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Anexcanap Axmermun, Baagumup Kapmenxo, Jhiogmuaa Axmermmsa. Mertoa agantusHON CermMeHTalu:
HHSKOKOHTPACTHBIX MEAMIHHCKHX 9XO-HMITYJIbCHBIX H306paskenuii.

JInsi TIOBBILIEHMSI TyBCTBUTEJIHHOCTH M paspellaioleii COCOGHOCTH CerMeHTalMd HU3KOKOHTPACTHBIX YJIBTpa-
3BYKOBBIX MeJMIIMHCKHMX 3XO-MMIYJIbCHBIX HM300paXKeHUil, Tpe[/IoKeH a/laliTUHBHBIA aJrOpUTM, OCHOBAHHBIH Ha
bH3HYecKoif MOJEH PErHCTPUPYEMOrO M300paXKeHHs M MaTeMaTHYecKOH KOMGMHAIMM JMHEHHOro ¥ HeJMHeHHOro
CTIeKTpaJbHbIX TIpeo6pasoBaHuii. AJIOpUTM MOXeT ObITh MCTIONBb3OBAaH B CTAaHAApTHBIX cucteMax Y3MU.
MHpopManHoHHbIe BO3MOKHOCTH METO/Ja JIEMOHCTPUPYIOTCS Ha TIPHMepe PeaIbHOTO MEIHIMHCKOTO H306paeHus.

Onue 3 ocHOBHUX 3aBAaHb Meauunoi ¥ 31 nos’sizane 3 mpo6eMoIo MiABHIIEHHS! PO3/AiJAbHOI 3[aTHOCTI
Ta YYTJMBOCTI cerMeHTanii OTPHMaHHX 300paXkeHb 3 METOI BHSIBJEHHS NATOJIOTl Ha NOYATKOBIA crajil
saxsoproBanust [1]. Ililf mpo6iemi npucBsiueHa BeJHKa KiJAbKiCTh po6IT, MO TPaKTyIOTh CErMEHTAMiio
Y31 sk obpobsenns 3o6paxens [2], mo xo4 1 BiIKpHBAa€ NIHPOKi MOXJIHMBOCTI /il PI3HAX
MaTeMaTHUHHX MaHinyjsinii, ajge i 3atinsie ¢isuyHy cyTb mUTaHHS, WO Ha HANl TOTJSA, NEPEUIKO/DKAE
po3po6/IeHHIO a/IeKBATHUX aJrOPUTMIB.

Tpyasomi cermenTauii ¥ 31 06yMOBIOIOTbCS BIJIKBOM TPbOX YHHHHKIB!

1) HH3bKOIO WYYTJIHMBICTIO HEKOrePEeHTHHX AMILIITY/[HHX YJbTPa3ByKOBHX CHCTeM Bisyauisamii no
HEBEJIMYKHUX 3MiH aKyCTHYHHX iMIle[aHCiB CHOJIyYeHHX IO ITHOWHI AIJISHOK;

2) HegocTaTHHOK, y 6araTboX BHNAAKAX, 4YacOBOIO PO3JAIJIBHOI 3[ATHICTIO i3-32 PO3NJHBY
30HYIOUOTO iMIyJibca i3 36iMbIIeHHSM TIHOHHM 30HIYBaHHS 4Yepe3 [AeCTPYKTHBHHI BIUIMB eJIEMEHTIB
pO3CilOBaHHSI, 3racaHHs Ta JUCIEPCiHHAX BHKPHBJEHD,

3) BeIHKHM piBHEM QHATOMIYHUX Ta BHMIpPIOBaJAbHHX IMIYyJAbCiB Ta BIUVIMBOM HEBipHOTO
HanaropkeHHs: cucreMr BAPY, mio npussofuTh /10 NMOSIBH AOAATKOBHX apTedakTiB Ha Y 3L

Buxojsiuu 3 3araJbHHX NPHHIMNIB GopMyBaHHS exo-iMnyabcuux 3o6paxenn S(x, ¢), nepepis Y31y
Touni, Hanpukiaaz, x; ( pexxum A-ckanyBaHHsI) NOZAMO y BHIJISIAL

S(xiit)zzn:aigi(t_ti)+n(t) ) (1)

Ze a; - ammiaityma g;-ro Bigobpaxenoro immyuscy (dopma sikoro 3anexurs BN i)ta BH3HAYEHOIO
YacoBOIO 3aTPHMKOIO f;, 3HAYEHHS AKOI 3aJeXHTh JIMNIE BiZl aKyCTHYHOI TOBIIMHHM NIApy AaHATOMIYHHX
minsinok; n(t) - mymosa koMnoneHTa; n = n(x;) - KiJbKicTb BiO6pasKeHUX iMIYJIbCIB.

3 pupasy (1) Buano, mo MoxauBi ABa (isuynux migxoau Ao cermentamii Y 3I: mepmmuii - BuIiIeHHS
3HAYHHX 3MIHHHX a;, ApyTHuii - cermentanus Y3l 3a yacoBuMHu iHTEpBaIaMu i;.
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OcHoBHI oJ10-
A JKEeHHSI JIpyroro Mmif-
I \ XOMy MJs KOTepeHT-
I HEHX cucTeM dopMmy-
BaHHg Y3l Oy
BHCJIOBJ€EHI B [3].

I N~ Ha puc.1 Big-
/ obpaxeni ix Mo-
JleJbH1 BiJIHOIIEHHS,
v 3 SIKMX  BHILIHBAE
nepeBara [IPYTOro
MiXoZy 3  TOYKH
30py 4YYTJIHBOCTI Ta
PO3AIIbHOI 34aTHOCTI.

S(t)
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Y nponosizai AEMOHCTPYETHCS  MOKJIU-
BICTb y3arajJbHEHHs IiJXOJLy CTOCOBHO
HeKorepeHTHUX cucreM Y 3I, siki mapoko
BHKODHCTOBYIOTBCSI  JJISI  JIISITHOCTHKH B
6araTbox MEAMYHHUX 3aKJIA/TaX.

Cyrb  aJroputT™My  3BOAMTBHCS [0
HAaCTyIIHHX €TaliB:

1) Jliniiine cnekTpaJbHE HEPETBOPEHHS
noyaTkoBoi 3aaexnocti S(x, ¢).

2) Illo6ynosa  amanTHBHOI  Mojeli
nepen6avenns (no nopsyky koedimieHTis
7) KOXXHOTO 3 IePeTBOPEHHX 3Pi3iB.

i , o 3) Bukopucranss HapaMeTpUYHOTO
A) B) B) arOPUTMY  HEJiHIHHOrO  CIIEKTPaJbHOIo
aHani3y g BHJIJIEHHS {;.

Ocobausictio € Toit  pakt, mo
3MiHIOIOYH NOPS/IOK Moj1ei MO>KHA
HaCTPOIOBaTH AJTOPUTM HAa  BH/IiJIEHHS
KpYDHHX a6o apiGHuX jgerTanedl mnovyar-
KOBOI'O YJIbTPa3ByKOBOI'O 300pa>keHHSI.

Ha puc. 2 HaBeseHo 10YaTKOBe Ta
CeTMEHTOBaHi 306pakeHHS /A PI3HHX
sgadeHb n: A) [louatkoBe 306paskeHHs.

B) Ilouartkosa XapaKTepUCTHKA Ans
NapaMeTPUYHOIO CHEKTPAaJbHOTO aHATi3y.
lopsagxu momeneii: B), ) —  10;
), E) — 40.
) 1[). ; ) Bugso, mo | @JTOPUTM  JI03BOJIsE
BHSIBJIATH YHC/IeHHI Xiassaku (HeBHAMMI Ha
Puc. 2 NoYaTKOBOMY 306pakeHHi), sIKi MoHa

acoliloBaTH 3 TIPaHHISMH AIJASIHOK, IO
MatoTh piswuit akycruynuil imnezanc. Ilpu mpomy cuHTe30BaHe 306paxkeHHsi 3a6e3neyye Giabur BUCOKY
PO3/iIbHY 3JATHICT CeTMEHTallii IOYaTKOBOrO 306paXkeHHsT Ta NOJINIIYE SKICTh CHHTE30BAHMX
300pakeHb.
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New Method of Synthesis of Ultrasonics Images on Basis of Bandwidth Measuring
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A. Axmermun, A. Iloropexos, B. [loiros. Hoebiif MeToA CHHTE3a yJIBTPA3SBYKOBBIX H306paskeHull, ocHOBaHbIH HA
IIHPOKOTOIOCHBIX H3MEPEHHAX B YacTOTHOMH obaacTu.

B oknaze paccMaTpUBaeTCsl HOBBIIT MeTOJ CHHTE3a YJ/IbTPa3BYKOBOI'O H306paKeHHs, COCTOSIUHI B TMepexo/ie U3
YaCTOTHOIf ©06JIAaCTH M3MepeHHIl BO BpPEMEHHYIO O6JacTh WHTeprpeTanud. IIpUBEEHBI pPe3yJbTAThl PeaTbHOrO
TIpMMEHeHMS MeTo/la B 3a/laue Hepa3pylialolero KOHTPOJIs.

At present time, impulse method is wide-spread method of ultrasonic nondestructive control [1],
becouse it is conditioned by clear physical interpretation of measuring, and by possibility of the
defect pozition localization, ultrasonic wave, property that allow to use thise method for the problems
of mettalic and nonmettalic materials and biological tissues control. At the same time, impossibility of
generation ultrasonic (u.s.) impulse of big energy in frame of impulse method limits an
implementations of the method for composit material control [2] and, it is very important for
problems of medical introscopy [3].

Impossibility of generation of the impulse of required energy make an urgent problem of this
impulse synthesis that is based on the conversion to time region of interpretation from frequency area
of measuring by means of Fourier transformation.

The impulse of the required energy of any impulse shape and time could be synthesised by this
method. At the same time in this method is realized the principle of optimal filteration of input
signal. It gives a maximum of physical sensibility of measurement. A transfer from the dynamic
measurement of impulse method to static measurement of synthesis method gives a possibility to use
analog-to-digital converter with great rank. This possible raise an accuaracy of measurement.

Technical capabilitiies of the method are determined by problems to be resolved by means of this
method. S

They are as follows the problem of nondestructive control of construction and composite materials,
minimization of radiation power of medicial u.s. introscopy and other.The case of the method
application for synthesis of defect image in the problem of nondestructive control is presented in this
work.

Description of synthesis method. Measuring of frequence function of complex reflection
coefficient (CRC) R(f) object is made by state (Fig. 1) in point and scan image is made by the state.
Synthesis of u.s. impulse r(t) is made with help of Fourier transform

f¢
r(0=20) ! | RIOW(De2eitdf 1)
fy
where fy , f; - back and front bandwidth measuring CRC; W(f) - function of "window".

The function of "window" W(f) determine shape of ultrasonic synthesis impulse. Impulse time 7 is
function of bandwidth f; - f, and of impulse shape

=(1.21...2.65)*( f¢ - f,)1. (2)

Impulse energy is determine by amplitude and time of harmonic signal of radiation.
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Fig. 1. State-1-generator; 2-reflectometer; 3-transducer; Fig. 2. Object

4-phasometer; 5- voltmeter
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Measuring was made on object (Fig. 2) (material - organic glass). Defects was modelling in form
of cylindrical opening onifice with any diameters. Transducer was transfered from left to right. The
interval of position is 1 mm.

The bandwidth measuring is 2MHz-2.635MHz. The frequence interval of measuring is 5 kHz, it
correspondence impulse time of 1.6 mcs.

The constant and backwidth parts take away from date of measuring. This parts correspondence
impulse reflection from front surface of object and who not carry famous information.

The transfer from amplitude scan (A-scan) to bright scan (B-scan) made synthesis image.
The result of synthesis are presented on Fig. 3-6.
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Fig. 6. Real part of images (nonrect-impulse). A-scan ( 8 mm from left)

From the looking of this results we must be drown conclusions.

1. The method of synthesis of u.s. impulse ensure high methodics sensitive. This sensitive is not
reach on frame of traditional method.

2. Application of rect-impulse give high focus of image.
3. Application of non rect-impulse give high monotone of nondefect part of image.
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4. Exactness of determined of defect locate increase with application of synthesis of real or image
part of u.s. image.
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Leonid Bilozers’kyj, Kostiantyn Niun’kin, Volodymyr Pcholkin. About the Removal of Non-Informative
Boundaries Between the Closed Contours on the Medical Ultrasonic Echograms.

Some false contours arise while outlining the individual echogeneous zones on the medical ultrasonic images.
In order to remove them, we propose the way based upon the partial joint of contours having similar brightpess
characteristics. Two statistic criterions for non-informative boundaries removal are considered, the joint routine
scheme is given, the results of applying this routine to the test images and real echograms are discussed.

OcHoBolo 1 no6ynoBH HaxiifHOI KOMI'IOTepHOI cHcTeMH Mexuynoi Y3/l jisrHocTHkm €
pospobieHHst Ta peajisallis ajiroput™iB, mo 3abe3NedyloTb aJeKBaTHE PO3Ni3HABaHHS  30H
iBMBiLya bHOI €XOreHHOCTH H HOAanbuly ifeHTHEIKAMLI0 IMHX 30H 3 METOI NOCTAHOBKH AisArHo3y. [lis
aBTOMATHYHOIO BHSIBJEHHSI TAKMX 30H 3aCTOCOBYIOTHCS METO/H CTATHCTHYHOrO 06poGieHHsi 306paxeHb 3
MO/ 1AM 3HAXO/PKEHHSM ¢parMeHTiB Mex i 06’ciHanHsM (parMeHTiB y 3aMKHeHi koHTypH [1].

Pa3oM 3 THM, MeTO/{ BUSIBJCHHS 3aMKHEHHX KOHTYDIB 3aJieaTb Bijl mapaMeTpiB o6po6JIeHHs, TaKuX
sK nopir 6inapusarmii [1] a6o mimiManbHa rru6una Gaceifny [2], mo He [03BOJIsiE OHO3HAYHO O6MEXH-
TH 30HH iHAMBiZyaabHOi exorenHoctTH. Hu3bKi 3HauyeHHs WX mapameTpiB BEAyThb A0 Ha/[CETMEHTALii,
BHCOKi - IO BesMKoi KiJbKocTi mpormyckis. Bu6ip onTuManbHuX 3HayeHb napaMerpiB o6pobieHns BinGysa-
€ThCS EMIIIPHYHO HA Mi/CTaBi Cy6'€KTHBHAX OIIHOK i He rapaHTye BIICYTHOCTI NPOMYCKiB HeoOXinHuX (par-
MeHTiB MeX 260, HABIAKH, XUOHUX KOHTYPIB, IO HE MAIOTh HiYOTO CIIJIBHOTO 3 OOGCTEXYBaHUM OPTaHOM.

Ak oauH i3 mMJSXiB YACTKOBOrO MOJOJAHHS BKasaHux TpyaHomiB B cucremi "KPYI3" [1]
peanizoBaHO cHOCi6, SIKHil FPYHTYETbCSI Ha YCyHeHHI HeiHOPMATHBHHX MeX NOMIiX 30HAMH B yMOBax
HagMipHOi cermenTauii 3o6paxkennst. HeiHdopMaTHBHAMHE BBaXKAIOTHCS MeXi, MO BiZ/IJISIOTh ABI 30HH,
61u3bKi 32 CBOIMH CTATHCTHYHAMHM BJIACTHBOCTSIMH. I|HIIMMH CJOBaMH, BBAXKAIOUM SICKPaBOCTI HiKceJiB
yeepeMHi KOXKHOI 30HH peasTi3allisiMH BHIAZKOBOI BEeJIMYHHH, Tpeba yCyHYTH MeXi NOMiXK THMH 30HAMH,
ACKPaBOCTI MiKCeJiB SIKHX PO3MOAiJeHi 0/JHaKOBO 3 IMOBIDHICTIO, He HHXYOWO /EsiKOl 3a3/lajerijb
sapanoi. Ile Bigoma 3asaya Npo HaxexHiCTh BOX BHOGIPOK N0 ofHiel reHepasbHOI CYKYIHOCTI.

Jlns posB’sizanHsi 3agayi HeoOXiHO 06paTH CTATHCTHYHME KpuTepiit Takol manesxsocti. Hai6iabm
BifloMAM € KpuTepili Binbkoxcona [3], mo rpyntyerbcs Ha migpaxynky uuciaa insepciit. IlonsrTrst
imBepcii mosiArae y nacrymuomy. Hexait pjta p,;- sickpaBocti mikcesis 30H, o6MeXXeHUuX BiJIIOBi/HO
t-m i 2-M konTypamu, i=1,...,n, j=1,...,m, n>10, m>10. O6’e¢anaecMo ix y 3arajpHy NOCJIIJOBHICTD B
IOpsiZIKy 3pocTaHHsi 3HadYeHb. SIkimo npu mpomy 6yjb-sike p, mepeaye p,, TO KaXyTb, [0 Taka Hapa
nae imBepciio. Kinbkictp impepciit w posnojifena npubiusHo HOpMaabHO 3 mHeHTpoM Mwu=mn/2 Ta
macnepcieio D=mn(m+n+1)/12. Tinoresa npo igeHTHyHicTb YHKIIH posnoxiily € BipHOIw3 piBHEM
sHauymocTi g, skmo [u-Mul<®d(q), ®(qg) - inrerpan imosipHOCTI.

Peanizamis ma EOM nepepipkm 3rizno 3 kputepiem Binbkokcona sumarae (n+m)log(n+m)
o6uHCIOBAIbHEX Ollepaliif, NOB’SI3aHUX 3 COPTYBAHHSIM 3HAYEHb SICKPABOCTI.
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Bpaxcaioun, mo sckpaBocTi mikcesiB iHAWBIAyaJbHHX 30H PO3NOJiJEHI 32 HOPMAaJbHHM 3aKOHOM,
MOXKHA TAaKOX BHKOPDHCTaTH iHIIMH KpuUTepilf, mop’si3anuif 3 mepeBipkolo rinoresu nNpo piBHICTb UEHTPIB
posmoziny (PIIP) xBox Benmumn. Taky nepeBipky Jierko 3po6HTH, OGYHCIMBIIH BubipKoBl cepejHi
< p, >,< p, > ta gucnepcii D,, D,.

3a KpuTepiii npHiiMaeThcsl HOPMOBAHA Pi3HHUIS :

Z=(<p>-<p, >)/\/D(<p1 >=<p,>), D<p >-<p,>)=D,/n+D,/n,
e 1, ,H,- KiJIbKOCTI MiKcesiB B iHAUBIZyaJbHUX 30HAX.

Besuunna Z mianopsiikopana HOPMaJibHOMY 3akoHy 3 mentpom 0 Ta mucmepcieio 1, ToMmy rinoresa €
BIDHOIO 3 piBHeM 3HauymoCTH ¢, sikmo |Z|< z .z, = d(q).

Ilepesipka srizno 3 PIIP npocrima B peanisanii, uixk xpurepiit Bisbkokcona, 60 Bumarae jiniiinux (3a
KiJbKicTio mikces1iB) 3atpat, 0B's3aHuX 3 OGYHCIIEHHAM BHGIDKOBHX CEPEIHIX i AuCepcii.

[Topanbme o6’eHaHHsl B pa3i MOTPe6H BHKOHYETHCS OJHUM 3 JIBOX MOXKJIHBHX CIIOCOGIB.

1. Skuo y posrasaysasoi mapu obiacreil oHa 3 HHX PO3TalIOBaHA BCEPEAHHI iHIMOI, TO KOHTYp
BHYTPIIIHbOT 30HH NMOBHICTIO 3HHIIYETHCS.

2. SIxmo KOHTYpH JBOX 30H MaioTh CHiJAbHI (pparMeHTH, TO 3 [ABOX KOHTYPIB ILISXOM iX MOCITiZOB-
HOTO 06XO/ly 3 OJHOYACHWM BHJIYYEHHSIM CHiTBHHX (pparMeHTiB OPMYETbCS OJMH 3aMKHEHH{ KOHTYP.
IIpn npoMy 06.1acThb 3 MEHIIHM MOPSIIKOBHM HOMEPOM, 2 Pa3oM 3 HElo H il KOHTYP, 3HHILYIOTHCS.

B o6ox Bunagkax mixcesnu 3HMIIEHOT 30HHM JOMAIOTBCS 0 MHOXHHH IIKCEJNiB 3HOBY CTBODEHOI 30HH.
[lnst octarHbOI BiZIGYBAETHCSE KOPUTYBAHHS CTATHCTHYHHX JAaHHX.

Hnst ocraTounoro Bu6Opy CTaTHCTHYHOIO KPUTEPil ONHCAHY mpoueaypy o6’eananHs 6yJ0 TECTOBAHO
3 BUKODHCTaHHSM KOXHOro 3 HuX. TecTyBanus BinGyBasocs sik Ha peajibHUX exorpamax Y3/[, Tak i Ha
MOJIeJIbHHX TPHPiIBHEBHX 300pa>keHHSX.

Pesynbratn pobotn mpomexypu o6’ejHHAHHS iHAWBILyaibHUX 30H HA TpHpiBHeBO’VIy 306parkeHH] 3
BHKOpHCTaHHSIM KpuTepiiB Bisbkokcona ta PP BusiBH/IHCA 0/{HAaKOBHMH NpPH PI3HAX 3HAYEHHSX ¢. H}c i
odiKyBasoch, B 060X Bunazikax edekt 06’eHaHHs 30H BiACyTHil ax 10 ¢=100%.

Pesyabratn TectroBoro o6pobrennst nusi ¢pparmenty peaiabroro Y 3/l-306paskeHus 3 BHKOPHCTAHHSM
obox kputepiiB nogani ua puc. 1. IlopiBHsAHHAS NOKa3ye, MO BUKOPHCTaHHA Pi3HHX cNoco6iB mepepipku
CTAaTHCTHYHHX XapaKTEPHCTHK y NbOMY BHNAAKy Bele A0 NOMIOHHX pe3yibrariB. 3 inmoro G6oky,
noMiTHHH edeKT ycyHeHHs: Mex BHHHKae IpH ¢>50%, a onTHMajbHE 3HAYEHHS CTAHOBHUTH 6isi 80%.

Puc. 1. Pesyarvmamu o6pobaenns 3 06’ conannsm son. Jlieopyu - 3a donomozoio xpumepiino
Binvkoxcona, npasopyu - PI[P. Pieensv snauyujocmi q=809%.

OckinbKH XKO/eH 3 KpuTepiiB He MaB NOMITHOI mepeBard mepej iHIIMM, Ha JTaHOMY eTalll TecTyBaHHS
nepesara Bi/taBaJjacsi Kpurepiesi Binrbkokcona sik Ginbur crporomy. OHOYACHO BMHHK/IA ifest
cnenudivHOro 06po6IeHHS: PIBHOMipHE PO3GHTTSI 306paXKEHHS Ha KBa/IpaT¥ MaJol MJOIII ¥ MOJaJIbIie
06’€/lHAHHS OTPHMAHUX TAKHM YHHOM 30H.

Take o6poGuenns 6yso 3actocoBaHe 0 MOAEIBHOIO 306pakeHHs, 3 BHKOPHCTAHHSM JPiGHOI CiTKH
KOHTYpiB po3mipoM 5x5 mikcenis. Busiunocs, mo kputepiit BribkoxcoHa fae ocTatouny KapTuHy 308,
o a6cosOTHO HE BiANOBifae BHXiZHOMY 306paxenuio. IIpuyMEA moisrac B TOMYy, IO B yMOBaXx
YaCTKOBOTO HECHiBIAJaHHsI MeX 3 (pparMeHTaMH KOHTYDIiB 3a paxyHOK Wiei XHOHOCTH KimbKicTp inBepciit
MOKe BHSIBUTHCSI JIOCTATHBOIO /15l 06’ € THAHHS KOHTPACTHHX 30H.

Kpurtepnii PIIP nae B upomy Bunajgky 6inbur agexpaTHMit pe3yJbTar, aje i BIH HE € MOBHICTIO
3a/IOBIIDHAM /ISl TOTO, 06 BHKODHCTOBYBAaTH Take o6po6ieHHs 3amicTh TpagumifiHoro. OcCKinbKu B
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NeBHUX yMoBaX kpuTepiif Binrbkokcona He mpamioe, B KiHmeBoMy mificyMky st cucremn "KPYI3" 6ys
npuitHATAA anroputM o6’€fHAHHs 3 BUKOPACTaHHAM kputepiio PIIP.
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Leonid Bilozers’kyj, Kostiantyn Niun’kin, Volodymyr Pcholkin. CRUIZ: The Computer System of Medical
Ultrasonic Image Processing.

The computer system of medical ultrasonic echogram processing is considered. The system allows
automatically detection of individual echogeneous zones contours and calculation their features. The method of
contours tracking at noise presence and smooth change of image brightness is proposed.

Pisni o6’extu, mo ix MoxHa mobGaunTH Ha exorpami Y3/[, BiApisHSIOTbCA OAMH Bil OfHOTO
reOMETPHYHAMH Ta (ISHYHMMH BJIACTHBOCTSIMH. Bapistusmicte dismynux Bractusocredl 06yMOBIIOE
BIIMIHHOCTI B SICKPaBOCTI Ta CTPYKTYpi BiaGHTOro cHraanmy. BiapisHAIOTD NOPOXHHCTI 3aMOBHEHI
piuHOI0 opranu (KPOBOHOCHI Cy[WHH, XOBYHH{ MiXyp, ILIYHOK TONO), sIKi HAa €XOrpaMi BHIVISZAIOTH
OHOPIZHAMH TEMHHMMH o6acTMH, ¥ OpraHd, WO MalTh NapeHXiMmy (meuinka, HHpPKH TOWIO),
eXOCTPYKTYpa SIKMX BHUIJsifiae piBHomipHO 3epructon. IlinbHi TKaHWHM CTIHOK NOPOXHUCTHX OPraHiB
MaloTb BHCOKY BifGUBHY BJAAaCTHBICTb | BHINISAIOTh HAa exorpaMi sk sickpasi gerani. [lartosoriumi
YTBODEHHS BHSIBJSIIOTh ceGe 30HaMu 3 nigBumenono (kameHi, myxamHA) a60 3HMXKEHOI E€XOTEHHICTIO
(kictu), a Takox nopyumeHHsiMd piBHOMipHOCTH mapenximu. Taki 30HH IHAWBIAYANbHOI €XOr€HHOCTH
NiAJSIraloTh BHAIJEHHIO 3 METOIO NMOJAJIbIIONO aHaai3y.

Xou MeToan BHIiJICHHS MeX 06’e€KTiB JocraTHbo BizoMi [1, 2], ix Gesnocepezne BHKOPUCTAHHS JJIsSI
o6po6aennss ET Y3/ cnpuuunsic nosiBy BeqHKoi KiibKoCTi XHOHHX (pparMeHTiB, siKi He MaWTb HiYoro
CHiJIBHOrO 3 KOHTypaMi 06’€KTiB, IO iX 30pPOBO OLIHIOE JIOJHHA, & TAKOX PO3PHBIB MOGYIOBAHHX MEX.
[lprumHE mbOrO BiIOMi Ta KPHIOTbCS y BIUIMBI Ha SIKICTb eXorpaMm 3aBaJ KaHauaiB Qopmysanmus,
epeTBOpeHHs Ta nepegadi 306paKeHHs; CHEKJI-CTPYKTYPH, IIO MNOPOKYETbCA iHTepdepeHiticio
KOTepPEHTHOTO Y/bTPa3BYKOBOI'O BHIIPOMIHIOBAaHHSI Y CEeDEIOBHII Opramy, mo O6CTEXYETbCsl; IJIABHOTO
nociabienHsi MOTYKHOCTI BiAGHTOro CUrHANy Hifl Yac MPOXO/KEHHSI Yepe3 OpraH, MO OOCTEXYETHCS.
KpiM 1poro, npocTexxeHHI0 MeX 3aBa)KAa€ 3ePHUCTICTb NAPEHXIMH.

Pospo6aena B lucrutyTi npo6aem mryssoro intenexry (/loneusx) kxomm'iorepHa cucrema "KPYI3"
(Komm’otepre PosmismaBaHHs YJIbTPa3ByKOBHX 130J1b0BaHEX 30H) [03BoJste GyAyBaTH 3aMKHeHI
KOHTYPH 30H, IO BiAPi3HSIOTBCSI 32 CBOIMH Bi/IGHTKOBHMH BJACTHBOCTSIMH BiZf OTOYYIOUYHMX X TKaHWH.
Bona npusnauena st 06’ekTHBi3amil Ta MiABHIMEHHS SIKOCTI JOCTI/DKEHHS CTaHy OKPEMHX €XOT€HHHX
30H OpraHy, IO OOCTEXYETbCsl, I/l 4ac NPOBeNeHHs yIbTPa3BykoBoi Meamynoi aisrmocTukh. Cucrema
TAKOX /IO3BOJISIE NPOBOAUTH Pi3Hi BuaM 06pO6GIEHHS Ta MEPETBOPEHHS eXorpaM sIK 3 METOIO NOJiNmIeHHs
306paX<eHHb, TaK i sl GiAbII HAOYHOrO iX NOJAHHS.

Tak, 3a ZOMOMOrol0 CHeLisAbHOI JiHIKH MOXKHa 3MIHHTH SICKpaBiCThb 306pakeHHS, MiABHIIHTH 260
3HM3NTH KOHTPACTHiCTb. MoOJXHA BHJYYMTH IMOy/IbCHI 3aBaji Ta 3IJaMTH 306paskeHHs, 3aCTOCYBaTH
rpamicaTHE 260 “penbedre” 06po6ieHHsS, BHKOHATH HOpMatisamilo 3o6paxenns. € MOXJAHBICTD
nopap6ysanust 3o6paxenss. Kombopu, mo sigmosigaioTe Gyab-sikid ainsumi cipoi nasiTph, MOXHA
3MIHMNTH Ha YePBOHHH, MIJIKPECAIOIOYH TaKHM YWHOM XapaKTepHi Jeraii 306pakeHHsi; cipe 306paxkeHHs
MOXKe TaKoXX OyTH mojaHe y ncesfoko/bopax. CremisiibHi MyHKTH MEHIO [[03BOJISIOTb PO3PAXOBYBATH Ta
noxasatu y rpadiuniii ¢opmi ricrorpamy posnoziny sICKpaBocTi, a JUISI HOTOYHOTO PAKa a6o cToBILS
exorpamMu MoxyTb 6yTH nmoGyxosani rpadiku sickpasocti. € MOXIHBICTD PO3paxyBaTh Ta NOOAYMTH Ha
expali Pi3HHINl TOTOYHOTO Pe3yJabTaTy 06pO6IEHHs! 3 NoNepe/HiM KPOKOM ab0 3 BUXiIHAM 306paskeHHsM.
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st yeyHenusi iMyJbCHHX 3aBaJ BUKOPHUCTOBYEThCS MeiAHHME (ifibTp 3 KBafpaTHAM BiKHOM 3x3
TOYKH. 3rJIa/PKyBaHHs 3iHCHIOETbCSE (DIJIBTPOM 3 MacCKOIO:

1 2 1

2 4 2

1 2 1

Grad, ; =|4,, ;- 4., |H4 ;. —4 (1)

sIKa Jla€ pe3yJabTaTH, U0 MPAKTHYHO He BIAPi3HSAIOTHCA BiJl KBa[PaTHOTO KOPEHS 3 CYMH KBaZpaTiB, ale
OGYHCTIOETbCS 3HAYHO WBHAWE. Mopdonoriunnii rpagient [3] obuncaoerses zemo nosiapnime mix (1)
Ta 3Ha4YHO "po3Ma3ye” Mexi.

OcHoBHA 0COGIMBICTD CHCTEMH HOJAra€ B MOXJ/HMBOCTI aBTOMATHYHOTO OKOHTYPIOBAHHS 30H
iHMBIZyaIbHOI €XOTeHHOCTH NLTSXOM NOCJIiZIOBHOTO 3aCTOCYBaHHS /10 306paenus Giis 40 YHIKa/JIbHHX
anroput™is [4 - 6]. PesysibraToM iX BHKOHAHHS € 3aMKHEHi KOHTYPH 30H, IO CKJIAZAIOTHCS 3 OKPEMHX
¢dparmenTis.

OkpemuM eranmoM o6pobieHHS € 3'¢HAHHS 30H IHAMBILYaJbHOI EXOreHHOCTH, OJM3bKHX 3a
XapaKTePHCTHKaMH. 30HU 3'€/lHYIOTbCsi monapHo. [[Bi 30HM MOXyTb GyTH 3’€/lHaHi B OHY, SKIIO BOHH
a60 MalOTh CHiJIbHY AiNSIHKY MeXi, a60 OflHA 3 HUX BMIIyeTbCA Beepeuni aApyroi. B nepmomy Bunaaxy
3’e/IHAHHS BIAOYBAETHCA MUIAXOM YCYHEHHS CHIJbHOI JIAAHKA MexXi; y APYroMy - yCYHEHHSM KOHTYDY
BHYTDIiIIHbOI 30HH.

Kpurepiem 3’e/HanHs Ui TapH 30H € MEHNIICTb BEJAHUMHH JWCIEPCii MaTeMaTHYHAX OYiKyBaHb SICKpa-

. S1 82
BocTel 060X 30H y NODIBHsIHHI 3 OOpaHHM piBHEM 3HaYymoOCTi C7it: (M2—M1)2Scrit2-(7v—l—+—ﬁ , ze

M1 i M2 - marematnuni ouixyBamHs sickpaBocTeil, S1 i S2 - cepenHbOKBafpaTHYHI BiAXHJIECHHS
sickpasocTeit, N1 i N2 - kiabkicts Touok y 30Hax.

IIpn o6uncnenni rpajienTa BAKOPHCTOBYETBCS CyMa MOJY.Iel Pi3HHIIb:

Xia npouecy BHSBIEHHS 30H BiTIOGPaXKy€TbCs! 32 JIONIOMOTOI0 CHEMisIbHAX iHIHKATOPIB, OMH 3 SKHX
NOKa3y€ YacCTKy BAKOHAHWX aIrOPHUTMIB, a APYIHil - CTYNiHb BHKOHAHHS NOTOYHOTO anroputMy. Kpim
IbOTO, Ha eKpaHi HOCTiHO BiZO6PaXyIOTbCS pe3yAbTaTd POGOTH KOXKHOTO BHKOHAHOTO AJTOPHTMY.
llpnxaaan no6ynoBaHnX 3aMKHEHHX KOHTYPIB NO/aHi Ha puc. 1.

KPY13-2 3abesneuyc oTpHMaHHsi BEJHKOI KiNDKOCTI CTATHCTHMHKX NapaMeTpiB SIK MO KOXHif 3
OKOHTYpeHHX o6iacredf, Tak i 1o yciii exorpaMi B mijJoMy, siKi, BiiacHe KaXKyuH, 1 /JO3BOJISIIOTh
BH3HAYMTH, /10 YOTO Bi/[HOCHTbCS sl 30HA - JO HOPMaJbHOTO Oprary abo /[0 NATOJOTiYHOrO yTBOPEHHSL.
Kpim uporo, BaxiuBHM € Te, IO BCi Ii NapaMeTpH, KPiM TOYHO PO3PAXOBAHOIO YHCIOBOTO 3HAYEHHS,
MalOTb TaKOX 3po3yMmijuii JikapsM cioBecHuil omnc. Hanpmkiaz, 30Ha Mae nigsumeny aGo 3HIKEHY
eXOreHHICTb, DapeHXiMa ojHOpixHa a6o meommopigma Tomo. Ha prmc. 2 nokasame BikHO, y SIKOMY
nojaeTbcsi Taka iHopmamisi. Takox € MOXIMBiCTD po3paxyBaTH Ta HagaTH B rpadivuii dopmi
ricrorpaMmy po3nofiNy sSICKPaBOCTH [JIsl KOXKHOI 3 BESIBIEHHX 30H.

Puc. 1. Pesyavmamu nobydyeanns Puc. 2. Cmamucmuuu: napamempu,
3amMKHeHuUX KOHmypie, wo 1x Hadae cucmema
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Hrops Boanapuyk, Boraasa Masisko, Poman Megopus. JiuarsocTHyeckuil Komniekc QpHIHIECKHX BEAHYHH.

Ha OCHOBAHMM aHAa/AM3a pe3y/bTaTOB HayYHBIX MCC/E/IOBAHMIl B TeOpHH OGHapyXeHHs uesneit, TeopHM
pacro3HaBaHHA 06DA30B, METOJOB U CPEJCTB TEXHHYECKOH JMATHOCTHKH, reopu3nYecKoit pa3Be/lki M SKOJIOTHU
paccMaTpMBaeTcs TIpO6JIEMa OIEHKH KOMILIEKCa (PM3NYECKHX BEIMIMH C MO3ULMH MEMIIMHCKON JAUArHOCTHKU U
NIPHBOJMTCS METO/IMKA Pa3paGOTKH aBTOMATH3HPOBAHHOM JIMATHOCTHYECKOH M3MEPHTENbHOM CHCTEMBI.

MeanyHa | TeXHIYHa AISTHOCTHKA BiAHOCSTBCS JO NpobiieM po3li3sHABaHHA o6pasis.

Biosoriunuii uM TexHiYHHH O6G’€KT MOXe 3HAXOMMTACS Yy OZHOMY i3 6araTbOX PiBHOBAKHHUX abo
HepiBHOBaXKHHMX cCTilikux craniB. YacruHa cTadiB € HOPMaJbHHMH IS ¢dyuxuioanasi 06’exty. Y
TakoMy BHOAJKy TOM CTaH, IO Bi/IHOCHTHCS 10 MHOXHMHHM HOPMAJIbHMX, BBAXKAETHCA U 6i006’eKxTy, MO
"3J0poB’s y HOpMI", /Ulsl TEXHIYHOrO 06’€KTY, - IO 06’€KT cCpaBHHUHA.

CraH 06’€KTa BH3HAYAETbCS $IK TOYKa y (pa3oBOMYy IpOCTOPi 3Ha4YeHb ¢bisnyHuX BeJIMYUH, SIKAMH
MOXHA onmucaTH 06’€KT.

MennyHa Ta TeXHiYHA JHATHOCTHKH NPOBOASTHCS 3 METOI BHPiIICHHSA oaHiel YW AEKiJbKOX 3ajay.
Tomnpenoio € 3azaya NEpeBipKH BiJNOBIAHOCTI CTaHY 3/10poB’st 6i006’€KTa Ta CTaHy TEXHIYHOIO 06’€KTa
HOpMi. Y MeJHIHHI NOmHUpeHa JiISTHOCTHKAa TEeBHHX KJIaciB 3aXBOPIOBaHb. VY TexHiuHIA AiSrHOCTHUI
XapaKTepHUMH € 33/(a4l BUSIBJICHHSI [IEBHOTO THIY HecnpaBHocTed Ta AedeKxTib.

Omxe, Uisi 6i0IOriYHEX | TEXHIYHHX 06'€KTiB MOXEMO OKPECHHTH MHOXHHH CTaHiB, XapaKTEepHUX $K
AN HOPMH, TakK 1 /Ui MEeBHHX KJaciB 3aXBOPIOBaHb (secnpasrocreii). Haragaemo me pas, mo KOXeH
CTaH - e TouKa y (a3oBoMy IpOCTOpi 3HaYeHb (pI3MYHHX BEJNUYMH, XapaKTEpHA JUISL HOPMH 1 MEBHOTO
puy xBopoGu. MHOXHHA cTaHIB 06’ekTy - Le (ha3oBuii NPOCTIp 3HAYEHD dismunnx BequyHH. 3ajaua
LSTHOCTHKM, TOGTO Bij(HeceHHsI cTaHy 06'€KTa [0 MeBHOI MHOXHHH B3arali, € 3a/layelo HeO/(HO3HAYHOIO.
SlKicTb AiSTHOCTHKM NPHAHATO XapaKTepusyBaTH MMOBiPHICTIO MPaBH/IBHOTO Bi/fHECEHHSI CTAHY O OKPECJeHOI
MHOXHHHM, X04a SIK B MeJW4Hil, TaK i B TeXHiuHiH JiSITHOCTHI OLiHKA SAKOCTI Ja€TbCs HE 3aBX/H.

KoxroMy 06’¢xTy NpHTaMaHHA BeJHKa KiJbKICTh disuunux sBenuuus. Jlns BA3HAYEHHS CTaHy
06'exTa MOTPI6RO 3HATH 3HAYEHHs HEOOXi/HOI Ta JOCTAaTHBOI KizbkoCcTi (Di3UYHHUX BEJIMYWH, OPHYOMY 3
Heo6XiTHOIO 1 AOCTATHDOI TOYHICTIO.

Sk upaBuio, Nikapi i TEXHIYH]I €KCNEPTH BA3HAYAIOTh CTaH BifmoBiHO Gio- i TexwiuHHX 0G’€KTiB He
TiIbKM Ha OCHOBI pe3y/]bTaTiB peecrpalii 3HaueHb QISMYHMX BEJMYMH, aje€ TaKOX, MpHYOMYy Ha
BUpiMAAbHOMY PiBHi, NPOBOJATH AIATHOCTHKY HA OCHOBI anpioproi indopmanii, aocsiny Ta iHTYimii.
Azle mepeBara Hafa€TbCsl ABTOMATH3OBAHOMY PO3II3HABAHHIO NATOJIOFiYHAX IPOIECIB.

Jlo umcia nepmmx eraniB noGyIOBH  aBTOMaTH30BaHOL MiATHOCTHYHOI CHCTEMH  BiJ(HOCSATD
po3pob.ieHHsl 3arajibHOI TepMiHOJIOTi], HOMEHK/IATYpP O3HAK, cuMiroMiB i cumnromokomiiekcis [1]. Caix
BIIMITHTH, 10 €AMHOI TEPMiHOJOTIYHOI CTPYKTYPH MeIHYHOI indopmanil He icHye. 3arajJbHOBXHBAHOIO
¢ nume upuitasta BceecsitHpoioo Opranisauieo OxopoHH 3nopoB’s kjaacudikamisi 3axBOpiOBaHb i
npuunH cMepti. BixcyruicTb cTanzaprHOl TepMiHOJIOTI] € NPHYHHOI BiACYTHOCTI B3aEMOPO3YMiHHS MiX
sikapsiME i cremistictamu, siKi 3AiHCHIOOTb MAalIHHHE PO3Ni3HABaHHS natosorii, ToMy i erand
IpeCTaBASIOTh cO60I0 JyXe BiATOBIAJIbHY CTaJil0 PO3po6iieHHsT eKCHepPTHOI CHCTEMH, MOXKIHBO,
Ha#6iibI CKIAAHY 1 IOBrOTPHBAY.

Hacrynuuii eran no6y/I0BH aBTOMAaTH30BAHOL JMiATHOCTHYHOI CHCTEMH - CTBOPEHHsI Ha 6a3i nepeBaXkHO
apXiBHEX CIIOCTEPEXEHb HaBuyajibHOi BHOIpKH icTopiit xBopo6u namieHTiB 3 BepudiKOBaHHMH
Jisriosamu. Bepudikanis AiSrHOCTHYHHX 3aKJIIOYEHb € BaXKJIUBUM ¢akTopom 3a6esneyerHsl SIKICHOTO
"HaByaHHS!" CHCTEM MallMHHOIO PO3Ni3HaBaHHSI 3aXBOPIOBaHb. %

Ha Tperbomy erami KOHCTPYIOBaHHS ABTOMATH3OBAHOI JISTHOCTHYHOI CHCTEMH 3/ICHIOETHCS
06rpyHTYBaHHsS! BHPiNIyBaJbHOIO IpaBHia. Binbnricts aAropuTMivHHX NiAXOAIB B CEpeHBOMY /JalOTh
6auabki pesyabratu [2]. ToMy B OCHOBHOMY 3aCTOCOBYETHCH PO3IIHpEHA ¢opmyaa Baiteca. Y xkon-
kperrux Bunagkax (Rampuxnaj, Ast PiAKICHHX 3aXBOpIOBaHb) PeKOMEHIyIoThesi # inmi merozxu [3,4].
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B ocramme aecATHJITTS CTBOPIOIOTbCS AiISITHOCTHYHI LIEHTPY, OCHAlIleHI HaJeXXHUMH 3acobaMmi
Bii6opy, 06pob.iennst Ta 36epiranssi indopmanii. Jisraocrauni indopmariiHo-BHMIpIOBAIbHI CHCTEMH B
NpHHUMII 3[aTHi cami npuitMaTH pimeHHs nupo Bixbip indopmanii i BigmecTn cram o6’exta 10 |
OKpeCJIEHOI MHOXHHH, TOOTO 3XIHCHATH AISTHOCTHKY.

3Ha4YHOTO pIiBHS PO3BUTKY /OCATNH Taki ranaysi Hayku, sK Teopis BHsABJIeHHsI IliJeii, Teopis
posmnisHaBaHHS 06pa3iB, METOMH i 3acO6H TEXHIYHOI isTHOCTHKH, reodi3nyHOl PO3BIAKH Ta €KOJOTiYHNX
nocaipxennb. Ilpo6aemn, mo BUDIIIYIOTbCS NUMH HAyKaMH, CHOPiAHEHI i3 3aZjauaMH MeAMYHOI Jisr-
HOCTAKH, TOMY JAOCATHEHHS IMX HayK 3acCJyroByIOTb HAa 3HAYHO IIMpIIe BHKOPUCTAHHS NPH PO3PO6JeHti
MiIXO/iB /I0 KOMII'IOTEPHOT MeAMYHOI AiATHOCTHKH, Kiacudikauii cranis 3/0pos’s momunu, BRGODY isr-
HOCTHYHOIO KOMILIEKCY (hisHUHHX BeTMYMH, AiSUTA30HIB X MiHHU i JOMYCTHMOI IOMHUJIKH iX BHMipIOBAHHS.
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Viktor Boltenkov, Oleksandr Kuzmyn’skyj. Preliminary Classification of Blasting-Type Sound Pulses Signals
in Near-Ground Atmosphere in Accordance with Propagation Conditions.

The structure of sound pulse signals propagating in the near-ground atmosphere is sufficiently dependent on
special features of propagation. Problem of identification of source type can be correct only after preliminary
classification of signals in accordance with the type of propagation. On the base of analysis of great set of
experimental data four types of sound propagation are proposed. During transient states of near-ground atmosphere
which don’t correspond to any distinct classes, problem of source identification seems to be inexpedient.

Description of the problem. Problem of identification of acoustic source type by using its acoustic
signal is of great interest in practical applications of atmospheric sounding [1]. Particularly, a need
perfectly exists for estimation of power (or explosive weight) of blasts in surface mining operations
by analyzing their acoustic pulse signals at distance about some kilometers [2]. Last years there were
some efforts in solving this problem [3], but more detailed analysis based on the representative
volumes of experimentally registered data shows what propagation of sound pulses in near-ground
atmospheric channel leads to producing of pulses of quite complex structure in the point of
registration. Using these pulses for source type identification is practically impossible without
preliminary classification. This classification must be made in accordance with the type of propagation
being grounded on study of physical processes occurring in near-ground atmosphere.

Models of propagation. Gradients of temperature and wind velocity produce the predominating
influence on propagation of low-frequency sound pulses. To estimate propagation effects
quantitatively ray theory under assumption of layered atmosphere may be used. If height profiles of
main meteoparameters - temperature #(z), wind velocity w(z) and wind direction a,(z) are known,
height profiles of effective sound speed o(z) can be calculated [4] :

o(z) = 331.5 + 0.6t(z) + w(z)x cosa(z). o

Smoothing this profile with cubic splines and solving ray equation with numerical techniques [5]
one can build ray pattern for concrete realistic state of near-ground atmospheric channel, i.e. set of
sound ray trajectories in coordinate system distance-height. The typical ray patterns are demonstrated
during report presentation. Analysis of ray patterns shows that types of sound propagation can be
divided into two classes: antiwaveguide propagation, when all rays from the source diverge upward
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and never return to ground surface; in this conditions only surface wave reaches observation point;
waveguide propagation, when acoustic rays from the source elevate to some height, then return to the
ground surface, reflect from it and repeat next propagation cycle; the expressed multipath is observed
in this type of propagation.

Analysis of experimental data. The experiments on propagation of pulse sound signals were
performed in summer time at coastal test site near Odessa. The sources of sound pulses were blasting
imitators containing 1 kg of explosive mixture, they were arranged 1.5 m above the ground surface
during blasting operations. The horizontal distance from the source to the point of registration was
ranging from 0.5 km to 12 km. The meteorological conditions of near-ground layer of atmosphere were
monitored with land meteostation (at the height of 3 m above ground surface), height profiles of
meteoparameters were obtained by radio-soundes and meteoradar up to the heights of 2200 m. On the
base of the above expression sound speed profiles were calculated and corresponding ray pattern were
built. The total number of registered signals is more than 100 during two weeks of experiments. The
careful analysis of typical shapes of registered sound pulses shows the following:

1) In conditions of stable antiwaveguide propagation acoustic pulse contain only clearly expressed
arrival, its duration lies in range (200...250 ms) depending on distance.

2) In conditions of waveguide multipath propagation is observed. It leads to producing of pulse
with some arrivals in observation point. Depending on sound speed gradient one can choose : (a) high
waveguide, the height of maximum ray elevation reaches 400 m, multiple arrivals in pulse signal are
observed separately (so called "pulse replication”), the total duration of pulse signal can reach
500...700 ms, (b) medium waveguide with maximum ray elevation about 200-250 m, multipath
arrivals produce complex interfering structure of pulse, its duration lies in range 250...400 ms; (c) -
low waveguide, the maximum height of ray elevation is less that 150 m, in this case multiple arrivals
are practically combined all together, duration of pulse is about 150...200 ms.

3) In some cases (particularly, in sunrise and sunset hours) unstable states of atmosphere are
observed, it produces transient type of sound propagation (from waveguide to antiwaveguide or
backwards). During this period the structure of pulses in very difficult for interpretation. Perhaps,
statement of problem of identification in such conditions is generally inexpedient. y

All the above is accompanied with demonstration of typical pulse shapes and corresponding ray
patterns during report presentation.

Result and conclusions. Joint analysis of experimentally registered pulse structures and conditions
of sound propagation allows to make the following conclusions.

1. Correct solution of problem of identification of pulse sound source type in near-ground
atmosphere can be realized only with taking into account special features of sound propagation in

near-ground atmospheric channel.

2. Types of sound propagation and corresponding pulse shape classes are: antiwaveguide; high
waveguide; medium waveguide; low waveguide.

3. During transient states of atmosphere type of sound propagation is not confined into the above
classes. In this cases we consider solving of identification problem to be inexpedient.

4. To determine class of sound propagation one must carry out height monitoring of
meteoparameters with any accessible tools, e.g. meteoradar.
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CucreMa moxasHHKIB e(EeKTHBHOCTH NMPOLECIB AiSrHOCTYBaHHS CTaHiB Je3 Piydux
iHCTpyMeHTiB
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Oleksandr Derevjanchenko, Oleksandr Andrejev, Eduard Popov. System of the Indicators of Efficiency of
Cutting Tools’ Edges States Diagnostics.

The main problems of cutting tools’ state control under condition of turning flexible manufacturing cell on
the basis of projection registration of their cutting edge have been analysed. System of the Indicators of
Efficiency of Cutting Tools’ Edges States Diagnostics is described.

IIponenypa aBroMaTHyHOi ONiHKH CTaHiB Je3 pixyuux iHctpymentis (PI) y iHTerpoBanux mpoexTHO-
Bupo6Hnyux cucremax (ITIBC) micruts omepauii xontponwo (k), dopmysanus BekTopa osmak (f) Ta
misrHocryBanHst (d), siki BUKOHYIOTbCSI 3 BUKOpHCTaHHsM BiamoBizanx Meroxis (Mk, Mf, Md). /lasaui
ciucreM kouTpomo Ta agisrmocrysanns (CKJI[ PI), ski BXoaTh M0 ckiamy BEPCTATHHX KOMILIEKCIB
ITIBC, Bsaemoxiors 3 xourponsunmu Toukamu (KT) snes PI (L7). O6uncnioBansui cucremu CKJ[ PI

2 ; S %
¢opmyioTh y mpocropi cnocrepexens jnes Pl (yL) BiAnoBiHI BekTOpH crmocrepexens V- (ne T —
nepioz ekniyaramii PI o wacy xomrpomo; I'€O,7"; T’ — pecypc PI). Iorim dopmyeTbesi BekTop

T
osnax cranis PI (x" ) ta BHKOHYETHCS PO3Ni3HABaHHSA NOTOYHOIO CTaHy Jie3a Cf OLISIXOM #Horo Bigge-

CeHHst JIo O/(HOro 3 KJacis npaneagataux (CE,C :,‘z ). s II,; ) a6o nenpanesnatanx (C ,{‘,' . AL/,, ) cranis PL

KonTposs Pl Moke BUKOHYBaTHCh PiSHHMH METOJaMH 3 BUKOPHCTaHHSIM Pi3HHAX /aBayiB, HANPHKJIA]
— MOLISIXOM peecTpamnii ABox 3o6paxeHsp PI (1BoX mpoekuili pi>ky4ux KpPOMOK) JBOMa TeJeKaMepaMi
[1—3]. Hisrnocrypanuss Pl TakoX BHKOHYETbCS Di3HHMH METOJaMH, HAOpPHKJAA] — 3a JOIOMOIOI
NpOUeAypH po3nisHaBanHsa o6pasiB Ta BignoBiganx MerofiB (MeToA¥ CTATHCTHYHHUX pimenp,
croxactHyHol anpokcumanii tomo [2, 3]). Bunukae neo6ximHicT po3po6/ieHHS CHCTEMH MOKA3HHKIB
edexTuBHOCTi mpoleciB KoHTpomo Ta AiarHoctysahns Pl, mo 3a6esnevyysatuMe BHGIpP BiANOBIZHAX
BHCOKOe(EKTHBHUX METOMIB Ta CHCTEM.

EdextuBricTh Nponecy KOHTPOIIO BH3HAYAEMO CYKYIHICTIO TAKHX NMOKA3HHKIB:

1. To4yHicTb KOHTPOJIO CHCTEMH NEPBHHHAX HapameTpiB craHy PI, sixki BHKOpHCTOByOTbCS 1A
kepyBannsi Pl (Busnasaerbest MeTosioM, 3acO060M Ta CHCTEMOIO KOHTPOIIO — BiAOBIAHAME MOXHOKAMH);

L
|Vl
el
|V
. " L
CNIOCTEPEXKEHD, BIANOBIAHAHA 10 KOHKpeTHOro Meroay Kourtposaio PI; Vg - Bekrop crmocrepexeb,
BIANOBIHAH 1O €TaJOHHOrO MeTONy KoHTpoJiio PI.
3. ExOHOMiYHIiCTb KOHTPOJIO, M0 BH3HAYAETHCS Bi/[(HOMIEHHSM NPUBEAEHHX BUTPAT HA CTBOPEHHS
CHCTEMH KOHTPOJIIO Ta MPOLEAYPY KOHTPOIIO MO NPUBEACHUX JOXO[AIB — 3a PaxXyHOK Ili[BHINEHHS PiBHS
BUKOpHcTaHHs pecypcy Pl, amenmenHs: yucaa npocrois obaaguanus IIIBC.

4. Koutponesaarrictp ycix PI, mo BHKOPHCTOBYIOThCSl ¥ NEBHMX yMOBaX O6pOG/IEHHS, B YCiX TEXHO-
JIOTiYHO 3HaYHMX cTanax Pl — crocoBro npuitraTHX Mertony, 3aco6y Ta cucremu kouTposio PI.

IlinBumennss edeKTHBHOCTI KOHTPOJNIO MOXXe OyTH OTPHMAHO 3aBASIKH MOMIIIIEHHIO YCBOTo
KOMIJIEKCY NOKa3HHKiB, a60 AeAKHX 3 HHX, Ha6ibII BaXKJIHBUX Y MEBHAX TEXHOJOTIYHMX yMOBaXx.

EdexrtusaicTs nmpoiecis AisrnocryBanns cranis Pl BH3dHAYAEMO 5K CYKYNHICTh TAKHX MOKA3HHKIB:
1. IudopmaruBHicTD mNpoUECYy MAIATHOCTYBaHHS,, IO BH3HAYAETDS BiHOMEHHSIM  KiJBKOCTI
aisirsocroBanux y CK/l PI crauis nes (CL,,C,f,j) PI po sarambHOI KiJIBKOCTI TEXHOJIOTIYHO IHAYHHX

) . . ;5
2. Indopmarusaicts korTpoawo I, sika Bu3HauaeTbes BigHomenusm: [ = ;s KE Vy; — BeXIop

craiB PI, siki Tpe6a BHSBJSITH y NEBHHX yMOBax 0GpO6IEHHS.
2. TounicTb AisArHOCTYBAHHS, MO BH3HAYAETHCS NPONECHTAMH HOMHJIOK EPIIOrO Ta APYToro Poy.
3. I'nm6una misrHocTyBaHHs cTaHiB Je3 PI a6o crynins posnisnaBanus nedektis PI.

Bukopucranns sucokoedextupnnx merogis ta CKJl Pl 3abesnesye nimsumenns edeKTHBHOCTI
Bukopucranusi Pl. #

Binomo, mo 3 BuxopucTaHHSM KaTeropii edeKTHBHOCTI “XHTTEBHH LHKA” KOMXKHOTO 06’eKTy
dopmyeTbest IHKI peanisanii notenuiinoi edexrusHOCTI Y peanbny edextuBHicTs (0 Xapakrepusye
peanbHy, eKCITyaTalifiHy fKicTb 06’€kTy). 3 BpaxyBaHHSM IIbOTO MOXe HTH MOBA IO HOTEHI[IHHY Ta
peanbHy edextusnictb Pl Xapaxrtep BimoGpaxenust mnotenmilinoi edexrtusrocti PI y peanbmy
BU3HAYAETHCSL yMOBaMHu ekciuryaranii PIL.
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Cryninp Bijo6paxenHsi NOTEHIIHHOT e(eKTHBHOCTI PI (sixa 3aknagena xoncrpykiicio PI) y peanpny
edexTuBHICTD Pl 3Ha4HOIO MipOI BH3HAYAETHCS HAABHICTIO a6o BiICYTHICTIO KOHTpOJIPO 3a cranom Pl
BeeemMo mo3HAYEHHS: E,”' — norenuiitna edextusricts PI; Epim — peanbna edexrusicts Pl y
IEBHHX TEXHOJOTiYHHX YMOBaX, SIKOI MOXHA JOCAITH 6e3 puxkopucraunst CK/1 PI; E,,zp ' — peanbna
. epexruBaicTs Pl y nmeBHAX TEXHOJOTiYHHX yMOBaX, sIKOI MOXHa JIOCAITH 3 BUKOPHCTAHHIM CKA PI;
| W — npomec excruyaramii Pl Ges BHKOpHCTaHHA CKJlT PI; p, — mupomec ekcmayatamii PI 3
ir sukopucrannsim CKJ[ PL o o o o
3 BHKOpPHCTaHHSIM O3HAYEHb MOXKHO 3AMHCATH! |y E, > E, ;wm E, —>E;, .
|  Tomi edexTuBHicTD [OPOUECIB KOHTPOJIO Ta [ArHOCTYBaHHS Pl (Eg;") Moxe BH3HAYATHCS
| BiHOMEHHAM: Empl =Ey br EP,PI .
Mipoio nMoka3HUKIB EX, E,,,m . E,,zpr Moxe 6yTu poaMmipHa crifikicts Jiesa PL
3anpoBa/yKeHa CHCTEMA IIOKa3HHKIB edeKTHBHOCTI npomecis KoutpoJio Ta aisrHocrypanns Pl 6yne
| copusitn popmysannio Bucokoedextusaux CK/L PI ta niasrmeRHIO EMPX.
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The Conditions Diagnosing of Cutting Tools by Means of Methods of Pattern Recognition
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Oleksandr Derevjanchenko, Vitalij Pavlenko, Oleksij Volins'kyj. The Conditions Diagnosing of Cutting Tools
by Means of Methods of Pattern Recognition.

Using a theory of pattern recognition for the recognition of conditions of cutting tools is described. Designed
method of recognition oriented on the two-dimensional space of signs, allowing visualize location and
clusterization of objects. Benchmark analysis of methods is executed. All methods of recognition are marketed
software and are test.

Urgency of problem of recognition of conditions of cutting tools. One of the problems of
modern machine building is a creation and introduction in metalworking the flexible manufacturing
modules (FMM), which will function without the participation of person practically. To provide an
autonomous operation of FMM in the automatic mode it is necessary to equip it with corresponding
system of ensuring a runnable condition. Obligatory element in such system is a subsystem of
checking a wear-out and diagnostics of condition of cutting tools (CT). Economic effect from such
system introducing on the enterprise consists of spare time of service and checking CT, spare
expenseses on the instrument, reducing a prime cost of details, etc.

Methods of recognition of conditions of CT. All described here methods of recognition consist of
two stages: education and categorization. In step of educating the deciding rule is working out on the
grounds of information on the technical condition of CT from the educate sample. In step of
categorizations a recognition of technical condition of CT occurs by means of deciding rule, not
participated in the educate sample.

Method of statistical decisions. This method is used if parameters of investigated CT are
portioned in accordance with the normal law. In step of educating the deciding rule is working out.

In the matrix form it is defined so: &
f.(x) Y i v we e B St 1
L(x) = In f;(i) =S @A) S E-F) 45 R ) -s;(x-uzn-z-m'*_:_:l}» (1
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where: x - vector of parameters of object (vector-column); m - vector of average values of parameters
of objects; S - covariational matrix.
In the process of educating values of function L(x) are count for each product and their sequence is
regularize in size L(x). Threshold is choose on this sequence A, whereupon process of educating ends.
In step of categorizations for classifying object value of deciding rule is defined and decision is
receive a visit at the correspondence to the rule:

A,then x c cl.1
If L(x}¥>2 : @)
(X){S A,then x < cl.2

Method of stochastic aproximation. In the given method certain function f(x) is carried in con-
sideration which takes a value +1 if object belongs to a class 1, and -1 if object belongs to a class 2.

Deciding rule geometric is interpreted in N-a measured space of parameters of object, as a surface,
separating classes 1 and 2. In the event of distanced recognizing classes as functions, aproximating
this hypersurface choose linear function of type

f(X,e)=C, + ici X, )
i=t

where p - amount of parameters of object,
Coefficients of aproximating function are defined on formula

Clk] = Clk - 1]+ I'[k] e sign(Y[k] - C [k - 1 Jo(X[k])) » o(X[K]) » (4)

where: C[k] is a vector of coefficients of aproximating functions; X[k] is a normalize vector of
parameters of objects of education; ¢[k] is a system of known linear independent functions; Y is
a "teacher’s" reaction; I'[k] is a diagonal matrix of steps of educating, defining velocity of motion to
the optimum spot of coefficients vector on different coordinates on k step of education.

In step of categorizations for classifying object value of deciding rule is defined and depending on
the sign of the result it is defined to what of two classes the object belongs to.

Area restriction method. Method of diagnosing the conditions, which allows to visualize location
and clusterization of objects from the educate sample is designed. Given method is designed for the
two-measured space of parameters only, therefore visualization is possible.

There is an ensemble of spots in step of educating (objects for educating), which belongs to one
class. By means of the special algorithm spots are chosen, which, when joining with lines, form a
proturberant polygonal figure, inwardly which will inhere all spots (objects) this class. Ensemble of
spots, shows tops of this polygonal figure and presents itself a deciding rule, allowing draw a
conclusion of belonging classifying object to this class. Note, that in the given method deciding rule is
not a surface separating two classes but it describes one class.

In step of categorizations getting a classifying object in one of the polygonal figures is analysed,
which is uniquely defined by tops, received in step of education. If this object has fall into one of the
polygonal figures, a conclusion is drawn on the accesoires of this object to that class, which is
described by the polygonal figure. But if the object had not got in any of the polygonal figures, or it
is render inwardly two or more ones, a refusal of recognition occurs.

Discussion. Considered methods of building of deciding rule present two approaches to realization
of logician-mathematical procedures of recognition. In the first event (method of statistical decisions)
for the finding of separate hypersurface evident mathematical expressions are used, which have got on
the base of parameters of source object. As a result of decision of problem of recognition is got after
one step or cycle of calculations, cost from the end number of elementary operations. In the second
event (method to stochastic aproximations) process to categorizations under given initial parameters
will be realized, which is close to parameters of the object. Such iterative methods ensure a finding of
separate hypersurface coefficients after performing an endless number of steps or cycles of valuing,
but an aproximate decision can be received as a result of intermediate calculations.

Other approach to the building of deciding rule is offered in the area restriction method. Here
deciding rule is not a surface separated two classes, but it presents itself an ensemble of spots,
describing one class. Defect of this method is that it is not worked out for multidimensional
parameters space. But this problem can be solved in principle.

Software and testing. Above-mentioned methods of diagnosing were marketed software on
programming language C, and are tested on test sample which consists of 80 objects, 20 objects in
each of 4 classes of technical condition. For all methods of diagnosing percent of correct recognition
of objects from the educate sample was determined. It is render approximately alike beside all three
methods and has form 97%.
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The first two ways of diagnosing are oriented on the two-class recognition, so considered four-class
problem has decided a consequent cycle of two-class problems in three stages (method of dichotomy).
On each stage of educating deciding rule (DR) was build. On the first stage separate class A and
collection of objects of classes B,C,D were build by DR1. On the second stage separate objects of
class B and collection of objects of classes C,D are received by DR2,. On the third stage separate
surface between classes C and D is build by DR3. Accordingly, categorization was also conducted in
three stages.

Area restriction method is designed for any amount of recognition classes.
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Merpo Apabuy, Uropp Crenpko. JAEKTPOMATHUTHBIE TOHCKOBBIE CHCTEMBI.

Onucansbl Hpﬂ60pbl U CHUCTEeMbl [JI1 TIOHCKa U BbIABJIEHUS Mecmpoxcuenﬂﬁ TOJIeE3HBIX MCKOIIaeMbIX H
PacmoyIoKeHUsT ITOA3EMHBIX HHXEHEPHbBIX KOMMYHHK&IIHﬁ C TOMOIbIO HMILyJIbCHBIX H I‘apMOHmIECKHX
€JIeKTPOMAarHUTHBIX ToJieit. HPHBBZIGHH UX TeXHHYEeCKHe XapaAKTEPUCTHKH.

OnanuM i3 epeKTHBHAX METO/IB, IO BHKOPHCTOBYIOTHCS NPH NMOMYKY POJOBAI] KOPHCHMX KOIAJHH,
PYHTOBHX BOJI, 2 TAKOX CTPYMONPOBiZHAX KoMymikatis (xa6eniB, radro-, raso- i MPOYKTON POBOIIB),
€ 3OHIYBaHHSI IOCJTI/UKYBaHHX CEPENOBHNI, 06’€KTiB 3a AONOMOTOI0 iMITyJIbCHHX 260 rapMOHIMHUX ejeK-
TPOMArHiTHHX 1oJiB. EdeKTHBHICTD HEX METOAIB MiJTBEPKYETHCS 3HAYHOIO KIJABKICTIO BITYM3HSHOL i
3apy6iXkHOT reoeseKTPOPO3BiyBaIbHOI aNapaTypH /Uisl BUSHAYEHHsS. KOOP/AHHAT MiJ3eMHAHX KOMYHiKaIii
i ix TexHiuHEAX XapakTepicTHK (CTPYMY KaTOHOTO 3aXHCTY i IKOCTi ido/siuiifHoro mokputtst tomo) [2-4].

[Ipu peasisauii iMNyJbCHOrO €J€KTPOMArHITHOTO METO/ly JIOC/II/DKYBaHe CEPE/IOBHIIE, 06’exT 30yIKY-
0Th HECTAIOHAPHUM eJleKTpoMarHiTHUM nosem. Ilig Horo xiclo B 0CHI/KYBAHOMY CePE/IOBHII BHEHKA-
0Tb BUXPOBi CTPYMH, SiKi, PO3NOBCIO/KYIOYHCh B NPOBI/IHOMY CEPEe/I0BHIIi, CTBOPIOIOTh BTOPHHHE HECTa-
nioHApHe TOJie, Ii/i BIUIHBOM SIKOTO B NPHHMAIBHOMY iHIYKTHBHOMY NEDETBOPIOBAYi HABOAHTHCHA €JIEKTPO-
pymiitaa cuna. 3apeectposari iHdopManiiiHi CHTHAIX - Lie NOCTIIOBHOCTI 3aHUKAIOUUX IMIYJIbCIB HANPYTH,
piBeHb, TPMBAJICTD | NOCTi#HA 3aHWKAHASA SIKUX € (PYHKIISMY XapaKTEPUCTHK JOCII/DKYBAHOIO CEPEAIOBHIIA.

[Ipu nposesenHi AocaifkeHb Ha iHQOPMATHBHHI CHTHAT HAKJIAJAlOThCS AAWTHBHI BHNAZKOBI |
peryJsipHi 3aBajii IMIyJbCHOrO i HENEPEPBHOTO XapaKTepy, siki CHOTBOPIOITb i#oro ¢opmy i He
[03BOJIsSIIOTh 6e3 crelisiabHoro o6pobienns Bu3HaYaTH 1HGOPMATHBHI apaMeTpH.

B rnonosini posrisinyTi CTPYKTYpHI CXeMH NOPTaTHBHOI anaparypu AIsl IOCHIZDKEeHHSI YaCTHHMU
poapiay mnosepxmi 3emui (B OXMHANb O COTEHbH merpis) IIIPC-2M i npuiam A1 BH3HAYEHHS
KOOPJMHAT Mi/[3EMHUX CTPYMONPOBIAHAX KOMYyRiKamifi Ta rpaji€eHTa NOTEHLIsIY KaTOIHOTO 3aXHCTY
marictrpanbaux TpyGonposonis IMK-4.

Anaparypa IIIPC-2M azificrioe BHMipioBaHHsi 3HaveHb iH(QOPMATHBHOrO CHIHaJIy Ha ¢oHi
peryasipanx (yacrora 50 Ti) i BHIAZKOBHMX BHCOKOYACTOTHHX 3aBajl, a TpPHUJIal IMK-4 3a6e3neuye
BH3HAYEHHs! oci mijf3eMHoi KoMyHikauwii i riu6unm il 3andrassi Ta rpajlieHTa MOTEHIIANY KaTOXHOTO
3axucTy TpyGouposoaa.

EdextuBre npuaymenus perynsipuux sasax b amapatypi [[[PC-2M peanisyeThest 32 N0TOMOTOK
midepeniifinoro Meroxy i cuEXpoHisamii po6oTH I'€HEPaTOPHOrO i BHMIPIOBAJbBHOrO KaHaliB 10O il
3aBaZi, a NPUAYWIEHHS BHCOKOYACTOTHMX BHIA/KOBHX 32BaJl 3/(IHCHIOETHCS NIJISXOM YCepe[HeHHs
3HavyeHb CHTHATY B (ikcoBami MoMenTH dacy (Ha 3ajaHiif 3aTPUMI BiJIHOCHO MOMEHTY BHKJIOYCHHS
YEproBoro iMMyJbCy CTPYMY B F€HEPATOPHOMY KOHTYPi).
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[Ipunnun aii npuaagy IMK-4 3acHoBaHmE Ha JOCIiZKeHH! eeKTPOMArHiTHHX TMOJIB Bia KabeiB T
TPyGONPOBO/IB, MO BHHUKAIOTb 33 PAXYHOK He36alaHCOBAHOCTI (hasoOBHX CTPYMIiB y CHJIOBHX Kabeisx
(50Tm) Ta cTpyMy katogHoro saxucry y tpy6onposogax (100 I'm). .

[Ipunan Takox HagiliHo BHAiNSE KOMyHikauii, mo He mifKTiOYeHi 70 JpKepen CTpyMy, SIKIIO BOHH
MaloTh KOHTAaKT 3 rpyHTOoM. lIle focsiraetbest 3a paxyHok “6iaykaloynx cTpymiB” 3 uactoramm 50 i
100 T'n. Ilepen6auena Mox/HBiCTD po6oTH Ha TphoxX wyacTotax 50, 100 i 222 T'y. Yacrora 222 T
BHKODHCTOBYETBCSI TIPH PO6OTI B CKIAJHHX yMOBaX, KOJIM 3HAaYHA KLIbKICTb KOMYHIiKaIili 3KOHIIEHTpOBaHa
nopy4 a6o mpH BiICYTHOCTI B IIA3€MHAX MeTaJEBHX KOMYHIKallisiXx cTpyMiB wactoramu 50 i 100 I'w.

Texniumi xapaxvepucruxn amaparypu IIIPC-2M ta npmaaay IMK-4. Anaparypa ITIPC-2M.
Anaparypa 3aesneuye BHMIDIOBAHHSI €JEKTPOPYWIiHHOI CH/IH, HaBeeHOI B  IPHHMAJIBHOMY
inzykuifinoMy nepersopioBai B may3ax MiX iMuOyabcaMu G6ilOJISIPHOTO CTPYMY B TeHEpPaTOPHOMY
KOHTYPi Ta ii BIAHOWEHHS 10 aMIIITY/IH iIMIIYJIbCIB 30H/YIOYOTO CTPYMY.

OcHOBHI XapaKTepUCTHKH: aMILIiTypa GiNoJspHHX iMIIyJbCiB CTPYMY B reHepaTOPHOMY KOHTYPi Bl
0.5 o 5A; TpuBanicts iMmyasciB cTpymy 14 Mc; TpuBanicTh naysu 6 Mc; AisSIA30H YAaCOBHX 3aTPHMOK
BiZt 2 110 5999 MKC 3 AMCKpeTHicTIO peryioBanHst 1 MKC; NoXu6Ka YCTAHOBKH 3aTpUMKH He Ginbme 1 %;
NOpir YyTAHBOCTI anapaTypd NpPH BHMIDIOBaHHI BiJHONIEHHS €JEKTPOPYHIIHHOT CHJAM [0 aMILTITyIH
imMuyJibciB crpymy S MxB/A; inukanis peayspraty BuMipioBanusi B nudposiit dopmi.

Ilpunap IMK-4. Tlpunax n03BoJsie 3HAXOAUTH Jiloui cHIOBi Kabesi i TPyOH 3 KAaTOLHHM 3aXHCTOM
Ha raubuni no 10 M 3 moxm6koo He Ginbmie 5% NPH TOYHOCTI BH3HAYEHHS NpPOEKmii ix ocell Ha
NOBepXHI0 rpyHTy a0 20 CcM; [AiANasoH BHMIPIOBaHHsS NOCTIHHOTO NOTEHISy KaTOLHOIO 3aXHCTY
Tpy6onposoxis Bix 10 xo 2000,0 MB 3 noxubkoro He 6inbme 1% ; B Npuaaji BHKOPHCTAaHA 3BYKOBa

iHMKanist A nomyKy oci koMyHikauif i mugposa — Juist peectpauii rIMOUHE i MOTEHIISUTY KATO/IHOIO ‘

3axucry; po3Mipu npuaaxy 260 : 120 : 390 MM, mOBXKHKHA IUTAHIH 3 JaTYMKaMHU 82 cM, OBXKHHA AaBayiB |

15 cm; maca npuiaagy 2 Kr, IOTAHTH 3 JaTYHKAMH | KT XKHBJIEHHS npuaany 3aiHCHIOETBCS BiJ OZHOTO

akymynsropa tany 7/1-0,115-V1. 3Bapsika axymyasitopa spificmioeTbest Bim Mepexi 220 B abo |
aBToMoGinibHoro akymynstopa 12B. [las poGorm ma wactori 222 I'i npuAa; KOMIJIEKTYEThC |

reHeparopoM 3MinHOTO crpymy ['3C-1.

Texuiuni xapakTepucTukd resepatopa: motyxsicts 100 BA ; wacrora BuxigHOro curmany foo, 222,

300 i 1000 TI'u; moxu6ka He Gimbme 0,5% ; HecrabinbuicTs uactorn He Ginbme 0,1 % ; Aismason 3MiHH
BuxifHoi Hanpyru Big 10 g0 60B 3 auckpernicrio 10B ; MakcHMabHE 3HAYEHHS! AMILITYZH iMITY.IbCiB

CTpyMy B HaBaHTaxkeHHi gus Hanpyr 10, 20, 30, 40, 50 i 60B cknazae Bigmosigno 10, 5, 3, 2.51 1.5A;
XKHBJEHHS Bifi aBTOMOGibHOTO akymyssitopa 12B. B rereparopi € mBraKomiounit eneKTpOHHMH 3aXHeT |

Bi/I l€epeBaHTaXEHb.

Anaparypa IIIPC-2M i npunax IMK-4 3 reneparopom BurotoBasiotbcst B Disuko-MexaHigHOMY
igcrutyTi imM. I.B. Kapnenxka HAH Yxkpainu.
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Oleksandr Kalashnikov. The Application of Filtering Processing Methods to the Machine Diagnostics Based
on Their Vibrations.

The problem of the state and operation accuracy monitoring, and the design optimization of the machines
based on their vibration analysis is considered. The selection of the information signals needs the optimal
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frequency filtering in this case. The usage of the optimal signal-to-noise ratio and relative mean square error
nonrecursive digital filters and their design are discussed. The presenting examples of the filter design shows the
efficiency of the design procedures and the obtained filters for the machine vibration analysis.

B 6araThox BHIAAKAX 3a/adi AISTHOCTHKH MAlIMH Ta MEXaHi3MiB YCKJIAJHIOIOTBCA 32 PaXxyHOK TOro,
mo Hafi6iAbm BaxIMBI JAeTami IMX MamKH IepebyBaioThb y mocriiiHoMy pyci i pO3TamoBaKi y
BAXKKOIOCTYNHHX Micisix. ToMy BeqMKHH iHTepec BHKJIHKAIOTh METOAH JUATHOCTHKH, M0 6a3yoThCs Ha
aHani3i BI6POAKYCTHYHHX CHTHAJIB, Yyepe3 iX CIPOMOXHICTb OTPHMYBATH indopmaliilo CTOCOBHO CTaHy
BIIAJIEHAX BY3JIB Ta 3aCTOCOBYBATH NOPiBHSIRO J€lIeBi anapatHi 3aco6u.

MosxxansicTh 36upansst iHdopManii, MO XapaKTepH3ye CTaH Ta dbyHKIIOHYBaHHA PIi3HHX BY3JiB,
OAHHM BiJIIaTEHHM CEHCOPOM, MpOTe NPU3BOAUTH A0 CYTTEBOTO YCKJAJHEHHS MOAa/bHIOro 06pobnenHs
Ta anajisy BiGpoaxycruunoi indopmaiii, sika noTpebye BiIOKpeMJIEHHS indopManiiHUX CHTHAJIB, SIKI
BHHMKAIOTh BHACJI/OK BILTMBY Pi3HHX YHHHHKiB. B 3araapHoMy BUNazKy HeoOXiZlHA CeseKIis MOoXe
IpoBOAMTHCH Y 4aci, npocropi, wacrori. OjHak, BpaxoBylOuH IOPiBHSIHO BEJIHKI JOBXHHM XBHJIb
BI6POAKYCTHYHUX CHIHAJIB B METATEBHX MalIWHAX NOPIBHSHO 3 ix posmipami, MOX/THBOCTI IPOCTOPOBOT
cenexiii cyrreso obmexeni. Cenekuis B o6nacTi ¥acy YCKJIAJHIOETbCs BHACHIIOK OGJH3BKOTO [10
cranioHapHOTO pexkuMy pobotn Gimbmiocti mamua. Ilix wac mpoBeneHHs cesexnii B 4actoTHiit obaacTi
Heo6XiHo GpaTH 40 yBaru Te, MO I'€30€]EKTPHYHI CEHCOPH CHPHMIMAIOTH KOJMBAlbHE NPHCKOPEHHA, a
He 3MilleHHS YA MIBHJKICTb, IO IPH3BOJAMTb /IO Bi/ANOBIJIHOTO 3POCTaHHA iHTeHCHBHOCTI CJIa0KHX
3aBaIOBAX BHCOKOYACTOTHHX Bi6paifiif, a TaKOX HasiBHICTb, SIK NMPaBHJIO, JEKiMIbKOX [Kepes BiGpamii 3
6IH3BKHMH UYACTOTAME KOJMBaHb Ta MEKiJIbKOX Ppe3oHaHCIB KOHCTpyKmii. 3a HuX yMmoB noTpibHi
BysbkonoJocHi inbTpyloui npHCTpoi, AKi BaXKO peanisysaTd Ha anasorosiit enementHiit 6asi. B
JONOBii PO3TASAAETHCST 3aCTOCYBaHHS METO/IB  EHEPreTHYHO onTuMabHol 1H(POBOI YACTOTHOI
dirprpanii fo cenexuii indopmaniiinux cursanis B 3ajayax BIGPOAISTHOCTHKH, 30KpeMa, MOHITOPUHIY
crary Ta GyHKUIOHYBAHHA MANIMH T2 MEXaHI3MiB, a TAKOX ouruMisaiii X mig Yac NPOEeKTyBaHHA.

Hasegenuit B [1] amanis mokasye, mo sl [€TEKTyBaHHs CHIHaJB 32 TEPEBHIIEHHSM JEAKOTo
IOPOroBoro piBHs 6aXaHO 3aCTOCOBYBATH (iAbTPH, MO 3a6e3neyyioTb MaKCHMallbHe Ti/IBHIEHHS
pigHomenHsi curHaa/sasaga (BC3), a s dinprpanii indopmaiifinux CcHrHaAiB 3 MJIEMH
CIOTBOPEHHSIMHU [ouiJbHINIE BHKOPHCTOBYBaTH binabTph, ONTHMAJbHI 3a KpHTEPIEM
cepeirbOKBaipaTHuHol MOMHIKA. CHHTE3 HEPeKypPCHBHHX wndposux binsrpin (HIID) 3a kpurepiem
BC3, mo npoBoAMTbCS WIJISXOM TPAIi€eHTHOI ONTHMI3allii ysaraibHEHOrO sizgomennst Penes (YBP),
posraanyto B [2]. 3a jonomoroio miaAXoAy, aHAMOriMHOMY 3aCTOCOBAHOMY B [3], moxra nmokasaTH, IO
cuates HIIM 3a KkpuTepieM BiZIHOCHOI CepelHbOKBAAPATHYHOI MOMMJIKHK (BCKII) Takox Moxe 6yTH
IpoBeileHHi MASIXOM TIPaZi€HTHOI —omTHMI3amii VBP, mo noapoasie yHidikyBaTH uporpamue
3abeamevennsi aus cuntesy HIID.

Y uepiioMy BHOAAKY AISCHOCTHKHM MAIlHH Ta MeXaHi3MiB 3a iX BIOPOaKyCTHYHMMH CHTHaJIaMH, IO
CTOCYETbCA MOHITOPUHTY YHKUIOHYBAaHHS, CHHTE3yBaBCs diapTp 3a peayabraTaMM BHMIPIOBaHbD
Bi6pauiif, Mo BUHUKAOTH UPH OGPOGJIEHH JeTalell METAJOPI3aJbHAM BEPCTATOM. AHani3 BHTOTOBJEHUX
Jetaneil 3acBifuMB HASBHICTD 3B'S3Ky MiX piBHeM Bi6pamili iHCTpyMeHTY Ta SIKICTIO ob6pobnenus. [lna
ONepaTHBHOrO MOHITOPHHTY sikocTi o6po6iennst neobxianui QiibTp, MmO nocaabaoe BiOpaiii, noB’s3ani
3 ofepTaHHsIM /[BUI'YHA BeEpCTaTa (50 Tw), i nepeaae Bi6pauii, mop’si3ani 3 o6epTaHHsSIM IHCTPYMEHTY
(60 Tu, komcTpykmisi BepcTaTa MepeaGayae MiJABHITYBAJIbHY nepegauy). Cunrtesopannit HIID 3
aiifigoo ¢asoio, onTrmanbuuil 3a kputepiem BC3, sabesneuye miaBHIIEHHS BC3 nsa 11 ab (uacrora
mackperusanii fd=500 T, xinbkicts BizsoaiB HII® N=50). TaxuM 4MHOM, B POITJSHYTOMY BHI/IKY
HIID Mae mociabaioBaTH CHIHAMH, IO BiANOBIZAIOTH PEXHMOBI X0J10CTOTO O6epTaHHsi, 1 HepelaBaTH
CMYTy 4acTOT, siKa NOB’si3aHa 3 (PYHKIIOHYBAHHSIM MAlIMHH.

Y apyroMy BHNAAKy MisTHOCTHKH — MOHITOPHHI CTaHy — POSIVISHEMO [PHKJIA[H CHHTE3Y
nekinbkox iaprpis. Ilepmuii 3 HEX CTOCYE€TbCS MOHITOPHHTY CTaHy pi3ajJbHOTO IHCTPYMEHTY Y
POSTASIHYTOMY BHue BepcTaTi. BHMiploBaHHS NMOKa3aa, 10, 32 YMOBH BHXOLY iHCTPYMEHTY 3 Jajy,
BEHHMKAIOTD 4YacTi yAapH #HOro mno Jerani, sKa OGPOGASETbCS, N0 CYNPOBO/RKYIOTHCS 3HAYHHM
miBMIeHHsM piBHS Bibpamiii Ha rapmomikax uacToTu obepranus 3 10-i mo 20-ty. Cuureszosanuit HIID
3 ninifinoo ¢asoo, ontumanbuuit 3a kputepiem BC3, 3alesneuye MiJABHIICHHS BC3 ua 46 xb
(fd=500 Tu, N=50). TpuBasa po6OTa MalIKH Ta MEXaHi3MiB MPH3BOIMTb [0 NOCHaGNEHHs KOPCTKOCTI
KOHCTPYKIi, BHACJIZOK 4YOro 3pOCTaioTh INapa3HTHI KOJHWBAHHS fioro 4acTuH, IO 36Y/KYIOTbCS
KOPOTKOYACHHMHM MONITOBXaMu JeTaiedl Mammpd. HacTymmi npukrafn CTOCYIOTBCS [ISTHOCTHKH
TKALDKOrO BepcTaTa 3a AaHUMH [4], BiANOBIAHO 0 SKWX HOBHH BepcTaT Ma€ NOMITHI Bibpanii Ha
yacroti 100 It Ta y cmyai 400-750 T, a 3a ymoBH iforo 3Hocy spocraiors Bi6pauii y cmysi 150- 00 I
®inprp, cuntesoBanmii 3a kpurepieM BC3, sabesumeuye ninsumensss BC3 Ha 25 ab (fd=5000 Tu,
N=50). Takox 6ys mnposexenmii 3a xpurtepiem BCKII cuntes ¢inbrpy, sikui, OKpiM nocaa6enHst
Bibpaiiii HopmasbHoro GyHKIiOHYBaHHS, 3abesneyye AOLATKOBE iHTErpYBaHHs NEPIIOTO HOPSAKY IS
CHTHAJIIB, MO BiANOBiAaITH 3HOCY BepcraTa. Woro Buxizaa BCKII cramosuts 0.5% 3a THX Xe fd Ta N.
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Taknam unMHOM, y BHNAJAKYy MOHITOPHHTY cTaHy MamuH (ijbTp Mae ocnabioBaté Bi6pailii, nos’si3ani sk
3 XOJIOCTMM PEXXHMOM MalIMHHM, TaK i 3 {i HOpMaJbHUM (DYHKIIOHYBaHHSIM.

Y TpeTboMy BHNAJKY POSIJISAHEMO 3aCTOCYBAaHHS aHaJi3y BiOpauiil Ha eTami KOHCTPYIOBaHHSI MalIHHE
3 Mmeroio ii onrtuMmisanii. Y mpomeci mocaifpkens Merajopizanphoro Bepcrata OII-86 6ys 3uaiienui
NOTY)KHHH PE30HAHC CHCTEMH KPilIeHHs JBHIYHAa, IO BHHHKAaB 32 YMOBH BHCOKOI KyTOBOI MHIBH/KOCTI
obepranHs Ha Apyriit rapmonini. IIpun mpoMy BHHHMKa/NM 3HAYHI HANPYXKEHHS Ta WIYM, BHACHIZOK YOTo
TPHBaJi MOCJAI/DKEHHS BEpcTaTa B TakoMy pexumi Oyinu He Gaxani HaBiTh JUIsl YCYHEHHSI IbOro
KkoHCTpyKTHBHOrO fedexty. MinbTp, cunTresoBanuilt 3a kputepieM BC3, nossonsie migsumurn BC3 Ha
24 aBb (fd=500 Ty, N=50). Ilpm mpomy micis BHeceHHS 3MiH y KOHCTPYKILIO BEpcTaTa MOXKHA
OLiHIOBAaTH iX e(eKTHBHICTb 3a piBHeM BiGpamiii cuCTEMH KpIiIJIeHHS ABHTYHa Ha CTaJHX YaCTOTaX
o6epTaHHsi, rapMOHIKH SIKMX JafeKi Bif pe3oHaHcHOl yactoTH. ONTHMI3alis KOHCTPYKIII MalIHH MOXe
NPOBOJMTHCh TAKOX 3 METOI0 3MEHNIeHHsI piBHs BiOpaliif, M0 BHHUKAIOTb B BaKJIMBHX €JEMEHTaX
KOHCTPYKIil BHAC/Ti/IOK BILTHBY BibGpauiii inmux enementis. [[isi BU3HaYeHHsI TaKOro BHJIHBY HEOGXizHO
NPOBO/MTH KOpeJAlilnué amanis si6pauilfi y pisHMX To4KaX MamuHH, 3abesmequBiid nociabieHHA
HEKOI'€PEHTHHX CHrHaJiB, NPH BHECeHHI 3MiH y koHcTpykmilo. CunresoBanuii 3a manmmu [7] HID,
onTEMasIbHAH 3a kputepiem BC3, 3abesneuye miapumennst BC3 wa 12 B (fd=500 I'm, N=100).

Marepisiiin  fomoBifl AaioTh nmifcTaBy 3po6HTH TaKi BHCHOBKH: TeXHiYHA MiSITHOCTHKA MANIHH Ta
MeXaHi3MiB HIJIIXOM aHaJi3y BiGPOaKYCTHYHHX CHUTHAMiB MOXKe OYTH IPOBEJEHA 3 METOK MOHITOPHHTY
crany a6o QyHKIUIOHYBaHHS MalIMHH, a TAKOXK /s onTHMisauii il KOHCTPYKIil Ha eTani HpPOEKTyBaHHS:,
Bi/IOKpeMJICHHsI 3aBa/IOBUX CHTHAJIiB B 4acTOTHIH 06,acTi AOMiJBHO IPOBOMMTH HIJSIXOM 3aCTOCYBAHHS
mudposux GiabTpiB, ONTHMAILHHX 33 €HEPreTHYHHMHM KPHTEPIisSIMH; IPafi€HTHHH aJrOPUTM CHHTE3y
JAO3BOJISIE NPONOHYBaTH DiABTPH, N0 3aJOBOJBHSOTD BUMOTH [0 HuX 1 3abesneuywors 10-40 ab
nocaabyieHHst 3aBaJlOBUX CHTHAJIB.
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Anatolij Krasnopojasovs’kyj. Technical Diagnostics of Complex Systems by the Method of Functional-
Statistical Tests.

Method of functional-statistical tests, based on a hypothesis of indistinct compactness of images’ realizations
and allowing to optimize parameters of training process by information criterion of functional efficiency of
trained recognizing system, is considered as the new unparametric method of image recognition. The method is
oriented to the decision of problems discrimination and factor-typological of the analyses and - analysis within
the framework of uniform algorithm.

Meroponoriyni T1a Teopermumi ocmoen MMPCB. Henapamerpuunuit wmerog ¢ynxnioNanbmo-
craructayHnx BunpobyBans (M®OCB) 6asyeTbcsi Ha TakuX OCHOBHHX NPHHIANAX, SK 3arajbHICTb
indopmaniitHoro kpurepilo A1 OuiHKH (YHKLiOHANBHOI edeKTHBHOCTH, KOMIOSMINSA MAaTeMaTHYHOI
Moziesi cctemn pocnisnasanns (CP), arperatyBanHsi CTaHiB i dynkuiii CP, npsima 3anexwictd
€KOHOMIYHOI ck./1antosoi edextnsHOCTI Bix iHdopmauiitaoi 3gatHocti CP 1 GaratosapisiHTHOCTI pimens
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PO TEXHIYHUE CTaH CUCTEMH M®OCB, no [03BOMsE PO3D AIYBATA 3a/aui aBTOMATHYHOL kaacudikamii:
JHCKPHMiHAHTHMH THHOJOTIYHME aHami3 (JITA), daxtopuuil THHOJOTIYHEA aHAII3 (DTA) i knacrep-
aHaJi3 y paMKaX €JHHOrO aJTOPHTMY.

PosriisineMO NMpOCTip O3HaK PO3Ni3HaBaHHA XcR' - npocrip Xeminra, mo € NOKPUTTAM. IIpu mpomy
CardX=2N, e N - yHC/I0 03HAK PO3Ni3HABaHHSA (OP). Hexai X={x(m)}<:X - MHOHH2 00’€KTiB, eJleMeHTH!
SKNX 337a10Tbcsi N-BIMiPHEMHA BOOPAAKOBaHMMHA GiHADHHMH BEKTOPaMH O3HAK:

x(n)=<x,"" ..., x™ ..., x>, n=1n¥*,

Je n - HOMep NOTOYHOro BHNpPOGyBamHsi, N* - JOCTATHA AOBXUHA penpesenraruBioi Bubipxn. Tozi

YMOBH HEYITKOro pOo3BHTTS M npocropy X Ha knacu posmisHaBaHHS {X,"}, m=1,M, maioTh BUrIAMI:
VX, eR™M)[X,° 0];
@3X,° eRMYEX, eRMX, = X' = X' n X =0];
(VX0 eRMYVX," eRM)[KerX,’ # KerX," - KerX' nKerX =0];
b X7 <X . €Y
X-° KM
Ha BiaMiHy Bifl BIZOMHX JHCTAaHLiHHO-MiHIMAJIbHEX ajropuT™is asroMatHyHol KJachdikanii,
opieHTOBaHHX Ha OOpOGJEHHs MaHHX [1], M®CB opientoBanuit Ha aHali3 AaHMX, 0O JO3BOJSC

po3B’siaaTH mpobiieMy onTHMisalii napaMeTpiB HaBYaHHS CP B indopmariitnomy cenci, 10610 B cenci
JOCSITHEHST HA eTalnli eK3aMeHy HaJifHOCTH po3nisHaBanHsi, GIU3bKOI 10 ACHMITOTHYHOL.

B sikocti kpuTepisi (GyHKIiOHAIDHOI eeKTHBHOCTH (K®E) 8 M(DCB npupo/iHbO BHKOPHACTOBYBAaTH
indpopmanifiHuil KpUTEPiil:
H, ~HLY) . & . <
=200 Hy == ply)logs(p(r )i HOY==3p(r)
0 =1 =1
ne H, - anpiopsa (6eaymosna) emtpomisi, H(y) - ymoBHa eHTpOMisi, IIO XapakTCpusye 3alHIIKOBY
HeBH3HAueHicTh pimenns, p(y,)- 6e3yMoBHa iMOBIipHICTh IPHAHATTSA rinoTesn wl=0M; p(u, tr,) -

M

plu, 1y )log, (p(u, 1 7,))+ (2)
1

m=

aroctepiopHa yMOBHa iMOBipHICTDb NpUIHATTS pilleHHs [ TIPA HAsBHOCTI rimoresu Y, ; M - kinbkicTb
afbTepHaTHBHHUX TiNmOTE3.

[Ipn sactocysansi ¢opmyau Baiteca xpurepiit (2) moxe 6yTu BHpaceHHil yepes anpiopHi YMOBHI
imosipnoctri p(4,, ly ,) , ki € TouynicnuMu xapaktepucrukamu CP. Hanpukaax, npu PiBHOIMOBIpHUX
rimoresax mis M=2 KOE mae Barmsia:

E _leg, s A log, L log, b_, D, log, D,
+D, a+D, p+D, p+D, p+D B+D, a+D, a+D,

re a,B,D,, D, - nomMunk# NEpmoro Ta APyroro pofy, Ue€pia Ta Apyra JIOCTOBIPHOCTI BiZJHOBIZHO.

), (3)

E=1+—(
2 a

[lapamMeTpaMu, L0 ONTHMI3yIOTbCS B MPOIECi HaBYAHHA, B M®CB sBuCcTynawTb: KOJOBa BIACTaHb
. o . ) )
d(x, ®A,) mix eranomnum pexto-pom (EB) x, €X,’ i posnoginbrowo rinepnosepxueo (PTII)
0
xracy X, —d(x,®A2,), ae A,- sep-mmna, mo sarexurs PITI kracy X.', @ - onepauis

CKJa/IAHAS 32 MO/IYJIeM 2; CHCTEMH KOHTPOJIbHAX JOIYCKiB (CK/1) Ha o3naxu posmisaasanusi (OP) i pisewnp
CeNeKIlil JaHHX.

MareMaTHyHHUii ONAC PO3B sA3aHHSA U
3aB/laHHsA aBTOMaTHYHOI KJacHikaiii ’
B MDCB moxe 6yT HaBeAcHHH ¥ by
BHUIJISIAI y3arajlbHeHOl JisrpaMu. - E < G

Ha gisirpami T - MHOXXHHA MOMEHTIB y
suarts indopmanii; G,X - MHOXHHA o) D R
BXizuux 1 suxigamx  (Bubipka) )
cUrHaJiB  06’€KTy  [iSITHOCTYBaHHS Ny
(O1) sianosimuo; Z - MuoxuHa cTafis | ¥ » TxGxZ —» X —> Q L pRM Ly F 2 M3
on; L:TxGxZ—->X - omeparop D %

N
M

¢dopmyBanHs BuGipkoBoi MHOKHHH; € -
maoxnaa OP. B M®CB oneparop
kracudikanii  W=V,e'¥, Busnavae Y

npEHANeXHicTh  peasizamii  o6pasy Jlisizpama
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OfHOMY 3 eJ[eMeHTIB muoxnrn M= ={1,2,3,..., M\,M+1, M+2 M+3}, me umcno M+1 osnayae HOMEp
HOBOTO KJacy X’m+1, (M+2) - BKasiBHEK Ha ﬂeoﬁxumnc-rb nouasuanusi CP 3a pesysnbraTtamMu exsaMeHny i
(M+3) - BkasiBHHK Ha HeoOxiamictp nepenasuyannst CP. Bigo6paxenusi pimennst nmpo cran OJ] na
MHOXXHHY TOYHICHHX XapakTe nc-rmc L, nas sxoi Card=2', ze | - kinbkicTs aJbTEPHATHBHUX TilOTES,
peasli3yeTbcsi OnepaTopoM ¥: ™*_5G. Oco6amsictio MDCB e Bizo6paxkenHst MHOKHHA G Ha 3HAYEHHS
mipr E: ¢: GoE. Takow Mipoio Moxe 6yt indopmamniiinnii kputepii (3).

B unpomeci HapuamHs onThMisamis posbmrts R™  peanisyerbcs omeparopom R: E—» R,
ontumizanis CKJ[ — muoxusa D — omeparpom P: E-D i onrtumisaniss MEOXMHH piBHIB cejekmil
aaunx H - onmeparopom I: E-5>H muasixoM momyky MakcuMyMa KpHTepiiwo, Em. =maxE_ , ze {d}-

{d}

MHoxuHa paniyciB PTII ansa kaacy X,

TakuM YHHOM, B SIKOCTi arperatoBaHoOi Moziesi aBromatnyHOi KiacHdikanii B pamxax MMCB moxe
PO3IJISAATHCA TaKa CTPYKTYPOBaHA MHOMHHA:

Ag=<X,1,T,Q,I(R),LEDH,®FV,W,R/PIY>, (4)

ne @: XxI[IxT—>Q - onepaTop, Mo BCTaHOBJIWE 3B’si30Kk Mix MHOXHHOI OP QcX, 3 oxsoro 6oky, Ta
BHGIpKOBOIO MHOXHMHOIO X, MHOXHHOW0 BHNpo6yBanb Il i MHOXHHOI MOMEHTIB IIPOBEIEHHS

sunpoGysanb T={t,}, n=1,M - n', 3 inmoro 6oxy. Muoxunn X, II, T, Q i onepatop @ ¢ 6asoBHMH
Anas MaTeMaTH‘!HHX mopesieit C/I. Ha Bigminy Bif aBToxou’rpomo CYKyIHICTh omepaiiii (bOpMyBaHHS[
MHOXXHHH H—{Jzn } B M®CB poaaTkoBo MICTHTb omepanil (pM}’BaHHSI peasnisanii o6paay, OIIHKAH il
npuHane)HocTi Kaacy X, , OIO € BHXOAOM BHNpoGyBaHHS J4, , a JUIs 3aBAaHb KJacTep-aHauisy —
OWiHKH cTaTHCTHYROI oaHopimHocTn Bu6ipku. B (5) 1(R) osnavac matemarwusuii onuc (mepenik mapa-
MeTpiB) po36HTTsI R; BepmuaK eranonnux Bekropis (EB) i pamiycn PITI; V=0e¥ - oneparop npuinsr-
s pimenn; W=yep - onepatop obuucierns indopmanifinoro KOE, manpukian, 3a dopmyoio (3);

) R=UeLe®eO - omneparop onrtemisanii mapaMerpiB po36UTTs - , ne U =

onepartop KepysanHsi (ILIsIHYyBaHHS) OPOLECOM HABYAHHS.
g Jlns posp'sisannst 3aspanEsi OTA omepatop W yrTBOpIOE KOMIO3HUIW0

/ s Hoat / oneparopis w: RM F, e F={f, ™} - mmoxuna bynKuifl IPAHANENHOCTH,
3 [ d[x, ®x™ .
o €JIEMEHTH SIKOI BH3HAYAIOTHCst 32 (POPMYJIOIO: fm(") = lw——[——"'zi,—l , medy -
}=0; d
m

KOZOBa BicTaHp Mmc BEKTOPOM X, (€ onTuManbrOO B indopmaniiHOMy ceHCI
PIIT kracy X,°); x™ - peanizanis oépaay, mo poamniznaetscs, i ¥y F-l

Heo6x1mncn> Q)opmynannx KJ1acy X’\s+i BUHHKAE B pasi, KoJH (bymcuu
{f ™y qus Beix knacie {X,°} craors Big'emmmvu. Toxi nounmae jisTH
onepatop - ka4 Y: F5TxGxZ no tux nip, nokn ¢yskmis fg. ™ he crame
noswruBHO0. Ilpm mnpomy dopmyBanns knacy X, 3AificHioeTbes 32
anmroputmoM [ITA, sk i s nonepeanix KjiaciB posni3HaBaHHSL.

Busnauenns ontuManbHOi kososoi Bincraui (paziyca) dm' 3IHCHIOETbCS B
pamkax /ITA 3a anropmTMom:

if E_[d(K-1)]<E,

0, if E_[d(K-D]=E.
K - kizbkicte npupoctis paaiycis PI'TI; h - xpox npupocry.

Ontumisanis CKJl sxilicHioeThess micisi BE3HadeHHs d eX,o, Jie Xf) -
nepmui kiac, mo Hai6iapm Gaxkanuil a1 pospobruka CP, 3a anropurMom:

{0k i}={8 x4}, sAxmo E, (d,)= T{I};a’}( E (d,) ,

i

d (K)y=d (K-1)+ ., me d(0) =E(0) =0;

Emiik=E(c-) ne {,;} - cucreMa eKCIIyaTanifHHX MOJIB AOMYCKiB.
. OuruMisaiisi piBHIB cexekmnii 3xiHCHIOETbCS /sl KOXKHOIO KJjacy MHic/s
. Her___ onramizanii CKJ| 3a aaroputmom: (Ag)= (ky ), sixmo Em= I}‘l)aﬁ{ E, (d.).
15 {Elr::d): IMiarorosumit eran. Ha niarorosyomy erani saiiicHioioTbest Taki xpoka: (1)
/ (Oopt(K; ET{k) / crpykrypusamisi OP, sika cknanaerbest 3 Brnopsiikysanast OP 3 omgHouacHEM
16 l rpynyBaHHsAM OfHOpiAHEX curHauis; (2) dopMyBaHHS BIJINOBIZHO BIOPSIAKO-
BaHHX MAacCHBIB HIDKHIX Ta BepXHIX eKCIIyaTalliiHHX MOMYCKiB Ha aHaJIorosi

oP; (3) (bopmyaamm MJISIXOM .uonxo—d)yﬂxmouanbﬂoro aHani3y BHXIAHOIO
Puc. 1 andasity kiaciB posnisHaBaHHs {X, %, mo Bixo6paxae MHOXNHHY TeXHIYHHX
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cragis OJl; (4) ouiaka MiHiMaabHOI  JIOBXHHH EL
PolIpe3eHTaTHBHO! HaBuyaJbHOI BHOIpKH (HB) 3a merojiom 1.0

AMHAMIYHEX JOBipYMX iHTepBajiB i3 yMOoBH npuiinsiTHux 3 09
IPaKTMYHMX  MipKyBaHb  craTHCTHuHoi moxm6km Ta 08 B
MAaIIMEENX 3artpar; (5) opranmisaumisi iMiTaTamifiHEX Ta O'Z, '
garypanax BunpoOypanb CP 3 fojepxaHHSIM yMOB CX€MH 2:5 /
Bepnyui. 0.4 \ /
Onuc amropurmy /JTA B pamkax MDCB. Crpyxrypua 03 N~

cXeMa aJITOPUTMY ONTHMi3alii npouecy HapuaHHS B pamkax 02

M®CB naBenena Ha puc. 1. 0.1 .
Bxigai aani: {XW[IL,J,K]} - HB, me I - 3minHa yHciIa 0123456789101 12BMUL4
OP, J - 3minHa umcia sunpo6yBaeb, K - 3minna ymciaa Purr. 2

knacis posmisnasaunsi, {ND[I]}, {VD[I]} - MacuBu HuxHix
Ta BepXHixX jonmyckip Ha OP sianosiguo, NM - MiHiMaisHa JoBXHAA penpesentatasroi HB.

Buxiami naumi: {ET[K]} - macus EB, {Dopt[K]} - mMacue ontumanpuux paniycis PTTI, {EM[K]} -
MacHB MakcHMaabHUX 3HayeHb KDE.

Baok 7 aaificuioe dopmysanrst HB, 610k 8 - dpopmysanns macusy EB {ET[K,I]}, 610k 9 - posburrsi
MHOXHHHM €TAJOHHHX BekTopiB Ha cyciami (Hall6imx4i) mapu, M SKHMH B [poneci HaBYaHHs
6ynyorbcs ontumanbui B indopmaniiinomy cerci PTTI. Buaox 10 peanisye npomeaypy INFK, sxa
npu3Havena s obuncienns indopmauifinoro KME. Ilpu Buxonansni ymosu Gioxy 11 OGUYHCIIIOETBCS
notoyne anauenns K®E — E(d), sike B 6romi 12 nopisawerscst 3 nomepexniM E(d-1). Skmo
E(d)>E(d-1), To d:=d+1, naBnaku EM:=E(d-1) i Dopt:=d-1.

Hpuxinnesi mosxoskenna. Ilporpamuy cucremy (IIC), mo pearisye airopurm MOCB, pospobieHo
Ha afropuTMiuniit mMosi C++. Boma mpusHayeHa /ISl KOHTPOJIO Ta YIPaBJiHHS rasonepexavyBajbHOI0
cranmiero TTIA-11-6,3A. J[las Tectypannss nporpameoro 3abesmewennss CP  pospobiena Mozens
nporpamMHoro imiraropa notoxy aanux. [IC € 06'e€KTHO-OpicHTOBaHOW, IO /03BoJslE 3jilicHioBaTH i
cynpoBii Ta posmupenHs yHKNif 3 MimiManbnuMmE 3aTparami. [osoBHOO ¢dyHk1ic0 nporpaMu €
obuncaenns indopmaniiinoro KOE CP. Ha puc. 2 naseneno sanexuicro KOE Bix koxosoi sigcrahi d
B nporeci ontumisanii PTI anst xnacy X, mo xapaxrepuaye npanesgatunit crag OJl. 3 puc. 2 BuAHO,
mo d,’=2 npu Mixkuacosiii sixcrami d(x,®x,)=4, ne x, - EB maii6anxuoro (cycimmporo) xaacy
poanisnaBanusi. Ilpn d=6 K®E Mae mali6ijblne 3HaueHHs, ajle BOHO 3HAXOAMThCS B HepoGouiil o6uacti
D,<0,5. Tlpu d>7 K®E mae crane snavenns 0.5, ockinpku B milt o6nacti BizcyTmi peanisawii sik
nepuioro, Tak i AAPYroro Kjaacis.

Bucroskn. (1) 3anponoroBanuii HenapamMeTpuyHUil MeTo/l aBToMaTHyHOi Kiaacudikanii - MDCB, na
BiIMiHY BiZ BiZAOMHX MiHiMaJbHO-JHCTAHIIKHHX AJTOPDHTMIB, OPIEHTOBaHHH He Ha 06pobiieHHsT TaHHAX, a
Ha ix indopMamilinuit ananis, mo A03BoJsE NPH PO3POGJEHH CHEMisANBHOrO MPOrPaMHOTO 3a6e3neyeH st
CP peanisyparu mnepeBarH 06 €KTHO-OPICHTOBAHOIO NpPOrpaMyBaHHS Ta 3[IHCHHTH oNTHMi3aNio
napaMeTpiB HaBuaHHs 3a iHdopmauiinum KOE cucremn, mo miABHIye AOCTOBIPHICTH PO3NMi3HABaHHS.
(2) MOCB nosBosisic po3B’sidyBaTH SIK NOBHY 3ajady aBTOMaTHYHOI kiaacHdikauii, Tak i okpemi
nigsamaui JITA, ®TA i kracrep-ananisy B pamkax eamtoro atropur™y. (3) Imdopmaniiinuit KOE e
HeoHO3HAYHUM (pyHKIiOHANOM ToYyHicHHX XapakTtepucTuk CP, mo o6ymoBiioe HeO6XiaHICTb BH/IJIEHHS
8 (l+1)-BuMipHOMY npocropi ouiHOK pimeHbp po6oyoi obxacTi, B siKifl 3HAYEHHS [AOCTOBipHOCTEH
sHaxozaTbes B inTepsani [0.5; 1], e | - kizbKicTp anbTepHaTHBHEX TiloTes.
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1. Bacuabes B.B. Pacnosnatomue cucrembl. Cupasounuk. - Knes: HaykoBa aymka, 1983, 422 c.

¢

BacTocyBanHs rapMOHiffiHOTO aHaJi3y B AiArHOCTHII 30POBOI CHCTEMH METOJOM peecTpauii
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Ojepsxkanns paHHboi AisrHOCTHYHOI iH(opManii npo crad 30poBoi cHCTeMH i i1 OKpeMHUX YacCTHH,
He3a/ieXKHOo! Bift Cy6’eKTHBHHX BIAYYTTiB NaLi€HTa, € AOCHTb aKTyaJbHHM 3aBAaHHAM SIK AJS HAyKOBHX
JOC/Ii/KEeHb TI0 BHUSIBJIEHHIO MPHYMH 3aXBOPIOBaHb 30pPY, TaK i AJIsi NOCTiiHOT JiKApChKOI NPaKTHKH.

Cepen iCHyIOYHX METOJIB MOCHI/DKEHHS OpraHiB 30py HaHOiIbMIOro NONIMPEHHS OCTaHHIM YacoM
HaGyBaoTh enekrpodisionoriuni Meroxu [1] 3aBaskM cBOiH 06’€KTUBHOCTI, MOXJIMBOCTSM OJI€PXKAHHS
KiTbKICHEX NOKAa3HHKIB, HaKONWYEHHsI, NOPiBHSAHHSA 1 36epiranHsi pe3y./IbTaTiB, IO Jgac IM mepesary
mepesn iHmuMH. 30KpeMa, OXHAM 3 HalGinbm iHGOPMATHBHAX BBAXKAETHCS METON, NOGYIOBaHHH Ha
3ESTTI # anamisi enexkrpoperunorpamu (EPI), sika € rpadiunuM BHpaskeHHSIM cyMapHOi 6ioeneKTpHyHOl
peakiiii (hoTopenenTopiB Ta iHIIKX €JEMEHTIB CITKIBKH OKa Ha 30BHIIIHE CBiTJ0Be mnoapasHenHs. Ha
NPAKTHI[l eJeKTPOPETHHOIPaMa 3HIMAEThCS MUISIXOM BHMIDIOBAHHSI 3MiHH €JEeKTPHYHOIO MOTEHIIsTY
POriBKH OKa MicJisi CBITJIOBOrO cnajaxy 3a AOTNOMOIOK0 CHELisJbHOTO efeKTpomy. CBiTJ0BiI CTHMYJH
MOXyTb GyTH pi3HO! JOBXHHH XBHJIi, iHTEHCHBHOCTI i 4acTOTH HOBTOpeHHs. Moxe 3acBiuyBaTHCSI BCe
none citkiBku (saranpna EPT) a6o oxpemi ii souu, sokpema HaliBaIuBima Uil 30py HEHTpaJibHa
yacTHHA CiTKiBKH - T.3. dopea (nokanpaa EPT).

BesmynHa eNEKTPUYHAX TMOTEHLiAAIB, N0 ikCyloTbess, € JOCHTb HE3HAYyHOW - BiJl OJHHHID
MikpoBoasT 10 0.5 MiniBOJIbT, IPHYOMY NPOIEC pececTpallii CyNpoBOLKYETHCS 3HAYHUMH CTOXACTHYHHMH
3apajlaMi K BHyTpimEbOoro (3a7exHO Bif ncuxodi3WYHOro CTaHy maii€eHTa), Tak i 30BHIIIHBOTO
MOXO/KEHHsI, sIKi MOXXyTb 3HAYHO [EPEBUIYBATH 3HAYEHHS KOPHCHOTO curHany. Bce e cTaBHTb BHCOKI

2

BUMOIM SIK [0 amapaTypd peecrpamii, Tak i Ao MeToAiB o6poGieHHss H aHa/li3y BHMipIOBAIbHOI

indopmanii.
Monepenni aocaimxkenns EPT 3 gonomoron crBopeHoi KoMn’'ioTepHoi BHMipoBaiabHOi cucremu [4]
JIA0Th MOMKJIHBICTb B3SITH B SIKOCTi ysarasibreHoi moxedi curuany EPT mponec y(t), mo ckaamacrbes 3

inopMaTHBHOI, NeTepMiHOBAHOI /1 JAHOrO NalicHTa, KoMnoHeHTH x(t) Ta BANazKOBOI CK/IaKOBOI §(t):

y(t) = x(t) + &) %
ge ¢ - yYac Ha MPOMIXKKY CHOOCTEpiraHHs [to,tl]. 3a momepexniMu ominkamm uponec x(¢) Mae

eHepreTHYHUH cuekrp, sikuii sexurp B npomixky 0-100 I'm, a eneprerwynmit cnekTp npoiecy f(t)

3aiiMae 6ilbII MMPOKHH YACTOTHHH AisINa30H.
B skocri Mojeni BHIAAKOBOI KOMIOHEHTH NPOMOHYETHCS CTAliOHapHHMU JiHifHWE BuUNagKOBHI
npoiiec Takoro surasay [2] :

&r)= ij)(t —7)dn(r), t€fto.ty], (2)

i (v(s) s€R - iHTerpoBaHa B KBaJpari [0 s AificHa HeBUmaAKOBa (YHKIIS; {17(1') 17(0):0,1 eR}~

CTOXAaCTHYHO HeNepepBHUI OJHOPIHHI BHUIAAKOBHH mpolec 3 HesaieXHHMH mprpoctamu. Mozgenn (2)
[O3BOJISIE BpaXyBaTH CTOXAaCTHYHI BJIACTHBOCTI 3aBaj, sAKi Ail0Th B mpoleci BEMipIOBaHb, Ta € 3PYYHOIW0 ¥
BHKODHCTAHHI 3aBAsIKH TOMy, M0 /i JiHIHHAX BHNAAKOBHX NpOIECiB iCHye 3arajbHa ¢opma

3o6paxkenns ix xapaktepucTHYHEHX ¢yrKuii. OgHoBUMIpHA XapaKTepHCTHYHA (DYHKIis mpoliecy cf(t) B

¢opmi Jlesi mae purasag [3]

f)=ex iu,ufqa(s)ds—- 0.22u2 T¢2(s)ds+ Q‘Eﬂem“’(’) - 1______iux¢(;s) L(x)ds | 3)

1+x

ne p Ta >0 - mificHi koncranth; L(x), x €R - myacomiscbka Mipa cTpu6Kis nponecy 7(7).

[IpunyckaeMo, mo 4uacoBa mnochifosricts x,, n=0N -1, sKka ojepXaHa miciAs JUCKpeTH3alil
kommonentn x(¢) Buxiguoro EPT-currany, momyckae 306pakeHHs] Y BUIJIS/II OPTOTOHAJIBHOIO PO3KJIATY

. i 15 i%kn . e
IO CHCTEM1 def-d)yﬂklllﬂ BUTIAAY X, =-—-2Sk e ¥ . ne k - HOMEp TrapMOHIKH, a Koe(blulea"m S/,
k=0
N-1 2%
—i=%kn
BH3HaA4YalOTbCsA (t)OpMyJ]OIO Sk = an e N »

n=0
Jlnst AiATHOCTHKH BHKOPHUCTOBYEMO i{HTerpajibHi O3HAKM - CTATHCTHYHI OIiHKH KoedimieHTiB S;, a
TAKOX JOKAJbHI O3HAKA - XapakrepHi Touku Ha xpusux EPT. Illogo ocrammiX, To A8 yHHKHEHEHS
BIIMBY Ha iH(OPMAaTHBHY YacTHHY CHTHAJIy NocTiiiHOl ckiaajfoBoi Ta rapmodik, sumux 3a S50 I,
peanisauii EPT 6yso npodiasTpoBano, a came: MTYYHO 3aHYJEHO B YAaCTOTHiH 06sacTi BCi creKTpaJbHi
cKkIazoBi 3a Mexamu Aisimasony (0; 50) I'm Tta 3zilicHeno o6epHeHe NEPETBOPEHHS B 4acOBY 06.J1aCTb.
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PeaysbTaTi eKclepuMeHTy Mokasand, mio peanisaunii EPI micas diabTpanii A03BOASIOTH TOYHiNIE
BEMipIOBATH 3arajJbHONPUAHSTI B JiKapChKill NMpaKTHli JIOKa/JbHI O3HAKH, 30KpeMa Hac i ammuityay
xBiab “a” i “b", siki DIMPOKO BHKOPHCTOBYIOTHCSI.
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Bopuc Moxun, Baagmmup T'pabro, [usb Txams Boer. Texnudeckas AMATHOCTHKA BbICOKOBOJLTHAIX BBOJOB
CHI0BBIX TpaHCHOPMATOPOE.

OT Ha/leXHOCTH paGoThI BBOJIOB 3aBHCHT M HA[EKHOCTh PaGOTHI CHJIOBBIX TpaHC(OPMAaTOpOB B IesioM. [lis
BBOJOB TePMETHYHON KOHCTPYKIMM XapaKTepHO TOSIBJIeHMe OCajiKa Ha HHKHelf ¢apdopoBoit MOKpHILIKE, YTO
NPHBOJMT K TIEPEKPHITHSIM BHyTpeHHeif usonsuuu. B paGore rnpepioxena MaTeMaTHyecKas MO/eJb, TI03BOJIAION[AS
VUMTHIBaTh OGBEM OCafka MO KOCBEHHBIM H3MEPEHMAM M TPeAOTBpaliaTh ABAPHUHHDIA BBIXOJ CO CTPOS BBOJOB.
Tpe/IosKeHO TaKKe HAa OCHOBE TEOPHH HEUETKMX MHOXECTB /MATHOCTMPOBaHWE BBOJIOB IO TDPa/MIMOHHbIM
H3MEpEHMSIM B CJTyuyasiX, KOT/Ia PerjiaMeHTHPOBAHHbIE NPAaBHJIA He MOIYT [aTh AMArHo3 O COCTOSHUM BBOJOB.

ExoHOMiuHI MOKA3HUKA POGOTH €HEPrOCHCTEM CYTTEBO 3aJIeXaTh BiA Haji#HOCTI obaaHaHHSI, B TOMY
ygeai 1 Bi{ CHJIOBHX TpaHCGOPMATOPIB, sIKi € OCHOBHHMH TEXHOJOIIYHHMH arperaramMu miCTaRIiH.
BBoam € BaKIMBHMH By3jam cuioBux TpaHcdopmaropis. Bix maaiitrocti po6oTH BBOJIB CYTTEBO
3aleXuTh HafilinicTs po6OTH Bimmosigmoro cuiosoro TpaHcgopmaropa. Ilo crarucrHmi, BiACOTOK
NOMIKO/KEHDb BBOJIB Cepes BY3JiB CHIOBAHX TpaHC(OPMATOPiB CaMHii BHCOKMH — 27,7 %. 3sigcu
BHTIKAE BAKIHBICTb KOHTPOJIO Ta MISTHOCTHKM BBOJIB, OCOGIHBO /Il MOTYKHHX TpaHcdopmatopis,
OCKiJIbKH BifiMOBa IIbOro o6/iaJHAHHS NPUBOAMTb A0 3HAYHHX BTPAT EJICKTPOEHEPril, MmO NepelacTbes
CHOXHBauaM, i, 3HAYNTb, HAHECEHHs BEJHKOro 36MTKy HapofHOMy rocnofgapctBy. B 3p’siaky 3 nmm
3aJjauya TeXHIYHOI /IISTHOCTHKH TPaHC(OPMATOPHMX BBOMIB € aKTYaJbHOIO.

Ha cborojiHi 3aJHIIAEThCS TOCTPoI0 npo6remMa 3 BBOAAMH FepPMETHYHHX KOHCTPYKWiH Hampyroio
110 kB Ta Gimpmoio. Ilig po6ouor Haupyrolo B repMETHYHHX BBOJAAaX BHHHKAIOTh NEPEKPHTTS IiX
BHYTpPImHbOI i30oasiuil, SIK NpaBW/IO, NO NOBepXAi HHKHBOI (apdopoBoi MOKPHUINKH Bif UEHTPATHLHOTO
CTEpXHSI /IO 3a3eMJEHOi 3'€HyBanbHOI BTYJAKH. MexaHi3M NEPEKpATTs TepMETHYHAX BBOAIB 1O
noBepxHi HWXHbOI ¢apdopoBoi NOKPHmKH NOB's3aHAl 31 cuenudiyHAM OCA/AKOM, KiIBKICTb AKOTrO
TOJIOBHMM YHHOM 3aJIeKHTh BiZl TeMIepaTypd Macjia y BBOJaX Ta TpHBaJocTi iX excmiayartauil. Hum
6inbma st KifAbKicTb, TUM Giablia HMOBIpHICTh MOMKOAKEHHS BBO/IB.

B po6oTi mponoHyeTbcs MaTeMaTHYHA MOJie]ib, SIKa JO3BOJSE 3a BAMIDIOBAHHSIMH TeMIEPaTypH
BEPXHIX MapiB TpaHCOPMATOPHOro Macja y BBOJAaX Ta TeMIEPaTypH HABKOJHIIHHOIO CepEIOBHIIA
ONIHIOBATH KiABKIiCTh OCA/y Ta 3aBYacHO 3HIMATH TOH UM iHIIHH BBOJ i3 eKCILIyaTallil y PEMOHT.

Ha ocHoBi 1iei Mojesi 3anponoHOBaHa MiKPONPONECOPHA CHCTEMA LIS /(ISTHOCTHKH BBO/IB.

Ha mpaktumi icHye HeMaJo BHIA/KiB, KOJH perjaMeHTOBaHi NpaBhJia, NOB'SI3aHI 3 KOMILIEKCOM
BHMipiB, HE MOCYTb /IO3BOJMTH 3POGHTH BHCHOBOK IPO CTaH BBOAIB. B po6ori nmpononyerses miaxiz is
3aCTOCYBAHHSAM TEOPil HEYITKHX MHOXHH, SIKHH J03BOJISIE NOCTABATH NPABU/IBHUH JisITHO3.
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¢
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BaraTtopisHeBa iH(opmallifiHa cucTeMa KOHTPOMIO AKOCTI CKJIa
BOJIOJIMMUP IIOTPEBEHHMUK, BIKTOP 3AXAPKO, EJIEOHOPA 3AXAPKO

Dizuxo-mexaniunui incmumym HAH 290601 Jlveis, eya. Hayxoea 5
Jveigcvxa micvra pada Ten: (0322) 63-5277
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Volodymyr Pohrebennyk, Viktor Zakharko, Eleonora Zakharko. Multilevel Information System for Glass
Quality Control.

Information-technological system helpfull in decision making while glass production is described and
discussed. Elements of mathematical modeling, spectroscopical analysis and GIS-application are used.

EdexTusre ynpas/iiHHs CyYacHHM IPOMHC/IOBHM BHPOGHHITBOM KOHCTPYKIIHHHX MaTepisiiiB, CKia B
TOMY YHCJIi, IPH NEPEXO/i HAa PHHKOBI BiITHOCHHH BMMAra€ KapAHHAJIBHOIO NOKPAUIEHHs edeKTHBHOCTH
BHKODHCTAHHS CHPOBHHHHMX MaTepianis, BHPOOHHYHX PpecypciB Ta HEYXWJIDHOTO [OTPHMaHHS
TEXHOJIOTIYHUX IpolleciB i mapaMeTpiB.

Opnum i3 3aco6iB MiATPUMKM YNPABMIHCHKHX pilleHb B yMOBaX BHPOOHHYOI HEBH3HAYEHOCTH il
HecTabiIbHOCTH € cTBOpeHHs iH(pOPMaLiiHOl CHCTeMH, UIO OXOMTIOE BCi JAaHKH BHPOOHMIITBA i MOJEJI0E
BECh HOTO IHKJI.

Baratopisuesa indopmaniiiHO-TeXHOJIOMIYEA CHCTEMa KOHTPOJIO SIKOCTH NPOAYKIi, CTBOpeHa IpH
BAT “J/IpBiBChbKE#t MeXck/03aBox”, mepeabauac: BisyanbHe NpeACTABIEHHS 3amaciB Ta OCHOBHHX
napamMeTpiB CHPOBHHH Ha 6azoBux pozoBumax BAT; excnpec-aHais CHPOBHHHMX MaTepisinis;
MaTeMaTHYHE MO/ENIOBaHHsl TEXHOJIOTIYHHX HPOIECiB NpPH BapiHHI; HEPYHHIBHY /AiSITHOCTHKY JIHCTOBOTO
CKJIa; BI/ICTEXXEHHS IePeMillleHHs roToBol IPOAYKIii Ta EKOHOMIYHI PO3PaXyHKH.

3okpeMa, BisyasibHe NpPEACTaBJEHHsI CTaHy 3allaciB CHPOBHHHHX MaTepianis (Ha mpukaazi mimasoro
kap'epy BAT y cennmi Bi6pka) azificheHo Ha OCHOBI BiIHOCHOT ONIHKA Pe3yJIBTATiB XiMiYHOTO amaiay
NPOGHHEX CBEP/JIOBHH Ta IX HaHeceHHs! Ha Tonorpadiudy OCHOBY TepHTOpii i3 BHKOPMCTAHHSIM METOiB
npocropopoi anpokcumanii. Ils indopMaiis gae 3Mory yHaoYHHTH chellisilizoBaHi JgaHi, OIiHHTH
NPOMHC/IOBO-IPHAATHI 3amacH MNiCKy, pO3paxyBaTH BapissHTH ONTHMAJIBHOrO NePeMillleHHS TeXHiKY,
3afisnoi Ha po3pobiui Kap'epy, IPOBOIUTH CEJEKTUBHAN BiGip CHPOBHHM, IPHAATHOI /LISl CKIOBAPiHHAL.

Excnpec-anania cHpOBHHHMX MarepisniB nepenGauae BH3HaueHHs (i3HKO-XIMIYHHX napamerpis
KOMIIOHEHT, [X MiHEpaJIOTIYHOTO Ta IpaHyJOMETPHYHOrO CKJaAy, a TaKOX OIIHKY BILIMBY IIigiGpamoro
CKJIa[y Ha TEXHOJIOTIYHI IapaMeTpy BapiHHS. ~

IIpu MaTeMaTH4YHOMY MOJETIOBAHHI TEXHOJIOTIYHUX IIPOIECIB 3AIHCHIOETBCS PO3PAXYHOK PpelentTy
HIHXTH Y€pe3 CHCTeMy JiHiHUX PiBHAHD Ta HepiBHOCTEIl, sIKi 3B'SI3yI0Th KOMIIOHEHTH CHPOBUHH Ta CKJa,
BPaxoBYWOTb XiMiYHI peakuii, mo BifOyBalOTbCs PH BapiHHI CKja Ta o6MeXEHHS, sIKi HaKJIaAaloTbCs Ha
CYKYIHHH BMICT I€BHHX OKHCJIB IO CKJOMACI,

HepyiiniBna JiArHOCTHKa JHCTOBOTO CKJIa Ha CbOTOJHI CIPSMOBaHA HA BHSBIEHHS JOMIMIOK
IepexiZIHUX MeTasliB MeTooM onTHYHOi abcopbuiiinoi cnekrpockonii. Ilpu boMy 3aificHIOETbCS SIKicHMH
aHaJi3 MaTepisily Ha NpeAMeT BCTAHOBJIEHHS NPHCYTHOCTI KOHKPETHHX JAOMIINOK i, HACTYIIHEM €TAIOM,-
KiJIbKICHUH aHaNi3 /4 BU3HauYeHHs iX KoHueHTpawii. B pesy.ibrari KoHTposOIOTbCA mapaMerps skocTi
(cnexTpasnbui BiacTHBOCTI CKJIa, KpHCTATisaliiHa 3/aTHICTS, (epoMarHiTHi BIACTHBOCTI, KoedimicHT
TEPMIYHOTO PO3NIMPEHHS, IYCTHHA i MiKPOTBEPAICTD) Ta TEXHOJIOTIYHI apaMeTpH BHPOGHHIITBA CKJIA.

Bincrexennss nepecysaHRsi rotoBoi NpOAyKHil Ta eKOHOMiYHI pO3paxyHKH 3IiCHIOIOTbCS 32
AONOMOroko CHelisiNi3oBaHol KoMn'lOTepHOI NiANPOrpaMH, iHTErpPOBaHOI B CHCTEMY 3arajbHOTo 6yX-
rajarepcpkoro o6xiky mo BAT “JIbBiBchbkuit Mexckno3apos”. TakHM YHWHOM, CTBOpPeHa FHYYKa CHCTEMa
NOETAHOrO KOHTPOJIO SIKOCTi NPOAYKIii, IO cOopuse NPHIHSATTIO YIPaBAiHCBKAX pimeHb Ha pPiBHAX
HiZTOTOBKH BXiZHUX MaTepisiiiB, KOHTPOIO 6E3MOCEPEHBOrO NPOIeCy BUPOGHANTBA Ta 36yTy BHPOOGIB.
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Trihineleous Diagnostics by Automatic Television System
VOLODYMYR POREV, VOLODYMYR BOROVYTS’KY)J

National Technical University 37 Peremohy Ave., 252056 Kyjiv
Design Bureau “Spectr“ Tel.: (380) 44 441-9970 Fax: (380) 44%74-5932

Volodymyr Porev, Volodymyr Borovyts'kyj. Trihineleous Diagnostics by Automatic Television System.

The paper describes the technique for the diagnostics of desease trikineleous based on the meat image analysis. There
is discussed a sequence of image analysis algorithms: preprocessing, segmentation, feature extraction and classification.
The new adaptive segmentation algorithm and a set of the features for the diagnostics are represented.
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Trihineleous is a dangerous for people desease of cattle. This desease is caused by the microscopic
worms. To protect people the trihineleous diagnostics should be done at all organizations that deal
with meat. There are two techniques of the diagnostics. The first one is a chemical analysis that is
expensive and it demands much time. The second is a visual search of the worms by a microscope. It
is a fast non-expensive diagnostics. But its reliability is not so high: when a number of samples is big
human eyes are getting tired and miss the thin almost transparant worms. It is obvious that the only
way to avoid a subjective factor as human eyes is to make an automatic television system for the
diagnostics. This automatic television system was made. It includes four units: the special television
microscope that magnification, spectral range, illumination system and sample platform are optimized
for the diagnostics; an electronic unit which does a television signal processing, an analog-digital
convertion and it inputs the signal into a computer; a personal computer with the software for
detection of trihineleous worms in meat images.

The software is a main feature of the system and it performs the typical sequence of image analysis
procedures: preprocessing, segmentation, feature extraction and classification [1]. It is known that
microscopic images of meat have a quite complicated structure - something like a set of different
stochastic fiber patterns (Fig. 1,c). This structure can’t be approximated by mathematical models
with high accuracy [2]. So the adaptive algorithms should be used.

It was proved experimentaly that an adaptive median filter with 3x3 mask is the best
preprocessing procedure in comparison with linear, adaptive linear and median filters [1,2]. The
threshold value for the adaptation is defined by the signal-to-noise ratio of the digital image.

A complicated structure of meat images makes difficult a design of a segmentation algorithm.
Because the algorithms based on a boundary search produce a very sophisticated pattern and, usually,
they decrease a signal-to-noise ratio [1,2]. The threshold algorithms can’t be applied due to multimode
histograms of the images [1,2]. The relaxation algorithms doesn’t follow a spatial distribution of
different fiber patterns [1]. That is why the special segmentation algorithm has been designed for the
trihineleous diagnostics. This algorithm is based on a median Q-tree repesentation of an image [1].
The first step of the segmentation is a construction of the Q-tree where each node is a median of,four
descendants. This Q-tree contains the information about global and local distribution of intensities in
the image. The second step is a definition of homogeneous zones. The nodes that descendant intensity
difference is less than a minimum contrast of the worm image are marked as homogeneous. The third
step is a calculation of the adaptive threshold values. These values are found according to
homogeneous zone intensities coming from the top to the bottom of the Q-tree. The fourth step is a
multilevel threshold segmentation using the array of threshold values. There are some advantages of
the proposed algorithm. It guarantees that threshold values correspond to a spatial structure of an
image. It can be easy integrated with the preprocessing. It allows to do a previous selection by taking
out of consideration zones which can’t contain the images of the worms.

The images of the worms differ from parts of meat pattern by shape, size and intensity. These
images have a definite range of sizes and various displacements. It means that the used features
should be invariated to shift, rotation and scaling [1]. Of course, they must have small sentivities to
the image resolution and noise. The design of the feature vector was based on theoretical analysis of
possible integral shape features and experimental data. The best results were obtained using the
following set of features: the length of the contour in pixels; the ratio a square of the length of the
contour to a total number of the object image pixels, this ratio characterizes deformations of the
contour; the normalized inertial moment of the object image that is an estimation of the object
aspection; the ratio between the maximum and minimum distances from the geometrical center to the
contour pixels of the object image that reflects the geometrical center disposition; the threshold value
which defines the intensity and the contrast of the homogeneous zone.

The classification is performed by a comparison the calculated features with the measured values of
the worm types which are kept in the database. The features are compared independently that makes
possible to select parts of a meat pattern after each comparison. The object is classified as the
trihineleous worm if all calculated features are in one of the measured worm feature ranges.

Now the automatic television system for the trihineleous diagnostics is under consideration of
medical experts. It shows the results which are quite close to a visual diagnostics. The example of the
diagnostics is represented on Fig. 1. As in a visual diagnostics the results are critical to a procedure of
a sample preparation for the dianostics. That is why the objective estimation of th€ diagnostic
reliability will be annouced when the medical experts make the standard of the sample preparation
procedures for the automatic diagnostics.
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Integral Shape Feature Recognition Program (C) U.Borovitsky

Cadr inmb_0001.kdr
Size = 256%256¢ Amp

a.. 32)

Cadr imb_0001. kdr Recognition Hindow

Size 236%236<C Anp O.. 327

Fig. 1. The process of the trihineleous diagnostics: (a) the input image, the trihineleous worms are
made visible by adjusting the contrast; (b) the image after preprocessing: it can be seen that the
parts of the worms have different intensities; (c) the image after segmentation: the fiber structure
of a meat is visible; (d) the image after classification: some parts of the worms are missed, several
clutters are classified correctly, 2 trihineleous worms are detected correctly.
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Jurij Skobtsov. Recognition of the Medical Ultrasound Images by Method of Structural Indexation.

Problem of recognition of objects of the ultrasound images is considered. The proposed method takes the
model based approach. The recognition is based on the segmentation of object images on subsets (supersegments)
and calculation of their local characteristics. At the solving of this problem the method of structural indexing
and hashing is used. The algorithm of recognition has polynomial complexity.
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Poarnsigaetbesi npobiieMa poamnisHaBaHHsSL 06G’€KTiB MEAHYHHX YJbTPA3BYKOBHX 300paxkeHnb. 3ajaya
BHPIIIYETbCST Y MeKaxX iHTerpoBaHOi cucteMu ob6pobisienHsi Ta posnisHabanust 3o6paxenn "Kpyis" [1]
micast $iapTpanii Ta BH/NIEHHS] KOHTYPIB, II0 BHKOHYIOTbCSI MeToJamu, Bukjaagenumn y [2]. Jlani na
nasoMy 3o06pakenni (creni) posmisHaoTbest 06’€KTH, ONHMC SIKHX 3aHeceHO y 6a3y JaHUX CHCTEMH
po3ni3HaBaHHS o6pa3iB. MpuxaagamMn Takux 06’eKTiB y MeIWyHifl AIATHOCTHIII € OKpeMi OpraHH abo ix
yactunn (neyiHka, >XOBYHHH MiXyp, KPOBOHOCHI cyamHH, natoJorii Touto). Ilpu mpomy 06’ektH, IO
PO3MI3HAITHCS, MOXKYTh 6YyTH YacTKOBO 3aTyJieHi iHmMMHE 06’exTamu ab0 iICTOTHO CIOTBOpEHi BHACTIOK
HasBHOCTI 3aBaJ. ToMy IpH BHpIlIEHHI 3a/aui BUKOPHCTOBYETHCSI METO/ CTPYKTypHOTO infiekcyBanus [3].

Mopmysanns 6asu mammx. 3asganerine dopmyetbes 6asa mamux Mojeneil 06’ekTiB, sKi 6yayTb
poani3HaBaTHCh Ha cleHi. OCKUJIDKH JOMYCKAE€TbCsi YacTKOBe 3aTyJjieHHs OO6’€KTiB, cHCTeMa INOBHHHA
BMiTH PO3Ii3HaBaTH 1X 32 HASIBHOCTH JAeSIKHX iX migMuoxkun. ToMy 3asjganeriib 06’'e€KT po36buBacTbCs Ha
YaCTHHH, [JIsI KOXHOI 3 SIKHX OOYHCIIOIOTbCSI JiesiKi JIOKAJIbHI XapaKTEePHCTHKH, 3HAYEHHS SIKAX
Bu3HayaloTh (CTPYKTypHHIi) inmexc y 6a3i manux o6’ekriB, mo poamisuaiorbest. Ilepesn 3aHeceHHSM
06’ekTy 10 6a3u AAHHX HOTO KOHTYP alPOKCHMYETbCsi 6ararOKyTHHKOM. 3 METOI0 NiBHIIEHHA CTiHKOCTI
npefcTaBaenHss OG’€KTY ampoOKCHMallisi BHKOHYETbCSl JeKiJibka pa3iB 3 pisHol0 TouHicTio. KoXxHa
CTOPOHa aNmPOKCHMYyIOYoro 6ararokyTHuKa cTBopioe cermeHT. Jlekinbka CycCifHIX CerMeHTiB CTBOPIOIOTH
CyIepcerMent, Ui0 € 4YacTHHOW OararokyTHuKa. TakuM yuHOM, 3rigHo [3], BHXigHHH 6GaraToKyTHHK
pO36MBAETBCSI HA MHOXHHY CYIEPCErMEHTIiB, JUIsi KOXXHOTO 3 SIKHX OOYHMCIIITbCS HOro JIOKalbHi
XapaKTepUCTHKH. Ilpw 1mpoMy aas [iJell po3mi3HaBaHHS BHKODHCTOBYIOTbCSI Taki aTpubyTH
CymepcerMeHTa sIK MOTYXKHICTh, HOBXHHA, KYyTH, MICHEINOJIOXEHHs], opieHTanis, excuenrpuacurer. [Lasi
o6uiCIeHHs] IHJEKCY BHKODHCTOBYETbCS, B OCHOBHOMY, iHQOpMallisi npo KPYTH3HY, $Ka HESBHO
IpeJCTaBJcHa KyTaMH cynepcerMenTa. ERCIeHTpHcHTeT 03BOJISI€ HaM PO3Ni3HaBaTH CyNEPCETMEHTH, 11O
MalOTh OJHAKOBI KyTH, aje pisHy ¢opMy. OKpiM reoMeTpHYHMX XapaKTepHCTHK, Ha Biaminy Bim [3],
BHKOPHCTOBYIOTbCS TAKOX 3HAYeHHsI sickpaBocTi. Bkasani aTpuOyTH BM3HAYAOTh KOJ CyIepCerMeHTa.
[lotiMm 3 mporo koay 3 BHKODHCTAHHSM TEeXHIKH XelyBaHHS OGUHCIIOETbCSl iHAekc y Tabmii
XemyBaHHsI, MOB'si3aHOT 3 6a3010 AaHMX 06’€KTiB, MO PO3MI3HAIOTHCSA. 3rifHO 3HAHJEHOMY IHJEKCY [0
6asn JaHWX 3aMUCYIOThes BiANOBiAHI aTpubyTn. OcHOBY 6a3u JaHMX CHCTEeMH PO3Mi3HAaBaHHSA CKJIAJaloTh
aBi crpykrypu: 1) indopmanis npo cynepcermentu; 2) indopmauis nupo 06’e€KTH, MO PO3MIZHAOTHCS.
[lepma MicTuTb, B OCHOBHOMY, BKa3aHi BHIIE JIOKAJbHI XapaKTepHCTHKH cynepcerMentiB. [lpyra -
rmo6ajipHi  XapaKTEPHCTHKH OG’€KTIB:  CHIBBIHONIEHHST MiX CylepcerMeHTaMH, iHTEHCHBHICTb,
CTpyKTypa, popMa, XapakTep KOHTYpY 3006paxkeHHsi 06’€KTa TOIIO.

Poanisnapannsi 06’exriB. Ha nepmomy erani posmismaBanHs st naHoro 3o6pakenust (cienu)
BHKOHYIOTbCSI (PisibTpalisi, BHAIJEHHS KOHTYPIiB Ta PO3PAXYHOK MESIKMX IJIOGAaJbHAX XapaKTepHCTHK
06’exTiB. /lani oTpuMaHi KOHTYpHi 306pakeHHsI anpOKCUMYIOTbcs 6ararokyTHukamu. [loTiMm 3 KoxHOro
6aratoxytnuka (abo ioro YaCTHHH) BHAIJSAIOTHCS CYNEPCErMEHTH #H OOYHMCIIOITBCS 1X JIOKaJAbHI
xapaktepucTuki. Jlani s koxkHoro cymepcermenta (IpHHAIEKHOTO 710 06 €KTY, IO PO3NI3HABAECTHCS)
NISXOM XeIIyBaHHSI 3HAXOMHWThCST iHAEKC y Xem-tabumui. Bukopucrosyounm meil iHgexkc, Mu maus
KOXHOTO CyNlepcerMeHTa 3HaXOAMMO MHOXHHY O6’€KTiB, N0 SIKHX BiH MOXe HajleXaTH. TakuM YHHOM

CTBOPIOETbCST MHOXKUHA TinioTe3 H={h, hyl,..., h }. Ocumosrow sagaucio eramy renepanii rinores €
BCTAHOBJIEHHSI Bi/IIIOBIZIHOCTI MiX XapaKTepHCTHKaMH Mofeself, mo 36epiralotbcst y 6a3i AaHHX, Ta
XapakrepucTukamMu 06’€KTiB CHEeHH.

Bepudixanis. /{ani veobxigno 3 muoxuuu H; = {h}, hl,..., h! } BugisuTe rinmoresn, cymicui mix
coboro Ta Moaenaw m. [lpu upomy "no6pi” rinotesu MOBMHHI BOMOMITH TAKHMH BIAacTHBOCTSMU: 1) BOHM
MOXYTb OyTH 3rpyloBaHi y CyMicHi KJactepu; 2) BOHH BiANOBiZaTb "KOPCTKAM™ MNEPETBOPEHHIM
(t0610 MoxyTb 6yTH OTpHMaHi 3 Mogeni o6’ekTy wiasixom nepeweceuss, obeprarus Towe). Cyts
NepeBipKH TiloTe3 Ha CyMiCHICTD moussirac y HacTymaoMy. /{1t KoxHOI Mogeni m {sIKiit Moke HagexaTH
CYNEPCErMeHT) TEePEeBipSEMO riNoTe3 h; # h; Ha cyMicHicTb oftHa 3 ojHow0. [lyisi nepeBipkH CyMiCHOCTH

BUKODHCTOBYIOTbCSI TaKi XapaKTePHCTHKH, SIK BiJICTaHb Ta KyTH MiXK CylepcerMeHTaMHd, 3HAYeHHsI
ACKpaBOCTi Ta iHmi ri06aabHi XapakTepucTHKH 06’ckTy. Ilicist mepeBipkH Ha CyMiCHICTb, 3HAXOAATHCS
nepersopennst T(u)=Au+b koopaunar Mozeni 06’€KTy 0 KOOPAMHAT CIIEHH, IO MiHiMi3ylOTb BiJCTaHb
MiX cyneprerMeHTaMu MoJiesli Ta CIIeHH 3a JOIIOMOroio MeToAy HaliMeHmux kBaapartiB. [lust Toro, mo6
nepeTBopeHHsi 6yJa0 "MKOPCTKHM", NOBMHHa BHKoHyBaTHCh ymoBa detA=1 (B imeani). Ha npakruui
nepesipsieTbest cniBigHomennst 0.5<detA=1<2. Buxojsuum 3 OTPUMAaHHX pE3YJIbTATiB, 3HAXOMUTHCS
Taka MOJ€EJib, siKa GiJbll 3a BCe BIANOBiZa€ 00’€KTOBI CIlEHH.

Craagnictp aaropurMy. Y [ifoMy CKJIAJHICTD pO3Ni3HABaHHS 3aJIeXKHTb BiJ "po%nisnaBaJleo'i
apatHocTi” cynepcermenty. lIpu nbomy ckaagHiCTh 3yMOBJIOETbCA ABoMma acnekramu. [lo-mepmie, BoHa
3aJIeXUTh B CKJAagHOCTI momiyky y 6asi mamumx Ta Kinbkocti rimore3, mio reHepyiorscs. llo-apyre,
CKJAJHICTD NOB’si3aHa 3 Bepudikalielo Ta 3aJeXXUTh BiJf BapTOCTi yrpyHnyBaHHsI TinoTte3 y cymicHi
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knacrepu. CkJaagHicTh posnisHaBana O sIK NOKasaHo B [3], OIIHIOETbCS TaKMM UYHHOM:

rec’
O(n) < 0,,, < O(n’m’), ne n - unc/O CynepcermenTis y ceni; m - KijibKicTs Mogeel y 6a3i paHux.

TakuM ynHOM, naHuil aNTOPUTM Mae NOMIHOMISIbHY CKJIAIHICTb HA BiAMiHY Bifl 6araThox iHIMHX, sKi
MaIOTh €KCNOHEHIISIbHY CKJIaJHICTh.
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/1o npo6yeMy RisITHOCTHKH 06’€KTiB ra30KOH/EHCATHUX PO/OBHUII] HA OCHOBI aHaJXi3y
re0JIOro-TeXHOIOTiYHOoi iHdopmaii

ITOP I[MIBAYUEHKO, AHATOJII KAHZAYPOB, OJIEKCAH/IP KYTAX,

HATAJIIA HOBUKOBA, IPUHA TPYJICBKA

HAII ACY Tpanceas 310126 Xapxis, eysr. Mapwanra Koneea 16
Ten.: (0572) 20-5724 @axc: (0572) 22-4010

Hrops IImavenko, Anaromuli Kampaypom, Axexcanap Kyrax, Haramus Hosuxosa, Wpura Tpyackas.
K npo6reme amarHocTHkM O06BEKTOB TA30KOHAEHCATHBIX MECTOPOXKACHHH HA OCHOBE AHAIM3a Te0JOro-
TexHoJoruyeckoil HHpopManHH.

B nmoknage paccMaTpUBaeTCs MaTeMaTH4YeCKoe W TporpaMMHOoe obecrieyeHye 3Kcnep'r}{ox"{ CHUCTEMBI, C IOMOILIbBIO
KOTOpO]‘/'I reoJior MMeEET BO3MOJKHOCTb [AMAarHOCTHpPOBaTh COCTOSSHHE CKBaKUH W 3aJieKeil B nponecce paapa60'mu
Ta30KOH/IEHCaTHBIX Mecmpomneﬂnﬁ. HPHBO]DITCH pe3yIbTaThl HCCIE0OBaHUN 1O lleﬁCTBymﬂlldM MECTOPOXK/AEHUAM.

B nonosini posrasiiaerbest MaTeMaTHuHe Ta nporpaMie 3a6e3leyYeHHs! OAHOMO 3 BapisiHTiB mo6ynoBH
ekcneptHoi cacremn (EC), 3a gonomoroo sikoi B yMoBax HenoBHOI iHdopmanii Biz 06’exTy ynpasiinns
reoior Mae 3MOry JUSITHOCTYBAaTH CTaH CBEPIIOBHH Ta INOKJafy B Tpoleci po3pobieHHs
ra30KOHJCHCATHHX POJIOBHIIL.

B 6asi snanp EC 3naxofsTbest ofiepxaHi Bifi eKclepTiB 3HAHHS IIPO pe3yabTaT aHajxi3y reoJioro-
1poMuc0Boi iHdopMamii B npoeci AiIrHOCTAKH yCK/IAHEHD HA a30KOHEHCATHHX POMOBUIIAX.

3a ponomoroio EC 3a6esnedyeTbcst aBTOMaTH3OBaHE BAPINICHHS HACTYIHHX 3a/ay:

°® BA3HAYEHHS WIBU/KOCTI 3MIHEHHSI TEXHOJOTIYHHX NapaMeTpiB st opmyBauHS iH(OPMAaTHBHHX
O3HaK;

® aHa/i3 Ta IHAEHTH(IKANIA NOTOYHOI CHTYalil Ha CBEP/TOBHHI;

¢ NONEPe/KCHHSA Ta NPOrHO3yBaHHSA PO3BHUTKY lepe/faBapiiHAX CHTYAIlifl 3 OuiKyBaHUMH HacJiKaMu;

® NOSICHEHHsI HaWGibII THMOBHX NPHYMH BHHWKHEHHS aBapilHOT cutyanii abo  Bijxusiens

eKCILTyaTaliiHHX XapaKTEPUCTHK CBEP/UIOBHH Ta POIOBHIY Bi/l IJIAHOBOTO 260 MPOEKTHOTO PEKHMY
pobotu;

e Ha6ip pekOMeH/alliii, IPU3HAYEHAX SIK [/l YCYHEHHs BiJXUJEHb eKCIUTyaTalliiHHX XapaKTepHCTHK

CBEP/UIOBHH Ta PO/IOBUIL BiJf NIaHOBOro 260 NPOEKTHOTO peXHMY poboTH AaHoi aBapifiHO CHTYamii,
TaK 1 [U/Is1 3MEHIIEHHS] MOXJIHBOCTI iX MOBTOPEHHS.

M3 ta II3 EC 3abesneuye BupillcHHs BHIICHA3BAHKX 3a/ay Ha MiJCTaBi indopmanii, mo
OJEPAKYETHCA NPH EKCIIyaTalil CBEPAJIOBHH Ta POJOBHINA B I[iIOMy, Ta 6a3W 3HAHB, MO B pe3y.JbTari
AO3BOJIATb KOPHCTYBauy CBO€YAaCHO NPHIHATH pilleHHA NpPO JIKBIAIII0 SIKOTOCH NOpYUIEH s, sike
BHHHKJIO B CBEP/JIOBHHI a60 HA POJOBHILI. ‘
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