.

Monogeup borman BosmogumupoBuu — aciipaHT, [IHIMPOBCbKUI HalliOHAJIbHUIM
yHiBepcuretT imeHi Osecst [oHuapa.

Bbynana TerssHa MuxaiiiBHa — JOLI€HT, KAHAMUIAT TeXHIYHMX HAYK, [IHITPOBCHKMIA
HallioHaJAbHMIi yHiBepcuTeT imeHi Osecs ['oHYapa.

Bbaiioys Oser I'puropoBuu — mnpodecop, JOKTOpP TEeXHIUHMX HayK, THiIIpOBCbKMI

HallioHaJAbHMIi yHiBepcuTeT imeHi Osecs ['oHYapa.

TapacoB Banagumup IlaBaoBud — Maructp, JHUIIPOBCKMUI HALMOHAJIbHBIN YHU-
BepcuteT uMeHu Onecs I'oHuapa.

Monogey, borgan BaagmmupoBud — acnupaHT, [JHUIIPOBCKMUI HALMOHAJIbHBIN
yHuBepcutet uMmenu Osecs ['oHuapa.

Bbynanas TarbsiHa MuxaiyioBHa — [OLEHT, KaHAUAAT TeXHUYECKUX HaykK, IHU-
MPOBCKUI1 HALIMOHAbHBIN YHUBepcuTeT uMeHu Omnecst [oHuapa.

Bbaiioys Oser I'puropseBuu — npodeccop, JOKTOP TEXHUUECKMUX HayK, [THUIIPOB-

CKUI1 HallMOHAJIbHBIV YyHUBepcuTeT uMeHnu Osecst [oHuapa.
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C.B. IlIsaunu, B.B. bynnuos, K.B. TepHoBa
OIITUTUMI3ALIA ITPOLECIB TEIINIOOBMIHY
B KOHTYPI ATOMHOI{ EJIEKTPOCTAHIIIT

AHomayis. AkmyanbHicme pobomu 06yMOBIEHA BUCHAXEHHAM 3anacig mpaduyiliHux sudis na-
JUBA MA 3pOCMAHHAM HABAHMAXEHHS Ha biocghepy 3a paxyHoK BUKUOIB Npu CNANOBAHHT BY2i-
215, Hapmu ma 2a3y. PiweHHA yux npobsiem MOXHA 3HAUMU Y po3BUMKY s0epHOi eHepeemuKu.
Tomy memoto daHoi pobomu € onmumizayia npoyecis menaoobMiHy 8 Opy20My KOHMYpPi amomMHoi
efekmpocmaryii. B pobomi po3z2nsHymo 3axoou w000 onmumizayii npoyecis mensoobmiHy 8
mennosil cxemi dpy2020 KoHmypy AEC 015 nidBuUWeHHA eHepeemuyHUX NOKA3HUKIB. A came, 3a-
NpONOHOBAHO peazeHm, AKUL BUOANAE COMI KOPCMKOCMI HA CMIHKAX Menioo6MiHHO20 061a0-
HaHHSA. B x00i pobomu supiweHa 3ada4a w000 onmumizayii pyxy mensoHoCiiB 8 NPOMIKHUX
menno06MIHHUKAX 018 NiOBUL4EHHSA eHepeoepeKmuBHOCMI eHepaemuyHo20 061a0HAHHS.

Kntoyosi cnosa: amomHa enekmpocmanyis, S0epHa eHepeemuka, menaoobMiH, peazeHm, peak-
mop, eHepaoegekmusHicme.

Beryn. B cyyacHOMY CBiTi eHepreTuka € OCHOBOIO PO3BUTKY 0a30BUX rajayseit
TIPOMMCJIOBOCTI, 10 BM3HAYAIOTh MpoIec BUPOOHUIITBA. TOMY BCe TOCTpillle TTOCTae
MIMTAHHS PO BUCHAKEHHS 3aMaciB TpaguliliHMX BUIIB MajJMBa Ta MOX/IMBOCTI 3pO-
CTaHHSI HABAaHTAXXEeHHSI Ha O6iocdepy 3a paXyHOK BUKUIIB MPU CIATIOBaHHI BYTiIS,
HadTH Ta rasy. PillleHHSIM LIMX MUTaHb MOKe CTaTU PO3BUTOK SIIepHOi eHepreTUKM.

[lepeBaramu siiepHO1 €eHePreTUKM Hal, €HepreTUKOI iHIIMX BUIB € BeiKa Te-
TJIOTBOPHA 3[ATHICTD SIAepHOTO ManyuBa (y 2 MiJibiioOHM pa3iB OisibIlle Hisk HAapTH i B 3
MiJIbJIOHM pasiB Oi/bIlle HiK BYT/IJIST), Kpallli eKOHOMiUHi TTOKa3HUKM, MeHIile 3a0py-
IHEeHHS TOoBKi/s. [Io TOro X Bifmnamae norpedba BUKOPUCTOBYBATU KUCEHb, SIKOTO HA
eHepreTUYHi MOTPedu CIIATIOETHCS B 5 pa3iB OisbIle, HiXX 100 CIIOKMBAIOTh BCi XKMUBIi
icroru. Kpim Toro 3amacu $iIepHOro NMaJbHOTO (SIKLIO iX MOBHICTI0O BUKOPUCTATH)
npu6an3Ho B 20 pa3iB mepeBUIIYIOTh 3aacy OpraHiyHOro najanBa BCix BUIIB [1].

OcHOBa SIIepHOI eHepreTMKM — aTOMHi €eJIeKTPOCTaHIIii, SIKi 3a0e3IeuyioTh
6/113bKO 6% CBITOBOTO BUPOOHMIITBA eHeprii Ta 13-14% enekTpoeHeprii. 3a JaHUMMU
MATATE B 2013 pormi y cBiTi mpaioBaso 437 MPOMMUCIOBUX SII€PHUX PeaKTOpiB,
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po3TamoBaHuX Ha TepuTopii 31 kpainu. Takox 6yno 36ymoBaHo moHaf 150 cymeH 3
SIIEPHYMY €eHepreTUYHMMHU YCTaHOBKamu [1].

SIKII0 KOpOTKO chopMysI0BaTH B YOMY IOJISITAIOTh IepeBaru siqepHoi eHepre-
TUKU, TO OTPUMAEMO HACTYIIHE:

1) Besika eHepProeMHiCTb BUKOPUCTOBYBaHOrO Manusa (1 Kijiorpam ypaHy, 36a-
raueHuit 1o 4 %, npu MOBHOMY BUKOPMCTaHHI BUJIi/ISIE €HEPTil0 eKBiBaJIeHTHY CIia-
JMoBaHHIO Tpu6an3HO 100 TOHH BMCOKOSIKICHOTO KaM’SIHOTO BYyTiuist a6o 60 TOHH
nadm) [2];

2) MOX/IMBICTb ITOBTOPHOTO BUMKOPUCTAHHS IMajanBa (Mic/as pereHepailii B peak-
TOpax Ha MBUIKMX HeNTpoHaxX). Posmerniennii matepian U235 moxke OyTM BUKOPU-
CTaHMI1 3HOBY. 3 PO3BUTKOM TE€XHOJIOTii peakKTOpiB Ha MIBUAKUX HEMTPOHAX B Mepc-
MEeKTUBI Ja€ MOXJIUBICTb Mepexony Ha 3aMKHEHMII TTaMBHUN UK, 110 O3HAYaE I0-
BHY BiICYTHiCTb BiIXO[IiB;

3) simepHa eHepreTMKa He CIIPHUsE CTBOPEHHIO MapHUKOBOTo edekTy. lllopiuHo
aTOMHI cTaHIii B €Bpomni A03BOSIOTh YHUKHYTU eMicii 700 misnibiioHiB ToHH COZ2.
TakyM 4MHOM, iHTEHCUBHMII PO3BUTOK SIAePHOI eHepreTUKM MOXK/IUBO BBasKaTU OJI-
HUM 3 MeTOZiB 60pOTHOM 3 INI06ATBHUM MOTEIUTiHHIM. Ha maHuii MOMEHT 110 BChO-
MYy CBiTi mmpaifioe moHasm 436 eHepro6/IOKiB pi3HOI MOTYKHOCTI Ta TUITIB.

3a3HauMMO TaKOK, 1[0 PiB€Hb PO3BUTKY peaKkTOpOOyIyBaHHS MOBHOI MipOlo
3a/IeXXUTDb Bif, BUBUEHHS TigpOAMHAMIKM Ta TEIVIOOOMiHY TEIIOHOCIiB B eeMeHTax
aKTMBHOI 30HU SIIepHUX peakTopiB. HeoOXigHiCTh 3HAHHS IIPOLIECIB TEIJIOOOMIHY i
TiIpoaAMHaMiKM BU3HAUAETHCS TUM, IO SIAEPHi peakTopu SIBJISIOTh COO0I0 eHepreTu-
YHO HAIIPYKeHi TemjoBi MalllMHM, B SIKMX 3a3HauyeHi Mpolecy MPOSIBISIOTLCS B 10-
CUTb CKIAIHI hopMi.

3 omHOro 6OKY, iCTOTHi 3amacy 3a rmapaMeTpaMy TeIIOHOCIS, 0 06MEXYIOTb
noTyxHicTb i KK]I aToOMHUX eHepreTMuHMUX ycTaHOBOK (AEY) Hemnpunyctumi. 3 iH-
moro 60Ky, MepeBUINEHHS JIOKAJTbHUX TeMIlepaTyp B aKTMBHIil 30Hi ITOHAJ JOITyC-
TUMI HOpMM BUKJIMKAE BUXifd peakTopa 3 jiany. [IpuumHM aBapii siiepHUX peakTopiB
MOB’SI3aHi B OCHOBHOMY 3 TiJipaBiaiuHuMu abo TeroMexaHiuHuMu edekramu. Tomy
HeOoOXiTHO BMiTM 3 JOCTaTHIM CTyIleHeM TOUYHOCTi BM3HAUYATH JIOKA/IbHI XapaKTepu-
CTUKM TeMJIOBUX IPOIeCiB B aKTMBHIiI1 30Hi SIIepHMX peaKTOpiB. YCIillIHA eKCIuTya-
Tallis siIepHMUX peakTopiB 6araTo B YOMy BM3HAYAETHCSI TOBHOTOMO i HAAiMHICTIO Te-
110¢i3MYHOTO OGIPYHTYBAHHSI.

3a 00’eKT OOC/iIKeHHS B JaHiii poOOTi MPOIMOHYETHCS B3SITU IPYTUiII KOHTYP
TPEThOI'0 €HePro6J/IOKY PiBHEHCHKOI €JIeKTPOCTaHIIii.
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MeTo10 JaHOi pOOOTH € OITMMIi3allisl IIPOLeCiB TEIVIOOOMIHY B IPYrOMYy KOH-
TYpi @TOMHO] €JIeKTPOCTAHIIii.

MeTooMm mocigkeHHs € 00UMC/TIOBaTbHII eKCIIepUMEHT.

[IpoaHaniszyBaBiy eHeproedeKTUBHi 3axonM, SIKi MpeaCcTaBlieHi B HAyKOBO-
TeXHiuHilt JiTepaTypi, MO0 MiaBUIIEeHHS eHeproeekTUBHOCTI eHepreTUYHUX KOH-
TypiB AEC, MOXXHa BULIIUTY HACTYITHI METOLN:

- TIOBTOPHE BUKOPUCTAHHS HU3bKO-MOTEHIIIIIHOI TeNJI0TH;

- 3aMiHa Ail4yoro i3onsTopy 3’€IHYI0UOTO TPYOOIIPOBOAY;

- BCTAHOBJIEHHS MOTYXXHIIIMX TYpOiH Ta eJIeKTPOreHepaTopiB;

- 3HWKEHHS TUCKY B IMepIIOMY KOHTYpPi eHeprobJ/IoKy;

- 30i/IbIIEeHHS TIMOVHY BUTOPSIHHS SIIePHOTO MajnBa;

- 30i/IbIIeHHS] BCTAHOBJIEHOI TOTYKHOCTI MOJIepHi3alli€el0 eHepreTMYHOro 00-
NaJHaHHS;

- 3HIKEHHSI KOHTPOJIbOBAaHMX BimOoOpiB mapy Ha TeruiodikaliliHi moTpebu
CTaHIIii;

- TOBTOpPHE BUMKOPUCTAHHS TEIIOTH, BilibpaHOi Ha KOHIEHCATOPHMUX YCTAaHO-
BKax, B 3MMHiJi Iepio, yacy, 1Jis BJIacCHUX ITOTpeb CTaHILii;

- xiMiuHa IMpOMMBKA TPYOOIIPOBOAY Ta 00JIaJHAHHS;

- 3MeHIIeHHS KiJIbKOCTi peMOHTIB Ta CTPOKiB IIPOCTOI0 00J1aTHAHHS,

- 3MEeHIIEeHHS eHepro3aTpar Ha BJIacHi IOTpebu CTaHIIii.

Ha PiBHeHCBKili aToMHil enekTpocTtaHiiii (PAEC) ekcriyaTyloTh YOTUPU eHep-
ro6ysoku 3 peakropamu BBEP: mepiumnii Ta gpyruii eHepro6JI0KM MalOTb B CBOEMY
ckinagni peakropu BBEP-440, TpeTiit Ta ueTBepTuit — BBEP-1000.

Tpertiit eHepro6sok PAEC mae OBOKOHTYpHY KOMITOHOBKY. Ilepminit KOHTYp
CK/IaJIa€ThCS 3 PeaKTOPHOI YCTAaHOBKM Ta YOTUPHOX Kijlellb Teroo6MiHy. KoskHe Ki-
JIblie CKJIaA€ThCS 3 TOJIOBHOTO LMPKYJsIiiiHOro Tpyoornposony (I'LIT), maporeHepa-
topy III'B-1000M, 3amipHOi aBTOMaTMYHOI apMaTypy Ta TOJOBKU ILMPKYJISIiAHOTO
Hacocy. [Ipyruit KOHTYp Ma€ B CBOEMY CKJIaji Typboarperar (SIKuii CKJIaJa€ThCs 3 Ta-
poBOi TypOiHM Ta eJIeKTpOreHepaTopy), KOHIEHCATOPHY YCTAaHOBKY, 2 mHimirpiBaui
Bucokoro tucky (IIBT), meaepaTopHy yCTaHOBKY. [IJiT po3pOOKM 3aXOA4iB MIOAO ITif-
BUILEHHSI eHeproedeKTUBHOCTI Apyroro KoHTypy PAEC 6yJi0o cKk/IaieHo Ta po3paxo-
BaHO 110T0 TerIoBMi1 6amaHC.

PiBHSIHHS TEIIOBOTO 68.J'IaHCY Mae€ HaCTYI'IHI/Iﬁ BUTJISAO:
Qﬂp = Qs’aaHF + Qmp.lrc + Qmp.ZK + Qr«) + Qnﬁ. + Qeuz + QH() (1)

Q,, — KUIbKICTb TEIUIOTH, SIKY BUPOOJIsIE siaepHnii peakTop, MBT;
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Queerir — KITBKICTB TEIJIOTH, SIKY CIIOKMBAIOTh ITaporeHeparopu, MBT;

Qupix, Qup2c— KibKICTh TEMIOTH, KA BTPAYa€ThCSl 3 TPYGOMPOBOY IEPIIOro Ta

Ipyroro KoHTypy, MBT;

0,, — KiNbKICTh TEIUIOTH, SIKA BifAJA€ThCS B KOHJIeHCAaTOPHili ycTaHOBIIi, MBT;
O,.,. — KiNbKiCTh TOBTOPHO BUKOPYCTAHOI Ternoty, MBT;

Q... — KiNbKiCTh TEIIOTH, SIKA BUTOPAE B SIIEPHOMY peakTopi, MBT;

0,0 - Terora HemOTpiBY, MBT.

Pe3ynbTaTy po3paxyHKiB TeIJIOBOTO O6ajaHCy MOKasaiu, 10 3 CUCTeMMU HepiB-
HOMipHMM YMHOM BUTPAUYAETHCSI TEIVIOBA €HEPTisl 3 TOBEPXOHb TPYOOIIPOBOAY Tep-
IIIOTO Ta APYroro KOHTYypiB, a came 5,73 MBT Ta 1,41 MBT. 3 numMu TenjaoBUMM BU-
TpaTaMy MOKIMBO OOpPOTHUCS IUIIXOM 3aMiHM i30/s1ii Ha OijbII HOBI, JOCKOHAJII
Buau. OKpiM TOro, B SI€pHOMY peakTOpi BiOyBa€ThCs PO3Iaj BaskKKMX i30TOIMIB
ypaHy, B HaCJAiJOK ILbOro, 3 cucremMu ButpadaeTbcs 21,12 MBT TeruioBoi eHeprii,
el TOKa3HMUK HiSIKMM YMHOM HEMOXJ/IMBO 3HU3UTU , TaK SK IC/IAsT PO3LIENIeHHS
aTOMY YpaHy peaxkilis [iJIeHHSI TPUIIMHSIETHCS, TOOTO BilOYBAETHCS BUTOPAHHS sifie-
pHOro MnanuBa. B cucremy moBepraeThcst 139,56 MBT TerioBoi eHeprii 3a paxyHOK
TEIUIOBMX HACOCIB, a 151 KUIBKICTh eHeprii € MOBTOPHO BUKOPUCTAHOIO, ifle Ha HarpiB
TEeIUIOHOCIS B MifirpiBayax BMCOKOTO Ta HM3bKOIO TUCKY. TakoX B CHUCTeMi BUTpa-
yaeThbest 82,72 MBT TerioBoi eHeprii Ha TepMiUuHMIT HeJOTPiB POOOUOTro Tijia APYTOTo
KOHTYpY. Lle BimOyBaeTbCsa 3aBASKM BiIK/IaZaHHIO COJIEli JKOPCTKOCTI Ha TEII000-
MiHHMX CTiHKaxX TeII0O0OOMiHHOTO oOjaJHaHHS KOHTYpYy. Maca BigkiameHb csrae
1082,4 kr, B cepeHbOMY Ha BHYTPIIlIHiX CTiHKax TeIVIOOOMiHHMKIB ocimae 2,3 MM
BiIK/IaJleHb, SIKi ITepelIkoKaloTh IpollecaM TeII000MiHy.

binpil TOoro, Ha OCHOBIi 3BIiTiB TakuxX KoMIlaHii, Sk BAT «VHKXMHUPUHTOBAS
koMmriauus 3UIOMAP» ta BAT «MammHocTpouTeibHbINM 3aB0o, 3nO-I10m0/1bCK»CTaNIO
BimoMoO, 110 B Iepioj NajJMBHOI KOMIIaHii CTpokoM 18 MicsIliB B CUCTeMi APYroro
KOHTYPY Ta CTiHKaX TelIoeHepreTUUHOTO 00afHaHHS Bigknagaetoes Big 0,6 no 1,6
TOHH MigHO3aji30KuciB. 19 Maca BigkiageHb IOTipIIye MPOIecH TeIIO0OMiHY B
yCiX TeIJIOBMX arperartax, 30i/blIye TiipaBliuHMUii OMip CUCTeMMU, B HACTIIOK YOro,
301JIbINYETHCS KiJIbKiCTh IIOTOUHMX PEMOHTIB.

HonaBaHHs peareHTy PuroTech113 B po6oue Tisio Ipyroro KOHTYPY 4ajao MOX-
JIUBICTh MO30aBUTYU CUCTEMY Bif BiIKJIaeHHs B Hiii COieii JKOPCTKOCTI, TaK SIK TaHUi
peareHT «3B’S3y€» BiJIbHI 10HM KaJIbIlil0 Ta MarHii. B cBOW0 yepry Ha CTiHKax TeIuvio-
00MiHHOrO 006J1aTHAHHS Oi/IbIII HE BiIKIaJa€ThCS HAKUII, IO A€ 3MOTY B ITOBHI Mi-
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pi mepemaBaTy HEOOXimTHY KiJbKicTh Teruia. [IOBTOpHMIT PO3PaxyHOK TeII0BOro 6a-
naHcy nokasas, 1o KKJI 6/10Ky 3aBASIKYM IIbOMY 30i/IbIIYETHCS HA 3%.

SIk Bimomo, pi3HOMaHITHI TeIUIOOOMiHHI armapaTy BUKOPUCTOBYIOTHCSI Ha Cy-
YAaCHUX eJIeKTPOCTaHIIisIX. [Ipu3HaueHHS TEIJI000MiHHUKIB — MTiABUIIUTY TEIIOBUIA
KK]I enexrpocTaniiii. TeruiooOOMiHHMKYM 3HAYHO MOKPAIIyIOTh €KOHOMIUHi Ta eKc-
TTyaTallifiHi XxapakKTepUCTUKM eJIeKTPOCTaHIlii. Ternmoo0MiHHMKM HECYTh BasK/IUBY
dyukiito Ha AEC. IIpomikHi Terutooominauku (IITO) € 4ogaTKOBOIO JTaHKOIO IIpU
repenadi TEIJIOTM BiJl peakTopa OO0 IaporeHeparopa abo Ha TeXHOJIOTidyHe BUPOO-
HuiTBo. HasgBHicTs IITO o6ymoB/ieHa HeOOXigHICTIO 3a0e3MeymMTy TOHaTKOBUIA,
MIPaKTUYHO Maitke He3MOJaHHUI O6ap’ep, sIKUii Monepeaskae pamioaKTMBHE 3a06py/I-
HEeHHS TeHepylo Yoro mapoi abo TeXHOJOTiYHMM MPOAYKTOM, & TAKOK BUKIIOUUTU
3a0pyIOHEHHS i HACAigKM MOTPAIUISIHHS mapu abo TeXHOJIOTiYHOTO MPOIYKTY B Tep-
it KOHTYp. [Ipu uUbOMy mepepava Tervia Bif, TEIJIOHOCIS MepIIoro KOHTYPY MOBU-
HHA 3[iJiICHIOBATUCS 3 MiHIMaJIbHUM 3HVDKEHHSIM TeMIlepaTypHOro uukiay. Kpim to-
ro, [ITO noBuHHi 3a6e3mneyyBaTi JOCUTh e(eKTUBHY Mepeauy 3aJMUIIKOBOrO Teria
peakTopa Ipu MIaHOBUX i aBapiriHux 3ynuHKax AEC.

Buxozasuu 3 mporo 6ysa copMy/aboBaHa Ta BMUpillleHa 3a7ava ONTUMisallii py-
Xy TEeIJIOHOCiSI B IPOMi>KHOMY TeIlJIo0OMiHHUKY. KpuTepieM onTMMaabHOCTI 6YB BU-
OopaHuit koedirieHT eeKTUBHOCTI TemI000MiHHMKA 77. EQEKTUBHICTh TEIIOOOMiH-
HMKa B 3araJbHOMY BUIIAJIKy € (DYHKIIi€I0 peSXKMMHUX MTapaMeTpiB, CXeMl B3a€EMHOI'O
PYXY TEIUIOHOCIiB i 0COOJMBOCTEN TiIpoaMHaAMiKM i TeIIOOOMiHY peabHUX TEIJIO-
06MiHHMKIB. KoeillieHT eheKTMBHOCTI TeIIOOOMiHHMKA MOKe OYTU IpeacTaBe-

HJ1 HACTYITHOIO 3aJIEKHICTIO [3]:
n=f(pr.m)), (2)
Pr.M — onTuMisyioun napametpu, e Pr =K -F/C, Gy — mapamerp Tennomnepena-

yi; M= Gruy ! Gur - BiHOIIIEHHS BOMISIHMX €KBiBaJieHTiB, G — MacOBi BUTpAaTU TeIIO-
HOCis1, KI/C.

PesysnbpTaTyt BUpilleHHS 3a4a4i ONTUMIi3aliii pecTaBieHi Ha puc 1.

ISSN 1562-9945 (Print) 83
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 3 (134) 2021 «System technologies»

8 - 0,8

®
7 4 0,7
6 - \\ 0,6
5 \. 0,5
4 - 0,4
3 4 0,3

9 0,2

1 0,1

0,365 0,443 0,517 0,551 0,665 0,739 0,85 0,961 1,07 1,186 }?

a)
P il
E 0LE
:|'.
‘h\-\""\-\.

& "\-._‘_\_-\- I
g --\-""\-\.‘_ 0.5

-
4 Hﬁ““"‘---__ Ce— o4
T o -
— i -
e ——— :
— — 0.2

—a
1 0.1
Hl Hl
1,544 1nEs 1,08n 1,181 T 1,LE7 5 AE7 FELY LR L g8

PucyHok 2 - Cxema pyxy — a) MpsIMOTOK, 0) ITIPOTUTOK

BucHOBKM. PO3T/ISIHYTI NUISIXM ONTUMI3allii IpolieciB Teraoo0MiHy B TeIIo-
Bili cxeMmi apyroro KoHTypy AEC, 1110 J0O3BOISIOTH MiABUILIET eHepTeTUYHMX M0Ka3-
HUKK. [loka3aHo, 110 3alpONIOHOBAHMIT peareHT BUAAJISIE COJIi >KOPCTKOCTI Ha CTiH-
Kax TeIrjI000MiHHOTO o6iagHaHHs. B xomi poboTu BupilieHa 3agava 1MoA0 ONTUMi-
3allii pyXy TeIUIOHOCiiB B MPOMIKHMX TEIJIOOOMiHHMKAX /IS TTiIBUILIEHHS] eHeproe-
(eKTUMBHOCTI eHepreTUYHOTro 00IafHaHHS.
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Onmumu3ayus npoyeccos menioobmeHa
8 KOHMype amoMHoU 3/1eKmpoCcMaHyuu C yesblo e20 nosbiwleHus

AxkmyanbHoCMb pabomsl 06yCa08/eHa UCMOWeHUeM 3anacos mpaouyuoOHHbIX BUGOB mon-
JIUBA U pOCMOM Hazpy3Ku Ha buocgepy 3a cyem BbI6POCOB NPU CXU2AHUU Ye/if, Hegmu u 2a3d.
Ana pewerus amux npobsem asnsemcs pazsumue s0epHol 3Hepeemuku. [Toamomy yesnbio 0aH-
Holi pabombl S815€mMcs oNMUMU3AyUs Npoyeccos mensoobMeHa B8O BMOPOM KOHMYpe amoMHoU
anekmpocmaryuu. B pabome paccmompeHsi Mepbl N0 ONMUMU3AYUU NPoYeccos mensioobmeHa 8
mennosoli cxeme 8mopozo koHmypa A3C 018 nosbiWeHUs 3Hepeemuyeckux nokasamesnel. B ya-
CMHOCMU, NpedsioxeH pedazeHm, KOMopbIl yoansem Conu KeCmKOCMmU HA CMeHKAax mensooo-
MeHH020 0bopydosaHus. B xode pabomsl peweHa 3a0a4a no onmumu3ayuu OBUXeHUs meno-
Hocumerneli 8 NPOMEXYmOYHbIX Menso0OMeHHUKAX O/ NOBbIWEHUSA 3Hep203¢gekmusHoCMU
3Hepaemu4ecko20 060py00B8aHU.

Optimization of heat transfer processes in the circuit
of a nuclear power plant in order to increase it

The urgency of the work is due to the depletion of traditional fuel reserves and increasing
the load on the biosphere because of emissions from burning coal, oil and gas. The solution of
these problems are the development of nuclear energy. The advantages of nuclear energy are
analyzed, namely: high calorific value of nuclear fuel, better economic indicators, less
environmental pollution. The purpose of this work is to optimize the heat transfer processes in
the secondary circuit of a nuclear power plant.

It is proposed to take the second circuit of the third power unit of the Rivne nuclear power
plant as the object of research. The need for knowledge of heat transfer processes and
hydrodynamics is determined by the fact that nuclear reactors are energy-intensive thermal
machines, in which these processes are manifested in a rather complex form. Therefore, measures
to optimize heat transfer processes in the thermal circuit of the second circuit of the NPP in
order to increase energy performance are considered. In order to remove from the system the
hardness salts that settle on the walls of the equipment and impair the heat transfer processes, a
reagent has been selected to bind the hardness salts. he addition of the PuroTech113 reagent to
the working circuit of the secondary circuit made it possible to free the system from the
deposition of hardness salts in it, as this reagent "binds" free calcium and magnesium ions. In
turn, scale is no longer deposited on the walls of the heat exchange equipment, which allows to
fully transferring the required amount of heat. Recalculation of the thermal balance showed that
the efficiency of the unit is increased by 3%.
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The efficiency coefficient of the heat exchanger was chosen as the criterion of optimality.
The efficiency of the heat exchanger in the general case is a function of the mode parameters,
the scheme of mutual movement of heat carriers and features of hydrodynamics and heat
transfer of real heat exchangers. The problem of optimizing the movement of heat carriers in
intermediate heat exchangers is solved in paper.

IlIBauriu CeiT/IaHa BacwiiBHa — fo11eHT Kadeapy eHepreTUKM YKpPaiHChKOTO JepyKaB-
HOT'O XiMiKO-TeXHOJIOTiYHOTO YHiBepCUTeTY, KaHAMIAT PisuKo-MaTeMaTUUHMUX HAYK, J0-
LIeHT.

BynuuoB Bonogumup BikTopoBuu — fo1ieHT Kadbeapy eHepreTukM yKpaiHChbKOTO Jep-
>KaBHOTO XiMiKO-TEXHOJIOTIYHOTO YHIBEPCUTETY, KaHOUAAT TEXHIYHMX HayK, CTapIInii
HayKOBMIA CITiBPOOITHMK.

TepHoBa Karepuna BitasniiBHa - HayKkoBMIi CITiBPOOGITHMK IHCTUTYTY TeXHIUHOI

mexaHiku HAH Ykpainu i IKA YKpainm, KaHauaaT TEXHIYHMX HayK.

IlIBaumu CBeTaHa BacuiabeBHA — [0leHT Kadeopbl SHEPTeTUKY YKPAUMHCKOTO ToCy-
IApPCTBEHHOTO  XMMMKO-TEXHOJIOTMUECKOTO  YHMBEpPCUTETa, KaHauaaT  (pusmko-
MaTeMaTU4eCKMX HayK, JOLIeHT.

BynbrueB Bragumup BukropoBmud — noiieHT Kadeapbl SHEPTreTHKMY YKPaMHCKOTO rocy-
IapCTBEHHOI'0 XMMUKO-TEXHOJIOTMUYECKOT0 YHUBEPCUTETA, KAHAUIAT TEXHUYECKUX HayK,
CTaplINii HAYYHBIV COTPYOHMUK.

TepuoBasi EkaTepuHa BurasibeBHa — HayuHbIl/ COTPYOIHUK VHCTUTYTA TEXHUYECKON
mexaHuk HAH Ykpanubl n KA YKpauHbl, KaHAUAAT TEXHUUECKUX HAYK.
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M.J. 3inuenko, O.10. IToran, M.O. Pubanpuenxko., I.0. MaHauuu
MOJIEPHI3AILIISI IABOPATOPHOI'O ITPOKATHOI'O CTAHA 150
OJIsSI ®OPMYBAHHS YV CTYJEHTIB HABUYOK
TOCIIIKEHHS OB'€EKTA ABTOMATU3AIII

AHomauis. [ocnidxeHHa pobomu asmomamu308aHUX cUCMeM ynpasiiHHA 3 3ACMOCYBAHHAM
Komnbtomepis 8 3HAYHOi Mipi 003B0JIAE€ CKOPOMIMU Yac, ane He A€ NOBHO2O0 NPedCMassieHHs
pobomu cucmemu Ha peanbHoMmy o06'ekmi. Tomy 3acmoCyBAHHA peanbHUx 06°'ekmis 0/
00CNi0KeHHA cucmeM YNnpasaiHHA 8 HABYAJILHOMY Npoueci € 00UYI/IbHUM 1 KopucHuM. Memoro
oocnidxeHHA € MOOepHI3ayis 1abopamopHo20 NPpoKamHo2o0 cmaxa 150, npusHayeHo2o 0J1 Npo-
Kamku CBUHYlO, 008 MA NJAAGCMUNIHY, 1 OCHAWEeHHA (1020 0amyukamu 1 BUKOHABYUMU
MexaHi3mamu. B pobomi BUKOHAHO 3GMIHY Py4YHO20 HAMUCKHO20 NPUCMPOI0 NPOKAMHOI Kaimi
aBmomMamu308aHuUM, 015 4020 000aMKOBO BCMAHOBAeHUl Yeps8'a4Hull pedykmop, ujo 003801u-
70 36ibWUMU 3a2anbHe nepedamHe yucio 00 94,5. [lepeMmiljeHHs HAMUCKHUX 2BUHMIB
301lCHI0EMbCA BI0 0BU2YHA 3MIHHO20 CMpPYMYy, AKUU ynpasisembCa 3a 0NOMO20I0 naHesl one-
pamopy DOP-103BQ i yacmomHozo nepemsoprosada MS-300 3 86ydosaHum [1/IK. Ak damyuk
nepemiwjeHHa 3acmocysanu ¢omoimnynscHuld damyuk [14®-3. BcmaHosneHe 061a0HAHHA ma
po3pobsieHe npoepamHe 3abe3neyeHHs 045 naHeni onepamopa 1 [U/IK 3a6e3neyuni 8uCOKY
MOYHICMb BCMAHOBIEHHSA HAMUCKHUX 2BUHMIB B 3a0aHe NooxeHHs. [Jooamkose 6yn0 po3pob-
JleHo npozpamHe 3abe3nedyeHHs 014 BUMIDIOBAHHA eHEP20CU/I0BUX napamempis npoyeca npo-
KamKu: Cuau NpoKamku i efeKmpuyHux napamempis 08u2yHa nocmiliHo2o cmpymy npusoda
npokamHoi kaimi. BumiproisaHHsa eHepzaocunosux napamempig i po3mipig npokamy 00 U nicias
NpoKamku 003B80J1U/I0 BU3HAYUMU KOPCMKUCMb KAIMI 1 npokamy, w0 HeobxioHo 018 po3paxy-
BAHHA KoeghiyieHmis nepedayu asmomamu30B8aHoi cucmemu HACMpPOUKU NPOKAMHOT KAimi.
Knwo4osi cnosa: nabopamopHull npokamrul cmax 150, HamuckHul npucmpud, naHeas onepa-
mopa, yacmomHul nepemsoprBay, npo2pamosaHull noeiyHul koHmponep /1K, cuna npokamku,
eHep20cu1081 napamempu.

IToctaHOBKa mpo6jieMu i Liib gocaimkeHHss. OCTaHHIM YacOM BMBUYEHHS
aBTOMATM30BaHUX CHMCTEM YIIpaBJIiHHS 3[i/iICHIOETbCSI MOJETIOBAHHSIM pPOOOTH CHUC-
TeM Ha KOMIT'IOTepax, 10 He J03BOJISIE B MOBHIil Mipi 3po3yMiTy po60Ty peasbHUX
CHCTEM YIIpaBJIiHHS i TIepeBar 3aCTOCyBaHHS iHQOpMaIiiHMX TEXHOJIOTiA.

OCHOBHI CUCTeMM YyIpaBJ/iHHS NPOKAaTHMM CTAaHOM lLie YIPaBJIiHHS MBUAKICTIO

obepTaHHSI MPOKATHMUX BAIKiB i 3MiHEHHSIM Mi’KBaJIKOBOTO 3230pY IMPOKATHOI KJIiTi.

© 3inuenko M./, IToran O.10., Pubanpuenko M.O., Manaunu 1.0., 2021
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OcHalleHHS MMM CUCTeMaMM J1abopaTOPHOTO MPOKATHOTO ctaHa 150 mo3Bo-
JUTH CTyAEHTaM Oi/JibIII peTeJibHO BMBUMTM pPOOOTY MPOKATHOIO CTaHA i CUCTEM
yIIpaBJIiHHSI.

MeTtow poboTH € po3pobKa i BUTOTOBJIEHHSI ABTOMAaTM30BAHOI CUCTEMU
VIIpaBJIiHHSI JIaOOPAaTOPHMM MPOKATHUM cTaHOM 150 i BUMiplOBaHHSI €HEProCuiIo-
BUX MMapaMeTpiB MpoIileCcy MPOKATKM i3 3aCTOCYBaHHSIM iH(GOpMaIliiiHUX TeXHOJIOTIiA.

JlabopaTtopuuit cran 150 Tmpu3HaAueHMit IJ9 MTPOKATKM CBUHIIO, OJIOBA,
IUIACTUJIIHY 1 Ma€ HACTYMHI TeXHIYHI XapakKTepUCTUKMU: pPO3MIpM 3arOoTiBKU:
Bucora — 20 MM, mupuHa — 100 MM, MakcuMaJbHe OOTMCHEHHS 3a IMPOXil -2 MM,
MaKCUMaJIbHUI PO3XWJI BaJIKiB — 25 MM, IIBUIKICTh MpokaTku - 0,16 m/c, cuia mpo-
KaTKy — 10000 Kr, KpyTUJIbHUIA MOMEHT — 47 KI/M, 4110 00epTiB BajKiB 3a XBUIM-
Hy — 30 06/xB., niameTp Banka — 100 MM, moBkMHa 60YKM Baska — 150 Mm.

[TpuBOA, MpOKAaTHMX BaJKiB 3[iMICHIOETHCS 4Yepe3 TMOHMKYIOUMII pemyKTop i
1IeCTepeHHY KJIIThb Bif ABUTYHA IIOCTIAHOTO CTPYMY, Bajl JBUTYHA Yepe3 peMiHHY Iie-
pemauy IIOB'SI3aHMIT 3 TaXOreHepaTOPOM [T BUMipIOBaHHS IIBUAKOCTI 06epTaHHS
MMPOKATHNUX BAJIKiB.

VrpaBiiHHS IIBUIKICTIO ABUTYHA IIOCTiITHOTO CTPyMy i IPOKAaTHUX BaJKiB
3[1ICHIOETBCSI KOMIUIEKTHUM TUPUCTOPHUM TipuBogom tuiy EITY-1 3 perynsitropom
MIBUAKOCTi. KOMIUIEKTHMIT TUPUCTOPHMUIA TIPUBOJL BUAAE HAIPYIy SKIPHOTO KoJia
MIPOTIOPIIiAHO CUTHAJTy YIIPaBJIiHHS, 3a[a€ HAIpPYTy 30yIKeHHS, KOHTPOJIOE CTPYM
IBUTYHA.

3aBIaHHS CUTHQIY VIIPABIiHHA IWIBUJIKICTIO 3[1/CHIOETHCS 3 IIyJbTa
yIIpaBJIiHHS, BimoOpaskeHHsT IMBUIKOCTI oO6epTaHHSI BaJIKiB BUBOAUTHCS Ha
CTpiOUHMII TIpUOOpP Ha IIyJbTi YIpaBIiHHS, aje IbOr0 He IOCTaTHbO [IJIS
OOCTiIKeHHST 3MiHEeHHSI HIBUAKOCTI 06epTaHHS Py IMPOKAaTIIi.

Marepianau i pe3yabTaTu AOCHIIKeHb. by/l0 BUKOHAHO PEKOHCTPYKIIiIO Ha-
TUCKHOTO TIPUCTPOIO, TOMY IO Or0 KOHCTPYKIIisl TepembayyBasia 3aCTOCYBaHHS
PYYHOTO NPUBOAA HATUCKHUX IBUHTIB. HaTMCKHMIT NPUCTPiAi MaB HACTYIIHI Xapak-
TePUCTUKU: TlepefaTHe YMCI0 OAHOCTYIIeHEeBOTO peayKTopa - 3, KPOK HATUCKHOTO
IBMHTA — 3 MM Ha 1 06epT rBMHTA. Take HU3bKe IlepedaTHe YMCIO peayKTopa He 3a-
6e31euyBaio HEOOXiTHOT TOUHOCTI IepeMillleHHsI BepXHbOTO Ba/IKa i 3MiHEHHS pO3-
XUJTy BaJIKiB.

[Tpu peKOHCTPYKIIii O6YyB HOJaTKOBO BCTAHOBIEHWMIT Y€PB’TYHUI PETYKTOP TUITY
24-40 3 nepegaTHuM unciaom 31,5 i 3aranbHe repemaTHe YMCI0 CKIaIo 94,5.

s mepeMilneHHs] HaTUCKHUX TBUMHTIB OYyJI0 3aCTOCOBAHO ABUTYH 3MiHHOTO

ctpymy tuity 4A.A56.R2.Y3 3 unciaom 06epTiB 3a XBUAMHY — 760 i TOTYXHICTIO —
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200 Bt. VYmnpaBiiHHS OABUTYHOM 3[IiliCHIOBAJIM BiJl YaCTOTHOTO MepeTBOpPIOBayva TUITY
MS-300 (BupobHuK - Delta Electronics), KoTpuit B CBOEMY CKJIaJii MiCTUTh Iporpa-
MOBaHMI JIOTiYHMIT KOHTpOJep, i maHesi onepatopa Tuny DOP-103BQ.

1T BUMipIOBaHHSI ITlepeMillleHHSI HaTUCKHMUX T'BUHTIB OYyB BCTaHOBJIEHMIt
doroimmynbcuuit gatuuk IIP-3 3 dopmyBaHHsaM 600 iMmmynbciB Ha 1 06epT, KOT-
puit 6yB 3’€gHaHMIT 3 HATUCKHMM TBMHTOM 4Yepes3 ITiIBUILYBa/JIbHY IIeCTePeHHY ITe-
pemauy 3 mnepegaTHUM uucjaom — 2,2. TakMmM UYMHOM TOYHICTh BUMipIOBaHHS
repemilleHHs] HAaTUCKHMX I'BUHTIB ckaaja 1 imi. — 0,00227 mm.

VrpaBiiHHS IepeMillleHHSIM HaTUCKHUX TBMHTIB 3/1i/iCHIOBAJIOCh MporpaMamMmmu
B IIJIK i maHesi omepartopa, sKi dopmyBaau CUTHAJ yIIpaBIiHHS Ha MepeMillleHHS
HAaTUCKHMUX TBUHTIB B MM, IIOTiM IepepaxOBYyBa/iM Oro B KiJIbKiCTh iMITY/IbCiB
(bOTOIMITY/IbCHOTO aTUMKa IepeMillleHHS HaTUCKHUX TBMHTIB, DOPMYBaIM CUTHAI
yIIpaBJIiHHS YaCTOTHUM I[epeTBOpHOBaueM i BK/IIOUEHHSM [BUIYHa, IIOTiM
MigpaxoByBady  KiJbKiCTh IMITy/JIbCIiB NpM MepeMillleHHI HAaTUCKHUX TBUHTIB i
MOPiBHIOBAJIM iX 3 3a[IaHOI0 KiJbKicTIO. IIpy iX piBHOCTI (popMyBaBCsl CUTHAI Ha 3Y-
MMHKY OBUTyHA. HacCTpoiKM YaCTOTHOIO MepeTBOpIOBaya AO3BOJIMIM BUKOHATU
3YIIMHKY JABUTYHA MTPAaKTUUYHO 6e3 BuOiry, 1mo 3a6es3rneuymysio BUCOKY TOUHICTh BCTa-

HOBJIEHHSI HATUCKHUX I'BUHTIB B 3aaHe ITOJIOJKeHHS.

PucyHnok 1 - JlabopaTopHuit mpokaTHuit ctad 150

B mpoireci mpoKaTKy HEOOXigHO BUMMIipIOBaTM €HEpProcujaoBi mapaMeTpu IIpo-

KaTKM i popmyBaTy iHdopMmallilo orepaTopy y BUIJISIIL, 11O € 3PYYHUM JIJIST aHaJi3y
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npoiiecy. 1o eHeprocuaoBuX mapaMmeTpiB BiJHOCITHCS CUIa MPOKATKU, CTPYM, Ha-
TpyTa Ta KiJbKiCTb 00€PTiB 3a XBWIMHY, Hampyra 30y[KeHHS IBUTYHA TOJTOBHOTO
MIPMBOJA BaJIKiB CTaHa.

BumipioBaHHSI CUIM ITPOKATKM BUMKOHYETHCS 3a AOIIOMOTOI0 Mecmo3. Jlabopa-
TOPHMIt MPOKATHUII CTaH € HeCTaHJAPTHUM MPUCTPOEM, TOMY OY/IO HEMOKIMBO
migibpaTy CcTaHAAPTHI BMMIiploBaJbHI mpuiaaau i Tomy Oyau po3pobseHi i
BUTOTOBJIEHI HeCTaHAAPTHI Mecao3u Ajs BUMIPIOBaHHI CUIM IMPOKATKU. Mecmo3u
Oy/M BCTAHOBJIEHI ITiJl HATUCKHI TBUHTH, BUXiITHUI CUTHAI 3 MeCA03M ITOCTyIa€e Ha
BXiJ MmigcuiIroBayva.

CTpyM SIKipHOTO KOJIa BUMIipIOETHCSI 3@ JAOIIOMOIOK IIIyHTa, KOTPUii popmMmye
Harpyry 75 mB Ha 15 A cTpymy. BuxinHmii cursaa Hampyru 3 IIyHTa MOJA€ThCST Ha
natumk cTpymy Tuiy S402A, KMl BUKOHYE rajibBaHIUHE DPO3B’SI3yBaHHS Kia i
migcuneHHs curHany o piBas 10 B.

Hampyra gkipHOro KoJia, Halipyra TaxoreHepaTopa, SKUii BUMIipIO€ 4acCTOTYy
obepTaHHS BaJIKiB, i Hampyra 30yIKeHHS yepe3 OiIbHUKM MigK/II0YeHi 10 JaTUYMKiB
Hanpyru tuny JH2BV4, gki BUKOHYIOTh TajbBaHiuHe PO3B’SI3yBaHHS Kil i popmy-
BaHHS BUXITHMX CUTHAJIIB B giama3oHi go 10 B.

CurHanu 3 JAaTYMKIB HAAXOOSATh Ha IaTy KieMHUKiB ADAM-3964, a nani de-
pes kabesb - Ha BXoau iatu PCI-1711. XapaKTepuCTUKM BUMipIOBaJbHMUX KaHaJIiB

HaBeneHi B TabII. 1.

Tabanug 1
XapaKTepUCTUKU BUMIPIOBIbHUX KaHAJIiB
[TapameTp Cwuna npokatku, | Ctpym, | YacroTa Harmpyra Harmpyra
Mmecno3u, H/B A/B obepTaHHS | AKipHOTO | 30YIKEHHS,

BaJIKiB, kona, B/B | B/B

006/xB/B
Koedginient | JliBa — 5149 1,846 2,43 9,58 11,64
nepenauvi IIpaBa -5456

[lnaTa BuMipioBaHHsI aHajmoroBux curHajiiB PCI-1711 6yna BcTaHOBJIeHa Iiep-
COHaJIbHMI KOMIT'I0Tep. [lnaTa Ma€e MOKIMBICTD BUMipIOBaHHS 16 CUTHAJIIB HAIIpyTU
3 3araJibHOI0 TOUYKOIO B fiana3oHi * 10 B.
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JIJ1s1 BUMipIOBaHHS i BimoOpaskeHHsI CUTHAJIB OY/10 po3po6IeHo IporpaMHe 3a-
Oe3meueHHs !, sIke MO3BOJISIE HAJIAIITOBYBATH IIaTy, TOOTO 0OpaTy TUM ILIATH, Ti
KaHaaM, KOTPi 3aCTOCOBYIOTHCSI JISI BUMIipIOBAaHHSI CUTHAJIiB HAIpyru, o00paTu
Jiara3oHM BUMIpIOBAHHS, KOJip CUrHaay Ha rpadiky, 4YacTOTy OIUTYBaHHS
CUTHAJIIB, KiJIbKICTh TOYOK [IJisI BUBeIeHHsI Ha rpadik, mapameTpu oceii KOOpAauHaT
rpadika (puc.2). Ilicisg HamamTyBaHHSI IUIATM IIporpamMa IepexoiuThb B PEXUM
BMMIipIOBaHHSI.

Mapamerpoi =]
[=]

rpadgw( HauaneHsIi KaHan: 0 E

KaHan AuanazoH IToBpaxaTi KonW4ecTeo KaHanos: 1 Iz‘
LIBET MiHMM e

7 YacToTa onpoca kadana {Mu): 100

+- 10V W 00000000
+-10v Il $00000000 Pazmep Bydepa (M3MepeHWil Ha KaHan): 100 (=
+H-10V Il 500000000
+H-10V Il s00000000
+-10V W :00000000
+-10V W :00000000
+- 10V W 500000000
+H-10V Il 00000000

WMHTEpPEan Y4TeHWA (M3MEPEHWIA Ha KaHan): 10 =

Ock ¥. Bpema Ha rpatuke (cex.): 10 =

| 0 O O (O T

R A= R R R R KR =)
| 5| e [ [ (S | &

Ock Y. Muniamym (V) -10 =

Ock Y. Makaamym (V): 10 =

| QK || OTMeEHA |

PucyHoK 2 - EkpaHHa ¢opMa BikKHaA HajallITyBaHHS MapaMeTpiB IIpoliecy

B mnipoiieci BUMipiOBaHHSI OJJHOYACHO BUKOHYETHCSI BUBEJEHHSI CUTHAJIIB Ha eK-
paH MoHiTOpa. [lepep MPOKaTKOIO MPOIleC BUMipIOBAHHS 3aITyCKAEThCS 3a JOMOMO-
rol0 KjaaBiaTypu abo MuIi i BimOyBaeTbcs BimoOpaskeHHS 3MiHM IMapaMeTpiB Ha
ekpaHi B peasmbHOMYy uaci. Ilo 3akiHUYeHHiI MOpoleCcy MNPOKATKM BUMIPIOBAHHS
3YNMHSIETbCS, a TpadikuM 3MiHM MapaMeTpiB y 4Yaci 3aJMIIalOThCsd Ha eKpaHi
MOHITOpY, 110 AO3BOJISIE OTIePaTUBHO MpOaHasi3yBaTu npoiuec (puc.3).

Pe3ynbTaTyt BUMipIOBaHHS MOK/IMBO 30epertu B ¢aitri B popmarti Excel i motim
daitn moxke O6yTu mneperasHyTuit. B daitni 36epiraioTbesi: yac BMMipIOBaHHS
rapaMeTpiB i 3HaUeHHS MapaMeTpiB, 1[0 BUMipIOBaINCh (pUC.4).

Bynu nipoBefeHi eKcriepMMeHTaJIbHI JOC/iIKeHHS, KOTPi LO3BOJIWIN BU3HAUN-

TU OCHOBHI 3aJIeXKHOCTi Py Mpokariii. B mepiry yepry Heo6ximHO 6y/10 BUZHAUUTY

1 IIporpamue 3abesmeueHHsa po3pobseno Heuemopenxko B.B. B gociaimxenmmsax
mpuiiMaB y4yacThb cTyaeHT Boiitenko [1.A.
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SKOPCTKICTh KJIITi i IOJIocM, a TOTiM OCHOBHiI 3a/ieXKHOCTI MiX IapamMeTpaMu
MMPOKATKN.

[Ipy excriepMMeHTa/IbHUX OOCJII)KEHHSIX KaTajau CBUHIIEBY I10JIOCY IIMPUHOIO
20 MM, BUMIipIOBa/IM PO3Mipy MOJIOCU Ha BXOAI B KJIITh i IiC/ISI IPOKATKM, CUITY TIPO-
KaTKMU.

s BU3HAUEeHHS >KOPCTKOCTI KIITI MpOKaTa/IM ABi MOJOCU Pi3HOI TOBIIVHU 3
MOCTiMTHMM MiX BaJIKOBUMM 3a30pOM. PO3Mipy mosoc 1 roTOBOTO ITPOKaTy, CUJIU TIPO-
KaTKM HaBeneHi B Tabmuii 2. T'padiku miniit mmactuuHoi medopmariii momocu i
Npy>kHOi medopMmaliii KiiTi, KOTpi SIB/ISIIOTh COO0I0 3a/I€KHOCTI CMUJIM TTPOKATKU Bif

TOBIIMHM ITPOKATY, HaBeIeHi Ha puc.5.
1]

Jur esmer
HEus
kP T il

3 . i & . - N . i
L

PucyHok 3 - OcumiorpamMmyu 4acTOTH 00epTaHHS Ta CTPYMY ABUTYHA

A B £ D E F G H
1 0,00000000 -1,35253900 4,25292969 -9,15527344 6,53808554 2,13332031 1,03027344
2 0,01000000 -1,36718750 4,22363281 -9,30175781 5415035906 2,10937500 1,01074219
3 0,02000000 -1,25976563 4,30664063 -9,28222656 6,26464844 2,15820313 1,04492188
4 0,03000000 -1,39160156 4,22363281 -9,17480469 648437500 2,10449215 1,02539063
5 0,04000000 -1,33808394 4,16503906 -9,31152344 6,14257813 2,15332031 1,059570321
6 0,05000000 -1,66992188 4,20410156 -9,28710938 6,50390025 2,099060938 1,03515625
7 0,06000000 -1,73339844 4,185945313 -9,19921875 6,50878906 2,14343750 1,05468750
g 0,07000000 -1,44042969 4,22851563 -9,31640625 558105469 2,09472656 1,04980465
9 0,08000000 -1,33742183 4,2773437> -9,29199219 6,25000000 2,13332031 1,07910156

PucyHok 4 - Pe3ynbTaTu BUumipioBaHb B Ecxel
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Tabmuig 2

IaHi 1ab0paTOPHOTO €KCIIEPUMEHTY, 110 OTPMMAaHi Py 3MiHi TOBIIMHMA ITiIKATY
IMapa- hO, |hl, |Pun, Pop, |P,H IMpyskmuuHa | XXoper | MixkBan | hO-
MeTp mm | MM | H H KJiTi, MM | KiCTb KOBMI1 hi,
KJIiTi, | 3a30p, MM

H/mMMm | MM

1 cmyra 5,6 |2,46 | 1933 | 2815 |4748 |0,215 2,245 3,14
2 cMmyra 4 2.38 | 1285 | 1697 |2982 | 0,135 2,245 1,62
Pisuuus | 1,6 | 0.08 1766 22072
JKOpCTKiCTh KIiTi MO’KHA BU3HAYATU SIK
L=22 1O _pen L 1)
Ah, 0,08 MM

ne AP - pisHuils cuau mpokatku, H (1.P11 1.P2 puc.5);
Ah, - Pi3HUIIS TOBILMHYM TOTOBOTO Ipokary, MM (T.h11ih12, puc.5).

000 —e
Nkt HHOT I
4000 - ;"”m- Redopuall |
3000 |-

L s nprysic?

o AnchopuaLl aii f
2000 i i !
1000

i
a | |
1 z M2 3 4 E ]

YRTIT
PucyHOK 5 - EkcriepMMeHTabHi JIiHi1 IIJ1acTUUHOI Jedopmallii IIpoKaTy
i mpy>kHOi medopmaliii KIiTi mpy 3MiHi TOBIIMHM ITiIKATY

3HauM XOPCTKICTh KJITI MOXXHA BU3HAUUTU MIXKBAJKOBUI1 3a30p HEeHaBaHTa-
’KeHMX BaJIKiB. BuxigHa TOBIIMHA BU3HAYAE€THCS BUPA30M

P
=S+~

K1 (2)
e P - cuiia rmpokatku, H;
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S, - MDKBaJIKOBUI 3a30p HeHaBaHTaKeHMX BaJIKiB, MM;

3BiAcy MixK BaJIKOBMI 3a30p BU3HAUAETHCS SIK

P
SO :hl —M—

(3)
s mep1oi cMyru cujia IPOKaTKU OOpiBHIOE 4748 H, TOBIIMHA rOTOBOTO IMPO-
KaTty — 2,46 MM, IpyxkuHa Kiiti — 0,215 M, Ojst Apyroi CMyru cujia IPOKaTKU
nopiBHioe 2982 H, ToBuMHA TOTOBOrO IMpokaTy — 2,38 MM, npyxkmuHa KiitTi — 0,135
MM. Tomi Mi>KBaJIKOBMIA 3a30p AJIs MepIIoi i Apyroi CMyru JOpiBHIOBaTUMe
S, =2,46-0,215=12,245 .
;
S, =2,38-0,135=2,245
Tob6To mj1st Tiepiioi Ta APYroi CMyru BeJIMUMHA MisKBaJIKOBOTO 3a30pYy MAa€ OJiHe
i Te )X 3HaUYeHHSI, 10 MiATBEePIKY€E MPaBUAbHICTh BUKOHAHUX PO3PaXyHKIiB.
[ BU3HAUEHHSI KOPCTKOCTI MPOKATy IPOKaTaau IBi IMOJOCU 3 TOCTIIHOIO
TOBIIMHOIO i 3MiHEHHSIM Mi>XKBaJIKOBOTO 3a30py. Po3Mipu 110JIoC 1 TOTOBOTO IIPOKATY,
CUIM MIPOKATKY HaBeneHi B Tabauii 3. I'padik 3aeskHOCTi cuaM MPOKAaTKY Bil, TOB-

IMHU IPOKATYy HaBedeHil Ha pUC.6.

Tabnuiga 3

IlaHi 1abopaTOPHOTO eKCIIEPMMEHTY, 110 OTPUMaHi IIpy 3MiHi MiXXBaJIKOBOI'O 3a30PY
IMapa- SOm |hOm |him |PmH |Pnp, |[PH |hO -|hl - |Xopcr
MeTp M M M H hi,m |SO,m | KicTb
M M MpoKa-

TyHMM

1 cmyra 1,8 2,5 1,89 |2109 | 1256 | 3365 (0,61 |0,09

2 cmyra 0,8 2,5 0,99 | 2560 | 2904 | 5464 |1,51 |,19

Pisanns | 1 0,9 2099 2332

JKopcTKicTh MpOKATy MOJKHA BU3HAYATH SIK
. _AP_2099 :2332£, 4)
Ah, 0,9 MM
ne AP - pisHuug cuau nnpokatku, H(T.P1 ta 1.P2 puc.6) Ak - pi3HULIS TOBIIVHU TO-

TOBOTO Ipokaty, MM (T.h11ihl12, puc.6).

Jlinis mnactuuHoi medopmaliii € HemiHifiHOIO i il MOXHaA po36UTH Ha [Ba
Bifpi3ku. JKOpCTKiCTh MPOKATy BM3HAYaIM [J151 APYTOro Bipi3ka.

B Tabnuili 4 HaBemeHi piBHSIHHS perpecii, oTpuMaHi 3a JaHMMM Tabs1. 2 Ta 3, sIKi
KIJIbKICHO BM3HAYalOTh 3JIEXKHICTh MK TE€XHOJOTIYHMMM MapaMeTpaMy i MOXYTb
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BUKOPUCTOBYBATUCH JIs1 00UMCIeHHS KepylJyoTro BIUIMBY (3MiHEHHS MiXXBaJIKOBOTO

3a30py) IIpU peryaBaHHi TOBUIMHU IIPOKATY.

T -
P-? Thidin hnacraunsd w1
SO0 - | /
&000 :
i
I 00 F
I:l:
2000 —— :
1000
| so2 H

08 0B 10 12 14 16 18 20 22 24 26 28 30
h1,mm

PucyHOK 6 - EKcIiepMMeHTaIbHi JIiHi1 IIJ1acTUYHOI Jedopmallii IIpoKaTy

i mpy>kHOi medbopmaliii KIiTi mpy 3MiHi Mi>KBaJKOBOTO 3a30pPY

Tabnuusa 4

PiBHSIHHS perpecii
N¢ | PiBHSIHHS perpecii [MTpumitka
1 h1=2.18 +0.05 hO
2 h1=0.27+0.9 SO
3 h1 =13.3325 - 0.0004 P SO = varia, hO=const
4 P=7774 - 2333 hl M. = 2333 H/Mmm SO = varia, hO=const
5 h1 =2.245 +0.000045 P hO=varia, SO = const
6 P =49556 + 22075 h1 M= 22075 H/Mmm hO=varia, SO = const
7 P=7144+ 2100 SO
8 P=-1433+ 1103 h0
9 S0=-0.3+1.11h1

3B'I30K MiXk 3MiHEHHSIM MiX BaJKOBOTO 3a30pY i 3MiHEHHSIM TOBILMHM MPOKA-
TY BU3HAYA€ThCS HACTYITHUM BUPA30M
M +M, ~22072+2332

AS, =T A = ST 002 Ay —1,105AK
M, 22072 5)
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PospaxoBaHe 3HaueHHs KoedillieHTa repemadi Mi>K 3MiHEHHSIM MiXX BaJIKOBOT'O
3a30py i 3MiHEHHSIM TOBIIMHM IIpOKAaTy CIHiBIIafa€e i3 3HaueHHsIM KoedillieHTa
rnepegadi B piBHSHHI 9 Tabmmii 4, MO MOiATBEepIKYy€e IPaBUIbHICTh BUKOHAHUX
pPO3paxyHKIiB.

BucHoBKM. MojepHi3aliist 06/1aJHaHHSI ITPOKATHOTO CTaHa i 3aCTOCYBAaHHS IS
YIIPaBJIiHHSI ABUT'YHOM HATMCKHOTO MPUCTPOI0 YaCTOTHOIO MepeTBOpIOBaya J03BO-
iy 3a6e31eunTyt He0OXiHY TOUHICTh BCTAHOBJIEHHS HATUCKHMUX I'BUHTIB B 3aJjaHe
rosioxkeHHs. TouHicTh BcTaHOB/IeHHS = 0,01 MMm.

BOynoBaHMii B 4aCTOTHUI IepeTBOPIOBAY IMPOTpaMOBaHMI JIOTiUYHMUIT KOHTPO-
Jiep i maHesb orepaTopa 3abe3neunsiy MOXKINBICTb CTBOPEHHS 3pYYHOIO IporpaMm-
HOro 3abe3smneueHHs1 i rpadiuHoro iHTepdeiicy omepaTtopa S HACTPOVKU
Mi>XXBaJIKOBOTO 3a30py ITPOKAaTHOTO CTaHa.

Po3pobka mporpamMHOro 3abesmneuyeHHs [/ BMMipIOBaHHS e€HepProCUIOBUX
rapaMeTpiB MPOKATKM 1 3aCTOCYBaHHSI IHTErpOBAHOl IUIATUM BBOAY CUTHAJIB B
KOMIT'IOTEp [O3BOJIMJIM KOHTPOJIOBATU IIPOLleC MPOKAaTKM Ha eKpaHi MOHITOpY i
36epiraTu JaHi B KOMII'I0Tepi.

AHani3 pe3ynbTaTiB ekKClepyMMeHTaJbHUX AOC/iI)KeHb Mpoliecy MPOKATKU M0-
Ka3aB, 110 OTPMMaHi JaHi BiAMoOBiAal0Th Qi3ulli mpoiecy MPOKaTKMU i MOKYTbh OyTU
3aCcTocoBaHi mpu (i3sMUHOMY MOMAENI0BaHHI pOOOTM aBTOMAaTM30BAaHOI CUCTEMU
crTabinizallii TOBIIMHYM MTPOKATY.

Po3po6yieHnii  KOMIIJIEKC MOXe OYyTM 3acCTOCOBAaHMIA IIpUM  BUBYEHHI
iHbopMalliifHMX TEXHOJIOTi/i TIpM aBTOMAaTM3allii BUPOOHMUMX TIpolleciB. BiH
IO3BOJISIE BUBUYMTM 3aCTOCYBAHHSI iHTEIPOBAHMX IUIAT 300py JaHUX, OOpOOKM Ta
30epiraHHsS JaHUX B KOMIT'IOTepi, poOOTY YaCTOTHMX IepeTBOPIOBaviB, IIpoOrpamo-
BaHMX JIOTIYHUX KOHTPOJIEPIB i ITaHeselt orepaTopa.
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ModepHu3zayusa nabopamopHozo npokam+ozo cmaxna 150
ona ¢popmuposaHus y cmydeHmos HaBbIKO8 UccnedosaHus obbekma asmomamusayuu

BbinonHeHa modepHu3sayus n1abopamopHo20 NPOKAMHo20 cmaHa 150 014 BbINOJHEHUA
cmyOeHmamu uccnedosaHuli cOCMoAHUA KaK obbekma asmomamu3ayuu. [JonosHUMenbHO Ha
HaXumHoe ycmpoucmao 6blau ycmaHoBieHb! pedykmop ¢ dsuzamesieM nepemeHHo20 mMoKa, ¢o-
moumnybCHUG 0am4YuK NOJIOXeHUS HAXUMHbIX BUHMOB, MecOo3u. [ns ynpasneHus 0suzame-
JleM npumeHunu navesns onepamopa HMI DOP-103BQ, yacmomHol npeobpazosamens MS-300c
scmpoenHbim [1JIK. Pa3pabomaHoe npoepammHoe obecneyeHue 014 naHesnu onepamopa u [JIK
obecnequsno nepemeujeHUs HaXUMHbIX BUHMOB B8 3A0QHHOe NOJIOXeHue ¢ mpebyemol moYHo-
cmbio. [na uccnedosaHus npouyecca npoKamku pazpabomaHo npo2pammHoe obecneyeHue, Ko-
mopoe ocyujecmssisem usMepeHue Cusbl NPOKAMKU, 3/eKmpuyeckux napamempos 0sueamens
npokamHol Knemu u omobpaxeHue on-line u3mepsembix napamempos Ha 3KpaHe MOHUMOPA.
M3mepsemble napamempsi cobepeearomcs u mo2ym 6bimb KOH8epmMupoB8aHs! 8 Exel-gadinesl.

Modernization of laboratory rolling mill 150
for the formation of students 'studies of automation object research

Studying the operation of automated control systems using computers significantly re-
duces the time, but does not give a complete picture of the system on a real object. Therefore,
the use of real objects for the study of control systems in the educational process is appropriate
and useful. The purpose of the study is to modernize the laboratory rolling mill 150, designed for
rolling lead, tin and plasticine, and equip it with sensors and actuators. The manual pressure de-
vice of the rolling stand was replaced by an automated one, for which an worm gearbox was ad-
ditionally installed, which allowed to increase the total gear ratio to 94.5. The thrust screws are
moved from the AC motor, which is controlled by the DOP-103BQ operator panel and the MS-300
frequency converter with built-in PLC. As a displacement sensor used photopulse sensor PDF-3.
The installed equipment and the developed software for the operator panel and the PLC provided
high accuracy of installation of pressure screws in the set position. Additionally, software was
developed to measure the power parameters of the rolling process: the rolling force and the elec-
trical parameters of the DC motor of the drive of the rolling stand. The software allows you to
configure the board, ie select the type of board, the channels used to measure voltage signals,
select measurement ranges, signal color on the graph, signal polling frequency, number of points
to display on the graph, parameters of graph coordinate axes. In the process of measurement,
the output of signals to the monitor screen is performed simultaneously. Before rolling, the
measurement process is started using the keyboard or mouse and the change of parameters is
displayed on the screen in real time. At the end of the rolling process, the measurement stops,
and the graphs of parameter changes over time remain on the monitor screen, which allows you
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to quickly analyze the process. The measurement results can be saved in an Excel file and then
the file can be viewed. The file stores: the time of measurement of parameters and the values of
parameters those were measured. Measurement of power parameters and sizes of rolled products
before and after rolling allowed to determine the stiffness of the stand and rolled metal, which is
necessary to calculate the transmission coefficients of the automated tuning system of the roll-
ing stand.

3inueHKo Muxaiio [IMUTpOBUY - TOLIEHT Kadeapyu aBTOMAaTHU3allii BUPOOHUUMX
rpoiieciB, HamjionasibHa MeTanypririHa akageMiss YKpaiHu.

IToran Omer HOxmumoBuu - 1podecop Kadeapu aBTOMaTH3allii BUPOOHUUUX
npoileciB, HaljionasbHa MeTanypririHa akageMiss YKpaiHu.

PubanpbueHko Mapis OsekcaHapiBHa - 3aBigyBuka Kadenpyu aBTOMaTH3allii
BUPOOHMYMX TIpolieciB, HailioHasbHa MeTalypriitHa akageMist YKpaiHu.

ManauuH IBaH OJieKCAaHAPOBUY - IOLEHT Kadeapy aBTOMaTHU3allii BUPOOHUUMX

npoiieciB, HamjionasbHa MeTanypririHa akageMiss YKpaiHu.

3uHueHKO Muxamna JIMuUTpueBUY - JOLeHT Kadeapbl aBTOMATU3aLM TPOU3BO/I -
CTBEHHBIX IMpOIecoB, HallmoHa/sbHasI MeTa/Typruueckasi akageMusi YKpauHbl.
IToran Oner EdpumoBuu - npodeccop Kadeapbl aBTOMAaTHU3ALMM TIPOU3BOICTBEH-
HBIX IIpollecoB, HamoHanmbHasi MeTauTypruyeckast akajgeMust YKpauHbl.
Ppi6anbueHKo Mapusi AekcaHAPOBHA - 3aBey0IIasi Kadeapbl aBTOMAaTU3aLUN
MIPOM3BOACTBEHHBIX  IMpOIecoB, HalmoHa/sbHAs  MeTa/Typruuyeckasi axageMus
YKpanHhbI.

ManauuH ViBaH AJIeKCAaHIPOBMY - JOLIEHT Kadeapbl aBTOMATU3aLMM TPOU3BO/I-

CTBEHHbBIX MPOIeCcoB, HallMoHa/mbHas MeTa/Typruueckasi akageMusi YKpauHbl.
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I.A. ConosiioBa, 0.M. HukonaeHKoO
BOJOCKOHAJIEHHS METOAWKHU I PO3POBKA ITPOITPAMHOTI'O
3ABE3IIEYEHHS PO3PAXYHKY MAPIIPYTIB BUPOBHUIITBA TPYB
BE3OITPABOYHHMM BOJIOUYIHHSM 3 YPAXYBAHHSIM TOYHOCTI

AHomayia. HagedeHo npuknadu 00CNIOXeHHA NPOo2HO3YBAHHA PI3HOCMIHHOCMI 1 BU3HAYEHHA
MOBWUHU CMIHKU 3020MOBKU 0719 0MPUMAHHS mpybu nesHo20 po3mipy, W0 CNPUSE NiOBULYEHHIO
moyHocmi mpy6 3 Bya/neyesux MAPOK cmajnel Npu NpoeKmMyB8aHHI Mapwpymis 8UpobHUYMBA.
BuxoHaHul KopensyiliHo-pezpeciliHuli aHai3, BU3HAYeHT akmopu, Wo BNnauBaloMs HA 3MIHY
pi3HocmiHHOCMI i noby0oBaHi pezpeciliHi modeni. Pesysnbmamu aHasizy 00N0BHUIU NPo2PAMHE
3ab6e3neqyeHHs BU3HAYEHHSA PO3MIpPIB 3a20MOBKU NPU NPOEKMYBAHHI MAPLWPYMiB BONOYIHHA BYe-
Jleyesux xo00HodegpopmosaHux mpyb 6e30npasoyHUM BONOYTHHAM.

Knwo4osi cnosa: mpyba, mapuwipym BOJOYIHHA, MOBWUHA CMIHKU, KOpenayiliHo-pezpeciliHuli
AHAI3, MOYHICMb, PI3HOCMIHHICMBb,

Berym. [Is MpoeKTyBaHHS MapUIpyTiB 6€301paBOYHOrO BOJIOUYiHHSI TPYO IeB-
HOT'O COPTaMeHTy HeobOXiTHO MpaBW/IbHO BMOPATH BUXiIHI pO3Mipy 3arOTOBKM, IIPO-
paxyBaTy JOIyCTUMi nedopmaliii 1o miameTpy i CTiHIIi.

Bbarato HaykoBux pobit bepuiireitna M.M, CmupHoBa-Asnsesa I'.A. i I'yna I'.41.
Ta iHIIMX CIIPSIMOBAHi HA BM3HAUY€HHS TOBUIMHM CTiHKM TiCJISI BOJIOUiHHS, TSITOBOTO
3YCUJIJISI, BUBUEHHSI: BOJIOUiHHS B 6JIOK BOJIOK; BOJIOUiHHS Uepe3 BOJIOKY, 1[0 obepTa-
€TbCS1; MOJIETIOBAHHS TIPOLeCY BOJOYiHHS, @ TAKOX Ha BUPILIEHHS NMUTaHb, 110 J0-
3BOJISIIOTD 30i/IBIINTH CTYITiHb MlecdopMallii Ipy BOJOUiHHI, 3B'I3aTU 3MiHM TOBIIVHMU
CTiHKM 3 €HeprocuJI0BMMM ITapaMeTpaMu MPOLIEeCiB.

B cyyacHuX BMMOrax A0 TOYHOCTI TpyO BMHMKAE iHTepec O0 MpobjaeMy BMU3HA-
YeHHSI PO3MipiB 3aroTOBKM [JjisI OTPUMMAaHHSI TOTOBOi TPyOM MOTPiOHOTO po3Mipy,
3MiHM Pi3HOCTIHHOCTI TPYO ITic/IsI BOJIOUiHHS [IJIS1 TPOTHO3YBAHHSI TOYHOCTi TOTOBUX
TpyO.

MeTo10 JaHOi POOOTH € TOC/iI’KeHHS BIUIMBY TEXHOJIOTIUHMX ITapaMeTpiB Oe-
30MPABOYHOTO BOJIOUiHHS TPyO Ta BM3HAUEHHS (aKTOPiB, 10 BIUIMBAIOTh HA BU3HA-
YeHHS pO3MipiB 3aroTOBKM IIPU MPOEKTYBaHHI MapIIPyTiB, 3MiHY Pi3HOCTIHHOCTI

Tpy6 3a JOTIOMOTOI0 KOPEeJISIiiiHO-perpeciiiHoro aHamisy.

© ConosiioBa I.A., Hukomaenko 10.M., 2021
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PesyabTaTy po6oTu. besornpaBouHe BOMIOUiHHS TPY6 BUKOPUCTOBYIOTh ITiC/ISI
KOPOTKOOIIPABOYHOI'O BOJIOUWiHHSI ab60 mpokaTku Ha craHax XIIT a6o XIITP, Tomy
TPyOy MalOThb IIEBHY Pi3HOCTiHHICTb.

[Tpy KOHCTPYIOBaHHI MapIIpPyTiB BOJIOUiHHS HeOOXiTHO 3a3masieriapb mepemba-
YUTU BeJIMUMHY i HAITPSIMOK 3MiHM TOBIIMHU CTiHKMU.

Byso npoBeneHo psif eKcriepuMeHTiB (57 BMMAAKiB) AJIST YTOUHEHHS TaHUX I10
BM3HAUYEHHIO 3MiHM TOBIIMHM CTiHKM 3aJIeXKHO Bif, mapamMeTpiB IIpollecy BOJIOUiHHS.
[HTepBanM BapilOBaHHS MMapaMeTpiB mpencTaBieHi B Tabsuili 1. ITicjiss BoMOUiHHS i
00pi3KM roJIOBKM TOBIIMHA CTiHKM BUMiploBasiacs B 4-X TOUKax i BU3Hayajaacs cepe-

nus. [puitHsaTo o =13°, koeditient tepts f=0,09.

Tabmuug 1
[HTepBasM BapiloBaHHS BUXITHUX DAHUX OJI aHAJi3y
[TapameTp Jliama30H BapitoBaHHS MTapaMeTpiB /IS BYT/IeleBUX cTajiei
(ctanb 10, 20, 20A, 20T)
) 0,80 ... 3,00
AD/DO 0,05...0,4
tgot/D 0,025 ... 0,15
£ 0...75

[TpoBeneHo aHasli3 BIUIMBY Ta JOr0 XapakTepy IJjis KOXXHOIO IlapameTpa Ha
3MiHY TOBILMHM CTiHKM. BpaxoByoun IMpoBeJeHNii aHasli3 i XapakTep BUSBJIEHUX 3a-
JIeXXHOCTel rnepeBipuin mMobynoBy MHOXKMHHOI JIiHi/iHOT Ta HeMiHiltHOI perpecii st

BU3HAUEHHSI TOBIIMHM CTiHKM 3arOTOBKM Bif medopMalliiiHuMX IapaMmeTpiB tgot:
tgor /D to/Dy, AD/ Dy, &. Tlicns IOBHOTO perpeciifHoro aHamisy 3 BUSBIEHHSIM
aZeKBaTHOTO PiBHSIHHS 110 KpuTepito ®imepa (F < F po3p) i 3HaUMMMMM KoedilrieH-

tTamu piBHSHHS ( P -3HaueHHs CThloJleHTa) 00paiyu ONTUMaIbHe PiBHSIHHS (Koedilli-

€HT MHOXMHHOI perpecii nopiBHioe 0,995), sike Ma€ BUTJISI:
2

AD AD t

t0 =0,01705+0,89844-¢,,, —0,3243——+0,56072| — | +1,443 12g—0t (D)

&9 D, D D

0 0

B pe3ynbTaTi MOpiBHSIHHS PO3paxyHKiB 110 Mozesi (1) oTpumanu TOYHilmi pe-

3y/JIbTaT, HiXX IO iHIIMM BigoMuM 3ajeskHOCTSIM (pucyHok 1). Tpeba migkpecanTu,

1m0 Mogesb (1) Mae oOMeXXeHMit Jiana3oH ajekBaTHOCTi — ctanb 10, 20, 20A, 20T Tta

BKa3aHi BUIIe MeXi mapamMeTpiB.
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3 MeTOIO0 OILIiHKM TOYHOCTi TpyO ITic/Is1 6€30IIpPaBOYHOr0 BOJOUiHHS Oy/IM CIIpoe-
KTOBaHi Ta MOCTiAKeHi TeXHOJIOTiYHI MapHIPYyTX BUPOOHMUIITBA TPYO 3 BYIJIEIEBUX
MapoK cTajeii. 3a po3pobaeHMMM MaplIpyTaMy Ta TEXHOJIOTi€l0 BUPOOHMUIITBA MTPO-
Taraaucs naptii Tpy6 [1], Bim koxkHOi mapTii Bimbupanucst 3pasku i TpOBOAMINCS

BUMipy TOBUIMHM CTiHKM B PiBHOBigJa/IeHMX TOUKaX ITOTIePEYHOro nepepisy Tpyon.

PezpeccuoHHOA CMAMUCMUKD
MuomecTe 0,99545
R-kBagpa1 0,99093
Hopmupol 0,99023
Crangapm 0,07318
Habnwoget 57
Fposp= 254976 <F
JMCNEQCUOHHEIR BHENKS
df 55 MS F OUUMOCTE F
Perpeccus 4 304084 7,60209 1419,67 2,1E-52 I _I
OcraTtok 52 0,27845 0,00535
Wroro 56 30,6868

KozgbuyueH opmHas o mamucmu-3HOUEHUL URHUE 85 =pxHUe 951 HUE 95, (oxHuE 95, 0%
Y-nepecey 0,01705 005078 0,33574 0,73842 -0,0849 0,11895 -0,084% 0,11895
tgot 0,89844 0,02294 39,1695 2,9E-40 0,85241 094447 0,85241 0,94447
DD/D0 -0,3243 053427 -0,6071 054644 -13964 074775 -1,3964 074775
DD/DOA2 0,56072 1,22972 0,45597 0,65031 -1,9069 3,02833 -1,9069 3,02833
tgot/D 1,44312 052482 2,74975 000818 0,38999 245624 0,38999 249624

PucyHok 1 — MHOKMHHMI perpeciiiHuit aHasli3 [J1s1 BU3HAUEeHHS 3a71e5KHOCTi

TOBIIMHM CTiHKM 3aTOTOBKM BiJl TapaMeTpiB medopmairii

1)1 KOSKHOTO ITPOXOAY BOJIOUiHHSI pOo3paxoBaHi: abcomoTHa Af =1,,,, — i, 1

. . . Aty . . At .
Bi/JHOCHA Pi3HOCTIHHICTb 3aTOTOBKM ) =—— i rOTOBOI Tpy6u & =— ; Koediri-

tOcp l cp

€HT 00THCHeHHs 10 AiameTpy D / D ; cTyniHb TOHKOCTIHHOCTI £ / Dy ; cryninb ge-

dopmariii & ; koedilieHT 3MiHM pisHOCTIHHOCTI k = —.
5o
3a pesynbTaTaMM BMMIipIOBaHb BMKOHAHMI1 KOpeJSIIiiiHO-perpeciiiHmii aHais,
BM3HaUeHi (akTopu, 110 BIVIMBAIOTh HA 3MiHY Pi3HOCTIHHOCTI i TOOymOBaHi perpeciii-

Hi Moperti [1, 3]. [HTepBanyM BapitoBaHHS BUXiTHUX JaHMX HaBeleHi B TaGIMII 2.

Tabmuig 2
[HTepBanu BapitOBaHHS BUXITHUX JAHUX [ aHATi3y
[TapameTp Jliamma30H BapitoBaHHS MTapaMeTpy AJ1s1 ByTJelleBUX CTaJlel
9, % 1,2...16,5
Dy/D 1,05...1,6
to/ Do 0,02 ...0,21
Dy 10, 16, 25, 36
) 0,97 ... 3,0

SIK BUI/IMBAE 3 BU3HAUEHHS
- ipu k <1 pi3HOCTIHHICTh 3MEHINYETHCS;
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- ipu k >1 pisHOCTIHHICTb TOTOBOI TPY6M 6isIblIIA PI3HOCTIHHOCTI 3arOTOBKA.

3HauMMiCcTh Koe(illieHTiB OTpUMMaHMX pPiBHSIHb OILIiHIOBAJAcs 3a KpUTepieM
CTphrofieHTa, a afleKBaTHICTb Mofesli 3a Kputepiem @imepa. OTpuMaHi Mofesi € ageK-
BaTHMUMM 3i 3HaUMMMUMM KoeditienTamu [1-3].

PerpeciitHa cTaTMCTMKa TPOrHO3YBAaHHS Pi3HOCTIHHOCTI AJ1s1 ctaji 10 ajis pisHux

Mo/iesieli IpOrHO3yBaHHS Pi3HOCTIHHOCTI MpeCTBIeHa Ha PUCYHKY 2.

Peapeccu OHHOA CMamucmuKka

MHoxecT: 0,996867415
R-keagpal 0,993744643
Hopmupol 0,789991428
CraHgapTt 0,655699047
Habmoger 9
Fkrit= 5,192167773

JMcrnepcHoHHbBIN aHanus

df 55 MS F 3nayumocme F
Perpeccus 4 341,5087 85,37718 198,5787076 7,50654E-05
Ocratok 5 2,1497062 0,429941
Hrtoro 9 343,65841

Koappuyuenms: Iapmras oumamucmui P-3HaveHue HuxcHue 95% BepxHue §

Y-nepecey 0 #H/A #H/0 #H/0 #H/4 #H/0
AD/DO 31,76484445 7,4444487 4,266917 0,007962142 12,62827972 50,90140!
AD/D0A2 -66,55866535 17,805956 -3,738 0,013459297 -112,330332 -20,7869'
tgot/D 8,695534779 5,3628802 1,433151 0,198143872 -6,37547858 23,76654
80 0,340672675 0,0914905 3,723584 0,013661343 0,105488774 0,575856!

2
t
5=31764822 _ 66,5587 22 +8,6955-2%L 4 034074,
Dy Dy D

PezpeccUoHHOA Cmamucmuka

MHoecTs 0,986834341
R-kBagpar 0,973842017
Hopmupos 0,758147228
CranpapTH 0,155665087
Hafnwaer 9
Fkrit= 5,192168

AMCNEPCHOHHBIFR aHanma

df 55 MS F 3Hauumocmb F
Perpeccra 4 7,4212307 1,855308 46,53656 0,001308977
Ocrarok 5 0,1993387 0,035368

WToro S 7,6205654

Koshpuyuenme:  dapmuaoa owmamucmun P-3voverue  Humndue 95%

Y-nepeceu 0 #H/O #H/0 #H/0, #H/0
oo/Do 12,45630058 2,2669337 5494773 0,002726424 6,628361901
Do/Do"2 -27,31606583 5,4221505 -5,03787 0,003574107 -41,25414746
tgot/D 6,5366367064 1,7853251 3,677967 0,014323508 1,577042856
d0 -0,082165514 0,0278601 -2,94922 0,031514186 -0,153732142
AD AD 2 t
ot
k=12,4563—-273161 — +6,5664g——0,082250
Dy Dy D
2,3235
k=03584+——
%

PucyHoK 2 — PerpeciiiHa cTaTUCTMKA MIPOTHO3YBaHHS Pi3HOCTIHHOCTI
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[TopiBHAHHSA pO3paxXyHKy Kk 1O OTpMMAaHiii Momesi 3 eKCIIepUMMEeHTaTbHUMMU

IaHMMU [IPUBELEHO Ha PUCYHKY 3.

Cnoctepe: [MepedbaveHe k 3anuUlWKU K eKCrepuMeHTanbHe
1 1,4447 0,1499 1,5946

0,9031 -0,0684 0,3347
1,0810 -0,0773 1,0038
0,7916 0,0169 0,3086
0,7978 0,0542 0,3520
0,4133 0,3063 0,7196

0,7874 -0,0508 0,7367
0,8976 -0,2570 0,6406
0,7001 0,0231 0,7231

W o~ s W

PucyHOK 3 - IIopiBHSIHHST pO3paxyHKOBMX 3HAUY€Hb K Ta eKCIIepMMEHTAaIbHUX JaHUX
2
. t
AJISI MOLLEIL | =12,4563 4D _ 273161 4b +6,5664-5% _ 0,08220,
Dy Dy D

[Mpu maniii pi3HOCTIHHOCTiI 3aroTOBKM (MeHIlle 3%) Pi3HOCTIHHICTb TOTOBUX
TpyO 3pocCTae, Mpy PiSHOCTIHHOCTI 3arOTOBKM 3...4% pPi3HOCTiHHICTb TOTOBUX TPYyO

3MiHIOETBCSI MaJIO i Ipu () >4% Pi3HOCTIHHICTb TOTOBYUX TPYO 3MEHUIYETHCS. [HTEH-

CUBHICTb BumpasieHHs (k <1) 3ajnexxuTh Bim KoedilieHTa 0O6GTUCHEHHS 10 [iaMeTpy

Dy /D : uum 6inbuie 3uauenuss Dy /D, TuM iHTeHCUBHIlIE BUIIPABIEHHS Pi3HOCTIH-
HocTi. TOGTO 3 MeTOI0 BUIIPABJIEHHS Pi3HOCTIHHOCTI (&) >4%) npy 6e301PaBOYHOMY

BOJIOUiHHI HEO0OXiTHO 361/IbITyBaTU KOEDIlliEHT BUTSIKKHA.

ITpy Manux 3Ha4YeHHsX O( KoedilieHT k pocsrae BenuuuHu 3,5, TO6TO pisHO-
CTiHHICTb 361MBIIYETHCS B 3,5 pa3y, a PY BENIUKNX 3HAYEHHSX O() iHTeHCHBHilIe ii

BUIIPABJIEHHS.

Pe3ynbTaTy aHasli3y OOMOBHM/IM TIpOrpaMHe 3abe3redyeHHs] BU3HAUEHHSI PO3-
MipiB 3arOoTOBKM TP MPOEKTyBaHHI MapIIPyTiB BOJIOYiHHS BYTJIelleBUX XOJIOAHOAe-
dbopmoBaHMX TPyO O6e30MpaBOUYHMM BOJIOUIHHSIM. ®parMeHT IpOrpaMy MPOEKTY-
BaHHS MapIIPYTiB BOJOYiHHS MpeICTaBIeHUI HA PUCYHKY 4.

BucHOBOK. Pe3ynbTaT JOC/IiAKeHb BIIPOBAI>)KEHI B PO3paxyHKM MapUIPyTiB Ta
TEeXHOJIOTIUHUX KapT BMPOOHUIITBA 3 METOI0 MPOTHO3YBAHHS Pi3HOCTIHHOCTI TOTO-
BUX TpPyO IMpPU BOJIOYiHHI Ta AOMOBHM/IM TpOrpaMHe 3abe3ledyeHHSI BM3HAUEHHS
pPO3MipiB 3arOTOBKM MpPU MMPOEKTYBAaHHI MapUIPyTiB BOJOUYiHHSI BYIJIELI€BUX XOJIO/I-
HomedopMoBaHUX TPYO 6€30ITPaBOYHMM BOJTOUiHHSIM.

ISSN 1562-9945 (Print) 103
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 3 (134) 2021 «System technologies»

BusHa4eHHA po3MipiB 3aroToBKU nNpu
OeszonpaBo4YHOM BOMNO4IHHI TpYyO 3 ByrneueBoi

crani
Mapka cTani Mpyna copTameHTy Tpyb
o Tl —
Pa3mip rotoBoi Tpy6u MacTino  KoewilieHT TepTa
D = Peqkoe MuI0 - | 0.08
20 1, 00]KyT Haxuny CTIHKW BONOKKW A0 OCI BONOYIHHA
- 13|rpan.
fdonycTuMe 0BTMCHEHHA  [porHosyBaHHA PisHOCTIHHOCTI
AD ol & NporHo3s
Tl 7,15% 6,24%
& eKCIEpHM 6,67%
®-na CmupHoBa-AnAeea Perpeciina mogene
PozaMip 3aroToBKW
Dg So S EXcIepHMeHTATbHI JaHi
27 1,01 091 0,91

PucyHoKk 4 — @parMeHT MporpamMy MpoeKkTyBaHHS MapIIpyTiB BOJOYiHHS

JIITEPATYPA / JIUTEPATYPA

1. ConoBbeBa M.A. PazpaboTka MHOTrOBapMaHTHO}M TEeXHOJIOTMM, MCCAeIOBaHMUE U
BHeJpeHMEe pPalMOHAIbHBIX PEXMMOB IPOM3BOMCTBA XOJ0mHOAE(GOPMUPOBAHHBIX
TpyO: OuC. ... KaH/. TexH. HayK: 05.16.05 / ConoBbeBa MiHHa AHaTo/beBHA. — [lHeI-
poneTpoBckK, 1987. — 200 c.

2. ConosiioBa I.A. IIpoekTyBaHHSI KOMOIHOBaHMX MapIIPYTiB BUPOOHUIITBA XOJIOI -
HomedopMmoBauux Tpy6 / I.A. ConosiioBa, B.®. banakiu, 0.M. Hukonaeuxko, K.C. Bi-
naH // CuctemHi TexHosorii. — 2017. — N2 4. — C. 56-62.

3. CosositoBa I.A. TIporHo3yBaHHSI TOUHOCTi TPyO Mpy 6€30IpaBOYHOMY BOJIOUiHHI /
I.A. CosoBitoBa, 10.M. Hukonaeuko // CuctemHi TexHosorii.—2020. —N95. — C. 30-36.
REFERENCES
1. Solovyova I.A. Development of multivariate technology, research and
implementation of rational production modes of cold-deformed pipes: dis. ... cand.
tech. Sciences: 05.16.05 / Soloveva Inna Anatolevna. - Dnepropetrovsk, 1987.- 200 p.
2. Solovyova I.A. Designing of combined routes of production of cold-deformed
pipes / I.A. Solovyova, V.F. Balakin, Yu.M. Nykolayenko, K.S. Bilan // System

technologies. - 2017. - N2 4. - P. 56-62.
3. Solovyova I.A. Predicting the accuracy of pipes at sinking / I.A. Solovyova, Yu.M.

Nykolayenko // System technologies. — 2020. — N25. — P. 30-36.

Received 15.03.2021.
Accepted 18.03.2021.

ISSN 1562-9945 (Print)
ISSN 2707-7977 (Online)

104



«CucreMHi TexHosorii» 3 (134) 2021 «System technologies»

CosepweHcmBosaHue MemoduKu u paspabomkoli npo2pammHo20 obecneyeHus pacyema
Mapwipyma npou3godcmsa mpy6 6e30npasoyHuUM 8osI04eHUA C y4emoM moYHOCmu

[TpusedeHbl npumepsl UCCIEO0BAHUS NPOCHO3UPOBAHUS PU3HOCMUHHOCMU U OnpedesieHus
MOIUWUHbBI CMEHKU 3a20MOBKU 011 NOJIy4YeHus mpybbl onpedeseHHo20 pasmepa, cnocobcmsyem
nosbiWeHUo moyHocmu mpy6 u3 y2nepooucmsix MapoOK cmaneli npu NPoeKMuUpoBAHUU MAap-
Wwpymos npou3soocmsa. BoinosnHeHHbIl KoppenayuoHHO-pe2peccUOHHbIU aHanu3, onpedeneHsl
(akmopsl, BuAOUUE HA U3MEHeHUE PU3HOCMUHHOCMU U NOCMPOeHbI pe2peccluoHHble Mooesu.
Pe3ynsmame! aHanuza 0onosHUAU npo2pammHoe obecneyeHue onpedesieHus pamepos 3a20-
MOBKU Npu NPOeKMUpPOBAHUU MAPWPYMOB BONOYEHUS Y2epOoOHbIX X0N00H00e@OpMUPOBAHHbIX
mpy6 6e30npagoyHUM BOSOYEHUEM.

Improvement of methodology and development of software calculation of routes
production of pipes by sink drawing taking into account accuracy

For designing routes of sink drawing pipes a certain assortment it is necessary to choose
correctly the initial sizes of preparation, to calculate admissible deformations on diameter and a
wall. Sink drawing to pipes after short-drawing drawing or rolling on cold rolling mills, ie pipes
having a certain difference.

When designing routes to drawing it is necessary to predict in advance the size and
direction of change wall thickness. The analysis of influence and its character for each parameter
on change of wall thickness is carried out. Taking into account the analysis and the nature of the
identified dependences, tested the construction of multiple linear and nonlinear regression to

determine the wall thickness of the workpiece by Lo, 14y /D, to/Dy. AD/Dy, €.

To order to assess the accuracy of the pipes after sink drawing, technological routes of
pipes production from carbon steel grades were developed and investigated. According to the
developed routes by the production technology, batches of tubes were drawn, samples were taken
from each batch and wall thickness measurements were made at equally distant points of pipe
cross-section.

According to the results of measurements, correlation-regression analysis was performed,
factors influencing the variation of difference were determined and regression models were built.

With a small diversity of the workpiece (less than 3%) the diversity of the finished pipes
increases, with a diversity of the workpiece 3 ... 4% the diversity of the finished pipes changes

little and O > 4% the diversity of the finished pipes decreases.

The intensity of the correction (k <1) depends on the compression ratio in diameter Dy :
D

the larger the value Dy, the more intense the correction of the difference. That is, to correct the
D

difference ( 8(>4%) in the sink drawing, it is necessary to increase the coefficient of extraction.

The results of research are introduced into the calculations of routes and technological
maps of production in order to predict the diversity of finished pipes during drawing and supple-
mented the software for determining the size of the workpiece when designing routes for draw-
ing carbon cold-formed pipes by sink drawing.
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B.b. IrnaTbeBa
CUCTEMATU3AIIISI HAYKOBO-TEXHIUHOI IH®OPMAIIIT
B EJIEKTPOHHUMX BA3AX JAHHUX

AHomauyis. Y cmammi nposedeHo aHani3 po3eisHymux numae, NpUcBsYeHux npobaemi dompu-
MQHHA Npas asmopis npu cucmemamu3ayii THhopmayii 8 enekmpoHHUX pecypcax. BcmaHosne-
HO, W0 ps0 NOI0XeHb 000 BUKOPUCMAHHA HAYKOBO-MeXHIYHOI IHGHopMayii 8 eNeKmpoHHUX pe-
cypcax opaaHizayiti nompebye 6inbw 0emanbHo20 po32/i0y BIOHOCHO AOMPUMAHHSA 3AKOHOOAB-
cmsa. [locmasnieHo 3a80GHHA po3pobumu an2opumm cucmemamu3ayii HAYKOBO-MexHIYHOT TH-
popmayii 8 enekmpoHHUX 6a3ax 0aHux opeaHizayil. [1poaHani308aHO BUKOPUCMAHHSA HAYKOBO-
nopyweHHs, AKI 00NYCKAMbCA 0peaHizayiamu. 3anponoHOBAHO aGn20pumm cucmemamu3sayii
HayKOBO-mMexHIYHOT THGhopmauii 8 enekmpoHHuUx 6a3ax 0aHux. Po3pobneHull anzopumm 00380-
JISE Op2aHi3ayiam posmiulysamu o6’ekmu aBmopcbKo20 NPasa 8 CBOIX eleKMpPOHHUX 6a3ax 0a-
Hux 6e3 nopyweHHs npas asmopis.

Knwo4vosi cnosa: cucmemamusayis, 6a3u 0aHux, HAyKOBO-MeXHIYHA THGOPMayis, eneKmpoHHI
pecypcu, msip, KONiloBAHHA, 3aKOHOO0ABCMBO, ABMOP, NPasa, 002081p.

ITocraHoBKa mpoOGieMu. Y cyyacHOMY CBiTi Ha caifTax opraHisarliii IpuCcyTHi
0a3y JaHMX 3a JOIMOMOIOI0 SIKMX KOPUCTYBaui MOKYTb OTPMMATH BiJIbHUIA TOCTYII 10
BiTUM3HSHOI i CBiTOBOi HAayKOBO-TexHiuHOi iHdopmalii. OmHOYacHO, opraHisarlii
3000B’s13aHi JOTpMUMYBaTHCa 3aKoHy YKpainu «IIpo aBTOpCchKe MPaBo i CyMisKHi Impa-
Ba», SIKUIM PETYJIIOE i OXOPOHSIE BIJHOCUHU, IO CTOCYKOTHCS BUKOPUCTAHHSI TBOPIB
HayKu, KyJbTypH i mucTtenTBa. OfHAK, MIBUAKUUA PO3BUTOK TEXHOJOTIHA POOUTH
Ipo0JieMaTUYHUM JOTPMMaHHS OpTraHisamisMu MpaBoOBMX HOPM B 00J1acTi aBTO-
pCbKOro mpaBa. 3 OoAHOTO OOKY, BOHM HAJAalOTh KOPUCTyBauaM HeOOXimHy
ingopmarnio. 3 iHIIOro, KOPHUCTyBaui 3aIlikaBjieHi B OJep:KaHHi
indopmarii HaOiIBLII MOOIJIBHUM CIIOCOOOM, IKHII mepembavae IMBUIKUII,
ajje cjgabo0 KOHTPOJHLOBAHUI MPOIEC KOMilOBAaHHS TBOPiB. ABTOpPH K
3allikaBJIeHi y AOTPMMaHHI iX ocobucTumx i mMaiiHOBMX mpaB. Takum umu-
HOM, JOTPUMYIOUHNCH 3aKOHIB IIPO OXOPOHY aBTOPCBKUX IIpaB, OopraHisallis
MOTpaIJjdg€e B CUTYyallil0, KOJM BOHA He MOKe BiJIbHO HaJaTU KOPUCTYBaH-
HS €JeKTPOHHMMM JTOKYMEHTaMHM CBOIM KopucTyBauaM 0e3 MOpYIINeHHS
IIUX ’Ke 3aKOHIB.

© IrnatneBa B.B., 2021
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Tomy BaskJIMBUM CTa€ MUTAHHSI 30epeskeHHs pPiBHOBarM MiX OOTPUMAHHSIM
MpaB aBTOPiB i 3aJ0BOJIEHHSIM TTOTPeO CYCITi/IbCTBA.

AHaji3 ocTaHHiX mocChimkeHb i myoOsikarii. [InTaHHSIM, IIOB'SI3aHMM IIPO-
6yieMi TOTpMMAaHHS MIpaB aBTOPIB MpU cUcTeMaTu3allii iHdopmaliii B eIeKTPOHHUX
pecypcax npucssiueHi nociaigkeHHs1 O. @. boiikosoi, C. I'. boraupkoi, B. A. MiHae-
Boi, C. A. MoiceeBoi, O. b. AHTOomonbcbkoro, H. 3. Crapony6osoi, 5. JI. llIpait6epr
Ta iH. [1-5].

[IMTaHHS AOCTYIMHOCTI HAayKOBO-TeXHiUHOiI iHopMallii y 3B'sI3Ky 3 BUKOPUC-
TaHHSIM HOBMX iH(pOpMaIilfiHMX TEXHOJOTili, CTBOPEHHSI €JIeKTPOHHUX 6a3 MaHUX,
KOTIiI0BaHHSI HAYKOBO-TeXHIUHOI iH(popMmallii, a TAaKOK MUTAHHS 3aXUCTy aBTOPChKUX
MpaB CIiBPOOITHMKIB 6i0/i0TEK - YKIagaviB pi3HOMaHITHUX 6ib6iorpadgiuHmx moci6-
HUKIB Ta METOAUYHUX PeKOMEeH/alliii, po3risifamThbes B pobotax O.@. Boitkosoi [1].

[IMTaHHS BiZIKPUTOrO AOCTYITYy 0 iHGOpMAaIliiiHMX pecypciB, a TAKOX IMUTAHHS
OOTPUMaHHS aBTOPChKMX IIpaB MPyU poOOTi 3 eJIeKTPOHHMMM TOKYyMeHTamMu, 6a3aMu
nanux po3sriaszan . JI. lpaiibepr [5].

V Toi4 Xe yac psj MOJ0XKeHb 00 BMKOPUCTAHHS HAyKOBO-TEeXHIUHOI iH(Op-
Mallii B eJIeKTPOHHMX pecypcax opraHisailiii morpeodye OGiJblI JETaJTbHOTO PO3IISIY
BiJHOCHO IOTPMMaHHS 3aKOHO/IaBCTBA.

MeTo0 OOCTIIKEHHSI € po3poOKa aJrOpuTMy CUCTeMaTu3allii HayKoBO-
TeXHiuHOi iHpopMallii B eJIeKTpOHHUX 6a3ax JaHMX OpraHi3arliii.

Bukiaja OCHOBHOro Marepiany ZOcCaimKkeHHS. [Ipy cuctematusaliii HayKo-
BO-TexHiuHOI iHdopmallii B eJIeKTpOHHMUX 6a3ax JaHMUX OpraHisalliii MOskHa BUIiIM-
TU YOTUPU OCHOBHMX HANPSMM AiSUTBHOCTI 3 BUKOPUCTAHHSIM €JIeKTPOHHUX pecyp-
CiB, B IKMX ITUTAHHS JOTPUMAaHHS aBTOPCHKOTO ITpaBa € HaOiIbII CIIipHUMM

— 306ip, BUKOPUCTAHHS i 30epeskeHHs eJIEKTPOHHUX TOKYMEHTIB;

— BUKOpUCTaHHS iH@opmallii, orpumanoi 3 Internet i iHIIMX KOMI'IOT€PHUX
Mepex;

— ouudpoByBaHHS AJOKYMEHTIB CaMOI0 OpraHi3alli€lo [IJisT CTBOPEHHS pe3epB-
HMX KOIIiit ab0 X I8 BUKOPUCTAHHS AOKYMEHTIB CTy>KOaMy eJIeKTPOHHOI AOCTaBKU
IOKYMEHTIB;

— KOTIiIOBaHHS JOKYMEHTIB 3 6a3 JaHuX, ONTUYHUX IMUCKIB Ta iHIINX eJIeKTPO-
HHMX HOCIIB [3].

CbOrofiHi HabIIBII TMOMYISIPHUMM €JIEKTPOHHUMM pecypcaMy € eJeKTPOHHI
KaTajoru; 6iomorpadiuni, pedepatuBHi i1 ¢pakrorpadiuHi 6asyu GJaHUX; €JIEKTPOHHI
KHUTY; eJIEKTPOHHI 6i6ioTeku. V 1iIoMy eJIeKTPOHHI pecypcu, 10 BKIIOYAIOTHCS 10

dboumiB opraHisallii, MOXXHA IIPeICTaBUTH CXEMOIO, IKa HaBegeHa Ha puc. 1.
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EnexTpoHHi

pecypcu
oprasisaitii

CTBOpeHi [Tpun6ani IuTepuer
opraisauiemn i3 iHIIMX
Ikepen
I |
EnexTpoH- basm ganmx | |OTpumani B| |Hakomuuy- MepexeBi
HMIA KaTanaor IIOJapYHOK Baui iHdop-| |mOKyMeHTHU
manrii
|
Indopma- [ToBHOTEKCTOBI Mpupb6ani  y| ([IpugbaHi y
1IiOHHO- BUIABHMUIITBI arperaTopis
6i6miorpadiuni (EBSCO)

PucyHoK 1 - EneKTpoHHi pecypcyu opraHisaiiii

OmHMM 3 HalOGiApII 3HAYYIIMX KOMIIOHEHTIB cHcTeMaTus3allii HayKoBO-
TexHiuHOI iH(popMmaIlii B eIeKTPOHHUX 0asax maHUX OpraHisaIliil € enekT-
POHHMIA KaTajor, 3a JOIMOMOTOI SIKOTO 3[i/iCHIOETbCSI KaTaIoTi3allisi IOTOYHMUX Hall-
X0IkeHb i iHdopMalliiiHe o6ciyroByBaHHs. EjeKTpOHHUIT KaTalor € 3acoboM Io-
JIIIIeHHS TOCTYMHOCTI Ierno3uTapHux abo apXiBHUX MaTepiasiB.

EnekTpoHHi pecypcy NpuabdaHi 3 iHIINX AKepes, Majio YMM Bipi3HSIIOTbCS 3a
CTPYKTYpPOIlO Bi TUX IO CTBOpeHi opraHi3aili€i. /leska HayKOBO-TeXHiuHAa
iHopMaIlia OTpUMYETHCS BiJi aBTOPiB Ta OpraHisallili-napTHepiB B SIKOCTi mopa-
pyHKa. TakoX HesiKi eJIeKTPOHi HOCii KyIJISIOTbCSl Y BUAABHUIITBAX 1 y arperaTopis
(EBSCO), siki € BeIMKMMM KOpIIopallisiMu 1o 360py i HagaHHi iHdopmallii 3 KOHK-
peTHOro HampsiMy B Mepexi [HTepHeT.

B cBoiif poboTi opraHi3allii akTMBHO BMKOPUCTOBYIOTh pecypcu [HTepHeTy, ne
BOHM 3HAXOISATh iHpOpMallilo K ajs cebe, Tak i JJIsI KOPUCTYBaviB ix 06a3 JaHMUX.
Iadopmaria komiroeThcss i, mpu moTpedi, Po3APYKOBYeThCcs. Opradiszairii
CTBOPIOIOTH CBiif CaliT i3 HEBEJIMKMM HAOOPOM BiIOMOCTEI PO CBOIO HisVIbHICTD i 3
peaJbHOI MOSK/IMBICTIO IIOLIYKOBOI'O [IOCTYIY LO CBOIX pecypciB. KoHKypeHIis
3MYLIY€E ePeXOIUTU A0 HaLaHHS KOPUCTYBauyaM eJIeKTPOHHUX BEPCiil TOBHUX TEKC-
TiB JOKYMEHTIB, y Mepuly yepry — nepioguku. lle € craTTi aBTOpiB 3 XypHaJIiB, SIKi
MalThb IUMPOKUIA ITOMIUT CEpeJ] YNTAUiB.

B ymoBax 1mbpoBUX TEXHOJIOTiN 3'IBM/IaCh MOX/INBICTh €JI€eKTPOHHOI 1O0CTaB-

ku nokymeHTty (EIT) i serkoro kormitoBaHHS, sike 3a6e3reuye abCOMIOTHY iTeHTHUY-
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HiCTb 3 OpuUTiHAJIOM. SIK TiJIbKM 00'€eKT mepeTBopeHmii y IndpoBy Gopmy, cTae myxe
MPOCTO BiATBOPIOBATHM 71OT0 6araTo pasiB 6e3 BTpATM SIKOCTI, i MOMIMPIOBATY 3 BU-
KOPMCTAaHHSIM TeJIeKOMYHiKalliiiHuX 3aco06iB. ITIoCTynmoBO, BIIPOBAIKYIOUM HOBIi iH-
dopmaliifiii TexHoJOTii, opraHisailii po3BMBalOTh CKAHYBAHHS IOKYMEHTIB i Iepe-
CUJIKY 1X T10 eJIeKTPOHHili MOIITi.

Ha skanb, mpy mMpocTOMYy CKaHyBaHHI HeOOXiIHMX BUAAHb, Ta PO3MillleHHi ese-
KTPOHHMX KOITili JOKYMEHTIB B CBOii Mepexi MIJis HaJaHHSI JOCTYITY IO HUX YMUTa-
yaMm, oprasisaiiii, 30kpemMa 6i6/1ioTeKu, MOPYIIYIOTh HOPMM 3aKOHY Tpudi: 1) po3mi-
IIy104nM 6e3 3roau cyo'eKTiB aBTOPChKOIO IpaBa TBip B CBOiii Mepexi, aJike BiITBO-
peHHsI OYIb-IKMX MaTepiasiB, 110 OXOPOHSIOTHCSI aBTOPCHKUM IIpaBOM, 6e3 3roau
Cy6'eKTiB aBTOPCHKOTO IpaBa € MOPYyIIeHHSIM aBTOPChbKMX IpaB; 2) HaJalouu 10 HUX
OOCTYT YMTauiB; 3) Mepenamuy JOKYMEHTM B eJIeKTPOHHI ¢opMmi 1o Mepexkax 6e3
3[iliICHeHHSI BUILJIAT aBTOPaM.

Takum UMHOM, CJIif, 3a3HAUYUTH, 110 3aMMpoBaKeHHs [T-TexHOMOri Mae uyyao-
BUIi BIUIMB Ha (pOpMyBaHHSI eJIeKTPOHHMX pecypciB opraHisaiiiii, IpoTe, KepiBHU-
KaM i paxiBLISIM B OCTaHHi POKM JOBOJAUTHCS 3yCTpiuaTUCS 3 psIIOM Ipobiiem y cdepi
aBTOPCHKOTO MpaBa, sIKi IMOB’SI3aHi 3 3a6e3MeYeHHsIM HOPMaTUBHO-IIPABOBOTO 00-
I'PYHTYBaHHS opraHisailii Ta GyHKIIiOHYBaHHS pi3HOMaHiTHUX iHboOpMalliliHuX pe-
CypCiB i mOCTYT.

CporogHi aBTOPCHKiI MpaBa B YKpaiHi perymorTbCsd LMBIIBHUMM KOOEKCOM
Vkpainu, 3akoHoM Ykpainu «IIpo aBTOpCcbKe IpaBO i CyMiXHi IpaBa», bepHCbKOI0
KOHBEHIII€I0 TIPO OXOPOHY JIITEPAaTypPHUX 1 Xy OKHIX TBOPiB, A0 SAKOI YKpaiHa Mpu-
enHanacs B 1995 poiii, BcecBiTHbOIO KOHBEHIII€I0 TTPO aBTOPChKe IMpaBo 1952 poky,
yyacThb y K01 YKpaiHa miaTBepamia B 1993 poui, Jorosopom BOIB nmpo aBTOpChKe
npaBo. BimlHOCHHM, TOB’SI3aHi 3 eJIeKTPOHHUM AOKYMEHTO00irom Ta BUKOPUCTAHHSIM
eJIeKTPOHHUX JOKYMEHTIiB, peryatoTbcs KoHcTuTyiieo Ykpainu, 3akoHamu YKpai-
Hu «IIpo iHdopmaiiito», «I[Ipo 3axuct iHdDopMallii B aBTOMaTM30BaHUX CUCTEMAX»,
«ITpo 060B’13KOBUII TPUMIPHUK AOKYMEHTiB», «IIp0O eJIeKTpOHHI IOKYMEHTH Ta ejie-
KTPOHHMIT JOKYMEHTOO00ir», «IIpo eeKTpOHHMIT IMMPOBUIA MiaIICy.

3 iHmoro 60Ky, HisUTbHICTh OpraHi3alliit 3 HaJaHHS Ta PO3IMOBCIOIKeHHS iH(DO-
pMallii peryJjmlTh YMC/IeHHI TPOeKTU MiKHapOAHUX I'POMaJiICbKMX OpraHisailiii, Ta-
Ki sk: IIporpama yHiBepcasbHOi moctyrHocTi myb6mikaniin (IOJIA), IIporpama «Ila-
M'SITb MUpy», 36epeskeHHs i moctyn o mauux (FOHECKO), /leknapailis KepiBHUX
MIPUHIAIIIB 3 BUKOPUCTAHHSI MOBJIEHHS 4yepe3 CYIyTHUKMU [IJISI BUIbHOTO PO3MOBCIO-

IKeHHST iHopMallii, pO3BUTKY OCBiTM Ta pO3IIMPEHHS KyJIbTYPHOI'O OOMiHY Ta iH.
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VY 3aKOHOZABCTBI MPO aBTOPChKE MPABO MOKHA BUIAUINTU YOTUPU OCHOBHUX
aCIeKTH: BimHeCeHHSI 0 00'eKTiB aBTOPCHKOrO IpaBa MiAroTOBJIeHUX iHGOpMaIllii-
HUX Ta iHIIMX AOKYMEHTIB; BU3HAHHSI aBTOpaMM CITiBPOOITHMKIB, 11O CTBOPIOIOTH
iHpopmarriitHi Ta iHII JOKYMEHTM; HaJaHHSI OpraHisaliisiM, 30KpeMa 6ibioTekam,
repeBar y BiJbHOMY BMKOPMCTaHHI TMpPa’kOBaHMX JOKYMEHTIB Ta iX penpoayKyBaH-
HSI; TIp0o0JIeMM aBTOPCHKOTO IpaBa, BUHMKAIOTD Y TPOIleci CTBOPeHHS i QyHKIIiOHY-
BaHHS eJIEKTPOHHMUX 0i6Ti0TeK.

Crt. 446 HusinbHoro Kogekcy Vkpainu (LIKVY) Ta ct. 28 3akoHy Vkpainu «IIpo
aBTOPCbKe MpaBO i CYMiKHi MpaBa» (Aajli 3aKOH) BM3HAYAIOTh, 1[0 aBTOPCbKe MIPaBo
Jli€ MPOTSATOM BChOTO KUTTS aBTopa i 70 pokiB micis ioro cmepti. Ct. 440-441 UKY
Ta cT. 15, 31-32 3akoHy BM3HaueHi MaitHOBi ITpaBa aBTOPiB Ha TBip [6-7]. BiamoBigHO
0 HOPM IIMX CTaTeli, opraHisallii MOBMHHI OTpUMMYyBaTH IO3BiJ aBTOpa abo 0coow,
sIKa Ma€ aBTOPChKi MpaBa, Ha KOMil0OBaHHSI TBOPY, a00 OTpMMAaTH JTilleH3i10 Ha BUKO-
PUCTAHHS TBOPY 3 IMEBHOK MeTOK. be3 mopyuieHHs aBTOPCbKMUX IpaB OpraHisailii
MalTh MOXK/IMBICTb CTBOPIOBATY €JI€EKTPOHHI KOIIii TOKYMEHTIB, SIKi He € 00’eKTaMu
aBTOpChKOro mpasa. Y cT. 434 1IKVY Ta cr. 10 3akoHy HaBeJeHMII Tepeslik 00'eKTiB,
SIKi He OXOPOHSIIOThCSI aBTOPCHKMM ITPABOM.

Lnsinbuuit Kogekc YKpainu B CT. 444 ta 3akoH YKpaiHu «IIpo aBTOpCchKe mpa-
BO i CyMiXHi mpaBa» B CT. 21 BKa3ylOTb Ha BUIIAJKM BUIbHOTO BUKOPUCTAHHSI TBOPY
6e3 3roau aBTopa (UM iHIIOI 0COOM, SIKa Ma€ aBTOPChbKe MPaBo), ajie 3 000B'I3KOBUM
3a3Ha4YeHHSIM Ji0TO iMeHi i IpKepesia 3all03MYEeHHS.

BinbHe BigTBOpeHHSI oOpraHisailisiMyu, 30KpeMa 0ib6jioTekamMu Ta apxiBaMmu,
MIPUMipHMKiB TBOPY pernporpadiuyHum crioco6om o6roBopeHo B cT. 22. bibmioTekamu
IOITyCKA€EeTbCSI 6e3 3roAy aBTopa abo iHIoi ocobu, sika Mae aBTOPChbKe MpaBo, per-
porpadiuHe BiATBOpPEHHS OJHOr0O MPUMipHMKA TBOPY SIKIIO MisVIbHICTb iX He CIIpsi-
MOBaHa IpSMO abo oIocepeIKOBaHO Ha OflepsKaHHS MPUOYTKY, ajie 3a MeBHMUX YMOB.

AHnaumi3 cT. 22, 23 3aKOHY ITOKa3ye, 10 CJIiT 00MeXyBaTH KiJIbKiCTb KO, 3p006-
JeHuX Mo 3anuTtax (PizsmuyHoi 0cobM, CTAHOBUTM KOIITOPUC HA HAAAHHS IMOCIYT i3
KCEpOKOIIiIOBaHHS, i TaKMM YMHOM OOIPYHTOBYBaTM iX BapTicTh. HamaHHSI KOmiii
TBOPIB iHIIMM 6i6j1ioTeKam, 0 BTPATUIMU CBOi €K3eMIUISIPU (SKIIO CTPOK OXOPOHM
TBODY 1lle He MMHYB), IOBMHHE 3[i/ACHIOBATUCS TUIbKM Y BUHSITKOBUX BUIaAKax (KO-
I HEMA€ MOSKJIMBOCTiI 3aKOHHUM HUISIXOM TIPUAOATH €K3eMIUISIp TBOpY) i B Meskax
nep>kaBHUX 6ibsioTeunnx dhoHmiB. 1leif BMUCHOBOK MOXXHA 3pOOUTY BUXOISTUM 3 00-
MeXKeHOCTi BUMAKiB BUKOPMCTAHHSI TBOPiB 0e3 3roy aBTOpa i BUIIATU BUHATrOpPO-

IV Ta iHTepeciB AepskaBy SIK BlIaCHMKA 6i6Ii0TeUHMX pecypciB.
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Crti TaKOX 3a3HAYMTH, IO B 3aKOHOMIABCTBI BiJICYTHI HOpMM, SIKi HagaBaiu O
6ib;ioTexkam mpaBo 30epiraTy eJIeKTPOHHI KOITii IPYKOBAHMX BUIaHb.

IeTanMbHMII aHAJi3 BUKOPUCTAaHHS HAYKOBO-TeXHIUHOI iHdopmallii opranisairi-
SIMU, PO3TJISA[, i BUBUEHHSI YMHHOTO 3aKOHO/IABCTBA Ta BUSIBJIEHHS JesIKMX HeIOJiKiB
B HbOMY, J1ajiX 3MOTY PO3pOOUTHM aJrOPUTM CHUCTeMaTH3allii HayKOBO-TEeXHIUHOI iH-
dbopmariii B ereKTpoHHMX 6a3ax maHuX. B sKkocTi opraxisaiiii, ka cucreMaTusye Ha-

YKOBO-TeXHiIUHYy iHpopMallito posriasiHyTo 6i6ioTeKy (puc. 2).

CUCTEMATU3ALISL HAYKOBO-TEXHIYHOI IH®GOPMAIIII

v ! v

Hapauus indbopmarrii: CTBOpeHHs ejeK-

®opMmyBaHHS 0i6i0TEYHOTO

dounmy: - TpaguuifiHumM  1uIsi- || TPOHHUX pecypciB
3aKoH YKkpainu “IIpo || XoM - eJIeKTPOHHI 6a3n

060B’SI3KOBUII NIPUMIPDHUK J0- - 3a JI0NIOMOIOI0 CUCTe- - indopmaniitai

KyMEHTY” CT. 6, 8; MaTusalii B eJIeKTPOHHMX || CailTu, mopTaam

6a3ax JaHux - CTBOpeHHS iHpoO-
3akoH Ykpainu “TIpo aB- || pMalii Ha HakomMyYyBa-

TOpChbKEe IpaBO i CyMiXHi || 4ax

mpaBa” cT. 22, 23, 33 IMonoxkeHHS

JIeHi 6i6/1i0TeK010

v v v

ABTOPCBHKUI 1OT'OBIP

3akoH Ykpainn “TIpo 6i6io-
TEUHY CIIpaBy” CT. 16-18;

3akod Ykpaiumu “TIpo aBTO-
pPCbKe TpaBo i CymixkHi mpaBa”
CT. 22, 31, 32

po3po6-

v

v

v

36epeskeHHs i 1IiJlecpsIMo-
BaHe BUKOPUCTAHHS
06’€eKTiB TpaAUIIiAHUM CII0-
co60M Ta 3a JOIIOMOTI0I0
cucTeMaTu3allii B eJIeKT-
POHHMX 06a3aX JaHUX

OOoTpUMYyBaHHS YMHHOTO
3aKOHOJIaBCTBA i BUKOPUC-
TaHHS 00’€KTiB aBTOPCHKOTO
IpaBa Ha OCHOBi TOTOBOPY

Ha ocHoBi moro-
BOpY aBTOp HaJla€e MpaBo
Ha BUKOPUCTAHHS
00’€eKTiB aBTOPCHKOTO
npaBsa st GopMyBaHHS
eJIeKTPOHHUX pecypciB

v

v

v

ITOPYIIEHHS YMOB ABTOPCBKOI'O 1OI'OBOPY

v

v

v

v
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IOTOBOPY
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[lepiia yacTUHA aITOPUTMY BKa3ye Ha TPaAMIIiliHi clTocOOM BUKOPUCTAHHS Ha-
YKOBO-TeXHIUHOi iHpopMallii K 06’€KTiB aBTOPCHKOTrO IpaBa i Criocobu BUKOPUC-
TaHHSI TIPY CUCTeMaTu3allii B eJIeKTPOHHMX 6asax maHux. Ha anaropurTmi mokasaHa
poboTa B TPhOX HaIpsIMaXx:

1. ®opmyBaHHS i 36epeskeHHsT 00’€KTiB aBTOPChKOTO MpaBa, TO6TO hopMyBaH-
Hs 6i6ioTeuHoro Gonpy. Lleit mpollec MOBMHEH BigdyBaTMCs 3rigHO 3aKOHAM YKpa-
iHu: «IIpo 060B’SI3KOBUII MPUMIPHUK TOKYMEHTY» CT. 6, 8; «IIpo 6ibsioTeuny cripa-
BY» CT. 16, 18; «IIpo aBTOpChbKe MpaBo Ta CyMiXKHI mpaBa» CT. 22, 31, 32.

2. Hapauns indopMmaltiii TpaauiliiiHMM IIJISXOM Ta 3a JTOTIOMOTOI0 CHMCTeMAaTU-
3alii B eJIeKTpOHHMX 6a3ax gaHux. TpaauiiiiHmii MeTom — MeTo, Koy 6ibrioTekap
BUIA€ UYMTAUeBi HEOOXiTHMIT TOKYMEHT IJjIs1 poO0TM B UMTaIbHOMY 3aJti abo Ha abo-
HeMmeHTi. CMcTeMaTH30BaHi 6a3M JaHMX HAIOTh 3MOTY 3POOUTU €JIeKTPOHY KOIIii0
IOKYMEHTY, ajie IIpy IboMYy Tpeba moTpumyBaTucs 3akoHy YKpaiuu «IIpo aBTopcbke
MpaBo Ta CyMiXHi IpaBa» CT. 22, 23, 33.

3. IIpu CTBOpEHHI eJIEKTPOHHUX pecypciB 6i0/1i0TeKM (eJIeKTPOHHUX 0a3 JaHUX,
eJIeKTPOHHMX KaTaJsIoTiB, iHpopMallii Ha HaKOIMMYyBayax) MMUPOKO BUKOPUCTOBYIOTh
TBOpU aBTopiB. CTBOPIOIOUM CBOi pecypcu IIpalliBHUKM 06i6iOTeKM MOBMHHI
ram’siTaTu MPO aBTOPCHKi IpaBa i AiSITM CTOCOBHO UMHHOIO 3aKOHOJABCTBA. IIpu
CTBOPEHHI eJIEKTPOHHUX pecypciB po3pobioeTbes ITomokeHHsS 6i61ioTeKM, B IKOMY
perjiaMeHTYETbCSI OCHOBHI 3acamy GOpMYyBaHHS i BUKOPUCTAHHS €JIEKTPOHHUX pe-
cypciB.

Bci Tpu HampsiMmyu BUKOPUCTAHHS 06’€KTiB aBTOPCHKOTO IIpaBa MOBUHHI CyIpo-
BOJKYBATMCSI aBTOPCHKMMM Joropopamu. IlpaBa i 060B’s13KyM aBTOPIB i 6i6mioTeuHMX
daxiB1liB 1aayTh 3MOTY yperyJl0BaHHIO KOHQUIIKTiB MiK JBOMa CTOpoHaMu. B moro-
BOpi MOKe OYTU IPOIMCAHO SIK BUKOPUCTOBYBAaTU 00’€KTU aBTOPCHKOTO MpaBa Ipu
ix cucreMaTu3allii i 36epeskeHHi B eJIEKTPOHHMX 0a3ax JaHMX, a TAKOX SIK HalaBaTu
iHpopMallito KopucTyBauaM, He MMOPYIIYIOUM ITPU IIbOMY ITpaB aBTOPIB.

OcTaHHSI YacTMHA aJTOPUTMY BKa3ye Ha Te, SIKi 3axoay OyAyTh 3aCTOCOBaHi,
SIKIo 6i6ioTekM He OYAyTb HOTPUMYBATUCS TOJIOKEHb aBTOPCHKOTO AOTOBOPY Ta
YYHHOTO 3aKOHO/IABCTBA.

Hacammnepep, 1ie po3ipBaHHSI YMOB aBTOPCHKOTO JOTOBOPY i MPUIIMHEHHS M10-
JanbIlo]l CITiBIIpaLi MiXX JBOMa CTOPOHAMM.

3a 3axMCTOM aBTOPCHKOTO IMpaBa HEOOXiJHO CIIOYATKY 3BEPHYTUCH IO IMOPYII-
HMKa 3 TIpeTeH3i€l0, a MOTiM, SIKIIO MOPYIIHMK He BiMOBiB Ha IpeTeH3ii0, abo Bif-
TIOBiB, 1[0 CBOIMM JisIMM He TOPYLIY€E aBTOPChKE MPaBO, MOXKHA 3BEPHYTUCH 0 CYLY.

ApMiHiCTpaTMBHA BiANOBiJAJIBHICTD 3a MOPYIIEHHS aBTOPCHKMUX MpPaB Iepef-
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6auena cT. 51-2 Kogekcy mpo agMiHiCTpaTUBHi TpaBOMOPYIIEHHS.

OxpiM UMBiNIBHOI i aAMiHICTpaTUBHOI, B JeSIKMX BUIIAAKaX, 3aKOHOM Iiepemba-
yeHa i KpuMiHa/IbHA BiAIOBiAA/IbHICTb, SIKa BCTAHOBJIIOETHCS 3TigHO CT. 176 Kpumi-
HaJIbHOTO KOJIeKCY YKpaiHu.

PesynbTaTu. Po3pob6ieHnii aaropuTM cuUcTeMaTusallii HayKOBO-TeXHiUHOI
iH(opmarlili B eJleKTPOHHUX 0asax JaHUX TO3BOJISIE OpraHidamigM po3Millly-
BaTy 00’€KTU aBTOPCHKOTO IIpaBa B po3p0o0IeHMX eJIeKTPOHHMX 6a3ax JaHux 6e3 Io-
pYIIIeHHS ITpaB aBTOPIB.

JIITEPATYPA / JIUTEPATYPA
1. bBoitkoBa O.®. MHTe/IeKTyaabHasi COOCTBEHHOCTh ¥ MHGOPMAILIMOHHbIE PECYpPChI
6ubmmorek / O.®. BoiikoBa // YHuBepcuTetrckas kuura. - 2008. - Nel. - C. 30-35.
2. Borankas C.I'. ABTOpcKkoe npaBo B 6ubimoreunom aeje / C. I'. borankas // bubmm-
orpacdus. - 2005. - Ne 2. - C. 34-41.
3. MowuceeBa C. Borpocbl aBTOPCKOTO IpaBa Mpu UCHOJIb30BAHUN 3JIEKTPOHHBIX J0-
KyYMEHTOB B 6M06/IMOTEKaX: OIbIT paboThl U IyTH pelieHus mpobiemsl / C. MouceeBa
// bibmioreunnit popym Ykpainm. - 2004. - Ne 1. - C. 25-31
4. MuHaeB B.A. ABTOpCKOe IIpaBo U OGMOJMOTEKN B YCJIIOBUSX PAa3BUTUSI HOBBIX TeX-
Hosioruit / B. A. MuHaeB // bubimmorekosenenue. - 2006. - Ne 3. - C. 32-36.
5. IlIpait6epr S.JI. BubamoTeku B yCJIOBUSIX TPABOBO M TEXHOJIOTUYECKOM 3BOTIOLIN
IIPOIECCOB 00IecTBeHHOro pas3BuTus. Exxerogusiit moknan Kondepenuun "Kpbsim'.
T'om 2008 / 4. J1. Ipait6epr // Hayu. u TexH. 6-ku. - 2009. - Ne 1. - C.7-46.
6. LluBinpHMIT Kogekc YKpaiHu 3a ctaHoM Ha 17 motoro 2021 poky / [EneKTpoHHMA
pecypc]. — Pexxum goctymy: https://zakon.rada.gov.ua/laws/show/435-15#Text.
7. 3akoH YKpainu «IIpo aBTOpCbKe MPaBo i CyMiXHi IpaBa»: 3a CTaHOM Ha 17 JIIOTO-
ro 2021 poky / [EnekTpoHHMi1 pecypc]. — Pexxum mocTymy:
https://zakon.rada.gov.ua/laws/show/3792-12#Text

REFERENCES

1. Boykova O.F. Intellectual property and information resources of libraries / O.F.
Boykova // University Book. - 2008. - Nel. - P. 30-35.
2. Bogatskaya S.G. Copyright in the library business / S.G. Bogatskaya //
Bibliography. - 2005. - Ne 2. - P. 34-41.
3. Moiseeva S. Questions of copyright in the use of electronic documents in libraries:
experience and solutions to the problem / S. Moiseeva // Library Forum of Ukraine. -
2004. - Ne 1. - P. 25-31
4. Minaev V.A. Copyright and libraries in the development of new technologies / V.A.

Minaev // Library Science. - 2006. - Ne 3. - P. 32-36.

114 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHosorii» 3 (134) 2021 «System technologies»

5. Schreiberg J.L. Libraries in the conditions of legal and technological evolution of
social development processes. Annual report of the Crimea Conference. Year 2008 /
J. L. Schreiberg // Nauch. and tech. b-ki. - 2009. - Ne 1. - P.7-46.

6. Civil Code of Ukraine as of February 17, 2021 / [Electronic resource]. - Access
mode: https://zakon.rada.gov.ua/laws/show/435-15#Text.

7. Law of Ukraine "On copyright and related rights": as of February 17, 2021 /
[Electronic resource]. - Access mode:

https://zakon.rada.gov.ua/laws/show/3792-12#Text

Received 17.03.2021.
Accepted 18.03.2021.

Cucmemamu3ayusa Hay4yHo-mexHUYeCKol UHghopmayuu 8 31eKmMpoHHbIX 6a3ax OAHHbIX

B cmamee nposedeH aHaNU3 pPACCMOMPEHHbIX BONPOCOB, NOCBAUWEHHbIX npobreme
cobn0eHUs npas asmopos npu cucmemamu3ayuu UHGOPMAUUU B 3TEKMPOHHbLIX Pecypcax.
YcmanosneHo, ymo pAd nonoxeHull No UCNONIb30BAHUKD HAYYHO-MexHUYecKol UHgopmayuu 8
3/IEKMPOHHbIX — pecypcax opeaHusayuli mpebyem 6onee 0emasnbHO20  pPacCMOMpeHUs
omHocumensHo  cobmodeHus  3akoHooamenscmsa. [locmasneHa 3adaya  paspabomams
anzo0pumm cucmemamu3ayuu Hay4Ho-mexHuyeckol uHgopmayuu 8 31eKMPOHHbLIX 6a3ax OaHHbIX
opeaHuzayul.  [lpoaHanuU3upPoBAHO  UCNO/SL30BAHUE  HAYYHO-MexHuU4eckol  uHgopmayuu
0peaHU3aYUAMU NpU pasmMeujeHUU ee 8 3NeKMPOHHbIX 6a3ax OaHHbIX. BbiasneHbl HapyweHus,
Komopsle donyckaromcsa opaaHusayuamu. [IpednoxeH anzopumm cucmemamu3ayuu Hay4Ho-
mexHu4eckol UuHGOpMayuu B8 3/1eKMPOHHbIX 6a3ax O0aHHbIX. Pa3pabomanHsit aneopumm
no3goJsisem 0p2aHU3AYUAM pazmewams 0ObeKMbI ABMOPCKO20 Npasa B8 CBOUX 3/7EKMPOHHbIX
6a3ax OaHHbIX 6e3 HapylweHus npas asmopos.

Systematization of scientific and technical information in electronic databases

It is important to maintain a balance between respecting the rights of authors and meet-
ing the needs of society.

The author analyzed studies related to the problem of observing the rights of authors when
organizing information in electronic resources.

It was found that some points related to the use of scientific and technical information in
electronic resources of organizations require more detailed consideration regarding compliance
with the law.

The aim of the study is to develop an algorithm for systematizing scientific and technical
information in electronic databases of organizations.

It was found that when systematizing scientific and technical information in electronic da-
tabases of organizations, four main areas of activity using electronic resources can be distin-
guished, in which issues of copyright compliance are the most controversial:

- collection, use and storage of electronic documents;

- use of information received from the Internet and other computer networks;

- digitization of documents by the organization itself to create backups or for use of
documents by electronic document delivery services;
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- copying of documents from databases, optical disks and other electronic media.

Unfortunately, by simply scanning the necessary publications and placing electronic copies
of documents on their network to provide readers with access to them, organizations, in particu-
lar libraries, violate the law three times: 1) placing a work on its network without the consent of
the copyright holders, because the reproduction of any copyrighted material without the consent
of the copyright holders is a violation of copyright; 2) providing readers with access to them; 3)
transferring documents in electronic form via networks without making payments to authors.

A detailed analysis of the use of scientific and technical information by organizations,
consideration and study of current legislation made it possible to develop an algorithm for sys-
tematizing scientific and technical information in electronic databases. The library is consid-
ered as an organization that systematizes scientific and technical information.

The first part of the algorithm points to the traditional ways of using scientific and techni-
cal information as objects of copyright and ways of using it for systematization in electronic da-
tabases. The algorithm shows work in three directions:

1. Formation and preservation of objects of copyright, that is, the formation of the library
fund.

2. Providing information in the traditional way and through systematization in electronic
databases.

3. When creating electronic resources, libraries widely use the works of authors.

When librarians create databases, they should be mindful of copyrights and act in accor-
dance with applicable laws. When creating electronic resources, the Regulation of the Library is
developed, which regulates the basic principles of the formation and use of electronic resources.

All three directions of using objects of copyright must be accompanied by copyright
agreements.

The last part of the algorithm indicates what measures will be taken if the libraries do not
comply with the provisions of the copyright agreement and current legislation.

The developed algorithm for systematizing scientific and technical information in elec-
tronic databases allows organizations to place objects of copyright in the developed electronic
databases without violating the rights of authors.

IrHaTbeBa BikTopis BopuciBHa — K.T.H., AOLIeHT, TepHOMNiIbCbKMUIA HAlliOHATbHU

TeXHIUHUI yHiBepcuTeT iMmeHi IBaHa [Tystos.

HruartseBa Bukropuss bopucoBHa — K.T.H., [IOLIeHT, TepHOIOJbCKNII HALIMOHAJIb-
HbIV TeXHUYeCKui yuHuBepcuretT umeHu Msana Ilysmtosi.

Thnatieva Viktoriia - Associate Professor, Ternopil Ivan Puluj National Technical
University.
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A.IL Guda, A.Yu. Zimoglyad
NEW APPROACH FOR THE STEP-UP CONVERTER EFFICIENCY INCREASING

Abstract. This paper is devoted to the problem of efficient power conversion technologies
creation. New approach for step-up converter gate driver powering is proposed. Experimental and
numerical researches for new method were conducted. Results give us both good confirmation of
the new schematic advantages and usage limitations. Different power loss streams are
considered.

Keywords: energy efficiency, power loss, DC/DC converter, electronic simulation.

Statement of the problem. Ensuring energy efficiency is one of the highest
priority tasks in the design of both industrial and computer technology. In turn,
modern devices often requires several different supply voltages for its operation. For
example, desktop computer mainboard requires +12V, +5V, +3.3V power rails, not
counting to numerous internal power converters and power rails for signal
interfaces. Some laboratory and industrial equipment require high-power controlled
source [8,9].

Direct conversion from AC power line to every required DC rail in many cases is
a costly and resource consuming solution. So, to provide different DC sources power
converters are used. One of the most frequently used converters is a so called DC/DC
converter.

The are many topologies, schematics and integrated components for this class
of converters [1-3]. Some of the solutions are based on discrete components, other
requires modern and complex integrated components, which uses outstanding
methods to provide high energy efficiency, low noise and other desirable
features [2,4,7].

In spite of the existence of the modern integrated components for the DC/DC
conversion task, usage of the simple schematics and components may be considered
as applicable solution. First of all, special requirements of the laboratory equipment
may made modern solutions useless. On the other hand, modern components may
be unavailable or too costly.

So, the task of creation, simulations and research in the area of DC/DC
converters synthesis is actual both scientific and technological point of view.

© Guda A.IL, Zimoglyad A.Yu., 2021
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In this paper the task of step-up converter energy efficiency improving is under
consideration. Especial attention is paid for experimental justification for the
predicted results, as well as for cheap and available components usage.

Analysis of recent research and publications. Due to exceptional actuality,
the are huge amount of the researches, book and articles concerning DC/DC
converters. Some of them is mainly focused on the theory questions [1,5,6], other -
gives us ready to use solutions [2-4]. Nevertheless, none the them gives us a
methods for the energy efficiency improving with simple schematics and available
components.

Methods of the buck converter control, and corresponding models, which was
proposed in papers [8.9], is not applicable to the step-up converter. Moreover, the
energy efficiency questions was not under consideration there.

Purpose of the study. This article sets out the following main objectives.

Provide a simple method for the step-up converter energy efficiency
improvement, without usage of the bleeding-edge components.

Explore the characteristics the proposed method and schematic properties.

Establish the bounds of the applicability for the proposed solution.

Statement of the main research material. There are many reasons for energy
leaking in impulse DC/DC converters. It is worth to mention losses in magnetic
cores, capacitors and other passive elements. But there is common element and
common losses reason in these converters - switching element (or elements). In
modern converters these elements are represented by MOSFET or IGBT. In general,
these transistors provide low resistance in the "open" state (Rds), approximately 10-
2 Ohm. But to achieve such prominent results, some conditions must be met.

First of all, sufficient gate voltage Vg must be provided. Moreover, higher
frequencies requires essential current to charge gate at small time. To met these
conditions, special gate drivers exits and used widely in powerful converters.

Step-up (or “burst”) converters have some essential penalty in comparison with
step-down (“buck”) converters. Lower input voltage leads to lower gate voltage int
the “on” state. This may lead to source-drain resistance rising, as well as lower value
of the front slope. As consequence, the overall energy loss level is increasing.

Modern integrated converters can mitigate this drawback by the internal charge
pump usage. But, at it was mentioned before, such approaches is not always
applicable.

In this paper an another approach is proposed. In the initial state, input voltage

(Vin) is used for the gate driver powering. After the start-up, when output voltage
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(Vo) become greater, than the input one, it become the source for the driver.
Generally, driver power consumption is essentially lesser, when output power. So,
Schottky diodes may be used as a switch between input and output schematic
branches for driver powering.

In the figure 1 the test schematic for the proposed method is represented.
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Figure 1 - Test schematic for the proposed approach with dual gate driver powering

Well-known and somewhat ancient integrated schematic IC1 MC34063A is
used as switching signal source. It also realizes feedback for output voltage
stabilization and over current protection. Widely used IC2 TC4420 provides gate
charge and discharge current for the main switching element — VT1 IRFP3205. This
MOSFET is somewhat more powerful, that required for this purpose, but this choice
can emphasize advantages and drawbacks of the new approach.

As it was proposed before, a pair of the Schottky diodes (VD2 and VD?3) is used
to power gate driver. For the test purpose, there is a jumper (not shown in the
schematic) to disable VD3. Later, data from the schematics with both diodes will be
labeled as “2 diodes”, and “1 diode” — with disable VD3.

Capacitor C6 provides stabilization of the gate driver voltage (Vp), taking in the
account impulsive nature of the load.

First of all, a series on experiments was held to prove the proposed method
applicability. A set of resistors was used as load (RL) with and without VD3. For
every resistor input current (Iin) and output voltage (Vo) was measured by digital
multimeters. Input voltage was stabilized by the external programming power
source, whereas output current was determined by resistor. Resistors was tested for
temperature stability. Measurement time was large enough to provide readings
stabilization, but small enough to not overheat equipment.

In the figure 2 the quality of output voltage stabilization is represented.
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Figure 2 - Output voltage stabilization quality in dependence of load

In the most of the user RL range stabilization voltage was the same, as in low
load condition it defined by the voltage feedback subcircuit. But in the case of lesser
RL values, and higher load, schematic without VD3 fails to stabilize output voltage
some earlier. At first sight, this difference seems negligible, but it corresponds up to
25% output power.

Figure 3 represents main result of this experiment - dependence of the

converter efficiency from the load.
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Figure 3 - dependence of the converter efficiency from the load

In this figure we can observe some surprising result. In the essential part of the
RL range the efficiency with VD3 is lesser. This is opposite to the expected results.
But in the area of higher loads, new approach show better results - as expected.
Namely this area is essential to common usage of the converter, but additional
researches was held to find justification for the phenomena.
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One more phenomena was detected during these experiments. In the condition
of high load, the output voltage stabilization time without VD3 becomes extremely
high - up to 20 s. On the other hand, schematic with proposed approach stabilizes
voltage less then in 1 s. This fact emphasizes the new method advantages under high
load.

In the figure 4 the dependencies Vg(t) and VL(t) in the case of essential load
(RL=24.4 Ohm) are presented. It is obvious, that gate voltage level in the schematic
with VD3 is near to output voltage. This leads to lesser energy loss, and
consequently, lesser heating of the switch transistor.

W Step-pp wiih MO LE, TOS ML TR pl h I By =344 vy Shoge-pp with MCMHISLE, TOSIL IEFNES p-l ldE =344 0
T T T T T T T T T T
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Figure 4 — Dependencies Vg(t) and VL(t) with (a) and without (b) VD3

In the figure 5 start-up condition dependencies of output and driver power
voltage (Vp(t)) are presented. New schematic provides both gate driver power
switching from Vin to Vo, and significantly faster output voltage stabilization.
Moreover, it is impossible to visualize correctly both processes in the same scale.
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Figure 5 - start-up condition dependencies of output and driver power voltage
(Vp(t)) with (a) and without (b) VD3
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To determine the reason of the surprising result, 2 factors was investigated.

First - the source of power loss via switching element was investigated. For this
purpose the Rds value was measured in static condition. Results are represented in
the fig. 6. This results show essential difference in Rds value under conditions
Vdd=Vp = 4.6 V (without VD3) and Vdd=Vp=13.8 V (with VD3). Unfortunately, this
experiment ignores losses due to lesser from slope value. This influence requires

additions experiments.
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Figure 6 — Experimental Rds(Vdd) dependence

Better Vg(t) control means high costs for this control. This phenomena may
explain surprising results.

The next group of experiments was held to measure losses to control in
dependence from Vp and switching frequency f (fig. 7). Measurements of question
current (Iq) was held without load and with constant duty factor. These limitations
allows up only to estimate power loss due to control.
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Figure 7 - Dependencies Iq(Vdd) (a) and Iq(f)
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Measurements shows, that Iq in the working range is nearly linear both on Vp
and f. So, it is confirmed, that better control requires more power, and in the case of
low total power consumption influence of this part will be at least noticeable.

Findings. The results of the experiments and simulations allows us to give
such conclusions.

1. Proposed approach really provides better power efficiency in the case of high
load.

2. Using this approach on lower loads may be useless due to control power
rising.

3. Precise working range can not be determined only by calculations, as too
many effects influenced to result.
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Hosuii nioxio do nidsuwieHHA epekmusHocmi step-up nepemsoprosaya

Us cmammsa npucsadeHa npobsemi CMBOPEHHA eeKmUBHUX MexHOM02il nepemBopeHHs
eHepeii. OCHOBHUMU YIAMU cmammi €: 3anponoHysamu npocmud memoo 015 Ni0BUUEHHS eHe-
peoeekmusHOCMI NepemBopBaAYa, WO He nepesullye e¢pekmusHicCms, 63 BUKOPUCMAHHSA ne-
pedosux KOMNoOHeHmMiB, A0CAIOUMU XAPAKMepUCMUKU 3anponoHoBaHo20 Memody ma cxemamudy-
H1 81CMUBOCMI, G MAKOX BCMAHOBUMU MeXX1 3aCmMOCOBHOCMI 01 3aNPONOHOBAHO0 PILUEHHS.

Y yili pobomi nponoHyemeca iHwuli nidxio. ¥ noyamkosomy cmaHi 8XiOHA HaNpyea BUKO-
pucmosyemsca 0118 KusneHHA opalisepa 3amsopa. [1icns 3anycky, Koau BUXiOHa Hanpy2a cmae
6iniblie, HIX BXIOHa, BOHA cmae dxepesiom 0415 dpalisepa. [iodu LLlommki moxyme Bukopucmo-
BYBAMUCA AK NepemMuKkay Mix 8XiIOHUMU ma BUXIOHUMU CXeMAMUYHUMU 2iIKaMU O/1A XUBJIeHHS
Opatiisepa.

CmsopeHo ekcnepumeHmanbHUl niopo30in 014 nepesipku HOBO20 Nioxody. B ocHosI - mik-
pocxema MC34063A, TC4420, MOSFET IRFP3205 ma 1Hwi KoMnoHeHmu. /] BU3HAYEHHS HOBUX
snacmugocmeli nioxody 6yna nposedeHa cepis excnepumeHmis. [1OPIBHAHHA 3 KAACUYHUM Me-
moOOM NOCUNEHHA BUABJIAE PIZHULIO MIX N1OX000M.

EKcnepumeHmu nokasytloms, Wo y BUNAOKY BEIUKO20 HABAHMAXEHHSA KAACUYHA CXeMa He
80aembCA cmabinizysamu BUXiIOHY Hanpyay 0ewo paHiwe, HiX 3anponoHosaHull cnocib. Y mux
JKe yMosax eHepeoepekmusHicms Moxe 6ymu Buwoto 00 15%. 3 iHwoeo 60Ky, Yepe3 36i/1bLieH-
HA 8Mpam nomyxHocmi 8 1AHYI031 yNpasaiHHA yel Memood Mae mpoxu MeHwWwy eghekmusHiCmb y
BUNAOKY HU3bKO20 HABAHMAXKEHHS.

YucenbHa oyiHka sracmusocmell HOB020 MemoOy pa3oM i3 eKcnepuMeHmajabHUMU pe-
3ybmamamu 3abe3neqye 0CHOBY 018 NpasuibHo20 BubOpy nioxody. [eski po3bixHocmi MixX
meopiel Ma eKcnepuMeHmamu 8UMaz2aroms N0OANbLUUUX OOCTIOXKeHb.
3anponoHosaHuli nioxio 0ilicHo 3abe3neyye Kpaujy eHepeoepeKmusHICMb Yy pasi BeJUKUX HABA-
HMaxeHb, ane BUKOPUCMAHHSA b020 NiOX00y Ha MEHWUX HABAHMAXEHHAX MOXe BUABUMUCA
MapHUM Yepe3 361/1bLEHHS NOMY)XHOCMI ynpasaiHHA. ToyHul poboyuli 01ana3oH HeMOXUBO
BU3HAYUMU UL PO3PAXYHKAMU, HEOOXTOHT eKcnepumeHmu.

New approach for the step-up converter efficiency increasing

This paper is devoted to the problem of efficient power conversion technologies creation.
The main article objectives are: provide a simple method for the step-up converter energy
efficiency improvement, without usage of the bleeding-edge components, explore the
characteristics the proposed method and schematic properties, and to establish the bounds of
the applicability for the proposed solution.

In this paper an another approach is proposed. In the initial state, input voltage is used for
the gate driver powering. After the start-up, when output voltage become greater, than the
input one, it become the source for the driver. Schottky diodes may be used as a switch between
input and output schematic branches for driver powering.

Experimental unit to test new approach was created. It is base on IC MC34063A, TC4420,
MOSFET IRFP3205 and other components. A series of experiments was held to determine new
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approach properties. Comparison with classic step-up method reveals difference between
approach.

Experiments shows, that in the case of high load, classic schematic fails to stabilize output
voltage some earlier, than proposed method. In the same conditions power efficiency may be
higher up to 15 %. On the other hand, due to increasing power loss in control circuit this method
has slightly lesser efficiency in the case low load.

Numerical estimation of new method properties, along with experimental results provides
background for correct approach selection. Some discrepancies between theory and experiments
requires further investigation.

Proposed approach really provides better power efficiency in the case of high load, but using this
approach on lower loads may be useless due to control power rising. Precise working range can
not be determined only by calculations, experiments are required.
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O.B. I'aBpuneHko, B.A. [IBOpHUK
3ACTOCYBAHHS METO/IIB KJIACTEPU3AIIII 1JI1 BUBHAUYEHHS COEP
JISJIBHOCTI KAHIWIATIB ITPU IIJBOPI KAJZIPIB /1S IT-KOMITAHIN

Avomayis. Y Oawili cmammi pozensHymo npobaemy nidbopy kadpis 0as IT-komnawiil. Po32nsHymo npak-
mu4yHe 3acmocysaHHs Memodig Kaacmepusayii Ha npuknadi 3a0a4i BU3HAYeHHA cpep OiAnbHOCMI
kaHoudamis ma nidbopy pestome HA NeBHy BAKAHCI0 npu nidbopi kadpis 0ns IT-komnaHili. [pusedeHo no-
cmaHosKy 3adayi. BusHayeHo, do aKux modeneli 38009mbCa 00CNiOKYBAHT npobaeMHi cumyayii, ma, AKi
Memodu MOXymb Gymu 3acmocosaHi 00 po3s’A3aHHA nocmassieHoi 3adayi. HasedeHo 02150 8idomux
pillieHb, MaKox BUCBIMIGHO nepesazu ma HedoniKu 0bpaHozo memody. [IpusedeHo NPUKNAO BU3HAYEHHS
KiIbKOCMT 0ONMUMAIbHUX KAacmepis 0415 3a0aH020 HAbopy pestome.

Knioyosi cnosa: knacmepu3sayis, onmumisayis, cgepa disnsHocmi, kKaHOudam, pekpymep, nio6ip kaopis.

ITocranoBka mnpo6semMu. Ha chOrogHimiHiin geHb MOiAOIp MiAXOISIINX
KaHAMUAATIB OJIS HAIMYy 3 IIMPOKOTO KOJia KaHAMIATIB € OCHOBOIIOJIOXHUM MU-
TaHHSIM. TpaauLiiHUMM MEeTOaMMU € IMPOBeAeHHs IHAMBiAyalbHUX IepeBipoK i
pi3sHMX TeXHIUHMX KBalidikalliiiHMX TeCTiB, cIliBOecis, a TaKOX I'PYIOBUX OOro-
BOpeHb. BusB/IIeHHs 3ai0HOCTell KaHAugara 3a [OOIIOMOTrOI0 CIIiBOecim €
TPaauIiiHO MIPAaKTUKOIO B Mpoieci Haiimy [1]. [IpoTe us TpaguiiiiiHa mpakTuka
3alimMae myske 6araTo yacy, a TaKoXX MOsKe ITPUBECTH A0 HecIIpaBeaJuBOro B1bOO-
Py KaHOUIATiB.

CyyacHi MeHe[kepu 3 YIPaBIiHHS MNEpPCOHAJIOM Ta KaAPOBUKMU MOBUHHI
06pO6JISITM HAA3BUUANHO BeMMKI 00CATM JOaHUX: OOCHIAXKeHHSI mopTdoJio,
CKpUMHIHT colialbHUX Mefia, imeHTudikailis HabopiB HABUMUOK, a TaKOX -—
OOCJiIKeHHs pe3ioMe. ToMy o6paT MpaBMIILHOTO KaHAMAATA MOKe OyTU BaK-
KOIO MicCi€l0.

OTske, MPU3HAUEHHSIM IOCTiIKEHHS € CIIPOLIEeHHS ITPOIecy Bimbopy KaapiB 1jist
HR-MmeHemxepiB Ha npukiaagi IT-koMIiaHili 3 BUKOPUCTAaHHSIM pe3loMe, B SIKMX Bpa-
XOBYIOThCS iH(pOpMallist Tpo mpodeciiiHi Ta 0COOMCTI SIKOCTi ITpeTeH IeHTa.

AHaniz ocraHHiX pgochigkeHb i myOsmikamiii.  ABTOMaTu30BaHy
KiIacudikalliro pesioMe 3a JOMOMOIOK TEeXHiKM KjaacTepusallii posTasmanyu TaKoxkK
npodecopu Carap Mope, Bxamape Ilpusinka, Mani Ilymka Ta KauaBe Kansni [2].
BueHi HarosomywTh Ha TOMY, L0 Ha CbOTOLHIIIHIN JeHb BAXXKUM 3aBOAHHSIM [JIs
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MeHeJIKepiB 3 MiI00py MepCcoHaTy € 3aBIaHHS 3HAMTM HAMKPAI[oro KaHAuaaTa IKuit
Ou BiATOBiaB ycimM Mob6akaHHSIM Ta BUIIPABOOBYBaB yci OuikyBaHHS. [IpONOHY€ETHCS
MEeTO/I, IO M03BOJISIE BiATIOBIMHMM BU3HAUMUTM OCOOJMBOCTI Ta HABUYKM § KOXKHOMY
3 HaJlicJIaHUX pe3loMe.

Lleit migxim 3acTOCOBYE ifelo knacTepusaiiii. Ha mpocTomMy piBHi KiacTepu3ailisi
BUKOPUCTOBYE OJIMH ab0 Kijibka aTpUOYTiB B SIKOCTi OCHOBM 118 ineHTUdiKalii kna-
crepa. Kimacrepusailist KopucHa ajis1 imeHTtudikailii pisHoi iHdopmailii, Tak sIK BOHa
KOpeJIloe 3 iHIIMMM MNPUKIaZaMu, TaK IO MOXKHA I00AuMTH, He MOMiOHOCTI Ta
niara3oHM 30iraloThCs.

[IporioHOBaHe BUEHMMM DillleHHS BUKOPUCTOBYE METOAM iHTeIeKTyaJbHOIO
aHa/li3zy pJaHuxX. MeTon KiacTepm3allii iHTe/IeKTyaJbHOTO aHaji3y [JaHuX
BUKOPUCTOBYETHCS IS Kinacudikailii Ta po3paxyHKy. OCKiJIbKM KaacTepusallis Ko-
pucHa njs imeHTudikaiii pisHoi iHbopmailii, Tak IK BOHa KOPeJIo€e 3 iHIIMMMU TIPU-
KJIagaMu, TaK IO MOXXKHa 6aumTu, e MopdibHocTi Ta miama3oHu 36iraloTbes. s
KjacTepusallii y CUCTeMi 3aCTOCOBYETHCS aJroputM k-means. Lleit anroputm
KJIacTepu3ye pe3omMe KaHAUAATIB y K Kiactepis [2].

Mera pociaimykeHb. MeTOI CTaTTi € OOCTIIKeHHSI MeTOMIB KjiacTepu3allil Ta
TepeTBOPEHHSI 3aj4aui KjacTepusallii Ha 3agadyy OINTMMI3alil OJisl IiABUILEHHS
e(eKkTMBHOCTI Ta IKOCTi peKOMeHaa1liii MeHeIKkepaM 3 IiI60py ITepCcoHay.

BukinazeHHsI OCHOBHOrO Marepiaxy mocihimkeHs. I1inbip mepcoHany — 1e
npoiiec, npu sskomy HR-meHemkep 3a3Buuali BM3HAUa€ Ta 3a/iydya€ MOTEHIIMHUX
JII0ielt 330BHi Ta 3cepeauHM OpraHisallii, 06 OIIHUTY iX Ta MPUIHSTY HA TEBHY
nmocamy. Y 3amauvi BU3HaueHHs cdep HisUIbHOCTI MpaliiBHUMKIB Mpy Migbopi Kaapis
nns IT-koMmaHii B SIKOCTi BXimHOI iHopMallii po3rasagaTuMyTbCsl pe3iomMe Y TeK-
CTOBOMY BUIJISIII, B IKUX OyIe MiCTUTUCD ycs1 iHpopMallis mpo npodeciiiny Kap’epy
NpalliBHMKA, a TAKOXX MOTMBAIIiliHi JIMCTH, ece Ta TeCTu 3 npodeciiiHoi opieHTalii 3
BiIIbHMMM BiZKpUTUMMU BiATIOBIISIMMA.

Ha Buxomi orpumaemo Habip mpodeciiiHux cdhep Ais/IbHOCTI MpaliBHUKIB 3
HmigiopaHMMM [0 HMUX HANKpallMMM pe3ioMe, TOOTO, OTPUMAEMO TPYITyBaHHS
BXiTHMX JaHUX 00 MeBHMUX cdep HisVIbHOCTI Ta Ha TIeBHY BaKaHCiio.

JInst TpyImyBaHHSI Ta 00’€MHAHHS BXiTHMX JAHUX MPOIOHYETHCS 3aTYUYUTU Me-
TOAM KJIaCcTepu3allil TEeKCTOBUX TaHUX.

TakyUM 4MHOM, Hexail & — MHOKMHA 06’€KTiB, TOGTO pe3ioMe, a | — MHOXMHA
KjIactepiB, To6To mpodeciiinux cdep. 3amaHa QGYHKIS BigcTaHi MiXX 06’eKTammu
p(xx"), Maemo KiHIIeBY HaBYa/IbHY BMOipKYy 00’€KTiB:

X% ={x,, ., xy X (1)
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Heob6xigHO po306uTyu BMOIpKYy Ha MiAMHOXMHM (KJIacTepu), TOOTO KOKHOMY

00’exTy X i €X™ mocraBuTH y BiITIOBigHIiCTb vi€Y Takum umHOM 106 06’€KTHU

BCepeaHi KOKHOTO Kiactepa Oyiy 6aM3bKi 040 MeTPUKM P , a 00’€KTU 3 Pi3HUX
KJIaCTepiB iCTOTHO po3pisHsmcA [3].

PosrnissHemMo MeTtoau KiacTepusaliii. Kimactepmusaliiss — 1le MOAUJT MHOXWHU
BXiJHMX BEKTOPiB Ha TPynu (KIacTepu) 3a CTyIIeHEM «CXOXXOCTi» OOUH Ha OJHOTO.
Iist Toro, 106 Mo>kHa 6YyJI0 IMOPiBHIOBATH [IBA 00’€KTU, ITOTPIOHO MaTyU KPUTEPIiii, Ha
MmifcTaBi KOTpOro i O6yme BimOyBaTucs TMOPiBHSIHHS. 3a3BUYaii, SIK MPaBUIO, TaKUM
KpUTEepieM € BificTaHb MiXX 06’eKTaMu [3].

HaiinonyasgpHimmM aaropMTMom Kjactepusaiiii € aaroputm k-means. IIpore,
Ha kajb, aATOpUTM K-means He CIIpaBIISIEThCS i3 3a7auer0, KO 06’€KT He HaleXUThb
SKOTHOMY KJIacTepy abo HaJIEXKUTh A0 Pi3HUX KIaCTepiB y OMHAKOBI Mipi.

3 uieo nmpobiemoio k-means uymOBO CIPaBASETbCS aJITOPUTM C-CepenHix (c-
means). 3aMiCTb TOYHOI BifMOBifi Ha 3almMUTaHHS OO0 SIKOTO KJIacTepy BigHOCUTBHCS
00’€KT, aJrOPUTM BU3HAYAE JIMOBiIpHICTh HAJIEXHOCTi 06’€KTY O TOrO UM iHIIOrO
Kinactepy. TakuM UMHOM, TBEPIKeHHS BUTTISAAY «00’€KT B HanmexkuTh 10 kiactepy 1 3
imoBipHicTio 90%, mo Knactepy 2 — 15%» BipHe i HabaraTo 3pyuHilie.

Anroputm € -cepenHix (€ -means) — 1e moaudikallisi MeTomy k -mean:s. Hani

HaBeJleHO KPOKM POOOTU airOpUTMY [4]:
1. BuGip OYaTKOBOrO HEYITKOIO PO36UTTS ' 06’eKTiB Ha K Kmacrepis wus-

XOM BMOOpPY MaTpuIli HaJIeSKHOCTi u po3mipom 1 X k.
2. Bu3HaueHHS 3HAUYEHHSI KPUTEPil0 HEUITKOI MOXMOKM aJrOpUTMYy i3 3acTo-
CYBaHHSIM HaCTYITHOI MaTpPUILi:
N K
E2(X,U)= Ui [ - ||
X.U)= i | - k|
i:‘]_ k:‘]_ (2)
ne Uy — 11e «LeHTp Mac», TOOTO, IIeHTPOiJ HeUiTKOTO KaacTepa k.
3. TlepectaHoBKa (meperpymnyBaHHs) 00’€KTiB i3 METOI0 3MeHIIIeHHSI HeUiTKO1

ITIOMUJIKN.

4. Tlepexin [0 1. 2 70 TUX IIip, TIOKX 3MiHM MaTpPUIIi U ne CTaHYTb He3Hay-
HUMMU.

3aCTOCOBYBaHHSI aJTOPUTMY C-means Moke OYTM HeIOUbHUM, SKIIO YMCIO
KJIacTepiB 3a34anerifb HeBiloMe abo € HeOOXiJHICTh BilHECEHHSI KOXXHOTO 00’€KTY
10 TIeBHOTO KJIaCTePy OAHO3HAYHO.

Iasi HaBeJeHO IepeBaru Ta HeloJiku Metony € -means [5]:
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[IepeBaru:

— MOX/IMBIiCTb BU3HAUEHHS CTYIIEHS IIPUHAIEXXHOCTi eJieMeHTa 0 KjIacTepy;

— HEUYiTKICTb IIpM BiJgHeceHHS 00’€KTa [0 K/IacTepy I03BOJISIE BK/IIOYATH
00’€KTH, SIKi 3HAXOASAThCS Ha TPAHUIli, B KJIaCTEPH.

Henoniku:

— YMCJIO0 KJIacTepiB MOBUMHHO OYTM BigoMe 3a3maneriib;

— MeTO/I 3a3BMYail IIyKae Kiactepyu chepmuuHoi popmiu;

— KOMIUTIKaTUBHICTbh pOOOTH 3 00’€KTaMMu;

— 00UYMC/IIOBAJIbHA CKIAMHICTb.

Tak 1K OIHMM i3 He[IOJIiKiB MeTOIy € HeOOXiMHICTh 3HATU KiJIbKiCTh K/IacTepiB
Harepell, HeOOXiMHO BKa3aTM TOYHO BM3HAUEHE YMCA0. B maHOMy BUMAIKy
TIPOTIOHYETHCS MPEACTaBUTH 3a4auy KilacTepu3sallil IK OnTuMisariii.

Ha Bimminy Bin 3aBmaHHs knacudikaliii abo perpecii, B pa3si kinactepusaiii
CKJIa[HiIle BUOpATyU KpUTEpiii, 3a JOITOMOTOIO SIKOTO OyJI0o 6 ITPOCTO YSIBUTHU 3aBIaH-
HS KJIacTepu3allii SIK 3aayy ONTUMi3aliii.

V anroputMax k-means Ta c-means MOMIMpPeHMIT HACTYITHUIT KpUTepilt — cyma
KBaZpaTiB BificTaHell Big TOUYOK 10 ILIEHTPOINiB KjaacTepiB, OO SKUX BOHU

BiTHOCSATBCSI, TOBUHHA OYTU MiHIMaJIbHOIO.
K
9] 2 .
j©=) Y [x¥ = - min
i=1 ieCy (3)
e C — MHOXMHA KJIacTepiB MOTY>KHOCTI K, ;. - eHTpoi KinacTepa Cy.

3po3yMiJio, 110 Y IIbOMY € TIeBHMIT CeHC: HeOOXiIHO, 006 TOUKM pPO3TaIlIOBYBa-
JUCSL KymdacTto Oinsg IIeHTpiB CBOiX KiacTepiB. Bszaranmi, MiHIiMymM Takoro
dyHKIioHamy Oyne MOCATaTUCS TO[i, KOAM KJIAacTepiB CTiIbKU 3K, CKiTbKM i TOUOK
(TOO6TO KOXKHA TOYKA - 1]e K/IacTep OJHOTO eJieMeHTa).

[l BUpillleHHS 1IbOTO MUTAHHS (BMOOPY uMcIia KaacTepiB) HEOOXiTHO CKOpH-
CTaTUCSI TAaKOK €BPUCTUKOIO: OOMpAIOTh caMe Te UMCJIO KJIacTepiB, MOYMHAIOUM 3
SIKOTO omnucaHuit QyHKIiOHAJ MaJa€e «BXKe He TaK MBUAKO». AGO OilbIl popMarbHO
[6]:

U(C)— J(Ces)l
— miin
U [Ck—lj - I[ijl &

Ha puc. 1 mokasaHo excnepumenTu s k = 25, 50 ta 80 knacrepis. ITo oci OY -

D(k) =

3aJIeXXHICTh CYMM KBaJIpaTiB BiACTaHei Bif, TOYOK A0 LIEHTPOIZiB KIacTepiB, MO OCi
OX — KUJIBKICTb KJIaCTepiB.
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PucyHoK 1 — 3ajieXXHiCTh CyMM KBaApaTiB BiAcTaHeil Bil TOYOK 10 LIeHTPOidiB

KJIacTepiB 1o KibkocTi Knacrepis (k = 25, 50 Ta 80)

[Tpy HeBenwMKil KiJIbKOCTI KJIaCTEPiB ONTUMAJ/IbHE 3HAUEHHS] MOXXHA BUSHAUUTU
OUBISTYMCh Ha Tpadik. Ane mpu BeJukux kK, onTuManabHe 3HAUYEHHS KIacTepiB BU-
3HAQUUTU JOCTATHbO BasKKO.

Il BU3HAUEeHHS ONTUMa/IbHOI KiJIbKOCTI KJIaCTepiB MOXKHA 3aCTOCYBaTU METOI,
«JIIKTSI» a60 MeTo[, «KOJIiHa».

Y K1aCTepHOMY aHaji3i meTon JIKTS BUKOPUCTOBYETLCA [OJII BU3HAUYEHHSA

KiZbKOCTi KnacTepiB B HaGopi maHux. JlaHuit MeTox posrisinae xapakrep 3min /(Cx)
i3 36impIIeHHSIM unciia Tpyn k (knacrepiB). O6’eqHaBIIM YCi N CIOCTEPEKEHb B OIHI

IpYyIli, HAa TIEBHOMY eTarlli JiliCHO MOXXHA MPUIUBUTUCH, 110 /%) nanae Bxe He Tak
CUJIBHO - Ha rpadiky I1ie BiIOyBaeThCS B TOUIIi, SIKa i HA3MBAETHCS «TIKTEM».

[lyist BUBHAUYEHHS JIIKTSI HEOOXiTHO TTPOBECTHM TIPSIMY JIiHiI0 Bif KiHII@BUX TOUYOK
IOCJTiIKeHHs, i Mic/as IbOro OGUMCINUTY BimcTaHb Bif KOKHOI TOUKM OO Liel JiHii.
Toukoto 3 Halt6i/IbILIOI0 BiJICTaHHIO TIOBUHHA OYTU TOUKA, SIKA MiCTUTh JIiKOTb.

[TpoBiBuIM mociixkmeHHs Ayt 50-Tu KnactepiB 6y/0 BM3HAYEHO OMNTMMAajbHE
3HaueHHS - 15 knacrepi, To6TO 15 cep misTbHOCTI KaHAMUIATIB, O SIKUX MOXKYTb
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O0yTu BigHeceHi BXiiHi maHi, To6TO pe3roMe. Ha puc. 2 mokaszaHO BM3HAUEHMI JIiIKOThb
I eKcriepuMeHTy 3 50-Tu KiacTepis.

qll

y

—— =2 N =5

PucyHOK 2 — B3Ha4eHHS ONTUMaJIbHOI KiJIbKOCTI KJIacTepiB

3a JOMOIIOTOI0 METOAY «JIiKTSI»

BucHOBKM. AHaJli3 pe3y/bTaTiB 1MOKa3aB, 1[0 BUKOPMUCTAHHS METOAY C-Mmeans
Mae€ BaK/IMBY IlepeBary: MOK/IMBICTb BM3HAUEHHS CTYIEHS MPUHAIEKHOCTi eJleMeH-
Ta 10 KJIacTepy. A BUSHAYEHHS KiJIbKOCTi KIacTepiB IJjIsT pO3OUTTSI B JAHOMY BUITa/[I-
Ky TIpOTIOHYETHCSI 3HAWTH, TMPEACTAaBMBIIM 3aJady KilacTepusallii SIK 3amauvy
OITMMIi3allil i 3aCTOCYyBaTH JIIKTbOBUIA METO/I, BKa3aBIllM Ty KiJIbKiCTb KjacTepiB, ne
3aJIeXXHICTh CYMM KBaJpaTiB BiJCTaHeN! BiJl TOUOK A0 LIEHTPOILiB KiacTepiB majae
«B3K€e He TaK HIBUAKO».
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lMpumenerue Memodos Knacmepusayuu 014 onpedesieHus cghep deamenbHocmu
KaHoudamos npu nodbope kadpos 011 UT-komnaHuli

B OanHoli cmambe paccmompeHa npobnema nodbopa kadpos 0ns UT-komnaHuii. Pac-
CMOMpeHO Npakmuyeckoe npumeHeHue MemoO08 Kaacmepusayuu Ha npumepe 3adayu onpede-
JleHus cep OeamesibHOCMU KAHOUOAmMos u nodbopa pe3tome Ha onpedesieHHy BAKAHCUK Nnpu
nodbope kaopos 0na UT-komnaHuii. [pusedeHsbl nocmarHosKy 3adaqu. OnpedesneHo, K KomopbiM
modesneli cBo0smcs uccinedyemble npobreMHble cumyayuu, a mMakxe, Kakue memoobl mMo2ym
Obimb NpuUMeHeHbl K pewleHuto nocmasieHHol 3adayu. [lpusedeH 0630p uzsecmHbix peweHud,
MaKxe ocseljeHbl npeumMyuecmsa u Hedocmamku BbI6paHHo20 memoda. [lpusedeHsi npumep
onpedesieHus KOJUYeCMBa ONMUMAJIbHbIX KAGCMepos 0/ 3a0aHH020 Habopa pe3tome.
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Application of clustering methods to determine the areas of activity of candidates
in recruitment for IT-companies

Nowadays the selection of candidates for recruitment from a wide range of candidates is a
fundamental issue. Today's HR managers have to handle extremely large amounts of data:
portfolio research, social media screening, skill set identification, and, of course, resume
research.

Professors Sagar More, Bhamara Priyanka, Mali Puja and Kachave Kalyani were considering
the automated classification of resumes using clustering techniques. The solution proposed by
scientists uses methods of data mining. The method of data mining clustering is used for
classification and calculation.

The aim of the article is to study the methods of clustering and the transformation of the
clustering problem into an optimization problem to improve the efficiency and quality of
recommendations to recruitment managers.

In the task of determining the areas of activity of employees in recruitment for IT-
companies an input information will be summarized in text form, which will contain all the
information about the professional career of the employee, as well as cover letters, essays and
career guidance tests with free open answers.

At the output we get a set of professional areas of activity of employees with the best
resumes selected for them, that is, we get a grouping of input data to certain areas of activity.

It is suggested to use text clustering methods to group and combine input data. For clus-
tering can be used c-means algorithm — a modification of the k-means method.

There is one disadvantage of the method: the need to know the number of clusters in
advance. In this case, it is proposed to present the problem of clustering as optimization. The
«elbow» method or the «knee» method can be used to determine the optimal number of
clusters.

Analysis of the results showed that the use of the c-means method has an important
advantage: the ability to determine the degree of belonging of the element to the cluster. And,
also with usage of «elbow» method optimal number of clusters can be chosen.
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C.B. Knumenko, I.I'. Kucenbos, O.B. Kynuk
VIIBTPA3BYKOBUI HEPYHUHIBHUI KOHTPOJIb SIKOCTI BUPOFBIB
3 [TIOJIIMEPHUX KOMITIO3UTHNUX MATEPIAJIIB
PAKETHO-KOCMIYHOI TEXHIKH

AHomayis. Po3ensHymo cnocib mpaduyiliHo2o yabmpa3syKo8020 KOHMPO BUpobi8 pakemHo-
KOCMIYHOT MexHIKU BU20MOBIEHUX 3 NOIMEPHUX KOMNO3UMmMHuUx mamepianis. [IponoHyemscs 8u-
Kopucmosysamu 3amicms CneyianizosaHo2o0 061a0HAHHA 0egheKmocKon BiMYU3HAH020 BUPOO-
HUYmMBa 3 BUCOKOYACMOMHUM pO30iNbHO-CyMiljeHuM nepemsoptosayem. [aHuli cnocib ckopo-
mums iHaHCOBT Bumpamu 014 3aKynisal IMNOPMHO20 CNeyiani308aH020 YyCmMamKy8aHHs, ma
Komnjekmyto4yux mamepianis. [10KA3aHAa MOXIUBICMb BUKOPUCMAHHSA O0AHO20 CNOCOBY Ha
NpuKAadi NOPiBHAHbL pe3ysbmamis8 KOHMPOK 3 BUKOPUCMAHHAM TMNOPMHO20 Oepekmockona
¢ipmu Olympus EPOCH® 650 3 npamum nepemsoptosadem yacmomoto 0,5 MIy i 0egpexmockona
8IMYU3HAHO020 BUPOOHUYUMBA Y/]2-41 3 po30inbHO-cymiueHuM nepemsoptosadem 5MIy, Ha KoH-
mposIbHOMY 3pA3KY BU20MOBJIEHO20 3 NOMIMEPHO20 KOMNO3UMHO20 mMamepiany 3 0egekmom 8
Bu2nA01 po3wapysanHs. [lpedcmasneHull cnocib 003B0/A€ BUABAAMU JIAMIHAPHT MPIUWUHU B
cmpykmypax 31 CKI0na1acmuky, pesepsyapax, mpybax, kopnycax, ionamxax myp6id i m. iH. npu
00HOCMOPOHHLOMY 00CMYNi NOBEPXHT 06'€EKMY KOHMPOAIs

Knioyosi cnosa: nonimepHi komnozumui mamepianu ([1KM), ynempa3ssykosuli KoHmposs, pa-
KemHo-KocmidHa mexHika (PKT), HepylHigHul koHmpons (HK).

Beryn. CyyacHa pakeTHO-KOCMiUHA TexHika HeMMCIMMa 6e3 KOMITO3UIIiIMHUX
marepianiB (KM). IIpu po3pobii 3acobiB MOCTIIKEHHS KOCMIiYHOIO IIPOCTOPY
MOTPiOHI HOBI MaTepianu, 0 BUTPUMYIOTh HaBaHTa’KeHHS KOCMIUHMX IIOJIbOTIB
(BMCOKi TemmepaTypu i THUCK, BiOpaliliHi HaBaHTa)K€HHSI, IJIMOOKMUII BaKyyM,
panianiiHol BIUIMB 1 T. 7.), Mal4u IpU LbOMY HMU3bKY Macy. 3acTocyBaHHsI KM
IO3BOJISIE 3HM3UTU Bary Bupooum Ha 10..50% i ckopoTuTM BUTpaTM I1aJIMBAa,
MiABUILMBIIN TIPU [[bOMY HaAiliHiCTb. OCHOBHMMM HAIPSIMKaMM 3aCTOCyBaHHS KM
€: CUJIOBI KOHCTPYKIIi/iHI eJleMeHTH; TeIlJIO3aXMCHI Ta Temoi30JsLiliHi MOKPUTTS;
epO3iiiHOI CTIMKOCTi eJleMeHTV KOHCTPYKILiVA.

3actocyBaHHst KM  KOHCTpYKIIifHOrO  IIpM3HAUeHHs, po3poOKa Ta
BiATIpalitoBaHHS HOBUX TEeXHOJIOTI, IIO3BOJISIIOTh CTBOPIOBATU
KOHKYPEHTOCIIPOMOXKHi, epeKTUBHi Mo Maci i MIIIHOCTi BIaCTMBOCTSIMM BUpPOOH,

TaKi SK: po3MipocTabibHi KOHCTPYKIIii KOCMIYHOTO IIpM3HAUEHHSI 3 TPUBAIUM

© Knumenxko C.B., Kucemnsos IL.T., Kynuk O.B., 2021
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TEepMiHOM eKCILTyaTallii, KapKacyu COHSTUHMX OGaTapeit mosermeHoi macu g0 1 Kr/m2,
TeIJIOBI eKpaHM KOCMiYHMX anapaTiB, KOMIIJIEKTY KOHCTPYKTUBHUX €JIeMeHTiB KOp-
ITyCy 00’€KTUBIB, KOHCTPYKIIii-dhepMu [IJisI KOCMiYHMX ariaparis, 6e3 ¢iTuHrosi dep-
MM Ta iHmi Bupobu [l]. B cuay Toro, mo 3 OCBOEHHSIM HOBMX MaTepialib,
3’SIBJISIETbCSI HEOOXiTHICTh TEeXHIYHOI MiarHOCTMKM KOHCTPYKIIiii KOCMi4HOTrO IIpu-
3HaueHHs. [Ipoiec AiarHOCTUKMY BUPOOIB i3 KOMITO3UTIB IOJATKOBO YCKJIAIHSIETHCS
™M ¢akToMm, 1o KM MaTh HIMPOKUI CIIEKTP MOXKIMBUX HedeKTiB. ICHYIOTh me-
dekTn, BIACTUBI TiIbKM TTIEBHUM KOMIMO3UTaM, HAIPUKJIAA, HEITIPaBUJIbHUIA TUIT BO-
JIOKOH, Je30pi€HTallisl BOJIOKOH Y MPOCTOPi, PYiIHYBaHHSI CTUIbHMKOBOIO 3allOBHIO-
Baua Ta iHmi. A € medexrtu, mo Baactui BciM KM - 11e CTOpPOHHI BK/IIOUEHHSI, pPO3-
[IIapOBYBaHHS, IMOPUCTICTb, HM3bKA MIIHICTh 3B’SI3Ky MiX HaIllOBHIOBaYeM i
B’SDKY4YOl0 peuoBMHOW. Ha puc.l. HaBegeHi pi3HOBUAM KOMIIO3UTHUX MaTepiasiB
Bi[TIOBiIIHO O reomeTpii apMylOUMX eJIeMEHTiB (IIOPOIIKY abo IpaHy/M, BOJOKHA,

IUIACTUHM).

Oamoranpasaeni MaTepiaan 3 xaoTuTEEM POINOTOEEREAM BOJOKHA/RNTOK B MIOMIRI

PRy
L -
3\":&,‘ S

PucyHok 1 - Buay BUKOHaHHSI KOMIIO3UTHUX MaTepiasiB: a) MaTepiasin, HallOBHEHI
TTOPOIIKOIOAi6HMMM YacTKaMu, 6) MaTepiaan, Ha OCHOBi HUTKM,
B) MaTepiajii, Ha OCHOBI BOJIOKHA, T') TKAHUHU, IIepeXpeCcHO YKIaaeHi HUTKA i
apMOBaHi HUMM MaTepiajiu, i) njeTeHi MaTepiaiu, lepexpecHo yKIaJaeHi HUTKY i
apMOBaHi HUMI MaTepiajyu, €) HeTKaHi MaTepiajy Ha OCHOBI HUTOK, €) Marepu,

apMOBaHi BOJIOKHaMM IJIiBKM, XK) MaTepiaan, apMOBaHi BOJIOKHAMM
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BigmoBigHo mo 1miei knacudikamii KM mifisiThes Ha rpynm 3 MaTPUYHOIO, Iapy-
BaTOI0, KAPKACHOIO i KOMOIHOBAHOIO CTPYKTYPOI. MaTpUUHY CTPYKTYPY MAIOTh AVC-
nepcHo-3MiliHeHi i apmoBaHi KM. [lo MarepianiB 3 IIapyBaTOl CTPYKTYpPOIO
BiTHOCSIThCSI KOMIIO3UIIii, OTpMMaHi 3 HabOpy MIapiB, IO UePTYIOTHCS 3 MaTepiasiB
pi3HOI npupoau i ckaamy. 1o KOMOO3UIIiiHMX MaTepiasliB i3 KapKaCHOI CTPYKTYPOIO
BiTHOCSITHCSI MaTepiaau, OTpUMaHi METOJIOM IpocouyBaHHs. KoMOiHOBaHYy CTPYKTY-
py MaloTh MaTepiaau, 10 MiCTSITbh KOMOiHalliil TTepilinX TPbOX IPyII [2, 3].

Knacudikarist [IKM 3a nipu3HauyeHHSIM JOCUTb YMOBHA, OCKiJIbKM YaCTO KOMIIO-
3UTU € OaraTodyHKIioOHaTbHUMM MaTtepiasamu [3]. TIpore, cepen O6es3niui [TKM
BUIIISIOTh MaTepiajiM 3arajJibHOTO KOHCTPYKIIMAHOTO TMpM3HAueHHs (Hecydi
KOHCTPYKIIii KOCMiYHMX Cy[AeH, JIiTaKiB, aBTOMOOI/IiB Ta iH.), sKapOMIiIlHi MaTepiann
(momaTku TypbOiH, Kamepy 3ropsiHHS), TEPMOCTIiiiKi MaTepiasu (BMpoOM, 110 MMpalo-
I0Th B YMOBaX 4YaCTUX TeIyIo3MiH), GbpuKIIiiiHi maTepianu ( raJbMiBHI KOJIOJIKMN),
aHTU(PUKIIiHI MaTepianu (MZMMUIIHMKMA KOB3aHHS), MillHi MaTepianu (6poHS
JIiTakiB, TaHKiB), TEIIO3aXMCHI MaTepianau, MaTepiaan 3i cleliaJbHUMM BJIACTUBO-
CTSIMU (MarHiTHUMM, eJIeKTpUuHUMM) i iH. [4,5]. [Ipy BUPOOHUIITBI KOMIIO3UTIB
HalOiIbIl TOmMUpPeHUMU € HedeKTM TUMY IOpPYIIeHHS IIICHOCTI, OO0 SIKUX
BiTHOCSITBCSI: pO3ILIapyBaHHSI, HEITPOKJIEi, TPilllHM, TOBITPSIHI a60 ra30Bi paKOBUHH,
CTOPOHHI BKJIKDUEHHS, 3/lTaMaHi ITyYKMu.

Ha manHmii yac He icHye eaMHOro yHiBepcasbHoro metony HK KM, sikuii 61 mo3-
BOJISIB BUSIBJISITU BCi MOXIMBI Tunu aedektiB. IIpy po3podIli METOAMK i cuCTeM
IiaTHOCTMKYM HeOoOXimHO 6asyBaTuCsl Ha KiJIbKOX B3a€MOJIOMOBHIOIOUMX (i3UUHUX
MeTOax, SIKi Jal0Th MOXK/IMBICTh BU3HAUUTU HAMOIIBIITY KiJTbKiCTh HEOE3TTEUHMX JIJIS
KM i Bupoby nedexris [2].

AHaJti3 ocTaHHiX JocTigiB Ta myosrikanii. 3riqHo i3 TOCT 18353-79 [6] icHye
9 BuaiB HK: marHiTHUI, eJIeKTpUYHUI, BUXPOCTPYMOBUIA, pafiOXBUIbOBUI, TEILIO-
BUIA, ONITUYHUIA, paAiallifiHuit, aKyCTUIHUIA (YIbTPa3BYKOBMII) i MPOHUKAUMMU pe-
yoBuHamu. 3rigHo i3 IOCTY 2865-94 [7], okpim Bkasanux Buile BuzAie HK
PO3PIi3HAIOTh OPraHONENTUYHUI, Bi3yaJbHUI, €1eKTPOTa30AMHAMIUHMI1 i ra30po3-
psAnHy Bisyasisaiiito Ta dotorpadyBaHHS y MOSX BMCOKOI Hampyru. KoskHuit 3 HUX
MOMI/ISIETHCS HA METOIM, KiIbKiCTh SIKMX MOKe OYTM JOCUTb 3HAUHOI (HAIIPUKIIAI, B
akyctuuHoMy KoHTposi I'OCT 23829-85 Buminisgse 16 OCHOBHMX METOMiB, B Oi/bII
Mi3HiX [kepenax 3rafaHi Bxke no 25 mertogiB) [8]. IIpoTe, sk yke Biamiuanocs
paHilre, [yis1 KOHTPOJIIO SIKOCTI KOHCTPYKLii i3 KM MOXyTb 3aCTOCOBYBATUCS JINIIIE
Iesiki 3 nux MeToiB. KopoTko posrisinemo ocHOBHI MHK, §iKi MOXXYTb 3aCTOCOBYBa-
TUCSL IJIS1 KOHTPOJI0 SKOCTi BMpo6iB 3 KM. BisyanpHi MHK 3acToCOBYIOTHCSI He
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TUIBKM OJI1 apMOBaHMX IUIACTUKiB. Bukopucrtanusga KM B mapyBaTux KOHCTPYKIIiSIX
TaKOXX BMMarae 3actocoByBaHHS Takux MHK. BisyambHuit ormsn 6esrnocepegHbO
ITiC/Is1 3aTBEpPAiHHS Ile He OXOJIONIMX CTUIbHUKOBUX KOHCTPYKILil JO3BOJSIE BUSBUTHU
OynmpOaniky, Herpokiei abo posmrapoBaHi AiAsTHKU. Enekrpuunumu metomamu HK
MOXXHa BM3HAyaTM BMICT KOMIIOHEHTIB B TeTepOTeHHUX CUCTeMaxX, BOJIOTICTb,
CTYIIIHb TIOJiMepu3alii i CTapiHHS, MOIEepeYHi pO3MipM JiHIHO-TTPOTSIKHUX
IoieJIeKTPUYHUX BUPOOIB, JOKaIi3allil0 MPOBiTHMKOBUX i HEIIPOBITHMUX BKIIOUEHD Y
CTPYKTYpi IIapyBaTOro IakeTa. MeTogaMyu TEIJIOBOTO KOHTPOJII0 MOKHA BUSIBUTU
Taki medekTu, SIK MPOMYCKM apMyHUMX HUTOK B KapKacax, MOPiBHSIHO BeJMUKi
CTOPOHHI BKIOUeHHsI. OmHaK I1Ii METOAM He [O3BOJSIIOTh BUSBJISITU OpiOHI
CTPYKTYpHi JedeKkTu, Tak sIK TeOMeTpUYHA PO3iJibHA 3MaTHICTh Cy4acHOI amapary-
pu cknagae npubamsHo 0,5 mMm. Hait6inbin JocKoHaMMM 3 yCix pamialliifHuX MeTOiB
€ MeTond ob6uMciaBagbHOI ToMorpadii. Ha 6asi TomorpadiB CTBOPIOIOTHCS
MIPOMMCJIOBI YCTAHOBKM [IJIT KOHTPOJIO Ta AOKYMEHTAJIbHOTO BimoOpaskeHHS
BHYTPILIHbOI CTPYKTYPU BeIMKOrabapuUTHMUX KOPITYCiB paKeTHUX OBUTYHIB TBEPIOTO
nanuBa 3 KM. PagiotexHiuHi MeToau (pafioXBUIbOBUI 1 pafioCIIeKTPOCKOMIUHMIA)
IIMPOKO 3aCTOCOBYIOTHCSI IJISI KOHTPOJIIO SIKOCTI BUpo6iB 3 IIKM. Ha mpaxktuiii
HalOiIBIIIOT0 MOMMpPEHHS HaOyaM HaJABMCOKOYACTOTHI METOHAM, IO 3aCTOCOBYIOThH
niarnasoHu OOBXMH xBUJb Big 1 7o 100 MM, 1110 BignoBigae iHTepBay yacToT Bif 0,3
o 300 ITu. IMepeBaskHa 06/71aCTh 3aCTOCYBAaHHSI METO/IIiB i TEXHIKM HaAuacTOT — Iie
KOHTPOJIb HamiBdabpukaTiB, BUPOOIB i KOHCTPYKIIiii 3 KM, B SIKMX IOHUIMUPIOIOTHCS
panioxBuii. AKyCTu4HI Metoau (AM) A03BOSIOTh KOHTPOIIOBATU CYLIIIbHICTD KM,
SIKiCTb 3BapHMX i KimeeHux 3’e¢aHaHb. Cepen MHK IIKM Ta 6araTomapoBux KJIei10BUX
KOHCTPYKIIi/t AM 3a 06csiroM 3aCcTOCYBaHHS 3aiimMaloTh mepiie micie [8]. TouHicTh
BMMipIOBaHb CTAaHOBUTD Bif 3 mo 8% Bif ekBiBaseHTHOI 400 YMOBHOI UYTJIMBOCTI, 1110
3aJ]a€ThCSI eTAIOHHMMM 3paskamu. AM nmyxke uyTauBi 70 GopMMU KOHTPOJbOBAHUX
00’eKTiB (10 chpepMUHMX, KOHIUHMX) HEBEJIMKUX pOo3MipiB. Hait6inbIe 3acTocyBaHHS
IIpY KOHTPOJIi IKOCTi BUpo6iB 3 KM 3Haiimm metoan Y3 nedeKToCKoTii, sIKi J03B0-
JIIOTh BUSBUTU PO3PUBUM apMyHUMX BOJIOKOH, Oy/ibOaliKy TMOBITPS i CKYMUeHHS
CMOJIM TIPY KOHTPOJIi BUPOGIB pi3HOI Gopmu. AM MOAiNsIOTh HA [IBi BEJMKi TPyMu:
aKTUBHI, 10 BUKOPUCTOBYIOTb BUIIPOMIHIOBAHHS i MPUIIOM aKyCTUUYHUX XBUIb, i
MaCuBHi, 3aCHOBaHi TUIbKM Ha MOPUIOMI XBWJIb. Y KOXHIill 3 UMX TPyl MOXHa
BUIIIUTY METOAM, IO MOCTIIKYIOTh BUHMKHEHHSI B 00’€KTi KOHTPOJIIO ODKy4YMx i
CTOSITYMX XBUJIb.

B manmit yac B nmpaktuili HK ITKM 1t BusiBjieHHsT nedeKTiB 3HAMIIUIM 3aCTOCY-

BaHHS MMPAKTUYHO BCi METOM i CITOCOOM, IO TPaAUIliiiHO 3aCTOCOBYIOThCSI B YMOBaxX
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BUMPOOHUIITBA, BUIIPOOYBAHHI Ta eKcILTyaTallii meTraseit i arperatiB. lle omTuyHi,
eeKTpUYHi, aKyCTU4Hi, pafialliiiHi, = MarHiTHi, TemaoBi, ronorpadiuHi,
MiKpOpaioXBWUJIbOBI i iHIII MeTOAM KOHTpPOJIIO |9, 13].

Hanpuknan ajist KOHTposto Bupo6iB 3 [IKM, kommanis Olympus [11] mpomnonye
BUKOPUCTOBYBaTU OYIIb-sIKMi1 HedeKTOCKOIl BjacHOro BupoobHuiTea cepii EPOCH®,
EPOCH® 650 a6o EPOCH 6LT, pa3om 3i crielialbHMMM TlepeTBopoBadaMu. THIl Bu-
KOPMCTOBYBAHOTO MepeTBOpIOBava 3ajJeKUTh Bifl reoMeTrpii i TOBHIMHM JeTali.
CreniayibHMII TIepeTBOpPIOBAY 3 JiHi€o 3aTpuMky M2008 (uactororw 0,5 MI'1, miam.
25,4 MM) MOpM3HaAueHUi [JisI KOHTPOJIO BUPOOIB 3 TOBCTOTO CKJIOIJIACTUKY i
KOMITO3UITifHUX MaTepiasiB (TOBIIMHOW Oinbiie 12,5 MM).

Ha puc. 2 npepncraBieHuii pUKIaz BUSIBJI€HHS BeJIMKUX JaMiHaApHUX TPIlIMH
B CTiHKaX MMaJMBHOTO 0aka 3 TOBCTOrO CKJIOIUIACTUKY (TOBIIMHOIO 25 MM) 3a mOIIO-
moroi aedexkrockona EPOCH® 650 i meperBopioBava Ha 500 KI'u. ITepeTBopioBau
BCTAHOBJIIOIOTh HA TTOBEPXHIO 00’eKTy. Y 6e3medeKTHOMY 3pa3Ky, YIbTPasBYK J0XO0-
IUTb 10 HYXKHBOI ITOBEPXHi i reHepye JIyHa-CUTHAJ 3 TAMOuHM 25 MM. 3/1iBa Ha puc. 2
NpefCcTaBleHO IIiK, cnpaBa — A-ckaH. IIpM HagBHOCTI TpiuMHM, YIBTPAa3BYK
BiOMBaeThCs Binm medeKkTy i CTBOPIOE ITiK B MeXKaX 30HM €KpaHy, 3a3HaueHOoi 4epBo-
HUM CTpOOOM, SIKa SIBJISIE cepenuHy 00’€KTy KOHTpoo. CWiIbHUIA JyHA-CUTHAI B

IaHil 30Hi BKa3ye Ha HasIBHICTb BEJMKOI HECYIIIIbHOCTI B 06°eKTi [11].

PucyHOK 2 - JIyHa-curHanu aedexrockorna cepii EPOCH®

Iinp i maTepianu mociaimkeHb. MeTony HepyiiHIBHOTO KOHTposio ITKM, 1110
3aCTOCOBYIOTBHCS MOXKHA PO3AIIUTU HA KUJIbKA IPYIL:
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- metomu medeKTOCKOMii Ta TOBIIMHOMETpii, IO IO3BOJSIIOTh BUSIBUTU
BHYTPpIillIHi MakpoaedeKTiB, TaKi SIK: po3lIapyBaHHs, TPilllMHM, PAKOBUHU, CTOPOHHI
BKJ/IIOUEHHSI, BUKPUIITYBaHHS I10 KpaliKax OTBOPIB i THi3[, @ TAaKOX BiApuB MOBepxHe-
BUX IIAPiB P MeXaHiuHii 06po01Ii AeTaneit 3 KOMIO3UIIMHMX MaTepiamiB. [lo mux
MeTO/[iB HaJ/iekaTb €XO-iMITyJbCHUIA, TiHbOBUI, iMIeIaHCHUI, BeJIOCUMEeTPIidHMIA,
3MYIIIeHMX KOJIMBaHb, BiIbHMX KOJIMBaHb, peBepOeparliiftHuii Ta iH.

- MmeToau medeKTOCKOIIii, 1110 JO3BOJISIIOTh BUSIBUTY MOBEpPXHEBiI Makpoaedek-
™™ Aetaneii 3 [IKM: nigMuHaHHS, TOAPSIIMHY, a TAKOX BHYTPIillIHI AedeKkTH, 1o Bu-
XOMISITh Ha MOBepxHIO metaji. [loBepxHeBi medektn meraneit 3 [IKM BUSBISIIOTbCS
Bi3ya/IbHO-ONITUUYHMUM METOAOM, a B JesIKMX BUIMAJKaX JIIOMiHECIIEeHTHUM MeTOAO0M
nedeKTOCKOIMii.

HepiBHOCTi TOBepxHi i TIMOMHA TOBEPXHEBUX YIIKOIKEHb MOXYTb OYyTU
OlliHEeHi 3a Joromoroio rpodisomeTpy i mpodinorpady:

- MeTOoIM, 10 NO3BOJISIIOTh Bi3yasi3yBaTy BHYTPILIHIO CTPYKTYpPy MaTepiany B
IOCJIiIKYBaHili 30Hi i BUSIBUTU CKIaAKU, 3BUJIM, BiIXMUIEeHHS KyTa apMyBaHHS, BUK-
pUBJIEHHS BOJIOKOH B IUIOIIMHI IIApiB 1 iHIII MOPYIIEHHS MaKpOCTPYKTypu. Buss-
JIeHHSI BHYTPilIHiX MikpomedekTiB cTpykTypu [TIKM MOKIMBO METOIOM aKyCTUUYHOI
MiKpOCKoOIii;

- METOIM MiarHOCTMKMU, 1[0 JO3BOJISIIOTh BU3HAuUaTH (Pi3MKo-MexaHiuHi Xxapak-
tepuctuky [IKM i mporHo3yBaTu pecypc poboTu neTasi abo KOHCTPYKILii [6].

TakuM 4MHOM, IpeJicTaB/ieHi OCHOBHI MeTOAV HepyiHiBHOTO KOHTPOJIIO, IO
IO3BOJISIIOTh  OTpMMAaTH  iHGOpMallil0o IpPO HASIBHICTb YM BiACYTHICTb B
BiATIOBiZa/JIbHUX MEeTa/lsIX i By3JjiaX, eKCIUIyaTOBaHUX 00’€KTiB, AedeKTiB, TaKux SIK
TPIllMHYA, 3aAMPaKH, JIOKAIbHI BM ITMHM, 00ipBaHi HUTKM, CKIAAKM i CMYTH, a TaKOX
nedeKTy BHYTPIllIHbOI CTPYKTYPH.

[llogo BusiBieHHS AedeKTiB BHYTPIlTHbOI CTPYKTYpPH, HAOI/NbIN pe3ylbTaTUB-
HUM € caMe YyJbTpa3ByKoBa AedeKTOCKOIis, sika Habyla MIMPOKOTO MOIIMPEeHHS Y
BUMPOOHMIITBI METaJIOKOHCTPYKIIii. OmHaK, 3aCTOCYBaHHSI KOMIIO3UTHMUX MaTepiasiB
HaJIal0Th BUK/IMK TPAIUIIiAIHMM CITOCO6aM yJIbTPa3ByKOBOi AedeKTocKorii.

VabTpa3ByKoBa Ae(eKTOCKOITisI 3aCHOBaHAa Ha TeXHilli TOpPiBHSIHHSI JyHa-
CUTHAJTIB SIKi TIPOXOASITh KPi3h KOHTPOJbOBAHMIT 06’€KT 3 JIyHA-CUTHAJIAMMU Y TECTO-
BOMY 3pa3sKy [7]. OckisibKM 3BYKOBi XBUJIi BiOMBAIOThCS Bif, MMyCTOT i TPiliuH, 6YIb-
SIKi 3MiHM B CTPYKTYPpi JIyHa-CUTHa/Iy BKa3ylOTh Ha 3MiHM Yy BHYTPIIIHIi CTPYKTypi
MaTepiany. I[Ipu koHTposi manmuBHoro 6aky ITKM PKT, 3BepraeThcsi yBara Ha
HasIBHICTh JIYHA-CUTHAJIiB B 3a3HAUEHOMY «CTpoOi» abo BiKHi, IO IIpeacTaBise

BHYTPIIIIHIO YaCTMHY JOCTiIKyBaHOTO 00’eKTy. HeomHopinHa cTpykrypa ITKM vacTo
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reHepye IyM, oOyMOBJIeHMIT PO3CilOBaHHSIM 3BYKOBUX XBW/Ib, HaBiThb B TBePAUX
MaTepianax. OmHaK, TPillMHM, TUIONIA SIKUX HAOIMKAETbCS M0 JiaMeTpa MPOMEHIO
YIbTPa3BYKY, BiloOpaskaloTh CMJIbHI JIOKa/Ii30BaHi CUTHAIM i IIBUAKO AETEKTYIOTh-
cq [8].

Ha puc.3 HaBegeHO NpUKIAL BUSBIEHHS BEeJIMKUX JJaAMiHAPDHUX TPillIMH B TeC-
TOBOMY 3pa3Ky BUTOTOBJIEHOTO 3i CTiHKM MaJMBHOTO 6aKa 3 TOHKOTO BYIJIEIIJIACTUKY
(TOBIIMHOIO 3,6 MM) 3a JOIIOMOTIOIO IIOPTATMBHOTO PYyYHOTro AedekTockomna Y2-41 i
MIPSIMOTO PO3AiTbHO-CYMIllIeHOTO TepeTBopioBaya Ha 5 MTI'1. IlepeTBopioBau BCTa-
HOBJIEHMI1 Ha MOBEPXHi 00’ekTy. Y 6e3medeKTHilt 30Hi, yIbTPa3BYK AOXOIUTh OO
HIDKHBOI TIOBEPXHi i reHepye JayHa-curHana 3 mmmbuuau 3,6 mMm. (Puc.3 a). Ilpu
HASIBHOCTI TPIllIHY, YIbTPa3BYK BilOMBAETHCS Bif medeKTy i CTBOPIOE ITiK B MeXKax
30HUM eKpaHy, 3a3HaueHOi YepBOHUM CTPOOOM, siKa TMpeNCTaBsIE cepequHy 00’ €KTa
KoHTpomo (Puc.3 6). Cuiabumii nyHa-curHan (H=2,1M) B [gaHiii 30Hi BKasye Ha
HasIBHICTh BEJIMKOI HECYIIIJIbHOCTI B AeTasi. KOHTposb 3a/iMa€e BCbOTO KiJIbKa CEKYHT,

B KOKHili TOUIIi BUMIpY.

a 6
PucyHnoxk 3 - IIpuknan gedekTHoi (a) Ta 6e3medekTHOI yacTuHM (0)

Ane BusB/ieHHS nedeKkTiB TUITy TOp ab0 MiKpOTpillMH B IMaJMBHUX OaKax
[TKM [9] B mpolieci KOHTPOJII0O HEMOXK/IMBO 6e3 yIOCKOHAaJIeHHSI MeTOiB i 3aco0biB
yibTpasBykoBoro HK yepes dakTopu siki BIUIMBAIOTh Ha ITPOBEIeHHSI KOHTPOJIIO:

[llopcTKiCTh TOBEepXHi KOHTPONIO. 3i 36iJbIIEHHSIM IIOPCTKOCTI ITOBEPXHI,
MiABUIIYETbCS piBeHb IIYMiB NpM IepeMillleHHi IepeTBOpoBaya I0 IMOBEpPXHi
06’eKTa KOHTPOIO. [T OTpMMAaHHSI OIMbIIOTO BiJHOIIEHHS CUTHAI / IIyM, MPU
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KOHTPOJIi BUPOOIB 3 IMiABUIIEHOI0 IIOPCTKICTI0O HEOOXiTHO 3HMKYBATU IHIBUIKICTH
CKaHYBaHHS, 1 BIiAMIOBIAHO NPOAYKTUBHICTH [9].

KpuBusna mnoBepxHi. 30i/JbIIeHHS KPUBU3HM IIOBEPXHI KOHTPOJIbOBAHMX
00’€KTiB 3HMKYE UYTJIUBICTh YAbTPA3BYKOBOTO mMeTony. lle o6ymMoBiIeHO TUM, 110 3
pPOCTOM KPUBM3HM ITOBEPXHi 3pOCTA€ >KOPCTKICTh a 3 HEW i MOAYJb aKyCTUYHOI
BJIACTMBOCTi BUPOOY B JleeKTHUX i TOOPOSIKICHMX 30HAX, 30ibIITYIOTHCS BIACHI Uac-
TOTU BifoKpeMeHUX JedekTaMu 30H BUPOOiB [9].

Masti rabapuTy i Maca KOHTPOJIbOBAaHUX 00’€KTiB. PO3I/ISIHYTUIT MeTOH, 3aCTO-
COBaHMII B OCHOBHOMY 10 BUPOOiB, MOBXMHA i IIMPUHA IKUX BUMipIOIOThCSI HE MEH-
IIe HiXX JecsiTKaMy MimiMeTpiB. 3i 3MeHIIIeHHSIM rabapuTiB i Macy KOHTPOJIbOBAHUX
00’eKTiB 3MiHIOIOTHCSI YMOBU 30y/I>KeHHS Y/IbTPa3BYKOBUX KOAMBAHb [9].

Poskputtsi gedekty. BucokoyacToTHi Y3 nepeTBopioBayi J03BOJISIIOTh BUSIBU-
TU nedeKkTu TUITy MOPYIIeHHS IITICHOCTI (po3liapyBaHHs, HeIlpokiei Ta iH.), IO
MalOTh 3allOBHEHMI ra3zom 3a3op. [edekTu 6e3 Takoro 3a3opy 3a3Buyaii He BUSIB-
JISTIOTBCSI, TaK SIK MeXaHiYHM 3B’SI30K BiJOKpeMIeHOi JedheKTOM 30HM 3 iHIIOI0 Yac-
TUHOI KOHCTPYKIil He 3MEeHIIYETbCA 1, OTKe, IPOXOJKeHHS Y3 XBUJb i MIBUAKICTD
MOLIMPEHHS ICTOTHO He 3MiHIOITHC [9].

HekoHTponboBaHi 30HM: [ledeKT po3TalioBaHMii HA IVIMOWHI, IO ITepEeBUIIYE
TpPaHMYHY IJIMOMHY 3a/IITaHHS )T JAHOTO MeToAy i MaTepiaiy [9].

V Micusx, me HeMOXIMBMUII IOCTYIl IepeTBOpiOBaya OO0 IIOBEPXHi BUPOOY
BHACJIiIOK CKJIagHOI dopMM (lepexoan, KyTu, TaBpy Ta iH.).

Ins meraneit PKT 3 meTaneBux marepiajiB 6a3a maHux gedeKTiB, BUSBICHUX
3a JOIMOMOTOK HEepYIHIBHOIO KOHTPOJIIO, MpeAcTaBieHa IOBHICTIO, i i1 MOKHa 3a-
CTOCYBaTH IJIsI IPOTHO3YBAHHS 1X TEXHIUHOIO CTaHy. To craHoBuIe 3 getansimu PKT
3 [IKM 3HauHO CKJIagHiIIIe.

[TKM 3a3Buyait Ma€ TeHAEHIiI0 0 PO3TPICKYBaHHS Mapaje/ibHO IMOBEPXHI, ITif,
BIJIMBOM TUCKY ab0 BHACIiZOK BUPOOHNYMX medeKTiB. Lli mpuxoBaHi BHYTPIilIHI ge-
(deKTH CYyTTEBO BIUIMBAIOTh HA MilIHICTh KOHCTPYKIIii i 3a3BMUait BUSIBJISIOTHCS B X0
V3K [9].

B maHuii yac icHye psif, iMIIOPTHUX aBTOMAaTM30BaHMX YCTAHOBOK [JISI MTPOBe-
IeHHSI YJIbTPAa3BYKOBOIO KOHTPOJIIO KOHCTPYKIi 3 IOJiMepHUX KOMITO3ULIIIHUX
MaTepialiB, Takux SIK obsagHaHHs ¢ipmu «Tecnatom» (IcmaHist), 110 BUKOPUCTOBYE
TIHbOBMII Ta JIyHa-MeTOJ, 3 BBEIEHHSIM Y/IbTPA3BYKOBOI XBWII Yepes3 MIap
KOHTAaKTHOI pinunm [5].

@epepasibHa Jep’)kaBHA aBTOHOMHA ycTaHOBa «HayKOBO-HaBUaJIbHUI LIEHTP

3BapIOBaHHSI Ta KOHTPOJIO» TpuU «MOCKOBCbKOMY [E€pKaBHOMY TEXHIYHOMY
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yHiBepcurety iM. H. E. BaymaHa» Beie po3po0OKy BMCOKOIMPOAYKTUMBHOIO POOOTMU30-
BAHOTO TPUCTPOI (CKaHep-AedheKTOCKOoNa) IJsg aBTOMaTM30BAaHOTO KOHTPOJIO, SIK
IIpy BUPOOHMIITBI, TaK i MpM eKcIUTyaTallii metasnei i arperatiB 3 IIKM. CkaHep-
nedheKTOCKON 30aTHUI TPOBOAUTY YJIbTPAa3BYKOBMIT KOHTPOJIb IeTasieli i arperaris 3
MOHOJITHUX TaHeneit [IKM TOBIIMHOIO 10 24 MM, 3 YYTJMBICTIO GJM3bKO 8 MM
JiamMeTpa eKBiBaJIEHTHOrO [MCKOBOrO BimbuBaua; [mertayseitr i arperariB 3i
CTUIbHMKOBMX TMaHesJeil TOBHMHOKW A0 80 MM 3 UyTAuBicTI0O 14 MM, a TaKOX
KOHCTPYKIil 3aMKHYTOTO KOHTYPY 3 TOBLUMHOK CTiHKM BiJ 2 MM 1 MOXJIMBICTIO
imenTUdikarii gedekTiB JiameTpoMm 6/113bK0 8 MM [5].

PesynbpTatu mocaigkeHb. He3Baxkaroum Ha BMUCOKI MOKA3HMUKU TOCTOBIPHOCTI i
SIKOCTi KOHTPOJIIO, PY4YHi AeeKTOCKOMM Ta aBTOMAaTM30BaHi MPUIaaM MalOTb P
oOMesKeHb:

- mpobjemMHe 3aCTOCyBaHHS CTalliOHAPHMX YCTAHOBOK IIpU TpOBeHeHHi
eKCIUTyaTaliliHOrO KOHTPOJIIO;

- HemocTaTHsI iHpOPMaTUBHICTb Pe3y/abTaTiB KOHTPOJIO 3 TOUKM 30PY OIL[iHKU
MOTeHIIiitHOI HebGe3mekyu BUSIBIeHUX AedeKkTiB (MMpy IMPOoBeAeHHi eKCITyaTalliifiHOro
KOHTPOJIIO);

- 3aCTOCOBYETHCS, SIK PABWIIO, CIIOCiO BBeAEHHS MPYKHMUX KOJIMBAHb 3 BUKOPU-
CTAHHSIM KOHTaKTHUX PiJVH.

[IpobnemMyu aBTOMaTM3allii yabTpasBykoBoro wmertomy HK, mo Bomogie
nocToiHcTBamu nepep iHmuMu metogamu rmpu HK TTIKM, netaneit PKT HemocTaTHBO
BMBUEHI, M0 YCKJIAQJHIOE 3acTOCyBaHHS aBTomaru3oBaHoro VY3K IIKM B
eKCIUTyaTaliiHuX yMOBax [2].

Yepes CBOKW JIaMiHAapHY CTPYKTYpY, CKJIOIUIACTMK Ma€ TEHAEHII0 [0
pPO3TpiCKYBaHHSI TapajejbHO IIOBEpPXHi, IiJi BIUVIMBOM CTpPeCOBUX BIUIMBIiB abo0
BHACTiAOK BUpOOHNUMX nedekris. Lli nmpuxoBaHi BHYTpilllHi gedeKTu CyTTEBO BILIU-
BAalOTh HA MII[HICTh KOHCTPYKIIii.

BucHoBku. Ha BigMiHy Bifj 3aCTOCYBaHHS iCHYIOUOTO CIIOCOOY KOHTPOJIS TIpe/ -
cTaBjieHOro KoMmmadielo Olympus, BMKOpUCTaAHHSI BITUM3HSIHUX [e(deKTOCKOIIiB
3HAYHO 3[elIeBUTh 3aTpaT Ha ob6JagHaHHS, 0OCTYTOBYBaHHS Ta MPUAOAHHS KOM-
IUIEKTYIOUMX MaTepialiB i MepeTBOpOBauiB. BUKOpUCTAaHHS MPSMOTO PO3MAiJTbHO-
CyMillleHOTro TiepeTBopoBava Ha 5 MI'L, JO3BOAUTH BiAMOBUTUCH Bifl CcrelliaJTbHUX
repeTBOpPIOBaveii, IKi po3p0o06JIeHi ITi KOHKPEeTHMI TUIT Je(eKTOCKOIY.

Takum unHOM, ITpeACcTaBIeHNI CIIOCiO i3 3aCTOCYBaHHIM OY/Ib-SIKOTO Me(eKTO-
CKOITy BiTUM3HSIHOTO BMPOOHMKA, pa3oM 3 PO3iJIbHO-CyMillleHUM ITepeTBOpIBaueM
Ha 5 MT'11, mo3BoJIsI€ MIPOBOAUTH TPANMUIIMHUI PYUHUI YABTPA3BYKOBUII KOHTPOJIb
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TOHKOCTiHHMX BMpo6iB 3 [TKM, 3a1/151 BUSIBJIEHHS JTaMiHapHUX TPIilllMH B CTPYKTypax
3i CKJIOIUIACTUKY, pe3epByapax, Tpybax, KopITycax, JIormaTkax TypOiH i T. iH. mpu of-
HOCTOPOHHBOMY JOCTYIIi ITIOBEpXHi 00’€KTy KOHTpOJsi. [Ipy aBTOMAaTM3aIlii JaHOTO
C110co6y, 3HaUHO MPUIIBUIIIUTHCS YaC KOHTPOJTIO.

Pexkomenparii. Ha BimMiHy Bif 3acTOCyBaHHSI iCHYIOUOTO CIIOCOOY KOHTPOJIS
Tpe/icTaB/leHOro KomIaHielo Olympus, mpeacTaBaeHuii CIociO i3 3aCTOCyBaHHSIM
O0ynb-sIKOTO 1e¢eKTOCKOMY BiTUM3HSIHOTO BUPOOHMKA, pa3oM 3 PO3IiIbHO-
CyMillleHUM IlepeTBopoBaueM Ha 5 MI'1l, 103BoJIsI€ TTPOBOAUTM TPATUILIHUI PyU-
HUIi yIbTPa3BYKOBUIA KOHTPOJIb TOHKOCTiHHMX BUpP0o6OiB 3 IIKM, 3a1/s1 BUSIBJIE€HHS
JaMiHapHUX TPIilIMH B CTPYKTypax 3i CKIOIIACTUKY, pe3epByapax, Tpybax, KOpITy-
cax, JiomaTKax TypOiH i T. iH. IIpy OMHOCTOPOHHBOMY JIOCTYIIi ITIOBEPXHi 00’€KTY KOH-
TPOJISl, Ta 3HAYHO 3[eI1IeBUTb ITPOBeIEeHHS KOHTPOJIIO.
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Yaempassykosuli HepyliHiBHUL KOHMPOab AKOCMI BUPO6TB 3 NONTIMEPHUX KOMNO3UMHUX
Mamepianis paKkemHo-KOCMiYHOT mexHiKu

Po3sumok cy4acHoi pakemHo-kocmiyHoi mexHiku (PKT) xapakmepu3yembsca nocmiliHum
BOOCKOHANIGHHAM: 361/bLUEHHAM WBUOKOCMI, 0anbHOCMI 1 Bucomu nosbomy. [Ti0BuweHHa yux
Xapakmepucmuk, Wasxom MoOepHi3ayii, npu3zsesno 00 NoMImMHO20 YCKAAOHeHHS KoHcmpykyli PKT
ma ii ycmamkysaHHA. Jo Halbinbw nepcnekmusHux Mamepianis Ona BU20MOBJEHHA
KoHcmpykyitd PKT yacmiwe sukopucmosyloms nonimepHi komno3uyiliHi mamepianu (M1KM), aki
8Ce yacmiwe 3acmocosylms 8 Cy4acHomy mawuHobydysanHi PKT, ocobaugo 8 mux sunadkax,
Kou xo0eH THWul mamepian He 8iOnosidae Hosum sumozam. KoHmpoae skocmi supobis PKT
3anexums 8i0 BU3HAYEHHA CMAHy Mamepianis, 8 yux 06’'ekmax, AK Npu BUPOOHUYMBI, MaK i 8
YyMoBax ekcnayamayii, Akuli HeobXIOHO NPoBoOUMU K 8 Npoyeci BUPOBHUYMBA (NpuU BIOXUNEHH]
BUPOOHUYUX NpoyeciB MOXYymb YymBOpBaAMUCA pi3Hi BUOU HEOOHOPIOHOCMT CMpyKmMypu:
nopucmicmes, CMOPOHHI BKIIOYEHHSA, PO3WApPyBAHHA 1 MPIWUHU), MAK 1 8 NPOYeCi eKcnayamayii.
Y nonimepHux komnozumrux mamepianax PKT, a came 014 sBussieHHs deekmis muny po3wa-
PYBAHHA Ma MpiWUH BUKOPUCMOBYIOMb Ybmpa3zsykosuli HepyliHiBHUl KoHmpob. [IposedeHo
aHan3 Wooo BUKOPUCMOBYBAHHA MPaduyiliHo20 Y1bmpa3syKoB020 HepyliHIBHO20 KOHMPOJIO 3a

146 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHosorii» 3 (134) 2021 «System technologies»

00NoMOo200 NOPMAMUBHO20 Y/bMPA38yKOBO20 Oe(eKmocKony 3 BUKOPUCMAHHAM BUCOKOYA-
CMOMmHUX nepemsopoBayis. BusHa4yeHo, ujo 015 BUSBICHHS N0300BXHIX MPiluH abo po3wapy-
BaHb 00CMAMHbLO BUKOPUCMOBYBAMU NopmMamusgHi yibmpa3sykosi degexkmockonu, ane 0/
6inbw HAOIliHO20 BUAB/IEHHA Ma peecmpayii 0eekmis, NOBHOMU KOHMPOJIKO C/1I0 BUKOPUCMO-
8yBamu aBmMoMamu308aHi CUCMeMU YlbMmpPa3ByKOBO20 KOHMPOJW, WO Mawms O6inbuly
4ymausicmbs ma WBUOKICMb CKAHYBAHHA, KPIM mMo020 003B80/1A0Mb BU3HAYAMU PO3MIp, NAOWY
ma opieHmayito 0egpekmHUX 30H 3 MOXJ/UBICMIO NO6YO0BU AKICHO20 300paxkeHHs OepekmHoi
30HU 0714 N00anbWoi OYTHKU npayezdamHocmi 8Ciei KOHcmpykyii 3 [TKM.
Ultrasonic non-destructive quality control of products made of polymeric composite
materials rocket and space equipment

The development of modern rocket and space technology (RST) is characterized by
constant improvement: increasing speed, range and altitude. Improving these characteristics,
through modernization, has led to a significant complication of the design of RST and its
equipment. Among the most promising materials for the manufacture of RST structures are more
often used polymer composite materials (PCM), which are increasingly used in modern RST
engineering, especially in cases where no other material meets the new requirements. Quality
control of RST products depends on determining the condition of materials in these facilities,
both in production and in operating conditions, which must be carried out both in the production
process (with the deviation of production processes may form different types of structure
heterogeneity: porosity, foreign inclusions, stratification and cracks) and during operation. In
polymer composite materials RST, namely to detect defects such as delamination and cracks
using ultrasonic non-destructive testing. An analysis of the use of traditional ultrasonic non-
destructive testing using a portable ultrasonic flaw detector using high-frequency transducers. It
has been determined that it is sufficient to use portable ultrasonic flaw detectors to detect
longitudinal cracks or stratifications, but for more reliable detection and detection of defects,
completeness of control should use automated ultrasonic control systems that have greater
sensitivity and scanning speed. defective zones with the possibility of constructing a qualitative
image of the defective zone for further assessment of the performance of the entire structure
with PCM.

ISSN 1562-9945 (Print) 147
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 3 (134) 2021 «System technologies»

Knumenko CaiTiiana BonogumupiBHa - K.T.H., [OIEeHT, [OLEHT Kadenpu
pajiioeleKTPOHHOI aBTOMAaTUKM (i3UMKO-TexHiUHOTO (akyabTeTy JIHIIPOBCHKOTO
HallioHaJbHOTO YHiBepcuTeTy iMmeHi Osiecst [oHuapa, YKpaiHa.

Kucenbos IlaBio 'eHHaaiiioBU4 — acmipaHT Kadeapy pagioe/leKTPOHHOI aBToOMa-
TUKM  Qi3UKO-TeXHIYHOTO (aKyabTeTy [IHIMIpONmeTpPOBCHKOTO HAIiOHAJIbHOTO
yHiBepcuterty imeHi Onecs ['oHuapa, YKpaiHa.

Kyauk Onekciii BojoguMupoBu4 — K.T.H., IOLIEHT, MOIEHT Kadeapyu TEXHOJIOTii
BUPOOHMIITBA (i3UKO-TeXHIYHOTO (haKyabTeTy [IHIPOBCHKOTO HAIliOHAJTbHOTO

yHiBepcuTeTy iMeHi Onecst T'oHuapa, YkpaiHa.

Knumenko CBetiiaHa BragumupoBHa — K.T.H., JOIEHT, AOLIeHT Kadeapbl pagno-
9JIEKTPOHHOJ aBTOMaTUKM (U3UKO-TexHUUecKoro daxyibTeTa /JHEIPOBCKOro Ha-
LMOHANbHOTO YyHUBepcuTetra uMmenu Onecs I'oHuapa, YkpauHa.

Kucenes IlaBesn 'eHHaauMeBuUY - aciipaHT Kadeapbl paano3JeKTPOHHOM aBTOMa-
TUKM (U3UKO-TeXHUYECKoro ¢akyabpTeTa [IHEImpOINeTPOBCKOTO HAIMOHATbHOTO
yHuBepcutera umenu Osiecs 'oHuapa, YkpanHa.

Kymuk Anekceit BragummupoBuy — K.T.H., IOIEHT, AOIEHT Kadeapu TeXHOJIOTUU
MpoOM3BOACTBA (PU3MKO-TeXHMUECKOTo (akyabTeTa [ITHEMPOBCKOTO HAI[MOHAIbHOTO

yHuBepcuteta umenu Osnecsi [oHuapa, YKpanuHa.

Klymenko Svitlana - candidate of technical sciences, associate professor, associate
professor department of radioelectronics automated, faculty of physics and
technology, Oles Honchar Dnipro National University, Ukraine.

Kiselyov Pavlo - graduate student of Department of radioelectronics automated,
Faculty of Physics and Technology, Oles Honchar Dnipro National University,
Ukraine.

Kulyk Oleksii - candidate of technical sciences, associate professor, associate
professor department of production technology, faculty of physics and technology,
Oles Honchar Dnipro National University, Ukraine.

148 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHosorii» 3 (134) 2021 «System technologies»

3MICT

I'peuansiii A. H.,

Bacuiabuenko T. A., Bnacos A.F.,
I'y3p D. A., lumaxosuu /1.B.
BinusiHue mapaMeTpoB TEXHOJIOTHUYe-
CKOro mpoiiecca Ha Ko3hpuimeHT
IUMHAMUYHOCTY 000PYIOBaHMS
bab6auenko O.U., Kononenko I'.A.,
Knememos E.C.,

IlomonbcbKkuii P.B.

PaspaboTka peKoMeHIaLuii o
CKOPOCTeJ OXJIasKIeHMSI JKeJle3HOI0-
POKHBIX KOJIEeC C IIpUMeHeHeM
MOJIeIMPOBaHMS B IIPOrPaMMHOM
koMmrIuiekce QForm VX 8.2 nys
dbopmupoBaHMS OJHOPOTHON
dbeppuUTO-TIePAUTHONM CTPYKTYPbI
€pmosa H.M., Beabmarina H.O.
MogenoBaHHS i OIITHUMi3allist
rapaMeTpiB MPOLeCy B3a€MOZ|1
TPbOX MiAIIPUEMCTB B €MHI
BUPOOHMYI cHcTeMi

Kocomnan A.J.

O1ieHKa YMCI€HHO

3 GeKTUBHOCTM METO/IOB
r7100a/TbHOM ONTYMM3aLN
XomueHKO A. H.,

JIutBuHenko O.1.,

Oynuyenko O.M.,

Acrionenko 1.0.

CrepeomeTpisi CTUCHYTUX KOHOIIiB
Ta (QisuUHa aIeKBaTHICTh 6a3McCiB
enemeHTta Q8

ISSN 1562-9945 (Print)
ISSN 2707-7977 (Online)

13

23

31

40

CONTENTS

Hrechanyi O.,

Vasilchenko T., Vlasov A.,

Huz A., Tsimakhovych D.
Influence of technological process
parameters on equipment dynamic
factor

Babachenko O.I.,

Kononenko G.A.,

Klemeshov E.S., Podolskyi R.V.
Development of recommendations
on cooling rates of railway wheels
with the use of modeling in the
software package QForm VX 8.2
for the formation of a homogene-
ous ferritic-perlite structure

Ershova N., Velmagina N.
Simulation and optimization of in-
teraction process parameters three
enterprises in a single production
system

Kosolap A.L

Estimation of the numerical effi-
ciency of global optimization
methods

Khomchenko A.N.,

Litvinenko O.I.,

Dudchenko O.M.,

Astionenko 1.0.

Stereometry of compressed con-
oids and physical adequacy of Q8
element bases

13

23

31

40

149



«CucremHi TexHouorii» 3 (134) 2021 «System technologies»

SIceB O.T.

[TigBuUIIeHHS SIKOCTI ITiATOTOBKU
(daxiBIIiB B 00/1aCTi MaTEMaTUUYHOTO
MO/Ie/TIOBaHHS

Mopos .M.

HocnimkeHHs BIUIMBY MepeXeBOro
inTepdeiicy Ha e(eKTUBHICTb
6araTomnpouecopHoi CUCTEMM
Tapacos B.II., Monogen, b.B.,
Bynanas T.M., Baiioy3 O.T.
AHanu3 CyleCcTBYIOUIMX TEXHOJIOTUM
MOHUTOPMHTA BO3AyXa

IIBaunu C.B., Byanues B.B.,
TepHnoBas E.B.

Ornrmm3anysi poueccoB
TeIJIO0OMeHa B KOHType aTOMHO¥
3JIEKTPOCTAHIINM C LIeJIbI0 ero
TTOBBIIIEHUST

3unuyenko M./I., IToran O.10.,
Poi0anbueHKo ML.A.,

Manauus U.A. MopepHm3anuust
J1a00paTOPHOTO IMPOKATHOTO CTaHA
150 ny1st bopMupoBaHMs Y CTYIEHTOB
HAaBBIKOB MCCIeAOBAaHMS OObEKTa
aBTOMaTU3aLMN

ConoBbeBa U.A.,

Huxkomaenko 10.H.
CoBepIi1eHCTBOBaHVE€ METOAVKA U
pa3paboTKa IIporpaMMHOI0 obecrre-
YyeHMsI pacyeTa MapIuIpyTOB MPOU3-
BOJZICTBA TPyO 6e30MpaBOUYHBIM

BOJIOYEHHMEM C YUETOM TOYHOCTU

150

49

56

67

79

87

99

Yasev A.G.

Improvement quality of prepara-
tion specialists in area of mathe-
matical modeling

Moroz D.M.

Research of the influence of a net-
work interface on the efficiency of
modular multiprocessor systems
Tarasov V.P., Molodets B.V.,
Bulanaya T.M., Baybuz O.H.
Analysis of existing air monitoring
technologies

Shvachich S.V., Bulichev V.V.,
Ternovaya E.V.

Optimization of heat transfer
processes in the circuit of a nuclear
power plant with a view to
increasing it

Zinchenko M.D., Potap 0.Y.,
Rybalchenko M.O.,

Manachin 1.0.

Modernization of the laboratory
rolling mill 150 for the formation
of students' skills in the study of
the object of automation
Solovyova 1.,

Nykolayenko Yu.

Improvement of methodology and
development of software
calculation of routes production of
pipes by sink drawing taking into
account accuracy

ISSN 1562-9945 (Print)
ISSN 2707-7977 (Online)

49

56

67

79

87

99



«CucreMHi TexHosorii» 3 (134) 2021 «System technologies»

UrnarbeBa B.b.

CucremaTtusalus Hay4YHO-
TEeXHUUECKOM MH(pOpMaIu B
9JIEKTPOHHBIX 0a3ax JaHHSIX

T'yaa A.L, 3imorasag A.1O.

HoBuii migxia g0 migBuUIieHHS
edeKTUBHOCTI step-up
TiepeTBOpIOBaya

T'aBpuieHko A.B., [IBopHuK B.A.
[IpuMmeHeHVe MEeTOIOB KlacTepu3a-
LMY [I71s1 oTipeneneHust chep
JesITeIbHOCTY KaHAMUIATOB IIPU
robope KaapoB a1t UT-KommaHmit
Knumenko C.B.

Kucenes ILI'., Kynuxk A.B.
VIbTPa3ByKOBOI Hepa3pylIaounii
KOHTPOJIb KauecTBa U3Aeunii U3 Mo-
JIMMEPHBIX KOMIIO3UTHBIX MaTepua-

JIOB paKeTHO-KOCMI/I‘IeCKOf/'[ TeXHUKNU

ISSN 1562-9945 (Print)
ISSN 2707-7977 (Online)

107

117

126

135

Thnatieva V.

Systematization of scientific and
technical information

in electronic databases

Guda A.L., Zimoglyad A.Yu.

New approach for the step-up
converter efficiency

increasing

Gavrylenko O.V., Dvornyk V.A.
Application of clustering methods
to determine the areas of activity
of candidates in recruitment for IT-
companies

Klimenko S.V.

Kiselyov P.G., Kulyk O.V.
Ultrasonic non-destructive quality
control of products made of
polymer composite materials of
rocket and space technology

107

117

126

135

151



«CucremHi TexHouorii» 3 (134) 2021 «System technologies»
PE®EPATU

YK 621.771.22

IpeyaHbiit A. H., BacunbueHko T. A., Bnacos A.F., T'y3b 3. A., Uumaxosuy [1.B. BauaHue na-
pamMeTpoB TEXHONOrMYECKOro npouecca Ha KoduumeHT AMHAMUYHOCTM 060pyAOBaHUA //
CuctemHble TexHoNorMu. PervoHanbHbll MeXBY30BCKMII COOPHMK HayyHbiX paboT. - Beinyck
3 (134). - OHenp, 2021. - C.3 - 11.

YCTaHOBNEHO BIMAHME W3MEHEHUA TEXHONOTMYECKUX PEXXMUMOB NPOKATKM HA LUHAMUYECKYIO
Harpy3Ky MOTaNOK NPOKaTHbIX CTaHoB. WccnepoBaHo u3meHenue Ko3dduUMeHTa AUHAMUYHOCTU
ONS pa3HbIX TONWMH HaMaTbiBaeMoi Nonockl. [laHbl peKoMeHAaLMN No ONTUMANbHON TOAWMHE Ha-
MOTKM NONOCHI C TOYKM 3PEHUS AUHAMUYECKOMN HArpy3KK Ha y3nbl 6apabaHHON MOTaNKK.

bubn. 12, un. 2, 7abn. 0.

YIK 621.771.294.003.12 (043): 629.4.001.86

babayeHko 0.M., KoHoHeHko T.A., Knemewos E.C., Mogonbcbkuii P.B. Pa3paboTka peko-
MeHAALUIA N0 CKOPOCTEN OXNAXKAECHUA Kene3HOA0POXKHbIX Konec C NpuMeHeHUeM Moaenupo-
BaHMA B nporpamMmmHoM Komnnekce gform vx 8.2 pnsa popmupoBaHus ogHopoaHon eppuro-
NepAUTHOM CTPYKTYPbI // CuCTEMHbIE TEXHONOTUU. PErnoHanbHblil MeXBY30BCKUA COOPHUK Ha-
YYHbIX paboT. - Beinyck 3 (134). - AHenp, 2021. - C.13 - 22.

bbino npumeHeHo mogenupoBaHue B nporpaMmmHom Komnnekce QForm VX 8.2, B pesynbTate
Obina paspaboTaHa Moaenb, A afanTauMW KOTOPOW MCMONb30BasM Pe3yNbTaThl 3KCNEepUMEHTa.
MonTBEpAUIN BLICOKYIO CXOAMMOCTb PE3yNbTaTOB pacyeTa M 3KcnepumeHTa. PaspaboTaHHas Mo-
Ae/b MOXET ObITb MCNOJIb30BAHA A1 NOCTPOEHUA TEPMOKUHETUYECKUX AWArpamMm nNpu Henpepbis-
HOM OXNAXAEHUM 1 ANs pa3paboTKM peKoMeHAALMIA N0 PEXMMOB TEPMUYECKO 06paboTKu.

bubn. 4, unn.5.

YK 65.012.32:517.977.1

€Epwosa H.M., Benbmarina H.0. MopenioBaHHs i onTumisauia napametpiB npouecy
B3aEMOAiT TPbOX NiANPUEMCTB B €EAUHIN BUPOOHMYIN cuctemi // CuctemHble TexHonorum. Pe-
TMOHANbHBIA MEXBY30BCKUIA COOPHUK HayuHbiXx paboT. - Beinyck 3 (134). - OHenp, 2021. -
C.23 - 30.

B cTaTTi HaBefeHO MeToAMKa NPOEKTYBAHHA NpoLeCy B3aEMOATT TPbOX NiANPUEMCTB B EANHIN
BUPOOHMYil  cucTemi. MaTpuyHMM  METOLOM  AWMHAMIYHOTO NpOrpaMyBaHHA  BCTaHOBJEHi
pO3paxyHKoBi hOpMynM Ans napameTpiB MPOEKTYBAHHA: YACTKW NOTOKY BafoBOi NPOAYKLii, Aka
HanpaBAAETbCA MiANPUEMCTBAMM HA PO3BUTOK BNACHOTO BMPOOHMUTBA. B sAKOCTI KpuTepito
ONTUMANBHOCTI NPUAHATUIA KBALPATUYHUI YHKLiIOHAN, DI3UYHUIA CEHC AKOTO - BUTPATU MPOLIOBUX
KOWTIB Ha MifTpUMKY CTabinbHOro (yHKUiOHYyBaHHA npouecy. Mpu uboMy KiHUEBa NPOAYKLis
BUPOOHMYOT CUCTEMM, WO HANPABNSETHCA HA 30BHILIHE CMOXWBAHHA NOBUHHA OYTM MaKCUMabHa.
CrBOpeHo nmporpamHuil MPOAYKT 1 OTPUMAHO ONTUManbHe piweHHA. BuKOHaHO MopentoBaHHs B
cuctemi mopentoBaHHs MBTIT 3.7 npouecy B3aeMoAii TpbOX NigNPUEMCTB A/ TPbOX BapiaHTIB.
BapiaHT 3 onTUManbHMMKM napameTpamy MPOEKTYBAaHHA 3abe3nedye 36inbweHHA BUPOOHMYOT
MOTYXKHOCTI MigNpuMEMCTB i BigNOBiAae 06/acTi pauioHaNbHUX 3HAYeHb YaCTOK MPOMiXKHOI
NPOAYKLiT NiANPUEMCTB, O BCTAHOB/IEHA LWAAXOM MOAENIOBAHHA.
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bi6n. 8.
YK 519.893
Koconan A.W. OueHka yncneHHoi 3¢(heKTUBHOCTM METOA0B rno6asbHON ONTUMU3ALUM

// CuctemHble TexHONOrUU. PervoHanbHbl MEXBY30BCKUI COOPHMK Hay4HbIX paboT. - Beinyck
3(134). - OHenp, 2021. - C.31 - 39.

B paHHOI cTaTbe Mbl aHANM3MpyeM TeCTOBbIE 3afa4u r106anbHON ONTUMMU3ALUM HA YNCTIEH-
HYt0 3(h(EKTMBHOCTb METOAOB MX peleHna. ABTOp npepnaraet MogM@UKaLMmM 3TUX TECTOBbIX 3a-
Aay, KOTOpble YNPOCTAT NPOBEPKY YMCNeHHol 3hdeKTMBHOCTU MeTofoB. [poBeAeHO CpaBHeHMe
CYLLECTBYIOWMX METOAOB rN0OANbHOM ONTUMM3ALMM C METOAOM TOYHON KBaAPATUYHON perynsapusa-
UMK, NPELIOXEHHbIM aBTOPOM. ITOT METOA NMOKAa3as Haunyylwue pe3yibTaTbl NPy pelleHnn 60nb-
LWWMHCTBA TECTOBbIX 3afay. B yacTHocTW, Nyylwmne peweHuns GbiIM NONyYeHbl ANs TECTOBbIX 3ajay C
HEW3BECTHbIMM pelleHnsMU. ITOT METOA NO3BOJISET pelaTbh MyNbTUMOAAsbHble 3afadn 60MbWOoi
pa3MepHOCTU W ANs ero peann3sauuu TpebyeTcs ToNbKO NPorpamMma JIoKanbHOro NoucKa.

bubn. 5, 1abn. 2.

YK 519.65

XomueHko A. H., lutBunenko 0.1., fyayeHko 0.M., Actionenko I.0. CrepeomeTpia CTUCHY-
TUX KOHOifiB Ta ¢hi3nyHa apekBaTHicTb 6asuciB enemeHta Q8 // CuctemHble TexHonoruu. Pe-
TMOHANbHbIA MEXBY30BCKUIA COOPHUK HayuyHbx pabot. - Buinyck 3 (134). - [wenp, 2021. -
C.40 - 48.

Po3rnapatotbcs HOBi Mofeni 6a3nCiB CepeHANNOBMX CKiHYEHHMX enemeHTiB Q8. 3a oCTaHHi
pOKM 6ibnioTeKa cepeHAMNOBUX CKIHYEHHUX €NEeMEHTIB CYTTEBO MOMOBHMNACA HeCTaHAAPTHUMMK
(anbTepHaTMBHUMKM) MopensmMu. bBynu  BCTaHOBNEHi NpUYMHKM  HeafeKBaTHOCTI  cnekTpa i
3anponoHOBaHi “peLenT” yCyHEHHSA LbOro HeAONIKY CTaHAAPTHUX CEpeHaunoBux mogenei. Hosi
nigxoan A0 MofenioBaHHsA 6a3nCiB 3a AOMOMOrOI0 iEpapXiyHMX GOpPM 3MYLLIYIOTb BiAMOBUTUCDH Bif
KOHOIAIB — NiHIAYaTMX MOBEPXOHb, fIKI ACOLIIOIOTHLCA i3 MPOMIXKHMMM BY3NaMKU CTaHLAPTHUX
enemeHTiB. HoBi JOC/ifXEHHA NOKa3ytoTh, WO BiLMOBAATUCS Bif KOHOiAiB He 060B'A3k0BO. [MoKa-
3aHO, fIK WAXOM CTUCHEHHS MOBEPXHi KOHOIfA MOXHa OTPUMATK MATeMaTUYyHO OOIPYHTOBAHWIA i
hi3M4HO afeKBATHUN CNEKTP BY3/10BUX HABAHTAXKEHb.

bibn. 14, 1in. 4.

UDC 669.02.001.57 (007)

flces 0.T. MigBuweHHs akocTi nigrotoBku (axiBuis B 06nacTi MaTeMaTM4YHOro Mopenio-
BaHHA // CucTeMHble TeXHONOrMU. PernoHanbHblii MeXBY30BCKWII COOPHMK Hay4HbIX paboT. - Bbi-
nyck 3 (134). - Ouenp, 2021. - C.49 - 55.

3anponoHOBaHO METOAOJOTNiI0 HaBYaHHSA, fiKa 3abe3neyye [OCATHeHHs Ginbw ranbokoro Ta
MOBHOTO YSBIEHHSA WOAO CYTTi MAaTEMAaTUYHOTO MOAENIOBAHHA TEXHIYHMX 00'ekTiB. M03nTUBHI pe-
3yNbTaTh OTPUMAHT 3aBAAKM BUKOPUCTAHHIO METOA, IKMIA OyNO CTBOPEHO.

bion. 4.
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YIK 004.032.24

Mopo3 [.M. JocnigeHHA BRAMBY MepexkeBoro iHTepdency Ha egeKTUBHICTb
6aratonpouecopHoi cuctemu // CucTemHble TEXHONOTUK. PernoHanbHbIi MeXBY30BCKUI COOPHUK
Hay4HbIX paboT. - Beinyck 3 (134). - Onenp, 2021. - C.56 - 66.

CratTa npucesYeHa PO3BUTKY Niaxody AO BU3HAYEHHA METOAONOriT OUuiHKM eheKTUBHOCTI
MOJYNbHUX  6araTonpouecopHux 06YMCIOBaNbHKUX cucteM. [lpy  LbOMY OCHOBHA yBara
NPUAINAETLCA 0COOAMBOCTAM BMAMBY HAa 3HAYEHHA JAHOTO MapameTpa MepexeBoro iHtepdeicy.

MpoBeneHo aHani3 hopMyBaHHS apXiTEKTYpU MepexeBoro iHTepdeiicy 6araTonpouecopHoi cucTe-
MW Ta OCHOBHUX pexwumis i pobotu. [N OuiHKWM npouecis, Wo BifOyBalOTLCA B CUCTEMi Mpu
nepegayi iHpopMaLiNnHMX NOTOKIB, MPOBOAMIOCA NOPIBHAHHA NPOMYCKHOT 34aTHOCTI MepexeBoi
CUCTEMM Ta NPONYCKHOT 34aTHOCTI KOMYTATOPIB, WO [O3BOMMIO BU3HAYUTW NEepeayMOBU ANA ONTU-
MasbHOro BMOOpPY KOMMOHEHTIB MepexeBoro iHTepdeiicy 6aratonpouecopHoi 064YWCIOBaNbHOT
cuctemun. MNpoBefeHi AOCNIAXKEHHA TaKOX A03BOJMAM BMBECTU AHANITUYHI CMiBBIfHOWEHHA AN
BM3HAYEHHA ONTUMANbHOT KiNIbKOCTI BY3/1iB CUCTEMU 3 Pi3HUMM peXXUMaMK dyHKLiOHYBaHHSA. [Toka-
3aHO, WO 0OMiH MepexeBUMM AaHUMU MiXK By3namu 6aratonpoLecopHoi 064M1COBaNbHOT CUCTEMH
YMOBiNbHIOE 3arasibHUii NPOLEC 064MCNEHD.

bi6n. 9,in. 2.

YK 004.021

Tapacos B.I1., Monopgey b.B., bynaHas T.M., baiiby3 0.. AHanu3 cywwecTBYOWUX TEXHONO-
rMin MOHUTOPUHra Bo3payxa // CucTemMHble TEXHONOMMK. PerroHanbHbIN MEXBY30BCKWII COOPHMK
Hay4HbIX paboT. - Buinyck 3 (134). - Anenp, 2021. - C.67 - 78.

PaccmatpuBaloTcs BMAbl MOHMTOPUHIa COCTOAHUA Bo3fyxa. [lpoBefeHO onucaHue CylwecT-
BYIOLLMX CTAHAAPTOB OLEHKM KayecTBa BO3Ayxa - MHAEKCA KayecTBa Bo3fyxa. Ha npumepe espo-
NenMcKoro MHAeKca KayecTsa Bo3dyxa M MHAEKCOM KayecTBa no ctaHaapty EPA onucanu paHxupo-
BaHWEM BNMUAHWUA COCTOAHWS BO3AyXa HAa 340pPOBbeE YeNoBeKa 1 haKTopamm, BAUAIOWMMM Ha ee 3Ha-
yeHue.

bubn. 13, Tabn. 4.

YK 666.1.002.5

[Llauyny C.B., bynuyes B.B., TepHoBas E.B. OnTuMMU3aumaA npoueccoB Ten1006MeHa B KOH-
Type aTOMHOM 3N1eKTPOCTaHLUMM C Lenbio ero noBbiweHua // CuctemHble TexHonoruu. Peruno-
HaNbHbIN MEXBY30BCKMUIA COOPHMK Hay4HbiX paboTt. - Beinyck 3 (134). - [Henp, 2021. -
C.79 - 86.

AKTyanbHoCTb paboTbl 06yCNOBIEHA UCTOLEHMEM 3aNaCOB TPAAULMOHHbBIX BUAOB TOMAUBA U
POCTOM Harpy3ku Ha 6uocdepy 3a cHeT BLIGPOCOB NpU CXUraHWK Yrs, HedTu W ra3a. [ns peleHus
3TUX Npobnem ABNAETCA Pa3BUTUE AJEePHOI 3HepreTuKu. [03ToMy Lenbio faHHON paboTbl ABAAETCSA
ONTUMU3ALMA NPOLLECCOB Tena000MeHa BO BTOPOM KOHType aTOMHOM 3feKTpocTaHuuu. B pabote
paccMOTPEeHbl Mepbl N0 ONTUMMU3ALMM NPOLECCOB TEN00OMEHA B TENIOBOI CXeMe BTOPOro KOHTypa
A3C gna noBbiWeHUA 3HEPreTMYecKnx nokasatenen. B yacTHOCTW, NpepnoXeH peareHT, KOTOpbIil
YILANAET CONMM KECTKOCTU Ha CTEHKax TennoobmMeHHOro obopyaosaHus. B xone paboTsl peleHa 3a-
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[laya no ONTUMM3aUMM OBUKEHUA TEMIOHOCUTENEN B NPOMEXYTOUYHbIX TENJIO0OMEHHUKAX LA Mo-
BblLEHWs 3HEPro3eKTUBHOCTU IHEPTETUYECKOTO 060PyA0BaHUS.

bubn. 3., unn. 1.

YK 681.532.1

3uHuenko M.[J., Motan 0.10., PuiGanbuenko M.A., MaHaunH W.A. MopepHu3auma nabopa-
TOPHOro NpoKaTHoro craHa 150 ana ¢opMUPOBaHUA Y CTYAEHTOB HaBbIKOB UCCNEA0BAHMA
06beKTa aBToMaTu3aumm // CuctemHble TeXHONOMMU. PernoHanbHbIi MEXBY30BCKMIA COOPHUK Ha-
Y4HbIX paboT. - Beinyck 3 (134). - Auenp, 2021. - C.87 - 98.

BbinonHeHa MoaepHM3aLmMs 1abopaTopHOro NPOKaTHOro cTaHa 150 Ans BbINOJHEHNSA CTyLeH-
TaMU UCCNefoBaHMIA COCTOSHMA KaK 0ObeKTa aBToMaTu3auuu. [LOnoNHUTENbHO Ha HAXMUMHOE YCT-
POICTBO ObIIM YCTAHOBNEHbI PELYKTOP C [BUraTesieM NePeMEHHOr0 TOKa, POTOMMNYNbCHUIA [aTYnK
NOIOXKEHUA HAXKUMHbIX BUHTOB, MeCfo3u. [lns ynpaBneHus ABuratenem npUMeHUNM naHeb onepa-
Topa HMI DOP-103BQ, yacTtoTHoit npeobpasoatens MS-300c BctpoeHHbiM [JIK. PaspabotaHoe
nporpammHoe obecneyeHue ans naHenu onepatopa 1 MJIK obecneynno nepemelLeHns HAKUMHBbIX
BMHTOB B 3afjaHHOE MOJNOXeHWe ¢ TpebyeMoi ToYHOCTbI0. [Inf uccnefoBaHuUs npoLecca NpoKaTku
pa3paboTaHo MporpaMmMHoe obecrneyeHue, KOTOPOE OCYLLECTBASET U3MEPEHME CUNbI MPOKATKK,
3NIEKTPUYECKNX NMApaMeTPOB ABUTaTeNs NPOKATHOMN KNeTu 1 oTobpaxeHue on-line namepsembix na-
paMeTpoB Ha 3KpaHe MOHMTOpA. M3mepsemble napameTpbl coeperaiTcs U MOryT 6bITb KOHBEPTUPO-
BaHbl B Exel-caiinbl.

bu6.3, un. 6, Tabn. 4.

YOK 621.774.35

ConosbeBa W.A., Hukonaenko H0.H. CoBepwieHcTBOBaHUE METOAMKM U pa3paboTKa npo-
rpaMMHOro obecneyeHus pacyeta MaplIpyTOB NPOM3BOACTBA TPY6 6e3onpaBoyHbIM BONOYe-
HUEM C YYETOM TOYHOCTH // CUCTEMHbIE TEXHONOTUU. PernoHanbHblii MEXBY30BCKUIA COOPHUK Ha-
YYHbIX paboT. - Beinyck 3 (134). - AHenp, 2021. - C.99 - 106.

lpuBeLeHbl NpUMepbl UCCNe[OBaHUA NPOTHO3UPOBAHMA PA3HOCTEHHOCTU U OnpefeneHus
TOMWMHBI CTEHKM 3arOTOBKM LA MONYYEHUA TpyObl OnpefeneHHOro pasmepa, Yto crnocobcTByeT
MOBbIWEHMIO TOYHOCTU TPYO W3 YrNepOAMCTbIX MApPOK CTafnel NMpu NPOEKTUPOBAHWUM MapLIpYTOB
npou3BoACcTBa. BbinonHEH KOppensiuMoHHO-PErpecCUOHHbIA  aHanu3, onpegeneHsl (aKTopbl,
BAMAIOWME HA U3MEHEHWEe PA3HOCTEHHOCTM WM MOCTPOEHbl PerpeccuoHHble mogenu. Pesynbrathbl
aHanu3a LonosHWUAM NporpamMMHoe obecneyeHne onpeneneHns pa3MepoB 3aroTOBKM NPY NPOEKTU-
POBaHMW MapLIPYTOB BOJMIOYEHMA YINEPOAHbLIX X0N0LHOAEdOPMUPOBAHHbLIX TPYO 6e30MpaBOYHUM
BOJIOYEHUEM.

bubn. 3, puc. 4

YK 004.65; 001.92

WruatbeBa B.b. CuctemaTtusayma HayyHO-TEXHUYECKON MH(OPMALMK B 3NEKTPOHHbIX Oa-
3ax faHHAX // CucTeMHble TEXHONOrMU. PernoHanbHbIii MEXBY30BCKUI COOPHUK HAy4HbIX paboT. -
Bbinyck 3 (134). - inenp, 2021. - C.107 - 116.

lpoBefeH aHanu3 pacCMOTPEHHbIX BOMPOCOB, MOCBALEHHbIX Npobneme cobniogeHns npas
aBTOPOB NpM CUCTEMATM3ALUN UHGDOPMALMKM B INEKTPOHHbIX pecypcax. [MpoaHannu3mpoBaHo wuc-
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NoNb30BaHME HAYYHO-TEXHUYECKON WMHGOPMALWKM OpraHu3auusMmu Npu pasMelleHnn ee B 3NeK-
TPOHHbIX 6a3ax faHHbIX. BbiABNEHbI HApyLWeHUs, KOTOpble JOMYCKaloTCA opraHu3auuamu. Mpeano-
XXEH aNropuT™M CUCTEMATM3aLMUN HAYYHO-TEXHUYECKON MHPOPMALMN B INEKTPOHHbIX 6a3ax faHHbIX.
Pa3paboTaHHbIii anropuTM Mo3BONAET OpraHM3aLMAM pa3meliatb 06bLEKTbl aBTOPCKOrO npasa B
CBOMX 3/IEKTPOHHbIX 6a3ax fJaHHbIX 6€3 HapyLeHWs NpaB aBTOPOB.

bubn. 7, unn. 2.

UDC 681.518

lyaa A.L, 3imornag A.10. HoBui nipxia po nigBuuieHHA edeKTUBHOCTI step-up nepeTso-
ptoBaya // CuctemHble TeXHONOrMKU. PernoHanbHbIN MEXBY30BCKUIA COOPHMK Hay4dHbIX paboT. -
Buinyck 3 (134). - IHenp, 2021. - C.117 - 125.

Lia cTaTTs npucesiyeHa npobnemi CTBOPeHHS eheKTUBHUX TEXHOON NepeTBOPEHHS eHeprii.
3anponoHoOBaHO HOBWIA MiAXid [0 XWUBNEHHA LpaiiBepa 3aTBOPHOro nepetBoploBaya. [poBegeHo
eKCnepuMeHTabHi Ta YNCeNbHi JOCNIAXKEHHA HOBOro metofy. Pe3ynbTatu pawTb Ham Xxopolle
NiATBEPAXKEHHA HOBUX CXEMHUX NMepeBar Ta 00MexeHb BUKOPUCTAHHSA. Po3rnsgaoTbes pisHi noto-
KW BTpaT NOTYXHOCTI.

bubn: 9, unn: 7

YK 004.912

laspuneHko A.B., [lsopHuk B.A. lpumeHeHne meTon0B Knactepusauuu ana onpeapene-
HuA cep AeATeNbHOCTU KaHAUAATOB Npu noabope Kaapoe ansa UT-komnanum // CuctemHble
TEXHONIOrMW. PernoHanbHbI MeXBY30BCKUIA COOPHUK Hay4HbIX paboT. - Beinyck 3 (134). - OHenp,
2021. - C.126 - 134.

B maHHOM cTaThe paccMoTpeHa npobnema nopbopa kappos ansa UT-komnaHwmit. PaccmoTpeHo
npaKTU4YecKoe NpuMeHeHne METOA0B KNacTepusauum Ha npumepe 3agayum onpefeneHus chep pes-
TENbHOCTM KAHAMAATOB M Noabopa pe3toMe Ha onpefeNeHHy0 BakaHCHIo Npyu Noabope Kafapos Ans
WT-komnanwuii. MpuBegeHsl NOCTaHOBKY 3agaun. OnpeneneHo, K KOTOpPbIM MOAeneil CBOAATCA WC-
cnepnyemble NpobneMHble CUTYaLMK, A TaKKe, KaKMe MeTofbl MOTYT ObiTb MPUMEHEHBI K PeLLEHMIO
nocTaBneHHon 3apaun. MpuseneH 0630p N3BECTHbLIX PeLIeHUI, TaKKe OCBELLEHbl MPEUMYLLECTBA U
HepocTaTku BblOpaHHOro metofa. [puBefeHbl NpUMep OMpefeneHuUs KONMYECTBA ONTUMANbHbIX
KNacTepoB 1 3alaHHOro Habopa pestome.

Jlut. 6, unn. 2.

YK 678.5.05: 004.925.8

Knumenko C.B. Kucenes M.T., Kynuk A.B. YnbTpassyKoBoi HepaspylualoWmin KOHTPONb
KayecTBa U3AeNnin U3 NOIMMEPHbIX KOMNO3UTHbIX MAaTEPUANOB PAKETHO-KOCMUYECKOWU TeXHU-
Ku // CuctemHble TeXHONOrUM. PernoHanbHbIN MEXBY30BCKUI COOPHUK Hay4YHbIX paboT. - Beinyck
3 (134). - Anenp, 2021. - C.135 - 148.

PaccmoTpeH cnoco6 TpagMLMOHHOrO VYIbTPA3BYKOBOrO KOHTPONA UM3[ENWii  paKeTHO-
KOCMWYECKON TEXHWUKM, N3rOTOBAEHHBIX U3 NONMMEPHbIX KOMNO3UTHBIX MaTepuanos. lpegnaraetcs
“Cnosb30BaTb BMECTO CMELMaNM3UPOBAHHOTO 060pya0BaHMsA fedeKTOCKON OTeYeCTBEHHOrO Npo-
W3BOLCTBA C BbICOKOYACTOTHBIM pa3feNnbHO-COBMeELLEHHbIM npeobpa3sosatenem. lpencTaBneHHblii
Cnocob no3BosET BbIABAATL JTAMUHAPHbIE TPELUMHbI B CTPYKTYPAxX U3 CTEKIONNACTUKA, pe3epBya-
pax, Tpy6ax, Kopnycax, onaTkax TypouH npu OLHOCTOPOHHEM JOCTyNe NOBEPXHOCTU 0OBEKTA KOH-
Tpons.

bubn. 17, puc. 3.
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UDK 621.771.22

Hrechanyi 0., Vasilchenko T., Vlasov A., Huz A., Tsimakhovych D. Influence of techno-
logical process parameters on equipment dynamic factor // System technologies. N 3(134)
- Dnipro, 2021.- P.3 - 11.

The influence of changing the technological modes of rolling on the dynamic load of
the coilers of rolling mills has been established. Investigated the change in the coefficient of
dynamism for different thicknesses of the wound strip. Recommendations are given on the
optimal thickness of strip winding from the point of view of the dynamic load on the drum
coiler units.

Ref. 12, fig. 2, tab. 0.

UDC 621.771.294.003.12 (043): 629.4.001.86

Babachenko 0.I., Kononenko G.A., Klemeshov E.S., Podolskyi R.V. Development of rec-

ommendations on cooling rates of railway wheels with the use of modeling in the soft-
ware package gform vx 8.2 for the formation of a homogeneous ferritic-perlite structure
// System technologies. N 3(134) - Dnipro, 2021.- P.13 - 22.

Simulation was applied in the software package QForm VX 8.2, as a result, a model was
developed, for the adaptation of which the results of the experiment were used. Confirmed the
high convergence of the results of the calculation and the experiment. The developed model
can be used to construct thermokinetic diagrams under continuous cooling and to develop
recommendations for heat treatment modes.

Ref. 4, IIL.5.

UDC 65.012.32:517.977.1

Ershova N., Velmagina N. Simulation and optimization of interaction process pa-
rameters three enterprises in a single production system // System technologies. N 3(134)
- Dnipro, 2021.- P.23 - 30.

The article presents a method of designing the process of interaction of three enter-
prises in a single production system. The matrix method of dynamic programming establishes
calculation formulas for design parameters: the share of the flow of gross output, which is
sent by enterprises for the development of their own production. The quadratic functional is
accepted as a criterion of optimality, the physical meaning of which is the expenditure of
funds to support the stable functioning of the process. In this case, the final product of the
production system, sent to external consumption should be maximum. The software product is
created and the optimum decision is received. Modeling in the modeling system of MVTP 3.7
of the process of interaction of three enterprises for three variants is performed. The option
with optimal design parameters provides an increase in the production capacity of enterprises
and corresponds to the area of rational values of the shares of intermediate products of en-
terprises, which is established by modeling.

Ref. 8.
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UDC 519.893

Kosolap A.I. Estimation of the numerical efficiency of global optimization methods
// System technologies. N 3(134) - Dnipro, 2021.- P.31 - 39.

In this paper, we analyze global optimization test problems for the numerical efficiency
of methods for their solution. The author proposes modifications of these test problems that
will simplify the verification of the numerical efficiency of the methods. The existing global
optimization methods were compared with the exact quadratic regularization method pro-
posed by the author. This method has shown the best results in solving most of the test prob-
lems. In particular, the best solutions were obtained for test problems with unknown solu-
tions. This method allows solving the multimodal problems of large dimensions and requires
only a local search program for its implementation.

Ref. 5, tabl. 2.

UDC519.65

Khomchenko A.N., Litvinenko, 0.I., Dudchenko 0.M., Astionenko I.0. Stereometry of
compressed conoids and physical adequacy of Q8 element bases // System technologies.
N 3(134) - Dnipro, 2021.- P.40 - 48.

The paper considers new models of bases of serendipity finite elements (FE) Q8. In re-
cent years, the library of serendipity finite elements has been significantly replenished with
non-standard (alternative) models. The reasons for the inadequacy of the spectrum were
identified and "recipes" were proposed to eliminate this shortcoming of standard serendipity
models. New approaches to modeling bases with the help of hierarchical forms force to aban-
don conoids - linear surfaces that are associated with intermediate nodes of standard ele-
ments. Therefore, research is being conducted today, and it is not necessary to give up con-
oids. The paper shows how by compressing the surface of the conoid it is possible to obtain a
mathematically sound and physically adequate spectrum of nodal loads.

Bibl.14, illustr. 4.

UDC 669.02.001.57 (007)

Yasev A.G. Improvement quality of preparation specialists in area of mathematical
modeling // System technologies. N 3(134) - Dnipro, 2021.- P.49 - 55.

Methodology of study, that provides a receipt of the deeper and complete understand-
ing of essence of mathematical modeling of technical objects is offered. Positive results are
achieved by using method which is proposed.

Bibl. 4.

UDC 004.032.24

Moroz D.M. Research of the influence of a network interface on the efficiency

of modular multiprocessor systems // System technologies. N 3(134) - Dnipro, 2021.-
P.56 - 66.

The paper is devoted to the approach development related to methodology definition
for evaluation of the modular multiprocessor computing systems efficiency. At the same time,
the main attention is focused on the impact peculiarities on this network interface value. The
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formation analysis of the multiprocessor system network interface architecture and the basic
modes of its operation have been analyzed. To evaluate the processes occurring in the system
during the information flows transmission, the network system bandwidth and the switch
throughput were compared; which allowed determining the preconditions for optimal compo-
nents selection of the multiprocessor computing system network interface. The performed
researches also allowed deducing analytical relations for determining the optimal number of
system nodes with different functioning modes. The selected processors coherency coeffi-
cient, network interface and value of the computing area are deduced. The derived analytical
relationships also showed that the optimal number of blades in a multiprocessor computing
system, that provide its highest speed, decreases with increasing computing power of the
processors included. It is shown that the network data interchange among the multiprocessor
computing system nodes the more likely to impede the overall computation process; the less
time will be spent directly on solving a specific problem.

Bibl. 9, il. 2.

UDC 004.021

Tarasov V.P., Molodets B.V., Bulanaya T.M., Baybuz 0.H. Analysis of existing air moni-
toring technologies // System technologies. N 3(134) - Dnipro, 2021.- P.67 - 78.

The types of air condition monitoring are considered. Existing standards for assessing
air quality was described - the air quality index. Ranking of the impact of air condition on
human health and the factors affecting its value were described using European Air Quality
Index and the quality index according to the EPA standard.

Bible 13, tab 4.

UDC 666.1.002.5

Shvachich S.V., Bulichev V.V., Ternovaya E.V. Optimization of heat transfer processes
in the circuit of a nuclear power plant with a view to increasing it // System technologies.
N 3(134) - Dnipro, 2021.- P.79 - 86.

The relevance of the work is due to the depletion of reserves of traditional fuels and an
increase in the load on the biosphere due to emissions from the combustion of coal, oil and
gas. To solve these problems is the development of nuclear power. Therefore, the purpose of
this work is to optimize the heat transfer processes in the second loop of a nuclear power
plant. The paper considers measures to optimize heat exchange processes in the thermal
circuit of the second circuit of a nuclear power plant to increase energy performance. In
particular, a reagent is proposed that removes hardness salts on the walls of heat exchange
equipment. In the course of the work, the problem was solved to optimize the movement of
heat carriers in intermediate heat exchangers to increase the energy efficiency of power
equipment.

Bibl. 3.,il. 1.
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UDC 681.532.1

Zinchenko M.D., Potap 0.Y., Rybalchenko M.0., Manachin I.0. Modernization of the
laboratory rolling mill 150 for the formation of students’ skills in the study of the object
of automation // System technologies. N 3(134) - Dnipro, 2021.- P.87 - 98.

Modernization of the laboratory rolling mill 150 was performed for students to perform
research of the mill as an object of automation. In addition, a reducer with an AC motor, a
photopulse sensor for the position of the thrust screws, and a mesodose were installed on the
pressure device. To control the motor used the operator panel HMI DOP-103BQ, a frequency
converter MS-300 with a built-in PLC. Developed software for the operator panel and the PLC
provided the movement of the thumbscrews in the rear position with the required accuracy.
To study the rolling process, software has been developed that measures the rolling force,
electrical parameters of the rolling stand motor and displays the on-line measured parameters
on the monitor screen. The measured parameters are saved and can be converted into Exel
files.

Bibl. 3,ill. 6, table 4.

UDC 621.774.35

Solovyova I., Nykolayenko Yu. Improvement of methodology and development of
software calculation of routes production of pipes by sink drawing taking into account
accuracy // System technologies. N 3(134) - Dnipro, 2021.- P.99 - 106.

Examples of research on predicting the difference in wall thickness and determining the
wall thickness of the workpiece to obtain a pipe of a certain size are given, which contributes
to an increase in the accuracy of pipes from carbon steel grades when designing technological
routes. Correlation and regression analysis was performed, factors influencing the change in
wall thickness were determined, and regression models were constructed. The results of the
analysis supplemented the software for determining the size of the workpiece when designing
routes for drawing carbon cold-formed pipes by sink drawing.

Bibl. 3,ill. 4.

UDC 004.65: 001.92

Ihnatieva V. Systematization of scientific and technical information in electronic
databases // System technologies. N 3(134) - Dnipro, 2021.- P.107 - 116.

The analysis of the considered questions devoted to a problem of observance of the
rights of authors at systematization of the information in electronic resources is carried out.
The use of scientific and technical information by organizations when placing it in electronic
databases is analyzed. Violations committed by organizations have been identified. An
algorithm for systematizing scientific and technical information in electronic databases is
proposed. The developed algorithm allows organizations to place copyright objects in their
electronic databases without violating copyright.

Bible 7, ill. 2.
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UDC 681.518
Guda A.IL., Zimoglyad A.Yu. New approach for the step-up converter efficiency
increasing // System technologies. N 3(134) - Dnipro, 2021.- P.117 — 125.
This paper is devoted to the problem of efficient power conversion technologies
creation. New approach for step-up converter gate driver powering is proposed. Experimental
and numerical researches for new method were conducted. Results give us both good

confirmation of the new schematic advantages and usage limitations. Different power loss
streams are considered.

Refs: 9, ill: 7.

UDC 004.912

Gavrylenko 0.V., Dvornyk V.A. Application of clustering methods to determine the
areas of activity of candidates in recruitment for IT-companies // System technologies.
N 3(134) - Dnipro, 2021.- P.126 — 134,

This article discusses the problem of recruitment for IT-companies. Was given the
practical application of clustering methods on the example of the problem of determining the
areas of activity of candidates and the selection of resumes for a particular vacancy in the
selection of personnel for IT companies. The statement of the problem is given. Was
determined to which models the researched problem situations are reduced, and what
methods can be applied to the solution of the set task. An overview of known solutions is
given, as well as the advantages and disadvantages of the chosen method. An example of
determining the number of optimal clusters is given.

Bibl. 6, ill. 2.

UDC 678.5.05: 004.925.8

Klimenko S.V. Kiselyov P.G., Kulyk 0.V. Ultrasonic non-destructive quality control of
products made of polymer composite materials of rocket and space technology // System
technologies. N 3(134) - Dnipro, 2021.- P.135 — 148.

The method of traditional ultrasonic control of rocket and space technology products
made of polymer composite materials is considered. It is proposed to use instead of
specialized equipment a flaw detector of domestic production with a high-frequency split-
combined transducer. The presented method allows to detect laminar cracks in fiberglass
structures, tanks, pipes, housings, turbine blades with one-way access to the surface of the
object of control

Bibl. 17,ill. 3.
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