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BU3HAYEHHA TA AHAJI3
IIAPABOJIIYHOI IOBEPXHI BAJIOBH (BIII)

AHomauyia. B cmammi docnidxeHo 3acmocysaHHA nosepxoHs muny «Jlynax»
0151 MOOeJIDBAHHSA CKIAOHUX 6azamogakmopHux npouecis. 30Kkpema, 88e0eH0
Ha3gy «napaboniyHa nosepxHs banwbu - blllly, wo 6ydyembcs 3a
emMnipuyHumMu 0aHuMU, 3pobseHo ii aHani3 ma BuUABNEHO B1IACMUBOCMI MA 03-
HAKU, AKT NOACHI0OMbL MOXAUBICMb nepemsopeHHa BIIIT y naowuHy, npamy,
moyry. 06rpyHmosyemsbcs, wo bI1IT € KomMno3uyier BUXIOHUX MOYOK, G MAKOX
MOXIUBICMSb 1T 3aCMOCYBAHHA Y CNOCOBT PO320PMAHHSA-320pMAHHA YAPYHOK.
Li 0ocnioxeHHs 06rpyHmMoBYOMb MOXAUBOCMI 3ACMOCYBAHHSA CNOCOBY po3-
20PMAHHA-320pMAHHA  YAPYHOK 0N  MOOe/lBaHHA  6a2amopakmopHux
npouecis. Lleli cnoci6, y nodanbwomy, byoe noknadeHo y 0OCHOBY Mamemamuy-
H020 anapamy 8 THopMayitiHUX cucmemax NiOMpPUMKU YNpasaiHCbKUX pilueHb
npu BnpoBaOdXKeHHT eHep203bepieatoyux NpoeKmis.

Knwo4osi cnosa: modenosarHs, 6azamopakmopHul, napaboniyHull, nosepx-
HA, MOYKOBe PIBHAHHS, KOMOTHAYIA, KOMNO3UYISA, AHAI3, Cynepno3uyis.

ITocranoBka mpoOaemMu. 3acTOCyBaHHS IIOBEPXOHb TuUmy «Jlyma»
IS MOJEJIOBaHHS, 3a eMOiPUYHUMHU BUXiITHUMHU HAHUMHU, TOIOTpadiuyHMX
IIOBEPXOHb Ta CKJAAHUX OararoakTOPHUX IIPOIIECiB, BUKJIMUKAJIO HEOO-
XiZHicTh IXHBOIO BU3HAUEHHS, 3’ACYBaHHSA IXHBOI'O Miclsa cepen O0araTbox
IHIIUX IOBEePXOHb, BUABJIEHHS BJIACTUBOCTEI, IIO0 iM IpUTaMaHHi. ¥YCBi-
IOMJIEHHS CIIOCO0Y IXHBOTO YTBOPEHHS Ta BJACTUBOCTEH, IO iM Ipura-
MaHHi, HaJacThb MOKJMBICTH OiJBIII OOI'PYHTOBAHOIO iX 3aCTOCYBAHHSA Y
TOMY Y® iHIIIOMY BUIaAKax. ToMy IIpoBeeHHA aHaJi3y mapaboJiuHUX II0-
BepXOHb THUNy «Jlyma» 3 MeTo BUABJIEHHA CIOCO0iB iXHBOI mOOymoBwU,
BCTAHOBJIEHHA OOMeE)KeHb Ta IIPUTaMaHHUX IM BJIACTUBOCTEH, € aKTyalb-
HUM. 3’ACYBAaHHIO O3HAUEHUX AaKTyaJbHUX NHUTAHb, IIIOAO0 IIapabosiuHmx
MMOBEePXOHb TUIy «Jlyma», i IpucBsAYeHO IO CTATTIO.

Orasap aiteparypHux mpxepei. PiBHAHHA mapaboam y TOYKOBiit ¢o-
pMi, IIT0 IPOXOAUTH Uepeld Hamepel BU3HaAUeHi TpU JiMICHUX 1 OJAHY HeBJa-
CHY TOUYKHU, Oyso 3ampomonoBane Bamio6oro I.I'. [1]. 3 iioro BuKoOpucTaH-
HAM OyJI0o po3pobJieHo cmocid «Jlyma» [2] ans moOyaoBu 3a eMOipUUYHUMU
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JaHUMM BinciKy mapaOoJiiuHOI HOBepXHi, IO IIPOXOAUTH Ueped MiMCHUX

JIeB’sITh TOYOK, pedpaMu sSKOI € TOUYKOBI piBHaSHHA mapabos. Ilpuraammu
3acToCyBaHHA cmocoly «Jlyma» i momanbInmii Ooro PO3BUTOK CIIOCTEpirae-
Mo y poborax [3, 4]. OngHak, y *KOOHiI 3 HAYKOBUX POOIT, MO0 TEOpeTH-
YHOTO aHaJjidy crmocoly «Jlyma», He imerbca. Tarkuii aHaida MOXKHaA 3pPO-
OMTH TiJIBKW OOCJIAWBINKN OKPEMi IMUTAHHSA Teopil (pyHKIIiii, HA PO3BUTOK
saxoi BmmHyau nociaimxkenHsa O. Iiosbepra, H.K. Bapi, I1.€. Menbmiosa,
A. Jlebera [6], A.H. Koamoroposa [7]. ¥ momanabminX MOCJHiIKEeHHAX 3HA-
IOOUTHCA MOHATTA CcKJanHol pyukIiii. Ckaagua pyuKIia [5], me QpyuKIisa,
IIT0 SIBJIsIE CO0OI0 KOMIIO3UIIiI0 AEKiJIbKOX HPOoCTHUX (PyHKIiii. Ko MHO-
JKMHA 3HaUeHb Y; (PYHKIIN f; BMiIIyeTbcad y MHOMUHI Bu3HaueHHS X;i;

bysknii fii: f X, - Y, UX,,,, ana i=1, n-1, to GysKOia f, ° fpi°.. °f1,

onnsa  n22, dKa BuU3HA4YaeTbesa piBHicTiO:  (f,°  [ai°e. °f1)(x) =
= fu(fn1 (-f1(x)...)), nna x [0 X, Ha3WBa€ThCA CKJIAAHOI (PYHKIIier0 abo
(n-1) — KpatHOolO Kommoauiliero ¢yukmnin f;, fo, ..., f,. Craagui pyHKIiI
30epiramoTh BJACTHUBOCTI (DYHKI[i, KOMIIO3UI[I€I0 AKX BOHU €.

VYcinaka paiioHaJabHa (QYHKIISA OyAb-KOI KIiJIBKOCTI 3MIiHHUX €
KOMIIO3UITIEI0 YOTHUPLOX apu(PMETHUHUX Aiii, TOOTO KOMIIO3HUIII€I0 (PYHK-
uii xty, x-y, x'y, x/y.

IIpocToro dyHKIIi€IO Ha3MBAETHCA BUMipioBaHa byHKIIiA
g:X - R, g(x)=Yn Yoy, upu ntk, axmo x 01X , U’ x =«x.

IIpocra pyHKIis g HAa3MBAETHCA TaKOIO, IO JOJAETHCSI, KOJIU PALI

Zynuxn 36iPa€TBCH a6COJIIOTHO; CyMa IIbOT'O pAOYy € iHTeI‘paJIOM JIe6eI‘a:
n=1

jgdu.

Bigomo [5], Akmio iHTerpasbHa cyma: O = Znip’(Mi)’ y ceHci JleOe-

i=1
ra, y pasi HaOJMiKeHHA OO HYJSI MaKCUMAaJbHOI 3 Pi3HUIb Y;Y;;, TOOTO
KoJi icHye Take umcyo I, 1o mjas o0yab-axkoro € > 0 sHaigerbca O > 0 ra-
Ke, I0 eaumHit ymoBi max(y;y,;)< O Oyde BigmosimaTu HepiBHICTH

‘0 -1 ‘ <e¢. IIpu nbomy, BKazaHa Meka I HaduMBaeThbCsS BHU3HAUEHUM 1HTEr-

pasiom JlebGera Bim ¢yukmii f(x) Ha Bigpisky [a, b]. Inmumu ciaoBamwu, I-
iaTerpas Jlebera mOpiBHIOE IJIOIIL MiXK HiZiHTerpaJbHOIO KPMBOIO Ta BicCiO
Y y Mexxax Biapisky [a, b]. 3amicTh Biapisky [a, b] y imTerpasni JleGera
POSTIANAETHCA MOBiIbHA MHOMKMHA, IO BUMIPIOETHCA BiJHOCHO IeIKOI
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JTOOAaTHOI IOBHOI PaxXyHKOBO-aJWTHBHOI Mipu, IIifi AKOI0 Tpeba pos3yMiTm

(GyHKIiII0O MHOXKHH A OedAKol MHOKMHM X Ha KJaci IMiAMHOMXHUH €, KOJHU
n

AULE)=> ME), ne E 0eULENEE nE, =III pua i#j, signosiaHo,
i=1

npu n=2, n — Oyab-sIKe KiHieBe n < o,

SAxmoio posraauyTu (puc.l) reoMeTpuuUHy CXeMy OJS CTBOPEHHS TO-
YKOBOT'O PiBHAHHA Ayru mapadojiu, o mpoxoauTh uepe3 Tourku A, C,, C,
B, ne tTouxka C, € HeBJIaCHOIO Ta BM3HAUa€ HaANPSAM TiJioK mapabosu [8], To
ayra mapaboJu APYroro IOPAAKY Ha Biapisky AB y TOUKOBiii (¢opmi, ma-
THME TOUYKOBE PiBHAHHSI:

M:At(tc—t)+Bt(t:tc)+Ct_15_, )
¢ ¢ tt

ne 0<t <1 - mapamerp, 110 BU3HAYa€E AYyry mapadoJiu;
t=1-1t - JONOBHEHHA rmapamMerpa t 1o oguHUIIL;

t., — 3BHAUEHHA IIapaMeTpy, II0 BU3HAUA€ HEeBJACHY TOUYKY Ayru Iapabdoiu;

t. = 1- l, - TIOMOBHEHHA mapamerpa f. OO OQUHUIIL.

N

A T. T B

Pucynox 1 — Cxema nmobymoBu 3minioBaHoi Touku M mapabosiu

Onmmak, wi y mizi poo6ori [8], Hi y immwux [1, 2, 3, 4], ne imeTbcs
mpo moAiOHi mapabGosu Ta moBepxHi Tumy «Jlyma», Aki moOyaoBaHi 3 Bu-
KOPUCTAHHAM aHAJOTIYHUX mapadoJ APYroro MOpPSAKy, He HaJalThCd BU-
3HAUeHHS, aHAJIi3 Ta BJACTUBOCTI Imapaboji Ta IMOBEepPXOHb Tuily «Jlymas.

inp Ta 3aBmanHa crarrti. CopmysroBaT BU3HAUYEHHA IJISI IOBEP-
X0HBb TuUNy «Jlymas, BUKOHATH aHaJi3 1XHiX BJAaCTHUBOCTEM.

OcmoBHa uyactuHa. Hexaii 3azaHo neB’aTh AilicHux To4yoK X, ..,
X33 (p1/1c2)
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X12 X22 X13

o X23

X11 -
X021

X
X371 % X3

Pucynok 2 — IlapaboJsiiuHa moBepxXHSA

ITo amaJsorii 3 (1) BBegeMo mMO3HAUEHHS:

_u(v, —v) _vw  _v-v),
al —_— a2 — T — as —_— T =
v, U, Ve Ue
_uw,-uw), . _uuw . _uu-u),
b=———; b,=—; by =—";
u, U, Uec Uec
Tonmi a;;=a;b;; az;=azb;; az;=agb;; a;2=a;bs; aze=asby;
ass=asbs; a;3=a;bs; azs=asbs; azs=asbs (2)

®ysKrnii a; b;, a; — € PyHKOiaMu omepamiil JomaBaHHA, PisHMI,
MHOKEHHA Ta [OiJIeHHA 1 € IPOoCTUMHU [OoJaBaJbHUMHU (PyHKIiAMHU. SKIINO

PO3IIAHYTH CKJIAAKY (YHKIIiIo, II[0 yTBOpeHa CYMOIO @;, TO AicTaHeMO

3
CKJIATHY (PYHKIIiIO f(aij) = z a;, sika Oyne CyneprosuIielo IpocTux QyH-
i,j=1

KIiil a;;. Ockinbku y ToukoBoMy BH-umcienHi BuMiproBaHHSA BifnOyBaeTh-

cs uepes BIAHOIIEHHS OJTHOPIAHMUX TeoMeTPUUYHUX (Piryp, To yci mapamer-
pu mOBHHHI 3HaxoxauTucd y mexax 0< v, u,E, ﬁ, vc,ucac,;c < 1. 3adikcyemo
HaIIpAM oci mapaboJsiu, IPUUHABIIN U, = U, = Ve =u.=0,5 Ta po3paxyemMo
(yHKIiI a;; AO9 pisHEMX 3HaYeHb IXHIX IapamMeTpiB u Ta v. Pesynbratn
PO3paxyHKiB 3BemeMo y Tabauiio 1.
I'padiku mpocTux pyHKIiH 3 Tabauili 1 306pasuMo Ha PUCYHKY 3.
Cynepnosunia QyHKNii-napaMeTpiB a;; 3aBxAu OyJe JOpPiBHIOBATU

3
OJVHMUIILI: z a; = 1. oBememo 1€, CKJIABIIN TAOJIUITIO:
i,j=1
a; az az | b;
a; as as b2
a; az as |bs
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Tabaumsa 1
PesynbpraTtu pospaxyHKiB QyHKII a;;
IS PiBHUX 3HAUEHb IIapaMeTpiB U Ta v
u, v
a;; 0 0,2 0,4 0,5 0,6 0,8 1
a; 1 0,2304 0,0144 0 0,0064 0,0144 0
as; 0 0,3072 0,1152 0 -0,0768 -0,0768 0
as; 0 -0,0576 -0,0096 0 -0,0096 -0,0576 0
aps 0 0,3072 0,1152 0 -0,0768 -0,0768 0
As2 0 0,4096 0,9216 1 0,9216 0,4096 0
ass 0 -0,0768 -0,0768 0 0,1152 0,3072 0
a3 0 -0,0576 -0,0096 0 -0,0096 -0,0576 0
QAs3 0 -0,0768 -0,0768 0 0,1152 0,3072 0
Q33 0 0,0144 0,0064 0 0,0144 0,2304 1
a1l a1 a3

1,C% 1CT 1CT
O,E T O,E T O’E 1

1,0 05 10
¥ ~ U,V ~ U,V u,
07 o 1 0" 0 N 0 ~—~

a ax dso
1Ct 1, 71 1CT
0, | 0,51 0, &
1’p u.v . u.v /\ u,v
0 e ~—" 0 o 1 O Y
d13 b3 a
1CT 1CT 1CT
0, + 0t + 0,k
0 /\
0 \/\jc u,v 0 - U,V 0 - ~ U,
0t 1,C 0,k 1,C

Pucynox 3 — I'padixku dyHKIiH a;

KoxxeHn 3 pAnkiB a; BimmoBimae mepiiiii, apyriii Ta Tperiii mapabo-

JaM, o no0ymoBaHi 3a BUXigHMMHU JaHuUMHU X;. Ik Bigomo 3 [1,2,3,4,8],
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cyMma a;tastasz=1, 3a THMU HOpMaMu TakoXX b;+bs+bs=1, 3BigKu cyma mo-

OyTKiB  a;b;tasb;+asb;=b;. Amnamnoriuno a;bstasbstasbs=bs Ta

a;bstasbstasbs=bs. Craamemo 1i Tpu PiBHAHHS, 3pOOMMO BiAIOBigHI 3a-
MiHU, AicTaHEMO:

abitasbitasb;tabstasbstasbstabstasbstasbs=b;+bstbs;

ajtazitastatazstasztastazstass=1 (3)

3 rpagiuHOl TOUYKM 30pY, JiBa yacTuHa (3) O3HAUa€ CYHEepIIO3UILil0

ycix rpadikis (puc.3) i Oyne matu Buraax (puc.4). @yHKOii-napaMeTpu a;;

(2) mobynoBaHi Ha ocHOBiI mapabosau (1), ToMy aJd ycix 3HaYeHb U, U BOHU

OyayTh IOCTiHO TaKUMU, K 300pakeHO Ha puc. 3. IlJsa iHITOT0 TOYKOBO-

ro piBHAHHS, aHajgoriumo (1), immmmum OyayTe i (2). Ax O6aummo (puc.3),

BiJTHOCHO @js, IO 3HAXOAUTHCA BCEPEIWHi, A;; € CUMETPUYHUM [0 d33,

(puc.5) BimHOCHO TTpAMOI u,v=1.

1 u,
Y
Pucynork 4 — 3o0pakeHHA cyneprio3uitii (3)

Ianri mricTs mapamMeTpiB € IIONMAapHO PIBHUMM: Q3= Ag;; Ar9= Az}
ass= a33. OOHAK, Ap; € CUMETPUUHUM OO a3 BigHOCHO mpamoi u,v=0,5
(puc.5); a;» - cUMeTPUYHUI OO0 As3 BigHOCHO mpsamoi u,0=0,5 (puc.5d).

OCKIiJMBKU A 5= A7, A23= A3z, TO IX 300pa’KeHHs Ha PHC.D € OmHA-
KOBUMM, i AKINO X HaKJaCTU OAMH Ha OAUWH, BOHU CIIiBIAAYyTh.

IIsa cumerpid BUKJIMKAHA TUM, IO @; Ta b; € ofHAKOBUMU 3a CTDPY-
KTypoOI0 HAIIMCAHHS, TiJIbKM IIPHU3HAUeHi s pisHUX mapamerpiB (2)
a;(u), b;(v). Ananoriuno as(u), bs(v) Ta as(u), bs(v). Ogmaxk, Koau
CTPYKTYpPH HaIMCaHHA a; Ta b;, as Tta bs, as Ta bs OyayTs pidsHEMH, TO

rpadgiky QyHKIil-IapaMeTpiB a;; He OyAyTh CUMETPAUYHNMMU.
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diq dss a1 adszo do1 azo

0,"5 1 05 0=1 0,5 =1 0=1 0.5 0=1

Pucynox 5 — CumerpuuHicTh ITapamMeTpiB

SIkmo mapamerpu a;; 3 (3) IOMHOMKHUTH Ha BiJNOBigHI BUXimHI KO-
OPAMHATH TOYOK X;;, OTPEMAEMO PiBHAHHA napabosiunol moBepxHi M:
M=x110;11FX21021FX31A3;FX 12012+ X22022FX32032FX 130131 X230 231X 33033 (4)

OckinbKu iiesa cTBOpPeHHS IIOBepXOHBL (4) Oysaa BucyHyTa Irpogeco-
pom Bamo6or I.I'., To aBTOpM HPOIOHYIOTH y IIOAAJIBLIIIOMY Ha3WBaTH iX
nmapadoJivyHIMHN IIOBepxXHAMHN bBajobmu 3aMicTh pamiine B)KMBaHOI IXHBOI
Ha3BU «IIOBepXHA THUmy Jlymas.

3
TBepm:xkeHHA: SIKITO ¥ TOuKOBOMY piBHAHHI (4) M = Z X,a, cyue-
i,j=1

3
prosunia yHKIili-mapaMeTpiB Z a,; =1 ro rouxose piBHaHHA M e BIIII
i,j=1

(Baro6mu mapaboJsiiuHa MOBEPXHS).

Bumie 0ysao 3’scoBaHO, II0 JiBa uacTuHa 3 (3) € CYIepIIO3UIli€I0
neB’aTu (QyHKIii-napaMeTpiB a;, SAKa ABJIAE€ Cc000I0, 3a BU3HAUYCHHAM,
Kommosuiio. OgHak, TOTOXKHicTE (3), B IioMy, € KomMOiHaIlisg, TOMy IO
31 3MiHOIO OZHOTO OYy/Jb-AKOTO 3 HeB’ATH a;; OyAyTh 3MiHIOBATHCh yci iHIII.
3a Bu3HauUeHHAM [5], KoMmOiHAIliA — Ile B3a€MHO 3yMOBJIEHE IIOETHAHHSA
ONHOPIAHUX eJIeMEHTiB y OiJbIN CKJIAAHY AeTepMiHOBaHy (GopMmy, y SAKii
3MiHa OJHOIO eJIEMEHTY TArHe 3a co00i0 3MiHy ycix inmmx. Kommoswuirisa
(sriBa wactuHa 3 (3)) meperBopuJacAa y KomoOiHarmio (3), TOMy IO TOPiBHS-
au ii mo ogmHUIi. Y TOH Ke yac, OyAb-AKYy KoMOiHaIliio MOKHa IIepeTBO-
putu y Kommoauiio. Ak Bimomo [5], KommoawuIlis — 1me pe3yJbTaT CKJIa-
JTaHHs B3a€MHO He3aJIe’KHUX €JeMEeHTIB 3 MEeTOI OTPMMAaHHS IEeBHUX pi-
IIIeHb, IIPU I[HOMY, 3MiHa OyAb-AKOTO 3 €JIeMEeHTiB KOMMIO3uIlil He TATHe 3a
coboro 3MiHM iHmUx. [nsa nmpukgagy posriasHeMo ToukKoBe piBHAHHA BIITI
(4), y AKOMYy KOOpAMHATH X;; € BUXiJHUMU yMOBaMu, 10 oOpaHi 3 obmacTi
Bu3HaueHHA. KoKHY 3 HUX oOMpaeMo MOBIJIbHO i iX 3HAUeHHA He 3aJe-
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sKaTh OJHEe BiJ OgHOIrO, TOMY cyMa iXHiX mOOYTKiB Ha BiAmoBimgHiI (GpyHKILii-
3
nmapamMeTpu Z X,a;; IMOpyIIye KombOimaiiro (3) i mepeTBOpPIOETHLCSI Y KOMIIO-
i,j=1

3uiliroo (4), 3a JOIIOMOIoOI0 AKOI BU3HAUYAEThCA 3MiHIOBaHA Touka M. Koken
3 eJleMeHTiB g;; € QPyHKIIiclo mapaMeTpiB u,v: a;i(u,v), 0su, v<1. 3MiHIOIOUN
U Ta Uy O3HAUEHUX MeKaxX, PO3PaxoByeMO a;; 3 (2), 10 € YaCTUHAMHU BiJ
oguHuni (3). Toxi sHauenHa M;; € KOMIO3UIII€I0 YaCTUH Bif OOWHHUIIL KO-
MKHOI 3 BUXITHUX TOYOK X;;.

TBepasKeHHA: 3HaUeHHIO Oy/Ab-AKOl 3MiHIOBaHOI Touku M;; mapabo-

3
JiuHol moBepxHi Basiobu, mogaHoi TOYKOBUM piBHAHHAM M = injal.j,
i,j=1

BiimmoBimae omHa i TiJIBKM OJHA KOMIIO3HUIiA HOOYTKiB BUXITJHUX KOOPIU-

3
HaT X;; Ta BLATOBiAHUX IM €JIEMEHTiB @;; TOTOMHOCT1 Z a,; = 1.
i,j=1

Y 3B’A3Ky 3 IUMM, 33Ja04d BUXiJHI AaHI X;; IeBHUM YMHOM, MO-
KeMO YTBOPUTHU TaKi uacTuHu, 1o noBepxHsa BIIII Bupoautbca y mjomniu-
Hy a00 KpuBYy JIiHil0, ab00 y mpAMYy i, HaBiTh, Y TOUKY.

Buxogssun 3i ckasaHOro BHINE, TOYKOBe pPiBHAHHA mapabosu (1)
Tpeba PosryIAmaTH He CyTO AK mapabojy, a AK CIIocid BCTAHOBJIEHHS B3ae-
MHO 3YMOBJICHOTO IIOEJHAHHSA IapaMeTpiB (KoMOiHaIlio) mJgsg BUKOHAHHSA
TOTOXKHOCTI (3), a 3miHioBaHi ii Touku M; TaKOK MOXKHA IOJATHU AK Habip
yacTuH Big ommHHUIL TouoK A, B, C. Taka mapabosa Tako:X MOKe BUPOIU-
THUCh Y IPAMY a00 TOUKY.

IIro BmactuBicTh Bupom:xkeHHA BIIII moxksameHoO B OCHOBY cIioco0y
po3ropTaHHA-3rOpTaHHA YapyHOK [9]. Takok 1e mo3BoJisie He BUKOHYBATU
aHaJIi3 BUXITHUX eMIIIPUUYHUX OAaHUX, IO 3HAYHO CIIPOIIYyE IXHE 3acTOCy-
BaHHA.

Y rteopernunomy mnuani BIIII, ma mamry aymKy, cjain BigHecTu 10
OKPEeMO]l Ipynu KOMIIO3UIIIMHUX ITOBEPXOHb.

BucHOBKM Ta HampaMM MOJAJBIINX MOCHimAKeHb. PesyibraTtu mo-
CIiI)KeHb, BUKJIAJIeHI B IIi cTaTTi, OTPMMAaHO aBTOpaMM BIEpIIIEe i € HAYKO-
Boi0 HOBu3HOI0. ChopMy/IbOBAaHO O3HAUEHHSA Ta BUKOHAHO aHAaJi3, BCTAHO-
BJICHO i JOCJIiI»KeHO BJIACTUBOCTI Ta O3HAKM CTBOPeHHs IIapabosiuHoi mo-
BepxHi Bamiobu (BIIII). I1i mociigskeHHA OOI'PYHTOBYIOTH CIIPaBeAJIMBiCTh
MOJKJIMBOCTiI CIIOCOO0Yy PO3TOPTAHHA-3TOPTAHHA YapYHOK, AKWUH, yV MMOIAJb-

ImmoMy, 6y11e IIOKJag€eHO Y OCHOBY MOJE/JIIOBaHHA 6aPaTO(1)aKTOpHI/IX IIpoI1ie-
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ciB, 30KpeMa, B CHCTeMaX IIiATPMMKHU VIIPaBJiHCBKUX pimieHb B cdepi

eHeprosoepesKeHH.
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YIIK 004-93
JI.T'. Axmermminua, A.A. Eropos, K.A. AxmMeTinns
CETMEHTAIINA CTABOKOHTPACTHBIX
N30BPAKEHHNHN HA OCHOBE IIPEOBPA30BAHUA
HEYETKON ®YHKIIUU INPUHAOJEXHOCTH

AHHOmayus. MccnedosaHsl UHPOPMAUUOHHbIE BO3MOXHOCMU Memoodd cee-
MeHmayuu c1aboKoOHMPAacmHbix U306paxeHut, Komopsll ob6ecneyusaem no-
BblleHUe ee YyscmsumensHocmu u moyHocmu. Cymb e20 3axkaodaemcs 8
MOM, 4MO K QYHKUUAM NPUHAONRKHOCMU, NOJy4aemMbiM 8 Npoyecce Heyemxodl
KAacmepu3ayuu Ha KaxooM waze umepayuu npumeHsemcs npouedypa npe-
06pazosaHus Ha 6ase Heyemkol no2uku. pedcmasneHsbl 3KCnepuMeHmalib-
Hble pe3yibmamsl Ha npumepe 06pabomKu peHm2eHOBCKUX CHUMKOB.
Kntoyesbie cnosa: yugposoe cnabokoHmpacmHoe u300paxeHue, QyHKyuUs
NPUHAONIeXHOCMU, Ce2MeHMAayUSs, HeYyemKas 102UKa.

Beenenue. B ¢Bs3u CO CJI0KHOCTBIO M HEOJHO3HAUHOCTHLIO BO3MOK-
HOT'O peIlleHus 3aJau IIPpU aHajamse CJIa00KOHTPACTHBIX M300paKeHUU 3a
CUeT HaJUYMA TAKMX BHUAOB HEOIIPeIe/IeHHOCTH KaK JBYCMbBICIEHHOCTEL Ce-
poro, reoMeTpuUecKasd HEUETKOCTb, OTCYTCTBUS 3HAHUNA O HAJIUYUKU U Xa-
paKTepuCTHKax 00BEeKTOB HMHTepeca, a TaKyKe O cucTtemMe UX (POPMHUPOBA-
HUSA, IIMHPOKO MCIIOJb3YIOT METOAbl BBIUMCJINTEILHOIO MHTEJIJIEKTa, B Ua-
CTHOCTHU, anmmapaTr HeueTKou Joruku [1]. IIlpu sTom, BO MHOKeCTBe IIpakK-
TUYECKUX 3aJad, HalpuMep, B MeIUI[MHE, T'e0JIOTHMU, SKOJOTHUH U IIp.
TpeOdyeTcsa BLIABJIEHNE MCXOJHO BH3yaJbHO HEPa3JHUUYMMEBIX o0JacTeil
(00beKTOB MHTEpPeca) U mX rpaHuIl. Takue aHOMAJUU YaCTO ITPEICTABJISIOT
co0oii HeOOJIBIYI0 00JacTh, KOTOPYIO MOMKHO HPHUHATH 3a IIIyM HJIN Je-
(bexT cHMMKa, a mapaMeTpbl OOBLEKTOB MHTEpeca MOTYT HeCYIIeCTBEHHO
OTJINYATLCA APYT OT ApPyra u OT o0Imero ¢goHa, UMETh HEeU3BECTHYIO (hOPMY
1 HeUeTKHe I'PaHUIIbI.

KaioueBoii mpobeMoil A OCYIIeCTBIEHUSA WX BBISIBJIEHUS SBJISA-
eTcss (popMUPOBaHNE HOBOT'O IIPOCTPAHCTBA IPU3HAKOB Ha OCHOBE aHAJIM3a
MCXOQHOTO KOHTPACTa ero 5JeMeHTOB. BLIOOp pasjMUYHBIX THIOB IIpeodpa-
30BAHUM WMCXOJHOTO H300paKeHUsA M MEeTOHOB OO0pabdOTKM, HPUBOIUT K

pasIMYHBIM pesyabTaTaM. ada 3alryMJIEHHBIX HN300pasKeHuil ¢ HUBKOU

© Axwmermnua JI.T'., EropoB A.A., Axmermua K.A., 2017
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KOHTPACTHOCTBIO JOIIOJIHUTEJIBHO HEOOXOAMMO OCYIIeCTBHUTL ero IIpejBa-
pUTEJIbHOE yCHUJIeHNe.

CoBpeMeHHEBII IIOAXO0M, OCHOBAHHBIA HA HeHpo-(pas3um TexXHOJOTHAX,
o0JsalaeT TPEenMYINeCTBOM IIepej]l JeTepMHUHHCTHYecKUMUu Moxaeasvu [1, 2].
B pab6ore [3] paccmoTpenbl nHPOPMAIIMOHHBIE BOBMOKHOCTH METOIa aHAJIM3a
CJIa00KOHTPACTHLIX M300pasKeHmnii, OCHOBAHHOI'O Ha MCIIOJb30BAaHUUM METOa
HEUYeTKOI KJacTepusalluy, KOTOPLIH HallpaBJjieH Ha IIOBBIIIEHNE JOCTOBEPHO-
CTH ¥ TOYHOCTH CErMEHTAIlMM C IeJIbI0 YJIYUYIIeHUA BO3MOXKHOCTEH MX BOC-
MIPUATUA 3PUTEJbHON CHCTEMOI UesioBeKa.

IMeas pamHOll pabOThI — AeMOHCTPANUs WNHMPOPMAIIMOHHBIX BO3-
MOJKHOCTEel MeToJa CerMeHTAIlui CJIA0OKOHTPACTHBLIX M300pakeHuii, Ko-
TOPBINI 3a cueT IIpeoOpasoBaHMA Ha KaKJAOM IIIare MTepaluyd HEUeTKHX
(byHKIUI TPUHAAJIEKHOCTH, IOJYYaeMbIM B IIpOIlecce HEUeTKOII KJiacTe-
pusanuu, odecIeunBaeT IOBBIIIEHNE €€ YyBCTBUTEJIbLHOCTH.

OcnoBHasa vacthb. [[1a cermeHTanum caabOKOHTPACTHBIX M300paske-
HUN B HaHHOII paboTe mpumMeHAeTcsa MoaupuiupoBaHHbIA Meron dFCM
(6azoBBIlT MeTOn OBLT paccMoTpeH B pabore [3]), aaIropmTM KOTOPOTO
BKJIIOUAET CJIeAYIOIYEe IITaru:

1. MHWMuannmanmsanusa HaYaJbHOTO YMCJa KJIACTEPOB ¢ W 3HAUCHUN

MaTPUIIBI IeHTPOB HEUETKUX KJACTEPOB U°; HKCIOHEHIHAJIbLHOTO Beca He-
YeTKOM KJiacTepusalnuu m.
2. BolumcieHHe TeKyHIUX QYHKIHH IpUHALJIEKHOCTH u' 1O
dopmy.e:
m-1
| D, "0k O{%,...,c},

t' — , 1
Ui = 2, D, | \mio{s..,n} M

rme n — KOJIMUYECTBO 3K3eMILISIPOB MCXONHBIX maHHbIXx X Marpwuma pac-

croaHnii D paccuuThIBaeTCsI HA OCHOBE IIEHTPOB HEUYETKHX KJACTEPOB

IpeAbIAYINell uTepanuu v’ 1o dopMyJIe:

D, = \/(Xi ~o ) (X, - vi), (00 DL, n}, DR O{3,.... ¢} ). (2)

3. uuammueckoe IIpeoOpasoBaHVe (PYHKIIUU IIPUHAIIECKHOCTH,

KOTOPO€ BBITIOJHAETCS CJIEIYIOINM 00pa3oMm:

3.1. pyHKIUM ITPUHAAJIEKHOCTH KO BCeM HEUYEeTKHM KJIacTepaM B
IeJOM WM K KaKJIOMy HEUEeTKOMY KJIAaCTepy UHTEPIIPETUPYIOTCS Kak
nsobpaxkeHue. TakuM oOpasoM, mepe] BLIIOJHEHUEM AUHAMHUYECKOIO IIpe-
oOpasoBanus (YHKIUN NIPUHAIIEKHOCTH IIOJydaeM HJIH IIO0JYTOHOBOE
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n300paskeHne PasMepPHOCTHIO [c D"L] , WJIN c-MepHOoe m300pakeHle pas3Mep-

HOCTBIO [dy Ldx Dc] , Tme dy m dx — KOJIMYEeCTBO IUKcCeJiell IO BepTUKAJIU
1 TOPU30HTAJIN, COOTBETCTBEHHO, Y MCXOJHOTO CHIMKA;
3.2. BbIUHKCJIEHUE NOKas3aress Hedyerkoctu V,, mo dopmyie [1]:
. £ & ;)2
Vi =| X2 (un) |/ 3)
k=1 i=1
3.3. MOBBINIEHNE KOHTPACTa C IIOCJAEAYIOIIMM MacIITa0upOBaHUEM

Ha oTpes3oK [0, 1] naa chhopMupoBaHHOTO M300PAIKEHUS;

3.4. BbIUKCJIEHUE TIOKas3aTess HedeTKocTu V, mo dopwmyre (3), HO

C HCIIOJIb30BaHMeM 00paboTaHHOU (PYHKIIUU IIPUHAIIEKHOCTEMN.

3.5. ecJIu BBHINOJIHSAETCA ycaoBue V. >V, , TO IPOUCXOAUT CAUSHUE

t
MATPUIbI HEYETKUX (PYHKIIUA IPUHALIECKHOCTH IO U IIOCJe ((u ) ) BBI-

MOJIHEeHHUS MYHKTa 3.3 1Mo opMmy.e:

', =ul, [{0.5+d,)+ (u); [0.5-d,),(0kO{1...,¢},0i O{ L...,n}), (4

. )2
rze d, = 2000V, - V,.) .
3.6. macimrabupoBaHUE IOJYYEeHHOU (QYHKIIUU ITPUHAAJIEKHOCTH,
YTOOBI YOBJIETBOPAJIOCH YCIOBUE:

i—uk,i =1,(0i 0{3,...,n}). (5)

4. BperluncieHme MATPUIIBI ITEHTPOB HEUETKUX KJACTEPOB AJISA Te-

Kyleit urepanuu v' 1o Gopmye:
vl = Z(u;;)’" (X, /i(u,;i)'”,(mk 0{1,...,¢},0j O{%,....q}), (6)
i=1 i=1

rme ¢ — KOJM4YecTBO MH(GDOPMATUBHBIX NPU3HAKOB KaXKIOTO BEKTOpa MC-
XOMOHBIX JAHHBIX

5. Boluucienuve sHaueHusi A’ Kak CpeiHero IO MaTpuie pac-
CTOAHUI MEXAY LeHTpaMU HeUYeTKUX KJjacTepoB U m v'", a TakKe KpU-
Tepues V, u V. (1o dopmyre (3)), KOTOpble ABIAIOTCA MNOKA3ATEIAMU

Kcue-Buenn u HeueTKOCTU TeKylrneil urepanuu (yMeHbIIIEHUE IEPBOTO U
yBeJINUeHNEe BTOPOT'0 XapaKTepU3yIoT YJydllleHde KadecTBa HEUYEeTKOT'O

pasbmeHuA Ha I'PYINNObI), COOTBETCTBEHHO, cenymomum obpasom [1]:

14 ISSN 1562-9945



1 (108) 2017 «CucTeMHBIEe TEXHOJOTHU »

c n q
V= S5 (u) D (x, oh) |/ (nfan) ). @
k=1 i=1 =1
rge do, — MHUHUMajlbHOe EBKJINOBO paccTosHuMe MeKAy LeHTPaMu He-
YEeTKUX KJacTepOB.
6. Ecmu C;, 2C.™, mpuuem C,, =V, /V,, tne C.* - Makcu-

MaJIbHBIN 13 KO3(P(PUIIEeHTOB C]fz , MOJIYUEHHBIX B IIpoIlecce OOy4YeHUsA, TO

3aIIOMMHAIOTCA Cclefylomue 3Hauenua: A)™ =A, Co™ =C,, u™ =u' n

7. Eciu He BBIIOJHAETCA YCJIOBUE:

t t t-1 t t-1
A, <e mm [V, -V <e u |V, -V,

<¢), (8)

rae V' m V. - nokasarenn Kcue-BrueHu u HeueTKOCTH HpeAbLAyIei
uTepanuii, COOTBETCTBEHHO, TO MEPeX0J K IMYHKTY 2.

8. Ecmm Cp, <C™ m (A, >A mmm (A, <A™ m p >p,.)),

npuyeM KOI(QPUINEHTE p = ¥ p, ONPENeNIATCA BHIPAKEHUAMU:

‘ t _ pmax 1

- fz fz

p. = ( t maX) E max __ oymin (9)
max fz? ~fz fz fz

R e B 10)
“ max(A!,AM™) (am=) - A

min min __ t t
rge sz n Av MMWHHUMAJIbHBbIE€ 3HAUEHUA IIapaMeTpOB sz n Av’ COOT-

BETCTBEHHO, a (Aflax) — MaKCUMaJbHOE 3HAUeHWe Kpurepus A,, TO mpouc-

XOOUT BO3BPAT K COXPAHEHHBLIM 3HAUEHMAM MATPUI] HEUETKON (PyHKIINU

X

IPUHAMJIEIKHOCTH U U IEHTPOB HEUETKMX KJIACTEPOB U, KOTOpPbIe U
SIBJIAIOTCS PEe3yJIbTAaTOM O0yUYeHUs.

IIpu BBIIOJIHEHNH HNYHKTa 3.3 IPUBENEHHOTO BBIIIE AJIIOPUTMA IJIs
IIOBBLIIIIEHNA KOHTPAaCTa B JaHHOW paboTe HpUMEHEH MEeTOJ[, OCHOBAHHBIM
Ha MCHOJIb30BAHUM BEPOATHOCTHBLIX XaPAKTEPUCTUK SIPKOCTH [4], KOTOPBI
IIpeAIIoiaraeT BBHIMOJHEHNE MPeo0pasoBaHUA KaiyKIO0ro KaHajla HMCXOIHOI'O

1300paKeHnA IO CJIeAYIOIUM IIPpaBUJIaM:
2

ecm I <I* <B, To U o LI (11)
min — “x,y 1? X,y F—Il, >
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2

1 71
— -1
1 1 —_ X, .
ectu B <I, <I',T0 M, =1-2 Fy—Il. ; (12)
— r -1
1 1 — X, .
ecrm I'< T, <B,, o, =1-2 Ily |’ (13)
1 _ 7 2
ecau B,<I' <I' , 710 =2| = ! (14)
2 = Txy max ? p‘x,y Il —F‘ ’

rme Il — CpegHee 3HAUYEHUE APKOCTHU OJIA BI)I6paHHOI‘O IIBETOBOT'O KaHaJIa

I* +71* Ir +71t
—min - . (3 =max_~ . - 3gHAYEHHe He-
2 2 2 wy

JeTKON (QYHKIUA OPUHAJJIEKHOCTU [OJA NUKCceJId C KOOpAWHATAMU X, Y

BXOJHOT'O H300paskeHusd; 3, =

1 1
BXOJHOro m3obpaxkenusa, I . m I, — MHHAMaJbHOE M MaKCHMAaJbHOE

3HAUEHUA SIPKOCTHU MOJIsI BRIOPAHHOTO IIBETOBOT'O KaHajia BXOJHOTO mM300pa-
JKeHHudA, cooTBeTcTBeHHO. Ilocae aTOro BBIXOAHOE M300pakeHue (hopMuUpy-
eTcsd CJIeAYIOIIIM 00pas3oM:

=1, (u,). (15)

X,y XY X,y
JKcIepuUMeHTaJ bHbIe pe3yJbTaThl. IIpeacraBieHHBINT MOAUMDUITHPO-
BAaHHBLIA aJrOpuUTM OBLT HPMMEHEH IIpu 00padoTKe PasInUYHBIX CJIab0OKOH-
TPACTHBIX TMOJIYTOHOBBIX MEAUIIMHCKUX H300pasKeHWuil, mpuMepaMu KOTO-

PBIX SBJISIOTCS CHUMKM, IIPeJCcTaBJIeHHbIe Ha puc. 1 — 2.

Ha puc. 1 a npuBefeHO IIOJYTOHOBOEe MEIUIIMHCKOe M300pakeHune —
TOMOI'PaMMa TOJIOBHOTO MOS3Ta, BBIIOJHEHHAas C IeJbI0 AMATHOCTUKM Ha-
JIUYUSA TeMaTOMBbI, a TaK’Ke OIIpelesieHus O00JIacTH ee BJIUSAHUA. ['mcro-
rpaMMma mcxomHoro msobpakeHusa (puc. 1 0) mokasbIBaeT, 4To m3o00paske-
HUE COIEP;KUT Bech AMANa30H YPOBHeH aApkocTeil. OOHAKO AMATHOCTUPO-
BaHME I'eMaTOMBI II0 MCXOJHOMY CHUMKY 3aTPYIHEHO M3-3a €e PacIIoJIoKe-
HUS HA HU3KOKOHTPACTHOM yuacTKe us3obpakeHusa (pparmeHT, oOBemeH-
HBI IPAMOYTOJBHUKOM), a 00JIaCTh ee BJIUSHUS BOOOIIEe BU3yaJIbHO He-
paszaunuuma. Takum oOpasoM, 5TO M300pasKeHne ABJSETCsS CJIa00KOHTPACT-
HbIM. BBeleHMe PeHTTeHOKOHTPACTHOro BemiecTBa (puc. 1 B) XOTh M IIO-
3BOJIgeT 00Jiee YeTKO BBIJEJUTHL I'eMaTOMy, OJHAKO He BBISBJISIET 00JacTu
ee BINAHUI.

Ha puc. 2 a nmpuBegeHa mMaMMorpaMMa, II0 THCTOTpaMMe KOTOpPOM
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(puc. 2 0) 9TOT CHUMOK CJIeAYEeT OTHECTH K BBICOKOKOHTPACTHBLIM M300pa-

JKeHusIM, OJHAKO, (pparMeHT, BBIJEJEHHBIN HPAMOYTOJBHUKOM, SBJIAETCS
HU3KOKOHTPACTHBIM.

IIpu mpoBeneHNY SKCIEPUMEHTOB OBLJIM BBLIOPAHBI CJEAYIOINe 3Ha-
YeHHe YIPABJIAIIINX IIapaMeTpoB: ¢ =6, m =2, =10°. Busyanusamusa
pes3yJabTaTOB HEUETKOU KJacTepus3alluy IIPOM3BOAMJIACH HA OCHOBE IIpHUMe-
HEHUs MeTOoJa CPaBHEHUS C MUCXOAHBIMU AaHHBIMU [3].

h(l), nuxcene

700

600

500

400
300 ”
-
100 ‘}
0

0 01 02 03 04 0s 06 07 08 08 || ,HOpM-ea.
a 0 B
Pucynox 1 - PenTreHoBckas ToMorpamMMma I'oJIOBHOT'O MO3Ta:

a — UCXOIHBIA MOJyTOHOBOM cHUMOK (204x201); 6 — ero rucrorpam-

Ma; B — pe3yJbTaThl BBEAECHNA PEHTI€eHOKOHTPACTHOI'O BEIIleCTBa

h(l), nuxceneu

1000 H

800

600

400

200

a

o (] 0.2 03 0.4 05 06 a7 08 09 71 I 'HopM.ed'
a 3}
Pucynok 2 - MamMmorpamMma: a — UCXOIHBIN CHUMOK (256x256);

0 — ero rucrorpamma
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Ha puc. 3 mpeacraBiieHBl Pe3yJbTAThl CEIMEHTAIIMN TOMOI'PAMMbI

(puc. 1 a) momudpumupoBanubiM mMetomom dFCM. Ilpu sTom oTcyTcTBUE
INHAMHUYECKOTO CXKATUA (PYHKIIUU NPUHALJIEKHOCTH (pHuc. 3 a) IMO3BOJIHUJIO
BBIJIEJINTH TOJBKO reMaToMbl. HeBbImOIHEHUE IMyHKTA 3.5 MPeaJIo:KeHHOTO
MeTOJa XOTh U IO3BOJIAET AOOUTHCA BBIABJIEHUS 00JIaCTH BIAUAHUA TreMa-
TOMBI, HO He o0eclleumBaeT UEeTKOrO BLIJeJeHusA ee rpauul (puc. 3 6). B

TOXKe BpeMs, BBIIOJHEHWE IWHAMUYECKOro mnpeoOpasoBaHUA (GYHKIUU

MIPUHAAJIEKHOCTH B IIOJITHOM oOBbeMe (puc. 3 B), MO3BOJIUJIO AOOUTHCS Ke-

JaeMoi 4eTKOCTH IIPX BBIJEJIEHUHM I'PAHMHI] 00J1acTU BIUAHUS I'eMaTOMBI.

o 1

Pucynok 3 - Cermenranus nsobpakenusd (puc. 1 a): a — 6e3 guHaMuye-
CKoOro mpeobpaszoBanusa GYHKINN OPUHALICKHOCTA, O — 6e3 BBIIOJHEHUS
1. 3.5; B — ¢ BRINOJIHEHNEM JUHaAMUUYECKOr0o MpeodpasoBanusd GYHKIIUN

npuHagiaexxkHoctu (. 3.1 — 3.6).

BrImmosiHeHMe cerMeHTalluyd NPEAJOKEeHHBIM MeTOJOM MaMMOT'paM-
MbI (puc. 2 a), pe3yJabTaThl KOTOPOUW HpHUBeIeHbl Ha puc. 4 mMoKasbIBaer,
YTO IPUMEHeHue TUHAMWUYECKOTO IIpeo0pasoBaHUS (PYHKIIUU HPUHALIEHK-
HocTHu (0e3 BBIMOJIHEHUA IIYHKTa 3.5) MOXKET NPUBECTHM WM K IIOTepe Jera-
ausanuu B objgactu mHTepeca (puc. 4. 2). OgHako, IpuMeHeHNue TUHaAMU-
YyecKOoTro IIpeoOpasoBaHUA (PYHKIIUU IIPUHALIECKHOCTH B MOJHOM oOBbemMe
(puc. 4 B) MO3BOJISIET YCIIEIITHO CIPABUTHCA C YCTPAHEHWEM ONNCAHHOTO
HenmocraTtka. CiienyeT, mpaBia, OTMETUTh, UTO IJA JaHHOTO M300paKeHUsd
BBIMIOJIHEHNE TMHAMHNYECKOTO IIpeoOpasoBaHUsA (PYHKIIMK NPUHAIIECKHOCTHU
(puc. 4 B) He MPUBEJIO K CYINECTBEHHOMY MOBBLIIIIEHUIO YPOBHS JeTaIn3a-
mum o0JlacTM WMHTepeca II0 CPaBHEHUIO cerMeHTamueil 0e3 BBIIOJHEHUS

nyHKTa 3 B 1ejoM (puc. 4 a).
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BLIBOHI)I. Ha ocHoBe ananmsa IIOJIVUEHHBIX OSKCII€EPpHMEHTaJIbHBIX
Pe3yJabTaToOB MOMKHO CaeJsaTh CJeAYIOIIire BbIBOAbI:

— cerMeHTalus CJA00OKOHTPACTHBIX M300paKeHWil IIpPeaJosKeHHBIM
MmoaupuimpoBaHHbIM MeTonoM dFCM mosBosigeT Ipu BBIIOJHEHUUW IUHA-
MUUYECKOTO0 NpeoO0pasoBaHUSA (PYHKIIUU NPUHAMAJIEIKHOCTH AOOUTHCSA OoJjiee
BBICOKOM CTeIleHM JeTan3alui II0 CpPaBHEHUIO ¢ 0a30BBIM aJITOPUTMOM.

— BBINIOJIHEHWE TYHKTa 3.5 IIPeAJIO)KEHHOTO0 MeToja dABJISAEeTCA
BajKHBIM IIIAaTOM B «CTa0WMIM3alluu» pe3yJibTaTa CerMeHTalluu IIPU «He-
yIauHOM» cpabaThbIBaHMU METOJa MOBLIIIEHUSA KOHTpacTa Ha HEKOTOPBIX
UTepaIruax.

| 4

a 0 B
Pucynok — 4. Cermenranus nsobpakeHusa (puc. 2 a): a — 6e3 guHaAMUYe-

CKOro mpeoOpasoBaHUA PYHKIINN HPUHALIECIKHOCTH, O — 0e3 BBLIIIOJHEHUS

. 3.5; B — ¢ BBINOJHEHNEM JMHAMHYECKOro mpeodpas3oBaHUSA PYHKIIUHI
npuHagiaesxkHoctu (m. 3.1 — 3.6)
JUTEPATYPA

1. PyrkoBckuii JI. MeTogbl M TeXHOJIOTMM HMCKYCCTBEHHOro mMHTeIeKTa / PyT-
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3. EropoB A. Ontumusanus SAPKOCTH H300paKeHUH Ha OCHOBe HeUpo-(hassu
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2015. - 139 c.

4. Hassanien A. A comparative study on digital mammography enhancement
algorithms based on fuzzy theory / A. Hassanien, A. Badr // Studies in In-
formatics and Control. — 2003. — Vol. 12., Ne 1. — P. 1 - 31.
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YK 536.24
M.I'. Bepaauk
MATEMATHYHE MOJAEJIOBAHHSA Y3ATAJBHEHOI
KPAMOBOI 3ATAYI HEIMAHA TEIIJIOOBMIHY
IIOPOKHBOI'O KYCKOBO-OJTHOPIAHOTO IUJIHAPA

AHomauis. Po3pobieHa mamemamu4Ha Modesb memMnepamypHux po3nooinis y
NOPOXHLOMY KYCKOBO-OOHOPIOHOMY UUMTHOPI, AKul o6epmaemsca 3 nocmil-
HOI0 KymoBsoto wBeuokicmio Hagkoao oci 0Z 3 ypaxyBaHHAM KiHUeBOi WBuOKo-
Cmi nowupeHHs menna, y 8u2nA01 Kpaliogoi 3aday4i HelimaHa mamemamuy4Hoi
¢isuku. Po3pobreHo Hose iHMezpasbHe nepemsopeHHs O KYCKOBO-
00HOPIOHO20 Npocmopy, 3a 00NOMO20K0 AK020 3HALIOeHO memnepamypHe nose
NOPOXHbLO20 KYCKOBO-00HOPIOHO20 KPY208020 UUMTHOPA Y BU2AAOT 301KHUX
0pmo2oHaNbHUX psA0iB no GyHKuiam beccens 1 Pyp’e.

Knioyosi cnosa: kpatiosa 3a0aya HelimaHa, y3aeansHeHe PIBHAHHA NnepeHocy
eHepeii, iHmezpanbHi nepemsopenHsa Jlannaca, @yp'e, yac penaxcayii.

Beryn. V (deHoMeHOJOriUHIN Teopil TeronmpoBigHOCTI mepenbaua-
€ThCs, MIO IMBUAKICTHL IIOIMIWPEHHS TeIlsla € HeCcKiHuYeHHO Beamkomwo[l, 2].
OmHax Ipu BUCOKHMX iHTEHCHMBHUX HECTAI[IOHAPHUX IIPOIlecax, IO CIIOCTe-
piraioTbcs, HaAOPUKJIAL, IPU BHUOyXax, HAA3BYKOBHX IIOTOKAX, BEIHMKUX
IIBUIKOCTSX O0OEPTaHHS BUKOPHUCTAHHS IILOTO NMPUNYIIEHHS IPUBOIUTH IO
IIOMHJIOK, TOMY HeOOXiZHO BpaxOBYyBaTH, IO PO3MOBCIOMKEHHS TEILJIOTHU
IPOXOIUTH 3 KiHI[EBOIO IIBUIKICTIO.

SK mokasye oriapn JiTepaTypu TeImJooOMiH B HMUJIiHApPax, AKi odep-
TAlOThCA, BUBUEHUU B MaHWII yac Imie HemocTtaTHbO [3, 4]. Ilokasano [1],
10 YHCeJbHI MeTOAM MOCJiMKeHHS HecTall[loOHapHUX HeoCeCHUMeTPUUYHUX
3aJay TeIJIoOOMiHYy IUJIIHAPiIB, AKi o0epTaioThcA, € He 3aBXKAU e(eKTUB-
HUMHM, AKIIO MOBa HJe IPO OOUMCIEHHS IIPU BEJUKUX IIBUAKOCTAX 00ep-
TanHA. Tak moBoguThbedA [1], 10 yMOBU CTiiKOCTI oO0umCieHh B METOIi Ki-
HIIEBUX €JIEeMEeHTiB i MeToli KiHIeBUX pPi3HUIb, IO 3aCTOCOBYIOTHCS M0
PO3pPaxyHKYy HeCTAIlilOHAPHMX HEOCECHMETPUUHMX TeMIIepaTypHuX IIOJIiB
MUJIiHAPiIB, AKi 00epTaloThCSA, BU3HAYAIOTLCA AHAJOTIYHMMM XapaKTepHc-

tukamu. I{i ymoBu mMarTh BUTJAL:

© Bepauuxk M.T., 2017
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1—AF°2 i i—]'D—dzo,
A¢ Ap 2

ne F, — xpurepiit @yp'e, Pd — kpurepiit IIpenBogiTesnena.
fxmo Pd =10°, mo BigmoBimae KyToBiil mBuMAKOCTi 06epTaHHA Me-
TaJeBOro ImaiHapa w=1 671lcex™ pazmiycom 100 MM, 3minHI Ap u AF,
IMMOBMHHI OyTU IMiAMOPAIKOBAaHI TAaKMM yMOBaM:
Ap< 2 10° i AF <2010,
Il1si piBHOMiIpHO OXOJIOAKYBaHOTO ITWJIiHApPa 3a ymoBu Bi = 5 uwac
HeoOXimHuii aasa Toro, I1Mo06 Temmeparypa mpocaria 90% craiioHapHOTO

crany, gopiBaioe F = 0.025[1]. Ile osmHauae, mo moTpi6HO NpUHAWMHI

srificautu 1.3000 omepamniii mo uacy njd Toro, mo6 6YJIO ZOCATHYTO CTa-
I[IOHAPHUM PO3IOAiJ TeMIepaTypu.
Binpmie Toro, moTpiOHO BiA3HAYUHTH, IO IPOTATOM OJHOIO ITHUKJY

obunciens morpi6ro 3xificautu 3.14 [10° o6umciIeHb, TAK AK BHYTPiIIHIi

cTaH y Kinpri xapakrtepuayerbca 3.14 [10° toukamu. ¥V pesysabrari Bui-
HO, IO YHCJO0 OO0UYMCIIeHb, HEOOXiTHWX IJd OTPUMAaHHSA YNCEJIbHOTO pe-
3yJbTATy BUAAETHCA HEPEaAJTbHUM.

Tomy nansa BUpilIeHHS KpamwoBOi 3ajaui, sKa BUHUKAIOTL IIPU Ma-
TeMaTUYHOMY MOJeJIOBaHHI HecTaliOHAPHMX IIPOIleCiB TEIJIOOOMiHY B ITH-
JiHApi, AKi obepraioThCsa, OyAeMO 3aCTOCOBYBATH iHTerpaJibHiI IIepeTBO-
peHH4.

MeTo10 po6oTH € pPOo3poOKa HOBOI y3araJibHeHOI MaTeMaTH4YHOI MO-
eJii TeMIepaTypHUX PO3IOALIIB y KYCKOBO-OAHOPiIAHOMY ITMJIIHIAPiI y BU-
rasanal KparoBol 3amaui Helimana mateMaTHuHOl (PI3MKM I PIBHSAHHS Te-
ILJIOIIPOBiAHOCTI, Ta PO3B’sA3aHHS OTPMMAaHOI KpaiioBoi 3amadi, po3B’SA3KU
AKOl BUKOPUCTOBYIOThCS il Yac KepyBaHHS TeMIEPATYPHUMU HOJAMU.

OcnoBHa uyacTuHa. Po3riisHEMO PO3paxXyHOK HECTAI[iOHAPHOTO Te-
MIIEPATYPHOTO II0JIA MOPOKHBOTO KPYTrOBOIO IMJiHApPAa 30BHIIIIHHOTO paji-
yca R B muaiHApUUYHIN cucTeMu KOOPAMHAT (r,(p,z) , KYCKOBO-OJHOPiTHOTO
B HaAIIPAMKY HIOJISIPHOIO pajgiyca r, SKuid o0epTaeThbCs 3 IIOCTIHHHOIO KYTO-
BOIO INIBUJKiCTIO (W HaBKOJIO oci OZ, 3 ypaxyBaHHAM KiHIIEBOI IITBHIKOCTI
MOMIMPEeHHA Teria. Tenao@idwyHi BJIACTUBOCTI AKOTO B KOXKHOMY IlIapi He
3ajieKaTh BiJi TeMmepaTypu 3a YMOBM iJeaJIbHOTO TeIIJIOBOTO KOHTAKTY

MiK ITapaM#u, a BHYTPIIIHI AKepejia Telljia BiACYTHi. ¥ IIOYaTKOBUI MO-

MeHT 4Jacy TeMIlepaTypa OUJIiHApa mocTifina G,, a Ha 30BHIIHIN i BHYT-
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pilmHiN mOBepXHiI IMIiHApPa BigoMi TemJoBiI IMOTOKU G((p) i G ((p) Bif-
TIIOBiIHO.
BigmocHy TemmepaTypy IHJIiHApPA O(p,(p,t) MOKHa IPEACTABUTH Y
BUTJISATI:
(8. (p@t), axwo pO (pyp.)
0(p,@t) = (1)
6,(p.0t) , axwo pO (p,p,)
Bigmocui Temmeparypmu 0, (p,(p,t) S—TO Imapa IUJIiHJApa O00YMCJIO-

IOThCA IO (POpPMYyJIaM:

T (p,pt)-G
0,(ppt)==2 2,
’ (p (p’ ) Tmax - GO
ze Ts(p,(p,t) - TeMIlepaTypu Ss—To Iapa nuiinapa; 1 - MakCUMaJIbHA

TeMIepaTypa IIWIiHApa; P = %; s=1,2.

B [1] orpumano y3arajbHeHe DPiBHAHHS IEepPEeHOCY eHeprii aasd py-
HIiTHOTO eJieMeHTa CYIiJIbHOIO CepedoBUINA, 3 YPaXyYBaHHAM CKiHUEHHOCTI
BeJIMYMHU INMBUAKOCTI IOMIMPEHHA Temya. 3rigHo [1] ysarajibHeHe piB-
HAHHA OaJlaHCY eHeprili TBepaoro Tija, AKUN 00epTaEThbCA, 3 ITOCTiHHOIO
KYTOBOIO IIIBUAKICTIO (W HaBKOJIO oci OZ, TemnodisuyuHi BJIACTHUBOCTI AKO-
ro He 3ajeKaTh BiJi TeMIepaTypu, a BHYTPillIHI A)KepeJsa TelJa BiACYTHi
npuiiMae BUTJISAT:

oT oT 0°T 0°T || _,|0°T 10T A 10°T 07T
YCytW—+T, > Tw =A z T~ t=oStoE, (@)
ot 0@ ot 0@t or- rodr r°op° 0z

Ie Y —IiJIbHICTh cepemoBUINla; C-IIUTOMA TEIJIOEMHICTB; A- KoedillieHT
r

TerJionpoBiguocTi; T (p,(p,t) — TeMIlepaTypa cepemoBuimia; t — ugac; T -

yac peJjakcarrii.
MaremaTnuHO 3ajadya BU3HaUeHHSA BiJHOCHOI TeMIepaTypu IWJIiH-

upae(p,(p,t) CKJIAJla€ThCsA B iHTErpyBaHHi rimepOoJsivHmMX audepeHIiaIb-
HUX piBHAHB TeIJIOIIPOBiAHOCTI (2) B obsracTi
D, = {(p,(p,t) ‘p ] (ps_l,ps), ol (O,21T), t O (0,00) } , II0 3 YypaxyBaHHAM
OPUUHATUX AOIYHIeHb 3alUNIeThCSa Yy BUII:
00, 00, 6263 6263 s 6268 100, 1 6263
+ W + + = >t = +— > (3)
op pop P 00

T, —=+T,0 as
dt d@ 'ot g0 ¢t
C IIOYaTKOBMMM yMOBaMU
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00, (p, 0
6, (P, ®0) =0, QZO (4)
0t

TPAHUYHUMU YMOBaMU

L — tog,| &

[ evat=w(g), [Z2 e"dl=V(q) (5)

2 0P|, 2 0P|,

P=Po pP=p2
YMOBaMM ifleaJIbHOTO TEIJIOBOT'O KOHTAKTY
6, (pl,(p,t)=92 (pl’(p’t) (6)
00, (p,, ¢t 00 , @t
), Py @ ):)\2 2 (P B 1) -
op op
_R _ R, _ o . . .

e p, = E; Py = E; P, =1; R,- BHyTpimHil paaiyc nuirinapa; R - paziyc

Meski mapiB; A, - KoedimieHT TemsmomposimHOCTi, Y, —miinbHiCTB, C, -

IMTOMa TeIJIOEMHICTb, a, = - Koe(iIlieHT TeMIlepaTyponpoOBiIHOCTI

csys
s-ro mapa wwrmgpa;a’= —%;  s=1,2; W (¢) = AGKS ;
s R2 )\1 (Tmax - GO)
G(o) 1
Vie) = s G, (9) , G(e)O C(0,2m).
=50 gy G0 6o clom

Toxi pimenua xpaitoBoi sazaui (3) - (7) 6, (p,(p,t) € IBiui Hemepe-
pBHO nudepeHIiiioBanuM nop, @, t B odbsacti D i HemepepBHUM Ha DI[5],

o610 6, (p,@¢)0C*(D)NC(D), a dymxnii W(g), V(9) , 6,(0at),

MOXKYTh OyTH PO3KJALeHI B KOMILIeKCHUN pan Pyp'e [5]:

6, (p, ¢ t) (8., (p,t)
W(e) = IR [exp (ing), (8)
vie | "L V.

e

es,n p’t) 1 21 es (p,(p,t)

Vo =501 W(9) | exp-ingde,
n 0

v, V(o)

me 6, (p,¢) =60 (pt) + 165, (p,2); V, =V + 1 VI W, =W + T W;

n ,n

I — yaBHa oguHUIIA.
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3 orsiaxy Ha Te, O O, (p,(p,t) byHKIII mificHi, oOMeKmMoOCs HamasIi
posraagom 6, (p,t) nnsa n=0,1,2,...,romy mo 0, (p,t) io,., (p,t) OyIyTH

KOMILIeEKCHO cupskeHumu [5]. IligzcraBiasarwoum 3HaueHHsa QyHKIiN 3 (8) y
(3) - (7) omep:kumo cucrTemMy AudepeHIliaIbHUX PiBHAHD:

0) 20 (m;) 2 0) 2
B 1 gllgry +1, 22 4 g ) B 22| D0 2P o | (g
ot ’ ot ot op p op p° "
¢ MOYATKOBUMU YMOBAMU
. 0% (p,0
0 (po) =0 2alpO_g (10)
’ ot
rPAHMYHUMHU YMOBAMU
£ 9p0 et _ t 9® =t .
aln e T, dz — Vvvn(l) , j aZ,n e 1, dz — Vﬂ(z) (1 1)
o OP P=po o oP p=p,
YMOBaMHU iZleaJIbHOT'O TEILJIOBOI'0 KOHTAKTY
6L, (P, t) =65, (P t) (12)
08" (p,,t 00 (p,,t
)\1 Ln (pl ) - )\2 2n (pl ) (13)
op op
e 89 =-wn; ¥ =wn; m =2, m,=1; ;is=1,2.

3acTocoByeMO 10 cucteMu audepeHiiaabHEux piBHAHL (10) c rpa-
HUYHUMHU i mouaTkoBuMu ymoBamu (10) - (13) iHTerpanbHe IepeTBOPEHHS
Jlannaca [6]:

f (s)

B pesyibraTi 0oep:KyeEMO CHUCTEMY 3BHYAMHUX AUPepeHIiaJIbHUX

iff(r) e dr.

piBHAHD BigHOCHO OV :

2Q() fa\0)] 2
ddf;" + % ds;” -7 (14)

581+ 80 (B + 1,660 + 7,578, - [
T'PaHNYHUMUN YMOBaMM

=v0, (15)

p=1

p=0

yYMOBaMu i,I[eaJIbHOI‘O TEIIJIOBOT'O KOHTAKTYy

6 (P 2) =65, (psrt) (16)
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0 Gl
)\1 aeLn (pp t) — )\2 an,n (pl’ t) (17)
ap op

e Wn(i) = Wn(i) [1+ ij, I7n(i) = Vn(i) £1+ ij, (i=1,2).
ST, ST,

Ilns pos3B’sizaHHA KpaiioBoi 3amaui (14) - (17) mobyayemo iHTerpa-

JIbHEe TIepeTBOPEeHHA:

P2 2 Ps
AE !% p f(p)dp = Z; pj%g’kp) p £(p)dp, (18)

ae

Ql(“”’k pJ, a?  axwo pO (pep,)
Q (1..0), a(p)=

Bnacui pyHKOil Q, (un kp) 1 B1acHi 3HaYeHHA | , 3HAXOLATHCA 13

po3B’a3ky 3amaui IlITypma-JliyBimisa:
2

dZQs +1dQs _n_2 p’nk

+ > =0 19
o> pdp p* o ?. (19
an(u(;,k po] aQZ(“(;,k pz]
! =0, 2 =0, (20)
op op

} } 0, (”a plj an(‘i;’k plj
Tk = ko N, ———L 2 =)\ 2 , (s=1,2 21
Ql( 1 plj Qz( a, le 1 dp 2 3p (s ) (21)

Poss’azaBmiu 3agauy Iltypma-Jliysinaa (19) - (21) omep:ryemo:

o) . v
- ,Q{ﬂp]= :

Poi o] =
Ql[ al pj p’nk a2 p’nk
A — P W Tpl
2

al
Y (“n,k poj Jn (“n,k pJ -J; (“n,k poj Ym (“n,k pJ:|;
al al al a 1

(22)

S <
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M, _ My, . M, | Mo, H,.
aZ a 2 a 2 a 2 a 2 a 2
J, (x) ,Y (x) — ¢yukii Beccena 17 i 2 poxy n® mopsakry Biamosimmo [5].

n

BnacHi 3HaueHHa |, , 3HAXOAATHCA 13 PO3B’A3KY TPAHCIEHIEHTHO-

ro PiBHAHHA:
M, M,
o (fgrn) (el
" 1 =0 0 2 R (23)
/\( = plj ‘P( - plj
a, a,
ﬂe Q(un,k pj — un,k |:Yr: (un,k poj J; (un,k pJ -J; (“n,k poj Yr: (“n,k pj :|;
a, a, a, a, a, a
uﬂ un 1 un I uﬂ I uﬂ I “n
i ) oo ]
a, a, a, a, a, a,
dopmysa 06epHEHOro IIePeTBOPEHHA MAa€ BUTJIAL:

N (THN<) R
fip)= ————= [ (K., (24)
Q Zl | (1..0)] ()

2
KBazpatr HOpMU BjacHOI (PYHKILII HQO (un,kp)H JIOPiBHIOE:

@ ()] = > L ? (@, (1,.0)] %o dp=

2
-1 O
s=1 s Ps-1

- T2
p’nk
a.Q ( : p:)
_ o {1] N T P00 A B G4

U 2a’?
un,k/\( a,k plj .

2

— -2 - T2
., s,

E nzazJ /\[akpoJ [ ZGZJ ‘P[a’“sz

1- 1 1 + Py 1- na, 2 J

2 2 2
un,kptz) /\[un,k pl 202 “‘n,kp; w[un,k pl
a, 1 i a, |
_ " 42
2 2 H|=*%p
— Py 1- nda, + a,

> .

2G2 ugkplz U)) u”’k p
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3acTOCOBYEMO M0 cucTeMHW AudepeHIiaabHUX pPiBHAHL (14) iHTer-

IJ'n,k

panbHe meperBopeHHA (18), me BiacHi GpyHKITiI Qs[ pj BU3HAYAIOTLCSA

S

o ¢opmynam (22), a BJacHiI 3HadeHHA |, , 3HAXOAATHCA 13 PO3B’ABKY

TpaHCIeHJeHTHOro pPiBHAHHA (23) i BpaxoBywouu mo3HaueHHs (1), B pe-
3yJAbTATi OJEP/KYEMO CUCTEMY 3BUUYANMHUX ajre0dpaivyHUX PiBHAHB BiTHOCHO

8
= N [= = <. Q(l) =
61 + o0 (ef;"ﬂ + r,segmi)) +1,5%00) = ¢, | —== -8V (25)

2 n

IJ' n,k

R pj +Q2£ j 70 i=1,2.
al GZ

PosB’sa3aBmiu cucrteMy piBHAHB (25) omepiKyeMo:

Q) (1,5 +5+ q,, )+ (1) en7alr) (1+ s1,)

;(l) — n,k

2

Ae qn,k = IJ' n,k;' lei,)k = p0Q1£

(i=1,2)(26)
@§2+s+(hk)2+w%?@+sgf

3acTocoBywun A0 300pakeHHsa PYyHKIIH (26) hopmysin 00epHEHOTO
IIEPEeTBOPEHH Jlaraca ogep:KyeMo OpUTiHAIM PYHKITIH:

( M, 0t ZZ” [{an 2rs +1)+roonI]+Qnk Eﬁr wn — 2rrsj +])I]}[

4

[ —1) 3o )R s )2, + vt 0l ) fran (25, + 7]
D(es"t —1) ,
(27)

87 (1,000) = 3120 (5,) 0 (s, ) d(2rs, +1) +tonr]-Q0 (s, ) dren (s, + )]
e _1) ¥ izn’k (s, )[{Qﬂ (5 ) (208 + 9 -ronr [~ QR (5, ) Grom + (21,5, + ])I}}

(28)

me (, ,|s )= d , a4 3HaueHHa S, nua4 j=1,2,3,4 BusHa-
,k( ] ) (2Tr8j + 1) + (Trwn)z ]

JaThcA 3a opMyIaMu

(t,0ni-1) + \/(1+ twni)’ - 4.q,, (t,0ni+ 1)+ \/( 1-t,0ni) - 4,q,,
81,2 = 21 ’ 3,3,4 = 1 .
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TakyuM YMHOM 3 ypaxyBaHHAM (DOpMyJ OOepHEHHX IepeTBOpeHb (8) i

(24) omep:xyemMo TemmepaTypHe II0Jie KYCKOBO-OJHOPIJHOTO KPYIr'OBOTO ITWLJIiH/I-
pa B HAIPAMKY IIOJISIPHOTO pafiyca, SIKUil 00epTaeThbCs 3 IIOCTiAHOIO KYTOBOIO
IIBUIKICTIO (W HaBKOJO oci OZ, 3 ypaXyBaHHAM KiHIIEBOI IIIBHUJIKOCTL IIOIIIH-

PEHHA TeILIa:

0(p.at)= 3 ; [ 8 (Mo t) + 1B (o i0t) | M (exp (ing)
neTe = 0 n,k

(29)
Jle 3HAUeHHS @fll) (p'n,k’ t)i 512 (p'n,k’ t) BHBHAUYAIOTHCA 110 hopmyitam (27), (28).

n

BucHoBKM. Y cTaTTi 3a JOIOMOI'OI0 PO3PO0JIEHOr0 HOBOT'O iHTErpaJIbHO-
ro IIePeTBOPEHHA 3HAWAEHO TeMmIileparypHe 1oJie (29), mOpoKHBOTO KYCKOBO-
OTHOPiZAHOIO KPYrOBOI'O IIMJIIHAPA B HAIIPAMKY IIOJSPHOIO pajiyca, SKU ode-
pPTaeThbCA 3 IOCTiMHOI0 KYTOBOIO IMBUAKICTIO (O HaBKOJO oci OZ , 3 ypaxyBaH-
HSM KiHIIEBOI IIBUIKOCTI IOIIMPEHHS TeIla, Y BUIVIAAL 30i’KHUX OPTOTrOHAJIb-
HUX paAniB mo ¢pyHKIiAM Beccesnsa i @yp’e. 3HaliieHnil aHATITUIHUN PO3B’I30K
ys3araJbHeHOI KPaiioBOl 3aJadi TeIIoOOMiHy IMJIiHApa, AKUHA 00epTacThCd, 3
ypaxXyBaHHAM CKiHUEHHOCTI BEJIMUMHM INBUIKOCTL IIOIIMPEHHS TeIlla MOXKe
3HAWTU 3aCTOCYBaHHA NIPU MOAYJIIOBAaHHI TeMIIEpATypPHUX IMOJiB, AKi BUHUKAa-
IOTh y 0araTboxX TeXHIYHUX CHCTeMax (B CyIIyTHUKAaX, IIPOKATHUX BaJIKaX, TypP-
oimax i T.i.).
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SOFTWARE FOR DETERMINING LINEAR RESISTANCE
LIMITING THE BARRIER CURRENT
IN VARISTOR MATERIALS

Abstract. A program for determining linear resistance limiting the barrier cur-
rent in varistor materials was developed with the usage of HTML, C(SS,
JavaScript and jQuery library. The program calculates this resistance based on
the data, obtained at scanning raster images of analog oscillograms, regis-
tered at a strong electric current for a sample of a varistor material. Any
Internet browser can be used as a software environment for the program pre-
sented in this work.

Keywords: software, languages HTML, (SS, JavaScript, library jQuery, varistor
materials.

Introduction. Ceramic materials based on zinc oxide (ZnO) are
used for varistor production [1]. Varistors have found wide application
in protecting electronic and electrotechnical devices from overvoltage.
In particular, varistors are used for protecting power supplies of modern
computers from overvoltage.

The intergranular Schottky barriers are a cause of high nonlin-
earity of the current-voltage characteristic (CVC) of varistor mate-
rial [1]. Such barriers are formed in the near-surface region of ZnO
grains. These barriers define CVC of varistors in the region of current
density of 10® - 10 A cm™®. The nonlinear resistance of near-surface re-
gions of ZnO grains with barriers becomes comparable to the linear re-
sistance of grains volume at electric currents more than 10 A cm™.
Since the volume resistance of grains connects with barriers in series, it
limits the electric current through barriers. Therefore, at the region of
strong electric current, the nonlinearity of CVC decreases when the cur-
rent increases. This region of current may be used to determine the lin-
ear resistivity 0, limiting the electric current through barriers in ce-
ramic varistor materials [2]. Volume resistivity of grains o, in varistor

ceramics determines the value of p;, at a strong electric current.

© Ivon A.l., Ivon Y.A., Lavrov R.I., 2017
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The work [3] presents an approach to calculating p, by scanning
raster images of analog oscillograms obtained at applying a single volt-
age pulse of exponential form to a sample. This method uses special Mi-
crosoft Excel templates. Creation of a software for scanning oscillogram
raster images and calculating the linear resistivity p;, on the basis of
scanned data is of interest. HTML, CSS, JavaScript languages and
jQuery library give certain possibilities for solving such task. With
HTML and CSS a convenient user interface can be created. Scripts im-
plemented with JavaScript and jQuery allow loading raster images, per-
forming scanning and conducting necessary calculations using the
scanned data. Any Internet browser can be used as a software environ-
ment for the program created by the means mentioned above.

Problem statement. The aim of this work is development of a
software intended for scanning raster images of analog oscillograms and
calculating the linear resistivity limiting the barrier current in varistor
materials. The calculation should be done based on the scanned data.

Major part. A method of determining linear resistivity o0, is
based on the relationship between differential resistivity p;; and electric
current density J in ceramic varistor materials. An equation describing
such dependence is [2]:

pdif = plin + A*J_l’ (1)
where A" is a constant.

As it follows from the equation (1), o4y has a linear relationship
with the inverse current density J'. Therefore, the linear resistivity LPiin
limiting the barrier current in the region of current density J;<J <Jg
can be found by building a relationship o, ~ J! using a region of CVC
for this interval of current density. Linear extrapolation of such de-
pendence to the value J* = 0 allows to determine Pin. A region of cur-
rent-voltage characteristic in any range of electric current can be regis-
tered by applying a single pulse of exponential form to a sample. Volt-
age and current oscillograms obtained this way represent CVC in para-
metric form, where time ¢ is a parameter. These oscillograms allow to
build the dependence (1) and to determine p;, value for the given inter-
val of electric current density.

In this work, oscillograms of voltage and current were registered
with the analog double-beam storage oscilloscope C8-11. Raster images
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of oscillograms for further processing by the program were obtained
with the digital photo-camera “OLYMPUS”. Raster images of the cali-
bration voltage and the calibration electric current were used for deter-
mining scale factors My and M;. The program calculates the values of
My and M; using the data scanned from these raster images. These scale
factors are necessary for determining instantaneous values of voltage U;
and electric current I;,. Fig. 1 shows typical raster images of oscil-
lograms for calibration voltage and calibration current, as well as raster
image of oscillograms obtained at applying a single voltage pulse of the

exponential form to a sample.

Figure 1 - Raster images of oscillograms: a — calibration voltage
(100 V between lines); b — calibration electric current (10 A between
lines); ¢ — voltage (1) and current (2) at applying a single voltage pulse
of the exponential form to a sample. Straight lines in a bottom of os-
cillograms (1, 2) give zero levels for current and voltage.

The scale of sweep — 10 us/ division

Scanning of oscillograms raster images (Fig. 1 c) was performed
with step of 50 pixels in the positive direction of the time axis. Arrays
of pixel coordinates YU;, YI;,, XT; (I sj s K) are the outcomes of scan-
ning. Program uses these arrays for calculating linear resistivity 0;,.
Arrays of coordinates YU; and YI; correspond to voltage and electric
current of a sample, accordingly. An array XT; corresponds to the
points in time when instantaneous values of voltage U; and current I;
were registered. Coordinates of zero lines for voltage YU, and for elec-
tric current YI; are determined by scanning too. Using the scanned
data, the program calculates values of differential resistance Rg; and

current I; (1 <i <N ). For this purpose, it uses scale factors My and My,
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which were found from the scan data obtained from the raster images

shown on Fig. 1la and Fig. 1b. In addition, the program uses arrays of
coordinates YU;, XT; (I =j < K) for calculating the time constant 7 for a
voltage pulse of the exponential form. The calculation is done using the
method described in [4].

The program uses increments of voltage and current for calculating
the differential resistance Ry (I < i < N). These increments are deter-
mined by changing the index j for arrays YU;, YI;,, XT; with a step equal (.
Therefore, if such arrays have a quantity of elements K, then the quantity
of elements in the arrays Ry, I; is determined as N = K — [. In the pro-
gram described in this work we used the values K = 13 and [ = 3. It en-
sured the quantity of elements N = 10 for the arrays Ry and 1.

The differential resistance R;; and the electric current I, were
calculated as

_ My(YU,, - YU )
‘MY, -YT)

1
I, =~ Mi@YL, = YI,,, = YI). (3)

(2)

Based on these formulas, taking into account geometrical sizes of
a sample (L — thickness, S — area of electrodes), the program calculates
the arrays py; and 1/J; (1 <i <N ). Further, it performs linear regres-
sion using the least squares method for obtaining o = aJ! + b from
the calculated data. According to the equation (1), b factor is the linear
resistivity p;, which limits the current through barriers in the range of
electric current density J; <J <Jy.

In Fig. 2 pyu = aJ’ + b obtained by the least squares method is
shown as a thick solid straight line. Extrapolation of this straight line
to 1/J = 0 allows to determine the value of g;,. The program uses the
least squares method for calculating the value b = g, on the basis of ar-
rays POy and 1/J; (1 <i <N).
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Figure 2 - Calculation of the error in g,

The mean-square deviation 4 of the array elements pgy(1/J;) (1 <

i <N ) from the regression line can be calculated by the formula

A=z ii(p..—a—l—b)z. (4)
Ni:l difi J

i

The value of 4 gives the possibility to estimate absolute and rela-
tive errors in resistivity 0;,. As it can be seen in Fig. 2, different
straight lines can be drawn through the range boundaries 1/J; s 1/J <
1/Jy, taking into account A parameter. These straight lines are located
between the lines presented in the Fig. 2 by thick and thin dashed lines.
Therefore, the positive absolute error is the difference 0;,; — 0, and the
negative absolute error is the difference 0,2 — i, (Fig. 2). These differ-
ences can be found by calculating the values of constants b; = 0;,; and
b2 = Pune for straight lines shown by the thick dashed lines in the Fig. 2.
The moduli of such differences are equal. Calculation has shown, that
the absolute error in the linear resistivity p;, limiting the barrier cur-
rent in varistor materials is described by the expression:
J, +Jy

Ap, = +A—2 : (5)
¢ J 1 JN
Taking into account that b = g, the relative error is equal
+
=+ AU I 50, (6)
b(J, —Jy)

Figure 3 shows a window of the program at the final stage of its
execution. The program is opened in Opera browser. The program has
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menu options allowing to open a raster image and to control the data

processing. Current cursor coordinates are shown in the top-left corner
of the window. By clicking left mouse button these coordinates can be
registered in the table located below. The menu option “O630p” is in-
tended for opening files of raster images in the browser window. It pro-
vides access to the file system of a computer by means of a script using
FileReader object. «MucrpymeHTapuii» is a component for performing
different stages of data processing (Fig. 3). It contains control buttons
and form fields for entering initial data and displaying output of proc-
essing outcomes. A detailed user instruction is displayed in this compo-
nent for every stage of data processing.

The program has nine consecutive stages of processing: 1) Load-
ing a raster image to the browser window; 2). Entering thickness L and
area of electrodes S for a sample of varistor ceramics; 3). Determining a
scale factor for voltage My; 4) Determining a scale factor for electric
current M;; 5). Scanning coordinates for zero level of voltage YUj,; 6).
Scanning coordinates for zero level of current YI;; 7) Determining a
scale factor for time My; 8). Scanning voltage and current oscillograms
of a sample being examined (Fig. 1c); 9). Running necessary calculations
based on the scanned data using the formulas mentioned above.

At the final stage, after a click on the button “Berumucauts ro”, the
processing outcomes are shown in the fields of the form (Fig. 3). The
field «tau=» shows the time constant 7 of the exponential impulse used
for obtaining oscillograms of voltage and current for a sample of varistor
ceramics. The fields «ro=» shows the value of p;, and its absolute error.
The value of relative error in g;, is displayed in the field «Omu6ra ro=».
Moreover, at the final stage of processing, the program opens windows
for displaying the range of current density J; <J < Jx where the value
Pin was determined, the average current density and the range of the
nonlinearity factor of CVC in the interval J; <J <Jg (Fig. 3).
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Figure 3 - Window of program at the final stage of execution

Separate scripts implemented with JavaScript and jQuery support
every stage of processing of the raster images oscillograms (Fig. 1).
Scripts are triggered by events, associated with mouse. Event “mouse-
move” runs the script for determining current coordinates of the raster
image. It uses properties “offsetX” and “offsetY” of the “event” object
to get the current coordinates. A script intended for recording scan data
to the table uses these properties too. It is triggered by “click” event,
associated with a left mouse button click in a chosen point of the raster
image. Menu item «YgaauTs mocienHor cTPoKy» is used for data cor-
rection in the table of coordinates (Fig. 3). Menu items «BepHyThca Ha-
dag» and «IIpomomxkurh» are used for returning to the previous stage
and for continuing the processing after data correction. Any stage of
processing can be skipped by a click on the menu item «IIponycTurs
oram». The program interface contains a menu item «Co6poc» for clean-
ing all form fields and the table. The program returns to the initial
stage at a click on this menu item.
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Conclusions. A program for determining linear resistivity o,
limiting the barrier current in varistor materials was created by means
of HTML, CSS, JavaScript languages and jQuery library. In the pro-
gram, determination of p,, is performed by scanning raster images of
oscillograms. The program uses oscillograms of voltage and current ob-
tained in the region of strong current at applying a single pulse of ex-
ponential form to a sample. Any Internet browser can be used as a soft-
ware environment for the designed program.
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DIGITIZATION OF OSCILLOGRAMS BY RASTER
IMAGES FOR RISING OF ACCURACY AT SIGNAL
PARAMETERS DETERMINATION

Abstract. Digitization method of analog oscillograms by the raster images was
investigated as a tool for rising of accuracy at signal parameters determina-
tion. As was shown, the raster images of oscillograms at determining signal
time parameters allow providing the measurement accuracy on a level of digi-
tal frequency meters.

Key words: digitization, raster image, analog oscillogram, time parameters of
signal.

Introduction. Raster images are an effective method for digitiza-
tion of experimental data obtained in the image form. Microscopy data,
the oscillograms obtained by analog oscilloscope, the satellite images and
other relate to such data. For digitization of experimental image it is
necessary to take a picture by a digital camera. As was shown in [1], the
relative error at determining instantaneous voltages may be lower *
1.5% if to use a raster image of oscillogram obtained by the analog os-
cilloscope. Processing of experimental data obtained in the form of
raster image is performed by scanning of the necessary coordinates for a
studied object. Parameters of object can be calculated by scan coordi-
nates using the scale factors determined previously. These scale factors
can be found by scanning of the calibration signal or by scanning of the
length scale. Scanning can be performed at using graphics editors or
specific programs [2].

Problem statement. The aim of present work is a comparative
analysis of the signals parameters found from the raster images of oscil-
lograms obtained by analog oscilloscope and the same parameters meas-
ured by digital frequency meter U3 — 34.

Major part. The determining of object parameters in the raster
image is based on coordinates scanning. If coordinates scanning is exe-
cuted for two points of a raster image, then these coordinates allow de-

© Ivon A.l., Istushkin V.F., 2017
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termining such parameters of object as the length, the instantaneous

value of signal voltage, the duration of time interval. As it shown
in [3], if we execute a scanning of coordinates for many points on the
object border, then the object area can be determined.

First of all it is necessary to define the scale factor M, for a cal-
culation of the object parameters by scanned coordinates. Raster images
containing the calibration voltage or the length scale can be used for
this aim. If perform a scanning of coordinates at the ends of such inter-
vals (x1¢; yles x2¢; y2c¢), then M can be found as

M, = L, /N - %2° + 01 -y 2). 1)

where L. is a value of calibration voltage, length scale or calibration

time interval.

In this work for determining the signal time parameters (fre-
quency, period and duration) were used the raster images of analog os-
cillograms. These oscillograms were registered by means of oscilloscope
C8 — 11. Raster images of oscillograms were obtained by means of the
digital camera “OLYMPUS”. For a comparative analysis of the signal
parameters obtained from the raster images same parameters were
measured by means of frequency meter 43-34.

The calibrated rectangular pulse with duration Loy = 577.3 Us
was used for determining the time scale M¢r (Fig.1). Scanning of a
pulse fronts on the level of 0.5 amplitude allows defining the value Mcr
= 0.4567 ps/pixel for the given sweep of oscilloscope. This oscilloscope
sweep was saved at the oscillograms registration for all signals investi-
gated in the present work.

Figurel - Raster image of the calibrated rectangular pulse

For determining the signal time parameters, a scanning of the os-
cillogram raster images was performed by means of the program de-
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scribed in [2]. Scan was executed along the oscilloscope time axis in two
points corresponding to a period or duration of investigated signal.

From the scanning data a value of the time interval 4t is defined
as

At = M, Oxl-x2, (2)
where x1 and x2 are coordinates in pixels for the interval ends. These
coordinates must be obtained at y1 = y2.

It should be noted, that the absolute error in scanning of the
raster images amounts £ 1 pixel. If a thickness of line for oscillogram is
identical in a range of oscilloscope display and has the clearly defined
edges, then the absolute error in determining the interval length by
raster image must be about + 2 pixels. In this case the relative error o
can be found on the basis of equation (2) as

5, = [100%. (3)

N 2
" xl-x2
As it follows from the eguation (3), the relative error in deter-
mining of a time interval is decreasing inversely with increasing of the
interval length |[x1 — x2|. The value |x1 — x2| in pixels must be greater
for digital photo cameras with a greater resolution for a same interval
At. Therefore application of photo cameras with a greater resolution for
obtaining the raster images of analog oscillograms reduces the relative
error in determining of time intervals too.
Fig. 2 shows the window of program used for scanning of oscil-

lograms in the raster image [2].

2 - ¢ | @ oawieandenscanenne.. x| AR K1

Figure 2 - Window of program with the scanning data
of sinusoidal signal
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For a signal shown in the Fig. 2, the relative error in determining of pe-

riod by the scan data is equal £ 0,2%, as it was obtained from the equation (3).

The time parameters for different signals tested in the present
work were measured by means of the frequency meter U3 — 34. Table 1

shows a comparison of signals parameters calculated from the scan data

of oscillograms in raster image and the same parameters measured by a

frequency meter. The “Deviation” columns show the deviations (in per-

cents) for parameters measured by a frequency meter and the same pa-

rameters obtained at using the raster images of oscillograms. This de-

viation no more than 1 %, as it can see from the table 1.

Table 1
Comparative table of the signal time parameters
Period, Frequency, Duration,
Us Deviation kHz Deviation Us Deviation| Type of
Y3- |Raster % Raster % Y3- [Raster % signal
. Y3-34|. .
34 |image image 34 |image
- 1494.6 - 2.003 |2,022| +0.95 - - - Sinusoidal
- 1199.6 - 4.991 |5,011| +0.40 - - - Sinusoidal
- 199.41 - 10.052(10,06| +0.08 - - - Sinusoidal
- |71.20 - 14.006(14,04| +0.23 - - - Sinusoidal
- 159.92 - 17.856/17,89| +0.19 - - - Sinusoidal
- - - - _ |293.7/296.4| +0.92 [Rectangular
pulse
191.4/191.8| + 0.21 |5.219|5.214| -0.10 |71.40/71.21| -0.28 Rec;i‘fsg;ﬂar

Conclusions. The raster images of analog oscillograms allow de-

termining the signal time parameters with the accuracy close to accu-

racy of a digital frequency meter.
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KOMII'’IOTEPHA CUCTEMA J1Jd SUUTYBAHHA
IPYKOBAHOTO TEKCTY TA MOTO KOPUTYBAHHJ

AHomauyisa. [lponoHyembca Komn'lomepHa cucmema 0415 34UMyBaHHA Ma KOpu-
2YBAHHS OPYKOBAHO20 MeKCmy Ha OCHOBI 6ibTOmMeK 3 BIOKpUMUM npo2pam-
Hum kooom Tesseract-OCR, EmguCV ma NHunspell. Cucmema po3pobneHa Ha
6a3i npozpamHoi nnamegopmu Microsoft .NET Framework ma 0o380/15€ 8800U-
mu 306paxceHHA 3 OpyKosBaHuM mekcmom (¢pomo, BIOCKAHOBAHA CMOPIHKA
mouw0) y cmaHoapmHux epagiyHux gopmamax, BUKOHyB8amu (io20 po3ni3Ha-
BAHHA, nepesipamMuU OMpUMAHUl mexkcm Ha opgo2pagiyHi NOMUNKU Ma Bu-
npasasmu ix. Cucmema niompumye asmomMamuyHull pexum Kopuay8aHHs me-
KCmy ma iHmepakmusHull pexum 019 camocmiltiHo20 BUNPABIEHHA NOMUJIOK.
Kntoyosi cnosa: po3nizHaBaHHA meKkcmy, nepesipka opgozpadii, Tesseract-
OCR, EmguCV, NHunspell.

Beryn
IaTenexkTyanpHa 0OPOOKa APYKOBAHMX TEKCTIB € OJHUM i3 HalBaXK-
JUBININX HAOPAMKIB y rajysi cyyacHuX iH@opMamiliHMX TeXHOJIOTiH, II10
IIOB’sI3aHi 3 JOKYMEHTOOOIroM Ta aBTOMATH3AIli€I0 BiAIIOBiLHMX IIPOIECiB.
AKTyanbHICTh Ta Ba'KJIMBICTh PO3BUTKY AAHOTO HANIPAMKY O0OyMOBJIEHA SAK
HeOOXigHICTI0O CTBOpeHHs mu@poBux O0i0sioTek 3i cTapux APYKOBAHUX
KHUT ¥ BUAAaHb, TaK i HEOOXiAHIiCTIO MOKpaIleHHs BidyaJbHOI AKOCTi IO-
KYMEHTIB 3 HU3SbKMM PiBHEM KOHTpPAaCTy Ta, B IIiJIOMY, HiABUNIeHHA e(eK-
THUBHOCTiI IIpoIeciB MmOKyMeHTooOiry. B mogmaHiii po0OTi HIPOIOHYETHCS
KOMII'IOTEPHA CHUCTeMa IJA 3YMTYBaHHS Ta KOPUT'YBAaHHS IPYKOBAHOTO Te-
KCTY, sIKa CTBOpPEHa OCHOBi 0i0JrioTeK 3 BiIKPUTHM IIPOTPaAaMHUM KOJIOM

Tesseract-OCR, EmguCV Ta NHunspell.

ITocranoBka 3amaui

ITocTanoBKa 3ajaua IOJATa€ y CTBOPEHHI KOMII'IOTEPHOI cUCTEMU 3
BiIKPUTUM IIPOTPAMHUM KOJIOM, sSKa JO3BOJISIE BUPIIIyBaTU 3ajauvi BBe-
JEeHHs Ta IoIepeqHbol OOPOOKM 300pasKeHHsA 3 IPYKOBAHUM TEKCTOM, PO3-
IIidHaBaHHS TEKCTY Ha 300paKeHHi i poOOTU 3i CJIOBHUKOM [AJIS II€PEeBipKU

Ta KOPUT'YBAaHHSA OTPUMAHOT'O TEKCTY.

© Kosaisbos [I.K., Boeg C.M., 2017
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OcHOBHA YacTHHA

Po3B’a30K mocTaBsieHOI 3amaui BuMAarae HagBHOCTI ABOX OCHOBHUX
IporpaMHUX KOMIIOHEHTIB, AKi IIOBMHHiI ompalbOByBaTH BXigHe 300pa-
JKeHHA Ta OTPUMAaHUM 3 HbOTO TEKCT, BiITIOBiITHO.

Ilepmmnii mporpaMHUII KOMIIOHEHT MOJKe OyTH po3polJieHuit y Ta-
Kui croci6. A BBemeHHs 300pakeHb 3 JPYKOBAHUM TEKCTOM € AOIiJIb-
HUM BUKOPHUCTAHHSA CTAHIAPTHOTO KOMHOOHEHTYy System.Drawing mmardo-
pmu .NET Framework 4.0, sxuii 103B0JsS€ BBOIUTH 300pasKeHHs 3a (op-
matamu JPEG, BMP, TIF, PNG, GIF tomo. HacTynHEM KpPOKOM oOIIpa-
I[IOBAHHS BXiZHOTO 300parkeHHs € HMOro IomepemsHsa oOpoOKa 3 METOI0 BIU-
pPiBHIOBaHHA KOHTPACTY Ta 3MEHIIEHHA miymy. i BUKOHaAHHA momepe-
IHLOI 00pOoOKM 30o0paskKeHb MOKHa BHUKOpHCTATH (YHKII O0ibaioTexu
KoM’ rorepHOoro 30opy EmguCV, sKa e€ amamToBaHol0 Bepciero 0i0JrioTexkm
OpenCV. Ile € gominpHUM i ToMy, o EmguCV mosxe mpamioBatu 3 .NET-
cymicEHmMum MoBamm, Takumu Ak C#, VB, VC++ i T.m. Ta mpamioe 3
Windows, Linux, Android i Windows Phone. Bukopucrauua iiei 6i6J1io-
TeKH HO3BOJISIE CIPOCTUTH apXiTeKTypy KOMII'IOTePHOI Uepes3 BUKOPUCTAH-
HA TOTOBUX OO POOOTH aJTrOPUTMiB molIepenHboi OOPOOKM 300pa’KeHb.
OcTraHHIM KPOKOM IIOIIepeaHBbOI OOpPOOKM € BUKOHAHHA Oimapusarii 30-
opaskeHHA. OgHUM 3 HaKpamnx aJropuTMiB OiHapmsallili BBasKaeThbCsA aJi-
roputm Oty [1].

Ha erami posmisHaBaHHS TEeKCTYy Ha 300pa’KeHHi Ta MOro KOHBepTa-
il B eJeKTPOHHUIN BUIJIAJA TPAAUIINHUM € BHKOPHUCTAHHS TeXHOJIOIil
OCR (Optical Character Recognition). B mamiii po60oTi BUKOpHCTOBYBaJja-
ca oesxomrroBua OCR-6i61ioTexka Tesseract Bim Google [2], [3]. Lla 6i6i-
oreka Gopmye 61001 (3 aHrya. «blob») — TexkcToBi pAAKM, B AKMX BU3HA-
yaeThbcsa (PiKCOBAHUM PO3MIp KPOKY MixK cuMmBojgamu. CamMe BU3HAUEHHSA
OUCTAHIIH MidK CHMMBOJIAMH JO03BOJIAE NPABUJIBHO BiIPpi3HATH IPOOiaM MixK
cJI0BaMHU BiJ cTaHmApTHOI AMCTaHIII MiK JiTepamu ogHoro cjoBa. [aii B
OIHOMY PAIKY (OpMYIOThCA CHUMBOJIbHI KOMipKU 3 KOHTypaMmu Jitep (on-
Ha Jitepa B Kowmipmi). Ilicia BuKoOHaHHS 3a3HAUEHOTO IIEPETBOPEHHS,
po3mi3HaBaHHA IPOBOAUTHCA B ABa eranu. Ha mepmioMmy eTtami KOKHe CJIO-
BO POBMi3HAETHCA IIJISIAXOM ITOPiBHAHHA KOHTYPiB MOTo0 JiTep 3 eTaJloHAMMU
B pmonoMixkHuUX (paiinax Tesseract. B xoxi posmizHaBaHHA, AJIA KOXKHOI Ji-
Tepu (popMyeThcs ii eTaJIOH B MeKax MOTOUHOro 3o0pakeHHA. Ilicia mbo-
ro IMPOBOAUTLCA APYTUU eTarl, AKUM € HOBe PO3MIi3HABaHHA, e BPaXOBY-
I0ThbCcA NMOTOUYHI erayioHu. Ile mokpallye AKicTh po3misHaABaHHA KOHTYPY
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JiTepu Ta mae OigbII TOUuHUM pesdyibrar. Ha apyromy erami mepeBipsaiOTh-
cs obJjiacTi MisK KoMipkaMmMu, B AKHX MOMKYTHh MICTHUTHCS 3HAKN NYHKTYya-
11ii, KpanKu JiTep Ha 3pa3oK yMadAyT (b, II, Jg), TOIIO.

Hpyruii mporpaMHUlI KOMIIOHEHT CHUCTEMU NPU3HAUEeHUHN OJA mepe-
BIipKU TeKCTYy Ta KOopuryBaHHA opdorpadiuHmx nomMujok. [yia pimmeHHsA
1iei 3amauvi AOIIJIBHMM € BUKOPHMCTAaHHA mnporpamuoro mpozmatky NHun-
spell [4]. NHunspell € BiIbHOIO B 3acTOCyBaHHi IIPOrpaMOIO-CIOBHUKOM
nepeBipku opdorpacgii, mo mpusHaueHa A MOB 31 CKJIQZHOK CHUCTEMOIO
CJIOBOTBOPEHHA 1 BeJamKoio mopdgoJorier. [aa nmepeBipku opdorpadii mgo-
naTok NHunspell morpebye aBa daitnu. Ilepmuit daits mMicTuTh ciaoBa, a
npyruit € gaiimom adikciB, AKMI BU3HAUa€ 3HAUYEHHA CIEiaJbHUX MITOK
(mpamopiiiB) B cioBHuUKy. Paitn ciaoBHuKa (.dic) MicTUTh COHCOK CJIiB, IIO
ONHOMY CJIOBY B PAAKY, a (aiin adixcis (.aff) moske micTuTu HE0OOB a3-
KoBi arpubytu. Hanpukmaazn, arpudyr SET BusHauae KoayBaHHS CHMBOJIIB
daitaiB apikciB 1 cCJIOBHHUKA.

Ha ocHOBi po3riaHyTHX IIPOIO3UIIiA OyJia pospobseHa BigmoBimHa
KoMII'IoTepHa cucrteMa y Buradanai Windows-mogaTky, Io Mae 3PYUYHUI
rpacdiunuit inTepgeiic. ¥ rosloBHOMY BiKHI IIpOrpaMHOTO JOAATKY KOPUC-
TyBad MO:Ke oOpaTu (paiiyi 3 300pasKeHHSIM OJiA PO3IMi3HaBaHHSA, 3aCTOCY-
BaTu OOPOOKY 300pasKeHHs Ta o0paTH PeKUM KOPUI'YBaHHS PO3IIi3HAHOTO
Tekcry. IIporpamue 3abesneueHHsA peaJidoBaHo MoBoio C#. Sk mpukian,
Ha puc. 1, 300paskeHO MeToH, KM peajidye 3aMiHy HEIpPaBUJIBHUX CJIiB
(BimcyTHiIX B CJIOBHUKY O0OpaHOi MOBHM) B iHTEPAKTUBHOMY DPEXKUMi.

Ha puc. 2 mokasaHo pesayJabTaT OOpPOOKHK (pparMeHTy 300pasKeHHS
IIOTaHOI AKOCTi, ajie AKiCcTh po3IisHaBaHHA OyJia 3aJ0BiJIBHOIO.

Ha puc. 3 momamo 3arajpHUU BUTJIAA OporpamMHOro moxatky. Ha
HBOMY OCHOBHE IIOJie 3aiiMae 300parkeHHA 3 IPYKOBAaHUM TEKCTOM, SKe
momaeTbcsa Ha o00poOKy. IIpaBopyu poaraimoBaHe IIoJie 3 €JIEeKTPOHHUM Ba-
piaHTOM TeKCTy, AKHil O0yB OTPUMaHWIl B pes3yJbTaTi 00poOKu, Ta IepesBi-
peHuii Ha opdorpadiuHi IOMUJIKN B aBTOMATUUYHOMY pexkumi. PesyibTaTu
TEeCTYBaHHSA OBEJIM IpPAIe3JaTHICTh HPOrpaMHOTO AONATKY IJs TEeCTOBUX
300pakeHb, AKi OTpMMaHi 3a JOIOMOIOI0 KaMepu MOOiJIbLHOro TejaedoHY 3
apKyIly mamepy 3 IPYKOBAaHUM TEKCTOM.
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public static string Correct(string inputText, string inputAff, string inputDic)
{

FillingSymbols(uncheckedSymbols);

inputWords = SeparateWordsWithEnter(inputText);

using (Hunspell hunspell = new Hunspell(inputAff, inputDic))

{
for (int i = @; i < inputWords.iength; i++)
i
currentiord = inputhWords[i];
if {uncheckedSymbols.Contains(currentiord)) continue;
if (hunspell.spell{currentWord}) continue;
else
1
try
{
suggestions = hunspell.Suggest(currentidord);
rgx = new Regex(currentWord);
if (suggestions.Count == @)
inputText = rgx.Replace(inputText, CreateAddingForm(currentiord), 1);
continue;
b
inputText = rgx.Replace(inputText, CreateChooseForm(currentWord, suggestions.ToArray()), 1);
continue;
1
catch (Exception g)
1
continue;
1
i
i

1
return inputText;

}
Pucyuok 1 - IIporpamuuii Kox (pyHKI[II BUIpaBJIeHHS TEKCTY

Wohlhabende und gebildete Burger, so zum Beispiel in Florenz in Italien,
’ | es sich leisten, Blcher zu

begannen sich dafur zu intere
kaufen — vor allem, nachds in Furopa erfunden wor-
den war —, und sie begeistert Sriechenland und Rom.
Sie lieBen sich ihre Ha
von begabten Kunsti
romischen Sager

Palaste bauen und
us griechischen und
Kaisern schmucken.

Wohlhabende und gebildete Biirger, so zum Beispiel in Florenz in Italien,
begannen sich dafiir zu interessieren. Sie konnten es sich leisten, Biicher zu
kaufen — vor allem, nachdem der Buchdruck 1445 in Europa erfunden wor-
den war —, und sie begeisterten sich fiir das antike Griechenland und Rom.
Sie lieBen sich ihre Hauser nach dem Vorbild romischer Paléste bauen und
von begabten Kiinstlern und Bildhauern mit Szenen aus griechischen und

romischen Sagen, Statuen von Gotterr:, Helden und Kaisern schmiicken.

Pucynox 2 - Bxigue 300pakeHHs (Bropi)
Ta 300pasKeHHA micjisa o0poOKu (3HUBY)
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# Text Recognition and Spell Tools

= a x
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Die Renaissance —ca, 1300 »
bis 1600 n. Chr.
Im Mittelalter konnten die
meisten Menschen nicht lesen
loder schreiben um
'wussten nur das, was sie in der.
Kirche lernten. Nur Kiaster und
Universitsten
hatten Abschriften der Werke,
die im antiken Griechenland
und Rom
\geschrieben worden waren.
alter konnten die meisten Menschen nicht lesen oder schreiben und o s
das, was sie in der Kirche lernten. Nur Kldster und Universitaten Studenten die alten Schrifien

i nach und nach wieder. Sie

an Abschriften der Werke, die im antiken Griechenland und Rom waren begeistert

worden waren. Doch im 14. und 15. Jahrhundert entdecktefl die Pt e
Widenten die alten Schriften nach und nach wieder. Sie waren begeistert forden wodde
" achricht dariber verbrei
on den groBartigen Ideen und dem Wissen, das sie darin fanden. und_dle ;ﬂ;m T
Nachricht dariiber verbreitete sich. sl i

Florenz in talien.
N . r begannen sich dafiir zu
Wohlhabende und gebildete Biirger, so zum Beispiel in Florenz in Italien, interessieren. Sie konnten es

begannen sich dafiir zu inters nten es sich leisten, Biicher zu oo oo

kaufen —vor allem. nachdem

bl 145 in Europa erfunden wor- der Buchdruck 1445 in Europa
] hufen—vor allem, nachd urop: erfunden wor—
. siechenland und Rom. den war - und sie

den X beqe
i 'w; s ur;d :E neg \er Palaste bauen und begeisterten sich fur das antike
Sie lieBen sich ihre Hause 1er Fale Griecheniand und Rom.

mm hanahtan Kiinatls s griechischen und v [SielieBensich ihre Hauser

—
Pucynok 3 - Po3po0iienuii mporpaMHUil JOZATOK

3 pe3yJbTaTOM TECTYBaHHS

BucnoBknu
Pospobiena wkomII’toTepHa cHUCTEMa Ma€ BiIKPUTHUI IIPOTrpaMHUMN
KOJI Ta MO3BOJISAE€ 3UUTYBATH APYKOBAHUM TeKCT 3 300pa’kKeHb, IIePEeTBOPIO-
BaTH MOro B eJIEKTPOHHY (hopMy Ta mepeBipAaTu opdorpadiro i BuIIpaBJis-
TU IIOMUJIKU.
Iloganbimuii Ppo3BUTOK PO3POOJIEHOI cHCTEMU € OOIiJIbHUM Y BHU-
raani free online-cepBicy a6o M0bOiIBLHOTO HOZATKY.
JITEPATYPA
1. Shi J., Ray N., Zhang H. Shape Based Local Thresholding for Binarization
of Document Images / J. Shi, N. Ray, H. Zhang // Pattern Recognition
Letters. — 2012. — Elsevier. — P.1-6
2. Smith R. An Overview of the Tesseract OCR Engine / R. Smith // IEEE
Computer Society. — 2007. —P. 629-633
3. Patel C., Patel A., Patel D. Optical Character Recognition by Open Source
OCR Tool Tesseract / C. Patel, A. Patel, D. Patel // A Case Study Interna-
tional Journal of Computer Applications. — 2012. — V. 55. — Ne.10. — P.50
4. Pirinen T. A., Lindiin K. Creating and Weighting Hunspell Dictionaries as
Finite-State Automata / T. A. Pirinen, K. Lindi#in // Investigationes Lin-
guisticae. — 2010. -V. 21. — P. 3-6
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VK 519.21:519.24

B.B. Kpoxun
HCCJIETOBAHHUE YCTOMYHUBOCTH METOJOB BEIBOPA
OIITUMAJIbPHON MOJEJU MHOKXECTBEHHOHN JIUHENHON
PEI'PECCHU B CJIYYAE, KOTIA HESABUCHUMBIE
IIEPEMEHHBIE ABJAIOTCA KBASUKOJIJINHEAPHBIMHU

AHHomayus. lposedeH aHanu3 s¢hchekmusHocmu B8bI60pa ONMUMAIbHOLU MOOe-
JIU MHOXKeCmBeHHOU NUHelHOU pezpeccuu npu HaAUYuU cunbHOU nuHelHol 3a-
sucumocmu Mex0y BXOOHbIMU nepeMeHHbIMU. VlccnedosaHue nposoousnocs C
nomMowbo Memooa UMUMAYUOHHO20 MOOeNuposaHus. [1poaHanu3upoBsaHsi
nams Mmemodos 8bibopa onmumansHol MJIP (memoo 8cex BO3MOXHbIX pezpec-
cull ¢ ucnpasieHHbIM KO3(guyueHmom demepMUHAyUU 8 Kayecmse Kpumepus
onmuManbHOCMuU,; Memo0O BCex BO3MOXHbIX pe2peccull ¢ UCNPasieHHbIM KO3-
uyueHmom OemepMuUHayUU 8 Kadecmse Kpumepus onmumanbHOCMu U OyeH-
Kol 3Hayumocmu Kosgpguyuenmos MJIP (Ha ocHose t-cmamucmuku); memod
BCex BO3MOXHbIX pe2pecculi ¢ ucnoib3osaHuem cmamucmuku Mannoy3a 8 Kave-
cmse Kpumepus onmumanbHOCmMu; mMemooO nocnedosamenbHo20 UCKMOYeHUs;
nowazosbili Memod) C MOYKU 3peHus ux ycmolyusocmu 8 YCA0BUAX My/bmu-
KonuHeapHocmu. VliccnedosaHue nposoousiock ¢ NOMOWbIO CneyuanbHo paspa-
6omarHo20 8 cpede MATLAB npozpammHozo obecnedeHus.

Kntoyesbie cnosa: MHOXECMBeHHASA IUHEUHAA pezpeccus, onmuMaibHas Mooess,
Kpumepul onmumaibHOCMU, MybMUKOIUHEAPHOCMb, UMUMAYUOHHOE MOOesU-
posatue.

Beenenue. I3BecTHO, UTO CEepPLE3HOM IIPOOJEMOII HIPH OIeHHUBAHUU
K09((pUITMEeHTOB B MOJeJN MHOXKECTBEHHOUN perpeccuu ABJISAETCA HaJIudune
JUHENHON 3aBUCHUMOCTH MEKJy HEKOTOPBIMHM M3 BXOJIHLIX IIepeMeH-
HbIX. [1,4,5]. IIpruuem Haamuyme TAKOM 3aBUCUMOCTHU He SABJIAETCS OUYEBU/I-
HBIM, €CJV 3HaueHUs ONHOI M3 IMEepeMEeHHBIX IIpeAcTaBJIsgeT co00il KOoMOu-
HAIIUI0 3HAUEHUH HECKOJbKUX Ipyrux nepeMeHHBIX [5]. Ha mpakTuke
cTporas (ToOuHasg) MYJbTUKOJJINHEAPHOCTh MAJIOBEPOATHA, XOTS ObI IIOTO-
MYy, YUTO JiIOObIe JaHHbIe HaOJIOJAIOTCA C ONIMOKaMH, KOTOPLIE SBJISIOTCS
cayuaiiabiMu. IloaToMy ciiegyeT rOBOPUTHL O BO3MOYKHOM HAJIUUYUM KBa3U-
MYJbTUKOJLIMHEAPHOCTH MEXKJIy BXOAHBIMH IlepeMeHHBIMU. CyIiecTBeH-
HBIM WHTEpec IIPEeJCTABJISAET HCCJIeJOBaHNE BIUAHUSA MYJbTUKOJJINHEap-

© Kpoxuu B.B., 2017
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HOCTH Ha KauyeCTBO OIleHMBAHHNSI KO3(pPUIIMEHTOB MOJEJN MHOMXECTBEHHOM

JUHENHOUN perpeccuun. B yacTHOCTH, BaKHO MOHATH, KaK MYJbTHUKOJIJINHE-
apHOCTh BJIHSET HA YCTOMUYMBOCTHL PA3JNUYHBIX AJTOPUTMOB BbIOOpPA OIITH-
MaJIbHOM, B CMBICJIe Habopa BXOJHBIX BO3JIEHCTBUM, MOAENU JUHEHMHON
perpeccun.

Ananus ny0auKamui mo TeMe mccejaenoBaHuA. PaccMoTpuM MOIesb
MHOKeCTBeHHO# JuHeltHOU perpeccumu (MJIP):

Y =B, +BX, +...+B.X,, +tU,, i=12...,n (D)
rae i obo3HauaeT HOMEP Ha6JIIOlIeHI/IH,Xj , j=1L2...,k - HezaBHUCUMBIE

(BxomHble, IIPeAUKTOPHBIE) IIepeMeHHble, Y - 3aBUcuUMad (BbIXOIHAA) Iie-

pemeHHad, U, - BoaMymieHus (OomuOKU MOﬂeJII/I),Bj,j =12....,.k — Koappu-

IOIMEeHThI MOAdEeJIN.

CToJI0IBI X]., j=12...,k marpunbl X 3HaueHUI BXOAHBIX IIepe-
MEHHBIX Ha3bIBAIOTCA JUHENHO He3aBUCUMBLIMU, €CJIN PaBEHCTBO

AX, +A X, +. 40X, =0, (2)
BBIIIOJIHAETCA €CJIU U TOJBKO eCau A ;= Omnss Bcex j=12...,k. UabIMU

CJIOBAMMU, €CJM CTOJIOIBI MATPUIbl X ABJAETCA JUHEHHO He3aBUCUMBIM,
HYM OOUH CTOJIOEIl, He MOJKeT OBITh IIPEeACTaBJieH KaK JIMHelHasd KoMOWHA-

IS APYTUX CTOJOIOB 9T0oii MaTpuinbl. Eciu ke B cooTHOoIneHuu (2) He Bce

)\j pPaBHBI HYJIIO, TO CTOJOIBI MATPUIbl X ABJIAIOTCSI JIMHEHMHO 3aBUCH-

MBIMM MJIN MYJITHUKOJIJIMHEAPHBIMM.
Ha IIPAKTHKE Ha/JIndne MYJITHKOJJJINMHEAPHOCTHM O3HadaeT, YTO Mgde-

repMuHadT MaTpunbl (X'X) paBeH HYJII0 U, KaK CJeICTBME, MaTpPHILA

(X'X)™" He cymecTByeT, MHBIMH CJIOBAMH OIl€HKM MeTOJa HAMMEHBIINX
kBaapaToB (OMHK) koapdpumuenros MJIIP (1)

B=(XX)"XY (3)
BOOOIIIE HEBO3MOJYKHO BBIUHMCJNTH. TaKoO#l BBIBOJ IIOKA3LIBAeT, HACKOJBLKO
CEepPhE3HON ABJIsIETCA IpodgeMa MYJTHUKOJJINHEAPHOCTH.

OmHakKo Ha IpPaKTUKE PeIKO BCTpeuaeTcda TouHas (UM cTporas)
KOJIIMHEaPHOCTh MeXKAy HaHHBIMHU. Jlaske eciiu peajbHBIE JaHHBIE CTPOTO
KOJIIMHEapHbI, OIMNOKN WM3MEPEHWA, MMeIoI1e Bcerjga CAy4dyalHyo KOM-
IIOHEHTY, IPUBOAAT K HEKOTOPOMY HAPYIIEHUWIO TOUHON KOJJIMHEAPHOCTH.

WupIMu cjaoBaMu, CJIeAyeT OMKUIATh, UTO PealbHO MeXKIYy MaHHbIMM, WC-
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IMOJIB3YIOIIMMUCS B KauecTBe HE3aBUCHUMBIX II€PEMEHHBIX, MOYKET CYIIeCT-

BOBAaTh 3aBUCUMOCTb, BhIPasKeHHAS CJAEeTYIOIMTNM 00pasoM:

—

ANX +A X, +...+N X, +Vv =0, (4)
rae He Bce )\j PaBHBI HYJIO0, a V ABJSETCA HEKOTOPOM CJIIyuyallHOW BeJIu-

YUHOU.

Eciu cronbipr maTtpunbsl X cBsi3aHbBI COOTHOIIeHueM (4), TO roBo-
pAT, YTO MEXXKIy HEe3aBUCUMbBIMHU IIePeMEeHHBIMHU CYIIEeCTByeT IIOUTH JIH-
HellHaA 3aBUCUMOCTb, WJIMU IPUOJIU3UTEIbHAA KOJJIMHEAPHOCTh (MM KBa-
3UKOJIJINHEAPHOCTD).

3aMeTuM, UYTO KOJIIMHEAPHOCTH JIETKO 3aMeTUTh, KOTaa WMEeIOTCS
BCEro JBe He3aBHCUMbIe NepeMeHHbIe, TAK KaK B 9TOM CJy4yae 3HAUYEHUS
IIepeMeHHbIX NPONOPINOHAJIBHBI (MM IIOUTH HPOIOPIIMOHAJIBHBI) MEXXKIY
coboii. OmHaKO, KOrjga 4YMCJIO He3aBUCHUMLIX II€PEeMEHHBIX BeJHNKO, “BUIY-
aJbHO” 3aMETHUTh HaJWNUYWE MYJbTUKOJJIMHEAPHOCTU HE IIPEeICTaBIAETCS
BO3MOKHBIM. CieqyeT OTMETHTHh TaKiKe, YTO IpodjieMa MYJbTHUKOJLJIMHE-
apHOCTH 3TO NpobjeMa MMEHHO CTPOTOM JIMHEHHON 3aBUCUMOCTH MEKIY
nepeMeHHbIMU. Ecam cylmecTByeT cTporasd, OJHAKO HeJWHeNHas 3aBUCHU-
MOCTbB, OIleHMBaHWE II0 MeTOAY HanMEeHBINNX KBaJApPaTOB BO3MOXKHO, OJHA-
KO CTaHIapTHbIe OIMMOKMN OIIEHOK KO3((PUIIMEHTOB OKAa3bIBAIOTCSA 00JIb-
mumu [1,5].

OrMeTHM, YTO HaJW4YWe MOUTH JUHEWHOU 3aBUCUMOCTH MEXKIy He-
3aBHUCUMBIMU IIePEMEHHBLIMU He HapyllaeT onTHMaJbHBIX cBoiictB OMHEK.
To ecTh, 9TU OIIEHKU, B CJIydae BBLIIIOJIHEHUS APYTrUX TUMOOTe3 KJaccuue-
CKOM MoOIeju JUHEHHON perpeccuu, OCTAIOTCA HAUJIYUINNMU JUHEHHBIMU
HecmemnteHHbBIMU oleHKamMu (HJIHO) [1]. 9To BaKHBIA BBIBOJ, KOTOPBINA
IMOKAa3bIBAeT, UTO HE CYIIEeCTBYeT APYroro JMHENHOTO MeTOola OIleHWBAHUS,
MMO3BOJISIOIIETO IIOJYYUTHh JIYUIlIWe Pe3yJbTaThl B YCJIOBUAX MIPUOIU3U-
TeJbHOM MYJIbTHUKOJLIMHeapHocTu, uem MHK.

Hanuune KBa3MMyJbTUKOJJINHEAPHOCTH HOPUBOAUT K TOMY, UTO
CTaHIAPTHBLIE OINMOKM HEKOTOPHIX OIIEHOK KO3(p(UIIMEeHTOB JWHEWHOU
perpeccum CTAaHOBATCA odyeHb OosbmimMu [1]. Bosee Toro, mo mepe mpu-
OJMMKEeHUA K CTPOTOM KOJIIMHEAPHOCTU, 3TH OIIMOKU CTPeMATCSa K OecKo-
HeYHOCTU. B pesyiibTaTe MOABIAETCA CJAUIIKOM 0O0JbINIas BHIOOPOUYHAA M3-
MEHUYUBOCTH OI[eHOK (OI[eHKMU IJIA OSHOM M TOU JKe MOJEJU CUJILHO Bapbu-
PYIOT OT BLIOOPKHU K BBIOOPKE, UTO JAejlaeT UX KpaiiHe HeHameXHbIMM). Ha
IIpaKTHUKe 9TO O3HAUAET, UYTO HEOOJIbIIIe NU3MEHEeHUA B MCXOMAHBIX MTaHHBIX,
MIPUBOAAT K HEONPaBAAHHO OOJBIIINM M3MEHEHUAM OIIeHOK Ko3(PduimeH-
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ToB perpeccun. C Ipyroil CTOPOHBI, OOJBININE 3HAUEHUA CTAHIAPTHBIX

omOOK (CpemsHeKBaAPATUUYECKNX OTKJIOHEHUH) IIPUBOLAT K MaJeHbKUM
3HAUEHUSAM CTAaTUCTUKM t mysa oimeHOK Koa(pduiimentos MJIP. B pesyiabra-
T€ OHU OKAa3bIBAIOTCS CTATUCTUYECKN He 3HAUMMBIMU B CJydae IIPOBEPKU
HYJIeBOM TruUIloTe3bl. TO eCTh MCTHUHHLIE 3HAYCHUA KOd(DP(PUIIMEeHTOB perpec-
CHUHU, OIEHKU KOTOPBLIX MMEIOT OOJBIIYI0 CTAHAZAPTHYIO OINNOKY, TECTHUPY-
IOTCSI KakK HyJeBble (MHBIMH CJIOBaMI, COOTBETCTBYIOIAs He3aBHUCUMAS
IepeMeHHass TeCTUPYeTCs KaK He BJNAIOIAA Ha IOoBeJeHNe 3aBHUCHUMOI
ImepeMeHHOM). B To ke Bpemsd cjeayeT OTMETUTDb, YTO HAPALY C He3HAUU-
MBIMHM OIlEHKaMHU [IJIs HEeKOTOPBLIX K03((HUIlMeHTOB, 3HAUeHHE K0P uIu-

€HTa [JeTepMHHAaIInN R2 MOMKEeT ORa3aTbCA OOCTaTOYHO 0O0JIBIITTM

(R?>0.9) [2, 5]. DTO CBUIETEIBCTBYET O TOM, YTO MOJEJb B IIEJIOM XOpPO-
III0 COOTBETCTBYET HMeIoIuMcsa AaHHBIM. IloguepkHeéM emie pas, UTO BCE
BBIIIIEN3JIOKEHHOe OTHOCUTCA K CJAyYal0 KBAa3WKOJLIMHEAPHOCTH, T. K. B
cJiyyae CTPOroil KOJIIMHEAPHOCTH OHeHKHN Ko3(P(PUIIMEeHTOB JMHEMHOMN per-
peccuu IIPOCTO He MOTYT OBITh BBIUMCJIEHBI. VIMes BBUIY CepPbhE3HBIE IIO-
CJIeICTBUA, KOTOPLIE MMeeT MYJbTHUKOJJINHEAPHOCTL C TOUKMH 3PEHUA Ka-
YyecTBa OIEHWBAHUS PErpecCMOHHON MOMejid, BasKHO, BO-IIEPBBIX, NMETh
BO3MOJKHOCTEL OIIEHMBATL €€ MPUCYTCTBHE B 9KCIEPHUMEHTAJbHBIX JaHHBIX,
a BO-BTOPBIX MMETh METOAbI OOPHLOBI C IIOCJIEACTBUAMU MYJbTUKOJJINHEApP-
HOocTHu. Perrenue sTux 3agady moapoOHO paccMoTpeHOo B paborax [1, 4, 5].
B mamHO#I cTaThe paccMaTPUBAaETCA JUIINL BIMAHNE KBA3WKOJLIMHEAPHOCTU
Ha YCTOMUYMBOCTH PA3JIMUYHBLIX METOJOB BbIOOpPa onTumaabHOir MJIP.

ITog BBHIOOPOM OINTHMAJBHON MOJEJIM TOHHMAETCSA CJeyIoIee.
IIpegmoso:kuM, UTO MMeeTCA M II€ePeMEeHHBLIX, KOTOPbIe, BO3MOJKHO, SB-
JISIOTCS BXOOHBIMU Bo3geicTBuAMu. Ha camom gene, Tonbko Kk m3 Hux
IEeMCTBUTEJIbHO CYIIIECTBEHHO BJIHSIOT Ha IIOBEeJeHHNEe BBIXOJHOM IIepeMeH-
Hot MJIP (1), To ecTh ABAAIOTCA “MCTUHHBIMHU BXOMHBIMHU IIePEeMEHHBIMU
MJIP. OgHako MBI He 3HaeM “ampuopu’, Kakue u3 m IepeMeHHLIX IeicT-
BUTEJLHO BJHSAIOT Ha BBIXOJAHYIO IIepeMeHHYI0. IlosToMy ¢ moMOIIbIO He-
KOTOPOTO KPUTEpUs HYKHO OTOOpaTh M3 BCEeX BO3MOXKHBIX BXOIHBIX IIe-
PEMEHHBIX IIOAMHOKECTBO, KOTOpPOe HAMJy4YnIuM obOpasoM “o0bacHseT”
IMoBeJeHIle 3aBUCUMOI IIepeMeHHOU uepe3 MexXaHU3M JIMHEHHOM perpec-
cuu (1).

s BpiOOpa ONTMMAJILHON B ommcaHHOM BhIlie cmbicjie MJIP mpu-

MEHSJNCh 5 KpuUTepues, IIOAPOOHO ONMMCAaHHBIX B [2,3]:
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- MeTOJ, BCeX BO3MOJKHBIX perpeccuii ¢ HCIpPaBJIeHHBIM KO3(MD(pUITI-

€HTOM JeTepMUHAIINM B KauecTBe Kpurepusa ontumaiabHocTu (MR2);

- MEeTOJ BCeX BO3MOJKHBIX Perpeccuil ¢ MCIpPaBJIeHHBIM KO3(MPUIIH-
€HTOM JeTepMUHAIIMM B KAUecTBe KPUTEPUS ONTHUMAJBHOCTH U OIeHKOU
saaunmMocTu Koappunuentos MJIP (za ocuose t-cratuctuxu) (MR2t);

- MEeTOJ BCeX BO3MOJKHBIX PErpecCcHuil ¢ MCIOJIb30BAaHMEM CTATUCTU-
K1 MaJjioysa B KauecTBe Kpurepusa ontumaibHocTtu (Mlz);

- MeToJ mocJjenoBaTeabHOT0 ucKAouenusa (BWE);

- rommaroBeIiit meTon (SWP).

ITocranoBka 3amaum. OIleHUTH BJHUAHNE CTEIeHU JHUHENHOH
3aBHUCUMOCTH MEXKAY BXOJZHBIMM II€PEeMEHHLIMM Ha YCTOMUYMBOCTDH
Pa3JINYHBIX AaJ'OPUTMOB BBLIOOpA ONTHMAJLHON MOJEJN JIMHEHHOM
perpeccuu (MJIP) nyTéM nuMuUTaIiuoOHHOTO MOAEJINPOBAHUA.

OcHoBHaa dYactb. IPPEKTUBHOCTHL STUX METOMOB IIPU HAJUUYUU
KBa3UMYJbTUKOJJJINHEAPHOCTH cpenu BXOJHBIX ImepeMeHHbBIX
uccJieoBasach ¢ IOMONIBI0 UMUTAIIMOHHOTO MOJEeJIMPOBAHUA.

Ha 9BM wmozeampoBajioch m CJHYYaHHBIX IIOCJIEZOBATEJILHOCTEH,
KOTOpPbhI€ MCHOJIB30BAJINCh B KadecTBe BO3MOYKHBIX 3HAUEHUUN HEe3aBUCHU-
MBIX TIepeMeHHBIX. V3 HuX BbIOMpaJuch k mociaemoBaTebHOCTEl B Kaue-
CTBe 3HAUEHUU IIepeMeHHBIX, yJacTByOIMux B moctpoenum MJIP (1). 3a-
TeM MPeAIoJiarajoch, YTO HEM3BECTHO KaKHe U CKOJbKO M3 I He3aBUCH-
MBIX II€EPEMEHHBLIX BXOIOAT B HNCTHUHHYIO MOJesib. TakKmM 00pasoM, IIOUCK
MOJIeJI OCYIIECTBJIAJICSA C MCIIOJb30BAHMEM PA3JIUUYHBIX BO3MOYKHBIX KOM-
OMHaAIIMI M3 M HEe3aBUCHMLIX NEePEeMEHHBLIX Ha OCHOBE IIePeUMCJIeHHBIX
BBIIIIE KPUTEPUEB.

IIna BBIICHEHUS KadecTBa KaMKJAOTO0 W3 PACCMOTPEHHBIX METOIOB
ONTUMUBAINY TPOBOAUJNCH UNCJIEHHBIE SKCIEePUMEHTHI, B KOTOPBIX IIOUCK
ONITUMAJILHON MOJEJMN IIPOU3BOAMJICA MHOTOKPATHO II0 CTATHUCTUYECKU He-
3aBUCHUMBIM JaHHBIM. A MMeHHO, reHepupoBasiuch N (YMCI0 dKCIIEPUMEH-
TOB) HAOOPOB M3 M IMOCJIeIOBATEJIbHOCTE, KaKaas 13 KOTOPBIX COomep:Ka-
Ja 1o n (00béM BBIOOPKMU) mZaHHBIX. B Kakaom m3 N sKCIIepUMEHTOB OI-
penessiiach HaAWJIy4dIIas MOJEJbh Ha OCHOBE II€PEUYHCJIEHHBIX BBIIIE IISATHU
KputepueB. Tak kak uctrunuasa MJIP sapanee uaBecTHa, onncaHHas MeETO-
INKa II03BOJISIET OIEHUTH IIPOIEHT MNPaBUJIbHBIX HACHTU(GDUKAIIUNA KarK-
IBIM W3 HCCJIEIyeMbIX METOHOB. JTa OIleHKa OyJeT JOCTATOUYHO HaIEKHOU,

ecaiu N JOCTaTO4YHO BEJINKO. I[JIH IIpOBEeJEHNA YMCJIEHHBIX IKCIIEPMMEHTOB
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HamMu ObLI0 paspaborano B cpene MATJIAB coorBercTByIOIIEe mporpaMM-

Hoe o0ecIlieueHHe.

C mOMOIINbIO OIMMCAHHOM METOAMKM OBLIO HMPOBENEeHO HCCJIEeIOBAHIE
BIUSAHUSA YPOBHS MYJbTHUKOJJINHEAPHOCTH BXOIHBIX (IIPEIUKTOPHBIX) IIe-
PEMEHHBIX Ha KaueCTBO HACHTUMHUKAIIUUN <«IPABUJILHONM» MJIM OITHMAJIb-
HOU MOJeJX B OIIMCAHHOM BBIIIIE CMBICJIE.

KBasuKo/ImHEapHOCTh MEXKAY ABYMS IIPEINKTOPHBIMU IIepeMeH-

HBIMU X, 1 Xj MOJIeJIMPOBAaJach CJEOYIOIMIIM 00pasoM:
=X + *
X =X,+¥ +¢, (5)

rge ¢ cayvyaiiHasd BeJIHWUYMHA.
ITapameTp mu 3amaeT ypoBeHb OTKJIOHEHHS OT CTPOTOH KOJIJIMHE-
apHocTH. BeslnumHa 5TOro mapaMeTpa IIPOIOPIIMOHAJbHA CTEIeHU 3aBIUCH-

MOCTY MEX[Jy BXONHBIMU IlepeMeHHbIMH X, u X, .

KoneuHo, 9TO JMIIb OAWH W3 BO3MOYKHBIX CIIOCOOOB YIPABJIATH
CTEIIeHbI0 MYJbTUKOJJINHEAPHOCTH, HO 3TOT0 MOCTATOYHO, UTOOBLI IIpOaHa-
JIN3UPOBATH €€ BIUAHNE Ha BHIOODP OIITUMAJIBHON MOIEJIN.

A Toro, 4yToObI IPUBA3aTh YPOBEHh MU K KJAaCCUUECKOMY KPUTe-

PHUIO YPOBHA 3aBUCHMMOCTHU MEXAY ABYMA ITOCJaea0BaTe€JIbHOCTAMM, PaCCUM-

TBIBAJICS BBIOOPOUHBIN KO3 (dunueHT Koppeaanun Mexay X, m X i

[(X,(B) - X)) * (X,(k) - X,)]
(6)

=

> (X, (k) ~ XYY (X, (k) - X))

k=1

B mpusemenHoil Hu)Ke Tabuauie 1 IOKasaHbl pPe3yJbTaThl UMCJIEH-
HBIX DKCIEPUMEHTOB 10 M3YUYEHUIO BIUAHUA YPOBHA MYJIbTHUKOJJINHEAp-
HOCTH Ha IIPOIEHT IMPAaBUJILHO HAeHTH(QUIIMPoBaHHLIX MJIP mpu mcmosin-
30BaHNU Ka)KJOTI'0 M3 HATU IIepPeurCJeHHBIX paHee MeTOHOB BLIOOpa OITH-
MaJIBHOM MOJIEJIU.

OKCIepUMEHThI IIPOBOAMINCH P TAaKUX 3HAUEHHUAX IIapaMeTpPOB
MMHUTAIIIOHHOTO MOJEJINPOBAHMS:

- KOJINYEeCTBO BO3MOXKHBIX BXOJHBIX IlepeMeHHbIX m = 10;

- KOJIMUECTBO BXOJHBIX IIePEeMEHHBIX MCIIOJb30BAHHBIX [JSA IIO-
ctpoeuusa MJIP k = 5;

- 00beM BBIOOPKH N = 50;

- KosmuecTBO dKcuepumeHToB N = 500.
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Bo BTOpOii KoJioHKe Tabimunbl 1 mpuBemeHO 3HaUeHNEe IIapaMerpa

mu,

3aIa0IIero ypoBeHb MYJbTHUKOJLIMHeapHocTu ((popmysaa 9),

a B

TpeThell KOJOHKE - COOTBETCTBYIOIIMI AAHHOMY mu K03(p(PUIIMEHT BHIOO-

pouHoii kKoppeadanuu (dopmyrna 6). Ilox nmpaBuabHOU HAeHTHU(DHUKAIIUEN

nmogpasymeBaeTcsa BbiOop MJIP, B KoTOopyio B KauecTBe MPEIUKTOPHBIX IIe-

pPeMeHHBbIX BKJJIIOUEHBI B IIOJTHOM o0beMe TOJBKO Te BXOOHBIE IIepeMeHHBbIE,

KOTOpPbI€ MCIIOJIL30BAJIMCh IIPU MOJEJIUPOBAHNN PETrPECcCUOHHON 3aBUCUMO-

ctu (1) (T. e. “ucTuHHBIE” BXOAHBIE IIepeMeHHEbIe) [1,2].

Omubokm npm naeHtudpukamnuu MJIP moryr 6bITh AByx Tumnos [4]:

- He BKJIOUUTHh KaKue-TO U3 “UCTUHHBIX” BXOJHBIX II€pPEMEHHDBIX;

- BKJIIOUUTHL KaKue-To “jguirnrHue”’

BXOOHBIE IIEPEMEHHEIE.

Ta6aumna 1
Kpurepnii VYposens | Koadpdpu- % mnpaBuib- | % WUAEHT. Bpema
ONITUMAJILHO- | MYJIBTHU- IUEHT HBIX MOJ. C He- pacuera
cTH KOJIIMHEe- | KOppeaAanuu | uaeHTudu- JIOCTATKOM (cek.)
apHOCTU (r) Kanui 3HAYMMBIX
(mu) ImepeMeHHbIX
10 0,99999 7 30,8 (13,8) | 88,90
1 0,99995 14,40 0,4 (0) 88,50
MR2 0,1 0,995 15,5 0 87,40
0,01 0,699 15 0 87,20
0 0 14,4 0 87,30
10 0,99999 23,8 29,4 (8,8) 88,60
1 0,99995 46,4 0,4 (0) 91,56
MR2t 0,1 0,995 47,2 0 90,33
0,01 0,699 47,2 0 90,25
0 0 44,6 0 90,08
10 0,99999 4,6 95,4(21,2) 39,40
1 0,99995 53,4 46,6(0,2) 38,90
Mlz 0,1 0,995 100 0 38,70
0,01 0,699 100 0 38,70
0 0 100 0 39,00
10 0,99999 65,8 28,6(8) 1,38
1 0,99995 92,2 0 1,32
BWE 0,1 0,995 92,2 0 1,29
0,01 0,699 92,4 0 1,29
0 0 92,0 0 1,26
10 0,99999 87,8 2,4(1) 8,74
1 0,99995 83,2 7,6(3,8) 8,50
SWP 0,1 0,995 45,4 52(20) 8,42
0,01 0,699 72,0 19,2 (0,8) 9,41
0 0 82,6 8,6 (0,2) 8,34
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N3BecTHO, UTO He BKJIOUEHNE “HCTHHHBIX’ BXOTHBIX IEepPeMEeHHBIX

3HAUNTEJbHO 0oJiee cyIIecTBeHHas OoInmOKa, ueM BKJIOUEHNE B HJIeHTH-
(unupoBaHHYI0O MOAeab “JUNIHUX’ mepeMeHHBIX [2, 4]. IlosaTomy B uer-
BEePTOH KOJIOHKEe Tab0JauIbl 1 IOKa3aHO KOJUUYECTBO MACHTU(MUIIMPOBAHHBIX
MOJieJiell ¢ He IIOJIHBIM HabopoM “MCTHMHHBIX’ BXOAHBLIX IIepeMeHHbBIX. O-
HAKO, IIPH HAJIUYUKN CHJIBHON MYJbBTHKOJ/LIMHEAPHOCTH MEXXKIAY MOIBYMS
BXOJHBIMU TIepeMeHHBIMM, OJHA M3 HUX HECeT MIOUTH IIOJHYI0 mH(popMa-
muio o apyroi. ITosTomMy TOJIBKO He BKJIOUEHNE B HUACHTHU(PUIIMPOBAHHYIO
MOJeJIb 00erX STHUX NepeMeHHbBIX, IIPHUBOAUT K CEePbe3HOil OIINOKe MIeH-
Tudpukanuu. KolnmuecTBO TAKMX CJIyUYaeB MOKA3aHO B UETBEPTOl KOJIOHKE
Tabauibl 1 B CKOOKax.

AHanns nmpuBeIeHHBIX B TaOauie 1 mJaHHBIX IOKAa3bIBAeT, YTO IIO-
maroBbiii Mmeton (SWP) Beioopa ontumanbuoii MJIP gaeTr camblii BLICOKUI
IIPOIIEHT IIPABUJbHBIX UAEHTUPUKAINN IIPU OUeHb CUJbHON JUHENHOM 3a-
BUCHUMOCTH MEKAY ABYMSA BXOIHBLIMU IIepeMeHHBIMU (T. €., Korma Koppe-
JAIUA MeXXIy HUMHU IPaKTHUUYeCKW paBHAa eguHHIlE). B To 'Xe BpeMsA, 3TOT
METOJI MAaJIO 3aBHCHUT OT YPOBHA MYJIbTHUKOJIJINHEAPHOCTH M JOBOJIBHO Yac-
TO OMIMOKM WHACHTU(PUKAIIMK CBA3AHLBI C HEe BKJIOUEHHEM “HCTUHHBIX”
BXOJHBIX IepeMeHHbIX. IIpu ypoBHe Koppeasanuu menbine 0,995 crompo-
IIeHTHYIO IIPABUJILHYIO HIEHTH(PUKAIINIO oOecHIeunmBaeT METOJ BCeX BO3-
MOJKHBIX PErpecCHil ¢ MCIIOJIb30BAaHMEM CTATHUCTHKMN MaJjjoysa B KauecTBe
Kputepusa ontumaiabHoctu (Mlz). HemocraTkoM maHHOrO MeToAa MIAEHTH-
(uxamuyu ABJIAETCA TO, YTO BPEMs pacueTa OBICTPO BO3pacTaeT IIPU yBe-
JUYEeHUN YKCJa BO3MOMKHBIX BXOIHBIX II€PEeMEHHBIX.

3HauuTEeJbLHO 00Jiee OBICTPBIM SABJSETCS METOJ IIOCJIEeI0BATEJIHHOTO
uckiaroueHuda (BWE). 3ror meron obGecrnmeumBaeT BBICOKHWII ITPOIEHT IIpa-
BUJABHBIX uaeHTuukamuit MJIP (6osmee 90 mpormeHTOB), Korma KoOppeJis-
A MEXIY BXOOHBIMEU IlepeMeHHbIMH MeHee 0,99995 u mpu sTom He mo-
ABJISAIOTCA OINNOKU, CBA3AHHBIE C He BKJOUEHUEM “UCTUHHBIX” BXOIHBIX
IIepeMeHHBIX.

BeiBoasl. CyliiecTBeHHOE BJIMAHNE KBa3HKOJJINHEAPHOCTH IIPABJIA-
eTcAd TOJIbKO IIPH OYEeHb BBICOKOM CTEeIeHM KOPPEJIMPOBAHHOCTU MEKIY
BXOOHBIMU IlepeMeHHBIMU (Oosbire 0,999). B ciyuae, Korma cpeau Hesa-
BHCHUMBIX II€EPEMEHHBLIX MMEEeTCs CHJbHasd JuHeilHas 3aBUCHUMOCTH (KBasu-
KOJIJINHEapHOCTh), IJA BbIOOpa omTmMaibHON MJIP nydine mcmoanb3oBaTh
MEeTOJ BCeX BO3MOJKHBIX Perpeccuil cO CTaTHCTHUKOU MaJjjoysa B KauecTBe

Kpurepuda OIITHMaJIBHOCTH, €CJAHN YHCJIO BOSMOMHBIX HE€3aBHMCHMBIX IIepe-
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MEHHBIX He CJIHUIIKOM BeJuKo. Ha mpakTuKe maHHBIA METOHA MIEHTH(PUKA-
MUY MOXKHO MCIIOJIB30BaTh, €CJH YMCJO BO3MOKHBIX BXOMHBIX IIepeMeH-
HBIX He mpesBbIiliaerT 15. B mpoTuBHOM ciiyuae IpPeqIOUYTUTEIbHEee HMCIIOJb-
30BaTh METOJ, IIOCJEeI0BATEIHFHOTO MCKJIIOUCHU .
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A.A. Litvinov
ON A FRAME-BASED LANGUAGE USED FOR
SOFTWARE MODELING

Abstract. The work is devoted to formalization of a frame-based language
which is able to describe domain in a full, platform independent manner, con-
sidering all necessary information that could be effectively used by the trans-
formation mechanism for information system construction and maintenance.
The solution is based on the descriptive power of facets used by both frame
and slot structures.

Keywords: frame-based knowledge representation, code generation, MDA, PIM.

Importance and relevance of the research topic. Nowadays, de-
velopers face the tasks of building in short terms a highly maintainable
multilayer system. One of the method to make it real is to implement
reuse practice through all the phases of product life cycle, including de-
sign and management aspects [1]. Making the solutions standardized
leads the organization to the condition when an incoming task or a prob-
lem triggers retrieving a set of typical solutions from the terminological
knowledge base. One of the issues is the dependency of the solution on a
variety of details linked with a programming language and/or a frame-
work, third-party components and services. This dependency blocks the
port of the solution to another platform or language, makes the solution
difficult to understand, even when the code is well structured and self-
documenting.

One way to overcome such problems is to represent the solution
as a set of models going down from more abstract business-oriented
models towards more detailed and platform-specific ones. It is the way
of model-driven architecture (MDA) provided by OMG (Object Manage-
ment Group) consortium. The key ideas of the approach are as follows:
the description of the system by the models on different levels of ab-
straction connected to phases of a software development cycle; the pro-
ducing of the low-level models from the high-level ones through a set of
transformations leading by the defined transformation rules. According
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to MDA there are four levels of system description: computation inde-

pendent model (CIM), also known as domain model, used to define busi-
ness processes of the organization for which the information system (IS)
will be developed; platform independent model (PIM) defines the system
architecture and specification can be implemented in various platforms;
platform specific model (PSM) offers detailed technical specification of
the system and can be transformed to implementation model (code) ac-
cording to transformation rules automatically or semi-automatically;
implementation model (IM) — a set of artifacts represented using pro-
gramming languages define the information needed to create IS. The
main problems of MDA appeared in practice are as follows: the lack of
CIM formal description; accordingly, inability to build effective CIM-
PIM transformation; behavior description and the completeness of the
generated code. Creation of CIM level is not unified but it is assumed
that this level is represented by the model of business processes. For ex-
ample, in [3] authors suggest using of DFD (data-flow diagrams) as the
language to describe CIM model. Evaluation summary of the methods
described in [4].

Thus, one of the actual questions connected to building strong
foundation for maintainable system is to find an expressive language
could be used to form a platform independent description of the solu-
tion, including all specific details for and its effective sequential trans-
formation into PIM, PSM, IM models.

Analysis of recent publications. The work [5] presented the in-
terpretation of the model-based approach that simplifies the creation
and maintenance of information system, which is based on the model de-
scribed with the use of frame approach of knowledge representation. The
generation of a number of components is made on the basis of the de-
scribed model. It simplifies the process of developing a multi-tier appli-
cation, as well as the interpretation of the model is made in the course
of operation of the system, eliminating the necessity to build and test
the additional classes. The work [6] reviews the issues of functional
components formation, which is based on the use of templates to make
the generation of functional components. The work [7] provides an ap-
proach of simplifying the creation of functional components responsible
for the full implementation of the business function.
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Task definition. The main goal of the work is to find a simple,

powerful, high-level language with a potential of detailed system de-
scription, which can be then interpreted as a transformation into a PIM,
PSM model or even in components needed to realize the function.

Main part. When we talk about software, we mainly talk about
the knowledge of how to resolve the computing problem. This knowledge
is represented in a form of mental models. Actually, programming and
modelling languages, patterns, and solutions can be perceived as a set of
tools with the only one purpose that is to provide an ability to represent
the knowledge about the task and the solution. After the knowledge is
acquired and formalized it can be automatically or semi-automatically
transformed into executable form using another set of tools: model
transformers, compilers or interpreters, libraries, frameworks, services
provided by the operation system, third-party services etc.

One of the powerful knowledge representation system is frame-
based paradigm which first provided by Minsky in [8], and which has
been refining by the different languages and project during the last 30
years. The best analysis of the frame-based representation systems can
be found in [9]. According to [10] the main goal of the frame approach
was to gather all relevant knowledge about a situation in one object in-
stead of distributing this knowledge across various axioms. Let’s take a
look at the main three concepts of frame-based paradigm to understand
the difference and the benefit of the model.

Frames. According to [9] a frame is a data structure that is typi-
cally used to represent a single object or a class of related objects or a
general concept or predicate. The main benefit of such structure is its
compactness. Frames reflect the human thinking mechanism and though
perceived by the humans naturally. In semantic networks, properties of
the object are restricted to primitive, atomic ones. The properties in
frame systems can be complex concepts described by other frames.

Slots. The slots of a frame describe attributes or properties of the
thing represented by that frame and can also describe binary relations
between that frame and another frame. In addition to storing values
slots also contain restrictions on their allowable values.

Facets. Almost all systems specify a few other attributes for each
slot besides its value such as a slot datatype and restrictions on the al-
lowable values for the slot
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E — SuperClasses : Fy, . .., F}
MemberSlot : S;

ValueClass : H;
Cardinality.Min : m,
Cardinality.Max : nq - - -
MemberSlot : S,

ValueClass : H,
Cardinality.Min : m,
Cardinality.Max : n,

F; denotes a frame name, S; denotes a slot name, m; and n; denote
positive integers, and H; denotes slot constraints. Some researchers gen-
eralized this notion to allow slots to have arbitrary properties called fac-
ets of which name, value, datatype and value restriction are the usual
complement.

So, as we can see, frame-representation model appears as an ap-
proach which is much closed to object-oriented paradigm, with an im-
portant difference that it’s more general and more powerful in a sense
of representing knowledge. It’s powerful because it’s free of restrictions
dictated by the set of specified facets injected into the slot’s structure.
Object-oriented paradigm has only two basic types of slots: fields and
methods.

Frame language formalization. In this paper we are going to
provide a frame-based language as a basic modelling language which is
able to represent all knowledge about the solution. All other models,
structural and behavioral, can be regarded as the projections of the
model described in such language. To adopt the frame-based paradigm
to our task of building such language we need to investigate it more
precisely. First, in order to observe the potential of the language, we
will provide a formalized abstract model and then we will discuss the

aspects of its practical interpretation and its connection to the models of
MDA.
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5

Figure 1 — The structure of frame

Generally, frame system defined as an algebraic system consisted
of a set of concepts-frames C, a set of relations @ and a set of opera-

tions (s
€ ={C.0,.0.). (1)
Frame can be defined as a 3-tuple (Fig.1).
€ =gey L.E.’,d,ﬁ, (2)

5 denotes an internal structure of the frame represented as an ordered

set of slots d represents the inheritance information, super-frames. Su-

per frames can be divided into several types: ordinal concept and inter-
face.

d =ger CQCg M Cpy | (3)

It’s notable that the inheritance mechanism could be restricted to

a variant provided by the object-oriented languages: only one super-class

and a number of interfaces.

J_C} denotes a vector of facets define the additional features of the
frame. If we represent an object-oriented class by the frame, the level of
its abstraction would be represented by the facets. For example, inter-
face and class will have different values of a facet named “type of con-
cept”. But the provided mechanism is more powerful. We can use the
facets to map the concept on different system components. So compo-
nents appearance is governed by the values assigned to the facets.

s

F=dor fufamfid  FeFSFixFax—Fy (4)
Facet types make sets of values can be used for definition. So the
facet will be defined over facet domains.
For example, if we have a class Patient which inherits the class
Person with a number of facets used to define that it’s suggested to be
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stored in a storage, viewed, transferred among the service-client, and

needs caching. We can simply represent all that features in a facets
block.

Patient : Person facets: entity, dto, optimized, viewable

{..}

Of course, we can also use xml notation, and even some graphical
tools able to generate such script.

Thus, using the facets in frame description expands the ability to
represent all necessary information to define the concept. This informa-
tion will be used further to generate complete code structures.

One of the issues we encounter is the inheritance of facets. There
could be a number of variants: inheritance of all the facets of the super-
class, partial inheritance of the facets, no facets’ inheritance. Full in-
heritance of the facets can be represented as follows

-+ + +
€ EC =6y fy = fucsf, (5)

f+ denotes the vector of facets including the facets of inherited concept;

f — facets connected with the entire concept. More precisely we can rep-
resent this rule in terms of projections.

T (ey) = E &y
e }?Uﬂfl:C:lClEC: . (6)

Another question is the consistent description of a concept by the
facets: exclusion of appearance of irrelevant facets; causal relation be-
tween the facets. To resolve the problem, we should have a kind of on-
tology which defines the relations between facets’ types and a mecha-
nism of validating a vector of facets against the ontology.

We can describe slot as an ordered set of facets. Thus, we have
two general classes of facets describe frame and slot.

Si aef @i 0 EOCE®; xO; XDy (7)

Domains represent the axes of slot’s definition. For example, ©.
can represent the type of slot with two available values {property,
method}, 2 — number restriction etc.

Here also appears the known question of the consistent descrip-
tion of a slot by the facets. The resolution mechanisms are also seemed
to be the same.

Some notes on interpretation. A model of an abstract network of
concepts is a system built using a set of principles, patterns and tech-
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nologies. Formally, we can think of architecture as a partially ordered

set of layers. A collection of available architectures can be represented
as a relation over a number of domains, each of which connected with an

axis.
AcA xA; x4, . (8)
For example, we can perceive 4: axis as a set of all available so-
lutions linked with a task of data persistence, 4z — variants of banking

services etc.
An interpretation function, mapping a concept onto defined ar-
chitecture can be defined as follows:

-y

Bi:cy, = 4, a;ed . 9)
As we see, an interpretation function is an ordered set of more
specific functions each of which transforms an abstract definition to at
least one or, generally, a number of assets.
[TT;[';E:'):CJ{ — T E(E‘:]:'): Ir; (EEE)EAJ' . (10)
Connection with MDA. According to [4] CIM usually includes
several distinct models that describe system requirements, business
processes and business objects and it covers the aspects of the system
that are important from a domain expert’s point of view. The next level
model (PIM) describes IS, but hides details in usage of concrete technol-
ogy. It creates specification for required services of IS without technical
platform dependent details. Taking into account these two definitions
we can think of the role of the model described using provided language
as a core background model which can be mapped to CIM, PIM or PSM
level on demand. Of course, the conventional script which represents the
frames cannot be clearly understood by the experts, but this problem
can be effectively solved by an introduction of more simple (graphical)
language able to represent the projection of the frame in a form easily
understood by the expert etc. Thus, we can think of a frame as a set of
projections, some of which represent more abstract information that can
be easily understood by the experts, some form more detailed view
needed for generation of more complete and wvaluable assets. It could
think of a frame described in such a way as of the complete synthesis-
oriented structure able to incorporate all necessary knowledge needed to
produce the solution.
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Summary. The work is devoted to formalization of a frame-based

language able to describe domain in a full, platform independent man-

ner, considering all necessary information that could be effectively used

by the transformation mechanism for system construction and mainte-

nance. The expressiveness of the language is based on detection of the

descriptive power of facets used by the both frame and slot structures.
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A.A. Litvinov
ON FORMALIZATION OF INTEGRATIVE COMPUTER-
AIDED LANGUAGE LEARNING SYSTEM SCENARIO

Abstract. The given work is devoted to CALL system scenario formalization
aimed to generalize the experience, estimate the potential of the integrative
systems, define the problems and their solutions.

Keywords: scenario, second language acquisition, language learning system,
integrative approach.

Actuality. Since the first CALL (computer-assisted language
learning) system appeared in 1960s, many different systems have been
built, books have been written and published [1], and even academic dis-
ciplines and courses have been introduced and studied in universities
worldwide [2]. Despite of a plenty of the different systems and methods
existed, we can define three classes of such systems connected to three
language learning approaches: behavioristic, communicative, integra-
tive [3,4]. Warschauer [5] connected them to three phases of learning
systems improvement and development: behavioristic, communicative,
integrative. These systems cannot be regarded as competitors, but rather
can be seen as three coexisted facets of a brilliant which effectively
complement each other.

Behavioristic systems are focused on using the computer as a tu-
tor governing by the “drill and practice” principle. A typical behavioris-
tic system is PLATO project. It is based on vocabulary drills, grammati-
cal rules and translation tests. However, behavioristic systems did not
allow enough authentic communication to be of much value [5]. In fact,
the linguistic environment for language acquisition is very important. It
presses the students to communicate with other people in real time
mode, brings a lot of examples of how to say something, a lot of varia-
tions of how to express a thought, gives many opportunities to experi-
ment with the language [6]. It is very different from the drill and prac-
tice approach used within the classroom. Communicative CALL systems
involves the computer as stimulus, not as a tutor. The features of the

© Litvinov A.A., 2017
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communicative CALL systems are as follows: teaching grammar implic-

itly; encouraging students to generate original utterances rather than
manipulate prefabricated language; avoiding to tell students they are
wrong and being flexible to a variety of student responses; creating an
environment in which using the target language feels natural. Commu-
nicative CALL systems software include a number of programs which
may not have been specifically designed for language learners. Computer
system takes place of a passive mediator directed to connect the stu-
dents and teachers, helping them to build a community.

Integrative systems are based on two technological components -
multimedia computers and the Internet [5]. Multimedia resources can be
used by the students on demand allowing to build an authentic linguistic
environment able to affect the user through several channels of percep-
tion simultaneously (listening is combined with seeing, like in the real
world). The main features of such systems are as follows: authentic lin-
guistic environment simulation, skills are easily integrated, because the
media makes it natural to combine reading, writing, speaking and listen-
ing in a single activity; students studying in accordance with their indi-
vidual plans, honing in on particular aspects and skipping the oth-
ers; focusing on the content, without focus on language form or learn-
ing strategies. The typical integrative system is Dustin program devel-
oped by the Institute for Learning Sciences at Northwestern Univer-
sity [7]. The program was developed for use by foreign employees of
Andersen Consulting. It helps employees to enhance their English skills
within the context of actual environment they will encounter when they
attend business meetings at the training center. Dustin includes a num-
ber of video scenarios that all employees will encounter (airport, check-
ing into a hotel, ordering food). User interacts with different persons
from video-clips, posting his/her answers. If the answer is correct and
trainee is successful with a scenario, he/she goes to the next one. But
when the trainee is not successful, he/she gets notified by the system
what they have to learn in a very direct way. Failure and its processing
is a key element in Dustin, failing at a task make students interested in
finding out what they need to know to succeed [7]. The correction of the
user answers are made using a tutor agent, which in communicative
user-centric manner suggests a correct way to convey the message [8].
Thus, the student feels engaged in the world of real life communica-

64 ISSN 1562-9945



1 (108) 2017 «CucTeMHBIEe TEXHOJOTHU »
tions, having a clear goal, learning through apprenticeship. Another

project based on the same principles is SPELL developed and discussed
in the works of Hazel Morton [9,10]. The main features of the project
are as follows: automatic speech recognition; embodied 3D virtual agents
and virtual worlds for the creation of scenarios; focused on developing
oral skills in the target language.

Task definition. Scenario is the most important component of an
integrative system. The quality of the scenario and the ability of the
system to play it can be seen as two key components affect the quality
of the realistic language environment simulation aimed to help user to
acquire language skills effectively. Secondly, the effect of the system
depends on the variety and complexity of the situations represented by
the scenarios. The system should be opened to add new scenarios and the
scenarios should cover all the domains of knowledge (content) the users
are interested in. One of the conditions to make it real, the operation of
new scenario creation should be rather simple. As a result, the system
will have a huge amount of scenarios and a search mechanism able to re-
trieve a number of similar scenarios with the properties the user is in-
terested in, compare different scenarios etc. The third important aspect
should be considered is the ability of the system to be open for multiple
foreign languages learning.

To solve the given problems effectively, we should clearly under-
stand what the scenario is, or more precisely, what the scenario may be.
The way of such understanding should be based on the strong founda-
tion of mathematical formalization. The formalization is directed to help
us not only in terminological questions, but mostly in questions of sys-
tems’ potential, configurations and improvements. Despite of an excep-
tional role of the scenario concept for integrative CALL systems, author
has not found any works devoted to its formalization. Thus, the given
work is intended to fill this gap.

Main part. Generally, the system of scenarios can be defined as

an algebraic system composed of a set of scenarios® , relations Qr and
operations Qe

Z=(L0,.0,), (1)

Each scenario 9: €L composed of two required elements: scenario

descriptor and a none-empty, ordered or partially ordered, finite set of

steps. The set of steps defines an order and a specific of events each of
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which aimed to pass a message to the end-user. The number of steps is

limited.
Scenario descriptor is used for scenario classification. It’s an ele-
ment of n-ary relation on n domains-classifiers (classification axes)

D* €Ky X Kz XKz X % K, | (2)
where K; — i-th classifier. The typical classifiers are as follows: interest,
language, skill level, rating. Classifiers can be represented as taxono-
mies.

In general, D'* consists of required classification axes denoted by

D and optional ones denoted by D~.
D=D*\D", (3)

Scenarios are similar iff their descriptors’ projections on required
domains are equal.

O;~0; € Tip (&Z) =T (&;), E}i, a:. e D+ . (4)

More precisely we can talk about a degree of similarity. Similar-
ity operation is widely used for scenario retrieval manually by the user
and automatically by the information system unit responsible for mak-
ing an individual language acquisition plan.

The step of scenario reflects a real world event (more precisely an
event of linguistic environment) appeared in a definite time slice. Con-
sequently, a sequence of steps reflected a set of such events is very simi-
lar to a sequence of frames composed a movie. The key difference from
the movie is the involvement of a user in the flow of events and the de-
pendence of the flow on the user’s activities. It looks like an interrupt
caused by the movie and processed by the user. And in accordance with
the results of the processing system chooses the next sequence of steps
to play, including a switch to the alternative flow or even playing an-
other movie.

Message. The key element of the step is the message responsible
to pass the meaning of the event to the user. Some messages require
user’s reaction. A set of messages can be described by the relation on a
set of domains each of which represents objects of a type or a channel.
We can say that a message consists of a number of objects, or a number
of projections of the message on the domains

McTxT,xTy ®x-xT, (5)
M - the whole set of the messages registered in the system; M: — a set
of messages connected to the i-th scenario 7i.
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Typical examples of the message projections are as follows: text,

formula, video-clip, audio, image, diagram, virtual agent actions etc.

More general channels, such as audio, can be divided into sub-types such

as speech audio and environment supplementary sounds (airport, cafe).
A process of passing the message to end-user is shown in figure

1. A, T, I, B, C — domains, and @i-Pm Cn.ti-ii — denote the projections of

the message M. € M; on the domains, i.e. z (??1)]3) =

i 3 qa ."q
t; L, T
1 ] !
b.. b, B
Ca c [:'

Figure 1 — A process of passing the message to end-user

Each projection of the message takes some time. Consequently,
the time needed to pass the message is defined by the slowest projection.

—

M. =g (2% 0% )22}, a*;eTy,a" €T, , (6)
£ = max(b(e (L)) o

T(m;(M,)) — denotes an operation of calculating a required time to
pass the i-th projection of z-th message.

After the message has passed, user needs some time to perceive
the message. To make the simulation more closed to the real life the
time should be defined for each message individually.

There are two types of the messages: task-oriented messages
which cause interrupts of the flow and require user reaction; infrastruc-
ture-oriented messages. Infrastructure or context-oriented messages
form a background to make a natural involvement of the user into com-
munication based on task-oriented messages connected to the tasks.
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Tasks and reaction. A task is the most important component

which provides a feed-back, allowing the system to understand the prop-
erties and specific of the user and, as a result, to make the learning
process more flexible and effective. It is very important that the task-
oriented message could be connected to a number of tasks each of which
requires user’s involvement.

Can we say that only the group of tasks composes the core of the
scenario and the minimum set of required steps to pass the scenario is
the set of tasks? Not obviously, because some tasks can be connected to
the infrastructure messages and no one can give a correct answer with-
out them. Consequently, the core of the scenario (minimalistic version)
needed to pass the scenario by the user includes all tasks messages with
the required context. Getting the minimalistic version is very important
for the test-oriented users who don’t want to waste their time on a soft
involvement. Thus, we have defined an operation of getting a minimalis-
tic version of the scenario.

To understand the connection between the messages and the tasks
we have to separate the domains of tasks and the domains of messages.

az’ :I'J.'Elf (ﬂ‘liJ v ﬂ'n}'}ﬂ'li € il--:I.Jﬂ'nj E T?‘z N (8)
L_]‘}_-f =dar (Qly --uqu}qlg €EQuq™, EQm R (9)

d: — a message, dx — a vector of tasks each component requires user’s
involvement.
Each task is a 3-tuple “task definition — a set of weighted correct
answers — a required time to perform the task”.
gl =aer (g7, PI, 1), (10)
A set of weighted answers forms a pattern P/ . Generally, the
pattern provides a set of pairs “expression - value”. An expression is not
always textual and totally depends on the domain it belongs to, i.e. if
the task connected with objects manipulation then the expression would
be an ordered set of actions. A textual expression should be considered
as a variant
Pl=, |ls.v)s e 5/, v Q) Plc?P (11)

We should introduce an operation ¥ which can estimate a certain

expression against a pattern of answers.

. v,3s:(s,v) € P7
Y(s.q/)) _{ﬂ,ils:{s,v]'EPj. (12)
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A summary time needed to pass the tasks can be calculated in ac-
cordance with the formula

ty =) 1(q’)
) ; . (13)
We should also define an operation V(@) which can get a vector

of estimations of the tasks 9’ performed by the user.

7=1(q.), (14)
Thus, a message can be defined as a tuple
ﬁz =daf {EEJEE}, (15)

And a task collection connected with the message can be defined
as

?":r “dsf ﬁ}x'tq]'. (16)
A set of tuples (M..7x}e M; xR; forms the foundation of the sce-

nario, where Ri is a subset of the general set of scenarios B defined in
the system. Index i indicates, that the subset is selected for i-th sce-
nario.
M; =ges {iz|z €N} | (17)
Ri =gor [T WTe: 3 )M € M x.k EN} (18)
Modes. An important operation should be considered is the func-
tion of modes switching. The function allows to transform the basic ver-
sion of the scenario into a form convenient for a user, it can be regarded
as a key component of adaptation mechanism made system more flexible
and highly adoptable for different kinds of users. For example, it can
affect the speed of events flow, including/excluding the steps etc.
o =0l (19)
Hi - defines a transformation of j-th type which can transform the sce-
nario @: into a form of o7:. Generally, we can talk about the vector of
transformations applied to a scenario in order to adopt it for the user.

Next step definition. The definition of next step performed by the ¥
component included in scenario playing procedure. It depends on the results
of user activities estimation (see (14)). Simple variant of the procedure takes
the next step from the ordered set of messages. More sophisticated one goes
in accordance with the scheme included a set of alternative flows directed by
the conditions based on the vector of estimations

y:CxFE-C; | (20)
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where Fi — a scheme includes a set of alternative flows.

The final definition of scenario @i can be represented by the formulas
O; =def {Ei,m.,,CE-JFEL Mg £ MEJE}E eD , (21)
C. €M, xR, (22)
where Mo denotes the initial message.

Summary. The given work represents a formal description of the sce-
nario of the scenario-based integrative language learning system. The de-
scription is presented in a compact form and based on mathematical back-
ground. It allows to understand the specific and potential can be achieved by
the system; a set of operations should be considered; phases of evolution of
such systems; make a flexible architectural solution. The similar mechanism
can be used for other scenario-oriented systems.
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VIK 621.3

H.O. MatBeeBa, I0.B. JlazopeHKO
PO3IIISBHABAHHS{A BISYAJBHUX OBPAS3IB CUTHAJIIB
3A TOIIOMOTOIO HEMIPOHHOI MEPEXKI

AHomayis. BukopucmaHHs HelpoHHUX Mepex Ha OCHOBI 6a2amowaposoo
nepcenmpoHa 3anponoHOBAHO K Memo0d 015 po3Ni3HABAHHS BIi3yaANbHUX 06-
pa3is. [IpodemoHcmposaHa npaye30amHicme Mepexi Ha Npukaadi po3ni3Ha-
BAHHA Ma KAAcu@ikayii efekmpomMacHimHux cueHang. MooenoBaHHA BUKO-
Hysanock 8 cepedosuuyi MATLAB.

Knwo4osi cnosa: komnoumHi mamepianu, HelipoHHT Mepexi, bazamouwaposuli
nepcenmpoH, 8i3yanbHUll 06pa3s cueHany, QyHKYii akmusay;i.

Beryn. B nmpoMuciioBOCTI OJHMM i3 BaKJIMBINIUX HUTAHb € KOHT-
PoJb AKOCTI mpoAyKIlii. IcHye BejlimKa KiJIbKiCTh METOAIB KOHTPOJIIO, O]I-
HAK HaNWOiJbII BMKOPHCTOBYBAHUMM € METOAN HEPYHHIBHOTO KOHTPOJIO,
K1 He HAHOCSATH IMKOAU KOHTPOJIBOBAHOMY BUPOOY.

OmgHUM 3 METOMiB HEPYHHIBHOTO KOHTPOJIO KOMIIOBUTHUX MAaTepia-
JiB € BUXOpocTpyMoBHii. Ioro MOKHA IPOBOAUTH 0e3 KOHTAKTY IIE€PeTBO-
pioBaua 1 00 €KTa Ta OJep:KyBaT! NMPUNHATHI pe3yabTaTH KOHTPOJIIO Ha-
BiTh IPU BUCOKUX MIBUAKOCTAX IIePEMIiI[eHHsA IepeTBOploBaua. BuxopocTt-
pyMoOBUMII MeTOJ 3aCHOBaHUII Ha peecTpalili 3MiHM T'YCTUHH BUXOPOBUX
CTPYMiB, TOMY Ha OTPUMAHUM CUTHAJ MOKYTh BIJIMBATHU 30BHIIIHI BUXO-
poBi crpymu. Ciiz BpaxoByBaTH MIOPCTKICTh IOBEPXHI KOMMIO3UTHUX Ma-
TepianiB. BuHukae 3amaya — npu aHaJsizi oO0poOIOBaHMX CHUT'HAJIIB, HE00-
XiTHO oTpuMAaTH iH(opMaIliio HI040 HAABHOCTI Ta Po3MipiB medeKTiB.

Po3pobiieno 6araTo MeToniB poslridHaBaHHS 00pasiB 3a JOIOMOIOIO
HEMPOHHUX MEPEe)K 3 Pi3HOI CTPYKTYPOIO 1 crmenu@ikoio, 3aBAAKU UOMY
BiIKpUBAEThCA MIMPOKUHN MPOCTip s mochaimkeHb. CydacHi TexHOJOTII
IO3BOJISIOTH CTBOPIOBATM KOMII IOTEPHI CHCTeMM i3 3aJlydeHHAM HEHWpPOH-
HUX MepeXX, IJA AKUX B AKOCTI BXiJHUX IIapaMeTpPiB MOYKYTh BHUKOPUCTO-
BYBaTHUCA XapPaKTEePUCTUKU eJJeKTPOMArHiTHUX curHaiis [1,2].

Busnauennsa mpoOsemMu. MeToio poOOTH € CTBOPEHHA TrpapiuHmx
0o0pasiB eJeKTPOMarHiTHUX CUTHAJIB, AKi OTPUMYIOTHCSA NPU CKAHYBaHHI

KOMIO3UTHNUX MaTepiaji, Ta 1X OCJiIKeHHS 3a JOIIOMOT0I0 CTBOPEHOI

© MatBeena H.O., Jlasopenko 10.B., 2017
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HEMPOHHOI Mepeki masa pos3B’s3aHHA 3amauvi KJjaacu@ikarii curmaiais me-

deKToCKOIIiI.

OcHoBHa yacTuHa. KokHA IITyuHa HEHpPOHHA MEpEXKa SBJISIE COOOIO0
MHOXKHMHY IPOCTUX €JIEMEHTIiB — HEeHMPOHiB, SIKi CIIOJIyueHi MeBHUM UMHOM.
KoukperHuii BUTJIAA BUKOHYBAHOTO MeEPe)Kel IIEPETBOPEHHS AAaHUX O0y-
MOBJIIOETHCS HE TLIBbKU XapaKTEePUCTHUKAMMN HEMPOHiB, AKi BXOAATH M0 Ii
CTPYKTYpH, aJjie i ocobsmBocTAMHU ii apxiTekTypm, a caMe TOIIOJIOTIiEI0
Mi’KHEMPOHHUX B3B’A3KiB, HAmpAMOM i cmocobamu Imepemaudi iHdopmarii
Mi)K HepoHaMU, a TAKOXK 3acob0aMu HaBYaHHA Mepe:xki [2, 3].

IIpu mpoBeneHi aHaidy BXimHUX i BUXIZHMX JaHUX 3HAUEHHs Bar Ta
3CYBiB HEHMPOHHOI Mepe:Ki aBTOMATHYHO HAJAroAKyIOThCS TaK, IMO0 MiHiMmi-
3yBaTH Pi3HUINIO MiK OasKaHMM CHUTHAJIOM Ta OTPMMYBAHMM Ha BUXOHL B pe-
3yJabTaTi MojestoBaHHA. 1A pisHUIA HasMBAEThCA NMOMUJIKOIO HaBYaHHA i
IJIsI KOHKPETHOI KoHQirypariili HeMpOHHOI MeperKl BU3HAYAETHCS IIISIXOM
IPONYyCKAHHA uepe3 MeperKy BCiX CIIocTepe)KeHb, SIKi MaloThCsA, Ta IOPIiB-
HAHHSA BUXiTHMX 3HAUEHL 3 OasKaHiM, IiJIbOBUM 3HaueHHAM. ToOTo (opmy-
€ThbCA (PYHKITIA MOMUIKY (KPUTEPili AKOCTI HABUAHHS).

BararontapoBi HeMpPOHHI Mepe)Ki MPAMOI0 PO3MOBCIOAMKEHHA ABJA-
IOTh CO00I0 HEJIIHiMHI cucTeMu, AKi JO3BOJIAIOTH Kpallle KBaJi(piKyBaTu HixK
3BUUaiiHi cratucTuuHi Metomu. BaratommapoBuit mepcentpoH (multilayer
perceptron - MLP) cknagaeTbcsa 3 MHOKMHU BXiTHUX BY3JiB, AK1 CTBOPIO-
IOTh BXiZHHMH IIap, OZHOro abo JEeKiJIbKOX IPUXOBAHUX INIapiB HEHPOHIB 3
cUrMoifaJbHUMU (PYHKIIAMU aKTHBAIlii, Ta BUXiOJHOTO Iapy HEMPOHIB 3
JiHiiHuMU QyHKIiavMu aktuBaiii. IIpu saBuanui MLP BukopucToByHOTHCA
aJTOPUTMU 3BOPOTHOTO pO3IMOBCIOM:KeHHs mnomMuaku (back-propagation
learning) [3]. Koxxuwuit meiitpon MLP, AKuii HaBYaeThCA HA OCHOBi 3BOPOT-
HOT'O PO3IIOBCIO/;KEHHS Ma€ HeJiHINHY Iiaagky (GYHKIiI0 akTuBallil, 4acTo
BUKOPHMCTOBYIOTh HEJIIHIAHY CHUIMOifaJabHy (DYHKI[i}0 THIA JIOTiCTHYHOI abo
rinmepboJtiuHoro Tanrenca [3, 4].

AJjropuTMHu onTHMMIisallii HaBUaHHS € CTpPaTeriiMu, 3aCHOBAHUMU
Ha peaJisarii imei iTepaTMBHOTO CIIYCKY, AKi 3a0e3meuyioTh MiHiMisaIriio
dyHKIiOHaTa HaBUaHHs. ¥ IpoIleci podOTH aJropuTMiB, AK IIPaBUJIO, BU-
HUKae 3aJadya OJHOBMMIPHOTO MOINYKY MiHIMyMy Vy3I0B:K 3aJaHOTO Ha-
npAMKY [2, 3].

IIpomec HaBuaHHSA MepeKi BKJIIOUAae HaJIalITYyBaHHA 3HAUEHHS Bar i
3CYBiB MepeKi AJisa omTuMisallii mpoAyKTUBHOCTI Mepe:ki. HamamryBanua

MIPOAYKTUBHOCTI MIJI MepeK 3 MPAMUM MONIMPEHHAM BHU3HAUAETHLCS 3a ce-
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peIHbOKBaAPATUUYHOIO (PYHKIIIEO (mse) MixK BuxomaMm Mepexki (a) i 1ri-

JboBUMHU Buxomamu (t) Ta BumsHauaeThcs 3a (opmysiomn [3]

N
1

F=mse=— )} ({t; —a;)?
N Z (1)

Hai6inpmmuii iHTEpec mpencTaBadAOTh TaKi IMOKa3HUKU SK BEJINMYM-
Ha TPOAYKTUBHOCTI rpagieHTa i KiJIbKiCTh MepeBipOK AOCTOBiIpHOCTi, KOTPi
BUKOPHMCTOBYIOTLCA [IJIS 3aBepIlleHHs HaBuUaHHA. IIpu HaliMeHIIIOMY 3Ha-
YeHi I'paZieHTy HaBUaHHA JOocCATrae MiHiMaJbHOI IPOAYKTHUBHOCTI. Besu-
YUHY TpajieHTa MOKHa BU3HAUYaTH CaAMOCTiHO.

ITicsiss HaBuUaHHS 1 IepeBipKM HeHpPOHHOI Mepe:ki 00 €KT Mepesxi
MOJKHA BUKOPHCTOBYBATHU IJIA PO3PAXYHKY BimoBime# Ha Oyab-siKe BXigHe
3HAYEeHHS.

OcHOBHU# aJTOPUTM 3BOPOTHOTO PO3IIOBCIOMKEHHS IIOMUJKHU KOpe-
rye IapaMeTpu, AKi HaJaroAKyIOTbCA, B HAIPAMKY HaNCKOPIIIIOro 3MeH-
IMeHHA (yHKIioHanmy noMuJaKm. Meroam Apyroro moOpAAKY BUMAaralThb
3HAHHA JPYTUX MOXiAHUX IIbOro (yHKIIioHaNy moMuiaku. Ilo mmux mMeToniB
BimjHOCUThCA MeTon HpioToHA, OCHOBHUII KPOK SKOT0 3HAXOAUThCA 3a (o-
pMYJI0IO:

Xe+s = X — H' g, (2)
e X, — BeKTOp 3HauUeHb mapaMeTpiB Ha k-i1 itepamnii; H — maTtpuna gpyrux
YaCTKOBUX MHOXiJHUX MiJgboBOI (PYyHKIIil, abo marpuns I'ecce; g, — BEeKTOp
rpagieara Ha k-1 ireparii. Merong HpioToHa B 6araThox BHIIQZKaX CXO-
IUTBCA CKOpillle, Hi’K MeTOAM CIIOJIYYeHOro rpajieHTa, ajie Imotrpedye Be-
JUKUX 3aTpaTr uyepe3 obumciieHHs recciaHa. Iljgs Toro, miod YHUKHYTH 00-
ypcJeHHA maTtpuili I'ecceHa, IPOIOHYIOTHCA pPidHi 3acobm ii 3amileHHS
mpubJIN3HUMU BUpPasaMHU, Ile IMOPOAMKY€E TaK 3BaHI KBa3iHBIOTOHOBI aJjro-
putMu (HAIPUKJIAL, aJIrOPUTM METOJa CiYHMX MJIOCKOCTEeH abo aJropuTm
JleBenOepra-MapkBapara) [2 u. 4].

Agaroputm JleBenOepra — MapkBapaTa peajidye HaCTYIIHY cTpare-
riro nyua ominkm martpuii I'ecce. Ilpunyckaroun, 1mo (PyHKI[iOHaAJ BU3Ha-
YyaeThbcA AK CyMa KBaJApaTiB HOMMJIOK, HI0 XapaKTepHO IIpM HaBYaHHI
HEMPOHHUX MEpPeK 3 NPAMHM PO3MOBCIONKEHHSIM, I'ecCiaH MOKHA Ha0JIu-
JKEeHO OOUYUCIUTUA AK

H=]T] | (3)
a TpaJieHT po3paxyBaTu 3a (popMYyJIOI0
g=]"e | (4)
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a]
ne T aw - MaTpuna SIko6i mMoxXiZHMX (GYHKI[IOHATY IOMUJIKK 3a Iapame-

TpaMM, AKi HAJAIITOBYIOTHCA; € - BEKTODP IIOMUJIOK MEpPEKi.

Marpunsa IKob6i moxxe OyTm oOumMciIeHa Ha OCHOBI CTAaHIAPTHOIO
METOJy 3BOPOTHOTO PO3MOBCIOMKEHHSA IIOMHUJKH, Ile iCTOTHO HPOCTiIie
obuncaennsa marpuni I'ecce. Anroputm JleBembepra — MapkBapaTra BHKO-

PUCTOBYE alIpoKCcHUMAaIlil0 recciaHa TaKOro BUTJISALY:
-1
Xewa = X — (U] 4 00) Ty | (5)
Koun koedimienr # popiBuioe 0, orpumyemo meron HwioToHa 3 Ha-

OMM)KeHHAM [0 TrecciaHa; KOJM 3HAUYEHHS M BeJUKe, OTPUMYEMO METO.H
TPAfi€HTHOTO CIIYCKY 3 MaJIeHbKUM KpPoKoM. OckimbKkum meton HploToHa
Ma€ BEJUKY TOYHICTH i MIBUAKICTh 30i3KHOCTI IIOOJIM3y MiHiMyMy, 3aBHaHHS
IIOJISATAE B TOMY, IIO0 y mpolleci MiHimisalili sKomora IIBHUAIIE IIEPENTU OO0

merony HrioToHa. 3 1i€elo mMeToio mapaMeTp 4 3MEHIIYIOThL HiCJA KOXKHOIL
yeninrtHuMu iteparii i 30iJbIIYIOTH JIMIITE TOAi, KOJM IIPOOHMI KPOK IIOKa-
3ye, 110 (PYHKIIIOHAJT MOMMJKHU 3pocTae. Taka crpareria 3abesmeuye 3MeH-
HIeHHA TOMUJIKU ITicJad KOMKHOI iTepallii aaropurmy.

Ilet1 anroputrm wmae ayke eGeKTUBHY peaJjisaliro B CHUCTeMi
MATLAB, 1m0 € iHTepmpeTaTopoM BEKTOPHOI MAIWHM, Oe Omepallis cKa-
JAPHOTO JOOYTKY peali3yeThbCs 3 BHMCOKOIO TOUHICTIO i IIBUAKOIi€I0 Ha
MAaTeMAaTUYHOMY CIIiBIpoIlecopi Komil rorepa. I'OJIOBHUMII HeNOJIK aJaropu-
™y JleBenOepra — MapkBapaTra IIOJsiTae B TOMY, II[O BiH BuMarae 6arato
mam aTi s 30epiraHHsa MaTpUIlh BEIMKUX po3Mipis [3, 4].

HaBuanua HepPOHHOI Mepe)Ki NPUIIMHAETHCA NPU BUKOHAHI OAHiel 3
YMOB: 3HAUeHHA (DYHKITil AKOCTI HaBUAHHSA CTaJI0 MEHIIIe TPAHUYHOTO; I'pa-
Ji€HT KPUTEepiio IKOCTi cTaB MeHIIIe; JOCATHYTO I'PaHNUYHE YMCJIO ITUKJIB Ha-
BUAHHS; IIEPEBUINEHO MAaKCUMAaJbHIUN Uac, BUMLJIEeHUN Ha HaBUAHHS.

ExcnepumenranbHi mocaimskenHda. Ilpuw mnpoBemeHi CcKaHyBaHHA
KOMIIO3BUTHUX MaTepialiB 3a AOMOMOTI'0I0 BUXOPOCTPYMOBOT'O II€PETBOPIO-
Baua OTPUMYIOTbCA TpuU (GOPMHU CUTHAJIIB YHIMOAAJNbHUM, IIOJIOTUH YHiMO-
NaJbHUHN Ta OiMomaabHiNI. YHIMOZAJIBHUI CHUIHAJ 3 MAaKCHMAJBHOIO aMII-
JiTynoio xapakTepusdye aedeKTU, SKi IIepeBUINYITh PO3MipU IIepPeTBOPIO-
Baua, a OiMomaJbHI 3 HAHOILJIBIIMM HPOBAJIOM BEPHIMHMN HaJEXKaTb IO TOU-
KOBUX nedekTiB [6].

B po6oTi 3anmpomoHOBAHO AOCJIAUTH MOJEJbHI CUTHAJIM, AKi omxep-
JKYIOTBCA IIPM CKaHyBaHHI IOBePXHiI KoMII03uTiB [5] Ta ommcyioThbesa ¢o-
PMYJIOHO:
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v(x) = exp(—1,5x3) - k + exp(-3x3), (6)

ne k smiHwerbesa Big 0 mo 1: mpm £ = 0u0.35 oxpep:KyeMo BY3bKUN YHi-
MOJAJbHUM CHUTHAJ, KOTPHUM XapaKTepusye MOOBIi TPIINIMHU, ITOBXKUHA
AKUX 1nepebisbinye 30Hy KOHTpPoJo. IIpu 3mimi £ = 0.3540.55 orpumyemo
MMOJIOXKUCTUN YHIMOJAJNbHUI CUTHAJ, XapaKTePHUUN A TPIIIUH MEHIIO1
po3MmipaocTi. Bepyun kB = 0.6ul oTpummyemMo OiMOmaJbLHUI CHUTHAJ, AKUKI
MaOTh MaJIeHbKi TpimuHem (Ipu £ = 1 — TOuKOBU# nedeKT).

Ha TtenepimiHiii yac I8 MOJeJIOBaHHS HEMPOHHUX Meperk icHYye
BeJIMKA KiJbKiCcTh mporpamMuoro sa0esmeueHHA. B pobOoTi 3ampommoHOBaHO
BUKopucTtoByBaTtu iHcTpyMenTapiii Neural Networks Toolbox makery
npukaagaux nporpam MATLAB R2010b, xKoTpuii 3abesmedyeHuil IIHMPO-
KM HabOpOM KOMAaHI I (DYHKI[IA /A NPOeKTYBaHHSA Ta NOCHiI)KEHHS K
CTaTUYHUX, TaK 1 AMHAMIUHUX HEHPOHHUX MepexK.

Mera pmociuigyKeHHS — CTBOPUTH HEHUPOHHY Mepe:Ky, KOTpa CIIPO-
MOJKHAa PO3IlidHaBaTH BidyaJbHUII 00pa3 CUTHAJIIB.

B po6oTi 3a momomorow po3pobiseHoi (GyHKII create pic_of sign.m
Ta ¢dopmyau (6) CTBOPIOIOTHCA 300pakeHHS CUTHAJIB B rpajalmidax ciporo
posmipom 21x13. Jlaysi BUKOHY€eTbCSA KOHBEpPTAIlid 3HaUeHb CUTHAJIY 3 Of-
HOMIpHOI MAaTpuIli B JABOMIpHY Ta HIPOBOAUTHCA KOAYBAHHA HACTYNIHUM
YPHOM. 3a KOKHOI0O KOMiIPKOIO IO IIHPHHI 3aKpiljeHi KoopaumHATH mepe-
TBOpPIOBaUa II0 OCi X, a IO BUCOTiI — 3HAUEHHS CUTHAJY y IIUX TOYKaAX TaK,
o0 camMa HMKHSA KoMipka mpuitmaJsa 3HadeHHA Big 0 mo 0,077, a Haii-
Buma — Big 0,924 go 1,001. Ilicia BuKOHaHHS KOHBepPTAaIlil CHTHAJIY
OTPUMYEMO ABOMipHY MaTPUIIO0, B AKili KOKHa TOUKa CHUTHAJYy BiAmOBiIae
HYJI0 yV BiAmoBigHiN KoMmipii. 3a momomoroioo BOyZOBaHOI B cepemoBHIIE
Matlab ¢yukmii imwrite(A,filename) cTBOpPIOEMO 300pasKeHHsS B I'pajalli-
AX ciporo.

Hns  umeperasamy  300paskeHb CHUTHAJIIB  CTBOpPeHa  (PYHKILiA
plotsign(c), 3a JOIOMOTOI0 AKOI MOKHa MO0AUMTHU CUTHAJU YHIMOIaJIbHOI
(puc. 1) Ta 6imomanbHOI (puc 2) popmu.
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Pucyunox 1 — YuimomanbHUIl curuaa

Pucynox 2 — BimogaibHUM curHas

Ilna BUKOPUCTAHHSA CTBOPEHUX 300pakeHb y cepemoBuiiii Matlab
HeoOXiTHO iMmopTyBaTu Ta 00poOuTH IIi 300paskeHHs. I[JIsT ITLOTO CTBOpPEHA
dbyukiia Imgread m(x), Aka Iicas iMoopTy pucyHKa o0pobJse #oro Ha-
crynauM umHOM. OCKIIbKM 300pakeHHA 30eperkeHi B rpajgaimidx ciporo,
TOOTO 3HAUEHHA KOKHOI'O IIiKcely JieKaTb y npomiskky 0 u 255, a gaa
eKCIIePMMEHTIiB BHUKOPMCTOBYEThCA JIOTiUHMII (popMaT KoayBaHHS «1» abo
«0». Heobxigao mpoBectu 3aminy 3uauenuda 0 ma 1, a 255 ma 0. Ilicaa o0-
POOKM ABOMipHA MaTPUIlSI KOHBEPTYETHCA Yy BEKTOP 3 273 ejleMeHTiB, a Qy-
HKIiaA Imgread m(x) moBepTae y cepemoBUIle Iieii BEKTOP.

B mporeci mocuimkeHHs OO CTBOPEHUX CUTHAJIB A00ABJIANNCH 3HA-
yeHHA Imymy. Had mporo poapolOsieHa (YHKIA noise _img(img, n_p), AKa
JIO3BOJISE AOAABATH ITYM-TOUKHN Ha 300paskeHHs curHajiiB. Hampuxiazn, mo-
JamMo 25 IIyM-TOYOK Ha 300paKeHHs YHiMOZaJIbHOTO curHairy (puc. 3).
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Pucyuox 3 — YHimMomanbHU# cUrHaa 3 25 IIyM-TOUKaMU

s po3misHaBaHHA CUTHAJIB BUKODPHCTOBYBaJIach JBOIIapoBa Heli-
POHHaA Mepe’ka - OaraTomiapoBHiI IIepecenTpoH 3 273 HelpoHaAMHU Y BXi-
HOMY Inapi (KiJbKicThb KOMIOOHEHTIB BXigHOro BeKTOopa), 30 HelpOHIiB y
IIPUXOBAHOMY IIapi Ta 2 HEMPOHUW y BUXigHOMY mIapi (3a KiJbKicTiO KOM-
IIOHEHT BUXiTHOTO BEKTOpA).

1A cTBOpPEHHSA HEHMPOHHOI MeperKi mpsMoro IOIMIHMPEHHSA 3aCTOCO-
ByBasin (pyHkKIito feedforwardnet (hiddenSizes,trainFcn), ne hiddenSizes
— BEKTOP-PAJOK 3 OZHOTO abo MeKiJbKOX PO3MipiB IIPMXOBAHOIO IIapy;
trainFcn — pyHKIisg HaBUaHHS.

Hia nepeBipku eeKTUBHOCTI CTBOPEHOI HEMPOHHOI MeperKi TecTy-
BaHHSA IPOBOAMJIOCH Ha TPHOX 300paKeHHSAX CUTHAJIIB: YHiMomaabHa (op-
Ma, IoJiora yHiMomaabHa (popMa Ta curHaam OiMomanabHOI (popmu. Croua-
TKY HaBUaHHA IIPOBOAMNJIOCH Ha MOJAEJbHUX cUTHaax 6e3 mrymy. Ilotim Ha
cur"Hajax, no axkmx pomaBanau 30 mrym-touok[6]. CTBopeHi ABI cTpyKTypu
HEMPOHHUX Mepek MicTuam B mpumxoBaHoMy miapi 30 HelpoHIB Ta BHKO-
PHUCTOBYBAJIM JIOTiCTUUYHY cuUTrMoOinanbHy (yHKIio (logsig). Buximamit map
CKJamaBcs 3 3 HEHPOHIB (3a KijbKicTio (hopM cUTHAJIB) Ta 3aCTOCOBYBaB
JiHiWHY (QyHKIiO (purelin).

TecTyBaHHS IPOBOJAMJIOCH HACTYITHUM YMHOM: Ha CTBOPEHY HEHPOHY
MepeXKy II0JaBaJINCh 300pasKeHHA CUTHAJIB, 0 AKUX IIOCTYIIOBO AOIABAJIVICh
mryMm-Touku B giamasoHi Big O mo 100. IInsg KOKHOTO 3HAUEHHSA MIYM-TOYOK
dopmyBasmock 100 sammrymMoBaHMX IIOCJiJOBHOCTEH 1 IIigpaxoByBaBCsS BUXif
Mepexki. Buxiguuit curaan obpobisaBca M-dyHKIielo compet 3 MeTOI0 BUO-
patu onuH 3 Tphox curHaiiB. Ilicasa mporo ormiHioBasiach KiJIBKICTH TOMMJI-
KOBUX KJacu(ikalliii Ta migpaxoByBaBCA IIPOIEHT HOMMJIOK. BinmosimHuit

rpacgik moxmOOK MepeKi HaBemeHO Ha puc. 4.
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Pucynox 4 — IloMmusiKu cTBOpeHOI MeperKi Bif KiJTbKOCTI IITyM-TOUYOK

B xoxi momanbIimux eKCHeprMEHTIB CTBOPEHY HEHMPOHHY MEPEKY 3aCTOCO-
ByBaJll TaKUM YMHOM. HaBUaHHS IPOBOAUJIOCH Ha 300pa’KeHHSX JBOX CHUTHA-
gax yHimomanmbHOMy (mpum k=0.1) Ta GimomassHOMy (mipum k=0.9). Buropucrto-
ByBajlaCch Ta »K caMa JBOIIIapoBa HEWpPOHHA Mepe:Ka. TiIbKH y HTPUXOBAHOMY
miapi 3actocoByBajioch 30 HEHPOHiB, Y BUXiZHOMY IIapi BUKOPMCTOBYBAJIOCH 2
HEWpPOHM, OCKLIbKM IIpalioBaju MO uep3i 3 aBoMma (opmamu curHajiiB. g
KOKHOI'O THUITy CHUTHaJIIB BuUKoprcroByBajsiochk 1000 mpukiaaziB s HaBUaHHS,
sIKe IIPOBOJMJIOCH HA MOJEJILHIX Ta OKPEMO Ha 3aIlllyMOBAHUX CUTHAJIAX.

TecTyBaHHS Mepe’Ki IIPOBOAMJIOCH IJA PidHUX 3HAUYEHb k i3 opmysn
(6), aKi He Opasu ydacTi B mpolieci HaBuaHHs. BuxkopucroByBasmu 500 mpukJia-
B IJIs KOMKHOTO THUITY CUTHAJIIB Ta IIOCJIIOBHO AOJaBajiyi IIyM-TOUYKU B Jiaria-
3oHi Big 0 mo 70, moTiM 3HAXOAMIM CEpeqHE 3HAUEHHA JIA KOXKHOTO 3HAUEHHSA
mryM-Touku. OTpuMaHi pesyibTaTé HaBemeHi B Tadauiiax 1 ta 2.

Tabauma 1
Ominka moxmuOOK HEHMPOHHOI Mepe)ki mpu HaBYaAHHI

Ha MOIEJbPHMUX CHUT'HaJIax

Cursain aiasa

TECTYBAHHA | | 109 | 20 | 30 | 40 | 45 | 50 | 55 | 60 | 65 | 170

poboTu Me-
pexi
k=0 100 | 97.8 | 90.8 | 88.4 | 84.8 | 83.6 | 82.6 | 79.6 | 79.4 | 80.6 | 76.6
k=0.2 100 | 98 | 95 |92.4 | 89.2|89.4 | 88.8| 86 | 83.8]| 86.2 | 88.2
k=0.3 100 | 82.6 | 72.8 | 73 | 76.4| 71 |71.4|67.4|71.4| 73 | 70.4
k=0.6 100 | 99.6 | 99 | 95.6 | 92.2 | 91.4 | 88 |87.4 | 82.4 | 82.4 | 78.2
k=0.8 100 | 99.6 | 98.2 | 95.6 | 93.4 | 90.8 | 89.4 | 87 | 85.4 | 84.4 | 80.4
k =1 100 | 99.8 | 98.4 | 95.4 | 92.4 | 92.6 | 89.6 | 87 | 84.8 | 81.2 | 81.6
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Ta6aumnsa 2
Ominka moxmbOK HEHMpPOHHOI Mepe:Ki mpu HaBUaHHI Ha CUTHaAJax 3 IIIyMOM
Curuana
IJIs Tec-
TyBaHHA 0 10 20 25 30 35 40 45 50 55 60 65 70
pob6oTu
Mepexi
k =0 100 | 99 | 99.4 | 99.4 | 99 | 99.4 | 99.2 | 99.4 | 99.2 | 99 | 98.8 | 99 | 98.4
k =0.2 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 99.8 | 99.6 | 99.8 | 99.8 | 99.4
k —=0.3 | 100 | 99.8 | 99 | 988 | 98.2 | 98.4 | 98.6 | 98.2 | 97.6 | 97.6 | 97.2 | 95.8 | 96.6
k =0.6 | 100 | 99.6 | 98.8 | 98.4 | 96.6 | 95 | 96.2 | 95.6 | 92.2 | 93.2 | 89.2 | 86.4 | 87.2
k =0.8 | 100 | 96.2 | 90.2 | 89.8 | 90 | 91.6 | 89.6 | 87 | 89.6 | 87.2 | 87.4 | 85.2 | 84
k =1 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 99.8 | 99.8 | 99.8 | 99.6

BucuoBku. IlpoBemeHi mociiKeHHsA IIOKa3aJu IIPUHIIUIIAJIBHY
MOJKJIMBICTh 3aCTOCYBaHHS HEMPOHHUX MeperX MJIA pPo3lMidHaBaHHS CUTHAa-
JIiB, AKi mpeacraBjeHi BidyambHuUMHI obpasamu. HaBuamus mepe:ki Ha pis-
HUX Habopax CUTHAJIIB 3 IITyMOM [JO3BOJIMJIO HABYMTH ii mpaIoBaTH 3 CIIO-
TBOPEHUMM JTaHUMM, IO XapaKTEePHO NPHU IIPOBeJeHlI HepyWHIBHOIO KOHT-
PoOJIIO y peaibHUX YMOBax.

CrBOopeHa HeHpOHHA Mepeska [IeMOHCTPYE SAKIiCTh po3mizHaBaHHSA
npuoau3uo 90%, AKIMO OO0 iZeaJbHOTO CHUTHAJNY MOOJAETLCSA He OijbIie
30% I1IyM-TOYOK BijJ 3arajbHOI KiJIBKOCTi TOUOK Ha 300pasKeHi.

HociimxeHHa IMOKasaju, M0 IIPXM HaBUYaHHI HEWPOHHOI Mepe:Ki Ha
CHUTHaJIaX 3 IIIYMOM, BOHA JEeMOHCTPYE Kpallli pe3yJbTaTH PO3Mi3HABAHHSA

o0pasiB curHaJis.
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V.0O. Pashchenko
THE THEORETICAL BASIS OF THE INFORMATIONAL
TECHNOLOGY OF NONSTATIONARY
ELECTROMAGNETIC TESTING FOR ORTHOTROPIC
DISSIPATIVE COMPOSITES

Abstract. Analytical spacial-temporal distributions of tangential projections of
eddy currents, induced by a rectangular contour of nonstationary external ex-
citement, under a composite surface have been obtained.

Keywords: orthotropic composites, dissipative loss, eddy currents, skin-effect.

Introduction. The electromagnetic field spreading is accompanied
by a decrease of its characteristics intensity. An energy lost transmittes
to electrodynamic system microparticles and its environment with the
transformation to a heat. The dissipative loss taked into account gives
rise to the self-consistent problem of electromagnetic field interacting
with the microparticles ensemble of electrodynamic system [1].

A more constructive approach that simplifies the problem concep-
tion is given by the macroscopic electrodynamic, based on the classic
theory of electromagnetic field [1].

Constructional elements of electrodynamic system are often made
with the help of reinforcing fibrils or their twistes, providing best mass-
durability properties and a resistance to thermal and chemical influ-
ences. Thus, carbon and graphite composites are widely used in an engi-
neering.

The unidirectional reinforcement is wide-spread and relativly to
its orientation composites have the characteristics and properties sym-
metry, including an electrical conductivity, so they are called by
orthotropic (orthogonal-anisotropic) [2]. Conductivities (~10 + 103Sm/m)

along and across to the reinforcing direction of carbon composites differ
by no more than several times. If a conductivity of neighboring fibrils
deteriorates locally towards to the direction of a reinforcing then it
identifies the composite continuity defect.

© Pashchenko V.O., 2017
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To create the information technology of nonstationary electro-

magnetic testing of orthotropic composites it is necessary to have
mathematical models based on electrodynamics boundary problems solu-
tions. A simplification of such solutions is achieved by using the method
of integral equations (IR), which has broad functionality, guaranteed ac-
curacy of calculations and a relatively small time of preparation for the
problem computer solving [4].

When the secondary sources method is used the boundary prob-
lem is reduced to equivalent IP used Green function [5]. Thus, for the
conductivity equation IP is an expression for the double layer poten-
tial [6], which is non-zero in the area, expanded over time, and given by
both an external current density of exciting contour and its location.
The fundamental solution of the conductivity equation is Green function
therefore initial and boundary conditions can be replaced by a system of
point sources [6], for which the problem is solved seperately; its general
solution is a superposition of elementary solutions.

For the electromagnetic testing of manufacted articles unbrokens
most boundary problems of electrodynamics have been solved in a case
of quasi-monochromatic fields that zound nondissipative electrodynamic
systems.

The aim of the study. To obtain analytically spatial-temporal dis-
tributions of tangential projections of eddy currents density, induced by
a rectangular contour of external nonstationary excitation, under the
plane surface of orthotropic dissipative composite.

Main part. The geometric center of rectangular contour with size
2a x 2b have been placed at the beginning of right system of Cartesian
coordinates. The plane contour is distanted by a clearance & from the
composite surface. Contour sides as abscissa and ordinate axises are ori-
ented along and across to the reinforcement direction (Fig. 1). Along the
contour the external nonstationary current with density j(t)=].f(%)

runs, where ], is the amplitude, but f(t) is the bending (|f(t)|<1).

The probing field generated by a rectangular contour of external
current, that is parallel to the composite surface has three non-zero
components of its characteristics: a) tangential E, and E, of electrical
intensity; b) normal H, of magnetic intensity.
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x-, y-projection of electrical intensity polarizes the composite

more than the air so far as gy<e. Since tangential projections of electri-
cal intensity are continuous on the border "air-composite”, there are no
free surface charges, but there are compensated surface charges [7],
which form the so-called dipole layer (Fig. 1, a).

Since the composite is a thicker environment, it contains more
elementary dipoles (Fig. 1, a) on the border. The normal projection of
magnetic intensity is discontinueous that is determined by the perme-
ability ratio [7]: (H,),/(H.), = w, /1, where indices ‘0’ and k’ indicate

the air and the composite, respectively. Zero tangential projection of
magnetic intensity ensures that surface currents no run [7] due to the
movement of free charges.
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Figure 1 - The electromagnetic testing of orthotropic dissipative compos-
ite by the rectangular current contour, represented by point sources
(—+): a) composite cross-section, side view; b) view from above
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Under the influence of the normal projection of magnetic inten-

sity the composite is magnetized, and near its surface molecular cur-
rents take place [7]. In consequence the non-zero total subsurface cur-
rent has been created.

Based on IP for nonstationary differential equations of general
electrical conductivity as a basic expression for double layer potential, in
[8] it is showed that x-, y-projections of elementary eddy currents, induced
in the composite by each of (m, n)-four (me[-a, a], n€[-b,b]) point sources,

located on opposite sides of the contour, with the coordinates ( x(™,—b, 0)

and (x™, b, 0), also (—a, y™,0) and (a, y“™,0), is given by equalities:

ann d \ Ky ﬂ_.x,y Ky ﬂ_.x,y 2
——<lim | (Z — h} =
dz | 7=t \|

Ty, zt) =+ &P~
Ty " dma,, T’fy (T —t) P 4(t —t)
‘ . dft—1)
Ty —T
4 H, (t——)" dr,
[
rxiyfc

(1)
if x- and y-projections of the distance of composite surface (x, y, h)-

(m)

point from contour ( x™, Fb, 0)- and (4a, y'™,0)-elements are equal:

=Vl —xmZ 4 (v B2+ 2, rE =Vt a2+ (v —y™)2+ R (2)
In the equality (1) following designations are used: y, is the air
permeability; g,, is the composite conductivity along the x-, y-

coordinate; ¢ and t are time and its delay;

+ 2U¢ ”%}u
L= = J .
o, (-2 = ——— (i=+v-1) (3)

c IuizﬂJ—zm‘_un[J—;ﬁr Iu(dxﬂp]dp—rxiy]]

is x-, y-projection of composite surface passing characteristics, U(z) is
the single step function; ¢y and ¢ are the dielectric constant and the field
propagation speed in the air; I, is the modified Bessel function 0-order,

in particular, the outer one is depended from a complex argument, and
the internal one has a real variable; d,, is the square root of dissipa-

tion factor di}, along the x-, y-coordinate.

In curly brackets the equation (1) has an expression that ap-
proximates a delta-function [9]. The derivative from &(z — h) with re-
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spect to the variable z equals to zero if z = h. Therefore, in transitional
and stationary modes tangential projections of eddy currents density are
equal to zero [7] on the dipole layer outside of the composite surface.
After a differention with respect to the variable z the expression
in curly brackets from an equation (1) has the damped exponent, which
is functionally dependents on the depth square (z — h)* in the composite

(skin-effect) [10] and on the approaching (t —t) to the border of field
spreading domain in the transition mode.

If we equate to zero the derivative from the equation (1) with re-
spect to the variable 2z an applicant gets the value

z = h+1im /2(t — 7)/uy0, ,, Which is approached to the dipole layer in-
T—LC -

side near the border of field spreading domain (t — t) on the composite
surface. That's where extreme tangential projections of eddy currents
density are induced by a point source:

Jay =t Bolo _1;py Ho%zy H.,(T ”") df(t—1). (e = 2.71828) (4)

- 4:|Is'|:rm,rm, = v 2m(E—T) rx».}’

x - and y -projection of eddy currents density inducted in the composite
are defined by differences of equation (1) taken with the sign "+" and "

", then integrated for x™) from —a to a if it uses the index "x" and for
y™ from —b to b if it uses the index "a", respectively:

jx(x,y,2,t) = ffa[f;-r (x,v,z,t;x™) — jo (2, v, 2z t; x™)]dx"™ = —
pololz—h) .. |1 [uo3a,® _ poug(z—h)*
- ama,, Ll_l;:zl \4 n(t=-1)° exp [ 4(t-1) ]” X
—all e + i A - T [m)
X Jy L; [ (T="2df 6 =0 = = [z Hy (G —"Df (¢ —r)] dx™,  (5)
jrly.z,t) = fi, Ui yzt; y™) —js (x vzt y™)]dx™ = =

o Holplz—h) ., |1 I| pp o, ® [_ uu-:ry{z—hjz]
Lim 4+ wie—1)°2 exp 4(t—1) X

XJ' [ L-"‘I,-'.g H+ { T — '}r}df(t —T} — __J-E"'I."c H_; [T — %}d}c [t — T}] d}}':ﬂ:', (6)

r=n(x—x™,y+ b) = 1r,(x + @,y — y™) defined by formula (2).
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Conclusions. Theoretical foundations of the information technology

of nonstationary electromagnetic testing of orthotropic dissipative compos-
ites have been laid. Based on the integral equation for general conductivity
differential equation as an expression for double layer potential, analytical
spatial-temporal distributions of tangential projections of eddy currents
density, induced by the rectangular contour of external nonstationary ex-
citment, under the composite surface have been obtained.

It is shown that during transient and stationary modes zero tangen-
tial projections of eddy currents density have place on the dipole layer out-
side of composite surface.

It is proved that skin-effect has place when the exponential decrease
of eddy currents density depends on the depth square into the composite
and an approaching to the boundary of field spreading domain in the tran-
sient mode.

It is shown that in a current time values of tangential projections of
eddy currents density become extreme when an approaching both to the di-
pole layer inside on the composite surface and to the boundary of of field
spreading domain in the transitient mode.
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VIK 621.3

N.B. Ilonomapes, A.P. HyxaJo
OCOBEHHOCTH PA3PABOTKH CAWTA
C IOMOIIIBIO ASP.NET MVC FRAMEWORK

AuHomayus. [lpednoxeHa nocnedosamenbHocms Oelicmsull 014 €030aHUA
catima ¢ nomowpto MVC mexHonoeuu. B ocHose apxumexkmypsl pa3pabamei-
8aemMo20 npodykma ucnosb3yemcs wabnoH nocaoliHol apxumexkmypsl, KOmo-
pbili ynpowjaem pabomy npoepammucma.

Knwouessie cnosa: ASP.NET, FRAMEWORK, mHozocnoliHas apxumexkmypa, MVC,
MoOesib, npedcmasJsieHue, KOHMpoJnep.

BBemenue. Byayuu anabpTepHaTtuBoii TexHosoruu Web Forms,
ASP.NET MVC ucnoansdyer Apyroi moaxol K BOIPOCY CTPYKTYPUPOBAHUS
BeO-IPUJIOKEHNI. ITO O3HaAuaeT, UTO He IIPUIeTcs MMeTh ngejo ¢ ASPX-
CTpPaHHUIIAMU U 3JJIeMEeHTaMM yIOpPaBJeHUs, OOPaTHBIMHU 3alpocaMy HJIU
ViewState, a TakiKe KHU3HEHHBIMH IIMKJAMM CJIOXKHBIX coObITHIi. BMecTo
ATOTO OMpeneJaATCs KOHTPOJIJIEPhl, IeMCTBUSA U HIpPeaAcTaBJIeHUAd.

ITocranoBka 3amauu. HeoO6xommmo paccMOTpeTh OCOOEHHOCTH Pas-
paborku camnta ¢ momoinbio ASP.NET MVC FRAMEWORK, koropas 1mo-
3BOJISIET PENINUTH IIPO0JIEMYy KOCTHOTO AM3aiiHa IPUJIOKEHUS U CKOHIIEH-
TPUPOBATHCSA Ha Pa3dpaboTKe KOHKPETHOIO CJIOSA IIPOrPaMMBI.

OcHOBHaAA 4aCTh.

Omnucanue ASP.NET MVC FRAMEWORK.

MVC — »T0 (pyHIAMEHTAJILHBIN IIATTEePH, KOTOPLIA HAIIleJ IpuMe-
HeHNMe BO MHOTHX TEeXHOJIOTHUSX, AaJ Pa3BUTHE HOBLIM TEXHOJOTUAM U
KaKIbIi JeHb oOjerdaeT »Ku3Hb paspaborumkam [1]. Paccmorpum cocras-
HbIe yacTu maatdopmsl [2].

Moodeanvb.

Ilox Momenpio MOHMMAETCsS YACTh IIPOTPaMMBI, COAEp:Kallas B cede
(byHKIUOHAJNBbHYIO OM3HEC-JOTUKY IIpUIoKeHuss. Momenab moIKHA OBITh
MIOJIHOCThIO He3aBHCHUMAa OT OCTaJbHBIX uYacTeir mpoaykra. MomeabHBI
CJIOM HUYEro He MOJIKEH 3HATh 00 sjieMeHTax nua3aiHa, U KakKuM oOpasoMm

oH OyzeT oTobOpakaTrbcsa. TaKkuM o0OpasoM, JOCTHUTAETCsS Pe3yJbTaT, II03BO-

© IlomomapeB 1.B., Uyxamo A.P., 2017
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JSAOINNA MEHATH IIPEeACTaBJIeHNe JaHHBIX, I TO KaK OHU OTOOpaKaroTcd,

He Tporas camy mozaejb. Moaeapb obsamaeT cileayOIMUMU IPU3HAKAMMN:
. MOJeJib — 9TO OMB3HEeC-JIOTUKA NTPUJIOKEHUA;

. MOZeJIb oOJiafaeT 3HAHUAMU O cebe caMoil M He 3HaeT O KOH-

TpoJIIepax U IpeCTaBIeHUIX;

. IS HEKOTOPBIX IIPOEKTOB MOJEJNb — 3TO IIPOCTO CJOI JaHHBIX
(DAO, 6aza marHBIX, XML-(aiin);
. IS IPYTUX IIPOEKTOB MOJEJNb — 9TO MeHeAKep 0a3bl JaHHBIX,

Ha00op 00'beKTOB MJIM IIPOCTO JIOTHKA IIPUJIOKEHHUS.

IIpedcmasaenue.

B o6sasammocTu mpeacTaBJIeHHS BXOAUT OTOOpakeHHE JaHHBIX IIO-
Jy4eHHBIX OoT Mogeam. OpHaxko, mpeacTaBjieHWE He MOMKEeT HaIpPAMYIO
BJIUATH Ha MozeJb. MOXXHO TOBOPHUTH, UTO IIpEACTaBJeHMUE 00JamaeT moc-
TYIOM «TOJIbKO UTeHHSA» NAHHBIX. IIpemcraBieHue obJjamaeT CIEIYIOIIIMMU
MIPpU3HAKAMU:

. B IIPEJCTABJIEHUU peau3yeTcsa OToOpaKeHue MaHHBIX, KOTO-
pbIe IIOJYyYaloTCs OT MOJEJN JIIOOBIM CIIOCOO0M;

. IIpeJiCTaB/ieHe, B HEKOTOPBLIX CJIydYasdXx, MOYKeT HMMEeTh KO,
pean3yIioni HeKy Ou3Hec-JOTUKY.

IIpumepsr npexacraBiaenus: HTML-crpanunma, WPF ¢opwma,
Windows Form.

Koumpouanep.

KouTpoJaiaep mpeobpasdyeT meilicTBusA IIOJL30BaTe s (B JaHHOM KOH-
TeKCTe, I0Jb30BaTeJ b — He 00A3aTeJIJbHO UeJOBEK) BO BXOAAIME IMapaMer-
PBI IJI MOJEeJUN U IepefaeT yIpaBJeHNe B MOJeJb:

. darpy:kaer mnepemeHHble OKpy:KeHusa (POST/GET nepemen-
HBbIe, ITapaMeTpPbl KoMaHAHOI cTpoKu, URL mapamerps! u T. 1.);

. BBITIOJIHACT IIEPBUYHYIO OOpPaAOOTKY IIepeMeHHBIX OKPY KeHUs
(mpoBepKa THUIIOB II€epeMeHHBIX, WX HaJW4YWe, yCTAaHOBKA B3HAYEHUU IIO
YMOJIYaHUIO U T. 1.);

. peanmsyeT MeXaHM3Mbl KOHTPOJISI 3a BHEMITATHLIMU CHUTYya-
IMUAMU;

. peajn3yeT MeXaHH3MbI JIOTHPOBaHUA (He ayTeHTH(PUKAIINUU, a
BeJleHIe *KYPHAJIOB).

ITocnemoBaTeabHOCTHh pa3padoTKU caiita. 1A Hayasa HEOOXOIMMO
paspadboTaTh cuermuUuKaINYU AJS II0Jb30BATEJIbCKON 1 aAMUHUCTPATUBHONI

yactu. OHEM JOJXKHBI BKJIOUYATh B cebs oIncaHue OCHOBHBIX View-
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DJIEMEHTOB M COOTBETCTBYIOMINUA (PYHKIIMOHAJ, KOTOPBLIZ MOXKET ObITh BBI-
MmoJiHeH. B ocHOBe apXWTEKTyphl NPOAYKTA WMCIIOJb3yeTcs IMabJoH IIo-
caontmoni apxuTeKTypbl (View Model). IIpu sTom paspaboTamHoe IIpO-
rpaMMHOE peIIeHre COCTOUT W3 IISATH CJI0EB, KaKAbIA 13 KOTOPBIX HE
MMeeT KEeCTKUX CBS3el C OCTAJbHBIMU.

1. Cioii cepBep, KOTOPBIN COAEP;KUT B cebe mHTEP(derchl M0Jab30BAa-
TEeJbCKUX W aJMUHUCTPATUBHBLIX (DOPM, X KOHTPOJIJIEPHI.

2. PemosuTtopuii, KOTOPBIX COAEPKUT B cebe mHTepdeiic ¢ Habopom
oomux CRUD omepanuii u KJjacc ¢ UX peanusalueii.

3. DAL-cyo0it, B KOTOPOM OCYIIIECTBJIAETCA co3gaHue 0as3bl, IMOCPE-
crBom Entity Framework.

4. Cioii Ou3HEC-JIOTHUKN, KOTOPBLIA peain3yeT OCHOBHOW (PYHKIIMO-
HaJI IJIS CJIOA MOJeJei.

5. Coii Mogeseil, KOTOpPbIe SABJSIOTCSI IIPOMEKYTOUHBIM CJIOE€M
MexKay 0a30i JaHHBIX U OM3HEC-JIOTUKOM.

IIpumep peanusanuu.

B kauectBe maaropmbl Oad  peaams3anuum  BbiOpaH  .Net
Framework — MONIHEBIN, COBPEeMEHHBIN, YAOOHBIN B MCIOJb30BAHUM, MHCT-
PYMEHT pas3paboTKU IPUKJIAAHBIX IIPOTPAMM, HPEAOCTaBIAIOIINI OOIIHUp-

HYIO CTAaHJIAPTHYIO OMOJIMOTEKY.
4 ] WebShop

I Properties
OBozpeeatent peLLEHHI v 1 X b =B Ccankn
* Service References
£ g
m‘ c] = g ‘ ’ - b App_Data
OBospesatens pewennii — nonck (C P~| P App_Start 4 WebShop.BLL
- AL b J Properties
Pewenne "WebShop” (npoekTos: 5) b Content b =B C
b m WEbShﬂp 4 Controllers _Cblmm
= b fonts P bin
b WebShop.BLL b e b 7% obj
b WebShop.DAL b Migrations B ¢ BannerDomainMaedel.cs
b WebShop.DAL Repository E Mb':_'dE|5 I £ BaseDorainModel.cs
e O
b WebShop.Models b Sc:ipts b c# CartsDomainModel.cs
b Views B CategoryDomainModel.cs
b 41 ApplicationInsights.config b ¢ ExampleDomainModel.cs
favicon.ico B o OrderDomainModel.cs
b &) Global.asax i b ¢ OrderFormDomainModel.cs
¢.] packages.config )
[ Project_Readme.html B PrCategoryDomainModel.cs
b c# Startup.cs B c* ProductDomainModel.cs
b ¢ Web.config P o* StaticDomainModel.cs

Pucynox 1 - [luarpamMmma pemieHusI 1 OCHOBHBIX CJIO€B cauTa

B xauecTBe mpumMepa peanmsalnuy paspaboTaH calT II0 MpPOogake
aaeKTpoHuKu « WebShop» (puc.l). PaccmoTpuM cTaTmuyecKue CTPaHUILBI
catita « WebShop».
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Taonuuvt 6 6ase: public class ShopEntities: DbContext

{
public DbSet<Client> Clients { get; set; }
public DbSet<ClState> ClStates { get; set; }
public DbSet<Image> Images { get; set; }
public DbSet<Order> Orders { get; set; }
public DbSet<OrderState> OrderStates { get; set; }
public DbSet<Product> Products { get; set; }
public DbSet<ProductCategory> ProductCategories { get; set; }
public DbSet<ProductOrder> ProductOrders { get; set; }
public DbSet<PrCategory> PrCategories { get; set; }
public DbSet<Static> Statics { get; set; }
public DbSet<Cart> Carts { get; set; }
public DbSet<OrderCart> OrderCarts { get; set; }
public DbSet<Comment> Comments { get; set; }

}

Mogenb faHHOM TAOJIUIIBI:

public class StaticModel : ViewModelBase<int>

{
public Int64 Static_id { get; set; }

public string About_shop { get; set; }
public string Sales { get; set; }
public string Delivery { get; set; }
/

Busuec-joruka:

public class StaticDomainModel : BaseDomainModel

{
public void AddStatic( )
{
using (var repository = new BaseRepository<Static,
int>())
//repository.Insert(new Static { Title = "Testl"” });
/
/
public IEnumerable<StaticModel> GetAll( )
{
using (var repository = new BaseRepository<Static,
int>())
{
var list = repository.Query( ).Select(x => new
StaticModel

{ Static_id = x.Static_id, About_shop = x.About_shop,
Delivery = x.Delivery, Sales = x.Sales }).ToList( );
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return list;

}

/
public Static GetByld(int id)

{

using (var repository = new BaseRepository<Static,

int>())

return repository.Get(id);

}
}

IIpumep crpaHuIbl «CKUIKI»:
@model IEnumerable<WebShop.Models.StaticModel>

@{
ViewBag.Title = "Axyuu”;
/
<h2>@ViewBag.Title</h2>
<p>
@foreach (var item in Model)
{
<tr>
@Html.DisplayFor(model => item.Sales)
</tr>
</p>

BriBogsi. B paGoTe paccMoTpeHa OCHOBA IIPOTPAMMHOIO PeEIIeHUsS
co3ranua canita ¢ nmomoilpio TexHosoruu MVC. Onpenensderca apXuUTeK-
Typa IPOAYKTa, paspabaThiBaeTcsA oOIas cxXemMa B3auMMOIEHCTBUSA CJIOEB
nporpammbl. Ilnargpopma ASP.NET MVC nmosBosser cosmaBaTh HmporpaM-
MBI CO cJIab0 CBABAHHBIMU CJIOAMU. ITO JAeT BOZMOIKHOCTH IIPOrPaMMUPO-
BaTh Ka'KIBIA CJIOM HE3aBUCUMO APYT OT Apyra, TakuM obpasom, objerdas
paboTy paspabOTUYMKOB, II03BOJIASA CKOHIIEHTPUPOBATHCA Ha KOHKPETHOM
3azayve.
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YIIK 004.9
O.M. IIporkonuyk, C.M. BoBk
KOMII’IOTEPHA CUCTEMA CTEPEO3OPY
NJd BIBYAJBHOTO BUBHAYEHHSA BIJICTAHEN
0 OB’EKTIB

AHomauyis. Ha ocHosi 6i6iomeku OpenCV ma do0amkoso po3pobieHux ¢yHK-
Yili nponoHYeEMbCA KoMn'tomepHa cucmema cmepeo3opy 041 B8i3yasbHO20 BU-
3Ha4eHHs siocmareli 00 06'ekmis, nomix 06’ekmamu ma Ha 06’ekmax. Cucme-
mMa npauioe Ha 6asi npoepamuoi nnamegopmu Microsoft .NET Framework i u-
Kopucmosye 6i6niomexky Emgu CV 8 skocmi 6ib6niomeku-0620pmku 015
OpenCV. [1i0 yac ii pobomu 306paxeHHs ompumyomscs abo 6e3nocepedHbo
810 Kamep cmepeonapu, niokaYeHux 00 Komn'tomepa, abo 3 ¢alinis Ha OUCKY.
Bu3HayeHHs siocmarell 30i(iCHIOEMbCA ab0 8 ABMOMAMUYHOMY pexumi yepes
8i0n0BIOHT pyHkuii 6i6niomexu OpenCV, sKi nos’sa3aHi 3 PO3Ni3HABAHHAM
06’exkmis 3a ix wabnoHamu, abo 8 THMePAKMUBHOMY PEXUMI WSXOM BUKOPU-
CMaHHA 000amKoBO po3pobieHuUx QyHKYIl, AKI NOB'A3AHT 3 BUOKPEMIEHHAM
MOYOK Ha 06’ekmax.

Kntoyosi cnosa: cmepeo3sip, asmomamuyrud, OpenCV, Emgu CV.

Beryn

ABTOMaTMUHMI aHaJi3 i 00poOKa Bi3dyaJbHUX TAaHUX, OTPUMAHUX
BiJl CICTEM CTEePEOCKOIIiYHOTO 30PYy, € BaKJIMBOIO Tajly33i0 iH(popMaIiiHux
TeXHOJIOTii. PO3BUTOK gaHOi rajgysi oOyMOBJIIOE MOJKJINBICTHL CTBOPEHHS
JOCKOHAJIMX CHCTeM HaBiramii s aBTOHOMHUX POOOTIB, PO3IINPEHHS
MOKJIMBOCTEM Bi/IeOCIIOCTEPEIKEHHA OJA NUBIIBHUX Ta BiHCHKOBUX IIO-
Tpebd, a TAaKOK [Ja€ IOIITOBX MIJIs iHHOBAIlilli B IIPOMMCJIOBOCTI Ta cdepi
posBar. B mopaHiii po0oTi IPOIOHYETHCSA KOMII'IOTEPHA CHCTEMA CTEePeo30-
py, dKa HaJZa€ MOMKJUBICTH POOOTH AK B aBTOMATHYHOMY PEXUMi 3a mI0-
nmomorooo Qyukmnii 6idaioreku OpenCV, aki moB’si3aHi 3 pos3midHaBaHHIM
IMyKaHux o0’eKTiB 3a ix mabjoHaMHu, TakK i B iHTEPAKTUBHOMY PeKUMi
IIJIAXOM BUKOPHCTAHHS JOLATKOBO PO3POo0JeHMX (PYyHKIIiH, AKi moB’asaHi
3 BUOKPEMJIEHUMU TOuKaMmu (MapkKepamu) Ha 00’ekTax. Ilpum mpomy (pyHK-
mioHas 0i6aioreku OpenCV BUKOPHCTOBYETHCA Ueped 0i0Ii0TEKYy-00TOPTKY
Emgu CV.

© IIporkomuyxk O.M., BoBxk C.M., 2017
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IIocTraHOoBKa 3aBIaHHSA

ITocTanoBka 3amaui IIOJATaEe y CTBOPEHHI KOMII'IOTEPHOI CHCTEMU
cTepeo3opy Ha 0asi BigmoBimHMX 0i0JioTEeK 3 BiAKPUTHUM HPOTrPaMHHUM KO-
JIOM Ta 3 MOMKJMBOCTAMIN ABTOMATHYHOTO M iHTepPaKTHBHOIO aHAJI3y B30-
OpasKeHb cTepeolapu, IIOMIYKYy 00’€KTiB i oOuMclIeHHs BifcTaHeHd OO HUX,
BijcTaHeil moMik HMMHU Ta BiJcTaHell Ha HUX.

OcHoBHA yacTMHA

3BUUYAMHO CHCTEeMa KOMII'IOTEPHOTO CTEepPeo30py IIOBHHHA Iepexnoda-
yaTu PoOOTy 3 300pa’KeHHAMMN CTepeollapyd He3aJe:KHO BijJ IIAXy Iix
OTPUMAHHA (3aXOILNIEHHA 3 IudpPoBUX KaMep, 3UYNTyBaHHA 3 Qaiis,
OTPUMAHHA OKPEeMHX KaJpiB 3 Bifleo), a TAaKOX MOXKJIMBICTL aHAJi3y Ta
00poOKM 300paskeHb IJisi BUOOpPY OaskaHOro ajaroputmy pobortu. s pos-
pPOOKM Takol cucTeMu MOKHA BHUKOPUCTATU HmporpamMHy maatdopmy Micro-
soft .NET Framework 4.0, a 11a 00poOKU 300paskeHb - IONYJAAPHY 0i0JIi-
orery OpenCV 3.0 3 BiZikpuTuM IpOorpaMHUM KOAOM. B IIbOMY BUIIaAKYy B
SAKOCTi MOBHU PO3pOoOKU MoKkHA Bukopucratu C#, 1o mepemdavyae BUKOPU-
cranua Oibaiorexku-ooroprku Emgu CV gaa MOMKIMBOCTI 3BepTaHHSA OO
¢dyurmiit OpenCV.

Ilepminii KpOoK aJaropuTmMy poOOTH BiAIOBiZHOI cHMCTEMHU IIOJIATaE y
3UNTYBAaHHI mapu 300pakeHb, OTPUMAHUX 34 CTEPECKOHMiYHNM IPUHIH-
noM. Taxi 300pakeHHs MOKYTh OyTH OTPHMMAaHi IIJIAXOM Oes3mocepemHbOl
mepemavi 3 Kamep, BUIiJIeHI y Bimeopani abo 3umTaHi 3 (aiaiB Ha muc-
Ky [1]. Haa TtumoBoi cucTtemMu cTepeo3opy 3 ABoma Kamepamu (puc.l) Ba-
JKJIMBUM € OJHOUACHe OTPMMAaHHA iH(@opmaillii 3 06ox Kamep. AKimIo cieHa,
III0 CIIOCTEpPiraeThcAa KamMepaMHu, € CTATUUYHOIO i pyX Kamep He Iepenbaua-
€ThCs, TOA1 OJHOYACHA 3MOMKAa HE € KPUTHUYHUM IIapaMerpom. Bibiiorexa
OpenCV Hagmae cmemiasmisdoBanmii KJjac CvCapture, AKui J03BOJISIE peaJri-
dyBaTu pobOTy 3 KamepaMmu Ta Bizmeo, i kiac Ipllmage mis poboru 3 aii-

JaMu 300pasKeHb.
z2 Z1

\\_ﬁ Yoodnd X

Jlia kamepa Ilpasa kamepa
Pucynork 1 - Tunmose KOMIOHYBaHHSA CHCTEMU CTEPEO30PY;

71, Z2 — outuuHi oci; X - cIiJibHAa TOPHU30HTAJIbHA ILIOMIIMHA
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HIpyruii KpoK aJrOpuTMy Po0OTH mependauae HONepenHi IepeTBo-

PEeHHs 300pakeHb 3 METOI0 MOKpAIleHHs IX AKOCTi AJA HOoAaJbInol pobo-
T, HAIIPUKJIAJ, MIJIAXOM 3MEHIIEeHHA MIyMy Ha 300parkeHHSX 3a JOIIOMO-
rolo IpocTpoBoi ¢inpTparmii. S3a gomomoroio KJjaacy Mat 6i6aioTexu
OpenCV MoKHa BUKOHYBATH IIHMPOKUM CHEKTP Pi3HUX MAHIyJAIid HaX
300pakeHHAMY, BUKOPHUCTOBYIOUM iCHYIOUi UM BJACHI aJaropuTMm oOpo0-
km [2].

I1a TPpeThOro KPOKY aJITOPUTMY, AKUI mependadvae po3IlisHABaHHSA
OKpeMux 00’€KTiB Ha 300pasKeHHi IJs HONaJBIIOr0 BM3HAUEHHA BijcTaHi
o HUX, BUKopuctoByeTbca KJiac Cascade Classification. [{amuii Kiaac Bu-
KOPHUCTOBYE KacKaj (opcoBaHUX KJacu(pikaTopiB, III0 HpaIOlOTh 3 Xaap-
noxiouuMmu ¢pyukriiamu. Kiaac Cascade Classification Bumarae maBuaabHOIL
BUOIpKU 1yis1 (hOPpMYyBaHHSA IIOITYKOBOTO MIa0JIOHY ab0 MOKe BUKOPUCTOBY-
BaTH ysKe ToToBi (paiiim 3 pesyjabTaTaMM HaABUYaAHHS OJSA aHaJi3y 300pa-
JKeHHsA 1 BUABJEHHs 00’€KTiB meBHOro tumy. PesyabTaTti poboTu (dopmy-
IOTbCS y BUIVISIAI MacuBYy 3 iH(popMalliero mpo KoopAmHATH 00JiacTeil 30-
OpasKeHHdA, IKi KaacudikoBaHi 3rigHO IOIITYKOBOTO ITa0JOHY.

Ha macTymHOMY KpOIli BUKOHYIOTHCS CTE€PEOCKOIIiUHI OOumMCIeHHS
s BUBHAUEHHS BiJCTaHiI MO BUSABJEHMX Ha 300pasKeHHiI 00’ekTiB. BibOJrio-
Teka OpenCV mHamae pearisaifito aaroputmis crepeoszopy Block Matching
(xkn1ac StereoBinaryBM) i Semi Global Block Matching.(kmac StereoBi-
narySGBM). [Ina epekTuBHOI poOOTH MTaHUX aJTOPUTMIB HEOOXimTHe BHKO-
HAHHA YOTUPLOX IIOCTiJOBHMX €TaIliB:

1) crepeorkaniOpyBaHHsa KaMmep B CHiJIBHiNI cumcTeMi KoopAuMHAT Ta
OTPUMAaHHSA MaTPUIIl IPOeKIil AJd KOKHOI 3 KaMep;

2) pextudikailia BXigHux 300pa’keHb CTepeomapy 3a eIiIIoJISapPHU-
MM JIIHIAMHM Ha OCHOBIL JaHUWX IIPO CTEPEOKaJiOpyBaHHS KaMmep;

3) moOymoBa KapTu JIHUCIapaHTHOCTI (pos30iskHOCTi) 300pasKeHHs,
e 3aMiCcTh 3HaUeHb KOJBOPY 30epiraerbcsa iH(opmalia mpo pos3biKHICTH
BiIIIOBiZHMX MIiKCeJIiB;

4) Ha OCHOBi KapTW AMCHAPAHTHOCTI BUKOHYETHCA TPiaHTYJAIISA Ta
BM3HAUAETHCA BiJICTaHb B IIPOCTOPi JO KOYKHOI 3 TOUOK 300pasKeHHs.

PesynbTaTu po60oTH 3a3HAUEHUX AJTOPUTMIB He 3aBKIN MAalOTh KO-
PEKTHi 3HAUeHHA uepes3 BIJIUB PALY HeTaTUBHUX UMHHUKIB (HeoOXimHicThb
HU3KW IMOYATKOBUX IIPUIIYINEHb PO 30BHIIIIHE CBITJIO, MPO HEPEKPUTTS
yacTuH 00’€KTiB, IIPO HASIBHICTh BEJMKOI KiJBKOCTI OJHAKOBUX 3a SICKpa-

BicTio oOJiacTeil Ha 300pasKeHHAX TOIMO). Xodya JaHi aJrOpUTMHU T03BO-
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JAI0THL JOCTAaTHLHO INMBUIAKO BUKOHATH OIIHKY BifcTaHi 70 6araThboX TOUYOK
Ha 300pakeHHAX [3], ale BOHM He MOKYTh OYyTU BUKOPHUCTAHI IJd PoOOTHU
B PEKUMi peaJbHOTO Yacy Ha MAaJIOHNOTYKHUX KOMII IOoTepax. 3icTaBJIeHHA
JaHUX IIPO KOOPAMHATH o0JiacTeil BUABJIEHUX 00 €KTiB Ta BiicTaHBL OO TO-
YOK B IIMX 00JaCTSAX J03BOJIIE BHUKOHATH OIIIHKY BiAcTadi g0 o0’exkTa 3
YCYHEHHAM BILIMBY HEBAJNIHUX 3HAUEHb IJIAXOM yCePeTHEeHHs 3HaueHb
BifcTaHi, AKi moTpanuJy B MiKKBapTUJbHUN pOo3Max.

Y mabamiKeHHI reoMeTPUUYHOI OIITHKH Ta Ha 0asdi momesai Kamep-
00CKypa CTepeoCKOIIiuHi OO04YMCJIeHHA MOKHa IIPOBOAUTH 3a (POpMYy-

Jomo [4]:

D= Bp, , (1)
2tg((g°) |p - D, |

ne D — reomeTpuuYHa BiJCTaHb Mi’K ILJIOIIMHOIO KaMep Ta IJOMIMHOIO, Oe
3HAXOAUThCA NIYKaHa IPOCTOPOBa TOUKa, B — BiAcTaHb MidK ONTHUUYHUMU
ocaMu kKamep (0asoBa BifcTaHB), py — 3arajibHa HIIMPUHA 300pa’KeHHA B
ImiKcendaX, (g — KYT OTJIAAY KaMmep, p; — I'OPUBOHTaJbHA KOOpAMHATA TOU-
KU Ha meprioMy 300pakKeHHi B HiKcesasx, ps — TOPU3OHTAJIbHA KOOPAWHATA
TOUKM Ha IIPaBOMYy 300pa’KeHHi B IIiKceJasaXx. YBeJeHHA CHUCTEeMH KOOPIHU-
HaT 3 II moyaTKoOM, HAIPUKJakd, B IIeHTPi JIiBOol KaMepu, AO3BOJIIE OTPU-
MyBaTH a0COJIOTHI 3HAaUEeHHS BiIIOBIZHUX IIPOCTOPOBUX KOOPIMHAT.

Ha ocHOBi gaHMX IIPO IPOCTOPOBI KOOPAMHATH BUSABJIEHUX 00’€KTiB
MOKHa BU3HAUUTH TOUKHU, AKi BKasyoOTh Ha ix reomerpuuHi meutpu. OO0-
YKMCJEeHHA BificTaHi OO I[eHTPaJbHUX TOUOK 00’eKTiB 3rimuo (1) mosBoise
IOCUTH TOYHO BH3HAUYATH BiJICTaHb, SAKIIMO 00’€KT Ma€ HeCKJAAHy (Gopmy.
3po3yMisio, IO TaKuii migxin sabes3meuye BHCOKY MIBUAKICTh OTPUMAHHSA
pes3yabTaTiB uepe3 3HAUHO MEHIIII BUMOTH A0 AKOCTi BXiJHMX 300pa’KeHb,
Xoua ¥ He M03BOJII€ BUKOHYBATH HOBHUM aHaji3 300pakeHb CTepeollapu.
Takum umHOM, (1) MOKHA BBa’KaTHM OCHOBOIO IJIA iHTEPAKTUBHOTO PEKIU-
My poOOTH CHCTEMMU.

3asHaueHi aJropuTMu POOOTH CHCTEMH BTijieHO y Buraanai Win-
dows-momaTky. Bim Hamae eseMeHTH yHOpaBIiHHA OJsA BHUOOPY BXimZHMX
(dairiB abo mpucTPoOiB, MEeTOAiB momepenHboi GimbTpalrii Ta 0O6podKmM 30-
OpakeHb cTepeolapu, iHTepdeiic Bubopy (PaiaiB 3 JaHUMH OJIS KJIacu@i-
Karrii 00’eKTiB, a TaKOK HO3BOJISE OOMpPAaTH OAWH i3 ONMCAHUX AJITOPHUTMIiB

CTEePEeOCKOIIIUHNX 00UMcaeHb. B 3aexHOCTi Bim BuOOpPyY i pecypciB amapa-
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THOI mJjaaTdopMu, Ha SAKiH mOpalioe JoJaTOK, MOKJMBaA peajisallisg BCix

eTaliB B peXnMi peaJbHOTO Yacy.

Ha puc.2 maBemeHo mpukJajg 300paskeHb cTepeolapu, OTPUMAaHUX B
ABTOMATUYHOMY PeKMMi poOoTH mijg uac o0umcIeHHSA BifcTaHi g0 o0amuusa
JIIOAWHU IILJISXOM TOCJIiJOBHOTO BUKOHAHHS OIlepalliii 3aXoIlJIeHHA 300pa-
JKeHb 3 IBOX KaMep, iX ImomepeaHboi 0OpOOKM Ta MOIIyKa 00’e€KTa 3a Irad-

JIOHOM 3 ITO3HAUEeHHSAM BiJIIOBIAHOIO pe3yJbTarTy.

Pucynoxk 1 - 3o0pakeHHsA cTepeoapu

BucHoBkH

Ha ocuoBi (pyukmiomany 6i6sioreku OpenCV Ta 3 BUKOPHUCTAHHSIM
0i6aiorerku-ooroprekm Emgu CV pospobiena KoMII’loTepHa CHCTeMa CTe-
peosopy vy Buraani Windows-gogaTky, 1m0 pyHKI[IOHYy€e Ha IepPCOHAJIbLHOMY
KOMII'IOTEPi, Ta ABOX KaMmep. AJropuTM poOOTU cuUcTeMHU Iiependauvae THY-
yKui BMOip BapiaHTIB ii (pyHKIioHYBaHHS 3aJIe’KHO BiJi moTped KOPUCTY-
Baua. Po3BUTOK pPO3PO0JIEHOI CHCTEeMU CHPAMOBAHUII Ha BIOCKOHAJEHHS
Ta ONTHMisaIlilo mporecy ii poboTu, 30KpeMa IepexiJ Ha apxXiTeKTypy
CUDA pna migBulieHHs e(PeKTHBHOCTI Ta IPHUCKOPEHHS 00poOKM 300pa-

JKeHb 3a J0IOMOroio rpa)iyHUX IIPOIIECOPiB.
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YIIK 004.75
B.B. Cmipinnes, A.A. Kymika
®PENMBOPK HA BA31I MOBU ITIPOTPAMYBAHHS
SCALA OJid CTBOPEHHA RESTFUL WEB-CEPBICIB

AHomauis. [lponoHyembca ¢pelimgopk Ha 6a3i mosu npoepamysarHs Scala
0215 po3pobku cmaHdapmu3zosaHux RESTful seb-cepsicis. [lpoekm HayineHudii
Ha 3aCMOCOBYBAHHA THWUMU PO3POOHUKAMU NPO2PaMHO20 3abe3neqyeHHs 0ns
nosezuwieHHs  po3pobku  Beb-0o0amkis, cmsopeHux 3a  00NOMO20I0
apximekmypu MiKpocepsicis.

Knwo4osi cnosa: ¢petimsopk, seb-cepsicu, Scala, REST.

IloctanoBka mpob6aemu. OgHMM 3 HAWOIJBNI BaKJIWUBUX IIUTAHb
PO3BUTKY BebO-IOomaTKiB € mpoiiec B3aeMoxii KirieHTa i3 cepBepom. JloBruii
yac Iel mporec OyB MOBIIbHUM IJA KOMKHOro momaTtky. Taka curyaiiisa
IpoicHyBaJia OO CTBOPEHHS IIepHIMX MIPOTOKOJIIB cepiajisallili JaHuUX Ta
MeXaHi3MiB IJd CTBOPEHHA AOBiMbHUMX 3anuriB. IloaBa crammgaprTiB muad
KOMYHIiKaIil MiK KJi€eHTOM Ta cepBepoOM [JO3BOJIMJIA BUPIIINTH HPOOJIEeMYy
CTBOPEHHS Pi3HUX KJIIE€HTIB AJA OOHOTO i TOoro X cepsepy. Ciin s3aszmaun-
TH, IO HA [~AaHUK MOMEHT IiCHye psana mpobjeM IIpu CTBOPEHHi
CTAaHJZAPTU30BaHOI Ta e(eKTUBHOI CepBEPHOI YaCTMHM: BHCOKHM IIOPir
BXOAy IJis peajisarii momiOHmx cucteMm (IOB A3aHWI 3 BiJCYTHICTIO KOM-
IJIEKCHUX iHCTPYMEHTIB IJd IIPOEKTyBaHHA Ta peaJisaliii BeO-cepBiciB);
HAsIBHIiCThL MEBHOTO MOOCBimy B pospobmi Beb-momatkiB (RESTful Beo-
cepBicu MOBOAUTHCA 30MpaTH 3 OKpeMuX KOMMIOHeHTiB [1]); BimcyTHicTb
abo MaJia KiJbKicTh IIPUKJAAIB opraxiszaiiii Beb-cepBiciB B JomaTKy
(moB’sA3aHO 3 3aKPUTICTI0O BUXIJHMX KOAiB ab0 HaABiITH OyAb-IKUX IOIPO-
ouinp peanisarii). Tomy mocaiKeHHS B HAIPAMKY PO3POOKU CcepBEPHOI
YaCTHHYM HA OCHOBi BeO-CepBiCiB € aKTyaJIbHUMH.

AHamiz ocraHHIX mociaim:keHb. 3apas3 CIOCTepiraeThbCcs AUHaAMiIUHE
3pocTaHHA ayauTopil mepe:xi Internet. [Ina HagaHHA AKICHUX IIOCIYT KO-
pucTyBauaM iH(MPaCTPYKTypa CydYacHHUX BeO-JOJATKiB IIOBHMHHA JIETKO Ta
BUACHO MacinTa0dyBaTucs. AJie mnpu 30iJbIIIeHHI IIPOEKTY CTae Bce
CKJIQQHiIIIe JOTPHUMYyBaTHCA CTaOiJIBHOCTI JOJATKY, a HMIBUAKICTh HaIMCAH-

HsI HOBOTO (pYHKITiOHANy 3HUIKYEThCA. BupimeHHaM 1iei mpobsieMu € pos-
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OuTTA mOZATKy Ha BeO-cepBicu, aje e 30iJbIIye KiJbKiCTh HECIOIiBaHMX

curyarnin (mpobjeMm 3 Mepe:Keio, HEeOUiKyBaHe 3MiHEHHS IIPOTOKOJIY
nepemaui ganmx i T.iH.) [2, 3]. Haa ix samobiranHA HeOOXiZHO BUKOpPU-
CTOBYBATH iHCTPYMEHTH, SAKi IIOIIepensaTh PO3POOHHKA IIPO HASABHICTH IIO-
MUJIOK. EQeKTuBHUM 3aco00M 1y Iboro € Bubip iHdpactpykTypm JVM
Ta MOBHM IIporpamMyBaHHA Scala [4], AKa Mae IOTYXHUN CTATUUYHUNA
aHaJizaTop Ta HiATPUMKY SAK O00’€KTHO-OPi€HTOBHOI HmapajgurMm Tak i
(byHKIIioOHaIBPHOI MapaguUrMu IIPOrpaMyBaHHA.

MeTo10 cTaTTi € CTBOPEeHHSA (PPEHMBOPKY IJs IIBUAKOL PO3POOKU
RESTful BebG-cepsiciB Ha 6as3i moBu mporpamyBanHa Scala, sKuil oprasi-
3ye poOOTy Mi’K KOMIIOHEHTAMU CHCTEMHU Ta BUPIIIIyBaTHMMe HACTYIIHi ITPO-
OJieMHu: CTBOPEHHSA CTPYKTYpH MAogaTKa; YyHidikamii Bs3aemonmii 3 BeO-
cepBicoM; opranizallii acmHXpPOHHOI PoOOTHM BeO-cepBicy; HaJAINITYBaHHS
KeIllyBaHHS cepBicy; 30ipKu IroTOBOTO HOJATKY i JOCTAaBKHU MOT0 Ha cepBep.

OcnoBHa yacTuHa. {19 cTBOpeHHs (hpeliMBOPKY OyJsia oOpaHa MoBa
nmporpamyBanua Scala. 3 gocrynmuux aasa JVM miaargopMu iHCTPYMEHTIB
CKJIaZaHHA Komy Oyjsa oopaHa cuctema sbt [5]. B axocTti po6ouoro cepemo-
BUIIla BUKOPUCTOBYEThCS KoM ioTep Ha 6as3i OC OS X 3 BUKOPUCTAHHAM
BipTyanbHOl MamuHU Java Bepcii 8 Ta Scala komminaropy Bepcii 2.11.8. B
AKOCTi pemaxkTopy Koxy oopana Intelijidea 2016.1.

Ha puc. 1 HaBegeHO CTPYKTYDPY (l)pef/'IMBopRy.
Esrc

v [EImain
Ejava
E=resources
v [Elscala
v [EJme.archdev
» [EJcommands
» [EJtemplates
©® Command Plugin

o ResourceManagement

Pucynok 1 - CtpykTypa (ppeiiMBOPKY

Ilanka src B KOpeHi IPOEKTy MICTUTH ycCi cupIieBi Koam (GpeiMBO-
PKy, IallKa main - cupIeBi KOAWM OCHOBHOI'O AOJATKY; IIalKa resources
IIpusHaueHa MIJsA CTaTUYHUX @QaiaiB Ta scala - mas Koay HOOmaTKy.
Commands MicTuTh Kjaacu I peaJisaliii ocHoBHOro GyHKIIioHANy (peii-
MBOPKY, templates - ocHOBu mJys KJjaciB, AKi ¢ppeiiMBOpPK OyZe CTBOpPIOBa-
™1 1ig yac poooru. CrBopenuii kiaac CommandPlugin BukopucToByeThCA
B AKOCTi arperatopa ycCix IOCTYIIHMX KOMAaHJ Ta € OCHOBHHM KJacOM ILiIa-
riny. ResourceManagement € Kjacom ajsa B3aeMojii 3 (aifioBOIO cCHUCTe-

MOI0O KOpHCTyBaua ILJIariHy.
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HamamiToByeMo iHCTPYMEHT CKJIaZaHHSA, IMO0 MaTH MOJKJINBICTD
CTBOPIOBATH CHAIIIIIOTHU OJis TecTyBaHHA. (1A IIhOro y KOpEHi IIPOEKTy
crBopioemo Gaiia build.sbt Ta mamamToByemo iioro mapamerpu.

Cmeopennsa menedxnepy pecypcie. OGHUM 3 OCHOBHUMX KJIaciB mjia
(bpeliMBOPKY € MeHeIKep pecypciB (BUKOPUCTOBYETHCA AJIA CTBOPEHHA Ta
HamoBHeHHA (alijaiB 3 KomoM mporpamMm KopuctyBaua). Ild 3amaua Bupi-
IIYETHCA 3aBAAKMN IakeTy java.nio. OcobuauBicTio poboTm 3 (aiiaamMu y
makKeTi java.nio € Te, 10 B3aeMOAid 3 JaHUMHU Yy (PaijaoBiil cucremi BimOy-
BaeThCA 3a AOIOMOroio OydepiB. 3aBasaku OydepaM € MOMKJIUBICTDH IIpaIrio-
BaTU 3 BeJIUKUMU (paiijlaMu, IMOCTiOBHO 3UMUTYIOUM Ta 00OpOOJIIOIOUM iX dYa-
ctuuau. s cTBOpeHHA (PpeMBOPKY HeoOXimHi Taki omeparii aK: cTBo-
PEHHs JepeB KaTaJloTiB, CTBOPeHHA (aijy, YUTAHHA Ta 3anuc y Qai,
3amnc y Kimemb (aiay Ta KomiroBamHA. Cam KJjac Oyae po3poOJieHUE y
¢opmari TpeiiTy — 1e iHTep(eiic AKMI MOXKe MaTH 0a30BYy peasisalliio.
OCHOBHOIO 0COOJIMBICTIO HOT0 € Te, IO KJIAC MOJKe YCIIaJKOBYBATHCS Bif
0esJtiui TpeuTiB.

CmeopeHHa kaacie 0asa 3anycky eeod-cepgepa. g Toro, mob Kopu-
cTyBau (hpeiBOPKY MaB MOMKJIMBICTH 0Jpa3y MiCJsA CTBOPEHHSA IITPOEKTY 3a-
IIYCTUTU BeO-cepBep, HaM HeoOXigHO cTBopuTH O0azoBuil Kjaac. Ilami Hama-
IIITOBYEMO Ta 3alycKaeMo BeO-cepBep. B skocTi Beb6-cepBepy Oyae BUKOPU-
crana OiOmiorexka akka-http, sxa mHamae mam http-server mammcammii mHa
moBi Scala. OOpaHuii BebO-cepBep € ACHMHXPOHHUM Ta 0araTo IOTOUYHUM.
Horo ocHoBHOIO KoH(pirypamiero € (aiisl 3 POYTUHIOM BaIHUTiB, Y HHOMY
KOpHuCTyBau (hpeliIMBOPKY MAa€ OMUCATH CTPYKTYPY MOCUJIAHBb IJSA HOCTYILY
1o RESTful pecypcis. Ilicasa crBopenns QyHKIII aad reHepallil 6a30BUX
KJIaciB MU MAa€eMO NPU3HAUUTU KOMaHAY (hpeliMBOpKa AJIA BUKJIUKY IIi€l
(pyukIii 3 KoHCcoJi iHCTpyMeHTy cKjaagaHHA sbt. I[1a mboro BUKOPUCTOBY-
emo TaskKey 3 HasBow provision. PesyimbTaTom pobGoTu Oyze CTBOPEHHS
IBYX KJIaciB y CTaHAZApPTHOMY IIaKeTi KOpHCTyBaua: AJIA OIUCY POYTHUHIY,
JIJIsT 3aIIyCKy BeO-cepsicy.

Hanawmyseannsa pobomu 3 6a3oi danux. OnHieo 3 HaWBaKJIUBIIIINX
ocobuBocTeit RESTful BebG-cepBiciB € BiacyTHicTh BHyTpinrHbOrO crany. Ile
O3HayYae Te, IO yCi JaHi MOBMHHI 30epiraTmucs okpeMo, ToOTO y 0a3ax JaHUX.
Burkopucrosyemo JDBC gpaiiBep aJs HagaHHA JOCTYHy A0 0asu HaHUX KO-
puctyBaua (peiiMBOpPKYy. Ilyisg Toro, 1mob IIOJIETIIIMTU PO3POOKY Beb-cepBica
Ha CTBOPEHOMY (hpPeiMBOPKY HOJAEMO IIle OAUWH PiBeHb aOCTPAKIIil AJs reHe-
parii SQL xoxy. Hasa mboro Oyae BuKopucTaHa 0i0sioTeka MOBU IIporpamy-
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Bauua Scala — Slick. OcobuuBicTio 1€l 6i6gioTexu € Te, 10 BOHA IIPHU3BO-

INTh KOHBepTaliio Scala Koxy v SQL mix wac xommiaaiii mpoekTy. 3aBaaKu
IIbOMY Pe3yJbTaT POOOTH 3aBiKAU IIEPEeBipPSAETHCA CTATUUYHUM aHAaJIi3aTOPOM
MoBHu Scala, a @yHKI[ioHas 0i0JioTeKM He BIIMBAa€ Ha IIBUAKICTH BUKOHAH-
HsS KOAY AK y BUHOAAKY 3 aHaJloraMu Ha MOBIi Java. 3i cTOpoHu (hpeiiMBOPKY
MM IIOBHHHI HAZaTH KOPHCTYBauy CIIOCI0O BHKOPHCTOBYBATH BXKe 3KOHQIry-
poBany 0Oibmioreky Slick y cBoemy Komi. [[Jis IIbOTO CTBOPIOEMO TPEUT
DatabaseConfig, sxkuii Oyme momammii O KOXKHOTO KJacy KOPHCTyBaua, e
OyZe BUKOHYBaTHUCh podoTa 3 6a3010 JaHUX.

Cmeopenns modeni danux. OcuoBoro RESTful Be6G-cepsicy € mozeinn
JaHUX 3 AKUMHU BiH Oyme mpaioBaTu. I[Jis IIbOI0 CTBOPIOEMO KOMAaHIY, IO
Oyze 30upaTu maHi KOpHCTyBaua IIPO HeOOXigHI Momesi Ta remepyBaTH KJiac
3 HeoOXimHMMU HaHUMU s 30epiramHa 1iei momeni y 06asi mammx. Ilasa
TOoro, IMO0 3amiaTu Oibgioreky Slick, migKIIOYMMO BiKe CTBOPEHUH TPEHUT
DatabaseConfig mo ctBopenoro tpeiity UserTable B sxomy immopTyemo
cuHTaKcuc 0i0sioTeku 3a momomorow KomaHaum import driver.api. . s
CTBOPEHHS MAIMIiHTy MiK JaHUMHK Ta TaOauIilel0 B 0as3i JaHMX CTBOPIOEMO
KJac, akuii Oyme HaciaigmyBatucs Big xiaacy Table. B cepemmui mporo xiaacy
ormcyeMo mojaA 3a gomomoror ¢yHKII column[Type](fieldname, flags).
Ilicta mporo CTBOPIOEMO AaILIIKATHUBHY (PYHKIII0O AKa MicTuTuMe y coO0i
iH(opmMaIlio Ipo CIiBBiAHOIIEHHS IOJIiB KJIacy Ao IoJiB y 6asi manmux. Ilpm
CTBOPEHHi aIuTikaTmBHOI (yHKIII Hamaemo 6iOiiorerii Habip mosaiB y 6asi
JaHUX Ta (PYHKIII KOHBeprallii KJjiacy y Habip maHuUX Ta HaOOpPy maHUX Y
kaac. Ili ¢yuKIii BiKe HamaHi HaM MOBOIO mporpamyBaHHs Scala. Ilicas
IILOT'0 CTBOPIOEMO Habip 6a30BuX Aiii 3 623010 JAHUX 3a JOIOMOIOI0 MAaKpPOCY
TableQuery[Type]. Ileii mMakpoc oTpuMye HdaHi MaIliHTy Mojmesai A0 06asu
ITaHUX Ta reHepye 0a30Bi omepairii Hag TaOJIUIEIO.

Cmeopenns 6a3oeux 0iit REST cepsicy ma cmeopenns REST poy-
muHezy 0asa pooomu 3 cepsicom. Mawouu monesb AjA 30epiraHHA JaHUX Ta
0asoBi mii mHag 6a3010 JaHWUX MU MOYKEMO 3TeHepyBaTH cCepBic akuit Oyme Ha-
maBatu 0asoBi mii mima REST cepsicy. is mboro sreHepyeMO TPeUT SKUHA
VHACJIIIyeEThCA Bil TPEeNTy 3 OMMCOM MANIiHTy MisK 043010 HaHUX Ta MOIEJ-
JII0, Ta peajisyeMo omeparii AKi OyayTb: BUBOAWUTH yCi 3aIllCH, BUBOIUTH
OKpeMuii 3aIllrc Ha OCHOBIL Ioro izeHTu@ikamiifHOro Komy, JoJaBaTH 3alluc,
OHOBJIIOBATU Ta BUAAJATH 3amucu. iaa immiemenrarii nmux miii 6ygeMo BH-
KopucToByBaTu 0i0mioTery Slick. 3a J0omomMoroim Bike CTBOPEHUX MaKpPOCOM
0azoBux miii 3 0a30I0 JaHMX, ONMCYEMO HeOOXimHi mii Ta BHKOHYEMO iX 3a
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ponomoroio (yukriii db.run. CrBopuBmIm yci HeoOximmi mii masa poboTu 3
MOJIeJLII0 MTaHWX 3B A3yEMO iX 3 30BHIIITHIMM ITOCHJIAaHHAMEK Ha cepsic. Ilaa
IILOT'O PO3PO00JITEMO KJac poyTuHry, axkuii onuiiie REST mporoxon mas mo-
meni. B sxocTti ymoB, B cuHTaxkcuci 6i6mioreku akka-http Bucrymaiors gupe-
KTUBH. BuKopucroByeMo HacTymHi aupektuBu: get, post, pathPrefix,
pathEndOrSingleSlash, delete, put. PathPrefix BukopucroByooThCcsa A Ie-
PeBipKU iCHYBaHHS AEeAKOl YaCTHHU IJIAXY YV 30BHIIIHHOMY IIOCHJIAHHI Ta
JUIsT 3YUTYBAaHHS YacTUHU ILIAXY y Kox poytuHTry. PathEndOrSingleSlash
IepeBipsAe UM ByKe HacTaB KiHellb mocuiaHHs. Get, post, put, delete mepesi-
PAIOTH UM 3aIUT BiJHOCUTHCA IO OJHOIO 3 IIUX THUIiB. BaiKJIMBOIO YaCTHMHOIO
pobOTH POYTHHTY € OIIMC IIPoIlecy cepiajisarmii Ta gecepiamisarmii manux.
Ockinbku Ay oOMiHy 3 KJieHTOM Mm BuKopuctoByemo gopmar JSON, To
HaM HeOOXimTHO 3HAWTH cHOCci0 CTBOPEHHSA BHYTPINTHUX O0’€KTiB Ha OCHOBIi
3alUTy KopuctyBaua. I[Jisi IIbOT0 BHKOPUCTOBYEThCA 0i0JrioTeka spray-json.
Ha ocnoBi makpocy jsonFormatN(Type) BoHa remepye (QyHKIIiI aasa cepiadi-
3arrii Ta mecepiaiisarii 06’eKTiB.

Hapairi mu gomaemo miaTpuMKYy 1tiel 0i0ioTeKu 10 HAIIIOrO POYTHHTY
1 OTPUMYEMO MOJKJIUBICTH BUKOPUCTOBYBaTU KomaHAu ,todson ta as[Type]
nas  KoHBepralil gmanux. Ilicaa 1mpboro KopuctyBauy (ppeliMBOPKY
3aJIUINAETHCA JOJATU CTBOPEHUN POYTUHT JI0 IJI00AJIBHOTO MAIMiHTY.

CmeopenHs wabsoHi6 ma KOMAHO Oas 2eHepauyii KOMNOHeHMmIiE.
Maroun yci HeoOXifHI KOMIIOHEHTH CHCTEMM, PO3POOMMO IIIabJJOHU IJIA
reHeparii. BoHm OyayTh BHKOHAHI y BHIVIAAL O00’€KTIiB 3 (QPYHKIIiEIO
code(params). B axocti mapamerpiB OyayTh IepegaBaTHCS HeOOXimHi maHi
IS TeHepallii Toro 4u iHIIOro KOMIIOHEHTY. Buminms 3ajeskHi yacTumHU 3i
CTBOPEHNX KOMIIOHEHTIB MH MOXKEMO IIePeTBOPUTHU iX Ha 3MiHHIi, 1110 OyAyTh
3allOBHEHI B B3aJIe;KHOCTI Bix BoBHiImIHIX mapamerpiB. CrBopuBIII yCi
HeoOXimHi MIabJIOHM MepexoAuMO M0 HamucaHHA KomaHpA aiasa sbt (puc.2).
I uynTaHHS 3 KOMaHIHOI CTPOKM BUKOPHCTOBYETHCSA CTaHIApPTHA (PYHKITiA
readLine. [Ins 3ammucy y KOHCOJIb BUKOPHCTOBYEThCA (YHKISA println.
BukopucroByoun MeHeIKep PecypciB 3aIMCcyeMO 3TeHepOoBaHMU IIabJIOH Y
daitn wkimacy. Ius Toro, 1mob 3apeecTpyBaTH KOMAaHIy BUKOPHCTOBYETHCS
dyukrmia 3 makery sbt - taskKey.
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me.archdev.commands

me.archdev.ResourceManagement
me.archdev. templates.ModelTemplate
sbt.Keys._

sbt._

CreateModelCommand e 1 ResourceManagement {
= taskKey[ 1¢(

{

readValues: [( )1 =
), readLine(

(readLine(
_) =
= params => (params)

iy readUntil(acc: ¢
readValues £

C € => acc
ase x = readUntil(acc ++ x)

basePath = .value. replace(

println(
createDirs(basePath +

modelName = readLine(
values: [( )1 = readuntil()

println( )
modelPath = basePath + + modelName +
createFile(modelPath)
writeFile(modelPath, ModelTemplate.code( , modeWame, values))

Pucynork 2 — IIpukjaang Komauau AJis reHeparii MozmeJri

BucuoBku. B pesyabraTi mpoBegeHUX AOCTiAKEeHb OyJIO 3aIIPOIIOHOBAHO
dpetimBopk mias  crBopeHHa RESTful BeG-cepsiciB, saxuii m03BoJIsE
CTBOPIOBATH HOBi Be0-cepBicu 3aBAAKM HAO0pPY BOYJZOBaHMX KOMIIOHEHTIB.
KokeH KOMIIOHEHT € He3aJIeKHOI UYaCTUHOK Ta JIETKO KOMOIHYeTbCS 3
iHmmMy yactuHamMu. Takoxk, OJIsS ONTHMIi3allil podoTH po3pobJIeHO TeHepaTop
KOIYy, IO [O3BOJISIE CTBOPIOBATH KOHTPOJIEPU MJIA OOCTYIYy OO MOJesei
mJaanx. @OYHKIIOHAT PO3po0eHOro (PerMBOPKY [O3BOJISAE CTBOPIOBATH
KOMILJIEKCHI BeO-IomaTKu, momijieHi Ha Oessiu cepsiciB. Ilpum mpomy KoiKeH 3
HUX CTBOPIOETHCA HA OCHOBi TOTOBMX KOMIIOHEHTIB.
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I.B. Cmipianes, A.B. Haiguim
METOAUX TEOMETPUYHOTO MOAEJIOBAHHA
TA BI3YAJI3AIIII IN®POBOI MOJEJI PEJBEDY

AHomayis. BUKOHaHaHO 027150 OCHOBHUX HANPSMKIB, B SKUX BeOymbCa pobo-
mu no onmumi3ayii po3s’a3aHHA 3a0a4 MoOeNloBAHHA ma 813yanizayii ckaao-
HUX MpUBUMIpHUX 06'ekmiB yugposoi modeni penbedy.

Kntoyosi cnosa: yugposa modens penvegy (LUMP), 2eomempuyHe modenosaH-
HA, si3yanisauyis, [1C-anani3, BAM, bH-yucneHHA.

IlocranoBka mpooaemu. Ha Bigminy Big mugpoBux ysaBJIeHbB TOUKO-
BUX, JIHIMHUX i ABOBUMIpHMX 00 €KTiB, TPUBUMIpHI 00 €KTHM BHMAararmoThb
ocobmmBuxX (opMm yaABIeHHA. OZHUM 3 IIONIMPEHUX THUIIB TPUBUMIPDHUX
00'eKTiB € Tomorpadiunmii penbed 3eMHOI IIOBEepXHi. 3a JOIOMOIOIO
TPUBUMIPHUX 00 €KTiB MOMKYTb OYTU TAKOX 3MOJE/JIbOBAHI KapTH IIiJILHOCTL
HaceJIeHHA, aTMOC(pepHOro TUCKY, BoJorocti i T.im. TpuBuMipHi Momesi Ta-
KOr'0 THUIIY TPALUIIIHO IIOB A3YIOTH 3 IU(PPOBUMHU MoAeaaMU peabedy. IIMP
IO3BOJIAIOTL 3a KiHIeBUM HaOOpoM BHOIPKOBMX TOUYOK BHU3HAUATU
MMiHECEHHA, KPYTUBHY CXWJy, HaOpAMOK CKaTy B [OOBiJIBHINM TOUIli Ha
MmicieBocTi. MoOMKJIMBO BUABJEHHA O0COOJIMBOCTEII MicIleBoCTi - OaceiHiB
PivuoOK, IpeHa*KHUX MepeXK, ITiKiB, 3amaamH i T.iH. Taxki Mozesi IIMPOKO 3a-
CTOCOBYIOTBCA B Oararhox mnponeaypax I'IC-amaimizy: mpm BuOopi Micmsa
OymiBHMIITBA OyZiBes b Ta KOMYHIiKAaIlili, B aHaJidl ApPeHaKHUX MepexK, B
aHaJIisi BUAMMOCTi, Tpy BUOOPi MApIIPyTy PYyXy IO HepeciueHiil MiciieBOCTi.
Ocob0amBO HIMPOKO IM(pPOBI MoAesi peabed)y 3aCTOCOBYIOTHLCS B TiApoJIorii.
OmauMm 3 ocHOBHuUX eramiB moOymoBu IIMP e Bigyasisarmis mpomiskHUX i
KiHIIeBUX pe3yJbTaTiB MozenoBaHHA. He muBagumch Ha Te, IO IS IPoOJIe-
Ma BHBYAETLCSA NOCHUTHL JABHO, OCTAHHIM YacoM iii IPHUIIIAECTHCSA TOCUTHL 0a-
rato yBaru. Ile o0ymMOBJIeHO THUM, III0 TPOOJIEMa BUCOKOI IITBUIAKOCTI OOPOOKHU
rpadiumol imdopmamii € 3aBXKIM AKTyaJIbHOIO. ¥ 3B 3Ky 3 pi3Ko
30iBIIIEHMMHN MOMKJINBOCTAMM OOUYMCIIOBAJILHOI TEeXHIKM CKJIAZAETHCA
TeHJEHIIiA OO0 I1o0yZoBM  Bce  OiJIbII  aJeKBAaTHUX 1  CKJAQTHUX
reoJiororeo(pisMuyHIX MoAeJel. 3BiJicM BUILJINBAE AKTYyaJbHICTH IIpoOJIEeMM
MOJIeJTIOBaHHSA Ta Bisyaurizarii TpuBumipamx o6’ekriB IIMP.

© Cmipianes [1.B., Haiigum A.B., 2017
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Ananxiz myoaikamii mo temi mocaimskeHHA. [0 KIacMYHUX CIIOCO0iB

Bigyasrizamii ABOBUMIipHMX MTOJIB mapamMeTpiB (IIOBEpPXOHB) MOKHA
BigHecTu [1]: KapTu, KapTu B iBouiHiaAx i TpuBuMipHi moBepxHi. CyuacHi
AJITOPUTMM IIOOYAOBHU JIiHi¥M PiBHA BUPIIIYIOTH PAJ IpoOJIeM: ITiABUIIIEeHHSA
IMIBUIKOCTI BimoOpakeHHs [2-4], OopoTpba 3 miymamMum i 3TJIafKyBaHHSA
igoainizi [3, 4], o00sik oOMekeHb, IO HaKJagawTbcA [H, 6]. Ilpu
BijoOpasKeHH1 KapTu y BUTIJIAJL TPUBUMipPHOI HOBEPXHi cuTyallia madbarato
CKJamHIiIIe, HidK Ipu BimoOpakeHHi idosiHiii. OCHOBHOIO IIPOOJIEMOIO TYT €
IMBUAKiCTh, Bisyasisariii. BimoOpaskeHHsS BHCOKO JeTaibHOI Mozesi (Ha-
MIPUKJAJ, IM00yJO0BaHOI Ha PiBHOMIpPHIi CiTIi 3 KiJIBKiCTIO BY3JIiB MOPAAKY
10 000 000) mpamumm MeTomaMu BUABJAAETHCA CKPyTHUM [1]. Ile o0Oy-
MOBJIEHO HeKiJIbKOMa IPMUYMHAMM: HecTaua IIaM ATi KOMII I0Tepa, HU3bKa
IMBUAKICTL BiZoOpasKeHHS BEJIMKOro o0cAry iHdopmarlii, BUKOPHCTAHHS
HepalioHAJIbHUX aJITOPUTMIB. SIKIIO mepiIii ABI NPUUMHU BUPIITYIOTHCS
3aBASKM HaAPOIIYBAHHIO IIOTY:KHOCTiI OOUYMCIIOBAJIILHOI TEXHIKM, TO TPETH
IIPpUYMHA BUMAarae po3poO0KM BiATIOBIAHMX aJITOPUTMIB i MeTOHmiB MoOmeJIio-
BaHHS, IO CBiJUMTH MPO aKTyaJbHICTH JaHOI mpoOJeMu.

®dopmyaoBaHHA Iijged crarti. MeTol [MOCIHiAKEeHHSA € PpPO3TJIAL
OCHOBHHUX HAIIPSAMKiIB 3 omnTmMisalii posB’s3aHHsS 3amadi Bisyasrisarrii
CKJIAIZHUX TreoPismuyHMX O0’€KTiB Ta OCHOBHHMX HAIIPAMIB I€eOMETPHUYHOTO
MopeoBaHHA naA mooymosu IITMP.

OcHoBHa wuyactmHA. BumiimMo OCHOBHI HampaAMKaMu, B SKHX
BeIyThCSA POOOTH IO ONTHMisallii pillleHHA 3amau Bisyasisarii CKJIagHUX
00 eKTiB:

-  OazamomacuimabHe nodannsa ingopmauii [2,7,8]. IloBepxHs,
3aJjaHa 3 BHMCOKOIO PO3AiJbHOIO 3JaTHICTIO, PO3KJAaZaEThCcs Ha Bepciio 3
HU3BKUM PO3MINPEHHAM i Habip yrTouHOOuuMx KoedimienrtiB. aumwuii min-
XiJ MO3BOJIAE IIBUAKO IIEPEXOAUTH BiJ rpy0boro mpeacTaBJIeHHS MOBEPXHi
0 OinBINT AeTaJbHOTO MOAAHHAM. TaKMM YMHOM IIPUCKOPEHHS BUXOIUTH
3a PaxXyHOK CKOpoOueHHs obOcAry iHdgopmarii, 1o BimoOpasxaeTbes (Bimci-
KaHHA HECYTTEBUX IeTajiein).

— IIooydosa adanmosanux cimok [2,7]. Bynyiorbca ciTka,
OoTpUMaHa B pel3yJbTaTi aHaJi3y XapaKTepHOl CTPYKTYPH IOCJiIKYBaHOIO
00'exra. Taka ciTka MOBMHHA 3 OJHOIO OOKY MICTUTH SAKOMOI'a MEHIIIE Be-
PIINH, 3 iHIIOro - 3a0e3lmedyyBaTH HaWOiJbII IIOBHE YABJEHHS IIOBEPXHi.
3MeHIIIeHHA KiJBKOCTi BY3JIiB J0O3BOJISE€ IIPUCKOPUTH IPOIleC Bidyasrisarrii
IIOBEPXHi - BiATBOpeHHA Ii 300pakeHHA, o0epTaHHAd i T.iH.
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-  3acmocysaHHs 8UCOKONPOOYKMUBHUX aszopummie. Bukropuc-
TAaHHS BUCOKOE(PEKTHUBHUX aJTOPUTMIB € OCHOBOIO IJA IIOOYIOBU BUCOKO-
MPOAYKTUBHUX MpoOrpaM Bisyasisarii BemumKumx o0csa3iB iH(opwmarii 3a
YMOBH OIITHMAaJILHOTO BHUKOPHCTAHHA TEXHIUHOTO Ta IporpamMHOro 3adec-
MeYeHHs.

KouTuHyalbHUII XapakTep IPHUPOAHUX OOOJOHOK TreorpadivyHoro
cepemoBUIIIa Ma€ Ha YyBasi 0OeslmepepBHUI pPO3IOAiJ, B TOMY UHCJII,
mapaMeTpPiB HifACcTMJIAI0YOI IMOBEPXHi, IO IIPU CYyUYACHUX OCOOJHMBOCTSIX OT-
pUMaHHA iH(dopMaIlii y BUTISAI AUCKPETHUX CIIOCTEePe)KeHb B TOUKAaX,
IIPUBOAUTL HAC OO0 HEOOXiZHOCTI BHMKOPHCTOBYBATHM METOLHN IIPOCTOPOBOIL
iHTepmosAnii Ay 3aIOBHEHHS MOCJIIMKYBAaHOro 00 €KTa HeoOXigZHMMU 1a-
HuMu. HesBaskaoum Ha JecATKU PoOiT, HeMae OAHO3HAYHOI AYMKM IIOI0
Kpamioro iHTepmoJdamniiiHoro merony. Bimg ssKocTi oO0poOKM BUXiTHOIO UM-
CJIOBOTO MaTepiajy iCTOTHO 3aJIe’KUTh JOBipa A0 OTPUMYBaAaHUX BHUCHOBKIB.
Tomy, poariissHeMo OCHOBHiI Meromu 3D iHTepmoJsAIii, 10 3aCTOCOBYIOTLCSA
B reoingopmariitaux cucremax (I'IC).

Memod Hailbauxcuoi mouku [9,10]. Januit MmeTon € HAUIIPOCTIMTIM
IHTepHOJAMIAHNM METOAOM, IO HO3BOJISIE iHTEePHIOJIIOBATH OYAb-AKiI THUIINI
JaHUX O OyAb-AKWX THUIIIB PEIIiTOK IJIAXOM IIPHUCBOEHHS aTpPuOyTiB
HanOaMm:K40ol TOUKM moTouHOoro BysJa penriTkm GRID ab6o citkm MESH.
OCHOBHUM i TOJIOBHUM HEIOJIKOM I[LOTO METOAY € HOT0 TOYHICTh.

Bininiitna inmepnoasauisa [11,12]. Binmimifima i#nTepmossamia € pos-
OIMPEeHHAM JiHiMHOI 1HTepmoJAmil Aas (PYHKIII aBox 3MiHHUX. B akocTi
BXiTHUX HaHUX NPUHMMAaIOThCSI 4 KOOPAMHATH, IPOEKIIil AKMX Ha ILIOIIUHY
xOy 3HaXOOATHCA B BepHIIMHAX AEeAKOTO0 NPAMOKYTHHUKA. Takok, maHui
MEeTOJ, MOJKHA 3aCTOCYBaTH MO0 OyAb-IKOI peryJaapHoi ciTmi, IOCJIiJoBHO
3aCTOCYBaBIIM MOT0 A0 KOXKHOI «KOMipkKu». IlepeBaru maHoro merony -
IIPOCTOTA i BeJMKa INIBUAKICTHL OOUMCIEHHSA, NPU PO3MapajieIOBaHHI Ha
GPU. Oxguak, peaJbHi JaHi 4acTO IIPEACTABJIeHI Y BUIVIAAL HeperyJaapHOL
CiTKM, B #AKiM uyacToTa BY3JiB He € MOCTiliHOIO, 1 MOMKe CHUJIbHO
3MiHIOBaTHUCA Big omHiel obaacTti mo iHIOI.

Memod obepreno 38axenux gidcmaneit (O3B) [9,10,12]. B nanomy
MeTOJi OOUYHCJIIOITHCSA BaroBi KoedimieHTn, HeoOXimHi maa mMOOYZOBU
inTepnondAmniinol ¢yukmii. IIpum mbomMy Bara, ImpucBoeHa OKpeMill TouIri
JaHUX TIpPU OOUYMCJIeHHI By3Jla CIiTKM, NOPOIOPIifiHAa cTemeHi 3BOPOTHOIL
BifcTaHi BiJ BHXIiZTHOI TOYKHU OO0 pPO3pPaxyHKoOBOro Byajaa citku. Ilpu

ob0umciieHHI iHTepmoaAniiitHOl (GYHKII B OyAab-IKOMY BY3Ji CiTKEH cyMa
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BCiX NIpH3HaUeHUX Bar JOPiBHIOE OAMHUIII. SIKIIO TOUKaA CIIOCTEeperKeHHs

30iraeTbcsi 3 BY3JIOM CiTKH, TO MJAaHWH METOJ IIpaIlo€é HAK TOUYHUH
iHTepnoaATop. BaroBa (GyHKIIiA 3ajJeXUTh BiA BiacTaHi i pagiajbHO Ccu-
MeTPUYHA IITOJ0 KOXKHOI po3cissHol Touku. Hemosriku meronmy - reHepaiis
CTPYKTYp TUIIYy OHWYe OKO HABKOJIO TOUOK CIIOCTEPEKEHb 3 €KCTPEeMyM-
HUMU 3HauveHHAMU QYHKIII [10], KpiM TOro moBro mpaiioe mpu BeJUKii
KisbKoOCTi Buxigamx manux [12].

Memo0d  MiHIMAALHOL  KPUBUHU (meTop CILJIAliHY) [10].
BukopucToByeThbCcA METOH 1HTEPIIONAIil, AKUI OI[iHIOE 3HAUEHHA 3a HOIIO-
MOT'0OI0 MaTeMaTWUHMUX (QYHKIiM, AKI MiHIMi3yiOTh 3arajJbHy KPUBUHY
IIOBEPXHi, IO IPU3BOAUTL OO0 3TJIAAKEHOI IOBEepPXHi, AKa HPOXOIUTHL Ue-
pes3 BximHi Touku. MeToa MiHiMaJIbHOI KPUBU3HU, OJHAK, HE € TOUHUM
MeTomoM. BiH remepye HaWOIILII TJIAAKY IIOBEPXHIO, fAKa IIPOXOIUTH
HACTiJIbKY OJIM3BKO [0 €KCIIEPUMEHTAJbHUX TOUOK, HACKIJIBKU 1€ MOXKJIM-
BO, ajie I[i eKCIepMMEHTAJbHI TOYKM He O000B S3KOBO HAJIEXKAaTh
iHTepmoaAmniiuoi moBepxHi [13].

Memod KRpize (kpicine) [10]. Hanuii wmeTtox € OZHUM 3
HaumnomupeHimux. Ilpum Kpiriary mepenbauaeTbcs, IO BigcTaHb abo Ha-
IIPSAMOK MiK OIIOPHMMM TOUKAMH BiJoOpaska€ NIPOCTOPOBY KOPeJAIilo,
sKa MO’Ke BUKOPUCTOBYBATHCHA IJiA IOJACHEHHA 3MiHM Ha moBepxHi [14].
Kpiriar BukopucToBye MareMaTuuHy (PYHKIiI0 IJIs MEeBHOI KiJIBKOCTI TO-
yoK a00 BCiX TOUOK B MeKaxX 3aJaHOT0o pagiycy, o0 BU3HAUNUTU BUXiTHe
3HAUEHHSA s Bcix HanpamkiB. Kpiriar amamoriuauit O3B, mpore, TyT Ba-
ra 3aJIeKUTh BiJ BCTAHOBJEHOI MoOMeJi AJs BUMIPIOBAHMX TOYOK, BiJ
BiicTaHi M0 MicIis po3TamnlyBaHHSA IIPOTHO3Y 1 BiJ IIPOCTOPOBUX BiTHOCHH
Mi)X BUMipIOBAaHUMHU 3HAUYEHHAMMN HABKOJO MiCIId pPO3TaIllyBaHHA IPOTHO-
3y. Bapiamii meromy Kpire BumaHauaioTbCs, T'OJOBHMM YHHOM, TPhOoMa
CKJIaOBUMU - MOJEJIJII0 BapiorpamMMu (IIpu3HaueHa MOJsA 3HaAXOMKEHHA
JIOKAJIbHOI OKOJIMIII TOYKMW i BH3HAUEHHS Barl' CIIOCTEPEKEHUX TOYOK, BU-
KOPUCTOBYBAaHUX IPU 1HTEPIIOJNAIil (YHKIII y By3Ji Mepexi), TUOIOM
TpeHAa (BU3HAUYa€e TEHAEHIIiI0 B XapaKTepHii mpoCcTOpoBi# sMiHi maHmx) i
«epeKTOM CcaMOpPOAKY» (ZI03BOJIsIE BpaxyBaTH IIOXMOKY BU3HAUEHHS
ImapaMeTpiB ¥ BY3JIOBUX TOUKAaX).

Memo0d padiaavrux 6a3ucHux @yuruiit (PB®) [10,15]. Hanuit me-
TOJL € METOAOM JKOPCTKOI iHTepIoJAIlii, ToOTO iHTepHmoJAIlifiHA IOBEPXHA
IIOBUHHA IIPOXOAUTU UYepe3 KOXKHe BUMipsHe OmOpHe 3HaueHHs. Ha mpo-
tuBary metony O3B, PB® mo:XyTh iHTepIosfoBaTH 3HAYEHHsS BUIIEe MakK-
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CUMAaJBLHOIO a00 HMKYe MiHiMaJbHOTO BHMipAHOro 3HaueHHs. PagianbHi

0asucHi (GyHKI[II amasoriumi BapiorpamMmaM, BUKOPHCTOBYBAHUM B MeTOMi
Kpire. IIi ¢pyHKIii BU3BHAUAIOTh ONTUMAJbHY MEDPEKY Bar, 3a AOIOMOTOIO
AKUX B3BaXKYIOThCSA B3HAYeHHs (YHKIII B TOYKaX CIIOCTEPE)KeHb IIPU
moOy/10Bi iHTepmoJIAIiiiHOl PYHKITIT.

Memo0 Illenapoda [10,16]. Hauuiit metox noni6uuit 1o metony O3B.
BiHm TakKoX BUMKOPHCTOBY€E€ 3BOPOTHI BifcTaHi mpu OOUYMCIIEHHiI BaroBUX
Koe(iIlieHTiB, 3a AOIIOMOIOI0 AKMNX 3Ba'KYIOThCS 3HAUEHHS eKCIIepHUMeH-
TaJbHUX Z-3HAaUueHb B TOUKAaX CIIOCTepeXKeHb. BiIMiHHICTH mOJATrae B TO-
My, IIO OPH IIOOYAOBi iHTepmoJAIliiiHol (PYHKI[II B JOKAJBHUX 00JaCTAX
BUKOPUCTOBYETHCA MeTOA  HalMeHIuX KBazapatiB. Ile 3meHmrye
MMOBIipHICThL IIOABM Ha 3TeHEPOBAHOI IOBEPXHI CTPYKTYp THUIIY OuUUe
OKO .

Memo0 mpianeyaayii 3 aineitnHow inmepnoaauicio [10]. B manomy
MEeTOAI BUXIiAHI TOUKM HAaHUX 3 €IHYIOTHCA TAKHM UMHOM, IO PE3YJIbTYIO-
ya MOBEPXHs IIOKPHBAETHCSA IIOBEPXHEI0 3 I'paHeill TPUKYTHUKIB, (opmy-
BaHHA SKUX BigOyBaeThbCcsA 3a AOOIOMOroi0 MeTony TpiaHryaaiii Ilemone.
IIpu 1boMy KOAaHA 3i CTOPiH TPUKYTHHKA HE IIePETUHAETLCA 3i CTOPOHAMU
iHIMINX TPUKYTHUKIB. 3HaUueHHsA (PYHKIII B Bys3jax pPeryjaspHOi CiTKu, IIo
MOTPANJIAIOTh BCEPEAUHY IILOT'0 TPUKYTHUKA, HaJEXaThb IJOINMWHi, IO
IIPOXOAUTh UYepe3 BepIInHM TPUKyTHUKA. OO00JOHKA TpiaHTyaANiiiHOL
MMOBEPXHiI (PpopMyeThCsa OOZHMM ab0 KiJbKOMa IOJIiroHaAMu. YcepeaumHi ado
Ha peOpi mMOJIroHiB OOCOJOHKM MOKHA IiHTEPIIOJIOBATH Z-3HAUEHHSA
MIOBEPXHi, BUKOHYBAaTH aHaJIi3 i reHepyBaTu BifloOpasKeHHS IIOBEPXHi.

Memod npupodrnoi okxoauyi (npupodrux cycidie) [9,10]. Hauwuit
MeTo[ iHTepmoaArnii 0yB BBemeHu# B pobori [17], a meTanbHO OomMcaHUII B
pobori [18]. Ak i O3B, mammii MmeTon 3acHOBaHWII Ha 3BaAKEHOMY ycepe[-
HeHHA 3HadyeHb. OgHaAK, 3aMicTh OOUMCJIEHHS 3HAUYEHHSA Ha IIiacTrasBi 3Ha-
YeHb BCiX TOYOK, 3BOPOTHBO B3Ba)XKeHHX II0 BiAcTaHi g0 HHX, TYT 3a
BXiTHUMH TouKaM OyayeTrbcsa TpiaHryadAmnia [lemoHe, BuOUpPAOTHCHA
HanOMM:K4i By3JaM, AKi (OpMYyIOTH OOYKJY OO0OJOHKY HAaBKOJIO
iHTepHmoJBLOBAHOI TOUKM, a IIOTIM IX 3HAUEHHAM IIPHCBOIOETLCA Bara,
nponopiiiaa miaomgi. Merox IIO Tako:X He MOKe eKCTpPamoJIoBaTH JaHHI
3a MeKi omykJoi o6os0HKU moJiroHiB Ilesmone. HatirosmoBHimui 1rtoc ga-
HOT'O METOAY - BiICYTHiCTH mMOTpedu oOpPOOJIATH BCi BiOMi TOUKM, a TiJIbKU
Ti, AKi € HaAHOJMKUMMM OO [OesdKMX pPacTpiB, IPHU IMIOTOYHOMY piBHI
neranisarii [12], kpim Toro, maHuit mMeTon MoKe e()eKTUBHO IIPAIfOBATHU 3
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BeJINKUMHK HabopaMu BXiTHUX TaHUX.

Mertoan TOYKOBOTO YUCJIECHHSA Banwbu-Hailduwa (BH-
yucyieHHda) [19]. Ogun 3 npukaazgiB € cmocib «Jlyma». Pospobieni anro-
PUTMU DO3BOJISIOTH ITO30YTHCA BiJ IITyMOBUX CKJIANOBUX ITMU(PPOBOI MOmes i
3eMeJIbHOI IMOoBEpXHi (mia ImMIyMOBHMME CKJIAZOBMMM MAalOThCA Ha yBasi Tou-
K1, SKi He HajJeaThb 0 peJabedy MicIeBOCTI - POCIMHHICTE 1
apxiTekTypHi cropyau). Cepen mepeBar BH-umciieHHS MOKHaA 3a3HAYUTHU:
MOJKJIMBICTH IIONEPEIHBOTO 3aBAAaHHS HEOOXiAHOI TOYHOCTI AAaHUX IO MO-
JIeJII0I0ThCS; B OCHOBL aIlpoKcHUMAaIllil MOMKYTh JeXaTu KPHBI BHCOKOIO IIO-
PAOKY TJIAAKOCTi; BUKOHYETHhCA (opMaJisamisga MOAeJI0EMOl MiIAHKH
3eMHO] IIOBEpPXHi; BiICyTH1 ollepallil IpoeKTyBaHHs Ha IJIOIIMHI ITOBEPXHi
(pospaxyHKM BUKOHYIOTHCA OJHOYACHO [JA BCiX KOOPAWHAT TOYOK
IIOBEPXHi, IO, B CBOI Uepry, AO3BOJIAE 3HAYHO IIiABUIMUTHU INBUIKICTH
pPO3paxyHKiB); PO3pPaXxyHOK MOKe BUKOHYBATHUCHA SK AJIS PEeTyJIAPHUX, TaK
i HeperyJqApHUX CErMeHTIiB 3eMeJIbHOI moBepxHi. s OijnbIroi HaouwHOCTI
MOJKHAa IIPOBECTHU TPiaHTYJAIII0 OTPMMAHOI TOUKOBOI MOJEJi.

Mertonu gapiamueHnozo OUCKPEMHO20 2e0MeMPUYHOZ0 MOOENI08AHHSA
(BOAI'M) [20]. ¥V nmpoMy HAIPAMKY IIOBEPXHS MOYKe PO3TJIAAATHCH ab0 fK
oNHONapaMeTpUYHa MHOKMHA KPUBUX JIiHiN, ab0 AK [ABOIIapaMeTpHUUYHA
TOUKOBA MHOKMHA. BigmOBiZHO MO KOKHOIO 3 IIMX HaAIPAMKIB po3podJeHi
BinmoBigHI amropmuTmiuHi Ta mporpamui peadsisarii [20]. ¥V pesyabTarti 3a-
CTOCYBaHHS [MaHUX AaJTOpPUTMiIB (POPMYeEThCA HOBa AUCKpPEeTHA MHOMKKHA
TOUOK 1 3HaueHb HOXigHMX Yy HuX. IIpm nmpomy BigOyBaeThCA SK 3aBTOJHO
IMiJIbHE BryINeHHA TOYKOBOTO MAacuBYy, SK JOKaJibHE TakK i riyiobanbHe,
ITicJIS YOr0o Ha MHOMKMHI OTPMMAHUX TOYOK OyAyeThcA OaraTorpaHHa II0-
BEePXHA, II0 IPEACTaBJsA€ IMTyKaHY ITOBEPXHIO B HACTYIHOMY PO3B’A3aHHI
npukjaanuoi samadui. Kpim Toro meromm BII'M MoOXKyTh 3aJ0BOJBHATHU
IEeKiJIbKOM yMOBaAM MOJEJIIOBAHHSA OJHOYACHO.

BucaoBku. OT:ke, OCHOBHUM HANIPAMKOM OIITHMMizallii po3B’sa3aHHsA
3azau BisyaJisarrii CKJAQITHUX 00'€KTiB, € BUKOPUCTAHHA
BUCOKOe(DEKTUBHUX, E€KOHOMIUHMX 1 HOpPOCTHUX Yy peaJjisdallil aJropuTMmis
niass 1mobymoBu OaraTromacinTabHOTO IOZaHHA iH@opwmarii i moOymoBu
aIalTUBHUX CIiTOK, IO € OCHOBOIO MJIsI ITOOYIOBM BHCOKOHPOAYKTHUBHUX
ImporpaM BisyaJsisaiiii Besmkoro oocary imdgopmaririi.

3 MeTOoI0 B3MEHINeHHA KiJbKOCTI BXigHUX pmaHux (YCyHEHHaA Iix
HAIJIUIITKOBOCTI) HeoOXimTHO BUKOHATHU IpoIenypy ImonepeaHbOl

IIiATOTOBKM AaHMUX. T0OOTO BHUKJIIOUNTH 3 BUXITHUX TAaHMX aHOMAJIil i Imy-
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M1, BUKOPMUCTOBYIOUM MIJs I[HOTO CcIIelliaJibHI aJITOPpUTMU, HaAIIPUKJIAI,

cuocib «syma» [19].

3 HaBeAEeHOTO OIJIAAY HAMOLJLII IIePCIeKTUBHUMU MOKHA BBaXKATU
MeTOau Kpiriary, npupoaHol okouuilti, metronu BJII'M Tta metonu BH-
yncaeHHA. OgHak, mpu OiJbII JeTaJbHOMY POS3IVIAAL JaHMX METOMIB IM
TAKOK IpPUTaMaHHI HesaKi HemoJaiku. Tomy ImomasIbIIi HAIIl JOCTimKeHHS
OyAyTh CIPSMOBAHI Ha BAOCKOHAJEHHS ICHYIOUMX Ta PO3POOKY HOBUX
METOJiB IPOCTOPOBOI iHTEPIIOJIAIil TPUBUMIPHUX 00’ €KTiB.
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UDC 004.9

0O.V. Spirintseva
FACTOR ANALYSIS FOR MULTISPECTRAL RASTER
IMAGES PROCESSING

Abstract. The alternative methodic of landscape data level optimization which
are enough for its interpretation is studied in the paper. The landscape data
level compression is executed by general factors based process description
part.

Keywords: multispectral image, factor analysis, data level minimizing.

Problem. To increase the landscape data information value those
data notably images are being recorded in a number of spectral radiation
ranges. Fixed by the modern remote sensing optical complexes such images
in the aggregate compose the united geometric object which is the multis-
pectral image. The minimizing of the initial landscape data level notably
the number of the fixing spectral ranges is one of the basic factors that
defines the utilization efficiency of those data in the automated processing
systems including the geoinformation technologies.

Analysis of researches. According to the numerous studies [1, 2]
to detect the most data-intensive components of the multispectral image
the image intensity spatial distribution de-correlation is required, while
the component images of the multispectral one are fixed in the different
spectral ranges. There are information value definition methods applied
for digital image intensity distributions fixed in separate spectral
ranges. Such methods have an integral character thus the information
contribution definition of separate raster represented cells of initial
landscape data to image information value in whole becomes impossi-
ble [3, 4]. One of the basic tasks of the factor analysis methods is the
data level compression by general factors based process description part.
The quantity of the factors is less than the quantity of primarily kept
features or parameters which are ensure the accurate feature correlation
matrix restoration [5].

The aim of the work is to study the factor analysis methods con-
cerning multispectral raster images processing in order to optimize the

© Spirintseva O.V., 2017
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fixing spectral ranges quantity of initial landscape data according to the

information entropy maximum criterion.

Major part. The correlation matrix built with Pearson ratio corre-
1

lation coefficient R = EZE;’ , where Z - standardized input data matrix,
n - vector length, ' - transposition symbol, is the basic factor analysis
method research object.

The Aster initial (immediate) multispectral image, fixed in nine
electromagnetic spectral ranges, as the testing one was taken and for the
convenience placed together with research results as shown in figure 7.

The image intensity spatial distribution numerical matrixes of
the initial multispectral image bands are used as the factor analysis
variables. There are Var2 - the 1** band (0.52 mxm - 0.60 mrm), Var3 -
the 2% band (0.63 mxm - 0.69 MkM), Var4 - the 3% band (0.78 MM - 0.86
miMm), Vars - the 4" band (1.60 mrm - 1.70 mrm), Varé - the 5™ band
(2.145 mMrMm - 2.185 mMrM), Var7 - the 6" band (2.185 MM - 2.225 MKM;),
Var8 - the 7" band (2.235 mxwm - 2.285 mMrMm), Var9 - the 8" band (2.295
MEM - 2.365 mrwm), Varl0O - the 9™ band (2.360 mrm - 2.430 mMkM) in
ascending order of emission wavelength. The correlation matrix calcu-
lated for the variables complex is put in figure 1.

Mepemendan | Var2 [Vard [ vard [Vars [Vab [ Va7 [vad [Varg [varld
Var2 [ 1ool 0@0 D49 047 004 002 003 -007 D05
ar3 050 100 019 067 025 027 025 022 023
Ward 043 019 100 -032 078 077 078 -080 079
Wars 047 0B7 032 100 078 079 079 0768 0O7F7
Wark -0p4 025 078 078 100 099 0989 083 058
Warl 002 02 077 079 093 100 0989 08939 0858
Warg 003 025 078 079 099 099 100 0939 059
Ward 007 022 0800 076 098 099 059 100 0589
Warll 0p5 023 079 077 098 0583 059 053 1,00

Figure 1 - Correlation matrix

To choose the definite considerable factors the eigenvalues for
every variable (for every image of multispectral one) were calculated.
The eigenvalue - its number diagram was built (Figure 2).

fu—

1 2 3 4 5 6 7 8 9

Figure 2 - The eigenvalues diagram
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As we can see from the eigenvalues diagram the first factor eigen-
value is amount to 6,28, the second one is amount to 2,36, the rest are
less than 1. According to Kaiser criterion the two factors should be cho-
sen, and according to Cattell scree test one should choose two or three of
the factors [6], so the both of solutions are studied.

The correlations among factors and variables named the factor
loadings are the most important information concerning the factor in-
terpretation. The factor loadings calculating for all nine factors showed
that the two first factors have the greatest loadings (Figure 3).

DPakTop | Daktop DakTop QakTap DakTop DakTop Cakrop DakTop QakTap

MepemeH. 1 2 3 4 5 B 7 &} g

Var2 [-0012341] D982565) 0087690 0,102697 | -0,126030) 00168712 0003775 0,000632 0000266
ard -0,306626 1 0920433 -0,201867 0055276 0121412 -0,018058 -0,005541 -0,000299 -0,000520
“ard 0774200 0534893 0313495 0104283 0071395 -0015152 -0,005904 -0,000407 -0,001667
arh -0816821 0496841 0222674 0184246 0048620 0005965 0,004396 0,001005 -0001613
Warb -0,991564 -0050821 ) 0022961 0056513 0037662 0064103 0,054571 -0,019505 -0,039945
War? -05991774 -00320686 0035836 0049738 0032336 0080208 -0,027188 0045690 0035562
“arg -0993578 -0046221 0028586 0045855 0003716 -0,022980 -0,012967 -0,076858 0033612
Ward -0,990652 -0088811 0019433 0045691 -0,010221 -0,039340 -0,067760 0009564 -0043156
“arll -0589453 -0070708 0017936 0051262 0003701 -0093560 0045414 0040688 0013722
Cbuygue. | 5275309 23642320 0,199510 0070909 0040682 0022242 0,010900 0,010140 0006076
Hona obwy | 0697257 0262692 0022168 0007879 0004520 0002471 0001211 0001127 00006575

Figure 3 - Factor loadings

To obtain the easiest for interpreting factor structure the factors
were rotated using the "varimax” rotating method. The quantity of the
factors reserved for rotation is amount to two and three.

The Factor 1 has the largest loadings for variables Var4 - Varl0, and
the Factor 2 has the largest loadings for variables Var2 and Var3. The data
obtained indicate the Factor 1 and Factor 2 factor importance. The deci-
sion diagram based on two chosen factors rotating is given in Figure 4.

1.0 s Var3
(o
0.8

Vars
0.6 @

$axTop 2

Var4
04 =

0.2

-1.0 -0.8 -0.6 -04 -0.2 0.0 0.2 04 0.6 0.8 1.0 1.2
dakTop 1

Figure 4 - The decision diagram

The scatter chart of the two factors (Figure 4) shows the two load-
ings for every variable. The variables Var2 - Var5 are scattered on the
diagram field one relative to another and other grouped variables. This
means the presence of spectral distance between the image spectral
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bands which correspond to the variables. The variables Varé - Varl0 are

concentrated that means the absence of useful information of corre-
sponding image spectral bands one relative to another. Thus as the re-
sult of the factor analysis of the input multispectral image the five
principal components are picked out (Figure 4).

As far as the greatest quantity of contrast details is concentrated
in the images of the principal components picked out, the aggregate of
them allow reconstructing the image with minimum information loss.

The initial images are given in figure 5 (a, d, g), the reconstructed
images are given in figure 5 (b, e, h), the images of the difference be-
tween them are given in figure 5 (c, f, i). The low contrast of the im-
ages-differences indicates the little data loss when the only five princi-
pal components have been used for input image reconstruction [1].

200
400
GO0

a0o

1000

200 400 GO0 800 1000

400 - 800 800 200 400 EOD 800 1000
f

s

Figure 5 - The research results
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The annotation to figure 5: (a) is the initial image of 1 to 3 multis-

pectral bands; (b) is the reconstructed image respective to (a) image; (c) is

the difference between (a) and (b) images; (d) is the initial image of 4 to 6

multispectral bands; (e) is the reconstructed image respective to (d) image;

(f) is the difference between (d) and (e) images; (g) is the initial image of 7

to 9 multispectral bands; (h) is the reconstructed image respective to (g)

image; (i) is the difference between (g) and (h) images.

One of the basic raster image information characteristics is the in-
formation entropy [7], the values of which were calculated for every spec-
tral band of initial and reconstructed images. The analysis of the obtained
values confirms the considerable reconstructed images information value
rising, especially for 1 to 3 bands of the multispectral image.

Conclusions. The alternative methodic of landscape data level opti-
mization which are enough for its interpretation is studied in the paper.
Further development with respect to subject matter is connected with pre-
sent landscape data level optimization methods effectiveness defining and
analysis according to the criterion of maximum reconstructed images geo-
metric structure saving during their information value rising.
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0O.JI. Crapony6iesn

TOCJINKEHHSA HEMPOHHUX MEPEK JJIS
ITEHTU®IKAIIT CHTHAJIB BUXOPOCTPYMOBOT
IE®EKTOCKOIIT

AHomayia. 3a donomo2ow Komn'tomepHo20 MOOENBAHHSA BU3HAYEHO onmu-

ManbHUl mun, napamempu HaBYAHHS Ma HACMPOUKU HelpoHHOT Mepexi 0/
10eHmugpikayii cueHany degekmy y suxpocmpymososili OepekmocKonii Kom-

no3um-ux mamepianis.

Kntoyosi cnosa: HelipoHHT Mepexi, BUXOPOCMPYMOBA OegeKmocKonia, KOMNo-

3UmHi Mamepianu.

Beryn. OcHOBHOIO 3a7jauero Hpu IOITyKax aedeKTiB CYILILHOCTI KOM-

IIOBUTHUX MaTepiaJIiB i3 BUKOPHUCTaHHAM BUXOPOCTPYMOBOI'O METOLY € iI[eHTI/I-

dikamia cur"Hany gedeKTy Ha (POHI Ail 3aBarKarounx (paKTOpiB, CIPUUYMHEHUX

0COOJIMBOCTSIMM IIOBEPXHi KOMIIOSUTHUX MarTepiayiB (irym) Ta crerugikoro

ITPOBENeHHSA OOCIimKeHb [1].

dopma KJIACUYHOTO MOZIYJIAIIMHOTO CUTHAJY, AKUNA OTPUMYETBCA Bif

BUXOPOCTPYMOBOT'O TIEPETBOPIOBAYA y BUIIAJKY, KOJU OT0 TPAEKTOPiA CKaHY-

BaHHS II€PEeTUHAE IOBEPXHEBY TPIIIMHY, MTOBMKHWHA KOl 3HAUHO MEHIIIe iaMeT-

pa BUXOPOCTPYMOBOT'O II€PETBOpIOBavYa, 300paskeHa Ha puc.l, a y IOpiBHAHHI i3

IIITYYHO CTBOPEHMMH IITyMAaMM CIiBPO3MIipHOI aMILTITyAu - Ha puC. 2.

025
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00sr

0
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Pucysor 1 - MogyadamiiHuil CUTHAJ
IpU OPOXOIKeHHi
BUXOPOCTPYMOBOI'O IIepeTBOPIOBayua

HaJI TOUKOBUM Oe(heKToM
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Hnsa imenTudikamnii curaany mgedexrty Ha (GoHi mrymy, o0yMOBJIIEHO-

ro CKJAITHUM PeJIbe(DOM ITOBEPXHiI KOMIIO3UTHOTO MaTepiajy 3 apMyRUYNMU
BYTJICIIEBUMM BOJIOKHAMM, II€PCIEKTUBHUM € IOCJIMMKEHHS MOXKJINBOCTEH
HelipounHux mepe:xx (HM) [2].

IToctanoBka 3aBmamHsa. Meroro poOoTu OyB aHadi3d MOMKJIMBOCTIL
Bukopuctania HM pna imentudikarmii curmany aedexkTy, aguTUBHO 3Mi-
ITaHOTO 3 OiIMM rayCoBHMM IITyMOM, a TaKOXX BU3HAYEHHS OIITUMAJbLHOTO
runy HM nnsa nmpoBeleHHS TaKUX JOCJIiIKEHb.

OcHoBHa uyactuHa. [[1a BUpIIIeHHA IIOCTABJIEHOTO 3aBAaHHS OYJIO
BUKOPUCTAHO KOMII'IOTepHUN Martematuunuii mnaxer Octave (freeware
anajsior nmaxketry Matlab). B mbomy makeri Oysa po3po0OJieHa mporpama, aj-
TOPUTM POOOTH AKOI IpeAcTaBJeHHII Ha PUCYHKY 4, Ta siKa olepyBaJa i3
HACTYIIHUMH BXiTHUMU TAaHUMIH:

- ogHOMipHOIO Martpurner (1 crosmensb) i3 21 crporamu (pmc.3),
3HAUeHHS AKUX BiANOBiJAIOTh IIOCJHIOBHUM BiJIJIiKaM cuUTHaJAy AedeKTy,
IMOKasaHoMy Ha puc.l (BigcTaHb MiXK Bimgikamm mo oci abcruc mOpiBHIOE
0,2 MM O TpaeKTOpil CKaHyYBaHHA);

- 3aJJaHOI0 KiJBbKiCTIO MaTpPUIlb, IKi MicTATH BUOipKU ITymMy PisHOI
iHTEeHCHBHOCTi, IO BiAMMOBiZalOTH CKaHyBaHHIO 0Oe3gedeKTHOI ITOBEpPXHi
KOMIIOBUTY;

- OaraTomiapoBUMM HEMPOHHMMH! MepeyKaMH, IO MiCTAThL 2 Iapu
HeWpOHiB i3 KinmbKicTio BXigHMX curHaiiB 21 (masa momaHHS MOCJiZOBHO Ha
KOKeH BXiJ OJHOTO 3HAUEHHA i3 MaTpPHIlL CUTHAJIIB), Ta 1 BUXiZHUM CHUT-
HajsioM (i3 3HaueHHAM «1» - 110 BigmoBimae HasaBHOCTI mederTy Ta «0» -
Moro BimcyTHOCTI).

IIpu mpoBeneHHi mocaimKeHHs, AK mepcrueKTuBHi Tunu HM 3 Tou-
KI 30pY BIAIIOBIZHOCTI 3ajau BUXOPOCTPYMOBOTO MeTOAY HIe(deKTOCKOIIil
KoJiy 3amau Bukopucranusa HM [3,4,5], Oyiau posrasHyTi HacTymnHi Oara-
torrapoBi HM:

- HM npsamoi mepenaui i3 3BOPOTHIM HaAIIPAMKOM MIOIINPEHHS IIO-
MUJIKH;

- nuHamiuaa HM npsamol mepezadi i3 JiHiAMM 3aTPUMKU Ta 3BOPO-
THIM HAOPAMKOM IIONIMPEHHA TOMUJIKN;

- pexkypeaTHa HM Xondginga is nuHaMiuHEM 3BOPOTHUM 3B’ SI3KOM;

- camoopragisyoua HM i3 xapToo KoxoHeHa;

- imoBipHicua HM;

- pagianbHa 6asumcHa HM.
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MaTtpung cATHAIIB

X,vMM Y,BiIH.CHTH. HAAB.JepeRTy

-2.0 0.018; .
-1.8 0.033; [(())8319?’
-1.6 0.071; 0.071+
-1.4 0.121; 0'121f
-1.2 0.181; 0'181:
-1.0 0.233; 0233’
-0.8 0.249; 0'249f
-0.6 0.211; 0211’
-0.4 0.126; 0'126:
-0.2 0.038; 0'038:

0.0 0.0; 0
0.2 0.038; 'a.
0.4 0.125; o
0.6 0.211; 0'211f
0.8 0.249; 0'249f
1.2 0.181; 0'181:
1.6 0.071; 0'071f
1.8 0.033; 0'038:
2.0 0.018]) 0.018]

Pucynok 3 - @opmyBaHHA MATPUIlL BiTiKiB curHaay gedexTy

¥ arocti pyukmiii aktuBarii HM , Oyau BUKoOpHCTaHi:

- rimepOoJTiuHa TaHTeHIiaJIbHA (DYHKITi;

i giitanx HM (Ta Ha BuxigHumit map 6araToIrmapoBUX Mepek):

- JiHiMTHA (QYHKIIA aKTUBAIIlil;

s pagianbHux OasmcHmx HM:

- raycoBa pajiajibHa 0asucHa (pyHKITiA;

1A camoopranisyrounx HM:

- KOHKypyoua (QyHKI[iA aKTUBaIlil.

fx anropuTMu HaBYAHHS OyJIM BUKOPHCTAHI, HEPCHEKTHBHI IOJO BH-
BUeHHs He()OPMAaJIi30BaHUX 3aJIeKHOCTEel, HACTYIIHI aJrOpUTMH :

- aJITOPUTM TPAJI€HTHOIO CIIyCKY i3 BMOOpPOM HapaMeTpa IIBUIKOCTI Ha-
CTPOMKU;

- KBasiHBIOTOHOBMIT ajaroputMm Jlesenbepra - MapkBapara;

- KBasiHbploTOHOBUIT aysroputMm JleBemOepra - MapkBapiaTa, HOIOBHEHU
pery.Jisapusatiieto mo Batiecy;

- METOJ] CIIOJIyUYeHOI'0 Tpai€eHTa 3i 3BOPOTHUM MOIIMPEHHSAM IIOMIJIKA B
moxaupikarrii @ieruepa — Pusca;

- METOJ] CIIOJIyUYeHOI'0 Tpai€eHTa 3i 3BOPOTHUM IMOIIMPEHHSIM ITOMIJIKA B
mopudikarrii ITonax — PiGetipu;
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- KOMOiHAIlisT MeTOAy CIIOJIyYEeHOro TI'pafi€cHTa 3 KBa3iHBIOTOHOBHM IIijI-

xomoM B moaupikarii MoJiiepa.

Ax ¢dyukiii mactpoitku mapamerpiB HM mia oOunciieHHs 30ibIIEHD
Bar i 3cyBiB mpm HaBYaHHI OyJM BHMKOPHCTaHI BigmosBimHi oopanmm tmnam HM
HaCTyIHi (yHKITII:

- (DYHKIIIA IS HAJAMITYyBaHHS mapaMeTpiB 3a metomoMm Biapoy — Xod-
ba;

- (byHKIIIA HACTPOMKU METOOM I'PAJi€HTHOTO CITYyCKY;

- (PYHKIIiAA HACTPOMKM METOAOM I'PAJi€HTHOIO CIIYCKY i3 30ypIOBaHHSIM;

- (pyuKItisa HacTpoiiku Bar LVQ-meperxki 3a mpasmitom LVQ1;

- (pyHKIIig HacTpoiiKu Bar Kaptu KoxoHeHa.

Y sKocTi KpuTepio AKOCTI HaBUaHHs OyJiM BUKOPMCTAaHI CTaHAAPTHI Me-
TOAU OIIHKY MiHimizaIii mommiaok HM, T. e. pisHMII MixK OaKaHuM i peaJbHUM
curgajgamu Ha Buxoni HM. 3 meroro reHepairii HaBYalOUnx BHOiPOK BHKOPHCTO-
ByBaBcA Oiamil mrym poamnozisy I'ayca i3 oOMe:KeHHSM aMILITyou IIyMy OO PiB-
Hf MaKCHMAaJIbHOI aMILIITYAN CUTHAILY JedeKTy (Hamau - A,y) [6]. IIpoBoxuiio-
ca maBuanaa HM samanoro tumy 3 3aJaHUMU IIapaMeTpaMU 3 BUKOPUCTAHHSIM:
imeaJIbHOTO CUTHAJY JAedeKTy, ieaJlbHOro CUTHANY Je(DEKTY 3 JOAAHUM J0 HHOT'O
MaKCHUMAaJIbHIM PiBHEM IITyMY, i/leaJbHOI'0 CUTHAJIY i3 JHOZAHHAM JI0 HBOT'O IIO-
JIOBUHI MaKCHUMAaJbHOI'O PiBHSA IIyMY i Tak AaJi.

Ilicna maBuanaa HM mpoBoguivca HaCTyIIHI AOCTiMIyKeHHA 3 11 BUKOPU-
CTaHHSIM:

- TeHepyBaJIUCA BUOIPKHU IIIyMy 3 aMILIITYJ0I0, AKa IIOCJiJOBHO 30iJb-
nryBasack Ha 1% Big 0% no 100% piBHA Agy, 0 JOJABAINCA A0 3HAUEHDb CU-
rHainy nedexTy;

- 3TeHEePOBaHl CUTHAJIN ITI0/I0 HAABHOCTI Ta BLACYTHOCTI CUTHATY JIe(PEKTY
nogaBasavicsa Ha Bxoau HM i mepeBipsiachk IpaBUJILHICTD ieHTU(IKAII] CUTHATY
ne(peKTy Ta IIPaBUJIBHICTD iAeHTH(IKAIlil BiACYyTHOCTI HedeKTy;

- OTPUMAaHi 3aJIe?KHOCTI KiJILKOCTI BUMNAAKIB IIPABWJILHOL imeHTH(piKaIrii
curHaay nedeKTy Ta imeHTu(diKallil BiACYTHOCTI curHay Oe(eKTy Big PpiBHA
HIyMYy, JOOAHOTO A0 CUTHAJY, BUKOPHCTOBYBAJIVCA IJIs BU3HAUEHHS OITUMAJIb-
"Hoi HM ra 1i mapamertpis.

Ilnst aBTomMaTHU3artii JociigKeHb OyJia pospobiieHa mporpama (pruc.4), sxa
crBopioBajia HM, HaBuaja iX Ta MOCJIIIOBHO aHaJIi3yBaJja BiJICOTOK IIPaBUJILHOL

imenTrikallili curaajiB npu 3MiHi Tumy Ta napamerpis HM.
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3aBaHTAKEHHSA BXiTJHUX TaHUX:
- MATPHUIli CUTHAJIIB HadaBHOCTiI gederty; Tunu HM, 1o

v

3aBHaHHA BXiTHUX JAaHUX:
- KiJIbKiCTh MaTpUIh MIyMy, MaKCHUMaJbHa aMILIiTyna
Irymy;

<\
T'enepyBaHHA JOZATKOBUX NAHUX:
- MaTpUIh OIyMy, MaTeMaTUUYHUX (QYHKIIiN , IepeBip-
KU IOTOYHOTO PiBHA ITymy; cTBopeHHsS HM samanmx
TUIIiB.

A

Marpuna mymy 36iraacsa i3 MaTpUIieio Tax

curHany gehexty ?

Hi ¢
ObpauHA mortounoro Tuny HM

.
&
ObOpaHHA MOTOYHOI (DYHKITII aKTuU-
BaIrii
4

O6paHHA IIOTOYHOTO aJITOPUTMY Ha-
BUAHHS

<
O6paHHA MOTOYHOI (PYHKIIII HACTPOWKHU IIapaMeTpiB
HM

4

OOpaHHA IIOTOYHOIO KPUTEPi0 SIKOCTi
HaBYAHHSA

v
Hapuanaa HM (moTtounoro Tumy i mapameTpis)

) 4
Hi OcranHiii KpuTepiit Tax Hi

AKocTi ? Ocranusa QyHKILA ]
4—’_1:&[L HACTPOUKU ?

Hi OcraHHill aJaropuT™m Tax
HaBYAHHA ? .
. Hi
OcraHHA QYHKIiA
aKTHUBAILii?
Tax

30iIbIIIeHH PiBHA IIyMY

Taxk .o
Ocranuii Tun HM? Hi

Makcumym 1rymy?
‘| Tak . TokyMeHTyBaHHS
pes3yJbTaTiB

Pucynox 4 - Anroputm po6oTu mporpamMu
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Hai6inemm mpuzgaTtHOoiO a8 imenTudikaimii curmany gedexTy BH-

apuysack HM npsamoil mepemaui i3 3BOPOTHIM HaIIPAMKOM IIOIINPEHHS II0-
MuaKu. PesyabraTu ii BUunpoOyBaHHsS BimoOpaskeHi Ha puc.5 i B Tabdia.l.
Ha pwuc. 5 Ha rpadiky i3 JogaTKOBUM IIO3HAUEHHSAM TOUOK Ipadiky
CHMBOJIOM «*» HaBeJeHO mociaimxenHsa HM npsamoi mepenaui i3 3BOpoTHIM
HAIIPAMKOM IIOIIUPEHHS IMOMUJIKHU, TinepOoJiuHOI0 TaHTeHIiaJbHOI (yH-
KIlielo akTuBAaIlii, KBa3iHbIOTOHOBUM aJITOPUTMOM HaBUuaHHSA JleBeHOepra —
MapkBapara, MeTOZOM TIPaJi€eHTHOTO CIIYCKY i3 30ypOBaHHAM Ta KOMOi-
HOBaHUM KPUTEPiEM AKOCTI HaBYaHHA (1[0 MOKAasajia HaWKpaIlli pe3yJibTa-
TU OPU MOJeJi0BaHHi) Ha QoHi rpadikis HM 3 inmumu napamerpamu.
HocToBipHicTh imeHTH(iKAIil CUTHAJSY THM BUINE, YUM OiJIbIlIe BO-
Ha BigpisHseTbcA Bix mopory y 50% BumaakiB mpaBuJIbHOI imeHTH(iKaIrii,
TaKUM YMHOM i3 rpadiky Ha puc.5 OUeBUAHO, IO IPUNAHATHA OOCTOBip-

HicTh imenTudikaiii mocAaraersca jguiie npu piBHi mymy go 30%.

3axe:xHicTs gocToBipHOCTI imenTHdiKaNil cHTHAXY Big piBHI IIymy

100 V

90

80

60

50

30

PiBens mocToBipHOCTI imeHTHIIIKAIIT

20} 114

100 ' \_\ J -
1 .“96

0 | | | | | | I |
0 10 20 30 40 50 60 70 80 90 100

Pigens mymy, % BiJ MAKCHMAJILHOI AMILTITYTH CUTHAJIB

Pucynok 5 - 3ajmexHicTh JOCTOBipHOCTI imeHTH(iKaIii curuamy

nedeKTy BiJ PiBHA HIYMY
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Tabaumnsa 1
3aJjIe;KHIiCTh IpaBUJABbHOCTI igzeHTHdiKarii curaany gedpexrrty HM npsamoi
rnepenavi i3 3BOPOTHIM HANIPAMKOM IIOMIMPEHHSA HOMUJIKU B 3aJE€KHOCTI

BiJl BUKOPUCTAHUX MapaMeTpiB MeperKi

T DyHK- Anroputm Hacrpoiiku na- Kpurepiit % TMOMUJIOK BU-
u Imis ak- HaBYaHHSA pamMeTpiB AKOCTi1 HaBYaHHSA 3HAUEeHHSA MIpU
o TUBAIil mryMmi
HM 0|10 | 20| 30
E . O ® SR K.OEVI6]'.HOBB..HI/II7I KpuTe-
i g E\g & a8 5.3 g‘ = piii AKOCTi HABYAHHA 0(2 |4 |13
g, 2 S RE ERo T
= = =33 Ssc8¢3 cepelHs KBaJpaTUUYHA
=] Z ER‘ 2 B = OMMJIKA 0|3 |13 |33
(=] : T >
E g = E§ - BB KOMOIHOBAaHMI Kpure-
2 2 = S ?j; g > piii AKOCTi HaBYaHHA 0|4 |12 17
g 8 2ec $3¢e g cepefHs KBaIpaTHYHA
& H e £ 2 TOMILIKA 0|7 |24]217
S - m
5 E = % LED | 800 K.OM61HOB.‘:%HI/II/I KpHuTe-
i < E8 859 oL s piif AKoCTi HaBYaHHS 0|1 18 | 16
& 2EEES s
= Bl = Sg¢agm | §E¢ % =
o o QS S g5 >
g5 | S é B O SRS cepeiHsa KBaJpaTUdyHAa
8 s | B QSEE‘: A IOMMJIKA 0|1 |21 28
% = \é E E%‘ g% Lo B KOMOiHOBaHUH KpHTe-
o < 2o 82E |9 '%‘..)( 5 & piif AKOCTiI HaBYAHHS 0|1 14 | 31
- 5 2 E gER g gE e cepelHs KBaApaTHUUYHA
2 3 =HA £° IOMMJIKA 0|1 |11 |28
g o :E & B o B 0 KomOiHoBaHuii Kpure- | 0 | 12 | 16 | 31
Y g 5 2 § o-&5 23 % 2 | pift axocri HapuaHHA
Bl [
,E a‘a gé % g gE B« Q T | cepenna kBagpaTuuHa | 0 | 7 12 | 30
g & 3 S s & £ ©7 & | mommaxa
® < B =EA : KoMOiHOBaHMIZ KpuTe- |0 | 8 | 21 | 28
= oo =i HE o 2 e )
H N o 22 SR 5 piii sikocTi HaBUaHHS
= = s E g g g E B cepenna ksagparuuna |0 |5 |23 | 31
i = % w3 o © HOMIJIKA

BucaoBku. OrpumMaHi pesyabTaTH MOIEJIOBAHHSA CBifuaTh IIPO JO-
IiJbHICTh BUKOPUCTAHHA HEWPOHHUX MepeX AJd imeHTudikarii momyJas-
I[INHOTO CUTHaAJy IIOBEePXHEBOI TPIiIIMHU, OTPUMAHOTO IIPU CKaHyBaHHIi
BUXOPOCTPYMOBUM II€ePeTBOPIOBAYEM IIOBEPXHiI BUPOOIB 3 KOMIIOBUTHUX
MaTepiajiB Ha (POHi iHTEHCHMBHOIrO IITyMYy, OOYMOBJIEHOTO BIIJIMBOM ITIOPCT-
KOCTi ITOBEPXHI.

3a pesyJabTaTaMHt [AOCJHiKeHBb OyJ0 BU3HAUEHO ONTHUMAJIbHUU TUI
Mepeski Ta ii mapamerpu. Ile Mmepeska mpAmMOl mepenadi i3 3BOPOTHIM Ha-
MIPAMKOM MONIIMPEHHA NOMHUJKHN i3 BUKOPUCTAHHAM y SAKOCTi aJroOpuTMy
HaBYaHHA KBa3iHBIOTOHOBOro aJjroputrmy JleBemGepra — MapkBapara Ta
HACTPONKOIO ITapaMeTPiB MeTOIOM I'PaJi€HTHOTO CIIYCKY i3 30ypIOBaHHAM.

IlpuiinaTaa, ¢ DpakKTUYHOI TOYKU 30pPY, MOCTOBIpHICTHL imeHTUQI-
KaIii medexkTy oTpuMyeTbes npu piBHI mymy go 30% Bix piBHA aMILriTy-
IV cCUr”Hany nedexry.
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YVIIK 621.373 — 187.4

H.U. Tsepaoctyn
AHAJIN3 F-METPA C YIOIPABJIAEMOH
YYBCTBUTEJBHOCTBHIO K ITIPUPAIIEHUIO PEAKTAHCA
HHAYKTHUBHOTO JATYHUEKA

AHHomauus. llens  pabomsl — noswblweHue YyscmsumesnsHocmu  F-
Mempu4ecko2o npeobpasosamesis UHOykmusHocmu.  HalideHs! ycnosus
YNpasneHus Kpymu3sHol xapaKmepucmuKu npeobpazosaHus uMepumesbHo20
2eHepamopa Ha 0CHoBe KOMOUHUPOBAHHOU 0nNepayuoHHoOl cxembl nymem u3-
MeHeHUs cmeneHu KOMNeHcayuu Ha4yaabHol UHOYKmMuUsHoOCmuU napamempudye-
CK020 0amMYUKa, BKIOYEHHO20 B PE30OHAHCHbIL KOHMYp 2eHepamopa.
Kntoyessble ciosa: uHOYKMUBHOCMb, CONPOMUBAEHUE, UMNEOaHC, damyuK, 2e-
Hepamop, KOMOUHUPOBAHHAS ONePayUOHHAsA CXemad, NpupaljeHue yacmomsi,
KoMneHcayus, 4yscmsumensHocms, F-memp.

Beenenue. B coBpeMeHHBIX YCTPOHCTBAX M3MePEeHUsS 1 KOHTPOJIA
IIIUPOKO HCIOJB3YIOT MeTonh F-mMeTpa, IIO3BOJIAIOIINI TOBOJHHO IIPOCTO
mpeoOpa3oBLIBATh pPeaKTaHC JaTUMKa B YaCTOTy TapMOHHYECKUX KoJjeba-
Huii [1]. HegocTaTrkoM MeTona ABJIAETCA €T0 OTPAaHUYEHHASA YYBCTBUTEJb-
HOCTh K M3MEHEHUNI0 KOHTPOJUPyeMoro napamerpa. IlosToMy aKTyaJIbHBIM
SIBJIAETCS CO3JJaHMNE CPEICTB, IO3BOJIAIIINX YBEJIUUYUTh YYBCTBUTEJIbHOCTD
KOHTPOJIsA MeToAoM F-merpa.

B pa6orax [2,3] 3a7m0:KeHBI OCHOBBLI CMHTE3a HMpeobpasoBaTesieil M-
ImegaHca Ha OMEPaIlMOHHBIX YCUJIUTENAAX. BbIBoAbI m3 [4] yKasbIBaloT Ha
11eJ1eCO00PasHOCTh MCHOJIb30BAaHUA KOMOMHMPOBAHHOW  OIIEPAIlMOHHOM
cXeMbl IJIA CO3MaHUA M3MEPUTEJbHOT'0 reHepaTopa C yIpaBJdeMOM YyBCT-
BUTEJBHOCTHIO.

ITocranoBka 3amaum. Ilesnbio paboThl ABAsseTcs paspaboTka F-
MeTpa C MOBBIMIEHHOW UYBCTBUTEJIHHOCTHIO K M3MEHEHUI0 MHIAYKTUBHOCTU
ImapaMeTpUYecKOro JaTuuKa.

OcHoBHasa yacTh. V3MepuTesbHBIN I'eHEPATOP HA OCHOBE JIMHEWHOM

KoMOumHMpoBaHHOU omnepanuonHoil cxemsl (JIKOC) mokasan Ha puc. 1.

© Tsepmoctyn H.M., 2017
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Pucynok 1 — UsmepurenbHbIi reHepaTop Ha ocHoBe JIKOC (a);
skBuUBaJieHTHOe Ipeacrasienue JIKOC (0)

B nunHeltHO# KOMOMHMPOBAHHON OIEPAIIMOHHON cXeMe ¢ MHIYKTHUB-
HBIM MMIEJAaHCOM B IIeIIM OTPHUIATEJHHOM OOpPATHOI CBA3M XapaKTePHBIM
SABJSAETCA HaJanune KOMOMHMPOBAHHOM OOpATHOM CBA3M, a TaKiKe TO, UYTO
BHeIIHMe curHaJdbl Bo30y:kaeHusda U; m U, mocrymaioT cumH(@AaAsHO Ha oba
Bxoza omepamnuonHoro ycuautesnsa DA2. W3 BeiBOgoB K pabote [4] caeny-
etT, uto BxomHoii nmnenaunc JIKOC paBen

Z.ax = (Zl - R2R3KZ4),.’[1 —n), (1)
Z

roe 21 =7 T j0li_ gommuekcHbt nMNenanc MHAYKTUBHOCTH L; ¢ AKTUB-

HBIM COIIPOTHUBJIeHUEM I';; Re,R3 — aKTUBHBIE CONPOTUBJIEHUA IEIMU KOM-

OuHUpOBaHHON 00paTHOM cBaA3u ycuautend DAZ2; Zy= Ry/(1+ jwCyRy) _

KOMILIEKCHBIH MMIIeJaHC IITapaJlJiIieJIbHO CO€eAMHEHHBIX COIIPOTHUBJICHMA R4

M eMKOCTHU ‘:4; n="U;/U;, Uy u Uy — HaIpAKEeHUA CUTHAJIOB BO30YyIKIe-
Hus. IloBroputenp Ha ycuauteae DA1 ¢ pesuctuBHBIM genuteneM Ry, Rp
npeJcTaBisgeT co00i MCTOUHUK HaNpAKeHUud Bo30yxaeHus U, cuHDasHO-
ro BXogHOMY HampsikeHuio U;. OTHoIlleHVEe n HANPAXKEHUN BO30YKIEHUS

MOXKHO IIPEJICTaBUTh Uepe3 OTHOIIIeHWE CONPOTUBJIEHUN AEJINTEJNIA B BUJE
n= Rg/(Ry+R5) (2)
b

TOrJa BXOAHON mMmeganc Z, , BBIPAKEHHBIH dUepes IApAMeTPhI CXEeMEL,
oymer
Zge = (1+ Rp/Ry)(ry + jol; — R3R3 /Ry — jwCyR;R3). (3)
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CunpaBeginuBo Takoxe, 4To Z ., IPEJCTABJIEHHBIM uYepe3 BXOJHEIE

rmapaMeTpbl, paBeH

7 _ jw
ng = Tgx + ‘] Lex, (4)
TJIe I'sx, Lgx — BXOJHBIE aKTHUBHOE CONPOTHUBJIEHNE U MHAYKTUBHOCTL. Torma
u3 (3) m (4) caenyooT BbIPA’KeHUSA aKTUBHOU M MHAYKTHUBHOM COCTaBJISAIO-

mux BxogHoro umnenanca JIKOC
Te = (1 + Rp/Ry)(rn — RyRy/Ry), (5)
Lee = (1+ Rp/Ry)(Ly — C4RyR4), (6)
IIOKAa3bIBAIOIe, YTO B HACTOAIEH cXeMe MHAYKTUBHOCTb L; ¢ aKTUBHBIM

COIIPOTUBJIEHUEM I'; IIPeodpasyoTcsa BO BXOAHbIe MHAYKTUBHOCTL L., U
COIIPOTUBJIEHUE I'yy C KOOPPUIIMEHTOM YMHOMKEHUS PAaBHBIM

m= (14 Rg/R4) (7
KOTOpBIH, npu Rp >> R,, MOXeT HIpPUHUMATH OoJjbIiue 3HaueHuA. U3 (H)
cJaenyeT, UTO YMHOMKEHHEe aKTHUBHOTO COIIPOTHUBJICEHUS 7'y COIIPOBOYKIAETCS
ero KOMIIEHCaIlel OTPUIlaTeJbHON AKTUBHOM COCTABJISIOIIEN BXOIHOTO

nmienanaca JIKOC paBHoI
Ry = — RyRa/Ry (8)

IIpu |R(_)|—> r1 BXOJHOE COIIPOTHUBJEHUue r,, — (0, 4TO yKasbIBaeT Ha BO3-

MOJKHOCTDH CYIIIECTBEHHOT'O HMOBBIMIEHUSA JOOPOTHOCTH MHAYKTHUBHOCTH.
N3 (6) crenyer, 4TO YMHOKEHUE MHAYKTUBHOCTH L; Ha Koa(hdumu-
€HT m IIPOUCXOAUT OJHOBPEMEHHO C YMEHbIIIeHUEeM ee HauaJbHOTO 3Haue-

C4R5R-

HUSA Ha BeJUYNHY , KoTOopyio OyaeM Ha3bIBAaTh KOMIIEHCUPYIOIIEH

MHIYKTUBHOCTBIO L,. Beiparkenue (6) mpeacraBuM B BUE
Lee=m(Lyi— L) (9)
JonmycTM, 4YTO IIOA BO3AEWCTBUEM KOHTPOJMPYEMOIO IIapaMeTrpa
WHIYKTUBHOCTDL AaTunKa L, udmMeHsercsa Ha BequuumHy AL;, Torjga BXOmHAasd
nEAYKTHBHOCTL JIKOC cranoBuTca
Lo+ ALy, =m(Ly + ALy — L) (10)
s (9), (10) crenyer, uTo abCOSIOTHOE M OTHOCUTEJIbHOE IpHpAaIle-

HudA BXOJIHOﬁ MHAYKTHUBHOCTHU COCTABJIAIOT

ﬁf_.gx= m&Ll, (11)

ALy /L, = AL /(L;— L), (12)

ISSN 1562-9945 125



1 (108) 2017 «CucreMHBIe TeXHOJOTHU »

nmpuyeM, Mpu Ly 2Ly ALgy/Lge = . Bugno, uTo abcol0oTHOE IpUpalleHue
BXOJHON MHIYKTUBHOCTH OIpeaeasdeTcd Kod(ppUImeHTOM YMHOMEHUS m,
a OTHOCHUTEJbHOE MPHpaIlleHre — BeJUUMHOM KOMIIEHCHUPYIOI[eH HMHIYK-
TUBHOCTU L,. TO moKasbiBaeT, uTo B JIKOC B0o3MOKHO MacIITadupoBaHMe
MHAYKTUBHOCTH JATUMKA C YIPaBJI€HHEM BEJWUYNHBI UyBCTBUTEJIHHOCTH K
KOHTPOJUPYEMOMY IIapaMeTpy.

G

K Bxomy JIKOC moakJoueHa eMKOCTBL “2, KOTOpas C BXOIJHOM MH-

ITYKTHUBHOCTBIO Lew o0pasyeT KoJiebaTeIbHBINI KOHTYP C PE30HAHCHOII dac-

TOTOH
1

f= 2a/i_.C, ) (13)

U3 (5) caemyer, UTO IIPU BBINIOJHEHUU YCJIOBHUA 1< R>R;3 /R, B
KOHTYpe NPUCYTCTBYET OTpHUIlaTeJbHAasd aKTUBHASA COCTABJIAIOINASI BXOMIHO-
ro counporuBsieHua JIKOC, kommeHcupyioiias akKTUBHBIE IIOTEPU B KOHTY-
pe m obecmeumBaloIas CTalMOHAPHBIE TapMOHUYECKHe KoJjiebaHUA Ha pe-

doHaHcHo# yactore (13), koTopasa ¢ yuerom (9) umeer Buj
1

f: Imfmily—Ly)Cy | (]_4)

IIpu msMeHeHVUM WHIAYKTHUBHOCTU JaTUUKA Ly IIpupaIeHe 4acTo-
Thl MOKHO OIIPEAEJIUTh B BUJE

_df 1 AL,
Af = dig ALy, — _ ammL,-LGo.(L,- L) | (15)

W3z (15) BugHO, UTO HpHUpAIleHNe YAaCTOThI CYIIeCTBEHHO YBEJIMUH-

BaeTcA IIpU Le—= Ly ITociennee 060CHOBHIBAET BO3MOXKHOCTH ITOBBIIIIEHU S
yyBCTBUTEJbHOCTH F-MeTpa Ha ocHOBe JIKOC K m3MeHEHNI0 MHIAYKTHUBHO-
ctu L, mapaMeTpuuYecKoro JaTunKa.

IJKcnepuMeHTaJIbHASI TpoBepKa BbipakeHuii (14) u (15) ObL1a mposBe-
IleHa Ha M3MepUuTeJbHOM reHepatope (puc.l), coOpaHHOM Ha OIIEPaIMOHHBIX
c

yeunurenax ICLT7650 c¢ magyxkTuBHOCTBIO L; = 21 MI'H, eMKOCTBIO “°¢ =

1,106 Mmr® u mauanabHOU uactoroil 460 I'm. Ha puc. 2 moxasaHbl 9KCIepHU-
MeHTaJIbHbIE 3aBUCHUMOCTH MOJIYJIS MPUPAIIEHNI YaCTOThI Af regepaTopa OT

IIpUpAINeHnsa WHAYKTUBHOCTHU ALy JaTuyrKa IIPY BapWaluy 3HAYEHUUA KOM-

Le o1 0 mo 17,23 mI'H. 9KcrlepuMeHTATbLHEIE

Af (AL

MIeHCUPYIOIeN MHAYKTUBHOCTU

AJaHHBbI€ IIOKa3bIBAlOT, YTO 3aBHMCHMOCTHN 1) JII/IHefIHBI; IIp1 KOMII€EHCH-
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L

x =0 (3BaBHCUMOCTH ) UYYBCTBUTEJIBHOCTH K
L

pymoIieil MHAYKTUBHOCTU

AL1 yyrumamesas u cocraBaser 7 ,0 I'm/MI'H, TpM yBeJIMUEeHUU 3HAUYEHUA ~x

YYBCTBUTEJIBHOCTH Bo3pacTaeT (3aBucumocTu 1— 4), Tak mpu L,=17.23 yrg

(3aBUCHMMOCTL 1) UYYBCTBUTEJBHOCTHL VYBEeJIWUYMBAETCSA B NOATH pas [0
39,2 I'm;/MI'a. 9TO TOATBEPIKAAET, UTO BEJUUYMHON KOMIIEHCHUDPYIOIIEH MH-

AYKTHUBHOCTHA L’f, OTHOCUTEJIbHO HadaJbHOI MHAYKTHUBHOCTHU JaTUWKa Ll-

MOMKHO YyIIPaBJATHh YYBCTBUTEJIBHOCTBIO M3MEPUTEJIBHOI'O I'eHepaTopa B IIPpe-

JieJax yCJO0BUA Li— L,>0.
Y
|af], Ty 1
Ne | L., mIH m
40— "1 117,23 | 23,68
41 2 | 1499 | 16,38
3 | 10,83 | 10,20
304 | 4 7,06 | 7.61
_ 5 0 3,61
20
10
| ALy, mIH
0

' " 04 06 08 10 12

Pucynoxk 2 — IIpupaimieHmre 4acToThI Af refepaTopa Kak pyHKIUA

|
0.2

WMHIYKTUBHOCTHU mgaTumka Ll aasa pasHbIX 3HaUEHUN

KOMIIEHCUPYIONIer NHAYKTUBHOCTU LK
' f,Tu
460
450
440~

430+

420+

410
L,, mI'n

fo
=

T T T |
21 21,2 214 21,6

l T l l

21,8 220 22,2

Pucynor 3 — XapaxkTepucTuKku mmpeodpasoBaHusd
M3MEepPUTEJILHOTO reHepaTopa
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IKCIIepUMEHTAJIbHOE CEeMeHCTBO XapaKTePUCTUK IIpeodpas3soBaHmUsd
(puc.3) npu m3MeHeHUU KOMIIEHCUDPYIOINei MHAYKTuBHOCTH OoT O (3aBUCHU-

MocTh 5) mo 17,23 mI'm (3aBucuMOCTh 1) TaK:ke IOATBEPKIAIOT yBeJHUe-

HUe KPYTU3HBI XapaKTePUCTUKY IpeoGpasoBanus mpu Lk La-

Pacuerusie 3aBucumoctu (14) u (15) mocTaToO4HO XOPOIIIO COTJIACY-
IOTCSI C 9KCIEePUMMEHTAJbHBIMHU JaHHBIMH, OTAnYMe (M3-3a HenJealbHOCTHU
OIEePAIIMOHHBIX YCHUJUTEJEeH M TOTPEeITHOCTH M3MEePUTEJbHBLIX IIPHUO0POB)
He mpeBbInIaeT 5% .

BreiBoa. IIpoBemeHHBIE HCCJIEIOBAHUS HM3MEPUTEJILHOTO TeHepaTopa
Ha OCHOBEe JIMHENHOII KOMOMHMPOBAHHOII OHEPaIlMOHHON CXeMBbI ITOKa3aJiu
cjaenmyroIee:

- KOMIIeHCAIlMA HavYaJbHOW WHAYKTHUBHOCTU JaTUMKA C OIJHOBpeE-
MEHHBLIM YMHOMKEHHEM ee IIPHPAIeHNs II03BOJIAIT YIPABIAThL M3MEHEHI-
€M YacTOThI KOJIeOAHUI M3MepPUTEeJIbHOrO TeHepaTopa;

- YyBCTBUTEJIHHOCTh M3MEHEHHUS YaCTOThl M3MEPUTEJILHOTO TeHepa-
TOpa CYIIEeCTBEeHHO OMIpeneseTcd BEeJIUUYMHON KOMIEHCHUPYIOIeN HHIYK-
TUBHOCTH;

- NCIIOJIL30OBaHe NU3MEPUTEJILHOT0 TeHepaTopa Ha OCHOBE JIMHENHOMI
KOMOMHMPOBAHHOI OIIEPAIIMOHHON CXEeMbl MO3BOJISAET HOBBLICUTHL UYBCTBU-
TeJbHOCTh F-MeTpa K UH3MEHEHMI0 HHAYKTHUBHOCTH IIapaMeTPHUUYECKOro
JTaTuynuKa.
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0.C. Toukomkyp, €.JI. IToBaio
AJITOPATM OBPOBEKU JAHUX KIHETHUKMU BIATYRY
PESUCTHUBHOI'O TASOBOT'O CEHCOPY HA OCHOBI
MOJIEJI PO3TATHYTOI EKCIIOHEHITIAJBHOI ®YHEKIIII

Anomayia. [lposedeHo OUiHKY npudamHocmi an20pummy HaA OCHOBI Modesni
pO3MAZHYMOi  eKCNOHeHYianbHOi (YHKYIT 0N 06pobKU OaHUX KiHemuKu
Bi02yKYy  pe3ucmuBHUX  2d30BUX  CEHCOPIB 3  Memol  PO3WUPEHHS
QYHKUIOHANbHUX Blacmusocmell BI0N0BIOHUX THOPMAYIUHO-BUMIDIOBAIbHUX
mexHo/102ili ma npakmu4yHo20 3aCmOCYBaHHA. Anpobauyis aseopummy Ha
3pa3Kax 2a308UX CEHCOPTB HA OCHOBI KEPAMIYHO20 OKCUOY UUHKY NoKasana Uo-
20 e(hekmuBHICMb 014 MOOeNOBAHHA KIHemuKu cnady 8102yKy nicis s8nausy
akmusHo2o 2a3y (memady). BusHaueHi napamempu: cmamuyHe 3HA4eHHS
Bi02YKY; cepedHill Yac penakcayii ma tio2o po3noois.

Knioyosi cnosa: aneopumm, po3amsazHyma eKCNOHeHUianbHa (YHKYis, pe3u-
cmusHull 2a308Ull CEHCOP, KIHeMUKA, BI02YK.

Beryn. PesucTuBHI rasoBi ceHCOpPM Ha OCHOBI HAIIIBIPOBIAHUKIB
IITIPOKO 3aCTOCOBYIOTHCS OJA HeTeKTyBaHHsS pisHoMaHiTHuUX rasiB [1]. B
AKOCTiI OCHOBHUX (PYHKI[IOHAJBbHUX XapaKTEePMCTHUK IIPU 1X 3aCTOCYBaHHI
Ta AOCHiAKeHHI BUKOPUCTOBYIOTH, AK MPaBUJO, 3aJIEXKHOCTI CTATUUYHOIL
ra3ovyTJIMBOCTI (BiATYKY) Bii KOHIleHTpAIlil aKTUBHOTO ra3y B IIOBITPAHIN
armocepi Ta Temmeparypu [2]. OmgHMM 3 HaAOPAMKIB OTPHUMaHHSI
IOJATKOBOI iH(popmarii mpo ocobamBocTi (PismKo-XiMiuHMX IIpoIecis,
BiITOBiAJIbHUX 3a Ta30YyTJIMBI BJIACTMBOCTI TAKOIro KJIACy CEHCOPiB, €
IOCJiMKeHHA KiHEeTUKU IIPOIleCcy AeTeKTyBaHHS.

Cainx 3asHAUMTH, IO IO TEHEPITHLOTO Yacy KiHEeTWUYHi XapakTepu-
CTHUKM OiJIBIIIOI0 MipOI0 BHKOPHCTOBYBAJMCS OJISI TEeXHIYHUX IIOTPEeO, 30K-
peMa, OJs eKCIIepHMMEHTaJbHOI OI[IHKM Ta AeMOHCTpallil INBUIKOIIl CeH-
copHUX egeMeHTiB [3-5]. S3acrocyBaHHsa cydJacHUX iH(popmMamiiiHo-
BUMipIOBaJbHIUX 3aCO00iB iCTOTHO HiABMIIMIO e€(PEeKTHUBHICTHL eKCIepUMeH-
TAJIbHUX [OOCJiMKEeHb PO3TJIAHYTUX eQeKTiB Ha cTaail oTpuMaHHA i
30epiraHHA BeJIMKMX MAacHUBiB maHux B nudpoBomy Buriaani [6]. OgHak, HaA

HACTYOHMX eTamax IxX aHajaidy moTpiOHi po3pobku  BigmoBigHUMX

© Toukomryp O.C., ITossmo €.JI., 2017
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aJITOPUTMiIB OOpPOOKM HaHUX, AKi, 3 ogHOTO OOKYy, Morjau 0 3abesmeuuTn
OTPUMAaHHSA BiJloMOCTell NIpo IIapaMeTpu, IO XapaKTepus3yioTh KiHETHUKY
ra3oCeHCOPHMX BJIACTUBOCTEH aHaIi30BaHMX 00 €KTiB, a, 3 iHIIOro OOKY,
cTBopuanm O TeopeTuuHy 0as3y OJsA IIOAAJBINOI aBTOMAaTH3aIllil camoro
BUMipIOBaJbHOTO MIPOIECY.

IlepcneKTuBHUM JJd BUPIIIeHHA TAKNX 3aBIaHb € BHUKOPHUCTAHHSA
3araJlbHUX (PEeHOMEeHOJIOTIUHNX  Mojejieli Ha OCHOBI  PO3TATHYTOIL
exkcroHeHnitHol (yukiii Koaspayma-Binbsamca-Borrea [7, 8] mgma omucy
KiHeTUKU peJaKcalliiHUX 3aJIesKHOCTell BiATr'yKy, B30KpeMa Ha cTajmil
BifIHOBJIEHHA. 11 OCOOJMBICTIO € IPUIATHICTH NI ONMHCY peaKCalifHUX
SBUII] B HEBIOPAAKOBAHMX CHCTeMaX, B AKHUX AUHAMIUHI IIpoIecu
BimOyBarOThCS OJHOYACHO B OaraTbox YacoBUX miamasoHax [9].

IlIocranoBka 3aBmamHA. Meroo poboTu OyJ0 BHU3HAUEHHS PiBHA
OPUAATHOCTL aJrOpUTMy Ha OCHOBI MOJeJi PO3TATHYTOl €KCIIOHEHIT1aJabHOl
byHKIII 1j1a 00poOKM JaHMX KiHeTUKHU BiATYKY PEe3HUCTUBHIX I'a30BUX CEHCOPIB.

OcnoBHa uactuHa. Peakiis (BiATyK) ceHcopa Bu3HadaJjacsd $K

S :(0—00)/00, Je O 1 O, — eJIeKTPOIPOBIIHICTL 3pasKa CeHcOpa B

MIPUCYTHOCTLI 1 BifCyTHOCTI HAeTeKTOBaHOTO Ta3dy B moBiTpi. Ilpm
BUMipIOBaHHiI KimeTmkm, OyJjia peajidoBaHa cxeMa 3 BHXOJaMU
BUMiproBaua €JIEKTPOIIPOBiTHOCTI (mudpoBoro eJeKTpoMeTpa) i
BUMipioBaua TemIiieparypu (Tepmomnapm), siKi uepes ysré,u;myBaJIbHI/H‘/’I -
POBUI MPUCTPiil Oyau cmoaydeHi 3 KoM orepom [6].

Bignik uwacy sgilicHOeThCA 3a JOIOMOIOI KOMII IoTepa. lHTepBas
yacy MiK (pikcalliero JBOX IIOCJiJOBHUX BUMipIOBaHb BEJIWUYMHU S CTAHO-
BuTh 0,5 cekyHau. Bigmiku eleKTpuuHOI IPOBiAHOCTI i yacy 30epiraroThcsa
B (paiia maM' ATi KOMII I0Tepa B IIPOIeCi eKCIepruMeHTYy.

IIpukiaang TUMOBOI KiHETHMUYHOI 3aJIE3KHOCTI BIATYKY PE3HCTUBHOIO I'a30-
BOT'0 CeHCOpa Ha iMIyJIbCHUI BILIMB aKTUBHOI'O rady HaBelAeHWH Ha puc. 1.

Ak BiKe 3a3HauaJiocd pPaHiIlle, PO3TATHYTa eKCIOHeHIliaJbHa
dyuxnia Koappaymia-Binbsamca-BorTca npmsHaueHa O amIpoKCHMAIIil
KiHeTuKM peJjakcaillii cumcTteM OO CBOiX PiBHOBasKHUX 3HaAUe€Hb, TOOTO I
IpoIleciB BiJHOBJEHHSA BUXIiJHOIO CTaHY CeHcopa IIicjid NPUONHEHHS

BILJINBY aKTUBHOTO rasy S(t(rec)) (puc. 1).

IIpu mnopanbiIOMy oOHOHCi MOAeJi MNpuiiMeMO IO PO3TATHYTAa
eKCIOHeHIianbHa (MYHKIIA [y (2) [10] B maHOMy BumagKy Moxke OyTu

dalilmCaHa HAaCTYIITHMM YMHOM
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S (t) = 8(0) T () = S(0) x| = (t/ T ) |- (1)
S
41 Bigryk (geTekTyBaHHR) BigHoBneHHA
2_
O | | |
0 100 200 300 400 t,c

Pucysok 1 - Tunosa ekcruepuMeHTaJbHA KiHEeTHUYHA 3aJI€:KHICTh BiATYKY

rec)

(res) . +( . . . .
3paska pesucTuBHOro raszosoro ceucopa (I i U oci wacy, BigmoBimmi

nmporecam AeTeKTYBaHHA 1 BiTHOBJIEHHS)

Y Bupasi (1) S(O) — cramioHapHe (MaKcUMAaJibHe) 3HAUEHHS BiITyKy
npu ¢t = 0. Ilapamerp T,y € XapPaKTepUCTUYHUM YacoM, AKUI IIOB A3aHUII

i3 cepemHiM yacoM pesiakcailii HacTymHUM craiBBiguomrenuam [10-11]:

trel = '([fKWW (t) dt :TKTWWF (%j’ (2)

me [ (x) — rama (pyHKIid.
Bennunua [ — mOKasHUK, AKUIl BKa3ye CTYIIiHb PO3TATY (GYHKILI

feww (t), aKa Binmosiguo [10,12] moxke OyTu mpeicTaBiaeHa y BUTJIALL
Frew (£) = ex| =(t/ Ty ) | = [ 2(v,B) exp (-¢/7) i, (3)
0

e Z(T,B) — HIIJIBHICTL POSIOALNY MPOCTUX eKCIOHEHI1aJIbHUX

pejlakcaliiHuX MOpPOIleciB, JiHiIHA CYIEepPHO3UIliad SAKHX IPU3BOAUTL 0
PO3TJIAHYTOI PO3TATHYTOI €KCIOHEHI[1aJbHOK (PYHKITiI.

AjgroputM O00pPOOKM eKCHepHMMeHTAJIbHHX MJaHWX Ha OCHOBI
3a3HaYeHOl MOjieJli BKJIOUAE HACTYIIHI omeparrii:

1. IlepBuHHA (momepemHs) 00poOka TaHUX: Bigaikm;
eJIeKTPOHpOBigHOCTI i yacy, AKi Oyau 3aHeceHi y maMm ATh KOMII I0oTepa B

IIPOIleCi eKCIIePUMEHTY, NPeACTABIAIOTLCA Y BUTIAAL TaOIMUYHNX (PYHKITIl
log(Sk) Bix log(tk) , e k=1 2 ...K. KinekicTp BimjikiB cKJamgae Beau-

YUHY MOPAIKY HEeKiJTbKOX cOTeHb i Oiybiiie Touok. Ile mosBoJise mpoBOau-
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T IX IOHEepPemsHI0 CTATHUCTHUYHY OOPOOKY HIJISAXOM HOOYIOBH €MIIipMUYHOIL

perpeciiinoi samexxkuocti. To6To Bech AiamasoH 3HaueHb log (tk) po36uBa-
I0OTh Ha ejieMeHTapHiI Bigpidku. Ha KoXHOMYy esileMeHTapHOMY i-TOMY

BiIpi3Ky 3HaXOZATH cepegHe apupMeTHUHe log(S)i, SIKOMY CTaBUTHCA Y

BiAIOBIAHICTh KOOPAMHATA CepeAnHMN BKas3aHOT'O Biapiska mi .

2. 3HAXOM)KeHHA BeJMUYMHU HeBimomoro kKoedimieura [3 i3 sacrtocy-
BaHHAM KOOpAMHAT X[dlogS(t)/dt] i log S(t) nnasa supasy (1), B axux
BHUXimHA 3ajieKHicTh cTae npamoio [12, 13] (puc. 2a), a cam Koe(illieHT €
TAHTeHCOM KyTa il Haxuiay [3= A{ tx [d logS(t)/dt] }/A log S(t) . Hna

o0uUMCJIeHHA NOXiJHMX BUXiZHA TaOJAMUHA 3aJI€KHICTH IIOHNEPeSHBLO IIPen-
CTaBJIAJIACh y BUIJIAJAL 1HTEPIIOJAIIMHOTO IIOJiHOMA i3 3acTOCyBaHHIM
KyOiuHMX CHJIalHiB.

txd[log S(t)]/cit

log S(t)

t%, [c]

a 0
Pucysok 2 - Penakcalia BiAryKy pesmCTHBHOI'O I'a30BOT'0 CeHcopa MHicJis

NPUNIUHEHHA BIJIMBY aKTUBHOTO ra3dy B KOOpPAUWHATAX, AKi BUKOPUCTOBY-

IOThCA [JIs1 BUSHAUeHHs mmapamMeTpiB [ (a) i 1, (0).

ExcnepuMeHT — KpallKu, allpOKCHUMAIlisd PO3TATHYTOI eKCIIOHEeHIiaJIbHOI0

¢dyHKIIi€0 — cyIliJibHA JIiHiA

3. BusHaueHHA HeBiJOMUX MapaMeTpPiB I, 1 S(O) IJIAXOM 3acCTo-

CyBaHHSA OJIS eKCIEePUMEHTAJIbHUX NaHUX KoopAauHaT In S(t) i ('[)'8. Beiu-

ynHa [ — BiKe BijoMa. ANIPOKCHMYyOUa 3aJeKHICTh TAKOMK 300pasKyeThCA

132 ISSN 1562-9945



1 (108) 2017 «CucTeMHBIEe TEXHOJOTHU »

npsaMoro JinHiero (puc. 26) i, TAKMM UYMHOM, TKWW:[—AH”IS('[)/A(I’B)]_W i

s(0)= exp{ln S(t) + (t/ 7 )ﬁ}.

4. Po3paxyHOK cepemHbOT0 Yacy peJjakcallii BigmoBiguo mpo (2).

PesynbraTu ampobairii gaHoro ajaropuTMy HaBeAeHO Ha puc. 3, me
PO3TJIAHYTa 3aJIe;KHICTh B KOOpAMHATAX S(t) i t. $dx BugsHo,
eKCIIepUMEHTAaJbHI JaHi 3aJl0BIILHO ONMUCYIOThCA IMPAMUMMU JiHIIMH B BU-
KOPUCTAaHUX KoopamHaTax. BimHocHa moxmbOKa ampokcumarii (xKoe@iifieHT
Bapiaiii) ekKcrmepuMeHTaJbHUX 3ajiekKHOCTell Bupasom (1) cTaHOBUTH Be-
anunny MeHiry 3%.

1 1 1
0 100 200 300
tc
Pucynor 3 - KpuBa pesakcarii BiATyKy 3paska ra3oBOoro ceHcopa mpu
BiTHOBJIEHHSA MOT'0 BUXiTHOTO CTaHY.
EkcnepuMeHT - KpanKu, alpoKCcUMAaIlid PO3TATHYTOIO0 €KCIIOHEHIIiaJIbHOIO

JyHKIi€eI0 — cyIliIbHA JiHig

OrpumMaHi OIiHKM HapaMeTpiB: cTaTUYHOro (MaKCHMAaJLHOIO) 3Ha-
YeHHS BiAT'yKYy S(O)=2,5; cepegHBLOTO uvacy pesakcarii t, =150 c i nokasuu-
Ka, AKUN XapaKTepusaye HITPUHY POBIIOILITY eJieMeHTapHUX
eKCIIOHEHITIaJIbHUX pejakcamniiiaux mporeciB  [=0,47, BigmosimaioTh
BiIOMUM YABJIEHHSAM IIPO II€PEXiJHI ImpoIiecu PO3rJISHYTOro Tuiry [3-5].

BucHoBKH.

1. O6rpynToBana MOKJINBIiCTH 3aCTOCYBaHHS POBTATHYTOL
€KCIIOHEHITiaJIbHOI (PYHKIIIl 1A MOIeNIOBaHHA KIHETUKM BIATYKY PE3UCTHUB-
HUX Ia30BUX CEHCOPiB Ha CTajil BiTHOBJIEHHS 1X BUXiMTHOT'O CTaHY.

2. IlokazaHa e(eKTUBHICTh HABEAEHOTO AJTOPUTMY OOPOOKM mTaHUX
KiHeTMKM BIAT'YKY [OJId PO3PaxyHKy Iii IapaMeTpiB, fAKI MOXKYTh OyTH
BUKOPHCTAHI AJIs IMOOYJOBY BMMipIOBAJbHO-iH(MOPMAIIMHNX TEeXHOJIOTIA B eK-

CIEPUMEHTAJLHUX JOCTIIKEeHHAX i 3aCTOCYBAHHAX PO3TJIAHYTHUX CEHCOPIB.
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YIIK 681.3.07
B.C. XaggenbKuii
OIITUMI3AIIA TOIIOJOTII AAPA KOMII’IOTEPHOI
MEPEJKI OSPF HA OCHOBI HEABHOTI O
BAJTAHCYBAHHA HABAHTAKEHHA

AHomauis. 3anponoHosaHo MoOuikayilo HesBHO20 KoegiyieHmy 6anaHcy-
BaHHA HasaHmaxeHHA ILBI, susHayatoyu (1020 8 3a1exHOCMI 810 BIOHOCHOT
IHmMeHcusHocmi iHgopmayiliHo2o mpagiky 8 kaHanax aopa OSPF-mepexi. [o-
CnioxeHo A0pa 3 pi3How Kiabkicmioo ABR mapwpymusamopis. Ha uit ocHosl
nposedeHo Moougikayito monosozii A0pa, w0 00380UN0 peanizysamu 6inbuw
piBHOMIPHUL pO3N00iN HABAHMAXEHHA NO KAHAJAAM Npu 3HAYHO BinbWil Cce-
PeOHIll WBUAKOCMI nepemiljeHHA nakemis 8 A0pI.

Knwoy4osi cnosa: sopo, OSPF - mepexa, HesgHe 6An1AHCYBAHHSA HABAHMAXEHHS.

Beryn. Komm’rorepHi Mepeski, opraHidoBaHi 3 BUKOPHUCTAHHAM IIPO-
TOKOJIy MapmipyTmsamnii BHyTpimuboro mnurosy OSPF, y remepimHiii uac
daiiMmaoTh mpoBigue micie B Internet. B cmenmugikamnii OSPF pexomenngy-
€ThbCcsA OOPMIATH OKPEeMi YacTHHU aBTOHOMHOI cucremu (AS) y Burisami
obJiacTeil, B IKMX yCi MapIIPyTHU3aTOPU MIiCTATHh OJHAKOBiI 0a3u TOIOJIOTi-
yHOI iH(popmMarii i BUKOHYIOTH OJHAKOBI OOUMCIIeHHs, IepeadaveHi JaHUM
mporokosioMm [1]. Ile mo3BoJIsie CYTTEBO IIiABUCHUTH MAacCIITAaOOBaHICTL Me-
pex.

O6sacth 0 aBTOHOMHOI CHCTEMHM HAa3WBAETHCS il OIIOPHOIO 006JIaCTIO i
MOKe posradazatuca Gk aapo AS. 3 omopHoo 00JacTi0O IIOBUHHI
3’egHyBaTHcA yci iHmi obsacti AS. Ilpu nmpomMy BasKJIWBUM IJIs MapIIpy-
Tusamnili indopmariiiaoro Tpadika B aapi AS € opramisaria imTepdeiiciB
Me)KeBUX MapmipytusaTopiB Anpa (ABR), KoKeH 3 AKX PO3TAIIOBYETHCS
B Micmi 3’egHamHA omHiel obsacTi 3 iHIOIO i Mae iHTepdeiicu, 10 BigHO-
CAThCA N0 PidHMX obJsacreii. BHaAcCJIiIOK BMCOKOI iHTeHCHMBHOCTI Tpadika B
HYJIBOBi#i 00J1acTi BeJIbMHU aKTYyaJIbHOIO CTA€ 3ajadya OajlaHCyBaHHSA HaBaH-
TaKeHHs II0 i1 MapIliipyTaM.

ITocranoBka 3aBganHA. MeToo pPoOOTH € HOCIiIKeHHs, 3 BUKOPUC-
TAaHHAM HeABHOTO KoedillieHTy OalaHCyBaHHsS HaBaHTaXEHHSA, TOIOJOTII

Anpa, OPieHTOBaHOI, B IIepIIly Yepry, Ha peasisalilo TYHeJIOBaAaHHA MixK
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obaactamu AS, i omTmMisallia TomoJorii aapa AJs PO3INNPEHHS HOTro YHi-
BEePCAJILHOCTI i MiABUINEHHSA CTYIIeHs OaJJaHCYBaHHS HaBaHTaKeHHS.

OcnoBHa uyactuHa. HesaBuuii koegimieHT OajiaHcyBaHHA HaBaHTa-
s)keaHa (ILBI) 4 BusHauaeTbCcsA BigHOINIEHHAM KiJIBKOCTI KaHaJiB 3B’SA3KY,
IIT0 BUKOPUMCTOBYIOThCA NPU Ilepenadi iHdopmariiinoro tpadiky, A0 3ara-
JbHOI KinbKocTi icHyroumx kauauiB [2]. HeaBHe OanaHcyBaHHS HaBaHTAa-
)keuHsa (ILB) mokasye, SKUM YMHOM MAapHIIPyTH 3 Pi3HOI METPUKOI PO3-
MOJiNAIOTE, TPpaiK Meperki B mporeci pobdOTH, peaibHO BUKOPHCTOBYIOUU
yci iCTOUHMKHN Ta IIYHKTH NpHU3HaueHHs. DajaHcyBaHHsS HaBaHTa’KeHHS
Ma€ psAI IIepeBar, 30KpeMa IIOJ0 IIiABUINEHHA HaAiMHOCTI mepemaui iH@oO-
pmartii [3], 6iJIbIlI IIIBUAKOTO BiTHOBJIEHHS IMpalesfaTHOCTi [4], BUTPUMKHU
MO0 3HAYHUX KOJIMBAaHb iHTEHCUBHOCTI Tpadiky [5].

Posrasaremo TomoJiorito aapa (HyJboBOi 06JiacTi), B SKOMY IpaHUY-
Hi mapmpyTtudatopu ABR A; ta A, BigmoBimHmx objacTeir 3’eqHaHi mari-
cTpaadbHUMHu Mapiupytramu 3 mojsiocoio 10 Gbps. Te & BimHOCHUTBCA 4O Ma-
purpytusatopiB B; Ta By, C; Ta Co i Tak masi. IIi maricTpasbHi MapinpyTu
BUKOPHUCTOBYIOTh, AK MIiHIMYyM, II0 OJHOMY IIPOMIiKHOMY MapIIPyTU3aTO-
py, BigmoBigHo a, b, ¢ ... . To6To mepemaua misk A;i A, 3milicHIOEThHCA Ue-
pe3 a, misk By i By — uepes b, mizk C; i Co — uepe3 ¢ i Taxk mami. Ilas
00’eIHAHHSA yCiX MapIIPyTH3aTOPiB sApa B €IUMHY MepeXKy i 3milicCHeHHS
pPe3epBYBYHHSA yCiX MaricTpaJbHUX KaHAJIiB BBEJEeHi KaHaau 3 MEHII IIIU-
pokoio mojsocoro 1 Gbps (srimao TexHoJsiorii Ethernet), sk mokasamo Ha
puc.1l gina kinpkocti ABR N=10.

€=210 C=150 C=130 C=150 C=210

C=210 C=150 C=130 C=150 C=210

Pucynoxk 1 - ITouaTKkoBa TomoJjorisa aapa aBTOHOMHOI cucteMu mmpu N=10
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Ha pwuc. 1 6ina xoxxkHOTO pebpa rpacdy (KaHaay 3B’A3KY) ITOKa3aHO
Moro BapTicTh. TomoJiorii TakKoro TUIIY OPi€HTOBaHi, B IIepIIy uepry, Ha
peaJisallio TyHeJIOBAaHHS MidK 00JacTIMM aBTOHOMHOI CHCTEMH, IIiJKJIIO-
yeHuMHU A0 oxHoiMmeHHUX ABR mapmpyrusaropiB Ai-A,y, B{-Bs i Tak maui.
IIpore momisbHUM €, Ipu 30epe:keHHi Iiei opieHTalii, peasidyBaTu OibIII
VHiBepcaJbHy MEPEXKY, B AKi BHCOKOIIBUAKiCHUN oOMiH iH(opmalrieio
3IiMICHIOETHCA MixK ycima mapmpyrtusatopamu ABR aapa aBTOHOMHOI cu-
cTeMU.

IIpu Bu3HauUeHHI ONTMMAJBLHOTO MAaPIIPYTy 3 HAWMEHIIIOI MEeTPHU-
Koo (BapricTio) mporokosn OSPF BuxopucroBye Dijkstra Shortest Path
Algorithm (DSPA) [1]. Mozenoouu Mepexy y AKOCTi rpady, 1o Haiyye
n BepmwuH (By3JaiB) Ta m nyr (pedbep), DSPA craprye Biig KOpeHEeBOro BY3-
Jla i pos3mImproe IMOKpHBamue JepeBo uepe3 rpad, JOKM ycCi BepIIMHU He
OyayTh 3B’sA3aHi 3 KOpeHeM HaMOiJbIIl KOPOTKUMHU MOKJINBUMU IIJISXaMU.
Haii6insil KOPOTKMM BBasKAEThCA IILISAX, IO Ma€ HalMeEHINYy BapricTtb. B
nmpakTuuHoMy BuKopuctanHi DSPA BapricTh 3BUYailHO PO3PAXOBYETHCSH
iHBepCcHO M0 0a3mMCHOI MIMPWHU KaHAaJy, a BapTiCTh yChOTO MAapINIPYTy BU-
3HAUYAETHCA, IK CyMa BapTOCTeN MOro CKJIAJOBUX KaHAJIB (UM 3’€THAHD).

PosrissHemo mporec oOMiny iH(oOpMAaIlli€eo MisK ycimMa mMapHoipyTusa-
Topamu ABR saapa (puc.1l). Byaemo BBakatu, mo Ko:xkHU ABR Bignpasus
o ogHOMY iH(opMmaliliHoMy nakeTry ycim inmmM. Pospaxyemo BapricTb
MapIIPpyTy AJs KOXKHOIo iHopMaIlifiHOrO ImaKeTy i KiJbKiCTh HmaKeTiB, IIT0
MIPOMIILJIM TI0 KOXKHOMY KaHasy. MapmipyTu OJaA IaKeTiB BU3HAUMMO HAa
ocuoBi amroputmy DSPA. Tak, manpukJjaazn, mapipyT Big Es; mo A; mae Ba-
pricts 41. Ha puc.1 6ina xroxxuoro ABR HaBeneHo cymMapHyY BapTicTh Map-
IIPYTiB 0 HBOTO Bix ycix maprupyrtusaTopiB ABR sapa, mHampukiaag C=130
nasa mapiapytusaropa Ci.

Bynmem smiHmooBaTu KinbkicTh mapiupyrtusdatopiB ABR B aapi Big 6
no 14. BiamoBigHi 3HaYueHHA cyMapHOI BapTOCTi MAapPHIIPYTiB AJIs TaKUX

AIep HaBeleHi Y BepXHbOMY PAAKY Tadbamii 1.

Tabanumsa 1
CyMapHa BapTicTh MapIIPYTiB AJs YChOTO Aapa
Cyma BapToCTei I ycix N=6 N=8 N=10 N=12 N=14
mapmpyTtusatTopiB ABR anapa
ITouaTkoBa TOmOJIOTisA 356 864 1700 2944 4676
MoaugikoBaHa TOmOJIOTisA 76 152 294 472 716
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Ha puc. 2 norkasani rpadikm 3aMiHKM cyMapHOI BapTOCTi MapIIpPyTiB

nnsa  KoxxuHoro ABR mnpu mepemimienHi y Hanpamry A;—B;—C;...
(uu Ay—By—C,...); npu nmpomy mudpa 1 Ha oci abcmuc pmc.2 Bimmosimae
A, mudppa 2 — By, nudppa 3 — C; i Tax mauri.
¢
500
450
400
350
300
250
200
150
100
50

Pucynok 2 - 3MiHM cyMapHOi BapTOCTi MapIIPYTiB A KOKHOTO MapIIpPy-
tusaTopa ABR mouaTkoBoi TomoJiorii sapa mpu IIepecyBaHHI Y HAIIPAMKY
A1—-B1—-Cl1... gna agep 3pisaum uucaom ABR

Buszmauumo ILBI Ay gna sgep 3 pisaumu N, Hanpukaan, gaa aapa
aBTOHOMHOI CHUCTEMH, IO IIOKasaHe Ha puc.l, 3arajgbHa KiJbKicTh KaHAJIiB
mopiBuioe 22. 3’egumanua Ef, ef ta Esf He BpaxoByemo, BoHU IIOKasaHi
IJIsT ijmrocTparlrii Toro, Imo Mepeska MOJKe IIOIIHNPIOBATHCH BIIPaBo. Kijab-
KicTh KaHaJiB, IO SKUX IIPOXOAATH IaKeTH, mopiBHIoe 21 (mo KaHaJy ab
nmakKeTu He MpoxoaATh). Tomy Ay=21/22=0,95.

Mu npomomyemo moaudirkyBatu koedimient ILBI A, Busnauarouu
MOro B 3aJIE’KHOCTI BiJl BimHOCTHOI iHTeHCHBHOCTI Tpadika B KaHaJaxX sAl-
pa. IloBepHeMocTs 0 TOIOJIOTiI Aapa, mpeacTtaBjaeHoi Ha puc.l. Amamis
KiJIBKOCTi ITaKeTiB, IO MPONHIJIM II0 HOro KaHajllaX, IIPU YMOBi, IO KOXK-
Huit mapiapytusatopa ABR magiciaas mo ogHOMY iH(pOpPMAIiTHOMY IIaKeTy
yciM iHIIMM, IIOKas3aB, II0 MaKCUMaJbHa KiJbKICTh IIaKeTiB IIPOHIILIA IIO
kaHany cd. Ila KinbKicTs mopiBHIOE I,,,,=32. BusdHauuM KaHAaJIU, IO AKUM
npoxonuth meHiie 10%, 20% i 30%, Bigm mMakcuMaJabHOI KiJbKOCTi, Ia-
KeriB. [lys posriassimaemol Ha puc.l Tomosorii TakuxX KaHaJIiB HAJIUyeThCA
BigmoBimao 3, 7 i 13. BigmosigHi s3HauenHa ILBI mMu Bu3Haummo gGK
r,1=(22-3)/22=0,86, Ao o=(22-7)/22 = =0,68, A 3=(22-13)/22=0,59.
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AnajoriyHMM YMHOM BiJHOBiAHI 3HaUeHHsS A PO3PaxoOBaHi A Mepex 3
N=6, 8, 10, 12 i 14 [6]. AHanmizyloun oaep:;KaHi 3HaUeHHs, MOKHa CKasa-
T, 10 npu 30iabimenHi N BOHM MOHOTOHHO 3MEHINYIOThCA. BigmosimHi
IiamasoHU CKJIALAIOTh: A9 1(N=6)=0,92 - Ay 1(N=14)=0,78; Ay (N=6)=0,92
- ho,2(N=14) =0,53; Ay 3(N=6)=0,75 - Ao 3(N=14)=0,34. Ile ykasye Ha 3Ha-
YHY HEpPiBHOMipHiCTh poadmoainy iHdopwmarlliiHoro Tpadgiky B AApi aBTOHO-
MHOI cucTteMu. SIKIIO BpaxXoByBaTH TiJIbKM Ti KaHaJIU, MO0 AKUM IIPOXO-
IuTh iHpopMamitHuil Tpadik, TO HOro cepenHsa iHTEHCUBHICTH IIpHW 30ijb-
meHHi N Bixg 6 mo 14 s6inpmmaaca Bix 6,18 mo 20,77, npu mpomy Koedi-
I[ieHT poacitoBaHHA 306inbimuBes Bixg 47% npu N=6 mo 87% npu N=14.

Mogudikaiia agpa Mepe:xi Oyjaa HampaBjJeHa Ha 3MeHIIeHHSA Hepi-
BHOMIipHOCTI pPo31oAiay iHpopmaliiiHoro Tpagika Ta 3MeHIIIeHHS BapTOCTi
IOCTaBKMU IAKeTiB, TOOTO (haKTMYHO 3HUKEHHA iX sarpuMiku. Moaudpika-
I[il0 3[iliICHEHO 3 BUKOPHCTAHHAM KOe(DiIieHTYy Ag3 HACTYIIHUM YHWHOM:
mupoxocmyroBi kaumaau (10Gbps) 3 iHTeHcuBHicTIO Tpadika menmre 30%
Bii, MakcumMaJbHOI 3aMiHEHO KaHajlaMd 3 MEHII IMHUPOKOI II0JOCOIO
(1Gbps), a Taki KaHaau 3 iHTeHCHBHicTIO Tpadika Oinbimor Hixk 30% 3a-
MiHeHO Imupokocmyropumu. Taka Tomosiorisi mpu N=10 nokasaHa Ha
puc.3.

32 =26 €=26 .29 c=34

Pucynor 3 - MogugikoBarna TOIOJIOTiA sSApa aBTOHOMHOI CHCTeMU

mpu N=10

3HaueHHs CyMapHOI BapTOCTi MapHIPYTiB HJs yChOTO sAapa, HaBe-
neHi nas pisaux N y apyromy paakry tab6sa.l. AHasoriuni puc. 2 rpadiku,
AKI XapaxkTepusdylTh TOIIOJIOTiiI Moam(pikoBaHUX sANep, MOKasaHi Ha
puc. 4. BugHo, 1110 JOCATHEHO 3HAUHE 3MEHIIIeHHS BapTOCTi JOCTABKM Ia-
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KeTiB, TOOTO 3HAUHO IIiABUINeHA INBUIKICTL iX gocTtaBKu. IIpu mpomy Bif-

HOCHE 3MEHIIIeHHSA BapTOCTi, AK BUXOIUTH 3 TaOJ.1 crae OigbIIl BaroMmm
npu 36inbmrenHi N (Bix 4,68 mpu N=6 mo mo 6,53 mpu N=14). CraTtucru-
YHi pes3yJbTaTH poOoTH MOAi(PiKOBAaHMX sAAep AaBTOHOMHUX CHCTEM

kKoM’ orepHux mepexk OSPF 3i6pani B Tabma.2.

C
70

60
30 +
40 -
30
20

10 +

D 4
0 1 2 3 4 5 6 7

Pucysok 4 - 3mMiHM cyMapHOI BapTOCTI MapHIPYTiB AJIA KOMKHOT'O MapIIpy-
tudatopa ABR moaugpikoBaHoi TomoJorii Aapa mpu mepecyBaHHi
y HanpaMKy A;—B;—C,... n1a agep 3 pisuum unciaom ABR

Tabaumnsa 2

CrarucTuuHi XapaKTEePUCTUKU POOOTH MOAM(PiKOBAHUX AIED

N Yep c o, % £,%
6 10,86 2,27 21 17
8 16,0 4,22 26 25
10 22,46 9,28 41 33
12 29,5 14,78 50 33
14 37,68 22,49 60 36

Cepenua iHTeHCHUBHiCTH Tpadikry Y., B MoAu(pikoBaHOMY AApPi 3HAU-
HO IIePeBUIIYE BiAIMOBiAHI 3HaUEHHS IJsA IIOYAaTKOBOI TomoJjorii (maa N=6
Ha76% , nua N=8 uma 78%, nna N=10 mHa 92%, naa N=12 uma 81%, gaa
N=14 nHa 81%). CepeqHbOKBagpaTUUYHe BiIXUJIEHHSI G i, 0COOJMBO, HOTO
mpuBeneHi 3HaUeHHA (Koe(dimieHT po3citoBaHHA) CYTTEBO MEHIIe, YUM JIA
monepenuboi TomoJsorii (mas N=6 Ha 55%, gaa N=8 ma 51%, gaa N=10
Ha 35%, gna N=12 ma 33%, nna N=14 uma 31%). Cuig BigmiTuTH 1O-
CTiliHiCTHL HesABHOro KoedillieHTy OajlaHCYBaHHS HaBAHTAKEHHS IIPU 3Mi-
HaxX iHTeHCHUBHOCTI Tpadiky - Ay = Xo1 = Ao 2= X,3=0,59, npu npomy 1e

3HAUEHHS He 3ajie’KUTh Big umciaa N mapmpyrusaropis ABR, To6TO Bif
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PO3MipiB sSApa aBTOHOMHOI cucTeMu. B ocTaHHROMY CTOBOYHKY TabJ.2 Ha-
BeJleHe IIPOIleHTHe B30iJbIIeHHA KIiJIBKOCTI IIMPOKOCMYTOBUX KaHAJIB &
IIpU IIepexodi n1o0 MoaudikoBamoil Tomojorii. BugHo, mo 1e 30iJbIIIeHHA €
nomipaumM. KaHaawm 3 MEHINOIO0 IMIMPUHOI0 CMYTHM BHUKOHYIOTHh BUKJIIOUHO
pesepBHI QyHKITiI.
BucHoBKH

1. 3 BUKOpHUCTAaHHAM HESBHOTO KoedimieHTy OalaHCyBaHHS HaBaH-
rasxkeHHsa ILBI gocraimsxkeHo TomoJiorito sapa aBroHoMHOI cucrtemu OSPF-

MeperKi, OpieHTOBAHOrO Ha peaJisallilo TYHEJIOBAaHHS MiK o0JlacTAMHU aB-

TOHOMHOI CHCTEMH, IIigKJIIOUeHMMU A0 oxHoiMeHHMX ABR wmapmipyrmsa-

TOPiB.

2. 3ampomnonoBaHo Moaupikamio Koegimierra ILBI, Busmauarooun

MOTr0o B 3aJI€KHOCTL BiJ BiTHOCHOI iHTeHCUBHOCTI iH(popMaIlriiinoro tTpadika

B KaHaJsax Anapa. JlocaimxeHo anpa 3 pisHoio KigbkicTio ABR mapipyTu-

daTopiB. Ha 11i#1 ocHOBI mpoBemeHO MoAu(diKaIliro TomoJiorii sapa, Mo Ao-

3BOJINJIO peajidyBaTy OiJbII PiBHOMIpHMI pO3MOMiJI HAaBAHTAMKEHHS IIO

KaHaJiaM 3B’A3KY IIPU 3HAYHO OLJIBIIiil cepemHill IIBUIKOCTI IepeMillleHHA

makKeTiB B AIpi.
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VIK 535.37

0O.C. Moposos, O.B. Kopaneako, M.®. Bynanuii
ABTOMATHU30OBAHA EKCIIEPUMEHTAJBHA YCTAHOBEKA
OJA TOCHITAKEHHA KIHETUKHU ®OTOJIOMIHECIIEHIIII

IIPA IMIIYJBCHOMY 3BYIA/KEHHI

AHomauis. HasedeHo onuc ekcnepumeHmansHoi ycmaHoBKU, NpU3Ha4yeHoi 014
00CNIOXeHHA cnekmpis homonoMiHecyeHyii npu iMnybCHOMY 36YOxeHHT 8i0
J1a3epH020 OXepena. Lle 00380/1€ 3a 4ACOM 3G2ACAHHA CUSHAY, WO peecmpy-
EMbCA HA Pi3HUX 00BXUHAX XBU/b 8 01ana30Hi 810 400 do 700 HM, ompumamu
IHopmayito npo iHOUBIOYaNbHI CKNAO0BT IHMe2panbLHO20 cnekmpy. Peecmpa-
yis 30ilicHoembcsa 3a donomozoto ALI, wo 3anycKkaemscs CUHXPOHHO 31 30y-
Oxytoyum nazepom. [lpedcmasneHi 610K-cxemMu ekcnepumeHmasnbHoi ycmaHo-
BKU mMa npucmpoto ynpasaiHHA eKcnepumeHmom, OnUCaHo (1020 cKAadosi: nio-
cumosay ®E[, ALl noosiliHo2o iHMe2pyBaHHA 3 NPUCMPOEM BUOIPKU-
36epieaHHs 1 Oewugpamopom cemucezMeHmMHO20 KOOy 8 npamuli 08iliKosul
ko0, ALIT nocnidosHux HabauxeHb, komymamop 8uxodis ALl dns LPT nopmy
EOM, koHmponep 1 hopmysay imnyaibCy 3anycky aasepa.

Hana poboma 6yde uikasot 014 0Cib, wjo 3alimarmscs OOCNIOKEeHHAM onmu-
YHUX XAPAKMepUCMuK pi3HUX HaniBnpoBiOHUKOBUX 1 OieJleKmpuUYHUX Mamepi-
anis 8 06'€EMHUX, NJTIBKOBUX T KBAHMOBOPO3IMIPHUX CMPYKMYpPaXx.

Knwo4osi cnosa: KiHemuka ¢omonomiHecyeHyli, cknadosi cnekmpis ¢omo-
JIIOMIHeCUyeHuii, iMnyibCHUl a3ep, MemoouKa BUMIPIOBAHb.

Beryn. 3BuuaiiHuMuy 3acobaMu 30yIKeHHS OKPEMi CMYTU CIIEKTPiB
doTosrromiHeceHIrii HaIiBOPOBIZHMKOBUX KPHCTAJIB He BHU3HAUAIOTLCA
3aBOAKU MEPEKPUTTIO OaHiel 3 iHmIo. TaKMM UYMHOM BOHHU YTBOPIOIOTH
MIMPOKI iHTerpaJbHi CMyTru BUIPOMiHIOBAaHHS.

IlocranoBka 3aBnaHHdA. {14 mociaigkeHHA CIEKTPiB (oToaroMiHec-
IeHIlil TAKMX KPHCTAJNIB IPH KiMHATHi#I TeMmiepaTrypi OyB oOpaHuii iMmmy-
JbcHUU cmoci6 30ymkeHHs [1]. Lleir meTon B MOpiBHAHHI 3 TpamuIliiHU-
mu [2, 3] mae mepeBary, AKa OO3BOJISIE IIPW KiMHaATHiNl TeMIepaTypi ekc-
IMepuMeHTAJbHO OTPUMAaTH iH(GOPMAI[iI0 PO CIEKTPU OKPEeMHX CMYT, IO
MmaoTh HamiBmupuny 0,015-0,020 eB.

OcnoBHa uwactmHa. OCHOBHI NPUHIUIIM 3aIIPOIIOHOBAHOTO METOIY
IMOJIATAIOTh B MaKCHMAaJbHOMY OCJa0JIeHHI iMOyJibcy JiadepHOTo 30yAKeH-
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HA Ta MiHiMaJIbHHX BTpPaT iIHTEHCHUBHOCTi (poToJifoMiHecIeHIil mpu ii pe-

ecTpailii.

IIe mocaraeThcA 3a PaxXyHOK HACTYIHOTO: iMIIyJIbCHOTO 30yI:KeHHSA
3 yactoroio 10 I'm, posramyBaHHA 3paska 0OesmocepegHbO Ha BXigHIN Imi-
JIMHI MOHOXPOMATOPY, MiHiMaJIbHO MOKJIMBOTO HOTO 30y )KEeHHA IIPU pe-
ecTpalrii KiHeTMKM 3aracaHHA iHTEHCHMBHOCTI BUIIPOMiHIOBaHHS 3pasKa Ha
MeXKi TeXHIUYHUX MOJKJNBOCTEM eKCIIepUMeHTaJbHOl YCTaHOBKMU.

3aBHaHHA IIPUCTPOIO YHOPABJIiHHA €KCIIEPUMEHTOM BKJIIOUYAE, B I'O-
JIOBHOMY, 3aIlyCK Jiasepy B IIeBHUI Yac i BBeJEeHHs A0 KOMII I0Tepy 3Ha-
YeHHA (POTOJIOMiHECIIEHTHOTO iMIyJbCYy BIAT'YKY BiJf Kpucrtajga y BiAMOBi-
OTHUA 4Jac.

l'asoBuii 1azep OyB BUKOPHUCTAHUI B SIKOCTi AsKepeJa 30ya:KyIOUOTO
BUNIPOMiHIOBaHHA 3 A = 337 HM, P, ~ 0,6 MBr, TpuBasgicTio iMmmyascy
6 HC < t < 8 Hc. Takuii Jazep O0yJi0 0OpPaHO 3aBASKMN MOJKJIMBOCTiL 30BHiIII-
HBOTO 3amycky. HlomaTKoBi mapameTpu 30yAKYIOUYOi CHCTEMM: aMILIITyzIa
iMmoyabcy, mio 3anyckae Jjgasep 40 = 4 B, uacToTa IIOBTOPEHHS iMITYJILCiB
f =5 -1000 I'm, TpuBagicts iMmnyabcy 3 = 0,3 mrc. Pobouum Tijiom Jase-
py O0yB asot mig tTuckom 2,4 klla.

Bca ontmuHa wacTuHa ycTaHOBKHU (AuB. edemeHTH 3 — 11 pme. 1)
Oyja 3axuIleHa CBiTJIOHEIIPOHMKHHM eKPaHOM 31 NIiJIbHOI TKaHWHU, B
AKi# BOymoBaHa TpyOKa miameTpomM 8 MM, AJSA KOHIEHTpPAIlil JasepHOTO

IIPOMEHsI Ha 3pasKy.

c--- - - S-S oS TTT TSt T 15
2 . 4 2
1 - - B e - - #& : 77
[ k]
5 2 ! |
' ) 4 ! 12 13
! 2} -D— G> o opf 11 -
' h i
1 b
1. T'azoBuii jazep i3 3oBHimHIM 3amyckom 9. MoHoxpomaTop
2. Tpybra, sika Bimcikae 3aiiBe cBiTJIO 10. doronmomMHOKYBAY
3. HetiTpanbHi cBiT/IOMiIbTPH 11. IlepenmigcumioBau
4. [IzepkraJjio 12. KAMAK
5. Jlinza 13. IIK
6. YTpumyBau 3paska 14. LPT mopr IIK
7. KoximaTop 15. Ilpucrpiit ypaBJaiHHS eKCIIepHUMEH-
8. Kpokosuii 1BuryH 6apabany ToM

Pucynok 1 - Biok-cxeMa eKCcliepUMEHTAJTbHOI yCTaHOBKYU

ISSN 1562-9945

143



1 (108) 2017 «CucreMHBIe TeXHOJOTHU »
Ha maaxy npomens OyJja posMileHa KaceTa 3 HEHMTPaJbHUMU CBi-

Tao(pigbTpaMu (10 TPHOX) AJISI OJOCATHEHHS JieAh IIOMIiTHOTO CBiTiHHS 3pa-
3ry. IHamni sazepHHMit IpOoMiHb mocaabyieHui cBiTIOQiabTPaMu (POKYCYETH-
cA B IIEHTPiI KpuUcTaja 3a JOIIOMOTOI0 JIiH3u (IMUB. eJIeMeHT 5 Ha puc. 1).

MonHoxpoMaTop IIe NPUCTPiM, AKUN po3KJamae (hOoTOJIOMiHECIIEHT-
HUU CBiTJIOBU#I iMITyJIbC Bij KpucTayja Ha oOpaHiii moB:kuHI xBuii. Bin
Ma€ BHCOKY PO3IiJIbHY 3JaTHICThL 3 MiHiMaJbHMM KPOKOM ckKaHyBanHsa 0,1
HM i oOJlafHAHUHM aBTOMATUUYHUM MeXaHi3MOM IJd O0epTaHHS PEeIIiTKH.
Bapaban moHOoxpomaTopy obepraeTrbcsa KpokoBuM aBuryHom (600 Kpokis
Ha 1 HM), KepoBaHuM KoM oTepom uepes KAMAK.

MexaHiuHa cucTeMa MOHOXPOMATOPY Mae€ II€BHUU 3a30p, AKHH IIO-
TPiOHO HelTpasidyBaTu. SIKIIO B IIpoIleci BU3HAUYEHHSA iHTEHCHUBHOCTL (po-
TOJIOMiHECIIEHTHOIO iMIyJbCy Ha JOBMKUHI XBMJI n HM, sAKa IIPOIyCKa-
€THCSI MOHOXPOMATOPOM, HeoOXigHO 30iabmiuTu (3MEHIIIUTHU) HA An HM, TO
Ile pearidyeTbcA ILJIAXOM oOepTaHHA O0OapabaHy MOHOXpoOMAaTOpy Ha An - x
HM (- An - x ™). IloTiMm mporpama, siKka ympaBJisie eKCIIEPUMEHTOM, pO-
OuTHL mays3y 3a UacoM i 3[iMCHIOE 3aBepHIAJbHUI IIOBOPOT Ha X HM y OiK
30iJIbIIIEHHA OOBXKHHU XBHJi. 3aBASIKU TOMY, IO BCi mMOBOpoTu BimbOyBa-
IOThCA B OOMH 0iK, TOUYHICTH HMO3UIIIOHYBAHHA PEIIiTKU IOKpamliyeTbcs. B
SIKOCTi X MU B3sJI 3HAYEHHA 3 HM.

Ilicna BupieHHA Ha oOpaHill MOBMKMHI XBHJ CKJIQZOBOI CIEKTPY
(doTontomineciieHIrii ii iHTEHCUBHICTH IIepeTBOPIOBAB (DOTOIIOMHOMKYBAU Y
eJIEKTPUYHUN IMITYyJIbC HETaTUBHOI MOJSIPHOCTL 3 KPYTUM IiepeAHiM (PPOH-
TOM i IJaBHUM CHIAaJO0M 3aJAHBOTO ()POHTY 3a €KCIIOHEHI[1aJbHUM 3aKOHOM.
Barapes TepmoeniemenTiB IlenbThe, iKa O0XOJOMKyBaJacsa IPOTOUHOIO BO-
010, BUKOPHCTOBYBAJIACh MJI 3MEHIINEHHS TEeIJOBOTO MIyMy (POTOIOMHO-
)kyBaua. ;Kusnenna PEII axpiticHioBasocs crabdinmizoBanoio Hampyroio U =
1200 B.

Hani meit iMmmysabc IiACHJIOBAB momepenHin migcuiaioBau (aus. 11
eJeMeHT puc. 2), SKHil 0yJI0o 3MOHTOBAHO OeamocepegHbO B rojonii PEII.
IloriMm imMmmysbc mifgcmiioBaua, BIAIIOBIZHMII XBUJI SCKPaABOCTi, IEepPeTBO-
pioBaBcs B 1udpoBy dopmy i mepemaBaBcsa yepes LPT—mopr (14) B KoM-
' rorep (13).
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_>‘v kim ks
3 [Jaov

. . >
Capacity discharge permit 7 Generation permit laser
_Synchr. external
ADC selection synchronization

Capacity charge permit Laser start 11

fclock ~~_4 Indic. select. Synchr.

1 2 3 @ 8 9 10
y 17 4 ] {\ 4
4 5
Conversion complete
[ ) | f clock
6 \\
* ADC start \i

OcuoBHUM migcuaioBau orormomHoKyBaua (PEII)
Cxema BubOipKu i 36epiraHHsa
AIIII moxBifiHOTO iHTErpyBaHHSA
I>xepesa OIIOPHOI HAIIPYTU
CrabinizoBaHe OimossspHe mKepeso KuBJIeHHA 000x AIIII
AIIII mocnigoBHUX HAOJIUIKEHD
KonTposaep
Iexomep ceMUCEerMeHTHOTO KOy B MPAMUUN NBIAKOBUI KOJ
KomyraTop
10. LPT mopT Komm 'torepa
11. ®opmyBau iMIOyJIbLCY 3alIyCKY Jas3epy
Pucynox 2 - Biok-cxeMa IIPUCTPOIO YIIPABIIHHA €KCIEePUMEHTOM

3HaueHHs CHUTHAJYy, IO BiAmoBimae oOpaHiili mOB:KUHI XBHJIi, yce-
penuioBanu Ha 30 BUMipOBaHHAX 1 3amucyBa i B KOMII IOTepHOMY (aiiri
JIJIsI TIOAJIBIIIOL OOPOOKM.

Ha puc. 2 mig BigmoBigzHMMUN HOMepaMu HaBeIeHO:

1. OcHoBHUuM migcuiamoBau OEII

Omnepariiini migcuaoBavi 3 HU3LKUM IIIYMOM i 0e3 HeoOXimHOCTI B
30BHIIIIHIX KOJIaX KOPEKI[il BUKOPMCTOBYBAJMUCA B OCHOBHOMY MHiJCHJIIOBA-
4yl cur"Hajy (poToesIeKTPOHHOTO IIOMHOKyBaua. llepmmmuii Kackamg — 1e IIo-
BTOPIOBAY MJIsA Y3TOJKEHHS OIIOPiB, i APYyruii Kackaj — IIiCHUJII0OBa4Y 3 KO-
epimierrom migcuaenHa 1000, axuii iHBepTye eJeKTpPOoHHUI curHaJj. Ha
BUXO/J1l IMIIyJbC ByKe Ma€ MO3UTUBHY MNOJAPHICTh. Buxigumii curHaa He
nmoBuHeH mepeBuityBatu Ug,,, = 200 MB mn1s yHMKaHHA IIepeBaHTaKeHHS
AIIII.

2. Cxema BubipKu-3b6epiranasa
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Yorupu anHasorosi komyraropu [4] (B AKOCTI TpaH3UCTOPHUX 0Oe3-

KOHTAKTHUX AaHAJIOTiB eJJeKTPOMeXaHiuHUX peJie) Oyam 3’e€qHAaHI IIOMapHO i
BUKOPUCTOBYBAJIUCH IJIS 3apAIKU ab0 PO3PAAKN HAKOINYYBAJbLHOTO KOH-
neHcatopy mnin mieto curHaJgai TTJI.

IIBa omHOBiIOpaTOpM B KOKHiM Mikpocxemi [5] dopmyioTh Kepyroui
CUTHaJIMW nOJid ABOX map KomyrtatopiB. Ilepmma mikpocxema ¢gopmye pery-
JbOBaHI IIay3uW 3a dYacoM, 3aTpuMMaHiI Bif IMIyJIbCy B3amycKy Jasepy:
0 - 45 mc (ama sapany Cuaxon) 1 90 - 90 Mc (masa pospAny Cuawon). Hpyra
MiKpocxema (opMye Oe3mocepegHBO IMIIYJIbC 3apsaay 3 pPeryJboBaHOIO
TpuBajgicTio 0 - 5 Mc i moTiM iMIIyJIbC PO3PALY 3 PEryJbOBaHOIO TPHUBAJicC-
TIO B TUX Ke Mekax. TakuM YmHOM, KOPOTKHII CHUI'HAJ BHpPi3aeThbCcsa 3
XBHUJI1 SCKPABOCTi 3 BEJUKOIO TPUBAJICTIO, ITiCJIA IILOTO IIA KBa3imocTiliHa
HAIpyra KOHBEPTYETHCSA B IUMPPOBY (popMy aHAIOTO-MU(MPOBUM IIEPETBO-
poBaueM ImoABifiHOTO iHTerpyBaHHA. Kojsa omHOBiOpaTopiB, sIKi BCTaHOB-

T,,MS B

JoBagu 4dac Oyam obuwmcieHi 3a ¢dopmysow: C,UF =3 , me R =
R,EOhm

100i 7, = 45, 40, 5.

3. AIIII moxBifimoro iHTEerpyBaHHA

Bukopucraauit AIIIl moxBifinoro iHTerpyBaHHsA [6] 3 aBTOMATHY-
HOI0O KOPEKI[i€l0 HYJsd, BU3HAUEHHSAM BXIiJTHOI IOJSPHOCTi, a TaKOX 3 BU-
XOJIOM Ha CeMMCerMeHTHi cBiTiomiomHi imgumkaropu. Moro xapaKTepucTu-
KH:

1. HiamasoH BXimHOTO CHUTHAJy BU3HAYAETHCS B30BHIITHLOIO OIMIOP-
Hoto Hampyroio Uy, = = 1,999 U,, (y mHamomy Bunaaxky U,; = 100 mB).

2. Crpym BuTokry auas BxoxiB AIIIl mopaaxky 10 - 1012 A.

3. Bximmuii omip aaa audepeHIiaJbHOTO i cuH(pA3HOrO CUTHAJIB
20 MOwm.

4. Yacrora mneperBopeHHa 3 — 12,5 I'm (Boma mopiBHIOE
frarcr/16 - 10%)

s mocATraHHS MaKCHUMAaJIBHOTO ITOCJAa0JIeHHS MepeKHOI 3aBajau
TAaKTOBa YacTOTa IIOBHMHHA BHMOMpaTHCh KpaTHiil uacTtoTi mMepe:xi: 40, 50,
100, 200 xI'm. Mwn BumOpamu wactory 200 xI'm 3 ymoBHu
fAI_];l'I > fe}ccnep. =10 FH, TOMYy f1'1epe'rB. = 1295 FH-

Buxopucranua curnaay Generation permit” (mms. puc. 2) mo3BO-
Jsie TPpUNUHATU (BigHOBIOBaTH) 1TOAauy f .., IPOrPAMHUM MIJIAXOM.

Kongencaropu C,y, i C,x HE0OXimHO BuOMpPaTH 3 HU3LKOIO adbCopo-
Imierw y giearekTpuky. Mu BuOpasu KoHAeHcaTopu TUmy [7].
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4. JI:xepeja OIOPHOI HAIIPYTHU

B axocti mexepena omopuoi Hanpyru AIIIl moaBifiHOTrO iHTErpyBaH-
HA BUKOPUCTAHUU MOJLOBUI TPAH3UCTOP, SAKMI MpaIrioBaB B TaK 3BaHil
"repmocTabinpHil" Touli. KopekTyBaHHAM OIOPY B KOJII BUTOKY B IIIAPO-
KOMY TeMIepaTypHOMY HAiamasoHi, MU AocArau MiHimanbHux 3min U,, =
100 mB Ha Buxomi. HomycTuMuii mopAmoK 3MiH =1 - 5 10° B.

I:xepesmom omopuoi Hanpyru maa AILIl mocaimoBHMX HaOIMKEHb
BHCTYIINJIa 3BUYAliHa cXeMa KOMIIeHcaI[iliHOTo crabinzizaTopa 3 TepmocTa-
OinpHMM cTabimiTporom 3 O . = 0,5 %/ "C.

5. CrabisizoBaHe GimoJsisipHEe AKepeso KuBjaeHHA 000x AIILII.

I>xepesio XKUBJIEeHHS Oyj10 mobyIoBaHe IO BioMil cxemi:

HOna ~18 B BUKOPUCTOBYETHCA TOPOifaJbHUN (hepoMarHiTHUI
TpaHchopMaTOp 3 ABOMA ifeHTUUYHNMM BTOPUHHUMU OOMOTKAMMN. SMiHHUMI
CTPYM HaBaHTaKeHHs 000x oOmoToxk He mepesumiye 0,5 A. Crpym BTO-
PUHHOI OOMOTKM BUNPAMJIAETHCA OKPEMUMHU MOCTAMU 3 KOHJIEHcaTOpaMu,
AK1 3TJIaIKYIOTh ITyJIbcallil HAIIpyTu.

Bunpamnsaui s3abesmneuyioTh mocrifiny Hampyry Big 17 mo 22 B,
3HAUEeHHs AKOl BM3HAUa€ CTPYM HaBaHTa’KeHHs, Bapiallili Hampyrum, i T.nI.
KuButu AILIl HecTabisizoBaHOIO HAIIPYTrO0 HE MOYKHA, OCKIiJIBKU Pe3yJib-
TaT IIEPEeTBOPEHHs B Hu@pPoOBYy ¢dopmy Oyme Bech yac 3MiHIOBaTUCH. [lIs
crabimizaii Bunpamienoi mampyru go =15V 3acTOCOBYIOTHCA ifeHTHYHI
crabijisaTopu Hampyru Ha omepailiinomy migcuiaioBaui (OII) 3 mesBuuaii-
HUM CIIOCOOOM BKJIIOUEHHS:

OIl maBaHTaKeHUI He AK 3aBXKJIM — Ha BXiJl pPeryJiooyoro ejJeMeH-
Ty, a Ha mocTiiHui omip. IlopiBHAHHA YacTMHU BUXigHOI Hampyrum crtabi-
JizaTopa 3 eTaJOHHOIO (Ha TepMocTabiibHOMY cTabismiTpoHi) BigmOyBaeThCsH,
AK 3aByKIU, 3a BUHATKOM TOTO, IO CTa0iIiTPOH KUBUTHLCA BiKe cTabiIizo-
BAHOIO HAIIPYTOIO.

ITpu mosBi pisHumi nmorenmiaaiB Ha Bxogax OII sMmiHIOETHCA TiIBKM
ctpyMm cnoxkuBaHHA OII, AKuii y ¢cBOO Uepry, IPUBOAUTEL OO0 3MiHU OIIOPY
KOJIEKTOP - eMiTep peryJioluoro TpaHamucropa. dacTuHa BUXiJZHOI HAIpPYV-
ru (y Hamomy BuUOnaaky 15 B), ska 3HimMaeTbcAa 3 PEe3UCTHUBHOTO AiJIbHUKA,
3HOBY CTaHe PiBHOIO €TAJIOHHIM i BHACIiZOK YOT0 IIOTEHIIiaJiM Ha BXOJAaxX
OII spiBHAIOTHCA.

3acTocyBaHHs Takol cxemu crabijisaTopa mae HaM IBi He3aJIeKHUX
cTabisisoBaHMX PIiBHOMOJNAPHUX HANPYTrd 3 HUSBKUMHU IIyJbcaliaMu. B
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saxocti crabimizaropy "-15 B", BUKOpPHCTOBYETBHCA TaKMil caMuil cTabiJi-
3arop, a9k +15 B", ane 3 3a3eMIeHNM BUXOJIOM PEryJIHIOUOrO eJIeMEeHTY.

IIna orpuMaHHs cTabijsisoBaHux Hampyr =5 B i3 crabinizoBammx
+15 B BUKOPHUCTOBYIOThCS ABa iHTerpaJbHi crabdisizaTopu.

6. AIIII mocaimoBHUX HAOJIMIKEHD

3 oraanmy Ha Horo mMBHUAKOAII0 mepeTBOpPeHHA (fy... = 10 xI'm) meit
AIIIl BUKOPHUCTOBYETHCA MIJIS IIePETBOPEHHA B HU(GPOBY (opMy TOBHOTO
(poToIIOMiHECIIEHTHOTO BIiATYKY KpHCTajla, AKUH PEEeCTPYeEThCs Bixg 30y-
IPKYIOUOI'0 JIA3ePHOI'0 iMIyabCcy (Tak 3BaHe  CKAHYBAHHSA BCiel XBHJIL SICK-
paBocTi”). BiH € 3pyuyHMM [OJd OIiHKM YacOBMX XapaKTEPHCTHK, SAKi He-
00ximHi myis1 3a0e3neueHHA TOUHIIIOTO BUMipPIOBaHHA KiHETMKU SICKPaBOCTi
3a momomororm AIIIIl moaBitimoro iHTerpyBamus. Ileit AIIII cknamaeTbes 3
yoTuphox vactuH: Oydepuuir OIl, kommapaTop, 12-pospAnHuii pericTp mo-
caimoBHUX HaAOMMKeHb 1 nmudpoaHasoroBuii meperBopiooBau (ITAII) B ox-
HOMY Kopmyci. Iaa dopmyBanHsa immynabcy sanycky AILIl mocirigmoBHUX
HaOJMKEeHb BUKOPHUCTOBYEThCA ONHOBiOpaTop. TpuBasicTh iMIIyJsibcy 3amy-
cky AIIIl moBmHHaA OyTHM MEHINIEe HiK TPUBAJICTh TAKTOBUX iMITyJbCiB,
sdKa B HAIIOMY BUNAAKy piBHa 5 Mrc. Hamu obpaHa TpuBajicTh iMITyJbCy
3aIlyCKy 3 MKC.

Curmas Bii OCHOBHOIO IIificuyifoBada (POTOMOMHOXKYBada HAAXOAUTh
Ha igmmi O0ydepuuii OIl, akuii oKpiM 3a0e3mnedeHHS Y3TOAKEHHS OIIOPiB
nigcuiaoe curHaa y 50 pasiB mo piBHa 10 B, HeoOximHoro masa podotru
AITII mocnioBHUX HAOJIUIKEHD.

Ha mouaTKy IMKJy I[I€peTBOPEHHS 3a KOMAHIOI BiJ KOMII IoTepa
"ADC start” HOpMOBaHUII OZHOBIOPATOPOM IMIYJBC LO3BOJISE MOZAUY Ta-
KTOBMX CHUT'HAJIIB JO pericrpy, ki HaIXOgATHL OO0 IMOABU curHauay Conver-
sion complete” Bixg ocrammnoro. Ilig yac mepeTBOpeHHA HA aHAJIOTOBOMY
Buxoni ITAII mpucyTHili moTeHIian, AKiA BiAmoOBigae moTeHIliady OIMOPHOIL
Hanpyru, nogijseHoi Ha 4096 Ta BogHOUYac IIOMHOXKEHOI Ha UYMCJIO, IIOJaHe
B aBilikoBomy Koxl mo BxogiB ITAII. Axmo Upan sux < Usumip, TO BEXIA
KOMIIapaTopa eJIeKTPUUYHO 3 €IHYEThCA i3 3eMJIel0, IO 3aIlHCy€e JIOTiuHmit
0 y pospsan pericrpa. Illasxom 3MiHM cTaHY KOMKHOIO PO3PALY perictpa
(moumHarOUM 3i cTapIioro), momajabmiol ix momaui mo Bxomi ITAII, mopis-
HSAHHI CUTHaAJIy Ha HOT0 aHAJIOTOBOMY BUXOJi 3 BXiTHOIO Hampyroiw (B Ki-
JbpKocTi 12 pasiB), oTpmMyeMO Ha BUXOIi pericTpa IpAMUN IBIAKOBUU
KOJ BiAMOBiAHUN HAIPY3i, 110 BUMipPIOETHCA.
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s posmisHaBaHHSA JIOTiuHOI 1 pericTpoM mocJrifoBHUX HAOJIMKEHb

Ha BUXO/Ii KOMOapaTopy NPUCYTHA YacTKa Hanpyru +15 B 3a momomoroxo
30BHIIIHLOrO AinbHMKA. KoM rorep micida oTpuMaHHA curmaay Conver-
sion complete” zumrTye 3 LPT mopry pesyJbTaT IepeTBOPEHHS CUTHAIY
TPHOMA MOPI[IAME II0 UYOTUPU POIPSALU.

7. KouTpoiep

KouTposep 3abesmeuye yacoBy CHMHXPOHi3allilo OJIOKiB Bciei ekciie-
PUMEHTAJIbHOI YCTAHOBKHY B IiJIOMY, a caMme:

1) sabesmeuye ctabibHOI0O TakTOBOIO uYacToTor (200 KI'1) obmaBa
AIIII. Taxka yacToTa yTBOPIOETHCA IIJIAXOM IOAiJeHHs B 16 Ta 5 pasiB 3a
momomoroo Mikpocxem [8] 6asoBoi wacroru 1,6 MI'm, Aka B cBOiO uepry,
reHepPYyEThCS KJIACUUYHUM KBapIOBUM I'eHEPATOPOM;

2) CUHXPOHi3ye 3amyck Jasepy, pobory pemupparopy AIIIl mo-
IBIiMHOTO iHTEerpyBaHHSA Ta cXeMHu BHUOIpKM i 30epiranHsd.

IMuknaiuaa poboTa KOHTpoJiepa MOKe OyTH IpU3YyIIHMHEHa IIporpaM-
HUM 3a0e3lmeyeHHAM, K€ BCTAHOBJIOE BXiJTi CKUJaHHA JIBiHAKOBO-
IeCATKOBUX NIJBHUKIB yacToTu mo Joriux"oro 0.

Buxogsaum 3 BUMOT eKCIEPUMEHTY YacToTa 30ym:KeHHA (OTOJIOMIi-
HecleHI[ii moBuHHaA Oyt f = 10 I'm (BoHa orpumyerbcs gimeHHam 200
kI'm vacroru wa unHHHUK 20000) 1me Oyso 3abe3meueHO BUOOPOM ITMKJY 3
IBAAIATH KPOKiB 3 TpuBAIiCcTIO KPOKYy t = 5 mc. HacoBa moc igoBHiCTH
poboTH OJIOKiIiB IIPUCTPOIO YIIPABJIiHHSA €eKCIePUMEHTY IporpamMyBaJjacs B
PROM [9], ak 6yJsio BKazano y Tao0suii 1.

8. Jlekoaep ceMUCErMEHTHOTO KONy B MPAMUN ABIMKOBUI KOJ
DyHKI[IOHYBaHHA Aenrn@paTopy OyAyeThbCsa HAa HAAMiPHOCTI ceMMCErMeHT-
HOTO KOIy. 3BOPOTHE MEPETBOPEHHA CEMHCErMeHTHOro kKonmy (umciaa Bix 0
o 9) y npamMuii ABiiKOBUII 3MiICHIOBAJIOCH IIJIIXOM aHAJI3y II'SITHU 3 CeMU
cermeHTiB (cermeHTH “c” i “d” He amaxaisyBasucsa). [1sa KOXKHOTO memtud-
paTopy iHAMKATOPY BHUKOPHUCTOBYBAJINCH OJHAKOBO 3amporpamoBaHi PROM
[9]. Curnanu iEgmKamii Oyab-AIKOTO AECATKOBOT'O YMCJAa Bil ceMUCEerMeHT-
HOTO iHAmMKaTopa OyJyu momaHi Ha Bxoau aemudparopy. Ile dhopmye mps-
MU i 3BOPOTHUM ABIMKOBUI KO, AKUMN Bigmosimae miit mugppi. aa Bu-
3HAUEeHHS CTaHy TPbhOX iHAWMKATOPiB (OmmMHUIi, mecATKu, coTHi mB) AIIII
Ha 3arajbHifl IIMHI BUXOAM BCiX memmudparopiB mapajeJbHO 3 €JHAHL
(morTakHe ABO) 3aBaAKY iX BUXiTHUM KacKagaM i3 3arajJbHUM KOJIEKTO-
pom. Ha Bci woTupu mpoBigHMKA IIIMHU MOJAHO IIOYATKOBI PiBHI JioTiuHOI

1, maaxom 3’egHaHHsA iX 3 Uyys, = 5 B uepes pesucropu 1 kOm. KoHTpO-
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jgep curHaimamu Indic. select.” moueproso 3’emHye BuUXOAU melndpaTopiB

i3 BarajpHOIO INMNHOIO. MakcuMaJbHe MOKJINBE UYICJIO CTaHIB IIiel 4oTwH-
PHOXPO3PALHOI IMUHMU IIPHM Iepemaui iHgopmarliii cranoButh 16. Ha moxa-
TOK O TPHOX JECATKOBUX PO3PANIB, K1 BUBOAATHLCA Ha CeMMHCEIrMeHTHi
impuxaropu, AIIIl Bumae Ha UyeTBEPTOMY CUTHAJIU IIOJAPHICTL ~ MiHyC'
(IoKasye MmoasApHicTh BUMipAHOI Hampyru) Ta 1~ (Tucsaui abo o3HaKa IIe-
penoBHeHHA). IIBa OiTa BcTaHOBAIOIOTHCA B Joriuny 1 (11XX - miamasoH
yucen 12 - 15) nna mepemaui B Il ’Ke YOTUPLOXPO3PANHINA mmmHi. IHImi
JIBa BUKOPMCTOBYBAJUCA OJA Iepeladi camMe MO3HAYOK 3HAKY, THUCAY abo
nepenoBHeHHA. ToMy KOMII I0TepHE PO3Ii3HABAHHA TUIY NAHUX B INKWHI
CTa€ MOJKJMBUM: SKIIO Ha Hi#l umcsao Big 12 mo 15, To 1me mo3Hauku 3Ha-
Ky, TUCAY (IIEePeIOBHEHHS), AKINO uucao B mmmHI Big 0 1o 9, To 1me coTHi-
necarku-onuuuni. Yucma 10 Tta 11 B3arajni He MOBUMHHI 3HAXOOUTUCH HA

IMuHI faHuX (BUxomax maernu(paTopiB).

Tabauma 1
IMuka nil KOHTpPoJEepy
TaxTu KoMmaHuam KoHTpPOJIEPY ITpumiTka
1-10 Jo3Bis 3apaAny HAKOIMINUYYBAJIbHOTO KOHJEHCATOPY
12-19 Jl03Bia po3pAAy HaKONMNYYBAJILHOT'O KOHJIEHCATOPY
12 HemudpyBanHa cemucermeHTHOro Koxy iHamkaropy AIIIIL | oguHwmIti
MOABiAHOTO iHTEerpyBaHHS
14 HemudpyBanua ceMucermMeHTHOro Konay imgmkartopy AIIIl | mecarku
MOJBiAHOTO iHTEerpyBaHHS
16 HemudpyBanua ceMmucermMeHTHOTo Konxy imgmkaropy AIIII | cormi
MOJBiAHOTO iHTEerpyBaHHS
18 HemudpyBanHa ceMucerMeHTHOTOo Komy iHamkatopy AIIIl | Tucaui, moJsp-
NoJBifiHOTO iHTErpyBaHHSA HiCTH
13, 15, | HosBin 3uuTyBaHHA AelInU(GPPOBAHOTO CEMMCETMEHTHOI'O KOIY
17, 19 | imguxaropy AIIIIl moxasiiinoro inTerpyBaHnHsa
20 3anyck Jiazepa HOBU# ITUK.JI

9. KomyTaTop

3ajie;kHO Big BMOOPY HpPOrpaMHOTO 3a0e3lleueHHs KOMYTaTop Iepe-
nae pesyabrar meperBopeHHsa AILII, o6pamoro mna xii, B moprt LPT. Ko-
MyTaTop Mae RS-Tpurep, AKMI MSO3BOJUTH BUAAYY TAKTOBUX iMIOYJbCiB
micaa curmaay Big xkomm rorepa HADC start” Ta 3a60poHHTH BUAAUy TaK-
TOBUX iMmyJbceiB micas curmasay Bigx AITIT "Conversion complete”.

10. LPT mopT KoMmII foTepa

OpuoHampasyieHn# (TiIBKYM OJIsTI BBEJIEHHA i TiIbKU IJ1A BUBEIEHHS)
napaysenabHuii mopt IIK BuKopmcTOByeThCA A Iepemadi CUTHAJIB mepe-

TBOPEHHA B HUPPOBY (GOpMYy 1 KOHTPOJIO 3a XOJIOM eKcliepuMeHTy. Pe-

150 ISSN 1562-9945




1 (108) 2017 «CucTeMHBIEe TEXHOJOTHU »
ricTp JaHMX He BUKOPUCTOBYETHLCS, BUKOPHCTOBYIOTLCS TiJIBKM pericTpu

CTaTyCcy i KOHTPOJIIO.

11. ®opmyBau iMIIyJabCYy 3aIIyCKY Jasepy

KouTposep mosBojse (GopMyBaHHA IMIIyJIbCYy 3 TpHUBaJicTiO t =
3 MKC oZHUM OAHOBiOpaTopoMm [5] B mBaamisaTomMy Kpori mukjay. Cdopmo-
BaHuii iMmoyasc piBaa TTJI mizcuaioerbes mo piBua 40 B i momaeTscs mo
CcXeMU 30BHINIHBOI CUHXPOHi3aIlii jsasepy.

BucHoBkH. 3amIpoIIOHOBAaHUII METOJ MO3BOJIAE€ BU3HAUNTHU iHIAMUBITY-
aJIbHI CMyTru cHeKTpiB (oToatoMmiHeciieHil. Ili cMmyru 3aBaaKuU mepeKpUT-
TIO (POPMYIOTh €KCIEePUMEHTAJLHUN CIeKTP (poToaioMiHecieHIlil 00’e€KTiB
nocaim:xkeHHA. HyTauBicTh MeTOAY HO3BOJIAE BUSABUTHU iHAWBIAyaJabHI CMY-
', IIOB’sA3aHi 3 JOMIiIIKaMM, KOHIIEHTpAIlid AKMX Mae€ MHOPAIOK 103 r/T

Ta MEHIIIE.
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UDC 004.021+378.147

N.V. Karpenko, L.Y. Martynovych
THE FEATURES OF PROGRAMMING TEACHING
AT THE UNIVERSITY

Abstract. The assimilation of programming by the students of Dnipropetrovsk
National University (majoring in Computer Engineering) was analyzed. The
basic problems that the students face in programming were defined. The corre-
lation coefficient of success in students training in various disciplines was
compared.

Keywords: programming teaching, solving tasks, successful training and the
coefficient of correlation.

Introduction. The national market of information technologies is
under active development in the XXI century. In particular, the level of
computerization, Internet expansion rates, and the export of Ukrainian
software products were increasing [1].

According to research of Ukraine Digital News and Fund of
AVentures Capital the total number of programmers in Ukrainian IT
market is 90 thousand people. Analysts are forecasting the growth of
the number of programmers and software professionals up to 200 thou-
sand persons by 2020. Today the demand for software developers in
Ukraine is more than supply [2]. However, Ukrainian specialists must be
competitive in the labor market in developed countries. Thus, the impor-
tant role of the university is to improve the quality of training of the IT
specialists.

The aim of this work is to analyze mastering the basics of pro-
gramming and determine the main problems the students face during
their training.

Literature review. IT-specialist often solves tasks based on analy-
sis and mathematical concepts. Therefore, this specialist must have a
basic level of mathematical training. The programmer also should have
algorithmic thinking. However, the most of publications dedicated to
the discussion on choices of a programming language, avoiding the as-
pects of teaching [3]. In this regard, the "Cone of Experience” proposed

© Karpenko N.V., Martynovych L.Y., 2017
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by Edgar Dale [4-5] seems very interesting and useful (Fig. 1). During

the 1960s, Edgar Dale assumed that learners retain more information by
what they “do” as opposed to what they “heard”, “read” or “observed”.
Today this “learning by doing” has become known as “experiential learn-
ing” or “action learning”.

In other words, the lower the level of abstraction of material to
be learned, the more effective results will be achieved.

Peaple genevally remember /\ Learmirs are able to (Learning Outcomes):
10%% of what they Read
Fead
Text Defire
Descnbe
A List _
20% of what they , Explan
b obwhat Gy Hoex Listento
Lecture (Hear)
. / N
30% of what they Watch still pictures
5
= : A Demonstrate
/ Watch moving pictures \ Apply
Practice

50% of what they | : _
Sea and Hevr View exhibit

L

/ Watch demonstration \
/ Participate in a hands-on workshop \

0% of whut they Sqv
and Wrire \ Concrete
Fole-play a sitnation
Analyze
/ Design
Create
Exvahute
/ Model or Simulate a Real Experience
£
9075 of what they Do as Direct Purpozefil Experience -- Go through the real rience
they parform a task o & s

Figure 1 — Cone of experience offered by Edgar Dale [5]

Main part. After analyzing the data presented at
http://www.vstup.info, we can generally understand the abilities of fu-
ture students. For example, we can see the score of UPE and the school
certificate score etc. However, it does not give us information on their
abilities of logical thinking, i.e. abilities to recognize analogies and gen-
eralize the data, abilities of reasoning and proof?

Each year during the practice in programming we face the fact
that students don't see and cannot keep track of regularity in solving
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tasks. So, the teacher must find tasks for the development of these

skills. For example, the students must propose the solution for finding
the proper ending of word (Tab. 1). Consequently, they should track
natural numbers that give different endings of the word (mamuu_, ma-

IMHA, MAIIUHH).

Table 1
Determining the regularities in occurrence of certain endings of words
The word
- «MAaIlIuH » «MAamImHa » «MAIIIuHM »
The regularity - - -
Th tural b leadi
e na ura' num etrs eading 0. 5.6.7.8.9 1 5. 3. 4

to appropriate ending of word
An exception 11, 12,13, 14

Thus, the condition for solving the problem about the number of cars

will take the following form:

remain=car%10;

if(remain==1 && car!=11)
printf("%d mawuHa\n",car);

else if (remain ==2 || remain==3 || remain==4 && car!=12 &&
car!=13 && car!=14)
printf("%d mawuHu\n",car);

else printf("%d mawuH\n",car);

Another problem that is difficult for students is to determine the

minimum time that passes before the hour and minute hands become
perpendicular to each other. The students must remember that full circle
covers 360°. Then the phrase “the hour and minute hands are perpen-
dicular to each other” should be written as the difference in absolute

values (mOdUIUS): ‘(‘phour ~ Quinute| = 90 ’ where (pminute - 3660O and
Q. = 360 h +ﬂ [m; h — number of hours, m — number of minutes
12 12160

(0<h<11; 0<m <59).

The major problem of first-year students is inability to work in-
dependently when they learn subjects beyond the tutorial, to acquire op-
tional theoretical knowledge and practical skills systematically. They try
to study the subject just before the exam. But it does not work for the
subjects that require practical experience.

Analyzing GPA school certificate, we have an idea to compare the
overall level of students training depending on entering year (Fig. 2, a).
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Figure 2 — Comparison of the successfulness in training students of dif-
ferent grade levels, the average mark of school certificate (a) as well as
the correlation between the average school mark and average midyear
examinations mark (b) for the following disciplines:
"Mathematics - Programming” (¢); "Physics-Programming” (d);
«Web-design Programming” (e)

ISSN 1562-9945 155



1 (108) 2017 «CucreMHBIe TeXHOJOTHU »
We can track the correlation between the average mark of the

school certificate and the average mark that student receives during the
first midyear examinations (Fig. 2, b).

The correlation between these indices could be determined for
2012-2013, but since 2013 we haven’t determined a sustainable relation.
A comparison shows the coefficients of correlation between the different
disciplines delivered to the students during the first semester (Fig. 2, c-
e). The relationship between the Higher Mathematics and Programming
subjects is shown in Fig. 2, c. This coefficient of correlation has been
decreasing during last three years. It happened because the students
think of Higher Mathematics as of an abstraction far from satisfying
the real-life needs, and therefore they are incapable to apply the knowl-
edge and skills acquired to solve the programming problems.

The histogram (Fig. 2,d) shows a good correlation between the
Physics and Programming subjects. The close relationship between these
disciplines can be explained by the fact that students study the various
natural phenomena experimentally. It develops the skills in analysis and
synthesis. The students get a useful experience. It values highly for
learning programming.

The histogram (Fig. 2,e) shows the distribution of correlation co-
efficients between the Web-design and Programming disciplines. In the
last two years, the similarity of the students’ marks is observed. This
result may be explained by the fact that the first-year students (2015-
2016 years) are more creative than the senior students. Therefore, it
would be a good practice to consider students’ abilities in planning the
annual workload. The planning should be flexible. For example, the
number of disciplines associated with individual workload and creativity
(visual programming, web-design etc.) should be increased for practical-
result oriented creative students. But the curriculum should not be the
same for analytically thinking person able to achieve the best results in
system modeling and engineering, quality assurance etc.

Conclusions. The starting point for the software specialist’s edu-
cation is testing and, depending on the testing results, development of
their analytical capabilities. It can be achieved by reducing the high-
level abstraction material quota and increasing the number of practical
lessons in the discipline.
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D.P. Sivtsov, V.S. Khandetsky
USING THE NEGATIVE IMPEDANCE CONVERTER IN
DEVICE FOR QUALITY TESTING OF LASER WELDING

Annotation. The paper presents a method for increasing the sensitivity of the
eddycurrent probe for testing of defects of laser welding and a means for this
method implementation. It was practically applied in measurement device for
monitoring of quality of laser welding in supercapasitors. For this purpose the
eddy-current probe was connected to the negative resistance converter (NRC)
which was especially designed on the base of the LC-oscillator.

Keywords: eddy current probe, laser welding, supercapacitor, negative imped-
ance converter.

Introduction. Currently exist the mass production of a wide
range of supercapacitors for use in transport, for power backup of com-
puter systems, for improving the stability of solar power systems and
other purposes [1,2].

The main part of the supercapacitor is the charge-storing device
(CSD). In cylindrical supercapacitors, it designed as roll of aluminum
strips of anode and cathode electrodes, covered on one side by porous
material, for example, graphene [2]. Between the electrodes in the roll is
a strip of separator made of dielectric material. The longitudinal section
of the roll, as well as its fragment, showing the alternation order of lay-
ers in enlarged form, are schematically shown in Fig. 1.

The edges of the positive and negative electrode strips are shap-
ing in a certain way before laser welding with positive and negative col-
lectors respectively. These collectors use as terminals of the CSD. The
design of a typical cylindrical supercapacitor has shown in Fig 2.

Objective of the work. The high discharge currents of superca-
pacitors require good ohmic contact of the electrodes with its collectors,
so their laser welding should be of high quality.

© Sivtsov D.P., Khandetsky V.S., 2017
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Figure 1 — Charge-storing device (CSD): 1 — roll; 2 — strip of dielec-
trical separator; 3 - layer of porous material; 4 - strip of aluminum foil
(anode or cathode electrode); 5 - cathode collector; 6 - anode collector;

7 - welding joint (places of welding)

Figure 2 — The supercapacitor and its components: 1- aluminum cy-
lindrical case; 2 — roll of the charge storing device (CSD); 3 — anode col-
lector galvanically connected to the case; 4 — cathode collector;

5,6 — place of welding the anode and cathode collectors with elec-
trodes of the CSD; 7 — insulating ring

Obviously, the quality of welding we can check only after the col-
lectors already welded to the roll of CSD, so only non-destructive
method we can use to evaluate this quality.

Thus, the objective of this work was to select an effective method
of testing and develop corresponding means required for its implementa-
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tion in the device for evaluating quality of laser welding in supercapasi-

tors.

Testing method. Laser welding is performed in several places on
the surface of collector. In our case they shape was as circular sectors
(total 6 sectors on collector). It means that the welding seam is going
along the perimeter of the sector. The welding quality first of all de-
pends on number and size of defects from the side of collector witch is
reverse towards to side of action the laser beam. Consequently, the weld-
ing defects must be detected not only in thickness of the collector mate-
rial but mainly from its bottom side where collector is welded with foil
of the electrodes. Considering that the collectors and electrodes are
made of non-magnetic metal - aluminum, was selected the eddy-current
method of weld testing. Its effectiveness in the context of the described
here objectives is confirmed of the practical investigations and results
of other authors [3-5].

Implementation method. To implement the method it is necessary
that the induced eddy currents could to penetrate through the weld on
the bottom of the collector towards the foil of electrodes, i.e. in a direc-
tion perpendicular to the plane of the collector. This is possible when
working on the tangential component of the vortex magnetic field. To
create the necessary configuration of the field in the welded joint zone,
we used a parametric eddy current probe with a U-shaped ferrite core.
On the core spooled a three-section coil, which consist of 300 + 300 +
300 = 900 turns of a copper wire with a diameter of 0.02 mm. Cores of
the desired shape and size for the anode and cathode collectors were cut
from the EPCOS ferrite cores of the EF series with ¢ [11700.

The electrical model of the eddy-current probe and its impedance
Zg are shown in Fig. 3.

Investigations of the designed probes have shown that coil's ca-
pacitance Cp has a significant influence on the impedance Zp beginning
from frequencies the order of 1 MHz and higher. In our case, to ensure
a significant depth of penetration of the probe field into the collector
metal (aluminum), we worked at a frequency f = 1.5 kHz. At this fre-
quency, the influence of Cp can be ignored.
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Lp Rp
Zp=Re(Zp)+jIm(Zp),
-{ T }- Re(Z)=Rp/D,
‘ Cp ‘ Im(Zp)= [awLp — wCpRp* I LpCp°]/D,
Z D=[1+(wCRp)*+cf (wLpCp)? -2¢f LpCp)]
a 6

Figure 3 — Electrical model of the probe and its impedance Zp. a) the
electrical model. b) impedance, where: Rp and Lp - the ohmic resistance
of the wire and the inductance of the coil, respectively;

Cp — capacitance of the coil

If the welded joint of the collector with the foil of roll is com-
pletely absent, the quality of welding is estimated as 0% — "DEFECT";
if the welding is fully matched to the standard, the quality of welding is
estimated as 100% — "NORMAL". In general case the impedance of the
probe will be:

Zx = j2rrf(Lp+Lx)+(Rp+Rx), Lx U [Lg, Lig]l, RBx U [Rg, Riool, (1)

where Ly and Ry — is an inductance and resistance that were added to
the impedance of the probe in the result of interaction the probe field
with tested welding seam.

It was experimentally established that at the working frequency
the introduced inductive constituent of the probe impedance practically
does not change depending on the quality of the welding, i.e.:

(Lp+Lx) = Lp

Therefore, value of the inductive constituent is not an informa-
tive parameter of the welding quality.

On the other hand, the total ohmic resistance of the probe
Rsyyr = Rp + Rx depends on the quality of the welded joint. Since the
testing process is carried out at the practically constant frequency, the
value of the ohmic resistance of the coil Rp can be regarded as a con-
stant. Therefore, as informative parameter for estimation welding qual-
ity we can use only Rx.

Finally, the electrical model of the probe (1) can be simplified and
presented as:

Zx=j2718-Lp+(Rp+Rx) = j27¢f-Lp+ Rsyu. (2)
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For reception of the information concerning result of welding

quality estimation, we used the resonant method. The required resonant
circuit is realized by parallel connection of the sensor with additional
capacitors. We selected the parallel circuit because one terminal of the
probe and one terminal of each additional capacitor can be grounded. It
increases the noise immunity of measurement results.

Obviously that sensitivity of the sensor concerning to the welding
defects depends on the ratio of the value Rp and Rx. The resistance Rp
for the anode and cathode sensors is slightly different and equal to an
average of 60 ohms. Experiments have shown that such an Rp value does
not allow obtaining the required sensitivity. In order to increase the
sensitivity, a negative resistance Rygc is introduced into the resonant
circuit. This reduces the Rp what increases the @-factor of the resonant
circuit. To introduce Rygg, the negative resistance converter (NRC) was
used.

As well known, all NRC's contain a circuit of positive feedback.
Considering the features of the resonance method of measurement, the
NRC using the circuit of sine wave oscillator based on Op-amp [6] was
designed. It is important that In this case the NRC circuit and the reso-
nant circuit including the probe P be as single unit (Fig. 4).

The main components of NRC that determine its functionality are
such: a non-inverting operational amplifier (OA) DA1; the adjustable
negative feedback (resistive divider R1%, R2, R3%*); the positive feedback
that consist of resistor R4 and the resonance circuit (probe P and ca-
pacitors C1%*, C2%, C3%).

The other components perform the service functions of the buffer
repeater (C5, R5, OA DA2) and the scaling amplifier (R6, R7, OA DA3).
Schemes of NRC for anodic and cathodic probes are identical. They dif-
fer only by the capacitances of additional capacitors C1%*, C2%, C3%.

The behavior of the NRC is determined by the loop gain between
the output of the OA DA1 and its non-inverting input. The gain factor
OA DA1:

1+(R1+0R2)
R1* +(1-a) R2+R3*’

K, = 0<ac<l1 (3)
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Figure 4 — Negative resistance converter
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The voltage at the output of the OA DAI1 is equal to:
Uy = Ky[U,
where: U, — voltage on the non-inverting input of the OA DAIL.
This voltage is input to the positive feedback circuit, so the out-
put voltage at ZK is equal to:

Zg Zg

Uz = UsPRarz, = KaUsBpgiz, - 4)

Taking into account (2) we have:
7y ——— _2j(2j7i4P+RSUM)
—j+4j 77 f*Csum Lp+2fCsunRsum
— impedance of a resonant circuit; Cgyy = C1%+C2%+C3*.
Since U; = U, (see Fig. 4), the state of the NRC is determined by
the behavior of the complex transmission coefficient K:

K2y
K ="Ra+z; - (5)

In the expanded form:

, R, (j2mfLp + Rsyy)
R4/(1-471°[FF CsypLp+j2mFCsynRsun) + j2Ly + Rsyy
Herewith:

K = (6)

D(f) = arg K (j271)
— phase frequency characteristic of K (PFC) and

A(f) = | K (2m)l
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- amplitude frequency characteristic of K (AFC).
If at some frequency f = Fgrn
D(Fgen) =0 m A(Fgen) = 1,

NRC goes into self-excitation mode and it generates sinusoidal
oscillations with a frequency of Fgzy. This corresponds to a full compen-
sation of losses in the probe: Rsy) =0, because Rp+Rx= | RNEG| .

The working mode of NRC is the regime of partial loss compensa-
tion. In this mode, due to the negative resistance Rygqg, which is created
by NRC, the losses Rp of the probe are reduced to the value providing
the necessary sensitivity for Ryx. Consequently, we can write that

Rsym =Rp+Rx—Rygc -

The control of the Rygs value is achieved by adjusting the gain

K4 of the amplifier DA1.

To determine the dependence of the absolute value of Rygg from
K,, we simplify Rgyy from (2), for what we delete temporarily from
consideration of Ry, so that Rgyys = Rp—RNEG. For clarity of definition
of this dependence, we accept:

R4= 5.1 kOhm; Lp=24 mH; Cgyy =0.42 pF. (7)

Assume that Rgyy, = 40 Ohm. The solution of the system of equa-
tions {@(f) = 0, A(f) = 1} with respect to f and K, gives: f = Fggy =
1562.87 Hz, K, = 4.5699.

Now assume that Rgypy = 60 Ohm. In this case: f = Fgegy =
1534.47 Hz, K, = 6.3549.

Therefore, increasing the gain K, of the OA DA1 from 4.5699 to
6.3549 and Rgyy = 60 Ohms is equivalent to reducing the Rgyy from
60 Ohms to 40 Ohms = 20 Ohms. On the other hand, it is equivalent to
the fact that negative resistance Rygq increased from 0 to 20 Ohms.

The calculated dependence of the negative resistance Rygz on the
gain K, for the same values of the quantities (7) for Rgyy, from 1 to 60
Ohm, we show in Table 1 and in Fig. 5.
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Table 1
Dependence of Rygqand Rgyys on the gain factor K,
FGEN K RNEG RSUM
[Hz] A [Ohm] | [Ohm]

1534.47 | 6.3550 | 0.00 | 60.00
1550.16 | 5.4625 | 10.00 | 50.00
1562.87 | 4.5700 | 20.00 | 40.00
1572.69 | 3.6775 | 30.00 | 30.00
1579.66 | 2.7850 | 40.00 | 20.00
1582.10 | 2.3388 | 45.00 | 15.00
1583.83 | 1.8925 | 50.00 | 10.00
1584.44 1 1.6694 | 52.50 | 7.50
1584.87 | 1.4462 | 55.00 | 5.00
1585.13 | 1.2231 | 57.50 | 2.50
1585.21 | 1.0892 | 59.00| 1.00

RyEe 60

[Ohm] 50 |
40 \\

30 ~

; ~

1,0 2,0 3,0 4,0 5,0 6,0

0

Figure 5 — Dependence of the negative resistance Rygq on the gain K,.
Ryge = 71,204-11,204[K 4

The dependence of Ryzq (K4) was obtained under the following
simplifying assumptions:
— OA DAI1 is an ideal operational amplifier;
— The influence of the connecting circuit C5, R5 on the
impedance Zx of the resonant circuit is not taken into account

(in the practical scheme R5 = 2.2 MOhm).

In view of the above, the Q-factor of the probe @px, whose field
interacts with the welding joint, also depends on Rygq. Taking into ac-
count the model (2) and Rygg, the Q-factor of the probe @px is defined
as:
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277pr
= . 8
@rx Rp—-RygetRx 8)

Since the value of Lp is practically independent from the quality

of the welded seam, a numerical estimate of the informative parameter
Rx can be obtained by measuring the quality factor @px. For this pur-
pose, the input IN of the NRC circuit is connected to a sinusoidal volt-
age source with a linearly varying frequency. In order to determine the
numerical value of @px, we used the usual method of three points of the
resonant curve A(f).

Conclusions. Partial compensation of active losses in parametric
probes for eddy current testing is a promising method of increasing its
sensitivity to defects of laser welding of supercapacitor collectors and
electrodes. The developed NRC scheme has provided good sensitivity and

stability at increasing Q-factor of the probes from Qpx = 3 to @px = 80.
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YIIK:004.8
B.f1. Hauunos, B.f1. [auimos, I.0. KpacHomiok
3ACTOCYBAHHSA 3TOPTKOBUX HEMPOHHHUX MEPEXK
OAJA PO3SIIISHABAHHA 3O0BPAKEHD BUBIPKH CIFAR-10

AHomauis. 3adaya po3ni3HaBAHHA 306paxkeHb 3a 00NOMO2010 KOMN'tomepa
HA038U4AliHO CKAAOHA, OCKIJIbKU 306PAXEHHS MOXe 3Haxooumucs nio pisHu-
MU Kymamu, Mamu pi3Hy OCBIMJIeHICMb, MOXe MICmumu HenosHe 300paxeH-
HAM 06°€Kma, @ MaKkox 306paxxeHHs 06'ekmy moxe mamu pi3Huli ¢poH. lpasu-
JIbHO CNpOeKMoBaHull aneopumm 018 po3Ni3HABAHHSA 06'ekmis 306paxeHb 00-
3B0JII€ MOYHO PO3Ni3HABAMU Ma Kaacugikysamu o6’ekmu 3a Knacamu.
lonosHa mema GocnidxeHHA: po3pobKa apximeKmypu 320pmKoB0oi HelipOHHOT
mepexi 0JiA po3Ni3HABAHHS 300paxieHb 3a HACMYNHUMU Kaacamu: Aimak, as-
momob6iib, NMAWKA, KILWKA, 0J1eHb, COBAKA, Xaba, KiHb, Y0BeH, BAHMAXIBKA.
06’ekmom docnioxeHHs € enemeHmu subipku CIFAR-10.

[lpedmemom 0oCniOKeHHA € 320pMKOBI HEUPOHHI Mepexi, iX BUKOPUCMAHHSA
ma peanizayis 0415 3a0a4i po3Ni3HABAHHA.

OcHoBHI pe3ynbmamu 00C/I0XeHHA: 3anponoHOBAHA apXimeKmypa cneyiani-
308aHOT 320pMKOBOT HelipoHHOT Mepexi 013 Po3Nni3HaBaHHS 06'€Kmis BKa3a-
HUX KA1CIB; OMPUMAHO HelUpPOHHY Mepexy 3 3a0aHOK0 apXimeKkmyporo 3 pigHeM
moy4Hocmi 95.6%; nposedeHo NopiBHANbHULU aHAMI3 0aHO20 Memooy 3 THWUMU
mMemoodamu po3ni3HABAHHS.

Knwo4osi cnosa: 320pmKosa HellpoOHHA Mepexa, po3ni3HABAHHA 06'€kmis 30-
bpaxeHHs, knacugikayis 06’ekmis, CIFAR-10.

Beryn. Ha croropHiimHi#i n1eHb 4151 00poOKM BisyasibHOI iH(popMmarii
3aCTOCOBYIOTh CHCTEMM KOMII IOTEPHOTO 0aueHHsI, B IKMX OCHOBHOIO 3aja-
Yelo € Po3IlisHaBaHHS 00pasis.

BusasieHHsa 00 €KTiB BBa)Kae€ThbCA HANTOJOBHIINIMM 3aBIAHHAM
KOMII foTepHOoro 3opy. OmHico 3 3amauy KOMII'IOTEPHOI'O 30Py € PO3IIi3Ha-
BaHHA 00’eKTiB a00 KJaacu@ikailiss 00’€KTiB, KOJM OAMH UYMW JEeKiJIbKa II0-
IepesHbO 3aJaHNX UM BUBUEHUX 00 €KTiB a00 KjaciB 00 €KTiB MOMKYThL Oy-
T PO3Mi3HaHi, 3a3BMYall pa3doM 3 iX ABOBUMIPHUM IIOJIOKEHHAM Ha 30-
Opa’KeHHi Y1 TPUBUMIiDHUM IIOJIOXKEHHAM B ciieHi [1].

OcHoBHiI mpo6JieMHu poO3Mi3HABaHHA: OAWH i TOM caMuil 00’€KT 3HA-
XOAUTHCA MTig pPisSHMM KyTOoM Ha B300paskeHHi, Mae pisHY SCKpaBicTh;

© Hauuisos B.f., Hanimos B.f., Kpacromiok 1.0., 2017
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00’eKT MOKe OyTH HEIOBHIiCTIO 300pakeHuM abo OyTH 3auyMJEHUM (POHOM

Ha 3aJHbOMY ILJIaHiI 300pakeHHsa [2]. PosB’s3aTm BKasaHi mpobJjeMu m03-
BOJIAIIOTH 3TOPTKOBI HEMPOHHI MepexKi.

B xomm’rorepHOMy OaueHHi B3TrOpTKOBI HEHPOHHI Mepexxi — 11e
HOBITHIiM MeTOo[I posnisHaBaHHA, AKUN HaOyBae MIXPOKOI
momyJsisipaHocTi [3].

ApxiTeKkTypa 3rOpTKOBOI HEIPOHHOI MepesKi

32
maxpooling 16

QineTHPN
_—
I3 22
KpoK1 KpoK 2 16
of:1
3z
32 64 3
: KpoK:1
DiNETURK 051
64
insTpK
o p 16
I3
Kpok:1
of:1 16
G4
64
) 2
maxpoaoling Kpok: 2
NOBHO- B"E?f”ﬂeuwﬂ NoBHO-
g 3EAIHMI P JEAIHKA
_—> —_— EE—
- 10
nopir. 0.5
] ?12 ) b HelpoHie
HeWpoHie
64
10
A2 A2

Pucynoxk 1 — Apxirektypa SHM

3ropTKkoBa HEeMPOHHA Meperka — Ile HeHMPOHHA Meperka, AKa MiCTHUTh
TPH OCHOHI THUIIM HEPOHHUX ITapiB: 3TOPTKOBUM, IIiABMOIipKOBUII Ta IIOB-
HO3B sa3HUH [3 - 4].

Bisyamizaris 83acTocoBaHOI apXiTeKTy PUSTOPTKOBOI HEMPOHHOIL
MepesKi HaBeZeHO Ha puc. 1.
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Byiio 3acTocoBaHO HACTYyHHUH MeTOJ IIONEpPeSHBLOI OOpPOOKU JaHUX:

T
IIOBOPOT Ha KYT [_I;ﬂ' Tako:xx O0yJI0O BUKOPHMCTAHO METOJ IIOoIIepeaHboi 00-
poOKM B300paKeHHA: IEHTPYBAaHHA BiJHOCHO HYJA, HOpMAaJisallisgaHuUx
(mucmepcia = 1).
Mepe:xkeBa BisyaJsisallisa
Bxinme 300pakeHHA (KJaacy IITaIllKa):

CxanapHuii 1o0yToK meprmux 8 (iabTpiB i 300pakenHs(1l 3ropTko-

BUM mI1ap):

ERENENEE
®
i . . Jh"

3acrocyBaHHsa (pyHKIiI akTuBaIii(ReLu):

3MeHIIIeHHA po3MipHOCTi 300paskenHsa (1 migBubipkoBuUii map):

OcraHHill 3rOPTKOBUI I1ap:

HEE B O FF B =

Ocranuiii map (AMOBiIpHiCTH TOTro, IO O0’€KT JAaHHOTO KJacy Ha

300pasKeHHi):
EEE mm EBcworo 10 kiacis.

PesyabTraTu HaBYaHHA
IlaHa HelipoHHa Mepe)Ka 3 BHCOKMM CTYyIIeHeM TOYHOCTi PO3IIi3Hae€
00’exTu Bubipku CIFAR-10 [5].
TounicTs poboTu Mepe:ki craHoBuTh 95,6%, 110 € AyKe BHCOKUM
MMOKa3HUKOM pPO3IlisHaBaHHJ [6].
I'padir TouHOCTI HaBemeHO Ha puc. 2.
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Pucynok 2 — TouHicTs poboTu Meperxi

3HauenHs (YHKIII BTpaAT CTAHOBUTH HA OCTAHHiN elmoci HaBUaHHSA
0.13. I'pacix pyHKIIII BTpaT 300paskeHo Ha puc. 3.
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Pucynork 3— 3HaueHHA(QYHKIiIBTpaT

IlopiBHAHHA 3 IHIIMMU MeTOJaMU PO3Ili3HABaHHI.
Tabauma 1
IlopiBHAHHA MeToxAiB posmidHaBaHHsa Ha BubipmiCIFAR-10

Meton posmisHaBaHHA KinbkicTs TounicTs(% )

errox (HaBY.)

JliniiEu# Kaacudikarop 100 34.3
7-NN xkaacudikarop 50 38.6
3ropTKkoBa HelIpoHHaA MepeKka 100 95.6

170 ISSN 1562-9945




1 (108) 2017 «CucTeMHBIEe TEXHOJOTHU »
IIpoBemeno mOpPiBHAHHA 3 JBOMa TPAAUIIMHMMU MeToJaMU

posIridHaBaHHA: JiHiHME Kiaacudikatop i k-NN wiaacudpikarop [2]. B
rabauni 1 HaBeaeHO Pe3yJabTaTHU Po3Hi3HaBaHHA. TOUHICTL po3IIidHABAHHSA
3TOPTKOBOIO HEMPOHHOIO Mepe:Kelo CYTTEBO TOUHIiIIe, HiXK ABoMa
TPAgUIiHUMU MEeTOdaMU.
BucuHoBoK

B nmociimskeHHI CIIPOEKTOBAHO 3TOPTKOBY HEUWPOHHY Mepe)Ky HaB-
yeHoI0 Ha 300paskeHHAX Bubipxu CIFAR-10, aka posmidHae 00’€KTu 3 BU-
cokuM piBHeM TouHOCTi (95.6%). Takmm uUYMHOM MHaHUIZ METOJ
posmi3zHaBaHHSA CYTTEBO Kpalllliii, HIKTPaAMUI[INIHI MeTOaUu PO3IIi3HaBaHHSI:
ginivani Kiaacudikarop i k-NN kimacudikarop.
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PE®EPATHEI

YIK 514.18

ApnoHbes €.0., Bepewara B.M. BusHaueHHs Ta aHani3 napaboniyHoi noeepxHi baniobu
(BNM) // CuctemHble TexHONOrMN. PernoHanbHbli MEXBY30BCKNIA COOPHUK Hay4HbIX paboT. -
Beinyck 1 (108). - OHenp, 2017. - C.3 - 11.

B cTaTTi pocnigKeHo 3acTOCYBaHHA NOBEPXOHb TUNY «Jlyna» Ans MOAENtoBAHHA CKNAAHUX
baratoakTopHux npoueci. 30Kkpema, BBeLEHO Ha3By «napaboniyHa noBepxHs baniobu -
BMNM», wo 6yayeTbcs 3a eMNiPUYHUMU fLaHUMK, 3pobaeHo i aHani3 Ta BUABIEHO BNACTUBOCTI Ta
03HaKW, fIKI MOACHIKTb MOXNUBiICTb nepeTBopeHHsa bBIIM y nnowwuHy, npaMmy, Touky.
06rpyHTOBYETHCS, WO BTN € KOMNO3MLiEID BUXIAHMX TOYOK, @ TAKOXK MOXIMBICTb ii 3aCTOCYBaH-
HSl 'y CNocobi po3ropTaHHA-3ropTaHHsA YapyHok. Lli gocnigkeHHs 0OFpYHTOBYIOTH MOXAMBOCTI
3aCTOCYBaHHA CNocoby po3ropTaHHA-3rOpPTaHHA YapyHOK AN MOAENtoBaHHA 6araToakToOpHMUX
npouecis. Lleit cnoci6, y noganbwomy, 6yae noknageHo y OCHOBY MaTeMaTUMYHOro anapaty B
iHbopMaUiiHMX  cucTeMax  MigTPUMKW  YNPaBAiHCbKMX  PilleHb  NpU  BNPOBAJKEHHI
eHeprosbepiraoymnx NpoeKTis.

bi6n. 8, in. 5, Tabn. 1.

YIIK 004.93

Axvmetwuna J1.T., €ropos A.0., AxmeTwwuH K.0. AHani3 cnaboKoHTpacTHUX 306pa-
YXeHb Ha OCHOBi NepeTBOPEeHHA HeyYiTKOT PyHKUiT npuHanexHocTi // CucTemHi TexHono-
rii. PerioHanbHUit MiXBY3iBCbKMIA 36ipHMK HayKoBMX npaub. — Bunyck 1(108). — [AHinpo,
2017. - C.12 - 19.

Po3rnsiHyTo MOXNUBOCTI MeTofy CermeHTauii cnaboKOHTpacTHUX 300paeHb, AKUN 3a-
6e3neyye NigBULLEHHA i1 YyTAMBOCTI Ta AOCTOBipHOCTI. CyTb MOro nonsrae y Tomy, Wo [0 GyHK-
Uil npuHanexHocTi, akn dopmytoTecs MeTogom dFCM, Ta iHTEpNpeTyIoTbCA K 300paXeHHs, Ha
KOXHOMY Kpoui iTepalii 3acTOCOBYETLCA Npouefypa NepeTBOpeHHs Ha 6a3i HeyiTKoi noriku.
lMpeAcTaBieHi eKcnepuMeHTaNnbHi pe3ynbTaTi Ha NpuKiaai 06pobKM peHTreHiBCbKMX 3HIMKiB.

bi6n. 4,in. 4.

YK 536.24

bepaHuk M.I. MaTemaTuyHe MoAeNtoBaHHA y3araJbHeHOT KpanoBoi 3aaayi HeiimaHa Te-
NA006MiHy NOPOXKHLOro KYCKOBO-OAHOpPiAHOro uuniHapa // CuctemHi TexHonorii. PerioHanb-
HUIM MiXBY3iBCbKMI 301 PHUK HayKOBUX npaub. — Bunyck 1(108). — Aninpo, 2017. - C.20 - 28.

Po3pobneHa maTemaTyHa MOAeNb TeMNepaTypHUX PO3NOAiNiB Y NOPOXHbOMY KYCKOBO-
OAHOPIAHOMY UMNIHAPI, AKMIT 06epTAETLCA 3 MOCTINHOW KYTOBOM WBMAKICTIO HaBKkoio oci 0Z 3
ypaxyBaHHAM KiHLeBOT WBUAKOCTI NOWMUPEHHA Tenna, y BUrNaai kpaiosoi 3agayi HelimaHa ma-
TeMaTU4YHoi ¢i3nku. Po3pobneHo HoBe iHTerpanbHe NepeTBOPEHHS ANA KYCKOBO-OAHOPifHOIo
NpoCTopy, 3a [OMOMOroi0 fKOr0  3HAAeHO TemnepaTypHe MNose MNOPOXHbOrO KYCKOBO-
OfIHOPiAHOrO KPYroBoro UuaiHapa y BUrNAgi 361HUX OPTOroHanbHUX pAAIB no GyHKUism bec-
cens i ®Oyp'e.

bi6n. 6.

YK 004.92+51-37

IsoH 0.I., IsoH H0. 0., Jlaspos P.I. MporpamHe 3a6e3neueHHA ANA BU3HAUYEHHA NiHiN-
HOro onopy, Wo o6Mexye CTpyM 6ap’epiB y BapuctopHux matepianax // CuctemHi TexHono-
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rii. PerioHanbHKUi MiXBY3iBCbKUIA 36ipHMUK HayKkoBKX npalb. — Bunyck 1(108). — Hinpo, 2017.
- (.29 - 36.

3acobamu HTML, CSS, JavaScript i 6i6niotekn jQuery po3pobneHa nporpama ans BU3Ha-
YeHHA NiHiliHOTO omopy, Wo obMexye cTpym O6ap’epiB y BapuMCTOpHUX MaTepianax. Po3paxyHok
4bOro ONopy Nporpama 3AiNCHIOE 33 AAHUMKU CKAHYBAHHA PacTPOBKX 300paXkeHb aHANOroBuUX
OCLMNOTpaM, OTPMMAHMX ANA 3pa3ka BapucTopa B 006/11acTi CUABHOTO ENeKTPUYHOTO CTPYMy.
Byab sAkuit 6paysep mepexi IHTepHET Moxe OyTU BUKOPUCTAHUN, K CEpeaoBuLLe ANs nporpa-
Mu.

bi6n. 4,1in. 3.

YOK 004.92+51-37

IsoH 0.I., Ictywkin B.®. OundpoByBaHHA ocuuaorpam 3a JONOMOroK pacTpoBUX 30-
OpakeHb ANA NifBULLEHHA TOYHOCTI BU3HAYEHHA napameTpiB curHanie // CuctemHi TexHo-
norii. PerioHanbHUi MiXBY3iBCbKWIA 36IpHMK HayKoBMX npaub. — Bunyck 1(108). — [Hinpo,
2017. - C.37 - 40.

HocnipxeHo cnocib oundpoByBaHHA OCLMUIOrPaM aHaNOroBUX ocuunorpadis 3a 4ONOMo-
rol0 pacTpoBMx 300paxeHb, IK 3aCi6 NifBUIEHHA TOYHOCTI BU3HAYEHHA NapaMeTpiB eNeKTpuy-
HUX curHanie. MokKa3aHo, WO BUKOPUCTAHHA pacTPOBUX 300paxeHb OCLUAOrPaM ANs BUIHAYEH-
HSl YaCOBMX NapaMeTpiB CUrHaNiB [03BOJISE 3a6€3MeYNTU TOYHICTb BUMipIOBAHHSA Ha PiBHi Lud-
POBMX YaCTOTOMipiB.

bi6n. 3,in. 2, Tabn. 1.

YIIK 004.9

Kosanbos [I.K., Bosk C.M. Komn'totepHa cuctema ansa 34MTYBAaHHA JPYKOBAHOr0 TEKC-
Ty Ta MOro KOopuryBaHHa // CuctemHi TexHonorii. PerioHanbHUi MixBY3iBCbKUI 3GIpHUK Hay-
koBux npaub. — Bunyck 1(108). — AHinpo, 2017. — C.41 - 45.

MponoHY€ETbCA KOMN'IOTEPHA CUCTEMA AN1A 3YUTYBAHHA Ta KOPUTYBAHHA APYKOBAHOIO TeK-
CTY Ha OCHOBi 6i6nioTek 3 BigKkpuTMM nporpamHmum kopom Tesseract-OCR, EmguCV ta NHunspell.
Cuctema po3pobsieHa Ha 6a3i nporpamHoi nnatdopmu Microsoft .NET Framework Ta go3sonse
BBOAWUTM 300paxeHHs 3 ApyKOBaHUM TeKCToM (oTo, BiACKaHOBaHA CTOPiHKA TOWO) Y CTaHAap-
THUX rpadivyHMx popmaTax, BUKOHYBATV NOro po3ni3HaBaHHA, NepeBipATU OTPUMAHUIA TEKCT Ha
opdorpaciuHi noMmunku Ta BUNpaBnatu ix. Cuctema nigTpUMye aBTOMATUYHUIA PEXUM KOPUTY-
BAHHA TEKCTY Ta IHTEPAKTUBHUW PEXUM LA CAMOCTIAHOTO BUMPAB/IEHHA NOMUIIOK.

bi6n. 4.

YOK 519.21:519.24

KpoxuH B.B. UccnepoBaHue yCTOWYMBOCTU METOAOB BbiOOpa ONTMMaNbHOW MoAeNy
MHOXXeCTBEHHON NMHENHOW perpeccuu B cCnyyae, KOrga He3aBUCMMble NepemMeHHble AB-
NATCA KBasUKoNNMHeapHbIMK // CucTeMHi TexHonorii. PerioHanbHUit MiXxBY3iBCbKMii 36ip-
HUK HayKoBMX npalb. — Bunyck 1(108). — ninpo, 2017. — C.46 - 54.

MeTogOM UMUTALMOHHOTO MOAENNPOBAHUSA, C NOMOLLLIO OPUTMHANBHOW NPOrpaMMbl, pas-
paboTaHHoit B cpege MATJIAB, npoBoauTCca uccnefoBaHWe BAWUSHUA  KBA3WKOMJMHEAPHOCTM
MeX[y BXOLHbIMW MepeMeHHbIMU Ha 3 (EKTUBHOCTb Pa3IMYHbIX METOAOB BblIOOpa ONTUMab-
HOM MOJENN MHOXEeCTBEHHOW NuHelHon perpeccun (MJIP). MpoaHanu3npoBaHbl NATb pasnuny-
HbIX METOLOB BblOOpa onTuManbHon MJIP.

Ha ocHOBe nonyYyeHHbIX AaHHbIX CAENAH BbIBOA, YTO CyLWECTBEHHOE BIMAHWE KBAa3WKON-
NIMHEAPHOCTM Ha BbIbOp onTuManbHoW MJIP nposBnseTcs TONbKO NPU O4YeHb BLICOKON CTEMNEHM
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KOPPEeNMPOBAHHOCTA MeXAY BXOAHbIMKU nepemeHHbiMu (6onbwe 0,999). B cayyae Hanuuus
CUNBHON NUHENHOI 3aBUCUMOCTU MEXAY BXOLHbIMU NEPEMEHHbIMU, PEKOMEHAYETCA WUCMNOJb30-
BaTb ANA Bbl6Opa onTumanbHoW MIJIP meTof BCEX BO3MOXHbIX PErpeccuit ¢ UCNoab30BAHUEM
CTaTUCTUKM Mannoy3a B KauyecTBe KpUTEPUA ONTUMANbHOCTM, KOTAA YMCN0 BO3MOXHbIX HE3aBU-
CUMbIX NepeMeHHbIX MeHblle 15. B npoTUBHOM ciyyae, npepfnoyTeHue cinepyer oThaTh MeTony
nocnefoBaTeNbHOI0 UCKTYEHNS.

bubn. 5, Tabn. 1.

YK 614.2+574/578+004.38

Jinteuroe 0.A. ®peitmoBa MOBa ANA MOAENIIOBAHHA NpOrpamHoro 3abesneuyeHHsa //
CuctemHi TexHonorii. PerioHanbHWit MiXBY3iBCbKMIA 30ipHMK HayKoBMX npaub. — Bunyck
1(108). - [Hinpo, 2017. — C.55 - 62.

B poboTi nponoHyeTbcs hopManbHa Moaenb PpeiMoBOi MOBM, IKa MOXeE 3aCTOCOBYBATH-
CA ANA Onucy AOMEHY, BpaxoBylouM BCi aetani HeobxiaHi ana edekTnBHOT TpaHcdhopmauii Mo-
Aeni B CUCTEMHI KOMMNOHEHTHU.

bi6n. 5.in.1.

YOK 614.2+574/578+004.38

JluteuHos 0.A. Popmanisayis cucremm cueHapiiB NiHrBiCTUYHOT HAaBYaNIbHOT CUCTEMM
// CuctemHi TexHonorii. PerioHanbHMit MiXBY3iBCbKMIA 306ipHUK HAyKOBMX mpaub. — Bunyck
1(108). — AHinpo, 2017. — C.63 - 70.

B po6oTi nponoHyeTbca (opmanizoBaHa MOAENb CUCTEMM CLLEHAPiiB, AKa CMPSAMOBAHA Ha
y3arafbHeHHA ONUTY Ta BU3HAYEHHA NOTEHUiaNy iHTerpaTUBHUX NTHIBICTUYHUX HABYANbHUX CU-
CTeM, BU3HAUYEeHHSA NpobsieM Ta WASAXIB 40 iX BUPilIEHb.

bi6n. 8. in.1.

YOK 621.3

MateeeBa H.0., JlazopeHko H0.B. Po3ni3HaBaHHA Bi3yanbHUX 06pa3iB curHanie 3a po-
NOMOrow HeMpoHHUX Mepex // CuctemHi TexHonorii. PerioHanbHMiA MiXBY3iBCbKUI 36ipHUK
HayKoBMx npaub. — Bunyck 1(108). — iHinpo, 2017. - C.71 - 79.

BuKOpMCTaHHA HENPOHHMX Mepex Ha OCHOBi GaraTowapoBOro nepcenTpoHa 3anponoHo-
BAHO AK MeTof ANA po3ni3HaBaHHA Bi3yanbHUx 06pasiB. [lpogeMoHCTpOBaHa nNpaLe3faTHiCTb
Mepexi Ha NpMKNaji po3ni3HaBaHHA Ta Knacudikalii eneKTpomarHiTHMX curHanis. Mopenio-
BaHHA BMKOHYBanoch B cepenosuui MATLAB.

bi6n. 6, Tabn. 2, in. 4.

YK 519.3:620.179

MaweHko B.0. TeopeTnyHi 3acagu iHopmayiinHoi TexHONOriT HeCcTauioHapHOro enekx-
TPOMArHiTHOro KOHTPOJII0 OPTOTPONMHUX ANCMNATUBHMX KOMNO3UTIB // CucTeMHi TexHonorii.
PerioHanbHU MiXBY3iBCbKMI 30ipHUK HayKoBKX npaub. — Bunyck 1(108). — [Hinpo, 2017. —
C.80 - 85.

OTpuMaHi aHaniTMYHI NPOCTOPOBO-YACOBi PO3MNOAINEHHA TaHreHUiaNbHUX MPOEKLiA BU-
XOPOBOr0 CTPYMy, iHAYKOBAHOrO MPAMOKYTHUM KOHTYPOM HeCTaLioHapHOro CTOPOHHLOrO 36y-
PEHHSA, NiJ, NOBEpXHelo OPTOTPONHOIO AUCUNATUBHOIO KOMMO3MTA.

bi6n. 10, in. 1.
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YOK 621.3

MoHomapbos 1.B., Yyxano A.P. Oco6nuBocTti po3pobku cainty 3a gonomoroio ASP.Net
MVC Framework // CuctemHi TexHonorii. PerioHanbHUN MiXBY3iBCbKMi 30ipHUK HAYKOBMX
npaub. — Bunyck 1(108). — [Hinpo, 2017. — C.86 - 90.

OnucyoTbCs OCHOBHI KOMNOHeHTH TexHonorii MVC. 3anponoHoBaHi NPUHLMNK CTBOPEHHSA
apxiTeKTypu CanTiB 1 3a3HAYalOTb OCHOBHI MepeBaru Lboro nigxoay.

bi6n. 2.,1in.1

YIIK 004.9

Mpokonyyk 0.M. Komn'ioTepHa cuctema cTepeo3opy ANA Bi3yaNbHOro BM3HAYeHHSA
BigcTaHi go 06’ekriB / 0.M. Mpokonuyk C.M. BoBk // CuctemHi TexHonorii. PerioHanbHuit Mix-
BY3iBCbKMIt 36ipHUK HAayKOBMX npaub. — Bunyck 1(108). — AHinpo, 2017. - C.91 - 95.

Ha ocHoBi 6i6niotekn OpenCV Ta A0OfaTKOBO po3pobneHMX (YHKLiA NPONOHYETLCS
KOMN'l0TePHA CMCTEMA CTEpPeo30py AN Bi3yasbHOr0 BU3HAYEHHA BifCTaHel [0 06'€KTiB, NOMiX
06'ekTammn Ta Ha 06'ekTax. BuaHayeHHs BigcTaHeln 3[iNCHIOETLCA 360 B aBTOMATUYHOMY PEXUMI
yepes BignoBigHi GyHKUiT 6i6nioTekn OpenCV, abo B iHTEPAKTUBHOMY PEXUMi WAXOM BUKOPH-
CTaHHSA [,0AATKOBO PO3pobneHnx yHKLUiN, AKi NoB'A3aHi 3 BUOKPEMIEHHAM TOYOK HA 00'eKTax.

bi6n. 4,in.2

YK 004.75

CnipiHues B.B., Kywka A.A. ®peitMBOpK Ha 6a3i moBM nporpamyBaHHa Scala ana
crBopeHHsa Restful Web-cepgiciB // CuctemHi TexHonorii. PerioHanbHuMii MixBy3iBCbKUI 36i-
PHUK HayKoBUX npaub. — Bunyck 1(108). — iHinpo, 2017. - C.96 - 101.

MponoHyeTbca hpeiiMBOpK Ha 6a3i MoBM mporpamyBaHHs Scala ans po3pobku cTaHaap-
Tu3oBaHux RESTful Be6-cepBiciB. [poeKkT HauineHW Ha 3aCTOCOBYBAHHA iHWUMKU PO3POOHMKA-
MU NPOrpamHOro 3abesneyeHHs ANs nonerweHHs po3pobku Beb-[0aTKiB, CTBOPEHUX 3a AOMNO-
MOrOl apXiTEKTYpW MiKpOCepBiciB.

bi6n. 5,1n. 6.

YK 514.182.7:519.65:004.9

CnipiHues [.B., Haiiguw A.B. MeToan reoMeTpMyHOro MOAeNIOBaHHA Ta Bisyanizauii
uucpoBoi mopeni penbedy // CuctemHi TexHonorii. PerioHanbHUit MiXBy3iBCbKUI 30ipHUK
HayKoBMx npaub. — Bunyck 1(108). — Hinpo, 2017. - C.102 - 109.

BuKkoHaHaHO Ornsj OCHOBHWMX HanpsMKiB, B AKUX BedyTbCs pobOTM Mo onTumizauii
pO3B'A3aHHA 3aJay MOAENIOBAHHA Ta Bi3yanisauii cknagHUx TPMBUMipHUX 00'ekTiB LMUDpPOBOT
mopeni penbedy. Hespaxaloun Ha [ecATKM pobiT, HEMAE OAHO3HAYHOT AYMKM LWOJ0 KPaALOro
METOZly reoOMeTPUYHOro MoAeNtoBaHHA. ToMy y po60Ti NOKa3aHo, WO OCHOBHWUM HAMPSIMKOM On-
TUMi3aLii po3B’A3aHHA 3aaay Bisyanizauii cknagHux o6'eKTiB, € BUKOPUCTAHHA BUCOKOEdEKTH-
BHUX, EKOHOMiYHMX i MPOCTUX Yy peanisauii anropuTmis ans nobyposu 6aratomacwTabHOro no-
AaHHA THPopmauii i nobyaoBM afanTMBHMX CiTOK, WO € OCHOBOW ANA NOOYA0BM BUCOKONPOAYK-
TUBHUX Mporpam Bi3yanizauii Benukoro obcsry iHdopmauii. 3 HaBefeHoro ornsfgy HanmbinbLWw
NepCcnekTUBHUMMW MOXHA BBAXaTu METOLM KPiriHry, NpUpoAHOT okonuui, metoan BAIM Ta meTo-
an bH-yncneHHs.

bi6n. 20.
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YK 004.9

Cnipinuesa 0.B. 3actocyBaHHA (haKTOpPHOro aHanisy Ao 06po6Ku GaraTocnekTpanb-
HUX pacTpoBuX 306paxeHb // CuctemHi TexHonorii. PerioHanbHMit MixBY3iBCbKMIA 36ipHUMK
HayKoBUX npaub. — Bunyck 1(108). — AHinpo, 2017. — C.110 - 114.

B po6oTi focnimKeHuit anbTepHaTUBHMIN cnocib onTuMi3auii o6cAriB BUOOBUX AaHUX A0-
CTaTHiX ans ix (paHmx) intepnpertauii. CTucHeHHA 06CATY BUAOBUX AAHUX 3AiACHEHO LWAXOM
onucy npoLecy 3a LONOMOrot 3aranbHux GakTopis.

bi6n. 7,in. 5.

YK 681.3.07 : 620.179.14

Crapopy6ues 0.J1. locnigXeHHA HEMPOHHUX MepeX AnA iaeHTUdikayii curHanis Bu-
xopocTpymoBoi aedekrockonii // CuctemMHi TexHonorii. PerioHanbHMit MiXBY3iBCbKMiA 36ip-
HUK HayKkoBMx npaub. — Bunyck 1(108). — Axinpo, 2017. - C.115 - 122.

PO3rnAaHYyTO NUTAHHA BU3HAYEHHA ONTUMANBLHOIO TUNY HEPOHHOT Mepexi Ta ii napamer-
piB ona ifeHTudikauii MogynaLinHoro CUrHany noBepxXHeBOi TPILMUHM Npu fedeKTocKonii KoMm-
NO3UTHKUX MaTepianiB 3i 3HAYHOK WOPCTKICTIO NOBEPXHI.

Halikpawi pe3ynbtati npu MofentoBaHHi nNokasana Mepexa npsmoi nepegayi i3 3Bopot-
HiM HanpsAMKOM MNOWMWPEeHHA NOMWUAKM, rinepboNiyHo TaHreHuianbHO (GYHKUIiE aKTWUBaALii,
KBa3iHbIOTOHOBMM aNropMTMOM HaBYaHHA JleBeHOepra — MapkBapaTa Ta HaCTPOMKOI NapaMmert-
piB METOLOM IPaAiEHTHOrO CMyCKy i3 36yptoBaHHAM.

MpUIAHATHA, 3 NPAKTUYHOT TOYKM 30pYy, AOCTOBIPHICTb ieHTUDIKALIT AedeKTy OTPUMYETb-
cA npu piBHi wymy 1o 30% Bif piBHA amnaiTyau curHany aedexry.

bi6n. 6, Tabn. 1,in. 5.

YOK 621.373 - 187.4

Teeppoctyn M.I. AHani3 F-meTpa 3 KepoBaHOI YYTIMUBICTIO A0 NPUPOCTY pPeaKTaHca
iHAYKTUBHOrO AaBaya // CuctemHi TexHonorii. PerioHanbHMit MiXBY3iBCbKUI 30IPHUK HayKo-
BUX npaup. — Bunyck 1(108). — lHinpo, 2017. - C.123 - 128.

3HaliaeHo YyMOBM YyNpaBRiHHA KPYTU3HOK XapaKTEPUCTUKM NepeTBOPEeHHS BUMipOBaNbHO-
ro reHepaTopa Ha OCHOBi KOMGIHOBaHOT onepaLinHoi CXeMU WAAXOM 3MiHU CTyNeHs KOMMNeHca-
Lii noYaTKoBOi IHAYKTMBHOCTI NAapaMeTPUYHOr0 AATYMKA, BKOYEHOTr0 B PE30OHAHCHUI KOHTYP
reHepatopa.

bi6n. 4,in. 3

YK 680.179:681.513

ToHkowkyp 0.C., Moe3no €.J. Anroputm 06po6KKM JaHUX KiHETUKKM BiAryKY pe3ucTue-
HOro ra3oBOro CEHCOPY Ha OCHOBi MoAeNi po3TArHYTOi eKcnoHeHyianbHoOi PyHKLiT // Cuc-
TEeMHi TexHONOorii. PerioHanbHWUI MiXBY3iBCbKWI1 30ipHUK HayKkoBMX npaub. — Bunyck 1(108). —
[Oxinpo, 2017. - C.129 - 134.

MpoBeaeHO OLiHKY NPUAATHOCTI aNrOPUTMY HA OCHOBI MOAENi PO3TArHYTOT eKCNOHEeHLia-
NbHOT YHKUIT ans 06poOKM AaHUX KIHETUKM BifryKYy Pe3uCTUBHMX ra30BUX CEHCOPIB 3 METOH
pO3LWMpPEHHSA (DYHKLIOHANbHMX BNACTUBOCTEN BifNOBiAHNX iHPOPMALiAHO-BUMIpIOBANIbHUX TEX-
HOMOriV Ta NPAKTUYHOrO 3acTOCyBaHHA. Anpobauis anropuTMy Ha 3pa3kax ra3oBUX CEHCOPiB Ha
OCHOBi KEpaMiyHOro OKCuAy LMHKY MoKa3ana Mnoro eeKkTMBHICTb ANA MOLENIOBAHHA KiHETUKM
cnapy Bifryky nicns BNAWBY akTUBHOro rasy (MetaHy). BusHauyeHi napameTpu: cTaTuyHe 3Ha-
YeHHA BIATYKY; cepefHiii yac penakcauii Ta noro posnogin.

bi6n. 13,1in. 3.
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YK 681.3.07

XaHpeubkuit B.C. OnTumisadia Tononorii agpa komn'lotepHoi mepexi OSPF Ha ocHOBi
HeABHOro 6aNaHCyBaHHA HaBaHTaXKeHHA // CucTeMHi TexHonorii. PerioHanbHuUi MixBY3iBChb-
Knit 36ipHUK HayKoBMX npaub. — Bunyck 1(108). — [ninpo, 2017. - C.135 - 141.

3anponoHoBaHo Moaudikauilo HesBHOro KoedilieHTy 6GanaHCyBaHHA HaBaHTAXKEHHS
ILBI, B3Ha4yatouK Oro B 3aN€XHOCTI Bif BIAHOCHOT THTEHCUBHOCTI iH(hopMaLiiHoro Tpadiky B
kaHanax agpa OSPF-mepexi. [ocnigxkeHo agpa 3 pi3Hoto KinbkicTio ABR mapuwpytusatopis. Ha
il ocHOBi NpoBeaeHo MmoaudikaLito Tononorii AApa, Wo A403BONU0 peanidyBat 6inbw piBHO-
MipHMI1 PO3MOMiN HaBaHTAXKEHHA MO KaHanaMm npwu 3Ha4yHO Oinbluiii cepepHii WBMAKOCTI nepe-
MillleHHs NaKeTiB B AApi.

bi6n. 6, in. 4, Tabn. 2.

YK 535.37

Mopo3sos 0. C., Kosanenko 0. B., bynanuit M. ®. ABTOMaTU30BaHa eKCnepuMeHTaNbHa
YCTAaHOBKA ANA AOCNifXKeHHA KiHeTUKU doTontomiHecueHuii npu iMnynbcHOMYy 30yAXKeHHi
// CuctemHi TexHonorii. PerioHanbHWii MixBy3iBCbKMIA 36ipHUK HAyKOBMX Npaub. — Bunyck
1(108). - AHinpo, 2017. — C.142-151.

HaBefeHo onuc ekcnepuMeHTanbHOT yCTaHOBKM, NPU3HAYEHOT A1A AOCNIIKEHHSA CNEKTPiB
coTonoMiHecLeHLiT npu iMnynbCHOMY 30yaKeHHi Bif nasepHoro pxepena. Lle go3sonse 3a
4acoM 3aracaHHs CUrHany, Wo PeeCcTPYETbCA Ha Pi3HUX JOBXMHAX XBUAb B Aiana3oHi Big 400 go
700 HM, oTpUMaTK iHOpMaLito Npo iHAMBILYANbHI CKNAAOBI iHTerpanbHOro cnekTpy. Peectpa-
uis 3nincHI0ETbCA 3a fonomoroto AL, wo 3anycKaeTbCs CUHXPOHHO 3i 30YAXKYIOUMM Na3epoM.
MpeacTaBieHi 6NOK-CXeMW €KCMepUMEHTaNbHOT YCTAHOBKM Ta NPUCTPOIO YNPABiHHA eKcnepu-
MEHTOM, OMUCaHO oro cknagosi: nigcuntosay ®EMN, ALM noaBiiHOro iHTErpyBaHHA 3 NpUCTpPO-
€M BUOIpKN-36epiraHHs i gewndpaTopoM CEMUCErMEeHTHOro Kopy B NpsMWUA ABINKOBMI Kop,
ALN nocnigoBHKUX HabnuxeHb, komyTaTop Buxoais ALM pns LPT nopty EOM, koHTponep i dop-
MyBay iMNy/bCy 3anycKy nasepa.

bi6n. 9,in. 2, Tabn. 1.

YOK 004.021+378.147

KapneHnko H.B., MapTbiHoBuy J1./l. 0co6eHHOCTM npenoaaBaHWA NPOrpaMMMpPOBaHUA B
BY3e // CuctemHi TexHonorii. PerioHanbHMii MiXBY3iBCbKMi1 30ipHUK HayKOBMX npaLb. — Bu-
nyck 1(108). - Axinpo, 2017. - C.152-157.

MpoaHanM3MpoBaHO yCBOEHME CTyAEHTaMM [JHeNnponeTpoBCKOro HaLMOHANbHOMO YHUBEP-
cuteta um. 0. ToHyapa (cneyunanbHOCTb — KOMMNbIOTEPHAN MHXKEHepKUsa) OCHOB NPOrpaMmMuUpoBa-
HUSA, onpeaeneHbl OCHOBHbIE NPOB/EMbl, C KOTOPbIMW CTaNKUBAKOTCA CTYAEHTHI BO BpEMs 0byye-
HUA JaHHOM pucuunnuHe. MNoKa3aHO KOPpensauuio yCnewHocTu obyyeHns CTYLEHTOB pasHbIM
AUCUMNAUHAM.

bubn. 5, Tabn. 1, Unn. 2.

YOK 620. 179.14

Cisuos [.M., XaHpeubkuit B.C. BuMKOpUCTaHHA KOHBepTOpa BiA'€MHOro onopy Yy
npunagi AnA ouiHKM AKOCTI Na3epHoro 3BapioBaHHA // CuctemHi TexHonorii. PerioHanbHui
MiXBY3iBCbKMI 36IpHMUK HayKoBMX npaub. — Bunyck 1(108). — AHinpo, 2017. — C.158-166.

Hapaetbca meTop NigBMILEHHA YYTAMBOCTI BUXOPOCTPYMOBOFO AaTyMKa LA KOHTPOJIO
AedeKTiB Na3epHOro 3BapioBaHHA Ta 3aco0M Ana peanizauii uboro metoay. BiH 6yB 3acTocoBa-
HUII HA NPAKTULi y Npunagi ans KOHTPONY AKOCTI Ia3epHOro 3BapioBaHHA Y CyNepKOHAEHCaATo-
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pax. [na uboro BMXOPOCTPYMOBMI AATYMK 3'€[HYBABCA 3 KOHBEPTOPOM Bif'€MHOro onopy
(KBO), sikuit 6yB cneuianbHo po3pobneHuit Ha 6ase LC-reHepatopy.

bi6bn. 6, Tabn. 1,in. 4

Y[1K:004.8

Oanunos B.A., faninos B.Al., KpacHowok 1.0. 3acTocyBaHHA 3ropTKOBMX HEUPOHHUX Me-
pex ana po3nisHaBaHHA 306paxeHb BUGipku CIFAR-10 // CuctemHi TexHonorii. PerioHanbHuit
MiXBY3iBCbKMI1 36IpHUK HayKOBMX npaLb. — Bunyck 1(108). — OHinpo, 2017. - C.167-171.

Po3pobneHo apxiTeKTypy 3aropTKOBOT HEMPOHHOT MepeXi ANns po3nizHaBaHHA 300paXeHb
3a HaCTYMHMMM KNnacamu: NiTak, aBTOMOOib, NTalKa, KillKa, oNeHb, cobaka, aba, KiHb, YOBEH,
BaHTaxiBKa. OTPMMAHO HeWpOHHY Mepexy Ans po3ni3HaBaHHsA 06'ekTiB BUOipku CIFAR-10 3
TOYHiCTIO 95.6%. lMopiBHAHO pe3ynbTaT pobOOTH 3aropTKOBOT HEMPOHHOWM Mepexi 3 NiHIHUM
knacucdikatopom i k-NN knacudikatopom.

bi6n. 5,1in. 5, Tabn. 1.
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UDC514.18

Adoniev Y.0., Vereshchyaga V.M. Identification and analysis of a parabolic surface
Balyuby - PSB // System technologies. N 1(108) - Dnipro, 2017.- P.3 - 11.

The article studied the application of surfaces "Magnifier" type for modelling of com-
plex multifactorial processes. In particular, introduced the term "parabolic surface Balyuby -
PSB," which is based on empirical data, it carried out an analysis and determined its proper-
ties and characteristics that explain the possibility of PSB conversion into a plane, line, point.
It is proved that PSB is a composition of the starting points as well as possibilities of its ap-
plication in the process of unfolding-folding cells. These researches substantiate the possibil-
ity of applying the method of folding-unfolding of the cells for modeling of the multifactorial
processes. This method, in the future, will form the basis of the mathematical apparatus in the
information systems for support management decisions in the implementation of energy-
saving-projects.

Bibl. 8, ill. 5, tabl. 1.

UDC 004.93

Akhmetshina L.H, Yegorov A.O, Akhmetshin K.0. Segmentation of low contrast images on
the basis of the transformation of fuzzy membership functions // System technologies. Re-
gional interuniversity collection of scientific papers. Issue 1(108). - Dnipro, 2017. — P.12 - 19.

The possibilities of the method of segmentation of low-contrast image, which enhances
its sensitivity and reliability. Its essence lies in the fact that the accessory functions formed
by dFCM, which is interpreted as an image on each iteration step the procedure conversion
based on fuzzy logic. Experimental results on X-ray image processing example.

Bibl. 4, ill. 4.

UDC536.24

Berdnyk M.H. Mathematical modeling of heat transfer fluid in the initial section hy-
drodynamycheskye // System technologies. Regional interuniversity collection of scientific
papers. Issue 1(108). - Dnipro, 2017. — P.20 - 28.

A mathematical model of the temperature distribution in the hollow piecewise uniform
cylinder, which rotates at a constant angular velocity about the axis 0Z, taking into account
the finite speed of propagation of heat in the form of the Neumann boundary problem of
mathematical physics. Created a new integral transform of a piecewise-homogeneous space,
with which found the temperature field empty piecewise homogeneous circular cylinder in the
form of convergent orthogonal series of Bessel functions and of Fourier.

Bibl. 6.

UDC 004.92+51-37

Ivon A.L, Ivon Y. A,, Lavrov R.I. Software for determining linear resistance limiting
the barrier current in varistor materials // System technologies. Regional interuniversity
collection of scientific papers. Issue 1(108). - Dnipro, 2017. — P.29 - 36.

A program for determining linear resistance limiting the barrier current in varistor mate-
rials was developed with the usage of HTML, CSS, JavaScript and jQuery library. The program
calculates this resistance based on the data, obtained at scanning raster images of analog os-
cillograms, registered at a strong electric current for a sample of a varistor material. Any
Internet browser can be used as a software environment for the program presented in this
work.
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Bibl. 4, ill. 3.

UDC 004.92+51-37

Ivon A.L, Istushkin V.F. Digitization of oscillograms by raster images for rising of
accuracy at signal parameters determination // System technologies. Regional interuni-
versity collection of scientific papers. Issue 1(108). - Dnipro, 2017. — P.37 - 40.

The digitization method of analog oscillograms by means of raster images was investi-
gated as the means for rising of accuracy at signal parameters determination. As was shown,
the use of raster images of analog oscillograms for determination of the signal time parame-
ters allows providing the measurement accuracy on a level of digital frequency meters.

Bibl. 3,ill. 2, tabl. 1.

ubC 004.9

Kovalev D.K., Volk S. Kompyuternaya system for schytbivanyya printed text and ad-
justing the ego // System technologies. Regional interuniversity collection of scientific pa-
pers. Issue 1(108). - Dnipro, 2017. — P.41 - 45.

A computer system for reading and adjustments printed text based on open source li-
braries Tesseract-OCR, EmguCV and NHunspell is proposed. It based on Microsoft .NET Frame-
work and allows to enter the printed text on images (photos, scanned pages, etc.) in standard
graphic formats, fulfill recognition, check the resulting text for spelling errors and correct it.
The system works in automatic mode or allows to correct text in interactive mode.

Bibl. 4.

UDC519.21:519.24

Krokhin V.V. Stability investigation of the methods of selection of optimum model
of multiple linear regression in the case when the independent variables are quasicollin-
ear // System technologies. Regional interuniversity collection of scientific papers. Issue
1(108). - Dnipro, 2017. — P.46 - 54.

There has been undertaken an analysis of the effectiveness of choice of optimal model
of multiple linear regression with a strong linear relationship between the input variables.
The study was conducted using a simulation method. It was conducted by analyzing five
methods for selecting the optimal MLR (method of all possible regressions with the corrected
coefficient of determination as an optimality criterion, the method of all possible regressions
with the corrected coefficient of determination as benchmarks, and assessment of the signifi-
cance of MDR ratios (based on t-statistics) method of all possible regressions using statistics
of Mallouza as an optimality criterion, successive elimination method, incremental method) in
terms of their stability under conditions of multi-collinearity. The study was conducted with
the help of specially designed tion in the environment MATLAB software.

Bibl. 5, tabl. 1.

UDC 614.2+574/578+004.38

Litvinov A.A. A frame-based language used for software modelling // System tech-
nologies. Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro,
2017. - P.55 - 62.

The given work is devoted to formalization of a frame-based language which is able to
describe domain in a full, platform independent manner, considering all necessary information
that could be effectively used by the transformation mechanism for information system con-
struction and maintenance.
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Bibl. 5, ill. 1.

UDC 614.2+574/578+004.38

Litvinov A.A. On formalization of computer-aided language learning system sce-
nario // System technologies. Regional interuniversity collection of scientific papers. Issue
1(108). - Dnipro, 2017. - P.63 - 70.

The given work is devoted to language learning system scenario formalization aimed to
generalize the experience, estimate the potential of the integrative systems, clarify the prob-
lems and suggest their solutions.

Bibl. 8, ill. 1.

UDC621.3

Matveeva N.O, Lazorenko Y. Recognition visual images of signal using neural net-
works // System technologies. Regional interuniversity collection of scientific papers. Issue
1(108). - Dnipro, 2017. - P.71 - 79.

The use of neural networks based on multi-layer perceptron is presented as a method for
the recognition of visual images. Network performance is demonstrated by the example of
recognition and classification of electromagnetic signals. Modeling was performed in Matlab
environment.

Bibl. 6, tabl. 2, ill.4.

UDC519.3:620.179

Pashchenko V.V. The theoretical basis of the informational technology of nonsta-
tionary electromagnetic testing for orthotropic dissipative composites // System tech-
nologies. Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro,
2017. - P.80 - 85.

Analytical spatial-temporal distributions of tangential projections of eddy currents, in-
duced by the rectangular contour of nonstationary external excitement, under a surface of
orthotropic dissipative composites have been obtained.

Bibl. 10, ill. 1.

UDC621.3

Ponomarev 1.V., Chuhalo A.R. Features of the development site with ASP.Net MV(C
Framework_// System technologies. Regional interuniversity collection of scientific papers.
Issue 1(108). - Dnipro, 2017. - P.86 - 90.

Website development using ASP.NET MVC FRAMEWORK. It describes the basic compo-
nents of the MVC technology. The principles of construction of architectural sites and identi-
fies the main advantages of this approach.

Bibl. 2, ill. 1.

UDC 004.9

Prokopchuk 0.M. Computer stereo vision system for visually determining distance to
objects / 0.M. Prokopchuk, S.M. Vovk // System technologies. Regional interuniversity collec-
tion of scientific papers. Issue 1(108). - Dnipro, 2017. — P.91 - 95.

Based on the OpenCV library and additionally developed functions the computer stereo
vision system, that allows visually determining the distance to the objects, the distance be-
tween the objects and the distance on the objects, is proposed. Determining distances is ob-
tained either in automatic mode through the appropriate function of the OpenCV library re-
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lated to the searching of objects by their templates, or is interactive mode by using developed
functions associated with the marked points on objects.

Bibl. 4, il. 2.

UDC 004.75

Spirintsev V.V., Kushka A.A. Framework on the basis of the Scala programming lan-
guage for creation restful Web services // System technologies. Regional interuniversity
collection of scientific papers. Issue 1(108). - Dnipro, 2017. — P.96 - 101.

Framework on the basis of the Scala programming language for development of the
standardized RESTful of web services is offered. The project is aimed at application by other
software developers for facilitation of development of web applications created by means of
microservices architecture.

Bibl. 5, ill. 6.

UDC514.182.7:519.65:004.9

Spirintsev D.V, Naydysh A.V. Methods geometric modeling and visualization of digital
elevation models // System technologies. Regional interuniversity collection of scientific
papers. Issue 1(108). - Dnipro, 2017. - P.102 - 109.

A review of the main areas in which work is underway to optimize solutions simulation
and visualization of complex three-dimensional objects DEM. Despite the dozens of works,
there is no single opinion regarding the best method of geometric modeling. Therefore, we
have shown that the main focus of optimization solutions visualization tasks of complex ob-
jects is the use of high-performance, cost-effective and easy-to-implement algorithms for the
construction of multi-scale presentation and construction of adaptive grids, which subse-
quently forms the basis for building high-performance visualization of large amounts of in-
formation programs. From the review of the most promising can be considered as methods of
kriging, natural surroundings, discrete method of variable geometric modeling and methods
Balyuby-Naydysha calculus.

Bibl. 20.

UDC 004.9

Spirintseva 0.V. Factor analysis for multispectral raster images processing // System
technologies. Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro,
2017.-P.110 - 114.

The alternative methodic of landscape data level optimization which are enough for its
interpretation is studied in the paper. The landscape data level compression is executed by
general factors based process description part.

Bibl. 7, ill. 5.

UDC 681.3.07 : 620.179.14

Starodubtsev 0.L. Research of neural networks for identification signals eddy cur-
rent flaw detection // System technologies. Regional interuniversity collection of scientific
papers. Issue 1(108). - Dnipro, 2017. - P.115 - 122.

The problems of determining the optimal type of neural network and its parameters for
identification of the modulation signal at the surface crack inspection of composite materials
with a large surface roughness were considered.
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The best results in the simulation showed by feedforward neural network with backward
propagation of errors, the hyperbolic tangent activation function, quasi-Newton learning
Levenberg-Marquardt algorithm and settings gradient descent method with disturbance.

Acceptable, from a practical point of view, the reliability of the identification defect
that is obtained when the noise level up to 30% of the level of the defect signal amplitude.

Bibl. 6, tabl. 1,ill.5.

UDC621.373 - 187.4

Tverdostup N.I. Analysis of F-meters with controlled sensitivity to the increment of
the reactance of the inductive sensor // System technologies. Regional interuniversity col-
lection of scientific papers. Issue 1(108). - Dnipro, 2017. — P.123 - 128.

Found management conditions Slope conversion measuring generator on the basis of
the combined operating scheme, we start by changing the degree of inductance compensation
parametric encoder included in the oscillator resonant circuit.

Bibl. 4, ill. 3.

UDC 680.179:681.513

Tonkoshkur A.S., Povzlo E.L. Algorithm of processing the response kinetics data for
the resistance of gas sensor based on a stretched exponential function // System tech-
nologies. Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro,
2017. - P.129 - 134,

The evaluation of the suitability of the algorithm based on the model stretched expo-
nential function for handling the response kinetics data resistive gas sensors. This corre-
sponds to the task of expanding the functional properties of research information and meas-
urement systems and technical application problems. Testing of the algorithm on samples of
gas sensors based on zinc oxide of the ceramic shown efficacy for modeling decay kinetics of
the response after exposure to the detected gas (methane). Defined parameters: static re-
sponse value; average relaxation time and distribution of these times.

Bibl. 13, 1ll. 3.

UDC 681.3.07

Khandetskyi V.S. Optimization of OSPF computer network core topology on implicit
load balancing basis // System technologies. Regional interuniversity collection of scientific
papers. Issue 1(108). - Dnipro, 2017. — P.135 - 141.

It is proposed to assign of implicit load balancing index ILBI dependent on relational
intensity of information traffic in OSPF-network core channels. The cores with different num-
bers of ABR routers are studied. On this basis we performed modification of the core topology
that allowed to realize a more uniform distribution of load in channels when much greater
average movement velocity of packets in the core.

Bibl. 6, ill. 4, tabl. 2.

UDC 535.37

Morozov A. S., Kovalenko A. V., Bulaniy M. F. Automatic experimental assembly for in-
vestigation of kinetics of photoluminescence by pulse excitation // System technologies.
Regional interuniversity collection of scientific papers. Issue 1(108). - Dnipro, 2017. -
P.142 - 151.

This is a description of the research equipment, which designed for investigation of
photoluminescence spectra, which was excited by pulsed laser excitation. Recording the de-
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cay time of signal at various wavelengths in the range from 400 to 700 nm allows obtaining
information about the individual components of the experimental spectrum. The recording of
the decay time of signal by analog-to-digital converter starts synchronously with the laser
excitation. The block schemes of research equipment and experimental control components:
switcher of ADC outputs for LPT port, controller, and starter of laser, successive approxima-
tions ADC and double integration ADC with sample-and-hold circuit and binary decoder from
seven-segment code are described.
Bibl. 9, ill. 2, tabl. 1.

UDC 004.021+378.147

Karpenko N.V., Martynovych L.Y. The features of teaching programming in the univer-
sity // System technologies. Regional interuniversity collection of scientific papers. Issue
1(108). - Dnipro, 2017. - P.152 - 157.

The assimilation of the programming by the students of Dnipropetrovsk National Uni-
versity (specialty - computer engineering) was analyzed. The basic problems the students
face in programming were defined. The correlation coefficient of success in students training
in various disciplines was compared.

Bibl. 5, ill. 2, tabl. 1.

UDC 620. 179.14

Sivtsov D.P., Khandetsky V.S. Using the negative impedance converter in device for
quality testing of laser welding // System technologies. Regional interuniversity collection
of scientific papers. Issue 1(108). - Dnipro, 2017. — P.158-166.

The paper presents a method for increasing the sensitivity of the eddycurrent probe for
testing of defects of laser welding and a means for this method implementation. It was prac-
tically applied in measurement device for monitoring of quality of laser welding in superca-
pasitors. For this purpose the eddy-current probe was connected to the negative resistance
converter (NRC) which was especially designed on the base of the LC-oscillator.

Bibl. 6, tabl. 1, fig. 4

UDK 004.8

Danilov V.Y., Danilov VL. Y., Krasnoshchok I.0. Convolution neural network for CIFAR-
10 dataset // System technologies. Regional interuniversity collection of scientific papers.
Issue 1(108). - Dnipro, 2017. - P.167-171.

Properly designed architecture of convolution neural netwokr for recognition images in
classes: plane, car, bird, cat, deer, dog, frog, horse, shipandtruck. Obtained neral network with
accuracy 95.6% on CIFAR-10 dataset. Compared recognition results of convolution neurual
network with linear clissifier and k-NN classifier.

Bibl. 5, il. 5, table 1.
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ABTOPBI BBIIIYCKA

AnouseB €Bren OuaexkcaHaIpoBUY - K.T.H., [IOIIEHT, JeKaH €eKOHOMiKO-
rymaHiTapHoro (¢GakyabTeTy 3alopi3bKOro HAIiOHAJBHOTO  YHiBEPCUTETY
M. MegaiTonosb.

Axvermima Koctautun Onexcanaposuu - nporpamict DAXX (M. [uinpo).
Axmvermnaa Jlronmmuaa I'eopriiBHa - mpodecop, a.T.H., mpodecop Kadpeapu EOM
MuinpomeTpoBCchbKOTO HallioHaabHOTO yHiBepcuTery iMm. O. 'onuapa.

Bepaunk Muxaiino I'emnaniitoBuu - K.(.-M.H., goreHT, gomeHT Kad. IISKC Iep:xas-
HOT'0 BUIIIOIO HABYAJBHOIO 3aKJaza HalioHaJILHUN ripHUYnil YHiBEepCUTET .
Bynanuit Muxano @uiruMoHOBMY — IIpodecop, A.¢d.-M.H, mpod. Kadeapu pamioesexT-
poHiKM J[HEIIpOIIeTPOBCKOTO HAITMOHAJIBHOTO yHUBepcuTera M. Osneca ['oHuapa.
Bepemara Biktop MuxaimaoBuu - 1.T.H., mrpodecop, mpodecop kadenapu mpu-
KJaJHOI MaTeMaTUKM Ta iHGopMaIiffHUX TeXHOJIOoTiit MesiTomosbChKOTO AepiKa-
BHOTO IlearorivHoro yHiBepcuTery iMm. Bormama XMelbHUIIBKOTO.

BoBk Cepreit MuxaijgoBud — K.(}.-M.H., q0meHT, [{HiTpomeTpoBChKUU HAIliOHA-
apHNil yHiBepcurer iMmeni Oiseca I'omuapa, momeHT Kadeapu aBTOMATH30BAHUX
cucteM 00poOKu iH(popMmarrii.

€ropoB Aprem OJgexcaHIApoOBUY - K.T.H., crapmuil BukJagaud xKadpeapu ACOI
IHIiTTPOIIEeTPOBCHKOTO HaIlioHAJABHOTO YHiBepcureTy iMm. O. 'omuapa.

HNBon Anexkcanap UBanoBuu — mpodeccop, a.¢.-M.H., mpodeccop Kapeapsr IBM
ITHEeTIpPOMmeTPOBCKOIr0 HAIlMOHAJIBHOTO YHUBepcuTera nM. Onecsa 'oHuapa.

HNBon I0puii AjlekcaHAPOBUY - BEIYIIUNA MHIKEHED-IPOTPAMMIUCT.

Hcerymkua Banepuit @emopoBud — IOIEHT, K.T.H., Ho1eHT Kadeapbl IBM [[He-
IIPOIETPOBCKOr0 HallMoHaJAbHOro yHuUBepcurera uM. Osecsa I'onuapa.

Kapnenxko Hanmisa BaaepiiBHa — K.(p.-Mm.H, gomeHT kKadeapu EOM, [uimpomer-
poBCchbKUI HamioHaabHUN yHiBepcureT im. O. I'oHuapa.

KoBanenko Anexcanap BiaaguvmupoBuu — IOKT. (m3.-MaT. HayK, 3aB. Kad). pagmos-
JEKTPOHUKY, [[HEIIPOIeTpOBCKUH HAIIMOHAIBHBIN YHUBepcuTeT uM. Onecss 'oruapa.
KoBaasoB /Imutpo KocTaHTMHOBUMY — CcTyaeHT 4-T70 Kypcy, HHimpomeTpoBChbKuUi
HamionanbHU yHiBepcuTer imeni Oisecs I'oHuapa, cTymeHT Kadeapu aBTOMAaTH-
30BaHUX CHCTeM O0poOKu iHpopmalrii.

Kpoxun Baagumup BukTopoBuu - 10I1eHT, K.(.-M.H., ZOIeHT KadeApbl 3JEKT-
POHHBIX BBIUKMCJIUTEJIbHBIX MAaIIWH J[HEIIPOIIETPOBCKOT0 HAIMOHAJIBHOTO YHUBEP-
curera um. Oneca I'omuapa.

Kymka Aptyp A. - Bunyckuuk Kadeapu ACOI [[HimpomeTpoBChKOTO HAIliOHAJb-
Horo yuiBepcurery im. O. 'onuapa.

JlaBpoB Poman UBanoBuu — accucteHT Kadenpbl IBM J[HemporeTpoBCKOTO Ha-
nuoHaJbHOTO YHUBepcuTeTa uM. Oneca I'ornuapa.

Jlazopenko IOpwuit BukTtopoBuu — maructp Kadeapsr OBM [IHempomeTpoBCKOTO
HaImoHaJIbHOTO yHUBepcurera uMm. Oseca 'oHuapa.

JiutBuHOB AnexcaHap AHaToJabeBMY — [OIEHT, K.T.H, JOIeHT Kadeapu EOM
MuinpomeTpoBchbKOT0 HallioHaJabHOTO yHiBepcuTery iMm. O. 'ornuapa.
MapTtsiHoBuu Jlapuca fpociaaBoBHa — accucteHT Kadenpsl OBM [Iuenpomerpo-
BCKOI'0 HallMOHaJbHOTO yHuUBepcuTera nM. Osecs I'oHuapa.

MarBeeBa HaTtamua AnexkcaHApOBHA — JOIEHT, K.T.H., HOIeHT Kad. O9BM, ITHY
uM. Ojseca 'onuapa.
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1 (108) 2017 «CucreMHBIE TEXHOJOTUM »
Mopo3sos Oxaexcanap CepriiioBuu - crapmuii Bukjgagau xadespu EOM Mrinpo-
IIeTPOBCLKOI'0 HallioHAJIbHOTro yHiBepcurery iMm. O. I'oHuapa.
Haivigum Anapiit BomogumupoBuu - 1.T.H., mpodecop, 3aB. Kad. IPHUKJIATHOL
MaTeMaTUKM Ta iHGopMaIlifHuX TexXHOoJIoTiii MeJiTomnoJbChbKOTO AepsKaBHOTO IIe-
marorigyHoro yHiBepcureTy imeHi Bormana XMeabHHUITBKOTO.
ITamenko Bomomumup OnexcaHApoBMY - IOIEHT, K.T.H., AomeHT Kadeapu EOM
JHIiTTpOIIeTPOBCHKOTO HalioHaabHOTO yHiBepcuTeTy iMm. O. 'omuapa.
IToB3no €Bren JleowimoBuu - acmipanT Kadenpu pamioenekTpoHiku [Himpormer-
POBCBHKOT'O HaIlioHaJAbHOTO yHiBepcuTeTy imeni Oiecs 'ornuapa.
ITonomapes Hrops BaagmmupoBuu — [O0IEHT, K.T.H., AOIeHT Kadeapu EOM
HuinpomeTpoBchbKoro HalioHaabHOro yHiBepcurery iMm. O. ['omuapa.
IIpokonuyxk Oaer MukogaiioBM4 — CTYAEeHT 5-ro Kypcy Kadeapu aBTOMaTU30-
BaHUX cucTeM 00poOKm iH(opwmarii [HiIpPOBChKOro HaIllioOHAJBHOTO yHiBepcUTe-
Ty imeHi Osnecsa I'oruapa (m. [uinpo).
CuBuos [Ivmutpuit IlaBmoBuu — 3aBemyrommuil yueOHOI JabopaTopueil Kadeapbl
AJIEKTPOHHBIX BBIUMCJIUTEJIbHBIX MAIIWH (PaKkyabTeTa (QDUSUKU, IJIEKTPOHUKU U
koMmubioTepHbIx cucteM [JHY um. O. I'onuapa.
Cripinmnes B’aueciap BacuapoBuu — [OIEHT, K.T.H., JOIEHT Kadeapu aBTOMaA-
TH30BAHUX cHUcTeM 00poOKu im(opmalii J[HimTpomeTpPoBCHKOr0 HAIiOHAJIBLHOTO
yHuiBepcurery imeHi Oiseca 'oruapa.
Cripiunes Imutpo BacuaboBuu - [0IEHT, K.T.H., JOIIEHT Kadeapu MaTeMaTHUKU
i ¢isukm MesiTOOJIBCHKOTO AepP:KaBHOTO MeNaroriyHOTO YyHiBepcuUTeTy iMeHi
Borpama XMeabHUIIEKOIO.
Caipianesa Oasra BosogumupiBHAa — K.T.H., JOIIEHT Kadeapu eJIeKTPOHHUX 00-
YUCJIIOBAJBHUX MaIIuH J[HiDpomeTpoBCHKOrO HAIiOHAJBHOTO YHiBEpPCUTETY
imeni Ouseca I'oruapa.
CrapomyoueB Ougekciit JleoHimoBuu - acucreHT Kadeapu eJEeKTPOHHUX OOUMC/IIOBAJIB-
HUX MaImH [[HiTpoIeTpoBCHKOro HaIliOHAJIBHOTO yHiBepcuTeTy iMeHi Osecsa 'omuapa.
Teepmoctyn Hukonain UBaHOBUY — [IOIIEHT, K.T.H., HOoIeHT Kadenpsl IBM [lHe-
IIPOIIETPOBCKOTO HAIlMOHAJBLHOTO yHUBepcuTeTa uM. Omneca ['onuapa.
Toukomkyp Omexcanap CepriiioBuu - mpodecop, a.¢d.-M.H., mpodecop Kadeapu
EOM JIHinpommeTpoBCHKOI0 HaIliOHAJIbHOrO yHiBepcuTreTy imeHni Oisecsa I'omuapa.
Xanmeukuit Banagumup CepreeBuu — mpodeccop, A.T.H., 3aB. Kadp. IBM [uen-
POIIETPOBCKOT'O HaMOHAJNbHOTO YHUBepcureTa uM. Oisecsa 'ornuapa.
Yyxamxo Aprem PycaanoBuu - cryaeHT 4-ro Kypca Kadeapsr IBM [IHenpomerpo-
BCKOT'0 HaIlMOHaJbHOTO yHuUBepcuTera nM. Onecsa I'oHuapa.
Cisuos [Imutpo IlaBiaoBuu - 3aBimyBau yu0oBOi JiabopaTopii xadeapu eaeKTpo-
HHUX OOUYMCIIOBAIBHUX MAIInH (GaKkyJabTeTy (Pi3UKHU, €JeKTPOHIKM 1 KOMII IoTe-
puux cuctem IITHY im. O. 'omuapa.
Hauumnos Baxaepiit AkoBuu — moKT. TexX. HayK, mpodecop Kadeapu MaremaTuu-
Hux MeroniB cuctemuoro anauaisy HHE ITICAHTVYY «KIII», m. Kuis.
Hanimos Boaxogumup AxoBuu — xawma. ¢is.-maT. HayK, OOIEHT Kadeapu 3araJb-
HOI MaTemMaTuKu MexXaHiKo-marematmuyHoro ¢gakyabrery KHY imeni Tapaca Ille-
BUEHKA.
Kpacoomork Inaa OmxexcaHapoBMY — CTyAeHT [HCTUTYTYy HPUKJIATHOTO CHUCTEM-
Horo aHaymisy HTVY «KIII», m. Kuis.
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