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BUKOPUCTAHHS MPAMOKYTHUX OPTOMOHAJIbHUX ®YHKLUIA AN OLUIHKU
TEXHIMHUX CTAHIB NMPOMUCIIOBUX OB’EKTIB
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Posensnymo Ooyinvhicms 3acmocy8anusi NPSAMOKYMHUX OPMOSOHATLHUX (PYHKYI 015 i0enmudgpikayii
MEXHIYHUX CManie npomuciogux 06’ckmis. Ilpoananizogano cyuacnuil cman npoodiemMu NPaAKMuUdHOO
3ACMOCY8AHHSL NPAMOKYMHUX OPMOSOHANbHUX (DYHKYIUL 6 aHanizi eunadkoeux eeauyun. Pospobneno
npocpamuull nakem 078 po3K1ady GUNAOK080T enuyunu y cnekmpu no @gyukyisx Pademaxepa, Xaapa ma
Yonwa. Ompumano ma posenanymo pesynrsmamu pobomu npocpamHozo naxkemy Ojisl aHAli3y napamempis
2azonepekayy8aibHux —azpe2amis. 3poONeHO BUCHOBOK W000 MONCIUBOCMI 3ACMOCYBAHHA —OAHUX
pe3yrbmamie 01 OMpuManus 000amro8oi inghopmayii npo mexuiuHuil cmamn 00 ekma.

Kniouogi cnosa: cnexmpanvHuili ananis, npsamMoKymua (QyuKyis, mexuiunutl CMan, NPoMUCIOsUti 00 exm,
CIamucCmudHa XapaKxmepucmuxa.

Paccmompena  yenecoobpaznocms  npumenenuss NPAMOY2OIbHLIX — OPMOSOHATLHBLIX  QVHKYUll  0Jisl
udenmuurayuu MexHU4eckux COCMOAHUL NPOMbIULEHHBIX 00bekmos. [Ipoananuzuposano cospementoe
cocmosiHue npooiemMvl NPAKMUYECK020 NPUMEHEHUS. NPAMOY2OIbHbIX OPIMOSOHANLHBIX QYHKYULL 6 aHAIU3e
cayuaunvlx  éenuyun. Paspaboman npoepammuulii naxem Ol PA3LOANCEHUs. CAVHAUHOU BETUYUHLL 8
cnexkmpul no yuxyusm Pademaxepa, Xaapa u Yonwa. Ioayuenvl u paccmompensl pe3yibmamst pabombi
NPOSPAMMHO20 HAKemAa 015 AHATU3A NaApamempos zazonepexavusaiowux azpeeamos. Coenan 6vl800 0
603MOJICHOCTU NPUMEHEHUSI OAHHBbIX Pe3YTbmamos Ok HOLYHYeHUs: OONOIHUMENbHOU UHGOpMayuu o
MEXHUYeCKOM COCMOSIHUU 00beKmd.

Kniouesvie cnosa: cnexmpanvhvlii awanus, NpAMOYeONbHAs —QYHKYUS,
NPOMBIUEHHBLIL 00bEKm, CMAMUCMUYECKAsl XapaKmepucmuKa

mexHuiveckoe cocmosrue,

The article considers the justification of the application of rectangular orthogonal functions for the
identification of technical conditions of industrial objects. The current state of the practical application
problem of rectangular orthogonal functions in the analysis of random variables was analyzed. A software
package for the decomposition of a random variable in the spectrum functions in the Rademacher, Haar
and Walsh bases was developed. The results of the software package operation for the analysis of the
parameters of gas compressor units were received and analyzed. The conclusion about the possibility of
applying these results to obtain further information about the technical condition of the object was made.
Keywords: spectral analysis, rectangular functions, technical condition, industrial object, statistical
characteristics.

B indopmaniiinoMmy aHami3i 4YacoBUX PAIIB
BUIIAJKOBUX BEJIMYUH BaXKJIMBE MicCLie 3aliMarOTh 1X
CreKTpajbHi  XapakrTepuctukd.  CHeKTpanbHUi
aHami3 B OUTBIIOCTI BHUMAIKIiB 0a3zyeTbcs Ha
NpsIMOMY Ta 3BOPOTHOMY meperBopeHHs Dyp’e.
[IpoTre 3 pO3BUTKOM KOMIT' FOTEPHOI TEXHIKH 1
amapary JIHCKpPETHOI MaTeMaTHKH BCE dYacTile
BHUKOPHUCTOBYIOTBCS CHCTEMHU MPSIMOKYTHHX
oproroHanbHUX (QyHKIIH Xaapa, Panemaxepa,
VYomnma, siki He OyIU MOMYISPHUMHE Y 3aCTOCYBaHHI
Yy  MHUHYJIOMY  CTONITTi, OCKUIBKM  BpY4YHY
IHTEepIpeTyBaTH pe3yiIbTaTH TaKUX IEPETBOPCHb
Oyno nyxe ckiagHo [1]. Oanak B JmaHWi dYac

crieKkTpajbHa o00poOka Takux GyHKIOIH € Ha

MTOPSITOK MIPOCTIIIIOI0 IS udpoBoro
OIpalllOBaHHS, a TaKOX BIANOBIAE TEHACHIIISM
PO3BUTKY MIKpOIPOLIECOPHUX 3aco0iB

omnpamtoBaHHs iHQopManii. MaTeMaTHUHUIA anapat
Ta MPaKTUYHI METONIN 3aCTOCYBaHHS
BHIIE3a3HAYCHUX OPTOTOHANBHUX Oa3uciB 3apa3
3HAXOIATHCS Ha CTaili aKTMBHOI po3poOku [2, 3].
Kpim Toro, BeiiBner-¢pyHkmiss Xaapa IIHPOKO
3aCTOCOBYETHCS Y BeHBieT-aHali3li Ta BeWBIeET-
cTuckaHHi iH}opMarii, po3nizHaBaHHI 3alTyMICHUX
300pakeHpb [4]. ToMy BaXKJIMBUM 1 TIEPCIICKTHBHUM
HATPSMKOM JOCIIDKEHb € 3aCTOCYBaHHS PO3KIATy
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CIIEKTPY 4YacOBOTO psy BUIAJKOBHX BEIUYHH Y
BHUIIE3a3HAYCHUX OPTOroHaNbHUX Oa3ucax. OmHaK,
HasBHI MPaKTUYHI pillleHHS B JIAHOMY HampsMy He
HaOy/M moIMpeHHs. 30KpeMa, OUTBIIICTh 13 HUX €
CUCTEMHO Ta (YHKIIOHAJILHO 3aJIOKHUMH BiX
mporpaMHoro makery Matlab [5], a 1e crBOproe
O00OMEXEeHHS 10710 anmnapaTHO-IPOrpaMHoOi
1aThopMH, Ha SKIH 3AIHCHIOETHCS aHATI3.

Meroto naHoi poOOTH € CTBOPEHHS BIIACHOI
KpoctuiaTpopMeHHOT Oi0NioTeKHn sl pO3KIAdy
BEIIMYHMH y crekTpu ¢yHKuUii Xaapa, Pamemaxepa
Ta Yonma A TOAaibIIOro BUKOPHCTaHHS IX Y
aHali3i JaHWX, 30KpeMa, TEXHIYHHX IapaMerpiB
raonepeKavyyBalibHUX  arperatiB, a  TaKoOX
BHUBUYCHHSI MOXXJIMBOCTI OTPHMaHHS y pe3yJbTaTi
TAKOTO  PO3KIAAy JOJATKOBUX  CTATUCTUYHHX
XapaKTePUCTUK CUTHANIY, SIKUM Y JIAHOMY BHIAJKY
€ (pyHKIIS 3MIHM OJHOTO i3 TEXHIYHUX MapaMeTpiB
razonepekadypanbHux arperatiB (I'TIA) y gaci.

Jis  [OCHIDKCHHS — CHEKTPIB  BHITaJIKOBOL
BEJIMYHMHU B 3aJIaHUX TEOPETUKO-YHCIOBUX Oazncax
BUKOpUCTaeEMO (YHKIfO, sika Oyme QopMmyBatucs
HAaCTYITHUM YHHOM [5]:

0

X(f)= [x@)f; @)t , i=0,1, (1)

—00

JIe Xx(t) — NOoCIiKyBaHa BUIAJKOBA BETUYNHA, fi(1) —
BIIMOBiIHA (QYHKIS 3 BHUOPAHOTO TEOPETHKO-
YHCIIOBOr0 0a3ucy.

Indopmanis, orpumana 3 TpadikiB GyHKIT
X(f;), n0O3BONMTH JETANBHO NOCIIIUTH PO3KIAN

BHITAJIKOBOI BEJIMYMHHM 32 (YHKIISIMH 3aJaHOrO
0asucy Ta OTpUMaTH JOJATKOBI JaHi  Ipo
CTaTHCTUYHI  XapaKTCPUCTUKH  JOCTIIKYyBaHOIO
TEXHOJIOTTYHOTO MPOIIECY.

Sk MOBY mnporpaMmyBaHHS Ui IIPOIPaMHOI

peamizamii  KOHIEMINi, 10  0a3yeThcs  Ha
BUIICHABEICHUX TEOPETHYHHX OCHOBaX, OyIo
BuOpano Python Bepcii 2.7. Jana MoBa

MPOrpaMyBaHHsl BIIPI3HSAETHCS BiJl IHIIUX CBOEIO
THYYKICTIO, TIPOCTOTOI0 pOOOTH 13 CHHCKaMH,
MaTpULSIMA Ta  IHIIUMH  THNIAMH  MACHBIB,
KpOCIIaTOPMEHHICTIO Ta BEIMKAM HabOpOM
Oe3IUIaTHUX CTaHJAPTHUX 610i0TEK IS
MPOBE/ICHHS HAYKOBUX OOYHUCIICHb, 110 B OLTBIIOCTI
BUIIAIKIB JIO3BOJISIE PIBHOIIIHHO 3aMIHUTH
MaTeMaTHYHEe 3a0e3MeYeHHs] TaKMX KOMEpPILIHHMX
nponykriB, sk Matlab Ta Mathcad [6]. Hns
BioOpakeHHsT TpadikiB Ta 30epexeHHs IX Yy
rpagiuni  ¢aisim 3 pO3MMPEHHSM  .png

BHKOPHCTAEMO MAKET PO3IIMpPeHHs .pylab.

BunankoBa BenuunHa (B JAHOMY BHIAIKY
TeMIepatypa NpaIIOIYUX KOJOAOK YIIOPHOTO
migmunauka Harairada ['TIA) momaHa y BUIIAAL
OJTHOBMMIPHOI'0O MacCHBY JTJaHUX 13 3alIMCOM 3HA4YCHb
3 IHTEpBajJOM 5 XBWIMH y (ailyl 3 po3MIMPEHHSIM
.mat. [Ing poGotu 3 nmaHumu B jgaHomy aiini
BHKOPHCTAEMO MAKET PO3IIMPEHHS .Scipy [7].

Hus  peamizaiii  OakaHoro  (yHKIIOHATY
MPOrpaMHOr0 TMAaKeTy aBTOpaMy CTaTTi  Oyio
3allpONOHOBAHO  MOAYJBHY — apxXiTeKTypy, IO
CKIafaeTecst 3 mecTH  (almiB-MoaymiB 3
PO3IIHPEHHSIM .py, SIK1 00pOOJIAIOTHCS
inTepnperaTopoM Python (puc. 1).

main.py

wrapper.py

‘graph.py

rademacher.py haarpy walsh.py

Pucynok 1 — CTpykTypa po3podseHoro
NMPOrpaMHOro MaKkeTy

Posrnguaemo JleTaJIbHIIIE MOYKJIUBOCTI
PO3pO0JICHOrO MPOrpaMHOr0 MPOAYKTY (pHC. 2).
daiin main.py OTPHUMYye BiJ KOpHCTyBada iM’s
¢aiiny 3 po3MIHPEHHsM .mat, B IKOMY 3HAXOISATHCS
naHi st oOpoOKM Ta BHKIMKae (yHKIIiO-
00ropTKy, IO oOroyomieHa y daim wrapper.py.
OyHKIII-00ropTKa, B CBOI Yepry, B PEXKHMI
Janory 3 KOpUCTYBa4eM OTPUMYE BKa3iBKH MIOAO
BUOOpY  TEOPETHUKO-4MCIOBOrO  Oasucy s
PO3KIJIaly OTPUMAHOI BEIMYMHH B TaHOMY Oa3uci.

Peanizariii o0unciacHHs Koe(illieHTIB PO3KIATY
s O6asuciB Pamemaxepa, Xaapa ta Yomma Ta
BUBIJ] BiAMTOBIMHUX rpadikiB QyHKIIH peai3oBaHo,
BimnoBimHO, y (¢aiimax rademacher.py, haar.py,
walsh.py.  ®aiin  rademacher.py  oOumnciroe
koedimientn g Qyskmid  Pagemaxepa Ta
BHBOAMTH Tepion (yukuii Pagemaxepa, 1 sikoro
OyJI0 OTpUMaHO MakKCHUMallbHU# Koedimient. Daiin
haar.py oOuuciioe KoehillieHTH s 3aJaHoi
KUTbKOCTI (yHKIIH Xaapa, Mmicis 4oro J03BOJISIE
3HaiiT (QyHKmito Xaapa, NMpH sKi JOCATAETHCS
MaKCUMajbHe 3Ha4yeHHS  Koedimienra.  Daiin
walsh.py po3paxoBye MaTpuil0 Anamapa 3aJaHoro
MOPSAZKY, TMICIS YOro BIIOPSAKOBYE EIEMEHTH
MaTpuli K KoedimieHtn i QyHKIiH Yomma (3
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noromoroto  komiB  I'pest). [lami BimOyBaeTbes
obuurcieHHS Koe(dilieHTiB 3a (yHKIISIMH Y ojlia
Ta, 332 OaKaHHSIM KOPHUCTYyBada, BUBiJ QYHKIII, TpH
AKii Oylno JIOCATHYTO MaKCHUMallbHe 3HAYCHHS
koedimieHTa.

Kpim Toro, ans BuBomy Tpadika BHXIiTHOI

¢ynkuii  crBopeHo  ¢ain  graph.py,  sKuii
BHUKIIUKAETHCA OKPEMO.
BuGip chaiiny nanux
ans 06pobku
TpachiuHmii BUBIA BuGip TYB ana
panux 3 haiiny MOLanNbLLOro aHanisy
OBuncnenns X(f;) BuGip pospAnHocTi || BuGip pospagHocTi
Jef; - BignoBigHa thyHUiit Xaapa MaTpuui Aniamapa
(yHeLia Pagemaxepa
[ |
Buia KinbkocTi OBumcnenna X(f;) | [YnopsigkysaHa
3HaueHb BHDIpKN, [e fi- BignosigHa hyHKLf 32 Yonuwem
NpM AKOMY JOCATHYTO| | (hyHKLifA Xaapa T
MakcumansHoro X(f; ) | O6umcnenns X(f;)
_ _ ae ;- signoeigHa
Buein rpachiky yHKLiA Yonuua
hyHKuiT Xaapa,
NpH AAKIA LOCATHYTO
MaKCHManbHoro Busin rpachiky cpywkuii
3HaueHHa X(f;) Yonuwa, npu AKin

I LOCATHYTO
BuBig nokansHoro || MakcumansHoro
iHTEpBary, Ha AKkomy|| 3HAYEHHA X(f;)
[OOCATHYTO
MaKCMMankHoro
3xauenHa X(f;)

I
[NoBTopeHHs onepaLii abo 3aBepLueHHA
poGoTH nporpamu

Pucynok 2 — CxeMa MOKJIUMBHX Aill KopucTyBaya
npu podoTi 3 po3podIeHUM NPOrpaMHUM
NnaKeToM

3a 3amMoBYyBaHHAM rpadikdn  OTPUMAaHUX
pesynbraTiB  30epiratoteess 'y ¢dopmari PNG 'y
pobouoMy KaTayio3i kopucTyBada. Kpim Toro, mis
BiZJOOpa’KEHHSI TIOCIHIZIOBHOCTI i TPOrpaMHOro
Makery Ta 3a0e3MneucHHs KOpHCTYBa4a
iHpopMalliero Mpo mpoiec OOpPOOKHM [JaHUX B
pealibHOMY dYaci y Tmporpamy Oyjio JIOAaHO
TEKCTOBUH iHTepdeiic, uepe3 sKuil BinOyBaeThCs
B3aeMoOJiss 3 KopucryBaueMm. [Ipukinanm poGoTH
TEKCTOBOT'0 iHTepdelicy NporpaMu IMOKa3aHWH Ha
puc. 3. Ilporpama npu oOYMCICHHI 3Ha4eHb X(f;)
st QyHKIiA Yonima B mepiry 4epry poOHuTh 3amuT
Ha BBiJ Oa)kaHOI PO3PSIHOCTI MATpHI Amxamapa.
[Micms 1WpOro mNpOrpaMHUN TaKeT PO3MOYMHAE
OOYUCIIEHHS, TIOCIIZIOBHO BHKOHYIOUHM PO3PaXyHOK

MaTpuli Anamapa, copTyBaHHs (yHKIIH Yona,
obuurcieHHs X(f;) A1 KOKHOI 3 HUX Ta 30epeKEeHHS
rpadiky nux ¢yakuii. [licns 3aBepiieHHS TaHUX
NIl Tporpama 3amuTye KOpPHCTyBada, Yd MOTPIOHO
30epirati rpadik ¢yHkuii Yomma, Ui skoi 0yio
JOCSITHYTO MakcuManbHe 3HadeHHs X(f;). Ilicms
30epeKeHHs] pe3yNbTaTy KOPHCTYyBad OTPUMYE
MOBiJOMJICHHSI, IO PO3paxXyHKH 30€pEKEHO.

Enter the rank of the Hadamard matrix to build: 8
Starting...

Calculating Hadamard matrix. .. N

Ordering Walsh functions...

Calculating Walsh coefficients...

Saving result..

Do you want to save maximum Walsh function(y|n)?y
Saving result...
Calculation finished.

Pucynok 3 — Ilpukian po60oTu TeKCTOBOTO
iHTep@eiicy po3po0 ieHOro NPOrpaMHOro NaKery

3a JI0IOMOro0 PO3pOOJICHOr0 MPOrpaMHOrO
3a0e3meueHHs OyB 3MiACHEHMH aHaIi3
CTaTUCTUYHUX XapaKTEpPUCTUK BUOIPKH 3HAYEHBb
TEMIIepaTypy MPAIIOIUYUX KOJOJOK YIIOPHOT'O
migmmnauka Haraitaua [TIA. Posrisaemo rpadik
3HauYeHb JaHOTO mapamerpa (puc. 4).

T.°C
40

30 1

251 1

20 1

15 1

o] 500 1000 1500 2000 2500 3000 3500 4000 N

KinbkicTe 3HaveHb BHGIpKU
Pucynok 4 — I'padix TeMnepaTypu npauorw4ux
KOJIOJAOK YINOPHOT0 MiIIIUMHUKA HATHITa4Ya
I'TA, mo ananxizyBajnach

I[lpu  posknami  3HA4YeHb  TeMIepaTypu
OpAIOI0YUX  KOJOAOK  YIMOPHOTO  IMiIIIUITHAKA
Harnitaua ['TIA 3a ¢ynkuissmu Pagemaxepa Oymo
oTpuMaHo 3HaueHHs X(f;) (puc. 5).

Posrisinemo ¢dynkmito Panemaxepa, mpu skii
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OyJio JOCATHYTO MaKcMMaslbHe 3HaueHHs X(f;). 3a
MOPSIIKOBIM HOMEPOM JIaHOi QYHKIIIT (a 11e HoMep
3), M MOXKEMO BH3HA4YMTH il Tepiof, skuii Oyne
PIBHHM:

X(5)
00 ‘ ‘ ‘ . ‘ ‘ . ‘

25001

2000

1500

1000

500

l:)0 1 2 3 4 5 6 7 8 9

Homep dyHryji Pagemaxepa

Pucynok 5 — 3navyenns X(f;), axi orpumani npu
PO3KJIaji 3HAYEHb TeMIlepaTypH NMPalIOI0YNX
KOJIOJAOK YIOPHOT0 MiIUMHUKA HATHITaYa
I'TA B cnexTp 3a pynkuiamu Pagemaxepa

r=2 @)

2i+1 ?

ne N — 3arajbHa KiIbKICTh 3HA4YCHb BHOIPKH, [ —
HoMep ¢yHKIi Pagemaxepa mpu mo4atrky BiUTiKy
0. Takum YMHOM, MakcWMalbHE 3Ha4YeHHS X(f;)
Oynmo pmocsrHyTo Uis QyHKIIi 3 mepiogom 219
3HAuYCHb, 110 CTAHOBHUTH MPUOIN3HO 18 roguH. Sk
BHIHO 3 puc.4, B TOCTIJOBHOCTI 3Ha4YeHb
JOCII/DKYBAHOTO  MapameTpa  MPOCIiKOBYETHCS
rapMoOHIYHA CKJIAJ0Ba, MEPioA SKOI MPHOIU3HO
piBHHMI  Tepiomy  BHUIIe3a3HayeHOi  QyHKIT
Panemaxepa. Takum 4YHHOM, MOXXHA 3pOOHTH
BHCHOBOK, IO JaHa OIepallisi JIO3BOJISE MPOBECTH
npuOJIM3HE BUJUJICHHS TapMOHIYHOI CKIIaJIOBOI,
VHHKAIOUH TpU I[IbOMY 3aCTOCYBaHHS Habararto
CKJIQJIHIIIOr0 B IpOrpamHiil peamizamii Ta OLIBII
PECYPCOEMKOTO IIBUAKOTO meperBopeHHss Dyp’e.
PesynbTat Takoi omnepartiii Oyje MEHII TOYHUM, HiK
npu neperBoperHi Oyp’e, omHAK, 3aBASIKA TPOCTOTI
Oo0poOKM  3HAYeHb  MPSAMOKYTHHX  (YHKILH
Panemaxepa oO4YMCITIOBANBHOIO TEXHIKOIO, Oyne
3MIACHIOBATUCS HAabarato MBHUILIE, 10 MOXe OyTH

KOPDUCHHM TIpH TOTpebi OmepaTHBHOTO aHamizy
JaHUX.

[pu po3kiiaai BUXiJHOT BETHYUHH IO MEPIIHX
256 ¢pynkuigx Xaapa Oyji0 OTpUMaHO 3HAYCHHS, sIKi
BifoOpaskeHi Ha puc. 6.

Xif)

14

12t

10f

(o] 50 100 150 200 250 300 i
MopaaxoBwit Homep yHKLiT Xaapa

Pucynoxk 6 — 3nayenns X(f;), orpumani npu
PO3KJIaji 3HAYEHb TeMIlepaTypH MPalIOI0YUX
KOJIOJAOK YIOPHOT0 MiIIUMHUKA HATHITa4Ya
I'TA B cnexTp 3a dpyHkuiamu Xaapa

Oynkmii  Xaapa 1O cBOl  mpupomi €
JIOKai30BaHUMK (YHKIISIMH, TOOTO TPUHAMAIOThH
3HAUCHHS, BIAMIHHI Bl HyJsd Ha BHU3HAYCHUX
4acoBHX IPOMiKKax. BuBememo rpadik ¢yHKIii
Xaapa, mpu sKiii Oy/lI0 IOCSITHYTO MaKCHMaJibHE
3HavyeHHs X(f;) (puc. 7).

f;
1.0

051

0.0 [————

-0.5F

712%10 2920 2930 2940 2950 2960
Homep sHaueHHA BUGipk1

Pucynok 7 — ®ynkuis Xaapa, npu skiii 6y;10

OTPUMAHO MAKCUMAJIbHE 3HAYeHHS 3HaYeHb

X(f) nnsa TeMnepaTypu Npaniol04Yux KoJoI0K
YHOPHOTro miJmunHuKa Hardiraua I'TTA

2970
i
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SAx BugHo 3 rpadika, GyHKIOiE TpHiiMaEe
3Ha4YCeHHS BiMIHHI BiJl HYJISl HAa JOCUTH BY3bKOMY
iHTepBai 3arajibHOl BUOIPKH. 13 hopmyiH, 3a SKOIO
obuucmoerbest  X(f;), MOKHA 3pOOHMTH BHCHOBOK,
0 HAa [BbOMY IMPOMDKKY BiIOYBA€ThCS 3HAYHUIMA
nepemnay, 3Ha4YeHb y JIOCTI/KyBaHIM  BUOIpIII.
Busenemo rtpadik BuXimHOI (QYHKIIT B JaHOMY
niamna3oHi (puc. 8).

X
36 T T T T T

34t 1

32+ q

30r 1

28 1

26 q

24t 1

221 1

20+ 1

180
Homep 3HaueHHSA B AoCRigKyBaHOMY iHTepBani

Pucynok 8 — IntepBan BuxigHoi ¢pyHkuii, Ha

SIKOMY JIOCATA€THCA MAKCUMAJIbHE 3HAYEHHS

X(f;) nasi 3HaYeHb TeMIepaTypu NPalI0IYUuX

KOJIOJAOK YIOPHOT0 MiIIUMHUKA HATHITaYa

I'mA
Anamiz rpadika TmoKasye, 10 BHUIUICHHI
YacOBHH  BIJJPi30K  XapaKTEpU3YEThCA  PI3KUM

nepernayoM 3HaueHb BHUIIAJIKOBOI BEIWYHHHU, IO
MOXE CBIIYMTH TPO 3MIHH B 3arajibHOMY CTaHi
JOCITIKYBAaHOTO 00’€KTa, OCOOJMBO, SKIIO Taka
3MiHa B 3HA4YeHHSIX Ha JaHOMY IPOMIKKY
MPOCTIIKOBYETbCS 1 JUIsl  IHIIUX IapaMerpis
TEXHIYHOro 00’ckTa. Buxomaum 3 1BOro, MOXKHa
3pOoOMTH BHCHOBOK, IO BHIIENOJaHa 0OpoOKa
JIAHHUX JIO3BOJISIE BUJAUIUTH 13 3arajJbHOTO 4acOBOT'O
MPOMDKKY IHTEpBaJ, Ha SKOMY BiIOYyBaeThCs
HAMOUTPIIMK Tepenaja y 3HAYEHHsIX B dYaci, Ta,
MOXIIUBO, MPOXOISITh 3MIHH y  3arajlbHOMY
(YHKIIOHYBaHHI JIOCIIKYBAHOTO 00’ €KTA.
3aBAsSKH TMporpaMHid  peamizamii po3KiIagy
BUXITHOI BeNMMYMHU 32 (QYHKOIIMH YoIlia MH
MOKEMO OTpuUMaTH 3HadyeHHs X(f;) (puc.9).
JIOIIBHICTh ~ MPAKTUYHOTO  3aCTOCYBaHHS B
pe3yabTaTi Takoi OOpPOOKM MaHUX PO3TIISIHYTO Ta
OOIPYHTOBAHO BITUM3HIHUMH Ta 3aKOPJIOHHUMHU
aBropamu [8]. Po3pobneHuii nporpaMHuii MOIYJib
pobotu 3 QyHKIISAMH YOIlla J03BOJISIE JTOTIOBHUTH

10 20 30 40 50 60

MOJKJIMBOCTI CITPOEKTOBAHOI'O MPOTrPAMHOI0 MaKeTy

Ta 3pobutH  #oro Oulbll  yHiBepCalbHUM
THCTPYMEHTOM UL aHaizy napaMmerpis
TEXHOJIOT1YHOT0 00°€KTa 3 JOMOMOTOI0 PO3KIIAIIB Y
CIICKTPpHU 10 MIPAMOKYTHHX OPTOrOHAJIbHUX

(dYHKITISX.
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PO3KJIaji BUNAAKOBOI BeJIMYNHM B CIIEKTP 3a
¢pynkuismu Yomma

OTxe, B TIpoLIeci JOCHTIPKEHHS Oyo 31HCHEHO
pO3pOOKy MPOrpaMHOro IMAaKeTy Juisi PO3KIamy

JOCII[UKYBAaHOTO  IapamMeTpy B  CHEKTpH 3a
NPSIMOKYTHAMH ~ OPTOTOHAJbHUMH  (DYHKI[ISIMH.
Po3pobniennit  maker €  KpocCIIaTQOPMEHHHUM,

THYYKMM [pOTrPpaMHUM HPOAYKTOM Ta, 3aBISKU

MOJYJBHIH apXiTeKTypi, BOJOJIE MOMIIUBICTIO
VIOCKOHAJIGHHS Ta  JONOBHEHHS  ICHYIOUOT'O
¢dyHKIIOHATY.

[MpakTnune 3aCTOCYBaHHS pe3yNbTatiB

pO3KIIaJly CUTHaJdbHUX (YHKIIA B CHEKTpH 3a
NPSMOKYTHHUMH OPTOTOHAJIBHUMH (YHKISMHU IS
aHamizy X  CTaTUCTUYHUX  XapaKTEPUCTHUK
IPYHTOBHO JIOCTi/DKEHE B HAYKOBUX po0OOTax
BITYM3HSAHUX Ta 3aKOPIOHHMX AaBTOPIB, TOMY
pO3po0Ka JaHOTO IPOrPaMHOIO 3aC00y Ma€ 3HAYHY
MPAaKTUYHY LIHHICTS.

KpiMm Toro, 3aBmsku MpPOCTOTI 0OOpOOKH
O0YHUCITIOBATBHOIO TEXHIKOIO MPSMOKYTHHX
OpPTOrOHANBHUX  (YHKIIH y  TMOpIBHSHHI 3

(GYHKIIISIME, TII0 3aCTOCOBYIOTHCS Y MTEPETBOPEHHSX
®yp’e, pe3yabTaT 0OPOOKH JTOCITIHKYBAHUX JTAaHUX
JI03BOJISIIOTH IIPOBECTH ONEPATUBHUI aHANI3 IETKHX
CTaTUCTUYHUX  XaPaKTEPUCTUK  JOCIHIKyBaHOT
BEIMUMHU. 30KpeMa, JOCHIDKEHHS pPO3KIaxy
BeIMYMHU 3a QyHKIisME Pagemaxepa 103BOIISIE
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MIBUJIKO BUAUTMTH TapMOHIWHY CKJIaJIOBY CHUTHAIY
Ha  JOCNI/DKYBAaHOMY  IHTEpBali  BHITaJIKOBOL
BeIIMYMHUA 0€3 3acTOCYBaHHA PECYpPCOEMKOIO
neperBoperHs yp’e. A BuaineHHs QyHKIIl Xaapa,
MpH SIKIH OYyJI0 JOCATHYTO MaKCHMMaJIbHE 3HAYCHHS
BEIMYMHU X(f;), O3BOJISE ONEPATHUBHO BUSBIATH Y
BEIIMKAX BHUOIpKax Baromi 3MIHH Yy 3HA4YEHHSIX
JOCTIKYBaHOT BEJIMYMHM, SIKI TPH JOCHIKCHHI
MmapaMerpiB  TEXHOJIOTIYHOTO 00’€KTa MOXKYTh
CBITYMTH TIPO 3MiHY HOT0O TEXHIYHOTO CTaHYy.

BUCHOBKH

Po3pobiiene mporpamMHe  3a0e3leUeHHS €
MOBHOIIHHUM ~ MPOTPaMHUM  TPOIYKTOM ISt
BUKOPHUCTaHHS B ICHYFOUMX METO/IaX OI[IHKH CTaHy
TEXHIYHUX OO0’€KTiB 3a CIEKTpaMH IX OKpeMHX
napamerpiB, a TaKoX JIO3BOJSE  TPOBOAUTH
OlepaTHBHE JOCTIHKEHHSI OKPEMUX CTaTUCTHYHHX

XapakTepUCTUK  JOCHIPKYBaHHX  BEIWYHMH (B
JaHOMY  BUNQJKy,  TEXHIYHHX  [apaMerpiB
TIPOMUCIIOBUX 00’€KTIB). B MEepPCIeKTUBI

TUTAHYEThCS PO3POOUTH METOJMKY imeHTh(ikarii
CTaHIB TNPOMHCIIOBUX O0’€KTIB i3 3aCTOCYBaHHSM
PO3p00IIEHOr0 MPOrPaMHOIO MAKETY.
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