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S1.B. IBanuyk, 10.B. 'opo6e1p, K.O. KoBasb
METO/ ITIABUIIEHHS CTEIIEHIO 3AXVUCTY HIM®PYBAHHS ITOBIIOMJIEHD
HA OCHOBI AJITOPUTMY 3A CTAJIOKO CKJIAJOBOIO ITO YACY

AHHOomayia. ¥ cmammi po3anaHymo ypaxeHicms kpunmocucmem muny DSA ma ECDSA do ama-
KU HG OCHOBI GHANI3Y 3MIHHOI Yyacy nidnucaHHa nosiodomaeHHs. Po3pobieHa mamemamuyHa mo-
Oe/nib 0714 nepesipku 0AHO20 Muny YpaxKeHoCmi, Ha OCHOBI pewimkosux amak. [loka3aHo, uwjo
npu HasBHOCMi 00CMAMHbOI KIIbKOCMI cu2Hamyp 3 00HAKOBUM YACOM NiONUCAHHA MOXHQ i0e-
Hmugikysamu HasiBHICMb 3a2abHUX 6IMiB eheMepHUX KOYiB, Wo 00380UMb BIOHOBUMU NPU-
B8amHull K104 BIONPABHUKA. Bu3HayeHo, Wjo npuyuHo ypaxeHocmi € 8BIOCYMHICMb BUKOHAHHSA
onepauii 064ucneHHs 06epHeH020 ModYA 3MIHHO20 N0 Yacy, Wo HAO0d€E 0aHi egheMepHO20 K04a
3/10BMUCHUKY. s BupiweHHA nocmassieHoi 3a0a4l 3anponoHOBAHO po3wiupeHull eskaidosull
aneopumm o64ucneHHs 0b6epHeHo20 MOOY/IA 3a cmanull 4ac.

Kntoyosi cnosa: mumyacosa amaka, pewimka, 380pomHuli MoOy/b, NOCMIUHUU Yac, anzopumm,
Kpunmocucmema.

ITocraHoBKa mpoosmemu. KpunrocucreMa — 1e peasisailis Kpunrorpadivyamx
MeTO[iB Ta iX iHpacTpyKTypu Ijsi HajaHHs mocayr iHdbopMmaliiiHoi 6e3mnexku [1].
Kpunrocucremu nepeTBOpIOIOTh BUXiAHI HaHi B HeunuTabeabHy Gopmy, BUKOPUCTO-
BYIOUM K/TIOUi M@ PyBaHHS i po3nmM@pyBaHHS, 1110 Y CBOIO Yepry J03BOJIsSIE 3abe3me-
yyBaTU KOHQieHIIilitHicTh iHpopMaliii. B ocHOBI 6yab-s1KOi cucTeMu mUMPYBaHHS €
HasIBHICTh iH(GOpMaIllii 0OMiHY JaHMMM PO BiAKPUTHUI TEKCT TibKYU y BiflIpaBHMUKA
1 OTpUMyBaya.

V 3anexXHOCTi Bif criocoby mmdpyBaHHs Ta AemmdpyBaHHs iHbGopMaliii, Kpuii-
TOCUCTEMMU MOAIISIOTHCS Ha ABa Tumu [1]:

1) CumeTpuyHa cucteMma mudpyBaHHS 6a3y€ThCSI HA BUKOPUCTAHHI OJHOTUII-
HOTO KJwua, iHpopmallisi mpo BMKOPUCTAHHS SIKOTO Y3TOMKYETbCS CTOPOHAMU [0
IIOYaTKy cecii 06MiHy manumu. [IpMkIagamMmm JaHOTO TUITY CUCTeM IM@pPyBaHHS €:
DES, Triple-DES, BLOWFISH, IDEA, AES [2]. OCHOBHMM HeJ0/iKOM JAaHOTO TUITY CU-
ctemy mudpyBaHHS € HASIBHICTh CKIAQIHOCTI KepyBaHHS KIIOUaMM Y BEJIMKUX
Mepeskax.

2) AcumeTpuyHa cuctema mudpyBaHHS (MeTO[ JOCTYITy Ha OCHOBIi BiIKpUTOTO
K/II0Ya) BiIKPUTOrO TEKCTY BUKOPUCTOBYE Pi3HI TUIIM KIIOUiB, SIKi ITOB’SI3aHi MiX CO-
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6010 ITEBHOI0 MaTeMaTUYHOIO 3ajekKHicTIo. JIaHiii Mmiaxim m03BOJIsSIE OTPUMATI OPUTi-
HaJT BiIKPUTOrO TEKCTY IIJIIXOM BMKOPUCTAHHS 00epHeHUX QYHKIIi/i MaTeMaTUUHUX
orepaiiiii. OCHOBHMMM IIpeACTaBHMKAMM TAaHOTO TUITY cucTeM ImdpyBaHHs € DSA,
DSS, RSA, ECDSA, El-Gamal [3]. OcHOBHMMM He[oOJliKaMM [aHOTO TUITY CUCTEMU
mM@pyBaHHS € HAsIBHICTD iHQOpMallii mpo BiAKpUTHUIi KII0U BillTpaBHMKA i OTPUMY-
Baya Ipy CTBOPEHHI 3amndpoBaHOro MoBiIOMJIEHHST; piBeHb 6e3MmeKky cucTeM mud-
pYBaHHS IIPOTOPIIiiiHMIT PiBHIO CKJIAJHOCTI BUKOHAHHS OIlepalli/i Ha OCHOBi pi3HUX
MaTeMaTUYHUX 3a4au.

i nesskux cucteM mndpyBaHHS, BUKOPUCTOBYETHCS TOOATKOBUIA Kitou (ede-
PMHUII KJIIOY), SIKUIA TIOTPi6eH AJ1s1 JogaBaHHS Oi/IbIIOI CKIAAHOCTI B aJITOPUTM ILIHU-
(dbpyBaHHS, OCHOBHOIO BMMOTIOI0 [0 HbOTO, epeMepHMit K/IlOU MOBMHEH BUKOPUCTO-
BYBATUCS TiJIbKM OOVH Pas.

Ins cucrem mudpysands DSA, ElIGamal, ECDSA - npu ctBopeHHi 3amndpo-
BaHMX TOBiIOMJIEHb OJATKOBO BUKOPUCTOBYETHCS edheMepHMII KII0U, 10 y CBOIO
yepry Npu3BOAUTH A0 aTaky CTOPOHHBOTO KaHay Mepexi, aHaJli3y yacy CTBOPEHHS
CUTHATYpU, CKUIAHHS Ta Mepe3aBaHTakeHHS AaHux eemMepHoro kitoyva [4], aTak Ha
reHepaToOpy MCeBAOPaHAOMHMUX uucen [5]. Yci Li TUIIM KpUIToaTaky NpMU3BOASTh A0
repexoIVIeHHSI OKpeMuX OiTiB maHux edemMepHOro Kiamdya abo OTpMMAaHHSI yacy
CTBOpPEHHSI CUTHATYypH, IO HAJA€ TPeTiii CTOPOHI AOCTYI M0 3aim@poBaHMX IIOBi-
IOMJIEHb, A 1Ie Y CBOIO Uepry Npu3BOAUTH 4O KOMIIPOMEHTAllil MIPUBATHOTO KJIHOYa
BimpaBHMKA.

AHati3 ocTaHHIX JOCTiIKeHb i myOsikanin. YV craTTsax [7, 8] mokaszaHo Kpu-
MToaTaky Ha cucteMmy mmdpyBaHHs Tumy DSA, y gKiit 3a JOIIOMOTr0I0 MeTOiB BUPi-
IIeHHS 3a71a4 3 Teopii uucesn, a came IpobdieMy IPUXOBAHUX UMCET, IJIS1 PO3B’SI3aHHS
SIKOi BUKOPUCTOBYETHCSI METOJl KOPOTKMUX BEKTOPiB ab0 MeTof 6JM3bKMUX BEKTOPIB,
MOSKHA 3HAWTYU MPUBATHUI K/IIOY BifIlpaBHMKA, 3i0paBIIM 3 N-KiJIbKOCTi 3ammdpo-
BaHMX ITOBigOMJIEHb UMC/IOBE 3HAUEHHS MeHII a60/i 6ibI 3HAUyIIMX 6iTiB edemep-
HOTO KJ/II04a, BUKOPUCTOBYIOUM KPUIITOATaKM Ha Kelll Mpolieccopa, aje gaHa KpUII-
TOAaTaka He € MOKJIMBOIO, SIKIIO YMCIOBe 3HAUEeHHS 1IMX 6iTiB, € HEBIZOMMM.

ATop npatii [8] po3risaae migxing 4 3aro6iraHHSIM KpUIITOaTakam 1o mobiu-
HUM KaHajaM OOMiHy JaHUMM y SIKOMY BUMKOPUCTOBYETHCSI TEXHOJIOTiSI KPUIITOOIIE-
pauiii TPM [8]. HemosikoM Takoro miIXoAy € 0ro He YHiBepCalIbHICTh i3-3a anapar-
HOI1 peasti3allii, 1[0 3HWXXY€E 3araJibHUI piBeHb KPUIITOCTIMKOCTI 10 30BHIIIHIX Heca-
HKIIOHOBAHMX BTPy4YaHb. TOMY, aKTyaJbHUM € MiJBUILIEHHS PiBHS CTiliKOCTi KPUII-

TOCUCTEM 10 aHaJ’[iBy Yacy CTBOPEHHA 3aH.[I/I(1)pOBaHOI‘O l'[OBi,H,OMJ'[eHHH, 1o A403BO-
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JIATD MTABUIINTU 3arajbHUI piBeHb 6e3meky mudbpyBaHHS JaHUX IIpU 00MiHY iHPO-
pmaili€ro.

Meta pociigskeHHs. [ligBuileHHS CTeleHI0 3aXMUCTy MnUbpyBaHHS JaHUX B
Mepeskax 00MiHYy MOBiJOMJIEHb Ha OCHOBi p0o3p006sieHOTO e(eKTUBHOIO aJITOPUTMY
CTBOpPEHHS CUTHATYPU MiAMUCY.

JIJIsT MOCSITHEHHSI TOCTaBJIEHOI MeTM HeOoOXiZHO BUPIIIUTYM HACTYIIHI 3amadi:
BU3HAUMTHU TUIT BpaXK€HOCTI KPUITOCUCTEM Ha OCHOBI aHajIi3y yacy HinucaHHs I0-
BiIOMJIEHHSI, @ TAKOX pO3poOUTH edDEeKTUBHUIT METOH 3aXMCTy KPUIITOCUCTEM MO0
aTak 3a 4acoM ITiAMMCaHHS MOBiJOMJIEHHS, [0 TO3BOJUTb YHUKHYTU HECAHKIIIOHO-
BaHOTO JOCTYITY [0 3aumM@poBaHoi iHbopMalrii.

BuknageHHsI OCHOBHOrO MaTepiany gocaimkeHHs. [Iis imeHTudikaiii Mo-
SKIIMBOTO TIOTEHIi/IHO HeOe3MeYyHOro BUAY KPUIITOATaKM Ha MPUBATHUI KIIIOU, IO
6asyeTbcst anroputmi mumdpyBanHsg DSA (ECDSA), HeoOXimHO IpoaHaji3yBaTy Ma-
TeMaTUYHUIA ONUC I[bOTO aJTOPUTMY.

st BukopucTtanHsi DSA anroputmy, BiglipaBHUK 00Mpae ABa MPOCTUX YKCIa p
Ta q, Ta g, Ie p — IMpocTe unucjo po3mipom Big 512 mo 1024 6iTiB, 3 KpOKOM B 64 6i-
TiB; ¢ — MPOCTe UMCJIO0, sIKe Y BiITIOBIAHOCTI M0 cTaHAapTiB HallioHa/JIbHOTO iHCTUTY-
Ty cTaHgapTiB Ta texHosoriit (NIST) [9] po3mipy He meHme 160 6iTiB, i Binnosigae
piBHocTi 2" < ¢ <2, y sKiit N e{160,224,256}, a TakOXK q | p—1; g§ — TeHepaTop IO-
pszKy q nigrpynu G kinnesoro nons F™ a6enesoi rpynu [10]. Tami, BignpaBHKK Bu-

oupae a ef{l,...,qg—1} Ta oouncioe A=g“mod p. Ily6aiyHNUit KII0OY BiAIIpaBHMUKA Iie
(p,q.g,A) Ta mnOpuBaTHMII kmo4 a. [ani, BigmpaBHMK o6upae  Xell-
dyukui 4:{0,1} —{0,...,¢—1}, sKa Bigob6pakae MOBiTOMIEHHS OyIb-SKOi JOBKUHU
y BifnoBigHOCTi 10 {1,...,g—1}.
[[Io6 migmmcaTy MOBiMOMJIEHHSI m, BiAIpaBHMK OOMpa€ BUIIAAKOBE UNC/IO
kefl,..q-1}, aKe i € ebeMepHUM K/IIOUEM i 0OUMCITIOE 3aJI€SKHOCTI:
r=(g"mod p)modq; s=k"(h(m)+ar)modgq. (1)
CurHartypa MoBifoMJIeHHS m, 1ie rapa uucen (r, s). CurHartypa (1) giiicHa Toni i
TUIbKU TOZAi, KOJIY BUKOHYETBCS PiBHICTh:
r=((g" "mmde 47040y mod pymodg . 2)
g Bukopuctanus ECDSA anropurmy, BignipaBHMK 00Mpae elinTUUHy KpuBy E

Ha KiHuesomy moni F,, Touka Pe E(F,) (BignoBigHo fo DSA 1ie renepartop) 3 mpoc-

TUM TIOPSIAKOM q po3Mipom sIK MiHiMyM 160 6itiB. BigmoBimHo BimmoBimHOCTI A0
FIPS 186-3 O6iHapHa [OOBXWMHA IIPOCTOrO 4YMCAa p Ma€ OyTM B MHOXMHI
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{160,224,256,512}. Kpim TOrOo, [ [OeSKOro BUIIAAKOBOTO  BMOpPaHOTO
aefl,..,qg—1} obuncaoeTsest Q = aP . [Iy6niuHmit K4 BignpaBHuka 1e (E, p,q, P,0)
i mpuBaTHMIT KMO4Y a. Takox, BiAmpaBHMK 00Mpae xeml  (PYHKIIiIO
h:{0,1}" = {0,...,g—1} . lllo6 migmmucaTy MOBigOMJIEHHS M, BiAIIpaBHMUK 06Mpae BUIIA-
IKOBE UMCIIO k €{l,....q—1}, IKe i € epeMepHUM KiTI0UEM i 06umMcIIoe kP = (x,y) (Oe x
Ta y PO3T/ISIIAIOTHCS SIK 1IiJTi UuKcia y mgiamasoHi {0,...., p—1}). Jai, 00UMCII0ETHCS CH-
rHaTypa MoBigoOMJIeHHSI m, a caMe Tapa uucer (r, S):

r=xmodg; s=k"'(h(m)+ar)ymodgq. 3)

s Bepudikaliii moBimoMIeHHS, OTPMMYBay 00UMCITIOE:

u, =s'h(m)modq, u,=s"'rmodq, uP+u,Q=(x,,¥,) 4)

Curnarypa (3) BaiifgHa TOAl 1 TIIBKM TOAI, KON 7 = x, mod p . be3nexka nux Kpu-
IITOCMCTEM OMNMPAETHCSI HA TIPUITYIIEHHS, 100 €IVMHMII CIOCi6 mimpoOuTy mignmc —
1le ab60 BiIHOBUTYM MPUBATHUIA KIIOYU d, a0 MmiapoouTtu epemepunii kiod k. Takum
YMHOM, ITapaMeTpy LMX KPUIITOCUCTEM BUOpaHi TaKMM YMHOM, IIOO6 OOUMCIEHHS
OUCKPeTHUX JiorapudMiB € 00UMCITIOBAIbHO HE3MifiCHEHUM IJisi TPYN pO3MipoM B
256 6iTiB.

Jy1s1 3mijicCHeHHS MOTEeHLiMHO-HeO6e31meuHoi KPUIITOaTaKy 3JI0BMMCHMKOM, IO
npu3Bene 00 BiIKPUTTS MPUBATHOrO KIKOUYa BiflpaBHMKA, MOXHA 3aMucaTu Kijb-
KiCTb Yacy, sSIKUit HeOOXiIHMIA /i1 CTBOPEHHST KOSKHOI CUTHATypH, IO B 3aJI€5KHOCTI
Big 3HaueHHS eeMepHOro Kiawya k, € pisHuM, TOOTO 115 epemepHOro Kiatoua k, po-
3MipoMm 254 6iTiB Oyme MeHIIMM 4 IIpU CTOPEHHI CUTHATYPOM, 3 KJIroueM B 256 6i-
TiB, P [bOMY OyJie BigoMo, 10 3HaUueHHS O6inbll 3HAuUyIIuX 6iTiB (MSB) 6yme pis-
HeM HYyJ/I0. [IpumycTumMo, 1o 3JI0BMUCHUKY BIAIOCh 3i0paTu n KibKicThb 3ammmdpo-
BaHMX IOBigoMJieHb m; (i=1, ..., n) 3 BiAMOBigHMMM cUTHATypamu (ri, Si), TAKUMU 11O
yac CTBOPEHHS CUTHATYPU € AyKe OJIM3bKMMMU OIUH MiK OJHUMM, TOi MOXKHA TTIPHU-
IyCTUTH, IO BCi BiATIOBimHI epemepHi KiToUi k; MOOiNSIOTH 3arajgom OiTiB MiX GiIbII
3HAUYIIMMM GiTaMM He3a/IeXKHO BiJl MOTOYHOI KiJIbKOCTi MOBigoMJIeHb i. Takum um-
HOM, BOHM OYIYTb BiJITIOBilaTV HACTYIIHII 3aJIEXKHOCTI 114 BCiX i=1, ..., n:

k =k+2'k +2"k", (5)
me 0<k<2,0<k'<2"" §=N-t"+t,0<k <2"°, kTak’ 3aranbHi s BCix k.

Ha pucynky 1 306paskeHa cxeMa po3MillleHHs 6iTiB y epeMepHOMY KITIOUi:
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N—o
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k= Kk K, K’

0 t t N
PucyHok 1 - Cxema edpemepHOro Kiroua:
k — uncnoBe 3HaUeHHS 3arajqbHUX OibINT 3HAUYIMX O6iTiB (MSB),

k' — yucnoBe 3HaUeHHS 3ara/IbHMUX MeHII 3HauyIux 6iTiB (LSB), £, - e unciose

3HAYEeHHS ITOTOYHMX OiTiB, t — KiJIbKiCTh 3araJbHMX OiIbII 3HAUYIINX OiTiB,

t' — KiJIbKiCTb 3ara/IbHMUX MEHII 3HAUYIIUX OiTiB

Cnig 3ayBakmuTy, 1O 3HAYEHHS 3MiHHUX k,k,k k' HeBigomi. Y n-oi KinbKOCTi
piBHSIHB (4), 1110 BU3HAYAIOTh MiANNC:
m, +ar, — s,k, =0 (mod q);

m, +ar, —s,k, =0 (mod g);

(6)
m, +ar,—s k =0(modq),
Ile m; — 1ie IOBiJOMJIEHHS], a — 1ie TIPUBaTHMI1 K/IIOU BiAIIpaBHUKA, I; — UMCJIOBEe 3Ha-
YeHHSI MepIIoi YaCTUHU CUTHATYPU, S; — YMUCJIOBe 3HAUE€HHS APYroi YaCTUHM CUTHA-
TypH, ki— epemMepHMUIt K1Y, i-iHAEKC TTOBiAOMIEHHS.
SIkmo B cuctemi piBHSHD (6) 3aMiHUTHU TTapaMeTpu m;, Ii, SiHa 3HadeHHs (5) i Bu-

KJIIOUMTY 3arajbHi 3MiHHI £ Ta k', ToHi oTpuMaeMo:

a 1 1 -1 te7, L\ — .
(s, m —s, my)+a(s, r—s, 1,)—2(k—k,)=0(modq);

(s, =7 my) +a(sy ' —sy7'r) =2/ (ky —ky) = O(mod ¢);

(7
(s'm, —s,”'m,) +a(s,'r; —s,7'r,) = 2'(k, —k,) = O(mod g).
Hexan «,, Bk, € Z € TakuMu, 110:
a,:=2"(s;'m —s, 'm)modg;
B =2"(s, 1 =5, r)modg; 8)

K =k —k.

Topi, cucteMa piBHSIHB (7) mpuiiMa€e HaCTYITHUIT BUTJISI:
a,+apf, —k,=0(modg);
a;+ap;— Ky =0(modg); )
a,+af,—«,=0(modg),

Iea, ;1 a;, f; — 3HAaUEHHS BiAOMMX Ta HEBiIOMMX apTyMeHTiB BiJ[IOBiHO.
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Topi cucteMy po3B’si3KiB MOXKHA MIpeACTaBUTU Y HACTYITHOMY BUTJISII:

L={(xy,%,...,x,)€Z"" | xya, + x, 8, —x, =0 (mod q)} , (10)
110 YTBOpIOE (n+1) MipHY MacKka-MaTpPHUIIO, HATSITHYTY Ha BEKTOPU-CTPiUKM 6a3MCHOI
MaTpulli:
1 0 q a,
01 5 B,
M=|0 0 g¢ 0 (11)

00 0 0 g¢

Jlyist 3HAXOIsKeHHSI KOPOTKOTO BEKTOpPY y Matpuiii (11), MOKXyTb OyTM 3aCTOCO-
BaHi LLL a6o BKZ anroputmu. Skio cucreMa piBHSHb (7) Ma€ po3B’SI30K (BM3Ha-
YeHHSI 3HaUeHHS KOPOTKOIO BeKTopa v, 3 eneMmeHTamu v, =(l, a, k,,k;, ..., K, ), WO 1
Oyme TOTOKHUM ejleMeHTOM cucTemMu po3B’si3kiB (10), Toxi i 6yme oTpuMaHO 3Ha-
YeHHS IIPUBATHOTO K/II0Ya d BilIpaBHUKA.

Po3pobiieHnit migxin MmopsaKy OTpUMMAaHHSI JOCTYIY OO K/IIOUiB ITOBiZOMJIEHb
IOoBOAUTD, 10 anroputM DSA (ECDSA) € BpasaMBuM A0 KPUIITOATAaK 3a AOMOMOTO0
aHaJIi3y vacy IMiAnMcaHHs MOBiJOMIEHHS, Y BUITAAKY KoM epeMepHi K/II0Ui KOSKHO-
ro 3ammdpoBaHOr0 MalOTh Maiibke OJMHAKOBMIA Yac MiATcaHHs oBigomieHHs. Ha
PUCYHKY 2 MOKa3aHO 3aJIeXHICTh MiX KiJIbKICTIO 3arajibHuX OiTiB Ta KiTbKOCTi HEOO-

XiTHMX TTOBiAOMJIEHD JI0 BiZICOTKY YCITiXy KPUITTOATaK!.
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PucyHok 2 - Jliarpama 3ajekHOCTi MiX KiJIbKiCTIO 3arajbHuX OiTiB Ta KiIbKOCTIi

HeOoOXiTHMX MOBiTOMJIEHb JI0 BiICOTKY IMOBipHOCTI yCIiXy KPMUIITOATAKN
TakosK, OfiHi€I0 i3 Bpas/JMBUX TOYOK Ipu cTBOpeHHs1 curHaTyp (1) i (3) € po3s-
mupeHuit anroputm EBkitiza o6uncieHHs: 06epHEHOT0 MOAYIS y ajroputmi [11].
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Yac BuKOHaHHS aaroputMy [11, 12], 3ajexxnThb Bif 060X 3HaueHb a i b, a came
KiJIBKiCTh iTepaliit uukiay while, a Takox cTerneHi ABiiiku, SIKi MOTPiOHO BUIAIUTU
BKiHIIi aJITOPUTMY, 3HAUYHO BiZIpi3HSIOTHCS AJ1s1 Pi3HUX BXiZHUX AaHUX. Tomy 1S me-
PETBOPEHHSI AJITOPUTMY 2 B aJITOPUTM, 1110 BUKOHYETHCS 3a MOCTiViHMIA Yac s 3a7a-
HOT'O W,-0iTOBOr0 MOAYJISI M, HEOOXigHO 3a11e306eYnTy TaKi BUMOIN:

1. OpHa iTepallist 3aBXAM 0OUMCITIOETHCST TAKY K KiJIbKICTh Yacy, 1e 03HavYae
OOUYMCIIUTY BCiX YOTUPHOX TIIKOK i3 aJiropuTMy 2 i BUOip MpaBUIbHUX 3HAUeHb 3a
MOCTiHMI yac. Lle rapaHTye, 10 YaCc BUKOHAHHS OAHI€] iTepallii He 3a/JIeKUTh Bif,
B3STOI I'iJIKM, ajle 03Hayvae, Mo Yac 00UMCIEHHS 30iIbIIYETHCS 0 Yacy O0UMCIeHHS
BCiX TiJIOK;

2.  AnropuTMm NMOBMHEH BMKOHYBATM OJHAKOBe UMCJIO iTepallili(3a MOCTiMiHMI
yac), e O3Havae, 10 HeoOXiJHO OO0UMC/IeHHs Halripuoro umnciaa 2w, itepamiii. Ile
MOXXHA peasli3yBaTy, BU3HAUMBIIM KOJIM aATOPUTM 2 3aBepuryeTbcs (Ko v=1). B 3a-
JIeXKHOCTI BiJI 1i€el YMOBM, CTBOPIOEMO OiTOBY MacKy i 00MpaeMo BXiJgHe 3HAUEHHS
s miei itepanii (ko v=1), a6o 3HaYeHHS, OOUMC/IEHH] 3a JOIIOMOIOI0 iTepaliii 3
MOCTiViHUM Yacom (v #1).

[Ticnsg BHeceHux Moaudikailiii B anroputm [11], oTpuyMaeMoO HOBUIT AJITOPUTM
1, Axuit 6yne BUKOHYBATU 00UMCIeHHSI 06epHEeHOTO MO/IYJIS 3a CTasuii yac:
Anroputm 1. ITocTiifiHO YacOBUi1 AJITOPUTM OOE€PHEHOTO Ji/IEHHS [0 MOIY/IIO
Input:a,beZ_, 3 gced(a,b)=1,0<b<a,

(6" -2 mod a, k)
[log,(a)] < k <2[log,(a)].
u<—a,v<br«0s«1Lk<0
for i=1 to 2[log,(a)] do

uv_ <« sub(u',u,v)

Output: {

uv_ <« equal(u',0)

0ifu#v
d<0—-uv_ #d=

2 =lifu=v
Ishift, (3, 5)
add(rs,r,s)
rshift,(i,u)

m, <dv(0—-(u,Al)) #ifu=0
m, < bitflip(m,)

select(u,u,m,,u,m,)

select(s,§,m,,s, m,)
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Ishift (F,r)
S < (d v bitflip(m,))
m; < Sv0—(vy,Al)

m, < bitflip(m,) # elseif v=0
rShiﬁLl (‘75‘;)

select(v,ii,m,,v,m,)

select(r,7,m,,r,m,)

S < S v bitflip(m,)
m, < Sv(0-uv,)
m, < bitflip(m,)

rshift, (u',u') #elseif u > v
select(u,u',mg,u,my)

select(r,rs,mg,r,my)

select(r,s,mg,s,my)

S «— S v bitflip(my)
m,, < bitflip(S)
sub(v,v,u)

rshift, (v, V) #else
select(v,v,m,,v,S)

select(s,rs,m,,s,S)

select(r,7,m,,r,S)

k < (k Ad)v ((k +1) Abitflip(d)))

end for

return (s,k)

BucHoBKu.

1. BusHaueHO TUIT BpaskeHOCTi KPUIITOCUCTEM IO aTak Mo MOOIYHMM KaHajam
Ha OCHOBi YaCOBOTO aHAaJIi3y CTBOPEHHS CUTHATYP, SIKUI 3aKI0YAETbCS Y 360pi mij-
MMCaHUX TOBiOMJIEHb Ta Yacy iX MmifnucaHHs. BUKOpMCTOBYHOUM po3pobseHy Ma-
TeMaTUUYHY MOJeJib, MIPUBATHUI K/IIOU BiJlIpaBHMKA MOXe OyTM BU3HAUYEHUIT MPU
HasIBHOCTI IOCTaTHBOI KiJTbKOCTi MTOBigOM/IEHb MEHIII Hi)XX 32 XBUJIMHY OOXOISIYM BU-
pillleHHs 3a7aui AMCKPeTHOTOo Jorapu@mMyBaHHS, a 1ie Y CBOIO Uuepry MOBHICTIO KOM-
MIPOMEHTYE CTilKiCTh KPUIITOCUCTEMM.

2. Po3pob6iieHo epeKTUBHMIT METO[I 3aXUCTYy KPUIITOCUCTEM JI0 aTakK Ha OCHOBI
YacoBOTO aHaJli3y CTBOPEHHS 3a@poBaHMX MOBiIOM/IEHb [IJIS 3a1100iraHHsT HeCaH-
KI[IOHOBAaHOMY JIOCTYITY A0 3aliM¢poBaHoi iHhopmallii, Ha OCHOBi YOCKOHaJIEHOTO
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PO3IIMPEHOrO aJrOpUTMy EBKiima o6umMcieHHsI obepHeHOro MomayJisi edheMepHOro
K/II04a, 110 BUKOHYETHCS 3a CTajMii yac, a caMe, 3ab6e31euye MocTiliHe YMC/I0 TaKTiB
rpoliecopa, Mpy BUKOHAHHI aJITOPUTMY JIJISI Pi3HOTO po3Mipy (y 6iTax) unce.

3. IIpu BMKOpPMCTaHHI He CTaJI0 YAaCOBOTO PO3IIMPEHOro ajroputmy EBKiina,
IIpy 00UMCIeHHI 00epHEeHOro MOAYJISL UMcia po3Mipy 6iTiB 256, unc/io TakTiB Oyje
HepiBHOMipHMM 50-60. IIpy BMKOPUCTAHHI YJOCKOHAJEHOTO aJTOPUTMY UMCJIO
TaKTiB 3aBXIM TOPiBHIOE 486, 1110 i 3a6e3I1euye CTifKIiTh A0 aTaKM Y IiJIOMY.
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Method for increasing the degree of protection of message encryption based
on an algorithm for a constant component in time

Currently, asymmetric cryptosystems are used everywhere, in document management for
cryptocurrencies, providing a high level of protection to end users, relying on the mathematical
complexity of calculating a discrete algorithm. But, it is possible to make a cryptocurrency attack
on the so-called ephemeral key, which is an auxiliary key when creating a signature. Recent
works have shown examples of cryptocurrencies on the random number generator, processor
cache, timing attacks. However, these attacks do not work when the numerical value of the bits
is unknown. Also, recent work shows the main vulnerability in the case signature, namely the
inverse module calculation algorithm that is vulnerable to timing attacks. The article considers
the damage of cryptosystems such as DSA and ECDSA before the attack based on the analysis of
the variable time of signing the message. A mathematical model has been developed to test this
type of lesion, based on lattice attacks. It is shown that if there are enough signatures with the
same signing time, it is possible to identify the presence of common bits of ephemeral keys,
which will restore the sender's private key. It is proved that the cause of the lesion is the lack of
execution of the operation of calculating the inverse module of the time variable, which provides
ephemeral key data to the attacker. To solve this problem, an extended Euclidean algorithm for
calculating the inverse module for a fixed time is proposed. In this paper, the advanced
Euclidean algorithm for calculating the inverse module is improved, namely, its constant time
execution is achieved, which prevents timed attacks.
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O.C. Actaxos, B.b. MasypeHnko, A.l. ®enoposny, H.O. JIuceHko
METOAN BUSIBJIEHHSI CTATUCTUYHNX 3MIH XAPAKTEPUCTUK
MEPEJXEBOI'O TPADIKY

AHomauia. [JocnioxeHo iHgopmamusHicme Kpumepito lLloseHe 0ns BUABNEHHA BUKUOIB Y
BUBIPKAX BUNAOKOBUX BeJUYUH 13 3AKOHOM po3no0iny LiMOBIPHOCMI, WO BIOPI3HAEMbCA BI0 HOP-
manbHo20. 064uUCTOBANbLHUL eKcnepuMeHm noKazas, Wo Kpumepil LlloseHe mae Bucoky
nomyXHicms 017 BUBTPOK 3 CUMEMPUYHUM, C1A60 acUMempPUYHUM 1 CUJIbHO acuMempuYyHUM 3a-
KOHOM po3nodiny (imosipHocmi. Bpaxosywo4u yto snacmusicms, 0aHUl Kpumepil MOXHA BUKO-
pucmosysamu 8 CcuCmeMax BUSBAEHHA BMOpP2HeHb OJIA NiOBUUWEHHA pIBHA Kibepbesneku
IHGopmayidHux cucmem.

Knoyosi cnosa: iHgopmayilHa cucmema, mepexesull mpagik, cmamucmu4Hi Memoou,
Kibepbe3sneka.

Bcryn. B iHdopMmalliiiHux cuctemMax OOMiIH [OAaHMMM MiK CKIaQZOBUMM
o6’ekTaMM BimOyBa€ThCsl uyepe3 MepekeBe 3’e¢qHaHHS. HapmiliHicTh MepeskeBOro
3’¢gHAHHS B 6araThoxX BUITaAKaX 3aJI€KUTh BiJl OpraHizailii 6e3rmeuyHoro cepegoBuia
rnepegavi gaHux. be3neka [aHMX, IO IepefalTbCs, Ma€ TPU CKIALOBUX —
LUTICHICTh, aBTEHTUYHICTh Ta OOCTYIHICTh. Ha mpakTuili peanisaliis 3a3HaueHUX
BUMOT 3[iJiICHIOETbCS 3a JOIMOMOIOK IPOTpaMHO-anapaTHUX KOMIUIEKCIB Ta
OpraHi3aiiiH1x 3aX0/iB.

Tob6To0, mopyiieHHs1 6e3reku iHGOPMAIliiiHOT CUCTeMM MOKe OYTU BUKIMKAHO
HeIpaBMIbHOIO poOOTOI0 006jamHaHHSI ab0 BHACTIAOK BTPY4YaHHSI CTOPOHHBOI JIiO-
oyHN. [lepimii TUIT MPUUMH JOJAETHCS 3a JOTIOMOTO0 OHOBJIEHHSI TPOrPAaMHOTO 3a-
6e3reueHHsI Ta/ab0 3a JOMOMOTOI0 3MiHM Ha/IallITyBaHb MepekeBOro 0bjaJHaHHSI.
Opyruit TuI mopyueHHs 6e3mnekyu OilbIn cKaaguuii. I i10ro BUSIBJIEHHS MOTPiOHI
HOBi Oi/TbINT JOCKOHAJIi iHTe/NeKTya bHi aArToOpUTMMU. BOHM PO3pOO6/ISIIOTHCS HA OCHOBI
CTaTUCTUYHUX, HEIPOHHUX, MAalllMHHMX Ta iHIIMX MeTO/iB. B 3a/exXHOCTi Bif, piBHS
abCTpakiiii, Ha SIKOMY BUPIIIYETHCS 3a/avya BUSBAEHHS BTpyuaHHS B poooty IC, Bu-
KOPUCTOBYIOTh BiAIIOBiAHI MeTOAM AJ1s1 X BUSIBJIEHHS [2].

MepexxeBuit Tpadik B IC xapaKTepu3yeThCsl MIEBHMMM KiTbKiCHMMM XapaKTepu-
crukamu. Ili XxapakTepuCTUKM MalOTb Te€BHI CTaTUCTUYHI BJACTUBOCTI i

3aKOHOMipHOCTi. ToMy, MOKHa BBakaTy, 10 CTATUCTUYHI XapaKTEePUCTUKU Mepe-

© Acraxos [I.C., Masypenko B.B., ®egoposuu A.I., JIncernko H.O., 2022
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skeBoro Tpadiky BimobpaskaioTh pobounit cran IC. lle mae mimcTaBy Ojs1 pO3pPOOKU
HOBMX i BOOCKOHAJ/IEHHIO iCHYIOUMX METO/IiB BUSIBJIEHHSI 3MiH CTaTUCTUYHMUX XapakK-
TepPUCTUK MepexkeBoro Tpadiky. SIKiio MeTpuku MepexkeBoro Tpadiky po3auBISTH-
s SIK YaCOBUI pSifl BUMTAZKOBUX BEJIMUMH, TO IJIS iX JOC/TiIKeHHS 3aCTOCOBHI Oy/Ib-
SIKi MeTOAM MaTeMaTUYHOI CTaTUCTUKMA |[3].

Hine mociaimskeHHs. IlepeBipuTn iHbopMaTuBHiCTh KpuTepiito llloBeHe 10 BU-
SIBJIGHHI0O BUKMUJIB B BMOIpKax BUIAJKOBMX BEJIMYMH 3 3aKOHOM PO3IOAITY
JMIMOBIPHOCTI, SIKMI1 Bipi3HSIETHCS Bil, HOpMaJIbHOTO. SIK 3BiCHO, HAa MPAaKTULl HIKOJIN
He Bigomo, $Ki CTaTUCTUYHI 3aKOHOMIpHOCTI MawThb BeIUYMHU, SKi
criocTepiraloTbcs. [Iyiss TOro, 106 3aCcTOCYBaTM TOM YM iHIIMUIA CTATUCTUUHUIA
KpUTepii Ojs1 BUSIBJIE€HHS 3MiH Y BUITQAKOBOMY ITpoileci (4acOBOMY psifii BUIIAIKO-
BUX BeIMUMH) B 0araTbOX BMIAAKax IOTpPiOHe [OOJATKOBE MOCTiMKEeHHS Ha
HaJIEXXHICTh 10 TIEBHOTO 3aKOHY PO3MOAiay JiMoBipHOCTi. [IJisi IIbOTO MOTpPiGeH 10-
CUTb BeJIMKUI 00°eM BMOIpKM a 3HAUMUTH i TpuUBaAMiI 4ac Ajs ii oTpuMaHHS. s
BUPIIlIEHHST ONepaTUBHUX 3aJa4 1ie MOXXe OyTu HernpueMHUM. ToMmy 6akaHO BUKO-
PUCTOBYBATU KpuUTepil BUSBJIIEHHS CTAaTUCTUUYHUX BIIMIHHOCTEI, SIKi HE YyTJIUBI 10
3aKOHY PO3MOMiTY MOBiIpHOCTeN. 3HAMTH TaKi KpUTepii MOKHA 3a TOIIOMOI0I0 06-
YJC/TI0BAIbHOTO €KCIIePUMEHTY Ta MaTeMaTUUYHOTO MOIeTI0OBaHHSI.

IlocTranoBka 3apaui. PosrnsiHemo 3amauyy BUSIBIE€HHS BUKUIIB B KOPOTKMUX
nocsigoBHocTsX (n =10...40) BunagkoBux BenuuuH Metonom lLllosewne [1]. Leit me-
TOJl Ma€ MOCTATHIO iHPOPMATUBHICTD i MpOCTHil B peasisaliii. OCKiJIbKM 3asiBJI€HO,
o BiH mo0Ope CIpallbOBY€e i1 BUOIPOK 3 HOPMAaJIbHMM 3aKOHOM PO3IIOIiTY
JIMOBipHOCTi, Tpeba JOCTiAUTH 10r0 iHGOPMATUBHICTD IJIsT BUOIPOK 3 iHIIMMM BU-
oamu po3smnoniny. s 00UMC/II0BaJIbHOTO eKCIIepMMeHTY Oynau oOpaHi Tpu BUAU
3aKOHIB — CUMETPUYHMI, 1ab0 acUMeTPpUYHMIA i CWIBHO aCUMETPUUHUM, -
JIOTicTMYHMIA, Pejiest i eKCIOHeHIIiiiHMI BiIIOBigHO.

Bukupgamu, SK IpaBuiIo, CTalOTh MiHiMaJIbHi i MaKCMMaJIbHi 3HAUEeHHS BUOipOK
x(k). s ix BUSIBJIEHHSI bopmy0Th BIIOPSIAKOBAHY BUOiIpKY
x(D<x' ()< xB)..<x (-1 <x(@()..<x(n=D)<x(n), TOmi x (1) =x

min ?

x (n)=x_ . Kpurepiit IlloBene BuGipku x(k), MepeTBOPEHOI B YIOPSAKOBaHY

BMOIpKY BM3HAYA€ETHCS 32 HOPMYIIOIO:

) B x*(n/j)_g(])‘
J’1(]/I71ax)_ : J) ’
y2(j/min):‘x (1/j)_’7(J)‘
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ne, x(j)= %gxk; s*(j)=0"= ﬁki;:(x(k/j)—)_c(j))2 ; ] — HOMep eKCIIepUMEHTY;
k — HoMepu BUMipIOBaHHSI.

Pimenns. ®opMmyeMo BUOIpKM MaKCUMaIbHUX yl( j) Ta MiHiMaabHUX yz( j)
3HavYeHb IJj1s1 eKcriepumeHTiB j=1,2,...N; N=100000; goBsxkuuu Bubipok n=10, 25, 50.
Emnipuuni sHaueHust ,(j),»,(j) THOpiBHSIEMO 3 KPUTMYHMMM 3HAUEHHSMM, SIKi
HaBegeHi B Tabmui 1 [1].

yi(j/n)<y,may,(jln)<y,
Tabmuusg 1

Kputnuni 3Hauensst (K) kpurepis [lloBene

4 5 6 10 15 25 50 100 300

=}

K 1,54 1,65 1,73 1,96 2,13 2,33 2,57 2,81 3,14

MaTeMaTUYHa MOJeIb NPUIAHSITTS pillleHHSI TPO CTaH BUOipKU y( j/ n)
(6e3 BUKUIIB)
v(j/n)<K may,(j/n)<K
3anuiieTbCs Y BUTJISL:

sgn(yl(j/n)—yo(n))zl, sgn(yz(j/n)—yo(n))zl,j:1,2,...,N

. K
OTox ix cyma —- Ta —= :
n n

N

legn(yl (j/n)=y,(n)),

~
Il

sgn(y2(j/n)—y0(n)).

.MZ

1l
—_

3 ‘NN = LN

J
. . . . . . K, .. K,

[Te ouiHKM IMOBIPHOCTI MPUMHATTS pillleHb (10 X(max) — Ta 1o x(min) —= ),
n n

SIKi 32 TEOPETUYHUMM IOCTiIKEHHSIMM BUOIpOK BUIIAAKOBUX BEIMUYMH 32 HOPMaJIb-
HUM (JIOTiCTUYHMM) PO3MOMIJIOM IMOBipHOCTel $SIKi MOBMHHI OyTM He OibIie

HiDK —
12n

. 1
P(K<K )<—
12n
HpOBe,ELEHO OG‘JMCJIIOB&JIBHI/IVI eKcnepnmeHT 3a prOMa BUaamMum 3aKOHiB

pO3MOJiny: JIOTiICTUYHMIL, eKcroHeHLitHuit Ta Penes. Ilobymyemo rictorpamu
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KpUTepil0 Ta BM3HAUMO IOrO OCHOBHI CTAaTUCTUUHI XapakTepucTuku. [lapameTrpu
3aKOHIB pO3IOAIy MMOBipHOCTEl H00epeMo TaKuMM UMHOM, I00 BOHM Maju
OJHAKOBi 3HaUeHHSI MaTeMaTUYHUX OUiKyBaHb i, 10 MOXK/JIMBOCTi, OTHAKOBI 3HaAUEH-
HS JucIiepciii. 3a OCHOBY Bi3bMeMO IapaMeTp @ =35 JIOTiICTUYHOTO 3aKOHY

posmnopainy. Tomi mapameTp b nJist 3aKoHY Pesest fopiBHIOE

b:a/( ﬁ/2)=5/1.253z4.

BinnoBigHO mapamMeTp o [Jisl JOTiCTMYHOTO 3aKOHY JOPiBHIOE

0'2\/4_—7Tb2 :\/4__”16 ~4.
2 2

JI71sT eKCTIIOHEHIIifTIHOTO 3aKOHY PO3IOoAiNly mapameTp A=a=>5.

3a TakMX YMOB MAa€MO HACTyIIHI 3HAaueHHS MaTeMaTUYHMX OUiKyBaHb i

IMCTIepCiil 711 06paHuX 3aKOHIB pPO3IO/IiTy iIMOBipHOCTEIA.

Tabamuig 2
JloricTUuHMM Penes ExcnoneH1iitHMin
M[x] 5 5 5
Dix] 15,5 15,5 25

B Tabmmili 3 HaBeIeHO eMITipMyHi MMOBIpHOCTI P’ MpUIHATTS pillleHHS IIpO

BiJICYTHIiCTb BUKU/iB B BMOipKax BUITQAKOBUX BeJIUUMH.

Tab6nuig 3
n JloricTuunui Penes ExcrioHeHuiiHMi1
10 0,963 0,971 0,945
25 0,977 0,984 0,963
50 0,984 0,989 0,971
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a) 6)
PucyHok 1 - Ticrorpamu kputepiro [lloBeHe ajist moBkuHM Bubipok 7 =10,25,50 3

JoricTuaHMUM a), PeyteeBckiM 6), eKCIIOHEH i THUM

B) 3aKOHaMM pO3IMOJiTy IMOBipHOCTEN

BucHOBKM. AHAJTi3yI0UM pe3y/JbTaT 06UMCIIOBAIBHOIO €KCIIeEPMMEHTY, MOKHA
3po0NUTM BUCHOBOK, IO KpuTepiii [lloBeHe, BMUSIBIeHHS] BUKUIB B BUOipKax BUIIA/[I-
KOBUX BEJIMYMH, MAE€ CXOXY CTAaTUCTUKY [JISI 3aKOHIB PO3MOATY MMOBIpHOCTEN
BiJl’€ MHMX BiJ, HOPMaJIbHOTO. BiAMIHHOCTI CTaTUCTUKU CIIOCTEPIrar0ThCs /151 BUMA[, -
KOBMX BEJIMYMH 3 eKCIIOHEHLIMHMM 3aKOHOM po3mofiny. B cepenuHi ricrorpammu
TIPUCYTHIl «marop6», aje MoTiM ¥ime pi3kuit cnaf. Lig ocob6iuBicTh He BIUIMBAE Ha
pe3ynabTaT MPUMHSITTS MPaBUIbHOTO pinteHHs. To6TO, 1eit KpUTepiii MOXXHA BUKO-
PUCTOBYBATM 6€3 JOJAaTKOBOTO JOC/iIKeHHSI TeCTOBOi BMOIpKM Ha «HOPMaJIbHiCTh».
o Toro X BiH moOpe CIIpallbOBY€E HAaBiTh Ha Ay>Ke KOPOTKUX BubOipkax 3 n =10.

Kpurepiit [lloBeHe MOX/IMBO BUKOPUCTOBYBATU [Jis1 BUSIBJI€HHSI BUKU[IIB MET-
pUK MepeskeBoro Tpadiky B iHbopMaliiiHuX cuctemax. BiH Moske BXOAUTHU 10 CKJa-
Iy aBTOMAaTM30BaHUX CUCTeM BUsiBIeHHST BToprHeHHs (CBB). MoskiuBicTh poboTH 3
BMOipKaMy Majioro po3Mipy J03BOJISIE CKOPOTUTHM YaC HAKOMMUYBAHHS TAHUX i TUM
caMMM 3MEHIIUTY Yac Ha BUSBJIEHHSI 3MiH cTaHy cucTemu. lllo, B cBOIO uepry, n03-
BOJIUTb CBOEUACHO MPUIMATK IIPEBEHTMBHI Mipy MJiS 3ar06iraHHs 30BHIITHbOMY
BTpy4YaHHIO B poboTy IC, TOGTO MigBUILYETHCS 3araabHMit piBeHb Kibepbe3rneku cuc-

TEeMIN.
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Methods for detecting statistical changes in network traffic characteristics

Network flows of information systems (IS) are characterized by certain quantitative char-
acteristics. They contain information about network load, the quality of communication between
nodes, and many other service information. For example, an attacker can use this service infor-
mation to prepare for a cyberattack. When an attack is already being carried out, network traffic
is filled with additional atypical information. In other words, the values of its quantitative char-
acteristics change. Therefore, quantitative indicators of these characteristics can indirectly moni-
tor the atypical behavior of network nodes. For example, by the number of requests of the same
type per unit of time. Such an event may occur, for example, when the network scanner is run-
ning or during a denial-of-service attack. To detect such events, special software packages are
used, such as intrusion detection systems. These systems use a variety of algorithms in their
work, which are based on statistical methods, neural networks, fuzzy logic Automata, and others.
The type of mathematical processing depends on the complexity of the problem, the level of the
protocol being observed, and the preferences of the detection system developer. Sometimes sta-
tistical methods for analyzing metrics can be simpler and faster to implement than others, be-
cause they do not contain a large number of mathematical operations. This can allow you to
monitor the state of the IP in real time. And timely detection of changes in the state of the IP
allows you to avoid malfunctions. One of the signs of a change in the system state is the release
of values of quantitative indicators of network traffic parameters. Therefore, this task is urgent
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and requires further development and improvement. In this paper, it is investigated that using
the Chauvet criterion, it is possible to detect outliers with high probability in small time series
with a probability distribution that differs from the normal one.

AcraxoB JImutpo CepriiioBud - crapuinii BuKIagau Kadbeapu pamioeseKTpPOHHOI
aBTOMaTukM, Gi3uMKo-TexHiuHMUit  (akynbTeT, [HINPOBCbKMUIA  HAIiOHATbHUIA
yHiBepcuTeT imeHi Osecs ['oHUapa.

Masypenko Basnepiit BopucoBu4 - noiieHT Kadeapy paaioeeKTPOHHOI aBTOMATU-
KU, PisuKo-TexHiuHmnit paKynabTeT, JHIIPOBChKII HAl[iOHATbHMI YHIBEpCUTET iMeHi
Onecs 'oHuapa.

®enoposuu 'anHa IropiBHa - moieHT Kadeapu pamioe/leKTPOHHOI aBTOMATUKM,
dizuko-TexHiuHMi1 (pakynabTeT, [HIMPOBCHKMII HaIliOHAJIBHUIT YHiBepCUTET iMeHi
Onecs 'oHuapa.

JInucenuko Haramiss OsekcaHzpiBHa - [oleHT Kadenpu pamioeseKTPOHHOI aB-
TOMaTuKM,  (QisuKo-TexHiuHMit  ¢dakynapbTeT, JHIIPOBCbKMII  HaI[iOHATbHMUIA

yHiBepcureT imeHi Osecst [oHuapa.
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O.1. Babauenko, /I.M. Toro6uibka, T.B. banaxanoBa, I''A. KoHOHeHKO
KOMIIJIEKCHUM AHAJII3 BIVIMBY IMTPUMICHUX TA JIETYBAJIBHUX
EJIEMEHTIB HA VIIAPHY B’SI3KICTBb CTAJIEA
JIJISI BUTOTOBJIEHHS 3AJII3BHUYHMX OCEN

AHomauyis: B pobomi npusedeHo ma y3a2anbHeHO pe3yabmamu Cmamucmu4yHo20 aHari3y npo-
MUCnoBuUX OaHUX XIMIYHO20 CKIAdy ma MexaHiyHux snacmusocmeli noHad 1500 3pa3zkis, 8i0i6-
paHux 810 YopHOBUX 3aN13HUYHUX ocell 31 cmani mapok OC ma EAIN. I3 3acmocysaHHam memoOQis
NPUKAAOHOT cmamucmuKu BuU3Ha4YeHa BIOMIHHICMb BNUBY XIMIYHO20 CKAAOY Cmani ONA 3a/i3-
HUYHUX ocell Ha piBeHb YOapHOi B8’A3KOCMI, 30Kkpema mapeaHyl ma cipku. [lokasaHa Heobxio-
HICMb 3aCMOCYBAHHSA 6iNbLIO20 CmyneHto dechopmayii BUXIOHUX Ge3nepepsHOIUMUX 3G20MOBOK
31 cmani mapku EAIN ma peanizayia 3axo0i8, AKI NO3UMUBHO BNAUBAMUMYMb HA 3MeHUWeHHSA
OeHOpumHoi niksayii. [TiokpecneHo sazomull BnUB MexHOM021T BU20MOBEHHA CcMani 014 3ai-
3HUYHUX ocell 6/1U3bK020 XIMIYHO20 CKAAOY.

Knto4osi cnosa: 3a13HUYHT OCI, MeXAHIYHT BACMUBOCMI, YOApHA B'A3KICMb, XIMIYHUL CKAao, Ni-
Ksayis mapaaHyro, t-kpumepil CmoodeHma

HeoOxigHuit KOMIIJIEKC BJIACTMBOCTEN SIK MPaBUIO 6a3yeThCsl HA OCHOBi (op-
MYBaHHSI ONITUMaJIbHOTO CTPYKTYPHOTO CTaHYy, 1110 BM3HAYAETHCS Ha30BUM CKIaJOM
CTasi, pO3MipHMMM XapaKTepUCTUKaMM (Ga30BUX i CTPYKTYPHUX CKIAA0BMX, @ TAKOXK
iX piBHOMIipHicTIO po3mnofiseHHss. OfHi€0 3 HaMBaKAMUBIIIMX BJIACTUBOCTEN CTai €
yaapHa B'sI3KicTb. Ile ckmagHa KOMILJIEKCHA XapaKTepUCTUKA, SIKa 3aJIEXKUTh Bifl Cy-
KYITHOCTiI MiI[HICHMX 1 IVIAaCTMYHMUX BJAACTMBOCTEI MeTaly Ta XapaKTepusye cyMap-
HUI1 OTIip 3paska IiacTMYHOMY AedopMyBaHHIO Ta pyitHyBaHHIO [1]. OcKkinbKu yaa-
pHA B'SI3KiCTh € CTPYKTYPHO-UYYT/IMBOI BEJINYMHOIO, Ha 3MiHY 11 3HaueHb BIUIMBAE
6e3s1iu pakTOpiB — HEOJHOPIAHMIT PO3Mip 3epHa i HEPiBHOMipPHICTb #0T0 pO3IIOIiTy,
yacTka Tiei um iHmoi ¢asu, a TaKoXK piBHOMIipHICTb po3IOAiIy iX B 06Csa3i MeTtainy,
HAsIBHICTh HeMeTaJIeBUX BK/IIOUYEHb TOIO. [IOCSITHEHHSI OGHOPIAHOTO CTPYKTYPHOTO
dboHy MOX/IMBe He Jinile 3a PaXyHOK KOPUTYBaHHSI TEXHOJOTIUHMX MapamMeTpiB BU-
poOHMIITBA CTaji Ta ii momanbpuioro AedopmalliiiHO-TepMiUYHOTO OOpPOOJISIHHS, a i
XiMIUHOTO CKJIaZy CTaJIi.

3HaYHUM pe3epBOM 3 IOJIMIIeHHS CTPYKTYPH i BAaCTUBOCTEN OCbOBOI CTasIi €
KOPUT'YBaHHS XiMIYHOTO CKJIaZy HaBiTh B MeKaX MapO4YHOIrO CKJIaay, 110 AO3BOJIUTh

© Babauenxko O.I., Toro6uibka [I.M., Banmaxanosa T.B., Kononenko I'.A., 2022
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MiHiMi3yBaTM BUTpPATU HaA JOJATKOBY TE€pMiuHY OOPOOKY CTaji Ipyu BUTOTOBJIEHHI
3a/II3HMYHUX Oceli. ABTOpaMu [2, 3] MOKa3aHO, 110 Ha MeXaHiuyHi BJacTUBOCTI IjIac-
TUH iCTOTHMIA BIUIMB UYMHUTD 3MiHa BMicTy C, Mn i Si. OgHak xapakTep BIUIMBY XiMi-
YHMX eJIeMeHTIB Ha BJIaCTMBOCTI CTaJiel pi3HOTO XiMiYHOTO CKJIaAy He € TTOCTIHUM.

OCHOBHMM 3aBHAHHSIM IIpU BUPIillleHHi 1Ii€i 3a/1aui € BCTAHOBJI€HHSI KPUTUUHUX
TOUYOK i KOHIIEHTpAliiHUX IHTEePBAJIiB, SIKi 3 BUCOKOIO IOCTOBipHICTIO O3BOJISITh Ma-
TeMaTUUYHO BU3HAUUTHU SIKICHUI 1 KiJIbKICHUI BIUIMB KOXXHOTO JIETyBaJbHOTO i MpU-
MICHOTO eJIleMeHTiB Ha [IOKa3HUKMU yIAPHOI B’I3KOCTI 3a/i3HUYHUX OCEeN.

MeTo10 po60TH 6YJIO BM3HAUEHHS 3aJI€SKHOCTI IMIPUPOAY MaTepiany, 0Co6IMBO-
CTeil BIUIMBY JOro XiMiYHOrO CKjIaJy Ha yOapHYy B’S3KICTb 3a/Ji3HUUYHUX OCe Ta
3HIMKEHHS BUTpAT Ha MPOBefeHHs JOPOroBapTiCHUX IabOpaTOPHMUX eKCIIepMMEHTIB
Ta a”amisy. [jig 1poro 6yB mpoBefeHMit KOMIUIEKCHUI CTATUCTUUHUI aHaMi3 Mpo-
MMCJIOBUX Pe3yJIbTaTiB BUIIPOOYBaHb 3pa3kiB YOPHOBUX OCEi, BUTOTOBJIEHMUX 3i CTa-
neit mapku OC (632 mnaBku) ta mapku EAIN (124 niaBku). IxHii ximiyauii ckiaap,
HaBeleHOo y Tabauii 1.

Tabmuusg 1

XiMiuHMI1 CK/Iaf OOC/IiIKeHMX IVIaBOK Ta BUMOTHM 0 HbOTO HOPMAaTUBHOI

IOKyMEeHTallii, YMcebHMK — MiHiMabHe Ta MaKCMMaJIbHe 3HaUeHHS y BUOipIIi,

3HaMEHHUMK — CepeagHE

Mapka crasi, Ta BMmicT XiMiYHMX eJIeMeHTiB
BiIMMOBigHA HO- P S
pMaTMUBHA [I0- C Mn Si )
] He 6inpiie
KyMeHTallist
oc 0,42-0,5 0,61-0,85 | 0,15-0,30 | 0,009-0,036 | 0,002-0,038
0,448 0,716 0,224 0,024 0,0215
OCTYTOCT
0,42-0,50 | 0,60-0,90 | 0,15-0,35 0,035 0,035
4728:2014
EAIN 0,34-0,38 | 0,82-0,89 | 0,18-0,26 | 0,007-0,016 | 0,002-0,007
0,3516 0,864 0,209 0,0107 0,0034
EN 13261:2009
0,40 1,2 0,5 0,02 0,02

(He Ginplre)
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[TpomoBskeHHSs TabauiIli 1

Mapxka crasi, Ta BMmicT XiMiYHMX eJleMeHTiB
Bi/ITIOBiTHA HO- Cr Ni Cu Al Mo
MaTMBHA JI0-
P ﬂ He 6inpiie
KyMeHTallist
oc 0,01-0,08 | 0,01-0,07 | 0,01-0,08 | 0,012-0,055
0,0245 0,017 0,0225 0,028
OCTYTOCT
0,30 0,30 0,25 0,035 -
4728:2014
EAIN 0,05-0,13 | 0,08-0,14 | 0,14-0,22 | 0,015-0,028 | 0,008-0,039
0,089 0,907 0,174 0,0199 0,0135
EN 13261:2009
. 0,3 0,3 0,3 - 0,08
(He GispIre)

3a XiMiUHMM CKJIaJIOM 00MABa MacMBM TAaHUX CYTTEBO BiApi3HAIOTHCS. PisHUIIS
€ He TiIbKM Y HaBeJleHUX aHUX, a B T€XHOJIOTii BUTOTOBJEHHSI Ta 0OPOOKM pigKoi
crajii. Tak crasp mapku OC € CTa/Il0 KOHBEPTEPHOTO CIIOCO0Y BUTOTOBJIEHHS Oe3
MIPOXO/I>)KeHHs orepaliii BakyymyBaHHs. CTasib mapku EA1N BuIjiaBjieHa B eJIeKTPO-
Ieyi 3 IPOXOKEeHHSM IIpolecy ferasaliii y BAaKyyMaToOpi i TaKOXX MICTUTb MEHILe
KUCHIO [4].

3 KOXHOI IUIaBKM OYJI0 BUTOTOBJIEHO KiJibKa IMapTiii 3a/Mi3HMYHMUX Oceit, i Bif
KOXKHOI TapTii OyaM BimibpaHi 3pasky AJjIsI MPOBEIEHHS TOCTiIKeHb MeXaHiuHMUX
BJIACTUBOCTEN. YCbOro MpoaHai3oBaHO 1264 3pasku oceit 3i crani mapku OC i 264
3pa3ku 3i crami mapku EAIN. B Ta6nuili 2 BKa3aHoO JaHi, [0 OTpUMaHi B pe3yJIbTaTi
BUITPOOYBaHb 3pa3KiB, BMpizaHUX Ha ¥2 R yopHOBOi oci micisa rapsiuoro gedpopmy-
BaHHS Ta TepMiuyHOi 06p0OKM (HOpMasti3arliii).

Hopmu Takok BKasaHi IJIs IMX MicIlb Bimbopy. Okpemo Tpeba 3ayBaskUTH Pi3-
HUIIIO ¥ CTyIeHi mpopobku. Ha Hamry myMKy 1ieii (akTop € oJHUM 3 HaiBILUIMBOBI-
mux Ha GOpMYBaHHSI KOMIUIEKCY MeXaHiUHMX Ta eKCIUTyaTallifHuX BJIACTUBOCTEN
3aJ1i3HUYHUX OCEM.

3HaueHHS yAapHOI B’SI3KOCTi BMOIpKM YOPHOBMX Oceit Oy/M BimcopToBaHi 1o
Mipi iIX 3HM)KeHHS Ta BU[iJIEHO 2 MacUBM, SIKi Ma/IM IMOHVKEeHI Ta MiJABUILEHHI 3Ha-
YeHHS yJapHOI B'sI3K0CTi (puc.1).
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Tabanng 2

MexaHi4yHi BJIaCTMBOCTI JOCTiI>KeHNX 3Pa3KiB Ta BUMOTU A0 HMX HasIBHOL

HOPMAaTMBHOI IOKyMeHTallii, YMCeTbHMUK — MiHiMaJibHe Ta MaKCMaJibHe 3HaUeHHS

y BUOipIli, 3HAMEHHUK — CEpeTHE

. YnoapHa YpapHa
Mapka craii, ) . .
. . BigHOoCHe | B’3KIiCTb ce- | B’SI3KiCThb Cce-
Ta BiAIIOBIO- I'pannug ['pannus
. . . MOJ0B- penHs 1o3- | penHs more-
Ha HOpMa- MIIIHOCTi, | IJIMHHOCTI, )
>KeH-HS, IOBXHBOI'O | PEUHOTIO Opi-
TUBHA LOKY- MIIa MIIa .
. % OpI€EHTYBaH- | €HTYBaHHSI,
MeHTallis
Hs, JIx/cm? Ik/cm?
ocC (%]
150 mMm, cTy- 560-745 300-445 18-32 34-127,5
MMiHb  YKOBY 646,92 356,92 24,42 61,31
5,95)
OCTY TOCT
580-650 >300-325 >18-20 >34-49 -
4728:2014
EAIN (%]
287,7-
225 MM, cTy- | 566,4-616,3 406.1 18-30 30-52 30,2-42.,6
MMiHb YKOBY 589,5 25,72 41 36,235
350,26
3,16)
EN He 6inpbiie
2320 222 230 220
13261:2009 550-650
Mapka ctani OC Mapka ctani EATN
. 140 60
E 120 k- 50 & oo & o °
2 °Q o o0 @ 0009 0% o 0e0
'_:nE 100 5:40 ® %ol Aot ame 3 winge
= r ° ) 00g, ©, QP00 om, 00 ©
'g 80 & g 30 *.u.o‘“. “‘e., °°® ? e o’
w 60 T:
£ 4 g20
& 20 E 10

0

0

PucyHoxk 1 — MacuBu gaHuX OOCTiAKeHMX 3pa3KiB YOPHOBUX OCEIA,

IO MAIOTh ITiABUIIIEHH] Ta MOHMKEeHHi 3HaYeHHSI

AHaji3 mpoBOAMIM 3a JOIIOMOIOI0 IMapamMeTpuyHoro t-kpurepiro CThIOJEH-

ta [5]. Kpurepiit CTbiofeHTa J03BOJSIE OLiHUTU CTATUCTUYHY 3HAUYILiCTh BiAMiHHO-
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cTeil MiX BeJIMYMHAMM, IO TOPIiBHIOIOTHCS, a camMe 4YuM Oi/lbllle 3HAUeHHS t-
KpUTepist, TUM Oi/ibIlle CTATUCTMYHO 3HAYMMI BiIMiHHOCTI ITOPiBHIOBAHMX BEJIMUMH.
3HaueHHs t-KpuUTepiio olLiiHBaIMCh 3 BiporigHicTio 0,95. Hait6inbil Baromi 3HaueH-

Hs KoeditieHTa CThloIeHTa MpeACcTaB/ieHi Ha PUCYHKY 2.

mapka ctani OC Mapka ctani EATN
16 8
£ 14 g7 I
§12 “é-ie
8 10 25
= 8 = ¢
E;G | ‘ | §3
L2 - 1
o Tallon 0. 5o dod alanlliinll
oBor & wy C MnSi P S8 Cr Mo Ni Al Cu g or & y C Mn Si P S Cr Mo Ni Al Cu

PucyHoK 2 — CTaTUCTMUYHMI aHa/Ti3 BIVIMBY ITapaMeTpiB Ha 3HaUeHHS yIapHOi
B’s13kocTi: [1 - mapameTpu 3 MpsIMOIIPOIIOPLIiifHUM BILIMBOM Ha ITOKa3HMKY yIapHOi
B’s13KkocTi, Bl — mapameTpu 3i 3BOPOTHHOIIPOIIOPIIiITHMM BILIMBOM

Ha MTOKa3HVKM YAAPHOI B’I3KOCTI

BinbiicTs ¢pakTOpiB MalOTh OJHAKOBUIT XapaKTep B3a€MO3B’SI3Ky Ha MOKa3HMU-
KM yIApHOi B’SI3KOCTi IJ11 MacuBiB 000X MapoK cTasi. 3i 36iablIeHHSIM MillHiCHUX
XapaKTepUCTUK 3HAYEHHST yAapHOi B’SI3KOCTi 36i/ibmryeTbes. Lle moB’si3aHo 3i 3poc-
TaHHSIM HamIpyKeHHS Teuii MeTayy Ta 30iJbIIeHHSIM YacTKM KPUXKOi CKIag0BOi. €
JIOTiYHMM i 3pOCTaHHS TTOKA3HUKIB yAAPHOiI B’SI3KOCTi 3i 301/IbIIEeHHSIM IIACTUYHUX
XapakTepucTuk. Ile MOBHICTIO 36ira€TbCsl 3 KIACMYHMUMM YSIBJEHHSIMU TIPO TTOKA3-
HUK yaapHoi B’sa3kocti. HaBemeni pani gis ctasmi EAIN 1okasyroTb 3BOPOTHIN
3B’S30K IIMX XapaKTepucTuk. [Ipy 36ibIIeHHi MIaCTUYHOCTI yIapHa B’SI3KiCTb CYT-
TEBO 3HIKYETHCS, TIPU IIbOMY BIUIMB MillHICHMX XapaKTepMUCTUK HabaraTo HMKIMIA i
Majke He BIUIMBAE HA 3arajibHy KapTUHY.

AmomiHiit, pocdop, Xxpom Ta Mifb HETATMBHO BIUIMBAIOTh HA YIAPHY B’SI3KiCTh,
OCKiJIbKM CIIPUSIOTH 30iJIbIIEHHI0 KPUXKOI CKIAZOBOI CTajIi Ta CIOPUSIOTH ii pyiiHY-
BaHHIO. AJTIOMiHili 3HVXY€E BJIaCTUBOCTI CTasli, OCKIJIbKM Yepe3 BUCOKY CIIOPigHEeHICTb
10 KIUCHIO, YTBOPIOE HeJlehOpMOBaHi OKCUIHI BK/IIOUEHHS, SIKi € KOHIeHTpaTopaMu
HamnpyXeHb y CTali Ta COPUSIOTH i1 pyiiHyBaHHI0. Crif 3a3HaunTy, o y cramxi EAIN
y HasiBHiil Majiii KoHlleHTpalii ¢docdop He UMHUTH CyTTEBOTO BIUIMBY. Te Xk came
CTOCYETBHCS i BYIJIELl0, SIKUIA € OCHOBHUM 3Mil[HIOBAJbHUM KOMIIOHEHTOM CTaJeii
JIJISI BUTOTOBJIEHHS 3Q/Ii3HMUHMX Ooceli. [limBUIlleHHS 3a/1eXKHOCTi yIapHOi B’SI3KOCTi
BiJl KiJIBKOCTI Mifli, MOSICHIOETbCS OiIbIIMM i1 BMicTOM y ckiafi ctami EAIN | ockinb-
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KM Mifb He MOXXHA BUIQJIUTHU B MPOLieCi MeTaaypriiHoro peuukKaiHry, 10 MOripIlye
SIKiCTh CTaJIi BUIJIaBJIEHO1 3 OPYXTY [6].

3BepTae Ha cebe BiIMiIHHICTb BIUIMBY Ha ITOKAa3HMK yAAPHOi B’SI3KOCTi BMICTY
CipKM Ta MapraHIio.

MapraHellb, X04 i € 3MiIJHIOBOJIbHMM €JIeMEHTOM, CIIPUSE 3POCTAaHHIO 3epHa
aycTeHiTy. Lle BIVIMHY/IO Ha MiABUIEHHS MJIaCTUYHOCTI CTaJi, O CHiBMaga€ 3 MO3U-
TUBHUMM BIUIMBOM MapraHIl0 Ha BaactuBocTi ctani OC. B Toit ke yac ciig BigmiTu-
TU, 1[0 MapraHellb MOCUJIIOE JIiKBaIlil0 BYTJIEI[l0, 1110 3yMOBJIIOE HEPiBHOMipHUIT PO3-
MO/ CTPYKTYPHUX CKIATOBUX (PEPUTY Ta IEPJIiTy, 0COGIMBO 32 YMOB 30ibIIEHHS
10r0 KiJIbKOCTi Ta HeIOCTaTHLOrO AedopMalliitHoro mpopobaeHHs. Ha ocHOBI more-
pelHbO MMPOBeAeHUX AOCTIAXKEHD [7, 8] MOKHA MPUITYCTUTH, 10 Y 3pa3kaX YOPHOBUX
oceit 3i crtaysi mapku EA1N cniocTepira€TbCs 3HaUyHa CTPYKTYPHA HEOAHOPIAHICTD po-
3nonty peputy Ta mepiity. Y JAiKBaLiiHMX OiITHKAaX 30Cepe/iskeHi IepeBaskHO 3ep-
Ha TepJIiTy, a B OiITHKax 0e3 jikBailii mepeBaskHo deput. 1leit ¢akT MOSICHIOE i TT0-
3UTUBHMUI BIUIMB CipKM Ha IOKa3HMK yAApHOI B’SI3KOCTi. X0U CipKa i € eJleMeHTOM,
1[0 CYTTEBO 3HWKYE BJIACTUBOCTI CTali, ajie B [[bOMY BUIMAAKYy ii BMICT JAIMOBIpHO
CIIpMSIB 3MEHIIIeHHIO JIiKBallii MapraHiiio. [Ipy 3HMKeHHiI TeMIlepaTypu B ayCTeHiT-
Hili 06sacTi, Mn KOHIIEHTPYETHCS Oi/NbIIOI0 MipOI0 B HeMeTaJieBOMY BK/IIOUYEHHi
MnS, TMM caMmMuM 3HMXKYIOUM JIOTO0 KOHLEHTPALLil0 JOBOKOJIA BKIOUEHHS. TakuM 4m-
HOM Oe31ocepeIHbO HaBKOJIO CY/IbGiTHNX BKIIOUEHb BilOYBA€THCS 3apOskKeHHS (e-
puty [9], SKui1 y Mipy CBOTO 3pOCTaHHS BiATiCHSIE BYIJ/Elb 10 IMIPOTUIEKHOI 30HMU, B
pe3yJIbTaTi Uoro MepJIiT 3'IBJISIEThCSI B CYMiKHil o6acTi. Kpim 11p0ro, 3rifiHo 3 jtiTe-
patrypaumu gauumu [10], koHneHTpauiss Mn y BrimwodeHHsX (MnFe)S 3pocrae nipu
rapsidiit medopmariii i 0xXoyoaKeHHi, 1110, B CBOIO UepTy, IPMU3BOAUTD 10 30ibIIeHHS
30HM 36igHEeHOro Mn HaBKOJIO YTBOPEHMX YaCTMHOK JpiOHMX CyabdimiB MapraHiiio.
B TOJ1 ke yac 32 yMOB BUCOKOI'O CTYIIEHIO PO3KMCHEHHS CTalli, YTBOPIOIOTHCS HaM/I-
piOHilIi YacTMHKY, SIKi He UMHSITh HETaTUMBHMIA BIUIMB Ha ii BJIaCTMBOCTi, a HaBIIaKuU
CTIIPUSIIOTh OJHOPIAHOCTI KiH1IeBOi hepuTO-MepaiTHOI CTPYKTYPH.

BusHaueHO cyTTeBMit BIuiMB Mo Ha opmMyBaHHS BUCOKMX 3HaueHb yAapHOI
B’s3KOCTi cTani mapku EA1IN. Ileit BIUIMB MOXXHA MOSICHUTY 3HMIKEHHSIM Y4yTJIUBOCTI
10 PO3BUTKY KPUXKOCTi IPY MOBiIbHOMY OXOJIOJIKEHHI CTaJeil, 0 MiCTSITh MOJIiO-
IeH.

TakuM UYMHOM 306iJbIIeHHS IIACTUYHOCTI 3pa3KiB Ha (OHi 306epeskeHHsT Mil[Hi-
CHMX BJIACTMBOCTEJ Ta MafiHHS MOKAa3HMKIB yAapHOI B’SI3KOCTi 3yMOBJIIOE HEOOXi/I-
HiCTh 3aCTOCYBAaHHS OibIIOrO CTyNeHI Aedopmaillii BUXigHUX Ge3mepepBHOIUTUX
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3aroToBOK 3i ctasi mapku EA1IN Ta peanisaliis 3axofiiB, SIKi ITO3UTUBHO BIJIMBATU-
MYTb Ha 3MEHIIeHHS JeHAPUTHOI JIiKBallii.

Briepiile mokasaHa BiAMiHHICTh BIUIMBY XiMiUHOTO CKJIaAy CTaji AJs 3a7i3HUY-
HMX OCeil Ha piBeHb yIapHOi B’I3KOCTi. BU3HaueHo, 1110 CTa/Jb HaBiTh GIM3bKOTO Xi-
MIYHOrO CKJIaJy MOXXe MaTu 30BCiM iHIIY MPUPOAY CTPYKTypoyTBOpeHHs [11, 12].
[Tpu BMOOpi oNTUMaNBHOTO XiMiUYHOTO CKJIAAy CTasli JIJIsi BUTOTOBJIEHHS BifIoBina-
JIbHUX AeTaieil 3a/li3HMYHOIO MpMU3HAUeHHs, HeoOXigHO O6paTu 40 yBaru Crocio Bu-
POOHMIITBA CTaJIi, BUXiAHI MaTepiaJu Ta TEXHOJIOTiUHi 0COOJIMBOCTI MeTaTypriiiHoro
MigIIpMUeEMCTBA.
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Complex analysis of the influence of substances

and alloy elements on the impact viscility of ste
The paper presents and summarizes the results of statistical analysis of industrial data on
chemical composition and mechanical properties of more than 1,500 samples taken from rough
railway axles made of steel grades 0S and EAIN with different degrees of deformation. The
analysis was performed using the parametric Student's t-test, which allows to assess the
statistical significance of differences between the compared values, namely, the greater the
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value of the t-test, the more statistically significant differences between the compared values. A
significant reserve for improving the structure and properties of axial steel is the adjustment of
the chemical composition, even within the vintage composition, which will minimize the cost of
additional heat treatment of steel in the manufacture of railway axles. The difference between
the chemical composition of steel for railway axles and the level of impact strength, in particular
manganese and sulfur, has been determined. Manganese, although a strengthening element,
promotes the growth of austenite grains and enhances carbon sequestration, which leads to
uneven distribution of structural components of ferrite and perlite, especially with increasing its
amount and insufficient deformation. This is due to the positive effect of sulfur on toughness.
Although sulfur is an element that significantly reduces the properties of steel, but in this case,
its content is likely to reduce the liquation of manganese. As the temperature in the austenitic
region decreases, Mn is concentrated more in the nonmetallic MnS inclusion, thereby reducing its
concentration around the inclusion. The necessity of applying a greater degree of deformation of
the original continuously cast steel billets of EAIN grade and the implementation of measures
that will have a positive effect on the reduction of dendritic segregation is shown. The
significant influence of steel production technology for railway axles of close chemical
composition is emphasized.
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[.B. Baipaxk, O.B. [TonimBoga, I'.B. Pygakosa
MOJEIIOBAHHS 3MIHU BOJIOI'OCTI I'PYHTY B ITPOILIECI POBOTH
JOLIYBAJIBHOI MAIIIMHU «®PETAT»

AHomauis. Cmamms npucssdyeHa po3pobyi mamemamuy4Hoi MoOesi 3MIHU B801020CMI I'PYHMY 8
npocmopi cmaxis, KA 00380/IA€ BU3HAYAMU BOJI0208MICM Y NPUKOPEHEBOMY MA NpunosepxHe-
BOMY WAPAX rPYHMYy Ma MOXe BUKOPUCMOBYBAMUCH 014 NPO2HO3y napamempis pyxy JAHOK 00-
WyBanbHOi MawuHu «®Ppezamy.

Knto4osi cnosa: sonoz2icms rpyHmy, 0owysansHa MmawuHa, oouysay Xi-Wob, modentosarHs, ouc-
Kpemu3ayis, Memoo0 KiHUyeBux pi3HUUb, NpOCMIP CMAHIB, NTHeapu3auyis.

ITocTaHOBKa mpoo6sieMu. [Ipoiiec 3poIeHHs € OTHUM 3 HaBasKIUBILINX eJie-
MEHTIB TEeXHOJIOTi/i BUPOIIYBAHHS CiJIbCHKOTOCIIOAAPChKUX KYJIbTYP Ha MOJIUBHUX
IpyHTax. lle KOMILJIEKCHMIA 3aXifl, SIKMIA CKIaJa€TbCS 3 PO3IIOAiTY Yy Yaci KiJIbKOCTi Ta
HOPM pi3HMX BU[iB ITOJMBIB 3aJIeKHO Bif 0i0JOTiUHMX 0COOJMBOCTEN KY/IbTYp, Me-
JIIOPaTMBHOTO CTaHy 3pOIIyBaHMX MacUBiB, MOrOAHMX YMOB BereTalliliHOro rnepiony,
CII0CO0iB TOJIMBY, HAIBHOCTI BOJHMX, eHEPreTUIHUX, aTPOTEXHIUHUX, (PiHAHCOBUX
pecypciB Ta 3aryIaHOBAHOTO piBHS Bposkato [1]. 3amaui 3a6e3rmevueHHs] ONTUMATbHOTO
BOJHOTO PEKUMY I'PYHTY i QiTOKIiMATy MOCiBiB, BUK/IIOUEHHS I'paBiTalliiHUX BTpaT
BOAY 332 MeXi 30HM aKTMBHOTO BOJIOTOOOMiHY Ta CIIPUSIHHSI HaOiIbIII TTOBHOMY BU-
KOPUCTAHHIO POC/IMHAMM OiOKIiMaTUUYHOTO TTOTEHIlia/lly perioHy MoTpeoyoTh Mojie-
JIIOBAHHS IMHAMiKVM BOJIOTOCTI I'PYHTY Y IIPOLEeCi 3BOJIOKEHHS, & TAKOXX KOHCTPYKIii
i TeXHOJIOTii4, TTOB'SI3aHMX 3 BOJIOTOCIIOAAPCHKUMM 00'€KTaMM.

AHajti3 ocTaHHIX FOCTIIKeHb i MyOsTiKaIiii. 3BOJIOKeHHS I'PYHTY Ha IiBAHI
VKpaiHM 3[iJiCHIOETHCS TEepPeBaKHO MOIYBAHHSAM i3 3aCTOCYBaHHSIM IOIIYBaJIbHOI
MamHu Uiy «@peraty, M0 y BeIMKiil Mepi HaGMMKeHO 10 MPUPOIHUX IMPOILIECiB
BHECEHHS BOJIOTM B I'PYHTOBi CTPYKTYpPH, OCOOJIMBO 3 BUKOPMCTAHHSIM HOBITHIX 1O-
mryBauiB tumy Xi-Wob [2,3], siki 3a6e31euyi0Th OAHOPigHEe 3pOIIeHHS Ta OJHAKOBUI
po3mip kpanesib. Ha puc. 1 HaBeJeHO PO3NWIIOBAJIbHI XapaKTePUCTUKU [OLIYyBaviB
3BMYaiiHoOro Tumy ta Xi-Wob npu pob6ori B ogHakoBUX yMoBax: Tuck 1,03 6ap, Buco-
Ta posTamryBaHHs 1,83 m, Butpara Bogu 3028 si/ron. Xi-Wob po36pu3sKkye Takuii xe
00'eM BomM, IO i 3BMYANHMII PO3IMMIIOBAY, 3POIIYIOUM Maiiske BII'STEpPO OiIbIIry
iomy [3].

© Baiipak I.B., ITormBoma O.B., Pynakosa I'.B., 2022
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3BnYyanHuin golysad Xi-Wob
l 1,8 m l
11,5 . 162m |
BUA, 360Ky

3pollyBaHe
KinbLe

BUA, 3BEPXY

PucyHnoxk 1 - TTopiBHSIHHS [o1yBaviB 3Bu4aiiHoro Ta Xi-Wob

151 onycy OIMHAMIKM BOJIOTOCTI I'PYHTY TPAOMULiAHO BUKOPUCTOBYIOTb CTAaTUC-
TUYHi, 6aJIaHCOBI, JIOTiUHi, HelipoMepeskeBi, CTOXaCTUYHI, aganTaliliHi Mmogei, Mo-
Ilelli B YaCTMHHUX MOXiAHMX 1 iH. [4-10], ogHaxK BCi Li MOZe/li MalOTh HeraTUBHI BJlac-
TUBOCTI IPU IPAaKTUIHOMY 3aCTOCYBaHHI.

CraTuctuyuHi (perpeciiii) moaesni AMHaMiKM BOJIOTOCTi IPYHTY He 4O3BOJISIIOTh
BpaxOBYBaTM 0OMeskKeHHSsI, 06yMOBJIeHi crienndikor I'PYHTY SIK 06'€KTy MOJIe/II0OBaH-
H4 [4]. I3 3pocTaHHSIM KiIbKOCTi YMHHMKIB, 110 BPaXxOBYIOThCS, 36i1bIIYIOTHCS IOMMU-
JIKM OIIiHOK KoeillieHTiB perpecii nmpu 3agaHiit BuUOipIi, o0 06MeKye MOKIMBOCTI
perpeciifHOTO aHali3y SIK METOJy BUBUEHHSI [PYHTOBUX XapaKTepuctuk. Hegonikom
6asaHCOBUX MoZeseii € BiICYyTHICTh MOX/IMBOCTI MPOTHO3YBAaTU 3MiHYy CTaHy BOJIO-
TOBMICTY 1 pyXy BOJM B I'PYHTI B 3aJIeXKHOCTI Bifj yacy uyepes y3araJjbHeHiCTb apame-
TPiB BOJHOTO peXUMY I'PYHTIB [5]. Moje/li B YaCTMHHUX MOXiAHMUX [IJII MaTeMaTuu-
HOT'0 ONUCY PYXYy BOAY B HEHACMUYEHUX I'PYHTaX 3aCHOBaHI Ha piBHAHHI Jlapci [6], sike
3a3BMYall IpeACTaB/IsIIOTh Y BUIJISIZI TPUILAPOBOi KiHIleBO-pisHuieBoi cxemn (0-20,
20-50, 50-100 cm) [7]. Hegosnik mopeni mossira€ B TOMY, 110 He MOSKHA TOYHO OLiHU-
TU JMHAMIiKy BOJIOTOCTi B TPMKOPEHEBOMY Ta IPUIIOBEPXHEBOMY IIapi, 60 BOIOTiCTh
IPYHTY BM3HAUalOTh y CepefHbOMY IO Lapax. JIoriuHi Ta cTOXacTUYHI MOJesi Ie-
penb6avaloTh HASIBHICTh BEIMKOTO MAaCUMBY IaHUX pe3yabTaTiB CIIOCTEPEXeHb 3a I0-
nepeniHi poku [8]. [Iyiss BUKOPUCTAHHS HelipoMepexkeBOi MoJesli MOoTPiOHMIt BeTUKuii
MacCUB JaHUX )15 HABYaHHS HEIPOHHO1 Mepexi, 10 HeJOLiJIbHO AJ11 MOJEeTI0BaHHS
OMHAMiKM BOJIOTOCTi y BiAKpuTOMYy I'PYyHTI [9]. AmanTariiiiini Mozesi He BpaxOBYIOTb
6araTo YMHHMKIB, BiJl SKMX 3aJ€XUTh BOJIOTiCTb I'PYHTY, TaKi SIK TeMIlepaTypa i BO-
JIOTiCTh MOBITPs, MBUIKICTb BiTPY Ta iHIII B SBHOMY BMUIJISZAI. IIpyM BUKOPUCTaHHI

IAHOTO ITiIX0Iy 000B'SI3KOBO Tpeba OliHIOBATM TOUHICTh OTPUMYBaHUX pe3y/IbTaTiB,
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MIPOBOASIYM IJIs1 1IbOTO CITelliajbHi YMce/bHiI eKCIIepuMeHTM, Ha OCHOBI JTaHux Oara-
TOPIUHMX CIIOCTepeskeHb [10].

JlJ1s1 MoJet0BaHHS 3MiHM BOJIOTOCTI I'PYHTY IIPYM MOJIMBI JOIIJIBHO 3aCTOCOBY-
BaTyU MiJXiJ i3 3aCTOCYBAaHHSIM JIiHeapu30BaHOI MOZeJi B MPOCTOPi CTaHiB, sIKa [10-
3BOJISIE aHAJIi3yBaTy BOJIOTICTh I'PYHTY B HEOOXiHili TOUIIi OPHOrO IIapy 3 ypaxyBaH-
HSIM CTPYKTYPU 3pOIIYBAJIbHOI CUCTEMM Ta MOSKIMBUX OTIa/iB.

MeTa mociigskeHb. MeTOIO CTAaTTi € po3poOKa MOZeIi 3MiHM BOJIOTOCTi I'PYHTY,
110 IIO03BOJIUTDH BM3HAUYATHU BOJOTOBMICT SIK y IIPMKOPEHEBOMY TakK i y IpUITOBEpXHe-
BOMY LIApi IPYHTY Ta MPOTHO3YBATU MapaMeTpy pyxXy JaHOK AOIIYBaJbHOI MalIMHU
«@perar».

BukinageHHsI OCHOBHOrO MaTepiaxy mocaigkeHb. [[ollyBaabHi MalllMHA TU-
my «@peraT» MarOTh KPYTOBUI XapaKkTep IepeMillleHHSI HAaBKOJIO HEPYXOMOI Onopu i
MIpeaCTaBIISIIOTh CO60I0 TPYOOIIPOBOAM, 1[0 PO3TANIOBAaHI HA PyXOMMX Bi3Kax Ta 00-
JaJHaHi cepeAHbOCTPYMHMUMM OOUIYBAJIbHMMM allapaTaMy. 3arajibHUIT BUTJST, O0-

IIyBaJIbHOI MAallMHM Ta CXeMy ii IlepeMillleHHS B IIpolleci poOOTM HaBeIeHO

Ha puc. 2.

O (Xo, Yo) A Y - D (xd, yd)

a) 3araJibHUI BUTJISI] 0) cxema IepeMileHHS
PucyHok 2 - JlontyBajibHa MalinHa Tuny «®perat»

KoHcTpyKIIii mouryBauiB, icHYlOUMX Ha JaHUi yac, MO3BOJSIOTH 3a6e3MmeunTi
piBHOMipHY iHTEHCMBHICTh PO30pM3KyBaHHS Kpaliesb IO BCiii pobouiit 30Hi y Ipo-
1eci po6otu «dperarty», TOMY IJisI MOAETIOBaHHS MOXXHA 06paTy OKpeMy TOUKy. Jla-
Hi OTpMMaHi /1Sl OJHi€i TOUKM MOSKIMBO TMOIIMPUTH Ha BCIO pobouy 30HY. s mMa-
TeMaTUYHOTO OIMNCY PYXy BOAM B I'PYHTi BUKOPUCTOBYETHCS piBHSIHHS Jlapci:

wlz,t) _ i[ dy(w(z,t)) }_
20w B k@) | Ly @)
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ne w=w(z,t) - byHKIis BOJIOrOCTi IPYHTY Ha IMbKHI Z B MOMeHT vacy t; k(w) -
(dyHKIIiS BOJIOrOMpPOBiAHOCTI IPyHTY, (CM/C); 1//(w) — BOOHMI TOTEHIiaJl I'PyHTY
(cm); 1 w(zt) ™ 06'eM BOJIM, IO BUAAISIETHCS 3 OOMHUII 00'€eMy I'PYHTY B OOVHMITIO Ya-
cy, (MM/100).
[TouyaTKOBi ¥ IpaHMYHI YMOBM 3aJaI0ThCSI B TAKMIii CIIOCIO:
w(z,0)=w, = const,

2)
ow(z,t) , k(w) [w, —w(z,,t)]=0
ot uoo N ’ )
aw(gf,t) N k(;\/) [w, —w(z,,t)]=0,

ne w,(x,y) - mouaTkoBuii Bomorosanac B OpHOMY IIapi, M0 MOTPEBYETHCS IS Ky-
JBTYpU; W, (Wz) — BOJIOTICTb I'PYHTY Ha BEpXHiil (HMKHIN) rpaHULl OPHOTO ILIapy;
Z, (Zl) — BepXHS (HVIKHS) TPaHULISI OPHOTO LIapy.

PiBHsHHS [apci (1) € piBHSIHHSIM B YaCTMHHMX IOXIOAHUX, IJISI OTPUMAHHS UM-
CeJIbHOTO pillleHHS SIKOTO MOXXHAa BUKOPUCTOBYBATM METO/I, KiHIIeBUX Pi3HUIIb. Bich zZ
/N, a in-

TepBaJl yacy CriocTepexxeHHs ¢, — Ha M Touok 3 kpokoMm K =t¢, /M . BonoricTb IpyH-

(rmubyuHa IPyHTY) po36MBacThCs Ha N BY3/JI0BUX TOYOK 3 KPOKOM h = Z

max

Ty Ha I7IMOMHI | Tay Yac j y KiHueBux pisHungx s enemenra (i,j) i=0,1,...,N,
j=0,1,..., M, 6yme maTu BULJISIA;
wi,j+1) = wii, )+ 5 k(i 1)) (Wi =1, ) = (w(i, /) - h) +
+k(w(i+1,7)- (ww(i+1,))-ww(i, /) + h)]-I(w(, ))- K.

3HaYeHHS W,, Ha JiBiii CTOPOHI CITKM BM3HAYaIOTbCS 3 IIOYATKOBUX YMOB

(4)

(W, =w(i,0) =w,). KpaiioBi 3HaueHHs W,; Ta W, Ha BEPXHili i HUKHii CTOPOHAX

CITKM BiAIIOBIIHO OTPUMYIOTHCS Y pe3y/bTaTi allpoKcUMalil KiHIeBMMU Pi3HULIIMU
rPaHUYHUX YMOB (2), (3).
IMpnui=0:

W(].,] + 1)+ h k(W(L] + 1))'Wokr

L %
B O BICINAS) . ©

U
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ne W, —BOJIOTICTb Ha IIOBEPXHi IPYHTY, fIKa 3a[Ja€TbCs PiBHOIO 1, AKIO Ha MOBEPX-
HIO I'PYHTY IMOCTYNUB IIap onafis abo 0, sSIKII0 Ha MOBEpPXHi I'PYHTY CyX0; 4 — KiHe-
MaTHYHa B'SI3KiCTb BOOU.

IMpui=N:

w(N,j+1)=W(N_1,,-+1)(1_h.l<(w(N—1,j+1))}r
7

(6)
+h-k(w(N—1,j+1))~w2(j+1)
7
me w2(j+1) - BosoricTb Ha BepXHiii IpaHMIl MiZOPHOTrO IIapy, AN BU3HAYEHHS

b

SIKO1 TIPOTIOHYEThCST (popMya:
W(Nal + 1)_W(N1])
k

w2(j+1)= ki +w2(j) (7

0
,
me k, (ko ) - koeditieHT dinbTpallii opHOro (IMiJOPHOr0) LIapy.

Ha ocHOBi piBHSHB (4) — (7) MOXXHA BU3HAUUTU 3HAYE€HHSI BOJIOTOCTI W(i, j) Io
BCii1 TJIMOMHI OPHOTO APy MPOTATrOM OYIb-SIKOTO iHTepBay 4acy 3 BereTalilfHOro
nepiony.

Bosoricte IpyHTy MoOke OyTM BHU3HAYeHa IIpU BiOMMUX TIDYHTOBO-
rinpodi3sMyHMX KOHCTAHTax: MaKCUMaJbHili TirpOCKOMIYHOCTI W,,, BOJIOTOCTI
3aB’aHHS W,,, HaliMeHIiil W,, 1 [IOBHil W,, BOJOrOEMKOCTi, P — IOpPO3HOCTI
rpyHTY, KoedimienTi dinbrpanii k, =107**- P ta 3 ypaxyBaHHAM BUIy KyITbTUBO-
BaHUX POC/INH, 00’€MY BOJIM, 1110 TTOCTYTIA€ HA MOJIS Bif] MOIUBHUX CUCTEM abo y BU-

[JISIi BUITAQIKOBUX OIIaiB.
HduckpetusoBaHe piBHIHHS [lapci (4) MOXHa MNOpeACTaBUTU B IPOCTOPI

CTaHiB 9K
dz
— =f(z)+b(z)u+q, ®)
dt

e z= (zo,zl,...,zk,...,zN )T — BEKTOp CTaHy (3HaueHb BOJIOT'OCTi I'PYHTY IO TJIM-

6uni); f(z) i b(z) - 6esnepepsHi byHKuii, 3aMeXHi BiJ eeMeHTIB BeKTOpa CTaHy,
1110 GOPMYIOTHCSI HA OCHOBI TiIpodi3nUHMX XapaKTepUCTUK I'PYHTIB;  — BEKTOP 30-
BHIIIIHIX BIJIMBIiB, IO BKJIKYA€E ONaa, BOAOCIIOXMBAHHS KYJIbTYp, @ TAKOX BiATiK B
MiJOpHMIL ap; U — BeKTOp KepyBaHHS, chOpMOBaHMII 3 ypaxyBaHHSIM TUITY ITOJIM-

BHOI CUCTEeMM.
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[Mopanbiiia nTiHeapu3allisi piBHSIHb (8) Jajia MOXIMUBICTb OTPUMATHU iX Y BEKTOP-

u=u-u, (i=0,N)

HO-MaTpUuHii Gopmi. s LIbOro 3 ypaxyBaHHSIM 2,. =Z,—Z,
6yno posknazmeHo piBHSHHS (8) B psn Teitopa, 0OMeXyOUNMCh WieHaMM IepIIoro
MOPSAKY. PiBHSHHS IMHaMiKy OyJM JTiHeapM30BaHi HABKOJIO JEeSIKOTO CTaJIoro CTaHy

Z=(Z,,,...,Zy,) 1 3a0aHUX KepyBaHb U_.

z=A%+Bi+q, 9)

ne matpuui A,B, q MawoTb NOCTifiHY CTPYKTYPY ajie iX e1eMeHTU 3MiHIOITh-

Cs1 3aJIEXKHO BiJl yMOB (DYHKI[iIOHYBAHHS CUCTEMM

a, d, 0 .. 0 0 0
alO all alZ 0 O 0
0 a a 0 0 0
A _ 21 22 , (10)
0 0 0 aN—l,N—Z aN—l,N—l aN—l,N
0 0 0 0 Ay n.i Ay
B:(boo 0 O)T’ q:(qo _TR(Z1) _TR(ZN—I) an )T- (11)

EnemeHTU MaTpuilb BU3HAUAIOTHCS i3 CITIBBiAHOIIEHb:

4 4
p, < Gl&rd)” o _alard ) Mzt gy,

H H H

ma i=,N-1: a,,, =le"""(z, -d,)*,

i+1,i

a, = r(au/ebwzu,ns - a./,eb“/z" _ h)(zis _ dk )3 _ l((Zis _ dk )4 n (Z(i+1)s _ dk )4kbwz[5 ’
Aijn = r(au/ebﬂ(m)s - awebwzw + hxz(m)s —d, )3 + I(Z(m)s —d, )4 gl >
st i=Nz:ayy, =¢ (Z(Nfl)s +d, )3 (SZ(NI)S —d, + ,Uok ) j,

0

k/
ayy = .
pk,

Cy (Z(N—l)s +d, )4 .

Koedinientn a,, b,/,, C,, d, 06UVCITIOITHCS Yepe3 IPYHTOBi KOHCTAHTH:

3,58w
) \/4 k
a, =-10220e" e, b -8 o Ko
(P_WMG)

” d =w,.
Wyy =Wy,
HonomixHi koediienTn samawThes gk [=c¢, -a, -b, h?, r=4c,-h™*, a ene-
MEHTM BEKTOpa CTaJOr0 CTaHy Z, BM3HAUEHO SIK PO3B’SI30K CUCTEMM DiBHSHbD (8) 3

HYJIbOBOIO JIiBOIO YaCTUHOIO.
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BucHoBku. Po3pobieHa MaTeMaTuHa MOJe/ib 3MiHM BOJIOTOCTi I'PYHTY B IPO-
CTOpi CTaHiB NO3BOJISIE BU3HAYATY BOJIOTOBMICT SIK Y IPUMKOPEHEBOMY TaK i y MPUIIO-
BepXHEBOMY IIapi I'PYHTY 3ajie>XKHO Bif JOTO TiApOJIOTIUHUX XapaKTepUCTUK, BUIY
KyJIbTUBOBAHUX POCIMH, 06’€My BOJIM, IO MOCTYITA€ HA TOJISI Bif MOJMBHUX CUCTEM
ab0 y BUIVISIZAi BUITAJKOBUX OIa/iB Ta MOXe BMKOPMUCTOBYBATUCH /ISl IIPOTHO3Y Ma-
paMeTpiB pyxy JaHOK AONTYBaJbHOI MalyHy «Dperat».
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Modelling of soil moisture change during the operation of the “Frigate” sprinkler

The irrigation process is one of the most important elements of technologies for growing
crops on irrigated soils. The tasks of ensuring optimal soil water regime, eliminating gravita-
tional water losses outside the zone of active moisture exchange and promoting the fullest use
of plants of bioclimatic potential of the region require modeling of soil moisture dynamics in the
process of wetting, as well as structures and technologies related to irrigation facilities. Soil
moistening in the south of Ukraine is carried out mainly by sprinkling with the use of a Frigate
sprinkler, which is largely close to the natural processes of moisture in soil structures, especially
with the use of the latest Xi-Wob sprinklers, which provide uniform irrigation and uniform droplet
size.

The aim of the article is to develop a model of soil moisture change, which will determine
the moisture content in both the root and near-surface layers of the soil and prognoses the
movement parameters of the "Frigate" sprinkler elements.

The designs of sprinklers currently available allow to provide uniform intensity of spraying
of drops on all working area of "Frigate" sprinkler, therefore it is possible to choose a separate
point for modeling. The data obtained for one point can be extended to the entire work area. The
Darcy equation is used to mathematically describe the movement of water in the soil. The finite
difference method was used to solve the Darcy equation based on the initial and boundary condi-
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tions. Assuming that within each soil element the humidity changes linearly, and replacing the
partial derivatives of moisture in depth and time with the analogues, the discretized model of
soil moisture dynamics in the final differences was obtained, which allows you to predict mois-
ture at any time due to hydro-soil characteristics in previous time and boundary conditions. Dis-
cretization of the Darcy equation made it possible to obtain a model of the dynamics of the hu-
midity of the root layer in the space of states. It turned out to be nonlinear due to the hydro-
physical characteristics of the soil and was linearized by transformation into the Taylor series.

The developed mathematical model of soil moisture change in the space of states allows to
determine the moisture content in both the root and near-surface soil layer depending on its hy-
drological characteristics, type of cultivated plants, volume of water entering the fields from irri-
gation systems or in the form of random precipitation used to predict the movement parameters
of the "Frigate" sprinkler elements.

Baiipak Irop BiramilioBuu — acrnipaHT Kadenpu aBTOMaTH3allii, pOOOTOTEXHIKM i
MeXaTPOHiKM XepCOHCHKOTO HAIliOHAJbHOIO TEXHIYHOTO YHiBEpPCUTETY.

ITonuBoaa OxcaHa BasnepiiBHa — moieHT Kadeapyu aBToMaTHU3allii, poOOTOTEeXHIKM
i MexaTpoHiKM XepCOHCbKOTO HAlliOHAJbHOTO TEXHIYHOIO YHIBEPCUTETY.

PynakoBa I'anna BosmogumupiBHa — npodecop Kadbenpu aBToMaTu3saiiii, poboTo-
TEeXHIKM 1 MexaTPOHiKM XepCOHCHKOIr'0 HalliOHAAbHOI'O TEXHIYHOTO YHiBEPCUTETY.
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JI.T. Boiiko, 1.C. JIsiieHKO
IIOPIBHSIHHSI MYPAIIIMHOT'O AJITOPUTMY OIITUMI3AIIIL
TA IBOX MOT'O MO ®IKAILIII

AHomayia. Anzopumm MypawuHoi onmumizayii € 0OHUM 13 eeKmuUBHUX CY4ACHUX aJ20pummMis
0717 NOWwyKy HabAUXeHUX pO3B8'A3KIB 3a0a4i KOMIiBOS)epa ma nodibHux 3a0ay nowyky
mapwpymis Ha epagpax. llepuly sBepcil yb020 MemaespuUCMuUYHO20 a20pummy onmumi3ayii 3a-
nponoHysas Mapko [opizo 8 1992 poui [1]. Yepe3 deskxuli yac 8 nimepamypi 6y10 3anponoHo-
BAHO OeKiNbKa MOOUIKayili ybo20 anzopummy.

Memoto OocnidxeHHA € nposedeHHA NOPIBHANLHO20 AHAMI3Y AA20pUMMY ONMUMI3ayii Mypax
(Ant  Colony Optimization, ASO) [1] ma (ozo Halbinew s8oanux modugikayit: Ant Colony
System (ACS) [2] i Max-Min Ant System (MMAS) [3]. [ina ybo2o nposedeHo aHani3 cucmemHux
ocobusocmeli 0bMiHy THGopMauieo B8 KOMOHIT Mypax nid Yac nowlyky ixi. [lpedcmasneHo no-
KpoKosul aneopumm, AKUU MOOeNOE NpUPOOHY No0BeOdIHKY Mypax-Qypaxupis y NouwlyKy HalKo-
pomuwio2o waaxy 00CmasKu ixi 00 MypawHUKa.

Po3pobieHo npozpamHy peanizayito mpbox BKA3AHUX MyPALWIUHUX aN20pUmMMiB 01 PO3B’A3AHHS

3a0ayi KomigosKepa. Yepe3 BiKHO THmMepghelicy MOXHA BBECMU KiJIbKICMb MICM, KIJIbKICMb My-
pax, MakcumanbHy KibKicmb imepauyill, BUKOHAMU HAAAWMYBAHHA KOXHO20 As20pummy ma
subpamu 6yOb-sKuli 13 MpboX aneopummis. Pe3ynemamamu npozpamu €: Bi3yanizayis HalKo-
pomuwio2o 3Hal0eHo20 Mmapwpymy, O00BXUHA Ub020 Mapwpymy ma HaUMeHWa KibKicmb
imepayid, 3a 00NOMO20t0 AKUX 00CAAEMbCA Halikopomuwul mapwpym.

MopigHanbHUl aHaniz pesynsmamis 00380/UB 3pobumu maki sucHosku: 1) lpu sdano subpa-
HUX napamempax HanawmyBaHHA ancopummy imepayiliHi memoodu, 3a38u4ali, 0aloms pe3yib-
mam, 6/u3bKuli 00 ONMUMANbHO20, OOHAK, KiJIbKICMb HEObXIOHUX O/ Ub020 imepayil Moxe
icmomHo BiOpi3HAmucA. 2) Bus4yeHHs npobremu Komigosxepa 3a 00NOMO20K MypaLUUHUX
an20pumMiB € WeuoWe eKcnepumMeHmasbHUM, HixX meopemu4yHum. Pesysbmam Oyxe cusbHO 3a-
Jlexxums 810 napamempis HAAAWMYBAHHA G120pUmMYy, ane meopemuyHe 00CNIOKeHHA Yux 3a-
JleXkHocmedl 3aAULWaeEMbCA GKMyaabHUM 1 HeBUPIWEHUM NUMAHHAM.

Kntoyosi cnosa: 3a0a4ya KOMIiBOAXepPa, onmMuMI3ayia MypawuHUM aneopummom, Moouikayii my-

PAWUHO20 a120pUMMYy, NPO2PAMHA Peani3ayis an2opummis.

Beryn. OcTaHHi eKijibKa OeCATUITh HayKOBII BCe 4YacTille 3BepTalThCs OO
MIPUPOSHUX AJTOPUTMIB ITOLIYKY ONTMMAaAbHUX PO3B’A3KiB aKTyaabHUX 3anad. [Ipu-

© Bboiiko JI.T., JIsmenxo I.C., 2022
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pojia BiampaliioBasa Iii aJirOPUTMU NPOTSATOM MiJIbIIOHIB POKiB B IIPOIleCi agarTaillii
dbsiopn i payHu 10 HABKOJMUIITHBOTO CEpeIOBUIIIA.

MypaumHuii aJiITOPUTM OITUMIi3allii € omfHUM i3 e(eKTUBHUX CYy4yaCHUX ajiro-
PUTMIB IJISI 3HAXOKeHHSI HaOIMKeHMX pO3B’SI3KiB 3a/Jadi KOMiBosDKepa, a TaKoX
pPO3B’sI3yBaHHS aHAJOTiYHMX 3a/au MOIIYKy MapIHipyTiB Ha rpadax. Lleit anroputm
MOJeJIIO€ KOJIEKTUBHY TMOBEiHKY MypallvHOI KOJIOHIiI Imif yac momryky ixi. Ilepiia
BepcCisi 1IbOrO aJrOPpUTMy MeTaeBPMCTUMYHOI ONTMMIi3allii 3arporioHoBaHa Mapko
Hopiro y 1992 poui [1]. Yepe3 neskuit yac B jiTepaTypi 6yJio 3alIpONOHOBAHO AeKi-
npka moaudikanii ACO, cepen, sikux Haiibbi yemimaumu €: ACS [2] Ta MMAS [3].

ITocTaHOBKa 3ajavi KOMiBosDKepa. [JaHO MHOXMHY MiCT, @ TaKOX BiCTaHb
MiX yciMa MOKIMBMMM TMapaMyu Iux MicT. Heo6XimHO 3HATH MapHIpyT, SIKUii IIpo-
JisIra€ yepes yci micta (Jiniie 1o OgHOMY pa3sy), Ta IOBEPTAETHCS Yy IIOYATKOBE MiCTO,
Py 1IbOMY, CyMapHa JIOBXMHA MPOJIeHOr0 MapuIpyTy Ma€ 6yTu MiHiMmanbHOW0. Po-
3IVISIAA€MO CMMETPUYHMIA BapiaHT 1Ii€l 3aaaui.

Oco6MBOCTI MOBeAIHKM Mypax-dypaskupiB.

1. CroyaTky Mypaxu B TOIIyKax i>Ki 6e3cuCcTeMHO KypCYIOTb IO MiCI[eBOCTi.

2. SIK TinbKM SIKach Mypaxa 3Haiillljia JKepesio ki, BoHAa 6epe YaCTMHKY i Hece
il B MypalIHuK, BigMidyaoumu CBilt Misax ¢bepoMOHOM.

3. 3anMIIMBIIM B MypalTHUKY IIPMHECEHY 3Ky, Mypaxa-(ypaskup oBepTaeTbCs
10 mKepesna ixi, Mpy 1IbOMY 3pa3y 3HAXOOMUTH MOTPiOHMIA HIJISIX 3a 3amaxom depo-
MOHa. 3a Helo 1iJIeCIPSIMOBAHO, OPiEHTYIOUMCh Ha 3amnax (epoMoOHa, iAYTh Iiie JeKi-
nbka Mmypax-dypaxkupi. [ToBepTarouncs i3 ixkeio 10 MypallHMka, KoXKHa Mypaxa 0y-
e MiTUTY CTEKKY (epOMOHOM, poOJIsTuM ii 1m1e Gisbi mpMUBabIMBOIO.

4. ®epoMOH Ma€ BJACTUBICTb 3 YaCOM BUIIAPOBYBATUCS, TOMY, KOJIU Mypaxu
repeHecyThb BCIO XKy B MypalllHMK, BOHU TTlepecTaHyTh 3aiuiiaT GepoMoH Ha CTeX-
11i, i CTEXXKa IMOCTYIIOBO BTPATUTh CBOIO MPUBAOIUBICTD [/ Mypax-Qypaskupis.

5. Mypaxu B moirykax HOBOTO JiKepesia iki TOYHYTb 3HOBY 6€3CUMCTEMHO JOC-
JIIKYBaTU MiCLI€BiCTb.

[ToguBMMOCS Ha MypalIMHy CiM’10, SIK Ha CUCTEMY, i 3p06MMO TaKi BUCHOBKMU:

e (CHUCTEMa € CAMOOP2AHi308aHOI0, TOOTO, 6e3 CIiIbHOTO 1[eHTPa KepyBaHHS;

e (CHUCTeMa € PO3IOAiJIeHOI0, TOOTO, KOXKHA Mypaxa JJisl TIPUITHATTST pillleHHS
BUKOPUCTOBYE JINIIIE NOCTYIIHY i1 JIokanvHy iHpopmayito (3amax epoMoHa Ha CTEX-
1i);

e cucTeMa YCIIIIHO PO3B’SI3y€ CIIbHY 3afauy camoonmumisayii, ToOTO, 3a
noriomoroio dbepomMoHa Mypaxu (eJieMeHTU CUCTeMM) 3HaXOAATh HaltKOpOTILNiA Ma-
PUIPYT MiX AyKepeJsioM i3Ki Ta MypaliHUKOM;
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e cuCTeMa € cmilikow, TOOTO, SIKIIO HeBeJMKa KiIbKiCTh Mypax-(QypakupiB 3
SIKMXOCh TIPUUMH ITOMIHSIIOTh CBiif IIJISIX a60 3a6/IyKaloTh, TO 1ie He BIUIMHE Ha BUPI-
IIeHHS 3araJibHOI 3a1ayi.

[To cyti Mypaxu AeMOHCTPYIOTbh CO0OI0 peasisallilo JXMBOTO aJTOPUTMY IJIst
IIBUAKOTO BiAUIYKaHHSI HAKOPOTIIOrO IIISIXY MK ABOMa ToYKaMmu. Lleit anroputm
MOKHa (popMasii3yBaTy i BUKOPUCTATH IJIsI TIOUTYKY ONMTUMMAaJbHOTO MapHIPyTy Mixk
0y b-SIKOIO KiJIbKICTIO MiCT.

ITepaniiiHa cxeMa po3B’I3yBaHHS 3aJa4i KOMiBosDKepa.

1. TTo3HAUMMO 3arajbHy KiJIbKiCTh MiCT OYKBOIO /1, a Mypax B KOJIOHii — OyK-
BOIO /M . BBaxkaeMo 3HaueHHS K, M Ta pO3TallyBaHHS MiCT He3MiHHMMM Ha BeChb
yac po3B’s13yBaHHS 3agadi. DikcyeMoO MaKCUMMa/IbHY KiJIbKiCTh iTepalliii.

2. PoboTra aqropuTMy MOYMHAETHCS 3 BUIIAKOBOTO PO3MillleHHST /1 MiCT (Bep-
mMH rpada) Ta BUMagKoBOro BMOOPY MOUYaTKOBOTO MiCTa, 3 SIKOTO MTOYMHAE CBilt Ma-
pIIPYT OKpeMa Mypaxa. Ha rmouaTkoBiit iTepailii KiJibKicTb epoMoHa Ha BCiX pebpax

rpacda nmpuitmaeMo 3a Majy KOHCTaHTy Ty = 0.

3. Ilepexin mypaxu 3 MicTa { B MiCTO j Ha f -iif iTepallii anropuTMy 3a1eKUTb
Bill TPbOX CKJIaJOBMUX: TaOYy-CIIMCKY, BUAMMOCTI Ta BipTyaJIbHOIO CjIigy depoMoOHa.
Taby-cnMcoK 3allOBHIOEMO HY/ISIMM Ha TOYATKy KOKHOI iTepariii aaroputmy. Ha
MPOTS3i 3AiliICHEHHS MapIIPYTy 10 Taby-CIIMCKY BHOCMMO MepPesIiK TUX MICT, SIKi BXKe
BiBimaHi Mypaxom, i B SKi 3a00pOHEHO 3aXOIuUTH Ie pas. [To3HaummMo yepes Jlk

CIIMCOK MICT, §IKi 1lle MOXXe BiiBiZaTu mypaxa 3 HOMepoM k , 1o repebyBa€e y MicTi

I . Budumicms — 11e BeIMuMHA n; = l/d,-j , e dij — BifcTaHb MiX MicTamu [ Ta J.
BuaumicTh 6a3yeThbcs Milie Ha JIOKaAbHIiNM iHbopmalii. Yum 6iamskde micta I Ta j

OJlHe JI0 OAHOTO, TUM 0i/IbIIIO0 Oy/ie BUAMMICTD n;j - BipmyanvHuuii cnio ¢pepomona Ha
pe6pi (i, j) - Lle BeIMUYMHA rij(t), fKa JOpiBHIOE KiNMbKOCTi (hepoMOHa Ha pebpi
(i, J ) Ha t-ii1 iTepariii.

4. VimosipHicTs mepexomy k -oi mypaxu 3 micta [ 10 micTa j Ha f -ii iTepanii

IT03HAYMMO Pl]k (¢) i po3paxoByeMO 3a IMPaBUIOM:
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o p
(v5®)" (ny) .
a B: AKWO JEJZ’
Bf (= > (ru®)* ()
leJ[k
0, AKUWO jg]ik,

TyT ’Cl'j(t) — BipTyanbHMit caig gpepoMoHa Ha pebpi (i, j) Ha {-iit iTeparii;
N - BUIMMICTh MicTa j 3 micTa i ; o, B — [IBa pezyiv08aHux mapaMmeTpu (llapame-
TPU HaJANITYBaHHS aJTOPUTMY), SIKi € BaraMy iHTEHCMBHOCTI C/Tigy dbepomMoHa Ta

BUAMMOCTi. UM OisibIiM Oyjie 4mcio Pl]k (¢), Tum GinbI IpMBaGIMBUM Oy mepe-
xig k -oi mypaxu 3 micta i o MicTa j Ha f -iii iTepariii.

5. B mporeci BUKOHAaHHA  -0i iTepauii KokHa k -Ta Mypaxa 3HaxXOOUTh CBii
mapuipyr T k () IOOBXKIHYI * (t). Bubupaemo Hajikpammii  BapiaHT
Lppos () = mlil * (7). ko BiH Kpaluii 3a HAMKOPOTIIMIT MAPUIPYT YCiX Momepe-

=l,m
IHiX iTepalliii, TO BUOMPAEMO 1OT0 3a TOTOYHMIT PO3B’SI30K 3a7aui.

6. Toryemocs o (¢ +1) -oi irepamii. 15 1bOro KOKHa k -Ta Mypaxa 3a/MIIac

Ha pebpi (i, J ) TaKy 10IaTKOBY KiJIbKiCTh (hepoMOHa:

.. k
. — > AKWYo (l,])eT (t)
At ()= L7 () ,
0, saxwo (i,j) 2 Tk(t)
ne O — pezynvosanuii mapametp (MapaMeTp HAJIAMITYBAHHS aJTOPUTMY), 3HAUEHHSI

SIKOTO 0OMPAIOTh OAHOTO TIOPSIKY 3 AOBKMHOIO ONTMMAJIbHOTO MapHIpyTy. 3HaXO-
OVMMO CyMapHY NOJATKOBY KiJIbKiCTh (pepoMOHa

Aty (t) = f AT ().
k=1

BunapoByBaHHSI epOMOHA peai3yeMO 3a JJOITOMOTO0 pezy/b08aH020 TTapame-
tpa p €[0;1]. IIpaBuio oHOBIeHHS (PepOMOHA CTOCYETHCS BCiX pebep i Mae BULIIAL,

Tt +1) = p-1j;(1) + Aty (7).

Jlasi mepexoaumo Ha II. 3.

Mypamnnuii anroputm ACS BifpisHseTbcs Big anroputmy ACO Tum, 1o pi-
BeHb (pepOMOHA 3MiHIOIOTh IIPU MPOXOAYKEHHI MapHIPyTy KOXXKHOI Mypaxyu Ha MOTOY-
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Hilt iTepanii. IIpu rmo6anbHOMY BigHOBIEHHI (epoMoOHa AOAABAaHHS BigOyBaeTbhCs
nuIire 1o pebep, sIKi abo r7106aabHO Kpallli, ab0 JIOKaJIbHO KpPallli.

B amroputmi MMAS noGaBisiioTb OOMeEKeHHSI Ha KiJbKiCTh (depoMoHa

(Tminarmax)- depoMOHM 3aMMIIAIOTH JUIIEe Ha I106aTbHO KpallMx MaplipyTax

abo kpamux B itepaunii. Inimianisyemo Bci pebpa 3HaYeHHAM Tppgx -

Komm’oTepHi ekciepuMeHTH. [IporpamHa peasi3ailisi aaropuTMiB BUKOHaHa
MOBOIO TporpamyBaHHs C# y cepemoBuini Microsoft Visual Studio Community 2019.
[TporpamMHMit MPOAYKT € 6araToOMOTOKOBMM, TOOTO, ITiJl YaC BUKOHAHHSI PO3PAXYHKIB
inTepdeiic He OJOKYETHCS, [0 HATA€ MOXJIMBICTb KEPYBATU IPOIIECOM BUKOHAHHS
aJITOPUTMIB.

3a JOIMOMOroI0 MPOorpaMy po3paxoBaHO TPU MPUKIAAN TPbOMA, PO3IJISTHYTUMU
BUIIe, aropuTMamMu. IIpuKIaayu BigpisHSIOTHCS MisK COO0I0 JIMIlle KiJIbKiCTIO MiCT Ta
KiJIbKiCTIO Mypax, sIKi (ikcyeMo BUIIQAKOBO B 3ajaHiit 006JacTi AJjisi KOKHOTO i3
MIPUKJIAAIB, i IKi B KOOKHOMY OKpeMOMY MPUKJIaAi 3aJUIIaEMO He3MiIHHMMM IJISI BCiX
anropuTMiB. Pe3ynbTaTit po6OTHM MIpOTpamMu BUBOASITHCS Y BiKHO iHTepdeiicy ogpasy
3K ITiCJ/IsT 3aKiHYEeHHS MOTPiObHOI KilbKOCTi iTepariiii, abo Imic/is KOXKHOI iTepaliii, SKIo
TaK 3py4HO.

V BiKkHi iHTepdeiicy po3TalIoBaHi TaKi eJleMeHTM KepyBaHHSI poOOTO0 IIporpa-
My (ouB. puc. 1 = 3;5-7;9-11):

e TIOJISI [i/151 BBeJIeHHS KiJIbKOCTi Mypax Ta MiCT;

e TI0JIS 711 BBeeHHS TTapaMeTpiB alrOPUTMY;

e TI0JIe 3aBAaHHS MaKCMMaJbHOI KiJIbKOCTI iTepalliii;

e radiobutton mJist BM60OPY OHOTO 3 TPHOX AJTOPUTMIB;

e KHOIIKA reHepallii HOBUX MiCT;

e KHOIIKM KepyBaHHS MTOTOKOM BMKOHAHHS MPOTpaMM, a came: 3aIlyCKaHHSIM,
MpU3YNIMHEHHSIM, 3yNIMHEeHHSIM, BiTHOBJIEHHSIM.

PesynbTaTamyu poObOTH IIPOTPAMU €:

e Bi3yasisallisi HalfKOPOTILOTO MO JOBXMHI 3HAAEHOro MaplIpyTy 3a OCTaH-
HbOIO iTepalli€io (JliBa YacTuHA BiKHa iHTepdeiicy);

e rpadiuHa 3a/IeXXHiCTb HAlIKOPOTIIIOTO MapuIpyTy BiZl HOMepa iTepailii (mpaBa
yacTHHa BikHA iHTepdeiicy);

e JIOBXMHA HaliKOPOTILIOTO 3HAleHOro MapuIpyTy (ITIpaBOPYyY 3HU3Y);

e HalMeHIIMIi HOMep iTepallii, Ha SKili JOCATA€THCS HAKOPOTIINIA MapIIPyT

(TIpaBOpPYY 3HU3Y).
Iani HaBe#eHi pe3ynbTaTy PpOOOTY ITPOTPaMM IJIsT KOSKHOTO i3 TIPUKIIA/IiB.
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Ipuknag 1. KinbkicTh MicT — 25; KiJIBKiCTh Mypax — 5. Pe3yabTaTu MokasaHi

Ha puc. 1, 2, 3, 4.
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Ipuknag 2. KiabKicTs MicT — 35; KigbKicTh Mypax — 5. PesynbTaTu poboTH

MporpaMu IoKa3aHi Ha pMCcyHKax 5, 6, 7, 8.
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Ipuknag 3. KinbKicTh MicT — 45; KibKicTh Mypax — 15. Pe3ynbTaTu 1oxkasaHi

Ha puc. 9, 10, 11, 12.
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PucyHok 12 — [TopiBHAHHS pe3yabTaTiB MpUKIAAy 3, TOOYTUX
TPpbOMa BapiaHTaMM MYpalIYHOI'O aJITOPUTMY

AHani3 pesyiabTaTiB. 3a pe3y/ibTaTaMM PO3PaxyHKiB CKJIaJeHO Tab/IMIl0, B
SIKi/i HaBefeHi JOBXMHM HAMKOPOTUIMX MapUIPYyTiB [Jis KOXKHOTO 3 aJrOpUTMiB Ha
TPbOX MPUKIALAX 3 Pi3HOK KiJbKiCTI0O MiCT Ta Mypax. SIK BUIHO 3 Tabiuili, BCi Tpu
aJITOPUTMU 3HAXOISATh AYKe OGIM3bKi MOBKMHM HAMKOPOTIIMX MapUIPYTiB, OAHAK,

MiHiMabHa KiJIbKiCTh MTOTPiOHMX AJIST IIbOTO iTepalliii MosKe CyTTEBO Bilpi3HSATHUCS.
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Tabanug 1
JOBXMHM HAKOPOTIIIMX MapIUIPyTiB Ta HeOOXigHA KiIbKIiCTh iTepailliit
[Mpuknag N2 1 2 3
KinpkicTb micT 25 35 45
KinbkicTh Mypax 5 5 15
AC anroputm [loB3XMHa MapuIpyTy 2202 | 2969 | 3444
KinbKicTb iTepariii 16 280 | 189
ACS anroputm [oBXMHa MapuipyTy 2202 | 2954 | 3468
KinbkicTp iTepariiin 240 | 319 | 314
MMAS anroputm [oBkKMHA MapUIPyTy 2209 | 2975 | 3519
KinbkicTp iTepariii 96 148 | 144

BucHoBKM. MypalllfHi aJiITOPpUTMM MalOTh MO3UTUBHY BJIACTMBICTh HaJallITO-
BYBaTUCSI HAa KOHKPETHMII MPUKIAL 3aJauyi KOMiBospKepa. [HImMMM cioBamu, mpu
BIAJO BUOpaHMX I[apamMeTpax HajamTyBaHHs aaroputmie o, B, O, p, To
iTepalliitHi MmeToaM, 3a3BMYAil, JOCTATHHO IIBUIKO HAIOTh pe3yJbTaT, OIM3bKUIL A0
OIITUMMAa/JIbHOTO.

HocnigkeHHS 3aJa4ui KOMiBOSKepa MypalllMHUMM aJITOPUTMaMMU € MIBUAIIE eK-
CriepyMMeHTaIbHUM, HiXX TeOpeTUYHUM. Pe3ynabTaT myske 3aJieXXUThb BiJ, IMapaMeTpiB
HaJIalITyBaHHS aJTOPUTMIB, ajie TeOpeTUYHEe OOC/iIKeHHS IUX 3aJIe>XKHOCTEN 3a/Iu-
IIA€THCST aKTYaJIbHMUM i TOKM HEBUPIiLIEeHUM ITUTAHHSIM.
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Comparison of the ant colony optimization algorithm and its two modifications

The ant optimization algorithm is one of the effective modern algorithms for finding
approximate solutions of the salesman problem and similar problems of finding routes on
graphs. The first version of this metaheuristic optimization algorithm was proposed by Marco
Dorigo in 1992 [1]. After some time, several modifications of this algorithm have been proposed
in the literature.

The aim of the study is to conduct a comparative analysis of the ant optimization
algorithm (Ant Colony Optimization, ASO) [1] and its most successful modifications: Ant Colony
System (ACS) [2] and Max-Min Ant System (MMAS) [3]. To do this, the system features of
information exchange in the ant colony during the search for food are analyzed. A step-by-step
algorithm that simulates the natural behavior of forage ants in finding the shortest path to
deliver food to the anthill is presented.

A software implementation of the three listed ant algorithms for solving the travelling
salesman problem has been developed. Through the interface window, you can enter the number
of cities, the number of ants, and the maximum number of iterations, fix the settings of the
algorithm and select any of the three algorithms. The program randomly locates cities and
selects the starting city for each ant. The software product is multi-threaded, i.e. during the
calculations the interface is not blocked, which allows you to control the process of program
execution, namely: start, pause, stop, resume work. The results of the program are: visualization
of the shortest route found, the length of this route and the smallest iteration number, which
achieves the shortest route.

Comparative analysis of the results allowed us to draw the following conclusions: 1) With
well-chosen algorithm settings, iterative methods usually give a result close to optimal, however,
the number of iterations required for this may differ significantly. 2) The study of the travelling
salesman problem by ant algorithms is experimental rather than theoretical. The result very
much depends on the parameters of the algorithm settings, but the theoretical study of these
dependencies remains relevant and unresolved.

Bboiiko Jlimis TpoxumiBHA — KaHauAaT (i3MKo-MaTeMaTUUYHMX HAyK, IOLEHT IO
Kadeapi 06YMCIIOBATIbHOI MaTeMaTUKMA.

JIsmeHko Inns CeprifioBuu — mMaricTp 3a crelnianbHicTio [IpuKaagHa MaTeMaTHUKa,
IHinpoBCcbKMit HalliOHA/bHUIA YHiBepcuTeT iMmeHi Osiecs ['oHuapa.
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0O.B. l'epacina, B.I. Kopnienxko, O.10. I'yces, K.B. CocHin, C.M. Maiiok
BUSIBJIEHHS OIINIMHIOBUX URL-AIPEC 3A JOITIOMOI'OI0 AJITOPUTMIB
HEYITKOI KJIACTEPU3AIIII I3 ITIOBAJIbHOIO OITTUMI3AIIIEIO

AHomauyis. 3anponoHosaHo aneopumm susasneHHs ¢iwuHzosux URL-adpec (knacugikamop) 13
BUKOPUCMAHHAM HeYyimKoi Knacmepu3ayii, AKul 8KkYae subip muny iHmMeneKmyaabHo20 Kia-
cugpikamopa ma obrpyHmyBaHHs (io20 napamempis 3a 0ONOMO2010 Memoois 2/106a1bHOi onmu-
mizayii. LLinaxom mMoOenoBaHHA OYIHEHO epeKmuUBHICMb BUKOPUCMAHHA 3aNpONOHOBAHO20 aJl-
20puUMMy Ha Npukaadi ekcnepumeHmMasnbHUX OaHUX — Habopy ¢iwuHeosux i 6e3neyHux URL-
aopec.

Knioyosi cnosa: KoHpiOeHUilHT 0aHi, Kaacugikamop, Hedimka kaacmepu3ayia (-cepedHix, @i-
WUH208T amaku, 2106a1bHA ONMUMI3ayis, CYybmpakmusHa Kaacmepu3sayis.

ITocTanoBka nmpoo6aemu. dimmurosi URL - 1e mkigansi Be6-caiiTu, sIKi Mac-
KYIOTb cebe miJi 6e3reuHi /st OTpUMaHHS KOHGIIeHIIiiTHUX JaHMUX, TaKUX SIK HOMe-
pM KpeIUTHUX KapT, iHDopmallist om0 iMeHi KopucTyBaya Ta MapoJio IJIsl BXOIY
Tomo. DIMMHT BUMKOPUCTOBYE COIiaJbHY iHXXEHepil0 Ta TexXHiuyHuii oOmaH, 1100
OTpMMAaTH MPUBATHY iHGOpMallito Big Be6-kopucTyBaua. Hapasi ¢immHr € ogHieio 3
Halo6inbImMx 3arpo3 B [HTepHeTi. B3arasni kaHasamu QillIMHTOBUX aTak € eJJeKTPOHHA
TIOIIITA, TEKCTOBI MOBiJOMJIEHHS Ta IMOCUJIAHHS B COLIiaJIbHUX Mepexax. Hepiako 1ii-
JbOBa CTOpiHKA (imMHTrOBOro Beb-caiiTy TAaKOXK pOOUTH CIIPOOY MPOHMKHEHHSI B
KOMIT'IOTep BiJiBigyBaua Ta BCTAHOBJIEHHS IIKiJJMBOTO IIPOrPaMHOI0O 3abe3IeueH-
H4 [1].

Takum unHOM, QIIIMHTOBI aTaku € 3HAUHMM PU3UKOM SIK IJis QisMIHMUX 0OCi0,
TaK i 11 OpraHisailiif, OCKiJIbKM ITPeACcTaBIsSIIOTh COO0I0 3arpo3y pOo3roJIomeHHsT a60
OTpMMaHHS KOHDimeHIIiifHOi 0co6MCTOI Ta KOpIropaTUBHOI iHdopMmaliii. 3a JaHUMMU
3BiTy KomraHii APWG (Anti-Phishing Work Group) y niepiiiomy kBaprasni 2020 p. 3a-
raJioM 3apeecTpoBaHO 165 772 okpeMux (ilIMHTOBUX OIlepallii, 30Kpema, 3 BUKOPU-
CTAHHSIM eJIeKTPOHHOI MoLTH [2].

OTXe, aBTOMaTMUHe BUSBJIEHHS Ta Kiacudikalisi QilnmmMHroBux caiTiB € akTya-
JIbHOIO 3aJlayero.

AHajti3 ocTaHHIX DOCTiAKeHb i myosikauin. [Ias BupimeHHsT 3a7aui BUSIB-
nmeHHs Ta knacudikaiiss GimmHroBux Be6-CaiTiB MePCHIeKTUBHUM € BUKOPUCTAHHS

© T'epacina O.B., Kopnienko B.1., I'yces O.10., CocHin K.B., Maiitok C.M., 2022
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CUCTEeM ILITYYHOTO iHTeeKTy (HelipoHHMUX Mepexx (HM) Ta cucTem 3 HEUiTKOIO JIOTi-
Ko10) [3-7]. Y pobotax [3-4] 3apOorOHOBAaHO BUKOPUCTAHHS HEUITKUX METOMiB IJisi
inenTMdikauii dimmHroBux Beb-caitis. IIpu 11bomy, y pob0Ti [3] 3a3HaUa€THCA, 1110
OCHOBHOIO ITP00JIEMOI0 BMKOPMCTAHHS aJTOPUTMIB iHTeJIeKTyaJbHOrO aHaji3y na-
HUX € BMOip Habopy dYHKIIi, SIKi 6yIyTh BUKOPUCTOBYBATUCD. Y po6OTI [5] miis Bu-
pillleHHSI 1IbOTO 3aBJAHHS 3alPOINIOHOBAHO BMKOPUCTOBYBATU adallTUBHY Helpo-
HeuiTKy cucremMy Anfis, y poborax [6-7] — HM s BusiBieHHsT GilllMHTOBUX TTOBiT0-
MJIEHb €JIEKTPOHHOI mnowTtu. BcraHosneHo [6], wo HM 3 BignmoBigHOWIO KiIbKiCTIO
MIPMXOBaHMX IIapPiB MOKYTb AOCSTTU 3a0BIIbHOI TOUHOCTi, HABITh SIKIIO MPUKIIALiB
HaBYaHHS HeIOCTaTHbO. 151 migBuineHHs: epekTuBHOCTI pobotr HM 3ampornoHoBa-
HO HaBYaTH iX AJITOPUTMOM POIO YACTOK [7].

TakuM UMHOM, HEBUPIIIEHMM € 3aBIAHHSI BUOOPY TUITY iHTeIeKTYaJbHOTO KJIa-
cudikaTopy Ta OOIPYHTYBAHHS JiOro IapaMeTpiB a1 BusiBieHHS QimnHrosux URL.

MeTa po0OTH — OOCTiIKeHHS aJrOPUTMIB HEUiTKOI KjaacTepu3alii [IJis BUSIB-
nenHst gimmurosux URL-ampec i3 HajanmiTyBaHHSIM IMapaMeTpiB HEUiTKUX Kiaacudi-
KaTOPiB 3a JOIMOMOI0I0 MeTO/IiB IJI00a/JIbHOI ONTMMi3allii.

BuknageHHsI OCHOBHOro mMarepiany mociaimkeHHs. Kinacudikamis Ha oc-
HOBi aJTOPUTMiB HEUiTKOiI KjiacTepusaiii. AJIrTOpUTMM HEUiTKOI JIOTiKU I'PYHTY-
IOThCSI HAa TBEP/IsKeHHI, 1110 (QYHKIIiSI HaJIEXKHOCTi eJleMeHTa MHOXMHI MOXe ImpuiitMa-
TU 3HaYeHH B iHTepBai [0, 1]. IlepeBaru Takux aaropuTMiB — IMPO30PICTh MPOLECy
OTpMMAaHHS BUCHOBKIB Ha OCHOBI CJIOBECHOTO OIMCY €KCIIEPTHMUX 3HAHb IIPO MPOIec,
a TaKoX CTilikicTh mo mymiB. Hemosmiku — BifCYTHICTb aBTOMAaTMYHOTO HaOyTTS
3HaHb, a TAKOK OOMesKeHa KiJTbKiCTh BXiTHMX 3MiHHUX [8, 9].

3ajaua KiacTepu3sallii rmosjsarae B 00'efHaHHI MHOKMHM 00'€KTIiB y Tpynu (Kaac-
Tepy) Ha OCHOBi IMOAiGHOCTI O3HAK AJIs1 00'e€KTiB OmHiel rpymu i BimMiHHOCTE! MixX
HUMMU. BinbIIiCTh aNTOPUTMIB KacTepusaliii MOXYyTb BUKOPUCTOBYBATUCH B YMOBAX
Majiike TOBHOI BiICYTHOCTI iH@opMaliii mpo 3aKOHM PO3IOAiNy HaHMUX. BuximHoio

iHpopmaliiero a5 KiacTepusallii € MaTpuliisl crioctTepexeHs [9]: X = {x,., j}, ne x; -

3HAUeHHS 03HaKM i 00'eKTy KiacTepuszaniij. i=1Lp;i=1,

[1]

Haii6inbin BimoMumMu MeTOLaMM HEUiTKOI KiacTepu3allii €: cyoOTpakTHBHA Kia-
crepusailist (Subtractive Clustering, Genfis 2) Ta HeuiTKa Kiactepu3sailisi C-cepemHix
(Fuzzy C-means, Genfis 3) [8, 10, 11].

B ocHOBi MeTony CyOTpakTMBHOI KjacTepu3sallii JeXUTb MPUITYIIEHHS, 10 KO-
’KHa eKCIIepMMeHTaabHa TOUKa MOXKe OYTU IIeHTPOM KJIacTepy.
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[Ipu cyOTpaKTMBHIl KaacTepu3sallii reHepyeTbCSI CUCTeMa HEUiTKOro JIOTiUYHOIO
BUCHOBKY Tumy CyreHo. EKkcTpakiiisi mpaBua 3 AaHUX BifOyBa€ThCsI B JBa eTalll.
CriouaTKy BM3HAUYA€THCS KiJIbKICTh MPaBUJI i TIOTY>KHOCTE T€pM-MHOXUH BUXiAHUX
3MiHHMX. [la/ii 3a JOMOMOro0 MeTOAYy HaliMeHIIMX KBaJpaTiB BU3HAUYAETHCS IpaBa
YyacTMHA KOKHOTO MpaBuia. Pe3yibTaToM € cuCTeMa HeuiTKOro JIOTiYHOTO BMCHOBKY
3 623010 MPaBUJI, 1[0 OXOIUIIOIOTH BCIO ITPeAMETHY 06/1acTh.

AnroputM CyOTpaKTMBHOI KjaacTepusailii Moxke OyTu MpeacTaBAeHUii HACTYII-
HUM UMHOM:

1. Po3paxyBaTu MoTeHIlialy KOSKHOI TOUKM X, (SIK Mipu IIPOCTOPOBOi 6/113bKO-

CTi MK HEIO Ta iHIIMMM):

[ =]

1 & - 2
E(xk)=EZe e 1)

i=1

Ioe R, — TO3UTMBHE YMCJIO, sIKe TpelCTaBisie cob60i0 pafiyc meHTpy kiaacrepa, K -

Y1MCJIO TOUYOK JaHMUX B HaBUaJbHil MOCTiTOBHOCTI.

2. BCTaHOBUTH KiNbKICTh K/IacTepis k, =0.

3. BUSIBUTM TOUYKY JaHUX 3 HAMIBUILMM IMOTEHIia oM E (x » ), X,:

p =argmax, E(x,). 2)
4. BCTaHOBUTM j-¥i LIEHTP KJacTepa:
k, =x,, (3)

Cj

npu oMy E(j, ) - iioro morenmia, j=j+1 — mpupicr.
5. 3HM3UTH IOTEHIIia/] BCiX TOUOK:

ke ;=x;

E(x,) = E(x,) —E(k, e " 4)

ne r=[1,1.5] Rc — no3suTuBHa NOCTiiiHa, 1[0 BU3HAYAE Aianla30H BIUIMBY OAHOTO KJIac-
Tepa;i=1,...,K.

6. IlepeBipuTH 3HaUEHHS IOTEHIIiaJly TOUOK BiJHOCHO BCTAaHOBJIEHOTO MOPOTY
thr:

max &, E(x,) < thr. (5)

SIkmo ymoBa (5) BUKOHYETBCSI, TO KiHellb aITOPUTMY, iHaKIlle — Mepexia Ao Imy-
HKTY 3.

B asropuTmi cyOGTpakTMBHOI KjlacTepusallii paziycu KaacTepiB BM3HAYAIOTh
HACKiJIbKM JJaJIeKo BiJ LIeHTPY KjIacTepa MOXYTb OyTu iioro enemenTu. Ciin 3a3Ha-
YUTH, 10 BUOIp pajiiycy MOske CWJIbHO BIUIMHYTY Ha pe3y/bTaT. SIKIIo 3aaTu HeBe-
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JIMKe 3HaUeHHS pajiycy, To 6asa O6y/e MOBHIIIO0, ajie YYTAMBOIO 10 BUKUIIB i HETO-
YHOCTe BUMipiB. SIKII0 3aaTu pafiyc 3aHaATO BeJIMKMM, TO MOKHA BTPATUTU AesKi
MpaBuja Py CUHTEe3i KaacudikaTopa.

B ocHOBIi anroputMmy HediTKO1 Kiactepusalilii C-cepenHix JeXXUTb MeTOH, HeBU-
3HaYeHUX MHOXHMKIB JlarpaHxka, SKuii GO3BOJSE 3aJadyi 3HAXOMKEHHSI YMOBHOTIO
eKCTpeMyMy I1iJIboBOi (YHKIlIi Ha MHOXMHI JOMYCTMMMUX 3HAaueHb IePETBOPUTUCH
Ha 3aja4y 6e3yMOBHOI onTuMi3arii pyHKIii.

Anroputm HeuiTKOi Kiactepusanii C-cepefHix — 1e iTepaTMBHA IMpPOleAypa, B
SIKii1 BUKOHYIOTbCSI HACTYITHI KPOKU:

1. 3aBIaHHS HEUITKMX KIACTepiB MaTPUIIEI0 PO3OUTTSI:

My =[ug], 1 €l01], 6=1,0,i=1k,; ©)
IIpU LbOMY

ke )

DHg=1,0<Y 1, <0, (7)

i=1 =1

me M, — CTyIiHb HaJeXHOCTI 06'ckta 6 mo kmacrtepy i, k, — KiJIbKiCTh KacTepis,
® - KUIBKICTb €JIeMeHTiB.

2. YcTaHOBKa IapaMeTpiB aJilOPUTMY: k, — KUIbKICTb KiacTepiB, W - eKCIIO-

HeHlli/iHa Bara, sika BM3HAua€ HEUiTKiCTb, pO3Ma3aHiCTb KiacTepiB (@ € [1,00]),
& — mapameTp 3yIMHKA aITOPUTMY.

3. TeHepallist BUIIaKOBMM UYMHOM MAaTpPUIli HEUITKOTO PO3OUTTS 3 ypaxyBaH-
HSIM YMOB (7).

4. Po3paxyHOK IIeHTPiB K/IaCTepiB Qi :
[C]
2 Ha *| X
_ o=l

Q, =
> ug
0-1

1
5. Po3paxyHOK BifcTaHi MiX 06'eKTaMy 3 MaTPHUIIi CIIOCTEPEKEHb i IleHTpaMu

) izl’kc' (8)

KJIaCTepiB:
Dai = HXe _QiH2 . )

6. [lepepaxyHOK eJleMeHTiB MaTpuIli pO3OUTTSI.

. (@-1)

5 1
-skmo Dy > 0,10 sty =1/ | Dj ¥ -

2 )
J=1 Dj6’
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-axmo Dy =0, 10 1y = (1):]]111, j=Lk, .
6. [TepeBipKa yMOBM (SIKIIIO BOHA BUKOHYETHCSI, TO KiHellb aJITOPUTMY, iHaKIlIe —
riepexif 10 MyHKTY 4):
HMD—M; <g, (10)

ne M ; — MaTPULISI HEUiTKOTIO pO30MUTTS Ha MOMNepeaHil iTepallii aaropurmy.

VY HaBeAeHOMY JITOPUTMIi ITapamMeTpoM, SIKUIA MOXe CYTTEBO BIUIMHYTU Ha pe-
3yJIbTAT, € YNCJIO KiIacTepiB k,. OOpaTu KibKiCTh KIacTepiB AJi1 peaJbHUX 3aBJaHb
6e3 mocTaTHBOI ampiopHOoi iH(oOpMallii Tpo CTPYKTYpM OAHUX AOCUTH CKIATHO, i
Hapasi iCHYIOTb JBa MiAXOAu OO Lboro. Ilepmmit migxig 3acHOBaHMIT Ha KpuUTepii
KOMITaKTHOCTI 1 pO3/1iJIbHOCTI OTPMMAaHMX KJacTepiB (HaNpuKIIamd, iHgekc Xeli-beHi).
Ipyruii miaxia MpoNoOHY€E€ MOYMHATU KIacTepu3allilo MpU JOCUTb BEJIMKOMY UMCIIi
KJIacTepiB, a MOTiM MOCJTiOBHO 00'€AHYBATM CXOXi CyMiXHi kiactepu. [Ipu 1ibomy
BUMKOPMCTOBYIOThCS Pi3Hi opMaibHi KpUTepii CX0XKOCTi KiacTepis.

TakoxX Ha pe3ynbTaT AITOPUTMY HEUITKOI Kiaactepusauil C-cepelHiX MOxe
BIUIMHYTU TaKWUii ITapamMeTp, SIK eKCIIOHeHIli/iHa Bara (@ ), sika 3aa€ piBeHb HeUiT-
KOCTi oTpuMMaHMX KiacTepiB. Hapasi He icHye o6rpyHTOBaHOTO MMpaBuja BMOOpY 3Ha-
YeHHS eKCIIOHeHI[iaIbHOTO Baru, i 3a3Buyaii ii BCTAaHOBJIIOKOTh PiBHOMO 2.

OckinbkM 3aaya BMOOpPY HEUiTKOro kiacucikaTopa 3 HaJalITyBaHHSM JOTO
rapaMeTpiB € MOJiMOJA/IbHOIO, TO 1le BMMara€ BUKOPMUCTAHHSI METOiIB I7100a/IbHOI
OTITUMIi3allii, cepe[ SIKMX Haibibill eeKTUBHMMMU € TTOUTYKOBi MeToau. Y HUX ajro-
PUTM MOIIYKY ONTUMAaJIbHOIO PillleHHS MOB'S3y€ HACTYIHI OAMH 3a OJHUM DPillleHHS
Y (j+)=FY.())], e F — anropuTM IOIIYKY, SKMii TTOKa3ye sIKi omepariii ciig 3poou-
TU Ha Kpoui j npu pimenHi ‘Y(j), mo6 orpumatu HoBe pimeHHS W(j+1)>¥(j). TyT
3HaK IlepeBaru > Mpu MiHiMizalii pyHKIioHaTy Ma€ CeHC:

CI¥, (j +DI< CI¥, ()] (11)

B anroputmax mnpsimoro Bumnagkosoro mnouryky (IIBIT) 3amaroTbcs HampsiMKu
MOIIYKY i BU3HAYAIOThCS 3HaueHHs QyHKUioHany C B Toukax VY (j)*yc. Pimenuns

noJisira€e y B6opi KPOoKy B HAIIPSIMKY 3MeHIIIeHHS 1IbOT0 QYHKIIiOHATY:

¥,(j+1) =¥ () - os{CTE, () + 761 - C[¥.() - 6], (12)
e w,c,y — NapameTpu, 110 BU3HAYAIOTh chepu MPUIHITTS pimeHHs (@ ), 360py iH-
dbopmaliii (y) Ta oAMHUYHMUIT BUTIAAKOBUIT HAnpsIM (¢ ). Y 3araJibHOMY BUIAAKY Ta-
pameTtpu B (12) MOXYTb 3MiHIOBAaTUCS (aAINITyBaTUCS) IO MIPOLIEAYPYU MOIIYKY i BULY
rinmeprioBepxHi MPUITHATOro GyHKIiOHATY.
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Possutkom metony IIBII € meton imitanii Bigmamy (MIB), sikuit Bimobpaskae
MOBE/IiHKY PO3IIJIaB/IeHOTO MaTepiaay Mpu 3aTBEPIiHHI i3 3aCTOCYBaHHSIM MpOLieay-
pU KepOBaHOTO OXOJIOMKeHHS (Biamainy). Y Mmpolieci Bigmaay KpucTtaisallisi po3mna-
BY CYIIPOBOIKYETHCS TI00ATbHMM 3MEHIIIEHHSIM 10T0 eHeprii, 0JJHaK JOITyCKAEThCS
il 3pocTaHHS Ha AesKuii yac. 3aBAsKM 1IbOMY MOX/IMBMI BMXi[, 3 MaCTOK JIOKaJIbHUX
MiHIMyMiB eHeprii, 1110 BUHMKAIOTh IIPU peasti3allii mpoiecy.

B anropurmax MIB 3amai0ThCsl HaIIPSIMKM TOIIYKY i BM3HAYAIOThCSI 3HAUYEHHS

dyukuionany C B Toukax V¥, (j)*or. PilieHHs nossirae y BUOOPi KPOKY B HAIMIPSIMKY

3MEeHIIIeHHS 1[bOT0 (QYHKIIIOHAJTY:

W,(j+1) = ¥,()) - 0u{Q¥,(j) +vr] - ¥, () ~vt, (13)
oe w,v,7 — TapaMeTpH, IO BM3HAUAIOThb chepu MPUIHSITTS pillleHHS (@ ), 3MiHY
TOTOYHOTO pilieHHs (v) i 3MeHIlIeHHS Temnepatypu (7).

Meton noporoBoro npuiHaTTsa (MIIIT) BuKopucToBye miaxin, cxoxuit 3 MIB,
ajie 3aMiCTh TOTO, 1100 BMOpaTM HOBi TOUKM, SIKi OIITUMI3YIOTh KPUTEPiii 3 TTIEBHOIO
JIMOBIipHICTIO, IIeJi MeTOJ 00Mpa€ BCe HOBi TOUKM HMKYE BCTAHOBJIEHOTO ITOPOTY.
Takmum 4MHOM, IOPIr i TeMnepaTypa CUCTEeMAaTUUYHO 3HVKEH], 10 J03BOJISIE YHUKHY-
TU IMOBipHiICHMX 00YMC/IEHD, i MOKE BM3HAYMTH OIITMMYM IIBUIIIE, HisK B MIB.

P0O3BUTKOM MOIIYKOBMX METOZAIB € €BOJIIIiViHI aJITOPUTMMU, Cepel, SIKUX Haii-
6inbi romupeHi reHeTuyHi anroputmu (I'A), siki MOZeNIOI0Th PO3BUTOK 0i0OTiUHOI
TOMYJISILil Ha PiBHI reHOMIB: MyTallil CTPYKTYpH i mapaMeTpiB, iX cxpelryBaHHS (PO-
3MHOXeHHH) [8, 9]:

W, +D) =Y, (j)+ ¥, (), (14)
i mpaBMyI0 BigbOpYy, 110 TO3BOJISIE BUSIBJISITU iX CIIpUST/IMBI Bapialiii, 3a JOIOMOIOO
SIKMX OYTyE€THCS TTOCTiOBHICTD MOJIIMIIIeHUX PillleHb.

BisbiIicTh 3ama4, M0 BUPINIYIOTHCS 3a AOMOMOTro0 I'A, MalOTh OAUH KpUTepii
ontuMmisanii. baratokpurepiasbHa ontumisanis (bO) 3acHOBaHa Ha 3HAXOIKEeHHI
pillleHHsI, OJHOYACHO OITMMi3yIOUoro 6i/bIl HisK OfHY (QYHKIIi0. Y IIbOMY BUIIAJIKY
LIYKA€ETHCS [IeBHUI KOMIIPOMIC, B POJIi SIKOTO BUCTYIIA€ PillleHHs, ONITUMaJIbHE B Ce-
Hci ITapeto. IIpu BO, mo BukopuctoBye I'A BUOMPAETHCS HE OJHA XPOMOCOMA, IO
TpeicTaB/Isie COO0I0 ONITUMaJIbHE pillleHHS B 3BMUYafHOMY CeHCi, a 6e3/1id XxpoMoCcoM,
onTMMaabHMUX B ceHci [Tapeto. KopucTtyBau Mae MOXKIMBICTh BUOpPATH ONTUMAIbHE
pimeHHs 3 1iei 6e3mivi [8]:

k-, +1) =k (2.()+8%.()), (15)

e k >2 — 4uCI0 PO3IJISIHYTUX KPUTEPIiB.
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Ik KpuTepiit r/M06aMbHOI ONTMMIi3allii BMUKOPUCTOBYIOTh KOMOiHOBaHMIA

KpUTepii:
Crons =0,2-C,, +08-C,, (16)
pe C,,, — KpuTepilii peryispHOCTi, IO OOGYMCIIOETHCS HA IepeBipouHiii
Bubipwi [12]:
HY;[m+n]—I7B[m+n]H
e = [¥50m + ] (0
C,, — KpuTepili He3MilleHHOCTi (MiHIMyMy 3CyBYy), 3aCHOBaHMJi Ha aHaui3i
pimens [12]:
HfA[m+n]—fB[m+n]H
C, = (18)

HY*[m + n]H

MopemoBaHHs nporiecy BusiBienHsa ¢immurosux URL-agpec 6yso npose-
IeHo B cepemoBuini Matlab 3a momoMoroio cTaHIZAPTHUX Ta PO3POOJIEHNX IIPOrPaM.
V3arajibHeHa CTPYKTypa aJiropuTMmy BusiBieHHs1 dimmHrosux URL-ampec 306paskeHa
Ha puc. 1.

JIJ1s1 MoIe/IIoOBaHHSI BUKOPUCTOBYBABCSI HAOip manux i3 150 dimmurosux i 150
6e3nmeunnx URL-ampec, sskuit BKIOUaB B cebe iHgopMaliilo mpo perictpaTopa Io0-
MEeHHOTO iMeHi, Yac >XUTTS JOMeHY, Te0JIOKallil0 XOCTUHT-CepBepa, HasIBHICTb 3aXM-
meHoro 3'eMHaHHA 3 AilicHMM cepTudikatom. s 36opy dimmurosux URL-ampec
BMKOPMCTOBYBajach 6asa BaligoBaHMx (immHroBux mnocuiaadb Ha Phishtank.org,
Ky[/ 3aBaHTAXYIOTb HOB1 3pa3Ky [OCUJIAHb SIK aHTUBIPYCHI KOMIIaHii, Tak i iHAUBI-
oyanbHi mocmimHuku. g 36opy 6esmeunux URL-agpec BUKOPUCTOBYBABCSI CEPBiC
Alexa.com, fie € agpecu TOIyIsIpHUX Beb-caiTiB. [Ipu 11boMy, Bechb Habip mJaHUX OYB
pO3iJieHnit Ha HaBYaJIbHY i TECTOBY BUOipKH.

BukopucrtoByBa/snch Kkiaacudikatopu Ha ocHOBi anroputmiB Genfis 2 Ta
Genfis 3.

Sk rmobanbHi MeToAM OmMTMMIi3allii BMKopucToByBanuch I'A, BO, IIBII, MIB,
MIIII. Sk KpuTepiit rimo6aqbHOI ONTHMIi3allii BUKOPUCTOBYBaBCS KpuUTepiii (16).
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BHABJIEHHA ©IIIHHI'OBHX URL

dyaknia kaacadikanii URL nocuIasb

I'TOBAJIBHA OITTHMIZAITLA

DYHKIiA HAJAIITYBAHHA i podoTH MeToAa ri1o6aabHOl
onruMizanii (I'A, O, ITBII, MIB, MIIIT)

BHzaHAYEHHS [IUIROEOT VHELNI.

Hamamrrveanua ommid gma podotH metoxy (LA, BO, TIBII, MIB,
MIIIT) 1 fioro BHIIHE.

[loBepHEeHHT ONTHMATRHOTO KIACH(MEATOPA 1 BIAMOBITHOTO HOMY
EpPHTEPLID.

ITinhoBa GpyHKOIA MeTOOY I100aAbHOI ONTHMI3ANIT

Dopuveanns xracubikaTopa 3 ONTHMANEHEME NapaMeTpan.

ObuHcIeHES KPHTEpID [I0DATEHOT ONTHMIZAINI 114 MOTOTHOTO
KIacHiKaTOpa.

! JOKAJTIBHA OITTHMI3SATITA
DYHKIiA JOKAJbHOI ONTHMI3amil

Bubip tanv kracudikaTopa (Genfis? abo Genfis3).

O0YHCIEHHEA KPHTEPII0 MAPAMETPHIHOT ONTHMIZALTI.

I
i

I : - - :

i PoboTta kmacudikaTopa | BH3HAYeHHA HOTO IApaMETPIE.
I

I

I

I

JacTocyeanng obpaHoro KracHAMEATOPA 1719 BHIBICHHS.

O0uHCIeHHES METPHK — OINHOK EHABIEHHA.

PucyHok 1 - CTpykTypa aaroputmy BusisjaeHHs ¢immuarosux URL-aapec

st oninky kinacudikailii URL-agpec BUKOPMUCTOBYBAIMCh HACTYITHI METPUKMN:

- TP (True Positive) — KiJIbKicTh 6€3II€UHMX TTOCUJIAHb SIKi Oy/10 KiacudikoBaHO
SK Oe3IeuHi;

- TN (True Negative) — KiJibKicTh (QillIMHTOBUX ITOCUJIAHb SIKi OyJI0 Kaacudiko-
BAaHO SIK (PillIMHTOBI;
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- FP (False Positive) — KiJIbKicTb 6e3MeUHMX IMOCUIaHb SIKi 0y10 KaacudikoBaHO

SIK illIMHTOBI;

- FN (False Negative) — KiJIbKicTb (QillIMHTOBUX MOCUJIaHb SIKi 6y/10 Kiaacudiko-

BAHO SIK Oe3I1eYHi;
I moxigHi Big HUX:

- True positive rate:

TPR = TP/(TP + FN);

- True negative rate:

TNR =TN/(TN + FP);

- False positive rate:

FPR = FP/(FP+TN);

- False negative rate:

FNR = FN/(FN +TP);

- Positive predictive value:

PPV =(TP+TN)/(TP+TN + FP+FN);

- Negative predictive value:

NPV =TN/(TN + FN);

(19)

(20)

21

(22)

(23)

(24)

- F-measure — rapmoHiiiHe cepengne mixk TPR i PPV:

F —measure = 2* PPV *TPR /(PPV +TPR).

(25)

YV KOHTEKCTi 3aBIaHHS BUSBJIEHHS KibepaTak HaibibIl BaXK/IMBOIO € MeTpuKa

FN /FNR, sika na€ KiJIbKiCHY OLIiIHKY HeBUSIBJIEHMM aTaKaM.

Pe3ynbTaTyt 11100a/IbHOI ONTMMI3allii 11 3HaXOMKeHHsI TUITY i TapaMeTpiB He-

yiTKOro KiacudikaTopa HaBeeHO Ha puUC. 2.
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PucyHOK 2 - Pe3ynbTaTy rio6asbHOI ONTMMI3allii mapaMeTpiB HEUiTKOIO
KinacudikaTopa g BusBiaeHHs pimmuroBux URL-agpec 3a monmomoroo: a — I'A,
6 — BO, B — IIBII, r - MIB, 1 — MIIII

Meton BO BukopucToByBaB I'A 1151 3HAXOIKeHHS 6e3/1iui onTuManbHux 3a [1a-
peto pimeHs. [1BIl MaB aganTuBHMUI KPOK MOIIYKY i MTOBHUI MOIITYK HABKOJIO MOTOY-
Hoi itepanii, MIB i MIIIT - obmeskeHy 06JsiacTh nepeBignamny, A — OJHOTOUKOBE
CXpelllyBaHHSI, CeJIeKTUBHMI BUOip 6aTbKiB, GOpMYyBaHHSI HOBOI IMOMYJISIIii i3 BUTIiC-
HeHHIM. KinbKicTp iTepaniii s ITBIT, MITIT i MIB (gyist TA i BO moKoJ1iHb) 00MesKy-
Basoch Ha piBHi 100, a po3mip npoctopy nomryky ajst [IBIT (asis TA i BO po3smip mo-
mysisuii, ayiss MITIT i MIB po3mip o6sacTi mepeBignany) — 30.

[Ipu rnobasnbHili onTMMIi3allii BapiloBaaMCh HACTYIHI MmapamMeTpu Kiaacudika-
TOpY:

- Tun anroputmy — Genfis2 a6o Genfis3;
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- nyig Genfis2 — giana3oH BIVIMBY KJIaCTEPHOTO LeHTPY R, ;

- mia Genfis3 — anroputm HeuiTkoi yioriku (MampaHi abo CyreHo [8]) i umnciio
KJIacTepiB k..

V pesynbTaTi MOAe/NIOBaHHS (AUB. puUc. 2 (a-A)) BCTaHOBJAeHO, 0 BO i MIIII
MAalOTh HaMBUINY MBUAKICTb 36ikHOCTI (BO BMXOAUTb B 00J1aCTh ONTUMMAJIbHUX Pi-
IIeHb Ha nepimux MnokoaiHHgX, MIII — nepmunx itepaiisix, [A — y cepeHbOMY MiCJIsSt
7 1oKoJIiHb, MIB — micnsa 7 itepautiit, I1BIT —micas 20 iTepatiii).

Anroputm I1BI1 BUSBMB HaiBuUILy BUAKOAIK (1 ¢ Ha iTepaliito, TIpu 2 € Ha iTe-
paiito B MIB, 3 ¢ Ha iTepaitiito B MIIII, 9 ¢ Ha nokosiHHS B ['A i 10 ¢ Ha MOKOJIIHHS B
BO). IIpn upomy anroputmu IIBIT i BO BusBMIM HaliKpally 30iKHICTb (3HAUEHHS
Kputepito (16) nmpu ix BukopuctanHi ckianu 0,076, mnpu 0,081 gas MIB i MIIII ta
0,077 pnsa TA).

BcTaHOBIeHO, 10 MiHiMyMy KpuTepito (16) BiAIIOBiIAIOTh: TUIT AJITOPUTMY
Genfis3 3 BUKOPUCTAHHSIM CTPYKTYypU ajroputmy CyreHo i 6 Kiactepamu.

3HaueHHS MeTpUK OLiHKM BusiBieHHS (immurosux URL-agpec o7 11bOro Kia-
cudikaTopa HaBemeHO B Tabi.1. TyT BcTaHOBJEHO, 10 yci ¢immurosi URL-agpecn,
siki 6ynu knacudikoBati sik 6e3mneuni (FN=30) manu 3axuiieHe 3'€IHaHHS 3 TiliCHUM
ceptudikatom (https).

Tabmuig 1
3HaueHHSI MeTPUK OLiHKM BusiBjieHHs1 URL-anpec

TP TN | FP | EN | TPR | TNR | FPR | FNR | PPV | NPV | F-measure
120 | 150 | 0 | 30 | 0,8 1 0 0,2 |09 | 0,833 0,847

BucHoOBKU

Po3pob6iieHo anroputm BusiBieHHs1 pimmurosux URL-azgpec (knacudikaTop) i3
BMKOPMCTAaHHSIM HEUITKOI K/IacTepu3allii Ta MeTOIiB II00a/JIbHOI OIITMMIi3allii.

[lInssxoM MOJIe/IF0OBaHHSI BCTAHOBJIEHO, 1[0 MiHIMyMy KOMOGiHOBaHOTO KPUTEPii0
Bi[ITIOBi/la€ HeUiTKMi1 KnacudikaTop i3 aJropuTMOM CYOTpPaKTMBHOI KjaacTepumsarlii
Ta BUKOPUCTAHHSIM CTPYKTYypu CyreHo i 6 KiacTepamu.

BcraHoBiieHo, 1o yci ¢immuarosi URL-agpecn, siki moMuakoBo 6yian Kinacudi-
KOBaHi SIK 6e3I1eYHi, Ma/ii HasiBHICTh 3aXMINEHOr0 3'€JHAHHS 3 OilicHUM cepTudika-
ToM. TakuM YMHOM, TMOMAJIbII AOC/iIKeHHS MaloTh OYTHM CIIpSIMOBAaHi Ha AOCIi-
IDKeHHSI TOJATKOBMX iHGOPMAaTUBHUX aTpuOYTiB (03HAK), SKi MOIJIM 6 JO3BOJIUTYU
Oi/bIII SIKiCHO po3AinsiT ¢immHrosi i 6e3mneuyni URL-ampecn.
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Detecting fishing URLs using fuzzy clustering algorithms with global optimization

An algorithm for detecting phishing URLs (classifier) using fuzzy clustering is proposed,
which includes choosing the type of intelligent classifier and justifying its parameters using
global optimization methods. The following were studied as intellectual classifiers: subtractive
clustering and fuzzy clustering of C-means. To find (adjust) the optimal (for a specific task) pa-
rameters of intelligent classifiers, the use of global optimization methods is justified, including
genetic algorithm, direct random search, annealing simulation method, multicriteria optimiza-
tion and threshold acceptance method. As a criterion of global optimization, a combined crite-
rion was used, which includes the definition of the regularity criterion calculated on the test
sample and the bias (minimum shift) criterion based on the analysis of solutions. By modeling
in the Matlab environment with the help of standard and developed programs, the evaluated ef-
ficiency of using the proposed algorithm is evaluated on the example of experimental data — a
set of 150 phishing and 150 secure URLs. The set of experimental data included information
about the domain name registrar, the lifetime of the domain, the geolocation of the hosting
server, the presence of a secure connection with a valid certificate. By simulation it is established
that the fuzzy classifier with the subtractive clustering algorithm and using the Sugeno structure
and 6 clusters meets the minimum of the combined criterion. All phishing URLs that were mis-
takenly classified as secure were found to have a secure connection with a valid certificate. Thus,
further research should be aimed at exploring additional informative attributes (features) that
could allow better separation of phishing and secure URLs.
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D. Soldatenko, Vic. Gnatushenko
STUDY OF EFFICIENCY OF USING IT-INFRASTRUCTURE-AS-A-SERVICE
FOR CLOUD COMPUTING

Abstract. With the growth of the information technology market and the constant increase in
demand, companies began to carry an unprecedented burden on their own infrastructure, trying
to meet t customers’ growing expectations. Safe, reliable, and fast services are a top priority for
companies that are largely trying to meet the expectations of their customers and adjust to the
constant changes in the service market. With constant efforts to increase their own computing
power, infrastructure and storage space, companies are increasingly finding that the cost of
developing and maintaining a reliable, secure, and at the same time scalable infrastructure is
prohibitive.

To cope with the challenges of acquiring and maintaining their own infrastructure solutions,
companies can take advantage of off-the-shelf solutions such as cloud computing. Cloud
computing is a fast-growing industry that allows companies not to focus on expanding their own
local infrastructure and, instead, move to the use of ready-made Internet services. Cloud service
providers provide access to storage and processing, as well as software at affordable and dynamic
prices, which allows companies to save money by adopting cloud solutions. Cloud services provide
a variety of service models, each capable of meeting a specific set of business requirements and
needs. The main service models include Infrastructure as a Service (IaaS), Software as a Service
(SaaS) and Platform as a Service (Paa$), the features and disadvantages of which vary and are
interchangeable, allowing you to choose a more suitable model.

This article explores existing solutions and services and provides the advantages and
disadvantages of using one or another solution for various needs and highlighted the most
universal solution suitable for most requests. In the study, the most popular solutions related to
cloud computing present and analyze their key features. The most powerful and attractive
service for processing a large amount of input data, including space images, is IaaS. When used,
it provides high speed and availability of resources, adaptation to the task, data security due to
distributed storage and processing, which allows increasing performance and minimizing latency
for the end user.

Keywords: cloud computing, data processing, saving data, infrastructure as a service, platform as
a service, software as a service.
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1. Problem statement

Using and maintaining infrastructure is a very costly practice, as the companies
have to constantly hire qualified personnel and upgrade the current infrastructure.
Among other things, the company needs to constantly worry about security, as
vulnerabilities can be found in the software used, potentially leading to security
problems. An equally important problem with the support of its infrastructure is
adaptability to growing and seasonal demand, since with an increase in the number
of customers, the load increases, which leads to the mandatory expansion of the
infrastructure. The variability of demand leads to the fact that most of the time, the
equipment is idle since it must be ready for peak and seasonal loads, which leads to
unnecessary costs for its support. The use of cloud computing helps avoid most of
the problems, but the company needs to choose its needs.

This paper proposes the features of the leading cloud computing models and
comparisons with the most versatile of them. The research results use to select a
more suitable solution and use it based on the need for specific needs.

2. Analysis of recent reports and publications

The field of cloud computing is the most growing niche in the IT industry
today. Many tech giants have changed their priority for several years to provide
access to their resources and increasingly integrate with IoT and cloud computing.
Some of the most prominent players in this market that provide their services are
such companies as Google, Oracle, Amazon, Microsoft, IBM [1-5], each of which, in
turn, provides the maximum coverage of all possible areas related to storage data,
cloud computing, artificial intelligence, analytics, and many other services.

One of the problems in communicating information about services is focusing
on their advantages and solutions, compared to competitors, which is a regular
business practice, but creates difficulties for companies and customers when
selecting and searching for information on the technology itself, and not on a
specific service provider. Implementation of cloud solutions allows companies to
save up to 30% [6]. Also, selecting a suitable technology and migration from an
existing service is quite common, which creates additional difficulties during
migration associated with a partial or complete incompatibility between various
service providers, which mainly make customers more attached to their ecosystem.

Concerning IaaS, this service is provided by all major service providers since
this is one of the most popular services among the services provided. However, the
approach may differ from provider to provider, which can present some difficulties,
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in the event of which, IaaS will be the universal service in this regard since it allows
us to change the supplier at a lower cost.

3. Purpose of the Study

The study's primary purpose is to analyze and evaluate existing service
solutions for use in cloud computing, data storage, and data analysis in the
information space. A comparison of the most popular cloud computing solutions,
namely, these include their features, advantages, and disadvantages, compared to
[aaS.

4. Description of Main Material of Research

Cloud computing is needed for its application, regardless of the type of task
and industry. The main advantages of cloud computing are the following:

- Flexibility: the use of cloud computing allows us to get access to the most
advanced technological solutions since all the care of updating the infrastructure
and using the latest solutions falls on the cloud service providers.

- Cost minimization: by the cloud, we can pay only for the resources used,
which avoids the downtime of already paid equipment.

- Elasticity: cloud computing allows us to gradually scale the required number
of resources according to needs and respond to surges in activity or unforeseen
situations more quickly.

As well as advantages, cloud calculating also has disadvantages that must be
considered when using the cloud services, like the following:

- Constant connection to the network: to gain access to the services provided
by the clouds, we need a constant connection to the Internet.

- Closed source: most cloud providers systems are closed and do not provide
at all or with some restrictions the ability to customize the service for our purposes.

- Confidentiality: for all the reliability of storing data in public clouds, it is
still not recommended to use them to store valuable documents or essential
information. Today it is impossible to guarantee complete confidentiality and data
protection.

There are three main groups of cloud computing: Infrastructure-as-a-Service
("TaaS"), Software-as-a-Service ("SaaS"), and Platform-as-a-Service ("PaaS"). These
services are also called cloud computing stacks, as they stack on top of one another.
Each of them should be used depending on the needs since there is no universal
approach. The business needs to choose the appropriate one depending on the task
at hand.
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- IaaS: one of the main groups of cloud computing. The use of the IaaS scheme
provides IT infrastructure on demand (virtual machines, storage, servers, and
others.), which gives maximum flexibility and scalability, as well as a pay-as-you-go
system.

- PaaS: refers to services that provide access to development tools, which
require deploying a system for managing web or mobile applications and eliminates
the need to deal with the underlying infrastructure of servers, storage, and databases
required for the development.

- SaaS: a model in which the customer's software deploys at a cloud solution
provider’s infrastructure. It uses in cases where instead of spending money on
maintaining our infrastructure, the subscription model is the best solution.

The best way to understand the main difference between the models is to
compare their management approaches responsible for and available to the end-
user. Unlike traditional IT and its approach, IaaS, PaaS, and SaaS provide a more
progressive level of abstraction. IaaS abstracts aspects such as data storage,
networking, physical computing, and the technology required to virtualize these
resources. The PaaS model, in turn, abstracts the runtime, software, and operating
system. SaaS provides the end-user with all applications as a service, entirely
abstracting everything else.

Services | Troditional | loaS | Poas | Saas
™ =

_.

Figure 1 - Management approaches of different models

Cloud technologies with different forms of ownership divided into different
types, the choice or application of any of them are suitable for different cases and
depend on the purpose of the main types of clouds. The following three can be
distinguished:
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- Private: A controlled and secure IT infrastructure that is deployed and
operated for a single organization. The third party or contractor is fully responsible
for the deployment and management of the infrastructure.

- Public: it is used simultaneously by many companies and services that do
not have access to this cloud's management and maintenance, but the resource
owner does the maintenance, allowing anyone to buy resources for their own needs,
regardless of whether it is a company or an individual.

- Hybrid: Includes the best solutions and qualities of private and public clouds
to solve a glorified task. It mainly uses seasonally when the internal IT infrastructure
does not cope with the tasks set, the public cloud's capacity is rented and used, and
when necessary, to provide access to the company's resources to a third party from
the outside.

- Multi-block environment: The main difference from the hybrid approach is
the use of many cloud computing resources and power in a single, cohesive
architecture.

The development of cloud computing is proceeding at an incredible pace; in
2020, 48% of IT infrastructure spending directed to the cloud, which is
approximately $57.8 billion [7].

The essential benefit of IaaS is its flexibility and scalability in use. Using this
approach, the business or the end-user can control when it is necessary to increase
or decrease the infrastructure's capacity, which will allow it to adapt to seasonal or
temporary needs and save on this in the long term. Flexibility in configuration will
allow us to automatically adjust the distribution and use of resources according to
the need, which will avoid problems with a sharp increase in traffic. Doing
international business allows us to leverage on-premises or nearby cloud computing
resources, increasing the system's speed and responsiveness since clouds are in
many locations worldwide. Using off-the-shelf cloud solutions will allow us to focus
on expanding our business without investing in additional infrastructure.

Security should always be a priority in any aspect of the IT infrastructure, as it
poses a threat to the entire infrastructure, business, and privacy. Most IaaS services
make considerable investments in their security system, as they are responsible for
the safety and security of the data they store. The primary means of protection are:

- strict binding to the service's physical location,

- compliance with local laws on the storage of information, and

- the use of reliable authentication systems in the service.
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One of the critical security enhancements provided by IaaS is data encryption,
such as end-to-end encryption when transmitting and storing sensitive data, which
in most cases provides a greater level of protection than using own infrastructure for
hosting, responsibility for the safety of which lies entirely with us.

The improved performance is one of the well-known benefits of IaaS, as it is
fully scalable, and many cloud services support full control over it. The cloud
architecture provided for use by the provider is, in most cases, much more redundant
and reliable than its solutions. It is a paramount quality at the initial stages of
building a business, as it allows us to save on building our own IT infrastructure and
its maintenance while reducing total capital costs (CapEx) and allows us to get a
more productive system at the start. The Service Level Agreement (SLA) provided by
the IaaS service providers ensures that the level of performance will be maximum on
the cloud infrastructure used.

The guarantee of business continuity, the safety of backups, and a disaster
recovery system are the most significant advantages of IaaS cloud computing, which
allows us to protect ourselves from unforeseen situations. Most IaaS service
providers place their equipment in locations with maximum security, availability,
redundant power, and constant network access. Using our infrastructure, any of the
listed problems can ultimately limit the work, in contrast to using the cloud. Also,
for early resumption in case of an unforeseen situation, backup cloud resources can
be used, which is another advantage of clouds, which will maximize uptime.

Summing up the most significant advantages that can serve to use IaaS$, the
following list can be distinguished:

- Speed of work: using the IaaS model, we can allocate more of the required
resources in a shorter time, or vice versa, reduce the number of resources used,
which allows us to adapt to the desired task quickly;

- Multi-zone regions: allows us to significantly increase the availability of
resources and fault tolerance of systems since the entire infrastructure is not
assigned to a specific region, which makes storing data and their copies more secure;

- Response and performance: a more comprehensive geographic coverage
allows us to minimize latency to the end-user since the service that is closest to the
end-user is selected, increasing productivity;

- Pay-as-you-go: the model allows us to get rid of the traditional prepayment
for using the service since the cost depends on the number of resources used.

A less popular non-mainstream alternative to IaaS is Bare-metal-as-a-Service
("BMaaS"), currently being marketed by companies such as Intel and IBM. This
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service provides lower-level management than traditional IaaS. In BMaaS, resources
are also provided upon request and bills on a pay-as-you-go basis, just like IaaS. The
main difference from IaaS is that this model does not provide the end-user with
access to cloud computing and storage but provides direct access to the underlying
equipment. This approach provides almost complete control over the used hardware,
which can be helpful in some tasks. The big plus of this model is that it provides
access to hardware, and not virtual space, as in the case of other approaches, which
provides the most significant potential performance, which is extremely important
for computing cases like HPC and GPU computing, analytics, high-load database and
more.

When comparing similar IaaS and BMaaS models compared to the rest, they are
not competing, and each of them is suitable for a specific task and a specific use
case, and we cannot say which one is better or worse.

5. Conclusion

This paper discusses the current models for distributing services such as IaaS,
SaaS$, and PaaS, also less popular and similar to the IaaS model - BMaaS. A detailed
analysis of the above services allows us to come to the following conclusion about
the advantages and disadvantages of each of them:

- IaaS: is one of the most scalable services, allows you to select and deploy the
infrastructure for the required task, as it provides a lower-level management. Of the
disadvantages, it is worth emphasizing that a higher level of entry and suitable skills
are required to work with the service;

- PaaS: provides the best solution for a specific task, such as data storage and
management, also allows us to increase the necessary capacity at any time, which is
useful for fast-growing projects. Of the shortcomings, it is worth noting that in most
cases there are difficulties when migrating from one provider to another, with data
transfer;

- SaaS: has a high number of abstraction levels, which will allow us to quickly
deploy infrastructure for simple and trivial tasks. The disadvantages include the fact
that when expanding the service on this infrastructure, problems begin to arise with
scalability and the transition to another, lower-level service.

After weighing all the advantages and disadvantages, we came to the
conclusion that the most attractive service for processing large amounts of data,
namely aerospace images, is IaaS. This service allows us to use the necessary
infrastructure as needed, and scalability allows us to select a configuration

depending on the task.
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Further exploration could be to deepen the use of the different models and
decompose their features in more detail, to represent areas of use more directly and
in more detail, and to create new sub-models that could cover different needs in
more detail.
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JocnioxenHa epekmusrHocmi sukopucmanHa IT-iHgppacmpykmypu
AK cepBicy 019 XMAPHUX 064UCNIeHb

3 pocmom puHKy iHGopmauiliHux mexHonoz2ili i nocmiliHum 36ibWeEeHHAM nonumy, KoMna-
Hii noyanu Hecmu 6e3npeyedeHmHe HABAHMAXEHHA HA BAACHY THPACMpPYKMYpY, HAMA2AKOYUCh
sunpasdamu 3pocmaroyi 04iKyBAHHA KAiEHMIB. be3neyHi, HAOIUHT 1 WBUOKI NOC/ayaU - € OCHOB-
HUM npiopumemom 014 KOMNAHIU, AKI 8 3HAYHIU MIPI HAMA2AOMbCA BUNPABOAMU OYIKYBAHHA
CBOIX KMIEHMIB 1 N1IOAAWMOBYIOMbCA N0 NOCMIUHT 3MTHU HA PUHKY nocaye. 3 nocmiliHuUmMu cnpo-
6amu 36inbWEHHA BAACHUX 064UCT0BANBHUX nomyxHocmel, pO3WUPeHHAM THppacmpykmypu i
npocmopy 015 36epieaHHA 0aHUX, KOMNAHIi BCe Yacmilie BUABAAMb, WO BUMPAMU HA PO3POO-
Ky 1 06C/1y208yBaHHA HAOILHOT, 6e3neyHoi 1 8 moli e yac MacwmabosaHoi iHpacmpykmypu €
HeNnoMipHO BeJIUKUMU.

Ansa mozo wob snopamucsa 3 npobaemamu npudbaHHS 1 NIOMPUMKU BAACHUX THpacmpy-
KMYPHUX pilueHb, KOMNAHIi MOXymb CKOPUCMAMUCS 20moBUMU PILUEHHAMU, MAKUMU SK XMAPHI
004UCNIeHHA. XMAPHT 06YUCNIEHHS - € WBUOKO3POCMAKYOI0 2ay33t0, AKA 003BOJIAE KOMNAHIAM He
3a20cmprosamu yB8azy Ha po3WUPEHHT BAACHOT JIOKAbHOT THpacmpykmypu 1, 3aMicme 4020,
nepelimu Ha BUKOPUCMAHHA 20MOBUX THMepHem-cepsicis. [locmayansbHuKky, AKI 3aimarmscs
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XMApHUMU nocayzamu, Hadaroms docmyn 0o 36epieaHHA ma 06pobKu OaHUX, a MAKOX Npozpam-
H020 3a6e3ne4eHHs 3a 00CMyNHUMU 1 OUHAMIYHUM YiHaMU, uj0 003B0JIIE KOMNAHIAM 3aowaoumu
30 paxyHOK BNPOBAOXKeHHS XMAPHUX pilieHb. XMapHi cepsicu Hadaroms pizHi Mmodesi 06cy208y-
BAHHS, KOXHA 3 AKUX 30amHa 3a0080/1bHUMU nesHull Habip sumoz i nompeb 6i3Hecy. JJo 0cHOB-
Hux modenel nocaye Hanexams maki Ak «IHgppacmpykmypa Ak cepsic» (IaaS), «[lpoepamHe 3a-
be3neyeHHs sk cepsicy (SaaS) 1 «llnamgopma sk cepsicy (PaaS) ocobausocmi i HEOOMIKU AKUX
BAPIOIOMbCA T B3AEMO3AMIHHI, W0 00380/1A€ Ni0ibpamu 6i/bw 810N0BIOHY MOOEsb.

Y pobomi nposedeHo 0ocniOxeHHS ICHy0YuUX pilueHb 1 3acobis, a MaKox HadaHi nepesazu
1 HeOOMKU BUKOPUCMAHHSA MO20 YU THWO020 pilleHHs O/ pi3HUX nompeb i BudineHo came yHi-
BepcasbHe pilleHHs, Wo nioxodums nid 6inbwicms 3anumis. B x00i 0ocnioxeHHs HaseOeHT Hal-
nonynApHiWi Ha OaHUl MOMEHM pDilieHHSA, NOB'A3AHT 3 XMAPHUMU 0BYUCTEHHAMU 1 BUKOHAHUL
aHani3 ix Kaw4osux ocobausocmeli. Halibinbw nomyxHum ma npusabausum cepsicom 045 06-
POOKU BenUK020 06cs2y BXIOHUX OaHUX, 30KpemMa KOCMiYyHUX 3HIMKIB, € IaaS. [lpu (io2o sBukopuc-
MaHHI 3a6e3neyyembCs BUCOKA WBUOKICMb pobomu ma docmynHicms pecypcis, adanmauyis 0o
nocmassieHoi 3a0ayi, 6e3neyHicmes OAHUX 3G PaXyHOK po3nodineHo20 36epizaHHa ma ob6pobKu,
wo 00380/14€ 3611bLIUMU NPOOYKMUBHICMb Ma MIHIMI3yBamu 3ampumKy OJI KiHUeB020 Kopuc-
mysaya.

Conpgarenko JImutpo BomogumupoBud — aciripadT Kadenpu iHpopMmaliiiHux Te-
XHOJIOTIM i cucTeM, YKpalHCbKNUI Iep>KaBHUI YHIBEPCUTET HAYKM i TEXHOJIOTIN.

I'natymeHko Bikropis BomoaumupiBHa - 1.T.H., ipodecop, 3aBigyioda Kadeapoio
iHpopMaIliifHKMX TEeXHOJIOTii i cucTeM, YKpaiHChbKIIT lepsKaBHMI YHiBepCUTET HayKU

i TeXHOJIOTi.
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I.C. ImuTpies, [.B. CTOBITUeHKO
AHAJII3 KOMIT’IOTEPHOI MOJIEJII ITOBEJAIHKY TOHKOI IIVJIACTUHU
3AHYPEHOI V PITUHY

AHomauyis. B cmammi po3enfadaemesca nUmMaHHA B83AEMOOTi MiX NOMOKOM PIOUHU T MOHKUMU
Memanesumu KOHCmpykuiamu. Memoto pobomu € 00CniOxeHHS N0BeOTHKU NAACMUHT, 3aHYpeHoi
8 pIOUHY, WO 301LCHIOE BUMYLIEHT KOIUBAHHA Ni0 O1€0 NPUKNA0eH020 HABAHMAXeHHA. B xo0i
pobomu HeobxiOHO QOCTIOXKYBAMU MexaHi3M nosediHKU 0aHoi 83aemMo0ii ma BU3HAYUMU NPUED-
HAH1 Macu piOuHU. 3HAHHA NPUEGHAHUX MAc 00NOMQaz2a€e OYTHUMU BNAUB PIOUHU HA KOHCMPYKUII.
PiweHHs 3a80aHHA NPo 3MyWeHT KOJUBAHHA NJOCKOT NAACMuHU 8 piOUHU 00NOMOXe 8 nooab-
womy nepelimu 0o 00CNiOKeHHs B3aEMOODTi b61ibl CKIAOHUX 06'€KMIB 3 B000I0.

Knto4osi cnosa: 83aemoois nnacmuHu ma piouHu, sumyuieHi konusaHHsa, ANSYS.

Berym. Benvika Maca KOMMBAJIbHOI CUCTEMM MOSKE CJIY>KUTU MPUUMHOK BUHUK-
HeHHSI Bibpalliil iHkeHepHUX KOHCTPYKIIili, 1[0 B CBOIO Yepry Moske MpPU3BECTU A0
HE3BOPOTHMX HACJIJIKiB. Y CBOIO Yepry BeJIMKi KOJMBAHHS KOHCTPYKIIii 30YIKYIOTh
MOTIK PiAVHM, 10 OTOYYE KOHCTPYKILiI0, TAKUM UYMHOM, 10 JAaHA B3a€EMOZisI HOCUTh
PYVHIBHUIT XapaKTep IJis iH)KeHepHMX CIIOpy[. B3aeMopiss Mixk MOTOKOM pivHM i
KOHCTPYKIIiSIMM CTaJI0 OCOOIMBO BKIMBUM Y CBITJIi MOSIBM HOBUX MaTepialiB, BU-
KOPUCTOBYBAHMX IJIs1 OiNIbIIl JIETKMUX KOHCTPYKIIil, TaK SK MOJIermeHi KOHCTPYKITii
OisibIlle CXMJIbHI 0 B3a€MO/Iilt 3 TIOTOKOM PiIMHM, a, OTsKe, OiTbIII JIerKi KOHCTPYKITii
Kpaille MiAgalTbCs PYIHYBAHHIO ITif Ai€l0 MOTOKY PiAMHMU. B 1iloMy KOHCTPYKIIii
Haifyacrinie GifbIl YyTAMUBI 4O IMHAMIYHOTO MOPYIIEHHS, TUM He MeHII, 3arajbHa
MOBeIiHKa KOHCTPYKIIii I/l BIUIMBOM 30YI)KeHHS, BUKIMKAHOTO ITOTOKOM, CKJIQJHO
repeaoaunTm.

B 1muBinbHOI iHKeHepii OiJbIIICTh KOHCTPYKILiV CXMJIbHI IO BIUIMBY ITOTOKIB
TOBITP 1 pigvHMU. TaKMM UMHOM, 3arajbHi UMBLUIbHI COPYAY MMOBUHHI BiANOBigaTH
KpUTEPisiM 6e3IeKu, TaKUM SIK CTaTUYHUIA OITip i HasIBHICTh 6€3[eYHOT0 CIIeKTpa pe-
aKliiiii Ha BIUIMB BiJ, JOPOKHBOTO TPAHCIIOPTY, 3€MJIeTPYCiB 1 T.A. SIK HACTIOOK, iHXe-
HepaMm BiATerep HeOOXiTHO MOTPUMYBATUCS TOMYCTUMMX MPABWJI MPOEKTYBAHHS i
OIiHKM 6Ge3MeKyM KOHCTPYKIIilA, 110 MiamanThes BiopallisMm. OgHaK CKIagHICTh Oib-
IIOCTi SIBUII, B3a€MOJIii piAMHM i KOHCTPYKIIil O3HAUaE, 110 BCe e My’Ke BaKKO BU-
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3HAUYMTY HailiHi i TOUHi OI[iIHKM PU3UKY, SIKi OYAYTb 3aCTOCOBHI [IO IIMPOKOIO Jia-
Ma30HY eKCITyaTaliiiHUX CTaHiB.

BigcyTHiCTh yHiBepca/sibHOI i TpOCTOI MOAesli B3a€MOJil piAMHM i KOHCTPYKIIii
(mani FSI = fluid-structure interaction) crtoHykaao CTBOPUTH 06J1aCTh eKCIIEPUMEH-
TaJbHOTO 1 UMCEJbHOr0 OCIiI)KeHHSI KOJAMBaHb, BUKIMKAHMUX MOTOKOM. CbhOromHi
yice/ibHe MOEIIOBAaHHS ITiICWIIOE BIUIMB B iHkeHepii, OCKibKM 3a0e3Ieuye BaxK-
JIUBi JIOKQJIbHY i IVI0OA/IbHY OI[iHKY MapaMeTpiB, TakKuX SIK Hampyra i medopmarris.
HaHuit iHCTpYMEHT A03BOJISIE iHsKeHepaM 30ibITyBaTy MoAabiie po3yMiHHS ¢i3n-
YHMX MeXaHi3MiB OB 'sI3aHUX i3 B3a€EMOJI€I0 PiAVMHYM i KOHCTPYKIIii.

MeTo10 pO0OTH € IOC/iIsKeHHS TTOBEIiHKM TUIACTIHI, 3aHYpPeHOi B piouHy, 110
3[IiJiCHIOE BUMYIIIE€HI KOJMBAHHSI ITiJ €0 MPUKIaJeHoro HaBaHTaxkeHHs1. Heo6xigHo
OOCJTIIKYBaT MeXaHi3M MOBENiHKM JAaHOI B3a€MO/il Ta BUSHAUUTU IIPUEIHAHI Ma-
CU pigyHNU. 3HaHHS NIPUETHAHMX MacC AOMOMAara€ OliHUTY BIUIUB PiAVHNA.

BuknageHHsI OCHOBHOTO MaTepiaay AOCIiAKeHHA. Bu3dHaueHHS NpUETHA-
HMX Mac CKJIaJa€ThCs 3 JeKiJIbKOX BasKJIMBUX KPOKiB: BM3HAUEHHS MO e/l BUKOPUC-
TOBYBAHOI PiIMHU, ONMUC PYXy KOHCTPYKIil i OL[iHKM CUJI PiAMHM, 10 BUKJIUKAKOTH
et pyx. ETan oLiHKM BK/IIOYA€ B cebe 00UMCIeHHS YYTIMBOCTI CUJI PiIVIHU 10 MO-
mam pyxy i medopmallii TBepaoro Tijia 3 6a30BUX PiBHSIHb Mofei pigyuau. Lie moxe
OyTM IOCSITHYTO 3a JOIOMOI'OI0 HAOGMVKEHMX pillleHb. SIKIIO 3aCTOCOBYETHCS MO/IE/b
pinuHM i 06/1aCTh TeUii He HAJTO CKIAHi, TO MPUEIHAHI Macu MOXYTb OyTM BMU3HA-
YyeHi 3a JOMOMOTOK aHAJITUYHUX pillleHb, SIKi MpecTaB/ieHi B JOBimHUKY KopoTKi-
Ha [1] AJ1s1 CyAHOBMX KOHCTPYKIIiA.

[T MOXIMBOCTI MpOBeAeHHSI aHAJITUYHOTO AOC/iIKeHHS MPUMYCKAEMO, 110
PO3IJISIHYTa piiuHa € HeB'sI3K0I0, He3TUCKAEMOIO, a TAKOK HEXTYEMO HasIBHICTIO BU-
xopiB [2]. PiBHsiHHS HepospuBHOCTi V-u, =0 1 ymoBa BiACyTHOCTi 06GepTaHHS

Vxv, =0, ge v, - BeKTOp WBUIKOCTi IIOTOKY PiAVIHA, TO3BOJISIIOTb BBECTU IIOTEH-
nian @, gxuii 3abesneuye cHiBBiAHOIIEHHSI U, =V® i NpU3BOAUTb A0 PiBHSHHS

Jlaniaca [1] o5t MOTeHITiHOTO MOTOKY Ha BCbOMY 00'eMi pigyiuau, V
AD =0 (1)
i ;o rpaHMYHKMX YMOB HelimaHa Ha OBepXHi pO3AiTy PiiMHM i KOHCTPYKILii, S
(VO —wg)-ng =0,
Jie BEKTOp HOpPMaJli n, CIPSMOBaHMII HAa30BHI Bif 067acTi piiuHM, a Wy - BEKTOp

repemillleHHsI KOHCTPYKIIii. AHAJIO0TiuHO, BU3HAUMMO YMOBA HEMIPOHUKHOCTI Y3[I0BX
30BHIIIHbOI OBEPXHi KOPAOHY PiIVHU X
V®-n, =0.
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3a JoroMorow piBHSIHHS bepHysuti 11 HeCcTaJMX MOTOKIB ITif, Yac BiICYTHOCTI

00'eMHMX CUJT MAEMO

o 1
Ssvel Lo
ot 2 Pr
) oo 1 2 .
TUCK PiIMHM MOXe O6yTU NPeCTaBIeHoO SIK p = —p; E_EPF ||VCD| ,» e pp - Wilb-

HICTb PiIMHMN.

TyT WIBUAKICTh HA KOPAOHI PO3Aiy PiAVMHM i KOHCTPYKILii, S MOXe 3MiHIOBa-
TUCSI yepe3 KOJMBAJIbHY MOBEIiHKY KOHCTPYKIIii, Ike MoXXe OyTU mpe[cTaBaeHO Ji-
HilfHOI0 KOMOiHAIli€l0 pyXy TBEPAOrO Tijla i THYYKUX MO/I.

Pyx moBepxHi po3/ily piAyHM i KOHCTPYKIIii S , IKe € eKBiBaJleHTOM PyXy 30B-
HIillIHi/i TTOBEPXHi KOHCTPYKIIii, MOXe OYTU MpeaCcTaBAeHO 3a JAOIOMOTOI0 PO3KJa-
JlaHHS MepeMillleHb B IIPOCTOpi (TToOBepxXHeBa KOOpAMHATA §) i B Uyaci ¢, BUKOPUCTO-

ByIOUM 6a3uc JiHiltHUX He3anexxHUX MoJ Aedopmaltiii [3]

wy(s,1) = Zk”k(s)'gk(t)z
ne u,(s) - BeKTOp KOOpAMHAaTHMUX QYHKIIiNA, a g, (f) - BiANOBigHMI BEeKTOP y3arajb-
HEHMX KOOPAMHAT.

OCKiJTbKM BUKOPUCTOBYIOTHCSI PiBHSHHS IJIs1 0OpaHOi Mopesi piayHM JiHiiHi,
MOTeHIlial MBUAKOCTEN piiHM, TIOB'A3aHMU 3 KOXKXHOI0 (POPMOIO KOJIMBAHHS 30BHi-
IIHBOI MOBEpPXHi KOHCTPYKIIii, MOXKe OYTU MpeACcTaBAeHNit 3a TOIMIOMOIOI0 CYIepIio-
3uLii i [3]

(D(X,y,Z,f) = qu)k(X,y,Z) ) gk(t)’

a piBHaHHA Jlamiaca (1) Bupimyetbes tenep ajsd sMiHHMX @, 3 HACTYMHMMU IpaHU-

YHUMU YMOBaMU

(VO, —~u,g,)-ng=0na § rta VO, -n, =0 Ha X.

st Tepexoy 40 BUMYIIEHMX KOJAMBAHb IUIACTUHU, IJIS MOYATKY HEOOXiTHO
BU3HAUMUTYU YaCTOTY BIIbHMX KOJMBAHb IUIACTUHU B piguHM. SIKIIO BU3HAUEHHS Yac-
TOTU BIIbHUX KOJIMBAHb IJIACTUHMU B MOBITPi He CKIa[A€ TPYLHOILIB, TO BUSHAYEHHS
YaCTOTY BiIbHMX KOJIMBAHb IJIACTMHU B BOAi CTAa€ HETPUBIAJIbHUM 3aBAAHHAM. [yt
3HaXO/’)KeHHSI BJIaCHUX YaCTOT KOJIMBAHb IVIACTMHY B BOZ PO3IVISIHEMO PillleHHS Ha-
CTYIHOI MOB'SI3aHOI 3aJa4vi B AMHAMIiuHili IOCTAHOBIIi: HA OAHY 3 MMOBEPXOHb IIIaC-
TUHU TIPUKIAJAETHCS MOYATKOBUIT TUCK BennumHowo 250 Ila, mo gie Ha MaacTUHY
npotsiroM 0,2 ¢. Po3rissgaeTbcs mIacTuHa, SKOPCTKO 3adikcoBaHa Ha ITHI KOHTelHe-
pa, sSIKMii 3aTI0BHEeHMIi BOIo0. ['abapuT IMIacTUHM: BUCOTA IUIACTUHYU 1 M, TOBIIMHA
- 0,005 m, mmpuHa - 0,4 M. MaTepias IacTUHM - CTa/Ib. MeXaHiuHi XapaKTepUCTUKA
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cTaau: Momay/ab npyxkHocti, E=210 I'la; minbHicTs, p = 7850 ke /M’ ; KoediuienT Ily-
accoHa, v = 0,3. BractuBOCTi BOogu: 1iibHICTB, 0 =1000 ke / M ; KoedillieHT muHa-

MiuHOI B'a3KkocTi, 1« =0,0008899 Ila-c.

s BupilleHHs 3aBAAHHS PO KOJMBAHHS IMJIACTUHY B BOAI MiJl Ai€0 iMITY/IbC-
HOTO HaBaHTaXeHHSI BUKOPUCTOBYETHCA uncenbHa monenb FSI. Ha pucyHky 1 npepn-

CTaBJIeHI PO3Mipy IPOCTOPY PiAMHM HABKOJIO MJIACTUHMU.

LERN

PucyHoK 1 - Po3mipu npocTopy piavau

SIK MoskHa 6auMTHM Ha PUCYHKY 1, po3paxyHKOBa MOe/ib CKJIAJAEThCS 3 IBOX
obyacTeii, a caMe: 3 IUIACTUHY i piIVHM HABKOJIO Hei, TOMy pO3paxyHKOBa 00JIacTh
BKJIIOUA€E B cebe SIK IUIACTMHY, TaK i 00CST pigyHu HaBKoo. Yac Mojie/toBaHHS Mpo-
1[ecy KOJIMBaHb TUIACTMHU B BOZi BCTAHOBJIIOETHCS PiBHUM 2 C, JJISI TOTO 1100 MpO-
CTEXXUTU 3aracaHHsl KOJAMBaHb. Bci po3paxyHKM MPOBOAMMO y PO3PaxyHKOBIi Mpo-
rpami ANSYS CFX [4].

Ha pucyHky 2 npenctaBjieHO pe3y/JabTaTy PO3MOAIIB IO MBUAKOCTI ITOTOKY

pi,Z[I/IHI/I Ta KOMIIOHEHT LIBUIKOCTEN ITIOTOKY Y3O0BXK ocein x.

Irm #%-1]

CxasspHe I10Jie MBUIKOCTI [IBMAKICTH TOTOKY
MOTOKY PiAVHNU B3JIOB3K OCi X
PucyHOK 2
80 .
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Ha pucyHky 3 HaBe#eHO PO3IOiJ IepeMillleHb BEpPXHbOTO Kpalw IUIACTUHU
B3JIOBXX OCi X IpM KOJMBAHHAX y BoAi. Ha rpadiky uiTKo crocTepiraeTbcsi 3aracaHHs
aMIUTITyIY KOJMBaHb IuiacTuUHM. Lle BimOyBaeThCs uepes Te, [0 piuHa Ma€ BIACTU-

BiCTb B'I3KOCTI, SIKa YMHUTD OIIiP PYXy IVIACTUHNA.

displ == =—aup

0,010
0,005
0,000
-0,005
0,010

-0,015%

0,020

PucyHoK 3 — [lepeMillieHHSI BEpXHbOT'O Kpalo MIaCTUHU B3IOBXK OCi X

3 rpadika Ha PUCYHKY 3 BM3HAUMMO YaCTOTY 3aTyXalOUMX KOJIMBAHb IJIACTMHU
B BOMi. 3BepHEMO yBary Ha Te, 1[0 JaHOMY rpadiky CIIOCTepiraeThcst mepexigHuii i
CTaJIMi1 peXXuM KOJIMBaHb. Bci HeOOXimHI BeTMUMHM BM3HAUAIOThCSI HAMM Ha CTaJIOMy
pekuMi KOJMBaHb IJIACTUHNA.

IudepeHIiiasbHe piBHSIHHS 3aTyXal0unX KOJMBAHb MA€ BUTJISI],

5c'+2n5c+a)§x =0. (2)

Jljist BU3HAUEHHSI MepIloi 4aCTOTU BiIbHMX KOJIMBAHb IUIACTUHU B BOAi CKOPUC-

TAEMOCS TaKo HOpMYJIOI0

wzwla)g—nz, 3)

Oe @ - 49aCTOoTa 3aTyXalUMX KOJ/JIMBAHDb IVIACTMHU B BO,I[i, @, - 4aCTOTa BJIaCHUX KO-

JIMBaHb IUIACTUHY B BOJi 6e3 ypaxyBaHHS neMrbipyBaHHs, n - KoedilieHT 3aracaH-
HS KOJIMBAHb.

3HavyeHHS YaCTOTU 3aTyXal4MX KOJIMBaHb IJIACTUHU B BOJi, @ , BU3SHAUAETHCS
3a JOIOMOTOIO Tepioay 3aTyxXalounx KOJMBaHb, 3HaUeHHS 7' BM3HAUYAETHCS 3 Tpadi-
Ka 3racaiouux KoiauBaHb. T = 0,26 ¢, TakKUM UYMHOM, @ = 24,165 pao/c.

KoeditlieHT 3aracaHHs n 4MCeIbHO JOPiBHIOE 3BOPOTHOMY Uacy, 3a sike aMILTi-
Ty[a KOJMBaHb 3MEHIIYEThCS B ¢ pas. Yac SKUTTS KOJMBAHb 7 - Iie IIPOMIXKOK vacy,
MIPOTSITOM SIKOTO aMIUTiTy/Ia KOJIMBaHb 3MEHIIYETHCS B ¢ pas:

A0 Ae"

= = e
Alt+7) A"

=e.
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Takum unMHOM, KoeillieHT 3aracaHHsl n OOPIBHIOE # =— 3HAYEHHS 7, BU3Ha-
T

yaeThCs 3 rpadika 3racaloumx KoJuBaHb, i CTaHOBUTD 7 = (0,98 ¢, oTske, n =1,0204 .

3HauM BeIUMUYMHY KoedillieHTa 3aracaHHsSl 7, BU3HAUMMO IepIIy YacTOTY Bi-
JbHMX KOJIMBaHb IUVIACTVHU B BOZ, @, , 3a popmysomw (3). Ilicis obuncieHb yacTora
BIACHMX KOJIMBAaHb BOAY Mae€ 3HaueHHs «, = 24,237 pao/c. Big3Hauumo, mo Ha
PUCYHKY 3 KpiM MnepeMillleHHS BePXHbOTO KiHIlS MIaCTUMHU B3[0BX OCi X MpeacTaB-
neunit rpadik eKCIIoHeHTH A,e ", SIKuit OmICye 3aracaHHs KOMMBaHb.

TakosK 3a JOITOMOT0I0 MOJA/IbHOTO aHaIi3y Oy/ia BU3HAUeHa Iepiiia yacToTa Bi-
JIbHUX KOJIMBaHb IJIACTUMHU B MOBITPi. 3HaUEHHS IMepIlIOo] YaCTOTHU BiIbHUX KOJIMBaHb
TJIACTVMHM B TIOBITPi HEOOXigHe [J1s1 OLiHKYM ITpUeaHAHMX Mac pinuau. Ha pucyHKy 4

HaBeJleHi pe3y/JbTaTy MOJAJIbHOIO aHai3y IJIAaCTUHM B MOBITPi.

el {
Unitm

. 0,50 719 Max
M g som -
— e |I
— 013E2 |

oy |
E 132543 |
116906 |

B LTEN i
i LIEENH
01 Mlin

PucyHOK 4 - Pe3yibTaT MOJAIbHOTO aHATi3y IJIACTUHMU B TTOBIiTPi

BMXOZSTUM 3 MOZAIbHOTO aHAI3y KOMMBAHb [UIACTMHY B MOBITpi, epiia Biac-
Ha YaCTOTa Ma€ 3HaueHHs o, = 4,27791/ ¢ =26,879 pao/ c.

Haii posrasggaeMo BUMYILEHI KOJMBAHHS TUIACTMHU B PIOVHM IIif, i€l mepio-
OVYHMX HAaBaHTasKeHb 3 Pi3HOIO YacTOTOI0. [IJis 1[bOr0 HEOOXiAHO MOOYayBaTH aMII-
JIITYJHO-YaCTOTHI xapakTepucTuku (AUYX) KoauBaHb IUIACTMHYU B BOZI B 3aJI€KHOCTI
Bi, 4aCTOTM BUMMYILIEHOIO HaBAaHTaXeHHs. 3 Teopii BUMYILIEHUX KOJMBAHb BigoMO,
III0 pe30HaHC, TOOTO pi3Ke 3pOCTAaHHS aMIUTITYIM KOJIMBaHb, CIIOCTEPIra€ThCsl B TOMY
BUIIAJKY, KOJIM YaCTOTa BiTbHUX KOJIMBaHb KOHCTPYKIIii 36ira€TbCs 3 4aCTOTOIO BU-
MYIIIEHOTO HaBaHTa)keHHs. TakuM 4MHOM, HeOoOXimHO BupinryBaTu 3amauy FSI ms
TJIACTMHY B BOZ| ITiJ, Ai€I0 TIepioAMYHOTO HAaBaHTAasKEHHST 7 YMCJIO pa3 Ajisl OOy I0BYU
AUX. 3a AUX BM3HAUa€MO pe30HaHCHY YaCTOTY KOJIMBAHb IVIACTUHM.
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Ha pucynky 5 npencraBieHa AUX 11 po3IJISHYTOTO BUIIAJIKY, ITOOyI0BaHa I10
30 Toukax. [lepiognyHe HaBaHTaKeHHSI NMPUKJIAAETHCS HA OJHY 31 CTOPIH IUIACTUHU
B HaCTYynHOMY BuUrisafi P = Fsin(w, -t), ne F, =250 Ila - moyaTKOBUI TUCK, @, - Ya-
CTOTM MepioAMYHOI HaBaHTaxkeHHS, i =1...30.

3 HaBeJeHOi Ha pUCYHKY 5 AUX MOXeMO BU3HAUUTU PE30HAHCHY YaCTOTY KO-
JMBaHb IJIACTUHYU B BOAi. Y HAIIOMY BUIIa[Ky P€30HAHCHA YaCTOTa - 1le 4acToTa, Ha
SIKiV 1OCSTaeThCs MaKCMMa/IbHA aMIUIITya KOJIMBaHb IUIACTUHU. TaKuM UMHOM, pe-

30HAHCHA YaCTOTa KOMMBAHb [UIACTMHM B BOJi Ma€ 3HAYEHHS @, = 20,23 pao/ c.

—s—arnphbtude 55

0.0
0.2
0,020 7
0415
0,010

0,00
[E] 5 1] 5 i ¥5 ] 35 40 43

e

PucyHok 5 - AUX Ko/nuBaHb IJIACTMHY B BOZ ITiJT Ai€l0 IepioAMyHOi HaBaHTaKeHHSI

SIK 3a3HAYA/IOCS BUILE, 3HAHHS BJIaCHMX YAaCTOT KOJIMBAHb IIJIACTMHU B MOBITPI i
BO/JIi HEOOXiIHI JJ1sT OIiHKYM IPUEIHAHMX MacC PilMHY HABKOJIO IJIACTUHU IIPU ii KO-
nuBaHHIX. OlliHKa TPOBOAUTHCS 3@ HACTYITHOIO (GOPMYJIOI0 [2]

W, ~ , “)

1+i
m

*2
,
A= _1|m,
a)O

e a)o - TIepllia YacToTa BIIbHMX KOJIMBAHb KOHCTPYKIII B MOBITPI, @, - Iepila yac-

TOTA BiIbHMX KOJIMBAaHb KOHCTPYKIIii y BOAi, m - Maca KOHCTPYKLUii. Y HAlIOMy BU-
naaky m=15,7 kr. ITigcTaBUBIIM BCi OTpMMaHi 3Ha4eHHS 3MiHHUX B (Gopmyny (4),
OTPMMAa€EMO 3HaUYEeHHSI IPUEIHAHOI Macy BOAM IIJIACTVMHU NPU KOJMBAHHSX Mif Ti€0
iMITy/JIbCHOTO HaBaHTakeHHs A =3,61 Kr.

Ockinbku 3aBgaHHs FSI B cumy cBO€l pupoau JOCUTh peCYpCHOMICTKIi, TO pi-
IIEHHS 7 4YMCila TaKUX 334a4 PO KOJIMBAHHS IUIACTUHU B PIAMHMU Mif Oi€l0 Pi3HUX
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HaBaHTakKeHb, OO AOCTIANTY HANpyKeHO medhOpMOBaHMII CTaH KOJMBAIbHOI CHC-
TeMM, He y>Ke 3pyUYHUit MeTol. BUHMKAE MUTAHHS, UM MOXXHA YHUKHYTU BUPillIeHHS
3aBgaHb FSI i 3HaiTKU GiNbII MPOCTUI CIIOCIO BUpilleHHS 3aBIaHb PO KOJMBAHHS
KOHCTPYKIIili B pigvHNU. OCKJIbKM BiloMa OIliHKAa NPpUETHAHUX MAC BOOU MJIACTUHMU,
TO MO>KHA TIPUIYCTUTHU, 1[0 JaHA MpUEIHAHA Maca BOOM PO3MNoAijieHa HaBKOJIO IJia-
CTUHM PiBHOMIpPHO i 3 ypaxyBaHHSIM ILbOTO (haKTy MOXKEMO BMKOHATM TrapMOHIiHMIA
aHasi3. Aje CJ1iJI 3a3HaUYMTH, 110 Maca IVIAaCTMHY B CMJIY HASIBHOCTI ITpUEIHAHOI Macu
BOJIM 30ibIIMIACS HA BeIMUMHY A , TOOTO

m, =m+A=157+3,61=19,31 xr.

V 3B'SI3KY 3 TUM, III0 0OCSIT TUIACTUHM ITOCTi/iHMIA, a Maca 3MiHWIaCs, 3MiHWIaCS
1 IIiJIBHICTD IJTACTUHU
m,. 19,31

HO8

— 9655,
V0,002 M

Ternep MokeMO IPOBECTU TAPMOHIMHNUI aHaJIi3 TJIACTUMHU 3 HOBOIO IIIIbHICTIO
MaTepiany i mooymyBaT AUX KOMMBaHb IJIACTMHY 3 YpaxXyBaHHSIM HasIBHOCTI Ipue-
JHaHOI Macy BOJMN.

Sk 6y/10 3a3HaYE€HO BUIIE B CHJIy HAsSIBHOCTI B'SI3KOCTi Boja aeMIIpye aMILIiTy-
Iy BiIbHUX KOJMBaHb IIAaCTUHM. TakKuMM UMHOM, OJIs1 TOTO 106 MOsKHA OyJI0 TOpiB-
HIOBaTY pe3yJbTaTu cepii 3aBgaHp FSI i rapmMoHiifHOro aHasi3y, OCTaHHiiI HEOOXiTHO
MO/Ie/IIOBaT 3 ypaxXyBaHHSIM JeMndipyBaHHSI B MofeJi. [lemndipyBaHHS I po3-
PaxyHKOBOI MO/JieJli TapMOHifHOTO aHasli3y OyeMo BM3HAuUaTy 3a JOIOMOTOI0 KOHC-
TaHT Penes o i [ . Matpuiist nemndipyBadHs [C] po3paxoBY€eTbCSI 3 BUKOPUCTAHHSIM
LIMX KOHCTAHT Yy BUIJISIAI MHOKHUKIB 1711 MaTpuili Mac [M] i matpuii )xopctkocTi [K]

[Cl=a[M]+B[K].

KoedimieHT @ Mae Ha yBasi ITii cO00I0 HASIBHICTb B CUCTEMi iHepIiaJbHOTO
nemndipyBaHHs (B'ss3koro TepTs). Koeditnient £ omucye nemrdipyBaHHS, OB 's13a-
He 3 eHepreTMYHMMM BTpaTaMM (KOHCTPYKUIiMHY), 3yMOBJIEHMMU CUJIAMU CYXOrO
(KyTOHIBCbKOTO) TepTs. 3HaueHHS koedillieHTiB « i [ 3a3Buyaii MpsIMO He BU3Ha-
YaloThCSl, ajle PO3PaxoBYIOThCS 3a Koedinientramu nemndipysanus &. £ - BimHo-
meHHs1 PakTUUYHOTO AeMIibipyBaHHS A0 KPUTUUHOTO AeMIipipyBaHHS AJ1s1 KOHKPeT-
HOro pexkuMmy Bibpaiiii. Kputuute nemndipyBaHHSI BU3HAUAETHCS SIK TPaHUYHE 3HA-
YeHHSI MiXK KOJIMBAJIbHOIO i He KOJMBAJIbHOIO IOBEiHKOIO, e KoedilieHT memridi-
pyBaHHS OAMHMLI. SIKIIO @, - BJIAaCHA YacTOTa MOAM KOJIMBaHb k , TO « i 3 3a#0Bo-

JIHSIIOTh HACTYITHOMY CITiBBiJHOILIIEHHIO
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@ Po_ .
20, 2

B Hamomy Bumnajky KoedinieHt gemmndipyBanHs mae 3HaueHHs & =0,0422.

Bpaxyemo B uuMceNbHiii MOMAesIi rapMOHIfHOTO aHaji3y iHepiliiiHe memIidipy-
BaHHS (B'sI3Ke TepTs), TOOTO, HEXTYIOUM BeIMUYMHOIO KoedillieHTa [, BU3HAUMMO
3HaueHHd KoeQillieHTa o y BUITAAL a =20, ¢.

Y HalloMy BUIIaAKY OOCJIKY€EThCS Tepliia MoJa KOJMBaHb IUIACTUHU, TOMY
IJ1s1 BUSHAUEeHHs KoedillieHTa & CKOPUCTAEMOCS TepIIol YacTOTO KOJMBAHb TIa-
CTMHMU B BOJ|, [0 Ma€ 3HaueHHsI @, = 24,237 pad/c. B pe3ynbTaTi 06uncieHb Koe-
dimieHT o mpuiimae 3HaueHHsS o = 2,046 . BUKOPMCTOBYIOUM OTpUMAaHi ITapaMeTpu
nemrndipyBaHHSI B UMCeIbHOI MO/ TapMOHIHOTO aHali3y 3 ypaxXyBaHHSIM IIPUET -
HAHOI Macu Boau, oTpuMaeMo AUYX KoauBaHb i MopiBHSIEMO e 3 AUX, oTpumaHoOi
pimeHHSIM cepii 3aBgaHb FSI g1 BuMyllleHMX KOJIMBaHb IJIAaCTMHY B BOJIi. Pe3ynbTa-

TU TAPMOHIIHOTO aHaJIi3y HaBeeHi Ha PUCYHKY 6.

—— amplEude,F5 = A ) HE Y P CTI

BT HEREIEY MR AT A B UEHTE MABLTH

= RaACCd el pedaie-E DEEHOME R0

oaT

ooa7

0.cd7

ooz

3 [} 13 L] FE IE 23 EL]
PucyHoK 6 - IlopiBHsIHHSI AUX, oTprMaHOi 3a 0noMororo cepii 3aBganb FSI i AUX,
OTPUMAaHMX 3 AOIOMOI0K FapMOHIITHOTO aHali3y
JIJIST piSHUX BapiaHTiB pO3IOAiTY NIPUESHAHOI Macu BOOU

Kpim piBHOMipHOro po3Ioisy mIpuegHaHOI Macyu BOIYM HaBKOJIO IUIACTUHU OY-
JIX PO3TJISIHYTI BUITaAKM, KOJIM 3aJyyeHa Maca MOMillla€ThbCs HaBepX, BHU3 i B LIEHTP
TJIACTUHUA.

BucHoBKM. BoueBub, 1110 B peayibHOCTI IIPM KOJIMBAHHSIX IIACTMHM B BO/Ii Oi-
JIBIINI 06CAT IPUENHAHOI MacK OyIe HaKOMMUYBaTHUCS HAropi ractuHu. 3 rpadika
Ha PUCYHKY 6 BUIHO, AUX mpu po3mnonisi nmpuegHaHOI Macu BOAU 3BePXYy IUIACTUHU
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Mae Pe3OHaHCHy 4actoTy @, =19,89 pad/c 61m3bKy A0 PE30HAHCHIN YaCcTOTi st
AYX, mobymoBaHOi MeTOIOM BUpillleHHs cepii 3aBmaHb FSI, w, = 20,23 pao/c. Ta-

KM YMHOM, JIs1 TapMOHIIfHOTO aHaji3y rnepenbavyaeTbCsl BUKOPUCTOBYBATY JAaHUIA
PO3MOIiA MpUEAHAHUX Mac Boau. TakKOX MOXeMO 3pOOUTU BMCHOBOK PO Te, IO
MeTOJ, TapMOHITHOTO aHaji3y 3 JOJaBaHHSIM IPUEAHAHOI MacK BOIY MOXXHA BUKO-
PUCTOBYBATM Ha HU3bKUX BJIACHMUX YaCTOTaX KOJIMBaHb 10 pe3oHaHcy. Ha Bcix iHImMx
BJIACHMX YaCTOTAaxX KOJMBaHb BUKOPUCTOBYBATY METOM, TapMOHITHOTO aHaTi3y 3 ypa-
XYBaHHSIM IIPUEIHAHOI Macu BOIM He peKOMeHAyeThesl. Po36iskHicTh AUX criocTepi-
raeThCs yepes Te, 110 B peajbHOCTI BOJIa He pO3IOAi/JieHa Mo MIaCcTUHI piBHOMIpHO, a
3HAXOAUTHCS B MOCTiIHOMY PYCi HABKOJIO TIJIACTUHM.

PimmeHHs1 3aBAaHHS MPO 3MYILIEHI KOJMBAHHS TVIOCKOI TUIACTMHU B PigUHU A0-
IIOMOXe B IOJAJIBIIOMY IMEpPeiTU MO0 MOCTiIKeHHS B3a€MOAii OiIbII CKIATHUX
00’€eKTiB 3 BOLOIO.
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Analysis of a computer model of the behavior of a thin plate immersed in a liquid

Modeling the oscillation of a steel plate in water under the action of loads to assess the
safety of the structure is an urgent task of modern times in the design of structures. The aim of
this work was to study the behavior of a plate immersed in a fluid that makes forced oscillations
under the action of an applied load; the mechanism of behavior of this interaction and the
determination of the connected masses of the fluid. Knowledge of the connected masses helps to
assess the effect of the liquid.

In this work, the oscillations of a steel plate in water under the action of two types of loads
were studied. For the harmonic analysis of the oscillations of the plate, our own frequency
response was constructed, which was compared with the frequency response acquired by the
method of solving a series of FSI problems. From the comparison of the obtained frequency
response it is concluded that it is possible to use harmonic analysis to study the stress-strain
state of the plate during its oscillations.

Since FSI problems are quite resource-intensive due to their nature, solving a number of
such problems about plate oscillations in a fluid under various loads to study the stress-strain
state of an oscillatory system is not a very convenient method. The question arises as to whether
it is possible to avoid solving FSI problems and to find a simpler way to solve the problems of
vibration of structures in a fluid. Since the estimation of the attached water masses of the plate
is known, it can be assumed that this attached water mass is distributed around the plate evenly
and in view of this fact we can perform a harmonic analysis.

Due to the viscosity, water dampens the amplitude of free oscillations of the plate. Thus, in
order to be able to compare the results of a series of FSI and harmonic analysis problems, the
latter must be modeled taking into account the damping in the model.

The method of harmonic analysis with the addition of the attached mass of water can be
used at low oscillation frequencies. At all other oscillation frequencies it is not recommended to
use the method of harmonic analysis taking into account the connected mass of water.

OmutpieBa Ipuna CepriiBHa — K.T.H., JOLIEHT, TOLIeHT Kadeapyu iHGopMaliliHuX
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V.P. Ivashchenko, G.G. Shvachych, O.V. Ivashchenko, L.F. Sushko
HIGH- PERFORMANCE MULTIPROCESSOR SYSTEMS

Abstract. The paper is devoted to the modeling of high-performance multiprocessor architecture
for data processing systems used to solve problems with an expandable calculations' area. The
proposed system is characterized by high reliability and high energy efficiency. The system
contains a separate reconfigurable network for the exchange of data between computing nodes,
managed switches. The system also provides network booting nodes and redundancy
mechanism of key components.

Keywords: multi-processor computer system, managed switches, reconfigurable network, compute
nodes, memory buffers, components of a computer system.

Problem statement. The need in high-performance computing in the world
belongs to the fundamentals of the strategic potential and has important scientific,
technological and national economic significance. To date, there are two basic
methods of increasing productivity and performance of computing systems: the use
of more advanced element base; parallel execution of computational operations.

The first method involves a very significant investment. Experience of the firm
CRAY, which has created a supercomputer based on gallium arsenide showed that
the development of a fundamentally new element base for high performance
computing systems is a daunting task even for such big-name corporations. The
second method dominates after the announcement of the government program
"Accelerated Strategic Computing Initiative» (ASCI) in the United States.

Given the above, we note that in recent years the process of creating high-
performance systems developed mainly in one direction: combining many parallel
processors for the solution of a large and complex problem [1 — 5]. In this regard, one
often identifies today a concept between a supercomputer and parallel
(multiprocessor) computer system. To build supercomputers one takes serial
microprocessors provided with their local memory and connected via a
communications medium. This architecture has many advantages: if necessary, one
can add processors, increasing the productivity of the cluster; if financial resources
are limited or the necessary computing power is known in advance it is easy to select
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the desired system configuration. The name of such systems emphasizes
theoretically unlimited scalability devices of this class.

Analysis of ways to develop high-performance systems shows that the real
turning point in mastering the parallel computing technologies can be achieved in
the developing of additional (actually base) level in the hierarchy of capacities of
hardware multiprocessor computing systems MPP-architecture or the personal
computing clusters. Thus, it is proposed to establish the foundation of the pyramid
hardware technology for parallel computing as personal computing clusters similar
to the existing instruments with traditional technologies in the form of sequential
computations as the PC. As computers have ceased to be exotic after widespread of
the PCs as well mastering techniques of parallel computing is only possible as a
result of widespread use of the PCs. In this case, if the beginning of the common use
of PCs belongs to the other half of eighties , the mid-first decade of XXI century
should be considered the beginning of the spread of personal calculable clusters in
the form of multiprocessor computer systems with distributed memory. Scope of
these systems' application is very wide: mastering the parallel computing
technology, creation and debugging of parallel programs, including problem-
oriented packages and libraries, as well as run of the model developed software.

This paper shows that the problems that arise when developing parallel
computing systems usually are paramount and require in-depth study and research.
Indeed, a distributed (parallel) computer modeling covers the entire spectrum of
modern computing: supercomputers, cluster computing systems, local and wide area
networks, etc. In addition, distributed modeling permits to solve problems that
require large amounts of CPU time to integrate mathematical models processed on
different (including geographically distant) computer systems. In this regard the
problem of designing computing clusters, as well as the development of numerical
algorithms for parallel processors are relevant and paramount.

The work is devoted to the modeling of high-performance multiprocessor
architecture of data processing systems used to solve problems with the expanding
field of computing. At the same time there is difference grid dimension M; time of
computing the problem by using a single-processor system is determined by the
value t. This parameter is not determinative. The principle is increasing of the grid
size, wherein more than one that may be processed in the memory of one processor.
This procedure is decisive for a more detailed calculation or getting some new effects
of the investigated processes. To solve this class of problems we propose multi-
processor system which is characterized by high reliability and high energy
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efficiency. The technical result is achieved due to the fact that the system contains a
separate re - configurated network for the exchange of data between computing
nodes, more manageable and running in parallel switches, the intermediate buffer
memory switches. Such a system also provides nodes' network booting and the
mechanism to reserve key components.

Analysis of recent research and publications. In modern conditions the
cluster systems are constructed by use of computing nodes based on standard
processors connected by high-speed system network (interconnect), and, usually, by
auxiliary and service networks. However, in recent years the leaders in
manufacturing hardware computer technology offer a form factor: in particular, the
companies IBM, LinuxNetworx and others have at their disposal a cluster solution
built on the basis of so-called blade technology. In the practice of parallel computing
the following problem is considered: there is difference grid dimension M,
computation time when using a single-processor system is determined by the value
t. This parameter is a decisive and critical. Principle is to reduce the time for solving
the problem [6]. Nevertheless, it should be noted the following disadvantages of a
multiprocessor system:

1.Low real productivity solutions of strongly coupled tasks .

This disadvantage due to the fact that the peak performance of the compute
node is equal to 37.28 GFLOPS, and the communication environment for all nodes in
the cluster system could exploit one Gigabit network.

2. The high cost of the system.

Lack of is predetermined by application processors specialized components,
housings format 1U/2U, specialized air conditioning systems, high-power UPS
systems, and more.

3. High power consumption and high operating costs of the system. The reason
is the need for high energy consumption for infrastructure the entire cluster system
(8 kVA, 10 kVA),which increases the cost of holding the cluster. To create conditions
for the reliable operation of the cluster we need to reserve the necessary components
to form a cluster, and this, in turn, increases the cost of operating a cluster system.

4. Complexity of the cluster operating.

The reasons for this lack can be explained by two factors. Firstly, there is a need
to retain staff of certified specialists for adjustment, operation and maintenance of
the cluster system. Second, the operating system is installed on each of the compute
nodes, so in the event of failure or the need for changes in the system or software
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one has to migrate each node separately. All this leads to an increase in system
downtime [2, 7, 8].

It is also known that the efficiency of the parallel computations significantly
depends on many factors, one of the most important is the specificity of the data
transfer between neighboring nodes of a multiprocessor system, because this slowest
part of the algorithm can negate the effect of increasing the number of processors
used. These questions considered to be critical in the process of modeling of a wide
class of problems with the help of modular multiprocessor systems and today these
are being addressed by many researchers.

In practice of parallel computing the known module of a high effective
multiprocessor system on high alert contains one master node (MNode001) and five
slave-computing nodes (NNode001, NNode002, NNode003, NNode004, NNode005),
three controlled switch (SW1, SW2, SW3), intermediate buffer memory switches, re-
configurated network for the data exchange between computing nodes, virtual LAN,
the redundancy mechanism of key components, and also provides network booting
nodes [9]. Commutative network multiprocessor computing system operates in two
modes: having topology of the star type or of the circle one. This cluster system is
based on blade technology. It is a densely packed module processor of a blade type
installed in the rack. The rack inside contains nodes, devices for efficient connection
of the components of the control equipment internal network systems, etc. Each
blade cluster runs under its copy of the standard operating system. The composition
and output nodes may be different within the same module, and a homogeneous unit
is considered in this case. The interaction between the nodes of a cluster system is
installed using the programming interface, i.e. specialized function libraries. In
designing the multiprocessor system special attention was paid to the possibility of
extension or modification of the cluster in the future.

Among the disadvantages of such a system we can call:

1. Inability to use such a system for solving problems with an expandable
calculations' area. The disadvantage is predetermined by the fact that the
communication environment for all nodes of a cluster system is designed to use one-
gigabit network. In solving problems with an expandable area calculations we will
meet the overload of network resources of the system as so the processors will be
forced to idle and the system will work only on the organization of the data
exchange between its nodes.
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2. Low real performance for tightly coupled tasks. This disadvantage is
connected in a one-gigabit network latency at which most of the time will be spent
for data exchange and synchronization .

3. Limited and specially oriented range of problems that can be solved with the
help of such a system. This disadvantage is due to the fact that the solution of
problems with using commutative computer network system is based only on the use
of two modes. The first mode simulates the network star — topology, the second
simulates the circle-topology t. These modes are oriented to implement data
exchange limit depending on a restricted class of problems solved by the proposed
cluster.

4. Limited expandability of a multiprocessor system. The reason for this
deficiency is caused by using one-gigabit network, so during expansion of a cluster
system the number of its blades will be limited because of an overload of network
resources.

Unsolved part of the problem. The existing multiprocessor computing
systems are not focused on solving tasks with an expanding field of computing.
Acting methods of analyzing the effectiveness of multiprocessor systems do not
allow to determine the optimal number of nodes to solve the mentioned above class
of problems. At the same time the proper development studies on the analysis of the
influence of the network interface on the efficiency of such systems have not
acquired. In addition, for evaluating the effectiveness of a computer system the basic
analytical relations through the parameters of the studied system are not presented.

The purpose of the study is to provide a multi-module computer system, the
real efficiency and productivity of which would peak at solution strongly coupled
problems and problems with an expanding field of computing. And in addition, the
system must have high reliability and high energy efficiency. Units of the claimed
device must be equipped with the help of computer technology of mass production.
These solutions allow to design the claimed system in universities, research
organizations, research centers. Due to the significant demand for blade
configuration systems within the domestic market the further development of blade
technology for the construction of the cluster computing system should be
acquired.

Main research material presentation

Design features of the multiprocessor system. Multi processor module system

includes one master node (PM001) and slave-computing nodes (PN001, PNO002,

PNO003, ..., PNOON), two controlled switches (KGI, KIB), intermediate buffer memory
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switch KGI, reconfigurated network for communication between computing nodes,
VLANs core redundancy components and also provides a network boot nodes.
Commutative multiprocessor computing system operates in six modes: star, circle,
ruler, complete graph, grid, lattice closed. These modes have been focused on the
implementation of the limit data exchange representing the particular problems
which are solved using the proposed system. Figure 1 shows its block-diagram.
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Figure 1 - Block diagram of the multiprocessor system

As a model we chose a single unit which represents a computing cell enclosure.
Thus, if necessary, several units can be placed in a single housing; on the other hand
such an approach provides a compact, successful cooling and easy access to the
sockets and elements of the target board,. The computing system includes a vertical
arrangement of motherboards, parallel to each other, the second way corresponds to
the idea of "Blade" - servers.

After the OS downloading the access to the multiprocessor system can be
obtained from the standard network protocols (telnet, ssh, rsh), as in the case of a
usual PC. In this case, for the organization of a supercomputer based on a working
PC and multiprocessor system we require only a network connection between them
which can be arranged with the help of topology "point - to- point."

Features of functioning of a module in the multiprocessor computer system

After the power supply to the power supply master node (ATXm) and external
signal START of control module POO we notice the startup and initialization of the
master node module system. Loading of operating system directly can be performed
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either from the hard disk or CD / DVD-devices. After downloading of the operation

system the specifically oriented configuration script that sets up the work of DHCP-
server also runs. In addition the number of computing nodes of the system is
determined on this step and, if necessary, there is access to the Internet
environment or to an external network. Also the basic parameters are determined.
Consistent power supply to (ATX1 — ATXN) and initialization of slave-nodes reduces
the required power for unit UPS, runs all the computing nodes and slave-load
operating systems in them. After downloading and debugging of all computing
nodes of the cluster the appropriate script is finalized and the system is ready to
perform parallel computations.

Master node (PMO001) through the switch KGI provides the direction of data
related to the management, diagnosis and downloading of the tasks' conditions. In
turn, the slave-nodes respectively to the solving algorithm, implement the mode of
computation required. Exchange of data between computing nodes is organized as a
separate network with the help of a managed switch KIB. To maximize the efficiency
of a cluster system, we have to reconfigurate the second network structure
respectively the specifics tasks. Send / receive data in slave-nodes takes place
without buffering using a managed switch IB. Intermediate and final results of the
calculations are sent to the master node via a managed switch Infiniband KIB. In this
case, management and transfer of relevant data from the slave-node occurs at using
the AC adapter HCA (Host Channel Adapters). Directly data storage for further
processing is performed via the AC adapter TCA (Target Channel Adapters).

Features of functioning for a module multiprocessor computer system

At the first stage of the research we consider how to build the interface and
what are the main modes of operation. For convenience we note that the computer
network system has two main characteristics: bandwidth and latency. The capacity
of the computer network is defined with the speed of data transfer between two
nodes latency refers to the average time that elapses between a function call and
data transfer itself. It is usually spent on addressing information, triggering
intermediate network devices and other network situations arising during data
transmission.

In general, we note that the capacity and latency not only characterize the work
of the cluster, these characteristics also influence on restriction of the class of
problems processed by using the cluster. So if the problem involves an intensive
exchange of data sent packages having a small volume the cluster equipped with a

network interface with a high-latency will spend a lot of time to establish a network
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connection, and less time to transfer data between nodes in the system. Under these
conditions, the nodes in a multiprocessor system will be idle and parallelization
efficiency will be significantly reduced. On the other hand, if data packets are large,
the effect of latency on the system efficiency may be reduced due to the fact that the
transmission takes considerably more time than the establishment of the
connection. In this regard we consider the ramifications of choosing the network
interface for the design of a modular multiprocessor system and following items
describe each element of equipment and features of its functioning.

Network cables. For network management, diagnostics and loading we use the
network technology GigabitEthernet . It introduces standard 1000BASE-T, IEEE
802.3ab which uses a twisted pair category 5e for communication. InfiniBand copper
technology applicable in the switching network communication between slave-
nodes of a multiprocessor system .

AC adapter. For this purpose, you can use network cards that supports the
standards InfiniBand. In the design of the proposed multi-processor systems priority
was given to the adapter company Mellanox MHQH29C-XTR. Network cards from
this company have significant affect on the performance of network
communications. Each blade of the processor system includes four dual-port
adapters (IB1 — IB4, figure 1). The main features of these adapters are: such
adapters with support for the virtual protocol VPI (Virtual Protocol Interconnect)
provide the most flexible and high-performance network connections for high-
performance computing systems. Thanks to this multiprocessor system offers high
performance, high-speed access to the network and storage resources, guaranteed
bandwidth and low latency.

In addition, the adapter of MHQH29C-XTR type support data rates up to
10 Gbit / s per channel and may contain the serial control interface. Copper cable
interface has the same performance as an optical one but has a lower price.

Switch. This is one of the most important devices of the network interface in a
multiprocessor system which implements the aggregation and switching network
channels. We use the 36-port switch Grid Director 4036 type of Mellanox (Voltaire)
company with the capacity equal to 40 Gbit/s In the proposed multi-processor
system.

This device relates to switches intended for the construction of high-
performance multiprocessor systems based on copper compounds. They maintain a
standard set of network technologies: in particular virtual network traffic
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prioritization, port trunk, multicast filtering, scaling to thousands of nodes and
others.

Switch family manufacturer Mellanox for InfiniBand provides for superior
performance and port density. It allows you to create the most cost-effective and
scalable network commute ranging in size from small clusters to clusters having tens
of thousands nodes. These switches can also transmit converged traffic by
combining guaranteed bandwidth and great facilities of extended QOS which
provides the highest system performance.

Computational experiments. Features of development of parallel
computational algorithms for the personal calculable cluster is in detail covered in.
The effectiveness of the proposed approach for the computational experiments
confirmed the decision of problems of non stationary heat conduction, some aspects
of inverse problems of modeling study of thermal properties of materials, the
prediction problem of ecological systems under the influence of natural and
anthropogenic factors. In addition, the developed multiprocessor system has been
used for a more detailed calculation and for obtaining some new effects of the
investigated processes. Parallel circuits for numerically analytical visualization of
vectors' solutions are disclosed in. The resulting isolines mark smoothness and the
proposed approach makes it possible to build a minimum of work on the input and
output data of the investigated class of problems. Furthermore, since the values of
the basic grid nodes are arranged in region, the layer hour operation does not
communicate with each other. Therefore, the calculations for constructing graphs or
isolines can be executed in parallel and simultaneously.

Conclusions

Introduction to the multiprocessor system having standard InfiniBand of a
separate computer network for data exchange and implementation of mechanisms
for aggregation network interface and support for VLAN, specially organized for the
modes of data exchange in the network managed switch KIB, and developing a
network boot mode processors and the redundancy the key components mechanism
module enabled:

— firstly, to receive the following priorities through the application of
InfiniBand technology: low latency, scalability, redundancy, the possibility of
selecting the required velocity from a given speed range which in turn allowed to use
the designed system to unleash to decouple the strongly coupled tasks and the
tasks with the expanding field of computing ;
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- second, to modify the configuration of the computer network adapting its
structure to meet each specific type of tasks through a terminal or a WEB-interface;

- third, to execute the direct exchange of data between main memory nodes of
a multiprocessor system due to the formation of a separate computer network with
link aggregation and VLAN implementation mechanisms using application RDMA
(Remote Direct Memory Access) technology and InfiniBand opportunity. It is possible
to increase the speed of computation while unleashing tasks, provide high-speed
access to the memory of the cluster nodes and data exchange between them, relieve
the CPU for data exchange and reduce the bandwidth that extends between the
nodes in the cluster;

— fourth, the use of adapters ConnectX provided new connective opportunities
for different computing environments. This determines the increase in productivity
throughout the computer system and allows to offload the CPU from the InfiniBand
service traffic;

- fifth, to increase the effectiveness of the cluster system, adapting the
structure of its network to the outbreak of the goals of each type;

- sixth, to simplify the design, build or replace the cluster nodes that are out
of order, due to modularity, and also to simplify the work and operation of the entire
system.

Prospects for further research in this scientific direction the authors see in the
coverage of issues related with the study of computing in a multiprocessor system
slow because of its expandable memory. There occurs the need for increased
computing power of the system to decouple a certain class of applications. Founded
principle of modularity can increase performance of the computer system through
the addition of new slave-nodes. The authors consider it expedient to introduce the
corresponding analytical expressions for calculating the efficiency of the claimed
computer system. This would allow researchers to choose the most effective
configuration of a multiprocessor system and its modes of operation. The authors
intend to address such study in the next publications.
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C.I1. MiHees, JI.A. Hosikos, I[I.M. CamornaneHko, P.B. MakapeHKO

OCOBJINBOCTI PO3PAXYHKY BUTOKIB IIOBITPS YEPE3
BUPOBJIEHUI ITPOCTIP BYTUIbHUX HIAXT

AHomauis. Y cmammi po32isaHymo 3aKOHOMIpHOCMI pyXy BUMOKIB nosimps 4epe3 supobieHuli
npocmip ByeibHUX waxm. HagedeHo pe3ysnbmamu po3paxyHKy pe3ynbmyrdux wsuokocmel
BUMOKIB NOBIMPS 8 1aBT Ma MPAEKmMopil AiHili cmpymy y 8UpobeHoMy npocmopi npu npsamo-
MOYHIl ma noBopomHili cxemax npoBIMPIOBAHHA BUIMKOBOT 011IHYI. [Ipu nposedeHHT po3paxyH-
KiB BUKOPUCMOBYBABCA NHIUHUU ma 080YNeHHUU 3aKOHU inbmpayii 2a3y 3 ypaxyBaHHAM 3MIHU
nopucmocmi ma numomoz20 aepoouHaMiyHo20 onopy BupobaeHo20 npocmopy. BcmarossneHo,
Wo 8NaUB Cu THepyii npu3sooUMb 00 3HUXEHHA pe3ybmydux WeudKocmel BUMOKI8 nosim-
pA. OmpumaHi pe3ynemamu 00380A5t0mb 30ilicHUMU BUGTP PAYTOHANBHUX CXeM mMa pexumis
NpoBIMPIOBAHHS 0715 3HUXKEHHS 302a308AHOCMT BUPOOOK.

Knro4osi cnosa: sBumoku nosimps, NiHii MoKy, 8upobaeHull npocmip, ¢inempayis, nopucmicms,
2padieHm MuUCKy, cxemu NPosiMpIOBAHHSA, 21PCbKT NOPoOU

IToctaHoBKa mpoo6siemu. BUTOKM TOBITps uepe3 Bupobiaenuii mpoctip (BIT)
BYTiJIbHMX IIaXT BUHUKAIOTH IIiJ, Ji€l0 TpafieHTa TUCKIB i ctaHOBISATh 40+80 % Bin
KiJIBKOCTI MOBITPS, 110 HAAXOAUTb HA BUIMKOBY IUJISTHKY. IHTEHCMBHICTh BUTOKIB 3a-
JIEKUTH Bif, mpoHMKHOCTI BII, BemumHM nernpecii y BUpoOKax, sSIKi OKOHTYPIOKIOTb,
BUKOPUCTAHOI CXeMM IPOBITpIOBaHHS Ta iHmMX (akTopiB. [IpM 1poMy edeKkTus-
HICTh MPOBITPIOBAHHS BU3HAYAETHCS CYMapHMMM BTpaTaMu MOBITPS, WO HaAXO-
InTb. Pyx BUTOKIB uepe3 BIl mpu3BOoAUTH 10 pO3BeeHHS METaHy Ta 110ro BUHOCY Ha
BEHTWISILIMIHMI IITPEeK Y BUT/SAI MeTaHOIOBITPSIHOI CyMillli 3 KOHIIeHTpalli€lo Me-
TaHy Bing 2,5 7o 15 %. Lle Moxke TIpU3BOAUTY 10 3ara30BaHOCTI BEHTWISILIIAHUX BU-
po6OK 3 OpMYBaHHSIM IIAPOBMX Ta MiCLIEBUX CKYITUEHb, i SIK HACJTiJOK OO0 BUOYXiB
MEeTaHOIOBITPSIHMX CyMillleii Ta WaxXTHUX Noxex [1]. Tomy Bu3HavYaJibHUM (aKTO-
pPOM € cxeMa IMPOBITPIOBAHHS, 1110 BUKOPUCTOBYETHCS.

[Tpouec pyxy BuTOKiIB OBiTps yepe3 BIl € HeJOCTaTHbO BUBUYEHUM MUTAHHSIM.
Ile 3yMOBJIEHO CKJIAJHICTIO TIpOBeIeHHS 6e3mnocepegHiX BUMIpiB ycepenuHi
BIT [2, 3]. TpaekTopii /MiHii1 TOKYy BUTOKIB MOBITPS, iX HAMPSIMOK i WIBUIKICTb PYXy
BJM3HAYAIOTHCSI XapakKTepoM 3MiHM abCOJNIOTHOTO TUCKY IO JOBXMHiI BMPOOOK, IO
OKOHTYPIOIOTh, i MPOHMKHICTIO BIl. ¥V 3B'93Ky 3 MM akTyaJbHUMM 3aBIAaHHSIM €
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OTpUMaHHS 3aKOHOMipPHOCTE pyXy BUTOKIB MOBIiTps uepes BIl 3 ypaxyBaHHSIM #10r0
dinbTpaniiinux mapametpis. Ile mo3Bosisse BMOpaTH pallioHaJabHiI CXeMU Ta PEeKUMU
MIPOBiTPIOBaHHS, 1110 3a0e3meuye 3HVKeHHS 3ara30BaHOCTi BUPOOOK.

AHasti3 ocTaHHIX JOCTIIKEeHbD i myoOuTikarii. [Joc/IimkeHHIO PyXy BUTOKIB I10-
BiTps uepe3 BII Ta po3pobiii MeTOdIB iX pO3paxyHKY IPUCBSIUEHO BeJIMKa KibKiCTh
po6iT. 3okpeMa y poboTax [4, 5] ipu MobynoBi /iHil TOKY BUTOKiB ITOBITPSI BUKOPUC-
TOBYBa/IMCSI €JIeKTPUUHI Ta rizpomyHamMiudi mogesi. OgHaK y IMX poOboTax BifCyTHi
aHATITUYHI 3a71€XXHOCTI, SIKi OMUCYIOTh PyX BUTOKIB Ta He HaBeJleHO OOIPYHTYBaHHS
MOSKJIMBOCTI iX pery/toBaHHs. Y po0OoTi [2, 6] HaBegeHO aHa/IITUYHMIA Ta rpadoaHa-
AiTUYHUI MeToIM OOYIOBU JIiHilt TOKY BUTOKIB MOBITPsi. MeToau 6a3yl0ThCs Ha 3a-
KoHi dinbTpaiiii Iapci. Hegonikamyu MeTOIiB € HETOUHOCTI P OTPMUMaHHi PiBHSIH-
HSI TPAEKTOPI JiHIN TOKY. KpiMm TOro, He BpaxOBY€ETbCS BiAXMUJIEHHS Bif KTaCUUHOTO
3aKoHY ¢inbTpaiiii rasy y BII.

MeTa po6OTH — IOCTiIKEHHSI 3aKOHOMipHOCTEl PyXy BMUTOKIB MOBITpS yepe3
BUPOOJIEHMIA MIPOCTIP 3 ypaxyBaHHSAM Jioro QifbTpaliiiHMX MmapameTpiB Ta Ailovyoi
CXeMM IPOBITPIOBAHHS.

BuKknageHHsI OCHOBHOTO MaTepiany mocaigskeHHs. [IpoHukHicTh BII Bu3Ha-
Ya€THCS PO3MipamMy HIMATKiB TipCbKUX IOPif, CTylleHeM 1X YIIiIbHeHHS, TPilliuHY-
BaTICTIO Ta MOPUCTiCTIO. Y Mipy BifilasieHHs BiJi JIaBU BigOyBa€eThCs YUIiIbHEHHS Tip-
CbKMX IIOpif, L0 NIPU3BOAUTD A0 3HMKeHHs nopucrocti BII. BinnosigHo no [7] mo-
pucticts BII mob6am3y yaBu Imicjs o6pyIIeHHS ITOKPiBJIi B cepegHbOMY 3MiHIOETbCS
Big 30 mo 40 %. Y mipy BiggasieHHs Bifl 1aBU MOPUCTICTb 3HWKYETHCS Bim 40 mo 20 %.
[Tpu 11bOMY PO3IJISIAIOTh TPU PEKUMU PYXY BUTOKIB MOBITPsi: TypOyJIeHTHMIA, TIepe-
XigHuit Ta TamiHapHuit. TypOyJIeHTHUIT peskM CIIOCTEPIiTaeThCs Y 30Hi PO3MYyIIEHNUX
ripcbKkux mopia Ha BigcTaHi 1o 30+100 m Big maBu [4]. 3i 36iMbIIeHHSIM BifcTaHi Typ-
OyJIEHTHMI peskMM 3MiHIOETHCS TIepexXiTHMUM i Jaji JjaMiHapHMUM. BUTOKM TIOBITpS y
BII nmocsraioTb MakCMMyMYy Ha BiacTadi 1o 50 M Bif ysiaBu, ajie Ha BigcTani moHaz 500
M IParHyTh HYJIIO.

AepoavHaMiuHMi1 OMTip BMPO6GIEHOTO TPOCTOPY BU3HAYAETHCS SIK

R=hQ" )

<y
ne h — memnpecis y Bupo6iii, I1a; Qy — BUTpaTa IoBiTps y BUTOKAX, M>/C; N — IOKAa3HUK
CTYIIEHS, 1O 3aJIEXXUTD Bif, pexxumy pyxy moBitps (n = 1 — namiHapumii, 1 <n< 2 -
nepexifiHiit, n = 2 — TypOyJIeHTHMI).
[TuTomuit aepoguHamiuHmii omip BIT MoxkHa BU3HauMTH 3a Gopmysioio [§]

ro=r+ax =k, u, (2)
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oe ro — NMUTOMMIA aepoAVMHAMIUHMII omip HeyminbHeHux mopim BII, H-c¢/m®; x -
BizmcTaHb Bij s1aBu 1o HoBkuHi BII, M; a, b — unciaoBi KoedillieHTH, 1110 BM3HAUAIOTh-
cs1 3TigHO [9]; ken — KOeillieHT TpoHUKHOCTI BII, M%; u — AMHaMiuHa B’SI3KiCThb Tasy,
[Ta-c.

BuTOKM MOBITPSI pO3I/ISIAAIOTHCS SIK TVIOCKUIA TTOTIiK ra3y, SKUil OIUCYEThCS PiB-
HSIHHAM [ 3]

dy(x,y)=U,dy-U dx, (3)

ne y(x, y) — dyHkuisa Toky; Uy, U, — IO300BXHS Ta MONEepeyHa CKIag0Bi BUIAKOCTI
rasy B TOUIli 3 KoOOpauHaTamu (x, y), M/C.

[Tpu omuci mockoi Teuii rasy uepe3 BIl BUKOPUCTOBYETHCS 3aKOH (QimbTpailrii
Hapci, skuii 3 ypaxyBaHHSIM (3) MOKHA YSIBUTU Y BUTJISIAL [3, 6, 8]
kKo Ap _ 1 Ap _ 1 Ap

sy @

U=- =— ==,
w Al 1, Al +ax” Al

ne U — mBUAKicTh QinbTpaliii, M/c; Ap — mepernaf TUCKiB 3a JOBKMHOW Al I1a.

VY KycKyBaTO-miopucTtoMy cepemoBuiili BIT Teuis ra3y xapakTepusyeTbCs OibIil
BUCOKMMM HIBUIKOCTSIMM Yy IIOPiBHSIHI 3 HENOPYIIeHMMM TipCbKMMM IIOPOJAMM.
3MiHa NMpoOXigAHMUX Iepepi3iB KaHaJIB Ta 1X pi3Ki MOBOPOTU NPU3BOASITH OO0 BUHMK-
HEeHHS CUJ iHepliii, i SIK HaCIiIoK, A0 BiaXuiaeHHs Bif 3akoHy [apci. [Ipu ibomy Te-

4isl ra3y OMUCYETHCS ABOWIEHHMUM 3aKOHOM (inbTpartiii @opxreiimepa [10]

U = Ka (ﬂ—AUzj, (5)
u \ Al
ne A — 4uCI0BUil IapamMeTp, BeMuMHa IKOr0 BM3HA4a€ThCs 3rifHo 3 [10].
A=12-10"k,, (ZI - ks,;°’5)2 p-k, " =38410"k > - p-k,, ", (6)

Ie p — WJIbHICTD ra3y, Kr/m>; d - ycepeHeHU JiaMmeTp UIMaTKiB MOpif, M;
knop — KOE(inlieHT MopuctocTi BII, 1.e.
3 ypaxyBaHHSIM (4) Bupas3 (6) HabyIe BULTISTY

0,5

A=384-107(k,, )" plue- (r, + ax’ )| (7)

Bupinrytoun piBHSHHS (5), OTpMMAaEMO CHiBBiIHOIIEHHS i1 TTO300BKHbOI Ta

MOTIepPevHOi CKIaJOBMX MIBUIKOCTI BUTOKIB ITOBITPS:

2 2 A
UX:1 ’u2+4AApx—i; U:1 ﬂ2+4A py—i, (8)
2A\\ k,, Ax k 7 2A\\k,, Ay k,

en
Ha puc. 1 nipencraBiieHO 3MiHY abCOTIOTHOTO TUCKY MOBIiTPS Y3[I0BXK Mek BIT
MpU IPSIMOTOYHIN cxeMi MpoBiTpioBaHHS 2-B-H-B-1T (i3 migcBiXkeHHSIM) BUIMKOBIii1
ninaaui 10-ii 3axigHoi aBu mo maacty [ maxtu iMm. O.@. 3acgapka (2003 p.) [8] i
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3BOPOTHOTOYHOI CXeMM MpOBiTpioBaHHS 1-M-H-B-BT BMIMKOBIii Oi/ISTHIII APYTUit Mi-
BIeHHil 1aBu 650Ky N2 7 TTAT "lllaxToynpasiinHs" [TokpoBcbke"
Fa 4

L p..{'ﬂ _.:’I'..'.jl
L S —_— L3 B
7 . e I
| = = w o XK O oW
i e [ W M MM |
W & :- > - oK X X
Y| " B o " o x T Paid)
»; '[ | .-".LIIHA. o W M ow W |
e A = o
. AL Uyt el Fea] |
! l. nﬁi—.ﬁf e - o : |
G S 2 At A b bl ap, A
g PP 5 pfX) & |
L, L
a 0

PucyHok 1 — 3MiHM a6COMIOTHOTO TUCKY TTOBITPS Y340BX MesK
BUPOOGJIEHOTO IIPOCTOPY IPU MPSIMOTOUHIN cXeMi IMPoBiTploBaHHS 2-B-H-B-11T (a) i

3BOPOTHOTOYHOI cXeMi IpoBiTpioBaHHs 1-M-H-B-BT (0)

Ha puc. 1 HaBeneHi HacTynHi mo3HadyeHHs: 1 — BII; 2 — naBa; 3 — KOHBeepHUI
IITpeK; 4 — BeHTUJISLiIAHMIA TpeK; 5 — JiHisg TOKy; 6, 7 — Mepuiuit i Apyruit niBgeHHi
KOHBEEPHI IITpeKu, BignoBigHo; L., L. — DOoBxuHa jnasu i BII, BiamosigHo, m; AL,,
AL, — 1MIMpUHA BepPTUKAJIbHOI Ta ropu30HTaNbHOI cMyT BII, M; puu(X), Peu(Xx), pa(y),
Pen(X), Pen(y) — 3MiHA aOCOMIOTHUX TUCKIB MOBIiTpPSI, BiIMIOBiHO 10 JOBXMHI KOHBEEp-
HOTO Ta BeHTUJISLIiIMHOTO IITpeKiB, 1aBu, BIT (y3moB:x oceit 0X u 0Y), I1a; p1, p2, ps, P4
— abcomoTHMIT TUCK TTOBITps Ha Mexkax BII, I1a; Uyo, U1 — MO300BXKHI CKJIAO0BI IIBM-
IIKOCTi BUTOKIB TOBiTpsI, M/C; Uy, Uy — TIONepeuHi CKIaA0Bi MIBUAKOCTI BUTOKIB MO-
BiTps1, M/C; Uy, Up,1 — PE3YABTYIOUI IBUAKOCTI BUTOKIB I10, M/C.

PosrisiHeMoO NpSIMOTOYHY CXeMy IPOBITpIOBaHHS 2-B-H-B-NOT 3 TPUCTOPOHHIM
MIPUMMKAHHSIM 0 BUPOOieHOro mpocTopy (puc. 1, a). CiBBimHOIIEHHS [JIs Tpajie-
HTiB TUCKY IO mmpuHi cmyr BII [3, 6]:

- - A - -
Ap, _PY)=Pu¥) Pty B APy D)= DuuX) =P By

AL L LL ° L~ AL L LL, L’

X en en y J1 Jl

)

ne ha, hen, hew, hew — mempecii, BigmoBigHo naBu, ycepenyti BII, Ha BeHTUIALIiTHOMY

Ta KOHBEEPHOMY LITpeKax, [1a.
[Mpuiimatoun Ax = AL,, Ay = AL,, 3 ypaxyBaHHsIM (7) 1 (9) npencraBumo BuUpas
(8) y BursIsiai:
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r] +4A 7hﬂ”_h”y+% -, r’+4A By =P "”‘x+£ -,
LﬂLsn LBn L.HLBH Lﬂ
UX = ; U =
2A Y 2A
(10)

Pe3ynbTyroua MIBUAKICTb PYXY BUTOKIB ITOBITPSI

U,=JU +U. (11)

[TouaTKOBi 3HaUEeHHS IIBUIKOCTEN BUTOKIB ITOBITPSI BU3HAYAKOThCS Ha Mexki BIT
Y3I00BX JIaBU Ta 3a JOBXMHOW BII (110 JOBXMHI KOHBEEPHOTO MITPEKY). 3B'I30K MK

KOOpAMHATaMM Ta Pe3yabTYIOUMMM MIBUAKOCTSIMM BUTOKIB MOBITPS Ma€ BUTJIS,:

N}’
; yj=y0+Z‘Uy,H; Up,l.zwlUx,].2+Uy,/.2, (12)
i1

Ile Xo, Yo — TTIOYATKOBI KOOPAMHATHU TOYKM HA Mexi BII, M; x;, yj — MOTOUHI KOOpAMHA-

NX
&:%+ZW
i-1

X,i—1

TU, M.

[lyist BU3HAUEeHHSI MIBUAKOCTEN BUTOKIB IMOBITPS i TOOYHOBM TpaeKTOPii JiHii
TOKY IPUIIMEMO HACTYITHI BUXiIHi JaHi: yIIpaB/IiHHS OKPiBJIel0 — IIOBHE OOpYIIEeH-
HSI; BJIACTMBOCTI TipChbKMX ITOPiJI MMOKPIiBJIi — cepeHb000OpyIIeHi; p; = 115000 I1a; p, =
114780 ITa; ps = 114890 Ia; ps = 113640 Ila; pPeXXUM pPyXy BUTOKIB MOBIiTpS — Ja-
MiHapHMit; ro = 60 H-.¢/M°; a = 6:10%; b =4; p = 1,184 xr/m%, u=1,72-10" Ila-c; L, =
240 M; Len = 390 M; knop = 0,3+0,4 (110 DOBXMHI JIaBU, paxylouy Bifl HEHTPY); Knop = 0,2
(Ha BigcTaHi Le, Bim aBu); xo = 0, yo = 0, 60, 120, 180 1 210 m (110 AOBXMHI JIaBU); Yo =
0, xo=90, 180, 2701 350 M (110 IOBXMHi KOHBEEPHOTO IITPEKY).

Po3paxyHKu IpoOBOAMINUCH 3 BUKOpUCTaHHSIM Tporpamyu PTC Mathcad.

Ha puc. 2 HaBeeHO pe3y/bTaTy PO3PAXYHKY PE3YJIbTYHOUUX HIBUAKOCTEN BU-
TOKIB NOBiTps y BII o 1oBXuHi 1aBu.

AmHauti3 puc. 2 nmokasye, 110 IIpM IBOWIEHHOMY 3aKOHi dinbTpaliii (puc. 2, a) pe-
3yJIbTYIOUi MIBUAKOCTI BUTOKIB IOBITPS MEHIIEe, HiXX TIPU JIiHIAHOMY 3aKOHi (puc. 2,
0), 110 0O6YMOBJIEHO BTpaTaMM TUCKY B pe3yJbTaTi BIUIMBY iHepuiitHux cwi. [Tpu
IBOYJIEHHOMY 3aKOHi (pucC. 2, a) MakCMMyM IIBUIAKOCTE BUTOKIB PO3TAalllOBaHUI
ycepenudi BIT Ha Bimcrani 78+115 M Bij 1aBu, a mpu JiiHiliHOMY 3aKOHi (puc. 2, 6) —
Ha BifgcraHi 823121 M. Kpim Toro, y mipy HabiM>KeHHS 00 BEHTWISIIIIHOTO LITPEKY
BiOyBaeThCs 30i/IbIIIEHHS TOYATKOBUX 3HAYEHb Pe3YJIbTYIOUOi IIBUIKOCTI BUTOKIB
MIOBIiTPS O IOBXMHI JIaBM y3[I0BXK Mexi BII, 110 TTOSICHIOETHCS BigMOBiAHUM 306i/b-
LI€HHSM IO3J0BXHIX CK/IaA0BUX IIBUAKOCTI Ta MOCTIMMHMMM 3HAUEHHSIMMU MOIIepey-

HUX CKJIagd0OBUX.
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Up, M/C & Up, M/c 3
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PucyHOK 2 — 3MiHa pe3y/bTYIOUMX IMIBUIKOCTE BUTOKIB IOBITPS B
BMPOOJIEHOMY ITPOCTOPIi 110 JOBKMHI JIaBU IIpY IBOWIEHHOMY (@) Ta JiHiitHOMY (0)
3aKkoHax ¢inpTparii: 1, 2, 3, 4, 5 — BigmosigHo mipu y, = 0, 60, 120, 181210 m; 6, 7, 8,
9, 10 - BimnoBigHO 1ipu yo = 0, 60, 120, 1801 210 m

Ha puc. 3 npeacraBieHO 3MiHYy ITOYaTKOBOI pe3y/abTyIOUOI IIBUAKOCTI BUTOKIB
IIOBITPS IO AOBXMHI J1aBU y300BX Mexi BIl y HanpsiMKy pyxy BEeHTUJISLIITHOTO I10-

TOKY Ta (popMa TpaeKTOpiii JiHii1 TOKY IpM BUKOPMUCTAHHI IBOWIEHHOIO 3aKOHY (i-

JAbTpanii
Up, m/fc 2 L /
0,04 :
0,035 - 200 /
0,03 160 -
0,025 120 1
0,02 80 -
0,015 - 40 -
0,01 1 ; ; : : — 0 . . . . .
0 40 80 120 160 200 240 y, M 0 65 130 195 260 325 L,, M

a 0
PucyHOK 3 — 3MiHa MOYaTKOBOI pe3y/ibTYyIOUOI HIBUIKOCTI BUTOKIB
TIOBIiTPS 10 AOBXKMHI JTaBU Y HANIPSIMKY PyXy BeHTWISILIi/iHOTO MMOTOKY () Ta TPa€eK-
TOpii JIiHil TOKY y BUpOoOIeHOMY ITpocTOpi (6)

3 aHamizy puc. 3, a BUIIMBAE, 110 pe3yabTyloua MIBUAKICTb BUTOKIB IMOBITpS
MpSIMO TIPOMOPIIilfiHa BifCTaHi Bif MOYATKy JaBM B HAIMPSIMKY BEHTWISILiIHOTO I10-
TOKY. 3 puc. 3, 6 cJ1im, 1o mpu NpsSIMOTOYHIl cxeMi MpoBiTpoBaHHS 2-B-H-B-1T BU-
TOKM MOBITPSI pyXalThCs Y 6iK BEHTWISILIIAHOTO IITPEKY, Y SIKOMY BeJIMuMHa Jernpe-

cii MeHiIIIe, HiXX Y KOHBEEPHOMY.
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TpaekTopii niHii TOKY ITpM 3aKOHi [lapci MalOTh aHAJOTiYHMIT BUTJISI,.
Po3riisiHeMO 3BOPOTHOTOYHY CXeMy MNpOBITpOBaHHS 2-B-H-B-OT 3 0OJHOCTO-

POHHIM IMPUMUKAHHSIM A0 BUPOO6IEeHOTo mpocTopy (puc. 1, 6). [Ij1st rpafieHTiB TUCKY

OTPUMAEMO:
Apx — pn(y)_pen(y) — hy _hﬂ y+ hmu . Apy — pxm(x)_pen(x) — hx _hxw X+£

ALX Lsn LnLen Lsn ’ ALy Ln Lann Ln ’

(13)

ne hy, hy — nenpecii BII, BinnoBigHo y3moBx oceit 0X i 0Y, I1a; hw — mernpecis miar-
pPUMYBaAHOI AiJSIHIII APYTOro MiBAeHHOr0 KOHBEEPHOTO MITpeKy, I1a.

[yist BU3HAUEeHHSI MIBUAKOCTEN BUTOKIB IMOBITPS i MOOYIOBM TpaeKTOPiit JiHii
TOKY IPUIIMEMO HACTYITHI BUXiIHi JaHi: yIIpaB/IiHHS MOKPiBJIel0 — IIOBHE OOpYIIEeH-
HSI; BJIACTMBOCTI TipChbKMX ITOPIJI MMOKPIiBJIi — cepemHb0o00OpyIIeHi; p; = 115500 Ia; p; =
115250 I1a; ps = 115450 Ia; ps = 115300 ITa; pexxiM pyXy BUTOKIB MOBIiTpsI — JaMiHap-
HUit; ro = 60 H.c/m®; a = 6:10%;, b =4;p=1,184 xr/m%;, u=1,72-10° ITa-c; L, = 250 m;
Len = 1069 M; Kknop = 0,3+0,4 (110 MOBKMHI JIaBU, paxyiouu Bif 1eHTPY); knop = 0,2 (Ha
BiAcTaHi Le, Bif naBu); xo = 0, yo = 0, 10, 30, 40 1 60 m (110 mOBKMHI J1aBN); Yo = 0, Xo =
10, 50, 100 1 150 M (110 DJOBXMHI HMiATPMMYBaHOI Ii/ISIHIII KOHBEEPHOTO IITPEKY).

Ha puc. 4 HaBeeHO pe3yJabTaTy PO3PAXyHKY pe3yJbTYHUMX HIBUAKOCTEN BU-
TOKIB MOBITPS B JIaBi Ta TpaeKTOPii JiHii TOKy y BII, siki oTpuMaHi Mpy BUKOPUCTAH-
Hi JBOUYJIEHHOTO 3aKOHY (inbTpariii.

AHasi3 puc. 4 nmoxkasye, 10 Npu BiaganeHHi Big naBu Briub6 BII BinOyBaeTbCs
3HUKEHHS IBUAKOCTEN BUTOKIB MOBITPS 3a JIiHINHOK 3a/IeXXHICTIO (puUC. 4, a). [Ipn
IIbOMY Y3A0BX MeXi BIT y HanmpsiMKy 10 IIeHTPY JIaBU BilOYBA€ThCSI 3HVDKEHHS ITOYa-
TKOBUX 3HAU€Hb Pe3y/bTYIOUMX MIBUIKOCTEV BUTOKIB MOBITPS 3a KBaAPATUUHOIO 3a-
NexHicTio (puc. 4, 6). 3 puc. 4, 8 BUIIUBAE, 1110 HA ITOYATKY JIaBY BUHUKAIOTh BUTOKMU
MOBITPS, SIKi MpoHMUKawTh y BII Ha BigcTanb 10 3 M. Ilicsis 11boro BigOyBa€eThCs pyx
BUTOKIB y OiK BepXHbOi YaCTUHMU JIaBU, e BOHU BUXOOSATH Y BUIJISII METaHOTIOBIT-
psiHoi cymimi. ToMy Ha MOYATKY JIaBU BiIOYBA€THCS 3HMKEHHS KiJIbKOCTi MOBITpS,

IO TIOJAETHCS, a B KiHIIi JIaBY 1S KiJIbKiCTb BiJJHOBJIIOEThCSI.
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Up, M/C %
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PucyHOK 4 — 3MiHa pe3y/bTYIOUMX IMIBUIKOCTE BUTOKIB ITOBITPS B
BUPOOIEHOMY ITPOCTOPI MpU BifmaneHHi Bif 1aBu (a), iX MOYaTKOBUX 3HAUEHb 110
IOB3KiHi J1aBM (0) i Tpa€eKTOPii JIiHili TOKY B BUPOOJI€HOMY ITPOCTOPi (2):
1,2,3,4,5 - Bigmosiguo mpu xo = 0, 10, 30, 40 i 60 m

BucHoBKuU. [Ipy NpSIMOTOYHIN CxeMi NPOBITPIOBAHHS 3 TPUCTOPOHHIM ITPUMMU-
KaHHSIM K BII, mBUAKOCTI BUTOKIB IIOBITpPsS B JiaBi €KCIOHEHIIiAHO 3pOCTalOTh
B3100BX Mexi BIl y HanpsMKy pyxy BEHTWISILIITHOTO TTOTOKY i KBaJApaTUYHO 30i1b-
myIoThcst Bram6 BII Mo meskoro MakcuMMyMmy, pO3TalIOBAHOTO Ha BiCTaHi 6JIM3bKO
TIOJIOBMHMU JOBXKMHMU JiaBU. [Ipy 1bOMY y pa3i 3BOPOTHOTOYHOI CXeMU MPOBITPIOBAH-
HS 3 OMHOCTOPOHHIM MPUMMKAHHSIM, IIBUAKOCTI BUTOKIB ITOBITPS B JIaBi MalOTh Ma-
KcuMyMu Ha Mexi BIT i TiHiIITHO 3HVDKYIOTBCS IO LIeHTPY JIaBu, npuyomy y BII Ha Bif-
CTaHi 10 TPbOX METPIB BiJl JJaBU BiIOYBAETHCS iX KBaApaTUUHE 3HUKEHHSI.
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Features of the calculation of air leaks through the mined-out space
of coal mines

The movement of air leaks through the goaf of coal mines can lead to gas contamination
of workings with the formation of local and layer accumulations of methane. This increases the
likelihood of explosive situations. Therefore, an important factor is the ventilation scheme used
in the excavation area. The process of gas flow through a goaf is an understudied issue. This is
due to the difficulty of conducting direct measurements inside the object under study. In many
works, when studying the movement of air leaks through the mined-out space, the linear Darcy
filtration law is used. However, the influence of inertia forces can lead to additional gas pressure
losses and, accordingly, to deviations from the classical law. Therefore, it is advisable to use the
law of two-term filtration. The purpose of the work is to study the patterns of movement of air
leaks through the mined-out space, taking into account its filtration parameters and the current
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ventilation scheme. The article presents the results of calculating the speeds of air leaks and the

trajectories of streamlines in the mined-out space with direct-flow and return ventilation
schemes. The Darcy formula and the Forchheimer formula were used in the calculations. It has
been established that with a two-term filtration law, the values of the resulting air leakage rates
are less than with a linear law. This is due to pressure losses as a result of inertial forces. It has
been established that with a direct-flow ventilation scheme, the rates of air leakage in the long-
wall increase exponentially along the goaf boundary in the direction of the ventilation flow and
quadratic ally increase deep into the goaf to a certain maximum located at a distance of about
half the length of the longwall. At the same time, in the case of the return-flow ventilation
scheme, the rates of air leaks in the longwall have maxima at the boundary of the goaf and de-
crease linearly towards the center of the longwall, and in the goaf at a distance of up to three
meters from the longwall, their quadratic decrease occurs. The results obtained make it possible
to reduce the gas contamination of workings by choosing rational schemes and ventilation
modes.
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AGGREGATION ARRANGEMENT FEATURES OF NETWORK INTERFACE
CHANNELS IN MULTIPROCESSOR COMPUTING SYSTEMS

Abstract. The paper identifies ways to increase the multiprocessor computing system
performance by reorganizing the architecture of its network interface. It is shown that the
computational parallelization performance significantly depends on many factors, the most
essential of which is the data transfer between the boundary nodes of a multiprocessor system,
which is the algorithm's slowest part and can significantly reduce the effect of increasing the
number of processors. Hence, it was established that improving the multiprocessor systems
performance by reorganizing the network interface structure is relevant interesting nowadays,
and its study is at the active development stage.

The research aims at the aggregation arrangement of network interface channels in
multiprocessor computing systems. It is shown that the main channel aggregation mode
advantage is that the data interchange speed is significantly increased, as well as the reliability
of the cluster system.

Keywords: aggregation, network interface, multiprocessor system, nodes, performance,
parallelization.

Problem statement. The parallel computer systems application is one of the
strategic directions of information technology development. That can be explained
by the constant increase in the number of application tasks for the solution of which
current computing tools lack capabilities [1 — 5]. Such tasks include, for instance,
numerical modeling of hydrodynamics and metallurgical thermophysics processes,
pattern recognition, optimization computations with a huge number of parameters,
and others. It is obvious that highly efficient clusters provide a successful way to
perform relevant tasks of a wide class.

Special interest in multiprocessor parallel computing systems (clusters) design
is due to the publicly available components and technologies [6, 7]. Significant com-
petition between manufacturers of computing equipment leads to the fact that
prices for its components are declining quite dynamically. The same refers to the re-
lease of new computer models. Given the diversity and scale of production of current
information and computing devices, it is safe to say that standard components can
build powerful computer systems in a very short time and with the entire possible
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needs of different users. Depending on the tasks type and budget for a project, there
are many different options for configuring the operating system.

Analysis of multiprocessor systems design approaches has shown that com-
puter manufacturers recently offer devices based on blade technologies [8 - 10]. Un-
der such circumstances, designing a multiprocessor system based on blade servers,
get a ready-made chassis equipped with the necessary controls and network inter-
face.

Each blade of the modular system operates under the control of a standard op-
erating system. The power and composition of the nodes may be different within one
system. The MPI standard with the open base implementation mpich-1 was chosen
as a software tool for parallel computing.

It is obvious that a new qualitative stage in the development of multiprocessor
computing systems is in the field of new modern network technologies application.
That can be explained by the significant differences between the cluster computer
network and the workstation network. Although a cluster design requires conven-
tional network cards and switches in the workstation network arrangement, the clus-
ter computing system has one fundamental feature. Thus, the computer system net-
work is not designed to connect computers but to connect computing processes.
Then, the higher the bandwidth of the system's computing network, the faster the
user-defined parallel tasks are performed. Therefore, the technical characteristics of
the computer network are of paramount importance when it comes to multiproces-
sor computer systems. Considering the above, it was chosen to apply InfiniBand
network interface technology.

Therefore, the InfiniBand standard arranges the data interchange between
nodes of the multiprocessor system. In addition, the developed system has the fol-
lowing basic features: network loading of processors, VLAN mode support, redun-
dancy mechanism of module key components, specially designed mode of data inter-
change between system nodes in the network of InfiniBand switches.

However, the computational parallelization performance depends on many fac-
tors, the most important of which is the data transfer between the nodes of the mul-
tiprocessor system, which is the slowest part of the algorithm and can significantly
reduce the effect of increasing the number of processors. That circumstance suggests
that one of the main ways to increase the efficiency of multiprocessor systems is to
aggregate the network interface channels in the data interchange network between
the slave nodes of the system [11, 12]. From such positions in the given research,

ways of increase of efficiency of multiprocessor computing systems are estimated.
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Thus, it is established that improving the multiprocessor systems performance by
reorganizing the network interface structure today is relevant, interesting and its
study is at the active development stage.

Analysis of recent research and publications. Analysis of the network interface
operation modes of multiprocessor systems allows formulating the following prob-
lem: how the architectural design features of the network interface of multiprocessor
cluster systems can increase their efficiency and speed.

That problem can be solved as follows: the "linking channels" procedure or
channel bonding technology is recommended to increase the cluster bandwidth,
which allows combining several network adapters into a single-speed channel [13].
The data interchange between the cluster's computing nodes is run in a separate
network that operates based on the mentioned channel bonding technology [14].
The proposed approach should increase the data interchange speed between the
slave nodes of the multiprocessor system and reduce the load on the channel that
connects the cluster nodes.

The channel aggregation problem in modular multiprocessor cluster systems is
currently not solved properly. In addition, there are critically few studies examining
the impact of cluster system network architecture on computational parallelization
performance.

The developed technology of linking the network interface channels of a multi-
processor cluster system allows connecting the cluster nodes into a network so that
each of them is connected to the switch with more than one channel. The described
technology is similar to the trunking mode when connecting switches, which in-
creases the data rate between two or more switches. The application of the channel
binding procedure allows achieving uniform load distribution (data recep-
tion/transmission) between them in a multiprocessor system and increases the speed
of data interchange between its nodes.

The research purpose. The paper identifies ways to increase the multiproces-
sor computing system performance by reorganizing the architecture of its network
interface. The proposed approach allowed increasing the computations paralleliza-
tion performance and significantly reduced the time of their implementation. Those
results were achieved by reducing the duration of data interchange between
neighboring computing nodes of the multiprocessor system. Thus, the research aims
to organize the network interface channels aggregation in multiprocessor computer
systems.

The main advantage of the channel aggregation mode is that the speed of data
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interchange is significantly increased, and the cluster system reliability. Finally, it is
provided that in case an adapter fails, the traffic is sent to the next working adapter
without service interruption. When the adapter starts working again, data transfer is
resumed.

Main research material presentation

Arrangement and configuration of the multi-channel network interface of the
multiprocessor system. Note some important arrangement features of the network
interface according to channel bonding technology in the application to the first
blade of a multiprocessor system. To do this, consider the principle of connecting
several adapters in parallel. Suppose there are four adapters: ibl, ib2, ib3, and ib4.
They must be combined into a pseudo-adapter bond0. The system recognizes those
aggregate adapters as one. They are all configured for a single MAC address, so re-
mote servers treat them as single devices. The pseudo-adapter bondO can be config-
ured for a single IP address. Then any program refers to it as a normal adapter, which
is twice as fast. Network interface aggregation protocols specify which ports are used
for outbound traffic or which specific port receives inbound traffic. The interface
state is used to check the link; it can be active or not.

Given the described features of channel linking, we define the requirements to
be met by the hardware and software of a multiprocessor cluster system. Channel
bonding technology implementation requires at least two physical subnets. Never-
theless, the combined channel can be built based on three or more network cards. To
bind those maps into a single channel (one virtual card), it is necessary to compile
the kernel of the OS with support for channel bonding mode or to load the kernel
module into the OS bonding.o.

To configure the merged channel, one must use the standard ifconfig command
or the optional ifenslave command. That is because ifenslave allows copying the set-
tings of the first interface to the rest of the additional interfaces.

These studies implement the formation mode of two subnets with a single vir-
tual channel. Shutting down network interfaces in a multiprocessor system is done
by a command /etc/rc.d/init.d/network stop.

Then proceed to the actual configuration of the connected (combined) channel.
The first step is to modify the /etc/modules.conf file by adding the following line:

alias bond0 bonding

In order not to reboot the system, the modprobe bonding module is activated.
That tells the system that one needs to load the bonding.o module, which is identi-
fied by the bond0 command.
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Then go to the directory /etc/sysconfig/network-scripts and rename the de-

scription file of the first interface ifcfg-ib1 to ifcfg-bondO0 as follows:

cp ifcfg-ibl

ifcfg-bondO

The generated ifcfg-bondO file needs to be edited so that it looks like this:
DEVICE=bondOIPADDR=192.168.1.1INETMASK=255.255.0.0NETWORK=
192.168.0.0BROADCAST=192.168.2.2550NBOOT=yesBOOTPROTO=
noneUSERCTL=no

In this case, the user must specify own data: IP address, mask, network address.

In addition, one needs to provide information used to link the channels of the pro-

posed multiprocessor cluster system. It should be noted that no lines were deleted in

the provided file, with necessary changes. Therefore, the virtual network interface

description file was edited. The next step is to create the description files of the real
physical interfaces ibl, ib2, ib3, and ib4, which indicate their affiliation to the con-
nected channel. Table 1 shows the contents of the files ifcfg-ib1, ifcfg-ib2, ifcfg-ib3,

and ifcfg-ib4.

Table 1
Contents of network interface description files
file ifcfg — ib1l file ifcfg — ib2 file ifcfg — ib3 file ifcfg — ib4
DEVICE=ibl DEVICE=ib2 DEVICE=ib3 DEVICE=ib4
USERCTL=no USERCTL=no USERCTL=no USERCTL=no
ONBOOT=yes ONBOOT=yes ONBOOT=yes ONBOOT=yes
MASTER=bond0 MASTER=bond0 MASTER=bond0 MASTER=bond0
SLAVE=yes SLAVE=yes SLAVE=yes SLAVE=yes
BOOTPROTO=none| BOOTPROTO=none| BOOTPROTO=nong BOOTPROTO=none

Acoording to Table 1, the interface configuration files have the following con-

tents:
file ifcfg — ib1:

DEVICE=iblIPADDR=192
168.0.0BROADCAST=192.168

no

file ifcfg - ib2:

DEVICE=ib2IPADDR=192
168.0.0BROADCAST=192.168

no

file ifcfg — ib3:

DEVICE=iblIPADDR=192
168.0.0BROADCAST=192.168

no
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.168.2.1NETMASK=255.255.0.0NETWORK=192.
.2 .2550NBO0T=yesBOOTPROTO=noneUSERCTL=

.168.2.2NETMASK=255.255.0.0NETWORK=192.
.2 .2550NBO0T=yesBOOTPROTO=noneUSERCTL=

.168.2.3NETMASK=255.255.0.0NETWORK=192.
.2 .2550NBO0OT=yesBOOTPROTO=noneUSERCTL=
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file ifcfg — ib4:
DEVICE=iblIPADDR=192.168.2.4NETMASK=255.255.0.0NETWORK=192.
168.0.0BROADCAST=192.168.2.2550NBOOT=yesBOOTPROTO=noneUSERCTL=

no

Next, perform the network interface initialization stage by
the command
/etc/rc.d/init.d/network start

If the system distribution does not allow master/slave notification, then to con-
figure the network interfaces, one needs to run the connected channel interface
manually by executing this sequence of commands:

/sbin/ifconfig bond0 192.168.1.1 up netmask 255.255.0.0 /sbin/ifenslave bond0
ibO /sbin/ifenslave bond0 ib1 /sbin/ifenslave bondO ib2 /sbin/ifenslave bond0 ib3
/sbin/ifenslave bond0 ib4

In order not to execute each of the listed commands manually each time, it is
recommended to write them in some startup-script (it can be /ets/rs.d/rs.losal) or to
replace with them the part of the script responsible for initialization of the network
interface /etc/rc.d/init.d/network.

The resulting compiled file must be copied to the folder /usr/sbin.

When, for any reason, all network drivers need to initialize bonding driver

downloads, the following line should be added
probeall bond0 ibl ib2 ib3 ib4 ibbonding

to the /etc/modules.conf file. That instructs the system that in the case of bond0
interface initialization, the modprobe utility must first load the drivers of all net-
work interfaces.

Channel bonding configuration gets completed at this stage. If the network in-
terface was initialized without errors, one can check this by the ifconfig command.
After running it without entering parameters, the user sees the following messages

on the terminal screen:
[root]# /sbin/ifconfig
bond0 Link encap: InfiniBand HWaddr 00: CO : FO :1 F
:37: B4
inet addr :192.168.1.1 Bcast :192.168.2.255 Mask
:255.255.0.0
UP BROADCAST RUNNING MASTER MULTICAST MTU :1500
MEtrIc :1
RX packets :7224794 errors :0 dropped :0 overruns
:0 frame :0
TX packets :3286647 errors :1 dropped :0 overruns
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:1 frame :0
collisions :0 txqueuelen :0
ibl Link encap: InfiniBand HWaddr 00: CO : FO :1 F
:37: B4
inet addr :192.168.2.1 Bcast :192.168.2.255
Mask :255.255.0.0
UP BROADCAST RUNNING SLAVE MULTICAST MTU :1500
MEtrIc :1
RX packets :7224794 errors :0 dropped :0 overruns
:0 frame :0
TX packets :3286647 errors :1 dropped :0 over-
runs :1 carrier :0
collisions :0 txqueuelen :100
Interrupt :10 Base address :0 x1080
Ib2 Link encap: InfiniBand HWaddr 00: CO : FO :1 F
:37: B5
inet addr :192.168.2.2 Bcast :192.168.2.255
Mask :255.255.0.0
UP BROADCAST RUNNING SLAVE MULTICAST MTU :1500
MEtrIc :1
RX packets :7224794 errors :0 dropped :0 overruns
:0 frame :0
TX packets :3286647 errors :1 dropped :0 over-
runs :1 carrier :0
collisions :0 txqueuelen :100
Interrupt :9 Base address :0 x1400
Ib3 Link encap: InfiniBand HWaddr 00: CO : FO :1 F
:37: B6
inet addr :192.168.2.3 Bcast :192.168.2.255
Mask :255.255.0.0
UP BROADCAST RUNNING SLAVE MULTICAST MTU :1500
MEtrIc :1
RX packets :7224794 errors :0 dropped :0 overruns
:0 frame :0
TX packets :3286647 errors :1 dropped :0 over-
runs :1 carrier :0
collisions :0 txqueuelen :100
Interrupt :9 Base address :0 x1400
Ib4 Link encap: InfiniBand HWaddr 00: CO : FO :1 F
:37: BY
inet addr :192.168.2.4 Bcast :192.168.2.255
Mask :255.255.0.0

ISSN 1562-9945 (Print) 117
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 2 (139) 2022 «System technologies»
UP BROADCAST RUNNING SLAVE MULTICAST MTU :1500

MEtrIc :1
RX packets :7224794 errors :0 dropped :0 overruns
:0 frame :0
TX packets :3286647 errors :1 dropped :0 over-
runs :1 carrier :0
collisions :0 txgqueuelen :100
Interrupt :9 Base address :0 x1400
1o Link encap: Local Looppback
inet addr :127.0.0.1 Mask :255.0.0.0
UP LOOPBACK RUNNING MTU :1500 MEtrIc :1
RX packets :1110 errors :0 dropped :0 overruns :0 frame :0
TX packets :1110 errors :0 dropped :0 overruns :0 frame :0
collisions :0 txqueuelen :0

According to the method described above, the network interfaces and other
nodes of the multiprocessor system are initialized. One can then conclude that the
linked channel was successfully configured. It is clear that the IP and MAC addresses
of all network interfaces in the given version turned out to be the same. For the
switch to work properly with such a channel, one needs to configure the Link Aggre-
gation mode.

Conclusions

The paper identifies ways to increase the multiprocessor computing system
performance by rearranging the architecture of its network interface. Thus, the op-
eration modes analysis of the network interface of multiprocessor systems allowed
outlining ways to increase their performance and speed due to the architecture de-
sign features of their network interface. It should be borne in mind that the network
of a computing system is not designed to connect computers but to connect comput-
ing processes. Then, the higher the system's computer network bandwidth, the faster
the user-defined parallel tasks will be performed. Therefore, the computer network
technical features are of paramount importance for multiprocessor computing sys-
tems.

The problem outlined in the paper is solved as follows: to increase the band-
width of the cluster network, it is recommended to apply the "linking channels" pro-
cedure, or channel bonding technology, which allows combining multiple network
adapters into a single-speed channel. In this case, the data interchange between the
cluster's computing nodes is done in a separate network, which operates based on
the mentioned channel bonding technology. The proposed approach should help in-

crease the speed of data interchange between the slave-nodes of the multiprocessor
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system and reduce the load on the channel that connects the cluster nodes.

Considering the above, it was decided to use InfiniBand network interface tech-
nology. Therefore, the data interchange between nodes of the multiprocessor system
is arranged by InfiniBand standard. In addition, the developed system has the follow-
ing basic features: network loading of processors, VLAN mode support, key compo-
nents redundancy mechanism of the module, specially designed mode of data inter-
change between system nodes in the network of InfiniBand switches.

The main advantage of the channel aggregation mode is that the speed of data
interchange is significantly increased, and the cluster system reliability. Finally, it is
provided that in case of the adapter’s failure, the traffic is sent to the next working
adapter without service interruption. When the adapter restarts again, the data
transfer resumes.

The proposed approach allowed increasing the efficiency of computations
parallelization and significantly reduced their implementation time. Those results
were achieved by reducing the duration of data interchange between neighboring
computing nodes of the multiprocessor system. Thus, the research aims to arrange
the aggregation of network interface channels in multiprocessor computing systems.

Those features of the developed system allowed improving it with the acquisi-
tion of certain differences from available systems, namely:

— first, the InfiniBand technology implementation has the following advan-
tages: low latency and high speed, which allows solving problems that involve ad-
vanced computing segments;

- secondly, based on the RDMA principle of InfiniBand technology, direct data
interchange runs between the RAM of multiprocessor system nodes that increase
computing speed and provides high-speed access to the memory of its slave nodes,
and data interchange in-between, unloading CPU system during data interchange
and reducing the channel load that passes between the nodes of the computer sys-
tem;

Third, the application of the adapters such as ConnectX creates fundamentally
new opportunities for the "connectivity" of such a system with other computing en-
vironments; in particular, it allows unloading the CPU (by servicing InfiniBand traf-
fic) as a consequence, increases entire multiprocessor system performance.
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Ocobnusocmi op2anizayii azpezayii kaHanis mepexesoz0 inmepgelica

8 6azamonpoyecopHux 064UCN0BANIbHUX CUCMeMaX
BusHayaromsca wasxu niosuLeHHs egpekmugHocmi 6a2amonpoyecopHoi 064UC0B8aANbHOT
cucmemMu 3a paxyHoK peopzaHizauii apximexkmypu ii mepexesoeo iHmepgelcy. [lokazaHo, wo
ethekmusHicmb  napanenizayii  064uCAeHb ICMOMHO 3anexums 810 6a2amboX YUHHUKIB,
Halsaxausiwul 3 AKUX — 0CO6UBOCMI NEPecuNaHHA OGHUX MK 2paHUYHUMU BY3/1aMU
6azamonpoyecopHoi cucmemu, wo ABAAE cO60K HALNOBINLHIWY YACMUHY AN20pUMMY BUKOHY-
BAHUX 06YUC/TEHb 1 MOXe CYymmeBO 3HU3UMU eekm Bi0 30i/MbWEHHS KilbKOCmi 3a0iSHUX
npoyecopis. 3anponoHOBAHO pexum azpe2ayii KAHAN8 Mepexesozo iHmepgelica 8 bazamonpo-
yecopHux 064UCI0BANLHUX cucmemax. Bid3Ha4eHo, ujo OCHOBHA nepesaea pexumy azpe2ayii
KAHamiB nosisede 8 momy, wo icmomHo nioBULYEMbCA WBUOKICMb 06MIHYy OaHUMU, G MAKOX

3pocmarms NOKA3HUKU HAGIHOCMT YHKYIOHYBAHHA K1acmepHoi cucmemu.
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M. JI. PocToka

CEMAHTUYHUI AHAJII3 BA3OBUX ITOHATD JOCIIIKEHHA
3 IMOBYA0BU IHOOPMAIIMHO-AHAJIITUYHOI CUCTEMU
IMIATOTOBKN HAYKOBUX KAJIPIB

AHomauyis. AKmyanbHicme cmammi niomBepoXXYEMbCA WAAXOM GHANIMUYHO20 BUBYEHHA HAY-
Kosux 00CA2HeHb NonepedHUKiB, 3GCHOBAHUX HA NPAKMUYHUX acnekmax nobyoosu
THGOpMayIliHO-QHANTMUYHUX cUCMeM ma BU3HAYAEMbLCA MPAHCOUCYUNATHAPHICMIO HAYKOB0O2O
3HAHHA, G MAKOX O0UINLHICMIO NPOBEOHHA CMPYKMYPHO-/10214H020 YU CEeMAHMUYHO20 AHANI3Y
8I0N0BIOHOT mepmiHOa02Ti, AKA 3a6e3neyye cuCMeMHICMb Ma payioHaabHICMb 6Y0b-9K020 HAy-
K0B020 00C/IOKeHHSA. TaKum YUHOM, pe3yibmamu BUBYEeHHS CymHocmi ma 3micmy 6a308ux no-
HAMb 30 nNepsuUHHUMU pe3ylbmamamu OOKMOPCbKO20 OOCTIOXEeHHA BU3HAYAKOMb BEKMOP NO-
oanbwiux OO0CNIOHUUbKUX NOWYKiB. ToMy OCHOBHOIO Memol cmammi € npedcmasieHHs
pe3y/ibmamis NOMOYHUX NOWYKIB U000 BUBYEHHA KAmMe20pianbHO-NOHAMIGHO020 anapamy, AKUU
3abe3neqyysamume 6a308y O0eiHiMusHy niOmpumKy 0OKMOPCbKO20 GOCHIONKeHHs Memodoo2ii
nobyodosu THGOPMayiliHO-GHANTMUYHOI cucmemu ni020MOBKU HAYKOBUX Kaopis. Y ybomy
KOHMeKCcmi BUKOPUCMOBYBAUCS Memoou KOHMeHM-aHami3y, CeMaHmu4yHo20 ma NopiBHANbHO20
GHANI3y, OHMOJI0214H020 MOOENOBAHHA Ma TH. BucHosku ma nepcnekmusu 00CNiOXeHHA oxon-
JII0I0Mb KO0 NUMAHb, WO YMOXAUBMIOOMb PO3YMIHHA Cymi 6a3osux 0eiHiyil, ski nepebysa-
oMb y MepMIHONONT «IHGHOPMAYITHO-AHANTMUYHA cuCmeMa.

Knwo4osi  cnosa:  iHopmayiliHo-aHanimuyHa  cucmema,  iHgopmayiliHe — cepedosuuye,
THOPMAYIHO-GHANTMUYHA B3AEMOOIA, CEMAHMUYHE OMOYeHHA, OHMOJI02I4He MOOe/BAHHS,
mMemo00/102i5 noby0osU cucmeM, HayKoBI Kaopu.

IToctaHoBKa mpoOeMu. [IMHAMiUHMII PO3BUTOK HAyKOBO-TEXHIUHOTO ITPO-
rpecy 3yMOBJIIOE IOCTiiiHe BIOCKOHaJIEHHSI SIK TeXHIUHOrO MapKy JIACTBA, Tak i
IIOB’SI3aHOTO i3 HMM IIPOrPaMHOTO 3abe3IeyeHHs, ITOKJIMKAHOTO OOpOoOISITH
BeJIM4Ye3Hi MacuMBU OAHUX, L0 JIOACTBO IpPOAykye. [IpMuomy 1ie BIOCKOHA/JIEHHS
CTOCYETHCSI HE TiJIbKM KiJbKiCHMX MMOKa3HMUKIB, SIK MIBUAKICTh OOMiHY HAaHUMMU UK
MOSK/IMBICTb 00CSTiB HAKOMMUEeHHS iHpopMallii, a i SKiCHUX — MosiBa HOBUX ITiAXOIiB
o poboTtu 3 iHdopMalli€lo, TakMx SIK: TEXHOJIOTIi MOIIyKy iHdopMaliii, MmeToau 3a-
Oe3IeueHHsI peJIeBAaHTHOCTI JAHMX, TEXHOJIOTii CeMaHTUYHOTO Ta iH(GOpMalliifHOro
aHasi3y Torio. lle mpuBeso 0 MosiBY HOBOI (PyHIaMeHTa/IbHOI HAYKM — iTOJIOTII, 110
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BUBYA€ iHbOpMaIliiiHi CMCTeMM i TEXHOJIOTi.

V mocmimKeHHI HAMM PO3KPUTO TPAHCAMCUMILIIHAPHI B3a€EMO3B’SI3KM MiX 0a-
30BMMM TIOHSITTSIMM, Ha OCHOBi SIKMX OYIYyeTbCsS TePMiHOJIOTiUHMIA arapaT
IOCTiIKeHHS 3 TTOOYI0BY i (PyHKIIIOHYBaHHS pob0TH iHOpMaIiiiHO-aHATI TUIHNX
cuctem (pani — [AC) [26]. lo TOro X y HayKOBili JiiTepaTypi iCHY€ OeKilbka pi3HUX
TAyMaueHb 0a30BMX IIOHSTh, IIOB’SI3aHMX i3 TepMiHoOIoIeM <«iHdopMalliiiHo-
aHAJIITUYHA CUCTEeMa». 3BiCHO, IO CYKYMIHIiCTh iHQOpMaLiliHMX 00’€KTiB Ta 3B’SI3KiB
MiXX HMMM Has3uBalOTh iHGopMalliitHow cdeporo, iHGopMalliiiHUM CepeIoBUIIEM,
iHbopMaIliitHMM ITPOCTOPOM TOIIO. 3’SICYBAaHHS CYTi 3a3HAUYEHUX Y AOCTiIKEHHI I10-
HSITh HUHI € aKTyaJbHUM IIpeIMeTOM BUBUEHHS HAyKM, OCOOJMBO y BEKTOPi
iHbopMmaIliiiHO-aHaMITUYHOTO CYITPOBOY MiArOTOBKY HaYKOBUX KaJIPiB.

AHai3 ocTaHHIX HOCHIIKeHb i MyOsiKalii JaB 3MOIy CTBEpPIKYBaTH, IO
BUBUEHHSI CEeMaHTUKU MOHSTh, OB’ 13aHuX i3 IAC mpucBssueHo Ipaili 3Ha4HOI 1Jiesi-
I IOCHITHUKIB. AJKe, pO3INISHalouM TepMiHomoie «iH(pOopMalliiiHO-aHaJiTUUHA
CUCTEMa» 3HAXOAMMO CEHC y CeMaHTUYHOMY [OOCHiAXKEHHI caMe CTPYKTYypHO-
JIOTIYHOTO KOHCTPYKTY «iH(opMallisi <> aHaji3 <> cucreMa». Cjig 3a3HaAYMTH, IO Y
3arajbHOMY, ¢isoco@cbkOMY TpaKTyBaHHi, JesKi BU€Hi IiATBepIKYIOTh iCHYBaHHS
IBOX Ppi3HMX IMAXOMiB MO0 BM3HAuUeHHS iHGopmalii - aTpubOyTUMBHMIT i
dbyHKIiOHaMbHMIA. IO TOTO 3K, camMe «aTPUOYTUBICTM» BBAXKAIOTh, 10 iHoOpMaIlisa €
BJIACTUBICTIO BCiX 6€3 BUHSITKY MaTepialbHUX 00'€KTiB — i1 SKUBUX, i HESKUBUX, TOOTO
€ arpubyToMm martepii. Ciif 3ayBaskuTH, 110 OJHE i3 HAMOINAbII BiMOMMUX BMU3HAUEHb
iHpopmairii HajmeXXUTh BUAATHOMY YKpaiHCbKOMY akajeMiky B. I'mymikoBy. BiH KOH-
cTaTyBaB, IO «iH¢opmallis, Yy Hai3arajabHimioMy ii po3yMiHHi, € Mipolo
HEOJHOPIAHOCTI PO3MOAUTy MaTepil eHeprii B IMPOCTOPi ¥ 4yaci, Mipow 3MiH, SKUMU
CYIIPOBOJIKYIOTBCSI BCi MpPOLIeCH, IO MPOTIKaKTh y CBiTi» [4]. IIpoTe 3a mo3uiii€o
«(YHKIIIOHAICTIB» € TBepskKeHHSs, 10 iHpopMaIlis po3yMi€TbCs SIK BJIACTUBICTb He
BCci€ei, a TUIbBKM BMCOKOOPraHi3oBaHOI MaTepili Ta HepO3pPMBHO IIOB’Si3aHa i3
yrpaBiaiHcbKolo  mistibHicTio ([ BmoBuuenko, [I. [lyopoBcbkuii, H. Kykos,
B. Ykpainues, M. SIHkoB Ta iH.). [Io TOro X, 3arajbHOi BimomocTi Habyya Tak 3BaHa
«iHndopmariitHa Teopis K. lllenHoHa» [20]. Po3BUTOK 1ii€i Teopii oTpumMaHo y mparsx
H. Bi"epa, 110 1o npaBy BBa)XKa€ThCsl «6aThbKOM KiOG€pHETMKM», a TAKOX y poboTax
A. Konmoroposa, nie iHdQopmallisi Ormucy€eThCsl yepes iMOBipHiCHMUI, KOMOiHATOPHMIK
Ta QJITOPUTMIUYHMIA MiAXOAM IO BUMiIpIOBaHHS 11 KiIbKOCTI [11]. Y bOMY K KOHTEKCTi
1ikaBa npaiig B. BsaTkiHa[3], npucBsiueHa po3po6JieHHIO CMHEPTeTUUHOTO MiIX0Iy 10
BU3HaueHHS iHQopMaliii. Y 11bOMY 3K KOHTEKCTi BiTUM3HsIHi HayKoBIi 1. MacasiHKO i
I1.JliccoB pmokmamHo pmocmigunu iHdopmariiiHi cuctemu - iHdopMalliitHo-
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a”HaJmiTMUHi Ta iHdopMalliiiHO-KOMYHIKalliliHi pecypcu, iX BM3HAUEHHSI Ta
kiacudikanio [14], npuainmiM 3HauHy yBary pi3HMM MiAXOAaM A0 BUMipIOBaHHS
KiZibKocTi  iHdopMmalii [15]. Takoxk 6araToMaHiTHI acrnekTM MOOYyAOBM Ta
¢dbyHKIIiOHYBaHHSI iHGQOpPMAIifHUMX CUCTEM OOIPYHTOBAHO TAaKMMM YUEHUMH, SIK:
B.BbukoB i B.Pymenko (iHdopmaiiiiHi cuctemu B ocBiti) [1], B. Kensskosa [6],
B. 3axaposa i JI. @ininmosa [7] (cemaHnTuyHi iHdopmaniitHi cucremu), C.3ubiH i
B. Xopomko (iHhpopMaliiiiHi TexHosorii 3axucTy, po3po6IeHHS i ONTUMIi3allist CTPYK-
Typ TpadikiB nepemaui inpopmaiiii, iHxkeHepist MporpamMHoro 3abesnevyeHHs, y T. .
i MepexeBux Te3aypyciB)[8,9] Ta iH. Takum 4YMHOM, y KOHTEKCTi HAIIOro
OOCJTiIKeHHS, CIMPAKUNCh Ha AOCBiJ MOMepegHMKIB Ta BPaxOBYIOUi CydacHi 340-
O6yTKM HayKM, € CEHC HAIATV BU3HAUEHHSI ITOHSITTS «iH(bOpMaIlisi» SIK OJTHOTO i3 6a30-
BUX Y HAIIOMY JOCTiIKeHHi, TUM caMKUM 3abe31euyloun repiry cKaagoBy HaBeJeHO-
rO BUIIE KOHCTPYKTY.

[Tepexopssun [0 ApPyroi CKIAZOBOI «aHasi3», 3BEPTAEMOCH IO OTPUMAHUX
pe3ybTaTiB Ta, Ha HAILly MYMKY, OiIbII KOHCTPYKTUMBHMX BU3HAUEHb. J[OC/TiTHUIIS
B. BapeHKO CTBepIKye, 110 «aHAIITUKA — LIe pOo3rajayKeHa i CKjaJHa cucTeMa 3HaHb,
CKJIaJJOBMMM YaCTMHAMM SIKO1 € 1 iHIII HayKu: Jiorika (Hayka PO 3aKOHOMipHOCTI
MMPaBUJIBHOTO MMCJIEHHS), METO0JIOriS (CucTeMa IPUHINUIIIB, METOAIB i MIPUitOMiB
MMi3HaBaJIbHOI HisUIbHOCTI), eBpUCTHKA (HayKa, 110 BiIKpMBa€ HOBe B pi3HMUX cdepax
KUTTST), iHpopMmaTMKa (Hayka mpo iHdopmaiiito, crocobu ii oTpMMaHHS, HaAKOIMU-
YyeHHSsI, 00poOKM i mepemaui». Amyke HeoOMeskeHe BiITBOPEHHS Vi HaKOMMUYEHHS Ta
6araTopa3oBe BUKOpUCTaHHS iHopMallii y pyc/ii aHaIITUKY — 1@ «MacOBe MPOIyKY-
BaHHS HOBOI iH¢opMmaliii Ha OCHOBI 3i6paHOi — mepBUHHOI» [2, ¢. 19]. [lo TOTO 3K, -
TaHHS QHATITUKY 3aXOIUIIOIOTH HAyKy 1e 3 YaciB ApuCTOTes, 110 CyTi SKOTO /i MOX-
Ha BBaXXaTu ii BMHAXiZHMKOM (Ilepili Ipalli Mpo CUCTEMHe OauyeHHS CBIiTy Ta
BAXIMBICTh CUCTEMHUX HOCTi’)KeHb, MOB’SI3aHUX 3 aHAIITUKOI, HaJIeXaTh I[bOMY
dinocody). Takox B. BapeHKO CTBEPIKYE, IO «aHaJi3 — MOIiJ 06'eKTa (MMOIYMKU UK
peasbHO) Ha CKJIaA0Bi YaCTUMHU 3 METOI0 iX OKPeMOTO BUBUEHHSI», a 6e3mocepesHbO
«iHdopMmalliiiHa aHaJIiTMKAa BUKOHYE HacaMIlepel] 3aBIaHHS sIKiCHO-3MiCTOBHOTO IIe-
peTBOpeHHs MepBUHHOI iHdopMmaliii, QyHKIiOHAJbHO TEepeTMHAIOUNCh B ILHOMY
IJIaHi 3 HAYKOBOIO (BMPOOHMUIITBO HOBOTO 3HAHHS) i YINpaBIiHCbKOWO (po3pobKa
BapiaHTiB pilleHb, CleHapiiB) OisbHICTIO» [2, c. 38]. Ha Hamly AyMKy, y BeKTOpi Ha-
IIOTO JOCJIiIKEHHSI BUMOKpeMJIeHHSI 6a30BOro MOHSTTS «iH(opMaliitHuii aHasmi3»
Ma€ pallilo Ta BiANOBiZae JIOTiIYHOMY KOHCTPYKTY «iH@opmalis + aHami3z =
iHbopMmalliitHMii aHami3», a TAKOX JIOTIYHO BU3HAUa€ CTPYKTYpY «iHDOpMaliiiHMi1

aHaji3 + cucTema = cMCTeMHMIi iHQopMmalliiiHuit aHami3». Y CBOIO uepry, pe3yjibTaTu
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aHAJITUYHUX PO3BiAOK IIOJO0 CEMAaHTUKU MOHSITh «CUCTEMa», «CUCTEMHMUI aHAJIi3»,
«CUCTeMHMIT iHDOopMaIiliHMIT aHaJTi3» JAal0Th 3MOTY CTBEPIKYBaTH, IO 1S ITpobiemMa
€ Y KOJIi HAayKOBUX iHTepeciB TakKuX AOCHiAHUKIB, sIK: E. KBelim, B. Kinr, M. Moicees,
C. OnrtHep C. SIHr Ta iH.

MeTa pocCaig)KeHHSI — TIpPeACTaBUTU TOTOYHI pe3yJbTaT HAyKOBOIO
OOCJTiI;)KeHHSI IIOJ0 BM3HAYEHHS Ta 3MOiliICHEHHSI NepPBMHHOTO [IediHiTUBHOTO
aHami3y 0a30BMX IIOHATh, HEOOXiZHMX [HJiI PO3YMIHHS CyTi KaTeropii
«iHdopMalliliHO-aHa/IITUUHA CUCTEMAY, 1110 YMOK/IMB/IIOBATMME BUIiIEHHS iCTOTHUX
03HAaK Ta CIpUSITUME YIOCKOHAJIEHHIO TePMiHOJIOTiYHOIO amapaTy B KOHTEKCTi po3-
pOOJIEHHSI METOA0JIOTii CTBOpeHHS iHGOopMalliitHO-aHATITUUHOI cucTeMM 1151 3a06e3-
TeyeHHSI SIKOCTi MiiIT0OTOBKY HaYKOBMX KaJipiB.

BuknageHHsI OCHOBHOTO Marepiany amocihimkeHHsi. CydyacHe CyCITiJIbCTBO
IOCUTb pi3HOpiZHe, MPOTe BEKTOp Oro PO3BUTKY BBAXKAETHCS BM3HAUEHUM Bif
MTOCTiHAYCTPiaJIbHOTO 10 3HAHHEBOTO Uepe3 iHpopMailiitHe. MoskHa MOTOKYBaTUCh
abo Hi 3 1i€l0 Te3010, MPOTe Oe33amepevyHnM € Toi (GakT, 0 OTPUMAaHIi 3aBIOSIKM IIii
collia/ibHiii, a TOUHillIe Oyae CKa3aHO — TPAHCAUCIUIUTIHAPHIl apaaurmi, yCTaHOB-
KU CTIPUYMHWIN OYpX/JIMBUIT PO3BUTOK HAyKOBO-TEXHIUYHOTO IIpOrpecy camMe B rajaysi
inpopmaTusaiiii Ta umdposisariii. Lle i1 3yMmoBIII0€ HEOOXiTHICTh PiISHOCTOPOHHBOTO
IOCTiIKEeHHSI TMOHSTTSI  «iHopMmaliisi» Ta #Oro TMOXiAHMX SK  JIOTiYHO-
KOHCTPYKTMBHOI OCHOBM TepMiHOMOJIS «iHpopMalliiiHO-aHa/ITUYHA cUCTeMa». Bke
IAaBHO CTaj0 3pO3YMiJMM, IO HABKOJIO HAC BimOyBaeTbcs (OPMYBaHHSI HOBOI
iHpopMaIliitHOi peaysbHOCTI, 1[0 € Pe3yJbTaTOM AMHAMIUHMX IIPOLIECiB T100a/TbHOI
inpopmaTusaiii cycmizibcTBa. ToMy 3a 6a30Bi IOHATTS Y PYCIi aHATITUYHUX
JOCJIiAiB MAaeMO MPUIIMATH BCi Ti KaTeropii TepMiHiB, [0 € MOXIAHUMM OO TTOHSTTS
«iHdopMmallisi» y TepMiHOMOMi «iHGOpMalliliHO-aHaiTUYHA CUCTEeMa» Ta YTBOPIOIOTh
CTPYKTYPHO-JIOTiUHMIi (CeMaHTUUYHMI) KOHTEKCT «iHdopMallisi <> aHaJli3 <> CUCTe-
Ma». BigmoBiZHO Ile JacTb ¥ pO3yMiHHS TOHSATb «iHMOpMaliliHMii TPOCTip»,
«iHdopMallifiHO-aHAITUYHE TI0JIe», «iH(pOopMalliiiHe cepemoBUIIE», <«OHTOJIOTisI»,
«CeMaHTUYHEe OTOYeHHs» Ta iH. TakMm UYMHOM, Ha Hally JOyMKY, TOHSTTS
«iHopMallisi» € OCHOBHMM 6a30BUM [IJIsI pO3YMiHHSI TIPOIIECiB, 110 PO3T/ISAATUMYThb-
CS1 B MeXKax HalloTo AOCTiIKeHHS.

BigTak, HMHi icHye 6araTo BM3HAuUeHb MOHATTS «iHbopMalisi». 3a AeSTKUMU
OlliHKaMM ix (a, oTxke, i MAXOMiB 10 PO3IJISIAY Ta iHTepIipeTallii iHDopMallii) moHaz,
TpUIUATH [19, 23, 24]. YMOBHO NOAIIMBIIM MiAX0AU N0 BU3HAUeHHs iHopmallii Ha
ryMaHiTapHi i1 TeXHOJIOTiUHi (32 MOKJIMBICTIO 3i/iCHIOBATY TOYHI BMMipIOBaHHS 00-
csiry iHgopmatiiii) Big3HaumMMo, 1110 JKOAHA i3 1IMX KaTeropiit He € BUUEPITHOIO.
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['ymaniTapHi migxogu, y CBOKW0 4Yepry, MOKHaA IIOOUIMTM Ha COIliajbHi,
TICUXOJIOTIYHi, TEXHOJIOTIUHI Ta iH. Hampuknam, i3 TOUuKM 30py Teopil KypHaTiCTUKH,
mij iHpopMmalli€elo po3yMmiloTh «onuc HakTiB», IPOTe i TYT MOCTA€ MUTAHHS, YK A0
iHpopmaliii HanesxxaTb 6yAb-sIKi dhakTH, M auile HOBi [5]. 3ayBakuMo, 1110 HUHI BXke
cTajia Kl1acukolo Teopis iHdopmailiii, 3acHoBaHa Ha poboTtax P. Xaptni [19, 23, 24] i
K. lllenHona [20], BizmoBigHO sIKOi iHpOpMallig icHye aulle B KibepHETUYHUX CUC-
TeMax i HeBif’eMHa Bif GyHKIIi yrpaBiHHS. SIK pisHOBUAM KiOEpHETUYHUX CUCTEM
OOCTIZHUKN PO3IJISIAAI0Th KJIITUMHU XXUBUX OPraHi3MiB, JIOAUHY, CYCHJIBCTBO TOIIO.
B ocHoBy Teopii iHdopmaiii moknameHo 3ampomnoHoBaHuii K. I[lleHHOHOM cITOCiO
BMMipIOBaHHS KiJIbKOCTI iH(opMallii, 10 MiCTUTBCSI B OJIHil BUITaAKOBili BeJIMUMHI,
BigHOCHO iHIIOi. BiH mae 3Mory BMpa3uUTH KiJbKicTh iHQoOpMallii KOHKPETHUM 4YMC-
JoM. Bim 1poro migxomy CyTTEBO BifIpi3HSIETHCS CHMHEpPTeTHMYHA Teopis iHpopmairii,
Ie VimeThCs PO iHIIMI By, iHpopMaliii, 110 icHye He3ajeKHO Bif yIIpaBJliHHS i re-
HETUYHO OMY Ilepepnye.

Binblll KOHKpPeTHO — Yy TpaAulliliHiii Teopii iHbopMallisl SIBsSE COO0I0 3HATY
HEBM3HAUEHICTh BMOOPY OJHi€i BJIACTMBOCTI MOXJIMBOCTEH, a y CUHEpPreTUUHiiA
Teopii mig TepmiHOM iHdOpMaIlist po3yMilOTh BiZOMOCTiI PO KiHIIEBY MHOXWUHY SIK
enuHe 11iyie. BigmoBigHo, mpeaMeToOM ITi3HAHHSI CMHEePreTMYHOI Teopii ingopmalii €
iHbopMaIliifHO-KiIbKiCHI acIleKTU BiZoOpaskeHHSI KiHIIEBUX MHOXMH (OUCKPETHUX
cUCTeM) SIK IiicHUX yTBOpeHb [3]. [Tocunatounce Ha poboty 10. llpeiinepa, ne HaBe-
I€HO SIKiCHi pe3yibTaTy 3 BUBUEHHS IMpo6sieM iHgopmallii 3 morisay ceMaHTUYHOTO
aHai3y 00'eKTiB, 3’ICOBAHO, 1[0 Maloyi B3Ke iCHYIOUi pO3pOOKM JIOTiKO-3MiCTOBHUX
OCHOB iH(popmMmarliifHoro 3abe3medyeHHsI, MOXHA OXapaKTepU3yBaTU MOJEJb
ceMaHTMUUHOI iHdopMallii, ceHC SIKOi 3BOAUTHCS OO PO3IJSLY OYIb-SIKUX 3HAUYIIUX
MOBiIOMJIEHb 3 TOIJISIAY IIOCTiliHOI HasiBHOCTI B HuUX iH(opmarii. [Tpuuyomy 11i
BigZOMOCTi 3MiHIOIOTH 3 YacOM 3arac 3HaHb MpuitMaua iHdopmailii (3amac 3HaHb
MO>XKHa TPAaKTyBaTHU K Te3aypyc). CyTHICTb MOAEIbHOTO MigX0AY B LIbOMY BUIIAIKY
TOJISITa€ B TOMY, 1[0 CEMaHTUYHMIT acrekT iHdopmaliii Bupaxkae BigHOIIEHHS MiX
MOBiIOMJIEHHSIMM Ta iX MepefgaBavyaMi; B pe3yabTaTi iHQopMalliliHi mpoiecu Buaa-
I0ThCS SIK mporiecu BimouTTs. KinbKicTh cemaHTHUHOI iHdOpMalii, 0 MiCTUTBCS Y
IIeBHOMY ITOBiJOMJIEHHI, [I€BHOIO MipOI0 BM3HAUYa€ThCS 3MiHOMWO Te3aypycy [21]. Ta-
KMM YMHOM, KOHCTATy€EMO, 1110 iCHY€ BeJIMKa KiJIbKiCTh METOAOMOTiYHUX MiJAXOAiIB A0
pPO3yMiHHS iHpopMallii, o Bimo6paskaTh Pi3Hi il acrekTy i Jar0Th 3MOTY PO3IJIs-
naTu ii 3 pi3HUX TOUOK 30DY.

bepyun no yBaru 3a3HavyeHe, Ha JAHOMY eTalli AOC/IiIKEHHS 3a OCHOBY JJIS

pO3yMiHHS Bi3bMeMO TIOHSITTS, 3anpornoHoBaHe M. Kamemielo, sKa 4iTKO
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BCTAHOBJIIOE Te, 1110 «iH(popMallis — 1Ie BiZoMOoCTi mpo ocib, mpeagmeTy, GakTu, Momii
Ta MpOoLecH, He3aJexxHo Bif ¢dopMmu ix npexactasieHHs» [0, c. 92]. Xoua, Ha Hauly
IYMKY, Ile MoTpebye BM3HAUeHHS Ie OonHiel mediHilii — «BimomocTi». ¥ mexax
OOCTiMKEeHHS TIiJ BiOMOCTSIMM OyoemMO pO3yMiTH YSIBJIEHHS, 110 BMHUKAIOTH Y
cy0'eKTa B pe3y/bTaTi CIPUIHATTS Ta aHATi3y JaHMUX, e JaHi — 1e meski ¢gakTu,
dikcoBani BimomMocTi mpo mogii. Cipasai iHdopmallisi He MoXe icHyBaTH cama IO
cobi, 6e3 [esKOro HOCisl, IMpeaCcTaBJIeHOro B MaTepiaJibHO-eHepreTUuHiin ¢popMi i1 €
yacTMHOW VYHiBepcymy. Takosk HamOinbIinl cyTTeBMMM HOediHillisiMM, IO MOKHA
3YCTPIiTU TIPU PO3IJISIA TepMiHOMOJS «iH(pOopMalliifHO-aHaTiTUYHA CUCTeMa» € TaKi
SIK: «iHpopMaIliitHuit MpocTip», «iHDopMalliiiHO-aHaTiTUYHE MoJie», «iHhopMalliliHe
cepemoBuile». IHKOAM iX MOMMJIKOBO BXMBAIOTh Y SKOCTIi CMHOHIMIB.

B3aeMOBigHOIIEHHS MiK HUMM IIPeACTaBJI€HO Ha PUCYHKY 1, 1e:

&

U = YuiBepcy™m

S = ludbopManiiHUHE OIPOCTIP

~

P =IudopmaninHo-aHANITHYHE MO

\- /

PucyHok 1 — B3aeM03B’sI30K IMOHATH «iH(pOpMaIliitHuit mpocTip» Ta
«iHdopMmalliiiHe cepeIOBUIIIE»

1.  «U» — YHiBepcyM, MiCTUTD BCIO iCHYIOUY y BcecBiTi iHdopmariito, 1o 6yia,
€, ab0 Moske CTaTu AOCTYITHOIO JIJis JTIOACTBA.

2. «S» — iHdopMaliitHUIT IPOCTip, BUSHAUUTHU SIKUIT clIpobyeMo Hipkue. I'o-
JIOBHUMU 3K 10TO 0COOIMBOCTSIMYM BBaska€MO TaKe, 110 BiH € YaCTUHOW YHiBepcymy i
MicTuTh iHdopMmariito, sika abo Bimoma, abo Moxke 6yTM OTpMMaHa HasIBHUMMU Yy CIIO-
XUBauiB 3acobamu, Ae Mif CroXXuBauamMiu PO3yMi€ThCS BCe JIIOCTBO, SIK JeSIKUit Co-
miym. O. [lybac Bim3Hauae, 0 y paMKax KibepHeTUMYHOTrO Iiaxoay iHhopMaliiiHuM
IIPOCTOPOM HaA3MBAETHCS CYKYITHICTDb Ikepes iHdopMallii, 6a3 JaHMX, TeXHOJOTIi i
MepexK, SIKi 00’€IHYIOTh iX. Y (dinocodchbKO-MeTOm00riYHOMY BMMIpi mifg iHhopma-
I[iifHMM IIPOCTOPOM PO3YMI€THCSI CepeqoBUIle MOIMpeHHs iHdopmaliii B colliymi,
0 repebyBae Mif BIVIMBOM KYJbTYPHUX, €KOHOMIUHMUX, TTOJITUYHUX, TEXHOJIOTiU-
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HMX Ta iHImMMX pakTopiB Y paMKax ceMaHTUYHOrO ITiaxony iHGopMaliiiHuit mpocTip
MOJIEIIOETHCS SIK TilepTeKCTOBa CTPYKTYpa, 10 BKIKOYA€E Pi3HOMAaHITHI Ta B3a€EMO-
3a/eXkHi o6pasy, 3HaKM, KOHIENTU, TEKCTU ¥ TOKYMEeHTH, 3 SKUMMU BiJOyBarOTbCS
mpolec KOAYBaHHSI, TepenaHHs, 30epiraHHsl ¥ iHTepmperanii iHdopmarrii [5,
C. 224].

3. «I» — iHdopmaliiiHe cepemoBuiIle esIKi AOCTITHMKUA OTOTOKHIOIOTH i3
iHbopMaIliitHMM ITPOCTOPOM, IO Ha HaIlly IYMKY € HeBipHMUM. IHdopmalliiiHe cepe-
DOBUIIE 3aBKOM IMITYUHE i MOB’sI3aHe i3 criokMBaueM iHdopmailii (cyd’ekTom) i Bu-
3HAYaA€ThCS, BJIACHE, MOKIMBOCTSIMM CIOXMBaya IIOA0 11 OTpUMMAaHHS/COPUIHSITTS.
[Ipuyomy y poJii CIIoKMBavya MOXKYTb PO3T/ISIAATUCh SIK OKpeMi ¢GisudHi ocobu, Tax i
iX opraHizoBaHa CyKyIIHicTb. Tak OGyze CyTTEBO BifgpisHsATUCH iHDOpMalliliHe cepe-
IOBUIIE TPAMOTHOI i HEMMCbMEHHOI JIIOAVHMU, 110 Gi3UUHO 3HAXOASATHCS Y OJHOMY i1
TOMY K UMTaJIbHOMY 3aJi 6i6mioTeku. IndpopmalliiiHi cepeoBuIiia MOKYTh II€peTH-
HaTtuch (I1 — L4), cnmiBnagaT, MicTUTUCh ofiHe B ogHOMY (Is )) i, HaBiTh, i3 MeBHUMM
morryckamMu, 6yTy i30/iboBaHMMM ofHe Bim ogHoro (Is ).

4. «P» - indopmariiiHo-aHaniTuuHe 1oJse. IIpo cepemoBumia (I1-Is) roso-
pSITh, 110 BOHM iCHYIOTH Y CITiIbHOMY iHdopMaliiiHomy moti. CepemoBuiiie 14 MoxkHa
po3rngaaTtu K iHgopMaliiiHe 1moje mst cepemoBuin Iz Ta Is . Vci HaBemeHi Buile
BU3HaUeHHS iHopmallii mepenbauarTh HASIBHICTh IyKepesa Ta CIIOXKMBauya, TOOTO
MIeThCs TIPO JesiKuii BU, B3a€eMO/Iii 00'eKkTiB. B3aemoito 06'ekTiB, 1110 Bee 10 3Mi-
HM iHopmatiii (B KiTbKiCHOMY UM IKiCHOMY BMMipi) X04a 6 [IJiT OJHOTO 3 HUX, Ha3M-
BaTUMeMO iHpopMalliiiHO-aHaiTUYHOI B3aEMO/IIEI0.

3ayBaxkuMMo, 110 B YMOBaX CydyacHMUX iH(popmaIlliiiHux KOMyHiKalliii BCi 06’€KTu
iHbopMalliitHO-aHa/IITUUHOI B3a€EMO/Iii, He 3aJIe5KHO Bifl iX IOXOMXeHHS, IPSIMO UM
orocepeiKOBaHO B3a€EMOIOB’sI3aHi Mik €00010. Bcsi CyKyMHICTh TakuxX 00’€KTiB,
B3a€MO3B’SI3KiB Mi’K HMMM pa30M i3 yMoBaMM iX (GYHKIIiIOHYBaHHS SIBJISIE COOOIO JTesi-
Ky MaTepiajJibHO-eHepreTMyHy IOMHAMiuyHy IPOCTOPOBO-YAaCOBY CTPYKTypy. Taka
CTPYKTYpa He € CTalo0. Ii 06’€KTM MEBHMM UMHOM 3MiICHIOIOTH B3a€MOBIUIMB i
00MiHIOI0ThCS iHpopMaiiiero. To6To, MidXk OKpeMUMM 06’€KTaMM iCHYIOTh KaHaju 10
SIKMM aHaJIiTMYHA iHpopMallis mepesa€eThbcs, a cam 00’€KT JJIsT TOBHOLIIHHOI y4yacTi y
B3a€MO/Iii Mae O6yTM 3HaTHMUM [0 Hilt i3 iHbopmalieo. Takumu AisMu MOKe OYTU
CTBOpeHHS (TeHepyBaHHsI) HOBOi iHdoOpMaliii, pefaryBaHHS (IlepeTBOPEHHs), Tepe-
nauva (peTpaHCIsIisl), OTpUMMaHHS, 30epiraHHs, MOIIyK, aHali3 Touo. OpraHizoBaHa
CYKYITHiCTh iHpopMaIliifH1uX 00’€KTiB i 3B’I3KiB Mixk HMMM MOsKe yTBOproBatu IAC.
Bzarani, mim [AC OyzemMo pO3yMiTM CYKyHHICTb aHaliTM4HOI iHdopmarlii, o

MiCTUTBCS B 6a3ax JaHMX, iHOOpMAaIiiHMX TEXHOJIOTi Ta TeXHiUHMX 3aco0iB, IO
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3abe3mneuyioTh ii 00poOKy. ['0JIOBHOIO pMcow € came iHpopMalliiiHO-aHATITUYHA
B3aeMoJisi. HeoOXimHiCTh IMPAKTUYHOTO BUKOPUCTAHHS Ili€i B3aeMOZii 3yMOBIIIOE
HeOoOXiIHICTh He TI/IbKU SKiCHOTO PO3YMiHHS TIOHSTTS «aHadiTMYHA iHpopMallisi», a
11 moTpeOy B ii KiJIbKiCHi iHTeprpeTarii.

Posrnsimatoun iHdopMalliiiHy B3a€MOIiI0 B TeXHIUHMX i KMBUX CHUCTEMax,
H. Ky3HenoB [13] BuOKpeM/IIO€ II’ITh BULIIB IiAXOLIB 0O BU3HAUeHHS il KiJIbKOCTI:
eHTpomniiiHuii (1), anroputmiunmii (2), KombiHaTopHMII (3), ceMaHTUUHMII (4), TIpar-
MatuaHuit (5). V 1ioMy MOroasKyrumnch i3 HUM, OOJYUYMMO [0 ¥oro kiaacudikairii
IIOCTUI, CMHepreTudHui (6), 3anporioHoBauuii B. Batkinum [3] Ta gogaeMmo, Ha Ha-
Iy OYMKY, HUHI aKTyaJbHUIA — TPaHCOUCUUIUIIHAPHUIA (7) — Y T. 4. — aJalTUBHUI
(8) i onTONMOTIUHMIA (9) — SIK pisHOBUIM [22, 27]. [lepiunii, IPYTUii, TPETiil Ta WIOCTUIA
BUAM [AIOTh KiJIbKiCHe BM3HAUEHHS CKJIAJHOCTI OMMCYBAHOTO 00'€KTa UM SBUIIA.
YeTBepTuii — BM3HAUYAE 3MICTOBHICTh i HOBU3HY IIOBiIOMJIEHHS, IO IepedaeThCs
IUIST oflepyKyBava (KOpUCTyBaya) MOBiAOMIEHHS. 3PeIlTOl0, IT'ITUli BUJ, 3BepPTa€ yBa-
I'y Ha KOPUCHICTh OTPUMMAaHOI'O IMOBiOMJIEHHS IJisI KOPMUCTyBauya TaKoX BiAMiTUMO,
IO 3a MparMaTMYHOTO ITiIXOMy OIiHIOBAaHHSI KiJbKOCTi iHopMallii, omepKyBaHOi
rpuiiMadyeM, MPOMOHYETbCS PO3KPUBATHU 3a CTyI€HeM i1 KOPMUCHOCTI 3aJJisl JOCST-
HEeHHSI TocTaBjieHOi MeTu. Takuit migxim o0coOGAMBO TNPMBAOAMBUIA [IJISI OLIIHKMU
KiJIBKOCTI aHaMiTMYHOI iHpopMaliii B cucTemMax yIpaB/liHHS, B SIKMX 3aCTOCOBYEThHCS
OibII CcKIagHa cxeMa iHGOpMalliliHO-aHaATITUYHOI B3aeMOii «Iskepeno — Tpuii-
Mau», Hixk y KoHuerilii K. [llenHoHa. Y HuX iHdopMallisi po3r/sigacTbcsl He caMa 1o
cobi, a SIK aHAJITUYHMIT 3acib, 32 JTOTIOMOIOI0 SIKOTO Kepylouuit 00'eKT «A» MOXe
BIUIMBATY Ha KepoBaHMI 06'eKT «B» 3 MeTOW OTpUMaHHS 6askaHOi MOBEIiHKM 1bOTO
006'ekTa, 110 OLIHIOETbCS KpuTepismu sikocti [13]. OcHOBHA mepeBara Imepuiux 4o-
TUPbOX MepeiuveHuX MigX0miB 10 BU3HAUEHHS KiJIbKOCTi iHdopMallii mossirae B TO-
MYy, 110 BOHU CIMUPAKTHCSI HA CTPOTi CUCTEMM aKCiOM i MiATPUMYIOTbHCS PO3BUMHEHUM
MaTeMaTUYHUM arapaToM Ajisl AOCTiIKeHHS BAaCTMBOCTel BU3HAYEHHS KiJIbKOCTI
aHamiTMuHOi iHdopmarii. OCHOBHMIT HEMOJiK IMUX MigXOIiB IOJITaE B TOMY, IO B
paMKax Lux (GpopMasbHMUX MOJeJieit He BAAETHCS OL[IHUTYU 3MiCTOBHY CyTh KOKHOTO
TOBIJOMJIEHHS, 100 CeMaHTUKy. CbOMUI (TPAHCOAUCLUIIIHAPDHUIA) — BU3HAYAETHCS
CMHEepTi€l0 BCiX 03HaYeHMX ITiIXOiB Ta ONucye TpaHchopMalliliiHy MeTOH0JIOTi0 I10-
oymoBu i ¢pyHkiionyBaHHsS IAC. 3a HAIIOK TOYKOIO 30Dy, HAOi/IbII HAGIVDKEHUMMU
0 CyyacHMX ITOTpeb y poOOTi 3 aHa/MiTMUYHOW iH(opMmallielo i3 3ampoOnoOHOBAHUX
MiIXOMiB € CeMaHTUMUHMI i TPaHCOAMCUMUILIIHAPHMIA, SIKi IepeTUMHAIOThCSI 3aBASKU
TpaHcdepy TexXHOJOriii 3acobaMy aganTUMBHOTO i OHTOJIOTIYHOTO MO/IETIOBAHHS.
AJi>Ke, ceMaHTMUYHI TEXHOJIOTil JOCUTD JaBHO 3aCTOCOBYIOTHCS IPU MPOEKTYBaHHI Ta

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



«CucremHi TexHouorii» 2 (139) 2022 «System technologies»

peasizaliii iHGopMaIliiiHMX CHUCTeM, BOHM 3HAMIIIM CBOE BiJOOpaskeHHSI Y Pi3HUX
MeTOAMKAaX.

HijicHO, M0 ceMaHTMKa — Iie PO3[AiJ JiHIBiCTUKH, 1110 BCTAHOBJIIOE BiZHOCUHU
MiXXK CMMBOJIaMM i 00'€KTaMM, SIKi BOHM ITO3HAUalOTh. IHIIMMM CJIOBaMM, IiJl CeMaH-
TUKOIO PO3YMiIOTh HayKy, I[0 BM3HAYa€ CEHC 3HAKiB. BimMiHHOIO 0COOJMBICTIO Cce-
MaHTUYHUX iHQOPMAIliifHMX CUCTEM € MOXKIMUBICTh 00POOKM (3MiHA popMM ImOmaH-
HS, TIOIIYK Ta iH.) ceMaHTMYHOi iHpopMaliii (BMpakeHOI 3HAKaMM BiIOMOCTeN PO
BUJIiJIeHi CTOPOHM 006'eKTiB) [6, 7]. TOOTO ceMaHTHKa — 1ie TeBHi CEHCY CyKYITHOCTeIA,
y T. 4. /i aHaJIiITUUHOI iHDopMaliii.

Haramaemo, 110 KiJbKicTb iH(OpMallii 3 MO3uliii ii JOIiJIbHOCTI BU3HAYAETHCS
dbopmynoro:

[ =log™ (1)

P2

Ie pi, P, — IMOBIDHOCTI NOCSATHeHHS Ll MicasA 1 O OTPUMMaHHS IOBiLOMIIEHHS,
BiamoBigHO [15]. OUueBMAHOIO € XapaKTepHa OCOONMBICTb CEMaHTUYHOIO MiAXOIy —
BM3HaUeHa BeJMUMHA KiJTbKOCTI aHaaiTUUHOI iHQopmaliii € cyd’ekTuBHOIO. [lilicHO,
JMIMOBIpHOCTi HOCSITHEHHS IIijli 3ajekaTb He Juile Bif iHdopmalii y maHomy
MOBiOMJIEHHI, ajle B MOyXXe BeNMKiii Mipi Bim camoro cy6’ekTa, IO CIpHUiiMae
MOBiJOMJIEHHS], Bif, iHIIMX 10TO 3HaHb, YyMiHb HaBMUOK [14]. Tomy 1ije OAHMUM IMOHSIT-
TSIM, 3HAUYIIMM, Ha Hally TYMKY, B OKpeCJeHHi BEeKTOPY JOCTiI)KEHHS € «CeMaHTUY-
He OTOYeHHS». Take OTOUeHHS 00'€KTa JOCIiIKEeHHS € e ApiOHilllMM 3a MacliTa-
6oM 06'ekTOoM [HiX iHpOpMalliliHe cepenoBuille, — MPUM. aBT.|, SIKUIi BKJIAJEHO B
iHbopmalliiiHe cepenoBuIlle Ta TiCHO IMOB'SI3aHO 3 00'€KTOM IpsiMyBaHHs. Take oTO-
yeHHS HeOoOXigHO [y OJHO3HAUHOiI iHTepmpertamnii 06'ekra iHGoOpMalliitHO-
aHAJIITUYHOTO TOJIsI Ta Jioro iHgopMaliiiiHoi Bu3HaueHoCcTi. Hampukianm, cemaHTUY-
HUM OTOYEHHSM iHGOpMallifiHOI OOMHMII «CJI0BO» Y peueHHi uM (pasi, 6yayTh
MOB'sI3aHi i3 I[MM CJIOBOM CMMBOJIM Ta iHIII CJI0BA, i HaBiTh Taki iHGopMaliiiiHi xa-
PaKTEePUCTUKM SIK TIO3MIIiS CJIOBA Ta BUO JOTO HAIlMCaHHS. AIKe, CeMaHTUUYHe
iHbopmalliiiHe oToueHHs1 € iH(pOPMAIifiHOI0O MOJE/UII0 CEMaHTUYHOTO TOJSI II0-
HATD [17].

Ha 3aBepiieHHs oryisimy 6a30BMX IOHSTH IOA0 3’SICYBaHHSI CYyTi TepMiHOIOJS
«IAC» posriagHemo pAediHililo «oHTOJOris». OHTOJOTISI MOke OyTH 06a30BUM
iHCTPYMEHTOM CeMaHTMYHOTO aHali3y, came TUM II0JIeM, Y MeKaX SIKOTO MOsKHa 00-
YMCTIOBATY CMMUCIOBY OJIM3bKICTh CEMAaHTUUHMX iHTepIIpeTalliii JieKceM TeKCTY II0-
0 HaOIMKYOTO OTOUEHHS, TOOTO KOHTEKCTY. [I06ymoBa OHTOJIOTI 6a3yeThbCs Ha

dikcarrii oriyHNX KOHCTPYKIIii, [0 MiCTATh y COOi CJTOBHUKM TEPMiHiB TeMaTUYHOI
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rajaysi Ta Ha OMMCi BU3HAUEeHb LIMX TEPMiHiB, iX TEOPETUYHO MOKIUBUX Ta HEMOXK-
JMBUX 3MiCTOBUX 3B'SI3KiB [22, 27]. OCHOBOIO [1Jis TOOYIOBY OHTOJIOTiT MOXYTb OyTHU
3alUTU KOPUCTyBaya.

CTucio HaBeoeMO MaTeMaTMKy IIpoilecy OHTOJIOTIYHOTO MOAeII0BaHHS.
BinblicTh aBTOPiB PO3I/IsIAAKTh TaK 3BaHe KJIaCcUYHe YSIBJIEeHHSI OHTOJIOTi1 Y BUTJISIAI
Tpuriery [16, 18, 25]:

0=<X,R,F> (2)
ne O, BnacHe, oHronorigd; X = {x;, x5 ... X,} — KiHIleBa MHOXMHA KOHLEITiB
npegMeTHOiI 0671acTi, @ N — KJIbKICTh eJleMeHTIB 1i€i MHOXUHM; R = {1}, 15, ... 13,} —
KiHIIeBa MHOKMHA BiTHOCMH MiX KOHIIeITaMM IpeaMeTHOI 06/1acTi, m — KiJbKiCTh
3HAUymuX BigHOCMH; F — KiHIleBa MHOXMHA (YHKIIiM iHTeprpeTalii, 3agaHuxX Ha
KOHIIeITax Ta BimHocuHax oHTojorii O (F — mekapToBuit mo6yTOK XxR — KiHIIeBa
MHOXXMHA QYHKIIili iHTepIpeTallii, 3ajaHKX Ha KOHIIeINTaX Ta/abo CTOCYHKax).

YacTMHa aBTOpPiB  pO3I/IsAIAIOTh  OHTOJIOTII  MpeamMeTHOI  06yacTi  SIK
YIIOPSIAKOBAHI YeTBipKM JaHUX:

O=<X,R,F, A> (3)
oe A - MHOXMHA akcioMm, BU3HAueHUX y 3ajaHiit mpeamerHoi ob6smacti [12]. ITig
akciomMaMu TYT pO3yMilOTh SIKMICh HaOip mpaBui (He 000B'SI3KOBO HE3MiHHMX), IO
HeOOXiHO BpaxOBYyBaTH IIif] yac MobymoBu Mofeeii.

BucHoBku. OTKe, Y KOHTEKCTi JOC/iIsKeHHS ITpoaHaji30BaHO 6a30Bi MOHSITTS,
HeOoOXiTHi IS pO3YyMiHHS MOHSTTS «iHQOpMaIiiiHO-aHaiTUYHA CUCTeMa» TaKi, SK:
«iHpopMallisi», «aHami3» i «cucreMar. JIoBeIeHO 1110 BOHM € Iy)Ke CKIaJHMMM i bara-
TOACMEeKTHMMM Ta MalOTh 0e3jiu TpaKTyBaHb, a TaKOX TPAHCAMCIUIUTIHAPHO
iHTerpyioTh B €MHEe TepMiHOITOJIe iHIIi 6a30Bi KaTeropii MoOHATH: « iHdOpMalliliHe
cepenoBuile», «iHGOpMalliliHO-aHaTITUUHA B3a€EMO[isl», «CeMaHTUUYHE OTOYEHHS»,
«OHTOJIOTiSI» Ta iH. Y Takuit croci6 BM3HAUEHO B3a€EMO3B’SI30K MiK IMOHSITTSIMMU
«iHdopMalliitH1ii mpocTip», «iHDopMalliliHO-aHa/liTUUYHe T10jie» Ta «iHdopmalliliHe
cepemoBuiie». PO3KpUTO cyTh cydyacHOTro iHGOpMalliifHOTO cepeIoBUILA SIK MHOXM-
HM iHpOpMaIliiiHUX 06’€KTiB, MK SIKUMM 3HiICHIOETHCS iHpOpMaIliifHO-aHATi TUYHA
B3aeMozis. HaBegeHe JOCTiI)KeHHSI MaTMMe MOAAJIbIINIA PO3BUTOK IIOA0 BIOCKOHA-
JIeHHSI TepMiHosorii y cdepi mocmimkeHb 3 Mpo6aeM CTBOPeHHS i QYHKIIiOHyBaHHS
ECO-cepenosuui IAC Ta ix BU[iB; YTOUHEHHSI MaTeMaTUYHOTO arapaTy B poOOTi 3
CEMaHTUUYHUM CepefoBUILIEM 3aCcO0aMy OHTOJIOTIN; YAOCKOHAIEHHS NediHiTUBHOTO
arnapaTy HayKOBOTO AOCTiIKeHHs 3 MeTohosorii ctBopeHHs [AC migroToBKu HayKo-
BUMX KaJIpiB HA OCHOBI TPaHCAMCIUIUIIHAPHOTO IMiAXO0MY.

ISSN 1562-9945 (Print) 131
ISSN 2707-7977 (Online)



«CuctemHi TexHonorii» 2 (139) 2022 «System technologies»
JITEPATYPA
1. Bukos B., Pynenko B. (1996). Cuctemu yripasiiHHs iHGopmaniiitHumu 6azamu a-

HMX B OCBiTi: HaBu. 1moci6., I3MH, 288 c.

2. Bapenko B. M. (2014). IndopmaliiiiHo-aHaTiTUYHA OisS/IbHICTh: HaBY. noci6. Kuis:
VHiBepcuTeT «YKpaiHa», 417 c.

3. Batkuu B. B. (2010). BBemeHne B cuHepreTudyeckyi Teopuio mHpopmauyuu. MH-
dbopmanoHHble TexHomoruu. But. 12. C. 67-73.

4. T'nymxkoB B. M. (1964). O kubepHeTuKe Kak Hayke. KubepHeTuka, MbIIUIEHUE,
ku3Hb, C. 53-62.

5. Oy6ac O. I1. (2010). IndopmariiiiHo-KOMyHiKaIliifHMI1 TTPOCTip: TMTOHSITTS, CYTHICTb,
cTpykTypa. CyyacHa ykpaiHcbKa rosituka. [lomituku i momitonoru npo Hei. Bum. 19.
C. 223-232.

6. XKensiskopa B. B. (2018). CemaHTuKa: Teopist i MpakTuKa: HaBY.-METOJ. MOCi0. AJ1s
ctyn. crner. 035 ®inonoris («[IpukaamHa JiHrBicTMKa»). Mukosaib: IrioH, 180 c.

7. 3axapoBa B.I., ®inminmmosa JI. 4. (2013). OcHoBU iHbOpMallifiHO-aHATITUYHOI
IisUTbHOCTI: HaBY. 1moci6. Kuis: Bua-Bo «lleHTp yuboBOi siTepaTypu», 336 C.

8. 3ubin C.B., Xopomko B.O. (2019). IIpogyKTMBHICTb i OITHUMIi3allis
crierfiajii3oBaHUX cUCTeM 0O0poOKM iHGopMallii i3 CTPYKTYypoIo, sika KOHQIrypyeThCs
nporpamuo. Informatics & Mathematical Methods in Simulation. Vol. 9. N2 3.
pp. 120-130.

9. 3u6in C. B. (2020). Ontumisanisi po3pobku CTpyKTyp i TpadikiB mnepemaui
iHbopmallii B 3aXuIleHMX KOpHopaTMBHUX Mepexkax. KinbkicHa omTumisaiis. Ku-
6epHeTMKa: OCBiTa, HayKa, TexHika. Bum. 3 (7). C. 103-114.

10. Kapemisa M. 10. (2009). IndbopmaiiiiHo-KOMyHiKalli/iHi TexHOoJIOrii HaBYaHHSI:
TepMiHONIOTiYHMIT CI0OBHUK. JIbBiB: Bua-Bo «CITOJIOM», 260 c.

11. Konmoropos A. H. (1965). Tpu moaxona K OIpeeeHUI0 TTOHSITUS «KOJIUUYeCTBO
nHbopmanum». I[lpobnemsl nepenaun naopmaiiuu. T. 1. Bum. 1. C. 3-11.

12. Kpussiit C. JI. (2016). ®opmann3oBaHHbIE OHTOJIOTUUYECKME MOJEJM B HAYYHBIX
uccienoBaHusl. YIIpapisiioIye CUCTeMbl 1 MalivHbl. Bumn. 3. C. 4-15.

13. KysHernoB H. A. (2001). MilHdopMalMOHHOE B3aMMOIEMICTBME B TEXHUUECKUX U
KUBBIX cucTteMax. Hbopmaiimonnsie npoueccol, T. 1, N2 1, C. 1-9.

14. Macnsuko I1. I1., Jliccos I1. M. (2007). [ndopmaitiitHi pecypcu Ta 3acobu ix CTBO-
penHs. CyvacHi TeHeHIIii po3BUTKY iH(GOpMaliiiHUX TeXHOJIOriii : MaTep. Beeykp.
HayK.-MpakT. KoHP. (11-13 rpyaus 2006 p., m. JlyraHcbk), C. 141-145.

15. Macnsuko I1. I1., Jliccos I1. M. (2007). IndbopmaltiifiHo-KoMyHiKalliliHi cucTemMu Ta
TeXHOJI0Tii 00po6KM iHdopmaniliHux pecypciB. Bicunk KYEITY «HoBi TexHosmorii».
N2 1-2(15-16). C. 20.

16. Hopenkos U. I1. (2010). MHTeNIEKTYyaIbHbIE TEXHOJOTUM Ha 6a3e OHTOJIOTMIA.
HudopmaionHbsie TexHoaorunu. N2 1. C. 17-24.

132 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CuctreMHi TexHosorii» 2 (139) 2022 «System technologies»

17. OxepenbeBa T. A. (2014). O6 oTHOIIEHMM MOHSITUI MHOOPMALIMOHHOE IIPO-
CTPaHCTBO, MHGOPMAIMOHHOE I10je, MHGOPMAIMOHHAs Cpela M CeMaHTUYeCKoe
OKpYyKeHMe. MeXXImyHapoaHbIl sKypHaI MPUKIAIHbIX U GYHIAMEHTAIbHBIX UCC/IeI0-
BaHmit. N2 10 (Y. 2) C. 21-24.
18. Manarusx A. B., Ikosnes 0. C. (2005). CucTtemMHast MHTerpaiusi CpeicTB KOMIIbIO-
TepHOV TexHuku. Bunauiia : YHIBEPCVYM. 680 c.
19. Coxkoisos b. B., AnekceeB A. B. (2001). Teopust mudopmaiium: 3BOIIONUS B3IJISI-
IOB U TIOJIXO[IOB, COBpeMEHHbBIE TTOAXOAbI ¥ BO3MOXKHbBIE YT pa3BUTHs. [Ipo6rieMbl
nHdopmaTuszauyuu. Bum. 3. C. 26-29.
20. llerHoH K. (1963). Pa6oThl o Teopuu MHbOpMaLyu 1 KubepHetuke. 830 c.
21. llpeitgep 0. A. (1965). O6 omHOV Momenu CeMaHTUYECKON Teopuu MHGoOpMa-
1un. [Ipo6sieMbl KnbepHeTHKM. Boim. 13.
22. Guraliuk A. G., Rostoka M. L., Cherevychnyi G. S., Zakatnov D. O., Pavlysh T. H.
(2021). Dual-Component Ontograph Visualization. Journal IOP Conf. Ser.: Mater.
Sci. Eng. Vol. 1031 (012119). In: Scopus, Web of Science, Springer, Cham. DOI:
https://doi.org/10.1088/1757-899X/1031/1/012119 (in English).
23. Hartley R. V. L. (1928). Transmission of Information. Bell System Technical
Journal. 7. C.535-63 [mep: Xaptau P. B.JI. Ilepenaua uHpopmaiuu. Teopus uH-
dbopmatuu u eé npunoxkeHus. dusmarrus, 1959].
24. Hartley R. V. L. (1955). Information Theory of the Fourier Analysis and Wave
Mechanics, August 10, Publication Information Unknown.
25. Katifori A., C. Halatsis (2007). Ontology Visualization Methods - a Survey. ACM
Computing Surveys (CSUR). Vol. 39. Issue 4, URL:
http://www.dit.unitn.it/~p2p/RelatedWork/Matching/a10-katifori.pdf.
26. Kuzmenko O., Rostoka M., Dembitska S., Topolnik Y., Miastkovska M. (2022).
Innovative and Scientific ECO Environment: Integration of Teaching Information
and Communication Technologies and Physics. In: Auer M.E., Hortsch H.,
Michler O., Kohler T. (eds) Mobility for Smart Cities and Regional Development -
Challenges for Higher Education. ICL 2021. vol. 390 LNNS. In: WoS, Scopus,
Springer, Cham. DOI: https://doi.org/10.1007/978-3-030-93907-6_4/ (in English).
27. Rostoka M., Guraliuk A., Kuzmenko O., Bondarenko T., Petryshyn L. (2021).
Ontological Visualization of Knowledge Structures Based on the Operational
Management of Information Objects. In: Auer M. E., Riititmann T. (eds). Advances in
Intelligent Systems and Computing. Vol. 1329. In: Scopus, Springer, Cham. DOI:
https://doi.org/10.1007/978-3-030-68201-9 82 (in English).

REFERENCES
1. Bykov V., Rudenko V. (1996). Systemy upravlinnia informatsiinymy bazamy
danykh v osviti: navch. posib., IZMN, 288 s.
2. Varenko V. M. (2014). Informatsiino-analitychna diialnist: navch. posib. Kyiv:

ISSN 1562-9945 (Print) 133
ISSN 2707-7977 (Online)



«CucrtemHi TexHosorii» 2 (139) 2022 «System technologies»
Universytet «Ukraina», 417 s.
3. Viatkyn V.B. (2010). Vvedenye v synerhetycheskuiu teoryiu ynformatsyy.
Ynformatsyonnsie tekhnolohyy. Vyp. 12. S. 67-73.
4. Hlushkov V. M. (1964). O kybernetyke kak nauke. Kybernetyka, msishlenye,
zhyzn, S. 53-62.
5. Dubas O. P. (2010). Informatsiino-komunikatsiinyi prostir: poniattia, sutnist,
struktura. Suchasna ukrainska polityka. Polityky i politolohy pro nei. Vyp. 19.
S. 223-232.
6. Zheliazkova V. V. (2018). Semantyka: teoriia i praktyka: navch.-metod. posib.
dlia stud. spets. 035 Filolohiia («Prykladna linhvistyka»). Mykolaiv: Ilion, 180 s.
7. Zakharova V. I., Filippova L. Ya. (2013). Osnovy informatsiino-analitychnoi
diialnosti: navch. posib. Kyiv: Vyd-vo «Tsentr uchbovoi literatury», 336 s.
8. ZybinS.V., KhoroshkoV.O. (2019). Produktyvnist i optymizatsiia
spetsializovanykh system obrobky informatsii iz strukturoiu, yaka konfihuruietsia
prohramno. Informatics & Mathematical Methods in Simulation. Vol. 9. N2 3.
pp. 120-130. 11p.
9. ZybinS.V. (2020). Optymizatsiia rozrobky struktur i trafikiv peredachi
informatsii v zakhyshchenykh korporatyvnykh merezhakh. Kilkisna optymizatsiia.
Kybernetyka: osvita, nauka, tekhnika. Vyp. 3 (7). S. 103-114.
10. Kademiia M. Yu. (2009). Informatsiino-komunikatsiini tekhnolohii navchannia:
terminolohichnyi slovnyk. Lviv: Vyd-vo «SPOLOM», 260 s.
11. Kolmohorov A. N. (1965). Try podkhoda k opredelenyiu poniatyia «kolychestvo
ynformatsyy». Problems! peredachy ynformatsyy. T. 1. Vyp. 1. S. 3-11.
12. Kroerveri S. L. (2016). Formalyzovannsie ontolohycheskye modely v nauchnsikh
yssledovanyia. Upravliaiushchye systemsi y mashynsi. Vyp. 3. S. 4-15.
13. Kuznetsov N. A. (2001). Ynformatsyonnoe vzaymodeistvye v tekhnycheskykh y
zhyveikh systemakh. Ynformatsyonnsie protsesssi, T. 1, N2 1, S. 1-9.
14. Maslianko P. P., LissovP.M. (2007). Informatsiini resursy ta zasoby yikh
stvorennia. Suchasni tendentsii rozvytku informatsiinykh tekhnolohii : mater.
Vseukr. nauk.-prakt. konf. (11-13 hrudnia 2006 r., m. Luhansk), S. 141-145.
15. Maslianko P. P., Lissov P. M. (2007). Informatsiino-komunikatsiini systemy ta
tekhnolohii obrobky informatsiinykh resursiv. Visnyk KUEITU «Novi tekhnolohii».
N2 1-2 (15-16). S. 20.
16. Norenkov Y. P. (2010). Yntellektualnsie tekhnolohyy na baze ontolohyi.
Ynformatsyonnsie tekhnolohyy. N2 1. S. 17-24.
17. Ozhereleva T. A. (2014). Ob otnoshenyy poniatyi ynformatsyonnoe prostranstvo,
ynformatsyonnoe pole, ynformatsyonnaia sreda y semantycheskoe okruzhenye.
Mezhdunarodnsii zhurnal prykladnsikh y fundamentalnsikh yssledovanyi. N2 10
(Ch. 2) S. 21-24.

134

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



«CuctreMHi TexHosorii» 2 (139) 2022 «System technologies»

18. Palahyn A. V., YakovlevYu.S. (2005). Systemnaia yntehratsyia sredstv
kompiuternoi tekhnyky. Vynnytsa : UNIVERSUM. 680 s.

19. Sokolov B. V., Alekseev A. V. (2001). Teoryia ynformatsyy: avoliutsyia vzghliadov
y podkhodov, sovremennsie podkhodsi y vozmozhnsie puty razvytyia. Problemsi
ynformatyzatsyy. Vyp. 3. S. 26-29.

20. Shennon K. (1963). RabotsI po teoryy ynformatsyy y kybernetyke, 830 s.

21. Shreider Yu. A. (1965). Ob odnoi modely semantycheskoi teoryy ynformatsyy.
Problems! kybernetyky. Veip. 13.

22. Guraliuk A. G., Rostoka M. L., Cherevychnyi G. S., Zakatnov D. O., Pavlysh T. H.
(2021). Dual-Component Ontograph Visualization. Journal IOP Conf. Ser.: Mater.
Sci. Eng. Vol. 1031 (012119). In: Scopus, Web of Science, Springer, Cham. DOI:
https://doi.org/10.1088/1757-899X/1031/1/012119 (in English).

23. Hartley R. V. L. (1928). Transmission of Information. Bell System Technical
Journal. 7. C. 535-63 [per.: Khartly R. V. L. (1959). Peredacha ynformatsyy. Teoryia
ynformatsyy y eé prylozhenyia. Fyzmathyz.

24. Hartley R. V. L. (1955). Information Theory of The Fourier Analysis and Wave
Mechanics, August 10, Publication Information Unknown.

25. Katifori A., Halatsis C. (2007). Ontology Visualization Methods — a Survey. ACM
Computing Surveys (CSUR). Vol. 39. N2 4. URL:
http://www.dit.unitn.it/~p2p/RelatedWork/Matching/a10-katifori.pdf.

26. Kuzmenko O., Rostoka M., Dembitska S., Topolnik Y., Miastkovska M. (2022).
Innovative and Scientific ECO Environment: Integration of Teaching Information
and Communication Technologies and Physics; In: Auer, M.E., Hortsch, H., Michler,
O., Kohler, T. (eds) Mobility for Smart Cities and Regional Development -
Challenges for Higher Education. ICL 2021. Lecture Notes in Networks and Systems,
Vol. 390 LNNS. In: WoS, Scopus, Springer, Cham. WOSUID: WOS:000754472400004,
DOI: https://doi.org/10.1007/978-3-030-93907-6_4/ (in English).

27. Rostoka M., Guraliuk A., Kuzmenko O., Bondarenko T., Petryshyn L. (2021).
Ontological Visualization of Knowledge Structures Based on the Operational
Management of Information Objects. In: Auer M. E., Riiiitmann T. (eds). Advances in
Intelligent Systems and Computing. Vol. 1329. In: Scopus, Springer, Cham. DOI:
https://doi.org/10.1007/978-3-030-68201-9 82 (in English).

Received 16.02.2022.
Accepted 18.02.2022.

Semantical Analysis of Basic Concepts of Research on the Construction
of the Information and Analytical System Training of Scientific Staff
The relevance of support for research on the methodology of building information and
analytical systems is determined by the separation and justification of basic concepts. In this
context, based on view of the relevance of the topic of the article on the results obtained
analytically, before proceeding to the practical aspects of building any information-analytical
system, given the transdisciplinarity of scientific knowledge, it is always appropriate to conduct
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structural-logical or semantic analysis terminology.

This makes it possible to clarify the essence and content of the basic concepts of research
and to outline the vector of further research. It is noted that in the conditions of modern
information communications all objects of information-analytical interaction, regardless of their
origin, are directly or indirectly interconnected. The purpose of the research is to provide basic
categorical-conceptual support for doctoral research on the methodology of building information
and analytical systems. In this sense, the methods of content analysis, semantic and
comparative analysis, ontological modelling, etc. were used, which allowed identifying several
types of approaches to determining the amount of information exchanged by objects in the
process of information interaction: algorithmic, entropic, combinatorial, ontological, semantic,
synergistic, transdisciplinary and pragmatic. The results and conclusions of the research are in
the range of issues that allow us to understand the essence of the definition of «Information-
Analytical System»; the semantics of the terms «Information», «Information Object,
«Information Environmenty, «Information Space», «Information-Analytical Interactiony,
«Semantic Environmenty, etc.; the special nature of information as such, which distinguishes it
from matter and energy, is emphasized; it is noted that information exists only in the presence of
its carriers, which have a material and energy form; the relationship between the concepts of
«Information Environment», «Information-Analytical Field» and «Information Space» is
revealed, which is derived from the content of the basic concept of «Information». The
ontological approach as a basic tool of semantic (informational) analysis is studied (within
which it is possible to calculate the semantic similarity of semantic interpretations of text tokens
in relation to the immediate semantic environment, i.e. context); it is noted that the
construction of ontologies is based on the fixation of logical constructions that contain
dictionaries of terms of the thematic area and on the description of the definitions of these
terms, their theoretically possible and impossible semantic connections; it is noted that the basis
for building an ontology can be user requests; the mathematics of the process of ontological
modeling is briefly presented. The current definition of «Information-Analytical System» based
on the results of semantic analysis 1s given.

Poctoka Mapuna JIbBiBHa — KaHOMAAT MeJaroriyHMx Hayk, JOKTOPaHT Kadenpu
ikeHepii mporpaMHoro 3a6esmnedyeHHs1 (aKy/JIbTeTy Kibepbesmeku, KOMIT'IOTEPHOI
Ta IPOTpaMHOI iHKeHepil HallioHa/JibHOTO aBialliliHOTO YHiBepCUTETY; CTapIIuit
HayKOBMI1 CITiBPOOITHMK BiJIi/Ty HAYKOBOTO iHQOpMaIIiiiHO-aHaTi TUMHOTO CYIIPOBO-
ny ocBitu Jlep>kaBHOI HayKOBO-TeHaroriuHoi 6i6sioreku VYKpaiHu imeHi
B. O. CyxomnuHcbkoro, HAITH Vkpaiau (m. KuiB).
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K.T. CepgauoBa, T.A. MaHbKO

MATEMATHUYHA MOJEJIb 3ACTOCYBAHHA
CEJIEKTUBHOT'O IHOPAYEPBOHOI'O HAT'PIBY
ITPU BUT'OTOBJIEHHI BUPOBIB 3 CKJIOIIVIACTUKIB

AHomauis.  BukopucmaHHA  cy4acHux MemoOiB8 mBepOHeHHA KomMno3umis — nompebye
3acmocyB8aHHsA cenekmusHo20 I4 Hazpigy, Wo 00380/19€ omMpuUMamu CKAONAACMUKU 3 BUCOKUMU
(i3uKo-MexaHidyHUMU xapakmepucmukamu. IcHyw4i Memoou omBepOiHHA CKAONAACMUKIB
6a3ylombcs HAG KOHBeKMUBHOMY HA2pisi, 0aHA MemoOUKAa He MOXe 3abe3neyumu BUCOKUL
CmyniHb 0mBepliHHA KOMNO3umy ma BUMG2AE 3HAYHUX Bumpam eHepeli npu 0oseill
mpusanocmi npoyecy, momy, 3 Memoto 3MeHWeHHs eHepeemuyHUX 3ampam, npu 8U20MOBIEHH]
3paskis 3 [IKM, 8 pobomi suxkopucmaHo cenekmusHuli memod IY Haepisy. B pobomi
3anponoHoOBAHO MameMamuyHy Mooesnb, Wo 00380/74€ 6e3 nposedeHHA eKcnepumeHmy
BU3HAYUMU CMYNiHb NOJIMEpuU3ayii KomMno3umis y 3a0aHuli Yyac ma npu pi3HUX cnocobax
mBepOTHHA.

Knto4osi cnasa: enokcudHe cnosyyHe, noaiMep, CKAONAACMUK, THppayepsoHe BUNPOMIHIOBAHHS,
omBepOHeHHsA KoMNo3uuii, ceneKkmusHul memaoo.

IMocTanoBka npodaeMu. AHalli3 NEPCHIEKTUB PO3BUTKY a€POKOCMIUHOT TEXHIKH
CBITYUTH MPO 30UIBIIEHHS KUIBKOCTI KOMITIO3UTIB Y KOHCTPYKIIISIX JIITAIbHUX araparis.
L{s TeHeHIIIs CTAaBUTh BUPOOHHKIB TIEpe ] HEOOX1JHICTIO MOIEpHi3allii TEXHOIOTIYHUX
nporeci. Hacammnepes, 11e CTOCYeThCsl 3HUKEHHSI BUTPAT €HEPTii Ta CKOPOUCHHS Yacy
Ha OTBEPIiHHS TOJIMEPHUX 3B S3yI0UMX Oe3 3HIKEHHS SKOCcTi marepiamy [1].
Tpaautiitai TeXHOJIOTIi OTBEP/KEHHS IPYHTYIOTHCS Ha KOHBEKTHBHOMY HarpiBi. Aue
HU3bKa TEIJIONMPOBIIHICTh MOJIMEPIB 1 TeMIEpaTypHI Tpali€HTH, [0 BUHUKAIOTH B
IpOIeCi OTBEPKEHHS OCTAHHIX, TPUBAJII.

HeoOximHICTh B anbTepHATUBHUX TEXHOJOTIAX MojiMepu3arii y upodax 3 [IKM
MOB’s13aHa HE TUIBKH 3 0araToCTaAlNHICTIO TPATUIIIMHUX MPOIIECIB, ajie i 3 BUCOKHUMHU
eHepreTHYHUMH 3arpaTamu [2]. B manmit wac 3 Meroro iHTeHcHikamii mporecy
OTBEP/UKCHHS ~ KOMITO3HMTIB  3aCTOCOBYIOTh ~ BHUKOPUCTaHHS  iH(ppadyepBOHOTO
BUIPOMIHIOBaHHsI y TIporieci GopMyBaHHS Ta OTBEPAIHHS BUPOOIB.

[Ipu BuKOpHCTaHHI CeIeKTHBHOTO [Y-BHUNPOMIHIOBaHHS, PAaxyHOK 30HAIBHOTO
BKJIIIOYCHHS JDKEpeN, 1 HaBiTh CIPSIMOBAHOTO BIUIMBY NIPOMEHIB, 3a0€3MeuyeThes
MakcUMajbHa PIBHOMIPHICTh Tiepedadi eHeprii o00'ekTy ckiamHoOi  GopmH.

© Cepmauosa K. I'., Manbko T.A., 2022
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CenextuBHuil [Y-HarpiB iHTEHCH]IKye MpoLIEC OTBEPAIHHS 3aBISKHU BIUIMBY KBAaHTIB
eHeprii hv Ha po3BUTOK XIMIYHUX peakIliii Mi>k MaKpOMOJIEKYIaMHi, TOOTO BUHUKAIOTh
dboToximiuHl Tporecu B3aemomii. lle 103BONsSE€ 3HU3UTH EHEPrOCHOKHBAHHS Ta
MOKPAIUTA TEXHOJIOTIYHUNA KOHTPOJb. 3aBASKUA OUIbII PIBHOMIPHOMY HpOIpIBY,
301IBIIYETBCS  OJHOPIHICTE MIKPOCTPYKTYypu oTBep/pkeHoro I[IKM. VYV poGoti
pPO3pO0JIEHO MaTeMaTUYHY MOJEIb, 10 ONUCYE MPOIEC OTBEPIHHS 3B’ SA3YIOUUX MPU
peainizanii cenekTuBHOro [Y-Harpiny.

AHaNi3 oCTaHHIX AociigkeHb i myOJaikamiii. 3a ocTaHHI POKM B HayKOBIii
JmiTepaTypi 3’sBuiocs Oarato iHdopmallii Tpo 3acCTOCYBaHHS MAaTeMaTHIHOTO
MOJICJIIOBAHHS 10 BHOOPY pAIllOHAIBHUX TEXHOJOTITYHUX PEXUMIB OTBEPIIHHS
KOMITO3HI[I/ Ta TPOEKTYBAHHS BIJMOBITHOTO 00JIaTHAHHS.

PosrnsHyTi 3amadi Oynu TOB's3aHI 3 TOJIMEPH3AII€I0 TEPMOPEAKTHBHUX
3B’s3yrounx |y ckiormactukax  [3].  OtBepaiHHA  BHPOOIB 3 MOJIMEPHUX
KOMITIO3UI[IMHUX MarepiajiB METOJOM TapsAdoro ImpecyBaHHA [4], mporecom
3aTBEpAIHHSA BHUPOOIB 3 TONIMEPHUX KOMIO3HUIIMHMX MarepiajiB  METOJ0M
BaKyyMHOTO aBTOKJIABHOTO ()OpMYBaHHS B TEXHOJOTIYHOMY TAKETi, METOJIOM
PO3paxyHKy ONTUMAIbHUX PEKUMIB OTBEPAIHHS KOMITO3UTIB.

B pobGotri [5] mnpoBeaeHO TMOpIBHSUIBHUK aHami3 pi3HUX (POpMyTrOBaHb
MaTeMaTUYHUX MOJIEJICH, 110 BCTAHOBIIOIOTH B3a€MO3B'A30K TEIJIOMACOOOMIHY Ta
TEIUIOBUX MOJIIB MiJl Yac OTBEP/AIHHS BUIPOMIHIOBAHHSIM Ha OCHOBI piBHsHHA HaB’e-
Crokca[6]. TlokazaHo OCHOBHI OCOOJMBOCTI MOJEJEH 3alie)KHO BiJl BJIACTUBOCTEH
PEUYOBHHHU, IO HArpiBaeThecs, ii arperaTHOro CTaHy, METH AOCTIIKEHHS Ta 1HIINX
(dakropis.

Mera gocaigeHnHsi. 3aBIsKH po3poOIll YUCEIbHUX METO[IB, TAKUX SK METOJ
KIHIIEBUX pi3HUIL 1 MeTon KiHneBux eneMeHTiB (MKP i1 MKE), Bigkpumucs HOBi
MOJIMBOCTI OUTBII TOBHOTO OOJIKY (I3MYHUX OCOOIMBOCTEH OCIHIHKYBAaHUX
mporeciB. Y 0OaraThOX BUNAQAKaX HAWOINBII TUTIIHUM BUSBUBCSA MIiAXIT 110
MaTEMaTUYHOT'O MOJICJIFOBAHHS HEJIIHIMHUX Ta HECTaIlloHApHUX (I3UYHUX IMPOIIECIB 13
BUKOPUCTAHHSIM METOJTY KiHI[EBUX CJIEMEHTIB.

BukiiageHHss 0CHOBHOro MmaTtepiajay pociaimkeHnsi. [Ipornec mnomimepusaiii
KOMIIO3UTY B 4Yacl MO)XHa TPEICTaBUTH 3a JOMOMOrorw ¢yHKIii cTtaHy s(t), ska
JOPIBHIOE OAMHUINI Ha ModYaTKy mpouecy mpu t=0, i Hymo B kiHmi. DyHkmis s(t)
MOKA3Ye, sIKa YaCTUHA MOJICKYJT KOMIIO3UTY HE MOJIIMEPU30BaHa.

[Ipouiec oTBepAiHHS XapaKTEPU3YEThCsS MEBHOIO MIBUAKICTIO TMOJIMepu3alii v,
sKa MOKAa3ye, sIka YaCTUHA KOMIIO3UTY CHHTE3YEThCS B OJMHULIIO yacy. SIKuio Bizoma
MIBUJKICTh TOMIMepHu3alii v, TO PIBHSHHA CTaHy KOMIIO3UTY MOXHA 3allUCaTH Y

TaKOMY BI/IFJI}II[iZ
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ds(t)
20 (1)
dt
CTpyKTypy HIBHJIKOCTI V TTOAATH Y BUTJISAII CYMHU JBOX IIBHIKOCTEH:
V=Vt Vs, (2)

J€ Vi — HMIBUJAKICTh peakuii, 1o 0OyMOBJIE€Ha TEMIEpPaTypolo Tija; V, — MIBUAKICTh
peaxiiii, 1o o6yMoBIieHa iHppaYepBOHUM OIPOMIHCHHSIM.

MexaHi3M, 10 TOSCHIOE KIHETHKY INBHJKOCTI peakilii Vv, 3alporoHYyBaB
Appeniyc [7]. 3rigHo 3 uuMm, s Oyab-sSKOi XIMIYHOI peakiii abo Oynb-aKoi 3MiHU
arperaTHOro CTaHy TOBHHHI TOJOJIATH €HEpPreTUYHuil Oap'ep, SIKUH HA3UBAETHCS
eHepriero aktuBailli. KinbKicTh pEUOBHMH, IO MAalOTh CHEPril0 BHUIIE 3a CHEPriio
AKTHUBALLii, 3a]Ie)KUTh Bijl il TeMIepaTypu. IX Mo)Ha 3HANTH 3a JOIOMOIO0 PO3HOILTY
bonpiiMana. YactHa pedyoBHUH, L0 Ma€ €HEPTii0 BUIIE €HEPrii aKTUBaIlli, BUKIUKAE
HEOOXIJIHy peakilito. BenmnunHa I1i€l 4YaCTUHM 3aJIGKUTh BiJl KOHIIEHTpaIlii, TOOTO
BENMYUHU S(t), 1[0 MOKHA BUPA3UTU (HOPMYIIOIO:

vi=kis(t), 3)
ne k| — KoHCTaHTa, 110 MOKa3ye MIBHAKICTh Peakilii Mpu MaKCUMaJbHIM KOHIICHTpAIil
3aJIITHUX PEYOBHH, 110 BCTYMAOTh Yy peakiito (s(t) = 1).

KoHcTanTa mBUIKOCTI peakilii 3alieKuTh BiJl aOCOJIOTHOI TeMmIepaTypu Ta

BU3HauYaeThCs (OpMyso AppeHiyca.

— Ea
b =aNT ep 22 @

ne a; — koHcraHTta; T — abcomoTHa Temmepartypa y rpamycax KemsBina (K); R —
yHiBepcanbHa ra3oBa noctiiHa (8,31 JIx/K); E, — eHepris aktuBalii pedyoBUH, IO
BUPAXKAETHCA B ONUHUIIX J[K/MOITB.

HIBuaxicTe peakuii v,, MmO 0OyMOBIIeHA iH(pPaYEepPBOHUM BHIIPOMIHIOBAHHSIM,
3QJIGKUTh B TOTYKHOCTI 1H(GPaYepBOHOTO BHUIIPOMIHIOBaHHS, KOHIICHTpAIlii
PEYOBHUHHU, 1110 11I€ HE Tpopearysaa, 1 ii MoXkHa NpeJCTaBUTH B HACTYITHOMY BUIJISAL:

v =Cs(t) q, )
ne C — KOHCTaHTa, IO IOKa3ye, sKa YacTHMHA BUIIPOMIHIOBAHHS NPU3BOAUTH 10
peakIlii moymepu3allii; q — HOTY>KHICTh BUIIPOMiHIOBaHHA Yy BT.

Cnin 3a3Ha4nTH, O iH(pauYepPBOHE BUITPOMIHIOBAHHS BUKOPUCTOBYETHCS SK IS
iHTeHcuikamii peakiii momiMepu3aiii, Tak ¥ UIsI poO3irpiBy 3pas3ka 10 3aJaHOi
temneparypu. [lpm 1bOMy HEOOXiIHICTh MIATPUMKH 3a7aHOi TEMIEpaTypH €
CTpUMYIOUUM  (PaKTOPOM TMIJABUIIECHHS MOTY)XHOCTI BHUIPOMIHIOBAHHS 3 METOIO
MPUCKOPEHHS MIBUIKOCTI peakiiii momimepu3samii. Ile oOMexeHHs MoO)KHa OOINTH,
3aCTOCYBaBIUIM LITYYHE OXOJOJKEHHS 3pa3Ka, HANPUKIAA, IUIAXOM OO0JyBaHHS HOTO
HOBITPSIM.

o0 BM3HAUMTH, K MPOMEHHCTA CHEPTris BUTPAYAEThCA JAJS PO3IrpiBYy 3paska,
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HE0OX1JHO BUKOPUCTOBYBATH PIBHAHHS TEIJIOOOMIHY.
Hextyroun NEepepo3noAIOM  TeIla  BCEpPeIMHI  3pa3ka  3aBISKHU
TEIJIOTPOBITHOCTI, PIBHIHHS TEINIOOOMIHY 3aITUIIIEMO SIK:
dT(t)

+a3(T(t)_To)|+a4T(t)4:% (6)

7€ p — IIUJIBHICTh KOMIIO3UTY; C — TEIUIOEMHICTh KOMIIO3HUTY; a3 — KOHCTaHTa, LIO0
XapakTepu3ye Mpolec OXOJOKEHHS KOMIIO3UTHOTO 3pa3ka BHACIIIOK TEIIOOOMIHY;
Ty — TemmepaTypa HaBKOJMIIHBOIO cepenoBuiia y rpaaycax KensBina; T —
TeMIepaTypa KOMIIO3UTY SIK (YHKIIis 4acy; a4 — KOHCTAaHTa, 10 XapaKTepu3ye BTpaTy
TeIula BHACJIIIOK TEMJI0OBOr0 BUIPOMIHIOBAaHHS; t — dac.

3Baxkaloud Ha Te, IO MPOILIEC HArpiBy MOBUIBHUI a00 Temmeparypa 3paska
MOCTIMHA, MEepIUi 4wieH y piBHAHHI (6) Maduil 1 HUM MOKHa 3HEXTYBaTU. Takox
MOXKHA 3HEXTyBaTM 1 TPETIM WIEHOM, OCKUJIbKM BTpPAaTW TeIUla BHACHIJIOK
BUIIPOMIHIOBAHHA 3a3BUYall MpU TEMIEpaTypax, OJU3bKUX O HOPMAJIbHUX, Habarato
MEHII1, HK BTPATH TEIlIa BHACIIIOK TEeIJI000MiHy. B pe3ynbrati piBHAHHS (6) MOXKHA
HOJaTH y BUTJISLL

a;(T()~T,) =q. (7)
[lincTaBuBIIM BUpa3 A q 3 piBHAHHA (7) 10 piBHAHHA (5), OTpUMaEMO:
vy = as(O(T (1)~ Ty), (®)

1€ 2, — KOHCTaHTA, 110 € J0OYTKOM KOHCTAHT C 1 a3 3 piBHsIHB (5) 1 (7).
Cknamaroun BHpa3d Ui BEJIWYWH IIBHAKOCTEH peakiii B piBHsAHHI (1),
OTPUMYEMO AMQEPCHITIAbHE PIBHSHHS CTAHY KOMITO3UTY:
ds(t) —E
——==—a,\T(t)s(t)ex “—a,s(t)T(t)-T,). 9
o T (@)s(1) PRT() SOT (@) -Ty) )

Po3zainstoun 3MiHHI B pIBHSHHI Ta IPOBOSYM IHTETPYBAHHS, OTPUMYEMO:

s(t) = expj(al VT ()s(t)exp R;Z‘;) —a,s()(T(t)-T,))dt. (10)

PiBusians (10) € piBHAHHSAM cTaHy. BOHO BKJIIOYa€e TpW KOHCTaHTH (a;, a, 1 E,),

SIKi MOYKHA BH3HAYMTH €KCIIEPUMEHTAIIBHO.

ExcniepuMeHTa/IbHe BU3HAYEHHSI KOHCTAHT PiBHSIHHS CTaHY

KoHcTanTi piBHSHHS CTaHy a;, a, Ta E, MOXHA BHM3HAYMTH B pE3yJbTati
HACTYIMHOTO ekcrmepuMmeHty. llpoBommmacsa momimepu3zaiisi 3pa3KiB KOMIO3HUTY 3a
TppoMa mporecamu. [To3HaYMMO HOMEp Mpolecy JITepor j. Pexum BCiX TpboOX
MPOIIECiB MOXKHABUPA3UTH TaK:

- BimpHUH migiioM go t° = 80°C;

- BuTpuMKa 11pu t° = 80°C mpoTsarom A ; XBIINH;

- BiIpHE TigHeceHHs 1o t°= 120°C;
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- BuTpuMKa 11pu t° = 120°C npoTsirom A,; XBUJINH;

- BiIbHE migHeceHHs 1o t° = 160°C;

- BuTpuMKa 1pu t* = 160°C mpoTsirom As; XBUIIHH.

Temnepatypu eKCIEpUMEHTIB, BKIIOUAIOUM MOYaTKOBY ty = 20°C, MoKHa 3aaaTu
3a JIONOMOro0 BekTopa t, ang rpaxycis Lenwcig 1 T, mna rpagycis Kenbsina, a vac
MPOBEJICHHS — 3a JIOIOMOT'OK0 MaTPHIIi:

20 293
80 353
t, = T, = 11
p~ Y120 ("2 )393( (1
160 433
180 60 30
A= . (12)
180 60 30
L30 30 15-

[Ipomiecu BiIPI3HSAIMCA THM, M0 Yy TMEpPHIOMY 1iX HarpiB 3/1HCHIOBABCS
KOHBEKTHBHUM CIIOCOOOM, TOXI SIK Yy JpPYyromMy 1 TpeTbOMY — 3a JONOMOIOI0
iH(QpayepBOHOTO  BUMPOMIHIOBAHHS  PI3HOTO  CIEKTpaJibHOro  ckiamy. [licis
noJjiiMepu3anii 3pa3kd MiAJaBaUCsA CIEKTPAIBLHOMY aHalli3y, pe3yJNbTaTh SIKOTO
HaBeJIeHO Ha pUCYHKY (1).

Pe3ynbraTi CrieKTpasbHOTO aHaNi3y MOKa3alH, MO JJIS CBITJIA, XBUIHOBE YHCIIO
sakoro 01u3bpko 10 2900 1/cM, crocTepiraeTbess MaKCUMyM TOTJWHAaHHS. OCBITICHHS
OpU MPOBEACHHI MOJIMEpU3alii 3pa3KiB 3a JpPYrol Ta TPETbOI TEXHOJIOTISIMU
31ACHIOBAJIOCS 3a JOIOMOIOIO CBITJIA 3 XBHJILOBHM HYHCJIOM, TaKOX OJIM3LKHM J10
2900 1/cm, mpuuoMy B TPETid TEXHOJIOTIl CIEKTP BUIPOMIHIOBaHHS 3a JOMOMOTOIO
¢inpTpiB OyB mie OUTHII HAONMKEHHWHA MO IBOTO XBHJIBOBOTO yucia. Marpums A 3
dopmymu (14) moka3zye, 1o yac moxiMepusarlii pi3Ko 3MEHITYEThCS 3 HAOTMKCHHIM
JacTOTH OCBITJIEHHS 70 XBwiboBoro uucia 2900 1/cm. Ile cBimuuTh, 10 €HEpTis
¢dboToHIB cBiTIa 3 XBUIbOBUM uuciaoM 2900 1/cM € eHeprieo axkTUBaIii peaxirii
noJIiMepu3allii.

Enepriro ¢hoToHa MoxkHa 00uucanTH 3a hopMynoro EitHmTeiiHa:

Ey= hv, (13)
ne Ey4 — enepria orona; h — nocriitna Ilnaska (h = 6,63 107 Ix-c); v — gacrora
CBITJIA.

YacroTa cBITJIa V Uepe3 XBUIbOBE YUCIIO P BUPAKAETHCSI (POPMYIIOIO:

V= CU, (14)
Jie ¢ — MBHUAKICTH cBiTHA (¢ = 299 800 KMm/C).

[[To6 oTpumaTh €HEprir0 akTUBAIlli peakilii, HeoOXiaTHO eHepriro (oToHA
MOMHOKHTH Ha umucno ABoraapo (Ny = 6,02%10%). B pesynbrari mux 0GUHCICHE
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OTPUMAEMO EHEPril0 aKTHBaLli peaklii MnojimMepusanii, siKa CTaHOBUTh E, =
34,7k ]JI>/MOb.

2d g

"
|_\

| LY

|.|"||" 'I'r

Log(1/&]

24 ff -~ S Al
SN}

¥ . ' . . . . x . . ¥ . . . . ¥

3500 =00 2500 2000

BoAsapo® wwChHn (W]
Pucynok 1 — Pe3ynbraTtu ciekTpajibHOTO aHa13y 3pa3KiB, OTBEPAKEHUX PI3HUMU
cnocobamu: 1 — mporiec; 2 — mporiec; 3 — mpoiiec

JIns BU3HAYEHHSI KOHCTAaHTH a; CKOPUCTAEMOCS pe3yibTaTaMH MOJiMepHu3arii
KOMIIO3HTY 3a MEPIIUM MporecoM. Tak Sk s bOro mporecy iHdpadepBOHUIN HArpiB
BIJICYTHE, TO a, = 0 1 piBHsAHHS cTaHy (10) HaOyne BUTIALY:

s(t) = epr‘(am/T(t)s(t) exp

—-FE
()) ) (15)
KoncranTy a; MOXHa BUHECTH 3a 3HaK iHTerpajga. 3BakKaro4W Ha Te, IO
EKCIIOHEHTa HIKOJIM HE JIOCSATAaE HYJISA, HEOOXITHO BH3HAYMTH, 32 SKOi KOHIIEHTpAIil
HETOJIIMEPU30BAaHUX MOJICKYJ MPOIIEC BBAXKAETHCH 3aBeplIcHUM. [IpumyckaeMo, 1o
nporec 3aBepuryeThes mpu S = 0,01. OTpumaemMo piBHSHHS 7151 BA3HAYCHHS a,:

a = —1n0.01 . (16)

exp j NTOs@exp e ))d

Bona mpezacraBnseTbes SIK CyMa IIECTH IHTETpasliB, sSIKi po30MBAIOTHCS HA IBI

rpynu. Y Tpymi i3 TPbOX IHTETpajiB i3 MOCTIHHOIO TEMIEpPaTypOI0 IHTETpaiu JIETKO
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O0YHCIIOITECA, a B TPYII 13 TPHOX IHTETPAJIB 13 TEMIEPATYPOIO, 10 3MIHIOETHCS Y
Jaci 3a JiHIMHUM 3aKOHOM, IHTeTPyBaHHS HEOOXiHO MPOBOIUTH YHCEIHHO.
KOHCTaHTH a, Ui APYroro Ta TPETHOTO IPOIECIB BiAPI3HAKOTHCA. IX MokHa

BUpPA3UTH 3 piBHAHHA cTany (10):

t
~1n0.01-gq, j (JT(0)s(1) exp F())

t : (17)

j T(t)-T,)d

0

[Tpomikok iHTErpyBaHHS iHTETpadiB i3 ¢opmyn (16) ta (17) po3buBaroThCsA Ha
IIICTh YaCTHUH 1 CaMi 1HTEeTpaIu.

Pe3ynbratu iHTETpatiB AalOTh YKCIOBE 3HAYEHHS KOHCTAHT a;, 4, - JJIA JPYroro
IpoLecy 1 a, - ISl TPETHOTO.

TakuM YMHOM, BCi TPU KOHCTAHTH, IIO0 BXOAATH 10 piBHSAHHS cTaHy (10),
MOKJIMBO BU3HAa4YUTH. Lle gae 3Mory po3paxyBaTH CTYHiHb HOJIMEpHU3aLli KOMIO3UTY
OyIb-SKOi MUTI Yacy MpH PI3HUX CLIEHAPISIX MOJTIMEpHU3allii.

PiBusinas ctany (10) 3 BUBHaY€HUMHU KOHCTAaHTaAMHU € MaTEMaTHYHOIO MOJIEILITIO
npouecy mnonimepusanii. BoHO [03BoJisie TEOPETHMYHO, HE MNPOBOJASYM HATYPHHUX
eKCIIEPUMEHTIB, IPOrHO3YBATH PE3YJIbTAT MONIMEPHU3Allii 3a PIZHUX TEeMIIEepaTyp 1 yacy
B €JIEMEHTaX CIIEHapit0 MoJIiMepHr3aIlii.

[Tpu 3MiHI ckiIaay KOMIO3UTY ab0 KOHCTPYKUIi 3 HbOTO, a TaKOXK HapaMmeTpiB
iH(payepBOHOTO BHUIPOMIHIOBAHHS HEOOXITHO 3HOBY €KCIIEPUMEHTAIIBHUM HUISIXOM
BU3HAUYUTU TPU KOHCTAHTH, TWICJIS YOTO CIIEHApId ONTUMAJIBHOTO MOoiMepu3allii
IpOLECY MiI0UPAETHCSI TEOPETUUHO.

BucnoBkun. Ha mifctaBi KiIacMYHUX pIBHSHb Ta pIBHSHHSA AppeHiyca
3aMpornoOHOBaHA MaTeMaTHUYHA MOJIENb, [0 OMKCYE MPOIIEC MOJIIMepU3allii KOMIIO3UTY
Opy  CHUTBHIM  Aii  TEIJIOBOTO  TOTOKY, CEJEKTUBHOTO  iH(ppadyepBOHOTO
BUNIPOMIHIOBAaHHS Ta 3MiHM (Di3MKO-MEXaHIYHUX XapaKTePHCTUK Martepiany mpu
3aTBEPAIHHI.

Po3pobnena maremaTMdHa MOJENb OPOLHECY MoJiMepu3amii  JO3BOJISE
TEOPETUYHO BHU3HAYWUTH, HE TPOBOASYM HATYPHUX EKCIEPUMEHTIB, CTYIiHb
noJriMepu3allii KOMIO3UTY Oy Ib-IKOT MUTI 32 PI3HUX CIIOCOOIB 3aTBEPIIHHS.

Y MareMaTWuHii MOJEeTi pO3poOJICHO CIOCI0O BHU3HAYCHHS TMapaMmeTpiB
3aTBEpIiHHS, SKUMH MOXXHA CKOPHUCTATUCS TIPU BCTAHOBIEHUX pexumax [Y
BUIPOMIHIOBAHHSI Ta 3aCTOCYBaHHS CEJICKTUBHUX (DUIBTPIB.

BusiBiieHi 3akOHOMIPHOCTI Ta 3alpOINOHOBAaHA MAaTEMAaTUYHA MOJIENb J03BOJISIOTh
NPOTHO3YBAaTH Tepedir MpoIeciB mojiMepu3alii npu 3Ha4YHiM 11 iHTeHCH]iKalii B
TOHKOCTIHHMX CKJIOIJIaCTUKAaX 3 METOK OTpUMaHHS Marepialy 3 MOKpalleHUMHU
b13UKO-MEXaHIYHUMHU XapaKTePUCTUKAMHU.
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3anpomnoHOBaHUN METOJ] MATEMATHYHOI MOCITI MIATBEPKYEThCS PE3yJIbTaTaMU

EKCIIEPUMEHTATBHUX JTOCTIKCHb.
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Mathematical model of selective infrared heating application
in the manufacture of glass-plastic products

Today's information resources offer a variety of rational composite structures hardening
methods and equipment design for these processes. In parallel, there is literature that offers the
mathematical modeling of the hardening process of polymer composite materials.

Due to the complexity and long duration of the structures polymerization process, there is
a need to create a mathematical model for polymerization results predicting, using different
temperatures and infrared radiation (including selective) time.

Performed the comparative analysis of different mathematical models based on the
Navier-Stokes equation. Owing to the development of numerical methods, such as the finite
difference method and the finite element method (MCR and FEM), new opportunities have
opened up for a more complete physical features calculations of the studied processes. The
polymerization process of the composite in time can be represented by the state function s (t),
which is equal to one at the beginning of the process at t = 0, and zero at the end. The hardening
process is characterized by a certain polymerization rate v, which shows which part of the
composite is synthesized per unit time.

A mechanism explaining the kinetics of the reaction rate v1 was proposed by Arrhenius.
Accordingly, for any chemical reaction or any change in the physical state of the body, the
molecules must overcome the energy barrier, which is called the activation energy.

After analyzing the classical equations, a mathematical model was proposed, which
describes the process of hardening the composite material under the combined action of heat
flux and infrared radiation. A method for determining the parameters of a mathematical model
based on the results of experimental research is proposed. A method of accounting for the
parameters of infrared radiation in the presented mathematical model, which can be used for the
selected spectrum of the radiation and the filters was used. Based on the Arrhenius Equation, a
mathematical model was developed that describes the process of changing the physical and
mechanical characteristics of composites during hardening. Having determined the constants of
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the curing process al, a2 and Ea - the activation energy of the polymerization reaction, it is
possible to estimate the degree of hardening of the composite at any time.
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O.I'. Tpodpumenko, 10.B. IIpokom, O.B. 3agepeiiko, H.I. JloriHoBa
KITACU®PIKALIISA YAT-BOTIB

AHomayis. HuHi yam-6omu € akmyasnbHOK MeMOK YUCTeHHUX HAYKOBUX OOC/TIOMeHb 1 nepcnex-
MUBHUM HANPAMKOM Ha Halibnuxye malibymue. Yam-6omu nosciooHo 86y0osyloms Ha sebcal-
mu, y pI3HOMAHIMHI Yamu MeceHO)epis YU Mo Ha THWI Gopmu KoMyHIKauitdHux naamgopm. Ic-
HYlOmMb pi3Hi BUOU Yam-60mis i pi3Hi 6ayeHHs mo2o, AK ix Kaacugikysamu. Y 0ocnioxeHHi npo-
aHANI308aHO HAYKOBI Npayi 3apybiXHUX T BIMYU3HAHUX OOCTIOHUKIB 3 03HA4YeHOoi npobiemamu-
KU, 8 AKUX NPONOHYOMbCS pi3Hi nioxoou 00 Kaacugikayii yam-6omis. ChopmosaHo demasbHy
b6azamogpakmopHy Kaacugikayito 4am-60mis 018 4iMKO20 pO3yMIiHHA ix CymHocmi, nidxodis 0o
CMBOpeHHA, nepesaz i HeOOIKIB 3a MIEK YU THWOI 03HAKOK. JJOCNiIOXeHHA ma aHani3 saacmu-
gocmell cyyacHux yam-6omig 00380UAU PO30INUMU NPO2PAMU Yam-6omis 3a cimoma Kpumepi-
AMU: NPU3HAYEHHAM,; MIicyeM po3maulyBaHHA; BUOOM THMepgelcy,; KINbKICMIO KOpucmysa4is;
gopmoto docmyny; anzopummom; QyHKYioHanom. KoxHa 3 yux kamez2opili Mae nodin Ha epynu
ma nidepynu 3a pizHuUMU o3Hakamu. HageoeHo Moxnusi npukaaou Yyam-6omis BIONOBIOHUX Ka-
mezopid.

Keywords: yam-6om, knacugikayis, meceHoxep, 0ianoe, wmy4yHul iHmesexkm.

ITocraHoBKa mpo6aemMu. OCTaHHIM YacOM CIIOCTEPIra€TbCs CIUIECK iHTepecy
II0 4aT-00TiB SIK MiaoroBux iHTepdeiiciB B3aeMoii toeit i3 KOMI'IOTePHUMM CUC-
TemaMmu. HuHi yaT-60TM MOBCIOAHO BOYIOBYIOTh Ha BebGcaiiTH, y pi3HOMaHiTHI yaTu
MeCeHKepiB UM TO Ha iHmI dopmMM KOMYHIKaliitHuX raTdopm. HocmimkeHHs,
IpoBeieHe KOMIIaHi€lo Statista, mokasye, mo g0 2025 poKy 06CsIT CBiTOBOTO PUHKY
yar-60TiB mocsirde $1,25 muipp [1]. Taki undpu € moka3om TOro, 10 B yCbOMY CBITi
YCBiZOMJTIOIOTh BasK/IMBICTh YaT-00TiB y CBOEMY Oi3Heci it BXXe BK/IIOUAIOTh iX B Hasi-
BHi iIHTEpHeT-CUCTEMI.

Yar-60T (chatbot) € meBHMM BipTyaJbHUM CITiBPO3MOBHMKOM, SIKUI MOXKe BU-
KOHYBAaTM pi3HOMaHIiTHI (QyHKIIii, 3a71eXHO Big cdepu 3acTtocyBaHHsA. YaT-60T mo-
3BOJISIE iIMITYBaTH HEBUMYIIIEHY IIPUPOIHY PO3MOBY Uepe3 0OMiH MOBiOMIEHHSIMMA.
Taki 60TV BUKOPUCTOBYIOTh TEXHOJIOTii MITYyYHOTO iHTe/NeKTy. YaT-60TH € He3aMiH-
HUMU TTIOMiYHMKaMU y 6yb-siKiii cdepi, fe HasiBHI BeIMKi 06CsITy KOMYHiKallii 3 Kili-
eHTaMu. JIo TOro X mpy po3po6lii yaT-60TiB MOXKHA iHTerpyBaTH IUIATiIKHI CUCTEMU
NI OHJIaMH-OIUIaTy TIpM 0pOPMJIEHHI 3aMOBJIEHb, IO AO3BOJISIE CYTTEBO MTOKpAII-

© Tpodumenko O.T'., ITpokom 10.B., 3agepeiiko O.B., Jlorinosa H.I., 2022
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TU, COPOCTUTU Ta MPUIIBUIALINTYA B3a€EMO/IiI0 3 KJIi€HTaMM, 11030aBJisi€ Bi MOTpeou
TeneoHyBaTH iM. 3aCTOCYBaHHS YaT-00TiB CYyTTEBO €EKOHOMMUTbD Yac, I03asiK KIIi€HT,
SIKUI1 3BEpPHYBCS 3a IiATPUMKOI0, OTPUMYE BiAIIOBiIb MUTTEBO B pexkumi 24/7, 6e3
OUiKyBaHHS Ha MiJKIIOUEeHHs ornepaTopa. [Ipy 11boMy BiH He CTUKAETHCS 3i ClIamMoM,
3aiiBMMM OajiauKamu, HaB'SI3JIMBUMM 3aK/IMKaMM, a OTPUMYE JIKIle KOPUCHY iHpOp-
Mallimo.

IcHy10Th pi3Hi Buau yaT-60TiB. OnHi HallijieHi Ha iHQOpMYBaHHS ITOTEHITITHUX
KJI€HTIB, iHII OpieHTOBaHI Ha MPOAAK, TPETi Mil0Th BUKJIIOUHO SIK OCOOMCTi ITOMiu-
HMKM. YaT-60TU BUKOPUCTOBYIOTbCSI B TaKMX 00J1ACTSIX, SIK CEPBiCHU eJIeKTPOHHOI KO-
MepIlii, KOJ-IIeHTPpH, irpoBa iHAyCTpisi. BUKOpUCTAaHHS YaT-O00TiB AJISI TaKUX Ilijiei
3a3BMUaii 00MeXXeHO BY3bKOIO CIlelliali3alli€lo, i BOHM He MOXYTb 3aCTOCOBYBATUCS
IJIST IIMPOKOTO CIIeKTpa CIHiJIKyBaHHS 3 JIIOAMHOI0. Bece 3anexxuthb Bif dyHKIliOHAaNa,
3aKJIaIeHOTO B IIPOTpamy.

AHasi3 ocTaHHIX mOCIigKeHb i myosrikami. Pi3Hi HayKoBIIi MalOTh pi3Hi 6a-
YeHHS B TOMY, SIK KiacudikyBaTu yaT-60Tu. Bimomum € miaxim, Koav BUAIISIOTH OBa
Buau knacudikanii [2]: 1) 6i3Hec-knacudikaiiisi yat-60TiB Ta 2) kiacudikaiis yat-
00TiB 3a TeXHIYHMM TUIIOM (UaT-60TM Ha Gi3Hec-IpaBuMIaxX; 4aT-00TY Ha MITYYHOMY
iHTesexTi; ribpuaHi yaT-60TH). Y moCaimKeHHi [3] MPOMOHYETHCS y3arajbHeHa Kia-
cudikalis yaT-60TiB 3a iHIIMMM ABOMAa OCHOBHMMM KPUTEPiSIMM: 3@ CITOCOOOM ITpO-
rpaMyBaHHS i 32 MOXJIMBOCTSIMM 3aCTOCYBaHHSI, II0 CBOEI Y€Prol0 MPOIMOHYETHCS
TIOIITATY Ha IBi IpyIu: 3a QYHKIiSIMM, IIO peai3ye 4aT-00T, i 3a MpMU3HAUEHHSIM. €
6inbin AeTanbHi Knacudikallii mporpam yaT-60tiB. [Ipumipom, y ctaTTi [4] HaBegeHO
MO/ UaT-60TiB HA YOTUPU TPYIN: 32 METOI0, 32 Pi3HOBMUIOM JIOCTYIY OO JaHUX, 32
OOCTYITHUMM cepBicamMu Ta 3a BUAOM (GopmyBaHHS BiamnoBini. Y po6oTi [5] 3ampomno-
HOBaHO Kiacudikallito 4aT-60TiB 3a IM’SITbMa O3HaKaMM: KOPUCTYyBau, B3a€MOJIis 3
KOpUCTyBaueM, OCTYT, MIPU3HAUEHHS Ta MPUHIIUIT pob6oTHU. ABTOpPU POGIT [6] Ka-
crdikyOTh YaT-60TM 32 TAKMMM O3HAKaMM: KOPUCTYBaY, iHTepdeiic, TpU3HAUYEeHHS],
MIPUHLUIT po60TH Ta TaTdopMa, Ha sIKilt rpaiftoe yaT-60T. Taki TaKCOHOMII € TOBO-
Ji JeTaJbHUMM, IIPOTE BOHM He BPaXOBYIOTh Pi3HOBMUIM YaT-00TiB 32 YHKIIIOHAb-
HICTIO, 3@ QJITOPUTMOM B3a€EMOZiI Ta iIHIIMMMU KpUTEPisIMU. Y MeKaxX Pi3HUX SOCTI-
HUIIbKUX TO3MUIIii iCHYIOTh BiIMiHHI migxomu mo kiaacudikailii. HaBemeHi HayKoBi
MiIXOAM CBig4yaTh PO MEBHY CUTYaTMBHICTh AOCTiIKeHb y cdepi TakcoOHOMIii yaT-
60TiB, IO CBiAUMTH PO HEOOXiOHICTh 3IiICHEHHS IMOJAJbIIMX HAYKOBMUX IOCIi-

IDKeHb Y IIbOMY HampsiMi.
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MeTa mociaiakeHHS 1ojsirae B ¢dopmyBaHHiI 6araTodakTopHoi knacudikairii
4yaT-00TiB AJIsT UiTKOrO PO3YMIiHHSI CYTHOCTIi, IiIXOAiB A0 CTBOpPEHHS, crenmdiku
yaT-00TiB 3a Ti€l0 UM iHIIIOI0 03HAKOIO.

BuknageHHsI OCHOBHOTO MaTepiaaxy JOCTiaKeHHA. JIorivHuM € knacudiky-
BaTU 4aT-00TH, pO3MEKOBYIOUM iX 3a KpuTepisMmu. [OCTiIKeHHS Ta aHaji3 O03HaK

Cy4yaCHMX 4YaT-00TiB MO3BOJMIM PO3IOIIMIM TIpPOTpamMy dYaT-O00TiB Ha CiM KiaciB

(puc. 1).

3a mpuoHatenmaM | | |
52 Gopwow moory. ||
3a aJropuTMOM II
3a (pyHKITiOHAJIOM Il

3a MiclieM po3TamnryBaHHSA
———_ aT-00Tu

3a BUAOM iHTepdeiicy
A —

3a KiJIBbKiCTIO KOpUCTYyBa-

Pucynok 1 - Knacudikaiiist uat-60TiB

3a mpu3HAYEeHHSIM:

uam-6omu 0151 pO3M08 HA WUPOKULI cheKmp mem TIpU3HAUEHi JIJIs1 1iajIory i3 KO-
pUCTyBayeM Ha abCTPaKTHi TeMM Ta He MaIOTh ITEBHOI YiTKOI MeTH;

uam-6omu, opieHmosaHi Ha dianoz MiieKu 3a NEBHOKW MeMamukow abo 01 supi-
WeHHs nesdHoi npobaieMu, € HaMOIIbII TTONMIMPEHUMM, HATIPUKIIA, JIJISI peryIsipHOi po-
3cuaKM iHopmallii, BCTaHOBIEeHHS HaragyBaHb TOIIIO.

3a micuem posTalryBaHHS:

Ha catimax. TlepeBa)kHO KOMIIaHii 0Xo4ye BOYIOBYIOTh YaT-00TY Ha CBOi Bebcaii-
TU, OO MOMOMOITM KIi€HTY BiAIIOBIiCTM Ha ¥10ro 3amMTaHHSI ab0 BUPIMINMTM iHII
KOMYHiKalliifHi 3anmuTy abo mpobiaeMu 100 YHiKaJbHUX 3aBIaHb UM TO HAJAIITY-
BaHb;

ey MeceHOxHepax. BUKOPUCTOBYIOTHCS 3[4€061/IbIIOTO IJII IBUAKOI B3a€MOJIii 3
KJIi€HTaMM, HaBiTh 3@ YMOB MOBIJIbHOTO iHTepHETY ab0 32 YMOB POYMiHTY, M0O3asIK y
Oi/bIIOCTI IpoBaiiepiB 3B’SI3Ky CITIJIKYBAHHS Y MeCeHIKepax He TapudikyeTbcs.
[[pMuMHOI CTBOpPEHHSI Ta MOMYJSIPHOCTI TUX UM iHIIMX TPYN Yy MeCeHMXepax
Facebook Messenger, Slack, Viber a6o Telegram € moegHaHHSI IEBHOTO KOJjIa 0OCi0 y
TpyIu 3a SKMMUCh CITiIbHUMM iHTepecamu. Cdepu iHTepeciB He 0OMEKYIOTbCSI KO-
MepIIifHOI CKJIaJ0BOIO, a HAaBMaKu 3[e06iIbIIOTO CTOCYIOTbCS KYyJbTYpPHO-
MIPOCBITHUIIBKMX CKIAAOBUX HAIIOTO KUTTSA. YaT-00TU MOKYTb CTBOPIOBATUCS [IJIS
0COOMCTOTO i iTOBOTO KOpUCTYBaHHS. Hampukia, JoricTMUHA KOMITaHisi MOXXe Ha-
IaBaTy KOITii AMcreTuepCchKUX JOKYMEHTIB uepes yaT-00T;
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e y cneyianizo8aHux npozpamHux 3acmocyHKax BUKOPUCTAHHS 4yaT-O0TiB II0-
JIETTIyE i MPUCKOPIOE MPoIleC 3aMOBJIEHHS TOBapiB abo IMOCTYT, HAIIPUKIIAI, 3aMOB-
JIEHHS 1Ki.

3a Bugom iHTepdericy:

e KHONKOBULI — CITIJIKYBaHHS KOPMCTyBaya 3 60TOM OpraHi3oBaHO uepe3 Ha-
TUCKAHHS KHOMIKM Ha BMOIp Yy IepesTiKy KHOIIOK i3 pi3HuMM orilissMu. Takuit iHTep-
(deiic Moke HaragyBaTy rojioCOBE MEHIO «HATUCHITh 1, 06 AisHaTucy ...». [lepeBa-
’KHa YacTMHA IPOCTUX YaT-O0TiB IMpalljoe caMe 3a TaKMM IMpuHLOUIIOM. Taki yat-
60T MOIIMPEHO BMKOPUCTOBYIOTDH MIJISI 3aMOBJIEHHSI TOBApiB Ta ITOCYT i3 MepestiKy
aCOPTMMEHTY KOMIIaHil y CBOIX YaTax y MeCeHKepax;

e meKkcmosuli — CITiIJIKYyBaHHS 3 KOPMUCTyBadyeM BimOyBaeTbcs y Gopmi 0O6MiHy
TEeKCTOBMMM TOBiJoMIeHHSIMM. YaT-00T po3Ii3HAE CI0BA, SIKi YACTO 3yCTPiUarOThCS
B 3aIIMTi KOPMUCTYyBada, YTOUHIOE MUTAHHS i IPOIMOHYE PillleHHS ;

e  3miwaHi modeni — ajist GOpMyBaHHSI TEKCTOBOI BiJITOBifi HA 3aIIUTU KOPUC-
TyBa4 MOKe MO6AUNTM KHOIMKM 3 YTOUHIOBAJIbHMMM 3anuTaHHSIMU. [IpuKiIagoM Ta-
KMX 4aT-00TiB € 3pyuHMii 3aCi6 BiJ, KOMyHaJIbHUX CJIYKO [IJIs Tiepeayi mokasiB Jium-
JIbHUKIB, yepe3 sIKuii MoOyTOBi CIIOXNMBaUi eJleKTpoeHepTii MOKYThb IepeaaBaTy Mo-
Ka3y JIIUWIbHUKIB, TTOEAHYIOUM HATUCKAHHSI KHOIOK Ta (OpMylouM TEKCTOBi IMOBi-
IOMJIEHHS TIeBHOTO HAallOBHEHHS BiAIOBiAHO OO 3a3HAYE€HUX IHCTPYKIiM Yy MeCceH-
IsKRepi;

e  20/10C08UlI — CITIJIKYBaHHSI KOPUCTyBaua BiflOyBaeThcst y hopMi 00MiHY ro-
JIOCOBMMM TIOBiOMJIEHHSIMU. ['0710COBe TMOBiOMJIEHHSI CIIOYATKy MepeTBOPIOIOTH
MIPOrpaMHO Ha TeKCT, aHaJIi3yIOTh J0r0, a BXXe TOJi CMHTe3YIOTh ayJdioBiAIOBiAb Ha
HbOTO. ['0JI0COBI MOMIUHMKM € Oi/IBIT MPUPOTHUMM Ta 3PYUYHMMMU, HiK TpadiuHi iH-
tepdeiicu. HuHi MomentoBaHHSI MOBHOI B3a€MOJIiil JIOAMHM 3 KOMIT'IOTEPOM, SIK i3
MOBHOIIIHHMM CITiBPO3MOBHMKOM, Bifirpa€e BaskJMBy pojib y PO3po6IeHHI pO3MOB-
HMX CUCTeM [iaJiory Ta aBTOBiAmoBimauiB. Hamani mociaigkeHHS, CIIpSIMOBaHHiI Ha
TOCUJIEHHSI TOJIOCOBOI KOMYHiKallii i3 cydacCHMMM MepeskeBUMM 00UMC/IIOBaIbHUMMU
MIPUCTPOSIMU, TIPUBEPTATUMYTh BCe OIIBIITY yBary, ajike MoBa € OJHUM i3 Haitedek-
TUBHIIIMX BUIB JIIOACHKOTO CITIIKYBaHHS;

e iHmepgelic UKOHAHHS — XKOJHA CUCTeMa [AiaJiory He 06XomuThcs 6e3 Ha-
niiHoro iHTepdeiicy BMKOHAHHS, SIKMiI MOTPiOeH IJjs1 MigK/II0YeHHS BipTyaJbHUX
areHTiB J0 30BHIIIHIX cucTeM. lleit inTepdeiic HeoOXigHMIT IS 3B’SI3KY i3 30BHIll-
HiMM CUCTeMaMy IJjisi OTpUMMaHHS AMHaMiuHOi iHopmallii aJisi TpogoBkKeHHS po3-
MOBU ab0 BMKOHAHHS MEBHUX MepeabdadueHnx Ailt. Amke iHTepdeiic 60Ta Bimmosigae

He Ti/JIbKM 3a CIIoCci6 BBemeHHS iHopMallii, a i 3a MeToau B3aeMoJii 60Ta i3 1i€0
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iHbopmailiero, TO6TO 3a MiATPUMKY KOMaH/I, MOX/IMBOCTI ITOLIYKY Ta PO3ITi3HAaBaHHS
KOMaH/, i3 TTOBiAOMJ/IEHHSI KOPUCTYyBaya i pO3yMiHHS KOHTEKCTY IiaJiory.

3a KiJIbKiCTI0O KOPUCTYBayviB:

e nepcoHasbHi yam-60mu, sIKi CBOEIO YeProio, MOsKHA MOMIMTY Ha IBi TPYIIN:

-- 07 0cobuUCmozo KopucmysaHHs 6e3 nepedaui daHux iHwum. Lle MOKYTb OyTU
IepCOHaTbHI CXOBUIIA CUCTEMATU30BaHNX MTaHNUX, HAIPUKIIAI, YaT-00TH JIJis 30epi-
TaHHS CBOiX BJIACHMX CITOTafiB Y BUIJISIII 3p00ieHNX (POTO 3 MOKIMBOIO ITPVB’SI3KO0
[0 TeoJIOKallili iX CTBOpPeHHSI, HaIPpMUKad, IiJ 4ac BJAACHMUX IOOOPOsKeN IJisl CTBO-
PEeHHS IaM’SITHOro 0cobucToro ¢GotoasbboMy crorajis, abo mjist popMyBaHHS i 36e-
piraHHsI oco6MCTUX 3ammciB Ta ¢aiiiiB KopuctyBaua ($hoTo, aymio, Bileo TOIIO) i3
3a6e31eYeHHsIM KOHQiIeHIiTHOCTI JOCTYIy A0 LMX JaHUX;

-- IHmepazeHmMHi uam-60mu — CBOEPiAHI 0COOMCTI MOMIUYHMKM KOPUCTyBaya y
B3aeMozii (11 06MiHYy JaHMMM) 3 iHIIMMM KOPUCTyBayaMy abo iHIIMMM ITporpamMa-
MU [J11 BUKOHAHHS TIeBHUX [ili Bif, iMeHi KOpUCTyBaua, HapuUKIIamd, 4151 KepyBaHHS
KaJeHaapeM, BigmpaBieHHs TeKCTiB (IPMMipoM, BUIlle3TagaHMii yaT-00T BiJl KOMY-
HaJIbHUX CAYKO IJ1s1 Tepenadvi MokasiB JIUMIbHUKIB), TIPUAMaHHS IePCOHATbHUX
BUKJIMKIB, TIOIIYKY i BiITBOPEHHS ay[io- Ta BimeodaiiniB TOLIO0. BOTU-TTIOMiUHMKK
JIoToMaraloTb JOKYMEHTYBaTU PO3IOPSAOK KOpUCTyBada, HaragyBaTu MpO 3arlia-
HOBaHi 3aBIaHHS i 3yCTpiui. BipTyasnbHi TIOMiYHMKM YaCTKOBO MOXYTb 3aMiHUTH Ce-
KpeTapiB ISl IesIKMX KepiBHMKIB. [MIMM siCKpaBMM TPUKIAIOM MOAIOHOTO 60Ta €
O0T-IOPUCT, SIKMUIT HaJA€ BiAIIOBiAi HA pisHOMAHITHI IOPUAMYHI MUTAHHS Ta JOITOMa-
rae chopMyBaTH 3asiBU 0 CyAy, HAIIPUK/IAI, IJ1sT OcKapykeHHs mTpadiB 3a HellpaBu-
JIbHE MapKyBaHHS, OTPUMMAaHHS KOMITeH Callil 3a HEOUiKyBaHi BUTPATU Y OA0POXKAX;

e Jinosi uam-6omu TIpU3HAUEHi 111 HAJaHHS MOXJIMBOCTI OAHOYACHOTO 06i3-
HeC-BMKOPUCTAHHSI MPY aBTOMAaTUMYHOMY CITUIKYBaHHI 3 6araTbma KiIi€eHTamMu Oe3
3ayuyeHHs QisMUHMX MpalliBHUKIB GipMu 10 mpoliecy 06cIyroByBaHHS. ICHYIOTD pi-
3Hi MigABMUIM TaKuX 4aT-00TiB, 3a/IeXKHO Bifg cepyu AiTOBOro 3aCTOCYBaHHS i CrIeLy-
diku 3amyueHHs KIi€HTIB Ao Aianory. Taki uaT-60TH BUKOPUCTOBYIOTHCSI B 6araTbox
cdepax 6isHecy Ij11 aBTOMAaTM3allii KOMEPI[iifHMUX IPOLECiB CITIIKYBAHHS 3 KJIi€HTa-
MM, @ TAKOK BUKOHAHHS aHAJTITUYHMX Ta iHIIMX JOTTOMiKHUX (PYHKIIi. MOXIUBUMMU
HilllaMM TaKMX 4aT-00TiB € cepBicy iHPpOpMyBaHHS YUaCHUKIB ITIEBHUX TPYI i KOJIEK-
TUBIB, pyTUHI iHQopMaIliiiHi mpoiecu BMOOPUMX KaMIIaHil Ta 3aK/aafiB BUILOi OCBi-
TU, OCOOJIMBO HA MOYATKY HABYAJIBHOTO POKY, CJIY>KOM OGPOHIOBAHHS i KYITiBJIi KBUT-
KiB, CTYy>KOM MiATPMMKM 3 TOCTaBKM TOBapiB, iXi, KBiTiB Tomo. Cdepu Ta criocobu
3aCTOCYBaHHS IIMX OOTIB HaPi3HOMAaHITHIIII 7 3a/1ekaTh Bil KpeaTMBHOCTI po3po6-

HUKIB.
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3a dopmoro mocTymy:
e uam-60mu y negHux 2pynax (1amax) meceHoxepa € KOPUCHUM 3aCOO0M CUC-

TeMM 3B’SI3Ky MiX 4jeHaMM Ili€i TpynM Ta KOOpAMHaIii ix B3aemozii. Hanpukiang,
yaT-60T GaKyJbTeTy 200 BChOTO 3aKJIaAy BUIIOI OCBITM MOKe e(eKTUMBHO MOETHYBA-
TU BUKJIA[auiB, KePiBHUIITBO Ta CTY[EHTIB, HAIal0uM 3a MOTPeOM KOKHOMY 3 HUX
ImeTani3oBaHy 3a MEeBHUMM KpuTepisiMu iHOpMalilo M0A0 PO3KIALy 3aHSTb IS
OYHMX Ta 3a04YHMX (OpM HaBUAHHSI UM TO iHIINY Crelliajgi3oBaHy iHdopmallilo mpo
OCBITHiI1 TIpoI1IecC;

e yam-60mu y 0iano3i MmeceHomepa MOKHA BUKJIMUKATY Oe3110CepeIHbO B OyIb-
SIKOMY [iaJio3i, TPOCTO HaMMCaBIIM CUMBOJI (@ Ta iM's 60Ta Mmicst Hboro. [Ticis 3army-
CKy yaT-060Ta Oyme 3aIpOIIOHOBAHO 3poOuUTH BUOIp Ol abo miif, a pe3yabTaT MO-
’KHA TTepeciaTi CIIiBPO3MOBHUKY Aianory abo “momimnTucs” (Share) Hum 3i cBoimu
Ipy3sIMU 31 CIIUCKY KOHTAKTiB;

e yam-60mu 3a nionuckow AO3BOJISIIOTh 30MupaTy 6a3y MiAMMCHUKIB yaT-60Ta
Ha CBOEMY CaiiTi Ta BiAIIPaB/STU MAaCOBIi i1 MepCOHa/TIbHI PO3CUIKM B MeCeHKepax
Facebook Messenger, Slack, Viber i Telegram, Tum caMmum KOHBEPTYBaTU KOPUCTY-
BauiB y MOTeHLiMHMX IOKYMIiB. [TigmMcyBaT KOpMUCTYBayiB Ha 4aT-00T MOXHA B
pi3Hmit croci6: 3a mocuyiaHHSIM Ha 60Ta Ha ctopiHii Facebook um To B Telegram,;
3HAMIIOBIIM 60Ta 3a @username; 3a IMPSIMMUM ITOCMIAHHSIM Ha 4aT-60T, po3Milie-
HOMY Ha CaifTi abo B COlliaIbHUX MepeXkax; uepe3 BiJisKeT IMiAIMCKM ab0 BiMOBiTHMIA
QR-kop Ha caiiTi 6e3 repexony Ha cTopiHKy Facebook a6o B Telegam.

3a aJiIropuTMOM:

e npocmi (06mexceHi) uam-60mu B3a€EMOJIIOTh 3 KOPUCTYBaYaMM 3a 3a3fgaje-
Tiib MiJATOTOBJIEHMM CKPUIITOM — JI€pPeBOM pillleHb [1epeBOMOAiOHOI CTPYKTYpH,
SIKMIA MICTUTh Habip BifOBimell Ha MOIIMpPeHi MUTaHHS, TOOTO BiAmoBigi BuOMpa-
I0ThCST 3 MIAOJIOHHMX ¢pa3s clleHapilo 3a KIIOUYOBMMM CJIOBaMM. SIKIIO IIpU CITIJIKY-
BaHHI KOPUCTYBau He BUKOPUCTOBYE KIIOYOBI CJIOBA, TO OOT /10r0 He pO3yMi€ i BUKO-
Hye [ii, mepenbauveHi AJjis1 TakKMX BUIMAAKiB, HAIPUK/IA[, MPOIOHYE 3BEPHYTUCS A0
omepaTtopa. 3a3Buyait yaT-60TU TaKOTO TUITY YHUKAIOTh MMUTaHb, 10 BUMAraoThb Bi-
ITIOBifei y BiibHil (popMi, a 3aMiCTh I[bOTO MiCTSITh BEJIMKY KiIbKiCTb KHOITOK. DyH-
KI[iOHQJIbHI MOXKJIMBOCTI TakuMx OOTiB OoOMeXKeHi, ajie OISl MeBHUX CUTYaIlili BOHU
MOXYTb OYTM KOPUCHi. 3a AOTIOMOTOIO CIelliaTbHUX CepBiCiB MOXHa 6€3KOIITOBHO
HaJIALITYBaTH MPOCTUI YyaT-60T. Lle M03BOAUTH CIIPOOYBATH Ta 3PO3YMITH, UM € IS
OTILIis1 KOPUCHOIO 1181 O6i3Hecy;

e inmenekmyanwvHi («p03yMHi») uam-60mu MalOTh Y CBOili OCHOBI IITY4YHY He¥l-

POHHY MepexKy, sika «po3yMie» ceHc po3mMoBu. beciga 3 Takum yaT-60TOM OisbIN pe-
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aJiCTUYHA, BiH 3MaTHUI KapTyBaTH i1 BiIIpaB/IsTH CIiBPO3MOBHUKY CMIllIHI KapTH-
HKM, a peJIeBaHTHICTh MOTO BiAIIOBigel 3 yacoMm 3pocTae. lnsix po3MoBM BU3Hava-
€TbCSI HESIBHO Ha OCHOBi TpeHYBaJbHUX JaHMUX (HaBUaJbHUX BUOIPOK), BUKOPUCTA-
HMX IJ1s1 HAaBUaHHS MO/JIeJli MallMHHOTO HaByaHHs. CaMe TOMy TakKi 4aT-060TH moTpe-
OYIOTb BeMKMX HaOOPiB maHMX [T CAaMOHABUaHHS, aJike Bif IIbOTO 3aJ€XUTDb CTY-
IMiHb 1X «PO3YMHOCTI» 1 aleKBaTHOCTI BiJIIOBifieli HA NMUTaHHA. Taki MporpaMHi 1o-
MIiYHUKM pO3POOJISIOTHCS iHAMBiIyaJbHO i HabaraTo JOPOXKYi y po3poOIli, mo3ask
IIJISI CTBOPEHHS SIKiCHOTO YaT-60Ta Maca 3yCujb BKIAZAETHCS B PO3POOKY HMITYUHOTO
inTenexty (II, Artificial Intelligence — Al) i mamMHHe HaBYaHHSI HEMIPOHHOI Mepe-
xi. [Ipy boMy PO, HA SIKOMY OYIOYETHCS iHTeNeKTyaJbHUI Y4aT-00T CKIaJaloTh:
NLP (Natural Language Processing) — 3maTHiCTb MallyHMU 0GpOOJISITH CKas3aHe, po-
3yMiTM 710ro 3HaueHHSI, BU3HAYATU HeOoOXiZHy [il0 y BiAIOBimb i BimmoBigaTu mo-
BOIO, 3PO3YMiJIOI0 KOPUCTYBAU€Bi, IIJISIXOM I€PETBOPEHHS KOMII IOTEPOM TEKCTY Ha
crpyktypoBani mani; NLU (Natural Language Understanding) — ocHoBa 6y/ib-SIKOTO
yaT-060Ta, 110 MO0 CYTi € MAMHOXMHOIO rmpoiieciB NLP i BifgmoBimae 3a BMiHHSI KOM-
nm'roTepa BUOpaTH, SIK HalKpallle OMpalBaT HEeCTPYKTYpOBaHi BXigHi maHi Ta me-
pPEeTBOPUTHU iX Ha CTPYKTYPY, 3p03yMiay MaliuHi. LIs ckimagoBa siipa € BKpail Baskiau-
BO IS TaKMX HerepenbauyBaHMX JAHUX SIK CKOPOUEHHSI, BUIO3MiHeHi CJI0oBa Ta CJIO-
Ba, HamMcaHi 3 MOMMJIKaMM, CJIeHT, Hepo30ipimBa MoBa, metadopwu, SIKi JOIMHA
3po3yMmie, a mamuHa He Moske 3po3ymiti; NLG (Natural Language Generation) —
TpolLiec IepeTBOPEeHHSI KOMII'I0TepOM CTPYKTYPOBaHMX AaHUX Ha TekcT. [1o cyTi, ue
CTBOpPEHHSI 60TOM TEKCTY [IJISI CHiJIKyBaHHS 3 JIIOAMHOI 3p03yMiJIOI0 IJ1s1 Hei MOBOIO.
OIHOM0 3 BaYKIMBUX OCOOJIMBOCTEN TAKOTO YaT-60Ta € MOK/IUBICTh 36MpaTu iHdop-
Mallifo ITpo KOPMUCTYBayiB, BificTeXKyBaTM ixHi Aii, a MOTiM 3a MOTpebM IMpoaHasisy-
BaTU ixHi 3BMuKkyM. 3i6paHi B Ipolieci mgiajory maHi Mmpo KOPMUCTYBadiB TO3BOJISIOTh
TepCOHAJII3yBaTU MPOMO3Ullil 1 pO3CUMJIKY. BOT MOXe BUKOPUCTOBYBATUCS SIK iH-
CTPYMEHT Ha/larOf;KeHHsI CMapTIIPOLieCiB ycepeanHi KOMIIaHii i Mpu 1ibOMY B3a€MO-
Iisl 3 HUM BiIOYBA€ThCS y 3BUUHOMY i 3pyuyHOMY iHTepdeiici TeBHOrO MeceHaKepa,
Hanpukiaza, Telegram. YaT-60T 3aco6amu API 103BoJIsI€ MpUETHATICH OO 30BHIIIHIX
CUCTEM 1 CMHXPOHI3yBaTUCh i3 KOPIIOPAaTMBHUMM CuUcTeMamy, Hanpukiaazg: CRM,
ERP, «Google Tabuiii» ToOII0;

e  2i6pudHi uam-60mu — 1ie cMMb6i03 YaT-60TiB MepIIMx ABOX TUMiB. Taki yaT-
60TM BeoyTh pPO3MOBY 3 KOPUCTYBayeM 3a Harepe] BU3HAUEHUM LUISIXOM, aJie BUKO-
pucTtoByioTh 11 1151 po3misHaBaHHSI HAMipiB KOPUCTYBaya, a TAKOXK [IJISI BUJITyYeHHS
LiHHMX JAaHUX i3 KOPUCTYBaIbHULbKMX MoBigomieHs (I1IB, marta, nepiog toiwo). la-

HMI TUTI 4aT-00TiB camMuil MMPOKOBXKUBAHMI Y KOMEPIifHMX 3aCTOCYHKaX. Y Meau-
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LIMHIi Taki 4aT-00TM MOXYTbh BUKOPUCTOBYBATUCh HacaMIlepes s IMIBUAKOI IMCTaH-
1[iliHO1 TomepeHbOi MiarHOCTUKK. KpiM TOro, 3aCO0M IITYUYHOTO iHTENEKTY MOXYTh
BUKOPUCTOBYBATHUCh IJIs1 aHAJTi3y TAHMX 30POB'S IK OKpeMUX Ialli€eHTiB, TaK U IPo-
THO3YBaHHS TeHJIeHIIii MO PeHHS BipyCHMX 3aXBOPIOBaHb Ha Iepiof, Ce30HHUX KO-
JMBaHb Ta MOXKJIMBUX emifgemiii. MaiibyTHe B 06/1aCTi OXOPOHM 30O0POB'SI 3aJI€KUTH
BiJl 3JaTHOCTi BIIPOBA/K€HHSI TaKUX TEXHOJIOTiH [7], amKke 36ip JaHUX MPU OMUTY-
BaHHi IMalli€HTiB BiZOyBa€ThCS BigaseHO, 1[0 3HMKYE HAaBAaHTaKeHHS Ha JIiKapiB Ta
3MEHIIIy€ JAMOBipHIiCTb MomMpeHHs iHeKIiiiHMX 3axBoploBaHb. Kpim Toro, yar-
60TM B 3arajbHili Ta KIiHIUHii IICUXOJIOTii TO3BOISIIOTh KOPUCTYBaUYaM CITIJIKYBaTUCS
PO BCe, 1[0 BOHM XOUYTh, i € JOCTATHHO PO3YMHMMM, 1100 3a7aBaTy 3MiCTOBHI My-
TaHHS Ta BiAmosimaTy Ha HuX [8]. IX MeTOI0 € mcuxosoriyda gOmoMora JIIoAsIM, SIKi
60pIOThCS 3 AeIpecieio, 0COOMMBO SIKIIO iM He BMCTAYa€ yBaru Ta Hema 3 KM IIOTO-
BOPUTY IIPO CBOIO IIpO0OIIEMY.

3a ¢yHKIioHA/IOM:

e iH(popmauiliHO-KOMYHIKAUiliHI — 4aT-00TH, IKi He MalOTh KOHKPETHOI MeTu
1 CTBOpEHi BUKIIOUHO IJISI MATPUMKHM CHIJIKYBAaHHS 3 JIIOJAMHOIO, 1100 MOTITUTUCS
iHbopMmallieo mpo crnemiagbHi MPOMO3UIlil Ta 3HMXXKM, TOTIOMOITH ITiAi6paTy ToBap
abo mocyry Tomo. HuHi omHi€lo 3 o0CHOBHUX cdep 3aCTOCYBaHHS TaKMX 4aT-OOTiB €
pO3CUJIKa peKJaMHMX OroJIolleHb, aKIiMHMX IMMPOoIo3uiliii Tomo. To6TO Taki ydaT-
60TM BUKOPUCTOBYIOTD SIK MTOTYKHMIT iHCTPYMEHT mapkemuHezy. JJocmimskeHHs [9-11]
CBimuaTh, 1m0 90% MoBigoMieHb y MeCceHKepaxX BiAKpuBalTh MPOTIroM 90 ceKyH[,
TiC/IST OTPUMMAaHHSI, 10 B IT’SITh pa3iB MepeBuIye MOKa3HMKM eeKTUBHOCTI e-mail Ta
SMS. IIpu 1bOMY BUTPATU Ha pO3CUJIKY HabaraTo Hiskui. Tomy KoMmaHii 3amikasje-
Hi B pO3IIMpPeHHi 6a3M KOHTAKTIB i 30i/ibllIeHHi 00CSTiB MPOJaxKiB 3aco06aMu BiIO-
BigHMX 4aT-60TiB;

e «numMaHHA — 8idnogidv» — yaT-60TN (Q&A — questions and answers), CTBO-
peHi maBaTy IPOCTi BiATOBiZi 3a MPUHIIMIIOM «O4HEe MUTaHHS — OAHA BiJIOBiIb»).
3acToCyBaHHSI TaKOTO YaT-00Ta TO3BOJISIE CYTTEBO 3HM3UTM HaBAaHTaKeHHS i BUTpa-
TU Ha CIYXOy MiATPUMKM, M03assK aBTOMAaTHU3ye 00POOKY MPOCTUX, YACTO IMOBTOPIO-
BaHMX 3aIMUTiB Bif KiaieHTiB. IIpu 11boMy BimOyBa€ThCsl MapasiesibHe OIpallOBaHHS
HeoOMeskeHOi KiIbKOCTi 3asiBOK. Ile M03BoJIsIE PO3BAHTAXKUTY KOMAaHMYy i 3ayyaTu
MeHeI;KepiB Ti/IbKM 3a MOTPedy BUPillleHHS CKIaJHMUX 3aBIaHb, TUM CAMUM OITUMi-
3yBaTy BUTPATU Ha NI€PCOHA;

e acucmeHmu — 4aT-00TH, sIKi 3 BiATIOBiielt KopucTyBaua GOpMYIOTh TaHi s
OOCSITHEHHSI KOHKPETHUX TeBHUX Ilijieit, HalpUKIak, TPy 3arloBHEeHHiI Bebhopm 11st

0aHKiBChKO1 BMUITMCKM, OHJIAH OGOpPMJIEHHS ilmoTeKu ToIo. Y cdepi cmamucmuxu
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TaKi 60TM KOPUCHI TUM, 110 MOKYTb aBTOMATUYHO BifCTEXyBaTH LIiHM Ha aKIlii, Bif-
BiJTyBaHHSI BeOCTOPIHOK caiiTy KOMIaHii abo UMC/I0 KOHTAKTiB, CTBOPEHUX HaTepe/ -
Hi, popMyBaTH CTaTUCTUUHI JaHi Y 3pyYHOMY JIJIsT KOpUCTyBaua (popMari ToIIO;

e  (pyHKyiOHANBbHI — YaT-60TH, SIKi TAIOTh MOKIMBICTh OAPa3y BUKOHATU Ti UM
iHIIi Ai, HampuKIaz, mepeka3aTy Ipollli Ha paXyHOK, YTOUHUTU CTaTyC 3aMOBJIEHHS
3a /Ior0 HOMEepOM TOINO. Y Taly3i peKpyTUHTY TaKuii 4aT-00T BBaXKa€ThCS e(heKTUB-
HOI0 KOMYHIKAIlilfiHOI0 CUCTEMOI0, SIKa YCIIIIHO CIIPOIIYE pOoOOTY MeHemKepiB Io
TIepCOHATy Ta PEKPYTepiB, aBTOMATUYHO 30Mparoyy Ta CUCTEMATU3YIOUM BiIITOBigHI
KOMIIeTeHIlil, HABMYKM Ta AOCBif MiJi Yac aBTOMaTUUYHOTO OHJIAViH OMUTYBaHHS KaH-
oumaTiB. Amke moachki pecypeu (HR) Oymb-sikoi opraHisaliii BilirpamoTh BaskIMBY
poJib y OYIiBHUIITBI Ta 3pOCTaHHI KOMITIaHii, BU3Havaouy ePeKTUBHMUX Ta KOMIIeTe-
HTHUX TpaiiBHUKIB [12]. TexHonorisi, kepoBaHa IlII, mepeTBopio€e CKIaHi TpobieMu
B CIIpoOIleHi pinteHHs. Takoro poay 4aT-60TH BOaJO BM3HAUYAIOTh HalKpaluMx KaH-
IMOATIB, 301/IBIIYIOTH KiJIbKiCTh 3asIBOK, aJikKe MPaIoloTh B peskuMi 24/7, aBTOMaTH-
YHO IUIAHYIOTh IIPOBEIEHHS CITiBOECi] i BiIIOBimal0Th Ha 3aNMMTAaHHS KaHIUAATIB Ha
pobory.

3 BMHAX0J0M YaT-00TiB OpraHisaliii cTaay mumpiie ix 3aaydaTyl 1S BUKOHaHHS
poO6iT, OpieHTOBAaHMX Ha CITIJIKYBaHHS 0e3 Oy/b-SIKOTO JIIOJCHKOTO BTpy4yaHHs. Yar-
60TM HAIATOMKYIOTh CTOCYHKM, BiATIOBial0Th HA 3alMUTAHHS i CIIPUSIOTH KpalloMy
TOPO3YMIHHIO CepeJl MpaliBHMKIB OpraHisalnii 3 ypaxyBaHHSIM BifMOBigHUX IIpO-
6J1eM, BIUIMBAIOTh Ha MPOIeC IIPUIHATTS pillleHb B OpraHisailii.

Yar-60TM MOKYTh MaTH pi3He MpM3HAUYeHHS i pisHuit PyHKIioHAN, i caMe Bif
HbOT'O 3aJIEXXUTD BUOIp 11aTGOpMK, B SIKiii BOHM MPAIIOBATUMYTb, i 3aC06iB po3p06-
Ku. [Ticsist BU3HAUEHHS BMMOT [0 CTBOPIOBAHOTO YaT-00Ta 3a/IeKHO BiJl TIpeiMeTHOi
o6macTi, Tpeba po3pobUTH KOMYHIKaIliliHy apXiTEKTYpY, sika JO3BOJUTDH BUOYIyBaTU
iepapxito KOHTEHTY [IJIS CIIJIKYBaHHS. [IJis IIbOTO BApTO MPOBECTY ONUTYBAHHS cepe[,
rpynu JwAei LiJibOBOI ayAuUTOpii, CTPYKTYPyBaTU KOHTEHT i 3MOJEeNI0BaTU CXeMY
miasory 6ota, 3i6patu iHpopmallito, HeOOXimTHY IJIsI MOXKIMBOIO IMOA/IBIIOTO Ha-
BUaHHS 60Ta 3 METOIO ITOBHOLIIHHOTO BeJIEHHSI HUM JiaJIOry i pPO3YMiHHSI HUM Pi3HUX
BapiaHTiB OAHOTO ¥ TOTO CAMOTO MOHSTTS )51 GOPMyBaHHSI KOPEKTHMUX BifIIOBimeii.

BucHoBKu. Po3pobka Ta 3ampoBajisKeHHS yaT-00TiB € BiTHOCHO MOJIOJMM Ha-
MIpSIMOM, SIKMIt CTpPiMKO Habupae TMOIMYJSPHOCTI B HalpisHOMaHITHImMX cdepax
KUTTENISIIbHOCTI. TOMY TeMa € aKTyaJIbHOIO, a €IVMHI IMiaxoau mo kiaacudikailii yaT-
00TiB 3a pi3HMMM O3HAKaMu Iile He BupoOJeHi. [I[poBeeHMi1 y CTATTi aHasi3 pisHUX
ITiIXOMiB A0 TAKCOHOMIii Cy4acHMX 4aT-00TiB BUSIBMB I€BHi pO30i’KHOCTI Ta HEy3ro-
II>KeHOCTI.
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VY pob6orti chhopmoBaHa 6araTodakTopHa JeTajqbHa Kiacuikallis yaT-60TiB [Jist
YiTKOTO PO3YMiHHSI CYTHOCTI, ITiZIXO/iB 1O CTBOPEHHSI, TIepeBar i He/I0J1iKiB uaT-00TiB
3a Ti€I0 UM iHIIOK O3HAKOI0. JIOC/HiIKeHHSI Ta aHaJli3 BAACTMBOCTEN CydyaCHMUX Yar-
00TiB MO3BOMMIM PO3IITATY IIPOrpaMy 4aT-00TiB 3a ciMoma KpUTepisIMu: Ipu3Ha-
YeHHSIM; MiClIeM pO3TalllyBaHHS; BUAOM iHTepdeiicy; KiJIbKiCTIO KOPUCTYBauiB; (o-
PMOIO JIOCTYITY; aAropuTMoM; pyHKiioHasmoM. KoxkHa 3 KaTeropiit Mae I1ofiiji Ha rpy-
M Ta IATPYIIN 3a pisHMMM 03HaKaMu. HaBegeHO MOXK/INMBI MpUKIaaAM 4yaT-00TiB Bi-
OMOBiAHMX KaTeropii.

OG6IpyHTOBAHO, IO YaT-00TY € OMHMUM 3 HaMOIIbII MTePCIIeKTUBHUX HATIPSIMKIB
BeOB3aemozii 3 KopuctyBauamu. lle 06yMoBjIeHO, MO-MepIile, aKTUBHUM BUKOPHUC-
TaHHSIM MeCeH[XepiB, a Mo-Apyre, pO3BUTKOM TeXHOJIOTil IITy4HOTO iHTe/neKTy. Ha
MepCHeKTUBY YaT-00TH ITOMOMOXKYTh CIIPOCTUTKOATaTO PYTMHHMUX IIPOIIECiB, ajie He
€ aJIbTePHATUBOIO JIIOAVHI.
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Classification of chatbots

Today, chatbots are a hot topic of numerous scientific studies and a promising direction for
the near future. With the invention of chatbots, which are an important area in the field of
artificial intelligence and natural language processing, organizations have become more
involved in performing communication-oriented work without any human intervention. Chatbots
build relationships, answer questions and promote better understanding among employees of the
organization, taking into account relevant issues, influence the decision-making process in the
organization. Chatbots are embedded everywhere on websites, in various instant messaging
chats, or on other forms of communication platforms. The current state and preconditions of
demand for chatbots are considered in the work. The relevance of the use of chatbots for human
interaction and the virtual environment is substantiated. The spheres of application of chatbots
are considered, it is substantiated that chatbots are one of the most perspective directions of
web interaction with users. This is due, firstly, to the active use of messengers, and secondly, the
development of artificial intelligence technologies. In the long run, chatbots will help minimize
many routine processes but are not an alternative to humans. A chatbot is a specific virtual
interlocutor that can perform a variety of functions, depending on the scope. There are different
types of chatbots and different visions of how to classify them. The study analyzes the scientific
works of foreign and domestic researchers, which offers different approaches to the classification
of chatbots. The detailed multifactor classification of chatbots for a clear understanding of
essence, approaches to creation, advantages, and disadvantages of chatbots according to this or
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that attributes is formed in the work. Research and analysis of the features of modern chatbots
allowed to divide chatbot programs into seven criteria: purpose; location; type of interface; the
number of users; a form of access; algorithm; functional. Each of these categories is divided into
groups and subgroups on different grounds. Possible examples of chatbots of the corresponding
categories are given.
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M.O. ®enotosa, [.0. CkpuHHIK, I.A. Bepesiok,
I.B. Tpymakos, B.O. 3ybenko, O.M. Cepbyn
3ACTOCYBAHHS METOAUKU
CTPYKTYPHO-ITAPAMETPUYHOI ITEHTU®IKAIIIT
JJ11 BUBHAYEHHS MATEMATUYHOI MOJEJII BATATOBUMIPHOI'O OBEKTA
3 PO3IIOAITIEHUMU ITAPAMETPAMM 1 3AITII3BHEHHSAM

AHomayisa. Poboma npucssyeHa HaCmMynHoMy emany BU3HAYeHHA ONUCY OUHAMIKU 3epHoCywap-
KU 3 KUNJA4YUM Wwapom K 6a2amosumipHo20 06'ekma 3 po3nodineHumu napamempamu i3 3anis-
HeHHAM. 3aBOAKU 3ACMOCYBAHHIO MemoOUKU CmpyKmMypHO-napamempu4yHoi 10eHmugikayii
ompumMaHo 6a2amosuMipHy Mampuyl nepedamoyHux QyHKYil 3epHocywapku ma 36ypeHs, o
0ilomb Ha Hei 8 peanbHUX eKcnayamayiliHux yMosax, Wo CmaHe 0CHOBOKW 014 CUHme3y cucmemu
asmomMamu4Ho20 pe2ytoBaHHA CyLAPKO.

Knoyosi cnosa. Kunnadul wap, 3epHOCywapka, Kackaou, mensoHoCil, CnekmpanbHa Wib-
HICMb, CU2HANU «BXI0-BUXIO», CUCMEMA aBmMOMAMUYHO20 KepyBAHHA, Mampuuys nepedamoyHux
yHKYIL, 30ypeHHs.

ITocraHoBKa mpoosemu. IIpoBoAsiuM aHasi3 pe3ynabTaTiB AOCTiIKeHb Ta BU-
BUMBIIM KOHCTPYKIIii 3epHOCYIIApPOK Ha BiAMOBiAHICTH BMMOTaM CYUIiHHSI, HAMU
Oy/i0 BCTAHOBJIEHO, 1[0 B HUX, 3a3BMUUali, HarpiB 3epHa HepiBHOMipHMIA, TIpoliec Cy-
IIKM HAJTO 3aTSDKHUI, TOMY SKiCHI ITapamMeTpyu TOTOBOTO IMPOJAYKTY MAalOTh HU3bKI
MoKasHuKY. Hait6inplny BiAmOBigHICTh Y IPOCTOTI, HAAiMfHOCTI KOHCTPYKIIii Ta Bij-
CYTHOCTi TpaBMaTM3MYy i IeperpiBaHHS HaCiHHSI 3 TO3MIlii 3a0e3IeueHHsI BMCOKUX
MOKa3HMKIB T€XHOJIOTiYHOI e(eKTUBHOCTI € CYWIHHA 8 KUNJSUOMY wapi, 3aBIOsSIKU Y0-
My ITiIBUILYETbCS TMPOAYKTUBHICTh OOMAAHAHHS Ta 3MEHIIYIOTbCS €HepreTUYHi
BTpaTu.

AHauni3 ocTaHHIX gocrimkeHsb i myoumikanini. Ha kadeppi cinbcbKorocmomap-
ChKOTO MamIMHOOymyBaHHS LleHTpaJbHOYKPAiHCHKOTO HAIiOHAJTBbHOTO TEXHIYHOTO
yHiBepcuTeTy Oysa po3pobseHa cymiapka Ijsl CYIIiHHS OMCIIEPCHOTO MaTepiany y
KUIUISTYOMY 1api. POTO TaKoi CylIapKu MOJaHO Ha puC. 1. 3aBOSIKM YHIBEpCAJIbHOCTI
IaHa cyliapka MOKe 3aCTOCOBYBATUCH /ISl CYLIiHHS 3€PHOBUX Ta OMiMHUX KYJIbTYP.

© ®denmoroBa M.O., CkpunHik M.O., bepe3siok [.A.,
Tpymakos [I.B., 3y6enko B.O., Cep6yn O.M., 2022
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I[Tpotiec cymiHHS B TaKiil cymapiii BifOyBaeTbCsI HACTYITHMM UMHOM: 3€pHO, ITOTpar-
JISII0UM Ha BepxHiin kKackap (N21) mif mi€ero HAropy MOBIiTps, IO MOAAETHCS 3HU3Y
KOHCTPYKIIii 3 TeBHOW HMIBUAKICTb uepe3 nepdopoBaHi KaceTu (pelieTa), IOUMHAE
PO3PUXIIIOBATUCD, 30i/IBIIYETHCS B 00°€Mi i pyXaeTbCs 3 BepXHbOTO KacKajy Ha Kac-
Kag HVsKHi (N27), Haraayioun co0010 B’SI3KY PeUOBMHY.

ABTOMAaTM3alIisI KOHTPOJIIO i YIIpaBJIiHHS IpollecaMy 0OpOOKM i 30epiraHHs 3e-
pHa BiIKpMBa€ MIMUPOKi MOKIMBOCTI AJ1s1 MiABUIIeHHST e()eKTUBHOCTI BUKOPUCTAHHS,
30i/IbIIIEHHS TTPOAYKTUBHOCTI MOTOYHMX JIiHii, TOIATBIIIOTO 3HMKEHHS 3aTparT mpartii
i moKpaleHHs IKOCTi 06pOOKM 3epHa.

I'mmubuHa mpolleciB, M0 BigOyBalOThCSI B KUIUISTUYOMY IIapi, 1ie He TOCUTh BU-
BUE€HA, @ YCTAHOBKM, B OCHOBY SIKMX IOKJIaJeHO MPUHLMUIT KUIUISTYOTO CTaHy — He
imeHTMdikoBaHi. ABTOMaTKU3allisi HOBOrO 00’€KTY — 3€pHOCYIIMIBHOI YCTAHOBKM Ka-
CEeTHOTO TUITY 3 KUIUITYMM IIapoOM — IepIl 3a Bce MOoTpebye MOCIiiB, B XOMi SIKUX
MOTPiOHO BUSIBUTHM 3B’SI3KM MiXK BXiTHMMM i BUXiTHMMM BeJIMUMHAMM, TTOOYHAOBY
nudepeHLiiHMX PiBHSIHD i BU3SHAUEHHS MaTeMaTUYHOI MOJesli 00’€KTy, TOOTO i10T0
imenTudikyBatu. Tomy Ha kagedpi «Aemomamu3sauii 8upobHuUUUX npoyecie» Llenmpa-
JIbHOYKPAiHCbK020 HAUIOHANIBHO20 MEXHIUHO020 YHisepcumemy 6y0 TPOBEEHO PsI Ta-
pasiebHUX AOCJiIiB, SIKi CTa/M OCHOBOIO JIJISI 3aCTOCYBAHHS PO3p0O6IeHOI METOIUKA
imeHTMdikalii ckIagHOro 6araTOBMMipHOro 00’€KTY 3 PO3MOAiIEHMMM ITapaMeTpa-

MU i3 3aMMi3HeHHIM.

PucyHok 1 — ®0TO cylmiapkut 3 KUIJITYMM [IapOM
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3HauHMI1 BKJIAJ Y PO3BUTOK aBTOMAaTM3allil CYIIiHHSI B KUIUISIUOMY IIapi 3po-
O6mIM Taki BM3HAUHI HayKOBIIi K backakoB A.C., PamkoBchka H.B, Pomankos IL.T.,
3a6popcbkuit C.C., Maptunenko 1.1, ®egopos B.I. Ta iH.. IXx Hapo6ku B sKiiich Mipi
MalOTh SIK [lepeBary, Tak i HeloJIiku [2].

Meta gocaigskeHHs1. Ha 11Xy CMHTE3y CMCTEMM aBTOMATUYHOTO YITPABIiHHS
3epHOCYIIAPKOI0 3 KUTITUUM IIapoM, 1110 SIBJIsIE C06010 [4] 6araToBUMipHUit 06’€KT 3
PO3TOAiIEHMMM TTapaMeTpaMM i3 3aIli3HeHHSIM, HeOOXiTHO BMKOHATYU OPYTUil eTan
imenTudikaiii — 1e BM3HAUEHHS MaTeMaTUYHOI MoAesi CyllapKu y BUTJSAI MaT-
puUllb MepegaToyHMx QYHKIM 10 KaHajaaM, 1[0 OMMUCYIOTb «BXiA-BuUXil» 06’€KTa 3
ypaxyBaHHSIM OCOOJIMBOCTE} CyIIapKy Ta 3HAMIEHUX CIIEKTPaJbHUX Ta B3a€MO-
CIeKTpaJbHUX IIIIbHOCTEN 3ralaHMX CUTHAJIIB paHillle 3HageHUX.

BuknageHHsI OCHOBHOI'O MaTepiany gocaigkeHHsA. OCHOBHMMM BeJMYMHA-
MM (BXig-Buxim) cymapku €: sh - 3MiHa ITOJIOKeHHS IIMOepy, IO PEryiie Iogavy
MaTepiany 6e3rmocepeqHbO B KaMepy CyIIiHHS , V - BMCOTA IIapy MaTepiaay Ha Kac-
KaJax, @ - KiHIlleBa BOJIOTiCTh 3epHOBOro martepiany, T — TemIiepaTypa TeIJIOHOCIS

(areHra).

PucyHok 2 — Cxema 3B'S13KiB BXiJHMX | BUXITHUX CUTHAJIIB 3€pPHOCYIIAPKM SIK

00’eKTa aBTOMAaTM3allii

ImenTudikaiiro IMHaAMIKM cymapku 6yg1eMo MPOBOOUTH i3 3aCTOCYBaHHS CTPY-
KTYpHO-TIapaMeTpUUHOi imeHTH}iKallii, ceHC SIKOi MoJisirae y ToMy, 1106 3a BigoMu-

MJM CIIEKTPATbHUMM IIITBHOCTSMM BUMIpSHUX curHams Sg.g, > Str, Spop,
Syww 1 IX B3a€MHMMM CIIeKTPaJTbHUMM IIIIbHOCTSIMMU Sy > SSyw STw » Ss,w

Ta Swhk BU3HAUYUTU CTPYKTYPY i MapamMeTpyu MaTpulli repegaTouHux GyHKIin F.

CrieKTpasibHi i B3a€MHO CIIEKTpabHi MIiJIbHOCTi OY/I0 3HalIeHO B pO6OTi [4]
[Jyist BUBHAUEHHSI MaTPUIli TlepeaTOYHMUX (PYHKIIi/i KOXKHOTO 3 eJIeMeHTiB MHO-

KMHM Mojeieit AMHAMiKM 3epHOCYIIAapKM i MaTpulli CIEeKTPaJbHUX MIIbHOCTEN
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30ypeHb, 110 Oil0Th Ha BiAMMOBiIHMIT eleMeHT MaTpuili B Ipoiieci po60oTu, 6yB 3acTO-
coBaHMi1 MeTof ineHTUikauii 3 MoHorpadii [6].
MEeTOAMKM BUXIZHUMM OaHUMU  [OJIS

PesynbTaTr. BiamnoBigHO [0 1€l

pPO3B’sI3aHHS MMOCTABJIEHO] 3a7laui € TPAHCIIOHOBAHI MaTPUIi CEKTPAIbHUX IIIJIbHO-

creit (S kuu Y, (S kxx Y Ta B3a€EMHUX CIEKTPaJbHUX IIIJIbHOCTEI (Skux Y CUrHaJIiB
«BXiJI-BUXiZl» 3epHOCYyIIapKu, copMoOBaHi [IJisl Kackaay 3 HomepoM k. Huskue moka-
3aHO MoeTarHe 3aCTOCYBaHHS 3a3HAUY€HO1 MeTOAMKM Ha MpuKIazgi kackagy N27. Pe-
IITa PO3paxOBaHMX TAaKMM YMHOM Mojejieil 06’ekTa i 30ypeHb Ha OCHOBi JaHUX iH-
IIMX LIeCTU KackaaiB HaBelleHi HaBeeHi y [1].

3rigHO TexHOJIOTil BUKOHAEMO MiICTAHOBKY BMpa3iB CIIEKTPaJIbHUX IIIJIbHOC-
-1

Tell y BiANOBiHe PiBHSHHSA, B pe3y/lbTaTi 4Oro 3HajifemMo HacTynHi marpuni S,,,,

!
Sy Ta Sy AJIS1 CbOMOTO KacKagy

[~1718.2642(s +0.05)(s — 0.05)(s +0.108s +0.008 1)(s> —0.108s + 0.0081)
(5+0.025)(s —0.025)(s + 0.4)(s — 0.4)

~512.8649(s +0.006)(s — 0.006)(s> +0.0965 +0.0064)(s> — 0.096s + 0.0064)

| (s+0.5)(s —0.5)(s +0.0055)(s —0.0055) )

0

-1
uu

~0.0003(s +0.025)(s — 0.025)(s +0.09)(s + 0.4)(s — 0.4)
(5+0.026)(s +0.05)(s — 0.05)(s* +0.108s +0.008 1)(s> — 0.108s + 0.0081)

0
~0.00037(s +0.025)(s —0.025)(s + 0.07)(s +0.4)(s — 0.4)

ux

(s +0.009)(s +0.05)(s — 0.05)(s> + 0.108s +0.0081)(s> — 0.108s +0.0081) 2)
—0.00035(s +0.5)(s — 0.5)(s + 0.07)(s + 0.0055)(s — 0.0055)
(s +0.01)(s +0.006)(s —0.006)(s> + 0.0965 +0.0064)(s> —0.0965s + 0.0064)
~0.0009(s +0.09)(s —0.09)(s + 0.4)(s — 0.4)
[ (s+0.05)(s—0.05)(s” +0.1085+0.0081)(s” —0.108s +0.0081)
o ~0.0022(s +0.0012)(s +0.1)(s* — 0.072s +0.008 1)(s> — 0.14s +0.0196)
(5+0.0015)(s +0.03)(s +0.05)(s — 0.05)(s” +0.108s +0.008 1)(s> —0.1085 + 0.0081)
~0.0022(s — 0.0012)(s — 0.1)(s> +0.072s +0.008 1)(s +0.14s +0.0196)
(5+0.0015)(s +0.03)(s + 0.05)(s — 0.05)(s> +0.1085 + 0.008 1)(s> —0.108s + 0.008 1)
~0.010843
(s—0.012)(s +0.012) 3)
HacTynHuM KpokoM € GopMyBaHHS MaTpPUIli S'yy ,
_ i _
0,005 8\ (s + 02.4)(5 +0.025) | 0 0
|(s+0.05)(s* +0.108s +0.0081)|
2
s, = 0 0001 95\ (s +0.5)(s +0.055) |
(s +0.006)(s> +0.0965 +0.0064)|
0
I 0 0 1] (4
daxkTopu3allisi piBHIHHS 3B’S13KY, J03BOJIM/IAa OTPUMATU MATPULIIO Sax
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0.027(s +0.1523)(s> +0.13575+0.0071)  0.072894(s +0.026)(s> +0.0365 +0.0088)
| (s+0.05)(s+0.03)(s> +0.1085 +0.0081)  (s+0.012)(s +0.05)(s> +0.1085 +0.0081)
o ~0.01025(s +0.003)(s +0.096) 0.072281(s +0.09194)(s> + 0.0465 +0.0041)
(5+0.05)(s +0.03)(s” +0.1085 +0.0081)  (s+0.012)(s +0.05)(s* +0.108s +0.0081) )

S

B pesyabTati ¢pakTopmsaiiii MaTpuii S'yy 6yna oTpuMaHa MaTpuilst D

[ 0.024124(s +0.025)(s +0.4) 0 o

(s+0.05)(s> +0.108s +0.0081)
0.044157(s +0.5(s +0.0055)
D= (s +0.006)(s> +0.0965 +0.0064)

0 0 1 0

i 0 0 0 1_. (6)

Matpuius T Mmae HaCTYIIHY CTPYKTYPY
- {T(l.l) T(1.2) T(.3) T(l.4)}

TQ.l) T(2) T(23) T24) 7

ne komnoHeHTH matpuili (7) T(i.j) onuCyrOTHCH SIK
(D= 0.012393(s + 0.4)(s + 0.09)(s + 0.025)
(s +0.026)(s + 0.05)(s> + 0.108s + 0.0081)
.1 = 0.015539(s + 0.4)(s — 0.07)(s + 0.025)
(s +0.009)(s + 0.05)(s> + 0.108s + 0.0081)
T(1.2)=0

0.0079383(s + 0.5)(s + 0.07)(s + 0.0055) 8)

(s +0.01)(s + 0.006)(s> +0.096s + 0.0064)
0.027247(s + 0.1523)(s> + 0.1357s + 0.007055)

(s +0.05)(s + 0.03)(s> + 0.108s + 0.0081)
0.072894(s + 0.02641)(s> + 0.03614s + 0.008788)

(s +0.012)(s + 0.05)(s> + 0.108s + 0.0081)

0.0723(s +0.09194)(s> + 0.04594s + 0.004096)

(s +0.012)(s + 0.05)(s> + 0.108s + 0.0081)

T(2.2)=

T(1.3)=

T(2.3)=

T(2.4) =

Toni, BUKOHaBIIY cernapauiio Bupasy (7), 3Haigemo 7, + 7,

{r,+7. 1.y {1,+7.J1.2) {1,+7.J1.3) {T,+T.}1.4)
T,+T, = ) 9)
{r,+7 )21 {1,+7.)22) {T,+7.}23) {T,+T, }(2.4)

ne ereMeHTU MaTpuii (3.8) MalOTh HACTYITHUI BUTJIS],
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0.012393 (s+0.4) (s+0.09) (s+0.025)
(s+ 0.026)(s+0.05)(s> +0.108s + 0.0081)"
0.015539 (s+0 4)}(s-0.07)(s+0.025)

L+T.}(11)=

o130 = (5+0.009)(s + 0.05)(s? ~ 0.1085+0.0081)”

(r,+1.}a2)=0;

(T, +7.} (2.2) — .0079383 (s+0.5)(s+0.07) (s+0.0055)
L +T.1(2.2)=

(s+0.01) (s+0.006) (s> +0.096s+ 0.0064) (10)

0.027247 (s+0.1523) (s* +0.1357s5+ 0.007055)
(s+0.05) (s+0.03) (s* + 0.108s + 0.0081) ~
0.072894(s +0.02641)(s* + 0.036145+0.008788)_
(5+0.012)s+0.05)s* +0.1085+0.0081) ~ (11)
—-0.01025(s +0.003)(s + 0.096)
B (s +0.05)(s +0.03)(s* + 0.1085 + 0.0081)°
0.0723(s +0.09194)(s? + 0.045945 + 0.004096)
(s+0.012)(s+0.05)(s> +0.1085+0.0081)

L+T.}13)=

{T,+T.}(23) =

T,+T.}14)

T,+T.}24)=

3aBeplIaJIbHMM KPOKOM METOAMKM imeHTudiKallii € BM3HauYeHHSs ITyKaHoi 6J10-
yHOl MatpuLi @, cTpykrypa kol HactynHa: ®=[F;;, Fi], e maTpuis nepenatou-

HUX GYHKIIIM Bifl BEKTOPY CUTHAJIIB KePYBaHHS 40 BEKTOPY BUXiTHUX KOOpAMHAT Fi;

IOPiBHIOE
0.51373e - 05(s +0.09) a,(M)(s+w(A) s,
0 e 0 .
- (s +0.03) T st w(a) ;o (12)
171 0.64413¢—02(s —0.07)  0.17955(s +0.07) | @ (5= ) . a(5+9) o,
(s+0.01) (s+0.01) s+ p, s+ p,

e 75,5, . TS, w>TTw ~ 3aTi3HEHHS MDK CUTHaNaMM «BXifl-BUXifl»: mubep — BUCOTA

MaTepianay Ha KOXXHOMY Kackazi (Sy —h), mmbep — BosoricTh (Sw — W), TeMIiepaTypa —
BoJjioricTh (T — w) BigmoBigHo. B Tab6s1.. 1 3BefeHi maHi 110 BCiM ceMy KacKagaM.
A maTpuilsd nepemaTouHux GyHKIli ¢dopMyBanbHOro QinbTpy 36ypeHb Fi; BU-

TIsae
2.7247e-05(s+0.1523)(s> +0.1357s+0.007055) ~1.025¢-05(s +0.002993 s +0.09572)
P (s+0.05)(s+0.03)(s* +0.108s+0.0081) (s+0.05)(s+0.03)(s* +0.108s+0.0081)
271 0.072894(s+0.02641)s” +0.03614s+0.008788)  0.072281(s+0.09194)s> +0.04594s+0.004096)
(s+0.05)(s+0.03)(s* +0.108s+0.0081) (s+0.05)(s+0.03)(s* +0.108s+0.0081)
Tabmuug 1
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[TapameTpu eieMeHTiB MaTpuili F k11

Kackapg | a;, M/M | o2, %/M A, Mm
az, %/°C | wi, ¢! | wa, ¢t | @,ct | pg, !

k) x 10! x 10?2 x 102
Ne21 1.0389 | 0.64413 | 0.17955 0.15 0.022 | 0.07 0.01 15
Ne2 0.83932 | 0.64413 | 0.17955 0.1 0.015 | 0.07 0.01 30
Ne23 0.7166 | 0.64413 | 0.17955 0.1 0.018 | 0.07 0.01 45
Ne24 0.62788 | 0.64413 | 0.17955 0.09 0.02 0.07 0.01 60
Ne5 0.55393 | 0.64413 | 0.17955 | 0.085 | 0.022 | 0.07 0.01 75
N26 0.53007 | 0.64413 | 0.17955 0.08 0.025 | 0.07 0.01 90
Ne7 0.51373 | 0.64413 | 0.17955 0.09 0.026 | 0.07 0.01 105

ne kackama N21 — BepxHiit, Kackag N27 — HaliHMKUMIA; A — BiICTaHb MiK KacKagaMu

BucHoBku. OTpMMaHi TaKMM YMHOM MaTpHUIli rlepemaTouyHnx QyHKIIii 3epHO-
CyLIapKy JO3BOJSTh PO3MIOYATH MIPOLeAYyPY CUHTE3y CUCTeMM aBTOMAaTUYHOIO Kepy-
BAaHHS 3 ypaxyBaHHSI 0COOIMBOCTEN CyIIapKy, a caMe: 6araTOBMMipHOCTi, pO3IIOi-
JIEHOCTI Ta 3aIi3HeHOCTi B KaHa/IaX KepyBaHHSI.
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Application of the method of structural-parametric identification to determine
the of mathematical model of a multidimensional object
with distributed paraneters and delay

Drying is one of the most responsible and energy-intensive post-harvest grain processing
operations. The constant rise in heat prices has led to the search for new designs of grain dryers,
or improvements to existing ones. Studies of well-known scientists such as Romankov, Rezchikov,
Rashkovskaya have proven the potential effectiveness of using a fluidized bed for drying grain.

The degree to which this drying efficiency approaches the potential is determined by how
much the change in the actual humidity of the material during drying approaches the theoretical
drying curve at the same resource consumption and the same initial state of the material to be
dried.

Taking into account the provisions of the theory of optimal control indicates that
maximizing the accuracy of stabilization of a given value of the height of the fluidized bed
should be achieved by developing an optimal multidimensional stabilization system of the
specified height. The basis for solving the first of these is the study of the design of a fluidized
bed grain dryer.

The decomposition of the grain dryer allows to present it in the form of a set of
multidimensional objects with pure delay. The size of this set is determined by the number of
cascades, and the dynamic characteristics of its elements depend on the distance of the cascade
to the gate A.

Automation of control and management of processes of processing and storage of grain
opens wide opportunities for increase of efficiency of use, increase of productivity of current
lines, further reduction of labor costs and improvement of quality of processing of grain. If today
most of the known dryers have their own mathematical model, this fluidized bed dryer is new,
incompletely studied and therefore needs its own mathematical description in order to develop a
system of automatic control of its parameters.

Therefore, this paper shows the practical application of the technique of identification of
signals "input-output" of the dryer for the dispersed material of the cascade type. According to
the spectral and mutual spectral densities of the signals, using the technology of structural-
parametric identification, a matrix of transfer functions of the dryer was found, which is a
multidimensional dynamic object with distributed parameters with delay, which is affected by
various perturbing factors.
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®enoroBa MapianHa OjieKcaHApiBHA - acUCTeHT LleHTpa/JbHOYKpPaiHChKOIO Halli-
OHaJ/IbHOTO TEXHIUHOT'O YHIBEPCUTETY.

CkpuHHIK [IBaH OnekcaHAPOBUY - 0leHT LleHTpa/bHOYKpPaiHCHhKOTO HalliOHA/Ib-
HOTO TeXHIUYHOI'O YHiBEpCUTETY.

Bepesok IpuHa AHaTosiiBHA - 101eHT LleHTpa/ibHOYKpaiHChKOTO HAI[iOHAJIbHOTO
TeXHIYHOI'0 YHiBepCUTEeTY.

TpymakoB JImurpo BonoaumupoBuu - noieHT LleHTpaibHOYKpPaiHChKOTO Hallio-
HQJIBHOT'O TeXHIYHOI'O YHIBEPCUTETY.

3yoenko Banentuna OjsiekcaHapiBHa - IOLEHT IleHTpalbHOYKpPaiHChKOIO Hallio-
HQJIbHOT'O TeXHIYHOI'O YHIBEPCUTETY.

CepOyn OnekcaHap MuUKo/IaiioBUY - OOIEHT L[eHTpaJbHOYKPaiHChKOTO HallioHa-
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O.K. Bpasanyk, 0.B. Bpazanyk, O.I. I['y6in

MATEMATUWUYHE MOJIEJTIOBAHHSI CUCTEM TEPMOCTABIJII3ALIIT
HA OCHOBI ®A30BHUX ITEPEXO/JIB

AHomauis. Po3ensdaromsca cucmemu mepmMocmabinizayii, 0CHOBAHT HA BUKOPUCMAHHT NpUX0B8a-
Hoi mennomu ¢a308020 nepexody, 0/ 4020 B8 MeNN03AXUCHUL Wap BHeCeHT BKIYeHHA THWOT
¢asu 31 cneyianbHo nidibpaHow memnepamypoto ¢azoso020 nepexody. s po3paxyHKy noss
memnepamyp BUKOPUCMOBYBABCA MeMOO 2PAHUYHUX efleMeHMIB, a BKYeHHA THWOi ¢asu mo-
0e/110BanUCA MOYKOBUMU Oxepenamu menaa. E¢pekmusHicmb 3anponoHosaHo2o nioxody niom-
BepOXeHa pe3ybmamamu YUcebHUX PO3PAXYHKIB.

Knwo4osi cnosa: mepmocmabinizayis, ¢pazosuli nepexio, Memood 2paHu4YHUX eseMeHmis, moyKose
0)Kepesio mensa, MamemMamuyHa Mooesb.

Bceryn

P03BUTOK CyyacHOI TEXHIKM Ta TEXHOJIOTi CTaBUTb Iepel, TEOPeTUUHUMM Hay-
KaMM YMCJIeHH] HOBI 3ajadi, ajle, BOAHOYAC, 1ii IIPOLeCcu PO3BUTKY 3MYIIYIOTh 3 iH-
IIIOTO TIOIJISIAY MTOAMBUTHICS Ha BXKe iCHYIOUi i moOpe Bimomi rmpobiaemu. IIpukiagom
TaKOi MPMHIIUIIOBOI 3MiHM TIOIJISIAY Ha BKe JAaBHO iCHYIOUY ITpOo0ieMaTUKy MOXe Oy-
T MoAM(iKoBaHMIT HMUHI MiAXiA A0 MPOEKTYBaHHS Ta BUKOPUCTAHHS CUCTEM TepPMO-
crabimizamii. TpaguiiiiHo cuctema TepmocTabinizailii, TOOTO cucTeMa 3axXUCTY Bif
eKCTpeMaJIbHMX TEPMiUuHMX BIUIMBIiB, Oysia CIIpsSIMOBaHa Ha IoIepeskeHHs] abo Ha/l-
MipHOro HarpiBy, abo HaMipHOTO OXOJIO/KeHHSI BMpPOOiB. MaiouM Ha MeTi IOJ0-
JIaHHS OJIHOTO JiMille Pi3HOBU/Y TeIJIOBOTO BIUIMBY, (DaKTMUYHO CTBOPIOBAIMUCS CUC-
TeMI TeIUIOBOTO 3aXMCTY B PO3YMiHHi, po3BMHEHOMY B 4yoBiit cepii pobit 0. B.
[TonexkaeBa [1 - 3], i B IbOMY HamIpsIMKY OY/IM JOCSITHYTI Bpaskaloui yCITiXu, 0COOIMBO
B 00J1aCTi TEIVIOBOTO 3aXMCTY arlapaTiB paKeTHO-KOCMiUHO1 TeXHiKM, 1110 CITyCKaIOTh-
cs1 (mBUTBCS BKe 3ragyBaHi poootu 10. B. Ionexxaesa [1 - 3]). OgHak B gauuit yac, B
Mepury 4epry, y 3B'sI3Ky 3 ycIixaMu 6i0TeXHOJIOTiH, 3 aBUAMCS TPUHILIUIIOBO iHIII 3a-
navi, B IKMX MOTPiOHO 3a6e3MeunTy TEIIOBMIA peskuM BUPOOY, 110 3aXUIIAETHCS, B
CTPOrO BM3HAUEHMX i JOCUTh OJIM3BKMX MiX CO0O0I0 TeMrepaTypHUX MexaX. Bib-
IIiCTh TPAAULIIAHUX CUCTEM TEIJIOBOTO 3aXMCTY, OXOJIOMKEHHS Ta 06IirpiBy BUSIBU-
JIMCSI TIOTAHO MPMCTOCOBAHI JJ1s1 PO3B’SI3aHHS MOMiOHMX 3a1a4.

© Bbpaszanyk O.K., Bpazanyk 10.B., I'y6in O.I., 2022
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Cepen NMPUMHUMIIIB TEIJIOBOTO 3aXMUCTY, IO BUKOPUCTOBYIOTHCS B CyYacCHii
MpaKkTulli, Halie)eKTUBHIIIMMM BBaXKalOTbCSI TE€XHOJIOTii aKTMBHOIO TEIJIOBOTO 3a-
XUCTY, SIKi I'PYHTYIOThCSI Ha MPUXOBaHii TeroTi ha30Bux nepexomis. Llinkom mpu-
POIHOI0 BUIAETHCS ifiess BUKOPUCTOBYBATU TaKUii MIPUHIIUIT Y HOBUX CUCTeMax Tep-
MocTabimi3anii y By3bkKOMYy AiamasoHi Temmeparyp. s IIbOrO B TeIUIO3aXMUCHUIA
miap CJiJ, BHEeCTM BK/IIOUeHHS iHIIoi (asu 3 Temriiepatypoio ($ha3oBOro mnepexopy,
OJIM3bKOI0 10 OJIHi€l 3 I paHUYHUX TEMIIEpATyp HeOOXiTJHOro Aiara3oHy.

3araspHa IOCTAaHOBKA 3a4ayi Ta ii aKTyaJbHICTh

Po3ryisgsHeMo AesKy CUCTeMY, IO 3aiiMae 3afaHuii 00’eM i MOTpeOye IMiATPUMKI
TeMIIepaTypy B 3aIaHOMY Jiara3oHi, HaIIpUKIIad, CXOBUIIE 6i0OTiuYHMX MaTepiasliB.
[Tpy KOPOTKOYACHUX HeOaskaHMX TEIUIOBUX BIUIMBAX CUCTEMi MOXKe OYTM HaHeceHa
TIeBHA IIKOZA, TOMY JlaHa TeXHOJIOTiYHA CHMCTeMa MOBMHHA OYTH TOYKOMIIJIEKTOBaHA
CUCTEMOIO TEIVIOBOTO 3aXUCTY, a IJIS1 JOBTOTPUBAIMX HETATUBHUX TEPMIUYHUX BIUIM-
BiB HeOOXiTHO 3aCTOCOBYBATM CTAHAAPTHI 3ac00M OXOJOMKEeHHSs/06irpiBy. Cuctema
TeIIOBOTO 3aXMCTY, YKOMIUIEKTOBaHa 3aco6amu JIOKaJIbHOTO MOTJIMHAHHS TEeTIOBUX
IIOTOKIB, IPAIIIOE SIK cucTeMa TepMocTabinisanii. O6MeskeHa KiJbKiCTb 00'€KTiB iH-
moi ¢as3yu Mae 6yTy BHECEHA B TEIUIO3aXMCHMIA Iap, Ipy LbOoMy 06'€KTH iHIIO0i (asn
MaloTh OYTM HOCUTDH MaJji. 3aJjadya BMOOPY MiCIlb PO3TaIlyBaHHS PO3T/ISIHYTUX BKITIO-
YyeHb Ta iX Telodi3aMUHMUX IMapaMeTpiB € JOCUTh HETPUBiaIbHOIO i MMPU3BOAUTD 0
iCTOTHMX MaTeMaTUYHUX TPYAHOIIIB. loiibHUM Oyme repeayBaHHS PO3IJISITY 3a-
3HaUeHOI MOBHOI 3a/laui pO3BUTKY METO/IiB pPO3pPaxXyHKYy IIOJIiB TeMIlepaTypu B CUC-
TeMax TepMocTabimi3alii Ha oCcHOBI (pa30BUX ITePeXOoiB, IO i € IMPeaIMeTOM JIOCJIi-
IIKeHb I1iei pobOTH.

BUTOKM JOC/TiIKEeHHS aBTOPiB

KrnacuuHa Teopist cuCTeM TEIJIOBOTO 3axMCTy BXKe JaBHO po3pobsieHa Ha JI0-
CUTb BUCOKOMY HayKOBOMY piBHi [1 - 3]. OgHak omnucaHi Bullle CUCTeMU TepMOCTabi-
Jizamii Bce e 3HAXOASATHCS HA CTafii po3poOKM i He CTajau IMpeaIMeTOM CKiJTbKMU-
HeOyIb TOMITHMX ITy0JTiKaIliii. 3 iHIIOTO OOKY, SIK 3raayBaiocs paHilile, reOMeTPUYHi
PO3Mipy BKJIIOUEHbD iHIIOI a3y iCTOTHO MeHIIle pO3MipiB 06'eKTa B I[iJIOMY, IO I10-
poIKye GaraToMacIiTabHy 3amady 3 yciMa TPyAZHOIIAMM, MPUTAMaHHUMMM PO3B'S-
3aHHIO TaKMX 3a7ad4.

[[1o6 momonaT TPYOHOII, TTOB'sI3aHi 3 6araTomMaciiTaOHMM XapaKTepoM 3aja-
yi, TerioBi e(ekTu BKIIOUEHb iHIIOI (a3u MOAeTI0BAINCS TOUKOBUMM [IKeperaMu
TeIla, a IJisl pOo3paxyHKy MOJIsl TeMIlepaTyp 3aCTOCOBYBABCS METO[, TPaHUYHUX eJle-
MEHTIB [4 - 7], IKuii 1erKo BpaxOBY€ HAsIBHICTh TOUKOBUX JKeper Teruia [8].
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Meta po6oTu

Ha migcTaBi BUIeBMKIaAEHOTO JOCUTD ITPOCTO BKAa3aTy METY pOOOTH SIK MO0y-
IOBY MaTeMaTUMYHOI MOJesi Ta MOJaJbIly PO3pOOKY METOIIB PO3pPaxyHKY CUCTEM
TepPMOCTaTyBaHHS, 3aCHOBAaHUX Ha e(eKTi MpuUxoBaHOi TeII0TH Ha30BUX Mepexo/iB
JIOKaJIi30BaHMX BK/IIOUEHb iHIIOI ¢asu.

MaTeMaTuuHa MO/ie/Ib CMCTEMM TepMocTabirizarrii

PosryissHeMoO Tojie TeMrepaTyp Y TeIJIo3aXMCHOMY ITOKPUTTi. BBaxkaemo, 110
cuUcTeMa TepMocCTabimisalii mpairoe HaJeXXHUM YMHOM, a 3aJaHuii Jialla30H TeMIIe-
paTyp Takuit, o Ternodi3nyHi BJaCTMBOCTI MaTepiaay TeIa03axMCHOTO IIOKPUTTS €
craaumu. Toxai

oT (o*Tr &°T o*T) M
=da + + + i 5 XaX'a ) ',Z,Z' ) 1
or U o T T o | RUDIRXY Y 2,7) M

e 7 —4ac, d — KoedillieHT TeMIlepaTypoIpoOBigHOCTI, X,y,Z — MPOCTOPOBI AeKap-
TOBi KoopAvHaTH, § — QyHKUis [ipaka, g; — QyHKLii iHTEHCMBHOCTI AXepe, SIKi
IOKJIALHO PO3TJISIHEMO HIKYe.

PiBusinHs (1) Mae 6yTM AOTIOBHEHE MOYATKOBMMM Ta IPAHUYHMMM YMOBAMM.

He 3MEHIIYIOUN BHI‘aHbHOCTi, MO>KHaA ITOKJIaCTN
T(r=0)=Ty, Ty <Ty<Typ @)

ne Ty = const ; Ty, T, — HVKHS Ta BEDXHS MeXi 3aaHOTO /lialia30Hy TeMIIepaTyp.

'paHMYHI YMOBY Ha 30BHillIHili TOBEpPXHi TEIMJIO3aXMCHOTO 1apy MOXYTb OyTU
3a/1aHi OYIb-SIKOTO 3 OCHOBHMX TPAAULIiITHUX TUITIB - MEePILIOTo, IPYroro abo TpeTho-
ro popmy (3apaay CTUCJIOCTi, HABOOUTH iX TYT He OymeMo). Ha BHyTpilliHilt moBepxHi
TeII03aXMCHOTO IIapy MOBMHHI OYTM MOCTaBIeHi YMOBY CITIOJYYEHHS 3 TI0JIEM TeM-
repaTypu Tija, M0 3aXUIIAETHCS. [IJIs1 TOro, 006 MOCTAaBUTH TaKi YMOBM, CJIiJI PO3T-
JASHYTU MOXIMBY TeIuioi3sMuHy MPUPOAY Tila, IO 3aXUIIAEThCS. SIK TMpaBWUIIO,
00'eKT, IO 3aXMUIIAETHCS, SIBJISIE COOOI0 CKIAAHY CTPYKTYpPY 3 IUCKPETHOIO MPUPO-
D010, HAMPUKJIA[, eIeKTPOHHI MPUCTPOIi, 1[0 BUKOPUCTOBYIOTHCSL Y BUCOKOTEMIIEpA-
TYPHOMY CepenoBUILi, piflie BHYTPILIHSA CTPYKTypa JOCUTb OOHOPIAHA, HAIIPUKIIAL,
6iosoriuni matepiann. Y 6yab-SKOMY BMUIIAAKY, pO3B’sI3aHHS 3aaadi TepMoCTabisi-
3allii CIiJIbHO 3 337jauel0 TeIJIoMacoOOMiHy BcepenuHi 06j1acTi, 0 3aXUIIAETHCS,
MOB'sI3aHe 3 MPAKTUYHO HerepeGOpPHMMM OOUMCTIOBAIBHUMM TpyAHOIIaMu. Tomy
IIpU YMCeIbHOMY aHasli3i poboTu cucTeMu TepMocTabimisaliii Jo1iibHO BUKOPUCTO-
BYBaTM JBi 'paHMYHI MOJIeJi Tijia, SIKe 3aXMIIA€TbCSI: TBEPIE Tio 3 IesSKO0 epeKTu-
BHOIO TeIUIOMPOBIAHICTIO i iHTerpasbHy TEIIOEMHICTb 3i CTa/I0I0 32 06’€MOM TeMIle-
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paTypolo, 110 XapaKTepHO, HATIPUKIIAI, IJIs1 ITepeMilllyBaHMUX PigKkux abo rasomnomio-
HUX cepenoBuil. [Ijis1 IMX ABOX BUMAAKIB TPaHMYHI YMOBM Ha BHYTPIIIHI TOBEPXHi
TeIJI03aXMCHOTO IIapy CTaB/ISITbCS OYEBUIHMM UMHOM: YMOBM YETBEPTOrO POAY
(YMOBM iflea/lbHOTO TEIUVIOBOTO KOHTAKTy) y IepIIOMYy BUIIAJKy Ta YMOBa I€pIIOro
pony —y apyromy. Came Ha BHYTPIllIHii1 TOBePXHi TEIVIO3aXMCHOI CUCTEMM CJIiJ, CTa-
BUTHU I1iIbOBi YMOBM TepmocTabiniszalii (1o mocTaHOBKM KpaiioBOi 3amadi 1js1 piB-
HSHHS (1) 1[i yMOBM BigHOIIIEHHSI HEe MalOTh, ajie BOHU € KpUTepieM aHasli3y pe3yiib-
TaTiB pO3B’SI3aHHS 3a3HAa4ye€HOI KpaioBOi 3ajayi, B KiHIEBOMY ITiCYMKYy IiJIbOBi
YMOBM CIY3KaTh JJIS1 pallioOHaJIbHOTO BMOOPY MapaMeTpiB CUCTeMM TepMocTabimisa-
1ii). L[i7boBi yMOBU MOXYTb OYTM MOCTaBJI€Hi Pi3HMM UYMHOM: 32 CYMapHUM TeIIO-
BMM IOTOKOM, 32 MaKCMMaJbHOIO TeMIIepaTypol0 Ha JaHili TpaHulli, 3a CepeIHbOI0
TeMIIEpaTypoIo Tijia — 3aJIEXKHO Bif 00'€KTa, 110 3aXUIIAETHCS.

[ToBepHiMoOCS 0 AkepenbHUX WieHiB y piBHSIHHI (1). [IJisT KOKHOTO 3 IsKepei

BBeIeMO TemIepatypy (asoBoro mepexoay, T, ; 6mm3bky go Tp,, abo Tup. Toni

BM3HAUMMO iHTEHCUBHICTb IKepesa 1K

q; = (T(Xiayz"zi) - Tp.t.i)ai’ %
ne T(x;,y;,Z;) — TeMIlepaTypa B TOYIi pO3TallyBaHHS IXepesa; «; — Koe(illieHT,
KU BM3HAYAETbCS eMITipMYHO ab0 TeopeTnuHO. KoedillieHT ¢; MOXXe 3MiHIOBaTUCS
y 4aci 3aJIesKHO Bifl mepemicTopii HarpiBy/oxXo/IoakKeHHSs, KpiM TOro, 1ieit koedillieHT
3aJIeXUThb BiJ KOHCTPYKTUBHMX 0COOG/IMBOCTeli BKIoueHHs! Q;. BBememo 1ie cymapHy

TeIJIOEMHICTb BKIIOUeHHSI. O4eBUIHO, 10
dg; _
dr

a came Q; Mac JesKe IIoYaTKoBe 3HaUeHHs Q; . ITic/s Toro, K 3HaueHHs Q; KOCAT-

_ql' ) (4)

He 0, mxepesio/cTik mepecTaHe PyHKIIIOHYBaTH.
MeToa, po3B'si3aHHS 3aJa4i

[TepeTBOpUMO piBHSHHSA (1) Y rpaHMYHe iHTerpajibHe PiBHSHHS Teopii MOTeH-
uiany. [TonepegHbo 3a3HaUMMO, 10 PiBHSIHHS (1) 32 CTPYKTYpOIO HE MO>KHA Kjacu-
dikyBaTu 9K OyAb-sike 3 KIACUMYHUX PiBHSIHb MaTemaTtuuHoi (ismku. [ificHo, mo
IKepeabHOTo ujieHy piBHSHHS (1) BXOOuThb Hmesika GyHKIIiSI, JTOKa/li30BaHa Ha OMC-
KpeTHOMY HocieBi. ToMy 3a0BOIbHITUMEMOCS KIaCUMUHMMU (DyHIaMeHTa/IbHUMMU
PO3B’sI3KaM¥ PiBHSIHHS TEIUIOMPOBiAHOCTI, Y IJIOCKOMY BUMIAIKY

1 (x=x)* + (Y= ¥p)*
t, » X, X,Y, =——7~eeXP| —
@o(t,T 0sY>Y0) dra(t—r) p da(t—1)

()

i y mpocTopoBOMY BUTIAIKY
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¢0(t’T’X’X0’y’YO’Z’ZO) = (

1
JAzat-o))

2 2 2 ©)
X eXp (X =Xx5)"+ (Y= Yo) +(2—2p) .
4a(t -7)
Togi (o151 BU3HAUEHOCTi BUKOPUCTOBYEMO MPOCTOPOBUIT BUMIANOK) [4 - 5]
t
0T (z,x,Y,2)
T(t,xg,Y0,%0) = t,7,X,X0,Y,Y052,20) ——————dS(x,y,z)dT —
(t,X0,Y0520) t{J.FI(Po( 0,Y,Y0,2520) n(x,y,7) (x,¥,2)
t
_ ”IT(T,X,Y,Z) a¢0(t:T:aX:X0:yy}IO:Z:ZO)dS(X’y’Z)dT+
b n(x,y,z) 7

+ J.”.TO(X’Y’Z)¢O(t:tO’X; XO,y,yo,Z,Zo)dXdde+
D

M t
+ZaiJ.Qi(r)¢0(t’71Xi:XO,yi,y(),Zi,Zo)dT .
i=1

to

II1o 3K 1O MeTO/IiB UMCeIbHOIO pO3B’sI3aHHS piBHIHHA (7), TO MOKHA 6e3 obme-
>)KeHb 3aCTOCOBYBATU CTAHOAPTHY MPOLEAYpPYy METOAy I'PAaHUYHUX €JIeMEHTIB, OIN-
caHy B MoHorpadisix [4 - 5]. OgHaK HasIBHICTb [iKepe/IbHOTO UJIeHY, 110 CKIaJa€ThCs
3 TOUKOBMX JI>KepeJl, BHOCUTb 3MiHU Y 3arajibHy CTPYKTYPY IPOLeAyPYU PO3B’SI3aHHS.

Ha mepmmii mornsan, BpaxOBYHOUM JIHIMHICTD 3a TemIiepaTypor 7T; CIHiBBiZHO-

meHb (3), Moske 34aTuCs, 1110 HaBeJleHa 3a/iaua TaKOoXK JIiHiliHa B moctaHoBIi (7). Ox-
Hak Ile He TaK yepe3 oOMexxeHHs B pobori mxepena (0 <Q; < Q;y), i 4yepe3 3anex-

HiCTb iHTEHCUMBHOCTI JXepesa Big TeMmmepaTtypu. CpaBa B TOMy, L0 TeMIlepaTypa
T; B (3) i, BignoBinHoO, B (7) — Lie GiKTMBHA TeMIepaTypa, s1ka 004YMCII0EThCS 3a Mpa-
BIJIOM: J)KepeJio He BIUIMBAE Ha I0JIe B TOYLi, e BiH 3HaxoauThcs. Temneparypa T

JIETKO 3HaXOAUTHCS 3a GopmyJioio (7), AKIO BUKITIOUUTH [ -€ IKepeJo.

MosKnuMBI Tpy MiAXOAM [JisI KOPEKTHOTO BpaxyBaHHS JKepelbHUX uieHiB y (7).
[Tepmmit i HaOiMBIT OUEBUAHMI: 3MEHITUTY KPOK 32 YaCOM Y ITIOKPOKOBOMY (3a ua-
COM) TpoI1leci po3B’si3aHHs PiBHSIHHA (7) 10 TaKOro 3HaYeHHS, 100 y (3) MokHA OYJI10

3 HpMﬁHHTHom TOYHICTIO KOPUCTYBATUCSA 3HAUYECHHAIM Tl 3 IIorepeagHboro 4aCoBoro

mwapy. JIpyruii crocib mossirae y BKIIOUEHHI O CIIMCKY HeBijoMux temneparyp T; i

[0 CUCTeMM DiBHSIHb M [IOAATKOBUX PIBHAHb IS (Xg,Yq,Zo) = (X;,¥;,Z;). Takuii
IiXifg He IepeBM3HavYae CUCTEMY, ajle i “CYTTEBO IICYE” BIACTMBOCTI MaTPUILi CUC-
TeMU JIiHIiHMUX anredpaivHMux piBHSIHb Ta, MIMOBIpHO, MOTipIIye TOYHICTh PO3PaxyH-
Ky. Haperiri, Tpetiit mepenbadae TpaKTyBaHHS JiKepe/IbHOTO UieHa SIK HeJTiHiiTHOTO
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3 OpraHi3alli€lo iTepalliifHOTO Ipollecy Ha KOKHOMY Kpolli 3a yacoM. OCTaHHi1 mif-
Xig HaMOibII YHiBepcabHMIA, ajie 7 HaltoiIbI BUTPATHUI 3 00UMCITIOBATbHOT TOUKN
30py.

AHaJi3 oTpMMaHUX pe3y/IbTaTiB Ta BUCHOBKU

3anponoHOBAHMIA BUIlle MiJXi[ € MaTeMaTUMUYHOK MOJeJUII0 i BiIMOBigAHOIO il
pPO3PaxyHKOBOIO CXeMOI0 CMCTEMM TepMOcCTabinizallii, 3aCHOBaHOI Ha IPUXOBaHi
TerioTi ha3oBoro nepexony. Ha xkasb, OTpuMaHi pe3y/ibTaTy YUCEIbHUX PO3PaxyH-
KiB He BJAJIOCS IMiATBEPAUTH Hi MOPIBHSIHHSIM 3 aHAJITUUHUMM pe3ysibTaTaMu, Hi
TIOPiBHSIHHSIM 3 €KCIIepUMEHTATbHUMM OOCTiIKeHHSIMM, Hi 3 pob0oTaMM iHIIMUX aB-
TOPiB, OCKIJIbKM OCTaHHI ITPOCTO He OYyJI0 3HAMAEHO. 3i 3pOCTaHHSIM KiJIbKOCTi BKITIO-
YyeHb MaTepiana TemI03axUCHOro 1apy MoYMHa€e 6yTU CXOKMM Ha reTeporeHHe cepe-
JIOBUIIE, 110 BCEJISI€ HAil0 HA MOKIMBOCTI MOPIBHSHHS 3 aCUMIITOTUYHUMM Pe3YJib-
TaTaMMu.

[TepcnekTBM NomanbIiMX AOCTIAKEHb I[IIKOM OYeBUAHI Ta IOB'SI3aHi 3 OITU-
Mi3ali€lo cucrteM TepmocTabitisalii, 3acHOBaHMX Ha MPUXOBaHil TeIoTi ¢ha3o0BUX
repexoiB. BUKOHaHi po3paxyHKM IMiATBEPIKYIOTh BUCHOBOK PO BUCOKY e(eKTUB-
HIiCTh TAKOTO IiAX0dy.
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Mathematical modeling of thermal stabilization systems
based on phase transitions

At present, first of all, due to success of biotechnologies, tasks have arisen in which it is re-
quired to ensure the thermal regime of the protected product within strictly defined and fairly
close temperature limits. Most traditional thermal protection, cooling and heating systems have
proven to be ill-suited to such tasks. Among the principles of thermal protection used in modern
practice, active thermal protection technologies based on the latent heat of phase transitions are
considered to be the most effective. It seems to be quite natural to use the same principle in new
thermal stabilization systems in a narrow temperature range. To do this, sufficiently small inclu-
sions of a different phase with a phase transition temperature close to one of the limiting tem-
peratures of the required range should be introduced into the heat-shielding layer. As the geo-
metric dimensions of the inclusions of a different phase are significantly smaller than the di-
mensions of the object as a whole, a multiscale problem is generated with all the difficulties in-
herent in solving such problems. To overcome the difficulties associated with the multiscale na-
ture of the problem, the thermal effects of inclusions of a different phase were modeled by point
heat sources. The thermophysical properties of the heat-shielding coating material were assumed
to be constant due to the narrowness of the considered temperature range. Boundary conditions
for the heat equation at the outer boundary of the heat-shielding layer were set of the first, sec-
ond, or third kind. On the inner surface of the heat-shielding layer, conditions were set for conju-
gation with the temperature field of the protected body. In this case, two limiting models of the
protected body were considered: a solid body with some effective thermal conductivity and an
integral heat capacity with a temperature constant over the volume. In the first case, the condi-
tions of the fourth kind were set, and in the second, the condition of the first kind. To calculate
the temperature field in the system under consideration, the boundary element method was
used, which easily takes into account the presence of point heat sources. Thus, a mathematical
model and the corresponding calculation scheme of the thermal stabilization system based on
the latent heat of the phase transition were constructed in the work. The obtained results of nu-
merical calculations could not be confirmed either by comparison with analytical results, or with
experimental studies, or with the works of other authors, since the latter were not found. With an
increase in the number of inclusions, the material of the heat-shielding layer begins to resemble
a heterogeneous medium, which inspires hope for the possibility of comparison with asymptotic
results. Prospects for further research are related to the optimization of thermal stabilization
systems based on the latent heat of phase transitions. The illustrative calculations carried out
confirm the conclusion about the high efficiency of this approach.
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PE®EPATU

YK 004.056.53

IBanuyk f.B., Topobeub H0.B., Kosanb K.0. MeToa niaBuLLEHHA CTeneHIo 3axucTy wudpy-
BaHHA NOBifOMNEHb Ha OCHOBi anropuTMy 3a CTaNoKw CKNapoBow no 4acy // CuctemHi
TEXHOJOrii. PerioHanbHUi MiXBY3iBCbKUI 30ipHUK HaykoBWX npaub. — Bunyck 2(139). — Oxinpo,
2022. - C.3-13.

Y ctatTi po3rnsHyTo ypaxeHictb kpuntocuctem tuny DSA Ta ECDSA o atakum Ha OCHOBI
aHanizy 3MiHHOi yacy nignucaHHA noBigomaeHHs. Po3pobneHa MaTemaTMyHa MoAenb LS
nepeBipKM JAHOTrO TUMY YPAXEHOCT, HA OCHOBI pewiTKoBMUX aTak. IOKa3aHo, WO Npu HAABHOCTI
AOCTaTHbOT KiNbKOCTI CUTHATYyp 3 OAHAKOBMM YacOM MiAMUCAHHA MOXHA iAeHTUdIKYBAaTW HAABHICTb
3aranbHuX 6iTiB epeMepHUX KitoYiB, WO A03BONUTbL BiAHOBUTY NPUBATHUIA K04 BignpaBHMKa. Bu-
3HAY€eHO, WO NPUYMHOK YPAXKEHOCTI € BiCYTHICTb BUKOHAHHA onepawii 064YncieHHs ob6epHeHoro
MOJyNA 3MiHHOTO MO Yacy, WO HaAaE AaHi ecdemepHOro Knoya 310BMUCHUKY. [InA BUpilLEHHA
NOCTaB/IEHOT 3afla4i 3aNPONOHOBAHO PO3LWMPEHNUIA €BKIA0BUIA aNrOpuTM 064YNCIEHHS 06EpHEHOTO
MOfyNA 3a CTanum yac.

bi6n. 12.

YIK 004.942: 519.711.3

Actaxos [.C., Ma3sypeHko B.b., ®egoposuy A.L., JiuceHko H.0. MeToan BUABNEHHA CTaTK-
CTUYHUX 3MiH XapaKTepucTuK mepexkeBoro Tpadiiky // CuctemHi TexHonorii. PerioHanbHwii
MiXBY3iBCbKMI1 36IpHUK HayKOBMX npaLb. — Bunyck 2(139). — Oninpo, 2022. - C.14 - 20.

HocnipkeHo iHhopmMaTuBHiCTb KpuTepito LLoBeHe ans BUABNEHHS BUKUAIB Yy BMOipKax Bu-
nafKoBMX BEMYMH i3 3aKOHOM PO3Mnofiny MMOBIPHOCTI, WO Biapi3HAETLCA Bif HopManbHoro. 06-
YMCNIOBANLHUI EKCNEPUMEHT NOKa3as, Wo KpuTtepiit LLloBeHe Mae BUCOKY NOTYXHICTb ans BUGipoK
3 CUMETPUYHUM, CNAB0 aCUMETPUYHUM i CUNIBHO AaCUMETPUYHUM 3aKOHOM PO3MOLiNY WMOBIPHOCTI.
BpaxoBytoumn L0 BNACTUBICTb, AAHUN KPUTEPiIA MOXHA BMKOPWUCTOBYBATW B CUCTEMAX BUABNEHHA
BTOPrHEHb ANA NiABULEHHA PiBHA Kibepbe3neku iHdhopMaLiiH1X cuctem.

bion. 3.

YIK 669.14.018.294.3: 669.74.001.8

babayenko 0.I., Toro6buupbka [1.M., banaxaHosa T.B., KoHoHeHko .A. KomnnekcHuit aHanis
BMJIUBY NPUMICHMX Ta NeryBajibHUX €/1IeMEeHTIB Ha YAapHY B'A3KIiCTb CTanel AN BUrOTOB/EH-
HA 3ani3HMYHKUx oceit // CuctemHi TexHonorii. PerioHanbHUI MiXBY3iBCbKMUI 30ipHUK HAyKOBUX
npaup. — Bunyck 2(139). — fiHinpo, 2022. - C.21 - 30.

B poboTi npuBefeHO Ta y3arajbHEHO pe3yNbTaTh CTAaTUCTUYHOTO aHani3y NPOMUCNOBUX Aa-
HUX XIMIYHOrO CKNapy Ta MexaHiYHKUX BNacTUBOCTE noHap 1500 3pa3kis, BiaibpaHuMx Bif, YHOPHOBKX
3aNi3HnYHKX ocen 3i ctani mapok OC Ta EAIN. I3 3acTocyBaHHAM METOAIB NPUKNALAHOT CTAaTUCTUKM
BM3HAYeHa BiAMIHHICTb BNAMBY XiMiYHOTO CKNagy CTani ans 3ani3HUYHUX OCel Ha pPiBeHb YAAPHOT
B'A3KOCTi, 30KpemMa MapraHLulo Ta cipku. [oka3aHa HeobXxigHiCTb 3aCTOCyBaHHA GiNbLWOro CTYyNEeHo
pedopmauii BUXigHUX 6e3nepepBHONUTMX 3aroToBOK 3i cTani mapku EAIN Ta peanizauis 3axoais,
fIKi MO3UTUBHO BNAMBATUMYTb HA 3MEHLWEHHS AeHAPUTHOT NikBauii. [ligkpecneHo Baromuii BNnB
TE€XHOJOrii BUrOTOBNEHHS CTaNi ANs 3aNi3HUYHMX OCe 6IM3bKOro XiMiYHOrO CKiafy.
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bi6n. 12,1in. 2, Tabn. 2.
YK 004.942:631.171
baiipak I.B., Monusoga 0.B., Pynakosa I.B. MopentoBaHHA 3MiHM BONOrocTi FPyHTY B

npoueci po6otu powyBanbHOi MawuHu «®perat» // CuctemHi TexHonorii. PerioHanbHuit
MiXBY3iBCbKMI1 301pHUK HayKoBMX Npaub. — Bunyck 2(139). — QHinpo, 2022. - C.31 - 39.

Y [aHiit cTaTTi aBTOpaMu NPOBEAEHO aHaNi3 CyyacHUX MeTOAiB i 3aC00iB 3BONIOKEHHS I'PYHTY,
a TaKOX iCHYIOYMX MaTeMATUYHUX Mofeneil [MHAMiKM BONOroCTi FpyHTY B npoueci po6oTw
fouysanbHoi MawmHu «Pperaty». 06rpyHTOBaHO HEOOXiAHICTb PO3pOOKM MOLENi PO3NOAiNy BOMOTYU
y NPUKOPEHEBOMY i MPUNOBEPXHEBOMY Lapax IpyHTY. Po3pobieHo MaTeMaTUyHy MOfeNb fUHAMIKM
BONIOTOCTi I'PYHTY B MPOCTOPi CTaHiB, fiKa BPaxoBYyE 00'€MU BOAM, WO CMOXMBAKOTLCA POCIMHAMM i
NoJaloTbCA HA NONSA AOLLYBaNbHAMU MALIMHAMK, A TAKOX NOCTYNAOTb NPUPOAHUM YMHOM Y BUTAAAI
BMNAJKOBKX ONALiB i 'PYHTOBMX BOA,.

bi6n. 10, 1in. 2.

YK 519.854

boiiko J1.T., NaweHko I.C. MopiBHAHHA MypaLIMHOrO aNIFOPUTMY ONTUMi3aLii Ta ABOX MO0
mopudikauin // CuctemHi TexHonorii. PerioHanbHuWii MixBY3iBCbKMIA 30IpHUK HayKOBMX Mpalib. —
Bunyck 2(139). — Axinpo, 2022. — C.40 - 52.

MopiBHIOOTbCA pe3ynbTaTi HabMXKeHOro po3B’s3yBaHHA 3a4adi KOMiBosKepa, LOOYTi TPbO-
Ma BapiaHTamu MypalwwWHOro anroputmy. HaBegeHi cucTeMHi 0COBMMBOCTI MOBEAiHKM Mypax-
typaxkupiB Ta anropuTM BUKOPUCTAHHSA LMUX OCOONMBOCTEN B iTepauiiiHi cxemi po3B's3yBaHHA
3afayi komiBoskepa. OnucaHi MoXnMBOCTI po3pobneHoi mosoto CH# nporpamu fns NPOBEAEHHS
KOMN'IOTEPHMUX eKcnepuMeHTiB. Ha Tpbox npuknafax NpoBefeHO NOPiBHANbHUI aHani3 TPboX
BapiaHTiB MypaLMHOro anropuTMy. BigmiyeHi ix No3UTUBHI Ta HeraTMBHi 0CO6MBOCTI.

bi6n. 3,in. 12, Tabn. 1.

YK 004.056: 004.94

lepaciHa 0.B., Kopwienko B.I., Tlyces 0.10., CocHiH K.B., Mauiok C.M. BusBneHHs
tiwnnrosux URL-agpec 3a gonomorow anroputmiB HeuyiTKoi Knacrepusauii i3 rnobanbHoio
ontumisauieto // CuctemHi TexHonorii. PerioHanbHWit MiXBY3iBCbKMIt 36IpHUK HAyKOBKX NpaLb. —
Bunyck 2(139). — Axinpo, 2022. — C.53 - 67.

3anponoHoBaHO anroputm BusBneHHs diwnHrosux URL-agpec (knacudikatop) i3 BUKOpU-
CTAHHAM HeYiTKOi Knactepusauii, AKWii BKIOYaE BMOIp TUNY iHTeNeKTyanbHOro knacudikatopa Ta
00r'pyHTYBaHHSA 10ro napameTpiB 3a [ONOMOrol MeToAiB rnobanbHoi onTumisalii. Lnsxom mope-
NIOBAHHA OUiHEHO eheKTUBHICTb BUKOPUCTAHHA 3anNpoONOHOBAHOMO aNrOPUTMy Ha NPUKNAAi ekcne-
pUMEHTaNbHUX faHuX — Habopy diwmnHrosux i 6e3neyHnx URL-agpec.

bi6n. 13,1in. 2, Tabn. 1.

YK 004.75

ConpateHko [.B., MHatyweHko Bik.B. JlocnipkeHHs egeKTMBHOCTI BUKOpPUCTaHHA IT-
iHbpacTpyKTYpyM AK cepBicy Ana xmapHux obuncnenb // CuctemHi TexHonorii. PerioHanbHwii
MiXBY3iBCbKMI1 30IpHUK HayKoBMX Npaub. — Bunyck 2(139). — OHinpo, 2022. - C.68 - 76.
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Y po6oTi npoBeaeHO JOCTIAXKEHHSA iCHYIOYMX pilleHb Ta 3acobiB, a TaKOX HaflaHi nepesaru Ta
HENONIKM BUKOPUCTAHHA TOTO YW iHIWOFO PilleHHA ANA Pi3HOMAHITHUX NOTped Ta BUAINEHO
HallyHiBepcanbHille pilleHHs, ke NigxoauTb nif 6iNbIWicTb 3aNKTiB. Y XOAT AOCNiIAKEHHS HAaBELEHO
HaNbiNbLW NOMyAAPHi Ha AaHWIt MOMEHT PilleHHs, NOB'A3aHi 3 XMApPHUMK 0BYUCNEHHAMM Ta aHani3
iX Knto4oBMX ocobnmsocTei. Haitbinblw NOTYXHMM Ta NPUBABIMBUM cepBicOM A 0OPOOKU Benu-
Koro 00csry BXifHMX [aHWX, Y TOMY YMCli KOCMiYHMX 3HiMKiB, € IaaS. lMpu oro BMKOpUCTaHHI
3abe3neyyeTbCs BUCOKA WBMAKICTb Ta LOCTYMHICTb pecypciB, ananTallis 40 NOCTAaBIEHOr0 3aBAaH-
Hs, 6e3neKa faHMX 3a PaxyHOK Po3MnofineHoro 36epiraHHs Ta 06pobKy, Wo A03BONAE 30iNbWNTY
NPOAYKTUBHICTb Ta MiHIMi3yBaTW 3aTPUMKY ANSA KiHLEBOro KOpUCTYBaya.

bi6n. 7,in. 1.

YK 004.94

Omutpiesa I.C., Crosnuenko I.B. AHani3 Komn'ioTepHOi Moaeni NnoBefiHKM TOHKOT NnacTu-
HUW 3aHypeHoi y piauny // CuctemHi TexHonorii. PerioHanbHU MiXBY3iBCbKMiA 30IpHUK HayKOBMX
npaub. — Bunyck 2(139). - iHinpo, 2022. — C.77 - 87.

MopentoBaHHS KOMMBAHHA CTaNeBOi NNACTUHK Yy BOAI Nif LI€I0 HABAHTaXeHb 3aANA OLUiHKK
0e3nekn KOHCTPYKLiT € aKTyanbHUM 3aBLAHHAM Cy4aCHOCTi y NPOEKTYBaHHi cnopyA. MeToto aaHoi
po6oTn Byno AOCNimKEHHS NOBEAIHKM NNACTMHI, 3aHYPEHOT B PiAWHY, WO 3A4iNCHIOE BUMYLLIEH] KO-
NMBAHHA Nif A€ NPUKNALEHOrO HAaBAHTAXEHHSA; MeXaHi3M NOBEAIHKM JaHOT B3aEMOAIT Ta BU3Ha-
YeHHA NPUERHAHMX MAC PifMHU. 3HAHHA NPUESHAHMX MAC LONOMArae OLiHUTY BNAUB PiANHMN.

B pob6oti 6yno pocnimkeHo KOAMBAHHA CTaNeBOi NACTUHK Yy BOAI Mif Ai€lo ABOX BUAIB Ha-
BaHTaXKeHb. [lns rapMOHiNHOro aHaiisy KoAMBaHb nnacTuHM Gyno nobypoBaHo BnacHi AYX, ski
nopisHtoBanu 3 A4X, oTpMMaHoi WnAXom BUpilweHHs cepii 3agay FSI. 3 nopiBHAHHS oTpuMaHux A4X
3p06JieHO BUCHOBOK NMPO MOXJIMBICTb BUKOPUCTAHHA FapMOHIHOrO aHanisy Ans AOCNiAKeHHs Ha-
NpyXeHo-1ehopMOBaHOr0 CTaHy NIACTUHU NPHK T KONUBAHHSAX.

MeTop rapMoHi4HOro aHani3y i3 AoAaBaHHAM NPUELHAHOT MAacK BOLM MOXHA BUKOPUCTOBYBA-
TU Ha HU3bKMX YaCcTOTaX KOJMBaHb A0 pPe30HaHcy. Ha BCix iHWMX BNACHMX YacTOTax KOJMBAHb BU-
KOPUCTOBYBATU METOA TFAPMOHIAHOrO aHanily 3 ypaxyBaHHAM NpPUEAHAHOT Macu BOAW He
peKOMeHIYETbCS.

bi6n. 4, puc.6.

YK 004.032.24

IBaweHrko B.M., Weauny I.T., IsaweHko 0.B., Cywko J1.9. BucokoedekTmeHa G6aratonpoue-
copHa cuctema // CuctemHi TexHonorii. PerioHanbHUi MiXBY3iBCbKUI 36ipHUK HAYKOBMX Mpalib. —
Bunyck 2(139). — Ininpo, 2022. — C.88 - 99.

Po6oTa npucBsiueHa npobiemi MOLEeNtoBaHHs apXiTEKTYpU BUCOKONPOAYKTUBHUX Garatonpo-
LeCOpPHUX CUCTeM 0OPOOKU LaHUX, sIKi BUKOPUCTOBYIOTLCSA MPUM PO3B'A3yBaHHI 3aA4ay 3 po3lWMpoBa-
HO 06n1acTio Nam'saTi. 3aNpPoONOHOBaHA CUCTEMA XapaKTEPU3YETLCA MiABULEHO HAAiINHICTIO 1 BU-
COKoto eHeproedeKTUBHicTi0. CucTeMa MicTUTb OKpeMy pekoHirypoBaHy Mepexy Ans 0OMiHy Aa-
HUX MiX 00YMC/IOBaNbHUMU By3/aMK, KEepOBaHi KOMYTATOpPM, a TAKOX nepeabayac mepexese 3a-
BAaHTaXKEHHA BY3N1iB, MeXaHi3M pe3epByBaHHS K/IOYOBUX KOMMNOHEHTIB.

bibn. 14, in. 1.
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YK 622.454:622.016.62
MiHees C.M., Hosikos JI.A., CamonaneHnko .M., MakapeHko P.B. Oco6nuBocTi po3paxyHKy

BMTOKIB NOBiTPA uepe3 BUpPoOJseHUN npocTip ByrinbHMX waxt // CuctemHi TexHonorii.
PerioHanbHuWit MixBY3iBCbKMIA 30ipHUK HaykoBMX mpaub. — Bunyck 2(139). — OHinpo, 2022. -
C.100 - 110.

Y cT1aTTi HaBe#EeHO pe3ysibTaT PO3PaxyHKYy Pe3ynbTyiounX WBUAKOCTEH BUTOKIB MOBIiTPA Ta
TPAEKTOPIN NiHill TOKY Yy BMPOGAEHOMY MPOCTOPi NPU NPSAMOTOYHIM Ta 3BOPOTHOTOYHOI CXeMax
npoBiTploBaHHA. [lpy po3paxyHKax BUKOPUCTOBYBANUCA JNiHIAHWIA Ta ABOYNEHHWUIA 3aKOHU
tinbTpauii rasy 3 ypaxyBaHHAM MOPMCTOCTI Ta MUTOMOrO aepofMHaMiyHOro onopy BUPOOAEHOrO
npoctopy. OTpuMaHi pe3ynbTaTi 403BONSAIOTb 3HU3UTK 3ara30BaHiCTb BUPOOOK 3a paxyHOK BUOOpPY
PaLioOHANbHKUX CXEM Ta PEXMMIB NPOBITPIOBAHHSA

bi6n. 10, 1in. 4.

YK 004.032.24

Mopo3 [1.M. OcobnuBocTi opraHisauii arperauii KaHanie mepexeBoro iHTepdeiica B 6a-
ratonpouecopHux o06uucnioBanbHUX cuctemax // CuctemHi TexHonorii. PerioHanbHuit
MiXBY3iBCbKMI1 30IpHUK HayKoBMX NpaLb. — Bunyck 2(139). — OHinpo, 2022. - C.111 - 121.

Bu3HavatoTbea Wisxu nigBuiieHHs edeKTMBHOCTI baraTonpouecopHoi 064MCNIOBaNbHOT CUC-
TeMM 3a PaxyHOK peopraHizauii apxitektypu ii MepexeBoro iHTepdency. [lokasaHo, wWo
edeKTMBHiICTb  napanenizauii  obuMcneHb iCTOTHO  3aneXuTb Bif  6araTboX  YMHHMKIB,
HaWBaXNMBIlWWIA 3 AKMX — OCOONMBOCTI NEpecUnaHHs [aHUX MiX TPaHUYHUMU By3NaMu
6aratonpoLecopHoi cuctemu, Wo ABAAE COO0I0 HAWMOBINbHIWY YAaCTUHY aNrOPUTMY BUKOHYBAHUX
064nCneHb i MOXe CYTTEBO 3HM3UTW edeKT Bif 30inbleHHs KiNbKOCTi 3afisHuX npouecopis. 3a-
NPONOHOBAHO PeXUM arperauii KaHanis MepexeBoro iHTepdeiica B 6araTonpoLecopHux 06umncnio-
Ba/lbHMX cMCTEMax. Bia3HayeHo, Wwo OCHOBHA nepeBara pexumy arperauii kaHanis NoaAarae B Tomy,
1o iCTOTHO MifBMILYETbCA WBMAKICTb 0OMiHY AAHMMK, @ TAKOX 3POCTalOTb NOKA3HUKM HAAINHOCTI
(YHKLIOHYBaHHA KNacTepHOi cucTemu.

bion. 14.

YK 004.42:378.2

Poctoka M.Jl. CeMaHTMYHMIN aHani3 6a30BMX MOHATb AOCHIAKEHHA WOAO0 MOOYAOBM
iH¢opMmauiitHo-aHaNiTUYHOT cMCTEeMU NIATOTOBKU HAaYyKOBUX KappiB // CucTeMHi TexHonorii.
PerioHanbHuit MixBY3iBCbKMI 30ipHUK HaykoBMX mpaub. — Bunyck 2(139). — OHinpo, 2022. -
C.122 - 136.

AKTYanbHiCTb CTaTTi NiATBEPAKYETHCA WAAXOM aHANITUYHOrO BUBYEHHSA HAYKOBUX AOCATHEHD
nonepefHMKiB, 3aCHOBaHWUX HA NPAKTUYHUX acnekTax nobyaoBu iHHOPMaLiNHO-aHANMITUYHUX CUC-
TeM Ta BU3HAYAETHCA TPAHCAUCLMNTHAPHICTIO HAYKOBOTO 3HAHHSA, @ TAaKOX AOLINbHICTIO NPOBeAeH-
HA CTPYKTYPHO-NOTYHOTO YM CEMAHTUYHOTO aHanily BignoBigHOi TepMmiHonorii, ska 3abe3neuvye
CUCTEMHICTb Ta paLiOHaNbHiCTb OyAb-AKOrO HAYKOBOTO. TaKMM YWUHOM, Pe3y/ibTaTh BUBYEHHS
CYTHOCTi Ta 3MicTy 6230BMX NOHATH 3@ NEPBUHHUMU Pe3ysibTaTaMu JOKTOPCbKOTO JOC/iKEHHSA BU-
3HayaloTb BEKTOP NOAANbLWMX JOCAIAHNLBKMX NOWYKiB. TOMYy OCHOBHOIO METOI CTaTTi € NpefCTaB-
NIEHHSA pe3y/bTaTiB NOTOYHMX MOLWYKIB LWOAO BUBYEHHA KaTeropianbHO-NOHATIMHOrO anapary, Lo

3yMoBNiOE 6a30By AediHITMBHY NIATPUMKY AOKTOPCbKOrO LOCNiAXKEHHS MeToponorii nobyaosu
ISSN 1562-9945 (Print) 185
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 2 (139) 2022 «System technologies»

iHpOpPMALiINHO-aHANITUYHOT CUCTEMM NifrOTOBKM HAYKOBMX KAZpPiB. Y LibOMY KOHTEKCTI BUKOPUCTO-
BYBAJINCA METOLM KOHTEHT-aHaNi3y, CEMAaHTUYHOrO Ta MOPiBHANBLHOIO aHanidy, OHTONOMYHOr0 MO-
AE/OBAHHA Ta iH. BUCHOBKM Ta nepcnekTUBW JOCTIAXEHHS OXOMIOKTL KONO NUTaHb, WO [03BONSA-
t0Tb PO3YMiTW CyTHiCTb 6a30BUX AediHiuii, wo nepebysaloTb y TepmiHONoni «iHopmaLinHo-
aHaNiTMYHa cucTemMay.

bi6n. 27.

YOK 678.02:621.365

CepavoBa K.I., Manbko T.A. MartematMyHa Mopenb 3aCTOCYBAHHA CEJIEKTUBHOIO
iHdpauepBoHOro HarpiBy npu BUroToBAEHHi BUPO6iB 3 cKnonnacTukie // CuctemHi TexHonorii.
PerioHanbHMI MiXBY3iBCbKWI 30ipHMK HaykoBMX npaub. — Bunyck 2(139). — [Owinpo, 2022. -
C.137 - 146.

CboropeHHi iHdopMaLiiiHi pecypcu NponoHyIoTh O PO3rAady Pi3HOMaHITHY iHdopMaLito LWwo
[0 BMOOPY paLioHaNbHUX METOAIB TBEPAHEHHS KOMMO3WUTHUX KOHCTPYKLi Ta NpoeKTyBaHHA 06-
NALHAHHA LN NPOBeAeHHS NPOLECiB.

Yepes cknapHicTb Ta LOBrOTPMBANICTb NPOBEAEHHA NpoLecy nofiMepu3alii KOHCTPYKLiii Bu-
HUKNA HeOOXiAHICTb CTBOpPEHHs MaTeMaTU4yHOi MOAeNni pAns NpOrHO3yBaHHsS Pe3ynbTaTiB
nonimepu3alii 3a pi3HOT Temnepatypu Ta yacy npu BUKOPUCTaHHi IY BMNpOMiHIOBaHHS, B TOMY
4UCNT CENEKTUBHOrO.

poBeseHO NOPIBHANBbHUIA aHani3 pi3HUX hOpMyNioBaHb MaTEMATUYHUX MOAENeN Ha OCHOBI
piBHAHHA Hag'e-CTokca.

MexaHi3M, L0 NOACHIOE KIHETUKY WBUAKOCTI peakLii v1, 3anponoHoBaHmMii AppeHiycom.

MpoaHanisyBaBlWM KNACUYHI PiBHAHHA 3anpONOHOBAHO MAaTeMATUYHy MOfENb, IKA OMUCYE
npouec OTBepAiHHA KOMMO3WTY MpW CRiNbHIA [ii TennoBoro nOTOKYy Ta iH(payepBOHOro
BUNPOMiHIOBaHHA. 3anponoHOBaHO CMoOCi6 BM3HAYEHHA MapaMeTpiB MaTeMaTU4YHOT MOAeni 3a pe-
3yNbTaTaMy eKCnepuMeHTaNbHUX JOCNiAXKeHb.

bion. 7.

YK 004.773.6

Tpodumetrko 0.I., Mpokon H.B., 3agepeiiko 0.B., Jloritoa H.I. Knacudikauyis yar-6otis //
CucTtemHi TexHonorii. PerioHanbHUI MiXBY3iBCbKWIA 36ipHUK HayKoBMX npaupb. — Bunyck 2(139). -
[Oxinpo, 2022. — C.147 - 159.

CdopmoBaHo feTanbHy baratohakTopHy Knacudikauito 4aT-60TiB Aif YiTKOrO PO3yMiHHA
CYTHOCTI, MiAXOAiB 4O CTBOPEHHs, mepeBar i HeAoONiKiB 4aT-00TiB 3a Ti€E UM iHIWOK O3HAKOI.
HocnimKeHHs Ta aHani3 03HaK CyvyacHWX 4aT-O0TiB [O3BONMAM PO3AINMTW Nporpamu 4aT-60TiB 3a
ciMOMa KpWTEpiAMKU: NPU3HAYEHHS; Miclle poO3TallyBaHHA; BUA iHTepdeiicy; KiNbKicTb
KopucTyBayis; opma goctyny; anroputm; dyHkuioHan. KoxHa 3 Lux KaTeropiin Mae nogin Ha rpy-
Ny Ta MiArpynu 3a pi3HMMKM O3HaKaMu. HaBedoeHO MOXNMBI NpUKNaaM 4aT-00TiB BigNOBiAHUX
KaTeropin.

bi6n. 12, in. 1.
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YOK 631.365.22+621.317
®epotosa M.0., CkpunHik 1.0., bepestok I.A., Tpywakos [1.B., 3y6eHko B.0., Cepbyn 0.M. 3a-
CTOCYBaHHA METOAMKM CTPYKTYPHO-NapamMeTpu4HOi ipeHTUdiKauii ANA  BU3HAYEHHA
MaTemMaTuM4yHoi Mopeni GaratoBumipHOro o6’ekta 3 po3nogineHMMu napamerpammu i

3ani3HeHHAM // CuctemHi TexHonorii. PerioHanbHWii MixBY3iBCbKMIA 30IpHUK HAyKOBMX NpaLb. —
Bunyck 2(139). — [iHinpo, 2022. — C.160 — 169.

Pob6oTa npucBsYeHa HaCTyNHOMY eTany BU3HAYEHHs ONWUCY AMHAMIKW 3epPHOCYLAPKY 3 KUM-
NAYMM WAPOM K GaratoBMMipHOro o6’ekTa 3 pO3NOAINEHMMN NapaMeTpaMmy i3 3ami3HeHHAM. 3aB-
ASKW  3aCTOCYBaHHIO  METOAMKM  CTPYKTYPHO-NAapaMeTpuyHoi  igeHTUdikauii  oTpumaHo
6araTtoBMMipHy MaTpuuio nepefatouyHuX QYHKLiA 3epHOCYWapKK Ta 36ypeHb, WO AiloTb Ha Hei B
peanbHUX eKcnyatauinHMx yMoBaXx, WO CTaHe OCHOBOI ANA CMHTE3y CUCTEMW aBTOMATUYHOTO pe-
ryNOBaHHSA CYLIAPKOIO.

bi6n.6,in.5.

YK 536.24

bpasanyk 0.K., bpasanyk 10.B., Ty6in 0.I. MaremaTMyHe MoOAENIOBAHHA CUCTEM
TepmocTabinizauii Ha ocHoBi (hpazoBux nepexopie // CuctemHi TexHonorii. PerioHanbHwii
MiXBY3iBCbKMi1 36ipHMK HayKoBMX npaLb. — Bunyck 2(139). — Axinpo, 2022. - C.170 — 178.

Po3rnspatotbcs cuctemMmn TepmocTabinisalii, ocCHoBaHi Ha BUKOPUCTAHHI NPUXOBaHOT TEMIOTH
a3zoBoro nepexofy, ANA YOro B TEMJO3aXWUCHMWIA AP BHECEHT BKIOYEHHA iHWOi da3n 3i
cneuianbHo nigibpaHoo Temnepatypoio ¢azosoro nepexody. [ns po3paxyHKy noas Temneparyp
BUKOPUCTOBYBABCA METOA FPAaHUYHUX EIEMEHTIB, @ BKIIOYEHHSA THWOT ha3n MOJeNtoBaNnCs TOYKO-
BUMU fxxepenamu Tenna. EdeKTMBHICTb 3anponoHOBaHOro nigxoay NiATBEpAXEHA pe3ysibTaTamu
YNCENbHUX PO3PaXYHKiB.

bi6n. 8.
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UDK 004.056.53

Ivanchuk Y.V., Horobets Y.V., Koval K.0. Method for increasing the degree of protec-
tion of message encryption based on an algorithm for a constant component in time //
System technologies. N 2(139) - Dnipro, 2022.- P.3 - 13.

Currently, asymmetric cryptosystems are used everywhere, in document management for
cryptocurrencies, providing a high level of protection to end users, relying on the mathemati-
cal complexity of calculating a discrete algorithm. But, it is possible to make a cryptocurrency
attack on the so-called ephemeral key, which is an auxiliary key when creating a signature.
Recent works have shown examples of cryptocurrencies on the random number generator,
processor cache, timing attacks. However, these attacks do not work when the numerical value

of the bits is unknown. Also, recent work shows the main vulnerability in the case signature,
namely the inverse module calculation algorithm that is vulnerable to timing attacks. The ar-
ticle considers the damage of cryptosystems such as DSA and ECDSA before the attack based
on the analysis of the variable time of signing the message. A mathematical model has been
developed to test this type of lesion, based on lattice attacks. It is shown that if there are
enough signatures with the same signing time, it is possible to identify the presence of com-
mon bits of ephemeral keys, which will restore the sender's private key. It is proved that the
cause of the lesion is the lack of execution of the operation of calculating the inverse module
of the time variable, which provides ephemeral key data to the attacker. To solve this problem,
an extended Euclidean algorithm for calculating the inverse module for a fixed time is pro-
posed. In this paper, the advanced Euclidean algorithm for calculating the inverse module is
improved, namely, its constant time execution is achieved, which prevents timed attacks.

Bibl. 12.

UDK 004.942: 519.711.3

Astakhov D.S., Mazurenko V.B., Fedorovych A.I., Lysenko N.O. Methods for detecting
statistical changes in network traffic characteristics // System technologies. N 2(139) -
Dnipro, 2022.- P.14 - 20.

The informativeness of the Chauvenet criterion for detecting outliers in samples of ran-
dom variables with a probability distribution law different from the normal one is investi-
gated. Computational experiment has shown that the Chauvenet criterion has high power for
samples with symmetric, weakly asymmetric and strongly asymmetric probability distribution
law. Given this property, this criterion can be used in intrusion detection systems to increase
the level of cybersecurity of information systems.

Bibl. 3.

UDK 669.14.018.294.3: 669.74.001.8

Babachenko 0.I., Togobytska D.M., Balakhanova T.V., Kononenko G.A. Complex analysis
of the influence of impurity and alloying elements on the toughness of steels for the
manufacture of railway axles // System technologies. N 2(139) - Dnipro, 2022.- P.21 - 30.

The paper presents and summarizes the results of statistical analysis of industrial data
on the chemical composition and mechanical properties of more than 1,500 samples taken
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from rough railway axles made of steel grades OS and EA1IN. The difference in the influence of
the chemical composition of steel for railway axles on the level of impact strength, in
particular manganese and sulfur, was determined using the methods of applied statistics. The
necessity of applying a greater degree of deformation of the original continuously cast steel
billets of EAIN grade and the implementation of measures that will have a positive effect on
the reduction of dendritic segregation is shown. The significant influence of steel production
technology for railway axles of close chemical composition is emphasized.

Bibl. 12, fig. 2, table. 2.

UDC 004.942:631.171

Bairak I.V., Polyvoda 0.V., Rudakova H.V. Modelling of soil moisture change during
the operation of the “Frigate” sprinkler // System technologies. N 2(139) - Dnipro, 2022.-
P.31 -309.

In this article, the authors analyze the modern methods and means of soil moistening,
as well as existing mathematical models of soil moisture dynamics during the operation of the
"Frigate" sprinkler. The necessity of developing a model of moisture distribution in the root
and near-surface layers of the soil is substantiated. A mathematical model of soil moisture
dynamics in the space of states has been developed, which takes into account the volumes of
water consumed by plants and fed to the fields by sprinklers, and also comes naturally in the
form of random precipitation and groundwater.

Bibl. 10, ill. 2.

UDC 519.854

Boiko L., Liashenko I. Comparison of the ant colony optimization algorithm and its
two modifications // System technologies. N 2(139) - Dnipro, 2022.- P.40 - 52.

The results of the approximate solution of the travelling salesman problem obtained by
three variants of the ant algorithm are compared. The system features of forage ants' behavior
and the algorithm of using these features in the iterative scheme of solving the travelling
salesman problem are given. The possibilities of the C# program developed for computer
experiments are described. A comparative analysis of three variants of the ant algorithm was
performed on three examples. Their positive and negative features are noted.

Bible 3,ill. 12, tab. 1.

UDK 004.056: 004.94

Gerasina 0., Korniienko V., Gusev 0., Sosnin K., Matsiuk S. Detecting fishing URLs using
fuzzy clustering algorithms with global optimization // System technologies. N 2(139) -
Dnipro, 2022.- P.53 - 67.

An algorithm for detecting phishing URLs (classifier) using fuzzy clustering is proposed,
which includes choosing the type of intelligent classifier and justifying its parameters using
global optimization methods. The following were studied as intellectual classifiers:
subtractive clustering and fuzzy clustering of C-means. To find (adjust) the optimal (for a
specific task) parameters of intelligent classifiers, the use of global optimization methods is
justified, including genetic algorithm, direct random search, annealing simulation method,

multicriteria optimization and threshold acceptance method. As a criterion of global
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optimization, a combined criterion was used, which includes the definition of the regularity
criterion calculated on the test sample and the bias (minimum shift) criterion based on the
analysis of solutions. By modeling in the Matlab environment with the help of standard and
developed programs, the evaluated efficiency of using the proposed algorithm is evaluated on
the example of experimental data - a set of 150 phishing and 150 secure URLs. The set of
experimental data included information about the domain name registrar, the lifetime of the
domain, the geolocation of the hosting server, the presence of a secure connection with a
valid certificate. By simulation it is established that the fuzzy classifier with the subtractive
clustering algorithm and using the Sugeno structure and 6 clusters meets the minimum of the
combined criterion. All phishing URLs that were mistakenly classified as secure were found to
have a secure connection with a valid certificate. Thus, further research should be aimed at
exploring additional informative attributes (features) that could allow better separation of
phishing and secure URLs.
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Soldatenko D., Gnatushenko Vic. Study of efficiency of using it-infrastructure-as-a-
service for cloud computing // System technologies. N 2(139) - Dnipro, 2022.- P.68 — 76.

This article explores existing solutions and services and provides the advantages and
disadvantages of using one or another solution for various needs and highlighted the most
universal solution suitable for most requests. In the study, the most popular solutions related
to cloud computing present and analyze their key features. The most powerful and attractive
service for processing a large amount of input data, including space images, is IaaS. When
used, it provides high speed and availability of resources, adaptation to the task, data security
due to distributed storage and processing, which allows increasing performance and
minimizing latency for the end user.
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Dmytriieva I.S., Stovpchenko I. Analysis of a computer model of the behavior of a
thin plate immersed in a liquid // System technologies. N 2(139) - Dnipro, 2022.- P.77 — 87.

Modeling the oscillation of a steel plate in water under the action of loads to assess the
safety of the structure is an urgent task of modern times in the design of structures. The aim
of this work was to study the behavior of a plate immersed in a fluid that makes forced
oscillations under the action of an applied load; the mechanism of behavior of this
interaction and the determination of the connected masses of the fluid. Knowledge of the
connected masses helps to assess the effect of the liquid.

In this work, the oscillations of a steel plate in water under the action of two types of
loads were studied. For the harmonic analysis of the oscillations of the plate, our own
frequency response was constructed, which was compared with the frequency response
acquired by the method of solving a series of FSI problems. From the comparison of the
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obtained frequency response it is concluded that it is possible to use harmonic analysis to
study the stress-strain state of the plate during its oscillations.

The method of harmonic analysis with the addition of the attached mass of water can be
used at low oscillation frequencies. At all other oscillation frequencies it is not recommended
to use the method of harmonic analysis taking into account the connected mass of water.
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Ivashchenko V.P., Shvachych G.G., Ivashchenko 0.V., Sushko L.F. High- performance
multiprocessor systems // System technologies. N 2(139) - Dnipro, 2022.- P.88 — 99.

The paper is devoted to the modeling of high-performance multiprocessor architecture
for data processing systems used to solve problems with an expandable calculations' area. The
proposed system is characterized by high reliability and high energy efficiency. The system
contains a separate reconfigurable network for the exchange of data between computing
nodes, managed switches. The system also provides network booting nodes and redundancy
mechanism of key components.

Bibl. 14, ill. 1.

UDK 622.454:622.016.62

Minieiev S.P., Novikov L.A., Samopalenko P.M., Makarenko R.V. Features of the
calculation of air leaks through the mined-out space of coal mines // System technolo-
gies. N 2(139) - Dnipro, 2022.- P.100 — 110.

The article discusses the patterns of movement of air leaks through the mined-out space
of coal mines. The results of calculation of the resulting velocities of air leaks in the longwall
and the trajectories of streamlines in the mined-out space are given for direct-flow and
return-flow ventilation schemes of the excavation area. When carrying out calculations, linear
and two-term laws of gas filtration were used, taking into account changes in porosity and
specific aerodynamic resistance of the goaf. It has been established that the influence of
inertia forces leads to a decrease in the resulting air leakage rates. The results obtained make
it possible to select rational schemes and modes of ventilation to reduce the gas
contamination of workings.
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Moroz D.M. Aggregation arrangement features of network interface channels in
multiprocessor computing systems // System technologies. N 2(139) - Dnipro, 2022.-
P.111 - 121.

The paper identifies ways to increase the multiprocessor computing system performance
by reorganizing the architecture of its network interface. It is shown that the computational
parallelization performance significantly depends on many factors, the most essential of
which is the data transfer between the boundary nodes of a multiprocessor system, which is
the algorithm slowest part and can significantly reduce the effect of increasing the number of
processors. The mode of aggregation of network interface channels in multiprocessor

computing systems is proposed. It is noted that the main advantage of the channel
ISSN 1562-9945 (Print) 191
ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 2 (139) 2022 «System technologies»

aggregation mode is that the speed of data interchange is significantly increased, along with
the cluster system reliability.
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Rostoka M. Semantic analysis of the basic concepts of research on the construction
of an information-analytical system for the training of scientific personnel // System
technologies. N 2(139) - Dnipro, 2022.- P.122 — 136.

The relevance of the article is confirmed by an analytical study of the scientific
achievements of the predecessors, based on the practical aspects of building information and
analytical systems, and is determined by the transdisciplinarity of scientific knowledge, as
well as the feasibility of conducting a structural-logical or semantic analysis of the relevant
terminology, which ensures the consistency and rationality of any scientific research. Thus,
the results of studying the essence and content of basic concepts based on the primary
results of doctoral research determine the vector of further research searches. Therefore, the
main purpose of the article is to present the results of current searches for the study of the
categorical-conceptual apparatus, which determines the basic definitive support for doctoral
research on the methodology for building an information-analytical system for training
scientific personnel. In this context, the methods of content analysis, semantic and
comparative analysis, ontological modeling, etc. were used. The conclusions and prospects of
the study cover a range of issues that make it possible to understand the essence of the basic
definitions that are in the term field "information-analytical system".
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Siedachova K., Manko T. Mathematical model of selective infrared heating
application in the manufacture of glass-plastic products // System technologies. N 2(139)
- Dnipro, 2022.- P.137 - 146.

Today's information resources offer a variety of rational composite structures hardening
methods and equipment design for these processes.

Due to the complexity and long duration of the structures polymerization process, there
is a need to create a mathematical model for polymerization results predicting, using different
temperatures and infrared radiation (including selective) time.

Performed the comparative analysis of different mathematical models based on the
Navier-Stokes equation.

A mechanism explaining the kinetics of the reaction rate v1 was proposed by Arrhenius.

After analyzing the classical equations, a mathematical model was proposed, which
describes the process of hardening the composite material under the combined action of heat
flux and infrared radiation. A method for determining the parameters of a mathematical
model based on the results of experimental research is proposed.
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Trofymenko 0., Prokop Yu., Zadereyko 0., Loginova N. Classification of chatbots // Sys-
tem technologies. N 2(139) - Dnipro, 2022.- P.147 — 159.
A detailed multifactorial classification of chatbots has been formed for a clear
understanding of the essence, approaches to creation, advantages, and disadvantages of
chatbots on one or another basis. The study and analysis of the features of modern chatbots

made it possible to divide chatbot programs into seven criteria: purpose; location; interface
type; the number of users; access form; algorithm; functional. Each of these categories has a
division into groups and subgroups according to different criteria. Possible examples of
chatbots of the corresponding categories are presented.
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Fedotova M., Skrynnik I., Berezyuk I., Trushakov D., Zubenko V., Serbul 0. Application of
the method of structural-parametric identification to determine the mathematical model
of a multidimensional object with distributed parameters and delay // System technolo-
gies. N 2(139) - Dnipro, 2022.- P.160 — 169.

The work is devoted to the next stage of defining the description of the dynamics of a
fluidized bed grain dryer as a multidimensional object with distributed parameters with a
delay. Due to the application of the method of structural-parametric identification, a
multidimensional matrix of transfer functions of the grain dryer and perturbations acting on
it in real operating conditions is obtained, which will be the basis for the synthesis of the
automatic dryer control system.
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Brazaluk 0.K., Brazaluk Iu.V., Gubin 0.I. Mathematical modeling of thermal stabili-
zation systems based on phase transitions // System technologies. N 2(139) - Dnipro,
2022.- P.170 - 178.

Thermal stabilization systems based on the use of the latent heat of phase transition
are considered, for which inclusions of another phase with a specially selected phase transi-
tion temperature are introduced into the heat-shielding layer. The boundary element method
was used to calculate the temperature field, and inclusions of another phase were modeled by
point heat sources. The effectiveness of the proposed approach is confirmed by the results of
numerical calculations.
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