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An important technical task is the development of methods for determining tribological
properties of materials of different nature in laboratory conditions. So, for the laboratory
evaluation of these properties for metals and alloys, studies are carried out on the friction
machines, one of which is the M-22M machine. It allows us to investigate the performance
characteristics of materials in the conditions of dry and extreme friction of slip and
lubrication. The principle of the operation of such machines is as follows. A fixed sample,
which can be made of different materials, is pressed against a rotating cylindrical specimen, a
load that is given. In this case, the samples are worn out. As a result, the following parameters
can be determined: linear and massive wear of samples, friction coefficient. The friction
machine M-22M allows testing of friction pairs for different types of contact. The methods
proposed in the work, use the shaft contact plane of the plane (Fig. 1). The assessment of wear
resistance of materials can also be carried out in the width of the groove formed on a flat
sample (Fig. 2). Test parameters are variables. You can change the linear velocity V, the load
on the flat sample P and the test time, which can reach several hours.

P

Fig. 1. Scheme of tests: 1 - sample Fig. 2. General view ofa  Fig. 3. General view of a
shaft; 2 - flat sample; 3 - device for ~ metal flat sample after the  plastic flat sample after
installing a flat sample. test with wear traces tests with wear traces
(groove). (groove).

However, when testing samples from soft materials (plastics, etc.), such test conditions
are unacceptable. By setting the minimum values of linear velocity V and load P, it is difficult
to pick up the test time, which is very small. In addition, the problem of assessing the wear of
soft samples remained. Initially it was planned to measure the mass of samples before and
after the tests on the analytical scales. By weight difference (mass loss or mass wear), it was
planned to assess the wear resistance of the samples. However, the mass of samples was in the
range of 2-3 grams and the mass wear was small (Fig. 3). Consequently, the proposed method
for estimating tribological properties and wear resistance of soft materials has the following
features:

1. The shaft-plane test scheme is used (Fig. 1).

2. During the test of a flat surface of soft samples, the time during which intensive wear
(heating of samples, active allocation of chips, etc.) is measured. At this time and the wear
resistance of soft samples is evaluated.

3. As a specimen 1 (shaft) a cylindrical specimen is used, made of steel with the
possible strengthening of the working surface.



MOJAEJIFOBAHHS TEKCTYPOBAHHS ITIOBEPXOHDb
KOJIEKTOPHUX IIJIACTUH
I'pumnn B.C. k.1.H., A6pamos C.O.
Hayionanvna memanypeiina axkademis Yxpainu, kagheopa mexnono2ii mauurHo6y0yeanHsi

TexHOJOTIUHI MOXKJIMBOCTI CTPYMHUHHOI OOPOOKHM 3yMOBIIIOIOTH IMIJBHUINCHY yBary Jo
BUBYCHHS 3aKOHOMIPHOCTEH mporecy. [0MOBHMI iHTepec Hjsl NPAKTUKU MpPEICTaBIsE
BCTAHOBJICHHS BUJY 3aJI&KHOCTEH MIXK TEXHOJOTIYHUMH TapameTpamu (po3mip abpa3uBHUX
YacTOK, IIBUJKOCTI PyXy YacTOK, KOHIIEHTpPAIlisl, TUCK CTUCIIOTO MOBITpPs, KYT aTaku, (i3UKO-
MEXaHIYHl BJIACTHBOCTI YacTOK 1 0OpoOJtOBaHOI MOBEPXHI) Ta BUXIIHUMH IapamMeTpamu
nporiecy (IopcTkicTh 00po0IeHOT TOBEpXHi, BETUYHUH 3HIMAHHA MeTally Ta Hakieny). Lo B
CBOIO YEPry 3YyMOBIIIOE HEOOXITHICTh ONTUMAJIBHOTO BHOOPY BEIWYUH TEXHOJOTIUHUX
napamMeTpiB B yMOBaX KOHKPETHOI BUPOOHMYOI cuTyarlii. OCHOBHI 3aKOHOMIpHOCTI MOXYTb
OyTH BCTAHOBJICHI B PE3yJIbTAaTi PErpeciiHOTO aHaNi3y €KCIepUMEHTAIbHUX MaHuX. [Ipote
BUKOPUCTaHHS OTPUMAaHUX 3aKOHOMIPHOCTEH OOMEXYEThCS TPYAOMICTKICTIO TpOLECY Ta
MOPIBHSHO BY3bKUMH 00JIACTSAMHU 3MiHU TTapaMETPiB IPOBEICHHS €KCIIEPUMEHTY.

Metoro pobOTH € BH3HAYeHHS (PAKTOPIB, fAKI BHU3HAYAIOTh TNPOLEC YTBOPEHHS
MiKpopenbedy B 30HI Iii aOpa3MBHO-TIOBITPSHOTO CTPYMEHS, B3a€EMO3B'SI30K MK HUMH Ta
CTYHiHb iX BIUIMBY Ha IHTEHCHBHICTb (OpMyBaHHsS Mikpopenbedy; (GopMyBaHHS Mojeni
¢biHImHOT 00pOOKH KOJEKTOPHUX IIJIACTHH, CTBOPEHHS TEOPETUYHUX OCHOB 1 METOOJIOTil
NPOCKTYBAaHHS  BHUCOKOC(EKTHMBHHMX  pPECypco30epirarounx  TEXHOJOTIYHMX  IPOIIECiB
BUPOOHUIITBA MOTOPHHUX KOJIEKTOPIB €IEKTPUUHUX MAIIUH.

AmHaui3 OCTaHHIX JOCHIKeHb 1 myOmikamiii. Baromuii BHECOK y po3BUTOK Teopil
MOJICITIOBAaHHS CTPYMEHEBO-a0pa3uBHOI OOpPOOKHM TMOBEPXHI 3pOOMIM Taki HAyKOBIN, SK,
3okpema, IIpoBomompkuit O.€. [1], Henuciok B.FO., Xapuuk M.M., byns B.IL. [2],
Annunaxait A.A., HoBukos @.B. [3], 'opaees A.l., Yp6antok €.A., Cinin P.C. Ta iHmmi.

HaiiGinpn  yHiBEpCaIbBHUM  TIIXOJ0M, 3aCHOBAaHMM Ha BH3HAYECHHI MOIIYKOBUX
3aJIe)KHOCTEH 1 pillleHH] 3a/1a4i ONTHUMI3allii TEXHOJOTIYHUX MapaMeTpiB mpoiecy o0poOKH B
pe3ynbTaTi CTATHCTHYHOTO IMITAIITHOTO MOJICIIOBAHHS, a CaM€ MOJXKJIHUBICTh KepyBaHHS
BXIIHUMH TapamMeTpamMH A0 I0YaTKy poOOTH MoJeni 4u y mporeci poboTH — ofHa i3
KJIFOYOBHUX TIepeBar BUKOPUCTAHHS IMITAIliIfHOTO MOJEIIOBAHHS I aHAII3y CHUCTEM Ta
nporeciB. Lle mae MOXIUBICTH BU3HAYMTH ONTHMAJbHI MapaMeTpH, 3a SIKUX JOCSTAETHCA
MakcuMaibHa €(EeKTHBHICTb POOOTH MPOIECIB, BU3HAYMTH 3aJCKHICTh MIXK BXITHUMH Ta
BUXITHUMH MTapaMeTpamMH.

Y po0oTi pO3TASHYTO: CTBOPEHHSI TEOPETHUYHUX OCHOB 1 METOJOJIOTII MPOEKTYBAaHHS
BHUCOKOE(EKTUBHUX PECypCO30epirarounx TEXHOJIOTIYHUX MPOIIECIB BUPOOHUIITBA MOTOPHHX
KOJICKTOPIB €JIeKTPUYHUX MAIINH; POLIEC YTBOPEHHS MIKpOpenbedy KOJIEKTOPHUX TUIaCTUH B
30H1 Aii aOpa3MBHO-TMOBITPSIHOTO CTPYMEHs, B3a€EMO3B'A30K MK (DakTOpaMH Ta CTYIiHb iX
BIUTMBY Ha IHTEHCHBHICTh (hopMyBaHHS. BuzHaueHo ¢popmyBanHs Mozem (iHIHOI 00poOKH
KOJIEKTOPHUX IUIACTHH, 00pOOIeHNX KapOiloM KPEMHII0 (YOPHUIA).

[lepcriekTBaMH MOAATBIINX JOCHIPKEHb € BJOCKOHAJEHHS TEXHOJIOTIYHOTO IMpOoLecy
OTPUMAaHHS KOJIEKTOPHHUX BY3JIIB PO MOKIIMBOCTI BIPOBAKCHHS
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A0 JOCIIITKEHHS CUHTE3Y KEPYBAHHSA CUCTEMHU I'EHECHUO-TECI
Hmutpies J1.T., 3aitnes B.I'. k.¢.-M.H.
JlHinposcokuu nayionanvruu yHieepcumem imeni Oneca [ onuapa
[HTEepec 10 XaOTUYHHUX CHCTEM HE BIIYXa€ MPOTATOM OCTAaHHIX JBOX-TPHOX JAECATHIIITS.
I sxmo crodatky 1el iHTepec 3BOAMBCS IMEPEBaKHO A0 BUSABICHHS M aHaNi3y XaOTHYHHX
CHCTEM, TO B JAHUN Yac XaOTHYHI CUCTEMH 3HAXOJATh HMIMPOKE 1HKEHEPHE 3aCTOCYBAHHS, 110
0a3yeThCsl HA BUKOPHUCTAHHI KEPOBAHUX XAOTHYHUX CHUCTeM. € Oe3miu myOsikamiil oo
BUKOPHUCTAaHHIO Cy4YaCHHMX METOJIB Teopii KepyBaHHS sl BHpIIIEHHS pI3HUX 3aBIaHb
KEpyBaHHs XAaOTHYHUMH CHCTEMaMH 3 PI3HOMAHITHUMHU JIWBHUMHU arpaktopamu [1-4]. ¥V
JaHii  poOOTI PO3MIIIHEMO 3aCTOCYBAaHHS 3alpONOHOBAHOTO MIIXOAY [0 BHUPILICHHS
npo0JieMy KepyBaHHS CUCTEMOIO 3 XaOTUYHUM aTpakTopoM ['erecuo-Teci [5].
Cucrema I'erecno-Teci Mae BUTIISI
1) = x;0t),
&z(t) = x,0),
&3(2) = —ex,(t) — bx,; — ax; + mxi, 1)

ne X(t) =[x x, (1), xﬁ':tj]T — BEKTOp CTaHy; a, b, ¢, m — MO3UTUBHI KOHCTAHTH, MPHU
upomy ab <c. Cuctema (1), mpu 3Ha4YCHHAX KOHCTaHT @ = [.2, b = 2.92, ¢ = 6 1m = I, siBnsie
co00I0 HEKEpOBaHY XaoTW4yHy cucrteMmy. I3 cucremu (1) dopmMyemMo BIAKpPUTY KepoBaHY
30ypeHy cUCTEeMY BHIY:

&1lt) = 2,0t

ko (t) = x5(t),

ia(t) = —exy(t) — bxy —ax; + mxi + Af + dit) + u, @)

ne Af - mapaMeTpuYHa HEBH3HA4YeHICTh XxaoTwuHOi cuctemu (1); d(t) - He BUMIpIOBaHE
30BHIIIHE 30ypeHHs; U- KepyBaHHS. Y 3arajlbHOMY BUIAJKy 30ypeHHs cuctemu (2) Oynemo
BBaXatu oOMmexeHuMH : |Af | <a, |d(t)|<p, ne a, [- NMO3UTHBHI KOHCTAHTH. 3aBIAHHSI
KEepyBaHHsS CHUCTEMOIO (2) moJjsirae B 3a0e3MeUeHH] HYJIbOBOTO 3HAYEHHSI BEKTOpa MOMMUIIKHU:
livny e[| EE) || = litng 0| X0E) — Xg(8) ]| = 0, ze Xl t) _[xg(t), &q(8), Xq(£)]7_ OaxaHui
BEKTOp CTaHy.

BukopucroByemo nam miAxif moOyJoBH CHUCTEMH KEpyBaHHS, IO CIUPAETHCS Ha
MIPUHIIKIT IHTETPpaJIbHOI ananTaiii[6]. BiH He BUMarae CHHTE3y CIIOCTepiradiB cTaHy i 30ypeHb
1, BIATIOBITHO, OTIEPATUBHOI OI[IHKU ITUX 30ypEHb.

Hanmano pesynpTaT moOyaOoBH CHHTE30BAaHOTO KEPYBaHHS, HAaBEICHO 1TFOCTPATUBHUMA
Marepia, 1o MiATBEPAKY€e BUKOPUCTAHHS BKA3aHOTO MiAXOTY.
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OBIPYHTYBAHHSI BUGOPY TEXHOJIOTITYHOI'O ITPOIIECY A3BOTYBAHHA
3YBYACTHUX KOJIIC HA OCHOBI METO/IIB IPUMHSTTS PIIIEHD
1ILOJIFOB M.A. 1.T.H, 23aiuko K.B.

IIHcmumym npoonem miynocmi imeni I'.C.Ilucapenxa HAH Ykpainu
ZﬂepofcaeHuL? Haykogo-0ocuionui incmumym MBC Yipainu

BupimeHHss nutaHe MiABUIICHHS HAAIMHOCTI, €KOHOMIYHOCTI Ta pecypcy 3yOuaTtux
KOJIic TOTpedye 3acTOCYBaHHS MaTepialliB, 3/JaTHUX IPAIIOBaTH B YMOBax Iepernanay THCKY,
MiBUIICHUX BiOpaIiii, mpy 3MIHHUX KOHTAKTHHX, YIapHUX Ta CTAaTUYHUX HABAHTAKCHHSIX.
CrtaH mOBEpXHEBOTO IIapy BU3HAaUa€e poOOTO3ATHICT YCIX KoJlic. BUkopuctanHs maTepiaiiB
3 BHCOKOIO COOIBapTICTIO Ui 1X BUTOTOBJICHHS HEIOLLIbHO. ICHye BenMKa KUIBKICTb
texHosoriuanx mnpoieciB (TIT) xiMiko-TepMiuHOi 00pOOKH 3yO0UacTUX KOJIC, SIKi MalOTh CBOI
0COOJIMBOCTI, TIepeBaru Ta HenoJiku. B po0OoTi mpoBeeHO NMOPIBHSUIBHUI aHAMi3 1CHYIOUUX
TII ix a3oTyBaHHs, a caMe: Ta30BOr0 a30TYBaHHS, a30TYBaHHS y COJbOBUX BaHHAX, 10HHOTO
a30TyBaHHS Ta TEPMOLMKIIYHOTO BaKyyM-IIJIa3MOBOT'O a30TYBaHHS.

KinbkicHe OIiHIOBaHHS BUKOHAHO TIEPEBEICHHSIM SKICHMX 3HaueHb napametpiB TII y
kinbKicHI. [Ipouenypy Bubopy TII 3aiiicHeHO 3a JONOMOTOIO METOMIB MPUHHSTTS PIlLICHHS.
[Tlim ywac BUOOpPY TEXHOJOTIi BHKOPHUCTAHO METOJI BAaroBUX XapaKTEepUCTHK. [IpoBeneHo
NEPETBOPEHHS JIIHIBICTUYHHUX XapaKTEPUCTHK IO YUCIOBOi (POPMH, IO JO3BOJIUIO ITPOBECTH
paHXyBaHHS Ha OCHOBI TOKa3HHWKIB edextuBHOCTi. Habikpammuii TII xapakrepusyeThcs
HaOLIBIIMM 3HAUEHHSM IHICKCY €QEeKTHUBHOCTI ). Y 3B’A3Ky 3 BHUKOPHCTaHHIM
JIHTBICTUYHUX XapaKTEPUCTHK HE MPOBOAWIM IX TMpoLeAypy HOpPMYBaHHS. BukoHaHO
paH)KyBaHHSI XapaKTepuCTUK Big 1 (HaliMeHmme BaxiwBa) M0 8 (HAWOLIBIIE BAKIIMBA).
OTtpumaHni 3Ha4YeHHS 1HIEKCIB €(EeKTUBHOCTI Y HaBelAeHI B Tabmuii. IHaexc eeKTUBHOCTI Y

BHU3HAYaIH 32 (OPMYIIOH0:
n
V= z Y,
i=1

ne Y — xapakrepuctuka TII, o — BaroBuii Koedilli€HT, # — 3arajibHa KUTbKICTh XapaKTEPUCTHUK.

Tabmuist — 3Havenns xapakrepuctuk T11 Ta ix iHAeKCH e(DEeKTUBHOCTI

Oco6mmBocti TII (BaroBi koedilieHTH )
Innexc
o - e(eKTUBHOCTI
Bumu TIT =
ﬂ HEH == B

A30TyBaHHS < B AR Sl sy

B =T AT w & | A Z| £ 5| A 9

AQ| Z2| 2| EE|58le=E| 858

S| 22| 29 §al 2B 2| 58| §BO
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I"azoBe 6 4 12 15 7 12 16 6 65
V conpoBHX 8 4 16 15 7 9 8 24 81
BaHHAX
Ionne 2 4 4 5 28 3 32 12 105
Tepmouukniyae | 6 4 8 20 28 3 32 18 119
BaKyyM-
IIJ1a3MOBE

3 mpoBeAeHUX MOCHTIDKeHb MOXHa 3poOuiM BUCHOBOK, 1o TII TepMonukmidHOTrO
BaKyyM-IIJIA3MOBOT'O a30TYBaHHS € HAaHKpalliM, TOMY L0 BiH OTPUMaB iHJIEKC e(heKTUBHOCTI
y =119. I3 posrnsayrux TII HaWOUTPII E€KOHOMIYHO BWTIIHUM Ta TPOAYKTUBHUM €
TEPMOITMKJIIYHA BaKyyM-TJIa3MOBa 00poOKa.




JESIKI IIPOBJIEMUY PEAJIIBAIII B 3AJJAYAX CUHTE3Y
3 IHTETPAJIBHOI AJANITALIIEIO
3aiiues B.I'. k.¢.-m.H., Cipuk C.®., Haymenko /1.B.
Jninpoecvruii nayionanonuil yHieepcumem imeni Onecs I onuapa

UucenpHa peamizaiiis MoOyJOBH CHHEPTETHYHOTO KEpyBaHHS ISl 0aratbox OO0 €KTIB
noTpedye aManTUBHOCTI HENIHIMHOI CHUCTEMH JO pPI3HOMAHITHHX 30BHIIIHIX Ta
napamMeTpudyHuX 30ypeHb. [IpuHIMNI iHTErpanbHOi ajanTamii Toyisrae B TOOYIOBI
perynarTopiB, siki 3a0e3meuyroTh KOMIIEHCAIi0 Hairipmmx 30ypeHb. Sk 3a3HaueHo B [1]
«... 30ypeHb, sKi 3a HAWMEHIIUH dYac BIAXWIAIOTH O0'€KT KepyBaHHS Ha MaKCHUMAaJbHO
MO>KJIMBY BiJICTaHb Bij 0akaHOTo CTaHy B Horo ¢azoBomy mpocrtopi». ToJi uist KoMIIeHcallii
KYCKOBO-TIOCTIHHUX 30ypeHb PEryJsITOp MOBHHEH BKJIOYaTH B cebe iHTerpatop [1], abo
IHIIMMU CJIOBaMU pealli3oByBaTH aCTaTUYHUHN 3aKOH KEPYBaHHS.

Ax BigOMO, B KJIAaCH4HIM Teopii KepyBaHHs I1HTETpajbHI CKJIAJIOBI, 3 OJHOTO OOKY,
KOMIICHCYIOTh TIOCTiiiHI 30ypeHHsI 1 MiABHMIIYIOTH TOYHICTh KepyBaHHS, a 3 IHIIOTO, -
MOTIPIIYIOTh  CTIAKICTh 3aMKHYTOI CHCTEMH. BHKOpHUCTaHHS METOAy aHaJITUYHOTO
KOHCTpYIOBaHHsI arperoBaHux peryisatopiB (AKAP) B cuHepretuunoi Teopii KepyBaHHS
(CTK) no3Bossie BUPIIIATH 1110 TTpoOIeMy. 3aCTOCYBaHHS MPUHIIMIY iHTErPATbHOI aganTarii
CTK no3Bosisi€ TOBHICTIO KOMIIEHCYBATH BIUIMB IOJIIHOMIaJIbHOTO 30YpEHHS CTYNEHS A JUIs
YOro 0COOJIMBUM YHMHOM BBOAMUTHCS n+/ iHTerparop. Pazom 3 Tum, BiAMOBIAHO 10 1/1€070T1i
metony AKAP, xoxxeHn Buj 30ypeHb MOBHHEH OyTH IMPEICTaBICHUH y BUTIISAAI AMHAMIYHOI
MOJIeITi, BUX1]T IKO1 alpOKCUMY€e 30ypeHHsI BiTIOBITHOTO KJIacy.

VY naniif poOOTi, TOTPUMYIOUUCH i€l [2], YUCENbHO PO3IIIATAETHCS pealtizalis bOTo
MiIX01y, KOJM OYIyeThCs OJHA TOJIIHOMIaJIbHa MOJIENb JUIsl 30ypeHb, ajie 3 MaKCUMaJIbHUM
CTYIICHEM.

Buxopuctanus naHOro MigXOAy PO3MVISIHYTO JUIsi BHUPILNICHHS 3aBIaHHS KepyBaHHS
enextpornpuBosoMm (EIT) cknaganmbHOro podoTa, M0 MOJCTIOETHCS aHTYISIPHUMHU (KYTOBHMH )
KiHeMaTHYyHUMU cxeMamu. [TogiOHoro Kiacy 3aqadi KepyBaHHS pO3TIISIHYTI B poOoTi [3].

OcHOBHI pe3ynbTaTH poOOTH OyayTh HaJaHi B JIOMOBIiII KOH(EPEHIi Ta MOXKIUBO
npeacTaBieHi y 30ipHUKY i poOoT.

BucHoBku. BukopuctanHs iHTErpaabHOI ajanTailii B CHHEPreTHYHOI Teopii KepyBaHHS
J03BOJISIE B JIEAKiM Mipi cmpocTutu BHKopHcTaHHS Mertony AKAP. VYV npomy Bumaaky
MPOCTIIIe peanizyBaTu 30ypeHHs, K1 MPUTaMaHHi B Oy/Ib-IKOMY 00'€KTI KEpYBaHHsI, SIK Ti 1110
HE MalOTh BUMIPIOBaHMX, TaK 1 MapaMeTpPHuHi, Y BHUIJISII MOJIHOMIalbHOI 3aJIe)KHOCTI 3
MaKCUMaJIbHOIO CTymneHto. Jleski mpoOseMu TMOTIM 3'SBIATHCS TPH BUOOPI HEBIIOMHX
KOE(]IIIEHTIB METOIlaMH MOJAIBHOTO KEpyBaHHs 4M iHIIMMH migxonamu. llpore, uncensHa
peaizairisi 3a3Ha4€HOT0 IMiIX01y Mparie3aTHa 1 ToKaszye 3a0BIIbHI Pe3yIbTaTH.
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AHAJII3 BIUIMBY LIVIAKY HA ITPOLHECH ITPU BUIIJIABLI EJTEKTPOCTAJII
Kawmkin B.YO. acnipanT, besmkypenko O.I'. K.T.H.
Hayionanona memanypeivina akademiss Yxkpainu

PartionansHuii €HEProTEXHOJIOTIYHAN PEKUMY POOOTH ITyTrOBOi CTaNETUIABHIIBLHOI Tedi B
Mepioj] HarpiBy METAJIOMINXTH 3aJICKUTH BiJl pi3HUX (PAKTOPIB 30BHINIHBEOTO BIUTUBY. IIIBHIKICTH
HAarpiBy pIiJKOTO MeTaly, BHUTpaTa eJIEKTPOCHEPTii 1 eNeKTPOiB ICTOTHO 3ajeXaTh BiX
e(eKTUBHOCTI BUKOPUCTAHHS TEIUIa eJIeKTpUIHUX ayT [1].

[Ipn BumnaBLi cTajli B CydyacHI AyroBoi €JNEKTpOIedi, CIiJ OCOOJHMBO BUAUIUTH POJIb
IUIaKy B Tepefadl Teruia BiJl AYr 1O BaHHU. HeoaMiHHOIO YMOBOIO € TOBHE «3aTOILICHHS»
CJIEKTPUYHMX AYT B IIIJJAKOBOMY I1api. B iHIIOMY BUIIaIKy CIIOCTEPIraeThCsl NEPErpiB CKIEMIHHSA 1
OIYHMX CTIH TedYl 3a paxXyHOK BUIPOMIHIOBAHHS TeIia «BIAKpUTUMHU» nyramu. Lle 3mymye
3MEHIIUTH JOBXHHU YT, TPAIIOIYU HAa HIDKYUX CTYNCHAX BTOPHHHOI HANPYTH IMIYHOTO
Tparcdopmaropa, TOOTO 3HIKYBATH €ICKTPUUHY MOTY)KHICTh TIedi. B pe3ynbTari moIoBXKy€eThCs
TPUBAIICTh TUTaBKU. [Ipw 3HAYHIA BHUTpaTi MarepiayiB BiOyBA€ThCS 3HIKEHHS TEMIIEpaTypH
Bannn. Tak, 3rigHo 3 [2], MOKHA mpuitHATH, o 1 T BamHsAKy oxomomkye 100 T metany Ha 38°C,
BarHa - Ha 22°C, oxarmmis - Ha 42°C. TIpu 1600°C i Bmicti 5 i 8% Hexomamy OXONOIKyrOUYa
3JaTHICTH BallHa CTaHOBMTH BigmosigHo 1610 1 1680 kJ>x/kr.€ BiIOMOCTI , 110 YacTKa TeIUIa, sKa
fi7ie Ha HarpiB MeTally, 3pocTae 3i 30UTbIIEHHSM TOBIIMHM nuiaky [15]. Jyru, 3aHypeHi B 1IIax,
ropsaTh crabuibHime. [TuToMa BuTpaTa eHeprii mpu MIaBLi MiJ CHIHEHUM HUIAKOM HUXKYe, HIXK
IpU HAsBHOCTI MOraHO CHIHEHOro IuiaKy. lle mMosCHIOEThCS Kpaliol mepesavyero eHeprii
BHAC/IJIOK €KpaHyBaHHS JyI, MOXJIMBICTIO pOOOTHM Ha [OBTUX Jyrax, 1 Imepeaadi Teria
KOHBEKIII€I0 4Yepe3 Map MUIaKy, BBEACHHSIM JI0OJaTKOBOTO TeIJla OKHCIEHHS BYIJICLIO.
CrhiHIOBaHHIO NUIAaKy 1 CTIMKOCTI MiHM CHOPHUSIOTh MiABHUINEHA B'A3KICTh NUIAKY, HHU3bKUN
Mik(ba3HUN HATAT, MAJIUHA PO3MIp 1 BEIMKa KUIBKICTh OyiIh0amoK MOHOOKCHIY BYTJIEITIO, IO
BUIUISIOTHCS B MMOYATKOBUHM Tiepiof TuraBku. CIIIHIOBaHHS IIIAKy 1 CTIHKICTh THW HaWKparie
3a0e3MmeuyroThesl IHTEHCH(IKaIlie€r0 BBEACHHS KUCHIO B ITiY MPH IMiABUIICHHI Horo BuTpatu 10 50
M°/T i BAYBaHHSAM BYIibHOTO TOPOLIKY MpH mUTOMIil Butpati m0 10 kr/t [3]. IlepcrekTHBHAM
TaKOX € BBEJCHHS KOMIUIEKCHHX IIIJTAKOYTBOPIOIOYHX, IO MICTSATH BYIJIEIb, OKCHIH 3aii3a 1 B
MEBHOMY CITIIBBIIHOIIEHHI BamHO 1 BamHAK. [Ipu periiaMeHTOBaHOMY BBEJEHHI MPHCAIOK, B
3aJIeKHOCTI BiJ] YMOB IUIABKH, 1€ TEXHOJOTIYHUN NPUAOM € ePEeKTUBHUM Js 3a0e3MeUeHHs
PIBHOMIPHOTO PO3NOJLTY CIIHEHOrO IIJIaKy 10 MOBEPXHI BaHHHU.

l'apHe criHeHHSI TPU3BOIUTH JI0 3HWKEHHS KOHIIEHTpaii BoaHto Ha 10 - 20 ppm 10 piBHSA
6sn3bK0 30 ppm NpH «IIPOMHUBAHHI» BAaHHU B MPOLEC] OUIbII IHTEHCUBHOT'O 3HEBYTJICIIOBAHHS 1 B
pe3yJIbTaTi KPaIoro 3aXuCTy METaIy BiJl aTMOC(epH Tiedi IIapoM CITIHEHOTO MUIAKY.

Hai6inpmn  MOIIIBHUM 3  TEXHOJOTIYHOTO OOKYy 1 €eKOHOMIYHO OOTpYHTOBaHUM €
BUKOPUCTAHHS PErJIaMEHTOBAHOI, B 3aleKHOCTI BiJ] PpO3B'I3yBaHMX 3aBAaHb, NPHUCAIKU
KOMIUIEKCHHX TIIAKOYTBOPIOIOYHMX MaTepiaiiB 3 perympoBaHuME ckimagoMm (CaO: CaCOs: C) i
BJIACTHBOCTSAMU. PeXWMH  momepenHboi  BiIHOBIIOBAIBHO-TEIUIOBOI  OOpOOKHM  BUXITHHUX
MaTepiajiB, MOBHMHHI 3a0e3nedyBaTH B OJEp)KyBaHOMY Matepiaii 3aJaHi, B 3aJIeXKHOCTI Bij
NepiofiB TUIABKU 1 BUPINIYBAaHUX 3aBJIaHb, KUIBKOCTI OKCHJIB 3ali3a, BYIJIELI0, BamHa. B sxocti
3a3HAYEHUX MaTepialiB JOULIBHO BHKOPUCTOBYBAaTH BYIJICLBBMICHI BIIXOAH POCIUHHOTO
BUPOOHMIITBA, MUJIOTIO/IOH] BiIX0/IM BUPOOHMIITBA BamHa Ta / a00 BAIHSIKH MICIICBUX POJIOBHIII,
3aJ1130BMICHI MaTtepiaiy (KOHLIEHTpaTH NEPBHUHHOTO 1 BTOPUHHOrO 30arayeHHs, 1 OOMEXEHO
ITaM¥ i THTy). IX BUKOPUCTaHHS B €EKTPOCTANEIIABHIBHOMY BUPOOHHITBI Oy/ie HATIPaBIEHO
Ha TiaBHIEHHS eekTuBHOCTI BupoOHmITBa ctaimi B JICII.
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pacIIaBJICHHOTO MeTajljla B CBEPXMOIIHOM AyroBo#l crayeriapuibHol neun. / V3. BY30B. UepHas
Mertamryprus. — 1991. - Ne3. —  C. 29-31.
2. Kouo B.C., Epomenko B.A. Ou3uko — XuUMHYECKHE H TEIJIOPU3UUECKUE OCOOEHHOCTH
COBPEMEHHOI'0 MapTEeHOBCKOro nmpouecca. — M.: Meramnyprus. 1974. — 224 c.
3. IlpuMeHeHHWe KHCIOpOAa B  JOYTOBBIX  CTaJeIUIaBMWIBHBIX  medax. [.A.JlomyxoB //
OnexkrpomeTtanryprus. -2005. - Ne 3. - C. 2 — 26.



THE COMPUTER SYSTEM FOR COULOSTATIC EXPERIMENTS.
THE ADSORPTION MEASUREMENTS UNIT.
Kapitonov O.G.
Department of specialized computer systems,
Ukrainian State University of Chemical Engineering.

Kinetic effects caused by adsorption phenomena at the electrode/electrolyte interface
make it possible to control the rate of the electrochemical processes as well as properties and
structure of metal deposits.  That is why studies on kinetics of electrochemical reactions
taking place under adsorption of electrochemically inactive organic surfactants attract
continuing interest despite the results already achieved. One of the most important tasks in
this research direction is determination of quantitative relations between the inhibition
coefficient and the surface coverage with organic substance (0). Conventional technique is
based on measurement of the double layer capacitance within the framework of the two
parallel capacitors model. The coulostatic relaxation technique seems to be very promising for
application in this area. It is based on injection of electric charge of controlled value into
electrode system following with potential registration while charging circuit is open.

However, in the case of solid crystalline electrodes the interface reacts rather like so
called constant phase element (CPE) [1] than like a capacitor. Kinetic and adsorption
parameters of the electrode reactions under investigation were determined with use of an
automated measuring system [2]. If the impedance of the electrode corresponds to the Ershler
— Randles model then the relaxation potential is described by an exponential decay. The fact
that interface of solid electrodes with electrolytes does not behave like a capacitor in the most
of cases changes the measurement routine radically. In general case the dissipation of the
electric energy takes place even for very short injection pulses and goes on at relaxation stage.
As it has been shown earlier [3], the potential decreases slower in comparison with
corresponding exponent. Obviously, recording of relaxing potential must occur in wider time
range and choice of its width set another problem for experimenter.

Mathematical model and corresponding computer application for determination of
adsorption characteristics in coulostatic experiments on solid electrodes were developed. The
model simulates coulostatic relaxation of the electrodes' potential while adsorption is
considered as slow stage. Model's adequacy was checked by comparison of real experimental
data with output of computer simulation. Routines described above were developed as
procedures of specialized unit within computer system for coulostatic measurements. Use of
uniform data during the whole cycle of experiment series makes the simulation process more
convenient for researcher and more effective with regard to time of calculation as well as
reliability of results.

References
1. Kapitonov A.G. Mathematical model of electrical charge relaxation on solid phase electrodes.
Adequacy issues. //System technologies. —2 (67). — Dnepropetrovsk, 2010. — p. 96-99.
2. Obraztsov V., Kapitonov A., Parfyonov Yu., Danilov F. Automated system for coulostatic
measurements. // Elektrokhimiya. - V.27. -Ne10.- 1991. - p. 1378-1380.
3. Kapitonov A.G. Specificity of computer processing of electrical charge relaxation curves at
solid electrodes. //System technologies. —2 (73). — Dnepropetrovsk, 2011. — p. 32-35.
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BU3HAYEHHS EHEPT'TI PYHHYBAHHS
JAPOBUMOTI'O MATEPIAJTY MIEKOBOI'O KOKCY
Kobpin IO.F.I, Kononos /1.0. K.T.H.l, Bacunpuenxko T.O. K.T.H.z, T'opoGens LB.2
"Hayionanvna Memanypeitina akaoemisi Ykpainu, 2S’aiflopis’bkuﬁ HayioOHaNIbHUL YHIgepcumem,

Bceryn. MonoTkoBi ApoOapku BiTHOCATHCS 10 APOOAPOK YAapHOI il Ta Mpu3HAYEH] IS
KPYITHOTO, CEepEeIHBbOro Ta ApiOHOro MOApiOHEHHS KpUXKHX MatepiamiB [2]. JlocmimkeHHS
(b13UKO-MEXaHIYHUX BJIACTHBOCTEH MaTepiamiB IpOOJEHHS € OCHOBOIO JJIsi OOIPYHTYBaHHS
TEXHOJIOTIYHOT CXeMU ApOOJIeHHs, BUOOPY APOOMILHOTO OOJIaIHAHHS, @ TAKOXK PEXUMY HOTo
poboTH.

AHagi3 gocsirHeHb. B npoOapkax ymapHOi nmii marepian pyHHYeTbCS yaapoMm 3a
paxyHOK KIHETHYHOI €Heprii pyXOMHX TiJ, TaKUX SK MOJIOTOK Ta JIPOOMMHUN IIIMATOK.
BennuuHy KiHETHYHOI eHeprii MOJIOTKa MOXKHA PEryJIIOBaTH HUIAXOM 3MIHM HOTO MacH i
3MIHU MIBUAKOCTI 00epTaHHs poTopa. Alle TIPU IILOMY Jisi IPOOJICHHS MOJIOTKA MaJioi MacH,
0 00EepTaeThCS 3 BEIUKOI INBHIKICTIO, 1 MOJOTKAa BEIHKOI Macu, IO OOepTaeThCs 3
MEHIIIOI0 MIBUKICTIO, HE OyJie OHAKOBOIO MPH PiBHIHN 32 BEIMYMHOI KIHETUYHOI eHeprii [1].
ITo teopii I'epra — cuma npoONEHHS 3alEXKHUTh Bi MacH MOJOTKAa i MacH JApoOJIEHOTO
Matepiany. JIpoOneHHs mMaTKiB MaTepiany Ti€l UM 1HIIOI MIITHOCTI OOYMOBIIFOETHCSI CHUIIOIO
ylapy, IO 3aJeXHUTh BiJ BIAHOCHOI HOro MmBUAKOCTI. YUM BuUIlEe MIBUAKICTH yaapy, THM
MIIHIII MaTepiajii MOXKyTh OyTH MiaaaHi apooiaeHHs [1].

IMocTaHoBKa 3aBAaHHA. 3aBJaHHA — 3 5CYBaTH 3aKOHOMIPHOCTI €HEpPrOBUTpAT
mporecy JpoOJjeHHS. MOJENoBaTH (I3UKO-MEXaHIYHUX BJIACTHBOCTEH MarepiamiB Mo
NOPiOHIOIOTECS. B YMOBaX TUHAMIYHOTO HaBaHTA)XKEHHS — Il BUBYEHHS yAapHUX IPOIECIB
SIK1 BUHHKAIOTh MPU eKCIUTyaTallli Jpodapok pOTOPHO MOJIOTKOBOTO TUITY [2].

I'oJi0BHA YacTHHA A0CJiIZKeHb. EKCTIEpMEHT POBOAMBCS Ha YCTAHOBII OJIM3BKOIO 32
KOHCTPYKITI€IO TI0/1aHO01 ¥ [3], BUIIpoOOBYBaHHS Ha KOIPi 32 METOJAUKOIO MaJal0u0T0 BAHTAXKY
DWT mnoxai6uoro po3podiienoro ¢ipmoro Lokomo.

Jlist mpoBeneHHsT EKCIePUMEHTY BHOHMpAINCS IIMaTKU IEKOBOTO KOKCY Qopmu
HaWO1IBII OJU3BKOT A0 KyJi 3 BIIHOCHUMH JiaMeTpamMu: d;=25 MM Ta dz=50 MM, KIJTBKICTIO 11O
10 mtyk BiamoBigHO. [IIMaTOK pO3MIIIYETHCS B MUIIHAPI KOMpa € TMOTIM MiANAEThCS Yaapy
MOJIOTKa, TIPH YOMY BHCOTA IMAaJiHHS MOJOTKA 3 KOKHUM yaapoM 30utbmryeTbes Ha 10 M,
JIOKM He BiOyBaeThCsl pO3KON Ha TpH mMarka. CepenHe 3HAYCHHS 3 JIECSATH BUIPOOYBaHb
BBa)KA€ETHCS PE3YIHTATOM.

Enepris pyiiHyBaHHS BU3HAYA€THCS SIK:

E=mgh, (D
Jle M — Maca MOJIOTKA, KI'; g — IPUCKOPEHHS BibHOTO majiHHs, M/c’'; h — BUCOTA CKHIaHHS
MOJIOTKA, M.
PesynbpTatu po3paxyHkiB HaBegeHO B Tabnwuii (Tabmurs 1).

Tabnuus 1 — Exeprist pyliHyBaHHS IIMaTKiB IEKOBOTO KOKCY

BinnocHuii miamerp ds, MM Macca mmMaTka m, K& Ouneprus E, JIx
50 0,041 10
25 0,0048 1,25

3 dopmynu (Popmyna 1) MokHa BHU3HAYMTH IIBUIKICTH ska O 3abe3medyBaia

HEOOXIiJJHY €HEprito pyiHYBaHHS.
Jlirepatypa
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CTPOHMTEIILHBIX TOPHBIX MOPOA MpH mpou3Boiacte 1ieoHs / JI. A. Baiicoepr, E. E. Kamenera, A. B.
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PEMOHT HACOCHUX IITAHT IICJISI EKCILTYATAIIII
Komeii b.B. a.1.H., Credanummn A.B.
leano-Dpankiecokull HAYIOHATLHUL MEXHIYHUL YHIgGepcumem Hagdmu i 2azy,
leano-Ppankisecvk, Ykpaina

Jlyst 3MiITHEHHS Ta BiIHOBJICHHsI TToBepXH1 HacocHOT mTanru (HIL) BukopucToByrOThCS
pizai meromu. IlpomonyeTthcst pemoHT BiampaunboBanux HIII, skuii BKIrOYae HaCTyMHI
orepartii:

1. Bxigauit koHTpoab BianpanpsoBanux HIII | siki HaAIHIIIN HA PEMOHT, MO TBEPAOCTI,
KWW BKJIIOYae B cede - 3amipu TBepaocTi 3a bpunenem HB i1 copTyBanHs BiampamboBaHUX
HIII 3 HB<240 i 3 HB >240.

2. CopryBanns HIII 3a oBanpHICTIO (MEXaHIYHOMY CTUPAHHIO) B OJTHOMY Tepepisi.

3. BimpizaHHs BHCaPKCHHX TOJIOBOK, 0€3 3alMIIKy TanTelli, Ha 3aroToBI JO
HOMIHaJbHOTO AlameTrpa. Kocuna pi3y He Oibie 0,5 M.

4. MexaniyHa ounctka BianpanboBanux HII Ha miHil ApoOOCTPYMHHHOTO OYHUILEHHS
rapsraeKaTaHoro MpoKaTy B 3-5 MPOXO/IiB 10 MOBHOT'O OYMINICHHSI TIOBEPXHI MPYTKIB.

5. 3usarTa pacok 3x30 °3 000X KiHIIIB 3arOTOBKM Ha (haCKO3HIMANIbHIHM MaIlnHi;

6. BumpaBneHHs 3aroToBOK Ha 2-X BaJKOBiii KOCOBAJIKOBiM NpaBWJIbHIA MallWHi.
KpuBuzna npyTkiB micis npaBku He Outbme 1 mm / 1 m.

7. OOtouyBaHHS Ha O€3LEHTPOBOMY TOKapHOMY BepcraTi BiamparpoBanux HIII
niamerpom 25 MM g0 22,06 - 22,03 mm, BianosigHo no ['OCT 13877-96, BinmpaiiboBaHHX
HII miamerpom 22 mm g0 19,05 - 19,02 mm, Bignosigao 1o [OCT 13877-96.Ha oGToueHiit
MOBEPXHI HE JIOMyCKAlOThCSA JAePEeKTH - TPIMIMHMA, 3aKaTH, MApi3W 1 1HI jgedextu
MEXaHIYHOTO XapaKTepy, sIKi BUBOJATH MPYTOK 32 MIHIMAJIbHHUHA aiameTp. Y pasi BUABICHHS
BHIII€3a3HaYEHUX Je(PEKTIB Ha MOBEPXHI 00TOYCHUX MPYTKiB Miamerpom 22,06-22,03 mMm, TO
MPOBOJUTHCS OOTOUYBaHHsS Takux MpyTKiB B miamerp 19,02-19,05 mm, y pa3i BUSBICHHSA
BHINIEBKa3aHUX J1e(PEKTIB Ha MOBEpXHI 00TOYEHUX NPYTKIB miamerpoM 19,02-19,05 MM, TO
MPOBOJUTHCS OOTOUYBaHHA TaKWX MPYyTKiB B aiameTrp 16,02-16,05 mm. Yucrora moBepxHi
Ticist MpoTovYyBaHHs ckianae Ra 0,63.

8. CopTyBaHHS TOTOBOI MPOIYKIIii 3a JlaMeTpaMu i MOBEPXHEI Ha BiJMOBIAHICTH
I'OCT 13877-96.

9. Ilpomacnenns 3aroroBku HIII iHri6iTopom armochepHoi kopo3ii.

10. Bunaua ceptudikara sikocTti Ha BUpoOieny 3aroroky HIII.

30Ha TPUIIOBEPXHEBOTO APy PEMOHTHOI IITAHTH MPEACTaBIsi€ COOOI0 IJIACTUYHO
nedopmoBaHuit MaTepian TOBHIMHOIO ~ 40 — 50 MKM, MIKPOTBEPHICTh SIKOTO BHINA 3a
MIKpOTBEPIICTh OCHOBHOro Matepiany Ha 12-20%. Ll 30Ha TpPakTUYHO HE TPABUTHCS
KHCJIOTOIO 1 TIpeAcTaBisie cobor Oinmit map. CeplueBuHa - 1€ OCHOBHHE Marepiall, SKui
CKJIAJA€ThCs 13 3epeH copOiTy rapTyBaHHS, 1[0 OTPUMAHHH y pe3ysbTaTi HOpMamizamii Ta
npomapkiB ¢eputy. Po3mipu 3epen copOity 3HaxoAsThes y miana3oHi Big 10 mo 40 Mxm. Y
CTPYKTYpi OCHOBHOTO MaTepialy MiCTUThLCS 3HaYHa KiIIbKICTh AeeKTiB (~ 5 % momr nwrida)
BOHH MarOTh (HOPMYy XAaOTHYHO OPIEHTOBAHMX KAaBEPH Ta TPIIIWH, SKI YTBOPWIIHCS IIE B
mporieci eKcIutyararii, ajne Taki AeQeKTH THIy KOPOTKUX TPIIluH 3rigHo aiarpamu Kitarasu
MPAKTUYHO HE MOHIKYIOTh BTOMHI XapaKTepUCTUKU MaTepiaity.

[Ticns BiOHOBIEHHS IITAHT 3a 3aMPOTIOHOBAHOKI TEXHOJIOTiE0 Oylo BUIPOOYBAHO
3pa3Kkd IS AOCIIHKEHHST BTOMHOT MIIHOCTI TIPH Pi3HOMY HaBaHTa)XKCHHI Ta HANPYKEHHSIX
3rUHY 3 00epTaHHsAM dacToToro 950 xB™' Ha yeranosui 3KIII-25

Pe3ynbratu excriepuMeHTIB CBI4aTh, 10 3alPONIOHOBAHUI METO]| BIIHOBJICHHS IITAHT
3abe3mneuye 3pOCTaHHsS OOMEKEHOI TPaHMIll BUTPUBAIOCTI 3pa3KiB 3TiJHO 3aIpPOIOHOBAHOL
TEXHOJIOTI1 BiJIHOBJICHHS INTaHT B 3-4 pa3u. 3a JOMOMOTOK PO3POOIEHOI TEXHOJOTIi Ta
OTPUMAaHUX PEe3yJbTaTiB JOCHIJKEHb MOXXKHA pAalllOHAIbHO BUKOPUCTOBYBATH INTAHTH 1
3HAYHO CKOPOTHUTH aBapiMHICTh MPH BUA00yBaHHI Ha(TH 31 CBEPJIOBUH.
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EKOHOMIYHA OITHKA BIUIMBY KOHCTPYKIII BEPXHIX KHCHEBUX
®YPM HA COBIBAPTICTb KHCHEBO-KOHBEPTEPHOI CTAJII
Mouraanos JI.C.", Uepnsresuu A.I'.!, Bakyisuyk B.B.', Uy6ina O.A.

! Incmumym woprnoi memanypeii imeni 3.1. Hexpacosa HAH Ykpainu
? J[Hinpoecokuii Oepoicasruil mexHiuHull yHigepcumem

[Tponiec nomanenns CO go CO, B MOPOKHUHI KOHBEPTEpa 3 BUKOPHUCTAHHSAM JBOSPYCHOT
bypmMu € OTHUM 3 HaWKpaIuX CIIOCOOIB TMOIMIIEHHS TEIUIOBOTO OalaHCy KOHBEPTEPHOI TUIABKH.
Tax npu ii BUKOpUCTaHHI BIAIOCS 30UIBIINTH BUTpATy OpyxTy Ha 7% 1 CKOPOTHTH TPUBAIICTh
npoayBKH Ha 22%, 3HU3UTH BUTPATY BallHA, BAITHAKY Ta IUIABUKOBOTO mmaty. Pazom 3 Tum depe3
30impIIeny KoHreHrtpaiito CO, B BiANpamnbOBaHUX Ta3aX 3HWKYETHCS TEIUIOTBOPHA 3ATHICTH
OCTaHHBLOTO, 10 HEOOXIAHO BPaXxOBYBAaTH MPHU pOOOTI KOHBEPTEPIB 31 300pOM Ta3y B rasroyibJaep
Ta MOAAJIBIIOI0 MiATOTOBKOIO JI0 YTHITI3allii.

Oninka e(eKTHUBHOCTI 3acCTOCyBaHHsS OaraTosipyCHUX KHCHEBHUX (ypM, IO JI03BOJSIOTh
MiABUIIATH TEXHOJIOTIYHI 1 TEXHIKO-€KOHOMIYHI MOKa3HUKHW KOHBEPTEPHOI IJIaBKU B YMOBax
3HIKCHHSI TEIUIOTBOPHOT 3/IaTHOCTI JUMOBHUX Ta3iB MPOBOJMJIACS JUII YMOB BUIUIABKH CTall B
KOHBepTepax KOMOIHOBAHOI MPOIYBKM 3 ITOAAYCI0 KHUCHIO 3BEpXy Ta HEHTPAILHOTO Traszy depes
maume y 160-T korBepTepax. B sikocti 6a30B0i Oyiia mpuifHATa KIaCHYHA TEXHOJIOTIS BUILIABKH
CTayi i3 3aCTOCYBaHHSIM BEPXHBHOI OOTaTOCOIUIOBOI KHCHEBOI (hypMH 3BHYAWHOI KOHCTPYKIIIi.
[TpoBeneHHs €eKOHOMIYHOI OIIHKU Oa3yBajacs Ha ITiICyMOBYBaHHI BiIXWJICHHS BIIHOCHUX BUTPAT
BUPOOHMIITBA, TOB'SI3aHUX 13 3a0€3MEYCHHSM BWIUIABKHA 3aJli30BYTJICIICBOTO HAIIBIPOIYKTY
(BapTicTh OCHOBHHUX IIMXTOBUX MartepiaiiB), 6e3 ypaxyBaHHS BapTOCTI MOJEpHI3allii OCHOBHOT'O
TEXHOJIOTIYHOTO O0JaJHAHHS TPU KOMIICHCAIl 3HIKCHHS HUINOI TEIUIOTH 3TOPSHHS JAMMOBHX
ra3iB MepeBUTPATOIO IPUPOTHOTO Ta3y.

V3aranbHeHl BIAOMOCTI PO  TEXHOJOTIYHI Ta  TEXHIKO-€KOHOMIYHI  MOKa3HUKU
BUKOPHUCTAHHS BEPXHIX KUCHEBHX (DypM JUIsi yMOB BHILIABKH 3aJTi30BYTJICIIEBOTO HAIIBIPOIYKTY
B 160-T KOHBepTEpax KOMOIHOBAHOTO TYTTS MPECTABICHI B TaOIHUII 1.

Tabmuns 1 — TexHONOTIYHI MOKa3HUKHW BUIUIABKY cTaji B 1
60-T KoHBepTEpax KOMOIHOBAHOTO IYTTs (KUCEHB 3BEPXY, HEUTPATbLHUM ra3 3HU3Y)
13 3aCTOCYBaHHSM KMCHEBHX (ypM pi3HOI KOHCTPYKIIi

No | Tloxasmmx Koncrpykitis pypmu _
JIBOKOHTYpHA | IBOSIPYCHA | KJIACUYHA | TPHSIPYCHA

1. | Burpara yaByHy, Kr/T 763,6 752,2 788.3 727,6

2. | Burpara 6pyxty, Kr/T 363,7 369,2 331,2 388,4

3. | Burpara BamHa, Kr/T 61,2 61,7 65,1 57,1

4. | Burpara CaF,, xr/t 2,3 1,7 2,45 1,5

5. | Burpara auTpauury, Kr/t 7,5 4,2 7,25 3,5

6. | Burpara kucHio, M /T 49 49,5 57,15 498

7. | Buxig npugatnoro, % 88,7 89,5 89,3 89,6

9. | Butpara dyrepiBku, Kr/T 2,443 2,359 2,177 2,294

g, | KiwxicTs Komsepreprix 2,185 2,179 2,176 2,917
rasis, M /T
BMicT y KOHBEpTEpHHX Tazax

9. CO. % 32 06" eMoM 50,99 44,90 57,25 38,57
Cob6iBapricth 1 T cTani 3a

10. | BuTparamu Ha 3a6e3neuenHs | 403,81 400,21 407,07 395,35
BupoOHUITRA, $ CIIIA

* - IpOTHO3HI JaHi, 110 6a3yI0ThCS Ha pe3yJibTaTax JIaAbOPaTOPHUX JOCIIPKEHb

BinmoBigHO 10 MaHWX MPUBEACHUX B TAOMUIl | BCTAHOBJIEHO, IO 31 30UIBIIECHHSIM CTYIIEHS
normaneHdst CO go CO, B MOpOXKHWHI KOHBEpTEpa BUTPATH Ha 3a0e3MeueHHs BUPOOHMIITBA
3HIDKYIOTHCS. TOMY B BITYM3HSHHX KOH IOHKTYPHHX YMOBax (BapTiCTh METAIOOPYXTY € HIKYOIO
y TMIOPiBHAHHI 3 PITKUM YaBYHOM) BIIPOBAKEHHS KOHCTPYKIIN (ypM, 1110 TO3BOJISIFOTH 301IBIITUTH
edextuBHicTh gonaneHHs CO no CO, € eKOHOMIYHO JOIITEHOTO.
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CHUHTE3 ITPOLECIB CHIKAHHSI MAPTAHIIEBUX KOHUHEHTPATIB J1JIsA
3ABE3INEYEHHSA MIIHHOCTI TA CTPYKTYPU ATJIOMEPATY
Msuogceka S.B. k.1.1., Kamkina JI.B. a.1.1H., Mimankia A.Il. k.1.H., AukyaisoB P.B. k.1.H.
Hayionanvna memanypeiiina axademis Yxpainu

CmikaHHS TOHKO JUCHEPCHHX KOHIIGHTPATIB € OJHUM 3 BHUIIB TIATOTOBKH JI0
BUKOPUCTaHHA y TIpolecax oep)kaHHs (epocmiiaBiB. BakiIMBOIO BHUMOIOI0 10 SKOCTI €
3a0e3medYeHHs] MIITHOCTI Ta PAIiOHAJIBHOTO XIMIYHOTO CKJIany, sKi BHU3HAYAIOTh BHUCOKI
MOKa3HUKHU 3acTOCyBaHHs (hepocmiaBiB. Kpim MiITHOCTI arjoMepar NOBHHEH MaTh BUOpaHy
OCHOBHICTb SIKa TapaHTy€e BUITYYEHHS] OCHOBHOT'O KOMIIOHEHTY Y CIUIaB Ta KOHTPOJIIOE MEPexis
IHIIMX KOMIIOHEHTIB y (pepocmiaB. O/Hi€I0 3 IepeBar nporecy arjaoMepariii € po3BUTOK PiIKO
(da3Horo cmikaHHS, 0 3a0e3neduye onepkKaHHS MIIHOTO ariomepary. I[HTeHcudikaris
pinkodazHOro CrikaHHsS MO)Ke OyTH JOCSATHYTa yIOCKOHAJIEHHSM TEIUIOBUX YMOB BEIEHHS
MpoIiecy, MOMIMIICHHSM MiJTOTOBKH IIMXTH, a TaKOX TMOCIITOBHICTIO MPOTIKaHHS (Hi3UKO-
XIMIYHUX TpOIIeciB Ta (OpPMYBaHHSIM MEBHUX CTPYKTYPHUX CKIIAJOBUX arjoMepary.

OnnuM 3 HeraTUBHHUX (AKTOPIB € YTBOPEHHS B CTPYKTYp1 arjioMepaTry CKIIOMOMXIOHMX
PEUOBHH, SIKI MAIOTh MMiJIBUIIEHY XPYIKICTh Ta 3HWKYIOTh MILIHICTh ariomepary. Sk mokaszamnu
JOCII/DKEHHST B TIEPIIy 4Yepry CKJIOMOAiOHI a3y YTBOPIOIOTHCS y BEPXHBOMY IIapi
arjaomepary, 1o poOHUTh Horo meHm MinHUM. [lonimmrye TeMmepaTypHO-TENIOBI YMOBHU
CIiKaHHS MOJIEPHI3allisl 3aMmajtoBaHHs, 3aCTOCYBAHHS MMOMEPEIHHOTO MITITPIBY 1 J0IaTKOBOTO
obirpiBy [1]. 3BuuaiiHO Temmeparypa 3amairoBaHHsS MmUXTU ckiaagae 1200-1300°C, a
TPUBAJICTh 3anamtoBanHsa 1-1,5 xBwimaM. [IpaBUibHE 3amairoBaHHS IIUXTH HE 3a0e3reuye
MOCTIHOI MIITHOCTI aryJioMepary Mo BHCOTI IIapy OCKUIBKM € HEOJHAKOBI TEIJIOBI YMOBHU
00poOKM BepxHIX 1 HWKHIX TOpPH30HTIB mapy. HmwkHii map oxepxkye OiIbIe TEIUIOTH 3
BEpXHIX IapiB. Y BEpXHbOMY IIapi BiAOYBA€THCS OUIBII pi3Ke 3aKaJTIOBAHHsS CIEKY i3-3a
OXOJIOJKEHHST XOJIOAHUM TOBITpsiM. OpuriHaabHE PillleHHsT OyJIO 3alpOoNOHOBAHO aBTOPAMH
[2,3], sAKi BHUKOPHUCTOBYBAJIM COHSYHY TEIJIOBY €HEPril0 Ui TIONEPEAHhOTO HarpiBy
MapraHieBuX Py, A7 9OTo A3epKayia HAIPaBIsIN Ha BEPXHIH [Iap arfOMUXTH.

Jlnst  BUpIBHIOBaHHS TEMIIEPATypHO-TEIUIOBHMX YMOB 1 TIJBHUINEHHS MIIHOCTI
arjoMepaTy MOJENIOBAIM BIUIMB JIOJaTKOBOrO OOIrpiBy BEpXHBOro Imapy. Temmeparypa
noBiTpst 1200°C, a Tpusainicte 00irpiBy craHoBuna 10%, 20%, 30 %, 50% Bin 3aranbHOi
TPHUBAJIOCTI MPOLIECy CHIKaHHS. 3MIHIOBAJIM TAKOX KUTBKICTh BYIVICLIO Y BUXIJIHIN MIKXTI Ta i1
OCHOBHICTh. KpiM TOTO MOMEmIOBaNIM BIUIMB CTBOPEHHS JTOAATKOBOTO TEIUIO 130JIFOFOYOTO
mapy 3 3BOPOTY arjioMepaTy Ta BYIJICHIO, [UISIXOM YKJIQJKH HAa BEPXHIM IMap arjolIuXTH,
AKUN OyZe OXOpPOHSTH BEpXHINH IIap arjoUIMXTH BiJ MIBUIKOIO OXOJOMKEHHS MOTOKOM
MOBITPS Ta 3MEHIINUTh YTBOPEHHS CKJIOMOMIOHUX PEYOBHH 1 MiBUIIUTH MILHICTh BEPXHBOTO
miapy ariiomepary. Jis uporo Oynu npoBezeHi ABa crikaHHs. [lepiie cranaapTHa NIMXTOBKA
IUIE OTpUMaHHS OQIIIOCOBAHOTO arjioMmepary. Jlpyre cmikaHHS aHAJOTIYHO IEpIIOMY, aje
nepe]l 3anajloBaHHAM HIMXTH Ha Hel YKJIaJaeThes 1Iap, 110 CKIaIaeThes 3 3BOPOTY Ppakiii 3-
5 MM 1 TBepmoro mamuBa ¢pakuii 0-1 mMm. 3a pe3ynbraTamMH CHiKaHHS BCTAHOBIICHO, IO
BUKOPHUCTAHHS JOJATKOBOTO TEIUIO 130JII0I0YOr0 Iapy I03BOJISE TOMIMIIATH MIIHICTh
BEPXHBOTO IIAPY arioMeparty, i BCbOTo arjioMepaTy B LIJIOMY.

Jlitreparypa
1. Berman E.®., Ilanumer H.B., bopucop B.M. DddexkTuBHOCTh MNporpeBa KOMIIOHCHTOB
arJIOMEpariOHHON IIMXTHI B 30HE MHTCHCHBHOTO mojorpeBa — M3B.BY3oB. UepHas MeTamryprus,
1979, BBI.5, c.16-19.
2. Solar Thermal Treatment of Manganese Ores. Susanna A.C., Hockaday L., Quinn G. Reynolds,
Frank Dinter, Thomas Harms. https://www.solarpaces.org/wp-content/uploads/Solar-Thermal-
Treatment-of-Manganese-Ores-Lina-Hockaday-Paper.pdf
3. Lina Hockaday, Frank Dinter, Thomas Harms. Opportunities for concentrated solar process heat in
the minerals processing industry. In SASEC 2016 Programme and Proceedings.
http://www.sasec.org.za/Accessed July 2017.
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TPAHCIIOPTHAS CUCTEMA HYPERLOOP — ITPOBJIEMbI U IEPCIIEKTUBbI
[Toneroii O. b. x.¢.-m.H., Pequunt 1. A. k.¢.-M.H., Cxocaps B.1O. k.d.-M.H.,
Tapacos C.B. k.1.H., Bypsuios C.B. k.¢.-m.H., Xaganypuaze H.M. k.T.H.
HUncmumym mpancnopmuwvix cucmem u mexuonoau HAH Ykpaunwi

B noknaze mpoBOOMTCS aHANIW3 PAa3BUTHS CYHISCTBYIOIIUX M TEPCIEKTUBHBIX BHUIOB
BBICOKOCKOPOCTHOT0 HazeMHoro Tpancnopta (BCHT), Bkitodass CKOpOCTHBIE KEJIE3HOJOPOKHBIC
noe3na, MAGLEV u HYPERLOOP. OcHoBHOE BHUMaHHE YJIENSIE€TCSd KOHLENTYaJbHBIM H
poOJIEMHBIM BOIIPOCAM CO3JIaHUSI TPAHCIIOPTAa HOBOTO MOKOJIEHUS B YKpauHe.

Omnum w3  npeumyiects mnpoekta HYPERLOOP  sBnsieTcsi BbICOKast CKOpPOCTh
nepensmkeHnss — 10 1200 kM/gac, KOTopasi JOCTHTAeTCs 3a CYET IBWKCHUS B TEPMETHYHOU
TpyOHOU TyTeBO# cTpykType. Co3maHue pa3pekeHHOW aTMOoc(epbl C IENBI0 CYIIECTBEHHOTO
YMEHBIIIEHUsI TIOTEPh PHEPTruu — ojaHa W3 KimoueBblx uiaen mpoekta HYPERLOOP, koropsrit
JIOJDKEH cOoYeTaTh B ce0e KauecTBa HU3KOJIETSIIETO CaMoJIeTa 1 JKeJIe3HOJOPOKHOTO MOe3/1a.

B kadecTBE OCHOBHOTO KOHIIEITYaJIbHOTO HampaBienus paspadorkn BCHT twuma
HYPERLOOP  pexomeHayercs  WCHOJB30BAaHUE  TEXHOJOTMH  MarHUTOJEBUTHPYIOIIETO
tpancnopra (MAGLEV). Ha ceroanamumii nens B pamkax TtexHoioruit MAGLEV umerorcs
pa3paboTku  TAroBo-neBUTanMOHHBIX cucteM (TJIC), cucreMm  MarHuTHOro mojBeca,
AHEeprooOecreyeHus, yrpaBieHus U OOpTOBOro 3yeKTpocHaOxkeHusa. OHM MOTyT OBITh
JnopaboTaHbl 70 YCIOBHHM 3KCIUTyaTallud IpuU OoJiee BBICOKUX CKOPOCTAX, JEKIApUPYEMBIX B
texnonorusix HYPERLOOP. Kpome Toro, B YkpauHe cyiiecTByeT 3HAYWUTEIbHBIM HAay4HO-
TEXHUUYECKUH 3a71eJ1 110 KIIH0YEBBIM acnekTam TexHoaoruiit MAGLEV.

[Ipn mpoekTHO-KOHCTpYKTOpcKkux pabdorax mo co3ganmo BCHT tuma HYPERLOOP
pexomenayercs ucnonszoBanue TJIC ¢ TUHEHHBIMU CHHXPOHHBIMHU JBUTATENSIMH B COUETAHHUHU C
MarHUTHBIM TOABECOM Ha OCHOBE TexHojoruu Inductrack Ha mocTosHHBIX MarHuTax. B kauectse
aIbTEPHATHBBl BO3MOJKHO PAaCCMOTPEHHE JIMHEWHBIX ACHHXPOHHBIX JBHUraTeled u/wim
UCIIOJIb30BaHUE DJIEKTPOJAMHAMUYECKOr0 MojBeca Ha 0a3ze KpUOMOAyJed (CBEpXIpPOBOISLINX
MarHuToB). PexkomeHayeTcs KOMIUIEKCHas CUCTeMa »JHeproodecrnedeHus Kak OT BHEUIHEH
HHEProCeTH, TaK U 3a CYET aBTOHOMHBIX UCTOYHHMKOB 3HEPTuu ((OTOAIEKTPUUECKHUX MaHeled U
BETPOIHEPreTUUECKUX YCTAHOBOK).

[Tpu pa3paboTke BaKyyMHPOBAHHOUW TPAHCIIOPTHON CHCTEMBI IMPEIAraeTcsi pacCMOTPETh
nmuana3oH naieHus B mytenposoze oT 0,01 mo 0,1 atmocdeproro. JlaHHbII Trana3oH MO3BOJISIET
YMEHBIINTh a3POJAMHAMUYECKOE CONPOTHUBIEHUE Kamcynbl Ha 90+99%. JlanpHelee CHUKEHUE
naBieHus B myrtenpoBojae BIIoTh A0 0,001 arMocdepHOTO MPUBOMUT K YMEHBIICHHIO JTUIIH
JI0JIeH TIPOLIEHTOB 3aTpaT Ha MPEOAOICHUE a3POTUHAMUYECKOTO COMPOTHBICHHS, B TO BpeMsl Kak
3aTpaThl Ha MOJIepKaHue popBakyyMa OyIyT pacTu B T€OMETPUUECKON IPOTPECCHUH.

Hekoropyto mpobinemy mnpu mnpoektupoBanun BCHT tuna HYPERLOOP Oyner
COCTaBJISITh a3POJMHAMHUYECKUN HArpeB kopmyca Kamncyisl. [lpu nBmwkenun co ckopoctbio 1080
KM/4 BHEIIHsS 000JI0UKa KaIlCyJIbl TIporpesaeTcs 10 Temnepatypsl 60+-90° C, uTo MoXeT oKasath
OTpHUIIATENILHOE BIIMSHUE Ha pPabOTOCIOCOOHOCTH OOPTOBBIX CHCTEM JJIEKTPOCHAOKEHUS U
yIpaBlIeHUs, a Takke Ha obecredeHue KoMdopTa MacCaXWpoB B MyTH. JIOMOTHHUTENBHOU
npo0jaeMoil  MOTYT CTaThb CHCTEMBl  OXJ@KICHHS  MOIIHOTO  3JIEKTPOOOOpYIOBaHUS,
pacnonoxkennoro kak B karncyie HYPERLOOP, tak u BHYTpW MyTenpoBOJa, MOCKOJBKY
TPAaJUIMOHHBIE CHCTEMBl OXJQXKICHHUS BO3IYLIHO-PAJAMATOPHOIO THUIA B YCIOBHUSX CHIIBHO
Pa3peKEHHOTO BO3/ayXa OyIayT MaI0d((EKTHBHBI.

Coznanue Ttpancnopra HYPERLOOP Bneder 3a co0Ooil pelieHHe UIMPOKOTO CIEKTpa
npo0JieM, CBSI3aHHBIX C €ro UH(PACTPYKTYPOH, B TOM YHUCIIE IPOSKTUPOBAHUE IIJIaHA U MPOQUIIs
Tpacc; pa3paboTKa WHKEHEPHBIX COOPYKEHUH (3CTaKajbl, MOCTHI, ITyT€BbIE€ Pa3BsI3KU, TYHHEIIU U
np.); OpoOJaemMbl 3arpy3kd W BBITPY3KH TPy30B M IMAcCaXHpoOB; obecreyeHne Oe30MacHOCTH
MEPEBO30K U KOM(OpTa MacCaxupoB.

Hacrosimass pabGora Obia BBIONHEHa B pamkax mpoekta «llepcnekTuBH pO3BHTKY
TPAHCIIOPTY I SITOTO MTOKOJIIHHSA B YKpaiHi» (Ne gepxxpeectpartii 0118U007616).
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BBICOKOTEMITEPATYPHBIE HCCJIEJJOBAHUSI OCOBEHHOCTEM
BJAUSAHUSA HU3KOBOJIBTHOI'O IIOTEHIIUAJIA HA IOBEJIEHUE
MIJJAKO-METAJIJIMYECKON BAHHBI ITPH ITPOJIYBKE CBEPXY
Cewmpikun C. U. k.1.H, T'ony6 T. C. k.1.H., lymuenko C. A., Bakynbuyk B. B.
Hnemumym uepnoti memannypeuu um. 3. M. Hexkpacosa HAH Ykpaunwi, 2. /[nenp

Hecmotps Ha [uMTENnbHBIM IEPHOJ CBOETO CYHIECTBOBAHHA M BCECTOPOHHEIO
WCCIIEIOBAaHHUS KUCJIOPOIHO-KOHBEPTEPHBIN Iporecc 00JagaeT BBHICOKMM TOTEHIUAIOM IS
MOBBILIECHHS] TEXHUKO-3KOHOMHUYECKUX MOKA3aTeeH, YTO MPUAAET aKTyaJbHOCTh UCCIIEIOBaHMSM,
HampaBICHHBIM HA pEHIeHHWe 3a7ad  NOBbIMEHHS 3()(EeKTUBHOCTH TPOM3BOACTBA U
pecypcocOepexeHue.

MHorouyuciieHHble TPOMBIIIEHHBIE OMBITHI B KOHBepTepax 60-1, 160-T u 250-1 B neprost
OCBOEHHS METO/1a MO/IBOa HU3KOBOJBTHBIX MOTEHUIHUANOB K (ypMe U METAINTUYECKOMY pacIliaBy
MOKa3aJl BO3MOXKHOCTh YIJIyYIIEHHE pPsia BaXKHBIX TEXHOJOIMYECKHUX IOKa3aTeslei BbIMIaBKU
ctanu [1].

B pabGore paccMoTpeHbl pe3yabTaThl J1IAOOPATOPHBIX BBICOKOTEMMEpPaTypHbIX [2]
WCCIICIOBAaHWA HAa MOEUIM KHCIOPOAHOTO KOHBEpTepa ¢ BepxHEH mpomyBkod 3hdexTos,
BO3HHKAIOIIUX, TPH MPOXOXKACHUU AIIEKTPHUYECKOrO TOKAa IO HJIEKTPUYECKOM memu: ¢ypma-
CTAJICIUIABWJIbHASL BaHHA IPU IMOABEACHUU HU3KOBOJIBTHOIO IMOTEHIMAJIA OTPHULATEIbHON WIN
MOJIOKUTEIPHON TOJIAPHOCTEH K (GypMe W TMPOTHUBOMOJIOKHOW TMOJSIPHOCTH K JOHHOMY
KOHTAKTHOMY 3JIEKTPOJIy IIPY COTIOCTABIICHHH UX C IIJIaBKaMH, IPOBEICHHBIMH 0€3 BO3ICHCTBUIA.

bbuin moaTBepKI€HBI TEHACHIINH, BBISIBJICHHbBIE HA POMBILUIEHHBIX KOHBEpTEpax: 1Mo CUiie
BIIUSTHUS TIOJIOKUTEIBHONW MOJSIPHOCTH Ha (ypMe Ha TEIUIOCOAEp)KaHWE BaHHBI M 1O Beayllen
pOJIU XapaKkTepa U MHTEHCUBHOCTH Ipoliecca MIIaKooOpa30BaHUs Ha BEIMUMHY CHIIBI TOKA B LIETIH
¢ypma- BanHa. OTMEYEHO TaKXKe pa3JIMYMe B SPKOCTU CBEUYEHHS] 30HBI B3aUMOACHUCTBUSA
KHCJIOPOJIHOM CTpyH CO NUIAKO-METAUIMYECKUM pacCIUIaBOM [0 HCCIIEIOBAaHHBIM BapUaHTaM,
KOPPECTIOHIUPYIONIEeCs] ¢ TEIIOCOIEPKAaHUEM BaHHBIL: CaMO€ SIPKOe CBEYCHHE MOAPYypMEHHON
30HBI HAOJIO/AJIOCh B BapHaHTEe MPUMEHEHUS TMOJIOKUTEIBHON MOJSIPHOCTH Ha (Qypme, a camoe
crnaboe cBeYeHNE — Ha CPaBHUTEIBHBIX MPOTyBKAaX.

AHanu3oM BHIEOMAaTEpUAIOB YCTAHOBJIIEH IEPEMEHHBIA IO XOAY IPOJAYBKH IUIABKU
XapakTep MOJbMAa M OCEJaHHWs [UIAKOBOW (asbl, OTIMYAIOMIMKCS IPOTHUBOIOJIOKHBIM
HampaBJIEHUEM JUIsl JBYX TMOJISIPHOCTEH MOJBOJMMOrO MOTEHUMana. Takke OTMEYEHO, YTO
MPOJYBKH, TPOBEJACHHBIE C MOJIOKUTEIHHON MOJIIPHOCTHIO MOTEHIMANA Ha (ypMe, OTIMYaINUCh
HEBBICOKMM YPOBHEM (popMHpyeMbIX OpbI3r MeTajljia U IUIaka, HECMOTPS Ha HaUMEHbIEe U3
YKclia U3y4YEHHBIX BAPUAHTOB BU3yaJbHOE KOJIMUYECTBO HUIAKOBOM (ha3bl. A HAUMEHBIINN YPOBEHb
OpbI3r MeTajla BU3YaJIbHO ObUI OTMEYEH B BapUaHTE IMOABOJA OTPHUIATEIHHON MOJSPHOCTH K
¢ypme. Takxke BBIIBICHO, YTO MPOIYBKH C IOJBOJOM OTPHUIATEIBHOM MONAPHOCTH K (hypme
OTJIMYAITUCH O0Jiee PAaHHUM HAaBEJCHHUEM XHIKOIIOABIKHOTO IIJJaKa ¢ HaHOOJIBIIUM YPOBHEM €T0
noabeMa.

Brussiien cnenududecknii 3¢(exT 1mo BAMSHUIO MONSIPHOCTH MOTEHIIMANIA HA TIOBEPXHOCTD
NUIAKOBOM (ha3bl 1O CPaBHEHWIO C BapHaHTOM Oe3 BO3ACHCTBHIA: 0Opa3oBaHUE JIOKAIHHBIX
BBICOKHMX BCIUIECKOB B BHJIE «CTOJIOMKOBY MPH OTPULIATEIHHOMN MOISPHOCTH U «BSI3KOT0» KUTICHUS
C MHTEHCHUBHBIM BbIX00M (pakenoB CO Ha MOBEPXHOCTU MpPH MOJOKHUTEIBHOW MOJISPHOCTH
noTeHuuana Ha gpypme.

VY CTaHOBIEHO BIMSHUE MOJBOJAMMOIO HU3KOBOJIBTHOTO MOTEHIMAJIa Ha CHW)KEHHUE YPOBHS
MOoTeph MEeTaja CO ILJIAKOM: MpPH OTPHUIATEIbHOW MOJSIpHOCTH Ha (¢ypMme B Oojblleld mepe ¢
KOopoJbKaMu (Ha 5,9 Kr/T cranmum), a TIpH TMOJIOKHUTEIHHOW — ¢ OKMCIIAMH JKelie3a B IIIake (Ha
4,2 Kr/T cTanm).

Jlirepatypa
1. Cempikna C.M. ITlpumeHeHHE D3IEKTPHYSCKOTO BO3JCHCTBHS MAJOW YIACIBHOH MOITHOCTH MpH
KHCIIOpOHO-KOoHBepTepHOU TaBke ctanu /C. M. Cembikun, B.®. [Tonskos// Ctanb.-2014.- Ne9.- C.12-16.
2. Yepnaresuu A.I'. BricokoTeMIiepaTypHOE€ MOAEIMPOBAHUE KHCIOPOJHO-KOHBEPTEPHOTO MpoIiecca
// 3Bectuss BY3o0B. UepHas meTautyprus.- 1991.- Ne 12.- C.16-18.
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CTEHJOBOE UCCJEIOBAHUE OCOBEHHOCTEM 3JEKTPO®U3NYECKON
AKTUBU3AIIUU I'A30BOI'O KUCJIOPOACOAEPKALIEI'O ITIOTOKA
Cewmpikun C.U. k.1.H., ['ony6 T.C. x.T.H., [Ipokonenxo IT.I".

HUncmumym uepnou memannypeuu um. 3. 1. Hexpacosa HAH Ykpaunsi, 2. [[nenp

W3BecTHO, YTO 1711 OCYHIECTBIIEHUS MPOTEKAHUS OKUCIUTEIbHO-BOCCTAHOBUTEIHHBIX
peakuuii B MpoOIecce KHUCIOPOAHOTO padUHUPOBAHUS HEOOXOIUMO HAIMYHE IMOBUKHBIX
3apsKEHHBIX YaCTHI] — HOHOB, KaK KOMIIOHEHTOB METATTMYECKOI0 paciljlaBa, Tak U, B EPBYIO
ouepenp, kucinopomga [l]. CrnenoBaTenbHO, HOBBIM aKTyaJbHBIM HallpaBJICHHUEM B
MOJIEpHHU3AIMU CYIIECTBYIOUINX KOHBEPTEPHBIX IMPOIIECCOB MOXKET CTaTh NpPHUMEHEHUE B
KOHBEPTEPHOM  TPOM3BOJCTBE  JJIEKTPUYECKH  AKTUBH3HUPOBAHHBIX Ta30BBIX  CTPYH,
coJiepKaliX KUCIOPOI.

OcHOBOW  mpemyaraeMoro crocoda SBJSIETCS  TpeaBapUTENbHAs  AKTUBH3AIUS
KHCIIOPOJIHOTO MOTOKA 33 CYET BHICOKOBOJIBTHOIO pa3psiia MOIIHOCTHIO Ha /IBa — TPU MOPAIKa
HUKE, 4eM MPUMEHSEMbIC B IIA3MEHHON METaJUTypruu, YTO MPUBEAET K O0Opa30BaHHIO
MOJIEKYJI 030Ha U OMPEJEICHHOM A0IM HOHOB KUCIOPO/a 0 MOMEHTA €ro B3aUMOJCHCTBHS C
pacIuiaBoM.

HccnenoBanust Mo OLIEHKE KOJIMYECTBA (POPMHPYEMBIX HOHOB (IO BETUYMHE CHIIBI
HMOHHOTO TOKa) MPOBE/IEHBI Ha pa3pabOoTaHHOM U CO3JJaHHOM Ha j1aboparopHoM yuactke UM
HAHY crenae no n3y4yeHnro BO3MOKHOCTH M CTENIEHH aKTUBU3ALMKM KUCIOPOACOACPKAILIETO
ra3oBOro IOTOKA 3a CYET CO3/1aHUs BBICOKOBOJIBTHOT'O JIEKTPUUYECKOTO pa3psiia BHYTPHU U Ha
BBIXOJ/I€ M3 MPOYBOYHON KUCIOPOJHON (QPypMBbI MIPH MO/1aye Yepe3 Hee KUCIOpoa U BO3ayxXa
(B KauecTBE KHCIIOPOACOAEPIKAILErO raza). Y CTaHOBJIEHO, YTO B IIPOLECCE AKTUBU3ALUU Ha
cpe3e comuia (Gypmbel 00pa3yeTcsi KUCTEBOW pa3psa, a BHYTPH (GypMbl Ha SJIEKTPOAEC —
TICIOMMI  pa3psa, crnocoOcTByomme (OPMHUPOBAHHUIO B TIOTOKE IPOJYBOYHOTO Tasa
3apsSOKEHHBIX YACTHI[ KHUCJIOPOAa —HOHOB IMOJIOKUTEIBHOTO W OTPUIATENIbHOTO 3HAKa, C
MOCIEAYIOUUM 00pa30BaHUEM 030Ha.

VYcraHoBeHA SIPKO BbIpaKEHHasi SKCIIOHEHIMAIbHAs 3aBUCUMOCTh KOJMYECTBA MOHOB
OT PACCTOSIHUSI 10 MCTOYHMKAa WX OoOpa3oBaHMs (JIEKTPOJA) HE 3aBHCHMO OT JaBJICHUS
IIPOAYBOYHOIO T'a3a WM YPOBHS COAEPKAHUS B HEM KUCJIOPOAA.

Takxke ycTaHOBIIEHO, YTO KOJMYECTBO IMOJOKUTEIbHBIX HOHOB ObUIO OOJBINE, YeEM
OTPUIATENIbHBIX, 0COOCHHO Ha HaYaJIbHOM Y4acTKe CTPYyH Bo3Je cpesa coruia Ha 15-30 %.

BrisiBieHo, uTo 3armyOsieHHe fiekTpojga Ha BennuuHy 10 MM crmocoGCTBOBasIo
YBEIMYEHHUIO 3HAYCHUH PEruCTPUPYEMOro TOKAa Ha OJIM3KHX PACCTOSHHUAX K cpe3y coIuia J0
MaKCHUMaJbHBIX BelMu4yuH. [lo-BUAMMOMY, Takoe pacoyioKeHHUE ANIEKTPOAa ONTHUMAIIbHO IS
CO3JaHMsI KaK KUCTEBOIO pa3psAla MEXAy KOHIOM 3JIEKTpOJa M KPOMKOHM coIuia, Tak u
TJICIOIIETO pa3psiia BHYTpU QypMbI Ha AIEKTPOE, KOMIUIEKCHO CO3JAI0IINX MOHHBIN TOK.

CorocraBieHue pe3yiabTaTOB, MOJYYEHHBIX MPU MPOAYBKE KHUCIOPOAOM U BO3TYyXOM
IpU OJMHAKOBOM IIPOJAYBOYHOM JABJICHHUH T'a3a, CBUAETEILCTBYIOT O TOM, YTO MPH MPOTYBKE
KHCJIOPOZOM KOJIMYECTBO MOHOB OBLIO BBHIIIE, YEM INPH MPOIYBKE BO3AYXOM U 3aBHUCEIO OT
BEJIMUMHBI yAaJeHUs OT cpe3a coljla. A MMEHHO Ha HayajJbHOM Yy4YacTKe HpPHU MPOIyBKE
KuciaopoaoM opmupyercs B 4-5 pa3 0oJblilie HOHOB, YeM MPHU TPOJYBKE BO3IYXOM, a Jlajnee
Mo JUIMHE CTPYH MX KOJMYECTBO CONMKAeTCs Ha paccTosHUU mopsanka 50 MM M Jajnee 1o
JUIMHE CTPYHM OCTAaeTCs Ha IMOJ0OHOM YpOBHE. 3aperMCTPUpPOBAHHAs pa3HUIA B BEIHYMHE
CHJIBI MIOHHOTO TOKa, BEPOSATHO, CBS3aHA C KOJMYECTBOM KHUCIOpOAa B MPOJYBOYHOM rase,
KOTOPBIiA, TIO-BUJUMOMY, U TIPEBPAIIAETCsS B HOHBI, a 3aTeM (DOPMHPYET 030H U Jajiee CHOBA
PEKOMOMHUPYET B KUCTIOPOI.

Jlitreparypa
1. CagenbeB U. B. Kypc obmieli ¢pusuku: Yued. mocodue. B 3-x 1./ U. B. Casenses .- 1. 2. M.: Hayka.
I'n. pen. pusz.-mart. nut.- 1988. - 496 c.

17



OPT'AHI3AIIA PECYPCO3BEPITAIOYHMX ITPOIECIB IMTO3ATIIYHOI OBPOBKHA
HJIAXOM 3AJTYYEHHSA TEXHOI'EHHHUX BIAXO/1IB
Cununun f.C. acnipant, Kon6in M.O. x.1.H., babenko O.B. k.T.H.
Hayionanvna memanypeiiina axademis Yxpainu

3HaYHUN 1HTEpPEeC METAIypriB 0 BUKOPUCTAHHS B OCHOBHHMX METAypriiHUX Mpolecax
BTOPUHHUX BIJXOJiB BJIACHOTO 1 IHIMWUX BUPOOHUIITB BUKIWKAHWUN THUM, IO I[i Marepiain
MPOWIIIIM  TIOTIEPETHIO CTaJlil0 TEIIoBOI Ta XiMiuHOi o00poOku. Ile mo3Bomsie mpu  ix
1HAMBIAyaIbHOMY a00 CHUIBHOMY BHMKOPHCTaHHI, 3aBASKH OUIBII HU3BKUM €HEPreTUYHUM
Oap'epaM, momaraTHcs HEOOXiMHUX pe3yJIbTaTiB 3a KOPOTIIMKA MPOMIKOK dacy. Ha BimMmiHy Bif
NPUPOAHUX PECYpCiB, 3amacH SIKUX MPH iX BUKOPUCTAHHI O0'€KTUBHO 3MEHIIYIOTHCS, KUTBbKICTh
TEXHOTE€HHHX BiIXOJiB HAKONHYYEThCA. IX 3alydeHHS BMMArae MOJAJIBIIOTO PO3BUTKY HOBHX
nporeciB 1 obmagHaHHA 3 iX BukopucTtaHHAM. CydacHi MeTanypriiiHi mporuecu MoTpeOyITh
BUKOPHCTAHHS BaITHA B SIKOCTI Aecynbdyparopa, nedocdoparopa, KOMIIOHEHTA, SKHiA 3a0e3medye
ONTUMabHI (DI3MKO-XIMIYHI Ta TEXHOJIOTIYHI BJIACTUBOCTI INIIaKy, JO0ABKH B MIUXTYy IS
BUPOOHUITBA O(IIIOCOBaHOI CHpOBHHU. CIOKMBAaHHS BallHA B PI3HUX METANYPridHUX Mpolecax
Mpyu BUPOOHUIITBI OAHIET TOHHM CTami ckmajgae: s KoHBepTtepHOoi cranmi -80-100kr, mis
MapTeHiBChbKoi ctani - 15-50kr, mst enexrpoctaini - 40-60xr. Haitbinpi panioHaabHUM HAIPSIMOM
PELMKIIHTY METaNypriiHUX BIOXOAIB € BHUKOPHUCTAaHHS HAMIBIPOAYKTIB, OJEPKAHUX MLUISIXOM
KOMIIJIEKCHOT TEIIOBOi ab0 BiJHOBIIIOBAJILHO - TEIMJIOBOI OOpOOKHM BUPOOHWYMX BiXOiB, IO
BH3HAYAE 1X BJIACTUBOCTI, MPU3HAYCHHS 1 TEXHOJOTIYHI MOMJIHMBOCTI. HalOUIbI MOIIIBHEM €
BUKOPHCTAHHS B SKOCTI BUXIJIHUX - TPHOX TPYIT BiIXOiB: 3aJi30BMICHI BITXOAH - MIIAMH 1 TIHII
ra3004MCTKM KOHBEPTEPHUX ¢  EJICKTPOCTANCIUIABHILHUX II€XiB; BiJCIBH  30aradcHHs,
KOHIICHTPAaTH BTOPWHHOTO 30aradyeHHs W 1H.; MWIOMOMIOHI BiTXOAM BUPOOHMIITBA BaITHA;
BYTJICIIBMICTSIi BiIXOJM POCITUHHOTO TTOXOKCHHS. 3aCTOCYBaHHS BYTJICIIHbBMICHOTO KOMITOHEHTA
BHU3HAYAETHCSI MOXKJIMBICTIO BUKOPHCTAHHS B MPOIECI BHCOKOTEMIIEpaTypHOi 0OpOOKH TEmIOTH
3ropsiHHs roprounx ckianoBux Binxony (CHa, Hy, CO) 1 mpu HEOOXiTHOCTI YACTUHU BYTJIELIO, 110
Ma€ TaKOX BHCOKI BiJIHOBIIOBAJIbHI MO BiJHOIIEHHIO /0O OKCHJIB BJIacTUBOCTI. Pe3ynbrartu
EKCIIEPUMEHTAIbHUX JOCTIIKEHb BITHOBJICHHS OKCHJIB 3ai3a, 10 MICTATHCS B METATyprilfHUX
[uUiamMax, Pi3HUMH BiJIHOBIIOBA4aMHu (Ta30BYTUIbHHN KOHIIGHTpAaT Mapku ['; JnepeBHE BYTi/LIsA
Mapku A, I copty, HaQTOKOKC 1 MipoITi30BaHi BIIXOIM POCIMHHOTO TIOXO/DKEHHS) CBITYATH PO
Te, MO MiPOJII30BaHUI BTOPUHHHUI MaTepial € BUCOKOAKTHBHHM BiJTHOBHHKOM, MOPIBHSHUM 3
JICPEBHUM BYT1JUISM.

[Ipr BiTHOBIIOBAIHHO-TEIUIOBIM 0OpOOI 3aMi30BMICHHX TWIYy 1 NIIaMiB Ta3009HCTOK
KOHBEPTEPHUX U EIIEKTPOCTAJCIUIaBWIBbHUX TeXiB 3 Fe,r ~ 55,97% # Zns, ~ 2,5% mpum
BUKOPHUCTAaHHI MIPOJi30BAaHOTO BYIJICLEBOTO BIAXOAY POCIMHHOTO TIOXOJKEHHS B SIKOCTI
BiZHOBHMKA i, YaCTKOBO, CHEpProHocis, 3a 30 XBHIHH 06poOku mpu Temmeparypi 1100-1150°C
nocaraerbes 94-96% cTymiHp MeTanmizamii 3aji30BMICHHUX BiaxoniB. HalOunem npuitHITHUM
arperarom Juis peamisaiii npouecy BTO nmutamiB razo004ucTok, oueBUIHO, MOXke OyTH oOepToBa
niy. CniyIbHUM BUTNAN BallHAKY M BYIJIELIEBOTO BIAXOAY 103BOJISIE MIJBUIIUTH BMICT BiibHOTO CaO
Ha 10-15%, 30impmmTH cTymiHp Bumany BamHa Ha 15-20% y moOpiBHSAHHI 13 TpaauLiiHUMU
cmocobamMu oJiepKaHHsA BamHa. lIpm 1mbOMY 3MEHIIYETHCS YTBOPEHHS NIy 1 HOro BHHOC,
MOJIMIIY€ETHCS €KOJIOTTYHUN CTaH HaBKOJIMIIHBOTO CEPEIOBHIIA, 3MEHIIYETHCSI BUTPATa I0POTOro
NaJInBa.

Cxema mpakTUYHOI peai3allii pe3yibTaTiB JOCTiKEHHS BKITIOYAE:

- BUOIp BHUXIAHMX MaTepiajiB, BIACTHBOCTI 1 CKJIaJ SKUX 3a0€3MeuyroTh OTPUMAaHHI
HAMIBMPOAYKTIB 3  IIMPOKMM  JIialla30HOM  MOXJIMBOTO  BHKOPDHCTaHHS B SIKOCTI
[JIAKOYTBOYTBOPIOIOYMX MaTepiaiiB, pO3KUCIIOBAaYeH cTalll, MaTepialiiB AJs MiJBUIICHHS BMICTY
BYTJICIIIO B CTaJIl 1 3aMIHU YAaCTKU METAIOOPYXTY B Mpollecax OTPUMAaHHS CTali;

- po3poOka eHeproe()eKTHBHUX TEXHOJOTIYHUX CXEM OTPUMAHHS HAIiBIPOAYKTIB, IO
0a3yl0ThCs Ha BUKOPUCTAHHS TEIIOBOI €HEPTii 3TOPSHHS MipOorasiB BYTJICIBMICTIIAX MaTepialiB
POCITMHHOTO TTOXO/KEHHS 1 YaCTKH BYTJICIIIO;

- po3poOka HAWOUTBII ~ KOPHUCHHX  BapiaHTiB  (QYHKIIOHATBHOTO  TPU3HAYCHHS
HaIIBIPOJYKTIB, OTPUMaHHUX 3a cxemor cyMmicHoi BTO, 1 ekcmepuMmeHTadpbHa TiepeBipkKa
e(eKTUBHOCTI X BUKOPHUCTaHHS B KHCHEBO — KOHBEPTEPHOMY TPOIIeCi BHPOOHHUIITBA CTAJII.
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SHEPIOO®®EKTUBHBIE PEHIEHUSA TUAMETPA PACITAJIA DJIEKTPOAOB
JYTOBOW CTAJIEIVIABUJILHOU MEYN
Tumomenko C.H. k.1.H., ['younckuit M.B. 1.T.H.
Jloneyxuit HayuonanvHulll mexHudeckuu ynusepcumem, 11okposck,
Hayuonanvnas memannypeuueckas akaoemusi Ykpaunwi, /[nenp
Lenbto  pabGoTel  SBIAETCS  MOBBIIIEHHWE  HHEProdPPEKTUBHOCTH  AYTOBBIX
cranertaBuibHbx neveit (JICII) myrem onTuMusaimu AuamMeTpa pacraja SIeKTpoxoB D,

OTHOCHUTEIIBHO BHYTPEHHETO auamMeTrpa Kapkaca neuu D, . Tpamgunumonno B JICII npunsaTo
MUHUMH3UPOBaTh D, , U B 6a30BOM BapHaHTE D, =0,2D,. CoBpeMeHHbIE MaTEMaTHUECKNE
Mozenu nporecca miasiaenus ckpama B JICII [1,2] e orpaxarot Bornpoc ontumusaiuu D, .
YuciieHHOEe MOJENMPOBAHUS HArpeBa M IUIABJICHMS CKpara dHEPrueil 3JIeKTPUYECKUX
JyT Ha OCHOBE MaTeMaTHYECKOM MO/IEH TEINIO0OMEHA H3IydeHHEM B paboueM MPOCTPAHCTBE

JCII [3] moka3ano, 4yTO YacTHBIM KO3 UIIUEHT SHEeprodh(EKTUBHOCTH AT, TOPSIIUX B
WHJIUBUIyaJIbHBIX KOJOJLAX, MIPOIIAaBIsieMbIX B uxTe, cocrapisier 0,94, cumxkaercs 1o 0,70

npu hopmupoBaHuM oOImero kogoamna u a0 0,55 u HUXKE TPH OTKPBHITOM TOpeHuu ayr. s
120-t JCII, paGotatomieii 1O MHTEHCHBHON TEXHOJIOTMH C 3arpy3Koi cKpama OaibsMmH,
ysenudenue D, n0 0,46 D, B cpaBHEHHH C 0a30BBIM, BEJET K POCTY OTHOCHTEIBHOIO
BPEMEHM TIOpEHHUs Iyl B KojloAuax Ha 16% ¥ CHUXEHHIO NPOAOKUTENBHOCTH IEpHoa
mnasiaenus Ha 4% (puc. la). Vemuuenwe D, B mpepenax or 042D, go 0,49D.c
MOBBIIIEHHEM BMECTUMOCTH Tieur OT 15 1o 250 T, mo3BOJISIET CHU3UTH YIEIbHBIM pacxo.
anektpo3Hepruu B KpynHbix JCII Ha 5—6%, a B neuax manoil BMectumMocTu Ha 2—3% (puc.
10) 3a cueT U3MEHEHHS PEeKUMA TIJIABJICHUS ITUXTHI.
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CTAH TA IEPCIHEKTUBHU PO3BUTKY METAJIYPI'Il YKPAIHU 3
MO3UIIA CHCTEMHOI'O AHAJII3Y
Ty6omnbues JL.I'. k.T.H., 3acmy>KeHHii MpaLiBHUK IPOMHCIOBOCTI YKpaiHu
Inemumym uopnoi memanypeii HAH Ykpainu

[epcniekTHBH PO3BUTKY TaKOI CKJIAIHOT MPOMHCIOBOI CHCTEMH SIK TIPHUYO-METATypridiHIiA
koMmiuiekc Ykpainu ('MK) Hemoxk11BO BU3HaUUTH O€3 3aCTOCYBAaHHS CUCTEMHOTO aHajizy. Y TO
K€ Yac CUCTEMHHH aHali3 morpedye BH3HAYCHHs 0araTboX MapaMeTpiB, BiJl SIKUX 3aJICKHUTh
BU3HAYCHHS cucTeMH. J{Jisi KiJIbKICHOI OLIHKK TepcnekTuB po3BuTky ['MK BHKOpHCTOBYEMO
HOHATTS MaTeMaTU4HOI HMOBIpHOCTI W () moii A, 110 BU3Haya€e napamerpu podotu ramysi. [Ipu
MPOBEJICHI JTaHOTO aHawizy 1o iHpopmariitHux mnapamerpiB podootn I'MK sk mpomwmcioBoi
CUCTEMH BiJTHECEHO HACTYITHI.

Bruus nepxasu Ha podoty 'MK (iiMOBipHICTh 3IHCHEHHS IEP>KaBHOTO BIUIMBY Ha poOOTY
raimy3i (W yepsastoro sumsy = W1). IIpa Oyib-siKili piBHI MpUBAaTU3aLlil METAIypriiHOI rary3i 1epKkaBa
MOBUHHA 30epirath (QYHKINI yNpaBITiHHSA, 3JIMCHIOBATH MOHITOPUHT pOOOTH Tamy3i Ta 3
BUKOPDHCTAHHSAM 3aKoHOJaBuYMX ¢opMm ynpasniHHsa. [loumnatounm 3 2011 poky nepkaBa
npunuHuiIa Oyap siKi 3aXoau BIUTMBY Ha poOoTy 'MK, mo mpusBeno 10 magiHHS BUPOOHMIITBA
crami Maibxke Ha 50%. YV TOH ke yac HMOBIPHICTh 3IIHCHEHHS JEP>KaBHOTO 3aKOHOJABYOIO
BIUIMBY Ha pobory I'MK B mepcnekTuBi JOCHTh BHUCOKa 1 MOXKe OyTH OLlIHEHa Ha piBHI
W1 =0,95-0,99.

[omutr Ha Mmertamonpoxaykmir. Po3sutok I'MK Haitbmmkuum dacom Oyae BH3HAYATHCS
MOTIUTOM HAa METAIONPOAYKIio (WMOBipHICTE W;). [ms VYkpainu, sK mocTadaabHUK
MeTaNypriiHuX HamiBpaOpUKaTiB, WMOBIPHICTh 30€pEKEHHS TAaKOTO CTAHOBHINA € JIOCHUTH
Brucokoro (W, = 1,0), a B HanpsIMKy BUPOOHHIITBA TIPOTPECUBHOTO COPTAMEHTY METAIOTIPOIYKITI
W, noku nHe nepesuurye 60 -70%, To6to (W2 = 0,6 - 0,7) 1 icTOTHO 3a7€KUTH BiJ] IPOMHUCIIOBOI
TIOJIITHKH JICPIKABH.

Bmus  cBITOBHX IIH Ha METAIONPOIAYKIIIIO ﬁMOBipHiCTL 3MIHH CBITOBUX I[IH Ha
MeTaonpoAyKiito W3 MoxHa oiHuTH Ha piBHI W3 = 0,95 - 0,98.

Indpactpykrypuuit nokasznuk pobGotn I'MK W, (HasBHICTb TpYyIOBUX pECYpCiB
BHUCOKOI KBaji(ikallii, po3BUHEHa TPAHCHOPTHA 1H(PPACTPYKTypa, 3HAYHI 3alaciB 3ajli30pYyAHOI
CUPOBWUHHU CHPOBHHHM) CBITYHUTH PO MEPCIICKTHBY Taly3i 1 JO3BOJISE OIIHUTH HOTO HMOBIpHICTH
Ha piBHI W4 = 1,0.

BupoOHUIITBO METATONPOAYKITIi. MMoBipHicTH 30epeKeHHS BUPOOHUIITBA
Metanonpoaykiii Ws Ha piBHI 23 MiH.T mocuth Bucoka Ws = 0,95-0,99, mporte BenmmumHa i€l
WMOBIPHOCTI 3HAYHO 3MEHINYETHCS TPH 30UTBIICHHI IJJAHOBAaHWX OOCATIB BUPOOHHIITBA
METaJIONPOAYKIIl, a mpu oOcsrax BUIUIABKH cTamu moHany 40 MJIH.T B piK - HE NEpPEBUILYE
BenuuuHu Ws = 0,5.

Mopgpepnizaitis 'MK. Husbki mokasHWKH MojepHizamii ramy3i We He aroTh MiACTaBU
OIIHUTH UMOBIPHICTh MOJIepHi3aIii ramy3i Binie Hix We = 0,6-0,7.

HayxoBo-texniyne  cynpoBojpkeHHss MK,  Jlns  HEpCnEeKTHBHOTO — PO3BHUTKY
METaypTiiHOTO BUPOOHUIITBA BUKOPUCTAHHS HAYKOBHUX JOCATHEHDb € 00OB'SI3KOBUM, TOOTO iXHS
nMoBipHicTh W, moBuHHa nopiBHOBaTH W; = 1,0. Ommak s YkpaiHu Ha JaHWAN dYac IO
HWMOBIpHICTHh MOKHA OIIHUTH HA piBHI W7 = 0,5 - 0,7.

3 ypaxyBaHHSM MiHIMaJIBHUX 1 MAaKCUMAJIBHUX 3HAYEHb BHINCHABEACHUX KPUTEPIiB MOXKHA
BU3HAYNTH, 110 WMOBIPHICTH AOCSTHEHHS 3allJIJAHOBAaHMX TOKA3HUKIB MEPCIIEKTUBHOTO PO3BUTKY
I'MK cTaHOBUTB:

WFMK = W1 ° W2 ® W3 ° ... W7 = 0,15 -0,68.

ExcrieptHe oIliHIOBaHHS Mpo0JieM METalyprifHOro BUPOOHUIITBA MOKAa3ye, 110 KUIBKICTh
MiAMPUEMCTB, IO BHU3HAYAIOTh MPIOPUTETHI 3aBJAHHS PO3BUTKY BHUPOOHUIITBA, CKIIAJAE:
TexHosorii eHeprozOepexxkeHHs (50%); anmpTepHaTuBHA eHepretuka (20%); eIeKTpPOHHMIA
TOKyMeHT000Ir (65%); pobotmzamis 6i3Hec-npoueciB (10%); aBTOMaTHM3amis Oi3HEeC-POIECiB
(15%); indpopmariitai 6a3u nanux (10-20%).

Takum uymHOM ¥HMOBIpHICTH po3BUTKY ['MK Vkpainm Bu3Ha4daeThCs 3aBIaHHSAMH Ha
nepkaBHOMY piBHI. SIKmIo nmepskaBa He BBakae po3BuToK I'MK mpioputeTHHM, TO WMOBIPHICTH
HOTO PO3BUTKY BU3HAYAETHCS TUTHKH IMO3HUITIEI0 HOTO BIACHUKIB.
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UKRAINE’S GRAPHITE PERSPECTIVES IN LI-ION BATTERY SUPPLY CHAINS
Fedorov S. Ph.D., Hubynskyi M. D.Sc., Sybir A. Ph.D., Hubynskyi S. M.Sc., Foris S. Ph.D.
National Metallurgical Academy of Ukraine

As an inherent part of Li-ion battery (LBI) anodes, natural flake graphite has become a
strategic mineral resource in developed world economies like EU, US and China. In five
years, it is expected an increase in the demand for this product 7-fold compared to actual
consumption nearly 150,000 tons. Satiation is aggravated, because only China has relevant
reserves which are quite sufficient not only for state’s own purposes, but for the export too.
As a result, two simultaneous processes, crucial for battery industry, are taking place now
worldwide. The first one is acquisition and exploration of new mines (in Brazil, India,
Tanzania, Mozambique, Madagascar, Australia, Sweden, etc.) by engaged companies aiming
to get exclusive access to graphite ores and, in this way, secure future profits. The second is
development of downstream processing technologies intended to purify graphite to battery
grade > 99.95%.

According to Zavalivskiy Graphite Ltd official data [1], a local Ukrainian graphite
producer, the annual company’s production capacity is up to 30,000 tons of graphite with the
carbon content of 85% to 99% and particle size of up to 200 microns. Mentioned physical
features correspond with common requirements to precursor materials by batteries
manufactures. In this connection, Ukraine with its unique graphite deposit and geographic
position, close to one of the expanding major market, is capable to take over as a key player in
emerging battery supply chains of EU.

Since 2008 the Department of Industrial Heat Engineering at the National Metallurgical
Academy of Ukraine (NMAU) along with Thermal and Material Engineering Center (Dnipro,
Ukraine) have been working on a proprietary graphite purification technology based on
fluidized bed concept (TMEC-ETFBP) [2-3]. The process involves direct resistive heating of
graphite powder up to 2800-3000°C, the range of disposal most of the volatile impurities and
upgrading the material to battery level. The key advantages of the TMEC-ETFBP are that the
treatment occurs at continuous mode without chlorine, acids and any other chemicals.

The ongoing research ‘Development the Technology of Graphite Manufacture for LBIs’
funded by Ministry of Education and Science of Ukraine is related to a feasibility study of
Ukrainian natural graphite applicability for battery purpose. In the framework of the project,
the research team has already developed and successfully tested a laboratory scale reactor of 5
kW power equipped with non-inertia heating system. The first test results show that Ukrainian
natural graphite can be thermally purified to 99.99% grade.
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YHI®IKOBAHE OBUHUCJEHHS EHTPOIII CYMIIII KJACIB
XAOTU30BAHUX YACTOK
be3y6 B.M. acnipan
HMemAY, /[ninpo
Jlo 4uucna Oe3CTPYKTYpPHHX XapaKTEPUCTHK, IO JO3BOJSIOTh BUSBHUTH CHUIBHICTB 1

0COOJIMBOCTI TPHOX OCHOBHUX CTaHIB pEUYOBHMHHM, MOXHA BIHECTH 1 EHTPOIIIO
3MIIICHHS TPHOX KJIACiB XaOTH30BaHUX YaCTOK, BIACTUBUX KOKHOMY 3 WX CTaHiB. Dopmyna
[1] nast oOumcneHHs (i3WYHOT EHTpOMii CyMIlIl CTaHiB BiJPi3HAETHCS BiJ MaTeMaTH4ol
entporii bonbsiMana [4] BBeIeHHAM B SKOCTI MHOKHHKA YHIBEPCaJIbHOI ra30BOi KOHCTaHTH
kNa=R nns BigHECEHHS 10 MOJISI Ta3y 1 BUTIISIIAE SIK

S=-RZpi In p, (1)

i=1

Bona f1o3Bonsie BpaxyBaTH BKJIAJ ~ KPUCTAIOPYXJIUBUX, PIAMHHOPYXJIUBHUX 1
NapOPYXJIMBUX YaCTOK B 3arajbHy EHTPOIII0 3MIIIEHHS XAaOTH30BAaHMX YaCTOK B PI3HUX
arperatHux ctanax. CiiJ MigKpPEecInTH, 0 OCKUIBKM Ma€ThCi Ha yBa3i CyMilll BIpTyaJlbHUX
YacTOK, IO 3HAXOAATHCS y MeEXaX CHEePreTUYHUX Oap'epiB IJIABICHHS 1 KUMIHHS, TO 1
EHTPOMIis CyMIIIl IINX YacTOK, BIAMOBIIajbHA 3a CMiBICHYBaHHSA BIPTyaJbHUX TBEPAUX, PIIKUX
1 rasomonmiOHMX (a3 B KOXKHOMY CTIIKOMY arperaTHOMy CTaHlI pEYOBHHH, TaKOX €
BipTyanbHO®. [IpoTe BOHA migmaeThesi PO3PaxXyHKY 1 TAKUM PO3PAXYHOK 3a METOAMKOIO [2]
OyJI0 BUKOHAHO.

[Ipy 1pOoMy BHSIBWIIOCH, IIO TEMIIEpaTypa MaKCUMyMYy EHTpOIii ayxke OJu3bka 10
TEMIIEPaTypu KHUIIIHHA (MaKCHMYM TEMIIEpaTypH IOCSTAETHCS B KOKHOMY BHUMAAKY MpH
MPUOIM3HINA PIBHOCTI BHECKIB TPHOX KJIACiB Xa0TU30BAaHUX YaCTOK), TOOTO TIPH X HAMOUTBIIIN
HeBIopsakoBaHoCTi. [lomiOHUI 30ir BiIHOCHTBCS O aTMOC(EpPHOTO THUCKY 1 XapakTepuszye
[3] yHIKaNIBHICTh 3€MHHX YMOB IIOJO B3a€EMO3B'SI3Ky TBEPIOr0, PIIKOrO 1 ra3onomiOHOro
CTaHIB PEUOBHHHU 3 TOUKH 30pY iX PIBHOI[IHHOTO 3HAYEHHS AJs peamizalii i3uko-xiMIiuHUX
MPOIIECIB.

OOuncnenHs 3aidcHIOBaIUCh 3acobamu makery Octave 3 BUKOPUCTAHHSM MOJYIIB,
po3pobaenux Ha MoBi C++.

Jlirepatypa
1. Manemmer B.I1.,, HypmaramberoBa A.M. KoHuenuus XaoTH3MpPOBaHHBIX YaCTHUI[, KaK OCHOBa
€IMHOTO OTOOpaXKEHUSI TBEPAOTO, KHUIAKOTO M Ta3000pa3HOTO COCTOSHUHN BemiecTBa // BecTHHK
KazHY, cep. xum. - 2004. - Ne 3(35). - ¢. 53-67.
2. Mansimes B.II., A6apaxmanoB b.T., HypmaramberoBa A.M. Il7aBKOCTp W MIACTUYHOCTH
MeTauioB. - M.: Hayunsrit mup, 2004.
3. Copoxo 2.M. CtpyKkTypHasi rapMoHHsI crcTeM. - MuHCK: Hayka u Texuuka, 1984,
4. bonmeriman JI. U36panHble Tpyabl. MonekylsipHO-KMHETHYECKAs TEOpusi ra3oB. TepMoAMHAMHUKA.
Cratucruueckas Mexanuka. Teopus uznydenus. O0mme Bonpocs! ¢pusuku. - M.: Hayka, 1984.
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CEKIIA 2

TH®OPMAIIIIAHI TEXHOJIOI'Ti B TPOIIECAX
OJEPKAHHS MATEPIAJIIB 13 3AJJAHUMHU BJIACTUBOCTAMU



CTATUCTHUYHE PO3II3HABAHHSA KOPOTKUX BUBIPOK BUMIPIB Y
3AJTAYAX MOHITOPUHI'Y 1 TEXHIYHOI JJIATHOCTUKH
Acraxos JI.C. cT. BHKIL.
Jninpoecvruii nayionanonuil yHieepcumem imeni Onecs I'onuapa

VY npakTuilli MOHITOPUHTY BUPINIYETHCS 3a/ada MpO CTATICTh BJIACTUBOCTEH 00'€KTa 3
METOI0 TPOTHO3YBaHHS WOT0 3ajMIIKOBOTO pecypcy. Y NpaKTUI TEXHIYHOI JiarHOCTHKH
BHpIIIYEThCS 3aAada kiaacudikaiii o0'ekTiB. B 000X BuIagkax MaroTh CIpaBa 3 BHOIpKamMu
KOpEeJIbOBAaHUX BUIAJKOBUX BEIWYMH. [0 TOTO 3K, IyKe 4acTO JOBOAMUTHCS MaTH CIIpaBa 3
KopoTKkuMH BuOipkamu BuMipiB (n<50). [Ipu ibomy BimoMi KpuTepii MOpIBHSIHHS BUOIPOK HE
Jal0Th TOCTOBIPHUHM PE3yNIbTaT PO3Ii3HABAHHS 3 BUCOKOIO HMOBIPHICTIO SIK TIPU JTOCIIIKEHHI
JOBTHX BHOIpOK. ToMy JJ1s1 JOCIIKEHHS CTATUCTUIHUX 3aKOHOMIPHOCTEH KOPOTKUX BUOIPOK
HEeoOXiHI HOBI KpUTepii if HOBI METOAM CTATUCTHYHOTO aHAJIi3Y.

3a3BUYail CTATUCTHUYHI XapaKTEPUCTUKU €KCTIEPUMEHTAIbHIX BHOIPOK TTOPIBHIOIOTHCS 3
XapaKTEepPUCTHKAMHU TEOPETHYHUX BHUOIPOK, TOOTO MOCHIIHUK Ma€ JesAKy amnpiopHy
iH(opMaIlifo PO CTATUCTUYHI BJIACTHBOCTI MapaMeTpiB JTOCIIHKYBAaHOTO 00'ekTa. AJe Ha
MPAKTULIl He3aJeKHI BEIMYMHM 3yCTpIiYaroThes ayke piako. HaifuacTime noBoAMTHCS MaTH
CIpaBy 13 3aJleXKHUMH, TOOTO KOPEIbOBAHMMH BHUIAJKOBUMH BEJIMYMHAMH 13 3a37aJIeTih
HEBIJJOMUMH CTAaTUCTUYHUMU BIACTUBOCTSMU. J{ai po3riIsTHEMO METO/ iX MOPIBHSHHS.

Hamnpuknan, € Bubipka BumipiB X(k), ska XxapakTepu3ye HOPMaJIbHHUM CTaH 00'€KTa.
BusnaunMo ii MiniMansae 3HaueHus X (1)=Xmin i maxcumanbte X (n)=Xmax. Chopmyemo
€TaJIOHHY BUOIPKY SIK MMOCTIAOBHICTD Axi, i=1,2,...,n, e Ax=n" (Xmax-Xmin).

SIxmo notim BuOipky X(k) neperBoputH 1o popmysi

F'(Axi) = lngn(Xmm +Axi— X (k)), i=1,2,...n, (1)
n =1

T€ OJEPKUMO eMIipuyHy HUGpPOBY (QYHKLIIO pO3MOALTY HMOBIPHOCTI B iHTepBam [Xmin,
Xmax].Y uei na napametpu Xmin 1 Ax. Ko g10CaipKy€eThCss MHOXHUHA BUOIPOK BUMIPIB, TO
BU3HAYAIOThCA MIHIMAJIbHUNA MIHIMyM, MaKCHMAaJbHUNH MaKCUMyM 1 O HHX OLIHIOETHCS
3arajJbHUAN TSl BCIX 1HTEpBAJI JUCKpETH3aIlii 4x.
3akoH posnoxiny W (4xi) ouiHioeTbCs o opMyii 3 ymoBH df{x)=W(x)dx
W (Axi) = F (Axi)— F" (Ax(i—1)). (2)

ne, F' (Axi)= isgn(Xmm + Axi — X (k)) = N(i) —
k=1

KUTBKiCTh BUMIpiB X(k), 3HaUeHHs SIKUX MeHIe Xmin+Axi.
Toni popmyny (2) 3anuimieMo y BUTIISII
W (Axi) = N(Axi)— N(Ax(i—-1)) _ n(A4xi) ’ 3)
n n
ne n(Axi) — nudpoBi TECTOrpaMHi YUCIIA, TaK M0 CTATUCTUYHI 3aKOHOMIpHOCTI BUOipku X(k)
N(@)

OMUCYIOTHCS ITU(GPOBOIO EMITIPUIYHOIO (PYHKITIEI0 PO3MOAUTY MMOBIpHOCTI F'(Axi) = i

n

) . . . ) n(i)

EMITIpUYHUM 3aKOHOM PO3TOLTY HMOBIpHOCTI W(Axi) — udpoBoro rucrorpamoro /| —— |.
n

Takum ciocoO0oM MOKHA TTOPIBHIOBATH eMITIpUYHI (PYHKITIT pO3MOIiTy WMOBIPHOCTEH,
AK1 XapaKTepU3yIOTh CTaH 00'ekTa B pi3Hi mepioan yacy. A60 BHOIpKH, SKi XapaKTEPU3YIOTh
pizHi o0'exktu. IIpoBiBImIM OOYHCITIOBAaIBHI EKCIIEPUMEHTH, MOXXHA TIEPEKOHATHUCS B
CTpPaBEIJIMBOCTI 3allPONIOHOBAHOTO METO/AY TIOPIBHSAHHS CTATUCTUYHHUX XapaKTEPHUCTUK
KOpEThOBAaHUX BHOIPOK BUMAAKOBUX BEITHMYHH.
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MOJEJHUPOBAHUE ®A30BBIX TIPEBPAIIIEHUI AYCTEHUTA B
JIETHPOBAHHBIX CTAJIAX 20XH4PDA U 25X2M1®D
Bo6sips C.B. n.1.H., Jleuenko I'.B. n.1.H., bopucenko A.}O. k.1.1., Jlomkapes /I.B. nnx.
HUncmumym vepnou memannypeuu um. 3.U. Hexpacosa HAH Ykpaunwi

Ona monmemupoBanust cTpyktypbl craneit 20XH4DA u 25X2M1®D Obula mpumeHeHa

METO/IMKa, TpeyioxkeHHass B pabore [1]. B manHON paboTe AOMOTHUTENHHO BBITIONHSIIN
pacder KomuecTBa peppuTa B CTAJIAX M0 pa3padOTaHHONW aHATUTUYECKON MOJCIH.

B kauectBe 00mero ypaBHEHUS KMHETHKH ()a30BOTO IMPEBPALICHUS ayCTEHHTA OBLIO

HCIIOJIb30BaHO ypaBHEeHHE M. ABpamH, 3aMlCaHHOE B BUJIE:

Ka=1-exp(-(V1)"), (1)
rae Ko— xommdectBo 00pa3oBaHHOW B pe3ynbTare npeBparieHus ¢asbl (Gpeppurta, mepanra
win O6eiHuTa); V — OTHOCHUTEIbHAs CKOPOCTh MPEBPALICHUS; N — CTENEHb YPaBHEHUS; T —
BpeMs TIpeBpalleHus (HUKE KPUTHISCKON TOUKU Az st depputa, A A nepauta u Ag —
s 6erinuTa). TemnepaTypy Ao Ul BaIKOBBIX cTajel mpuHumanu pasHoi 400°C.

OTHOCHUTEIBHYIO CKOPOCThH MPEBPALICHHS] HAXOIWIH 110 GopMyIIE:

rae AT =T,-T, T-rekymas remneparypa; T,—Temneparypa KpUTUYECKON TOYKHU NPEBPALCHUS
A Agp; Q — sHeprusa aktuBanuu quddysuu; K — koaddunment; R — yauBepcanbHas
ra3oBas nocrostHaast (1,986 kan/(monb-rpan)).

KonuuectBo oOpa3zyromierocss B CTajld MapTEHCUTa PACCUYUTAHO MO MPEAJIOKEHHOMN
dopmymne [1]:

Ko = AwMm (1 — exp(— Ka(Mu-T)/(T-Mk)), 3)
rae AM — KOJIMYECTBO ayCTEHUTA, COXPaHUBLIETocs 10 TemnepaTypsl MH; MH — TeMmeparypa
Hayvajia 00pa3oBaHUs MapTeHcuTa; MK — TeMiieparypa KoHlla o0pa3oBaHHsl MApTEHCHUTA.

PesynbraTel  pacueToB mpuBeAeHbl Ha  pucyHke. llomydeHel  Onmu3kue K
SKCIIEPUMEHTAIIBHBIM HM30TEPMHUECKHUE TUarpaMmbl U 0ojiee TOUYHBIE TEPMOKHHETHUECKHE
JMarpamMMmBl.
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e I I s -
600 T 6;K’ 600 — i~ l
500 ( ( 500 // Ll
400 N \ 400 {

300 s00 T T
?gg 200

e R

e A== = PO R

s00 {— LN T NNNNNNTRIY NINN Y RN

500 NI AL TNNTRANUNTIY &N o AR RVARRYA

400 \\_\_\‘\ i\{’&\\i&\&}\ L\\\ jgz \ \\ X‘\ \\ \\\ \
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160 AL ALY TION A YCANINE ALY 200 RSN
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Pucynox — M3oTepmudeckne U TEPMOKHHETHYECKHE THArPaMMBI IIPEBPAIICHI
aycreHuTa B ctayax 20XH4DA u 25X2M1D
Jlureparypa
1. P.V. Krot, S.V. Bobyr, M.O. Dedik. Simulation of backup rolls quenching with experimental study
of deep cryogenic treatment // Int. J. of Microstructure and Materials Properties, 2017, Vol.12, No.3/4,
pp- 259- 275.
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PAJUAITMOHHASA YYBCTBUTEJBHOCTD IINTAHAPHBIX NPN CTPYKTYP,
MN3T'OTOBJIEHHBIX HA U30BAJIEHTHO
JJETHPOBAHHOM I'EPMAHUEM KPEMHHWHU (NSIGE)
beitkun C.B. k.1.H., Kpurckas T.B. a.1.H.

11AO «3anoposccmanvy, 3anopoxcckas 20cyo0apcmeeHHAst UHHCEHEPHAsL aKa0eMust

Co3nanre MONYIPOBOJHUKOBBIX MAaTEpHUANIOB JJIi HW3TOTOBJICHUS paJHaIllMOHHO-
croiikux MOT saBmseTcss 4acThio TI00ATBbHONW MpPOOJIeMbl pa3paOOTKH, HM3TOTOBIEHUS U
MPUMEHEHHS] MAaTEPHUAJIOB, COXPAHSIONINX CBOM (DU3MYECKHE CBOICTBA B YCIOBUSAX JCUCTBUS
noHM3upytonmx wusnydeHnid [1]. Ilenpro HacTosimed paboThl SBISETCS CpaBHUTEIbHAsS
oleHKa aerpaaanuu hy g rectoBbix npn ctpykryp MC, usrotosiennsix Ha nSiGe ¢ pa3anyHon
KoHIeHTpanued Ge W MmuUpUHON 0a3bl, K ACHCTBUIO O-U3JIYYCHHUS ISl TOATBEPKICHUS
TEXHOJIOTUYECKOM MPUMEHUMOCTH H30BAJIEHTHO JierupoBaHHoro (Ge KpeMHus s
dbopmMupoBaHHus PpabOTOCIIOCOOHBIX B TIOJMAX HWOHUBHUPYIOIIMX HW3IYYCHUH TPUOOPHBIX
ctpyktyp HC ¢ audnexTpuueckod U30MLMEN, paJualMoOHHAas Jerpajauus KOTOpOro
MOJHOCTBIO  ONpEAeNsieTcs CBOMCTBAMU OJHOPOAHO JierMpoBaHHOM (e  HMCXOIHOMU
MOHOKpHUCTaTnYecKkoi mactunbl SiGe n-tuma [2].

Hcnonb3ys sKcriepUMeHTadbHble 3HaueHUs hyjg 10 M mocie oOJiydeHUs U MpUMEHssS
CTaHJApTHbIE  CTATUCTUYECKUE  METOJbl,  MOJY4YEHbl  SMIUPHUYECKHUE  ypaBHEHHS,
OIMCHIBAIOUINE JIETPaJallMi0 NpN-CTPYKTYp B 3aBUCHUMOCTH OT YPOBHS H30BAJICHTHOTO
JETUPOBAHMSI M TEOMETPUHM BEPTUKAIBHOW CTPYKTypbl. HaOmromaercs cCymiecTBEHHOE
pasznuuue CKOpPOCTH JIerpajallid YCHJIMTENBHBIX CBOMCTB TECTOBBIX TPaH3UCTOPHBIX
CTPYKTYp, U3TOTOBJICHHBIX Ha KPEMHHUH, C paziuyHbIM cojepkanuem Ge. Vcnonb3oBaHue
SiGe ¢ Nge = 7,5-1019 cM” MO3BOMISET 00ECIEeUnTh CYIIECTBEHHOE CHUKEHHUE PaIUALIMOHHOMN
YYBCTBUTEIBLHOCTH Npn CTPYKTYPbI Kpo g BO BCEM Iuara3oHe UCCIEAYyEeMbIX 103 0-4acTHII.

[TonydyeHHble pe3ynbTaThl OOBACHSAIOT HKCIEPUMEHTAIbHO HAONIOIaeMYI0 BBICOKYIO
paAMaloOHHYI0 CTOMKOCTh JUCKPETHBIX MAaJIOMOLIHBIX THUPHUCTOPOB, H3TOTOBJIEHHBIX IIO
IUIAHAPHOM TEXHOJOTMM Ha W30BAJIEHTHO JIETMPOBAaHHOM TIepMaHueM KpemMHuu |[3.4].
Hcnonb3yrores, BUIUMO, 002 MEXaHU3Ma 3aMeJIJICHHs IeTpaJallii CBOMCTB npnp CTPYKTYPHI,
M3rOTOBJICHHOH Ha nSiGe: kKak CHWKeHHe K, — npn TPaH3UCTOpa SKBUBAJICHTHOH CXEMBbI

npubopa, Tak ¥ YMEHbILICHUS PEKOMOWHAIIMOHHOTO TOKa 0a3bl cOYeTaHHs pnp CIOEB 3a CUET
YMEHBIIIEHUST ~ BEPOATHOCTH  paguanoHHOTO  JedekTooOpa3oBanusa.  VcciemoBaHue
B3aMMOJICHCTBUS 3TUX MEXAaHU3MOB OYET SBISATHCS MPEIMETOM JAITBHEUIITNX UCCIIeTOBAHUIA.
Jlureparypa
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n-p-cTpykTyp Ha ocHoBe CZ-Si <P, Ge>. M3Bectus BbICIIMX Y4eOHBIX 3aBeleHUH. Martepuainsl
aieKTpoHHOH TexHUKH. Ne 4, 2013, c1p. 42-48.
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PA3PABOTKA AJITOPUTMA CTOMMOCTHOM ONITUMMU3AIIMA COCTABA
HIUXTHBI JISA IPOU3BOJACTBA MAPI'TAHIEBOI'O ATJIOMEPATA
I'mankux B.A. n.1.1, lpoiinak 10.C. a.1.H, Muxanes A.W. n.1.1,

Py6an A.B. x.1.H, Jlenos 10.b. Konosan H.B.

Hayuonanvnas memannypeuueckas akaoemusi Ykpaunoi

OTteuecTBeHHBIE MapraHIeBbIe PYAbI MOABEprarTcs oborameHuo. [lomydeHHbie npu 3ToM
KOHIICHTPAThl TPEICTABICHB MEIKOW (pakmmeld, KOTOpyIO Tepen pPyI0BOCCTAaHOBUTEIHLHOM
MJIABKOW MOIBEPTal0T OKYCKOBAHHUIO METO/IOM ariomeparuu[1].

B nacrosmeit paboTte npuBeeHb! Pe3yNIbTaThl HCCIESTOBAHNHN C UCIIOIB30BAHNEM CHUMILIEKC
METO/a IO pa3paboTKe MAaTEMAaTUYECKUX MOJENeH CTOMMOCTHOM ONTHMHU3AIMHM COCTAaBa IITHXTHI
npu CreKaHuu mapraueBbix arnomepatoB (AMHB-1 u AMHB-2) ¢ 3agaHHbIM copepx’aHHeM
MapraHiia M3 MapraHileBOro ChIpbs pAa3JIMYHOIO KadyecTBa M TPU YCJIOBUU MEpepadOTKH
COOCTBEHHBIX MapraHelcoAepKalMxX OTX0A0B. CpaBHUTENbHAs OIIEHKAa KayecTBa HCXOIHOTO
MapraHieBOro ChIpbs, MNPUMEHIEMOI0 TpU MPOU3BOJACTBE arjioMepara, NpPOBOJUMAs IO
MOIyJIbHOMY Tlapametpy Jx;/Mn s, [2,3] T.e. oTHOIIEHHIO coaepxkanus daemMenTa X; (P, Mn, Fe,
Si0,) Kk coxepxaHHIO MapraHiia, MOKa3bIBaeT, YTO KOHIIEHTPAThl HUKOMOJLCKOTO OacceiiHa
XapaKTepU3yeTCs MEHbIIUM MOJyJEM XKelle3a B CpaBHeHHMU ¢ umnopTHeiMu pyaamu (FHOAP,
Bbpazunun Asctpanun).

JloGaBka HU3KOCOPTHOTO KOHILIEHTpATa MpU CIIEKaHUU arjoMepara nepsoro copra AMHB-1
BBI30BET IOBBIIIEHHBIN PACX0j] BBICOKOCOPTHOTO MAapraHIeBOrO0 KOHIIEHTpara, a jgo0aBka
BBICOKOCOPTHOTO MAapTraHIleBOr0 KOHIeHTpara mnpu crekanun AMHB-2 (ectecTtBenHo mpu
COOJIIOZICHUM TIPEIETIOB TI0 MapraHily) TMpHUBEACT K HEOOXOIUMOCTH €ro pa30aBieHHS
MapraHieBbIM KOHIIEHTPAaTOM 00Jiee HU3KOT0 Ka4eCTBa MM OKCUAHBIMHA OTXOAaMU COOCTBEHHOTO
npou3BoAcTBa. KoiaumuecTBO MpHCaXKMBAEMBIX OTXOJOB OTrPaHUMYEHO WX HAJIWYMEM U
TEXHOJIOTHUECKOM 11eTIec000pa3HOCThIO[4].

[Ipn pemeHun yka3zaHHOM 3a7aud JOJDKHO OBITh BBIMOJIHEHO CJEIYIOIIEe YCIOBUE
Eyn < E < Epp, tae E — anemMenT - Mapranen| U ero HwkHUH (Ey ;) u Bepxauit (Ep ) Tpeaeis
CoJIepKaHusl B arjoMepare pa3jIMyHbIX Mapok, % Macc.

BaxxHbIiMH KpuTepuanbHBIMU [apaMeTpaMH B pacueTe Macchl MOJYy4aeMoro arjoMepara u3
MCXOJIHBIX IIUXTOBBIX MAaTEPHAIIOB SIBJISIOTCS KO3()(UITMEHT BbIX0a TBEPAOTO CIIeKa U3 KaXKJ0T0
i-r0 KOMIIOHEHTA IMIMXTHI ¥ 1011 JAaHHOTO TBEPJOrO CIIEKAa B MACCE CIIEYEHHOI'O arjoMepara.

Pa3zpaGoTaHHBIl aJITOPUTM MO3BOJSET HAXOAWTh KOMIIPOMUCCHBIE DELICHHS IPH
BapbUPOBAHUU JI0JIEBBIM COOTHOIIEHUEM IIHMXTOBBIX KOMIIOHEHTOB B aIJIOMIMXTE UX XUMHUYECKUM
COCTAaBOM, BBIXOJIOM TBEPJIOr0 OCTaTKa M3 KaXJOro KOMIIOHEHTa IIMXThl. MaremaThueckas
MOJieJb TO3BOJIIET pa3paboTaTh MPOrPaMMHYIO CHUCTEMY, C MOMOIIbIO KOTOPOH CTaHOBHUTCS
BO3MOXKHBIM TPOBOJIUTh KOMIUIEKC OIEPATUBHBIX pAacyeToB, BKIIOYAIOIIUX CTOUMOCTHYIO
ONTHMHU3ALMIO COCTaBa IIHUXTHl MPHU IIUPOKOM AacleKTe KOMIPOMHCCHBIX KOPPEKTUPOBOYHBIX
pelIeHuH MO KOJIMYECTBEHHOMY M XHMHYECKOMY COCTaBaM B KOHKPETHBIX IMPOU3BOJCTBEHHBIX
CUTYalUsIX.

[Tomyuennsie B paboTe pe3ynbTaThl MOTYT OBITH HWCIOJNB30BAaHBI TIpH pa3paboTke
IPOrpaMMHOM CHUCTEMBI MOAJEPKKH HPHHATUSA PELIEHUs 110 ONEPAaTUBHOMY YIIPABIICHUIO
IPOLECCOM arJIoOMEpallid B NPOU3BOACTBEHHBIX ycinoBusix IIAO «Huxonosnbckuii 3aBon
beppocIIaBoBy.
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KOMIT'FOTEPHE MOJAEJIIOBAHHSI HAHOYTBOPEHDb ZNO
TA IX OITUYHOI'O MO JIMHAHHSA
I'op6enxo B.I. k.¢b.-M.H.
3anopizbkuti HAYIOHALHUL YHI6EpCUmMem, M. 3An0OpPIdCHCA

OcraHHe necaTWITTS chopMyBaBCs Ta IHTCHCHBHO PO3BUBAETHCS HAYKOBO-TEXHIUHUU
HaNpsMOK, MOB'SI3aHMI 3 BUBYEHHSM BIIACTMBOCTEH PEUYOBHH y HAaHOPO3MIPHOMY CTaHi Ta iX
MPAaKTUYHOMY BHKOPHUCTaHHI. AKTYyaJbHOI MPOOJIEMOI0 CyYacCHOTO MaTepiaJio3HaBCTBA €
po3po0Ka 1 BIOCKOHAJICHHS METOAUK OTPUMAHHS HAaHOKPUCTAIIYHUX IUTIBOK Ta MOKPUTTIB 3
KOHTPOJIbOBAaHHMHU Ta Harepe] 3aJaHHMH BIACTUBOCTSAMH. 3aBISKH YHIKQJIBHHM IT'€30- Ta
(OTOCNEKTPUYHUM BIIACTUBOCTSM, a TAKOX 3JATHICTIO JI0 €NEKTPO- Ta (POTOTFOMIHICIEHITIT
OKCHJ] IIMHKY Ma€ K 1HAYCTpiaJbHO-TEXHOJIOTIYHE, TaK 1 (yHIaMEHTaJIbHE 3Ha4YeHHs. J[s
ofep>kaHHS TUTIBOK ZnO BUKOPUCTOBYIOTH Pi3HI METOAM, OJHAK BAXKIMBHUMH 3aJIMIIAIOTHCS
3a/1a491 OTPUMaHHS HAHOKPHUCTAIIYHUX TUTIBOK 13 3aIaHMMH BJIACTUBOCTAMH. BakmuBy poib y
BUPINICHHI I1i€1 3a/1a4i 3aiiMarOTh JOCIIHKEHHS, 110 TIOB’ A3YIOTh MEBHI (i3W4HI mapameTpu 3i
CTPYKTYPOIO HAHOYTBOpPEHb. Y pPOOOTI METOAaMH KBaHTOBO-XIMIYHOTO MOJICTIOBAHHS
JOCTIKYETHCS 3B’ 30K ONITUYHUX CIIEKTPIB MOTIMHAHHSA Ta CTPYKTYPH HaHOIUTIBOK ZnO.

KBanTOBO-X1MIUHI po3paxyHKu OyJ0 BUKOHAHO 3 BHKopucTaHHsM nakety PC GAMESS
[1] Ha oOuncIIOBamFHOMY KJIacTepi 3amopi3bKOro HallilOHAJIBHOTO yHiBepcuTeTy. OOuucieHHs
BukoHaHO y HabmmwkeHi MO JIKAO i3 BukopuctanHsMm ab-initio meromy Xaptpu-Pdoxka
(6azicai Habopu STO-3G ta 3-21G) Ta DFT. V mpoBeaeHHX MOCHTIIKEHHSIX TOHKI IUTIBKU
MPEICTABISUTUCH MOJICTSIMH SIK MOHOKPUCTAIIIYHUX CTPYKTYP, TaK i CyKYITHOCTEH TUCKPETHUX
HAHOYTBOpeHb. Jl71si OOMEXEeHHs IpyIu aroMiB, Ha AKiil MOJEIIOETHCS KOJMBAJIbHI B3a€MOI1
BHKOPUCTOBYBajJach METOJAWKa (DIKCYBaHHsI TTOJOXXEHHS YAaCTHHH aToOMiB B KjacTepi. bymo
BUKOHAHO OOYHCIICHHS €JIEKTPOHHOI IIJIBHOCTI Ta 11 3aJIeKHICTh Bl TUITY Ta po3Mipy Mojei
CTpYKTypu. PO3paxyHKH CHEKTpPiB MOITMHAHHS BUKOHYBAINCH y HAONMKEHHI OIHOKPATHO
30ymkeHnx koHdirypartii (CIS) Ta mocTymoBiit 3MiHI KJIaCTEPHUX MOJIEIIEH.
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Pucynok 1 — KonuBansauii cnextp 4 gianazony, o oTpuMaHo 3
po3paxyHKiB 3a 6a3ucom 3-21G mis kinacrepy ZnygOie.

[lokazaHo BIIMB THIY TOOYAOBU CTPYKTYpH IUTiBKM ZnO Ha ONTHYHHUHI CHEKTp
nornuHaHHsg B [Y-guanaszoHi, mo 03BOJISiE NMPOTHO3YBaTH Ta KOHTPOJIOBATH YTBOPEHHS
TUTIBKH MTiJ1 4ac i HalMIIOBaHHS 32 I0TIOMOTOI0 HE PYHHIBHUX METOJIIB aHATi3Yy.

Jlureparypa
1. Granovsky A.A. PC GAMESS // http://classic.chem.msu.su/gran/gamess/index.html.
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OUBNYECKUE AHAJIOT'YHA B OBJIACTU UHXKXEKIHUOHHOI'O
CHUHTE3A KOMITIO3UTHBIX MATEPUAJIOB
Jlenncenko AWM. x.T.1. ', Llouko B.U.?

IHaL;MOHaJZbHaﬂ Memaniypeudeckas akademusi Ykpaurol
2,Z]Henpoeci<ud 20Cy0apcmeen bl a2papHo-3KOHOMUYECKUL YHUBepCUumem

N3BECTHO, YTO OCHOBHBIM PE3YJIBTATOM HAYyYHOW JAEATEIBHOCTH SIBISETCS HOBOE
HayyHoe 3HaHue. OHO QUKCUpyeTCs Mpeke BCero B HOBbIX NMyOnukanusax. Hayunoe 3nanue,
MPEJICTABICHHOE B MEPBOMCTOYHHUKAX, HA JTAle HMCIONB30BAHMS CO3JaeT WH()OPMAIIMOHHO-
PECYPCHYIO U KOMMYHHUKAIIMOHHYIO OCHOBY JUISI TaJIbHEUILIErO Pa3BUTHUS HAYKU.

B ycnoBusx OTCYTCTBHS OIIyTUMBIX WHBECTUIIMH B HayKy W 0Opa3oBaHUE
ONIPEACIICHHBIE HAACXKAbl HAa IOJYYEHHE BHEPALMOHAIBHBIX pE3YJbTAaTOB MPAKTUYECKU
0e3pecypcHOro "TyHHEIUPOBaHM" YUEHBIX U MEAaroroB K JKEIaeMOU YCIENTHOCTH Hay4dHO-
00pa3oBaTeNbHOTO TIpoliecca B YKpawHE MOPOXKIAIOT HapaOOTKH, CHOPMYITHPOBAHHBIE B
uccienoBannu [1], a wWMeHHO — "OTKa3 OT TPATUIMOHHOTO TMPEACTaBICHHUS 00
00pa3oBaTeNbHBIX Mpoleccax Kak "MMHEWHBIX TPASKTOPHUAX" W O TOM, YTO "B HEIWHEHHOMN
TEXHHUKE MBILIJICHUS YTBEPKAAETCA U3MEHUMBOCTD, TMHAMU3M KaK aJICKBATHBIN Mpeaesl MUpa,
MPOUCXOJUT OTKA3 OT OIIO3ULHM, KOTOPBIE CTPYKTYPUPYIOT MHUP B €r0 YCTOSBLIMXCS
XapaKTepUCTUKaX .

enpio wiccnenoBanus SBISETCS anpoOarys MeToa GU3HIECKUX aHAJOTHI B KauecTBE
npuMepa "HeTWHEWHON TEXHUKU MBIIIUICHH" IS TIOUTH Oe3pecypCHOro "TyHHEIUpOBaHUSA"
K HOBOMY HAay49HOMY 3HAHHMIO B HAyYHO-TEXHHMYECKOM HH(POPMAIIMOHHOM IMPOCTPAHCTBE Ha
IIpUMepe NHXKEKIIMOHHOTO CUHTE3a KOMIIO3UTHBIX MaTepHUANIOB. JlJI1 JOCTHKEHUS ATOW L€ C
NpPUMEHEHHEM  MH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIX ~ TEXHOJOTHH  Pa3bICKUBAIHCH,
BBIICTSUINCh M aHAJIM3UPOBAINCH AHAJIOTHM JKCIEPUMEHTAIbHO HAOJIIOAaeMbIM IPU
VHKEKIHOHHOM CHUHTE3€ KOMIIO3UTHBIX MAaT€pUAIIOB MPOLECCAM U SIBIICHUSM.

B kadecTtBe HamOosnee yOauyHBIX BBIJIEICHBI: AHAIOTHS MEXKIY OSHEPreTHYecKUMU
BO3JCHCTBUSMH Ha AJIOMUHUKM OKCHUIIHBIX MHKPOYACTHUL] MPU HHKEKIMOHHOM METOJE HX
MPUMEHEHUS] U BO3JICMCTBMEM Ha AJIIOMUHUN JIA3€pHBIX UMIYJIbCOB [2]; aHANIOTHUS MEXIY
JIOJITOBEYHOCTBIO  yAEp)KAHUSA MNP LUKIMYECKOM HArpy3ke METALUIMYECKUMH CBS3SIMU
aJIMa3HBIX 3€PEH B METAJUIOKOMIIO3UTaX, MPUMEHSEMBIX MpU 00pabOTKEe MPUPOJHOTO KaMHS,
U OKCUAHBIX  BKJIIOYCHHNW B  HHKEKIHOHHO  CHOPMHPOBAHHOM  DJIEKTPOIHOM
METAJJIOKOMIIO3UTE B MPOLIECCE €ro IKCIUIyaTalMy; aHaJOIMsA MEXAY SBICHUEM
rajonupoBaHusl MPOBOJOB BO3AYIIHBIX JIMHUM DJJIEKTPONEPENAYd U COBOKYITHOCTBIO
daktopoB nmedexrooOpazoBaHHMsi HAa TOHKOM JIGHTOYHOM DJJIEKTpOJIE€ B  Ipollecce
WHXXEKIIMOHHOTO CHHTE3a Ha €ro MOBEpPXHOCTU KoMmo3uTHoro ciost [3]. I[lomyueHHbie
pe3ynbTaThl CBUIETEIBCTBYIOT 00 3(h(dEKTUBHOCTH MeTona (U3MYECKUX aHamorui [4] B
o0JacTH WCCNEIOBaHUS WHKEKIMOHHOTO CHUHTE3a KAaTOJOB BTOPUYHBIX JIMTUEBBIX
VCTOYHUKOB.

JIureparypa
1. Honwcbka O. O. Tpancdopmanii paumioHadbHOCTI B TOJi OCBiTH: aBToped. nuc. Ha 3M00yTTA
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X.,2010.-31c.
2. enucenko O. I. ®izuyne MOJETIOBaHHS 1HKEKIIT OKCHIHUX MIKPOYaCTHHOK B METaJIOKOMITO3HTHI
ctpykrypu / O. L. Jlenucenko, B. L. Ilonko. — Teopis Ta MeToquka HaBYaHHS MaTEMaTHKH, (Di3UKH,
iHpopmaTuku: 30ipHUK HayKoBUX mpanb. Bumyck IX. — Kpuswmii Pir: BunaBanunii Bigmin HMetAY,
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3. Jenucenko A. . Anamu3 mposiBieHus 3(Qekra ralonupoBaHUs NPU WHKCKIMOHHOM CHHTE3C
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MOJAEJIIOBAHHS I KEPYBAHHS ITPOCTOPOBUMU CUCTEMAMMU

NPUBOAIB AJISI TEXHOJIOTTYHUX 3ATAY Y MAHIMHOBY1YBAHHI

Hmutpies 11.0. a.1.1., Pynakosa I'.B. n.1.1H., Pycanos C.A. k.1.H., ®enopuyk ..

Xepconcovkuti HayioHanbHUli MexHiYHUll yYHigepcumem

[IpocTopoBi cucTeMH TPHUBOAIB 3 TapaJICIbHUMH KIHEMAaTHYHHUMH CTPYKTypaMu €
OCHOBOIO JJIsI CY4aCHOTO TEXHOJIOTIYHOTO O0iiagHaHHSA. MeToro JOCTIKEHHS € BUSHAYCHHS
pPO3paxyHKOBHX TpOIEayp 1 3aco0iB 3a0e3medyeHHs 3aKOHIB IEPEMINICHHS JIAHOK Ta iX
KepyBaHHS /IS BIATBOPEHHS CKJIaJHUX PyXiB 0araTOKOOPAMHATHUX MEXaHi3MiB 3 MPUBOJIAMH
MPOCTOPOBOT KOMITOHOBKH.

OcHOBYIOYHCh Ha pO3B’S3aHHI MPsAMOI 3aJayi KiIHEMAaTUKH, MOKHA JAaTH OI[IHKY
TPAaHUYHUM MOJKJIMBOCTSAM TIEPEMIIICHHS ITUIOMMHA 3 pobouuM opraHom Jlims aHamizy
OUHAMIKA (MOXIIMBHX IIBUIKOCTEH TMEpEeMIIeHHs EJIEMEHTIB KapKacHOi YCTaHOBKH),
JOIUTPHO 3aCTOCOBYBAaTH TpadoaHATITHYHHN MeToN. Po3risgaeThcss crpolneHa cxema
KapKacHO! yctaHOBKH. HamaroTbes mpukimagy moOymoBu IuiaHiB mBuakoctei maHok MIIC i
BH3HAYEHHSI BEKTOPY IIBUAKOCTI BUXIJHOI JIAHKH ISl PI3HUX BHUIIAJKIB CITIBBITHOIICHHS Ta
Hanpsmy (puc. 1).

S

o [3 bl

a) 6) B) B

Pucynox 1 — Iatepdeiic mporpamu TAngle Ta mpukiaz 3acTocyBaHHs TpadoaHaTiTHIHOTO

METO/Ty IIJIaHIB JJIs BU3HAUEHHS IIBUIKOCTEH: a) KIHEMaTHYHA CXeMa MeXaHi3My; 0) TIaH
HIBUIKOCTEH; B) pO3paxyHKOBA cXeMa JIJIsl BABHAYCHHS IBUIKOCTI Vy

N
HIBuakicts V, BuXinHOI laHKH mIockoro aBoxkoopauHatHoro MIIC i kyT o BekTopa

IIBUJIKOCT] 3 BEPTHKAJIBHOIO BICCIO 3 HAaNPSIMHUMH 3 HAaXWJIOM MiJ KyToM O mpu BepuIMHI
BU3HAYAETHCS 5K

Ve =V +VZ -2V, .V, -cos(90-35,),

co=9—B,B=arcsin ﬁsin(90—62) +8,-90 (1)
2 Vi

Taki MIIC 3 naBomMa KOOpAMHATAMH CTald TPATUIIMHUMH Y BHUPOOHHUIITBI
MaHimynaTopiB Ta 3d-nmpuHTEPIB 3 MapajiedbHUMHU HANPSIMHUMH, 3aMKHEHUM KiHEMaTHUYHUM
JIAHITIOTOM 1 MPUBOIHUMHU KapeTkamu 4 1 B [1, 2]. YV po6oTi yI0CKOHATIEHO PO3B’SI30K MPSIMOL
3a1adi KiHEMAaTUKM IS OIBUAKOCTEH JIaHOK Ta YHPABIIHHA CKIATHUM PYXOM MIapHIpHO-
CTPWKHEBUX MexaHi3MmiB. CTBOPEHO MoOJei 1 aaroOpuTMH, SKi B TOEAHAHHI 3 amapaTHo-
TEeXHIYHUM 3a0e3Me4YeHHSIM KepyBaHHs IPOCTOPOBOIO IMIAPHIPHO-CTPUIKHEBOIO MEXaHIYHOIO
CHUCTEMOIO, JO3BOJISIIOTh BUKOHYBAaTH MNPOCKTYBAHHS KOMIIOHOBOYHHX CXEM MPOCTOPOBOI
CUCTEMH MPUBOIIB Ta MIBUIKO MEepeOyyBaTH €IEMEHTH CUCTEMHU.

Jlireparypa
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Bumemupcrkuit B.C., 2009. — 456 c.
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PeBenko // BicHuk XepcOHCHKOTO HAIliOHATBHOTO TEXHIYHOTO YHiBepcuteTy. Bum. 4(63). — XepcoH:
XHTY, 2017. — C. 38-43.
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CUCTEMHMUHM NIJIXIJ 10 BUTOTOBJEHHS KOPITYCY HACOCY
3 BUCOKOXPOMUCTOI'O YABYHY
IsanoBa JI.X. n.1.H., Kanammnikosa A.1O., bimmii O.I1.
Hayionanvna memanypeivna akademiss Yekpainu

Kopryc Hacocy € IIBHAKO 3HONIYBAHOI JETAILIFO Hacocy Oarepa Ui TepeKadyBaHHS
BUCOKO aOpa3WBHOI MYyNbIW, SIKHA 3aCTOCOBYEThCS Ha TipHHYO-30aradyBaJlbHUX 1 TipHHYO-
METAIyprifHUX MIIPUEMCTBAX, TEIUIOCNEKTPOCTAHLIAX, TEXHOJOTIYHUX JiHIAX 30aradeHHs
KOpDUCHHX KomaiuH. B mpomeci ekcruryaramii Hacoc CXWIBHHH 10 IHTEHCHBHOTO
rigpoaOpa3suBHOTO 3HOCY. YMOBH €KCIUTyaTamii TaKMX HACOCIB YCKIQJIHIOIOTHCS THM, IO B
mporieci mepeKadyBaHHs PIIKOI MyJBIA BOHU CXHJIBHI IO YAapHOTO HaBaHTAKEHHS KaBiTallii,
KOJIM JIOKaTi30BaHi MikpooO'eMn po0Oodoi TOBEpXHI HACOCYy MiANalOThC OaraTOKpaTHUM
TiApaBIiYHAM yaapaMm, B pe3yJbTaTi SKHX BiIOyBaeThCs pyHHYBaHHsS jAeTani. BaximBum
YUHHUKOM Jii € 1 KOpO3iMHWH BIUIMB aOpa3WBHOI MacH. TakWM YHHOM, BPaXOBYIOUH
KOMIUICKCHUH BIUIMB TEpEepaxoBaHUX YMHHHKIB, netanb «Kopmyc Hacocy» B mporeci
eKCIUTyaTalii CXWJIbHA J0 NPAKTUYHO YCIX BHIIB 3HOCY, IIO MPEICTABISE€ BEIHKHHA IHTEpEC
OTPHMAaHHS CIUIaBY 3 ONTHUMAaIbHUMU TEXHIKO-€KOHOMIYHUMH TTOKA3HUKAMH.

Jna BupoonunTsa BunuBka «Kopmyc Hacocy HKY-5» 3actocoByBanu 3H0COCTIKUI YaBYH
3 BHCOKMM BMICTOM XpOMY, SIKHH Ma€ 3Ha4yHy ycaaky. [IpoBenmeHi siabopaTopHi JOCIiIKEHHS
BUIUIAaBKA MOJU(IKOBAHUX BHCOKOXPOMHCTHX YaBYHIB 3 3aCTOCYBAaHHSIM Pi3HUX KOMIUIEKCHUX
Monu(DiKaTopiB 3a pe3yJbTaTaMH BU3HAYCHHS CTPYKTYPHHX 3MiH Ta (Ii3UKO-MEXaHIYHHX 1
CITy’)k00BUX BIIACTHBOCTEH IMOKa3alld JOIUIBHICTh 3aCTOCYBAaHHS JJIsi MOIU(IKyBaHHS BWJINBKIB
KOMIUIEKCHOTO Moju(dikaTtopa Ha OCHOBI PIIKICHO3EMEIbHHX MeETaliB. 3 cepil JOCIHiTHUX
NPOMHCIIOBUX IUIABOK, BUKOHAHMX METOJIOM MEpEIUIaBICHHS, M0 PO3IJIABICHHIO MMOBEPHEHHS
BUPOOHUIITBA 1 MPOAYKINii, IO BiAMpaIroBaja KOPUCHUN TEPMiH eKCIUTyaTtallii Ta OTpuMaHa 3
ripHU40-30arayyBajJbHUX KOMOIHATiB, OyJ0 BCTAHOBJIEHO, MLIO0 XIMIYHUN CKJaJ 4YaBYHY,
ycepeaneno, BianosigaB mapui MUYX290X16H(P3M), sika € O6au3bkoro 10 0araThoX iCHYIOUHX
MPOMHCIIOBUX MapOK BUCOKOXPOMHUCTHX 3HOCOCTIHKUX YaBYHIB, IPOTE MOBHICTIO HE CHIBMAIa€ Hi
3 OJHI€IO 3 HUX. Y TOpPIBHAHHI 3 cepiiHuM cmaBoM MUX28H2 MinHICTHI BIACTHBOCTI OyiH
OUTBIIMMU: MIIHICTh TpU PO3TATY Ha 48, a MiuHicTh npu BuruHi Ha 98%. dpakrorpamu
MOBEPXOHb  3pYWHOBAHOTO  3pa3ka 3  HEMOAW(IKOBAHOTO  CIUIABY  CBITYHIM  TIPO
TPAHCKPHUCTAIYHUI 371aM IO MeEXaxX BEIUKHAX 3€peH 1 10 TOBEpPXHI ACHIPHUTY, IO OyJo
BUKIIMKAHO TPY0OI0 OyIOBOIO CTPYKTYPH CILIABY, 3JIaM 3pa3KiB CBITYHMB IPO KPUXKE PYHHYBaHHS,
B'A3Ke pPYHHYBAHHS CIIOCTEPIrayiocsi JWIIE Ha OKPEMHX HEBEIMKHX IUISTHKaX. Y 3lami
MOM(IKOBAHOTO 3pa3ka, pa3oM 3 KPUXKAM PYHHYBaHHSIM OyJIO TIPHCYTHE W B'SI3Ke, TOOTO, THIT
pyliHyBaHHs OyB 3MillIaHUH, CIIOCTEpIraBcsl IHTEPKPUCTANITHUI 371aM MO TULy 3epHa. Takox
BUpa3HO OyJl0 BHUAHO, IO B MOJM(DIKOBAHOMY 3pa3Ky Oyja KOMMAkTHIIIAa CTPYKTypa, IO
BUKJIMKAHO OO0 KIJIBKICTIO HEHTPIB KpUCTai3allii.

Po3poOKy OCHOBHHX MapaMeTpiB TEXHOJIOTIYHOTO TPOLECY JHTITSA KOPIYCY HACOCy:
MIBUJKOCTI 3aJMBaHHS, TEMIIEPATYPHOTO PEXHUMY TilIaHOi (OpMH, TPUBAIOCTI BUTPUMKHU
BWIMBKA J0 BUOWBAaHHA 3 (POpMH, Macu HA/UIMBIB 1 JETallli 3 TEXHOJOTIYHUMH IPHUITYCKAMH,
PO3MipiB JINTHUKOBO-KUBWJIBHOT CUCTEMH 3IIHCHIOBAIH 3a JOMOMOTOI0 KOMITIOTEPHHUX TPOTpam
SolidWorks i LVMFlow. IIpokoHTpostOBaBImIM yCi TapamMeTpd, BH3HAYyBaHI MPOrPaMOI0
LVMFlow, otpuManu maHi mpo Te, IO MOEIbOBaHA TEXHOJIOTiS 3aJ]0BOJBHsIIA YCIM BHMOTaM
OTPUMaHHS SIKICHOTO BWIMBKA. OCTaTouHE MOETIOBAHHS 3aJMBaHHSA 1 aHANI3 PO3PaXyHKOBHX
MOJIB, JO3BOJIUB 3pOOUTH  BHUCHOBOK, IO pO3MIPH  CIPOCKTOBAaHMX  KUBUIHHUKIB,
IIJIAKOBJIOBIIIOBAYA, CTOsKAa OyiaM po3paxoBaHi mpaBwibHO. [Ipw 3alMBaHHI HE CTBOPIOBABCS
MiABUIIEHUH THCK Ha CTIHKA (OpMHU 3 OOKY >KMBWJIBHHKIB, 110 BUKJIIOYAJIO PO3MHUB (POPMH.
Takox mopo>xHuHa (POpPMHU TOBHICTIO 3aIIOBHIOBANIACS, IPU IbOMY YKHBUJIBHUKH HE TIEpEMEP3alH,
IO CBITYMJIO TMPO Te, MO0 Mepepi3 >KUBWIBHUKIB 1 X KIUIBKICTh OynaM oOpaHi MpPaBHIBHO.
Pe3ynpTaTi MOJEMIOBaHHS 3aJIMBaHHS JOCIIITHOTO BIJIMBKA MOKA3aJIH, 10 HAJIUB, PO3paXOBaHUN
METOZOM BH3HAYEHHS TEIUIOBOTO MOJYJIS, TO3BOJISIB YHUKHYTH Y BIIIMBKY J€(EKTIB yCaJKOBOTO
MoXO0DKeHHsI. BupoOHMYi BUTIpoOyBaHHS PO3pOOICHOTO TEXHOJIOTIYHOTO MPOIIECY BUPOOHUIITBA
BIJIMBKIB TIOKA3aJIM TIiIBUINEHHS CIYXKOOBHUX BIACTHBOCTEH Marepianmy. HamparroBanHst Hacocy
HKY-5 36inpmunocs Ha 37%.
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IMPOTPECHUBHI ITHOOPMAIIIMAHI TEXHOJIOT'TI TA
OPTAHIBAIIA CYYACHOI'O BUPOBHUIITBA MOJIOJIBHUX KVYJIb I
JAJIIBOPYJHOT'O KOHIEHTPATY
Manyit A.M. k.1.H., Korgparens B.O. 1.1.H., AGamuHa A.A. cTy/.
LlenmpanvroyKkpaincbkull HAYIOHANLHUL MEXHIYHUL YHIBepCUmem

B exoHoMimi Ykpainu ofHe 3 BeAydHX MicCIb 3aiiMac 4OpHA MeTamypris. [i CHpOBHHHOIO
OCHOBOIO € 3ai30pyIHUN KOHIIEHTPAT, COOIBapTICTh SIKOTO BHIA IMOPIBHSIHO 3 3apyOiKHUMHU
aHAJIOTaMH, 10 3MEHIIYe€ KOHKYPEHTOCTIPOMOXHICTh MIPOAYKIIii YOPHOT METaTyprii Ha CBITOBOMY
puHKY. OJHI€I0 3 BarOMHUX MPHYUH I[HOTO € HU3bKA SIKICTh MOJIOJIBHUX KyJb. TOMY IMiJBUIICHHS
SIKOCT1 MOJIOJIBHOTO CE€PEIOBUINA I KYJIbOBUX MIIMHIB € aKTYaJIbHOIO 33/1a4€l0, 1110 HE MOXIIUBO
0€3 BUKOPUCTaHHS Cy4acHUX 1H(QOpPMALITHUX TEXHOJIOTIH.

Yactka BUTpaT Ha Kyll y cOOIBapTOCTI OTpUMAaHHS OJHI€T TOHHU 3alli30pPYIHOTO
KoHIleHTpaTy pocsrae 10% 1 Oinbime, iHKOIM joxoauth 10 35%. Tomy migBUIIEHHS
JIOBFOBIYHOCT1 KYJIb BIIPOJIOBXK OCTaHHIX JECSATHJIITh HE BTpaya€ CBOET aKTyaJbHOCTI y CBITOBIM
npaktuii. Kymai 3BHYaiiHO BUrOTOBJISAIOTH 3 cTaimi abo yaByHy. Ha miaBHIIEHHS CTIHKOCTI
MOJIOJIbHUX KyJb CHJIBHO BIUIMBA€ TEXHOJIOTiS iX BUroroBneHHs. Kymi MOBMHHI MaTh BHCOKY
00’€MHY TOYHICTh, MUIKHHA pO3MIp CTPYKTYpPHUX CKJIQJOBUX, HU3BKY IMOPCTKICTh TOBEPXHI,
BEJIMKY TBEPIIICTH SIK MMOBEPXHEBY, Tak 1 00’eMHy. YaByHHI MOJIOJBHI Kyl B 3B 513Ky 3 BMICTOM B
CTPYKTYpi 3HAYHOI KUTHKOCTI KapOiiB BOJIOMIFOTH OLIBIII BUCOKOIO €KCIUTYaTAIlIHHOIO CTIHKICTIO
MOPIBHSHO 31 CTAJIEBUMHU KyJsIMHA. YaBYHHI KyJli BITYU3HSHOTO BUPOOHUIITBA BOJIOAIFOTH BUCOKOIO
SKICTIO, KOJU X po3Mip MOpPIBHSAHO HeBenukuil. B el sxe vac pan ¢ipm 3axinHoi €Bpomnu
BUITYCKAIOTh SIKICHI MOJOJbHI 4aByHHI Kyii niamerpoM o 100...125 mm. Lle He mo3Boisie B
CY4aCHHUX YMOBaxX BHUKOPUCTOBYBATHM YaBYHHI KyJi B MEPIIUX CTaAisIX MOAPIOHEHHS pyau Ha
30arauyBaJIbHUX (paOpHKax.

He nuBnsuuce Ha ckazaHe, B 30arauyBajbHiM Tany3l HaOyBae pO3MIMPEHHS TEHIEHIS
Mepexo Tty Ha OUTBI CTIHKE MOJIOJIBHE CepeIOBUIIE, OCKIIBKU OTBII BHCOKA SKICTh KYJIb CYTTEBO
3HIW)KYyE BUTPATH Ha ejnekTpoeHeprito 1o 20% 1 miABHINYe SKICTH po3Meny CHpOBHHH. Meta
3HIDKEHHS COOIBAPTOCTI KOHIIEHTPATY JOCATAETHCS PI3HUMHU MUITXaMH. 32 PaXyHOK ITiIBUIICHHS
eKCIUTyaTaIllifHOT JIOBrOBIYHOCTI MOJIONBHUX KyJib 3a0e3MedyeThcsl 3MEHIICHHS iX MHUTOMOT
BUTPATH HAa TOHY TOTOBOTO MPOJIYKTY, I[0 aBTOMATUYHO 3MEHINYE€ BUTPATH, SIKI MOB’SA3aHI IK 3
npuAOaHHSIM HOBUX KyJb, TaK 1 3 1X TPaHCHOPTYBaHHSM, CKJIaJyBaHHSIM 1 3aBaHTaKECHHIM Y
MiHA. Henpsmi BUronu Ajisi CHOXKUBAviB BiJl BUKOPUCTAHHS OUIBILI SIKICHUX KYJIb MOJIATAIOThH Y
3pOCTaHHI TPOJYKTUBHOCTI MIIMHIB, 3MEHIIEHHI MHUTOMOTO CIIOKUBAHHS EJIEKTPOCHEPTIi.
3p0o3yMisio, M0 BUKOPUCTAHHS KYJb MiBHIIEHOT TBEPAOCTI HE MOTPEOy€E JOJATKOBUX MOTOYHUX
BUTpAT 1 KamiTalbHUX BKJIAJ€Hb, @ COOIBApPTICTb KOHILIEHTPATY 3MIHIOETHCS JIUIIE 32 PaXyHOK
3MiHH BHTpAT Ha KYJIi.

Huni B YkpaiHi nmpoBoauThest podoTa, CripsMOBaHa Ha TIOKPAIICHHS SIKOCTI MOJIOBHHX TiJl.
Kommaniss «kEHeprocTiinm MporoHye CBOIM MOKYMISIM MPOIAYKINI0 €BpOMEHCHKOl SKOCTI, SKa HE
Mae aHajori Ha Tepuropii Yipaian i CHJI. Ile craneBi MononbHi Ky miaBHIIeHOT 06 eMHOT i 57
TPYIH TBEPJOCTi, BUPOOHUITBO KX Oyno posmodaro B 2013p. B pesynbrari BUKOPUCTAHHS
JIAHUX KyJIb OYJO JOCATHYTO 3HIDKGHHSI BUTpaTH MiHiMyM Ha 20...30% MOpiBHAHO 3 Kynamu 4
rpynu TBepaocTi. Lli MOJ0AbHI KyJli BATOTOBJISIOTHCS 3 CTalll 3 YHIKQJIBHUM XIMIYHUM CKJIaJIOM —
MIJBUIIEHUM BMICTOM BYIJICHIO 1 PSAy IHIIMX JIETYIOUMX €JIEMEHTIB, IO HE J03BOJISE
rapaHTyBaTH iX SKICTh 0€3 3acCTOCYBaHHS MPOrPECUBHUX 1HQOPMAIIMHUX TEXHOJOTIH SK B
JI03yBaHHI KOMIIOHEHTIB, TaK 1 y cCaMOMY BeJleHI TeXHOJOTIYHHMX MpoleciB. BaximuBum TyT € 1
BUKOPHUCTAHHS TPOTPECUBHUX IH(OOPMAIMHAX TEXHOJOTIH Yy TMHTAHHAX KOHTPOJIO 3a SKICTIO
BHUTOTOBJICHOT TIpoaykiii. Huri, MabyTh, Masio BUOIPKOBO KOHTPOJIOBATH SKICTh BUTOTOBIICHUX
KyJIb, HEOOX1THO TEPEBOJIUTH 1€ Ha TOTIK, /16 aBTOMAaTHYHO OyIyTh 3MIHCHIOBATHCS KOHTPOJIBHI
orepariii 3 JOKyMEHTYBaHHSAM TpOAYyKIlii. Takwii e aBTOMAaTHYHWUN KOHTPOJIh HEOOXiTHO
3MicHIOBaTH 1 y crmoxuBada. lle Oyme exoHOMIYHO momiipHO. Jlumie Tak B omHiN ramysi
MIPOMUCIIOBOCTI MOXJIMBO MIIHATH BUITYCK MPOAYKLIT Ha HOBHI, O1IbIII BUCOKUH SIKICHUHM PIBEHb 1
CYTTEBO 3HM3UTH COOIBAPTICTH KIHIEBOI MPOIYKIIiT YOPHOT METaTyprii.
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MATHEMATICAL MODELS FOR FORECASTING
OF ACTIVITY OF COMPONENTS OF THE OXIDIC SYSTEMS
EQUIVALENT TO PHOSPHATIC ORES
Nadtochij A.A. Ph.D., Velikonskaya N.M. senior teacher, Karyagin E. student
National Metallurgical Academy of Ukraine

The phosphorite ore is of great importance and is widely used in the production of
yellow phosphorus by electrowelding of ore with the sublimation of elemental phosphorus, in
the production of phosphoric acid, in the production of phosphorus fertilizers, and also in the
smelting of phosphoric ferroalloys in electric arc furnaces. Ferrophosphorus is not produced
in Ukraine, and the demand for it is realized through imports. Explored and developed
phosphate deposits of Ukraine can be considered as the main phosphorus-containing raw
materials.

We have carried out a theoretical analysis of the possibility of using phosphorites from
domestic deposits as a raw material for the production of ferrophosphorus. We carried out a
thermodynamic simulation of the existence of phases in a complex oxide system based on
phosphorus oxide. Mathematical models make it possible to predict the activity values of
components in complex systems equivalent to phosphate ores of Ukraine.

The most promising resource for electrothermal production of phosphorus was

considered phosphorites of the Malokamyshevatsky deposit of the Kharkov region.
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Figure 1 - The effect of basicity on the activity of components (a) and on the equilibrium distribution
of phases (b) in the P,O5 — CaO — SiO, system with a content of 20% P,0Os ,T = 1400°C

The activity of calcium oxide becomes greater than the activity of phosphorus oxide
when the value of basicity is above 0.7, (Fig. 1, a). Phase distribution with basicity growth
(Fig. 1, b). The content of free SiO, decreases with the formation of calcium silicates, and the
content of a strong compound, tricalcium phosphate Ca;P,0g also increases. Moreover, with
an increase in basicity above 0.7, the SiO, content becomes lower than the tricalcium
phosphate content, which should adversely affect the recovery of phosphorus. Thus, from the
point of view of thermodynamics, for the restoration of phosphorus in this system, a basicity
of no higher than 0.7 is required, which was accepted for further theoretical studies.

To study the effect of the amount of P,Os in the system, calculations of the activities
and equilibrium distribution of phases in the range of P,Os content from 5 to 40% were
carried out.

Mathematical models were obtained that allow predicting the activity of oxides
of silicon, phosphorus and calcium in the range of slag compositions (%): P,Os 10 — 50,
AlLO3; 018, MgO 0- 15, MnO 0-9, basicity 0.2 — 1.4 and temperatures 1000 — 1600 ° C.
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CIIOCIb OITEPATUBHOI'O BUBHAYEHHS MACHU ABO TOBIIUHU HIAPY
OKAJIMHU HA TIOBEPXHI BYHTOBOI'O ITPOKATY
[Tapycos E. B. k.1.H., [1lapycos O. B. k.1.H., Uyiiko [. M. k.T.H.
Inemumym uopnoi memanypeii im. 3. 1. Hexkpacoea HAH Yxpainu

BnactuBocti okanunu (pa3oBuii 1 KUTbKICHUN CKJIaa) HA TIOBEPXHI OYHTOBOTO MPOKATy
€ OJJHUM 3 BKJIMBHX MOKA3HMKIB HOTO SKOCTI, SKHI XapaKTEepU3ye MOXKIUBICTh MEXaHIYHOTO
a00 XIMIYHOTO CMOCOOIB BHUAQJICHHS OKAJWHW TIPH IIATOTOBI IOBEPXHI MeETaly 0
BOJIOYiHHSI.

I[Ipu  BupoOHUIITBI OyHTOBOTO TpOKaTy, Ticias (GOPMYBaHHS  OCTATOYHOTO
npodinepo3mipy Ha  ApiOHOCOPTHO-APOTSHUX  CTAaHaX, 3a3BUYail WOro  MiANAIOTh
JBOCTAIITHOMY BOJIOTIOBITPSIHOMY OXOJI0/KeHHIO Ha JiHil Ctenmop. Bimomo [1, 2], mo npu
Oe3nepepBHOMY OXOJIO/DKEHHI TPOKATy I 30epeKeHHs Ha HOro IMOBEpPXHI BIOCTHTHOI
ckimanoBoi okanuHu (FeO) ta momepemxenHs i posmamy Ha marHetut (FesOs) 1 3amizo
HEOOXITHO 3aCTOCOBYBATH IPHCKOPEHE OXOJIOJUKEHHS METally B IIE€BHOMY iHTepBali
TeMiieparyp. B octanHiif yac nepeBara BiIIa€ThCSI MEXaHIYHOMY METOAY BUJATICHHS OKaJIHMHU
BHACIIIJIOK JICHIEBU3HHM 1 €KOJIOT1YHOI YUCTOTH Tpouecy. BIOCTUT Mae MiHIMalbHY aare3ito 10
MMOBEPXHI METAly 1 HAMKpaIluM YHHOM BUIAISETHCS MEXaHIYHUM CIIOCOOOM, TOMY OKaJlMHa,
fKa CKJIQJA€TbCS TMEPEBAXHO 3 BIOCTUTY, € HAWOUIBII CIPHUATIMBOIO TPU BUPOOHUITBI
OYHTOBOTO TIPOKATY.

Jlns OTpUMaHHS Ha TOBEPXHI IMPOKAaTy OKAJIMHHU, SKa CKJIAJAEThCA IEPEBAXKHO 3
BIOCTHUTY, IIBUJIKICTh OXOJIOJDKEHHSI MeTaly B iHTepBam Temmeparyp 570...400 °C moBuHHa
oyt He MeHmow 3a 100 °C/c. IIpu OiIbII NMOBIIBHOMY OXOJIOJDKEHHI Y CKJIAl OKaJHHU
3’SIBJISIETHCSI MAaTHETHUT, 3ai1i30 ¥ ciigu rematuty (Fe,O3). B ymoBax peasbHOro BUpOOHUYOTO
IpoIecy AOCATTH IIBUAKOCTI OXOJIOMKEHHS Mpokary Ha TpaHcmoprepi Jinii Ctenmop 100
°C/c B 1aTepBam temmneparyp 570...400 °C HEMOXIWBO, TOMY OKaJWHA Ma€ HACTYITHHH
¢dazoBuii cknan: BrocTUT (63...84 %), marnetut (15...35 %) 1 rematury (1...2 %). Kinbkicth
MarHeTUTy BU3HAYAETHCS MIBUAKICTIO OXOJIOMKEHHS MPOKATy Ha TpaHcmopTepi miHii Ctenmop
B iHTepBam Temmeparyp 570...400 °C. B 3amexHocTi Bifg (aKTHYHOTO CITiBBIIHOIICHHS
BIOCTUTY 1 MarHeTUTy OKaJMHAa Ma€ DPi3HYy LIUIBHICTh, a OTXKE 1 Pi3HY Macy Ha IMOBEpXHI
MPOKATy MPU OAHAKOBIM TOBUIWHI mapy. 3Har0uu (a30BUH CKJIaJ] OKAIMHH, KA yTBOPHUIIACS
Ha TOBEpPXHI MPOKaTy, CTa€ MOXIUBUM BHU3HAYUTH 11 LIUIBHICTB, IO Ja€ 3MOTY 3HAIOYU
CEPETHIO TOBIIMHY APy MOBEPXHEBOI OKAJIMHUA BU3HAYUTH ii Macy Ha MOBepxHi 1 T mpokary,
1 HaBONAKW: 3HAIOYM Macy IOBEPXHEBOI OKAJIMHU Ha TMOBEPXHI | T MpoKaTry BU3HAYUTH
CEpEeNIHIO TOBIIUHY 11 Iapy.

3 orsAy Ha BHKJIAJIEHE BIILJIOM TePMITHOT 00pOOKM MeTary s MammHoOyayBanHs [YM
HAHY 3 ypaxyBaHHAM BIJJOMHUX 3aKOHOMIPHOCTEH yTBOPEHHS OKCHJIB 3ajli3a, a TaKoX 3a
pesynbTaTaMH 0araToOpiuHHX BJIACHMX JOCHi/KeHb, pospoGneHa nporpama CalcScale®, sika
JI03BOJIIE BU3HAYATHU 3arajibHy Macy OKaJIMHHU ab0 CepelHI0 TOBIIMHY IIapy OKaJMHHU Ha
MOBEPXHI OYHTOBOT'O MPOKATy OY/Ab-SKOTO JiaMEeTpy 3 ypaXyBaHHSM ii (PaKTHIHOTO XIMIUHOTO
CKJIany.

[Iporpamua o6osonka CalcScale® Moske OyTH BUKOPHCTaHA B yMOBaX HEHTPAJIbHHX
3aBOJICBKUX JIa00OpaTOpiii METANypriiHUX MiAMPUEMCTB NMPU BU3HAYCHHI MOKA3HUKIB SKOCTI
OyHTOBOrO IIpOKaTy, a caMe€ — TMpH arecTauii MeTaJoNpoAyKLii 3a BIACTUBOCTIMHU
MOBEpXHEBOI OKaluHU. Po3polbiieHa mporpaMHa OOOJIOHKAa [O03BOJIIE 3HAYHO CIPOCTUTHU
aTecTalliro OyHTOBOTO MPOKATy 32 paXyHOK 3MEHIICHHS KiJIbKOCTI KOHTPOJIbHUX BUMIPIOBaHb.

Jlireparypa
1. HepCHeKTI/IBBI KCIIONIL30BAHMS JKOJIOTMYECKH YHCTOro cIocoba IIOATOTOBKMU IMOBEPXHOCTHU
OyHTOBOTO mpokara Kk Bosoyenuto / D. B. Ilapycos, A. b. Ceiukos, C. 1. I'y6enko, U. H. UYyiiko //
[Ipobnemst Tpubonoruu. —2016. — Ne 2. — C. 74-82.
2. B3auMoCBsI3p  TONIIMHBI W YIASIHHOW MAacChl OKAJMHBI Ha ITOBEPXHOCTH BBICOKOYTIIEPOIUCTOU
karanku / B. B. [Tapycos, O. B. ITapycos, U. H. Uyiiko [u ap.] / CTpouTensCTBO, MaTepUAIOBEACHNUE,
MamnHocTpoenue: CO. Hay4H. Tp. — [Jnenponerposck : [II'ACA, 2004. — Beimn. 27. — Y. 2. — C. 26-29.
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MMPOTHO3UPOBAHUE ®U3NYECKWUX U TEIVIO®U3NYECKUX CBOMCTB
OEPPOCIIVIABOB CTAHJJAPTHBIX MAPOK CUCTEMBI FE-AL
[TerpoB A.®. H.c., 'onosko JI.A. H.c., 'pexoB C. B., H.c., Xonorosa H.E., mi.H.c.
HUncmumym vepnou memannypeuu um. 3.M.Hekpacosa HAH Ykpaunvt

AJIIOMUHUH [IAPOKO MNPUMEHAETCS B YEPHOM METALTYPTHM Il PACKUCICHUS U
MUKPOJIETHPOBAHUS OOJBIIMHCTBA CIIOKOWHBIX W HU3KOJIETHMPOBAHHBIX craneil. CreneHb
YCBOEHUS AIFOMUHUS COCTaBIsAeT OT 15 1o 23% wm xapakTepu3yeTcsi BBICOKMM IOKa3aTesieM
HecTabumbHOCTH (20-25%) [1]. OqHUM U3 TyTel MOBBIMICHUS CTENIEHU YCBOCHHS aTFOMUHUS
(1o 80%) sBnseTcss NPUMEHEHHWE €ro CIJIaBOB C JKENe30M U Pa3IMYHbIX BHJIOB
beppoatoMuHus.

Jl1s panMoHanbHOTO MCTIONB30BaHUs (EeppOoCIIaBOB HEOOXOAMMO HUMETh CBEACHUS O
bU3HYECKUX U TETUTOPU3NYECKUX XaPAKTEPUCTUKAX, BIMSIONIMX Ha MOBEJACHHUE U CTEINEHBb
YCBOEHHUS TMOJIE3HBIX AJIEMEHTOB P 00pabOTKE CTaIH.

NmMetommasicss mpakTHKa 3KCIEPUMEHTAIBHOTO OMPENeTIeHUsI CBOWCTB (eppOCIIaBOB B
HACTOALIMH MOMEHT TMpoOieMaThyHa MO0 TMPUYMHAM CIIOKHOTO —ammapaTypHOro U
OpPTaHHU3AIMOHHOTO O(QOPMIIEHUS, a TaKXKe BBUIY TPEOYEMBIX 3HAYUTEILHBIX (DHHAHCOBBIX
3arpar.

Jlsii IpOTHO3HOHM OIIEHKHM (PU3MYECKHUX U TEIUIOPU3NYECKUX CBOMCTB (eppOCIIaBOB
cucteMbl Fe-Al ucronb3yroTcss BO3MOXXHOCTH pa3pabOTaHHOW METOIWKH, OCHOBAaHHOW Ha
OMHUCAHUU CTPOCHHUSI U CBOMCTB MHOTOKOMIIOHEHTHBIX PacIIaBOB U TBEPABIX PacTBOPOB [2].
Wupopmanus 0 cocTaBe CILIABOB 3aKOJMPOBaHA B BUJE Tapamerpa 7, SBISAIOIIETOCS €ro
DIIEKTPOHHBIM XUMUYECKHM JKBHBAJIIEHTOM, CTPYKTYPHOTO MapamMeTpa d, XapaKTepu3yIOIIero

CPEIHECTATUCTUYECKOE PACCTOSIHUE MEXKIY aTOMaMU U U30BITOUHBIX MMapaMeTpoB AZY U Ad ,
YUUTBHIBAIOIINX MUKPOHEOAHOPOTHOCTh CTPYKTYPhI COOTBETCTBYIOIINX PACILIABOB.

[IpennoxxkeHHass MeToarKa (C UCIOJIB30BaHUEM (PU3HKO-XHUMHUYECKHX KPUTEpHUEB) Obliia
UCIIONIb30BaHa JUISI MOJICIHPOBAHUS CIEIYIONINX XapaKTePUCTUK: TeMIlepaTrypa TUIaBICHUS
(T, °C), MIOTHOCTH (D-103, KF/M3), teronpoBoaHocTh (A, B1/M'K), termmmoemkocts (C,y,
Jx/xr-K), rerora mnasneHust (Q,,;, kx/kr).

[ToydeHbl aHATUTHYECKHE 3aBUCHMOCTH, MO3BOJISIIONINE MPEIBAPUTEIILHO OIEHUBATH
COOTBETCTBYIOIIME CBONCTBA (peppOoaTFOMUHUS CTaHAAPTHBIX Mapok PA30, ®DA40, DASO B
sue (T, D, Cyoo Ou, A= (27, AZ?), Tabin.1, r=0,99)

B Tabnune mnpuBeneHbl paccUuMTaHHBbIE (U3MYECKHE M TEIUIOQU3UYECKHUE CBOMCTBA
deppoamtomunaus Mapok DA30, DA40, DAS0. Hmerommecs B HaydHOH JHTEpaType
AKCTIEpUMEHTAIbHBIC 3HAYEHUs CBOWCTB paccMaTpuBaeMbIX (eppociiaBoB [3], HaxomsTcs
BHYTPHU MHTEpBaJa UX PACYCTHHIX 3HAUCHUH.

Ta6muma 1 — [Iporao3Hbie 3HAYCHHS CBOMCTB (heppOaTIOMUHUS CTAaHAAPTHBIX MapOK

No Mapka D-10°, T Che O, A,

mw/n | ¢peppocmiasa | kr/m’ °0) JIx/kr-K) kJIx/KT) Br/m-K

1 DA30 5450 1370 197,7 305,6 28,5

2 DA40 4837 1293 2104 3174 32,4

3 DAS50 4172 1211 221,6 329,7 36,1
JIureparypa

1. Buxnesuyk B.A., Xapaxynar B.C., bpoackuit C.C. KoBmeBast noBosaka ctanu. — /{HenponeTpoBck
//Cucremusie TexHonoruu. — 2000. —190c.

2. Ilpuxompko D.B., IletpoB A.®. OU3NKO-XHMHYECKHUE KPUTEPHH JJIs OICHKHA CTEMECHU
MHKPOHEOHOPOIHOCTH METAIMYECKUX paciuiaBoB. //MeTtammodusnka ¥ HOBEHIINE TEXHOJIOTHU. —
1998. — 1.20. - Ne7. —C.64-74.

3. ITarmouenkoB U.A., bomoroBa FO.A. Oco0eHHOCTH MaTEMaTHICCKOTO MOACIIUPOBAHUS TIIABJICHUS
CIIUTKOB AJIOMOCOJCPIKAINX CIUIABOB Ha OCHOBE JKelie3a B CTAJIEePa3TMBOYHOM KoBiue. //COOpHHK
Hay4yHbIX TpyaoB HMeTAY «Mertammypruueckas Temnorexauka». — 2006. — C. 261-271.
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MNEPCHEKTHUBHA PO3POBKH TEXHOJIOT'TYHUX TPOLECIB
T'A30JJMHAMIYHOTI'O BILIMBY HA PO3ILJIAB B JINBAPHINA ®OPMI
CemniBropcroBa T.B., CeniropcToB B.1O.

Hayionanona memanypeiuna akademis Ykpainu, m. /[Hinpo

HaiiGinpmn  mommpeHi Air04Yi  TEXHOJIOTII BHUTOTOBJICHHS BWJIMBKIB BIJIPI3HSIOTHCS
3HAYHOIO TPYAOMICTKICTIO, TPUBAJIICTIO, BEITUKUMH BTpaTaMu MeTaly, 10 OOyMOBJIEHO,
30KpeMa, PO3BUTKOM (i3MYHOI 1 XIMIYHOI HEOJHOPIAHOCTI TiJ Yac TMEpPexojy CIUIaBiB 3
piakoro B TBepauii craH. BupoOmioBane B JaHMii 4yac JUTBO Ma€ LIIMHA psia JeQeKTiB:
KpYIHUW pO3MIp 3€peH MaKpPOCTPYKTYPH; Pi3HI CTPYKTYypHI 30HM 3 HaIpaBiICHUM 1
JIe30PIEHTOBAHMM PO3TAIIyBAaHHAM KpPUCTANiB; XIMIYHHH CKJal, IO 3MIHIOETHCS, II0
MePETUHY 1 BUCOTI 3JIUTKa a00 BWJIMBKA;, HASBHICTh Pi3HUX BUIIB XIMIYHOI HEOIHOPITHOCTI;
HasBHICTH (HI3MYHOI HEOJHOPITHOCTI Y BUTIISAI YCaIKOBUX PAKOBHH, HIMAPHCTOCTI Ta IHIIHUX
neeKTiB.

OnHuM 3 NUISIXIB MiABHIICHHS SKOCTI JUTOTO METally € po3poOKa HOBHX IPUHIIMIIIB
YIpaBIiHHS TPOIeCaMU 3aTBEP/IIHHS Ta KpUCTaTi3allii CrutaBiB. 3Ha4HI MOXKIIMBOCTI B IIbOMY
BiJIHOIIEHHI HAJalOTh METOAM 30BHINIHIX BIUIMBIB Ha PIAKUHA MeTan Ta MeTad, IIIo
KpUCTali3yeThesa. Bigomo, 1m0 ra3oguHaMivyHWN BIUIMB Ha pO3IUIaB B JIMBapHi ¢dopmi B
nporieci KpucTaiizallii, 110 BUKOPHCTOBYE PETYIbOBAHUN THCK B CHCTEMi BHIMBOK-TIPUCTPIi
JUIS BBEACHHS razy B SIKOCTI aKTHUBHOTO YMHHHMKA, € OAHHM 13 HaMpsIMKIB MO3UTUBHOTO
BIUIMBY Ha CTPYKTYpPY BWJIMBKIB 1 3JIUTKIB. TOMy € aKTyaJbHUM pO3pOOJICHHS HOBHUX
BHCOKOC(PEKTUBHUX TEXHOJIOTIYHUX TMPOIECIB Ta30lMHAMIYHOTO BIUIMBY Ha pO3IUIaB B
nuBapHii (opMi, 10 TO3BOJSAIOTH HE TUIBKM MOJIMIIUTH SKICTh JHMTBA, ale 1 3HU3UTHU
coOiBapTicCTh HOTO BHPOOHHUIITBA TMpH 3a0€3MEUeHHI EKOJIOTIYHOCTI 3aIpPOIOHOBAHUX
TEXHOJIOTIH.

Jlig OCSITHEHHS BUILEBKAa3aHUX IIUJIEH BBA)KA€ThCS 3a JOLIIbHE BUPIMIEHHS MEBHUX
3amad. OKpiM TEOPETUYHOTO OOTIPYHTYBAHHS MOJKIIMBOCTI 3JIMCHEHHS PETYIhOBAaHOTO
ra30JJMHAMIYHOTO BIUIMBY Ha IPOIEC KpUCTali3alii MeTany B JUBapHii ¢opMi, BU3HAUCHHS
Ta ONTHUMI3allli TEPMOUYACOBUX IMapaMEeTPiB TMpOIEeCy TepMeTH3allii CUCTEeMU BHUIMBOK —
NPUCTPIA JUIS BBENEHHS Ta3y, AOCHIHKEHHS BIUIMBY PETyJIbOBAaHOTO Ta30BOIO THUCKY Ha
($hi3UKO — MexaHIYHI BJIACTUBOCTI JIUTOTO MeTaldy, HEOOXiJHO ONEepaTHBHO aJanTOBYBATH
TEXHOJIOTIi Ta30MHAMIYHOTO BIUIMBY MU JIUTTI Pi3HUX CIUIaBIB B JIMBapHI (hopMHU pi3HUX
tumiB. Tpeba BiA3HAYMTH, IO HASIBHI CUCTEMH KOMIIBIOTEPHOTO MOJEIIOBAHHS JIMBAPHUX
MPOIIECiB B JIOCTATHIM Mipi He 3a0€3MeYyI0Th MOMJIMBOCTI BiITBOPEHHS CIEIU(IYHUX YMOB
3aTBEPAIHHS pO3IJIABY MPH peaiizamii ra3oJuHaMIYHOTO BIUIMBY, Ta, BIJIIMOBIIHO, HE
J03BOJISIIOTh OTPUMATH JIOCTaTHHO aJE€KBATHI BUXIAHI JaHi JUIS PO3PaxXyHKY pexuMy (SK
TEPMOYACOBOT0, TaK 1 3MIHU TUCKY) 3[IIHCHEHHS KOHKPETHOTO TEXHOJIOTIYHOTO TIPOIIECy.

OTtxe, HeoOXimHUIT pO3BUTOK (a OGaraTo B 4OMY 1 CTBOPEHHS) TEOPETHMYHHX OCHOB
ra3oJMHAMIYHOTO BIUTMBY Ha MPOIIECH TBEPAIHHSI Ta CTPYKTYPOYTBOPEHHS 1 JOCTOBIPHOTO
MeXaHi3My Ui peanizanii e(peKTUBHHX NPHUHLMIIB TAaKOTO BIUIMBY, NI€ 3HAUHI peE3epBH
30CepeKeHl B CTBOPCHHI BIAMOBIIHUX MAaTaMaTHYHUX MOJIENEeH Ta CIemiai30BaHOTO
IPOrpaMHOTO 3a0e3MeUeHHs JUIsi OTPUMAaHHS HAyKOBO OOTpYHTOBAaHMX pE3yNbTaTiB, IO, B
CBOIO Uepry, 3ade3neuye po3poOKy Ta BIPOBAPKCHHS aAaNTOBAaHUX TEXHOJIOTTYHHUX MPOIIECIB.
Pimenns 1iei mpo6iemMu CTAaHOBUTH HE TUTBKU NPAKTUYHUHN, ajie 1 BEJIMKHI HAyKOBUI 1HTEpec.
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BA3U JAHUX ITPO BJJACTUBOCTI MATEPIAJIIB - IHOOPMAILIIIMHA OCHOBA
MOJIEJIIOBAHHS METAJIYPITAHUX CUCTEM I ITPOLIECIB
Toro6unpka JI.M. n.1.1., beapkosa A L kx.1.H., Crenanenko /1.0. K.T.H.,
JlixayoB FO.M., CHirypa I. P.

HUncemumym yopnoi memannypeii im. 3. 1. Hexpacoea HAH Ykpainu

B Incturyri yopHOi Meranypii B pamMKax CTBOPEHOrO B KIiHI[I MHHYJIOTO CTOJIITTS
raixyzeBoro banky nanux «Metanypris» (b/IMer) cuctemMmHo BeayThCsl pOOOTH 11O CTBOPEHHIO
Ta PO3BUTKY IHTErpoBaHoi 0a3u 3HAaHb JUISI HACKPI3HOTO aHali3y BHPOOHUIITBA
METaJIONMPOAYKIIii Ha 0a3i CydacHHX 1HPOPMAIHHIX KOMITIOTEPHUX TEXHOJIOT1H.

Haiibinpimoro iHpopMamiifHOT NOTYXKHICTIO BOJOIIIOTh 0a3u JaHUX MPO BIACTHBOCTI
[IUTAKOBUX PO3IUIABIB 1 3ai30pyaHuX MarepiamiB [1], skl HaiOiumbI 3aTpeOyBaHi 1 aKTUBHO
NOMOBHIOIOTHC. baza manux «3amizopyani Mmatepiann» ctBopeHa B 1990 p Ha oOCHOBI
HakormuueHux B [YM BiracHUX eKCIepUMEHTAIbHUX JaHMX 1 JIITepaTypHUX MyOJiKaIii 1HIINX
aBTOpiB (rmbuHA momyky - 50 pokiB), a TaKOX JaHi JOBIAHUKIB, MOHOTpadiil. 3rigHo 3
pPO3pO0JIEHUM CTaHAAPTOM IMIATOTOBIEHO ToHan 120 macmopTiB MpO BIACTHUBOCTI OlIbIIIE
1200 cxmamiB pi3HUX BHIIB 3aTi30pyJHOI CHPOBUHH, IO BKJIIOYAIOTh XapPaKTEPUCTUKH
MIITHOCTI 1 BUCOKOTEMITEPATyPHI BJIACTUBOCTI (TEMIIEpaTypy MOYATKY 1 KIHIIS PO3M'SAKIICHHS
Ta TUIABJICHHS pyJ, KOHIEHTpaTiB 1 arimomepariB). B nmanmii wac B 6a3y nmanux «lllmak»
BBeneHo moHan 500 MOKYMEHTIB, IO MICTATH BIIOMOCTI Tpo BiactuBocTi Oumbme 8000
CKJIaiB IIJAaKiB PpI3HOTO MpPHU3HAYCHHS: JOMEHHHMX, MAapTEHIBCHKUX, KOHBEPTOPHUX,
padiHyBaILHUX IS TI03amigyHOI 0OpOOKHM YaByHY 1 cTai, (hepoCIUIaBHOTO BUPOOHUIITBA, IS
po3nuBaHHs cTam Ta iH. baza (yHIaMeHTanbHUX €KCIePUMEHTAIBHUX JaHUX MPO PO3IMOALT
€JIEMEHTIB B X0/l peaIbHUX MeTanypriiiaux mnporeciB "Mertan-Illnak-I"a3" mictuTe gaHi npo
PO3MOILT MiXK IIIJIAKOM 1 MeTaJIoM a0 MUTAKOM 1 ra30BOI0 (Da30r0 TOMINIKOBUX €IeMEHTIB: (S,
P, C, H, N), enemenTiB 3mianHoi BajeHTHOcTi : (Fe, C, Cr, Mn), a Takox Al, Si Ta iHImHUX.
Hakonmuennii GoH7 eKCIEpUMEHTAIBHUX AaHUX TUTHKU O JOMIIIKOBUM €JIEMEHTIB MICTHTh
BIZIOMOCTI, OTpMMaHi 3a pe3ynbTaTamu aHamizy 45 nyOmikauiid, i omucye monax 2000
EKCTICPUMEHTIB.

baza manux mpo BiIacTUBOCTI HuIakoyTBoprorounx cyMimniB «IYCy» Bxmouae Oiibin
HiK 300 iHGopMariitHux mxepen (myOmikaii, MaTeHTH, MPOCHeKTH). B ocraHHii yac 6a3za
MOTIOBHEHA Cy4YaCHUMU MaTepiajaMi KOMIUIEKCHHUX CKIIAJiB 3 TePCIEKTUBHUMU CKIIAJOBUMH,
AK1 cripssMoBaHi Ha iMmmopTo3amimieHHs LIIYC Ta X eKoJIOT14HICTb.

baza nanux «®epocmiaBuy BKIOYae iH(OpMAIIiIO BITUYN3HAHUX Ta 3apyODKHUX aBTOPIB
PO BUPOOHMIITBO, XIMIYHUH CKJIaJ Ta BUMOTH, SIKI TIPEA’ SIBISIIOTHCS 710 (DepOCTUIaBiB Pi3HUX
rpyn. B TenepimHiit yac B 6a3y JaHUX BBeIEHO 35 macmopTiB, B sKi BKIO4eHi moHan 200
ckimaniB iHGopMamii TPO KOMIUIEKC (I3MKO-XIMIYHUX, (I3UYHHX Ta TErIo(i3uIHuX
depocIuiaBiB  MIMPOKOTO  COpTaMeHTy: depoxpomy, (depocumimito, ¢epomaprasiiio,
dbepoBanazito, deporutany, deponiobdito, deponikemo, QeponupkoHito, (GepomonidaeHy,
CUTIKOKAJBIIIIO, CLTIKOMapraHIlio Ta iH.

HasBHicTp ©6a3u maHMX 1 MoOJeledl 1O KOXHOMY Tepeniyly BHPOOHHUIITBA
METAJIOTPOAYKIIi] T03BOJISIE OTIEPATUBHO T'€HEPYBATH 1HCTPYMEHTANbHI 3aco0u (TiacucTeMu)
JUIST KOMIUIEKCHOTO aHalli3y, MPOTHO3YBaHHS Ta ONTUMI3amii (i3UKO-XIMIYHUX IPOIIECIB;
TEXHIKO-€KOHOMIYHHMX IMOKa3HUKIB TEXHOJIOTIH OTpUMaHHS MeTalxy (IPOAYKTHBHOCTI,
BUTpPAaTH CHEPreTUYHHX 1 CHPOBHHHUX BHTPAT), @ TAKOXX HACKPIZHOTO aHai3y IPOIECiB
OTPUMAaHHSI BHUCOKOSIKICHOI MpOAYyKILii Ha yciX mepeaisiax, ayJuTy MiANPUEMCTB 1 Tamys3i B
[IJIOMY 3a PAaXyHOK 3aJydyeHHsS CYYacCHHX JOCATHEHb aKaJeMIYHOi 1 rajay3eBoi HayKH,
BIJIMOBIIHMX TEXHIYHUX 3aco0iB 1 opraHizamii poOOTH TexHojora 3 iHQOpMaIliitHo-
AQHATITUIHOIO CUCTEMOIO B PEKHUMI TaHIEMY B3aEMHOI TI0JJaTKOBOCTI.

JlitrepaTtypa
1. [lpuxonpko . B. IlporHo3upoBanue (HU3UKO-XUMUYECKUX CBOWCTB OKCHUIHBIX CHUCTEM /
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IToporu, 2013. — 344c.
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KPUTEPIV OLIIHKA CTPYKTYPH IIJIAKOBUX PO3ILJIABIB HA
OCHOBI PE3VJIBTATIB JOCJI’)KEHHS B3AEMO3B’A3KY
IX B’SI3KOCTI TA EJJEKTPOITPOBITHOCTI
Torob6unwka J[.M. a.1.1., Crenanenko JI.0O. x.1.1., [{rona H. O. k.1.H., Ckauko O. C. K.T.H
Incmumym woprnoi memanypeii im. 3.1. Hekpacosa HAH Ykpainu

BaxmBoro yMOBOIO po3pOOKH palrlioHAIBHOTO CKJIaly HMUIAKOYTBOPIOIOYUX CyMIIIEH €
OLIIHKa CTPYKTYpHOTO CTaHy IIJAKOBUX PO3IUIABIB, a caM€ BHU3HAYEHHS TEMIEPaTypHOTO
Jiana3oHy JKBiTyc-COJIAYyC, IO XapaKTepH3ye MEepexiJ NUIaKy 3 FeTepOreHHOro CTaHy B
TOMOT€HHUH. 3 TEOPETUYHOI TOYKHU 30py CTPYKTYpPHOTO CTaHy UIUIAKOBHX PpO3IUIaBIB
TEeMIepaTypHUi Jiana3oH JIKBITYC-COMITYC XapaKTePU3Y€EThCS PO3YHOPSAKYBAaHHIM 3B'SI3KiB
MDK 10HaMu a0o iX rpynamu. J[s peasizaliii TeXHOJOTIYHOTO MPU3HAYCHHS MIJIaKy HE0OXiTHa
HAsBHICTH B #0ro posruiasi BinpHEX iomiB Ca’’, Mg®', 3a paxyHOK SKHX peami3yloThes
€JIEKTPOXIMIUHI Mporecu aecynbdypamii. s pealbHUX NUIAKOBUX PO3IUIABIB BU3HAYCHHS
TEMIIEpaTyp JIKBIAYC 1 COMIAYC MOB'SI3aHE 3 TPYAHOIIIAMH €KCTIEPUMEHTAILHUX JIOCITIIKCHb, a
HasBHI J1aHl MPO TEMIIepaTypy TMOYATKy Ta KIHI KpUCTai3aimii JTOCHTh YMOBHI, a 4acTo
CyNEepewsuBi 1 BUMAraroTh OUIBII TOYHUX EKCIEPUMEHTAJIBHUX METoHiB. SIK Bimomo, came
(h13UKO-XIMIYHI BJIACTHBOCTI PO3IJIaBIB 0araTOKOMIOHEHTHHUX OKCHJIHUX CHCTEM, 30Kpema
B'SI3KICTH 1 €JIEKTPOIPOBIAHICTD, 3aJeXKaTh BiJ XIMIYHOTO CKJIaly CUCTEMH 1 TeMIeparypu i
B1I00paKalOTh CTPYKTYPHI 3MIHH B PO3ILIABI.

Buxonsuu 3 ysaBienp S. 1. @peHkens npo eneKTponpoBiAHOCTI 10HHUX PO3ILJIaBIB, y
MePEHECEHHI E€JIEKTPUIHOTO0 CTPyMy OEpyTh ydacTh YacCTHHKH (10HHW), K1 3[1aTHI, B CHIY
0e3nepepBHOrO MEePePO3NO LTy KIHETUIHOI SHeprii, EPEXOAUTH 3 OJHOTO BiTHOCHO CTIHKOTO
cTaHy B 1HIMA. IMOBIPHICTP TaKOTO 3MIIIEHHS IIiJ] BIUIMBOM CHJI 30BHIIIHBOTO ITOJIS

E}(
npornopiuiiiHae £’ . TakuM YUHOM €IEKTPONPOBITHICTh € PYHKIIIEI0 HE TUIBKU TEMIEpaTypH,
aje 1 pyXJIMBOCTI 10HIB, sIKa ICTOTHO 3aJ&XHUTh BiJ €Heprii ix B3aeMoxli, 00yMOBIEHOT
XIMIYHAM CKJIAIOM, [I0 € CHOUIBHUM SK JUIsl €JEeKTPONPOBIAHOCTI (CHEpris axTUBaIlii

EJIEKTPONPOBIAHOCTI - E ), Tak i JUIsl B'I3KOCTI (CHEprist akTHBaLil B’S3KOr0 IUMHY - E, ).

3 METOI0 BUBYEHHS B3a€MO3B’A3KY B’S3KOCTI 1 €JEKTPOMPOBIIHOCTI Ta PO3PaXyHKY
BIIMOBIIHMX €HEPriid akKkTHWBAIlli TPOAHAJI30BaHO EKCIIEPUMEHTAJbHI JaHHI 0a3u JaHHuX
«llInak» pi3HUX OKCHIHUX cUCTeM, 30kpema:Ca0-Al,0;-CaF,; CaO-SiO,-Al,03-Na,O-CaF,;
Ca0-Si10,-Al,0;5. s mociipKkyBaHUX CKIIAIIB OKCHIHUX CHCTEM XapaKTePHUM € HasBHICTH
TphOX obsacteii cniBBigHoOMmeHb £,/E, =n, xonu n<l, n=1 1 xonu n>1.

Bignomenns E,>E, CBIIYUTh NIpPO TETEPOr€HHICTh pO3IUIaBy, TOOTO, y PpO3ILIABi
HAsBHUM OJNMKHIA MOPSAIOK 3B S3KIB MK CTPYKTYPHHUMH YacCTHHKAaMH, IIO MPU3BOAUTH 10
(dhopmyBaHHS IBOX 1 O1bIIE (ha3 1 CyMPOBOKYETHCS MTPOIIECOM KPHUCTaTi3allii, a BITHOIICHHS
E,<E, — HaBImaky, CBIAYUTh IPO MPOLECU DPO3YHOPSAAKYBAHHS CTPYKTYpHUX YaCTHHOK
[IUTAKOBOTO PO3ILJIABY 1 XapaKTEPHU3YIOTh PO3IUIaB OJIM3BKHI O TOMOTE€HHOTO. BimHOmEeHHs
E,/E, =n=1 € NpOMDKHMM CTaHOM DPO3ILIABY, TOOTO XapaKTepHU3ye PO3ILIAB SIK CUCTEMY fAKa
3HAXOIMTHCS Y PIBHOBKHOMY CTaHI MK T€TEpOTeHHHM Ta TOMOT€HHUM Horo ctaHamu. [Ipu
YMOBI 30€peXeHHS MOCTIHHOCTI XIMIYHOTO CTaHy PO3IJIaBy OJAHHUM 13 OCHOBHUX YHMHHHKIB,
10 MOYKE 3MICTUTH CUCTEMY BIJIHOCHO PIBHOBArv B TOM YM 1HIIUH OIK — € TeMIIepaTypa.

Buxonsun 3 BHIIE 3a3HAUEHOrO, BHM3HAYEHHS TeMIeparypu (TeMIepaTypHOTO
IHTepBaldy) HOpU sKId BHUKOHyeTbcs ymoBa FE,/E, =n<l, Mae BaXiuBe 3HAUYCHHS IS
TEXHOJIOTIYHOTO TPOLECY BHIUIABKM METaly, OCKUIBKH XapaKTepu3ye piBHOBaKHUH
CTPYKTYpHUH CTaH IIJJAKOBOTO pO3IJIABYy Ta CTAaOLIBHICTh HOTO  TEXHOJOTIYHUX
BIIACTHBOCTEH, M0 3abe3meuye peamizalfilo Terio- i MacOOOMIHHUX TMPOIECIB B CHUCTEMI
«METaII-TIITaK.

38



SIMULATION OF CRYSTALLIZATION OF CAST PRODUCTS
IN THE AREA OF CYLINDRICAL HOLES
Tsotsko V.I.l, Denisenko O.1. PhD?
IDnipro State Agrarian and Economic University
National Metallurgical Academy of Ukraine

One of the methods of intensive high-energy processing of metal products is their
surface alloying. In the process of surface doping, the saturation of the surface layer of the
metal by the necessary, for example, strengthening, components and thermal effects on the
metal occurs. When surface doping of castings, firstly, high-temperature heat fluxes are
formed, which provide high efficiency of doping, secondly, by using the energy of the melt,
significant savings are achieved in the energy costs required for heat treatment [1].

Management and optimization of non-stationary temperature fields of the surface layer
of condensed materials under conditions of energy action on their surface, in particular
impulse character, can be realized during casting of products, parts or workpieces.

Experiments on surface doping of track tracks in the area of their holes, which are
widely used in agricultural and construction equipment, have shown the need to accurately
determine the rate of movement of the crystallization front in the process of hardening the
surface layer of castings [2]. In connection with the technical difficulties of experimental
research, there was a need for numerical-analytical modeling of this process._. The features of
the model under study, first of all, are its axial symmetry, which leads to a significant
deviation of the expected results in comparison with the classical flat models [3, 4].

The dynamics of temperature distribution in the system ‘“casting core - melt” was
studied in the process of crystallization of tracks in the area of their holes._ The problem of
temperature distribution in the presence of a phase transition and the speed of movement of
the interface between the phases within a crystallizing melt was solved by the finite difference
method using an implicit scheme for drawing up a system of difference equations._The time
dependence of the crystallization front displacement in graphical and analytical forms was
obtained. The rate of crystallization of the surface layer of tracks in the area of their holes was
calculated. The cooling rates of the surface layers of the castings during their crystallization
are determined.

The calculated crystallization rate of the metal in the area of the tracks of the castings of
tracks allows to determine the time of active dissolution of the alloying components in the
surface layer of the castings and to predict the required dispersion of fractions of saturating
components in the composition of the alloying coating of the cores.
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CEKILIIS 3

MATEMATHYHE MOJIEJIIOBAHHSA CKJIAJJTHUX CUCTEM



CHUHTE3 PEI'YJIAATOPIB METOJAOM NOJIHOMIAJIbBHUX PIBHSIHb
AximoB JI.B. a.1.H., Hikonenko A.B. kx.1.H., Ctronkin B.B. k.1.H., Hikitin €.C. cT.
Hayionanona memanypeivina akademiss Yxkpainu

B po6oTi po3risgaeTscss KOMIUIEKCHHUN MIAXiA MO0 TOKpAIISHHS JUHAMIYHHX
XapaKTepUCTHUK YaCTOTHO-PETyJIbOBAaHOTO JABOMACOBOTO ACHHXPOHHOTO €JEeKTPONpHUBOJA 3
HETHIMHIM HAaBaHTAXCHHSIM [UISIXOM CHHTE3Y aCTATHYHOTO PETYISATOPA MIBUAKOCTI METOIOM
MOJIHOMIQJIBHUX PIBHSHb Ta OINTHUMI3aIll€l0 HOro mapamMeTpiB METOAOM jiarpaM SIKOCTi
KEepyBaHHs, IO CHOpHUsE MiIBUIICHHIO MOOPOTHOCTI CHUCTEMH Ta ii 3amacy cTidkocTi. B
3aMpONOHOBAHIA METONWIII BUKOPUCTaHI HOBI TPHUHIMIN Ta CIIOCOOM KEpyBaHHS
€JIEKTPONIPUBOAAMU 3 METOI0 MiJBUIIEHHS Horo mBuakonii. IlomiHomianeHUil xapakrep
KepyBaHHs 3a0e3medye OTpUMaHHs HEOOX1THUX 32 MIBUIAKOIIEI0 JUHAMIYHUX XapaKTEPUCTHK
EIEKTPONPUBOJA K y TPAAWIINHUX pexuMax poOOTH (HAMpPUKIAA MpPU MMYCKY IBUTYHA 3
0OMEXEHHM TMPUCKOPEHHSIM), TaK 1 JUIsl HETPAIUIIMHUX, HAPHUKIA] PEXKUMY MATPUMKH B
€JIEKTPOINPUBO/II MOCTIHHOCTI pUBKA Ta ylapy.

B psiai enexTponpuBOIIB METaTypriiHOT TPOMHCIIOBOCTI ICHYE HEOOXIAHICTh MpH i
CTYNIHYACTOrO BIUIMBY (BXiJ MeTaly J0 BaJIKIB IMPOKATHOTO CTaHy) 3a0e3MeYuTH HYIbOBY
TJIONIMHY TTOMUJIKHA PETYJIFOBAHHS IIBUIKOCTI. 3 METOI BHpIMIEHHS Takoi 3afadi y [1, 2] mms
OJTHO MacoOBOTO €JIEKTPONPUBOJAA MOCTIHOTO CTPyMYy 3 MOCTIHHUM MOMEHTOM OIOpy Oyna
3aMpoONOHOBaHAa METOJMKAa MOOYAOBH TPUKPATHO-IHTETPYIOUYOI CHCTEMH TiAMOPSIKOBAHOTO
perymoBaHHs IIBHAKOCTI oOepranHs. KpiMm TOro, 3aBIsku 3ampomoHoBaHOMY Yy [3]
KOMIUIEKCHOMY MIAXOAy 3 TOKpAIIeHHS IWHAMIYHMX XapaKTePUCTHK, JaHl JOCIIHKCHHS
OTPUMAIIM PO3BUTOK HA TPUKIALI CHCTEM BEKTOPHOTO KEpyBaHHS OJHOMACOBUM
ACHHXPOHHHUM E€JIEKTPOTIPUBOJOM 3 TIOCTIHHUM Ta HENIHIMHUM HaBaHTAXCHHSM Ta
JBOMACOBUM EJIEKTPONPUBOJOM 3 TMOCTIHHMM HaBaHTaXCHHSIM. Po3po0iieHi MeToIuKH
CHHTE3y Ta ONTHUMI3allii aCTATUYHUX PETYyJSATOPIB IMBHUIKOCTI MOKHA BUKOPHUCTOBYBATH ISl
€JIEKTPONPUBOY OCTIHHOTO CTPYyMY.

B poboti Bupimeni Taki 3amadi: Oe3mocepenHiii CHHTE3 IMOJIHOMIATbHUM METOJ0M
perynaropa MBHIKOCTI 3 acTaTU3MOM JAPYroro MOPSAIKY UIS JABOKPAaTHO-IHTErPyHOUOi
(Vy, =V), =2) CHCTEMH BEKTOPHO-KEPOBAHOIO ACHHXPOHHOTO EJICKTPOIPHUBO/A; CHHTE3

MOJIIHOMIABHUM METOJIOM PEryJIsITOpa MIBHUIKOCTI 3 acTaTH3MOM IIEpIIOTO MOPSAAKY Ta
BUKOPHCTAHHS SIBUIA MTAPAMETPUIHOTO aCTaTU3MY JIJISl OTPUMAHHS PETyJIATopa MIBHIKOCTI 3
v =2; CHHTE3 MOJIHOMIaJbHUM METOJOM PETYJSATOpPA IMBUIKOCTI 3 aCTaTU3MOM IEPIIOTO
MOPSIIKY Ta MOOy/I0Ba Ha MOTO OCHOBI METOJIOM CHCTEM IIIMOPSIAKOBAHOTO PETYITIOBAHHS
JIBOKPATHO-IHTErpyto4oi (v, =V, =2) CHCTeMH; ONTUMI3aLlis AOCIIKYBaJIbHAX CHCTEM 3

v =2 METOJIOM JiarpaM SIKOCTI KepyBaHHS 3a KpUTEpiEM MaKCUMalIbHOI JOOPOTHOCTI Ta
3amacy CTiKOCTi.

Ha mnpuxmani JBOMacoBOTO YacTOTHO-KEPOBAHOTO ACHHXPOHHOTO EJEKTPOIPHUBOJIA,
NpPAIIOI0Yoro Ha CHAJAIoYidl  JAUISHII — HEeMiHIKHOI  XapaKTepUCTHKH HaBaHTaKEHHS,
peari30BaHUi KOMITJIEKCHHH MIIX1 3 TTOKPAIICHHS TUHAMIYHUX XapaKTePUCTUK, 3aCHOBAHUM
Ha TIOCTAallHOMY BHMKOPHCTAaHHI METOIB MOJIHOMIANbHUX PIBHAHb Ta JiarpaMm sIKOCTI
KEpyBaHHS.

Jlirepatypa
1. Mutken4 B. I'. /lunaMuKa TpeXKpaTHOMHTETPUPYIOMIECH CUCTEMBI TIOTIMHCHHOTO PETYINPOBAHUS
npuBoja nmoctosuHoro Toka / B. I'. Mutkesuy, E. A. Ilepazoga, A. I1. llemiaros. / DnekTpudecTBo. —
1981. - C. 26-31.
2. Kpynosuu B. U. CrpaBoyHHMK 1O NMPOSKTHPOBAHUIO aBTOMATH3UPOBAHHOTO 3JIEKTPONPHBOJA H
CUCTEM YIIpaBJICHUS TexHojorumueckumu mpoueccamu / B. WM. Kpymosuu, 0. I'. BapwiOum,
M. JI. Camogep., 1982. — (Oueprousnar).
3. Akumo JI. B. CuHTe3 acTaTiuecKoro peryisTopa CKOpOCTH Ul CHCTEMBbI BEKTOPHOTO YIIPABICHUS
OJTHOMACCOBBIM aCHHXPOHHBIM DJIEKTPOIIPUBOJAOM C HeNWHeHHoW Harpyskoi / JI. B. Axumos,
. I'. JIutBurenko. // HaykoBi mpami "/[0HEIIbKOTO HaIliOHAIHHOTO TEXHIYHOTO YHIBEPCHTETY' Cepis
"EnextpoTexnika Ta enepreruka’. —2011. — Nel1. — C. 16-23.
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YUCJEHHOE MOJAEJIMPOBAHUME 3BOJJIIOIIUA
YAJIMHEHHBIX BUXPEBBIX CTPYKTYP
Awmypos A.B., bpazanyk 10.B. x.¢.-m.H, EBiokumos /I.B.
Hnenpoeckuil nayuonanohwvlli ynueepcumem umenu Onecs I'onuapa

BuxpeBbie TeYeHHUs SIBIISIOTCS OCHOBHOM (POpMOI TEeUeHHs >KUIAKOCTH, HAOIIOIAeMON B
OKpYJKarollled MPUPOJHOM Cpelie M WCIOJIb3YeMOH B MPOHM3BOJCTBEHHBIX TEXHOJIOTUSX M Ha
TpaHcropte. HeoOxomumocTs  3¢d¢dexkTHBHOrO  pacuera MOAOOHOrO  poja  TEUYCHHIA,
BCTPEYAIONIUXCS B MHOTOYMCIICHHBIX TPHIOKCHUSAX, JEJAeT BEChMa aKTyallbHOW pPa3paboOTKy
METOZIOB YHCJICHHOTO MOJEIHPOBAHUS PAa3HOOOPA3HBIX BUXPEBBIX O00BEKTOB. B 3amauax
BHEIIHETO  OOTEKaHMsA, KOTOPBIE  COCTAaBIAIOT  3HAYUTENBHYI0  YacTh  COBPEMEHHOM
THIPOAa3pPOJMHAMUKY, 3aBUXPEHHOCTh, KaK MPAaBHJIO, JOKAJIH3YETCS B TaK HA3bIBAEMBIX JOHHBIX
obmacTsax 3a Heyo000OTeKaeMbIMU TEJIaMU M B BHXPEBBIX CJelax, IMPH 3TOM IOCIIEAHUE SBHO
OTHOCATCS K YAJUHEHHBIM BHUXPEBBIM CTPYKTypaM. B coBpeMeHHOIl BBIYHCIUTEIHHON
THIPOMEXaHUKE BHXPEBBIE CIEABl YacTO MOJCTUPYIOT BHXPEBOW TMEJIEHOW, TO €CTb,
ACHMIITOTUYECKU TOHKOHW BHXPEBOW CTPYKTYPOH, C MOCIEAYIOIINM YHACICHHBIM MOJICITUPOBAHHEM
BUXPEBBIMH METOJIaMH, Yallleé BCETO METOJIOM JUCKPETHBIX BHXpell. Kak M3BECTHO, OCHOBHBIE
YHCJICHHBIE METOJbl COBPEMEHHOW BBIYMCIUTEIFHON THIPOMEXAaHHKH — METOJAbl KOHEYHBIX
JJIEMEHTOB M KOHEYHBIX PAa3HOCTEH — IUIOXO MPUCIOCOOJICHBI IS pacueTa JIOKaTM30BaHHBIX
3pPEeKTOB, TOCKOJIBKY HEH30€KHO «pa3Ma3blBAlOT» JIOKaJIbHBIH 3(dekTr Ha HECKOIbKO
ONU3IeXKaUX Pa3HOCTHBIX SUEEK WM KOHEYHBIX 3JIEMEHTOB, MOSTOMY B 3aJadax 3BOJIOIHU
BUXPEBOU MENEHBI MPEANOYTeHNE OTAAETCS METOJaM TEOPUH MOTEHIMala, KOTOPHhIE IMOJHOCTHIO
COXPAHSIOT CBOMCTBA JIOKAJTM30BAHHBIX 00BEKTOB. O/IHAKO B PEATbHBIX TEUCHUAX JJaKe 1aJIE€KO OT
TBEPJBIX TPaHMUIl MPOABIAIOTCA  d((EKTh  BI3KOCTH, BIMSAHHE KOTOPBIX  0OpaTHO
mporopImonanbHo gucity Pefinonmbaca (3ddexTuBHOMY unciny PeiiHonbaca s TypOyJIeHTHOTO
TEYEHUs), YTO OYEBHIHO M3 00e3pa3MepeHHoro Bujaa ypaBHeHmid Haebe-Crokca (PeiiHombca).
[TosToMy, KOrja pedb HAET O TOHKOM CIIe/ie, BHXPEBOM CIIO€ U T.O., Oojiee TOYHBIM, YeM
ACHMIITOTUYECKH TOHKAasi BUXpEBasi IEJCHA, NPEACTABICHUEM IIOJISI 3aBUXPEHHOCTU SIBISICTCS
HEaCHMIITOTUYECKH TOHKas BUXpEBas CTPYKTypa. Bompoc o0 mnpuMEHMMOCTH sl aHain3a
ABOJIIOIIMM TOHKOH BHXPEBOH CTPYKTYpPBI METOJA TUCKPETHBIX BHXPEH MM JAPYTHX BUXPEBBIX
METOIOB TPE/ICTABIISETCS BEChbMa HETPHUBHAIBHBIM M COCTABIISIET OCHOBHOM MpEeAMET HACTOSIIEeH
pabotbl. B kauecTBe MOJeNpHON 3a/1a4M JAJIsl aHAJIM3A SBOJIIOLUH ONKCAHHBIX BBIIIE BUXPEBBIX
CTPYKTYp BbIOpaHa 3a/1a4a 00 3BOJIIOLUH YATHHEHHONH BUXPEBOI CTPYKTYPBHI.

Bo Bpems NBMKEHHS TOHKHMX BUXPEBBIX CJIEOB HEPEAKO HaOIIOMaeTCs HEYCTOHYHMBOCTH
TaKOBBIX (PEeUb HJET O KAUECTBEHHON HEyCTOWYMBOCTH, @ HE HEYCTOWIMBOCTH B MATEMAaTHUYECKOM
cMbiciie 1o JIAMyHOBY), KOTOpBIE XapaKTEPHU3YIOTCS 3HAYUTEIbHBIM M3MEHEHHEM (DOpMBbI cliesia
BIUIOTH JIO €T0 paclaja Ha OTJeNIbHbIE BUXPEBbIC CTPYKTYphl. Buxpepas neneHa, MojaenupyemMas
JTUCKPETHBIMH ~ BUXPSIMHA WM JPYTMMH JIaTPaH)XEBBIMH ~ OOBEKTaMH, TaKKe HEepPEIKO
JEMOHCTPHPYET HEYCTOHMYMBOCTH (3€Ch WJAET pedb, pa3yMeeTcs, O BBIYUCIUTEILHOU
HEYCTOWYMBOCTH). BOmpoc O COOTBETCTBUM MEXaHM3MOB HEYCTOMYMBOCTH ClieJ]la U BUXPEBOU
MeJIeHbl €Ile HE pa3pelleH HauIeKalluM o0pa3oM, HECMOTps Ha MHOTOYHCICHHBIC
UCCIIeIOBaHMA. Y UIMHEHHAs BUXPEBas CTPYKTYpa, HACKOJIBKO H3BECTHO aBTOPAaM HACTOAIICH
paboTh, B MOJOOHOM KauecTBE €Ile HE HCIIOJIb30Bajach. B cilydae TOHKOH, HO KOHEYHOM
TOJIIIMHBI BUXPEBOU CTPYKTYPBI, MOJICTUPYEMON AUCKPETHBIMH BUXPSAMH, ITOCIEIHNE HEN30€KHO
OKa3bIBAIOTCSI Ha MAJIBIX PACCTOSHHAX JAPYT OT JAPyra, 4TO NMPHBOAMT K HE(PHU3UYHO OOJIBIINM
CKOpPOCTSIM B TOYKaxX pAacIOJIOKEHHS IUCKPETHbIX BUXpei. To ecTh, JUCKPETHOBUXPEBBIE
CHCTEMBl JIEMOHCTPHPYIOT HEKOPPEKTHBIM pa3jieT BUXPEH WU YTO TO KE CaMoe, W3JIHUIIHIOI
CXEMHYIO BSI3KOCTh. B KJIaCCMYECKOW TEOpUH METOJla JUCKPETHBIX BHXPEH B TaKOW CHTyalluU
pPEKOMEHIOBaHa PEryJsipu3alys Mol ckopocteil. OIHAKO peryaspu3anus 3T0 TOXKe MpoIeaypa,
HopoXxaaomas Hecrenupuyeckyro cxemuyio auddysuro. ITosromy Bompoc o NpUMEHEHHH
METOZa JWUCKPETHBIX BHUXpEHl K paccMaTpuBaeMOMy Kjaccy 3ajiad BBI3BIBAET OMpEACICHHBIC
COMHEHHMA. B KauecTBe anbTepHATHBBI PACCMAaTPUBACTCS METOA KOHTYPHOU JAWHAMHKH, KOTOpas,
npasaa, TpedyeT HaMHOTO OOJIBIINX 3aTPaT pecypcoB KommbioTepa. OMUCaHHBIE BBIIIE TOAXO/bI
ObUIN TPOUJUTIOCTPUPOBAHBI HECKOJIBKUMH NIPHUMEPAMHU TECTOBBIX PACUYETOB.
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KOMIT'IOTEPHE MOJAEJIFOBAHHS OCBITJIEHOCTI 3D
BIPTYAJIBHUX CHEH B PEAJIBHOMY PEKUMI YACY
be3y6 B.M., aciipant
HMemAY, /[ninpo

Jnst SKICHOTO CHPUHHATTSA BIPTYadbHOTO CEPEOBHINA, IO BI3yami3yeThCs ITyKE
Ba)YXJIMBA HASBHICTh B TAKOMY cepeloBuUIll TiHed. HuHI HaWOUIbII MOMYISPHUMH 1 IIUPOKO
BUKOPHCTOBYBAaHUMH BBa)KAIOTHCS 1BA METOAM MOJEIIOBAHHS TiHEH B TPUBUMIPHHX CIICHAX:
"TiHpoBi 00'emu" (shadow volumes) i MeTos, rpyHTOBaHUI Ha BUKOPUCTAHHI “TIHBOBUX KapT”
(shadow maps).

Meton '"TiHbOBUX 00'eMiB" TpyHTyeThCS Ha TOOYIOBI Ui KOXKHOI MapH, IO
CKJIAJIA€EThCS 3 JDKEpena CBITMa 1 00'€KTy BIpTyabHOI CIIEHH TTPOCTOPOBOI BIrypH, ycepeanHi
SIKOT OCBITJICHHSI BiJl JDKEpena, [0 BXOJAUTH B Tapy, BIICYTHE 3aBISKH TOMY, IO 1 007acTh
CIIEHU 3aKpHUTa JJaHUM O0'€KTOM BiJl TOTIAAaHHS B HET MPAMUX TIPOMEHIB.

ANTOpUTM MOJIENIOBAHHS TiHEH 3a JTOTIOMOTOI0 “TIHBOBHX KapT’ CKIAJAE€THCSA 3 JIBOX
KPOKIB:

1) pobutscst ¢opmyBanHs Oydepa rmmOMHM BipTyaJabHOI CLEHH 3 MO3MIII pKepera
ceitna. lleit Oydep 30epiraeTbcsi y BUIIISAAI TEKCTYpH CIeiaIbHOTO (opMaTry B rpaiariisx
ciporo, sIKy NpUIHATO Ha3UBATH “‘TIHHOBOIO KAPTOIO™;

2) BigOyBaeTbes Bizyamizaiis 00'€KTiB ClieHH 3 To3ullii croctepirada. [Ipu npomy st
KO’KHOT1 BUJMMOI TOYKH KOXKHOTO OO0'€KTY BHKOHYETBCS CrelianbHUi TecT riaunOunu. Came,
SKIIO0 TIMOWHA JaHOI TOYKHM BIAHOCHO JDKEpeNna CBiT/ia OUIbIe BiAMOBITHOTO 3HAYCHHS
TIHOWHHY, y35TOTO 3 “TIHBOBOI KapTH™, TO I TOYKA 3HAXOIUTHCS B TiHI; SIKIIO XK I 3HAYCHHS
MPUOJIM3HO PiBHI, TO TOUKA BBAKAETHCS OCBITICHOO JHKEPETIOM CBITJIA.

[IpoBeneHe KoOMIT'IOTEpHE MOMAENIOBAHHS BHUIICHA3BAaHUX METOJIB  MPAKTUYHO
MIATBEPAMIO OCHOBHUH 1 CEpHO3HMM HENOMIK MeToay '"TiHbOBHUX 00'emiB": Horo
€KCTIOHCHITIAIbHY 3aJISKHICTh BiJ CKJIAJIHOCTI reoMeTpii cuieHu. Llelt Hepomik He € TOMITHUM
y TPOCTUX CLEHax, aje B CKIaJHUX 1 00'€eMHHMX BIPTyaJIbHUX MpOCTOpax 3 OaraTtbma
o0'ekTaMU Yac PO3PaxyHKIB JII MOJCIIOBAHHS TIHEH CTa€ KPUTUYHUM TPU BHUKOHAHHI
ITOPUTMY B PEAIbHOMY PEKUMI Yacy.

B naniii g0omoBimi MPOMOHYETHCS BUKOPUCTOBATH METOJ “TIHBOBUX KapT’, IS SIKOTO
MOJICIIIOBAHHS IMIITBEPAMIIO BIJCYTHICTh NPAMOi 3aJ€KHOCTI Yacy MOJENIOBaHHS BiJ
CKJIAJTHOCTI TeoMeTpii crieHu. MeToJ MOoKe YCIIIIHO 3aCTOCOBYETHCS B PEKHUMI PEaTbHOTO
yacy JUIsd Bi3yai3allii CKJIaJHUX CIEH.

MopemtoBaHHs 3A1MCHIOBAJIOCH 3acobamu makety Octave 3 BHKOPHCTaHHSIM MOJYIIB,
po3po0bienux Ha MoBi C++.

Jlirepatypa
1. Mark J. Kilgard. Shadow mapping with today’s OpenGL hardware. Technical report, CEDEC,
2001.
2. Bopeckos A.B. IlocTpoeHue TeHEH Mpu MOMOIIH TeHEBBIX KapT (shadow maps).
http://www.steps3d.narod.ru/tutorials/shadow-maps-tutorial.html

43



BCTAHOBJIEHHSI AHAJIITHYHOI 3AJTEXKHOCTI MIJK BXITHUMH TA
BUXIJTHUMU JAHUMHU B MOJIEJII <t4H4OPHA CKPUHS»
boiiko JI. T. k.¢b.-m.H., KoHOHYYK A. A. MaricTpaHT
Jninpoecvruii nayionanonuil yHieepcumem imeni Onecs I onuapa
Mopenb «4opHa CKpHUHS» BUKOPUCTOBYIOTH JJISI BUBUEHHS pealbHUX 00’€KTIB, B SKHX
BIIOMUMH € JIMIIE JBI MHOKMHH: BXIIHUX Ta BUXIIHUX MaHUX. BHYTpimiHI mpoiecH, Mo
B1IOYBAlOTHCS B «YOPHIM CKPHHI» 1 MEPETBOPIOIOTh BXiAHI JIaHI y BUXIJIHI, € HEBITOMUMHU.
CraBuMo 3amayy — moOyIyBaTH MaTeMaTHYHY MOJENb, 3a JOMOMOTOI SKOi MOKHA
HaOIMKEHO BCTAHOBUTHA AaHAJIITAYHHAN 3B'I30K MIDK BXIAHUMH 1 BHUXITHAMH IaHUMH
peanbHOTO TIporiecy. Taky Moens HA3UBATUMEMO «IIPOTHOZHOIOY.
KinpkicTh BXiIHUX Ta BUXITHUX JaHUX 3QJICKUTH Bl KOHKPETHOTO PEATBHOTO MPOIIECY.

Jliist poCTOTH PO3IIISIHYTO BUMAIOK, KOJM HA BXIJI MIOJAETLCS JIEKUIbKA AHUX d,, j =2,n, &
BUXITHUN pe3ynabTaT b nume oauH (puc. 1). Ilpupoma mmx maHux HeBaxiuBa. Bimowmi
MPOMIKKH, 110 SKMX HaleXath i Jani: a; €[a,,B,], j=2,n; be[y,d].

- Peanvnuii npoyec
a, — (Peanvnuii 06’°cxkm) —>b
N «4OPHA CKPUHA)

Pucynox 1 — Monens «40opHa CKpUHSDY

[Tim MaTeMaTHYHOIO MOCIIIIO PEAThbHOTO MPOIECY PO3YMIEMO aHATITHYHY 3aJICKHICTh
b= f(a,,a,,...,a,), ne yskuisa f(a,,a,,...,a,) € HEBIOMOIO.

Jlst chopMyTbOBaHOT MOJIETT aKTyaTbHUMU € TaKi 3a/1a4i:

— pO3pOOUTH aNTOPUTM MOOYAOBU MPOTHO3HOI MATEMATHYHOT MOEITI;

— 3HAIOYM MPOTHO3HY MOJENIb, MOKHA JUIS PEATBHOTO MPOIeCy MO BiJOMHUX Ha BXOi
CUTHANAX a;, j =2,_n, n>?2 mependadunTu pe3ynbrar b (mpsma 3amada), abo MO BiIOMOMY

pe3yibpTaTy b BU3HAYUTH HEBIIOMI BXIJHI CHUTHAJIA a;, j=2n, SK1 TPUBOJATH IO IHOTO

pe3ynbTaTy (0OepHeHa 3a/1a4a).

L1i 3ama4i € HEKOPEKTHUMH 3a Axamapom. [l X po3B’si3yBaHHS BHUKOPUCTOBYBABCS
Meron perymsipusaitii TuxonoBa [1]. Po3poOneHo mporpamMHuii NMPOAYKT, SIKHHA JTO3BOJISE
OyayBaTH TPOTHO3HI MOJENi Yy BHIVIAAI JHIHHOrO, KBagpaTU4YHOro abo KyOiuyHOTrO
anreOpaiYHOr0 MHOTOYJICHA.

[IpaBuibHICTE POOOTH TPOTPaAMHOTO MPOAYKTY TIepeBipeHa Ha TPbOX TECTOBHX
npukiagax. B Ko)KHOMY MpUKIami ajis moOyIoBH MPOTHO3HOT Mojem Oysa MiJroToBJIeHA
BuOipka 13 60 enemenTiB. EnemMeHTOM BUOIpKH BBaXKalIUCA YUCHA d,,d,,...,d, , IKI BUIIAIKOBO

¢ikcyBamucs Ha Bigpi3ky [0;1] 1 ski po3rasaanucs SK BXiHI CUTHAJIM B YOPHY CKpHHIO. B
TECTOBUX IpUKIanax QyHkuis f(a,,a,,...,a,) (peaabHa MOJENb) BBAXKaIach BiIOMOIO, TOMY

uepe3 10o0yti koedinientn a; €[0;1], j =2,n  OGUHCIIOBAaBCS pesyasTar b. Ilo nBamusaru

eneMeHTax BHOIpkH OymyBajacsi MPOrHO3HA MOJIEIh PeaJbHOTO TPOIECy, a 1HII COPOK
€JIEMEHTIB BUKOPHCTOBYBAIMCS JJIS 11 MEPEBIPKH.

Jlireparypa
1. TuxonoB A.H. Metoasl perienus HekoppekTHbix 3amad/ A.H. Tuxonor, B.SI. Apcenun. — M.:
Hayxa, 1979. — 288c.
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MATEMATHYECKOE U YUCJIEHHOE MOJIEJIMPOBAHUE
I'MAPOANHAMUNYECKUX DOPPEKTOB ®A30BBIX ITEPEXO/10B
IPU MY3bIPBKOBOM KUITEHUU
bpazanyk 10.B. x.¢.-m.H., ['youn A.U. k.1.1H., Juauackas E.O., EBqokumos 1.B.
J[nenposckuii HayuonanvHwil yHueepcumem umenu Oneca [ onuapa

[Ty3bIpbKOBOE KHIIEHUE SBJISETCSI OCHOBOH MHOTOYHCIIEHHBIX TEXHOJIOTHYECKUX TPOLIECCOB
B PA3JIMYHBIX OTPACISIX MPOMBIIIJICHHOCTH, HO, B TIEPBYIO OY€pe/lb, IPOLIECCOB I'eHEPALNH TTapa B
TEIUTOBOM M aTOMHOM HEpPreTukh. B cumiry 3TOr0 00CTOSTENHCTBA pa3paboTKa MaTeMAaTHYECKUX
MoJeleii M METONOB YHCICHHOTO pacyeTa pacCMaTpHBAaEMOro IMpoIecca IMpeaCcTaBIseTCs
UCKITIOYUTENIbHO aKkTyanpHOW. Jlnsg Ooiee MOMHOrO ¥ TOYHOTO aHalIM3a HEOOXOIUMO
paccMaTpuBaTh KUIIEHHE HAa YPOBHE PACTYIIUX MAapOBBIX ITy3bIPHKOB, Ka)Iblii M3 KOTOPBIX
YUYBCTBYET B CJIO)KHOM IIPOIIECCE TEIIIOMAacCOOOMEHa ¢ XKHUIKO# (a3oii. bonee Toro, KaxapIil u3
MYy3bIPHKOB, BIHSET Ha MOJIE TEMIIEPATyP B CBOCH OKPECTHOCTH M TEM CaMbIM M3MEHSIET YCIOBUS
TETIIOMacCOOOMEHa Ha MOBEPXHOCTH OJU3JICKANIUX MY3bIPEKOB. DTOT AP PEKT MOTydnT Ha3BaHHE
TETIOBOTO B3aMMOJICHCTBUSL Iy3BIPHKOB TpPU KuleHWH. [Ipu KHUIMEHWM mNapoBbIE MYy3BIPHKH
COXPAHSIFOT CBOIO TE€OMETPUIECKYIO (GOopMy — CPepHIecKyro I 0ObEMHOTO KHIICHUS U (Gopmy
YCEYeHHOW cdepsl MpU POCTe MapOBOTO Iy3bIpbKa Ha HarpemBaTeie, — HO W3MEHSIOT CBOM
reomerpuueckuii pasmep. IlockonbKy (OpMBI My3BIPHKOB BO BCE BpEeMs KHUIICHHS OCTaHETCS
TreMOTETUYHBIMHU APYT IPYTY, TAKOW PEXUM POCTa MOy Ha3BaHWE ToMoTeTHIHOTo. [Ipn pocte
Ny3bIpbKa €ro TpaHuIla TPOJBUTACTCS BHYTPb JKHAKOCTH, BBI3bIBAas, COOTBETCTBEHHO
nepeMeleHne MacC JKUAKOCTH B pPagualibHOM HampaBleHUH. B mepBoM NpHOIMKEHUU
paIualbHyl0 CKOPOCTh MOXKHO CUMTATh MOCTOSIHHOW IO MOBEPXHOCTH ITy3BIPbKa, XOTSI, CTPOTO
TOBOpsl TEIUIOBbIC TIOTOKM Ha 3TOM IMOBEPXHOCTH HEPAaBHOMEpHBIC, HO 3Ta HEPaBHOMEPHOCTbH
NPOTOPLUUOHANBHA TPAJUCHTY TEMIepaTypbl B LEHTPE Iy3bIpbKa B MPEINOJIOKECHUU, UYTO
Ny3bIpEK TaM OTCYTCTBYET, W JUAMETPy Iy3bIpbKa, KOTOPBIA JOCTATOYHO Mall, MO3TOMY
yKa3aHHON HEpPaBHOMEPHOCTHIO MOXHO TpeHeOpeub. CienyeT OTMETHTh 4YTO CKOPOCTH B
paccMaTpUBaeMOM TEYEHHH BeChbMa HEBEIUKH, a BO BCTPEYHOM TEUCHHM JKUAKOCTH,
KOMIIEHCHPYIOIIIEM ee pacxo] B mporiecce (a3oBoro mepexonaa, ¥ Toro Meselie. Boznukatoriee
TakKUM 00pa3oM TEUeHHUE J>KUIKOCTH Ha3bIBACTCS THUAPOJAMHAMUYECKUM JPGPEKToM (Pa30BOTO
nepexona uian teueHneM Credana. Teuenne Credana crmocoOHO yBIeYh MapOBBIC My3BIPHKU H
U3MEHHTh HMX B3aMMHOE pACIOJIOKEHHE, YTO COCTaBISIET CYTh THUAPOJUHAMHYECKOTO
B3aUMO/ICHCTBUS P OOBEMHOM KHIICHUH.

B nopaBnsitonieM  OONBIIMHCTBE CIydaeB OOBEMHOTO KHUIIGHHUSI W HEPEAKO IPH
My3bIPKOBOM KHIICHHHM Ha HarpeBaTeld MpOIECC POCTa MAapOBBIX MY3bIPHKOB OKa3bIBACTCS
JIOCTAaTOYHO MEJICHHBIM, TO €CTh, IIPOUCXOAUT TpH uuciax Credana meHbpme 1. DTo 03HAUYaeT,
YTO JJIs1 KOJIMYECTBEHHOTO aHajiM3a pacCMaTpUBAEMOTO IPOLECCa MOXET OBITh IMPHMEHEHa
ACHMIITOTHYECKash MaTeMaTHYeCKasi MOJIENIb MEJICHHOTo (a30BOTO Mepexoja, paspaboTaHHas B
npeapIAyIuX paboTax aBTOPOB ISl MEUICHHBIX (Da30BBIX MEPEXO00B, ONMHCHIBAEMBIX 3a/1adyei
Credana. B nactosmeii ke paboTe TOT e MOAXOA MPUMEHEH K 3a7adye TOMOTETHYHOTO POCTa.
OcHOBHast uaes AacCHMOTOTHYECKOTO IIOAXOJa K 3ajade O MeIeHHOM (a3oBoM mepexone
3aKJII0YAaeTCsl B TPEACTABICHUHM pEUICHUsT B BUae psaga mno uuciy CredaHa Kak Maaomy
napameTpy, ¢ TMOCJIEAYIOUIMM MPeoOpa30BaHUEM HCXOIHON KpaeBOH 3aladyd MapadoIHYecKoro
TUMAa K TOCJIEJOBAaTEIIbHOCTH KpPaeBbIX 3ajad JIUIMITHYECKOro Tuma W 3aaayn Kommwm s
OOBIKHOBEHHOTO UG (EPEHIMATBHOTO YPaBHEHHSI, OIMCBHIBAIONIETO IEPEMEIICHUE TPAHUIIBI
¢azoBoro nepexonaa. He octanaBnuBasich Ha MOJPOOHOCTSX JATbHEHINIEr0 PEIICHUS] TOTYYSHHBIX
KpaeBbIX 337ad METOJOM T'PAHUYHBIX 3JEMEHTOB, OTMETUM TOJIBKO, YTO JUII TOMOTETHYHOIO
pocra 3amaua Ko oka3piBaeTcsi HAMHOTO Tpoliie, yeM i 3aaaun CredaHna, a 3TO O3HAYaeT U
CYIIECTBEHHOE YIPOINEHHE MEPECTPOHKH pPAaCUETHBIX I'PAaHUYHOIIEMEHTHBIX CETOK Ha KaKIOM
mare Mo BpeMeHH. Bo BceX NpOBENEHHBIX pacueTax YYWTHIBAINCH HYJIEBOE MPUOIMKEHHUE
(mpubnmxenne JleitOeH30HA) WM HyJEBOE M TIEPBOE NPHUOIIKEHUS B ACHMITOTHYECKOM
paznoxxkenun mo uucny Credana. [mmpoamHamuyeckas cuia, ACUCTBYIONIAs HA MYy3BIPBKH,
oTpeeNsiiach 0 U3BECTHOW MOJTYIMIIUPHUYECKON (POpMyIie, a COOTBETCTBYIoIIHE 3a1aun Koy,
OIMCHIBAIONINE ABIKEHHE MY3bIPhKOB, PEIIAINCH 110 CXeMe Diiepa.
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MATEMATHYECKUE MOJAEJIA 3ATPA3HEHUSA
I'PYHTOB UTPYHTOBBIX BO/JI
Bbpazanyk 10.B. k.¢.-m.H., [epuii B.C., EBnokumos /I.B.
Hnenpoeckuil nayuonanohwvlli ynueepcumem umenu Onecs I'onuapa

[Tpobnema aHTPOMOTEHHOTO 3arpsi3HEHHS OKPY)KAIOLIEH cpelbl B HACTOSIIEE BpEMs
SIBIISIETCS OJTHOM M3 HauOoJiee cephe3HbIX MPOOIIEM, CTOSIIUX Mepe]] YeaoBedecTBoM. U B pamkax
3TOH 001Iel MPOOJIEeMbI BOIIPOCHI 3arpsi3HEHUSI TPYHTOB U TPYHTOBBIX BOJI 3aHUMAET JOCTATOYHO
BakHOe MecTo. [IpoOieMa 3arps3HEHUs] TPYHTOB MPEICTABISCTCS «IIPAKTHUECKH BEYHOIY,
MIOCKOJIBKY HCKYCCTBEHHO YAQJSATh 3arpsA3HEHUs] W3 TPyHTa HEBO3MOXKHO B TPHHLUIE, a
COOTBETCTBYIOIIIME MEXaHU3Mbl YMEHBIICHHUS 3arps3HEHHS TPYHTOB MAJOMOIIHBI M OYEHb
MeIeHHbl. Takum o0pa3oM, 3arpsi3HEHHE TPYHTOB OKa3bIBAETCS BECbMa JOJITOBPEMEHHBIM IIO
CBOEMY HETaTHBHOMY BO3JICHCTBHIO, KOTOpOE CKa3bIBA€TCs, NpEXKIE BCEro, Ha KadecTBE
MIPOIYKTOB 3€MJIEJICNINS ¥ KaYeCTBE BOJIBI B apTE3MAHCKHUX BOJ03a00pax, a 3HaU€HUE MOCIEIHUX B
HACTOSIIIEE BPEMS BO3PACTAET B CBA3UM C HEXBATKOM BBICOKOKAYECTBEHHOW MPECHON BOABI W3
MOBEPXHOCTHBIX HMCTOYHHUKOB. [lepeunciieHHble BbImIe (AKThl ONPEACITSIOT aKTYaJIbHOCTh
pa3pabOTKH YTOYHEHHBIX MAaTEMAaTHYECKUX MOJEICH MpPOIECCOB 3arps3HEHUs] TPYHTOB H
TPYHTOBBIX BOJI C MOCJEIYIOLICH afanTtaiueld CyIeCcTBYIONIMX U CO3IaHMEM HOBBIX aJTOPUTMOB
pacueTra C UENbI0 JIOJTOBPEMEHHOTO M KPAaTKOBPEMEHHOTO MPOTHO3a 3arps3HEHHs TPYHTOB H
KayecTBa TPYHTOBBIX BOJI.

Knaccnueckas Teopust 3arps3HEHHS TPYHTOB W TPYHTOBBIX BOJ IMPEIIOiaraer, 4ro
M3HAYaIbHO B TPYHTOBBIE BOJIBI HEKOTOPHIM ITyTeM (YTEUKH U3 TPYOOIIPOBOIOB, CIIMBHI, BHECCHHE
ynoOpeHuii Tpu 3eMiIeNeTbYeCKHX padoTax) BHECEHA OIpeNejeHHas BOJOPAcTBOPUMAS
cyOcTaHIMsA, KOTOpasl 3aTeM TMOABEpPraeTcsl TPEM MpoIleccaM MaccollepeHoca M MaccooOMeHa:
KOHBEKTHBHBIN TIEPEHOC (MIBTPAIIMOHHBIM TeueHHeM, nuddy3us, copOIus TBEPAbIM KapKacoM
nopuctoid cpeapl. Ilpm »3TOM  KO3puUUMeHTH  (unabTpanuu, auddy3un U copouHMu
MPE/IIONIaraloTCs U3BECTHBIMH M3 dKcriepuMenTa. OJTHaKO, BCE MPUBEICHHBIC BBIIIC MOJOXKCHHUS
OTHOCATCS. K HJCATM3UPOBAHHOW TIOPHCTOW Cpejie, OMUChIBaeMOl 3akoHoM Jlapcu U
MPE/IIONI0KEHUEM O TMOJHON OJTHOPOJHOCTH MOPUCTOCTH. B peasbHBIX ke MOPUCTHIX cpenax, K
KOTOPBIM OTHOCSITCSI TPYHTBI, Ja)ke TOBOPHUTh 00 HICaTbHOCTH CBOWMCTB CpEIbl B Mpoleccax
MacconepeHoca U MaccooOMeHa He MPUXOAWUTCS. Bo-mepBhIX, B peanbHBIX MOPHUCTHIX Cpenax
BMecTo Kodpdummenta auddy3un cienyeT HCMoib30BaTh  A(M(OEKTHBHBIN  KOAIPDUITMCHT
¢ y3un, TTOCKOIBKY B PEaTbHOW MOPHUCTOW Cpele Ha MHKPOYPOBHE, TO €CTh, B MaciiTade,
OXBATHIBAIOIIEM HECKOJIBKO COOOMIAIOMINXCA IMOp W KaMWUIIPOB, NPOUCXOAAT IyJIbCALUU
CKOpPOCTH (DMIIBTPALIMOHHOTO TEYCHHUSI, BEI3BAHHBIC CTOXACTUYECKUM XapaKTepOM MHOTroo0OpasHa,
Ha KOTOPOM OIpe/eieHa CKOPOCThb, a NPU HAIWYMHM TPATUCHTA KOHICHTPALUU MEPEHOCUMOU
CyOCTaHLIMM TYJbCAllMM CKOPOCTH BBI3BIBAIOT 3PdeKT, moaodHbt auddysun. Bo-BTophix,
TEOpHsI MOPUCTHIX CPEJl, UCIIOIb3yeMasl B KIIACCUYECKUX MOJIENSAX (DUIBTPALIUU, PA3JENseT MOPHI
Ha JIBe KaTErOPUH: aKTUBHBIC W MMACCHBHBIC, IPU 3TOM B MEPBBIX MPOUCXOIUT (HUIBTPALIMOHHOE
TEYEHHE, a BTOPbIC H30JIMPOBaHbI OT Hero. OHAKO, B PeabHBIX MOPUCTBIX CPelaX HEPEIKH IMOPHI
U KaoWwuUIAphl, COOOIIAIOMIMECS C OCHOBHBIM TOJIEM (MIBTPAMOHHOTO TEUCHHS Yepe3 OJHO
OTBEPCTHE M HE HMMEIOIINE JPYroro BbIXojaa. IIOHATHO, YTO B TE€UEHHUE IUTEIHHOTO BPEMEHHU
MIPUCYTCTBHS 3arpsI3HEHUS TIOCIIEeHEE TPOHUKAET B TAKWE OTBETBIICHUS MU (Y3HOHHBIM ITyTEM U
OCTaeTcs TaM Ha 3HAYMTENFHOE BpeMs, IOKa €ro KOHLEHTpalus He OyJeT CYIIEeCTBEHHO
yYMEHbIIeHa Takxke Tu(y3noHHBIM myTeM. Kpome TOro, BO3MOXXKHBI MOPHCTBIE CPEbI, KapKac
KOTOPBIX COCTOUT M3 MOPUCTHIX MAaTEPUATIOB, C TOPa3A0 MEHBIICH MOPUCTOCTHIO, YeM OCHOBHAS
nopucrasi cpena. OcoOEHHO 3TO XapaKTepHO sl BEPXHUX CIIOEB IMOYBHI, I10O/IBEPTracMbIX
BO3/ICHICTBUIO MAaXOTHBIX TexHoJoruid. [lonanas B Masibie OPHI IIOTHOTO KapKaca, 3arpsi3HEHHE
JIBIDKETCS TaM C HAMHOTO MEHBIIECH CKOPOCTBIO, 2 MOXKET OKa3aThbCs U BOBCE COPOMPOBAHHBIM.
[Mocnennue nBa >ddekra MoNydynwsIv Ha3BaHUE TCEBIOCOPOIMH, MOCKOJBbKY JEHCTBYIOT OHHU
Mo00HO COpOILMH, HO C COBEPIIEHHO HHBIMH KOJMYECTBEHHBIMH MapaMeTpaMu. YKa3aHHBIC
BbIe 3(PQeKxTsl ObUTM yYTEHBI B YCOBEPIICHCTBOBAHHBIX, OOOOIICHHBIX MaTEeMAaTHYCCKUX
MOJICNIAX PACTIPOCTPAHEHUS M HAKOIJICHWS 3arpsi3HEHHH B TPYHTaX M TPYHTOBBIX BOJax.
B3auMHoe BimsHHE pazaUUHBIX 3PPEKTOB B paccMaTpUBAEMBIX Ipoleccax ObLIO HCCIIEIOBAHO
YHCICHHO HA MOJIEIBHBIX 33/1a4ax.
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HOBA 4D XAOTUYHA ®IHAHCOBA CUCTEMA 3 30BHIIIHIM 35YPEHHSM
I'opaienko B.O., binozsopos B.€. mpod. ta 1. ¢.-m. H.

Jlninposcokuu nayionanouuu yHieepcumem im. Q. I'onuapa, m. /[ninpo, Yxpaina

VY 2001 pomi, Yen Y.C. 3anpornoHyBaB HOBY JUHAMIYHY MOJeNb (PiHAHCOBOI CUCTEMHU
[1]. Monens omucyeThCsi TpUBUMIpHOKO cuctemoro (1), me x — TMpOIEeHTHa CTaBKa, y —
IHBECTUIIHHUI TONUT, z — iHAEKC IiH. [lomaTHi mapameTpu a — cyMa 3ao0laKeHb, b —
BUTPATH HA IHBECTHIIIl, ¢ — THYYKICTh TTOMUTY Ha pekiiaMmy. DaKkTopH, AKi BUKJIUKAIOTh 3MIHY
MPOIEHTHOI CTaBKA X, B OCHOBHOMY TIOB'sI3aHI 3 JBOMa AacleKTaMH: IHJIEKCOM IIiH 1
npo(iluTOM MiX I1HBECTUIIMHMM TIOMMMTOM 1 CYMOKO 3a0IIa/DKeHb. 3MiHAa CTaBKH
BU3HAYA€THCS CTABKOIO BUT'OJIH BiJ IHBECTHIIiH, 3BOPOTHUM 3B'SI3KOM 1HBECTULIIHHOTO MOIUTY
1 IPOIIEHTHOT CTaBKW. 3MiHA 1HJEKCY IIH Z KOHTPOIIOETHCS PEATHHOI MTPOIIEHTHOI CTABKOIO
1 1HIEKCOM IIiH.

ﬂ=Z+(y—a)x,d—y=1—by—x2,%=—x—cz (1)
dt dt dt

Honaroun 3MiHHY 10 (iHaHCOBOI cuctemHu (1), MOKHa OTpUMaTH HOBY AuHaMiuHy 4D
Xa0THUHY (IHAHCOBY cHcTeMy (2), e 3MiHHA u TO3Ha4ya€ BXiJ YIPaBIiHHSA 1 BTpY4aHHS B
€KOHOMIYHUH CTaH, 00 30aTaHCyBaTH €KOHOMIYHE CePEOBHIIIE.

@=z+(y—a)x,ﬁ=1—by—x2,£=—x—cz+du,ﬂ=—ku—mz—rx 2)
dt dt dt dt

MoxHa noBecTd, IO JUIs cucTeMH (2) iCHye TpaHMYHa OOMEXeHicTh 1 001acTh
I00aBbHOTO TSOKIHHS BIAMOBIAHO 10 Teopii crikikocti Jlsmynosa. Li pe3ynabTaTé KOpHUCHI
IpU OIHII po3MipHOCTI aTpakTopiB JlsmyHoBa, po3MipHOCTI arpakTopiB Xaycaopda, ans
YIPaBIIHHS Xa0COM 1 CHHXPOHI3aIlli Xaocy.

ATtpaktop cuctemu (2) 3 mapamerpamu a =0.9,6=0.2,c=0.9,d =1L,k=0.5m=1.1,r =1

i TOYATKOBHM CTAHOM (X, Yy, 2y, ) =(0,1,0.5,0) 300paskenuii Ha PucyHok 1

> 2w 7 = )
Pucynok 1 — Atpakrop HOBOi 4D xaoTnuHOi (hiHAHCOBOI CHCTEMH y Pi3HHUX IUIOMIMHAX
OTxe, B gaHiif poOOTI OTpUMaHa HOBA XaOTHYHA CUCTEMA, aTPAKTOP SAKO1 BIAPI3HAETHCS
BiJ1 aTpakTopiB y cTarTsax [1], [Ommuodka! McToOUYHUK cChIKM He HaiifeH.], [3].
Jlitreparypa
1. Ma Ix.X., Yen }O.C. [JocmimkeHHs TOMONOTIYHOI CTPYKTYpH OidypKarii Ta rmoGanbHui CKITaJHAN
XapakTep HemiHiiHOI ¢inaHcoBoi cucremu // [lpuknangna maTemaTHka i MexaHika, Bum. 22, Ne. 11.
2001.
2. bidbypkaris Xormda, MO3UTHBHO iHBapiaHTHUN HaOIp 1 (izwdHa peasizamisi HOBOi YOTHPUBUMIPHOI
rinepxaotuunoi ¢inancoBoi cucremu / G. Kai, W. Zhang, Z. C. Wei, J. F. Wang. / Maremarnuni
npobiemu B TexHimi. — 2017. — Ne2490580.
3. CunxpoHizaiis xaocy (GpiHaHCOBOI XaOTHYHOI CHCTEMH 3 30BHIIIHIMHU 30ypeHHsSMU. // JluckpeTHa
JUHaMiKa B IPUPOJI Ta cycmiybeTBi. — 2015. — No2490580. — C. 13.
4. Sxicue BuBueHHs 4D xaoTuunoi pinancoBoi cuctemu. // CxnamnicTh. — 2018, — Ne3789873.
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ONPEJIEJJEHUE HAYAJIBHBIX YCJIOBUM PABOYET O ITPOIIECCA
MEXAHUYECKOW CUCTEMBI
T'opobern J1.B. x.1.H.
HUncmumym mexnuueckou mexanuku HAHY u I'KAY

PaccmoTpen moaxon Mo OMNpeneNieHHI0 HaudajdbHBIX YCIOBHM 3aJaud Ha OCHOBE
YaCTUYHO M3BECTHBIX JAHHBIX O TOBEACHUH cucTeMbl. [Ipeamonaraercsi, YTO 3aKOHBI
(GYHKIIMOHUPOBAHMUS, CTPYKTYpa U apaMeTpPhl CUCTEMbI H3BECTHBI.

Tak kKak COBOKYIHOCThH JAaHHBIX IMPEICTABISET MHOTOMEPHYIO OOJACTh Pa3sHOPOIHBIX
JaHHBIX, 3a7a4y MPeUI0KEHO pellaTh C MCIONIb30BAHUEM N€HETHYECKOro alropuTMa, Iie B
KauecTBe TE€HOMOB BBIHECEHBbl BCE HEW3BECTHBbIE BEIICCTBEHHbIE BeNWYUHBL. lleneBas
(GYHKIUS TEHETUYECKOro alropuTMa B TaKOM CiIydae TMpeACTaBisieT CcOO0OM HEBS3KY
OTIENBbHBIX (PPArMEHTOB PEIICHUS CHUCTEMBI B IMPOCTPAHCTBEHHO-BPEMEHHOW 00JacTH K
VCTUHHBIM (M3BECTHBIM I10 YCIOBUSAM 33]1a4H ) 3HAYCHUSIM.

[IpemyioxkeHHBI MOAXO PAcCMOTPEH Ha NpUMEpe 3a7auyd IO BOCCTAHOBJICHHIO
HayaJbHBIX YCJIOBUH MEXAaHMYECKOM CHCTEMBI COCTOSIIIEHM U3 TpexX HeoOpaTuMo
nedopmupyembix Ten (cMm. Puc). Tlo ycloBusSIM WM3BECTHBI: MAacChl M YIMPYro-IUTACTUYECKUE
CBOMCTBA TeJ, HauaJlbHbIE NIBYX M3 TPEX TeEJ MOJOKEHUH, CTENEHb IMOBPEKICHUN IMOCIe
coymapeHuii, GakT o coymapeHHUH Tel U MECT MPOXOXKICHUS TelaMU MPOCTPAHCTBEHHBIX
TOYEK TMocie coyaapeHuil. B kadecTBe HEM3BECTHBIX HCKOMBIX JAaHHBIX BBICTYIAIOT
HavyaJbHbIE CKOPOCTH JIBYX U3 TPEX TEJl U HAYAJIbHOE MOJIOKEHUE OJTHOTO U3 TPeX.

m3 ml
i v3 I vl
ml, m2, m3 — Macc Ten

vl, v2 — HauanbHBIE CKOPOCTH Tl

=)
!

f f1, 2 — paxTe! cTONKHOBEHUS Tell
O\ pl, p2, p3 — HONOXEHUS TEM IIOCIIE CTOIKHOBEHUS
R4 ‘\ B IIPOM3BOJIBHEII MOMEHT BpeMeHH!
o7 \
A ®
S PLy
1 \

p3 ! 2 \

o P

s 4 |

’ v \

¥ ~N

PI/IcyHOK - I/ICXOI[HLIC JAaHHBIC 3a1a4un

Pemenne nanHOM 3amaun MOKa3ajao, 9TO OOJBIIOE BIMSHUE HA KOJIMYECTBO TeHEpaIUil
70 TIOMY4YEeHHs] HCKOMOIO pEIIeHHs OKa3bIBaeT MOAXO0J Mo (OPMUPOBAHUIO B I1EIE€BOU
(YHKIHMH COCTAaBHBIX HEBS30K, OMMCHIBAIOIIMX PACXOXKICHHE KOHKPETHOTO Ipolecca ¢
HMCKOMBIM.

PaccMOTpeHHBIN MOAX0 MPEACTABISAET IIPAKTUYECKUN UHTEPEC, TaK KaK OH IO3BOJISET
UIs pa3HooOpa3HbIX cdep >KU3HEAEATEIbHOCTH MPOU3BOIUTH IKCIEPTHU3Y HE MOJHOCTHIO
ONPEIEICHHBIX IPOLECCOB OIPEACIECHHBIX CUCTEM C LENbI0 BBISABICHUS HEU3BECTHBIX
(hakTOpOB.
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MOJEJIOBAHHSI B3AEMOIIM KOMIIOHEHTIB CUCTEMH FE-CR-O-C JJIsI
BU3HAYEHHSA ITOKA3ZHUKIB BI/ITHOBJIEHHA ITPU OAEPKAHHI JIITATYP
I'pumnn O.M. kx.1.H., Haarounit A.A. x.1.H., lllernonsa I.C. k.X.H.

Hayionanvna memanypeiuna akademiss Yxkpainu

@Di31KO-XIMIYHI OCOOIMBOCTI BIAHOBJICHHS XPOMITY 3aii3a Oyiau MpeIMeToM OaraTrbox
JOCHIJKeHb, alle JAOTENep HEMAa€ €JMHOTO MPEACTABICHHS MPO TEPMOAWHAMIYHI Ta KIHETHYHI
3aKOHOMIPHOCTI mpouecy. B Ouibmiii Mipi 1ie cTOCYeTbCsl TBEPAO(PA3HOTO BIJHOBIEHHS, METOIO
SAKOrO0 € OTpUMaHHs TyOuyaTux miraTyp. CKIaIHICTh TEPMOJIMHAMIYHOTO aHaji3y IOJIATaEe B
OaraThOX BapiaHTax Mpolecy. B 3aiexHOCTiI BiJl YMOB pealizaiii mporecy KiHIEBI MPOIYKTH
BiJTHOBJICHHSI MOXKYTh MaTH pi3Hi (pa30Bi Ta XiMiuHI CKJIa M.

XpoMiT 3aitiza Ma€e CKIaJHy KpucTajgorpadigHy CTpyKTypy 1 HE MEHIITY CKJIaIHy CTPYKTYPY
XIMIYHHX 3B'S3KIiB BCEpeIWHI MOJEKyau. B miTepaTypi BiJICYTHI JOCTOBipHI HaHi Tpo
3aKOHOMIPHOCTI 3MiHH KpHCTanorpadigHIX XapaKTepUCTHK IIIiHENI B Tporeci ii BiAHOBICHHS.
Ile Takox yCKJIamHIOE TEPMOJWHAMIYHHMNA aHaNi3 Tporiecy ii BITHOBIEHHS. 3a pe3ybTaTaMH
HaIlUX JOCHIPKEeHb, a TAKOXK JIAaHUX 1HIIHUX POOIT, TP CHiJILHOMY BiJTHOBJICHHI OKCHJIIB 3aJli3a Ta
xpoMmy, ab0 XpOMITYy 3ajli3a, MOXJIMBO NEPBUHHE BHJAJICHHS KHCHIO, TOB'S3aHOTO 3 3aJi30M.
OpHak, ngocraTHs ONU3BKICT TEMIeEpaTyp TNOYaTKy BiJHOBJICHHS CTBOPIOE YMOBH IS
napaye’IbHOTO BiTHOBJICHHS 3aJ1i3a Ta XPOMY 13 CKJIAJJTHOTO OKCHIHOTO 3'€ JHAHHSL.

[Ipy BIAHOBIEHHI XPOMITY 3aii3a 4YiTKa CTaAliHICTh MPOLECY BTPAYA€ThCA , WIO
00OyMOBIIEHO CKJIQJHICTIO XIMIYHMX 3B'SI3KiB 'y Monekyni Cr,FeO,. Otpumani Hamwu
TEPMOJMHAMIYHI JIaHI CBiYaTh MPO JAyXke ONM3bKYy WMOBIPHICTH OTPUMAHHS B TIEPIIii CTamii, sSK
guCcTOTO 3ami3a, Tak i Fe;C. Ha minTBepmkeHHs kapOiqy CBITYHUTH 1 HASSBHICTD B IUXTi BUTLHOTO
ByrJiemo. BimnosmoBanbHi SKOCTI Cypy 1 Fe;C 1o BiTHOMIEHHIO 710 Pi3HUX OKCHJIIB Ty’Ke ONHM3BKI.
Buxoasum 3 CKa3aHOro MOXHA MPUMYCTHTH, IO Feye;, SKe YTBOPHIOCS, MPOXOIUTH MPOIEC
yrBOpeHHs po3unHy Fe-C, sikiif qocsrae HaBHILOrO 3HAUYEHHS, EPEeTBOPIOEThes B KapOia FesC
3a peakuiero Fey,. ct+C=Fe;C, sxa repmoannamivune go3BosieHa Buiie ~ 1063K. Takum unHOM, Ha
MOYATKOBIN cTajii BiAHOBICHHS B aHAJi30BaHIM CHUCTEMi KPiM BHUXIJHUX KOMIIOHEHTIB IIUXTH
MoxyTh yTBOproBatucs Fe i Fe;C. LlemeHTHT, 1110 YTBOPIOETHCS, MOXKE OpaTH ydacThb y Mpolect
BIJTHOBJICHHSI, Yepe3 peakuito razugikailii, MpakTUYHO PIBHOMPABHO 3 BUIBHUM BYIJIELIEM, aje
CTPOTO TEPMOJIUHAMIYHE B 0OJIACTI IMiIBUIIICHUX TeMIIepatyp OuTbI repeBakHuM € C,. PazoMm 3
TUM peaJbHHI TPOIeC HE MOXKHA 3BECTH JO JICKUIbKa OKPEeMHX peakiliid, He Oepydd 10 yBard
dbopMyBaHHS Ta ydacTh y Tpolleci CmuIbHUX KapOimiB. Ha mowaTok BiTHOBIEHHS XpoMy B
cucTemi, KpiM okcumaHoi (asm i Byriemro, nmpucytHi Fey,.c 1/ado FesC. Hamam mpomec moxke
PO3BHBATHUCS 32 TPhOMA TIOTETUYHUMHU CXEMaMHU:

a) YTBOPIOIOTBCS aTOMHU XPOMY, SIKi PO3UUHSIIOTBCSA B Fey,cc, B pe3yibraTi (GopMyeThCs
CYMICHUI METaJIeBUN PO3YUH;

0) aToMH XpOMY 32 MEXaHI3MOM 3aMILIEHHS JIETYIOTh LIEMEHTHUT, 110 YTBOpIoe pa3zy M;C;

B) BIJHOBJICHI aTOMH XpOMY B3a€MOJIIOTh 3 BYIJICLIEM, YTBOPIOIOYM HACTYIHI KapOiau
Cry;Cs — Cr;C; — Cr;3C,, Ki MOXKYTHh PO3YMHIOBATH aTOMM 3alli3a (Ha Pi3HUX CTaJisfX). XpOM €
OUTBIIT CHITPHUM KapOiIOyTBOPIOIOYIM €JIEMEHTOM 1 OiTBIN BipOTiIHO, IO Ha 0a3i KapOimy Xpomy
yrBoproeThes kapoin (Cr,Fe),Cp,.

He wmoxe OyTM BUKITIOYEHO BapiaHT TMapajellbHOI peamizallii 3a3Ha4eHHX CXeM, a
MOYJIMBICTh TIO/IBIIOTO BiAHOBIIEHHS 3aili3a, IO 3aJMIINBCS, MApaJieIbHO 3 BiJHOBICHHAM
XpoMmy, TOOTO HaKJQJCHHS IUX MporeciB. B mpomy Bumaaxky npu HasBHOCTI B cuctemi Ci,
3aIycKaeThes npolec popMyBaHHs CKIaaHOTO KapOiny yepes yrBopeHHs Cry3Ce 10 (Cr,Fe)y;Cs. 3
OrJIsly Ha Te, IO IMIBHUAKICTh AUQY3ii Byrieuto Buile, HLK Xxpomy, Cry3Ce mepeTBOpIOETHCS B
Cr;,C; i B BUImMiH kap0ia 3a yMOBH JTOCTaTHLOI KIJTLKOCTI BYIJICHIO B CHUCTEMi. TakuM YHHOM,
ByIJellb BUTPAYa€TbCsd Ha BITHOBIEHHS 1 Ha KapOimoyTBopeHHs. JlediuuT Byriemro npu
BigHOBIeHHI CrFeO, 3MiHIOE TepMoauMHaMiuHy cxemy mpouecy. Komu Byrienp MOBHICTIO
BUTPAYAEThCsI, (QYHKINI TBEpAOTO BITHOBHHMKA mepexonsaTh g0 kapoimy (Cr,Fe);C,. Amne
IMOBIpHICTE OyJIb-SIKOTO BapiaHTy MOKe OyTH OIliHEHa TUIBKM TPU HAsSBHOCTI TEPMOXIMIYHHX
JAHWX JJIS CKJIaTHAX KapOimiB.
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OU3NKO-XUMHNYECKOE MOJEJIMPOBAHUE KOMIUVIEKCHOI'O
BOCCTAHOBJIEHUSA CR,FEO, C YHACTHEM METAHA
I'pummna A.M. k.1.H., Hanrounii A.A. K.T.H.
Hayuonanvhas memannypeuveckas axaoemus Ykpaurvl
BoccraHoBneHre XpoMmuTa jKejle3a METaHOM MOJKHO paccMaTpuBaTh Kak IpoLEecC C
y4acTHEM BOJOPOJI- U YIJIEPOACOAEPKAIKX ra3oB. OTHOLIEHNE MEXAY HUMHU OINpPEIENIAeTCs

H, Py +P,,+2P,
HapaMeTpOM n= 2 2 2 4
C P +Pe, +Pyy,

, 3HAUYCHUC KOTOPOro MU3MCHACTCA B TCUCHUC

mporiecca M 3aBUCUT OT 1, P,, cTaguu Tmpouecca W JApyrux QaxTtopoB. Jlns

narukoMnoHeHTHo cuctembl Cr-Fe-O-C-H paBHOBecue yCTaHaBIMBAETCS MEXIY MATHIO
dazamu: CrFeOq, Cr;C,, FesC, yrnepoaom u razopoii ¢azoi. Cuctema UMeeT 1BE CTETICHU
CBOOO/IbI U PAaBHOBECHBIN COCTaB Ia30BOil (ha3bl €e MOKET ObITh OJHO3HAYHO 3aJaH JII0O0OH
napoii mapamerpoB: 7, P, u n. Pa3BurtHe peakiuu rasudukaiuy yriepojaa MpPUBOIUT K

YMEHBIIICHUIO TIapaMeTpa m, B TO BpeMs KaK pacmajl MeTaHa CHOCOOCTBYET YBEIHUEHHUIO
coJiep>KaHusl BOAOPOJCOJEPKALIMX ra3oB. TakuM o0pa3om, Ha mHapaMeTp mk BIHUSIOT JBa
MIPOTUBOIOJIOXKHBIX MpoIlecca, a 3HAYCHHE MapaMeTpa ONpeAelsieTcss TeMIlepaTypoil npu
P = const, mubo naBnenwem npu 7 = const. 3HaUYECHWE M OCTAETCS IOCTOSHHBIM TIPH
OTCYTCTBHH Ta3u(UKallMK yriepoAa W pacraga MeTaHa. [ mpoliecca BOCCTaHOBIICHHS
Cr,FeO4 MmeTaHOM 3HaUYE€HUE MapamMeTpa # HAXOJIUTCS B Juana3zoHe o > n > () B 3aBUCUMOCTH
or ycnoBui. KpaitHue 3HaueHHs TapamMeTp NpPUHMMAET MJi BapuaHTa KOMILIEKCHOTO
BoccTaHoBjeHus ¢ yaactuem CO 6o Hj.

VYBenuueHue BOJOPOJICOICPIKANINX Ta30B B HU3KOTEMIIEPATYPHOH 30HE 00ECIeUnBaET
pacnag MeraHa, mpu Temmeparype Oonee ~1320K momuumMpyeT mporecc razudukanum
yriieposia, 4TO BbIpakaeTcsi B CHWXEHUM napamerpa n (puc.l, a). Bmecte ¢ tem mnpu
OpraHu3aluM TMpolecca B ycloBusax Aedunura yriepoaa (meran + Hj), BoccTaHOBIeHHE
MPOTEKaET B J[Ba HTana:

I. Cr,FeOy4 + C — Fe+Cr3C; +CryO3(mbo Cr,O3+CryFeQy);

1I. CI‘203(JII/I60 CI‘203+C1‘2FGO4) + CI‘3C2 — (CI‘,FG)7C3.

[Ipu 3TOM BapuWaHTE 3aBHCHMOCThH I[apaMeTpa M OT TEMIIepaTypbl UMEET WHON BHI
(puc.1, 0).

120 1200
= 100 /\ = \
g 1/ 2 900
z © 77\ g 2
g 60 g & 600
= 40 \\ @ \\
= \\ = 300
z 20 & 1 g_{_;
573 773 073 173 13713 15713 1173 1273 1373 1473 1573
Temmeparypa, K Temneparypa, K
a) 0)

Pucynok 1 - 3HaueHne napamerpa n 1711 BOCCTAHOBJICHHS] XPOMHUTA JKEJIe3a METAHOM:
a) crexuoMerpudeckoe otHouienue O/C; 0) nepunur yruepopa: 1 — P, =1;2— P, =2

Cne/:[yeT OTMECTHUTH, YTO TEMIIEpATypa CMCHbBI TOMHUHHUPYIOMIETO IIporecca JOCTATOYHO
Omm3Kka K TEMIICpATYpE Hadala KOMIUICKCHOI'O BOCCTaHOBJICHHUA XpOMHTa IKEJIE3a. Ha
napaMeTp n BIUAIOT HEC TOJBKO NMPUBCACHHBIC BBIIIC 3BCHBA, HO 0oJiee CIIOKHEINA KOMILIEKC
(baKTOpOB, BEAyHias poJib, CPE€AU KOTOPBIX BEPOATHO 3aHUMACT IPUOPHUTETHOC Yy4aCTHE
yriepoaa 00 BOJOPOJa B IIPOIECCE BOCCTAHOBIICHUA. He CIICOYCT TaKXE MCKIHYATh
IIpsAMoO¢€ B3aMMOJICHCTBHE METaHAa C KHCJIOPOJOM OKCHAa CaMOCTOATEIIBHO, 100 IIpru y4aCTHH
COz )51 Hzo.
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MOJEJIOBAHHSI XAPAKTEPUCTUK ABTOMATUYHOI CUCTEMH
HA IHTEPBAJII EKCILTYATAIIII
Hwmitpies B.1.
Kageopa cucmemnozco ananizy i ynpasninua HTY «/[ninposcbka nonimexuikay

MopentoBaHHSI XapaKTEPUCTHK aBTOMATUYHUX CHUCTEM KOHTPOJIIO JO3BOJISIE OLIHUTH 1X
Npale3aTHICTh Ha I1HTEpBaJl €KCIUTyaTalli y BHPOOHHYMX yMOBax MmianpueMcTsa. B poOorti
PO3MIISIHYTO MOJICTIOBaHHS I'PAJAYyIOBAILHUK XapaKTEPUCTUK CUCTEMHU aBTOMATUYHOTO KOHTPOITIO
(CAK) mpoaykrtuBHOCTi cmipainbHoro kinacugikaropa tuny KCH, siki BUKOPHCTOBYIOTH B
3aMKHEHHX IUKJIaX MOApiOHEHHS MpH 30aradeHHi pyau Ha 3amizopynHux ¢abdpukax. OmHiero 3
TOJIOBHHUX XapakTepucTuk cknagHoi cucreMu CAK e rpagyroBanbHa XapaKTepUCTHKA 3aJI€KHOCTI
BUXIIHOTO CHTHAJy BiJ TMPOIYyKTHUBHOCTI cripambHoro kiacudikaropa. CAK ckmamaetscs 3
cripaii kinacudikaTopy,TpUBITHOTO €IEKTPOIBUTYHA CITipai, 0J0Ky epeTBOPIOBaHbh CUTHAIIIB Ta
OJIOKY Y3TOJIKCHHS.

B ocHOoBy po3pobkn CAK moOkIaeHo TEXHOJOTIYHI OCOOJIMBOCTI OCAQ/DKEHHS Ta
TPAHCTIOPTYBaHHS MICKIB CHIpaJUTI0 KJIAcU(pIKaTOpy A0 MICKOBOIO 3KOJIO0Y MOPLISAMU, MIiX
BUTKaMH CIIipalli, Ta CKUIAHHS 1X TUCKPETHO, MOPIISIMHU, IO MPU3BOJUTH JI0 KOJMBAaHb aKTHBHOT
MOTY>KHOCTI TMPHUBIIHOTO €JEeKTpoABUryHa cmipaii. Ha 1iii ocHOBI po3po0iieHlI TEXHOJOTIYHI
MeTouKU ouiHku npoayktuBHocTi (M3I]) knacudikaropy, Ta CAK, B OCHOBI sIKOi MOKJIaJEHO
npuctpiii Tuny YKIIII, mo Buauise TuHaAMIYHY CKJIAJOBY MOTY)KHOCTI Ha YacTOTI MOABIHHOI
000pOTHOI, Ta MEpPEeTBOPIOE ii 0 cCUrHaIY OIiHKH MpoaykTuBHOCTI B CAK Ta aBTOMaTmyHOTO
VOpaBIiHHSA  TEXHOJOTIYHMM TporecoM.B  skocTi  iHTepBady eKCIuTyatamii TPHHHATO
MDKpPEMOHTHHI Tepion i cmipam kinacudikatopa — 6 KameHmapHUX MicsmiB. s omiHKH
nmapaMeTpiB TMOpIlii — MacH MiCKiB BUKOPUCTOBYBasach Meroanka M3II, sixka BumpoOyBasiach Ha
KUTbKOX 30aradyBambHUX (abpukax i mokazana 30DKHICTH pe3yiabTaTiB BHMIpiB B 2-3 pasu
TOYHIIIE B TOPIBHSHHI 3 BiIOMOI0 METOJIMKOK PO3PaxXyHKY «IO OajaHCy TOTOBOTO KJAacCy
MOAPiIOHEHHS».

B mpomeci mocmipkeHHS BHKOHAaHO 2 IMKJIA BUMNPOOYBaHb: HA TOYATKY IHTEpBAy
eKcIUTyaTalii 1 B KiHIi, BUMipioBanuch nokazu CAK Ha camonucHOMY mpuiiaji i OLIHIOBANIacCh
OPOAYKTUBHICTh MO TicKy Mo wMeromumi M3II. B pe3ynpTaTi OTpuMaHi TIpayloBaibHI
XapaKTePUCTHKH 3aJIeKHOCTI TToka3iB mpuctporo B CAK Bijx 3HaYEHB MPOTYKTUBHOCTI TIO TICKY.

Po3paxoBaHi cTaTHCTHYHI TpaylOBalIbHI XapaKTEPUCTUKN OTPUMAHUX NaHUX Ta PIBHSHHSI
3B’SI3KY Y BUTJISAI JIIHIKHOTO PIBHSHHS perpecii o 000M IIUKIaM TO0CIiPKEHb.

Posrimssnyro ymoBH poGoTH oOiiagHaHHS Ha 1HTEpBaji eKCIUTyaTallil, 0 MOTJIHM TPUBECTH
o apeidy iX XapakTepUCTHK, 3MIHH TapaMeTpiB TEeXHOJIOTii Ta ympaBiiHHA. Ha iHTepBami
eKCIUTyaTalil 3HONIYBaJIUCh BUTKHU CIIipalli, €JIEMEHTH MPHUBOJY, 3MIHIOBAUCH XaPaKTCPUCTUKU
MPUBOJHOTO EJIEKTPOJBUIYHA CIHipaji, 3MIHIOBAIMCHh XapaKTEPUCTUK pydd Ta MOpLIi IMICKiB
(BOJIOTOMICTKICTB) MIPH MPOBEIEHH1 J10CIIIKEHbD.

JlocmipkeHHsT TIPOBOJMIIOCH 33 CIICLIAIbHOK METOIUKOI0, sIKa JO03BOJIMIA OI[IHHUTH SIK
3HAYEHHS MPOJTYKTUBHOCTI, TaK 1 MOXJIMBI 3MiHH MapaMeTPiB Ta XapaKTEPUCTUK 00JIaJTHAHHS.

Jns ouinku mpanesgatHocti CAK BUKOpHCTaHO METOAM BiATBOPIOBAHHS I'PagyIOBaTbHUK
XapaKTePUCTHK Yy BUTIISAI PIBHSIHBb perpecii Impu iX MOCIIOBaHHI B YMOBaX MiANMPHEMCTBA Ha
tepmiHi ekcruryaramii. I[linrotoBka CAK BukoHana B 1abOpaTopHHX yYMOBaX, Ta IOKa3aia
3HAYCHHSI BIJIHOCHOT MOXHOKH KOHTPO0 < 1,0%.

OuiHka BIATBOPIOBAHHS XapaKTEPUCTUK OOYMOBJIIOE TOPIBHSAHHSA iX MapaMmerpiB y
PIBHSIHHSIX perpecii Ta po3paXxyHKOBUX MOKA3HHKIB IO pe3ysbTaTaM AOCHiKeHb. s 1poro
PO3TJISHYTO psAJl METOJIB, Ta OOYMOBJICHO HAMOUIBII MPUIHATHI, cepell AKUX: TinoTe3a piBHOCTI
Koe(ILi€HTIB Yy pIBHAHHAX JiHIMHUX perpecii 3a kpurepiem CT’I0JeHTa, TinoTe3a pPiBHOCTI
CTaHJApTHUX BIIXWJIEHb (CepeaHbO KBaJApaTHUHUX MOXHOOK) mo F-kpurepito Pimepa, OLIHKH
OJIM3BKOCTI KOE(IIIEHTIB KOPEJISIIi 0 TPAaHHYHUM 3HAYCHHSM J0BIpYOTO iHTEpBaYy.

Bukonene MoJenmoBaHHS T'paAylOBAIbHUK XapaKTEPUCTHUK MIATBEPAWIO IX HE 3HAUYUMY
BIIMIHHICTh Ha IHTEpBaJll EKCIUIyaTallil Ta MiATBEpIWIO iX BiATBOproBaHicTh, a misi CAK —
MPalEeCIPOMO’KHICTh Ta BUKOPUCTAHHA y CHCTEMaXx YIPABIiHHS TEXHOJIOTTYHUM IIPOIECOM.
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MOPIBHSIJIBHA OIITHKA 3A ITIOKASHUKAMMU HAIIMHOCTI POBOTH
JYIUIEKCHOI CTPYKTYPH KOHTPO.JIEPIB
Hmurtpiea I.C. k.T.H
Hayionanvna memanypeiiina axademis Yxpainu

VYmpasnstoui cucremu 6e3neku (YCB) npu BUHMKHEHHI aBapiifHOi cuTyallii Ha 00'€KTi
VIOpaBIiHHSA TPU3BOAATH B M0 BINOBIJHI 3aXUCHI CHCTeMH O€3MEKH 1 KOOPAMHYIOThH IX
poboTy 3 MeToro 3amobOiranHs amapiii 1 karactpod. o ympaBmstouunx cucTem Oe3mneKu
Mpe'sBISIOTECS HAJA3BUYAHO BHCOKI BUMOTH 1O HAAIMHOCTI, TaK camo, K 1 JO CHCTEM
aBapiiinoro 3axucty (CA3) arperariB i 00'eKTiB.

OTpumaHHA KiHIIEBHX BHUpPa3iB (IIAKPECINMO - B OYKBEHOMY BUTJISIL) ISl AYTUIEKCHUX
CTPYKTYp € BaXXJIMBUM TIpH BUpilIeHH] 3a7a4 aHaiizy YCb 1 CA3.

KoxxeH okpemuii KaHanm poO3MISAETbCS SK  €IUHUM, SIKAW XapaKTepU3yeThCA
iiMoBipHICTIO BiAMOBHU ¢(¢) Ha inTepsaii (0, t). [Ipu npomy OyneMo po3TisiIaTH BaKIUBHIMA
IUIsL CUCTEM OE3MeKH 1 aBapiifHOro 3aXMCTy BHUITAJI0K, KOJIM KOXKEH 3 KaHaJIiB MOXe MaTH JIBa
BHJIA BIJIMOB - B1JIMOBa THITY «sIBHA BIIMOBa» 1 TUITy «IIPUXOBaHa BiIMOBa», TOOTO:

p()+q,0)+q.()=1,
ne p(t) - IMOBIpHICTh 0€3B1IMOBHOI pOOOTH KaHaly; ¢, (f) - AIMOBIPHICTb «IBHOI» BIIMOBH,
q.(t) - IMOBIPHICTb «IIPUXOBAHOD» BiIMOBH.

BuHuKHEHHS «JIBHO1» BIAMOBH OJHOTO 3 KaHAIIB MPU3BOAUTH, MPUPOIHO IO
MOMUJIKOBOTO a00 3aifBoro cmpanboByBaHHA CA3; BUHMKHEHHS XK «IIPUXOBAHOI» BiIMOBU
KaHaJly MPU3BOJIUTH 0 MEPEXO0ly HOro B «HECHOCTepiraeMuil» CTaH HeNpane3JaTHOCTI Ta, K
HACJIZIOK HeCIpalbOBYBaHHI KaHATY IiJ] 4YaC BCTYILY 3asBKH Ha CHpPAIlbOBYBAaHHs aBapiiHOTO
3aXHUCTy. 3pO3YMIJIO, IO SK «JIBHA» BIAMOBY 3 «XHOHHMM)» CHpalbOBYBaHHSIM, TakK 1
HecnpanboByBaHHA CA3 MpU3BOAUTH 10 PI3HUX HACIHIAKIB, AKi Ui KOXHOTO KOHKPETHOTO
00'eKTa 3aXUCTy MMOBUHHI OYTH YTOYHEHI.

[Tin BigMOBOIO cHCTeMH OyAeMO pPO3YMITH 3HAXOJDKEHHS CHCTeMH abo B CTaHi
«IIOMMJTKOBOT'0Y» CITpaIlbOBYBaHHs a00 B CTaHI MepeOyBaHHS B «IIPUXOBaHOD» BiaMOBH. Kpim
TOTO, 3 OIVIAAY Ha ICTOTHY BiIMIHHICTH B CTymneHi HeOe3neku BimMoB CA3 Tumy «XuOHE»
CIpalbOBYBaHHS 1 THUIy HECIpaIllbOBYBAaHHS, HEOOXITHO JaTh OI[IHKM WMOBIPHOCTI 1
«ITOMMJIKOBOTO»  CIIPAallbOBYBAaHHS, 1 WMOBIPHOCTI 3HAaXOMKEHHS CHCTEMH B CTaHi
«IPUXOBAHO» BIAMOBH. Pe3ynbTaTi MOIeII0OBaHHS IIPEACTABIICHO B ITONEPeIHii poooTi [1].

[TopiBHsiEMO 1Ba BapiaHTH POOOTH JYIUIEKCHOI CTPYKTYpu KoHTposepiB. KoHrponepu
MPAITIOIOTh 3a cxeMoro Master-Slave.

Hot StandBy 0a3yerbcss Ha BOyIOBaHOMY KOHTPOJi B KOXEH IPOrpaMOBaHHIMA
KOHTpoJIep. 3alie’kHO BiJ pe3yibTaTy KOHTPOJIIO 3IMCHIOETHCS Tepenadya yMpaBIiHHS 3
OoHOTO KOHTposiepa Ha 1HIMMH. SA&C 3acHOBaHWIT Ha TOpPIBHSAHHI POOOTH MEpIIOTO 1
APYroro KOHTPOJIEPIB, IO MPOTPaMYyIOThCS, 3 MOAAIBIINM IEPEBEICHHIM CHUCTEMU B
0e3nevHnl CTaH «3yMHUHKa», SIKII0 CAMOKOHTPOJIb HE BU3HAUMB MPOrPaMOBAaHUI KOHTPOJIED,
SIKUH B1MOBUB.

Buxopuctopyemo mnaker MATLAB i  MopaentoBaHHS OTPUMaHUX — PIBHSHbB.
Po3paxynkun BukoHoHaHo 3 kpokoM 0.001 B sKkOoCTi MiHIMaJbHOTO 3HAYEHHS NPHUIIMAEMO
0.00001 1 B ssKOCTI MakCUMaIBHOTO - 1. [HTEpBas, Ha TKOMY OyJ€MO TTPOBOIUTH PO3PAXYHOK -
[0; 8600] roguH.

Buxonsun 3 orpumanux pe3ynbrariB, cucteMu SA&C 3 BITHOBJICHHSM € KpalluM
BapiaHTOM y MOpiBHAHHI 3 cuctemoro Hot StandBy 3 BimHOBIEHHSIM.

OtpumaHi pe3ynbTaTd OyayTh B TOAAIBIINX JOCTIIKCHHSIX BUKOPHUCTAHI IS
OTPUMAaHHS 3QJIEKHOCTEH IS 3HAYHO CKIATHINIUX CTPYKTYpP CHUCTEM aBTOMATHYHOTO
3aXUCTY.

Jlirepatypa
1. OmurpieBa 1.C. AHami3 BnacTHBOCTEH HAAIHHOCTI AYIJIEKCHUX CTPYKTYp CHCTEM aBapiiHOTO
3axucty 3 moctiiiauM pesepByBanHsaM / 1.C.JImutpieBa, B.K.JlirginoB // CucTeMHI TeXHOJOTII.
PerionanpHMI MiDKBY31BCHKHH 30ipHHK HAyKOBHUX poOiT. - Bum. 5(118). - Juinpo, 2018 —c. 41-47.
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PO3POBKA MPOI'PAMHOI'O 3ABE3IIEYEHHSA
ITEHTU®IKALIIL BUKUIAIB YACOBOI'O PSIIY
Honrix A.O., baii6y3 O.T'., n.1.H.
Jninpoecvkuii nayionanonuil ynisepcumem im. O. I onuapa

[ToOynoBa KOPEKTHHX MOJIENEl YacOBUX PsIIB € aKTyaJbHOI 3a/1a4el0 ChOTrojeHHS. B
HeaOMsKIA Mipi TOYHICTb MPOTHO3YBAHHS BH3HAYAETHCSA HAMIMHICTIO BXIIHUX JaHUX, TOMY
BRXIIMBOIO 33J]aYel0 € 33ja4a iX MOMepeIHbOr0 aHali3y 3 METOK BHKIIIOYCHHS aHOMAJbHHX
3Ha4eHb a00, HABIAKW, 3alOBHEHHS BIJICYTHIX AaHuX. Jlo uyucia XapakTepHUX HETaTHBHUX
MOMEHTIB, sKi OaxxaHO Oyyiio © BpaxyBaTH 1 YCYHYTH Ha €Talli TOIEPEeIHBOTO aHaji3y, MO)KHa
BiJTHECTH BHKJIFOUEHHS TIPOTAIMH Ta BUKUIIB.

3rinHo 13 pecypcom IBM Knowledge Center, Ha ChOTOIHINIHIA I€Hb pPO3PI3HAIOTH HE
MEHIIIE TIECTH THUITIB BUKHIIIB Y YaCOBHX Ps/Iax, ajie¢ HAWOUIBIN BaYKITMBUMH 3 TOYKH 30py Oi3HECY
€ HACTYIIHI:

1) AnutuBHi Bukuan, abo AO (additive outlier) — HeodikyBaHO BenuKi a00 HEOUIKYBaHO
Maji 3HAYeHHs, SKI CHUJIBHO BIJPI3HAIOTHCA BiJ PEIITH PiBHIB psany. BoHu 3’saBhsitoThCA
OJTHOPA30BO Ta HE MAIOTh BIUTMBY Ha iHIII 3HAYCHHS.

2) Tumuacosi 3minu, abo TC (temporal changes) — MatoTh Miclie, KOJIM JOCUTh BEJIMKI a0
MaJli 3HAYeHHS, HEXapaKTepHi Ui JOCHIDKYBAHOTO psAy, 3’ SBISIOTHCS MPOTITOM JESIKOTO
KOPOTKOTO TIEpiojy Yacy.

3) 3mina piBus, abo LS (level shift) — pi3ka 3mina piBHIB psgy. Bei cocrepexeHHs, 1mo
3'SIBIISTFOTHCSL  TCISI TaKOTO POAY BHKHIY, TEpeXOJsiTh Ha HOBUH piBeHb. Ha BimMmiHy Bix
AIVTHBHUX BUKHWIB, 3MiHA PIiBHS BIUIMBA€ Ha 0arato CIIOCTEPEKEHb 1 MOXKE MaTH IOCTIHHHIA
e(exKT.

BusBnaTi Ta KOperyBaTh TakKOro pOJy MaHi HEOOXiMHO i PO3pOOKH Ta ITiATOTOBKH
SIKOMOTa OUIbII TOYHHMX MOJEJCH MOCHIDKyBaHUX MporeciB. ToMy akTyalbHOIO CTa€e 3ajaada
PO3pOOKH MPOTPAMHOTO 3a0e3TICUCHHS IMOTIEPEHHOTO aHAJTI3Y PSAIB AUHAMIKH.

CyuacHi mijgxoau ineHTrdikaiii BUKUIIB Y YaCOBHUX PsAaxX MOXHA TMOJIITUTH Ha TaKi TPYIIH:

1) Metoau knacudikanii, Taki K HEHpOHHI Mepexki Ta perpeciiHo-kIacudikaliifHi gepesa.
Ix HemomikaMu € HeOOXimHICTH MaTH «HaBYAIIbHY» TIOCIIIOBHICTh, TMOMEPEAHBO PO3JIIJICHY Ha
KJIACH: «aHOMAJi» Ta «HOpMaJIbH1 3HAUEHHSD», 0 HE 3aBXKIU MOXKIIUBO.

2) CratucTidHi MeTonmW, Taki sk MeToj IpBiHa. BoHW € mpoctmmMm y po3ymiHHI Ta
peasizariii, aje MOXJIMBOCTI X BUKOPUCTaHHS € JOCUTh OOMEKEHUMHU.

3) Metoam, mo OyayroTh MOJIEIh, HAHOLIBII BiAMOBIHY 10 JOCITKYBAaHOTO TIPOIIECY, a
MOTIM aHATI3YIOTh P/l 3IHINKIB 3aMiCTh OPUTIHATBHOTO. BapTo BIAMITHTH, IO TaKWH MAXIT €
JOCUTH MEPCIEKTUBHUM 1 epekTuBHUM. {151 TOro, mo0 OTpUMaTH SIKiCHI Pe3yJbTaTH 3a TAaKOTO
MiIX0/Ty, BAXKIIUBO MiAI0paTH MOJAECIb, IO aeKBaTHO OMUCYE JOCIIIKYyBaHUH TPOIIEC.

VY mporeci BUKOHaHHS JOCHIDKEHHS aBTOpaMu Oyia 3ampolOHOBaHA Ta MPOTPAMHO
pealii3oBaHa mpoleaypa 0araToKpuTepiaibHOTO MOIIYKY, siKa J03BOJIsA€ MiAiOpaTH HalKkpaly i3
MHOXHMHHU ToOynoBaHux. [lepeBaramu Takoi MpoIEnypH € Te, 10 BOHA JO3BOJISIE OI[IHIOBATH
Mozenb 3a momomororo iH(opmamiitaux kpurepiiB skocti, AIC, BIC, FIC, Tecty ®imepa,
KoeQIllieHTY NOeTepMiHamii Ta TPOBOAWTH AaHAI3 3aJMINKIB MOJAETi. 3a IOIOMOTOI0 IIi€l
NpOIEeypH MPOTPaMHHUIA KOMIUIEKC aBTOMATUYHO MiOMpae «HAMKpally» MOAeNIb 3 HACTYIHHX:
JiHIAHI Ta Ce30HHI aNanTHBHI MOJENi, MOJNEN aBTOperpecii - KO3BKOTO CEpeaHhOT0, MOJENi
HEYITKOI JIOTIKM Ta HEHPOHHOT MepexKi. [1oTiM 00UUCITIOETHCS PsI/T 3ATTUIIKIB, OTPUMAHHNA ITUITXOM
BiIHIMaHHS TTOOYZ0BaHUX MPOTHO3IB BiJi BUXIJHMX 3HAY€Hb, MICJISI YOTO0 aHOMAJIbHI 3HAYCHHS
HIYKAIOTh BXXE y Psi 3aJUIIKIB 32 JIOMOMOTOK KIACHYHHUX CTATUCTUYHUX MPOUELyp, SIKi
3aCTOCOBYIOTh JJIsl 3BUYAWHMX BUOIPOK BHIAAKOBHUX uHcen. [Iporpama 103BOJISIE TPOBOJUTH
3aMiHy BHKHUJIIB Ha 3HA4Y€HHs, OTpUMaHi MiAiOpaHO0 MOJEI0, ad0 Ha 3HAYECHHA
€KCIOHEHIIIIMHOTO YH KO3BKOTO CEPEIHBOr0, CIUTaiiHy abo perpecii, 3a OakaHHIM KOPUCTYBaya.

Po3po6iiennii mporpamMHmii KOMIUIEKC OyB anpoOoBaHMiA Ha (IHAHCOBUX YACOBHX psIax,
K1 TIPEICTABIAIOTH COOOI0 IIIHU Ha aKIlii BiIOMUX KommaHii takux, sk IBM, AAON Inc., ABC,
CSCO, Tomo, Ta ToKa3aB SKiCHI pe3yJIbTaTH POOOTH.
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EMIIIPUYHUN AHAJII3 TA JOCJIPKEHHS EOEKTUBHOCTI
AJITOPUTMIB ITOITYKY HAHKOPOTINUX IIJISIXIB HA TPA®AX
XKypba A.O. x.T.H.

Hayionanvna memanypeiiina axademis Yxpainu

AJNTOPUTMHU CKJIQIal0Th OCHOBY KOMIT'FOTEPHUX HAyK: BOHH € OCHOBHUMH 00'€KTaMH
BUBYEHHA B 0ararbox ii o0nacTsax. AJTOPUTMH MOIIYKY NUISIXIB Ha rpadax, MaloTh BaXKIIMBE
3HaveHHs. ICHyrodi abo 3ampoeKToBaHiI OYAMHKH, CTIOPYAH, KBAPTAIH TOIIO PO3IJISIAFOTHCS
SK BEpIIMHU, a 3'€THYIOTh iXHI JOPOTH, IHXKEHEPHI MEpexi, JIiHII eleKTponepeaayi Tomo —
SK pebpa. 3acTocyBaHHs pi3HUX OOYHMCIICHb, BUPOOJICHUX Ha Takomy rpadi, J03BOJIIE,
HaNpUKJIaa, 3HAUTH HAWKOPOTIIMH OO0'{3HMI NUIAX, CIIaHYBAaTH ONTHUMAJbHHHM MapIIpyT.
OCHOBHUMH BUMOTaMH 10 €()EKTUBHOCTI aJTOPUTMIB MOIIYKY € €(PEKTUBHICTh 3a YaCOM Ta
€KOHOMHE BUKOPHUCTaHHS NaM'sTi.

B pamkax pobOTHM mporpamMHO peayi3oBaHO MOUIYK BLIMP, NMPU SIKOMY MPOBOJIUTHCS
JOCTIKEHHST BEPUINH B 3aJIKHOCTI Bif X BIJIaJICHHS BiJ MO4YaTKoBOi ToukH [1]. ¥V mporeci
MOIIYKY BITUP BepmMHUA Haaxo ATk B yepry FIFO i 3amumarots ii B mopsiaKy, BU3SHAYCHOMY
iX BiJICTAaHHIO BiJl BUX1HOT BepIIMHU. TOMY JIETKO BIACTEKYBATH IOBKHUHY IUISXIB BiJl OJHI€T
BepmmHU A0 1HmOI (puc. 1). Koxken momyk mpuBoauth 10 moOymoBu nepeBa BFS, sxe
BU3HAa4Ya€ HANKOPOTIN HUIAXH, IO 3'€JHYIOTh BCi BEepUIMHM rpada 3 BEPIIMHOIO B KOPEHi
nepeBa. Pe3ynbTaté BCiX BUKOHAHUX TMOUIYKIB 3BOJSTHCS B MAaTpPHUIIO, B SIKIA €JIEMEHT Ha
NEPeTHH] psAlKa V 1 CTOBOLS V TPEACTaBliss€ JOBXKHHY HAMKOPOTIIOTO HUIAXY 3 V B W
(rmubuHa v B IepeBi W).
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Pucynok 1 — IIpuknag poboTu anropuTMy momyKy Biup, aepeso BFS,
MaTpHLs HAMKOPOTIIMX IUIAXIB
B xo/i eMnipu4HOro TOCTiIKEHHS aJrOpuTMy OYiM BUSABIICHI 3aJIEKHOCTI yacy poOOTH
ANTOPUTMY BiJ KUIBKOCTI BepmmH Ta pebep y rpadi. Takoxk Oyno mpoaHali3oBaHO, SK
BIUIMBA€ MpPEACTaBICHHS rpady Ha eQeKTHBHICTb poOOTH anroputMmy. byma nocmimxeHa
e(eKTUBHICTh pOOOTH TIPH MPECTABICHHI Ipada y BUTIISAAI MATPHUIll CYMIKHOCTI Ta Y BUTJISI
CIHMCKY CYMDKHHUX BEpIIUH (pHC. 2).
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Pucynox 2 — 3anexHicTh yacy BUKoHaHHS anroputMmy BFS Big kiapKocCTi:
a) BepIIMH rpada; 0) pedep rpada

B pesynbrari mociimkeHp MONIYK BIIMP BiJABIAYE BCl BepmnHH 1 pebpa rpada 3a dac,
nponopuiHuit V2, B pasi mojaHHs Tpada y BUIJISAI MaTpulli CYMIKHOCTI, 1 3a dac,
nponopiiiauii V + E, B pa3i moganHs rpada y BUTIISII CIHCKIB CYMDKHUX BEPIIIHH.
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YUCEJbHO-AHAJITUYHHAM PO3BS30K 3AJIAUI ITPO
JNE®OPMYBAHHS LIUJIHJIPUYHOI 3AIT'OTOBKH B
YMOBAX BICECUMETPUYHOI TE®OPMAIIIL
3acoBenko A.B. monent, llItedan T.O.
3anopizbKuii HAYIOHAILHUL MEeXHIYHUU YHIgepcumem

KombopoBi MeTanu Ta ixX CIUIaBH, BUKOPHUCTOBYBAaHI B MPOMHCIIOBOCTI, MiINAIOThCS KyBaHHIO
abo mTaMIyBaHHIO, SIK B XOJOJHOMY, Tak 1 B rapsuomy crani. Ha mepexogax KOBKH oOcCalKy
3aCTOCOBYIOTH HaifuacTimie sk crociO JocsrHeHHA HeoOxinHoro ykoBy. [Ipu rapsdomy mraMiryBaHHi
0CaJIKy BUKOPHICTOBYIOTH Ha TIONEPEAHIX IMepexojax s 30HUTTS OKaJWHH Ta HAOIMKEHHS (popmu
3aroTOBKH JI0 KOH(QIrypaiii IMOKOBKH, MPHU IHOMY, B 3aJICKHOCTI BiJl CKJIaJIHOCTI MOKOBKH, OCAJKY
MOXYTh CYMIIIATH 3 €JIeMEHTaMH (OPMOBKH, BHIABIIOBAHHS, IMPOLIMBKM, IO BUMAarae IESKOTrO
YCKJTaTHEHHS IITAMIIOBOTO IHCTPYMEHTY.

[mkeHepHI po3paxyHKH TMPOIECIB OMaay IIOB'S3aHI 3 BH3HAYCHHSIM HEOOXITHOTO 3yCHULISA
omepariii i KiHIeBoi GOpMH OCa/KEHI 3arOTOBKH. BCTaHOBIIGHHS 3aJIeKHOCTEH Mik I€OMETPUYHUMU
Ta MEXAHIYHHMH BJIACTUBOCTSIMH KOHCTPYKIIIA TP 3aaHUX HABAaHTAKCHHAX Ta iX MIIHICTIO €
aKTyaJIbHOIO 1H)KEHEPHOIO 3a/1a4€er0.

Huningp, KUl 3HaXOJUTHCS y BICECUMETPUYHOMY HANPYXEHOMY CTaHi, MOXKHA PO3TIISAATH SIK
OIWH 3 IIapiB IWIIHAPUYHOI KOHCTpYKUii. DyHKIis HampyXeHb BIAIIYKYETbCS Yy BHUIISAIL
TPUTOHOMETPHIHOTO PSTY, IO Ja€ MOKIIUBICTH 3a0BOJIFHUTH YMOBH Ha Oi4HI MOBEPXHI MITIHIAPY
B sKkoCTI KpHUTEPiIO MIITHOCTI 3aCTOCOBYEThCS rinoTe3a Mizeca.

B poboti po3rasHyTO KpYroBUH LWIIHAP, SKAH 3HAXOAUTHCS B YMOBaxX BiCiCHMETPHUYHOI
nedopmarrii. 3HaiineHo KoedirmieHTH PO3KIIaTy GirapMoHiTHOT byakmii Epi
¢(r,z) = cos(kz)[bklO (kr)+ckkrll(kr)] B TPUTOHOMETPHYHI psAM 13 3aCTOCYBaHHAM (DyHKIiH
Beccens HympoBoro Ta Tepmoro mopsakiB [1]. YMoBu Ha TpaHUIl 00JIACTI Ta METOI PO3B’SI3KY
MOCTABJICHOI 3a/1a4i JOKJIAJHO OIUCAHO B [2].

Bci koMmoOHEeHTH TEH30pa HaNpy)KeHb 3alKCcaHi B SBHOMY BUTIIsAL [2]:

o, (r,z) = l/rsin(z)[r(cl (1=2v)+b)I,(r)+(c;r* =b) 1, (r)],
o,(r,z)=1/rsin(z)[re,(1=2v)1,(r) + b, I,(r)],

o, (r,z) —sin(z) [(201 2-v)+b)I,(r)+crl, (r)],

T ( ) —sin(z)[(2c1(1 —Vv)+b)I,(r)+ clrll(r)].
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Pucynok 1 — Kpaline nonoxkeHHsI OCHOBU Pucynok 2 —®yHKIIis TOTEHIIANbHOT eHeprii

AneKkBaTHICTh TOOyAOBaHOI MareMaTwyHOi Mogeni mepeBipeno MCE B mnporpamHOMy
cepenouiii MAXIMA.

Kpaiire momoskeHHs HIKHBOT OCHOBHU J1e(popMOBaHOTO MUJIIHApPA TIpencTaBieHo Ha Pucynky 1,
rpadik $yHKIIi MOTeHIiaNnpHOI eHeprii npu 3HadeHHsAX napametpiB R =1, 4 =0.4, ¢, =1 300paxeHo
Ha PUCYHKY 2.
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MHOJYMAPKOBCKASA CTATUCTHYECKASA MOJIEJIb
OIIEHKM MMOKA3ATEJIEW TEXHAYECKOI'O COCTOSITHUSA
SJEKTPOMEXAHUYECKOW CUCTEMHA
3axapos A.A.!, 3eiinanos B.A.%, Kaxan B.E.” k.1.1.
HMemAY, /[nenp, Ykpauna

Meroag  CTaTUCTUYECKOTO  MOJEIMPOBAHMS, OCHOBAHHBIM HA  HCIOJIB30BAHUU
MOJTYMapKOBCKOW MOJIETH TMpoIlecca IKCILTyaTaluu dJIeKTpoMexanndeckon cuctembl (OMC)
U JaT4dKa CIy4alHBIX YHCEN, MO3BOJISIET MOCTPOUTH MATEMAaTHUUECKYIO MOJIEib Mpolecca
SKCIUTyaTalliy U pa3paboTaTh METOAMUKY CTATUCTUYECKOTO MOJEIMPOBAHUS ISl MOTyUEHUs
OLICHOK TIOKa3aTelied €€ TEeXHUYECKOTO COCTOSIHUS. AHaIM3 MaTeMaTH4eCKUX METOJ0B
MOKa3bIBaeT, UYTO Hauboiee aJeKBaTHOM  MaTeMaTHYeCKO  MOJENbI0  SABIIAETCS
MOJIyMapKOBCKasi Mojenb Tmpouecca skcruryatauuun OMC. MHorokpatHas peanu3anus
MOJEIIMPYEMOr0 IPOLECCa OCYIIECTBISIETCS C IOMOIIBIO JAaTYMKA CIy4YalHBIX YHCEJ Ha
3aJIaHHOM HWHTEpBaje BpEeMEeHHM OKciutyatauuu. OCHOBY TaKOM MOJENH COCTaBJISIET
OPHUEHTHPOBAHHBIN Tpad OCHOBHBIX COCTOSIHHI BO3MOXKHBIX nepexonoB (I'CIT) ODMC B xozae
JKCIUTyaTauu. VcuepnpIBalonMMI XapakTEpUCTUKaMU MToJlyMapKoBckoro mpouecca (IIMIT)
Ha MHOXECTBE COCTOSIHHMI NPHU W3BECTHOM €r0 HAYAJIbHOM COCTOSIHUM SIBJISIFOTCS MaTpPHUILIbI
YCIOBHBIX (DYHKIMI pacnipenenenus: BpeMeHu npedbiBanus DMC B KaKJJOM U3 COCTOSIHUN 10
nepexoja B roboe npyroe cocrosiuue ['CIIT u yCIIOBHBIX BEPOSITHOCTEH MTEPEX0/I0B.

Meroauka omnpeneneHuss —IOKazaTenel  TexHuueckoro cocrosiHua OMC ¢
HCIIOJIb30BAHUEM METOJA CTATUCTUYECKOIO0 MOJEIMPOBAHUS OCHOBBIBAETCS HA IMOJYYEHUH
JNOCTaTOYHOro KoauyectBa peanusaumii I[IMII Ha 3amaHHOM MHTEpBaJle BPEMEHHU,
npeacrasisis nporecc skcrmryaranua OMC B Buae ['CIL. [lng 3Toro ucnonap3yercsi naT4uK
CIly4yallHBIX 4YHCEJ, paBHOMEpHO pacnpeaeneHHbx B uHTepBase (0,1), dopmupyrommii
CIIy4yallHO€ 4YMCJIO C 3aJaHHBIM 3aKOHOM paCIHpEIeNICHHs] U MACCUB CPEIHEr0 CyMMapHOIO
BpEMEHH MpeObIBaHUS Tpollecca B KaXIOM cocTosiHuu. [lo pesynbraraM MHOTOKPAaTHOTO
MOJEJIUpOBaHus npoiiecca nepexoaos IMC nonayyaroT KOJIUYECTBEHHbIE OIIEHKH BPEMEHHUX,
BEPOSITHOCTHBIX W 3KOHOMHYECKHMX IMOKa3aTeJel €€ TEXHUYECKOIO COCTOSIHUA, B YACTHOCTH,
BEPOSATHOCTEH MpeObIBaHUS U CpeiHero BpeMeHu npedbiBanuss IMC B KaXkKI0M U3 COCTOSIHUN
I'CII, ¢ yHKIIME TOTOBHOCTH K MCIOJIb30BAaHUIO 10 Ha3HAYEHUIO, 3aTPaT HA DKCILTyaTaIuio u
ApYTUX nokaszarenen [2].

Takass Mozmenp MO3BOJISIET MOJYYUTh KaK HCXOJAHBIE JaHHBIE I PELICHUs 3a1adu
OnpeNielIeHUs ONTUMAJIbHBIX MEPUOAUYHOCTEH [UJIi Pa3IUYHBIX BHJAOB TEXHHUYECKOTO
oocnyxxkuanusi (TO), ucxonms w3 yciioBHs OOECHEYCHHS MaKCUMaJIbHOTO Kod(hduimeHTa
roroBHOCTH OMC 1pu H3MEHSIOIEMCS] BO BpPEMEHHM IapaMeTpe IOTOKa OTKa30B, a B
TanbHEHIIeM pemarth 3aaady (GOpMHPOBAaHHS M BBIOOpA COTJIACHO BBIOPAHHOMY KPHUTEPHIO
onTuManbHBIX cTparermii TO W peMOHTa B COOTBETCTBUU C IMpeaiiaraéMbIM B padoTe
anroputMoM. Bpibop Toro wim wuHOro Buga TO u peMOHTa 3aBUCHUT OT TEXHUKO-
HSKOHOMHYECKOW U TPOU3BOACTBEHHON 1enecoodpasHoctu. Copaepxanue crparerun 1O
ompeenseTcss KOHKpeTHhIM HabopoMm BapuaHToB TO u pemoHnTa 1o BceM coctostausM ['CIT.

BeiBoabl. ChopMmynupoBaHa 3aqada OIEHKH IMOKa3aTeliell TEeXHUYECKOTO COCTOSIHHS
OMC MeToaoM CTaTUCTUYECKOr0 MOJAEIMPOBAHUS U INPEJIOKEHA MOJyMapKOBCKAsi MOJEIb
mpolecca JKCITyaTalldd CHCTEMbl B BHUJAC OPUEHTHUPOBAHHOTO Tpada cocTossHWI U
nepexoqoB. IlpemmokeHa MeTOIMKa W COCTaBIEH HPOTPaAaMMHO PEATUM3YEMbIH aJrOpUTM
TaKOM OLIEHKH C MCIIOJb30BAaHUEM JaTyuKa CIydaHbIX uucen. IIpaktudeckas peanuszanus
YKa3aHHOTO aJTOpPUTMa MO3BOJIUT OINEPAaTUBHO OLEHHUTHh TIOKA3aTeld TEXHUYECKOIO
cocrostHus OMC 1 aanTupoBaTh K HEMY CUCTEMY TEXHUYECKOTO O0CTYKIBAHUSI.

Jlireparypa
1.Kopomok B.C, Typoun A.®D. ITomymapkoBckue mporeccsl u nx npuiokenus. K.: Hayk. mymxa,
1976. — 184c.
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AHAJIN3 METOJOB PEHIEHUSA
OIITUMHU3ALINOHHBIX 3ATAY O MHOI'OMEPHOM PACKPOE
3axapos A.A., CenusepcroBa T.B.

HGHMOHa/ZbHaﬂ memaijurypeudeckas axademus YKpaqul

3amaga packpos 3TO 3ajada ONTHMHU3AINHU, OIWH U3 CIy4aeB «IIpOOJIEMBbI paHIa», a UMEeHHO NP-
nojiHas 3ana4a. OJHUM U3 OCHOBOIIONIATAIONINX MIPU3HAKOB 33724 PacKpOosl SBISETCS UX KIIaCCU(DUKAIIHS IO
MIPUHITUITY pa3MepHOCTH [1]: 0fHOMEPHBIN pacKpoid, IBYMEPHBIH, TPEXMEPHBIA, N-MepHBIil.

B cBoto ouepeas 3TO HaKJIaAbIBaeT OrpaHUYEHHs] Ha BO3MOXHBIE METO/IbI PEIICHUS JAHHOU 3a1a4H.
Kak u3BectHo B xo1¢e pemieHust NP-MONHBIX 33124 TPUXOAUTCA BHIOMPATh MEXYy TOYHBIMH alrOpUTMaMU
KOTOpBIE HEBO3MOXXHO IPUMEHHTH s OOJBIINX JaHHBIX M MPUOIIKEHHBIMU C MEHEE TOYHBIM PELICHUEM,
HO 6oJiee OBICTPHIMH U IPIMEHUMBIMH K JTFOOBIM MAacCHBAaM JaHHBIM.

Y4uuthiBasi NPUHIMIIBI PA3MEPHOCTH MOXKHO OXKUAATh, YTO CJIOXKHOCTh PEIICHHUs 3aJaud pacKpos
OyZeT pacTé ¢ pOCTOM €€ Pa3MEPHOCTH.

Tak Hanmpumep 3a7aud OJHOMEPHOIO U ABYMEPHOI'O pacKkposl BIIOJIHE MOYKHO PELIUTb NPUMEHUB
QITOPUTMEI TIOJIHOTO Tiepebopa, B TO ke BpeMsl €ro NMPHUMEHEHHE K OJMHAKOBEIM MACCHBaM JaHHBIX MPU
TPEXMEPHOM U OoJiee pacKpoe NPUBEAET K IKCIIOHEHIIMAIbHOMY POCTY BPEMEHH BBITIOJTHEHUS aIrOPUTMA.

Bonee Ttoro, mobas 3amaya packpos OOBIYHO HMMEET OOJBIIOE KOJIWYESCTBO COIYTCTBYIOIIUN
OrpaHUYEeHUH, YTO MO3BOJISIET NPU3HATH €€ BBIPOXKIEHHOM, TaKk KaK BEpOSATHO OOJBIIOE KOJIUYECTBO
BO3MOJKHBIX PEIICHUH.

Cama 1o cebe «3a/1a4a 0 paHIe», a paBHO KaK M 337a4ll PacKposi IMEIOT XOPOIIIO W3BECTHBIE METOIBI
€e¢ pelIeHus, 3TO W YIIOMHHABINUICA BbIIe MeToa monHoro mepebopa (brute force method) m Takme
METOJMBL, Kak MeTof BeTBed u rpanull (Branch and Bound method) u quramMmyeckoe mporpamMmmupoBaHue
(Dynamic programming method). [ToMmumo 3TOr0 pernienue noJoOHOTo THUIA 33124 BO3MOXHO C MOMOIIIBIO
MeToja reHeparuu cTosoioB (Column generation method). Mcmons3oBanue 1r000T0 U3 TOYHBIX METOJIOB
MMEET BPEMEHHYIO CI0KHOCTH 0T O(2") s MeTosa nepebopa J10 MCEBIONOTMHOMUATBHOTO BPEMEHH CO
crioxxHocThi0 O(nX) s MeToa AMHAMHYECKOTO IporpaMMHpoBaHHA. OIHAKO 3TO XapaKTEPHO TOIBKO
IUTS 3a71a9 OJTHOMEPHOTO packpos. Y mpakTudeckn He IPUMEHUMO K 3a/1adaM ¢ OonbInell MepHOCTBIO TakK,
KaK B TAKOM CIIy4ae CIOXHOCTh YBEIMYHBACTCS B CTEIICHH MEPHOCTU. METON TeHepalii CTOIONOB, XOTh U
MOXET MPUMEHSTHCS K OONBIIMM MacCHBaM JaHHBIX, HO HAXOIUT APOOHOE PElICHUE, YTO B OKPYTIICHUH K
OmKaiieMy 1eoMy 3a4acTyio JaeT Pe3yNbTaT IPOTHBOIIOIOKHEIH ONTHMAIEHOMY.

Uro xacaercs MpUOIMKEHHBIX METOJOB PELICHUS! TO BO3MOXKHO NMPUMEHEHHUE JKaJHOrO alropuT™Ma
(greedy algorithm), renermueckux amroputMmoB (genetic algorithm) wiam npUONKEHHOH CXEMBI
MOJIMHOMHUAIEHOTO BpeMeHH (polynomial-time approximation scheme PTAS). B cBoro odepens kaxablii u3
9THUX METOJOB TaK kK€ MUMeeT ps] orpaHndeHuil. XKaaHblii anropuT™M B JAHHOM KOHTEKCTE XOTh M MMEET
BpeMeHHY10 cioxHOcTh O(Nlog(N)), MOxeT naTh pelleHre BIJIOTh J0 JUaMETPalbHO MPOTUBOIMOIOKHOTO
ontumyMmy. [IpubmmkeHHas cxeMa MOJTMHOMHATBHOTO BPEMEHH 00JIaaeT XOPOIINMH XapaKTePUCTHKaMU
JUI peIIeHus 3a/1ad MoJOOHOro Kiacca, OAHAKO HA JAHHBI MOMEHT HE CYIIECTBYET M3BECTHBIX CXEM
ampOKCHMAIIMU Ui JBYMepHOro u Ooiee packpost (6). Hambonee mpenmnodyTUTEN-HO B JaHHOM CBETE
BBITJISIIUT NPUMEHEHUE TE€HETUYECKUX aJlOPUTMOB, OJHAKO M ATOT METOJ SBJIAACH OJHUM H3 CaMBbIX
OBICTPOACHCTBYIOIMX HE TapaHTHUPYET IIONydeHHE HanOoinee ONTHMAIBHOTO PEIIeHHs, YTO 3a4acTyIo
SBJISIETCSI TJIaBHBIM KpUTEPUEM MOJIOOHOr0 pojia 3a/1a4 B PeajibHbIX YCIOBUAIX.

Tak B Xoze aHanM3a, BBIIBICHO, YTO HU OJUH W3 OOIICHIPHUHATHIX AJTOPUTMOB HE TapaHTHUPYET
pelIeHus YAOBJIETBOPSIOLIEIO pEalbHbIM YCIOBUSAM. Tak jk€ BCE 3TH METOABI MOXKHO OTHECTH K
SBPUCTUYECKOMY aHalIM3y. JTO B CBOIO OuYepelb MO3BOJSET MPEANOSIOKUTh, YTO IAHHBIM THI 3ajad
ONTHUMAJIEH ISl PElICHUs C I[OMOUIbIO AJalTUBHBIX METOAOB aHalIM3a, U B YAaCTHOCTH C MOMOIIBIO
HEHWPOHHBIX CeTEeH.
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K BOITPOCY D®®EKTUBHOW PEAJTU3ALIUU PEIIATEJIEN
BBIUNCJIUTEJBbHON T'MJIPOT' A3OJJUHAMUKHA HA
MMPOIIECCOPAX C ARM®-APXUTEKTYPOM
3unvenko A.B. k..-M.H.

HUncemumym mpancnopmuvix cucmem u mexuvonozcut HAH Ykpaunwl

Bonpocel s>ddexTuBHON peanu3anyu BecbMa 3aTPAaTHBIX B BBIYMCIUTEIHHOM IUIAHE
YHUCICHHBIX METOJIOB THIPOTra30AMHAMHUKH HE yTPAauyMBAIOT CBOEH aKTyaJlbHOCTH, HECMOTPS Ha
BHYIIUTEIBHBIN POCT MPOU3BOIUTEIFHOCTH COBPEMEHHBIX KOMITBIOTEPHBIX CUCTEM.

B cBs3u ¢ Tem, 4TO 3a MOCIIEqHEE JECATUIICTHE MOBBIIIEHHE OBICTPOACHCTBHS CEPBEPHBIX
MIPOIIECCOPOB OCHOBHBIX HTPOKOB PBIHKA JOCTUTAETCS B OCHOBHOM HE YBEIMYCHHEM TAaKTOBOU
YacTOThI, 2 MAaCIITA0MPOBAHUEM BBIYMCIUTEIBHBIX SACP M HCIIOJIB30BAHUEM pPacIpeIelICHHBIX
BBIYUCIICHHI, BHUMaHUE UCCIIC0BATENCH B 00IaCTH BEICOKOTIPOU3BOAUTEIILHBIX BEIYMCIICHHUH BCE
GOJIbIIE IPHUBIIEKAIOT OTIMYHBIE OT X86 apxutekTypsl. ITpomeccops! Ha Gase apxutekTypsl ARM®™
NOJYYHJIM HIMPOKOE PACIpPOCTPAaHCHHWE B TMOPTATUBHOM JJIEKTPOHUKE W, HE B mpuMep X806,
JEMOHCTPHUPYIOT B TIOCJIETHEE BPEMsl 3HAYUTEIBbHBINM MPUPOCT MPOU3BOJAUTEIILHOCTH B IEpecUYeTe
Ha OJHO SIIIPO.

B 2018 romy xommanumeit Cavium aHOHCHPOBAaH 32-iIEpHBIN CEpBEPHBIA IMPOIECCOP
ThunderX2 ¢ 64-apxurekrypoit Armv8-A. HecMoTps Ha AOCTOMHBIE pe3yabTaThl TecToB [1], B
HEKOTOPBIX CIIydasiX CYIIECTBEHHO MPEBBIMIAIOIINX IT0Ka3aTeNu IMporeccopoB Intel nmueiikn
Broadwell wa Toit »xe TakToBOW wuactore, ThunderX2 wmmMeer ps OTrpaHUYCHHHA TIPH
UCTIOJIb30BaHUH HEONITUMHU3UPOBAHHBIX MPUIOKEHUH, JOCTATOYHO BBHICOKOE YHEPTOMOTpeOIcHHE
U TEIJIOBBIJICIICHUE, @ TaKXKe LIEHY MEHbBIIYI, HO COMOCTABHMYK) CEPBEPHBIMH aHAJOTaMU OT
Intel.

ABTOpOM TIpEANpPHHATA TMOMBITKA OICHUTh TOTEHIMA COBPEMEHHBIX MAacCCOBBIX
nporeccopoB ¢ ARM®-apXuTeKTypoii H IPOTECTHPOBATH MX Ha IIPUTOIHOCTh JUIS PACYETOB 33714
BBEIYHCIUTENFHOW THIpOAMHAMHUKH. Huskoe »sHepromorpebienue (o0braHO 10 SBarT Ha
KpHUCTaU1) M JOCTYMHAas IIEHA IPOIECCOPHBIX MOJIYJIEH JeNaeT UX NPHUBJIEKATEIBHBIMU IS
NPUMEHEHHUs, OCOOCHHO B pPaMKax OIOPKETHBIX HAYYHBIX OpraHU3alni.

beum mpotectupoBanbl Armv8-A mporeccopsl Allwinner A64 @1152MHz, Rockchip
RK3328 @1.5GHz u Huawei Kirin 970 @2.36GHz B cpaBHeHHH C OOBIYHBIMU HACTOJHHBIMH
Intel Core 15-4690 @3.5GHz u AMD Athlon II X2 250 @3.0GHz. /]ns TecTOB UCHOIB30BAIUCH
Linpack Whetstone u pematens rhoPimpleFoam u3 makera OpenFOAM v1812. Ilepssiii
OTIEPUPYET C MUHUMAJILHBIM KOJIUYECTBOM JAaHHBIX, MOJHOCTHIO TTOMEIIAIOMIMMCS B KAIII IEPBOTO
YPOBHsI, B TO BPEMs BO BTOPOM TECTE€ OBICTPOJCHCTBUE ONEPATUBHOM MAMSITH M K3IIa BTOPOTO
YPOBHSI  OKa3bIBAIOT CYIIECTBEHHOE BIUsSHME Ha pesynprar. (O0a Tecta u3Mepsun
MPOM3BOJUTEILHOCT OMNEpalii C TUTABAIOIIEH TOYKOH B OJHOTIOTOYHOM PEXHUME W ObUIH
cOOpaHbI C YIBOCHHON TOYHOCTHIO KOMIHISATOpOM gcc Bepcuu 5.4.0 mox ympasinennem Ubuntu
16.04 LTS.

TecTupoBaHue TMOKa3ajJ0 OIIYTUMYIO pa3HHUIy OTHOCHUTEIBHBIX pPE3YyJIbTAaTOB IPH
WCTIOIb30BaHUH KaXKI0TO U3 TECTOB JIaXKe€ B PaMKax OJHOM apXUTEKTypsl. lIpon3BoauTe bHOCTD
OTNIEPAaTUBHON TMAMSATH SIBIISCTCS ONPEACISIONICH ISl 3a/1a4 BBIYMCIUTEIFHON TUAPOIUHAMUKHY,
Hapsy ¢ MPOU3BOAMTEIBHOCTHIO BRIYUCIUTENBHBIX siiep. M eciiu B paMKax OHOM apXHTEKTyphI
npoctble TecThl Tuma Whetstone emie MOXKHO HCHOJB30BATh Il MPHUOJIM3UTENLHONW OLICHKU
OTHOCHUTEIFHOTO OBICTPOACHUCTBHSI KOMIIBIOTEPHOIH CUCTEMBI, TO B ClIy4ae Pa3IMYHbIX apXUTEKTYP
OHU JIAI0T BECbMa MPOTUBOPEUUBBIC PE3YJIbTATHI.

Usmepenune ckopoctu pacuetoB pemiatenein n3 nakera OpenFOAM mnokazano, 4To camblid
OBICTpPBIN M3 TpoTecTHpOBaHHBIX Armv8-A mporeccopoB Huawei Kirin 970 obGecreunBaer B
OJHOMIOTOYHOM PEXHME MPOU3BOIAUTEIBHOCTh AHAJOTHYHYIO BBHITYIICHHOMY AECATH JIET Ha3a[
AMD Athlon II X2 250 B mepecuere Ha OJJHY TAKTOBYIO YacTOTY.

Jluteparypa
1. McIntosh-Smith, S. Comparable Benchmarking of the First Generation of HPC-Optimised Arm
Processors on Isambard / S. McIntosh-Smith, J. Price, T. Deakin, A. Poenaru // Stockholm, CUG2018
Proceedings — May 2018.
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MATEMATHUYECKWH PACYET I'’TYBUHBI MTPOHUKHOBEHUSI
JIEKAPCTBEHHBIX ITPEITAPATOB B TBEPJIBIE OITYXOJIN
Kamaii M. C., benozépos B. E. mpod., 1. ¢.-Mm. H.

Hnenpoeckuil nayuonanvhwviti ynugepcumem um. O. I'onuapa, Yxkpauna
Pak — 910 Kiacc 3a0onieBaHUM, XapaKTEPHU3YIOIIUXCS HEKOHTPOIUPYEMBIM POCTOM
KJIETOK, KOTOPBII BJIMSET Ha 3/I0POBHIE KJIETKH M JIeTaeT UX MOBPEKICHHBIMU. V3BeCTHO
MHOTO METOJIOB JIEYEHHS! NTaHHOTO 3a00JIeBaHMS: XUMHOTEpamnuss — 3TO OJUH M3 ITHUX
METO0B. MeTO/ MCTIOIb3yeT TOKCHUECKUE areHThl, B NIEPBYIO OY€peb MOJIEKYIbI JEKapCTB,
HApYIIAIOIIMX HEKOTOPbIE AaCMeKThl KJIETOYHOrOo JeJIeHHs, Takue Kak CHHTe3 U
¢ynkunonuposanue JIHK. I[IpoTHBOpakoBbIi JEeKapCTBEHHBIM Mpenapar IOCTaBISIETCS K
OIyXOJH, a 3aTeM pacceuBaeTcs B Heil uepe3 Kamwuispbl. PacrpocTpaHeHue jekapcTB B
TBEPIBIX OIMYXOJISIX OTPAaHMYEHO NMPOHUKHOBEHHEM B TIIIYOHMHY, KOTOpas pa3jiiyHa B CHITY
pa3IMYHBIX JIEKAPCTB U TUIIOB paka. BelunciaeHust 3TON IIyOMHBI HMEeT Ba)KHOE 3HAUCHHUE,
IOCKOJIBKY ~3TO TOMOTaeT BpayaM TIOJy4aTh CBEACHUS O TpOIecce JIEUCHHUs
WH(PHUIIMPOBAHHBIX TKaHel. [ TyOMHa MPOHUKHOBEHUSI MOXKET OBITh OMpe/eieHa Kak IIyOrnHa
OT Kamwuisipa, Ha KOTOPOM JOCTHUraeTcs MUHHMajbHas KOHIIGHTpALUsl BEIIeCTBa IS

JIeYeHus paka.

Y4uuTheiBasg 3aBHCHMOCTh KOHLIEHTpAILMH JICKAPCTBEHHOTO IpemnapaTa OT BpPEMEHH, a

Takke siBjaeHue qud @ y3nun, MOKHO BHIBECTH TAKOE COOTHOILICHUE!
to) |~ (t=t t—t

1Y (-
Wxt)=W, +| — Aexp| — -3 exp| —
(x.) 0 (Drj -([ P 0’ °\2r P 27

3k

dt’ (1)

rne W(x,t) ¢GyHKOMs, oOmpenensiomas KOHUEHTpAIMIO Ipernapara B ONyXOiH, * —

paccTosHME 10 ONMyXonH, f — Bpems meiicTBus mpemapata B cucTeMe, U — koaddumuent
nuddy3uu. Kpome Toro, ¥ — BpeMeHHas 3aiep)KKa MEXTy BBEICHHEM TIpernapara B OIMyXoJb
U TMOBBIIICHUEM €T0 KOHICHTpAaUWU 10 MAKCHUMAJIIBHOTO 3HAYCHMHA. Ha camom JACJI€ BCeraa
€CTh 3ara3/bIBarolee BpeMs, KOTOpOe €Ille HE YYUTHIBAIOCH HH B OJHOM HCCIICIOBAaHUH.
Takoe moBeeHHE MOXHO HAONIONATh B CIIy4ae MPUMEHEHHS BCEX JIEKAPCTB, MOCKOIBKY
T Gy3MOHHBIE TPOIIECCHI BCET/Ia UMEIOT BPEMEHHYIO 3aJIepXKKy. B 3aBHCHMOCTH OT YCIIOBHIA
BpeMs 33ICPKKH MOKET OBITh KpaifHe HEOOIBIIINM, HO HE HE3HAYUTEIHHBIM.

W, i) o~

Bpex

Bpewa *

PucyHnok 2 — I'paduk GpyHkimn nponnkaoBenust W (x,t)

(a) - c omIHUM TIepeMEHHBIM TapaMeTpoM, (0) - ¢ TpeMs IepeMEeHHBIMH MTapaMeTpaMu

Pemenne ypaBuenus (1) nmpexacraneno Ha pucyHke 1. Bun nanHoro rpaduka 3aBUCHT
OT BeIMUMHBI KodhuruenTa nuddy3un u OT BpeMEeHH.

Tak kak Ha mupdy3uro D TeKapCTBEHHOTO IMpernapaTa B OMYXOJU BIHUSET MHOXKECTBO
¢dakToOpoB, TaKkue KaKk CBOMCTBA CaMOro Mpenapara, TeHeTH4eckue pakTopbl, CTAIUs pa3BUTHS
OITYXOJH U T. JI., TO MOXHO CJIEIaTh BBIBOJ, YTO IS ONPEAETICHUS TIITyOUHBI TPOHUKHOBEHUS
mpernapaTra B OMyXOJb HEOOXOAMMO HUMETh SKCIIEPUMEHTANbHbIE JaHHbIE YKa3bIBAalOIIME Ha
3aBUCUMOCTH AU Py3uHn OT UCTIONB3YEMBIX TPENapaToB.

Jlureparypa
1. H. Namazi, V. V. Kulish, A. Wong, and S. Nazeri, Mathematical Based Calculation of Drug
Penetration Depth in Solid Tumors, BioMed Research International, vol.11, issue.2, p.8437247, 2016.
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MHNOCTPOEHUE MOJEJIN POCTA OITYXOJIN C
YYETOM PEAKIITUM UMMYHHOM CUCTEMBI
Knaccen C. B., benozepos B.E. npod., 1. ¢.-Mm. H.
Lnenponemposckuii Hayuonanvrwli ynusepcumem umenu Onecs I'onuapa, Ykpauna.

MonenupoBanue AMHAMUKH Pa3BUTHS JI000H OO0NE3HU SBISETCS TMOJE3HBIM IS
MEAUIMHBL. VI3BECTHO, YTO pak SBISETCS OJHON M3 CaMBIX MAaJOWCCIICIOBAaHHBIX OOJIe3HEH B
Mupe. MareMaThdyeckue MOJENIM POCTa PAKOBBIX OIYXOJIEM IIMPOKO u3ydaroTcsd. Jlius
MOHUMAHMUS MEXaHW3Ma 3a00JIeBaHUSI M TIPEJCKA3aHUS €ro MOBEACHUS WCIOIb3YIOTCS
MOJINHOMHAJIbHBIE Mojenu. B "acTHOoCTH, Gojblas uccieqoBaTenbckas padoTa MOCBsIlIeHa
B3aMMOJICVCTBUIO OIYXOJIEBBIX KIETOK M HMMYHHOM CHCTEMBI. BBeleHHE MNOCTOSIHHOIO
3ama3apiBaHusl T B CKOPOCTh POCTa YMCIEHHOCTH MakpoQaros, ¢ OJHON CTOPOHBI, BKIIOYAET
B cebs ompejeNeHHbIE MOPOTH, KOTOPHIE MOTYT OBITH TOJE3HBI ISl KOHTPOJIS pOCTa
OIYXOJIEBBIX KJIETOK, U C JIPYrOMl CTOPOHBI, YKAa3bIBAE€T HA CIOXHYIO JHUHAMHUKY, KOTOPYIO
MOXET JIEMOHCTPUPOBATH OITYXOJIb.

Onyxoip TpeAcTaBiIsieT CO00M HETMHEHHYI0 IUHAMUYECKYI0 CHCTEMY, B KOTOpPOH
3QJI0KEH TPUHUUIT YHUYTOXKEHHUSI 3[0POBBIX KJIETOK M POCT 3apaKEHHBIX KJIETOK. (B
KOHEYHOM UTOT€ YHUUTOKAIOTCS BCE MOJIE3HBIE KJIETKU B OPraHU3Me)

PaccmoTpuM Mozenb pocTa OMyXO0JaH ¢ Y4eTOM IMOCTOSTHHOTO 3ana3piBaHus T:

dxl .
. ayx;l xy) — X%,
dx 4 . . .
dr_ = ax,(1— Tag(t—T) — azx; (1.1)
dx:i

— — marg (1 — x3) — asxax; — agxs,

ar
rae Oe3pasMepHbIC TEPEMEHHBIE * 107),x2(7), x5(7) MOJICIIUPYIOT IUIOTHOCTh PaKOBBIX
KJIETOK, MaKpo(aroB  3J0POBBIX KJIETOK B MOMEHT BPEMEHH T.
[Ipounmmtoctpupyem mnoseaenue mozaenu (1.1) B UHCIEHHOM 3KCIEPUMEHTE CO
CIICIYIOIUMH TapameTpamu: 91 = 0.5;ay = 55;a3 = 0.6; ay = 4.5;a5 = ;a5 = 1 KOTOpBIE
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Pucynok 1 —/lemoHcTpanus ycrounBoctu Moaenu (1.1)

=t

Ha nmanHOW wuocTpali MOKHO OTMETHTh, YTO B pE3yJIbTaTe€ pPOCTa OMYXOJH
MOJy4aeTCsl HEKUM AUHAMHYECKHUM aTTPAKTOp, XAapAaKTEPUCTUKU KOTOPOTO YKas3bIBalOT Ha
TeHJACHUWH PAa3BUTHS 3TOM OMyXO0JIM. B 4aCTHOCTH, MOKHO yKa3aTh apaMeTpbl, TPU KOTOPBIX
OITyXO0JIb OYJIeT YMEHBIIATHLCS (BBI3JOPOBICHUE), a TAKXKE U T€ 3HAYCHUS, KOTOPHIE IPUBEAYT
K pOCTy omyxoiu (ycuieHue Kpusuca). B Oynymiem HaliieHHbIE 3HAYCHHS IMapaMeTpPOB
MOYKHO CpPaBHUTH C PE3YyJbTATOM DKCIEPUMEHTA, YTO IMO3BOJIUT YTOYHUTH MPEIJI0KEHHYIO
MOJIEJb.

Jluteparypa
1. M. Saleem and T. Agrawal, Chaos in a Tumor Growth Model with Delayed Responses of the
Immune System, Journal of Applied Mathematics, vol.12, p.8§91095, 2012.
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MPUIYIIEHHSA XAOCY Y KOHBEKIIT Y TOPUCTUX CEPEJOBHIIAX IT1]T
BILIMBOM MYJbTHYACTOTHOI I'PABITAIIIMHOI MOTY JIAIIII
Komens €.B., bino3sopos B.€. 1. ¢.-m. H.

Jninpoecoxuii hayionanvruti ynieepcumem im. Oneca I'onuapa, Yrpaina.

Tema mpuAyIIeHHS XaoCy aKTyajbHa Y CUTYaIlisIX, KOJW HeOOXiTHO BUBECTH TUHAMIYHY
CUCTEMY y TiependoauyBaHuil peskuM. [[poro MoKHA AOCATTH IIISXOM MiT00PY TAaKUX 3HAYCHBb
napaMeTpiB CUCTEMH, 3a AKUX Y Hil 3| |SBISATHCS Taki CTPYKTYPH, K, HAPUKIIAJ, TPAaHUYHUN
muki. J{Is KOHTPOJIOBaHHS MPOIECY KOHBEKII Yy TOPUCTHX CEpPeAOBHIAX MOXKHA
BUKOPUCTATH MYJIbTHYACTOTHY TPaBITALIIHY MOIYJISIIIO, K01 Ha MPAKTHUIIl MOXHA JOCATTH
BePTHKAIBHUMH KOJIMBAHHSAMH KOHTEWHEpa 3 PIAMHOIO, [0 3HAXOAUTHCS i €0
rpaBiTAIIHHOTO TTOJIS.

Sxoo BHanmo migiOpaTH dYACTOTH Ta AaMIUNTYAM KOJIWBaHb, TO CHUCTEMa CTaHE
nependavyyBaHOIO, a II€ O3HAYae, M0 3’ SBISATHCS MOMUIIMBOCTI MiABUIICHHS €()EKTHBHOCTI
TaKUX MPOIIECIB, K KpUCTaTi3allis a0 moJiMepu3ariis.

Po3rnsHeMo HacTymHy CHCTEMY, fKa OINHCY€E IMpOLeC MPUPOAHOI KOHBEKIl Yy
MOPUCTOMY CEPEIOBHIITI:

X = —alX-Y)+a(Assin(W)+A,sin(nW))Y
Y = —-Y+RX—(R-1)XZ
Z = 40(XY-2)
W = o
R=— _o
Tyr @ — uncno Ipangrnsa, 7S (Ra — upucno Penes), o _ BiZIHOLIEHHS

4acTOT KOJIMBaHb, a ~ 2 — iX BIAMOBIIHI aMILTITY/IH.

Bygo TMOKa3aHo, MO 3a HHU3BKHX TNapaMeTpiB @ Ta R MoxHa gocsArTH CyTTEBOrO

NpUIYIIEHHS Xaocy IIISXOM BBEJIEHHS HEHyIbOBUX dacToT 711 “2 . Ane mpH 1boMy MOXKHA
migiopaTH Taki aMIUIITyaud KOJMBaHb, IO CHCTEMa IIOYHE JIEMOHCTPYBATH 30BCIM I1HIII

peXUMHU TIOBeNliHKH. Ha HacTynmHOMY pHCYHKY MOKa3aHO aTpakTop, SKUH BUHUKAE Yy CUCTEMI

3a mapameTpis a=5,R=25,0,=4.5,17=6,4,=139,4,=1
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Pucynok 1 — X-Y ta X-Z mionuHu

[IpuiimMaroun 10 yBarm OTpHMaHI pe3yjabTaTH, POOMMO BHCHOBOK, IO aMILTITYIH
KOJIMBaHb HE MEHII BKJIUBI JIJIs MPUAYIICHHS Xao0Cy, HIK YacTOTH, a OT)KE€ BOHH MOXYTh
OyTH BUKOPHCTaH1 y MalOyTHIX €KCIIEPUMEHTaX.

Jlitreparypa
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MATHEMATICAL MODELING OF MELT DYNAMICS IN
TUNDISH DURING LADLE EMPTYING
Krasnikov K.S. PhD
Department of system software, Dniprovskyi State Technical University of Kamianske

Today almost all big steel plants have continuous casting machines. Tundishes are used
to receive molten steel from teeming ladles. Usually tundishes with six, seven or eight outlets
are used on big steel plants equipped with large ladles. Such tundishes have more space for
nozzles, which affects hydrodynamics and creates significant difference in melt's temperature
near ends and center of tundish. Also kinetic energy of falling steel has high values and as
consequence tundish lining needs frequent repairing. In addition metallurgists are interested in
research of argon distribution inside tundish for a better nonmetallic inclusions removal. In
our days mathematical modeling with aid of computer is able to answer some important
questions in mentioned process, which is cheaper than experiment at a plant.

Some previous models consider two dimensions, which is not enough to fully
understand and predict motion of melt and additional phases in it. In work [1] author presents
geometry of the tundish, its parameters, figures with numerical results. Author considers
steel-slag interface as flat surface and compares separation rate depending on inclusion
diameter. It is worth noting that author uses standard k-¢ model with equations for turbulent
kinetic energy k and its dissipation rate € with four empiric constants.

Present work is devoted to determining of melt flow inside tundish during emptying of a
ladle using mathematical modeling based on conservation laws of physics.

Taking symmetry of tundish into account the half of it is selected as computational
domain (Fig. 1).

Figure 1 — View from top. Computational domain for tundish
(1 — melt receiver with impact pad, 2 — barrier for turbulent streams, 3 — nozzles)

Some assumptions for mathematical model are:

1) The geometry of the tundish is rectangular and Cartesian system of coordinates can
be used.

2) The falling stream is laminar and it is falling vertically.

3) The molten steel is an incompressible viscous homogeneous continuous medium.

4) The inert gas moves relatively to the melt with a constant rate of the ascent.

Navier-Stokes equations are used for hydrodynamics with physically based boundary
conditions. It is proposed to numerically solve these nonlinear equations using explicit
numerical scheme. 3D visualization gives ability for scientist to fully analyze vector fields
(speed) and other scalar fields (inert gas) in a real time.

Future investigations include: considering other geometries of tundish with varying
number of nozzles, taking into account slag layer, predicting temperature distribution inside
melt.

References
1. Warzecha M. Numerical Modelling of Non-metallic Inclusion Separation in a Continuous Casting
Tundish // Computational Fluid Dynamics Technologies and Applications, Prof. Igor Minin (Ed.),
ISBN: 978-953-307-169-5
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NUMUTAIOUOHHASA MOJIEJIb CETHU CBA3U KJIACTEPHOI'O TUIIA
C TEXHUKOM KOMMYTAIIMU MAKETOB
Jlabytkuna T.B., k.1.H., Caecuko N.A.
Jnunposckuii nayuonanvHuld ynusepcumem umenu Onecs I'onuapa

OnHa W3 TeHACHUUW pa3BUTHS COBPEMEHHOM TEXHUKH — TMOSIBICHHE pacCHpeeIeHHBIX
TEXHUYECKUX CHUCTEM, B KOTOPBIX MHOXECTBO ABTOMAaTHYECKHUX KOMIBIOTEPU3UPOBAHHBIX
B3aMMOJCHCTBYIOIIMX MEXIY COOOH YCTpOMCTB (2JIEMEHTAPHBIX TEXHUYECKUX OOBEKTOB)
UCIIOJIb3YeTCs JJI1 COBMECTHOTO PeIllIeHUs] eIuHON 3a7auu (B Oosee oOlieM cirydyae — KOMILUIEKca
3a7a4d). OTO MOTYT OBITh CHUCTEMBI Ha OCHOBE MYJbTHATCHTHBIX TEXHOJOTMH WM CHCTEMBI C
HEU3MEHHOW wWepapxueil (B TOM dHCIE «IUIOCKOW») W HEW3MEHHBIM paclpeleieHHEeM
BBIMONIHSAEMBIX (QyHKIMH. OnpeneneHHyl0 TakuM o00pa3oM CHCTEMY HAa30BEM KIIACTEPOM.
OTmeTuMm, 9YTO Ha COBPEMEHHOM 3Tare He0OX0AUMBI He TOJIBKO OT/IENIbHBIE CHCTEMBI KJIIACTEPHOTO
TUMA, HO BCE 4Yallleé BO3HUKAET HEOOXOIMMOCTh B CIOXHBIX CHCTEMaX, MOCTPOCHHBIX Ha
MHO’KECTBE B3aMMOJICHCTBYIOIINX Ki1acTepoB. OQUH U3 ACIEKTOB CO3AAHMSA KJIACTEPHBIX CHUCTEM
— obecnieuenue 3¢ (HEeKTUBHBIX KOMMYHHUKAIUI BHYTPU KJIACTEPOB U B3aUMOJICHCTBHS KJIaCTEPOB.
Bo3MOxHBI pa3ianyuHble BapUaHThl KJIACTEPHBIX CUCTEM, B TOM YHCIe cleayromue: 1) cuctema Ha
MHO’KECTBE KJIACTEPOB HEU3MEHHOI'0 COCTaBa; 2) CHCTEMa Ha MHOXKECTBE KJIacTepOB, COCTaB
KOTOPBIX MEPUOAMYECKU U3MEHSIETCS BCIIEJACTBUE BXOJa AJIEMEHTapHOTro oObeKTa B Kiactep (H,
CJIeIOBATENbHO, B KJIACTEPHYIO CHCTEMY) MJIM BBIXOJAA M3 HEro (M U3 KJIacTepHOU CUCTeMbl); 3)
CUCTEMAa HA MHOXECTBE KIJIACTEPOB, COCTaB KOTOPBIX W3MEHSAETCS BCIEIACTBUE IEpexona
3JIEMEHTapHBIX 00BEKTOB M3 KIIacTepa B KIIacTep.

[TpoexTHpoBaHuE KIACTEPHBIX CHUCTEM TpeOyeT aHajlu3a MOTOKOB HArPY3KH B CETH CBS3H
B3aMMOJEHCTBYIOIMX KiacTepoB. JUId 3THX nenedl NpeyuloKeHa YNpoLeHHas: MMHUTAlMOHHAs
MOJIe]Ib OINMCAaHHOW HWXKE CETH CBA3M KiacTepHoro Tuma. C TOYKM 3pEeHHs peannu3alyu
KOMMYHUKAIIMHA KJIacTep MNpPEJCTaBI€H MHOXKECTBOM Y3JIOB (B KaueCTBE KOTOPBIX BBICTYMAIOT
AJIEMEHTapHbIe 00BEKTHI KJacTepa), Ha KOTOPOM OIMpeiesieHa Tomnoiorus ero cetu. CeTb Kilactepa
peajin30BaHa Ha OCHOBE TEXHOJIOTMM KOMMYTAllMU TMakeToB. B olbmiem ciywae y3ibel Kiactepa
MOJIBUXKHBI, HO JABM)KEHHE MX OCYIIECTBIISIETCS TaKUM OOpa3OM, YTO BBINOJHSIOTCS 3a/laHHbIC
yclnoBUST WX OIM30CTH JApPYyr K JApyry (B 4YacTHOM cliyyae — TpeOyemasi KOH(UTypauus
PAacIoJIOKEHUs), TO €CTh Y3Jbl KJIACTEpPA COCTABISIOT OTHOCHTEIBHO «KOMIIAKTHYIO TPYIILY».
HakoruTens y3ma pa3OMT Ha YpOBHM 3alOJHEHUS, W3MEpsSEMble, HAImpuUMep, B EAMHHUIAX
unpopmarun. Ilpu ynpaBnenun (QyHKIMOHMPOBAHHMEM CETH YYWUTBHIBaeTCs HH(MOpMAIMi O
3arpy’KeHHOCTH HAaKONHUTENs BUJAMHU HArpy3Kd pa3IMYHOrO THIA M OOIIas 3arpyXeHHOCTb
HakoruTens. B oOmieM ciyyae TOMOJIOTHS KiacTepa JUHAMUYECKas C M3MEHEHHEM CTPYKTYpPHI
CBsI3€M B JMCKPETHbIE MOMEHTHI BpEMEHHU (MOXHO BBIACIUTh MHTEPBAJIbl BPEMEHU HEU3MEHHOM
Tornojoruu kiactepa). [loroku uHpOpManmu O 3arpy>K€HHOCTH Y3JIOB PACIpOCTPAHAIOTCS IO
CETH METOJIOM 3aJIMBKM Ha OCHOBE BBICUIETO YpOBHs mpuopuretHocTd. Kiactep B oOuiem cirydae
YCTaHABIMBAET CBS3M C HECKOJBKUMHU JIPYTUMHU KjlacTepaMH. MEXKIACTepHbIE CBS3U
pealn3yIoTCsl HEKOTOPBIMHU (B YaCTHOM Cilydae — BCEMH) y3iaMu kinacrepa. [Ipu MonennpoBaHuu
pasnuyaercst oduieceTeBast Harpy3ka, BHyTPHKJIACTepHasi Harpy3Ka M Harpyska 4y>Koro Kiacrepa
(Harpyska, KoTopas IIpH Majoi 3arpy>K€HHOCTH KJIaCTepa MOKET C HEBBICOKON PUOPUTETHOCTHIO
IOCTYNaTh OT COCEIHEr0 Ieperpy:KeHHoro kmacrepa). OOmiecereBass M BHYTpPUKIAcTEpHas
HAarpy3kd paszOHWThl MO YPOBHSIM HPUOPHUTETHOCTH BHYTPU KaXXIOrO W3 3TUX BHUIOB. Takxke
onpezesieHa €AMHas CHCTEMa IMPUOPUTETHOCTU Harpys3ku. V3MeHeHue Harpys3ku B y3JIaX CETH
MOJIETIUPYETCS KaK MPOLECC Pa3MHOXKEHUS U TUOEIH, 111 KOTOPOr0 HHTEHCUBHOCTHU MEPEXO0JI0B B
0oJblliee WIM B MEHbIIEE COCTOSIHUE 3alOTHEHUS HAKOMUTENs BBHIPAXKEHBI YUCIOM HU3MEHEHHbBIX
YpOBHEH 3aIll0JIHEHUS] HAKOMUTENsl B €AMHULYY BpEeMEHH (B OOJBIIYI0 CTOPOHY WJIM B MEHBIIYIO
CTPOHY COOTBETCTBEHHO). C HCIONB30BAHUEM MPEIOKEHHOIO MOAXO0Aa K MOIETUPOBAHUIO
UCCIIEIOBAHbl CUCTEMbI, NPEJACTABIAIOMINE COOOM «IETMOYKM» U «KOJbIAa» (3aMKHYThIE
«LEMOYKN») TOABIKHBIX KJIACTEPOB, KaK Ul CiIydas CTaOMIBHOTO COCTaBa KJIACTEPOB, TAK JUIS
Cllydas peryJsIpHOTO IEpexoja Yy3JI0B M3 KiacTepa B KJIACTep Ha OCHOBE OINPEAEICHHOIO
anropuTMa.
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MOAEJIIOBAHHS ITPOLECY YTBOPEHHS PO3IIVIABY IIPU
OJIEP)KAHHI ®EPOCILIABIB Y PYJJTHOTEPMIUHIN ITEYI
Mimenko B.1O.
3anopizbkuti HAYIOHATLHULU MEXHIYHULL YHI8epcUmem

B mpamsx [1-2] po3riasgaeTbcs  MOXKIMBICTH  KOMIUIEKCHOTO — MIIXOMY OO
MojentoBaHHs poboTu pynHoTepmiunoi niedi (PTII), mpencrasinenuii anropuT™ Ta BiAMOBIIHI
dbopmynu JUIsI PO3paxXyHKY TEIJIOBUX IIPOIIECIB TMEPETBOPEHHS IIMXTOBUX MarepiaiiB B
po3iaB. OmHak s OUTBII TOYHOTO BiIOOpPAKEHHS peaTbHUX (I3MYHUX MPOIECIB, IO
BiIOYyBalOTHCS B POOOYOMY MPOCTOpPI BaHHU, HEOOXIAHO BpaxyBaTh W TOW (akT, 10 MpHU
HarpiBaHHI MIMXTH 3MIHIOETHCS 11 MITBHICTh. TOOTO BimOyBaeThes mepexia 3 TBepAoi dazu B
pIIKY, a 1€ B CBOIO Yepry MpU3BOAUTH 10 ITpocinanHs marepiaiis B PTII.

o6 3MomenoBaTH MpPOIEC YTBOPEHHS pO3IJIaBy Y BaHHI PyIHOTEPMIYHOI meyi
MIPOTIOHYETHCS PO3OUTH i BHYTPINIHIO 00JacTh Ha eneMeHTapHi 00’emu. J[is 1poro icHye
oOpaHuil MeTox, 1o 0a3yeTbcs HAa CHCTEMI IWIIHAPUYHUX KoopauHat. Ilicis doro, crae
MOKJIUBUM 3MOJICIOBATH MPOLIEC YTBOPEHHS PO3IUIaBYy Ta WMOro MEpEeMIillleHHA 10 HU3Y
BaHHM, 110 1 3yMOBIIIOE MOSIBY PiAKOTO HIApy, KU 1 37IMBAETHCS Y SKOCTI TOTOBOI MPOJIYKIIIi.
MomeHT mepeTBOpeHHs Matepiany 3 TBepaoi (a3u y piKy BHU3HAYAETHCS 3HAYCHHSIM
TEeMIIepaTypH, 3a K01 BiIOYBAETbCs PO3IJIABICHHS Pi3HUX BUAIB ¢epociiaiB. [Ipumyctumo,
10 B €IEMEHTApHUX 00’€Max BOHA JOCATIIAa HEOOX1THOI BEIMYMHHM 1 MTUXTa IEPETBOPUIIACS B
pO3IIaB, SIKUH MPOCOYMBCS 110 BEPTUKAI BHU3, BUBUIBHUBIIH MPOCTIpP, KYIH MEPEMIILy€ETHCS
BepxHI 00'eM, a 30Ha pO3IJIAaBy TMOMOBHWIACH Horo o0’emoMm. B pesymbrari ¢azoBux
NEPEeTBOPEHb IIMXTOBHX MarepiajiB B Pi3HUX 00’€MHUX Toukax poOouoro mpoctopy PTII
30UIBIIYETHCS KIJTBKICTH TOTOBOTO PIJIKOTO (PepocCIiaBy Ta BiOYBA€ThCS MPOCIAAHHS IIMXTH
y BepxHiii yactuHi BaHHU. I1l006 po3paxyBaTu peanbHHIl 00'€eM pIIKOTO PO3IJIABY, KU
3HAXOJIUTHCS B MOJUHI M€Yl, BU3HAUMMO Macy 3aBaHTa)XCHUX TBEPAMX LIMXTOBUX MaTepiaiiB
B KOJ)KHOMY €JICMEHTapHOMY 00’ €Mi:

chM(e/NAV: (1)
1€ M, — Maca IMUXTOBUX MaTepialliB, 0 3HAXOIUTHCSA B eleMEHTapHOMY 00’ eMi; M, — maca
3aBaHTaxeHoi mmxtu y BaHHY PTII; Nay — KUIBKICTh €lIeMEHTapHUX 00 €MiB Ha SfKI
po3nineHuit pobounii mpocTip nedi.

3HalOuM Macy Ta TYCTHHY PIJIKOTO PO3IUIaBy TPH JaHId TeMmmeparypi, po3paxyeMo
peanbHU 00'eM piakoro ¢epocruiaBy, OJEpKaHUU B pe3ynbTaTi 3a3HAYCHHUX (Pa30BUX
MepPeXo/IiB, B OJHOMY €JIeMEHTApHOMY 00’ €Mi:

Vc(AV) =m, 'a/pm > ()

ne Vc(AV) — ob'em pigkoro ¢epocmiaBy B eleMeHTapHOMY 00’emi (M3); pm — TycTHHA
pizKoro posmmaBy (Kr/M°); o — KoedillieHT OTPHMAHHS YHCTHX (PepOCIUIABIB 3 IIMXTOBHX
Marepiaiis.

Tox, cymyrouun BCi eleMeHTapHi 00’ eMU, M0 JOCSITIN TeMIIEPaTypu PO3ILIaBy, MOKHA
BH3HAYUTH PEATbHY KIIBKICTh PIAKOTO (DepOCIUIaBy, IO 3HAXOAUTHCS B TIeUi. 3aBISIKH IbOMY
CTa€ MOJJIMBHUM IIPOBOJWTH 3JMB TOTOBOi mpoiykuii Ta nwiaky 3 BaHHM PTII, komm i
KUTBKICTD JOCSTHE HeoOXimHoi1. ToOTO, 3Hat0UM po3MOALT TEMIEPATypH Y BaHHI Medl B MEBHI
NPOMDKKHM 4acy [2], MOkHa po3paxyBaTH 00’€M piakoro ¢epocmiaBy, II0 YTBOPHBCH, 1
BH3HAYaTH HOTO KIJTBKICTh B OYIb-SKHMH MOMEHT IUIaBKH. TaK0X MOJMIIMBE BIJICTC)KCHHS B
skiii came yacturi BaHHU PTII BinOyBaeTbes MpociaHHs MIMXTH. A Tak, K TEXHOJOTIYHHMA
Mporiec OTpUMaHHs (HepocCIiaBiB € Oe3MepepBHUM, TO II€ A€ 3MOTY BH3HAUUTHU JIe 1 B AKIH
KUTBKOCTI OakaHo i1 miJcUnaTH.

Jireparypa
1. Kayan IO.I'. 1llog0 KOMILJIGKCHOI'O MiAXOAY MPH MOJACIIOBAaHHI POOOTH PyIHOTEPMIUHOI medi /
I0.I'. Kauan, B.}O. Mimenko // Mertanypris : HaykoBi mpaiii 3amopi3bkoi Jep:KaBHOI iH)XEHEPHOI
akanemii. — 3anopixoks : PBB 3/11A, 2018. — Bum. 1 (39). — C. 126-130.
2. Kauan IO.I'. Anroput™m po3paxyHKy TEMIEpPaTypHOIO TIOJii BaHHU PYyIHOTEPMIYHOI meui /
10.I". Kauan, 10.b. Jliym, B.}O. Mimenko // Bicauk XHY. —2018. — Ne 3 (261). — C. 19-22.
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KPUTEPUU AJEKBATHOCTH MATEMATHYECKHNX OITUCAHUIA
JAUHAMHUYECKUX CUCTEM
Mensmmkos FO.JI., K.T.H.
Hnenposckuii Hayuonaneulil ynusepcumem um.O.1 onyapa

[Tycte mnoOBenEHHME HEKOTOPOro (PU3MYECKOro IIpolecca OMMCHIBAETCS CUCTEMOM

JMHEWHBIX OOBIKHOBEHHBIX U (HepeHINaTbHBIX YPaBHEHHH
x(t)=Cx(t)+Dz(1), (1)

rie C, D — MATpHIIbl C TIOCTOSHHBIMU KOOQPUIHEHTAMH, X = (X,,X,,...X,)  — BEKTOp QYHKIHUs

nepeMeHHbIX cocrostHust ( (1)) — 3Hak TpaHcnonupoBamus), z(¢)=(z,(t),z,(t),...z, (1)) —
BeKTOp (PyHKIMsA BHENMIHMX Bo3fAeicTBul; xe€ X,ze€Z,X,Z — HOPMHUPOBaHHBIE

(GYHKIIMOHATHHBIE TPOCTPAHCTBA.
[on mamemamuyeckum onucanuem GU3NIECKOTO MpoOLIECca MOHUMACTCS COBOKYITHOCTb
MaTeMaTH4YECKON MOIETH (1), BEKTOP byHKIIH BHEIITHUX BO3JICUCTBUI

2(t) = (z,(1),2,(?), ... ,z,(t))" ¥ HaYANBHBIX ycroBHA x(Z,) = x".
1. Kpurepuii adexsamuocmu mamemamuyecko2o ONUCAHUSA KOJIUYECNBEHHO20 MUNA:
Maremaruyeckoe onucanue (1) Oynem Ha3bIBaTh AIEKBATHBIM 110 TIEPEMEHHON x;(1),1< j<n,

€CJIU BBITIOJIHACTCA HEPABECHCTBO

ex
H X=X

<S5, (2)

X[a,b]

rae GyHKUus x,(f) ABIAETCS PE3yJIBTATOM MAaTEMaTHYECKOro MoJenupoBanus onucanus (1),

x; (¢) sIBISETCSI PE3yJIbTATOM SKCTICPUMCHTAIIBHBIX H3MEPCHHI IIEPEMEHHOM COCTOSIHUS X, (1),

0 — TOYHOCTb IIPOBEJCHUS DKCIIEPUMEHTA, eCTb HOpMa B (YHKIHOHAJIHLHOM

-y
npoctpaHcTtBe X, t €la,b]. Ilpu 3TOM oOCTaBIIMECS TEPEMEHHBIE COCTOSIHUS MOTYT HeE

YIOBJIETBOPATH ’TOMY KPUTEPHIO.
[Tycte matpunsl C,D HENpPEpbIBHO 3aBUCAT OT BEKTOpa (DU3MUECKUX MapaMeTpoB

MCCIIEMYEMOro mporecca  p =(p,,p,,...,p,) (HApuMep, Macchl BJIEMEHTOB, KECTKOCTHU

YIPYTUX 3JIEMEHTOB U T.1.). [loTpedyeM, 4TOOBI MKy KOMIIOHEHTaMH BEKTOpa MapaMeTpoB
p W peanbHbIMH (U3MYECKUMHU BJEMEHTaMU CYIIECTBYET B3aHMMHO OJHO3HAYHOE

cooTBeTcTBUE. Kpome sToro, moTpedyeM, dToOBI B3aUMOCBSI3U MEXIY IMapamMeTpaMu p

MaTeMaTHYECKON MOJIENH COOTBETCTBOBAIH (DU3MYECKHM 3aKOHAM HM3y4yaeMoro Ipoiiecca.
OTO0 Ba)KHOE COOTBETCTBUE OYyIeM Ha3bIBaTh ocHO8HbIM coomeemcmesuem (OC).

2. Kputepuil aodexeamnocmu mamemamuidecko20 ONUCAHUSA KAYECMBEHHO20 MUNA:
Beimmonaenne OC onpenensieT aJeKBaTHOCTbh MAaT€MAaTHYECKOIO ONMCAHUS KauyeCTBEHHOTO
THIIA.

Hcnonb3oBaHne B MareMaTM4eCKOM  MOJEJIMPOBAHWM  ONMCAHUS,  KOTOpPOE
YAOBJIETBOPSAET  TOJIBKO  KPUTEPUIO  AJEKBAaTHOCTH  KOJWYECTBEHHOIO  THUIA, A
MIPOTHO3UPOBAHUS TOBEICHUE (PU3NUECKOro Tpolecca He Oyner 0OOCHOBAaHHBIM, €CITH
OTCYTCTBYET aJIeKBATHOCTh KAaueCTBEHHOr0 TUNa. BepHO u o0OpaTHOE YTBEpKICHUE:
BBIMIOJTHEHHE TOJBKO KPUTEpUs KAueCTBEHHOTO THUIIA HE TapaHTUpyeT OOOCHOBAHHOTO
MPOTHO3MPOBAHUS TIOBEJAEHUS (U3MUYECKOTO TMpoIlecca METOJaMH MaTeMaTHYeCKOTO
MoJeNnpoBaHus. JlaHbl MPUMEPBI.

JIureparypa
1. Menshikov Yu.L. Criteria for adequacy estimation of mathematical descriptions, Chapter //
Modeling and Simulation in Engineering, Intech-Open, London, 2019,19 p.
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MATEMATHUHYECKOE MOJAEJINPOBAHUE OGTEKAHUS I'PYIIIBI TEJ
IMOTOKOM BSI3KOM HECXKUMAEMOM KUJIKOCTHU
Mupssiii C.C., Pequun JI.A. x.¢.-M.H.
Hncmumym mpancnopmuuix cucmem u mexuonocui HAH Ykpaunwvi

N3yueHne B3aMMHOIO BIIMSHUS TeJl, KOTOPbIE HAaXOIATCA PSAJOM B IOTOKE JKUIKOCTH
WIN Tra3a sSBISETCS OAHOM M3 BaXHBIX (PYHIaMEHTAJIbHBIX 33/1a4 COBPEMEHHOW MEXaHWKH
XKUIKOCTU U rasa. SIBIeHMs, CBSI3aHHBIE C B3aMMHBIM BJIMSHUEM Tl B MOTOKE JOCTATOYHO
LIMPOKO PacHpOCTPAHEHBI B COBPEMEHHON TEXHHUKE. V3BECTHO, UTO pa3iMyYHOE I0JIOKEHUE
TeJl B TOTOKE 3HAUUTEIBHO H3MEHSET KapTuHy TeueHus. COOTBETCTBYIOIIMM 0OOpa3oM
U3MEHSIOTCSl KaK HECTAalMOHApHbIE, TaK M OCPEJHEHHBIE IO BPEMEHM a’POAMHAMHUYECKUE
XapaKTEPUCTUKHU TN B TPYMIIE.

DKcIepUMEeHTAIbHbIE UCCIIEAOBAaHM O0TEKaHHsI TPYI HMIMHAPUIECKUX Tell OOJIBIIOM
JUIMHBl TIOTOKOM BO3AyXa WJIM XUIKOCTH BEIYTCS JOCTATOYHO AAaBHO. JTO CBSI3aHO C
pa3BUTHEM TEXHOJIOTMM MEPEKauyKd pa3IWYHbIX JKUAKOCTEH UM Ta30B IO IOABOJIHBIM
TpyOOINpoBOaM, C aHAJIM30M TEUYEHUH B TEIJIOOOMEHHHUKAX, U. T.J. Takxke 10CTaTOYHO AaBHO
MIPOBOJIATCS SKCIIEPUMEHTAIbHBIE Pa0OThl MO MCCIEIOBAHUIO SIBICHUM, BO3HUKAIOMINUX IPH
oOTekaHuW Tpymnn cep M KOMIIAKTHBIX Tel ApYrux ¢GopM. DTO CBSA3aHO C aHAIM30M
B3aMMHOTO BJIMSIHUSA, HAIPUMEP OJIM3KOPACIIONOKEHHBIX aBTOMOOUIIeH, Kopabiei, u T.1.

Jlannast paboTa MOCBSIIIEHA WCCIEIOBAaHUIO U3MEHEHUSIM OO0IIel KapTHUHBI TEUEHUs U
U3MEHEHUIO a’POAMHAMUYECKUX XAPAaKTEPUCTUK TN B TPYIIE NMPU U3MEHEHUM IOJOKEHUS
TpyOnbl  OTHOCHUTENBHO  HaOeraromero IMOTOKa M PAcCTOSHUS — MEXIYy  TeJlaMu.
PaccmarpuBanich Tpynmbl, COCTOSIIME W3 JBYX LMIMHIAPOB U JABYX cep. OCHOBHBIM
METOJIOM HCCJIeIOBAaHUS SIBISUIOCHh MaTeMaTHUYEeCKOe MOJEIUPOBaHHEe 00TEKaHUsI TPYIIbI TeJ
IIOTOKOM BSI3KOW HEC)KMMAEMOW JKMJIKOCTH C IIOMOILBIO YUCIICHHOI'O DPEIICHUS ypaBHEHUM
Hasbe-Ctoxkca. s mosydeHus JUCKPETHBIX aHAJIOTOB YJIEHOB YPaBHEHUH MO MPOCTPAHCTBY
WCIIOB30BAJICSI METOJI KOHTPOJBHBIX 00BeMOB. OCHOBHOW MPOOJIEMOM TpPH YHCICHHOM
pemienuu ypaBHeHudd Hasbe-CTokca miss BA3KOW HEC)KUMAEMOW JKMIKOCTH  SIBIISIETCA
OTCYTCTBHE JIaBJICHMS B YPaBHEHHMM HEPa3pbIBHOCTU. [[7s1 CBS3bIBaHMs NOJIEH NABIICHUS U
ckopocrteir ucnoisb3oBaicst meron PIMPLE (PISO-SIMPLE). Ilpu ucnons30BaHUM 3TOTO
MeToAa UTepanuu 1o (U3NYIECKOMY BPEMEHH TPOU3BOAATCS ¢ momolnbio Meroaa PISO, a
noauteparuu npousBoaaTces mo merony SIMPLE. Takas komOWHaIusi METOAOB MO3BOJISET
n00UTHCS Oeree OBICTPOTO M YCTOMYMBOTO PEIICHUS 3aa9H.

OOmiast kapTHAa OOTEKaHMs TPYIIIbI, COCTOSIIEH M3 IBYX IMJIMHAPOB, CYIIECTBEHHO
3aBUCHUT OT HMX pacHoJIOKeHHsT B HaOeraromeM T1oToke. MoskeT HaOmonatbes Kak
[IPAKTUYECKH IOJHOE IOJABJIECHUE BUXPEBON JOPOXKKHU IPU TaHAEMHOM pacHOJIOKEHUU
UWIMHIPOB;, MOBTOPHOE MPUCOEIWHEHHUE MOTPAaHUYHOTO CJIOSl, MHTEHCU(UKAIMS OTpbIBa
Buxpeit. OcoOblil HHTEpeC NpeACTaBIsieT COO0H MEePEKITIOYAIONIUICS PeXUM 00TEKaHUS IBYX
UWIMHIPOB, HAXOIAIIMXCS B IMOJIOKEHHH OOK OOOK MPH PACCTOSIHUSX MEXAY LEHTpaMu
LWIMHPOB, HE MPEBBIAIONIUX ABYX AMaMeTpoB. IIpyu 1aHHOM pexume TeueHue CiydaiHbIM
00pa3oM «IEepeKITI0YaeTCs» MEXAY ABYMS aCHMMETPUUYHBIMH COCTOSIHUSIMHU.

CtpykTypa O0OTEKaHHs BIHMS€T Ha 3HAYCHUS WHTETPAJBHBIX adPOANHAMHUYECKUX
XapakTEepUCTUK LWJINHIpOB. Hampumep, npu TaHIEMHOM pacIOIIOKEHUN LWIMHIPOB, KOTa
paccTossHHE MeNy IIeHTpamMHu HeOosplioe Ha0mogaeTcss yMeHbIIeHHe Kod(pQuimeHTa
71000BOTO CONMPOTUBJICHUSI LIMIIMHAPA, KOTOPBIN PacloIoKeH HUXKE 10 OTOKY, 110 CPAaBHEHHUIO
c  KodpduiHMeHToM  JI0OOBOIO  CONPOTHUBIEHHS ~ €AMHUYHOrO  IwiuHApa. Ilpu
EPEKITIOYAIOIIEMCS PEKUME a3pOJAMHAMUYECKHE XapaKTEPUCTUKH IWIMHAPOB B TPYIIIE
MEHSIOTCS CITydaifHbIM 00pa3oM.

[Ipy u3MeHEHUM TMOJOXKEHHUS TPYIIbl cPep OTHOCHUTEIbHO MOTOKAa HaOII0/IaeTCs
B3aMIMOJICHICTBIE TETIe0Opa3HbIX BHXpell 3a cdepamu, a TakKe COOTBETCTBYIOIIEE
M3MEHEHHE a’pOIMHAMUYECKUX XapaKTePUCTUK cep B rpymIe 1Mo CpaBHEHUIO C €IUHUYHON

cdepoi.
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ONTUMMU3ALIMSA ITPOLEJYPHI MIPUHATUA PEHIEHAM ITPA
ABUWKEHUU ITOABOJHOI'O POBOTA B YCJIOBUAX
HEONPEJAEJEHHOCTH OKPYKAIOIIEN CPEIbI
Muxanés A.U., Creaun A.A., Ilacexo B.I1., Crennn A.C., Tumommn FO.A.
Hayuonanvnas memannypeuueckas akaoemus Yxpaunsi, HTYY «Kuesckuii
noaumexuuyeckun uncmumym um. Heops Cuxopckozo»

[Tpu onenke ¢ dexTrBHOCTH pUMeHEHUs ToBoAHOTO pobdoTa (I1P) mpuHIMNIUMansHOE
3HAUEHUE UWMEET CTENeHb ero WHQPOPMAIMOHHONH aBTOHOMHOCTH, T.€. CIIOCOOHOCTH
CaMOCTOATEJILHO JIEMCTBOBATh B HEM3BECTHOM MJIM HEIOCTATOYHO OMpeNesIeHHOM cpene [1].

B nacrosimee Bpems muccuu (3amanus) st [P ¢opmupyroTcss ¢ MCHONIB30BaHUEM
UMIIEPATUBHBIX METOJIOB MPOrpaMMHUPOBaHUSA (KaK TEKCTOBBIX, TaK W TpadUyecKux),
JETAIbHO ~ OIMHUCHIBAIONIMX MOCIEAOBATEIHHOCTh JCHCTBUI po00OTa, KOTOpPHIE HYKHO
COBEPIINTH ISl JOCTIKEHHS TpeOyemon 1memu. [lpu 3ToM mpeacTaBieHue O camou Ieinu
UMeeT TOJIbKO omepaTop [IP, KOTOphI COCTaBIIIET MUCCHUIO, HAIPUMED, ITOCTABKHU I'py3a B
neneByro Touky. [lomoOHas TexHomorus 3¢h(EKTUBHA, €CIM MUCCHsI pOOOTa OCYIIECTBISIETCS
B paMKax alpHOpPHOTO CIleHapus. B ocCTampHBIX clydasXx OHa MOXeT Jub0 BooOINe HE
BBITIOJIHUTBCS, JIMOO BBINOJHHUTHCSA C OONBIIMMM HApyUICHUSAMU M Yrpo30i 0e30MacHOCTH
amnmapara.

[MoaToMy s BBIMOTHEHHWS] MHCCUU TPU  HEMPEIBHICHHBIX OOCTOSATEIHCTBAX
UCKIIFOUUTEIIbHOE 3HAUYEHHE HMMEET «HHTEJUIEKTyalu3aluus» CHUCTEMBbl  YIPABICHHS
aBToHoMHOTO [IP, T.e. co3maHne aBTOHOMHOTO POOOTH3MPOBAHHOTO TOJBOJHOTO ammapara
(APITA) ¢ osmeMeHTamMH HCKyccTBeHHOro wuHTewiekta [2]. Matemnexrtyanmsanus APITA
MOJIpa3yMeBaeT ClOCOOHOCTh CHCTEMBI YIIPABICHHS OCYIIECTBIATh (DYHKIIUU aHAIH3a CIEH U
o0melt 00CTaHOBKH, OPUEHTUPOBAHHUS B BOJHOM cpefie, COOpa M HAKOIUICHUS Pa3HOOOpa3HOH
uHpopmanuu. Vcnonp3oBaHue TPaAUIIMOHHBIX METOJOB IUTAHMPOBAHWS, B JAHHOM CIIydae,
HEBO3MOKHO U3-3a BEPOATHOIO BO3HUKHOBEHMS HA MAPUIPYTE HEMPEABUIAECHHBIX CUTYalU.

Ortcroa, CUTYallMOHHBIN MOJIX0/1 B MPUHATUH PEIICHU MPU IJIAHUPOBAHUU MaplipyTa
APIIA, paccmarpuBaemblii B JaHHOW paboOTe, BeChbMa aKTyalleH M TO3BOJISIET HE TOJBKO
OIICHUTh BO3MOXKHYIO CUTYallUI0 Ha MapUIpyTe, HO U ONPENEIUTh YIPaBISAIOMINE PEIICHUS
JUIsL ONEpAaTUBHOM KOPPEKTHUPOBKM MapLIpyTa € MCHOJIB30BAHUEM HWHTEIUIEKTYAJIbHON
cuctemsl noaaepxku npusstus pemenuii (MCIIIIP).

Jlureparypa
1. AreeB M./l., Kucenes JI.B., Mareuenko FO.B. u np. ABToOHOMHBIE TTOZIBOAHBEIC POOOTHEL. CHCTEMBI U
texHoJyoruu / o oomr. pea. M.J[. Areea. — M.: Hayka, 2005. — 400 c.
2. Kucenes JI.B., Unzapues A.B., MatBuenko l0.B. Co3zmanue wuntemiekryanbHbeix AHITA u

npoOJeMbl MHTETpallii Hay4HBIX uccienoBaHuil // TlonBomHble MccinenoBaHusl U POOOTOTEXHHUKA. —
2006. —Ne 1. - C. 6-17.
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OLHEHKA ADPOAUHAMMUYECKUX U TEIIVIOBBIX HAI'PY3OK HA KOPIIYC
KAIICYJIbBI HYPERLOOP B BAKYYMHUPOBAHHOM IIYTEITPOBOJIE
[Monesoii O. b. x.¢.-M.H., Pequun /1. A. x.¢.-M.H.

Hncmumym mpancnopmuuix cucmem u mexuonocui HAH Ykpaunwi

AdpolMHAMHMKA 3aHMMAET BAXXHOE MECTO TPHU TMPOCKTUPOBAHHU BBICOKOCKOPOCTHOTO
Ha3eMHOTro TpaHcmopta. llpW JABMKEHMHM TpPAHCIOPTHOTO CpPEACTBA CO CKOPOCTSMH  BBIIIE
500 xM/4 B yCIOBHSX aTMOC(HEPHOTO JIaBJICHUSI OCHOBHBIC SHEPTETUYECKUE 3aTPAThl IPUXOAITCS
Ha MPEOJOJICHUE adPOJAMHAMHYECKOrO compoTuBieHus. Co3laHue pa3peXeHHOW aTMocqepsl
BHYTPH T€PMETHYHOTO ITyTETPOBOJA C LEJIbIO CYIIECTBEHHOIO YMEHBIICHHUS MOTEPb SHEPTHH —
onHa u3 kinroveBbix uaei npoekra HYPERLOOP.

B mpoexkte HYPERLOOP mnnanupyercsi co3jgaHue HE MOJHOTO BaKyyMa, a pa3pexeHust
Bozayxa g0 0,001 atmocdepHOTrO AaBieHUS MPH OOBIYHBIX 3HAYCHUSAX TeMIleparyphl. JlaHHBIC
ycinoBus  (QoOpBaKyymMa  TO3BOJIIIOT  TMPOBOAUTH ~ HCCIENOBAaHMSA  COOTBETCTBYIOIIUX
ra30MHaMHUYECKUX MPOIECCOB B PAMKAX MOJIENH CIUIOUIHBIX CPE.

B mHacrosimeit pabore MareMaTH4eckoe MOJCIMPOBAHHE TMPOBOAMIOCH Ha OCHOBE
YHCJICHHOTO peleHusi ypaBHeHUil HaBbe-CTOKca BSI3KOTO CKUMAEMOTo TEIUIONPOBOIHOTO Ta3a,
3aMKHYThIX auddepeHnmansHol  Moaenplo  TypOyneHTHOcTH. PaccmaTpuBaincsi amana3oH
ckopocteit nmwkenus kancyiasl 100300 m/c (360+1080 xkm/4) npu 3HaUEHUAX JaBJICHUS BHYTpU
repMmetruuHoro mytenposona 101+101325 IIa (0,001+1,0 atmocdepnoro). Ilpu npoBeaenun
pacueToB (IO3eNSHK KarcCyjabl OMpPEIeNsuics IO TeOMETPUYECKMM IapaMerpaM, ONM3KHM K
MOJTHOMACIITA0HOMY a’3pOJMHAMUYECKOMY MakeTy Kamcynbl Quintero One, mpencTaBICHHOMY
kopropammeir Hyperloop Transportation Technologies 2 oktsopst 2018 rona.

Pe3ynpTaThl pacyeToB MOKa3aJd CYIIECTBEHHYIO 3aBUCHUMOCTH CTPYKTYPbl TEUEHHS OT
CKOpOCTH ABWXEHHs Karcynbl. Jlms ckopoctn 100 m/c (360 km/4) HaOGIIOMAETCS TOTHOCTHIO
J03ByKOBOE oOTekaHue Karcyibl. Konpy3opHo-auddy3opHas yactb 00JaCTH TEUEHUS B TaHHOM
cilyyae paboTaeT aHaJormyHo TpyOke Bentypu. B cyxkaromieiics yacTu HaJL HOCHUKOM KarlCyJIbl
JI03BYKOBOH TIOTOK Pa3TOHSETCS, a 3aTeM TOPMO3UTCS B PACIHIUPSIFOIIECIHCS YacTH.

IIpu 3nauenun ckopoctu 300 m/c (1080 km/4) KuMHeTHYeCKass >HEpPrus MOTOKa Oblia
JOCTaTOYHO BEJHMKa, YTOOBI HAJl BEPXHEH IMOBEPXHOCTHIO KarcCyiabl 00pa3oBajach CTPYKTypa
TedyeHus, aHamormuHas corry JlaBamsa. CBepx3BykoBas 00JacTh MPOCTHPACTCS BIOJIb BCETO
KOpITyca Karcynabsl. 3a KOpPMOHM oOpa3syercss cHuCTeMa YIapHBIX BOJH B BHJE MaXOBCKOU
KOH(UTrypanuu, MepeBosmIeii CBEpX3BYKOBOE TeueHHE B J103ByKoBoe. Ilon maHMIEM Karcyssl
(dbopMupyeTCs CBEPX3BYKOBasi CTPYs, KOTOpasi Ha BBIXOJE B JIOHHYIO 00JIAaCTh TEUEHUS 00pa3yeT
00YK000Pa3HYIO CTPYKTYPY.

B Xole BBIYMCIUTENBHBIX SKCIIEPUMEHTOB OBLIO BBISIBICHO IMOM00ME pacIpeaesieHHs
ra30JMHaAMUYECKUX BEJIMYUH MPH PA3IMYHBIX 3HAYCHUSX JABJICHUS B IyTEIPOBOJE. DTO CBSI3aHO
C TeMm, 4TO mpu pemeHnn ypaBHeHuii HaBbe-CTokca B 0Oe3pa3smepHOi (opme BIHSIHUE
(GU3NYECKOro 3HAYCHMs MABICHHS MPHUBOJUT K W3MEHEHHWIO TOJNBKO uucia PeitHompaca. Jlms
paccMaTpuMBaeMOro JHana3oHa I[apaMeTpOB BCE 3HAYCHUs 4YHciaa Re COOTBETCTBOBAIH
TypOyJICHTHOMY PEXXUMY OOTEKaHHUs, YTO B KOHEYHOM HTOTE 00YCIOBHIIO TTOI00ME T10 TaBIICHUIO.
Kak cnenctBue,  Oe3pasMepHbIe a’poAMHAMHYECKHE KOIPQPHUIIMEHTHI Ci1abo 3aBUCAT OT
(¢u3MUecKoro 3HAUEHMWs JaBJICHHS B BaKyyMHPOBAaHHOM IyTempoBoe. Takum oOpasom,
peanbHBIE a3poANHAMHUYECKHE cuiibl, nelicTBytomre Ha kKarncyny HYPERLOOP npu onnHakoBbIx
CKOpOCTSIX, SIBIISIIOTCSI MPAKTUYECKH TPSAMO TPONOPIHOHAIBFHBIMU 3HAYCHUIO JIaBJICHUS B
IIyTEPOBOJE.

Hekotopyto mnpobnemy mnpu npoektupoBanun BCHT tuna HYPERLOOP OGyner
COCTaBIISITh a9POIMHAMHYECKHI HarpeB Kopmyca karcyisl. [Ipu aBmkerun co ckopoctbio 1080
KM/4 BHEIIHsi 000JI0UKA KaICyibl IMporpesaercsa a0 Temmepatypsl 60+-90° C. Takas Terosas
Harpy3ka MOXET OKa3aTh OTPHIIATENIbHOE BIUSHHE Ha PabOTOCIIOCOOHOCTH OOPTOBBIX CHUCTEM
AIIEKTPOCHAOKECHHS U YIIPABJICHHS, a TAK)Ke Ha oOecrieueHrne koM(popTa maccakxupoB B MyTH.

Hacrosimass pabGora Obuta BbIMONIHEHa B pamkax mnpoekra «llepcrnexkTuBH pO3BUTKY
TPAHCIIOPTY IT’ATOTO MOKOIiHHA B YKpaiHi» (Ne gepxpeectpartii 0118U007616).
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BPEMEHHBIE OIIEHKH AJI'OPUTMOB BbBIITOJIHEHUSA CJIOXKHBIX
OIIEPAIIMMA B CUCTEME OCTATOYHBIX KJIACCOB
ITomucckuii FO 1., x.T.H.
e [Anenp, Hayuno-uccnedosamenbckuti UHCIMUmMym agmomamu3ayuu 4epHoti Memainypeuu

IMocTranoBka 3apaun. Vcnonp3oBanue cuctemMbl ocTaTouHbIX KitaccoB (COK) siBisieTcst
B HACTOAIIEEC BpPEeMs OJHHM M3 MEPCIEKTUBHBIX HANPABICHUN pa3BUTUS WH(OPMAIIMOHHBIX
texHonoruil. COK Ha3bIiBaeTcsi cucTeMa CUUCIIEHMs, B KOTOPOM IMPOM3BOJBHOE YHUCIO N
npelcTaBisieTcs B BHJE HaOOpa HAaUMEHBUIMX HEOTPHUILATEIbHBIX OCTATKOB MO MOIYJISIM

T.e. N= . b .= N(m .). Ilpu 3ToM, ecnm yuca .
mysmy,..m 1. N (al,az, ,an) 3nec a, N( odml) pHU 3TOM, €cC cna m,

B3aHUMHO HpOCTbIe, TO TaKOMy HpGIICTaBJIeHI/IIO COOTBGTCTByeT TOJIBKO OJHO 4YHCIIO N
namnasoHa |0, M), tne M =mm,...m .
1 [0, M), rn [y

IIyctb cucTremMoli OCHOBaHUN MOJHAAUYECKOIO KOJA TaKXKe SBISIETCA CHCTEMA
ml,m2,...,mn. Torma yucno N B NOIMAAUYECKOM KOJE IPEACTABIAECTCS CIEAYIOIMIUM

obpazom
N=r +r,m +m,mm, +..+7xmm,...m_, +.. 47, mm,...m,_,+7,mm,...m,_,

>
TA€ 7, - -5 MO3ULMOHHAsA XapakTepuctuka 0 <z, <m, —1,i=12,...,n.

Bwmecre ¢ uzBectHbiMH nocToMHCTBaMM COK BO3HHMKAIOT CEpbE3HBIE TPYIHOCTH TPHU
peam3anii HEMOAYJIbHBIX, TaK HAa3bIBACMBIX CJIOXKHBIX, onepaunﬁ, JJIs1  BBIIIOJIHCHU S
KOTOPBIX HEOOXOAMMO 3HaHUE LU(]p onepaHIoB 1Mo BceM paspsaaM. [lockonbky peanuszarus
Ka)KI[Oﬁ U3 CJIIOZKHBIX onepaunﬁ OCHOBAaHAa Ha OINPCACIICHUU B ABHOM HJIM HCABHOM BH/IC
MO3ULIMOHHBIX XAPAKTEPUCTUK YUCEN, NTOJIYYUB PEIICHUE OAHOW U3 HEMOIYJIBHBIX ONEpanui,
MOJKHO HaWTH peuieHus OCTaJIbHBIX. HpI/I 3TOM, KaK IIOKa3aJld HMCCICAOBAaHHA, B Ka4CCTBC
0a30BOl oOmepalnuy IeJeco00pa3HO MPHUHATH ONEpAIHI0 OMpPENeTIeHUs] MPUHAIEKHOCTH
YHYCIla JAaHHOUW MOJIOBUHE IHana3oHa.

@®opmyJMpOBKa  HeaM  HcciaexnoBanus. Llenpro  uccienoBaHus  SIBASIETCS
AHAIUTUYECKOE PACCMOTPEHHE BPEMEHHBIX OICHOK peanu3anuu 0a30BO  omepanuu
ONpeIeNIeHUs MPUHAUICKHOCTH YUCIIa JAHHOHN MOJOBUHE JUAIa30Ha.

HN3noxenne  OCHOBHOrO  mMarepuaja. byaemM  omiMyarb  4uciaa  IEPBOU

R1<0 <NKL %—1> U BTOpOM R2<% SNM —1> IOJIOBUHEI JHMama3oHa. Torma

Rl, 7, =0

R2, 7, =1

M3BecTHBI 1Ba OCHOBHBIX aJTrOpUTMa OMNpPEACNICHUS NMPUHAJICKHOCTH YHCIA JTaHHOU
MIOJIOBHHE JIMAIIa30Ha.

CyuHocts mnepBoro anroputma (AI) COCTOMT B IMOCJENIOBATEILHOM BBIYMTAHUU

HEKOTOPBIX KOHCTAaHT, TIOJy4aeMbIX MPOCTOW HUX BBIOOPKOM U3 NpeaBapUTEIBHO
COCTaBJICHHBIX TaOJIUI AJs 33JaHHOW CHUCTEMbI MOJAYJIEH M MX HEpapXHH, 10 MPUBEICHHUS

Nz(al,az,...,an) k N=(0,0....,0,7, =an).

€

CymrHocTh BTOporo ainroputma (A2) cocrout B crnenyromiem. [Ipeacrasinenue uncina N
B MOJINAIUTYECKOM INUIE MOXKET OBITDH HEPENNCAHO, KaK
N=r+m (t,+ my(my+..4+m_ (7, +..4+m _, (7, +m, 7). Torna onpeercHue

7,,i=2,3,...,n—1 Ipou3BoaUTCA AeNeHUEM N,  Ha m, , C COKpalleHHEM 0O0beMa Juana3oHa
> aifl
B /m,_, pa3 Ha KaXJON WTEpaluu, a BeIWYMHA o, =0_,— A, rae o_, =(——)(modm,) un
m,

i-1
A, = 7,(modm,). Pesynprar urepauuu N, = (0,0,...,0,a,.,,2, ,,....2,) .
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Jns  yBenuyeHuss ~ ObICTPOJCHCTBUS ~ aNTOPUTMOB — aBTOPOM  OBLJIO  BBEACHO
MPECTAaBICHUE YHCET OAHOBPEMEHHO B IIPSIMOM M 0OpaTHOM KOJax € MEePeX0/10M B Ipolecce
paboThI aropuTMa OT OJTHOTO MPECTABICHUS K APYTOMY.

I[Ipuy 3aganum 4yucma N = ocTaTKaMU — YHUCIO N =(&1,&2,...,&n) SIBIIAETCS
MPEJICTaBICHUEM 4YHCIia N=(al,a2,...,an) B oOpaTHOM Kone, TIe &iz(ml.—l)—al. -

oOpaTHBII KO/ OCcTaTKa a.

[Ipu 3aJIaHUN qucia N B OJIMATNYECKOM KOJEe YUCIIO
N=Z +7m, +...4+T.mm,...m. . +-+7 mm,...m +7 mm,...m SIBIIACTCS

1 271 i172 i—1 n-11"72 n-2 "nl1?72 n—1
MPECTaBICHUEM qucia

= B THOM K
N ﬂ1+7r2m1+ -1-7rl,m1m2 ml,_1+ +7Zn_1mlm2 mn_2+7rnmlm2 mn_1 06pa 0 oje,

rae 771. = (ml. -1)- 7, - 00paTHBIN KO MO3UITMOHHONW XapaKTePUCTUKH 7,

[Tycte AIm, A2m - TepBBIA M BTOPOM AITOPUTMBI COOTBETCTBEHHO IJIsi pabOTHI C
UCCIIEIyeMbIMHU YUCJIaMU, NPEACTaBIEHHBIMU OJJHOBPEMEHHO B MPSMOM U OOpPAaTHOM KOZAX.
Ha puc.1-4 mnpusenensl rpaduky  3aBUCUMOCTH BPEMEHHM pealu3allid  KaXJ0To U3
PacCMOTPEHHBIX AJITOPUTMOB OT BEIMYHMHBI YUCIA, HA OCHOBE KOTOPBIX IMOJIyY€HBl OLEHKH
CPEAHEro BpPEMEHH pean3aluy Kak[oro alropuTMa.

Bpems peanusaumnm
anroputma
Bpema peanusaumm
anropuTma
o = N W s U O

0 100 200 300 0 100 200 300

BenuyuHa ymcna
BenudnHa ymcna

Pucynox 3 — 3aBucumocts BpeMeHu peanuzaiud  PucyHok 4 — 3aBUCMMOCTD BpEMEHHU pealin3aiiiu

anroputMa A/ OT BeTUIHHBI YHCIIa anroputMa A2 OT BEJTUYIHHBI YHUCIIa

< 4 6

3 g 25 4

= = g T

g L s 2 3

© )

g3 3 &

g &1 g o ?

s ® S 1

g2 o s 04 I
0 100 200 300 & 5 5 50a i

BennyuHa ymcna

Benuyuna yucna

Pucynox 3 — 3aBucumocts BpeMeHu peanuzaiud  PucyHok 4 — 3aBUCMMOCTD BpEMEHHU pealin3aiiiu
anroputMa Alm OT BETWINHBI YHICIIA anroputMa A2m OT BETUYWHBI YHCIIA

3akiarouenue. PaccMoTpensl Bompockl peanusaiuu B COK HeMonynbHOM omneparuu
OTIpeNleJIeHUs] TPUHAUICKHOCTH 4YHCIa JaHHOM TMOJOBMHE Jauana3oHa. OmnpeneneHsl
BPEMEHHBIE OIIEHKH QITOPUTMOB BBIITOJHEHUS JTOHW OIEpanuy, IO3BOJSIONINE CIeTIaTh
3akimoyeHne 00 9()(HEKTUBHOCTH aNTOPUTMOB 32 CYET YBEIMYCHHS MX OBICTPOACHUCTBUS.
[TpencraBnsercss 1enecooOpa3HBIM  HCIIOIB30BAaTh PACCMOTPEHHBIE ITOAXOABI B KadyecTBE
NEPCIEKTUBHBIX HANIPABICHUN HCCIIEIOBAHUS CUCTEMBI OCTATOYHBIX KJIACCOB.
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KOHEYHBIE ABTOMATbBI C HEBUHAPHBIMU DJIEMEHTAMU MHOXECTB
[TonsxoB M.A., k.T.H., Auapuac M. A., K.T.H.
3anoposrxcckuti HaYUoOHANbHbIL MEXHUYECKUU YHUBEPCUMEem
B obOnactu mpuiiokeHHH KOHEUHBIX aBTOMATOB JUIsl 3a/lad YIPABICHHS 4Yallle BCETO
NMpUMEHsETCS aBTOMAaThl Tuma TmpeoOpaszoBarens (transducer). Takue aBTOMAaTHBIE
npeoOpazoBaTeny OMpPENeNsIoTcsS Kak Koprexx A=< S, X, Y, sy, 0, A>, rne S — KOHEUYHOE
HEIyCTO€ MHOXECTBO (COCTOSIHUM); X - KOHEYHOE HEIyCTOE€ MHOXECTBO BXOJIOB (BXOIHOM
angasutr); Y - KOHEYHOE HEMYCTOE MHOXKECTBO BBIXOJOB (BBIXOAHOH andasur); s, €S -

HAYalbHOE COCTOsIHME; O :Sx X — § - dyHkuusa nepexonos; A:SxX —»Y, A4:5->7Y -

(GyHKIMHU BBIXOJ0B aBTOMATOB Munu 1 Mypa, COOTBETCTBEHHO.

B u3BECTHBIX OINpeAeNeHnsIX KOHEYHOIrO aBTOMara HE ONMCHIBAIOTCA CBOMCTBA
DIIEMEHTOB €ro MHoXecTB. Llenmp Hacrosmiei paGOThl COCTOMT B PACIIMPEHHUU OOJIACTH
MOBE/IEHN, KOTOPHIE OMUCHIBAIOTCS C MOMOIIBI0O KOHEYHOT'O aBTOMaTra IMyTeM MOAU(pUKALUN
CBOCTB JIEMEHTOB €r0 aBTOMATHBIX MHOXKECTB U (DYHKITUI

[IpennoxxeHo onmpeaennuTh KOHEUHbIA aBTOMAT MOXHO Kak A=<X, ¥, §, sy, C, ¢y, F>,
rae C - MHOXECTBO YNpaBJICHUN; ¢y — HAYaJIbHOE yIpaBieHue; [’ — MHOXeCTBO (PyHKIUI
aBTOMATa B €r0 COCTOSIHUAX. DJIEMEHT f; MHOXKEeCTBA F' 715l i —TO COCTOSIHMSI OIIPEIeINM uepe3
(GYHKIIUHM 3TOTO COCTOSIHUA f; = <u;, 05, 0>, TOE W; 0; 0; B oMrcaHne KOHEYHOTO0 aBTOMAaTa
BBEJICHO 3HAUYEHHE AJIEMEHTOB MHOXKECTB 00pa3yromux aBTomar. [TokazaHo, 4To B U3BECTHBIX
aBTOMATax 3JIEMEHThl MHOXKECTB BXOJIOB, BBIXOJIOB U COCTOSIHUN MPUHUMAIOT OJHO U3 JIBYX
3HAYEeHUH, TO €CTh ABISIOTCA OMHAPHBIMH.

[Ipemnoxeno yBeIWYUTh AapHOCTh 3HAYEHUM HIIEMEHTOB MHOXECTB aBTOMAara. IJTO
MIO3BOJIMJIO OMHUCATh MOBEACHHE ABTOMATA, B KOTOPOM BBIXOJBl aBTOMAaTa MCHOJHSAIOTCS HE
TOJIbKO B AKTUBHOM COCTOSIHUHM, HO M B HEKOTOPOH OKpPECTHOCTH cOCTOsAHMH. Takoe
MIOBEJICHUE 3aJ1aeT IIOCIIEECHCTBUE COCTOSTHUM IIOCJIE 3aBEpIICHUS UX AaKTUBHOCTU U
HOJATOTOBUTENIBHBIE ONIEPALIUU BBIXOA0B MIEPE BEPOSTHBIM IIEPEXOAOM B 3TO COCTOSIHUE.

B omnmcanue BBIXOJOB aBTOMAara BBEAECHBI MapaMeTpPbl, KOTOPBIE XapaKTEPHU3YIOT
BPEMEHHOM MHTEPBaJ aKTUBHOCTU BBIX0/1a OTHOCUTEJILHO UHTEPBAJa aKTUBHOCTH M 3HAYCHUS
COCTOSHMS. YNPABJICHHE 3HAYEHUSIMH OTHUX IApaMETPOB  IO3BOJIAET  BBINOJIHUTH
apaMeTpUUECKYIO afaNnTallio aBToMaTa.

B omucanune aBTOMara BBEJACHBI MHOXECTBA (PDYHKIIUH COCTOSSHHN M YIpaBICHUH,
BKIIIOUAsi HAYaJIbHOE yIpaBJiICHUE. DIIEMEHT MHOKECTBA (DYHKIIMHM COCTOSIHHI OMUCHIBACT JIJIS
JAHHOTO COCTOSTHUSI (DYHKIIMM aKTHUBAlLlMU, BBIXOJOB W ympaBieHuid. OyHKIUN ympaBieHUun
3a/1aI0T CTPYKTYPBI MEPEXOJ0B U3 aKTUBHBIX COCTOSIHUN B IIPOLIECCE CTPYKTYPHOMU ajanTaiuu
aBTOMarTa.

B mocnenyromux paboTax mpearnonaraeTcsi ONucaTh HpOrpaMMHBIC MIAOIOHBI IS
peanu3aluyd MPEAJIOKEHHBIX KOHEYHBIX aBTOMAaTaXx B HHTETPUPOBAHHBIX CHCTEMax
yIpaBJICHHUS.
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MOJIEJIb TEIIJIOOEMEHHBIX ITPOIIECCOB B MYPABEVMHUKE
Paguenxo IO.H. x.17.H. Pomansko J1.B. k.T.H.
Hayuonanvnas memannypeuueckas akaoemus Ykpaumoi

B mpouecce BeceHHero pasorpeBa rHe3la BEAyIIas pOJib, KAK HW3BECTHO, MPUHAJICKHUT
Teriote Mertabomm3ma HacekoMbix [1]. B ciyuae Hammums Xopomield TEIUIOBOW W3OS,
pa3orpeB rHe3/1a JITKO OCYIIECTBIIAETCS, T.K. BBIACIAIOMIEHCS TETIOThl OOBIYHO JOCTATOYHO JUIS
MIOBBIIICHHS] TeMIIepaTypbl BHyTpEeHHEro KoHyca a0 ypoBHs + 28 °C. IlapameTpsl MOKpOBHOTO
CJIOSl THE3Jla 3aBUCAT OT TEOMETPUYECKUX pa3MEpoB MypaBeiiHMKAa, B YAaCTHOCTH JHaMETpa
HAJ3E€MHO YacTU U BBICOTHI KYTIOJIA, U OMPENEISAIOT TEIJIOBBIE MOTEPU B OKPY>KAIOILYIO CPEY.

VYpaBHeHue TeIIoBOro OajiaHca, TOCJTE JOCTHXKEHUS MYpPaBEHHHUKOM CTallHOHAPHOTO
terioBoro coctostuus (CTC), MOXHO 3amucaTh B BUJE, BT:

iszyu = QK{)HG + Q,uema(i * Q{[)Lﬂbmp = Qmen:l * nous 0 ’ (1)
rae (,, — JYYHCTBIA TEIUIOBOM MOTOK OT COJHI@, BKIIOYas MPAMOE M PACCeSHHOE

usnydenue; O~ — KOHBEKTUBHBIN TEIUIOBOH IOTOK B OKPYXKAIOLLYIO CPENy OT IOBEPXHOCTU

MypaBelHuKa; O

vema6

— TemIoTa MeTabonu3Ma HaCeKOMbIX; O, — TEIIOTa TEPEHOCUMAst

buIbTpyIOMKUMCS B X0JaX MypaBeilHIKa BO3IyXoM; Q

menn

— TEIIONPOBOJHOCTh YEPE3 KYIIOJI
MypaBeliHuka; O, . — TelI0Ta IPOHMUKAIOIas B IIIyOb 3eMIIM Yepe3 OCHOBAHHUE KyIOJa.

CytouHble KoJieOaHUSI TeMIIepaTypbl OKPYKAIOIICH CPelbl U yCIOBHI OCBEIICHHOCTH
Kylojla HapylalmT TeIuioBoil Oamanc. OJHaKO HEHW3MEHHOCTh TEMIIepaTypbl B THE3JE
obecrnieunBaeTCss KOMIIGHCAITUEH TETUTOBBIX OTEPh MypPaBEHHUKA TETUIOTON BBICTSIONICICS B
npouecce Metadonn3ma. KoiardecTBo 3Toil TEIOTh OTPaHUYEHO U 3aBUCHUT OT HACEJICHHOCTH
MypaBelHUKa, a, 3HAUUT, €r0 Pa3MepoB.

W3 paccMoTpeHust OTAENBHBIX COCTABIAIOIINX YPAaBHEHUS TEMJIOBOro OajaHca CledyerT,
YTO OCHOBHO€ BIIMUSIHME HA OXJIAXICHUE THE3[a B XOJIOAHOE BpeMs CYTOK MPOU3BOIUT
nepeAada TEIIOTHl  TEIUIONPOBOAHOCTBIO 4YEpe3 KYIOoJd, KOHBEKIMEH OT HapyKHON
MMOBEPXHOCTHU MOCIEAHETO U TEIUIONEepeava B TIIyOMHHBIE CIIOU MTOYBHI.

C ydeTroM BBIIIEH3TOKEHHOIO, TEIJIOBbIE MOTEpU THe3[a (BHYTPEHHEro KOHYyca) B
OKPY>KaIOIIYIO CPely pacCMaTpUBaIU KakK TEIUIONepeaady yepe3 KpUBOJIMHEHHYIO CTEHKY.

ITo pa3paboTaHHOl TETUIOBOM MOJAEIN MypaBEeHHHKA BBHIMOJHUIN CEPUIO PACUETOB IS
pa3IMYHBIX pa3MepoB U GOpMBI Kymonia. PaccMorpenu aBa ciydas: IEpBBIA — HaJ3eMHBIH
Kynoil uMmeeT (opmy mnomycdepbl, oTHolIeHHE auameTpa D kymona k ero BeicoTe H
coctaBisier D/H=2; Bropoii - kymon umeer HopMy CPepHuecKoro CerMeHTa, a OTHOIICHHE
auaMeTpa Kyrmosia K BbICOTE mnpuHHMaetrcss paBHeiIM D/H=3. J[lns obOecnedenus
COMOCTaBUMOCTH PACUueTOB, pa3Mepbl BHyTpeHHero konyca (amamerp d u BbeicotTy h)
MIPUHUMAJIU B 3aBUCHMOCTH OT BBICOTHI Ha3€MHOM YacTH KymoJja: quametp paBHbiM d=0,6H, a
BeIcOTa h=1,3d.

Okazajioch, 4TO CYHIECTBYET HEKOTOPBIA KPUTHYECKUH AHaMETpP HAA3€MHON YacTh
MypaseliHuka Dkp. O1o o3Havaer, urto ecnu D<Dkp, TO B JaHHOM THE3[E, IPU UMEIOIIEHCs
TOJIIIMHE TOKPOBAa M COCTOSHUM KyIlojia, OOecrnedyuTh MOoAJNep)KaHue mpueMaeMon
TEMIIEPaTypbl B TEYEHUE CYTOK HEBO3MOKHO. MypaBeHHUK MOJTHOCTHIO 3aBUCUT OT BHEIIHHUX
(hakTOpOB.

B ciyuae, korna D>Dkp, ceMbs Majio 3aBHCHUT OT BHEIIHHX YCJIOBHH M CHOCOOHa K
akTUBHOU Tepmoperyiainuu. [Ipu D=Dkp, MOXHO TOBOPHUTh O HEYCTOMYHUBOM PaBHOBECHH,
Korja mMajieiiiiiee BO3MYILIEHUE BbI3bIBAET CMEIICHUE COCTOSIHUSI MypaBEUHHUKA B TY WIH UHYIO
CTOpPOHY.

B namewm ciyuae, 1y MypaBeitHHKOB co chepuueckor (opMoi Kymona KpUTHUECKUI
muamerp coctaBmin 0,65 M, 11 KynmosioB B ¢opme ChHEepUIecKOTO CerMEHTa ATO 3HAaueHHUe
HECKOJIbKO OoubIie, U cocTaBiser 0,90 m.

Jlureparypa
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JIMHEWHAS ABTOPEI'PECCHS B YCJIOBUSIX HEPABHOOTCTOSAINX
HABJIIOJIEHUM B 3AJAYE MOJIEJIMUPOBAHMS TLE-3JIEMEHTOB
CapsbrueB A.IL na.1.1H., B.H.C.; [lepBuii b.A., Mm.H.C.

Hncmumym mexnuuecxou mexanuku HAH u I'KA Ykpaunwsi

[Tpo6GiiemMa MOBBILIEHUSI TOYHOCTH MPOTHO3UPOBAHUS ABM)KEHUS CITyTHUKOB aKTyajbHa
Ui 3aa4  ONPEACIICHUS BPEMEHM UX CYLIECTBOBAHMS, KAaTAJIOTM3ALMU KOCMHYECKOIO
Mycopa, HaBUTalluu U Jp.

TexHUKHM MPOTrHO3UPOBAHUS, OCHOBAHHBIE HA CTATUCTUYECKUX MOJEISAX BPEMEHHBIX
psnoB [1,2], muGo Ha MeToIax MAaMHHOTO 00y4eHus [3,4], HampaBJIEHBl HA MOACIUPOBAHNE
¥ BOCIPOU3BENCHHWE OTCYTCTBYIOIICH JWHAMHKU paHEe BBIYUCICHHBIX MPHOIMKEHUN
moxenerd SGP4 wim SDP4 [5]. Ota xoMOMHaIMs TO3BOJISET MOBBICUTH TOYHOCTh OOBIYHBIX
YUCJICHHBIX, AHAJMTUYECKUX M MOJYaHAIUTHYECKUX METOJOB ONPEHEICHUS IOJOXKEHUA U
CKOPOCTH JIF000TO CITYyTHUKA UM 00BEKTa KOCMHUYECKOTO Mycopa.

OTnuuuTenbHOM OCOOEHHOCTBIO BpeMEHHBIX pAaoB TLE-anemeHToB [6] sBnsieTcs ux
IIPEACTABJICHNE HE HAa PAaBHOMEPHOM BPEMEHHOM CETKE, a ¢ HEpEeryIspHbIMH BPEMEHHBIMHU
WHTEPBAJIAMU MEXy HAOIIONCHUSIMHU — T. H. KHEPABHOOTCTOSIINE HAOIIOICHUS.

[Ipy mocTpoeHUH CTATUCTUYECKHX Mojeneld BpeMeHHbIX psinoB TLE-aneMmeHTOB 3Ta
OTIUYHTENbHAS OCOOCHHOCTHIO MOXKET OBITh HCIIONBh30BaHA ISl MOAM(DHUKAIUU TMPOLETYP
OLICHMBaHMs mapaMeTpoB. Pa3zpaboTka MeTo/a MOCTPOEHUSI aBTOPETPECCUOHHBIX MOJENEH ¢
HEPABHOOTCTOSIIIMMH BO BPEMEHHU HAOJIIOJICHUSMHU U €ro MPUMEHEHHE MPU MOACTUPOBAHUU
JTUHAMHUKH OOJBIMUX (parMeHTOB KOCMHYECKOTO Mycopa B 3ajlady€ WX yBOJa C OpOUT U
SIBJISIETCS TIEJTbIO TAHHOUM paOOTHI

Pazpaboran MeTon MOCTPOEHUS aBTOPETPECCHOHHBIX MOJENEH ABMKEHUS OONbIINUX
(parMeHTOB KOCMHYECKOTO MycOpa, MPEeACTaBICHHBIX BpeMeHHbIMU psiamu TLE-anmemenToB
C HEpaBHOOTCTOSUIMMH BO BpeMEHM 3HadeHHMsIMH. Pa3zpaboTaHa WTepalMoOHHAas Mpoleaypa
napaMeTpuuecKoi MACHTU(PUKAIIMN aBTOPETPECCUOHHBIX YPaBHEHUIN C HEPABHOOTCTOSIILIUMU
HAOIIOIEHUSIMU, KOTOpasi MCCIIe0OBaHA METOJOM CTAaTUCTUYECKUX HCHbITaHuii. Ha ocHoBe
pa3paboTaHHOTO METO/a MOCTPOEHUS aBTOPETPECCHOHHBIX MOJIENEeW paccMOTpeHa 3ajada
MOJIEJIMPOBAaHUS JAMHAMUKH KocMHuecKoro ammapata "Cuu-2" 1o ero BpPEMEHHBIM psiam
TLE->neMeHTOB B Kjlacce aBTOPETrpecCHOHHBIX Mojeneid. I[lo Bcem cemMu siaeMeHTam
MOJY4YEHbI MOJIETHN YAOBJIETBOPUTEIBHOIO Ka4y€eCTBa.
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Ob UCHTIOJb30BAHUU ADPOANHAMHUNYECKOI'O KOMIIEHCATOPA
B 3AJAYE YBOJA KOCMHUYECKOI'O MYCOPA
BECKOHTAKTHBIM CITIOCOBOM
Cropo6wuHn J[.C. mitaammii Hay4HBIN COTPYIHHUK
HUnemumym mexnuueckou mexanuku HAH Yxpaunor u I'KA Yrkpaunwvi

Jns ynanenust 00bekToB Kocmuueckoro mycopa (OKM) ¢ 0ko103eMHBIX OpOUT MOTYT
ObITh MPUMEHEHBI KOHTAKTHBIE MJIM OECKOHTAKTHBIE METObI U CpeacTBa yBoja. KoHTakTHBIE
CHUCTEMBbI YBOJa MOTYT OCYILECTBIATH 3axBaT wiu nepememienne OKM, nHampumep, ¢
[TIOMOIIIbIO, TapIIyHHON CHUCTEMBI, CETH WJIM MAaHHUITYJISATOpa. DECKOHTaKTHBIE CHUCTEMBI HE
MpeAyCMaTpUBAIOT MexaHudyeckoro koHtakta ¢ OKM, KOTOpBIA MOXET HMMEThb CIIOKHYIO
dbopMy, coBepiIaTh HEYIIPaBIIEeMOE BpalaTeIbHOE IBHKEHUE U T.I1.

B nokmane mpencraBieH pe3ynbTaT IMPOBEACHHOTO aHAIW3a IeJIeCO00pa3HOCTH
WCIIOIB30BaHMsI adpoinHaMuueckoro kommeHcatopa (AK) B cxemMe OECKOHTAKTHOTO criocoba
yBOJla OOBEKTOB KOCMHYECKOTO MycCOpa C HHU3KHX OKOJIO3EMHBIX OpOWT, HE
MPEIOaralmero MEeXaHU4eCKOro KOHTakTa kocMuueckoro ammapara u OKM. B [1]
mpeajaraeTcss cucreMa OeCKOHTAaKTHOTO yIAJICHHs KOCMHUYECKOTO0 Mycopa C HHU3KHX
OKOJIO3EMHBIX OpOUT ¢ wucnoib3oBaHueM AK, OCHOBHOW MPUHIHUI JEHCTBHUS KOTOPOM
npennonaraer cmernenne OKM ¢ opOUTHI 3a c4eT BO3ACHCTBHSI Ha HETO MOHHOTO MOTOKA,
KOTOPBIA CO3MaeTCsl AJNeKTpopeakTuBHBIM nBurateneMm (DOPJ), ycTtaHoBiIeHHBIM Ha OOpTYy
KocMudeckoro ammapara-mycopocooprmka (KAM). Haubonee OMM3KUM O TEXHUYECKOH
CYUIHOCTH K pa3pabaTbiBaeMOil cHCTeME SBJISETCS KOHLEMLHUS, UMEHyeMas «KOCMHYECKHIl
MacTyX ¢ HOHHBIM JTydoM» [2], B cooTBeTCTBUM ¢ KOTopoi Ha KAM mnpeaycMoTpeHo Halluuue
nByx OPJl: mepBbIii mpeaHa3HayueH i nepegayu cuiaoBoro uMmnyibca Ha OKM, a BTopoi —
JUIsl KOMIIEHCAIlUU BO3ACHCTBUSL mepBOro asuratens Ha aBwxkeHue KAM u nopnepxaHus
B3auMHoro nonoxenus KAM u OKM. PaccmarpuBaemast cucteMa 6€CKOHTAKTHOTO YIATICHUS
OKM npenycmarpuBaer wucnosib3oBanue AK BMecto kommneHcupytomero OPJ[ wmum
JOTIOTHUTEIPHO K HeMy. [IpuMeHeHHe Takol CHCTeMBI IIO3BOJIUT  OOECIEeYUTh
HEeUTpaM3auuio BIUSHUSA cuiibl TArM DPJl - ncrounnka nonHoro nmoroka Ha KAM u pacr
BO3MOKHOCTh COBEPILATH YIpPaBICHUE MapaMeTpaMHu OTHOCUTENbHOro nBrkeHus KAM u
OKM c¢ momompio AK. AHamu3 11e1ecoo0pa3HOCTH HMCIOJIb30BAHUS adPOJIMHAMHYECKOTO
KOMIIEHCAaTOpa BBITIOJIHEH HAa OCHOBE pacueTa Macchl paboyero Ttela HW KOJUYeCTBa
AJIEKTPUYECKOM SHEpPruu, coXpaHeHHbIX 3a cueT npumeHeHus AK. IIpoBeaeHHblii pacuer
COXPAaHEHHON Macchl paboyero Tela BBIMOJHEH IMPH HCIONB30BAHUH PSAa YIPOIIAOIINX
MPEIOI0KEHUH, OMMCaHHbIX B [3]. B pe3ynbTaTe aHanmsa onpeneneHo, 4To UCIOIb30BaHUE
AK Oyxer uenecoobpasHbIM, eciu 3a onHy muccrio KAM OyaeT ocymecTBICHO HECKOJIBKO
yBOAOB ¢ opOuThl pasHeix OKM. HampaBnenue nanpHEWIINX HCCIEIOBAHUN TPEAIosaraet
MpoBeJieHUE Ooliee NETanbHOrO aHaIM3a IelecoodpazHocTH ucrnonb3oBanus AK, B Tom
qyclie — NpopaboTKy KOHCTPYKIIMM KOMIIEHCATOpa M CHOC00a yMpaBieHUsS €ro IUIOIAbIo
MUJENS.

Jlureparypa
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3. Copooun [I.C., ®okoB A.A., XopommoB C.B. AHanu3 1enecoo0pa3HOCTH HCIOIb30BaHUS
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METOJIN XAOTHYHOI IUHAMIKH B 3ATAYAX JTOCJIIJI)KEHHSA
TEXHOJIOTTYHUX XAPAKTEPUCTUK CEKIIII 3BATAYEHHS
Cenbko A.O. acuctent, Kynin A.l. JOKTOp TEXHIYHUX HAYK
Kpueopizvkuii nayionaneruti ynieepcumem

TexHooT1uHI MpoIecH 30aradeHHs pya YOpPHUX METajliB (MarHETUTOBUX KBApIIUTIB) €
JIOCTaTHbO CKJIAJHUMH 00’€KTaMH MPOrHo3yBaHHsA. Lle 00ymMoBiIeHO iX GaraToBUMIpHICTIO Ta
0aratocTaJiiHICTIO, BIJIACTUBOCTSAMH  HENIHIMHOCTI Ta  HECTalllOHAPHOCTI, 3HAYHUM
3ami3HeHHSAM 1H(OpMAaNiMHUX TIOKa3HUKIB y 4Yaci, HAsABHICTIO HEYITKOI Ta HEMOBHOI
iHdopmarii [1].

PizHOMaHITHI JaHi mpo mporiec 30aradyeHHs] HAAXOASTh Y BHUIJISAI aHCAMOJIO YaCOBHX
paniB x(t)={xj(t)},j=1,2,...,n; teT; T — yac cmocTepexeHHs.

MoMBICTh TMOKpAIIEHHS. MPOTHO3Y OYIKYBaHMX 3HAUY€Hb JOCITIIKYBAHUX BEIHYUH
3B'SI3YETHCA 3 PIMICHHAM 3adad  Kiacudikamii TporeciB, IO MNpeACTaBICHI psaaamMu
cnoctepexxenb. Jlnsg Takoi kimacudikamii CTYNEHI0 CTOXaCTHYHOCTI YacoBOTO pALY
BUKOPUCTOBYETHCS TOKAa3HWK XepcTa., 3a 3HAYCHHSIMH KOTPOTO JWHAMIYHI MpOIecH
PO3IUIAIOTECS Ha JETEpPMiHOBAHI, BHIIAQJKOBI Ta XaOTUYHO NEeTepMiHOBaHi. B ocraHHbROMY
BUITQJIKy TPOIIEC MICTUTH "mamM'sTh" TPO MOMEPENH] CIIOCTEPEKEHHS, PO MOBEIIHKY PSAIY B
MHUHYJIOMY, TpU4YoMy JoBroctpokoBy [2]. Lls nomatkoBa iHdopmariss Moxe OyTu
BUKOPHCTaHA B IPOIIeTypax OIMEPaTUBHOTO MPOTHO3YBAHHS OUiKYBaHHX 3HAYEHb PiBHIB PSY.
Ines meTomy monsrae y BHMIPIOBaHHI 3MiH 13 4acOM pIBHS HAKOMHWYEHHS BIAXUJICHD BiJl
CEepEeHbOr0 3HAUYCHHS YacoOBOTO pAny [3].

Jlnist po3paxyHKy HOKa3HHMKa XepcTa Oynu 3HaleHi KoeillieHTH JTiHIHHOT perpecii Mixk
Jorapu()MOM CTaHIAPTHOTO BIIXUJICHHS IHTEPBAJBLHUX MPUPOCTIB Pi3HOYACOBUX PSIIB — G Ta
Jgorapudpmom TaiMppermy — t (pUCyHOK 1).

Ln{a)
=
&=
(%))

y=0,0334x - 1,9461

1,9

-1,95
Ln(t)

Pucynox 1 — OtpumanHs koedillieHTy JiHIIHOT perpecii

[IpencraBneni pe3yabTaTd JOCHIDKEHHS TEXHOJIOTIYHUX XapaKTePUCTHK  CEKITii
30aradueHHssT Ha OCHOBI METOAIB XaOTHYHOI [OWHaMikh. Po3rissHyTO 3amady aHamizy
CTaTUCTUYHUX BJACTUBOCTEH TMPOIECIB Ta TMPOTHO3YBAHHS PIBHIB YacOBUX PSIiB.
BcranoBneno, mio BukopucTaHHS R/S-aHamizy  g03BoNsSi€  YTOYHUTH — TPOIEAYpHU
MPOTHO3YBaHHS, BUKOPHCTOBYIOUM JaHI MPO MOKAa3HUKH Xepcera. JloChmiIKeHO MOKIUBOCTI
MIPOTHO3YBAHHS YaCOBUX PSIJIIB HA OCHOBI y3arajabHEHHUX JIOTICTUYHUX B1OOPaKEHb.
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67-68.

75



MOJAEJIFOBAHHS I TIPOTHO3YBAHHS ITAPAMETPIB HEPET'YJISIPHUX
HEYITKHUX MOCJIJIOBHOCTEM CTAHIB CKJAJJHUX CUCTEM
Ckainozy6 B.B. n.1.H., Mypamoos O.B., I'anadyt O.O.

JIHinposcoKkull HayioHanbHUU YHIGEpCUmem 3ani3HUYHO20 MPAHCNOPIY
imeni akademixa B. Jlazapsna

Ha mpakTtuiii ais 9ucieHHUX COIlaTbHO-€KOHOMIYHUX, BHPOOHHYO-TEXHOJOTIUYHUX,
(iHAHCOBUX, TaK CaMO SIK 1HAMBIAyaJbHUX OIOJIOTIYHMUX Ta IHIIUX IMPOLECIB 1 CHCTEM, B
3B'I3Ky 3 iX BHICOKOKO CKJIQJHICTIO 1 HEBHM3HAYCHICTIO CTaHIB 1 XapaKTEPUCTHUK MOXKIHBE
OTPUMAaHHS JIMIIE HEPEryISIPHUX TIOCTIOBHOCTEH [aHUX, SIKI TPEICTABIAIOTh OO0'€KTH
anamizy. [Ipu mpomy uepe3 HETOYHOCTI 3aBJIaHHS TPAHUIbP CUCTEM, 3MIH YMOB TPOBEICHHS
BUMIPIOBaHb Ta IHIIMX (AKTOPIB TOCTIIKEHHS MPOLECIB YacTO JOCTYIHA TUTBKU (iKcarlis
HEpPIBHOMIPDHUX B 4Yaci TOMAIM 3amaHuX Kareropid. TyT MOXJIMBE BHHUKHEHHS CYTTEBOI
HEPIBHOMIPHICTh IHTEPBANIB MiXK CIOCTEPEIKEHHSMH, IO YCKIAJHIOE IX MOJCITIOBaHHS 1
aHal3 3arajJbHOBIIOMHMH METOJAMH, SIKI BHKOPHCTOBYIOTBCS MJIsi aHai3y KIACHYHUX
JacoBUX psAIiB. Tak caMo yCKIIaTHIOIOTHCS 3aBJIaHHS OLIHKHU aJeKBAaTHOCTI Ta IOCTOBIPHOCTI
pe3ynbTaTiB. Pa3oM 3 TUM 3acTOCYBaHHS MPOLIEAYp arperyBaHHs abo K ycepeIHeHHs 3HaYeHb
napaMmeTpiB y Hamepea 3aJaHuX iHTepBajaX BUSBISETHCS HEMPUUHITHUMHU, OCKUTBKH MOXKE
MPU3BECTU 10 MPOIYCKY MEBHUX KPUTHUYHUX CTaHIB MpoIleciB B cucrtemMax. OCTaHHE MOKe
03HayaTH 3001 a00 CyTTEBI BIIMOBU CHCTEM MOHITOPHHTY a0o  oOciyroByBaHHs. IcToTHa
HEeperyJsIpHICTh MOJ1N B Mpolieccax, HEMOBHA BU3HAYEHICTh 3HAUYEHb XapaKTEPUCTHK JaHUX
IPU KOHTPOJIAX (YACTKOBICTh, HETOUHICTh, HEUITKICTh 1H.) ICTOTHO YCKJIAIHIOIOTH 3aBJaHHS
MOJICITFOBAHHS Ta IHTEpIpeTalii TakuxX MPOIEeCciB. 3a3HAYMMO IO BUMOTH 10 MPOBEACHHS
JOJATKOBUX KOHTPOJBHUX BHMIPIB MOXYTb OyTH HENpUHHATHUMH, ab0o K 3HAYHO
30UTBIIYIOTh BUTPATH 1 PECYPCH MOHITOPHHTY, BEIYTh O BIIMOB BiJ MOKJIMBHX JIOXOJIB B
TOPTOBHX Ta IHIIUX MPOIETypax.

VY nomoBimi JOCHIDKYIOTBCS TPHUKIATUA HEPETYIIPHUX 1 HEUITKUX IMPOIIECIB, SKi
MPEICTABISAIOTH MOHITOPHHT 1HIMBIyalbHOTO JIIKYBaHHS 3aXBOPIOBAHb HA OCHOBI JAaHHUX IPO
MTOCJTIZIOBHOCTI OTJISI/IIB XBOPUX, MOJICTFOBAHHSI 1 IPOTHO3yBaHHS JJAHUX €JIEKTPOHHOI TOPTiBIIi
Ha OCHOBI TOIEPEHIX 3aMOBJIEHb (€-TOpriBiisi), (JOPMYBaHHS 1 MPOTHO3YBAHHS JAHHUX I1O
TUHAMIYHUM TpodUIsIM TaTexkiB KIiEHTIB O0aHKy Ta 1H. B sKocTi (akTHYHMX HaHHUX
HABEJICHO KUTbKa BH/IB HEPIBHOMIPHHMX 1 HEUITKUX MOCIIJOBHOCTEH KIIHIYHUX [aHUX,
OTPUMAHHX IUIIXOM TPHUBAJIOTO MOHITOPIHTY CTaHIB 3JI0POB'St XBOPUX PI3HOTO BiKy. TyT st
KO)KHOTO ~ KJIIEHTa CHUCTEMOI0O 0OciayroByBaHHsS Oynu  chopMOBaHI  cCHeliaiizoBaHi
iHaUBiNyanbHI Mojeni mporeciB gikyBanHa (IMJI), Ha sgkux BKa3zyroThCs MEBHI 00JacTi
pi3Horo piBHsA po3BUTKY XBopoOu. I[Ipusnauenns IMJI monsrae B NpPOrHO3yBaHHI
MaKCUMaJIbHOTO HEYITKOTO MEepioay, M0 SKOro KIIHIYHI TMOKa3HUKHA XBOPOTO BiAMOBIIAIOTH
3aJaHUM BUMOraM. Taki X MOCTAHOBKHM 3aBJaHb 1 MOZEN NMPOTHO3YBaHHS MOXYTh OyTH
3aCTOCOBaHI JUIsl aHaNi3y 1 TUTAaHYBaHHS 3a3HAYEHHX IIPOIIECIB €-TOPTIBJI, 3aCHOBAaHUX Ha
JTaHWUX 1HIWBIAYATBHUX MOJIEISIX TOKYIOK KIII€HTIB iH.

Jlis MOZeNmoBaHHSI HEPETyJIIpHUX B Yaci MPOLECIB 3 HEUITKUMH XapaKTEePUCTUKAMHU
CTaHiB y poOOTI MpeACTaBICHUN 1 TOCTIIPKeHU HOBUHM MiAXiJ, 3aCHOBAHHUI HA CIeliadbHIN
dbopmi 00Ky YacOBUX IHTEPBATIB MIXK KOHTPOJBHUMHU mofisMu. [lpm 1poMy HeEUiTKi
1HTEpBAJIK € OJIHIEIO 31 CKIAJI0OBUX BEKTOPA XapaKTEPUCTUK HEPETyIIpHUX mporeciB. ToOTo y
MOJIEJISIX BIOPSIKOBAHI JIUIIE TTOCIIIOBHOCTI KOHTPOJIBHUX MO MOHITOPHHTY IMPOIIECIB, a
BCl IXHI BJAacCTUBOCTI (1 HEUITKH iHTEpBAJI MK HUMH) BKJIIOYAIOTHCS B BEKTOP MapaMeTpiB
crocrepexkeHb. [Ipn MozenoBaHHI [0 TaKMX BIOPSAKOBAHUM MOCIHIZOBHOCTSIM BEKTOPIB
JaHWX, OKpEeMO /s KOXXHOi BJIACTHBOCTI, 3aCTOCOBYIOTHCS TpOIeaypu O0OpoOku 3
piBHOMiIpHUM Kpokom (moxeni FTS, Fuzzy Time Series, mepmoro i Apyroro mHOpSIKY).
CdopmoBaHi OIIHKM BJIACTUBOCTEW CTaHIB 3B'SI3YIOTHCSA 3 OILIHKAMH HEUYITKOTO YacOBOTO
1HTEpBally, SIK NMPOTHO30BAHOIO 3HAYEHHS HOBOT'O MOMEHTY BHHHKHEHHS 4Ye€proBOi MOIil
CIIOCTEPEKYBAHOTO MPOLIECY.

Haeneno mpukiaau 9ncenbHOI peaizallii HeuiTkux Mojene nmporecis IMJI.
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MOJEJIb EJIEKTPOITPUBOJA 31 CIIOCTEPITAYEM
Crponikin B.B., k.1.H., bepesin O.0., cT.
Hayionanona memanypeivina akademiss Yxkpainu

CyvacHuii 1UMGPOBHIA EIEKTPONPHUBOJ € OCHOBOIO JMJIsi aBTOMaTH3allii 0araTbox
Cy4aCHHMX TEXHOJOTIYHUX TpoieciB. [IuTanHs criocTepiradiB cTaHy € HaWOUTBII TOIIIBHUM
Jle BCTAHOBJIGHHS JATYMKIB 3MIHHHX CTaHy €JEKTPONPHUBOJA HEAOIIBHO Yy 3B’S3KY 3
YMOBaMH €KCILTyaTaIlii eJIeKTPOIPHUBO/Ia, HAMPUKIIA] MPU pOOOTI MEXaHI3MIB y BUOYXOBO- Ta
MOXKEKOHEOE3MEUHNX MPUMILICHHX, XIMIYHO arpeCUBHUX Ta PaJiOaKTUBHUX CEPEOBHUINAX,
a TakoXX B ymoBax BiOpamii. Jlo omHiel 3 OCHOBHUX MpOOJIEM MpU peamizaiii CUCTeM
aBTOMATH30BAaHOTO KepyBaHHs 0€3 [JaT4YMKIB pErylbOBAaHMX KOOPAMHAT CIiJ BiJIHECTH
MIBUIIECHY YYTIUBICTh €JIEKTPOINPUBOIA A0 3MIHM MOTO BHYTPIIIHIX MapamMeTpiB y MpoIeci
eKCIulyartallii, fK CIIJCTBO — CIOCTepirady CcTaHy [JBUTYHa TIOBHHEH 3a0e3nedyBaTu
napamMeTpu4Hy pobacTHicT mpuBoza [1-2].

Mogernb eIeKTpoNpHBO/a 31 CIOCTEPIraueM CTaHy MIBUAKOCTI JBUTYHA B IIPOTPAMHOMY
nponykti Matlab HaBenena Ha puc.l, a, Momens cmocrepiraya Ha puc.l1,0 Momens OJIOKY
HaBaHTa)XKEHHA Ha puc.1,B.

mlmzti

System (20)

mzm \m 02

=03 23
0) B)
a) MOJIeTTh EIIEKTPOIIPUBOA; 0) MOJIEIb CIIOCTEpiraya; B) MoJIeib OJIOKY HaABaHTAKCHHS
Pucynok 1 — Monens 0JTHO30HHOTO €JIEKTPOIPHUBOIA 3 TIPYKHUM 3B’ SI3KOM 1 CIlocTepiraueM

Y poboTi 3amilicHEHO pPO3B’sA3aHHS aKTyalbHOI MPAKTUYHOI 3a4adi 3 JOCIHIIKEHHS
MOJIeITi €JEKTPONPUBO/IA 3 IPYKHUMH €JIEMEHTAaMU y MEXaHIYHIA YacTHHI 31 CIIOCTepirayem.
B nmaniit MaTemMaTHuHii MOJIEI CUTHAM CIIOCTEPITaHHS 32 MOMEHTOM B CTAaTHUIlI BUKOPUCTAHUIA
JUIsL KOMIIEHCAllli CTaTMYHOI TMOMWJIKM CHCTeMU KepyBaHHS. CHUTHajd OLIHKM MOMEHTY
HABaHTAXXECHHS TOJA€ThCS HA BXiJ KOHTYpY MIBHUAKOCTI. [IpW BiampaiioBaHHI Kepyro4yoro
BIUTMBY, KOJIM CIOCTEpIray BIAHOBIIOE KOOPAMHATH CUCTEMH 0€3 MOMUIIKHU, BUKOHYETHCS
PIBHICTH MOMEHTIB, TOMY ITOMUJIKA HYJIbOBA, @ 3HAYMTh Ha BXOJ IHTErpaTopiB crocTepiraya
CUTHAJIM JIOPIBHIOIOTH HYIIIO, III0 O3HAYa€ TOYHE BIAMPAIIOBAHHS YCiX 3MIHHUX CTaHY 00’ €KTY
KEpyBaHHS.

Jlirepatypa

1. Komery6 II. X., Tomouko O.M., MapunnueB B.1O., Poskapska II.M. Cucrema mogdnHEHHOTO
peryIMpOBaHUs CKOPOCTH C HAOIIOaTeNIeM TUHAMHYECKOTO U CTaTHYECKOTO TOKOB IIEPBOTO MOPSIKA
// TIpobnembl co3ganust HOBBIX MamuH 1 TexHonoruid. Hayunsie Tpynet KI'TIY. — Kpemenuyr: KI'TIY.
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2. JlocmimkeHHS BIUIMBY KOPETYBaJBbHHUX 3BOPOTHUX 3B’S3KIB HA MEXaHIYHI KOJIHBaHHS
enektponpuBoga 3acobamu Matlab / B.B. Crponkin, B.O. epesa, T.B. CemniBbopcroBa/ VI
MixHapoaHa HAyKOBO-TIPAaKTHYHA KOH(MEPEHINss MOJOAUX YYEHHX Ta CTYACHTIB «AKTyaabHI
mpo0JIeMu aBTOMaTH3AIl1 Ta yrpaBmiHas. — JIympk, 2018. — C.86-91.
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MATEMATHUYHE MOJAEJIFOBAHHS POCTY
PAKOBOI YXJIMHU TA BIIJIUBY HA HEI PAIIOTEPAMII
Tapacenko A.B., binozsopos B.€., 1. ¢.-m. H.
Jninpoecoruii nayionanonuil ynisepcumem im. Onecsa I'onuapa, Ykpaiua.

Tema mMeTom0IOTI# JIIKYBAaHHS PaKy, € OJHOIO 13 HAMBAXIMBIIIUX MPOOJIEM y HaIl Jac.
OCKiNbKH 1151 XBOPOOa € BayKKO BUJIIKOBHA 200 3K 30BCIM HEBUIIIKOBHA, Ta BOHA 3a0Mpa€ KHUTTS
O0mm3pk0 8 MIH JroAed Ha pik, mo € 13% Bix 3araabHOl KUIBKOCTI cMepTeil. € 4JoTupu
METOAOJIOTI{ JIIKyBaHHS paKy: Xipypris, XiMioTeparis, paxioTeparis Ta iMyHOTEpaIlisi; 4acTo
BOHH 3aCTOCOBYIOTHCS OJIHA 3 OJHOK. B 1iii poboTi mMu OyaemMo pO3TIsgaTd TUIBKH
paniorepariro.

Paniorepaniss BHUKOpPHCTOBYE pajiaiiio sl BOMBCTBA PAKOBUX KIITHH, aje TIpH
ONPOMIHEHHI TaKOX BOMBAIOTBCSA 1 3J0pOBI KIITHHH, 1 TOMY B@XXJIHBO IPABHIBHO
po3paxyBaTH MicCIie 1 03y ONPOMiIHEHHS, 1100 HEe 3aBaTH 3HA4YHOI MKOAM opraHismy. [Ipu
1[bOMY 0a)kaHO BOUTHU SIKOMOTa OLUTBIIE PAKOBUX KIITHH (MOXE ¥ yCi, SIKIIO 1€ € MOKITUBUM).

Takum 4MHOM, SIKIIIO TPABUIIBLHO MiAIOpaTH BCi MapaMeTpH P ONMPOMiHEHHI, TO MOYKHA
Oyne edexruBHime JiKyBaTH pak. IIpu3HadeHHsSM 03M ONMPOMiIHEHHS 3aiiMaloThes JKapi 1
MaTeMaTUKH MOTJIM O IOMOMOTTH iM SIK HAUTOYHIIIIE BUPaXyBaTH BCl MOTPIOHI JaHi.

PosrisiHeMo HacTyIHI cHCTEMy, siIKa IOKa3y€e KOHIIGHTPAIII0 3J0POBUX Ta PAaKOBHUX
KJIITHH B OpPTraHi3Mi:

. X . X
3'-'1:&1_351(1_?1)_1813513::_5}’11 -"-'1:‘1:1-"51(1_?1)_181-’51-*:
xl. @, x.1
Xz = QgzXg (1 _?‘_)_1‘9:-’511’: - ¥xz Xz = QgzXg (1 _?‘:)_1‘9:-’511’: )

;
ne €¥Xy; — yacTKa ONPOMIHEHHS 3/I0POBHX KJITHH, € [apaMeTp BIUIUBY ONPOMIHEHHS Ha
310poBi KIiTHHM (pu € =0 onpomiHEHHS HE BIUIMBA€ HA 3[0POBI KIITHHHM, ajie TOCATTH
HYJII HEMOXJHBO, mpu £ = 0 ompomiHeHHsI BIUIMBAa€); y MPAaKTUYHOMY CIeHapii @iz —
KoeillieHTH MOMMpeHHs KIiTHH, K12 — KOe(ilicHTH TIPOHMKHEHHS ONMPOMIHEHHS B TOBIIY
paKoBoi MyxJuHM, F1z — KoedillieHTH KOHKYpPEHIlii, ¥ — 1032 ONPOMiHEHHSI.

Konnenrpariss KITHH, MiJ Yac ONPOMIHEHHS, BUPAaXOBYEThCS 3a cucremoro (1), a y
nepepBax(Mpy BiICYTHOCT1 ONMPOMiHEHHS) - cUcTeMoro (2). byino momidyeHo, 110 npu neBHUX
3MiHax 4acy, Mepioay Ta 103U ONPOMIHEHHS MOYKHA BapilOBATU KIMBKICTh KIITHH KOXXHOTO
BUIYy, Ta 3MOJENIOBAaTH ONTHUMAJbHY CTpaTerito IMepeMord HaJa pakoM. Tomy mpu
MPU3HAYCHHI JTIKYBaHHS Ba)KJIMBO BPaXxOBYBAaTH yCi apaMeTpH.

Ha ocHOBI 3po0iieHHX AOCTIDKEHh Ta OTPUMaHUX MOJENeH, MOKHA [IWTH TaKHX
BHCHOBKIB: MaTeMaTH4HI MOJEIl MOXYTh OyTH KOPUCHUMH y po3poOLli METOIB JiKyBaHHS
paky; 10aTKOBO OyJI0 MMOMIYEHO, IO OKPIM BapitOBaHHS /103, TAKOXK BAYKITMBUM 1 KOPUCHHUM €
BapilOBaHHS 4acy i Mepioay ONMPOMIHEHHs. TakuM YMHOM, 32 MEBHUX OOCTaBUH 3MEHIICHHS
71031 Ta 301IBIIIEHHS Yacy OMPOMIHEHHS MOXKYTh IPUBECTH J0 KPAIIUX PE3yIbTaTIB.

Jlitrepatypa
1. Zijian Liu and Chenxue Yang, “A Mathematical Model of Cancer Treatment by Radiotherapy”

Hindawi Publishing Corporation, Computational and Mathematical Methods in Medicine, Volume
2014, Article ID 172923, 12 pages. http://dx.doi.org/10.1155/2014/172923
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MOJAEJIUPOBAHUE JAMUHAPHO-TYPBYJIEHTHOI'O ITIEPEXOJA
B 3ATJAYAX BHIYMCJIUTEJBbHOM ADPOJJUHAMUKN
Tapacos C.B. K.T.H.l, Pemquui JI.A. K.(b.-M.H.l, Mouceenko C.B. K.T.H.z,
Tapacos A.C.', Yammna N.B.!

IHHcmumym mpancnopmuulx cucmem u mexronoeui HAH Yxkpaunot
ZXepCOHCKuﬁ HAYUOHATIbHBIU MEeXHUYeCKUU YHUsepcumem

Ha cerogusimHuii A€Hb OJHON M3 MPOOJEM BBIYUCIUTEIBLHONW adpPOAMHAMHKH SIBISICTCS
MOJICIMPOBAaHHE TYpPOYJIEHTHOCTH M Y4YeT JaMHHApHO-TYpOyJISHTHOTO TIepexoja, a TaKKe
oOpaTHoOro npoiecca — (pe)IaMUHUPU3ALIH.

Bonpioe Konu4yecTBO TEUEHUI BCTPEUAIOMIUXCS HA MPAKTUKE SIBIISIOTCS MEPEXOJHBIMH. B
9THX TEUCHHAX MPHUCYTCTBYET Kak JIaMUHapHas (GopMa IBIDKEHHS >KUAKOCTH WM ra3a, Tak |
TypOynenTHas. K TakuM OTHOCATCSI TeUEHHsI B Ta30BBIX TypOMHAX, B TEIJIOOOMEHHHKAX SIECPHBIX
PEaKTOPOB, HA KPbUIbSX JETATEIbHBIX alapaToB (OECIMIOTHUKOB) U JIp.

3ayacTyio MpU PACCMOTPEHUHM TAKOTO POAa 3a/1ad JIAMHHAPHON 30HOI mpeHeOperaiT u
paccMaTpUBAIOT BCIO 001acTh TEUEHUs] Kak TypOyneHTHyr. OT TOro sIBISIeTCS JIM TeUeHHE
JaMUHAPHBIM WU TypOyJEHTHBIM 3aBUCHT pacHpeleiiCHUE TPEHHUsS, TEIUIOBBIX IIOTOKOB H
JABJIICHUsI 10 TOBEPXHOCTH oOTekaemoro Tena. [IpeHeOpekeHHe 30HON JaMHHAPHO-
TypOyJIEHTHOTO Tepexoja MOXET MPHUBECTH K CYIIECTBEHHBIM TOTPEIIHOCTSIM B OINpPEIACICHHN
UHTETPATBHBIX XapaKTEPUCTHK.

[Tonysmnupuueckue Moaenu  TypOyJeHTHOCTH, pa3paboTaHHBIE Ui 3aMbBIKAHHA
ocpenHeHHbIX 1o PeitHonbacy ypaBuenuit HaBne-CTokca, HE B COCTOSSHUM CMOJEIUPOBATH
nepexoa. JTO MPUBENO K CO3JaHMWI0 HOBOTO HANPAaBJICHUS B BBIYMCIMTEIBHOM a’pOIMHAMUKE,
TJIABHOH II€JIbI0 KOTOPOTO SBJISIETCS] MOICIMPOBAHUE JJAMUHAPHO-TYpPOYJICHTHOTO MIepexo/a.

W3 Bcero MHOro0Opasus Mojeliel JTaMHHApHO-TYpOYJIEHTHOTO Tepexoia Obura BhIOpaHa
HauOonee ycnemHas auddepeHuuanbHas mozenb y-Reyp Menter (2006), Oasupyromascs Ha
ypaBHEHHU Ui KOA((UIMEHTA MEPEeMEXaeMOCTH M ypPaBHEHUW Ui KPUTHYECKOTO YHCIA
PefiHonbca morepu uMiynbca. M3HavalbHO JaHHAsE MOJEINb pa3padaThlBasIach JJisl IPUMEHEHHS
COBMECTHO C MOJIeJIbI0 TypOyiaeHTHOCTH k- SST Menter (1993). B nactosieit pabore monens y-
Rey naMHapHO-TYpOYJIEHTHOTO TIepexo/ia ObljIa alanTupOBaHa JIjIsl MCIIOJIb30BaHHS COBMECTHO C
muddepeHnmaIb-HON MoIeNnbio TypOyneHTHOCTH Spalart-Allmaras (SA).

[TpenmyIiecTBO HCHOIB30BAHUS MOJEIH IEepexoa ObIJI0 MPOIEMOHCTPUPOBAHO HA 33a4ax
00 oO0TekaHWM KpYroBOro INMJIMHIpPa B IIMPOKOM JAuama3oHe uwucen PeiiHompaca u
aspomauHamudeckoro mpodunss NACA 4412. TlpoBeaeHO CpaBHEHHE pE3yJIbTaTOB PACUETOB
00TeKaHMs IMIUHJIPA C MCIOJIB30BAHUEM MOJIENIH y-Rey TaMHUHAPHO-TYpOYJIEHTHOTO Iepexoja u
0e3 Hee. [lokazaHo, 4yTo TpM HU3KKMX YHchax PeiiHonbaca, Korma oOTeKaHWe IWIMHIpPA HOCHT
JAMHUHAPHBIA XapakTep, a cjiel TypOYJICHTHBIH HCIOJIb30BAHUE MOJEIH TYpOYJICHTHOCTH SA
NPUBOJUT K Pa3BUTUIO TYpOYJEHTHOTO MOTPAHUYHOTO CJIOS Ha IMJIMHIAPE W KaK CIEJCTBHE K
U3MEHECHHUIO TOJIOKEHUsI TOYKU OTpbIBa. HempaBuiibHOE MOJIOKEHHE TOYKH OTpPhIBA OKA3bIBACT
BIMsHUE Ha (Tiepe)pacrpelielieHue AaBlIeHHUsS B JOHHOW 4YacTW HWJIMHIpPA W, KaK CJIEICTBHE, Ha
UHTETPAIbHBIC a3POTUHAMUYCCKHUE XapPaKTEPUCTHKH.

[TIpu TypOysneHTHOM OO0TekaHuM a’poauHammdeckoro mnpodmis NACA 4412 npu uymcie
Peitnombzca 1.64-10° i yrie araku 12° Ha 0IBETPEHHOM YaCTH MepeIHeH KPOMKH (GOpMUpyeTCs
JaMUHApHBIA OTpPBIB. B TOuke mNpHCOETUHEHUS MOTOKA MPOUCXOAMUT pe3Kas TypOyiu3amnus
NOTPAaHUYHOTO CJIOS, M JaibHeimee oOOTEeKaHWEe HOCUT MPUCOCAUMHEHHBIH XapakTep 3a
WCKJTIOYCHHEM HEOOJBIION OTPHIBHOW 30HBI BONM3HM 3amHeld KpoMku. K Tomy ke oOTekaHme
HABETPEHHOW CTOPOHBI TPOQHIS HOCHT TOJHOCTBIO JIAMHHApPHBIA Xapaktep. [IpuMeHeHue
Mozenu TypOyineHTHOocTH SA 0e3 ydera JaMHHApHO-TYpOYJIEHTHOrO Iiepexoja He Jaer
BO3MOXXHOCTH aJIeKBAaTHO OIKCATh 3TH NpOIECcChl. B pe3ynbraTte Bech NMOTPAaHUYHBIN CIIOW Ha
npoduie sBisieTcss TypOyJeHTHHIM u 0€3 JaMHHApHOTO OTpbIBa BOJW3M TEpeAHEH KPOMKH.
[Mpumenenne muddepeHMaTbHON MOJeIn y-Rey MO3BOISET YYECTh ITH CIIOKHBIC SBICHHS H
a/IeKBAaTHO OTIHCATh JAMUHAPHO-TYPOYJICHTHBIN Mepexo/l Ha MOBEPXHOCTH MPOGHUIISL.

[Tony4enHble pe3yabTaThl YUCICHHOTO MOJCINPOBAHNS 00TEKaHUS KPYTOBOTO IMIMHIPA U
aspoauHamudeckoro npodmiss NACA 4412 B mmpokoM nuamna3zoHe dncen PeifHonbica xoporo
COTJIACYIOTCS C HKCIIEPUMEHTAIbHBIMU TaHHBIMH.
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HAIIPYKEHO - IJE®OPMOBAHMM CTAH IIAPYBATOI'O IIUWJITHJIPY ITPH
BICECUMETPUYHUX HABAHTAXEHHSIX
®dacomnsk A.B., llIredan T.O.
3anopizvxuii Hayionanonuu Texuiunut Yuisepcumem

[lIupoke  3acTOCyBaHHS B  Cy4aCHOMY  MpPOEKTYBaHHI  ONTOBOJOKOHHHX
TpaHCATJIAHTHUYHUX KaOeliB Iepenadi JaHUX 3HAXOJATh KOHCTPYKIII, SKI MaloTh (opmy
mapyBaToro mHuiiHapa. BukopucTanHs OaraTomapoBUX KOHCTPYKIH 3 KOMIO3WIIIMHHUX
MaTepialliB  BIKpUBAa€ BaXJIMBHHA pe3epB MIIHOCTI Ta ONTHUMI3allli KOHCTPYKIIiH.
JlocmipkeHHST BIACTUBOCTEH MIITHOCTI TaKMX KOHCTPYKIH € aKTyaJlbHUM HayKOBUM
HaTPSMKOM.

B po6oTi po3risHyTO TpUIIAPOBUMA KPYTOBHM MIIIIHIAP, SIKHA 3HAXOAUTHCS B yMOBaxX
BicicumerpuuHoi nedopmanii. HaBaHTaeHO AUISHKY 30BHINIHBOI MOBEPXHI IWIIHAPY 3a
paziaibHOK 3MIHHOIO, TMPUYOMY JIOBKMHA HaBaHTAXXCHOI IIJISHKH JOPIBHIOE TIOJIOBHHI
paniycy. Koedimient Ilyaccona Ta Moaysb 3CyBY JUIsl KOKHOTO APy IMWIIHAPY BiIMOBIIHO
JopiBHIOOTE v, =0,35,G, =1,5;v, =0,3,G, =L;v; =0,25,G, =9, mapu NpoHyMEPOBAaHO
MMOYMHAIOYH 3 BHYTPIIIHBOTO.

Jis oTpuMaHHS pO3B’SI3KY 3a/adi BUKOPUCTOBYBABCS METOJ CKIHUEHHX €JIEMEHTIB
(MCE) pans BicecumerpuyHux 3amad [1]. B sKkocTi CKiHYEHHOTO eleMeHTa OyaemMo
BUKOPHUCTOBYBaTH TPUKYTHHUH €IEMEHT 3 TPhOMa BY3JIaMM, PO3TAIIOBAHUMHU Y BEpIIMHAX
TpukyTHUKa. KokeH By301 Mae mo nBa cTymeHs cBoOoau. B sxocti ¢yHKIN ¢opmu
obupaemo miHiiHI ¢ynkmii [1]. lpu nuckpern3zanii Tijja BUKOPUCTOBYEMO PIBHOMIPHY CIiTKY,
MIPU YMOBI, 110 KOXKEH IIIap MOJICTIOEThCS PI3HUMH eJeMeHTaMu. B pe3ymnbTaTi 3acToCyBaHHS
MCE nouaTtkoBa 3a7a4a 3BOJUTHCS 10 CHCTEMH JIIHIMHUX anreOpaidHux piBHSIHB [1]:

(K Jup={r}, (1)
ze [K ] — 0e3po3MipHa MaTpHIsSl >KOPCTKOCTI, {u} — BEKTOp HEBIIOMHUX O0€3pO3MipHHX
NepeMillIeHb, { f } — BEKTOP €KBIBAJICHTHUX BY3JIOBUX O€3pO3MIPHUX HABAHTAKEHb.

Jis  oTpumaHHA poO3B’s3Ky cucTeMd (1) BUKOPHUCTOBYEMO METOJ CHPSIKEHHUX
TPaJIi€EHTIB, AJITOPUTM SKOTO HaBEJEHO, 30KpemMa B poooTi [2].

Ha Pucynky 1 mpoimtiocTpoBaHO pO3MOALT TyCTHHH (YHKIIH KOMIIOHEHT TEH30py
HalpyXeHs O, ,0 _,0, .

o

1

0B 4

' ' r

a) 0) B)

Pucynox 1 — Po3noain KOMIOHEHT TeH30py HaNpyXeHb a)o,,,0)0  ,8)0, .

r?
Pesynbrat  mpencTaBI€HOTO  OCHIDKEHHS ~ MOXYTb  3aCTOCOBYBAaTHCS  IpHU

HAOJIMKEHOMY MPOESKTYBaHHI TPAHCATIAHTHYHUX ONTOBOJOKOHHUX KaOemiB nepeaadi JaHuX.

Jliteparypa
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ONTUMM3AIINA KOHCTPYKIIMI 1 KOHCTPYKTHUBHBIX ITPOIIECCOB
CPEACTBAMMU KOHCTPYKTUBHO-ITPOAYKIIMOHHOI'O
MOJAEJIUPOBAHUSA U KIIACTEPU3ALIUN
[[uakapenko B.A. 1.1.H.

Jnunposckuii HayUOHANLHBIU YHUBEPCUMEN HCENE3HOOOPOIHCHO20 MPAHCNOPMA
umenu akaoemura B. Jlazapsana

[Hox xoHCTpykuusMU OyJaeM MOHHMMAaTh COCTaBHBIE, CTPYKTYPUPOBAHHBIE OOBEKTHI WIH
KOHCTPYHPYEMBbIE MPOLECChl C 3aJaHHBIMU CBOMCTBAMHM MX COCTaBJSIOMIMX. KOHCTPYKTHUBHBIN
MpOLECC — IMPOLECC, KOTOPBIM MPOTEKaeT BCIEACTBUE (OPMUPYEMON MOCIeI0BaTEIbHOCTH
JEWCTBUI WU YIIPABIIIEMON CMEHBI COCTOSTHUH.

OnTUMH3AIUK TOUIEKAT KOHCTPYKIUHU WIH UX MOJENH, KOTOPhIe UMEIOT albTepHATHUBHbBIE
9JIeMEHTHI, arperaTbl (GOpMbI) W/HWIU WX CBSA3W. lIpH ATOM HMEEeT MeCTO MHOXECTBEHHAS
AIbTEPHATUBHOCTH — B PA3HBIX YACTIX KOHCTPYKIMI NMEETCS CBOS aJIbTEPHATUBHOCTD.

bynem cuutath, 4TO I KaKIOW KOHCTPYKIMHU MOYKHO ONPENENIUTH MTOKA3aTeNlb KauecTBa
(cBepTKy nokasaTesnei), o KOTOPOMY M BBIIIOJIHAETCS ONTUMHU3ALUS.

OCHOBBI KOHCTPYKTHBHO-TIPOJYKIIMOHHOTO MOJICJIIMPOBAaHUS 3aJ0XKeHbl B padorax [1-3].
KoHncTpykTopom Ha3bIBaeTcs Tpoiika:

C=(M,%Z,A),
rie M — HEOJHOPOJHBIM MOIMOJIHAEMbI HOCHTENb CTPYKTYpBl, X — CHUTHATypa omnepauuil (u

COOTBETCTBYIOIIMX OTHOIICHWI) CBS3bIBAHMUS, IMOJCTAHOBKM M BBIBOJA, OMNEpaluid Hax
aTpudyTamu, A —  MHOXECTBO  YTBEpKIEHUH  HMH()OPMALIMOHHOTO oOecrnieueHus
KOHCTPYMPOBAHMUsI, BKJIIOYAsi: OHTOJIOTHIO, 11€JIb, IpaBUia, OrPAaHUYEHNUS, HAaYaJbHbIE YCIOBUS U
YCIIOBUS 3aBEPILECHUSI KOHCTPYUPOBAHHUS.

OntrMu3anyst BBIIOIHAETCS Ha OCHOBE JBYX(a3HOTO KOHCTpyHpoBaHHs. | eHepupyrommi
koHCTpykTOp (I'K) oOOecneunBaer HEOOXOAMMBIM KOJTHYECTBOM MOJIEICH albTePHATHBHBIX
KOHCTpYKIui.  Ontummsupyrommii  KoHCTpykTop  (OK)  BBRINONMHSET — KIIacTepU3aIluio
CreHEpPHPOBAHHBIX KOHCTPYKIMI U Ha ee ocHOBe — yrpasieHue ['K.

ITpaBuna noxacranosku I'K y, :<s,,, g,,> C OTHOIICHUSIMHU TOACTAaHOBKU S, W ONEpalusIMU
HaJg aTpuOyTaMu g, TakoBbl, 4YTO OTHOIUCHHS MOJCTAHOBKH S, HUMEIOT aTpHOyTOM
BEPOATHOCTHYIO Mepy p,. CymMMa BEpOSATHOCTHBIX Mep U1 aJbTEPHATHBHBIX IpaBWJI paBHA

€IMHUIE U U3HAYaJIbHO OJUHAKOBAs.

OK BhITTONHSET KiacTepu3aruio B EBKIHWIOBOM MPOCTPAHCTBE, KaXIas KOHCTPYKIHS B
KOTOPOM MPEJICTaBI€HA BEKTOPOM, KOMIIOHEHTaMHU KOTOPOTO SIBIIIOTCA KOTUYECTBA MPUMEHECHUI
npu GOPMHUPOBAHUHN KOHCTPYKITUHM KaXKIOTO U3 AIbTEPHATHBHBIX TpaBwiI. [1o BekTopam mydimero
N3 KJIACTCPOB (HO Cp€aAHEMYy IIOKa3aTCIl0 KadyeCTBa KOHCTPYKHHﬁ) KOPPEKTHUPYIOTCA
BEpOSATHOCTHBIE Mepbl mpaBui nozcrtaHoBku ['K. Uepenosanue ¢a3 'K u OK Boimonnsercs o
YCTOHYHMBOTO (HOPMHUPOBAHNE UCKOMOW KOHCTPYKITHH.

HedopMmanpHo, TpemIoKeHHBIH METOJl IMPOIIeN anpodanuio Ha 3amade (pOopMHUpPOBAHUS
ONTUMAJIBHOW CTPYKTYpHI alroOpuTMa COPTHUPOBKH, B 33JJTAaHHOU MPOTrPaMMHO-AIIAPATHON Cpelie U
0COOEHHOCTSIX COPTUPYEMBIX JTAHHBIX, [0 MOKa3aTeso BpeMeHHo 3¢ dexTuBHOCTH [4, 5].
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MarteMaTnaeckue MamuHbI U cucTeMbl. — 2009. — Ne 2. — C. 28-44.

81



PEKYPEHTHHI AHAJII3 TIPUPOJHbOMOBHUX TEKCTIB HA OCHOBI
CTATUCTUYHUX BUMIPIOBAHb
[lunkapenko B.I. n.1.H., [lemunosuu I. M.
JIHinposcoKkull HayioHanbHUU YHIGEpCUmem 3ani3HUYHO20 MPAHCNOPILY
imeni axademixa B. Jlazapsana

[TpobnemaTnka aBTOMaTHYHOT 0OPOOKH TEKCTY iCHYE B)Ke MPHOIM3HO MiB cTopiuus. Ha
CHOTOJHIIIHIA JIeHh TWUTAaHHS BCTAHOBJIEHHS aBTOPCTBA Ta OIIHKKM TEKCTYy Ha HAsSBHICTH
rariaTy J1oci 3ajJuIlaloThcsi HEBHU3HAYCHHMHM, OJHAK BAXKIUBICTh LHUX MPOOJIEM BaKKO
nepeorinuTU. [IuTaHHS aBTOpCTBA Ta IJIariaTy Mae BeJIWKe 3HaUeHHs s yCix cdep ne icHye
MOHATTS TIpaBa BIACHOCTI Ha 00’ekT. lle cTOCyeThCsi XyMOKHIX TBOpPIB, HAYKOBHUX Ta
HaBUYAJbHUX MaTepialiB Ta 0araTh0X IHIIUX POOIT.

Jlnst po3B’A3aHHS 3a3HAUEHHUX BUIIE MUTAaHb MOTPIOHO BU3HAYMTH NEBHI KpUTEpii AT
MOPIBHSAHHS Ta aHANI3y MPUPOJTHBOMOBHHMX TEKCTiB. CKJIAAHICTh IIOTO MPOIECY TOJIATAE Y
BUOOpPI JOCTaTHBO 3HAYYIIMX MapaMeTpiB TEKCTy Ta iX mojanbliiii oOpobui. Hasenene
JOCITIDKEHHS TIPUCBSYCHE 1HTEIEKTyalbHIA 00poOIll Ta aHami3y MPUPOJHEOMOBHUX TEKCTIB
Ta ix (parmentiB. Moro 3ajaua nonsrae y Bu3HaueHHi e)eKTHBHOCTi OGPAHUX METOJIB OO
BCTaHOBJICHHSI aBTOPCTBA TEKCTIB Ta HOTO ()parMeHTiB.

B sxocti Merony mocmimpkeHHs1 OyB OOpaHUN pEeKypeHTHUW aHami3, sSIKWA aJaanTOBAaHO
JUIsL aHAJTI3Y IPUPOAHBOMOBHUX TEKCTIB. 32 OCHOBY OyB Y3ATHH aHalli3 peKypeHTHUX Jliarpam
(recurrence quantification analysis, RQA), B sskoMmy Jy1si aHaJi3y BUKOPHUCTOBYIOTh IIUIbHICTh
PEKYPEHTHUX TOYOK.

CrarucTruHi BUMIpIOBaHHS Oyiau oOOpaHi B SKOCTI KUIBKICHHMX TapameTpiB IS
CTBOPEHHSI X CTaTUCTHYHOI Ta YacTOTHOI CTPYKTYPH TEKCTiB, a TaKOX IX I0AAJbIIOTO
aHai3y Ta MOpiBHSAHHA. J[JI1 pO3MIMPEHHS OTPUMAHHMX JAHWX Ta OLIBIN MTHOOKOTo aHai3zy
TEKCTy CTBOPEHI CTaTHCTUYHI BHMIpDIOBaHHS Oy/iIM JIOTIOBHEHI aHali30M TEKCTY 3
BUKOPHUCTaHHSM N-TpaM Ta CKJIaJHOCTI TEKCTY.

N-rpamoM B andaBiTi Ha3UBaIOTh JOBUIBHUHN JIAHIIOKOK JIOBXKHHOIO N, IO MOXe
CKJIAJIaTUCS SIK 3 CHMBOJIIB, TaK 1 OKpeMHX CIIiB. MeToj mojisirae y miApaxyHKy 1 MOPiBHIHHI
npodiniB yactotu N-rpamiB AJisl pi3HUX TeKCTiB. [IpoGiieMy BU3HAYEHHS CKJIAJHOCTI TEKCTY
JUTSL PO3YMIHHS YATAaYeM JIONIOMAraroTh BUPIIIATH HACTYITHI MMOKAa3HUKH MTOKAa3HUKIB: CEpeIHS
JIOBKMHA CITiB (B OyKBax ab0 CHMBOJIAX) i peUCHb.

B nmnopanemioMmy, micis  MpOBENEHHS HAaBENEHUX CTATUCTHUYHUX BUMIPIOBaHb,
BUJUISIIOTHCS. BU3HAYAJIbHI O3HAKU IS KOXKHOTO 3 TeKCTiB. [Ipu 0OpoOIli TEKCTIB OJHOTO
aBTOpa Ta aHaJI3y OTPUMAHUX BU3HAYAJIBHUX O3HAK KOXKHOTO 3 HUX (OPMYETHCS TPOodiib
MOBH aBTOpa. Ha OCHOBI ITMX JaHUX BCTAHOBJIOETHCS XapaKTEPHHUHA CTHIIb HOTO MOBJICHHSI.

CtBOpeHi mporpaMHi iHCTPYMEHTAJIbHI 3aCO0H, II0 BH3HAYAIOTh YaCTOTY KOXKHOTO 3
CHMBOJIIB B JIOKYMEHTI, @ TaKOX OyAYyIOTh YaCTOTHHUH psif, BIACTUBUI oOpaHOoMy TekcTy. Ha
OCHOBI psany OyayroThes (pa3oBuii POCTIp 1 PEKYPEHTHA Jliarpama.

Jlnsi BUSIBIIEHHSI aBTOPCTBA TEKCTIB OyJ0 CPOPMOBAHO HaBUAIbHY Ta KOHTPOJIbHY
BHOIpKH 3 TBOPIB 11 BiIOMHUX YKpaiHCHKHX aBTOPIB XYJOKHBOI JITEpATypH depe3 iX sICKpaBo
BUPAXEHY IHIMBIAYalbHICTh Ta JIOCTOBIpHICTH iH(opMmamii mpo aBTopcTBO. Ha ocHOBI
OTPUMaHUX B pe3yJbTaTli MPOBEACHOIO aHAI3y NaHUX IS KOXKHOTO TEKCTy (QopmyBaBcs
fioro o6pa3. OTpumani 00pa3u TEKCTIB 3 KOHTPOJIBbHOT BUOIPKM HAa OCHOBI MEPETiUeHUX BHIIE
MOKa3HUKIB KJIacH(DIKyBaIUCh 3 BUKOPUCTAHHSIM METOJY HAaWMEHINO1 BiJICTaHI IO €TAJIOHY Y
EBkitinoBoMy mpocTopi 06pa3sis.

VY pesynbTari MPOBENEHOTO TOCHIDKEHHS OyJI0 BCTAHOBJIEHO, IO OOpaHI O3HAKH
MalOTh HEIOCTaTHHO BHUCOKY €(eKTHBHICTh NpU BHU3HAa4YeHHI aBTopcTBa. Jlume B 85%
BHUIMAJKIB Xoua O OJMH 3 METOMIB J03BOJISIE BCTAHOBHTH aBTOPCTBO. BcTaHOBIEHO, IO
HalO1IbIy e()eKTUBHICTD JUIS BUSBJICHHS aBTOPCTBA TEKCTY Ma€ aHaji3 Ha OCHOBI 4-TpaM.
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BOCCTAHOBJIEHUE ®PAKTAJIbHBIX BPEMEHHBIX PA10B
[lInukapenko B.U. a.1.H., JIutBunenko K.B. k.1.H., Yurups P.P.
JHunposckuil HAYUOHATLHBIL YHUBEPCUMEN HCENE3HOOOPONHCHO2O0
mpancnopma um. B. Jlazapsana
OnHoM W3 BaXHEWIMX 3a/ad aHajlv3a BPEMEHHBIX PSAJOB B MPUKIAIHBIX HayKax,
SIBIIIETCS. BOCCTAHOBIIGHWE IO HUM (QYHKIMOHAIBHBIX 3aBucuMocTeil  CyliecTByIOT
pa3IUYHBIC TOJIXOJbI K PEIICHUIO 3aJa4d BOCCTAHOBIICHHUSI B 3aBUCHMOCTH OT CTPYKTYPBHI,
napaMeTpoB MOJAETH U BUAA PYHKIIHH, C TOMOIIBIO KOTOPOH aNpOKCUMUPYIOT JaHHBIC Psiia.
Ha Hacrosmmuii MOMEHT BOCCTAaHOBJICHHE TIPOBOISAT C IOMOMIBIO CTOXACTHYECKUX
PETPECCUOHHBIX YPABHEHUM C ANJUTHUBHOM CIyYalHOW COCTAaBJISIOUIEH B COOTBETCTBHUH C
HEKOTOPHIM KPUTEPHUEM HAUTYUIIETO OTTUCAHUS SMITUPUIECKUX JAHHBIX
Y(t)=f(t,a)+&.
B pabotax aBTopoB [1-3] mpemiokeH moaxoq K GOPMUPOBAHUIO JETEPMUHUPOBAHHBIX
U CTOXaCTHYECKHUX BPEMEHHBIX PSA0B, 00JaMArONINX CBOMCTBOM (PPAaKTAIHPHOCTH Ha OCHOBE
KOHCTPYKTUBHO-IIPOJYKLIIMOHHOTO ToaxoAa u mnpaBuil L-cucrem. Ecnu HavanbHas akcuoma
uMeet Buj f, mpaBwia moacraHoBku f—f-f++f-f, Torna mopoxmaromas MyJIbTHCUMBOJIBHAS
CTpOKa 2t 0 D i 0t 0 e G 50 8t 0 8 ) e OO Jnst 3HAYEHUN aTpuOyTOB
KOHCTPYMPOBAHUS psAJla: HayalbHOE MAaTEeMaTHYE€CKOE OXHUIaHUE BEIUYMHBI U HU3MEHEHUE
MaTeMaTHYeCKOro OXWJaHUs COOTBETCTBEHHO M, =13,dM =0,5, HavanbHasg QUCHEpCHs

BEJIMUMHBl M M3MEHEHHE BEIMYMHBI JAMCHEpCHH cooTBeTcTBeHHO D, =0,dM =0,
peanuzanuen sBIseTCs AeTEPMUHUPOBAHHBINA BPEMEHHOM Psifl, MPEACTaBICHHbBIA HA PUCYHKE.

Pucynoxk — JletepMuHNpOBaHHBIN BpEMEHHON PsIII C HYJIEBOM fucnepcuei

Jlnsa takoro noaxona ¢popMupoBaHus (ppakTaIbHOIO BPEMEHHOTO Psifia BOCCTAHOBIIEHUE
CIEAyeT IMOHMMAaTh KAK HAXO0XKICHUE HAYAJIbHOM aKCHUOMBI, IPAaBUJI IOJCTAHOBKH U
CTATUCTUYECKUX aTpuOyToB (opmupoBaHus. PemieHue naHHOW 3amayll MOXET OBITh
MPOBEJICHO C MCIOJb30BAHUEM T'€HETUUYECKOTO aJrOpUTMa. BBINONHEH PSAJ KOMIBIOTEPHBIX
SKCHEPUMEHTOB. B 4YacTHOCTH, BOCCTAHOBIIEHUS BPEMEHHOTO psija, MPEACTABICHHOIO Ha
PUCYHKE  BBINOJHEHO TE€HETHYECKHM  aJrOPUTMOM C  IapamMeTpamu:  KOJHAYECTBO
HCIOJb30BAaHHBIX XpOMOCcOM B TmokojieHnu — 100, xommuectBo ckpemmBanuii — 500,
konuuecTtBo Mytamuii —1000. J[ns moiaydyeHuss BOCCTAHOBIJIEHHS JOCTATOYHOE KOJIUYECTBO
nokoJieHnit st Bbixoga — 10. B pesynaprare 13 urepanuii T€HETHUYECKUA aJIrOpPUTM
MOJTHOCTHIO BBITIOJIHUJI BOCCTaHOBIIEHUE BpeMeHHoro psina f->['f-f++{-f'] 13.0 50.0 0.0.

Takum oOpa3zoM, Ui TIpoliecca BOCCTAHOBIICHHSA JETEPMHUHHUPOBAHHBIX (PpaKTaabHBIX
BPEMCHHBIX PSZ0B, IOCTPOCHHBIX B paMKaX KOHCTPYKTUBHO-IIPOJIYKIIHOHHOTO MOJEIUpPOBaHHUS U L-
CHUCTEM, MOXET C YCIIEXOM HCIIOIb30BATHCS T€HETUUECKUI aIrOPUTM C COOTBETCTBYIOIIUMH
MOIU(DUKAIUSAME U ITapaMeTpamMu.
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OBOBHIEHHASA MATEMATHYECKASA MOJAEJIb PACITPEAEJIEHUSA
JHEPI'MH B OBBEME PABOYEI'O IPOCTPAHCTBA BAHHBbI
PYJIOBOCCTAHOBUTEJIbHOM JIEKTPOITEYHA 11O METOY
BTOPUYHIX NCTOYHUKOB
Onun A.B., Kysaes B.1O., Hexypun B.1. k.T.H.

HMemAY, /[nenp, VKPAHHA

Pemrenne 3amaum  nopaepikaHWe ONTHUMAJIBHOIO IIMXTOBOIO, 3JIEKTPOJHOTO H
AIEKTPUUYECKOTO PEKUMOB KOHKPETHOTO TEXHOJIOTUYECKOT O nporecca
pyZnoBoCCTaHOBUTENbHBIX 3jekTporneueii (PBII) obecneunBaeTcss BHIOOPOM ONTHMABHBIX
F€OMETPUYECKUX T[apaMEeTPOB BaHHBI I[€UM; T[EYHOIO0 KOHTypa U MOJJAEpKAHUEM
PaIMOHATIBHOTO JJIEKTPUYECKOI0 pPEeKMMa IIJIaBKHU, YTO CO3JAaeT HEOOXOAMMOE C TOYKH
3peHusT TEPMOIAMHAMHKH, PACHpPECICHHE BBOJUMON JHEPrMH B paboyeM MPOCTPAHCTBE
BAHHBI [1€YH.

ABTOpaMH pelnanach 3ajada pa3pabOTKH MaTeMaTHYeCKOH MOJENTH pacrpeeiieHus
IUIOTHOCTH TOKa B CEYEHMHM CaMOOOXKHTaIOLIErocsi OJJIEKTPOJa, YAEIbHOW aKTUBHOM
MOIITHOCTH B o00OBeMe pabodero mnpocTtpancTBa BaHHbl PBII mo meromy BTOpHUYHBIX
HMCTOYHUKOB B (opMe HHTEerpaibHbIX ypaBHeHui @Dpenronsma Il poma ¢ mpuBnedeHmem
AKCIEPUMEHTAIIbHBIX JIAHHBIX IEUCTBYIOMHUX Teueit [1].

CTpykTypa peakIMOHHOW 30HBI PabOYero MpOCTPAHCTBA KPYIJIOH TPEXDJIEKTPOIHOU
anektponieun ( Hampumep, PKI-75 ¢upmbr «TanabG3») cuMMeTpuyHa OCH Ka)JIOTro
9JEKTPOJa, MO3TOMY, MCXOAS U3 YCIOBHUH OCEBOM CHMMETPUM pPacCMaTPUBAIOCH
MEpUIUATBHOE CEUEHHUE DIEKTpoAa M PEaKIHOHHOM 30HBI C TOJABOJIOM TOKa 4Yepe3
CBEPXMPOBOISANINI KOHTAKT JIEKTPOJIa, HAXOASAIIETOCsl B HEOJHOPOIHOM Cpele, U OTBOJAOM
Yyepe3 CBEPXMPOBOSAIIYIO BAaHHY cIliaBa [2].

AJITOpUTM pacuera TOJISI IUIOTHOCTH TOKa, YACIbHOM AaKTUBHOM MOIIHOCTH
CHEAYIOIIUI:

1. PaccuuThiBaeTcsi pacnpeneiieHue BTOPUYHBIX UCTOUHUKOB HAa MOBEPXHOCTHU pasjelia
Cpell ¢ pa3HON IPOBOJUMOCTBIO )1 * Y6

2. 1o pacnpeneneHn0 BTOPUYHBIX UCTOYHUKOB PACCUUTHIBAETCS HANPSKEHHOCTD TOJIS
B BHIOpAHHBIX TOYKAX CEYEHHS 3JIEKTPOJa U pabovyero mpocTpaHCcTBa MeYH.

3. PaccunThiBaeTcsl MIOTHOCTH TOKA (f;) U yAelbHAsl aKTHBHAS MOITHOCTH B BEIOPAHHBIX
TOYKax pabovero mpoCcTpaHCTBA BaHHBI e j = y;E; u p; = yiEiz.

[Ipu pacuere cuuTaemM, 4YTO MarHUTHas MPOHUIIAEMOCTb COAEPKUMOIO BaHHBI
COOTBETCTBYET MAarHUTHOW IPOHUIAEMOCTH BBIACIICHHBIX 30H, @& I'€OMETpUs BaHHbI M
AJIEKTPOIOB OTBEUAET B MacmITabe rmapamMerpaM BaHHBI JEHCTBYIOIIEH TeUn.

Mopenb pazpaborana s noinychepudeckor GopMbl TOpIIAa MIEKTPOIa U TIIYOMHBI €ro
MOTPYXKEHUS B BaHHY neun 1 M. B paboTe mpencTaBieHbl SMIOPHI pacipeieieHus TUIOTHOCTH
TOKAa TI0 CEUYCHMIO DIJICKTPOJA W JIMHUU PaBHON yIEIbHOW aKTUBHOW MOITHOCTH B OObeMe
pabodero MPOCTPAaHCTBE B MPEAINOJIOKEHHH, YTO MOIIHOCTh COCPEIOTOYCHA B IIEHTpE
BBIOpAHHBIX 3JIEMEHTAPHBIX IUIOIA/I0K CEUEHUSI BaHHBI.

AHanu3 pe3yabTaToOB MOKAa3bIBACT, YTO 3HAUEHHS YJEIbHBIX aKTUBHBIX MOIIHOCTEH B
BBIJICJICHHBIX PACUETHBIX TOYKAX W OSKCHEPUMEHTAIBHO IOJIYYEHHBIX B JOCTYNHBIX IS
M3MEpEeHul TOUKax pabovero MpoCTPaHCTBA COBMAAOT C MHKEHEPHON TOYHOCTBIO.

Maremaruueckass MOJAETb MOXET OBITh HCIHOJIB30BaHA MPHU PEKOHCTPYKIUU U
MIPOCKTUPOBAHUU TI€UEH, JUIsl ONpPEIENICHHs MOTEPh B €€ METAIUIOKOHCTPYKLMSAX Ha CTaauu
MIPOEKTUPOBAHUS .
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OPTIMIZATION PARAMETERS OF CLEANING SURFACES BY THE STREAM
OF ABRASIVE PARTICLES
Yasev A.G., /Cand. Sci. (Tech.)/
National metallurgical academy of Ukraine

Utilization of system of mathematical modeling, which consist of mathematical
modeling, creation constructional and technological propositions and optimization parameters
of equipment, during the creation technological equipment for cleaning surfaces by the stream
of abrasive particles on the example of cleaning holes with small diameters in details of
elements of hydraulic machines is described.

Estimation and confirmation of adequacy of mathematical model it is executed by
means of criterion of verification of accordance for small selections. As a criterion of
optimization intensity of output of material is accepted from the elementary ground of surface
at total influence of plenty enough of abrasive particles. The optimized technological
parameters are sizes of grittiness of abrasive and speeds of particles of stream, providing
maximal intensity of output of material. Technical documentation is not envisage the special
requirements to the size of roughness of surface of opening, therefore in the conditions of this
task limitation on a roughness assumes a special air of condition of ungrowth of roughness at
treatment. Set structurally-technological parameters, rigging providing the stable receipt of
the homogeneous cleared internal surfaces of pistons of axialpiston hydromashines is used in
the construction of rigging and technology of her application. In the technological process of
making of pistons on the plant-manufacturer of axialpiston hydromashines the operation of
cleaning of opening is entered after chemical-thermal treatment with the use of the offered
technological equipment.

Such approach is universal in relation to the form of surfaces and type of mathematical
model, provides the necessary level of exactness and allows effectively to decide the practical
tasks of creation of the technological equipment for upgrading of cleaning of surfaces.

References
1. SceB A.I'. IlpuMeHeHE METOIOB ONTUMM3ALMH TEXHOJIOTHnYecKux mporeccos. C. 163-217.
2. dusnko-MaTeMaTHyecKas TeOpUd MMponcccoB 06pa60T1<1/1 MaTcpUuajioB nu TEXHOJIOI'nu
MaruHocTpoeHus / [Tox obmei penakimeit @.B. HoBukoBa u A.B. SIkumoBa. B gecsatu Tomax. - T. 8:
«OnTIMHI3anns TEXHOJIOTHIECKHUX TIPOIECCOB B MammHOCTpoeHun» - Onecca: OHITY, 2004. - 509 c.
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CHPOIIEHA MOJEJIb TEPETBOPIOBAYA TOIIOJIOI'TI BUCK
3umornan A1O., I'yna AL
Hayionanona Memanypeitina Akademisn Yxpainu

[TeperBoproBau Tomodorii Buck (abo «step-down») € omHuM 3 HAHOUIBII MPUAATHUX
JUI BUKOPHUCTaHHS, B 3aJjauaXx OTPUMaHHS KOHTPOJIbOBAHOTO JHKEpeEa KUBJICHHS 3 MEHILOIO
HANpyroo Ta OUTBIIMM CTPYMOM HIX JpKepeso xuBiieHHs. CydacHi KOMIIOHEHTH J03BOJISIOTH
JOCSITTH 3HAYHOTO Koe(illieHTa MepeTBOPEHHS €Heprii, MIHIMAJIbHOI MacH Ta PO3MIpy Y
MOPIBHSIHHI 3 KJIIACHYHHUM TIiIX0J0M Ha OCHOBI HU3bKOYACTOTHOTO TpaHchopmaropa. Tum He
MEHII, [Ied TEPEeTBOPIOBAY MAa€ MEHIN OYEBUIHI XapaKTEPUCTUKH, OCOOJIMBO B CHUTYAIlISX,
KOJIM HEOOX1IHUI BENMKHUU [iama30H BHUXIJHOI HANpyr, TOYHICTh BUXITHOI Hampyru abo
IIBUJIKA PEAKIlis Ha BUXIJHE HaBaHTaXeHHs. Jleski 3 UX BUMOT MOXXYTh OyTH BHKOHAaHI 3a
JIOTIOMOTOI0 TIPAaBMJIBHO CKOHCTPYHOBAaHOTO 3BOPOTHOTO 3B'SA3KYy, aje, B CBOIO 4Yepry, L
KOHCTPYKITiSI BAMArae aJeKBaTHOT MOJIeJli cCaMOT0 KOHBepTepa.

Bbyna po3po0Oriena crpoiieHa MaTeMaTH4HAa MOJENb IepeTBoproBada Tomosorii Buck

(1). ¥ npomy Bumagky HeoOximHo matu V) (t). 1loO6 Bu3HaumTH 11 3HA4YEHHS, MOXKHA
CKOPUCTATUCS THM, IO B BUKOPHUCTAHHX YMOBaX ICHY€ 3 XapaKTEPUCTHYHUX 3HAYCHHS:
nobmusy V., akmo pwm(z) >0, V, a0o Hyns B iHIOMY BUNAAKy. TakuM YMHOM, CHCTEMA

cc?

PIBHSHB CTa€:

LI, =V, -V,(t),

V=1, -2, (1)
h

I/cc _Rchll’ pwm(t) > Oa
Vi@ =4V, pwm(r)=0,1, >0,

n >

0, pwm(?)=0,/, =0

BukopucToByroun 110 MOJENb, OTPUMANHN 3aI€XKHOCTI V,(R,,7) y BUNAAKy (pIKCOBaHHX

3HAYeHb Ta IHINNX ITOAI0HNX 3HAYEHB.
BucHoBok. Pe3ynbTaté MopaenaroBaHHS JOCUTH OJM3bKI O pEIbHUX BHMIPIOBAHb.
HaiiBa)x1MBiIIo0 BIAMIHHICTIO € 3HAYEHHS 7 : MeplIa MOJIENb BUMarae MiHiMaJbHUX 3HaY€eHb

npu6mmsno 107", Toxi sk cnpormeHa Moxens Bumarae 1077, Tomy o6uncienns B 1000 pasis
IIBHJIIIE, 1 BUMArae MEeHILE ITaM'sTi 17151 30epiranHs pe3ysbTaTiB.

Jlireparypa
1. Steve Roberts DC/DC book of knowledge / Steve Roberts / RECOM Group Gmunden 2014. —
234 p.
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JAAHAMUNYECKASA QJJEKTPOMATHUTHAA MOJAEJb ACHHXPOHHOI'O
JIBUT'ATEJISI, PABOTAIOIIETO B YCJIOBUSIX HEKAUECTBEHHOM
QJEKTPOOHEPI'UA
Ky3nenon B.B', K.T.H.,Tpunyrenn HM.? k.1.H.,

Ky3nenosa AB’, CTyIEHTKa, Tpumyrens M.H.*, CTYACHT
'Hayuonanonas Memannypeudeckas akaoemusi Ykpaurol
‘HTY «/[Henposckas norumexHuKa»
3’4,Z]Hunpoeci<uﬁ HayuoHanoHoll yHUsepcumem umenu Onecs I onuapa

MopenupoBaHue 3JIEKTPOMEXAaHMUYECKUX CHUCTEM MO3BOJISIET Ha TMPEANPOSKTHON CTaauu
OLICHUTh TMPOTEKAIOIIME B HHUX TMpouecchl. Ha OCHOBE OTHX MJaHHBIX MOTYT OBITh
CKOPPEKTHPOBAHBI IMapaMEeTpPhl CHJIOBBIX YCTaHOBOK M CHCTEM YIIPaBICHHUS HMH, INPOBEICHA
IPOBEpKa COOTBETCTBUS BHIOPAHHOTO O0OPYIOBaHMS pekuMaM padoThl U T.1. MaremaTtndeckue
aHaJIOTH ACHHXPOHHBIX JBHTaTeiedl  IIUPOKO HCIONB3YIOTCA JUIS OLEHKH 3(PQPEeKTHBHOCTH
3aKOHOB YTIPABIICHHS, HCCIEIOBAaHMUSA AIIEKTPOMATHUTHBIX TIPOIECCOB M IMPOTHO3UPOBAHUS
SHEpPreTUYECKUX TMoKaszarened ux paboTrel. OmHAaKo, CUTyalMs YCIOXKHAETCS, KOTga IIpH
MOJICIMPOBAHHH HEOOXOIMMO YYUTHIBATh KAUECTBEHHBIC TTOKA3aTENH AIEKTPOIHEPTUH, TAKUE KaK
HECHUMMETPUSI U HECUHYCOHJAIILHOCTD JICKTPUUECKUX BennvuH. [Ipobiema 3akiiodaercss B TOM,
YTO B CHJIy IPHHUMAEMBIX B 3TOM CiIydae JIOMYyIIEHUH, cama Mojaenb AJ] CTaHOBHUTCS 3a4acTyro
HeaJekBaTHOH. Ecim ke ucnonp3yroTcss  0ojiee CIOXKHBIE MOJENH, OMHCAHUE IPOIECCOB
HACTOJIKO YCJIOXKHSIETCS, YTO TIOUCK TpeOyeMBbIX 3aBUCHMOCTEH CTAHOBHTCS CIUIIKOM
3aTPYAHUTEIBHBIM.

Cdhopmynupyem TpeGoBaHUS K BULY, (PYHKIHMOHAIBHOCTH, XapaKTEPHCTUKAM U COCTaBY
BXOJHBIX BEJIMYUH, KOTOPHIM JIOJDKHA YIOBIIETBOPATH pazpaldaTbiBaeMas MOJENb aCHHXPOHHOTO
neurarens [1]:

1. Monens AJl momkHa OBITH pabOTOCTIOCOOHO TP TPOU3BOJILHOM (popMe HampsKEeHUS Ha
CTaTope, BKIOYAas HECHHYCOMJAILHOCTh M HECHMMETPUIO. DTO TpeOOBaHUE SIBISICTCS
HEOOXOIUMBIM JIJIs1 OOJIBIIMHCTBA UCTIONIB3YEMbIX B HACTOSIIEE BPEMSI MATEMAaTHIECKUX aHATIOTOB
paccMaTpUBaeMBbIX JIBUTATEIICH.

2. Pa3zpabatpiBaemasi MOJIETb JOJDKHA OBITH aJJeKBATHOW KaK B YCTAHOBHBILIUXCS, TaK U B
MEPEXO/HBIX PEXKUMaX, CBS3aHHBIX C W3MEHEHHWEM Harpy3KH, KadecTBa 3JCKTPOIHEPIHUH,
YIIPaBJISIONIETO BO3ACHCTBHSL.

3. Cunte3npoBanHblii aHanmor AJ] MOMKEeH MMETh BO3MOXKHOCTH IOAKIIIOYEHUS MOIYJen
(GUIBTPOB CO CTOPOHBI BXOJA JJIEKTPOABHraTeIs] M NPU OSTOM IMO3BOJATH ONPEICITUTH
3aBHCUMOCTH Pe3yIbTUPYIOIEH (GOPMBI HAPSHKEHUS «Hocie GUIBTPOBY OT noTpedisiemoro AJl
TOKA.

4. BbIXOTHBIMU TTapaMeTpaMu MOJCITH JOKHBI ObITh:

MTHOBEHHBIC 3HAYEHUS TOKOB CTaTopa M POTOpPAa ACHHXPOHHOTO JJIEKTPOABHIATENS, WX
CIIEKT;

aktuBHas (P), peaktuBHas (Q) u nmosHas (S) MOUTHOCTH, BKJIIOYAst UX Ty JOJIO, YTO CBS3aHA
C MCKOKEHHUSIMU HANPSHKEHUSI CO CTOPOHBI CTaTOPa, COOTBETCTBYIOLIMM PEATbHBIM TOKA3aTeIsIM
Ka4ecTBa JIEKTPOIHEPTHH;

k03 urnment nonesnoro neiictus (KILJ, n%) u ko3 dunment mommnoctu (cos ¢);

COCTaBJISIIOIIME OTAENbHBIX MOTEPHh B JABUTATENE: ToTepu B Meau craropa (APy;), poropa
(AP,) u cranu (APc);

CKOPOCTH () ¥ 3IEKTPOMArHUTHBIM MOMEHT (M) IBUraTesns B 3aBUCUMOCTH OT HAarpy3KH Ha
BaJly, BKJIIOYasi UX CIIEKTPAIbHBIC XapaKTEPUCTUKHY;

Takum o0pa3oMm, pa3pabaTbiBacMas MOJENb JOJDKHA MPEJOCTABISATh IOJNHBIA 00bEM
JTAHHBIX, HEOOXOJUMBIX JUIsl KCCIICTOBAHUSI PEKUMOB PaOOThI aCHHXPOHHOTO JIEKTPOIBHUIATEIS,

pa60Ta}01uero B YCIIOBHUAX HEKaueCTBECHHOM SJICKTPOSHCPIrun C OCJIbIO OLICHKH
AJIEKTPOMATHUTHON COCTaBJISIONICH 00pa3yoIerocs mpu 3TOM 3KOHOMUYECKOro yiepoa.
JIureparypa

1. O w™mogensx GYHKIMOHUPOBAHUS AaCHHXPOHHOTO JBUTATEIS B YCIOBHUSX HEKaYeCTBEHHOM
anektposneprun / B. B. Ky3nenos, A. B. Hukonenko // Boctouno-EBponefickmii sKypHaI epeIoBbIX
texHonoruid. - 2015. - Ne 1(8). - C. 37-42.
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PA3PABOTKA ITMHAMMWYECKOM SJIEKTPOMATHUTHOM MOJEJIN
ACHHXPOHHOTI'O ABUT'ATEJISA, PABOTAIOLIEI'O B YCJIOBUSAX
HEKAYECTBEHHOM SJIEKTPOYHEPT U
Ky3nenos B.B', K.T.H., Tpunyresn HM.? k.T.H.,

Ky3nenosa AB?, CTyZIEHTKa, TpumyreHs M.H.*, CTYJIEHT
'Hayuonanonas Memaniypeuieckas akaoemus YKpauHuvl
‘HTY «/[Henposckas noaumexHuka»
3’4,ZZHunp060Kuﬁ HayuoHanvHwult YyHueepcumem umenu Onecs [ 'onuapa

Jlnst peanmu3aliii TUHAMHYECKON AJIEKTPOMArHUTHOW MOJICNIM ACMHXPOHHOTO JBHTATElIs,
paboTarolmiero B  YCJIOBUSIX HEKAYECTBEHHOW DIIEKTPOIHEPTMH  HCIOJIb30BaHA  CHCTEMa
middepeHInaNbHBIX ypaBHEHUH BO BpeMEHHOM obnacti. HaMu nprMeHeHsl MpOoCTpaHCTBEHHO-
BpemeHHble komruiekenl ([TBK) [1].

INBK nnst mo6oro Y paccuuThiBaeTcs cieayromum oopasom [1]:

2
Zzg(YA+aYB+a2YC), (1)

rne Y,,Y,,Y. — Ga3Hble 3HaueHHUs paccCMaTpHBAaEMOH BEIUYMHBI B JAaHHBI MOMEHT BPEMEHH,

IpUYEeM MOCIETHIM COOTBETCTBYIOT MMPOEKIIMK 03HAYEHHOT'O KOMITJIEKCa Ha ocH (as.
3anucannbie otHocutenbHO [IBK ypaBuenus Ilapka-I'opeBa [2], siBasitoiuecss OCHOBOM
HU3BECTHBIX Mojieneit A/l, UMErOT BUI:

U = 1R+ LR+ 00 = LR, + 1,8, + 22— oy v,

dt dt (2)
rne U, - IIBK nanpsxkenus craropa; [,,/,,[, - IIBK ToxoB cratopa, poropa, u Toka
HamaranuuBanus; ¥, ,¥, - IIBK notokocuemnnenuii ctaropa u poTopa; @, - yriopas CKOPOCTb
BpawieHus AJl; R, R, - akTUBHBIE COIIPOTUBJICHHS CTaTOpPa U POTOPA.

Heo0xomumo y4uTHIBaTh, YTO HA DHEPTETUYECKHUE TOKA3aTeIM ACHHXPOHHBIX JBHUTATEICH
OKa3bIBaCT HACHIICHUE MAarHUTOMPOBOJA. Hawmmydniee coyeTaHWE TOYHOCTH M MPOCTOTHI
pacyeToB JAET MCIOJIh30BaHNE 3aBHCHMOCTH TJIABHOW B3aWMHOW WHIYKTUBHOCTH OT BEITUYHHBI
Toka HamaranuuBanus Li,=1(1p).

Takum o00pazoM, B ypaBHEHMSIX JJIsi ONpPEACICHUS IMOTOKOCIEIUICHUS HE0OX0aUuMO
3aIKMCHIBATE:

Y, =1L +L12(]o)’£2;gz =1,-L, +]412(10)’11
3)

[TepeMeHHBIMU COCTOSIHHSI MOJISTTUPYEMOTO 00BEKTa B paCCMaTPUBACMOM CITydae SIBIISIFOTCS
CKOPOCTh AaCHMHXPOHHOTO JBHUTATeNs, a TakkKe MPOCTPAHCTBEHHO-BPEMEHHBIE KOMIIJICKCHI
MMOTOKOCIICTUICHHSI CTaTOPa U POTOpA.

[Ipu 3TOM 37IEKTpPOMArHUTHBIH MOMEHT AJ[ OTHOCHUTEIHLHO MPOCTPAHCTBEHHO-BPEMEHHBIX
KOMIIIEKCOB BBIPAYKACTCSI CIISAYIOIIMM 00pa3oMm:

3 ¥
M = EpTle Im(ll 12) > (4)

" HaKOHCI, HCKOMasg CHCTEMa OOJI’)KHa OBITh JO0IIO0JIHEHAa OCHOBHBIM YpPaBHCHUCM
JUHaAMUKH:

do
r , 5
7 Q)

rae M, — craTMYecKuil MOMEHT; J — MOMEHT MHEpPIMHM MEXaHWYECKOW 4YacTH IPUBOJA; P, —

M-M, =J

YKCJIO Map MOJIIOCOB.
Jluteparypa
1. DOnekrpuyeckue Mamunsl / A.B. BanoB-CmoneHckuii. — M.: DHeprus, 1980. — 927 c.
2. Teopis enextponpuBoay: HaBuansauii mocionuk / A.A. Konb, A.A. Konb. — JIHimpomneTpoBChK:
HI'Y, 2006. 217 c.
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®OPAKTAJIBHICTDH IIIVIBHOCTI AOPOXHBOI'O TPA®IKY BEJIUKUX MICT
MuxansoB O.1. a.1.H., mpod., Kozap O.B acm.
HMemAY, /[ninponemposcok

Byna posrisiHyra 3ajada OLIHIOBAHHS IIIJIBHOCTI JTOPOKHBOTO Tpadiky Ha MPHUKIAII
Jlonnony [2]. JlemaprameHT TpaHcmopTy JIOHAOHY Mae BJIacHy CHCTEMY MOHITOPIHTY
JOPOXKHBOTO PYXY Ta JIa€ 3MOTY AOCHITUTH JOCUTH BaXKJIMBI MOKa3HUKU Ha MPOMiKKY y 10-15
POKIB, Takl SIK: IMOPIYHUN cepeaHbONCHHMIM TpaHcropTHHd moTik AADF (Annual Average
Daily Flow, aHri.) — cepenHsi KUIbKICTh TPAHCIIOPTHUX 3aC00iB 3a BECh PiK, L0 MPOXOIATH
yepe3 TOYKY JOPOKHBOT Mepexi MoAHs, oO0CAr TmepeBe3eHb (IMUCTaHIlis, SKY MPOXOIATh
TPAHCHOPTHI 3acO0M 3a/JlaHUX THIIB HAa BUMIPIOBAHOMY BIiJIPi3Ky JOPOTH) PI3HOMAaHITHHX
TPAHCIIOPTHUX 3aCO0iB.

Jlyist mociKeHHsT Bi3bMEMO OCHOBHI JIOPOTH, SIKi BKJIFOYAIOTh B ce0e aBToMaricTpali Ta
noporu kimacy «Ay. i moporu 3a3Buuail MarOTh BHCOKHH pPiBE€Hb TPAHCIIOPTHUX IMOTOKIB 1
4acTO € OCHOBHHMHU apTepisiMu MicTa.

SIKIo pO3MICTUTH CepeaHBOJCHHUM TPAHCIOPTHUM TOTIK HAWOUIBII 3aBaHTaKEHOTO
paiiony Westminster Ha ricrorpami H(x) (puc.la), TO MOXIHBO moOayuTH, 10 Tpadik Mae

CTIKUI po3noaui. Po3mimryroun 3Ha4YeHHS TICTOTpaMH B 3BOPOTHOMY HaIpsIMKy, B
3arajlkHOMY BWIJIAJI MaeMO €KCIIOHEHLiHYy KpuBy (puc.l10). I'padik, npeacraBieHuil Ha
puc.10, Mae «BaXKUH XBICT», IO € O3HAKOK CaMOIOAIOHOCTI ((paKTaTbHOCTI) OTPUMaHUX
MaHuX. SIKIIO ampOKCUMYBAaTH OTPUMAaHi 3HAYCHHS, MOKHA OTPUMATH AHAIITUYHHUA BHpa3,
[0 XapaKTepHU3y€e PO3MOIi 03HaK camonoaioHocTi [1]. HalbinbIma BiAMOBIIHICTh, K BHIHO
3 rpagiky, CIOCTEPIraeThCs MPHU anpoKCUMAIlii jorapuGMidHUM piBHSIHHAM BUay (1):
y(x)=kln(x)+b. (1)

120 6

[ IBxigri pani Bixigni gani
Anpokcumadia — — —y=-12250og(x)+578104

100 5

80 4

60

KinekicTe

40

20

1
1 s 3 4 5 0 500 1000 1500 2000
AADF, 10* Brnipu

|r
i}
(2) ©)
Pucynoxk 1 — Po3noaiieHHsI TOKa3HUKIB CepeaHBOICHHOTO Tpadiky:
a) ricrorpama AADF 3 anpokcumartiero; 6) 3BopoTHuUi 3a BennunHamu rpagix AADF

[IpoBenenuit aHami3 IWIOPIYHOTO  CepeAHBOJAEHHOrOo Tpadiky Ja€e  MiACTaBU
CTBEPKYBATH, IO TOPOXKHIN Tpadik € BEIMUNHOIO, KA Ma€ ppaKTaabHI BIACTUBOCTI, a TOMY
€ 3MOra BUKOPHCTOBYBATH III0 BEIMYUHY 5K KIACH(DIKYIOUy O3HAKY.

Jlirepatypa
1. MuxansoB O.1., Ko3zaps O.B. JlocmimkeHHs caMOIOMiOHOCTI JOPOKHBOTO TpadiKy BETUKHX MiCT.
/CuctemHi TexHouorii. - 6 (119), 2018. — Ininpo: HMeTAVY-IBK «Cucremni texnosnorii». ISBN 978-
966-2596-19-9.
2. UK Department for Transport Traffic counts. URL: https://www.dft.gov.uk/traffic-counts/ (mata
3BepHeHH:: 09.03.2019).
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KOMIT"IOTEPHE MOJAEJIOBAHHSA TA YUCJIOBI JOCJIKEHHS
BIIJIUBY ®OPMU YAIIIKU EHAOITPOTE3A TASOCTEI'HOBOI'O CYT'JIOBA
HA HAIIPY)KEHO-JIE®OPMOBAHWHN CTAH KICTKOBOI'O MACHUBY
Bacunesceka M. O., /[3100a A. I1. a.1.H.

JlHinposcokuu nayionanvruu yHieepcumem imeni Oneca [ onuapa

[IpuBeneni pe3ynbTaTH KOMII IOTEPHOTO MOJETIOBAHHS KOHTAKTHOI B3a€EMOIl Ta
YUCJIOBOTO JIOCHI/DKCHHSI BIUTUBY ()OPMH YaIllKM €HIOMPOTE3a Ta30CTETHOBOTO Cyrio0a Ha
XapakTep 1 BEIMYUHY KOHTAKTHUX HAaIPYy)KeHb, BHHHKAIOUYMX B KICTKOBOMY MAacHUBi Ta
€HJIOTPOTE31.

IMIaHTaHT Ta30CTETHOBOTO Cyrio0a CKIIAAA€THCS 3 CTETHOBOTO 1 aneTalOyJspHOTO
(BEPTIIFO’KHOTO) KOMITOHEHTIB.

CrerHoBuii KOMIIOHEHT CKIIAJA€ThCS 3 TONIBKU 1 HIXKKHU, a BEPTIIOKHUN — 3 KOPITYCY
("Jamku) 1 JKOPCTKO (PpiKCOBAHOTO B HHOMY TOieTHiIeHOBoro Bkiaaumty. lllapHipHy mapy
NpOTe3y YTBOPIOIOTH BHUITYKJIa ChepUuHa MMOBEPXHs CTETHOBOI T'OJIBKYU 1 cepuyHa 3amaanHa
BEPTIIFOXKHOT Yalli.

TuraHoBHUI KOpPIYC BEPTIIIOKHOTO KOMIIOHEHTY, SIKHH 3arBHHUYYETHCS (BpI3a€ThCs) B
KICTKOBUM MacuB, SBJsiE CO00I0 O0’€MHE TIJIO CKJIAAHOI TEeOMEeTpii, IMOBEpPXHS SKOTO
MOJTAETHCS HA OCHOBI IBOX CTEPEOMETPUYHUX (PIryp y BUIISLII KOHYCa 1 ChepH.

30BHILIHS MMOBEPXHS YalllKM BEPTIIOKHOTO KOMIIOHEHTY Ma€ CHipajJeBUAHUN BUCTYI
(mepo mpoTesy), AKH MOXKE MaTh Pi3HHUM MONepeyHHid nepepi3 (TPUKYTHUHM, YOTUPUKYTHUN
Ta iH.). [Ipu iMIuTadTamii yanka eHa0NnpoTe3y BPi3a€ThCs B KICTKOBHI MacHB, /e PiKCYEThCSA
3a JOIIOMOT'OI0 KICTKOBOI MO30JI1, IO 3’ SIBJIISIETHCS 3 YACOM.

Takum uyuMHOM, CHUpaHHS JIOAMHU HA CTETHOBY KICTKY MPHU3BOJUTH JO KOHTaKTHOL
B3a€MO/IIT YaIIKH €HO0MPOTE3Y 1 0TOUYIOYOro HOro KiCTKOBOTO MacHBY Tas3a.

IcHye minmii psa YMHHUKIB, 110 BIUTMBAIOTH HA PO3TOJILT HABAHTAXKEHb 1 HAMPYXCHb B
OKOJTI IMIIJTaHTa Ta30CTETHOBOTO CYIJI00a 1, IK HACIII0K, Ha TIPOIIeC OAYKaHHS JIFOJAWHH Ta Ha
eKCIUTyaTaIliiiHi XapaKTEPUCTHKH 1 JOBFOBIYHICTh €HIOMPOTE3A.

[Togana po0OoTa mpucCBsSYE€HAa BUBYECHHIO MEXaHIYHMX aCMEKTIB B3a€MOJIi €HIOMpPOTE3a
Ta KICTKOBOTO MAacCHUBY, IIOB’SI3aHMX 3 PI3HOI0 ()OPMOIO HAIIKM 1 Tepa eHAONpoTe3a Ta ix
BIUIMB HA HAMPY)KCHHUI CTaH B €HAOMPOTE31 Ta OTOYYIOUOMY HOTO KICTKOBOMY MAacCHBI.

KoMmm’toTepHe MOAENIOBaHHS OCOONMMBOCTEH KOHTAKTHOI B3a€EMOJIi Ta YHCIIOBI
JOCIIDKEHHST BUKOHAHI 3 BUKOPHUCTAHHAM METONy CKIHUYECHHMX eneMeHTiB. [Ipukmaneni mo
YallKi EHIOMPOTE3Y CHUJUM BH3HAYAIOTHCS AHTPOIMOJOTOMETPUYHHMH HABAaHTAXKCHHSIMH,
00yMOBJIEHUMH Baroro JroAuHU. KicTKOBUI MacuB MPUHUMAETHCS JKOPCTKO 3aTUCHYTHM.

OTpumani pe3ylbTaTH BKa3yloTh, 110 B 30HI Bpi3aHHS YaIIKH MpoTe3a B KICTKY,
30KpeMa Ha KIHIII TIepa, BHHUKAE CYTTEBA HEOTHOPIAHICTH HAMIPYKEHO-1€(OPMOBAHOTO CTaHY
(KOHIIEHTpaIlisl HaMpyXeHb B KICTKOBOMY MAacHBi), M0 30iIbIIyE PHU3UK HE3TATHOCTI
IMIJTAHTAT HECTH B TIOJMAJBIIIOMY €KCIUTyaTal[iiHi HaBaHTAXEHHsS, SIKI CTBOPIOIOTHCS
€JIEMEHTOM E€HAOIpPOTe3a.

[Tokazano, 1m0 XapakTep 1 BETWYMHY HABAaHTKEHHS B KICTKOBOMY MAacHBI MOJKHA
KOMITIEHCYBATH 3a JOMOMOIO0 Bapiaiii panioHaIbHOT (hOpMU KOPIYCY YaIIKH 1 Iepa 3 METOI0
3HIDKEHHS BEJIMYMHM EKCIUTyaTallliHUX HaBaHTaXE€Hb, SKI BUHUKAIOTH B KICTII Ta3a B 30HI
BPI3KU IIpOTE3a.

Pe3ynpraTty momani y BUTIISIAI KQpTUH PO3MOLTY HANpyKeHb. [IpuBeeHO BiMOBIIHUM
MOPIBHSUIBHUH aHaMi3.
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AKTUBHHUI MMOITYKOBUM AJITOPUTM ABTOMATHYHOI KOMITEHCAIIII
EKCHEHTPUCHUTETY BAJIKIB HA BE3IIEPEPBHUX JINCTOBUX CTAHAX
[Moran O.YO. k.1.1., 3inuenko M./I. x.1.H., [Toran M.O., ITliBens B.O.
Hayionanvna memanypeiuna akademiss Yxkpainu

B mpomeci nucTOBOi TPOKATKM OCHOBHHUMH TEXHOJIOTIYHUMHU 30ypEeHHSMH, IO
BIUTMBAIOTH HA TOBIIMHY MPOKATY, BUCTYMAIOTh BIAXUJICHHS TOBIIUHU Ta MOIYJIS )KOPCTKOCTI
nmigkaty Big 0a30BuX (NEpPBUHHUX) 3HAY€Hb, a TAKOXX HEKOHTPOJHOBAaHI 3MIHCHHS
MDKBAJIKOBOTO 3a30py, IO BUHUKAIOTH 4Yepe3 EKCICHTPUCUTET NpPOKAaTHUX BaikiB. Ha
OLTBIIOCTI CyYyaCHUX MPOKATHUX CTAaHIB 30ypeHHs, sIKi BHOCATHCS B TPOIIEC MPOKATKU 3 OOKY
MiJKaTy, MOBHICTIO KOMIIEHCYIOTHCS CUCTEMaMH PETYJIIOBAHHS TOBIIMHH Yy 3arajdbHO BIIOMUMN
Ccrocio, 1o onucanuii, Hanmpukiam, B poooti [1]. [Ipote, B pe3ynabTaTi GyHKIIIOHYBaHHS TaKUX
CUCTEM BILUTUB €KCIICHTPUCHUTETY HE YCYBAEThCS, 4, HABIAKH, TOCHITIOETHCS.

3anpornoHoBaHa aBTOpaMH CHCTEMa AaBTOMAaTHYHOI KOMIIEHCAIli eKCLEHTPUCHUTETY
nependavae yBeNEHHS NPUMYCOBHX KOJHMBAaHb MIKBAJIKOBOTO 3a30py y mportudasi 1o
HEKOHTPOJIbOBAHMX KOJIMBaHb 3a30PY 4Y€pe3 €KCIEHTPUCUTET BaJKIB [2, 3]. AMIuniTyaa nux
NPUMYCOBUX KOJMBAaHb BH3HAYAETHCS CUCTEMOIO 3a 1H(pOpMAIi€l0 TPo aMIUITYIy
CIOPUYMHEHUX EKCUEHTPUCUTETOM 3MIHHUX CKJIQJ0BUX 3YCHJUIA MPOKATKU Ta TOBILUMHU
cMyrd, a ¢aza — METOJOM AaKTHUBHOTO MOLIYKY 3 NEpPBICHUM YBEACHHSM «IIPOOHHX)
MIPUMYCOBHX KOJIMBaHb MIKBAJIKOBOTO 3a30pYy 3 JOBLIBHOIO (ha30¥0.

Henonik cucremu [2] momsirae B TOMy, II0O BOHA HE MOXK€ OyTH 3acTOCOBaHa Ha
Oe3repepBHUX TMPOKATHUX CTaHAX 4Yepe3 Te, M0 B CHUTHAJl 3yCHJUIS MPOKATKHU TMOPYyY 31
3MIHHOIO CKJIJIOBOIO, II0 OOYMOBJIEHAa EKCIIEHTPHUCHTETOM BAJIKIB JaHOI KIiTi, MPUCYTHS
OyM3bKa 3a 4acTOTOIO 3MiHHA CKJIAJ0Ba, IO OOYMOBJICHA KOJMBAHHSMH TOBIIMHHU MIIKATY
Yyepe3 EeKCICHTPUCHTET BAIKIB TOMEpPeaHboi KiiTi. OTxe 3acTocyBaHHS cuUCTeMH [2]
OOMEXYEThCA OJHOKJIITBOBUMH TPOKATHUMHM CTaHAMH, Ha SKUX Yepe3 BIJACYTHICTh
MOTIEPETHIX MPOKATHUX KIIITEH BIACYTHI 1 BUCOKOYACTOTHI 30ypEeHHS 32 TOBIIMHOIO TiKATY.

Bupimenns 3a3HadeHoi npobiaemMu Ha Oe3nepepBHUX MPOKATHUX CTAHAX € MOXKIUBUM
3a YMOBHU 3aCTOCYBAaHHS 3a3HAY€HOr0 TOUIYKOBOI'O METOAY OJHOYACHO 3 KJIaCHYHUM
criocoboM perymiroBaHHs ToBuMHU [1]. [loBemeno, mo mpu QyHKIioHYyBaHHI cuctemMu [1]
COPUYMHEH]  EKCIEHTPUCUTETOM  BHCOKOYACTOTHI  KOJIMBAHHS  TOBIIMHU  MOBHICTIO
BIITBOPIOIOTh KOJHMBAHHSA MDKBAJIKOBOTO 3a30py. ToOTO i BU3HAUEHHS aMIUITYAd
€KCLEHTPUCHUTETY NOCTaHbO BU3HAYUTH AMILIITYIy 3MIHHOI CKJIaJ0BOi TOBIIMHM CMYTU Ha
BUXOJl 3 NPOKATHOI KJiTi. BincyTHICTH mOTpeOM y BUAUIECHHI BHCOKOYACTOTHOI 3MIHHOL
CKJIAJIOBOT 3yCWJIJISl TPOKATKH, OOYMOBIIIOE BiJICYTHICTh BIUIMBY Ha TOYHICTh KOMIIEHCAITii
€KCIIEHTPUCHUTETY BHCOKOYACTOTHOI CKJIQJIOBOI TOBIIMHU TMiAKaTy, W0 CIPUYMHEHA
EKCIICHTPUCHUTETOM TTOTIEPETHbOI KITITi.

[nsgxoM IMITHIIITHOTO KOMIT FOTEPHOTO MOJETIOBAHHS JOBEIEHO, IO 3aCTOCYBaHHS
3aMpOMOHOBAHOTO MMIJIXOAY B OCTAHHIM YHUCTOBIN KJIiTI O€3MEepEepBHOTO MPOKATHOTO CTaHa
JO3BOJIIE OJTHOYACHO YCYHYTH SIK BIUIUB YCIX TEXHOJIOTIYHUX 30YpeHb, IIO0 BHOCSTBHCS 3
nigkatoM (y TOMY YHCHII Yepe3 EKCICHTPUCHTET TMONEepeNHiX KIIiTel), TaKk 1 BIUIHB
€KCIIEHTPUCHUTETY BJIACHE YMCTOBOI KIIITi.

Jlirepatypa

1. ®ommn I'.T., JybeiikoBckuii A. B., I'punuyk II. C. Mexanuzanmsi ¥ aBTOMAaTH3amus CTAaHOB
ropstaeit mpokatku. — M.: Meramnyprus, 1979. — 232 c.

2. Tloran O.10., 3inuenko M.[l., Pubampuenxko M.O. Tta iH. Kommn’rooTepHe MOIETIOBaHHS
AaBTOMAaTH30BaHOI CHUCTEMH KOMIICHCAlll EeKCIEHTPUCUTETY TMpOKaTHUX BajkiB // CucremHi
texHoorii. — Bum. 2 (115). — duinpo, 2018. — C. 75-83.

3. IMarent Ykpainu Nel18065. Croci® kommeHcalii BINIMBY €KCLEHTPUCUTETY MPOKATHUX BAJIKIB Ha
toBmuHay cmyru / O.O. Ioram, C.B. beiinyn, M.Jl. 3inuenko, M.B. MuxainoBcbkuii,
B.P. lllep6ayos — MIIK B21B 37/66. 3aseka Ne a201703611, Ony6s. 12.11.2018, Broa. Ne 21.
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CEKIIA 4

IH®OPMAIIMHE TA IIPOTPAMHE 3ABE3NIEYEHHSA
MNPOLECIB TIPOEKTYBAHHSA



PASPABOTKA KOMIIOHEHT UHTETPUPOBAHHOM CATIP IIJIACTUYECKOT O
JTE®OPMHUPOBAHUS HA OCHOBE TAPAMETPUYECKOM MOJIEJIN
AntyxoB A.B., k.1.H., TapacoB A.®., 1.T.H.

Honbacckas 2ocyoapcmeennas MauuHoCmpoumenbHas akaoemusl

[IpoekTupoBaHMe  IITAaMIIOBOM  OCHAaCTKM  JUIsl  MPOLECCOB  IIJIACTUYECKOTO
nedopmupoBanus (I111) 3aTpyaHeHO U3-3a OTCYTCTBUS CIICIUATH3UPOBAHHOTO MPOTPAMMHOTO
obecrieuenus (I10) mnterpupoBanHoro ¢ CAD/CAE-cucremamu [1]. Ha maHHBIE MOMEHT
npoekTupoBanue TporeccoB I/l BBITOMHSAETCS B PyYHOM pPEXHUME JIMOO C MPUMEHEHUEM
npukinagHoro I[1O  anma  xaxgoro otaenbHOro mporecca. Ocrtaercss mpoOiaemMorl U
aBTOMATH3AIMsl TMPOCKTHPOBAHMS OOJBIIMHCTBA TpoleccoB uWHTeHcHBHOro I[IJI, uro
OTpaHUYMBAET UX BHEJPEHNE B IPOMBIIIJICHHBIX MacIITa0ax.

Cosznanue [10 s aBromaTu3auu npoekTupoBanus mporeccoB [1/] Bo3moxkHO Ha 6a3e
npombinuieHHBIX CAD/CAE-cuctem, mNoOAAepXUBAIOIIMX OTKPBITbIE HWHTEPDEUCH IS
pazpabotku  BHemHHX  Mmonyned. Copemennoie CAD/CAE-cuctemsl — oOmamaror
BO3MOJKHOCTSIMU I TMOJKJIFOYEHMS] BHEIIHUX MOJYJEd NpPHU aBTOMATU3ALMH Pa3IUYHBIX
TEXHOJIOTHYECKUX IPOLIECCOB, YTO TMO3BOJSET aJalTUPOBATh MX JJS MPOEKTUPOBAHUSA
IIMPOKOTO  CIIEKTpa CJOXHBIX 3aj1ad, Bkiawoudas npouecchl IIJ[.  ABromaruzanus
moaenupoBanus npouecco MIIJ] B CAE-cucremax B BHIE pa3paOOTKU BHEIIHUX MOJIYJEH
MIO3BOJISIET CYIIECTBEHHO COKPATUTh BPEMS HA CO3JaHME MATeMaTH4eCKOW MOJenH,
BBITIOJIHUTh pPacyeT M MPOaHATU3UPOBATh pe3ynbTarbl. OJHAKO MpoliecCy aBTOMATU3AIUMU
IIPOEKTUPOBAHUS IITaMIIOBOM ocHACTKU A [1/] He ynensercss 1ocTaTOYHO BHUMAaHUSA, a 3TO
B CBOIO OY€pe/b BBI3BIBACT JOIMOJIHUTEIBHBIE 3aTpaThl BPEMEHU M HE JA€T BO3MOXKHOCTH
noiaHocTeio nepeiitu Ha CAIIP nponeccos I1/] n natencuBHoro I1J] B yactHoctu. Co3nanue
napaMeTpUueCKuX T'€OMETPUUYECKUX MOJEJIECH IITaMIIOBOM OCHACTKH TO3BOJUT COKPATUTh
BpeMsl Ha MOATOTOBKY M MCCIIEIOBAaHWE MOJEINHN Iporecca. [[ns pacimpeHuss BO3MOXKHOCTEN
CAIIP Ttpebyercs co3manne Habopa KOMIIOHEHT ¢ OOmmMM wuHTepdeiicom u Habopom
GbyHKIUH, YTO O00€cmeYnT MX B3aUMOJCUCTBUE TMIOJ YIPABICHHEM €IWHON O000J0YKU
unrerpupoBanHoii ¢ CAD/CAE-cuctemamu. 910 TpeOyeT mepexoia Ha 0OoJjiee BBICOKHH
ypOBEHb aOCTpakiMd TpU TIOCTAHOBKE 3aqa4 C peanu3anueil OWOIMOTEK THIOBBIX
KOHCTPYKIUH, UCTIOJIb30BaHUEM MOJIENIM B3aUMOCBSI3el MEX ]y rpaduuecKuMHU MPUMUTHBAMU
BHYTPU TPOEKTUPYEMON KOHCTpYKIMU. [l pemeHus psjpa 3aaad  MpPOCKTUPOBAHUS
nporieccoB nuHTeHCHBHOTO [1]] aBTOpamu pazpaboransl kommonenTsl MCATIP [2].

Pazpabotannsiii komrnoHneHT CAIIP ans npoekTUpoBaHHs IITAaMIOBOM OCHAaCTKH
nponecca UITJ ucronp3yer mapameTpuyecKyr0 MOJIEIb, YTO JA€T BO3MOKHOCTh PacIIMPHUTh
BAPUATUBHOCTb MPOEKTUPYEMbIX u3Aenuid u uccinegonarh mnpounecc B CAE-cucteme.
Co3manue mapaMeTpHYecKol MOAEIU COOPOYHON €IWHUIIBI TPOU3BOJUTCS 3a HECKOJIBKO
sranoB. Ha mepBoM 3Tame BBIMOJHSAETCS BBOJ pPa3MEpPOB 3aroTOBKM M YIJIOB HAKJIOHA
nehOpMUPYIOIIUX  TOBEpPXHOCTEH IyaHCOHOB, 3aT€M  BBINIOJIHAETCS TMpOBEpKa UX
KOppeKTHOCTH. Ha BTOpOM 3Tare BBIMONHIETCS pacyeT pa3MepoB IITAMIIOBOTO HHCTPYMEHTA
[0 aHAIUTHUYECKOW Mmonenu. Ha TpeTbeM sTame mnpoBepsieTcss KOPPEKTHOCTh I'€OMETPUU C
y4eToM orpaHuueHuil. Ha ueTBepTOM 3Tarme BBIMONHSETCS (POPMHUpPOBAHUE MACCHBA JaHHBIX
no pasMepam pertaied mia nepenaun B CAD-cuctemy. Ha nstom sTtanme mpoucxogut
noctpoenne geraneii u cOobopku B CAD-cucreme. Ilocme »storo wuHdopmauus o
reomerpuueckot moxenu nepenaercsi B CAE-cucremy mns uccnepoBanus [1J1. JlanHbid
KOMIIOHEHT HEOOXO/MM TaKKe T0CTIe TPOBEICHUS UCCIIeIOBAaHUI Ha 3aKITFOYUTEIFHOM JTare
paboThl AN CO3/1aHUsl KOHCTPYKTOPCKOM JOKYMEHTAllMd OCHACTKH C ONTHUMAaJbHBIMU
napameTpamu mpolecca.

Jlureparypa
1. Um D. Solid Modeling and Application: Rapid Prototyping, CAD and CAE Theory / Springer,
2016. 304 p.
2. ABTOMaTH30BaHE IMPOCKTYBaHHS 1 BUTOTOBJIEHHS BHpoOOiB i3 3actocyBaHHsIM CAD/CAM/CAE-
cuctem: MoHorpadis / O.®. Tapacos, O.B. Anryxos, I1.I. Caraiina, JI.B. Bacunbsera, B.JI. AHocoB. —
Kpamaropcwk: LHTPI «/Ipykapceekinit gim», 2017. — 239 c.
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TH®OPMAIIMHE 3ABE3NTEYEHHS PO3PAXYHKIB Y
SOLIDWORKS SIMULATION
bninnikos I'.I1. x.1.H., Pynuk O.}O. k.1.H., ['epacumuyk M.M. maricTpant
Hayionanvua axaoemis Jepoicagnoi npuxkopoounoi cuyscou Yrpainu im. b.XmenvHuywvkozo,
XmenvHuybkuti HayioHatbHULl yHieepcumem

B [1] 3a monmomororo SolidWorks Simulation mocmiaxyBaBcsi KpOHIITEHH Basia BiioOpy

MOTYKHOCTI TpakTopa MT3-80, sikuii € HECYyUOr0 IETaUTI0 MEeXaH13My BKJIFOUCHHSI 3UCTIIICHHS

i crpuiiMae 3Ha4HI OCHOBI CWJIM M KPYTWJIbHI KOJHMBAaHHS 4epe3 HEepiBHOMIpHE OOepTaHHS

KOJIIHYaCTOTO Bajla JBWUTYHAa. BcTaHOBIEHO, 110 BY3/I0BI HampykeHHs Von Mises,

nepemimmenHss URES i1 nepopmanist ESTRN st kpoHmITeiiHa He MepeBUIYIOTh TOITYCTUMUX

3Ha4YeHb (MiHIMATBHUN KOS(DIIEHT 3amacy MIIHOCTI A, = 3,421, nquB. Tab6mn. 1). [Ipu ibomy B

pO3paxyHKaxX BHKOPUCTOBYBalM CKiHdeHHO-eneMeHTHY ciTky (CEC) 3 po3mipoM enemeHTa

7,7579 MM (4 Touku SIkoOiaHa). Alle CTBOPEHHS CITKH — YK€ BaXKJIMBUH €Tarl MpH aHaji3i

Oynb-skoi KOHCTpyKUii [2]. Sk BruimBae BHOIp 11 mapameTpiB Ha TOYHICTH PO3PaxXyHKIB —
3a7a4a JaHOT'0 JOCIIIHKEHHS.

Tabmuns 1 — 3anexHicTh MiHIMAIBHOTO KOoedilieHTa

3amacy MinHocTI Bijx nmapamerpiBa CEC

Touku SIxkoOiana 4 4 4 29 VY By3nax
Po3mip enemenTa, MM 15,5158 | 7,7579 3,87895 3,87895 3,87895
Jloryck, MM 0,77579 | 0,387895 | 0,193948 | 0,193948 | 0,193948
Bcboro By3miB 6714 19774 98603 98603 98603
Bcroro enemenTis 3611 11389 63375 63375 63375
Aonin 1,624 3,421 3,361 3,362 3,362
Byzon 6452 19553 98115 98115 98115

SolidWorks Simulation Bu3Ha4dae po3mip enemeHTa s Mozeni, Oepydn 10 yBaru ii
00°‘eM, MUIONTY MOBEPXHI W 1HII T€OMETPUYHI XapaKTepUCTUKU. Po3Mip CTBOpIOBaHOI CITKH
(KITBKICTB BY3JIIB M €JIEMEHTIB) 3QJICKUTH BiJ PI3HUX MapameTpiB. Ha panHix cTamisx aHamizy
KOHCTPYKLIN, 1€ MOXYTh MiIIATH NMPUOIN3HI Pe3ylbTaTH, MOXKHA 3aJaTH OUIBIIMKA PO3Mip
eJIeMeHTa IS MBHUAMIOTO PO3B'sA3Ky. sl TOUHIIIOr0 po3B'I3Ky MOXKE 3HAJOOUTHUCS MEHIITUI
pO3Mip eneMeHTa.

JInst CiTKM Ha TBEPAOMY TUT 4YMCeIbHA TOYHICTH HAaWKpaIle JOCITA€ThCS MPHU CITI 3
OJTHAKOBUMHU 1/IealbHUMH TETpaeApaTbHUMHU €JIEeMEHTaMU, YUl KPalKu PiBHI 3a JOBXHUHOIO.
Jlist BCiel popMu HEMOKIIMBO CTBOPHUTH CITKY 17IeaIbHUX TeTpaeapabHUX elleMeHTiB. Uepes
MaJli Kpak, BUTHYTY (hOpMY, TOHKOCTIHHI €JI€MEHTH W TOCTpi KyTH OJIHI KpaWKh NeSKUX
CTBOPEHHMX €JIEMEHTIB JoBIIe 1HIMMX. Komm kpaiiku emeMeHTa HabaraTo BIIPI3HIIOTHCS 3a
JOBKMHOIO, TOUHICTh PE3YNIbTATIB 3HUXKYEThCS. Ha yke rocTpux ab0 BUTHYTHX TPAHHIISIX
PO3MIIIEHHSI CepeaHIX BY3mMB Ha (GakTHYHIA (GopMi MOXKE TPHUBECTH JO YTBOPEHHS
MEPEKPYUCHUX EJIEMEHTIB 3 MepeciuHuMHU Kpaikamu. PeKOMEHIyeThCs BCTAHOBUTH ISt
Axo6ieBoi mepeBipku mapameTp Y By3max’ sl pO3B'SI3Ky CTaTUUHUX 3a]1ad.

3rigHO MPOBENEHUM po3paxyHKaM (auB. Tabm. 1), B [1] MiHIMansHUN KOS)IIiEHT 3amacy
MIITHOCTI KPOHIITEHHA 3aBUIIICHO.

Jlirepatypa

1. HeGecniok 1O. I. BukoprucranHs KOMIT IOTEPHUX MOJIENIel TPHOOCUCTEM KOB3aHHS Y PO3paxyHKax
netaneit aBToMo0inpHOI TexHiku / FO. 1. Hebecuiok, O. 0. Pymuk // Hayka, ocBita, CyCHiibCTBO
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NOKPAIIEHHSA BI3YAJIIBAIII PE3YJBTATIB MOJIEJTIOBAHHS B CATIP
Bacunwesa JI.B. k.T.H., TapacoB O.®. a.T.H.
Jlonbacvka oepocasna mawuro6yoisHa akademis

s aBTOMaTu3amii MPOSKTYBaHHS Ta BUTOTOBJICHHS BHPOOIB Y IPOMHUCIOBOCTI HIMPOKO
3actocoBytoThcsi CAD/CAE/CAM-cucremu. CrtBopeHHst interpoBanmx CAIIP wa 06asi
npomucioBux CAD/CAE/CAM-cucteM [03BOJISIE HE JIMINE aBTOMATH3YBAaTH IPOCKTYBaHHS
BUpOOiB, aje 1 BHKOHYBaTH ONTHMI3aIlil0 TEXHOJOTIYHUX TIPOIECIB OTPUMAHHS JeTaieH
(3aroToBOK) 3 HEOOXIAHMMH BJACTHBOCTSIMU IUIIXOM BHOOPY palliOHAJBHUX MapaMeTpiB
KOHCTPYKIiH 1 TexHoJoriyHux mporecis. [nterpaiis 3 CAE-cucremamu 103BOJIsIE ONTHMI3yBaTH
BUOIp TEXHOJOTIYHMX MapaMeTpiB MPOLECIB NUIIXOM BHU3HAYEHHS HAMOUIbII paliOHATBHUX
napametpiB npouecy [1]. Ilpu monentoBanHi B CAE-cuctemax o0’ekTiB B mporieci 00poOku
MaTepiajiB TUCKOM Ba)JIMBUM € Bi3yajizallis pO3MOAUICHUX MO 00’eMy MmapaMmeTpiB 00’ €KTiB,
TakuXx sK iHQopMmalisg nmpo HanpyxeHo-nedopmosanuii cran (HJIC), ssika Moxe OyTH BUKOpHICTaHa
npu po3poOIli Ta BIOCKOHAJICHHI TEXHOJOTIYHHUX TPOIECiB a00 KOHCTPYKTUBHUX pIlleHb 3a
paxyHoK OinbIr iHGOpPMAaTHBHOT TEMOHCTpAIIii.

Metoro podoTH € TijBHUIIEHHS SKOCTI TpuBUMipHOI AemoHcTpartii HIC B 00’emi 00’ ekTa
npu 3MiHi Horo gopmu, 06’emy Ta mapamerpiB HJIC B mporeci MoenroBaHHs Ta ITiIBUIICHHS
MOJKJIMBOCTEH KEPYBaHHS MPOIECOM JEMOHCTpAIlii JAHUX HA MPUCTPOI BiOOpakeHHS.

Jna BupimeHHs wiei 3amayi Oyau po3poOseHi HOBI TEXHIYHI pIIIEHHS TPUBUMIPHOI
nemonctpauii H/IC 3 BUKOpHCTaHHSM HACTYITHOTO MpeCTaBiIeHHs 1H(popMallii:

— Mpe/CTaBJICHHs 00’ €KTY Ha MPHUCTPOI BIAOOPaKEHHS y BUIJISAL IPOEKIIi HAIMlIBIIPO30POTO
TPUBUMIPHOTO KapKaCHOTO ONTHYHOTO 300pakeHHs CITKH, 110 3B’S3y€ TOUKH B 00’ €M1 00’ €KkTa Ta
BijoOpaskeHHs1 3Ha4yeHHs 3anaHoro mapamerpy H/IC B Toukax o0’ekTa y BUTIISAI KOJbOPOBUX
MapkepiB cepuyHOi (QOpMH, pETYIIOBaHHI pPO3MIpIB MapKepiB Ui 3MIHEHHS CTYICHIO
MPO30POCTi 00’€KTa, a TaKoK OOMEKEHHS [iana3oHy 3HAYCHb MapaMmerpa JUisl BHUIIIJICHHS Ta
MOKa3y OKPEeMHUX TPUBUMIPHUX 30H 00’ €KTy [2];

— JIEMOHCTpaIlii TOBHOTO Jiana30oHy 3Ha4eHb MapaMeTpa i BIAMOBITHOI KOJTHOPOBOI MIKAIN Y
BUTJIAII IBOX OKPEMHX Jiarma3oHiB, UIS KOXKHOTO 3 SIKHX PO3MIMPIOETHCS Aiarma3oH KOJIbOPIB 10
MaKCHMAaJbHOTO Ta MPUHMAIOTHCS U1 HUX Pi3HI KOJHOPOBI raMMH, MOTIM Ha MOBEPXHI 00’ €KTa
abo oro mepepi3i JEMOHCTPYIOTh 3HAYEHHsI MapamMeTpa BIAMOBIAHO A0 JBOX HIKaJ KOJBOPIB,
noOyIoBaHUX AJIsi BUAUICHUX YAaCTHUH Jiala3oHy 3HAa4eHb MapaMmerpa, NpH LUbOMY BHUIUISIOTH
TPaHUIIIO 30H MOBEPXHI 00’ €KTA, SIKI BIAHOCATHCS 10 PI3HUX YAaCTUH 0a30BOi mkaiu [3];

— MpeACTaBICHHs MpoIecy 3MiHEHHs reomeTpii Bubpanoro neperuny ta HJIC na mpuctpoi
BimoOpaskeHHs1 y 3D-BUMipHOMY TIpOCTOpIi, SIKUH CTBOPEHWH IUIONIMHOIO, y SIKIH PO3TAaIIOBaHHMA
MIEPETHH 1 BICCIO Yacy, sKa MEPICHINKYISPHA il TUTOMIHHI, 3 MOKJIMBHUM MOBOPOTOM OTPUMAHOI
birypum B TpoCTOpi Ul TOKpamieHHs IeMOHCTparii; B mporeci 3D-BUMipHOI aeMoHCTpartii
MOKAa3yITh TPAEKTOPIl 3MIMICHHS TOYOK Y Yaci, BUKOHYIOTh TIPOCKIIII0 TPAa€KTOpPid TOYOK Ha
IUTOIIMHY, SIKa YTBOPEHA BICCIO Yacy Ta MEpIeHANKYJISApHA NePETHHY, TOTIM Ui BUOPAHOTO IS
neMoHcTparii napamerpa HJIC mokasyroTh HOTo 3Ha4YCHHS Bij MPOEKIii TpackTopii [4].

3acTtocyBaHHS pO3pOOJIEHUX METOIIB J03BOJIsI€E BUKOPHUCTOBYBATH TEXHOJIOTIIO BIPTyaJIbHOT
peanpHOCTI JiIs okpamieHHs qeMmoHcTpaiii HJIC 3aroroBok B mporieci miacTuyHo1 aedopmaitii.
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AJITOPUTMIYHE 3ABE3INEYEHHSA NPOLECY ®OPMYBAHHSA HU®POBUX
MOJIEJIEN PEJIBE®Y 3A JAHUMHU KOCMIYHOI CTEPEO3MOMKH
1’2rHaTy1HeHKO B.B. n.T.H,, 2FHaTyH_IeHKO Bik. B. x.1.m., '

IIpokod’es T.A. k.¢.-M.H., ' Cokonosa H.O.

! JlHinposcokuii Hayionaneruu yHieepcumem imeni Onecs [ onuapa
? Hayionanvha Memanypeitina akademisn Yxpainu, m. [{ninpo

Ax Bimomo, nepeBaru mudposux monaened penbedy (LIMP), cTBoproBaHuX 3a TaHUMH
KOCMIUHO{ CTepPEO3iOMKH MOJISTaloTh B HACTYIMHOMY: 1) MOXIJIMBOCTI IIBUAKOTO OTPUMAHHA i
00poOKHM NMaHMX Ha BEIWYE3H1 TEpHUTOpIi; 2) Juisi 3MOMKH HE TMOTPIOEH MO3BIT P KaBHUX
opratiB; 3) He MOTPiIOHO 0COOMCTOT MPUCYTHOCTI (axiBLiB HAa TePUTOPIi 3HOMKH 1 T.1. Y pasi
KOCMIYHHMX CIIOCTEPEXKEHb I TMOOymoBM HHGPPOBUX Mojmenel penbedy 3a3BUUal
BUKOPHUCTOBYIOTHCSI JIaHI KOHBEPIeHTHOI 3HOMKM amapaToM 3 OJHOTO BHUTKAa IIISIXOM
BIIXWJICHHSI BI3UPHOI OCI 3HIMAJIBHOI CHCTEMH MO TaHTaxy. Takuil MPUHIMI OTPUMaHHS
cTepeonapu KOCMIYHUX 300pa)XeHb B CBITOBIM MPAKTUII BUKOPUCTOBYETHCS HAHOLIBII YacTo,
OCKITBKH TIPH IIbOMY 300pakKeHHsST MOXYTb OyTH OTpUMaHI TpPH 1ACHTHYHHX YMOBaX
OCBITJIEHOCTI. [IpakTHYHUI [OCBiJ TMOKa3zye, IO OTPUMaHI TaKUM CIOCOOOM MaTepianu
JO3BOJISIIOTh CTBOPIOBATH TOYHI BHUCOTHI mponyktu [1]. Ha BimMiHy Bim aepodoTo3iioMKH,
CKaHEepHi KOCMiuHI 300pa)Ke€HHS, L0 YTBOPIOIOTH CTEPEONapy, € MEePCIEeKTUBHUMH, TOOTO
TEOMETpIs CTepeonapu KOCMIUYHHUX 300pakeHb CYTTEBO BIAPIZHAETHCA BiJ CTepeornap
KaJpOBUX 300paKeHb, OTPUMAHUX B Pe3yibTaTi aepopoTOo3HOMKU. Y 3araJbHOMY BHUIMAJIKY,
nmpu poOOTi 3 JAHUMH KOCMIYHHX arapariB, SIKIi MalOTh MOJKJIWBICTH JOBUIBHO 3MIHIOBATH
OpI€HTAIlIl0 ONTHYHOI CHCTEMH, TEOMETpis CTepeonapu XapaKTepH3yeTbCcs TPhOMa
OCHOBHMMH KyTaMH: KyTOM KOHBEPI'eHIlli, KyTOM acUMETpii 1 KyTOM BUCOTH OICEKTPHUCH KyTa
KOHBepreHuii [2].

B pobGoti po3pobneHo anroputmiuHe 3abesneueHHs ¢GopmyBanHs [[MP 3a manumum
KocMiuHOi cTepeosiiomku. HaiiGinbury Tounicts npu ¢opmyBanHi LIMP 3a6e3neuye crporuii
miaxig K oOpoOIli 3HIMKIB, OCHOBHA iiesl SIKOTO TMOJISTAaE y BIAHOBJICHHI MPOCTOPOBOTO
MIOJIOKEHHSI CYKYITHOCTI IIPOMEHIB, 5IKi cpOpMyBaJId 3HIMOK, TOOTO €JI€MEHTIB BHYTPIIIHHOTO
1 30BHIIIHBOTO OPIEHTYBaHHS psnKiB 3HIMKaA [1]. Jyis iboro HaMu BUKOPHUCTOBYIOTHCSI RPC
(Rational Polynomial Coefficients), mo mnpencTaBisioTh co000 Koe(dilieHTH MOJiHOMIB
parioHadbHUX (YHKITINA, IO 3B'SI3yIOTh KOOPJIWHATH TOYOK MICIIEBOCTI 3 KOOpJAMHATAMH iX
300pakeHb Ha pacTpi. 3HAYCHHS LUX KOe]Ili€HTIB PO3PaxoOBYIOTHCS NOCTAYAIBHUKOM JaHUX
CTPOTUM METOJOM 3 BHKOPHCTaHHSIM TE€OMETPHUYHOI MOJETi CeHcopa, OOpTOBUX i
TEJIEMETPUYHUX BHMIPIOBAaHb €JIEMEHTIB 30BHIIIHBOTO OPIEHTYBaHHS, 1, B JESKUX BUIAJKAX,
OTOPHHUX TOYOK, Ta BXOJSATh B KOMILJIEKT MOCTABKU 3HIMKIB. OCHOBHUM KPOKOM aJITOPUTMY
00poOKku crepeomnap € ineHTH}IKallis OJHOWMEHHUX (TMIKETHUX) TOYOK, HEOOXITHUX s
BiHOBIIeHHs 1HQopMamii mpo penbed. I ToMy Ha modyaTky (GoOpMyeThCsS cTepeorapa 3a
JIOTIOMOTOI0 T€OMETPHUYHOTO TpaHC(HOPMYBaHHS BUXIAHUX 300pa’KeHb /0 CHUIBHOI CHCTEMH
KOOpJMHAT.

B pesynbrari po3pobiieHo mporpamMHy peaizailiio, 10 J03BOJSE MIABUIIATH TOYHICTh
30BHIIIHBOTO OpIEHTYBaHHs cTepeomozeni. [ludpoBy momens penbedy mnoOygoBaHO B
MOBHICTIO aBTOMAaTUYHOMY pexkuMi. Bukonano yrouneHHss RPC-koeoiri€eHTiB Ha OCHOBI
PO3p0o0JIEHOTO MAXOMY 0 OpraHizallii 00YHCIIIOBATIBFHUX MPOIIECIB MPH BU3HAYEHHI OTMIOPHUX
Touok. [IpoBeneHa OIiHKa TOYHOCTI OTPUMAHOI MOJENi 32 KOHTPOJBHHMM MaTepialaMu.
OTtpuMaHi pe3yabTaTH MiITBEPAUIN BUCOKY TOUHICTh 3aIIPOIIOHOBAHOTO AJITOPUTMY.

Jlirepatypa
1. 'narymenko B.B. T'eomerpuuni mozmeni ¢opmyBaHHS Ta momnepeaHboi oOpoOku nupoBUX
(hoTorpaMMEeTpHIHUX 300pa)K€Hb BHCOKOTO IPOCTOPOBOTO PO3PI3HEHHS: aBTOped. AWC. N-pa TEXH.
Hayk / B.B. ['matymenko. —/IHinponeTpoBchkuii HanioHanbHUH yHiBepcuTeT. —Kuis, 2009. 27 c.
2. XKaposa H. 3., beneno A. B., UuOynuue A.I'. ApromaTtmueckoe co3iaHue nudpoBoll MoAeTH

penbeda Mo MaTepuaiaM «CIy4aiHOW» CTePeOChbeMKH TPYIMIHPOBKH KOCMUYECKUX aIlllapaToB THIIA
«Pecypc-I1» // T'eonesnst u kaprorpadus. — 2017, T. 78. —Ne 10. — C.55-62.
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YIOCKOHAJIEHHSI KOHCTPYKIIII KJIAITAHHOI'O
BY3JIA BYPOBOI'O HACOCA
Kontyp [.®., Muxaitmok B.B., [lefinera P.O., ®adreit O.4., CranoBuu B.B. cryaent
lsano-Dpankiecokuii HaAYiOHANLHUL MEeXHIYHUL YHIBepcumem Hagpmu i 2azy
M. lsano-Dpanxiscok, Yrpaina

OCHOBHOI0O YaCTHHOIO OypOBOTO Hacoca, sika BHU3HAYa€ €(EKTUBHICTh, HAMIAHICTH 1
JIOBTOBIYHICTH HOro B IIiioMy, € rigpaBiiuda. [Ipum ii po3poOsieHHI BHUHHKae OiIbIIe
CKJIaJHOCTEH, HIX NPH NMPOEKTYBaHHI MEXaHIYHOI 4acTHHM. [igpaBiiuHa YacTHHA MICTHTb
OCHOBHI CKJIQJIOBI, a came: TipaBIivHy KOpOOKY, IUIIIHIPOIIOPIITHEB] MTapH, KJIAlaHHI TPYIIH,
IITOK 1 HOTO YIIIIbHEHHS, YIIIJIbHEHHS IIMIIHAPOBHX 1 KIIATAHHUX KPHUIIOK TOIIIO.

Jerani kmamaHHOrO By3ia OypoBOr0 Hacoca MiAAAlOThCes il 3HAYHUX JIUHAMIYHUAX
HaBaHTAXEHb, MUTOMHUX THCKiB, TYpOYyJICHTHHX NOTOKIB IPOMHUBHOI piawHU, Bibparii, abpa3uBHO-
yIapHOMY Ta Tifpoabpa3suBHOMY 3HOIIyBaHHIO. L[i YMHHHMKM Ta 3HAYHI Nepenagy THCKY Ha KiamaHi
NPU3BOAATH A0 Horo pyiiHyBaHHs. Benuki mopadi, oo CTBOPIOIOTHCSA HACOCOM, OOYMOBIIOIOTh BHCOKI
MIBUIKOCTI MPOTIiKaHHSI OypOBOTO PO3YMHY KPi3h IIUTMHY KJIATaHIB BU3HBAIOYH 1X MICIIEBI IPOMHUBH.

Bimomo, mo 50% wuacy, sSiIkuii BUTpayaeTbCsi Ha PEMOHT OypOBOTO Hacoca, CKIaIae
3aMiHa IIBHIKO3HOINYBaHMX BY37iB. Pecypc kimamaniB mpu poOOTi OypoBHX HAcOCiB Ha
pO3UMHaX 3 BUCOKOIO TYCTHHOIO 1 3HAUHUM BMicTOM a0Opa3uBy iHkoiH ckiagae 20-30 roxus.
[TimBuIIeHHs] IIBUAKOXIMTHOCTI HOBHUX TOTYXHUX OYpPOBHX HAcOCiB, poOOYOTO THCKY Ta
IHTEHCUBHOCTI TPOIleCy OYpiHHS CTaBISATh BCE BUINI BUMOTH IO €JIEMEHTIB TiApaBIIvYHOT
YaCTUHU.

Y mnopurHeBOMY OypOBOMY HAcOCi BHKOPHUCTOBYIOTBCS CAMOJMIIOYI KJIamaHW OJHO-
CTOPOHHBOI [Iii, SKI MPOMYCKAalOTh TMPOMHUBHY pIAUHY TUIBKM B OJHOMY HAIpsMKY i
NpU3HAYCHI: i1 TEPIOAMYHOTO 3'€THAHHS HACOCHOI KaMepW 3 BXITHUM Ta BUXIIHUM
TpyOOIPOBOAAMH y BIJMOBIJHOCTI 3 3aKOHOM PyXy MOPIIHS; 3amoOIraHHs MepeTiKaHHs
PO3YMHY 3 BUXiJHOIO KOJIEKTOpa B po0ody KaMepy Hacoca. IX Ha3MBalOTh CaMOJiOYUMH
TOMY, 1110 BOHU MPAIOIOTH i 1€ TOTOKY piguHu [1].

ChorofHi IMHUPOKE BUKOPHCTAHHS 3HAMILIM TapiIdacTi KiIamaHd 3 eJaCTUYHUM
YIIUTBHEHHSIM, K1 CTIpaboBYIOTh MiJl €0 BIACHOI BarW TapuIku Ta Aii nmpykuHH (puc. 1).
PoGoua moBepxHs TapiIKd 1 MaHXeTa MalTh KOHYCHY (OpMy, IIO MOKpAIIly€ MOKa3HUKH
po0OTH KIIanaHa 3a paxXyHOK 3MEHILIEHHS OTOPY pyXy OypoBOTO pO3UYHHY.

1 — cimno; 2 — Tapinka; 3 — MamkeTa; 4 — ralika; 5 — nmpy>knHa
Pucynok 1 — KoHcTpykuist Ki1anaHHOTo By3ia OypoBOro Hacoca

JlocniakeHHIO0 MPUYMH HU3BKOTO PeCypCy KJIalmaHHOTO By3Jja Ta MPUYHH BUXOAY HOTO 3
nany npucsiaeHi pobotu badaesa C. I'. [2, 3], Mkpruyana f. C. [4, 5], AitpaneTtoa JI.C. [6,
7], Jlisaka /1. [9] Ta iHmHX.

Bimomo, 1o 3HayHWIA BIUIMB HAa pecypc KIAMaHHUX BY3IB Ma€ SIKICTh OYHICHHS
OypOBOTO pO3UMHY, KOHIIEHTparis Ta ¢pakimii abpa3uBy B HbOMYy. 3a JaHuMH [8] mpu
BUAaJeHHl 3 OypoBoro po3unny 100% wactuHOK po3mipom Oimbiie 0,3 MM, 80% YacTHHOK
po3mipom Bix 0,3 mo 0,1 MM, Tta 35% — uactuHok po3mipom 0,06 MM TpPHUCTPOSIMU
TIAPOIMKIOHHOTO OYHWINECHHS JOBIOBIYHICTh KJIAMaHIB MiABUIIYETbCS B 2,5 pasw.
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AMEpUKaHCHKI CIIeIialliCTH BBa)KaIOTh, 110 NMPH 301JIbIIEHH] KOHIEHTpalii micky 3 1 1o 4%
KUTBKICTh BiIMOB OypOBOT'O Hacoca IIpH poOOTI Ha BUCOKMX THCKaX 30UIBIIYETHCS yUETBEPO.

HapiiiHicTh Ta JOBrOBIYHICTH KJIAMTAHHOTO BY37a 3/1€01IBIIIOTO BU3HAYAETHCS SKICTIO Ta
TEPMIHOM CIY)KOM yIIUIbHEHHs (MaH)XKeTH). 3HOIIYBaHHS VYINUIBHEHHS 3YMOBJICHO
NOTPAIUITHHSM 710 HOTO a0pa3uBy, a TAKOXK Y pe3yJbTaTi HAaKOMMUYEHHsI abpa3uBy B MICIISIX
KOHTaKTy 3 Tapiikoro (pwuc.?2). Ilicns 3HOIIyBaHHS MaHXXETH BiOYBA€ThCS IIBUIKE
pyHHYBaHHS poO0OYMX MMOBEPXOHB TAPIJIKH 1 CiJiIa KIIanaHa.

meepdi
YacmuHKu

Pucynoxk 2 — 3anoBHEHHS 3a30py MiXK MaH)XETOIO Ta TAPUIKOIO TBEPIUMHU YaCTHHKAMHU
Xoua JUIs BUPIILIEHHS BUIIEOMHCAHOI MPOOIEMH OUIBIIICTh 3aKOPAOHHUX KOHCTPYKIIiH
KJIalTaHIB MICTATh 3YyOIll Ha BHYTPINIHIA TMOBEPXHI TapiLIKM KjamaHa (puc. 2), MOBHICTIO
BUPILIUTH I}0 IPoOIeMy 32 paXyHOK TaKOT'O0 KOHCTPYKTUBHOTO PIILICHHSI HEMOXIIUBO.
TomMy mpomoHyeTbCsl KOHCTPYKIlSA KilamaHa y  SKiM  BHYTDIIIHS — TTOBEPXHS
VINUTEHIOBAILHOT MAaHXXeTH € MWIHApUYHOIO (puc. 3). 3a Takoi KOHCTPYKIIii MaHkeTa Oyne
nedopMyBaTHCs Y BEpTUKAILHOMY HalpsSMKY, HE YTBOPIOIOUH 3a30p 3 TapUIKOIO KJlalaHa.

A

1 — cimo; 2 — raiika; 3 — Tapinka; 4 — MamKkeTa; S5 — maiiba
PI/IC}/HOK 3 - 3aHpOHOHOBaHa KOHCTI)YKI_IiSI MAaHXXCTH KJlallaHa
JlocmipkeHHst  mporiecy nedopMyBaHHS MaHXXETH Ta BH3HAUCHHS HANpyXEeHO-
neGopMOBaHOTO CTaHy €JEMEHTIB KjamaHa OypoBOTO Hacoca BHUKOHAHO Yy Iporpami,
AITOPHUTM SIKOT 0a3yeThCsl HA METO/I1 KiHIIEBUX €JIEMEHTIB.

Pucynox 4 — Po3paxyHkoBa cxema

I'pannuHi yMoOBH, MmO TPHUKIAZAEHI JO MOJEl KiamaHa, 300paxeHi Ha puc. 4. s
¢bikcyBaHHS €JE€MEHTIB MOJeli KianmaHa BUOpaHO MOBEpXHI WOro cimma. Y Imii Mozaeni Ha
3aJ]aBAJTMCh HABAaHTAKEHHS HA KJIAIlaH, a 3a/IaHO NIEPEMIIIeHHs TapUIKK KJIallaHa Ha BEJTMYUHY
0=1,75 MM.

ImiTarniiiHe MOCHIDKEHHS KJIalmaHa IMPOBEAEHO Y HENHIWHIA MOCTaHOBIl, OCKIJIBKH
MaTepianamMu jeraieil BuOpaHO cTanb 3 rpaHuierd Tekydocti 810 MIla, a marepianom
MaH)KeTH TIPUIHSATO TMOJIypeTaH 3 HeJIIHIHOIO TTOBEIIHKOIO.
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3riiHO 3 OTPUMAHUMH pe3yJIbTaTaMH JOCIIKEHHsI HalOUIbIIe y KOHCTPYKIT KiIarnaHa
oyne nedopmyBaruch MaHxkeTa (puc. 5). [Iporte, sk 1 TpOrHO3yBaNOCS MM Yac PO3POOICHHS
KOHCTPYKLIi KJIamaHa, 3a paXyHOK IMJIiHAPUYHOI YaCTUHH BHYTPIIIHBOI MOBEPXHI MAaH)KETH,
nig gac i pedopmartii He BimOyBaeThes i BIJOKpEMIJICHHS Bia moBepxHi Tapinku. OTxke, 3a
Takoi poOOTH KJlamaHa HE YTBOPIOBATUMETHCA 3a30p, y SKHUHA MOTPAIUIATUMYTh TBEpAi
YACTUHKH, 32 PaXyHOK YOTO 1 MiABUIIUTHCS HOTO pecypc.

— URES [mm]

2.774e+000 URES ()

. 2.543e+000 e l 2,774e+000

2.543e+000

L 2.312e+000
L 2.312e+000

- 2.061e+000
- 2.081e+000

- 1.349e+000
_ LG43e+000
- Lel8e+000

j - 1337e+000

- 1156e+000

- L61Ge+000
- L3gTe+000

L L156e+000

. 9.247e-001 e
. 9.247e-001

- 6.935e-001 - 6.935e-001

4.623e-001 4.623e-001

l 2.312e-001 l 2,312e-001

1.000e-030 L000e-030
Pucynoxk 5 — IlepemimieHns

BucnoBku. Ilix yac merampHOTrO aHamizy poOOTH KiamaHa BCTAHOBJIEHO, IO OJHIEIO 3
NPUYHH, SIKa TPU3BOJUTD 10 3MEHIICHHS HOT0 pecypcy € MOTPAIUISIHHS TBEPAUX YAaCTUHOK y
3a30p MK MaHXETOI0 Ta TapiIKOI0. J[JI1 BUKITIOUEHHS IIbOTO SBHINA 3aIIPOIIOHOBAHO 3MIHUTH
dopMy MaHKeTH, 11100 BOHA JeOpMyBalach y BEPTUKAILHOMY HAIPSIMKY (HE YTBOPIOIOUU
Ipyd  I[BOMY 3a30p MDK HEWw 1 Tapuikor). s miaATBepHKeHHS PpoOOTO31aTHOCTI
3aMpoNOHOBAHOI KOHCTPYKLIi MaHXeTH TapijKu MOOYJOBaHO TPUMIpHY MOJAENb KjarmaHa Ta
MPOBEACHO  IMITalliiHe  JociipkeHHs. [IpoaHami3yBaBIIM  pe3yibTaTH  IMITAIIfHOTO
JIOCITIJKEHHSI BCTAaHOBJICHO, II0 3alpOIIOHOBaHAa KOHCTPYKIisl KJIallaHa MpalfoBaTUMe TakK, K
1 TpPOrHO3yBAJIOCh 1Ie Tia dac 1ii po3pobseHHs (npu aedhopMyBaHHI MaHXXETH HE
YTBOPIOBATUMETHCS 3a30p MK HEIO 1 TapuIKolo, y SKHH MOTPAIUISIOTh TBEPIl YACTHHKH) 1
3HAYHO 3pOCTEe HOTro pecypc.
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MOAEPHI3ALISA BUCOKOHAIIIPHOI'O
YIIIJIBHEHHSA BYPOBOI'O BEPTJIIOT'A
JIsx M.M., Muxaiimiok B.B., Jleitnera P.O., byit B.B., Kaniseus M.B.,
lsano-Dpankiscokuil HAYIOHATLHUL MEXHIYHUL YHIgepcUumem Hagmu i 2azy
M. Isano-Dpanxiscok, Yrpaina

BucoxoHanipHi yIIiIbHIOBaJIbHI MPUCTPOi € OJHUMHU 3 OCHOBHUX €JEMEHTIB, BiJl SIKUX
0araro B 4OMY 3QJISKUTh HAIIMHICTH POOOTH OYpOBOTO BEpPTIIIOTa, OCKIJILKA BOHH € HAWOIIBII
clIabKOI0 JIAHKOIO #oro KoHCTpykuii. Ilpm BHXOAi yIIUIBHEHB 13 Jlaay BEPTIIOr CTae
HEMpale31aTHUM, a B OKPEMHUX BHUIAJKaX MOKE€ BHHUKHYTHU €KCTpeMajbHa CUTYallis, 10
npusBene A0 asapii. [Ipy mpoekTyBaHHI YIIUIBHIOBAIBHUX TPHUCTPOIB  HEOOX1THO
BpaxoOBYyBaTH XapakTep pobOodoro cepeioBuina (piawHa, ra3, mapa), THCK, TEMIIEpaTypy,
IIBUKICTH BITHOCHOTO MEPEMIIIEHHS JeTallel 3'€JHAaHHS Ta PeCcype YIIUTbHEHHS i BETUIUHY
JOMYCTUMOTO BUTOKY. BakmuBy ponb Bimirpae i ¢opma VIIUIBHIOIOUHWX €JIEMEHTIB Ta
PO3MOALT KOHTAaKTHOTO THCKY.

Buxin 3 magy mamxer BiIOyBAa€ThCs 13 MPUYMHHU MOMAAaHHS a0pa3WBHUX YACTHHOK 13
OypOBOI0 PO3YMHY MK KOHTAKTYIOUl TOBEPXHI BUCOKOHAMIPHOTO NaTpyOKa 1 MaHKeTH.

PyitHyBaHHS MaH)XET MOYMHAETHCS 3 MOCTYMOBOTO BIAPUBY (BUILIUITYBAHHS) HEBEIUKUX
YaCTOK T'YMH, 1110 BHJIABIIOIOTHCS B 3a30p, MOTIM YIIKO/KEHHS 301IbIIY€ETHCS - TOLUTHPIOETHCS
BIJIMO JIOTATI M 3aKIHYYETHCS MPOPUBOM PITUHU Yepe3 OTBIp, 110 YTBOPUBCS.

Takox nMpu BUKOPUCTAHHI BUCOKOHAMIPHOTO MapTyOKa y SIKOTO MOIIKO/IKEHA MOBEPXHS
HOro KOHTAKTY 13 YIIIIbHEHHSIM, IPU3BOAUTD O MPHUILBUIIICHOTO PYHHYBaHHS YIIUIbHEHHS.

3BICHO iICHYIOTh HUISIXH MTOKPAILIEHHS MaHKET.

Cepen HUX HACTYITHI KMOBIpHI IUISIXM BAOCKOHAJIEHHS MAH)KETHHUX YIIUILHECHD:

1) 1) BUTOTOBJIEHHSI pamioHaTbHOI (OPMH MaHXET 3 IOCHJICHOK OIOPHOIO
YaCTHUHOIO;

2) 2) miABUIICHHS JOBIOBIYHOCTI 3a pPaxyHOK 3aCTOCYBaHHS HOBHUX OLIbIIIE
MIIIHUX MaTepiajiB, BBEICHHs 3aXUCHUX KiJeIb i3 proporiacra;

3) 3) cTBOpeHHsI HOBHX MapoK T'yMH, IO 3a0e3leuyroTh HaliiiHy poOoTy mpu

HU3BKHUX TEMIIepaTypax;

4) CTBOpEHHSI MaHKET 31 CHeMialbHUM 30BHIIIHIM TOKPHUTTSAM, IO 3aXHUIIATHUME BiJ
MPWIMIIAHHS 10 METaJEBUX JCTAJICH MPHU BIICYTHOCTI PyXY 3allipHUX JCTAJICH.

Buxonsun i3 OynoBH Ta NPUHLUMITY [ii BHCOKOHAIIPHOTO YIIUIBHEHHS BEPTIIOra
3pO3yMiJIO, IO TEPMiH HOTO O€3BIIMOBHOI €KCILTyaTallii 3ajeXuTh BiJl TEPMIHY €KCIUTyaTalli
MaHXeT. Y 3B’A3KYy 13 IIUM IPOMOHYETHCSI HACTYITHA KOHCTPYKIS YIIUTbHEHHS, 300pakeHa Ha
puc. 3.8.

1 — HakuIHA TalKa;

2 —KOpIIyC BEPTIIIOra;
3 — TopIIEBa MaHXKETA;
4 — crakas;

5 — HamipHa TpyoOa,

6 — MaHXXETa;

7 — KiJIbIIe METAJIEBE;
8 — raiika;

9 — KxinblE;

10 — KiJIBIIE HHIKHE;

11 — BTynKa NUTIIFOBA;
12 — 6ot

Pucynox 2 — MonpeHizoBaHa KOHCTPYKITiSi BHCOKOHAITIPHOTO VIMUIBHEHHSI BEPTIIIOTa
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3MICT BIOCKOHAJIEHHSI TOJISATA€ y TOMY, IO 3 METOI MOJOBXKCHHsS Maibke y IBidi
TEPMIHY CIYy)KOU YIIUTBHEHHS MPOMOHYETHCS 3aMIHUTH MOTO ICHYIOUY BEPXHIO YAaCTHHY Ha
HIDKHIO. Bimomo, mo mpu poOoTi BepTitora CTaHIApTHOI KOHCTPYKLII BEpXHsS YacTHHA
VIIUTBHEHHSI YTPUMY€E HamipHy TpyOy BiJl oOepTaHHs, a HABKOJIO TPYOH 00EpTAEThCS HUKHS
yactuHa. JJis MOYeproBoro yrpuMaHHsS Big oOepTaHHS HamipHOI TPyOM y BEpXHBOMY abo
HIDKHBOMY YIIUJIBHEHHI CJIiI TIPY BUTOTOBJICHHI HamipHOI TPyOM BUKOHATH HA HIW NLTIIU

(puc. 3).

Pucynoxk 3 — Hamipnaa tpy6a 3 Pucynox 4 — Crakan, 3 Pucynox 5 — lIminsoBa BTyIKa
BUKOHAHUMH Ha i1 30BHILIHIH PO3MILIIEHUMH Ha 30BHIIIHII 13 BHYTPILIHIMH HITIaMH Ta
MMOBEPXHI ILTIAMHU TOPLEBIH MOBEPXHI YOTUPMaA BUCTYIIaMU Ha TOPLIEBUX
BUCTYIIAMHU HOBEPX

JlonatkoBo HEOOXiHO 3MIHUTH KOHCTPYKIIIO CTakaHa (puc.4) TakuM YMHOM, 1100 Ha
BEepXHiN YacTuHi1 Oynu po3mimieHi Buctynu. [1o6imHI BUCTYynHM MOBHHHI OyTH BHKOHaHI Ha
JOJTATKOBO BCTAHOBJICHIH JIeTalli — BTYIIII NUTIIHOBIH (pHC. 5).

OTxe, TEpMIH €KCITyaTarlii BUCOKOHAIIPHOTO YIIUIBHEHHS BEPTIIIOTa 0€3 po30upaHHs 1
3aMiHU BUCOKOHAIIPHOTO YIIUIbHEHHS 301IBIINUTHCS Y 2 pa3H, OCKUIbKH Y HOro KOHCTPYKIIT €
JIB1 PIBHOIIIHHI po00Yl TPyNH yIIUIEHECHD.

Jlitreparypa
1. bynatoB A.U., [IpocenkoB FO.M., IllamanoB C.A. Texuuka u TexHosoruss OypeHus He(TIHBIX U
Ta30BBIX CKBaXHWH: Yuel. ms By30B. — M.: OO0 «Henpa-busnecuentp», 2003. — 1007 c.: wr.
2. Epumuenko C.M., Ilpurass A.K. Pacuer m KOHCTpyupoBaHHME MaumIMH U 00OpYIOBaHUS IS
OypeHHs HETSIHBIX ¥ Ta30BbIX CKBakHH. YueOHuK st BY30B. — M.: ®I'VII, uz-so «HedTh 1 razy ,
PI'Y nedru um. U.M. I'yOkuna, 2006. — 736 c.
3. Paaden A.A., Illepamaun II.E., MakcyroB H.X. MoHTaxk ©u peMOHT OypoBOro H
9KCIUTyaTallMOHHOT0 o0opynoBaHus. — M.: Henpa. — 1975.
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TH®OPMAIIMHI TEXHOJIOI'TI OBPOBKH ITU®POBUX 306PAKEHD
TEXHIYHUX OB'EKTIB INPU IX MIPOEKTYBAHHSA
Manaituyk B.I1. a.1.H., Knumenko C.B. k.1.H., KyapeBatux O.T.
Jninpoecvruii nayionanonuil yHieepcumem imeni Onecs I onuapa

[Tpu po3poObiii 1 BUIpoOyBaHHAX TEXHIYHUX OO'€KTIB OJHUM 3 JKepeln iHdopmartii mpo
iX craH, MIIHICTh MOXYTh OyTH ONTHYHI, TEpPMi4Hi, TEH30METPUYHIi, Toyorpadiuxi,
PEHTIreHIBChKI, Ta iHII mUpoBi 300pakeHHs. lle Marpuili BUMIpIOBaHb aBTO 1 B3a€EMHO
KOPENbOBAHMX BUIMAJKOBMX BEIMUMH. IX JOCII/UKEHHS, OIHKA 3MiH CTaTUCTUYHHX
3aKOHOMIPHOCTEH, TapaMeTpiB, KOPESALIMHUX 3B'S3KiB, a TaKoX (HaKTOPHUU Bi3yaJIbHO-
AQHATITUYHUIN aHalli3 pe3yibTaTiB JOCTIKEHHS O3BOJIIE TOTYBAaTH HaHl IS TPUHHSATTS
pillieHb TPO IX CTaH TEXHIYHOTO OO0’€KTy B TIpOIeCi MPOCKTYyBaHHS, BUIPOOYBaHHS,
JIarHOCTHIII PU EKCIUTyaTaIlil.

Knacuununii Mmeromx oOpoOKHM MaTpHIlh TaKUX EKCIEPHUMEHTAIBHUX BHMIPIOBAHb - II€
OLlIHKAa X MaTeMaTWYHHUX OUIKyBaHb, IUCHEPCid, KOE]Ii€HTIB KOPEJALii, eMIipHIHUX
(GyHKIIIHM 1 3aKOHIB PO3MOAUTY WMOBIpHOCTEH. Taki IHTETrpaJibHI OIIHKH € 1H()OPMAaTHBHHUMHU
MOKa3HUKaMH CTaTUCTUYHOI OJTHOPITHOCTI BUMIPIOBaHb 00'€KTIB, 1110 BUTIPOOOBYIOTHCS. BoHM
BHKOPHUCTOBYIOTHCSI TIPH TIOBTOPHUX BHUIPOOYBaHHSIX a00 TpH TOPIBHSAHHI CTaHIB JBOX 1
Oinpiie ogHOTHNHUX 00'ekTiB. Cepex HUX HaHOUIbII €(PEKTHUBHUMHU € eMIIpUYHI (QYHKIIT
pO3MOITy MMOBIpHOCTEH Ui MOPIBHSHHS MaTpUIlb HE3aJEKHUX BHUIAIKOBUX BEIMYHUH 3
HEBIJOMUMH CTaTUCTUYHUMHU 3aKOHOMIPHOCTSIMHU.

VY maTpuisix BUMIprOBaHb ITU(MPOBUX 300pakeHb BHOIPKH PSAIKIB 1 CTOBMIIIB aBTO 1
B32€MHO KOpPEJIbOBaHi. IX OIIHKM MiCTAThH iH(OPMAIiI0 HPO CTAH, AK i MIl[HOCTI TEXHIUHHX
00'eKTiB 1, ane 1 iHpOopMallisl pyHHY€eTbCs TPpU (GOPMYBaHHI eMITIpUYHUX (PYHKITIH 1 3aKOHIB
pO3MOIiTy WHMOBIPHOCTEH BIJOMUMH CTaTUCTUYHHMHU METOJaMU. PyHYETHCS TakKOX 3B'SI30K
BHUMIPIOBaHb 3 X KOOPAMHATAMHU.

PosrnssnyTo TeoperwuHi OCHOBH HOBOI 1H(OpPMAIHOI TEXHOJIOTII 00pOoOKH
BUMIpIOBaHb [HU(PPOBUX 300pakeHb IIISAXOM IEPETBOPEHHS MAaTpUIlb, MPOBEICHHS
00YHCITIOBAIbHUX €KCTICPUMEHTIB 1 Bi3yaJlbHO-aHAITHYHOTO aHAJII3y PEe3ybTaTiB.
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KOHCTPYKIISA EMHOCTI JIABOPATOPHOI YCTAHOBKH
JIJIA JOCAKEHHSA T'OPIHHSA IMAJIMBHUX EMYJIbCIN
Menwsuuk B.O., byit B.B.,
lsano-Dpankiecokuii HaAYiOHANLHUL MEeXHIYHUL YHIBepcumem Hagpmu i 2azy
M. lsano-Dpanxiscok, Yrpaina

CrorofHi, y OUTBIIIOCTI KpaiH CBITYy BHHHUKAIOTH MPOOJIEMH, TIOB’s3aHi i3 3a0e3MeueHHIM
BJIACHOI eHepreTH4yHoi Oe3meku. BoHM BUKINMKAaHI BHCHa)KEHHSIM POJOBHII, ITOJOPOKYAHHAM
BUIOOYTKY Ta TpPaHCHOPTYBaHHA Ha(TH, a TaKOX TIOB’SI3aHUMU 3 IIMM EKOJOTTYHHMHU
npobiemMamu. lle  3Mymiye  MOCTIHHO ~ TPOBOMWTH  TOIIYK — NUISIXIB  IABUIICHHS
eHeproe(PeKTHBHOCTI BUKOPUCTAHHS BYTJIEBOAHIB Ta HA(QTOMPOXYyKTIB. OIHUM i3 TaKHX MUISXIB €
3acToCyBaHHs BojoemyibciiiHux nanus (BEIT).

3HayHUI BHECOK Y BUBUEHHS MPOIECIB, 1110 MPOTIKAIOTh MpU eMyJbryBaHH1 Ta ropinHi BEIT
Baecin C. 5. Kopaunkwmii, 1. A. Ty [1], B. M. Isanos, 1. Cornet, A.T. Abdelfattch, Y. Ishii,
F. L. Dryer [2] Ta iH.

Ockinpku Bitomi Teopii ropinas BEII micTaTh cynepewinBmii XapakTep, TO JOCTIIKEHHS
ocobimmBocTeir rTopinHs BEIl € akTyanpHOIO 3amadero, sKy HEMOXIHMBO BHpPIIATH 0e3
CIEIIAJTbHOTO JTa00PaTOPHOTO YCTAaTKYBaHHS.

ITix yac MpoeKkTyBaHHSA TAaKOr'0 YCTaTKyBaHHS HEOOXIJHO MaKCHMAaJbHO 3HHU3UTH €HEpro- i
MaTrepiajgo3aTpaTd Ha MOro BUTOTOBJICHHS, 3aTpaTH Ha EKCIUTyaTallilo Ta oOcCiyroByBaHHS. lle
MOXKHa 3a0€3MeUnTH 3a paxyHOK IIOTIEPEHhOTO aHallizy YMOB poOOTH 3 MMOJAJIBIIAM
PO3pOOJICHHSIM Ta ONTHMI3AIIEI0 KOXKHOTO €JIeMEHTa Ja00paTOpHOI yCTaTKyBaHHSI.

0,14
w N N
3 — VIIUTbHEHHS; Q04 b
4, 5 — ¢nanernp; 0.02
_ . 0.0 : : : .
6 KOpHyC, 0,00 0,20 0,40 0,60 0,80 1.00
7 - ,I[HI/II_HG MNapaMeTpUueCcKoe paccTORHWE
Pucynox 1 — €MHICTD Pucynox 2 — [lepemimeHHs THATIA EMHOCTI TIPH

Ji1 TUCKY Ta TeMIlepaTypH

OnHMM 3 €IEeMEHTIB YCTaHOBKH, BiJl SIKOTO 3aJ€KUTh €(PEKTHUBHICTH ii poOOTH, € EMHICTh
JUis HarpiBaHHA HapTH (puc. 1). €EMHICTh € HUIIHAPUYHOIO MOCYAMHOIO, SIKA CKJIAJAEThC 3
Kopnyca 6, mpuBapHoro aHuma 7 Ta ¢uaHmiB 4, 5. OcCKiIbKA €MHICTh OyJe HarpiBaTHCs
IHAYKLIIMHOIO TUIUTOO, 10 11 KOHCTPYKIUIT CTaBISTHCS HACTYIIHI Bl BAMOTH:

1) HeoOXimuuii giametp eMHocTi Bix 120 mo 220 mMm;

2) minabHE NPWIATAHHS JHUIIA TOCYIWHH JI0 TIOBEPXHI TUIUTH.

Js 3a6e3nedenns mepmoi Bumoru 3riqHo 'OCT 10704-91 BuGpano TpyOy miamerpom
159 MM Ta TOBIIMHOIO 4 MM.

Jlnst 3abGe3nedueHns apyroi BuMoru (mpu Temmeparypi pobodoro cepemosumia 130 °C Ta
pob6odomy trcky 0,5 MIla) y mporpamuomy cepenosuii SolidWorks Simulation [3] Bu3HaueHno
HEOOX1/IHy TOBIIMHY JHMINA, sIKA CTaHOBUTH 7/ MM. ['padik mepemimienHs auuma (mo oci X
300pakeHO pajilyc THUINA, a 10 oci Y — BeJIMYMHA NepeMillleHHs ) HaBeIeHU! Ha puc. 2.

JlitrepaTypa
1. Ty . A. Cxuranme oOBOAHCHHBIX Ma3yTOB B cyA0BBIX kKoTiax. — JI.: Cymoctpoenue, 1968. — 196
C.
2. Dryer F. L., Rambach G. D., Glassman I. Some preliminary observations on the combustion of
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university, USA. - 1976. — N 1271. — P. 61-66.
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BUKOPUCTAHHSI YUCJIOBOI'O MOJIEJTIOBAHHS JIJISI ONTUMIBAIIIL
KOHCTPYKIIII CBEPJJIOBUHHOI'O CTPYMUHHOI'O HACOCA
ITaneBuuk J1.0O.
lsano-Dpankiscokuil HAYIOHATLHUL MEXHIYHUL YHIgepcUumem Hagmu i 2azy

B cydacHux ymoBax 31iliCHEHHS 1H)XEHEPHOI IiSIbHOCTI BCE YacTillle BUHHUKAE MOTpeda B
KOMIT'IOTEpHOMY MOJEJIIOBaHHI. B mepily dYepry 1€ CTOCYeThCS HE TUIBKM MPOEKTYBAaHHS
METAJIOKOHCTPYKIIiM, MeXaHI3MIB Ta MalIMH aje 1 TiIpaBliyHUX MpoleciB. B mnepeBaxHiii
OUIBLIOCTI BUMAKIB JUIsl MPOBEIEHHS PO3paxXyHKIB BHKOPUCTOBYIOTH 1HXKEHEpPHI PO3paxyHKOBI
koMmruiekcu (mporpamu SolidWorks, Ansys), 3acTocyBaHHs SIKUX 0a3yeTbcsi HA BHUKOPUCTAHHI
METOJTy CKIHUEHHUX €JICMEHTIB.

MeTtoro MpoBeAEHHS JOCHI[UKEHb € BH3HAYCHHS ONTUMAIbHOI JOBXHHU KaMepH
3MIIITyBaHHS CBEP/IOBUHHOTO CTPYMHHHOTO Hacoca, sika 3ade3nedye Horo poOOTy B peKHMI
MakcumaiabHOTo KK/,

HesBakaroun Ha 3HaYHHI 00’ €M MPOBENCHUX JOCIHTIKEHb aBTOPH poOOTH [1] 0OMexmmch
BUKJIIOYHO aHali30M TpaHcopMalii mnpoduIro IMBHIKOCTEH B3JOBXK NPOTOYHOI YaCTHHU
CTPYMHHHOTO Hacoca ©e3 BH3HAUEHHS JOBXKMHU KaMepHu 3MIIlyBaHHsS, IO BiJAMOBiAA€E
yCTaJeHOMY pO3MOJALTY TiAPOAMHAMIYHMX mapaMmerpiB. He3Baxarounm Ha 3HayHU oOcsr Ta
BHUCOKY JOCTOBIPHICTb MNPUBEACHUX B POOOTI [2] HOCHIKeHb iX pe3ylbTaThd HE MOXKYTh
BUKOPHCTOBYBATHCh [UIsl KOHCTPYIOBAHHS CBEPAJOBHMHHUX CTPYMHUHHUX HAacOCIiB, BEJIMYHHA

reOMETPUYHOTO IapameTpa sl IKUX CbOrojHi He nepesuiye 3avenus K =6,25.

ImiTamiitne MoJenrOBaHHS MIBUAKOCTEH B TPOTOYHIM YacTWHI CTPYMHHHOTO Hacoca
MPOBEACHO B IH)KEHEPHO-PO3PAXYHKOBOMY KOMILICKCI ANSYS CFX - CFD, skuit
BUKOPHCTOBYETHCS JUIS BHPINICHHA 3a1ad  TiApO-Ta30JMHaMIKH. TpHBHMipHA MOJENb
CTPYMHMHHOT'O Hacoca po3poOjeHa 3 3acTOoCyBaHHSIM iHTerpoBaHoro moxayis Workbench —
DesignModeler, B OCHOBI $KOTrO JEXHUTh MNPHUHLHUI ‘“HAapaMETPUYHOTO MOJCIIIOBAHHS Ha
BukopuctanHi nepezictopii” (history-based parametric workflows), mo nependadae cTBOpeHHS
reOMETPUYHOI MOJIEN IUISIXOM OIMUCY MOCIiOBHOCTI IEPETBOPEHH r€OMETPIi.

JlJ1 CTBOPEHHS CITKM CKIHUEHHUX €JIEMEHTIB 0YyJ10 BUKOPUCTAHO MOJYJIb T€HEpaTopa CITKU
— ANSYS ICEM-CFD, mo miaTpuMmye IIUPOKHH croekTtp immoproBaHux CAD-maHux i
(daceTkoBUX nmaHuX, B Tomy uyucii ¢opmar STL. KimbkicTh eneMeHTIB MoJeNi CKiIamae OJIU3bKO
500 Tucsy.

Jis  30UTbIIEHHST KUTBKOCTI €JIEMEHTIB B MPHUCTIHOYHIA 30HI MPOTOYHOI YAaCTUHHU
CTPYMHHHOTO Hacoca BUKopucTaHo ¢yHKIito «Inflationy.

JUia MozienmoBaHHs exXeKTopa Oyl MpUHHATI HACTYIHI T'PaHUYHI YMOBH: poOouya BUTpaTa
exxekTopa 20 n/c (Inlet), Tuck imxkexkroBaHoro motoky 24,5 MIla (Opening), TUK 3MIIIAHOTO
nmoToky 26,5 MIla (Opening).

BuBenennss Ta 00poOka pe3ynpTaTiB NPOBOAWIACH 3 BUKOPUCTAHHSIM BMOHTOBAHOTO
MomyJst mporpamHoro komruiekcy ANSYS — «Resultsy.

B mpomeci BU3HAYCHHA ONTHUMAJIBHOI JIOBXWHH KaMepH 3MIIIyBaHHS NPOBEICHO HU3KY
IMITaIHUX JTOCTIIKECHD IJIA MOOYIOBH KPUBUX IPOMIII0 3MIiHU MIBUAKOCTEH Ha pi3Hil BiAcCTaHi
BiJ BXiJHOTO Iepepidy. OTpUMaHHi XapakTep PO3MNOAiIY OChOBUX INIBHAKOCTECH B3JOBXK KaMepHu
3MIITYBAaHHS JIO3BOJIMB BU3HAYUTH IIOYATOK TOPH3OHTAIBHOI IUISSHKM JaHO! 3aJeKHOCTI, IO
BIJIMOBITa€ ONITUMANTBHIN JOBKHHI KaMEPH 3MIITyBaHHS.

OnTuManpHa JTOBXKHMHA KaMmepu 3MillyBaHHsS 3a0e3ledye y BUXIJIHOMY Mepepi3i MOBHE
BHUPIBHIOBAHHSA MPO(LIIO MIBUIKOCTEH 3MIITyBaHUX MOTOKIB.
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O MOAEJAX HAAEXKHOCTU UHO®OPMAILIMOHHBIX CUCTEM HA
ITAIIE TIPOEKTUPOBAHUSA
[HommBanos B.IL. a. T. 1., [lanues 0. ®. k. 1. H., Pe3unuenxo JI. B.
Hncmumym mexuuueckoui mexanuxu Hayuonanvroti akademuu nayx Yxpaunol u
T'ocyoapcmeennoco kocmuuecko2o azeHmemea YkpauHul

Onnolt u3 mpobiieM coBpeMeHHbIX nH(popMannoHHbX cucteM (MC) sBisiercs mpoOiema
oOecrieyeHnsT MX HAAE&KHOCTH HAa BCEX JTalax >KU3HEHHOTO NHKJA: TPH TNPOEKTUPOBAHMHU,
M3TOTOBJICHNUH U HKCIUTyaTalHH.

B pabote paccmarpuBaetcst HanexxHocTh MIC Ha sTame npoektupoBanus, kotopas mis MC
SBJISIETCS OTHOCHUTENIbHO HOBOWM aucuuruinHoi. IIpoextupoBanue nHaaexunoctd MC nomxHO
HAYMHATHCS C Pa3pabOTKU MOJICIIH.

Mopenu HaIeXKHOCTH HEOOXOAMMBI TIPU MTPOSKTHPOBAHUHM CHCTEMBI [Tl BBIOOpA BapUaHTa,
KOTOpBI Oyzmer obOecneunBath ee IPQPEeKTHBHOE (YHKIMOHHUPOBAHHE B IpOIEcCe peabHOU
JKCIUTyaTalui. [Ipy 3TOM HMCHONB3YIOT CTPYKTYpHBIE CXEMbl HAJIEKHOCTH WU JIEPEBbs
HEHCIIPABHOCTEH, TPU TOMOIIM KOTOPBIX MPEJACTABISCTCS B3aMMOOTHOIICHUE  MEXKIY
Pa3IMYHBIMH YacTsMH (KOMIOHEHTaMH) cucTeMbl. Metononorus Hanexunoctu MC onepupyert He
TOJILKO C TPOLIECCAMU OTKa30B U BOCCTAHOBIICHUS] TEXHUYECKUX CPEJCTB, OHA TAKXKE yUUTHIBAET
BJIMSTHHE TIPOSIBIICHHBIX OMIMOOK B MPOrpaMMHOM 00ECIIEYeHHH, ONMTHOOK OTIepaTOPOB W OIINOOK
BO BXOJIHOHM MH(OpMAIUK HA PE3YIbTaThl BHIITOJHEHHUS MPETYCMOTPEHHBIX aJITOPUTMOB.

[TockonbKy Ha Ha4YambHBIX ATaNax MPOCKTUPOBAHHS MPUMEHEHHWE METOJOB IOBBIIICHHS
HAJIC)KHOCTU 00BbEKTa (B YACTHOCTH, PE3EPBUPOBAHUS), KaK MPABUIIO, HE TIPEAyCMATPUBACTCS, TO
JUIL OLIGHKA HOPM HAJEKHOCTH HCIOJB3YIOTC (OPMYIBI IS CHCTEM C IOCIEIOBATEIbHBIM
COCJIMHEHUEM DJIEMEHTOB. Pacdyer mpoBOIUTCS TIPU CIEAYIOIIUX JOMYIICHUSX: OTKA3bl AJIEMEHTOB
SIBIISIFOTCSI CITy4ailHBIMU M HE3aBUCHMBIMH; B PACYETE YYUTHIBAIOTCS TOIBKO DIIEMEHTBI, BXOSIIIE
B OCHOBHYIO (YHKIMOHAJIbHYIO CXeMy OOBEKTa; MapaMeTpbl HAJACKHOCTH IOIIHHSIIOTCS
SKCMOHEHIMATBHOMY 3aKOHY (MHTEHCHMBHOCTH OTKa30B HE 3aBUCSAT OT BPEMEHH); BIHSHHE
YCIIOBUI paOOTHI YUUTHIBACTCS MTPUOTMKEHHO.

VYuuteiBas, uro MC — 3T0 clnoXxHas NMporpaMMHO-almapaTHas CHUCTEMa, BKJIIOYAIONIAs B
CBOM COCTaB YeJIOBEKO-MAIINHHBIC 3BEHBS, TEXHUYECKHE CPEICTBA U MPOTpaMMHOE 0OecTieueHue,
TO BEPOSTHOCTh 0E30TKAa3HOW PAOOTHI P(t) cucTeMbl Ha BpeMeHHOM uHTepBane [0, t] OyaeT

paBHa IIPOM3BEIECHUIO BEPOSTHOCTEH O€30TKa3HOM paboTEl P (t) , I=1,n cucrem:

p@):li[g(t). (1)

Jl1s BBICOKOHA/IEKHBIX CHCTEM a(t)z/l(t), rae a(t) — YacToTa OTKa30B, a l(t)f

WHTEHCUBHOCTH OTKa30B.
BepostHOCTh 06€30TKa3HOW paOOTHI SBJISETCSI OCHOBHOW XapaKTEPUCTUKON 0E30TKa3HOCTH
00beKTa Ha 3aJaHHOM BPEMEHHOM HHTEpBaje
P(t)=P(&>t), 120, 2)
r7ie ¢t — 3amaHHas HapaboTka, & — CiryJaifHOe BpeMs paboThl 00BEKTa IO OTKa3a.
2

n
MoxHO MOKa3aTh, YTO C MOTPEIIHOCTHIO ZQi=l(t) /2 wumeer Mecto Qopmyna s
i=1
BEPOATHOCTU 0€30TKa3HOU pabOThl BEICOKOHAIEAKHON CUCTEMBbI

P(t)~ l—iQ,-=l ), 3)

rae Ql.(t) — BEPOSATHOCTh OTKa3a i -OH CHUCTEMBI.

B pabGore mnpuBOAATCS TPUONMKEHHBIE BBIPOKCHHS IIOKa3aTelnedl HaJeKHOCTH IS
BBICOKOHA/IC)KHBIX CHCTEM: BEPOSTHOCTH O€30TKa3HOW paboThl, KOI(PPHUIMEHTOB TOTOBHOCTH
KO3 GUITMECHTA OTIepaTHBHONW TOTOBHOCTH.
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MIINOTOBKA 10 OIIHIOBAHHS PU3UKIB HA CTAIII TIPOEKTYBAHHSI
Pomamko A.C. k.1.H., KpaBeup O.M. k.1.H., Kaminceknii B.B., ctynent
Hayionanvnuii mexuiunuu ynisepcumem Ykpainu
,, Kuiscokuii nonimexuniunuti incmumym imeni leops Cikopcbkozo”

OcCHOBHI WiAXOAW 10 TPOLEAYpU OIHIOBAHHS PHU3HMKIB  MAaIlMH, Ha  AKI
PO3MOBCIOKYEThCA Jisi «TeXHIYHOTO periiaMeHTy Oe3neku Mamme» [1], BH3HAYeHiI B
craggapti JICTY EN ISO 12100:2016 «be3neunicte MamuH. 3arajbHi NPUHIAITT
npoekTyBaHHs. OIIHIOBaHHS PHU3UKIB Ta 3MEHIIEHHS PU3UKiB». BapTo 3a3HaunTH, MO NpH
OIlIHIOBaHHI Ta 3MEHIIEHHI PU3WKIB, OKPIM 3a3HAYEHOTO CTAHAAPTy, iHQopMaIlii 3 Onucy
MaIluHU Ta iHpopMarii 3aCHOBaHOI Ha JTOCBiJI BUKOPHCTAHHS, J10JIaTKOBO 3aCTOCOBYIOTH M
=T cTaHAapTy [2]:

— CTaHJAPTHU IO CTOCYIOTHCS OKPEMHX AacCMeKTiB Oe3MeKd MaliuH, a00 KOHKPETHHX
BHJIIB 3aXHUCTy (HampHKIaJ MiIHIMAIbHUX MPOMDKKIB JIJI1 YHUKHEHHS 3/IaBIIFOBAaHHS YacCTHH
Tila JIFOJMHU, €PrOHOMIKH, CHTHATIB HEOE3MeKH, OOMEXKEHHs 3yCHib IiJ 4ac poOoTH,
BiOparii, ymapy, mymy, OJIOKYBaJbHUX MPHUCTPOIB, MPOTHUIOXKEKHOTO 3aXHUCTY, BMICTY
IIKIJUTUBUX PEYOBHH 1 T.1.),

— CTaH/apTH, 110 MICTATh BUMOTH JUIA NeBHOI KaTeropii MamuH (Hanpuknag JCTY EN
692:2014 «Mexaniuni Bepctatd. Mexaniuni mpecu. besmeka», JICTY EN 1550:2014
«be3neyHicTh MeTanopizalbHUX BepcTariB. BuMoru mono Oesneku y pasi IpOeKTYBaHHS Ta
BHUT'OTOBJICHHS TTATPOHIB 111 00poOoBanux neraneit», JICTY EN 12417:2014 «be3nedHicTh
BepcraTiB. OOpoOsIoUl HEHTPU» 1 T.11.).

Posrmstnemo ocuoBHi monoxenas JICTY EN ISO 12100:2016 miomo oOIiHIOBaHHS
pusukiB. OUIHIOBAaHHS PU3HKY TOJSTA€ B BUSHAUCHHI TPAHUYHUX MOXKIJIMBOCTEH MAITMHHOTO
YCTaTKOBaHHsI Ta ieHTU(]IKaIii HeOe3MeK, K P MPaBUILHOMY BUKOPHUCTAaHHI MAIIMHH, TaK
1 IpU MOXIIMBOMY HETPAaBWIIBHOMY ii BHKOPHCTAaHHI, BU3HAUYEHHI HEOE3NMEYHHX CHUTYaIlii,
BH3HAYEHHI PU3UKIB JUIsl KOKHOI HeOe3MmeKr Ta HeOe3meuHo1 CUTyallii Ta iX OKpecJIeHHI.

[Ipu BH3HAYEHHI TPAaHWUYHUX MOXKIUBOCTEW MAIIMHHOTO YCTAaTKOBAHHS BPaXOBYIOTh:
TPaHMIIl BUKOPUCTaHHS - PEKUMH pOOOTH, MOXJIHUBI TMPOIEAYPH OOCITYrOBYyBaHHS,
nependadyBaHe BUKOPHUCTaHHS (HAMPUKIIAL MPOMHCIOBE) 0COOAMU 3 MEBHUMU 3JIaTHOCTSIMU
(G13BUYHIME MOXKJTMBOCTSIMHU, TIEBHUMHU 3HAHHSMH, JOCBIJIOM, 3/110HOCTSIMH), HapaxaHHS Ha
HebOe3neky IHmMX ocid (omepaTopiB CyCigHIX MalIuH, BifBiAyBadiB i T.1.); MPOCTOPOBI
0OMEXEHHsI; YacOoBl OOMEXEHHS; 1HII oOMekeHHs. [menTudikamiro HeGe3meK 1 MOCTIMHUX 1
TaKMX, 110 MOXYTh BUHUKHYTH HECTIOAIBAHO 3/IIiCHIOIOTH BITHOCHO BCHOT'O KHUTTEBOTO ITUKITY
MamuHu. [licas imerTudikamii HeOe3meKkn BHUSABISIOTh PU3UKU Ta iX €IEMEHTH (BaXKKICTh
IIKOX T4 MOXKJIUBICTh: BUHUKHEHHS IKOAW, BHHUKHEHHS HeOe3meuHoi mojii, yCyHeHHS 4u
O0OMEXeHHsI MKOAW). MOXIJIMBICT, BUHUKHEHHS IIKOAW YM HeOe3meyHoi mojii Moxe OyTh
SKICHOIO Ta KIJTBbKICHOIO (Ha MIJICTaBi ICHYFOUMX JaHUX). MOXIJIMBA CUTYaIlisl, KOJH KUTbKICHI
JaHl BIICYTHI YW HEJOCTYMHI, TOJI OOMEXYIOTHCS JHIIE SKICHOIO OIliHKOW. OcTaHHIM
€TaroM OIIHIOBaHHA PHU3HMKY € HOro OKPECJIEHHsS i 4ac SKOTr0 BU3HAYAIOTh Y MOTpiOHE
3MEHIICHHS pU3HUKy. ToOTO OKpecleHHs pU3WKY 1€ BHCHOBOK, Ha OCHOBI aHaJi3y pU3UKY,
1010 HeOOX1THOCTI 3MEHIIICHHS IIbOT0 PU3UKY KOHCTPYKTUBHUMH 3aC00aMH 3aXHCTy (3MIHH
KOHCTPYKITII 9M poOOYMX XapaKTEPHUCTHK), TOJATKOBUMHU 3aX0JaMH (OTOPOXI Ta JOJATKOBI
3anmoOiXHI 3ax0au) uu iHpopMaliero s KopucTyBaya. [Ipu OKpecieHHI PU3UKY TaKOX
BH3HAYAIOTHCSI HOBI HEOE3MEKW, CHPUYMHEHI 3MIHAMH BHACTIAOK i 31 3MEHIIEHHS
MIEPBUHHOTO PU3UKY 10 HAMHMKYIOTO MIPAKTHYHOTO PIBHSL.

Jlireparypa
1. Texuiunuii permameHT Oe3mekn MamuH [Enextponnuit pecypc] — Pexum moctymy -
https://zakon.rada.gov.ua/laws/show/62-2013-n/paranll - - [ara 3Bepuenns 30.01.2019 p. -
Hasga 3 expana.

2. Peectp TexHiuHMX periiameHTiB [Enextpomnmii  pecypc] — Pexum  goctymy -
http://www.me.gov.ua/Documents/List?lang=uk-UA &id=1018850c-347e-43¢c9-a87a-

bl1a4787cdfd&tag=TekhnichniReglamenti - /Tata 3Bepuenns 30.01.2019 p. - Ha3Ba 3 expana.
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PO3POBKA MNPOI'PAMHUX KOMIIOHEHTIB KOMIT'IOTEPHUX CUCTEM
JIJI THOOPMAIIMHOI NIITPUMKH TH)KEHEPHOI JISITBHOCTI
HA OCHOBI PE3YJIBTATIB IH)KEHEPIi 3HAHD
Caraiina I1.1. n.1.H.

Jlonbacvka oepocasna mauwuroOyoisHa akademis

VY cydacHUX KOMIT IOTEPHUX CHUCTEM IS MIATPUMKH IHXEHEPHOI JiSUTBHOCTI, Y TOMY YHCITi
B iHTerpoBannx CAIIP ckmagaux BUPOOIB, TaKMX, HANPHUKIAN, SIK MEXaHIYHI KOHCTPYKINi 31
CKJIQJIHOI0 TEeOMETpi€l0 poOoYMX TIOBEpXOHb, ab0 HOBI MarTepiand, OTPUMaHI NUITXOM
IHTEHCUBHHX TUIACTHYHUX AedopMalliii, mpu MpOoeKTyBaHHI BUPOOY ¥ TEXHOJIOTIYHUX IPOIECIB
HOro BHWTOTOBJICHHS IOTpiOHA oOpraHizamis 0araToMoIyJbHOTO IPOTPAMHOTO KOMIUIEKCY 3
PI3HOPITHOIO (YHKIIOHATIBHICTIO BUKOPUCTOBYBAHUX MOJYJIIB 1 6167i0TeK QyHKIH. BaxmuBum 1
JOTENEep HEBUPIIIEHUM TMHUTAaHHAM € e(QeKTUBHA I1H(oOpMalliiiHa MIATPUMKA I1HXKEHEpiB-
KOHCTPYKTOPIB 1 TEXHOJIOTIB Ha KOHIICTITYaIbHUX €Talax MPOEKTYBaHHS BUPOOY # TEXIMPOIECiB
HOro BUTOTOBIICHHS.

Metoro po6oTH € po3poOka ii peanizaiisg KoMnoHeHTiB iHTerpoBaHux CAIIP sk pisHOBHIIB
AITOPUTMIYHO-TIpOTpaMHHX 3aco0iB komn rorepHuXx cucteM (KC) ms iHTenekTyamsHoi 00poOKH
nmaaux (IOJl), 3 BHUKOpUCTaHHAM iHXEHepii 3HaHb Tpo poboTy mpeametHoi obmacti (IIpO) i
nporiecn IO, ns indopmamiiftHOT MIATPUMKH 1HKEHEPHOI MisUTBHOCTI po3pobiieHO U
peamizoBano, y Burisiai kommoHneHTiB KC ms 101, meToauky po3poOkH i iHTerpartii miacucTemMm
MiATPUMKHA 1H)KCHEPHOI MisUTBHOCTI Ta TPHHHATTSA pilmeHb, y ckiaai interpoBaHoi CAIIP
ckiagHux BHpoOiB. Ontozorito IlpO, mo npeacraBisie KOMIOHEHTH PO3POOJIEHOT METOAMKH,
HaBeJIeHO Ha puc. 1. B mporeci goCsATHEHHS METH PO3pOOJICHO M TOCITIKEHO METOIU i 3aco0u
Juist: iH(opMaIiifHOTO 3a0e3MeUYeHHs] EKCIEPTHOTO OLIHIOBAHHS aJIbTEPHATHB; MOJICIIOBAHHS Ha
OCHOBI TIOpUAHMX HEHUPOHHO-HEUITKUX MEpEeXk; KaTeropialbHO-OHTOJIOITYHOTO MOJEIOBAHHS
[IpO it 6i3HEc-npoIIeciB; MOEII IpeCTaBiIeHHs i popmaTu 30epiranns 3Hans y C/i3 [1].

v - v v v v v v |
Oprarisa- anvTi Ans Butar HeuiTke Mogpento- KateropiansHo-
uis CI gns ”?ﬁ_%i'gg” OLAP 3anexHocTen BUBEAEHHS OE'i(ﬁ”migT:; BaHHSA Ha OHTOMOriYHEe
3apavi 104 (OLTP) (Data Mining) 3 npasun u HKK MOJEMoBaHHSA

PiseHb Memodu4Ho20 ma anaopummiyHo20 3abesneyerHHs KC dns 104

MK KC ansi onpautoBaHHs Migcucrema

’ ! Migcmuctema reHepadii
KopnopartusHe CAli3 [4— ; F» dopmyBaHHA I K>— f
copmanisoBaHnx 3HaHb nepesipkM rinoTes NPOEKTHUX piLLeHb

? R\ )j R PiseHb §npayrosaHHsi hopmMasnizoeaHux 3HaHb
[

~ M i Ba3n i ~

a EnekTpoHHWi BO (%V?LH ST_afb Ae?o:gsla HewpoHrHo-

pXiB [OKYMEHTIB SWRL) npaBun HeuiTka Mepexa
f / / T \ f / PigeHb chopmanizayji 3HaHb
/ Cneuielzn MK - Mogaynb

PepakTop . YHiBepcarb- CAD/CAM/CAE- IHTerpo- ~ ar.

Cyen OHTOMOrIN ””flllpoo'u B Hi nakeTn cuctemu BaHa CAINP II';;?IFI‘ <>—‘

[ T 1

PigeHb npozpamHux komnoHeHmie KC
Pucynok 1 — OnTonoria npeamerHoi obnacti «Po3poOka i inTerpauis migcucreM indpopManiiHoi
HiATPUMKH 1H)KEHEPHOI IisIbHOCTI»

Jlns 3abe3neueHds epeKTHBHOI iHTETparlii MpOrpaMHUX KOMIIOHEHTIB Y €IMHUN KOMILUIEKC
AITOPUTMIYHO-TIPOTPAMHHUX 3aC00iB BHKOHAHO OOTPYHTYBaHHS BHOOPY ICHYIOUHMX TEXHOJIOTIH
TUHAMIYHOTO OOMIHY MaHWMMH MDK TIOTOKaMu ¥ mpormecamMu. CHpoeKTOBaHO 1 peai3oBaHO
nporpamuuii komruiekc KC mus 101, skuit 3a6e3neuye poboty 3 bl CAIIP TexHomorivamx
NpPOLECIB i MpOrpaMHUil IOCTYN A0 TiNepKyOy, pO3TOPHYTOrO B paMKax ONEPATUBHOTO aHAIi3y
nanux (On-line Analysis Processing — OLAP) 3 BukopuctanHsam (yHKI[IOHAIbHUX MOKJIUBOCTEH
cnyx0 Analysis Services CYBJ] MS SQL Server 2012. BrpoBaxeHHsl pe3ybTaTiB poOOTH Y
BurIsAal nporpamuux kommnoneHTiB KC mist IOl nano cyrreBuii cucteMuuii eexr.

Jlitreparypa
1. Caraiiga III. Anropurmiuni 3aco0M Ta MOpOrpaMHi KOMIIOHEHTH KOMII'IOTEPHUX CHUCTEM
IHTEJIEKTyaJIbHOI OOPOOKH JaHWX B OPTaHi3aIlifHO-TEXHIYHIUX KOMIUICKCAX: JTUC. ... JOKT. TEXH. HAyK:
05.13.05 — xomm’rotepHi cuctemu Ta komnoHenty / [1.1. Caraiina. — [Tokposcbk, 2018. — 561 c.
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KOHTPOJIENPUT'OJHASA CXEMA JIBONYHOI'O BBIYUTATEJISA
B HECTAHJIAPTHOM BA3UCE
Tumonrkun A.W. k.¢.-M.H.
Hayuonanvnas memannypeuueckas akademus YKpauHul

Baxneiimiei 3agayeil TeXHUYECKON TUArHOCTUKU NU(PPOBBIX CHUCTEM SIBIISIETCS 3ajaada
MOJIYy4EHUsI KOPOTKUX MPOBEPSIOMUX (0OHAPYKUBAIOIINX) TECTOB IU(PPOBBIX UHTETPATBLHBIX
MHUKPOCXEM.

B cucremax 00paboTku WH(POpPMAIMM BCEBO3PACTAMINYIO POJb HIPAOT IUPPOBHIE
MHTETrpalbHbIE CXEMBI C PETYISIPHON CTPYKTYpOH (CyMMAaTOphl, BBIYUTATENH, YMHOXKHUTEIH,
genmurend W T.a1.). B pabore [1] mpemiokeHbl KOHTPOJCTPUTOAHBIE (YHKIIMOHATBHO-
JIOTUYECKHE CXEMbI ABOMYHOTO CyMMAaTopa C IMOCJIEN0BaTeNbHBIM MEPEHOCOM, 00JafaroIne
MPOBEPSIIONIMMUA ~ T€CTaMU  JUIMHBI 4 OTHOCUTEIBHO  OJUHOYHBIX  KOHCTaHTHBIX
HEUCTIPAaBHOCTEH WX CUTHAJIBHBIX JIMHUA. B maHHOW paboTe mpexayiaraeTcss MHTEpPECHast C
TOYKH 3PCHUS MIPAKTUKU Pa3pabOTKHU OONBIINX U CBEPXOONbIHX HHTETpalbHBIX cxeM (BUC u
CBUC) kouTposenpuroaHas (HyHKIIMOHAIBHO-JIOTHYECKAss CXeMa JBOMYHOTO BBIUMTATENS C
MOCIIE0BATEIHHBIM 3aEMOM MEXKIY pas3psaaMu, 00Iaaomas mMpOBEPSIOIMIUM TECTOM JITTHHBI
4 OTHOCUTENBHO OJMHOYHBIX KOHCTaHTHBIX HeucrnpaBHocTeil. KoHTponenpuronnas
JIOTUYECKasi CXeMa TMOJIHOTO OJHOPA3PAIHOrO BBIUUTATENS MpeAcTaBieHa Ha pucynke 1. Jlis
peanuzanuu OyneBbIX (GyHKUMH pasHoct D, u 3aéma V. i-ro paspsama (rae a, —

1

yYMEHbLIaeMOe, b, — BBIUUTAEMOE, U — JONOJHUTENbHBIN yrnpaBistoumii Bxoa, /<i<n—1)

WCIIONB3YETCS JIOTHIECKUN 0a3HC, COCTOSIIINMA U3 ABYXBXOA0BBIX dyieMeHTOB «-HE», «JIN-
HE», «OKBUBAJIEHTHOCTDb» u unBepropa. Ilpu 3TOM 31ekTpuueckasl cxema 3J1€MEHTa
«OKBUBAJIEHTHOCTDb» npeacrapiena Ha pucyHke 2 [2].

KounTponenpurognas cxema n-pa3psiiHOTO (T€ 7 — HaTypallbHOE YMCII0) JBOMYHOTO
BBIUMTATENSI MOJIy4aeTCs U3 M KOHTPOJITIPUTOAHBIX CXEM [OJIHOTO OJHOPa3psAHOIO

BBIYMTATENIA ITyTEM COCJMHEHHS BBIX0Ja 3aéMa V; i-i cXeMsl co BXOJOM 3aéMa v, , (i+1)-i
cxembl (Tne [ <i<n—1)u o0beAMHEHUEM YIIPABIISIONINX BXOOB.
= D,‘
Ec
2 & |:|:
= X - l Sf=xoy
|| L = L
| LV
’ 1
y . 1
b L
u
Pucynok 1 Pucynok 2
Jlureparypa

1. Twumomkuu A.M. KoHTpoJenpHromHble CXEMBI JIBOWYHBIX CyMMaTopoB // Marepuaibl
MEXIyHapOIHOH HaydyHO-TexHH4Yeckoi KoHpepeHmu « UTMMy», duemnp, 2016, c. 48.

2. Mypora C. CucteMHOE MPOEKTHPOBAHHE CBEPXOONBIINX HUHTErpanbHbIX cxeM. Ku. 1. — M.: Mup,
1985.
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JOCJIIKEHHS 3HOCY EJJEMEHTIB JPOCEJISI ®OHTAHHOI APMATYPH
®enoposuy A.T., Muxaiimok B.B., [elinera P.O., KoBans b.1. ctyaenT
leano-Dpankiecokuii HaAYioOHANLHUL MEeXHIYHUL YHIBepcumem Hagpmu i 2azy
M. lsano-Dpanxiscok, Yrpaina

EdexkTuBHICTh BUKOPHUCTAHHS MalllMH Ta 00JIaqHAaHHA HA(TOTra30BO1 raiay3i HEMOXKIUBE
0e3 BUpIMICHHS 3aBJaHb, [TOB’I3aHUX 13 IMiJIBUIIECHHSIM 3HOCOCTIMKOCTI iX BY3IiB Ta JETaJeH.
Ho 80% BiamMoB oOjagHaHHS, OCOOJMBO TOTO, IO KOHTAKTyE 13 aOpa3WBOM, BHUKIWKAHO
3HOCOM pOOOYHMX IOBEpXOHb, NMPHU I[bOMY BEJIWYMHA 3HOCY Yy OUIBIIOCTI BUMAJIKIB He
nepesurye 0,3...1,0 mm.

YMoBu poboTH Jeraield MamMH Ta oOnaaHaHHS HApTOBOI 1 Ta30BOi ramysi
XapaKTepU3YIOThCS BUCOKMMH MEXAaHIYHUMHU 1 TEIUIOBUMH HaBaHTAKEHHSMHU, HAasSBHICTIO
arpeCUBHUX CEPEJIOBHII, MPUCYTHICTIO Y 30HI KOHTAKTy pOOOYMX IMOBEPXOHH a0Opa3MBHHX
YaCTUHOK a0o0 Oe3rnocepenHiM KOHTAKTOM 3 BHCOKOTBEPJIMMHU TIPCHKHUMHU TOPOJaMH 1
TPYHTaMH.

OmHuM 13 BUAIB OOJTaIHAHHS, IO MIIJAETHCS THTEHCUBHOMY 3HOIIYBAHHIO € €JIEMEHTH
dboHTaHHUX apmaryp (3acyBkH, Apoceni Tomio). Ilig wac ekcruryaTarii e1eMeHTH Ipoceis
(HaKOHEYHWK Ta HacaJKa) ITAIAaI0ThCA PYHHIBHOMY BIUIMBY pOOOYOTO CEepeloBHUINA, Y
pe3yabTaTi 4oro BiOYBa€eThcs ra3oadpa3vBHUM 3HOC, 1 SK HACHIJOK, PETYIIOBAHHS PEXUMY
po6oTH (HhOHTAHHOT CBEPJIOBUHU CTA€ HEMOXKIIUBHM.

[IporHo3yBatu BeNWYHMHY Ta MiCIle 3HOIIYBAaHHS YacTUH CKJIAJHOTO 3a mpodinem
noBepxHi 00JaJHaHHA € NOCUTh CKJaaHo. IIpoTe, 3 MOSBOIO KOMIIOTEpHUX Mporpam, o
peai3yroTh METO/ KIHIIEBUX €JIEMEHTIB II€ CTAJIIO 3HAYHO MPOCTIIIIE.

Jlns BU3HAUEHHS MICH Ta BEJIMYMHU 3HOCY KOHCTPYKTHUBHHUX E€JIEMEHTIB JpOceis
noOynoBaHo TpUMipHY Mozenb (puc. 1, a), ane A MPOBEACHHS IMITAIITHOTO MOJICTIOBAaHHS
10 K Mojenb crpomeHo (puc. 1, 6). IIpoTe, Take crmporeHHsS Ha MOXHOKY OTPUMaHUX
pe3yabTaTiB HE BIUTMBATUME, OCKIIBKHU MPOTIYHA YACTHHA APOCENS 3JIUIINAIACH TAKOKO XK K 1
y HE CTPOIICHIN KOHCTPYKITIi.

1 — paners;
i1 ) 2 — KOpITyC HacaJKH;

‘ 3 —yIIiIbHEHHS;

3 4 — 3aXuCT;
< 5 — yIIiNbHEHHS;
’ 6 — raiika;

7 — X0o10Ba Tamfka;

- 8 — Iepexi HuK;

: 9 — wTypBan; g

‘IO 10 — raiika;

= 11 — yinpHeHHS; Yz

- 12 — nacanka;

= 13 — mmnuHaens; F4

A 14 — raiika; X

15 — yminbHeHHS; v

a) 0)

a — KOHCTPYKIIisT; 6 — CIIpoIeHa MOAEIh IS IMITAIIHHOTO JOCIHKCHHS
Pucynok 1 — Jlpocens perynpoBaHuil
BximHuMu naHuM# 171 TPOBEICHHST IMITAI[IHHOTO MOICITIOBAHHS MMPUHHATO:
- BUTpATA PiAMHA Ha BXOAI y apocensb — 0,02 M°;
- THCK Ha BuUxo/i npocens — 2 Mlla;
- pobGoue cepenoBHINe — MOBITPS;
- abpasuBHI JOMIIIKH — ITICOK;
- po3mipu abpazuBy — Big 0,1 10 0,5 mm.
Ha pwuc. 2 300paxeHO MIBUIKICTh 3HOIIYBAaHHS IMOBEPXHI HAKOHEYHHKA TPH PI3HUX
dpaxmisx mcky (Big 0,1 MM g0 0,5 mm).
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14,8602 9.8360 16.2959
8.7431 14.4852
7.8502 12.6746
6.5573 10.8639
5.4644 9.0533
4.3715 7.2426
3.2787 54320
33023 2.1858 36213
1.6511 1.0929 1.8107
0 0 0
CKOPOCTE 3p03MM (DPpaKUMA 1) [mmiyear] CkopocTe 3posuu (Ppakuna 2) [mmiyear] CropocTe aposum (Bpakumua 3) [mmivear]

Opakis 0,1 Opakiis 0,2 Opakiiis 0,3

13.2091
11.5580
9.9068
8.2957
6.6046
4.9534

5.4986 16.6466
43876 14.7970
4.2767 129474
3.6B57 11.0977
3.0548 9.2481
7.3985
5.5489
3.6992
1.8496
0 0
CKOPOCTE 3P03MA (DPakuna 4) [mmivear] CKOPOCTE 3p03MM (Ppakuma 5) [mmiyear]

@paxuis 0,4 Opaxuis 0,5
Pucynox 2 — IlIBuaKiCTh 3HOIIYBAaHHSI MOBEPXHI HAKOHEUHUKA MPHU PI3HUX (QPaKIIAX MICKY

[IpoananizyBaBImIM OTpUMaHi pe3ylbTaTH MOKHA 3pOOUTH BHUCHOBOK, IO TOBEAIHKA
razy i3 pi3HUMH (paKIissMH TICKy € CKIATHOI0, OCKUIbKH TMPH HAWMEHIIOMY 3aJaHOMY
PO3Mipi YaCTHHKH MICKYy BETUYMHA 3HOCY HAKOHEYHHMKA CTAHOBUTH 16 MM/pik, 1 Hamami i3
30UIBIICHHSM PO3MIPY YacTHHOK HE CIOCTEPITa€ThCs JIHIMHOTO 301IBIICHHS BEIWYUHU
3HO0Cy. KpiM TOrO, TIpM Pi3HUX BEIWYMHAX YACTUHOK ITICKY CIIOCTEPIrae€ThCs MEpeMilleHHS
30HM 3HOCY HAKOHEYHHWKA BiJI MPOTHJICKHOI BiJl BXOAYy ra3dy CTOpOHH (puc. 2, po3Mip
gacTuHOK (,1) 10 OOKOBUX CTOpiH HaKOHEUHUKA (puc. 2, po3mipu yactuHok: 0,3; 0,4; 0,5).

Tomy nnst moGynoBu rpadiuHUX 3aJIEKHOCTEN 3HOCY HAKOHEUHUKA MTPUNHATO B3SITH B
JiHIT Ha TOBEpXHI HAKOHEUHUKA, SIKI Y TPUMIpHii Mozeni mo0yoBaHi Ha TUIOIIMHAX, KYT MIX
sKEMH cTaHOBHTH 90°.

Ha puc. 3 300pakeHO BenTU4MHY 3HOCY 110 JiHii 1, a Ha puc. 4 — mo miHii 2.

2.4438
1.8329
1.2219
0.6110
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2 1 / ) \‘\.
0 ! 0 PM T
0 0,01 0,02 0,03 0,04 0,05
0 0,01 0,02 0,03 0,04 0,05
JoBUHA KOHyca, MM
——0,1MM  —E—0,2MM 0,3MM  ——0,4MM —+—0,5MM flosmuna kouyca, mm
—4—0,1mm ——0,2mm 03mMm —=—04mm —F—0,5mm
Pucynox 3 — BenuunnHa 3HOCY HAKOHEUHUKA 15 Pucynoxk 4 — Bennunna 3H0CY HAKOHEUHUKA JJIs
PI3HUX PO3MIpiB YACTHHOK ITiCKY ITO JIiHi{ Ha PI3HHEX PO3MIipiB YaCTHHOK MICKY IO JIiHii Ha
o . . 0 .
(hpoHTANBHIN IUIOIIKHI TIOTWHI, sika Ha 90" moBepHEHA BiTHOCHO
¢dpoHTanbHOT

OT1xe, MaKCHMMalibHA BEJIMYMHA 3HOCY HAKOHEYHUKA CTAHOBUTH 15 MM/piK.

Takok He MEHII BaXJIMBUM € IUTAaHHS BEJIMYMHHM 3HOCY HAa IHIIMX BHYTPIIIHIX
MOBEPXHAX JIPOCENisd, OKpIM HaKOHEUYHHWKa. ToMy Ha puc. 5 300pakeHO MICII 3HOCY
MOBEPXOHb HACAJKU IPOCENs, MaKCHMajbHE 3HAUYEHHS SKOTro CTaHOBUTH 46 MM/pik, a Ha
pHC. 6 — 3HOC TTOBEPXOHB MEPET HACAIKOKO aApocets (3 MM/pikK).
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466874
41.4999
36.3124
31249
259374
207499
155625
31156 10.3750
15578 51875
1] 0 0
CHOpOETL 3poann (bpanuma 1) mmiyear] CropocTe 3pazui (Dpacuma 2) [mmiyear) CEOpOCTE 3posMm (DpakuwA 3) [mmiyear]

®paxis 0,1 ®paxiis 0,2 ®paxis 0,3

14.0204
12.4626
10.9047
9.3469
7.7891
62313
46735

148602
13.2091
11.5580
9.9068
8.2557
66045
19534
33023
1.8511

209119
18.5884
16.2648
139413
116177
9.2942
6.9706
484M
1.0286 23235
. 0
CKopOcTe 3pozuK (Dpakuma 4) [mmiyear] CKOPOLTS Ap0auM (DpaKuwA 5) [mmiyear]

@paxuis 0,4 Opaxuis 0,5
Pucynok 5 — 3Hoc Hacauku apocesst

92576
82200
7.2004
61718
5143
41145
30859
20573

1.1448 1.9351

1.7201
1.5051
1.2901
1.0751
0.8601
0.6450
0.4300
0.2150
0
CropocTe 3posmm (Gpaxuma 3) [mmivear]

11205
0.9960
08715
07470
06225
0.4980
03735
0.2480

10176
0.8904
0.7632
06360
05088
0.3816
0.2544
01245 01272
o 0
CKOPOCTE 3P03HM (PPakUMA 1) [mmiyear] CKODOCTE 30031M (PpaKuwiA 2) [mmivearl

®paxis 0,1 ®paxkiis 0,2 N ®paxmis 0,3

26055
2.3160
20265
17370
1.4475
1.1580
0.8685
0.5790
0.2895
o 1

CKOpOETE 3p03HM (BpakLma 5) [mmiyear,

29593
28305
23m7
19729
1.6441
1.3152
0.9864
06576
03288
L]

CKOPOCTE IPOZUM (DPAKUMA 4) [mimiyear]
®paxis 0,4 Opakiris 0,5
Pucynoxk 5 — 3HoC MOBEpXOHB MEPE]T HACATKOIO IPOCEs

BucHoBxku

Ha npukiani apocenst GoHTaHHOI apMaTypH JOCIIHKEHO TPOIIEC 3HOCY HOTO eJIeMEHTIB
3aJIe)KHO BiJ| AlaMeTPy MICYMHOK, 10 3HAXOIATHCS Y TOTOIII Ta3y.

3a pe3ynbTaTamMH IMITAlIHHOTO MOJIETIOBAaHHS BCTAHOBJICHO, IO BEJIMYMHA Ta MICIE
MaKCHUMAaJbHOTO 3HOCY €JIEMEHTIB ApOceisl € Pi3HUM, 3aJIeKHO BiJl PO3MIpYy MIIIMHOK.
BenmnunHa 3HOCY HaKOHEUHHKA JIpOCEisi CTaHOBUTH 15 MM/pik, NpUYOMY HaOiIbIIe
3HOIIYETHCS HE HAKOHEYHUK, a Hacajgka (46 mm/pik). Takox BCTaHOBIIEHO, IO BEIHMYMHA
3HOCY TTOBEPXOHb, 110 PO3MIIIIEHI TIEpel HACAIKOI0, Y TTOPIBHSAHHI 13 3HOCOM HaKOHEYHHKA Ta
HACaJKH, € 3HAYHO MEHIIOIO, Ta CTAHOBUTH 3 MM/pIK.

Buxonsun 3 HaBeAGHOrO0 QJITrOPUTMY IMITAIITHOTO MOJETIOBAaHHS Ta OTPUMaHHUX
pe3ynbTatiB MoOyI0BaHa MOJIENb PETyIbOBAHOTO APOCENs Yy MOAATBIIOMY MOXE CIyryBaTH
0a3010 I HACTYITHUX MOTO JOCIIIKEeHb, a CaMe: ONTHUMI3allii KOHyca HAKOHEYHUKA 3 METOIO
3MCHILIEHHS BEIUYMHH 3HOCY CaMOro HAKOHEYHWKA; JOCHIHPKCHHS BIUIMBY MIBHUAKOCTI
nepenaay TUCKY Ha BETUYMHY 3HOCY €JIEMEHTIB JIPOCesl; ONTUMI3AIlii KOHCTPYKIIii.
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HNCHOJBb30BAHUE YEJIOBEKO-MAIHIWMHHBIX MPOLEAYP B
PEIIEHUUA 3ATAY KITACTEPHOI'O AHAJIN3A
[leBuenko I'.4. x.1.1H., ymeiiko O.0. a.1.1H., beno3ybenko B.C. x1.5.1., Ucambaer B.B.
Hayunwuii yenmp Noosphere, [{nenpogckuii 20cy0apcmeentbiti mexHu4ecKuil yHusepcumen

OnHUM H3 OCHOBHBIX JTallOB JIFOOOTO HWCCIEIOBAHMS SIBISCTCS CTPYKTYPHU3aLUs WA
KJIaCTepH3alusl TOJTYYCHHBIX JaHHBIX. VM BU3yaldbHOE MPEACTABICHUE TAaKOH CTPYKTypH3alUu
UTpaeT HEMAJIOBAXXHYIO, 2 WHOT/Ia U TJIABHYIO POJIb, OCOOCHHO KOrJa TpeOyeTcs aHaIu3UpoBaTh
MHOTOMEpPHBIC ~ JaHHBbIC, TPEACTABISIONMEC ONPEACICHHYIO  CIOXHOCTh JUIS ~ MHOTHX
ucclieioBaTeIe-IpeIMETHIKOB, MaJlo 3HAKOMBIX ¢ ocHOoBamH Data Science. JTo cBs3aHo ¢
YyBCTBEHHBIM IPOUCXOXKICHHEM BCErO HAIETO 3HAHUS M BU3yaau3alys GaKkTHYECKH BBIITOJHSICT
(GYHKLIMIO CpelIcTBa CBSI3M MEXIy OOBEKTOM HCCIECJOBAHUS W HCCIIEAOBATENeM, NpPUYEM
BU3yaJM3alHs 1O3BOJISIET YBUACTh SKCIIEPUMEHTAIbHBIEC JTAaHHBIE B IEJIOM, HATJISIIHO, IIPH STOM
HCCCIeIoBaTeNb BOCIIPHHUMAET HAauOObIee KOJMYECTBO HH(OPMAIIHH.

BriepBple Takol aKIEHT Ha BU3yaJlbHOM NPEACTABICHWU JAHHBIX CHEAl 3aMedaTelbHbId
amMepukaHckuii maremMatuk W cratucThK JDk.Teroku. HacramBas Ha Bu3yanu3aluu, OH
MOTYEPKUBAJI, YTO YMCIIOBBIE CBEPTKU JAHHBIX JETAIOT aKIEHT Ha OXHIAeMOM, a rpaduyeckue
NpeACTaBiICHUs — Ha HeoxuaaHnHoM. OH jke, pa3BHBas CBOM TNOJXON, NpHUINET K HAee
pa3BeIOYHOrO aHallM3a, KOTOPBIH Temeph HasbpiBaloT Data Mining. Busyanusanus B aHanmse
JIAHHBIX CETOHS MPUMEHSIETCs BCe 00Jiee aKTUBHO, NMPHUBOASL K CMEHE MapajirM B CTATHCTHKE -
BMecTO (popmanmzanuu Bu3yanusanus, o 4em ropopwin K.Mcukasa, I'.Tarytu u ap.

Ouenp wacTto, MpH NPOBEIECHUHM PA3BEIOYHOIO AaHAIHM3a, KyJa MOXHO BKIIOYUTH U
KJIACTePU3aIlNI0, HWCIOJB3YIOTCS TaK Ha3biBaeMble TaOmuikl o00bekT-cBoiicTBO (TOC). Ilpm
MIPOBEIEHUH TPOIENYphl KIAacTepH3aluu B OOJBIIMHCTBE CIy4aeB TpeOyeTcs IMpeaBapUTEIbHO
yKa3aTh YHWCIIO KIACTEPOB, UCXOAS JMOO M3 KAKUX-TO TPEANONIOKCHHA JMO0 mpuberas K
CHEUUAIBHBIM BbIUUCIeHUM. OJIHAKO TaKue MPEANOIOKEHHS CBS3aHbI CO 3HAYUTEILHBIMU
U3JIepKKAMH - HE00X0IUMO TIyOOKOe 3HaHWE U3ydaeMoro npeamera uccienoBanuil. C apyroi
CTOPOHBI, BBIYMCICHHE KPUTEPHEB NAIOT HEOJHO3HAYHBIC PE3yJIbTATHI - MPUXOTUTCS JIENaTh
BBIOOp MEXIy HUMH, IO CYTH JIeJIa JOCTATOYHO MPOU3BOJIbHBIA. B TO ke BpeMs KaueCTBEHHOE
cBeleHUe MepBUYHBIX AaHHBIX TOC B JBYy- WIM TpPEXMEPHOE TMPEICTABICHHE IO3BOJISET
3¢ GEKTHBHO PEIINTH 3a/1a4y BU3YaJIbHOTO BBISABICHHS, TIO KpalHEH Mepe, KOJIMYECTBA KJIacTePOB.

[Ipemyiaraemplie mpolueAypbl BU3yadH3allMd OCHOBBIBAIOTCS HAa METOAaX MHOTOMEpPHOTO
IKAIMPOBAaHUA W METOJ€ TJaBHBIX KOMIIOHEHT, TIO3BOJIIONIMX CBECTH MHOTOMEpPHOE
NPECTaBICHNE TaHHBIX K JIBYX- WIH TPEXMEPHBIM MPEJCTABICHUSAM C COXPAHEHHUEM CTPYKTYPHI
Y TpoIopiui, xapaktepHsix ans uccieayemort TOC. OpHako 3a4acTyio OJHOW BHU3yalW3alliu
OBIBacT HEJJOCTATOYHO JUIS MPOBEJCHHUS MOJIHOCTHIO KJIACTEPHOTO aHAJIM3a, IIO3TOMY JKeJIaTeIbHO
U JIa)Ke HY)KHO pacCMaTpPHUBATh COYETAHHE BU3yaTH3alMU M KJIACTEPH3AIIHH.

Takoro poma cooOpakeHHs, C Yy4YETOM TOSBICHHS 3HAYUTEIBHOTO KOJIMYECTBA
UCCIIeIOBATENCH, Mall0 3HAKOMBIX C TEXHUKOH KIIACTepH3allMd, M C YYETOM IMOSBICHHS W
CTaHOBIICHHsI HOBOW MapaJMIMbl - aBTOMATU3allUK YMCTBEHHOMU JESTEIBHOCTH, a TaKKe JAPYroi
MapaJurMbl - BU3yaau3alid BMECTO (OpMaIH3auy MPUBOIAT HAC K HEOOXOAUMOCTH pa3paboTKu
YeJI0BEKO-MAITMHHONW MPOIEAYPHl PEHICHUS 33134 KJIACTEPU3AINU - COeIUHEHNST BO3MOXHOCTEH
9eoBeKa B O0JAaCTH BU3YaJbHOM OIEHKH CTPYKTYPHPOBAHHOCTH IAaHHBIX, KOTOPHIE Yy HEro
MPEJCTaBICHbl JOCTATOYHO XOPOIIO W BBIYMCIHMTENBHBIX BO3MOXKHOCTEH KOMIbIOTEpa IS
00pabOTKM OCTAJIbHBIX AJTOPUTMHYECKHX OINEpallii TMpH KJIACTepU3AMU, T.€. MOIYUYEHUS
YeJI0BEKO-MaITMHHOW TPOIEyphl (aBTOMaTH3aIMs YMCTBEHHOH IESATEIHHOCTH) KJIACTEPU3AIMU
nanHbIx, npenctaBieHHbx TOC. IIponenypa peannzoBana B BUje BeO-cepBHCa, paCIOI0KEHHOTO
o aapecy: https.//www.sciencehunter.net/Services/Clustering#/visualization.

B noknazne moapoOHO paccMaTpuBaeTCs Takas Mpoleypa U IPUBEACHBI TPUMEPHI PEIICHHS
psiia MPaKTHYECKUX 3a/1a4 KJIacTEPHU3allMU JaHHBIX, B TOM YHCJE W3BECTHBIX, JUIS MPOBEICHHUS
CpaBHEHHS U TOATBEPXKACHUS YKa3aHHOHN MPOLIEAYPHI.

112



CEKIIA S

IHTEJIEKTYAJBHI IHOOPMAIINHO-YIIPABJISIIOUI CACTEMUA



THE APPROACH FOR INSTANCE LEVEL SEGMENTATION
OF HIGH-RESOLUTION SATELLITE IMAGES
Zhernovyi V.V., Safonov O.L., Hnatushenko V.V. Dr. Sci.

Oles Honchar Dnipro national university

The approach for instance level segmentation of high-resolution satellite images using
Haar-like features is proposed. Instance level segmentation allows people to approach a
problem of mapping urban or rural objects for certain classes of interest (like building, roads,
etc.) using aerial or satellite images.

Fast and accurate instance level segmentation became possible due to the advances in
such field of computer vision as deep learning. Featured deep learning solutions utilize
convolutional neural networks (CNN) and graphics processing unit (GPU). However, most
deep neural networks (DNN) are designed and tested to work appropriate with regular images
from the internet. These images tend to be low resolution and usually contain objects like
humans, animals and manmade objects which a deep neural network extracts features from.
High-resolution remote sensing images are needed to be reinterpreted for deep learning
approach.

Suggested approach is a multilevel solution, which involves three steps: image
preprocessing using pan-sharpening [1] and unsupervised pre-segmentation [2], Haar-like
features extraction using pre-trained model [3], instance level segmentation using region-
based deep neural network architecture.

In order to pre-train model, a dataset was developed using WorldView-3 imagery
(panchromatic band and 8 multispectral bands). This dataset was extended and augmented
using pan-sharpening, image tiling techniques without paddings, band combinations and
indices calculations (such as NDVI). Pan-sharpening is used on panchromatic and
multispectral band in order to acquire 8 very high-resolution remote sensing images. Image
tiling techniques without paddings, band combinations and indices calculations allow further
extension of a dataset to extract more features using a deep neural network.

For unsupervised segmentation, symmetrical deep neural network architectures
(modification of SegNet) were considered. They are designed to keep the input resolution and
optimized on usual cross-entropy loss:

exp(zg’j ))
k iy
> explz”)

Furthermore, segmented images are processed using a second deep neural network
based on regions — Mask RCNN. Mask RCNN is an extension for Faster RCNN which detects
objects and generate masks for them. In order to take into account a huge variability of urban
and rural objects forms, these masks are used to develop an approach to highlight objects
more precisely using vectorization. The approach is based on finding a fitting square window
for masks, which improves visual perception of a resulting image.

Such approach in a combination with previous preprocessing with multi-level deep
learning solution may improve speed, quality and convenience of work with maps.
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KJIACHU®DIKALIIA BAPIABEJIBHOCTI CEPHEBOI'O PUTMY 3
BUKOPUCTAHHAM METOAY OIIOPHUX BEKTOPIB
I'atioBa A.}O., Kobuipka FO.O.

Xapxkiscbkuil HAYIOHATbHUL YHIBEpCUmMem padioeleKmpOoHiKU

Cep1ieBo-CyTMHHI 3aXBOPIOBAaHHS € MOCTIMHOIO MPOOJIEMOI0 B 00J1aCTI MEAUYHOTO aHAIi3Yy.
Jng anamizy 1 BUSBIEHHS NpOOJEMH, IO BHUKIMKAE CEPLEBY HEIOCTATHICTh, ICHYye Oe3miu
METOJIOJIOT1H, 3alpONOHOBAHUX PI3HUMU BYEHUMH 1 pAd HapaMeTpiB, sKi HEOOXiIHI i
MPOrHO3YBaHHS CTaHy 370poB's cepus mroauHu. Enexkrtpoxapaiorpama (EKI') Bu3HauaeThes sk
SJICKTPUYHHIA CUTHAJI, SIKAH MPEICTaBIIsE CEPIEBY MisIbHICT. BapiabenpHICTh CEpIIEBOTO PUTMY
OTIHCYE Bapiallii iIHTepBay MK IBOMa MOCIIJOBHUMHU OUTTSIMH CEPIS 1 sBIIsE COOOI0 OamaHc Mix
CHUMITaTUYHOIO 1 TApaCUMITATHYHOIO T1JIKAMH BET€TaTUBHOT HEPBOBOT CHCTEMH.

B ocrtanHi pokM B MEOWUUYHUX OCIHIDKCHHSX, 30KpeMa JIarHOCTHIN 3aXBOPIOBaHb, BCE
qacTile BUKOPHCTOBYIOTHCS PI3HI METONM IHTEJIEKTYaIIbHOTO aHalli3y JaHWX 1 MAaIlWHHOTO
HaBuaHHA. B mpomy Bumanky menuuni curnamu, Taki sk EKI, po3rnsmaroTbes K 4acoBi psad.
YacoBuit ps1 — 11e IOCIII0BHO BUMIPSHI uepe3 AesKi (HalyacTile piBHI) IPOMIKKH Yacy JaHi.

AHaJi3 4acoBUX pAMiB 00'€JHye METOIM BUBYCHHS YaCOBUX PSAIIB, TaKi II0 HAMararoTbCs
3pO3YMITH MPUPOY JAHUX Ta TaKi [0 HaMararThCs MOOyMyBaTH nMporHo3. Knacudikanis - oqux
3 PO3/iJIiB MAITMHHOTO HABYAHHS, MPUCBSYCHHUI BUPIIICHHIO HACTYITHOTO 3aBJIaHHs. € MHOXHHA
00'€KTIB, PO3AUICHUX ACIKUM YMHOM Ha Kjacu. 3ajlaHa KiHIeBa MHOXHWHA OO'€KTIB, M SKUX
BIZIOMO, JI0 SIKMX KJIaCiB BOHHM HajexaThb. LI MHOXXHMHA HA3WMBAE€THCA HABYAIHHOIO BHOIPKOIO.
KnacoBa npuHanexHicTh iHmmMX 00'ekTiB HEe BimoMa. HeoOxigHO moOymyBaTH alropuTMm, 31aTHAN
KJacuQpikyBaTH TOBUTBHUN 00'€KT 3 TOYATKOBOI MHOKHHHU [1].

Mertoto mociimkeHHs € knacudikaris HopManbHUX 1 aHoManbHuX curHaniB EKT Ha ocHOBI
METOJTy OTIOPHHUX BEeKTOpiB. [lil aHOMaTbHUMH CHUTHaJaMU po3yMiroThesl mopymeHHs EKT, ski
BKJIIOYAIOTh  IIJTYHOUKOBY TaxikapAito Ta aprepiasibHy ¢iOpwmsanito. s HaBYaHHA
BUKOPHUCTOBY€ETHCS HAOIp JaHUX 3 BLAKpUTOro jkepena [3]. B manomy Habopi AaHUX HasiBHI SIK
HopManbHi EKI' Tak 1 3 pi3HMMH 3aXBOPIOBAHHSAMM, HANpUKIAJ 3 1H(APKTOM MioKapjaa 1
CHUHYCOBOIO Taxikapaiero (puc. 1).

Pucynox 1. Curaanu 3KI' 3 cuHyCOBOIO Taxikapi€ro (371iBa) Ta HOpMaJIBHHUH CHTHAI (CIIpaBa)

MamuHy ONOpHUX BEKTOPIB € OJAHUM 3 IHCTPYMEHTIB MAIIMHHOTO HaBYaHHS 1 SBISIOTH
co0010 TpyIly KOHTPOJIBOBAHMX METOJIB HaBYaHHSA, SKI MOXYTh 3acTOCOBYBAaTHUCS IS
kimacudikamnii abo perpecii. MammHa OMOPHUX BEKTOPIB € MPUOIM3HOIO peasi3allielo METOMY
MiHIMI3amii CTPYKTypHHX pu3uKiB. OCHOBHA ifess METOAY TOJSTaE B TEPEBEICHHI BUXITHUX
BEKTOPIB B TPOCTIp OUIBIT BUCOKOI PO3MIPHOCTI 1 TONIYKY PO3AUIAIOYOT TiMEpIUIOMUHU 3
MaKCHMaJbHAM 3a30pOM B IbOMY MpocTopi. [[Bi mapayienbHI TIiMEepIUIOMMHU OYIyIOTHCS TIO
oOuaBa OOKHM TIMEPIUIONIMHK, IO PO3AUIAE KIACH. PO3Miisgiodor TimeprurommHow Oyie
TiNepIUIoNIMHa, [0 MAaKCHUMI3y€ BIJICTaHb [0 JBOX MapalelbHUX TINEPIIONUH. AJITOPUTM
MpaIoe B MPUIYIICHHI, M0 YUM OUTbIIa Pi3HUI ab0 BiJCTaHh MK IUMHU MapajicIbHAMHU
TiepIUIONTMHAMY, TUM MEHIIe Oy/ie cepeHs MOMIIIKA Kinacudikaropa [2].

3anponoHoBaHUN METOJl BKIItoUae B cebe momnepeaHio oOpooky curHaniBs EKI', Buginenns
O3HAaK, 3MEHIICHHS pO3MIpIB O3HAK 3a 3arajJlLHUM aJroOpuTMOM 1 KiacuQikaiiio aputmii 3
BUKOPHUCTAHHSIM METOJy OITOPHHUX BEKTOPIB.
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IMPOEKTYBAHHS EKCIIEPTHOI CHCTEMMH JIOTICTUKHA
l"ayza M.B. acmipasT
3anopizbKuii HAYioHALHUL YHI8EpCUmem

OcHoBHuMEU  crnioxkuBadamu mipoaykiii [TAT «3amopikcranby BHCTYNAKOTh MiANPUEMCTBA
MalIMHOOYIYBaHHS Ta METAJIOCEPBICHI IIEHTPH, MIAPHUEMCTBA TPYOHOI TPOMHUCIIOBOCTI, TPAHCTIOPTHOTO Ta
CLITBCHKOTOCIIOAAPCHKOTO MAIIMHOOYIyBaHHS, & TaKOXK 31 CIOXKKMBA4M 3 OUIbII Hix 53 kpain cBity. Tomy
HaOyBa€ aKTYaJIbHOCTI CTBOPEHHsI IPOrPaMHO-IHPOPMAIIHHOTO KOMIUIEKCY, IO JO3BOJUTH BECTH
IJTaHYyBaHHS, OOJIIK 1 KOHTPOJb BaHTaXy Ha BCIX eTamax BUPOOHHWIITBA Ta MEPEBE3CHHS, IO JTO3BOJIUTH
MOKPALIUTH JOTICTUKY NTOCTaBOK[4].

Jlorictuuna cucrema, SK CKIagHa CKOHOMIYHAa CHCTeMa 3 TICHHM OararonpogiibHUM
B32€MO3B'I3KOM BCiX €JIEMEHTIB (JJAHOK) BUMarae CUCTEMHOTO ITiJIXOy Yepe3 ypaxyBaHHS B3a€MO3B'S3KiB,
BHUBYCHHS OKPEMHUX TOCHOIAPCHKHUX O0'€KTIB SK CTPYKTYPHHUX YACTHH CKJIAIHININX CHCTEM, BUSIBIICHHS
PO KOXKHOTO 3 HHX y 3arajJbHOMY MpoIeci (YHKI[IOHYBaHHS i, HABIAKH, BIUTUBY CHCTEMH B3arajli Ha
OKpEMi eJIeMEHTH.

Komb0iHoBaHiI mepeBe3eHHsI - NMEPEBE3CHHS BAaHTAXIB 3 TOCHTIIOBHAM BUKOPHUCTAHHSM JIEKUTBKOX
BUAIB TpaHcmopty. Jlms MOZAETIOBaHHS HAOIOl CHCTEMH JOPEYHHM Oyle BHUKOPHCTOBYBATH
MYJBTUMOJIANIbHI TIEPEBE3CHHS - KOJM YCi BUAM TPAHCIIOPTY, III0 BUKOPHUCTOBYIOTHCS, € OCHOBHUMH (200
BHKOPHCTOBYIOThCS TIPUOJIM3HO HAa OJHAKOBIM BijJcTaHi mepeBe3eHHs). MynbTUMOAANIBHI TepeBE3CHHS
MoTPeOYIOTh PETEeIbHOI PO3POOKH CXEMH IMEepeBE3CHHsI Ta MOTOMKEHOCTI M YCIX YYaCHHUKIB JIAHITIOTA
JIOCTaBKH[2].

CucTteMHHMI TiAXiJ - MOHATTS, MIO MiJKPECTIOE 3HAYCHHS KOMIUIEKCHOCTI, IMUPOTH OXOIUICHHS U
9iTKOI oOprasizamii B JOCTIDKEHHI, MPOCKTyBaHHI Ta IUIAHYBaHHI. ACHEKTH CHCTEMHOTO MiIXOIy
chopmynsoBano B. I'. ApanacseBum [3]:

- CHCTEeMHO-EJIEMEHTHHH, 1110 BiAMOBIJAE i3 YOTO (SIKMX KOMIIOHCHTIB) YTBOpEHA CHCTEMA;

- CHUCTEMHO-CTPYKTYPHUH, SKHH PO3KPHBAE BHYTPIINIHIO OPraHi3allil0 CHCTEMH, CIIOCIO B3aeMOIil
KOMITOHEHTIB, III0 YTBOPIOIOT ii;

- CUCTeMHO-(DYHKITIOHAIBHUN TMOKa3ye, sKi (PyHKIIi BHUKOHYE cHCTEMa Ta KOMIIOHEHTH, IO ii
YTBOPIOIOTE;

- CHCTEMHO-KOMYHIKAIlIfHUH pO3KPHBAa€E B3a€EMO3B'SI30K IIi€i CHUCTEMH 3 IHIIUMH SK 3a
TOPHU30HTAILIIO, TaK 1 32 BEPTUKAJLIIO;

- CHCTEMHO-IHTETpaIliiHUH{, IO TMOKa3ye MeXaHi3MH, (akTopu 30epeKeHHS, YAOCKOHAJIECHHS W
PO3BHTKY CUCTEMH;

- CUCTEMHO-ICTOPUYHUI (SBOJIOIIHMI) BiJINIOBi/Ia€ HA MUTAHHS: SIKi €Taly MPOXOJUJIA Y CBOEMY
PO3BUTKY, SKi 11 ICTOPUYHI MEPCIICKTUBH.

[pu 3acToCcyBaHHI CHCTEMHOT'O IiIXOy B JIOTICTHII BU3HAYMMO HACTyIHI nepeBaru[1]:

1) BHCBITIIOETECS TE 3araybHE B PI3HHX JIOTICTHYHHX O00'€KTax i mporecax, mo rnepedyBae B TiHI
PI3HUX JeTanel i BayKKO BHABIISETHCS, TOKH HE IPOBEICHO aHAII3;

2) METOIIY IPUAHSTTS PillleHb MEPEHOCITHCS 3 OMHUX cep JOTICTUKH B 1HIIII;

3) daxiBii BiJ JeTEpMIHOBAaHHUX MOjeENEH MEepeXoasaTh A0 BHKOPHCTAHHS MOJENCH 13 HeUiTKHUMHU
LUTAMH i OOMEXESHHSIMH, 10 3aCTOCYBaHHS MaTEMAaTHIHOTO arapary HEUITKUX MHOXHH;

4) He IOMYyCKAEThCS MEPEOIliHKA MOXKJIMBOCTEH OKPEeMHUX METOMIB TPH MPUHHATTI pIlIeHb,
HAPUKIIAM, TUTBKH MATEMAaTUIHOTO MOJICIIIOBAHHS HA IIIKOY €KCIICPTHUM OIliHKaM.

5) 3MiHCHIOETBCS CHHTE3 3HAHb 13 PI3HUX HayK (MaTeMaTHKH, JIOTikH, Teopii cuctem, TAK);

6) y MPOEKTH BBOAMTHCS iH(GOpMAIlIHUNA OMHUC CUCTeMHU (BUAM, OOCSTH, NMPU3HAYCHHS W NUIAXH
MPOXOJKEHHsI iHpOopMaIlii) 1 po3poOIIIEThCs Ipoliec 30MpanHHs i 00poOKK naHuX Ta iH(OopMAaIii.;

8) BHHHKae O00'€KTHBHAa OCHOBa /Il BHOOPY HEOOXIJHHX HAIPSIMKIB IOJAJIBIIOTO PO3BUTKY
JOCTiKEeHb Y cepi JTOTICTHKH, /10 SKOT HAJIS)KUTh MMPOSKTOBaHA CUCTEMA.

AKTyanpHOIO cTae mpobieMa (pOpMyBaHHS €IHHOTO AITOPUTMY OpraHi3aiii mepeBi3HOrO MpoIeCy,
IO BPAaxOBY€ Pi3HOMAHITTS BapiaHTIB B3a€MOJIi «IIOCTAYaJbHUK - MEPEBI3HUK - OTPUMYBad» ab0 OLIBII
CKJIQIHAX CXEM OpraHizallii MepeBo30K 3 ypaxyBaHHIM JIOTICTHYHUX TIOCEPEIHHUKIB. A TaKOXK PO3pOOKHU Ta
BIIPOBAKCHHS Y BUPOOHUIITBO EKCIIEPTHOT CHCTEMH.
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OCOBJIMBOCTI MOJEJIOBAHHS B3AEMO/III WEB-CEPBICIB
HA OCHOBI CPN-TOOLS
INoxwuii B.O.
Yopnomopcokuii HayionanvHuti yHieepcumem im. 11.Mozunu

Buxopucranas wepex Ilerpi, sk iHCTpyMeHTa TpadidHOro 1 MaTeMaTHUYHOTO
MOJICTTIOBAHHSI CKJIQJHUX CHCTEM Ta TIPOLECIB OCTaHHIM YacoM OTPHUMAJIO IIHPOKE
po3mnoBcropKeHHs [1-3]. MeToau Bi3yanbHOTO TPEACTABICHHS Ta MOJEIIOBAaHHS, TakKi SK
KosbopoBi Mepexi Ilerpi Ha erami po3poOKM CKIATHUX CHUCTEM €(QEeKTHBHI TOMY IIO
JIO3BOJISIIOTH (DOPMAJIBHO OMUCYBAaTH Ta MOJICIIOBATH HA CUCTEMY PI3HUX PIBHAX aOCTpaKIii
Ta JOCHIKYBaTH iX B AuHamimi. [lpukiagom guHamidHOI cucTeMu € web-cepBicu. Beo-
CepBICH Ta 1X KOMIIOHEHTH MOXYThb B3a€MOJISATH 3 PI3HUMH J0JIaTKaMH, sIKI BiIMOBIIAIOTh
cTaHJapTaM BeO-cepBiciB. SIK MpaBMIIO, OJMH CEPBIC HE 330BOJIBHSE MOTPEd KOPUCTYBAUiB, 1
CEpBICHM CTaOTh Bce OB CKIagHUMU. DaKTUYHO CydacHUH BEO-CEpPBIC CTBOPIOETHCS
IIISIXOM TO€IHAHHS PI3HUX BeO-CEPBICIB Ta X KOMIIOHEHTIB JIJIsl CTBOPEHHS! KOMIIOHEHTHOTO
CepBiCy, SKHI TpOMOHye HaOip HOBUX (QyHKIIOHAIbHMX mocayr. [lpum moegHaHHi Ta
CYMICHOMY BHKOPHCTaHHI Be0-CEpBICIB CaMUM KPUTHYHUM € B3a€MOJisl BeO-CepBICIB Ta iX
KOMITOHEHTIB MJK CO0O010, 1110 BUMArae JAeTaJIbHOTO JOCIIKEHHS MPOoIeciB (QyHKIIIOHYBaHHS
Ta MOJEJIOBAHHS 1X MOBEAIHKH IS TIABUIIICHHS X €()eKTUBHOCTI.

Jns mMonenmoBaHHS CKJIATHUX BeO-CEpBICIB Ta 1X B3aeMOii HaWOUIBII OIIIBHO
BUKOPUCTOBYBATH KOJIbOpOBi Mepexi [lerpi. Bonn HanaroTh 3Mory mobyayBaTH iepapxiuHi Ta
YacoBl MOJIENI 3 BEIUKOI KUIBKICTTIO KOMITOHEHTIB [4]. Mozaeni OyayroThCsl B CepeloBHIIT
CPN Tools.

Cuctrema CPN Tools Hamae nBa OCHOBHUX 3acoOM aHalizy MOJENei: imiTallis
MOBEIIHKM Mepexi Ta (OpMyBaHHS NPOCTOPY CTaHIB. AHali3 MPOCTOPY CTaHIB MOXKIUBO
3MIMCHUTH JIJI HEBEJIMKUX MOJIeNel 3aBIsSKH eeKTy 3pOCTy MPOCTOpY CTaHiB. JlaHuii aHami3
BUKOPHUCTOBYIOTH TpH BepHdiKallii KOPIOpaTUBHUX CEPBICIB, KOJW HEOOXigaHA 1H(DOpMAaIlis
PO CTaHAApPTHI BJIACTUBOCTI Mepexi. s Momeneil CKIaJHUX CHCTEM OJHUM 3 3ac00iB
aHaJi3y MpoCTOpy CTaHiB Mepex IleTpi € mpencraBieHHS CTPYKTYPHOI MOJAENI CHUCTEMH,
To0TO Mepexi IleTpi B iepapxiuHOMY BHIVIAII, Ta po30WUTTS ii Jami Ha OKpeMi Mepexi
JIpyroro piBHSA. SIKIIO pe3yiabTaTH OTPUMaHI MPH aHAIIi31 BIACTHBOCTEH MeEpEeX HUKHBOTO
PiBHS Ta OCHOBHOT MEpEXi 3a/I0BOJIBHSIOTH Oa)kaHii SKOCTi, TO MOXJIMBO CTBEPIKYBATH, 110
P aHaTi31 BIACTUBOCTEHN 1€papXidHOI MEpeki OyJe OTpUMAaHO MOAIOHMI pe3ysbTarT.

Byno po3pobieHo mozeni CkIaaHUX BeO-CEpBICIB TakUX sIK moidirpadidyHuil cepaic,
pienTepcbkuii  cepBic Ta (apmaneBTHUHMA cepBic. Omnuc CTPYKTypH Wweb-cepBiB
3IHCHIOETBCS HA OCHOBI anredpu cepsiciB Ta giarpam B Hotauii DFD. [lobynoBana cucrema
moaenerd B CPN Tools nepmoro Ta npyroro piBHiB. [IpoBeneHo iMiTariitHe MOJCTIOBaHHS Ta
TOCTIPKeHHST po3po0iieHuX Mozeneil. Mojeni T03BOJIMIN JAETalbHO JOCTIAUTH B3AEMOIIIO
CEpBICIB Ta X KOMITOHEHTIB Ta MOKPAIIUTH €()EKTUBHICTh Ta MIBUIKOIII0 BEO CHUCTEM.
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KOHUEIIISA PO3BUTKY CUCTEM IHTEJIEKTYAJIBHOI'O
YIPABJIITHHA TAPKAMU TEXHIYHUX CUCTEM
KyxoBunpkuii I.B. 1.1.1H., Ckanosy6 B.B. n.1.H.
JIHinposcoKkull HayioHanbHUU YHIGEpCUmem 3ani3HUYHO20 MPAHCNOPILY
imeni axaoemixa B. Jlazapsna, Yxpaina

OnHUM 13 BOXIMBIIIHNX 1 MEPIIOYEPrOBUX 3aBJaHb 3aJI3HUYHOTO TPAHCIOPTY YKpaiHH
€ 3a0e3MeueHHs] TEeXHOJIOTIYHOI Ta EKOHOMIYHOI e(EeKTHBHOCTI TEXHOJOTIYHHUX IIPOIIECIB
(mepeBe3eHb, EKCIUTyaTallil, PEeMOHTIB TOIIO). Y OKJaai JOCTIDKEHI JesKi MUTaHHS
mpoOJieMr BJOCKOHAJIGHHS TPOIECIB aBTOMATH30BAHOTO YIPABIIHHS TapKaMHU TEXHIYHHUX
cucreM (TC) 3ami3HHLL HA OCHOBI 3aCTOCYBaHHS 1HTEJIEKTYaJbHHUX MPOLEAYP MOACIIOBAHHS,
OTIEPAaTUBHOTO TIPOTHO3YBaHHS CTaHIB 1 IMapaMeTpiB CKJIAJHUX CHCTEM 1 IIPOIIECIB.
dopMallbHO YHCIEHHI TEXHOJIOTO-€KOHOMIYHI TPOIECH 3aTi3HUYHOTO TPAHCIIOPTY MArOTh
03HaKH HEBM3HAYCHOCTI, € HEJACTEPMIHOBAaHMMHU. Taki 03HAKM HEBU3HAYCHOCTI MAIOTh 1 MEBHI
CKJIaJIOB1 MOIIMPEHUX MPOIIECIB EKCIUTyaTallii HapKiB TEXHIYHUX CUCTEM.

Sx HaAMU MMOKa3aHO y JOKJIaJi, OCTaHHIM 4acOM Ha OCHOBI CY4acCHHX METOJIB CHCTEM
aBTOMaTH3alii 1 MTYYHOTO IHTENEKTY OTPUMAJI0 PO3BUTOK KOMIUIEKCHE 3aBIaHHS 31
CTBOPEHHSI aBTOMAaTHU30BaHUX CHUCTEM YIPABIiHHS e€KCIUTyaTalii mapKiB TEXHIYHUX CHUCTEM, B
TOMY YHCJII Ha OCHOBI OTPMMAaHHsI Ta BUKOPHCTAHHS OI[IHOK MapaMeTpiB MOTOYHOTO CTaHY.
CucteMHe 3aCTOCYBaHHA TaKHX XapaKTEPUCTUK BIIKPHUBA€ HOBI MOXIUBOCTI IS
parioHajgpbHOI OpTraHi3aiii ITUPOKOro CIEKTPY poOIT 3 KepyBaHHS TEXHOJOTIYHUMH Ta
IHIIMMU TIpolLlecaMM 3aJli3HUYHOTO TPAHCIOPTY. B paMKkax IbOro HampsiMKy IOCIIJUKEHb 1
po3po0OK 3HAXOIATHCA 3aBJAaHHS 3 Opradizamii Ta iHTerpamii JaHUX MOHITOPHHTY,
J1arHOCTYBaHHS, a TAKOXK y3arajJbHeHHs pe3ysbTariB ekcruryaTaunii mapkiB TC. Becranosneno,
10 TIiBUINECHHS PE3YJbTATHBHOCTI IIMX METOJIB 1 BIJMOBIMHUX TEXHOJIOTIN X peasizali 3
ypaxyBaHHIM MOTOYHOTO CTAaHY MOXIJIMBE Ha OCHOBI BUKOPHCTAHHS 3aC00IB IHTEIEKTyaTbHUX
cucteM: (opMyBaHHS aHamITUYHUX cepBepiB i1 ACY 3ami3HUYHOTO TPaAHCIOPTY,
3aCTOCYBaHHSA METOJIB OHTOJIOTIYHOTO 3a0e3redeHHs MpoleciB (YHKIIOHYBAaHHS, MOJAEIeH
KJIacTepu3allii, METOAIB IITYYHHX HEHPOHHUX MEPEeX, HEUITKUX 1 HEUITKO-CTATUCTHYHHX
Mojenel, excrepTHux cucteM. Came mpobiemaTtuka (GOpMyBaHHsS 3acaj Ta 3aCTOCYBaHHS
KOMITOHEHTIB 3aJi3HUYHHUX IHTEJNEKTYaJIbHUX CHUCTEM MPHU3HAUYEHUX JJisi aBTOMATH30BaHOIO
ynpaBminHg mapkamu  TC, 3Haiinuia BigoOpaskeHHS y TPEACTaBICHUX Ppe3yJbTaTax
TIOCJIIKEHb.

Hanpuknan, Oyno moka3aHo IO YIPaBIiHHS €KCIUTyaTalli€lo MapKy eJeKTPOJBUTYHIB
CTPUIOYHHUX TEPEBOJIB JOIIJILHO MPOBOAUTH HA OCHOBI iX I1HAMBIAyaJlbHUX MOJACICH 3
BUKOpUCTaHHAM Mepexxk KoxoHeHa, siki moOyJoBaHI 3a CHEKTPAIbHUMH XapaKTEPUCTHKaAMH
CTPYMIB €JIEKTPOBUTYHIB.

Indopmariitna Mosenb eKcIUTyaTallii mapka JJOKOMOTHUBIB JO3BOJIMIIA PO3POOUTH METON
JTUHAMIYHOT 1HTEPaKTUBHOI OMTHUMI3aIlli MPU3HAYEHb JIOKOMOTHBIB JI0 CKJIaJy BaHTAKHHUX
noi3/1iB, SIKUI 0a3yeThcs Ha MPOTHO3YBaHHI IHTEPBAIIB TOTOBHOCTI JIOKOMOTHBIB Ta COCTaBiB
3 ypaxyBaHHSM IOTOYHOI 1H(opMamii Mmpo (GaKTHUYHUN XiJl TEXHOJOTIYHOTO MPOIECy 1
BpaxoBy€ YMOBHM MiHIMi3allii PU3UKY MPOCTOIB. 32 TOMOMOTOI0 METOJYy CTATUCTHYHOTO
MOJIETIIOBaHHSI BCTAHOBJIEHO, 1110 3HAYEHHS PU3HMKY MPOCTOIB Ta YMOBH JOCATHEHHS HOTO
MiHIMYMYy CYTTE€BO 3alie)XaTh SK BiJ] MPOTHO30BAHOTO 4Yacy TOTOBHOCTI JIOKOMOTHBIB Ta
COCTaBiB, TakK 1 BiJI TOYHOCTI MPOTHO3YBAHHS.

[IpencraBneni y nokiaai HampsMu iHTenekryamnizanii ACY Ha OCHOBI (opMyBaHHS
CHUCTEM aHATITUYHUX CEPBEPIB Ta OHTOJOTIYHOTO 3a0e3IMeUeHHs MPOIEAyp MOJIEITIOBAHHS Ta
VIPaBIiHHA PI3HOMAHITHUMH 3aJi3HUYHUMH TEXHOJOTISIMM Ha JaHUH Yac SBISIOTHCS
HaJ3BUYAMHO MEPCHEKTHBHUMM i Pe3ylbTaTUBHUMH. IX MOCTYNOBa peaizallisi JO3BOIHMTH
TUNI3yBaTh Ta YHI(QIKyBaTH pO3pi3HEHI MpOIECH MOJETIOBAaHHS Ta YIPABIiHHA Ha
3QJII3HUYHOMY TPAHCIIOPTi, 3aCTOCYBaTH JO HHUX YHIBEpCaIbHI Ta €QEeKTHBHI METOIU
IHTENIEKTYaIbHUX CUCTEM.
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CPABHUTEJIbHBIN AHAJIN3 METOJIOB KJIACTEPU3AIINU
SAIIYMJUIEHHBIX BPEMEHHBIX PSIJIOB
Kupuuenko JI.O., Tkauenko A.E., Panusuiiosa T.A.
XapvKkoscKutl HAYUOHATbHBLLL YHUBEPCUMeEmM PAOUODIeKIMPOHUKU

B HacTosmee BpeMsi cO3laHbl U TOCTOSHHO TMOMOJHSIOTCS OTPOMHBIE JaTaceThl
BPEMEHHBIX PSIOB, HAMPUMEpP, PSAIbI KYIUIU-POJIAXH, IIEHbI HAa aKIWH, OOMEHHBIE KYPCHI,
,TIOTO/THBIC JTaHHBIC, OMOMEAUITUHCKHE U3MepeHus U 1p. OOpaboTka TakuX HaOOPOB JTAHHBIX
TpeOyeT HOBBIX MOJIXO0JIOB, B YACTHOCTH MOAXO0/J0B HA OCHOBE MAlIMHHOTO 00y4deHusi. OqHOU
U3 aKTyaJlbHBIX 3aJ]ad MAIIMHHOTO OOYy4eHHMs SIBISETCS 3a/Jaya KilacTepu3aluu OOBEKTOB,
uHOpMaIKs 0 KOTOPBIX IPE/CTaBIeHa B BUIE€ BPEMEHHBIX psaoB [1,2].

Knactepuzanust  BpeMEHHBIX  pSIOB  HCIONB3yeTCd  KaK  CaMOCTOSTEIbHast
UCCIIEIOBATEeNIbCKAasl TEXHHMKA, a TaKkKe KaKk dYacTh 0OoJiee CIIOKHBIX  METOJIOB
MHTEJJIEKTYaJbHOTO aHajlKM3a JIaHHBIX, TaKhe KaK OOHapy>KeHHe IMpaBuil, KiIacCH(pUKalus,
BBISIBIICHHE aHOMauidi U T.1. OJHOW W3 3aa4 KIacTepU3alliid BPEMEHHBIX PSIIOB, SBISETCS
BbIJIEJICHHE B OTACNbHBIN KiacTep aHOMaJbHBIX OOBEKTOB. DTO HE SBISETCS MPOCTHIM
3a/1aHueM, 0COOEHHO B YCIIOBHUSX 3alTYMJICHHOCTH BPEMEHHBIX PSIIOB.

[lenpto  nmaHHOW  pabOTHI  SIBISETCA  NPOBEACHHE  CPABHUTEIBHOTO  aHalIM3a
KIACTepU3allMd  3alIyMJICHHBIX BPEMEHHBIX PSJIOB C HETUIUYHBIMA OOBEKTaAMH C
HCIIOJIb30BaHNEM HECKOJIbKMX METOJIOB KJIaCTePU3aluU U Pa3IUYHbIX (PYHKINUN pacCTOSHHUS.

B paGote ObLT MpoOBENEH YUCICHHBIN JKCIEPUMEHT JIsl UCCIICIOBAHUS TPUMEHEHUS
METOJIOB KJIACTepU3allMi K MOJEJIbHBIM BPEMEHHBIM pslaM € aJAUTUBHBIM O€JIbIM LIyMOM.
Bribopka, Ha KOTOpOH MPOBOAWMIACH KJIACTEpU3AIMs, COCTOSUIA W3 BPEMEHHBIX PSJIOB
Pa3IMYHOTO THIA: TApMOHUYECKUE pPeaTn3alni, TapadoIuiecKie peann3aui U «BCIIIECKN Y.
JIJist aAIMTUBHOTO 3allyMJICHUSI BPEMEHHBIX PSJIOB OBUIM UCIOJIB30BaHbI peaTu3aluu 0ernoro
IrymMa ¢ HOpMaJbHBIM PaclpeIeICHUEM C Pa3HOW TUCTIEPCUEH.

bruta mpoBesieHa kiiacTepusalysl 3allyMJICHHBIX BPEMEHHBIX PSI0B PA3JIMYHBIX THUIIOB.
boumn ucnonszoBansl meton DBSCAN (Density-based spatial clustering of applications with
noise) U MeToa k-cpeHuX ¢ pa3IMUHBIMU (QYHKIIUSIMH PACCTOSIHUS N7 BPEMEHHBIX psiioB B
KauyeCcTBE METPHUK OBUTH BHIOpaHBI CIEAYIONIME: MPOCTas W MOMYJsIpHAs METpUKa DBKIHJA,
dbyakuust Complexity Invariance Distance (CJD), xoTopas sIBAsS€TCS ITOMOJHHUTEIBHON K
HEKOTOPOW METPUKE W TO3BOJSIET CPABHHUBATH PSIMIbI, OTIMYAIONIUECS TOJIBKO B HECKOJBKHX
BpEMEHHBIX oTcuerax; Mmerpuka Minimum Jump Cost (MJC), ¢ momoIpio KOTOpOi MOKHO
CpPaBHHBATh BPEMEHHBIC PSAABl PA3HOUN JITUHBL

Jlns mpoBepkM KauecTBa KjacTepU3aldd ObUIM  HCIIOJIb30BAHBI  (DYHKIIMOHAJbBI
KauecTBa — (DYHKIHH, KOTOPBIE XapaKTEPU3YIOT CTENEHb MPUOIMKEHHOCTH PE3yJIbTaTOB
KJIaCTepU3allui K HUJealbHOMY pelleHuio. B naHHoOM ciydae ¢GyKIMOHaIOM KadecTBa ObLIO
BBIOPAHO OTHOIICHHE CyMMbI BHYTPUKIACTEPHBIX PACCTOSIHUI K CYMME MEXKKITACTEPHBIX.

Jlyame pesynbraThl mokazan meronq DBSCAN c sBkiampoBoit merpukoit u CID-
dbyHKIMEH. AHATU3 pe3ynbTaTOB KIACTEPU3AIMHA BPEMEHHBIX PSIOB IMO3BOJSET ONPEACTUTH
OCHOBHBIE Pa3IMuusl MEXIY PACCMOTPEHHBIMH METOJIAaMU: €CIIU MOXHO 3apaHee ONpeAeTuTh
KOJIMYECTBO KJIACTEPOB M HE TpeOyeTcs OTAENSATh HETUITUYHBIE BPEMEHHBIE PSIIbI, METOH k-
CpPEeIHUX MOKA3bIBAET JOBOJHHO XOPOLINE PE3YJbTAThl; €CIU HET allpuopHON MHPOPMAIUU O
KOJIMYECTBE KJIACTepOB M  CYIIECTBYET 3ajava BbBIACICHUS HETUMHYHBIX  PSIOB,
1esaecoodpa3Ho ucnoib3oBath Mmeto DBSCAN.

JIureparypa
1. Aghabozorgi, S., Shirkhorshidi, A.S., Wah, T.J.: Time-series clustering. A Decade Review
Information systems 53, 16-38 (2015).
2. Aggarwal, C., Reddy, C.: Data Clustering: Algorithms and Applications. CRC Press (2013).
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AHAJIN3 AKYCTUYECKHUX CUT'HAJIOB B ITPUPAIIEHUAX JJISA
®YHKIIMOHAJBHOMN JUATHOCTUKH MHOT' OITPUBOJHBIX YCTAHOBOK
Kongpareesa 1.10., Pynakosa A.B. 1.1.H.,

[TommBonxa O.B. k.1.H., CapadannukoBa H.B. k.T.H.

XepcoHnckuul HayUOHAIbHbIU MEXHUYECKUU YHUBEPCUMEM

CoBpeMEHHOI TeHAEHIMEH pPa3BUTHS MEXaTPOHHBIX CHCTEM SBISIETCS HCIIOJIb30BaHHE
MHOTOIIPUBOJIHBIX yCTAHOBOK KapKacHOM KOMIOHOBKM [l]. Takue 0OBEKTHI, Kak IPaBHIIO,
COCTOAT W3 OOJIBIIOTO YHCIIAa B3aUMOICHUCTBYIOMIMX 31eMEHTOB. OTHOCHTENbHBIE MEepeMEeNICHNUs
3THX JJIEMEHTOB MOPOXIAIOT BHUOpAIMM, KOTOpBIE MOTYT KPHUTHYECKHM CKa3aThcsi Ha pabote
MPEIU3NOHHBIX MEXaTPOHHBIX CHCTEM. DTO MOKET NMPHUBECTU K MPEAETbHBIM peXUMaM PadOThI
o0opynoBaHMs, a B pAlle CIy4aeB M BBIXOJAY €ro U3 cTpos. DPGPEKTUBHBIM CpPEICTBOM
NPEIYNpPeXKICHUs] aBapUil, BBISBICHUS KPUTUYECKUX pPEKHUMOB padOThl, JAMAarHOCTUKU
HEUCIPAaBHOCTEM  O0OpYJOBaHHUA  DJICKTPOMEXAHUYECKHUX  CHCTEM  SIBISIOTCS  METOJIBI
(GyHKIIMOHAIBHON TUArHOCTHKHU. B mocnennee BpeMsi 0coObIi MHTEPEC MPOSBISAETCS K CO31aHUI0
METOJIOB U CHOCOOOB JMArHOCTUPOBAHUS TEXHUYECKOTO COCTOSIHUS DJICKTPOMEXaHUYECKHX
CHCTEM, OCHOBAHHBIX HAa M3yYCHHH B HHUX KoyeOaTelIbHbIX (BUOPAIMOHHBIX) M AKyCTHYECKHX
mporieccoB. CymHOCTh TpoOseMbl (YHKIIMOHAIBHON THATHOCTHKH COCTOMT B pa3paboTke H
NPAaKTUYECKON pealn3ali ajJrOpUTMOB OLIEHKM IapaMeTPOB TEXHUYECKHUX COCTOSHHN
JIEKTPOMEXAaHMUYECKUX Y3JI0B, 0€3 X pa300pKH 110 XapaKTePUCTHKAM BUOPAIIMOHHBIX IPOIIECCOB,
CONPOBOXKAAOMINX UX (yHKIHOHHWpOBaHHE. OTNBIT TPUMEHEHHUS] AaKyCTHYECKHX METO/I0B
MOKA3bIBAET, YTO B COCTOSHUU HOPMAJIBHOTO (YHKIIMOHHUPOBAHUS HHEPrHs IIymMa B OCHOBHOM
KOHIEHTpUpPYETCsT B 00JacTH HHU3KMX 4YacTOT, a OHEprus, COOTBETCTBYIOUIas jaedexTam,
pacnonaraeTcsi Ha OoJjiee BBICOKMX YacTOTaX. ITO OOCTOSTENbCTBO HCIONB3YIOT IS
CBOEBPEMEHHOTO OOHapyXEeHHs 3apokaarouuxcs HapymeHud. Hemoctatok OGosibIIMHCTBA
aKyCTUYECKUX METOJ0B — HEOOXOJUMOCTh HUMETh B IaMATH CHCTEMbl KOHTPOJsS Halbop
peanu3anyii CUTHAJIOB WM CTATUCTUYECKHE XapaKTEPHCTUKU CHTHAJIOB BCEX COCTOSHHM
(byHKIIMOHUpOBaHUs [2].

Metoabl (DYHKIMOHATBHON IOUATHOCTHKH B pEXHME pealbHOTO BpPEMEHH, TpeOyroT
BBITTOJIHEHHS OOJBIIOTO KOJMYECTBA PACUETOB, MATEMAaTHYECKOTO MOJEIHPOBAHUS OOBEKTa,
00paboTku Oonpmoro odbema HHMPOPMANMK, YTO OOYCIaBIMBAaET 00s3aTeTbHOE MPUMEHEHHE
BBIYUCIUTENbHON TeXHUKH. OCHOBHBIMH MeETOJaMU OOpaOOTKH pe3ylbTaTOB HU3MEPEHHI
aBisA0TCA npeoOpazoBanue dypre u Jlammaca, kiaccuyeckue METONbI aHANIM3a BPEMEHHBIX
pSAA0OB, KpaTHOMacuITaOHOro BeiiBieT-aHanu3a U T.A4. HemoctaTkoM NpUMEHSEMBIX MOJXOJ0B
SIBJIIETCS. BBIUMCIMTEIbHASL CIOKHOCTHh INPHU OCYIIECTBICHUU AMCKPETHBIX MpeoOpazoBaHUil U
HEOOXOIMMOCTh HAIMYHS 3HAYUTEIILHBIX OOBEMOB MAMATH JUISI XPAaHCHUS STAIIOHHBIX 3HAYCHH.
PaccmoTpeHHBIE METOBI OCHOBAHBI Ha aHAINM3€ OPUTMHAIBLHOTO CUTHAJa, OJHAKO MPOU3BOHBIC
(pupameHus) CUTHaJA Pa3HbIX MOPSIKOB TAKXKE MOTYT 0071a1aTh HWH(HOPMATHBHOCTHIO.

Llenpio mccrnenoBaHmid sBISETCA pa3pabOTKa METOJOB aHAIN3a aKyCTHUYECKHX CHTHAJIOB,
MOpPOXJIaeMbIX  paboTaromM  000OpYZOBAaHHEM  JJIEKTPOMEXAaHHYECKMX  KOMIUIEKCOB, B
npupameHusax (B (a3oBoM NpPOCTpaHCTBE), MPHUIOJHBIE Ui MCIOJIB30BAHUS B CHCTEMax
(YHKIIMOHATBHON JMarHOCTUKU MIPU MOHUTOPUHTE PEKUMOB PaOOTHI 3JIEKTPOIPUBOIOB.

B mpouecce uccnenoBaHuil BBIMOJIHEH aHAIW3 aKyCTHUECKHX IIIYMOBBIX CHUTHAJIOB OT
paboTaronieif MHOrONpUBOAHON YCTaHOBKH, MOJyYEHHBIX B pe3yJbTaTe CEpUU IKCIIEPUMEHTOB Ha
JIByX CKOPOCTHBIX pexumax. s yckopeHHs Ipoliecca aHajiu3a CUTHAJIOB M YCTPaHEHHUS HUX
M30BITOYHOCTH TPUMEHEH METOJ arperauuu JaHHbIX. CTeneHb JOMyCTUMOM —arperamuu
OIlpejiesieHa ¢ MCIOJIb30BaHHEM KpaTHoOMaciuTaOHoro ananusa. Pa3paboTaHHBI MeTOJ aHAmU3a
arperUpOBAHHBIX AKYCTHMUYECKHX CHTHAJIOB B MPHUPALICHUAX B (Da30BOM MPOCTPAHCTBE MOXKET
NPUMEHSTHCS A1 QYHKIIMOHATBHON INAarHOCTUKN MHOTOTIPHUBOHBIX YCTAHOBOK.

Jluteparypa
1. Ky3uenos KO0.M. KoMnoHOBKH BepcTaTiB 3 MeXaHi3MaMH MapajielbHOi CTpyKTypu: MoHorpadis /
IO.M. Ky3zuenos, 1.0. Amutpies, ['.IO. JineBmu; mig pea. FO.M. Ky3nemoBa. — Xepcon:
[T Bumemupcerkuit B.C., 2009. — 456 c.
2. bamunkuit @.4. BubpoakycTudeckas nquarHoctuka 3apoxparoniuxcs aedexros / @.5. bamumkui,
M.A. UBanoga, A.I'. Cokonosa, E.1. Xomskos. — M.: Hayka, 1984. — 116 c.
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METOJ COBMECTHOI'O YITPABJIEHUA BBIYUCJIUTEJIbBHBIMHU
3AJTAYAMHU Y IEPEJAYEM JIAHHBIX B CETH
Jlabytkuna T.B. k.1.H., Ky3pmun M.A.
Jnunposckuii nayuonanvHuld ynusepcumem umenu Onecs I'onuapa

OnHa U3 TEHIIEHIIMH TEXHUYECKOTO MPOrpecca — pa3BUTHE CHCTEM Mepeaadr U 00paboTKu
JAaHHBIX. BapuaHTOM Takol CHCTEMBI MOXET OBITh CUCTEMA, TIOCTPOSHHAS HA MHOKECTBE y3JIOB (B
o0mieM ciy4ae TMOABIKHBIX), BKIFOUCHHBIX Ha OCHOBE YCTAHOBIICHHBIX MEXKIY HUMU CBs3EU B
€IMHYIO0 CETh U PeaNn3yIomuX (QYHKIMU Tepeiadn JaHHBIX. HeKoTopoe MHOXKECTBO Y3IIOB CETH
peamm3yeT Takke (YHKIUIO 00paOOTKM NMaHHBIX. 3agadd Iepeaadyd U 00pabOTKH TaHHBIX
MOCTYMAIOT OT HCTOYHUKOB BHE CETH (B 0OIIEM ciiydae TakyKe MOJBIKHBIX). Bpemst BeIomHEeHNS
BBIUMCIUTEIBHON 3aaud — CIydailHas BeJIMYMHA C OSKCIIOHEHIHAJIBHBIM  3aKOHOM
pactpenenenus. [1oToku Harpys3ku, MOCTyMaromied B CEeTh U Iepeladyd, — ITyaCCOHOBCKHE.
Mapmpytusanus mnepefaBaeMol MO ceTH WH(POpPMAaluM peajn30BaHa HAa OCHOBE ajlrOpUTMa
BbIOOpa MyTH HAMMEHBIIEH CTOMMOCTH, YYHTBHIBAIOIIETO 3arpy’KeHHOCTh HAKOMHUTEJICH Y3II0B
uHpOpMaIei, oxXUIarIel nanpHeime nepenaun. [IpuHATO, YTO OAHA 3a/a4a BBITOIHICTCS
OJTHUM Y3JIOM, KaXKJbIH y3el-00paboT4uK MOXKET 00pabaThiBaTh JOOYIO 33aady, MOJIb30BaTeNb
CeTH caM pa30uBaeT KPYIHBIC 33/1a4K Ha OJIOKH, KaX/bIii U3 KOTOPBIX MPH MOCTYIJICHUU B CETh
paccMaTpuBaeTCs Kak cCaMOCTOsITeNIbHAs 3a/a4a. Bce y3ibl HMEIoT TI00anbHy0 HHpOpMaIo o
cetn (0 3arpy’>KCHHOCTH HAKOIUTENCH Y3J0B JaHHBIMH JUIsl TIEpellayd, U O 3arpyKCHHOCTH
3a7jauaM# y3JIOB, MPEJOCTABIISIONINX BBIYMCIUTENbHBIE YCIyTH). BXoXaeHue BBIYUCIUTEIEHON
Harpy3Kkd B CETh MPOHMCXOIAT Yepe3 Bce y3ibl ceTh. [Ipu BXOXKIEHUN BBIYUCIUTEIFHON 3a/1a4H B
T000W W3 Y3JI0B CETH 3TOT y3€J pelraeT 3aaady BhIOOpa y3i1a, KOTOPBIH OyJeT €€ BBITIOTHSTH.
[Ipn 5TOM OUHAMUKA TPUHATHS PEHICHHS 00 WCIIOJHHTENE BBIYMCIUTEIBHOW 3a/la4M JIOJDKHA
OBITH JTOCTATOYHO BBICOKA (CpaBHMMA C JWHAMHMKON NPHUHATHS PEUICHUH O MapIIpyTHU3aluU
JAHHBIX, TOCTYMAMMX B CETh Ui Mepenaaud). V3HayanbHO B KadyeCTBE MOTCHIUMAILHOTO
UCTIOJIHUTENS TOCTYNHBIICH 3aadydl pacCMaTPUBAIOTCS BCE Y3NIbI-BHIUMCIUTENU. Ha mepBom
JTane JNEHCTBHH IO TNPHHATUIO PEIICHUS 3TO MHOXECTBO Y3JIOB PEIyHUPYETCS Ha OCHOBE
METONOB «(PHIBTPALIH», MO3BOJSIOIIUX HCKIIOYATh M3 PACCMOTPEHUS HEBO3MOXHBIC WIIH
«3aBelloMO TuIoXHuey» penieHus. [locie 3Toro peanusyercsi ObICTPOE PAHKHPOBAHUE OCTABILUXCS
y3JI0B Ha OCHOBE KOMIUJIEKCA HMEPAPXWUYECKH OPraHW30BAHHBIX TPU3HAKOB pAHKUpOBaHMA. B
KOMIUJIEKC MPU3HAKOB PAHXKUPOBAHUS BXOAAT CTAllMOHAPHBIC M AMHAMHYECKHE MOKa3aTenu (B
o0miem cirydae ormpejesieHHbIe Ha OCHOBE 00pabOTKH TEKyIIeH W MpOrHO3HOHW mH(popmanmn). B
qycie MPU3HAKOB PAHXUPOBAaHUS ciexyromye: 1) mpuOamKeHHas: OIleHKa BPEMEHU OXHIaHHS
00paboTKU B y3i1€ (3aBUCSIIErO OT 3arpy:KEHHOCTH HAKOMHTENS y3Ja 3a/JadaMi, OXKHIAIOIINMU
00paboTKu), 2) npubIMKEHHAs: OIIEHKa BPEMEHHU ClieIoBaHus MH(pOpMalMU OT y37ia, B KOTOPOM
HAXOJUTCS TMOCTYIHBINAs 33j7aya, 10 y3ja, MPEINnojaraeMoro sl pelieHus 3a1a4n (3T0 BpeMs
3aBHCUT OT 3arpy)KCHHOCTH HAKONHUTEJICeH Y37I0B WH(OpMaIUeld, MpeaHa3HAYeHHOUW JUIs
nepefayr, U OT MPEANONaraeMoro M3MEHEHHs TOJO0XKEHHUS Y3JIOB CeTH); 3) MpHOJIMKEHHAs
OLICHKA BPEMEHH JIBIDKCHHsI MH(DOPMAIMK OT y3JIa-BBIYUCIIUTEIS 10 y31a, Yepe3 KOTOphIi Oyaer
OCYIIECTBIATHCS BBIXOJ K TIONydYaTeNio (3TO BpeMsl 3aBUCHT OT (DaKTOpPOB, HA3BAHHBIX B
NpeabIAYIIEM ITyHKTE, a TAK)KE OT BPEMEHH 33JEP)KKH B y3J7ie 00pab0oTInKe U OT TOTO, KAaKUE Y3JIbI
ceTn OyayT AOCTYHHBI IMOJIydaTeNsM JUIs NPUHATHS OT HHUX pemeHHO# 3amaun). OmmcaHHOe
yIpaBlieHHE 3a7jayaMi BO3MOXXHO TOJIBKO B CIIydae, €CJIM Y3Jbl HEMOJBM)KHBI WIIM COBEPIIAIOT
NpOTHO3MpYeMoe JBIKeHHe. MeTos peannsyeM, eciii o0ecriedyeHa COOTBETCTBYIOMIAs CKOPOCTh
JOCTaBKU KKAOMY Y31y TNI0OANIbHOW MHPOPMAILIUK O CETH U MPUHSITHS PEIICHUS Ha €€ OCHOBE.
OnwucaHHBIN MOIXO/ K YIPABICHHUIO 33/1a4aMH 00ECIIeUnBaEeT 3aBUCHMOCTh METOJIOB YIIPABJICHUS
MOTOKAMH Harpy3KH B CETH, CBSI3aHHBIMH C MIOTOKAMH PacTpeesieMbIX BEIYUCIUTEIbHBIX 33124,
U METOJOB paclpeielieHus 3agad MEXAY Y3IaMU-BBIYHCIHTEISIMU, YYUTHIBAIOLIIMMU
3arpy’KEHHOCTh Y3JI0B Ha IMyTH CJICJJOBaHUS MH()OpPMAIUKM K Yy37y-BBIYUCIUTEIIO0 U OT HEro K
notrpedurenro. B kadecTBe mprMepa OMMCAHHON CHCTEMBI U METO/Ia YIIPaBJICHHS 3aa4aMu B HEH
paccMoTpeHa CITyTHUKOBAsS CETh ¢ QYHKITUSAMU TIepeaadn U 00padOTKH JaHHBIX.
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«KOMBUHUPOBAHHOE» YIIPABJIEHUE CETEBOM HATPY3KOM
B CETU KOMMYTALIMU TAKETOB
Jlabytkuna T.B. k.1.H., [lla6a3os [I.11.
Hnunposckuii Hayuonanvuulil ynusepcumem umenu Onecs I'onuapa

K uncny ¢akxropoB, obecneunBamomux TpeOyeMoe KayecTBO Mepedaud JaHHBIX B CETH,
OTHOCHUTCS YIpaBJIEHUE IMOTOKAaMU CETEeBOM Harpys3koil. B OonbmmHCTBE ceTell KOMMYyTalUu
MAKeTOB 3Ta 3a/laya pelnraeTcs MyTeM MaplIpyTHU3aluud MH(POPMAIMOHHBIX MAaKETOB Ha OCHOBE
QJITOPUTMOB BBIOOpA MYTH HAaUMEHBIIEH CTOMMOCTH (B YaCTHOM CJIy4yae — Ha OCHOBE aJITOPUTMOB
BBEIOOpa  Kpardaimero TyTH). bBOJBIIMHCTBO  alrOPUTMOB  HaWMEHBIIEH  CTOMMOCTH,
YUHUTBHIBAIOIIMX 3arpy’>kKCHHOCTb HAKOMNMTENS y3/1a, K KOTOPOMY BEIET JIMHUS CBA3M,
o0ecTeYnBa0T OTHOCHUTENIFHOE BBIpAaBHUBaHHWE OOBEMOB HArpy3KH, OXKHJIAIOMIEH OTIPABKH B
HAKOIUTEINAX Y3JI0B (YTO IOJIOKUTEIBHO CKa3bIBACTCS HA MOKA3aTesIX (DYHKIIMOHHPOBAHUS
cetr). OQHAKO BBIPABHMBAHUE HArpy3KH MPOUCXOAWT JOBOJIBHO MeIUIeHHO. B manHoi pabore
HCCIIEIOBAH MOAXOJ K PELICHHUIO 33Jaud YCKOPEHHOI'O CIVIaKMBaHUS «BCIUIECKOBY» HArpys3kd B
TpYyIIE CBS3aHHBIX Y3JI0B B ceTH ((IyKTyalMil ceTeBOd Harpys3ku). 3ajada pacCMOTpEHa IS
CeTH, B KOTOPOH y3el MMeeT I00albHyl0 MH(POPMAIUIO O 3arpy:KEHHOCTH Ka)KIOTO U3 Y3JIOB
cetd. Hakonurenu y310B pa3OUThl HA YPOBHHU 3alOJHEHHUs, HArpy3Ka y3ja U3MEpsieTcs YuCIOM
3aMOJIHEHHBIX YpoBHEH Hakonutens. [loa GuykTyallnoHHON rpynmnoi y3/10B MOHUMAETCs Tpyria
CBSI3aHHBIX Y3JIOB, Y KOTOPBIX YHUCIIO 3alOJIHEHHBIX YPOBHEH HAKOMUTEIs MPEBbIIMIAET CPeIHUN
YPOBEHb 3arpy’K€HHOCTH HAKOIMUTENIEH IPYrMX Y3JOB Ha 3a/JlaHHOE I'PAaHUYHOE 3HAUYCHHE. Y3ell
BXOJHT BO (PIYKTYallMOHHYIO TPYIITy, €CIHM CBS3aH HE MEHEe YeM C OJHUM ee y3iIoM. [ 'pymma
y3JI0B, paccMaTpuBaeMas Kak (UIyKTyallMOHHAs, OTpaHMYeHa MHHHUMAJIbHBIM M MaKCHMaJbHBIM
pazMepamu (Hampumep, MUHMMAJIbHBIM M MAaKCHUMAJIbHBIM YHCJIOM Y3JIOB, KPOME TOTO MOTYT
YUUTBIBATHCSI TOTOJIOTUYECKHE pa3Mepbl Tpymmbl). [IpeBbIIIEHHE YHCIOM Y3JI0B TPYIIIBI
MaKCHUMaJbHOTO 3HAUYEHHUS OTHOCUTCS K CHUTYallMH «IIE€PEKOCa» HArpy3kd B CETH U B JIaHHOM
HCCIIEIOBAaHUM HE paccMmarpuBaeTcs. B oOmiem ciydae paccMaTpUBarOTCSl HE  TOJIBKO
«CIUTOUIHBIE» (DIYKTYallMOHHBIE TPYMIbI (BCE Y3JIbl TPYMIMbl MEPErPY>KEHBI), HO U «IbIpYATHIC)
(MMeroIre «BKpaIJICHUs» HEMeperpyKeHHbIX y370B). MMes uHboOpManmuio O COCTOSHUU
3arpy’KEHHOCTH HAKOIIUTEJIEH Y3JI0B CETH, KaXKIblil y3€ll HE TOJBKO HCIHOJBb3YeT €€ [l
HAa3HAYCHHSI CTOMMOCTEM B €AMHOM CETEBOM AQITOPUTME OMNpPEIEICHUs MyTed HAauMEHbIIEH
CTOMMOCTH, HO U BBIJICNISACT («BUANUT») TPYIIIBI IEPETPYKEHHBIX Y3JI0B (B TOM YHCJIE, OTIpeIesieT
CBOIO TPUHAJUICKHOCTh K OJHOW M3 TAaKHX TPYII, €CIU BXOJUT B Hee). ITO BO3MOXKHO TP
00eCTIeYeHnN Y3JI0B CeTH «OBICTPHIMU» (CPAaBHUMBIMH IO CKOPOCTH C JUHAMUKOM CETEBBIX
M3MEHEHHUH) METOJaMH OIpeNesIeHUs] TPYII MeperpyKeHHbIX y3710B. OIMH U3 TaKUX METOIOB
MpeJCTaBlIeH B JaHHOW pabore. Y3ibl (DYHKIMOHHUPYIOT MO €IWHOMY AalrOpPUTMY, KOTOPBIH
MpelyCMaTpUBACT Pa3Inyie MPaBUII UX «IIOBEACHUS» (B YaCTHOCTH, MPaBWJI BHIOOpa MapLIpyTOB
cinenoBanus uHpopmanuu B cetu). s ycKOpeHHs cCriakuBaHusi (IyKTyalluii Harpys3ku
WCIIONB3YETCsl Pa3jiuvMe MpPaBUJI HA3HAUCHHUS CTOMMOCTEW JIMHUSAM CBSI3M MEXKAY CMEXHBIMHU
y31aMH U1 y3JI0B BHE (IYKTYyallMOHHBIX TPYII M Y3JOB BO (UIYKTYyallMOHHBIX TpYIIax.
Bo03MOXKHBI pa3nuyuHbIe CTPATETHH BBHIOOpA ITHX MpaBMI. PacCMOTpeHBI Clenyromue CTpaTeruu:
1) BHyTpH QUIyKTyalMOHHON TpPYNIBl MapHIpyTH3alHs OCYIIECTBIISETCS IO OOIIeceTeBBIM
npaBwiaM (MM ¢ J00aBlIEHMEM MOHIDKAIONIEH MONPaBKU K CTOMMOCTSM JIMHHM, BEIyIIUX K
y3J1aM Ha TPaHULE TPYNIbI M, €CIM 3TO BO3MOXHO, BBIXOIALIMM M3 3THX Y3JIOB K y3JIaM BHE
TpymIbl); 2) y37bl BHE TPYMIBl PEATU3YIOT MApIIPYTH3AIMHMIO 10 OOIIECETEeBHIM TpaBUIaM H
BBOJAT JONOJIHUTEIBHYIO IOINpPaBKY, CYIIECTBEHHO MOBBIMIAIONIIYID CTOMMOCTbh JUHHUI CBS3H,
BEIYLIUX JIMOO BO BCE€ Y3Jbl MEPErpy>KEHHOW TPYIIbl, JUOO B y37bl HAa TPAHUIE TPYIIIHIL.
O} PeKTUBHOCT, KOHKPETHOM CTpaTerMH 3aBUCUT OT BHJA TPYHNbl MEPETPYNKEHHBIX Y3JI0B
(mpexne Bcero, OT ee pa3Mmepa W Tomojorudeckoi (opmbl). Ilpu mpoBeneHUH HccaeaOBaHUN
MPUHUMAETCS, YTO BCE MU3MEHEHHUS TI00anbHON HH(OPMALIUU O CETH CTAHOBSTCS U3BECTHBI BCEM
y3JaM MICHOBEHHO, M B 3TOT € MUT ONpPE/EICHbl HOBbIE CTOUMOCTH JIMHUHM CBSI3U U PACCUUTAHBI
HOBBIE MapIIPyTHBIC TAOIUIBI. METOT paCCMOTPEH ISl CETEH CO CTallMOHAPHOW TOTOJIOTHEH U C
TOTIOJIOTHEH, KOTOpasi MMEET PerysipHyl0 JUHAMUKY (TPOTHO3MPYEMYIO M YYHTHIBAEMYIO B
rI100ansHOM HHPOPMAITUH O CETH).
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YIPABJEHUE NMPOU3BOJUTEJIBHOCTHIO CTPYWHOMN MEJBHUIIBI IO
AKYCTUYECKHUM CUT'HAJIAM PABOYE 30HBI
Myssbika JI.B.
ITM HAH Vxpainu i /IKA Ykpainu

HoBbrii  moaxon K ympaBiCHHIO  CTPYHHBIM  W3MEJIBUYCHHEM  OOYCIIOBJIIECH
HEOOXO/JMMOCTBIO  CHIDKEHHSI DHEPrOEMKOCTH TIpoliecca TMpH COXPAaHEHWU BBICOKOM
MIPOU3BOJUTENBHOCTH. TOHKOE M3MEIbYEHUE MAaTEPUAIOB IIUPOKO HUCIIOIB3YETCS BO MHOTHUX
TEXHOJOTMYECKUX IpOLleccaX, OJHAKO C IIOBBIIIEHUEM JUCHEPCHOCTH IMPOAYKTa
YBEJIMYUBAETCS HEOOXOAMMasi SHEPTUs Ha €To MOoTydYeHHeE.

UccnenoBanusiMu  yCTaHOBJIEHA B3aMMOCBSI3b TEXHOJIOTMYECKUX, PEXKUMHBIX U
aKyCTHMUECKHMX IapaMeTpoB Ipolecca, Moka3zaHa 3((EeKTUBHOCT, KOHTPOJS IMpoliecca
CTPYMHOIO H3MENbYEHHS] Ha OCHOBE aKyCcTHYeckoro MoHutopunra [l1]. Jus kaxmoi
TpeOyeMoi KPYIMHOCTH TOTOBOTO MPOAYKTA YCTAaHABIMBACTCS CBOM TEXHOJOTHYECKUN PEKUM
U3MEIBYCHUS M, COOTBETCTBEHHO, HEOOXOIUMO OIPENeTUTh CBOM JMANa30H XapaKTEPUCTHK
AKyCTUYECKMX  CHTHAJOB  JUIsl  JOCTHXKEHHS  MAKCUMAaJIbHOW  MPOU3BOJUTEIBHOCTH
u3MenbueHus. Ha 3ToM OcHOBaHa cucTeMa yIpaBiieHHs pabOTON CTpYHHOW MENBHUIIBI IO
pe3ynbpTaTaM aKyCTUYeCKOIO MOHUTOPHUHIa

Lens paboTsl — pazpaboTaTh aBTOMATU3MPOBAHHYIO CHCTEMY YIIPABIEHHUS MPOIIECCOM
M3MENIbUYCHHS HA OCHOBE AHAJIN3a aKyCTUYECKUX CUTHAJIOB KaMepbl CTPYHHON MEJIbHUIIBI JUIS
NOJEP/KAHUS €€ MAKCUMAJIbHOM MPOU3BOAUTEIBHOCTH.

HccenenoBanue nmpoBOAWIOCH JJI Pa3HbIX PEKUMOB 3alMCH CUTHAJIOB aKyCTHYECKOTO
MOHUTOPUHTA U MPOLIECCa U3MENIbUCHHUS PA3JIMYHBIX ChIMy4yuX marepuanoB. s ycuieHus
CHUTHaJa WCIIOJIB30BAJICS ONEPAIMOHHBIA yCHUIUTedh ¢ Kodhdumuentom ycunenus 10.
Bribpannoe o0opyoBaHre UMeET orpaHuyeHue 1mo Bpemenu ormpoca AL 3a kaxabiid UK
nporpaMmbl.  JIis  OHEHKM MOTPEIIHOCTH  OBLIO  MPOBENEHO  3KCIEPUMEHTAIbHOE
uccienoBanue curuaion. [lociae oOpaboTKK BceX NaHHBIX, YIPABISIOUINN CUTHAI MTOCTYIMAeT
Ha OJIOK YIpaBlIEHUs COJEHOMJIOM, KOTOpBIH coOpaH Ha 0asze IOJIEBOTO TPAH3UCTOpA C
pabounMm HampspkeHueM 60 B m makcumansHbiM TokoM 10 100 A. 3arem ympaBisironiui
CUTHAJ TIepeAaeTCs Ha OTKPHITHE WUJIH 3aKPBITUE 3aCIIOHKH OyHKepa 3arpy3KH.

YuClIeHHBIM SKCIEPUMEHTOM YCOBEPLIEHCTBOBAHA METOJMKA aHAIM3a aKyCTHYECKHX
CUTHAJIOB 30HBI M3MENbUCHHUs, yMEHbIIeHa morpemHocts. Co3maHa ammaparHas 0Oa3a
CUCTEMBI YIIPaBJICHUS U peau30BaHa MOJIENb YIPaBIseMOro OyHKepa 3arpy3Ku.

Pa3zpaborana cuctema yrpaBiIeHUS 3arpy3KOM MENBHUIIBI TIOCPEICTBOM YIIPABISIEMOTO
OyHKepa Ha OCHOBE PE3yJIbTaTOB HEMPEPHIBHOIO aKyCTHYECKOI'O MOHUTOpPWHIA Mpoliecca
u3MenbueHus. JlJig KaxJaoro Marepuana ompejeleHa BeJMYMHA JIMana3oHa KOHTPOJbHOM
aMIUIUTYbl aKyCTHYECKHUX CHUTHAJOB. 3aTeéM B XOJ€ H3MeJbYeHHs BbIOOpKA 3HAUYEHUM
aAMIUTUTYIbl TEKYIIUX CUTHAJIOB CPAaBHHUBAECTCS C KOHTPOJIbHOW BenmuuuHOM. [lpu BbIXOJE
3HAYEHUI aMIUTUTYAbl U3 JOMYCTHUMOIO AHara3oHa MOJAeTcsl CUrHal Ha OyHKep 3arpysKu.
[IpousBoauTcs go3arpy3ka MarepuaioM, U IPOLEcC KOHTPOJIS IPOJOKAETCS.

Co3naHHas cuCTeMa YNPABICHHS MPOLECCOM M3MEIbYEHUsT Ha OCHOBE aHalIM3a
AKyCTHUYECKHX CHUTHAJOB pabodeil 30HBI IMO3BOJSET MOIACPKUBATH MPOU3BOIUTEIHHOCTH
CTPYWHON MEJIBbHUIBI HAa ONTHUMAJIBHOM YpPOBHE, HE JOMYyCKas MEPErpy3KH WU HEIAOIPY3KH
cTpyii Matepuasiom. KoHTpons Bexercss on-line ¢ mOMOIIbI0 aKyCTUYECKOTO MOHUTOPHUHTA
nporecca.

JIureparypa

1. Ilpsagxko H.C. HWapopManmvoHHBIE TEXHOJIOTHU IS ONTHMHU3AIMH TOHKOTO
u3MenbYeHuss MatepuanoB // CHCTEMHBIE TEXHOJOTHH MOJACITUPOBAHUS CIIOXHBIX CHCTEM/
Momnorpadus non obmieit pexa. npod. A.M. Muxanesa.- lnenp: HMetAY-UBK «Cuctemubie
TexHonoruny», 2016.- 608c.- C. 427 — 462.
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ABTOMATHU30BAHA CUCTEMA BIJJAJEHOT'O
MOHITOPIHI'Y CTAHY JOILIYBAJIBHUX MALIINH
Owmenbuyk A.A. K.T.H., Jlebenenko 0.0. k.1.H., [Toninyk B.M. k.T.H.
Xepconcovkuti HayioHanbHUli MexHiYHUll yYHigepcumem

OmauM 3 HaOWTeII  e()EeKTUBHMX  CMOCIO  3pOIIEHHS I8 OCHOBHHX
CUIbCBKOTOCTIOJIAPCBKMX ~ KYJIBTYp €  jomnyBaHHSA.  Lleit  mporec  31HCHIOETHCS
CHeliajli30BaHUMHU JOLTYBaJIbHUMHU MalIMHAMHU, 110 BXKE 1aBHO IMIMPOKO BUKOPUCTOBYIOTHCA Y
CLTBCHKOMY TOCITOJIaPCTBI MO BChOMY CBiTy. B YkpaiHi, B cuiy ii arpokiiiMaTugyHUX yMOB 1
MEePEeBAKHOTO BUPOUIYBAHHS 3€PHOBUX 1 ONIHHUX KYyJIbTyp, IlepeBara JAOUIYBaHHS e
3HAYHIIIA, 110, Y CBOIO YePTy, 3yMOBUJIO PO3MOBCIOKEHHS JONTYyBaTbHUX MamuH (JIM) Tumy
«®Dperar» 1 aKTUBHE iX BUKOPUCTaHHSI.

JlonryBanpHa MalInHa 00€pTa€ThCsl HABKOJIO IEHTPATBHOI TOUKH (HEPYXOMOI OIOpH) Ha
Bi3Kax, BIJICTaHb MK KOTpUMH ckiagae 10 60 m. Jkepenom eHeprii Ay pyxy Bi3KiB € THCK
BOJY B TPYOOIPOBOJI, IO MiABOAUTHCS 0 «Dperaray. Boma uepe3 kiamaHu MOJAETHCS B
TIAPOIMIIHIAPH, IO TIPUBOIATE Y PYX KOJIEca 3a IOIOMOTO CUCTEMH BaXKENIB 1 IITOBXAYiB.
Omnepatop J0UTyBaJIbHOT MAIIMHY 33/1a€ TIEBHY IIBUAKICTh MEPEMILIICHHS, BIAMOBIIHY 3adaHil
HOPMI TIOJIUBY.

3Bakaroud HAa YacTi BUMAAKU KpaaiKOK JOUIYyBalbHUX MAIIMH Ta iX 4YacTHH, Y
roCIoapcTBaX BUHUKAE MOTPeOa B 3aXKUCTI BiJ] 3TOBMUCHUKIB.

MeToro JOCHIKeHHST € po3poOKa CHCTEMH BIAJAJIEHOTO MOHITOPUHTY CTaHy
JOIYBaJIbHOI MAaIllMHU, sika O 3a0e3reuyBana Oe3NeKy He TiIbKM camMoOi yCTaHOBKH, a 1 i
KOMIIOHEHTIB, 30KpeMa, JIOIyBaJIbHUX arperaris.

[IpornoHyeThCS BUKOPUCTAHHS MIKPOXBHJIBOBUX JAaTUMKIB pyXy, IIO MpaIOl0Th 32
npuaimnom Jokarii CBY BunpomiHioBaHHSM «Ha BigOuBaHHs» [1]. JlaTuMKM BUITYCKalOTh
BHCOKOYACTOTHI €JIEKTPOMArHiTHI XBWIII 3 4acToToro 5,8 I'T'11 1 oTpuMyFrOTh BIIUTYHHSI, BIIOUTE BiJl
o0'extiB. Ciiji 3a3HAYUTH, IO MPU POOOTI 3 AOIIYBATHLHUMH MAaIllMHA CIIiJ] 3BaKaTH Ha TaKe
SIBUILE SIK OCTIA0JICHHS PaIiOXBIIb y cepenoBuilli. [IpornoHyeTbest po3MilllyBaTh JATUUKH 1 1HIII

MOJTYJIl CHCTEMH MOHITOPUHTY 3a CTPYKTYPHOIO CXEMOIO HaBEJIECHOIO Ha pHC. 1.
1 2 0 N 0

0 \ = = —

) - = = — &

Puc. 1. Ctpykrypa cuctemu MoHITOpUHTY: 1 — GSM MOAymh; 2 — MIKpOXBHJILOBUN JaTIUK
MEPEMIIIICHHS; 3 — IIJIaHT JOIIYyBaJIbHOI'O arnapary; 4 — IollyBajibHU amapar i-Wob;
5 — MmoJie KOHTPOJTIO JaTuuKa; 6 — KKOHYC» BUIIPOMIHIOBAHHS JaTYMKa; 7 — TOJOBHUH TPYOOMPOBij

Takum unHOM, (QYHKIIOHAIbHA CXeMa CHCTEMH Ma€ CKIafaThCs 3 JaTYHKIB,
MapuIpyTU3aTopa, 10 SKOro BOHM miakiIoueHi, Ta GSM Moy, yepes sikuii iHdopMarlis mpo
CTaH CUCTEMU OyJe IepeHanpaBIsITUCS AucTieTdepy [2].

Jlirepatypa
1. MiKpOXBUIIbOBHI NaT4uK  pyXy: MIPUHLIMIT aii, nepeBaru Ta 0C00IMBOCTI.
https://27.ua/articles/mikrovolnovyy-datchik-dvizheniya-printsip-deystviya-preimushchestva-i-
osobennosti.html (xara 3BepHenns: 15.01.2019)
2. Jlebenenko 0. O., Omenpuyk A. A., Cadpsanux O. O. IndopmarniiiHo-BUMIpIOBaibHa MiAcCHCTEMA
0araToIpUBOIHOI KAPKACHOI YCTAHOBKH 3 MEXaHi3MaMH HapajiebHOl CTPYKTYpH. BicHHK XepCOHCHEKOTO
HaI[lOHAJTFHOTO TeXHIYHOTO YHiBepcuTeTy. 2017. Ne 3(62). C. 317-322.
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PO3MI3HABAHHS 306PAKEHD ITPEJHABYEHOI MOJIEJII 3
BUKOPUCTAHHAM BIBJIIOTEKH TENSOR FLOW
Octporcrka K.1O. k.1.H., noniedt, Hocos B.O. 6akanaBp
Hayionanvna memanypeiuna akademiss Yxkpainu

3a octaHH1 KiTbKa pokiB mTy4yHuii iHTenaekT (1) 3 TexHonorii nepeTBopuBCs B 1HIYCTPIIO.
Oxkpemi Keiicu BHPOBAKEHHS AJITOPUTMIB MAIIMHHOTO HAaBYaHHS B KIIOYOBHMX IHIYCTPIsX
3nuiKcs B 6esnepepBHi nporpamu iHTerpauii LI B 1iudpoBi npoayKTH 1 TEXHOIOTIYHI MPOLIECH.

B ingycTpii MokHA BUAUIMTH KiJIbKa TEXHOJOTIUHMUX HANPSIMKIB - pEKOMEH/IaIliiHI CUCTEMH
3 TIMOOKMM HaBYaHHSIM, TEXHOJIOTIi PO3YMIHHS TPUPOJHOI MOBH, KOMITIOTEpHUHN 3ip,
IHTEJIEKTYaJIbHI MOJIETI 1 HABYaHHS 3 T IKPITIICHHSIM.

Komn'torepanii 3ip - 001acTh, B SKil 3aCTOCYBaHHS TIUOOKHX HEHPOHHHX MEpPEK
OaraTopa3oBO MiABUIINIO €PEKTUBHICTh BUPIIICHHS MPUKIAIHAX 3aBJaHb. Bu3HaueHHs 00'€KTiB
Ha 300pakeHHSX 1 pO3Mi3HABaHHS OCI0 BXKE CTAIM MEHHCTPIMOM.

CroprouHi HEHpOHHI MepeXi - HalaKTyaJbHIIIA CHOTOMHI apXiTEKTypa HEHpOHOI Mepexi
Uit poOOTH 3 300pa)KC€HHAMM - JO3BOJSIOTH B IMEBHOMY CEHCI YCepeIHIOBAaTH KOMOiHaMii
MiKCeNiB, HEe BTpavaouu iH(opmarii mpo iX BIAHOCHE po3TalryBaHHSA. Monenb «3amam'siToBye»
CUIIyeT 00'eKTa 1 MOKEe PO3Mi3HATH MOIIOHUI 00'€KT Ha 1HIIOMY 300paXKEHHI.

I'muboke HaBYaHHS TOJSIra€ B MaKCUMAIbHO BHCOKHX pe3yiabTaTax 1 Kpamoi
NPOJYKTHBHOCTI B 0araTboX 3aBIaHHSX.

ANTOPUTMH HEHPOHHMX MEPEX BHUMAraloTh BEIMKOI OOYMCIIOBAIBHOI MOTYXHOCTI, TaK SK
MICTATh 0€3J1i4 OOYHCITIOBATBPHUX OIEpaIliii Hajg MaTpuIaMHu Ta TeH3opamu. 11[o0 mpuckoputn
00YHCIIeHHS, BHKOPUCTOBYIOTBCS CIICIialibHI apXiTEKTYypH MPOIECOPIB, SKi BUPOOISAIOTH onepartii
HaJl MaCHBaMH, a He MapaMH YHCe.

Python - imeanpHe cepemoBuie AT po3pOOKH HEHPOHMX MEpEXK, IO MA€ HU3BKHU MOPIr
BXOJTY.

Bigkpura 6i6miotexa Tensor Flow Bix Google mae MOXIMBICTH MPOBECTH MOBHUN ITHUKIT
ctBopeHHs: HM 11t po3nizHaBaHHs 00pas3iB: BiJ po3pOOKH 10 TPEHYBAHHS MEPEKI.

Ockiibku (PpeMBOPK MPONOHYE PO3MOUICHE HABYAHHA - YC1 MOJENI IITYYHOIO 1HTEJIKTY
HaBYATUMYThCSI HabaraTo epekTHBHilIE Ha Oy/Ib-IKOMY piBHI aOCTpaKIii, AKUI BBaXKa€ 3a Kpaile
KOpHUCTYBad.

Oco6muBocti Tensor Flow:

- MacmraboBaHuit MyJIbTUTIPOTpaMHUH iHTEpQEHC.

- [TocTiitHuit po3BUTOK IIATPOPMHU, 3a PAaXyHOK BEIMUYE3HOI CHUIBHOTH EHTY31acTiB i
BiJIKPUTOT'O BUX1THOTO KOIY.

- [Inardopma Hagae 10Ope 3aJOKYMEHTOBaHI MaHyaJId JJIsl KOPHCTYBa4eH.

Keras - mne BucokopiBHeBuil APl HelipoHux mepex, Hamucanuii Ha Python 1 3paTHwMii
npamoBat noBepx TensorFlow, CNTK a6o Theano. Bin 6yB po3pobienuii 3 ymopom Ha
MOXJIMBICTh HIBUJKOTO EKCIIEPUMEHTYBaHHS. 3MaTHICTP HTH Bix imei d0 pesynbrary 3
HAalMEHILIOI0 MO>KJIMBOIO 3aTPUMKOIO € KJIIOYEM JI0 MPOBEIEHHS XOPOUIMX AOCHIIKEHb. SIKII0
BUKOpHCcTOBYBaTH Keras, sik 610:1i0TeKy rmMOOKOT0 HaBYaHHS, TO BOHA!

- TO3BOJISIE JIETKO 1 IBHIKO CTBOPIOBATH MPOTOTHITH (3aBASKH 3PYYHOCTi, MOIYIBHOCTI i
PO3IIMPIOBAHOCTI);

- MITPUMYE SK 3TOPTKOBI MEpEeXi, TaK 1 MOBTOPIOBaHI MEpPEeXki, a TAKOK KOMOIHAIlT IHX
JIBOX;

- JIETKO TIPaIfioe Ha Mpoliecopi Ta rpadiaHOMY MpoIIecopi.

Bigkputa 6i0miotexka ImageAl mae MOXIUBICTh MiAKIIOYUTH MOAY/IH 3 MPETHABUCHUMU
HEMPOBUMHU MEpeXaMH, L0 JIA€ MOXIIUBICTh BiApa3dy MPUCTYIHTU IO po3mi3HaBaHHs. ImageAl
Ma€e MOJAYJIS, 32 JOIOMOTOI0 SIKMX MOXKHa HABYHUTH BJIACHY HEHPOHY MeEpexXy Ha 3a3Jalierilhb
MIPUTOTOBJICHOMY JaTaCETI.

InceptionV3, ResNet, YoloV3 - 3a3manerighr HaB4YeHI HEHpOHI Mepexi 3 (YHKITIEO
po3mi3HaBaHHS 1 Iepe0adeHHs BETUKOT KITbKOCTI 00pa3iB (aBTO, JIFOIH, TBAPHUHH).

TexHosorii po3mi3HABaHHS BUKOPHCTOBYIOTHCS Yy BEIUYE3HIM KIUTBKOCTI 0OJACTeH: Bil
MEIUIIHA 10 TPAHCIIOPTY.
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O3POBKA MOBUUIBHOT' O JOJATKY IHTEPHET MAT'ABUHY
3 BUKOPUCTAHHSAM MOBH JAVA
Octposebka K.1O. k.1.H., nouent, 'y3p 1.O. 6GakanaBp
Hayionanvna memanypeiiina axademis Yxpainu

Ha cporoanimmHiil 1eHb € TUIBKU AB1 MacoBi MOOUIBHI onepauiiiHi cucremu (OC), mia sKki
CTBOPIOIOTH MOOUTBHI jomatku - 1me Android Ta i0S. OC Android crana nHaibGuIbII
PEBOJIIOLIIMHOIO OTEPALifHOI0 CUCTEMOIO 3aBJISIKH PO3pOOLIl MO MiIXOAYy YNPaBIiHHS MPOSKTaMH
JUIS THYYKOi po3poOku nporpamuoro 3ade3nedenns — SCRUM.

OcHoBoro Scrum — € Sprint, y SKOMy BiJ3Ha4a€eThCs Bamia poOota Haj mpomyktom. 1o
3aKiHYEeHHIO Sprint Moke OyTH MiATOTOBICHA HOBAa poOoYa Bepcis. Sprint 3aBkau 0OMeKeHHUH 3a
gacoM (1-4 TikHi) 1 Ma€e 0THaKOBE TIPOJOBKEHHS HA TMIPOTS31 BCHOTO KUTTS TPOIYKTY.

[lepen movaTtkoM KOXHOTO Sprint-y BUHHKA€E TUIAHYBaHHS Sprint, Ha sSIKOMY BiIOyBaeThCS
omiHKa BMIcTy mpoaykty Backlog i ¢bopmMyBaHHS CHIHCKY CHPHHTY, SKHA MICTHTh 3aBIaHHS
(Story, Bugs, Tasks), sxi moBuHHI OyTH BHKOHaHI B MOTOYHOMY Sprint-i. [IoTpiOHO BHKOHATH
3aB/IaHH!, SIKE€ € MOTHUBYIOUUM (PaKTOPOM 1 JOCATHEHHSIM 3 BUKOHAHHAM 3a1ad 13 Sprint-y.

CxemartnuHe 300paskeHHs Scrum - Ipolecy NoKa3aHO Ha PUCYHKY 1.

I::lisl:::e;xse:::::rameworkataglance \.uﬂlll e
e e (S

Daily Scrum
Meeting

Scrum
Master

Every
24 Hours

() @ ﬁ' )
m @ m 1-4 Week
Product Owner The Team Sprint

Team selects

Sprint Review
starting at top
as much as it

ﬁ "
can commit

fs reaarec: i ‘ : Sprint end date and ini
5 print Finished Work
o] e | | St sprint i iarasi

Task
Breakout

Ranked

[4] list of what u|

Backlog do not change ® @

Sprint >
Product Planning
Backlog Meeting AGILE ]

interactiv e | FomALL Sprint
Retrospective

Pucynox 1 - Scrum — npoiiec

Jiis OC Android, mporpamu peani3ytoTbcs B HECTaHIAPTHOMY OaWT-KOA1 Ui BIPTYyalbHOI
mammau Dalvik. Po3po6ky 3actocynkiB mis OC Android moxxHa BecTH MOBOIO Java (He HMXKUe
Bepcii Java 1.5).

CranmaptHi  0i0mioTekn 3a0e3MedylOTh 3arallbHUH  CIOCIO  JOCTymy 7O  TaKHUX
wiaTGopMo3aneKHUX OCOOIMBOCTEH, 5K 00poOka Tpadiku, 0AraTOMOTOKOBICTH Ta pobOTy 3
MepekamMu. Y NesKHX BepCisx 3aiuis 301IbIIeHHs MpoAyKTUBHOCTI Java Virtual Machine, Gaiit-
KOJI MOKHA KOMITLTFOBATH Y MAIIMHHUK KO 10 a0 ITi/1 9ac BUKOHAHHS TPOTPAMH.

Odiuiiinum cepenopuiiieM po3podku € Android Studio, ctBopene Ha 6a3i Intellij IDEA.
MicTuTh eMyJsITOp, 3aco0M BiIJIaro/pKeHHs, NMPOQITIOBaHHSA nam'saTi Ta mBUAKOAIl. Takox
noctynsi mariam s Intellij IDEA, Eclipse Ta NetBeans. Kpim Toro icaye Motodev Studio for
Android, mo sBisie co000 KOMIUIEKCHE CepeloBHUIle po3poOKH, 3acHoBaHe Ha 0a3i Eclipse 1
JI03BOJIsIE TIpaIfroBaTu Oe3mocepenabo 3 Google SDK.

[Mporpamu Ha Java yTBOpeHi 3 BH3Ha4YeHb KJIAciB Ta iHTepdeiiciB. Kitacu micTaTh 3MiHHI Ta
KOHCTAHTH, SIKi YTPUMYIOTh JIaHi, METO/IH, SIKi BUKOHYIOTb [lii, Ta KOHCTPYKTOPH, SIKi CTBOPIOIOTH
SK3eMILISIPH KJIaciB - 00'eKTH. JlaHi MOKYTh MaTH MPOCTHN TUII (HAIPHUKIAA OANT, IiJIe YHUCTIO0,
CUMBOJI) a00 OyTH TIOCHJIAHHIM Ha 00'ekT. MoBa Java € CTaTUYHO THITI30BaHOIO.

MoOinpHUI J0AAaTOK, MmO po3poOieHo Mae nBa rpadigaux iHTepdelcHu: OCHOBHUU
(mepermsiz; Katajory TOBapiB, peecTparlisi HOBOTO KIIIEHTA, OJAaBaHHS TOBapiB B KOP3UHY
3aMOBJICHbB, IMIITBEPKEHHS 3aMOBJICHHS, MEPETJIS]l CTAaTYCy 3aMOBIICHHS) 1 aJAMiHICTpaTHBHUMA
(ympaBItiHHSI 3aMOBJICHHSIMH, KaTETOPisIMH, TOBapaMH, KJIIEHTaMH, aJMiHICTpaTOPamH).

B manmomy mpoekTi s po3poOkm BUKOpucTOBYBaBcs Takuii HaOip [1O: Java SE
Development Kit 8, cepsep nonarkiB GlassFish 4.1, 30upansnuk npoekriB Maven 3.3.3 Tta
iHTerpoBaHe cepenonuile po3pooku NetBeans 8.
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MMAPAJIEJIbBHI YHI®IKOBAHI AJITOPUTMU IIJIAHYBAHHS
HEOJHOPIJHUX TUHAMIYHUX, HEUITKUX I KOHKYPEHTHHUX
IMOTOKIB Y TPAHCITIOPTHUX MEPEKAX
[Tanix JI.O. crapmmii BUKiagaq
Jninpoecvkuii HayioHanbHUll YyHigepcumem 3ani3HU4HO20 MPAHCHOPMY IMEHI
axademika B. Jlazapsna, [{ninpo, Yrpaina

VY pi3HuX cydacHuX cdepax IiIsITBHOCTI (TPaHCHOPTHI, €HEPreTHYHI Ta MEpEeKeBi
iH(poOpMarliifHi CTPYKTYpH 1 H.) HQJA3BHYANHO MOIMPEHUMH € 33aJaui aHali3y 1 ONTUMAIBLHOTO
TJIaHyBaHHS 1 YIpaBJIiHHA MMOTOKaMH B Mepekax. BigzHaunMmo, 110 Ha MpakTHIll B 0aratbox
BUIAJKaX MOTOKM B TPAHCIOPTHHUX 1 IHIIUX MEpekax € HEOTHOPIAHUMH, TUHAMIYHUMH 3
HEBU3HAYEHUMHU ITapaMeTpaMHu.

VY nomoBizi 0OroBOPIOIOTHCS €Ki HOBI 3aBHaHHS Ta METOAM WIOAO TUIAHYBAaHHS
HEOJITHOPITHUX TOTOKIB y TPAaHCHOPTHUX Mepexax. Po3risinaioTbes Mozeni ONTUMalbHOTO
PO3MOALTY HEOTHOPIAHUX TUHAMIYHHUX, HEUITKHX, KOHKYPEHTHUX NOTOKIB. [Ipu bomMy Takox
MPEACTABICHO MOXKJIMBOCTI iX peamizamiii Ha OCHOBI YHI(IKOBAaHOTO MapajeabHOTO
CUHXPOHHOTO JITOPUTMY PO3PAXYHKYy MaKCHUMaJbHOTO MOTOKY B TPAHCIOPTHUX MeEpEkKax
(TM), npeacraBineHOro y moJaHiit poOOTi.

VY mpencraBiieHid JOMOBIAI BHEpIIe HABOAATHCS PE3YAbTATH IIOAO 3aCTOCYBaHHS
po3pobiieHoro MapanenbHoro cuaxponHoro anroputmy (ITICAIT) [1] ans peanmizariii HEYITKUX
Mojiele IulaHyBaHHSI 0araTonpoAYKTOBHUX IOTOKIB B TPAHCHOPTHUX Mepexax. Takoxk Ha
ocHoBi [ICAII Oynu peanizoBaHi HEUITKI JUHAMIYHI MOJIENI IJIaHYBaHHs 0aratornpoIyKTOBUX
notokiB [2]. IlpeacraBieHi pe3ynbTaTH CBiYaTh NPO JOCHTh 3HAYHY YHIBEPCAIBHICTH
[TICAII: 3a paxyHOK mpolieayp po3napajieitoBaHHs OyB OTPUMaHHU O0UHCITIOBATEHUN e(eKT,
y TIOpPIBHSHHI 3 BIIOMHMH pe3yJIbTaTaMHU.

Takox MOJAaHO HOBY MPOIEAYPY IUTAHYBAaHHS KOHKYPEHTHHX IMOTOKIB B MEpEkax, 0
BUKOPUCTOBYE TapajieibHI CHUHXPOHHI aJrOPUTMH PO3PaXyHKIB MaKCUMaJIbHUX TOTOKIB.
KonkypeHTHe miaHyBaHHS poO3MOALTYy NOTOKIB Ha ocHoBi amroputmy I[ICAIl BuKoHaHO
BUKOPHUCTOBYIOUH HACTYITHY ITOCTAaHOBKY. BUpilnyeThcs 3aBaHHs niepeaadi MOTOKIB BiJOMHX
BEJIMYMH MK HaOopamu KOpHCTyBauiB Mepexi. [IoTpiOHO po3moaiuTi pecypc MpOoIyCcKHOT
3IaTHOCTI TPAHCTIOPTYBAJIBHOTO CEPEOBHINA TAKUM YHMHOM, 00 Y MAaKCUMAIbHO MOMJIUBIN
Mipi 3aJOBOJIbHUTH BUMOTH BCiX KOPHUCTYBaYiB B Iepeadi iX MOTOKIB, 32 YMOBH 3a/I0BOJICHHS
00OMEeXEeHHSIM MPOIMYCKHOI 3JaTHOCTI. 3aCTOCYBaHHSI IPOMOHOBAHOI MPOLEAYPU IJIaHYBaHHS
JI03BOJIsIE OOYMCIUTH JIOKAJbHI €KCTPEMyMH MOJEJI pO3MOoAiTy MOTOKIB. Lle mosicHIOEThCS
TAM, MO (YHKIIS PO3MOALTY KOHKYPEHTHHX TOTOKIB € HeIu(epeHIioBaHOW, a TaKOXK
MOYKJIMBICTIO iICHYBaHHSI KIIbKOX MaKCUMaJIbHUX MOTOKIB B TPAHCIIOPTHUX MEpEkKax.

VY migcymKy pe3ysbTaTiB pealtizallii Mojesield po3noaily HEOJHOPIAHUX MOTOKiB y TM
BCTAHOBIIIOEThCA ~ HacTymHe.  JIOCHI[DKEHO  THUTAaHHS  aHali3y Ta  IUIAHYBaHHS
0araTonpoyKTOBUX IMOTOKIB B MEpeXaxX Ha OCHOBI JUHAMIYHUX, HEHITKUX 1 KOHKYPEHTHUX
MoOJIeJiel TPaHCIOPTHHUX TMOTOKIB. /[ po3paxyHKy ONTHMANbHUX IIOTOKIB 3a3HAYCHHX
Kareropiii po3pobneHa yHidikoBaHa MpoIeAypa Ha OCHOBI NapajelbHUX CHUHXPOHHHX
QITOPUTMIB PO3PAXyHKIB MaKCHUMaJbHUX IIOTOKIB 1 TMOTOKIB MiHIMAJIBHOI BapTOCTI.
[TpakTHyHa IIHHICTH OTPUMAHUX PE3YJbTaTIB BU3HAYAETHCA YHI(PIKOBAHUMHU MOXKIUBOCTSIMU
I[ICAII nns edexTuBHOI pearizamii 3aBaaHb 13 aHai3y 1 IJIaHyBaHHS 0araTompoyKTOBUX
moTokiB B TM Ha OCHOBI JAWHAMIYHUX, HEUITKMX 1 KOHKYPEHTHUX MOJEJIEeH pO3IMOALTY
TPAaHCHOPTHUX MOTOKIB.
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2. Ckanro3y0 B.B. Peanmmzarus quHaMU9IecKUX, KOHKYPEHTHBIX M HEYCTKUX MOJIEICH TUTAaHHMPOBAHUS
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PACITIOBHABAHUE MATEMATHYECKHUX TEKCTOB C
HNCITIOJIb30BAHUEM OCR CUCTEMBbI INFTYREADER
Muxanés A.U. n.1.H., nipod., [Torebensko O.B cTy.
HMemAY, /[ninpo

PacrioznaBanune mMareMaTH4YecKUX TEKCTOB C IOCIEAYIOIIMM HX BOCCTAHOBIIEHHEM B
OJHOM M3 TOJB30BATEIbCKUX (POPMATOB MPEACTABISIECTCS JOBOJIBHO CIOXKHOW 3amadei, c
KOTOpPOHM HE CIpPAaBIJISIETCS MPAKTUYECKU HU oAHa u3 u3BecTHhIX OCR-cucrem. B 3TOil CcBsA3M
uHTepec mpenacraBiser cucreMa InftyReader, paspaGorannas B maboparopuu Masakazu
Suzuki ynuBepcurera Krocio mcciaenoBaTenbCKol TPyHIoON 1Mo MaTeMaTHYecKoi o0paboTke
nanabix InftyProject ([1]) nmns pacmo3HaBaHWs TEYATHBIX W3JIAHUH, COJAEPIKAIIMX CIOKHBIC
TEKCThI C MaTeMaTH4YEeCKUMH (HOpMYyJIaMUd M PA3IUYHOrO poAa rpadudecKUMU OObEKTaMU U
o0ajaromas moJib30BaTeIbCKUMHU BO3MOKHOCTSIMH, KOTOphIM OonbiimHcTBO OCR-cuctem
He cootBercTByeT. Cucrema InftyReader pacmo3naer oTCkaHMpOBaHHBIE [aHHBIE W3
pacriedaTaHHBIX JIOKYMEHTOB M IpeoOpa3yeT WX B JaHHbIE TEKCTOBBIX (opmartoB. BBojg
TaHHBIX Bo3MOXeH B rpaduueckux dpopmarax TIFF, BMP, GIF, PNG, Image PDF, Ordinary
PDF, a pe3ynbTatr MOkeT ObITh BbIBesieH B Buae (aitna Microsoft Office WORD 2007, daiina
LaTex, ¢aitta XHTML ¢ MathML, d¢aiina Human Readable Tex u daiina IML s
InftyEditor. IIporecc pacrno3HaBaHHsi COCTOMT W3 4YeTbIpex (pa3: aHaiaM3a MakeTa CTPaHMIIbI,
pacrno3HaBaHUsl GOPMYJ M TEKCTa, CTPYKTYPHOTO aHallM3a MaTeMaTHYE€CKUX BBIPAXKEHUN U

py4yHOI Koppekuuu (puc.l).
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Pucynok 1

[IpencraBisiercss  1enecooOpa3HbIM — UCHONB30BaTh  JAHHYIO — MPOrpaMMy B
pacrmo3HaBaHUHM MaTEeMAaTUYECKUX TEKCTOB HAYYHBIX CTaTel U MX MOCIEAYIONIEH MPOBEepKe Ha
YHUKAJIBHOCTH (Ha Tutaruar) [2].
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128



MOJEJII IHTEJJEKTYAJIbBHOI IH®OOPMAIIMHOI TEXHOJIOTI'TI
®OPMYBAHHA 3AI3HUYHUX COCTABIB
Ckanosy6 B.B. n.1.H., binmii B.b.
J[Hinposcokuil HayionanbHul yHigepcumem 3aai3HUYHO20 MPAHCNOPILY
imeni axaoemixa B. Jlazapsana

OpHuM 3 HAMOLIBII TPYAOMICTKHX €JIEMEHTIB MPOLeCy nepepoOKy BaroHiB Ha CTAHLIIfAX,
SIKUW CYTTEBO BIUIMBAE Ha €()EKTUBHICTH Ta TEPMIHU TIOCTABKH BAaHTAXIiB, € came (hOpMyBaHHS
cocraBiB, ocobnmuBo Oararorpynuux (BI'C). Jlns 3MeHIIEHHS TPUBAIOCTI 3HAXOKEHHS
BaroHIB Ha CTAHIlISAX, 3HWKEHHS COOIBAPTOCTI TMEPEBE3CHHS BAHTAXIB 1H., BIIOYBA€THCS
BJIOCKOHAJICHHS TeXHOJIOTrii mpouecy ¢opmyBanHs BI'C, po3BUTOK BiANOBIAHUX Mojenel i
MeromiB. IlpoGnemi BHU3HAYEHHS pAIllOHAIBHUX TEXHOJOTIM Ta TEXHIYHUX 3ac00iB
¢opmyBanHs BI'C mpucBsyeHa 3Ha4yHa KIJIBKICTh HAayKOBHUX pOOIT, B SKHUX JOCIHIIKYIOTh
PI3HOMAHITHI MAXOAM MO0 3aCTOCYBAHHS IMEBHUX KPUTEPIiB ONTUMAIBLHOCTI, CTBOPEHHS
crnenianizoBaHux iHdopMmaliitaux texHonorii i3 ¢opmysanus BI'C Tomo. Cepen 6aratbox
meroaiB (opmyBanHs BI'C Bij3Ha4arOThCS KOMOIHATOPHWN, PO3MOAUIBYMNA, OCHOBHUU Ta
NOJBIMHUI CTyIIEHEBI METOIM, a TAaKOXK METOJl PIBHOMIPHOTO HapollyBaHHA. Po3poliieHo
¢yHKLIOHATBEHY MOJIeNb Tpolecy GpopmyBaHHs OararorpynHux cocraBiB (PBC) sika Bupimrye
HACTYMHI 3aBIaHHS: - JO3BOJISIE IJIT OKPEMOTO COCTaBYy BCTAaHOBHUTH CYKYIHICTb PEUCIB
30MpaHHsl Ta COPTYBAaHHS Ta PO3paxyBaTH TPHUBAIICTh (OPMYBAaHHS COCTaBY; - BHKOHATH
MOIIYK palioOHANbHOI cXeMU (OpMYBaHHS Ui KOXKHOTO METOAY Ta BU3HAUUTH PalliOHATbHY
TEXHOJIOTi0 ()OpMYBaHHSI.

VY nomoBiAi mpencTaBiIeHO MOJENl IHHOBAIIMHOI 1HTEJIEKTYallbHOI TEXHOJIOTIi 100
¢dopmyBanHs BI'C Ha copTyBalbHMX CTaHISX, sIKA BUKOPHCTOBYE JUIs (JOPMYBAHHS YBECh
MOTIEPEIHIN JTOCBIJ TaKUX MPOIECiB. B HUX TOJOBHUM SIBISETHCS 3aBAaHHS (OPMYBaHHS
Creniagi30BaHUX MOJEJeH, MEeTOIIB Ta 3ac00iB 3a3HAYEHUX MPOIECIB, AKi MAlOTh BiIMIHHICTb
BiJl ICHYIOUHX Yy TMEPEXO/li BiJI OJHOTO TMOTOYHOTO OKPEMOTo 3aBAaHHsS (POPMYBaHHS COCTaBY
(B3DC), sk B ICHYIOUMX METOJIMKAX 1 TEXHOJOTISAX, O BCTAHOBJICHHS 3B 513Ky 1boro 3PC i3
paHillie BUKOHAHUMH pO3paxyHKaMu. Pe3ynbraTtu po3paxyHKiB 30epiraioTbes B 0a3ax JaHHX
aBTOMaTH30BaHOI cuctemMu ¢GopmyBaHHs OararorpynHux coctaBiB (ACPBC). B pamkax
npornoHoBanoi ACOBC okpeme 3aBaanHs 3OC peanizyeTbCs Ha OCHOBI IMOCIIOBHOCTI TaKUX
pOLEAyp: - MOMYK y 0a3i 3HaHb HAHOUIBII «CXO0KOTO» (y AESKil BU3HAUEHIH METpHII) Ha
noTouHe 3aBaaHHs BapianTy 3PC, madnony mis 3PC; - BUKOPUCTAHHS IILOTO BapiaHTY SIK
ocHoBH i A0 GopmyBaHHs 3DC Ha OCHOBI HMIBUIKHUX aJIrOPUTMIB PO3PaxXyHKY IUIAHIB; -
nepeaada pe3yabTaTy po3paxyHKIiB Ui peamizamii  orpumanoro 3®PC; - momoBHeHHs 0a3
3HaHb ONTUMAJIbHUM IIA0JOHOM, pPO3pPaxOBaHMM Ha OCHOBI IOBHOTO THepebopy uis
MOTOYHOTO 3aBAaHHs ¢hopmyBanHs 3DC.

OnHUM 13 TOJIOBHUX 3aBJaHb MOJETIOBAHHS SIBISIETbCS CTBOPEHHS 0a3 gaHux i 0a3
3HaHb Ma0J0HIB TporeciB ¢opmyBaHHs OaratorpynHux cocrtaBiB (b3ulll). B Hux
30epiraloThCsi ONMTHMANIbHI OO0 MPOLECiB  po3dopMyBaHHA-POPMYBaHHS CTPYKTYpH
COCTaBiB, a TakKOX BCl HEOOXImHI I BIATBOPEHHS I1X XapaKTepucTuku. JlJisi 1bOoro
NOTIepEIHbO BUKOHYETHCS KOJAYBAaHHS CTPYKTYpPH YEPTOBOTO COCTaBY, MEPETBOPEHHS KOJIIB
CTaHIlI TpU3HAYEHHS BaroHiB y BIAMOBIAHI BHYTpimHI (opmu. 3akomoBaHi ¢GopMHU
COCTaBiB MOPiBHIOIOTHCA 3 mabnonamMu B3HIII, siki nmpeacTaBiasiOTh ONTUMANBHI CTPYKTYpHU
po3dopmyBaHHA-POpMYBaHHS COCTaBIB, BU3HAUYEHI HAa TIOTIEPEAHIX eTanax (pyHKIIOHYBaHHS
IIT ®BC. /Ins yTBOpeHOi CXeMHU MepepoOIeHHsI COCTaBy BUKOHYIOTBHCS TATOBI PO3PAaXyHKH,
MOKPOKOBE  MOJIENIOBAaHHA  Mpouecy  po3dopMyBaHHSI-POPMYBaHHS,  CTBOPIOETHCS
OCTAaTOYHUH TUIaH AJis OolepaTropa COpTyBaJbHOI cTaHulii. Y pasi moTpebu mnependaveHa
GbyHKIIIA Bi3yali3alii o10 BUKOHAHHSI Tpoliecy po3dopMyBaHHsI-GOPMYyBaHHS COCTaBY.

B po6oTi mpencraBneHi NMpHUKIAgH YHCENTBbHOI pearizallii 1HTEIeKTyaJllbHUX Mojelneit
nporeciB  (GopMyBaHHS 0araTOrpymHUX COCTaBIB 3aJi3BHUYHOTO TPAHCIOPTY, a TaKOXK
HaBeJIeH] MOPIBHIBHI OI[IHKH iX €()eKTHUBHOCTI.
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MOJEJb-TPEHAKEP ACY HIBUJKICTIO IBUT'YHA ITOCTIMHOI'O CTPYMY
13 3BACTOCYBAHHSM OPC-TEXHOJIOT'TIi OBMIHY JAHUMUA
Tapacesiu L.I'. x.1.H., ['apmam JI.M. marictp
Hayionanvna memanypeiiina axademis Yxpainu

OnHuM 13 3araJbHOBU3HAHUX, SIK HAWOUIBIT €()EKTUBHMX, IMIIXOJIB JO HaBYaHHS 1
nepeniaroroBku omneparopiB ACY TII € 3acTrocyBaHHS KOMITTOTEPHUX TPEHAXKEPIB pEabHOTO
yacy [1]. [limBumeHHs: epeKTUBHOCTI CTBOPEHHS TPEHAXKEPIB IMOB'SI3aHO, B MEPIIy 4Yepry, 3
PO3POOKOI0 1 yIOCKOHAJIEHHSIM CIEIMialli30BaHUX MAaTeMAaTUYHUX MOJENEeH TEeXHOJIOTIYHUX
MPOIIECIB 1 aBTOMATHU30BaHUX CHCTEM JIJIsl HaBUaHHSA [2].

[Ipu cTBOpeHHI TpeHaxepiB omepaTopiB CKIaaHUX TexHoioriyHux o0'ektiB (TO)
BHHHUKAIOTh YMCJICHHI 3aBJIaHHS, 1[0 BUMAararoTh aHalli3y MOBEAIHKH 00'€KTa B JTWHAMIYHHUX
pexxumax [3]. Tomy oziHa 3 TOJIOBHUX MPOOJIEM CTBOPEHHS TPEHAXKEPIB OMEPaTOpPiB CKIATHUX
TO — me pocmimkeHHs 1 po3poOka edEeKTHBHUX 1 JIETKO peai30BaHMX MAIIUHHO-
OpIEHTOBAaHMX METOMIB 1 anropuTMiB imitamii. Tak TEXHOJIOTIYHI BipTyaJbHI TpeHa)KepH
MpU3HAYEHI JJis 3aCTOCYBaHHsS B TMEpIIy 4Yepry B HaBUYAIbHMX MpOrpamax IMiJrOTOBKU
TEeXHIYHUX (aXiBIIiB.

Po3pobka BipryanbHOi Mopaemi-tpeHaxepa ACY MBHUIKICTIO JIBUTYHA IOCTIHHOTO
CTpyMy IpOBOJAMIAcS B yMOBax Kadeapu aBromaruzauii BUpoOHH4Mx mporeciB HMeTAY.
Bukonano po3paxyHok ACY, CTBOPEHO CXE€MY MOJCIIOBAHHS 3 BHUKOPUCTAaHHSIM MaKeTy
Matlab/Simulink. [nTepdeiicna yactuna 11 Bisyanizamii Ta Aucneryepusalii po6oTn 00’ exTa
yopaBiiHHS po3pobieHa 3a gomomoror Simple-SCADA cucremu, mnepeBaror SKoi €
3a0e3neueHHsT PoOOTH B PEXUMI pealbHOTO dYacy. EkcrepuMeHTanmbHE HOCHIIKEHHS
TUHAMIYHUX peXuMiB podotn ACY 3miiicHIOBaNoOCS 3 BHKOPHUCTAHHSIM TPOMHUCIOBOTO
crangapty OPC (OLE for Process Control), mo peanizye intepdeiic oOMiHy JaHUMH MiX
MPUCTPOSIMH  YIIPABJIiHHSA TEXHOJIOTTYHUMH mporiecamu. Cranmapt oOminy ganumu OPC
0a3yeThCsl Ha TOMMpEHid 3aranpHOMpuiHATIH cxemi Kmient-Cepsep. Lls apxitektypa
JI03BOJISIE TIKITIOYUTH Oe3Jid KIEHTIB JO0 OAHOTO cepBepa. s 3a0e3nedeHHs TOCTyIy 10
nanux mojemi ACY MBHAKICTIO JBUTYHA TOCTIHHOTO CTPYMY BHKOPHUCTAHO MPOTpPaMHE
3abesneueHHs MatrikonOPC i Matlab/OPC Toolbox.

OPC-cepBep MatrikonOPC, sk crerianizoBaHa nmporpamMa-iapaiBep, BUCTYIIA€ B SIKOCTI
nepenaBanbHOi Janku Mk HMI-iHTepdeiicom kopuctyBaua TpeHaxepy Ha 6as3i Simple-
SCADA (OPC-knienT) ta cumymnstopom mozaen ACY Ha 6a3i Matlab/Simulink (OPC-xienT)
1 BITIOBi1a€ 3a Tiepeady JTaHuX.

CtBopeHa BipTyajdbHa MOJIECIb-TPEHAXKEP T03BOJISIE BHBYATH IMOBEIIHKY 00’€KTa
YIIpaBIIiHHSA MIPH 3MiHIi 331al04X 1 30ypIOIOYMX BIUIMBIB, @ TAKOXK IMapaMeTpiB HACTPOIOBAHHS
PETYIIIOIYOr0 MPUCTPOIO B pealbHOMY Yaci.

Monenbs-TpeHaxkep Moke OyTH BHKOpHCTaHa He TUIbkM ciayxadamu BH3, a mamami i
crieriajgictaMd 3 aBTOMaTH3alii BUPOOHMYMX TMPOIECIB UIA NPHAOAHHS 33 KOPOTKHI
MPOMDKOK 4acy JOCBiTy poOOTH 3 CydacCHHMMH Ta icHyrounMmH Ha mianpuemctBax SCADA-
cucteMaMu aproMartu3aiii Bepxuboro piBas ACY TII. Takwuit qocBig poO0TH 3 BipTyaIbHUMHU
TpeHa)KepaMH JIO3BOJIUTh KOPUCTyBaduaM aJaNnTyBaTUCh N0 pEATbHUX CHTYyallii Ha
BUPOOHUIITBI, a TAKOXK MEPEBIPUTH CBOI MOXKJIMBOCTI Ta PEAKI[iI0 B KPUTHYHI MOMEHTH.
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AHAJIN3 XAPAKTEPUCTUK CUTHAJIOB KOMBUHUPOBAHHOM CUCTEMBI
YIIPABJIEHUS BEKTOPOM TAI'M PAKETHOI'O ABUT'ATEJIA
Toxkapesa E.JL.

HUncmumym mexnuuecxou mexanuku HAHY u I'KAY

Hogerii moaxon k cucreme ympaBieHusi paketHbiM nasuratenem (PJI) 3akmrodaercss B
COYETAaHUM PA3IUYHBIX cucTeM yrpaieHusa (Mexannueckoin (MCYBT) u razogunamuyeckoi
('CYBT)) B pamkax omnoi oudyuknuonansaoit (bBCYBT) cucreMsl ynpaBiieHHs BEKTOPOM
tarn (CYBT), BoinmonHsromed (QyHKIUM yIpaBieHUS M CTaOWIM3aLUHU I0JIeTa CTYNEHH
paketel. OgHako B cBsA3uW ¢ coueranueM B pamkax BCYBT nByx aBroHOMHBIX CVY ¢
pa3IMYHBIMU  KOHCTPYKTUBHBIMM UM JIMHAMUYECKHUMHU XapaKTEPUCTUKAMH TOSBISETCA
npobiieMa COrjacoBaHUsl UX JEHCTBUH M PallMOHAIBHOTO PACHpeleieHUeM MeXAy HUMHU
(GYHKIIMOHATBHBIX 3a/1a4 MMOJIeTa PaKeThI-HOCUTEINSI, TpuHIUIOB B3aumoaelicteus MCYBT u
I'CYBT mexnay co0oii M C cCHCTeMOH YIpaBiI€HHs TIOJETOM B YCIOBHUSX INTATHBIX U
HEIITaTHBIX cuTyauuit [1].

s aBTOMaTM4eckoro ympamieHUs BEKTOpoM TAru P/l vcmonb3yroTcsi u3MepeHHbIE
JaTYMKaMHM OTKJIOHEHMsI IO YIJIy B OIPENEICHHOW IUIOCKOCTH, HANpUMEp, B IUIOCKOCTH
TaHra)xa, KOTOpbl€ XapaKTepU3yOT HApYyLICHHUs B HAaNPaBICHUU JIBH)KCHHSI YCTAaHOBKH. JTHU
JAaHHbIE TeJNEMETPUUECKO WHPOpMaLuu  SBISIOTCS BXogHbIMH  JaHHbiIMH  CYBT.
BbruncnutensHble  ycTpoWcTBa LU(MPOBBIX  KOHTPOJUIEPOB, PEATU3YIOLUIUNE  AITOPUTM
pacrpezesieHus yIpaBisionmx ycwinii Mmexay cocrasisiommmu bBCYBT Ha ocHoBe aHanun3a
BXOJHOTO CHUTHala, SBJIAIOTCA AUCKPETHBIMU CHUCTEMaMH, ONEPUPYIOIIUMHU C JUCKPETHBIMU
CHUTHAJIaMH, MO3TOMY IpHU pa3zpaboTke anroputma komoOunupoBaHHoit CYBT mpumensiercs
KBaHTOBaHUE BPEMEHHBIX (DYHKLHUH, T.€. IpeoOpazoBaHue HEMPEPhIBHBIX (HYHKIUN BXOIHOTO
CUTHAJIa U YIPABISIOLIETO BO3AECUCTBHSA B COOTBETCTBYIOIIME JHUCKPETHBIE NMHAMUYECKUE
PAIBL.

Ha ochHoBe ananu3a JaHHBIX pa3paboTaH  anroput™M  (QyHKIMOHHPOBAHUS
KOMOMHHPOBAHHOW (MEXaHUYECKOW M Ta30MHAMUYECKOWN) CHCTEMBI YIPABJICHUS BEKTOPOM
TATW pakeTHoro nasurarens. IIpennmaraercs Ha mepBoM 3Tame pa3feiuTh BXOASIINAE CUTHAIBI
JUISL CO3/IaHUS YIPABISIONINX YCWIMKA PasHBIMU CHCTEMaMM YIPABJICHUS KOMOWHUPOBAHHOM
CVYBT. IIpencrapienHas METOIUKA aHAIN3a MIPEAyCMaTPUBAET 00pabOTKY BXOAHOTO CUTHAJIA
CYBT c BblIeneHueM JAETEPMUHUPOBAHHOW (CTAaTHYECKOW) cocCTaBisomen (TpeHnaa) u
BBICOKOYACTOTHBIX OCHMJUIALIMNA CUTHAJA (OTKJIOHEHUS OT TPEH1a), a TAK)Ke y4eT BUAa TpeHaa
(UKCUPOBAaHHBIX BO3MYUICHUH yriia OTKIOHEeHUs Bektopa Tiaru PJI. Ilocne Bbiienenus
TPEHJOB Ha KOHKPETHBIX BPEMEHHBIX HMHTEpPBAJIaX BO3MOYKHO pEaJU30BaTh BO3JCHCTBHE
CTYNEHYaTO, COIJIACHO MaJbIM JIMHEWHBIM TPEHJAM, COCTABISIONIMM OOIIMH TpeHa Ha
uHTepBaje. TakoW MOAXOJ YOPOINAeT 3aJady oOpraHaM YIPaBJIC€HHUS U IO3BOJSET
ONTUMHU3UPOBATh ANrOpUTM (yHKIMOHUpoBaHus KomruiekcHoH CYBT. IlpoananusupoBana
TUNHWYHAs 3aBUCUMOCTh BBIXOJHBIX YIPaBJISAIOIIUX BO3ACHCTBUH OT BXOAHBIX CHTHAJIOB JJIA
PYJIEBOTO PaKeTHOTO ABUraTelNs Ha Pa3IMYHbIX BPEMEHHBIX HHTEPBAJIAX €ro padoThI

PazpaboranHass MeTOAMKa TIO3BOJIIET YMEHBIIUTh DJHEpPro3arpaTbl Ha CO3JaHUE
yhnpaBisommx ycwiid nyrem pasgenenus ¢ynkiuu noacucreM (MCYBT u I'CYBT) u
pean30BaTh MPEUMYILEeCTBa KOMOMHHUPOBAHHOW CHUCTEMbI YIPABICHUS MYTEM DPACIIUPEHUS
(YHKINOHATIBHBIX BO3MOXXHOCTEH, MOBBICUTh KAYECTBO U HAJEKHOCTh CHUCTEMBI YIPABJICHHUS
IIOJIETOM CTYTIEHU PAKETHI.

JIureparypa
1. CrpenbuaukoB I'.A., Tokapesa E.JL., [Ipsaxo H.C., UrnateeB A.Jl. PazpaboTka CTpyKTypHOH CXEMBI

OM(YHKIIMOHAILHOW CUCTEMBI YIPABJICHHUS BEKTOPOM TITM PAaKeTHOTO nBurareis // TexHuueckas
mexanunka, 2018. — Ne4, — C. 57 — 67.
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YIIPABJIEHUE IBUKEHUEM KOCMHNYECKHUX AIIMTAPATOB C
HUCITIOJIb3OBAHUEM OBYYEHMUS C IOAKPEIIJIEHUEM
Xopomunos C.B. n.1.H, Penpka M.A.

HUncmumym mexnuuecxou mexanuku HAH Yxpaunvr u I'KA Ykpaunei, e. /[nenp, Ykpauna

CnoxHocTh 1 MHOTOOOpa3ue 3a/iad, peliaeMbIX ¢ MOMOIIBI0 KOCMUYECKUX alapaToB
(KA), mocTossHHO pacteT. BMecTe ¢ 3TUM Takke pacmupsitoTcss (YHKIIUU U TOBBIIIAIOTCS
xapakTepucTuku cuctem ympasiienus (CY) takumu oObekTamu. [Ipu 3TOM mpu pazpaboTke
coBpeMeHHBIX CY B OCHOBHOM HCIOJIB3YKOTCS METOJbl KJIACCHUYECKOM U COBPEMEHHOM
TEOpUH YIPABICHUS U MPAKTUUECKH HE MCTIONb3YIOTCSI METObl HCKYCCTBEHHOTO MHTEJUIEKTA.
CrnencTBueM TakoOTO TIOAXOJa SIBISIFOTCS BBICOKME TpeOoBanus Kk siementram CY KA
(maTyMkKaMm, HWCIOJHHUTENBHBIM OpraHamMm u Jp.), HEoOXOJUMOCTh  HCHOJIb30BaHUS
CMELUATBHOTO CTEHAOBOTO O000OpYNOBaHMSA, JIMTENBHBIE CPOKM M BBICOKAass CTOMMOCTb
pa3paboTKH.

Pazpaborka CY ¢ UCHONBb30BaHUEM METOAOB MHTEIUIEKTYaJIbHOTO YIPABJICHUS MMEET
MOTEHLIMAJ M3MEHHUTh 3Ty CHUTyauuio. Hampumep, mnpencTaBisieT HMHTEpEC paccMOTPETh
cnenytomuid moxxoa. KA BeiBomutcst Ha opouty ¢ CY, nuMmeromeid HeKOTOpble MUHUMAIBEHO
HEOOXOIMMBIE XapaKTEpUCTHUKU JI PEIleHUs 3aJad HayalbHOrO YpPOBHS, HO y KOTOPOH
MPEAYyCMOTPEHA BO3MOXKHOCTD YJIYULIEHUSI XapAaKTEPUCTUK M0 MEpEe HaKaIJIMBAaHUS JaHHBIX
00 0coOeHHOCTSIX (DYHKIIMOHMPOBAHUS KOHKPETHOTO OO0BekTa. Takoil moaxop aHajIoTHYeH
TOMY, KaK JIIOJI COBEPIICHCTBYIOT CBOU HaBBIKU MO Mepe MPUOOPETEHHS OIbITA.

B npexacrapnsieMoM J10KJ1a/ie UCCIETYeTCS BO3MOKHOCTD pealli3allii TaKoro MoIxo/ia ¢
UCTIONIb30BaHMEeM  Merona obOyuenus ¢ moakperuienneM (OCII) wa  mpumepe
WHTEJUICKTyaJIbHOTO yripaBieHus nprkeHrnemM KA. Hecmorps na to, uto OCII MoxkeT ObITh
UCIIOJIb30BAHO Ui PELIEHMs] PA3JIMYHBIX 3aJad YIpaBIEHMs, H3BECTHO, 3TOMY METOAY
MPUCYIIIa OTHOCUTEIHHO HEBBICOKas J(P(HEKTUBHOCTL OOyUYEHHUS, YTO OCJOXKHSIET €ro
MIPUMEHEHHE ISl pacCMaTPUBAaEMbIX B JIokiane oO0bekToB ynpasieHus (OY). Kpome Toro, B
OOJIBLIIMHCTBE CIIy4aeB CYLIECTBYIOIIAs METOOJIOTHs HE 00eCreunBaeT TapaHTUil OTyYeHUs
TpeOyeMbIX pe3ylbTaTOB, K KOTOPHIM MPUBBIKIN B KIACCUUYECKOW TEOPUU YIPABICHUS.
Pe3ynbTathl pemeHus 3TuX npoodaeM MpeICTaBIeHbl B HACTOSAIIEM JOKIIAIe.

Jst moseimenus dddexruHoctr OCII ucmonb3oBaHa MOAENb TWHAMUKH, KOTOpas
yTouHsieTcsi B mpouecce (pyHkimonupoBanus KA. PaccMoTpeHbl pa3nudHble MOIXOIBI IS
MOCTPOCHMSI TakoW Mojenu. B kauecTBe OCHOBHOTO BbIOpaHa MOJENlb, OCHOBAaHHAas Ha
MIOHATHM TayCCOBCKUX IPOLECCOB. ITO CTAaTUCTUYECKAsl MOJEIb, KOTOpasi ¢ OJHOW CTOPOHBI
MO3BOJIIET HCIOJIL30BaTh anpuopHyro uHpopmanuo o0 OV, obmamaer moCTaTOYHON
rMOKOCTBIO, @ C JPYrod CTOPOHBI IO3BOJIAET OXapaKTePU30BaTh HEONPEICICHHOCTh B
IUHAMHUKU B BHUJE JOBEpUTEIbHBIX MHTEpPBAIOB. B 3TOM ciydae 3amada wuccienoBaHUS
IIPOCTPAHCTBA COCTOSIHUM - YIPaBICHUM 3aKIH0YACTCS B IIOJYYCHUH TAKUX W3MEPEHUH,
KOTOpBIE MTO3BOJISIIOT YMEHBIIUTh IPAHULIBI IOBEPUTEIHHBIX HHTEPBAJIOB.

B kauecTBe curHalia TMOJKPEIJIEHUS MCIOJIb30BAaH U3BECTHBIM KBaJIpAaTUUYHBIN
KpUTEpU, TO3BOJISIIONIMIA y4ecTb Kak TpeOOBaHMS K TOYHOCTH, TaK K 3aTparaM Ha
ynpasinenue. [[ng moucka ynpasiaenuid Ha 6aze OCII ucnonb3oBaH adroOpuTM HTEpaLuit
3aKkoHa ympasieHus. [l peanuzanuu peryiasiTopa U OLEHUBaHUS (YHKIMH CTOMMOCTHU
HCII0JIb30BaHbl HEHPOCETEBBIE ANIIPOKCUMATOPBI.

Jns monydyeHust rapaHTUid ycTtorunBocTH KA ¢ ydyeToM HeOnpeneneHHOCTH MOJETU
IMHAMUKA TpuMeHeH anmapar ¢yHkuuii JlsmynoBa. B kadectBe QyHkuuu JlsmyHnosa
UCIOJIb30BaHa (PYHKIMS CTOUMOCTH. J{J1s1 TOTO, 4TOOBI YIPOCTUTH MPOBEPKY YCTONUHUBOCTH C
Y4E€TOM pacCMOTPEHHOM METONOJIOTMM HCIIOJIb30BAHO JIONYLIEHUE O JIMIIIUIEBOU
HeNpepbIBHOCTH AUHAMHUKUA OY. DTO MO3BONMWIO MPUMEHUTh METOA MHOXUTeNen Jlarpanxka
JUIE TOTO, YTOOBI BBECTH OTPAaHMYEHUS HA TMOUCK YIPABISIOMIMX BO3JIEHCTBHH C y4eToM
BEpPXHEW I'paHUIbl HEONPEIEIEHHOCTH U JIMMIIUIEBBIX KOHCTAHT JUHAMUKH.

D¢ (hexkTUBHOCT,  MPEUIOKEHHOTO  MOAXOJa  WJUIIOCTPUPYETCS  pe3ylbTaTaMu
KOMITBIOTEPHOTO MOJICTTUPOBAHUSI.
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IMAPAMETPUYHHN CUHTE3 NIJI-PET'YJISITOPY ITPH
3POCTAHHI YN CJIA HAJIATYBAHb
[IBauka O.I. k.T.H.
JIBH3 « Yxpainucokuti 0epaicasruil XiMiKo-mexHo02IUHULL YHIGepcUumemy

CyuacHa Teopisi KepyBaHHsSI OXOIUTIOE€ MIMPOKE KOJIO 3ajad, Y TOMY YHCIi, CTPYKTYpHHU
CHUHTE3 CHCTEM, CTPYKTYpHUI 1 mapaMeTpU4YHHI CHUHTE3 PEryjsTopiB, iIeHTH]IKaLi0 00’ €KTY,
aHaJi3 mpare3aaTHOCTI.

He 3Bakarounm Ha BHCOKY SKICTb KEPyBaHHS CHUCTEM, Cy4YacCHI METOAM HACTPOUKH
perymsaTopiB, Y CBOiH OLIBIIOCTI, HE 3HAXOAATH IIMPOKOTO MPOMHUCIOBOTO 3acTocyBaHHs. lle
00yMOBJIEHE CKIIQIHICTIO TIPOIECY HACTPOMKH, HEOOXIITHICTIO PETEIHHOTO BHBYCHHS 3arajbHUX
BJIACTHBOCTEH Ta ocoOnmBocTel 00’€KTa KepyBaHHS, MOOYIOBH OUTBIT TOYHMX MaTEeMAaTHYHUX
MoJIeJiell a TAKOX CYTTEBUMH ITPOMHCIOBUMH OOMEXEHHSIMH IPH BIIPOBA/KCHHI CUCTEMHU.

[TpoBeneni mocmimkeHHS 3acBiqumwid, mo Outbm 90% BCIX HMPOMHCIOBUX DPETYIATOPIB
cknamaroth perynstopu 3 IIIJI- 3akoHoM. lle TMOSACHIOETBCS IMUPOKAMHU MOKIUBOCTSIMHU IS
HACTpOIKu. Ajnle B yMOBax iHTeHCH(iKallii BUPOOHUIITBA, peXUMaX eKCIuTyaTalii OJM3bKUX 0
KPUTHYHUX, HECTaOUIbHOCTI MaTepialbHO-€HEepreTHyHoi 0a3u, JAuHaMiKa OO0’€KTy 3a3Hae
cyrTeBuUX 3MiH. lle mMOB’sA3aHO 3 3ami3HIOBAHHSAM Ta IHEPUINHICTD O00’€KTY, BHUIAJIKOBUMHU
30ypeHHsIMU 3MIHHUMHU y 4Yaci. Y LbOMY CEHCI JOLUUIBHO 3aJly4€HHS CTPYKTYp PEryjsiTopiB 3
kracuyauM 1IIJI- 3akoHOM, &€ Ui KOMIIGHcCAmil 3MiH JUHAMIYHHX BIACTHMBOCTEH 00’€KTa
BBOJIMTHCS JTIOJAATKOBUN TU(EPEHINaTop sIK OKpeMa cKiiajoBa 3akoHy. Koo ioro mii cripssmoBaHa
Ha TIPOTIOPIIIfHY KOMIIOHEHTY, a TaKOX B KOMOIHAIlIAX 3 IHTETpaJbHOIO Ta IUQEPEHITIATHHOIO
4acTUHOK ab0 CyKymuui edekr. [pyHTyrounch Ha 1€, ONHMM 3 aKTyalbHHX HANPSAMKIB TEOpii
KepyBaHHA € TapaMeTpuuHuidi cuHTe3 TunoBux [IIJ[- perynsTopiB 3 JA0ZaTKOBHMH
mudepeHIiaTopamMu.

OcHoBHi npaBuia HanamTyBanb [11][- perynsTopiB Busnaueni y metoni Llurnepa-Hukosnbca
Ta B TOTOYHHHA 4Yac BUKOPUCTOBYIOTHCS SIK TEPBUHHI HAJAINTYBAaHHS, IO OOYMOBIIOETHCS
MPOCTOTOI0 Ta HHU3BKMMH BHMOTaMH [0 TOYHOCTI iAeHTU(iKalii 00’e€kTy. Aje OTpHUMaHi
nepexiHi MPOLEecH 3a HACTIIKaMU PO3PAaXyHKIB HE 33J0BOJILHSIOTH 3 TOYKH 30PY ONTUMAIBLHOCTI
SK 0 MPSMUM TaK 1 HENMPsIMHM TOKa3HHWKaM sikocTi. B AificHOCTI K, 3aj1a4a mapaMeTpUdHOTO
CHHTE3Yy PEerylsTopy HE Ma€ €MHOTO BIPHOTO PIMICHHS, a TIOB’s3aHa 3 BUMOTAMH, 1110 CTABJISTHCS
JI0 KOHKPETHOTO BHUPOOHMIITBA. 3arajbHi MOKA3HWKH SKOCTI B JOCIHIHKCHHI OOYMOBIIOIOTHCS
4acoM pETyJIIOBaHHS SK ITOKAa3HUKOM BIiJNpAIfOBaHHA OOYpEeHHS Ta IEpeperyIioBaHHAIM SK
BEJIMYMHOIO 3aracaHHs BIIXWICHHS TapaMeTpy BiJl 3aBJaHHS Y TOMY YHCII CUMETPIis IMepexiaHoi
XapaKTePUCTUKH IPU 3MEHIICHHI HACTYIHOI MO3UTUBHOIO aMILTITY/IH KOJIUBAHb.

O06’ekTH KepyBaHHS B XIMIUHIH MPOMHUCIOBOCTI € Pi3HI 3 TOUKH 30py (HI3MUHUX MPUHIUIIB
¢yHKIIOHYBaHHsS. AJie 3 TOYKM 30pYy KEpyBaHHS MarOTh OJIHAKOBI JMHAaMIYHI BJIACTHBOCTI Ta
MOXYTh OYTH ONHCaHI anepioAMYHOK JIAHKOI HE BHIIE TPETHOIO MOPSJIKY Ta JAHKOIO
3aIi3HIOBaHHS. TakUM YMHOM, MOCTiHA Yacy 00’ €KTy Ta Yac MOBHOTO 3ali3HIOBAHHS BU3HAYEHO
K JAMHAMIYHI BJIACTHBOCTI 00’€KTYy KEpyBaHHS Ta y MO€JAHAHHI 3 SKUM HEOOXITHO OJepXkaTh
3aJIeKHOCTI HAJIAIITYBaHb PO3IIMPEHOTO PETYIIATOPY 32 YMOBH Jlii JJOJATKOBOTO TU(EPEHINIATOPY.

Po3paxynkoBa gactuHa mepeadadae 30ip CTATUCTUIHOTO MaTepiary 3a YMOBH MPOBEICHHS
MOJIEJIFHOTO  OJHO(AKTOPHOTO  €KCIIEPUMEHTy. SIK  BIIOMO THI 3aKOHY KepyBaHHS
0OYMOBITIOETBCSl  CITIBBIHOIICHHAM CTaJIOl 4Yacy 10 4Yacy IOBHOTO 3ami3HioBaHHsA. Came 11e
MOJIO’KEHHS € BUXIHUM JIJII BU3HAYEHHS YMOB €KCIIEPHMEHTY 3a YMOBHU CTaOuTi3amii MOCTIHHOT
yacy O0’€KTy Ta BapilOBaHHS 4YacoM 3ami3HIoBaHHA. B cdopmoBaHMX TakMM YMHOM YyMOBax
EKCIIEPUMEHTY TPOBEJCHO IMITalliliHE MOJCIIOBAaHHS CTPYKTYpH PO3MIUPEHOTO PEryISATOpY.
[lepBuHHE HaNaITYBaHHS BUKOHAHO ITEPAaTHBHUMH METOJAMH 33 MPaBWJIAMHU BIUIHMBY OKPEMOIi
CKJIaJIOBOI PETYISATOPY MPH 3a0€3MEUeHHI SKOCTI BCTAHOBIICHOI OOMEXeHHsMU. HamamryBaHHS
pEeryiiaTopy BHU3HAYAIOThCS IO PIBHAHHAM perpecii B 3aJ€XKHOCTI BiJl JUHAMIYHUX
XapakTepucTHK. [[0Ka3HMKOM aIeKBaTHOCTI MOEI € KOeIIlieHT perpecii, 3a 3HAYCHHIM SKOTO
BiIOYBa€ThCS ~ OCTaTOYHE KOperyBaHHS Ta  (OpMyBaHHS  BHXIJHOI  3aJIeKHOCTI B
€KCIePUMEHTAIBHUX YMOBAX.

3arponoHOBaHUI METO] PO3LIMPIOE HAYKOBO-METOANYHY 0a3y HAJIAMITYBaHHS PETYISATOPY
32 YMOBH CTIHKOCTi Ta po0OacTOHOCTI, SIKi O BiMOBI AN BUPOOHHUOMY PETJIaMEHTY.
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THOOPMAIIMHAN MMOITYK AHCAMBJIEM KJIACU®IKATOPIB
[Iymeiiko O.O. a.1.H., llleBuenko I'.4. k.T.H.

JIHinposcvkuil OepaicasHull mexHiuHutl yHigepcumem, Haykosutl yeump Noosphere

Oprani3anis momyKy JOKyMEHTIB 3a iH(GOpMaIiifHUM 3aITUTOM 3aiiMae Ba)KJIMBE Miclie
y Data Mining i € xmrouoBoro ckiafoBoro Data Text. be3ymoBHO, 10 Juisi BCECBITHBOI
MEpEekKi A 1€l METU ICHYIOTHh OLTBII-MEHII BiIOMi METOAM, MOYMHAIOYH BiJl KIACUYHOTO
PageRank no Google RankBrain, Bing Custom Search https:/pr-cy.ru/news/p/6380 a6o
banen-banen Bin SHaekca. Ane y pasi opraHizamii HOLIYKY y JOKaJbHOMY CXOBHIII,
MIPUHIIMIIN, 3aKJIafeHl i ra00ambHOl Mepexki, He MIIXO0IATh, IO TOB’s3aHO, TMOTEPEN
BCHOTO, 31 CTPYKTYypOlO [HTEpHET -TOKyMEHTIB Ta 31 3BOPOTHUMH MOCWIaHHSIMH. OTHUM 3
HalyJacTilme BUKOPHUCTOBYBAHUX METOIB IOIIYKY Yy JIOKAIBHUX CXOBHINAX €  aJTOPHUTM
TF/IDF, s sikoro KpUTepieM SIKOCT1 BIJHOIIEHHS JOKYMEHTY d 10 iH(OpMaIliifHOTrO 3anuTy

TF(d,s)
score(S,d) = Z IDF{s) KT
5=10s} (¥]i- cmoBodopma  3amuTy) € seq ne
; [{dl
TFld.s)=o—— |IDF(s;) =log——
Ty ld=>s1 ta n: wacrora 3ycrpiui cmoBodopmu y

BIJIMMOBITHOMY IOKYMEHTI.

3anponoHOBaHO /sl BUPIMIEHHS 33a4l MOIIYKY Ta MOOYIOBH PEUTHHTY JOKYMEHTIB y
BIIMOBIAHOCTI 3 1H(GOpPMAaLIHHUM 3alUTOM, BHUKOPUCTaTH aHCcaMOlb Kiacu(ikaTopiB 3
nepedyA0BOI0 MOJIeNi Horo HaBYaHHA 3TiIHO 31 cpeporo iHTepeciB KIIEHTY, SIKUH MTPOBOIUTH
BIJIMTOBITHH MONTYK.

Bukopucrano uotupu knacudikaropu -  TF/IDF, Okapi BM25, BekropHuit
kinacudikarop (B SKOCTI KPHUTEPIF0 OJM3BKOCTI BUKOPHUCTOBYETHCS KOCHHYC KyTa MiX
BEKTOpaMH, sIKi BIJMOBIJAIOTh JOKyMEHTaM) Ta METOJ pO3poOJeHHH aBTOpaMH Ha OCHOBI
3HAYEHHS TPUPOCTY EHTPOITI].

Inest 1bOTO ANTOPUTMY CKIIAAETHCS B aHATI31 BEIMYMHU IPUPOCTY EHTPOIIT

HD,.5) = H(DQ—Z{@H(DJ{.;} s e 5}.
N

numis;) num(s;) N, —num(s;) N, — num(s;)
H(Dy.s) = _%IOE: — - : —log, ; ;
Ny Ny Ny Ny
BeNMUMHA eHTpomii nokymeHty D BimHocHO cioBa Si 3 iHQopMmariiiHoro 3amury = .
nk = N (uk) _

ac

Tyr N& — szaranene umcno cnmoBodopM y nokymenti Pw, a 9UCIIo

K o o S
BXOJ/KEeHb ciioBoopmu Wi y maHWN MOTOYHUIA TOKYMEHT (ﬂ‘f“'ff"“?'[g]I ~ YHUCJIO BXOHKCHB CJIOBA

5). YUum Oinpine Oyne 3HAYEHHS HPUPOCTY EHTPOMii, TUM Oifbllle HAll JOKYMEHT Oyre
BIJPI3HATHCS BiJ iHHOPMAIIITHOTO 3aMHUTYy.

[linx wac aHamizy JOKYMEHTIB BIIHOCHO I1H(OpMaIIHHOTO 3aMuTy, PEUTHHT
R:(d, S)i = 1.2.3.4) qxuit BucTaBiIse KOXKeH Kiacudikarop, HopmyeMmo y [0,1], 1e omuHIYKa
BIJINIOBiJJa€ MAaKCHUMAaJIbHO MOXJIMBOMY peHTHHTY, a 0 —abCoyII0oTHA HECXOXKICTh. Pe3ymbTar

kinacudikamii mae JiHIHA KOMOiHAIisA (YuM OuibIe 3HAYCHHS pld -5}, TUM Olibira
BI/IMOBITHICTh TOKYMEHTA 1H(POPMAIIIITHOMY 3aITHTY)
&

pd.5)= Y w,R,(d.5),

=1
ne ¢: Bara BiamoBigHoro Meroxy. Ha mepmomy kpomi Bei 3HauenHs @i = 1 (1= 1,234},
[Ipn KOXXHOMY MOJATBIIOMY BHKOPHCTAHHI TOIIYKY, MiJ 4Yac BUOOpPY JOKYMEHTIB, SKi
HaAMOIIbII 3aI[iKaBMIIM KOPUCTYBada, 301IbIIYEThCS Bara KiacuQikaTopy, sSIKUM 1ae OuIbII
BIJIMOBI/IHI pe3yJIbTaTH.
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BUKOPUCTAHHSA OJHOIVIATHUX MIKPOKOMIT'IOTEPIB Y AKOCTI
CEPBEPIB JIUIsI IHTEPHETY PEYEN
Scpko M. M.
Jninpoecoruii nayionanenuti yHieepcumem im. Oneca I'onuapa, Yxpaina

Iatepuer peueit (Internet of Things, ckopoueno IoT) — me rmiobampbHA Mepexka
nigKmoyeHux A0 I[HTepHeTy (i3MYHMX MNPUCTPOIB — «peueil», OCHAIIEHUX CEHCOpaMH,
JATYMKAMH 1 TPUCTPOSIMU Tiepeaadi iHdopmarrii, sika BUKIIOYAE y9acTh J0AuHA. ChOTOIHI B
CBITI HamuyeThbcs OubIe 16 Mipa. migkmoueHux 1o Iarepuety npuctpois. JJo 2022 poky —
1€ YUCJIO JOCSITHE 29 MIIP., 1 OLIBIIICTD 13 HUX OyayTh nmpuctposiMu cBiTy loT. Tomy 3apa3 €
Jy’Ke HarajJbHUM IiAroToBKa (axiBLiB sKi O 3MOTJIHM CTBOPIOBATH amapaTHi Ta MporpamHi
3aco0M I aBTOMATW3allli 1 YOpaBIIHHSA PI3HUMH TNPUCTPOSIMU  (pedyaMu) SIK B
MIPOMUCIIOBOCTI, TaK i B JOMaITHbOMY TIOOYTi.

Ha xadenpi koM t0TepHUX TEXHOJOTIH /[HIMPOBCHKOTO HAI[IOHAIBHOTO YHIBEPCUTETY
OyB BBeneHuil HaBuanbHHI Kypc "IHTepHeT peueil". OCHOBHHMM amapaTHUM 3aco00M JUis
HaBUYaHHS CTYICHTIB Oynu BuOpaHi omHoruiaTHi Mikpokomm totepu Orange Pi 2G-IoT, 3G-
IoT, 4G-IoT. Li mikpokomm’torepu ctBopeni Ha yini SoC RDAS8S10PL, skuit mae ARM
Mmikporporecop Cortex-AS 3 TakToBoro yactororo 11T, 256K6 ke mam’ T Apyroro piBHS,
256M6 omepatuBHy mnam’ste LPDDR2, 512M6 ¢uemr mam’site SLC NAND, a Ttakox
rpadiuauii mpuckoproBad Vivante GC860. Takox npucyTHi aganTep 0€3ApOTOBOTO 3B’SI3KY
Wi-Fi 802.11b/g/n, Bluetooth 2.1/EDR na xonTposiepi RDA5991 ta GPRS mozem. € mopt
USB 2.0, 1 mopt Micro-USB 3 miarpumkoro OTG mis mogadi »uBieHHs, MikpodoH, 3-x
niHoBbiii UART inTepdeiic mma mochinoBHoro mnopty, CSI pos'em s miaKIOYeHHS
Bijleokamepu Ta po3'em s miakmodeHHs LCD mucrutes. Ha mati po3ramosana 40-miHOBa
rpebinka pos'emiB GPIO, ananoriuna Raspberry Pi B+. 'abaputu miaTté MaioTh po3Mmip
67442mm 1 macy 35r.

OCHOBHOIO OCOOJIMBICTIO JaHOTO MIKPOKOMIT'IOT€pa Te€, IO BiH Mae BOYIOBaHY B
NAND omnepauiiiny cucremy Android. MokHa TakoX BHKOPHUCTOBYBATH Pi3HI Bepcil
omepamiiHuxX cucteM Linux, sKi MOXHa 3arpyxatu 3 duem-kapta popmaty microSD. B
npolieci eKcIuTyaTalii JaHUX MIKpOKOMIT I0TepiB Oyinu po3poOiieHi mporpamHi 3acodu uis
3amucy BJIACHOI Bepcii omepartiiinoi cuctemu Linux mis 3amucy B NAND, mo 103BOiHIIO
HiABUIIUTH TPOIYKTUBHICTh Ta 3HAYHO 3JIEHIEBUTH PO3POOJIEHUI HpOrpaMHO-anapaTHHHA
KOMILJIEKC.

Jns  mepemaui  JaHMX BiA  «PO3YMHHX» MPHCTPOIB CHOTOAHI ICHYE KiJIbKa
crienianmizoBanux crangaptiB. Ctangapt eMTS BukopuctoBye moOineHI Mepexi LTE, EC-
GSM-IoT — wmepexi GSM, a NB-IoT — Moxe BHKOPHUCTOBYBATH OYIb-SKi Mepexi.
[IpomuciioBI cTaHIApPTH € OLIBIT KOHCEPBATUBHUMHM, TYT HAW4YacTillle BUKOPUCTOBYIOTHCS
npotokonin ModBus s mepenadi JaHMX 4Yepe3 MOCHIZOBHUHM MOPT Ta OUIBII Cy4yacHUH
MBus, sxuii 1151 mepeadi JaHUX MOXKe BUKOPUCTOBYBaTH Takok Ethernet Ta WiFi.

VY nmpotuieci MpOXOHKEHHS 1aHOTO KypCy CTYJICHTH BUBYAIOTH TaKi TEMHU:

. BCTAaHOBJICHHS Ta HAJIAIITYBaHHS ONepaliiiHol CUCTEMU;
. HajamTyBaHHs BeO-cepBepa Ha nodejs;

. 3MiHa pexxuMiB pyHKIionyBaHHS WiFi;

. 3a0e3MeUeHHs 3aXUCTY aHUX;

. potokosin ModBus Ta MBus;

. 301p JaHMX 3 aHAJIOTOBHUX Ta HU(PPOBUX MPUCTPOIB.

[Ticnst BHBYEHHS JAHOTO KypCy CTYAEHTHM TOBMHHI 3HAaTH Cy4YacHE amapaTtHe Ta
nporpaMHe 3a0e3nedeHHs A BUPIMIEHHS KOHKPETHHUX 3ahad IHTepHeTy peueil, BMITH
BCTAHOBJIIOBAaTH Ta HAJAIITOBYBATH IpOTrpaMHE 3a0e3MeueHHs, PO3POOISATH KOHKPETHI
creHapii 30opy iHQopmauii Ta ynpasiaiHHS LU(POBUMH Ta AHAJIOTOBHUMH MPHUCTPOSMH.
CTyaeHTH TaKoXX MOTIHOJATH CBOI 3HAHHSA 3 omnepariitnux cucreM Unix Tta Linux i OyayTh
TOTOBI CaMOCTIHO TPOJOBXHUTH BHUBUEHHS amapaTHUX Ta IMPOrpaMHUX 3aco0iB y Xoxi
MOJIaJIbIIOT0 PO3BUTKY JAHOTO HAIIPSIMY.

AN DN AW~
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CEKIIA 6

MPOTI'PECHUBHI IH®OOPMAIIMHI TEXHOJIOI'TI TA
OPTAHIBALIA CYHACHOI'O BUPOBHUIITBA



3ABE3INEYEHHS MPOEKTYBAHHSA JOJATKAMMU SOLIDWORKS
boposuk JI.B. k.1.H., Pyauk O.1O. k.1.H., [lenoctok B.B. marictpant
Hayionanvua akademis epoicagrnoi npukopoounoi ciyscou Yrpainu im. b.Xuenvnuyvroeo,
XmenvHuybkuti HayioHATLHUU YHIGEpCUmMem

3abe3nedeHHsT TPOSKTYBaHHS MEXaHI3MIB JOCTIAMMO Ha TPHKJIaAil 3acTocyBaHHS 3D-
CUCTEMH TBEPJIOTUILHOTO TapaMeTpuuHoro mojemtoBaHHs SolidWorks, sika mae HalOLTbII
PO3BHHEHI MOKJIUBOCTI JJII CTBOPEHHS W peAaryBaHHS IMOBEPXOHB MOPIBHSIHO 13 CUCTEMaMH
AHAJIOTIYHOTO PIiBHS, II0 aKTUBHO BUKOPUCTOBYEThCA y ii momatky — Simulation [1]. [lns
IIOTO PO3TJITHEMO PO3PAXYHOK 3axBaTa TPAHCMICIMHOI CTIHKH, MPU3HAYCHOI TS MiAHOMY i
nepeMillleHHs] BAaHTaXIB IPH MOHTaXI1 i IEMOHTaX1 BY3JIiB Ta arperatiB 3 aBTOMoOLTIB [2].

3amauero  JOCHIKEHHS  CcTaBWiaoch Bu3HaueHHa y  SolidWorks  Simulation
MaKCHUMaJIbHOTO 3YCHJUIA, SIKE MOYKHA MPUKIIACTH JI0 ByXa 3aXBaTa CIIPOEKTOBAHOT CTIMKH MpH
3aJIaHOMY MIHIMaJTLHOMY (JIOMyCTUMOMY) KOE(IIIEHTI 3amacy Horo MIirfHOCTI Ky, = 1,5.

Hns mporo y SolidWorks cTBopena reomerpuuHa Mojenb 3axBara, a 3 0i107110TEKH
SolidWorks Simulation Bubpanuii itoro marepian — ctanp Ct.3 'OCT 535-88, mpoBeneHo
3aKpIIUICHHS] MOJIEN, MpUKJIaieHHs 10 Hei HaBaHTaxkeHHS y 550 H (MozmemioBaBcsi mepekic
IpY YCTAHOBII arperaTy aBTOMOOiJIS Ha OJHE BYXO 3axBaTa — pHUC. 1), CTBOPEHHS CITKH
CKIHYCHHHMX €JIEMEHTIB, 3JIHCHEHO BIJMOBIIHI pO3paxyHKH. BCTaHOBIEHO, IO Yy BHUIAIKY
BUOOpPY CITKM ‘32 3aMOBUYBaHHSM (Ui €KOHOMIl TPHBAJIOCTI PO3PaxyHKiB) 3 PO3MipOM
enemenTa & = 5,07063 mMm (4 Touku Skobiana — puc. 1, a) k, = 1,605, mo 61IbIIE ki

4"‘7““
LAY
SSSERSSs

a 0
Pucynok 1 — Citka 3 Toukamu fIkoGiana

Ane SolidWorks Simulation mporonye npoBoautu Sko6i€By nepeBipKy HE TUIbKU Ha 4-
X TayCOBHX TOYKax, a i Ha 16, 29 un Ha mapamertpi “y By3nax”, M0 W PEKOMEHIYEThCS IS
PO3B'SI3Ky CTAaTHYHHMX 3a7ad. Xoya MPU IbOMY 301IBIIYETHCS TPUBATICTH PO3pPaxXyHKIB, Ta
BOHM TOBHHHI OyTH TouHimmMMHU. | nificHO, mpu BHOOpPi mapameTpy CiTku “y By3nax”’ (h =
2,53531 MM) MiHIMaJIbHUHA KOE(ILI€HT 3amacy MILHOCTI CTaB PIBHUH K+, gpsiae” = 1,386, Mo
MeHIe aonyctuMmoro. OTxe, ByXo 3axBara He BUTpUMae HaBaHTakeHHS y 550 H: motpiOHi
NEPEPAXYHKU Y CTOPOHY MOTI0 3MEHIIEHHS.

BceranoBneno, mo HaBanTaxkeHHs y 500 H cnpuiiMaeTscss ByXoM 3axBaTa sIK Take, 110
3a70BOJBbHAE YMOBI MIHOCTI (k) gyanax” = 1,525 > kpin).
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TEOPETUYHI JOCJII)KEHHS ITPOLUHECY JPOBJIEHHSA KPUXKUX
MATEPIAJIIB B MOJIOTKOBHUX JPOBAPKAX

Bacumbuerko T.0. k.1.1.', [llepuenko LA. k.1.H.", Kobpin 02, I'peuannii OM.?

13an0pi3bl<m7 HayioHanbHUll YHigepcumem, 2HauiOHaﬂbHa Memanypeitina akademiss Ykpainu

Beryn. Ha omeparii 1poGiieHHS KOKHOTO POKY BHUTpadaeTbcs He MeHI 5% Bciel
BUPOOJICHOI B CBiTi eHeprii. Taka BenMka JOJis B 3aralbHOMY EHEPreTUYHOMY OallaHCi
IIIKPECITIOE MICIIE 1 BaKJIMBICTh MPOIECIB APOOJIECHHS B KUTTEMISUIBHOCTI Mroaunu [1]. Jlms
ApoOJIeHHS KPUXKUX 1 M SIKUX MaTepiaiiB: KaM SHOTO BYT1JUISA, KPEW/IM, BaITHAKY, KOKCY Ta iH.
3aCTOCOBYIOTh MOJIOTKOBI IpOOapKH.

AHani3 J0csATHeHb. B OCHOBY MOJOTKOBUX JApo0apoK 3 IIAPHIPHO IiJBIIICHUMH
MOJIOTKAMHU  3aKJIaJeHO TPUHLUI pPYHHYBaHHS KpPUXKUX KYCKOBHX TIeomaTepiaiiB
OaraTokpaTHUM ynapoM 1 crtupaHHsaMm [2,3]. PyiiHyBaHHS ymapoM 1 CTHpaHHSIM
XapaKTEPU3YEThCSI BUCOKOIO YHIBEPCAIBHICTIO SK TIO BIIHOMIEHHIO MOXJIMBOCTI IPOOJICHHS
PI3HUX BUAIB MaTepiaiiB, TakK i 10 BiAHOIIEHHIO CTYIEHS iX APOOIEHHS.

JlpoOneHHsT YacCTUHOK Marepially MPOXOJUTh MOETanHo. Y IapHHUil BIUIUB MPU3BOJIUTH
710 PO3KOJIIOBaHHS YaCTUHKU Martepiany HioHaiiMeHIle Ha 1Bl dyacTHHH. KokeH 3 ynamkiB
OOTUpa€eThCA 3a paxyHOK cui TepTsa. YacTMHa Marepiany, IO YTBOPIOETHCS 3a pPaxyHOK
CTHpAHHS, BBAKAETHCS Ty’KE TUCTIEPCHOIO 1 TOMY HE MPHUIIMa€e y4acTi y MOJAIbIIOMY TIPOIECi
npo6nenHs. KoxkHa 3 4aCTUHOK, OTPUMaHUX MICIs PO3KOJIIOBAHHS MOYATKOBOI YaCTUHKU Ta
OOTUpaHHS, 3HOBY pO3KOJIOETHCS MIOHAWMEHIIIE Ha JBI YaCTUHKH, KOXHA 3 KOTPHUX
oOTupaerbcs. TakuM YMHOM MpOIeC TPUBA€E JOKM YACTUHKHM MaTepialy He 3MEHILISATHCS J10
MOTPIOGHOTO PO3MIpY.

B MonoTkoBux Japobapkax 4YacTMHKH MaTepialy pYyWHYETbCS 3a paxyHOK ix
PO3KOJIFOBAaHHS BHACHTIIOK YAapHOrO BIUIMBY (yZapoM BIBOTI) Ta cTUpaHHA. [Ipudomy,
OlTbIIIa YacTHMHA BUTPAYAETHCA caMe Ha JPOOJIEHHS MaTepiany 3a paxyHOK CTHpPAaHHS, a HE
yaapy, U0 IpUBOJIUTH J0 HAAJUIIKOBOIO 301JbIIEHHS MUTOMHUX €HEPrOBUTpAT HA OJUHHULIO
roroBoro mnponaykry. Tak, Hampuknan, 3a nanumu C.II. JDkuHIKHXan3e, B MOJOTKOBIH
npoOapiii mpu JiHIAHIA MBUAKOCTI MOJOTKIB 110 M/c Ha ApOONICHHS yIapOM BUTPAYAETHCS
Tineku 16,9% Big Beiel eHeprii 1o migBOAUTHCS, a Ha ApobieHHs cTupaHHsaM — 83,1% [4].

[TocranoBka 3aBmaHHs. EdekTuBHe MNpOBEAECHHS YIAapHO-CTUPAIOUOTo ApPOOJICHHS
MOB’SI3aHO 3 TIEPEHOCOM EHEProBUTpPAT B OIK Oe3mocepeHbhOro 3ApiOHEHHS. 3aBHaHHS —
3’sCyBaTH 3aKOHOMIPHOCTI €HEPrOBUTPAT TMPOIECy ApOOJCHHS B  3alI©KHOCTI  BiJ
CMIBBiIHOIIEHHS BIUIMBY CIIOCOOIB yJapHOTO PyWHYBAaHHS Ta PYHHYBaHHS TEPTSIM, a TaKOX
3MIHHM XapaKTEPHUCTHK MIIHOCTI TOJPIOHIOBAIIBHOTO MaTtepially MpU aHaji3i poOoTH
MOJIOTKOBOT IPOOapKH.

l'omoBHa wacTMHA AOCHIKEHBb. 3TIHO 31 CTAaTHCTHYHOIO Teopiero MimHocTi [1],
nedexTyd B OyJ0BI TBEPIOTO Tiia PO3MOJIICHI CTOXAaCTUYHO 32 00’€MOM; TOOTO 3MEHIIICHHS
PO3MipiB YaCTOK MPUBOAMUTH JI0 3MEHIICHHS Ynciia AePEeKTiB. 3aJeKHICTh MIIHOCTI TBEPANX
TiJ BiJ] JIIHIHHUX PO3MipiB € MacmTaOHUM GakTopom [5]. B MonoTkoBuX apobapkax marepiat
PYHHYETBCSI 32 PAxXyHOK PO3KOIIOBAHHS HOr0 YaCTMHOK BHACIHIJOK yJAapHOIO BIUIUBY Ta
CTUPaHHSI.

Jlireparypa
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2. boun @. C. 3akonsl npobnenust / @. C. bonn. // Ctpoitnzaat. — 1966. — C. 195-208.
3. Augpees C. E. [Ipobaenue, uamensueHue u rpoxodyeHue moie3nbix uckonaemsix / C. E. Aunpees,
B. A. Ilepos, B. B. 3BepeBuu. — Mocksa: Hempa, 1980. — 415 c.
4. xunmkuxanse C. I1. MccnenoBaHue 3HEproeMKOCTH Ipouecca ApoOiieHus (ypa’KHOTO 3epHa B
MOJIOTKOBBIX JpoOMIKax : aBToped. IWC. Ha 37400yTTA HAyK. CTYNEHA KaHJ. TEXH. HaykK /
Joxnamkuxanse C. I1. — Toumucu, 1965. — 35 c.
5. Kysueroa M. M. Jlo nuTaHHs ONTUMI3allii TEXHOJOTIYHOIO IPOIIECY MOAPIOHEHHS B OYIiBHHUIITBI /
M. M. Ky3znenosa, A. I'. [Ipuiimaxos. // HaykoBuii BicHuk OyniBauntea. XJITYBA. —2010. — Ne58. —
C. 133-141.
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YIOCKOHAJIEHHA ABTOMATHU30BAHOI'O YITPABJITHHS
HAKOIIMYEHHSAM COCTABIB HA KOJIISIX HAKOIMUYEHHA
COPTYBAJIbHUX CTAHIIIA
Kykosunpkuii 1.B. 1.1.H., Ycrenko A.b. k.1.H., [[31006a B.B.

Jlninpoecvkuii HayioHanbHil yHieepcumem 3a1i3HUYHO20 MPAHCNOPMY
imeni axademixa B. Jlazapsna, Yxpaina

HakonuueHHs cocTaBiB B COPTYBaJIbHHMX IMapKax CTaHIIN € BaKJIMUBUM €JIEMEHTOM
TEXHOJIOTIi BAHTAXHUX 3aJI3HUYHUX TepeBe3eHb. SIKICTh YNpPaBIiHHSI UM MPOIECOM
3HAYHOI0 MIPOI0 BH3HAYa€ 30€peKEHHS BaroHiB Ta BaHTAXIB, a TaKOX MPOIYCKHY
CIPOMOXHICTh CTaHIii. HUHI OCHOBHMM CIIOCOOOM TaKOIO YIPAaBIiHHS € «IIPHUIIbHE)
raJlbMyBaHHSl BaroHiB Ha MapKOBHX TO3MIISAX, SIKE BUKOHYETHCS B aBTOMaTHYHOMY abo
aBTOMATH30BAaHOMY peXuMi (3a ydacTio omepaTopa). JlOCHiPKeHHS MiATBEpIKYIOTh, IIO
MOKAa3HUKHU SKOCT1 YIpPaBJIiHHS — IIBHUJKOCTI 3ITKHEHHSI BaroHiB Ta JOBXXHWHA «BIKOH» Ha
COPTYBAJIbHUX KOJISIX — € 3HAYHO TipmuMH 3a HopMmatuBu. OnHaK, MeXaHi3M
ABTOMATH30BAaHOTO KOHTPOJIIO PE3YNbTATIB MPHUIIIBHOTO TaJlbMyBaHHS HUHI BiJICYyTHIH. 3a
i7Ie€l0 aBTOpIB po3poOKa Ta IOCTIKEHHS TAKOrO MEXaHI3My MOKE O03BOJHMTH CYTTEBO
YIOCKOHAJIUTH aBTOMATHU30BaHE YIPABIIHHS HAKOMWYEHHSIM cOCTaBiB. Jlani po3risgaroThCs
HaIPsSIMKH PIIICHHS Ii€1 3a1a4i.

OCHOBOO JTOCITI)KEHb IIOBUHHA CTAaTH METOIMUKA OI[IHIOBAHHSI TOKA3HHUKIB MPHUIILIBHOTO
ralbMyBaHHS B 3aJI&KHOCTI BiJ 3aco0iB ympaBiiHHA. AHaTI3 ICHYIOYHMX METOIUK
HiATBEP/KYE, 110 BOHA TOBHMHHA 0a3yBaTHCh Ha IMITalliiHOMY MOJIENIOBaHHI. 30Kpema,
oOpaHuii TIiAXiA, J€ BUIUIAIOTHCS OKpeMi pPIiBHI MOJAETIOBAHHA (I3UYHOTO IPOIECY
CKOUYBaHHSI BaroHiB, HA3eMHOI aBTOMAaTHKU Ta aJTOPUTMIB yIpaBiiHHSA. BusHaueHi BumMoru
JI0 KOYKHOTO 3 PIBHIB MOJICITFOBAHHS, @ TAKOX J0 CKJIQay MOKa3HUKIB SIKOCTI YIPaBIiHHSA, 110
OLIIHIOIOThHCA.

[TepenyMoBOIO OIIHIOBaHHS PE3YIbTATIB YIIPABIIHHSA Ma€ OYTH KOHTPOJIb PYXy BaroHiB
M0 COPTYBaJIbHUM KOMisiM. [IpOTIOHYEThCS BUKOPUCTAHHS IS TAKOTO KOHTPOJIO JTATYHUKIB
MPOXO/KEHHS KOMIC 3 (iKcalito KOKHOTO KOJIeca BaroHy, IO PYXaeTbCs. 3a IMOMEPEeIHIM
aHaJi30M Take pIIIeHHsS MOXe JO03BOJIMTU 3IIMCHIOBATH KBa3iOe3nepepBHUN KOHTPOJIb
MICII€3HAXOKEHHS Ha KOJIii, IIBUAKOCTI Ta YIIOBUILHEHHS BaroHiB, MPUYOMY BIUTUB MOXHUOOK
JATYUKIB MOXKE€ KOMIIEHCYBAaTHUCh 30UTKOBICTIO iH(opMalii 1 KUIBKICTh JaTYUKIB MOXe OyTH
3HAYHO MEHIIOK, HDK B Cy4YacHHX cucTeMax. [Ipu 1ipoMy akTyaldbHOIO 3a7a4yer0 € BHUOIp
METO/IIB PO3pOOKa 1 TOCIIKEHHSI alTOPUTMIB TAKOT'O KOHTPOJIIO Ha 0a3i MOJIETIOBAHHS.

KoHTposib mapaMeTpiB pyXy BaroHiB Ha COPTYBaJIbHUX KOJIISIX CTBOPIOE MOXJIHBICTH
ABTOMATUYHOTO OIIHIOBAHHS CTATHCTUYHUX MOKA3HUKIB IIBUIKOCTEH 3ITKHEHHS Ta «BIKOHY.
Ile, 3o0kpema, m03BOJSE BHSBIATH (akTOpH, SIKI CHUCTEMATHYHO 3HIDKYIOTH SIKICTh
NPULIUTBHOTO TaIbMYBAaHHS Ha PI3HUX COPTYBAJIBHUX KOJISX, @ TAKOXK MOXE CTaTH OCHOBOIO
JUISL  3alpOBaDKEHHST alropuTMiB anantanii. Po3poOka Ta oriHOBaHHA €(QEeKTHBHOCTI
BIJITIOBITHUX aJITOPUTMIB € HACTYITHOIO aKTYaJIbHOIO 331a4€I0 JOCIIKEHHS.

Sk moBeneHO 3HAYHOIO KITBKICTIO JOCIIIKEHB, OTHUM 3 HaWOIJIbIIT BOKIUBUX (HaKTOPIB
SIKOCTI TPUIUIPHOTO TaJbMYBaHHS € TOYHICTh BH3HAYEHHS XOJIOBOTO OIOPY BaroHiB.
HasiBHICTh KOHTPOJIO PyXy BaroHiB Ha COPTYBaIbHHX KOJISIX JIO3BOJISE YIOCKOHAJIUTH
MPOTHO3YBaHHSI XOJOBOTO OIOPY, CIUPAIYHUCh Ha OI[iHIOBAHHS (DAKTHYHOTO YIOBUTLHEHHS
BaroHiB. 30Kpema, 11€ CTBOPIOE MOXJIUBICTb BUKOPHCTAHHS Cy4YaCHHUX METO[IB MAIIMHHOTO
HaBYaHHS, B TOMY 4YHCIi 13 3aCTOCYBaHHSAM INTYYHMX HEHPOHHHUX Mepex. IMmiTamiiine
MOJICTTIOBaHHSI TPU IBOMY JO3BOJIAE€ JOCHIAUTH €(QEKTUBHICTh TAaKOro HaBYaHHS Ta
ONTHUMIi3yBaTH HOTO MapaMeTPH.

Takum 4YuHOM, B pOOOTI 3ampONOHOBAHO BHUKOPUCTAHHS MEXaHI3MYy KOHTPOJIIO
napaMeTpiB pyxy BaroHiB MO COPTYBaJbHUM KOJISIM Ta BH3HAYCHI HANPSIMKH BiIMOBIIHOTO
YIOCKOHAJIEHHSI aBTOMAaTH30BAaHOTO YIPAaBIiHHSA HAaKOMWYEHHSIM cocTaBiB. OOIpyHTOBaHa
aKTyaJbHICTh DIMICHHS HAyKOBHUX Ta MPAKTUYHMUX 337134, SKi TMOBUHHI 3a0€3MEYNUTH TaKe
YIIOCKOHAJICHHS.
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OB OJTHOM 3ATAYE ®OPMUPOBAHUSI
OIITUMAJIBHOI'O PEIIEPTYAPHOI'O IIVIAHA TEATPA
Kocomnanos A.A. 1.1.H., npog., [Tapnonura A.H., Hlamkos B.A.

/lnenponseckuii HayUOHANLHBIL YHUBEPCUMEN HCELEe3HOOOPOICHO20 MPAHCNOPMA

umenu axademuxa B. Jlazapana

KauecTBO TearpalbHBIX MOCTAHOBOK M 3(PPEKTUBHOCTH MCIOIH30BAHUS MaTepUaIbHO-
TEXHUYECKON 0a3bl U TBOPYECKOTO MOTEHIMaja apTUCTOB BO MHOTOM 3aBHCST OT YPOBHS
opranuzanu paboThl TeaTpa. BakHON cOCTaBISIOMIEH 3TOTO SBISETCS penepTyapHbIN TUIaH
paboThl TeaTpa Ha TeaTpaibHbIN ce30H. JlaHHBIN JOKYMEHT perjJaMeHTUPYET He TOJIbKO PUTM
paboThl KOJJIEKTHBA Tearpa, HO U CYHIIECTBEHHO BIHSIET HA pPEATH3AIUI0 TBOPYECKUX
criocoOHOCTe# ero uiaeHoB. [1oaToMy penepTyapHBIii TUIaH MOKHO W HYXKHO pacCMaTpuBaTh
KaK BaXHBIA JIOKYMEHT palMOHAIBHOTO MCHOJb30BaHUSI OTrPAHUYEHHBIX PECypCOB—
XYIOKECTBEHHOTO M AapTUCTHYECKOro IMEepCoHala, a TaKke TeaTpalibHONH MaTepuaibHO
TEXHUYECKOH 0a3bl.

CocraBrneHue penepTyapHOro IjlaHa paboOThl TeaTpa Ha TeaTpalbHBIA CE30H
MpeacTaBisieT U3 ceds BechMa TPYAOeMKHid, MHOrodayTopHbIi mpomecc. OH Tpedyer
OOJBIINX BPEMEHHBIX W MHTEJUIEKTYAIbHBIX 3aTPaT, TaK KaKk MHOTHE (paKTOPHI, BIUSIONINE HA
TaKOW IUIAH MPOTUBOPEYMBBI M HOCAT HEUYETKWM xapaktep. Ilo cyTu, 3amaya cocraBieHus
pernepTyapHOro IJIaHa  SIBJISETCS  3aJadeil  MHOTOKPHUTEPHUATIbHOH  MHOTO(aKTOPHOMH
JUCKPETHOM ONTUMHU3ALNN B HEUETKUX YCIOBHUSAX.

CocraBnieHue penepTyapHOro ImjiaHa MOXKHO OTHECTH K 3aJadyaM yMopsA0oYUBaHUs, UIU
YIaKOBKHU, UM COCTABJICHUSI PA3IMYHOIO poJia paclUCaHUi (HarpuMep, 3aHITHH B yueOHOM
3aBeJICHUH, WM (OPMHPOBAHUS COCTABOB MOe3/10B W T.1.). Kak yxke ObUIO yka3aHO, 3TO
YPE3BBIYAHO TPYIOEMKHI M CIIOKHBINA MPOIIECC, TPEOYIOMNMA €r0 aBTOMATH3aIIUH.

Ha cerogusimiHuii J1eHb CyIIECTBYET MHOIO METOJOB M aJITOPUTMOB ISl pELICHUs
3a/layd COCTaBJIEHMsI pa3HOro poja pacrnucaHuil. OAHAKO OHU CYHIECTBEHHO 3aBHUCST OT
MPUKIATHOTO XapakTepa W KOHKPETHBIX YCJIOBUHM pemeHus  3amgaud. K Takum
HEJOCTaTOYHO H3YYEHHBIM 3aJauaM OTHOCUTCS  3ajgada (OpMHUPOBAHHS PENepTyapHOTO
MJIaHa TeaTpa Ha TeaTpaJIbHBIA CE30H.

B noknage paccMarTpuBaroTCs OCHOBHBIE TPEOOBAHMSI M YCJIOBHS, KOTOPBIM JIOJIKEH
YIOBIETBOPATH (POPMUPYEMBIH IJIaH, U IPEATIOKEH KPUTEPUI €r0 ONTUMHU3AIUH.

Pasrpannuum mnonatus "penepryap" u "penepTyapHbld IIaH", KOTOpBIE 3a4acTyro
BOCIIPUHUMAIOTCSl KaK CUHOHHUMBI. B miepBOM ciydae peub HAET O MEepeyHEe CIEeKTaKJen
(KOHIIEpTOB), IJIAHMPYEMBIX K IOKa3y B HOBOM TeaTpalbHOM CE€30HE; BO BTOPOM - O
MOJIpOOHOM KaJIEHAApHOM IIaHE, B KOTOPOM OIIpPEEIeHO, KOT/1a UMEHHO OY/eT Ipe/CTaBieH
TOT WJIM WHOU CTIEKTaKJb (KOHIIEPT).

Brigensitor q1Ba ypoBHsi pOpMUPOBAHUS PETIEPTYyapHOTO IJIaHa TeaTpa:

1. Ce30HHBI.

2. MecsiuHbIi.

CymecTByeT Tpu MeToJla IUIAHMPOBAHHS BBIMYCKAa IMOCTAHOBOK: IO KOHTPOJIBHBIM
CpOKaM, C MOMOIIBI0 JIMHEWHBIX IUarpaMM U ¢ MOMOINBI0 ceTeBBIX TpadukoB. Hamnbomee
JIETKUH, MPOCTOM, JOCTYIHBIN, HO HauMeHee 2(G(HEKTUBHBIN CTIOCO0 TIJIAHUPOBAHHMS - 110 KOH-
TPOIBHBIM CpokaM. OgHaKo, Aist 3PPEKTUBHOTO MaKpO-TNIAHUPOBAHUS, KOT/Ia B TeaTpe yKe
CIOXHWJICS HAOOp CIEeKTakied, HeoOXOAUMO YYHMTHIBATh Pl (aKkTOpoB B Tpolecce ux
YHOPSIOYMBAHUS B HOBOM CE30HE.

PenepryapHblii MJIaH Ha HOBBIM TeaTpPaJbHBIA CE30H HOCHUT MpeIBapUTEIbHBIN
xapaktep. OxkoHuaTenpHOE (HOPMHUPOBAHHE pPENEPTYyapHOTO IUIaHA TeaTpa OCYIIECTBISAETCS
pu (HOpMUPOBAHHUH TUTaHA pabOTHI TeaTpa Ha MPEACTOAIINNA MECSI], KOTOPOE JOJKHO OBITh
3aKOHYEHO He no3aHee 20-ro yucia TeKyIero Mecsia.

MecsuHblii  peniepTyapHblid M1aH (GOpMUPYETCsT Ha OCHOBE CE30HHOTO C YYETOM
pEeaIbHON CHUTYyalluH, CIIOKMBIICHCS HAa MOMEHT COCTaBIieHHsS IUIaHa paboOThl Tearpa Ha
npencrosiimuid Mecsl. HeoOXoaumMocTh BHECEHHS KOPPEKTHB B MpeIBAPUTENbHBIN IUIaH
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MOKET OBITh BBI3BaHA PA3JIMYHBIMH HEMPEIBUICHHBIMU OOCTOSITETLCTBAMH (BHE3AIMHON
00JIE3HBIO WCIIOTHUTEIICH, TTOJIOMKOM CIIECHUYECKOTO0 000pYI0BaHHMS, HETOTOBHOCTHIO HOBOTO
CIIEKTAKJISl K yKa3aHHOW JaTe MPEMbEpPHOTO MoKaza U T.M.). TO eCTh alroput™m pereHus
3a/1auu JOJKEH OBITh MHTEPAKTUBHBIM C TIOMECSIYHON KOPPEKTUPOBKON CE30HHOTO IIaHa.

K ob6sazamenvnoim  mpebosanusm, TPEObABISIEMBIM K pelepTyapHOMY IUIaHy,
HaIrpuMep, TeaTpa ornepsl U 6anera, OTHOCATCS CIEAYIOIIHE:

— He meHbpIIe 1BYX HOBBIX CIIEKTAKIIEW B OJJTHOM T€AaTPAIIbHOM CE30HE.

— Kaxnoil mpembepe IOKHBI MPEAIECTBOBATh KAK MHUHHUMYM OJHA TE€HEpalibHas
penietunius (B KOCTIOMax, CO BCEMHU JIEKOPALUSIMHU U PEKBU3UTOM), OAUH MOJIHBIA MPOTOH U
OJIHA cJja4ya CIEKTaKJIs YJIeHaM XY COBeTa TeaTpa.

— He meHee 15 aHeil racTposiell B TEUEHUHU OJTHOTO T€aTPAILHOTO CE30HA.

— IToHEeNENLHUK — BBIXOIHOM NEHb.

— MuHHUMYM OJIMH JIEHb B HEJIEIIO JUIsl IPEJICTABIICHUN MTPUE3KUX KOJIEKTUBOB.

—He Menbmie nByX BBIE3AHBIX CIEKTaKJI€d TPyNIbI TeaTpa B TEUYEHUE OJHOTO
KaJICHJapHOTO MecsIIa.

— He MeHee n1ByX THEBHBIX CIEKTAKJICH/KOHIIEPTOB JIJIsl ACTEH M FOHOIIECTBA B MECSII.

— KoHueptsl, 6aneTsl U onepbl (ONMEpeTThl) WIH JTOJDKHBI CMEHSTH APYT ApPYyTra, TO €CTh
HE MOXET ObITh, HalpUMep, OANETHBIM WM OMEPHBIA CHEKTaKIb WIATH JBa W OoJee ITHS
noapsa. JlaHHoe orpaHuueHHE HE PacHpOCTpaHSETCs Ha MEpPUOJ HOBOTOJHHUX IIKOJBbHBIX
KaHUKYJI, KOT/Ia MPEJCTaBICHUSI AETCKUX CKa30K MPOXOIAT KaXKIbIM JIEHb W, KaK MPaBHIIO,
BBl B ICHB.

—Henb3ss B OAMH JCHP MPOBOAWTH PEMETULIMI0O W TPEACTaBICHUE Oanera WIn
PENETUIINIO W TIPEACTABJICHHE OIepbl/onepeTThl. To ecTh, €Clii, HampuMmep, PEeneTHINS
Oanera, TO B 3TOT JACHb ONEPHBIN crieKTakib. i Ha060poT.

— IIpembepHbIe M HauboJiee TMOCEIIaeMble CIIEKTAKINW JOJDKHBI MATH HE PEXKE OJTHOTO
paza B mecsn. ([laHHBIe MO MOCEMaeMOCTH CIEKTaKJIeH OepyTcs CpeaHue 3a MPOILIBIA U
TEKYIIUN TeaTpajabHbIE CE30HBI.)

— PeneTunyiu He NOKHBI MEIIATh OATOTOBKE OJIVIKAKMIIEro CIIEKTaKIIs.

Heoobs3amenvrvie mpebosanusi K penepTyapHOMY IJIaHY:

— [IponoikuTeNnbHBIE CIEKTAKIN IUIAHUPOBATh HAa BBIXOAHBIE W MPA3THUYHBIC THH,
KOTJ1a IPEICTABICHNE HAYMHAETCS Ha YacC PaHbIIE M0 CPABHEHUIO ¢ OYTHUMU THSIMHU.

—He Menbmie nByx pa3 B MecCsSIl B BBIXOJHBIE M Mpa3AHUYHBIE JHU IUJIAHUPOBATH
JTHEBHBIC CIIEKTAKIIN/KOHIEPTHI 111 CEMEWHOTO MPOCMOTpA.

— OnuH neHb OT/BIXa aPTUCTaM M PaOOTHUKAM XY)KO)KECTBEHHO-TTOCTAHOBOYHON YacTH,
3a/IeICTBOBAaHHBIM B BBIE3/THOM CIIEKTAKJIE, [TOCJIE UX BO3BPAILECHUS U3 KOMAHIUPOBKHU.

— MakcumanbHO BO3MOKHOE PaBHOMEPHOE pacIpe/ielieHUe HAarpy3Ku JJisi apTUCTOB U
PaOOTHHUKOB XY0’)KECTBEHHO-TIOCTAHOBOYHOW YacTH.

OCHOBHBIM KpPUTEpPUEM ONTHUMHU3ALUU PENEpPTyapHOro IUIaHa TeaTpa SBISETCS
MaKCUMU3alMs TPHOBUIM TeaTpa 3a CYET TMOBBIMICHUS TOCEIIAeMOCTH TeaTpaTbHBIX
NPEACTABICHUN  3pUTENsIMH, TO €CTh POCT YPOBHA CaMOOKYIAaeMOCTH  Tearpa.
MHorouucieHHbIi Ha0Op OrPaHUYCHHM, W, B TIEPBYIO OUEPEb, TUTABAIONINE JAThl BRIXOAHBIX
U Mpa3AHUYHBIX JHEW, THEW BBIE3JHBIX CIEKTAKJIEH CYIIECTBEHHO YCJIOXHSIOT pelIeHue
3aJIa9M KJIaCCUIECKUMH METOJIaMH.

[TosTomMy aBTOpamMu mpeajiaraercst JUisi PelIeHHs 3a/1ayd aBTOMATH3alUUA COCTaBIICHUS
penepTyapHOro IUIaHa TeaTpa  HCIOJb30BaTh THOPUIIHBIN IMOJIXOJ Ha OCHOBE POEBBIX
QITOPUTMOB U CIEIHUAIBHBIX TMPOILEayp. B kadecTBe cpeicTB MpoOrpaMMHUpPOBAHUS BBIOpaH
sa3plk  Python m ero 6mbnmorexu. Pazpaborana skcrepuMeHTalbHAas BEPCHS MPOTPaMMBbI
pelIeHUsT YNPOMEHHOW 3aJaud ¢ TEPHOJOM TUTaHMpoBaHMs nBe Henenu. ChopmMupoBaHBI
OCHOBHBIE 0a3bl IaHHBIX OTEp, 0ATETOB U OMEPETT, a TAKKE UX HCIIOIHUTEICH.
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3AJIAYU YIIPABJIEHUS COBPEMEHHBIMU
TEXHOJIOI'MYECKUMHU ITPOUECCAMHU U MTPOU3BOACTBAMU
B PAMKAX KOHIEINIWHU UHAYCTPUS 4.0
Kymua AW 111, mpod., Uuenko P.A. |, TloxnyGusiii B.A. |, Mucbko b.C.2
IKpueopoofccmﬁ HAYUOHATIbHBIL YHUBEpCUment,
? I'TT «Kpusoposcckuti uncmumym agmomamuxioy

B Hacrosimiee BpeMsi NMpakTHYECKH BCE PA3BUTBIE CTPAaHbBI MHUpPa COCPEIOTOYEHBI Ha
pemieHHH TPoOIeM TI00anM3alMy, MOCTPOSHHST HUPPOBOH SKOHOMHUKH, WHTCHCU(DHUKAIMUA |
MOBBIIIEHUS] KOHKYPEHTOCTIOCOOHOCTH 3a CYET BHEAPEHHS «YMHBIX MPOU3BOACTBY» (Smart Factory
[1]). Bce 5T mpeanochUTKM Jaid HAYalo HOBOW KOHIENIMU Pa3BUTHUS IPOU3BOJICTBA,
nonyuuBiieit HazBanue «Mugyctpus 4.0» [2]. CTOUT OTMETUTH, YTO TPEThsl HAYYHO-TEXHUYECKAs
PEBOITIONHS MTPUBEJIA K aBTOMATH3AIUH OTIEIBHBIX IPOLECCOB, B TO BpeMs Kak «HmycTpust 4.0»
IpeJyCMaTpUBaeT CKBO3HYIO HU(POBH3AIMIO BCEX CTAAMH NPOU3BOJCTBA M MX HHTETPAIHIO B
(poOBYI0 CHCTEMy BMECTe C KOOIEpaluel IapTHepOB, YYacTBYIONIMX B IETOYKE CO3IaHHS
KOHEYHOTO TIPOJIYKTA.

VY co3manms kxounenimn «UWHmyctpust 4.0» B paMKax pemieHUWs 3amad  yIpaBICHUS
COBPEMEHHBIMHU TEXHOJOTMYECKHMU MPOIIECCAMH M MPOU3BOICTBAMH OBLIIO HECKOJILKO OCHOBHBIX
npeanockuiok. OfHa U3 HUX CBsI3aHAa C T€M, YTO YCIIOKHEHHE, TaK Ha3bIBAEMOW MaTepHUaIbHOM
YacTH TPOM3BOJACTBA, OE3yCIOBHO BEIET M K YCIOKHEHHIO OPraHU3allMOHHOW COCTABIISIOLICH.
CoBpeMEHHOMY PYKOBOJHUTEIIO CTAHOBUTCS TPYAHEE NMPHHUMATH MPABUIbHBIE YIPABICHUECKUE
pemieHns. B mporpeccun yBenTUYMBAETCS BApUATUBHOCTh MPUMEHSIEMBIX IEJIEH, YCIIOBHIA,
OTpaHWYCHHA, a BMECTE C HHMH M MaciiTad BO3MOXKHBIX TOCHencTBUi. Jlpyroil BakHOU
NPUYUHOM, SBISETCS TOT (DakT, 9YTO B COBPEMEHHBIX YCIOBHSX YIPABICHUS HEOOXOAMMO HE
TOJBKO TIONy4YaTh CTATHCTHKY M aHAJIUTUKY IPOWU3BOJICTBA, HO W WMETh BO3MOXKHOCTb
NPOTHO3UPOBAaHKS C  HCIIONB30BAaHMEM IIONYYEHHBIX JAHHBIX. J{OJDKHBI — MPHUMEHSATHCS
BBICOKOA()(DeKTHBHBIE METOMBI BBIACICHUS HanOoJee BAKHOW M aKTyallbHON WH(pOpManuu Ha
MOMEHT MPHHSATHUS PEIICHHUS, C BO3MOXXHOCTBIO PEAUKTUBHOTO aHAJIM3a BO3MOXKHBIX BapHAHTOB
COOBITHH.
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Pucynoxk 1 — O6mras crpykrypHas cxema Smart Factory Ha ocHoBe koHTIenin «HIycTpus 4.0%»
BoiBoambl. IlpemmoxkeHHbIe TOIXOIBI TMO3BOJAT PEMIMTH 3amady Ooinee 3(h(HEKTHBHOTO
YIpaBiICHUS] COBPEMEHHBIMH TEXHOJOTUYECKMMH TIPOIECCAMH M TPOM3BOJCTBAMHU 33 CUET
MPUMEHEHUST TIEPCIEKTUBHBIX TMOAX0A0B KoHmenuu «Uumyctpus 4.0» (xkubep-pusudeckue
cuctemsl, loT, BigData, cumyssitiist 1 001a9HbIe BRIYUCIICHUS, TOTIOJTHEHHAS! PEAIbHOCTD | T.1I.).
Bonee neranpHas pazpaboTka MOJOOHBIX CHCTEM C yUETOM CHEIM(PUKHA KOHKPETHBIX OTpacieil u
TEXHOJIOTHH SIBJISIETCS 1IEJIbIO TAIbHEUIITNX MCCIICIOBAHUHN aBTOPOB.
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PA3PABOTKA MPOI'PAMMHOI'O TPUJIOKEHUSA JIsA
PACYHETA BPEMEHH YBOJA KOCMHNYECKUX AIIITIAPATOB
C IOMOUBIO PA3JINYHBIX CUCTEM
JlanmxanoB D.A. acnupaHT
Hnemumym mexnuueckou mexanuku HAHY u TKAY

[IpoBeneHo wcciemoBaHue OPOUTAILHOTO IBIKEHHS KocMmmueckoro ammapata (KA) c
MarHUTHBIM TIPUBOJIOM Ha TOocTOSHHBIX Marautax (MIIIIM). CormacHo wWCClIe0BaHUIM
npocdeccopa IllyBamoBa B. A., npu nBmwkennn HamarHndeHHoro KA B ciosx wmoHoc]epHOi
IUTa3MbI BO3HUKAIOT CHJIBI, KOTOPBIE MOTYT OBITh MCHOJB30BAHBI ISl YIIPABICHUS OPOUTATBEHBIM
newkeHneM KA, a takxke s yBoJga ¢ OpOUT MO OKOHYAHHUIO CPOKa aKTHBHOM 3KcITyaTanuu. MM
BBITMIOJIHEHA JKCIIEPUMEHTaIbHAsl MpoBepKa 3Toro 3¢dexra U pazpaboTaHa COOTBETCTBYIOILAS
MaTeMaTH4YecKash MOJelb. 3a OCHOBY MaTeMaTHYeCKOH Mojenan opOutambHoro apmwkeHus KA c
MIIIIM B3sta cucremMa audQepeHuuanbHbIX ypaBHeHM Jlarpamka mepBoro poaa B
OKYJHUPYIOIIMX 3JIEMEHTaX, TJ€ MepBble MPOU3BOIHBIE OEPYTCs O UCTUHHON aHOMAJIUH.

Jns ananmza npuaamuiky gaBmwkeHns KA ¢ MIIIIM Ha HU3KHX OKOJIO3€MHBIX OpOMTax
(HOO) 6bu10 pazpaboTaHo MPUIOKEHHE B OTKPBHITOM ITAKETE MPOTPAMMHBIX MpoaykToB Scilab
Ha COOTBETCTBYIONIEM S3BIKE MpOrpaMMHUpOBaHus. SI3bIk mporpammupoBanus Scilab Obur
BEIOpaH Onaromapss CBOel TIPOCTOTE, OECIUIAaTHOMY pacTIpOCTPAaHCHHIO M BO3MOKHOCTH
WHTETpAIlMd B Pa3IMuHbIC OmepannoHHble cuctembl: Linux, Mac OS X, Microsoft Windows.
Pa3pabotanHOoe mporpaMMHOE MPHIOKEHHUE TaeT BO3MOXXHOCTh PACCUUTHIBATH BPEMSI CHUKCHHUS
KA npu aktuBHoMm ucnons3zoBanun MIIIIM, a Takke paccuuThiBaTh BpeMsl yBoJa ¢ OpOUTHI B
WIOTHBIE ciion atMmocdepsl ¢ nomombsio MIIIIM orpabotaBmux cBoit cpok KA. CormacHo
MexayHaponHoro crangapra atmochepst IRI 2007 u EBponeiickoro crannapra ECSS-E-ST-10-
04C ot 2008 rona, HanOosbIIasi KOHUEHTPALUS 3apsHKEHHBIX YacTULl B HOHOC(epe HabmoaaeTcs
Ha BbIcoTax OoT 300 10 900 kM. B cBsi3u ¢ 3TuM, BepxHel rpaHuLel 3QpPeKTUBHOTO MPUMEHEHUS
MIIIIM sBnsietrcst Beicota 900 kM B mepuree. Takum o0Opa3oM, pa3paboTaHHOE MPHIIOKECHHE
HamboJee 1enecooOpa3Ho MPUMEHATH [Tl aHanm3a BpeMmeHn yBona KA ¢ MIIIIM Ha opOuTax,
KOTOpbIE SIBISIOTCA OJM3KUMHM K KPYTOBBIM, TJI€é Pa3HOCTh BBICOT B IIEpUree M amoree He
npesbimaer 250 kM. Ha Takux opOutax OGonee 70% Ttpaekropun KA HaxoauTcss B ClIOsIX
noHoc(hepHO# mIa3Mbl ¢ MAaKCUMaJIbHOW KOHIIEHTpAIMEeW 3apsHDKEHHBIX YacTHUIl M NMPUMEHEHHE
MIIIIM sBasiercst 3 dexTrBHBIM. Takke MPOrpaMMHOE MPUIOKEHUE MO3BOJIET PACCUUTHIBATDH
Bpems yBoja KA u ¢ mnomombio aspoaumHamuyeckux cuctem yBoga (ACY). CormacHo
UCCIIeIOBaHUAM, BbicoTaMu 3(dextuBHoro npumenenue ACY snsercs BbICOTH 10 800 kM B
nepuree, YTO yJOBIETBOPSET KpailHeMy MOPOTY BBICOT B IPOTPaMMHOM MPHUIIOKEHUH.

g npoBeeHus TeCTOBBIX pacueToB ObUIM BbiOpaHbl KA maccamu 100 kr, 500 xr u 1,5 1.
Macca MIIIIM 3aknaneiBasiach MO aHAJIOTHU C MaccorabapuTHeIMH TpeOoBanusmMu ACY, rme
Macca CUCTeMBI yBoza paBHa 3-5% ot maccel yBogumoro OKM. Pacuer BpemeHu yBoza ¢ BBICOT
10 900 kM Ha BbicOoTy 180 KM MpOM3BOMMICS C OKOJIOKPYTOBEIX opouT (dKcreHTpucuteT 0,005) ¢
pa3nu4HBIX HakIOHeHWH. [lomydeHHBIE pe3ynbTaThl MOKa3aiH, 4yTo Hcnojib3oBanne MIIIIM B
Ka4yecTBE CHUCTEMBI yBoJa € BBICOT 10 900 KM MOIHOCTBIO YAOBIETBOPSET TPEOOBAHHUSIM YBOJA
OKM B 25 ner. Ins aHanu3a TOYHOCTU pabOTHI MPOrPaMMHOTO MPUIIOKEHHS IIPOBOIUIICS pacyeT
Bpemenu yBoaa KA ¢ momomrsio ACY ¢ onpezeneHHbIMU NapameTpamMu. B kauecTBe 3TallOHHOTO
3HaueHus Opaincs pacueT BpeMeHM yBojga Toro xe KA c¢ nomompio Toit xe ACY B
JUIEH3UpOBaHHOM mporpaMMHOM oOecnieueHnd DRAMA ESA. OTHocuTenbHas MOTPEIIHOCTD
pacuera BpEMEHHU yBOJAa COCTaBWJIa OKoJio 12%, YTO SBISETCS MOMYCTHUMBIM MpPU TPOBEACHHUU
IpeaBapUTEIbHBIX OIIEHOYHBIX PACYETOB. DTO OOBACHIETCS, TEM UTO JHIIEH3UPOBAHHBIM TPOLYKT
EBponeiickoro xocmudeckoro arenrctBa DRAMA ESA wucnonb3yer TeKylIue JaHHBIE MOJIEITH
aTMocdepsl U COTHEYHOH aKTHBHOCTH, a B Pa3paOOTaHHOM IMPUIOKEHUH HMCIIONB3YETCs JaHHBIC
3a 2008 rox mpu cpeaHel COTHEYHOW aKTHBHOCTH.

Takum oOpa3oM, paspaboTaHHOE TIpOTpaMMHOE OOECTICUeHHE IIO3BOJISIET JeNaTh
NpeBapUTENbHbIE OIICHOYHbIE MPOTHO3bI OTHOCUTENBFHO BpeMeHHU yBojaa ¢ nomoiisio MIITIM u
ACY U MOXET UCIOJIB30BaThCS HA PA3IMYHBIX OMEPALMOHHBIX CHUCTEMaX, YTO HIKOHOMHUT BpEeMs
Ha MPOBEICHUE NIPEIBAPUTEIbHBIX PACUETOB MPHU MPOoeKTUpoBaHUM cucteM yBojaa KA ¢ HHO.
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JOCJIIIKEHHA 3YCUJLJIA BATUCKY IHCTPYMEHTY JJISA
BATATOOIEPAIIMHUX BEPCTATIB
JIutBun O.B. k.1.H., ['aBpymkesud H.B., Anexcux 1.1.
Hayionanonuu mexniunuu ynieepcumem Ykpainu
«Kuiscorkuu nonimexwniunuu incmumym imeni l2opsi Cikopcoko2o»

BaxmBum ¢akTopoM, 110 BU3HAUae BUOIp THIy MEXaHI3My 3aTHUCKY Ta 3BUIbHEHHS
IHCTPYMEHTY JIJIsl BEPCTATIB 3 MPOTPAMHHUM KEPYBaHHSM, € 3yCHUJUISI 3alPEeCYBaHHS (3aTSIHKKH)
Ta BUIPECYBaHHS 1HCTpYMeHTY [1].

[Ipu pi3HUX 3yCHWIUIAX 3alpecyBaHHS 1HCTPYMEHTY OyJI0 BH3HAUYEHO IiIATIMBICTh
KOHYCHHX 3'enHanb THILy Mop3e Ne2 ta ISO 1/24 Nel. BennuuHa 3ycuiis 3anpecyBaHHs Ta
BHUIIPECYBaHHs 11 KOHyca TUy Mop3e Ne2 BuMiproBanach JUHAMOMETPUYHHM KIIOUYEM 3a
MOMEHTOM Ha WIMOHIN, a Uit KoHyca tumy [SO 1/24 Nel mmuuaens B 3aleXHOCTI Bif
3YCUIUIS 3aTSHKKU - TUHAMOMETPOM Ha CTEH/I.

Pesynbpratn ekcriepuMeHTy Oysid MpUBEICHI Y BUIVISII TpadikiB CyMapHOT KOHTAKTHOI
MiJIATIUBOCTI B TOYIll MPUKIaAaHHs 3ycrwuist L =10 cM BiJl TOPIS MINUHACTS B 3aJICKHOCTI
Bil 3yCWUIS 3aTsDKKU. B pesynbTaTi BUSABICHO, IO JKOPCTKICTh KOHYCHUX 3'€THAHb 31
301BIICHHSM 3YCHJUTSI 3aTsDKKU JIeKiTbKa MiABHINYeThes (y koHyca Mopse No2 Ha 40%, y
konyca [SO 1/24 Nel na 25% nipu 36inbmeHH1 3ycusuis 3aTspkku 3 300 qo 1500 kr).

Bapro Big3HauuTH, 110 IpU 3YCHIUTI 3aTsHKKU KOHyca Mopse Ne2, mo nopiHioe 1500
KT, giamMeTp OIroBHX JOPIKOK MIAMIMITHUKIB IMUHACIS KOOPAHMHATHO-PO3TOUYBAIBHOTO
BepcraTa Mozeni 2A430 3011bLIyeThes Ha 4 MKM.

3ycusis BunpecyBaHHsl KoHyca Mop3e Ne2 ta ISO 1/24 Nel naBeneni B Taba. 1. 3 Hei
BUXOJMTh, IIO JJIsi BUIpECyBaHHS KoHyca Mop3e Ne2 HeoOXigHO CTBOPUTH MOMEHT Ha
mmoHIl B 2-2,2 pa3u OUTbIINN, HXXK MOMEHT 3aTskku. [y BunipoboByBaHoro 3'eqHanus [ISO
1/24 Nel no ocboBux 3ycwib 3arskkd B 3000 H koHyc 3BiNbHSIETBCS 0€3 J10AaTKOBOTO
3yCUJUISI, TIPH OCLOBOMY 3ycHiuIi 3aTsokku B 6000 H miist BUImToBXyBaHHSI KOHyca MOTPiOHO
NPUKIACTH 3ycuyuis, piBHe 0,1 BiJ 3yCHIIIs 3aTSKKH.

Tabmuust 1 - CriiBBITHOIICHHSI 3yCHIIb 3aTsHKKU Ta TpecyBaHHs B KoHycax Mopse ta ISO 1/24

3ycuiuis 3aTsHKKA KOHYyca, KT 3yCHLIA B NPECYBAHHA, KT
’ Konyc Mop3ze Ne2 ISO 1/24 Nel

0 0 0

300 600 0

600 1200 60

900 2400 -

1200 2700 —

1500 3300 -

Jlnst mepeBipkd poOOTH 3MPOEKTOBAHOTO B MAIIMHHOMY IEHTPI MEXaHI3My 3aTSDKKH
IHCTpYMEHTY Ha (pe3epHoMy BepceTati Gipmu «Acuepa» moaeni F4 6yB 310panuii cTeH..

[TpoBenene Oe3mocepenHiM ¢pesepyBaHHIM BUNPOOYBaHHS I0Ka3ajo, IO KOHYCHE
3'ennanns tamy ISO 1/24 Nel 3a0e3nedye MOXIUBICTh (Ppe3epyBaHHsS HABITH MPH 3yCHILII
3aTsKKHQ=100Kr. Aje He3aJeXHO BiJ HANPsAMKY HaBUBKU NPYXUHH (JIiBa YW TpaBa) Ipu
(dbpesepyBaHHI BiI0YBa€ThCS BUKPYUYBaHHS IIOMIIONA 3 THCTPYMEHTY.

Tomy KOHCTpYKILIiS MEXaHI3My 3aTsDKKM IHCTPYMEHTY d4epe3 MpPYKHHY 0O0OB’SI3KOBO
MMOBUHHA TepeidadaTy CTOMOPIHHS Bijl MPOBOPOTY IIOMIIOJNIA BITHOCHO iIHCTPYMEHTY.

JlaHi pekoMeHIalil MOXXyTh OyTH BUKOPHCTaHI MPHU MPOEKTYBaHHI MEXaHI3My 3aTUCKY
IHCTPYMEHTY I 0araToIlJIbOBHX BEPCTaTIB.
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IMPOBJIEMA BU3SHAYEHHS KIJIBKOCTI PIIMHU B PYXOMIN €EMHOCTI TA
MO KJIUBI LIJISIXU 1T BUPIIIEHHS
Masypenko B.b. k.T.H.
Jninpoecoxuii HayionanbHull yHigepcumem

Icnye npobnema BU3HaYaHHS KUTBKOCTI PIIMHU BCEPEIUHI PyXOMOi €MHOCTI, SIKa MOJIATAE B
TOMY, II0 TOYHICTb BM3HAYEHHS KUIBKOCTI PIIMHU MiJ Yac PyXY €MHOCTI BUSIBISETHCS CYTTEBO
HIDKYOIO 3a TOYHICTb, fIKa peani3yeThCsi B CTALllOHApHUX yMoBaX. € YOTHUpU (akTopu, IO
YCKIIQJHIOIOTB IMPOIIEC MPOBEACHHS BUMIPIOBaHHS BUCOTH PiBHS Ta BU3HAYCHHS KiJIbKOCTI PiIUHH
BCEpEIMHI PYyXOMOI €MHOCTI Yy TOpIBHSHHI 3 TIPOBEACHHSAM BHUMIPIOBAHHS Yy CTaIllOHAPHIN
€MHOCTI: 1) HasgBHICTb BUMYIIEHOTO PYXY PITUHH BCEPEAMHI PyXOMOi €MHOCTI TiJ BIUTHBOM
MIPUCKOPEHHSI EMHOCTI; 2) BUHUKHEHHSI Ta PO3BUTOK BUIBHHUX KOJMBaHb Ha TIOBEPXHI piauHMU; 3)
3MIIIEHHS EHTPY (GOPMU BIILHOI MOBEPXHI PIAMHU 3 TOUYKH PO3TANTyBaHHS IIEHTPY MOMEPEIHOTO
nepepizy €MHOCTI, TEepPHNeHAUKYISIPHOTO TIOB3IOBXKHIN oOCi €MHOCTi; 4) HEMOXIWBICTh B
3araTbHOMY BHUIAJIKYy O€3MOCepeIHhO BUKOPUCTOBYBATH JIaHI TPayIOBaHHS €MHOCTI, OTpUMaHi B
CTaI[lOHapHUX YMOBaxX, JUIsl TIEpEepaxyHKy B 00'eM pIIMHM JAaHUX MPO BUCOTY PIBHS PIAMHH, IO
OTpUMaHi B yMOBaxX pyXy €MHOCTI.

3 METOI0 aHaJli3y cTaHy MpoOIeMH BUMIPIOBAHHS KUIBKOCTI PITUHU B PyXOMHUX €MHOCTSIX Ta
BUSIBJICHHSI METOJIIB MO>KJIMBOI'O BUPILIEHHS W€l mpoOiemMu OyJi0o BUKOHAHO OIJIS ICHYIOUHMX
METOJIIB BUMIPIOBAaHHS KUIBKOCTI PIIMHU B MOPCHKOMY, aBlallitHOMY Ta aBTOMOOUIBHOMY
TPAHCIIOPTIi, a TaKOXK 3ac00IB Ta CIOCOO0IB, IO 3aCTOCOBYIOTHCS ISl 3MEHIICHHS BIUTUBY PYXY
MOBEPXHI PiAKOI PEUOBMHHM Ha pe3y/IbTaTH BUMiprOBaHb. HaBeneHi pe3ynbTaTH aHajizy CTaHy
BUPIIICHHS 3a3HaY€HOI MTPOOJIEMU TTOKAa3yIOTh HACTYITHE:

1) Tlpobrmema BW3HAYAHHS KITBKOCTI PIAMHH BCEPEIUHI PyXOMOi €MHOCTI B IIJIOMY
3QITMIIIAETHCS. HEBUPIMIEHO0. 3arajbHe PIIIeHHS, 10 J03BOJISE 3MEHIITUTH TTOXUOKY BUMIPIOBAHHS
JI0 3HauYeHb, SKi BIAMOBIJAIOTh BHUMIPIOBAHHSM B CTaIllOHAPHUX €MHOCTSIX, B HAyKOBIH Ta
TeXHIUHI{ JiTepaTypi Hapa3i He MpeICcTaBieHe.

2) IHcTpyMeHTaJlIbHUMHU 3aco0amMu MpoOsieMa BU3HAYEHHS KUIBKOCTI PIAMHU B PYXOMHX
€MHOCTSX MOKe OyTH BHUpIIIEHA JIMIIE YAaCTKOBO: 33 PaXyHOK BHKOPHCTaHHS MAacHBY JaTYUKiB
[1]; 3a paxyHOK BMKOPUCTAHHS TiJIpaBJIIYHUX 3aCHOKOIOBauiB [2]; 3a paxyHOK pO3TallyBaHH:
JATYUKIB PiBHSI IO OCI EMHOCTI B €EMHOCTSIX OCECUMETPUYHOIT (dopmu. [Ipu 1IbOMy KOMITIEHCYETBCS
Jist TUTBKY OKpeMUX (haKTOPIB.

4) HasBHICTh 3a3HA4YCHOI MPOOIEMH, HEMOXKJIUBICTH 1i TOBHOTO BHUpIMIEHHS, a0o0
YCKJIaTHEHHS KOHCTPYKITi BUMIPIOBaviB 3 METOIO 3MEHIICHHS TIOXHMOKH BHU3HAYCHHS KIJTBKOCTI
PIOIVMHE TPU3BOIUTH 1O 3HWKECHHS TEXHIYHHX ITOKA3HWKIB, 70 BBEJCHHS EKCIUTyaTalliiHUX
oOMexeHb, 10 JOJATKOBUX (DIHAHCOBUX BHUTpPAT, A0 3HWKEHHS OE3MEKOBUX IOKa3HHKIB. B
OKPEMHX Taly3sX, 30KpeMa B aBTOMOOLILHOMY TPaHCHIOPTI, L pobsieMa Hapasi He BUPIIIYETbCS,
B Pe3yJIbTaTi YOT0 JIaHi MPO KiIBKICTh MaJMBa HAJAIOTHCS KOPUCTYBAUy 3 HU3bKOI TOYHICTIO.

5) Icuye HaranpHa moTpeda BUPIIIEHHS MPOOJIEMHU BU3HAYaHHS KUIBKOCTI P1IMHU BCEpEIUH1
pyxoMoi eMHOCTI. B HaykoBiif Ta TeXHIUHII JiTepaTypi iICHYIOTh NMPHUKJIAAA BUPIILIEHHS OKPEMUX
3amad, TMOB'A3aHUX 3 JaHOol TmpoOmemoro [3]. 3ampomoHOBaHI pimieHHS 3acHOBaHI Ha
BUKOPHUCTAaHHI OOYHMCITIOBAILHUX METONIB 00poOKm BHMiproBanbHOI iH(popmarii. Po3BuTOK 11MX
METOJIiB, CTBOPEHHS BINMOBIIHHUX iH(OPMAIIHHO-BUMIPIOBAILHUX TEXHOJOTIH CIiJI BH3HATH
HAHOUTBIN MEPCTICKTUBHUM HANPSMOM IIONIYKY W TMOOYIOBH pimeHHS TpoOjJeMH BU3HAYAHHS
KUTBKOCTI PiJTMHY BCEPEIMHI PYXOMOi EMHOCTI.
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MHOTI'OYPOBHEBASI CUCTEMA OLHEHKH CTEINIEHU NOATOTOBKH
OIIEPATOPOB ASC HA TPEHAKEPHBIX KOMIUVIEKCAX
Muxanés A.I/I.l, CreHuH A.A.z, Hpoznosuu U.T'. 3, Crenun C.A.°
' Hayuonanvnasn memannypeuveckasn akademus Ykpauto
’HTYY «Kuesckuii nomumexnuyeckuti uncmumym um. Heops Cuxkopckozo
3 Unemumym menekomMmyHukayuii u 2no6ansHo20 UHPOPMAYUOHHOZO NPOCMPAHCMEA
HAH YVxkpaunwl, I'@C Vkpaunovl

B Hacrosimee Bpemsi mpo0GiieMa COBEPIICHCTBOBAHMS OINEPATOPCKOM JIEATEIBHOCTH
npuobpena ocoOyr0 OCTPOTY B COBPEMEHHBIX CHCTEMAax YIPaBIECHUS TEXHOJOTHYECKUMHU
mporeccaMl W CJIOKHBIMH oObekTamu. [IpoBenmeHHbIl aHanmm3 paboTel omepatropoB ADC
MO3BOJISIET ClieaTh BBIBOJI, YTO OT MPABUIBLHOCTH €0 JEHCTBHM, YMEHUSI CBOEBPEMEHHO HalTH
U peaim30BaTh BEPHOE B CIOXKHOW CHUTyallud PELIeHHE, 3aBHCUT He TOJbKO 3()()EeKTHBHOCTH
BBITIOJTHEHUSI TIOCTABJIEHHBIX TEpeJ HUM 3a/ay, HO, B PAJIE CIIy4aeB, IEIOCTHOCTh CamoOro
o0BeKTa 1 6e301MacHOCTh JroaeH [1].

N3BecTHO, uTo Hanboee 3 PEeKTUBHBIM TEXHHYECKIUM CPEICTBOM O0yUYEHHS OTIEPaTOPOB
Pa3IUYHOTO poja MpodhecCHOHATBHON MEeATeTLHOCTH SBISIETCS TpeHaxkepsl [2]. B mocneanee
BpeMsI TPEHaXKEPBI HAXOIAT BCe 0oJiee MUPOKOE MPUMEHEHNE B TPOMBIIIIIEHHOCTH, SHEPTeTHKE
U JpYyruxX OTPaCisIiX HApOJHOIO XO34KCTBA, B YACTHOCTH, JUIsl IOATOTOBKH ONEPAaTOPOB
sHepro6sokoB ADC, XapaKTepH3YIOLINXCS CI0KHOCTBIO 33/1a4 YIIPaBJICHUSL.

[Ipennaraemast B TaHHO#M cTaThe MeToaMKa OleHKH omeparopa ADC mpu oOydeHHH ero
Ha TpeHaXEpe OpPUEHTHpOBaHA Ha cxeMy 'yuutenb-yueHuk" [3]. Ilpemaraercs meToauka
OLICHKH M KOHTPOJS AeATENbHOCTH oneparopoB ADC mpHu uMX MOATOTOBKE HA TPEHAKEPHBIX
KOMIUIEKCaX, OCHOBAHHAs Ha BBEJCHHBIX B JaHHOW pabOTe MOHATUSAX «UHUIIMATUBHOW» U
«3anpenIéHHON» KOMOMHALMSIX B MaTpULIax MPeoOpa3oBaHUs, XapaKTEPU3YIOIIUX TEKYILYIO
NesATeabHOCTh onepaTopoB ADC.
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CIIOCIB PO3IIOALIIAY JJIOKAJIBHOI'O MEPEXXEBOI'O TPA®IKY Y
BATATOHIJIIO30BUX MEPEXKAX
MuxansoB O.1., B’rorenko B.C.
Hayionanvna memanypeiina axademia Yxpainu, m. [{ninpo, Yrpaina

AKTyallbHICTh POOOTH 3yMOBJIEHA peaIbHOIO MOTpeboro mianmpueMctBa Greenlan [1] y
HaJIaro/KEHHI poOOTH HAsIBHOI JIOKAJIbHOT MEpeXi 3 BHXOJIOM B [HTepHET yepe3 AeKisbKa
nuro3iB. Byke icHye 6arato MeETOJIB Ta aJITOPUTMIB PO3MOMAUTY JIOKAIBHOTO METEKEBOTO
Tpadiky Ha JeKiTbKa [UTI031B, HAITPHUKIIA]] 3alIPOIIOHOBAHI Y CTaTTi [2], MpOTe BOHU BCi MAIOTh
OJIHWH HEJOJIK - MepexeBUU Tpadik po3MOAUIIETHCS TAaKUM YHMHOM, IO Tpadik 3 OIHOTO
NPUCTPOIO PO30MBAETHCS 32 NMEBHHUMM O3HaKaMH Ha JEKiTbKa TpyM, SKi HaJICWIAIOTHCS Ha
pi3HI nuTr03u. Takuid miaxia J03BOJISIE MAKCHUMAIIBHO PIBHOMIPHO PO3TOIIIUTH HaBAaHTAKEHHS
Ha yci IUTI03H, IPOTe Hece 3 co00r0 MoripiIeHHs sKocTi 3’€qHanHs. [Ipu npomy uum Oinbiia
KUIBKICTB IIIJTI031B — TUM BIUYTHIIIE 1I€ BiIOOpa)Ka€ThCSA Ha SAKOCTI 3’ €AHAHHS 3 YTOUKH 30Dy
KOpUCTYBaya aOOHEHTCHKOro MpHUCTporo. Ilif] MOripHIeHHsM SKOCTI 3’€IHaHHS PO3YMIEMO:
pO3’€IHaHHS TPH MOTOKOBIM mepenavi naHux (y TOMY YHCII — MOTOKOBE BifIeO Ta aymio),
30UTBIIICHHS Yacy MiK HAJICHJIAHHSM 3aIUTy Ta BiAMOBIAJIIO BiJ cepBepy, 0OMex)eHHs poOoTH
CepBICIB/CalTIB, SKI BKIIOYAIOTh B c€0€ MOCWJIAHHS Ha 30BHIIIHI pecypcH. [IpuunHHN Takoi
MOBEJIIHKU Mepexi OyAyTh TOCITIIKEHI OKPEMO.

Jlnsi BUKITIOUEHHSI TIepEeTiueHUX HEAOMIKIB OyJIo CIPOEKTOBAHO CHOCiO po3MoaLTy
HaBaHTAKEHHS, AKUH HE po3AUIsIe Tpadik OKpeMOro KOpUCTyBaua Ha pi3Hi IUTI03H, PUCYHOK 1.
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Pucynok 1 — CTpykTypHa cxeMma 3apoIrOHOBaHOTO CIIOCO0Y PO3MOAUICHHSI MEPEKEBOTO Tpadiky

Ha pucynky 1 300pa)keHO CTPYKTYpHY CXe€My pOOOTH 3ampOINOHOBAHOTO CIIOCO0Y
po3nonineHHss MepexkeBoro Tpadiky. biaok LAN mpencraBise co0or yBECh MeEpEKEBHIA
Tpadik, SKUM HAaAXOIUTHh 3 BHYTPINIHBOI (JIOKaibHOI) Mepexi. Llg Mepexa ckiamgaeThcs,
npuoim3Ho, 3 300 KOpHUCTyBallbKMX TPHUCTPOIB, 3 yHIKambHUM [P-agpecamu. binpmiicts 3
OpUCTPOIB Mae mpomnyckHy 3xaatHicte 100Mbps. brnox P1 sBise coboro mporpamy y
BHYTPIIIHIN MMaM’ATi MPOTpaMOBAaHOTO MapIIpyTH3aTopa, sika po3noauisse yci IP-agpecu 3
LAN na Nisp rpyn (6oku G1-G8), ne Nisp — uncio, ke JOpiBHIOE KiJIbKOCTI LIUTIO31B, SKi
3apa3 JOCTYMHI Il iepenayl qanux. Y ool P3 mapanensno Bix nporecy y P1 BukonyeTbest
KOHTPOJIb JIOCTYMHOCTI IUIIO3iB, Ta KOperyBaHHs 3MiHHOT Nisp, 100 3a0e3neuuTH
MePEPO3NOIITICHHS TPYI Y pa3i BTpaTH 3B 53Ky 4epe3 oJuH abo JeKiIbKa IIII03IB Ta y pasi
KOJIM 3B’S30K Ha IUTIO3aX BiAHOBIIEHO. TakuM YMHOM 3a0€3MeUyeThCs BiAMOBOCTIHKICTB. Y
Bech Tpadik 3 IP-ampec, sxi Bkmoueni no rpyn G1-G8 nHamxomute Ha 010Kk FM y sikomy
BUKOHYETbCS MOTO MapKyBaHHS BIANOBIAHO A0 HamexHocTi Tpymi. Jami, Bxe
nmpoMapkoBaHuH, Tpadik moTpamisie Ha OMOK R sKkuii BUKOHYE CTaHAApTHY (QYHKIIIIO
MapuIpyTu3alii Ta Hagcuiaae Tpadik Ha IUTI03, SKOMY BIAMOBiJa€ MITKa Ha MAKeTi - OJOKH
ISP1-ISPS. Tak sk mnpomycKkHa 3aTHICTh IILIIO3IB OOMEXEeHa HEOoOXITHO 3amo0irTu
MoHormom3anii nporyckHoi 3aatHocti ISP1-ISP8 onnum abo nekibkoMa MpUCTPOSMU TPYIIH.
[{um 3aiiMaeTbest mignporpama P2, sika 3 meBHUM IHTEPBAJIOM TIEPEBIpsi€, YU HE AOCAT Tpadik
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OJTHOTO 3 MPUCTPOIB MEPEkKi AESIKOro MOPOroBOro 3HauYeHHA. SIKIo Taki mpuctpoi € — P2
MepPEMICTUTD iX 10 okpeMoi rpynu LM. Tpadik nmpuctpoiB 3 mi€i rpynu HaJACHUIAEThCS HE Ha
OIWH, a Ha JEKUIbKa HUII03iB 3a JONOMOrOK MapKyBaHHS Tpadiky pI3HUMH MiTKaMu
G1-G8 3anexxHO BiJ aapecH Ta MOPTy Mpu3HadeHHs. Takui miaxi J03BOJISE, 3 OJHOTO OOKY,
3armo0irT MOHOMOJMI3allii BiIBEACHOTO IPYIIi MUTIO3Y, a 3 IPYroro — 3a0e3MeYnTy MPUCTPOIO,
SIKOMY HEOOX1THO TIepeaTH BEIUKUNA 00’ €M TaHWX, MaKCUMAaJIbHY TIPOITYCKHY 3/1aTHICTh. [Ipn
[IbOMY HEJONIKH BiJl po30UTTS TpadiKy OJHOIO KOpPUCTyBaua Ha JEKUIbKa ILII031B
HIBEJIIOIOThCS IEPEBAaraMy TaKOr0 METOAY.

OTxe, 3amporoHOBaHHWI crocid posmnoxaiieHHs Tpadiky 3abe3neuyye HaIiAHICTD Ta
BUCOKY IIPOIYCKHY 3/IaTHICTh MEpPEeXI1 3a paXyHOK PallioHAJIbHOTO Ta THYYKOTO BUKOPUCTaHHS
MIPOIMYCKHOT 3[aTHOCTI IIUTI031B y 0araTomuIro30BUX MepexKax.
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APPLICATION OF THE BASS DIFFUSION MODEL FOR
FORECASTING THE ADOPTION OF INDUSTRIAL ROBOTS
Nataliya Togobytska Prof. Dr. rer. nat, Henrik Julius Wenck B. Sc. Student
University of Applied Sciences (HTW)

This paper concerns an approach to forecast the sales of industrial robots using the Bass
diffusion model. Industrial robots that are connected via the Internet of Things are one of the
most important elements of Industry 4.0, as they increase the competitiveness of companies
through efficiency and flexibility. This is why sales are growing not only in the core
industries such as automotive, electronics or metal & machinery, but also in many other
industries.

# 75 = N S
Figure — Production plant with indlif:crial robots (Source: panthe?nedia.net/zhuzhu)

The Bass diffusion model is one of the most widespread diffusion models that predicts
the adoption of technological innovations or other products or services on the basis of
innovation and imitation [1]. It is based on the assumption that the probability of an initial
purchase in time t is a linear function of previous purchases. Solving a Riccati differential
equation one obtains a function S(t) that represents the sales at the time point t

e—(q+p)t

2
P (1 + ie—wq»)z
p

where m is the market potential, p the coefficient of innovation, q the coefficient of imitation.
To determine the parameters p, q and m, the nonlinear least squares method was used on
current industrial robot sales data from the International Federation of Robotics [3]. The
results were validated by the MAPE and compared with reference data. In addition, a global
variance-based sensitivity analysis according to Sobol [2] was performed to show the
influence of the parameters on the product life cycle at each point in time.
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3ACTOCYBAHHS IHOOPMALIMHUX TEXHOJIOT' T
JJIA PEMOHTY ABTOMOBLJIIB
Tpackosenpka JI.M. k.¢.-m.H., Pynuk O.I1O. k.1.H., Hazumok B.B. marictpant
Hayionanvua axaoemis Jlepoicagnoi npuxkopoonnoi cuyscou Yrpainu im. b.XmenvHuyvkozo,
XmenvHuybkuti HayioHatbHULl yHieepcumem

PeMoHT aBTOMOOLTIB € 00'€KTHBHOIO HEOOXIIHICTIO, sSika OOYMOBJIEHA TEXHIYHUMHU M
eKOHOMIYHUMHU TpuunHamu. [lo-mepuie, moTpeOu HAPOAHOTO TOCMIOAAPCTBA YACTKOBO
3aJJOBOJIHSAIOTHCS IUISIXOM €KCIUTyaTalii BiApeMOHTOBaHUX aBTOMOOLTIB. [To-apyre, peMoHT
3a0e3mnevye moaalblie BUKOPUCTAHHS HE TIOBHICTIO 3HOIIEHUX eJieMeHTiB mammH. [lo-Tpere,
PEMOHT CHpHsi€ €KOHOMIi MarepiajiB, SKi BHKOPHCTOBYIOTHCS Ui BHIOTOBJIEHHS HOBHX
aBTOMOOUTIB (TIpH BITHOBJIEHHI nerajeil Burpata Merany B 20-30 pa3 HUXK4YE, HDK TPH
iXHPOMY BUTOTOBJICHHI).

JIy1st oJIermeHHs] TPOIIeCiB PEMOHTY aBTOMOOUTIB Ha MIAMPUEMCTBAX aBTOMOOUIBHOTO
TPAHCIOPTY IIHPOKO BHUKOPUCTOBYIOTh CTAIlllOHApHE OONAAHAHHA JUIS MeXaHi3arlii
BUKOHYBaHUX poOIT. Po3risHeMo oJHE 3 HHMX — YCTaHOBKY MJIsi €JIEKTPOKOHTAKTHOIO
NPUBAPIOBAHHS MOPOLIKOBUX MaTepiamiB  (BIAHOBJIEHHS LMIIHIPUYHUX TOBEPXOHB),
Mpare31aTHICTh SKOi 0araTo y YoMy 3aJIeKUTh BiJl MIIIHICHUX XapaKTEPHUCTHK cepru (puc. 1).
[Ipy 1BLOMY YCKIAJIHUMO PO3PAXyHKHU: BU3HAUYMMO, SIK€ MaKCUMAJIbHE HaBaHTa)KEHHS
BUTPUMAE Cepra MpH 33JIaHOMy MIHIMaIbHOMY KOE(IIlI€HTI 3a1acy MIITHOCTI My, = 3.
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Pucynok 1 — Ilpuknanenns no cepru Pucynok 2 — Enropa 3amacy MilHOCTi cepru
HaBaHTAKEHHSI

3a IOMOMOrol0 Cy4YacHUX KOMII'IOTEPHUX MPOrpaM IpH MPOEKTYBaHHI, po3polii Ta
pO3paxyHKy Ha MIIHICTh, aHaJi31 €JIEMEHTIB MAalllUH ¥ PI3HOMAHITHUX THIIIB iX 3’€HaHb
3 SIBJISIETHCS. MOKJIMBICTH 3pOOUTH 11€ 3 MAKCUMAJIbHOIO TOYHICTIO 1 MIBUAKICTIO. SIK mpHKIa,
nocBin Bukopuctanas CAIIP B aBToMOOUTBHIN IPOMHUCIOBOCTI I03BOJIUB CKOPOTUTH BUTPATH
gacy Ha po3poOKy HOBHX Mojenei aBromoOiumiB Ha 50 % [1]. Tomy mist po3paxyHKY
3aCTOCYEMO TIPOTPaMHUN KOMIUICKC JUIsl TIPOBEACHHS 1H)KeHEepHUX po3paxyHkiB SolidWorks
Simulation, y sKoMy 3amarOThCS BIJIACTUBOCTI MaTepiajiB, KpIIUICHHS, HaBaHTaXCHHS,
MIPOBOIUTHCS aHAIII3 MOJIETIl Ta IEPETIAAAI0THCSI OTPUMaHI PE3yIbTaTH.

3 6iomiorexku SolidWorks Bubepemo matepian cepru — cranb DIN 1.1191 (C45E),
ananor crami 45 T'OCT 535-88. ITapamerpu ciTku: po3mip eneMeHTy 3,9276 MM, JOIyCK
0,19638 mm, Bcboro By3miB 13281, Bcboro enementiB 8042. Pe3ynbraTH po3paxyHKiB:
MaKCUMaJlbHI BY3JIOBI HaIlpyKeHHs von Mises BUHHKaIOTh y By3li Ne 8428 1 ckiIamarOTh
Omax = 188,3 MIla; MakcumanbHe pe3ylbTyioue MepeMilleHHs /., = 0,6820 MM (By3om No
253); MakcuMalibHa €KBIBAICHTHA eopMartis Oy, = 0,0006357 (emement Ne 5069).

3riIHO pPO3paxyHKiB, TpPH 3aJlaHOMYy MiHIMAIbHOMY KOe(IIiEHTI 3amacy MIIHOCTI
Nmin = 3 (puc. 2) cepra BUTpUMae HaBaHTaxkeHHs y 16420 H (puc. 1), mo no3Bosse
perJaMeHTyBaTu apaMeTpH CIPSKEHUX 3 HElo JeTajeil.

Jlireparypa

1. KaniBoma SI. BukopucTaHHsS aBTOMAaTH30BaHUX CHUCTEM IIPH IMPOSKTYBaHHI Ta BUIPOOYBaHHI
pyxomoro cknany / 5. KamiBona, JI. Hemyxa, O. Oukacos, JI. YepHses // Martepianu 78 Mi>xkHapo HOT
HAYKOBO-TIpakTHYHOi  KOoH(pepeHuii «lIpoOmemMu Ta TEPCHEKTUBH PO3BHUTKY  3aJi3HUYHOIO
Tpa"cnopty» 17.05-18.05.2018 p., Auenp, 2018. — C. 17-19.
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CEKIIIS 8

THHOBALIIHI MIIXOH MIIBUILEHHS
SIKOCTI HABYAJIbHOT'O TIPOLIECY TA IUTAHHSI AHTHILTATIATY



JIO PO3POBKHM THOOPMAIIMHOI' O MOPTAJIY JJISI PETTOHAJIBHOI'O
HEHTPY OCBITHU IHBAJIIAIB
Hopom H.JL. x.T.H., go1., Acrtion }0.B., ®enenko T.M.
Hayionanvna memanypeiiina axademis Yxpainu

Hamionanena wmetamypriiiHa akagemiss Ykpainn 3 2002 poky CTBOPIOE YMOBH st
OTPUMAaHHS BUIIIOI OCBITH 0CO0aMU 3 BaJIaMH IO CITyXy Ta 30pY.

Meroro pobotu € po3poOka TOpTaNy sl PETIOHAIBHOTO IEHTPY OCBITH I1HBATiIIB
HMETAY (PLIOD).

Be6-mmopranm - cailT B KOMITIOTEpHINH Mepexki, SKHM Haga€ KOPHCTYBaueBl pi3HI
iHTepakTHBHI cepBicu (IHTEepHET-cepBicH), SKi MPAIIOIOTh B paMKax IIbOro caiTy. Beb-mopran
MOJKE CKJIaJaTUCH 3 JAEKIJIBKOX CaWTIB, SKIIO BOHU 00'€QHAHI IiJ OJHWM JTOMEHHHM iM'SM.
Takox mopranu QyHKIIOHYIOTH SIK TOUKH JIOCTYIy 10 iH(popmauii B [HTepHeTi abo caiftu, sKi
JIOTIOMararoTh KOPUCTYBayaM B MOIIYKY MOTPiOHOT iHpopMmarrii uepe3 [aTepner [1].

SIKIIo po3rasHYTH Kiacu(iKalio MopTaliB 3a cherializamiero iHpopmarii, To mopTan
JUIsl perioHanbHOTO 1HeHTpy ocBiTH iHBaniaiB HMETAY Oyne BepTukanpbHOrO THMY, TOOTO
nopTaj By3bKOI TEMaTW4YHOI CHPSMOBAHOCTI, IO HAga€ Pi3HI CEpBICH JJIsI KOPHCTYBauiB
MepexXi M0 MEeBHUM IHTEpecaM 1 OpIEHTOBAHMM Ha TOBHE OXOIUJICHHS TMEBHOI TEMAaTHKH abo0
obmacti aismpbHOCTI [2].

Ha ocnoBi BuBueHHs noxkymeHTooOiry PIIOI Ta mutanp 1Moo METOIUKH OTPUMAHHS
3HaHb IHBAJilaMU 3 BaJaMu CIyxy, chopMyiboBaHi: Oi3Hec-BUMOra, OOMEXEHHsS Ta
(yHKIIOHAIIbHI BUMOTH JI0 TIOPTATY BIAMOBITHO peKOMeHamism [3].

biznec-eumoca. Tloninmuty yMOBH 3700YyTTS BUIIOI OCBITH CTYJEHTaM 3 1HBAJIIHICTIO
O CITyXYy.

Obmeoswcenna. Tlopran mnpusnaueHo mns mnpaniBHukiB PLIOI (1 piBens nocrymy),
crynentiB PIIOI (2 piBeHb mocTymy), 30BHIIIHIX KOPUCTYBaviB, Y TOMY YHCII abiTypi€HTIB
(3arayipHa 1HGOpPMAaIIis), aIMIHICTPATOPIB TOPTAy (PIBEHb aIMiIHICTpaTOpa).

QDYHKYIOHATLHI BUMO2U.

CriBpoOithuky PIIOl Hamatu MOXIWBICTH BBEJICHHS, BUIIPABICHHS 1 BHUIAJICHHS
iHpopmanii npo cTyneHtiB, ski npukpimieHi 1o PLIOL, oTpumanHs 3BiTIB (B1IOMOCTI Ipo
KO)KHOTO CTYJICHTa, BIZIOMOCTI PO YCHIIIHICTh TPYNH CTYJAEHTIB B 3aJaHUH TIepioI, TOIIIO).

CryneHTtaM HaJaTH MOXIIMBICTH JOCTYIY IO €JIEeKTpOHHOi 0i0yioTeku (HaBUaIbHO-
METOAMYHOI JIITEPaTypH), a TAKOXK 3a/1aBaTH MAUTAHHS.

30BHIIIHI KOPUCTYBayi MOBHHHI MaTH JOCTYM 10 iH(opMmarii ais abiTypieHTa, B TOMY
yuci 1 3 iBaiaHicTO. [TependaunTu 3BOpOTHIN 3B'I30K Y BUTIISAI TUTAHHS-BIIITOBI b,

AZMiHICTpaTOp TOBHHEH BUKOHYBaTH poOOTYy aJMIHICTpaTopa MeEpexi, a TaKoxX
BHKOHYBATH 301p iHGOpMaIii a1 po3mupeHHs GyHKIIOHATLHUX MOKIIUBOCTEH TIOpTay.

IacTpymentamu 1i1st po3poOku Beb-mopTany oOpaHo MoBy mporpamyBaHHs PHP Ta
cUCTeMYy yrpaBiiHHs 0azamu nanux MySQL.

Jlireparypa
1. Be6-nopran. [Enextponnit pecypc] —  Pexum Joctymy. —  URL:
https://dic.academic.ru/dic.nsf/ruwiki/835641/%D0%92%D0%B5%D0%B1.
2. Be6-mmopran. Knacudikarmis 3a cremiamizamiero iHpopmarii. [Emektponuii pecypc] — Pexum

nocrymy. —URL: https://ru.wikipedia.org/.

3. Burepc Kapn, buttu [xoi#t Pazpaborka TpebGoBaHMA K IPOrpaMMHOMY OOECIedeHHUI0. 3-€ W3,
nononHeHHOoe/Ilep. ¢ anri. — M. : UsmarenscTBO «Pycckas pemakmus» ; CII6. : BXB-Ilerepoypr,
2014. — 736 ctp.
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O IPUMEHEHUM VR-TEXHOJIOTUI B MEJUIIMHCKOM OBPA30OBAHUN
HyOounckuii A.I'. K.T.H.
Jlnenponemposckas meouyunckou axademus MO3 Ykpaurwi

CoBpeMeHHbIE TEHJCHIIMN Pa3BUTHA MEIUIIMHCKOTO 00pa30BaHUsS CBA3aHBI CO Bce Ooiee
AKTUBHBIM HCIOJH30BAHUEM CUMYISALMOHHBIX TEXHOJOTHH. bojpmioe pasHooOpasme pemeHuit
MOYKHO YHOPSIIOYUTH C TIOMOIIBbIO THUIIOJIOTUH CUMYJISIIIMOHHBIX METOMUK [1], cormacHo KOTopoi
TEKCTOBBIE OMHMCAHUS KIMHUYECKUX CUTyallMid OTHOCATCA K HYJEBOMY YpPOBHIO, (PaHTOMBI H
MaKeThl — K IIEPBOMY, a CUCTEMbI BUPTYyalIbHOH peanbHOocTH (Vvirtual reality, VR) — ko Bropomy. K
0ojiee BBICOKMM YpPOBHSIM OTHECEHBbl CTaHAAPTH30BAHHBIC TAIMEHTHl M KOMIIbIOTEPHBIE
MaHEKEHBI-pOo0O0ThI. Jlpyras TUMOJOTHsS, OCHOBAHHAs HAa YPOBHE PEAJTUCTHUYHOCTU CHUMYJISILIMU
(fidelity), mana B [2], 31ecb VR-TexHOJIOrMM NOMEUIEHbI HAa BEPXHUX (OT YETBEPTOro 10
CEJIbMOT0) YPOBHSX KIIaCCU(UKAIIHH.

[lenecooOpa3HocTs U 3((HEKTUBHOCTh HMCTOIB30BAHUS CHMYJIAIIMOHHOTO OOYYCHHS IS
OCBOCHMS IPAKTUYECKHX HABBIKOB B MEAWIUHCKOM OOpa30BaHUM TIOATBEPXKACHA DPAIOM
uccnenoBanuii [3]. IlpuMeHeHHMe cuUCTeM BHUPTYaITbHOM pEATbHOCTH YIy4IIaeT pPe3ylbTaThl
o0y4eHHsI 0 CPABHEHHUIO C TPAAWLIMOHHBIMH (OpMaMH, B TOM YHCJIE IMPH JUCTAHIIHOHHOM
oOyuenuu [4].

Jpyrast BakHasi TeHJICHIIUS COBEPIIEHCTBOBAHMS MEIUIIMHCKOTO 00pa30BaHus — MEPEXo] K
HCIOJb30BaHUI0 OOBEKTUBHOTO CTPYKTYypUpOBaHHOro KiumHHuYeckoro sk3amena (OSCE) [5]. B
NOCHEAHUE TOAbI 3TOT (OopMaAT OLEHKHM MU KOHTPOJS IMOJYYEHHBIX 3HAHUM W NPAKTUYECKUX
HABBIKOB aKTHUBHO BHeApseTCs B JHEMPONEeTpOBCKOM METUIIMHCKOM akaiemuu [6,7].

BupryanbHas peanbHOCTh — HM3HAuYaldbHO LU(POBAsi TEXHOJOTHUS, MOTOMY €H HpUCYIIU
COOTBETCTBYIOIIME JIOCTOMHCTBA, CBSA3aHHBIE C JIETKOCTbIO MAacIITaOMpOBaHUS (KOMUPOBAHUS
JAHHBIX M KOJa) M MapajjIeIbHOTO MCTIOJIb30BaHMS OOJBIINM KOJIMYECTBOM MOJIb30BATEIICH.

OcCHOBHBIM (DaKTOPOM, MPENATCTBYIOIIMM HEMEIJICHHOMY IIMPOKOMY BHeApeHuio VR-
CHUMYJIITOPOB, BEPOSITHO SABISETCS JOCTATOYHO BBICOKAs CIOKHOCTb M CTOMMOCTH Pa3pabOTKH.
CoBpeMeHHbBIE CPEACTBAa CO3/aHUS KOMIBIOTEPHBIX (BHIEO0) UTP IMO3BOJSIOT OOECICUYHUTH Kak
BBICOKHII ypOBEHb pealiu3Ma CHHTE3UPYEeMOro H300paKeHHs, TaK M aJeKBaTHOE IOBEICHHE
00BEKTOB B paMKax BepHOU (pU3HuecKoi KapTUHBI MUpA.

B pabGore [8] mnokazaHo, uto Ha Oa3ze MexmiaTdopmeHHo cpeasl Unity MOXKHO
pa3pabaThiBaTh CPABHUTEIBHO HEIOPOrHE MEAMIMHCKHE CUMYJISTOPBL. BBICTpOMY BHEIPEHHIO
VR-texHonoruii B MEAUIIMHCKOM OOpa30BaHMU MOKET CIIOCOOCTBOBATh CO3JaHHME E€IMHBIX
CTaH/JapTOB — BbIPa0OTKAa OOIIETO s3bIKa MOACTUPOBaHUS, (OPMATOB 3aMUCH KIMHUYECKUX
CHATyalHi ! T.J.
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PABPABOTKA MPOI'PAMMHOI'O OBECIHEYEHUA J1JIS1 UCCJIIEJOBAHUSA
®AKTOPOB, BJIUAIOIUX HA IIOT'PEHNTHOCTU BASUPOBAHUA ITPU
MEXAHHUYECKOW OBPABOTKE JIETAJIEH
Kapabyt B.H.

Hayuonanvnas memannypeuueckas akaoemus Ykpaumoi

[Tpu mexanuyeckoir oOpaOOTKe aeTaneil Ha TOYHOCTh WX HM3TOTOBJICHUS OKAa3bIBAIOT
BIIMSIHHE TTOTPEITHOCTH O6a3upoBanus [1].

Jlis  yMEHBIIIEHHsS] TOTPEIIHOCTe Oa3upoBaHUS W COOTBETCTBEHHO MOBBIIICHUS
TOYHOCTH M3TOTOBJICHUS JeTajeil HeoOXOIWMO, MPU MPOEKTUPOBAHUU TEXHOJIOTUYECKUX
MPOLIECCOB MCIOIB30BaTh BA OCHOBHBIX NPUHIIMIA: MPHUHIMI COBMENICHUS (€IMHCTBA) U
MPUHIIMAIT TTOCTOSIHCTBA 0a3. Jlyis oOecrmedeHusl TPHWHIIMNA TOCTOSHCTBA 0a3, HEOOXOIUMO
COXPaHATh OJHU M T€ K€ TEXHOJOrmueckue Oa3bl, €CTd HH Ha BCEX, TO XOTs Obl Ha
OonpITMHCTBE oneparuii. s obecniedeHus: MpUHITMIIA COBMEIISHUS (€IMHCTBA) HEOOXO0IUMO
TEXHOJIOTUYECKHE TMPOIECCHl CTPOUTH IO TPUHIUIY KOHIICHTPAIUU OTNepaluii, Kormaa
0o0paboTKa 3aroTOBKH OCYIIECTBISETCS 3a HEOOJBIIOE YHCIO CIOXKHBIX TI0O CBOEMY
CONIEP’KAaHUIO  OMepamuii C NPUMEHEHHEM KOMOWHUPOBAHHOTO  MHOTOJIE3BUMHOTO
MHCTPYMEHTA, CIIOKHBIX HACTPOEK CTaHKOB IPH MHOTOMO3ULIMOHHOW 00paboTke, mpu
oOpaboTke Ha aBToMartax, craHkax ¢ UYIIY wu mnpu rpynmoBoi obpaborke. Ecmu
UCIIOJIb30BaHNWE NPUHILMIIA TIOCTOSHCTBA 0a3, NpH MPOECKTHUPOBAHMHM TEXHOJOTHUYECKHX
MPOIIECCOB HEBO3MOXKHO, TO JUISI YMEHBIICHHS IOTPEIIHOCTH Oa3upOBaHUS MPOHU3BOIAT
3aMEHY KOHCTPYKTOPCKUX pa3MEpOB Ha TEXHOJIOIMYECKHE Pa3Mephbl U YKEeCTOUaloT JOMYCKU
Ha TEXHOJIOTHYECKHE pa3Mephl, YTO MPUBOJUT K YAOPOKAHHUIO Mpoliecca 00paboTKU aeTasei
Y MIOHM>KEHUIO €r0 MPOU3BOAUTEIBHOCTH [2].

Bce 93TO0 cBsI3aHO ¢ MareMaTHYEeCKHMMH pacdeTaMd ONPEICICHHONH TOYHOCTH U
MIOCTPOCHHEM CXEM, YTO B CBOIO OYEpeIb YBEIMYMBAET 3aTpaTbl BPEMEHH B y4eOHOM
npotrecce.

[lenp paboTsl: paspaboraTs mporpammy Ha sizbike Object Pascal B cpene paspabotku
Delphi mo3Bonsronyt0 aBTOMaTH3UPOBATh MPOILECCHl PACYETOB W TOCTPOCHHUS CXEM,
MOBBICHTH TOYHOCTh PAaCUeTOB, a TAKXKE MOJHATh YPOBEHb U KaUeCTBO y4E€OHOTO Mpolecca.

B o3nakomurtensHOM Bepcum cpensl paspadbotkm Delphi [3] Ha s3eike Object Pascal
pa3paboTaHa mporpaMma, KOTopasi O3BOJISIET: IIOCTPOUTH CXEMY M PacCUUTaTh MOTPEIIHOCTH
OasupoBaHus s (ppe3epoBaHUs Ta3a HA TOPU3OHTAIBHO-(PE3EPHOM CTaHKE, TMOCTPOUTH
CXeMy U pacCYUTaTh MOTPEIIHOCTH Oa3upoBaHUsS sl (Ppe3epoBaHUS IWIIMHIPUUECKON
MOBEPXHOCTH Ha BEPTUKAIbHO-(QPE3EpPHOM CTaHKE, IOCTPOUTh CXEMY M paccuuTaTh
MOTPEHIHOCTH 0a3upoBaHMs MPH 00pabOTKE HApPY>KHOW MOBEPXHOCTH BTYJIKHM Ha TOKApHO-
BUHTOPE3HOM CTaHKE.

BeIBogbI: mpHMeHEHHe NporpaMMmbl, pa3paboTaHHOM B cpene paspabotku Delphi,
MO3BOJIUT aBTOMATU3UPOBATh U ONTUMHU3UPOBATH MPOIECCH PACUETOB U TIOCTPOEHUS CXEM, U
KaK CIEACTBHE - YMEHBIIATHCS 3aTpaThl BPEMEHH U YBEIMYUTCS TOYHOCTh PACUYETOB.
[IpumeHeHne pacCMOTPEHHBIX HWH(POPMAIIMOHHBIX TEXHOJOTHMI B ydeOHOM Mpoliecce
o0ecreynBaeT CHEHUATUCTY MAIIWHOCTPOUTENBHOTO MPOQHIS BO3MOXKHOCTH OBICTPOH U
3¢ pexTUBHOM pabOTHI.
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THHOBAIIWHI MIAXOJIU ITPHU MIJIrOTOBII TEXHIYHOI
IHTEJEKTYAJIBHOI EJIITU B YKPAITHI
Ky3nenos IO.M. n.1.H.

KIII im. l2ops Cikopcbkozo

IcHyroua cuctema BHINOI OCBITH B OCHOBHOMY OpPIEHTOBAaHA Ha PEMPOAYKTUBHY (OpMYy
nepenayi 3HaHb 1 € CTPUMYIOUMM (HaKTOPOM PO3BUTKY TBOPUOI OCOOMCTOCTI MalOyTHBOI
TEXHIYHOI IHTEJIEKTYaJIbHOI eJIITH BHACTIIOK psAxy HemouikiB. HaBite B HoBoMy 3akoHi "IIpo
BUIILY OCBITY" >KOJHOTO pa3zy HE 3TaJyeThbcs CJIOBO iHXKEHEp, MPOTe B IHIIMX PO3BUHYTHUX
kpainax (CIIIA, HimeuunHa, TOIIO) A0 iH)KEHEpa BITHOCSATHCS 3 IIOBArOX0.

3MICT TBOPYOCTI IHXKEHEPIB JIa€ Baromi MiJICTaBU BU3HAYUTHU IX OJHUMH 3 OCHOBHUX
TBOPIIIB HOOCGEPH, BIAMOBIAAIBPHUX 32 HAYKOBO-TEXHIYHUH MPOTpeC JIIOJICHKOT ITUBLII3AINT
Ta, BIATMOBITHO, "TEXHOJIOTIYHUI 100YyTOK" JIFO/ICTBA.

B yMoBax HayKOBO-TEXHIUYHO1 PEBOJIFOIIi B OCTaHHI POKH BUHHUKJIM MPUHITUIIOB] 3MiHU B
caMOMy XapakTepi IisUIbHOCTI iH)XXEHepa, B HOro poii MpH CTBOPEHHI HOBOI TEXHIKH, Y
BUMOTax JI0 Horo npodeciiHuX 3HaHb, YMiHb, HABUYOK, KOMIIETEHTHOCTI, 3araJIbHOT epyAuILi
Ta Kpyrorysiay. CbOrofHi B KOJO 1HK€HEpHUX IUCIMILUIIH YBIMIIUIM CUCTEMOTEXHIKA 1 Teopis
TEXHIYHUX CHCTEM, METOJIOJIOTiS TBOPYOCTI Ta TEOPis PO3B’S3aHHSA TBOPUYUX 3aj]ad, METOIU
JOCITIJKEHHS Onepaliil i NpUMHATTS pilleHb Ipu OaraTokpuTepialbHOMY pO3B’s3aHHI 337134,
IH)KEHepHA TICUXOJIOTIsI, XYI0XKHE KOHCTPYIOBAaHHS (TEXHIYHA €CTETHKA, TU3aiH, €prOHOMIKA,
KOMITOHETHKA) Ta 0araTo iHIIMX HOBITHIX rajly3eil HayKH Ta TEXHIKH .

Posnopomienicte pi3HMX 3HaHb 1 BY3bKa CHeIiadizaiiss B ymoBax iH(OpMaIiiiHOTro
BUOYXY 1 BUKIUKIB «IHIycTpis 4.0» yckiagHuiau miaroToBky imkeHepis y BH3 1 moganbie
MiJBUINECHHS iX Kiacudikamii. Buaukia HaraapHa motpeda y MOIIYKYy HOBUX KOHIICTIIIN Ta
METOAOJIOTIYHUX MiJXOAIB MDKIUCHMIUIIHAPHOTO XapakTepy, Ceped SKUX BaXIJIUBY pOJIb
BIJIIrparoTh TEOpii TEHETUYHOTO Ta €BOJIOIINHOTO CHHTE3Yy [3], KpeaToJyioris i 1HHOBAaTHKA,
CHHEPTeTHKa , CollioHiKa [ 1] Ta iHmmi.

Ha »ainp, neski HaykoBo-menaroriyai npauiBHuku BH3 He MOXyTb BiIMOBHUTHCS BiJ
pEnpOayKTUBHOI (opMH Tepenadyi 3HaHb. BOHM TOMHIKOBO BBaXalTh, IO TIJIbKH
aKCIOMaTHYHUN MeTOJl MOOYIOBH TEOpid, L0 OINUCYIOTh OO0JIACTh peabHUX O0’€KTIB 3
BUKOPHUCTAHHIM KJIACHYHUX (DYHIAMEHTAIBHUX 1 CIICHIaIbHUX 3HAHb, 3/110H1 PO3BUTH TBOPUY
OYMKY, ajie, sIK CBITYMTH INpPaKTHKa, IbOTO HE JOCTaTHHO. Taki BHKJIAZAayli HE PO3YMIIOThH
MPUHITMIIOBOT PI3HUIN MK YITKO BH3HAYCHHMH KIIACHYHUMHU 1HXCHEPHUMH 3aJadyaMH Ta
TBOPYMMH, SIKI HE3PIBHAHHO CKJIAJHIIII, OO0 MpH IX pO3B’sI3aHHI: SIK MMPABHUJIO, BIICYTHS TOYHA
MOCTaHOBKA 3aJ1aul; He BKa3aHUIl METOJ PO3B’sI3aHHS; BIACYTHI MPUKIIATN ISl 3alI03UUEHHS;
pe3yabTaT HEOJHO3HAYHMM, OaraToBapiaHTHUM 1 HEBIJOMUN HAaBiTh KOMIIETEHTHOMY
CIIEIIANIICTY 3 BEJIUKHM JOCBIOM, KUIBKICTh MOJKJIMBUX BapiaHTIB pO3B’S3aHHSA 3a1adi
HEOOMEKeHa; HaBYaJIbHI MPUKJIAH BiJICYTHI, TOLIO.

BpaxoByroun mobakaHHs MaricTpiB, y auciuiniiai "[laTeHTO3HAaBCTBO Ta aBTOPCHKE
npaBo" BBeeHA r1aBa "MeTo10JIOTiYHI OCHOBU CTBOPEHHS 00’ €KTiB MPOMHCIIOBOT BIaCHOCTI"
[2]. Jost acmiipaHTiB 1 JOKTOpaHTIB (iocodii mpoiiiia TpupiyHy anpoOaliro 1 yI0CKOHaleHa
HoBa aucumruiina  "Kpearomoris Ta  iHHOBaTHKaA' (aBTopu  Kysznenos H0.M.,
[uakapenko B.®., Jluteun O.B., Yikin C.B.). EQexTuBHICTS BUKOPUCTAHHS TEOPil €BOJIFOIT|
CHCTEM MiATBEP/KEHA MiJrOTOBKOI0 MailOyTHHOI 1HTEIEKTYyalIbHOI eNiTH Ha JBOX Kadenpax
KOHCTPYIOBaHHsI BepcTariB Ta MamuH 1 enekrpomexaniku KIII im. Iropst Cikopcekoro.

Jlirepatypa
1. Asrycrunasuutore A. Conmonmka: Bsegerme / Coct. JL.Owumunmos. — M.: OOO "®dupma
"N3natensctBo ACT"; CIIO.: Terra Fantastica, 1998. — 448 c.
2. Ky3uenos F0.M. [laTteHTO3HAaBCTBO Ta aBTOpCHKE MpaBo: miapydnuk / FO0.M.Ky3uenos.-K.: Konmop,
2009. - 446 c.
3. llluakapenko B.®. OcHoBu Teopii eBOMIONII E€IEKTPOMEXaHIYHUX CHCTeM: MoHorpadis /
B.®. llInakapenko. — K.: HaykoBa mymka, 2002. — 288 c.
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MOJAEJFOBAHHSI 1 ITPOT'PAMHA PEAJIIBALIA TPA®OBOI'O
HPEACTABJIEHHA TEKCTIB 11 BUSBJIEHHSA 3AITIO3BUYEHD
Kypor’staux O. C.

Jlninpoecvkuii HayioHanbHull YyHigepcumem 3ani3HUYHO20 MPancnopmy im. akao. B. Jlazapsana

CroromHi ONHIEIO 3 aKTyaJbHUX 3a7ad aKaJIeMIYHOTO CEpeIOBHUINA € 3ajada BUSBICHHS
3aI03W4eHb, sIKa 3 OTJISAy Ha MMEPMAaHCHTHUH picT iHoOpMaIlii Ta HasIBHICTh BUTBHOTO JIOCTYITY 10
Hel, moTpeOye aBTOMaTHU30BaHMUX 3ac00iB po3B’s3aHHA. Jl0 OCTaHHIX, 30KpeMa, MOKHA BiJTHECTH
mporpamMHi 3aco0u, B TOMY YHCIIi CHCTEMH aHTHUIUIATIaTy.

Jlns aBTOMaTH3alii CHiBCTAaBICHHS TEKCTIB NMPOMOHYETHCSI BUKOPUCTAHHS KOHCTPYKTUBHOI
rpadoBoi mozerni [1] 3 neskuMu yTouHeHHSIMH Ta Moudikamisiva. OCHOBHOIO 17Ie€r0 1€l Moiei
€ TPENICTAaBICHHS TEKCTY y BUTJISAI HaBaHTa)KEHOTO OpieHTOoBaHOTrO rpada. Bara BeprmHu — 1e
CUMBOJI 200 TOCIIZOBHICTh CHMBOINIB. Bara nyru — ne Habip HOMEpiB LUIAXiB, B 5K BOHA
BXOJIUTb.

I'padoBoro MOAETIO TEKCTy € CHElialli3oBaHUN KOHCTPYKTOp, IO BKJIIOYAE HOCIH
(TepminanbHui angasiT — rpadoBl Ta MOBHI KOHCTPYKIIIi, iX CKJIaJ0B1); CUTHATYpPY, sIKa BKJIIOYA€E
omepariii s moOymoBu Tpady; Ta MHOXKHHY TBEpIPKEHb iH(GOPMAIIHHOTO 3a0e3MeYeHHs
KOHCTPYIOBAaHHS: OHTOJIOTIIO, METy, MpaBWia, OOMEKEHHS, IOYaTKOBI YMOBH Ta YMOBH
3aBEpIICHHS KOHCTPYIOBAHHS.

KOHKpeTH3aIlisi TaKoro KOHCTPYKTOPY BH3HA4ae mpaBHia mobymnoBu rpady. Horo
IHTepIIpeTallis JT03BOJISIE BU3HAYUTH aJTOPUTMH BHKOHAHHS OMEpaIliid, sKi 3aCTOCOBYIOTBHCS IS
YTBOpPEeHHs 1 Moauikalli eleMeHTiB Hocis. Peainizaii€elo KOHCTPYKTOpY € MHOXXHMHA rpadis,
KOXKEH €JIEMEHT SIKO1 BiJIIIOBIZa€ ACIKOMY TEKCTY.

Jlany MoOJenb 3aCTOCOBAaHO N0 3ajayl BHSBJICHHs 3amo3udeHb. /s 1boro Ha i OCHOBI
CTBOPEHO 00’ €KTHO-OpieHTOBaHy Mozenab (OOM), 110 BKIIIOYA€E KJIacH BEPIIUHHU, Tpady Ta poOOTH.
BinmoBinaneHICT KJIACy BEPIIMHH MOJISTA€ Y CTBOPEHHI BEPUIMHU rpady, sSKa HaBaHTaKEHA OJTHAM
abo JeKiTbKOMa CHMBOJIAaMH TEKCTy, a TaKOK BIITBOPEHHI 3B’S3KiB MK BepmmHamu rpady 3a
JIOTIOMOTOI0 CITMCKY CYMDKHHX BEpIIMH Ta 3a0e3NedeHHi Mmepexoy MiK OCTaHHIMH TpH 00XO0mi
rpady. BimnoBiganeHicTh Kitacy rpady — cTBOpeHHS rpady, 10 BiATBOPIOE TEKCT SK CYKYITHICTB
MAPSAKIB, MO0 MOYMHAIOTHCS 3 OJHAKOBOTO CHMBOJY, BIIMOBIIHO O KOHCTPYKTHUBHOI MOJIEINI
rpady, Ta TIOpPIBHSHHS psakKa 3 TekcToM y Burisimi rpady. Ha ximac poGotm mokmameHo
BIJIMOBIAANIBHICTE 32 CTBOPEHHsI HAOOpy rpadiB, a TAKOXK MOPIBHIHHS TEKCTY (PsKa) 3 TEKCTOM Y
BUIISIII HAbopy rpady.

Takum ynnom, OOM wmojnentoe He nuie rpad, a ¥ TekcT gk Habip rpadis, a TaKox
BHU3HA4ae onepauii (MEeTou), HeOOX1IH1 AJIsi CIIIBCTaBJICHHS TEKCTIB.

Pospobiiena OOM nHabyna mporpamHoi peamizaiiii i € yactuHoro OO-Mojeni T0AaTKy.
Octanns Brtroae 13 kmacis, Mo po3MoIijIeHi 3a piBHAMH BiIITOBIHO 0 MPHHIIAIIB TPUPIBHEBOI
apxitektypu. [IporpamMHa peasizallisi J03BOJISIE TTOPIBHIOBATA TEKCTH Y BUIIISL (baiimiB dopmarty
txt, rtf, doc, docx omuH 3 omHUM Ta Oarato 3 OaraThbMa, B OCTAHHHOMY BKa3YIOThCS TIAIKH, SKi
MICTATH (ailyii AJ1s TOPiBHSHHS.

PesynpraramMmu poOOTH TporpaMm € 3arajdbHUI BiJICOTOK 3aro3WyeHb Ta iH(OpMaIlis Mmpo
KOXHY Mapy TEKCTIB y BUIIIAI «HOMEp (parMeHTy — BIACOTOK BiJ TEKCTy». [l criBcTaBiIeHHS
OIMH [0 OJHOro ImependadyeHo BUIUIEHHA (parMeHTIB KOJbOpOM Ta 30epekeHHs
«mogapOoBaHoro» (Qaity. Takok OCOONMBICTIO JTAHOTO CIIBCTABJICHHS € MOKJIMBICTh BKa3aTu
nopir BinOopy (parMeHTiB Ta BIJICTaHb MK HMMH, SIKOIO MOXKHA 3HEXTYBAaTH NPU OOUYMCIICHHI
KUIBKOCTI ()parMeHTIB Ta BiJOOpakeHH1 CTPYKTYPHOTO CKJIaAy 3alI03MYEHb.

3 METOI TOJAIBIIOI OIMIHKA MOXIJIMBOCTI BUKOPHCTaHHS MOJENI 1 peaiizamii B yMOBax
poOOTH 3aKiaiB BHUIOI OCBITH IPOBEIECHO KOMIT IOTEPHUN EKCIIEPUMEHT 31 CITiBCTaBJICHHS
¢aiimiB, B X0ai SKOTO BUKOHAHO 512 TMOpiBHSIHB, a TaKOXK MoOyI0BaHI BCi HEOOXITHI IS IIHOTO
rpadu. OTprMaHi JaHi 9aCy BUKOHAHHS OTEparliil BKa3ylOTh Ha JIIHIHHY 3aJICKHICTh MK 00CITOM
TEKCTy Ta 9acoM ioro oopoOku. [IpomoHyeThCs momanbiine YA0CKOHAICHHS MOICII 1 IporpamMu y
HaNpsIMKy PO3Mi3HABaHHS TPAaBOMIPHUX 3all03MUYeHb, YJOCKOHAJIEHHS IMONEPEIHbOI 00pOOKH
TEKCTIB Ta 1H.

Jlireparypa
1. uakapenko B. WM. KoHCTpyKTHBHO-IPOXYKIIMOHHAS MOJENs TpadoBOrO MPEACTaBICHHUS Tekcra /
B.U. Hlunkapenko, E. C. Kyponsitauk // IIpo6nems! nporpammupoBaaus. —Ne 2 —3. —2015. —c. 63 — 72

156



O®OPMYBAHHS IHTE'POBAHUX TH/IUBIAYAJIBHUX HABYAJIBHUX
IIJIAHIB 3 BUKOPUCTAHHAM EKCIIEPTHUX CUCTEM
Jlanceka C.C. Buknaaau
Koneooc pakemno-xocmiunozo mauunobyoyeanis
JlHinposcvro2o Hayionanvrozo yHieepcumemy im. O. I'onuapa

B maHomy nmocmipkeHHI pO3TISAAETHCS EKCIIepTHA CHCTEMa JUIS Y3TOJDKEHHS OCBITHIX
nporpaM MiK TEBHUMH OCBITHIMH DPIiBHSAMH Ta (OPMYBAHHS TIEPENIKy MHUTAaHb IS MEPEBIpKH
PIBHS 3HaHB 10 3apaXxOBaHUM JHUCIUTUTIHAM 200 MOTYJISIM JUCIIUILTIH.

ChorojiHi mporec CKIaJIaHHs IHTETPOBaHUX HAaBYAIBHUX IJIaHIB, 3aCHOBAHHWN Ha JOCBIMI 1
IHTYiIii MpariBHUKIB BHINOI IMTKOJIM TOTPeOye CEpHO3HOTO YIOCKOHAJICHHS Ta HAyKOBOTO
miArpyHTa npuiiHaTUX pimeHs [1]. [Ipouec KOHCTpyrOBaHHsS 1HIMBITYaJbHOTO HABYAIBHOTO
IUIaHy CTyAEHTa abo Tpymu CTYIACHTIB MOXE SBJISATH COOOK TENaroridyHy TEXHOJIOTIIO,
OpIEHTOBAHYy Ha peajizaliio 1HGOpPMaLIHHUX TEXHOJIOTIH 3a JOIOMOTOI0 €KCIIEPTHOI cucTeMu. B
yMOBaX CKOPOYEHHMX CTPOKIB HaBUaHHS 3aCTOCYBAaHHS EKCIEPTHHX CHCTeM 3ale3mnedye
MOJKJIMBICTh MOOYJOBH 1HAMBIIYaJIbHOTO HAaBYAJIBHOIO IUIAHY, L0 MiJBUIIYE €(EKTUBHICTbH
MIPOIIECiB HABYAHHS, BUKJIATaHHS 1 CAMOOCBITH.

ExcrieptHa cuctema BKItoYae B ceOe HACTYITHI MiJACHCTEMHU: 0a3W 3HaHb aHATiI30BaHHUX
OCBITHIX piBHIB; €KCIICPTHUH PiBeHb, Ha SKOMY YTOYHIOETHCS (POPMYITIOBAHHS KOMITETCHTHOCTEH,
iX MPUHAIEKHICTH O TOTO YH IHIIOTO MOJYJIO Ta HEOOXITHWI piBeHb iX cHOpMOBaHOCTI IS
BUITYCKHHMKA; MEXaHi3My JIOTIYHOTO BHCHOBKY, SIKHU 3a0e3redye (OpMyBaHHS iHIUBITyaTbHHX
HaBYAJIbHUX IUIaHIB 3700yBayiB B CUCTEMI «HENEPEPBHOI OCBITH» Ta MEpeNiK HUTaHb I
oprasizaiii BCTymHOro (paxoBoro BUIIPOOYBaHHS.

ExcneptHa cucrema (EC) Moxke QyHKIIIOHYBaTH B 2-X peKUMaXx:

1. Pexxum BBeneHHs. [Ipu poOoTi B peskuMi BBEICHHS 3HAHb €KCIIEPTHA CHCTEMa MOBHUHHA
MaTH TaKl MOXJIUBOCTI:

— cKJamaTtd 0a3W KOMIIETEHTHOCTEH MEepexiJHUX OCBITHIX pIBHIB, sAKi (opMyrOThCS Ha
OCHOBI OCBITHBO-TIPO(ECIITHIX TIPOTpaM KOKHOTO 3 PiBHIB;

— TIOCTaBJICHHS y BIJIIOBITHICTh KOKHIA KOMIIETEHTHOCTI OfHi€T a00 NeKilbka HaBYaTbHUX
JUCIIUIUTIH 13 3a3HAUCHHSIM MOYJIs, SKUH "mepekprBae” maHy KOMIETCHTHICTB;

— CKJIaJIaTH MATPHII TAPHUX TOPIBHSHB KOMIIETCHTHICTh PI3HUX OCBITHIX PIBHIB.

s poGoTH B LbOMY pEXUMI MOXKYTh OyTH 3alydyeHi HAyKOBO-NEAAroriyHi MpaiiBHUKU
BH3.

2. PexxuM koHCynbTalil Y pexumi KOHCYJbTallii MOKHA Oy/ie BUKOPUCTOBYBATH CHCTEMY
NpY BUPIIICHH]I HACTYITHUX 3aBJaHb:

— BU3HAYaTH, 3TiJHO MAaTpPUIl MOPIBHSIHB, MEPENiK MUTaHb, 3 SKHUX MOXYTh CKIIQAaTUCS
¢daxoBi BCTyIHI BUITPOOYBaHHS Ha HACTYITHOMY OCBITHROMY PiBHI 32 OOpaHOIO CIICiaIbHICTIO;

— BU3HAYaTH 1HIWBIMyaJbHUH I1HTETpOBaHMWI HABYAIBHWUN IUIaH 3700yBada abo TpymH
3m00yBaviB 3 ypaxyBaHHSM KOMIIETEHTHOCTEH, sKi 3700yBad YCHINIHO OTpUMaB Ha
MOTIepEeTHHOMY OCBITHROMY PiBHI Ta y BU3HauYeHi# KinbkocTi kKpeautiB CKTC.

Jlns MOCATHEHHSI MOCTAaBJIEHOI METH B €KCIIEPTHIM CHCTeMi MPOMOHYEThCS BHKOPHCTATH
MaTeMaTHYHYy MOJIE€b ONTUMAILHOTO PO3MOILITY KPEAUTIB Ha 06a31 HEUITKOT JIOTIKH.

[TigBoasuM miICYMOK, MOYKHA 3pOOUTH BUCHOBOK, II0 BUKOPHCTaHHS €KCIEPTHOI CHCTEMH
NpU CKJIAJIaHH] IHTETPOBAHKX IHMBIyaJbHUX HAaBYAJbHHUX IUIAHIB Mae psij nepesar. [lo-nepiue,
3 YacoMm, cucTeMa OyAe pO3LIMPIOBATHCS 1 HAKOMUYYBAaTH KOMIIETEHTHOCTI SIK CYMIKHHUX
CHEIlaIbHOCTEH, TaK 1 3 1HIIUX Tainy3ei 3HaHb. [lo-mpyre, MokHa ckiagaT poOOYl HaBYaNbHI
IUTAHW HamNpsSMIB IMATOTOBKKA 0€3 TOBTOPHOTO 3ay4€HHS EKCIEePTIB 3 PI3HUX MPEeIMETHUX
obnacreii. [lo-TpeTe, cucrtemy JIlerko MoOKHA OyJie TepeHaBYaTH BiJIMOBIAHO O HOBUX BHUMOT
CKJIQ/IaHHS IHTETPOBAHMX TUIAHIB.

Jlirepatypa
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THHOBAIIMHI NIIXOAU NIJIBUIIEHHS SIKOCTI BUKJIAJJAHHS
JUCHUILIIHUA « KOMIT'IOTEPHI METOJIU
HAPHUCHOI TEOMETPII TA IHJKEHEPHOI T'PA®IKN»
Mopozenko O.I1. x.1.H., ')pubanosa H.I1O.

HMemAY

CyuacHa miarotoeka ¢axiBIiB 3 BUIIOK TEXHIYHOI OCBITOIO CTABUTh HOBI 3a7a4l Y BUKJIadaHHI
rpagiuHuX AWCLMILUIIH, a TaKOXX BUCYBA€E BUMOTH A0 KOHKYPEHTOCIIPOMOXXHOCTI BHUITYCKHHKIB Ha
puHKY mpaui. J{ns peanizanii 3aBnaHb, sSIKi CTaBUTH Cy4acHE CYCIUIBCTBO MEPE] BHIIOKO MIKOJIOIO Ha
kadenpi rpadiku Ta HapucHoi reomerpii HMeTAY mHpoBOAUTHCS MOIIYK Ta BIPOBAIKEHHS HOBHX
(hopM HaBYAHHSI.

BrockoHnaneHHs: METOIMKM HaBYaHHS HapUCHIN reoMeTpii Ta iHmkeHepHid rpadiui mos's3aHo 3
MTONTYKOM HaiOULThII e(hEeKTMBHUX METOIB Ta NMPUHOMIB, SKi PO3BHUBAIOTH TpadidHy KYJIbTYpy Ta
TBOpue MHuCICHHS. EQeKTUBHICT, BHUBYCHHS HApUCHIA reoMerpil Ta IHKeHEpHid rpadimi
MiABHUIIYETHCS 32 PaxXyHOK BHKOPUCTAaHHS HOBHX iH(poOpMaumiiHUX TexHoioriil. Bukmanaui xadenpu
rpadikm Ta HapucHOi TeomeTpii HMeTAY mnpuiimMaroTh aKTHBHY ydYacTh II0 BIPOBAHKCHHIO
KOMITFOTEPHHUX TEXHOJIOTIH B HABYAJILHHIA TIPOIIEC, 10 3a0e3medye sIKiCHO HOBHH PIBEHb OCBITH.

IcHyrOTH pi3HI MiAXOAM OO METOAMKHM BHKJIAJAaHHA KOMII'IOTEpHOI rpadiku y paMkax Kypcy
imkeHepHoi rpadiku. Ha Ham nornsa, HaiOUIbII JOIIEHUM € BHBYCHHS PI3HOMAHITHUX IpadidHUX
pPEIaKTOpPIiB B €IMHOMY KOHTEKCTI 3 HAPHUCHOIO TEOMETPIEI0 Ta iHKEeHepHOIo Tpadikoro. Pobora Ha
KOMIT'IOTEpax MOBHHHA OyTH MOOYyIOBaHa TakK, 00 CTYAEHTH HE POCTO BUBYAIHU TpadiuyHMii MakeT, a
MPOJOBXKYBaIN BHBUCHHS HApUCHOI T€OMETpii Ta iHXEeHepHOI rpadikd, 3aCTOCOBYIOUH NPH LEOMY
IHIIMKA  IHCTPYMEHTaJIbHUM 3aci0. Haiibinpm e(peKTHBHO OpraHi3oByBaTH MPOLIEC HAaBYaHHS
napaieibHO, ONTUMAIBHO MOEIHYIOUH PyYHE 1 KOMIT FOTepHE BUKOHAHHSI KPECIICHb.

Hns Hanpsmky miaroroBku “Komm'toTepHi Hayku Ta iH(OpMaliifHi TEXHOJOTI] BIPOBaIKEHA
mucriniina “KoMm'roTepHi MeToIM HapUCHOI TeoMeTpii Ta imkeHepHoi rpadiku . Poboda mporpama
HaBYAIBHOI JUCIHUIUIIHU pO3pOOJIeHa TaKUM YWHOM, IO TIOYHHAIOYM 3 TEPIIMX 3aHATh CTYICHTH
BHBYAIOTh NPUHLUIM POOOTH y TpadiuHuX peAaKkTopax, 3aBIsSKA YOMY HaBYaJbLHHUU Mpouec € Oinbll
pe3ynbTaTUBHUM. BUKIaaHHS UCIUIUTIHA BEIETHCS Y MOCIIIOBHOCTI BiIIOBITHOT JIOTIIlI JICKITIHHUX
Ta MPAKTHYHHUX 3aHATH.

MynbriMeniiHe 3a0ecnieueHHS JIeKIi HE TUIBKM Ja€ MOXIIMBICTh YPI3SHOMaHITHUTU
UTIOCTpaTUBHMI MaTepial, a i JOIoMorae HaouHii Bi3yani3auii CKIaJHOTO TEOPETUIHOTO MaTepiaiy.

[TocTiiino 3pocTaroumii 0OCAT MPOMOHOBAHWX CTYACHTAM 3HAHb NPH 3MCHIICHI ayIUTOPHHX
romguH motpebye omrmMiszallii 4acy HaBdajapbHOTO mporiecy. OgHNM 3 BaXUIMBHX 3ac00iB HaBUAHHS
rpagiuHuM AUCHUIUIIHAM € PoOOUYMil 30IIMT, PO3pOOJICHUN BUKJIanadaMu KadenpH, SKUH MICTHTh
rpagivuHi yMOBH 3aBJaHHb.

[MounHatouy 3 MEPIIOro MPAKTHYHOTO 3aHATTS CTYACHTH OJHOYACHO BHMBYAIOTH iHTEpdeiic
rpagiunoro pemakropa AutoCAD, 3HaHOMIISTECS 3 OCHOBHUMH KOMaHAaMH i BUKOHYIOTh 3aBJaHHS 3
HapucHOi reoMeTpii. OHAK MOBHICTIO BUKIIOUUTH OCBOEHHS TPAAULIMHNX rpadivyHUX METOAIB, TOOTO
13 3aCcTOCYBaHHSAM KpECIIPCHKHX IHCTPYMEHTIB Ha mamepi, HemoriibHo. Komm'rtorepHa rpadika
MMOBUHHA OyTH CTIpsSMOBaHA Ha BUBUYCHHS IPABWII 1 IPUHOMIB pillleHHS rpadidHuX 3aBAaHb. Y MiHHS
BUKOHYBAaTH KPECJICHHS 1 BUPIIIyBaTH Pi3HI MPAKTU4HI TEXHIUHI 3aBAaHHS B rpadiyHUX pelakTopax
MOXJIMBO TITbKA Ha 0a3i HaApHCHOI TeoMeTpii, OCKUIBKH TporpaMHe 3a0e3TleueHHs 3acCHOBAaHE Ha
TEOPETUYHUX IOJIOKECHHSAX, TOHATTAX 1 Croco0ax pillleHHS F€OMETPUYHHX 33/1a4, 110 BUBYAIOTHCS
BUKJIIOYHO B HApUCHOI reoMeTpii. B pamkax Kypcy BUKOHYETBCS €CKi3 JIeTajli 3 HaTypHOro o0pasiy 3
MOJANBIINM BHUKOHAHHSM poOouoro kpecieHHs B TpadiuHomy pemaktopi AutoCAD, a Ttakox
BUKOHAHHS 3aBAAHHS 110 JCTATIOBAHHIO CKIAZAILHOTO KpecleHHs (ecKi3m 1 po0odi KPECICHHS).
[lo3uTMBHUM 3pa3KoM € BHKOPHUCTaHHS KeWC-MeToAy Nnpu poOOTI Ha MNPAKTHUYHHUX 3aHSTTSX.
Peaizaris mocTaBiieHOTO 3aBJaHHS BHMarajia CTBOPEHHS BiAIOBITHOTO JHIAKTUYHOTO MaTepiany i
Horo aganTarii 10 rpadidHOI CHCTEMH.

B rpadiuniii miaroroBmi IMmKEHEPHUX KaapiB po3poOjeHi HOBI IMeNaroriyHi TEXHOJIOTIi, IIo
3a0e3MeuylOTh OpIiEHTALlI0 HAa 1HHOBALIWHY HisUIbHICTH, YCBIJOMJIEHY IOCTAHOBKY HOBHUX TBOPYHX
3aBAaHb 1 3MaTHICTh BUPINIYBATH I1i 3aBIaHHS CYy9aCHUMH MTPOQPECITHUMHI METOTaMHU.
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SOME REASONS OF FALSE-POSITIVE RESULTS IN CHECKING
FOR TEXT BORROWINGS IN STUDENT CERTIFICATION WORKS
Samoilenko O. V., Cand. Sci. (Eng.), Docent
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute” (Kyiv)

This study deals with the mass automated checking of student attestation works with the
use of special software (hereinafter — the System).

Among the many causes of false-positive results when checking for borrowing can be
identified the following reasons:

— administrative;

— content related;

— technical.

The administrative reasons are related to the fact that the verifier (usually a person
independent of the student and his supervisor) is not obliged and has no authority to influence
the result of the automated checking. In particular, the verifier can not manually remove
matches from the check statistics, even if these matches are issued as quotes.

Individual verification of detected matches is technically possible. But it is very
laborious and requires the simultaneous participation of the verifier, supervisor and student.
Therefore, an individual verification is carried out in disputed cases and conflict situations.

The second and third reasons are due to System sensitivity. The System sensitivity is
determined by the minimum length of the shingles.

A shingle is a phrase that consists of consecutive words. The term "shingle" means that
adjacent word sequences can be superimposed overlap. The System breaks the checked text
into shingle and checks for their uniqueness.

Obviously, the checking result will be more accurate in the case of a short shingle.
However, if the shingle is very short, the System will detect common phrases. But this will
lead to a low technical uniqueness of the text. Therefore, the most common systems have
adjustable-length shingles, but usually not less than 8 words.

The content related reasons are due to the fact that the checked text contains many
elements that can be found in other checked works. The situation is complicated by the fact
that the mass verification of student attestation works is carried out within the same
university, faculty, or even department (specialty). Student attestation work is given for
checking in a single file in the form in which it will be submitted for defense. Here are the
most frequent matches:

—name of the university and (or) educational department;

— phrases from the task form and schedule;

— bibliographic descriptions of information sources in the list of references;

— typical calculations (they may differ only in numbers, but this is not plagiarism);

— typical verbal constructions that are inherent in one or another specialty;

— compulsory sections of work that are prepared for the same educational manuals (for
example, "Labor Protection") etc.

It would probably be advisable to legally exclude the above-named elements from the
text intended for checking for borrowing.

The technical reasons are due to such an interesting circumstance. Typically, student
attestation works are given for checking in the PDF format. Mathematical formulas are
written in some vector editor, for example, Microsoft Equation or MathType. But the
structure of the mathematical formula is lost when converting to PDF format. Scattered
characters are obtained instead of a formula. These symbols are recognized by the System and
can be counted as borrowing for some random matches. After all, the System defines a word
not only as a word in the traditional sense, but as a certain set of characters, which is limited
by spaces from both sides. A similar situation is observed with vector drawings that are
inserted into the text. So it makes sense to convert formulas and vector graphics to bitmap
images, or save them as vector curves.
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