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B.C. Epemenko, M.B. OciH1iieBa
CKJIAZIOBI HEBU3HAYEHOCTI PE3VJIBTATY AHAJII3Y
CIIEKTPIB BVYIbHVX KOJIMBAHb

AHomayisa. [Tpoyedypa OuiHKU HeBU3HAYeHOCMI pe3ysbmamy € OCHOBHOK npu po3pobuyi HOBUX
aneopummis 006pobKuU iHGopmayii, nNpunadis BU3HAYEHHA 1 OnNpaulBaHHA O0aHux. Memoro
cmammi € OYTHIBAHHA CKNIA00BUX HeBU3HAYeHOCMI pe3y/bmamy, Wo BUHUKAKMb Npu aHami3i
CneKkmpiB BifIbHUX KOJIUBAHbL: HEBU3HAYEHICMb BI0 PO3MIKAHHA CNeKmpy, HeBU3HAYeHiCmb no
amnaimyoi 1 4yacmomi aHAMI308aHUX cnekmpis. [ocnioxeHo BNnUB 3ACMOCYBAHHA BIKOHHOI
(QYHKYIT Ha pe3yibmamu CnekmpasabHO20 AHAMI3Yy CU2HANIB CKAaoHoi ¢opmu. [lpoaHanizoBaHo
3MIHU CKNa00B8Oi HeBU3HAYeHOCMI pe3ysbmamy nNpu 3acCmoCyBaHHI 2ayCiBCbKO20 BIKHA Ni0 4ac
aHanizy — 00CNIOXYyBAHUX CNeKmpis  BiNbHUX  KO/AUBAHb. [lpoBedeHO  OUYIHKY — BnauUBY
HeBU3HAYyeHOCMi Ha pe3ybmam CNneKmpaabHo20 aHAA3y no amnaimyoi 1 no yYacmomi
ouckpemu3sayii cnekmpis. OKpeceHo yMOBU 3MeHIWEeHHSA LUX CKIa00BUX HeBU3HAYeHOoCM]I.
Knioyosi cnosa: cnekmpansHull QHANI3, HeEBU3HAYEHICMb, BIKOHHA (YHKUIA, HAKNAOAHHSA
cnekmpis, 4ac Ouckpemu3ayii.

ITocraHoBKa mpooieMu. B cyyacHoMYy CBiTi cucTeMM i 3ac00M BMMipIOBaHHS,
aHaJsi3y Ta BiITBOPEHHS CUTHAJIiB 3aCTOCOBYIOThHCS TPAKTUYHO B YCixX chepax HAyKM i
TexHikKM. OCHOBHMM y BUKOPUCTAHHI TaKUX MPWIaLiB € OTPUMAaHUIA pe3yabTaT Ta
110ro TouHicTh. TOUHICTD pe3ynbTaTy BUMipIOBaHb 3aJIESKUTH BiJl 6araTbox (GakTopis:
BIUIMB HaBKOJIMIITHBOTO CepeloBuIla (TeMIlepaTypy, BOJIOTOCTi i T.J.), HEOOXiIHICTh
BTpyUYaHHS olepaTopa, BHYTPIlllHi 3aBajii TOCTiIKYBaHOTO 06’€KTY Ta 6araTo iHIIIO-
ro. [Ipu BM3HaAUeHHi i BimoOpaskeHHi pe3y/lbTaTy BUMipIOBaHHS HEOOXiTHO BpaxoBy-
BAaTU BCi LIi YMHHUKU, TOMY IIOCTA€E 3aBJAHHS B OTPUMMaHHI KOPEKTHOTO pe3yabTaTy 3
BMCOKOIO TOYHICTI0. Ha CbOrogHIIIHbOMY eTari pO3BUTKY HayKu [IJIs1 BUPAsKeHHS KO-
PEKTHOTO Pe3y/IbTaTy 3aCTOCOBYIOTh He MOXMOKY (a60 TOYHICTb) BUMipIOBaHHS, a Bi-
IoOpakeHHST pe3y/abTaTy BUMipIOBaHHS 3 IEBHOIO HEBU3HAUeHiCTIO. bilbmIicTsb cuc-
TeM i 3ac00iB BMMipIOBaHHS € 6araTo@yHKI[iOHAJIbHMMM: BUMIipIOIOTh OIpasy JeKi-
JIbKa 3HaueHb, BUKOHYIOTb JIeKi/ibKa olepallii, B

imobpaykaloTh 3MiHY JeKiJIbKOX mapameTpiB i T.n. IIpomemypa OIiHIOBaHHS i
BUpakeHHSI HEBUM3HAUEHOCTi pe3y/ibTaTy BUMipIOBaHHS Oysa BBeneHa jauiie y 1993
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poui [1] i e He 10 KiHLS OOCTiAKeHa, @ TOMY He IPUCTOCOBAaHa 10 YCiX aITOPUTMIB,
MIpWIAAiB i CMCTEM MEeTpPOJIOTiUHOTO 3abe3reveHHsT B YKpaiHi. [Ipy po3pobili HOBUX
aJITOPUTMIB i TIpWIadiB MOCTae mpobseMa aHali3y i PO3POOKM MPOIeAypU OILiHIO-
BaHHSI HeBM3HAUYEHOCTI pe3y/bTaTy BUMIPIOBAHHS ITif] YaC BUPIIIEHHS MMOCTaBJIEHO1
3azaui.

AHani3 mitepaTypu. PaHilie rpy BUpillleHHI MeTPOJIOTIiUHMX 3a[a4 BUMipIo-
BaHHS, TOC/IiIKeHHsI, 00p0o0KM, repenavi iHpopMailii Ta iHIIMX 060B’SI3KOBOIO OIle-
paliiero Oysia orepaillisi aHa/li3y MOXMOOK BUMipioBaHHSA. Ha choropHiliHii mgeHb i
3aMiHsI€ TIOIIYK Ta BMpPa’keHHsI HeBM3HAUYeHOCTi pe3y/ibTaTy BUMiproBaHHS. [Ipo 110
CBigunTh HOoKkyMeHT CHiIbHOTO KOMITeTy KepiBHMITBA 3 MeTrpoJiorii Big 2009 poky
(JCGM 104:2009 - [2]): B HbOMY BKa3aHO, 1[0 METOI BMMipIOBaHHS € HaJlaHHS iH(O-
pMallii Mpo BeJMUYMHY, SKa I[iKaBUTh — BUMIPIOBAHy BeJUYMHY. 3 MiKHapOAHOTO
cioBHMKka 3 MetpoJorii (International Vocabulary of Metrology - VIM 3rd
edition, [3]): TepMiH «HeBM3HAUEHICTh BUMipIOBaHHS» — 1le HeBiA €éMHUIi TapaMeTp,
SIKMII XapaKTepu3ye Ha OCHOBI OOIPYHTOBaHOi iHdopmallii po3nomis BeJIndynH, 110
BiZHOCSTHCS O BUMipIOBAaHOI BeJIMUMHMU. 3 MOCIOHMKA IJI BUPAKeHHS HeBM3HAUe-
HocTi BuMipioBaHb (GUM 1995 with minor corrections — [4]): «HeBM3HAUYeHIiCTb (Y
BUMIipIOBaHHSIX)» — MapaMeTp, MOB’sI3aHMi1 3 pe3yJbTaTOM BUMMipIOBaHHS, 1110 Xapa-
KTepu3ye po3CiloBaHHS 3HaueHb, SIKi OOIPYHTOBAHO MOXXHA ITOB’SI3aTU 3 BUMipIOBa-
HOI0 BeJIMUYMHOIO. [IJi BUpakeHHS HeBM3HAYEHOCTi pe3y/ibTaTy BMMipIOBaHHS IpO-
BOOUTHCS 3HAXOMKEHHSI 1 PO3PaxXyHOK BigXUIEeHHS 3HalieHOi BeJINYMHU Bif
JIMOBIPHOTO i[lealbHOrO 3HAaueHHS LIYKaHOI BeanuuMHU. HeBM3HAUeHICTb BUMIpIO-
BaHHS MOAUISIETHCS HA HEBU3HAUEHICTh TUITY A — CKJIa[0Bi, Ol[iHEeH] CTaTUCTUUHUMMU
crioco6aMy i HeBM3HAUYEHICTh TUIY B — CKJIa[lOBi, OlliHeHi MeTomaMM BifMiHHUMM
BiJl cTaTUCTUUYHMX. Y MiJPYUYHUKY 3 OCHOB TeOpii HeBM3HAUEHOCTi BUMipiOBaHb [5]:
KOMITOHEHTH KaTeropii A xapaKkTepu3ylOTbCS OL[iHEHUMM IucIiepcisiMu (abo olliHe-
HUMU «CTaHIAPTHUMMU BigXUIEHHSIMM») 1 UMCIOM CTEIeHiB BiJIbHOCTi, KOMIIOHEHTU
KaTeropii B NMOBMHHI XapaKTepu3yBaTUCS BeJIMUMHAMM, SIKI MOXKHA PO3TJISIAATU SIK
HaGMVKeHHS 0 BiATIOBiMHMX AMCIIEPCiii, iCHYyBaHHS SKMUX JOITyCKAETHCS.

MeToO10 CTaTTi € OI[iHIOBAaHHS CKJIaJOBUX HEBM3HAYEHOCTi pe3y/ibTaTy CIEeKT-
paJIbHOTO aHaJIi3y.

BukiageHHsI OCHOBHOTO Marepiaay. B 6iibiiocTi BumaakiB rmpu BupilieHHi
3aJa4i CIIEKTPaJIbHOTO aHajli3y HeBM3HAUYEHICTh BUMipIOBaHHS 3BOAUTHCS 1O pO3pa-
XYHKY HaCTYITHUX CKJIaJOBMX: YaCTOTHA HEBM3HAUYEHICTb i HEBM3HAUEHICTh aMILIi-
TYJIHOTrO 3HaueHHs [6], [7], [8]. Takok HeOOXigHO BpaxOBYBaTM CKJIAJIOBY HEBU3HA-

yeHoCTi ¢asu. Iyig JaHOoi CTATTi BUKOPUCTAHO aJITOPUTM HOC/iIKEHHS, 3aCTOCOBA-
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Huit y [9], a came BM3HaUeHHs iHGOPMaTUBHUX MTapaMeTpiB CUTHATY 3a JOTIOMOTO0
CIIEKTPaJbHOTO aHali3y (BMKOPUCTAHHS mepeTBOpeHHs Dyp’e) Ta 3aCTOCYBaHHS Bi-
KOHHOI rayciBcbkoi ¢yHKilii. OTKe, MepuuM eTarioM € OTPUMAaHHS CIIEKTPY TOCJIi-

IPKyBaHOTO CUTHAJTY 3a GOPMYJIOH0:
X(gw) = Tx(t) e Mdr (1)
IpyTuii eTan: BBeIeHHS BiKOHHOI QYHKIIIi, T:L[i OTPUMAEMO HACTYITHY GOpPMYITY:
X(Gw) = +Jo.ox(t) -g(t,a)-e™dt (2)

_=b)?
me: g(t,a)=e *““ — BixoHHa ¢yHKuis 'ayca, B gKiii @ — mMpKHA BikHa, a b — 3CyB

BiKHa 10 4acoBiit oci. [TigcTaBuBIIM BiKOHHY (QDYHKIIiIO B (2) OTPMMAEMO:

(t=b)’ +a0 (t=b)

X(Gw) = I x(t)-e *¢ e Mdt= I x(t)-e * M ) (3)

—00

JlJis cIIpoIlleHHsT pO3paxyHKiB IepeiiieMo 10 AUCKpeTHOi hopMu MOJaHHS Tie-
peTBOpeHHs Dyp’e:

AV
(nAt=b) — jwnAt

X, (Gw) = ix(nAt)-e v (4)

Jle n — KUIbKICTb BifjIikiB AuUCKpeTusaliii, a Ar — KpOK AUCKpeTusaliii. 3aCToCcyeMo
dbopmyny Eiinepa no piBHSIHHS (4):

w “ [(”4_’? ij_
X, (W)=Y x(nv). /e
— . (nAr=b)
—]-sm[ A wnAt]
s )

Hexail ¢yHkuisgs X,(jw)— mapHa, ToAi piBHSIHHS (5) MOKHA 3BeCTM A0 KOCUHYCHOI

dopmu pany Pyp’e:

(nAt b)

X, (Gw)=x, +ZX -cos(— —wnAr) (6)

T/2

e X, =7 I x(nAt)d At — miocTifiHa ckmamoBa, 1O SBISE 0000 cepefHe 3HAYEHHS
-T/2

¢yuKuii 3a nepiox, a X, — aMIUIiTyHe 3HaYeHHS N-TO Bif/IiKy BXiJHOTO AMUCKPETH-
30BaHOrO cUrHamy. [Iyig MoJaablIoro 3HaXO4KEHHS CKIaJ0BMX HEBY3HAYEHOCTI CcIie-
KTpaJbHOTO aHaJi3y 3a AOC/iIKyBaHy QYHKIIi0 Oyaemo npuitmMaTu Bupas (6).
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OJHMMM 3 OCHOBHMX CKJIQJJOBUX HEBM3HAUEHOCTI CIIEKTPAJIbHOIO aHAJTi3y € He-
BU3HAUEHOCTI, 1110 BUHUKAIOTH Bif] eeKkTy «po3TiKaHHS crieKTpa». PO3TiKaHHS Crek-
Tpa BifgOyBa€eTbhCS SIKIIO MPY BU3HAUEHHI ClIeKTpa KOPUCHOTO CUTHATY BUKOPUCTOBY-
€TbCSI IMCKpPeTHe MepeTBOpeHHs @yp’e 3 HeLJIMM YMCAOM IepiofiB. B TakoMmy BU-
MaaKy 3’SIBSIIOTHCSI CTPMOKM Ha TpaHUIISX IepiofdiB IOC/iIOBHOCTI, SIK HAC/IIOK Y
ITYKaHOMY CIEeKTPi BUHUKAIOTh OJATKOBI ITapa3mUTHI 3HAUEHHS, SIKi He BiJHOCSITbHCS
Hi 0 KOPMCHOTI'O CUTHaIy, Hi A0 IIyMiB, SIKi BiH MicTUTbh. Ha mpakTuili mpu oTpu-
MaHHi CIIeKTpa rapMOHIMHOTO MePiOAMYHOr0 CUTHAITY TIPUYMHOK PO3TiIKaHHS CIEeK-
Tpa € 3aCTOCYBaHHS BUOipKky repeTBopeHHsT Dyp’e, po3Mip SIKOi He KpaTHMII epiomy
OOCJTiIKYBAHOTO CUTHAJY. 151 OiJIbIII TOYHOTO JOC/iI’KeHHS CUTHATY TIPU CIIeKTpa-
JIBHOMY aHaJjIi3i 30i/IbIIYIOTh KiJIbKiCTh BifJIiKiB 1151 1100YymoBu crekTtpa. Ti Bigmikmy,
3HAUEeHHS SIKUX He € MM YMCJIOM MPU3BOISTh OO0 CTPUOKIB CUTHAITY, SIKi Bimoopa-
SKaIOTbCSl HA CIIeKTPi Yy BUIJISIAI IMapa3suTHUX TapMOHiK. [ 3rjamKyBaHHSI LIMX
CTPUOKIB i 3aCTOCOBYIOTh BiKOHHI (DYyHKIIii, sIKi MalOTh MaKCMMalabHe 3HAUEHHS Y
LIeHTpi i IUIaBHO CIafgaloTh A0 KpaiB mocCaimoBHOCTI. OTske, pO3TiKaHHS CIEKTPY
MPU3BOAUTD A0 BUHUKHEHHS HACTYITHUX CKIaJOBMX HEBU3HAUEHOCTI MMPU CIIeKTpa-
JIbHOMY aHaJi3i:

- HaKJIaJaHHS CIIeKTPiB, uepes lie HeMOKIMBO BU3HAUNUTH [IO SIKOI 3 OCHOBHMX
rapMOHIK BiHOCUTbCS €Heprisl, 110 JIeXXUTb B MeXKax iHTepBaly HaK/IaJaHHS;

- PpO3UIMpPEeHHSI OCHOBHMX IIEJIIOCTOK CIIEKTPY, uepe3 IO BiOyBaeTbCsS 3MeH-
IIIeHHSI eHeprii OCHOBHO1 FapMOHIKH;

- BUMHMKHEHHS JOJAaTKOBMX FapMOHIK B CIIEKTPi CUTHATY 32 paXyHOK HeKparT-
HUX YaCTOTU JOCJiKYyBaHOTO CUTHAJTY i UaCTOTM BUOIpKM TPy IlepeTBOpeHHi Dyp'e.

Insa npuknany B cepemosuili MathCad mocmifgkeHO KOCMHYCHUIA 3aTyXawounit
CUTHAJ BULY:

i N v —0.002-x N N v —0.003.x i v —0.003.5,)
¥; =\ 1-cos| l.J?l-xi:l-e + [I'.:l-cns|2-1.:l'.-'1-:{i:|-e + 02-cos 3-1.3?‘1-:{#-& )

)
me X, — moOYyTOK HOMepa BiIJjIiKy Ha BiIHOIIEHHS JOBXKMHM CUTHAY OO TOBXUHU
BUOipKM neperBopeHHst, i =0..N —1. Ha pucyHKky 1 300paskeHO CIIEKTP AOC/IiIKyBa-
HOI'O CUTHaJIy — 4epBOHOTO Koybopy (Fj — BesimumHa aMIUIITYAu 1O JIiBiil Ooci opau-
HaT) i CIIeKTp I[bOTO K CUTHAy TIOMHOXXEHOT0 Ha BiKOHHY QYyHKIIifo 'ayca — cMHbOTO
KoJIbOPY (Gj — BeIMuMHa aMIUIITYAu T10 TIpaBili 0Ci OpAMHAT).
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11 P
3.8 H1.2
6.6 Ho.0
qu]| 4Gj|
: Ho.6
Ho3

0 9x107 " 0.018 0.027 0.036 0.045 0.054 0.063 0.072 0.081 0.09 0.099 0.108 0.117 0.126
freq;
Pucynok 1 - Criektpu gociigskyBaHoro curHany (Fj) i iioro mooyTky
Ha BikoHHY (yHKIIito 'ayca (Gj)

Ik 6auMMoO, OCHOBHA €Hepris CUTHaAIy 30cepekeHa Ha YacToTax piBHUX
fi1=0ym.00. 1 f,,=0,125 yu.00.. OCHOBHA BiIMIHHICTb MOJISITAE Y BEJIMUNHI aMILTITY

OCHOBHMX TFapMOHiK: MMpy nepeTBopeHHi Pyp’e MOBHOTO CUTHATY BeJMYMHA OCHOB-

HUX TapMoHiK: A4 ,=3,27 1 4, ,=10,25, ko1 npu nepetBopeHHi Pyp’e curHamy,

ocn.1

00MekKeHOr0 BiKOHHOI0 (YHKIIi€I0 BeJMYMHA OCHOBHMX TapMOHIK CTaHOBUTH
A =056 1 4

ocn.2

=1,4. TakoX 3 JAaHOTO PUCYHKY MOXKEMO IM00AUUTU PO3MIVPEHHS

och.1

OCHOBHUX ITI€JIIOCTOK Y CIIEKTPi CUTHATy, 0OMeXXeHOro BiKHOM, SIKi TIOBTOPIOIOTh (o-
pMy BikoHHO1 dyHKIIii l'ayca. Ciif 3a3HauUUTH, 10 TIPU 3MEHIIeHHI MUPUHM BiKHA
3MEHIIYETHCS aMIUIITyJa OCHOBHMX TapMOHIK i 36iJbIIYETHCS aMIUIITYyZa OOKOBUX
rapMOHIK, 1[0 MPU3BOAUTH 0O BUPIBHIOBAHHS CIIEKTPY MO BCili 4YaCTOTHIN OCi i He-
MOXJ/IMBOCTI BU3HAUUTU Ha SIKili caMe 4acTOTi 30cepelykeHa OCHOBHA €Heprisl CUr-
Hany. OTXe, B JaHOMY BUITa[Ky 3aCTOCYBaHHSI BaroBOro BiKHA MPU3BOAUTH 10 3Me-
HIlleHHS iHhOPMaTUBHOCTI MPOLleyPH CIIEKTPaIbHOTO aHai3y.

IL1st moCii>keHHS HeBM3HAUEeHOCTeN MPOBeIeHO TaKOX aHaJli3 peaibHOTO CUT-

HaJly BULY:
200,
10wy
0
K1,
— 100
— 200
— 300 E— . E— . E— . — . E— _—
0 23 30 73 100 125 130175 200 225 250 275 300 325 350 373 400 423 450 475 500
Ep
PucyHok 2 — [Toc/iIKyBaHMI CUTHAI
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Ha pucynky 3 BimoO6paskeHO rpadiku creKkTpa MOC/iIKyBaHOTO curHany (S; —
CMHBOTO KOJIbOPY) i CIIeKTpa AOC/IiIKyBAHOTO CUTHATY, 0OMesKeHOTO BiKOHHOIO (yH-

Kkiieto l'ayca (Fj — 4epBOHOTO KOIbOPY).
250

21875

1875

ELEL'. 136.2? !
|Sj | 125

&= 0373

———

62.5
3125

PucyHok 3 — CieKTpu JOCTiIKyBaHOTO peajbHOT0 cUrHamy (S;) i ioro qo6yTKy
Ha BikoHHY (yHKIIi0 'ayca (F;)

BikonHa ¢yHkuisg I'ayca obmexxyBasia curdan Ha mpoMixkky [0; 125]. B maHomy
BUIMAAKY TAKOX CIIOCTEPIra€MO 3MeHIIeHHS aMIUIITYA/ OCHOBHMX FapMOHIK CITIeKTpa
CUTHAJTy, 0OMEKEeHOro BiKHOM i pO3MMBAHHS IIbOTO 3K CIIEKTpPa IO BCiil YaCTOTHIIA
oci. Lle moxe cBiguMTy PO HeeeKTUBHICTh 3aCTOCYBAaHHSI BiIKOHHUX (DYHKIIil TTpu
CIIEKTPAJIbHOMY aHaJli3i curHajiB. 3 iHIIOro 60Ky, Mpy 30iblIeHHI MacIITa0y CIIeK-

Tpa 06GMEeKEeHOro CUTHaIy OTpuMaeMO rpadik, 306paskeHnit Ha pUCYHKY 4.
16
14—

IEJT

lll.“r;]lJ
p
J

0 0.01400290.043003530.0720.0870.1010.116 0.13 0.1440.1390.1730.1830202021702310.246 026

3
oy

PucyHOK 4 — CriekTp 06MekeHOT0 peaJibHOTO CUTHAITY Y 36iIbIIIeHOMY MacIITabi

CIleKTp peajbHOrO CUTHAIy MICTUTh 5 IMIKOBMX 3Ha4eHb 3 aMIUIITyJaMMu Bif,
A, =61 10 4, =241, B TOii yac SIK ClIeKTp 0OMesKeHOTr0 CUTHAJTy Ma€ BChOTO JBa

miku: 4_.,=71 A ., =14,5. Okpim TOro, 3 pUCYHKiB 3 i 4 MOKHA [MO6AUUTY 3Mi-
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II[eHHSI TApMOHIKM 3 MaKCMMa/IbHMM 3Ha4eHHSIM aMIUIITya/, a caMme: Ha CIIeKTpi pe-

aJIbHOTO CUTHAJYy 1Sl TapMOHiKa 3HAaXOAUTbCS HA 4YaCTOTi: f

max1

=0,014 ym.00., a Ha

CrieKTpi oomexxeHoro curiany: f . =0,012 ym.o00.. Taki BigMiHHOCTi MOKHa pO31ii-

ax 2

HIOBATMU SIK PO3LIMPEHHS] OCHOBHMX TEJIIOCTOK 3 Oi/IbIII0I0 aMILIITY0IO0 i TepeKPUTTS
HMMM TOJATKOBUX rapMOHIK 3 MEHIIIOI0 aMILUTiTY0I0, TOOTO IepeKpMBaHHSI YaCTUHU
iHbopmailii Mpo HaABHICTh TAPMOHIHUX CKIAJOBUX Y IOJirapMOHIYHOMY CUTHAJII.
Tomy B mJaHOMy NpUKIaAi MOKeMO CKasaTy, 1[0 Ma€ MicClie HasiBHICTb CKIaJOBUX
HEeBM3HAUYeHOCTI BiJl HaK/IaJaHHS CIEKTPiB i pO3IIMpPeHHSI OCHOBHMUX IEeII0CTOK J0C-
JIJIKYBAHOTO CIIEKTPY.

3 iHIIOro 60Ky, He CJIiJi HEXTYBATM i CIIEKTPOM CUTHAaTy, 0OMEKEHOro BiKOH-
HOI0 (YHKIIi€l0, afyke BiICYTHICTh MOJATKOBMX ITIKOBUMX 3HAue€Hb MOXXE CBiTUUTU
PO BiACYTHICTb Mapa3suTHMUX TapMOHIMHMUX CKIAZOBUX Ha BUIIJIEHOMY IIPOMIXKY
peasbHOTO BUXiAHOTO CUTHAIY.

Ille ogHa CcKIagoOBa HEeBM3HAUEHOCTI CIIEKTPaJIbHOTO aHasli3y: HeBM3HAUYEHICThb
aMILUTiTyau. s pos3risigy 1iei HeBM3HAUEHOCTi B SIKOCTI JOC/iIKyBaHOI (YHKITii
6epemo (6). 3a OCHOBY aJITOPUTMY OIiHIOBaHHSI HEBM3HAUEHOCTi 0OMpaeMo ajro-
PUTM OILIiHKM HEBM3HAUEHOCTi pe3y/lbTaTiB MPSIMMUX OaraTopas’oBUX BUMipIOBaHb
3a [10]. Buxogsuu 3 (6) aMIUIiTyAHI 3HaUeHHSI JUCKPETHOTO KOCMHYCHOTO ITepeTBo-

peHHs Dyp’e piBHi:

T2 Y
oy = ! ={J‘ x(nAt)~cos(—(nAtlZ)—wnAt)dAt} cos(p,) , (7
cos(,) -T2 4-a
ne ¢, — $asa n-i rapMOHIKM CIIEKTpY.
3a BKa3aHMM BUIIe aJTOPUTMOM HEOOXiJHO pO3paxyBaTy CepemHE 3HAUEeHHS

aMIUIITYI:

i{ '[ x(nAt)-cos(—(nAi_lzf—wnAt)dAt}/cos(gpn)

-V n=l| -1/2 ’
XnA =

< : ®)

_ (nAt—b)’

Hexan —
j4-a

—wnAt =« . Toni cTaHgapTHa HEBU3HAUYEHICTh CEpefHbOro0 3HA-

YeHHS aMIUTITyay Oyzie po3paxoByBaTucs 3a GOPMYIIOI0:

i [N . { TJ/.Z x(nAt)- cos(a)} dAt/cos((pn )— i{ TJ/.Z x(nAt)- cos(a)} dAt/cos((pn )]
u, = n=1 T2 n=l| _7/2 ) (9)
N(N-1)

ISSN 1562-9945 (Print) 9
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 4 (141) 2022 «System technologies»

3 dbopmynu 6auMmo, 110 HEBM3HAYEHICTh aMIUITYaAM Oyme MiHiMa/JbHOKIO IPU

cos(a) — 0, TOOTO TIpH a:%:3_”:.,,:k7” i .o mpu k=13,5...Po3paxyemo HeoO-

2
XiIHUI yac OMcKpeTun3ailii 3a [ux yMOB:

_ 2
_nm(%_wjzk_n:m:_k_ﬂ. 1
j4-a 2 2 (1-b)"/j4d-a" —w (10)

OTKke, pe3yabTaT HEBM3HAUYEHOCTI 110 aMIUTITY/Ii Oyae MiHiMaJIbHUM, SIKIIO OY-

Ile BUKOHYBATuUCS piBHICTD (10).
HacTymHO0 CK/1aJI0BOI0, SIKY HEOOXiTHO OLIiIHUTM € HEBM3HAUEHICThb BiJl allpOK-

cuMaliii TIpy BiTHOBJIEHHI CUTHAJTy ITiCJSI CIEeKTPaJbHOTO aHamidy. Ll ckinamoBa 3a-

JIeXXUTD Bifl 4aCTOTU OUCKpeTusauii f, = TOOTO Bif KpOKy AMCKpeTu3salii, i cro-
t

coby ampokcuMaliii. HaibisibI mommpeHoi0 € KyCKOBO-JIiHiliiHa arpokcumarlis. s
KYCKOBO-JIiHi/fiHOI ampoKcuMallii 3aCTOCOBYIOTbCS CTyIeHeBi MOJiHOMM IepIIoTo
nopsaxy. [Ipy Takomy HabGaMKeHHI KpUBa B IMPOMiXKKaX MiK IBOMAa BimoMuMM 3Ha-
YEeHHSIMU 3aMiHSIEThCS BigpiskoM mpsimoi. Tomi Haibinblie 3HaUeHHSI HeBM3HAYeHO-
cTi Oyme Ha TUX MPOMIXKKaxX 3MiHM KpMUBOi, e Apyra MoXiJHa MaTMMe Haibisibiie

3HaueHHs. CKJIaIOBY HEBM3HAUEHOCTI TOAi MOXKHA po3paxyBaTu 3a GOpMyJIolo:

I‘Wz‘fz 1 2 2
= " — . Atf-
h =y =y AL 1

1 .
me f, = n- ~ UACTOTA NOBHOTO CHTHATY. SIKIo crieKTp o6MeXkeHuit yacToTow f,, , a

iHTepBaJ AMCKpeTU3allil 3aJ0BOJIbHSIE YMOBY Af =

, TO TIepiof TTOBTOPEHHSI

06Mm
criekTpa 6yze BABiui Oinbumit 3a f . i, BiINOBigHO, 3MEHIINTbCS 3HAUEHHSI HEBMU-
3HAYEHOCTi BiATBOPEHHS CUTHAITY.

BucHoBKu. B naniit my6:ikaiiii 6y/1o rmpoaHasii3oBaHO OCHOBHI CKJIaJI0Bi HeBU-
3HAUYEHOCTi CIEeKTPaJIbHOro aHasni3y. Ha npuknagax mokasaHo $IK 3aCTOCYBaHHS Bi-
KOHHOI (QYHKIIii y CIeKTpaJibHOMY aHali3i BIUIMBA€E HA pe3yabTaTy NOCTiIKeHHS CU-
rHajiB ckiaagHoi ¢hbopmu 3 JIOKaJbHO 30CepemkeHUMM TMapamMeTpamiu. OCHOBHUMMU
CKJIQZJOBMMM HEBM3HAUEHOCTI CIIeKTPaabHOIO aHaJi3y € HeBM3HAYeHOCTI Bif, pO3Ti-
KaHHS CIIEKTPY, a caMe: HaK/IaJaHHS CIIEKTPiB, yepe3 Lie HeMOX/IMBO BUSHAUUTHU 10
SIKO1 3 OCHOBHMX TapMOHIK BiTHOCUTbCSI €HepTisl, 110 JIEXKUTh B MeXXaxX iHTepBaly Ha-
KJIQJIJaHHS; PO3UIMPEHHSI OCHOBHMX T€JIIOCTOK CITEKTPY, Uyepes 110 BimOyBaeThCs 3Me-
HILIEHHSI eHeprii OCHOBHOI TapMOHiKM; BUHMKHEHHS JOJaTKOBUX TapMOHIK B CIIEKT-

pi curHanmy 3a paxyHOK HEKPATHUX YaCTOTM IOCTiIKYBAaHOTO CUTHAITY i YaCTOTU BU-
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6ipku npu nepetBopeHHi Pyp'e. 3a YMOB 3MeHIIeHHS IIMPUHM BiKHA 30i/IbITYETHCS
HEeBM3HAUEHICTh 3HAXO/’KeHHS YacTOT 3 HalOimbmumMu eHeprisMmu. Takoxk Ha 3ara-
JIbHY HeBM3HAUEHICTh BIUIMBAIOTh CKIa[0Bi HEBM3HAUEHOCTI 10 aMIUIITY/i i 4aCTOTi
curHasty. Hagasi niaHyeThCs OOCHIAKEeHHS BIVIMBY AMHAMIUHOI HEBM3HAUYEHOCTI Ha
3arajibHuit pe3yabTaT CIIeKTPaIbHOTO aHai3y.
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Utilization of machine and their elements is actual science and practical task
Basic physical and mechanical properties of heatcover composition material that is
used for making of protective screens are experimentally investigated. For this purpose on
the example of flowed plastic STEF executed (with the use of traditional charts) research
at small (less than 1 m/s) and high (more than 3 m/s) rate-of-change of ladening. At
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small speeds of ladening durability of material was investigated at superficial
deformation, tension, bend and change. At high speeds work of destruction and shock
viscidity was determined. Organization and realization of experiments were done
according to rules of planning experiments. All investigations were made with the using
kinds of experimental equipment which had according certifications of control their
quality and accuracy. Obtained results were treated by methods of mathematical
statistics and researches of their dispersions.

The results of experimental researches drawn on at the decision of concrete design-
engineering tasks, in particular, at development of equipment and choice of the modes of
crushing of composition materials during their utilization (although, undoubtedly, the
obtained data have more wide value). For example, data of intruding conical elements in
material were used for selecting optimal angles for working elements of equipment.
Correlations between power parameters of intruding process were used for selecting
power parameters of equipment for crushing of composition materials.

Equipment and technology for crushing of composition materials during their
utilization, which are designed on the base of these investigations, have new useful
technical and technological specialties, that is why, authors obtained document of
intellectual property on this object.
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PO3POBKA J03YIOUOro ITPUCTPOIO 1JI1 TOHEPIB
TA AJITOPUTM IOTO KEPYBAHHS

AHnomauyis. 06’ekmom 0ocnioxeHHs € 003yBanbHUli npucmpil 0518 moHepy. B 38°93Ky 3 sesukum
nonumom Ha Komn'romepHy MexHiKy, BUHUKAE nompeba 8 00NOMIXHOMY 06/1A0HAHH], W0 3a00-
B0JIbHUMb Nompebu cy4yacHo2o csimy. ToHep ye NOpowWoK 3 MaseHbKUM PO3MipOM YACMOK, W0
3acmocosyembcsi 8 OPYKAPCbKIl cnpasi. 3aBOAKU MIKpOYACMKAM  Ub020 KOMNOHeHmy
OpyKapchKill 2any3i cymmeso B8OG0CS NOKpawumu AKicms 8i06umky. Ane npu (io2o 003yBaHHI
BUHUKAE pAd npobsem. 3a2anbHum 061a0HAHHAM 0415 (i020 003yBAHHSA € do3amopu. [Jo3yBaHHs
- ye BUMIPIOBAHHA NOMPIOHOI KibKoCmi npoOyKyii 3a macow, 06'eémom abo nowmy4dHo.
BiomipsHa Kinbkicme npodykyii nepemiwjyemscs 8 mapy abo y nakysasnbHuli mamepiasn, ma
Ha3uBaEMbCs acyBaHHAM. JJiana3oH HeobxiOHUx 003, 000epXaHHA 3A0aHUX MexXHO/021YHUX
BUMO2 nid 4ac 003yBAHHA, 0OYMOBIOE 3ACMOCYBAHHS NPUCMPOiB 003YBAHHA PI3HUX 3d CBOEK
KOHCMPYKYiel 1 cnocobom 003ysaHHA. B pobomi npoaHanizosaHo ma cmsopeHo npayrrdull
do3yroyqull npucmpil, WHeKoso2o muny, ix 3acmocosylms 045 003YBAHHA BAXKONJUHHOT
npodykyii. Baxko 3a6e3nedumu moyHicmb 003yBAHHA NPOOYKUTi, KA € MeKyyorw ma npu He-
3HAYHOMY CMUCKAHHT 31UNAEMbLCA. 3a2a/bHUMU MEXHOI02TYHUMU Napamempamu Wo NOBUHHI
KoHmposwsamucs nid yac pobomu do3amopa € 8aza, memnepamypa ma 80s02i1CMb NOBIMPS.
CmsopeHuli do3amop 00380/17€ A0GKBAMHO ONUCYBAMU NPOUECU KepoBaHO20 pyxy 003YBAHHA 1
oae 3mozy docnioxysamu npoyec 003yBaHHA 8 besnepepsHuli cnocib. OnucaHo anzopumm i pos-
pobsieHo cmpykmypy cucmemu agmoMamuyHo20 YNpasniHHA, Wo 3abe3neyye HOMIHA/bHE 3a-
saHmaxeHHs. [lobydosaHo dozamop, Ha 6a3i  MikponpoyecopHo2o koHmpoaepa(MIIK)
ATmega328P. B daHili pobomi 3a80AKU KOMNIEKCHOMY NiOX00y QHAMI3y OGHUX BUPTWUIU Npo-
6remy asmomamu3ayii npoyecy 003yBaHHA ma aHAmi3y cnocobis piBHOMIPHO20 3ABAHMAXEHHS.

Knioyosi cnosa: do3ywyull npucmpil, moHep, pe2yntoBaHHSA, MIKPONpoOUecopHul KoHmposep,
asmomamu3ayis, npo2pamHe 3a6e3nedeHHs, a120pumm npoepamHo20 Kooy

ITocraHoBKa npoo6semu. OCTaHHIM YacoOM [Iyske TOCTPO ITOCTAJIO IMTUTAHHS 10-
3yBaHHSI TOHEPiB IJII IIMPOKOro KoJia CIIOKMBAUiB,TaK SIK CIIOXKMBAUiB Oararto, a
OpUTiHAIbHMUX KapPTPUIKIB 32 SOCTYITHOK LiHOKW AyXe Maso. [TonuTt 3a uum 3anu-
TOM II€peBUILYE MOKIMBOCTI. A Ipalls 3alpaBHMKIB HebGe3MeyHa, Ta CIOBiIbHEHA.
Tak K ToHep [3,4] 32 CBO€IO CTPYKTYPOIO AyKe MajleHbKa yacTuHa. BoHa mae ckian-
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HY MaTpuU4Hy 6ynoBy. Po3mip yacTku ToHepy ckiamae Big 1 mo 20 mxm. Taka 6ymoBa
npu3Besa g0 NMosiBu crelundiyHmMx TpUTaMaHHUX oMy BiacTtuBocTeii. Le [3,4] Bnac-
TUBICTb 10 MiKpoarjioMmepailii, HaKOIIMYeHHSI CTATUYHOTO 3apsily, FirpOCKOMIUHICTb,
HM3bKa TeMIlepaTypa IUIaBJeHHS, BeJMKa Pi3HUIS MiXK (aKTMYHOK Ta HACUITHOIO
I[iIbHICTIO, MarHeTMsM. Ta B [OoJady, MOpU PpycCi 3’SIBIASIOTbCS BJIACTUBOCTI
B SI3KOIUVIMHHUX PifuH [5-11]. Po3rasiHyBIIM BCi mepeBaru Ta HeloMiKu Liei mpo6iie-
MM i BUCHOBKY, 1[0 JaHa TeMa € aKTyaJIbHOIO Ta 6araTorpaHHoIo.

AHanmiz ocraHHiIX gooTimKeHb 1 myoOsikamii. B TemepimmHiin  yac
nosartopu [1,2] ayis acyBaHHS TOHepy B YKpaiHi He BUITyCKalOTbCs. € juiie aBa Ii-
IOIPUEMCTBA B CBIiTi 111 hacyBaHHS TOHepY, Iie 3aBoau B Pocii Ta Kurai. Lis Himra
BUPOOHMIITBA € AOBOJI crieludivyHO0, ajie IIOMUT Ha Hei myyke BeJyKuii. 3a QyHKITi-
OHaJ/IbHOI O3HAKOIO A03aTOpM AJis1 TOHepYy MpM3HaueHi AJjis TOUYHOTO A03yBaHHS 3
BeJIMKUX €EMHOCTE B MasieHbKi. [Ipy 1ibOMy 03yH0UMit IPUCTPiii MOBMHEH 3axullia-
TU Big, TOHepHOTO NIy abo jtoro BukuAy. Ha maHuit yac, Ijis moTped pisHUX ramayseit
MIPOMMCJIOBICTIO BUITYCKAIOThCSI[1]: BaroBi, mOBiTpsiHi, 030Hi Ta iHI JO3aTOPM.

[TpoananiszyBasum [1,2,6,11,12,15,17] icHyioui cucTeMu aBTOMaTUYHOTO dacy-
BaHHS TOHepy abo IpiOHOmMCIIEPCHMUX MOPOIIKIB, TPV HAJeKHOMY KOHTPOJIi Ta pe-
TYJI0OBaHHI Baru, TeMIiepaTypy, TUCKY, BOJIOTOCTI Ta PiBHS, AIAIIIM BUCHOBKY, IO
HeOoOXiTHO BUMKOPMCTOBYBATY HaJiiiHMI 3acib eHTpasi30BaHOIO KOHTPOJIIO Ta pe-
TYJIIOBAHHS SIKUM € MiKPOTIPOLIeCOPHUIT KOHTpOJIep.

CyuacHi gosaTopu[1,2] MoxkHa MOZIIUTK Ha: — H03aTOopu Ge3repepBHOI [ii, 1110
CTBOPIOIOTH Oe3mepepBHMIT Ta PiBHOMipHMIT MOTIK MPOAYKIIii; — J03aTOPU OUCKPET-
HOI (mepiognyHO1) Aii, 110 BaskaTh MPOAYKIIII0 AMCKPETHUMM A03aMU; 103U MOXYThb
IO3yBaTMCSI OJTHA 3a OJHOI0 3 Pi3HMMM YaCOBMMM iHTepBajaMu; Ta — go3aTopu 6es-
IepepBHO-LIMKIIIYHOI [Iii, IO CTBOPIOIOTH Oe3mepepBHMII Ta PiBHOMIpHMII IMOTIiK
TIPOAYKIIii, SIKUIi TIepepUBAETHCS IJISI BUKOHAHHS aBTOMATUYHUX [iii i3 LO3YBAHHS
MIPOAYKIIii; CYKYITHiCTb TPUBAJIOCTi pOOOTH i 3YIIMHKM CKJIAAA€ TEXHOIOTIUHMIA VKT,
1110 TOBTOPIOETHCS.

B mo3yBaHHI TOHEPY € MMeBHi 0COOIMBOCTI, SIKi 3a/Ie3KaTh Bif JI0r0 CTPYKTYpH Ta
ckiany. HeHTpom MarHiTHOro ToHepa[12-14,20] € mardiTHa yacTka — MarHeTUT, Ha-
CTYITHMM IIIapOM PO3TalllOBaHMIi GapBHUK, a MTOTiM ITOJIiMep, SIKMi1 CTBOPIOE HABKOJIO
MaTPUIIO i TTOB'SI3y€ BCi KOMIIOHEHTU B €AyuHe 1ije. Taxk sIK mojiMepu, 110 BUKOPUC-
TOBYIOTBCSI TIPU BUPOOHUIITBI TOHEpiB, 6e30apBHi, 10 HMUX MOAAIOTbCS (GapOyBaylbHi
nirMeHTH. [IJss OTpUMMaHHS YOPHOTO KOJbOPY B MarHiTHi TOHepM AOAAaHUIT MarHe-
TUT, @ B HEMAarHiTHi - caxa. [IJi1 oTpMMaHHS KOJIbOPY, BiIMIHHOTO BiJ YOPHOTrO, IO-

JiMepy BKJIIOYAIOTh BKpaljieHHsI 6apBHUKIB BiZIIOBiHOTO KOJIbOpPY. IlirMeHT piBHO-
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MipHO pO3MOZiNSETbCS HA MOBEPXHi KOXKHOI YaCTMHKM TOHepa. Moro maca cTaHO-
BUTDb Tpoxu Oinbie 10% mMacu rpaHysIn.

Y HeMarHiTHOMY TOHepi SIAIpOM MaTpulli BUCTYIA€E came MoyiMep, 10 OJHOYa-
CHO € i CITOTyYHMM KOMITOHEHTOM, a B3Ke ITOTiM YacTKa JOTOBHEHA J00aBKaMM Ta-
padiny, Ta iHIIMMMY KOMIIOHEHTaMM.

o ix ckiamy [15-17] moTpamnisiioTh i eMyabraTopu, 1ie 3yMOBJIeHO HeloiKaMu
CY4acHOI TexHoJIorii BUpoOHMIITBA. Ta € HebaxkaHMM (aKTOPOM, SIKUII BUPOOHUKMU
BCiJIIKO HAMAaralTbCs 3MEHIIUTH, ajle BUKIIOUUTY MTOBHICTIO, TTIOKM 110, He BAAETh-
csl.

MeTta mocaimkeHHs. 3arajibHe 3aBJAaHHS anapaTy — lie BUMipIOBaHHS Ta Bif-
BaHTaKeHHSI MOTPiOHOI KiJIbKOCTiI TOHEPY B Tapy 3 JOTPMMAHHSIM YyCiX TEXHOJIOTiU-
HUX HOPM, HeJOTPMMAaHHSI IIMX HOPM MOXe NpPU3BeCTU OO0 HecTaui NMpoaykiii. Y
KOHCTPYKIIiI0 HeOOXiTHO BK/IIOUMTM I1aHeIb YIIPaBJIiHHS, 3 SIKOi omepaTop 3MOXKe
3a7jaBaTy HeOOXiJHYy Macy HaBilllyBaHHS [JISI O3yBaHHS, a TAKOX € HeOOXiIHiCTbh
OOHYJIiHHSI 3HaUeHHS Ha JaTyMKy. OO0B’SI3KOBMM € MOX/IMBICTh YIIPaBIiHHS anapa-
TOM i aBapiiiHe BiIK/TIOUeHHS i10T0 By3JIiB. [lepernporpamMyBaHHS aarOpUTMy POOOTH
€ BEeJIMKOIO IepeBaror, OCKIbKM MPOrpaMHy CKJIaA0BY aJrOPUTMY YIIPaB/IiHHS IIPO-
1lecy eKcruryartaliii MoykHa BIOCKOHaMoBaTy. OUnilleHHS anaparTy ITic/isl JO3YBaHHS €
000B’SI3KOBMM, TOMY HEeOOXiTHO BpaxyBaTy i BKIIIOUUTH B KOHCTPYKIIiI0 MOXK/IMBICTb
OUMIIEeHHS 3aTa/JIbHUX BY3J/IiB amaparTy, a caMe OyHKepa i IIHEKOBOTO BYy3Jja Bif 3a-
JIMIIKOBOTO MaTepiainy.

3BaKMBIIIM HA BCi eTaru IMpoliecy, MeTow poboTu 6yiao obpaHO po3poOKy mpa-
I[IOI0UOT0 J103aTOPy ITHEKOBOTO TUITY 3 YPaxXyBaHHSIM BCiX 0COGIMBOCTEN poboTH 3i
crieniiyHMM MaTepiasoM. A TaKOX pO3pPOOUTHM aATOPUTM OTO pOOOTH.

BuknageHHsI OCHOBHOIO MaTepiany JOCaiaKeHHA. [[03yBaHHS Ha MPOEKTO-
BaHOMY arapari BijoyBaeThCsl B HACTYITHOMY MOPSIAKY: CITOYATKy MilllOK a60 KOpoO-
Ky 3 TOHEPOM 3BaXYIOTb Ha Tepe3ax, MOTIiM BUM3HAUYalOTh TeMIlepaTypy TOHepy, Lie
MOTPiOHO AJ1s1 TOro, 106 3abe3MeunTy y BiAIOBigHI SIKOCTi MPOAYKT, sIKMi1 Oye
dacysaTucs. fkino TeMnepaTypa BiillOBiJla€ HOpMaAbHOMY 3HAUE€HHIO [J151 BUKOPU-
CTaHHS Y TEXHOJOTIUHOMY MIpPOIleci, TOHEep 3aBaHTaXYIOTh Y OyHKep arapaty. ITicis
BKJIIOUEHHSI SKMBJIEHHSI 103aTOpa, 3a[1a€ThCsI HeO0OXilHa MporpamMa Ha IaHesli pyYyHo-
IO YIIpaBJIiHHS Ta IIOYMHAETHCS MIPOLIEC AO3YBAHHS TOHEPY, MPOolLiecC nepeMillyBaHHS
CUPOBMHM Ma€ 6yTY MOCTiTHUM.

OmnepaTtop, Kepye Ta CTEXUTb 3@ TEXHOJOTIYHUM IIPOLIeCOM, MOKe 3MiHIOBATHU
MporpamMy HaBaHTaXKeHHSI, TOOTO KiJIbKiCTh Macy TOHEPY, SIKa HABaHTaKY€ETbCS B Ta-

py. Ilix yac po6oTu anapaty 060B’SI3KOBO KOHTPOJIIOETHCS TeMIIepaTypa MoBiTpsl.
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[Ticns 3akiHYeHHST UMKy JO3yBaHHSI B amapari 3aIlyCKa€eThbCs IMporpama Ouu-
IIeHHS IIJISIXOM NPOAYBaHHSI CTUCHEHMM ITOBIiTPSIM OCHOBHMX BY3JIiB arapara. 3a-
OpyIHeHe MOBIiTPS IiC/IsI OUMUIIEHHSI Ma€ OYTU OunIleHe crielliaTbHUM QiTbTPOM.

JlJist BUKOHAHHSI OCHOBHMX 3aBllaHb 3 KOHTPOJII0 TeXHOJOTiYHMUX MapaMeTpiB Ta
VIIpaBJIiHHSI TEXHOJIOTiYHMM IIPOLIECOM BMOpPaHO MiKpOIIPOLIECOPHMII KOHTPOJEP
ATmega328P[18-19] Ha 6a3i matTu KEYSTUDIO UNO R3, cymicHoi 3 ARDUINO UNO
REV3. fk intepdeiic USB-UART Bukopuctanmii MmikpokoHtTposiep ATmegal6U2, 1o
JIO3BOJISIE MTIABUIIUTY MIBUIKICTD Mepeaavi JaHuX.

[lnata Arduino[18] ckimamaeTbes 3 mpoilecopa Atmel AVR, a TakoX ejieMeHTiB
OOB'SI3KM [JIs1 IIPOTpaMyBaHHS Ta iHTerparii 3 iHIMMM TPUCTPOSIMU. B 6araTbox
IIaTax € JiHiliHui cTabintizaTop Hanpyru +5B a6o +3,3B. TakTyBaHHS 3/1i/iICHIOETHCS
Ha vacToTi 16 abo 8 MI'1[ KBapiiOBMM pe30HATOpPOM. Y MiKpOIpoIiecop 3ammcaHuii
3aBaHTaxxyBau (bootloader), Tomy 30BHillIHili TporpamaTop He NOTpibeH. Ha KoHIe-
NITYaJIbHOMY DPiBHI BCi IJ1aTu IporpamyroThcs dyepe3 RS-232; ane peanisauisi 1boro
CIioco0y BiZipi3HSIETHCS Bif Bepcii o Bepcii. HoBi myiaTtu nporpamyioThest uepe3 USB,
[0 MOXJIMBO 3aBAsIKM Mikpocxemi kKoHBepTepa USB-to-Serial FTDI FT232R. Cro-
POHHIMM BUPOOHMKAMM BUITYCKAETHCS BeJIMKa rama BCUISIKMX JATYMKIB Ta BUKOHAB-
YMX MPUCTPOIB, SIKi B Tili UM iHIII# Mipi cyMicHi MiXX co6010 Ta IMPOLeCOPHUMM ILJIa-
tamu Arduino.

Ha nmpuHIMMIoBiit cxemi (puc.1) 306paskeHo AificHe MPOCTOPOBe PO3TaIlyBaHHS
CKJIQJOBUX YACTUH.

MaxkeTHa cxema (puc 2) BimoOpaska€ 3arajbHi €JeKTPOHI KOMIIOHEHTM Ta iX

3B’SI3KU.

PucyHok 1 - [IpyHIMITIOBa MaKeTHa Cxema [03aTopy
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PucyHOK 2 - EneKTpuyHa NPUHLIMUIIOBA CXeMa 103aTOPy

VY xoni poboTM po3pobwIM 3arajabHMUII 3a3eMIIOI0UMII KOHTAKT, 1ie MOTPi6HO
IJIs1 TOrO, 1100 3HATU 3 €JIeKTPOHHMX KOMIIOHEHTIB HIKiAJIMBY CTaTUUHY HaIMpyry,
sIKa MOYKe BUBECTMU 3 JIaAy YyTJIMBI €JIeKTPOHHI CUCTEMMU.

JLy1st yIipaBJliHHS 3 BUKOPUCTAHHSM IIPOrpamMOBaHOr0 Mikporpoiecopa Atmega
Ha 6a3i iatu KEYSTUDIO Heo6xigHO 6y/10 po3p0oouTH aJITOPUTM i 3aIporpamMmyBaTu
ioro MmoBo1o C++, BUKOPUCTOBYIOUM MIPU LIbOMY CII€lliali30BaHe cepeaoBulle po3po-
OKM Tak 3BaHMX 'CKeTUiB" - TIIporpaM, HamMCaHMUX Yy CepemoBMUIIi
Arduino [9-10,18-19].

Po3pobiieHnit aJiropuTM KepyBaHHS MMpU3HAYEHMI s 3/i/iCHEHHSI aBTOMAaTMU-
30BaHOT0 KEPYBAHHS TEXHOJIOTIYHUM IIPOLIECOM I03yBaHHS TOHepY. BiH 3a6e3meuye
CTilike BeJleHHS IMPOLeCy A03yBaHHS IUISIXOM ITIATPUMKM 3MIHHUX MpPOLECy B per-
JJAMEHTHUX MeKax.

IlosyBaHHS Ha araparti BimOyBa€ThCsl B Takuii crioci6. CrovaTky rmepeBipsiioTh
CTaH TOHEPY Ta 3aBaHTAXYIOTh ioro A0 6yHKepy. [TinKI04aoTh 6JI0K SKUBJIEHHS 10
MepexKi, Iic/Is mepeBeeHHs arapaTa B CTalliOHAPHUI PeXXMM PO3IMOYMHAIOTh POOO-
Ty 3 HMM. Ha maHeni KepyBaHHS BimoOpaska€TbCsl 3HAUEeHHS 3ajaui HaBillyBaHHS:
TASK 0. TToTim moTeHIioMeTp BCTAaHOBJIIOE MMOTPiOHe 3HaYeHHS Mo3u. [lic/st BcTaHo-
BJIEHHSI 3aBJAaHHS MOPOKHIO Tapy BCTAHOBJIOIOTH HA BaroBy IiaTGopMy Ta HaTUC-
KaloTb KHOMKY TAPA. ITicas 1bOro HaTUCKAIOTh KHOIIKY IMOYATKY IpoIecy J03yBaH-
Hs. ITicas mocsiTHeHHSI MOTPiGHOTO 3HAYEHHST HAa T€H30[ATUYMKY ITHEK 3YIMUHSIEThCS.
Ha puc. 3 HaBeeHO BUIJISII AUCILIEIO il Yac J03yBaHHSI.
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we19ht: 181,48
taskilee :

PucyHOK 3 - Bua gucruiero mifJi yac 103yBaHHS

[Ticyist 3aKkiHYEHHS pOOOTH arapaTt OUMIIYIOTh Bifl 3aJMITKOBOTO TOHEDY.

Cepenosutiie po3pobku Arduino[18-19 | ckiamaeThbcst 3 BOYAOBAHOTO TEKCTOBO-
ro peJakTopa MPOrpaMHOro KOAy, 00/acTi MOBiJOM/IeHb, BikHa BUBEJEHHS TEKCTY
(KOHCOJ1i), MaHeJsi iHCTPYMeHTiB 3 KHOIIKaMyM KOMaH/I, 1110 YaCTO BUKOPUCTOBYIOTHCS,
i KiTpkoX MeHI0. [IjIs1 3aBaHTaKeHHSI IIPOTpaM Ta 3B'SI3KY 3 CEpeOBUIIEM PO3POOKM
IIO armapaTHOI YaCTUMHM MiKIovaeThcsa Arduino.

Cxkertu Hammcauuit moBoio C++ ckommiaboBaHuil B cepemoBuii Arduino IDE i
BUIJISIZA€ HACTYITHUM UMHOM:

#include <Stepper.h> // Ninkmoyaemo 6i6jgioTexy mjas poboTm 3
KPOKOBMM JIBUTYHOM

#include "HX711.h" // [HigknoyaemMo 61i6J10TeKy OIS pPobOTH 3
raTon AIll TeH30maTuuKa

#include <Wire.h> // HigkaoyaemMo 616jii0TeKy nOjs 3B'A3Ky MI-
KPOKOHTpPOJIEpPA 3 I1HIMMM MIPUCTPOSIMM yepes iHTeppernc I2C

#include <LiquidCrystal I2C.h> // Ilingkimouaemo 6i6siioTexy
s poboru 3 LCD gmcrjieeMm

LiquidCrystal I2C lcd(0x27, 16, 2); // Brkas3yemo napaMeTpu
OUCILIES

#define DT A0 // BrkaszyemMO HOMEp BMBOIY HA ILJIaTi, OO SKOI'O
nigkiaouyeHuy DT TeHB30MNEPETBOPIOBAY

#define SCK Al // BrkasyemMO HOMEp BMBOIY HA ILJIaTi, OO SKOI'O
nigkioyeHuy DT TeH30MNEPETBOPIOBAY

#define pot A2 // Brkal3yeMoO HOMEpP BMBEIEHHS Ha IjiaTi, 1o
SAKOI'O MN1OKJIUEHMM CEepeInH1M BMCHOBOK BI1JI IIOTEHIIIOMETPAa

const int stepsPerRevolution=211; // 3amaeMo KOHCTAHTy Ye-—
pes BMIHHY IOJId YCTAHOBKM IapaMeTpa KI1JBKOCT1 KPOKIB B OIOMH
obepT BaJy KPOKOBOI'O IOBUI'YHA

Stepper myStepper (stepsPerRevolution, 5, 6); // 3amaemMo mi-
HM, IO SKMX HNI1OKJINYAETHLCS [IJIaTa YHNPABJ1HHS KPOKOBMM IBUIYHOM 1
BCTAHOBJINETLCS KI1JBKICTE KPOKIB 06epTiB.

HX711 scale; // CreBopwemo o06'ekxT scale

float calibration factor=-7.07; // Bamaemo kajibpyBajbHMI
xoediieHT OJisd TEH30MNEPETBOPIOBAYA
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float units; // BamaemMo 3BMIHHY 0S8 BMMIPY B I'PaMax

float ounces; // 3amaemMo 3MI1HHY A5 BUMIPIOBAHHS B YHI[ISAX
int task,; // BamaemMo 3BMIHHY O/ 3aBIaHHS HO3YBAHHS

...i Tak gasnai. OgHUM i3 3ac00iB IMiABUINEHHS HAHilfHOCTI € BUKOPMUCTAHHS CTO-
poskoBoro Taiimepa [18] (watchdog) 1151 KOHTPOJIO 32 BUKOHAHHSIM Mporpamu. BiH €
arapaTHUM TaliMepoM, SIKMIi Ma€ MepioaMuyHO CKUAATUCS i3 Tporpamolo. SIKIo CKu-
IaHHS CTOPOXKOBOTO TaliMepa He BilOyIeThCs IMIPOTITOM 3aIaHOTO Yacy, BiH BUKIIU-
ye Iepe3aBaHTaXeHHs Bci€i cucTemMu, TOOTO Mepe3aBaHTaXKeHHSI MiKpOKOHTpOJIepa.
TakuM UMHOM, SIKIIIO MporpaMa 3aBUCHe i IlepecTaHe CKUIATU CTOPOXXOBUIL TaiiMep,
TO MiKpPOKOHTpOJIep Oy/ie repe3aBaHTaKeHO, HiOM HATUCHYBIIM KHOIIKY CKUIAHHS.

Y cucremax Arduino € ctopoxoBuit Taiimep [18-19], 1m0 € BHYTPillIHIM By3/10M
MikpokoHTpojepa ATmega. bibmioteka g pob6OTM 3i CTOPOKOBMM TaliMepoM
Arduino - avr/wdt.h lle crangapTHa 6i6/sioTeKka, BOHa 3HAXOOUTHCS Yy KaTaao3i
Arduino[18-19]. [In4 ii 3acTOCYBaHHS ITPOCTO J0JAEMO B IIPOEKT PSIIOK:

#include <avr/wdt.h>

CKMUIAHHS CTOPOXXOBOTO TalimMepa. [IJis HOpMaabHOI po60TH HEOOXiTHO BUKIIM-
KaTu 110 (PYHKIIiI0 He piflie 3a mepiofd CTOpOXoOBOro Taiimepa. IIpu 3aTpumili Taim-
ayT, 1[0 TIepeBUIIy€E, BinOyneThCs anapaTHe CKMAAHHS KOHTpoepa.

wdt reset (); // CkumaHHS CTOPOXOBOI'O TarMepa

void wdt disable(void); //BUMKHEHHS CTOPOXOBOI'O TalMepa.

wdt disable(); // BabopoHa poboTy CTOPOXOBOI'O TamMepa.

CroposkoBuit Taiimep[18] n03B0O/IsSIE KOHTPOIIOBATY BUKOHAHHS OKPEeMMUX LMK~
JIiB TIPOTPaMm.

OpraHi3oBaHO LMK/ IlepepMBaHHS 3a TaliMepom 2mc. B 3araibHOMYy acuMHX-
POHHOMY LIMKJIi peai3oBaHO KepyBaHHSI CBiT/i0AiomoM 1iatu (6aMmae 3 repiogom 1
ceK).

B ocHOBHOMY LIMKJIi IIepeBipsSIIOThCS aHi 3 MOCAILOBHOrO MOPTY Ta MPU MOSBi
OyIb-sSIKMX TJaHUX 3a00POHSIETHCS POOOTA MepepuBaHHS 10 Taiimepy. Llum imMiTyeTh-
cs1 36iit ycTaHOBOK Tajimepa.

// IepeBipka pobOTH CTOPOXOBOI'O TamMepa

#include <MsTimerZ2.h>

#include <avr/wdt.h>

#define LED PIN 13 // cBiTnomiom nipkimoyeHmyr no BuBomy 13

int ledCount; // J14MABHMK 4Yacy MMUI'OTIHHSA CBI1TJIO Oiona

void setup () {

pinMode (LED PIN, OUTPUT); // BuzHayaeMoO BHMBEIEHHS CBITJIO-
Oliony Sk Bux1n

Serial.begin(9600),; // iHIiNnianisyemMo MNOCJIOOBHMI MIOPT
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MsTimerZ2::set (2, timerInterupt),; // 3amaemo mnepion nepe-

pMBaHHS B1O TanMmepa 2 MC
MsTimerZ2::start(); // OO3BOJSEMO NEpPEepPMBAHHS Blx TamuMepa
// wdt enable (WDTO 15MS); // Io3Bis poboTu CTOPOXOBOIO
Taymepa 3 TanM-ayrTom 15 mc

}
void loop () {
// MuroriHHS CcBITJIomiona
if (ledCount > 250) {
ledCount=0;
digitalWrite (LED PIN, ! digitalRead(LED PIN); // iHBepcis
crTaHy cBiTjsiomiona
}
// IepeBipka maHmx y OBydepl MNoCaimoBHOIO mnoprTy (iMiTaris
36010)
if (Serial.available()!= 0 ) MsTimer2::stop(); // Babopo-
Ha [HepepuBaHHS B1nO TanuMepa

}

void timerInterupt () { // 0BpoCHMK HepepMBaHHS

ledCount++,; // niumnepHMK CcBiTsomiozna
// wdt reset(); // CkmmaHHS CTOPOXOBOI'O TarmMepa

}
CToposkoBMit TaiiMep He € MaHalle€lo BiJ HempaBUIbHOI pOOOTH ITPOTrpaMu.

Tinbky KOMILIEKC 3aXO/iB TO03BOIMUTD HAIIMCATU HAiliHy IIpOrpamy.

Ase Kpaillle BUKOPUCTOBYBATHM allapaTHe CKUAAHHS, 1100 MepeBCTaHOBUTHU BCi
perictpu MiKpOKOHTpoJiepa. 3poOUTM 1€ MOKHA, BUKOPUCTOBYIOUM CTOPOXKOBUIA
Tanmep:

wdt enable (WDTO 15MS) ;

while (1) { }

KoHTpoioe xig BUKOHAHHS nmporpamu. OfHI€0 3 HAMMOIMPEHIMNX MTOMUJIOK,
IO MPU3BOAMUTH 0 3aBMCAHHS IIPOrpaMM, € OUiKYBaHHS IOAii B Oe3KiHEUHOMY
LIVKJIL.

BucHoBKM. TakuM 4MHOB, 3B€pHYBIIIM yYBary Ha BCe BUIIle HaBegeHe, MOXEMO
3po0UTM BUCHOBKM, 110 OYJI0 pOo3p006JIeHO, BUTOTOBJIEHO Ta allpOOOBAHO B AiliCHUX
yMOBaxX IITHEKOBMI1 103aTOp [JIs1 TOHEPHUX IOPOIIKiB. [IpornycaHo aJropuTm ioro
poO0TH Ta KepiBHMIITBO KOPMUCTYyBaua IIPOrpaMHOTO IPOAYKTY A03aTopa.

BiH IMOBHICTIO BiAIIOBiZae TEeXHOJOTIUHMM MOTpebaMm, JIETKO HaJallTOBYEThCS
Ta IIPOTPaMy€EThCSI HAa BMOpaHUX KoHTposepax. CucTeMa rokasasa cebe ik eheKTUB-

HY, IPOrpaMHa CUTHAJIi3allis MPaIlloe 4iTKo 6e3 3aTPUMOK.
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3arajoM OTPUMMAaHO Taki pe3yJabTaTu:

- CTBOpeHuit 1o3aTop A03Bossie hacyBaTy TOHEP 3 JOTPUMAHHSIM TEXHOJIOTiU-
HUX HOPM;

— VY IpOeKTi BUKOPUCTOBYETHCS MPOTpaMHa CUTHaIi3allisl TeXHOJIOTIUHMX Ma-
paMeTpiB BOJIOTOCTi Ta TeMIIepaTypy, B eKCIIepMMEHTI CUrHaJli3allisg rmoKasajia ceobe
e(ekTMUBHOIO.
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Development of a dispenser toner dosing and its control algorith

Abstract. The object of the study is the toner dispenser. Due to the high demand for
computer technology, there is a need for ancillary equipment that will meet the needs of
today's world. Toner is a powder with a small particle size used in printing. Thanks to the
microparticles of this component, the printing industry has significantly improved the
quality of the print. But with its dosage there are a number of problems. The general
equipment for its dosing are dispensers. Dosage is a measurement of the required amount
of product by weight, volume or piece. On a functional basis, toner dispensers are de-
signed for accurate dosing from large containers to small ones. The dosing device must
protect against toner dust or its emission. The measured amount of product is moved to
the container or packaging material, and is called packaging. The range of required
doses, compliance with the specified technological requirements during dosing, deter-
mines the use of dosing devices different in design and method of dosing. The paper ana-
lyzes and creates a working dosing device, screw type, they are used for dosing heavy
products. It is difficult to ensure accurate dosing of products that are fluid and stick to-
gether with little compression. The general technological parameters that must be con-
trolled during the operation of the dispenser are weight, temperature and humidity. The
operator who manages and monitors the technological process can change the load pro-
gram, the amount of toner weight that is loaded into the container. During the operation
of the device, the air temperature must be monitored. After the end of the dosing cycle,
the cleaning program is started by blowing the main components of the device with com-
pressed air. The created dispenser allows to adequately describe the processes of con-
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trolled dosing movement and allows to investigate the dosing process in a continuous
way. The algorithm is described and the structure of the automatic control system is de-
veloped, which provides the nominal load. A dispenser based on the ATmega328P micro-
processor controller (IPC) based on the KEYSTUDIO UNO R3 board compatible with
ARDUINO UNO REV3 is built. The ATmegal6UZ2 microcontroller is used as a USB-UART
interface, which allows to increase the data transfer rate. In this paper, thanks to a com-
prehensive approach to data analysis solved the problem of automating the process of
dosing and analysis of methods of uniform loading.

Keywords: dosing device, toner, regulation, microprocessor controller, automation,
software, software code algorithm.
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T.B. Kimcrau, K.I. Y3108, C.I. Peri’s1x, JI.I. CoioHeHKo, 1.0. OcineHko
O VHKIIOHAJIBHI 3AJTEJXKHOCTI MIDK IIOKA3HUKAMU MEXAHIYHUX
BJIACTUBOCTEN TA XIMIYHIM CKJIAZIOM
OJIOB’STHO-AJIIOMIHIEBOI BPOH3U

AHomayia. BcmanosneHo cmamucmu4HO 3HAYyWl 3B8'A3KU MK 81ACMUBOCMAMU  AUMOT
0/108° IHO-A/IOMIHIEBOT BPOH3U NPpU BMICMI 008G MA AMOMIHIKO 00 6% KOXHO20, @ MAKOX MIiX
gnacmusocmamu 6poH3u ma ii XiMiYHUM CKAGOOM, WO 003B0/UMb NPO2HO3YBAMU piBEHb
MexaHIYyHUX sacmusocmell Npu 3a1UBAHHT B CyXY NiLAHO-PIOKOCKAAHY opmy.

Knwo4osi cnosa: OpoH3U; MexaHIYHi Baacmusocmi; Jsie2yloyu enemeHmu; QYHKUIOHANbHI
3a1€KHOCMI; KOMNJIEKCHUL NOKA3HUK.

ITocTanoBKa mpo6eMu. MeTasieBi geTati pisHMX MallMH, MeXaHi3MiB, arpe-
raTiB JJIs1 YCITIIIIHOTO BUMKOHAHHS CJTY>K00BMX (DYHKILiVi TOBMHHI MaTy MeBHUIi piBeHb
MeXaHiuHMX BjacTuBOCTeN. lleli KoMIeKkc MOKa3HMKIB, IO € OAHUM 3 OCHOBHUX
XapaKkTepUCTUK OyAb SKOTO CIUIaBy, BM3HAYaE Ipale3JaTHICTh AeTasei i, B OCHOB-
HOMY, 3aJIeXXiTh Bif, HaCTymHMUX (aKTOpPiB: MPUPOAM METaTy — OCHOBU CIUIABY (TUITY
KPUCTATIYHMX I'PATOK i BeJIMUMHM CUJI MiXKaTOMHOI B3a€MOZii), XiMiUHOTO CKJIaay Crjia-
BY (CTyIIeHS JIeTOBAHOCTI), HAsIBHOCTI, BUJY Ta KiJIbKOCTI WIKIiAJIMBUX TOMIIIOK, Hasi-
BHOCTI, BUY Ta KUJIbKOCTI HEMeTaJeBUX BKIOUEHb Ta po3unHeHux rasis — (O, H, N),
YMOB Ta MIBUAKOCTI TBEPAHEHHS BUJIIMBKIB.

XapakTep 3MiHM piBHS MeXaHiUHMX BJIACTMBOCTEN CIUIaBY IIpU 3MiHi TOro, abo
iHIoro gakTopy Moxke 6yTu HalipisHOMaHiTHiIMM. Tomy, i Yac po3pOOKMU Te€XHO-
JIOTii BUTOTOBJIEHHS OYIb SIKOi JIMTOI AeTasli, BUHMKAE HeOOXiHICTh BiIlTyKaTy CTa-
TUCTUYHO 3HAUYIIi 3B'sI3KM MiX BJIACTUBOCTSIMU CILJIaBY, a TAKOX MiX BJIaCTUBOCTSI-
MM CIUIaBYy Ta MOTO XiMiYHMM CKJIaAOM, YMOBaMM KpucTajisallii TOIo, SKi J03BO-
JIATh PO3PaxyHKOBUM IIJISIXOM MPOTHO3yBaTM 3HAUEHHS JOTO MeXaHiUHUX BJIACTU-
BOCTeJi CIIMPAIYMCh HA OOMEKEHY KiJIbKiCTh eKCIiepyuMeHTaIbHUX AaHuX. HasgBHICTD
TakKuX QYHKIIOHAJTbHUX 3aJIESKHOCTEN J03BOJISIE 3HAUHO CKOPOTUTH BUTPATH Yacy Ta
KONITiB Ha pO3pOOKY ab0 KOperyBaHHSI XiMiYHOTO CK/Iaay Oy[b-sSIKOTO CIUIaBy 3 Me-
TOI MiABUIEHHSI eKCIUIyaTaliiHuX BAACTMBOCTEN Ta AOBTOBIYHOCTiI BiAMOBigHOI

KO>XKHO1 KOHKpPETHOI JIMTOI AeTaJli.

© Kimcrau T.B., Y3108 K.1., Perr’six C.I., Cononenxko JI.I., Ocinenko 1.0., 2022
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AHami3 gocrigkeHs i myostikariii. B manmuii yac nuTaHHSIM MOIIYKY QYHKIIiO-
HaJbHUX 3aJIEXKHOCTEN MK ITOKa3HMKaMM MeXaHIUHUX BJIACTUBOCTENM, XiMiYHUM
CKJIaZOM CIUIaBiB, yMOBaMM TBEPIOHEHHS CIUIaBy TOILO, MPUCBSiYeHa 3HAUHA Kijlb-
KiCTh AOCTiIKeHb. 30KpeMa, aBTopamu poboTu [1] BCTAHOBJIEHO 3aJeXHOCTi Mixk
TUMYaCOBUM OIIOPOM IIpU PO3TATYBaHHI (o) pSAAy CIiaBiB Ta ix TBepnicTio (HB),
OITOPOM 3pi3y Ta MesKel0 Mil[HOCTI.

B pob6otax [2-6] o151 HENIPSIMOTO BU3HAUEHHSI XapaKTepUCTUK MIllHOCTi aBTO-
pamMy peKOMEeHIOBaHO BUKOPUCTOBYBATHU PiBHSIHHS BUAY:

o, =A-HB ’ (1)

ne A — koediuient HB (TBepaicTb 3a BpiHenem, ox), mpo 110, 30KpeMa, CBiguaTh gaHi
Tabm. 1.
Tabanug 1
3aJIeXXHICTh MK YMCJIOM TBepaocTi 1o bpinento (HB) Ta TumMuyacoBuM oropom
IIpU PO3TATYBaHHI (65) [2-6]

Marepian HB, MIla Bug 06pobku 3aJIeXXHICTh
1250-1750 - os = 0,343 HB
Cranb
> 1750 - os = 0,362 HB
MasioByrieneBi KoBa-
Hi Ta rapsiuekaTaHi - - os = 0,36 HB
crasi
BucokomitiHi crasni - - o = 0,33 HB
Cepiit yaByH - - os = (HB-40) /6
_ - oz = 0,26 HB
AnioMiHi€Be TUTTS
200-450 - os = (0,33 - 0,36) HB
AnioMiHieBi edop-
| redop _ _ s = 0,38 HB
MOBAaHi CIlJIaBU
) - Bimmasn os = 0,55 HB
Minb, 1aTyHb, OpOH3a
- HaKJjen os = 0,40 HB
- BiaIian os ~ 0,36 HB
JIIOMiH 3arapTyBaHHS Ta
I[yp - Py . O ~ 0,35 HB
CTapiHHS
TuraHoBi crIaBU - - os ~ 0,30 HB
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3 aH”asisy gaHux Tabia. 1 BUTiIKae, 10 /ISl OOHOTO i TOrO X MaTepialy o 3HAU-
HOIO MipOI0 3a7eXXuTh Bifi HB, TOOTO Bif i10r0 CTPYKTYpHOI OyI0BMU, siKa 00yMOBJIeHa
TUIIOM 00pOOKMN.

3a maHuMu poboTH [7] OIS PO3PAaxyHKY MeXi BUTPUBAIOCTI MaTepiany (HU3b-

KOBYIJIel|eBMX HU3bKOJIETOBAaHUX CTajieii) MPOMOHYETbCSI HACTYITHMIA psif, 3a/1e5KHOC-

Te:
c,=047 0, (2)
0,=035-0,+122 3)
0,=025-(c,+0,,) 4)

Iie 6.1 — MexXi BuTpuBanocti, MIla;
o — TUMYaCOBUI1 OTIip Ipu pO3TIryBaHHi, MIla;
00,2 — YMOBHA Meska MMHHOCTi, MI1a.

3icTaB/ieHHSI PO3PaxXyHKOBUX Ta €KCIIEPMMEHTAJIbHUX [OaHUX aBTOPaMu
po6orn [8] mokasaso ix Hao6inbuy 30DKHICTE y pasi BM3HAUEHHS o.; 3@
piBHSIHHSM (2). [Ipy L1bOMY pO3paxyHKOBi 3HaUeHHSI MeXXi BUTPUBAJIOCTI MPaKTUUHO
y BCiX BUIaJKax BUIi 3a eKCIIePMMEHTAJIbHI, a MaKCMMaJbHa Pi3HUI MiX po3pa-
XOBAaHMMM Ta €KCIIepMMEHTAJbHMMM BeanunmHamu pocsrae 19...20%. PospaxyHKu
MeXXi BUTPUBAJIOCTi BYIJIEII€BUX i HM3bKOJIETOBAHMX cTasiel 3a hopmynamu (3, 4) mae
Pi3HMIII0 Y TAKMX 3HAUEeHHSIX 06/113bKo 35% [8].

11 pOo3paxyHKy BiTHOCHOTO MOAOBXEHHS (6) KOHCTPYKIIIHUX BYTJIELeBUX Ta
JIeTOBAHMX CTaJIeil y po6OTi [7] 3aTIpOITIOHOBAHO HACTYIIHE CITiBBiHOIIEHHS :

5o 420-100%

20, +0,

®)

Jlyis1 BU3HAUEHHS BiJHOCHOTO 3BYKeHHS () BYTIJIel|€BUX CTaJIel, 3aJIeXKHO Bif, 1X
rorepeaHbOI TEPMiUHOI 06POOKM, aBTOPY PEKOMEHIYIOTh BUKOPUCTOBYBATY HACTY-
ITHi 3a71€5KHOCTI:

— TiCJs1 3arapTyBaHHS Ta BiAITyCKy:

v =105-0,0186- HB (6)
— MiC/I HopMati3allii:

w =85,6—0,0134- HB (7
— Tics Bigmany:

v =105-0,0316- HB 8)

B pob6ori [9] aBTOpamu 6yj10 BU3HAUEHO, IO JIJIs1 BYIJIEIIeBUX Ta JIETOBAHUX Ta-
psiUeKaTaHMX i TepMiuyHO 00pOOIeHMX CTajel MiK 3HaUeHHSIMM eKCTPaIlojgbOBaHOi

MeXXel TUTMHHOCTI (So) Ta op, HE3aJIEKHO Bif, MapKu MaTepianay, Ta IoIrepegHbOro
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peskumy o0po6KM, icHYe JIiHiliHA 3a/eXXHicTb. MaTeMaTuuHa 06poOKa eKcIlepuMeH-
TaJbHUX JAaHUX MMOKA3YeE, 110 Sy B cepeaHbOMY IPUOIN3HO Ha 6% MeHIlle og, TOOTO:

S,=0,94 -0, )

s Bcix mociimKyBaHUX B aHiit poboTi [9] maTepiasiB (apmMKo-3aii3o, Byrje-
1IeBi Ta JieroBaHi CTasi), 0 MMonepeaHbo OyIu rapsiuekaTaHi abo TepmMiuHO 06pPo6-
JeHi (Bimmas, HOpMastizallisi abo TIOJIIIIeHHs), He3aJeXXHO BiJl BUAY TOIepeaHbOi
00pOOKM i BChOTO Jialla30HY CTyHeHiB medopmariii MiXkK Halpy>KeHHSIM IIMHHOCTI
(S) i BimmoBimHOIO TBepaicTio chopmoBaHux 3pa3kiB (HB’) icHye siHiliHA 3a71€XXHICTDh
BUIY:

'
g HB'— 66 (10)
1,65

BruinB BuXigHOI TBepHOCTi HAa BeJMUMHY €KCTPamojJbOBAaHOI MeXi IMIMHHOCTI
IIpU CTUCKY BYIJIEIIEBMX Ta JIETOBAHMUX TePMiuHO 0O6poOJIeHMX (Bifmana, HopMastisa-
11is1, MOJTIIIIIeHHS) Ta rapsiyekaTaHUX CTajeil MOK/IMBO OMNMCATU HACTYIHOIO 3aJieX-
HICTIO:

S,=14+0,33- HB (1)

ABTopu poboTtu [9] 3a3HAUAIOTD, 110 B peaIbHUX MeTaJleBUX TijliaXx TBEePLiCThb Y
pi3HMX TOUKAax Tijia MoXke Bifpi3HATHUCS Ha [eKiJbKa OAMHUIIb, & TOUHICTh BUMIipIO-
BaHHS MMpu icriuTax 3a bpiHenem ctaHOBUTD 3%, ToMy 3ayexxHOCTi (10) Ta (11) maroTb
nelo mpubaM3HUIL XapaKkTep.

VY po6ori [10] aBTOpamu 3apoONOHOBaHa METOAMKA, 1JisI TPOTHO3YBAHHS 3MiHU
(di3uyHMX BIACTUBOCTEN OiHAPHUX AJIOMiHi€BUX CIIABiB MPY 3aMiHi OJTHOTO JIETyIO-
Yyoro ejieMeHTa Ha iHmwuit. B ocHOBY mocigkeHb aBTOpamMu 6yJs10 3p06IeHO TIPUITY-
IIeHHS O HAsSIBHOCTI B3a€MO3B’SI3KiB MiXX BCiMa MOKa3HMKaMM MeXaHIYHUX BIACTU-
BOCTelt MeTa/ieBMX CIIaBiB. ToOTO, Marouy KOpessiliiiHi piBHSIHHS Ta BUBUMBIIN Jie-
TJIbHO OAHY 3 MeXaHIUHMX BJIACTMBOCTE} CIUIaBiB, MOJIMBO MPOTHO3YBAaTH, SIK
3MIHIOBAaTMMYTbCS iHIII BJIACTUBOCTI 3aJIEXKHO BiJ, 3MiHM KOHLIeHTpaLil OLHOrO 3 Jie-
I'yIOUMX eJeMeHTIiB abo 3aMiHi IIbOro ejieMeHTa Ha iHIIMIA. [lepeBipKy Takoro mpu-
nyueHHs: nposoawiu [10] ajs GiHapHMX CIUIaBiB HAa OCHOBI a/lOMiHiI0 B 06iacTi
TBepPAUX PO3UMHIB.

3a pesyJibTaTaMM LIUX OOCTiIKeHb BCTAHOBJIEHO, II0 B 00JIaCTi TBepAUX PO3-
YJMHIB TBEpiCTh 3a bpiHenemM, TMMUYacOBUIi OMip MpU PO3TITYBaHHI i BiTHOCHEe IO-
IOBXKEHHSI 3MiHIOIOThCS JiHiIHO 3i 3pOCTaHHSAM KOHIIEHTpAallil 1eryro4oro eJieMeHTa,
1110 MaTeMaTUYHO MOK/IMBO OMMUCATY HACTYITHUM PiBHSIHHSIM

Y=a+b-x (12)
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Ie Y - BeJIMuMHA AOC/iIKYBaHOI BJIaCTUBOCTI;
aib - koedillieHTH;
X - KOHILIEHTpallis JIETyI0uOro eJjeMeHTa.

Koe@ilieHT a moka3sye BeJMUYMHY JOC/iI)KyBaHOTO IapamMeTpa MpyU HYJIbOBIii
KOHILIEHTpallii JIeryrovoro ejieMeHTa, a KoedillieHT b — MBUIKICTb 3MiHM TAHOTO I1a-
paMeTpa 3a 3MiHM KOHIIEHTpallii JIeryouoro ejeMeHTa BinnoBigHO, pu 3aMiHi Of1-
HOTO JIETYIOUOTO eJleMeHTa Ha iHIIMIi 3MiHIOEThCSI BeJIMuMHa b, a koedillieHT a 3a-
JIMIIAETHCA He3MiHHUM [10].

Ha piBeHb MexaHIUHMX BJIACTUBOCTEN JUTOrO CIJIaBy BIJIMBAIOTh i 3a/IMIIKOBI
Hampyru B IMTOMY BUPOOi, y 3B'SI3Ky 3 UMM y pobOTi [11] BCTAaHOBJIEHO 3B'SI30K MiX
piBHEM MeXaHiYHMX BJIACTUMBOCTEN PSIAY JUTUX CIUIABIB 3 BEJIMUMHOIO 1X BiIHOCHOI1
niHitHOi ycagku. ITpu mpoMy, uuM Oisibllle BeJIMUMHA JIiHIMAHOI ycagKy, TUM BUIIE
MIILIHICTb CIIJIaBiB IPU PO3TSITYBaHHI.

B pob6ori [12] HaBe#eHO 3a/ieXKHOCTI MeXaHiUHMX BIACTUBOCTEl TUTaHOBOTO
criaBy BTS5JI Big Jioro xiMiyHOro CKjamy Ta TOBIIMHM CTiHOK BWIMBKIB
0=3... 16 Mmm):

0,=0 +57

LS (13)
_ 1,3 1,1 1,5 0,9 1,2
Oy =250+60-C};) +87-Cpl +330-C¢° +200-Cy° +700-C2,

Iie d - TOBIIMHA CTIHKM BUJIMBKU, MM;

OBw) — TMMYACOBMI1 OIip MpU PO3TATYBaHHI CIVIABY €JeKTPOAY, 10 BUTPAYaAETHCS
nipu riaBii, MIla;

Cua, Cr, Cc¢, Co, Cy — BigmoBimHo, macoBuit Bmict Al, Fe, C, O, N y cmiaBi
eJIeKTponay, %

Gyy =094 04+
02 =0, A() 0.006 -5 ’ (14)
(// = 0,02627 ° O-B(oo) + 561ZS ’ (15)

KSU=2777-2,6752-0,, (16)

3 aHasisy 3asexxHocrel (14-16) BUIIIMBAE, 1O PiBHiI MOKA3HUKIB Gp(w), Goz2 Ta ¥
nutoro ciaBy BT5JI 3pocratoTh i3 migBuilleHHsIM Y criaBi Bmicty Al, Fe, C, O, N, a
TaKOX i3 3MeHIIIeHHSIM TOBIIMHM CTiHKM BuwiuBKa. [Ipu 1ibomy Fe, O Ta N Haii6inbIi

e(eKkTMBHO 3MII[HIOIOTH Li€Ji CIIJIaB.
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Ha cporomHi BimomocCTi Mpo 3a3HaveHi BUIle 3B'SI3KM [IJISI JIMBAPHUX OpPOH3
MpaKTUYHO BifgcyTHi. Tomy, poboTa, 110 crIpsiMOBaHa Ha BM3HAUeHHS (QYHKIIiOHAb-
HUX 3aJIeKHOCTEe MiXX MeXaHiYHMMM BJIACTMBOCTSIMM JIMBAPHUX OPOH3 Ta IOCIIi-
I’)KeHHSI BIUIMBY JIETYIOUMX KOMIIOHEHTIB Ha 1X MexXaHiuHi BJIAaCTMBOCTI SIK OCHOBU
IOJST MOXKIMBOI pPO3pOOKM METOAMKM TPOTHO3YBAHHS iX 3HAueHb IMUISIXOM
pPO3paxyHKiB, € aKTyaJbHOIO.

MerTa i 3aBHaHHA JOCTiIKeHb. MeTOl pobOTH € BU3HAUEHHS (PYHKIIiOHAJIb-
HUX 3IeXHOCTe/i MK MeXaHIiYHMMM BJIACTMBOCTSIMM OJIOB’SIHO-JIFOMiHi€BOI
O6poH3.

3aBOaHHS OOCJIIKEeHb - OOCTII)KeHHS BIUIMBY JIETYIOUMX KOMIIOHEHTIB B CILIa-
Bax cuctemu Cu-Sn-Al mpu BMicTi oj0Ba Ta ajlOMiHil0O 0 6% Ha iX MexaHiuHi
BJIACTMBOCTi SIK OCHOBM [IJiT MOSKIMBOI pPO3POOKM METOAMKM ITPOTHO3YBAHHSI iX
3HaUYeHb IIJISIXOM PO3pPaxyHKiB.

Marepianu, MeTOOM Ta METOAUKM JOOCHIIKEeHb. Y OOCTiIKeHHSIX
BUKOPUCTOBYBa/IM Migb Mapku M1 Ta crmaBu cuctemu Cu-Al-Sn 3 MacoBum
Bmictom Al mo 7,53 % (mac.) Ta Sn mo 6,73% (mac.). BUrorosaeHHsI AOCTiTHUX
CIUIaBiB IPOBOY LIJITXOM CIIJIaBJIEHHS IIEPBMHHUX IMIMXTOBUX MaTepiajiB TeXHIUHOI
YMCTOTU B iHAYKIiJiHi/ Tedi 3 BUKOPUCTAHHSIM TpPacdiTOBOTO TUIJIS i JepeBHOTO
BYTiJIZIA B SKOCTI MOKPMBHOrO Marepiany. TemmepaTypy BUMIipHOBaiu XpOMeJb-
aJIIOMeJIeBOI0 TePMOIIapOr0 Y KOMILIEKTI 3 roTeHiomerom AT4208.

MexaHiuHi  BJIACTMBOCTI OOCHIIKyBaHMX CIUIaBiB  pO3paxOByBaiuM  3a
pe3yJbTaTaMy BUITPOOYBaHb BiAIIOBiTHMX 3pa3KiB IIPU iX CTATUUHOMY PO3TITYBaHHI
i ymapHomy BUIMHiI TpM KiMHATHili TemIiepaTypi. 3pas3ku [Ajs1 BUIIPOOYBaHb
BUTOTOBJISIZIM MeXaHiuHOI0 00pOoOKOoo OpycKiB 3 TpedornomioHoi mpobu, SIKy
OJlep>XKyBa/IM 3adMBaHHSIM PO3IUIaBy B MilllaHO-PiAKoCckIsiHI dopmu ([TPD), mo manu
BMicT pigkoro ckina (PC) 5% 3a macoio. Burorosnsinu IIP® HabMBaHHSIM ITilllaHO-
PIIKOCK/ISIHOI CyMillli 3 TOJAnbIIMM BWIYYEHHSM 3i CTPUKHEBOIO SIIMKa Ta
CYIIIHHSM B MiKPOXBMWJIbOBOMY CepelOBUIi IIPOTITOM 7 XBUIMH. Ilicia MexaHiuHO1
00pOoOKM OpYCKiB 3pa3Ky IJig1 BUIIPOOYBaHb Ha yaapHuit BUruH 3 U-TI0gi6HMM KOH-
1eHTpaTopom po3mipamu 10x10x55 mm Bignosiganu Bumoram ISO 148-1:2016 [13],
3pa3Ky Ha CTaTMYHE PO3TITYBaHHS 3 po3Mipamyu pob6ouoi yacTuHu J6x30 MM Bif-
nosigany Bumoram JICTVY ISO 6892-1:2019 [14].

Bumnpo6yBaHHSI 3pa3KiB Ha CTaTMUYHe PO3TITYBAHHSI ITPOBOAWIM HA YHiBepca-
NbHI BunpoOyBanbHiit mamuHi FP100/1, ocHaleHOl CUCTEeMOI0 aBTOMAaTMYHOTO
3aMMCy AiarpaMy PO3TSATyBaHHS 3 BU3HAUEHHSM ITapaMeTpiB TMMYaCOBOrO OIOPY

MIpU PO3TATYBaHHI (68) i YMOBHOI TpaHMIIi TJIMHHOCTI (0o2) Tipy 3ycuiiai 40 kKH Ta

32 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CuctreMHi TexHosorii» 4 (141) 2022 «System technologies»

IIBUAKOCTI TTepeMillleHHsI TpaBepcu 1 MM/XB. BUnpoO6yBaHHSI TPOBOAM/IM 3a TeMIIe-
patypu 20 °C. BigHOoCHe momoBXeHHS (0s) Ta 3BY>KeHHS (y) pO3paxOByBaau 3a pe-
3yJbTaTaMM BUMipIOBaHHS JTOBXKMH Ta JiamMeTpiB pobouoi YacTHMHM 3pasKiB A0 Ta Mi-
cIs iX BUIpOOyBaHb IITAHTeHIMPKYy/AeM 3 TouHicTio 0,02 MmMm. BurnpoOGyBaHHS Ha
yIoapHuii BUTMH npoBoawin mipu Temneparypi 20 °C BignosigHo 1o Bumor ISO 148-
1:2016 [13], Ha MagTHMKOBOMY KoIlpi Mapku PSW 30 3 MakcuMMa/lbHOIO eHepri€elo
yaoapy 300 k.

KoHTpOJIb XiMiIUHOT'O CKJIaAy CIUIaBiB 3iMICHIOBA/IM Ha Mpenu3iiiHOMY aHasi3a-
topi EXPERT 4L Ha 3pa3kax, BupizaHux 3 TpedonomioHux mpoo.

JlJist BCTAHOBJIEHHS B3a€MO3B'SI3Ky MiK ITOKa3HMKaMM MeXaHiYHMX BJIACTUBOC-
Tell, a TaKOX MiXK MeXaHiYHMMM BJIACTMBOCTSIMM Ta KIiJIbKICTIO JIETYHOUUX
KOMITOHEHTIB OJIOB'SIHO-aJIIOMiHi€BMX OPOH3 BMKOPMCTOBYBAIM HACTYITHUI KOMILIE-
KCHUI nmoka3HuK (Kx):

K, = A 025 T o 0,0001

(0,01+ Al + Sn)> (0,01+ Al + Sn)™

ne Al, Sn - MmacoBuii BMiCT aJIlOMiHil0 Ta 0JI0OBa B OpPOH3i, BigmoBigHO, %.

17)

3a pesyjJbTaTaMM BU3HAUEHHS MEXAHIYHMX BJIACTMBOCTEN AOCTIIKyBaHUX
OpOH3 3 BUKOPUCTAHHIM KOMII'10TepHOi nporpamyu EXEL 6ymyBaiy 3a/Ie;KHOCTiI MixX
TOKa3HMKAMM MeXaHIYHMX BJIaCTUBOCTEN Ta MEXaHIYHMMU BJIACTUBOCTSIMM 1 MOKa3-
HUKOM iX XiMi4HOro ckinany Kx.

PesynbTaTit JOCAiAKeHb. Pe3yibTaTy eKCliepMMeHTaIbHOTO BU3HAUEHHS Xi-
MiYHOTO CKJIay, MeXaHiuHMX BJIACTMBOCTEl Mimi Ta GpPOH3, 10 MiCTSTh M0 7,53%
(mac.) Al Ta 1o 6,73% (Mac.) Sn, a TaKOX pO3paxXyHKOBUX 3HaueHb MapameTtpa Kx Ha-
BeJleHO B Tab. 2.

Tabauig 2
XimMIuHMI1 CKIa[, 3HaYeHHs nmapaMmeTpa Kx i MexaHiuHI BaCTUBOCTI Mifi

TeXHiYHOI YMCTOTU Ta OpPOH3

BmicT esiemeHTiB, % L .
MexaHiuHi BJIaCTUBOCTI
(3a Macor)
/11 Kx

85, lP, 00,2 OB, KCU,
% % | MIla | MIla | Jx/cm?

Al Sn Si Fe Cu

0,00 | 0,00 | 0,02 | 0,02 | 99,9 | 0,00 | 49 71 78 217 197

1,02 | 1,30 | 0,00 | 0,11 | 97,5 | 2,13 | 44 | 60 57 155 182

1
2
3 |311| 1,42 0,00 | 0,13 | 953 | 3,55 | 37 54 93 233 172
4 | 1,47 | 3,30 | 0,00 | 0,11 | 95,1 | 4,29 | 33,4 | 45 | 127 | 283 150

5 1753000 0,08 | 0,10 | 92,2 | 4,54 | 35 47 | 107 | 282 137
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[TpomoBskeHHS TabaMII 2

6,01 | 1,02 | 0,02 | 0,11 | 92,8 | 4,71 | 33 45 127 | 315 124

3,87 | 3,86 | 0,18 | 0,11 | 91,9 | 6,18 | 21 27 | 124 | 232 68

6
7 |632 137 (0,28 | 0,12 | 91,9 | 5,16 | 27,3 | 34,8 | 107 | 242 105
8
9

0,00 | 6,73 | 0,00 | 0,11 | 93,6 | 6,73 | 17,8 | 22 | 133 | 253 49

10 | 4,18 | 4,46 | 0,16 | 0,09 | 91,1 | 6,90 | 17 |21,5| 98 195 45

11 | 2,66 | 5,68 | 0,00 | 0,10 | 91,5 | 7,24 | 17,1 | 21 151 | 310 40

12 | 4,69 | 4,98 | 0,14 | 0,038 | 89,62 | 7,64 | 13,1 | 16,5 | 155 | 270 28

13 | 2,31 | 6,76 | 0,21 | 0,11 | 90,6 | 8,09 | 12,4 | 15 | 142 | 275 22

PesynbTaTit 06pobKky gaHux Tabs. 2 y mporpami Excel Ha riepcoHaIbHOMY KOM-
IM'I0Tepi mpeacTaBieHi y BUTJSAI BiIMOBIAHMX 3aJIeXKHOCTeN Ha puc. 1.
05,% V. %

50-\.\ 80
40 \ 60 ~
30 \ 40 /3’69/

el

% L\’ 20 =
10 0

0 3 6 Kx 10 20 30 40 35,%
a 6
KCU, Jl:x/cm? 61 /(83 602)
250 4 f
200
150 > . :
P >
100
50 1
0 0 sl
10 20 30 40 05,% 1 3 5 7 Kx
B T

PucyHOK 1 — 3a/ieXkKHOCTi MiK ITOKa3HMKaMM MeXaHiuYHUX BJIaCTUBOCTEN:

a - 85 = f(Kx); 6 — v = £(85); B — KCU = (55);
of

r - 02 002= f(Ky)
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PiBHSIHHS perpecii 3a/ieXKHOCTel, MpeIcTaB/JIeHUX Ha pUC. 1, a TAKOX BeJIMUYMHU

moctoBipHOCTI anpokcuMmaiiii (R%), po3paxoBaHi 3a mnporpamor Excel, HaBefieHi B

Tab1. 3.
Tab6nuis 3
PiBHSIHHS perpecii 3a/iexXHOCTei Ha puc. 1
3aMexXHICTh PiBHsIHHS perpecii R?

35+ = f(Kx) y =48,7179+0,56628x -1,2898-x2+0,0808-x> 0,989
v = f(8s+) y =2,6942+0,79518-x +0,01976-x? -0,00016-x* 0,996

y =10,8396-2,58818-x+0,35254-x?—
KCU = (8s+) 0,986

0,00532-x3+0,00002-x*

of y = 0,84889-1,11644-x+0,57222-x2-

02 * 002 = f(Ky) 0,10845-x3+0,00741 x* 0,788

AHani3 gaHux Tabs. 3 mokasye, 0 MiK TOKa3HMKAMM MeXaHiYHMX BJIACTUBOC-
Tel Ta KOMIJIEKCHMM IMOKa3HMKOM XiMiuHOro ckiany cuctemu Cu-Al-Sn, sika gociti-
IIKYETBCS, iCHY€E OCTAaTHLO LIIbHUIA 3B'SI30K, IIPO 1110 CBiAYaTh BMCOKI 3HAUEHHS Be-
JIMYMH OOCTOBipHOCTI anpokcumaiiii (R?).

ITpu upomy, BeauunHu s, y Ta KCU MOKIMBO BU3HAUUTU Ge3MOCEpPeIHbO 3a
piBHSHHSIMM perpecii (quB. Tab1. 3) Ta 32 JOMOMOT0I0 KOMIUIEKCHOTO TToKa3HMKa Kx,
SIKMIA pO3paxoBYIOTh 3a ¢popmyJioio (17).

[llo 10 BeJIMUMH G Ta Goz, TO 1X MIPY BMICTi aJIOMiHIIO Ta 0JIOBA Bifg 3 10 4% Ta
KpeMHilo i 3asisa 10 0,2% peKoMeHIyeThCsI pO3paxoByBaTH 3a eMITipUuHMUMU ¢Gop-

MyJIaMu:
o5 = 0,9367-Cu + 23,19-Al + 46,95- Sn - 51,59- Si + 53,87- Fe, (18)
Goz = -0,2603-Cu + 23,29-Al + 27,75- Sn + 6,975-Si -65,56- Fe, (19)

ne Cu, Al, Sn, Si, Fe - MacoBui1 BMicT XiMiYHMX eJleMeHTiB y OpoH3i, %.

Pe3ynbTaTyt mepeBipKM afeKBaTHOCTI OTPUMAaHMX MaTeMaTUUHUX MOAesel s
s, v i KCU, mo HaBemeHi B Ta6i. 3 Ta 3a popmyiioro (17), oLiiHIOBa/IM 32 BEJIMYMHOIO
abCoJIIOTHOI MOXMOKM MiX eKCIIepUMMEeHT/IbHUMM Ta PO3PaXyHKOBMMMU JAaHUMU, IO

npefcTaBiieHi B Tab1. 4 Ta Tabn.5.
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Ta6nung 4
[ToxmbKa MisK pO3paxXyHKOBMMM Ta €KCIIEPUMEHTaTbHUMU
JaHuMu s s, ¢ i KCU
Bwmict, % I0X. I0X. M0X.
ds, % v, % KCU, %
(Mac.) Kx (6s), (), (KCU),
Al | Sn eKCIL. | po3p. | % | eKcI. | po3p.| % | eKci. | po3p. %

0 0 0 49 48,7 | 0,7 71 67,7 | 4,7 | 197 195 0,9

1,02 | 1,3 | 2,13| 44 | 450 | -2,2| 60 | 62,0 | -3,3| 182 | 189 -3,6

3,11 (1,42 | 3,55 | 37 38,1 | -3,0 | 54 51,6 | 4,4 | 172 163 5,1

1,47 | 3,3 | 4,29 | 33,4 | 33,7 | -1,0 | 45 45,1 | -0,3 | 150 | 141 6,1

7,53 0 |4,54| 35 32,2 | 8,0 | 47 | 42,9 | 8,8 | 137 | 132 3,5

6,01 | 1,02 | 4,71 | 33 31,1 | 5,7 45 41,3 | 8,2 | 124 | 126 -1,6

6,32 | 1,37 | 5,16 | 27,3 | 28,3 | -3,5 | 34,8 | 37,2 | -6,8 | 105 | 109 -3,8

3,87 | 3,86 | 6,18 | 21 21,8 | -3,7 | 27 28,0 | -3,7 | 68 70 -3,3

0 |673|6,73| 17,8 | 184 | -3,5| 22 234 | -6,3 | 49 52 -5,2

4,18 | 4,46 | 6,9 17 174 | -2,6 | 21,5 | 22,0 | -2,5 | 45 46 -2,9

2,66 | 5,68 | 7,24 | 17,1 | 15,5 | 9,2 21 194 | 7,5 40 37 8,0

4,69 |498 | 7,64 | 13,1 | 134 | -2,6 | 16,5 | 16,6 | -0,6 | 28 27 2,6

2,31 16,76 | 8,09 | 124 | 11,3 | 8,8 15 13,7 | 8,4 22 19 14,3

Tabmuiis 5
[Toxnbka Mixk po3paxyHKOBMMM Ta eKCIiepUMeHTaTIbHUMU JTaHUMMU IJ1S1 O Ta G
BwmicT efiemeHTiB, % 15(0)& TOX.
os, MIla 00,2, MIla
I/ (3a macoro) (o8), (c0,2),
Al Sn Si Fe Cu | ekcm. | po3p.| % | ekci. | po3p. %
1 |301]392|0,04]| 0,12 | 999 | 282 | 289 | -2,5 | 126 131 -3,9
2 | 3,14 |377|0,10 | 0,20 | 97,5 | 352 | 342 2,7 148 141 4,6
3 |3,31 | 4,00 | 0,20 | 0,20 | 95,3 | 359 | 351 2,1 153 152 0,4
4 |347|3,32]0,02| 0,11 | 95,1 | 325 328 | -1,1 | 140 142 -1,2
5 1353|350 0,18 007|922 | 314 | 324 | -3,1 | 155 156 | -0,9
6 | 3,251 3,02 | 0,10 | 0,15 | 92,8 | 337 | 331 1,9 144 140 2,8
7 1398 |4,00]0,02]003]|91,9 | 352 | 360 | -2,3 | 185 179 3,3
36
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BucHOBKM. 3a pesyibTaTaMM BMKOHAHUX AOCTIIKEHb BIIepIle BCTAaHOBJIEHO
B3a€EMO3B'SI3KM MiK MEXaHiYHMMM BJIACTUBOCTSIMU JIMTOI OJIOB’STHO -aJIlOMiHi€BOI1
OpoH3M, 110 Ha eTalli MIpoeKTyBaHHS 6poH3u cucteMyu Cu-Sn-Al, y 3a3HaUueHUX BUIIE
MesKax, 3MiHM CIiBBiIHOIIEHHS KiJIbKOCTI JIETYIOUMX eJIeMEHTIB J03BOJISIE ITPOBOAM-
TU IIPOTHO3YBAHHS PiBHS ii MeXaHiUHMX BJIACTMBOCTEN IIpY 3aJIMBaHHI OPOH3M B CY-
XY MiaHO-PiIKOCKISIHY (opmy.

BigxuyieHHSI MiXX eKCllepMMeHTa/IbHMMM Ta PO3PaXyYHKOBUMM JaHUMM MeXaHi-
YHMX BJIACTUBOCTEN MOSICHIOIOTHCSI TEBHUM BIUIMBOM Aomimmok (Si, Fe) y crnaBax,
[0 TTOTpedye MOJAaTKOBUX AOC/iIKEeHb, a TAKOX YCepeoHEHHSIM BeJIMUMH MeXaHiu-
HMX BJIACTUBOCTEN CIUIaBiB 3yMOBJIEHMX TOYHICTIO BUKOPUCTAHOI amapaTrypu, BUMi-
PIOBAJIbHOTO iHCTPYMEHTY Ta NPUCYTHICTIO B JOCHIAKYBaHUX 3pa3Kax AesiKMX JIMBa-
pHUX AedeKTiB CTPYKTYPH.

B minomy, moxmbka MiXX eKCliepMMeHTaJAbHMMM Ta PO3PAXyHKOBUMM TAHUMU,
SIK TIpaBuiio, MeHia 10% mjst 8s, v, KCU i meHmma 5% 1j1st oz i 6o, € HE 3HAYHOIO, 1[0
Jla€ MiCTaBy peKOMeHAYBaTU OTPMMaHi 3a/IeXKHOCTi [IJIs1 TIpOBedeHHST iH)KeHepHUX
pPO3paxyHKiB 3 METOIO IIPOTHO3YBAaHHS MeXaHIUHUX BIaCTUBOCTeN (85, v, KCU) crma-
BiB cuctemyu Cu-Sn-Al ripu BMicTi o/ioBa Ta ajllOMiHii0 10 6%, a TaKOX JIJISI IIPOTHO-
3yBaHHSI MeXaHiUHMX BiaacTuBocTei 6ponsu BpO3A3 nipu BmicTi Al iSn 3...4% Tta Si
i Fe 10 0,2% (Ko>kHOTO).
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Functional dependences between indicators of mechanical properties
and tin-aluminum bronze chemical composition

Abstract. Problem statement. Statistically significant relationships establishing
between cast tin-aluminum bronze properties, as well as between bronze properties and
its chemical composition will predict the level of its mechanical properties when poured
into dry sand-sodium-silicate mold. Purpose. Functional relationships determination
between mechanical properties of tin-aluminum bronze with tin and aluminum content of
up to 6% each. Material and methods. Alloys for investigation have been prepared by
melting of technical purity primary charge materials in crucible induction furnace using
graphite crucible and charcoal as coating material. Studied alloys mechanical properties
have been calculated based on experimental samples tests results during their static
expansion and impact bending at room temperature in accordance with actual
standards. Alloys chemical composition control has been carried out using precision
analyzer EXPERT 4L on samples cut from club-shaped samples. Relationships between
mechanical properties indicators, as well as mechanical properties and alloys chemical
composition have been built using EXEL computer program. Results and discussion.
According to Cu-Sn-Al alloys examination results, functional dependences between
mechanical properties and Sn and Al content from 1 to 6% by weight of each have been
established. This makes it possible to predict mechanical properties level according to
chemical composition of such bronze during casting. Conclusions. For the first time,
relationships between cast tin-aluminum bronze mechanical properties have been
established. This is at the stage of Cu-Sn-Al system bronze designing, with tin and
aluminum up to 6% each content, allows predicting its mechanical properties level when
pouring bronze in dry sand-sodium-silicate mold.

Key words: bronze; mechanical properties; alloying elements; functional
dependencies; complex indicator.

Kimcrau TerssHa BomoaummpiBHa -  crapmmii  BuKIagad  Kadeapu
MaTepiaJo3HaBCTBA Ta TEePMiUHOiI OOPOOKM MeTasliB [HCTUTYTYy HMPOMMUCIOBUX Ta
6i3Hec TexHOJIOri/i YKpaiHChKOrO JEP>KaBHOTO YHiBEPCUTETY HAYKM i TEXHOJIOTINA,
VkpaiHa.
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TepMiuHOI 06pOOKM MeTaliB IHCTUTYTy MNpPOMMCIOBMX Ta G6i3HeC TexXHOJIOTii
VKpaiHCBKOTO Iep>kaBHOTO YHiBepCUTETY HAyKM i TeXHOIOTil, YKpaiHa.
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A. Dymchenko, S. Klymenko, O. Kulyk
COMBINED SYSTEM OF AUTONOMOUS CONTROL AND ORIENTATION OF
MOVEMENT OF THE OBJECT IN 3D SPACE

Abstract. The paper presents an analysis of the developments of the "Rocketry Agency Student
Rocket" project and identifies the main research directions for the development of this project.
Prospects for the development of a research student project are the task of developing suborbital
rockets with a flight altitude of 80, 100 or more kilometers. Flights to such altitudes are
impossible without the use of monitoring and control systems, so an essential and high-priority
task is development of a flight monitoring and control system for suborbital rockets with taking
into account the caliber of the D-150 and D-300 launch vehicles. The analysis of modern
monitoring and control systems has been carried out, the advantages and disadvantages of these
systems have been determined. The most attractive for use for suborbital rockets with the given
caliber are autonomous guidance and television guidance systems. It is determined that the use
of such control systems is impossible, both in terms of the dimensions of the design itself, and
the price category of the system as a whole. A new combined system of autonomous control and
orientation of movement of volume in space, which is built on a combination of capabilities of
television, inertial and mechanical systems, has been developed. regarding the determination
and maintenance of the main vertical of the flight path of a suborbital rocket with a given
caliber of the D-150 and D-300 launch vehicles.

Keywords: automatic control systems, aircraft, suborbital rocket, optical sensors, microcontroller,
inertial systems, software algorithms.

Introduction. To date, there are many tasks where an accurate assessment of
the position of the physical body (object) in space is required. Starting with ships
and airplanes, robotics, car safety, and ending with the creation of augmented real-
ity, where the assessment of the movement and orientation of the observer is neces-
sary for the correct display of virtual objects in relation to him or her. The use of
various instruments and technical measuring devices is an integral part for assessing
the position of the object in space. The development of systems and intelligent con-
trol is a relevant topic, due to the constant progress in the development of electronic
components. Development of electronic components tends to miniaturization; in
addition, microelectromechanical technologies are characterized by low mass, size,
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low electric power consumption, as well as high demand and low cost. All this is the
driving force of technological progress and, accordingly, the development of auto-
matic and intelligent control systems. The scope of application of modern radio elec-
tronics in control systems is extremely wide: the creation of strapdown inertial navi-
gation systems (SINS), the creation of new stabilization, orientation and navigation
systems, the possibility of improving unmanned aerial vehicles, autonomous robots,
etc. It should be noted that, despite a number of advantages, microelectromechani-
cal devices are not highly accurate, this is due to the accumulation of errors during
integration. The inertial measurement module (IMM) of the strapdown inertial
navigation system (SINS) performs the task of determining the angular velocities
and linear accelerations of a moving object in a given coordinate system. As a result
of algorithmic processing of signals received from IMM and SINS, parametric signals
are formed that contain information about navigation parameters of the moving ob-
ject (roll, pitch, velocity). Due to the errors inherent in modern digital meters, as
well as errors caused by the digital processing of received signals (integration, etc.)
performed by the computing core, errors in determining the orientation parameters
tend to accumulate. Therefore, this topic is very relevant in the creation of rocket
and spacecraft, namely in the development of information and measuring technolo-
gies for monitoring, controlling and orienting an object in space.

On the basis of the Faculty of Physics and Technology of Oles Honchar Dnipro
National University, since 2018, the project "Student Rocket” of the "Rocketry
Agency" has been operating at the initiative of an international entrepreneur in the
field of space technologies Maxim Polyakov to increase the level of practical training
of highly qualified specialists for the rocket and space industry of Ukraine.

.
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This project forms a scientific research ecosystem that not only involve stu-
dents and mentors, but also has the necessary financial, technical and technological
support from the Public Organization "Association Noosphere", the National Center
for Aerospace Education of Youth named after A.M. Makarov, the State Enterprise
"Southern Machine-Building Plant named after A.M. Makarov" (Yuzhmash), Pavlo-
grad Plant, R&D Flight Control, etc. To date, this project continues its development
in the direction of creating suborbital rockets. Uultralight rockets with flight alti-
tudes of 2 and 7 km have been designed and developed, and ultralight suborbital
rockets with flight altitudes of 20 and 40 km have been developed and worked out.
Research work in the student project has different directions, for example, studies of
possible applications of suborbital launch vehicles, their main characteristics and
the use of such rockets [1-7]; particularities of the development of solid fuel engines
[8-10]; rocket fuel research [11]; studies of experimental measurements of statistical
quantities [12]; research in the field of non-destructive testing of rocket and space
objects [13, 14] and others. Fig.2 shows a photograph of ultralight rockets worked
out at the test site of the Pavlograd Mechanical Plant.

| '

Figure 2 - Ultralight rockets at the noosphere Engineering School Space laboratory
that have been worked out at the test site
of the Pavlograd Mechanical Plant

The plans for the development of the research student project "Rocketry
Agency" include the development of suborbital rockets with flight altitudes of 80 km,
100 km, or more. For flights to such altitudes, one of the urgent and priority tasks is
the development of flight monitoring and control systems.
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Problem Formulation. The development of a rocket monitoring and control
system is an integral part of the entire design project, so it is impossible not to take
into account the design features of the rocket, namely the mass and size characteris-
tics, and of course it is necessary to take into account the capabilities of launch vehi-
cles for delivering the payload to different altitudes. In the student project "Rocketry
Agency", as mentioned above, the general task of creating suborbital rockets with
flight altitudes of 80 km or more is considered, which means that the diameter of the
body of the launch vehicle will increase significantly and, accordingly, tasks regard-
ing the development of new rocket engines and control systems for new generations
of rocket technology of this project will be relevant. In this paper, we will dwell on
the review of existing modern approaches to the intelligent control systems of sub-
orbital rockets, taking into account the caliber of the D-150 and D-300 launch vehi-
cle, the use of which allows reaching flight altitudes of over a hundred kilometers.
Modern composite materials and new approaches to innovative types of fuel make it
possible to manufacture a rocket engine with small mass and size characteristics, but
at the same time having an increased specific impulse and operational output power.
It is this ratio of mass and power that makes it possible to create launch vehicles of
the D-150 and D-300 caliber (the diameter of the body of the launch vehicle). The
caliber of the D-150 launch vehicle can deliver a payload weighing up to 300 grams.
at altitudes of up to 150 km, and the D-300 launch vehicle, a payload weighing up to
3 kg. Thus, modern technologies used to create small rockets and spacecraft opens a
way to reach the heights of low-Earth orbits in the future.

High output power of the engine and huge g-force values at launch lead to the
possibility of instant destabilization of the angular attitude of the rocket body. This
behavior of the launch vehicle, designers try to compensate by the aerodynamic sta-
bility characteristics, but this approach does not ensure full control of the attitude of
the launch vehicle (compensation for wind loads) throughout the flight path (to en-
sure maximum altitude, a straight vertical line at the point of launch is chosen as the
main trajectory). It is wind loads that are the strongest obstacle for unguided launch
vehicles of this caliber in the process of reaching maximum altitudes. To compensate
for them, it is necessary to install high-speed automatic orientation and flight con-
trol systems.

Most commonly, aerodynamic rudders are used as control actuators. At high
starting speeds and extremely short flight times, the control algorithm reduces to a
guidance algorithm. Guidance is the process of changing the trajectory of a guided
rocket aimed at reducing the distance between it and the guidance point [15]. The
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motion of a flying vehicle while maintaining minimum deviation from the trajectory
is called a flight. In the process of guiding the rocket, the control signals are gener-
ated in different ways, but recently the control is based on the predicted value of the
current flight — the accuracy of guidance, built taking into account the hypothesis of
the movement of the target. In the assumption of the straightness of the motion of
the target, the current flight is a vector perpendicular to the tangent to the trajectory
of the rocket relative to the point of guidance and equal in its absolute value to the
distance from the point to the tangent.

The difference between the real behavior of the launch vehicle and its behavior
according to the hypothesis, taking into account the external disturbance acting di-
rectly on the launch vehicle and interfering with the exact reproduction of the given
control, leads to the need to build a closed automatic control system that uses the
current flight as a regulation error.

Random errors in measuring the current flight suggest the development of
modern guidance systems taking into account the statistical assessment of the
measured values [12]. Thus, the guidance process consists in measuring the relative
coordinates of the rocket and the target, statistically assessing the current flight,
forming a given control on it and reproducing the latter by the rocket. In practice, it
is convenient to replace the estimation of the current flight with the estimation of
some quantities associated with it by a linear operator, for example, an assessment
of the angular velocity of the rocket-target line, linear mismatch, etc.

Thus, in order to solve the formulated problem, it is necessary to analyze mod-
ern monitoring and control systems, taking into account the parameters of suborbi-
tal rockets with the caliber of D-150 and D-300 launch vehicles.

Autonomous guidance systems. There are autonomous guidance and tele-
guidance systems. Autonomous guidance systems differ in that the coordinates of
the end point are determined in advance and in the guidance process, only meas-
urements of the absolute coordinates of the launch vehicle are used to compensate
for initial errors and current disturbances. In homing systems, the relative coordi-
nates of the end point are measured by a device installed directly on board the rocket
- on-board measuring equipment.

In tele-guidance systems, the absolute or relative coordinates of the launch ve-
hicle and the end point are measured either from some remote point (ground sta-
tion, telecommand and telemetry point) or directly from the body of the launch ve-
hicle itself using an external reference center. According to the obtained data, the

current flight is evaluated and a signal is formed, which is either transmitted
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through the communication line as a given control to the launch vehicle from the
ground center, or calculated directly on the launch vehicle itself.

Each of the above systems has its advantages and disadvantages, but for D-150
and D-300 caliber launch vehicles, it is reasonable to use the following types of sys-
tems: an autonomous control system (CS) or a tele-guidance CS.

Types of autonomous guidance systems of the guidance system:

a) Autonomous gyroscopic systems - systems based on the property of the gy-
roscope to maintain its position in space. Therefore, it is possible to build a refer-
ence coordinate system, relative to which the angular deviations of the rocket are
measured. With the help of signals of deviation of pitch, yaw and roll angles, it is
possible to both stabilize them and control them with the help of special software.

b) Autonomous inertial systems. Acceleration sensors are positioned in such a
way that their sensitivity axes coincide with the measuring reference system (RS). By
integrating, it is possible to find the magnitude of the velocity and the distance trav-
eled in any direction. The trajectory is laid in the basis RS, therefore, to determine
the current value of the coordinates, it is necessary to combine the measuring RS
with the basis RS.

The advantage of such systems is that both systems measure angles or linear
coordinates regardless of external disturbances (wind). But such systems also have
drawbacks, such as the accumulation of errors over time due to the deviations of gy-
roscopes and errors of linear acceleration sensors. This disadvantage is especially
affected by integration, that is, when determining linear movements.

c¢) Autonomous astronavigation systems infer the location of the object by
measuring the angles of two celestial objects from the location of the aircraft
(AIRCRAFT). The Sun, stars, Moon, Earth can be used as celestial objects. Thus, the
aircraft should have two autonomous sextants located on a gyro-stabilized platform,
the measurements from which coincide with the basis CS.

The advantages of such systems include the fact that the accuracy of measure-
ments made with sextants does not depend on the guidance time. But there is a
drawback to such systems, namely, the accuracy of measurement decreases in the
case of a short guidance time.

d) Autonomous electro- or magnetometric systems make it possible to deter-
mine guidance by the physical parameters of the medium (magnetic, electric and
gravitational fields of the earth). Partially and in a simplified form, these systems are
used in aviation.
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The advantage of such systems is that their accuracy of measurement does not
depend on the guidance time. Their disadvantage is that the very parameters of the
Earth's fields that are used for measurement, are not stable and depend on the per-
turbations on the Sun.

e) Autonomous correlation systems have recently become widespread. The
principle of operation of such a system is that a representation or a map of the ter-
rain around the target or under the entire flight route is preinstalled in the comput-
ing device. Then, during the flight, one or another method (radar, television, infra-
red beams or laser beams) is used to determine the contour or map of the area above
which the aircraft currently is located. By comparing the preinstalled and aquired
contours, the deviation of the aircraft from the specified route is determined and the
aircraft is controlled in such a way that both contours coincided.

f) Strapdown inertial measurement systems (SIMS). The gyrostabilized plat-
form (GSP), which protects accelerometers from the influence of angular movements
of the object, has a number of drawbacks: being a precision electromechanical de-
vice, it is unreliable, consumes a lot of energy, has a large mass and dimensions, is
expensive and its assembling is labor-intensive. Another way to build an inertial
navigation system is to place accelerometers and gyroscopes directly on board a mo-
bile object, and to assign the functions of the GSP to an on-board computing device.
In the SIMS, the sensing elements are accelerometers and meters of attitude pa-
rameter (gyroscopes). They can be built on different physical principles. At the same
time, the number of meters should be such as to provide information about the vec-
tor of proper acceleration of the point of the object in which the meters are
mounted, and about the vector of absolute angular velocity characterizing
rotation [4].

g) Autonomous combined systems. To improve the accuracy of guidance of
autonomous systems, a combination of these systems is usually used. For example, a
combination of inertial and astronavigation system. With the help of an inertial sys-
tem, the speed is determined with a fairly high accuracy, but the path (or location) is
determined with a big error; astronavigation system complements the inertial one by
determining the location of the aircraft at some point in time with a higher accuracy.
Note that almost all autonomous systems are combined systems. They are used in
ballistic missiles, space launch vehicles and in space stations, and are also common
in cruise missiles.

Remotely controlled guidance systems. Remote control is control at a dis-

tance by means of specially encoded control signals (radio, optical, audible, etc.). At
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that, the power of the control signals is much smaller than the power of the proc-
esses they control. In remote-control systems, signals controlling the rocket can be
generated either at the command post (CP), or on the rocket, or jointly at the CP and
on the rocket. In the remote-control system, the following are distinguished: com-
mand post (CP); a rocket in the form of a controlled object (OC), a target tracking
line (TTL) (a channel for receiving target data), a line for monitoring the control ob-
ject (LMCO) (a channel for transmitting data on the flight of the rocket), a command
line (CL) (a rocket control channel). Note that TTL, LMCO, LCC, LCOS and CL can be
based on different physical principles.

There are two types of remote control, depending on the method of tracking
the target. The first type of remote control, when the CP receives control informa-
tion from the ground control station (Fig. 3). The second type of remote control is
schematically presented in Fig. 4., when the ground control station receives infor-
mation about the object from the sensors on the launch vehicle, and then sends con-
trol information to the vehicle. Marking in Figs. 3, 4 and 5: GCP - ground control
point; FV — flying vehicle; TP — terminal point - the point at the end of the flight;
TDL - target designation line — a channel for receiving data on the destination
point, TMCL - telemetry line from the controlled object - a channel for transmitting
data on the flight of the rocket, a telecommand line (TCL) - an aircraft control

channel).
TR TF
TDOL
TMCL
TRICL =3
e il * | 3 FV TMCL &TDL
GCP ME r . B GCP i »

Figure 3 - Scheme of the first type of Figure 4 - Scheme of the second type of
remote control remote control

As a summary the results of the analysis, it can be concluded that for rockets of
the D-150 and D-300 caliber, it is most optimal to use a combined control system,
which is based on an autonomous remote control system and an autonomous inertial
system.

Combined autonomous control system. When developing a combined
autonomous control system, the principle of the capabilities of television, inertial
and mechanical systems was used to determine and hold the main vertical of the
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flight trajectory of the rocket. As the main system for monitoring the spatial position
of the rocket, a system of optical digital cameras with serial data interfaces is used.
Fig. 5 shows a diagram of a combined autonomous control system, where SINS is a
strapdown inertial navigation system; OAPS is an optical automatic positioning sys-
tem; MRACS is a mechanical rotation angle control system.

Hull of Fv

| lops b rv | wiracs ||

SINS |

Figure 5 - Scheme of the combined autonomous control system

As a SINS, physically attached modules of accelerometers and gyroscopes
(MEMS devices) of high accuracy at short time intervals will be used to correct the
angle of inclination data obtained from the optical positioning system.

As a mechanical control system, a servo drive will be used, equipped with the
necessary system of levers for obtaining the necessary forces to rotate the control
aileron to the desired angle with a given accuracy.

Conclusions. In this paper, the features of rockets developed on the basis of
the student project "Rocketry Agency" have been reviewed and the task of develop-
ing a system for determining and maintaining the main vertical of the flight path of
the launch vehicle has been formulated. An analysis of the classical control and
guidance schemes of low-orbit small-sized flying vehicle with rocket thrust has been
carried out; the main advantages and disadvantages of such systems have been con-
sidered. The features of the existing control systems and the features of the use of
such systems have been considered taking into account the characteristics and pa-
rameters of the launch vehicles of the student project, where the caliber of the
launch vehicles is D-150 and D-300. The development of a combined automatic
flight control system based on optical cameras with a parallel interface for informa-
tion output, the use of an eight-bit controller and inertial position sensors is pro-
posed. This method will reduce financial costs and required time owing to using ex-
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isting imported inertial position measuring sensors, reduce the mass and overall pa-
rameters of the system as a whole and make it possible to build a modular structure
for the unification of units. The use of microcontroller technology with a large num-
ber of control interfaces will increase the reliability of the automatic control system
and will be suitable for controlling any actuators for controlling the spatial move-
ment of a flying vehicle without making structural changes in the scheme of the re-
sulting module. Software implementation makes it possible to use new algorithms
based on the cheapest equipment and small-sized flying vehicles.
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KombinoeaHna cucmema aémoHoMHO020 yNpaeiHHA

ma opienmauii nepemiuieHHA 00°€Kmy y npocmopi
AHomayis. Y cmammi nposedeHo auaniz po3pob6ok npoekmy «CmydeHmcovka
pakema «Rocketry Agency» ma eu3HaueHi 0CHO8HI HAYK080-00CNIOHI HANPSIMU PO3BUMKY
U020 npoekmy. Ilepcnekmueu po36UMKY HAyK080-00C/IOHUYbKO20 CMYOEeHMCbK020
npoekmy € 3adaua po3poodku cybopbimanvHux pakem 3 gucomorw nonsomy 80, 100 ma
Oinowie km. Ilonvomu Ha maki euUCOMU HEMOMIUBI 6e3 3acmoCy8aHHS — CUCMeEM
YNpaeiHHsg ma KOHMpOJ, MOMY CMAE aKmMyaibHUM ma NnpiopumemuuM NUMAHHS

po3pobKU cucmemu KOHMPOJIK ma YynpasaiHHS NOJb0omom came 0ns1 cybopOimaibHux
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pakem 3 ypaxy8aHHam Kanibpy paxkemowociro -150 ma [1-300. IIposedeHo aHani3
CYUACHUX cucmem YnpaeJjiHHs ma KOHMpOJ, 8U3HAYEHU nepesazu ma HeOONIKU Yux
cucmem. Hatibinbwi npueMHumu 01 3aCmocy8auHsi 01 cybopbimanvHux paxkem 3
3a0aHum Kanibpom € Ccucmemu a8MOHOMHO20 HaeedeHHs ma  mesieHasedeHHsl.
BusHaueHo, ujo 3acmocy8aHHs Makux cucmem ynpasiiHHs HEMOXCIUBO, SIK 3 MOUKU 30py
2abapumis camoi KOHCMpyKuUii, mak i yiHo8oi kamezopii cucmemu 8 uizomy. PospobneHa
HO8a KOMOIHOBAHA CUCMeMA ABMOHOMHO20 YNpaeJiHHA ma opieHmauii nepemiujeHHs
00’ekmy y npocmopi, ska nob6ydosaHa 3a NPUHUUNOM MOMIUBOCMeLll menesi3iliHoi,
iHepyitiHoi ma MexaHiuHoi cucmem w000 BU3HAYEHHS MA YMPUMAHHS OCHOBHOI
gepmukaai mpaekmopii nonvomy cybopbimanvHoi pakemu 3 3adaHum Kanibpom
pakemowuocit /- 150 ma /1-300.

Knwouosi cnosa: cucmemu asmomamuuHoz20 KepyeaHHs, JimMajivbHi anapamu,
cybopbimanvHa pakema, onmuuHi damuuku, MIKpOKOHMpoJep, iHepyiliHi cucmemu,
NPO2PAMHI aneopummu.

OumueHKO AprteM BikTopoBMu - acmipaHT Kkadeapu pajioeneKTpPOHHOI
aBTOMaTUKM Gi3uKO-TeXHIYHOrO QakynbTeTy [IHIMPOBCHKOTO HAaIlliOHAJIBHOTO
yHiBepcuTeTy iMeHi Onecst 'oHuapa.

Knumenko CBiTiaHa BosogMMupiBHA - KaHAMIAT TEeXHIYHMX HayK, OOILIEHT,
IolLleHT Kadeapu palioe/leKTPOHHOI aBTOMAaTMKM (i3UKO-TeXHIUHOTO (aKyabTeTy
JIHITIpOBCHKOT0 HAIL[IOHAJILHOTO YHiBepcuTeTy iMeHi Onecst T'oHuapa.

Kymuk Onekciii BomoguMupoBud — KaHIMAAT TEXHIYHUX HAYK, OOLEHT, JOLEHT
Kadenpy TexHoOTii BUPOOHUIITBA (i3MKO-TeXHIUYHOTO (PaKkyabTeTy JJHIMIpOBCHKOTO
HallioHaJIbHOTO YHiBepcuTeTy iMmeHi Osecst [oHuUapa.
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0.0. Kavats, D.A. Khramov, K.L. Sergieieva, V.V. Vasyliev
ANALYSIS OF METHODOLOGIES FOR CARBON
STOCK ESTIMATION IN FORESTS

Abstract. Current approaches to carbon stock estimation in forest ecosystems are discussed.
Datasets containing biomass and carbon stock estimates that can be used for training/validation
in machine learning are described. Examples of applying the remote approach to assessing forest
biomass over large areas are analyzed. To estimate the forest carbon stocks in Ukraine, the most
promising is the remote approach, which combines ground-based and satellite measurements for
forest classification and statistical modeling of carbon stocks. For training and validation of ma-
chine learning algorithms, it is proposed to use the GEDI Biomass Map covering most of the terri-
tory of Ukraine — from the southern borders to the latitude of Chernihiv in the north. A proto-
type of forest biomass estimating product in Ukraine can be based on publicly available MODIS
NBAR data, SRTM DEM, ECMWF climate data and use the Random Forest machine learning
method.

Keywords: forest, carbon stock, aboveground biomass, satellite data, GEDI, ICESat-2.

Problem statement. Global climate warming, caused by the anthropogenic in-
crease of greenhouse gas concentration in the atmosphere, especially carbon dioxide
(COy), has resulted in increased interest to assessing the carbon cycle in various eco-
systems. The forest’s significance in the carbon dioxide content regulation makes
relevant the problem of forest carbon stock estimation.

The objective of the research is to choose a methodology for estimating carbon
stocks in the forest ecosystems of Ukraine. For this, it is necessary to consider meth-
ods of forest biomass and carbon stock estimating, determine available data that can
be used in stock assessment, and analyze approaches to solving such tasks and prob-
lems that arise in their implementation.

Carbon pools and flows. Nowadays’ methodologies for estimating forest eco-
system carbon stock are based on instructions of the Intergovernmental Panel on
Climate Change, IPCC [1]. According to [1], all the forest organic matter flows form
four carbon pools (Fig. 1):

e aboveground biomass (AGB), and belowground biomass (BGB);

© Kavats 0.0., Khramov D.A., Sergieieva K.L., Vasyliev V.V., 2022
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e woody debris;
e litters;
e soil organic matter.
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Figure 1 — Carbon pools and flows in forest ecosystems
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If carbon pools increase in size, a CO; flow is created from the atmosphere; if
the pools decrease, the greenhouse gas sources are formed.

During photosynthesis, atmospheric carbon dioxide is converted into organic
matter. The total amount of organic matter formed during photosynthesis is called
Gross Primary Productivity (GPP).

Part of this substance is decomposed during the plants’ metabolism, while car-
bon dioxide is released into the atmosphere. This flow is called autotrophic respira-
tion (Ra) and is estimated at 40-70% of GPP.

The difference between GPP and Ra characterizes the amount of organic matter
replenishing the biomass pool and is called Net Primary Productivity (NPP). NPP can
be determined in the field using weighting methods.

From the climate agreements follow the principles that should be taken into
account when developing methods for assessing carbon [2]:

1. Of primary interest is the forest interaction with the atmosphere. That is,
from all the flows, only the flows connecting forest carbon pools with the atmos-
phere are considered.

2. Sinks and sources of greenhouse gases in forests are subject to accounting
and management, while the forest carbon stocks at the initial moment of manage-
ment are not of particular significance.

3. Only sinks and sources of greenhouse gases resulted from human activities
should be taken into account.

The carbon flows associated with each of the pools form the balance value de-
termining the direction of pool change. The final estimate of the forest carbon bal-
ance can be obtained having determined the losses and subtracted them from carbon
gains (Fig. 2). This approach called the flow balance method is recommended for use
by the IPCC [1].

The carbon balance by biomass is most obvious. The young forest grows, its
biomass, and hence carbon stocks, increase. A similar situation is observed for other
carbon pools.

In old-growth forests, incoming and outward carbon flows usually balance out.
The forest becomes carbon neutral with the atmosphere. The flow balance is the ba-
sis for the stable existence of an old-growth forest ecosystem. The fact that even in
the case of a high photosynthetic runoff, old-growth forest is neutral in terms of car-
bon balance with the atmosphere, underlies most systems for regional assessment of
forest carbon budget [2].
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Thus, young forests have carbon increments in different pools, while in old-

growth forests pools are stable. If the information on the forest’s age structure and

typical growth rates is available, it is possible to estimate the total pool increments

in each region.

The second method recommended by IPCC — by stock difference — is used

with consecutive information on carbon pools in forests. The annual carbon balance

estimate is the stock difference between consecutive counts, referred to the interval

duration between observations.
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Figure 2 — Forest carbon budget flowchart
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Approaches to carbon stocks estimation. Let’s consider approaches to esti-
mation carbon stocks, paying special attention to the use of remote sensing satellite
data in these approaches. There are currently four basic approaches to a regional as-
sessment of forest carbon stocks:

cartographic;

conversion;

e remote;

e model.

In the cartographic approach, forest polygons are first identified. Correspon-
dences are then established between polygons and typical values of carbon stocks,
which are calculated from local databases. The sum of polygon areas products by
typical values gives the carbon stock estimate for study area [2]. Some countries have
developed models based on variables describing forest plantations, such as tree spe-
cies, plot indices, ecological regions, etc. [4]. Optical satellite data are actively used
to classify forest plantations, and to identify homogeneous forest polygons. Carto-
graphic models are the simplest among the models for estimating carbon stocks,
providing relatively rough estimates [2]. Examples of using the cartographic ap-
proach are given in [8, 9]. Models that implement the cartographic approach are spa-
tial stepwise regression based on expert estimates.

The conversion approach is applied to forest ecosystems and areas for which
forest inventory information is available. This information includes volume wood
stocks necessary for the economic assessment of forest resources. Volume wood
stocks are converted to mass of organic matter or carbon using conversion factors.
Such a conversion has a clear physical justification: volume is related to mass
through density. The conversion factor allows estimating the stem wood carbon.
Other biomass fractions (roots, branches, leaves) are functionally related to the
trunk mass and are also included in the calculation of conversion coefficients [2].
Equations relating the biomass stock to the taxation characteristics of trees (height,
trunk diameter, etc.) are called allometric equations. The most time-consuming part
of the work is forest inventory, for which aircraft-based lidars are actively used. In
addition, the allometric equations with selected coefficients should be used for each
tree species. These equations are usually local, that is, they provide a good stock es-
timate only within a particular ecological region. A conversion approach to estimat-
ing forest biomass carbon stocks is recommended by the IPCC guideline [1]. How-
ever, it is very costly and labor-intensive. Optical satellite data (usually of high spa-
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tial resolution) can be used to classify forests. The conversion approach models are
power-law regressions on ground-based data.

The remote approach is a regression between predictors generated from satel-
lite (optical and radar) and other data, trained on samples obtained during ground-
based measurements (that is, as a result of the spot use of conversion approaches).
In contrast to the cartographic approach, satellite data are used both for the homo-
geneous areas’ allocation (classification or segmentation) and for regression in each
pixel of the study area. The remote approach is less labor-intensive than the conver-
sion approach since it requires less ground-based data. The training data sources for
this approach will be discussed in the next section. An important feature of remote
approach is the ability to generate time series of AGB maps, as it relies to a large ex-
tent on regular satellite observations rather than sparse forest inventory data.

The modeling approach, on the one hand, is a combination of cartographic and
conversion approaches. That is, the model is either applied to polygons or pixels of
digital maps or uses information from forest inventories on volumetric wood
stocks [2]. On the other hand, modeling approaches include deterministic mathe-
matical models that allow not only to estimate but also forecast carbon stocks and
flows. Modeling approaches are focused on considering a detailed scheme of the car-
bon cycle (for example, they take into account the transition of forest plantations
from one age stratum to another over time), followed by an estimation of carbon
losses due to forest cover disturbance. Satellite data in modeling approaches are
used to generate digital maps. Examples of carbon stock estimation models:
ITASA [2, 10], ROBUL [11], CBM-CFS3 [12]. All of them are complex mathematical
models, having been developed and verified for 10 to 20 years, requiring a large
amount of ground-based data.

Biomass maps and carbon stocks. The current projects aimed at creating
continental and global biomass maps: NASA GEDI product at 1 km resolution (2020,
2021), NASA ICESat-2 product for the northern polar latitudes (30 m resolution,
2020), NCEO for Africa at 100 m resolution (2017), CCI-Biomass global product at
100 m resolution (2010, 2017, 2018, 2020), JPL product at 100 m resolution (2020).

GEDI Biomass Map. Dataset at 1x1 km resolution consisting of two raster files:
aboveground biomass density (ABGD) and mean aboveground biomass density stan-
dard error (Mg-ha!) (Fig. 3, Fig. 4). GEDI Biomass Map data cover the territory of
Ukraine from the south up to the Chernihiv latitude. Higher latitudes are not avail-
able to the GEDI lidar aboard the International Space Station.

e Spatial Resolution: 1 km
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Spatial Coverage: global within a nominal latitude extent of 51.6°N to 51.6°S
Temporal Coverage: 2019-04-18 — 2021-06-09

Update Frequency: annual

Format: GeoTIFF

Access: GEDI L4B Gridded Aboveground Biomass Density, Version 2

User Guide:

https://daac.ornl.gov/GEDI/guides/GEDI 1.4B_Gridded Biomass.html
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Figure 3 — GEDI L4B Gridded Mean Aboveground Biomass Density (webmap.ornl.gov)
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Figure 4 — GEDI L4B Gridded AGBD Standard Error (webmap.ornl.gov)
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The AGBD value refers to the whole pixel. To calculate AGBD for the pixel area
covered with forest, AGBD should be partitioned by the fraction of this area.
ICESat-2 Boreal Biomass 2020 Map. The ICESat-2 Boreal Biomass Map for 2020
provides boreal-wide woody aboveground biomass density values (ATLO0S), filling a

gap in the GEDI data. The data were obtained using the Advanced Topographic Laser
Altimeter System (ATLAS) lidar on the ICESat-2 satellite.

e Spatial Resolution: 30 m

e Spatial Coverage: 50° N — 75° N

e Temporal Coverage: 2020

e Update Frequency: annual

e Format: HDF5

e Data access and user manual (ATLAS/ICESat-2 L3A Land and Vegetation
Height, Version 5): https://nsidc.org/data/ATL0O8

NCEO Africa Aboveground Woody Biomass 2017. NCEO Africa Aboveground
Woody Biomass (AGB) map for the year 2017 at 100 m spatial resolution. The dataset

consists of two files: the Aboveground Woody Biomass Raster and the Biomass Esti-
mation Uncertainty Characteristics Raster at a 100 m resolution. AGB is dry matter
in Mg-ha''. A map is a continental-scale dataset combining different-type data. First,
a Canopy Height Model (CHM) map was created by combining tree canopy height
measurements from GEDI lidar and ALOS-2 PALSAR-2 L-band radar for a forest
mask generated from Landsat-8 data. An empirical model relating CHM with AGB
was then used to estimate AGB, trained on data from several airborne lidars. There-
fore, the accuracy of biomass estimates may vary for different regions and vegetation
types.

e Spatial Resolution: ~100 m.

e Spatial Coverage: Africa

e Temporal Coverage: 2017

e Update Frequency: annual

e Format: GeoTIFF

e Access: https://doi.org/10.25392/leicester.data.15060270.v1

e User manual:

https://leicester.figshare.com/articles/dataset/Africa_Aboveground_Biomass_map_fo
r 2017/15060270/1?file=28962087

CCI BIOMASS provides AGB maps for four observation periods (epochs) and the
standard deviations of the corresponding AGB estimates. The AGB product consists
of global datasets with AGB estimates (Mg-ha!). AGB is a dry weight of the woody
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parts (trunk, bark, branches, and shoots) of all living trees, excluding stumps and
roots.

e Spatial Resolution: ~100 m at the equator

e Spatial Coverage: global

e Temporal Coverage: 2010, 2017, 2018, and 2020

e Format: NetCDF, GeoTIFF

e Access: https://climate.esa.int/en/odp/#/project/biomass (data for 2010,
2017, and 2018 available as of 30.04.2022)

e User manual:
https://climate.esa.int/media/documents/D4.3_CCI_PUG_V3.0_20210707.pdf

JPL 2020 Global Biomass Dataset. The JPL 2020 map is a global estimate of AGB
density in Mg-ha! based on a combination of Landsat-8, ALOS-2 PALSAR-2 (2019-
2020), and SRTM DTM composite data at a spatial resolution of 100 m. The boosting
tree machine regression model was trained on ICESAT-1 space lidar data samples,

airborne lidar data, and field inventory data.
e Spatial Resolution: ~100 m
e Spatial Coverage: global
e Temporal Coverage: 2020
e Update Frequency: annual
e Format: GeoTIFF
e Information about data: https://ceos.org/gst/jpl-biomass.html (as of April

30, 2022, there are no open access data)

The product is supposed to be placed on the Multi-Mission Algorithm and
Analysis Platform (https://ops.maap-project.org/search/), divided by continents (Af-
rica, Asia, Europe, North and South America, Oceania).

Biomass Estimation Challenges. Long-term practice of using allometric
equations relating physical characteristics of trees (height, trunk diameter, etc.) with
biomass has proved the effectiveness of these models. Nowadays they provide the
most accurate biomass estimates compared to other indirect methods and are rec-
ommended by the IPCC [1]. However, like all models, biomass estimates using al-
lometric equations contain an error of about 15-20% for tropics [7]. This is the price
of transition from direct biomass measurement through cutting down trees and
burning wood to estimating biomass with a model.

An important peculiarity of allometric models is their locality. Models vary de-
pending on climatic conditions, vegetation structure, tree species, and forms of their

growth. Different forest biomes (tundra, taiga, broad-leaved forests, etc.) and even
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individual regions within a biome are described by different allometric models.
Model transfer from one region to another (even for one tree species) requires at
least careful justification, and the creation of a new model requires long-term and
expensive ground-based observations. When using different allometric models in
one area, the differences in carbon stock estimations reached 93% [4]. Thus, it is
possible to rely on allometric models only in those regions and for those tree species
for which these models are adapted. To expand the scope, other approaches to as-
sessing biomass should be used, in particular, remote.

Despite the wide use of optical remote sensing data, their ability to assess AGB
in forests is limited due to poor penetration under the forest canopy, cloudiness, and
saturation [3, 4]. Saturation is expressed in the fact that, upon reaching a certain for-
est biomass density, the image characteristics (for example, spectral reflectivity or
vegetation indices) become not sensitive to biomass changes [3]. It seems obvious
that an increase in the spatial resolution of optical data should reduce the influence
of the saturation effect. However, estimates relating saturation to a spatial resolu-
tion of the data could not be found in the literature. At the same time, several publi-
cations [3, 5] indicate that the use of multispectral optical data (Landsat, MODIS)
makes it possible to provide an acceptable quality of AGB estimates.

The possibilities of radar signal penetration under the forest canopy depend on
the range: X-band and C-band signals practically do not penetrate under the forest
canopy, while L- band and P-band signals penetrate there freely. However, satellite
radars of all bands are used to monitor forests. Despite the positive correlation of re-
flected radar signal with forest structure parameters, there is also a saturation prob-
lem for radar data. Saturation can occur in different types of temperate, boreal, and
tropical forests. It depends on wavelength, polarization, vegetation characteristics,
and soil conditions. It is noted in [3] that the saturation effect is present even for L-
band signals. In addition, it is difficult to estimate AGB from SAR data alone since
these data provide information on the surface roughness and do not distinguish be-
tween vegetation types [3].

A breakthrough in forest surveillance is expected from the launch of ESA
BIOMASS (scheduled for 2023), a P-band (70 cm wavelength) satellite radar.
BIOMASS is expected to significantly increase the accuracy of AGB estimation (re-
duce the standard error to 10 Mg-ha! for AGB below 50 Mg-ha! and the relative er-
ror to ¥20% for AGB above 50 Mg-ha'). However, the BIOMASS mission is limited to
measurements outside the US Space Objects Tracking Radar range. This means that
the sensor will have to be disabled in North and Central America, as well as in
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Europe. However, most biomass-rich tropical forests will be covered by BIOMASS
observations.

Lidars are the best in terms of biomass estimation capabilities [3, 4, 6]. In re-
cent years, aviation lidars have become an indispensable tool for forest inventory.
There are currently two satellite lidars in orbit: GEDI and ICESat-2. They provide
spot estimates of biomass that can be used to train regression models generated
from other remote sensing data.

AGB mapping is a priority for several current (GEDI, ICESat-2) and advanced
(BIOMASS, ALOS-4, and NISAR) space missions. Although new satellite products for
AGB estimation are a positive trend, the simultaneous existence of a large number of
such products without their consistent and transparent intercomparison/validation
threatens the successful use of any of them for biomass estimation. Currently, sev-
eral large organizations such as NASA, ESA, CEOS, JAXA, etc. are developing a single
consistent product for biomass estimation based on existing products (scheduled for
release in 2022) [6]. The Multi-Mission Algorithm and Analysis Platform (MAAP)
online platform (https://earthdata.nasa.gov/maap-biomass/) — a joint project of
NASA and ESA was created to provide the product access.

Examples of using the remote approach to biomass estimation. In [13, 14],
maps of carbon stocks in the tropics were generated using data from ground-based
measurements, the Geoscience Laser Altimeter System (GLAS) lidar of the ICESat
satellite, the earth’s surface spectral reflectivity, and temperature, measured by the
MODIS spectrometer onboard Terra and Aqua satellites, as well as a digital elevation
model (DEM) SRTM (in [14], the QSCAT scatterometer data were also used). The
mapping approach [13, 14] was used for many subsequent studies. Let's consider it
using the example [13]. This work was implemented in three stages: 1) ground sam-
ples collection, 2) ground sample expansion using satellite lidar data, and 3) regres-
sion on the generated sample.

In the first stage, a protocol was developed to standardize data collection and
ground-based measurements were carried out (2008-2010) in the GLAS lidar cover-
age area, in a wide range of climatic conditions — in tropical Africa, America, and
Asia. Measurements of aboveground biomass characteristics taken at the center of
the GLAS footprints (circle 70 m in diameter) were included in the number of sam-
ples.

Enlarging of the training sample. In the second stage, the density of tree biomass
was estimated from field measurements using allometric equations. Tree biomass

density was converted to carbon using a 0.5 factor. A statistical relationship (regres-
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sion) between the biomass estimates from ground-based measurements and the lidar
waveform metrics was determined. This allowed field measurements to be extended
to thousands of new locations (GLAS footprints). The allometric equations were se-
lected individually for each vegetation class at ground measurement points (there
are more than 10 such classes in [13]). It should be noted that in [13] the study area
was not zoned, and a single relationship was used for the regression between the li-
dar signal metrics and carbon stocks (global linear regression). As a result, the ex-
panded sample contained more than 5 million elements.

Spectral reflectivity, ground temperature, and DEM as features. In the third stage,
the obtained sample was used to train the model, in which the MODIS Nadir BRDF-
Adjusted Reflectance (NBAR), MODIS Land Surface Temperature (LST), and SRTM
DEM data were used as predictors. Among the predictors, the MODIS Red (B1, 620-
670 nm) and SWIR (B7, 2105-2155 nm) bands proved to be the most important vari-
ables for explaining the dispersion of aboveground carbon density.

Random Forest. The Random Forest machine learning algorithm was used to
generate the model. This method is used in many works on biomass estimation as a
simple and reliable non-linear regression method.

Zoning. In [15], clustering is used to create a training sample: the study area is
divided into segments, in which the required number of samples is selected (ground-
based biomass estimates). Then the classification trained on these samples was used.
Biomass was modeled from optical indices.

Textural features. Asner et al. [16] combined Landsat predictors with variables
based on the SRTM DTM to map carbon stocks in Peru. Grey-Level Co-occurrence
Matrix (GLCM) and Fourier Transform Textural Ordination (FTTO) metrics were used
as surface texture features. Measurements from aviation lidar were used for training.
Regression was based on Random Forest method.

Climatic features. In [17], four climatic parameters — Mean Annual Precipita-
tion (mm), Mean Annual Temperature (°C), Mean Relative Humidity (%), and Mean
Annual Evaporation (mm) — are modeled based on the dependence on the height
gradient (data from neighboring weather stations were used for training). These cli-
mate parameters, along with the 5 spectral vegetation indices (RVI, NDVI, SR, NDGI,
DVI, and TVI) and near-infrared (NIR) spectral reflectance, extracted from SPOT-6
satellite data, were then used to model carbon stocks in the forests of northern Iran.
The training was based on ground measurements. Modeling method: multivariate
linear regression. Precipitation and temperature influenced the carbon stock esti-
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mates most of all among climatic parameters. NDVI and RVI indices as well as spec-
tral reflectance in the NIR band influenced the most among satellite data.

The use of boosting (CatBoost). In [18], predictors and machine learning methods
with the least mean squared error (RMSE) of carbon stocks determining were ana-
lyzed. Totally 53 predictors were investigated: 6 Landsat OLI spectral bands, 11
vegetation indices, textural features (GLCM) — 8 features for four window sizes (3x3,
5x5, 7x7, and 9x9). Terrain features: elevation, slope, and aspect (SRTM), as well as
canopy density. Among the algorithms, CatBoost proved to be the best, overtaking
XGBoost and Random Forest.

Models for each forest type. To improve the accuracy of carbon stock estimates, 5
models were used in [19] for the following forest types: Evergreen Needleleaf Forest,
Evergreen Broadleaf Forest, Deciduous Needleleaf Forest, Deciduous Broadleaved
Forest, and Mixed Forests.

Biophysical predictors. A combination of lidar data, optical satellite sensors, and
ground-based measurements [19] was used as predictors for estimating AGB forest
stocks: biophysical predictors (high-level products in [19]) LAI, GPP, VCF (Vegeta-
tion Continuous Fields), and Land Cover (MODIS data), canopy height (ICEsat), cli-
matic variables (monthly mean temperature, total precipitation data) and DTM
SRTM. Regression method: a gradient boosting regression tree. The validation re-
sults demonstrated good accuracy with R?=0.90 and a standard error
of 35.87 Mg-ha'l.

Backscatter inversion. In [20], the BIOMASAR algorithm was proposed for esti-
mating AGB from satellite radar data. The algorithm consists of two main steps:

1. creation of a stack of calibrated, geocoded, and co-registered radar images
(containing backscatter coefficient values);

2. inversion of individual backscatter measurements with a Water Cloud type
model for estimating growing stock volume (GSV) and a multi-temporal combination
of individual GSV estimates.

The modern version of BIOMASAR, which uses multi-temporal ALOS-
2/PALSAR-2 L-band radar data, is discussed in [21].

Multi-sensor data. The use of combinations of optical and lidar data as well as
radar and lidar data naturally leads to the idea of combining all three data types to
improve the AGB estimate accuracy. This approach was proposed in [22], where mul-
tiseasonal Landsat images were used to obtain information on the forest species
composition in the study area, aviation lidar data to measure the forest canopy

height, texture metrics, as well as Sentinel-1 radar data. The regression is based on
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the Random Forest method and uses USFS ground inventory and forest analysis data
for training and validation. The best model reached R? = 0.625, with a RMSE = 18.8
Mg-ha! (47.6%) at a spatial resolution of 30x30 m. The five most influential features
are the 95th, 85th, 75th, and 50th percentiles of point height measured by lidar and
the standard deviations of the 85th percentile of height.

The CCI Biomass and JPL 2020 Global Biomass datasets mentioned above are
also examples of regression applications for various satellite data, and the descrip-
tion of algorithms for constructing these datasets (not published as of 2020-05-02)
should be studied in more detail.

Conclusions. Existing approaches to carbon stocks assessment in forest eco-
systems are considered. The most preferable for practical use over large areas is the
remote approach, which combines ground-based and satellite measurements for for-
est classification and carbon stock regression.

Datasets with biomass and carbon stock estimates are described that can be
used to train and validate machine learning methods. The most promising product
for Ukraine is GEDI Biomass Map, covering most of the territory of Ukraine — from
the southern borders to the latitude of Chernihiv in the north.

Examples of remote approach applications to forest biomass estimation are
discussed. Promising predictors and machine learning methods are indicated. An
analysis of examples showed the importance of preliminary partitioning of a large
study area into zones. Such partitioning, as well as the search for predictors and ma-
chine learning methods, will require additional research.

A prototype product for estimating forest biomass in Ukraine can be based on
publicly available MODIS NBAR data (MCD43A4), SRTM DEM, ECMWF climate data,
and can be used to train the GEDI Biomass Map model. As test regions, it is proposed
to use 3-5 regions of Ukraine with different natural conditions and forest types.
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AHani3 memooduk ouyiHKu 3anacie gyaieuio y aicax

PosznsiHymo cyuacHi nidxodu 0o oyiHKU 3anacie eyzieyr y Jico8UX eKOCUCMEMAX.
IcHye womupu 6a3o8i nidxodu nposedeHHsl pezioHAIbHOI OYIHKU 3anacie 8yzieuio 8 icax:
Kapmoezpagiunuti; KoHeepciliHull; ducmaHuitiHuti; modenvHuli. Haiibinvuw nepcnekmus-
HUM 0J11 NpAKMU4YHO20 8UKOPUCMAHHS HA 8eJUKUX MepUmopisax € ducmaHuitiHuii nioxio,
WO NOEOHYE HA3eMHI ma CynymHukosi sumiprosaHHs. Ha 8iominy 8i0 kapmozpagiuHozo
nioxody, cynymHukoaei daHi 8uKopucmosymucs 021 Knacugikayii sicie ma pezpecii 3a-
nacis 8yzieyro y KO#HoMy nikceni 0ocnioncysamoi obnacmi. JJucmanyitiHuti nioxio meHu
mpyodomicmkuii, HiX KOH8epCiliHuli, OCKiIbKU nompebye MeHWUx 00cs12i6 Ha3emMHux 0a-
Hux. Baxciueow ocobaugicmio ducmaHyitinozo nioxody € MOXIUBICMb cmeopiosamu 3a
liozo donomozorw mumuacosi psou kapm AGB.

Onucaxo Habopu daHux, wo Micmams oyiHKU bGiomacu ma 3anacie eyzneuro, sKi
MOMCHA 8uKopucmosysamu 0/ HA8UAHHS/8anidayii y MAWUHHOMY HaguaHHi. Po3zns-
HYMo ma npoaHanizosaHo Npuxaadu 3acmocy8amus oucmayitino2o nioxody 0o oyiHKuU
biomacu Jiicy, 8u3HaueHo nepcnekmueHi npedukmopu. AHani3 npukaadie NoKasas 8axi-
JIuBicms nonepedHv»020 po3dumms (y pasi eeauxoi naowi) obaacmi docnioneHHs Ha 8i0-
no8ioHi 30HU.

JIna ouinku 3anacie eyzneyt nicie YkpaiHu Hatibiibll nepcnekmusHUM € OUCMaH-
YitiHuti nioxiod, wo NOEJHYe HA3eMHI ma Cynymuukosei suMiplo8aHHs 0 Kaacupikayii
JIiCi8 ma cmamucmu4Ho20 MOOeN08AHHS 3anacie 8yzeuto. [Insa HasuaHHs ma eanidauii
anzopummié MAawluHHO20 HABUAHHS NPONOHYeEMbvCsl eukopucmosysamu GEDI Biomass
Map, wo nokpusae 6inbuly uacmuvy mepumopii YkpaiHu — 8i0 nis0eHHUX 2paHuub 0o
wiupomu YepHizosa Ha nigHoui. [Ipomomun npodykmy 0211 OyiHKu b6iomacu Jicie Ykpai-
HU MOxce cnupamucs Ha 3azanvHodocmynti davi MODIS NBAR, IIMP SRTM, kaimamu-
yHi dani ECMWEF ma suxopucmosgysamu memod MauluHHo20 HaguaHHs Random Forest.

Kniwouosi cnosa: nic, 3anac 8yeneytw, HazemHa Giomaca, cynymuukosi oawi, GEDI,
ICESat-2.
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JL.T. AxmetminHa, A.O. Eropos
HEYITKICTD TUITY-2 ¥V 3ABJAHHI ITIIBUITEHHS JOCTOBIPHOCTI
CETMEHTAIIII 30BPAXXEHD

AHomauyis. [ns BuBYeHHA MAKPO- ma MiKpOCMpPYKmMypuU Cniiagis BUKOPUCMOBYIOMbCA 30i/bLUeHT
300paxkeHHs cneyiaibHo Nid20moseHUX 3pa3Kis, w0 Nnpu3sooumMs 00 3pOCMAHHS BHECOK LWYMO-
80i cknadosoi ma degpexkmis. Lle nompebye 3acmocyBaHHs MemooiB KopeKyii 306paxeHs 015
3ab6e3neyeHHs moyHocmi pomomempii. B pobomi npedcmasiieHi MOXAUBOCMT NiOBULWEHHS 00-
CMOBIpHOCMI ceameHmMayii 300paxkeHb Ma YiMKOCMI BUAB/EHHS Mex 00'€kmig iHmepecy 3a pa-
XYHOK BUKOPUCMAHHA Ha emani ¢a3ugikayii ¢pyHKyild npuHanexHocmi muny-2. [lpedcmasne-
Huli anzopumm 00380JI€ ABMOMAMU3YBAMU PO3PAXYHOK NApamMempis nepemsopeHHs 3 ypaxy-
BAHHAM SCKPABUX XAPAKMeEPUCMUK BUXIOHUX OaHux. [TokazaHo, w0 nompibHa nonepedHs obpo-
6Ka OaHux 018 BUPIBHIOBAHHSA (DOHY. 3anponoHoBaHull cnoci6 adanmusHo20 po3pPaxyHKy napa-
mempis nepexody 8 npocmip muny-2 3a6e3neyqye niosuLeHHs A0CMoBIpHOCMI ma YimKocmi Bu-
ABJIeHHS Mex 00'ekmis. HaseOeHO ekcnepumeHmMasnbHi pe3yabmamu Ha NPUKAaodi peasbHo20 30-
OpakeHHs eleKMPOHHO20 MIKPOCKONA 3pa3Ka cniasy 3anisd.

Knto4osi cnosa: cnabKoOKOHMpPAcmHi 306paxkeHHs, He4imKi Memoou, B8i3yanbHull aHan3, pyHKYisA
NPUHANEXHOCMI, Ce2MeHMAuis, He4YimKi MHOXUHU muny-1, He4imKi MHOXUHU muny- 2.

BceTryn. Cuctemu, siki 3aCHOBAHO HAa HEUITKMX MHOXMHAX YCITIIITHO BIIPOBA/IKe-
Hi B TaKMX Taly3sX, SK YIIPaBAiHHS TEXHOJOTiYHMMU MPOLlecaMu, MeIUYHa Ta TeX-
HiuHa JiaTHOCTMKA, TPOTHO3yBaHHS, 00po6Ka 300pakeHb. IIOHATTS HEUITKOI MHO-
SKMHU 1le MaTeMaTuuHa ¢popmMaJtisallisi HeTOUHOCTI i HeBM3HAUYEHOCTI, SIKi MPUCYTHI Y
OaHUX, BigoOpa>keHHSI TOro, IO €JIeMEHTH, IO BiZHOCSTHCS OO0 OAHi€i MHOXWHM,
MalOTh CITiJIbHY BJIACTUBICTh y Pi3HOMY CTyIeHi. Y 11 poBUX 300paskeHHSIX 3aBXKAN
€ HeOJHO3HAUHICTh 3a pPaxyHOK IIpOlieciB y cuctemi ¢opMyBaHHS, 30Kpema, Biflo-
6paskenHst 3D obpasiB y 2D mpocTip, AMcKpeTusallii 3a yacoM Ta KBaHTYBaHHS 3a
amrutiTygow. KpiMm 1boro, 3aBIaHHS MepeTBOPEHHS BUXIAHMUX 3HIMKIB IJIsI BUPI-
IIeHHSI KOHKPeTHMX 3aBJaHb, HANPUKIIAM, CerMeHTallisl, GiHapu3allisi, BUSBIEHHS
aHOMaJIiil € HEOJHO3HAUYHMMM 3a CBOEIO ITPUPOAOIo [1].

Heuitki mHOXMHM TUy-1 (HMT1) [2, 3] cTasiM NOTYKHUM iHCTPYMEHTOM IJIsI
poboTu i3 306paxkeHHssMKU. OcHOBHA Mpobsema mpu poboTi 3 HMT1 — 1e cy6'eKTUB-

© AxmetmuHa JI.T., EropoB A.O., 2022
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HiCTb Y BU3HaUYeHHi QyHKIIii HajmeskHocTi. Kpim 1iboro, y HMT1 cami ¢yHKIIiT Hamex-
HOCTi € UiTKMMU. [I719 HajMalITyBaHHS Ta YTOUHEeHHS! QYHKIIiV HaJlesKHOCTi Tumy-1'y
HEeUiTKUX CUCTeMaXxX Cy4acHi JOC/TiaKeHHSI BUKOPUCTOBYIOTh HEUiTKi MHOKMHU TUITY-
2 (HMT2), ski MalOTb HeuiTKi QPyHKIIii Ha/e;KHOCTi Ta 34aTHI MOJIe/II0BaTy HEBU3Ha-
YEHICTb, SIKa MPUCYTHS Y 3HAHHSX Ta aJITOpUTMax [4].

ITocraHoBKa 3agauvi. OCHOBHOIO METOIO I[i€i CTATTi € PO3TIJISA MOXKJIMBOCTI ITi-
IBUIIEHHS TOCTOBIpPHOCTi cerMeHTallii 300paskeHb Ta YiTKOCTi BUSIBJIEHHSI MeX 00 'e-
KTiB iHTepecy 3a paxyHOK BUKOPUCTAaHHS (YHKIIili TpUHAIEXHOCTI TUITY-2 Ha eTari
dasudikailii Ta po3pobka aJropuTMYy, IO ITO3BOJSIE aBTOMATU3YBATU PO3PaAXyYHOK
rapamMeTpiB epeTBOPEHHS 3 ypaxyBaHHSIM SICKPaBMX XapaKTepPUCTUK BUXITHUX [Ia-
HUX.

Ananis. Besnex B 1981 [2], 3an1ponioHyBaB HEUITKUI aITOPUTM KiIacTepu3alii
C-cepegnix (FCM), 9gxkuii MIMUPOKO BUKOPUCTOBYETHCS IIPU  CerMeHTallil
300paxkeHb [6]. BBeleHHS HEUITKOCTI J03BOJIsIE OTpUMaTH Ginbiire iHdopMmaliii 3a pa-
XYHOK 30iJIbIIIEHHS ITPOCTOPY O3HAK IPM OIMCI BJIACTUBOCTEN 00'€KTiB i KiacTepis.
HepmosikoM MeTOny € YyT/IMBICTh A0 IIYMiB Ta HEBM3HAYEHICTh BU3HAUEHHS JIESIKUX
rapamMeTpiB aaropmuTmy. JIjass KoMmeHcallii IibOro He/l0JiKy po3p06JyieHO pi3Hi Moau-
dikauii metoxy FCM, 110 BpaxoByIoTh crielindiky 306paskeHb KOHKPETHOTO TUIty [7].

[Monsirts HMT2 BBiB 3aze [5]. Rhee i Hwang [6] npeacTaBuau Mmoaudikaiiiro ani-
roputMmy FCM 3 BukopuctaHHsIM HeuiTKOCTi Tuity 2 (T2ZFCM), sika BUKOPUCTOBYETBHCS
ISl YTOUHEHHS PO3TalllyBaHHS LeHTPiB kiaciB. Lleil migxin oTpuMas MOOAIbIINIA
PO3BUTOK B JaHMI Yac 151 yTOYHEHHS iHIINX aITOPUTMIB 3 BUKOPUCTAHHSIM Pi3HUX
croco6iB hopMyBaHHS HeUiTKOI QyHKIIiT mpuHanexxHocTti tumy-2 [7, 8].

OcHoBHa yactuHa. [Ing HMT1 cTymiHb NPUHAIEXHOCTI 40 HEUITKOI MHOKVHU

KOXKHOTO eJIeMeHTa X;, BU3HAUeHOr0 Ha YHiBepCajbHiii MHOXNMHI X € oiiicHuM unc-

JIOM 114 (xl-), 110 HaJIeXXUTh BiApisKy [0, 1]. IuckperHe HMT1 A7, 3amucyeTbes

k
Ary = X pry (%)) x; - )

i=1

[lepeTBOpeHHST HA HEUiTKMIA TIPOCTip TUMY-1 3Mi/iICHIOETHCS HA OCHOBI (QYHKITi1
npuHaiexXHocTi Tuiy-1 (membership function). Ii Buz € cnenydiyamm, Bu3HavaeTh-
Cs1 HA OCHOBi eKCIepTHMX OLiHOK Ta MOJEeIbHUX €KCIIePUMEHTIB AJ1s1 KOKHOI KOHK-
peTHoi 3amadi. Taka HEOTHO3HAYHICTb, B CBOIO UepPTy, MOXKe OyTU OIycaHa HeUiTKOIO
MHOXMHOIO apyroro nopsaaky — HMT2. HMT1 xapaktepu3yeTbCsi CTyIIeHEM PO3IIN-
BuactocTi, a HMT2 - cTynmeHeM HeUiTKOCTi.

HMT2 Ay, npencTaBisieThbCSl MHOXKVMHOIO I1ap:
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Ary = (), iy (1), x € X,u e J . <[0,1))], 2)

ne Uy (x,u) — 0e3stiu QyHKIIi MPUHATIEXKHOCTI, [0 XapaKTepU3yITh CTYIiHb MTPU-

HaJIeXXHOCTi eJleMeHTIiB X, a u — TPeTiii BUMip, 1110 XapaKTepu3ye BTOPMHHY (YHK-

11i10 IIPVHAJIE)XHOCTI MHOXUHU A7, .

Ha puc. 1 a, npeacrasiieHa 3D moaenp HMT2, ne TpeTiM BUMipOM y KOKHili TO-
yni 2D obnacTi € Tak 3BaHMit Ctig HeBM3HaueHOCTi (the footprint of uncertainty —
FOU). FOU Bimo6paskae po3MmuBaHHS QYHKILiI IpMUHAIEKHOCTI TUly-1 (Mipy MiHau-
BOCTi ¢opmu), siKe TTOBHICTIO OMUCYETHCS ABOMA (PYHKIiIMM: HUKHS QYHKILiS TTpU-

HanexHocTi (H®II) x; i BepxHboi ¢dyHKuii npuHanexxHocTi (BOII) 44;, KoXHa 3

SIKUX sBJsie co6oro HMT1 (puc. 1 6).

Secombiry Mo ibsrliep

a 0

Pucynok 1 - HMT2: a — 3D mopnenb; 6 — MexXi MiHIMBOCTi

Hns 306paskeHHss HOIT y; ta BOIT 1, MoXyTb 6yTu onmcaHi BUpa3amMu:

py (i ) = (g, ) 7, 3)
1
py (i, ) = (g, )@, “4)

ne g(i,j) - sackpasictb mikcens, u(g(i,j)) — GYHKIiS TpUHAMEKHOCTI TUITY-1,

a € (1,00). 3a3Buyaii 1151 300paskeHHs 3HaUeHHS ¢ > 2 He Ma€ CeHCy.
OnuH i3 cmocobiB aganTMBHOTO BM3HAYEHHS MapaMeTpa « OJIs1 KOXKHOI ITpoc-
TOPOBOI TOUKM (i, j) Mae Bursn [9]:

max g(i+k, j+k)—min(i+k, j+ k)
a(i, j) = F x min| 1, k

L _1 ) (5)’

Ile BiKHO mepeTBOpPeHHS Ma€ po3Mip k x k , KOHcTaHTa F € (l,oc) € KoedillieHTOM 10-

CUJIEHHSI, 1[0 KOHTPOJIIE MOBXKUHY/IIMPUHY Cliay HeBu3HaueHocTi FOU, a L - Ki-

JIbKIiCTb piBHIiB ciporo. lle o3Hauae, 110 KO iHTEHCUBHICTb LIEHTPAIbHOIO IiKCes
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3HAYHO BiIXWISIETHCS BijJl 6e3MmocepeHbOTO OTOUEHHS, TO HEBM3HAUYEHICTh CETMeH-
Tallil 3pOCTaE.
HoBuii piBeHb ciporo g'(z’, j ) 00UMCTIOETHCS 32 GOPMYJIOIO:
oy (@, iy (G, )+ op (G, j)p (8, )))
wy (i, j) + @p (1, J)

Ie BarM @; Ta @y A1 QYHKUIN HANeXXHOCTI f;, fy; (3 ypaXyBaHHSIM MacLITady-

g'(i,j):(L—l)X ’ (6)

BaHHS 300pa’keHHS Ha [O,l]) MOXXYTb PO3PaxXxOBYBAaTUCS SIK JIOKAJbHUI MiHIMa/bHUIA
Ta MaKCMMaJIbHUIA PiBHI CipOro B Mekax BiKHa:

wL(i,j)=H}€ing(l'+k,j+k) (7
oy (1, j) = max g(i +k, j + k) ®)
k

AJie TIpU MIPaKTUYHOMY BUKOPUCTAHHI HaBE€IEHOTO aJITOPUTMY AJIs CerMeHTallii
300paykeHb, SIKi BigMaIlITaboBaHO Ha [0,1] BMHMKAIOTh CKJIAHOII, ITOB’SI3aHi 3 TUM,
110 Tic/s BUKOpUcTaHHsI hopmyiu (6) 3HaUeHHS Ciporo Moxke CyTTEBO BUXOAUTU 3a
Mexi [0,1]. OTXe, MacIITaOyBaHHSI Pe3Yy/IbTYIOUOTO 300paskeHHS Ha [0,1] MOXKe TIpu-
3BOOUTY 0 3HMKEHHS SICKPaBOCTi 00’e€KTiB iHTepecy. TakoK Ipu BUKOPUCTaHHI do-
pmyiu (5) 3HaUeHHS ¢ MOXe OyTM SIK Oijibllle 3a 1, TaK M MeHIIe, B 3aJIEKHOCTI Bif
napametpy F'. lle, B cBO0 uepry, Npu3BOAUTD [0 TOTO, IO £; MOXe B JAeSKUX TOU-
Kax OyTu OinbIla 3a Ly .

OTXe, y HmaHiii pobOTi PO3IJISHYTO NUISIXM YCYHEHHSI IIMX HEeIOJIiKiB, MOKIM-
BiCTb BUKOPUCTAHHS iHIIMX (PYHKUIOHATBHMUX 3aJIKHOCTe IJIS1 ) Ta Ly, @ TAKOX
aBTOMAaTMUYHOTO (POPMYBaHHS 3HaUeHHS F'.

OnmHMM 3i IISIXiB YCYHEHHS OINMCcaHuX Buiie rmpobiaeM y dopmynax (5) ta (6) €
BiZIMoOBa Bif BUMKOpucTaHHS 3HaueHHS L . Takum unHom dbopmynan (5) Ta (6) MOKHA

repenucaTi y HaCTyITHOMY BUTJISI:

a(i,j)= Fxmin(l,maxg(i +k,j+k)—mkin(i+k,j+k)j, 9
k
oo oy i, )+ @, ] i J
2, j) = w (s )y (8( ']?) L(. {)ﬂL(g( s (10)
oy (i, J)+or (i, J)
Taxkosk MO>XHa BpaxXyBaTyV 3HAYE€HHS L igakuie:
a(i, ) =F><min[1,(maxg(i +k,j+k)—min(i+k,j+k))x L_l], (11)
k k kxk
b
L o (i, L,j)+w;(i,] i,]

0 J):( w (0:)) (86 1) + 01 (/) e (8 J))] | 12

oy (i, )+ or (i, J)
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ne b po3paxoBYETHCS 3a POpMYII0I0:

1+F
— = L-1 LN T
b = max 0.1,1+sgn(X—x)>< 3x kxkx(1+max(},;»+a&(l’])+x ,

(13)
me X Ta x — cepedHi 3HAUeHHSI IJIs1 BCbOIO 300paskeHHsI Ta MMOTOYHOTO BiKHA, Bifl-

roBigHo. [Ipy IboMy, SIKIIO o < 1, TO Ile 3HaUeHHSsI 3MiHIOEThCS 32 (OPMYJIOIO:

l-a

a=a"% . (14)

[ns Toro, mo6 rapaHTyBaTV BUKOHAHHS HEPIBHOCTI 4; < f; MO>XHA OOMiHATU
MiCLISIMM 3HAUY€HHS AJI TUX TOUOK, [ie 11 HePiBHICTh HEe BUKOHYETHCS.

ABTOMaTUYHMIT pO3PAXYHOK 3HAUEHHST [y 11iii poOOTi IMPOMOHYETHCS BUKOHY-

BaTU HACTYITHMM UYMHOM:

1
e (4
S
oA+ =
F'= M . (16)
a)U(lﬂj)

Takox OJi11 po3paxyHKy 3HaueHb f/; Ta [{; 3alIDOIIOHOBAHO BUKOPUCTOBYBATU
dbopmynu:
a(i, j)+u(gi, /))/ 2
pr G, j) = p(g(, j)) 2 : (17)

2

Hy (@, J) = u(g(i, j)) GDrule)rz (18)
ExcriepuMeHTa/IbHI pe3ynabTaTh. MeTanorpadiuHi TOCTimKeHHSI — 1€ KOM-
TJIeKC BUITPOOYBaHb Ta aHATITUYHMX 3aX0/IiB, CIIPSIMOBAHM HAa BUBYEHHS] MaKpo- Ta
MIKpPOCTPYKTYPH CIUIaBiB, OOCJIIKEHHS 3aKOHOMiPHOCTel iX YTBOPEHHS, & TaKOX
BU3HAUEHHS BIUIMBY CTPYKTYPU Ha (i3uKO-XiMiyHi BJaCTUBOCTI cIIaBy. [Ij1s1 MiKpo-
CKOIIIYHOTO aHaJli3y CIlelia/IbHO IMiArOTOBJIEHI 3pa3Ky OOCIIIKYIOTh 3@ JOIIOMOIO0
OINITMYHOTO UM €JIeKTPOHHOr0 MiKpPOCKOMiB. ONITUYHMIT MiKPOCKOI [O3BOJISIE OTPU-
MaTu 306i/IbIIeHHST 300paskeHHs, 1110 He mepeBuinye x 1000, eJleKTPOHHMI MiKPOCKOIT

TaKux 0OMeXkeHb He Mae.
AHnasni3 306paskeHb I03BOJISIE CIIOCTepiraTu 6e3mocepesHbo GopMy Ta po3Mipu
KPUCTIIYHMX 3epeH, 3MiHM BHYTPIIIHbOI CTPYKTYPU CIUIABY Mifl BIVIMBOM TepMiu-
HOi 260 MexaHiuHOi 0O0pOOKM, MiKpOTpimyHM Tomo. OgHAK, NPy 30iJIbllIeHH] 30-
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Opa’keHHSI TaKOX 3POCTA€ BHECOK IIYMOBOI CKJIaJoBOi Ta medeKTiB, 110 IOTpebye
3aCTOCYBaHHS METO/IiB KOPEKIIii 1Sl 3a0e3IeueHHs] TOUYHOCTi hoTomMeTpii.
Ha puc. 2 a, 2 6 npeacraBieHO 300paskeHHsT 3pa3ka CIJIaBy 3aJIi3a, 1erOBaHOTO

MoJti6meHoM Ta pocdopom (x3500) i itoro ricrorpama, BiimIOBiIHO.

3500

300

8

2500

200

8

1500

10¢

8

g

4 0 02 03 04 05 06 07 08 08 1

a 6
PucyHOK 2 - a — BXigHe HaIliBTOHOBe 300paskeHHs (514x384); 6 — ricrorpama

g Takux 306paskeHb XapaKTepHa HasIBHICTh AedeKTiB (MMOAPSIIIMH Ha TTOBepX-
Hi 3pa3Kka). BumanenHs nedekTiB repegdadyae 3aMiHy BiAIIOBigZHMX IMTiKCelTiB 3HaYEH-
HIM (oHy. V maHiit pob0oTi 3aITpONIOHOBAHO METO[I, aJallTUBHOTIO BiKOHHOTO CTelle-
HeBoro nepetBopeHHs (ABCII):

1. Hap BXimHMM 300paskeHHSIM BUKOHYETbCSI HACTYITHE TIEPETBOPEHHS :

o L l—sgn(}—0.5><X1
&1(i.j)=g(i. /) ) : (19)
—1+X
Xl = X#_"OS . (20)

Lle mepeTBOpeHHSI MPU3BOAUTD IO MPOIOPIIiIfHOTO 3HVOKEHHS SICKPaBOCTi, 1110
HeoOXiHe 7151 3MeHIIeHHS BIUIMBY yCepeaHEeHHS IPU BiTHOBIEHHI 300paskeHHST 111
BUIaJIeHHS JedeKTiB.

2. BigHoBnenHs gony Ha Micli gedeKTiB BUKOHYEThCSI HA OCHOBi BiIKOHHOI 00-
po6Kky 300pakeHHSI g; (PO3Mip BiKHA Ha OCHOBi eKCIIepMMEHTAJbHUX JOCTiIXeHb

6ysno0 obpaHo 5x5). IIpu 1bOMY IJI1 KOXKHOTO ITiKCeJIi0, ICKpaBiCTh SIKOTO MeHIIa 3a

3HAYEHHS (xmin) , IK€ OTPUMYETHCS 3 hopMyIn:

(xmin) = (xmin +X )/2 ’ (21)
ne X| — cepefHeE 3a 300pakeHHSIM g, PO3PaXOBYETHCSI HOBe 3HAUEHHS SICKPaBOCTi
Ha OCHOBI ycepeJHEHHS SICKpaBOCTel YCiX IMiKCeliB BikHa 3aJaHOr0 pPo3Mipy, sicKpa-

BicTb siKMX 6imbma 3a (x, . ). TakuM uMHOM GOPMYETHCS 306pPaKeHHS g .
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3. Jlns BCix miKcesiB 300pakeHHS g, BUKOHYETHCSI HACTYIIHE NTePeTBOPEHHS:

g3(i./)= g2 (0. /) 1. (22)

Lle mepeTBOpeHHS HEOOXigHe IJIsT TOTO, 106 MPOMOpIIifiHe 36iabIINTA SICKpa-
BiCTh BUXiJTHOTO 300paskeHHS I1iCJIS BiTHOB/IEHHSI.

Ha puc. 3 a HaBeZleHO pe3y/abTaT 3aCTOCYBAaHHS 3alPONIOHOBAHOrO aarOPUTMY
ABCII, gKkuif CBiTUNTb MPO #10ro eeKTUBHICTb. [I/1s1 TOPiBHSIHHS, 3aCTOCYBAHHS Me-
TOAY eKBasi3allii ricrorpamu (puc. 3 6) MOCKUITIOE BHECOK IITYMOBOI CKIa0BOi.

Ha puc. 4 a, 4 6 HaBeJgeHO pe3yJbTaT CerMeHTallii 3060paskeHHsT 3 6 Ha OCHOBI
OpUTiHAJIbHOTO MeTOAY 3 BUKOpUCTaHHIM (opmyn (3) — (6) u MoaudikoBaHUM Me-
TOIOM Ha ocHOBi opmyi (3), (4), (9), (10) 3i 3HaUeHHSIM pO3Mipy BikHa 2x2 i F =2,
BimmoBigHO. Puc. 4 a meMOHCTpye TMOsBY apTedakTiB, 00YMOB/IEeHUX MMOPYIIEHHSIM
HOpMaJti3aliii 3HaueHb PiBHiB SICKPAaBOCTi Mpy riepeTBOpeHHi (3) — (6).

ApmanTuBHe BU3HaueHHSI KoedillieHTiB mepeTBopeHHs 3a Gopmynamu F (15),
fp (7)1 p, (18), mO3BOJISAE MOKPALIUTHU SICKPABi XapaKTepUCTUKM pesyabraTy. Ha
puc. 5 a, 5 6 HaBeIeHO CerMeHTOBaHe 300paskeHHST 3 BUKOPUCTAHHSIM BupasiB (9),
(10) Ta - (11), (12), BigmoBigHo. IToJimnineHHsI KOHTPACTHOCTI, IKa CIIPUSIE YiTKOCTI
BUSIBJIEHHSI MeX 00 '€KTiB iHTepecy Ha pucC. 5 6, CyITpOBOIKYETHCSI ITOCUJIEHHSIM 1ITy-

PucyHnoxk 3 - ITortepenHst o6po6xa: a — AOCII; 6 — ekBasi3ailis ricrorpamu

80 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucteMHi TexHomnorii» 4 (141) 2022 «System technologies»
R OSSR E NS

PucyHok 4 - CermeHTallist 300paskeHHSI: a — Ha OCHOBI hopmy (3) — (6),
6 — moaudikoBanuit meron (3), (4), (9), (10)

PucyHok 5 - MoaudikoBaHmuii MeToz cermeHTallii 3a popmyiammn:
a-(9),(10);6 - (11), (12)

BucHoBKM:

- 3aCTOCYBaHHS HEUIiTKMX MHOXMH TUIY-2 HO3BOJISIE MiABUIIUTHU UYTIMUBICTD
cerMeHTallii CTabKOKOHTPACTHUX 300paskeHb;

- ampiopHa iHdopMallist Mpo 06'eKTH iHTepecy Ta MeTOAM MepeaoopPoOKM BUXi-
OHUX JaHUX MiABUIIYIOTh €e(DeKTUBHICTh aJITOPUTMY;

- Ha CTYTiHb JeTasisallii pe3yabTaTy cerMmeHTallii BIUIMBa€e crocid hopMyBaHHS
dyHKIIiT TpMHANIEXXHOCTI TUITY-2 Ta KoedillieHTiB IepeTBOPeHHS ;

- aJanTUBHMUII pO3paxXyHOK MapaMeTpiB Mepexoay B MPOCTip TUiy-2 3abesre-
Yy€ MOK/IMBICTb CTBOPEHHSI aBTOMAaTM30BaHOI cucTeMy (POTOMETPUYHOIO aHami3y
XapaKTepUCTUK CIIABY.
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Fuzzy type-2 in the task of increasing the reliability of image segmentation

To study the macro- and microstructure of alloys, enlarged images of specially pre-
pared samples are used, which leads to increasing of the noise component and defects
contribution. This requires the usage of image correction techniques to ensure the accu-
racy of photometry. This paper describes the possibilities of increasing the reliability of
image segmentation and the clarity of identifying the boundaries of objects of interest
through the usage at the stage of fuzzification the membership functions of type-2. The
presented algorithm contains 3 steps. On the first step initial image is preprocessed in
the next way: at first, the brightness of the initial image is decreased proportionally on
the base of the power transformation usage; after that background restoration and
alignment process is performed; after the end of this process the brightness of obtained
image is increased proportionally on the base of the power transformation usage. On the
second step of the proposed algorithm the image obtained after preprocessing is inter-
preted as membership function of type-1 and membership function of type-2 is calculated
on the base of this image taking into account its brightness characteristics. On the last
step of the proposed in this paper algorithm the output image is formed on the base of the
membership function of type-2. During calculating of the output image, we are perform-
ing its contrast enhancement. This paper proposes different ways of calculating member-
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ship function of type-2 and forming of the resulting image and compares the obtained
results. The proposed method of adaptive calculation of the parameters of the transition
to the type-2 space provides increased reliability and clarity of detection of object
boundaries. Experimental results are given on the example of a real image of an electron
microscope of an iron alloy sample and show the effectiveness of the proposed approach.

AxmeTrmmHa Jlrogmmiaa leopriiBHa — JOKTOpP TEXHiYHUX Hayk, mpodecop, mpode-
cop kadenpu eleKTPOHHUX 00UMCIIOBATbHUX MalllvH, [IHIMPOBCbKMIT HalliOHATbHMIA
yHiBepcuret iMm. O. ['oHuapa.

€ropoB Aprem OieKCaHAPOBUY — CTApIIMii BUKIamady Kadeapy KOMII'IOTEPHUX
Hayk Ta iH(popMaliliHMX TexXHOJIoriii, [THIMpOBCbKMIT HalliOHAJbHUII YHiIBEpCUTET

im. O. T'oHuapa.
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B.O. [13ensepcokuii, C.B. [Tnakcin, JI.M.IToropina
BUCOKOIIBUJIKICHUI HASEMHUI TPAHCIIOPT
HA OCHOBI MATHITHOI1 JIEBITAIIII 3 EIEKTPO>KVBJIEHHAM
BIJI PO3IIOJIJIEHOI ®OTOEJEKTPMYHOI EHEPTOCUCTEMU
3 INIEPCITEKTUBHUMU EHEPTOHAKOIIMYYBAYAMU

AHomauis. [locmynanbHe 3poCMaHHs eKOHOMIKU 6YOb-KOi KpaiHu nepedbayae po3sumoK BUCO-
KOWBUOKICHO20 mpaHcnopmy 0415 3a0080JieHHs nompebu Couyiymy 8 CKOPOYEHHI yacy, nompio-
H020 Ha nepemiweHHs ntodel 1 BaHmaxis. (eped pi3HUX BUOTB BUCOKOWBUOKICHO20 HA3eMHO20
mpaHcnopmy came mMacHimonesimayitiHui mpaxHcnopm (Ma2HimonaaHu) BU3HAHUL Hal6inbW
nepcnekmusHuM, momy (i OOCNIOXeHHA NOB'A3AHT 3 YOOCKOHANIGHHAM Lib020 BUOY MPAHCNopmy €
akmyansHumu. Poboma npucssdeHa iHme2payii mpbox nepcnekmuBHUX HAYKOBUX HANpAM-
Kig/mexHoso021l: MazHImonesimayitiHo2o0 mpaHcnopmy, GomoeneKmpuyHo20 nepemsopeHHs
eHepeii ma ¢pazomempuyHoi padioHasieayii. Came ys iHmezpayis, mobmo cymHicHe 83aemMonpo-
HUKHEeHHSA MpbOoX BKA3AHUX nidcucmem, 0a€ 8 pe3ybmami HeCyMapHull cuHepeemuyHull egpekm.
HocazHeHHs yineld cmano2o po3sumky HaQpoOH020CN0OAPCbKO20 KOMNJEGKCY Y Mexax mpaduyid-
HUX MPAaHCNOPMHUX 1 eHepeemuy4yHuUX mexHo/102il € npob1eMamuyHuUM, OCKIIbKU eHepeosumpa-
mu mpaHcnopmHuX cucmemM nepesuLyyoms mpemuHy CnoXuBaHoi eHepeii, a HalwBsuowul sud
mpaHcnopmy — nosimpsHull € 00HUM 13 npoBiOHUX 3abpyOHioBayis ammocgepu. Tomy memoro
oaHoi pobomu € 06rpyHMyBAHHA NEPCNeKMUBHO20 WSAXY BUPIWEHHS Yiei npobiemMu 3a paxyHOK
06'€0HaHHSA B8 €EOUHIL cucmemi mexHOM021li NOHOB/OBAHOT eHepeemuKU ma mazHimoaesimayid-
H020 mpaHcnopmy. Y pobomi 3a0isHi Memoou cuCMeMHO20 aHAi3y 1 0eKoMno3uyii, cmamucmu-
YHO20 QHANI3Y COHAYHOI THCONAYTI, padioghizuyHo20 ekcnepumeHmy, KOMNn'tomepHo20 Mooest-
BAHHA (homoesleKMpUYHUX NepemBoprBaYi8 aHepeli, anzopummizayii npoyecis NOMOYHO20 Ko-
HMpoOM0 1 NPo2HO3YBAHHA CMAHY eHep2oHakonuyysadis. Pesynemamom nposedeHux 00C/i-
OXeHb € PO3POOKA (i3UKO-MexHIYHUX OCHOB 015 YOOCKOHAIeHHS MA2HIMOo1e8imayiliHo2o mpaHx-
cnopmy. BucHoBOK: 3a paxyHoK 06'€0HAHHSA 8 €QUHIL cucmeMi mexHO02ili NOHOBIBAHOT eHep-
2emuKu ma mMazHimosnesimayiliHo20 mpaHcnopmy MOXJ/IUBO CMBOPEHHA CUCMeMU BCeno200H020
2apaHmMoBAHO20 eleKMPOXKUBEHHSA HA OCHOBI COHAYHOI eHepeii ma HadiliHoi npeyu3iliHoi weu-
0K00i1040i cuCmeMu KepyBaHHA B PEXUMI peasibHo20 Yacy.

Kno4osi cnosa: BUCOKOWBUOKICHUL Ha3eMHUl mpaHcnopm, Ma2HimHa nesimayis, eHepao3abes-
neyeHHs, po3nodisieHa pomoeneKmpuyHa eHepeocucmema, eHepeoOHaKonuyysaqu, pasomempu-
YyHa padioHasieayis, WeUOKOOiYa CUCMeMa KepyBaHHA.

© Izensepcokuii B.O., ITnakcin C.B., IToropina JI.M., 2022
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ITocraHoBKa npoo6semu. [locTymanbHe 3pOCTaHHSI €KOHOMiKM OyAb-SIKOi Kpa-
iHM TIepen6avae po3BUTOK BMCOKOMIBUIKICHOTO TPAHCIIOPTY AJIS1 3a0BOJIEHHST TIOT-
pebu colliyMy B CKOPOUYEHHI vacy, IIOTPiOHOro Ha IepeMillleHHs TTOKYIILiB Ta 6e3/1iu
TOBapiB. Y Mekax TpaAMUIiiHUX TPAHCIOPTHUX i eHepreTMYHUX TeXHOJIOTil Jocsr-
HEHHS I1iJiejl CTaJIoro PO3BUTKY HApPOJHOTOCIIONAPCHKOIO KOMILIEKCY € Mpobiiema-
TUYHUM, OCKiJIbKM €HepTrOBUTPATU TPAHCIOPTHUX CUCTEM MEepPEeBUIIYIOTh TPETUHY
CIOXKMBAHOI eHeprii, a HaMIIBUALINIA BUA, TPAHCIIOPTY — IMOBITPSIHUIA — € OOHUM i3
MpoBigHMX 3abpynmHioBauiB aTMochepu. ToMy mMeTOr0 maHOi poOOTM € OOIPYHTY-
BaHHS MIEPCIIEKTMBHOTO IIISIXY BUPIlIeHHS JaHOI MpobeMy 3a paXyHOK 06 '€ THAHHS
B €IMHII CUCTeMIi TeXHOJIOTil BiZHOBIIOBAHOI eHepreTUKM Ta MarHiTOAeBiTal[iiiIHOTO
TPaHCIOPTY, aJyke caMe MarHiTOIUIaHM BU3HaHI HaliMepCIIeKTUBHIIIMM BUAOM BU-
COKOIIIBMIKICHOTO HA3€MHOI'0 TPaHCIIOPTY.

AHaji3 ocTaHHIX pesy/abTaTiB AOCIiAKeHb i myOmikamiin. B manuii gac y
CBiTi icHye Oi/bIle IBOX MECSITKiB ITPOEKTIB MarHiToaeBiTaIliifHMX TPAHCIIOPTHUX CH-
CTeM, JeKiJibKa (GYHKIIOHYIOUMX HU3bKOMIBUIKICHMX JOPIr Ta IBOX BMCOKOIIBUIKI-
cHux JiHii y Kurai ta Snowii. ¥ 2004 poui B [llanxai 6ysa BigkpuTa 1epiia Komep-
uiiHa gi”is MAIJVIEB, BUrotoBieHa 3 BUKOPUCTAHHSIM HiMeIbKOI TeXHOJIOTil
Transrapid: lllanxait — aeponopt ITymoHr (30 km) [1]. Y atoromy 2016 poxy B [liBmeH-
Hili Kopei 3’IBUBCS CBili MarHiTo/seBiTal[iiiHMI1 TPAHCIIOPT Ha Tpaci JOBXMHOIO 6 KM,
SKMit 06'eqHaB aeponopT IHUXOH 3i cTaHwieo MeTpo Monriito. s ninis MATJIEB 6y-
na pospobieHa KopeiicbKMM iHCTUTYTOM MAaIIMHOOYOYBAaHHSI Ta KOMITaHi€I0
Hyudnai Rotem. V rpyani 2015 poky Kurait 3anmyctuB MAIJIEB BjiacHOTO BMPOOHMII-
TBa Ha Tpaci JoBXuHOI0 18,55 kM Mix IliBmeHHMM 3ali3HMUHMM BOK3aJI0M MicTa
Yanma i aeporioptoMm. SImoHcbKa miHis JR-Maglev 3HaxoguThCsI B CTaHi eKCIIepUMeH-
TiB Ta AOC/iIHO-eKCIepMMeHTa/IbHO1 eKcITyaTaitiii (puc. 1).

a) HOCOBMIi OOTIYHMK Ta CeKIIii JIiHiIiTHOTO 0) BiZICiK [1JIST BCTAHOBJIEHHS

IBUTYHA B OOKOBMX CTiHKax KpioMony/s 3 HaAMPOBiAHUM
IISIXOTIPOBOTY MarHiToMm (4 I1IT. Ha BaroH)

PucyHok 1 - dnmoHchkuit mardiToriad MLXO01, Burotosnennit dipmoro JR-Maglev,
Ha TeCTOBOMY ITO/IiroHi B mpedekTypi SIMaHarri
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BukinageHHsI OCHOBHOTO MaTepiaay AOCIiIXeHb. [HTepec 10 MarHiToJieBi-
tauiiiHoro (MAIJIEB) TpaHcriopty y cBiTi Bce 3pocrae [2 — 4]. [loganbiie Hapouty-
BaHHSI TEeXHOJIOTIUHOTO/KOMEPIIIITHOTO YCITiXy BMCOKOIBUAKICHUX TPaHCIOPTHUX
MAIJIEB-3ac06iB (MarHiToruiaHiB) HayKOBIIi pi3HMX KpaiH CBiTy BOAUalOTh Ha IIJIS-
XaxX YIOCKOHAJIEHHS i CMCTeM MAarHiTHOrO ITifBicCy, i JIiHIIIHOTO eJIeKTpOnpuBoAy, i
cucTeMy 60pPTOBOro eHepro3abesrieueHHsI, ajie, HacamIiepes, — po3poOKkyM epeKTUB-
HOI cucTeMM yIpaBJliHHS PyXOM Ta MifBicOM MarHiToIaaHy [5, 6].

MarsiToriaH1 pyXxarTbCs 3a AOMOMOTOK CIeliaJli30BaHOro eJIeKTPONPUBOLY
— JIiHIAHOTO ABUTYHAa, BMOHTOBAHOTO B IIJISIXOBY CTPYKTYpPy MarHiTojeBiTalliliHOi
Tpacu (puc. 2).

PucyHoOK 2 - TpudasHi 06MOTKM JIiHiIHOTO IBUTYHA, BMOHTOBAHI

B OOKOBIi CTiHKM HIJISIXOBOi CTPYKTYpU

Lle mocsiraeThCs MUISIXOM BKJIFOUEHHS 110 Yep3i MeBHUX TITOBUX CEKIIi Y BiAmo-
BigHi MOMeHTHM yacy (puc. 3).

PucyHOK 3 - [lepeMMKaHHS TSITOBOI CEKIIil

3a CUTHaJIaMM paJlioHaBiraliiiHol cucTeMu
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[TinBic BaroHiB (JieBiTallisl) 3i/iCHIOETHCS 3@ JOMOMOIOK MarHiTHOI B3aeMO/ii
MiX 60pTOBMMM MarHditTamu (y HalllOMy BapiaHTi BOHM € HaAIIPOBiIHMMM) Ta MarHi-
TamMM, SIKi BMOHTOBAHi B LUISIXOIPOBiZ, yepe3 abo MPUTSITHEHHS (K Y HiMeIlbKO-
KUTaMChKiii BapiaHTi), a60 BiAIITOBXYBaHHS (SIK B YKpaiHCbKOMY Ta SITTOHCHKOMY Ba-
piaHTax).

Xoua B paai KpaiH, Hanpukiafd, B SInoxii, Kurai, [liBmeHHiin Kopei, Bxke OilOTb
pi3Hi MarHiToNeBiTaIliliHi TPOEKTH, Ilijla HM3KA HAYKOBUX MPOoO6IeM, MMOB'I3aHUX i3
3a0e3meueHHsIM HaJiliHOCTi TaKMX BMCOKOLIBUIKICHUX «IIOJIbOTiB» Ha3eMHOI'O Tpa-
HCITOPTY (3pEelIToI0, MBUAKOCTI pyXy — 6imn3bKo 500 Km/rom!), 3aauIIaeThCs aKTya-
nbHOW0. Cepel, HUX: TOUHICTh MO3UI[IOHYBAHHS TaKMX BMCOKOIIBUIKICHMX 00 '€KTiB,
rapaHTOBaHICTh €JIeKTPOXKUBJIEHHS TATOBMX CEKIIiil i 60pTOBOi amapaTypu, eHepro-
e(eKkTUBHICTb eJIeKTPONIPMBOAY Ta BIUIMB Ha HABKOJIMIIHE cepemoBuUIle. AKTyaslb-
HIiCTb IIi€i TeMaTUKM 3HAJIIIA CBOE BimoOpaskeHHS TAKOK i B mpiopuTeTax PaMouHMX
rnporpam €BpPOCOIO3y MO PO3BUTKY HAYKM, SIKA BKIKYAIOTb, HAIIPUKI/IA[, TaKUIl Ha-
MIPSIMOK, SIK «BMCOKOMIBUAKICHUIA HAa3eMHMI TPAHCIIOPT, 3aCHOBaHMIT Ha €KOJIOTIUHO
YMCTUX palliOHAJIbHUX eHeprocuctemax» [7].

[llo cTocyeTbCs 1OTO CHeUUdIUHOTO TUIY eIeKTPUYHOIO TPaHCIIOPTY, B Ha-
X poboTax IMOKa3aHo, 10 COHSIYHMI ITOTeHIliaJ YKpaiHM J03BOJIsSI€ MOBHICTIO 3a-
6e3MeuYnTH 1 0Tr0o «UMCTOI» eHeprielo (puc. 4).

Tpaca MarHiTONEBUTALIMHOM TPAHCNOPTY Ha TepUTopil YRpaiHW

Global Horizontal Irradiation Likraine

Mikoea noTyviHicTE poznoaineHol
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PucyHOK 4 - COHSTUHMI ITOTeHIIiaj YKpaiHy MOBHICTIO 3a10BOJIbHSIE IIOTPEOU
MarHiTOJeBiTalil/iHOTO TPaHCIIOPTY [§]
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Lleit mepexin oo mkepesna enekTpokuBiaeHHs1 MATJIEB-TpaHcniopTty Bif doToe-
JIEKTPUYHO1 €HepreTUYHO1 CUCTEeMM, PO3TIO/IiIEHO] Y3I0BX Tpacu, AO3BOJSE Kapau-
HaJbHO MepeCcTPoiTU cUCTeMy yIpaBaiHHS pyxom MAIJIEB-mnoisais. IIpuHIIUIIOBO
inma apxirekrypa mobymosu MAIJIEB-Tpacu — He 3 HOBIMX CeKIIiii 3 TpudbasHUMMU
CWIOBMMM OOMOTKaMM, IO BMKOPUCTOBYIOTHCSI 3apa3, a 3 OMCKPETHUX KOPOTKUX
KOTYIIIOK, SIKi OJHOYACHO € i TSTOBMMM KOTYIIKAMM JIiHIAHOTO ABUTYHA, 1 CKJIaJOBUM
e/leMeHTOM (HaBaHTa)KeHHSIM) COHSYHOI IIJISIXOBOI eHeproyCcTaHOBKM, PO3MillleHO1
Y3I0BXK LIJISXONPOBOAY, JO3BOJISIE JOCSITHYTU CYTHICHOI iHTerpariii Ta B3a€MOY3ro-
IkeHoi KoMOiHalii JABOX Ccroco6iB MarHiTHOI JieBiTallii — €/IeKTPOMAarHiTHOIO Ta
enekTpoaMHaMiuHoro. Taka moOymoBa poOUTh MOXKJIMBUM He3a/lieXKHe aBTOHOMHE
SKMBJIEHHSI KOKHOI IIJITXOBO1 KOTYIIKM Ta aBTOHOMHE YIIPaBJ/IiHHS Hel 3 MOKJIUBIC-
TIO TIepeMUKaHHS ab0 B TSTOBUI peXXuM, abo B pexkum JieBiTaiiii [9]. Y Toit xke yac,
IOCSITAETHCS 3HAUHe 30i/IbIIIEHHS] TOYHOCTI IMO3UIIIOHYBaHHS I0i3iB, 1[0 PyXalThCs
3i mBuaKictio 6inbn 500 kMm/rom. ABTOpaMu po3pobiieHa cucTeMa yIpaBIiHHS py-
XOM MarHiToIIaHy Ha 6asi npenusiitHoi gasoMeTpuuHOi pagioHaBiramiiiHoi cucre-
MM, iHTerpoBaHOi 3 (OTOEJeKTPUUHOI0 CUCTEMOIO JOro eHeprosabe3redyeHHs
(puc. 5), 1Ka g03BOJISIE BU3HAUATM MicClle pO3TalllyBaHHS eKillaky Ha MarHiTHOMY Ii-
nBici 3 TouHicTiO 10-20 cM Ipy MBUAKOCTSAX Pyxy 61n3bKo 500 KM/TO[ i 31ilicHIOBA-
T YIIPABJiHHS TATOBMMM CEKI[iSIMM JIIHIAHOTO ABUTYHA CMHXPOHHO 3 IPOXOKEeH-
HSIM HaJl HUMM MarHiTOIUIaHY.

s migBuieHHs eeKTUBHOCTI COHSIYHOI eHeprocuctemu 6yau npoBesieHi A0-
CJTiZIKeHHS, CIIPSIMOBAaHI Ha MOKpPAIIeHHS SIK XapaKTePUCTUK 11 KOMIIOHEHTIB, TaK i
6aysiaHCy cUCTeMM B IIiloMy. 30KpeMa, MPOBeAeHO KOMII'IOTEpHE MOJeII0BAaHHS CO-
HSYHMX MOJYJ/IiB MEePCIeKTUBHUX KOHCTPYKIUil. CripaBa B TOMY, 1110 COHSIYHI ejieMe-
HTU KpeMHilo, 10 TPaaMIliiiHO BUKOPUCTOBYIOTbCS B (hOTOeHepreTuili, MpakTUUHO
BUYEPIIa/IN CBiii roTeHIian. HaliBaskIMBINIMM KPOKOM Y PO3BUTKY (POTOeHepTeTHIi
OyJia rosiBa COHSIUHMX eJIeMeHTiB Ha OCHOBi reTepocTpykTyp. Hamu 6yB rpoBemeHmii
KOMIT'IOTepHMII eKCIIepUMEeHT, B IKOMY 3 BUKOpucTaHHSIM mporpamu Silvaco TCAD
[10] 6y 3Moe/IbOBaHiI MeXaHiUYHO 3iCTUMKOBAHI COHSIUHI eJleMeHTM Ha OCHOBI rete-
POCTPYKTYp Ta COHSIUHi €/IeMeHTM 3 JABOCTOPOHHIM IOKPUTTSIM HaHOYACTUMHKAMMU

aJIlOMiHito (puc. 6, 7).
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PucyHOK 7 - COHSTUHMII eJIeMeHT 3 JBOOIUHMM HOKPUTTSIM HAHOUYACTMHKAMMU

MoentoeThbCs MOIMMPEHHS il IIPSIMUM KyTOM €JeKTPOMAarHiTHOrO BUIIPOMi-
HIOBaHHS, iHTEHCUMBHICTb SIKOTO B Jiama3oHi JoBXMH XxBUJb Big 300 HM mo 750 HM
BifroBimae ymoBaM ocBiT/ieHHsI AM 1,5.

[HTEHCUBHICTb BUIIPOMiIHIOBAHHS B CTPYKTYpPi COHSIYHOTO eJieMeHTa PO3paxo-
BaHO MeToaoM FDTD. EfnekTpuuHi XapaKTepUCTUKM COHSIYUHOTO eJieMeHTa po3paxo-
BaHO B pamKax audysiitHo-npeiipoBoi Mmomesni repeHocy 3apsaiB. Ha ocHOBI po3pa-
XYHKY BOJIbT-aMIIepHUX XapaKTepPUCTUK BU3HAUEHI 3aJIe>XKHOCTI Bif, pajiiycy HaHOYa-
CTMHOK Ta BifcTaHi Mi’k HQHOYAaCTMHKaMM 0a30BMX MapaMeTpPiB COHSIYHOIO eJleMeH-
Ta: CTPYMYy KOPOTKOT'O 3aMMKaHHSI, HAalIpyT¥ XO0JIOCTOTO XO#dy, KoedillieHTa 3amoB-
HeHHS Ta KoedilrieHTa KopucHOi ii. OCHOBHMI pe3y/bTarT Ili€i cepii eKcrepMMeHTiB
TI0JISITa€ B TOMY, 11O ITPM pajiiyci HAHOYACTUMHOK 25 HM Ta BiacTaHi Mixk HuMM 200 HM
BIAETHCS JOCIITU MaKCUMMAaJIbHOTO 3HAaUYeHHs KoedillieHTa KOPMUCHOI 1ii, 0 J0piB-
Hioe 13,8 %. (puc. 8). JlocSITHEHHSI TAKOTO 3HAYHOTO MiIBUIIIEHHS 3HaYeHHs Koedilli-
€HTa KOPMCHOI Aii BimbyBaeTbcs 3aBAsSIKM nudpakilii cBiT/Ia B akKTMBHOMY Iapi ¢o-
ToejieMeHTa i GOpMyBaHHIO 30HM ITiIBUIIEHOI /10TO iHT@HCUBHOCTI.
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PucyHoK 8 - 3aneskHicTb KoedillieHTY KOPMCHOI Iii Bi pagiycy HAaHOYaCTUMHOK

lapaHTOBaHICTb eHeprornocTayaHHs MarHiTOJIeBiTalliiHOTO TPaHCIOPTY 3pPOC-
Ta€ B pa3i BUKOPUCTAHHSI COHSIYHMX KOCMIUHMX €JIeKTPOCTaHIIi, OCKIJIbKM BOHU BU-
BelleHi 3a Mexi aTmocdepu 3emti (puc. 9) i eHepris, 1110 MOCTABJSIETbCS HA 3€MJIIO,

He 3aJIeXXUTD Hi BiJl IKUX TOTOJHUX YMOB.

Pucynok 9 - Op6itanbHuit GparMeHT eHepreTMYHOI cucTeMu MarieBa
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[Tpu icHy10OUOMY PiBHi PO3BUTKY KOCMiUHMX TEXHOJIOTii OYIiBHUIITBO COHSIUHOI
KOCMIYHOI eJIeKTpOCTaHIlii moTpedyBaTuMe BeIMKMUX BUTpPAT. IlogonaTtul i TpyaHO-
111i MOXJIMBO Ha OCHOBi Cy4yaCHUX JOCSITHeHb y (Pi3uili HaMmiBIPoBiAHMKIB Ta pagiodi-
3UMKHU. B pamioenekTpoHHOMY 00JiafHAHHI B SIKOCTi MayiorabapUTHUX TeHepaTopiB
HaJBMCOKOYAaCTOTHUX KOJMBAHb IIMPOKO BUKOPUCTOBYETHCS Aioau ['aHHa. HeBennki
pO3Mipu Ta Bara IMX HaIliBIIPOBIZHMKOBUX IPUCTPOIB POOJSITh MPUBAOIUBUM iX
BUKOPUCTAHHS SIK OLHOTO 3 OCHOBHMX KOMITOHEHTIB COHSIYHOI KOCMIUHOI eJ1eKTPOC-
TaHIIil [OJIs1 MepeTBOPEHHS MOCTiAHOTO CTPYMY Y BMCOKOYACTOTHI KOJIMBAHHS 3 Me-
TOI0 Tepefavi eHeprii Ha 3eMJTI0 Yepe3 MiKpOXBUJIbOBUIA ITPOMiHb. B pesynbrarti miei
cepii KOMI'IOTEPHUX €KCIIEPUMEHTIB BCTAHOBJIEHO, IO AJIs iHXKeKTOopa, SIKU1 CKa-
naetbest 3 10 mapiB Ini«yAliGay ToBIMHOIO 0,001 MKM KOskHMI (puc. 10) ipu Hampy-
3i Ha a”Homi 4 B miox 'aHHA BUXOAUTH IO CTAOIIBHOTO PEXMMY POOOTH 3 YACTOTOIO
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Pucynok10 - MogenwoBaHHS Aioaa ['aHHA 3i CTYMiHYACTUM iHKEKTOPOM rapsumnx
eJIeKTPOHiB Ha OCHOBI mapiB InAlGaAs

[lepenaua eHeprii 3 KOCMOCY [OIli/lbHA CamMe Ha TaKUX YacTOTax, BUXOASUM 3
HASIBHOCTI TaK 3BaHOIO BiKHA IPO30pocTi B aTMocdepi, B 006/1aCTi IKOTO 3racaHHS
eHeprii moMiTHO cabiae, K 1e BUIHO 3 rpadika Ha puc. 11.

3aBepuIyeTbCS 1e¥i IMUKI AOC/iIKeHb poOOTaMM MO MOJE/IOBaHHIO €JIeKTPO-
OMHAMIYHMX CUCTeM [Jisi BUIIPOMiHIOBAHHS Ta (POKYCYBaHHS MiKpPOXBUIbOBOTO
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npoMeH1o. Ha puc. 11 mokasaHo 6a30Buii eJIeMeHT MiKpOCMYTOBOi aHTEHHOI pelliT-
KU Ta Aiarpama HaIlpaBJIEHOCTI BCi€l aHTEHHOI PelliTKM.

@OyHKIIIOHYBaHHS CUCTEM, SIKi BUKOPUCTOBYIOTD JyKepeJsia BiHOBIIOBAHOI eHe-
prii, BimbyBaeTbCsl B yMOBaX MPUHIMIIOBOI HEMOK/IMBOCTI YCYHEHHS HeBM3HAUEHOC-
Ti IOCTYITHOI €Heprii, 10 IPMU3BOAUTD 10 HEOOXiTHOCTI BUKOPUCTAHHS «€HEPIroeM-
ndepiB» — aKyMyJISITOPiB. AJle CJTiJi 3a3HAUYMTH, IO POJIb Ii€ei HEBM3HAUYEHOCTI JIeI0
nepebinbiieHa. Xo4ya eHeprist BiTpy Ta COHIIS MifiICHO 3MiHIOETbCSI, ajie Ii 3MiHu T1e-
penbavyBaHi, OCKiJIbKM X0ua OM ITPOTSATOM HACTYITHUX JBOX AHIB MOSK/IMBO Iepeaoa-
YUTU, HACKIJIbKY BiTpSIHA Ta COHSIYHA Oy/ie rmoroja.
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PucyHok 11 - Komm’toTepHe MOJie/Il0BaHHS aHTEHHOI PelliTK1

Ocob6imBa pojib y TaKUMX €HEPreTUUHUX CUCTeMax HaJeXUTh aKyMyJSITOpam-
HakomnmMuyBauaM. HakomnmuyBadi eJieKTpoeHeprii He juiie 103BOJSIOTh 3a0e3MeunT
aBTOHOMHICTb €HeproNnoCTavyaHHs, aje € KIIYOBOK JIAHKOK B €HepreTMYHUX CUC-
TeMax Ha OCHOBi BiJHOBJIIOBAaHMX [IKepes eHeprii. BukopmucTaHHs HaKOMMUYYyBauiB,
OpraHi30BaHMX [TEBHMM YMHOM, Ja€ MOX/IMBICTh 3a6€3MeYnTy MTOBHOIIHHE (QYHKITi-
OHYBaHHS BCbOTO €eKTPOTEXHIUYHOTO KOMILIEKCY MarHiTo/eBiTalliiiHOro TpaHCIop-
Ty Ha TepuTopii YKpainu (IuB. pucC. 4) TOBHICTIO 32 paXyHOK COHSIUHI eHeprii.

o4 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CuctreMHi TexHosorii» 4 (141) 2022 «System technologies»

He Tinbku s MATJIEB-TpaHCcnopTy, a i1 B3arajii B eHepreTuili 3aCTOCOBYIOTh-
CS HAaKOIIMUyBaui BeJMKOl €eHEePro€EMHOCTI [IJisi BUPIBHIOBAHHSI KOJMBAaHb y perioHa-
JbHUX eJleKTpoMepexkax. HaBiTh 3ampoBaykeHO TePMiH — «BipTya/ibHa eleKTpOCTa-
HIIis». [IJ1s1 KepyBaHHSI TaKMMM BeJMKMMM MacHMBaMy HaKOMMUYYyBauviB B paMKax Ha-
IIMX TOC/IiIKeHb CTBOPEHO aJITOPUTM MOHITOPUHTY (Ha 6a3i 3aIIpOIIOHOBAHOIO pa-
Hillle iMITyJIbCHOTO TaJIbBAHOCTATUUYHOI'O METOMY) €JIEKTPOXiMIUHUX HAKOIIMUYyBauiB
eHeprii Ha OCHOBi CBMHIIEBO-KMCIOTHUX IKepej CTPyMy IIpM iX eKcIIyaTaliii Ha
TPaHCIIOPTHUX 3aco0ax, 10 A€ 3MOTy 3[i/iCHIOBAaTM ITOTOYHMIT KOHTPOJb Ta MpPO-
THO3YBAHHSI CTaHy HAKOMMYYBayiB 06€3 MOPYIIEeHHS MITaTHOTO PEeKMMY pOOOTU CHUC-
TeMU eJ1eKTPOKMUBIIEHHSI.

BucHoBKM. TakM UMHOM, pe3yJbTaTOM MPOBeJeHMX NOCTigkeHb € PO3poOKa
(di3uKO-TeXHIUHMX OCHOB CTBOPEHHSI HAilfHOI Mpenu3iifHOi MBUIKOMII0OUOI cucTe-
MM KepyBaHHsI MATJIEB-TpaHcriopToM, 10 (YHKIIIOHY€E B MacIITabi peaJbHOrO yacy
i Mae BCenmorogHy CUCTeMY TapaHTOBAHOTO €JIEKTPOXKUBJIEHHSI Ha OCHOBI COHSIUHOI
eHeprii.

3nijicHeHHS TaKOTo IPOEKTY MOTJ0 6 CTaTu JTOKOMOTMBOM 3pPOCTaHHSI BCi€i
eKOHOMiKM YKpaiHM, OCKiJIbKM IIPU3BEJI0 6 0 PO3BUTKY CYMiSKHMX rajy3eil, a TaKoxX
PO3IIMPEHHS BUPOOHUIITBA €JIEKTPOTEXHIUHMX Ta MiKpOeJIeKTPOHHMX KOMIIOHEHTIB,
a OT>Xe, 0 CTBOPEHHS HOBMUX POOOUMX MiCllb.

MoskHa 3 YII€BHEHICTIO CTBEPAKYBaTH, 10 1Ii pe3yJabTaTy B mepiof, MiCJAsIBOEH-
HOT'O PO3BUTKY HAPOJLHOTO rOCIOAAPCTBA AO3BOJISITh PO3IIOYATH 3/iliCHEHHS B YKpa-
iHi MiXraay3eBOro iHHOBAIIi/fHOTO MPOEKTY 3arajJibHOHAI[iIOHAJIBHOTO MaciiTaby 3i
CTBOpPEHHS BMCOKOIIBUIKICHMX Ha3eMHUX TPAHCIIOPTHUX KOPUAOPIB TUITY «IIIOBKO-
BUIA IIJISIX» HA €KOJIOTiYHO palliOHaJbHMUX €HepProcucTeMax.
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High-speed magnetolevitatve land transport with power supply by distributed
photoelectric energy system with perspective energy storage

Among the various types of high-speed land transport a magnetic levitation trans-
port (magnetoplanes) is recognized as the most promising, so research related to the im-
provement of this type of transport is relevant. The work is devoted to the integration of
three promising research technologies: magnetolevitative transport, photoelectric energy
conversion and phase-metric radionavigation. It is this integration, i.e. the essential
interpenetration of these three subsystems, results in an overall synergistic effect. Achiev-
ing the goals of sustainable development of the national economic complex within the
framework of traditional transport and energy technologies is problematic, as energy
consumption of transport systems exceeds one third of energy consumption, and the fast-

ISSN 1562-9945 (Print) 97
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 4 (141) 2022 «System technologies»

est mode of transport — an air transport is one of the leading air pollutants. Therefore,
the purpose of this work is to substantiate a promising way to solve this problem by com-
bining in a single system of renewable energy technologies and magnetolevitative trans-
port. The methods of system analysis and decomposition, statistical analysis of solar in-
solation, radiophysical experiment, computer modeling of photovoltaic energy converters,
algorithmization of current control processes and forecasting the energy storage devices
state are involved. The result of the research is the development of physical and technical
bases for the improvement of magnetolevitative transport. Conclusion: by combining in a
single system of renewable energy technologies and magnetic levitation transport it is
possible to create a system of all-weather guaranteed power supply based on solar energy
and a reliable precision high-speed control system in real time.

Key words: high-speed land transport, magnetic levitation, power supply, distrib-
uted photovoltaic power system, energy storage devices, phase-metric radio navigation,
high-speed control system.
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M. JI. PocToka
AJTATITUBHU IHCTPYMEHTAPIIN ®OPMYBAHHS BA31 3HAHD
IHOOPMAIIIMHO-AHAJITUYHOI CUCTEMHU
IMIIAIOTBKU HAYKOBUX KAJIPIB

AHmauis. ABmopoM aKUeHmMOBAHO yBA2Y HA AKMYAJbHOCMI 30epexeHHs YiNiCHOCMI HayKoBo-
0CBIMHb020 Npoyecy w000 Ni020mMoBKU Kaodpis BUWOI KBanigikayii 8 3aknadax suwoi ocsimu
ma Haykosux ycmaHosax. BiomiyeHo, wjo HAciOKu 8nausy ¢opc-Ma)xopHUx o6CcmasuH - Ka-
paHmuHy 3 naHdemii COVID-19 (i 0i04020 BOEHHO20 CMAHY 8 YKPAiHi, Cnpu4YuHAOMb NesHi Ko-
pekmuBu 8 0peaHi3ayii Ni020moBKU HAYKOBUX Kaopis. Y 38°a3Ky 3 yum, LiMOBIPHO, NOPYLWYEMbCA
npobsema CmBoOpeHHA NPUHYUNOBO HOBOI THGOPMAYILiHO-aHANTMUYHOT cucmemu, Wo y Ubomy
seKkmopi BkaYamume cneyughiyHy 6asy 3HaHb BIONOBIOHO 3anUMiB KOPUCMYBAYTB-00CTIOHUKIB
— cy6’ekmis Haykosoi ni020mosKu. Takum YuHOM, Ha Memi cmammi € npeocMaseHHs
pe3ysbmamis 00KMOPCbKO20 OOCTIOXEHHSA, 30KpeMa 3 NPOMIKHO20 KOHMeHM-AHAMI3y HayKoBUX,
IHopMayiliHo-00BIOKOBUX, HABYANIbHO-MemMOOUYHUX ma THWUX JimepamypHux Oxepen ma
NPAaKmMUKO OpPIEHMOBAHUX pecypCis 3 NpobreMamuKu po3sumKy iHGopmMayitiHux mexHono2il i
cucmem ma ix adanmusHo20 mpaHcpepy, WO CnpusMUME HAKONUYeHHIO aHAAIMuYyHOi
iHopmayii ma ii oyugppysarHHo. HazonoweHo Ha payioHasbHOCMi CMBOPEHHSA Ui BUKOPUCMAHHA
IHMenekmyanbHUX THHOPMAayiliHO-GHANTMUYHUX CUCMEM, B OCHOBY SKUX NOKNAOEHO (POpMYBAHHS
cneyugiyHux 6a3 3HAHb 3aCOOAMU CEMAHMUYHUX MexXHO02ili ma 0HMO0214YH020 MOOEIOBAHHS.
Lle 0bymoBneHO iCHYBAHHAM BeNUKOT KiJlbKOCMI Pi3HOMAHIMHOI aHAnimMuyHoi iHgopmayii, Ha
OCHOBI AKOi aKkmyanizyemecsa npobremamuka OyOb-SKO20 HAYKOBO20 OOCHIONKeHHS, Wo Y
KOHmMeKcmi ni020moBKU HAYKOBUX KAOPIB € 000B8'A3KOBUM KOMNOHEHMOM HAYKOBO-OCBIMHbOT
dianbHocmi 3006y8ayi8 HayKosoi ocsimu (MazicmpaHmis, acnipaHmis, oKmMopaHmis ma iH.).
Cmsepdxyembca, Wo CcydacHuld OOCNIOHUK BMimume OOCKOHAMO B0OA00IMU  Cy4acHUM
IHCMpPYMeHmMapieM ma exkcnepmHuUMU MmexHONM02iAMU THHOPMAaYIiHO-aHANTMUYHOT OiabHOCMI.
[lpedcmasneHo cmucauli onuc adanmusHO20 THCMpPyMeHmapito, 3a 00NOMO20K0 AKO20
8i06yBaembcs (hopMyBaHHA cneyuiyHoi 6a3u 3HAHb B8 THOPMAIUHO-GHANTMUYHIL cucmemi
nidcomosKu HayKosux Kaopig. 3a3Ha4yeHo, WO ceMaHmMuyHul U0 OHMOAO02IYHUU nidxoou €
HalbinbwW epekmusHUMU Y UbOMY KIHOYT ON18 NoBY00BU THGOPMAyiliHUX cucmeM, 30KpeMa mux,
Lo CMOoCylombCs po3BUMKY THGHOPMAIHO-GHANTMUYHOT KOMNemeHmHocmi Cy6’'ekmis HayKoBoi
ocsimu.

Kntoyosi cnosa: iHgopmayiliHo-aHanimuyHa cucmema, ni020moBKA HAyKOBUX Kaopis, 6aza
3HAHb, THCMpyMeHmapil, adanmusHiCMb, CEMAHMUYHA Mepexd, OHMOA02IYHUl nioxio, ek-
cnepmHa cucmema, yugposizayis.
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ITocraHoBKa npoo6semu. Popc-makopHi 06CTaBMHM CbOTOJEHHS, CIIPUUMHEHI
gk naHgemiero COVID-19 Ta BBeAeHHSIM BOEHHOrO CTaHy B YKpaiHi, Tak i1
OIMHAMIiYHMM BIUIMBOM TjobanizamiiiHux TpaHcdopmaliiii Ta mudposisaiii
CYCITIIJIbCTBA, aKTyali3yl0Th PO3BUTOK iHHOBAIIiIHMX TE€XHOJIOTiN BiAAaJIeHOTO KOpU-
CTyBaHHSI iHGOpMaIliifHO-aHAMITUYHMMMU MacuBaMM JaHuX. bBe3yMoBHO, IO
iHbopmairiitHo-aHaniTMuHi cuctemu (mani — [AC) maloTh BiANOBigaTM Cy4dacHOMY
piBHIO iHbOpMAaIliifHMX TEXHOJOrii, IO [Oa€ 3MOry IABUIINTUA e(eKTUBHICTh
iHTepdeiicy Ta crpusie amanTUBHOMY [OCTYIY KOPUCTYBauiB-AOCTiZHUKIB [0
HeoOXimHOI aHaMiTMUHOI iHdopmallii. BinmosBigHo, mo aHamxiTMyHa iHQoOpMallisi €
OCHOBOITOK/IAIEHOI0 YaCTUHOI0 OYyIb-SIKOTO MOCTiZHUIIBKOTO Ipoiecy. Y ILbOMY
ceHci, 3pocraioua morpeba 3m00yBauviB HAYKOBOi OCBITM y IIBMUIKOMY OTpMMAaHHI
pe3yJabTaTiB aHasli3y iHGoOpMalliiiHMX ITOTOKIB 3a crenudiko iXHbOIi HAYKOBO-
OCBITHBOI HisS/IBHOCTI, 3yMOBJIIO€ HEOOXiAHICTh PO3P0O6IEHHSI HOBOI METO/I0JIOTi1 I10-
o6ymoBu iHQOpMaIiifHO-aHATITMYHOI CMCTEeMM ITiATOTOBKM HAyKOBUX KaJpiB (masi —
[THK) y 3aknagax Buioi ocBitu (majni — 3BO) i HaykoBux ycTaHoBax (masni — HJII).
Taka 1ndpona IAC yMOXK/IMBIIOBATMME [IJISI KOPUCTYBAUiB-TOCTIZHNKIB aJaliTUBHE
OTPUMMAHHS JaHuX (3HaHb), SKi 3abe3rmeduyBaTMMyTb OIEPATUBHMUIA TOIIYK
aHAJMITMYHOI iH(opmallii, 0co6aMBO Takoi, IO B MepexXi IHTepHeT, Ba’kKKO
imenTudikyBatu. CaMe Taka rmpobjema BUMarae y3roJsKeHHs CTaHIAPTHUX CIIOCOO6iB
imenTudikamii yactuH umdpoBoi iHdopmarllii (MeTamaHMx) Ta PO3POOKM KOZiB
(HTML, SGML), 110 iMMOBipHO BCTaBJSTUMYTbCS B €J€KTPOHHI TEKCTU. BuBUeHHS
3alUTIiB KOPUCTYBayiB, HacamImepe] 3400yBauiB HAyKOBOi OCBiTM, HaAyKOBUX
MpalliBHMKIB, IPOBiTHMX YUEHUX, CBITUMTH PO HEOOXiTHICTh pO3pOOJIEHHS Teope-
TUKO-METOMIOJIOTIUHMX 1 HAyKOBO-METOAMYHMX 3acaj MoOymoBM HOBUX abo
MogepHisanii Bjke icHyrounx IAC y 3BO/H/II (B OCHOBHOMY TaKMX, 1110 6a3yIOThCS Ha
rarepoBO-eJeKTPOHHOMY ITOKYMEHTOOOiry abo B3araji MaloTh TiJIbKM TarepoBi
aHajoru, abo Ha IiB aBTOMAaTM30BaHi TOINO) HAa OCHOBiI IM@poBi3allii HaAyKOBO-
OCBiTHBOTO Mpoliecy. 1o TOro X [Jis1 BUpillleHHS 3aBaHb IOILIYKY 11010 HAKOIIMYEeH-
HS Ta 3aCTOCOBYBaHHS iHQopMmalliliHO-aHaMITUYHUX MAacCUBiB BUKOPUCTOBYBATH-
MYTbCS BilMIOBiIHI M PPOBi iHCTPYMEHTH Ta pPeCypCu.

Indbopmaniiini  TexHosorii, $K TOTYKHMIA iHCTpyMeHTapiii po3pooKH,
(byHKIIIOHYBaHHS Ta MiATPpUMKM iHPOpMaIliifHUX CUCTEM, JAIOTh 3MOTY 3a,Is1 aaarl-
TUBHOIO TpaHcdepy HaKOMMUYEHOI aHaMiTMUHOI iHQopMallii B 111MdpOBY (€1eKTPOH-
HYy) dopMmy, 110 0OYMOBJIIOBaTMME TIepexif 10 MOO0YI0BY MPUHIIUMIIOBO HOBOTO TUITY
IAC. Ile yMOXIMBIIOBaTMMe 00’emHAaHHS iH(OpMAaIiliHO-aHATITUYHUX MACHUBIB Yy

peno3urtopii, 6a3u ganux (mami — BII), 6asu 3HaHb (mami — B3), e-6i6aioTexkn TOIIO,
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sIKi y IIpOeKIlii Ha HayKOBO-OCBITHIil MPOCTip CTalOTh CUCTEMHMUM KOMIIIEKCOM eJIeK-
TpoHHUX (UMdpoBMUX) OCBiTHIX pecypciB (mani — EOP/IIOP) 3 iHdopmariiiHoi
a”HamiTMkM. Y TOi ’XKe uac, 3aCTOCyBaHHSI iHdOpMalliiiHOI aHANITUKMU Y CUCTeMi
MiATOTOBKM KaJpiB BUIIOiI KBamidikalii € 3aBXAy HEOOXiZHMM i He BTpauae
aKTyaJIbHOCTI TIpM 3[iliCHEHHI OOC/iIXeHb. 30Kpema palliOHAIbHMM Y I[bOMY
KOHTEKCTi 3JJa€TbCSI BUKOPUCTAHHS iHTeNekTyaabHuX IAC Ha oCHOBi cOopMOBaHUX
crietndiuanx B3. lle mop’s3aHO i3 pi3HOpiAHICTIO aHaMiTHMYHOI iHdoOpMaliii, Ha
OCHOBI SIKO1 aKTyasi3yeThcsl mpobaemMaTrka HayKOBMUX OOC/iIKeHb, BiOIOBigHO i1 3
opradisalii HayKOBO-OCBiTHBOIO IIPOIIECY, CXWISIOUMCh OO TOro, L0 OyIb-sIKa
MiATOTOBKAa HAyKOBUX KaZpiB — 1e, y Meplly 4Yepry, LiJecrnpsimOoBaHe HaBUYaHHS
IOCTiIMHMKIB, aHaJiTUKiIB, Cy0’€KTiB HAyKOBOi IIpalli, SKi BOJIOMiIOTh Cy4aCHUM
iHCcTpyMeHTapieM Ta TeXHoJIOTisiMM iHbOpMallifiHO-aHaTITUUYHOI AisVIbHOCTI.

TakuM YMHOM, aKTYyajJbHIiCTh pO3pPOOJIEHHS IpobiseMu 3 (HopMyBaHHS
B3 IAC ITHK 3ymoBiioe moTpeby y BUBUEHHI TOCBiAy HAyKM, 30KpeMa — iHsKeHepHOI,
Yy BEKTOpi pO3I/say MeBHMX MEeTOAOJOTiYHMX IiAXOMiB, BU3HAUEHHS aJaIllTUBHOTO
iHcTpyMeHTapilo,  po3pOOJIeHHSI  TEeOPeTUMKO-MEeTOMOJOTIiUHMX i  HayKOBO-
METOOMYHMX 3acal o0yqoBy abo MoepHisallii BipTyaabHUX HM(PPOBUX CEPeIOBUII
3acob6amu EOP/LIOP miofo ix ¢GyHKI[IOHYBaHHS B peaJbHOMY Yaci.

AHaniz ocTraHHiX mOCHiAKeHb i mMyoO/iKamiii BKasye Ha Te, IO MpobaeMi
iHHOBaTM3allii MpoeKTyBaHHS, QYHKIIIOHYBaHHS ¥ MiATPpUMKM iHpopMaliitHuX cuc-
TeM, 30KpeMa — ix B3, 3acobamu EOP/IIOP, Ta Bisyasi3allii iXx KOHTE@HTY, IpUCBsIYe-
HO HaAyKOBMIT OOPOOOK TaKMX BiTUM3HSIHMX MOOCHITHMKIB, $K: K.Bockebees,
B. Beinuko, O. I'ypa, M. Knumosa, B. JlaxHo, A. [Tanarin, M. Ilikynsk, C. CeMeHUyK,
0. TixoHos, II. ®egopyk Ta iH. HUMM pO3IISHYTO AesKi aclieKT OHTOJIOIIYHOrO
OIUCY NpeAMETHUX OUCLIUIUIIH; 3aCTOCYBAHHSI OHTOJIOTIYHOTO IiAX0AY 3 KOHTPOJIIO
3HaHb; rpadiuHOro IpeaCcTaBJ€HHS OHTOJIOTII MpeIMeTHMX OUCHUIUIIH Ta iH. Y
IIbOMY KOHTEKCTi 6araTo JOCTiAHMKIB Oi/IbIII MOrIMOGI€HO HABOSITh XapaKTePUCTUKY
MeBHUX iHPOPMAILifHNX i eKCIIePTHUX CUCTEM, PO3T/ISAAI0Th MUTAHHS ONTUMi3allii
CUCTEMHMX PecypciB MJisi eeKTUBHOI MiATPUMKM MIPUITHSITTS pillleHb, aKTYasli3yI0Th
po3pobienHsT B3 Ta OKpecai0l0Th YMOBM iX BUKOPUCTAHHSI B OCBiTHbOMY ITpOILIECi,
y T.4. 3acobamu oHTojoriyHoro mopentoBanHst (I. Bakman [1], C.BaxHiok [2],
I1. )Kyx [3], C.3ubiH [4], B.Ilneckau i1 10.Porymmuna [8;9;10], C.CemepikoB i
I. Ternipkuii [12] Ta iH.). 3apyGiKHMMM OOCTIAHMKAMM TaKOX BMBYEHO 6araTo
acnekTiB 3 1iei mpo6ysemu (B. BiniBotep, M. Bonr, I'. Bonbepr, C. Kper, P. MekHier,
A. Moppic, P.IlaBen, [.Peitni, M. Peitnonnc, K.Cwmirt, E.Crapding, . Dopeii,
Ik, XeitbepT, iH.) Ta PO3KPUTO TEeBHi 3acaay (QyHKIiOHYBaHHS B3, mpusHaueHUX
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st chepyt OCBiTH, BUOKPEMJIEHO MPUUMHM 3aCTOCYBAHHS TUX UM iHIIMX ITiIXOIIB 10
BIIpOBakeHHS b3, po3misiHyTo epeKTMBHI ITporpaMHi MPOIYKTU 3 pO3POOKM Ta 00-
cayroByBaHHsT b3 Tomo. To6ToO, BUeHMMM BM3HAuUeHO, IO [Js poboTH i3
HETeXHIYHMMM 00’€KTaMM AOCJiIKeHHS, a TaKOX 3aJJI1 PallioHAJbHOTO MPUITHSTTSI
pillleHb HaAMOIMbII aeKBAaTHUMM € HEUiTKi MOJIeIi, OCKiJIbKM TOYHI Ta CTOXaCTUYHi
MOJIeJTi MOTPebyIoTh CTporo ¢opMai3oBaHOi Ta po3MomiseHoi iHdopMallii, KoTpa
IS HETEeXHIYHMX O00’€KTiB He 3aBXAM MOXXe OyTM HasiBHa, abo Ipe[cTaBjeHA Y
notpibHomy Bursai. Hampukiaaa, MoBa e Ipo Te, 10 BUKOPUCTAHHS HEUiTKUX
MOJesieil 3yMOBJIIOE€ TIpeICTaBAeHHS JaHUX Y BUIVISIAI HEUITKUX MHOXWH, BEJIUMUMH,
yyces, HeUITKMX MaTeMaTUIHMX BUCIOBJIE€Hb Ta HEUITKUX JIIHTBICTUUHUX BUCJIOB-
JIeHb.

3ayBakKuMMo, 1110 3HAYYIIMM acleKTOM Y IIbOMY CEHCi CTa€ BUKOPUCTAHHS Ce-
MaHTUYHUX TE€XHOJIOTi} Yy BeKTOpi aBTOMaTu3allii 06p0O6KM KOHIIENTYaJbHUX 3HAHb.
Oco6mMBO 6araTo3HAYHMM € BHUIiJIEHHS crenu@iyHoro pisHOBUAY TaKuUX T
€XHOJIOTili — OHTOJIOTiuHMX. TOOTO MOBa JIeThCS PO OHTOJIOTiUYHE MOMIETIOBAHHS,
1o 3abesmneuye cTBOpeHHS popmasizoBaHuX MOPOBUX Mojeelt 3HaHb [23; 24; 27]
IijicHO, TIOSIBOI0O CEMaHTMUYHOI Mepexki COpUUYMHEHO BMHMUKHEHHSI OHTOJIOTII, IO
CTa€ OJHI€I0 i3 CYTTEBUX MapaguUrM perpe3eHTallil HayKoBOro 3HaHH4 [7]. Kpim To-
ro, OHTOJIOTIYHOMY ITiIXOAY, 30KpeMa ITpo0JyieMaTHIli KOMIT'IOTEpPHUX OHTOJIOTIIA,
MPUCBSIYEHO YMMAaJA0 HAyKOBUX TIIpallb TaKMX [HOOCHimHMKIB, saK: T.I'pybep,
T. Ixebdpi, 10.Hdin, I.3ype, B.Jliobuenko, JI. HaiixaHoB, A. HapiHbsiHi,
C. Hipen6ypr, H. Hoit, A. [lanarin, 0. Porymnua, C. Cy66oriH, [I. ®op Ta iH. IIpore,
HMHI HampsiM po3pobsieHHsT MeTomo 10rii mooymoByu IAC y KOHTEKCTi OHTOIOTiYHOTO
MiAXomy, Ma€ OibIll (pparMeHTapHY OIMPaIlbOBaHICTh B HAaYIIi Ta HA MPAKTUIIi, TOMY €
OIHMM i3 MepCreKTUBHMUX BEKTOPIB HAIIOTO MOCTiIKEeHHS (METOMOJIOTisS 06y I0BYU
intenexktyanpHoi IAC), 1m0 BKJIOYATMME iHTEJIEKTyaJbHi acIleKTu 0O6pobOKu
aHaITUYHOI iHpopMallii 3acobamMy oHTOIOTiUHOI B3.

BigTak, aHasi3 pe3y/ibTaTiB 3 BUBUEHHSI TPoOaeMM 3i CTBOpEeHHSI, BUKOPUCTaH-
HS, QyHKIioHyBaHHS ¥ nigTpumku IAC B ocBiTHbOMY Ipoiieci (iiMoBipHO ¥ ii B3),
30KpeMa y MiATOTOBI[I HAayKOBMX KafpiB, 3aCBiguye, IO Ha CbOTOOHI y Hayli €
OOI'PYHTOBAHOIO JOLIJIBHICTh iX BIIPOBAIKEHHSI B HAYKOBO-OCBiTHIii Ipoiec 3BO i
HII. V Takuit crioci6 MporHo30BaHO TOJIOBHI HAMpsiMM MaiOYTHIX mOCITiIkKeHb,
PO3IVISIHYTO aaliTUBHE ITporpaMHe 3abe3reueHHs], OpieHTOBaHe Ha (OPMyBaHHS Ta
BukopuctanHs b3 B Exo-cepepoBuii IAC-ITHK. Brim, ciig 3a3HaumMTH, 110 TAKOX
HMHI BiMiua€TbCS HEIOCTATHIl piBeHb PO3POOIEHOCTI TEOPETUYHMUX i TTPUKIIATHUX

acrekTiB MetomoJsorii mobymoBu IAC-ITHK B ymoBax umdposisailii, 30Kkpema
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BiTIOBiTHMUX ii CTPYKTYypi Momeneii crienudiunmx b3, eproHomiuHoro intepdeiicy ii
B3a€MO/Ii1 i3 KOpUCTYyBavYeM-AOCTITHUKOM TOLIO.

MeTa pocaigKeHHsI — IIpelCTaBUTU IIPOMiXKHI pe3yJabTaT¥ HayKOBOTO
OOCHiAXeHHs, SIKi OTPMMaHO NIUISIXOM aHaji3y aJalTUBHOTO iHCTPYMEHTapil 3
dopmyBanus crienudiunoi b3 IAC-ITHK B ymoBax mudpoBisailii Ha 3acajax cemMaH-
TUYHOTO Ta OHTOJIOTIYHOTO ITiIXO/IiB.

BuKnageHHsI OCHOBHOrO MaTepiasy AOCHiaKeHHsI. TpaauliiiiHO MOIITYKOBIi
3alUTU KOPUCTYBAUiB-AOCTIIHMUKIB Y CUCTEeMIi IiATOTOBKM HAyKOBUX KaJpiB MOXe
OyTM 3IilfiICHEHO 3a BHYTPIIIHIMU CTPYKTYPHMMM B3a€MOIIOB’SI3aHMMM KOMIIOHEH-
tamu B]I IAC-ITHK Ta 30BHIIIHIMM BMXOAAMM 3 Hei 10 BXKe iCHYIOUMX BUMOKPEMJIEHO
BII. Lle cripoiyBaTuUMe BUPIIlIeHHS eBHUX TUIIOBMUX (OpMali3oBaHUX 3aBIaHb, 110
TTOBTOPIOIOTHCSI B YMOBAX OMEPATUBHOTO (YHKI[IOHYBAaHHS CUCTeMM. 3BicHO, 1110 Bl
MIiCTSITh, SIK TPaBWJIO, IIeBHIi HOPMAaTUBHO-IIPAaBOBi Ta iHCTPYKTUBHO-MeTOAMYHI J0-
KyMeHTH, MojieJli Ta opmMasi3oBaHi aJirOPpUTMM, BU3HAUEHI B Mekax crenm@igHoi
npeaMeTHOI rany3i. [Ipore, momioxi B, o HMHI cTBopeHo B 3BO/H/II, He 3aBXkau €
palioHaJIbHUMM, 0COOJIMBO B CUCTEMAX i3 HEUITKMM OIMMCOM iHhOpMaliiHUX TaHUX,
oo skux MoskHa BigHectu ¥ IAC-HIIK, KoTpy OOIpyHTOBaHO BBakaTMMeMO
COIliaJIbHO-TeAarorivHo abo CoIiaJbHO-aHAPArorivuHow CcucTemMol. TakoxX Yy
TemnepilliHiii yac, B YHICOH TpaauliiiHOMy iHGopMalliiiHO-aHaJiTUYHOMY 3abe3Iie-
yeHHIO B]I, ciig 3ayBa>kuTu, 10 MepPeBa>kKHO BUIIEPeIKaJbHUI PO3BUTOK OTPUMY-
I0Tb BCe X Taki B3, mobymoBa sKuX BifOYBa€ThCS 3a METOHOJIOTi€I0 IITYYHOTO
iHTeJIeKTYy 13 3aCTOCYBaHHSIM CII€l[iaJIbHMX MOB OINUCY 3HAaHb Ta iHTEJNeKTyaJbHOTO
inTepdeiicy. Ha Hamy mymky, IAC-ITHK BkatouaTume meBHi cnenudiuni B3, me ix
3MiCTOBHE HalIOBHEHHSI BXXe BM3HAUa/JIbHO IOJaHe TaK, 00 JaTy 3MOI'y KOpUCTYyBa-
yaM-JOCHiTHMKAM 3OiICHUTM IIeBHi MipKyBaHHSI Ta BiAIIOBimHO 3acobamMu
OHTOJIOTiV Ta CIleliaJ/IbHUX MPOrpaM OTPMUMATU aJleKBaTHI BUCHOBKM, HABITb YMOX-
JUBJIIOIOUM [IJISS HUX NIOCTYH A0 iHoOpMmalliiiHMX pecypciB, SIBHO BifgcyTHix y B3.
CeiToBa mpakTtuka QopmyBaHHsg B3 3acobamm EOP/IIOP, 30kpema - B Exo-
cepenoBuii  [AC, miaTBepaKye  3aKOHOMIpHICTb  3aCTOCYBaHHSI  MEBHUX
iHTe/MeKTyaJIbHUX CUCTeM, I[00yZoBaHUMX Ha OCHOBi B3, dopmyBaHHS SKUX
BiIOYBA€ThCA 3i 3aayyeHHSIM BiANOBiZHMX iH(GOPMAUiIHMX TEXHOJIOTiN — TaKuX
IIPOrpaMHMX 3aC00iB, SIK:

1. O6onoukmu ekcrneptHux cucrem (mami — EC) - CLIPS (FuzzyCLIPS,
DYNACLIPS, WxCLIPS), SOAR, OPS83, RT-EXPERT, MIKE, BABYLON, WindExS, ES,;
ACQUARE, Easy Reasoner, ECLIPSE, EXSYS Professional, SIMER+MIR,
ATTEXHOJIOT'IS, CAKE v2.0. XapakTepUCTUKY ITIeBHUX 3 HMUX HaBeJeHo y Tabauii 1.
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Tabnuig 1

IHdopmariitHmit aHasi3 mporpaMHMx 3aco0iB «OO0TOHKYM €KCIIEPTHUX CUCTEM»

O6010HKa

Crucnuii ormc

2

3

CLIPS

DYNACLIPS

FuzzyCLIPS

C Language Integrated Production System — MoBa ImporpaMyBaHHSI
Ci, iHTerpoBaHa i3 mpoOAYKIiHMMM CHCTEMaMM (3i CBOIM CTIIOCO60M
MOAAHHSI 3HAaHb, THYYKOI i MOTYTHbOI MOBM 1 [I€KiJIbKOX
JIOTIOMKHMX iHCTpyMeHTiB). ®aKkTy — ofHa i3 OCHOBHMX ()OpPM I0-
nanHs indopmariii B CLIPS. Mexani3m sioriuHoro BuBeneHHs CLIPS
BKJIIOYA€ CYMNPOBif, AMHAMiUHe IOOAABAaHHS MpaBWI i CTpaTerii
BUPillIeHHS ITpOTHpid. KopucTyBay 3aCTOCOBYE MHOKMHY ByKe TOTO-
BUX iHCTPYMEHTiB (YOyZmoBaHMIT MeXaHi3M KepyBaHHs b3, MexaHi3m
JIOTIYHOTO BMCHOBKY, MeHemkepu pisHMx o00ekTiB CLIPS) i
KOHCTPYKIIii1 (YIopsiaKoBaHi (akTy, mabaonu, rmpaBuia, QyHKIIii,
pomoBi (QyHKI{i, Kimacy, Momy/, o6MekeHHsS, yOymoBaHa MoOBa
COOL) [1; 8; 12; 16; 17].

HOuaamiuni  ytwnitm  CLIPS  BK/IIOUalOTh [AOIIKY OrOJIOIIEHD,
MeXaHi3M AMHAMIYHOTO OOMiHYy 3HAHHSIMM i iHCTpYMeHTasIbHi 3a-
cobu oyt CLIPS v5.11v6.0 [8, c. 78-79].

basyeTbcst Ha MpaBuIax Ta BUKOPUCTOBYETHCS IJ1s1 TTOJAHHS i Kepy-
BaHHS HeuiTKMMM (aKTamyu i IpaBuaaMu, 0OpoOJIsSE€ HEUiTKi Ta
HETOYHI 3HaHHS, CKJIaJHI MipKyBaHHS, a TAKOXX BUKOPUCTOBYE [IBi
6a3MCHi KOHIIEIIIii PO HeTOYHOCTi, HEUiTKiCTb i HEBM3HAUEHICTh
[13; 14; 20; 21].

Po3pobnuk: IlenTp Kocmiunmx moctimkeHb NASA (NASA's Johnson
Space Center, 1984).

Jess

Java Expert System Shell — 060710HKa €KCITEPTHMX CUCTEM Ta MOBa
CueHapiiB Ha Java, mo € HamaakoM CLIPS (yMOX/IMBIIIOE CTBOpEH-
HSI TIPOTPaMHOTO 3abe3IeueHHs, 0 AOCTIIKYe 3HAHHS Y BUIISIII
IeKIapaTUBHMX IIpaBui [22].

Po3pobuuk: HarionampHa Jabopatopis  Canpist  JliBepMmop,
KaridopHis

(Sandia National Laboratories).

SOAR

[HTerpoBaHa apxiTeKTypa areHTa, 110 MiATPUMY€E HaBUYaHHS 3a
noromoroio pparmenTarii (CParaOPS5, TAQL (MoBa oTpuMaH-
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HSI 3aBJIaHb), pexkum soar ajisi GNU Emacs, rpadiunmii gucriein
SoarX i SoarSIM (iHCTpyMEeHT CTBOPEHHSI MOJE/NIOBAaHHS [JIsI
Soar) [25].

Po3po6Huk: Illkonma KoM 'toTepHUX HayK YHiBepcurery KapHeri-
Memnon (The Soar Group School of Computer Science Carnegie
Mellon University).

4. | OPS83

OPS-cimeiicTBO MOB IIOAAHHSI 3HAaHb peasli3ye MPOAYKIIiliHi CcuCTe-
MM 3 TIpIMUM BuBeneHHSIM. B OPS-83 HeoOxiHO SSBHO BKa3yBaTH,

sIKe TpaBWIoO BUOPATH y KOXHiI KOHQIiKTHil cuTyaiiii [8, . 79].

5. | RT-EXPERT

Hae 3mory nporpamictam C inTerpyBatu npaswia EC B mpukiagHi
rporpaMu Ha MoBi C ab6o C++. [Io cKiIaay BXOOAUTD TPAHUISITOP ITpa-
BIJI, IKMI KOMITTIOE TTpaBwia B Kop, C, i 6ibmioreka, 110 MiCTUTD
MeXaHi3M BMKOHaHHS mnpaBwi. JlilleH3iliHa Bepcis MOporpaMu

BUKOPUCTOBYETHCS B 06JIACTi OCBiTHU, TOCTIKEHb i X00i [3].

MIKE

Mikpo-IHTepripeTaTop /i1 iHKeHepil 3HaHb — MTOBHe, BiJIbHE i Ie-
peHOCHe IIporpaMHe cepeloBuIlle, PO3pobjeHe IS HaBYAHHS,
BKJIIOYAE ITPSIMi i 3BOPOTHI ITpaBwIa BUBEIEHHS Bifl 11i/Ti 10 (paKTiB 3
00YMOBJIEHMMM KOPUCTYBAUEM CTPATETiSIMM BUPILIIEHHS MPOTUPIY i
(peiiMOBY MOBY IMOJAHHS 3HAHb 3i CITAJIKOBICTIO i «JIeMOHaAMM», a
TaKOX BM3HAUYE€HI KOPUCTyBaueM CTparerii criagkyBaHHs. [IpaBuia
BMBOZY aBTOMAaTUUYHO 3a0e3I1eUyI0ThCsI TIOSICHEHHSIMMU, SIK KOPUCTY-
Bauy MOke cpopMyBaTy MOSICHEHHST «4OMY». [TOpSIIOK 3aCTOCYBAHHS
MIPaBWI B TIPOLIeCi TpacyBaHHS i BUKOHAHHS MOXe BimoOpaskaTucs
rpadiuHo Ha gucmei [3; 8]. Pospobuuk: Bimkputuii YHiBepcuTeT
Benukoi bpuratii.

6. | BABYLON

Bximouae ¢peitmu, momeni maHux, IIposor-rmomoOHmit JIOriaHMi
dbopmasism, i MOBY /ISl HaIMCAHHS AiaTHOCTUYHUX MPUKIAIHUX
nporpam. Hammcana Ha Jlici i mepeHOCHa Ha IIMPOKMIA Aiaria3oH
amapatHux riatdopm [3, c. 295].

7. | WindExS

[MoBHOMYHKIIiOHaNTbHA EC, BUKOPUCTOBYE BUBIM Bif (akTiB 10
MeTH i migTpumye rpadiuHe npencrapneHHs: b3; mpaifioe Ha 6a3i
Windows; Mae MoOAy/JbHY apXiTeKTypa, IO Ja€ 3MOry
KOpPMCTyBaueBi 3aMiHIOBAaTM MOZY/i Tak, SIK e MOTPiOHO [
pO3IIMPEeHHST MOKIMBOCTeN cuctemu [3, c. 295;8, c. 79].
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8. | Easy 3acHOBaHa Ha IIOIIYKY BiAMOBiAHMX MipKyBaHb B aJallTUBHIli
Reasoner acoIiaTMBHINM MaMm'sTi; BiAIIyKye B Mam'sTi IOAil0, MOMiOHY 10O
HOBOI MOfil, BUKOPUCTOBYIOUM «3aMUT HA MPUKIA»; MIATPUMYE
Bl xbase, ODBC, SQL; aBToMaTU4YHO GiJbTpye MePemKOaN IS
CIIPOIIEHHSI BUPIIIAJIbHUX OepeB; ePeKTUBHO BiIIyKye MOmii,
1ofioHI HOBOMY B BeMMKMUX BJIl; MiATpuMMye CKiIameHi iHIeKcu B
bIl; xnacudikye HOBY iHQOpMallilo, BUKOPUCTOBYIOUM OyIb-siKe
BUpilllalbHE JepeBO B aBTOMAaTUMYHOMY ab0 iHTepaKTMBHOMY
peXMMi; BUKOHY€E aJalTMBHE, KOHTEKCTHO-3aJIexKHe, 3aJaHe 3a
3aMOYyBaHHSIM MipKyBaHHS; 00UMCTIOE alaliTUBHY OILIiHKY, BU-
KOPMCTOBYIOUM BUpilllajibHi JepeBa; BigHOBJIIOE (BiJIIYKYE)
MOAiOHI 3aIMCK 10 KOHTEKCTY; PO3pi3Hsie pi3Hi ¢opmMu 3ammcy
AHIIIMICbKMX CJTiB; aBTOMATUYHO BU3Ha4a€ 00'eM iHdopmarii B
CJI0BI [3, c. 299].

9. | ECLIPSE IIpairtoe Ha repcoHanbHMX KoM toTepax (DOS, Windows), a Takoxk €

Bepcii mna cuctem V Unix 1 POSIX. CuHTakcuc MoBH,
BMKOPMCTOBYBAHOI B IakeTi, CyMiCHMIA 3 MoOBOW cucremu CLIPS,
po3pobseHoi mst NASA. BimMiHHOCTI MOJSITaloTh B YIIpaB/IiHHI J1a-
H/MM LIJISIXOM 3iCTaBJIeHHS i3 3pa3KOM, BUKOPMCTaHHI MPSIMOTO i
3BOPOTHOTO BMBOAY, B IIATPUMII Oe3fiui IIijieit, 00'€KTHO-
Opi€HTOBAaHOMY IIpe[CTaB/ieHHI 3HaHb Ta  iHTerpaiii 3
dbase [3, c. 299].

Po3po6uuk: Object Technology International (2001).

2. InctpymenTanbHi maketu gjst po3poobku EC (G2, ART, KEE, Knowledge
KRAFT), ctucinit onuc SIKUX MOaHO0 Y Tabauti 2.
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Tab6muis 2
IHdopmarniiiHmit aHasIi3 MporpaMHMUX 3aco06iB

«[HCTpyMeHTanbHi makeTy IJ1s1 pO3POOKYM eKCIIePTHUX CUCTEM»

N? IucTpymeHT Ctucnuit onuc
1 2 3
1. G2 [HTErpyrounii KOMIIOHEHT, 1[0 AA€ 3MOTY 32 PaXyHOK BiIKPUTOCTI
(Gensym) inTepdeiiciB i MATPUMKM IIMPOKOIO CIIEKTPa OOUMCIIOBAIbHIX
1aTdopM JIeTko 00’eMHyBaTM BKe iCHyIOUi, po3pi3HeHi 3acobu
aBTOMaTu3aliii B €AVHY KOMILIEKCHY CUCTeMy KepyBaHHS, IO
OXOTUTIOE BCi aCIeKTy BUPOOHNYOI AisTbHOCTI [5, . 165-193].
Po3pob6Huk: Lisp Machine Inc. (Picon) (1985-1988).
KEE MoBa crieriiaibHOro 6araTogyHKIiOHAJIbHOTO MPU3HAYEHHST [IJIS
poboTy 3 peiiMamy B IIPOIIECi PO3BUTKY 3aCOOIB MPOrpaMyBaHHSI
CHUCTeM IITYYHOTrO iHTenekTy [2; 13; 14; 15; 19].
2.| Knowledge Apxitexktypa KRAFT migTpumye 3nuTTS 3HaHb i3 MHOXMHHUX
KRAFT PO3IIOIiIEHNX, TeTePOreHHMX IKePEesT; BUKOPMCTOBYE OOMESKEHHS

SIK 3arajibHUit (opmMar OOMiHYy 3HAHHSIMM, BUPAKEHMII ITPOTHU
3arajJibHOI OHTOJIOTii. 3HAHHSI, 1[0 MICTSITbCS B MICLIEBUX IKepe-
JlaX, MOKYTb OyTM IlepeTBOpeHi Ha 3arajibHy MOBY OOMEXeHb i
3JTATI 31 3HAaHHAMM 3 iHIIMX mKepest. O0’eqHaHI 3HAHHS TTOTiM BU-
KOPMCTOBYIOTBCSI J1s1 BUPIIIIEHHST TeBHOI TTPobiemMy ab0 HaJaHHS

MeBHOI iHpopMaliii KopuctyBauesi [28].

3’scoBaHO, IO IlepeBaramMyu HaBeIEeHOTO aAallTMBHOIO iHCTPyMeEHTapil [Jis
dopmysannsa b3 IAC ITHK (Tabi. 1-2) €:

- MiATPUMKaA MpeAcTaB/JeHHs 3HAaHb 3a Pi3HUMM BUAAMM aHATITUYHOI iH-
dbopmaliii pisHOMaHITHMUMM MOMENISIMU TpPeACTaBAeHHSI 3HAHb y paMKax OJHie€i
CUCTEMMU;

—  HasgBHICTb 3aC06iB Bi3yaJIbHOTO NMPOEKTyBaHHS b3;

—  HasIBHiCTb 3aco06iB Bepudikarii b3, BKIouawouy nepeBipKy Ha Hecylepe-
YHICTb;

—  MOXJIMBICTb MOHOTOHHOTO (CTaI0r0) po3unpeHHs b3;

—  HasIBHiCTb 3ac00iB iHTerpailii JeKisbkox b3;

- HasIBHICTh 3aC00iB MiATpUMMKM OOMiHY JaHMMM i3 30BHIIIHIM cepemoBu-
1eM, BKJIIOUauy 3aco61 06MiHy TaHMMU Y peaibHOMY Yaci.

[IpoTre, KpiM 3a3HaYeHMX IepeBar BU3HAUEHO I XapaKTepHi Taki HeJOJIKU Yy
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3aCTOCYBaHHI 3a3HaUeHOro iHcTpyMeHTapiio st popmyBanHs B3 IAC ITHK:

— BEJIMKUIT YaCOBUI CTPOKOBUIT iHTEpBa (TepMiH yacy) po3pobku b3 (Bif-
CYTHICTb PO3BMHEHMX TEXHOJIOTIi iX pO3pO0OKN);

- obMeskeHa KiJIbKiCTh BUCOKOKBasIi(pikoBaHMX po3p0oOHMKiB b3;

—  HeBMpillIeHiCTh B TOBHOMY MaciiTabi mpobieMu B3aemo iHTerpaiiii b3.

[IpoTte, 6e3mocepelHbO OCHOBHMMM TepeBaraMy BUKOPUCTAHHS crenudiuyHmx
B3 TAC-ITHK € noTeH11ii1Hi MOK/JIMBOCTI:

— 30epeskeHHsI CKJIQIHOI PisHOPiAHOI aHaIiTUYHOI iHhopMallii;

—  PpO3IIMPEeHHS Ta JOIMOBHEHHS OMNCIB MpeaMeTHUX obyacTeii 6e3 meper-
porpaMyBaHHS;

—  HAOYHOTO ¥ IOCTYIHOTrO MpeJCTaB/JeHHs aHaJiTMUHOI iHdopmallii (cre-
MGiYHMX 3HAHb) IJIs1 KOPUCTYBauiB-IOCTIIHMKIB, a TAKOX /I BCiX Cy6’€KTiB Hay-
KOBO-OCBITHBOTO IIPOIIECY.

3. Cucremu 3 06pobku oHTOJOTIN (Protégé, WebOnto, OntoEdit, WebODE,
OilEd, OntoLingua):

Protégé e jioKaqbHOIO, BiJIbHO IOMIMPIOBAHOIO Java-Mporpamolo, SIKy Mpu3Ha-
yeHo 151 MoOyaoBY (CTBOPEHHSI, pelaryBaHHs i Ieperisimy) oHTosorii I[TpO. BoHa
MICTUTb peJaKTOp AJ1s1 IPOEKTYBAHHS OHTOJIOTIN LIJISIXOM PO3rOpPTaHHS 1X iepapXid-
HOI CTPYKTYpM abCTPaKTHUX i KOHKPETHMX KJIACIB i CJIOTIB Ta YMOSK/IMBIIIOE TeHEpY-
BaHHSI GopmMu 3m00yTTS 3HaHb [JiT BBeOEeHHS eK3eMIUIIpiB KiaciB i
nigkinacis [10, c. 44; 11].

WebOnto, OntoEdit, WebODE, OilEd - cucTemu, 1o migTpMMyIlOTh pelaryBaH-
HSI, JOKYMEHTYBaHHS, Bi3yasti3alliro, iMIIopT i eKCIOpT OHTOJIOTI, a TAKOX iX 00'e/-
HaHHJ | IOpiBHAHHA [6; 29].

OntoLingua — mepiumit iHCTpyMeHT iH)XXeHepii OHTOJIOrii, cucTemMa HiATPUMKU
penaryBaHHS, JOKYMEHTYBaHHS, Bi3yaJsisaliii, iMIIOPT Ta eKCIOPTY OHTOJIOTI, a Ta-
KOX iX 00’emHaHHS i MOPiBHAHHA [6; 18; 26; 29], 10 CKIaAAETbCS 3 cepBepa i MOBU
nojaHHs 3HaHb. Bci momatku, kpim cepBepa OKBC, peasizoBaHO Ha OCHOBi ¢opM
HTML, a cucTteMa rogaHHs 3HaHb — Ha Lisp.

Cuctemu, opieHTOBaHi Ha 06POOKY OHTOJIOTiI YMOXKIMUBIIOBATUMYTh MpPeACTa-
BieHHs creuudiunmx LOP y Burasaai neBHMX UM@POBUX KOJIEKILili, CIMPAOYMCh HA
Te, 1[0 TaKi pecypcu y SIKOCTi 00’€KTiB OfIHi€i TpMUpPOaM B3a€EMOIIOB’I3aHi OJIMH 3 O]T-
HMM Ta MOXXYTb OyTY PO3IJISIHYTI SIK BUOKpeMJIeHi ITpeMeTHi obacTi. Y cBo uep-
Ty, 1ii TpegMeTHi 06J1acTi, TPeACTaBAITUMYTbCS Y BUIJISIAI OHTOJIOTIUHUX MoJesieit
(OKpeceHHSI MHOXXVHM KOHIIEITiB MpeIMeTHOI 06/1aCTi, a TAKOK BU3HAUEHHSI MHO-

SKMHM BiTHOCMH MiX IIMMM KOHIIEIITaMM Ta MMoOymoBa MHOXMH (QYHKIIil iHTepIipe-
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Tallii, 3aJaHMX Ha KOHIIEIITax Ta BiZHOCMHAX OHTOJIOTII). Y TaKkuii croci6, Take mpe/i-
CTaBJ€HHS YMOX/IMBJIIOBATUME PO3TJISL, OHTOJIOTII IK MHOXKVHM OHTOJIOTIYHUX Ipa-
diB, KOTpi ONMMCYyBaTUMYTh MipaMiTaabHy MepeXY, KOsKeH By30JI SIKOi € 00’€KTOM OH-
TOJIOTiYHOT'O MOZEJIIOBAHHS 3i CBOIM KOHTEeHTOM. [IiliCHO, 110 HMHi HaibilbII mepc-
MEeKTMBHUM HampsMOM Y IIbOMY IJIaHi BBaXKa€TbCsl OHTOJIOTiUHE MOJAHHS JaHUX Ta
CeMaHTUYHI TeXHOJIOTi1 iX OMmpaIloBaHHSI.

BucHoBkM. TakuMm UMHOM, Ha Hally AyMKy, cinenudiuna b3 IAC-ITHK maTume
HEUiTKUIT XapaKkTep YIOPSAKYBaHHS JaHUX, HAOMVKeHMI 10 afanTUBHOTO JIIOIChKO-
IO CIIPUIHSITTS, a OTXKe, IHTYITMBHO 3pO3yMiuii AJjis1 KOPUCTYyBauiB-AOCiTHUKIB,
3M00yBauviB HAYKOBOi OCBIiTY (MaricTpaHTiB, acipaHTiB, TOKTOPAHTIB Ta iH.).

OcHoBHMMM MepeBaraMyu GopMyBaHHS ¥ BUKopucTaHHs crienudiuyanx b3 IAC-
[THK BBaskaeMO IMIOTEHIIi/iHi MOSKJIMBOCTi: 30epekKeHHS CKIaaHOi pi3HOpimHOi
aHaJITMYHOI iHpopMallii; po3MMpeHHs Ta JOIIOBHEHHS OIMCIB IMpeJIMeTHMUX 0bJac-
Teit 6e3 mepenporpaMmyBaHHS; HAOYHOTO ¥ TOCTYITHOTO MpeACTaBAeHHSI aHATiTUYHO]
iHbopmariii (cnenmdiyHMX 3HAHb) IJISI KOPMUCTYBaUiB-AOCTiJHUKIB, @ TAKOXK JJIST BCiX
Cy0’€KTiB MiATOTOBKM HAYKOBMX KaApiB B OCBITHbOMY Ta HOCTiTHUIIbKMUX IIpOIlecax
3BO/H/L.

OTsKe, y KOHTEKCTi AOCTIIKEeHHS 3[i/iICHEHO TEOPeTUYHI BUKJIALKU, SIKi CIIPSI-
MOBAHO Ha IepCHeKTMBY BUpilleHHsS MpobieMu yHidikamii mpoiecy GopmyBaHHS
crieniunoi b3 B Eko-cepenoBuii IAC-TTHK 3aco6amu EOP/IIOP 3i 3acTocyBaHHSIM
PO3IVISIHYTOrO aAalTUBHOIO iIHCTPYMEHTAPII0 Y IIbOMY KOHTEKCTi.
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Adaptive tools for formation of the knowledge base of information and
analytical system of training scientific staff
The author emphasizes the urgency of preserving the integrity of the scientific and
educational process for the training of highly qualified personnel in higher education
universities and research institutions. It is noted that the consequences of force majeure,
including quarantine from the COVID-19 pandemic and the current martial law in

Ukraine, cause some adjustments in the organization of training of scientific staff. In this
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regard, it is likely that the problem of creating a fundamentally new information-
analytical system (IAS), which in this vector will include a specific knowledge base
following the requests of research users — subjects of scientific training. Thus, the article
aims to present the results of the doctoral research, in particular on the intermediate
content analysis of scientific, information and reference, educational and methodological
and other literature sources and practice-oriented resources on the development of
information technology and systems and their adaptive transfer, which will contribute to
the accumulation of analytical information and its digitization. Emphasis is placed on
the rationality of creation and use of intelligent IAS based on the formed specific
knowledge bases using semantic technologies and ontological modelling. This is due to
the existence of a large amount of diverse analytical information, based on which the
issues of any research, which in the context of training is a mandatory component of
scientific and educational activities of applicants for scientific education
(undergraduates, graduate and doctoral researchers, etc.). It is claimed that a modern
researcher will be able to master modern tools and expert technologies of information
and analytical activities. A brief description of the adaptive tools with which the
formation of a specific knowledge base in the IAS of training of scientific staff is
presented. It is noted that semantic and ontological approaches are the most effective in
this regard for building information systems, in particular those related to the
development of information-analytical competence of applicants for scientific education.

Keywords: Information-Analytical System, Training of Scientific Staff, Knowledge
Base, Tools, Adaptability, Semantic Network, Ontological Approach, Expert System, Digi-
talization.

Poctoka Mapuna JIpBiBHa — KaHOMZAT IeJarorivHMX HaykK, MOKTOpPaHT Kadempu
iHkeHepii mporpamHoro 3abe3mneueHHs GaKyJbTeTy Kibepbe3reku, KOMIT'IOTEPHOI Ta
MporpamHoi imxeHepii HallioHabHOTrO aBialliiiHOTO YHiBEpCUTETY; CTAPIIMiIT HAYKO-
BUI CIiBPOOITHMK BiAmisly HayKoBoro iHdopmaliiiHo-aHaJiTUYHOTO CYIIPOBOIY
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M.T. Maniu, [I.B. Kpecc, 3.M. Pi3o

10 IIMTAHHS BUSHAYEHHS KIVZIbKOCTI EHEPTII, HEOBXITHOI JJ15
NE3IHTETPALIII IMTPCbKUX ITOPIJI 1O ITIEBHOT'O PO3MIPY

AHomayia. [lposedeHO aHAMI3 ICHYIYUX KAACUYHUX MeOopill BU3HAYEHHA KIJIbKOCMI eHepaii,
HeobxiOHoi 0n1 O0e3iHmezpayii meepoux min. KoxHa 3 HUX peani3ye MijibKUu HesesnuKy 4acmky
cnekmpy ymos 0pobieHHA ma noOpibHeHHA 2ipCbKux nopid. B moli xe yac 8oHU NpaKMuU4yHo He
8pAxX0BYIOMb KOHMAKMHe mepms MiX IHCmpyMeHmoM ma nopodoto. ABmopamu 3anponoHOBAHO
BUKOpUCMOBYBAMU HOBY MeOopit0 IOKAbHO20 PYLUHYBAHHA 2IPCbKOT Nopodu Npu cumempuyHomy
1 acumempuyHomy po3nooiny KOHMAKMHUX OOMUYHUX HANPYXXeHb, AKA Meopemu4yHo 3abe3neyye
3HUXeHHA numomoi eHepaii pyliHysaHHSA 8 40 - 45 pa3is, wj0 003B80/1A€ WYKAMU HOBI WAAXU Ke-
pYBAHHA Npoyecom 0e3iHmezpayii npu HaliMeHWwux sumpamax eHepeii

Knwo4osi cnosa: 2ipcbKi nopoou, KAAcu4Hi eHepeemuyHi meopii pyliHYBAHHA, 3pA30K, KOHMAKM-
He mepms#, 00MUYHT HANPYXeHHSA, acumempis, eHepaia pyiHyBaHHA.

Beryn. Bigomo, 1110 36araueHHsT KOPMCHUX KOTIAJIMH MTPOBOAUTHCS HMUISIXOM I10-
Ty MiHepaJIbHMX acoljialliii, 110 MalTh [€BHI TeXHOJIOTIYHI BJIaCTUBOCTI 110 MiHe-
paJbHOMY CKJIafy. SIKmo Ha moyaTKy XX cT. eheKTUBHO 36arauyBajaucst pyau 3 Bep-
XHbOIO Meskelo MoipiOHeHHSs ripcbkoi mopoau 1 Mm, To Bke B 30-i poKM AJ1s BCiX TH-
TiB py/ 1e 6yJI0 3HMKEHO Ha TOPSIIOK, a B TaHMIi yac JesiKi pyayu edheKTUBHO 36ara-
YYIOTh MPU MoApi6bHeHHi 10 50 MKkM. CKIagHICTb MOJISITA€ B TOMY, IO TIpU MIepexoi
BiJl KpyIHOCTI nmoapioHeHHsT 1 MM 10 50 MKM, cyMapHa MOBEepXOHb MOAPiOHEHOI I10-
pOIu 3pOCTa€ Ha 2 - 3 MOPSAKK, a TIPU 3HWKEHHI JIiHIMHUX pO3MipiB 3epeH pyau,
noapi6HeHoi A0 10 MKM, BOHA 30i/IbIIYETHCS BXKe HA 4 MMOPSIIKNA.

[Tpu 11bOMy HeOOXigHO MaTV Ha yBa3i HU3bKY e(eKTUBHICTD (Mepil 3a BCe eHe-
PreTUYHY) iCHYIOUMX MaCOBMX TEXHOJIOTIi py/iHYBaHHSI: HAaBiTh HAOIIbII JOCKOHATI
3 HUX «BUKOPUCTOBYIOTb» MeHII 1% eHeprii, 0 migBoagnThcsa. I e npu Tomy, 110
BUTpPATY eHeprii Ha APoOJIeHHS Ta MOAPiOHEeHHS IipCchbKUX ITOPiJl, BXKe ChbOTOIHI CTa-
HOBJISITh IECSITY YaCTUHY BCi€i BMPOOJIIOBaHOI B KpaiHi esiekTpoeHeprii. Taki BuTpa-
TU IPOLOBXYIOTb CTPIMKO 3pOCTaTH.

3aranbHa KiJIbKiCTh MaTepiaiB, SIKi MIOPIYHO MiAHal0ThCS B Hallili KpaiHi ge3-
iHTerpaitii, craHoBUTb 6/1M3bKO 1 mupA. T. [Ipy LIbOMY B CTPYKTYpi KaITiTaJbHUX

© Mauiu M.T'., Kpecc [I.B., Pizo 3.M., 2022

ISSN 1562-9945 (Print) 115
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 4 (141) 2022 «System technologies»

BKJIaJeHb Ha  30aravyyBajJibHe  BMPOOHMIITBO HA  YacTKy  JOPOOMUIIbHO-
noApiOHIOBaIbHUX BifiieHb npumnaaae 50 - 65% 3aranbHux BUTpaT [1].

KinbKicTb eHeprii, He0OXiIHOI [IJIsI TTOAPiOHEHHST OYIb-SIKOTO MaTepiaay [0 me-
BHOTO PO3Mipy, 3aJIeXKUTh BiJ 6araTboxX GakTopiB - po3mipy, Gopmu, B3a€EMHOTO PO-
3TallyBaHHS ILIMaTKiB, MiIIHOCTi, KpMXKOCTi, OOHOPIIHOCTI BUXiZHOTO MaTepiasy,
10r0 BOJIOTOCTI, BUAY i CTaHy POOOUMX MMOBEPXOHb MalllMHU Ta iH. [1] Tomy BcTaHO-
BUTU AHAJTITUUYHY 3aJ€KHICTh MiXX BUTPATOIO eHeprii Ha momapioHeHHs, ¢isuKo-
MeXaHiYHMMM BJIACTUBOCTSIMM MaTepiajy, 10 MoApiOHIOETHCS i pe3ysibTaTaMu Ipo-
1leCcy MO>KHa Jiuiiie B Hali3arajabHillIOMY BUTJISI .

OcHoBHa uvacTuHa. KinacuuHi eHepreTuuHi rirnoresyu pyiiHyBaHHS PiTTiHrepa,
Kika- Kupnuuosa ta boHga [2], mMoskHa 06'emHaT HOpMYJIOI0 Tak 3BaHOI y3arasb-

HIOIOUOi Tirmoresn
dx
Xf{‘l:} R

ne E' - muTOMa eHepris, 1o epegacTbCs OAMHUII 00'€MY Tija, SKe PYIHYeThCs. Bo-

dE'= -k

Ha HeoOXimgHa )11 MPUPOCTY eHeprii HOBOCTBOPEHOI MOBePXHi; k - KoedillieHT mpo-
TOPIIifHOCTi; X - cepedHilt miameTp 3epeH; f(X) - MOKA3HMK CTYIEHS, IO 3aJIEXKUTh
BiJ, KpYITHOCTI YaCTUMHOK.

IudepeHiiiasbHe PiBHSIHHS MOXKe OYTH IIpecTaB/IeHO B GiblI IpocTiii popmi
dx
dE*= -k —
x™
me n - KoedillieHT, IKMI1 3aJIeXXUTDb Bif Aiama3oHy KPYITHOCTI i CIToco0y Apo6IeHHS
(moapibHeHHST).
Ha puc. 1 mokaszaHa reoMeTpMUUHa iHTepIIpeTallisi BMpasy - y3arajJbHeHa ¢opMa
TeOpeTUUYHMX i eMIIipMUHMUX PiBHSIHb PiTTiHrepa, Kika, Kupnudosa, bonma, CBeHc-

COHa, X0oJmca Ta iHIIUX aBTOPIB.
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—Moowcnuea niacmudta

102k b= 68{}30@1{&@1’2’*
b= Oxpemi kpucman,

1 |
104 107 1 1P 10¢  d, Mxm

PucyHOK 1 - 3a7eKHiCTh IUTOMOTO BUTpaATy eHeprii E?

BiJ, KDYITHOCTI YaCTOK TBePAMX MaTepiasliB, SIKi pyNHYIOTbCS

PosrisiHeMo BUK/aJleHi BUILe TiNOTe3M 3 ypaxXyBaHHSIM PiBHSIHHS y3arajlbHIO-
1040l TinoTesu.

[1. PiTTiHrep BCTAaHOBUB, IO €HEPrisl PyNHYBaHHS IPOIOPIliliHA HOBOCTBOpE-
Hilt moBepxHi E! = k; (Sk - Si) = kiAS , ne Sy, S, - TOBepXHS MaTepiany [0 i Mmics pyit-
HyBaHHS, M?; k; - KoeditieHT nporopiifiHocti, Hm/m2.

Ile piBHSIHHSI MOXXe OYTM OTPUMAHO IUISXOM iHTerpyBaHHS OudepeHIiitHOro
PIBHSIHHS y3araJbHIOYO] TiloTe3u npu n = 2,

\

1 1 i

/

o \

Ei_— Ij{?z i = 1

\dcp Dy }

)

ne D, i do,- cepegHs] KPYITHICTh YaCTUMHOK BiZITIOBiTHO BUXiZHOTO i Ip0o6IeHOro Mpo-
IYKTY.

Po3Mip HOBOCTBOpPEHOi MOBEpXHi MOXXHA BiZoOpasUTM uepe3 ITOYATKOBi i

KiHIIeBi po3Mipu Opo6JieHOTO MaTepiaity, i SKIIo ApOo6JIeHHIO MigJaeTbCs He OAVH
IMaTokK, a Q (mM®) maTepiany 3 cepeHIiM pO3MipOM LIMAaTKiB, piBHUM D.,, TO OCTa-
TouHa dhopmysia PiTTiHrepa 6yme MaTu Caigyloumii BUTIIS]

E'=Kg (i- 1) Q/Dep.
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BusHaunTu KoediuieHT mponopiifiHocTi Kk Misk BUTpaueHOI0 poOOTOI0 i 3HOBY
OTOJIEHOIO TIOBEPXHEIO TYT BeJIbMU BaskKO, 1[0, 0€3yMOBHO, 3HIKYE ITPAaKTUUYHE 3Ha-
yeHHS 1iei dopmynn. [Inoma MmoBepxHi MyXKOro MaTepiany, IO CKIaJga€TbCs 3 OK-
peMuX IIMAaTKiB, 3aJIeXXUTh BifJl 1X KPYMHOCTi. 3aMiHMMO [OECHO IyXKUil MaTepias
iTeaJbHUM, B SIKOMY BCi IIMaTKM MalOTb OOHAKOBUII cepelHiii po3Mip i OJHAKOBY
MpaBWIbHY, HANIPUK/IAI Kyoiuny, dopmy. Toxi maca ogHOro mmarka oyme

G=pds,
Ie p - UIibHICTh MaTepiany; d,- cepefHii miameTp mmaTkiB. Uuciao mmaTkiB B Q
ToOHHax MaTtepiany N = Q / d*,0.

[ToBepxHs OJHOTO MIMAaTKa S = 6 d?;, . [loBepxHs Q TOH ITyXKOTO MaTepiany S = s
NQ=6d*,Q/ (d*;) =6 Q/ddy . [IuTOMa MOBEPXHS MyXKOTO MaTepiary

sn=5/Q = 6/0d.

[lMToMa TMOBepxHS IIYXKOTO MaTepiajlly 3BOPOTHBLO-IIPOIIOPIIifiHA pO3Mipy
IIMAaTKiB 1 MOXe CJIYKUTU MipOI0 KPYITHOCTI MmaTepiany. ®opmyiny MOXHA 3aCTOCY-
BaTM [Js BM3HAUEHHSI IMMUTOMOI TOBEpPXHi [iliCHOr0 ITyXKOro Marepiany, IO
CKJIa[Ia€ThCS 3 MIMATKIB Pi3HOr0 po3Mipy i pi3Hoi popmu.

PiBHgHHS rinmoTe3u KuprnyeBa-Kika Moyke 6yT¥ OTpMMAaHO TaKOX 3 audepeH-
Li/AHOTO PIBHSHHS y3araJibHIOKYOI TilOoTe3y iHTerpaii€lo iMoro B TUX Xe Mexxax Ipu
n=1

Er=k,ln (%) =k,lni

’

ne 1 - cTymiHb CKOPOYEHHS
SIKIIIO TIpUITHSITH, IO Ha Apo6ieHHsT HaaxoauTh Q (Kr) MaTepiana i3 cepemHim
po3MipoM mIMaTKiB D¢, TO OCTaTOYHO, BUKOHABIIIM BiAIIOBiAHI mepeTBOpeHHs, Oyme-

MO MaTu

Er*=K,.QIln (Dép)

Otpumana (opmysa Bimobpaskae MaTeMaTUUHY 3aJ€XHICTh rimoresu Kuprm-
yeBa-Kika.

[Ticna omy6sikyBaHHSI 3a3HaueHUX TiMoTe3 JpoOeHHS 3'SIBUANCS poOOTH,
MIPUCBSIYEHI 1X aHaTi3y i MOPiBHIHHIO. JIyMKy BUeHUX po3giimancs. OpHi BBaxkasn,
mo rinmore3u Kupnmuosa-Kika i PiTTiHrepa crpaBegauBi pAjsi pi3HUX CTafiit
noapibHeHHs: rirnmoresa KupnuuoBa-Kika Bu3HaUae eHeprilo, sika BUTPAYAETHCST HA
MIPYKHY Aedopmallilo MaTepiasly i He BpaxOBy€ HOBOCTBOpPEHOiI MOBEpXHi, i TOMY
rirmotesa cIipaBejinMBa sl POLIECiB APOOIEHHS, e OCHOBHA €Heprisi BUTPAuaeThCs
Ha nedopmaliito MaTepiany; rirnoresa PiTTiHrepa He BpaxOBy€ BUTpaTy eHeprii Ha
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NIpY>XKHY AedopMaliito i OiIbII MiAXOAUTH MJISI IIPOLIECiB ITOMeNY, Jie IepeBayka€e CTH-
paHHS 3 iIHTEHCUMBHOIO MOSIBOIO HOBOI ITOBEPXHi.

[HI1IIi BUeHi CTBepAKyBaJiy, 1110 HEITPaBUIbHO BUKOPUCTOBYBATHU rinoTte3u Kup-
nmuuoBa-Kika i PiTTiHrepa okpemo 111 pisHMX cTail mpoiecy noapioHenHs. Ili 3a-
KOHM JIOTIOBHIOIOTh OAMH iHIINMI i AiIOTH CITiIJIHO.

VY 1940 pori akagemik I1. Pebunmgep 3ampornoHyBaB GOpMY/Ty BUTPATU eHeprii
TIpU MOAPiOHEHHI, B SAKili CYMMYIOThCSI pOOOTH, SIKi BUTpauaroThCd Ha AedopMalliro
pyJHYBaHHS LIMATKIiB, i Ha MIOSBY [I0BEPXOHb

E'= KAV + K/AF,
ne K, K, - xoediuientu mpormnopiiitHocti; AV - nedopmoBanuit obcsir; AF - HOBO-
CTBOpeHa IOBEePXHSI.

Hapasi rimoresa I1. PebuHmepa 6yia gOIOBHEHA CKIaI0BOIO 30BHIIITHBOTO Tep-

TS i IpeacTaBaeHa y BUTJISIL

E'=KD’+ K, D?+ KD,
ne K, Ko, K; - BinnmoBimHO KoeillieHT MPOIOPIIiiAHOCTI [IJIsl TTOSIBY HOBOI IMMOBEPXHi,
Ha/IMIIKOBOI medopmallii i 30BHIITHbOTO TepTs; D - cepenHiit po3Mip noapiOHOBa-
HUX IIMAaTKiB.

®opmyna II. PebuHmepa He oTpuMasia IIMPOKOTO PO3MOBCIOMKEHHS uepes
BiJICYTHICTh HaJiliHMX peKOMeHHallili 110 MeToAuIli BMOOPY 3HaueHb Koe(illieHTiB
TIPOTIOPIIMTHOCTI [IJIs1 KOHKPETHOTO BUIIAJIKY.

B pe3ynbTaTi 06p06KM TAaHUX UMCIEHHUX Cepiit MOC/iIiB, [0 OXOIUIIOIOTD M-
pokuii gianasoH pyn, @. BoHp 3HaANNIOB, 110

Fiok, (Aot

3arasnibuii BUII, piBHEHMS, sike BUKOPUCTOBYBaIoCh @. boHmoM

EFr_k ot

ne Dgy u dsp — po3Mip OTBOpiB cuTa, uepe3 siki mpoxoauTh 80% MaTepiamy
BiJITIOBiTHO 10 i mic/st ApOOIeHHS.

PiBHSIHHSI MOXYTb OyTM OTpMMaHi 3 audepeHIifHOTO (aHAJOTiuHO BUKIIaze-
HUM BUIIEe) IPY #OTO iHTerpyBaHHi s n = 1,5. BiamoBigHo mo 1ii€i rimoTesu ene-
MeHTapHa poboTa, IO BUTPAvYaeThCsl MpM APOO6JIeHHi, MpomopiliiiHa 30iJblIeHHIO
cepeIHbOreOMEeTPUYHMM MiXK 00CSITOM i 3HOB OT0JIEHOIO ITOBEPXHEIO

E*=K_d (VVF)

b

ne Ks - koedillieHT MpomopIiiiHOCTi.
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Skmo nmosHaunTy yepe3 W (iHgekc poboTu) Ty poboTy, sIKy MOTPiOHO 3aTpaTu-
TU JIJISI JOBEI€HHSI OJMHUIII 00'€eMy MaTepiaiy, 10 CKIaJA€ThCS 3 MIMATKiB OecKiHe-

YHMX PO3MIipiB, A0 KPYITHOCTI, IIpu sKiii 80% miMmaTKiB MawTh AiaMmeTp Dy = 100 MKM,

TO
KB 1— - 1 =0. lKB
) _ [100 Vo —
W Ao/Qo v , TOO1 Kg 10 W.
Po60Ty Ha OOMHUINIO 00'€MYy MOKHA BU3HAUMUTY 3a CJIEAYIOUEI0 PO3PaXyHKOBOIO
dbopmynoio

10W J;O—J;R
JPi F) DoDy

VY ¢opmynax bouga miametpu Do i D« BUupakeHi B MiKpomeTpax i piBHi TUM OT-

Ei- A"— 19W(

BOpaM CUTA, Ha SIKMX 3aJUIIOK AopiBHIOE 20% (pociB 80%).

3amicTb 06csry Qo B popMy/nu MOsKHA BBECTM IPOIOPIIiiHY 1IOMYy BeJIMUNHY -
Macy marepiany Q. Tomi inmekc po6otu W i nmuroma Butpata eHeprii E' = Ay/Qo 0Oy-
IyTh BIZHOCUTBLCS A0 1 T maTepiany

o - o

DoDy

Et ot
B Qu

IHTepec o rinore3u ®. boHaa npuBiB Ao Toro, mo Ix. CBeHceH i [IxX. Miopkec
B 1957p 3amporioHyBa/siM CBilt BapiaHT ¢GoOpMy/aM, SIKMI, Ha iXHIO AYMKY, Kpailie
Y3TOMKYETHCS 3 eKcrepiMeHTaabHUMM maHuMKu. CII0YaTKy BOHM Hamaau Ghopmysti
®. boHza Takuit BUIJISI,:

)
ne E - BUTpaTu eHeprii, HeoOXigHOi A1 moapioHeHHs; Eop - aKkTOp IMpOoIopiiiiHoC-
Ti; Kkso - po3Mip ocepeKy cuTa, Kpi3b sike MpoxoauTb 80% MPOAYKTY MOApiOHEHHS;
ksor - po3Mip ocepenky cuTa, Kpi3b siKe MpoxoauTb 80% BUXigHOTO MaTepiany.

Kpim Toro, Konu 3aBaHTaskeHHSI € BifCisTHOIO ¢paKili€lo, BOHM PeKOMEHAYIOTh
BHECTM TOMPABKy B BeIUUMNHY Ksor 3aBaHAKEHHS i 3aMiHUTY ii BETMUMHOIO Ksom, KA

BUTIKA€ 3 GOPMYJIbI:
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'I(an

e\
2 - 1]
(kEtuf)

ne k, - po3Mip, 10 IKOTO IPOBOAUTHCS PO3CiBaHHS ITiC/ISI BUOAJEHHS BCiX OPiOHMX

dbpaxiriii.

kaufz

100

k
80f K ¢yHKIi0 E, [I5x. CBeHceH i K.

300pakyoum Ijisg POy JOCTifIiB
MriopKkec OTpUMaIM He TiJIbKY Cepito MpsSIMUX, a i KpUBI JiHii, [0 CITIOHYKaIO iX y3a-
TaJIbHUTY TIEPBMHHMI BapiaHT Ta 3ammctu MoaudikoBany dopmyny @. BoHma y
BUTISAII

E = Eo [(F0O / kso )™ - (F0O / ksor)™].

3HaueHHS M B MPOpOO6IeHUX Iociigax koamBanocs Big 0,8 mo 1,3.

Kpim Toro [I)k. CBeHceH i [I5k. Miopkec 3Haium GopMyay CIIpaBeIinBOI0 He
TiIbKM 1151 pO3MipiB YaCTUHOK, BiATOBimHNX 80% IPOXOJsKeHHS Yepe3 CUTO, ajie Ta-
KOX 7151 6yAb-sIKUX iHIIMX (32 YMOBH, 10 Ey i m € dyHKIioOHaaMM BifCOTKa Mpo-
XOI)KEeHHSI YaCTMHOK ). BOHM NpuiLIM OO0 BUCHOBKY, LIO HE BAapTO MOB'SI3yBaTu
KiJIbKICTb €Hepril, [0 BUTPAYAEThCS 3 PO3MiPOM YaCTUHOK, BiAMIOBIAHUM BiZoMOMYy
BiJICOTKY ITPOXO/I;K€HHS, i 10 GiJIbII BiIMIOBIIHMM KpiTepieM Ipoliecy moapioHeHHS
€ cepenHiii po3Mip YaCTMHKU IJ1s1 OyIb-SIKOTO BifiCOTKA MpOxoskeHHs. TomMy ocTaH-
HsI 3aIIpOINIOHOBaHa HMMM (PopMyJia Ma€ Takuit BUTISIT:

E=E, [(FOO / kso )™ - (OO / kn)™].

TyT k» BU3HAUA€THCS 32 HOPMYIIOIO

1

lgkoo + lgksq + lgksg + Lgksg + Lgkyo],

Ie koo i k1o - po3Mipu, MeHIIe SIKMX MiCTUThCS BigmosigHo 90, 70, 50, 30 i 10% JacToK.

YV 1954p A.K. PyuaxsicT (iHCTUTYT «MexaHOOP») 3aIIpOIIOHYBAB y3arajabHIOIUY
dbopmyny, 1o sKiii ejeMeHTapHa poboTa APoOJeHHS OJHOTO IIMaTKa MaTepiary
MPOTIOPIIiliHa eJieMeHTapHii 3MiHM JesIKo1 Mipu Jioro pasmepy D,

dE,= Kd (D*"),

Ie K - xoedillieHT MpOMNOPIiiiHOCTi; 4-n - TMOKAa3HUK CTYIeHs, SKUii BU3HAUYAETHCS
eKcrepiMeHTaIbHO.

Bepyun B 11ii1 ¢hopmyJii MOKa3HUK CTYIeHs n, piBHuUM 2; 1,5; 1, MoxkHa OTpu-
MaTu BifmnoBigHo dopmynu rimortes Pittinrepa, bonaa i Kupnnuosa - Kika.
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Y 1957p k. XonMmc, BBaxkawuu, 1o Teopist ®. boHma, Haa3BMUaiiHO KOpUCHA
1711 BUBHAUYEHHST KiJIbKOCTi eHeprii, HeOOXigHOI IJIsT TTPOMMCIIOBOTO IOAPiOHEHHS,
3alpoOIIOHYBaB MoaudikKoBaHe eMIIipMUHe piBHSIHHSI, IO 3B'SI3y€ eHeprilo,
HeOoOXiTHY 1151 TTIOpiOHEeHHST YaCTUHKMY, 3 ii pa3mipom. lle piBHSIHHS Ma€ BUTJISI,

E=K[I-(1/R)*(100/ a)7,
ne E - eHeprisi, o0 BUTpAvYa€ThCs Mpu MoApioHeHHi; K - MOKa3HMK IMOAPiOHEHHS;
R - cTymiHp MoApiOHEHHS: d - pO3Mip YaCTOK; 2 - ITIOKA3HMK CTYIIeHS BiIXMIeHHS.

BennunHa 2 Bimobpaskae CTyMiHb 3MiHM OIOPY MaTepiaja MoapiOHeHHIO i 3MiHY
e(eKTMBHOCTi MalIVHM 3i 3MiHOI0 pO3Mipy 4acTOK. Moro sHayeHHS 3a/JeXWUTb Bif
MaTepiany i yMOB JOK/IagaHHS 3yCuiIb. PiBHHSI MOsKe OYTM 3aCTOCOBAHO A0 KPUXKUX
HEOOHOPITHUX MaTepiastiB.

IIsx. Xonmc po3poOuB MeTO[l po3paxyHKy 3HaueHb K i 2 3a pesyibTaTaMy BU-
Mpo6yBaHb B KYJbOBMX MJIMHAX [IJIS JOCTATHbO BEIMKOTO UMCJIa PiSHUX TeTeporeH-
HUX pyJ 3a JOIoMoroi emmipuuHoro metony ®. bouma. Ilpu mompi6bHeHHi Oyab-
SIKOTO MaTepiajly B KyJbOBOMY MJIMHI ONMCAHOTO TUIMY 3HaueHHS K i 2 MOCTiliHi B
MesKaxX PO3IJISTHYTOTO PO3Mipy 4aCTOK.

[TpuponHo, 3a3Havae /K. X0/JMC, po3paxoBaHy 3 I1[bOT0 3arajbHOIO PiBHSIHHS
€HEepProe€MHICTh MOJIPiOHEHHST B JaHOMY Ky/JIbOBOMY MJIMHIi, He MOKHa BUKOPUCTOBY-
BaTU [JiS IHIIMX TUITIB APoOApoOK i MJIMHIB, TaK SIK IIOBeIiHKa MaTepiaay Ipu
NoApi6bHeHHI 3a/IeKUTh He TiIbKY BiJl 10TO TIPpUPOIN, a i Big medopMUPYyIOUNX 3y-
CWJIb, 1O AiI0Th HA HBOTO

3HaueHHS 2 3aJIeXXUTD BiJl MBUIKOCTI MPUKIaAaHHSI HaBaHTaXXeHb, eHeprii, sgKa
TIOTJIMHAETHCS MPU 3iTKHEHHSIX Ta HAKOMMUUYETHCS 1€ N0 PYIHYBaHHS, HAIPSIMKIB
nedopMyI0UMX CMUJT TIO BiJHOIIIEHHIO 10 aHi30TpoIii YacTku, GopMu i po3mipiB yac-
TUHOK MaTepiasy, 0 PYNHYETHCS i T. .

3rigHO TepmoamHamiuHOl Teopii JI. [I)KiHresiaHa, cyma OOOAHOI KiHETUYHOI
eHeprii, HeoOXimHOI IS moapiOHeHHsT MaTepiany i BHYTPIIIHbOI TEIUIOBOI eHeprii
MaTepiay, 110 MiJJsrae MoaApiOHeHHIO, € MTOCTiTHOI BeIMUYMHOIO.

®isuuHi mepemyMoBu 11iei Teopii Taki. YacTkm, SIKi CKIamarTh 0OCST TaKOTO
reTeporeHHOT0 MaTepiany K pyna, MiJi BIVIMBOM Tellia pO3LINPIOKTHCS HEOTHAKO-
BO, III0 BUK/IMKAE BHYTPIllIHi HAPY>KeHHSI B I[bOMY 00CSI3i, BOHM 3pOCTAIOTh 3 ITiJI-
BUIIIEHHSIM TeMIiepaTypu. Y pe3y/bTaTi, Ha JyMKY aBTOpa Teopii, Ha ApobIeHHs Ha-
TpiTOi pyay MOTPiOHO MeHIIle KiHeTMYHOI eHeprii Ti B MOPiBHSIHHI 3 APOOJIeHHIM
HeHarpiToi pyAu Ha 3HaYeHHSI eHeprii, BUTpaueHOi Ha IonepeaHiil Harpis.

List Teopis, 3amporioHoBaHa B 1952p, 6y/a repeBipeHa Ha psii BUIIPOOYBaHb 3

BaITHSIKOM, MiJHO-HiKeJIeBMMM i CBUHIIEBO-CPiOHMMM PyJamMu i KBapI[OM.
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BumnpoOyBaHHS IiATBEPIMIM BMUCHOBKM Teopii Mpo 306ijbllIeHHS ILIOIIi 3HOB
YTBOPEHOI1 IMOBEPXHI 3 3pOCTaHHIM TeMIiepaTypu. OJHAK CTaJ0CTi CyMM KiHETUUYHOI
i TermyoBOiI eHeprii He CIOCTepiragocs, MPMUUOMY 3arajibHi eHeproBUTpaTu 3aBXKIU
BUSIBJISITIMCSI BUILE TIPY IPOOJIEHHI 3 ITornepeaHiM HarpiBaHHSIM.

Teopis mopeneit A. Aunpeasena (1953 p) mo3BoJisI€ KiJIbKiCHO BU3HAUUTH Ta-
paMeTpu i mpolec podoTH IIPOMUCIOBOI IPOOMIBHO-TIOAPIOHIOBAIbHOI MAIIMHM 110
JaHHUM JiabopaTopHOi MamuHKU. HeoJMiHHOIO YMOBOIO MPaBWJIbHOTO pPe3y/ibTaTy
TaKOrO0 MOJIEJIIOBAHHSI € BMKOHAHHSI HACTYIMHMUX IIOJIOK€Hb: OOMIBI MalIMHU
TIOBMHHI OYTM CyBOpPO IMOMiOHI, MaTy OAHY i TY XK KOHCTPYKIIiiO i pOopMy 3 TOCTiitHM-
MM TapaMeTpamMu Mmomobu; Teopis 3aCTOCOBHA TiIbKM A0 KPUXKUX MaTepiasiB, sIKi
PYIIHYIOTbCS paHillle, HixX Oy/ie mepepeplieHa Meska IIPY>KHOCTI.

Teopiss A. AHIpea3eHa IPYHTYEThCS HA CIIOCTEPEXKEHHI 3a PYIHYBAaHHSIM Te0-
MEeTPUYHO MOMIOHMX Ti/l MiJl Mi€l0 CTaTUMUYHO MOAiOHMX 30BHIIIIHIX CMJI. ABTOp BBa-
’Kae, 10 cuia, sika MOTpibHa I pyiHYBaHHS MaTepiany, XapaKTepusye MpUpOoay
1IbOI'O0 MaTepiaay 3a YMOBMU, 110 30BHIillIHI CUJIM PYIHYIOTh JIOTO paHillle, Hixk gocsra-
€TbCSI MexKa MPYKHOCTI.

['0710BHMM KOHTpaprymMeHTOM Teopii Mojesieii MO>XXKHa Ha3BaTy TOM (akT, 110
pYViHYBaHHS B AiliCHOCTI - Mpoliec MacIiITabHO He MOJi6HMI, CYBOPO KaXkKyuu, HaBiTh
IJIST imeaabHUX KpuUcTaiaiB. TuM Oinblie, 1€t mpolec MacIiTabHO He MOMiOHMIA IS
peasibHUX TBePAMX TiJ 3 HEJOCKOHAJIO KPUCTATIYHOI OYA0BOIO, BIACTUBOCTI SIKMUX
TIOMITHO 3MiHIOIOTbCSI B 3aJIeXKHOCTI Bif, po3MipiB. IIpoTe, 1151 Teopis B 3M03i maTu
npi6aM3He YSABJEHHS KiJbKiCHOTO XapaKTepy IIpo poO0Ty Mde-sKuxX Ipobapok i
MJIMHIB.

Bci HaBeneHi rimoTe3u MoApiOHEHHS CJIif pO3MISIHATH caMe SK TilmoTe3u, ajie
HiSIK He 3aKOHM, TaK SIK BOHM He MiATBEPIKYIOTbCS MPAKTUYHUMM pe3yJIbTaTaMu
mpollecy TOApPiOHEeHHS, TMM Oijfibllle B IIMPOKOMY [iama3oHi BJIACTUBOCTEIA
MaTepiay i KpyImHOCTi TOTOBOTO IMTPOAYKTY.

BoHu cmpaBenyinBi IJisi COPOLIEHUX MOJeJeil pyAHYBaHHS, 3aCHOBAaHMX Ha
reoOMeTPUYHiil Mogo6i YaCTUHOK, SIKi PYMHYIOTHCS i MPOAYKTIB PyMHYBaHHSI Ta iX
Gi3suYHOI iIeHTUYHOCTI, TIPU BiACyTHOCTI HedeKTiB OynoBU Till.

ExcriepuMeHTanpHe 3iCTaBl€HHS TPbOX KJIACUYHMX TiMOTE3, L0 XapaKTepusy-
I0Th 3B'SI30K Mi’K €HeproeMHICTIO APOOJIeHHS i 3HAUYIIICTIO APOO/IeHOTO MaTepiaty,
TIOKa3ye, M0 /ISl MOAPiOHEeHHST IIPY BEMKUX MMUTOMMUX IMOBEPXHSIX Kpallle 3a iHIINUX
Bimo6paskae miiicHicTh ¢hopmysna I1. PiTTiHrepa; mjs1 BeIMKOTo Apo0JeHHS - TirmoTesa
B. Kupnnuea - ®. Kika; d¢opmyna @. Bonma Mosxke OyTM 3aCTOCOBaHA IIpuU
npoOseHHi B MPOMiXXKHOMY Aiara3oHi KPYMHOCTi.
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Mae mgocuTh HIMPOKE TOIIMPEHHSI, 0COOJAMBO y 3aXimHuX ¢axiBIlliB, MOMAE/b
nonpi6bHenHs @®. BoHpga, 110 BpaxoBye eHepPrOBUTPATH 3a JTOTIOMOIOK TaK 3BAHOTO
iHmekcy poboTu (BUTpaTy eHeprii B KBT*rom Ha TOHY MPOAYKTY IJISI BiAIIOBiZHMX
YMOB MOAPiOHEHHS), € PaKTOM Iic/ASAii i He MPOMOHY€E aKTUMBHOI 3MiHM IPUHIINITIB i
3aC00iB pyiiHYBaHHS.

TpynHoIIi OTpMMaHHS YHiBepCaJbHOTO 3aKOHY PYyiHYBaHHS TOSICHIOETHCST TUM,
IO B peajbHUX TiJax i KpucTajax 3yCcTpivalTbcs AedekTu y BUIVISAI TPillH abo
IOiITHOK HEeCITiBITaAiHHSI PO3TallyBaHHS aTOMiB ab0 BY3/1iB KPUCTATIUYHOI peIliTKU
(mucnoKatii), 1Mo € MPUYMHOI0 BUMHMKHEHHSI TpiliMH. BHacHimok 1ux medekxTiB
MOIepeyvHi mepepisu Tijia CTAlOTh HEPiIBHOLIIHHMMM MO MilIHOCTI. Ha KiHISX TpillyH
[ BIUIMBOM HaBaHTa)XKeHHSI BMHMKAIOTb JIOKAJbHI MiKM HaAMpy>KeHb, SIKi 3HAUHO
6isibIlIe cpeHiX HATIPY>KeHb B TiJIi.

EHepris, 110 OiABOAUTBLCS OO TijJia MPM HaBaHTa)KeHHi, MepPeTBOPIETHCS B
eHepriio gedopmailii, HaKOMMUYETbCS B MaTepiaji, i B TMOBEepXHEBY eHEepTiio
TpilyHK. 3i 30iNbIIEHHSIM JOBXWHM TPIIIMHM, HAIIPY;KEHHS 10 BMHMKAIOTh Ha ii
KiHIISIX, 3pOCTal0Th. [Ipy MeBHUX HAIIPYKeHHSX TpilyMHa Oyae MomupoBaTUCs mati
MMMOBIJIBHO.

I'pibditc oTpuMmaB Bupas, 110 3B'SI3y€ HANIPY;KEHHS a 3 KPUTUUYHOIO JTOBKMHOIO

TPIilMHM, TIOUMHAKYH 3 SIKOI TPilllMHA PO3MOBCIOIKYETHCSI MMMOBIJIBHO,

2Ey
T = |——
ml

)
ne E - mooynb mpyKHOCTI MaTepiaily; y- NMUTOMAa IOBEPXHS €Heprisli TPIlVHU.
[IpakTuuHe BUKOpUCTaHHS dopmynu I'pidditca mys xapakTepuUCTUKMU 3B'SI3KY Mixk
po6OTOI0 pYyIiHYBaHHSI i PO3MipOM KiHIIEBOTO MPOAYKTY YTPYIHEHO BiJCyTHICTIO
CITiBBiAHOIIEHHS MiXXK pO3MipOM Ti/l i KPpUTUUYHOK JOBKMHOK TPilIMH. B maHuit yac
HeMae IOCTaTHBO JIETKUX i HAMiifHUMX METO/iB BU3HAUeHHSI pO3MipiB medeKTiB, 110
iCHYIOTh B HEOOPOOIEHUX YACTUHKAX IiPChKUX MOPiJl HeMPaBUJIbHOI GOPMN.

SIK BUOHO 3 aHali3y BMKIANEHOTO, Ha3pijia rocTpa HeOOXimHICTh CTBOpPEHHS
y3araJibHeHOI 1 HaAiliHOI MaTeMaTMYHOI Mofedi, SKa pO3KpPMBA€E OCHOBHI
3aKOHOMIipHOCTI LIMX MpolleciB. XMOHICTh iCHYIOUMX MOJIOKEHb MOJIITa€ B TOMY, IO B
OCHOBHOMY aBTOpPM pO3IJISIHAIOTh TIpOIeC TOAPiOHEHHS TibKU SIK BUTPATH,
TIOB's13aHi 3 YTBOPEHHSIM HOBOIi IMOBepxHi, 6e3 ypaxyBaHHS YaCTKM BHYTPIITHbOTO i
0CO06JIMBO 30BHIIIHBOTO TEPTSI, SIKi B CyMi CKIagawTh 10 95 - 99% [3].

Haii6inpini BTpaTu Mpu pyiHYBaHHI BUKIMKAHI B3a€EMHUM TEPTSIM YaCTMHOK

MaTepianay, 10 TMepepobsIeTbCsl 3 pobouMMM OpraHamMu Mamuuu. Ilpu 1boMy
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BiTHOCHi BTpaTy Ha TepTsi TUM Oisibille, UMM Oilbllle TTMTOMA MOBEPXHS MaTepiary
(MeHIlle pO3Mipy YaCTUHOK) i UMM JOBIIe BiH ITepebyBae B poboUiit Kamepi.

Y po3yMiHHI 3aKOHOMipHOCTEe} PO3IOAiy BUTPAT Ha IMOAPIOHEHHSI BakKJIMBO
3HATH, [0 BOHM 3aJIe5KaTh B IepINy Yepry BiJl MPUPOOM PEUOBMHM i CIIOCOOY PYIHY-
BaHHS: PO3YaBJ/IIOBAHHS, BUTMH, CTUpPaAHHS, yAap i Tak gami. KoHcepBaTMBHICTb
rayiysi He O3BOJISIE B TIOTPiOHiM Mipi 3p0OUTH 00'€KTMBHMIT BUCHOBOK IPO €Hepre-
TUYHY e(DeKTUBHICTh Pi3HMUX anapariB.

Bce 1ie CcBiguMTh MpO HEOOXiAHICTH HOBMUX MoAesei, IO OIMUCYIOTh
3aKOHOMIpPHOCTI ITOJIpiOHEHHS, B MepIIy Yepry MaTeMaTUUHMUX MOeJiei, 1110 OMUCY-
I0Tb Pi3Hi BUAM PYMHYBAHHS TipCbKO1 MMOPOAN.

ABTopamu [4] mig kepiBHMUIITBOM ITpodecopa BacuibeBa JI.M. po3po6/ieHO HOBY
TEOPil0 JIOKAJIbHOTO PYMHYBAHHS TiPCbKOI MTOPOAY TIPU CUMETPUUYHOMY 1 aCMMeTpu-
YHOMY PO3MOZAiTy KOHTAaKTHUX OJOTUYHUX HAIIPYXXEHb, SIKa JO3BOJISIE KEPYBaTU MPO-
1IeCOM PYMHYBaHHS IPU HaliMEHIMX BUTPAT eHeprii.

3rigHO 3aIlpOIIOHOBAHOI Teopil MpU aCMMETPUUHO CHPSIMOBAHMX KOHTAKTHUX
OOTUYHUX HAIPY>XeHHSIX MA€EMO IMO3UTUBHI 3HAKM Ha KOHTAKTHUX IMMOBEPXHSIX MPU
PO3BUTKY TPIll[MH 3BepXy BHU3 3@ TPAeKTOPisIMU MaKCUMaabHUX e(DeKTUBHUX AOTHU-
yHux HanpyxeHb (TMEIH) & (puc.2,a) i HeraTuBHI 3HaKu - 3HM3Y Bropy 3a TMEIIH n
(puc.2,b). [Inst mo6ymoBM miarpaMu «IIMTOMeE 3yCWJUISI — OpAMHATa» JJisl 3pa3KiB Tip-
CbKOi MOPOAY TPU aCUMETPUUYHUX HanpsSIMKaxX KOHTAaKTHUX NOTUUYHUX HAIPyXeHb
HeOOXiHO BU3HAUMUTY MIUTOME 3YCWJIIS p HAa MaliIaHYMKYy 3pa3Ka, [0 He BUIIIIOB 3-
ITiJT HAaBaHTaKeHHSI.

dopmysia po3NnoAily KOHTAKTHUMX HOPMAJIbHUX HAIPYXXEHb Y 1[bOMY BUIIAIKy

Ma€ TaKui BULJISL,

Jix
e &M
Vi Vg '
Ie oy: — HOpMaJIbHe HaIpy>KeHHS B KyTOBilt TOuUlli Tisa, 10 AedOopMYyEThCS; fx — KOE-
(illieHT KOHTAKTHOTO TePTS; X— abCIMca TOYKM HAa KOHTAKTHii ITOBepXHi; h; — BUCO-
Ta Tina, sike neopMyeThCs; g — TTapaMeTp YTOUHEHHS PO3IOiTy KOHTAKTHUX JOTHU-
YHUX HAMPY>KeHb.
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CumeTpuuHi AcumeTpuuHi
PucyHok 2 — Cxemu TMEJIH nipu IBOX BUAax po3noOaiaTy

IOTUYHUX HanpyxeHb (1-TMEIHE, 2-TMEITHR)

Ha puc. 2 mokHa mob6aumnTy, 10 YaCTUHA 3pa3Ka, 0 BUXOIUTH 3-11iJl HAaBaHTa-
SKEHHSI B MIPOLIeCi pO3BUTKY TPIIMH NPU aCMMETPUUYHOMY HaBAHTaKe€HHI, NJOPIBHIOE
2X, a 4aCTMHa, 1110 Hece, - JOPiBHIOE (a; - 2x). Toxai nmuToMe 3ycuiuisl 3TiTHO 3i Ccxe-
MO0 (puc. 2, b) 3 ypaxyBaHHSIM BUXOJy YaCTMHM 3pa3Ka 3-TIiJ HaBaHTaKeHHS Ha Be-
JIMUMHY 2X Ha mifgcTaBi GOpMyIM BMU3HAUAETHCS SIK

T b () )
a —2xg hy fKal— xée

e t=a;-2x.

Ha migcraBi oTpuMaHOro BMpasy IIpUM acMMETPUYHOMY KOHTAKTHOMY
HaBaHTaKeHHI pOo3p00JieHO MeTOoH, PO3paxyHKy MapameTpiB Jiarpam «IUTOMe 3y-
CUJISL — OpAMHATAa», «HAMIPy>KeHHs — JAedopmaliisi» Ta eHepreTUMUHOi OLiHKM Mpoiie-
Cy pyIiHYBaHHS.

[lutome 3ycwiigs mpU CUMETPUUYHUX KOHTAKTHUX OOTUYHUX HANPYKEHHSIX
MOCTiAHO 3POCTA€ 3 PO3BUTKOM TpillMH (pUC. 3, KpuBa 1), a NMpU aCUMETPUUYHUX
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CIIPSIMOBAHUX KOHTAKTHUX OOTUYHMX HAIPYXKEHHSIX 3POCTA€ Bif, OpAMHATHU
BEPIIVMHU TPIMHU A0 TOPU3OHTAAbHOI OCi CMMeTpii, MOTIM 3HMKYETBHCS (PUC.3,
KpMBa 2) OpM ILbOMY MaKCHMMaJibHe 3HAaueHHSI MUTOMOTO 3yCW/UISI B IepIIOMY
BUIIAQAKY B 3aJeXKHOCTi BiJi MMOKa3HMKIB (i3MKO-MeXaHiUHMX BJIACTUBOCTEIA

Mmatepiany B 9-10 pasiB Buille, HDK y APYroMy BUMAAKY, MPU aCUMETPUUYHOMY

PO3IIOALI.
1\,1111)5 / Ed,'
160 [ 7 KT/M 2
120 /,/ // 75
80 s A 5.0
40° = 525

0
0 02 04 06 08 Y

K. =10 MIIa; p = 45°
PucyHOK 3 — 3a/ieXkHiCTh TIMTOMOTO 3yCUJIIS IJ151 3pa3ka npu cumeTpuyHomy (1),
IIpY aCMMeTPpUYHOMY (2) pO3MOAiJIi i BiATIOBIAHO MMTOMOI eHeprii pyiiHyBaHHS (3,4)

BiZl OpAMHATY BEePIIVMHMU TPILIMHA

Ilisi po3paxyHKy IMTOMOl1 eHepril pyyiHyBaHHS MpU CUMETPUUYHOMY Ta
aCMMETPUYHOMY PO3IOAUII KOHTAKTHUX [OOTMYHMUX HAIPYKeHb CKOPUCTAEMOCS
BiZlomo10 G OpMYJI0I0, 1110 BpaxXOBYE BUTPATU €HePrii Ipyu KOCoMy 3CYBi,

1

E,=—
47 9E

2

p2 +02y — 2vpo . +2(1+v)- pr( —27);}
3a3HauMMoO, IO YeTBEPTUIl WieH Yy OykKKax ¢GOpMyau BiIHOCUTHCS IO
aCMMETPUYHOr0 HaBaHTaXeHHs. [IpMHArigHO CJIif MigKpecanTH, o PO3PaxXyHOK 3a
1iel0 (Qopmysol0 CBIAUUTbD ITIPO BUHMUKHEHHS CTUCKAIOUMX TOPM3OHTATbHUX
Halpy>)keHb IPU CUMETPUYHOMY HAaBaHTaX€HHi, a TIpU aCUMETPUYHOMY
HAaBAHTaK€HHi - PO3TITYIOUMX FOPU3OHTAIbHUX HAIPYKeHb. YMOBU aCUMETPUUHO
CIIPSIMOBAHUX KOHTAKTHUX MOTUYHMX HAIPYKeHb MPU APOOJIeHHI KPUXKUX Til €
BUTIAHIMIMMM 3 TOYKM 30py BUTpAT €eHeprii Ha PYiHyBaHHS B IOPiBHSHHI 3
CUMETPUYHMMM KOHTAKTHMMM JOTUYHMMMU HamnpykeHHsiMu. [IluToma eHepris
pYIMHYBaHHS IIPU CUMETPUYHOMY HaBaHTa)KeHHi MOCTiliHO 3pocTae (puc.3, Kpusa 3),
a MMpU aCMMEeTPUYHOMY HaBaHTa)KeHHi NPU PO3BUTKY TPILIMHU A0 FOPU3OHTAIbHOI
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JIiHil cuMeTpii 3pa3Ka 3pocTae, Ta MOTIM 3HMXKYETbCS (pucC. 3, KpuBa 4). 3arajiom
acMMeTpUUYHe HaBaHTaXXeHHSI 3pa3ka TeOPeTUUYHO 3abe3redye 3HIKeHHS MUTOMOI
eHeprii pyitHyBaHHsS B 40 - 45 pasiB. Ckaximo, 1eji pe3yJbTaT MOXe Yy UMTAuYMB
BUK/IMKATM HeHOBipy. AJie po3po0OyieHMit MeToH, ISl CUMETPUYHUX HTOTUUHUX
HaIpy>keHb TepeBipeHMil Ha BCiX BimomMux mmecTtu ¢opmax pyiiHYBaHHS 3a JTOCUTh
BMCOKOi 30iKHOCTIi pO3pPaxyHKOBUX Ta eKCIePMMEHTAJbHUX HOaHuX. Ilpu
BUKOPUCTAHHI METOAY 3MiHEHO €OMHNI 3HAK KOHTAKTHOTO TEPTS.

VYMOBM HaBaHTaKeHHS IIMaTKiB IOpif, acMMeTPUUHUMMU CHPSIMOBAHUMMU
KOHTAaKTHUMM JOOTUYHMMMU HANPYKEHHSIMU € BUTIOHMMM 3 TOUKM 30py BUTpaAT
eHeprii pyiHyBaHHSI MPU IOPOOJIEHHI KPUXKMUX TiJ MOPiBHSIHO 3 CUMETPUUYHUMU
KOHTaKTHUMM HarpykeHHsIMU. Lli yMOBM, Ha Halll MOTJISIA, YaCTKOBO peasli3oBaHi B
KOpeHaxX Ta OKpeMMX TuIax apobapok. Ha AymKy aBTOpiB, Cjig aKTMBi3yBaTu
OOCJTiKeHHS 3 O1/IbII ITMOOKOTO TEOPETUYHOIO Ta €KCIIEPUMEHTATBHOTO BUBYEHHSI
SIBUIIIA MaJIOEHePrOEMHOTO pYMHYBAHHSI KPUXKUX TUT TIpU aCUMETPUUYHOMY
HaBaHTa)KeHHiI JIsI CTBOPEHHsI HaleeKTUMBHIIIMX TeXHiYHMX 3ac00iB ix
oA pi6GHeHHS.

BucHoku. IlpoBeneHnii aHai3 iCHylOUMX KJIACMYHMX TeOpili BU3HAUYEHHS Ki-
JIBKOCTi eHeprii, HeoOXigHOI M/ me3iHTerpailii TBepAOro MaTepiajly MoKasas, IO
BMKOPUCTOBYBATM Ha MpaKTHUIli iX Ayke He MpocTo. KoxkHa 3 HUX peasi3ye TibKU
HEBEJIMKY YaCTKy CIIeKTPY YMOB IpO0OJIeHHS Ta MOApiOHeHHST TBepAuX Til. B Toii ke
Yyac BOHM MPAKTUYHO HE BPAaXOBYIOTb KOHTAKTHE TEPTS MiXK iHCTPYMEHTOM Ta MOPO-
I010.

ABTOpaMu 3alpONOHOBAHO BMKOPUCTOBYBATU HOBY TEOPil0 JIOKQJIBHOTO PYIi-
HYBaHHS$ TipCbKO1 MTOPOAY MIPU CUMETPUYHOMY 1 aCUMETPUUYHOMY PO3IOAITY KOHTA-
KTHUX JOTUYHUX HAMPYKeHb, SIKa JO3BOJISIE KEPYBATU MPOLIECOM PYIHYBaHHS IIPU
HaliMEHIIMX BUTPAT €Heprii Ta HaBeJeHa METOAMKa BU3HAUEHHS HEOOXimTHOI Kilb-
KOCTi eHeprii pyiiHyBaHHS. [JoBefeHO, 1110 aCMMEeTPUYHE HaBaHTaKeHHS 3pasKka Teo-
peTuYHO 3abe31euye 3HVKEHHS IMTOMO]I eHeprii pyiiHyBaHHS B 40 - 45 pasiB.

Ha nymky aBTOpiB 3aBOaHHS TMOJAJbLUMX [OOCHIIKEHb TIOJSITA€E B
yIOCKOHaJIEHHi cxeM AedopMyBaHHS ripchbKOi MOpoaM B ApobapKax Ta MIMHAX Ta B
MOIIYKY IUISIXiB MiiBUIeHHI e()eKTUBHOCTI Ta KoedillieHTa KOPMCHOI [Iii Ta eHepro-

BUTpAT.
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On the question of determining the quantity of energy necessary for the
disintegration of rocks to a certain size
Abstract. An analysis of the existing classical theories of determining the amount of
energy required for the disintegration of solid bodies is carried out. The classical energy

hypotheses of the destruction of Rittinger, Kick-Kirpychev and Bond can be combined by
dx

dE* = -k —— : .
x7@_ where E1 is the specific

the formula of the so-called generalizing hypothesis
energy transmitted per unit volume of the body , which is collapsing. It is necessary to
increase the energy of the newly created surface; k - proportionality factor; x - average
grain diameter; f(x) is an exponent that depends on the size of the particles. The
geometric interpretation of the generalizing hypothesis and theoretical and empirical

ISSN 1562-9945 (Print) 129
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 4 (141) 2022 «System technologies»

equations of Rittinger, Kick, Kirpychov, Bond, Svensson, Holmes and other authors is
shown and it is argued that they complement each other for different degrees of
fragmentation. The thermodynamic theory of L. Jingezian and the theory of A. Andreazen
are also analyzed.

It was concluded that the presented crushing hypotheses are valid for simplified
models of destruction based on the geometric similarity of the particles that are destroyed
and the products of destruction and their physical identity, in the absence of defects in
the structure of bodies, therefore the need to create a generalized and reliable
mathematical model that reveals the main regularities of these processes taking into
account the share of internal and especially external friction.

The authors, under the guidance of Professor Vasiliev L.M. a new theory of local
destruction of rock with symmetric and asymmetric distribution of contact tangential
stresses has been developed, which theoretically provides a reduction in the specific
energy of destruction by 40-45 times, which makes it possible to search for new ways of
controlling the disintegration process with the lowest energy consumption.
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S.10. 3rypoBcokuii, €.C. Cynema, [.O. Casrmina
IMMPOEKTYBAHHS APXITEKTYPU [1Ji1 3BEPITAHHSI
YACOBOI 3B’s13HOI MOJIEJII IM®POBOTI'O JBIMHMKA

AHomayis. Y 38°a3Ky 3 po3s8umkom iHghopmamu3ayii ycix cpep 0asAbHOCMT WUPOKO20 NOWUPEH-
HA HabYBAE BUKOPUCMAHHS MexHoM02ii yupposozo 08iliHUKA. [JaHa mexHO02ia 003B0/ISE 3aMi-
Humu ¢i3uyHi ma aHano208i pecypcu yugposumu. O0HaK BoHa nompebye 36epicaHHs ma ob6po-
OKU BeNUKOT KibKOCMT 0aHUX ma THGHOPpMayii y pexumi peasbHo20 4acy wjo cmasumes 000amKo-
81 BUMO2u 00 nouwlyKy 8I0N0BI0OH020 cx0BUWA OAHUX, fKe ix 3a0080/bHAMuUMe. Ha 0CHOBI KOHUe-
nuili 6a3u daxux TimescaleDB 6yno0 cnpoekmosaHo mpupisHesy apximekmypy 015 36epi2aHHs
ma azpezayii MysbmuMoOanbHUX 0QHUX UYugppoBo2o 0BiliHUKA. ¥ pobomi nponoHyemsCcs aoan-
mysamu 4acosy 38'A3Hy MoOesb 018 Bi006paXeHHA Lupposo2o O0BIlIHUKA BUKOPUCMOBYOYU
KoHUenuito 36epieaHHs yacosux 0aHux y TimescaleDB 3 po3nodineHumu einepmabauuysmu. [is
Yb020 y AKOCMI K/0Ya 0714 po3no0ijly npocmopy NponoHyemMbscs 0bpamu yHiKanbHUl 10eHmudi-
Kamop MooanbHoCcmi 0aHUX. Takum YuHOM po3no0is memMnopanbHUX MyabmumMoO0anbHUX OaHUX
3ab6e3neyyemscs BnacHe camoro b6asorw oarux TimescaleDB. Omxe s8ubipka 0aHux, 32pynoBaHa 3a
yacom ma MoOanbHICMIO, npayosamume WaUOWe, OCKI/IbKU HABAHMAXEHHS Ha NowyK po3nooi-
JIAEMbCA 8 NAPANENT MIX KIIbKOMA By371aMu 0aHUX. 30 paxyHOK BUKOPUCMAHHA ma adanmayiii
KoHuenyii po3nodineHux einepmabauuys TimescaleDB 3anponoHosaHuli cnoci6 00380/15€ 0ocsie-
mu epekmuBsH020 36epi2aHHs ma 8I0MBOPeHHs Yacosoi 38'a3Hoi Moden.

Knwo4osi cnosa: yugposul 08IilHUK, MybmumMo0OanbHi 0aHi, 4yacosa modenb Yugpposozo 08ilHU-
Ka, 6a3u 0aHux 014 yacosux padis, TimescaleDB, apximekmypa.

ITocTraHoBKa mpo6iemu. OCTaHHIM 4acoM Y 3B’SI3Ky 3 PO3BUTKOM iH(opma-
IIIfHMX TEeXHOJIOTii IIMPOKOTO PO3TMOBCIO/IKEHHSI HAOyBa€ TeXHOJOris 11bpoBOro
IBiliHMKA, 1II0 TO3BOJISIE 3aMiHMUTY (i3WYHi Ta aHAIOTOBi pecypcu 1ndbpoBumu. Liu-
bpoBuit ABiITHUK SIBJISIE COO0I0 Moenb (Pi3nMuHOro 06’eKTa abo rnpoiecy (GizmyHoro
IBiliHMKA), sIKa SIKHAMIIOBHIIe BimoOpaskae ioro XapakTepuUCTUKM Yy IMHAMILI ITpo-
TSITOM TI€BHOTO Mepiony 4acy. BiH Moxe MpeacTaBasTU MPOLYKTUBHICTD, oleparlii,
HaBKOJIMIIIHE CepeJoBuIle, FeOMeTpPil0 TOBapy Ta CTaHy pPecypciB Ha OCHOBi JaHUX,
IO TIOCTiifHO 30MparThCsl, OHOBJIeHD Bif (isuuHoro aHasnora. lndpoBuit ABITHUK
TaKOX € 3pocTalouyuM Ta e(peKTUBHMM MeTOAOM B3a€MOZii B peasbHOMY uaci. Of-
HaK, Malouy BeJIM4e3Hy KiJIbKiCTh AaHMX Ta iHdopMallii B peXXuMi peasibHOTO yacy
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Big umdpoBoro ABifiHMKA, BaXXKKO MpeICTaBUTH iX KOPUCTyBayaM Ta ollepaTopaM iH-
TYITUBHO[1, 2].

AHaji3 ocTaHHIX JOCTiAKeHb i myoaikani. [IndpoBuit IBIAHMK IJIST TOCTi-
IKeHHST TOBiTbHOTO 06’€kTa (hopMasbHO MOXKHA TOJATU Y BUTJISIAI MaTeMaTUIHUX
abcTpakiii, mo 6ynam po3pobieHi st eeKTUBHOI 0OpOOKM TeMIIOPAJTbHUX MYJ/Ib-
TUMOIATbHUX HAHUX MOCTiIKyBaHOTO 00’ekTa. Ha ocHOBI BuIle3rajmaHux abCcTpak-
1Ii¥ Ta ix 3acTocyBaHHS ISt dopMasibHOI crienydikaliii nmdpoBoro ABiitHMKa OymIy-
€TbCS TaK 3BaHMII My/IbTHOOpPA3s, 1m0 GakTUUYHO Hamae GopMaybHMUIT OMNUC TTOCTiA0B-
HOCTEel MyJIbTUMOIATbHUX JAHUX ITPO JOCTiIKYBaHMUI 00’ €KT, sIKi OyIM OTpMUMaHi 3
ypaxyBaHHSIM 4yacCy B pe3y/jbTaTi BUMipPIOBaHHS, reHepaliii Ta iHIIUX oleparliii, 110
MOB’SI3aHi 3 OTPMMAaHHSIM JaHUX.

SIK pe3y/ibTaT 3aCTOCYBaHHSI METOY CTBOPEHHS MYJIbTMOOpa3y Ta METOIY CUMH-
XpOHi3alii MyJIbTH0Opa3iB OTPUMYIOTHCS CMHXPOHiI30BaHi TeMIOpaabHi MYJIbTUMO-
nanbHi 7aHi. BoHM € 0CHOBOIO 1151 TOOYA0BM OYyAb-sIKOi Mozei nMdpoBoro ABiiHM-
Ka JOC/IiIKyBaHOTrO 00’ €KTa.

B sanexkHocTi Bim MeTu mociaimkeHHS (i3yMUHOro ABifHMKA, OTPMMAaHi JaHi
MOKYTh PO3IJISAATICS Ha PisHUX PiBHIX aOCTpaKIIii.

PosrisitHeMo Bimo6paskeHHST Gi3MUHOTO [BilfHMKA, SIK 00’€KTY, 1[0 BU3HAYAETh-
CSI MHOXKMHOIO CTaHiB, 110 AMHAMIYHO 3MiHIOIOTHCS 3 TNIMHOM 4acy, Tak 3BaHy 4aco-
BY 3B’13HY MOJeJlb.

YacoBa 3B’sI3Ha MOZe/Ib MPeACTaBJse 00’€KT MOCTiIKeHHS yepe3 Habip mauc-
KpPeTHUX CTaHiB, BU3HAYEHNUX Y KOHKPETHMIT MOMEHT Yacy HabopoM O3HaK 00’e€KTa,
SIKi € MyJIbTUMOZAJIbHUMM JaHUMU.

B pesynbTaTi HocCiakeHHS BinOyBaeTbcsl popMyBaHHS MOCTiMOBHOCTI IMCKpe-
THUX CTaHiB JOC/iIKyBAHOTO 06’€KTa, KOKEH 3 SIKUX MOXKHA XapaKTepU3yBaTU CyKy-
MHICTI0 TeMIIOPAIbHUX MYJbTUMOIATbHUX MAHUX, IO aCOIlifioBaHi 3 KOHKPETHUM
MOMEHTOM uYacy, IO BJlacHe i CJIyrye YacOBMM KJIHOUeM BM3HAUEHOTO CTaHy
o6’ekTa [3].

Iy eeKTUBHOTO BiITBOPEHHS y MOJANbIIIOMY YaCOBOI 3B’SI3HOI MOJei BaxK-
nuBUM ¢akToOpoM € BMOip 6a3u maHMX, sika MOIJIa OM ormepaTMBHO 36epiraTu Ta 06-
pPOGISITU BEJIMKI 06CATM AAHMX, IO HAAXOOUTUMYTH Bif, MOCTiIKYBAaHOTO 06’€KTa.
OpHMM 3 pillleHb IJjIs1 30epiraHHs TaKUX NAHUX € BUKOPUCTAHHS HepessiitHuX
NoSQL 6a3 maHux yepe3 MOXKIMBICTb iX MacIITabyBaHHS, OCKiJIbKM KJIaCUUHi pejsi-
1iliHi 6a3M JaHMX BigJal0Th epeBary y3rokeHocTi Ta migTpumili mpuauuiiB ACID,
KePTBYIOUM HOCTYMHICTIO Ta MPOAYKTUBHICTIO, 110 YCKJIAAHIOE iX TOPU3OHTATbHE

MaciutabyBaHHs [4]. Ane no HemonikiB NoSQL 6a3 maHux MOXKHA BiHeCTU BiJCyT-
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HicTb miaTpuMKy SQL — MOTYysKHOTO 3ac00y B3aeMozii KopucTyBaya 3 623010 JaHUX
Ta HEeOOXiIHICTh AOMATKOBOIO HAaBUYAHHS ITePCOHAIY [Jis1 OOCTYrOBYBaHHS IT€BHOI
NoSQL cuctemu ynpapiinasg 6azamu ganux (CYB). OnTuMaabHUM pPillleHHSIM MO-
ke CTaTy BUKOpPUCTaHHS 6a3 maHux vyacoBux psimiB (Time Series Databases), puxk-
nagoMm sikoi € TimescaleDB. IMTosiBi 11bOro OKpemoro Kjiacy 6a3 JaHuX MOCHPUSIIN
0COOIMBOCTi JaHMX YAaCOBUX PSIMiB, cepel, SIKMX MOKHA BUIIIUTY iHIEKCYBaHHS Aa-
HMX BiIIIOBiIHMMM YaCOBMMM MiTKaMM, ITOCTiiiHe 30iIbIIIeHHS 00CSITiB, arperyBaHHs
Ta 3[iJiCHeHHs BUOIpKM Y liara3oHax, BUMOT/IMBICTb 0 3amucy [5].

3a pesynbraTammu TecTyBaHHS TimescaleDB Ta pensiiiiHoi 6a3y  gaHuX
PostgreSQL mnipu 3amuci Ta YNTaHHI JaHUX, IO IMepenarTh CTaH OATUYMKIB i BUKO-
HaBuuMx MexaHisMmiB mast cucremu WinCC OA SCADA, mBuUAKICTB 0O6POOKM
TimescaleDB ctanoButb 80000 psioKiB 3a ceKyHAY AJ1s1 ogHOro By3na i 150000 psiakiB
3a CeKyHJy Jisl BOX BY3JIiB, 110y 2 Ta 3 pa3u BuIlle, HiX Toka3sHuKU PostgreSQL [6].
Pesynbratu TecTyBaHHS i mopiBHSHHSI TimescaleDB 3 takumu NoSQL CVYBI, sk
Redis, MongoDB, HBase, Cassandra 1 Riak TS mpu TecTyBaHHI YOTUPbHOX CIIeHapiiB
(imropT maHMx, BUOipKa iHdopMallii Mpo CTaHIIiI0 BiAIOBiIHO A0 YaCOBOTO IMOSICY,
iHmeKCHMIA 3amUT Ta 30iIbIIEeHHS KiJIbBKOCTI 3alMTiB IIpy BCTaBLi JaHMX OO0 06a3 ma-
HMX) Py 30epiraHHi Ta aHami3i MacCMBHMUX METEOPOJIOTIYHUX AAHUX YaCOBUX PSIIiB
nokasanu, 1o TimescaleDB nmokasye kpalily MpogyKTUBHICTb, Hixk Redis, MongoDB,
HBase, Cassandra Ta Riak TS, omHak 3aBaHTaskeHHS I[€HTPaJIbHOTO IMpoliecopa y
TimescaleDB y koHKpeTHOMY ClleHapii Moske 6yTu Buiie, Hixk y MongoDB [7].

MeTa gociigykeHHsA. 3aBIaHHS TOC/TiIKeHHS MOJISITA€ y TPOEKTYBaHHI apXxiTe-
KTYpU IPOTPAMHOI CUCTeMM Jisl 30epiraHHsI Ta IOJaJIbIIOr0 BiITBOPEHHS YacOBOi
3B’SI3HOI MOJIeJIi, 1[0 BUKOPUCTOBYE 0a3y JaHUX, MPU3HAUYEeHY /ISl 30epiraHHs JaHUX
YaCOBUX PSiB.

BuknageHHs1 OCHOBHOrO Marepiajqy AOCTiAKeHHS. Y SIKOCTi OCHOBHOTIO
IBUTYHA [Jig 30epiraHHs JaHMUX IIPOIOHYETbCS po3migHyT TimescaleDB.
TimescaleDB — 1e pensiuiiiHa 6a3a JaHuX OJIs1 JaHMX YaCOBUX PsAiB. BoHa peariso-
BaHa SIK posmupeHHs ajsi PostgreSQL, 1ie o3Hauae, 1110 BoHa GaKTUYHO IPAIloe€ Ha
cepsepi PostgreSQL sk yacTuHa TOTO CaMOro Ipolecy, 3 KOAOM, SIKUiA BBOAUTH HOBI
MOXJIMBOCTI [IJISI KepYBaHHSI JaHMMM YaCOBUX PsIiB, HOBi YHKIIii /151 aHai3y aa-
HUX, HOBUI TVIAHYBAJIbHUK 3aIUTIB i ONTMMi3allil0 BUKOHAHHS 3aIllUTIB Ta HOBi Me-
XaHi3Mu 36epiraHHs mJig edheKTUBHOI aHaMiTUKM [8]. Byab-sKi onepatiii 3 6a3010 ma-
Hux PostgreSQL, mo Brimouae TimescaleDB (um To SELECT, um INSERT, un kepy-
BaHHS CXEMOIO, SIK-OT CTBOPEHHSI iHJIEKCiB), cIrouaTKy 06pobsioTbcs TimescaleDB,

IJ_[06 BU3HAUUTHU, IK BOHM MalOThb IIJIAHYBATUCSI UM BUKOHYBATUCA 3i CTPYKTypaMu
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nanux TimescaleDB. Lis moaesb po3IMpeHHs T03BOJIsIE 6a3i JaHMX BUKOPUCTOBYBA-
i BCi niepeBaru PostgreSQL Bximtouatoun moHas 40 TuriB gaHux (LiIMX 9uces, mia-
BAUMX YMCeJ, PSIJIKiB, 4aCOBUX MO3HAUOK, MacuBiB i TuIiB gaunux JSON), pi3Hi Tu-
M iHAEKCiB, CKIaAHI cxeMy 6a3y JaHUX, PO3IIMPEeHNII TUIaHyBa/IbHMUK 3aIUTiB, a Ta-
KO3K GiJIbIITy eKOCHCTEMY PO3IINPEHb, IKa J0o0pe mpalioe 3 TimescaleDB, 110 BKIIIO-
Ya€ TeOoIpPOCTOPOBY MiATPpUMKY uyepe3 PostGIS, MOHITOpMHI 3a JOMOMOrOI0
pg stat_statements, 0GTOpTKM iHO3EMHMX JaHUX TOIIIO.

OCHOBHIi BUKIMUKM [IJIsI 623 JaHMX, SIKA TTOBMHHA OMPaIlbOBYBAaTH BEJIUKY Kijlb-
KiCTh YaCcOBUX JaHMX, IOJSATAE y ii MacIITaboBaHOCTI — 3JaTHOCTI 0OpOOJSITU Ta
30epiraTy BeJMKY KiJbKiCTh JaHMX 0e3 BTpaT y NMPOAYKTUBHOCTi. Po3rissHeMo ABi
OCHOBHi KOHIIEIIii Aj1s1 MaciiTabyBaHHS, [0 BUKOpUCTOBYE TimescaleDB: abcTpaxk-
il maHux y Burasani rineprabmuib (hypertables) i dparmentiB (chunks) (K BoHMU
30epiraroThbcsl Ta 06p0OIAIOTHCS) i K TimescaleDB MoXKHa pO3rOpHYTH Ha OJHOMY
cepBepi 3 QisMuHMMM pervtikamu abo SIK KjacTep cepBepiB i3 6araTbma By3JaMu,
1100 BUKOPUCTATY KOHIIELiI0 po3noaisiennx rineprabinuip (distributed hypertables).

T'inepmabauyi ma ¢ppazmenmu. Tineptabauiii Ta pparmeHTH SO3BOISIIOTH 3HAU-
HO IBMAIIe 36epiraTy Ta 3anmMUTyBaTU JaHi yacoBux psimiB. TimescaleDB aBromaTu-
YHO po36MBa€ JAaHi 4acOBOTO PSAY Ha YaCTMHM abo MiATab/inili Ha OCHOBI 4acOBOTO
KJII0Ya, a00 iHIIMX BKa3aHMX I0JIiB. TaKOX MOXKHA HaJIAIITyBaTy PO3Mip ¢pparMeHTa
TaK, 006 OCTaHHI GparMeHT MiCTMIMCS B ITaM’SITi IJIsT IIBUAIINX 3anuTiB. [inepTa-
O/IMIIT — I1e CBOEPimHMIt map abcTpakilii Hajg pparMeHTaMu, sIKi MiCTSTh BJIacHe Aa-
Hi yacoBoro psay (puc. 1). inmeprabnuiii 1al0Th 3MOTy 3allUTYBaTH Ta OTPUMYBATU
OOCTYI 10 JAaHUX 3 yCiX pparMeHTiB rirepTabimili. TakKMM YMHOM JaHa KOHIIEITIis
HaJla€ TepeBarM aBTOMaTUYHOTO PO3MOAiTY AJAaHMUX YaCOBUX PSfiB, @ TAKOX MPOCTO-
Ty pOOOTH, OCKIJIbKM 3 OIJISIAY Ha iHTepdeiic rinepTabauiist BUIISIAAE SIK CTaHIapTHA
enyHa Tabauus PostgreSQL [9].
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Hypertables
chunk_time_interval = “1 day”
Normal table Hypertable
time value time value
Chunk ID 1
2021-01-02 00:00:00 36
2021-01-02 00:00:00 36
2021-01-02 06:00:00 5
2021-01-02 06:00:00 5
2021-01-02 23:00:00 29 2021-01-02 23:00:00 29
Chunk ID 2
2021-01-03 00:00:00 17
2021-01-03 00:00:00 17
2021-01-03 06:00:00 8 2021-01-03 06:00:00 8
2021-01-03 23:00:00 6 2021-01-03 23:00:00 6
Chunk ID 3
2021-01-04 00:00:00 M
2021-01-04 00:00:00 M
2021-01-04 06:00:00 14 2021-01-04 06:00:00 14
2021-01-04 23:00:00 5 2021-01-04 23:00:00 5

PucyHok 1 — Bisyasmizaliist rineprabiuiii Ta parmeHTiB

ITodin Ha ppazmenmu. ®parMeHTU CTBOPIOIOTHCS IIJISIXOM IOAITY JaHUX Timep-
TabauIi Ha oauH (ab0 TMOTeHIi/iHO KiabKa) BMMIipiB. Yci rimeprabnauili pospineHi
3HAUEHHSIMU, [0 HajeXaTb OO CTOBIILS Yacy, KMl Moxe OyTM y MIiTLi dacy, maTi
abo B pi3HUX IiylouncenbHuX dopmax. Hampukiaz, SIKIo iHTepBaa po3IoaiTy 4acy
CTAaHOBUTb OJMH [I€Hb, TO PSAAKU 3 MITKaMM 4acy, sIKi HajIeXXaTb 40 OJHOTO IHS, PO-
3MIIIYIOThCSI B OMHOMY (pparMeHTi, TO/Ii SIK pSIAKY, IO HajeXaTb 10 iHIINUX JHiB, Ha-
JIeskaThb 00 pi3HUX GpparmMeHTiB.

TimescaleDB cTBopr1o€ 11i pparMeHT aBTOMATUUYHO, KOJIU PSIAKM BCTABJISIIOTHCS
B 6a3y gaHux. SIKIIo MiTKa Yacy HOBOBCTABJIEHOTO PSIAKA HAJEXUThb A0 THS, SIKOTO
me HeMa€ B 6as3i manmx, TimescaleDB cTBOproe HOBUIT (hparmMeHT, IO BiAIoOBimae
1IbOMY [IHIO, SIK YaCTUHY Ipollecy BCcTaBKu. B iHmomy Bumnaaxky TimescaleDB Bu3Ha-
yae icHyrumMii 6JI0K, A0 SIKOTO HajeskaThb HOBi pSAKM, i BCTaBJSE iX y BiAMOBif-
Hi OJIOKN.

[HTepBas Moy TimepTab/auIli TAaKOK MOKe 3MiHIOBATHUCS 3 YacoM, 11100 amar-
TYBaTUCS OO 3MiHHMX YMOB poO0OUOro HaBaHTaxkeHHSI. ['imepTabauiis Moske criovar-
Ky CTBOpPIOBaTM HOBMI ()parMeHT Ha [I€Hb, a MOTIiM 3MiHIOBAaTH (pparMeHT HaMpu-
KJ1aJ, 1711 KOSKHUX 6 TOAVH Y Mipy 36i/blIIeHHSI pOO0UOTro HaBaHTa)KEeHHSI.

l'inmepTabanilsg TakoK Moske OyTH po3/isieHa NOJaTKOBMMM CTOBITISIMM, HAIIPy-
KJIa[, ifeHTudikaTopoM NpUCTPOIO, ifeHTUdikaTOpoM KopucTyBaya Toio. Take po-
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3[iJIeHHS Ha 1[bOMY J0aTKOBOMY CTOBIILi 3a3BMYali BUKOPMUCTOBYE XellTyBaHHS. Ta-
Ki rinmeprabymili, po3aiiieHi IK 3a 4acoM, TakK i 3a IIMM JOJaTKOBMM BUMipOM, Ha3u-
BAIOTh SIK PO3[iJIeHi 3a «4aCOM i IIPOCTOPOM».

Po3snodineni zinepmabauyi. PosnopineHa rimeptrabyiniis icHye OJ1s1 pO3IOiIeHOl
0a3y JaHuX, sIKa CKIaJa€eThC 3 KiJIbKOX 6a3 JaHuX, o 30epiraroTbCs Ha OAHOMY abo
KilbKoX ek3emiuigpax TimescaleDB. Ba3a maHux, sika € 4aCTMHOIO PO3MOMIiIeHOi 6a-
31 JAaHUX, MOKe BUKOHYBATM POJib a00 By3ja goctymy (access node - AN), abo By3Jia
nauux (data node - DN), ayie He 060x (puc. 2).

1 t2
DM

1 t2
AN DNZ

1 t2
DN3

PucyHoK 2 — Po3nofinieHa rimeprabaniis

KnieHnT migkiouaeTbes oo 6a3u JaHUX yepe3 By30J1 JocTymy. [ToTiMm By3o: goc-
TYIy PO3IOAIsE 3aNUTU BiAIIOBIAHUM UMHOM Ha BY3/M JaHUX i 006’eqHYy€e pe3ybTa-
TU, OTPUMaHi BiJ By3/1iB gaHux. By3nau moctyrry 36epiraioTh BCIOo KiacTepHy iH(op-
Mallito MMpo Pi3Hi B3/ JaHUX, a TAKOX IIPO Te, SIK pparMeHTH PO3IOIIISIOTbCS MiX
MMM By3JaMM JaHUX. By3iu JOCTyIy TaKOX MOXYTb 30epiraTu HepO3IOfijeHi Ti-
nepTabnili, a TakoxK 3BMyaiiHi Tabauii PostgreSQL [10].

Bysnu nanux He 30epiraioTh iHpopMallito A1 BCbOTO KjIacTepa, i 3 TOUKU 30py
MOJEeIOBAaHHS BUIJISIJAIOTh TakK, HiIOM BOHM € OKpPEeMMMM €K3eMIUISIpaMu
TimescaleDB. IIpsimuit mocTyIl 10 rinmepTabinilb a60 ¢pparMeHTiB Ha By3JaxX JaHUX
00MeXXeHO, OCKIJIbKM 11e MOyKe TTPU3BECTH A0 HeY3roKeHUX PO3IO/IiIeHUX rimepra-
OIULIb.

1106 3a6e3meunTy HaKpalry MpOAYKTUBHICTb, HEOOXiTHO PO3AIIUTY PO3IOIi-
JIeHY TinepTab/uIfio 3a Y4acoM i MPOCTOPOM. SIKIIO pO3MiIATH HaHi JIMIIe 32 YacOM,
(dbparmeHT mnepioro By3sa JaHMUX Ma€ MOBHICTIO 3alIOBHUTUCS, MePIIl HixXX BY30J1 10C-
Tyny Bubepe iHIIMII By30J HaHMUX AJis1 36epiraHHsS HACTYITHOTO (parmeHTa, TOMY
MPOTSTOM iHTepBaly 4acy 1bOro )parmMeHTa BCi 3alMUCU OO OCTAHHbOTO iHTepBaIy
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00pO6JISIIOTHCS JiNIlle OAHMUM BY3/I0M JaHUX, HA TPOTMBAry TOMY KOJIM HaBaHTakKeH-
HsI 30a71TaHCOBAHO ISl BCiX JOCTYITHMUX BY3JIiB JaHMX. 3 iHIIOrO OOKY, SIKIO BKAa3aTH
PO3IIOJIi/I IIPOCTOPY, BY30J AOCTYITY PO3IOiisie GparMeHT MiX KiJibKOMa By3JaMu
IaHUX Ha OCHOBi pO3MOAiMY IIPOCTOPY, TakK L0 JJIsI JaHOTO iHTepBa/ly yacy CTBOPIO-
€ThCSI KiJibKa )parMeHTiB, i SIK 3UMTYBaHHS, TaK i 3aMMC y L€ OCTaHHil iHTepBas
yacy OyayTh 6aJlaHCyBaHHS HaBaHTa)KeHHS I10 KIacTepy.

Adanmauis uacosoi modei. 3 OTJSAAY Ha KOHIIEMIIi0 30epiraHHs YaCOBUX JaHUX
y TimescaleDB 3 BUKOpPMCTaHHSIM PO3MOAiJIEHUX TilepTabinilb TPOITOHYETHCS afarn-
TYyBaTU 4acCOBY 3B’SI3HY MOJieJib [Jis BiZoOopaxkeHHsST IMPOBOTO ABiliHMKA BUKOPUC-
TOBYIOUM BUIIle3TafjaHy KOHIIEMIIit0. [ I[bOTO Y SIKOCTi KJItoua AJ1s1 po3Ioiy Ipoc-
TOPY MPOIIOHYETHCS 00paTH YHIKaJIbHUI iTeHTU(iKaTOp MOOAJIbHOCTI TaHMX.

TakuMM YMHOM PO3IOAIA TEMIIOPATbHUX MYJIbTUMOIAIbHUX NAaHUX 3a0e3Ieuy-
€TbCS BjIacHe camolo 6a3oi0 manux TimescaleDB. OTske BubipKa gaHux, 3TpyIlioBaHa
3a 4aCOM Ta MOZJAJIbHICTIO IMpalfoBaTMMe HIBUIIIE, OCKiJIbKM HaBaHTaKeHHS Ha I10-
YK PO3NOAUISIETHCS B MapaJjiesii MixK KiJIbKkOMa By3J/laMi JTaHUX.

[yt 36epiraHHs JaHUX KOKHOI MOJ/JIbHOCTI OKPEMO iCHY€ MOKIMBICTbh CTBO-
putu 3Buuaiiny PostgreSQL Tabauilio, 110 MaTUMe CXeMy, aJallTOBAHy ITif KOXHY

MOJAJbHICTD (puUC. 3).

Modality 1
Table

PK  measureld
PK timestamp

DN1 A column

PK modality

B column
FK1 measureld
C column
AN
Table Modality 2
PK timestamp PK  measureld
PK modali D column
DN2 —
FK1 measureld E column
PucyHok 3 - Cxema gaHux IJj1s1 po3IOAieHO1 rinepTabaniri
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51 IporpaMHOI CUCTeMU MPOMOHYETHCSI TIPOEKTYBAHHS TPUPiBHEBOI apXiTeK-
Typu 1151 3a6e3IeueHHs pO3Mo/iiieHHs 000B’SI3KiB y CUCTeMi 3 HACTYITHUMM PiBHSI-
MM: piBeHb IMPUIIOMY JaHUX, piBeHb 30epiraHHs Ta piBeHb 0OPOOKM 3aMMUTIB 10 Ja-
HuXx (puc. 4). KoxkeH piBeHb BiITIOBiIHO MOXe He3ajexXHO macmiTabyBaTucs. Taka
KOHCTPYKIIisI JO3BOJMTH CIIPOCTUTU KOXHY MiACUCTEMY, PO3OiIMBIINM BigMOBigHI
000B’SI3KM MiXK HUMM, YCYHYBIIM BY3bKi MiCIIS IIIOJI0 MACIITab0BaHOCTI Ta 3HU3SUTHU

JIMOBipHiCTh BUHMKHEHHS IIOB’13aHMX 300iB.

Write client

v

Load
balancer

i\ l 1 PiBeHL 3anucy

API Instance

y i A4

APl Instance | | API Instance

PieeHe cXOBHMLLA

TimeScaleDB

I

I

API Instance

API Instance

API Instance

T

T

T

PiBeHs 06po6KM 3anuTIE

Load
balancer

!

Query client

PucyHok 4 — TpupiBHeBa apxiTeKkTypa

PigeHb 3anucy. Ha piBHi 3ammcy mpomoHyeTbcst po3ropHyTu API cepBicn, 1110 6y-
IOyTh BUKOHYBATY 3alIMTH Ha CTBOPEHHS PSAKIB: IONEpeaHbO BaligyBaT Ta 06po6-
JISITU JaHi IJ1s1 TOAAJbIIOTO 3aMMCy Ha PiBHI CXOBUIIIA.

[Tig yac 3anucy JaHMX CepBiCc Ma€ BiATIOBIAHUM YMHOM PO3IiIUTHU 3aMUC, SIKIIO
BiH MiCTUTB KiJIbKa MOAAJbHOCTEN, Ha Ki/IbKa 3aIMCiB /I KOKHOI 3 TabJMilb MoAa-
JIBHOCTEJ Ta 6e31mocepeHbO BMKOHATY 3aIIMT Ha piBeHb cxoBuina. Jasi mi 3amicu
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OyoyTh aBTOMaTMUYHO PO3MOMiJeHi MiX By3jJaMM IaHMX, 3a iHAeKcaMM ITOKa3HMKa
yacy Ta 3HaUeHHS MOJIAJbHOCTI, BiITIOBiAHO A0 KOHIIEMIIii rirmepTabimiib.

PigeHb cxosuwja. Ha piBHi cxoBuia 6yae po3ropHyTo ¢aktuuHo TimescaleDB,
sIKa T03BOJINTDH eeKTUBHO 30epiraTu JaHi Ta BUKOPUCTOBYBATHU ii MOTYKHOCTI JJIsST
6e3mocepeIHbOr0 3aIMCy Ta 3UYUTYBAHHS BilIOBiIHO OO0 KOHLEIIii pO3MOAiIeHNX
rinepTabanilb.

PigeHv 00pobku 3anumis. Ha piBHi 00po6Ku 3anuTiB 6yme po3ropHyTto API cep-
BiCH, SIKi MalOTh BalifyBaTH, arperyBaTy Ta BUKOHYBATU BiATIOBIIHI OTpUMaHi 3amu-
T BUKOPUCTOBYIOUM PiB€Hb CXOBUIIIA.

BucHOBKM. 3aIIpOIOHOBAHMI CITOCiO AJ1s1 TOOYIOBM YacOBOi 3B’SI3HO1 MoOesti
uudpoBoro ABifiHMKa Ha ocHOBiI TimescaleDB 3 BMKOpMCTaHHSIM KOHIIEIIIii rirmep-
TaOIUIb TO3BOJUTD AOCITTH e(PeKTMBHOIO BUKOPUCTAHHS pecypciB 3a paxyHOK Iia-
pasienisaliii HaBaHTaKeHHS ITiJ 4Yac TOLIYKYy AAaHMUX, a TpUpiBHeBa apXiTeKTypa,
CIIpOEKTOBaHA JJjIs1 PO3MO/AiIeHHSI 000B’SI3KiB IMTPOTPaMHOI CHMCTeMM, 34aTHA 3HAUHO
CIIPOCTUTYU iMIIJIEMEHTALIiI0 Ta IOJaJIbIly OOPOOKY YacoBoi mopesi IubpoBOro
IBiliHMKA.
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Design of an architecture for storing a time
connected model of a digital twin

Recently, in connection with the development of information technology, digital
twin technology has become widespread, which allows replacing physical and analog re-
sources with digital ones. The digital twin is also a relevant and effective method of real-
time interaction. However, with a wealth of real-time data and information from the digi-
tal twin, it is difficult to present them intuitively to users and operators.

A digital twin for the study of an arbitrary object can formally be represented as
mathematical abstractions designed for efficient processing of temporal multimodal data
of the object under study. Based on the above abstractions and their application for the
formal specification of the digital twin, the so-called multiimage is built, which actually
provides a formal description of the sequences of multimodal data about the object under
study, obtained taking into account time as a result of measurement, generation and
other related data acquisition operations. As a result of the study, a sequence of discrete
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states of the object under study is formed, each of which can be characterized by a set of
temporal multimodal data associated with a specific moment in time, which actually
serves as a temporal key for a certain state of the object.

The purpose of the study is to design the architecture of a software system for stor-
ing and then reproducing a temporal connected model using a database designed to store
time series data. TimescaleDB, a relational database for time series data, is proposed as
the main data storage engine. The main challenges for a database that must process a
large amount of temporary data is its scalability - to process and store a large amount of
data without performance degradation.

The proposed method for building a temporal connected model of a digital twin
based on TimescaleDB using the concept of hypertables will achieve efficient use of re-
sources by parallelizing the load when searching for data, and a three-level architecture
designed to distribute the responsibilities of a software system can greatly simplify the
implementation and subsequent processing of a temporal model of a digital twin.

3rypoBcbkuii SIpociaB K0piitoBuu — maricTpadT Kadeapu mporpamHoro 3abesme-
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10.. TTonicbkuit
AJITOPUTMU IIPSIMOTO ITEPETBOPEHHS ITO3ULIIITHOI'O YKCJIA 1O
CHUCTEMU 3AJIUIIKOBHX KJIACIB TA IOI'0O 3BOPOTHOI'O ITEPETBOPEHHSI

Anomayis. [TiosuweHHA wWBuOKOOii KOMN'loMepHUX CMPYKMyp NoB'A3aHe 13 3a/y4eHHAM HOBUX
NPpUHYUNI8, 3ACHOBAHUX HA BUKOPUCMAHHI CUCMEMU YUC/TeHHA 3ANUWKOBUX Kadcis. [lpu BuKo-
HAHHI HU3KU 06YUCTI0BANIbHUX onepayili 3 BUKOPUCMAHHAM Heno3uyiliHoi cucmemu YucCieHHs
3a/UWKOBUX K/IACIB BUPTLWIYEMBCA 300a4a NPAMO20 NepemBopeHHsA Yuces i3 No3uyiliHoi cucmemu
YUC/IeHHS B8 cUCMeMy YUC/IeHHA 3a/UWKOBUX KAACIB8 MA 380pOMHO20 NepemBOpPeHHsA 4ucesn i3
cucmemMu YucCeHHsA 3GJUWKOBUX KAACIB Yy No3uyiliHy. cucmemy. Psad pob6im micmumse cnocobu
peanizayii yux onepayili pi3Hoi ckNAOHOCMI, ane ixXHE piweHHA Oaneke 8i0 dockoHasocmi. Pe-
3ybmamu 00C/IOXeHHA BKA3YIOMb HA MOXUBICMb OMPUMAHHSA 01/l eheKmUBHO20 pilleHHS,
WO CNpowye NpaKMuUYHy peani3ayito onepayit npaMo20 nepemsopeHHs Yuces 13 no3uyiliHoi cu-
cmemu 4ucieHHs 00 cucmemu YUC/IeHHA 3G/IULUKOBUX KAACIB mMa 380pPOMH020 NnepemsopeHHs
yucen. Memoro docnioxeHHs € aHanNi3 peanisayii onepayili npAMO20 nepemBopeHHs yucesn i3 no-
3UyiliHOi cucmemu YUC/IeHHA B cUCmeMy YUC/IeHHA 3aULWKOBUX KAACiB ma 380pOMH020 nepem-
BopeHHs yucen. IncmpymeHmamu memodo102ii 0CNIOKeHHA € cucmemHuUl aHai3, meopis yucen
ma kumadlickka meopema npo 3anuwku. Memodonozia 00CNIOXeHHA NofA2a€E 8 AHANI3T cneyia-
JIbHUX Mabauypb 3aAUWKI8 30 MoOyaAMU. [IDONOHYEMbBCA aN20pUMM BUKOHAHHA CKAGOHUX one-
payid, wo rpyHmyemsca Ha BUKOPUCMAHHT NONIA0UYHO20 KOOY YUC/Aa, npedcmasieHo2o 8 cuc-
meMi YUCNIeHHA 3a1UWKOBUX Kaacis. [IponoHyemscs npocmuli ma epekmusHull nioxio 3 BUKOPU-
CMaHHAM TmepauiliHux mabauyHux onepayill i3 3a/uWKaMu. [JNS KOXHO20 3HAYeHHs 3a0aHUX
3aUWKIB KOHCMAHMU 3HAX005Mb W/AXoM npocmoi 8ubipku 8idnosioHoi mabauyi. Memod, wo
JleXums 8 OCHOBI peanizauyii yux ckaaoHux onepayil, Nosi2ae 8 niocyMosyB8aHHi 06PAHUX KOHC-
maHm 00 WYKAHO020 3HAYEHHSA, Npu YbOMYy BIONOBIOHT KOHCMAHMU BIOHIMAKOMbLCA 810 3HAYEHb
BI0OMUX 3G/IUWKIB 00 3BePHEHHA OCMAHHLO20 B8 Hy/Ab. Memod anzopummiyHo npocmull 1 He-
CKNaoHul O0na cxemHoi peanizayii, i (io2o cnid po3enadamu SK 00UH 13 HANPAMKIB 00CNIOXeHb
w000 nidBULeHHsA ehekmUBHOCMI 064UC/IeHb Y CUCMeM]T 3a1ULLKOBUX KAACIB.

Kntoyosi cnosa: 3anuwkosi kaacu; cucmemu mMooyais; mabauyi; npame ma 380pomHe nepemso-
peHHA quces.

ITocTaHoBKa mpo6iaemMu. IligBuilieHHS MWBUAKOAIT 00UMCIIOBATIBHUX CTPYKTYD
IIOB'S13aHO HMHI i3 3aJIy4€HHSIM HOBUX NPMHLMUIIIB HA MifCTaBi BUKOPUCTAHHS CUC-

TeMu 3aaninkoBux KiaaciB (C3K) [1]. CucTteMa 4McCieHHS 3aJIMIIKOBUX KIacCiB - Lie CU-
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CTeMa, B SIKilt TOBiJIbHE YMCJIO ITPeJCTaBJIeHO Y BUIJISIII HAOOPY HaliMeHIIIMX HeBif -

i = . T
€MHMX SaIMIIKIB 1O MORYISIX D), Dgy-5P To6TO N (al,az, , n) VT
a; = N(mod pl.). [Ipu upbomy, KO YMCIa pl. B3a€EMHO MMPOCTi, TO TAKOMY IIpeJiCTaB-
JIEHHIO BiZITIOBiZla€ TIbKY OofHe unciao N B Aiana3oHi [O, M ) ,0e M= plp2 ...pn .

VY C3K apudmeTnyHi ornepailii CKaagaHHs, BilHIiMaHHS Ta MHOXX€HHSI BUKOHY-
IOThCS i3 3a/IMILIKaMM He3aJieskHO OJMH Bif, OMHOTO 3a MPOCTMMM IpaBuiaMu. Tomy
omepailii HaJ po3psgamMy MOKHA BMKOHYBAaTM OJIHOUACHO, 110 3a0e3Ieuye BUCOKUIA
piBeHb Iapasesnismy. /Io mepeBar TakOro Ipe[CcTaB/JeHHS 4uces] HaJeXUTb TaKOXK
MaJia pO3PSIAHICTh 3a/JMILIKIB, BUCOKA TOUYHICTD 1 HAAiMHICTh, 30aTHICTh CUCTEMU 10
caMoKopekiiii. OJHaK BMHMKAIOTh CepiiO3Hi TPYAHOIi Mpu peasidailii HeMOIy/b-
HMX omepalliif, 11 BUKOHAHHSI IKMX HeoOXigHe 3HaHHS Hudp omnepaHIiB 3a BciMa
po3psimamu. 1o TakKMX HEMOIYIbHMUX OIlepallili BiZHOCSAThCS, 30KpeMa, mpsiMe 1epe-
TBOPEHHS uMcell i3 MTO3ULIMIHOI CUCTeMU UNCIeHHS Y CUCTEMY 3aIUIIKOBUX KJIACiB Ta
3BOPOTHe MepeTBOpeHHs umcen i3 C3K y mo3uliiliHy cucTemMy YMCIeHHS.

dopmasizoBaHa OCTAaHOBKA 334a4i HACTYITHA.

Hexali € pneska mo3smiiifiHa, HampuKIaj, OecsITKOBAa CUCTeMa YMUCIeHHS

X 108, m, =109\ M. =10", cucrema sanmMmKoBMX KimaciB

1

C1={m 10" m
n 1

CZ:{pl,pZ,...,pr} ,M2 =plp2...pr 1uncino N y cucremi Cl N=5152...gn Take, 110

E 152 "'gn’ npencrasjaeHoro B Cl, Bu-

KOHAaTU TMEepeTBOPEHHS Ha IMpencTaBjieHHS N :(al,az,...,ar) uporo ymciaa B C3K

N <min {M M 2}. Heob6xiguo giag uncia N =¢

C2, ne a; = N(mod pl.). IIpyrum eTariom € 3BOpOTHe IepeTBOpPeHHs unciaa N OO Cu-

cremu C1.

AHani3 ocraHHiX JocaigkeHb i myGsikanin. Psig pobit, Hanpukiaz [2, 3]
MIiCTUTb pi3HI 3a CKJIAQOHICTIO METOOM peasndidallii [OaHMX omepailiiii, OAHaK
pPO3B’SI3aHHS iX JlajieKe Bif JOCKOHAIOCTIi. Pe3yibTaTy BUKOHAHUX OOCTIIKeHb CBif-
YaTh MPO MOKIUBICTh OTPMMAaHHS GibI e(eKTUBHOTO pillleHHS, sIKe O3BOJISIE Je-
1[0 COPOCTUTHU TPAKTUUHY peasi3alilo orepaliii mpsiMoro rnepeTBOpPeHHs uuces i3
no3uiirHoi cuctemu unciaeHHs B C3K Ta 3BOpOTHe repeTBOPEeHHS YMCEI.

@opMy/IIOBAaHHSI MeTH JOCHiIKeHHsI. MeTOw [OC/iI)KeHHSI € aHaTiTUYHUIA
posrisan C3K ajis peanisaliii onepailiii mpsIMOTo IepeTBOPEHHS Yuce i3 MO3UIIiiiHO1
CUCTEeMM UYUCJIEHHS B CUCTeMY 3aJIMIIKOBMX KJIacCiB Ta 3BOPOTHE MepPEeTBOPEHHS UM-

ceJl.
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Buk/iaa OCHOBHOrO MaTepiaay. AJITOPUTM MPSIMOTO T€PeTBOPEHHS PO3IJISi-

HeMO Ha TPUKJIAJi ITepeTBOpeHHs, Halpukiana, uncia N =97, To6To ¢, = 9,52 =7y

1
jioro mpexncraBiaeHHST N = (al,az,az) y CUCTeMi MOIYJiB p, = 5, Py = 7,p3 =3. Jlng

IIbOro HeoOXigHi HaBedeHi HyKUe Taoi.1, Tabm.2.

Ta6ang 1 Tabmuisa 2
Mopayi Mopayi

5 7 3 5 713
7|6 all azl a31 T, | 0, af 0522 Ot;
0 010 0 0 0Ol0[0] 0] O
1 10| 0O 3 1 1 (1 f(1]1 1
2 1201 0 6 2 2 1212 2| 2
3 130] 0 2 0 3131330
4 (40| O 5 1 4 44|41
5 [50] 0 1 2 5150 5] 2
6 |60] 0 4 0 6 |6 1] 6|0
7 1701] 0 0 1 7171210 1
8 18] 0 3 2 8 1813 | 1| 2
9 190 | 0 6 0 919141210

3HaueHHs IIYKaHUX 3aJMIIKIB IpuitMaeTbcsl «, =0,a =0,...,ar=0, TOOTO

1 2

NO=(O,O,...,O). Ha mnepmiii iTepamii mig & =9 3 Tabn.l BMOMpAETbCS PSAIOK

1

all =0, a% =6, a% =0, To6TO 1\71 =(0,6,0), 10 MifCYMOBYETbCS [0 N, = (0,0,...,0).

OTpumyemo N1 =(0,6,0).

Ha gpyrmuit  itepaunii  pjs 52:7 3 Tabm.2 BUOMPAETHCS  PSOAOK

all =2, ag =0, a% =1, TOOTO ]\72 =(2.0,1), mo MmiACYMOBYETBHCS MO0 N1 =(0,6,0).
N, =(2,6,1
OTpumyemo 2 ( ).
AJITOpUTM 3BOPOTHOTO TIEPETBOPEHHS I'PYHTYETHCSI HA BUKOPUCTAHHI TOJIiaau-
YHOT0 KOy uncia, npeacrasiaeHoro B C3K.

. . Py2Pys--sP
SIKio cucTeMor0 MOZYIIIB IOIIagNYHOIO KOAY TaKOXK € CuCTemMa n,

TO Yncio N B l'IOJ'Iia,Z[I/I"IHOMy KOfi IIpeacCTaBad€TbCA Yy BUTJISII1
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N:7z1+7r2p1 +...+7zl.plpz...pl._1 +...+7rnp1p2...pn_1 e 0<;rl.£pl.—1

. TPPy--P; =0 —(7z1 FAP AT PPy D g )(modpl.)
OTke, 6a30BUiT AJITOPUTM CKJIAIAETHCS 3 HACTYITHUX iTepailiii.

. N =0 .
3HaueHHs IIYKaHOTO YMC/Ia IpuitMaeTbca | . Ha nep1uiit iTepatiii 1o Kox-
] PI,PZ,---,P . ]
HOMY 3 MO,H,Y]IIB n BU3HAYAETHCHA plSHMU,SI MDK 3aJIMIIIKOM IIO I_[bOMy MO-

T
AYJII0 1 3HAaYE€HHSIM 1 , B34Ta 10 JaHOMY MOIYJ/IIO, B PE3yJIbTaTl YOro 3HaXOAUTbLCA

TnD .. . . .
sHaueHHd 2 1. HasBeMmo Taki pi3HMIIi HaBeJeHMMU 3aMMIIKaMMU. Y TOI caMumit 4ac
T, ! L .
sHaueHHd | migcymoByeTbcst 3 1 . Ha mpyriit itTepanii mo KokHOMy 3 MOZYJIiB
pz" **) p - . .
n BU3HAYAETHCA plSHML[H MDK HaBe,U,eHI/IM 3aJIMIIIKOM IIO I_[bOMy MOII,YJIIO 1
T D .
3HaueHHIM 2 1 , B39TMM IO JaHOMY MOAY/I0. Y pe3ynbTaTi 3HaXOOUThCS 3HAUeH-

7DD 7T . .
H9 3 1 2, asHauenHs 2 1 migcymMoByeTbCS 3 OTpMMAaHMM paHill 3HaYeHHSIM 3a-

p, _. . io a
muKky o mopymio 1. Ilicis Bukonanus N—1 itepauiit orpumyemo sanmmok 1 .

Pob6oTa ajropuTmMy 3BOPOTHOTO IepPeTBOPEHHS [Jis TepexoAy Bid IpencTaB-

1 =
1
CTaBJIEHHS B MO3UIIilHi JeCITKOBI CUCTEeMi YMCIEeHHS 3a MepIIuM BapiaHTOM Ha-

neHHs unciaa N, =97=(2,6,1) B cucTeMi MOIyJiB p, = 5, Py = 7,p3 =3 1o Joro npej-

CTyIIHA.
Ilo BU3HAUEeHHS 3HAYEHHS 4MCja IPUiiMeMO NOYaTKOBe 3HaUEeHHSI PiBHUM HY-

JII0, TOOTO Nl1 =0.

1
1

IHO 32 MOIYJISIMU p1 =5, p2 =17, p3 =3, sKi BilHIMa€eMO i3 3anuIIKiB 2, 6, 1. OTpuUmy-

Ha nmepmiit itepatii 3 Ta61.3 1 o, =2 BUOMPAEMO KOHCTAHTH 2, 2, 2 BiITIOBi-

emo N =95=(0,4,2). 3 miei x Tab1.3 Oy ol =

1 1 =2,

2 BUOMPAEMO KOHCTAHTY Al

SIKy JlomaemMo 1o 3aauiiky 0. B pe3ysibTaTi OoTpUMy€eEMO Nl1 =2.
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Tabanug 3
Mopaymi KoHcTanTu A,
5 7 3

7| o all azl a31

OO0 0]0]|O 0

1 1 (1 1 1 1

21212 2 2 2

313|330 3

4 14 (4]| 4 1 4

Tabnuug 4 Tabanuug 5
Mogyi Mopymni
7 3 | KoHcraHTi A, 3 KoHcTaHTH A4

T | 6=mp | a | ol 7y | S5 =mpp, | a;

0 0 0 0 0 0 0 0 0

1 5 5 2 35 2 35

2 10 3 1 10 2 70 1 70

3 15 1 0 15

4 20 6 2 20

5 25 4 1 25

6 30 2 0 30

2
2

10 MOMYJISIX p2=7,p3=3, sKi BigHiMaemMo i3 3amumkiB 4, 2. OTpUMyeEMO

Ha ppyriit iTepartii 3 Ta6n.4 ojist S =4 BuOMpaeMo KOHCTAHTU 4, 1 BiAmoBigHO

N2-70-= (0,0,1). 3 wiei x Tabn.4 BUOMpPAEMO KOHCTAHTY A, =25, IKy I0JaEMO 10

1 2

3QIMILKY Né =2. B pesynbTarti oTpuMmyemMo Ng =27.

3

3 =1 BMOMpPAEMO KOHCTAHTY 1 IO MOIYJIIO

Ha Tpertiit iTepatii 3 Tabn.5 gis «

Py = 3, IKy BimHiMaeMo 3 3anuiky 1. OTpumyemo le =0=(0,0,0). 3 miei k Tabn.5
3

3 =70, Ky gogaemMo 10 3anuiiky 27. B pe3yib-

oist ;) =1 BUOMpPaEeMoO KOHCTAaHTy A

3

TaTi OTPUMYEMO Ng =97.

Ilyist gpyroro BapiaHTy aIrOpUTMy 3BOPOTHOTO MePEeTBOPEHHS YMCIa CKOPUCTY-
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€MOCh MpeJCTaBJIEeHHSIM UKces y 3BOPOTHOMY KOz [4].

IIpu 3amaHHi uncna N 3anumKamu 9uciao N = (&1,52,...@”) € IIpelCcTaBJIeH-
HAM uncia N = (al,a ,...,an) Yy 3BOPOTHOMY KO[ii, [ie &I. = (pl. —1)—al. - 3BOPOTHUM

KO 3aJINIIKY Oll. .

3BOPOTHMM KOAOM umcJia N11 =97 y cucremi MoOmyIiB p, = 5, Py = 7,p3 =3,

_ _ _ vl _7_
M1 =D PyPg =5*7%3=105 € uucnao N1 =7=(2,0,1).

Ilo BM3HAuUeHHS 3HAUeHHS Yucjaa NpUitMeMO MOYaTKOBe 3HAueHHS PiBHUM

1= 1= 1= vl _
M1 l_plpzp3 1=5%7%*3-1=104, TO6GTO N2—104.

Ha mepmmiit itepatii 3 Ta61.3 miist &% =2 BUOMPAEMO KOHCTAHTH 2, 2, 2 BiTIOBi-

AHO 38 MOAY/AMU P, = 5, Py = 7,p3 =3, 9Ki BiZHiMaeMo Bif 3anumikis 2, 0, 1. OTpu-

myemo N i =5=(0,5,2). 3 wiei xx Tabn1.3 gas =2 BUOMPAEMO KOHCTAHTY A

1 =2,

1

~1=104. B pesynbrari orpumyemo N =102.

SIKy BilHiMaemo Big, M 9

1
2:

5 5 BMOMpaemMo KOHCTAHTU 5, 2 BimMmoBizg-

Ha npyriit itepatii 3 Tabn.4 gnst o

HO I10 MOZYJISIX Py = 7, p3 =3, gKi BimHiMaeMmo i3 samumkis 5, 2. OTpumyemo N % =0.

3 1i€ei x Taba.4 BUOMPAEMO KOHCTAHTY ZZ =5, 9Ky BigHiMaemo i3 N é =102. B pe-

3y/lbTaTi oTpuMyeMo N g =97.

OTxe, pe3yJbTaT MepeTBOPEHHS CIIOYATKY JOCITAETHCS 3a APYTUM BapiaHTOM.
ToMy € IoLiIbHMM OJHOYAaCHE BUKOHAHHS 000X BapiaHTIB.

TakuM 4YMHOM, PO3IVISIHYTI aJTOPUTMM 3a0e3MeuyloTh MpsiMe IepeTBOpPeHHS
yyces i3 MO3ULIAHOI CMCTeMM YMCIeHHS B CMCTeMY 3aJIMIIIKOBUX KJ/IacCiB Ta 3BOPOTHE
TIepeTBOPEHHSI UMcel.

BucHoBKkM. Jloc/iakeHO MeTO I, peasisaliii 3 BUKOPUCTaHHSIM CUCTEMM 3aJINUIII-
KOBMX KJIaciB Ipo06ieMHOI omeparlii MpsiMoro nmepeTBOPeHHST 4ucesl i3 MO3UIliifHOi
CUCTEMM UYUCTIeHHSI B CUCTeMY 3aJIMIIKOBMX KJIacCiB Ta 3BOPOTHE MepeTBOPEHHS UM-
cesl. Ha 0CHOBIi 3amIpONOHOBAHOTO MiIXOY AOCSITAEThCS BUKOHAHHS LIYKAHOI orepa-
uii. I[IpeacraBasieTbCcsl OOLIIBHUM 3aCTOCYBaTy 3aIllpOIIOHOBAHMI MiAXid B SIKOCTI
MEePCIIeKTUBHOTO HAIIPSIMKY JOCTiIKeHb CKIagHUX omepallili B CUCTeMi 3aUIIKOBUX

KJIaCiB.
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Algorithms of direct transformation of a position number to the system
of residual classes and its inverse transformation

Increasing the speed of computer structures is associated with the involvement of
new principles based on the use of the number system of residual classes. When
performing a number of computational operations using a non-positional number system
of residual classes, the problem of direct conversion of numbers from the positional
number system to the number system of residual classes and the reverse conversion of
numbers from the number system of residual classes to the positional one is solved.
system. A number of works contain methods for implementing these operations of varying
complexity, but their solution is far from perfect. The results of the study indicate the
possibility of obtaining a more efficient solution that simplifies the practical
implementation of operations for direct conversion of numbers from the positional
number system to the number system of residual classes and inverse conversion of

numbers. The aim of the study is to analyze the implementation of the operations of
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direct conversion of numbers from the positional number system to the number system of
residual classes and the reverse conversion of numbers. The tools of the research
methodology are system analysis, number theory and the Chinese remainder theorem.
The research methodology consists in the analysis of special tables of residues by
modules. An algorithm for performing complex operations based on the use of a polyadic
code of a number presented in the number system of residual classes is proposed. A
simple and efficient approach is proposed using iterative table operations with residuals.
For each value of the given residuals, the constants are obtained by a simple selection
from the corresponding table.The method underlying the implementation of these
complex operations is to sum the chosen constants to the desired value, while the
corresponding constants are subtracted from the values of the known remainders until
the latter vanishes. The method is algorithmically simple and uncomplicated for circuit
implementation, and it should be considered as one of the areas of research to improve
the efficiency of computations in the system of residual classes.

Ionicekuit I0piit JaBuaoBu4 - KaHAMAAT TeXHIUHMX HAyK, CTapUIuii HAyKOBUIL
CITiBpOOITHUK, 3ac/aykKeHUii BUHaXifHUK YKpainu, HaykoBo-ooCaiqHMI1 iHCTUTYT aB-

TomMaTu3alii yopHoi meranyprii (HIIAuopmer) m. [JHinpo.

Polissky Yuriy Davydovych - Candidate of technical science, senior researcher,
Honored Inventor of Ukraine, Research Institute of Automation of Ferrous
Metallurgy (NDIAchormet), Dnipro.
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N. Pryadko, L. Muzyka, O. Pryadko
DATABASE FOR NUMERICAL SIMULATION
OF GAS FLOWS IN A GAS JET GRINDER

Annotation. The process of material jet grinding is analyzed from the point of view of the granu-
lometric material composition changing in the main elements of the grinding plant. A database
of dependencies connecting the technological parameters of the process and the acoustic signal
characteristics of the mill operating zones has been created. The advantage of the approach to
building mathematical models and creating an automatic control system based on the developed
database is the ability to accurately describe most of the factors affecting the grinding effi-
ciency, the possibility of describing with the necessary details for specific material grinding and
obtaining the required size of the ready product. The use of connections between acoustic sig-
nals and technological parameters makes it possible to take into account the patterns of
changes in the material particle size distribution during the passage of the flow in the grinding
plant channels and respond to changes in the product quality or the grinding mode on-line,
without wasting time on transport delays.

Keywords: jet grinding, acoustic signal, database, productivity, amplitude.

Introduction. Grinding processes in ore processing technology are the most
energy intensive. The costs of these processes amount to 30-50% of the cost of min-
ing and processing. The performance of all subsequent stages of material processing,
and ultimately the efficiency of the entire factory, depends on the quality of grind-
ing.

The current level of the mathematical apparatus development, simulation
methods allow us to expand our understanding of the grinding processes essence, to
build more advanced mathematical models of grinding plants as a control object.
These models help to solve technological problems of grinding while stabilizing the
yield of the ready product of a given size class without increasing energy consump-
tion.

Existing automatic process control systems allow solving only one of the tasks:
either stabilizing the mass yield of the ready product, or reducing the energy con-
sumption of the grinding plant. Therefore, the task of complex automation of the

© Pryadko N., Muzyka L., Pryadko O., 2022
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grinding process in order to stabilize the ready product and at the same time reduce
the energy intensity of the process is relevant.

The Institute of Technical Mechanics of the NASU and SSAU has developed a
method for monitoring jet grinding based on the acoustic signal analysis of operat-
ing areas. For further development of the automatic control system and mathemati-
cal modeling of the process, it is necessary to establish the main patterns, the con-
nections technological parameters with acoustic characteristics.

Purpose of the work - development of a database for numerical simulation of
gas flows in a jet mill based on the results of process acoustic monitoring.

To conduct the grinding process in the most efficient mode, it is necessary to
ensure maximum productivity, the demanded product quality and minimize the spe-
cific energy costs. Studies have shown [1] that the jet mill productivity depends on
the filling of the jets with material. Moreover, incomplete loading reduces productiv-
ity, and overflow of the chamber leads to an emergency and stop the mill operation.
Therefore, this process must be controlled and kept at the desired level, which is
proposed to be implemented based on the analysis of the acoustic signals of the op-
eration zones of the mill: the chamber and the zone behind the classifier.

Main research. Fig. 1 shows a functional diagram of an automatic control sys-
tem (ACS) for a jet mill, where the designations are used: B - a loading hopper, GCh -
a grinding chamber, C - a classifier, Qc - a ready product bin with quality control,
Aav - signal processing and filtering in the grinding chamber, Acav - signal process-
ing in the zone behind the classifier.

Compressor
Circular loading
o | B Rw
|
—5)—— B I;J GCh -+ € K| Qc
- _

Ao b do |

Figure 1 - Functional diagram of the ACS of the jet mill

By analyzing the characteristics of acoustic signals [2], the dependences of the
magnitude of the signal amplitude on the grinding mode were established, i.e. from
loading the camera. This allows you to create a base of main parameters for model-
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ing the grinding process and creating an automatic control system for the operation
of the mill.

The task signal is formed on the basis of modeling mass flows, taking into ac-
count technological conditions (energy carrier parameters, classification mode),
properties and fineness of the source material, as well as the results of the acoustic
signal analysis from the operation zones of the grinding plant. In particular, for
grinding slag, it was found that the optimal operation mode of the grinding plant
was achieved when the signal level from the acoustic sensor was A = 1.2 V, for quartz
- 0.9 V. The lower limit of the allowable range of signals during the implementation
of grinding is A.»»=0.003 V, with these signals (the state of an empty chamber),
grinding does not occur. Based on this, a task signal is formed at the input of the
ACS. Fig. 2 shows the change in the amplitude of acoustic signals in the grinding
chamber during the grinding of quartz. The operating mode of grinding is observed
from 40 s to 140 s, and then the chamber is slowly unloaded.

4,V

0 50 100 150 200 be
Figure 2 - Changes in the signal amplitude at the grinding process

From the standpoint of control, the most difficult process is the continuous ore
grinding. The complexity of control lies in the fact that the optimal mode is in close
proximity to the stability limit, which is associated with uneven circulation loads.
The process of jet grinding has a number of specific features [2 - 3]. For simulation it
is necessary to take into account the changes in the properties of the supplied ore,
technological parameters, changes in the circulation load, and the yield of the ready
product.

One of the most important factors determining the kinetics of grinding is
grindability, which characterizes the propensity of the material to destruction. The
strength properties of ores vary over a wide range and manifest themselves differ-

ISSN 1562-9945 (Print) 153
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 4 (141) 2022 «System technologies»

ently under various grinding conditions, so the first block of the database consists of
the characteristics of ores, their tendency to grind. The second block of data, closely
related to the first, includes the technological parameters of grinding established
during preliminary test grinding of a particular material, namely the pressure and
temperature of the working medium (gas, air, steam), classification mode (speed of
the classifier rotor), size of the initial and ready material . The functional depend-
ence of the acoustic signals amplitude of the grinding zone on the mill productivity,
the mill load factor, the speed of the classifier rotor is derived [3].

The database includes dependencies that connected material flows in the main
blocks of the grinding plant and the characteristics of acoustic signals.

The equation describing the flow of the initial material from the loading hopper
depends on the shape of the hopper [4], its outlet area S and the velocity v(t) of the
material flow

Fi=f(S,v(1)). 1)

The relationship between the amplitude of the acoustic signals of the grinding
zone and the productivity of the jet mill is described by the equation:

O(1) =8,7414, (1) +0,074 @

where Q(t) - product output, kg/h, A, — average amplitude, V.

The circulating load has a great influence on the grinding process. The experi-
mental dependence of the value of the average circulation load Cy from the degree
Ko chamber filling (Fig. 3).

O clkeh
400 /
300 —
200
100
D T T T 1
40 50 B0 70 Ken%

Figure 3 - Dependence of the circulating load on the grinding chamber filling

For acoustic quality control of the ready product it is necessary to know the de-
pendence of the maximum amplitude on the particle size of the material. The gen-
eral form of this dependence has been established, which has a linear character,
however, the dependence coefficients are different and determined for all the study-
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ing materials. For example, for slag and quartz, the dependence has the form, re-
spectively:

A=6,32d - 0,84, R=0,98; (3)

A=1,6d+0,023, R=0,98;
The scheme of the developed database of the jet grinding process, which takes
into account the connection of technological and acoustic parameters, is shown in
fig. 4.

database
material characteristics technological parameters
|
P, nTd
grinding mode control quality control
3
loading| |circulati on load| [productivity fineness
F=fiSvt)| | Cen=fiken) || @ FAav) A=fd)

Figure 4 - Database schema

The developed database provides the creation of an automatic control system
to maintain a rational grinding mode, in which the maximum productivity is realized
for a given fineness class of the ready product, which leads to a reduction in the mill
energy consumption. The main advantage of the approach to building mathematical
models and creating an automatic control system based on the developed database is
the ability to accurately describe most of the factors affecting the grinding effi-
ciency, the possibility of describing with the necessary detail for grinding a specific
material and obtaining the required size of the ready product.

Conclusions. A database of the jet grinding process based on the relationship
between technological and acoustic parameters has been developed. This makes it
possible to take into account the patterns of changes in the granulometric composi-
tion of the material during the passage of the flow in the channels of the grinding
plant and respond to changes in the quality of the grinding product in the on-line
mode, without wasting time on transport delays.
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Ba3a danux 0215 uucenbH020 MOOe1I06AHHSI NOMOKi8 2a3y
8 2a30CMPYMUHHITI NOOPiOHI0BANBHITI ycmaHo8yi

IIpoyecu nodpibHeHHS 8 MexHON02ii nepepobKu pyou € HALOiIbU eHep2oEMHUMLL.
Bumpamu Ha ui npouecu cmaHosasme 30-50% sapmocmi eudobymky ma nepepooOKul.
Bi0d skocmi nodpibHeHHSA 3anexums npodyKMueHicme yCix HACMynHUx emanie 06poOKuU
mamepiany, a 8 KiHuesomy nidcymxy i egpekmueHicmes pobomu 8cv020 3a800y. Insa max-
CUMAJIBHO e(eKmuBHo20 nposedeHHs npouecy noopiGHeHHs Heo0XiOHO 3abe3neuumu
MAKCUManbHy npoodykmueHicme, Heo0XiOHY IKicmb npodyKyii ma miHimizyeamu numomi
eHepzemuuHi eumpamu. JocnioxceHHs noxkasanu, wjo npooyKmueHicme CMpPYMUHHO20
MJIUHA 3a1excums 8i0 3an08HeHHs cmpyMeHie mamepianom. Tomy yeii npoyec HeoOxiOHO
KOHmMpoJitoeamu i niompumyeamu Ha HeoOXiOHOMY pi6Hi.

B pobomi npoaHanizosaro npouec CmpyMuHH020 N0OpiOHEeHHS Mamepiany 3 mouku
30py 3MiHU 2pAHy/IOMempuyHoz0 CKAady mamepianry 6 OCHOBHUX e/leMeHmMax
noopibHI0B8ANIbHOI YCMAHOB8KU. /[ AKyCMuuH020 KOHMPOJII0 IKOCMI 20Mm08020 8UpoOy
HeoOXiOHO 3Hamu 3aeHCHICMb MAKCUMAIbHOI amnaimyou 8i0 po3mipy UacmuHoK
mamepiany. [[oCiOHeHHIMU 6CMAHOBIEHO 3A2albHULL U210 Y€l 3anexcHocmi, wjo Mae
JUHITIHULL xapakmep, 00HAK KoediyieHmu 3anexcHocmi pi3Hi i 6U3HaueHi 01 8Cix
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docnidxcysavux mamepianie. Ha ocHosi docnidxeHb cmeopeHo 0a3y OAHUX 3AJIEHCHO-
cmetl, wjo 36'A3yl0mb MexHOJI02IYHI napamempu npoyecy ma Xapakmepucmuku aky-
CMUYHO20 CUZHANY pobouux 30H mauHa. Ilepesazorw nioxody do nobydosu mamemamuu-
HUx Modeneli ma CMEOPEHHSI cucmemu aeMOMAMuUUYHO20 KepyBaHHs HA OCHOBI
po3pobsieHoi 6a3u daHux € MOXUBICMb MOUHO20 ONUCY OibUIOCMI (hakmopis, Wo enu-
8amMe Ha epekMueHiCMb NOOPIOHEHHS, MOXIUBICMb ONUCY 3 HEOOXiIOHUMU demansmu
0711 NOOpiOHEHHSI KOHKPEemH020 mamepianry ma OMpPUMAHHSL 20M08020 mamepiany
Heo0xi0H020 po3mipy. BukopucmaHHs 36'3Ki6 Mi¥ aKyCMUYHUMU CUZHAIaMu ma
MeXHOJI02IYHUMU hapamempamu 0ae MOXCUBICMb 8paAX08y8amu 3aKOHOMIPHOCMI 3MiHU
2PAHyNOMEempuyHo20 CKAady mamepiany npu nNpPoxooweHHi Nomoky 6 KaHanax
nodpibHI0BANIbHOI YCMAHOBKU Mma peazysamu Ha 3MiHy siKkocmi npodykuyii abo pexcumy

noopibHeHHs on-line, He BUMpauUAK4U 4ac HA MPAHCNOPMHI 3AMPUMKU.
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10.C.Tapacenko, B.}FO.Knum
BE3IIEKA OB’€KTIB KPUTUUYHOI IHOGPACTPYKTYPU
3 ITO3UIIIM 3HVJKEHHS PE3VJIbTATUBHOCTI PU3UKIB

AHHOmMayis. 3anponoHOBAHA CMpPYKMypHO-iH2BICMUYHA cxeMa Memodo02ii nobydosu cucme-
mu 3axucmy ma 6e3nexu 06’ekmis kpumuy4Hoi iHppacmpykmypu (OKI) 3 no3uyili 3HUXeEHHSA pe-
3yIbMamusHOCMI pu3uKis. BukoHaHo aHaniz Cucmemu OyiHIOBAHHA pU3uKy 6e3nexu cyKynHocmi
OKI ma docmyny 0o Hei. BoHa hakmuyHo Mae yHisepcanbHy Cmpykmypy ma moxe 6ymu BUKO-
pucmaxa 8 6y0b-sKili opeaHi308aHill cchepi OiaibHOCMI COUiyMy He3anexHo 8i0 BUOY 2any3i, po-
3MipiB OpeaHi3ayii, piBHA NpogecioHaniaMy WmamHo20 nNepcoHany, 8ionosidasbHo2o 3a besne-
Ky. 06rpyHmoBaHa 0oyinbHICMb NidBUWeHUX 30608 A3aHb W000 Memposo2iyHoi HadiliHocmi
3aco06i8 BUMIPIOBAHHSA 3 MemMOK0 BUKOHAHHSA XOPCMKUX BUMO2 3 OUTHKU pu3UKiB Kibepbe3neKu B8
YMOBaX peanizayii npuHyUNy Hesu3HayeHocmi npu 3abe3neyeHHi 00CMOBIPHOCMT BUMIDIOBAHb.
Kntoyosi cnosa: cucmemu 3axucmy ma 6e3nexu, cucmemu OYiHIOBAHHA pU3UKy 6e3neKu.

IToctaHOBKa npo6/ieMu. B 0CHOBI IITaTHOI Mpalle3gaTHOCTi 06'€KTiB KPUTUY-
Hoi iHdpacTpykTypu (OKI), BigMmoBimHO A0 MeTOHOJOrii MOOYIOBM Mi3HABa/IbHOI
MoJIesli iX 3axMCTy Ta 6e3meku [1], nexkana mpoieaypa rnepeBipku CIpaBsKHOCTI A0OC-
TyNy A0 HUX — ayTeHTuUdikauii. Peasnizailisi ocTaHHbOI Oysa po3I/IsIHYyTa 3 MO3ULILiM
cTaHAApTiB YKpaiHy, sIKi MaloTh aHa/joru y Mmexax [SO 1mom0 o1iHIOBaHHS CYMYTHIiX
pM3MKiB 3rigHo Qi3muHoi Ta iHpopmartiiiHoi 6e3nmeku. Came 3 HUX IMO3UIIii MeHe-
mkMeHTa pusuky (risk management) [2] — «CKOOpAMHMPOBAHHBIX AEICTBUIL MO Py-
KOBOJICTBY M yIIpaBJIEHUIO OpraHM3aIueil B 06J1acTy pucKa» — MPOJOBKEHO aHaIi3
3aIIpOIIOHOBAaHOiI CMCTEeMM OI[iHIOBAHHSI PU3UKY 0e3MeKM CYKYITHOCTi 00’€KTiB Kpu-
TuuHoi iHppacTpykTypu (COKI) Ta mocTyry mo Hei 3 MO3UIliit 3HMKEHHS pe3yJibTa-
TUBHOCTi pu3uKiB. IIpu 11boMYy, i3 BpaxyBaHHSIM BMOOPY KPUTEPiiB PU3UKY Ta «CTY-
TeHI0 peasi3allii 3alJIaHOBAHMX POOIT i MOCSITHEHHS 3arIaHOBAaHUX pPe3YIbTaTiB»
(TO6TO pe3ynbTaTUBHOCTI [3. 11.3.7.11]) HOLIBHO PO3TJISTHYTY HACTYITHI MiJCUCTEMM:
CTaHIapTiB YKpaiHu [2,4-6] 3araJbHOTO OLIHIOBAHHS PU3UKY, SIKi € aHAJIOTU Y MeXKax
ISO; meTomiB 3arajibHOrO OIliHOBaHHS pusuky 3rigHo IEC/ISO 31010 2013
(Jomatok B) [4]; ouiHtoBaHHs BTpat 6e3meku srigHo OCTY ISO/IEC 27000:2019
(KkOHGIIeHITIITHOCTI, iTICHOCTi, JOCTYITHOCTI, CIIOCTEPEKHOCTi, aBTEHTUYHOCTi, Ha-
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HiitHOCTI [7] Ta cTiltkocTi pybexiB 3axucty [8]); dinbTpallii JaHMUX PU3UKIB, 3TiAHO
HOCTY ISO/IEC 27001:2013 ta miaTpuMmku npuiiHaTTs pimens (IIcIIIIP) goctyna mo
COKI[9,Cr.1, .1, m03.9].

AHauni3 ocraHHix mociaigKeHs i myoumikaniri. Cii 3BepHyTHU yBary, 10 B IIUX
CTaHAApTax aclekTu Oe3meky MawThb iHGOpMATUBHMUII XapakTep, Mie BiJ IpoBa-
IKeHHSI 3arajbHOrO OLIiHIOBAaHHSI PU3MKY MAa€EMO JAesKi OCHOBHi Burogu [4, c.2], a
caMme: PO3yMiHHS PM3UMKY Ta 1Or0 MOTEHIIiIIHOTO BIUIMBY Ha JOCSATHEHHS 1iijieil; Ha-
naHHs iHgopmailii ocobam, sIKi IPUITMAIOTh PillleHHS; MMOJIIMIIeHHS PO3YMiHHSI pU-
3MKiB 3 TUM, 11006 JOMOMOITM Y BUOMpAHHI BapiaHTiB iX 00pOOSHHS; imeHTUiKy-
BaHHS BOXKJIMBUX UYMHHMKIB, 1[0 CIIPUSIIOTh PU3UKAM, i CJITAOKMX JITAHOK Y CMCTeMax Ta
opraHisailisix; MOpiBHSIHHSI 3 PU3MKAMM B aJIbTEPHATUBHUX CUCTEMAaxX, TEXHOJIOTiSIX
abo migxopax; oOMiHIOBaHHS iH(pOpPMaIi€l0 PO PU3MUKM Ta HEBUM3HAUEHOCTI; JOIIO-
MOTa B YCTAHOBJIEHHI INPiOopMUTeTiB; 3arobiraHHs iHIMIEHTaM Ha OCHOBi pO3CIimy-
BaHHS iXHIiX MPUYMH Ta HACTIAKIB; BMOMpPAHHS Pi3HUX (GOpM OOPOOJISTHHS PU3UKY;
3a[0BOJIEHHSI PeTyJSITOPHUX BUMOT; 3abe3mneuyBaHHs iHQOpMalli€o, sika Ja€e 3MOTy
OIiHUTM, HACKIJIbKM PU3MK MTOTPIOHO MPUITHSITH, SIKIIO OpaTH [0 yBaru IornepeaHbo
BU3HAuUeHi KpuTepii; 3arajibHe OIL[iHIOBaHHS PU3MKiB, MOB’SI3aHUX 3 YTUJIi3alli€l0
MIPOAYKILii Mic/sl 3aKiHYEHHS CTPOKY 1i CITyKOU.

3 HagaHMX B CTaHOapTi [2, c.4,5] dopmynoBaHb BUILIMBAE, 10 3arajabHe OIli-
HIOBAHHSI pU3UKY — IIe CITUTbHUI TIpoliec: ideHmuQiky8aHHs pusuky, aHanizy8aHHs pu-
3UKy ma oyiHoeaHHs puduky. [Ipuuomy 3arajibHe OLIiHIOBAHHSI PU3UKY ITOBMHHO BiJi-
TOBIATY 10TO (PU3UKY) KPUTEPIisIM, SIKi BCTAHOBJIIOIOTH Ha IIOYATKY MPOLECY OLLiHKMU
pU3MKY, a Y pa3i 1morpebu 060B'SI3KOBO IMeperisigalTh Ta KOPUTYIOTh. Bibln TOrO,
HeoOXiTHO BpaxOByBaTy YMOBM IJIsI BUOOPY KPUTEPiiB PU3UKY, BUXOASTUM 3 OL[iHKU
iX 3HAUYIIOCTi 3a MiATPUMKM IIPOIECIB MPUIHSITTS pillleHb, SIKi MalOTh OYTU y3TO-
JKEeHi 31 CTPYKTYPOIO YIIPaBJIiHHSI PU3MKAMM Ta afallTOBaHI 1O KOHKPETHUX IIeN
Ta 00cAriB a”amizoBaHoi misyibHOCTI 3rimHo CTY ISO 31000:2018 [5, 1m.6.3.4]
(Tabm. 1).

OTXe, olliHKa pU3MKY — lie (aKTUYHO MpoIliec, CIPSIMOBaHMII Ha JOCSITHEHHS
1iJieli SIK 3a 3MIiCTOM (Y Pi3HUX TaIy3sX KUTTEMISVIBHOCTI COLiyMY), TaK i 3a Ipu3Ha-
YeHHSIM (HAIlpUKIIaM, SIK PO3POOKM IMPOEKTIB, TEXHOJIOTIN, MPOAYKIIii TOIO), SIKWUIA,
3a6e3reuyioun igeHTUdiKaIil0 pU3MKy, aHaIi3 pU3MKY Ta MOPiBHSIbHY OIIIHKY PU-
3UKY [5, 11.6.4.1], Ma€ BUKOPUCTOBYBATHU Cy4yaCHY METO/IOJIOTiI0 MTOOYI0BM, Y JAHOMY
Bunanky COKI, 3 ontumisalji€ro BimoMux Ta CTBOPEHHSIM HOBUX CUCTEM KOHTPOJIIO
Ta ynpasiiHHs goctymny (CKY]) no Hux.
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Tabanug 1
YMOBU 151 BUOGOPY KPUTEPiiB pU3UKY (iX 3a/IeXKHICTi)
[To3Ha- . . . .
3MiCT 3a/1€XKHOCTi YMOB BiJ, HACTYITHUX YMHHUKIB:
YeHHS
BK.1 XapakTepy Ta TUITY HeBM3HAaUeHOCTel, sIKi MOXKYTb BINIMHYTY Ha pe3yabTaTu Ta
IOCSITHEHHS 11iJieli (SIK MaTepialbHi, Tak i HeMaTepia/bHi)
BK.2 crtoco0y BM3HAUEHHS Ta OI[iHKM HACTIJIKiB (SIK MO3UTUBHMUX, TaK i HETaTUBHUX)

Ta iX IMOBipHICTh

BK.3 dakTOopiB, MOB'SI3aHMX 3 YACOM

BK.4 KOPEKTHOCTi Ta y3rofKeHOCTi 3aCTOCOBYBAaHMX METO/IiB BMMipIOBaHb

BK.5 MOPSIIKY BU3HAUEHHS PiBHSI pU3UKY

BK.6 crtoco6y 06;1iKy KOM6iHaIlii Ta MoCIiZ0BHOCTI MHOKMHHUX PU3UKIB

BK.7 MacHITaby oprasisariiii, mianmpueMcTBa, odicy Ta iH.

3 MeTol0 3arobiraHHsl HeCaHKI[iOHOBaHOMY (i3MUHOMY IOCTYITY, OYIb-SIKUM
TMTOIIKO/I;KEHHSIM Ta BTPYUYaHHIO 3i BTPaTOIO (UaCTKOBOIO a60 ITOBHOIO) KOHGiIeHIIili-
HOCTI, IJTICHOCTi, JOCTYIHOCTi, CIIOCTEPEsKHOCTi, aBTEHTUYHOCTI Ta HAMAilfHOCTi SIK
cIy>k00BOi iHGopMallii opraHisaiiii, Tak i IiJliCHOCTI BUPOOHMYOI CUCTEMM OpraHi-
3aliii 3 ii 3acobamy oTpuMaHHs, 00poOKM Ta 36epiraHHs iHpopMallii HeoOXiTHO BU-
KOHATM BUOip MeTOAY OLIiHIOBAaHHS PU3MKY Ta peasisallii BilIOBiZHOTO 3aXMUCTY, SIKi
CYTTEBO 3ajieXkaTh BiJl HACTYITHUX YMHHMKIB: BHYTPIIlIHbOTO Ta 30BHIIIIHbOTO Cepe-
noBuIlla opraHisaiiii [5, 1m.5.4.1]; cTiiikocTi pybexkiB 3axmucTy 30H 6e3meku i 6e3neku
ob6nagHaHHA [8, m.A.11]; mpodecionanizamy criBpobiTHUKIB [5, 11.5.4.2,3] y mporieci
NIPUHATTS pillleHb Ta 3MIiCTy MeTOniB 3rigHo [4, JomaTok B (moBinkoBuii) c. 18-71]
OCTY IEC/ISO 31010:2013 y meskax (IEC/ISO 31010:2009, IDT), siki BUK/IaJeHO B
Tabui 2.

MeTa po6GoTH IT0/IsITa€ B OOI'PYHTYBaHHI Ta aHaIi3i 3aIIpOIIOHOBAHOI MMi3HaBa-
JIbHOI CTPYKTYpHO-IiHrBicTMYHOI cxemu (CJIC) meTomoriorii mooymoBu CucteMu 3a-
XVUCTY Ta 0e3IeKy 00’eKTiB KpUTU4HOi iHbpacTpykTypu (OKI) 3 mo3uiliii 3HMKEHHS
pe3yJbTaTUBHOCTI pPU3MKiB, 3rigHo pekomeHpaiiin JCTY ISO 9000:2015 (ISO
9000:2015,IDT) BimHOCHO 11.3.12.4 [3] (puc.1).

BuknageHHsI OCHOBHOTO MaTepiany mocaigkeHHs1. O4eBUIHO, IO IMiABU-
meHHs1 piBHS 3axucty COKI, oijiHIOBaHHSI BTpaT 6e3reKku (3TifHO 3 TiMOTeTUYHUM
KibepiHLIMOeHTaM, SIKi MalOThb MIMOBipHICHMIT XapaKTep), — lie AMHAMIUHMII TTpoIiec
3aJyUYeHHsI pecypciB (MeTOHiB, CIIOCOOIB Ta aJIrOpUTMIB) MYJbTUCEPBICHOI Mepexi
3B'SI13KY (KpunTorpadiuHmx, KaHAJbHUX Ta iHIMIMX) 3 ii KOPeIsIiiHMMU IIPUCTPOSIMH,
o (GinbTPyl0Th, peasizoBaHMMM MM, KOHKPETHi BMMOTM (3aBIAaHHS) KOPUCTYyBauiB
njs1 mepemavi iHdopMmariii, mo 3axumaeTbes. OTKe, BubOip piBHIB cIpalibOByBaHHS
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KiHIIeBMX TTOPOTOBUX OJIOKiB Ma€ 6araTornpodilbHMI XapaKTep i 3a/JIeXXUTh Bif 3ame-

K/IapOBaHMX MOBIpHOCTEN MPaBUILHOTO BUSIBJIEHHS UM IIPOITYCKY KibepaTak uu Ki-

6ep3arpos [1].
Tabauig 2
MeToau 3araJibHOTO OIL[iHIOBAHHS PU3UKY
[To3Ha- . .
3MicT MeTofiB
YeHHS
B.1 Mos3koBa aTaka
B.2 CTpyKTypOBaHe UM HaMiBCTPYKTypOBaHe OMUTYBaHHS
B.3 MeTon denbdi
B.4 [Mepeniky KOHTPOIbHUX 3aIUTAHDb
B.5 [TonepenHe aHai3yBaHHS Hebe3meyHnx YMHHMKIB (PHA)
B.6 Meton HAZOP (HAZard and Operability study) — mocimskeHHS Hebe3meuHux
YMHHMKIB i Ipale3aaTHOCTI
B.7 AHastisyBaHHS He0e3MeUHMX UMHHUKIB i KPUTUYHI TOUKM KOHTPOJTIO
B.8 3arajibHe OIiHIOBaHHS €KOJIOTiYHOTO PU3UKY
B.9 CrpykTrypoBanuii metop «Illo — sikio» (SWIFT)
B.10 AHaniszyBaHHS CIleHapiio
B.11 AHasnisyBaHHS BIUIMBY Ha AisVIbHICTH (BIA)
B.12 AnanizyBanHs nepuionpuunuH (RCA)
B.13 AnanizyBaHHs BUIiB i HacaigkiB BimmoB (FMEA) i aHanisyBaHHS BU[iB, HacC-
nigkiB i kputnaHocti BigmoB (FMECA)
B.14 AmnanisyBaHH4 nepesa BigmoB (FTA)
B.15 AnanisyBaHHS gepeBa mmogmiii (ETA)
B.16 AHasizyBaHHS IPUUMH i HACTiIKiB
B.17 AHaizyBaHHSI MPUUMHHO-HACTIIKOBUX 3B’SI3KiB
B.18 AnanizyBaHHs piBHiB 3axucTy (LOPA)
B.19 AHani3yBaHHS JiepeBa pillleHb
B.20 3arajibHe OIiHIOBaHHS HadiitHOCTI Moauuu (HRA)
B.21 AHastisyBaHHS IiarpaMu «KpaBaTKa-MeTeaTnK»
B.22 TexHiuHe 06CyTOBYBaHHS, 30pi€eHTOBaHe Ha 3abe3IeueHHs 6e3BiIMOBHOCTI
B.23 AnanizyBaHHS Mapa3sUTHMUX BIUIMBIB (SA) i aHani3yBaHHS Mapa3sUTHUX CXeM
(SCA)
B.24 MapKoBcbKe aHaji3yBaHHS
B.25 ImiTaiifine MoeoBaHHS MeTogoM MoHTe-Kapiio
B.26 BajieciBcbka cTaTuCTHKA Ta Mepeski bajieca
B.27 Kpusi FN
B.28 [HIekcy pU3UKy
B.29 Matpuiisl Hac/IiAKiB/iMOBipHOCTE
B.30 AnanizyBaHHs BuTpar i urog (CBA)
B.31 BaraTokpurepiiiHe aHanizyBaHHs pinieHb (MCDA)
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Pucynok 1 — CTpykTypHO-1iHrBicTuHa cxeMa (CJIC) meTomoJiorii mo6ymoBu Cucre-

MM 3aXUCTY Ta 6e31eKy 00’eKTiB KpUTUUHOI iHpacTpykTypu (OKI) 3 ro3uiliit 3HU-

KeHHSI pe3yJIbTaTUBHOCTI pPU3UKIB

[Tpu upomy migcuctemMa dinbTpalii JaHMX PU3UKIB BUKOHYE BUPIIIaIbHY POJIh

IIOJI0 HACTYIHMX 00'€KTiB Ta IPOLIECIB: YIIPaBIiHHS JOCTYIIOM; 30H (i3uuHOi 6e3-
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TeKy Ta 3aXUCTY BiJi HABKOJMIITHBOTO CEpeIoBMINA; 6e3IeKu mig uac 06pobku iHdo-
pMaliii; 6e3meku 3B'I3Ky; MPUAO0AHHS, pO3p0o0Ka Ta IMiATPMMKA CUCTEM Ta YIIPaBJIiH-
HS iHIMIeHTaMu iHpopmarliiiHoi 6e3mekn. [Ipuuyomy geTaabHUI OMMC 3MICTY acre-
KTiB, 3riIHO BUMOT MeHeKMeHTY iH(opmalliiiHoi 6e3mneku, HaBeeHO Y [8], a Haii-
Oi/1bIII BayK/IMBI AJ1s1 TPOIIECiB OI[iHKM Ta 00po0OKkM pu3ukiB 6e3mexku COKI BucBiT/IeH]
B Tabsmili 3. Xoya O4eBUIHO, IO JKOOHA MmiacucTeMa ¢inbTpaliii (00po6KM) mJaHUX

pU3MKiB He 3maTHa 3a6e3mneuyBaTy 100% eeKTUBHICTD.

Tab6nuis 3
AcmekTu TpolieciB OLiHKM Ta 00po6Ky pusmkiB 6e3meku COKI
[To3Ha- . .
Hampsstmu Ta 3micT acrekTiB
YeHHS
A9 YripaBJiHHS JOCTYIIOM
A.l11 di3uuHa 6e3meKa Ta 3axXMCT Bi, HABKOJUIIHLOIO CepeIOBUILA

A.11.1 3oHu 6e3meku

A.11.2 Besmneka o6/1afHaHHSA

A.12 Besneka nmpu 06po61i iHGopmarrii

A.12.1 OnepatiiiHi mpoueaypy Ta BiITIOBiAa/IbHICTb

A.12.2 3axucr Bin mkignmsoro I13

A.12.3 Pe3epBHe KOMilOBaHHS

A.12.4 Jlorm Ta MOHITOPUHT

A.12.5 KOHTpOJIb CUCTEMHOTO IporpaMHoro 3abe3mneueHHs (I13)
A.12.6 YripaB/liHHS TeXHIUYHUMM ypas3anUBiCTIO

A.12.7 TIpoBemeHHsT ayanTy iHOOPMAaIiiTHUX CUCTEM

A.13 Besmexka 3B'3Ky

A.13.1 YrpaBiiHHS 6€31eK00 Mepexi

A.13.2 Tlepepaua iHdopmariiii

A.14 [Tpun6anHs, po3pobKa Ta MiATPUMKA CUCTEM

A.14.1 Bumoru 6e3neku 10 iHhopMaliiiHUX CUCTEM

A.14.2 Be3meka mpu po3po61li Ta TOMOMIKHUX ITpoliecax

A.14.3 TecToBi maHi

A.16 VrpaBiHHS iHIIMaeHTaMy iHpopMalliitHoi 6e3meku

A.16.1 YrpaBiinHs iHummeHTamu iHGopMarliiiHoi 6e31meKu Ta MoKpaIieHHs

HaBepneHi maHi B Tabsnili 3 103BOMSIIOTh onTuMizyBaTu goctyn 1o COKI 3aBasi-
KU migcucTeMi maTpumkn npuitHATTs pimeHsb (IIcIIIPA) moctymy go COKI. g mifa-
cucTteMa 3aBXkAM QYHKIIOHYBaTHMMe B YMOBAaX «HEeBM3HAUEHOCTi», Y TOMY UMCJIi 3a-
JIESKHOI Bif 3MiHM KJIiMaTMUHMX YMOB HaBKOJMIIHLOTO cepemoBuina. [Ipmuomy, B
OCTVY ISO 31000:2018 [5, n.3.1, [IpumiTKa 5], aklleHTYIOTh yBary Ha TOMY, 1[0 «He-
OIpeieIEHHOCTb — 3TO COCTOSIHME TIOJTHOTO MJIM YaCTUUYHOTO OTCYTCTBUS MHPOpMa-
1M, HeOOXOAMMOI IJis IOHMMaHMs coobITus (3.5), ero mocaencTBuii (3.6) 1 UX Be-

POSITHOCTEM», e MalTh MicClle HaCcTyITHi (OpMyJIIOBaHHS: «COObITHE (event): - BO3-
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HUKHOBeHMe WM M3MeHeHMe crenyuduyeckoro Habopa YCa0BUit»; «IOCTeICTBUE
(consequence): - pe3y/ibTaT BO3AEMCTBMS COOBITHS (3.5) HA 0OBEKT».

OpnHax, CjIim 3ayBakuUTH, 110 BigmoBimHo mo mokymeHTiB ISO/IEC 6ynb-siki Bu-
MipioBaHHSI 3acob6amMy BuMipioBaHHS (3B), y TOMy uKcIIi TTOB'sI3aHi 3 KOHTPOJIEM Ha-
BKOJIMIIIHBOTO CepeloBuina abo mapaMeTpiB TEXHOJIOTIUHMX MPOLIECiB, TAKOX Mif-
IaloThCsl MPUHLMIY HeBM3HaueHOCTi. ToOMy OOIJIbHO BUCTAB/ISITU IMiABUIIEHI 30-
OOB SI3aHHS [0 HaJiitHOCTi i 6e3meku 3B 3 MeTOH BMKOHAHHS SKOPCTKUX BUMOT 3
OIIiHKM pU3UKiB Kibepbe3reky B yMOBax peasisallii MpUHUIMUITY HeBU3HaueHOCTi [10]
rpu 3abe3reyeHHi METPOJIOTiYHOI JOCTOBIPHOCTI BUMipIOBaHb 3a JOIOMOT0I0 Oy/Ib-
akux 3B [11].

OTxe, IIcIITIP moctymy mo COKI 3000B's13aHa 3abe3reuyBaTii pO3B'sI3aHHS 3a-
a4 sk moao Gi3sMyHOTo 3aXMCTY Bi HACIIKIB BIUIMBY HaBKOJUIIHbBOTO CepeOBy-
111, TakK i mpu peasisaiiii 6e3rneku 6e3mocepeTHLOrO MPOLeCy OTPUMAHHS Ta 00po6-
KM CYITyTHBOI iHpopMallii, 110 TimoTeTMYHO MigMagac il MOKIMBI KibepiHIMIEHTH!.

Sk Bimomo, mobGpe opraHizoBaHa 3 BUKOPUCTAHHSIM CyYyaCHMUX TeXHiUYHMX 3aCO-
6iB cucTeMM KOHTPOJIIO Ta yrpaBaiHHS moctyrioMm (CKVY]I) mo3BOSIIOTh BUPINTYBaTH
LIy HU3KY 3aBAaHb, OO SIKMX (K HAMBOKIMBIIIMM) MOXHa BigHecTM Taki [12]:
«IIPOTUBOAEICTBME MPOMBIIIEHHOMY ILIMMOHAXy; MPOTUBOENCTBME BOPOBCTRBY;
MIPOTUBOJEICTBUE cabOTaxy; MPOTUBOEICTBYE YMBIILIEHHOMY MOBPEXIEHMI0 Ma-
TepuaJabHBIX IIEHHOCTEl; y4yeT pabouero BpeMeHM; KOHTPOJIb CBOEBPEMEHHOCTMU
MpUXoAa U yXoJa COTPYAHMKOB; 3aluTa KOHPUIeHUIMaIbHOCTY MHbOpMaLn; pe-
ryJMpOBaHMe MOTOKA MOCETUTEee; KOHTPOJIb Bbe3a 1 Bbie3aa TpaHcropTa. Kpome
storo, CKY/I sBsieTcst 6apbepoMm [Jist JTIOOOIBITHRIX». OCTaHHIM YacoM, Ipy peati-
3anii KoHKpeTHUX CKV]I, TakoXk BMKOPUCTOBYIOTb pPi3Hi CIOCOOM Ta peani3yioTh
MpucTpoi st imeHTudikaiii Ta ayreHTudikallii 0co6mCTOCTI.

OTxe, TIpaBWJIbHO TMMOOyIOBaHa (amekBaTHa peanbHOCTi) moaenb COKI 3 jioro
CucTtemo10 3aXUCTy Ta 6e3IeKu, a TAKOXK MO/Ie/ib MOPYIIHMKA, B SIKilt BiTo6paskaiTh-
Cs I0TO TPAKTUYHI Ta TeOPETUYHI MOKIMBOCTI, allpiOpHi 3HAHHS, Yac i micie Aii Ta
iHIII XapaKTepUCTUKH, € BaSKIMBOIO CKIaJOBOIO YCITIIIHOTO MPOBEAEeHHS aHasli3y pu-
3MKy Ta BM3HAUEHHS BUMOT JIO CKJIa[y Ta XapaKTepPUCTUK iHTerpajbHOI CUCTEMU 3a-
xucTy. [IpoTe, HaBiTh B yMOBax 6araTopiBHeBOI CMCTeMM TepelIKo, KogHa Mi3HaBa-
JbHA MOJie/Ib He MOXKe OJJHOYAaCHO BMKOHYBATM HeoOXigHO 6e31iu 3aBmaHb "3aXmc-
HOro HanpsaMmky' [13, ¢.93]. Came 11bOMY JOLIi/IbHO OLIiHIOBATU e(PeKTUBHICTb MOJIeTi
B KOHKpeTHOMY (06paHOMY) acIieKTi ii peasmisariii.

[Tpuuomy B obsacti CKY/l He mpuaijieHO IHOCTAaTHHO CEPITO3HOI yBaru ImO0

KOHTPOJIIO 3a TIOAOJIAHHSIM TOBITPSHUX PYOEXiB 3axXMCTy MO IMiAPUBY KOHKPETHOI
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3aXMCHOI (OXOpPOHIOBAHOi) 000JIOHKM 00'ekTa. TOMY IJjIs1 MPUKJIAAY 3 BUSIBJIEHHSIM
HECAHKI[IOHOBAHMX TMOBITPSHMUX aTak 3JIOBMUCHMUKIB, SIKi BUKOPUCTOBYIOTb IPOHMU,
MiIXOOUTh TeMOHCTpAllisl (3aa4a) MOKIMBOCTI 3a0e31eueHHsI IITaTHOTO PiBHS 3a-
xucty OKI nuistxom peastisarlii KopensiiiHux pafiosoKaliifiHUX TPUCTPOIB OIVIK-
HbOI B3aemofii [14, c. 403] i3 cynyTHiMU roporoBumu 6;1okamu. [Ipu 1iboMy 3aBIaH-
HS 3arajibHOi Ta MapaMeTpUuHOi iZeHTuUdiKallii po3ni3HaBaHHS MOTEHIIIMIHMX aTak
3a JOIIOMOI'OI0 JOCJIiIKeHHS TilOTeTMUYHOI CUTHAJIbHOI aHAJOroBOil Aii CJIif TaKOX
3BOAUTHU, AaHAJIOTIUHO [1], O KOpesAIliiiHOro aHasi3y 30HIyBaJbHUX Ta BiIOUTUX CU-
THAJIiB BiJl IPOHIB, SIKi BTOPIJINCH Yy MOBITPsIHY 06/1acTh KBO, 1110 0XOpOHSIETHCS.

BucHoBkMU. TakyuM 4MHOM, 3aIllpOMIOHOBAHA CTPYKTYPHO-JIIHTBICTUYHA CXeMa
MeTO/I0JIOTii MOOYIOBM CUCTEMMU 3aXMCTy Ta Oe3IeKu 00’€KTiB KPUTUUHOI iHdpa-
CTPYKTYpPM 3 MO3UIIili 3HMKEHHSI Pe3yJIbTaTUBHOCTI pu3uKiB. BukoHaHo aHani3 Cuc-
TeMM OIliHIOBaHHSI pu3MKy 6e3rneku cykynHocTi OKI Ta moctymy mo Hei. [TokaszaHo,
mo CJIC mae yHiBepcadbHY CTPYKTYpy Ta (aKTMUYHO MOXe OyTM BMKOPMCTAHA B
Oynb-sIKiii opraHizoBaHiit cdepi misIbHOCTI COL[iyMy He3ajesKHO Bill BUIY Taly3i, po-
3MipiB opranisailii, BUIiJIeHMX MaTepiaJibHUX 3aC00iB Ta iHTEJIEKTyaJbHOTO PiBHS
IITATHOTO MepCcoHasy, BiMOBiAaJbHOTO 3a 1[I0 Ta/y3b Oe3meku Ta 3axucty. OOrpyH-
TOBAaHO MOKJIMBOCTI pearisaliii, 3 MO3UIii 3HMKEHHS Pe3yJIbTaTUBHOCTI PU3UKIB,
dbyHKIIii 040 HiBe/JIOBAaHHS IOTEeHIIIHO Hebe3meuHux aTtak BimHocHo COKI, sxi
CIIPSIMOBAaHI SIK Ha PO3KpaaHHsI, CIIOTBOPEHHS ITiJTiICHOCTI Ta AOCTOBipHOCTi iHDOP-
Mallii, Tak i Ha MOX/IMBI MOPYIIEHHS TaK 3BaHUX (Qi3MUHUX pyOeskiB 3axXuCTy iHpOp-
Mariii.
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Safety of critical infrastructure objects
from the positions of risk effectiveness reduction

In the Ukrainian standards of general risk assessment, according to analogues
within ISO, safety aspects are mainly informative. Therefore, both the quality of risk as-
sessment and the reduction of its negative consequences (risk effectiveness) depend on
the proper use of methods and techniques. that is why in order to prevent unauthorized
physical and information access, ie any damage and interference with loss of confidenti-
ality, integrity, accessibility, observation, authenticity and reliability of both official in-
formation of the organization and the integrity of the production system of the organiza-
tion with their facilityes of obtaining, processing and storing information, it is necessary
to make the correct choice of risk assessment method and further ensure the proper im-
plementation of protection in accordance with the reduction of risk effectiveness.

The purpose of the work is to substantiate and analyze the proposed structural and
linguistic scheme of the methodology of construction of the System of protection and
safety of critical infrastructure objects (CIO) from the standpoint of risk effectiveness.

From the point of view of reduction of hypothetical negative consequences from
risks for regular of CIO the conditions for potential risk criteria are given and the System
of risk assessment of the security of the set of critical infrastructure objects (SCIO) is con-
sidered with access to it, which includes subsystems of: the Ukrainian standards of gen-
eral risk assessment, declared methods of general risk assessment; assessment of security
losses according to confidentiality, integrity, accessibility, observation, authenticity, reli-
ability and stability of protection boundaries; filtering of these risks and supporting deci-
sion-making on access control to SCIO. The advisability of the increased obligations con-
cerning reliability and safety of measuring instruments is proved in order to strict re-
quirements for cybersecurity risk assessment in terms of realization the principle of un-
certainty while ensuring the metrological reliability of measurements.

Tapacenko IOpiit CraHictaBoBuu —oueHT Kadeapu Kibepbesmneku ta iHpopma-
LiAHMX TeXHOJIOrii, YHiBepCcuTeT MUTHOI cIipaBy Ta (piHaHCIB.

Knum BikTopisa IOpiiBHa — noneHT Kadenpu Kibepbesmneku Ta iHpopMalliifHux Te-
XHOJIOTi#, YHiBepCUTeT MUTHOI CIipaBy Ta (iHAHCIB.
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A.T. flces
SKCIIEPUMEHTAJIbBHOE MOJIEJIMPOBAHUE MEXAHUYECKUX CBOVICTB
TEIIVIO3AIIMTHBIX 3KPAHOB

AHomauyis. EkcnepumeHmanbHo 0OCNIOXeHO OCHOBHI (YI3UKO-MeXAHTYHI Bacmusocmi menno3a-
XUCHO20 KOMNO3UYiliHO20 Mamepiany, Wo BUKOPUCMOBYEMbLCA 01 BU20MOBJIEHHSA 3aXUCHUX eK-
paHis. [na ybo2o Ha npuknadi cknonnacmuky CTE® sukoHaHi (i3 3acmocysaHHaM mpaouyitiHux
cxem) docnioxeHHA npu manux (meHwe 1 m/c) 1 sucokux (6inbwe 3 M/c) weudKocmAx 3MIHU
HasaHmaxeHs. [lpu mManux wWeUOKOCMAX HABAHMAXEHHA 00CAI0XKYBANACA MIYHICMb Mamepiany
npu nosepxHesomy 0eopMyBaHHI, pO3MA2YBAHHI, 32UHAHHT ma 3cysi. [lpu BenuKux wWBuUOKoC-
msx BU3HAYyanacs poboma pyliHyBaHHA 1 yoapHa 8'S3Kicme.

Pe3ynbmamu ekcnepumeHmanbHUxX OO0CHIOXKeHb BUKOPUCMAHI Npu BUPTWEHHT KOHKpemHux
KOHCMPYKMOPCbKO-MexHO021YHUX 3aB0AHb, 30Kpema, npu po3pobuyi 061a0HaHHS ma subopi
pexxumis OpobaieHHs KoMno3uyildiHux mamepianig npu ix ymunizayii (xo4a, 6e3ymosHo, ompuma-
H1 0aHT Maomb Wupwe 3Ha4YeHHs).

Knwo4osi cnosa: MoOento8aHHA, MeXaH14H1 8/1aCMUBOCMI, Menio3axucHi eKpaHu, excnepumeHmu.

ITocTaHOBKA MPOOGeMbl. BOTBIIMHCTBO MalllMH META/UTypPTUMUECKOTO MPOM3-
BOICTBA (PYHKUMOHUPYIOT B YCJOBUSIX MHTEHCUBHOTO BO3IEICTBUSI BBICOKMX TEMITE-
patyp. [I11 yMeHblIIeHNSI BIAUSHUS TeMIlepaTyp UCIOAb3YIOT TeIlsIo3alUTHbIe 3Kpa-
Hbl 3 pa3/IMYHbIX MaTepuasoB. Hanpumep, KOMIO3UILIMOHHbBIE XKapOIPOUYHbIe Ma-
Tepuasbl Ha MOJMMEePHOI OCHOBE IIMPOKO UCIIOJb3YIOTCS B KaueCTBe Terio3alluT-
HBbIX 3KpaHOB pa3HO0Opa3Hoii ¢GopMbl U pa3mepoB. OMHUM U3 PacIpPOCTPaHEHHbBIX
BUJIOB YKapOIIPOUYHbIX KOMITIO3ULIMOHHBIX MaTepuaJiOB Ha IMOJIMIMEPHOI OCHOBE SBJISI-
eTcs creknormnacTuk mapku CTO®D, ocHOBHbIe PM3MKO-MeXaHMUEeCKNe U Terutodu-
3M4YecKye CBOJCTBa KOTOPOro IpUBeLeHbl B CIIPAaBOYHOM IuTeparype [2- 4].

Ilens uccnemoBaHuA. AKTYalIbHONM 3a7ayelt PU UCIIOJIb30BAHUM U3TETNIA U3
KOMITO3ULIMOHHBIX MaTepuasoB SBISeTCS YTUIM3aLUUs I0Ce UCTeYeHUsI CpoKa UX
skcruryatanuu. OObBIYHO YTUAM3AIMS TIpeariosaraeT pasfejieHre KOHCTPYKIMI Ha
KpyIHorabapuTHbIe TUVINTHI, ApOOJeHe TUIUT Ha MeJIKMe 3JIeMeHThI U TOoc/IeAyloliee
UX OycrieprupoBanme. [IJis pelieHus Takoi 3aauy Ha 3Tare qpobyieHus Tpeaioske-
HbI OpUTMHAJIbHbIE TeXHOJIOTHS U o6opyaoBaHue [1].
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[Ipu peanusanum TexHoMOTMU ApobiaeHus [1] moTpeboBasoCh YTOUYHUTH OCO-
OeHHOCTYU TMPOSIBIEHUSI OCHOBHBIX MEXaHUUECKUX CBOMCTB [JiE COOTBETCTBYIOIINUX
IAHHOV TeXHOJIOTUM BUIOB HATpy30K U Aedopmaiiuit. [IJis 3TOro Ha rpuMepe CTeK-
snomnacTuka CTO® BbINOIHEHBI (C IPUMeHeHNeM TPagULMOHHBIX cxeM [4]) sKcIie-
pUMeHTa/IbHbIe UCC/IefOBaHNsI OCHOBHBIX MeXaHNUYeCKUX CBOMCTB IIPU MaJjlbIX U BbI-
COKMX CKOPOCTSIX M3MEeHEeHMsI Harpy3oK. [Ipy MasbIXx CKOPOCTSIX Harpy>xeHusi (MeHee
1 M/c) uccaenoBasiach MPOUYHOCTb MaTepuasa Mpy MOBEPXHOCTHOM AedopmupoBa-
HUM, PaCTssKeHuu, usrube u casure. [Ipu ckopocTsx 6oee 3 M/c ompenensijiach pa-
60Ta pa3pylieHus 1 yaapHasi BI3KOCTb.

OcHOBHOJI MaTepuan ucciaengosaHus OnpeneneHye xapakTepa paclpezeie-
HMS TBEPLOCTU IO PasJIMUYHBIM yUyaCTKaM KOMIIO3ULIMOHHOTO MaTepyuasia BbIIIOHe-
HO ¢ moMmortibio Tipubopa TK-2. CreruanibHbie 006pa3ibl UMEIOT TOMIIUHY PaBHYIO
TOJIIMHE MCCIeoyeMOro MaTepuana U IpsMoyronbHoe ceueHue (5040 mm). O6-
pasiibl UMeIOT HeOObIIYI0 KPMBU3HY, UTO MO3BOJISIET HA3bIBATh OJIHY M3 MOBEPXHO-
CTell CTepyKHSI BHEILHe, a IPYrylo — BHyTpeHHel. BOKOBble TOBEPXHOCTU 00paso-
BaHbI IUVIOCKOCTSIMMU, I10 KOTOPBIM CTEeP>KHU BbIpe3aHbl U3 IIaCTUH. B KauecTBe MH-
IIeHTOpa MCIIOb30BaJICs 3aKajJeHHbI CTaJIbHOM IIapuK; IMOKa3aHUsl CHUMAIUCh Ha
npubope TI0 IIKasie TBepAOCTU «B». Pe3ynbTaThl M3MepeHMs] TBEPAOCTM Ha pasind-

HBIX yYacTKaX ITOBEPXHOCTEN 00pa3I1loB IpuBeAeHbI Ha puc. 1.

TeeppocTb noBepxHocTH, HR
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PucyHoOK 1 - TBepIOCTb pasiN4HbIX Y4aCTKOB [IOBEPXHOCTU

KoMmosuiimoHHbIil MaTepual MMeeT HeOLHOPOAHYIO (puc. 1) TBepOooCTh Ha
Pa3IMUYHBIX YUACTKaX IIOBEPXHOCTH, IPUUEM HaMOOJIBIIYIO TBEPIOCTh MMEIOT BHEIII-
HSIS1 M BHYTPEHHSS MOBEPXHOCTU, COOTBETCTBEHHO. TBepoOCTU BHEIIHel U BHYT-

peHHeﬁ HOBerHOCTeﬁ pa3/inyarTCd He3HAaUYMTe/TIbHO, a TBepAOOCTb OOKOBBIX IIO-
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BepXHOCTe mouT B 1,5 paza meHblie (Ipu 3TOM pasbpoc 3HaAUeHMI, Cy/Is 10 BeJIN-
YMHAM CpeIHMX KBaJpaTUUECKUX OTKIOHEHMI, mpuMepHo B 1,5 pasa 6osbIle), YTO
MOATBEPXKAAeT aHU30TPONMIO CBOMCTB KOMITO3UIMOHHOTO MaTepuana.

Jjist vccmemoBaHMs IPOYHOCTY MaTepuasia mpu JOKaabHOM IedhopMUpPOBaHUU
(BOABAMBAHMUM KOHYCOB) INPOBEIEHbI 3KCIIEPMMEHThl Ha YHUBEPCAJIbHONM MCIIbITA-
TeJIbHOM MaimuHe P-5. JIj1s1 McIIbITaHMSI TIOATOTOBJIEHBI 00pa3Iibl M3 KOMITO3UIIMOH-
HOTrO MaTepuasia B BUe CTepyKHEe ¢ IMPsIMOYTOJIbHBIM ceueHreM 18* 50 MM, IIMHOI
220 MM M cTanbHbIe KOHYCHI ¢ yriamu 30°, 60°, 90°, 120° 1 150°. Cuia HarpysKeHUs
KOHyca usMeHsiach B muanasosHe (5000 — 60000) H. O6paserr 4 (puc. 2) ycTaHaB/IM-
BaJICS HA HVDKHIOK TOABVKHYIO TpaBepcy 2, a KOHYC 3 — Ha BEPXHIO TpaBepcy 1 u
npeJBapuTeabHO MOMXKMMAJICS K 06pasily BpyuHylo. Ilof geiicTBMeM CKMMAIOLero
ycuinsl P, BeMuMHA KOTOPOrO PerMcTpUpoOBaiach IO ILIKaJe CIeluaJbHOro U3Me-
pUTEIbHOTO Ipubopa, KOHYC BHEIPSJICS B obpasel] Ha oIpeaeaeHHYI0 ITyouHy H,
3aBUCAIIYI0 OT BeJIMUYMHBI ycuins. ['eomeTpudyeckue mapamMmeTpsl cjieia OT BHeape-
HMSI KOHyca (OTIevyaTka) COOTBETCTBYIOT reOMETPUM BAABIMBAEMOTO KOHYCa U KOC-
BEHHO XapaKTepPU3yIT IMIPOYHOCTb MaTepuaa.

['my6uHa oTIeyaTKa omnpezessiach o paguycy oTrnedyaTka 1 yriry KoHyca:

R
tg /2

rae H - rybuHa oTrnevaTka; R - paauyc oTrievaTka; o - yroj KOHyca.

[Inomaab MOBepXHOCTU OTHeuaTKa F ompenesnsiach 1o popmyse:
F =zR~/H?>+R*>

Pe3yibTaThl 3KCIIEPUMMEHTOB IpuBeaeHbl B puc. 7. KosadbduimeHTsl mapHoit
Koppensiuyuy (Tabnuiia 1), BeMUMHBI KOTOPBIX 3HAUMMbI, TIOKA3bIBAIOT, YTO Hau-
Oosnblliee BAMSIHME HA IMaMeTp OTIevaTKa U IIOoNaAb MTOBEPXHOCTU OKa3bIBaeT yCu-
Jvie BOABIMBAHMS, a TIyOMHA OTIIeYaTKa B OOJIbIei Mepe 3aBUCUT OT yIjia KOHyca.
Haubonbiias riayouHa OOCTUTAeTCs NPy BeluunHe yria KoHyca 30°. IIpu 60sbimx
3HAUEHMSIX YIJIOB TTyOMHA OTIIeUyaTKa 3HAUYMTEJTbHO MEHbIIe, Iaske Mpu OOJIbIINX
BeJIMUMHAX YCWIKSI BAABAUBaHUS. B yacTHOCTHM, HaubosbIliasi ry6MHA OTIHevyaTKa
ISt KOHyca ¢ yriaoMm 60° B 1,5 pa3sa, mjist KoHyca ¢ yriiom 90° — B 2 pasa; IJisl KOHyca C
yriaom 120° — B 3 pasa; mjist KoHyca ¢ yriom 150° — B 10 pa3 MeHbllle COOTBETCTBYIO-
1Iero 3HaueHus1 4151 KOHyca ¢ yriom 30°.
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Ta6auna 1
KoadduumenTs mapHoit Koppeasinmn
HesaBucumpbie 3aBUCHMbIE TIepeMEHHbIE
rnepeMeHHbIe HuameTtp oTme- ['nmy6uHa otrie- | Ilmomiaab oTie-
yaTka d, MM yaTka h, MM yaTka F, MM?
o , rpaf. 0,68538 - 0,58441 0,37578
P, H 0,92596 0,46725 0,98162

PucyHOK 2 - CxeMa UCIIBITaHWii Tpy BAap- ~ PUCYHOK 3 - CxeMa MCIIBITaHMI IIPU
JIMBaHUY KOHYCOB: 1 — BepXHss TpaBepca; PpacCTsKEHNN:
2 — HIDKHSIS TpaBepca; 3 — KOHYC; 1, 2 — BepxXHUI U HUKHUI 3aXBaThI;
4 — MCTIBITBIBAEMbIii 06pa3serl; 3 — MICIIBITbIBAEMbIii 06paser]

3 3
g L e T T
RS
PucyHOK 4 -- CxeMa MCIIBITaHui Ipy caABM-  PUcyHOK 5 - CxemMa UCIIbITaHUII TpU
re (cpese): 1 — myaHcoH; 2 — 06oitMa; usrube: 1 — myaHCOH; 2 — UCITBIThIBAE-
3 — MCIIBITHIBAEMBIIT OOpaser] MbIV 0bpaser; 3 — mInTa
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Ynops

PuCyHOK 6 - Cxema UCIIbITaHUI [IPU YIAPHOM Harpy>KeHUM

V3yyeHue 1noBeneHusi KOMIIO3ULIMOHHOTO MaTepuasa IoJ, AeiiCTBUeM pacTsi-
TUBAIONIVX YCUJIMI TIPOBEeAEHbI HAa YHMUBEPCATbHON UCIBITATEbHO MalnHe P-5 1o
MIOJTHOTO pa3pylieHust 00pa3ioB. s UCTIbITaHMS TTOATOTOBIE€HbI 00pa3Iibl C TIPSIMO-
YrOJIbHBIM CeueHueMm (puc. 3).

[Ipu yBenmnyeHMM NPUKIALbIBAEMOI HAarpy3KM YCTAaHOBJIEHBI OIlpeleIeHHbIe
KavyeCcTBeHHbIe OCOOeHHOCTM (Tabnauia 2) IoBemeHMs MaTepuasa (YCTAaHOBUTH
3HAUEeHMs] HAIIPSDKeHUI He IpeCTaBiseTcsl BO3MOXKHBIM M3-3a HeollpeLeleHHOCTU
BeJIMUMH TUIONIANel ceueHMsl 0b6pasiioB). Ha ocHoBaHMM aHa/iM3a MOBeAEeHMUS KOM-
MO3ULIMOHHOI0 MaTepyuasia MpUu pacTsKeHUM MOXKHO COeaTh BbIBOJ, UTO IpeuMy-
IIeCTBEHHO pPa3pbiB MPOUCXOOUT U3-3a pasfesieHus] KOMIO3UTa Ha COCTaBJSoIINe

CJIOM M Pa3pbIB UX IO YACTSIM.

Ta6nuia 2
Pe3yibTaThl SKCIIEPUMEHTOB
NeN© Benuuuna ycunms, H XapakTep M3MeHeHMsI 00pa31ioB
1 1000 pacciioeHue MmaTepuasia
2 5000 yIJIMHeHMe obpasiia
3 10000 paszeneHue ClI0eB
4 15000 yTOHeHMe obpa3siia
5 20000 JIaJibHelillee pa3aejieHue CJI0eB
6 22000 pa3pbiB BEPXHUX CJIOEB
7 26000 IaJbHENIINIA pa3pbIB CJI0€B
8 30000 TIOJTHBIN paspbiB 00pasiia

[ToBemeHue maTepuasia Ipyu COABUTE UCCIEI0BATIOCh HA YHUBEPCAJIbHOM UCIIbI-
TaTe/IbHO MallHe P-5 ¢ mpMMeHeHMeM cIlellMaabHO ocHAaCcTKY (puc. 4). B kauecT-
Be 00pa3IlOB MCMOJb30BaHbI IUIACTMHBI, BhIpe3aHHbIE U3 MCXOAHOTO MaTepuana, C
MIPSIMOYTO/IbHBIM CeueHyeM (TOJIMHA 2-3 MM U IIKUPUHA 25 MM) OJAMHON He MeHee
50 mm. [Tpu ucnbiTaHUSIX OoOpasel] 3 ycTaHaBAMBAETCS B 0007iMy 2, a 3aTeM CTepsK-
HeM 1 ¢ guamerpom 20 MM, K KOTOPOMY MPUK/IAAbIBAETCS YCUIMUE, TPOU3BOLUTCS
COBUT yyaCTKa MaTepuasaa Mo mepumeTpy OKPYKHOCTU U IOC/IeAYyIOLIUIA ero cpes.
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BenuumHa ycuimst BHavajie HapacTaeT, JOCTUIHYB MaKCMMaJbHOrO 3HaUeHMus, KOTO-
poe PerucTpupyeTcs, a 3aTeM yMeHbIIIaeTcsl.

N3meHeHune rmybuHbl (MM) oTneyaTka

g }/ron koHyca 30 rpag.
i /rON KOHYCa 60 rpag.
=& Yron koHyca 90 rpag.
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PucyHok 7 - I3sMeHeHMe XapaKTepUCTUK OTIIeuaTKa IIpU BAABIMBAHUM KOHYCA
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[To BeMuMHe yCUJINSI M TeOMeTPUUEeCKUM IapamMmeTpaM obpasiia pacCUUThIBA-
€TCA BeJIMUMHAa HalIpsS>KeHus cpe3a:
R
"~ xdh

)

T

rame P — ycwime, mpM KOTOPOM IIPOMCXOAUT paspylieHue obpasma; d - amamerp
cTepkHS; h - TommuuHa obpasiia.

CpenHue 3HaUeHMS HAIMPSDKEHUI cpe3a pa3inyarTCcs He3HAUUTeNIbHO (puc. 8).
OmHako BO3MOXHbBIE peanu3alMy 3HAUYEeHMI (BHYTPU IIOJIeM pacCceMBaHWUS) IIO[-

TBEP>XOAaT aHMU30TPOIINIO CBOWICTB.

HanpaxeHna cpeza, mMa

EaDUaHTE ONLITOR.

1 2 3 4

o

PucyHok 8 M3MeHeHMe HapSI)KEHUI Cpe3a U MOoJIsl pacCeMBaHMSI

VcciemoBaHue MoBeleHNs MaTepuaia Ipu u3rube mpoBefeHbl M0 M3BeCTHOM
cxeme (puc. 5) Ha YHMBepCaabHON MCIBITATENIbHOI MaluHe P-5. B kauecTBe o6pas-
LI0B MCII0/Ib30BaHbl CTEPKHM MPSIMOYTOJbHOTO ceyeHus mymHoi 90 mm. [Ipu mcribi-
TaHMUSIX 00pa3el] yCTaHaBAMBAETCSI HA OMOPbI OCHOBAHMS, PACCTOSIHME MeKIy KOTO-
peimu 1 = 40 mm. Ycunme, pukiIagbpiBaeMoe B IeHTpe obpasiia uepes MWIMHIP C
auamMeTrpoM 18 MM, Bo3pacTaeT A0 MaKCMMAaJbHOIO 3HAaUY€HMs, KOTOPOe PerucTpu-
pyeTcs, a 3aTeM pe3KO IajiaeT Mpy rotepe 06pas3oM Hecylei CrIoCOOHOCTH BCIIe-
CTBME ero paspylieHus.

PacueT BemMuMHbI HAINIPSKEHUS, [IPU KOTOPOM IIPOUCXOOUT paspyllieHue, ocy-
1iecTBisieTcs [2, 4] 1o ycraHaBauBaeMoil BeinuuHe ycunus (P), reomeTpuyeckum
napameTpam ceueHust (A u B ) u paccrosHuio Mmexxay oropamu (1):

M
G — usze . R
W
. B- A
use :P_l W =
rge 2 - I/ISI‘I/I68.IOH.U/II71 MOMEHT, 6 - MOMEHT COIIpOTUBJIEHU I Ceue-
HU4A.
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Pe3ynbTaThbl 3KCIIepUMEHTOB (pUC. 9) CBUAETENbCTBYIOT, UTO IPOYHOCTh MaTe-

puaJjia Ha 1U3rub Takke uMeer dAHU30TPOIINIO.

N3meHeHne HanpskeHu npy narmbe
450 MomeHT conpoTuBneHns ceveHust 68 Kyo.mm
Ycunue usrnba 1400 H H

400

MomeHT conpoTtuBneHusi cevenust 122 ky6.mMm

Yeunue usrnba 2000 H
350

’ MomeHT conpoTuBneHusi cevenust 173 ky6.mMm
Yeunme usrnba
300 '
250 ‘ T
BHewwHsas NoBEpPXHOCTb npOME)KyTOquIe cnoun BHyTpeHHFIFI NOBEPXHOCTb

PucyHok 9 - HanpsbkeHMs Ha pa3jMyHbIX yyacTKax MaTepuasia npu usruoe

Haubosnpinme paspyiiamoiiye HaIpskKeHMs BO3HMKAIOT B oOpasiiax BOIM3MU
BHeIITHe MoBepXHOCTH. HauMeHblllee COMPOTUBIIEHE pa3pylieHUs TIpu u3ruobe o6-
Hapy)XuBaeTcs OJ1s1 00pa3iioB, BbIpe3aHHBIX BOJINM3Y BHYTPEHHUX apMUPYIOIIUX CJIO-
eB. OcTasibHbIe 00pa3Ilbl MMEIOT MOUYTM OAMHAKOBYIO ITPOYHOCTD. BesmumHa paspy-
LIAI0LIero HaIpsDKeHMs! 3aBUCUT OT HalpaB/ieHUs NPWIOXKeHUs Harpysku. Hampu-
Mep, TIpU U3MeHeHUM HallpaBJeHUsT MeCTBUS YCUIUS, TIPU UCIIBITAHUM 00pas3IioB,
BbIpe3aHHbIX BO/IM3M BHeIIHel MOBEPXHOCTH, HAMpSDKeHUS! CYIeCTBEHHO yMeHb-
LIAK0TCS.

WccnepoBanue nosefneHnss KOMIIO3SULIMOHHBIX MaTepualoB IIPU BbICOKUX CKO-
pPOCTSIX HArpy>keHUs MPoBeaeHbl Ha MassTHUMKOBOM Koripe MK-30 o TpaguiimoHHO!
cxeMme (puc. 6). [Ipu mpoBegeHUM UCIIBITAHMIT 00pa3iibl (CTEPXKHM C ITPSIMOYTOJbHBIM
cedyeHreM AnHOM 90 MM), yCTaHOBJIEHHbIE HA OCHOBaHMe (PaCcCTOSTHME MEXAY OIIO-
pamu 40 MM) pa3pylIaIvCh MasSTHUKOBBIM KOIIPOM.

HauanbHas BbICOTA pacCIIOOKEHMSI KOIIpa M3MEeHSeTCs, 4TO IT03BOJsIeT 3ala-
BaTh Psifl 3HAUEHM CKOPOCTEi yiapa, Ipy yaape perMcTpUpyeTcs: BeJIMuuHa paboThl
paspylleHys, a BeIuYMHa YAapHOM BA3KOCTU PaCCUUTHIBACTCS:

rae A— pabora paspyuienus; F — myomaab cedyeHus oopasiia.
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XapakTepuCTUKM YAapHOro HarpyxeHus
e Pa60Ta paspyLLEHNs i} napHasi BA3KOCTb
------- JInHeiiHas (PaboTa paspyLueHus) — » = JInHeiHas (YaapHas BA3KOCTb)
25 300
290
Y 280
ola T — A~ 270
g L~ 260
.-
~ 250
-
- 240
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KOpOCTb yaapa, m/c
10 . . ‘ ——OPOCTR YASP 200
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XapaKkTepuCTUKN yOAapHOro Harpy>xeHus
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10

Pucynoxk 10 - XapaKkTepucTuku Mmatepuasia rnpu yaape

[Ipu yBenmueHun ckopocTu ymapa (puc. 10) pabora paspyiieHuss MaTepuaaoB
yMeHbIIaeTcs. VisMeHeHMe yIapHOil BSI3KOCTU IMPOUCXOIUT 6ojiee CIOKHBIM 0Opa-
3om. CiiemyeT OTMETUTh, YTO 0Opasiibl KOMITO3MIIMOHHOTO MaTepuasa IMpu yaape
MIpeuMYyIeCTBeHHO paccaanuBaioTcs U 1eopMUPYIOTCS.

BbIBOAbI. /171 3kapOIIpOYHOTO KOMIIO3UIIMOHHOIO MaTepuaia Ha MOAUMMepPHOI
oCHOBe (cTekionaacTuka CTO®) ycTaHOB/IEHO:

- IIpU CKOPOCTSIX HArpykeHusi MeHee 1 M/C MPOYHOCTh MaTepuaysa MpU IO-
BEPXHOCTHOM JedopMMUpOBaHMM (BAABAMBAHME KOHYyCA), pacTsDKeHUM, u3rube u
COBUTe VMIMeeT CYIeCTBEeHHYI0 aHU30TPONNIO (BeJIMUMHEI [TIOKa3aTeseil CBOVCTB pas3-

JIMYAIOTCA B HECKOJIBKO pas) OJI1 pa3/JIMYHbIX YU4aCTKOB O6p83HOB;
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- HambosbIasg IIyOuHa BAABAMBAHMS MeTa/UVIMYECKOT0 KOHYyca OOCTUTaeTcs
(Ip¥ OAMHAKOBOM BeJIMYMHE CUJIbI) /11 KOHYCA C BeIMYMnHOM yriia 30°;

- IIPY CKOPOCTSIX Harpy>keHust 6ojiee 3 M/c (yAapHbBIi peXXMM Harpy>keHust) pa-
6oTa paspylleHMs] YMEHbIIAeTCs C YBeJIMUYEeHMEeM CKOPOCTH, IPU 3TOM OOpasIibl
KOMIIO3UIIMOHHOTO MaTepuasa Ipu yaape NpeuMyleCTBEHHO pacCaanBalTCs;

PesynbTaThl 3KCIIEpUMMEHTAIBHBIX MCCA€LOBAHUI MCIIOAb30BaHbl IIpU pellle-
HUU KOHKPETHBIX [1] KOHCTPYKTOPCKO-TEXHOJIOTMUECKUX 3a[ay, B YaCTHOCTU, NIpU
pa3paboTke 000pymOBaHMUS U BbIOOpE PEKMMOB JIPOOTEHNUST KOMITO3UIIMOHHBIX Ma-
TepuasoB MPU UX YTUan3auumu (Xots, 6e3yCcJI0BHO, MOJyUueHHbIe JaHHbIe UMeIT 60-
Jiee MIMPOKOe 3HaAUEeHMe).
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Experimental modeling mechanical qualities of heatcover screens

Basic physical and mechanical properties of heatcover composition material that is
used for making of protective screens are experimentally investigated. For this purpose on
the example of flowed plastic STEF executed (with the use of traditional charts) research
at small (less than 1 m/s) and high (more than 3 m/s) rate-of-change of ladening. At
small speeds of ladening durability of material was investigated at superficial
deformation, tension, bend and change. At high speeds work of destruction and shock
viscidity was determined. Organization and realization of experiments were done
according to rules of planning experiments. All investigations were made with the using
kinds of experimental equipment which had according certifications of control their
quality and accuracy. Obtained results were treated by methods of mathematical
statistics and researches of their dispersions.

The results of experimental researches drawn on at the decision of concrete design-
engineering tasks, in particular, at development of equipment and choice of the modes of
crushing of composition materials during their utilization (although, undoubtedly, the
obtained data have more wide value). For example, data of intruding conical elements in
material were used for selecting optimal angles for working elements of equipment.
Correlations between power parameters of intruding process were used for selecting
power parameters of equipment for crushing of composition materials.

Equipment and technology for crushing of composition materials during their
utilization, which are designed on the base of these investigations, have new useful
technical and technological specialties, that is why, authors obtained document of
intellectual property on this object.

SiceB Onekcauap T'eopriiioBuu — npodecop Kadeapyu eKoJorii, TeIVIOTeXHIKM Ta
0oXOpoHM Mpalli HaByajbHO-HAYKOBOTO iHCTUTYTY «[HCTUTYT IIPOMMUCIOBMX Ta Gi3HEC

TeXHOJIOTiii», K.T.H.

Yasev Olexandr - professor of department of ecology, heating engineering and
labour protection Institute of Industrial and Business Technologies.
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K.1O. OctpoBceka, I.B. CtoBruenko, 10.0. Kanibepna
PO3POBKA CHCTEMM OLITHKU IHTEPENCY BEB-CAITIB
HA OCHOBI HEUITKOI JIOTIKA

AHomayis. [lpoekmysaHHA MOOUHO-MAWUHHO20 THMepgelicy € HeB8I0'€EMHUM Ma BAX/AUBUM 30-
BOAHHAM XUMMEBO20 UUKY pOo3pobKU NpoepamHo20 3abe3neyeHHs. Bid skocmi pe3ysbmamis
NpoeKmMyBaHHSA 3a/1eXUmb piBeHb 3a0080/1€HOCMI KOpUCMYBAy4i8 ni0 4ac BUKOPUCMAHHA U4b020
npodykmy. Ha OaHuii MomeHm icHytomb pi3Hi nidxoou 00 oyiHKU t03a6inimi calimig 3 no2nsady
HANOBHEHHSA CMOPTHOK, ix 0 OpMIIeHHSA, PO3MALIYBAHHSA e/leMeHmiB KepyBaHHA i m.0. Ane Kom-
NJIeKCHO20 NPo2pamHo20 npodyKkmy, AKuli oyiHB8as bu 3abinimi 6y0b-gK020 3aNPONOHOBAHO20
calimy, noku wo Hemae. Takum YUHOM, 3aBOAHHS ABMOMAMU30BAHOI OUIHKU 03a6iNimi Be6-
catimis € akmyanbHum. Memow pobomu € po3pobka cucmemu OyiHKU iHmepgelicy seb-calimis
Ha OCHOBI He4imkoi no2iku. [na docaeHeHHs memu 6y/10 BUPIWEHO MAKi 3a80aHHA: 1) BU3HA-
Yumu NiHeBICMUYHI 3MIHHT 018 OUTHKU t03a61nimi iHmepgelicy calimis; 2) po3pobumu ma peani-
3ysamu aszopumm napcepa suxioHo2o kody HTML-cmopiHok 015 noby0osu mepmis NiHeB8iCMUY-
HUX 3MIHHUX; 3) po3pobumu aHkemy mecmysaHHs t03abinimi iHmepgelicy calimis 014 exkcnep-
mis8 ma nposecmu aHKemyBaHHsA; 4) po3pobumu an20pumm He4ImKo20 BUBEOGHHA OUIHKU t03a-
6inimi iHmepgelicy caiimis; 5) po3pobumu 6a3y 0aHUX OYiHOK; 6) cnpoekmysamu, peanizysamu
ma npomecmysamu HAcminbHy npo2pamy 018 OUiHKU t3abinimi iHmepgelicy catimis.

Knwoyosi cnosa: anzopumm, html, 6a3a daHux, l03a6inimi iHmepgelic, Hedimka no2ika, seb-caim,
JIIHeBICMUYHA 3MIHHA, napcep, iTHmepgelc kopucmysaya, pgadmin, lazarus.

INocraHoBKa 3amaui. Ha maHuit MOMeHT € ABa MOIIMPEHi CepBiCHM aHali3y
BiIBimyBaHOCTi Beb-caitTiB — Google Analytics Ta Sugekc.Metpuku. Google
Analytics — 06e3KOIITOBHMII cepBic, SKuii HamaeTbcsi Google mnas cTBOpeHHS
neTaJbHOI CTaTUCTUKM BifiBimyBauiB Be6-caiiTiB. IHaekc.MeTpuka - 6€3KOIITOBHUI
iHTepHeT-cepBic KoMNaHii SHAEKC, IpU3HAUEHMIA IJIS OLIiHKM BifgBimyBaHOCTi Beb-
caiTiB Ta aHasi3y TOBeNiHKM KOpUCTyBauiB. OOuIBa cepBepU BiACTEXYIOTh MAil0
KOPUCTYBauiB, MO3BOJISIOTh BifIC/IiIKOBYBAaTU KiJIbKiCTb CEaHCiB, iX TPUBAIICTh, Me-
peryjisiHyTM CTaTUCTUKY, & He OLIHUTU 3PYUYHICTb KOPUCTYBAHHS CaiiTOM, JiOTO
CIIPUIAHSTTSI KOPUCTYBaYaMM.

© Octposchka K.10., CroBniuenko I.B., Kani6epaa 10.0., 2022
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JomaTok, 10 PO3POOJISIETHCS, NO3BOJNSTMME aBTOMATUYHO BU3HAUUTU
103a6iiiTi inTepdericy cairy. [logaToOK Ma€ CKIagaTHUCS 3 ITapcepa, peasi3oBaHOro
Ha C++, 000/I0HKM, peanizoBaHOi Ha Lazarus Ta 6asi maHuUX, peayi30oBaHMX Ha
PgAdmin. ITapcep BBaxka€ KiJIbKiCTb KOJbOPIB, KiJIbKiCTh 00'€KTiB Ta KiJIbKiCTb 300-
paskeHb i3 ¢aitny, 1o mictutb HTML Kop cTopinku caiity. O6UmcIoThCs 3HAUEHHS
BiITIOBiAHMX TepMiB Yy TOUIIi TIepeTUHiB i3 rpadikamu yHKIIi BaacHOCTi. OTpuMaHi
pe3yJbTaTy MOPiBHIOIOTHCS 3 eKCIIepTHOI 623010, KOPMUCTYBA4Y MOXe M00aunTH pe-
3yJIbTaTV BU3HAUEHHS 103a0imiTi iHTepdeiicy caiTy, 1110 TECTYETHCS.

Bu3sHaueHHSs JIHTBiCTUYHMX 3MiHHMX. Ba3010 HEUiTKOro BUCHOBKY € YOTUPU
JHTBiCTMYHI 3MiHHi: KiJIbKiCTh KOJBOPiB Ha BeO-CTOPIiHII, KiJIbKICTh 00'€KTiB,
KiJIbKiCTh 300paskeHb, 103a0i/1iTi Be6-cTOpiHKM 3arajioM. Ilepiri Tpu 3MiHHI BK/IOYa-
I0Th TePMM «Majio», «<HOPMaJTbHO» Ta «baraTo», 3MiHHA 103a0iJiTi onmMCyeThCS Tep-
MaMM «IIOTaHe», «CEPeTHE» Ta «XOPOILe».

Anroputm napcepa BuxigHoro kogy HTML-cTOpiHOK. AITOpUTM 3aCHOBA-
HUI Ha MigpaxXyHKYy KiJIbKOCTi KOJbOPiB, 00'€KTiB Ta 300paskeHb y TekcTi HTML-Komy
3a JOIOMOTrOI0 peryaspHux BupasiB. OTpuMaHi pe3ynabTaT QibTPYIOTbCS, BUKIIIO-
YalOThCSI TOBTOPEHHSI.

AHKeTyBaHHS ekcmepTiB. [JiS TOro, mo6 CTBOPUTM HaBUYaJbHY BUOipKY
HEYiTKOMY aJITOPUTMY, HeOOXiTHO CTBOPUTY Habip peasbHMX OILIiHOK 103a6isiTi mesi-
KX CaifTiB, 3i0paHux i3 ekcrmeprom. [Ijis peasisariii 1iboro 3aBgaHHs 0y/10 po3po6-

JIEHO aHKeTy [IJI eKCIlepTiB. AHKeTyBaHHSI Oy/o IpoBeneHO GOpPMOIO, MOJAHOI Y

Tabani 1.
Tabmuig 1
dopma aHKeTH [JIJIsl eKCIepTiB
KinpKicThb KinpkicTb KinpKicTb [03a6iiTi B
Excniepr . . o .
KBiTiB 00'eXTiB 300paskeHb 1ijiomy

1

2

ExcnepTu oOLiHIOBaAM TpuM CalTM 3a IapaMeTpamy, IO BiANOBiZAaKTh
JIHTBICTMYHMM 3MiHHMM, i JaBaM IXHIO 3aTa/IbHY OIliHKY 103a0iiTi iHTepdeiicy.

ANropUTM HEUYiTKOrO BUBEJEHHSI OIiHKM 103a0iriTi iHTepdeiicy caiTis.
bynu mopaxoBaHi MiHIMyMM Ta MakKCMMyMM [Jisi 3Ha4€Hb KiJIbKOCTi KOJIbOPIB,
06'ekTiB Ta 300paxkeHb [Jjs1 HAJLAHMX HA OLIHKY eKCllepTaM CaiTiB 3 KOXXHOIi
JIHTBiCTMYHOI 3MiHHOI okpeMo. I'padikm pAas BCiX JHHIBICTMYHUX 3MiHHUX
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npencTaBieHi Ha pucyHkax 1 — 3. KoxeH rpadik BKIHO4Ya€ Tpu JiHii, 10

BiMMOBiAAIOTh TPHOM TE€PM JIIHIBICTUYHOI 3MiHHOI.

Hinericth ofierrs
s T BOMCHa 5

i 2 0 L L
T il

Eararo

Wi

Lo

Laarasa
IR TECWR

s Tapai PucyHOK 2 - Tpadik dyHKIii

Pucynok 1 - I'padixk dyHkuii IPMHAEXHOCTI

TIPMHATEKHOCTL VI JHHTBICTITIHOL JIJIS1 JTIHTBICTUMYHOI 3MiHHOI «KiJIbKICTb

. T CKi . Pmins ' ]
3MIHHOI1 «KUJIbKICTb KBITIB 06'€KTiB»

e Tl S

5 Mane
CEpagHLD

Earamo

iar B A Talimb

PucyHOK 3 - I'padik QyHKIIiI TpUHAIEXHOCTI /11

JIHTBiCTMYHOI 3MiHHOI «KiJIbKiCTb 300paskeHb»

HacTtynmHMM eTarnmoM HEUITKOTO BUCHOBKY € T[IOPIBHSIHHS IlapaMeTpiB
KOHKpPETHOI Be6-CTOPiHKM 3i 3HAUEHHSIMM TepMiB KOXHOI JIHI'BiCTMYHOI 3MiHHOI.
[Tapcep BMBOAUTH KOHKPETHI 3HaUE€HHSI KOXKHOIO ITapamMeTpa — KiJIbKiCTb KOJIbOPIB,
KiJIbKiCTb 00'€KTiB, KiJIbKiCTh 300paskeHb.

Pe3ynbTaTy MapCUMHTY CTOPIHKM TOPiBHIOIOTHCS 3 OTPpUMAHUMM GYHKIISIMU
npwiaaas. 'padiyHo 1je MOKHA YSIBUTHU K MepeTUH JaHUX aHa/lTi30BaHOTO CATy 3
JiHiSIMM TepMiB Ha KOSKHOMY Tpadiky.

Hani 3a 1OMMOMOTr0I0 MEeTOAY minmax OTPUMY€EMO KOPTEX i3 TpbOX 3HAUEHbD IS
KOXXHOI JIIHTBICTMYHOI 3MiHHOi. [10 3HaueHb LbOrO KOPTEXY 3aCTOCOBYETHCS
MiHiMakcHuit Meton. CrouaTKy BUOMPAETbCS MaKCHMMaJibHe 3HAUYeHHS Ta
BUOMpaeThcsl HaiiMeHIme Haib6mwokui 3HaueHHS TepMy. PesynbTaToM € Habip i3
TPbOX UMCeN — KiHIeBUX 3HAaUeHb JIIHTBICTUUHUX 3MiHHUX IJISI IIbOTO caiTy. IToTim
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11i 3HaUEeHHS [OPiBHIOIOTHCS 3i 3HAYEHHSIMM B €KCIIePTHil 6a3i 3HaHb i TPOBOAUTHCS
OIliHKa 103a6imiTi iHTepdeiicy caiTy. bynu chbopMynboBaHi YOTUPY TTPaBMIaA MTOLUTYKY
CXOXXMX MaTepHiB y OCHOBi eKCIepTHUX BiAIoBigei:

ITpaBusio N21. SKio mporpamMa 3HaXOAUTh ITOBHICTIO 30ira€ThCs 3 OTPUMAHUM
KOpPTEeKeM MaTTepPH, TO BUBOAUTHCS 3HAUEHHS 103a0ijIiTi 3 1IbOTO 3aIMCy eKCIepTHOI
OCHOBM.

[TpaBmiio N22. SKiio mporpaMa He 3HAXOAUTh ITOBHICTIO 30ira€Thcs 3 OTpUMa-
HUM KOpTeXkeM IaTepH, TO BeAeTbCs IOUIYK MO IepIIMX ABOX JiHTBiCTUYHUX
3MiHHMX, KiJIbKiCTb KOJIbOPiB Ta 00'€KTiB, i BigMiHHe He Oi/ibIlle Hi’K Ha OOMHUYHE
3HAUYEHHS TPeThOi 3MiHHOi, KiJIbKiCTh 300paskeHb.

[TpaBuno N93. fkio mporpama He 3HaXOAUTb 3HAUYE€HHS, IO BiATIOBiJa€ Iep-
MM IBOM ITpaBMjIaM, TO BeJEThCs MOIIYK 3a 30iraeTbcsl 3HaUEHHS MepIoi i TPeThoi
JIOTiYHOi 3MiHHOI, KiJIbKiCTh KOJIbOPIB i 300paskeHb, i BiApi3HSIETbCS He OiJibIlle HiX
Ha OAVMHMYHE 3HAUeHHS 3a JPYroi0 3MiHHOIO, KiTbKiCTb 00'€KTiB.

[MIpaBuno N24. §kmio mporpamMa He 3HAaXOOUTh 3HAYeHHS, IO BIiJAIIOBiIa€
rornepenHiM MpaBuiaM, TO BUBOAUTHCS MOBimOMJIeHHSI «HemocTaTHbO AAaHUX IJIs
KOPEKTHOI OILIiHKM».

Kpim TOTO, SIKIIO TIpM poOOTi OYAb-SIKOTO 3 IepIINX TPbOX ITPaBMUJI 3a0BOJIb-
HSIOUMX 3alliCiB 3HAXOAUTBHCS KiJibKa, TO BMOMpPAETbCS HaliKkpalle 3HauYeHHS
103a0iiTi 3 HUX.

IIpoekTyBaHHS IPOrpaMHOi cucTeMM. 3a JOMOMOrOl0 MOBM TpadidHOro
onucy ajisi 06'ekTHOro mopenoBaHHsg UML Oyna mobymoBaHa aiarpama BapiaHTIB
BUKOPUCTAHHS. EAMHUM aKTOPOM CUCTeMM € 1o3ep. Ha pucyHKy 4 mpepacTaBiieHi

BapiaHTY BUKOPUCTAHHS TPOTPaAMMU.

SAITYCTHTH Napeep

T

. <include=

3aEaHTaRITH daiin
ONA napeepa

Kopuctyeau

PucyHok 4 - [liarpama BapiaHTiB BUKOPUCTaHHS
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IIpoekTyBaHHS 0a3M JAaHMUX OIHOK. ba3a maHux peasnizoBaHa 3a JOIIOMOIOO
PgAdmin 4 i ckiagaeThes 3 1BOX 3B'SI3HMX Tabiuib. CxeMa 6a3y JaHUX IpeacTaBie-

Ha Ha PUCYHKY 5.

Sites Marks
1D_site A . ID_mark
Mame_sife 1 ID_site
URL Mark_color

Mark_obj
Mark_imag
Mark_common

PucyHoK 5 - Cxema 6a3y JaHHSIX

Tab6nuis «Sites» cKIagaeThes 3 TPHOX CTOBMIIIB, id caitTy, itioro Ha3Bu Ta URL.

Tabmuist «Marks» ckimamaeThbest 3 6 CTOBIIIB, id OIiHKY, id OL[iHIOBAHOTO CaTY,
TPbOX CTOBIILiB JIJIs1 3HAUEHHS OIIiHOK KiJIbKOCTi KOJIbOPiB, 00'€KTIB Ta 300paskeHb Ta
CTOBIILIS 3aTaJIbHOI OLIIHKMA.

B 060x Tabmuiisix 3a60pOHEHO BBEIEHHS IMOPOKHBOTO MOJISI. 3B'SI30K MiX Tab-
JUISIMM "OAMH 10 6araTbox", IJIsl OMHOTO CAiTy MOXKe OyTHM 6e3J1iu OIliHOK.

ApxiTekTypa nporpamu. IIpoekT BK/IIOUa€ po3pobieHMiT KO, Iapcepa, goaa-
TOK Ta 6a3y JaHMUX OIiHOK. [/liarpaMa KOMITOHEHTiB IpeAcTaB/ieHa PUCYHKY 6.

JomaToOK CKIama€eThCs 3 YOTUPbOX JIOTIYHMX KOMITOHEHTIB:

- Parser 31ilicHIO€ MOITYK KJIFOYOBMX TeriB y BUXiTHOMY KO/Ii, 3aBaHTa)keHiii Ha
Bxig HTML-cTOpiHiIi.

- Determining the values of linguistic variables — mMomynb, 1m0 BifgmnoBimae 3a
BU3HAYEHHS MOTOYHMUX KOPTEXIB KOKHOI JIIHIBICTUUHOI 3MiHHOI.

- Data base of marks and sites momyJib, 1110 36epirae BCi OIIiHKM i caiiTu.

- Getting the final tuple of linguistic variable values Bubupae 3 martepHiB

HalOiIbII MiAXOASIIi BigITIOBiZHO A0 3aJaHUX ITPaBUIL.

FParser Determining the values
of linguistic variables
..f_': ___________
Data baze of marks and sites Getting the final tuple
of linguistic variable values
G _____________

PucyHOK 6 - [liarpama KOMIIOHEHTiB

184 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CuctreMHi TexHosorii» 4 (141) 2022 «System technologies»

Omnuc peanisanii ocHOBHOI mporpamu. [liarpama OisiIbHOCTI BapiaHTIiB BU-
KOPUCTaHHS «3aIllyCTUTU Tapcep» IpeacTaBieHa Ha PUCYHKy 7. Jliarpama Iokasye
TOCJIiIOBHICTh KPOKiB MO 3HAXO/KEHHIO HaMOi/MbII BiAIIOBiMHOrO IlaTepHa 3TiJTHO

C(bOpMYIIbOBaHI/IM IIpaBMJIaM HEeYiTKOro BUBEOEHHA UM HiILTBep,E[)Kye 1oro
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PucyHOK 6 - [liarpama gisiibHOCTI

TecTyBaHHS AOAATKY. [l MpOBeeHHS TeCTYBaHHSI PO3p0O0JIEHOro JoaaTKa
Oys0 06paHO (yHKI[iOHAJbHE TeCTyBaHHSI, OCKiJIbKM CaMe BOHO [I03BOJIUTD
repeBipuUTHU pobOTY BCiX (PYHKIIil TporpaMm.
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Cucrema OyJia mMpoTeCcTOBaHA Ha TPhOX caiiTax: Zee&Co 3 NMpomaxy oasry (pu-
cyHok 7), Scopus (pucyHOK 9) Ta «CailT «IHCTUTYT MPOMMUCIOBUX Ta Oi3HecC
TexHoJoriii, YAYHT» (pucyHok 11).

PesynbTaTy OIIHKM 103a0i/MiTi maHMX TPbOX CaANTIB MpeAcTaBieHi Ha
pucyHkax 8, 10 Ta 12 BiATIOBigHO.

Z88&CO
208 C
4 ] - = [ 1 L e Tk 1~}
§ T CATRCE ﬂ
S ATHE
iy el
|
ke &
ik, O A

scatim e e & e

Lampgend

Pucynok 7 - Cant Zee&Co

W Chcrewms omiHER B3a0iniT] % m|
JamycTHTH TAPEER ]
Pesynnrarn Mane  Cepegnes  Barato Orpineani
nmapcepa ROPTER
ONIIHES EIABESST] KOARGPIE 3 L 0 o o
Ouinka BiIERecTi 00 eRTIE 1 L n L] o
Ouiegs KIABKCSTL 300pakeHE 8 (i) 0,29 29 |
JomaTH OLiHEL IzalfiniTi catiTy: 0.5
Homatn cafit
Y R e e I S
|
net L AV T4 O g
e = Dg il 4 I H L " :
i 35 8 RS CF 7S A 2 3 4 5 & 7 ] 12 14 16 18 B2 MM E W
Ipadis dyEEEHT TpEHATERHOCTE Fpadik dyErml npREaIsEECT: [ padie yHEL OpURATERROCTE
AIHTRICTHYHOT IMIHAOT AIHTBICTHYHO! 3MIHADE MEHTRICTHIHOL IMIHAO]
MKiMERICTE EOAESRIE" "KinssicTe ofe’kTie" "RimLRicTE sobpanoHs"
PucyHok 8 - PesynbTaT po6oTu rporpamu ajis cainty Zee&Co
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Pucynok 9 - Cair Scopus
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PucyHok 12 - Pe3ynbTaT poOOTH ITpOrpaMu AJIsl CAiTy
«[HCTUTYT MpOMMCIIOBUX Ta Oi3Hec TexHoJorii, YIIYHT»

F03abiniti Bcix caifTiB 6y/J0 BM3HAUEHO 3a APYrMM IpaBwiIoM. TakuM YMHOM,
po3pobJsieHa cucTeMa 3 aHaji3y 103a0i/IiTi YCITiIIHO Mpallloe Ta BUBOIUTD Pe3yJIbTaTU
OIIiHKM 103a0iiTi iHTepdeiiciB caiTiB.
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BucHOBKM. 3py4yHiCTh BUKOPMCTAHHS Beb-cailTy 6e3rnocepegHbO BIUIMBAE HA
KiJIbKiCTh 710T0 MOCTiifHMX KOPUCTYBAUiB, Ha MPOaXi, IKIO Taka QYHKI[IOHATbHICTb
repeabavyacThCsl Ha IIbOMY CaiiTi, HA CTYIiHb 3a/I0BOJIEHHS] KOPUCTYBaUiB BiJl po60TH
i3 caiitom. ITigBuieHHsT 103a0iMiTi Mae rpyHTYBaTUCS Ha (GOpMaNbHUX KPUTEPisIX
OILIiHKM, SIKi YB'SI3YIOTbHCS B €IMHIiI CMCTeMi ITpaBUJI HEUiTKOI JIOTiKN.

B pamkax po6oTu Oyna po3pobieHa cucTema, M0 BM3HAUYAE 03a0imiTi
iHTepdericy caiiTy Ha OCHOBI ITpaBWJI HEUITKOI JIOTiKM!.

JIITEPATYPA
1. Kobman A. BBeeHne B TeOpUIO HEUETKMX MHOXeCTB. — M.: Pagmo u cBsi3b, 1982.
- 432 c.
2. Kynep A., Peiiman P., Kpouus 1., Anan Kynep 06 narepdeiice. OCHOBBI ITPOEKTH-
poBanus B3aumopeictsus. — [lep. ¢ anri. — CII6.: CumBoallmroc, 2009. — 688 c., ui.
3. KynukoB C. TecTupoBaHMe MporpaMMHOro obecreueHnsi. ba3zoBsiit Kypc, 2-e u3-
maHue — MuHck: Yetsipe uetBepTH, 2017. - 312 c.
4. Zee&Co. [OnexkTpoHHbIii pecypc] URL: https://www.zeeandco.co.uk/store-ilford
(maTa 3BepHeHHS: 17.05.2022).
5. Scopus. [2nexTponHbIi pecypc] URL: https://www.scopus.com (gaTta 3BepHeHHS:
17.05.2022).
6. IHCTUTYT MpOMUCIOBUX Ta 6i3Hec TexHosoriit, YIIYHT. [neKTpoHHbI pecypc]
URL: https://nmetau.edu.ua/ua (maTta 3BepHeHHs: 17.05.2022).

REFERENCES
1. Kofman A. Vvedenye v teoryiu nechetkykh mnozhestv. - M.: Radyo y sviaz, 1982.
- 432 s.
2. Kuper A., Reiman R., Kronyn D., Alan Kuper ob ynterfeise. Osnovi proekty-
rovanyia vzaymodeistvyia. — Per. s anhl. - SPb.: SymvolPlius, 2009. - 688 s., yl.
3. Kulykov S. Testyrovanye prohrammnoho obespechenyia. Bazovii kurs, 2-e yz-
danye — Mynsk: Chetire chetverty, 2017. - 312 s.
4. Zee&Co. [Web resource] URL: https://www.zeeandco.co.uk/store-ilford (data
zvernennia: 17.05.2022).
5. Scopus. [Web resource] URL: https://www.scopus.com (data zvernennia:
17.05.2022).
6. Instytut promyslovykh ta biznes tekhnolohii, UDUNT. [Web resource] URL:

https://nmetau.edu.ua/ua (data zvernennia: 17.05.2022).

Received 23.05.2022.
Accepted 25.05.2022.

ISSN 1562-9945 (Print) 189
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 4 (141) 2022 «System technologies»

Development of the appraisal system for the website interface
based on fuzzy logic

Designing a human-machine interface is an invisible and important task in the
software security life cycle. Depending on the results of the project of the deposit, the
rhubarb of the dryness of the coristuvachiv pid hour of the vikoristanny of the product. At
the moment, there are different approaches to evaluating the usability of sites with an
inspection of the content of the page, their design, the placement of elements of curation,
etc. But a complex software product that evaluates the bi-usability of any proponated
site, so far nothing. Thus, the task of automated website usability evaluation is relevant.
The method of robots is the development of system interfaces for websites based on fuzzy
logic. For reachability, the following tasks were decided: 1) to make linguistic changes to
assess the usability of the site interface; 2) to develop and implement the algorithm of the
parser of the conditional code of the HTML page for constructing the terms of linguistic
snakes; 3) compiling a questionnaire for checking usability on the site for experts and
providing a questionnaire; 4) development of an algorithm for fuzzy derivation of
assessments of the usability of the site interface; 5) development of a database of
estimates; 6) to develop, implement and test at a strict level programs for evaluating
usability in the interface of sites.

The starting speed of a website without mediation is entered by the number of its
guard assistants, for sale, as such, the functioning is transferred to this site, to the
satisfaction level of assistants from robots from the site. The movement of usability can
be carried out according to formal evaluation criteria, as linked to certain system rules of
fuzzy logic.

As part of the robot, a system was developed that determines usability in the site
interface based on fuzzy logic rules.

OctpoBcbka Karepuna IOpiiBHa - K.T.H., JIOIleHT, OoueHT Kadenpu [Hpopoma-
LiMHMX TexHoJori i cuctem Y VHT.

CroBrmueHko IBaH BosogumupoBu4- ctapinii Bukiaagad kadenpu Indpopomarriii-
HUX TexHouorii i cuctrem Y YHT.

Kanmioepma HOpiit OneroBuu- crapmmuit Bukiaagau Kadbeapu [HpopomaiiiitHux Tex-
HoJorii i cuctem YIYHT.
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PE®EPATU

YIK 681.518.2 (075.8)

Epemenko B.C., OciHueBa M.b. HeBM3HaueHicTb pe3ynbTaty CREKTPanbHOro aHanisy //
CucTtemHi TexHonorii. PerioHanbHuWit MixBY3iBCbKMIA 36IpHUK HayKOBMX npalb. - Bunyck 4(141). —
[Hinpo, 2022. - C.3 - 13.

pOBEAEHO OLiHIOBAHHA CKNAA0BUX HEBU3HAYEHOCTI PE3yNbTaTy, WO BUHWUKAIOTb NPK aHaNi3i
CNEeKTPiB BiNbHMX KONMBAHb: HEBM3HAYEHICTb Bif, PO3TIKAHHA CMNEKTPY, HEBM3HAYEHICTb Mo
amnaiTyai 1 4yacToTi aHani3oBaHMx cnekTpiB. [poaHani3oBaHO 3MiHW CKNALOBMUX HEBM3HAYEHOCTI
pe3ynbTaTy NpuW 3aCTOCYBaHHI rayCiBCbKOro BiKHA Nif Yac aHani3y CNeKTpiB BifIbHUX KONMBaAHb. Bu-
3HAYEHO YMOBW 3MEHLWEHHS BNAWBY CKNAf0OBUX HEBM3HAYEHOCTI MO amnaiTyai i Mo 4acToTi
AVCKpeTU3aLii Ha pe3ynbTaT CNeKTpaabHOro aHanisy.

bi6n. 10, in. 4.

YK 004.387: 621.3.087.92

®ypca 0.0, Titosa 0.B., Jlocixit [.A., BinbwaHncbkuit [.0., Mepekpecthuii H0.C. Po3pobka
A03YI04Or0 NPUCTPOIO ANIA TOHEPiB Ta aNropuTM MOro KepyBaHHA // CucTemHi TexHonorii.
PerioHanbHMit MixBY3iBCbKMIA 30IPHUK HAyKOBMX npaub. - Bunyck 4(141). — [Owinpo, 2022. -
C.14 - 26.

Po3rnspaertbcs npobnema fo3yBaHHSA CUMKUX TOHEPIB, WO € BAXKOMIMHUMU NPOLYKTaMK, Ta
BUKOPUCTOBYIOTbCA NMPU MeyaTi B Na3epHUX NpuHTepax. Y pobOTi npoaHanizoBaHO Ta CTBOPEHO
NpaLioYnii 403aTOp WHEKOBOro TUMY, Ha MikponpoLecopHoMy koHTponepi ATmega328P. Baxko
3a0e3neynT TOYHICTb [03yBaHHA NAWHHOI MPOAYKUiT, fKa MpM HE3HayHa [0 CTUCKAHHA Ta
3/IMNAETbCSA. 3aranbHUMK TEXHONOMYHUMM NapaMeTpamm, IKi MOBUHHI KOHTPOJIIOBATUCH MPU PobOTi
[03aTOpa, € Bara, TeMnepartypa Ta BoforicTb nNoBiTpA. CTBOpeHMiA 103aTOp [O3BONAE ALEKBATHO
OMMCyBaTU NPOLECU KEPOBAHOrO pyXy [03yBaHHA Ta A03BONSE JOCNIAXYBaTW NpPoLEC A03YBaHHA
6e3nepepBHUM CNOCOOOM.

3pobneHo onuc Moro anroputMy poboTn Ta po3pobaeHO CTPYKTYPY CUCTEMU aBTOMATUYHOTO
yNpaBiHHg, Npy 3abe3neyeHi HOMiHabHOrO 3aBaHTAXEHHS.

bi6n.21,in.3.

YOK 691.73:519.254

Kimctay T.B., Y3nos K.I., Pen'ax C.I., Cononenko JI.I., OcineHko I.0. ®yHKuioHanbHi
3aNeXHOCTI MK MOKasHMKaMW MexaHiYHMX BNaCTUBOCTEM Ta XiMiYHIM CKNapgom ONoB’ AHO-
anoMiHieBoi 6poH3u // CuctemHi TexHonorii. PerioHanbHU MiXBY3iBCbKUIA 30IPHUK HAayKOBMX
npaub. - Bunyck 4(141). - [iHinpo, 2022. — .27 - 41.

3a pesynbTatamu pocnigkeHb cnnaeie  cuctemu Cu-Sn-Al y po6oTi  BCTaHOBNEHO
(YHKLIOHaNbHI 3aNEXHOCTI MiX NOKAa3HMKAMWU MeXaHiYHMX BNAcTUBOCTEN i BMicTom Sn Ta Al Big 1
A0 6% 3a Macoto KoXHoro. Lle 1a€ MoXnMBiCTb NPOrHo3yBaTh piBeHb MEXaHIYHUX BNACTUBOCTEN 3a
XiMiYHMM CKNafoM TaKoi OPOH3M Npu NUTTI.

bibn. 14,1in. 1, Tabn. 5.
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YK 678.5.05:004.925.8
Oumyenko A.B, Knumenko C.B., Kynuk 0.B. KombiHOBaHa cucTema aBTOHOMHOro

ynpaBniHHA Ta opieHTayii nepemiweHHa 06°ekty y npocropi // CuctemHi TexHonorii.
PerioHanbHuWit MixBY3iBCbKMI 3GIpHUK HayKOBMX mpaub. - Bunyck 4(141). — Owinpo, 2022. -
C.42 - 55.

Y cTaTTi NnpoBeAeHo aHani3 po3pobok npoekTy «CTypeHTCbKa paketa «Rocketry Agency» Ta
BW3HAYeHi OCHOBHi HAyKOBO-AOCNiAHT HANPAMW PO3BUTKY LbOTO NPOEKTY. epcnekTMBn po3BUTKY
HaYKOBO-AOC/IAHNULBKOTO CTYAEHTCbKOrO NPOEKTY € 3afa4a po3pobku cy6opbiTanbHNUX pakeT 3 BU-
cototo nonboty 80, 100 Ta Ginbwe KM. M0NbOTU Ha TaKi BUCOTM HEMOXNMBI 63 3aCTOCYBAHHSA CUC-
TeM YNpaBiHHA Ta KOHTPOJIO, TOMY CTA€E aKTyalbHUM Ta NPiOPUTETHUM MUTAHHA PO3POOKM CUCTEMM
KOHTPONIO Ta YNpaB/iHHA MOMbOTOM came [ CyOopOiTaibHUX paKeT 3 ypaxyBaHHAM Kaniopy
paketoHocito [1-150 Ta [1-300. MpoBefeHo aHani3 cy4acHMX CUCTEM YNPABAiHHA Ta KOHTPOAIO, BU-
3Ha4yeHM nepeBary Ta HegoNikK Lnx cuctem. Po3pobneHa HOBa KOMOGIHOBaHa CUCTEMA AaBTOHOMHOTO
yNpaB/iHHA Ta OpieHTaLii nepemileHHs 06’'eKTy y MpocTopi, ika NobyaoBaHa 3a NPUHLMNOM MOX-
NMBOCTEN TeNneBi3iNHOi, iHEpPUiAHOT Ta MeXaHiyHOi CMCTEM WOAO BM3HAYEHHS Ta YTPUMAHHA
OCHOBHOT BepTUKaNi TPAEKTOPii NoNboTy cybop6iTanbHOT pakeTu 3 3aaHUM KanibpoM pakeToHOCi o
[1-150 Ta [1-300.

bi6n. 20.

Y[K 528.88:630*162.5

Kasauy, 0. 0., Xpamos [1. 0., Cepreesa K. J1., Bacunbes B.B. AHani3 meToguK ouiHKKu 3anacis
Byrnewto y nicax // CuctemHi TexHonorii. PerioHanbHuMit MixBY3iBCbKMiA 30IpHUK HaYKOBKX NMpaLib.
- Bunyck 4(141). - [Hinpo, 2022. — .56 - 73.

Po3rnsHyTo cyyacHi nigxoamn Ao OUiHKKM 3anacie BYrneLio y nicoBux ekocuctemax. IcHye vo-
TMpu 06a3oBi NiAXOAW NpOBeAeHHs perioHanbHOi OUiHKM 3amaciB  Byrneuo B Jicax:
KapTorpadiyHuin;  KOHBEPCiHWIA; AUCTAHUilHWIA; MopenbHuii. Haibinblw nepcrnekTMBHUM Ans
NPaKTUYHOTO BUKOPUCTAHHSA HA BEIMKWUX TEPUTOPIAX € AUCTAHLIAHUA MiAXih, WO NOEAHYE HA3EMHI
Ta CynyTHWKOBI BUMiptoBaHHA. Ha BigMiHy Bif kapTorpadiyHoro nigxopy, CynyTHMKOBI faHi BUKO-
PUCTOBYIOTbCA ANA  Knacudikauii niciB Ta perpecii 3amaciB Byrieul0 y KOXHOMy mikceni
AOCNiAXyBaHOT obnacTi. JUCTaHLiAHWIA NigXig MEHW TPYAOMiCTKUMA, HiX KOHBEPCiHWIA, OCKiNbKu
noTpebye MeHWMUX 0OCATIB HA3EMHUX [AHUX. BaxnnBol 0cob6NMBICTIO AWUCTAHLiNHOTO MiAgXomy €
MOX/IMBICTb CTBOPIOBATK 3a 110r0 AONOMOrot0 TMMYACOBi psAan kapT AGB.

OnucaHo Habopu faHuMX, WO MicTATb OLiHKKM Giomacu Ta 3anaciB Byrnewto, ski MOXHa BMKO-
pUCTOBYBATU /I HAaBYaHHA/BanifaLil y MaWMHHOMY HaBYaHHi. Po3rnsHyTo Ta npoaHanizoBaHo
NPUKNAAM 3aCTOCYBaHHA AMCTAHUIMHOrO nigxogy A0 OUiHKM 6Giomacu nicy, BM3HAYeHO
NepcneKTUBHI npegukTopu. AHani3 NpuUKNagLiB NoKasae BaX/MBICTb NONepefHboro po3butra (y
pasi BeNMKOi nowwi) o6nacTi LOCNiAXEHHA HA BiLNOBigHI 30HN.

[ns ouiHkM 3anaciB Byrieu NiciB YKpaiHu Haibinbl nNepcnekTUBHUM € AWUCTAHLiAHUMA
nigxig, Wo NoeaHye Ha3eMHi Ta CynyTHUKOBI BUMIpIOBAHHA AN Knacudikauii niciB Ta CTaTUCTUYHO-
ro MOAentoBaHHA 3anaciB Byrneuto. [1ns HaBYaHHA Ta Banifauii anropuTMiB MaWMHHOTO HABYAHHSA
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nponoHyeTbcs BUKopucToByBatTn GEDI Biomass Map, wo nokpuBae 6inblly 4YacTuHy TepuTtopii
YkpaiHu — Big NiBAEHHUX TpaHuLb A0 WWMPOTM YepHiroa Ha niBHoui. [poTOTMN NpopyKTY Ans
OUiHKM Giomacu niciB YKpaiHM MoXe cnupaTucs Ha 3aranbHoAocTynHi gaHi MODIS NBAR, LIMP
SRTM, knimatnyHi faHi ECMWF Ta BUKOpMUCTOBYBATM MeTOp, MalMHHOMO HaBYaHHsA Random Forest.

bi6n. 22, in. 4.

YK 004-93

AxmetwwHa JI.T., €ropos A.O. HeuitkicTb TUNY-2 y 3aBAaHHI NiABULLEHHA [OCTOBIpHOCTI
cermeHTauii 306paxeHb // CuctemHi TexHonorii. PerioHanbHuii MixBY3iBCbKMiA 30IPHUK HAyKOBUX
npaub. - Bunyck 4(141). - Hinpo, 2022. — C.74 — 84.

B poboTi npeacTaBneHi MOX/IMBOCTI MiABMLEHHSA AOCTOBIPHOCTI cermeHTalii 306paxeHb Ta
YiTKOCTI BUABNEHHS MeX OO0'EKTiB iHTEpecy 3a paxyHOK BMKOPUCTaHHA Ha etani dasudikauii
(bYHKUiA npuHanexHocTi Tuny-2. MNpencTaBneHnit anropuT™ J0O3BONSE aBTOMATM3YBATU PO3paxy-
HOK NapameTpiB NepeTBOPEHHS 3 ypaxyBaHHAM SICKPABMX XapaKTEPUCTUK BUXiAHMX AaHuX. Hase-
AEHO eKCnepuMeHTasbHi pe3ynbTaT Ha NPUKNALI peanbHOro 300paXeHHs eNeKTPOHHOro
MiKpocKona 3pa3ka CniaBy 3ai3a.

bi6n. 9,in. 5.

YK 629.4.053:621.383.51

[3ensepcokuit B.0., Mnakcin C.B., Moropina J1.M. BUCOKOWBUAKICHMIA HA3eMHMI1 TPaHC-
MOpT Ha OCHOBi MarHiTHOT JNeBiTauii 3 eNeKTPOXKMBNEHHAM Bif po3noaineHoi ¢oro-
€NeKTPMYHOT eHeprocucTeMu 3 NepCrneKTUBHUMM eHeproHakonuvyBayamu // CuctemHi
TexHonorii. PerioHanbHUI MixBY3iBCbKMIA 30ipHUK HayKOBUX npaub. - Bunyck 4(141). — OHinpo,
2022. - C.85 - 98.

Po3pobneHo BOOCKOHaNEHY CUCTEMY YNpaBAiHHA MarHiToNeBiTaLiiHUM TPaHCNOPTOM, WO Aie
B PEXMUMi peanbHOro Yacy, Mae npeLusiiiHy WBMAKOAIYY HaBirauiiHy CMCTEMY Ta CUCTEMyY BCeno-
rofHOro rapaHTOBAHOIO €NIEKTPOXKMBIEHHSA HA OCHOBI COHAYHOT eHeprii.

bibn. 10, 1in. 11.

YOK 004.42:378.2

PocToka M.Jl. ARanTUBHbIN UHCTPYMeHTapuit (hOpMUPOBAHMA 6a3bl 3HAHUN MHGOpPMa-
LMOHHO-aHANIMTMYECKOW CUCTEMbl MOAFOTOBKM Hay4Hbix KapapoB // CuctemHi TexHonorii.
PerioHanbHM MiXBY3iBCbKMIA 36ipHUK HaykoBMX npaub. - Bunyck 4(141). — [Owinpo, 2022. -
C.99 - 114.

ABTOPOM aKLEHTMPOBAHO BHMMAHME HA AKTYaNbHOCTW COXPAHEHMA LeNOCTHOCTU Hay4yHO-
00pa3oBaTeNbHOro NpoLecca NOAroTOBKM KaapoB BbiCWeN KBANUMUKALUM B YYPEXAEHUSAX BbiCLLE-
ro 00pa3oBaHMs M Hay4HbIX UHCTUTYLUUAX. OTMEUEHO, YTO NOCNEACTBUA BAUAHUA POPC-MAKOPHBIX
00CTOATENbCTB, B YaCTHOCTM KapaHTUHA no naHaemuu COVID-19 v peiicTBytoLero BOEHHOro noso-
XEHUs B YKpauHe, BNEKYT 3a c000ii onpeaeneHHble KOPPEKTUBLI B OPraHM3aLMio NOArOTOBKM Hayy-
HbIX KaapoB. B cBA3M ¢ 3TUM NoaHMUMaeTcs npobiema pa3paboTKu NPUHLUNUANBHO HOBOM METOAO0-
JIOTUKM NMOCTPOEHMS MHAPOPMALMOHHO-AHANUTUYECKON CUCTEMbI, KOTOpas OyaeT BK/IOYATb Creuu-
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tuyeckyto 6asy 3HaHUI B COOTBETCTBUM C MOJSb30BATENLCKMMU 3anNpoCaMu WUCCNefoBaTenei —
CyOBLEKTOB Hay4yHOW noprotoBku. Llenbio ctaTbi 00ycnoBNEeHO npeacTaBneHUe pe3ynbTaToB AOK-
TOPCKOTO MCCNEL0BAaHUA N0 npobaemMaTuke pa3BUTUA WH(HOPMALMOHHLIX TEXHONOMMIA U CUCTEM
(amanTuBHbI TpaHcdep TEXHONOTMIA, CNOCOBCTYIOLWMIA HAKONIEHUIO aHANUTUYECKO NHbOpMaLMK
N ee oundpPOBKE) B KOHTEKCTE Pa3paboTKM MeTOZ0NOTUM NOCTPOEHUA UH(OPMALMOHHO aHANUTK-
YeCKOM CUCTEMbl MOATOTOBKM Hay4HbIX KaapoB. [epcneKTUBOK WUCCNefOBaHUA OYEPUYEHO paLuo-
HaNbHOE CO3[aHNe, UCMONb30BAHME U NOALEPKKA PYHKLMOHUPOBAHUS UHTENNEKTYaNbHbIX UHDOP-
MaLMOHHO-aHANIUTUYECKUX CUCTEM Ha OCHOBe cneuunduyecknx 6a3 3HaHW NOCPELCTBOM CEMAHTH-
YeCKMUX TEXHONOMMIA U OHTONOTMYECKOTO MOAENMPOBAHMUA B YCIOBUAX LU POBM3aAL UK.

bi6n. 29, Tabn. 2.

YK 621.878

Maniu M.T., Kpecc [1.B., Pizo 3.M. [lo nuTaHHA BM3HAYeHHA KinbKOCTi eHeprii, Heo6xigHoi
ANA pesiHTerpauii ripcbkux nopia Ao neBHoro posmipy // CuctemHi TexHonorii. PerioHanbHuMii
MiXBY3iBCbKMI1 30IpHMK HayKoBKX MpaLb. - Bunyck 4(141). — Axinpo, 2022. — C.115 - 130.

lMpoBefeHO aHaNi3 iCHyUYMX KNacMYHKUX TeOpil BU3HAYEHHS KiNbKOCTi eHeprii, HeobxigHOi
AnA pesinTerpauii TBepaux Tin. KoxHa 3 HUX peanizye TiNbKM HEBENUKY YaCTKYy CMEKTpYy YMOB
ApOONEeHHs Ta nofpiOHEeHHs ripCbKUX nopia. B TOM e yac BOHM NPAKTUYHO HE BPAXOBYHOTb KOH-
TaKTHE TEPTA MiX iHCTPYMEHTOM Ta NOpofot. ABTOpamu 3anponoHOBAHO BMKOPWUCTOBYBATU HOBY
TEOPit0 IOKANbHOrO PYMHYBAHHA FPCbKOT NOPOAW NPU CUMETPUYHOMY i aCMETPUYHOMY PO3NOLiNy
KOHTAaKTHUX [LOTUYHUX HANPYXKeHb, KA TEOPETUYHO 3a6e3neyye 3HUKEHHSA MUTOMOT eHeprii pyiHy-
BaHHA B 40 - 45 pasiB, W0 A03BONAE LWYKATU HOBI WNAXM KEPYBAHHA NPOLECOM [ie3iHTerpauii npu
HaMEHLMX BUTPATax eHeprii.

bi6n. 4.

YK 004.622

3ryposcbkuii A.10., Cynema €.C., Casnita 1.0. NpoekTyBaHHA apxiTeKTypu AnA 36epiraHHa
yacoBoi 3B'A3HOi Mmopeni uucgposoro pABiMHUKA // CuctemHi TexHonorii. PerioHanbHui
MiXBY3iBCbKMI1 30IpHUK HayKoBKX NpaLb. - Bunyck 4(141). — Axinpo, 2022. — C.131 - 142.

Ha ocHoBi KoHuenwuin 6a3u gaHux TimescaleDB cnpoekToBaHO TPUPiBHEBY apXiTeKTypy ANs
36epiraHHa Ta arperavii MynbTUMOAANbHUX JAHUX LM(POBOro fBiliHNUKA. 33 paxyHOK BUKOPUCTAH-
HA Ta ajanTauiii KoHuenuii po3nogineHux rineptabnuup TimescaleDB nponoHyeTbes edekTnBHE
36epiraHHs Ta BigTBOPEHHS YacoBOi 3B'A3HOT Moaeni.

bi6n. 10, in. 4.

YK 681.04

Monicbkuit H0.[l. ANropuTMmM NPAAMOro NepeTBOPeHHsA NO3ULIMHOro YXCIa A0 CUCTEMM 3a-
NULKOBUX KNaciB Ta MOro 3BOPOTHOro nepeTBopeHHs // CuctemHi TexHonorii. PerioHanbHuii
MiXBY3iBCbKMI1 30IpHUK HayKOBMX Npaub. - Bunyck 4(141). — Oninpo, 2022. — C.143 - 150.

Pe3ynbTaTu [OCHIfKEHHA BKasylOTb HAa MOXAWBICTb OTPUMAHHA 6inblW  edeKTUBHOro
PilEHHS, WO CNpOLYE NPAKTUYHY peanisauitlo onepalid NpsAMOro nNepeTBOPEHHs uyucen i3
NO3WULINHOT CUCTEMW YUCNEHHA O CUCTEMU YUCEHHA 3aNIULWIKOBUX KACiB Ta 3BOPOTHOrO NEpeTBo-
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peHHs yncen. MeToto AoCnigKeHHs € aHani3 peanisalii onepauiit NpAMOro NepeTBOpPeHHs Yucen i3
NO3ULIAHOT CUCTEMM YUCNEHHA B CUCTEMY YMCNIEHHA 3a/IMWIKOBUX KNACiB Ta 3BOPOTHOIO NEpeTBo-
PEeHHs yuncen.

bion. 4.

YK 622.776

Mpagko H.C., Mysuka J1.B., Mpagko 0.B. basa maHux AnA 4MCeNbHOro MOAENIOBAHHA
MOTOKIiB rasy B rasoCTPYMMHHiN noppibHIOBanbHin ycraHoBui // CuctemHi TexHonorii.
PerioHanbHMI MiXBy3iBCbKMI1 36ipHUK HaykoBMx npaub. - Bunyck 4(141). — [Owinpo, 2022. -
C.151 - 157.

MpoaHani3oBaHO MpoLeC CTPYMUHHOTO NOAPIOHEHHA MaTepiasy 3 TOYKM 30py 3MiHU rpaHy-
JIOMETPUYHOTO CKNady MaTepiany B OCHOBHUX efeMeHTax nofpibHioBanbHOi ycTaHoBKW. CTBOpeHO
0a3y AaHWX 3aNeXHOCTEN, WO 3B'A3YI0Tb TEXHOMONYHI NApaMeTpy NpoLecy Ta XapaKTePUCTUKM aKy-
CTUYHMX CUrHaNiB pobounx 30H MauHa. MepeBaroto migxony Ao NOOY[OBM MAaTEMATUYHUX MOJeNen
Ta CTBOPEHHS| CMCTEMM ABTOMATUYHOTO KEpPYBAHHA Ha OCHOBiI po3pobneHoi 6asu AaHux €
MOX/IMBICTb TOYHOTO OMMCY GiNbWOCTI PaKTOpiB, WO BNIMBAKOTL HA eeKTUBHICTb NOAPIOHEHHS,
MOX/IMBICTb ONUCY 3 HEOOXiAHMMU LeTansamMn Ans NOAPiOHEHHs KOHKPETHOro marepiany Ta OTpu-
MaHHs rOTOBOro MaTepiany HeobxigHOro po3mipy. BUKOpUCTAaHHA 3B'A3KIB MiX aKyCTUYHUMU CUT-
HaNaMM Ta TEXHONMOMYHUMK MApaMeTPaMK [AE MOXJIMBICTb BPAxOBYBAaTW 3aKOHOMIPHOCTI 3MiHM
rPaHy/JIOMETPMYHOTO CKNajy Matepiany npu NPOXOLKEHHT MOTOKY B KaHanax nogpioHBanbHOI yC-
TAHOBKM Ta pearyBaTi Ha 3MiHy AKOCTi MpoAyKLii abo pexxumy noapibHeHHs on-line, He BUTpayato-
4K YaC Ha TPAHCMOPTHI 3aTPUMKH.

bi6n. 5.

Yok 004.056.5

TapaceHko H0.C., Knum B.1H0. Be3neka 06’eKkTiB KpUTUYHOT iH(pacTpyKTYypU 3 no3uuin
3HUXKEHHA pe3ynbTaTMBHOCTI Pu3MKiB // CucteMHi TexHonorii. PerioHanbHW MiXBY3iBCbKMiA
36ipHMK HayKoBuMX npaupb. - Bunyck 4(141). — Oxinpo, 2022. — C.158 — 168.

3anpornoHoBaHa CTPYKTYPHO-TiHIBICTUYHA CXeMa MeToAoNorii NobyA0BK CUCTEMU 3aXMUCTY Ta
6e3nekn 00'ekTiB KpuTUYHOT iHdpacTpykTypu (OKI) 3 no3uuiil 3HMKEHHA Pe3ynbTaTUBHOCTI
pu3ukiB. BukoHaHo aHani3z Cuctemu ouiHioBaHHA pusnky 6esnekun cykynHocti OKI ta goctyny go
Hei. BoHa aKTWYHO Ma€e yHiBepcanbHy CTPYKTYpY Ta Moxe OyTM BUKOpUCTaHa B OyAb-AKii
OpraHi3oBaHii ccepi AiANbLHOCTI COLiyMy HE3aNEXHO Bif BUAY ranysi, po3mipiB opraHisauii, piBHs
npodecioHaniamy WTAaTHOrO NepcoHany, BignoBiganbHoro 3a 6esneky. 06rpyHTOBaHa AOLiNbHICTb
nifBULLEHNX 300608 A3aHb WOAO METPONIOMYHOT HaAiMHOCTI 3aC06iB BUMipiOBAaHHA 3 METOIO BUKO-
HaHHSA JKOPCTKMX BMMOT 3 OLiHKM pPU3MKIB KibGepbe3neku B yMoBax peanisauii npuHuuny
HEBU3HAYEHOCTi Npu 3a6e3neyeHHi JOCTOBIPHOCTI BUMiptOBaHb.

bi6n. 14,1in. 1, 7abn. 3.
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Y[IK 620.1 (0.83)
flces 0.I. EKCcnepuMeHTaibHe MOAENIOBAHHA MeXaHiYHUX BNACTMBOCTEN TeNN03axXMCHUX

eKpaHiB // CuctemHi TexHonorii. PerioHanbHUI MiXBY3iBCbKMIA 30IpHUK HAYKOBMX Npaup. - Bunyck
4(141). - OHinpo, 2022. - C.169 - 179.

EkcnepumeHTanbHO JOCNiAXeHi OCHOBHI (pi3MKO-MexaHiuHi BAACTUBOCTI TEMN03axMCHOro
KOMNO3MLiAHOro MaTepiany, AKii BUKOPUCTOBYETbCA ANA BUTOTOBNEHHS 3aXMCHUX ekpaHiB. [ns
uboro Ha npuknagi creknonnactuky CTE® BuKOHaHiI (3 3aCTOCYBaHHAM TPAAMUiAHUX CXEM)
AOCNimKeHHs npy Manux (MeHwe 1 m/c) Ta BUCokmx (6inblwe 3 M/C) WBMAKOCTAX 3MiHW HaBaHTa-
XeHb. [1pn Manux WBMAKOCTAX HaBaHTAXXEHHA AOCNIAKyBaNach MiLlHICTb MaTepiany npu noBepxHe-
BOMY AechOpMyBaHHi, po3TAraHHi, BUrMHy Ta 34BUrY. [pn BEINKKX WBNMAKOCTAX BU3HAYanach pobo-
Ta pyWHYBaHHA Ta yapHa B'A3KiCTb.

PesynbTaTi eKcnepuMeHTanbHUX JOCNiAXeHb BUKOPUCTAHHI Mif Yac BUPilIEHHS KOHKPETHUX
KOHCTPYKTOPCbKO-TEXHOMOFYHMX 33[a4, 30KpeMa, Npu po3pobLi obnafHaHHA Ta BUOOPI pexumis
ApO6NEeHHs KOMNO3MLiiHWX MaTepianiB nif Yac ix yTunizauii (xoua, 6€3yMoBHO, OTPUMaHi faHi Ma-
I0Tb BiNbL WMPOKE 3HAYEHHS).

bi6n. 4,1in. 10, Tabn. 2.

YK 004.054:681.3.068

Octposcbka K.H0., CroBnyeHko I.B., Kanibeppa H0.0. Po3po6Ka cuctemu ouiHkm iHTepeiicy
Be6-calTiB Ha OCHOBi HeyiTKOi noriku // CuctemHi TexHonorii. PerioHanbHU MiXBY3iBCbKU
36ipHMK HayKoBWX npaup. - Bunyck 4(141). — [iHinpo, 2022. — €.180 - 190.

3aBAaHHA aBTOMATWU30BAHOI OLiHKM t03abiniTi BEO-CalTiB € aKkTyanbHUM. MeTtolo poboTu €
po3pobKa cUCTeMM OLiHKM iHTepdeincy BeO-caiNTiB Ha OCHOBI HeYiTKOi noriku. B pamkax po6otu
byna po3pobneHa cMcTeMa, WO BU3HAYAE 103a6iNniTi iHTepdelicy calnTy Ha OCHOBi MPaBMA HEYiTKOT
NOriku.

bi6n. 6.
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UDC 681.518.2 (075.8)
Eremenko V.S., Osintseva M.B. Uncertainty of the spectral analysis result // System

technologies. N 4(141) - Dnipro, 2022.- P.3 - 13.

It is evaluated the components of the uncertainty of the result that arise in the analysis
of the spectra of free oscillations: uncertainty of the spectrum leakage, uncertainty of the
amplitude and frequency of the analyzed spectra. Changes in the uncertainty components of
the result after applying a Gaussian window during the analysis of free oscillation spectra are
analyzed. The conditions for reducing the influence of the uncertainty components of the
amplitude and sampling frequency on the result of spectral analysis are determined.

Ref. 10, fig. 4.

UDC 004.387: 621.3.087.92

Fursa 0., Titova E., Losikhin D., Vilshanskyi D., Perekrestnyi Y. Development of a dis-
penser toner dosing and its control algorithm // System technologies. N 4(141) - Dnipro,
2022.- P.14 - 26.

The object of the study is a toner dispenser. There are problems with dosing. The com-
mon dosing equipment is dispensers.

In the work, thanks to an integrated approach to data analysis, we solved the problem of
automating the dosing process. And analyzed the ways of uniform loading.

Created a working screw-type dispenser. It is used for dosing viscous products. The dos-
ing accuracy of fluid products is low, with low compression, the toner sticks together. The
created dispenser makes it possible to adequately describe the processes of controlled move-
ment and to study the process continuously.

There is a description of the algorithm and structure of the automatic control system, at
nominal load.

The dispenser was built on the microprocessor controller ATmega328P.

Ref.21, dr.3.

UDK 691.73:519.254

Kimstach T.V., Uzlov K.I., Repyakh S.I., Solonenko L.I., Osipenko I.0. Functional de-
pendences between indicators of mechanical properties and tin-aluminum bronze chemi-
cal composition // System technologies. N 4(141) - Dnipro, 2022.- P.27 - 41.

According to Cu-Sn-Al alloys examination results, functional dependences between me-
chanical properties and Sn and Al content from 1 to 6% by weight of each have been estab-
lished. This makes it possible to predict mechanical properties level according to chemical
composition of such bronze during casting.

Ref.14, fig. 1, table 5.

UDK 678.5.05:004.925.8

Dymchenko A., Klymenko S., Kulyk 0. Combined system of autonomous control and
orientation of movement of the object in 3d space // System technologies. N 4(141) - Dni-
pro, 2022.- P.42 - 55.
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The paper presents an analysis of the developments of the "Rocketry Agency Student
Rocket" project and identifies the main research directions for the development of this
project. Prospects for the development of a research student project are the task of
developing suborbital rockets with a flight altitude of 80, 100 or more kilometers. Flights to
such altitudes are impossible without the use of monitoring and control systems, so an
essential and high-priority task is development of a flight monitoring and control system for
suborbital rockets with taking into account the caliber of the D-150 and D-300 launch
vehicles. The analysis of modern monitoring and control systems has been carried out, the
advantages and disadvantages of these systems have been determined. The most attractive
for use for suborbital rockets with the given caliber are autonomous guidance and television
guidance systems. It is determined that the use of such control systems is impossible, both in
terms of the dimensions of the design itself, and the price category of the system as a whole.
A new combined system of autonomous control and orientation of movement of volume in
space, which is built on a combination of capabilities of television, inertial and mechanical
systems, has been developed. regarding the determination and maintenance of the main
vertical of the flight path of a suborbital rocket with a given caliber of the D-150 and D-300
launch vehicles.

Ref. 20.

UDK 528.88:630%162.5

Kavats 0. A., Khramov D. A., Sergieieva K. L., Vasyliev V.V. Analysis of methodologies
for carbon stock estimation in forests // System technologies. N 4(141) - Dnipro, 2022.-
P.56 — 73.

Current approaches to carbon stock estimation in forest ecosystems are considered.
Datasets containing biomass and carbon stock estimates that can be wused for
training/validation in machine learning are described. Examples of applying the remote
approach to assessing forest biomass over large areas are analyzed.

To estimate the forest carbon stocks in Ukraine, the most promising is the remote
approach, which combines ground-based and satellite measurements for forest classification
and statistical modeling of carbon stocks. For training and validation of machine learning
algorithms, it is proposed to use the GEDI Biomass Map, which covers most of the territory of
Ukraine — from the southern borders to the latitude of Chernihiv in the north. A prototype of
forest biomass estimating product in Ukraine can be based on publicly available MODIS NBAR
data, SRTM DEM, ECMWF climate data and use the Random Forest machine learning method.

Bibl. 22, fig. 4.

UDK 004-93

Akhmetshina L.G., Yegorov A.A. Fuzzy type-2 in the task of increasing the reliability
of image segmentation // System technologies. N 4(141) - Dnipro, 2022.- P.74 - 84.

The paper presents the possibilities of increasing the reliability of image segmentation
and the clarity of identifying the boundaries of objects of interest through the use at the
fuzzification stage the membership functions of type-2. The presented algorithm allows to
automate the calculation of transformation parameters taking into account the bright
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characteristics of the original data. Experimental results are given on the example of a real
image of an electron microscope of an iron alloy sample.

Ref. 9, fig. 5.

UDK 629.4.053:621.383.51

Dzenzersky V.0., Plaksin S.V., Pogorila L.M. High-speed magnetolevitative land
transport with power supply from distributed photoelectric energy system with
promising energy storage // System technologies. N 4(141) - Dnipro, 2022.- P.85 - 98.

An improved real-time control system for maglev transport has been developed, which
has a high-precision high-speed navigation system and an all-weather guaranteed power
supply system based on solar energy.

Bibl. 10, ill. 11.

UDK 004.42:378.2

Rostoka M. Adaptive tools for formation of the knowledge base of information and
analytical system of training scientific staff // System technologies. N 4(141) - Dnipro,
2022.- P.99 - 114.

An improved real-time control system for maglev transport has been developed, which
has a high-precision high-speed navigation system and an all-weather guaranteed power
supply system based on solar energy.

The author emphasizes the urgency of preserving the integrity of the scientific and
educational process for the training of highly qualified personnel in higher education
universities and research institutions. It is noted that the consequences of force majeure,
including quarantine from the COVID-19 pandemic and the current martial law in Ukraine,
cause some adjustments in the organization of training of scientific staff. In this regard, it is
likely that the problem of creating a fundamentally new information-analytical system (IAS),
which in this vector will include a specific knowledge base following the requests of research
users — subjects of scientific training. Thus, the article aims to present the results of the
doctoral research, in particular on the intermediate content analysis of scientific, information
and reference, educational and methodological and other literature sources and practice-
oriented resources on the development of information technology and systems and their
adaptive transfer, which will contribute to the accumulation of analytical information and its
digitization. Emphasis is placed on the rationality of creation and use of intelligent IAS based
on the formed specific knowledge bases using semantic technologies and ontological
modelling. This is due to the existence of a large amount of diverse analytical information,
based on which the issues of any research, which in the context of training is a mandatory
component of scientific and educational activities of applicants for scientific education
(undergraduates, graduate and doctoral researchers, etc.). It is claimed that a modern
researcher will be able to master modern tools and expert technologies of information and
analytical activities. A brief description of the adaptive tools with which the formation of a
specific knowledge base in the IAS of training of scientific staff is presented. It is noted that
semantic and ontological approaches are the most effective in this regard for building
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information systems, in particular those related to the development of information-analytical
competence of applicants for scientific education.

Bibl. 29.
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The process of material jet grinding is analyzed from the point of view of the
granulometric material composition changing in the main elements of the grinding plant. A
database of dependencies connecting the technological parameters of the process and the
acoustic signal characteristics of the mill operating zones has been created. The advantage of
the approach to building mathematical models and creating an automatic control system
based on the developed database is the ability to accurately describe most of the factors
affecting the grinding efficiency, the possibility of describing with the necessary details for
specific material grinding and obtaining the required size of the ready product. The use of
connections between acoustic signals and technological parameters makes it possible to take
into account the patterns of changes in the material particle size distribution during the
passage of the flow in the grinding plant channels and respond to changes in the product
quality or the grinding mode on-line, without wasting time on transport delays.
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The structural and linguistic scheme of the methodology of construction of the System
of protection and safety of critical infrastructure objects (CIO) from the standpoint of risk
effectiveness is proposed. An analysis of the system for assessing the security risk of the set
of CIOs and access to it was carried out. It actually has a universal structure and can be used
in any organized field of activity of society, regardless of the type of industry, the size of the
organization, the level of professionalism of the staff responsible for security. The advisability
of the increased obligations concerning reliability and safety of measuring instruments is
proved in order to strict requirements for cybersecurity risk assessment in terms of realization
the principle of uncertainty while ensuring the metrological reliability of measurements.
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Basic physical and mechanical properties of heatcover composition material that is used
for making of protective screens are experimentally investigated. For this purpose on the
example of flowed plastic STEF executed (with the use of traditional charts) research at small
(less than 1 m/s) and high (more than 3 m/s) rate-of-change of ladening. At small speeds of
ladening durability of material was investigated at superficial deformation, tension, bend and
change. At high speeds work of destruction and shock viscidity was determined.

The results of experimental researches drawn on at the decision of concrete design-
engineering tasks, in particular, at development of equipment and choice of the modes of
crushing of composition materials during their utilization (although, undoubtedly, the
obtained data have more wide value).
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The task of the automated assessment of the usability of websites is up-to-date. The
method of work is the development of a system for evaluating the interface of websites based
on fuzzy logic. As part of the work, a system was developed that determines the usability of
the site interface based on the rules of fuzzy logic.
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