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Ali Adnan. Mixed Approach to Deductive Requests Optimization.

New approach to a deductiive request optimization based on the extended relation algebra transformation is
proposed.

Tpaguuiiina onTHMisais Datalog-nporpaMm BHKOPHCTOBYE sorivHu# TMiAXiA, SIKAA [OJsITa€ B
0C/Ii TOBHOMY 3aCTOCYBaHHi JIOTIYHAX METO/B NepenucyBaHius (JIMII) i JoridHEX METONiB OOYHC/IEHHS
[2]. TIpu ubomy, HaNPHK/IAZ, MOXHA 3aCTOCOBYBAaTH METON MATiYHHX MHOXHH JUISs OTPUMAHHS IHUION
nporpaMu, sika BHKOPHCTOBYE CTPYKTYPy KOHCTaHT miji i OBYMCJHIOETCA 3a BHCKXIJHOI CTpaTeriem,
BHKOPHCTOBYIOUH JIOTiUHY BEPCiio namiB6eanocepeanboro Meromy. lIponoHyeTcs BHKOpPHCTATH LIS
onTHMi3alii Tak 3BaHM 3MimIaHWi WiAXiZ, AKHH NOJArac B HACTYIHOMY. Jlo panoi Datalog-nporpamu
P sukopucrosyerbesi JIMII i orpuMyerbest ontuMisaniiina mpopama P’, sika TPaHCJIOETbCS B BHpa3s
pensiniiinoi anre6pu, posiniEpeHoi olepallisiMA MONIYKY HEPYXOMOI TOUKH. Jlna mEx BHpasiB GyayeTncs
obuncmosanbia rpad-cxema (OIC), sxa € Opi€eHTOBaHHM rpacdoM, BEpHIHHH SKOTO BiANOBIZAIOTH
onepaiisM, a yrh — BXIIHAM i BHXIJHHM BiIHOMIEHHSM. CrenisiibHa TpancdopMallisi, Ha3BaHa CTsIyBaH-
asiM, mepersopioe OTC. ITlpu mpoMy HUKIH 3aMIiHIOIOThCS CTEI[SLIbHUMH By3J1aMH, BiJIOBIJHHMH omepa-
wisiMa TOmyKy Hepyxomoi Toukd. [las peanisanii OI'C BUKOPUCTOBYETHCA METOA IHTErpoOBaHOTO MYJIb-
tunporpamysanus [1] - meron opranisanii napajegpbHHX 06YUC/IeHb TOTOKOBOTO THITY. B pamkax BKa3sa-
HOTO MiIXOAy OTPHMaHi OCHOBHI 3aJIeXXHOCTI CTyNeHs juTerpamii Bifi XapaKTEPHCTHK 3alUTY I dopmai-
30BaHi yMOBH e(eKTHBHOCTH inTerposaHoi peanisauii onepanii po3mupeHoi pesiiHol anreGpH.

EdexruBHicTb 3alpONOHOBAHOIO METOAY, 3Bpuaiino, B HaiGinbmIiil CcTeNeHi IPOABJISETbCS TPU
peanizanii Ha 6araTonpONECOPHUX OGYMCIIOBAJBHAX CHCTEMAX, /€ 3abe3nedyeThcss MOBHE PO3TNapalie-
JoBaHHsi OOYHCIEHD.
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M3/105%eHa KOHIENLHS TIPHMEHEHHs, MOJE/IMPOBAHHS U aTTECTAIMH CTOXACTHYECKUX MMITYJICHBIX CHIHAJIOB Kak
Cpe/icTBa KOHTPOJISi METPOJIOTHYECKHX [apaMeTpoB uH(OPMAIIMOHHO-H3MEPHTEIBHBIX cucTeM. Onucana MOJC/Ib
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IMnyabcHi cTOXacTHYHi CHTHAAM BiAirpaioTh BaXJIHBY poOJib y NPAaKTHII HAaYKOBUX JOCJIXKEeHbD,
BHPOOHUYHX BUMIpIOBaHb i (i3HYHHX €KCHEPHMEHTIB y SKOCTI HOCIiB indopmanii mpo BaacTuBocCTi
AOCHI/KYBaHHX O6G’€KTiB HPHM BHUKOPHCTaHHI METOMIB AMCTAHIINHHOIO 30H/yBaHHS MOJISIMH SIIepHHUX,
CBITJIOBHX, IMIly/JIbCHMX €NeKTPOMArHiTHHX Ta AaKyCTHYHMX BHIPOMIHIOBaHb. BuMipoBaibHa
indopmarnisi, MO NEPEHOCHTHCS CHTHANAMH 3rafaHOTo KJAacy, MICTHTbCS B IX CTaTHCTHYHUX
xapakTepucTukax (MoMeHTax, 3aKkoHi posmoiiiy Ta Horo napameTrpax, KOpe SIHiHHHX XapaKTepHUCTHKAX
TOI0), OWiHKAa SIKUX HPOBOJHTBHCS 32 JAONOMOIOIO indopmaniitno-samipiosansrux cucrem (IBC), ski
peaniayioTp BiNOBINHI aIrOPUTMH BHMipIOBaJibHUX HeperBoperb. Jlo Takux IBC HamexaTs,
HalPUKJIAK, aMIUNTY/AHI i YacoBi aHaxi3aTOPH, pajiioi3oTonHi piBHEMipH, rycTHHOMIpH i TOBIIHHOMIpH,
TaMa-pajiioMeTPH | CNEKTPOMETPH, €JeKTPOOTOMETPH, AUCTIEPCIOMETPH Ta iHII.

BumipioBasbHi iMIyIbeHi cTOXacTHYHI CHTHA/NH CYNDPOBO/KYIOTbCS HEIlEPEPBHHMH Ta IMITy TbCHUMH
3aBajlaMH, JUIsL YCYHEHHs1 SIKHX BUKOPHCTOBYIOTHCSI Pi3HOMaHITHI METO/H Ta 3aco6H, IO BXOZATH O CKJIALY
IBC. Ilpn upoMy pesysibTaT BHMipIOBAIBHHX [I€PETBOPEHb NOTPebyE OLiHKHA $byHukOii Boausy sasan.

3ragani Bunte IBC maoTth CHiJIbHY BJIACTHBICTb — CHTHAJ, SIKHl NOCTyIae HA BXifl iX eJeKTPOHHUX
BHMIDIOBAJIbHHX KaHAJiB, siB/Asie cO60I0 NOTIK €JEKTPHYHHX iMIyJbciB meBHOi GOPMH 3 BHIAAKOBHMHU
aMILTITY/IaMH Ta iHTepBajiaMu Mix< iMnynancamu. ToMy B apcenan 3aco6iB MeTPOJIOTiYHOTO 3a6e3MEYEHHS
Bkazanux IBC nouinbHO BKJIIOYMTH iMIYABCHI CTOXACTHYHI CUrHAMM 3 HOPMOBAHMMH CTATHCTHYHHUMHE
XapaKTepHCTHKaMH 3 METOI0 KOHTPOJ/IIO NMapaMeTPiB €JIEKTPOHHMX BHMIPIOBAJIbHHX KaHAJiB B yMOBaXx,
6/M3bKHX /IO PeabHOrO 3aCTOCYBaHHS.

Opnak BEKODHCTAHHS 3ralaHMX B3ipIEBHX CTOXaCTHYHHX iMITYJIbCHHX CHTHAJIB noTpebye BHpIiMIEHHS
HACTYIHHX 3a/la4: PO3POGIEHHs] MEeTO/[iB BHKOPHCTAHHS B3ipHeBUX iMIY/bCHHX CTOXACTHYHMX CUTHAIB
AJISL  KOHTPOJIIO METPOJIOTIYHHX XapaKTepUCTHK BHMipioBanbHuX kanaiiB IBC, crBopenms reseparopis
IMIOY/IbCHHX CTOXaCTHYHMX CHTHAMIB 3 HOPDMOBAHAMH CTATHCTHYHHMH XapaKTePHCTHKAMH, CTBOpPEHHSI
METO/IB i 3aco6iB aTecTyBaHHS 3raJlaHUX I'€HEPaTOPiB.

3ayBaxuMO, IO  CTOXAaCTHYHMHE  IMIYJBCHHH CHTHAN 3  HOPMOBAHHMH  CTATHCTHYHHM
XapaKTePUCTHKAMH sIBJIsie co00I10 B A€SKOMY PO3yMiHHI B3ipueBy croxacruyny mipy. B mamomy BHIIQJIKY
mipoio ((isnyHuME KOHCTaHTaMH) € TOCTiHHI BeamdMmm, siki XapaKTepuayioTh B3ipleBHil BHIaAKOBH}
iMoybCcHUR TIpoliec, a MOHATTS “CTOXacTHYHA” 03HAyae, MO HOCIEM JAHHX KOHCTAHT € BHIIAAKOBHH
iMilyibcHE# curHan. 3razaHi KOHCTaHTH i 3a6e3NeyyloTb 3B’SI30K CTOXACTHYHOT Mipu 3 JlepxkaBHoio
CHCTEMOIO eTaNoHiB. Maloun Ha yBasi BHIIe3rajaHe, B3ipLeBHH IMIyJbCHHH CTOXAaCTHYHHH CHrHaJ
6yaemo fani Po3yMiTH SIK CTOXAaCTHYHY Mipy i Uit OTO ONHCY BHKOPHCTOBYBATHMEMO IMILyJIbCHY MOJeJIb:

X() =Y AH(t-1)+Y BO(t— 1)+ A(f)., )
i j
ne A i H(t-t,.) - aMILIiTyAa # inTerpoBaHa ¢yHKNis, HOPMOBaHA HAa OJMHHIIO B MAKCHMYMi, siKa

. - . . * . .
onucye ¢opMy iHdopmamiiinoro iMmysbca, BiamoBigHO, Bj i (D(t—t j) - aHAJOTIYHI 3HaYeHHS L)

neinopmaruBuoi (i1yMOBOI) KOMIIOHEHTH iMIY.JIbCHOrO CHMTHAIy, a ﬂ(t) - HemepepBHA CKJIa/0Ba
3aBa/iH, sKa siBJsie co600 afATHBHY cyMim feskoi AerepminoBanoi (Hanpukiaf, cHHycoizanbuoi) i
CTalliOHaPHOI B IIMPOKOMY PO3yMiHHI Binaakosoi dyHkIii Yacy.

IMnynbeni  xoMmnonentn HopMyloTbest poanogizamu  (4M  MOMEHTaMH) AaMILIITYZ, {HTepBaJiB,
napameTpamMu (OpMH iMIYJIbCIB, a y HENEPepBHOI CKJIAZOBOi HOPMYIOTbCSI BCi XapaKTEPHCTHKH, SKi
ONUCYIOTh JeTepMiHOBaHY (YHKIIIO i CTaliOHAPHY B WIMPOKOMY PO3yMiHHI BHNAAKOBY (DYHKIIIO Jacy B
PaMKax Teopii Apyroro nopsiiky.

Hepma cknagosa curnany (1) BHKOPHCTOBYETbCS LISl ONIHKH METPOJIOTIYHEX napaMeTpiB
€JEKTPOHHHX BHUMipioBaqbHUX KaHaliB IBC, a aBi ocrammix - i BusHaueHHs dyskuii BnanBY
IMITyJIBCHHX | HEllepepBHUX 3aBajl HA Pe3yJbTaT BUMipIOBaHb.

B 3sarambHoMy Bunazky srajani pume I[BC peanisyiors pesikuii AJrOPUTM  BHMIPIOBAJIbHOTO
neperBopeHHst curHany X(t): Y = LT[X(t)], re Y - pesynpTaT BHMIpPIOBaJbHOIO IEPETBOPEHHS
(noryxmuicts m03H, TOBmMHA B3ipns, rycruHa NOTOKY, mapaMerp posmoxiny Tomo), L, - oneparop
BAMIPIOBaJIbHHX NepeTBopenb, T - yac Harpomakennsi indopmanii. CepenHboKBagpaTHYHA NOXHGKA
BHMIPIOBaHb BH3HAYAETHCS AK ez\/q2+Dy, Ae q - cucrematyHa mnoxubka, a D, - pmemepcis
pesy ibTaty BuMipioBanb. Ouninka sHauenb g i [, ckaajae 3afavy BH3HAuEHHS NOXHOGKH BHMipIOBAb.
IIpy 1mpoMy MOX/IMBI HacTymHI BapisHTH: NOpiBHSHHS 3Havenp Y i D)

¥
snavend Y i [, B KOHTPO/IbOBaHill CHCTEMi 3 aHAJNOrIYHHMH 3HAYECHHSIMH JLIs1 B3IpUEBOi CHCTeMH NpH

i3 3aaHMMH, TOPIBHSHHSA
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pisux peanisanisix cursany X(¢), nopisusnms ssasenp Y i [), B KOHTposibOBamiif cucremi 3
aHAMOTIYHAME 3HAYEHHSIMH JUIsI B3ipUeBoi cHcTeMu no oHill i Tilf xe peanisauii npouecy X(¢).

A

Ouinxu 3Hauenb ¢ i D, mpoBoisiTbCA 3a CTAHAAPTHHMH ANTOPUTMAMH, HATIPHKJIAL
2

D :Lz’: y_lzI:Y »o1
sl 17

i=1

1
(Y.' - Y; ) , ne [ - Kigbkicte  BuMIpiB,
i=1

* . . *
Y~ - peaysbTar BEMipioBaHb B3ipLEBOIO CHCTEMOIO 260 Y; =¥, - 3aaHa KOHCTaHTA.

. . . . 3 A . - . s A
MiniManbHi 3HAYeHHA OIIHOK cHCTeMaTHuHoi noxubku ¢ 1 pisuumi aucnepcii AD, B
KOHTPOJIbOBaHiH i B3ipuesidl cucreMax, siki MOXyTb OyTu BHAiJNEHI Ha $oHi craTHCTHUHHX (AYKTyamii,

MO>XHA 3HAHTH 3a BHPa3aMH > D., AD, < D, . |, ne 3navenns 3a/la€ Mexi
p min Y q° b 'R ¥ ADy o

~

JIOBipyOTO iHTEpBaNy, B sIKAH 3 iMOBipHicTIO ) monamae 3uavenHs ouinok L, i ¢, a Dé i DAﬁr st

3rajlaHMX BUILE BHUIIA/(KiB BH3HAYalOTbhCs, BIANOBIAHO, SK

2 4

DO 2D0 1 2 3 ) 2 4 =
D, == D;==%; D, .—_-l-lADy|, Dy, = 7D Dy, =D Dy =71)0|AD,,],
ne D, - sanane (HopMoBaHe) 3HaueHHsl AUCHepCii Pe3ybTaTy BUMiPIOBAHbD.
4¢°D,; +D A5,
Toxi oninKa cepe/IHbOKBapaTHYHO] TOXNUOKH & BU3HAYAETDHCS 3 JUCIEpCieio D = =
4(q +D0)

3ayBaxuMo, 1[0 NPH HOPMOBaHHX NapaMeTpaX B3ipLEBOIo CTOXACTHYHOIO CHTHAJY 3HaiijleHe 3HAYEHHs
noxu6ku BEMipioBaHb Oyje BH3HAYATHCh JIMIIe HeCTAGiJbHICTIO NapaMeTpiB BMMIiPIOBAJbHHX KaHaJiB
IBC i dyHKiti€o BIUINBY HOPMOBAaHHX IIYMOBHX KOMIIOHGHT Ha pe3yJIbTaT BUMIPIOBAJIbHHX I[€PETBOPEHD. ¢

[Ipu mnoenementaomy koHtpoiai IBC 3 nonoMoroio B3iplEBOTO CTOXaCTHYHOTO CHIHA/ly HOro
XapaKTepHCTHKH BHOHPAIOThCsl TakuMM, MO6 B fAaHId BHMIpIOBaJbHii NpoumeAypi BH3HAYAJNACh JHIIe
ofHa ckaanosa h pexropy mapamerpis IBC, siki KOHTPOJIIOIOTBCS, 33 3HAYEHHSIM JESIKOTO (PyHKIiOHAMY

Z Bijl BHXiIHOTO CUI'HAJY KOHTPOJbOBAHO! YaCTHHH CHCTeMH A = h(a, T, Z) , [l& @ - BEeKTOp TapaMeTpiB

B3ipIeBoro croxacTuynoro cursany, T - yac BAMipioBaHb, a Z - BHNAJKOBe 3HaueHHs (yHKIiOHANY
A P

BAMipIOBANBHUX meperBopens. Ouinka noxu6ku Ak mnapamerpa h: Ah=h-h", re Yy BHIAJKY

TPSIMHX BHMIPIOBaHb K :h0 € 3ajJaHol0 HOPMOBaHOI BeJMYHHOI, a MpH peaniszauii MeToxiB

NOPIBHSAHHS € OIIHKOK AHAJIOriYHOTO MapaMeTpy B3ipuesoio chcreMoio. [lucnepcist pesy. bTary OLIIHKHU

~ dn\’ .
snavennss Ah: DA,; = E-Z: DZ(T), zie
(

D, (T) JUIsL METOJTY NPSIMAX BHMIpPIOBaHb,
D; (T) =<2D), (T) JUISL METOY TOPIBHSARHS 32 He3ajexxHuMH peanisamismu X (1),

dD (T
——Z(—)Ah JUISL METO/ly NOPIBHSIHHA 3a OAHICIO H Ti€ K peasizalieio X(1).

dh

\

Jlns Busnavennst noxubkn A ma samanomy pisui 3naunmoctn AK_, NOBHHHA BHKOHYBAaTHCh yMOBa

Ah 2 B4 DA};(T) =B, 3;1/D;(T ) . 3navennst paucuepcii DZ(T ) BH3HAYAETHCS KOHKPETHHM

BurjsiioM dynkuionany Z.
Jlnsl OUMiHKY, HANPHKJIAJA, MEPTBOTO Yacy rama-pajioMerpis GyHKIioHan Z Mae BHIJSIA

Z= ];X'(t)&(t —t,)dt = M(T),
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* - . . . - . - 3
ne X (t) - MOCJIJ{OBHICTb IMIYJIbCIB OJMHHYHOI aMMJITYAH HAa BHXO/i BHMIipIOBaJIbHOrO KaHaJay 3
MepTBHUM YacoM T, , 5(0) - nesvta ¢yukuist, a M(T) - kinbKicTs iMITy/bciB HarpoMakeHHX 3a yac T.

IIpu ouinui po3isbHOI 37aTHOCTH AMITITYAHHX aHaAi3aToOpiB BXifHWil curnan sBisie co6oi myaco-
HIBCBKY HOCJII/IOBHICTb iMITyJIbCiB HOPMOBaHOI aMILIiTy/H, a yHKIiOHAN Z MOXKHA 3alIHCATH Y BATJISI:

" 2
0
ko = ko erY
Z = sz Z k——’—:ﬁ—— N,, nme N, - ximzbkictb iMmynbcis, HarpoMamxenux y k-my
k=1

k=1 Z N’
r=1

KaHaJjl aHaJi3aTopa 3 3arajibHOIO KiJIbKICTIO KaHaJiB ko~

Hast moseniopanns currany X(¢) Haii6inpll AOUIJIBHO CTBOPIOBATH CHEIIsTi30BaHI TeHEpPATOPH, SIKi
3a6esneyyioTh BHCOKY UIBHJKO/i0 3a PaXyHOK opraHisanii nmapaneipHoi po6OTH eleMeHTIB CTPYKTYDH.
Bkasani remepaTopu MOMyTb BiATBOPIOBATH IOCJiIOBHICTb iMIyJbciB 3amanoi ¢opMm i3 3agaHEME
3aKOHAMH PO3NOAIJY aMILITYZA 1 iHTepBaiaiB MiX iMIyJbcaMH Ha OCHOBI yHIBEPCaJIbHHX AJTOPHTMIB
(Monre-Kapno, Heiimana), siki mepeTBOpIOIOTH HOCIIZOBHICTD HEKOPEJAbOBAHHX [CEBAOBHNALKOBHX
neilikoBux uucen (M-mociifioBHOCTE!) y MOCHIOBHICTD TNCEBIOBHNA/KOBHX YHCEN i3 3a/aHEMH
3aKOHAMH PpO3NOAIAY 3 iX HacTynHHM NH(PO-aHANIOroBUM IepeTBOpeHHsIM. Po3BHHYTI B fgaHmii yac
METO/IH MOJIENIOBaHHsl HAa OCHOBI yHiBEpCaJbHHX ajTOPHTMIB [O3BOJISITh JIETKO HANANITOBYBAaTH 3rajaHi
reHepaTopu Ha 3ajaHuil pexxuM pobotu 3a gonomoroio I[[EOM | BiaTBOpOBaTH TCEBIOBHIAKOBI
imnynbeni curmaam X(f) i3 3agaHuME CTATHCTHYHEME XapakTephcTukamn. Habegena y JZonoBiai
ysarajibHeHa (YHKIIOHAJIbHA CXeMa IeHepaTopa B3ipLeBOr0 CTOXACTHYHOIO iMIYJbCHOTO CHTHAJY
AO3BOJIS€ BiATBOPIOBATH HE3aJeXKHO BCi KoMmoneHTH cAraaxy X(f) Ha ocHOBi yHiBepcaapHHX IH(MPOBHX
MOJIEJTIOI0YAX AJTOPHTMIB 3 NapasieIbHOI POBOTOI0 CTPYKTYPHHUX €JIEMEHTIB.

Tenepatopu B3ipueBuX iMIy/JbCHAX CTOXAaCTHYHHX CHTHAJNIB MOTPe6GYIOTh HASIBHOCTH 3acobiB X
MeTpoJsoriyRoro 3aGeanevenns. Jns arecramii reHepaTopiB TPONOHYETbCS METOJL crpymypno’ro
isoMopdismy peanbroi cTpykTypu i HudpoBoi anropuTMiuHOi Mojeni, TPOrpamMHO peasti3oBaHOi B
ITEOM sa ymoBu, mo nudpo-aHajiorosi neperBopoBadi MoXyTb 6yTH aTecToBaHi BifloMuMu 3acoGamu
YW 32 NACHOPTHUMH JAHHMH.

Cyts meropy nonsirsie y nporpammiii pearmisanii wa ITEOM undposoi crpykrypn remeparopa i
anroput™y #oro dynkuionyBanusi. OTpuMaHi ICEBAOBUNAKOBI YHMCIOBI IOC/I{OBHOCTI, SIKi SIBJSIIOTH
coboio 1mdposuit anasor curnany X(¢), obpobasiotbes ma Tiii ke ITEOM BioMEMH MeTOZAMH
MaTeMaTH4YHOl cTaTHCTHKH. OJHaK NpH BKAa3aHOMY WiAXO/Ai NPHHIMIOBAM € INUTAHHA BiANTOBIIHOCTH
peanpHOi UHPPOBOI CTPYKTYpH TeHepaTopa H#HOro airopuTMiuHii mozeni. OcHOBOIO —KpuTepiio
BIINIOBI/IHOCTH € OCHOBHa BJIACTHBICTh NCEBOBHIIAKOBUX 4HCEJ, Peali30BaHAX HA OCHOBI reHepaTOpiB
M-nocninoBHocTel, sika [03BOJisie IX PpO3TJSAAaTH 4Yd SIK BHOAJKOBI, YH SIK gerepMmiHoBaHi. TakuM
YHHOM, TIPH BiZIOMHX M[OYAaTKOBHX YMOBAaX i CTPYKTypi reHepatopa M-NOCHAiOBHOCTI MOXHA
po3paxyBaTu /ISl aJTOPUTMIYHOI MOJle/li reHepaTopa esiKi KOHTPOJIbHI YMC/a, TOYHE CIiBIAa[iHHS SIKHX
3 aHAJOTIYHHMH YHC/IAMH, OTPHMaHAMH B PEalbHOMY I€HEpPaTopi, MATBEP/DKYE I/IEHTHYHICTD TPOrPAMHO
OpranisoBaHoi i peasibHOi CTPYKTyp. 3Bi/ICH BUIUINBAE, IO CTATHCTHYHI BJACTHBOCTI MCEBJIOBHIALKOBUX
YHCJIOBHX MOC/JI/IOBHOCTEH B peanbHOMY Ie€HepaTopi CHiBI2Ja0Th 3 aHAJIOTIYHUMH XapaKTEePHCTHKAMH,
OTPMMaHUMH Ha HOTO ajJropuTMiuHi# Mozeni.

¢

MartemMaTHuHi Mozeni aiaroput™iB QyHKIIOHYBaHHS MiKPOIPOLECOPHOI CHCTEMH KepyBaHHS
ABMI'YHOM MOCTiHHOTO CTPyMY

MAPIA BO3HA, BOJIOIUMUP OBCSK

Yxpaincoxa axademis dpyxapcmea JIveis, eyn. ITidzonocku 19
Ten.: (0322) 72-0850

Mapus Bosma, Baagumup Opncsx. MaremaTnueckHe MOJeJH AJITOPHTMOB G YHKUHOHHPOBAHHS  MHKPO-
TPOUECCOPHOH CHCTEMbl YIPaBJIECHHS JBHTATENeM IIOCTOSHHOIO TOKA.
IIpencrapneHa MaTteMaTHieckasi Mojenb (YHKIMOHMDPOBAHMS  MMKPONPOLECCOPHON CHCTEMBI yIpaBJIeHHs
ABUTaTE/IeM MOCTOAHHOIO TOKa NeyaTHOH MauMHbl. /laHHas cucTeMa ynpaBJieHHs! TIpe/{Ha3HayeHa /Ul U3MepeHHs
YNPaBJIEHHS CKOPOCTbIO M KPYTAIIMM MOMEHTOM Ha €JIeKTponpuBoje. MaTeMaTHYCCKHE MOJENH aJirOpHTMa
(QYHKUMOHMPOBAHHMA MUKPONPOIECCOPHOIT CHCTEMBI YIIPABJIEHHS OTIHCAHBI TIOCPEICBOM AMre6pbl YIIOPSAoUEHHl.

268



Pysonni ApykapchKi MamiMHM NIMPOKO BHKOPHUCTOBYIOTbCS JUIA JPYKY TaseTHOl, >KypHaJbHOI,
imocrpartuBHoi nmpoayknii. /lpykapcbkuit anapaTt IMX MamiMH CKJIAJAE€ThCS 3 IUJIIHAPIB, MO HellepepBHO
o6epraiorbesi. IllBuzkicTs porauiiinoi mMamwuHe aocsrae 6ausbko 25—40 THC. 06epTiB Ha TOAMHY.
Oco6nuBicTh €JIEKTPONIPHBOAY POTAIiHOI MANIHHA B TOMY, IIO MOMEHT iHepHil ABHTYHa B HIICTh pa3iB
MeHNHil 3a 3araJlbHUil npuBefeHUH A0 Hboro MoMeHT iHepuii. ToMy B poTaumifiHMX MamIMHAX IIBHAKHIL
poarid Hemonyctumuii. HoMinanbHa mBHAKICTD focsiraeThest NpH nocrifiHoMy npuckoperHi 3a 20— 30 c.
PysioHHi MaliMHKW BMMAaraioTh Bijl €JIEKTPONPHBO/IAa IJIABHOTO PEryJiOBaHHSI Po6OYOI MIBUAKOCTH IPYKY
B aistmadoni D>7. [lua BukoHaHHA onepaniii 3MuBaHHs ¢apOH 3 HHIIHAPIB, BCTAHOBJIEHHS [PYKapChKHX
dopM npu peMOHTI BHMaraerbcsl AyKe Mana mBHAKICTD — 1-2% Bia Haif6iapmol poGouol MBHIKOCTH.
TaxkuM BHMOraM 3a70BilbHSIE €€KTPONpuUBiA moctiiiHoro crpymy [1].

KepyBanHsi e/leKTPONPUBOZAOM 3iHCHIOETBCSI cHCTEMOIO, (DYHKI[OHAJIbHA CXeMa sIKOi HaBeJena Ha
puc. 1. B cucreMy kepyBaHHsA BXOASITh MiKponpollecop, ABAIYH INOCTIHHOTO CTPyMy, CHCTeMa CHDsi-
>keHHS. Biz ABurysa mocriiHOro CTpyMy HOCTyHNalOTh aHAJOIOBI CHTHa/JM “KPYTHHH MOMeHT”, “KyToBa
mBHakictb”. Ha asuryn magxomsite o6pobieni anamorosi curaanu. CucreMa CHpsiKEHHsI HEepETBOPIOE
CHrHaJW, sIKi Hajifimum Big aABuryHa, B nudposHil koj i mepemae ix Mikponponecopy. A TakKoX,
nepeTBOpIoe HMPOBHIT KO/ B aHAJIOTOBHIl CHIHAJ, SIKHHA MOTPANJsiE IO ABHI'YHA MOCTiIHOTO CTPYMY.

Cucrema KepyBaHHS JBUTYHOM IOCTIHHOIO CTPyMy KOHTPOJIOETbCS MikpornpoiiecopoM. Bxiaui ananorosi
cardaiu o6pobusiioTbest 1modeproBo. O6po6ka BXIAHHX Ta BHXIHAX CHIHAJIB 3IHCHIOETHCS 3 3aJaHOI0
TouyHicTio. BXxizni anasnorosi curHanu npomopuiiiHi ¢akTHYHiN Be/MYHHI KPYTHOrO MOMEHTY Ha SKOPDi
JBHTYHAa IIOCTiHHOro CTpyMy i NpONOpIilHI 3HaueHHIO #Horo KyToBol mBHAKOCTH. Buxiami ananorosi
CHT'HAJIM MOBUHHI peryJiioBaTH KyTOBY HIBH/KICTh ABUIYHA YH KPYTHHI MOMEHT 3a 3a/laHHM 3aKOHOM.

: i
! =
! i1 Kpyruumii
E I{udpoBuii Kox E MOMEHT
: i
: 3 i 4
1| MIKPO- 3xopexkroBanuitl CHCTEMA [+ Kyrosa ABHI'YH
i | TPOITECOP | uudposuit kox | CIIPAKEHHA 3 msuakicrs | HOCTIHHO-
E : 'O CTPYMY
' KepyBaunsi T Curaal Mo- 2
¢ CHCTEMOIO i MEHTy / MBI~
E CIpsDKEeHHST i KOCTH
1 I
g MIICK i
{

Puc. 1. Dynxuyionarvna cxema mixponpouecoptoi cucmemu xepyeannus ( MIICK).

Jl1ss no6ynoBn MatemaTHYHHX Mojenell ¢yuknionyBanusi MIICK BukopucToByeMo —anre6Gpy
Bnopsiikysanb [2]. Bynyemo marematuyny Mojenb (pyHKHiOHYBaHHSI MiKpONPONECOPHOI CHCTEMH MpH
IePETBOPEHHI aHAJOrOBOro CHrHaly B LHEPOBHI KOA.

Iloueprose omnpamioBaHHA aHAJOTOBHX CHTHaJMIB “KpyTHHH MoOMeHT” Ta “KyToBa MIBHAKICTH”
JAOCSTAETHCSI TOJi, KOJA CHCTEMa CHPSDKEHHS MICTHTb KOMyTaTop CHrHafdiB. Byayemo Marematuuny
MOJIEJIb I[bOTO €JIEMEHTa:

- ] y X1, sxmo Uy =1,
y = X1, X2, (Uy=1) -? = (1)
y = X2, saxmo Uy =0,

e X1, X2 - sxigni ananorosi curgaau; Uy - iMoyJibc ynpasiiHHS, 3a SIKHM 3iHCHIOETbCSI BUHGIP OHOTO
3 BXiZlHEX aHanoroBux curHaftiB. Hexait X1 - curHan, mponopuiliHWil 3HAYEHHIO KyTOBOi MIBHAKOCTH,
IO PO3BHBAETbCA HA SIKOpi ABATYHA, a X2 - aHAJOrOBHU CHTHAJ, NPOHOPHIHHMA KPYTHOMY MOMEHTY
ABHI'YHa HOCTilfHOro crpymy. SIxmo curnan ymnpasiinea piBEEHA 0, Ha BHXOJI KOMyTaTOpa OTPHMYEMO
cHrHaJl “KyToBa MIBHAKICTH”, iHaKIle - CHrHAJI “KPYTHHH MOMEHT”.

IMicnst toro, sixk BXigHWH cHrHaN yke BHOpaHHil, mepexoguMO [0 NepPeTBOPEHHsI Horo B mudpoBuit
KOJ{, MO/leJib AJITOPUTMY SIKOI'O ONUCYEThCst HPOPMYI0I0: -

| |
[ | Z =f(y), sxmo Uy =1,
Z *,  sxmo Uz =0,

Il
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ne f(y) - dynxuis nepersopenus: anasnorosoro curnany B nugposuit xox, a Z - nudposnit xox. Ilpu
3HaYEHHI CHTrHAJTY ynpaBJinus “1” 3/ifiCHIOETbCS MepeTBOpeHHs aHAJIOTOBOTO CHIHaJly B IH(MPOBHIl KO
Ilpu Z=0 maemo nonepeane sHauenns: wndpoBoro KOZy.
Illo6 uudposmit xox nepecratn B Mikpompouecop, NOTPi6GHO MATH eJeMeHT, siKMif pery.oBaB Gu
liépeady AaHHX - L€ BAKOHYETbest iHTepceiidom. MartemaTiuna Mozens intepdeiica Mae Takuil BT
L. ]
| I r =272, sxkmo U,=1,
r=Z, # (U, =1) -2 = (3
r= #, saxuo U.=0, '

Al T - TOTOBHICTD MOAavi NMaHUX B Mikponponecop; Z - nudposnii kox; Ur - yupas/aiHHsSI iHTepdelicoM;
# - indopmaniis B inTepdeiici y monepexniit MomenT acy.

Mikponpouecopna muHa ganux € 8-poapsiiHol0. 3amaHa TOYHICTH KepyBaHHsl OCSIra€Tbesl MpH 12-
pospsiiHoMy nudposomy koai. [las cymimenus Mikponpouecoproi muHE gaHuX i 12-poapsigHOro KOJy
AiTEMO #Horo Ha MoJsofmi pospsiu 1HPOBOro xoay (Z,) i crapmi pospsau wudposoro xkony (Z.).
IleperBopenns amanorosoro curnany s wudposnii kox omncyersess B [2], a BuGip Mosommoro i
CTapIIoro po3psAAiB 306paykacMo sIK:

- |
J L Z =27, sxmo Uz =1,
Z = Zn Z, (Up=1) -2 = (4)
Z = Z, skuo Uz =0,

Il

ne U,. - kepyBauus BaGopom Z, Z,.

B inTtepdeiic nocaigosro magxomste Momommi um cTapui pospsan nudposoro kKoxy. AJroput™
BIOOPY MOJIO/INIMX i CTAPIUINX PO3PSAMIB OMHCYETHCS BAPA3AMH:

L | | |

I L | 1
= Z,, #, (U, =1) 2, .= Z, #, (U . =1) - 2?2, .
fe Iy, I, - MOJOAWI Ta cTapumi po3psan UHUPPOBOrO KOAY, MO HAAXOASATh Ha OIAHY JaHHX
MiKporpoiecopa.

Mikponponecop dopmye nosuuil nudpoBuii KoI:
—
R = r.;ry

Ze R - omepanis cKJ€IOBaHHS CTapIIMX i MOJIOAMHAX poapsitis. Hose smavennsi mmdposoro komy R’
CTBOPIOETBCSL NPH BUKOHAHHI BIANOBIAHOI Tporpamm B Mikpomnpomnecopi. 3MmineHuit HHDPOBHIA KO
NiATpHMyBaTHMe POGOTY JBHIYHA B 33/IaHOMY PeXHMi.

Poarisinemo npouecu, siki Bin6ysalotscs mpu nepemaui ckopekToBaHoro unudposoro xoxy R’ Ha
NPHUCTPiil CIPSXKEHHS | 10 ABUTYHA MOCTiHOrO crpymy (puc. 1).

InTepdeiic kepye mnogavero koxy R’. Ha Buxoni 3 inTepdeiicy micraemo r’. MaremaTuuyna Mojenb
anroput™my pobotn inTepdeiicy npu nepegayi gaHax B MiKpornpolecop nokasaHna B [2], a npu Buzaui 3
MiKpoIIpoliecopa MaeMo:

|
[ 1 r' =R, skmo U, =1,
2 = (5)
r'= #, gkmo U, =0,

ne Ur’ - ynpasninns intepdeiicoM npH nepejaui faHMX Ha BHXIL.
[lpu dyuxuionyBanui cucreMn e HeobXigHicTD nepefaBaTd OKPeMO MOJIOANI i cTapuli pospsiau

nu¢POBOro KoAy:

| L |
[ I 1

|
1
rm' = Rm" #’ (Ur' == 1) - ?! rc' = Rc'i #, (Ur’ = 1) - ?.

Hns ysromkennsi ¢ynkuionyBanns neperBopoBaya NUPPOBOrO KOAYy B AHAJOrOBHH cHrHa® i 8-
PO3PSIHOI MiKPONIPOIECOPHOI MMHM 3aCTOCOBYEMO €JIEMEHT, ¢dbyHKIist sikoro € 3amam’sitaty i 3AilHCHUTH
4acoBy 3aTpUMKy 1ugpoBoro koxy. Takum eremMenToM CJIY>KHTb PETiCTP, MOJIeIb SIKOIO IpezcTaBAHeMo siK:

| |
| | b =1, sakmo U, =1,
b=1r,0 (U=1) -2=

b=6, sakmo U,=0,
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ge b - gami na Buxoai pericrpa, 6 — indopmaliisi, sika 3anmMcaHa B pericTp y nonepeiHi MOMEHT uacy,
Uy, - ynpaBiiHHEs €JEMEHTOM.
Jlasi 3aGesmevenHsi HEOOXiJHOI TOYHOCTH B KepyBaHHI MiKpOIPOLECOPHOT CHCTEMH MaeMO [(Ba
pericTpu: B mepuinii 3aMMCyEMO MOJIOAIIL PO3PS/H, a B ApyrHil - crapuii po3psit# HdpPOBOro Kojy:
| |

I | b, =r'm, sxmo Uy =1,
bm = l',m, 6,, (Ub1 = 1) - ?2 = (6)
b, =0;, sixkmo Uy =0,
| |
| i b, =1',, sikmo U =1,
bc = r, 0, , (Ub2 =1) -? = )

b, =0,, sikmo Uy =0,
ae b, , b, - mani Ha BEXoAi nepmioro i Apyroro pericTpis; 6y, 8, - indopmaiisi, sika 36epira€Tbcsi B peri-
CTpi 10 BASIBHOCTH iMIyJIbcy KepyBaHHs perictpoM; Upy, U, - KepyBaHHs [EPIIHM Ta APYTHM PEriCTPOM.

AHAOroBHil CHIHAJ @ JICTAEMO 3a JONOMOIOIO eJEeMEHTa, SIKAi POGHTb IepeTBOPeHHs wudposoro
KOJly B AaHAJOrOBHil cHrHa/i. MareMaTHuHy MoZe/ib QYHKUIOHYBAHHS AIrOPHTMY 306paXkaeMo SIK:

| 1
o ! ¢ = @(b), sxmo Ulp) =1,
p= o), § Ue=1) - ?= ®)

¢ =¢, sixmo U(p) =0,

ne ¢ (b) — dynxuis neperBopeHHs nudposoro KOAY B AHAJOrOBHH CHTHAN @; U¢ — yupaBiiHHA
eJleMeHToM; ( - aHAJIOTOBHIl CHIHAJ B nonepeiHiif MOMEHT Yacy; b - mudposuit Koz, sSIKHil JOPIBHIOE:

— D
b = b,; by

TakuM YHHOM, OIKCAHI MaTeMaTH4Hi Mojeni Bifo6paxaloTe Imepejady /[AaHAX Yepe3 OpHCTpii
CIIPSDKEHHS.
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MaTeMaTHUHi MOZeJi aJrOPHTMiB KepyBaHHS MiKPOINPOIECOPHOI CHCTEMH
MAPIA BO3HA

Vxpaincvra axademis dpyxapcmea 290058 Jlvsie, eya. Iidzonocxu, 19
Tea.: (0322) 72-0850

Mapusi Bosua. MaTemaTHyeckue MO/Ie/H ATOPHTMOB yNpaBIcHHA MHKPONPOIECCOPHOL CHCTEMBI.

B pa6orte HccaeyioTCS MaTeMaTMYECKHE MOJEJH yNpaBJIeHHs MHKPOIMPOIECCOPHOI CUCTEMOii pery IMPOBaHUs
JBMTATE/JIEM MOCTOSIHHOTO TOKa IMeuaTHOi Maumubl. [Ipeicra/ieHbl MaTeMaTHYECKHE MOJE/H YIPABJICHHs TaKUMH
3eMeHTAMM Kak  KOMyTaTop, MHTepdelic, aHaJoro-1siQppoBoit nipeo6pasoBarenb,  IbIPO-aHAIOrOBBIH
Npeo6pa3oBaTeNb, PEruCTp. YIIPaBJeHHe 3THX €JEMEHTOB OCYIECTBIAETCS MHKPOIIPOLIECCOPOM HePE3 uHTepdeiic.

B rociiokenni |[1] onmcani MaTemaTHuHi Mozl airopHTMiB (pyHKUiOHYBaHHS MiKpOTIPOLECOPHOI
CHCTeMH KepyBaHHs JBHIYHOM nocTtifinoro crpymy. Ils poboTa € MNPOJIOBNKEHHSAM TONepe/Hbol i
IpucBsiueHa MoGYy0BI MAaTEMATHYHAX MOJE/eH alropUTMiB KepyBaHHS MiKPONPOIECOPHOI CHCTEMH.

Jlisi KepyBaHHsl [BHTYHOM NOCTIHOTO CTPpyMy 3aJa€éMO TpH MOPTH. Tepmuit (mopr A)
BHKODHCTOBYETbCS /LISl BBEIEHHSI i3 JIBHTYHA [OCTIHHOTO CTPyMy aHAJOrOBHX CHIHATIB, sIKi
NepPeTBOPIIOTHCS MiKPOIPOLECOPHOI0 CHCTEMOIO Y wncpposuii kox. [lpyrmit moprt, sikuii MO3HAYAEMO
CHMBOJIOM B, BUKOPHCTOBYETbCSI JUIsi KEPyBaHHsI MiKPONPOIECOPHOX CHCTEMOIO JIBHIYHGM HOCTif{HOTO
cTpyMy, a came: BHAauel ILH(POBOrO Koay, KOTpHii TpaHCOPMYETbCSI B aHANOTOBHE CHrHA® i
HaAXOMAUTb Ha 06’¢KT KepyBaHHs. Tperii (nopr C) cayxnatb ausi popMyBaHHS BHYTPIIIHIX CHUTHAJB
KepyBaHHsl (PYHKIIOHYBaHHSM Mikponpouecoproi cucremMu. HacTkoBo CIYXHTb [UISL 3alyCKy udpo-
aHAJIOTOBOTO MEPETBOPIoBaya, BKIOYEHHS pericTpiB, KOMyTaTopa, aHaoro-uH¢poBOro neperBopioBaya.
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‘(DYyHKIIOHYBaHHSI MiKPOIIPOIIECOPHOI CHCTEMH 326e3medyeThcsl KepyBaHHSIM KOXHOIO 3 ii eJIeMeHTIB.
Ilio ¢yuskmilo noknagaemo Ha iHTepdeiic. Marematuuni Momeni  (yHKHiOHyBaHHS iHTepdeiica
ONHUCYIOThCS 3aco6aMy anre6pu BHOPsAKYBaHb [2] Takumu dopMynamu:

DZ=A1&A0& R&W & S, (1)
Z=DZ & D7 & D6 & D5 & D4 & D3 & D2 & D1 & DO, (2)

ne DZ - nossin 3amucy B pericTp Kepyouoro cjosa, Z - 3aliC B PETiCTP KEPYIOYOro C/lOBa, IO
6e3nocepeiHbO KEPyE lepefavero JaHuX no muni D B noptu A, B, C.
Onucani BUpa3su J03BOJISIOTh 3a6¢3NEYNTH CHHXPOHHUMA PeskuM POGOTH, SIKMH BUPOGISIETHCS [IPOrPaMoio.
Y ckaap inTepdpeiicy BXOAHTD JBOHANpaBJeHHHl BOcbMUpPO3psiHU# Gydep manmx D, sikmit 3B'siaye
inTepdeiic 3 CHCTEMHOI0 NMIWHOI MaHUX; GJOK KepyBaHHsI 3amucoM,/uuTaHHsM R, W, mo 3a6esneuye
KepyBaHHA 30BHIMIHIMH | BHYTDINIHIMH NepelayaMH JaHHX, Kepylouux ciiB i indopmanii npo cran
napajebHOro iHTepdpeiicy; TpH BOCBMHPO3PSIIHHX KaHatu BBejeHHsi/ Busegenust (mopru A, B i C) aus
obminy indopmamieo 3 soBaimHiMa upucrposimu ((1), (2)). Pexnm po60TH KOXKHOTO 3 KaHATiB IIOPTY
A, B, C BusnavaeTbcst BMicToOM pericTpa kepyodoro ciosa [3]. Bukonasuin 3anuc B perictp Kepywodoro
C/I0Ba, MOXXHa IEPEeBECTH MIKPOCXeMYy B OJHH 3 TPbOX PEXHMiB pPOGOTH. 3aCTOCOBYEMO DEXHM
CHHXPOHHOIO BBe/leHHsI-BHBe/eHHs iHGopMarii. Ile 3aGesneuyernca aapecuumu Bxomgamu Al, AO 1, 2):
R - curuan po3sony unranssi, W - 103Bi1 3anncy B napaJebHuil inrepdeiic, S - curnan subopy Mikpo-
cxemu, D7-DO0 - muuu ganux inrepdeiicy. B (1) i (2) W, S, D6, D5, D3, D2 - inBepcri curnanmu.
3o6paxaemo Mojeni mepegadi_mamux B mopt B: Ur' = D& AT & A0O& R& W &S & Z;
BuoprC: Uc = D & Al & A0 & R & W & S & Z; 3 nopry A Ha muHY jAaHux D:
U =A&A1 &AD&R&W&S & Z, ne A, B, C-oanoiimenui nopru, D - muna ganux, Al, A0
— aJipecHi BXOJIH mTep(bency (A1, AO - inBepcHi 3HavenHs curHa’is), R - f03Bin umTanns, W - [03Bin
samucy, S - BuGip Mmikpocxemu. llepemayy ganux MoskHa 3AIHCHMTH TiC/S TOro, sIK 3pobJEHO 3alUC y
perictpi kepyrouoro caosa - Z. U, U, - kepyBauns intepdeiicom (qus. supasu (5), (3) s [1]).
HaBogumo matematuuni Momeni (yHKIIOHYBaHHS — a/frOPHTMIB  MiKpOCXeM, IO HAAXOASATH 3
MiKpolpoIecopa: 4

U, =C0&C1&C2&C3&C4&C5&C6&C7 & Uc,
, = C0&Cl & C2 & C3 & C4 & C5 & C6 & C7 & U,
T, = CO&C1&C2&C3& C4 & C5 & C6 & C7 & Uk,
2=CO&CI&C24C3&CL4&T5 &C6& C7 & Uk, (3)
Uy =C0&Cl & C2& C3 & C4 & C5 & C6 & C7 & Uk,
U, =C0 & C1 & C2 & C3 & C4 & C5 & C6 & C7 & Uc,

ro= CO&Cl & C2& C3& C4 & C5 & C6 & C7 & U,

ne U, - ynpasainast komyratopom (aus. (1) B [1]); r, - ynpaBiiHHA CHIHAJTOM 3aIyCKy aHAIOro-IHdpPOBOro
NMepeTBOPIOBaYa i OJHOYAaCHE 3YNTYBAHHS CTAPIIMX PO3PSIAIB; T, - 3HSATTSI CUCHALY 3aIyCKy aHAJOIO-
H(PPOBOro NMepeTBOpIOBaYa, 3YHTYBAHHS CTAPUIAX DO3PSAIB; T, - CHTHAN 3UHTYBAHHS MOJOAIINX
po3psintiB; Uy, Uy, - curran mossony samycky mepmioro i gpyroro perictpis (zus. (6), (7) B [1]); 1, -

ynpasinas mudpo-aHaJIOTOBHM IepeTBOpIoBaYeM. ByjyeMo MartemaTHuHi MojieNi KepyBaHHS aHAIOTO-
mudposum nepersoposaveM (mus. (2), (4) B[1]): Uz=r1,&T&C, Uz*=(r, -1 ) & T & C, e
T - sabesnedenns: CHrHaTy TAKTOBHX iMiryJibciB, a C - KOHCTanTa, HEOOXiTHa /1St DYHKITIOHYBAHHSI e/leMeHTa.

Curnan xepyBaHHsI M PO-aHATOTOBHM NEPETBOPIOBaYeM 306paXKacMo SIK:
Ug=r1,& C', nery, — muB. (3); C' - koucranra.

Haseneni matemaTnuni Mogeni yHKI[IOHYBaHHS aJiropuT™MiB omnucaHi 3acobamu  anre6pu
BHODsA/KYBaHb. CTBOPEHHSI TaKMX MOJE/JEH 3HAYHO CHPONIye PO3yMiHHS 0po (YHKIIOHYBaHHS
MIKPONIPOLECOPHOT CHCTEMH KEPYBaHHs! €IeKTPONPHBOJIOM MOCTIHHOIO CTpyMy.
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MoaeoBaHHA POGOTH €JEKTPHYHUX MEPEXK JliBany

BOJIOJIUMUP TPABKO, ®APXAT XACAH
Texniunuil ynieepcumem 286021 Binnuus, Xmeavnuyvke woce 95
Ten: (0432) 32-5718 @axc: (0432) 44-0731
Enexmponna nowma: vstu@sovam.com

Baaaumnp I'pabko, Dapxar Xacan. Moae.mbonanue pa6otsi axekTpuueckux cereli Jiupana.

Dnextpuueckas ceth Jlupana copMHpPOBAIACH B TEUCHHE nocJaeqHux aecaruaernii. Kommyectso 3JIEKTPUYECKON
SHEPTHH, BbIPaGAThIBAEMOH SJIEKTPHUECKMMH CTAHIUAMH JluBana, orpanudeHHo. K ToMy Xe cyuiecTBeHHast 4acCTb
9JIEKTPOCTAHIMI HMEIOT HEGOJIBILYI0 YCTAHOBJIEHHYIO MOIHOCTD, 60JIbIIIAS O W3 HUX — THUPO3JIEKTPOCTAHIUU.
CBA3M MEX/Y Y3JaMH 3JIEKTPUYECKON CeTH Jlusana caabbie. TI03TOMy MCIIOJIH30BAaTh TPAUIMOHHBIE TIOAXO/BL JJIA
ONTHUMM3AIUY ceTell 3aTpyIHUTEIbHO. B pa6oTe Ipe/iaraeTcs MaTeMaTHdeckas MOJieJib, TIO3BOJISIONIAs] ONTUMAJIb-
HbIM TyTeM PaclpeeHTh Harpy3Ky MEX/ly 3JIeKTPOCTaHIMAMM ApH MUHUMAJBHOM PacXo/ie YCIOBHOTO TOILINBA.

Enextpuuni mepexi Jlisany dopMyOThCS Ha TIPOTSI3 BOX MECSTKIB OCTaHHIX POKiB. 3a 1el mnepion
CYTTEBO 3POCJIO CHOXHBAHHA eJleKTpoeHeprii B 383Ky 3 GypX/HBHM PO3BHTKOM IPOMHC/IOBOCTH. Ane
KiJIbKiCTh €eKTPHYHOI eHeprii, Mo BHPOOISETHCA HA enekTpocTauiisx JliBaHy, € OOMEXeHOIo. o Toro
5K 3HAYHA YACTHHA EJEeKTPOCTaHIlil Ma€ HEBEJHKY BCTAHOBJCHY NOTYXXHiCTb i, TPHOJH3HO, TpeTHHA
eJIeKTPOCTAHILIH € ripaBIiYHHMH.

SIx mpaBuJO, PO3NOALT HaBaHTaKEHHS MiK eJEeKTPHYHHMH CTaHI[isIMH [JJAHYETbCsl TaKUM YHHOM,
mo6 rifpaB/iuHi €/eKTPOCTaHUIl MOKPUBAIH CIOXKHBAHHS TiIBKH B TOJAMHM Ha#6iIbIIOro HaBaHTa-
skennst. Takuil mizXiZ AO3BOJISIE CTBOPUTH MaTeMaTHYHY MOJEJD eJIEKTPHYHOI CHCTEMH, 32 [ONOMOroio
KO MOKHA MPOBECTH PO3PAXYHKH PEXKUMIB Ta ONTHMI3aIi0, HATIPHKJIA/, PEXUMY eJNeKTPHIHOT Mepexi
3a Hampyroio, peakTHBHOILO noTyxmnictio i koedimieHTaMH TpatcdopMallii perysibOBaHHXs TpPaHC-
dopmaropis i aBroTpaHchOpMaTOPiB 32 KPATEPIEM MiHIMaJbHAX BTPaT aKTHBHOI MOTY>KHOCTH TOMIO.

Ocobausictio enekTpuyHux Mepex JliBany € Te, WO B HAX ripaB/ivHi eJeKTPoCTaHil NpaIooTh He
TiNbKH B TepiOAH MOKPHTTsl HaHGibIIOro HaBaHTKEHHS, aje #f i B 6azopomy pexumi. /o Toro x
3B’S3KH Mi’k OKpeMuMu ByaJaMi cOopMOBaHOI CHCTEMH caabKi.

B po6oTi IPONOHYEThCS MaTeMaTHYHa MOJIE]Ib eJIeKTPHYHOI CHCTEMH, 3aCTOCYBaHHsl SIKOI /03BOJSAE
HaHONTHMAABHIIINAM HNUISIXOM PO3IOAIJUTH HaBaHTaXEHH:A MiXK TEIUIO- Ta Ti/[POENEKTPOCTAHLISIME IIPH
MiHIMAZBHEX BHTpPaTax yMOBHOTO MaJIHBA.

Pospaxynku nposoananch Ha EOM Tumy IBM PC/AT 3 BUKODHCTAHHSM aJ[aliTOBAHMX I[IPOrpaM
B-6-600 po3paxyHKy peXuMy eJeKTPHYHOI Mepexxi Ta B-2-600 pospaxyHKY ONTHMAJIbHOIO PEKHUMY
eJIeKTpUYHO] Mepexi.
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Frank Huebenthal, Zoja Dudar, Jevhen Mokryj, Vagan Terzijan. Introduction to Graphical Modelling Based
on Cellular Metaautomata. v

A new approach to the creation of the system of computer animation for the graphical automated system of
operative management of technological processes is discussed. The theory of cellular metaautomata used as a
basis for the approach development and for its application to support the optimum decisions making for systems
that include graphical patterns’ recognition. The practical application of developed methods for various
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technical purposes in computer animation is possible, as well as for the generation of the rules of a conclusion on
the basis of initial and final conditions in discrete dynamic processes of real complexity that permits creation of
a number of graphic systems on operative management, forecasting and support of optimum decisions taking in
mining industry, nuclear engineering, medicine, etc.

Introduction. Graphic cellular automaton is a specialised kind of a cellular automaton designed
for the creation of the intermediate graphic images on the basis of the initial and final ones. An
important question at management of various technical processes is the generation of managing signals
that will lead to the achievement of ascertain desired result. In this connection an important problem
is the creation of automated systems of operative management of the processes of production that will
facilitate the control over the processes and will help to avoid many undesirable situations [1].

The attempts to use conventional methods that do not take into account a stochastic nature of
described processes result in nonflexible systems, which do not meet the requirements to them. During
the practical use of such systems in manufacture an opportunity of occurrence of emergencies is not
predicted. During the process its characteristic repeatedly vary, and consequently changing the rules
describing the behaviour of the process. In this connection the creation of a self-learning automatic
device that can in rate with the process quickly and precisely react to all changes of its characteristics
is necessary. A cellular metaautomata in which in the course of time not only the condition of cellular
space changes but also the sets of the rules under the certain law vary satisfies all specified
requirements. In such automatic devices, except the cellular space, also the space of the rules exists in
which there are all possible sets of the rules, besides there is also the set of metarules enabling in the
course of time to make active this or that set of the rules. In general case there exists n-levels of the
spaces of rules and metarules operating the work of a given automatic device [2, 3]. Thus, a
metaautomaton is a modified cellular automaton complemented by the theory of self-teaching and the
opportunity of changing the characteristics. The space of research in cellular metaautomaton is
represented by the cellular space that is easily interpreted as the graphic image that permits to use the
described metaautomaton for the creation of tool of graphic modelling.

Graphical cellular metaautomata. Let us consider the main rules serving as the basis of the
developed approach on the example of the following system presented at the picture: d

.- Sensor of object 1 —
—» Object 1 *

—» Object 2 -~

Sensor of object 2

Space of Modeling

—® Object n .. Sensor of object n

—

N Block of Analysis of Current .
Block of S}ener'atlon Condition of Objects and Change | Block of Formatlo.n of
of Operating Signals of Characteristics of Objects Rules of Conclusion

4 ‘ [

Let us describe the process of the fﬁpctioning of a submitted system on the example of the authors'
system of operative management by medical devices that support certain desired condition of a patient.

At the beginning of functioning the system (before the beginning of some medical operation) the
characteristics of the researched area (the organ of a patient) as some set of desired conditions and
some of conditions that must be avoided a set.

The sensor as semi-conductor lasers and optical system generate a very small light points up to one
micron in the diameter. This point is focused on a thin layer of the environment for sampling the
elementary unit of information. The light flow reflected by the carrier of information is caught and its
intensity and polarisation is determined on the basis of this the colour of an elementary point of the
graphic image is coded.

With small temporary delay the signals from the sensor are fed through the optical fibre cable to
the block of the analysis of the current condition and changes of the characteristics of objectS. This
block generates the graphic image of the space of research (the image of the organ of a patient) and
the characteristics of the objects change.

The changed characteristics are fed to the block of the formation of the rules of conclusion. It is
this block that presents the greatest interest concerning the novelty of the theory. On the basis of the
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received data by means of comparison the previous and subsequent graphic images the correction of
the current rules of the conclusion by means of the use of metarules occurs. Then the transmission of
the received rules to the block of generation of managing signals, which co-ordinated the operation of
the devices supporting the condition of the space of research (the state of a patient’s health) with the
assigned limits is executed.

Conclusion. The sphere of application of the specified method is reasonably wide. On the basis of
the developed approach to graphic modelling of dynamic systems the authors have worked out a
number of systems used in various spheres of human activity. We shall note some of the systems
realised by the authors: the system of computer animation (on the basis of initial and final, the
system generates the sequence of intermediate images, thus receiving some animated script); the
graphic automated system of operative management of the processes of production (represents a board
intended for visual supervision and management of space of modelling); the medical system of the
support of decision (on the basis of the conditions of a patient being present in his database,
presented by the graphic images of his organs, some sequence of condition reflecting the dynamic of
the development of the illness or its consequences because of the use of various medicines is
generated. On the basis of this the doctor can make a decision generalise about the expediency of the
use of that or other method of treatment).

However the described results are considered by the authors only as a beginning of the deeper
theoretical and practical research in this area.
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VnpaBJaiHHS SIKiCTIO €KCIIOPTHOTO MPHPOJHOTO rasy B yMOBaX HENOBHOTH Ta
HeJIOCTOBIPHOCTH JaHHX
BOJIOAUMUP JJUCKAHT, BAJIEPIM KOTOK, IOPI/1 TIOHOMAPBHOB, AH/IPIN HIKJISIPOB
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Baagumup [uckanr, Baaepmii Korok, JOpuit Tlonomapes, Aupped Ilikaspos. YnpaBieHHe KauecTBOM
SKCIOPTHOTO MPHPOJHOTO ra3a B YCAOBUSAX HEMOJIHOTHI H HEe/IOCTOBEPHOCTH JAAHHBIX.

IIpea/ioxken CHoco6 pelieHus 3ajaud ypaBJIeHUs KAaueCTBOM ra3a B 9KCIOPTHBIX rasonposogax AO
“YKprasnpoM” B yCJOBHSIX HEMNOJHOTH H HEJ0CTOBCPHOCTH faHHBIX. OCHOBOJ TO/IX0/1a SIBJISIETCS UCIOJIb30OBAHNE
623bl 3HAHMIT KaK CPe/CTBA TPE/CTABJICHHs 3aKOHOB Pery/IMpoBanis 1 yIpaBJienusi, UCIIOJIb3YIONX HEMOJHYI0 H
HEJIOCTOBEPHYI0 H(OPMAIMIO B HHTE/LICKTYaIbHBIX CHCTEMAX yIpaBJeHus.

T'asoTpaHCHOpTHA CHCTEMA (TTC) Ykpaiun 6inbil HiX Ha 80% 3aiiHsATa €KCIIOPTOM IIPHPOJHOrO rady
a Pocii y kpainu 3axijnoi €sporny, mo MpABOAHUTH /IO [i(BUIEHHS] BAMOT /IO IKOCTH €KCIIOPTHOI'O I'asy.
Ta3, MO MOCTaBJSIETHCS Ha EKCHOPT, NOBHHEH Bi/IMOBIZATH KOHTPaKTHHM yMoBaM a6o, y KpaiHbOMY
Bunajky, 6yTH He ripie rasy, Of€pXKaHOIO 3 Pocii. /Ipyrum yckJIaHO0YHM (haKTOPOM, IO BILIUBAE HA
npoluec KepyBaHHsi, € Te, HI0 ra3onpoBOH Ykpainu eKcniyaryloTbhes 6inpm Hixk 20 pokis. Ha sAxictb
rasy BILIHBAIOTD poamimnieHi B3/IOBX TPacH ra30KOH/IEHCATHI POJIOBHIIA Ta Mif3€MHI CXOBHIIA Ta3y.
Tpaauuii BEMipy napaMmeTpiB SKOCTH Tasy Ta BHKJaAeH] Buume (akTOpH CTBOPIOIOTh YMOBH HEMOBHOTH
Ta HEJOCTOBIPHOCTH [AHHX NDPH NPHAHATTI pimenp no 3abesnevyeHHIO MJIAHOBHX 3HAYCHD napaMeTpiB
SIKOCTH Tasy.

Bupimenust miei 3azayi 3abeanevyeTbcsi Ha 6asi indopmaliinol cucTeMH “Poca” 3 BHKOPHCTaHHSIM
€KCIIePTHOI CUCTEeMH (EC). 3aco6amn EC BupimyioTbcsi Taki 3ajfayi: OIIHKA aocmaignocm BHMIpiB
napaMeTpiB SIKOCTH Ta3y, aHaJi3 NPHYHH TOPYIICHHA AKOCTH Ta3y, BUSHAYEHHS JKEpeJ MOTipIICHH
SIKOCTH rasy y rasonpoBoji, BH3HAYEHHA a/bTepPHATHBHUX 3aXO/IB MO BiJIHOBJEHHIO IJAHOBHX SHAYCHD

napaMeTpiB, MPHAHSATTS PillieHb 10 BHAAYi Kepyounx Aif.
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Y noBizom/eHHi HABOASTHCA XapPAKTEPUCTHKH 3a4ay Ta kAacHpikallisi npuumn HOPYIIEHHSI SIKOCTH
rasy: TpPHIJIHB HesKICHOTO rady, HeJOCTOBipHicTh iHdopMauil, NOPymEHHS SKOCTH rady IpH
HopmatuBaomy pexxumi I'TC, smina pexumy I'TC, asapii na o6’exrax I'TC.

3anponoHoBaHMi MiJIXil BAKOPHCTaHKI HA BNPOBA/KEHilt CHCTEMi KOHTPOJIO SIKOCTH razy “Poca”,
mo of’eqHye TYHKTH KOHTPOJIO SIKOCTH Ta3y. AHati3 pesy/ibraTiB eKcityartaiii J{03BoJisie 3poOHTH
BHCHOBOK HpO no3uTuBHMH BIuMB EC Ha mpollec KOHTPOJIO SIKOCTH Tasy Ta KepyBaHHSI NPOLECOM
MiATPUMKH Horo Ha 3aaHOMY PiBHi.
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Serhij Mosov. The Approach to Unification of Quantitative Methods of the Decisions Making in Guidance
Systems. )

In article it is offered to unify the quantitative apparatus of the decisions foundations in guidance systems on
basis of situation approach with the purpose of reduction of material expenditures for technical and software
support of the decisions in guidance systems.

The main contents of guidance process in all spheres of any organizational management is the
decisions making, directed to achievement of the delivered purposes in conditions of occurring changes
as inside organization, and outside its.

The decisions making is a component of any management function. As a matter, it is choice that,
as well as what to plan, to organize, to motivate and to supervise. The efficiency increasing of the
decisions making is possible on basis of the situation approach, a main aspect of which is a situatibn,
i.e. specific set of factors, that has significant influence to organization in particular moment [1]. The
situation approach concentrates that the suitability of various guidance methods is determined by a
situation [2]. Because such abundance of factors exists as within organization, and in outside
environment, there is no uniform "best” mode to operate organization. The most effective method in
specific situation is a method, which most of all corresponds to this situation.

One trend of the efficiency increasing of decisions making is development of a complex of
programmed decisions on basis of the situation approach (Fig. 1).

For the purpose of a store of such decisions forming it is necessary to execute the following
sequence of actions:

- Modeling of situations. Set of various situations is simulated, and its analysis determs the main
internal and external factors, that have influence to efficiency of organization functioning;

- The decision making. The decision making represents a choice of one of some set of considered
variants: E; € E, which are formed by use of quantitative methods R of the decisions making. Each
variant E; unequivocally defines some result e;. The choice of optimum variant of the decision is made
in compliance with criterion

Eo":{ EiolEierAei(}:: mgx e,-}. (1)

The choice of optimum variant according to criterion (1) is not, generally speaking, unequivocal as
the required result maxe; can be attained in set of all result repeatedly;
1

- Estimation of the accepted decisions. For attainment of unequivocal and whenever possible an
effective result of the decision at given restrictions and assumptions, it is necessary to use estimated
(target) functions, which are under construction on the basis of optimistic or pessimistic approaches
or on the basis of compromise between them [3, 4]. During estimation the preference is given back to
the decision (under condition of), received by use of a method;

- Formation of set of quantitative methods of the decision making. The used methods R; s of the
optimal decisions making form set R, , R, € R. o

- Unification of the decision making methods. The unifications of quantitative methods, used for
development of the decisions making, is based on analysis of set Ry.

The field of quantitative methods, used for programmed decisions development, being an important
auxiliary means in decisions making is thus formed. These means permits to lower probability of an
error and to save time for the decisions making, in situations that are early considered.
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Fig. 1. The sequence of the programmed decisions development

The considered approach to forming of quantitative methods set and process of their unification
permit to work out an important problem of unification of technical and software support of the
decision making methods, and thus to avoid additional material expenditures, that, accordingly, will
have an effect to efficiency of organization functioning.
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PerpecuBHa Mozie/ib HOPMOYTBOPEHHS KOHTAKTHOI NOBEPXHi ONTHYHHX HaKOHEYHHKiB
BOJIOKOHHO-ONTHYHHUX cHcTeM nepejananus ingopmauii (BOCIII)

ITOP HEBJIIO/IOB, €EBIEH BTOPOB, BOJIOJIUMUP TOKAPEB, AHATOJIIA BECTYJKEB

Texniunuil ynieepcumem padioerexmponixu 310724 Xapxie, npocn. Jlenina 14
Ten.: (0572) 40-9486 axc: (0572) 40-9113

%
Hrops Hesmonos, Esrenuii Bropos, Baagumnp Tokapes, Amartoamii Becryxes. PerpeccHoHHasi MoAelb
opM0o06pa3OBAHNS KOHTAKTHOH NOBEPXHOCTH ONTHYECKHX HAKOHEWHHKOB ROJIOKOHHO-ONTHUECKHX CHCTEM
nepeaayd nHpopMalLHH.

PaccMaTpUBalOTCs [TPEJUIOXKEHHST 110 BHIOOPY YNPABJSIOIMX TlapaMeTpoB PErPECCHOHHON MOJIEJIM  ITpoIlecca
hopMOO6PA3OBAHUS KOHTAKTHON TIOBEPXHOCTU ONTHYECKUX HAKOHEYHHKOB BOJIOKOHHO-ONITHYECKHX CHCTEM Mepe/iatii
HH(OPMALMU, MUHHMH3HMPYIOIIME OTKJIOHEHHS IEPOXOBATOCTH TIOBEPXHOCTH OT 32/]aHHBIX Tpe6OBaHMIA.
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IligBanientust epeKTHBHOCTH TEXHOJIOTIYHOTO NIPOILECY, WO JAOCTIKYEThCS, NIOB’A3aHe 3 HeoOXiLHICTIO
BUKODHCTAHHSI CYYaCHHX KOHTDOJIbHO-BHMIDIOBAJbHUX Ta OGYHCHIOBaAbHHX 3acobiB.  Ockijabku
FOJIOBHOIO 3ajiayeio npouecy (opMOyTBOpeHHsS] KOHTAKTHHX [OBEPXHb € O/IEPKAHHS SIKOCTH TOBEpPXH,
o 3ajaHa, TO oco6JMBa yBara NPHAIISETbCS PO3POG/eHHI0 GJIOKY aBTOMATH3OBAHOIO KOHTPOJIO
skocTH. Po3pobientsi edeKTHBHOT CXEMH NOTOYHOrO KOHTPOJIO SIKOCTH MOBEPXHi CTBOPIOE YMOBH JLIsI
CTBOPEHHsI ~ 3aMKHEHOI CHCTEMH aBTOMAaTH30BAHOrO  yNPABJIIHHS  TEXHOJIOTIYHHMH  [IPOILIECAMH
$OpPMOYTBOPEHHST KOHTAKTHHX NOBEPXOHb.

Y rtenepimuiit yac BiCYTHI HayKOBO OGIPYHTOBaHI peKOMEHAIIT 10 CTBOPEHHIO NMOLIGHOI CHCTEMH.

st BioGpaXkeHHS! 3aJIeXKHOCTH MiXK SIKICTIO NIOBEPXHI Ta BXIHMMH MapaMeTpaM# TEXHOJIOMYHOTO TIPOLe-
Cy MOXJIHBe BUKOPHCTaHHSA 6araToBHMiPHOI perpecHBHOI MoOJ€li, SKa y 3arajbHOMY BUMAJKy Ma€ BHIJISIL:

g =ay + e + L)+ e+ G+ LG y=ey,~1.)
Ae y - puxianmii napamerp (MOKa3HMK SIKOCTH NOBEPXHi); ¥, - MapaMeTp SIKOCTH, HIO BHMipIOETHCS; ¥, -
napamerp sIKOCTH, IO 3afanuii; & - Macmrabruii xoedimient; (x, x;, x3) - HapaMeTpH, WO yNPaBASIOTD;
(24, z;) - BXiaHI napamMeTpH mpomecy, MO KOHTPOJIOIOTHCS.

[IpononyioTbest  pekomenamii moA0 BH6OPY NapaMeTpiB, MO yNPaBAsOTb, SIKi 03BOJSIOTH
MIHIMI3YBaTH BIAXHJIEHHS MiXK MapamMeTpaMH SIKOCTH NOBEPXHi, U0 BAMAraloThCs Ta BHMipPIOIOTHCA.
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Onrumisallis ckJIafHHX AMHAMIYHMX CHCTeM 3aC06aMM UITYYHOIO iHTEJEKTY
TAPAC IIETPEHKO
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Taras Petrenko. Compelex Dynamical Systems Optimization by Using Artificial Intellect Methods.

This paper is dedicated to using of Multilevel Knowledge Quanta Method for a large complex dynamical
system optimization. Model of the system is built by fuzzy and non-complete information.

Io6ynyemo muckperny Momenb AuHaMiyHOi cucreM# S 06’€KTiB O,,i=1,n. Hexaii ns cucrema

II04YaTKOBO OXapaKTepH30BaHA /€AKOI0 MHOXHHOIO o3HaK X = {xl,xz,...,xm} . XapakTepHCTHKH

. e . 2 . ———
X, J=1m Ha6yBalOTh 3HAY€Hb Ha MHOXKHHI Aj = {x},xj,...,x;."’ },] =1,m. [na apyunoctu

oGunc/ieHb XapakTepucTuKy X, j=1,m upencrasumo y nomenmomy surasai (aus. [1]). 3a mumu

XapaKTepucTukaMu 6yayemo npoctip crawis cucremu S Ay = A x A, x--x A4, .

B sanexuoctu Bifi 3HAYeHb, MO HaGyBAIOTHCS, XAPAKTEPHCTHKH MOXKYTb GYTH JIOri4HO 3B’si3aHi Mix
coboo. lleit 3B’S30K NpeACTAaBASIEMO B IMILIMKATHBHIA KOH'IOHKTHO-IM3'IOHKTHIH opmi. Bynryemo

opientoBannit rpad. Bepmumamn mporo rpady 6yayTb XapaKTepuCTHKH cHcTeMH S, CTpiikaMm -
38’s13kn Mix HuMH. [IpryoMy kopeHeBi BepmnHu - e nouaTkoBi xapakrepuctTukn (Muoxuna X ¢ ), inmi

BEPIIAHK - [l€ HOBi XapakrepucTHkH X cucremn S (BiAnOBiZHO i WpPOCTIp AOMYyCTHMHX 3HAYEHD LHX

xapakrtepuctuk A’ ), siki noriveo BuBezeni 3 6a30BUX (mouatxoBux). Be IIWHHA, B SIKi BeAyTb CTPIJKH 3
S

KOPEHEBHX BEPHIHH, Ha3BEMO BEpPNIHHAMH Nepmoro crynensi (KOpeHeBi - HyJbOBOTO); BepUIMHH, B SIKi
BXOJIATh CTPINKH 3 BEPIIHH MNEPHIOrO CTyNEHs, Ha3BEMO BEPIIMHAMH /JPYroro crymens i T.1. Ha
BEDIIMHH, CTPiJIKH rpady Ta Ha KOH'IOHKTHO-IM3'IOHKTHI 3B’'S3KM MiXX CTpiJIKAMH HaKJIafaEMO ix
iiMOBIpHOCTI iCHYBaHHSI Ta BaroBi Xapakrepuctuku (3a /IesIKHMH WIKaJaMH BUAMIpy). ®

Ipady signosinae wmarpums inmumentroctn. Ils  6araToBumipma  joMeHnisoBana MaTpHIs
inmngentHocth M, sika noBHicTio Bifo6paxkae 3a3HaveHi BuIe AMOBipHICHI Ta BaroBi mapamerpu
rpady, ¢ kpantoM suanb (auB. [1]), sxuit ommcye cucremy S man npsmam o6yrtkom Ag. Ilo

278




MATPHI[I0 €JeMEHTADHHMH MePeTBOPEHHAMH POGHMO BEPXHBOTPHKYTHOIO Ta 3a JONOMOIOI0 AJrOPHTMY
(muB. [2]) obuuncnoeMo EMOBIpHICHI Ta Baropi HapaMeTpPH XapaKTePUCTHK 3 MHOXHHH A

Mera BHBYEHHS NAHOI CHCTEMH MOJsrac B onTumisamii sHadeHbp ii BaroBux mnapamerpiB. Koxumii
06’ekT cucteMn S € BibHHM B BH3HAYeHil Mipi, aje mpamioe B €xuHill cucremi. Tomy nopeginka Beiel
CYKYMHOCTH OG’€KTiB CHCTEMH S mae 6yTH onTEMi3oBaHA B paMKaX CHCTeMH 3acoGaMm, HampHK/AZL,
AAHAMIYHOTO IpOrpaMyBaHHS.

XapakrepucTuku cucremu (Bepunan rpady) BHIIOTO CTYNEHS (nuB. BunIe) 6yayTh PO3IJISLATHCS 5K
HeuitTki ¢yHKOil BiA HeViTKiX 3MIHHHX - XapaKTePHCTHK HHXKYOTO CTYNEeHs. OTpuUMyeEMO aNTOPHTM
Hait6ipbm pauionanbhoi mopeinku cucreMn S . Lle BUPAXKAETbCS B NESKUX OOMEXEHHSIX HA NOBEIIHKY

o6’extis 0J,,i = 1,n Ta Bciel cucreMn B wiJgoMy, HaNpPUKJIAX, B BusHauenni obmexennsa V , V C A,

Ag = A; x Ay wa 3unavennsi, sAki HaGyBaloTb eJEMEHTH MHOXHHH XapaKTePHCTHK X=X lX,.
Ockizbkn moBeninka cucremu S npeacrapiena matpuuelo M, a 3 inmoro 6oky sHailfileHHil MHOTOBH/L
V , o maemo pisusiunss M -X =V, X € A; (1). B pesyiubrati po3s’sisKy [boro piBHSHHS OTPUMAEMO

a60 HOBi JIOTiYHI NpaBAJa, 3a AKHMH MalOTh GyTH 3B’A3aHi XapaKTEPHCTHKH ONTHMi30BaHOI cHCTEMH B
a60, y BHIIAJKy HEiCHYBaHHsS PO3B’S3KIB DiBHSIHHS (1), Bumymeni 6ymemo NepeolUiHOBaTH BaroBi Ta

AMOBipHiCHI mnapaMerpH 3B’SI3KIB MK XapaKTepHCTHKaMH X, JIOTH, [OKM 1li MapamMeTpd He
3a/I0BiIbHATUMYTb piBHsHHS (1).

Jlns BEJMKAX 3a KiAbKICTIO XapaKTePHCTHK CHCTEM KOXHHi iX OG’€KT MOXHA POIIJIANATH 5K
cyKynHicTh MaTpuip-onepatopiB. B pesynpTati moBeiinKa Takol CHCTeMH 6yme 3MOZeNbOBaHa
NPOCTOPOM ONEPATOPIB HaJl TPOCTOPOM MOXKJIHMBHX 3HAYCHD XaPaKTEPHCTHK CHCTEMH.

[leit mi/IXiZ 3aCTOCOBYETbCS NPH MOJENIOBaHHI /1aHOBO-eKOHOMIYHOT AisibHOCTH AHT K "AnrtoHos".
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Volodymyr Pohrebennyk, Viktor Zakharko. Information System of Stable Glass Parameters Supportment.

The information system for stable glass parameters supportment is proposed and experimental results are
discussed.

JUiast miATpUMKH CTaGiIbHUMH TEXHOJNOTIYHAX Ta (bisHKO-MeXaHiYHHX napamerpiB ckaa (koedimienTt
TEPMIYHOTO PO3IIWPEHHSI, TIYCTHHM, 3HIMAHHS Ta OJHOPIAHICTH CKJIOMACH, B’SI3KOCTH, NOKa3HHKIB
32JOMJIEHHS, CIEKTPaJbHHX BJACTHBOCTEH TOMO) HEOOXifHO MPOBOJMTH B PEXHMi peanbHOro 4acy
PO3pPAXyHOK Ta KOPHI'YBAaHHSI PeNeNTy MHXTH 3a 3a/aHUM XiMIYHHM CKJIA/IOM CKJa Ta CHPOBHHH st
NPUHAHSTTS ONTHMAJbHUX PilleHb.

Ilpu pospobieHHI MaTeMaTHYHOI Mojeji PO3paxyHKy peHenty MmHXTA BAXOAUMO i3 sagaHoro
XiMIYHOTO CKJIaLy CKJa, BHPaXKEHOro y BaroBuX NPOIEHTaX, a TaKoXk XiMIYHOTO CKJAaly CHPOBHHHMX
MaTepisiiiB, SIKi BAKOPHCTOBYIOTBCS /LISl BapiHHSI CKJIa.

PospaxyHok 6a3yeTbcsi Ha NOPUNYIIEHHI, IO CKJIO YTBOPIOETHCA TIIDKH 3 OKHCJIB, @ aHTCipHIu
BIINOBIAHMX KHCJIOT Ta BOAA B Ppe3yabTaTi TepMiyHoi [ucouianii TOBHICTIO BHNAPOBYIOTHCS.
JlonycKaeTbcA TAKOX, N0 JETKICTh CaMHX OKHC/IIB € HE3HAYHOlW. Brpatu cogum B pesy.bTari
3BITPIOBAHHS T2 MEXaHIUHOI JIETKOCTH BPAXOBYETbCS Y 3a/laHOMY XiMiuHOMY ckJaai ckia.

Jlnst po3paxyHKy OTPHMYEMO CHCTeMy JIiHIHHUX PiBHAHD Ta HEpiBHOCTeil, sIKi 3B’s3YI0Tb KOMIIOHEHTH
cupoBHHH Ta ckia (BpaxoByloTbca XiMiuHi peakiii, mo BiZI6yBaloTbCsl IPH BapiHHI ckaa). Kpim mporo,
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710 BKa3aHOI CHCTEMH PpIiBHSIHD MOXYTb [O/aBaTHCS pIiBHSHHS, IO ONHCYIOTb OOMesKeHHs, SIKi
HaKJaJaloThCsl HAa CYKYNHHH BMICT NEBHHX OKHC/AIB y ckjomaci (mampukiap, cyma CaO + MgO,
CHiBBiIHOMEHHsI cofa-cyibdar).

Ockinbku oTpiMana cucTeMa piBHsHB, B3araji KaXy4H, € NEPEBH3HAYCHOW i, K HaCJiJI0K, He Ma€
TOYHOTO PO3B's3Ky, IIPH PO3B’sI3yBaHHi AaHO! CHCTeMH BHKODHCTOBY€THCSI METOJ{ HAaMEHIIHX KBa/parTiB
Ta NPUHIHAI CTHCHYTHX BifIo6GpaX<eHb.

Mertox maiiMeHmuxX KBaJpaTiB cTaBUTb 3aBjaHHS MimiMisalii BiAXHJIEHHS Bi/l ONTHMAaJbHOIO
PO3B’si3Ky. 3a [JOMOMOro0 NPHHUMNY CTHCHYTHX Bifo6pakeHb GyaylOTbcsi HAGMMXKEHHS 10
MiHIMa/IbHOrO BIAXHJIEHHS BiZl ONTHMAJIBHOTO PO3B’si3Ky. PO3B'SI30K 3HCHIOEHCS METOLOM iTepamii.

Kpim mporo, cucrema mepenbayae MOXJIHBICTH PEryJlioBaHHsl PO3B’A3KY BiHOCHO BiJXHJ/IEHb
BMICTY BKa3aHHX OKHCJiB. 3 I[i€l0 MeTO0 3a/al0Thcst KOeDIMIEHTH BaX THBOCTH BMICTY KO>KHOIO OKHCJY.

Kopexkuisi penenty muxTi npoBoauThCS 33 AONOMOTO0 Hiel X CHCTEMH PiBHSHb Ha OCHOBI aHami3y
AaHHX /LISl 3/IaHOTO BMICTY OKHCJIIB Ta PeaibHO OTPHMAHHUX PE3yJIbTATiB.

HopiBusnbunit anania BkasaHOrO MeToxy i3 sarajbHO BUKODHCTOBYBAaHUMH Ta Ha#WGiJbIl MOKA30BUX
PEe3y/IbTaTiB PO3PaxXyHKY [EMOHCTPYE JAOCTaTHIO KOPEKTHICTb Ta HaiffHiCTD 3alpONIOHOBAHOI Mozei
PO3PaxyHKy i Ma€ psi/l CyTTEBHX I€peBal y cepBiCHOMy 3a6e3lieYeHui Ta peaiisanii npejcraBieHHSs
indopmanii (rpadiunnit Ta Tabruunmii pexxnrMu).
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BILIMB OCHOBHUX TepMOJMHAMIUHHX MapaMeTpiB Ha pesyJbTaT BHMipIOBaHHS COJIOHOCTH

Yy MOpPCHKilf Boxi

BOJIOIMMUP TIIOTPEBEHHUK, BOJIOJIUMUP I03EBUY, IBAH MUXAJIMHA

Dizuro-mexaniunuii incmumym HAH 290601 JIveie, Hayxoea 5
Ten.: (0322) 63-5277 axc: (0322) 64-9427

Enrexmponna nowma: dep26@uision.imp.lviv.ta

Volodymyr Pohrebennyk, Volodymyr Juzevych, Ivan Mykhalyna. Influence of Main Thermodynamic
Parameters on the Sea Water Saltiness Measurement Error.

Unstability of temperature and pressure does the great influence on the water saltiness measurement. The
authors have simulated the influence of the temperature on the process of measurement. The possibility of
measurement error reducing by choosing the saltinessmeter shape configuration is shown.

Ilpu BuMipoBanHiI COJIOHOCTH MoOpcbkoi BomH, siK i upu 6yIb-sIKHX BHMIPIOBaHHSIX Y BOJTHOMY
CEepe/lOBHINi, BEeJWKHH BIJIUB Ha TOYHICTb i1 BH3HAYEHHS CIpaBJsie HecTabinbHICTD JAESIKHX
TEPMOJMHAMIYHHX MapaMeTpiB, 30KpeMa TeMIEePaTypH i THCKY.

B sanpononoBamomy asropamMm MeTOIli BHMIPIOBaHHS COJOHOCTH BJAETHCSI no36yTucsi norpe6u
NpsIMUX BHMIpiB TeMIepaTypH i THCKY, 3 NOAaNbUIAM BUKOPHCTAHHSIM IMX AAHAX JUIS YTOUHEHHSI
KIHIEBOTO pe3yJbTaTy, 3a PaXyHOK BBENEHHS MeBHHX YMOB BHMIpIOBaHHsl. AJle NOBHIiCTIO npo6jeMu
BILTHBY TEMOEPaTypH Ha KiHUEBHil pe3y/bTaT BHMIDIOBAaHHs N036yTHCS He Bjasocs. Jlis WifgBHIIeHHS
TOYHOCTH KiHIIEBOTO pe3y.ibTaTy, 6yB NpOBeIeHHH aHAi3 BILIHBY TeMIepaTypH Ha YMOBH BHMipIOBaHHS.

3rilH0 METOAUKH BUMIPIOBAHD NEPBHHHMH IEPETBOPIOBAY, WO MOMAAE Yy BOJIHE CepeIoBHIIE,
[IOBHHEH MaTH O[HAKOBY 3 HHM TeMNepaTypy. AJie B yMOBaX PEaJbHOIO eKCIEPHMEHTY I[bOTO JOCATHYTH
IIPaKTHYHO HEMOXUINBO. BHacmizok amamisy wuiel curyauii i 6ymum orpumani pe3yibTaTd BIJIUBY
TEMIIEPATyPH Ha Pe3yJ/ibTaT BHMipIOBaHHS.

Kopnyc conemipa mozgenioBaBes MumBAPHYHO0 Tpy6oio nosxuun | (R, - BHyTpimHii paziyc; R, -
30BHINHINK paziyc) i miacTuHO© 3 poamipamu 2x[; - nomxuna (posmip no x), 2xl, - mupura (poamip
1o y), 2xl; - BUcoTA (posMip no z), siki BCcepeiMHi 3anoBHeHI Bogoo. ToBHIHHA 060IOHKH piBHa d.

Bsenemo mosmavennst misi wuiingpa: r - pagisibna koopzauHaTa, obnacte (1) 0<r<R, - szanosuena
Bozoio, obaactsy (2) R <r<R, - meraneBa 060JI0HKa (Hanpuxnaz{, 3 JatyHi). O6MexuMoch PO3rJIsiioM
GeaMexxHMX KoakcisibHux 1uainapis (I>w), ockizbkm k = R/1>3, a IPH TaKHX 3HAYEHHSX
BijHomenns k [2] noxnbka BH3HAYEHHS TeMIEpaTypH He nepesumye 0,05 %.

Mix mnoBepxHew i HaBKOJTHIIHIM Cepe/IoBHIIEM MPOXO/AMTb TemsIooOMiH 3a 3akoHOM HpoOTOHA.
BBaxxaemo, mo xkoediumienr TemnoBigzayi o B yCiX TOYKAaX NOBEpXHI OXHAKOBHH 1 3ajdmacTbes
NOCTIHHHM NPOTAroM BCbOro mpouecy Harpisanusi (oxosomkenns). Hexait TeMrepaTypa cepe/ioBumma T,
nocriiiia. B noyaTkosuii MoMenT yacy npn 7=0 Temueparypa Ty B ycix Toukax uu/ainApis piBHa. 3a unux
YMOB PiBHSIHHSI TEIIONPOBI/THOCTH Ha6yBa€e BHTJSY:
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‘—"(?T"rlw.vz:(g,,t) []. (1)

Tyr t - temuneparypa, §; - KOOpPJAMHATH TOYKH NpOCTOPY, @ - KoedilieHT TeMnepaTypoIIPOBIAHOCTH.
I'pannyHi | NOYATKOBI YMOBH /IS MHJIiHAPA HACTYIHI:

dt
npu =0 i 0<r<R, t=0; npu =0 i >0 —d—r=0;
dat dt dt
— 1 > e e — — 3 > e .
npu =R, i >0 der lzxdr ; npu r=R, i >0 5 —ax AT/Ay;

ae Ay, Ay - koedillicHTH TeNJONPOBIAHOCTI BOAM i MaTepisily 30BHINIHBOTO uuaingpa (o6ononku)
signosiano; AT = T T, [2].

IIpu mpoBe/eHHI YHCJIOBHX PO3PaxyHKIB 3 [IONOMOIOI0 METOMY Kinmesux pisuunp [3,4] Bubupanu
HacTynHi 3HaveHHs: koedinieHTiB (PisUYHUX XapaKTEPUCTHK MaTepisty MHTIHAPIB):

a=1,4107 M* /c; a,=3,6:10° M’ /c; 4;=0,58 Br/(m-K); 4,=111 Br/(m-K); a=350 Bt/ (M*+K) [5].
YucioBi po3paxyHKH TOKa3aju, L0 30BHIMHA MeTajeBa 060/JOHKa HE3HAYHO BIJIMBA€ HA MPOLeEC
TemtonposigroctTH. Ha OCHOBI YHC/IOBOTO aHa/i3y 3ajadi BCTAHOBJEHO, IO OCHOBHHM 6yne upolec

nomupennsi Tenna B obnacti (1) 0<r<R,. B 3B'A3ky 3 uuM po3B'sisok 3a71aui BcepelnHi BHYTPINIHbOTO
NUiHApPA B HAMOMY BHNaJKy Gyae BU3HAUYAJIbHHM i HOTO 3alMIIeMO HACTYNHAM YHHOM:

o= Hr,7) _ 20 (k) oeXp(~iiy ¢ FO)
0= = : xJoluax Vo) (2]
-1 ; Ky '[loz(un)"'llz(un)] o /?l
Tyt © - 6e3po3MipHa TeMNepaTypa; A, - KOPeHi XapaKTepuCTHYHOro pisasians Bi+J(u)=pJ ((1); J o(u)
i J,(u) - dyuxuii Becensi mepmoro pojy HyJbOBOrO i NepHIOro MOPSUIKY Bii AIfICHOTO apryMeHTy;
Fo=a*1/R, - xpurepiit ®yp’e (6eaposmipuuit yac); Bi=a*R,/ A - xpurepiii bio.

Anasoriygy mpoueaypy 6yJno 3acTOCOBaHO i y BHNAAKy MiacTHHM. I'paHuyHi Ta NOYaTKOBI YMOBH

BHOUPATHCS HACTYIIHI: (4

npa =0: t(x,y,2,0) = t, =const;

T dt(tl,,y,2,1)
dx

. di(xtl,,z,1 )

o
upu >0: +—x[t(l1,g,z,t)—tc]=0;
A

o
+—x [t x1y,2,1)-t, ]=0;
dy A

- dt(x,ytl5,7)

dz
a pPO3B’SI30K 3aITHIIETHCS y BHUTJSI/

+%x[t(x,y,l3,1:)—tc]=0, [2]

t,—-t(x,y,2,7 S e )
@-—=—°——t(—_——);}——)=ZZE:A"AMA,,F x cos(4,, x%)xcos(p_ x%)xcos(,u" "%,)"
0 c n=1 =1 k=1
:uu ”m /’lk
X exp| —a- 7 x +— =,
xp|: [ o 1, i )]
2. Si"(un,m.k) ; . H
ne A, .x= s Mpmp - KODEHI XapaKTEpHCTHYHOTO DIBHSIHHS  clfg(j)=—3;
un.m.k +Si"(“n,m,k) >(("Os(p'm.m.lq.') Bi
a-l;

Bi - kpurepiii Bio: Bi= ;171,23 .
A

3 MeTol0 OIHKM yacy peJiakcamii mpollecy TelJIONPOBIAHOCTH TeMIepaTypy BH3HAYA€EMO B TOYKAX
r=0 i x=y=2z=0, Temmneparypa AT=2 K i 5 K, kpurepiii TousocTn subupaemo o6t=0,1 K, 0.05 K, 0.02 K.
Kputepift Toynoctn subHpaBcsi BHXOAYM 3 Toro, mo npu &t=0.1K nox#6Ka BHMipIOBAaHHSI CTaHOBHJIA
6nu3bko 10%, a npn &8t=0.05 K — He mepBHuIyBa/ia KiJIbKOX NPOLEHTIB; a TOUHICTD 0.02 K rparu4HoO
HeoOxizHa Aisi Teodi3MYHMX BAMIpOBaHbD y Mopcobkiff Boai. OTxe, NpH OXOJO/KEHHI (marpiBani)
CHCTEMH IHJIIHAPHYHHEX TiJ (naTynb-Bojza) BiHOCHA TeMIlepaTypa /OCATHE 3HaYeHHsi © =5t /AT.

TakiM UYHHOM, OCTAHHE CIiBBiHONEHHS € KPHTEpiaibHAM, i 3 HOro JOIOMOTOI0 OIHIOEMO Yac
penaxkcarii, To6to 4ac narpisy (a6o OXOJIOJKEHHSI) BOJH B cOJIeMipi.

BHacJHiI0OK TPOBEJEHHX PO3PaxXyHKiB BJANOCS OUTHMI3yBaTH TIeOMETPHYHI pPO3MipH cojemipa 3a
YaACOM BCTAHOBJEHHS! CIEIISUIbHAX YMOB BUMIpIOBAHHS, IO IPHBEJIO /IO Mi/IBUMEHHS TOYHOCTH BHMiPIOBaHb.
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Seppo Puuronen, Vagan Terzijan, Helena Kaikova, Natalka Liesnaja, Jevhen Mokryj. Introduction to
Statistical Models of Cellular Automata in Systems for Emergency Situations Prediction.

One approach to the modelling and analysis of discrete dynamic processes of real complexity is proposed. The
probabilistic cellular automaton using statistical analysis and the theory of probability lies at its basis. The
possibilities are shown how to apply the given approach to problems solving in conditional control, to the theory
of optimum solutions, specifically for the solving of practical problems of forecasting the overlimited situations
at the Atomic Power Stations and operative planning the process of extracting useful minerals at mines.

Introduction. The probabilistic cellular automaton is an abstract mathematical tool of the
modelling and analysis of discrete dynamic processes and the systems of real complexity. The given
theory replaces the determinism of the conventional cellular automatic device with the probability
approach including in itself the statistical analysis.

The majority of the production processes relating to the category of discrete dynamic is character-
ised by the availability of a large number of overlimited situations [1], which entails the fatal
consequences (the failure at the Chernobyl NPS can serve as an example). On the basis of the simple
study of the characteristics of process it is impossible to trace all the probable situations that can arise.

One of approaches to modelling of processes is to use the theory of a cellular automaton. Such
approach is used strictly to determined objects and does not take into account a stochastic nature of
the processes proceeding in real world. In their turn the classical methods of the statistical analysis as
a rule does not permit to make the valuation of all the possible conditions of an object [2].

The stochastic nature of real discrete dynamic processes and systems brings to nought all the
attempt to solve the problem of their modelling by conventional methods and, consequently to predict
possible consequences the process can result.

The solution of the specified class of problems is urgent for various branches of industry to provide
for the reliable management and the support of taking the optimum decisions. The majority of models
and methods existing today do not satisfy the requirements [3] for the following reasons: complexity
and frequently impossibility of adjustment to the new subject area; imperfection of the methods of
changing the characteristics of systems and processes under research:; absence of the ways of
representation of knowledge about processes and systems under research.

The originality of the theory consists is the modified statement of the problem of modelling by the
probabilistic cellular automaton. For the realisation of it the traditional theory of the eellular

automaton is changed and attended to provide for the solution of the tasks. L4
The probable cellular automatic device. Let us observe the basics the authors of the given thesis
rely on:

- any process, in nature, is generally n-dimensional and, hence, can be submitted by n-dimensional
matrix named the space of modelling;
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_ the whole semantic load lies in the very objects and can be interpreted differently, depending on
the location (position) of an object in the space of modelling;

- the semantic connections between objects are expressed as the rules of a conclusion of the
probabilistic cellular automaton and can reflect the following actions:

- "Birth" of any object in any location of the space of modelling;

- "Birth" of any group of objects in any location of the space of modelling;
- "Death” of any object in any location of the space of modelling;

- "Death" of any group of objects in any location of the space of modelling;

- “Moving” (or “conversion”) of any object or group of objects in any location of the space of
modelling.

However it is necessary to note that the rules do not set the particular change of the space of
modelling but only define the possible variants of these changes being based on the theory of
probabilities and mathematical statistics and thus defining the possible ways of the process. This is
the main difference of the present theory from the conventional theory of a cellular automaton is. The
conventional theory of a cellular automaton represents a strictly determined vehicle the essence of
which is an unequivocally determined direction of the process. Unlike the conventional theory the
given mathematical tool takes into account a stochastic nature of processes and systems and in this
connection it is more applicable to real practical problems. In general case the probable cellular
automatic device can be presented by the following functional chart (see following Figure).

K-1-W will transform the space of
modelling, i.e. generates an initial O - Set of | ¢ 3 R - Set of
condition before operation of the rules; Objects Rules

W-2-R transmits the knowledge of a
current condition of the space of

modelling to a set of the rules; R-3-O 5

on the basis of the present of K - Knowledge Base of
information about the space of W - Space of 1 Previous Conditions of
modelling the set of the rules changes modglmg - Area of Research
the characteristics of the set of objects; 6 2

0-4-W a new set of objects changes

the characteristics of the space of
modelling; W-5-O the resulting of one of the subsequent sets of objects; W-6-K saves the received

characteristics of the space of modelling in the knowledge base.
Rules. The rule of the probabilistic cellular automaton can be resented as follows:
IF StateWorld, THEN {Change (P,) [,Change(P,) [, ... Change,(P,)]]},

where StateWorld, - is ascertain condition of the space of modelling at the previous step;
Change(P;) - are the changes of the characteristics in the space of modelling, which take place du-

ring the current step with some probability of P;. Moreover Z P.=1. where 7 is quantity of posssible
i=1

ways of the development of the process during the fulfilment of the given rule. The values of P; are de fi-
ned by the researcher on the basis of the analysis of the a priori information about the object of modelling.

Result of modelling. As a result of the modelling of a process or a system with the help of a
probabilistic cellular automaton the researcher receives the knowledge of all the possible conditions of
the space of modelling. On the basis of this knowledge the researcher judges the probability of the
achievement of forecasting conditions of a process. It permits him to make a decision on the
expediency of the choice of that or other script of the management of the process under research.

The algorithms of maximise and minimise of functions of the purpose executed by the overlimited
conditions of the under research process are worked out by the authors.

Conclusion. The application of the approach described by the authors to the solving of the
problems of conditional control and forecasting, resulted in creating the system of operative
management of the process of extracting useful mineral as well as the monitoring system and
forecasting the emergencies at a nuclear power station.

The positive results of testing the system were received as a result of the solution of real practical
problems and during the test examples (the emergency at the Chernobyl Nuclear Power Station and
the problem of operative planning of the process of extracting the useful minerals at the functioning mine).

However the research is not completed and in this connection a wide field of activity on the
improvement of the given approach with reference to modelling the discrete dynamic system is seen,
that will be undoubtedly justified by the receiving of important practical results.
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Hropp Cupomka, Axexcanap CokoJos. HuTeaneKTyaabuble CHCTEMBI yupaBieHuss Ha Gase MHOroypoBHEBBIX
KBAHTOB 3HaAHHH.

ABTOMaTH3aIMs YMNpaBJeHHS ¢ ToMoubilo DBM  o6bexTaMu MIPOU3BOJBHON TIPUPOABI  IIpedycMaTpPHBAET
MOCTPOEHHE MOJIC/IH, ONMKCHIBAKLIEH QPyHKIMOHHPOBaHHE OOBEKTA U €0 B3aWMOJIEHCTBHE CO cpepoit. TpaaunuoHHo
CTPOUTCST JIOCTATOYHO TOYHAsi MaTeMaTWYecKash MojeJb OGBbEKTa yrpaBjieHusl. OQHAKO yyer GOJBLIIOIO YHcCIa
(akTOpOB, BAMSIONMX Ha TOBeJeHHE OGBEKTa, OrPaHUYMBAET BO3MOMKHOCTH CHCTEM OIIePAaTHMBHOTO yTIpaBJeHMs, a
YIpOUeHHe MOJeaH NPUBOJIMT K HEa/[eKBATHOCTH €e oObekTy. I103TOMy, 1IpHM nOCTpOeHMM Mojeleii YIIpaBJIeHUs
06beKTaMU, HauboJiee NMePCTeKTHBHBIM ABJISETCS NIO/IXO/1, OCHOBAHHBIA Ha MCIIOJIb30BAHUH METOLOB UCKYCCTBEHHOIO
MHTE/LIEKTA, YTO MO3BOJISIET MPUMEHUTh METO/BI OOYYeHHS, afanTanin MOETH OOBeKTA K H3MEHSIONMMCS YCJIOBUSIM
1 TIPOTHOSHPOBATD MOBE/IEHME B YCJIOBUSIX HeomNpe/iesieHHoCTH. IIpeicTaBiieHa KOHIEINIMS OpraHU3aIuH MHTEJUIeKTy b~

HBIX CHCTEM YIIPaBJIEHUS, METOJIOJIOTHA X CO3/IaHHUS HAa OCHOBE MHOTOYPOBHEBbBIX a/ITOPUTMUYECKUX KBaHTOB 3HAHMIL.
#

Konnemnin oprauisanii intesexkryaipuux cucrem kepyBaHds. CyyacHuil HanmpsiMOK po3po6.ieHHS
{HTETPOBAHUX CHCTEM KepyBaHHS TPYHTYETbA Ha BHKODHCTaHHI TeOpil iHTeJEeKTyaJbHUX CHCTEM, siKa
BHHUKJIA Ha MEPeTHHI IITYYHOTO iHTeNEKTY, AOCJIXKEHHs oNepaliif Ta aBTOMaTHYHOIO KepyBaHHs [1].
Ilpu creopenni intenexryansuux cucrem kepypanus (ICK) meo6xigno BpaxoByBaTH HasABHICTb
KOHTYpi KepyBaHHS JIOJIMHH-ONEPaTopa Ta BHKOPHCTAHHS HOTO 3HAHD Yy mponeci NpUUHSATTS pilieHs.
Tomy sacazu oprauisanii ICK Maiots rpynrysarticst na HaCTYNHHX KOHIENTya/JbHUX BuMorax [2]:

* GararopiBuea iepapxiunicrb crpykrypu ICK. 3umskeHHS BEMOr 40 TOYHOCT MojieJiell KepyBaHHsI
3a6€e311e1y€ThCs Mi/[BUIEHHSIM IHTEJIEKTYalIbHOCTI Ta panry piBHS iepapxii.

* B3aemonist ICK i3 peanpuuM 30BHIIIHIM cBiTOM 32 fonoMoromn indopManifinux Kanais 3B's3Ky. Best
HeoOximHa iHdopMmalist noxaeTbess y B 3106yTHX 3HaHb B npoueci BseMmofil i3 30BHIMIHIM
CBITOM.

® KBaHTYBaHHA (CTPYKTYDYBAaHHS) 3HAHb SIK 3MICTOBHHX CTPYKT aHux. [lonawnst sHanp y Burssazi
nopuil indopmauii npumyckae 3actrocyBamus anreGpaidHEX omepamiif, JoriyHe BHBEJEHHS Ta
3abesneuye aToOMiCTHYHE ysiBJeHHs cBiTy. llelfi npunmmn a03BoJsiE MaHiNy I0BaTH HE TIJBKH
SIKICHUMH, aJle i KiJIbKiCHHMH XapaKTepHCTHKAMH 3HaHb, [0 BUKODHCTOBYIOThHCS.

e Bigkpuricth  ICK. Ilpomec mnpuiiManus, monoBHeHHS Ta VUODPS/JAKYBaHHES 3HAHb JIO3BOJISIE
UiJiBUILYBaTH iHTEJEKTyanbHICTh Ta BAOcKoHamoBaHHs ICK.

e 3aartsictp IC O _IPOTHO3YBAHHA 3MiH SOBHIIUHLOTO CBiTY i Brackoi noseginku. Ileit npuzmun
A03BOJIIE ABTOMAaTHYHO 3MiHIOBAaTH CHCTEMY i€PapXiyHO OPraHi3OBaHUX 3HAHD.

e 36epiraHus dyukuionysanns (MOXIHBO 3 fesikom0 ferpajialieo) nupu PO3pPHUBi_3B’SI3KiB BiJl BHIIUX

PiBHIB_iepapxii

i_CTYKTypu KepyBaHHsA. 3aBsiku 1boMy npuammnosi ICK mosxe BTPDATUTH JIHIIE
4acTKy iHTesnexryansHocTH (gesikoro ii cTymenst), aje He HOBHOTO dyHKIioHyBaHHST CHCTEMH IIpH

Bi/[MOBaxX y po6oTi BHIAX PiBHIB iepapxii.

Cucremn kepysanusi, opranisosani na sacamax ICK, BoJoiloTh BracTHBICTIO “inTenexTyanpHOCTI ¥
BenmHKoMy” Ta “y manomy”. BarartopiBresa iepapxiuna crpykrypa ICK, mo “inTenexryanbui y
BEIHKOMY”, CKJAacTbCs 3 HACTYNHMX piBHIB cnagHOro PaHIy: HAGUAHHA; CAMOOpzaAMHI3aAUis;
npozHosyeannus nodil; maninynweanns 3 6azamu danux ma nans; popmyeanns piwens; nAAHYEanHA
diil 0an peanizayui piwenv; adanmauyis; euxonasuuil piéens, Ha SIKOMY BHKOPHCTOBYIOTBCS TPaJHIifHi
Mozesi cucreM aBromatuyHoro kepysanmsi (CAK). Kosxen 3 mux PiBHIB Ma€ cBOI0O (DyHKIiOHAJIbHY
crenudiky i MoXe CKIaZATHCS 3 AEKLIBKOX ITiIPiBHiB.

PiBui 6inpm BHIOTO panry e Haz[6y)r[03010 HaJl TPaAUI[IAHEMH MO/IE/IsIMA KepPYBaHHsI, IO CYTTEBO
PO3IINPIOE MOXJTHBOCTI OCTAHHIX 32 PAXYHOK BHKOPHCTaHHS CYYaCHHX METO/LIB iHXeHepii 3HaHb.
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Meroaoaoris pospobaennsi ICK Ha ocHOBi GaraTOpiBHEBMX arOpHTMHYHHMX KBaHTIB 3HAHb
(BAK3-Merononorin). BAK3-Meronosoris  rpyHTyeTbcsi Ha KoHIenmii 3araibnoi opraisamii ICK.
Buxopucranuss BAK3-merozosorii goninbHo y THX BANaJgKaX, KOJIH Tpaauuilini 3acob6M NOKpalleHHs
JMHAMIKA TOBEAIHKH CHCTEMHA He mpujaartHi. Jlis Bupimenus 3ajayi 3abesneyenus NOTPiOHOI AWHAMIYHOL
nosexinkn CAK Tpe6a BukopucroByBaTH mnpoueaypy Bubopy 3acobiB imresekryanisaumii. Y Takux
BHIAZKaX 3 MeTolo Nepe6OpeHHsi HeBH3HaueHoCTH iHdopmauii npo ortouyioye cepeoBHIle (3oBHimAIH
cBit) abo npo 06'ekT kepysanna (#Oro MOBeAIHKY) NPOIOHYETHCS BUKOPHCTOBYBATH 3acoGH, 3aCHOBaHi
Ha MaHINyJIOBaHHI YiTKAMHA Ta HEUiTKHUMH KBaHTaMu 3HaHb [2].

Ocuosni eranu npoektyBanns [CK: peanizanis merony dopmysanst (o6uncaoBaHHS) MoJeeil
BukoHaByoro pisBHss CAK muisixoMm BHIIJIEHHS a/[eKBaTHHX dyukuiii KepyBaHHS; y3rO/DKEHHS
(xoopamHaIlisi) BHKOHABYHX Ta iHTenexktyaibrux wuinpisuis (II-peryasitop; [IlI-pery.sitop; Ia-
pery.sitop; I11/l-peryisiTop, W0 CaMOOPTaHi3yeThCsi) iHTENIEKTyalbHHM PiBHEM (npoxykniiiei npaBu./a;
HeuiTKe BHBEJEHHsI KBaHTiB; MpuOJH3He BEBEJEHHS KBAaHTIB; CAaMOHaBYa/bHa 3aHHSOPIEHTOBaHA CHCTEMA
NpHIHATTS pimenb); imMitauiiine Momemopannst ICK.

BAK3-MeToz010risI, 10 IPONOHYETbCS, BUKOPHCTOBYE MeTOA iMirtamiiinoro mozesosanns ICK 3a
nonoMoroio Heuitkux BAK3-Mmozesneii npuiiHaTTs pilieHb 3 MeTol0 BUA0OYBaHHS eKcnepTHoi indopmauii
3 JMHAMIKH He4iTKoi MOoBeMiHKH 06’€KTa KepyBaHHs /Js CbOpMyBaHHH BIIIOBIAHAX KBaHTIB 3HAHb.
CnouaTKy BUALAIOTHCS HEWiTKi BiAHOCHHH “BXiA-BHXiZ” Ta QopmyeTbest Gasa HaBYAaHHSA y BHIJIS
KBaHTIB 3Hanb. [1OTIM 3a JOIOMOrOI0 ONEpaTopa HeYiTKOro JIOTIYHOro BHBeJeHHsI (JOPMYIOTHCS paBuIia
dynknionysanus mogeai ICK y Bur/sgi iMIIiKaTHBHAX 3aKOHOMIpHOCTeN, sIkKi BHKOPHCTOBYIOTBCS Ha
HaCTYIHOMY eTani mpoekTyBaHHA Ta peasisanii ICK.

Hewitki peryastopu sk ocuosa ICK. Buxopncranes Moau@iKoBaHOTO MeTOQy HEYITKHX
6araTopiBHEBUX KBaHTIB 3HaHb [03BOJISIE KOHCTPYIOBaTH 6a3y 3HaHb HEYITKOTO peryJsitopa (HP), sika
Ma€ HacCTyIHI XapaKTepHCTHKH [3]; (1) MeTon mozaHHS 3HaHb - i€papxXiyHa CcHCTeMa KBaHTIB 3HaHBb;
(2) Tam  Mosmeni  ¢opMyBaHHS ~ NPHYHHHO-BHCHOBKOBHX  3B'Si3KiB  —  CHCTeMa iMILJIIKAaTUBHHX
sakoHoMiprocreii; (3) suMipricts indopmaniiinux reuiit - MIMO - HK.

HK G6yayerbcsi Ha OCHOBI JIHTBiCTHYHOI ampokcHMalii AnHaMikW 06’€KTa KepyBaHHs y BHIJIS
tabauip siarsicruurnx npasua (TJIT). 36inpmennsi KijbKOCTH NPaBUI LIS CKAATHUX OG’€KTIB MOXe
[IPH3BECTH JI0 BEJMKOro o6csAry —OGYHCIIOBaNbHOI POGOTH Ta NOSBH MPOTHPIYb y IpaBHJaX. Tomy
sukopuctannss BAK3-merony mossosisie MiHiMisysati KiibkicTs mpasui, siki meoOxiani HK, a Takox
ycynyTu nportapivusi B Hux. Kpim toro, sasasakn BAK3-merony Bupimyerbes 3agaua Br6OpPY Ha#b6iIbII
ajslekpaTHOro npasuia 3 Muoxusau TJIIL.

Moxanbmuii POSBATOK AOCTI/KeHb G6y/e IpPOBOAMTHCh y Hanpsivky Bukopucranus BAK3-
MeTojoJiorii B 3agauax igeHTudikanii, ominku craHy o6’€KTa KepyBaHHsl, ypaXyBaHHsl 30BHIIIHIX
36ypioBanb Ta ontuMasibaoro kepysanns ICK B ymoBax HeBU3HAYEHOCTH.
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Jleonng Poxxon, Poman Meaopus. [Ipo6aembl npeo6pasopaHns H PErHCTPAHH H3MEPHTEIbHBIX CHTHAJIOB.

PaccMaTpuBatotca mpoGieMbl 1peo6pa3oBaHWsl M PETHCTPAlMH H3MEPUTETbHBIX CHTHAJIOB, HABISIONUXCS
HocuTes MU MHGpOPMALMK O 3HaUYeHHUSX (usmieckux BesnuuH. OCHOBHOE BHUMaHUe Y/le/leHO 3a/laue MHHUMHUSAIHH
PETHCTPHPYEMBIX [JAHHBIX, HCXOJS M3 NPEANOCHUIOK 3KOHOMUYHOCTH ¥ TIPOCTOTHI pean3arniyu U pOBBIX CPE/ICTB
06pabOTKU CUTHAJIOB.

285



Waerbes mpo cureagm, ski € Hocisimu indopmanii npo snauenns ¢isnynux Benuuns. Taki cursam
Ha3uBaloThesl BUMiploBasibHuMH [1]. Po3BuTOK nuBijisamii i HayKoBO-TeXHIYHMHA NpOrpec I'PYHTYIOThCS
Ha peecTpauii 3HavyeHb ¢iswynux BeawynH. YuM Bumuil piBeHb TeXHiKH, THM 3 BHINOK TOYHICTIO
Heo6Xi/HO peecTpyBaTH sHaueHHsi (isuynnx BenwunH. Peecrpauil mifuraiorbest TiibKH fesiki 3 disuynux
BesuuuH (JOBXHHA, KyT, €JeKTPHYHMHA cCTpyM, Hampyra), inmi ¢isuyHi BeJHYHHH NOTPiI6HO
NepeTBOPIOBATH y NpuAaTHi anas peectpauii. Ockinbku BigomocTi npo 3HavyeHHs! (DI3UYHMX BENTUYUH
OTPHMYEMO uepe3 CUTHaju, TO mnpobrema iX NepeTBOpeHHsi i peecTpaiii 3BOAMTHCS O mnpobiemu
NepeTBOPEHHS 1 peecTpalii CHrHAJIIB.

[lponeMi nepeTBOpeHHsi Ta peecTpalii BAMIPIOBaJbHHX CHIHANiB MPHCB’siieHo Garato pobit. lls
npo6iemMa GaratorpanHa. Bona oxommoe Takox 3ajfaui MiHiMisamii 0o6’emy BHMipIOBaJbHHX CHTHAJIB, a
npu peecrpaiii - 06’eMy naHux. Bizomi pisni cmoco6m smenmeHHsi 06'eMy curHany i o6’eMy AaHHX 32
paxyHok ix iHdopMaiiiiHOi HAANMIIKOBOCTH, HANPHKJAAJ, BIAOMOCTI TMpo 3MiHy 3HayeHb (I3UYHAX
BEJHYAH llepe/aBaTH | PEECTPYBaTH He 5K HOBe 3HaveHHs ismynol Bemmuuum, a Tinpku ii sminy. Ilio
indopmariio, sk npasBwio, nepexawoTh ueped ikcopani inrtepsaan wacy [2]. Ha Takomy npuHmMni
¢dopmyeTtbes Tesesisiiinnii curnan. Ilpore, nepegaya cHruaiy YW 3MiHM CHTHaTy 4epe3 (iKcoBaHi iHTepBasH
yacy Xoua i /[03BOJisi€ 3MEHIIHTH 06’€M CHrHAITY, ajle Ha/UINIIKOBICTD #oro Moxke 6yTH Iie JIOCHTb BEJHKOIO.

IlepcreKTHBHMM Ha Hall MOTJISA € MeToA Kommpecii (3Menmentsi 06’eMy CHIHaNY), SIKIO Tepefady
indopmarii 3aificHIOBATH TiJIbKA y MOMEHTH 3MiHH 3HayeHHS (i3nyHOI BEeJIMYMHH Ha JEAKY MiHIMaJIbHO
3HayuMy yMoBHy oxuuuito. [Ipu Takomy dopMyBauHi BHMipiOBAJBHOrO CHrHANY NPAKTHYHO MOBHICTIO
no36ysaemoch indopManifHOl HaANMIIKOBOCTH i OTpMMyeMo MiHiManbHui 06’em curnany. Ilpu ominmi
e(PeKTHBHOCTH TAKOrO METOAY KPHTEpPIiEM SIKOCTH € NMOMWJIKA BiATBOPeHHsS! 3HaYeHHs! (i3MyHO] BEJIMYHHH,
nepeaaHoi 6e3HaVIHNIKOBUM CHTHAJIOM.

B uponeci criakysarns 3a caraanom x(t) dopmyerpest Buxigumit curnan L(t), mo cknagaerscs 3
iMmysbciB 3 piBHeM #V. KoxHmil iMIyJbC BHAAETbCS BiZIpasy > MiCJAS TOro, sIK 3MiHa CHTHATY
NEepPeBUIINTD [esiKy noporosy Benuuuny &/2. llonsipuicTb mUX iMIy/IbCiB BH3HAYA€ETHCS MNOJSIPHICTIO
curnany noxu6ku e(t) y BiANOBIZAHOCTH 3 MPABUIOM:

+V6(t), e(t)=2¢€/2; .
L(t)=:-Vé(t), e(t)<e/2, )
0, —&/2<e(t)<el2.

Anpokcamyiounit caraan y(¢) MoXXHa OTPUMATH 3rOpPTKOI iMIysabciB {L,} MOCHiZIOBHOCTH CHIHALY
elv, t=20
0, t <0

3HaueHHs] CXO/IMHOK alPOKCHMYIOYOro CHTHAJy piBHe #¢ y BiAnosifHocTb 3 nossipricTio iMmyJibcis
L,, a6conmoTHe 3HaveHHA sikuX piBHe V&'t). Curnan nomunku e(t) - ne pisauns mix curnanamu x(t)
ta y(t) i, six BuaHo 3 ymosu (1), He Moxe nepesumiysaru |&/2|. aysaxumo, mo xoua curnan y(t) To-
TOXHHUIi CHTHAy, MO OTPHMYETbCS IPH piBHOMipHOMY KBauTyBaHHi x(t), TpuBasicTs intepsaniB D(t) Mix
MOMEHTAMH HA/IXO/DKEHHS iMITyJIbCiB L, € 3MIHHOIO BEJMYMHOIO i 3a/1€XHTD Bl KpyTH3Hu curHany x(t).

3ayBakumo 1le, WO [PH ONHCAHOMY MeToAi peectpaumii ¢ismynux BenuyumH i iX nepexayi
(06pobnenni) sacobamu nudposoi TexHiku 3rigHo 3 ymosoio (1) HeoOxigHo dikcyBaTH Tpu 3HAYEHHS
3MiHM CHTHaJy. AJIbTEPHATHBHHUM € METOJ, NPH sikoMy (DiKCyeTbCs JIMIIe JBa 3HAYEHHS] 3MiHHM CHTHaJy.
B upoMy Bunaaky anpokcumylouuit cursan y(t) nosusen QopMyBaTHCh He iJeaJbHHM iHTErpaTopoM, a
iHTErpaTopoM 3 BTpaTaMH, YTBOPIOIOYH TaKWM YHHOM NHJONOXIGHHMH ampokcHMylounit cursan. B
pe3yJbTaTi 1bOro BiJmajgae HeoOGXinHICTb y reHepanii iMnyJbcis L, Bix'eMHol NOJSAPHOCTH [UJIsi CHIHAJIB,
IO MalOTh Bi/i’€MHY KPYTH3HY.

OmxHuM 3 HeAOJiKIB OMHCAHOI'O MeETOAY peecTpallii BHUMipIOBaJbHMX CHTHaJliB € Te, IO s
OTPHMAHHSI AlIPOKCHMYIOYOrO CHTHAJy 3apeecTpoBaHi Bi/UIIKH HEOOXifHO 3BaXKyBaTH eKCIOHEHNiHiHOIo
dynkmnieio (mepexinna xapakrepHcTHKa iHTErpaTopa 3 BTpaTaMH), [0 TaKOX IEPEIIKO/DKAE
BHKOPHCTaHHIO MeToAy 3aco6amu nudpoBoro o6pobiieHHs ZaHAX.

3 orisasy Ha BHIIECKa3aHe, KOMIPOMICHMM BapisSiHTOM MiX [JOCATHEHHSIM 3PYy4YHOCTH BHKOPHCTAHHS
MeToy peectpauii (pisHYHUX BeaHYHH NpH o6pobienHi 3acobaMu NUEPOBOI TEXHIKH Ta MOXJHBICTIO
MiHiMi3anii gaHUX [AOWIIBHO OOMEXHTHCh MEBHHM KiacoM curHaniB. Haii6inbm s nporo miaxomsits
MOTOKH - KJIaC CHTHAJIB 3 HeBifi'eMHOIO nepmoio moxigxowo. Ilotoku yacro 3ycTpivamThesi B IRPHPOAL Ta
pisanx cdepax mojachKoi AisuibHOCTE (HOTiK €JEMEHTAPHUX YAaCTHHOK, NOTIK €Heprii, MO CIOXXUBAETHCS
tomo). B nboMy BHmagKy 3MiHa 3HavyeHHs (i3uyHOl BEJIHYHHM Ha anpiopHO 3aJaHHil HOpir €
onHOGiTHOIO BesHyMHOp. lle Ma€e MOXIHBICTD BHKODHCTaHHA e(dEeKTHBHHX AaJrOPHTMIB O06POOGIEHHS
JlaHUX, 1[0 OCHOBaHi Ha OAHOGITHOMY NpejcTaB/leHH] BXiguux curuanis [3].

L(t) 3 iMnysIbCHOIO MEPEXi/HOI0 XapaKTEPHCTHKOIO i/ieanbHoro interparopa: h,, (1) =
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Volodymyr Juzevytsh, Volodymyr Pohrebennyk. Mathematical Modeling of the Adiabatic Indexes Estimation
in Relation to Saltiness while Sea-Water Diagnostics by Acoustic Waves.

The technique of numerical analysis and exaction the acoustic nonlinearity in relation with saltiness and
temperature while sea-water diagnostics by acoustic waves is proposed.

OHUM 3 TePCNEKTHBHAX METOMiB JOC/i/UKEHHS] BHCOKOYACTOTHHX (DIIOKTyauiii MBHIAKOCTH 3BYKY B
MOPCHKOMY CEPEOBHNlI € BHKODHCTAaHHS SBHUI[ B32€MOAIl HEJIHIHHHX aKyCTHYHHX XBWIb Ta
napaMeTpUYHHX aHTeH. lIpH MiABHIIEHH] KOHUEHTpamil HOBITPAHUX OGyapbamok y BoJAi mapamerp
aKyCTHYHOI HeJiHiifHOCTH y 36iJIbIIYETbCA HA JeKiNbKa MOPSAKIB, OTXKe HOro MOXHAa BHKOPHUCTATH JUist
ix misrmoctuku. ToMy 3HaHHS aHAJTITHYHOI 3aJIeKHOCTH MiX y 1 TAaKMMH HapaMeTpaMH AK TEMIEparypa,
COJIOHICTb i THCK B MOPCBKill BOJIi € HaJ3BHYaHHO BaXKJIKBOIO CIIPABOIO. t

38’s30k napamerpa aKyctHuHoi HedimifinocTm BoxHoro cepesopima y (mokasmuka anis6ata) 3
piBHOBa)kHOIO mBH/AKIicTiO 3BYKYy Cj :

0,5

Co=(rp/p™ [11, (1)
lie p - TYCTHHA BOAM NPH 3aJaHiil TeMuepaTypi ¢, a p - BHYTPIlIHI# THCK, MOXHa 3allHCATH HACTYNHAM
yuroM [1,2]:

7y=2pyCyG + 1, G=dC/dp, . (2)
Tyt po - riapocraruunuit THCk; noxigma dC/dp, BH3HayacTbcs NpPH HE3MiHHIK eHTpomii i comonocti
poau (ormxke, y - agisGaruyHUH koedpinient). Sk BigsHaveno B poGoti [2], Haibigbmia Bll{MlHHlCTb MK

laoTepmqﬁuM i apisGaruunaM 6apruruME Koediuientamun G Beepe/IuHi iHTEpBany ¢ = (4 + 74) °C cknanae
0,5:10° M/ (c-T1a), Tomy B chisimomenni (2) xkoprcTyeMoch isorepmiunum Gapuunnm xoedinientom G.

[iacrasasioun B (2) C, 3 (1), orpumMaemMo yTouHeny dbopMyay AJs ¥
y=1+2-p(GYp+ 2:p-G-((p/p)-(1+ p-(GY-p))*° . (3)
JlociiuMo 3aexKHICTh mapaMeTpa ¥ BiJ cojomocti S B aismasoni S = (0 + 40) °/,, npu moctifinux
TeMnepaTypax fy= 20Cit,= 30°c , NOPiBHIOIOYH 3HAYEHHsSI )y 3 EKCIEeDHMEHTaJbHHMH Ju= 7.1,
= 7.0 , orpumanuMH 6e3 BUKODHCTAHHS YTOYHEHOrO CIiBBiTHOMEHHS (3). Ilpu uboMy Bpaxyemo

3ane>t<mc’rb [3] ryctuen p Big TeMIieparypi t ([pl=1 xr/ M3):
p = p, + 0,06793592-¢ - 0,00909529- £ + 0,0001001585- £ - 1,120083-107°- 5.4 + 6,536332- 10°-#°, (4)

a Takox 3aqexxHictb C, Bif TemnepaTypH i I'iIpOCTaTHYHOIO THCKY p, 32 dopmyuioio lean I'poco:
C,= 1402,392 + 5,011094-¢ - 5,50947+102¢* + 2,21536-10""-£> + 1.59136+p, + 2,45755-10°p,” -
- 9,36681-10%p% + 6,47715-107t+p, - 1,65695-10-¢-p,> + 2,76057-10°- £+ p,” + 5,53612
07 t-p2 - - 4,466677-10°£+p, - 3,473123-10%£-S+p, + 1,289558: 10757 - 1,275628:107£-S -
- 1,681126-10™".5%p.2 + 9,684032-10°£*-S + 4,952146-107 ¢+ S%p, + 1,329523-S  [2,3]. (5)

Tyr C, supaxaerscsi B M/c, a THCK p, - B MIla (p, = 10 MlIla: o6mexyemoch poamsuxona MOPCHKOi
BO/IM B TPUNOBEPXHEBOMY MmIapi Mops, Xe MOXHA HEXTYBATH BILTHBOM rauGuHK); - T'YCTHHA
oz npu ¢ = 0 °C (p, = 999,842594 xr /M’ [3]).

287



EkcnepuMenTanbHi 3HaueHHs NapaMeTpa . BH3Havaauch metoiom nopiesuust [1]. Ili sHauenns
BHKODHCTAEMO SIK NOYATKOBI /ISl YTOUHEHHS HeliHiiHOro mapamerpa .

MaremaTHuHe MO/e/IOBaHHS NPOIE/yPH OMIHKHA TEMIEPATYPHOI 3a/eXHOCTH MOKA3HMHKA aflisbaTH ¥
NPH B32€MO/Ii aKyCTHYHHX XBHJIb 3 BOJHUM cepeoBuuieM (MOPCHKOI BOZAOI) MOJAra€e B po3pobieHHi
aJTOPHTMY YHCJIOBOTO €KCIIEPHMEHTY, sikHil 6a3yeTbcsi Ha BUKopucTanHi cmissignomenb (1), (3), (4),
(5). Ilpu upomy Buxiguumu (mOYATKOBUMH) € eKClepEMEHTanbHI 3HaueRHs ¥ [2]. Uucnosmii amanis
crissignomens (1), (3), (4), (5) npoBogumo Ha ocHOBI MeToxy mociifoBREX HabimxkeHb. Bpaxosyemo,
IO yTOYHEHOMY 3Ha4YeHHIO napaMerpa y Gyle BiANOBiZaTH yTOYHEHE 3HAYEHHS BHYTPIMIHBOTO THCKY p
Tak, o6 3af0BiabHsIOCH cuiBBiHOmIeH s (1).

B pesyabTari uyHCI0BOTO pO3paxyHKY OTPUMAEMO YTOYHEHI 3HAYeHHsi OapaMeTpiB y i p 1pu
Temneparypax t; = 20°C i ¢, = 30°C B aismasoHi cosonocreit S = (0 + 40) °/, :

1) t=20°C:

a) $=0°/; y=9,453; p=232,1 MIla; 6) S=5/,; y=8,534; p=259,7 MIa;

B) S=10°/o; y=7,754; p=288,7Mlla; r) S=15°/; y=7,115; p = 317,7 MIla;
n $=20°/; y=6,619; p=3449MIla; e) S=25°/,; r=6,268; p=367,8 MIla;
€) $=30°/,; ¥=6,065 p=383,8MIla; k) $=35°/o; y=6,012; p=391,0 MIla;
3) $S=40°/,; y=6,111; p = 388,5 Mna; (6)
2) t=30°C:

a) S=0°/ ;7= 11,30; p=200,7 Mlla; 6) S=5°o; ¥=9,888; p=231,7 Mlla;
B) S=10°/,; 7=8,683; p=266,4Mlla; 1) S=15°/o; r=7,693; p=303,7 Mlla;
n $=20°/,; y=6,923; p=340,7 MIla; e) S=25°/,; 7=6,374; p=373,7 MIla;
€) $5=30°/0; y=6,051; p=397,4 MIla; k) S=35°/o; y=5,956; p=407,7 MIla;
3) $=40°/,; r=6,093; p=402,3 Mna.

Cain BiZ3HAYHTH, MO ANTOPHTM YHCJOBHX PO3PaXyHKIB PO3pO6JEHO TaKMM YHHOM, Mo orpumani B (6)
3HAaYEHHs] y He 3aJIeXaTb Bifl X MOYAaTKOBHX 3HaYeHb .. llel (akT cBITINTL MPO KOPEKTHICTD MaTreMaTHYHOL
MOJIeJli, a TaKOX NpO CTifiKiCTb BHGPAHOrO METOY YHCJIOBOTO PO3PAXYHKY i BiANOBIAHOIO a/JrOPHTMY. -

Sx sumno 3 (6), 3anexHicTb napaMeTpiB ¥, p BiJ coJioHOCTH S TIaAKa, HENEPEPBHA, Ma€ HeJiHiHHHA
xapakrep i npu S ~ 35°/, ¥ NPOXOAHTh 4Yepe3 MiHIMyM, a p - uepe3 MaKCHMyM. AHATITHYHO Iii
3aJIeXKHOCTI MOXKHA AallPOKCHMYBATH KBAJ[PaTHYHHMH (YHKIISIMH

a) t=20°C:y= 9,45945 - 0,20019-S + 0,0029079-5°, (7

6) t=30°C:y=11,31397 - 0,30837-S + 0,004440-5> . (8)

Cyma xBajparis Biaxuiensb y Bunaaky (7) me mepesumye 0,000185 i y sunaaxy (8) 0,0004314
Bignosiano. Sk sumno 3 (7), (8), mixBumenns TeMIlepaTypH NMPUBOJAUTDL A0 6i/bil Pi3KOro 3MEHNIEHHS
7 Ha nouarkosiil cragii (npu Manux S), npo mo csimuats koedimientu 0,20019 i 0,30837 mepex S .
Taxwuit xapakrep 3MiHu ¥ He OyB BHsIBJIeHHH B KaacHuHoMy miaxoxi [1,2].

Y BixnoBigHOCTH 3 pesyibraTamu pospaxyHkiB (6) Tuck p 3MiHwETHCH B Amismasoni 200.7 MIla +
407.7 Mlla, mo posumpioe Mexi BiINOBiAHOrO AisinasoHy BHyTpimmix tackis 300 MIla + 0400 MIla [2],
OTPHMAHOIO Ha OCHOBI KJIacw4HOro miaxoxy. Ciij BiISHAUNTH, IO eKCIEPHMEHTAbHE 3HAYEHHs BHYTPIll-
HBOTO THCKY p.=320 MIla npu =20°C /uist IpicHOI BOAX OTPHMAHO 3a JONIOMOTOIO METOAy NopisHsHHs [1].

OTxe, 3 1ONOMOrol0 MaTeMAaTHYHOIO MOJENIOBAHHS YTOYHEHO 3HAYEHHS MapaMeTpiB, N0 BXOJASTb B
PiBHSIHHSI CcTaHy HeJiHiliHOI akycTHKH BojgHHX ceperoBuml. CUiijfi Bif3HAYMTH, IO BiAMIHHICTL Mix
nonepesHiMu faHuMu ¥ = 7.1, % = 7.0 i yrounenuMu snaveHHsME ¥ = 9.453, » = 11.3 cyrreBa, Kpim
Toro, BHsiBJIeHO ekcTpemymn 3anexxHocreii AS), p(S), mo s6arauye indopmanio npo Hemimifiami
XapaKTep B3a€MO/(ii aKYCTHYHHX XBHJb 3 BOJHHM MOPCHKHM CEPEIOBHIIEM.
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