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VIK 532.516
O.B. Ilonesoii, [I.A. Pemguuii
OLOEHKA ADPOANHAMMWYECKHUX U TEIIJIOBBIX HATPY30K
HA KOPIIYC KAIICVYJIBI HYPERLOOP
B BAKYYMUPOBAHHOM IIYTEIIPOBO/JIE

AHHOmayuA. BbinonHeHa oueHKa a3po0UHAMUYECKUX U Mmensiosbix HA2py30K Ha
Kopnyc 8aKyyMupoBaHHO20 MPAHCNOpMHO20 CpeOCmBa Npu pasnuYHbIX 3HAYEHUAX
dasneHus 8 nymenposode Ha OCHOBE YUC/IEHHO20 pelueHus ypasHeHuli Hasbe-
CmoKkca cxumaemo20 2a3a, 3aMKHymeix OuggepeHyuansHol modenbio mypby-
neHmHocmu. [lokasaHo, Ymo Oaxe 8 yC0BUAX HU3KO20 0as/eHus 8030yxa 8 ny-
menposooe BbICOKOCKOpOocmHoe 08uxeHue kancyabl HYPERLOOP 6ydem conposo-
K0ambcs 06pazoBaHuUem JIOKAIbHbIX CBEPX3BYKOBbIX 30H, YOAPHbIX BOJH, cucmem
HecmayuoHapHbIx suxped.

Knioyesble cnosa: mamemamuyeckoe mooenuposaHue, ypasHeHus Hasse-Cmokca,
myp6ynesmuocms, kancyna HYPERLOOP, sakyymuposaHHbIl nymenposoo.

BBeneHnue 1 mocTaHOBKA 3aaun

AsponvHaMMKa 3aHMMaeT BaKHOe MeCTO IPU MPOEKTUPOBAHUN BbICO-
KOCKOPOCTHOTO HaszemHoro tpaHcropra (BCHT). [Ipu nBuskeHuuM TpaHCriopra
co ckopocTsimu Boilie 500 KM/U B YCIOBUSX aTMOC(EpHOTO 1aB/eHNUsI OCHOB-
Hble 3HepreTuyecKue 3aTpaThl NMPUXOOSATCI HA IIpeoJojieHre adpoauHaMmuye-
ckoro compoTuBieHus. Co3maHue paspeskeHHOV atMocdepbl BHYTpU ITyTe-
IIPOBOJA C LeJIbI0 CYILeCTBEHHOI'0 YMEeHbIIeHUs [OTepb SHEPrUuu — OLHA U3
kitoueBbix uaein nmpoekra HYPERLOOP (puc. 1a).

CkopocTu [IOBMKEeHUS Karcyiabl BakyymupoBaHHoro BCHT Ttuma
HYPERLOOP 3aparorcs B nuamnasone V,, = 360+1080 km/u = 100+300 m/c. I1a-

paMeTpbl BO3OYIIHOM cpefbl onpenesstoTcs ¢ nmomoinbio 'OCT 4401-81 «ArT-
Mocdepa craHgapTHasi». TeMmIiepaTypa MOKOSIIEro Bo3ayxa IoJjarajach pas-
Hoit T, = 288,15 K=+15°C u Hem3MeHHOII BO Bcex pacueTax. ATMocdepHoe

IaBjleHye M IUIOTHOCTb Bo3Ayxa cocrtasasuim P, =1013251la wnu
... =1,225 xr/m>.

© ITonesoi1 O.b., Peguni [1.A., 2019

ISSN 1562-9945 3



4 (123) 2019 «CucteMHBbIe TeXHOJOTUN»

BHyTpy nyTenpoBoza AaBjieHye IMOKOSLEero Bo3ayxa NpMHMMAaeT 3Ha-
yenusa or P, =0,001P, =1013 Ilago P,  =0,1P, =10132,5 Ila. [TockonbKy

pipe pipe
IIpU TIOCTOSIHHOM TeMIlepaType IUVIOTHOCTb IOKOSILEero Bo3ayxa MpsaMo Mpo-
IMOPLUMOHAJIbHO OJ4aBJI€EHMIO, TO 3HAYEHNMS IIVIOTHOCTM HaXOAWJIMCb B COOTBET-

cTByromem auanasone o, =(0,001+0,1)p,, =0,001225+0,1225 kr/m°.

Kopniopanust Hyperloop Transportation Technologies 2 okTsiopst 2018
npeJicTaBWIa aspoAuHamMmueckuit MakeT karcynbl Quintero One [1] (puc. 16).
[Ipy MMpoBemeHUM HACTOSIIUX pacyeToB (I03eIsIK Karcysabl ONpenessics Mo
reoMeTpMUUeCKMM IapaMmeTpaM, 61M3KMUM K Karcyse Quintero One.

S—

Pucynok 1 - O6masi cxema nuskeHust karcynbl HYPERLOOP B BakyyMUpoBaHHOM

MyTENpOBOZe (a) M a3pPOAMHAMUUYECKMIT MaKeT Karcyibl Quintero One Kopropa-
uun Hyperloop Transportation Technologies [1] (6)

Mexny mHUIEeM KaIlCyJbl M IyTeBOM CTPYKTYpPOI 3a[aeTcs HeKOTO-
phIii a3poAMHaAMMUUECKii 3a30p, 00YCI0OBIeHHbI pab0oTOi MarHUTHOTO IO -
Beca. Co3gaHue BO3AYIIHOM MOOYIIKK IO, JHUIIEM KarllCyJibl He pacCMaTpu-
BaeTCs.

MaTtemaTnueckasi IMOCTAaHOBKA ONMpPAeTCsl Ha YUC/IEHHOe pelleHue
ypaBHeHMuii HaBbe-CTOKca BSA3KOrO CXKMMaeMOIro TeIUIONPOBOLHOIO rasa,
3aMKHYTbIX AuddepeHIanbHO MOJIe/bI0 TYpOyIeHTHOCTH [2-4].

PaccmaTpuBaeTcss obpaliieHHOe AOBMsKeHMe, KOTJa Karlcyla CUMTaeTCs
HeIOABMKHO 1 00TeKkaemMoli HaberawIinyM MOTOKOM Bo3sayxa. [IpuHLIuI 06-
paleHns ABVMOKEHUS SBJSIeTCs CTAaHAAPTOM [JIsl pelleHUs a3pOAMHAMUYeCKUX
3a7a4 ¥ Mo Gu3nMUeckomMy CMbICTy COOTBETCTBYET MPOIyBKaM B a3poauHaAMMU-
yecKux Tpybax.

4 ISSN 1562-9945



4 (123%) 2019 «CucteMHbIE TE€XHOJIOTUU»

YucieHHOEe MOIeIMpoBaHME MPOBOAMIIOCH B paMKax CIleMaJInu3upo-
BAHHOTO ITaKeTa BIYMC/IUTE/IbHO adpOaMHaMMUKI, KOTOPBIi ObII pa3paboTaH
coTpygHuKaMu WMHCTUTYTa TPaHCHOPTHBIX cucteM U TexHonoruin HAH VYk-
pauHsl [5].

[TockombKy paccMaTpyuBaemasli pacuyeTHasi 06JacTb COMEPXKUT IleH-
TpaJIbHOE TeJjio, TO MPOMU3BOAWIACH TeOMeTpUYecKasi JeKOMITO3ULIUS TIOJTHOMN
3amaun. JIeKOMITO3UIIMSI 3aK/II0UaeTCs B pasfe/IeHu BCeii 00/1aCTy MHTEerpu-
pPOBaHMSI Ha OTHe/bHbIe Mogo6macTu (6J10kM). B KaskgoM 6JI0OKe ITPOBOIMAIICS
OHOBPEMEHHBII pacueT COCTOSTHMST (U3MUECKOro Iporecca 06TeKaHus C Ie-
penmaueit uHGoOpMalMK B cocegHMe 6yioku. CxemMa reoMeTpuueckoii JeKOMIIO-
3UIIMM PacUYeTHOM 00j1acTu MpMUBedeHa Ha puc. 2. Hauamo KoopauHaT 110 OCu
OX cooTBeTCTBYeT MaKCMMa/JIbHOMY 3HaU€HMIO BbICOTHI Karcynsl D, = 3.2 M.

O61as ajmuHa Kamncynsl coctaBasia L, =23.58 M, 4TO HECKOJbKO MeHblIIe,

yeM B IpeacTaBjlieHHOM Kopropauueit  Hyperloop Transportation
Technologies aspoaHamuueckom makeTe Quintero One. BeicoTa TpyObI Imy-
TENPOBOAA, PUHATAS B pacuerax, paBHsiace H = 6.5 M. Bennuuna aspo-

AVMHaMM4YeCKOro 3a3opa MeXay OHUIIEeM KallCyJbl U HMDKHEN CTEeHKOM nyre-

rmpoBoja paBHsiach 0.4 m.

Block #2

Vﬂﬂﬂﬂyl 1‘.

—

1~

Hyper L Capcule
gy cap Lapeinie Block #4
Block #1

Block #3 ;

PucyHok 2 — Cxema pa3omeHus pacdeTHO 061aCTy Ha OT/ie/IbHbIe OJIOKM

Pe3yibTaThl UMCI€HHOTO MOJEe/JIVPOBaHUS
O6miast CTPyKTypa Te4eHMs B IIOCKOCTM cuMMeTpuu Karicyabl BCHT
HYPERLOOP mnpencrasieHa B Bume M3OJAMHUIA OJIS1 JIOKAJbHBIX uucen Ma-
xa (puc. 3).
Kak mokaszasy BbIUMCIUTEbHbIE 3KCIIEPUMEHTDI, CYIIeCTBYeT II040-

6ue paciipegesieHda ra3oaMnHaMn4YeCKMX BeJIMUYMH IIPU Pa3/IMYHbIX 3HAUYEHMAX
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JaBJIEHWSI P oipe B ITYTEIIPOBOIE. HOns pacCMaTpuBae€MOTIO AMalla30Ha IIapaMeT-

pPOB Bce 3HaueHMs uuciaa PelfHOb/ICca COOTBETCTBOBAIN TYpOYJI€HTHOMY pe-
KMMY 00TeKaHMsI, YTO B KOHEUHOM MUTOTe 06YCJIOBUIIO ITOI00Me 10 JaBIeHUIO.
BMmecTe ¢ Tem, pazmepHOe 3HaUeHMe CKOPOCTU ABVKEHMS KarlCy/ibl OKa3blBaeT
K/II0oUueBOe BMSIHME Ha CTPYKTYPYy 00TeKaHMs yepe3 6e3pazmMepHoe unucio Ma-
xa. [l paccMaTpyuBaeMbIX CIydaeB CKOpoCTy Kamcyiisl V,, =100 m/c; 200 m/c

un 300 m/c uucna Maxa Haberawoomero mnoroxka cocraBwm M, = 0.2939;

0.5878 1 0.8817 cooTBeTcTBeHHO. 3HaueHMs uucia Maxa onpeaensioT KMHe-
TUYECKYI0 SHeprui0 Haberaruiero MoToOKa, YTO B CBOI ouepelb MPOBOIUT K

CyII€eCTBEHHBIM pa3JMiMiaAM B KapTUHE TeUEeHMSI.
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PucyHoKk 3 — PacrpeneneHus JTOKaJIbHbIX uncesn Maxa B6am3u karncynsl HYPERLOOP
npu V,, =100 m/c (a), V,, =200 m/c (6) u V,, =300 m/c (B)
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Inst 3HaueHus: ckopoctu V,, =100 m/c (360 xmv/4) HabIIOmAETCS TIOJI-

HOCTBbIO JO3BYKOBO€ T€UueHMEe C MAKCMMJAJIbHBIM 3HaU€HME 4dnciia Maxa B 1o-

toke M__ =0.673 (puc. 3a). KondysopHo-nguddysopHas yactb obnactu Te-

yeHMsI B JAHHOM cCJydyae paboTaeT aHajJOrM4YHO Tpybke BenTypu [6]. B cy-
KQIOIIeiCcsl YaCTy HaJ HOCMKOM KallCy/Ibl JO3BYKOBOJ IMOTOK PasroHSETCs, a
3aTeM TOPMO3UTCS B PACIIMPSIIOIIENCs YaCTH.

IIpn snHauenun ckopocty V,, =200 m/c (720 Xm/4) Haj BepxHeu IO-

BEPXHOCTbIO KaIlCyjbl MPOMCXOAUT 0Opa3oBaHMe JIOKAJIbHOV CBEPX3BYKOBOJ
30HbI (JIC3) Majioit MHTeHCUBHOCTHU (puc. 3.6). MakcuMMaibHOE 3HaAUeHNe UNC-
na Maxa B mortoke coctaBwio M =1.44. JlokanbHas CBepX3BYKOBasl 30Ha

3aKaHYMBAETCS MPSIMbIM CKAUKOM YIUIOTHEHMSI, pacIiojiaraioiiMmcs HeCKOJIb-
KO BBIIIIe TI0 TIOTOKY OT KOpPMbI Karicysbl. [To cBouM pusuyeckum 0CoO6eHHO-
CTSIM JaHHBINM CJIyyail COOTBETCTBYET XOPOIIO M3yUeHHOMY TeUeHUIO B CBepX-
3BYKOBbIX Audbdysopax [6,7]. B aspoaumHammuueckom 3a3ope obpasyeTcss MH-
TEHCUBHAs TO3BYKOBasl CTPys, KOTOpasi IpM pacliMpeHUy CO3[IaeT HebOsIb-

myio JIC3 ¢ makcuManbHbIM umcioM Maxa M =1.11. CiegyeT oTMeTUTD,

YTO TeUeHMe MMeeT HeCTaIMOHAPHBIX XapaKTep, BbI3BAHHbBIM KOJIeOaHUSIMM
II0TOKA B JOHHOM 4YaCTU U CJiefie 3a KarCyJsao.

3HaueHnue ckopoctu V,, =300 m/c (1080 kM/4) 6bI7I0 MaKCUMaIbHBIM

13 paccMaTpuBaeMoro auanasoHa. KuHetuueckasi sHeprusi HaberamIero mo-
TOKa OblJIa JOCTAaTOUHO BeJIMKA, UTOObI HAJl BEpXHei MOBEPXHOCTbIO KaIlCYJIbI
oOpasoBasachb CTpPYKTypa TeueHMUs, aHajoruMuHasi coruty JlaBans [6, 7]
(puc. 3B). CBepx3BYKOBasi 06/1aCTh IPOCTMPAETCS BIOJIb BCEro KOpITyca Karll-
CyJbl. 3a KOpMO¥ 0oOpasyeTcss CucTeMa YIapHbIX BOJIH B BUJIE MaxOBCKOJ
KOH(UTrypalum, mepeBofsiieil CBepX3ByKOBOe TeueHMe B A03ByKoBoe. Ilof
IHUILEM KaIlCcyabl popMuUpyeTcs CBepX3BYKOBasi CTPYsI, KOTOpasi Ha BbIXOJle B
IOHHYI0 00j1acThb TeueHMsI oO6pasyeT XOpPOIIO M3BECTHYI0 O0YKOOOpasHYIo
CTPYKTYpPY [7]. Takasg CTpyKTypa MMeeT IyJAbCUPYIOLIUI XapaKTep, YTO [0-
TTOJTHUTEJIbHO BAMSIET HA HECTAI[MOHAPHOCTD ITOTOKA B TOHHO 06/1aCTH.
BMmecrte ¢ TeMm, cienyeT OTMETUTb, YTO HeCTAllMOHApPHOE TeuyeHue 3a
KOPMOJi U B cJiefie 3a KarcCyjoi oKasajao cj1aboe BAMSHME HAa MHTerpajbHOe
3HaueHue 6e3pasmMepHOro KosdhduimeHTa aspoaMHaAMMNUECKOT0 COIPOTHUBIIE-
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Husg C,. OTKIOHEHMSI TeKylMX 3HaueHUl OT OCpefHEHHOro He IIpeBbllla-
70 1.5%.

Pe3ysbTaTbl BBIYMCIAUTENbHBIX SKCIIEPUMEHTOB JaJM BO3MOKHOCTD
OLIEHUTh 3HA4YeHMUSI pPa3sMEpPHONM CUJIbl a3pPOAMHAMMUUYECKOTO COMPOTUBIIEHUS
F,, neiictBytoueii Ha Kopryc karncynsl HYPERLOOP (ta6i. 1).

Tabnuia 1
OueHKa CU/IbI @3POAVHAMMYECKOTO CONPOTHUBIIeHUS F, IS KaIlCyJIbl

HYPERLOOP ¢ nuameTtpom mueneBoro ceueHuss D = 3.2 m

CKOpOCTh [laBreHye BO3ayxa B IyTENPOBOAE p . .
IBVDKEeHUS
L,O-P, 0,1-P, 0,01-P, 0,001-P
KaHCVJIbI VHL atm atm atm atm
18.6 kH 1.85 kH 0.184 xH 0.183 kH
360 kM/4
(1900 krc) (189 kre) (18.8 krc) (1.87 krc)
104.0 kH 10.4 xH 1.03 kH 0.102 kH
720 KM/u
(10600 xrc) (1057 krc) (105 krc) (10.4 xrc)
355.0 kH 35.2 kH 3.5 kH 0.34 xH
1080 km/u
(36200 Krc) (3590 krc) (357 Krc) (35 Kre)

HOHy‘IeHHbIe pe3yJabTaThbl, IIO3BOJISAIOT COE/JIaTb BbIBO/M, UYTO IIPpU HEMU3-

MEHHO1 CKOPOCTM KalICyJibl CHJIa a3pOoAMHaMMUYeCKOro COIMIPpOTUBJIEHUA FX

dakTMUecKu MpsIMO MMPOTOPLIMOHAIbHA 3HAUEHMIO JaBjeHle BO3IyXa B IyTe-
MpoBOJIE P, -

Camo 3HaueHMe F, NIpU MOCTOSIHHOJM CKOPOCTY 3aBUCUT OT MHOIUX
($aKToOB, K UMCTY KOTOPbIX OTHOCUTCS ¥ TeOMeTpUsT Karcybl. JIjs MatocTpa-
UM BAUSHMUST GOPMBI KaIlCy/Ibl HA CTPYKTYPY TeueHUs ObLIM MPOBeeHbI 40-

TIOJTHUTEJIbHbIE pacyeTs! npu ckopoctu V,, = 1080 km/au u p, = 0,01-P ¢

aim
Ipyroit KoHpuUrypaimein ooTekaemMoro Teja. Pe3yabTaTbhl BbIUMCIUTEIbHBIX
9KCIIEpMMEHTOB IIpeCTaBIeHbl Ha puc.4. OTanune JOMOJTHUTEIbHON KOHpU-
rypalum Kamcyabl COCTOUT B OTCYTCTBUMU CY>KEHMSI K KOpMe, T.e. ITpM OOMHa-
KOBOM MUJIEJIEBOM CEYEHMM KOPMOBASI YacCThb KalICyJbl IIPEACTaBsIET COOOI
myMHap. Takum o6pasom, Ipyu o6TeKaHuM Karcyiabl Heauddy3opHOii reo-
METPUM U TeUeHMe HaJl Heil OCTaeTcsl JO3BYKOBBIM (puc. 46). OgHako, B ciiefe
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3a KaICyJIoi peanus3yeTcs CUCTeMa YIapHbIX BOJIH C OO/blIeil MHTEHCUBHO-
CTbI0, UeM J1Jis1 6a30B0¥t KoHpuUrypauum (puc. 4a). Bmecre ¢ Tem IOHHOe [aB-
JIeHue Bblllle, YeM B 6a30BOM CJIydae, YTO IPUBOAUT K HEKOTOPOMY YMEHbIIIe-
HMIO 3HaUeHUsI 6e3pa3MepHOro KospduimeHTa aspoaMHAMUUECKOr0 COMpo-

tusnenus C, .
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0) TOTIOJIHMUTE/IbHBIV BApMAHT reOMeTPUM KaTICYJIbI
PucyHOK 4 — UncieHHbIe «nuMpeH-doTorpadum» TedeHust BOJIM3U Karcy
HYPERLOOP pasnnuHoii reomeTpun ipu V,, = 1080 km/4 (300m/c)

TeruioBoe Bo3snerictBue Ha kKamncyay HYPERLOOP mosxkHO wutoCcTpu-
poBaTh pacrpenenieHusIM U3MEeHEeHUI TeMIlepaTypsl IOTOKa Bo3ayxa I OT-
HOCHTEJIbHO TeMIIePATYPhbl MIOKOsIIIero Bosayxa 7, =B MyTenpoBoze. PasHuiia

AT =T —T, BOmu3u obTekaeMoJi Karcy/bl mpu ckopoctu V,, = 1080 km/u un

pipe

P,,.= 0,01- P, mpencrasnena Ha puc. 5 nyist sHavenuss 7, ,=288.15 K (+15°C).

Hap, KB.HCY)'IOI‘/JI BO3HMKAET IIOTOK XOJIOOHOI'O BO30YyXd, C TeMnepaTypoﬁ, He

3HAUUTEJIbHO TIIpeBbIlIaOINIeil 3HayeHue 71 MakcumanbHOe 3HaueHue

pipe *
AT coctaBuio +104°C. Takast TemIiepaTypa Hab/I0gaeTcsl Ha BepxXHeil CTeH-
Ke IIyTelpoBOZa Cpa3y 3a 3aMbIKAIOLIVMM CKa4KOM VIIOTHEHMNS, IepeBOJsi-

IIMM CBEPX3BYKOBOW IIOTOK B JO3BYKOBOIA.
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PucyHok 5 - Pacnipenenenve npupauenus remnepatypst A7 =7 -7

BOmm3u Karncyasl HYPERLOOP npu V,, = 1080 km/4 (300Mm/c)

C TOYKM 3peHMs] TeIUIOBBIX HArpy30K Ha KOPITyC BaKyyMMPOBAHHOTO

BCHT Heo6XoauMo paccMaTpuBaTh pacipeneneHue TeMiepatypsl I Ha I0-

wall

BEPXHOCTM Karicynsl (puc. 6). Ciayuait ckopoctu V,, = 1080 km/u siBiisieTcs ca-

MBIM TEIUIOHAIPSDKEHHBIM M3 PAaCCMOTPEHHOrO Ayuana3oHa. MaKcuMaabHOe

sHauenne AT . coctaBuio +54°C B MOHHOI YacTy Kamcyibl. Takum o6pasomM,

wall

IIpU OBVKEHMM CO CKOPOCThio 1080 KM/4 BHEIIHSISI 060/I0UYKA KaIlCyJIbl IIPO-
rpeBaetcs g0 Temmnepatypbl 60+90° C. [laHHBII YPOBEHb TEIIOBOI HATPy3KU
MOKeT OKasaTh OTpPUIlaTe/IbHOE BIMSHME Ha paboTOCIIOCOOHOCTh GOPTOBBIX
CUCTEM 3JIeKTPOCHAOXKeHMs M yIpaBjeHMs, a Takke Ha obecrieyeHue KOM-
dbopTa maccaxkupoB B MyTH.

i E— —

wall

I R i -

== HOCOBAs U BEPXHAA UaCTU ITOBEPXHOCTH,
— HIVDKHAA Y JOHHAA 4YaCTU ITIOBEPXHOCTHU.

PucyHok 6 — Pacnipenenenve npupauwenus remnepartypst A7, =T , —T,  Ha

noBepxHocTy Karcyiasl HYPERLOOP mnpu V,, = 1080 xm/u (300m/c)
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BoiBoabI

Ha ocHoBe unciaeHHOro peuieHusi ypaBHeHuit HaBbe-CTOKCca C;KMMaemo-
O rasa, 3aMKHYTbIX AuddepeHLaTbHON MOAEIbI0 TypOYyJI€HTHOCTH MOJTyde-
HbI TIOJISI Ta30MHAMMUECKUX BeJIMUMH BOMM3M TMaccaskupckux Karcya BCHT
HYPERLOOP, nBukymuxcsi B BaKyyMUPOBAHHOM TepMETUYHOM ITyTeIpPOBO-
ne. IlonydyeHHbIe JaHHbIE 110 CTPYKType TeUeHUSI U MHTErpaJibHbIM 3HAYE€HMU-
SIM a3pOAMHAMMUYECKUX CMUJI MOT'YT UCITI0JIb30BAThCSl B MHKEHEPHOI MpaKTUKe
IIpY MPOEKTUPOBAHUM CKOPOCTHOTO TPAHCIIOPTA HOBOTO ITOKOJIEHMUSI.
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VIK 621.31
H.M. Tpunyrtens, B.B. Ky3Henos, M.E. be3nenexusix, 1.B. PyneHko
VCCJIEJOBAHUE OINTUMAJIbHBIX 11O BBICTPOJENCTBUIO
CUCTEM ABTOMATHUYECKOTI'O VIIPABJIEHUS HA
JIABOPATOPHOM CTEHJE

AHHomayus. B cmamee npedcmasneH nabopamopHsili cmeHO 015 ucciedosa-
HUA onmumanbHoU U KsasuonmumasabHoU no 6bicmpodelicmsuio cucmembl
asmomamuyeckozo ynpasneHua (CAY). JlabopamopHsili cmeHO cocmoum u3
mensio8020 06beKMa U NPo2PaMMHO-MexXHUYeCK020 KOMNJIEKCA, BKAYAKUje-
20 nozuyeckuti koHmposanep VIPA System 200 V u HMI/SCADA cucmemy Zenon
Supervisor 7.0. Tennosoli 06bekm onucbisaemcs ouppepeHyuanbHbIM ypas-
HeHueM 8mopo20 NopA0Ka No KAHAay ynpasieHus "BenuduHa moka 8 npeob-
paszosamene MOWHOCMU 3/1eKmpoHazpesamens — memnepamypa 8030yxa
B8Hympu mensogozo obvekma". Koagguyuernms ouggeperyuansHoz2o ypas-
HeHUsA 3aBUCAM OmM NOJIOXeHUA 3AC/N0OHKU U Yacmomsl BpaWeHUs UeHmpo-
bexH020 BeHmMuUAAMopa.

[lpusedeHa memoouKka cuHmesa u pe3y/sbmamsl pacyéma onmumanbHO20 No
6bicmpodelicmsuto pesneliH020 3AKOHA yNpaseHus mensiossiM 06beKmMoM no
8bIOPaHHOMY KaHany. [loka3aHsl pe3yibmamsl 3KCnepuMeHma no nepesooy
menJi08020 006beKMa U3 PA3/IUYHbIX HAYA/IbHLIX COCMOAHUL B KOHeYHble CO-
cmosHusA. [loKa3aHa BO3IMOXHOCMb peanu3ayuu onmumaabHo20 no 6eicmpo-
delicmsuto ynpasiieHus 8 peasbHOM Mmacwmabe spemeHu nymém coseplieH-
CMBOBAHUA NPO2PAMMHO20 0becneyeHus BKIOYeHUeM B8 HEe20 a/20pummos
peweHus mpaHcyeHOeHmHol cucmemMsl ypasHeHul aubo GopmuposaHuem
npedukam+ol Modesu menaoso2o 06bexma.

YKa3aHbl ycnosus npumeHeHus KBA3UONMUMAbHO20 no 6bicmpodelicmsuo
peneliH020 3aKOHa ynpasneHus. [lpusedeHa memoduKa cuHmesa u pesysb-
mamsl pac4éma O0nuUmesbHOCMU Nepsoeo UHMepsasna ynpasaeHus 8 3asucu-
mocmu om 3a0aHHOU BeNUYUHbI nepepe2ynuposaHus. lokasaxsl pe3ynsmamel
M0o0enuposaHus KeasuonmumansHol no b6sicmpodelicmsuto CAY 8 npunoxe-
Huu Simulink nakema npuknadHeix npoepamm ([11111) Matlab. YcmaHosneHa
(YHKYUOHANbHAA 3aBUCUMOCMb OUMebHOCMU Nepso2o UHMepsand ynpas-
JIeHUsA om BesUYUHbI nepepeysiupo8aHus 014 peanusayuu Ksauonmumass-
Holi CAY 8 peanbHoM macwmabe BpemMeHU C UCNO/b30BAHUEM 6A308bIX pe-
warouwux 6710K08 NPO2PaMMUPYEMO20 J102UYeCKO20 KOHMpPOoepd.

© Tpunyrtenb H.M., Ky3HenoB B.B., be3nenexxunix M.E., Pynenko U.B., 2019
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Knioyessie cnosa: nabopamopHsilii cmeHO, mensogol ob6bekm, annapamHo-
npo2pammHbIli KOMNJIEKC, Npocpammupyemsil 102udeckuli KOHmposanep, Ksea-
3uonmumasnbHoe ynpasieHue.

ITocTaHOBKa MpoOIeMbl M IeJIb McCIegoBaHusA. [IoaroToBKa KBa-
MuGUIIMPOBAHHBIX KagpOB, KOTOpbIEe BIAAEIOT COBpPeMEHHBbIMM 3HAHUSIMU U
MPaKTUYECKMMM HaBbIKAMM CUHTE3a M aHajiu3a CUCTEM aBTOMAaTUYECKOTO
yrpaBiaeHus (CAY) TexXHOJIOrMUECKMMM IIpolieccamy TpeOyeT HaJUuus B
yUeOHBIX ayIUTOPUSIX peaibHbIX 00bEKTOB YIIPaBIeHMUS MM UX DU3UUECKUX
MOJiejieil, HOBEMIIUX IPOrpaMMHO-aIapaTHBIX YIIPABJSIOMUX YCTPOICTB.
Hanuune B yue6HOM mpoiecce ¢pusmueckux mopaesneir CAY mo3BOJUT IIyOsKe
M KaueCTBEHHEee M3y4yaTb MOJIOXKEHUS TEOPUM aBTOMATUUYECKOTO YIIPaBJIeHUS
", B YaCTHOCTH, BOIIPOCOB, KaCAIOIIMXCS pa3paboTKM CUCTEM ONTUMAIbHOTO U
KBa3MONTUMAJIbHOTO YIIPaBJI€HMS.

AHanmus jabopaTopHoi 6a3bl YKpauHBbI MOKa3aJ, UYTO HPaKTUIECKU
eIMHCTBEHHBIM IIIaHCOM OOHOBUTD JIabopaTOpHOEe 060pyIOBaHMe IS MOJITO-
TOBKM CIELMAIUCTOB IO BOIPOCAM KOHTPOJISI M yIpaBIeHUS TEeXHOJIOTUYe-
CKMMM 00BEKTAMMU, SIBJISIETCS IPUMEHEeHMe TeXHUYECKO MPOIYyKINM U3BECT-
HbIX MMPOBBIX PUpM Takux kak: Siemens, ABB, Moeller, Shneiderelectric[1].
HMcnonb30BaHMe B JIaOOPaTOPHBIX MPAKTUKYMaX COBPEMEHHbBIX YCTPOICTB I10-
3BOJISIET MOATOTABIMBATh KOHKYPEHTHO-CIIOCOOHBIX Ha pPbIHKAX Tpyaa Oymy-
MIMX MHXXeHepoB B 0ob6siacTy aBToMaTu3auyuu. OmHAKO co3JaHHbIe TaKUM 00-
pasoMm JiabopaTopuu MMEIOT HeJOCTaTKM — HU3KYIO0 aJalTaluio K yUeHOMY
TPOLIECCY U OTCYTCTBUE METOAMYECKOTO COMTPOBOKIEHMS.

I[ToBbinieHe 3¢ PEKTUBHOCTM UCII0Ib30BaHMS J1aOOPAaTOPHOTO 060PY-
noBaHMS B yuyeOHOM IIpollecce 3a cCUeT afanTalyy ero K pelieHuio 3amad
CMHTe3a OITUMMAaJIbHBIX U KBa3mMonTUMalbHbIX CAY [2]. Llenbro HacTos1ein
paboThl ABSIETCST pa3paboTKa ONTUMMAIbHON ¥ KBa3MOITUMAIbHO IO ObICT-
poneiicTBuio CAY Tema0BbIM 00bEKTOM (71a60paTOPHBI CTEH) JISI pellieHusI
y4eOHbIX 3a/1aY.

MaTepuan u pe3yabTaThbl ucciemoBaHuii. Ha kadbenpe aBTomaTtn3sa-
UMM Y KOMIIBIOTEPHBIX cUCTeM HallMOHa/JIbHOIO TEXHMYECKOTO YHUBEPCUTETA
«JIHeIrpoBCcKasl MOJMTEXHMKA» BHEAPEH B YUeOHBIN ITpoiecc JabopaTopHbIi
CTeH[I, TpeACTaBISIONINI 060 armapaTHO-TIPOrPaMMHbI KoMILIeKC (puc.l)
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M BK/IIOUAIOIIMI B Ce0SI TEIUIOBOJ OOBEKT YIIpaBJIeHMsI, alIiapaTHOe U Ipo-
rpaMMHOe obecIleueHye CUCTEMbI aBTOMAaTUYECKOTO YIIPaBIeHNUS.

Tery1oBoit 06bEKT COCTOUT U3 IPOIYyBaeMOii EMKOCTM B BUe MPSIMO-
YTOJIbHOTO Tapajiesenuiena, eHTpoOeXXHOr0 BEHTU/ISITOpa, BcachIBalolei
TPYOBbI, 2JIEKTPUUECKOTO HarpeBaTesisl, 3aCJIOHKM M TepMoIapbl. IleHTpobesk-
HbIJi BEHTWJISITOP M BcachbIBalolasi Tpyba pacIiosiokeHbl Ha MPOTUBOIIOJIOXK-
HbIX CTOPOHAX €MKOCTU. MeXIy HMMM HaXOASTCS 3JIeKTPUYECKUI Harpesa-
TeJlb, 3aCJIOHKA ¥ TEPMOCOTIPOTUBJIEHNE.

[IeHTPOOEXKHBINI BEHTUJISITOP O0eCIeuMBaeT HEMPEePhIBHYIO MOmAUy
XOJIOJHOTO BO3[yXa M3 OKPYKAIIIEeil cpedbl BHYTPh TEIJIOBOTO 00beKTa. B
3aBUCUMOCTHU OT MOJIOKEeHUS 3aC/JIOHKU, YaCTOThI BpallleHUs ABUraTessl BCa-
CBIBAIOIIET0 BEHTUJISITOPA M 3JIEKTPUUECKOI MOIIHOCTYU, MOABOAMMONM K Ha-
rpeBaTe/ibHOMY 3JIeMEeHTY, BO3[4yX HarpeBaeTcsl IO HEKOTOPOil Temiepary-
pbl [3]. U3MeHeHMe TeMIlepaTypbl BO34yXa KOHTPOIUPYETCS TEPMOCOIIPOTUB-

JIeHeM.
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PucyHnoxk 1 — CTpyKTypa CCTeMbI aBTOMAaTUUYECKOTO YIIPaBIeHUS

4-20mA

4-20mA

0-58 Ycraska vacrorhl

VIPA System 200V

ArmirapaTHas 4aCThb CUCTEMbI aBTOMATUUYECKOrO yIIpaBJeHMUs CO3[aHa
Ha 6a3e mmporpammupyemoro yjorudeckoro Koutposepa (ITVIK) VIPA System
200 V.CTpykTypa arrapaTHOM, yacTu npusBengeHa Ha puc.l. ITVIK B cucreme
aBTOMAaTMYECKOTO YIpaB/JeHUs BBICTYIIAeT B KayeCTBe MOIYJIS YIaJeHHOIro
aHaJIOrOBOTO BBOJA-BbIBOAA [4].

[IporpammHast yactb CAY BK/IIOUaeT B cebsl mporpaMMHOe obecrieye-
HMe IPOrpaMMMUPYEMOro JIOTMYECKOr0 KOHTpoJIepa, IpeJHa3HaueHHOTO IJIsI
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OpraHM3alyy BbIYMCINTENbHBIX IPOIIECCOB, M IIPOTpaMMHOe obeclieueHue
IepCOHAJILHOTO KOMITbIOTEpPA BbINIOJIHEHHOTO Ha ocHOBe HMI/SCADA cucre-
Mbl Zenon Supervisor 7.0 mpegHa3sHAUYEHHOrO JISI peajiM3aliiM 4YeJ0BeKO-
MallMHHOTO MHTepderica 1 pa3JIMUHbIX TUIIOB PETYISITOPOB.

JlaHHBIN CTeH[, T03BOJISeT pellaTh MUPOKUI KPYT 3a4a4, CBSI3aHHBIX C
U3y4eHUeM TeXHUUYeCKUX CPefCTB CUCTeM aBTOMAaTHU3al UK, UCCIeLoBaHUEeM
METOIOB MAEHTUDUKAIIMY U 3aKOHOB YIIPABAEHMS TEeXHOJIOTUUECKUX 00beK-
TOB, IIOJIyUeHUS MPAKTUUYECKMX HABBIKOB IPOrPaMMMPOBAHMS CUCTEM aBTO-
MaTu3alMy B peaibHOM MaciuTabe BpemeHu [5]. OgHako 6a30Bble amrapar-
HO-TIpOTpaMMHbIe CpeJiCTBa JIabopaTOPHOTO CTEeH/IA He MO3BOJISIIOT UCCIIeN0-
BaTh onTuMaabHbie CAY, 4YTO OrpaHMUYMBAET €ro MpMMeHeHMe B yUeOHbIX 1ie-
X [6,7].

IuHaMuyeckasi MOJie/ib TEIJIOBOTO OObeKTa IO KaHa/ly yIpaBaeHMUS
"BeJIMUMHA TOKa B 3JIeKTpOHArpeBaresjie — Temieparypa BO3[yxa BHYTPU Tell-
JIOBOTO 00BEKTA" (YacTOoTa BpallleHus IeHTpoOeskHOro BeHTusgTopa 50 I,
3aCJIOHKA TTOJTHOCThIO OTKPBITA) MPECTaB/sIeT co00ii ariepuoanyeckoe 3BeHO
BTOPOTO TOpSiAKa C TMepemaToOuyHoi (QYHKUMENn w(p)=k/(T,p*+T,p +1). 30€Ch
k=0,845 — KOIQPULMEHT yCUIeHUs, T,=3,677 U T, =3,362 — IOCTOSIHHbIE BpeMe-
HU [8].

B o6meM ciyyae 3ajada ONTMMAIbHOTO IO OBICTPOJIEICTBUIO yIIpaB-
JIeHUs C UCIIOJb30BaHMeM MpUHIMNA MakcuMmyma IToHTpsaruHa Gopmynupy-
eTcs cnenyrommum o6pasom. O6beKT yrpaBaeHUs HeoOXOAMMO TepeBecTu U3
HAYaJIbHOT'O COCTOSIHUSL y, B MOMEHT BpeMeHM =0 B KOHEUHOEe COCTOSIHUE y,
3a MMHUMaJIbHOE BpeMsl, UCIIO/Ib3YS IIPU 3TOM peJieiiHbIA 3aKOH yIIpaBIeHUs
C MakCMMaJbHbIM UM MMHMMAJIbHBIM 3HAUEHMSIMU YIIPABIAIOLIVX BO3LENCT-

BUJ COOTBETCTBEHHO U, U U . TaKk Kak TemjaoBOJi OObEKT OIIMChIBAETCS OU-

max min *

HaMMYeCKMM YpaBHEHMEM BTOPOIO MOPSAKaA, TO AJs YIIPaBJIeHUsI UM, COIJiac-
HO Teopeme 00 n — MHTepBaax, JOCTATOYHO JIBYX MHTEPBAJIOB YIIpaBIeHMS
(0OOHO MepekIYeHNue yIpasisiomero sosaeincreus) [2]. Ilpuuém v, =0 TakK
KaK B TEIUVIOBOM OOBbEeKTe OTCYTCTBYIOT MCIIOJTHUTE/IbHbIe MeXaHMU3MbI, CIIO-
COOHBIE OXJIAKIATh BO3IYX.

Ha puc. 2a u 26 moxa3aHbl M3MeHEHUSI BBIXOAHOJ BeJIVYMHBI y, U

vih

VIIPaBJISIONIEr0 BO3AEICTBUS U COOTBETCTBEHHO [IJIS CIydasi, Korga y, >y, , a
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Ha puc. 3a u 36 — 11 cjrydast, Korga y, <y, . 3aluiieM 3aKOHbI MU3MeHEeHUS BbI-
XOLHO BEeJIVUYMHBI y, U €€ IPOU3BOLHON j, B MOMEHTbI BpeMEeHMU (=0, t=t,

Ut=t,.

max.

d)

Uy I

0 4

1 [ 7

PucyHok 2 — YrpaBieHue 00beKTOM MPU y, > y, : @) U3MeHeHe BbIXOJHOII

BeJIMUMHBI; 6) M3MeHeHMe YIIPaBJISIIONIero BO3IeiiCTBHS.

S
Vyin

}j;( \

‘max

6) My,

0 [ z t

2

PucyHok 3 — YopaBiieHue 06beKTOM y, < y, :a) MU3MeHeHMe BbIXOIHOI BeJl-
YIHbI; 0) M3MeHeHMe YIIPaBJSIOIIero BO3IeiCTBHUS.

B KOHIIe BTOPOTo MHTEpBasia yIpaBaeHus: (MOMEHT BpeMeH! ¢=t,):

_ 2 oty 2 _—only
{yw‘h - Umin(max) + Cl e+ CZe ’ (1)

- _ 2 —oqty 2 —opty
yv[h - alcl e aZCZe

[ToCcKOJIBKY TTepexOoLHOM MPOoLecC B KOHIIe BTOPOr0 MHTepBaJia yIipas-

JIeHUS NOJDKEH 3aKOHUYUTBCS, TO OYEBUAHO, YTO y, =y, dy, =0 . TOrga cucre-
Ma ypaBHeHui1 (1) npuHUMaeT BUL,:

2 -t 2 oty
{yk = Umin(max) +C1 e +CZe 2. (2)

2 _—ayty 2 —a,
0=-a,Cle ™ —a,Cje ™"

B Hauasie mepBOro MHTEepBasia yrpasjaeHus (MOMEHT BpeMeHU =0 ):
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{yvih =U pingman) T Cle ™+ Cle "

3)

V. =—o,Cle™’ —a,Che™ "
B Hauvase nepBOro MHTEpBana yrpasjieHus y,=y,, a j, =0. [loaTOMY
CcuUcTemMa ypaBHeHUM (3) IpMHMUMaeT BUL:
{yn = Uy + €1 + € @)
0=-a,C -a,C,
B MomMmeHT BpeMeHU (= (KOHeI MepBOTO MHTepBaja YIIPaBJIeHUS U
Hayajio0 BTOPOTO MHTEepBaja yIpaBjeHMs]) 3HAUeHMe y,, PACCUMTAHHOE IIO0

BBIPAKEHMIO (2) UM 10 BBIPAKEHUIO (4), TOKHBI ObITh OOMHAKOBbIMM. Omu-
HaKOBBIMM JOJIKHBI ObITh ¥ 3HAUEeHUs j,,. Tormaa:

kU,

min(max)

= kUmin(max)

_ 1 —aty _ 1 _—onty _
a,Cee a,C,e ™ =

_ 2 _—ayty _ 2 _—ast
=—-aCe a,Cje

+Cle™™ + Che™ ™ =

+Cle ™™ + Cle™"
(5)

B ¢opmynax (1)-(5) B ckobKax yKa3aH MHAEKC YIIPaBJIsIIOIIEro Bo3 el -
CTBUS IJId CjIy4yasi, Korga y, <y,. C|,C,C},C: ~IIOCTOSTHHbI€ UHTEIPUPOBAHUS.

VckmounB U3 cuctem ypaBHeHuit (2), (4) u (5) mocTossHHbIE MHTErPU-
pOBaHUS C!,Ci,C*UC:U, YYUTBIBAS, UTO U, =0, IIOJYYUM CJIeOYIOIIMe CUCTEMbI

ypaBHEHMI1 /151 oTipeiesieHsI MOMeHTOB BpeMeHU « U ¢, :

ot
[1 Pa j+—yke —e™ =0

B kUmax kUmax
L5153 (6)
I—L J,-&_eaz’l =0
kUmax kUmax
n
max max (7)

1-—2 et _ ey Lo
kU kU

max

Cucrema ypaBHeHMi (6) mojayyeHa s cjiydas y, >y, , @ CUCTeMa ypaB-
HeHu (7) — mJis ciiydasi y, <y, . B KOHIIe BTOPOTrO MHTepBaJia yIIpaBjaeHUs Bbl-
XOIHas BeJMYMHa y IPUHMMAET 3aJaHHOE 3HaUeHue y,, a YIIPaBJsdwollas Be-

JmmnunHa U - 3HaueHne paBHOE!

{Uk % 8)

k
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ITpoBepka maTeMaTU4YeCKUX BbIpakeHUM (6) — (8) ocylecTBieHa mpu

yIIpaBJIeHMU TENJI0BbIM 00bEKTOM. B KauecTBe BbIXOJHO BeJIMUMHBI IIPUHSITA
temriepatypa T (°C) Harpetoro BHYTPUM €MKOCTM BO34yXa, a B KadyecTBe
VIIpaB/SIONIEro BO3JENCTBMUSI — BeaMUMHA TOKa I (mA) IpeobpasoBaTels
MOIIIHOCTY 3JIEKTPUUYECKOr0 HarpesaTess. 3aBUCUMOCTb MeXAY BeJIUYUHOM
TOKAa [ M BEJIMUYMHOM OTHOCUTEIbHOI MOIIHOCTU P (%) umeetr cienyomuii
BUJ:

P=6,25i-25 9)

MakcuMajibHOe MU MUMHUMAJIbHOE 3HAuUeHMSI TOKA YITPaBJIE€HUS PaBHbI
i =20mA, i =-omA. [lepegaTouHass QyHKIMSI JAHHOIO OOBEKTA IO KaHATY
"BeJIM4MHa TOKa - TemMIiepaTtypa BO3yXa" uMeet BUJ,
W(p)=0,845/(3,362p* +3,677p +1).

KopHM XapaKTepuCTUUYECKOTO YpaBHEHUS COOTBETCTBEHHO paBHBI:
-a,=-0,59 U -a, =-0,51. TeMnepaTypy BO3/lyxa B TEIIJIOBOM 00beKTe HEOOXOm -
MO 6b1U10 M3MeHUTh mociegoBaTenbHo ¢ 0°C go 5°C, ¢ 5°C mo 10°C u ¢ 10°C
no 7°C ¢ ¢puxcaiyeit ycTaHOBUBIINXCSI PEXMMOB B T€UEHUM BPeMEHM Ar JIJISI
OLIEHKM 3HAYEHMI1 MPOMU3BOIHbBIX BBIXOLHOM BEJIMUYNHBI B KOHIIE BTOPOTO UH-
TepBaJia yIpaBjeHuit. B Tabs.1 mpuBemeHsl UCXOAHbIE JaHHbBIE JIJISI IIPOBeIe-

HUSI OKCIIEpUMMEHTa Ha JIabopaTOpPHOM cTeHge (i, - 3HaYeHMe YIIPaBJISIONIEro

BO3/Ie/CTBUS B KOHILIe BTOPOTO MHTEPBAja YIIPABIEHUS).

Tab6nuua 1
VicxomHble TJaHHbBIE [IJIsT TPOBeIeHMsT 9KCIIeEpUMMEeHTa
N3smenenune T N3smenenune T N3menenue T
c 0°C go 5°C ¢ 5°C mo 10°C ¢ 10°C pmo 7°C
o o T
o o o o T o
S S § < = S § < = S § <
= | = | E = | = | E = | = | E
Sl S 2 ~ 5 S 2 ~ 5 S 2 =l
— o — ~ ~ %) D~ A D~ o)) ~ 0
LQ\ %D“ m" O\" mﬁ q Oﬁ ~ l\“ C\l“ l\“ N“
— o~ 3 n 3 o~ 3 = — o~ N o)

PEBYJ'IbTaTbI SKCIIepMMeHTa, 3apermcTpmupoBaHHbIe€ HEIIOCPpEeACTBEHHO

Ha 00'beKTe yIpaBaeHus, IpuBeAeHbI Ha pUC. 4.
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PucyHok 4 - I'paduky n3aMeHeHMIT TeMIepaTypbl ¥ MOIITHOCTU

B XO04e SKCIIepMMeHTa

Kak ciegyeT 13 rpaduka Ha puc.4 pe3y/ibTaThbl YIIPaBJieHUs TEIJIOBbIM
00BEKTOM CBUIETENbCTBYIOT O XOpPOIIel COTJIaCOBAHHOCTU TeOpeTUYeCKUX
pPacyeToB M [OAHHBIX SKCIIepUMMEeHTOB. [I0 OKOHUaHMM BTOpPOrO MHTEpBaia
yIIpaBeHUs M3MeHEeHUS BbIXOAHOV BelnunHbl T OTCYTCTBYIOT, a €€ 3HaUYeHUs
10 OKOHYaHUM MePexXOqHbIX IPOLeCCOB COOTBETCTBYIOT PACYETHBIM (C YUETOM
HAvyaJIbHOT'O 3HAUYEHMS TeMIlepaTypbl BO3ayxa BHYTpu émkoctu T,=18,4°C).

Cucremsnl ypaBHeHMi1 (6) u (7) SABJISIOTCS TPAHCUEHAEHTHBIMM U aHa-
JUTUYECKOTO pelleHys He MMeIT. X MOXHO peniuTh Jnbo rpabudecKumMu
mubo umcaeHHbIMMU MeTomamu. Pematome 610k ITJIK VIPA System 200 V He
OpPMEeHTHPOBAHbI Ha pelleHue CUCTEeM ypaBHeHUM NaHHOro kiacca. OgHako
nopaboTKa MPOrpaMMHOTO obecreyeHus MepPCOHAIbHOTO KOMITbIOTEpA BbI-
nosiHeHHOro Ha ocHoBe HMI/SCADA cucremsl Zenon Supervisor 7.0 B yacTtu
peanu3auuy aJrOpuTMOB OINTUMM3ALUM MO3BOJUT PEAM30BaThb ONTUMAJIb-
HOe I10 ObICTPO/IeiICTBUIO YIIpaB/ieHe B pealbHOM MaciiTabe BpemeHu. Kpo-
Me TOTrO, peajau30oBaThb ONTUMAaJbHOe yIIpaBjieHMe B peaJlbHOM MaciiTabe
BpeMeHM, BO3MOKHO BBITIOJIHUB IpefBapUTelbHble PACUEThI 110 TTOUCKY JIN-
TeJIbHOCTEe) MHTePBaJIOB yIIpaBJeHus t; U t; Ha MHOXeCTBe HauyaJIbHbIX U KO-
HEUHBIX COCTOSIHUII TEIIOBOTO 0O6beKTa ¥ chOpMMUPOBAB €ro MmpeauKaTHYIo
Mofenb cornacHo [9,10]. Beibop maMTeNbHOCTEN MHTEPBAIOB B 3TOM CiIydae
OCYIIECTBJISIeTCS MpUMeHeHMeM M3BeCTHOTO MeTOoja paclio3HaBaHMsI 0Opa-
30B, AOMycKawlilero pasoueHue (GakTOPHOrO MPOCTPAHCTBA Ha 3eMeHTap-
Hble rmomo6sacty [11,12]. [laHHbBI MeTOZ, JIETKO peaan3yeTcsl B cpejie CUCTEeMbI
yIpaBjaeHus 6a3aMu JaHHbBIX, MCIIOJIb3YIOIEl pesiMOHHYI0 Mozesb [13].
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3HauMTEe/bHO IPOIIE OKa3ajaach peanusanys B peajbHOM MaciiuTabe
BpeMeH) KBa3MONTUMAIbHO! IO OBICTPOAEICTBUIO CUCTEMbI YIIPABJIEHMSI.
Takoe yripaB/ieHI € MOKET ObITh OCYIIIECTBJIEHO B ABYX CyUasiX:

- IOHVKeHMe TIopsiaka aAuddepeHMaTbHOTO YpaBHEHMSI 00bEKTa;

- VCK/IIOUEHME MHTEPBAJIOB YIIPABAE€HUS HACTOJbKO MaJIOM JIUTEJIb-
HOCTM, UTO IMpaKTHUUeCKas peajm3anus X HeBO3MOXKHA;

B mepBOM cirydyae 0OBEKT yIIpaB/ieHMsI pa30MBalOT Ha OTIe/IbHbIE 3Be-
HbS ¥ UCKJIIOUAIOT T€ U3 HUX, KOTOpbI€ MMEIOT MaJible ITOCTOSIHHbIe BpEeMEHMN.
OTU 3BEHbSI 3aMacaioT Majible KOJMUeCTBa SHEPIUMM MM BelllecTBa U OUYEeHb
CJIab0 BIMSIIOT Ha IEPexXOmHOI mpoilecc. Bo BTopoM cjiyyae MCKIIOUYEHMEe MH-
TepBaJIOB yIIpaBeHMs Majoi IJINTEIbHOCTY He MPUBEIET K OOJIbIIMM OIING-
KaM yIpaB/ieHUsl BCIeACTBUE MaJIbIX SHEPruit, MpuIiagarliux Ha 3TU UHTEp-
BaJIbI.

BmecTe ¢ TeM MOKHO MCK/IIOUATh ¥ MHTEePBabl OOJIbIION AIUTEIbHO-
CTU IIPU YCJIOBUM COOJIIOEHNST OTPAaHUMYEHMIA 110 BeJIMUMHE TIepeperyanpoBa-
HUs1. B 9TOM cydae repexomHoi mpoiiecc 6ymeT 6eCKOHeUHOM IJIUTeIbHOCTH,
HO OTKJIOHEHMeE BbIXOJHO} BeJIMUMHBI OyAeT B 3aJaHHbIX ITpejenax.

PaccMOTpyuM BO3MOXKHOCTD YIIPaBAe€HUS TEIJIOBBIM 00bEKTOM BTOPOTO
TOopsiAKa C OOHMM MHTEPBAJOM YIIPaBJIeHMS, 3a0aBIIXCh MAaKCUMaJIbHbIM
3HAUEeHMEM IIpeBbIlIeHNS BbIXOAHOV BeNuMHbl Ay HaJll €€ YCTaHOBUBIIEMCS
3HaueHMeM y. [Ipu 3ToM 0003HAUMM uepes t; MHTEepPBaJI BpeMeHH, 32 KOTOpOoe
BBIXOZHAsI BeJIMUMHA OOCTUTaeT MaKCUMMaJbHOTO 3HauyeHus y+Ay, a depes t;
MOMEHT BpeMeHMU IMepBOro IepeK/IueHs. BocCrioib3yeMcs CTIKOBKOW pe-
ILIeHUIA.

B o61meMm ciyuae pemenue nuddepeHInaabHOro ypaBHeHMSI B MOMEHT
tziMeeT BUJI:

+Ay=kU+Cle ™" +Cle ™"
{y 3 1€ 2€ (10)

0=-a,Cle " —a,Cie "

PelieHne Ha MOMeHT BpeMeHM t=0:
0=kU_ +C +C,
0=-a,C -a,C,

(11)

B pesynbrate cTbIKOBKM pemeHuin (10) un (11) Ha MOMeHT BpeMeHU t;

IMOJIYyUMM
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kU, +Cle ™" +Cie ™" =

=kU +Cle ™ +Cje ™"

—ail

(12)

~Gh _

1 1
-a,Cile " —a,Cye

=-a,Cle ™" —a,Cie ™"
OmnpenenuB TMOCTOSIHHbIE MHTETPUPOBAHMUS C2,C2,CluCs U3 CUCTEM
ypaBHeHni1 (10), (11) 1 moacTaBuB UX MaTeMaTuueckue BbipaxkeHus B (12),
MoC/Ie TOKAECTBEHHBIX ITpeoOpa30oBaHMil MOJYUMM CUCTEMY YpaBHEHUI C

I BYMSI HEM3BECTHBIMU t; U 2:

YA ZRY (- Yy 4120

e
PIVTRY gt o (1=—L)e ™ +1=0

kUmax Umax

IlaHHas cucTeMa YpaBHEHMIT TaKKe SIBJISeTCS TPAHCLeHIeHTHOM. A eé
pellleHNeM SIBJISIIOTCSI 3HAaUY€HUS t; U t2, M3 KOTOPBIX CYII€CTBEHHBIM SIBJISIETCS
t;. B Tabs1. 2 mpuBemeHbl pe3yabTaThl peleHnii (13) OTHOCUTENIBHO t; U t2, BbI-
MOJIHEHHBIX B IMporpamMMHO¥ cpeme Mathcad ¢ mcmonbzoBaHueM (QYHKLIMUU
Minerr nist T=5°C v pa3nn4yHbIX 3HAaUE€HNIi TpeBbIlIeHNsT TeMmIiepaTypbl AT.

B Ta6s1.2 BO BTOPOJi CTPOKe MpUBeIeHa BeJIMUMHA ITepeperyampoBaHms
o paccuuTbiBaemasi 1o opmyiie:

o= A—TT-100% (14)
Tabnuia 2
Pe3y/bTaThl paCYETOB MHTEPBAJIOB YIIPABIEHMS
[TpeBbimenne AT, °C 0,05 | 0,15 | 0,25 | 0,5 1,0 2,0
BenuunHa 1 3 5 10 20 40

riepeperyjimpoBaHus ¢,%
WuTepBasn ynpasinenus t; mua | 0,888 | 0,987 | 1,058 | 1,201 | 1,44 | 1,869
Bpems pmocTiokenuss Mmakcu- | 7,049 | 5,726 | 5,18 | 4,539 | 4,055 | 3,81

MaJIbHOI'O 3HAY€HUA BbIXO/ -

HO! BeJIMYHBI t; MUH

I'paduk repexomHOro Iporecca, IOJYYEeHHOTO MOIeNMpPOBaHMEM B
npunoxkeHun SIMULINK Matlab gna AT=0,5°C, npuBeneH Ha puc.5. Kak Bum-
HO ITapaMeTpbl IepPexoTHOro IpoIecca COOTBETCTBYIOT PACCUMTAHHBIM 3Ha-

YeHMsSIM B TabOJ1.2.
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PucyHoOK 5 — I'paduky n3MeHeHM yIIPaB/ISIONIETr0 BO3IE/CTBYS U BbIXOIHO BeIN-

ymHbI Ipu AT=0,5°C; 6=10%: a) o61IMi1 BMI TIePEXOIHOTO Mpollecca 1 yIpaBIeHus

6) MakcUMaJibHOe TpeBbilieHNe AT

[To paHHBIM Tab/.2 BBITIOJHEH PAcCUET HOPMMPOBAHHOTO KO3 duUIIM-

eHTa KOppeJsium r

yr., AJ1S1 BBISIBJICHNS JIMHEVHOM CBSA3U MEXIY BeIuyHaMu

AT v t; IO MeTOLMKe, IpUBENEeHHOI B [14]. Pe3ynbTaThl pacuéToB IPUBEEHbI

B Tab:.3.
Tabnuna 3
PesynbTaThl pacyéTa HOPMMPOBAHHOTO KO3 dulieHTa KOppeasinumn
IToka3zaTtenb IIpeBbimenne AT NHuTepBan
yripaneHud t;, MUH
CpenHee ary 0,66 1,23
CpenHexkBagpaTUYHOE 0,69 0.36
OTKJIOHEHME, o,,.0,,
Hucnepcus, b,,.p, 0,47 0,13
Kosddunyent xoppenanuu, r,,, 0,25
HopmupoBaHHbIN 0.99

K03 GULMEeHT Koppensiuuu, .,

3mecb: ATUt — CpelHMe 3HAUeHMs BeJIMUMH IIpeBbIIIeHUS] TeMIlepa-

TYPbI Hal ee YCTaHOBMBHIMMCSA 3HAUYE€HMEM U OJIUTEJIbHOCTU II€pBOIO0 MHTEP-

BaJia yIIpaBJIEHMA COOTBETCTBE€HHO; o,, U o, — CpedHEKBaApaTnMdyeCKme OT-

KIoHeHus BeqmuuH AT u t; COOTBeTCTBEHHO; Dar i Dy — cpegHeKBagpaTuy-
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Hble OTKJIOHeHMs BenunuH AT U t; COOTBETCTBEHHO; R,,, W r,, — KO3bbuum-

eHT KOppeJsSLyy ¥ HOpPMUPOBAHHBIV KO3(PhUILIMEHT KOppesiin.

HopmuposaHHbI/1 K03GGUIMEHT Koppensunn r,, OIM30K K efuHuIIe,

YTO COOTBETCTBYET HAJIMUUIO JIMHEVHON CBSI3M MexXny BenuunHamu AT u ti.

JIuHelViHast 3aBUCUMOCTD ¢ = f(AT)OTIpeesieTcd U3 CIefyIolero BbIpaxke-

Hu4 [14]:
- lo} -
t,—ti=ry,, —=(AT —AT) (15)
O-AT
ITocne momcTaHoBKYU B (15) 3HaUeHMiT MapaMeTpPOB U3 TA0JI.3 MOTYUMM:
1 —1,23=O,99%(AT ~0,66), (16)

B pesynbTaTe TOXIECTBEHHBIX IIpeoOpa30BaHMii OKOHYATE/NbHO MMe-
eM:

t,=0,89+0,52AT 17

[To BbIipaxkeHuwo (17) Jerko paccumMTaTh OJAUTEIbHOCTb MHTepBaJia
yIIpaBjeHus ti i1 M3BECTHOM BeJIUUYMHBI IepeperyanpoBanmus o (TpeBbllle-
Hue AT) mpu oMoty pemaronux 6;10koB ITJIK VIPA System 200 V u peanu-
30BaTh KBAa3MOITUMa/IbHOE yIIpaBjeHMe Ha TEIJIOBOM O00BbEKTe.

B cTaTbe npuBegeHbl METOAMKA U Pe3yJIbTaThl PACUETOB ONITUMAIbHOM
" KBasuonTuMaabHoi CAY 111 KOHKPETHOM YacTOThI BpallleHNs IIeHTPOOesK-
HOTO BEHTUJISITOPA U TIOJIOKEHMST 3aCJIOHKM B TeIJIOBOM 0O0bekTe. ITpu m3ame-
HEHUM 3TUX TapaMeTpOB pe3yJbTaTbl PACYETOB OYAYT MHBIMU. VIMEHHO MX
TOMCK U TIPOBEpPKa pes3yibTaTOB MoaeaupoBanneM CAY gBiseTcs Maaoin uc-
C/1eoBaTe/IbCKOJ 3a7aueii B XOe BBITIOJHEHMS JIaOopaTOPHbIX paboT 110 JuC-
HuIiMHe "OnTMMaJIbHbIe U afaIlITUBHbIE CUCTEMBI .

BbiBOBI

1. Ha ocHOBe ammapaTHO-IPOrpaMMHBIX CpeICTB JabopaTOPHOTO
CTeHJa BO3MOXXHO CO3[IaHMe ONTMMAaJIbHOM ¥ KBa3MOITMMAJIbHONM IO OBICT-
POOENCTBUIO CUCTEMbI aBTOMATUUYECKOTO YIIPaBIeHMS.

2. Peanusanus onTuUMaJbHO 110 6bIcTpoaeiicTBMUI0 CAY B peajlbHOM
MacuTabe BpeMeHy mpejriojaraetr GopMupoBaHue MpeauKaTHO! MOIe/In Te-
IJIOBOTO OO0BEKTa B MPM3HAKOBOM ITPOCTPAHCTBE MHTEPBAJIOB YIIPaBIECHUS U

HAYyaJIbHOI'O ¥ KOHEYHOTI'O COCTOSTHUA.
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3. Peanusanusi KBa3smMONTUMAaAbHOI 110 GbicTpomeiicTBui0 CAY B pe-
a7TbHOM MacilTabe BpeMeHM IpejrnosaraeT ¢bopMuUpoBaHMe perpecCUOHHO
MOJIeIV BUAA ¢, = f(AT).

4. KOHCTpPYKTUBHbIe 0COOEHHOCTM JIaOOPATOPHOTO CTEHMA IO3BOJISI-
I0T MUCIO/JIb30BaTh MCXOMHbIe MaHHbIe AJIS BBITTOJTHEHMST UCC/Ied0BaTelbCKUX
pabor.
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O.I1. Moposenko, H.IO. I'pubanoBa
IHHOBALIVHI NIAXOOU NIABUILIEHHS AKOCTI
BUK/ITAOJAHHYA AUCHUIIIITHU «KOMII’IOTEPHI METOAU
HAPHCHOI TEOMETPII TA IH)XEHEPHOI T PA®IKHN»

AHomayia. Po3enadaromscs 0CBIMHI mexHO021i 2pagiyHux Oucyunaiv 3
BUKOPUCMAHHAM  THHOBAUIUHUX ~MemoOi8  HABYAHHA, WO  CNPUAKMb
IHopmamu3ayii ocsimu; KoHUenmyaibHi niocmasu ni0BUWEHHA AKocmi
2pagiyHoi Nid2omosKU MOI00UX (axiByis 3 MexHIYHOK 0CBIMOI0; THHOBAYIUHT
MemoOuKU YUMAHHA NeKkyil, NpoBedeHHA NPaKMUYHUX 3AHAMb N0 2pApIYHUM
oucyunsiiHam;  npukaaoHi  Komn''omepHi npoepamu 1 iX npakmuyHe
3aCMOCYBAHHA Npu BUBYEHHT 2pagiyHuUX AUCYUNIIH

Knwo4osi cnosa: iHHOBAUIHT MemoOu HABYAHHSA, MysnbmuMediliHi 3acobu,
2pagiyHi pedakmopu, HapucHa 2eomempis, iHXeHepHa 2pagika, kelic-Mmemoo

CyuacHa migroroska ¢axiBiiiB 3 BUIIOI TeXHIYHOI OCBIiTOIO CTaBUTh
HOBI 3aa4i y BUK/JIagaHHi rpadivyHuX OMCLUMUIIIIH, @ TAKOX BUCYBA€ BUMOTHU 10
KOHKYPEHTOCIPOMO>XKHOCTI BUITYCKHMKIB HAa pPUHKY ITpalli.

Iisi peamizaniii 3aBOaHb, SIKi CTaBUTb CydyaCHe CYCIIJIbCTBO Ieper,
BUIIIOIO IIIKOJIOI0O Ha Kadenpi rpadiku Ta HapucHoi reometpii HMeTAY
MIPOBOAMUTHCS IIOIIYK Ta BITPOBAIKeHHSI HOBUX (opM HaBUyaHHS. TexHiuHi
BUII[I HaBYaJbHI 3aKJaayM 3HAXOISIThCSI Ha eTami Ilepexoda OO0 CUCTEMU
HaBUaHHSI OakayjaBp - Marictp. HamaromkeHa meCITWIITTIMM CHUCTeMa
MmignaeTbcsi 3MiHamM. B HaBUa/JbHMIT MpolieC BIPOBAKYIOTbCS  HOBI
OUCLUMIUIIHM, HaBYaJIbHi TJIaHU, ITPOTPaMI.

Tpaguiiiina mMera OuCUMIUIiHM ~HapucHa reoMmeTpis Ta iHkeHepHa
rpadika” - po3BUTOK 3IiOHOCTEN M0 aHAJTi3y Ta CMHTEe3y IPOCTOPOBUX HOopM i
BiHOIIIEHb Ha OCHOBi rpadiuHux Bigobpa)keHb, OTPMMaHHSI 3HAaHb 10
BMKOHAHHIO, O(QOpPMJIEHHIO Ta UMTAHHIO” KpecleHb, € AaKTyaJbHOK i
CbOTOIHBIOCKOHA/IEHHSI METOAMKM HaBUaHHSI HAPUCHIN reoMeTpii Ta iHXKeHe-
PHiit rpadilli IOB'sI3aHO 3 MOLIYKOM Haio6ibl e(heKTUBHMX METO/IiB Ta IMPu-

© Moposenko O.II., 'pubanosa H.10., 2019
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JioMiB, SIKi pO3BMBalOTh rpadiuyHy Ky/JabTypy Ta TBOpYe MucjeHHs. EdQeKTuB-
HiCTb BUMBUEHHS HapUCHil reomMeTpii Ta iHyKeHepHilt rpadiili miaBUITYETbCS 3a
paxXyHOK BUKOPUCTAHHS HOBUX iHQOpMalliliHMX TeXHOojorii. Bukimagaudi ka-
denpu rpadiku Ta HapucHOi reomeTpii HMeTAY npuitmMamTh aKTUBHY yUacTb
10 BIPOBAIKEHHIO KOMIT IOTEPHMUX TEXHOJIOTii1 B HABUa/IbHUI TIpol1lec, 1o 3a-
Oe3rieuye sIKiCHO HOBMIT piBeHb OCBITH.

IcHye mBa pi3HMX HigxoAy A0 MPOoO6JeMM BUKIAJAHHS KOMI IOTEPHOI
rpadiku B Kypci HapucHOi reometpii Ta iHkeHepHOi rpadiku. Ilepmmit i
HaJOiIbII MMOIIMPEHMII — 1le BeJeHHsI KOMII'IOTepHOi rpadiky K 3aK/II0UHOI
YacTUHM Kypcy iHkeHepHOi rpadiku. IIpu Takomy IifgXoni KOMI'IOTepHa
rpadika po3IISIOAETHCSI SK OKpPEeMMiII PO3MOiJ, IPUCBSIYEHUII BUBUEHHIO
TEXHIKM BUKOHAHHS KpeCjJeHb 3 BUKOPUCTAHHSIM 3aMiCTb OJIBLS 1
KPeUISIpCbKOI AOIIKY «eJIeKTPOHHOT0 KyJIbMaHa». IIpu gedilnTi HaBYaJIbHOTO
yacy TakKuil Miaxid, 3BOOUTBHCS OO O3HA/MoOM4Yoro piBHIO. Taka cuTyalis
IIpU3BOAUTDH IO TOTO, IO C/ablIae piBeHb 3arajbHOi rpadiyHoi miAroTOBKY i
He 3aK/IafaloThbCsl OCHOBM KoMmm'ioTepHoi rpadiku. Ha Ham morasn, Takuit
MigxXig He BUIIpaBOaHMi4, TOMY IO B IIIJIOMYy KOMII'IOTepHY rpadikKy CJif
pPO3TASaaTy B €IMHOMY KOHTEKCTiI 3 HapMCHOIO TeOMeTPi€l Ta iHXXeHepHOI0
rpadiko. Pobora Ha KOMIT'IOTepax IOBMHHA OyTM MoOymoBaHa Tak, I00
CTYIIeHTH He TpocTo BuBUaiu rpadiunmit naketr (AutoCAD, KOMIIAC Ta iH.),
a TIPOJOBXYBaaM BUBUEHHS HApPUCHOI reometpii Ta iHKeHepHOi rpadiku,
3aCTOCOBYIOUM IIPM ILbOMY iHIIMII iHCTpyMeHTaJbHMII 3acib. HaioGinbir
eeKTMBHO OpraHi3oByBaTM IIpolleC HAaBUYAHHSI IMapajieJibHO, ONTMMAaJbHO i
PO3YMHO ITOEAHYIOUYM PYUYHE i KOMIT I0TepHE BUKOHAHHS KpeCJ/eHb.

s HampsIMKY IiArotoBku “Komm'loTepHi Hayku Ta iHdopmaLiiigi
TeXHOJIOTil BIIpOBajkeHa AUCHMIUIIHA ~KOMMI'IOTepHi MeTomy HapUCHOI
reomeTpii Ta imkeHepHoi rpadiku . Poboua mporpama HaBYaJIbHOI
IUCUMIUTIHM po3po0JieHa TaKMM UMHOM, IO MOYMHAIOUM 3 IepHIUX 3aHITh
CTYAEeHTU BUBYAIOTh MPUHLMUIONU POO0TU TpadiuHMX pedaKTOpiB, 3aBISIKU
YoMy HaBUYaJbHMII TIIpolleCc € OUIbII pe3yabTaTUBHMM. BuKIamaHHS
OVUCLHUIUIIHM BeIeThCs Yy MOCAIAOBHOCTI BiIMTOBIAHOI JIOTiLi JIEKLiiHUX Ta

MynbTimMeniiiHe 3abecrieyeHHs JIEKIIii He TiIbKM Ta€ MOXKJIUBICTD ypi-
3HOMAaHITHMUTU UIIOCTPATUBHMIA MaTepiasl, a i JOIOMOra€e HaO4Hiii Bidyasisaliii
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CKJIaTHOTO TEOPETMUHOTO MaTepiaay. 3aCTOCOBYIOTbCSI HAMOiMbII MIPUITHSITHI
i edbexkTuBHI MyabTiMeniadbopmu: MyabTiMedianeKilisi, HaBYajbHa IIpe3eHTa-
11is1, BigeopoymKku, iHTepaKTUMBHI MEeTOAMYHI Ta HaBUYaJIbHi MMOCIOHMKM, €JIEeKT-
POHHI aJIbOOMM 3aBIaHb i METOAMYHI BKa3iBKM 40 iX BUpPillIeHHS.

[MTocTiiiHO 3pocCTaruMit 0OCST MPOMIOHOBAHMUX CTYAEHTAM 3HaHb IIpU
3MeHIIeHi ayAuUTOPHMUX TOAMH IIOTpebye ONTHMi3allii yacy HaBYaJbHOIO
npouecy. OOHMM 3 BaKJIMBUX 3aC00iB HaBYaHHS rpadiyHuMM AMCLMUIUTIHAM €
pob6ouMii 30MUT, SIKMII MicTUTh rpadiuHi ymoBu 3aBmaHb[l]. Bukopucranas
IIbOTO 30LIUTY COPUSIE CUMHXPOHHOMY pIllIEHHI0O MaKCUMMaJbHOI KiJIbKOCTi
3aBJlaHb Ha JOIIIIi i B 30LIUTi, TOMY III0 He BMMAara€ yacy Ha rnepekpecjaeHHs
YMOBM 1 BUKIKOYAE BIAMIHHOCTI MDK IIpeICTaB/J€HUM pillleHHSIM B
rpes3eHTallil BUKIagaya Ta pillleHHsIM 3aBIaHHS CTyadeHTaMu. YMTaHHS JeKIil
3 HapuCHOI reoMeTpii Ta iHKeHepHOi Tpadiku 3 BUKOPUCTAHHSIM
MYJIbTUMEIiTHOTO 00/IafHAHHSI B KOMILJIEKTI 3 POOOUMM 30IIMTOM 306ibIIye
00CcSr pO3IJISHYTOIO MaTepiaay Ha JeKIisIX Ta MPaKTUYHUX 3aHATTIX Y
MOPiBHSHHI 3 TpaguiiliHMMu 3acobamu Ha 30-50% [2].

[TounHawuM 3 MepuUIOr0 NPAKTUYHOTO 3aHSATTS CTYAEHTU OJHOYACHO
BUBUAIOTh iHTepdeiic rpadiuyHoro pepakropa AutoCAD, 3HaiOMISITHCS 3
OCHOBHMMM KOMaHIaMM i BMKOHYIOTb 3aBAAHHSI Mepuioro moayaio. [Ipu
IIbOMY TOBOIMUTBHCS AOJATU PSIZl CKIAMHOIIIB, MOB'sI3aHMUX 3 AedilToM yacy,
BigBe#eHOro Ha [AUCUMUIUIIHY, i IIparHEHHSIM He TMporpaTtu B pillleHHi
MefaroriyHMx 3ajay, TOOTO 3yMiTM PpO3BUMHYTU IIPOCTOPOBE MMUCIEHHS
CTYJIEHTIB J0 HeOOXigHOTro piBHSI.

OpHak TMOBHICTI0O BUKIIOUUTU OCBOEHHS TpaauLiiHUX TrpadiuHmx
METO/iB, TOOTO i3 3aCTOCYBAaHHSIM KpeC/JSIpCbKMUX iHCTPYMEHTIB Ha Iiarmepi,
Heno1ibHO. KoM 'toTepHa rpadika MoBMHHA OYTH CIIpSIMOBaHA Ha BUBUEHHS
MpaBwiI i TpuiioMiB pinteHHS TrpadiuHMX 3aBAaHb. YMiHHSI BUKOHYBaTU
KpecjieHHS i BMUPIllyBaTH pPi3Hi MpakTUYHI TeXHiuHi 3aBHaHHS B rpadiuyHux
pemakTopax MOKIMBO TilbKM Ha 6a3i HapucHoi reomeTtpii, OCKiIbKU
rporpamMHe 3abe3leyeHHS 3aCHOBaHe Ha TEOPETUYHMX TIOJIOKEHHSX,
TIOHSITTSAX 1 crocobax pillleHHsS TreoMeTPUYHMX 3ajay, [0 BUBYAIOTHCS
BUK/IIOYHO B HAPMCHOI reoMeTpii.
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Tomy yacTuHa 3aBAaHb KypCy CTyAEeHTHU, 30KpeMa pPo3aian «BUrassam»,
«Po3pi3u i mepepisu» BUKOHYIOTH B TpaauliiiHiit ¢gopmi. IIpu iboMy OgHUM 3
BaK/IMBUX UMHHMKIB, SIKMII He OO3BOJISE€ IIOBHICTIO 3aMiHMUTU TpaauIliliHi
ayIUTOPHI 3aHSTTS B KPeCAIPChbKUX 3ajlaX poOOTOI0 B KOMIT'IOTEPHUX Kiacax,
€ HaBUYaHHY M[OpuiioMaM eckisyBaHHs. Lleii eram B TIIpoleci BUBUYEHHS
iH>keHepHOi rpadiky € TMepBUHHUM NpPU BUKOHAHHI OyAb-sIKMX 3aBIaHb, TaK
SIK 3abe3redyye KOMIIOHOBKY KpeC/JeHHs, [03BOJISI€ Oro BifmpaloBaTu i
IOBECTM J0 HeoOXigHOoro piBHS. Mu poO3I/IsITaeMO ecCKi3yBaHHSI  SIK
00OB'SI3KOBMII  eleMeHT BMKOHAHHS KOXHOTO 3aBmaHHS. Ha eckisi
OIPallbOBYIOThCS PpillleHHS, 3[i/iICHIOETbCSI KOMIIOHYBAHHS, IepeBipsS€ThCS
MpaBWIbHICTb BMOOPY KiJIKOCTi i CKIamy 300paxkeHb, HAaHEeCeHHSI PO3MipiB i
in. Jlaymi mpocTo ¥ime Ipolec iMoro KOMII'IOTepPHOro BTiieHHsS. Ocob6imuBO 1ie
Ba)K/IMBO Ha IIOYATKOBii CTanil HaBYAaHHS, KOJM MOMMJIKMA BUSBJISIIOTHCS i
YCYBAKOThCS Ha MarepoBOMYy KpecieHHi. Tak uM iHaKIle, CTyOeHT [MOBMHEH
OCMMCJIMTY 3aBIAHHS i HAMITUTHU IIJISIX BUPillIeHHS Ha Tamnepi.

B paMKax KypCcy BMKOHYETBHCS €CKi3 JeTaji 3 HaTypHOTo obpasiy 3
MOAAbIIMM BMKOHAHHSIM pOOOYOro KpecieHHSI B rpadiuHOMY pemaKTopi
AutoCAD, a TakoXX BMKOHAHHS 3aBIaHHS M0 AETAJIOBAHHIO CKJIaJaJlbHOTO
KpecyieHHS (ecKi3y i poboui KpecieHHs ). Ha mpakTUYHMX 3aHSATTSIX BUKIaAayi
BUKOPUCTOBYBJIM KelC-MeTOJ Mpu BUKOHAHHI ecKi3iB merasnei. CTymeHTU
PO36MBAIOTHCS HA HEBEJIMKI TPyIu Mo 3-4 JoAMHNU. 3aBIaHHS BUIAETHCS OIS
KOKHOI Tpymu. B Tpolieci BMKOHAHHS ecKi3iB abo KpecjieHb HaBUalOThCS
B3a€EMOJIiSITU SIK HEBeJIMKe KOHCTPYKTOPChbKe 610pO, 1110 Ta€ MOXIMUBICTh BCIiM
OpaT yuyacTb B po0OTi, IPAKTUKyBaTM HABUUKM CIiBPOOITHUIITBA,
MiXXKOCOOMCTICHOTO CITiIKYyBaHHSI (BMiHHSI aKTMBHO CJIyXaTu, BUPOOJISITU
CIIIJIBHY OTYMKY, BUPIIlyBaTy BMHMKAIOUi PO30isKHOCTI). YUaCHUKM MpPaIiOI0Th
3 HOPMATUMBHMMM AOKYMEHTaMM, OOBIIHMKAMM Ta IHIIMMMU IXKepelaMu
iHpopMmaliii, BUKOPUCTOBYIOTHCSI €JleMeHTM TBOpUOi poboTu. Bukiamau
peryjawe TIpolec 1 3aiiMa€eTbCsd MOTO 3arajJibHOI OpraHisaiji€o, [ae
KOHCYJ/IbTAllil, KOHTPOJIIOE Yac 1 TIOpSIJOK BUKOHAHHS  3aBIaHHSI.
BUKOpUCTAaHHS TakuX TEXHOJIOTiIM [a€ TIO3SUTUBHMIA pe3ylbTaT, CIPUSIE

YCITIIHOCTI, MiABUIIY€E iHTepecC 10 NIpeaMeTy.
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BukoHaHHS 11iei poOOTM ITOKa3ye piBeHb 3aCBOEHHSI 3HAHb Bigpasy B
IeKiIbKOX acIleKTax: 3OaTHICTb YWUTaTU KpecJeHHS, Hampukiaaa, IIpu
BMKOHAHHI 3aBAaHHSI 3 [eTaJIOBaHHSI, 3HAHHS MpPaBUI IIPOCTABJSHHS
pPO3MipiB, BMiHHSI ONITMMi3yBaTy KpecaeHHS 3a KiJbKiCTI0O 300pakeHb, 3HAHHS
po3miniB «Burnaaau», <«Pospisu. Ilepepisu», «Pi3pbu. 306paskeHHS Ta
Mo3HaueHHs» Ta iH. [IpucTymamouu 10 BUKOHAHHS pPOOGOYOro Kpec/eHHS
CTYAEHTM BKe MaloTh ITOYaTKOBi 3HaHHS rpadiyHOro pemakTopa, B IIpolieci
pPOOOTM OCBOIOIOTH HOBi KOMaH/AM i IepeTBOPEHHSI.

Peajnizallissi  mocTaBieHOro  3aBOAHHSI ~ BMMAarajo  CTBOPEHHS
BifIIOBiAHOTO AMIAKTUMYHOTO MaTepiaay i Joro apamraiiii mo rpadgidHoi
cuctemn. Buknmamayamu Kadeapu po3poOseHi HaBYajdbHI IMMOCIOHMKMH,
KOHCIeKTH JIeKIliii [3-5], aKi iCHYyIOTb SIK B I1ariepoBOMY, TaK i B €IeKTPOHHOMY
BUMSATaKMM UYMHOM, B rpadiuHiii MiAroToBli iHKeHEpHUX KajpiB
po3po0bJieHi HOBi IemaroriuHi TexXHOJOorii, 0 3a0e3IeuyloTh Opi€HTallil0 Ha
iHHOBAIIi/IHY OiSITIbHICTh, YCBiIOMJIEHY ITOCTAHOBKY HOBMX TBOPYMX 3aBIaHb i
30ATHICTh BUpIIIyBaTH 1Ii 3aBAaHHS CydyaCHMMMU IIpodeciiHMMMU MeTOdaMMu.
BuknamanHsg  rpadiuHMX ~ OMCLUMIUIIH 3  BUKOPMCTAHHSIM  Cy4dyaCHUX
iHbopMaliliHMX TeXHOJIOTii1 iCTOTHO MiABUIINYE SIKiCTh iHXXeHepHOi OCBiTHU i
dbopmye nmpodeciiiHi 3HaUYIIIi SIKOCTi Y MaitOyTHiX (axiBIliB.
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O.C. Kyporr’sTHUK
KOHCTPYKTUBHE TA OB’EKTHO-OPIEHTOBAHE
MOJAEJTIOBAHHSA TEKCTIB OJI1d BUSABJIEHHS 3AITIO3UYEHD

AHomauis. [TpedcmasneHo moougikayito paHiuie po3pobeHoi KOHCMPYKMUBHOT
2paghosoi Mmooesni mekcmy. Ha ii ocHoBI po3pobsieHo 06'€eKMHO-0piEHMOBAHY
mMoOenb 0N BUABJEHHA 3ano3udeHb. BoHa sKoyae onuc enemeHmis mooeni
(2pachosux ma MOBHUX KOHCMPYKUIL) ma ix cknadosux, @ mMakox memoou ix
opmysarHs (i 06pobru. Y BiOnosiOHoCMi 0o modesieli CmBOpeHO KoMn'tomepHy
npoepamy 0N CNIBCMABJEHHA MeKCMis, nodaHux AK ¢adau. BukoHaHo
Komn'lomepHul eKkcnepumeHm O/ OMPUMAHHA YACOBUX NOKA3HUKI8 pobomu
mMemodig nobydosuU 2pagy ma NopisHAHHS MeKcmis.

Knio4osi cnosa: koHcmpykmop, 06’ eKmHo-0pieHMoBaHa mMooesb, 2paghosa modesib
meKcmy, BUABEHHSA 3GN03UYeHb.

ITocTaHOBKA MpOOGIEMM

3aaua BUSIBJIEHHS 3all03MU€Hb, 110 € aKTYaJIbHOK B aKaJeMiuHOMY
cepenoBuilli, MOTpedye aBTOMATM30BaHMX 3acobiB po3B’si3aHHA. 10 TaKux
MOXXHA BigHecTM 6asy MaTepialiB Ojs IepeBipKM, a TaKOX IIpOorpaMHe
3a6e3neueHHs (I13), sske MO3BOJUTH BMKOHYBATM 3iCTaBJIEHHSI MaTepialiB Ta
iX OIiHKY, HajJaBaTMMe BUUepIIHY iHdopMallilo Mpo pe3yabTaTU y 3PYUHiii
IJISI CHPUMAHSITTST PopMi.

Po6oTta Takoro II3 Moske BKIIOYATHU €TamM IONEepeaHbOi 0OPOOKM
MaTepiasiB, BMUSIBJIEHHS 3all03M4YeHb, OIL[IHKM Ta aHaji3y pe3y/JbTaTiB,
dbopMyBaHHS 3BITHOCTI. IX CyTh 3/1€6i1bIIOrO 3a/I€KUTH Bif BXiZHUX JaHKUX Ta
dopmarty. Y gaHiii poboTi MOBa TUMe ITPO TEKCTH, MpecTaB/JeHHi ¢ainamu
y ¢popmarax txt, rtf, doc, docx.

BusiB/IeHHS 3aM103MYeHb € OJHUM 3 KJIIOUOBMX eTamis. Moro peanisamis
MoTpebye BUpIlIeHHSI 3aJay pPO3pOOKM MOAeeil CTPYKTYp MHaHUX [OJIsT
IIpeAcTaB/JIeHHsT TeKCTiB Ta aJAropuTMiB ixX cmiBcTaBaeHHS. [JlaHi 3amaui
YCKJIQOHSIIOThCS MOK/IMBICTIO MAaCKyBaHHS 3all03M4eHb [1].

© Kyporr’stauk O.C., 2019
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PoboTa mnpucBsadyeHa po3poOIli Mopeseit AaHMX Ta aJIrOPUTMIB
CITiBCTaBJIEHHSI TEKCTiB Ta iX MPOTpaMHiil peasisaliii.

AHaJi3 ocTaHHIX JOCTiIKeHb i MyOoJriKaIin

[IuTaHHSIM IUIAriaTy IPUCBSIUEHO YMMaJjo pobiT, B TOMY UKciIi y cdepi
po3pobKyM mporpam-anTuiviariatis [2, 3]. Ix po6ora mepemycim mependavae
BUSIBJIEHHSI 3aIl03MYeHb, a iX peasisallisi — po3poOKy MeTOAiB (CYKYITHOCTI
omepaiiiii) 00OpoOKM 3 HEBMCOKOW aJTOPUTMIUHOIO CKIQAHICTIO Ta
crieliali3oBaHUX CTPYKTYpP JaHUX.

CphOrofHi HayKOBOIO CITIJIbHOTOIO ITPOIIOHYETHCSI BUKOPUCTAHHS TaKUX
Mozeei Ta CTpyKTyp gaHux sk MacuBy LERP-RSA (HaiigoBIINMii O4iKyBaHMI1
NOBTOPIOBaHMII MacuMB 3MeHIIeHOro 1mabnoHy cydikca) [4], TeroBuii
kinacudikatop — mogenb Ha ocHOBi Stanford NER's three-class [5], cTpykTypy,
ocHoBaHi Ha JTHK-nocnigoBHOCTSX [6], rpadoBi mpencTrasiaeHHs [7] TOILO.

BukopucroByoThcsi Taki anroputmu sik GreedyString-Tiling [5, 8],
ARPaD [5], minHrau [9], cratuctuuni metoau [10], reHeTuuHi anroputmu [11]
Ta iHm. TakoX g Big3HauMTM, IO 3HAYHA YyBara IPUIIISIETHCS
MOpdOIOriYHOMY aHaji3y Ta JeMMaTu3allii, abo CTeMMIiHTIy, IIoNepemHii
CMHTaKCUYHi 00poOIIi TEKCTIB.

BkasaHi mMopesii Ta aJirOpUTMM JIMIIE 4YaCTKOBO MAalTh MNpPOTpaMHi
peasiszaiii.

MerTa mociaiakeHHs

MeTol0 maHOI pPOOOTM € pO3poOKa MOJedi TeKCTYy MOJjs BUSIBJIE€HHS
3amo03M4YeHb Ta JOBeNeHHd ii Ao ImporpaMHOi peasisalii. 3agauero € po3pooka
00’€KTHO-Opi€eHTOBAHOI MoOzeJi Ta MporpaMHoOi peasisaiii rpadgoBoi moperi
TEeKCTY (OCHOBHi MOJIOXKEHHSI MpeJCcTaBieHi y pooori [12]), 3 3acToCcyBaHHSIM
IO 3a/laui BUSIBJIEHHS 3aIi03M4eHb. A TaKOX OTPMMAaHHS YaCOBUX ITOKa3HUKIB
pO6OTH IIpOrpaMHOI peajisaliii Ay momasblIol AJs OLiHKM MOSKIMBOCTI ii
BUKOPUCTAHHSA Y aKaJieMiYHOMY CepeOBUII.

KoHcTpyKkTHBHaA rpadoBa Moaeib TEKCTY

I'padpoBa Momenp Imepembadyae MpencTaB/IeHHS TEKCTY VY BUTJISIII
Opi€eHTOBaHOro HaBaHTaxeHoro rpady [12]. IOns dopmanisanii mopmeni
BUKOPUCTAEMO anapaT KOHCTPYKTUBHO-TIPOAYKIIiiHOTO MoAetoBaHHS [13].
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[y mpencTaBieHHs rpady BM3HAUMMO KOHCTPYKTOP i creljianizyemo
J10TO BiIIIOBiZHMM UMHOM:

C=(M,Z,A) > C,=(M_ 2, A,), (1)
fie M, — PO3LIMPIOBAHMI HOCIH, 1[0 BK/IIOYAE MHOXIHA KOHCTpPYKIIiii-rpadis,
MOBHMX KOHCTPYKIi# (C/1iB, peueHb, ab3alliB) i iX eJleMeHTiB, ¥, — MHOXMHA

omepauniii i BifHOIIEHb Ha ejemMeHTax M,, A, - iHdopmauiiiHe
3a0e31eueHHs] KOHCTPYIOBAHHS, 110 BK/IIOUA€ OHTOJIOTiI0, MeTy, 0OMeKeHHSI,
NpaBuia, YMOBM MOYATKY i 3aBepilleHHSI KOHCTPYIOBaHHS.

OHToOMIOTiIST KOHCTpyKTOpa rpadiB. Hociii BkIlouae MHOXUHU

TepMiHaJIbHUX i HETePMiHaNIbHUX eieMeHTiB M, =T, UN, . Tepminanamu e
MOBHI KOHCTDPYKIii i iX cknagosi (T,), a TakoX KOHCTPYKii rpadis i ix

CKIamoBi: T, = oy Q UT,UVUE, oe Q, — MHOXMHA KOHCTPYKIIiii-rpadis,

g
V, E — MHOXMVH BepUIMH i AYT 3 iX aTpubyTamMu.

Bepmmua Mae aTpubyTu V_\IV=<id, Content>, id - ipgentudikarop,
MpUiiMae JIOUMCIIeH] 3HaYeHHs, content — 4aCTUHA TEKCTOBOI KOHCTPYKIIi.
Atpubytu nyru — w,=(id, routes, start, end), ne routes - MHOXVHA HOMePIB
IIJISIXiB, B SIKi BXOAUTDb IyTa (BKasye Ha MOpSAOK ob6xomy rpada), start, end —
BEPIIVHMU, SIKi € iHI[eJeHTHUMMU 10 TyTHU €.

HaBaHTaxennit rpad Gynemo mosHauatu sk , G=(V,E) (V={, v},

E=f 7, } — MHOXMHM BepIIMH i IyT, HaBaHTakeHUX aTpudbyrtamu). KoxxkHa

MHOXXMHA MiCTUTb ITOPO’KHiii eJIeMeHT.

Tpad mae arpubytn W, =(start_v,last_v, current_v, amount_l), ne
Start v — crapToBa BepluuHa rpada, last v — oCTaHHS [oJaHa BeplINHA,
current_v — TIOTOYHA BeplivHa npu popMyBaHHi rpada, amount | — KinbKiCTb

U,I/IKJ'IiB, B SIKi BXOINUTDb CTAapTOBaA BeplIVHA.
Po3srisiHemo CUTHATYpV X . .

3, =(Z,,0,,0,{~})UY,, 2)

ne E, = {~,:£,:ﬁ,O,U} — MHOXWMHA oOIlepaliii mnepeTBOpeHHS i
3B’SI3yBaHHS, 0, ={=,=,l=} —  MHOXMHA  omepaliii  BUBO.IY,
@, ={+,:=,#,+} — MHOXMHA Olepalliit Haj aTpubyTamu, ¥, — MHOXMHA Mpa-
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BMJI IPONYKUiA BUAY v, :<S,,&, >, | — HOMep NpaBuaa, S — MOCIiLOBHICTb
omepailliii MiICTAaHOBKM, g — TMOCTiAOBHICTb Omepalliii Haf, aTpubyTaMu, « —>»
— BiTHOIIIeHHS MiJACTaHOBKMU.

Omnepauiga e:=(v,,v,,G) nonarae y BU3HAUeHHI OyI'U e, IO 3’€IHYE
BepimHM v, , v, yrpadi G.

Oneparigs v:=(x,V) mnondarae B 3HaxXO/KeHHi BepmuHu veV 3
aTpuOYTOM Baru, piBHUM X .

Omneparis +(c,n,L) monsrae y BUKOHaHHi 7 orepaliit 3i crucky L,
SKIIO C =true.

Omnepailis 064YMCIeHHS TOTYKHOCTI MHOXMHU #(Q BU3HAuae 4uUCIO,
sIKe TOpiBHIOE KinbKocTi ejemeHTiB B Q.

Omnepanis gomaBaHHs OBOX uucen +(a,b) mepenbadae 3HAXOIKEHHS
TPEeTbOT0 UMCIIA, IO € IXHbOK CYMOIO

Omepawis o00’e¢gHaHHsI rpadis 5, G = U(yG,, 5,G,) Tepenbauae
dopmyBanHs HoBoro rpada ., G, mo BrIoYae 06’eqHaHI MHOXMHY BEPIINH i
g

nyr Buxigsux rpadis ; G=(V,E),ne V=V, UV,, E=E UE,, , G, =< V,,E, >,

wi

_ G

wH 2

=< V,,E, >, npuupoMy U — TpaauuiiiHa onepanis 06'¢ JHaHHS MHOXVH.

BigHo1IeHHS MiACTaHOBKY Ma€ BUTJISIT,

v/i:<si’gi>’ Si:<§i’3i>’ gi:<gi’gi>’ (3)
me S, S, — BigHOIIEHHS TMiACTAHOBKM i1 pO3Mi3HABaHHS MOBHOI
KOHCTPYKIUii i mobymoBu KOHCTPyKIii rpada BigmosigHo, &, §, — omepalii
Haja arpubyTaMyM MOBHOI KOHCTPYKIii i rpada, Jioro BepmmuH i 1Oyr
BigmoBigHOo. VY pasi sKImo omepalnii Hag aTpuOyTaMy He BUKOHYIOThCS,
BiHOIIIEHHSI TTiACTAHOBKY MAa€ BUTTISL, y = <s,g> .

Omnepaliiss moBHOro BuBOmy |I= (¥, " ) Ta 6inpim [geranbHa
iHdopMmaliis momo iHIIMX orepalliii HaBemeHa B poboTi [12]. PesynbTaToM
orepaliii BUBeJeHHS € KOHCTPYKIlisi-rpad.

MeTO0 KOHCTPYIOBAHHSI € TII00yZOBa KOHCTPYKILii rpady, sKka
BigmnoBizmae 3afaHili KOHCTPYKILil TEKCTY.
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OOMekeHHSI KOHCTPYKTOpPY rpadiB HaK/IagalOThCsI KOHCTPYKIIED
TeKCTy. KisibKicTh rpadiB 3a/1eXXMUTh Bif KiTbKOCTi pi3HMX CMMBOJIIiB Y TEKCTi.

ITouaTkOBa yMOBa KOHCTPYIOBaHHfI: ¢ — HeTepMiHal, 3 SIKOTO
[IOUYMHAETHCSI BUBISI,.

VMoBa 3aBeplIeHHS KOHCTpPYIOBaHHS: ¢dopMa He MiCTUTb
HeTepMiHajiB, KOKHOMY eJleMeHTY KOHCTPYKIlil TEKCTY BiAIIOBiJa€ eJleMeHT

KOHCTPYKIIii rpady.
KoHKkpeTusariisi KOHCTpyKTopa rpada. BukoHaeMO KOHKpeTHu3alliio

KOHCTPYKTOpA C, :

Cox «C, =(M_,Z ,A), (4)
ne A, >A,, A>{ceT,, N,={a,6}, T, o{G,G,G"}, G=(V,E), V={v},
E=9, G =<V ,G >, Vi o={v, ,v,}, E ={e }, G =<V",G" >,
Vi={vi, v, ], E ={e }.

[To6ymoBa rpada nepembavae po3risHaBaHHSI MOBHUX KOHCTPYKIIiil 3a
IOTIOMOTrOI0 TipaBui [12]:

S, = <O-d1 — c(;>, g, =(+(codeJc = EOF,1,d, :=true)), (5)

5, = <0d2 - c>, g, =(+(code.c = EOF,1,d, :=true)),
Ie ¢ — CUMBOJI TeKCTY, KpiM EOF — 03HaKa KiHLSI TeKCTY B JIOTO €JIeKTPOHHOMY
MMOJaHHI.

[TpaBuo [OJi JOJaBaHHS MepiIoi BepliMHU B rpad Ma€ BUTTISIA,:

§ =(6>Ga), g =(idJv:=#V contentv: =

start v.JIG: =v, current v JG: = v,last vJIG: =v,amount _1JG := O>. (6)

[IpaBuiio s, AO3BOJSIE NOAATU A0 rpady HOBY BepIIMHY i Oyry, sIKa 6
TIOB’s13aJ1a HOBY BePIIMHY 3 IOTOYHOIO B rpadi:

5, = <Ga > U(G,G)a,0(G,G o~ Ga>,

g, =(v, :=(c,V)e :=(current_v.G,v,G),

+(iddv, =0 &idJe, = 0,11,d, :=true,

iddv, =idJdcurrent vJG, content v, := content Jcurrent _v.JG,
idav, :=#V +1,

content 1v, := c,idJe, :=# E +1, start e, :=v,, endJe, :=v,,
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routes Je, := {amount _lJG}, last _vdG :=v,, current _v.JG:=v,)). (7)

TpaBwio S, HO3BOJSIE momaTu o rpady HOBY Ayry, sika 6 TOB’s3aa

MIOTOYHY BEPUIMHY 3i CTAPTOBOIO:
5 = <a .~ U06.6M2,U(G.G")a - Ga>
g.= <v1 =(c,V),e, = (current vJG,v,,G),
+(v, = start_ vG&id e, =0,11,d, :=true, idv, :=idJcurret v.G,
content v, = contentcurret _vJG,idJv, = iddstart vJG,
content.lv, :=c,idJe =#E+1,startJe :=v, ,endJe =v,,
routesle, ={amount LG}, amount [JG =amount [1G+1,
current v JG = start v G)> . (8)

[TpaBuio S, MO3BOJISIE 3MIHUTM HaBaHTaKeHHS iCHYIOUOi OyTH:

S, =<Ga P Ga>, g, = <v1 =(c,VJG),e, := (current _vJG,v,,G),
+(iddv, # 0 &idJde, # 0,3,d, := true,

+(start_vJG #v,,5,routes e, :=routesJe, U{amount_IlJG},

+(start _vJG =v,6,routes e, :=routes.e, J{amount_l1G},

currentJv := start _v.JG, amount _lJG := amount _1JG +1))). 9)

HacTynmHe mpaBMIO [O3BOJSIOTH 3aBEepPIIUTH IIPOIeC TMoOymoBU
KOHCTpYKIii-rpada:

5, =(aSe). (10)
IHTeprniperanisn KOHCTPYKTOpa rpada. [HTepnpeTyemMo
KOHCTPYKTOP:

(CyiCho=(M V20 A 00 (4Cy, 4Cp = (M2, ,A,)), (11)
ne A, oA, V,={A |;i,~} — MHOXMHa 6a3oBux aiaroputmis [13], X.,Y, -
MHOXVHU BJ/3HAaueHb Ta 3HauyeHb aArOpUTMY Al

A, ={M,= J(X(A)UY(A')UQC)UQ(C,)} - HeomHOpimHMIi HOCIii,

AI{EVA
QC), ©C,) - MHOXMHM MOBHMX i TpadoOBMX KOHCTDYKILil;
"oy, f n ny. f; n ny. Q " "ny.
Ao {(A L, A7) (A, =" A BNy (Al =)

(AL, =% (AL T=)5 (Al T2 (Al S
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(An |cL,n,L S ); (AIZ |5 A # ); (A13 ;,b S+ ; (A14 |GG|,G2 ‘J"Un)’

(A ISI,Q2 JU).

HaHa rpadoBa Mojie/ib MOKe 6yTM BUKOPMCTaHA /IS TTOUTYKY MigpsaKa

B DPSOKY Ta MOPIBHSIHHS TeKCTiB. /[IJisI MPUCKOPEHHS IbOr0 IpolLiecy
MPOMOHYETHCS 3aCTOCYBaTU CTUCHeHHS rpada [12]. BoHo mossrae y 3amiHi
BepiMH rpada, sIKi MoegHaHHI AyramMyu 3 OgJHAKOBMMM HaBaHTaXeHHSIMM, Ha
OAHY BepliMHYy. HaBaHTa)keHHS 1ii€i BepIIMHM BU3HAUAETHCS SK Pe3yabTaT
KOHKaTeHalil BMiCTy BCiX PO3IVISIHYTUX BePLIVH.
00’eKTHO-Opi€eHTOBaHA Moze/b rpacdoBOro NMpeacTaBJIeHHS TEKCTY
JJ1s1 BUKOpUCTaHHS rpadiB IJIsT CIIiBCTABJIEHHSI TEKCTiB IIPeJICTaBUMO
OCTaHHi1 K Habip opieHTOoBaHMX rpadis. CTapTOBMMM BepIIMHAMU €
VHiKaJIbHi CMMBOJM, 3 SIKMX IOYMHAIOTbCS cioBa. Ilig ciioBoM po3ymieMo
TIOC/TiJOBHICTh KUPUANIHMX UM JIATUHCHKMUX CUMBOJIIB 260 11ndp.
[yt iporpamMHoi peasnisaiiii rpagoBoi Mopesi BUKOHAEMO ii 06’€KTHO-
opientoBaHe (OO) wmopgentoBaHHS 3 BuKopuctaHHsim UML. Peari3aiiito
rpadoBoi Mopeti moknageHo Ha Tpu Kinacu: Work, Graph, Vertex (puc. 1).

Vertex
Work (from Business Services)
(from Business Services) Graph Q’adjecency_list : Vertex
‘%graphs_amount : Integer (from Business Services) Qcontent : String
®eraphs list : Graph &amount_loops : Integer ®edge_amount : Integer
list_size : Integer ®start_vertex : Vertex Q’list_s_ize : Integer
‘%start_symbols_list S <——=&routes_list : Integer
’CompareWithStringO
®Compare() :Create() ®AddAdjacentVertex()
®Create() Compress() ®CopyAdjacencyList()
B¥1sGraph() $ToString() SFindAdjacentVertex()
& SortGraph() ‘IsEqualRoutesO
& SortAdjacencyList()

Pucynok 1 - KiacoBe npecraBiieHHs rpadoBoi Mmomesti

Ha ximac Work moxnameHO BilOBiIaJdbHICTh 3a CTBOpPeHHS Habopy
rpadiB, a TaKOX IMOPiBHSHHSI TEKCTYy (psAKa) 3 TEKCTOM Y BUIJISIII Habopy
rpady. BignoBimanbHicTb Knacy Graph — cTBopeHHS rpady, 10 BiITBOpPIOE
TEKCT SIK CYKYITHICTb MiAPSAKIB, IO MTOYMHAIOTHCS 3 OAHAKOBOTO CMMBOJY, Ta
MOPiBHSHHS psifika (J10ro 4acTUHM) 3 TeKCTOM (ab0 710r0 YaCTUHOIO) Y BUTISII
rpady. Knac Vertex BiAmoBigae 3a CTBOpeHHsS BepuiuHM rpady, ska

HaBaHTa)>XeHa OJHMM abo JeKiJIbkoMa CMMBOJIaMH, a TaKOX Bi,ILTBOpeHHH
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3B’SI3KiB MiX BepiiHaMu rpady 3a JOIMOMOTO0 CIIMCKY CYMiKHMX BepIH Ta
3a6e3MeueHHs ITepexony MisK OCTaHHIMM ITpu 06Xoi rpady.
IIporpamHa peasi3saiiisi MogeJii TeKCTy

Po3rissHeMO BiAMOBIAHICTh anropuTtMiB mogeni (11) meTogaM Kiaci

(puc. 1).
A’ — KOMITO3UIIisl aJ/ITOPUTMIB — TIPUCYTHIil Yy BCiX MeTOmaX, OCKiIbKA

1
KOXX€H 3 HUX CKIAJA€THCS 3 AEeKIJIbKOX MiJaJITOPUTMIB, TAKUX SIK IPUCBOEHHS,
TIOPiBHSIHHS, 00’€JHAHHS Ta iHIIIi.

A, — yMOBHe BMKOHAaHHS aJrOpPUTMYy — NPUCYTHIN y MeTomax Kiaacy

Vertex (FindAdjacentVertex, AddAdjacentVertex, SortAdjacencyList) Ta Graph
(Create, CompareWithString, Compress), oCKiJibKM y IIpOrpaMHii peasisailii
MeTOMiB TIPUCYTHi/i oOmepaTop YMOBHOTO BMKOHAHHS, IO BMU3HAYaE
BUKOPUCTAHHS TUX YU IHIIUX QJITOPUTMIB.

A, — KOHKaTeHallisi — MOXHa pO3IJISIAaTU SIK JOOaBaHHSI BEPIIMH Yy

3
rpad, 1m0 Oe3srnocepeagHbo peasnizoBaHo MeTromamyu Graph::Create Ta
Vertex::AddAdjacentVertex.

A, — A, — peanizoBaHo meronoM Graph::Create Ta Work::Create, mo

I03BOJISIIOTD TTOC/TiTOBHO TTOOYAyBaTH rpadu.
A, — IPUCBOEHHS OIlepaH/IiB — IIPUCYTHE y BCIX METOaX.

A, — TOpiBHAHHS aTpuOYTiB — aHaJOriYHO 3aCTOCYBAaHHIO 4,

8
aTpubyTamMu € aTpuOyTH BiAIOBIIHMX KIAcCiB Ta BXiiHi TapaMeTpyu MeTO/iB.

A,, A, — BU3HAUeHHs AYIY Ta 3HAXOJKeHHS BepIUMHM BiAIOBIAHO —

HeoOXximHi TSI o6y I0BU rpady, peanizoBaHi y MeTozi
Vertex::FindAdjacentVertex.

A, |:,, — BUKOHAHHA n omepauiit i3 coucky L, akmo c=true, L -
CIIMCOK 3 n oOmepaliii - peamizoBaHo Yy wMertomax Graph::Create,

Vertex::AddAdjacentVertex.

A, — 0o0uMCIeHHS MOTYXHOCTI MHOXMHM — peasi30BaHO y BUIVISLI
atpu6byrtiB  Work::graph_amount, Work::list size, Graph::amount_loops,
Vertex::edge amount, Vertex::list size, ski 3miHOIOTbCcd MeTomamyu Create
BiITOBiIHMX KJIaCiB.
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A, — DoJaBaHHS BOX 4YMCes — peasli30oBaHO y MeTogax kiaaciB Work

(Create, SortGraph, IsGraph, Compare), Graph (Create, CompareWithString)
Ta Vertex (FindAdjacentVertex, AddAdjacentVertex, SortAdjacencyList).

A,, A,— o6’enHaHHS rpadiB Ta MHOXMH BiJIIOBiJHO — y MeTOHax
Create xiaciB Work, Graph.

[IpaBuna KOHCTPyKTOpYy Trpady, mpencrasaeHi y (5) - (10),
peanisyioTbcsa meTogom Graph::Create, IK1ii y CBOIO Uepry BUK/IMKAE METOIU
kinacy Vertex: AddAdjacentVertex Tta FindAdjacentVertex, 1o pasom
3a6e311euy0Th KOHCTPYIOBaHHS rpady 3a TeKCTOM.

CtucHeHHs rpady BuUKOHYETbCI MeTomoM Graph::Compress 3a
noromoroio meTtofiB knacy Vertex: IsEqualRoutes Ta CopyAdjacencyList.

besmnocepenHe TTOPIBHSIHHS TeKCTiB BUKOHYE MeTO[,
Graph::CompareWithString, sikuit mpuitmae Ha BXiA ABa TEKCTU: OOUH — Y
BUIJISAI rpady (BiH BBAasKa€TbCSI OPUTIHAJIBHUM), a iHIINUI — Y BUTTSAI PAOKY
(BiH BBa)KA€THCSI KOITI€I0, MIJISI SIKO1 BM3HAUYA€ETHCS BiICOTOK 3amo3uueHb). Ha
BUXOJi MeTOH Mae€: MO3Mullii 3alo3MuyeHoro @parmMeHTy Ta JOTO BMICT.
3arasibHi pesynbTaTé Hakonuuye meton Work::Compare i moBeprae sik 06’€KT
Kiaacy Result, 110 MicTUTb yci 3amo3uueHi pparMeHTH.

s BuKopuctaHHs rpadoBoi mopmeni mobymoBaHa OO-Mopmenb
nonatky. BoHa Britosiae 13 kiaciB, 10 pO3IIOAiieHi 32 PiBHSIMM BiZIIOBIIHO
IO TIPUHIIUITIB TPUPIBHEBO1 apXiTEKTypu:

— piBeHb mpexncraBieHHs: Form, ParamForm - dopmu intepdeiicy
KopucTtyBaua, DataTransfer — kiac, BiinoBigaabHMIi 32 epefavy JaHUX MiX
dbopmamu;

— piBenb Jjoriku: Controller, ControllerMN (BiAmoBigaabHICTh —
rnepegavya JaHMX MiXK piBHSIMM Ta KepyBaHHS pPOOOTOI0 00’€KTiB iHIINMX
kinaciB), CheckParams (36epexkeHHsI TapaMeTpiB HJisl Bimbopy ¢dparmeHTiB),
SourceText (36epeskeHHsI TeKCTy), ProcessingText (mornepenHs o06po6ka
TekcTy), Work, Graph, Vertex, Result;

— piBenp manux: FileWorker, mo BigmoBimae 3a 3unTyBaHHS (aiijiBs,

SIKi 6YIyTh OPiBHIOBATHUCS, Ta 36epeskeHHs pe3y/IbTaTiB.
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TekcT mpeacraBiieHO 06’ekTaMy Kiaacy SourceText, ajs iioro iHimiati-
3allii BUKOPUCTOBYIOTHCSI 06’€KTU Ta MmeToau kinacy FileWorker, sikuit yTBopioe
KOHCTPYKIIiIO TEKCTY.

Ins poboTu 3 MporpamMord po3pobsieHO iHTepdeiic KopucTyBada
(puc. 2). IlepembaueHo TMMOpPiBHAHHSI ¢aiaiB OAMH 3 OOHMM Ta OaraTto 3
O6aratbma. I[Iporpama BMKOHYE Taki [ii: 3YMTYBaHHS TEKCTy IOKYMEHTY,
morepegHss 0OOpoOKa TeKCTy, moOymoBa Ta CIHiBCTaBJIE€HHS TEKCTiB V
BiTIOBigHOCTI MO pO3pob/eHuX Mojeeil i IpeacTaBAeHHS pe3ylabTaTiB y
BUIJISIII 3arajJibHOTO BiZICOTKY 3amo3uyeHb Ta (parMeHTapHOIro CKIagy y
dopmarti «pparmMeHT — BiICOTOK», BUJiJIEHHS 3aIlI03MU€Hb KOJIbOPOM.

[Ipy MoOpiBHSIHHI OOAMH 3 OSHMM IlepembaueHo Bigbip (dinmbpTpaliio)
pe3yJibTaTiB 3a TaKMMM MapamMeTpamy, SIK MiHIMa/JibHa JOMYCTUMA OOBKMHA
dbparmeHTy (BIUIMBAa€ Ha 3arajibHy OI[IHKY) Ta MaKCMMajbHa IOMyCTMMa
IOBXMHA pO3PUBY MiK (dparmMeHTaMM (He BIUIMBA€ Ha 3arajbHy OIliHKY,
3MiHIO€ SIKiCHMI1 Ta KiJIbKiCHMI1 ckiafn pparmeHTiB). JlaHa QYHKIIisI JoTIoMarae
OIIiIHMUTY POOOTY 3i 3MiHM TEKCTY: HasIBHICTb KOPOTKMUX HEUACTUX 30iriB Moske
CBiguMTM Mmpo iX BMITAJKOBICTh; JOBTi Ta 4acTi 36iru cBiguaTh cKOpill Ipo

He3HAUYHY [epepoOKy JOKYMEHTY.
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PesynbTaTy po3po06ku 13 Ha OCHOBi CTBOpEHUX MOJesIei
[ BU3HAUEHHST YaCOBOI XapaKTePUCTUK aJITOPUTMIB MOOYIOBM Ipa-
dy i MOpiBHIHHS TeKCTOBUX (aitiB BUKOHAHO KOMIT' IOTEPHUIT €eKCIIePUMEHT.
BumipioBaBcss vac s o6pobku 32 BimiOpaHuxX TeKCTOBUX (aiitiB 3a
TemMaTukoi «Po3pobka I13» 3 Wikipedia (posmipom Bin 16 — 24 K6, Big 2 -14
TUC. CUMBOJIiB) KOXK€H 3 KOXKHUM. KiZIbKiCTh BUKOHAHHS Orepaliil MopiBHSIHHS
— 512 pasiB. EkcnepumeHT BMKOHaHO Ha IIK 3 TakuMmu xapakTepUCTUKaAMM:
rpoiiecop Intel Pentium(R) Dual Core CPU, kem L1 xomy/ L1 manux/ L2 -
2%32/2*32/1024 K6, TaKTOBa YaCTOTa/4acTOTa CMUCTEMHOI IIMHM/J9acToTa
nam’ari — 2,3 I'Tu /400 MI'u/400 MI'u, yac goctymny mo OIT (uuTaHHSI/3a1muc)

5751/4253 M6/c, onepaiiiitHa cuctema — MS Windows 7 Ultimate SP1.
Ha ocHOBi oTpuMaHMX AaHMUX MOOYyAOBaHO Ipadiky 3a/JeXXHOCTI yacy
BUMKOHAHHS oIlepaliiii mobymoBu Habopy rpadiB (y CeKyHax) Ta MOPiBHSIHHS
TeKCTY (MC) Bifl iforo po3mipy (puc. 3, 4). Ha rpadikax Bu3HaueHO TpeH[, 1110 €

JiHitHOI0 QYHKITi€IO.
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BucHoBku
Mopudikailisi KOHCTPYKTMBHOI TrpadoBOi Mojesli TeKCTy m03BOJMJIA
moOyayBaT 006’€KTHO-OpPIi€EHTOBAHY MOMeIb TEKCTOBOrO [OKyMEHTa SIK
Habopy rpadis. Mogenb ToBeeHO 10 MPOrpaMHOi peastisaliii, B paMKkax SIKOi
IO 3MEHIIeHHS BIUIMBY MAacCKyBaHb Ha BUSBJIEHHSI 3allo3uveHb OYII0
po3pobJieHO cremiajibHi MeTOAM 3UYMTYBAHHS Ta TIONepeaHboi 0O6pPOOKM
naHux. [lepembauaeThbCs MogaibIina podboTa 3 yIoCKoHaaeHHsT Mojesti Ta [13:
— TecTyBaHHSI B ymoBax 3BO 3 MeTOl OTpMMAaHHSI OL[IHOK 4acOBOi1
e(eKTUBHOCTI Ta SIKOCTi BUSIBJIEHHSI 3aII03MYE€Hb;
— BpaxyBaHHS y MO/JieJli IpaBOMipHUX 3al103MY€eHb;
— JieMaTu3alis TeKCTy;
— TOKpAIeHHS YaCOBUX XapaKTePUCTUK MOAY/II0 3UMTYBaHHS JaHUX 3
daiinis.
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B.b. MasypeHKO
IIPOBJIEMA BU3HAYEHHS KIJIBKOCTI PIITVMHU B PYXOMIN
€EMHOCTI TA MOJXJIUBI MIJIAXU If BUPINIEHHSA

Anomayis. CpopmynboBaHo npobsemy BU3HAYEHHA KibKOCMI  piouHU
BcepeduHi pyxoMoi €EMHOCMI, BU3HAYeHO akmopu, AKi ii opmyoms,
npogedeHo aHANI3 CMAHy BUpPIWEHHA O0aHOi npobiemu ma OAHO OUIHKY
nepcnekmusu CmsopeHHs Memo0is ii BUpIWeHHSA

Knwo4yosi  cnosa: BUMIDIOBAHHA — KIZIbKOCMI — peYOBUHU,  THGHOpMayiliHo-
BUMIDIOBA/IbHA MEXHO021A

ITocTaHOBKa NMpoo6IeMu

[ToTpeba B BM3HAUEHHi KiJbKOCTI PigMHM BcepeayuHi éMHOCTi iCHy€ B
CaMMX PpIi3HMX Taly3sXx MPOMMCIOBOCTI, TaK CamMO SK B CiIbCbKOMY
roCrofapcTBi Ta Ha TpaHcropTti. Haibinpin 3acTOCOBYBaHMM METOAOM ii
BM3HAUEHHS € BUKOPUCTAHHS JATUYMKIB BUMIPIOBAHHS BUCOTU PiBHS IMOBEPXHi
piIVHU BCcepenuHi €MHOCTI [1] 3 MOZanbmIMM IepepaxyBaHHSIM BUMIPSIHOI
BUCOTU piBHS B 00'eM piguMHM 4Yepes3 rpaayiioBaHi Tabiauili abo QyHKIi,
OTpMMaHi Harepes IJis1 JaHOI KOHKPeTHOI €éMHOCTi. 3a HasiBHOCTi 3HAUYeHHS
IIIIBHOCTI MOXXHA MMepeiTy 10 Macu PiAMHU, IO 3HAXOAUTHCS B EMHOCTI.

[cHYIOTH 11 iHIIII MeTOAM BM3HAUEHHS KiJIbKOCTi piavHu. Hampukian, 3a
IOTIOMOTO0 BUTPATOMIpPiB, SIKi BUMIPSIFOTh BUTPATy, 3 SIKOKO piAuHA HAIXO-
IUTb B EMHICTh, a00 BUXOJIUTD 3 Hei, Ta MpOBeJeHHS 6e31epepBHOTO iHTerpy-
BaHHS TIOTOYHOTO 3HAUEeHHs BUTpaTU y yaci. lleii MeTon € MeHIlI TOYHUM Ta
MEHII HaiiHMM, Hi’)K BUMIPIOBaHHS PiBHSI, TOMY BUKOPUCTOBYETHCS B BUIIA]L -
Kax, KoM 6e3rnocepenHe BMMipIOBaHHSI PiBHSI BCepeayHi €MHOCTI HEMOXKIM-
Be, 200 X 3 eKOHOMIYHMX MipKyBaHb, KOJIM BMCOKA TOYHICTh B OTPUMaHi Ja-
HUX He € Ha IOoTpebi. IHImMM MeTomOM € BMKOPUCTAHHSI MipHUX €MHOCTEIA.
MipHi €MHOCTi BUKOPUCTOBYIOTbCSI 34111 JOCSTHEHHSI BUCOKOI TOYHOCTI BU-
MipIOBaHHS, ajie 1eif MeTOJ € JOCUTb 3aTpaTHUM, Ta CYTTEBO IIPOrpae€ y Tex-

HOJIOTIYHOCTI iHIIMM. BUMIpSTU KiZIbKiCTh PEYOBUMHM B €MHOCTI MOXXHA 1 Ba-
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rOBMM METOJIOM, B IIbOMY BUITaJKy €MHICTh Ma€ 3HAXOAUTUCh Ha Barax. 3a-
3HAUMMO, 10 MeTOJ MipHUX €MHOCTEl Ta BaroBuii MeToH, He BUKOPUCTOBY-
I0TbCSI HA TPAHCIIOPTI.

[IpakTMYHO BCi €EMHOCTI, 1110 BUKOPUCTOBYIOTHCS B IIPOMMCIOBOCTI Ta
CiIbCBKOMY TOCIIOJAPCTBI — HEPyXOMi, CTalioHapHi. BUMiprOBaHHSI BUCOTU
PiBHS PiIMHM B CTal[iOHAPHUX €MHOCTSIX He BUKIMKAE OCOOJUBUX ITPOOIIEM,
OCKiJIbKM BUCOTA IOBEPXHi 3MiHIOETHCSI BUKIKOYHO 3 TIPUUMHM HAAXOIKEHHS
a60 BUTOKY pigyuu. Komu Xk BMHMKA€E HEOOXiAHICTh BMMipIOBaHHS KiJIbKOCTi
PiIVHM B PYyXOMMX €MHOCTSIX, TO BUKOPUCTAHHS 3aC00iB BMMipIOBaHHS PiBHSI
IJISI Ii€] MeTU CTUKAEThCS 3 JOCUTh 3HAUHMMM npobiaemamu. Taki mpobiaemu
BMHMKAKOTh MiJl YaC BUMIpPIOBAHHS KUIBKOCTI piavHMU (TTaIUBO, OXOJIOKYOUi
pimuHM, piIKi peyoBMHM, IO MEpPeBO3SIThCS TPAHCIOPTHMMM 3acobammu, Ta
TaKe iHIlle) B MaJMBHUX OaKaxX, TaHKaX, pe3epByapax aBTOMOOiIiB, aBialliliHMX
1 BOOHMX (B IepIIy Yepry MOPCbKMX) Cy[eH, a TaKOX pakeT i KOCMiUHMX aria-
pariB. [Ipo6yiema moJisirae B TOMY, IO IIiJl YaC pyXy EMHOCTi pa3oM 3 TPaHCIIO-
PTHMM 3aCO00M pimyHa BcepenyiHi €MHOCTiI MHOCTifiHO 3MiHIOE€ ITOJIOKEHHS
CBO€I BiJIbHOI IOBEPXHi, B TOMY UMCJi B MiCIli BCTAHOBJIEHHSI JaTyMKa pPiB-
Hs ([IP). 3arajibHuii pyX BiJIbHOI MOBEPXHi PiIMHM OOYMOBJIEHO BUMYIIEHUM
pyxoMm (ITiZ BIVIMBOM ITPUCKOPEHHS €MHOCTI), SIKUIA MPOUIIOCTPOBAHO HA PUC.
la Ta puc.16, a TaKOX BiTbHMMM KOJMBAHHSIMMU, 110 PO3BUBAIOThHCS Ha ITOBEp-
xHi (puc. 1B). Komu 1aTuymMk BCTAaHOBJIEHO B reOMETPUUYHOMY LIEHTPI IOTepey-
HOT'O Mepepi3y €EMHOCTI, TO BiIXMIeHHS PiBHS MOBEPXHi Bif CTATUYHOTO II0-
JIO’KEHHSI B IIbOMY MICIIi He € 3aBeJiMKi, ajie XX SIKIIO JaTYMK BCTAHOBJIEHO Ha
IesIKiil BimCcTaHi Bif, LIbOTO LIEHTPY, TO BiAXMJIEHHS CTAl0Thb MOMITHMMM, a TO ¥
3HauHMMu (puc. la — 1B). Lle iCTOTHO BIJIMBAa€ Ha TOUHICTh BUMIipIOBaHHS pi-
BHS i, BiIMIOBiTHO, HA TOYHICTh BM3HAUYEHHS KiJIbKOCTi pignau. KOHCTPYKTH-
BHa nobynoBa 6akiB, 30Kpema MaJMBHMX, 3a3BUUail Taka, 110 BOHA He I03BO-
Jisie BCTAaHOBUTYM AATUYMK PiBHS Y LIeHTp 6aKa (110 MOB3/IOBXHil BepTUKaIbHiii
oci). Kpim TOro, i1 reOMeTpUUYHNUI LIEHTP IOIIePEeYHOro repepizy eMHOCTI Mi-
HSIE CBOE I0JIOKEHHS B 3aJIEXKHOCTI Bifi GopMM €éMHOCTI Ta KyTa Ta HaIpsIMy
MPOBeIeHHS 1IbOTr0 Iepepisy. SAKI0 My MaEMO O0CeCMMETPUYHY €MHICTb, Bic-
CI0 CMMeTpii SIKOIO € ii TTOB3I0BXHS BiCbh, Ta ¥ Mpy 1IbOMY opMa €EMHOCTI MO
il BMCOTi He 3MIHIOETbCS, TO F'€OMETPUUYHUIA LIEHTP IOMEePevyHOro repepisy
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He3aJIeXXHO BiJl KyTa Ta HaIlpsIMy Iepepi3y 3aBXAM 3HAXOAUTHCS Ha MTOB30B-
JKHiM oci. AJie X BCi €MHOCTI MalOTb HVMXKHE Ta BEpXHE AHUILE. TOMy, KON pi-
OMHA 3HAXOOUThCS Y HUKHINM, ab0 BepxHiii yacTMHi €eMHOCTi, ¢popma Iiomne-
pPEeYHOro Iepepi3y Ta MicClie 3HaXOIKeHHS MMOUMHAE 3aJIeKaTy BiJl KyTa Ta Ha-
MpsSIMy IIPOBEIEHHS IbOro Irepepidy. TakuMmM UMHOM, OATUYMK PiBHS, HABITb
IPY BCTAHOBJIEHHI 11Or0 Ha MOB3HOBKHI OCi OCECMMETPUYHOI €MHOCTI, ITif
4yac pyxy He 3aBXAM 3HAXOOUTHCS Y TeOMETPUIHOMY LeHTPi ITOIIepevyHoro 1me-
pepisy, uepes 11e 10 #10ro moka3aHb JI0JA€ThCS BiAIMOBiHA T0JATKOBA ITOXMO-
Ka (puc. 1r).

& IS

I
i -

_I-||F 2] e

Bics
Bzt

a) 0) 8) 2)
PucyHoK 1 — ®aKkTopH, SKi YCKIaJHIOIOTh MPOLieC BUMipIOBaHHS BUCOTU PiBHS Ta
BU3HAUYEHHS KiJIbKOCTI PiiHM BCepeaVHi pyXOMOi €MHOCTI:

a) HaxXu1; 0) IPUCKOPEHHS ; 8) KOJMBAHHS BiJIbHOI MTOBEPXHi piguHu;

2) 3MillleHHS eHTPY GOpMU BiJIbHOI ITOBEPXHi PiAMHY 3 TOUKM PO3TALTyBaHHS
LIEHTPY IONEePevyHOoro nepepizy €MHOCTI

[Tpy BuM3HAUeHi KiJIbKOCTI piAMHM 3a MOKA3aHHSIMM OaTYMKa PiBHS
KpiM 3a3HauyeHMX BUIIe iCHYE IIe OfHa CKJIAAHiCThb, iHIIIOrO xapakTepy. BoHa
CTOCYETbHCS reOMeTPUYHMUX IMpobjeM, a caMme IpobseMy 0O0UMCIeHHS 00'eMy
€MHOCTI OBiJIbHOI (popMM, 1110 3HAXOAUTHCS i, TIIOIIel0 Tepepisy. Ik 6y1o
BKAa3aHO HAIlOYaTKy, MepepaxyBaHHS OaHMX IPO piBeHb BUCOTU MOBEPXHi B
00'eM pimyHM 3Mi/iICHIOETHCS HA OCHOBI TpaAyiioBaHMUX TabauIb ab0 PyHKIILiiA,
SIKi 3B'SI3YIOTh 00'€éM €MHOCTI, 1[0 3HAXOAUTbHCS IIiJi TIOIIEPEUYHMM I1epepizoM,
MIPOBEeIEHM TOPU30HTATBHO (TOOTO IEePIEeHAUKYISIPHO BUCOTI EMHOCTI), Ta
3HAUYeHHSM BUCOTM PiBHS, Ha SIKili 1eil mmepepi3 npoBeneHo. [Ipyu oTpMMaHHI
X Tabauib Ta QPYHKILiNA, a e BUKOHYETHCS IMUISIXOM I'PaaylOBaHHS, EMHICTb
BCTAHOBJIIOETHCSI CTAL[IOHAPHO. Ajle B yMOBaxX eKCIUTyaTalil MiJl 4ac Haxuiiy
€MHOCTi, ab0 KOJIM ITiZl Ai€0 IPUCKOPEHHS MOBEPXHS PiIyHM IpUiiMae I0Jj10-

>KeHHSI, He TIepIeHAMKYJISIpHe BUCOTI €EMHOCTi, BUKOPUCTAHHS LIMX TAOJUIIb B

50 ISSN 1562-9945



4 (123%) 2019 «CucteMHbIE TE€XHOJIOTUU»

3araJiHOMy BUITa[Ky He Ja€ KOPEKTHOTO pe3yabTary. JaHuMu rpagylroBaHHS
MO>KHA KOPUCTYBATUCS TiJIbKM B TOMY OKpeMOMY BUMAJKy, KOJu 1eHTp dhop-
MM BUIBHOI MOBEPXHI PiAMHMU ITif YaC BUMipIOBAaHHS 3aJMUIIAETHCSI HA TOMY K
MicIli, ge BiH OYB ITiJ yac rpajayioBaHHs. ToMy, B 3araJilbHOMY BUIIAJIKy He0O0-
XigHO BUPIIlyBaTU reOMeTPUYHY 3aa4y 00UMCIeHHS 00'€My €MHOCTI JTOBiJIb-
HO1 opmu, 110 3HAXOOUTHCS Mif, TIolIel0 epepisy. Chif Big3HaAuNTH, IO LIS
3aJava BigpisHSIETbCS OOUMCITIOBAIbHOIO CKIAIHICTIO ¥ MOTpebye BEIMKOIo
MacuBy iHdopMaliii 11010 KOOpAMHAT MOBEPXHi, sika 3a7ae GopMy EMHOCTI.

TakuM UMHOM, iCHYIOTh YOTUPU (HAKTOPH, 10 YCKIATHIOIOTH MPOILeC
BMMIipIOBAaHHSI BMCOTM PiBHSI Ta BM3HAUEHHSI KUJIBKOCTI PiAMHM BCepeayHi
PYXOMOI €MHOCTI y ITOPiBHSIHHI 3 IIPOBEIEHHSIM BMMipIOBAaHHS Y CTalliOHAPHIN
€MHOCTI:

1) HasBHICTb BMMYIIEHOTO PYXy PiAVMHU BCepeauHi pyXxOMOi €MHOCTI
ITi /T, BIVIMBOM IIPUCKOPEHHSI EMHOCTI (puc. 1a, 16);

2) BUHMKHEHHS Ta PO3BUTOK BiJIbHMX KOJIMBaHb HAa MOBEPXHi PiAVHMU
(puc. 1B);

3) 3MilleHHsI 1LeHTpy (GopMM BibHOI MOBEPXHi PiAMHMU 3 TOUKMU
pO3TalllyBaHHS LEHTPY MTONEePEYHOro nepepisy €MHOCTI, ITePIIeHAUKYISIPHOTO
TOB3/J0BXHil 0Ci €eMHOCTI (puc. 1r);

4) HeMOXIMBICTb B  3araJIbHOMy BUIIaAKy 0Oe3IocepemHbo
BMKOPUCTOBYBATU [aHi rpafyOBaHHS €MHOCTi, OTpMMaHi B CTal[ilOHAPHUX
yMOBAax, JjIsl TiepepaxyHKy B 00'eM pilMHM JAHUX PO BUCOTY PiBHS PiMHM,
110 OTPMMaHi B YMOBaxX PyXy €MHOCTI.

Yepe3 3a3HaueHi BUIlle YMHHMUKM TOUHICTb BMMipIOBaHHS KIJIBKOCTI pi-
OVIHU M 4aC pyXy BUSIBJISIETBCSI CYTTEBO HIMKYOIO HiK MIPU MPOBENEHHI BUMI-
PIOBaHHS B CTalliOHAPHUX €MHOCTSX. 3a3HaUeHa TexHiyHa mpobsaema 6e3rio-
cepelHbO BIUIMBAE HA €KOHOMIiUHi MTOKAa3HMKM Ta piBeHb Oe3IeKy Mpu TpaHC-
nopTyBaHHi. Hampukiaj, HeBM3HAUEHICTh 3 TOYHOIO KiJIbKOCTi MajauBa Ha 60-
PTy JiTaka BMMarae 36iJbllIlyBaTy pe3epBHMUII 3allac MajauBa, 3 iHIIOTO OOKY
3MEHIITY€ KOJIO TOCTYIIHMUX aepOAPOMIB [IJISI MOXK/IMBOI aBapiiiHO1 MOCAIKN.
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MerTa gocaiaKeHHs

MeTo10 IOC/TiIKeHHSI, pe3yabTaTy SIKOTO IpeicTaB/ieHi B JaHili CTaTTi,
€ aHaJi3 cTaHy MpobjaeMy BUMipIOBaHHS KiJIbKOCTi PiIMHY B PyXOMUX €MHOC-
TSIX Ta BUSIBJIEHHS METO/IiB MOXK/IMBOI'O BUPillIeHHSI 1i€i TpobjieMu.

BukiageHHSI OCHOBHOTO MaTepialy JOC/Tig)KeHHS:
aHaJIi3 OCTAaHHIX JOCTiIKeHb i MyoJriKaIin

s MOCSITHEHHSI MeTYU JOC/iIKeHHS 0y/1I0 BUKOHAHO OIJISIZ, iCHYIOUMX
MeTOMiB BMMIipPIOBAHHSI KiJIbKOCTI PiiMHM B MOPCbKOMY, aBialliiHOMy Ta
aBTOMOOI/IbHOMY TpPaHCIOPTi, a TaKOX 3acobiB Ta cmocobiB, SKi
3aCTOCOBYIOTBHCS [IJI1 3MEHIIIeHHS BIUIMBY PyXy IMOBEPXHi pigkol peuoBMHM Ha
pe3yJbTaTU BUMIipIOBAaHb.

Mopcbka TexHika. IIpeacraBieHa B TeXHiuHili JiTepaTypi
iHpopmaliis Tpo 3acobu BUMipIOBaHHS PiBHS PilMHMU HA MOPChKUX CyIHax [2]
B y3araJbHeHOMY BI/Ii MOXe OyTU MpefCTaBIeHa B TaKuUii CIocio:

a) JlaTuMkmu piBHS, 3aCTOCOBYBaHi B MOPCBKiil TeXHilli SIBJISIIOTh
06010 3BMYAiiHi, 663 KOHCTPYKTUMBHUX OCOOJMBOCTEN, MHATUMKM, i BOHU He
OCHAIIYIOThCSI 3acobamy gemmdipyBaHHS KOJIMBAHb IIOBEpPXHi piauHM; B
YMOBAX XMTaBUIIi ITOKAa3aHHS IIPUJIAIiB ITOBMHHI OYTU ycepeaHeHi Bi3yalbHO;
peasi3oBaHa B  eKCIUTyaTallii TMOXuOKa  BMMIipIOBaHHS  BBaXXa€ThCS
MIPUITHATHOIO, a 11 BeJIMUMHA He peryiaMeHTYEThCS HOPMaMM.

6) TouHi BMMipIOBaHHSI piBHSI TMPOBOASTHCS Ha TUXiii Bomi, Oe3
XUTaBUIIi 32 JOITOMOTOIO TTOKaKUMKiB PiBHS: QYTIHITOKIB i MipHUX PYJIETOK.

B) Y MOpCBHKili TexHiIlli He 3aCTOCOBYIOTbCS 3ac00M aBTOMATUYHOI
KOMITeHcAllii MOXMOKM BMMIipIOBAaHHS PiBHS, 1[0 BMHMKAE BHAC/IIOK HAXUITY
cynHa. IIpu mpoBemeHHI TOYHMX BMMipIOBaHb Ha TUXiii BOMAi OOJiK KpeHY i
nudepeHTy CyJHa MTPOBOAUTBLCS PO3PAXyHKOBUM ILIJISIXOM.

r) [Ipu 6yHKepyBaHHi (3allpaBjieHHSI Cy[leH MaJXMBOM) TOBOJIi YacTO
BUKOPUCTOBYIOTb BUTpATOMipu. Ajie uepe3 rpobiemu 3 GakKTUUHOIO TOUHICTIO
BM3HAUYEHHS KiJIbKOCTi TMajuBa I yac OyHKepyBaHHSI MOPCbKi KOMMaHii
YyacTo 3as1B/ISIIOTH PO (piHaHCOBI 30UTKM [3].

Takum uymHOM, 3ac06M ¥ MeTOAM BUMIPIOBAHHSI PiBHS pPigKux
cepeloBuUIll, 3aCTOCOBYBaHi B MOPCHKili TeXHilli, He BUPIIIYIOTh IPO6GIEeMU

BM3HAUEHHS KiJIbKOCTI piAMHMU ITif 4yac pyxy.
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Asiamniiina TexHika. 3ajaya BM3HAUeHHS KiJTbKOCTi MmajmBa Ha 60pTy
MOBITPSIHOTO Cy[HA 3a YMOBaMM IIPOBeJleHHSI BUMipIOBaHb, 3HAUMMOCTI i1 He-
00XiTHOTO CTYIIeHS AOCTOBiPHOCTI OJlepXYyBaHMX pe3yJbTaTiB HaJEXKUTDb IO
ONHiel 3 HaMOiAbII CKIAAHUX Y KIaci 3a7ay BUMiplOBaHHSI piBHS, 00'eMy it
KiZIbKOCTI MaTepiany. Y3arajJbHIOWUYM MpeACTaBIeHy B TEXHiIUHil JiiTepaTypi
iHdbopMallito, TOXOAMMO BUCHOBKY, IO B I[IJIOMYy aBiallifiHa TeXHika Mae€ y
PO3IOPSIIKEHHI JIBA CIIOCOOM YCYHEHHSI BIUIMBY HAXWUIy ¥ IIPUCKOPEHHS
MOBITPSIHOTO CyAHA, a TaKOX KOJMBaHb IIOBEpPXHi piAMHM Ha Tpolec
BMMIipIOBAaHHS KiJIbKOCTi majuBa B 0Oakax. Ilepmmii — e BCTAHOBJIEHHS B
KOKHOMY HaJIMBHOMY 0aKky abo cekiiii 6aky MacBYy JATUMKIB PiBHS (He MEHII
TPHOX JATUMKIB Y MacuBi) i ycepelTHEHHS X MTOKa3aHb AJ1s1 OAePKaHHS OLIiHKMU
BUCOTU piBHA nanuBa [4]. Leit Meron nOpuBOOIUTL OO TOTO, 110 Bara
NOBITPSHOTO CyAHa 30inbiryeTbes. [pyruit cmoci6 - 1e BUKOPUCTAHHS
OIVHAMIYHMX METOJiB BUMIPIOBAHHS LIJISIXOM BUMIiPIOBAaHHSI BUTPATH IaJINBa,
0 BMOMpaAEThCcsl 3 6aKy JjiTaka, i 6e3mepepBHOrO iHTErpyBaHHS MOKa3aHb
BuTpatomipa [4]. O6mmBa 1Ii MeToAM He [HAKOThb BUCOKOiI TOYHOCTI
BUMipoBaHHA. J[loCcspkHAa BeJMUMHA BiZHOCHOI MOXMOKM BUMIipIOBaHHS
MajuBa, SIK JJIs1 OJHOrO, TaK i OJjIs1 iHIIOro MEeTOIy He MOKe OyTM Kpaliolo,
HiX 1%. B okpeMux BuUItagKax, KOJM HEMOKJIMBO BCTAHOBUTY MacUB TaTUMKIB
BCepenMHi MaJuMBHOIO 0OaKa ¥ BMKOPUCTOBYETHCS JMIlIe OAMH, abo Ba
naTuyuka, sIK TO y 0O0JioBiii aBiallii, Tomi iHCTPYKIIii IiJioTaM BKasylOTb, IO
BM3HAUEHHS KiJIbKOCTi IMajauBa Ma€ IIPOBOAUTUCH II0 OOPTOBMM MpuIagaM
Julle Ha TOPU3OHTAJIbHUX [OUITHKAaX II0JbOTY. TakumM YMHOM 4Yepes
Mpo6IeMM 3 BUMiPIOBAaHHSM KiJIbKOCTI ITa/iMBa OOMEXYIOThCSI eKCILTyaTalliifHi
TTOKa3HMKM aBialliffHOI TeXHiIKM Ta 3HMKYIOTHCS TOKA3HUKY Oe3I1eKN.

PakeTHa TexHika. [IJI1 KepyBaHHS paKeTOIO ITiJ yac IT0JbOTY HeoO-
XiTHO MaTu AaHi PO KiJIbKiCTh MaaMBa, OIS YOro HeOOXiJHO IIPOBOIUTH Bil-
TOBiAHI BUMipIOBaHHS BUCOTU PiBHS IOBEPXHI PiAKOrO IMaanBa B 11 MaJIMBHUX
6akax. 3 METOI BUK/IIOUEHHS BIUIMBY OOKOBMUX IIPUCKOPEHb Ta HAXMIY PaKeTu
Iif, yac i1 pyxy Ha pe3yJibTaT BUMIipPIOBAaHHS JATUYMKi PiBHS PO3MIILYIOTh Ha
TIOB3JIOBXKHili Oci 6aKkiB, IKi € ocecMMeTpUYHMMM. B TuxX BuUITagKax, KOau Iie
HEMOK/IMBO 3pOOUTH (HAIIPUKIaI, 6aK Ma€ TOpoigaabHy (GOpMY), BUKOPUCTO-
BYIOTh [IBA NATYMKM, TIOKA3aHHS SIKMX yCepeoHIITh. Lle Toi camuii meTon,
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III0 BMKOPMCTOBYETHCS aBiallii. 3BMUYaiiHO, B LIbOMY BUIIQJKy Maca 3aco0iB
BMMipIOBAaHHS PiBHS pigMHM 30i/IbIIYETHCS BABiUi, 110 € BKpail He6askaHMUM B
pakeToOymyBaHHi, le Maja Bara KOHCTPYKIIii € Ayske BasKIMBUM MOKA3HUKOM.
11 3aXUCTy AaTuMKa BiJl BiIbHUX KOJMBaHb MOBEPXHI PiIMHU OAaTUMK PO3-
MIIIYIOTh BCEpeayHi CcreliaJbHOl KOHCTPYKILii — riipaBiyHOro0 3aClOKOKBa-
ya, HasIBHICTb SIKOTO TaKOX 301/IbIIIye Bary KOHCTPYKIIii [5].

BumiproBaHHS KiJIbKOCTi majiMBa B 6aKax pakeT IMPOBOAUTHCS IIie ¥ i
yac 3alpaB/IeHHs, IIPOTe 3ampaBjeHHs 0akiB 3aBXAM, 3a OJHUM OKpPEeMUM
BMHSITKOM, BMKOHYETbCS B CTalliOHAPDHMX YMOBaX, TOMY [OAaTYMKU PiBHS
3aIIpaBJIeHHSI MOKYTb OYTM pO3TalloBaHi Ha Oyab sIKiii BimcTaHi Bijg oci 6aka.
OxkpeMuM 3TaflaHMM BUHSITKOM € 3allpaBJIeHHS paKeTu-HOCIS "3eHIT" y CKIaai
KOCMiUHOTO paKeTHOTO KOMILJIEKCY MOPChKOTO 6a3yBaHHS "MopcbKuit crapt'.
Po3rainryBaHHS JAaTUMKiB Ha 3HAUHil BifcTaHi Bif oci 6aka, a TaKOX HaKJIOHU
pakeTy MiJ 4ac 3arpaBjeHHS BHAC/IILOK HEperyaspHOlI XUTaBUIll CTapTOBOI
iaTgopmu, Ha SIKiii BCTaHOBJIEHA paKeTa, IPUBOASATH 10 IOSBY 3HAUYHOI
MOXMOKM BMMIipIOBaHHSI NP BM3HAYEHi KiJIbKOCTI manuBa. B pobori [6]
MpeNCTaBjeHi pesyabTaTU [OOCHIIKEHHS 3aJadi 3MeHIIeHHS II0XMOKU
BUMIipIOBAaHHSI PiBHS pPiAMHM, IO IIPOBOAUTHCS B MOMIOHMX YMOBaxX, Ta
3aMIPOIIOHOBAHO ii pillleHHS LIJITXOM 3aCTOCYBaHHS 00UMCIIOBAIbHMX METO/IiB
00po6kyu iHdopmaliii. Ha OoCHOBiI 3ampoOIIOHOBAHOIO PillleHHS PO3p06JIeHO
BiATIOBigHY iHpOpMalifiHO-BMMipIOBAJIbHY T€XHOJIOTIIO.

Kocmiuni armapaTru. KocMiuHi anmapaTy 3HaX0oAsIThbCS HA OpOiTi B yMOBax
HEeBaromMocTi, abo 3a HAsIBHOCTi JOCUTb MaJIOTO MPMCKOpeHHs. Pigmua, 110
3HAXOIUThCSI B 0Oakax B LMX YMOBax, 3aliMae HeBM3HAUYEHE IIOJIOKEHHS],
00yMOBJIEHe IIepll 3a BCe KaIMJISPHMMM CWJIaMM, PO3IAJAETHCS HA OKpeMi
obmacTi — Kparuii BeJIMKOro Po3Mipy. BumipioBaHHS piBHS pigyHM B IIMX YMOBaAX
BTpaya€ CEeHC, a BM3HAUEHHS KiJbKOCTI MajMBa IIEPETBOPIOETbCS Ha
Ha3BMYAHO CKIaAHY 3amauy. Llg 3aaua € 4OCUTb aKTyaIbHOI0, JOCTIIKYEThCS
Ti. ABTOMOOI/IBHMUIT TPAaHCIOPT. YMOBM, B SIKMX MPOBOAUTHCS BMU3HA-
YeHHS KiJIbKOCTi majMBa B 0aKy aBTOMOOiISI, € JOCTaTHbO CKIATAHMMMU. TyT
MIPUCYTHI BCi YOTUPU UMHHMKMU, 10 3HVOKYIOTh TOUYHICTb BUMIPIOBAaHHS, SIKi
Oynu 3asHaveHi Buile. Lle 06yMOBIE€HO B IepIly Yepry CKIagHOI (HOpMOI0
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6aka, sSIKa JacTillle 3a BCe He € OCeCMMEeTPUUHOIO; caM 0aK € OiJIbII IIJIOCKUIA
HiDXX BUIOBXEeHUI, a JaTUMK PiBHS He 3aBXAM MO’KHA IIOCTAaBUTU Y CaMMit
IeHTp 6aKa; ITiJ Yac pyxy iCHYIOTb IIPUCKOPEHHS, 1110 MOXYTh OyTb HarpaBJie-
Hi B3[IOBX yCiX TPbOX OCeJi, BeJIMUMHA LIMX IIPUCKOpeHb 3HauHa. He3Baskaroun
Ha I[I0 CKJIAJHICTh METOAM Ta 3aC00M BMMIipIOBAHHSI PiBHSI ITajXBa B aBTOMO-
011X TIPaKTUYHO He 3MiHIOIOTHCSI Ha IPOTSI3i BjKe MEeKiTbKOX IeCSTUIITh I10-
IIpY aKTUMBHMII IIporpec y moOyaoBi ycix iHIIMX aBTOMOOITBHUX cuCTeM. SK
pe3yJibTaT, TOUYHICTh BMMIipIOBAaHHS IIiJ 4acC PyXy 3aJUIIAE€ThCSI HMU3bKOK: B
aBTOMOOIISIX BifICyTHi LIMQPOBiI MOKAXKUYMKM KiJIbKOCTi MajvBa, 3aMiCTh HUX
BUKOPUCTOBYIOTh TPaAMIIiliHi CTPiJIOUHI iHAMKATOPU piBHS IajauBa, Iporpa-
nyioBaHi B moJissx 06'emy 6aka. Ilo6 oTpuMaTy AOCTOBipHi AaHi, HEOOXiTHO
3YIMMHUTY aBTOMOOIJIb HA TOPU3OHTAIbHIM [iJISTHIII JOPOTH, IATH Yac Ha 3a-
CIIOKOEHHS BUIbHMX KOJIMBAHb IOBEPXHI PIAVHM, MiCJIS YOTO MTPOBECTU BiJJIiK.
ITig yac pyxy BOZiil Ma€ CaMOCTIIHO yCepeqHIOBAaTU 110 Yacy IOKa3aHHS iH-
IMKATOpa, Ta iHTYiTMBHO BPaXOBYBATM HAXMJI TPAHCIIOPTHOrO 3acoby. Takuii
CITOCi6 OTpMMaHHS JAHMX BiIBOJIiKa€ BOJisl Ta 3HMKYE Oe3neky pyxy. Hapasi
omy0/1iKOBaHO OKpeMi poO0TH, B SIKMX POOUTHCS CIIpoOa 3MiHUTM 3a3HAUEHY
CUTYallil0 B aBTOMOOiJIbHOMY TPaHCIIOPTi, Ta MOBiTOMJ/ISIETbCS PO MPOBEAEH-
HSI TOCJIiI)KeHb 3 MeTOI0 PO3POOKM aJITOPUTMIB 0OPOOKM BMMipIOBaIbHOI iH-
dbopmaiiii. 30Kkpema, HaJaIOTHCS BiIOMOCTi PO IIPOBEAEHHS 3IJIaIKyBaHHS
IaHMX IIPO PiBeHb IajaMBa 3a JOIIOMOro HubpoBux QiabTpis.
BucHoBKU

IcHye mpob6iema BU3HAUAaHHS KiJIbKOCTi piguHM BcepemuHi pyxomoi
€MHOCTI, SIKa MOJISATa€ B TOMY, 1110 TOUHICTh BU3HAYEHHS KiJIbKOCTI PiAVHMA TTi[,
yac pyXy €MHOCTI BUMSBISETbCS CYTTEBO HIMKYOK 3a TOYHICTb, SKa
peasi3yeThbCs B CTAl[iOHAPHUX YMOBAX.

HaBegeHi pesynbTaTu aHali3y CTaHy BUPIIIEHHS 3a3HayeHol
Mpo6sieMy TTOKa3yIOTh HACTYITHE:

1) [Ipob6ema BM3HAUYAHHS KiJIbKOCTI PilMHY BCepeayHi pyXOMOi €MHO-
CTi B LIJIOMYy 3aJMIIA€THhCS HEBUPIIIEHOI. 3arajbHe pillleHHS, 10 J03BOJISIE
3MEHIIUTU MOXMOKY BMMipIOBAHHSI 0 3HAUYe€Hb, SIKi BiAIIOBiZalOTh BUMIipIO-
BaHHSIM B CTallilOHAPHMUX €MHOCTSIX, B HAYKOBili Ta TeXHiUHil JiTepaTypi Ha-

pasi He IpeiCTaBJ/IEHE.
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2) IHCcTpyMeHTaJIbHMMM 3acobaMyu IpobjaemMa BU3HAUEHHS KiJIbKOCTi
PiIVHM B PYXOMMX €MHOCTSIX MOXXe OyTM BUpillleHa JIMIlle YaCTKOBO: 3a paxy-
HOK BMKOPMUCTAHHSI MacCUBY [aTuMKiB; 3a PaxyHOK BUKOPUCTAHHS
rigpaBiiuHMX 3aCIIOKOIOBAYiB; 3@ PaXyHOK PO3TalllyBaHHS AATUMKIB PiBHS 110
OCi €MHOCTI B €MHOCTSIX OCECUMMETPUYHOI dopmu. Ilpu 1bOMY
KOMITEHCYEThCS Iisl TiTbKM OKpeMUX (haKTOPiB.

4) HagBHicTh 3a3HaueHOi IpobaeMM, HEMOXIMUBICTb ii MOBHOTO
BUpillleHHS, ab0 YyCKJIagHEeHHSI KOHCTPYKIii BUMiploBa4iB 3 METOIO
3MEHIIEeHHS  IMOXMOKM BM3HAUYEHHS KiJbKOCTi pigVMHM HOPU3BOIUTH 0
SHIDKEHHSI TeXHiYHMX IIOKa3HMKIB (30iJbIIeHHSI Macu KOHCTPYKIIii), 0
BBeMIEHHSI  eKCIUTyaTalliifHuX  oOMekeHb  (MOXJIMBICTH  IPOBEIEHHS
BMMIPIOBAHHS TiJIbKM B OKpPEMMX YMOBaxX — Ha TOPU3OHTAJbHUX OiSTHKAX
TOJIbOTY, 200 Ha TUXilt BOi), 1O MOAATKOBUX (PiHaHCOBUX BUTpAT (MOTpeba B
pesepBHill KiJbKiCTi IanuBa), OO0 3HMKEHHS 0e3IeKOBMX IOKa3HMUKIB. B
OKpeMMX TaJIy3sIX, 30KpeMa B aBTOMOOIJbHOMY TPaHCIIOPTi, LisT Ipobjema
Hapa3i He BUPINIYETbCSI, B pe3yJbTaTi 4YOTO AaHi MPO KuJIbKICTh IaauBa
HaIa 0TS [RAyH CTYBEayb 3 8 SKRQIOOE0 URIMIKLe HHST  TTPO6IeMy  BU3HAYaHHS
KiJIbKOCTi piAMHM BCepedMuHi PyXOMOlI €MHOCTi. B HayKoOBili Ta TeXHiuHii
JiTepaTypi iCHYHOTH TPUKIAAM BUPILIEHHS OKpeMMX 3ajay, IOB'SA3aHUX 3
IaHOoI0 Ipo6ieMoI0. 3allpONOHOBAHI pillleHHsI 3aCHOBAaHI Ha BMKOPUCTAHHI
00UMCTIOBAIBHMX METO[iB 06p00KM BUMipoOBaibHOI iHQopMailii. Po3BUTOK
IIMX MeTOHiB, CTBOPEHHS BiAMOBiAHMUX iH(OpPMAaIlifiHO-BUMipIOBaJIbHUX
TEeXHOJIOTi} CJIii BM3HATY HAalOiabII MMEPCIIeKTUMBHUM HaIpSIMOM IIOIIYKY i
MoOyIoBM pillleHHs Ipo6jeMy BU3HAUYAHHS KiJbKOCTI piguHM BcepeauHi
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E.JI. Tokapesa, H.C. [Ipsigko, E.B. TepHoBas
AJITOPUTM ®YHKIIMOHUPOBAHUA KOMBUHUPOBAHHOM
CUCTEMDBDI VIIPABJIEHUS BEKTOPOM TST'U
PAKETHOT'O IBUTATEJA

AHHomauyus. PaspabomaHn anzopumm YHKYUOHUPOBAHUS KOMOUHUPOBAHHOL
(MexaHu4ecKol u 2a300uHamuyecKoll) cucmemsl ynpasieHUs BeKMOpOM mazu
pakemHozo dsueamens. [IpoaHanu3upoBaHsl BOIMOXHbIE MemoObl onpedeseHus
CywecmsosaHus  mpeHoa B8X00HO20 cueHana. MccnedosaHa — munuyHas
3a8UCUMOCMb BbIXOOHbIX ynpasaswouux so3delicmsuli 0na pynesoeo P om
BXOOHbIX CU2HA/I0B HA PA3/UYHBIX BPEMEHHbIX UHMepsanax e2o0 pabomei.
lpedcmasneHHbIli anzopumm npedycmampusaem o6pabomky 8X00H020 CU2HANA
CYBT ¢ sbideneHuem OemepMUHUPOBAHHOU cocmasaaowel (mpeHda) u
BbICOKOYACMOMHbIX  OCYUNNAYUL CueHana, a makxe ydem 8uda mpeHOa
(UKCUPOBAHHBIX  BO3MYUWeHUU  y2na OMKAOHeHUs Bekmopa msazu  P/.
Pa3pabomatHbill anzopumm no3gosisem onmMuMasbHbIM 06pa3om pazoensms
¢yHKyuu noocucmem (MCYBT u 'CYBT) KomMbUHUPOBAHHOU cucmeMbl ynpassieHus,
noBsbICUMb Ka4ecmso U HAOeXHOCMb cuCmeMbl YNpasaeHus noaemom cmyneHu
HarereBbie cnosa: pakemHsit O0sueamens, BeKMOp msel, KOMOUHUPOBAHHASA
(6ughyHKUUOHANIbHASA) cUCMeMa yNpasieHUs, mpeHo.

BBemenue. HoBast KOHIIEMIMSI KOMOMHMPOBAHHOM CHUCTEMBbI yITpaBiie-
HMS pakeTHbIM ABuraresneM (P/I) 3akimouyaeTcs B COYeTaHUU PA3INYHBIX CUC-
TeMm yrpasieHus (MexaHudeckon (MCYBT) u razoguHamuueckon (I'CYBT)) B
pamkax ofmHo 6udyHKIMoHanMbHOV (BCYBT) cucTeMbl yIipaBieHsI BEKTOPOM
Tssru (CYBT), BeInoHSOMIEM QYHKIMM YIIpaBAeHUS U cTabuIn3anum mnoJeTa
cryrnienn paketbl. BCYBT mo3BosisieT peasin3oBaTh HOBbIE MTOAXOAbI (JEKOMIIO-
3ULIMI0 3aJauy YIIpaBJeHUsI TTOJIeTOM CTyHeHM) K QYHKIMOHUPOBAHUIO CUC-
TeMbl YIIPaBJIEHMSI BEKTOPOM TATU pakeTHOro asuraress [1]. OgHako B CBSI3U
C COYeTaHMeM [BYX OLCUCTEM B CUCTEMe YIIPaBJIeHMS C Pa3IMYHbBIMU KOHCT-
PYKTMBHBIMM U OMHAMUUECKMMM XapaKTePUCTUKAMM TOSIBJSETCS MpobieMa
CoTJIacoBaHMS UX QYHKIMOHMPOBAHMS. B 4aCTHOCTM, BO3HMKAIOT 3aJauy pa-
IIMOHAJIBHOTO pacrpeneneHuss QyHKLUMII MeXAy IOACUCTeMaMM B COCTaBe
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CUCTEeMbI YIIpaBjeHMS OJIETOM CTYIIeHU PaKeThbl B YCIOBUSX IITATHBIX U He-
IITATHBIX CUTYaALMIA.

ITocTaHOBKa mpooeMbl. [Ij1s1 TPOrpaMMHOI0 yIIpaBJIeHMs I10JIETOM
CTYIIeHM paKeThl HEOOXOAMMBI, KaK MPaBUI0, 3HAUUTEeIbHbIE YIIpaBJSIOIIye
yeunus. Ilpu crabunnsanuyuu moJseTta, Kak IpaBuio, HEOOXOAMMO MMapUpPOBaTh
BO3MYVIIIEHUSI BbICOKOJ YaCTOThI ¥ MayIOif aMIUIUTYIbI, TO €CTh HEOOXOIMMO
obecIieunTh BbICOKOE OBICTPOAEIICTBME CUCTEMBI YIIPABI€HMSI BEKTOPOM TSITU.
B s3rom ciayyae Majiag aMIUIMTyAa  OCLHWUISALUMIA  (OTHOCUTEJbHO
IIPOrPaMMHOTI0 YIIPABJISIONIET0 YCUINsS) He TpebyeT GOIbIINX YITPaBIISIOMNX
YCUIMIA Ha UX TTapMpOBaHMe, a 3HAYMT OOJIbIINX ITOTEPD YAEIbHOIO MMITY/IbCa
IBUTATENS Ha rnapupoBaHue BBICOKOYACTOTHOM COCTaBJISIION e
BO3MYIIAIIMX BO3OENCTBUI HA CTyIleHb pakeTbl. Brllllen3aoxkeHHOoe
IIOKa3bIBA€T HEOOXOOMMOCTh pa3pabOTKM  ONTUMAJbHOTO  aJTOPUTMA
onHoBpeMmeHHOro dyHkuyonupoBauus MCYBT u I'CYBT B cocraBe BCYBT.
Takoit aqroputm IpemycMaTpuBaeT 06pabOTKy KOMAaHIHOIO (YIIPaBJISIIOIIETO)
curHasla CYBT ¢ 1enbio Bbifie/IeHUST OeTepMUHUPOBAHHOM (CTaTUUYECKON)
COCTaBJISIIOIIEN — TpeHZa M BbICOKOYACTOTHBIX OCUMJIISLVI (OTKJIOHEHUS OT
TpeHnaABaIM3 mociegHUX MCCIeIOBaHMi U IyoauKanmii. [l aBToma-
TUUYECKOT'0 YIIpaBJieHUsI BeKTOPOM TATU PJI MCIIO0/Ib3YIOTCS M3MepeHHbIe 1aT-
YMKAMU OTKJIOHEHMS I10 YIJIy ¢ B OIpefeseHHON IMJI0CKOCTU, HAllpumep, B
IVIOCKOCTM TaHTaXka, KOTOpPble XapaKTepU3YIOT HapylIeHUs B HaIllpaBJIeHUU
IBVOKEHMS YCTAHOBKU. DTU JaHHbIe TeJieMeTpuuecKoit mHGopmaluu sIBSIOT-
cs1 BXomHbIMM OaHHbIMM CYBT. BbrumciuTenbHble YCTPOJCTBA LMQPPOBBIX
KOHTPOJIJIEPOB, peaausyllye aJroOpuTM pacripeneieHus ypaBiasomnx yCu-
muin mexny coctasasomumu bCYBT Ha ocHOBe aHaiM3a BXOGHOI'O CUTHAJIA,
SIBJISIIOTCS AUCKPETHBIMM CUCTEMaMU, ONEePUPYIOIMUMU C AUCKPETHBIMU CUT-
Ha/laMU, T.e. CUTHAJIaMM, TIPMHUMAIOIIMMU OIpele/ieHHble 3HaUeHMUS TOJIbKO
B JMICKpPeTHbIe PAaBHOOTCTOSIIE MOMEHTHI BpeMeHM yepe3 MHTepBaJl IIOBTO-
penus. IlosTomy Impu paspaboTke aaroputma KoMmOmHMpoBaHHOV CYBT
yI0OHO MPUMEHUTDH IPUHITOE B TEXHUKE YIIPABAEHUSI TEXHOJOIMUECKUMMU
IpolieccaMy KBaHTOBaHMEe BpPeMeHHbIX (YHKIIMIA, T.e. IIpeobpa3oBaHue He-
MIpepbIBHBIX (PYHKIIMIT BXOTHOIO CUTHaMAa X (¢) ¥ YIIPaBJSIIOIIEro BO30eiiCTBUS

Y(f) B COOTBETCTBYIOLIME AUCKPeTHbIE X[nT]| U Y[nT], rme T — uHTepBas KBaH-
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TOBAaHMS, C IIOMOILbI0 MMITYJIbCHOTO 371eMeHTa. IMCKpeTHble CUTHAJbI Ipe -
CTaBJISIIOT COOO0¥ TOC/IeOBATEIbHOCTM pacHpeeNeHHbIX 10 BpeMeHU YMCe,
I03TOMY IIPU UCC/IeTOBAaHUM IIPUMEHSIeTCS MaTeMaTUueCKuii arraparT aHaan-
3a BpeMeHHbIX psAmoB. TakuM 06pa3oM, BXOIHbIE CUTHAJIbI MTPENCTaBISIIOT CO-
60i1 MOC/IeIOBATEeNIbHOCTb CAYYaifHbIX BEJIMYMH — OJHOMEPHBIN CIyUYaitHbIA
curHan X(1), X(2), X(3), ..., X(n) viiv mocien0oBaTe/IbHOCTD CTyYaliHbIX BEKTOPOB
[X(D)], [X(2)],---, [X(n)] — MHOroMepHbI1 OUCKPETHbIN CAy4YaiiHbINA CUTHAI.
CBOIICTBA OUCKPETHBIX CUTHAJIOB M MX MCIOJAb30BaHME [Jji pelleHus 3a1auy
TIPOTHO3MPOBAHMS U YIIPABIEHNSI pACCMOTPEHbBI B paboTe [3].

Ha mepBoM 3Tame aHaaM3a BXOASIIMX CUTHAJIOB HEOOXOOMMO pasjie-
JINTb CUTHAJIBI [JISI CO3OAHUS YIIPABISIONMUX YCUJIMI pPasHbIMM CUCTEMaMU
yrnpasyieHus KomouHupoBaHHoii CYBT. B pabore [2] mokasaHo, 4TO GbICTpPO-
neiictsue MCYBT umMmeeT onTUMyM, T.K. C ITOBBbIIIIEHMEM €€ OBbICTPOAEIICTBUS
BO3pacTaeT YyBCTBUTEJIbHOCTb K BbBICOKOYACTOTHBIM CJAy4YaiiHBIM BO3MYIIe-
HUSIM U, CJIeIOBATe/NIbHO, YBEeIMUMBAIOTCS C/TydaiiHble omnbku. Kpome Toro,
TIOBbINIIEHNE OBICTPOIEICTBYUS CUCTEMBI MMPUBOIUT K CYIIECTBEHHOMY YCIOX-
HEHUIO ee 3JIeMEHTOB M, B YaCTHOCTY, K IOBBILIEHUIO MOIIHOCTM, & TaKXKe
Macchl ¥ TabapuTOB PY/JIeBOro MpMBOJAA KayaHUsl OBUratens: (Kamepbl). Bask-
HbIM NpeumyiectBoM BCYBT gBisieTcsa 3HauMTe/JIbHO MeHbIIAsd MHEPIMOH-
HOCTb ogHOro KoHTypa (I'CYBT) mo cpaBHenuto ¢ apyrum (MCVYBT). Takum
06pa3oM, repexoHble MPoIecChl B MaJIOMHEPIIMOHHOM KOoHType CV IpakTu-
YeCKM 3aTyxalT [0 TOro, KaK OHY BO3SHMKHYT B MHEPLMOHHOM KOHType. Ta-
KuM obpasom, 'CYBT obecrieunBaer j00ble 3aJaHHbIe TPeOOBAHMS IO OBICT-
pozervictBuio, a MCYBT — makcuMabHble YIIPAaBAAIOLIME YCUIUSA TIPU MUHU-
MaJIbHOM MOILIHOCTYU INPUBOLOB M MaKCMMAaJbHOM IMPOCTOTE 37IeMEHTOB CUC-
TeMbl YIIPaBJI€HUSI BEKTOPOM TATU B L€JIOM.

Ilenp pabGoThl — MCCIefOBaHME XapaKTePUCTUK BXOOHBIX CUTHAJIOB
CUCTEMBI yIIpaBJIe€HUSI BEKTOPOM TATU PYJIE€BBIX ABUTraTeseil MIPUMEHUTENIbHO K
KOMOMHMPOBAHHOI cucTeMe yipaBieHus Pl ¥ mocTpoeHue ONTUMaJIbHOTO aji-
roputma ee QyHKIMOHMPOBAHMS.

CornacHo [1], u3 obiero pacripeneneHns BXOJHOTO CUTHaJIa (yIjia ¢
IIOBOPOTa Kamepbl) CjiefyeT BbIAEJIUTh HU3KOUACTOTHbIE CUTHAIbI OOJbILIOIA

AMIIINTYAbI, OJI1 KOTOPBIX MOXXHO OIIpede/INTb Cpe,ZLHeCTaTI/ICTI/I‘IeCKI/Iﬁ TpeH[,
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(OCHOBHYIO TEHJIEHIIMIO M3MEHEHUS 3HAaUEHUI CUTHAJIa), M BBICOKOYACTOTHbIE
OCLIMJIISILIAM MaJIOM aMILIMTYAbl (OTKJIOHEHUS OT TPeHa). DTU pa3Hble 110 Xa-
pakTepy BO3MYIEeHUS (CUTHAJIbI) MpenJjiaraeTcs MOLAB/STh YIPABIASIOIUMU
yeunusimu pasHbix CYBT: HM3KOUacTOTHbIE (OTKJIOHEHMSI yIjaa o0 5 rpam)
MCYVYBT, BbicokouacToTHble ocumuisasuun — 'CYBT. Ha puc. 1 nipencraBiieHbl
pe3ynbTaThl dypbe-aHanm3a OTKIOHeHM yriia ¢ Ha 0 — 15,
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PycyHOK 1 — AMIZIMTYZHO-4aCTOTHBIE XapaKTEPUCTUKU OTKIIOHEHU I
yrjia BekTopa taru PJI

OcHOBHas 4acTh. B 1aHHOII paboTe OCHOBHOE BHMUMaHMe OyHeT yue-
JIEHO aHaJIM3y HMU3KOYACTOTHBIX CUTHA/IIOB. Ha puc. 2 mokasaHbl JaHHbIE Te-
JeMeTpuuecKkoii MHGoOpMalUuyU MO YIJIy OTKIOHEHMSI B IUIOCKOCTM TaHTaxka
nepBoii Kamepsl cropanus Y 111520 (nBuraTens 1-i cTymeHM pakeThbl «3e-
HUT-2S») [2]. PaccMoTpuM xapaKTepHble BpeMeHHble MHTepBajibl 1-4 pnis
naHHo¥ 3anucy maHHbIx: (0 c; 4 ¢), (4c;6,5¢),(6,5¢c;12¢c)u (12 c; 16 ¢).
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3amycaHHble JATYMKAMM OTKJIOHEHMS I10 YIVIY BEKTOpa TSITU B HEKO-
TOPOJ 06/IaCTU IPEeICTaB/ISIIOT CO00J BpeMeHHON psj. AHalu3 BpeMeHHBIX

p4aAaooB IIpedriojaraeT, 4To gaHHbIe COOdep KaT CUCTEMATUUYECKYIO COCTaBJISAIO-
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Iy10 (0OBIYHO BKI/IIOUAIONIYI0O HECKOJIbKO KOMIIOHEHT) M CIydaiiHblii LIyM
(omMOKY), KOTOPBIN 3aTPyAHSIET OOHAPYKeHME PEryJSIPHbIX KOMIIOHEHT. JIu-
HaMMWYeCKUI psli TeopeTUUecKu MOKET ObIThb IpeicTaB/ieH B BUIE COCTaB-
JSOMUX [3]: TpeHn — OCHOBHAs TeHAEHLMS Pa3sBUTUSA SUHAMUYECKOTO psAna
(K yBeJIMUEeHUIO JIMOO CHMUKEHUIO ero ypoBHEN); LUKIMUecKue (repuopmue-
CKue) KojebaHust; caydaiiHble KojeOaHmsl.

V3ydeHne TpeHIa BKJIKOUYAET Ba OCHOBHBIX 3Tala: AMHAMMWYECKUIT
psiZi TIpOBepsieTCsl Ha HaJluuue TPeHa; MPOU3BOAUTCS BbIpaBHMBAHUE Bpe-
MEHHOTO psiila U HeIoCpeACTBEHHOE BblJeJIeHMe TPEeHa C SKCTPaIoJIsiyent
[OJTYYEHHBIX Pe3yJIbTaTOB.

[IpoBepKka Ha Ha/JuuMe TPeHAA B AMHAMMUYECKOM pSIIY MOXET ObITh
OCYIIEeCTBJIeHA 10 HECKOJIbKUM KPUTEPUSIM.

B MeTome cpedHux u3ydaeMmblii psii OMHAMMKM pa30MBaeTcs Ha He-
CKOJIBKO MHTepPBaJIOB (0OBIYHO Ha MIBA), AJIs1 KaXKAOIO M3 KOTOPBIX OIpemesisi-
eTCsl CpeIHss BeJIMuMHa. BelaBUraeTcs: ruriores3a O CyleCTBEHHOM pPasinuynmn
cpenHux. Ec/iv 3Ta rumnoTesa NpuHUMAETCs, TO IIPU3HAETCS HaJIMuue TpeHaa.

CyTb ¢paszouacmomHozo KpuTepysi 3HAKOB I1epPBOI pa3HOCTH 3aK/II0ya-
eTCs B CIeAyIoleM: HaJlnuue TPpeHia B IMHAMUUYECKOM POy YTBEPKIAEeTCs B
TOM CJIy4yae, ecjiu 3TOT psif, He COAEPsKUT, TMOO0 COMepPsKUT B IpUeMIeEMOM KO-
nudecTBe das3bl - MU3MeHeHMe 3HaKa Pa3HOCTY IIepPBOro MopsiaKa.

[IpuMeHsieTcs KPUTepUit, IpyU KOTOPOM aHaIMU3UPyeMblit psin pa3ou-
BalOT Ha TPU paBHbIE 10 YMCY YPOBHEN IPYINILI (B TOM C/iyyae, ecjiv Koanuye-
CTBO YPOBHEJ psifa He NeIUTCS Ha TPU, HeJOCTalole YPOBHM HYKHO H00a-
BUTb) ¥ CPAaBHMBAIOT MeKIY cO00J YPOBHM IIEPBOI U ITOCAEIHEN I'PYIII (Kpu-
meputi Koxca u Cmwapma).

Tak Kak B HallleM CJiyyae MMeIuecsl JaHHble BXOIHOIO CUTHAJIa 110
VIJy OTKJIOHEHUSI BEeKTOpa TITM MOTYT MMETb pas3juuHble QYHKIMM paclipe-
neyieHus1, TO 1eJ1lecoo6pa3Ho MPUHMMATD pellleHre 0 HaauuuM TpeHaa Ha ocC-
HOBe MCITOJIb30BaHMSI CBOOOIHBIX OT paclipeleseHMil UAM HemapaMeTpuye-
CK/X MEeTOJI0B, B KOTOPBIX He [eaeTCs HUKAKUX MPenriooXeHUn OTHOCU-
TeJIbHO QYHKIIMM pacrpeeneHns: MOTyUeHHbIX JaHHBbIX. DT METO/bl TaKKe
UCIIO/Ib3YIOTCS, €C/IM NAHHBIX HACTOJbKO Maji0, YTO HEBO3MOXXHO KOPPEKTHO
IIPOBEPUTD IMIIOTE3Y O HAJIUUMM KOHKPETHOTO pacipenenenus. Haunbosee u3-
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BECTHBIMM He 3aBUCSIIMX OT (OpPMbI pacmpeleneHuUss MeTodaMM, KOTOpbie
TIPUMEHSIIOTCS OJIS1 OLIeHKM HaJIM4Ms TPeHIa B COBOKYITHOCTU TAHHBIX, SIBJISI-
I0TCSI: KPUTEPUI CepUii U KpUTEePUIA UHBEPCUIA.

[To memody cepuii KaXkaplii KOHKPETHbBIVI YpOBEHb BPeMEHHOIO psia
CUMTAEeTCS MPUHALJIEXAIMM K OJHOMY M3 ABYX TUIIOB: HAIIpUMeED, eCJIn ypo-
BEHb psifila MEeHbIlle MeIMaHHOTO 3HAUeHMS, TO CUNTAETCS, YTO OH MMeeT TUII
A, B mpoTMBHOM cjiyyae — Tun B. B obpa3oBaBiieiics mocjiegoBaTelbHOCTU
TUIIOB OIlpepessieTcs umciao cepuii. Cepueli Ha3bIBaeTCs JI006ast IocjienoBa-
TeJIbHOCTD 3JIEMEHTOB OIMHAKOBOI'0O TUIIA, FPaHMYallasi C 3JleMeHTaMu APyro-
ro TUIIA.

He cylecTByeT «aBTOMaTUUeCKOI0» CIIocoba o6HapyKeHMsI TPeHia BO
BpeMeHHOM psjie. Ecjiu BpeMeHHbIe pSIAbl COMlepsKaT 3HAUUTE/bHYIO OLINOKY,
TO MEepPBbIM LIArOM BbIJEJNI€HUS TPEHAA SIBISeTCS CriaaxkuBaHue. OQHaAKO eciiu
TPEeHJ, SIBJSIeTCS MOHOTOHHBIM, TO MOJEJIbI0 TaKMX IPOIECCOB MOXET CIy-
SKUTD JIMHEMHBIN TpeH. MejieHHbIe 3MEeHEeHUS] KOHTPOJIMPYEMbIX ITapaMeT-
POB MOTYT IepepacTaTh B OBICTPBIE C IOSIBIEHMEM OCLMISLMIL. B aTOM Ciy-
yae TPeHJ MOKeT OIMChIBATbCS KBaApPaTUUHBIM ypaBHeHreM. O6paboTKa n3-
MepeHUI TaKUX KOHTPOJIMPYEMBIX ITPOLECCOB, MCKA)KEHHBIX IIYMOBBIMU I10-
MexaMM, COCTOUT B TOM, UTOObI 0OHAPYXMUTh MOMEHT Hauaja JMHEeNHOTO 1IN
KBaZpaTMUYHOI'O TPEHa U OLIeHUTDb ero napamMeTpsl [4].

[lyist aHanmM3a JaHHbIX OTKIOHEeHMUI yriia BekTopa Tsaru P/l 6b11 BeiOpaH
daszouacToTHbIii MeTox. [locie mokasaTesbCTBa CYIIECTBOBAHMSI TpPeHAA Ha
BbIJI€JIEHHBIX YEThIpEX BPeMEHHbBIX MHTEpBajaax (CM. puc. 2) ObLIM IIpOaHaIN-
3MPOBAHbI JaHHbIE U ONpeeeHbl XapaKTepbl TPEHI0B HA HUX. B KpaTKoBpe-
MEHHBIX AMaria3oHax paboThl ABUTaTesIsI U3 0OINEro pacrpeneneHns: BXOTHO-
ro curHasia (yrja IoBopoTa KaMepbl) BbIe/IeHbl HU3KOUACTOTHbIE CpegHeCcTa-
TUCTUYECKNME TPEeHIbl M BBICOKOYACTOTHbIE OCLMUISILUUA MAjOi aMIUIUTYZbI
(OTKIIOHEHMS OT TpeHzaa). B uactHocTH, miist 4 naTepsasa (¢ 12 ¢ mo 16 ¢) kpu-

Basl TPeH1a MOKa3aHa LITPUXOBOI JIMHMEN Ha pUC. 3.
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PucyHok 3 — TenemeTpuueckasi vHGOpMaLus 110 YIJTy OTKJIOHeHMs Kamepbl P]T

C BbIJ€JIEHHBIM TPEHIOM

[IpoBemeHHOE MCC/iefOBaHME BbIXOIHBIX YCUIMII HA COOTBETCTBYIOIIME
OTKJIOHEHMS yIJla ¢ I0Ka3ajo, YTO MpMU JUMHENHOM TpPeH/le BXOIHbIX CUTHAJIOB
IIpolLiecc GBICTPO CTAOMIM3UPYETCS (CM. PUC. 4), 3aBUCUMOCTb BXOIHBIX M BbI-
XOJHbBIX CUTHAJIOB HOCUT MOHOTOHHbBIN KBaJpaTUIHbII XapaKTep.

nLIIm I;J} rpa'fu;

=

02 a1 i 0,1 02 i}

PI/ICyHOK 4 — 3aBUCUMOCTb BbIXOJHBIX MMITYJIbCOB OT BXOOHbIX NaHHbIX

C JIMHEMHBIM TPEHIO0M

[Tpu ¢popMupoBaHMUM OTKIMKA O6e3 ydyeTa TpeHIa JMO0 B cayuyae, KOTIa
TPEeH]I SIBJSEeTCS KBaJApaTUUHOM WM 6ojiee CJIOXKHONM (DyHKIMEH, BBIXOIHbBIE
CUTHAJIbl HOCSIT XaOTUUHBIN XapaKTep, MofaBieHe OCHVUISIINIA OCYIeCTBIsI-
eTCsl He ONTUMaIbHBIM 00pa3om. Ha puc. 5 a) rokaszaHa 3aBUCHMMOCTb BbIXO/I-
HbIX CUTHAQJIOB OT BXOIHBIX OCIWUISILIMI Ha 3 BpeMEeHHOM MHTepBasie Ipu
KBaJipaTMUYHOM TpeHe. Iloce BbiIeseHUsI TPEHI0B Ha KOHKPETHBIX BpeMeH-
HbIX MHTepBajax BO3MOKHO peajn30BaTh BO3/IeJiCTBME CTYIIeHUYATO, COrJIACHO
MaJIbIM JIMHEMHBIM TPeHAaM, COCTABJISIIOIIMM OOIIMIT TPeH , Ha MHTepBajie (CM.
puc. 5 6). Takoit moaxoH, yIpolaeT 3aJauy opraHaM yIipaBjaeHusT U MO3BOJISIET

ONTUMM3UPOBATD AATOPUTM (PYHKLMOHMPOBaHMS KoMIuiekKcHOi CYBT.
64 ISSN 1562-9945



4 (123%) 2019 «CucteMHbIE TE€XHOJIOTUU»

X I 15 FETT
of " %
M + 10 o2 2o 12
* &

¢ ! * R #53 Ytk 2 F

[} A L4 A

- |

-3 -2 -1 0 " e ‘::”’/‘"

Lt 0 % Teag

,-4 A -2 -1 0

a) 0)

Puc. 5 - 3aBMCUMOCTD BBIXOIHBIX MMITYJIbCOB OT BXOJHBIX TAHHbBIX

C KBaJAPAaTUYHBIM TPEHIOM

B manpHejiieM cjiegyeT MPOIO/IKUTh paboTy MO YTOUHEHMIO aJrOPUT-
Ma paboTel komObuHMpoBaHHOM CYBT. Heob6xomumo BbIOpaTh OBICTPOIEICT-
BYIOLMIA MeTOJ, SKCTPANOJSIMYU JaHHBIX COTJIACHO TPEHAAM U MO3BOJISIOIIIT
UCII0/Ib30BaTh NpeumyllecTBa Kaxaon noacuctemsl bCYBT.
BoeiBogpl. [IpoaHanM3upoBaHa TUNIMYHASL 3aBUCUMOCTbh BXOIOHBIX CUT-
HaJIOB ¥ BBIXOAHBIX YMHPABJSIOMIMX BO3OEVCTBUI [OJI PYJIE€BOTO PAKETHOIO
IBUTATE/S Ha Pa3jMUYHbIX BpeMEeHHbBIX MHTepBajax ero paboTsl. [IpemyiokeHa
MeTOAMKA BblJeJeHMS] U UCIIOJIb30BAHMS TPEeHa BXOAHOTO CUTHA/IA Ha XapakK-
TepHbIX MHTepBajsiax paboTbl PJI, Mmo3BojuBIIas pa3paboTaTb aJrOPUTM
dbyukumonupoBauus CYBT. Anroputm IpegycmaTpuBaeT 06pabOTKy MCXO[ -
Horo rnocrtynawigero curdHasia CYBT ¢ BbigeneHreM OeTepMUHUPOBAHHOM
(cTaTMueCcKoOM) COCTaBJSKOIIEN (TpeHAa) M BbICOKOUYACTOTHBIX OCLIMIISLIMUI
curHasna (OTKJIOHEHMSI OT TpeHAa). Pa3paboTaHHbI aJITOPUTM IMO3BOJISIET OTI-
TUMaJIbHBIM 00pa3oM (10 3Hepro3aTpaTaM Ha CO3[aHye YIpaBJSIONIUX YCU-
nuit) paspensatb GyHkuuy noacucreM (MCYBT u I'CYBT) KoMOMHMPOBAHHOI
CUCTEeMBI YIIpaBAeHNsI BEKTOPOM TSTY PAKETHOT'O ABUTATEIS.
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VIIK 621.039.4
AWM. Muxaneés, A.A. Ctrennn, WU.I'. Ipo3gosuy, C.A. CTeHUH
KOHTPOJIb U OHEHKA OJEATEJIBHOCTU OIIEPATOPOB A3C
IMPU MMOATOTOBKE HA TPEHAJXEPHbBIX KOMIIJIEKCAX

AuHomayus. [lpednaecaemcs MemoOuKa OUyeHKU U KOHmMposaA 0esmesbHocmu
onepamopos A3C npu ux nod2omoske Ha MPEHAXEPHbIX KOMNIEKCAX, OCHO-
BAHHAA HA BBEOEGHHbIX B CMAMbE NOHAMUAX «UHULUAMUBHOUY» U «3anpeujéH-
HOU» KOMOUHAUUAX 8 MaMpuyax npeobpazoBaHuUs, Xapakmepusyowux meKy-
wyto deamenbHocms onepamopos A3C.

Knioyessbie cnosa: onepamop AIC, mpeHa)kepHbili KOMNJEKC, «UHUYUAmMus-
HAA» U «3anpewéHHas» KoMOuHayuu, MHo20ypoBHessll Kpumepuli KOHMPOAA
U OYeHKuU.

BBegenue

B HacTosiee BpeMsi mpobjemMa COBEpPIIEHCTBOBAHMSI OIEPATOPCKOI
IesITeIbHOCTY Ipuobpesia 0coOyI0 OCTPOTY B COBPEMEHHBIX CUCTEeMax yIIpaB-
JIeHUSI TEXHOJIOTMYECKMMM IIPOLieccaMi U CJIOKHbIMMU o0bekTamu. [IpoBemeH-
HbII1 aHa/u3 paboTsl orrepaTopoB ADC MO3BOJISIET CIOeNaTh BbIBOJI, UTO OT Mpa-
BWIBHOCTU €ro JIeiCTBUI, YMeHNs CBOEBPEMEHHO HAalTU U pean30oBaTh Bep-
HO€e B CJIOKHOJ CUTyalMM pellleHyue, 3aBUCUT He TOJbKO 3(P(PeKTUBHOCTb BbI-
TIOJIHEHMS TIOCTABJIEHHbBIX TI€pes HUM 3a7lay, HO, B psifie C/lydaeB, LeJIOCTHOCTD
caMoro oobeKTa 1 6e30MacHOCTb Jitofeii [1,2,5,6].

VM3BecTHO, uTO Hamubojgee 3(PEGHEKTUBHBIM TEXHUYECKUMM CPeICTBOM
00yYeHMsI OIepaToOpPoOB Pa3IMUHOTO pojia MpodecCuOHaTbHON AeSITeTbHOCTI
SIBJISIETCST TPeHaXxkephl [3,6]. B nmocienHee BpeMs TpeHaskepbl HAXOOAT Bce 60-
Jiee IMIMPOKOe MpUMEHEeHMEe B IPOMBIIIVIEHHOCTU, SHEPreTuKe U APYrux OT-
pacIssX HapOOHOIO XO3SMCTBA, B YAaCTHOCTM, OJISI IOATOTOBKM OIIEPaTOPOB
9Hepro610koB ADC, XapaKTepu3yIOUINXCS CJIOKHOCTBIO 3a1a4 YIIPaBIeHMS.

IIpennaraemasi B JAHHOM CTaTbe MeTOAMKA OlleHKM omepartopa ASC
npu oOyueHMM €ero Ha TpeHaKEpe OpMEHTUpPOBAHA Ha CXeMy "yUUTeb-

© Muxanes A.U., CtennH A.A., Ipo3nosud N.I'., Crennn C.A., 2019
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yUYeHUK", KOTOpasi B JaHHOM CTyuyae MOXKeT ObITh IIpeACTaBlIeHa CTPYKTYPOiA,
IIpUBEEeHHO Ha puc. 1.

[1aBHBIMM 371eMEHTaMU MPUBEIEHHON CTPYKTYPbI SIBJSIIOTCS MHCTPYK-
TOP, YeJIoOBeK-orepaTop (rpyIira ornepaTopoB), NOACUCTEMBI "YUueHUK", "KoH-
TPOJIb U OLleHKa", "Yuuresnnb".

B QVYHKIMM MHCTPYKTOpPa BXOOMUT 3ajlaHMe M KOHTPOJIb 3a OOIIUM
npoiteccom obyueHus. IIpu HEOOXOAMMOCTU MHCTPYKTOP MOXKET B IMPOIEcce
00y4yeHMs CO3aTh Ty WIM MHYIO HEIITaTHYIO CUTYaLMIO.

IMoacucrtema "YuuTtesp' MO MCXOOZHOMY T€CTOBOMY 3amaHui0 hopMu-
pyeT COOTBETCTBYWOIME S5TAJIOHHbIE peann3alyy, Ha OCHOBE KOTOPLIX IPO-
MCXOOUT CpaBHEHME C peayibHOM paboToii onepaTopa (IPYMIlbl OIIEPaTOPOB) U
dbopmupyeTcs orieHKa ero (1x) AessTeTbHOCTH.

IToncucrema "KoHTpoO/b U OlleHKA" peannusyeT paboTy MHOTOYpPOBHe-
BOJ1 MepapXmUuecKoit CCTeMbI KpUTEPHMEB OLIEHKM U 06ecIieuBaeT JOKyMeH-

TUPOBaHMe Mmpolecca 00yyeHus.

Onepatof
(rpynna,

Brok dopmu- Hmwranuonsas
Tojicncrema pOBaHHA HC B0k nHjnka- o T
- — — MOJCIb
X() U(r)

«YIeHHK» ™ TOPHBIX YCT-  —*
XOOHDIX ¥CIC- o Uo0beKTa
POHCTE

B JIBIKEHHUS

\ 4

Y

. Toxencrema .
Brok dopyn- L Brok qopma- .
«Komrpons 1 onenxay | bnox peruct-

Huerpyxrop > POBAllHs TECTO- —8 > POBaHHA Olle- »>
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Bnok dopmu- -
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Pucynok 1 - CTpyKkTypa cuCTeMbI ITOATOTOBKM oriepaTopoB A3C
T10 CXeMe «YUYUTeJb-yUeHUK»
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Huxke mpensaraetcs 3db@ekTuBHAs MeTOAMKA OLIEHKM U KOHTPOJIS
nesaTebHOCTU omepaTopoB ADC IIpy UX MOATOTOBKE HA TPEHAXXEPHBIX KOM-
TUIeKCaX, OCHOBAHHASI HA BBEIEHHbBIX B CTATbe IMOHITUSIX «MHULMATUBHOW» U
«3ampeneéHHoi» KOMOMHALMSIX B MaTpuiiax Ipeobpa3oBaHMs, XapaKTepu-
3VIOIIMX TEKYIYIO AesITeJbHOCTb orepaTopoB ASC

dopmMupoBaHMe 3TAIOHHBIX ¥ TeKYIIUX OUCKPETHBIX COCTOSTHUMI
OpraHoB NyJbTOB ynpasieHuss A3C

s obecriedeHMs] BOSMOXKHOCTY KOHTPOJISI M OIEHKU [eSITeTbHOCTU
1pyu 06yueHun orepatopoB ADC Ha TpeHaKepHbIX KOMIIEKCaxX IpejiaraeTcs
IIpeICTaBUTh UX pabOTy HEKOTOPOI TEKYIIE MOIe/bI0, OTpaykalollei moce-
IoBaTeJIbHOE M3MEHEeHMe TeKYyIIero COCTOSSHUS AUCKPETHBIX OPraHOB yIpaB-
neHus Ha 1yabTe ASC MO CpaBHEHUIO C 3TAJIOHHON MOZE/bI0 ero IesTelbHO-
ctu. IIpu onenke pesrenbHOCTU orepatopa AIC mpuHAThl ABa ypoBH4 (0,1)
s GUKcalMy COCTOSTHUSI KaXKIOro OpraHa yrpaBjeHMUs. DTU YPOBHU COOT-
BETCTBYIOT (QU3MUECKMUM COCTOSTHUSIM OPTaHOB yIIpaBjeHMUS TUIIA: «BKIIYEHO
- BBIKIIIOUEHO», «MMHVMMYM - MdKCUMMYM>», «kHa>XaTb -OTITYCTUTb» U T.[.

JIJ1s1 KOHTPOJISI U OLIEHKU JesITeIbHOCTU oriepaTopoB ADC mpu UX IOATr0-
TOBKe Ha TPEHa)KePHbIX KOMILIEKCaX IIpeiaraeTcs UCI0Ab30BaTh TPEXYPOBHeE-
BYIO CTPYKTYPY KPUTEPMEB KOHTPOJS U OLEHKU - «33Jaya — PeXuM - Iapa-
MeTp» [3,8]. CorimacHO MPUHATON CTPYKTYpe HUKHUM YPOBHEM MepapxXuu
SIBJISIIOTCSL KPUTEPUM OLIEHKU IesTeJbHOCTU ollepaTtopa I0 mapamMeTrpaM, B
KayeCcTBe KOTOPBIX B JAHHOM Cjlydyae MPUHSITO COCTOSIHME OPraHOB yIIpaBiie-
HMS B OTZEJIbHOM pexXumMe

ITOCKOIBbKY OCHOBHOW eOVHMUIIe B TaKOW CTPYKType SIBJISIETCS OT-
IeNbHbIN pexXuM, TO OUYeBUIHO, UTO CO3JaHMe 3TAaJOHHOM MOZeIN MpenIo-
jaraeT B MepBYIO ouepenb CO3JaHKe 3TaJTOHHOTO olepaTopa mpeobpa3oBa-
HUSI Q>r KaXIOIO j-r0 pexxuma ¥ TeKyLlero orneparopa Ipeobpa3soBaHus
Q,rex MM MPOCTO Q,. B maHHOM ciiyyae, Q; MOXXHO MpeACTaBUTh MaTpu-
1[eil, OTpaxkawliei rnocjienoBarejibHOe U3MEeHeH)e TeKylero COCTOSIHUSA
OVCKPEeTHBIX OPTaHOB YIIPaBJIeHUs JAaHHOTro pexxuMma. [Ipu sTom, ecin 4ncio
CTOJIOLIOB TaKO¥l MaTpUIibl, OMpejesieMoe UMCIOM OPTaHOB YIIpaBIeHMUSI,
IUISI KaKIOTO pexxuma SIBJISIeTCSl BeJIMUMHOI BIIOJIHE OIpele/leHHON M Heu3-

MEHHOﬁ, TO UMCJIO CTPOK, oIipenendgeMoe 4ycCJIOM BbIITOJITHEHHBIX OIlepaTo-
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poMm ADC OMCKpeTHBbIX omepalyuii, HeOJHO3HAUHO B CWIY (PYHKIIMOHAJb-
HBbIX 0COOEHHOCTEe KOHKpeTHOro oneparopa A3C.

HOSTOMY MaTpuia Qj SIBJISIETCA BapMaTMBHOﬁ B 3aBUCUMMOCTU OT

KOHKPETHOTO OllepaTopa M CTeIeHU ero MoAroToBJeHHOCTH, B KOTOPOit He
MEHSIETCSI TOJIbKO TepBast U MOC/IeHsIsI CTPOKU. [IepBoii CTPOKOI MaTpPUIIbI

Q, ABJSETCS UCXOJHOE K Havyaly OTPabOTKM j-TO peXuma COCTOSIHUe Opra-

HOB yrpayieHus. [Toc/ienHei CTPOKOI sIBJsIeTCS 3aJaHHOEe KOHEYHOoe COo-
CTOSIHME OpTaHOB yIpaBJieHUs, oIpeaesseMoe yuye6HOI 3amaueit Ha obpa-
OOTKY j-TO pexkuMma. JTO KacaeTcs M ITAJIOHHON MaTPHUIIbl ITPeo6pa3oBaHMs
Q,>. DTa/JIOHHag Marpuua Oy/leT TONbKO B TOM CJIy4ae eAMHCTBEeHHOM, ecu

IIpy OTpabOTKeE j-TO pekuMa He JOIYCKAaeTCs IMPOMU3BOJIbHOE ¥ OJHOBPEMEH-
HOe TepeK/TIoueHre OpPraHoB yIpaBjaeHus. s OOJbIIMHCTBA K€ PEXMMOB
XapaKTepHbl CUTyallMy, KOTJa OIlepaTop MOXKET OZHOBPEMEHHBIM U IIPOM3-
BOJIbHBIM B paMKaX JOMYCTMMOIO IepPeK/ITIOUYEeHNs] OPraHOB YIIPaBIE€HUST BbI-
MTOJTHUTH MOCTABJIEHHYIO 3a7a4y.

YuuThiBast BbIllle M3JI0)KeHHOEe, B KaueCTBe 3TajoHa IpejJaraer-

Cs1 MCIIOJIb30BaTh IEPBYIO M IMOCJIEOHION CTPOKM MaTpuLbl Q C TEeKyIuMm

jor
KOHTPOJIEM «3alpellléHHbIX» KOMOMHAIMII BEKTOpa COCTOSIHUSI OpraHOB
yIIpaBIe€HUS.

[Tog, «3ampel€éHHOol» KOMOMHaLMelt 6yaeM MOHMMATh MOyueHHbIe Ha
OCHOBe aHaiu3a paboTsl oniepaTopoB ADC Takue HabOPbI COCTOSIHUI OPTaHOB
yIpaBJieHNs], KOTOpble B peaJibHbIX YCJIOBUSIX MIPUBOAST JTUOO K CPBIBY BbI-
MOJIHEHUS j-TO pexkuma, Aubo K aBapuitHomy coctossHuio A3C [5]. Insa

(bopMMUpoBaHMA TEKYIIMX MATPUL, Q; COCTOSIHUI OPTaHOB yIpaB/ieHNs BBe-

oeM TIOHSITME «MHUILMATUBHBIX» KOMOMHAIIMII BEKTOpa COCTOSIHMSI OPraHoB
yrpaBiaeHus. Pojb «MHULIIMATUBHBIX» KOMOMHAIMIT BEKTOpa COCTOSIHUSI Opra-
HOB YIIpaBJIeHUS 3aK/I0YAeTCSd B TOM, YTO IIPU ero (BeKTope) ornpeneleHHbIX
cocTosIHUSIX paboTa orepaTtopa ADC MO/KHA COTIPOBOXAATHCSI 06sI3aTelb-
HBIM MNpUHATUEM (MAM Bbigaudeit) mHpopMauyuu (coobienust). OTCyTCTBUE
COOOIIeHNST CYMUTAETCST ONIMOKOI, KOTOpasl B Ipoliecce AaabHeliieii paboThl
MO3XeT ObITh MCIIpaBJieHa. B 3TOM ciydae CTPYyKTypy TeKylieit MaTpuupsl Q,,
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KOTOPYIO Ha30BeM «MHUIIMATUBHOM» MaTpUlieii, MOXHO IIpPeICTaBUTh Clie-

IYIOIIIM 00pa3om:

000 .. 00 0] - HCXO/IHOE COCTOSTHUE OPTAHOB
yIpaBJIeHHSA
1 00 0 0
1 1T 0 1
Q;=]0 00 - HHUIIMATHBHBIC KOMOWHAIIMH
0
0 0 0
R T 1]
X 13Xy jyeerenerinenniniininan. X,

= KOHCYHOC COCTOSIHHC OPIraHOB YIIPABJICHHU 1
Tie (X,.X,,....X,) - N-OPTaHOB yNpPaBJIE€HUS j-TO PEXMUMA, a YUCIO0 «MHUIMA-

TUBHBIX» KOMOMHAILIMIi OrpaHMYEHO CBEpPXY BpeMeHeM BbINIOJHEHUS j-TO
pexxuma.

ITo aHamornm ¢ «MHUIMATUBHOM » MaTpUIleil Q, ITAJIOHHYIO MaTPUILY

Q,,, MOXHO IIPeJCTaBUTh CIeAYIOMMM 00pa3oM:

0 0 0 0 - HCXOIHO€ COCTOSTHHE OPraHOB YIPBaJIeHHUS
1 0 0
0 I 1
Q. = - 3anpeleHHble KOMOMHALMH
J
1 1 1 1
Xy j5Xg jperererorarararerararnes X, - KOHEYHOe COCTOSIHHE OPIraHOB YIPaBJIeHUs

3[eCh YMCJIO CTPOK, OIIpeHeIsseMoe UMCIOM «3allpelleHHbIX» KOMOM-
HalMi CTPOTrO AeTePMMHMPOBAHO U OmpedesnseTcss aHaJIM30M IIPUUYMH BO3-
HMKHOBEHMS HEeIITAaTHBIX CUTYaLUIA.

[Ipy coBmageHUM OOHOM M3 CTPOK «MHUIMATUBHOM» MATPULBI CO

CTPOKaMM 3TaJOHHOM MaTpuibl Q. (3@ UCKIIOUYEHMEM MCXOOHOTO U KOHeU-

jar
HOT'O BEKTOPOB COCTOSIHMSI OpPraHOB yIpaBjeHus) 3ajaya OTpaboTKu j-To pe-
KMMa CYUTAEeTCs HEeBBITIOJIHEHHONM U OLleHMBAETCS HeyI0BJIEeTBOPUTEbHOM
OLIeHKOI.

B mpoiiecce mpodeccruoHanbHOM MesSTeJlbHOCTM OIlepaTop B IMC-

KpeTHbIe MOMEHTBI BpeMeHM (B 00IIeM ciiyyae, He paBHbI APYT APyry) dop-
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MMpPYeT BeKTOP -CTOJOLbI ax COCTOSIHMUS OPTaHOB YIIPaBIeHMs «MHULIMATHUB-
HOVi» MaTPUIIBI Q; = {Zk} (i=1,... ,n; k - onpenensiercs paboToit oriepaTopa).

[Ipy MOJIHOCTBIO BBIMOJIHEHHOM pexXume (IpU OTCYTCTBUM COBHAAe-
HUI «MHUIIMATUBHBIX» KOMOMHALIMI C «3allpelleHHbIMI») TIPOUCXOAUT OT-
paboTKa «MHUIIMATUBHOM» MaTpPUIlbl COrJIACHO MeTOIMKe, M3JIOXKeHHOI
HUXKeE.

Peanusanyss MHOrOypOBHEBOI'O KPpUTEPHsI KOHTPOJIS U OLL€HKM IIPU
BBINIOJTHEHUM onepatopom AJC IUCKpPETHBIX onmepaimii

AHanu3 npodeccruoHaIbHOM meaTeabHOCTH ornepaTopa ADC ITOKa3bI-
BAeT, UTO ero JesTeJIbHOCTb JTOCTATOYHO TOYHO XapaKTepusyeTcsl ObICTpPO-
neiicTBueM, 6e3011MO0YHOCThIO (HA/IESKHOCTHIO) M HAIPSKEHHOCTbIO €ro pa-
60TsI [3,4,7].

IlJisi OLleHKM [ esATeJbHOCTU OllepaTtopa B CMBIC/TIE ero HaleKHOCTU
(6e30mMO0YHOCTH), KaK ObIIO yKa3aHO Bbllle, MPUHSITH ABa ypoBHS (0
min 1) ¢puKcauum COCTOSIHMSI KaXKIOTO opraHa yripaBjeHus. IIpu 3Tom co-
CTOsIHMe Kaxkgoro k-ro opraHa yrpaBjieHMs B MOMEHTBI BbITIOJTHEHUS i-ThIX
IMCKpPeTHBIX OIepalyii MoxeT OGbITb OMMCAHO BEKTOP-CTONOIOM a; pas-
MepHOCTM N’, 3j7ieMeHTaMu KOTOPOTrO SIBJSIIOTCS HYIUM M eOVHUIIbI, T.e.
a,{ =(a{}{,a{k,...,a1{_,/.k)T.

[Tonaras, 4TO YNCI0 AUCKPETHBIX OPTAaHOB YIIPABJIEHUS B j-M peXuMe
paBHO N}, TO OIlepaTop npeobpasoBaHye Q; MOXKHO IIPeICTaBATh MaTPULIE

Q={al},i=1,.N"; k=1,..Nj. (1)
KOTOpasi OTpakaeT IOC/Ief0BaTe/bHOEe M3MeHeHMe TeKYIIero COCTOSIHUS Op-
raHOB YITPaBJIEHUS B j-M peXUME.

Ecnu npuHSTB, UTO B MPOLECCe BBITIOJHEHMUS j-TO peXUMa KaxkIblil Op-
raH yIpaBJ/ieHNs JO/IKeH ObITh B HEKOTOPBIII MOMEHT BpeMeHM TiepeBeleH 13
omHoro kpaiHero coctosiHus (0 mau 1) B npyroe (coorBeTcTBeHHO 1 man 0) u
COXPaHSTHCS 10 KOHIIA peXyuma, TO MOsIBJIeHMe JII00bIX IPYTUX TTPOMEKYTOU-
HbIX TepeKITI0ueHt CBUIeTeNbCTBYeT O HAJIMUMM OIMIMOOK B NEeiiCTBUM Orle-
paTopa. B aTom ciiydae KoamuuecTBO OmKUOOK n_ AJ1s k-TO opraHa ynpaBiaeHus

MOJKHO OITpede/JINTb KaK
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1 N
amj{Z(afk-ai_w )-1}. @)
i=2

Torma KoauM4eCTBEHHOM OLIEHKOM HaIesKHOCTU (0e301MO0YHOCTH) pa-

60TbI orepaTopa IPY BBITIOJHEHUM j-TO peKMMa MOKET CIYXUTb KpUTepuit

BUIA

Zzéj {z( Ak~ )_1} 3

N/
rae a; - Ko3dduiyeHT BaxkHocTy k-ro oprana ynpasjieHusi, npudem » a; =1,
i=2

a B/ - KoapduiyeHT NPUBSI3KU U HOPMUPOBKM B AuanasoHe [0,1].

CiemyeT OTMETUTb, UYTO B j-OM peskyMe BO3MOKHBI c/ydyau, Korga k-

TBIV OPraH yIpaBJeHUs MOXeT U3MeHIThcs 110 1ernouke 0(1)—1(0)—0(1) —... .

NJ j

Torga ¢popmysna (3) MpumeT BUI
1=, =

kO 2BJ {z(alk -a, kku) bj} 4)

rae b/ =1, ecnin k-Toiit opran usmensiercs no nemnouke 0(1) —1(0), »/ =2, ecnu
0(1) —1(0) —0(1), b/ =3, ecnu 0(1) —1(0) —0(1)—1(0) u T.1.

B 3aBMCMMOCTM OT uMc/iIa ONIMOOK U BbI6paHHOﬁ ITKaJIbl OII€HKa ITpn-

HMMAaeT KOHKpeTHble UMCJOBble 3HAaYeHMS B HOPMMPOBAHHOM OMalia3o-
He [0,1].

HanpsskeHHOCTD AesTenbHOCTU omepaTtopa ADC xapakTepusyeTcs 00-
el peaxiyueil opraHu3Ma Ha Bo3AelicTBMe MHOOPMAIMOHHOIO IIOTOKA U
OILIEHMBAETCSI C MOMOIIbIO psiga (PMU3MOJOoTMUeCcKMUX MMOKasarTesei (2JIeKTPo-
sHIledasorpaMMbl, KapAMOTpaMMBblI [Ip.). B yacTHOCTH, OMHUM U3 TaKUX KPU-
TepueB OLeHKM O0Iel HAMPSIKEeHHOCTM OIepaTopa B j-M peskume SIBJISIeTCS

KpuTepuit Buaa [4,7]:

2
n yj
/Z—I:(yjmaxJ

rae y,..-MaKCMMajabHO BO3MOXHbIE€ 3HaUEHMS BbIOPAHHBIX (PU3NOIO-

(6)

IrmyeCcKux HOKaBaTEHeﬂ, Yy, - 3HAYEHM 3TUX K€ ToKasaTesjieil B JaHHbIX yC-

JIOBUAX pa6OTbI. OTCYTCTBI/Ie BO3MOJXHOCTU L[I/Id)pOBOﬁ MMUTaALN OIlepaTo-
pa C TOUKM 3peHUd eTro d)MSI/IOJIOFI/I‘{eCKOFO COCTOAHMSA B IIpoLecce BbITIOJTHE-
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HUSI y4eOHOJ 3aJauy, MPUBOAUT K TOMY, UTO €ro HesiTeJIbHOCTh B Jajb-
HeJileM OLIeHMBAEeTCsI TOJIBKO IO ABYM IlapaMeTpaM: HaJesKHOCTU U OBICT-
pOLenCTBUI0. JTO, OJHAKO, HEe UCK/IUYAeT MPU NPAKTUUYECKOM peannusanumn
TPEeHa’)XKepHOT0 KOMILJIeKCa U OLIeHKY HaIPSI’)KeHHOCTU oIlepaTopa.

[t oLleHKM ObICcTpomdeiicTBuUs orepaTopoB ADC 3a BpeMsl BbITNIOTHE-
HMS 1- 7 IUCKPETHOM onepanuu NpuHuMaeM Bpemsi

Toni = Tpi T Tosis (7)

ez, -CKpbITOe Bpems peakuuy omeparopa AJC (06bIYHO =2C), ompepe-

JisieMoe KaK MHTepBaJl BpeMeHM OT MOMEHTA IIOSBJIe€HUsS CUTHaJIa Ha OT-

paboOTKy 40 peaKlyy Ha HEro omnepaTopa;r

061

- 9TO BpeMs IBUTraTeIbHOM pe-
aKiu, KOTOpoe oIipeesseTcs: Kak

7. =b*log, i, (8)
rae b = 0,074, 4 =2R,/Q, — KOMIUIEKCHBIV KO3I(GOULUMEHT TPYIHOCTU BBIIIOJI-
HseMoli paboTbl, R. pacCTOsiHMe TepeMelleHMs opraHa ympaBiaeHUs, Q,-

LIMpUHA OpraHa yIpasjieHud [7].

C yueToM BpeMeHM IIpueMa M BOCIPUSTUS MHGOPMaALMK 7, ., @ TAKKe

npi ?
BpeMEHM aHalIM3a ¥ IPUHATUS PelleHuii ¢, oblee BpeMs BBIIIOJHEHMS i -
n I,Z[I/ICerTHOI‘/JI orepanunm orpeneasaeTcsa Kak

TOoi = z-om' + Tnpi + z-peuu' ) (9)

Torpa, o6mee BpeMs BbIITOJITHEHUA j-I‘O peXunMa orpeneasaeTcd CYMMOVI
BpeMeH! BbITIOJTHEHUA i-ThIX onepaumﬁ B 1aHHOM pe’Xnume, TO €CTb

N
Tpi = Zrooy" (10)
i-1

rae N - YMc/Io AMCKPETHBIX Omepallnii, BIIIOJTHEHHBIX OIIepaTOpPOM B TaHHOM
pexxume.
Ecnu Temeph 3ajaTh HEKOTOpoe Bpems 7, M T, MOXKET CIYXUTb

OCHOBOJ 1151 OLleHKU JesITeJIbHOCTU oriepaTopa B CMBICJIE €T0 6bICTpO,ZI;€ﬁ-
CTBUS. YUUTHIBAS, UYTO KOJMUYECTBEHHAS OlleHKa MOJI)KHA JieXXaTh B rnpene-

JIaX HOPpMMPOBAHHOTIO AMAIlIa30Ha [0,1], BBOAVM BEJIMUNHY Atmax/ MaKCHU-
MaJIbHOT'O paCCOIJIaCOBaHIA BpeMEH Tp/’ J4!1 TO/. .B pe3y/ibTaTe MuMmeeM
T —-T.
I, =225, (11)
At

max j
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roe &, - NPU3HAK CBOEBPEMEHHOTO BBINOJHEHMS j-TO pexuma IMpudyem
o,=0ecmm 7,-T,<0u o, =1l,ecmT,-T, >0.

Ha BTOpOM ypOBHE Mepapxuu COIJTIACHO IPUHSATON MHOTOYPOBHEBOW
CTPYKTYpe KOJMUYECTBEHHON AesATeJIbHOCTHU OlepaTopa IMPUHAT KPUTEePUil BU-
na

4, =Vl + Yooy + LV (12)

rae I,,1,,,1,, - KOJIMYIeCTBO OLEHKM IeiCTBUII OIlepaTopa IO HameXHOCTU U

0j>

HaIpsDKEHHOCTM, OBICTPOIEICTBUIO, OIpereisieMble COOTBETCTBEHHO IIO
popmynam (4), (6), (11), @ 7,,.7,,.7,; - K03bGUIMEHTHI BaKHOCTH ITapaMeTPOB
B j-M pexXume, IIpuuyem
Y+ 7o, ¥V =1 (13)
Hakonell, Ha BepxHeM ypPOBHE Mepapxui pacCUMThIBAeTCS KOMILIEKC-
Hasl KOJMUYeCTBEeHHAsI OlleHKa 3a BCIO yUeOHYI0 3a/1auy COTJIaCHO 3MITMpuye-
CKOMY KpUTepHI0, pa3paboTaHHOIO 1 MpeaJIoKeHHOTO aBTopamu B paboTe [8].
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YIK 519.246.85
N.10. KonnparbeBa, A.B. Pynakosa,
O.B. ITonuBoxma, H.B. CapadanHukoBa
AHAJIN3 AKYCTUYECKHNX CUTHAJIOB B IIPUPALIEHUAX OO
®VHKIMOHAJIBHOM JTUATHOCTUKU MHOTOIIPMBO/JHBIX
YCTAHOBOK

AHHOmayus. B 0aHHol cmamse asmopamu nposedeHo UCcied0BaHue akycmuye-
CKO20 WYMa, 2eHepupyeMo20 3/IeKmMPOMexXaHUYecKuMuU cucmemMamu 8 pexume pe-
anbHo2o sBpemeHu. OcyujecmsnieH 0630p modesieli u Memodos NPO2HO3UPOBAHUS
BpeMeHHbIX ps008, BbisBeHbI 00OCMOUHCMBA U HEAOCMAMKU KAX0020 Kiacca.
PaspabomaHsi MemoObl GHA/MU3A AKYCMUYeCKUX CU2HA/I08, NopoxdaeMbix pabo-
matowum 060py00BaAHUEM 3/IeKMPOMEXAHUYECKUX KOMNJIEKCO8, B NPUPALYEHUSX
(8 chazosom npocmparHcmase), npu2ooHsie 015 UCN0JIb30BAHUS 8 CUCMEMaX (hyHK-
YuoHanbHoU uazHOCMUKU.

Knioyesbie ciosa: gyHKUUOHAIbHAA OUAZHOCMUKA, GKYCMUYecKul cueHas, azpe-
2ayus OaHHbIX, KPAMHOMACWMAGHbIL QHAIU3, MHO20NPUBOOHAS YCMAHOBKA.

BBegenue

CoBpeMeHHOI TeHIeHLMel Pa3BUTUS MeXaTPOHHBIX CUCTEM SIBJISIETCS
MICIIOJIb30BaHME MHOTOIPUBOAHBIX YCTAHOBOK KapKaCHOW KOMIIOHOBKM [1].
Takue 006bEKTbI, KaK IPaBUIO, COCTOSIT U3 OOJIBIIOTO UMC/Ia B3aMMOMIEICT-
BYIOLIMX 371eMeHTOB. OTHOCUTEJIbHbIE TTepeMelleHUsI ITUX 37IeMeHTOB I0po-
XIAIT BUOpaIMy, KOTOpPble MOTYT KPUTUYECKM CKa3aThCsl Ha paboTe Ipernu-
3MOHHBIX MEXaTPOHHBIX CUCTEM. DTO MOXKET IPUBECTU K MpeaebHbIM PexXu-
MaM paboTbl 060pYyIOBaHMS, a B psifie CJIydaeB M BbIXOAY €ro U3 CTPOSI.

OddeKkTUBHBIM CpeNCTBOM MpeayIlpexXaeHuss aBapuil, BbISBIEHUS
KPUTUYECKUX PEKMMOB pabOThl, AMAarHOCTUKY HeMUCIIpaBHOCTeN 060pymoBa-
HUST 7IeKTpoMexaHnueckux cucreM (OMC) IBASIOTCSI MeTOAbl (GYHKIIMOHAb-
HOJ nuarHocTuku [2]. B mociemHee BpeMsi 0COObI MHTepeC TMPOSIBISIETCS K

CO30aHMNI0 MEeTOJ0B U CI1I0co00B AVNATrHOCTUPOBAHUA TEXHNUUECKOI'O COCTOSAHUA

© Kongpartbena W.10., Pynakosa A.B., [ToimBoga O.B., Capadannukosa H.B., 2019

ISSN 1562-9945 77



4 (123) 2019 «CucteMHBbIe TeXHOJOTUN»

3JIEKTPOMEXaHUYECKUX CUCTEeM, OCHOBAHHBIX HAa M3yUeHMM B HUX Kojeba-
TeJIbHbIX (BMOPALIMOHHBIX) M aKyCTUUECKUX ITPOIeCCOB.
AHanu3 nocjaegHUX UCCIeT0BaHUI U ITyOIUKAIIUIA

CymHoCTb TTpo6eMbl GYHKIIMOHAIBHOM AMAarHOCTUKY COCTOUT B paspa-
60TKe 1 TTpaKTMUUeCKoil pean3aly aJITOPUTMOB OlLIeHKM ITapaMeTpOB TexXHUYe-
CKMX COCTOSTHMIA 3JIEKTPOMEXaHUYEeCKMX Y3JI0B, 6e3 X pa3b0opKM 10 XapaKkTepu-
CTMKaM BMOPAIMOHHBIX ITPOIIECCOB, COMMPOBOXKIAIONINX UX (PYHKIIMOHMPOBAHME.
CoBpeMeHHasi BbIUMCIUTEIbHAS TEeXHMKA I03BOJISIET YCOBEPILIEHCTBOBATh TeX-
HOJIOTUIO TIpoBepKu mapameTpoB DMC 3a cueT aBTOMaTMU3alUU MPOLECCOB U3-
MepeHMs U UCIIOAb30BaHMS IIPOTPAMMHBIX CPeLCTB AUArHOCTUKU (puc. 1). 13-
MepeHre ¥ aHa/lIu3 CUTHAJIOB B CUCTeMaxX BMOPOAKYCTMUYECKON IMArHOCTUKU
9JIEKTPOMEXaHMYECKUX CUCTEM uallle BCero Mpou3BOASITCS C ITOMOIIbIO MPUO0-
POB, TIPUCITIOCOOIEHHBIX AJ1S1 Pa60THI B ITPOMBIIIJIEHHBIX YCI0BUSX. B TO ke Bpe-
MS 3TU OIepauyuy MOTYT BBITIOJHATHCS U C IIOMOILBI0O KOMIIbIOTEPA, Ha BXOZe
KOTOPOTO YCTaHaBIMBAIOTCSI YCTPOICTBA, ITUTAIOIIMe U3MepUuTeIbHble Ipeobpa-

30BaTe/ir, YCMJIMBAKOIIME 3JIEKTpMYeCKHe CUIHaJIbl U Hpeo6pasy101ul/1e CUT'HAJIbI

B 1IMdpoByio popmy.

g

e BIIO AL

SBM BOU [

bY ny r>

Pucynok 1 - CTpyKTypHast cxeMa CUCTeMbl TEXHNUECKOM IMarHOCTUKN:

I — OaTtumk; BITO — 610K nipenBapuTeabHO 06paboTku; AIIIT — aHa/IOroBo-
111bpoBoI mpeobpaszoBaTesb; DBM — 3/1eKTpOHHO-BbIUMC/INTE/bHAS MallnHa; BY
- BJIOK yIIpaBJieHMs TTapaMeTpamu 1 aaroputmamu; BOU - 610K perucrpauyn,
oTobpakeHust uHGopmaium; VIC - ucriomHUTEIbHOE YCTPOCTBO, X, - pabouast
BBIOOPKA, Xm — 00yUaroInast BbI6opKa (n,m — 06’beMbl BHIOOPOK)
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B mpoiiecce TeXHMUECKOM AMArHOCTUKY MHAOOpPMAaLMsi O MOBedeHUMU

ob6beKTa KOHTpOIsl «, perucrtpupyetcs patuukom (I). IIpmemuuku BIIO u

AIIIT peanusyioT GYHKUMM IpeaBapUTEIbHOI aHAJIOTOBOJ 00pPabOTKM CMecH
CUTHAJIOB U IIOMeX, obecrieunBast ycuaeHue ¢1abbIX CUTHAI0B Ha (hOHEe cOOCT-
BEHHbIX IIIYMOB; ITI0OJIOCOBYIO, HU3KOUYACTOTHYIO ¥ PEKEKTOPHYIO QUIbTPALIIO
BHEINHMX N, (t) ¥ BHYTPEHHMX N, (t) MOMeX; HOPMUPOBKY BBIXOMHBIX ITPOILIEC-
coB x(t) mo umHTeHCuMBHOCTH. [IpeoGpasoBaHHbIE CUTHAIbI TOCTYMAT Ha
9BM, rae mpoxoAsT CTaTUCTUUECKYIO, MaTeMaTU4eCcKylo 06paboTKky. biok BY
peanusyeT GYHKINUM yIIpaBJIeHUs IIPoIleccoM 06paboTKM CUTHAJIOB B IpUEM-
HMKAaX U IIpolieccope, a Takke 3aaeT IapaMeTpbl IJIs1 MUCIIOJTHUTEbHOTO YCT-
poricta (NY).

[IlymbI armapaToB ¥ MAIIMH TaKKe XapaKTepM3yIOT KakK 00Inye CBOi-
CTBA CUCTEM, TaK ¥ CBOMCTBA UX 4YacTei. OIbIT NpUMEHEHUS aKyCTUYEeCKUX
METOJIOB ITOKA3bIBAET, YTO B COCTOSIHUM HOPMAaIbHOTO (DYHKLIMOHMPOBAHMS
SHEepPrus IIymMa B OCHOBHOM KOHIIEHTPUPYETCS B 006aCTM HU3KMX YacTOT, a
SHeprusi, COOTBETCTBYIOIIAsl medeKTam, pacrosiaraeTcsi Ha 6ojiee BBICOKUX
YacToTax. DTO 00CTOSATENbCTBO UCIIOAb3YIOT JIsS1 CBOEBPEMEHHOTO OOHapyske-
HUSI 3apOKIAIOIMXCS HapyleHuii. HerocTaTok O0JbIIMHCTBA aKyCTUIECKUX
MeTO/IOB - HEOOXOAMMOCTh MMETh B MaMSITH CUCTeMbl KOHTPOJISI HAbop pea-
JU3aLUI CUTHAIOB MM CTATUCTUUECKME XapaKTePUCTUKIM CUTHAIOB BCEX CO-
CTOSTHUIT QYHKIMOHMPOBaHUS [3].

MeTtonbl (GYHKUMOHAJIBHOM AMArHOCTUKM B PEXMME peaJbHOIo Bpe-
MeHM, TPeOYIOT BBIIIOJTHEHMSI O0JIBIIOTO KOJMYECTBA PacueToOB, MaTeMaTuye-
CKOTO MOJeIMPOBaHMSI 00beKTa, 00paboTKM 60IbIIOro 06beMa MHGOpMAaIINH,
YTO 00yC/IaB/IMBaeT 00si3aTe/IbHOE ITPYMMeHeHMe BhIUMCAUTETbHOM TEXHUKN.

Pa3Hble MeTOObl 00PaObOTKM aKyCTUUYECKUX CUTHAJIOB IIO3BOJISIIOT BbI-
IeJINTh pas3IMuHble XapaKTePUCTUKU KaK CTaTUUECKMe, TaK U AUHAMUYECKIe.

s uudpoBoii 06pabOTKM aKyCTUUECKUX CUTHAIOB OT OMC MCITIOJb-
3YIOT PSIZT METO/IOB

- MeTOAbI JIMHENHON (GWIbTpAlNM, KOTOPbIE TO3BOJISIOT ITPOBOIUTH
CeJIeKINIO0 CUTHAJIOB B HEOOXOIMMOI YacTOTHO 06/1aCcTH;

- CIIeKTPaJIbHbBINM aHA/IN3, IIPM ITOMOIIM KOTOPOTO 00pabaThIBAIOT pas-

JINYHbIE€ BUAbI CUTHAJIOB,
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- YaCTOTHO-BPEMEHHO aHa/In3, KOTOPBIN UCIIONb3YIOT IJIs1 HaXOXIe-
HMSI OTKJIOHEHM B YYBCTBUTEJIbHBIX IIPMEMHMKAX CUTHAJIOB;

- amanTuBHaAg (GUAbTpaLMs, I03BOJISIIONIAS MTPOBOAMUTH pacHoO3HaBa-
HMe 3BYKOBBIX 00pa3soB Ha OCHOBE paHee BBISIBJIEHHbIX 3aKOHOMEPHOCTEM, a
TaKKe IIPUTJIYIIATh IIYMBbI;

- HeJIMHeHast 00paboTKa IJIsl pacueTa KOppeIsiinii;

- BBICOKOCKOPOCTHASI 00pab0TKa — MHTEPIIONILMS (YBEJIMUEHUE) U JIe-
uManus (YyMeHbllleHMe) YaCTOThI AMCKPeTU3aun.

B HacTosiiee BpeMsl OCHOBHBIMM MeTOJaMM 00pabOTKM pe3yabTaTOB
M3MepeHnii IBJISTIOTCS Ipeobpa3oBanne dypobe u Jlamiaca, Kaaccuyeckue Me-
TOJbI AaHA/IM3a BPEMEHHBIX PSIOB, KPAaTHOMACIHITAOHOrO BelB/IeT-aHa/IM3a U
T.0. HemocTaTKOM NpMMeHSIeMbIX TOOXOOO0B SIBJISIETCS BbIUMCIMUTEIbHAS
CJIOSKHOCTD TIPU OCYIIIECTBJIEHUM IUCKPETHBIX IMpeobpa3oBaHmii U HEOOXOIM-
MOCTb HAJIUYMS 3HAUYMTEJIbHBIX 00BEMOB ITaMSITU OJIS XpaHEHUSI 3TaJTOHHBIX
3HAYEeHUIA.

PaccMmoTpeHHbIe MeTO4bl OCHOBBIBAIOTCS HA aHa/IM3€ OPUTMHAJIILHOTO
CUTHAaJIa, OJHAKO IPOU3BOAHbBIE (MIpPUpAIEeHMs) CUTHaIa Pa3HBbIX ITOPSIKOB
TaKkKe MOTYT 06/1a1aTh MUHPOPMATUBHOCTHIO.

Ienp ucciaemoBaHmn

Ilenplo MccaemoBaHMit SIBASETCS pa3paboTKa MeTOIOB aHa/lIM3a aky-
CTUYECKUX CUTHAJOB, TMOPOKAAeMbIX paboTalIIMM 060pyIOBaHMEM 3JI€K-
TpoOMeXaHUUYeCKMX KOMIIJIEKCOB, B IpupalleHusax (B ¢Ga3oBoM IIPOCTPAHCTBE),
MIPUTOAHbIE AJIs1 UCII0/Jb30BaHMS B cucTeMax QYHKIMOHAIbHOM AMAarHOCTUKU
IIPY MOHUTOPUHTE PEKMMOB PaOOThI 3JIEKTPOITPUBO/IOB.

OcHOBHas 4acCTh

XapakTepHble IIYMOBble CUTHAJbI 3JIeKTPOMeXaHU4YeCcKoro obopymo-
BaHMSI MMEKT MepuoaMyvecKue M Helmepuoamdeckue cocrasisionye. Ilapa-
METpPbI IIYMOBBIX CUT'HAJIOB M3MEHSIOTCSI CO BpeMeHeM — y 6e3medeKTHbIX
YCTPOJMCTB MEMJIEHHO, a B 000PYIOBaHMM, UTO IPUOIIMKAETCS K COCTOSTHUIO
paspylieHust, oueHb ObICTPO. [IpUHSITO, YTO B Ipeaeaax BCEro CPOKa CIYKObI
YCTPOVCTB €ro XapaKTEepHBbIN IIYMOBOI CUTHa/ SBJISIETCSI MHTEPBAJIbHO-
CTallMOHAPHBIM IIPOIIECCOM IIPM YCJIOBUM, YTO MHTEPBAJIbl HAOMIOAEHMI BbI-
O6MparoTCs IJISI KaXKOAOro TUIla YCTPOWCTB, a CUTHAJIbI pacCMaTPUBAIOTCS Kak
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peanmn3aluy CAy4ailHOrO Ipoliecca ¢ HOPMaJbHBIM pacrpeneneHueM. llenb
IMATHOCTMKY 3aK/II04YaeTcsl B BBISIBJIEHMM Pa3BUTUSI OTKa3a paHee 06JacTu
Hanboyiee MHTEHCMBHOTO M3HOCA MM paspylieHus. [ToaTomy Heob6Xoamumo
MMeTb BpeMEHHYIO 3aBUCUMOCTb PaboThl HedeKTHbIX U 6e3medeKTHBIX 00b-
€KTOB KOHTPOJISI, a IJisI obecrieueHns] JOCTOBEPHBIX Pe3y/IbTaTOB MPUMEHSTh
CTAaTUCTUUYECKME METOAbl MOJeIMPOBaHNs. B COOTBETCTBUM C BEPOSITHOCTHBIM
IOAX0A0M BCe OTKJIOHEHMS OT HOPMbI PaCcCMaTPMUBAIOTCS KaK Cy4daiiHble Be-
JIMYMHBI, 8 OCHOBHBIM TPeOOBaHMEM SIBJISIETCSI MMHMMAIbHO AOITyCTUMAs Be-
POSITHOCTB OTKa3a.

AKTyanbHOJ Hay4yHOI 3amaueir sBiasgeTcsl pa3paboTka 3PEGeKTUBHBIX
aArOpUTMOB (YHKIMOHAILHOTO AMAarHOCTMPOBAHMUS peain3yeMbix Ha DBM,
KOTOpbIE B ITOJIHOI Mepe YUMTHIBAIOT TeXHUUECKMEe M IKOHOMUUYECKHue Tpebo-
BaHMUS, OTPAaHMYEHUS TIPU ONTUMM3ALUU, CTOXACTUUYECKUII XapaKTep BHEI-
HUX BO3[eiCTBUIA U T.M. IIpu MoCTpoeHU airOpUTMOB (PYHKIIMOHATIbHOM M-
arHOCTMKM HAJ0 YYMUTBIBATh CrielMduUKy peliaemMoii 3amadyu, MCIOJb30BaTh
COBpeMeHHbIe IpUeMbl ¥ MeTOIbl ONTUMMU3AL U, IPUMEHSATh HAKOIIJIEHHBIN
OTIBIT B CMEKHBIX 00JIaCTSIX.

Pan 3amay OMAarHOCTUKU 3€KTPOMeXaHMYeCKUX KOMIUIEKCOB B Ha-
CTOsIIIee BpeMs MOXKHO peairn30BaTh aKyCTUYECKUMU MEeTOAaMU, IyTeM aHa-
JIM3a CUTHAJIOB, MOJYYeHHBIX C paboTaloluX y3/I0B B peXkme peaabHOTO Bpe-
MEHN.

AKyCTMUYeCcKue ITyMOBble CUTHaJIbl OT paboTalolieir MHOTOIIPUBOIHOM
YCTAHOBKM ObLIM TIOJyUeHbI B pe3yJbTaTe Cepuy 3KCIIEPMMEHTOB Ha JIBYX
CKOPOCTHBIX pexxumMmax. Ha puc. 2 a mokasaH ¢parMeHT 3apermcTpupoOBaHHOTO
CUTHaJIa, KOTOPbIN cOXpaHseTcs B 3ByKOBoM (aiisie B hopmaTe *.wav, C yac-
TOTOM muckpetusanum 48 xkI'u u 16-6utHOI rimy6mHoit. Ha puc. 2 6,B mpuBe-
neHbl GparMeHTbl MpUpalleHNii CUrHajla MepBOrO ¥ BTOPOTrO MOPsIKa, YTO
COOTBETCTBYET MepPBOil U BTOPOI MPOU3BOLHON CUTrHasA. [IMHAMMKA CUTrHaIa
B (ha30BOM IIpPOCTPAHCTBe MOKa3aHa Ha puc. 3.
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PucyHOK 2 - ®parMeHTbI CUTHAJIOB: @) OPUTUHAJIbHbIV CUTHAJ, ) TIpUpalleHne CUr-

HaJia IIepBOro MopsIAKa, B) IpUpalleHe CUrHajaa BTOPOro mopsaKa

PucyHok 3 - JIuHaMuKa curHasia B (pa3oBOM MPOCTPAHCTBE

82 ISSN 1562-9945



4 (123%) 2019 «CucteMHbIE TE€XHOJIOTUU»

s ycKOpeHMs TIpoliecca aHa/in3a CUTHAJOB HeOOXOIMMO YCTPaHUTh
M30bITOYHOCTD, YTO MOKHO JOCTUTHYTb ITyTeM arperanuy JaHHBbIX. Arpera-
118, MO3BOMAIONIAS CKMMaTh BPEMEHHYIO IIKaly (YMEHbIIATh KOJINYeCTBO
IaHHbIX) OCYIIECTBJSIETCS MyTeM yCpelHeHMs OmKaiiiuMx 3HaueHuii cre-

OYIONIMM 00pa3oM

RS (M
m _ 1 .
yk m i—k-mz(:myll)

rie y — UCXOOHbIN curHan, y™ — arpernpoBaHHbII CUTHAI, CO CTEIIeHbIO arpe-
rauuu m.
Ha puc. 4 noka3aHbl (pparMeHTbl CUTHAIOB, MOJIYUYeHHbIE C PA3HOI CTe-

IMeHbIO arperaumnmn

a) 4y
2410

110k

0) 4‘ |
e 1)
1 10°
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__'“..<II'.I'I‘=I _|| |.:I_| |L 0
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PUCYHOK 4 - ®parMeHThl arperMpoBaHHbIX CUTHAJIOB:
aym=10 gym=20 gym=30
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Ilns ompeneneHus] OOITyCTMMOW CTeIlleHM arperamyu IejiecooopasHo
OCYIIeCTB/SATh KpaTHOMAaCIHITaOHbIl aHaIN3.

Mepy ZOIUTENBHOCTU [OOJTOCPOYHON 3aBUCUMOCTU CTOXaCTUUYECKOTO
npoliecca xapaktepusyet napametp Xepcra H [4,5]. 3Hauenue H =0,5 yka-
3bIBAaeT Ha OTCYTCTBME IOJATOCPOYHOI 3aBUCUMOCTH. UeM Oivke 3HaueHne H
K 1, TeM BbIllle CTEeHb YCTOMUYMBOCTU OOJITOCPOYHONM 3aBUCUMOCTH, T.€. He-
obxogumo uTo6el 0,5<H <1. TIlapamerp Xepcra oIpenensieTcss Kak
Hol-(3)2), e p=o8lVarm)/Vary™)]

log(m)
OUCIIEPCUM OPUTUHATBHOTO M arperMpoBaHHOrO IMpoLecca COOTBETCTBEHHO.

, 0<pB<1, Var(y) n Var(y™)

Pe3ynbTaThl pMMEHEHNsSI KPAaTHOMACIITaOHOTO aHaiau3a (pacueT JIuC-

nepcun Var , mapameTpa camorionobusi S, napamerpa Xepcra H) B 3aBUCU-

MOCTHM OT CTeIleHM arperauymy m IIOKa3aHbI B Tabmn. 1 OJi1 OpUTMHAJIBHOTO

mpoiiecca.
Tabauia 1
[TapaMeTpbl KpaTHOMACIITAOHOTO aHa/I/3a
m 5 10 15 20 25 30 35 40 45 50
Var-10° | 82,9 |30,4 | 16,2 | 9,91 6,5 |4,85 |2,56 | 1,68 |1,07 |0,63
p 0,23 [ 0,59 0,74 [0,83 /0,91 |0,94 |1,08 | 1,16 |1,24 | 1,34
H 0,88 {0,7 0,63 (0,58 |0,55 |0,53 |0,46 |0,42 |0,38 | 0,33

PacueTpl 1okasaiiv, 4TO IIpefe/ibHas CTelleHb arperanuu Ijs uccie-
IlyeMOro CUrHasia cocrtasisgetr m=30.
BbiBOBI

[Ipy aHanMM3e aKyCTUUYECKOrO CUTHAJA MOXKHO MCIIOJb30BaTh CKATYIO
BPEMEHHYVIO IIKAJTy, UTO ITO3BOJISIET 3HAYMUTETLHO YMEHBIIUTh 00bEM BBIUMC-
JIEHUJ TIpY TIOCTPOEHMM MaTeMaTU4YecKoil MoJienu Ipoiiecca ¥ uaeHTuduKa-
UM pekuMa paboThl 060pPYyIOBaHMS. DTO ITO3BOJUT pPeajn30BaTh CUCTEMBI
TIOJIeP>KKM TIPUHATHUS pellleHnil peaJbHOTO BpeMeH) ¢ aBTOMaTUUYeCKUM OIl-
peneyeHueM (IIOCTAHOBKOJ AMarHo3a B TeMIIe M3MepeHMs OMarHOCTUUeCKUX
CUTHAJIOB) HEMCIIPAaBHOCTE! Yy3/I0B MAIIMHHOIO OOOPYJOBaHMUS, CTEIIeHU UX

OIacHOCTU U GOpMMPOBaAHMEM MTEPEUHST KOMIIEHCUPYIOUMX MEPOIIPUSITUIA.
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VK 506:510
[.B. Baknan, T.B. lllyibkeBuu
MAPKOBCBKI MOJEJI OJId JIHITBICTUYHUX
MMOCAILOBHOCTEMN

AHomauis. [lonynspHicms npuxosanux Mapkoscekux moodened ([IMM) ma ix
8npoBadxeHHa 00 pi3HUx obnacmed, WO NOWUPIOEMbLCA 3 KOXHUM POKOM,
npusodums nesHux npobsiem. [laHe 00CNiOKeHHA MA€E 3a CBOK Yi/lb BU3HAYEH-
HA mux npobsiem, Wo cmosams neped po3po6HUKAMU THMeNeKmyaabHUX Cuc-
mem i3 3acmocysanHam [TMM ma Bu3HayeHHA OesKUX 3 HANPAMKIB, 3a AKUMU
yi npobaemu Moxxyms 6ymu nodosari. s yinoi poduHu cmaHdapmuux MMM
Oy/lu BU3HAYEHHT MPU OCHOBHI NpobieMu, BUPILWEHHSA SKUX € OyXKe BAXUBUM
017 AHAI3y ma NpoeHO3yBAHHA 4AaCOBUX pPAJIB.

Knwo4osi cnosa: npuxosaHa Mapkoscbka mooesnb, IH2BICMUYHA MOOeb, JiHe-
BICMUYHEe MOOEIIOBAHHS.

ITocTaHOBKa NMpoo6aeMu

i1 pooVHYM CTaHOAPTHUX MPUXOBAHUX MapKOBChKMUX MOJeJel iCHye
TP OCHOBHiI MpoOJieMM, BUPIIIeHHS SIKMX HEOOXiZHO MJjisi BUKOPMCTAHHS
[IMM p1 aHasi3y JiHTBICTUYHUX MOCTIAOBHOCTENA.

1. Oninka, abo rpobJieMa KiJIbKiCHOr0O MOKa3HMKa.

2. IIpo6aema JeKoTyBaHHSI.

3. Oui"ka pe3yabTaTy abo rmpobjemMa HaBYaHHS.

AHaji3 myosikailiii mo TemMi mociimKeHHS

MapKOBCbKi BUITQIKOBI IPOLIECH HA3BaHi 0 iMeHi BUAATHOIO POCili-
cbkoro matematuka A.A. MapkoBa (1856-1922), skuii Briepiie rnoyaB BUBUEH-
HS1 IMOBipHICHOT'O 3B'SI3KYy BUIIQ[AKOBUX BEJIMUMH 1 SKUI CTBOPUB TEOPito, 110
MO>KHA Ha3BaTy "IMHaAMIiKOIO BiporigHocTi". Hamasmi ocHOBM 11i€i Teopii 3'sIBU-
JIACST BUXigHOIO 6a3010 3arajgbHOI Teopii BMIAJKOBMUX IPOILECiB, a TAaKOX Ta-
KUX BaXIMBUX MPUKIAAHUX HAyK, IK Teopisl AudysifiHuX MpolieciB, Teopis
HailfHOCTi, Teopiss MacoBOro OOC/IYyrOBYBaHHS i Tak maji. B maHuii yac teopis

© baknaH I.B., lllynbkeBuu T.B., 2019
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MapKOBCBhKMX MPOIIECiB i 11 3aCTOCYBaHHS IIMPOKO 3aCTOCOBYIOTHCSI B CAMUX
pi3HUX 06/1aCTSIX.

3aBIsIKM TIOPiBHSUIBHIN MPOCTOTI 1 HAOYHOCTI MaT€MaTUYHOIO amnapa-
Ty, BUCOKili JOCTOBIpHOCTi i TOYHOCTi OTpUMYBaHUX pillleHb, 0COOJMBA yBara
MapKoBchbKi mpoiiecu npuabanu y daxiBliiB, omepailiit, o 3aiiMarTbCsS T0-
CJTIJI>KEHHSIM, 1 TEOPi€0 yXBaJleHHS ONITUMAaJIbHUX PillleHb.

[TpuxoBani MapkoBcbKi mpouecu (TIMII), crmeumudikaniss sskux Oyia
oIy6JIikoBaHa I1ie B KiHIIi 60-X poKiB, OCTaAHHIM YaCcOM CTaJIi AYysKe MOITYJISPHi.
[To-mepire, MaTeMaTuuHa cTpykTypa IIMII gyske 6arara i J03BoJIsI€ BUPilTyBa-
T MaTeMaTH4Hi IMpobsieMy pi3HMX ranayseil Hayku. Ilo-mpyre, rpaMOTHO
CITIPOEKTOBaHa MOJIe/Ib JAa€ Ha MPaKTUIIi rapHi pe3yabTaTy poOOTH.

Bisiblia yacTuHa cydyacHoi Jjitepatypu [1-11], npucBsueHOI MoOIeto-
BAaHHIO 3 BUKOPMUCTAHHSIM MaTeMaTMUYHOTO arapaTy IpuxoBaHUX MapKOBCh-
KX MOJeJieit, CTocyBajacs po3B’sI3aHHIO TPhOX OCHOBHMX ITpo6em ITIMM.

[IMM oOKpec/II0I0Th HIMPOKUI Kaac Mojesneii, kinacudikailis Sskux 6yia
npuBeJieHa B poborax [12-13].

MeTa mociaigskeHHS

MeTo10 IOC/TiIKEeHHS € 0COOJMBOCTI 3aCTOCYBaHHS IIPUXOBaHUX Map-
KOBCbKMX MOZeJIei /i aHaJIi3y YaCOBUX PSiB Y BUIJISIAI JIIHTBICTUUHUX JIaH-
II}OXKKIB .

OcHOBHAa yaCcTHUHa

B mpotieci po3KpUTTS TPbOX OCHOBHUX MpPOOIEM 3rafla€Mo Mpo JesiKi
BM3HAYeHHSI MapKOBChKOTO aHa/i3y JIHIBiCTUUHMX ITOCTiOBHOCTEN, SIKi 6a-
3yIOTbCS Ha Iigxoni MapKOBCbKOrO MOZETOBAHHS (CyMilll MepexifHUX PO3-
noxiniB — CIIP, ¢dpeiim3anexkHi MapKOBChKi JIaHITIOKKM, iHTeproisLiiiHi Ma-
PKOBCBKI MOZeJii), 38 BUHSITKOM MPUXOBaHUX MapKOBCbKUX MOJEJIEN.

BpaxoBytoum TeOpito MMOBIPHICHOTO HAaBYaHHSI OCHOBHUM HAMpPSIMKOM
IOCJIiIKEHb MTOBYMHHO CTAaTU BU3HAUYEHHS BiJHOCHMX YaCTOT KOMIIOHEHTIB I10-
caimoBHOCTI. IToyaTKOBMI CTaTUCTUUYHMI aHaIi3 JIHIBICTUMUYHUX IOCTiOBHO-
cTelt Ha OCHOBi KOMITOHEHT aJi¢aBiTy.

PosryisiHeMO [esiKi BM3HAUeHHS IOAO0 aHalli3dy JIIHTBICTMYHUX

i . . . . A={a,a,,..,a,}
ITOC/I100BHOCTEN. Hexaii MaeTbCsd MHOXMHA (af[(baBlT) JIITEP .
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OCHOBHMMM eJIeMeHTaMM HaIllOro JOC/iIKeHHSI OYIyThb ITOC/IiJOBHOCTI JIiTep

N

3 andasiTy 4-X ={x} .

YV  BuIIaAKy TMOCJAiZOBHOCTeI MaeMo cIpaBy 3 andaBiTom
TIOTY>KHICTIO 4.

B 0CHOBi aHasi3y JIIHTBICTMYHMX MOCAIAOBHOCTEN HAC I[iKaBJSATb He
TUIBKM YaCTOTM OKpeMMuX ejeMeHTiB andaBiTy, ajne ¥ «CaiB» - TIif
MOC/TiIOBHOCTEI, SIKi BJIAaCTUBI IJIS1 AOCTiAKYBAaHUX ITOC/TiIOBHOCTEIA.

Hesgka vactTuHa iHopmaliii B JIHIBICTMUHIN MOCTIZOBHOCTI MOXKe

BUMKOPMCTOBYBATHUCS [JIsI MOIIYKY 33 3pa3skoM abo MepeKpUBHUMMU CJIIOBAMMU

(k -xoprexxi 6a3). 30kpema, MOMIYK CJIiB, SIKI MOXYTh GYTM YacTUMMU a6o
pizkumu. Ile Takoxk mae iHgopmaliilo PO TeTepOreHHiCThb ITOC/TiJOBHOCTI.
CJyioBa 3 HECTOXACTUYHOK BHYTPIIIHBOI CTaTUCTUKOIO /i 3HEHALbKA BUCOKOIO
YaCcTOTOK BMIIAAKIB — 1€ KaHOAMOATUM [JII MOTMBIB Y JIIHTBICTUYHINM
nocaimoBHOCTi. OTXKe MmepeBipKa Ha CTOXACTUUHIi MoJieNi — 1ie MoXe OyTHu Te,
110 TTOTPiOHe /IS TOIIYKY CJIiB B TECTOBMX 6a3ax IaHUX, siKi 36epiratoTh JOBTi
PSLIKMN.

ABTOKOpEJISILIiI0 C/I0Ba MOXHA BU3HAUUTU HACTYIHUM 4YMHOM. Hexaii
wW=Ww..W,

M03HAYa€ CJI0BO MOBXMHOIW h, yTBOpeHe CUMMBOJAMMU 3 [OESIKOTO
andasity § . Bynmemo roBopuTH, IO iCHYE MEPEKPUTTS MOBXMHOIO T, SIKIIO
Tepili T CMMBOJIIB Y W, TOPIBHIOE I OCTaHHIM CMMBOJIAM B TOMY X CaMOMY
TOPAOKY - w, =w, .., j =1,..r . ABTOKOpeJIALis W- 1le 6iHapHMII BEKTOD &é,...5,,
BM3HAUEHM 1 HACTYITHUM UYMHOM:

c z{l \a\kiu\o\I\c\r\y\e\me\p\e\K\p\M\ T\T\a \ 1\ o \B\#\l\H\u T\,
" lo WA AMPAOATVMAAN @K\ O\ MYV \BAM\ M\ @\ A\K\Y\.

Be3CcyMHIBHO &, =1 [1JIs1 KOKHOTO (JIOBA. ICHYIOTb C/10Ba, SIKi HE MOXKYTb
MaTy iHIli repekpuTTs. Hanmpukiiang c10BO Ma€ aBTOKOPENSLIIO - .

I[IMM MoXe pO3MISIOaTHCS SIK POAMHA MOesei OJjsl MOCTiAOBHOCTI
CMMBOJIIB 3 andasiTy 0={01,02,...,0k}. Mopenb 6asyeTbcs Ha imei mpuxoBaHOIi

MOCTiAOBHOCTI mepexoniB MapKoBCbKMX cTaHiB. Jlamo O6inbil ¢dopmasibHe
BuU3HaueHHs [IMM:

[TpuryckaeTbhCss roMOreHHi (OQHOPiAHI) 3a yacoM. MaTpulils mepexopiB
OyIYETHCS SIK
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4=(ay, )j’j M

i=1,j=1

i3 mobpe BimoMMUMM HaM OOMEKeHHSIMM :

j
> -
ay; = O>Z U

B MoMeHT yacy n=0 CTaH X, BM3HAYa€THCS PO3IOAIIOM IMOBIPHOCTEIA
7,(0)=P(X, =) 3 7(0)=(7,(0),...,7,(0)).

Tomimuuti  eunadkoeuii npoyec. BumagkoBmit mpomec ({Y,}” = i3

n

CKiHYeHHUM (Pa3oBUM IpocTopom O={o,,0,,..0,{, Ae K #J. Ilponecu {X,}"

Ta {Y}:=o IO OOBiMbHUX (ikCcOBaHMX N TIOB'SI3aHi PO3IOAIIOM YMOBHUX

JIMOBipHOCTeJ
by(k)=P(Y, =0, | X, =]).
BcraHoBumo, 1110

B = {b, (k)]

BynemMo Ha3uBaTH ii MaTpuUIEI0 MMOBIpHOCTE PO3NOBCIOIKeHHS. Lle —

J,K

j=1,i=1

iHIIIa CTOXaCTUYHA MaTPUILIS B TOMY CEHCi, 110
k

b,(k)=0, b (k)=1
YmosHa He3anexcHicmb
s [OBUIBHOI  IOCHIAOBHOCTI  CTaHiB  j,j,...j, JVIMOBIpHICTb

IOCIIIOBHOCTI 0,,0,,...0, BUSHAYAETHCS SIK:

RAY =q,,...}; =0,| X, =jpp-r X, =, B =1L D, (D). (2)

[HIIe KaKyuM, BUAIJIEHI CMMBOJM YMOBHO He3aJieXXHi Bil 3agaHol
IIOC/IIJOBHOCTI CTaHiB.

3-Tilt IIOCTYy/AaT BUM3HAUEHHS € BUPIMIAJbHUM [OJIs1 YCiX MaTeMaTUUYHUX
PO3pO0OOK, SIKi OyIyTh HAMM HaBeIeHi Haaali.

IIponec {7, }‘::0 MOKe po3misgaTucs K (QyHKIliS Big MapKOBCbKOTO

n

JIAHIIOXKKY Ta B 3araJlbHOMY BUIIAAKy He € MapKOBCbKUM JIAHI[FO)KKOM.
o Habopy mepeBar IuUX MNPUMYIIEeHb MOKHA 3aIllMCaTU CITJIbHY
AIMOBipHICTb 0001 -0 Ta JoJ1 - Jn SIK
P, =o0,,....Y,=0,X,=j,,..X,=J, ;A4,B,7(0))=
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_PY,,.Y | X,,...X, ,B)eP(X,,..X, 6 A4,7(0)) =

=7, (0) e I b, (D11

[TepebynoByIOUM OCTaHHil BUpas, OTPMMAEMO:
PY,=0,,...Y, =0,X,=j,,.X, =], ;A4,B,7(0)) =
— n
=7,,(0)0D;,(0) 1 a; b, ()
Hapasti My oTpMMy€eEMO CITiIIBHUI PO3IIOAI MIMOBIPHOCTEN 0001 —0n SIK
HEiCTOTHMIT PpO3IOMiJ MiACYMOBYIOUM BCi MOXIMBI HUISIXM ITOOYIOBU
MOC/IiAOBHOCTEN cTaHiB. lle 3a nuieMo HaCTYITHUM YMHOM:

J J n
P(Y,,..Y;4,B,z(0) =D . > 7, (0,0 (0) T a, b, (1),

10:1 jn:1

3)

TakuM 4MHOM CKiHUYeHHi BUMipHi posmnozisv JimoBipHocTelt Vali=1 €
MOBHICTI0O BUM3HAUEHMMM HAIIMM BMOOPOM CTOXACTMUHMX MaTpuilb 4, B Ta
IIOYaTKOBMM po3mogisom T(0), OTke MM MOKEMO BUMKOPMCTOBYBATU ITOBHMIA
3amnuc oy 1iel Mmoaerti

A =(A4,B,7(0))
Tenep maeMo: poauHy MoZesli 3yMOBJIEHUX HA A = (4, B,7(0)) PSIOOK
0 = 0903 —0n Ma€ PO3IO/iJ IMOBIPpHOCTEN
j o J
B =P =0yY, =0, 2)= 3 3 Py =¥, =0, X, = X, =), );
Al A
ne
PY,=0y,...Y, =0,,X,=jy,..X, =] ; A)=
=7 (0)e Il ya i1

PisHOMaHIiTHIi cTaTTi Ta HaBYa/IbHi MOCIOHMKYM TIpo [IMM MicTSTH OTHY
He3HAuHy BiIMiHHICTb, IO CTOCyeTbCcs dopmynoBaHHS F{©). YV craTTi
JleBiHcoHa [2] Ta crarTi 1960 poky bayma Ta I[leTpi Oysna HaBemeHa HaCTyITHA

dbopmyna:

By = P(Y,=0,...Y, =0,,A) =7, (0) [Tb,() 1 a )

JIFUAL
dKa O3Haudae€, 1o He iCHYG PO3IIOBCIOAKEHHS B ITOUATKOBOMY CTaHi 860, 1110)

IIOYAaTKOBMII CTaH € CTAaHOM ,MOBYAHHS” (3raJla€mMo, IO B paHHiX poboTax
TOJIOBHMM  3aCTOCYBaHHSIM  IIbOTO  MaTeMaTMUYHOTO  arapaty Oyro
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pPO3ITIi3HABaHHS TOJI0CY). 3 iHIIOro OGOKY Ile TOBOPUTh IIPO Te, IO 3aBXKIU
BiZlOMO, IO IIOYATKOBMII CUMMBOJ Oyme TUM caMuM. Tak, IO ITOTPiGHO
peTeibHO PO3MISIHYTM Ta TOPIiBHSITM pPi3HOMAaHITHI BapiaHTu dopmysa s
I[TMM.

I>kenaiiHeK BM3HAuaB IpPuUXOoBaHi MapKOBCbKI MoAei B TepMiHax
pO3MOJily pPO3MOBCIOMKEHHS, sike € (YHKIIOHY€ Bi Tepexofy CTaHy.
dopMaJIbHO 11e MOKHA ITOJATH Tak, mo 25K =P, = 0¢1X, =) 3amintoeTnes Ha

bupg) =PUn=0ulX s =X, =) gx nerxo 6GaumTy, me TBepmKeHHS,
MpOTe, MTOBHICTIO TOTOXXHE TOMY, 1110 BUKOPUCTOBYBAJIN BUIIIE.

Komu Mmu KaxkemMo ,,CTOXaCTUYHUI MeXaHi3M”, 1le IPUITyCKa€ HACTYMHi
KPOKM reHepaliii mociigoBHocTeit B R

1) Bubip rmouaTKoBOro ctany Xo = Jjo, sIke BifinioBigae posmnominy 7(0);

1) BcraHoButm n=20 ;

2) O6patu Y.=0., gKe BiAIoBigae po3momisy AMOBIpHOCTEN MOSIBU
CUMBOJIIB B cTaHi jn- 2 (K);

3) IlepeBecTu 40 HOBOI'O CTAHY Xn+1 = Jns+1, SIKE BiAIIOBiZa€ po3IOOiTY
JIMOBipHOCTE# IIepexomy [0 LIbOro CTaHy - H(nlin+:);

4) 306iMbIINTHU " HA OAVMHUINIO Ta TIOBEPHYTUCS [0 IIary 3, IKuo n<N |
abo mepepBaTy POOOTY aJATOPUTMA B IIPOTUIEKHOMY BUITAIKY.

[IlpuBemeHa  BuIlle  IIpolieAypa  MOXXe 3 OOHOrO  OOKy
BUKOPUCTOBYBATUCS, SIK TeHepaTOp BMOIpKM, Tak i IK Momenb OJjs1 TeHepallii
IaHOI MOCIiAOBHOCTI BignoBigHowo [IMM.

Be3yMOBHMIT PO3MOIiIT [T Oydb-sKOro Y. 3ala€ThCsl IOTNEepenHiM

Bu3HaueHHIM [IMM:
J .
P(Y,=0,)= P(Y,=0,| X, = j)em,(n)
[IpurrycTMo, 110 yCi pIAKM MaTpulii 4 iTeHTU4Hi, TOOTO
Uel) T Wigna =12 ..] ,gnaycix i .
Topi ®@M) =Wy, Wz ..w)) nng Beix =1 Tta g Gymp-sikux 70, ge,

Haragaemo, () =m(0) - A" [HIe Kaskyuu Ojisg n =1
J .
P(Y,=0,)= Y  P(Y, =0, | X, = j)ew,

ne P, =oxlX, =)) He 3anexuts Bix " . [[pUNyILEHHS PO iIeHTUYHICTb PAIKIB

A 03Hauae, O X» - He3aJIeXXHI BUMAAKOB1 BeJIMYMHU Ta TIPUNTYIIEHHS YMOBHO1L
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He3aJIeXKHOCTI — 11e IIPUITYIIeHHS PO MOIapHy He3alexkHicTb a1 (X..¥.). Ane
1le Hilllo iHIle, IK pOAMHA MOJeJiel pO3NOoA iy CKiHUeHHO1 cyMmii [1].
be3CyMHIBHO KOJIM HAaCTaHOBA 3aBepllieHa AesKUMM ITOYaTKOBUM PO3IOAiIOM
m(0), My BU3HAUMIM TIpUXoBaHy MapKoOBCbKYy Mogenb. [IMM Mae MaTpuIiio
MIMOBipHOCTEV PO3IOBCIOIKEHHS :

B = (lg_gl—gg )

CraHpapTHi npuxoBaHi MapKOBCbKi MoOAe/i MOXXHa PO3IISIAATH, SIK
rpad HaBemeHMIt Ha PUCYHKY B puc. 1. Ileit Bug rpadiB BimoMuii mij Ha3BOIO
niarpamyu BIUIMBY abo mepesxi moBipu (muB. y Cmirta [10]). Koskuuit Byson y
rpady 300pakae BMUIAIKOBY BEJIMUMHY, SIKA OMMUCY € CTaH X»ab0 pesyabTaT
criocTepexkeHb Y» B mesikuit MomeHT uvacy ". Ha puc. 1 pebpa (cTpinka)
300pakye Hampsim BIUIMBY. I'pad 300paxye Mojenb IPUITYIIeHb. YMOBa
MapkoBocCTi 03Hayae, 110 SIKII0 HaM BiZoMO sSIKMif cTaH / OyB BigBimaHmii y
MOMEHT 4Yacy ", TO Hisika fpyra iHdopMallis 3 MMHYJIOTO He BaXKJIMBa [JiS
MaiibyTHbOoro. Ha pucyHky X. BigoKpemsIioe TIIonepenHio 3MiHHY Bif
MaiOyTHBOI: BuAaJeHHIM X» 3 rpady, 3MiHHI Xm(M>71) CTAHYTh
BiJ'€eIHAHMMM BiJ 3MiHHUX

X, (k<n)

B TepmiHax giarpam BIUIMBY MOKHA JIETKO OCSITHYTM Ta MPAllOBATU He
TUIBKM Y MeXax CTaHIapTHUX MPUXOBaHUX MapKOBCbKMUX Mofeneit. Ilpukinaan
HeCTaHIAPTHUX Mojeseit MmojaHi Ha puc. 2, me 306paxkeHa aBToperpeciiiHa
[IMM, 34erieHoi [IMM Ha puc. 3 tTa daktopHoi [IMM. KitoueMm 1J1s1 po3yMiHHS
300pakeHOro0 TMOBMHHI CTaTU KPYTH, SIKi MalOTbh Y CO0i CTaHM MPUXOBAHOTO
JIAHIIOKKY, Ta TPUKYTHUKM 3 BUIAHMMM Ha BIiATOBIAHI MOMEHTM 4Yacy
cumBosiamu. JletanbHuit posrasan dakropHux I[IMM, momaHuMx Ha puc. 4,
naetbcs y I'paxpamani ta [I>koppaHa [3]. Boits posmisimaB y cBoiit po6oTi [4]
3aCTOCYBaHHS aBToperpeciiiHux IIMM B aHasti3i 6i00riYHMX MOCTiAOBHOCTEIA.
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I

PucyHox 1 - Jliarpama BIuBy: crangaptHa [IMM

g

PucyHoK 2 - Jliarpama BIIJIMBY: aBTOperpeciiina [IMM

PucyHok 3 - Jliarpama BIiMBY: criapeHa [IIMM
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Yn-1 Yn Yn+1

PucyHok 4 - [liarpama BrunBy: pakropHa [IMM

HJist 3raflaHol BUILle POAMHM CTAaHOAPTHUX MPUXOBAHUX MapKOBCBKUX
Mojiesielt iCHye TpM OCHOBHiI Mpob6iieMM, BUpILIEHHS SIKMX HEOOXimHO mjist
BuUKopuctaHHs [IMM g1 aHas1i3y JTIHTBICTUYHUX MOUTITOBHOCTEIA.

1. Ouinka, abo npob.iema KinbKiCH020 NOKA3HUKA.

B mepiry uepry mo 1ii€i mpobsemMu Mae€ BigHOIIEHHSI 00UYMCIIOBa/bHA
edekTuBHiCTDb. Be3 ckmagHuX 06MeXkeHb € MOXKIMBUM ITPOCTE OL[iHIOBAHHS

P, =o0,,...Y =0,;A)
Tak came, K 11e pobuiocs 3 JiMoBipHicTIO Bulile. OCKiJIbKY ITiACYMOK

J™* MOXXIMBUX MOCTiOBHOCTEIA, 3arajJbHi 00UMCII0OBANIbHI BUMOTY —

3aJIyyae
TIOPSIIOK oIlepaliiii. A 3Bimcyu mepinoio mpob6nemoro ajist IIMM € nepe6opoTu
eKCIIOHeHTHMI picT. PillleHHS Bigome, SIK IIpolieaypa ,, Tyau-croan”.

2. IIpobnema 0eKooy8aHHs.

Hajtuacrinie Hac 1iKaBUTh HalO/IbII JIMOBiIpHMI TTOUYMHAIOUMIA CTaH,
SIKMIA Befe 40 DOCTiMKyBaHOI mowtimoBHOCTi. B Tepminax IIMM 1 mpo6iiema
oTpMMaJia Ha3By IpobieMy BUpPiBHIOBAHHS. IcHye MOiliCHO AeKinbKa ILISXiB
IJi BU3HAUYEHHS KpuUTepis mekomyBaHHs. [TOIIYK MOCTIMOBHOCTI fo-in , sIKa
MaKCUMi3ye

P(X, = jy,. X, =], Yy =0,....Y, =0,54)

o ¢dikcoBaHOI MOC/TIMKYBaHOI MOCIIZOBHOCTI Qo —On- 1@ IMPaAKTUYHO
HalO6iabII YacTO BUKOPUCTAHUII KPUTEPiii, OCKIIbKM MOKe OYTU 3iliCHEeHMIA
aJroputTMoM Bitepoi.

3. Ouinka pesynsmamy ab6o npobiema Ha8uUaHHs.

OwuiHka pe3yapTaTy MO8 3a0aHOl OOCHIIKYBaHOI IMOCIiILOBHOCTI

0 = 0g --On Ma€ B CBOI OCHOBI MOIIIYK MOAEJi:
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A=(A4,B,7(0))

sSKa BM3HAYa€ HaMOUIbII MMOBIpHY MOMeNb [JISI TIOPOIKEHHS 3aJaHoi

MOCAiAOBHOCTI Qo —On, IO TaKOX OTpMMaJia Ha3By TPEHYBAJIbHOI
ITIOC/IiJOBHOCTI.

VYMOBY IS OOUYMCIIOBAHHSI OI[iHKM Ta HaBYaHHS B CTAHAAPTHUX Ta
HectanaaptHux [IMM chopmynoBas Jliok [8].

CwmiT Ta iHmi [9] BBenu 3arajibHy CTPYKTYpy rpadiuyHux mopeneil ajsi
JMIMOBipHICHMX He3aJIeXXHMX MepeX, 3aBASKM SIKMM MOXKHA BUBECTU UMCEIbHI
aJATOPUTMMU [JISI KiJIbKICHOI OIliHKM Ta Mpob6jeMM BUPIiBHIOBAHHSI B iHIINIA
CITOCi06, HiXK 1ie 6yJIO IIpeaCcTaBAeHO B IIbOMY TeKCTi. TeXHOIOTisI IMOBipHiCHUX
He3aJIeXKHUX MepeX MOXKe TaKOX BUKOPMCTOBYBATUCS IPU BUPIIIEHHI IIUX
npo6sieM Aj1s1 psany HectraHmapTHUX [IMM.

BucHoBku

Ha cborogHi npuxoBaHi MapKOBCbKiI MOJe/li € OOHMM 3 Halmnoumpe-
HIilIMX MaTeMaTUUYHUX arlapaTiB, 0 BUKOPUCTOBYETHCS OJIs1 6araTboX Kaacu-
dikaTopiB Ta MoAeIIOBaHHS pi3HOMaHITHMUX IpobieM. B octanHi poku [IMM
BUKOPUCTOBYIOTBCSI i1 PO3Ili3HaBaHHS kecTiB [11]. 3po3ymino, 1mo paHa
CTaTTs He Ja€ MOBHUII Mepesiik MmpobsieM, IO CTOSITh Mepel po3pOOHUKaAMMU
iHTe/leKTyaJIbHUX CUCTEM i3 3acTocyBaHHSIM [IMM, ajie € meBHMM KPOKOM Ha
NUISIXY A0 iHTerpailii CydaCHUX MeTO/IiB BUPIillleHHS CKIaJHUX 3a/1ay.
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YK 622.28.044:622.831

I'.I. JTapioHnos, M.I'. JlapioHOB
IIPO OJIMUH METOJ HABJIMXKEHOTO BIITBOPEHHS ®VYHKIIII
Y OKOJII TOUYKHU 13 OBJIACTI BUSHAYEHHSI
Y AHAJIITUYHOMY BUTJIAOI

AHHomayus. B pabome paccmompeHo npumeHeHue moYe4YHOU OUeHKU pe-
3y/1bMamos8 NoJyYeHHbIX YUCAeHHbIMU Memooamu. Pesysbmam moyveyHou
oyeHKU npedcmassnsem coboli aHanumMuyecKoe BbipaxKeHue 8 Bude npousse-
OeHus He3asucumbix yHKUUU 00HOU nepemeHHoU. BbipaxeHue npumeHsemcs
01 aHanu3a nosedeHus (YHKYUU B OKpeCMHOCMU, BbI6paHHOLU 0A15 ucciedo-
BAHUA MOYKU. B Kayecmse moOenbHbix 014 0eMOHCMpayuu npeosoxeHHo20
memooa paccMompeHsl 3a0ayu 0 npubsuXeHHOM npedcmasieHuu psoa 3Jje-
mMeHmapHbix PyHKYUL ¢ oyeHKol e2o nozpewHocmel. JJaHbl pekomeHOayuu no
€20 NpuUMeHeHUIo.

Pe3ynbTaTy NMpOBeOeHHS €KCIIEPMMEHTIB 3 BUSIBJI€HHSI TUX UM iHIIUX
BJIACTMBOCTEI MalllMH, MeXaHi3MiB, HNpuaajiB, TOIIO HalidyacTillle SBJISIOThb
c06010 MacUBU UMCETbHUX TaHUX.

SIK mipaBuMIIO, 3a pe3yJbTaTaMy TakKuX pobiT MPOBOAMIN MOOYIOBY Ma-
TEeMaTUYHOI MOJeJIi, siKa JaBajia MOXKJIMBICTb y3araJlbHUTHU IIPOLIEC 11 BUBUEH-
Hs. Y SIKOCTi Takux mogesei njs onucy QyHKILii SIKOCTi (MMOTYKHICTb Y ABUTY-
Ha, MBUIKICTb 00epTaHHS Baly, MOTYKHICTb BUXiJHOTO CUTHAJTY €JIeKTPOHHO-
ro MpwiIaay, KiIbKiCTh CipKM y pO3ILIaBi MeTaly TOIO), 00uparoTh abo amu-
TUBHY 200 MYJIbTUILIIKATUBHY MOJEi Bif QYHKIIi1 He3aJesKHMX 3MiHHUX I1a-
paMeTpiB Ipoiiecy, sIKi MpeaCcTaBsiv o000 alpoOKCUMAallii YMCIOBUX JaHUX
eKkcriepuMeHTy. MyJbTUIUTIKATUBHI MOZeJIi OTpUMau MUPOKe 3aCTOCYBAHHS
1pu o6poO6Ili JaHUX eKCIIepMMeHTy abo MopentoBaHHS. I[IpoTe He M0 KiHIIS
3’SICOBaHMM 3a/IMIIMIIACh ITpobiema BubOoOpy KoedillieHTy anpokcumallii, abo
MYJIbTUILIIKATOpA, SIKMI1 IepeayBaB O0OYTKY GyHKIIi. 1leii MyJIbTUILTiIKaTOP
Ha3MBalOTh Ile KoedillieHTOM «He3HaHHSI», a BiJl jtioro BuMOOpPY 3anexaThb i

OILIiHKU OTPUMMaHUX OJaHUX. binpbin JeTa/IbHe BMBUEHHS npoueciB IIpoBeJeHHA

© Jlapionos I'.I., Jlapionos M.IT'., 2019
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Gbi3sMYHMX eKCIepMMEeHTIB I0Ka3aB, 10 Y 3HAUHii GiJbIIOCTi aJiTOPUTM [0-
CiJI>KeHHS CKIaAaBCs 3 MOCIiTOBHOCTI HACTYITHMX KPOKIiB:

1. O6upaloTh OMOPHY TOYKY X, =(x’,x!,x°)e D, TPUUOMY OOMPAIOTD, SIK
MIpaBUJIO, LIEHTPOi 00/1aCTi BU3HAUEHHS

2. IIpoBOASTh MO IIArOBY 3MiHY OAHOTO i3 mapamMeTpiB, MPpUUYOMY BCi
iHIIi 3aMMuIIaThCs PikcOBaHMMMU;

3. O6uMparoTh HACTYIIHMII MMapameTp, (Gikcywoum BCi iHIIi, BKIOUYAIOUU
ToTIepefHili;

4. OTpumyl0Th GOpMy MHpeacTaBieHHsT QYHKIIII SKOCTi y BUIISL, Ha-
MpUKIaz, 10OyTKY;

5. O6uparTh aArOpUTM BMOOPY MYJIbTUILIIKATOPA, TOOTO KoedilieHTa
arnpoKcumaliii.

MynpTUILTIKaTOP Imovaau obupaTu K GyHKIIiI0 mapamMeTpiB i3 obacTi
BU3HAUEeHHS. BUSIBUIIOCH, IO MOIPY BUCOKY TOUYHICTh Ta 3HAYHI 3aTpaTu HA
TIPOBeJIeHHST eKCIIepMMeHTY, (GYHKIliSI SIKOCTi Ipolecy Mae€ 3a[0BiJibHY TOY-
HiCTb JIMIIIE Y OKOJIi OMOpHOi TouKu. Cripobu BM3HAUeHHST GYHKIIii SIKOCTi B
iHIIMX TOYKax MO3UTUBHOTO pe3y/bTaTy He IaBajiy, He AUBJSYMUCH HA BUKO-
PUCTaHHS Pi3HUX AJTOPUTMIB BUOOPY MYJIbTUILIIKATOpPA. 3 TOUYKM 3I0POBOTO
[JIy30y CTAa€ 3pO3YMijio, IO eKCIIepUMMEHT MPOBENEHUI y TOUL[i MPOCTO He
MO>XKe 3aJI0BOJIbHSITY TOYHOCTiI BU3HAUeHHST (PYHKIIii SKOCTi y iHIIMX TOYKax i
MOBUHEH OyTY He (PYHKIIi€I0 KOOPAMHAT, a YMCJIOM [IJIsT KOSKHOI TOUKM i3 00-
nacTi Bu3HaueHHs. [IpaBwio, 3a SIKMM OTO MOXXHA 3HATH, Oy/e HaBeIeHO
HIKYe.

3 iH1Ioro 60Ky, 6yIb-sIK1ii IIPOLIeC MOC/iIKeHHS, SIKU1 TIPOBOAUTHCS 3
IOTIOMOTI'0I0 eKCIIePpUMEHTIB, iMiTalliiiHuX abo MaTeMaTUUYHUX Mopeseit (MM)

i Moske 6yTU mIpeficTaBlIeHUi Y BUTJISIII «4OPHOI CKpUHBKU» (puc. 1).

MM +Y

PucyHoKk 1 - Mogesnb y BUTJISIAI YOPHOI CKPUHBKM
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e X(x1 Xz,...X,) TTapaMeTpy KepyBaHHS ab0 3MiHHiI Mofeni: Y pe3yib-
Tylounit pakrop abo GyHKUIS ¥ =¥(x,,x,,.x,) SIKOCTi mpouecy Gopmy siKoi He-
00XiTHO BiATBOPUTHU 3a JAHMMMU OTPUMAHUMMU ITiCJISI KOMIT IOTepPHOI 0OpOOKM.
Mogenp Moske OyTM mpeacTaBjieHa SIK QisvUHMMM TpuIagaMy, CUCTEMaMMU
nudepeHIliaIbHUX PiBHSIHb, MaTeMaTUYHUMMU (DOpMyIaMM Ta OOUMCITIOBAJIb-
HUMM mporpamamu a6o ITakeramu Ilpuknagaux ITporpam (ITIII) saxi ii peasi-
3YIOTb.

PesysnbTaTy JOCHiAKeHb 3 OOmoMororww MM, sK mpaBuio, IpencTas-
JISTIOTh COO0I0 MaTpuili umcesn abo TaOMMII UMCIOBUX OaHMX. BimTBOpeHHS
(dYHKIIi 3[i/iCHIOETbCSI 3 BUKOPUCTAHHSIM iX 3HAueHb Ha CiTIli IapameTpiB.
Yum ppibHima ciTka, YMM TOYHIiIle MOXKHA allpOKCMMYBaTU (YHKIIiO. s
CKJIaIHMX 3a4a4 OTPMMAaHHS 3HaueHb (YHKIIiM Ha CiTLi mapaMeTpiB moTpedye
3HAYHMX BUTPAT MAIIMHHOTO Yacy, o poouUTh MpobaemMy BiITBOpPeHHS (yHK-
1111 IPaKTUYHO HEMOXX/IMBOIO.

BuHMKIA i4es BUKOPUCTAaHHS METOOVKM OTpuMaHHsI MM 3a cripoiie-
HOIO IPOIIeYyPOI0, SIK 1ie POOJISITh IMPY MPOBeeHHI eKCIlepMMeHTaIbHUX PO-
OiT Mo y3arasibHeHOi mogeJti (puc. 1). 3a MM migxomom oTpuMaHHSI MM 31iit-
CHIOETHCS HEe Ha CiTIi mapaMeTpiB, a B IeBHili TOUIli 00/1aCTi iX BM3HAUEHHSI.
3arnporioHOBaHUT aBTOPOM aJrOpuUTM [1] mO3BOJISIE CYTTEBO 3MEHITUTY 00UM-
CJIIOBAJIbHI BUTpPATM HA BiATBOpPeHHS (QYHKIIiI SKOCTI, aje Juiie y OKOJIi MeB-
Hoi Touku. Tak, 3aMicTb 0OUMC/IEHHS 3HAUeHb (PYHKIIii Ha CiTIIi IMapameTpiB.,
BOHM 00paxXOBYIOTHCS JIMIIIE HA KOOPAMHATHUX JIiHiSX, YMM iCTOTHO 3MEHIIY-
I0Th KiJIbKiCTb 00UMC/IEHb Pe3yAbTaTUBHOI QYHKIIII (puc. 2).

MeTton mnociaigoBHOI ampokcumarii (MIIA) mo3Bossie mpencTaBIsSITU
GYHKIII0O B aHaAJITUMUHOMY BUIISIAL (Y BUIVISIAI MOOYTKY (QYHKIIIM KOXKHA 3
SIKMX 3aJIeKUTh BiJl OfHi€l 3MiHHO1) KOJIM iCHYIOTb Y TabiuuHii dhopmi 3Ha-
YyeHHs i1 Ha JIiHiSIX YTBOPEHUX IepeTMHOM (YHKI[iOHAJbHOI IMOBEPXHi KOOp-
OIVMHATHUMM IIONIMHAMM, IO IIPOXOASITh Yepe3 00paHy TOYKY i3 061aCTi BU-
3Ha4yeHHd (puc. 2).

ISSN 1562-9945 99



4 (123) 2019 «CucteMHBbIe TeXHOJOTUN»
Z

A W

PucyHOK 2 - ®yHKUisS Mogeri

Hocsig ycrimHoro Bukopuctanis MITA B 3ajauyax reoTexXHiYHOI Mexa-
HiKM [2,3] TAaKOrO IpenCTaB/JIeHHs MOKa3ye, 10 pillleHHS MPakKTUYHUX 3a7ad
MO3Ke OYTM pO3IIMPEHO Ha BCIO 00/1acTh BU3HAUYEHHS (QPYHKIIii, He OUBJISYMCH
Ha TOW (akT, IO IOXMOKM TaKOTO MHpenCcTaBJeHHS 3pOCTAalOTh HpU HabIu-
SKeHHi [0 il rpaHuili Ta BOHU He IepeBUIYI0Th BeJInunHy 5-7%. Tak BUSIBU-
JIOCh 11O TaKa TOYHICTD € 3a[10BiJIbHOI0 JJIS1 iH’)KeHePHUX PO3PaxyHKiB B raaysi
reOTeXHIYHOI MeXaHiKM, OCKiJIbKM BUXIOHI JaHi AJS bOTO BM3HAYAIOTHCS 3
TAKOIO 3K TOUHICTIO..

Lis1 o6cTaBMHA HaAMXHY/AA aBTOpa chOpMY/IIOBATU TEOpPEMY IIPO iCHY-
BAHHS TAKOTO IpeACTaB/JIeHHS 1151 OiJIbII IIMPIIOro KoJjia 3a7ad4.

Teopema:

Hexaii icHye F(X)= F(x,,x,..x,) IKa € BUSHAUEHOIO i HellepepBHOIO Y 3a-

MKHYTit o6macti D. Toxi y oKomi TOUKM X, = (x*,x0.x")e D DYHKIS r(x) MOXKe

O0yTM HaGIMKEHO MpeCcTaB/ieHa y BULJISII:
F(X) ~ (p('xl 2°0e 'xn ) = anH g[ (xi)
i=1

ne g,(x,) - dyHKIii anpokeumanii s f,, f,...., £, 9Ki 3agani y Tabimnuniii dop-
Mi, a o — KoedillieHT armpoKcuMallii, BU3HAYa€e€ThCS Y BiATIOBigAHOCTI 10 dop-

MYJIN:
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0 0 0 0
F(x1 3 Xy 5 X3 5eeiX,

" gl(xlo)gZ(xzo)"gn(xno) )

3a3HayveHi dyHKIIii BM3HAYAIOTHCS HACTYITHUM YYHOM:
£i() = Floyxlx?), £o () = F(x0 %y x?). £ (x, ) = F(60, 2000, ).

K 3acBiguye MOCBiJ BMKOPMCTAHHSI BKAa3aHOTrO ITiAXOMy HaOJIVDKeHe

a

npencraBieHHsT QYHKUID F(x)=F(x,x,.x) Y OKOM TOUKM X, =(x,x!,x’)e D Mae

IOCTaTHIO IJIs1 iH’KeHepHUX PO3PaxyHKiB TOUHICTh Ha BCilt 00/1aCTi BU3HAUEH-

Hsa D.

Anroputm MITA Moske O6yTM MpencTaB/IeHUI MOCTIIOBHICTIO HACTYII-
HUX KPOKIB:

Kpok 1.06upaemo TOYKy i3 ob6sacTi BM3HAUeHHS QYHKIIii
M = M(xlo,xg,...,x,?),M eD;

KpOK 2.CTBOPI0eMO DYHKIIIO £, (x, ) = F(x,,x7.....x°);

Kpok 3.3Haxompmmo Bun QyHKII g (x,), SIKa € anporcumariero ms dy-
HKii £ (x,);

Kpok 4.3Haxonumo ¢,(x,) y Bigmosigaocti 10 (1):¢,(x,)=a,g,(x,), o€ o1 —
KoeillieHT almpoKCUMallii;

Kpok 5.BusHauaemo GyHKIIiI0 y 0KOIi TOUkM M 3 piBHOCTI F(x, ) ~ ¢, (x,)-

[ToBTOPI0EMO KPOKM 2-5 MOCTIIOBHO ISl 3MIHHUX x (j =2, 1) I OTpUMYye-

MO IITyKaHe MpeZCTaBIeHHS
F(xl,xz,x,..., Xn)z (p(xl,xz,x,..., .Xn)= Otngl(xl )gz(xz )...gn(xn)’

Ie on —KoedillieHT ampoKcuMallii BU3HAYa€ThCS SIK:
0

fi(x,.) F(xlo,xzo,x30,...xn )

=— Ta a, =
.1:1[gj(xj°) gl(xlo)gz (xzo)--gn (xno)

a.

1

3BepHYTHU yBary:

1. Bi6ip Touku M =M (.3 s} M < D cyrreMM UMHOM BIUIMBAE Ha
BUJ, BinTBOpeHoi dyHKiii. Kosy Tomorpadis @yHKilii HeBigoma ImMpOIOHY€ETh-
cs1 oOMpaTy TOUKY B LIEHTPi 00j1acTi BM3HAYEHHS i KOOPAMHATHU BU3HAUATU
3riTHO (bOpMy)'Ix/_ = (b,-a, )2, B€ Gj i bj aBIAI0OTH COOOIO TTOYATKYM Ta KiHII iHTEep-

BaJIy 3MiHM [TapaMeTpy X; BiATIOBILHO;
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BuKOHAHHSI KPOKY 2 Ma€ MeTy OTPMMaHHS TabiamuHoi dhopmu QyHK-
1ii fi. IK110 BuXigHa (yHKIIiSI He BU3HAUEHA B aHAJiTMYHOMY BUJIi HEOOXigHO
BUKOHATY OOUMCJIEHHS [AJIS TTOC/IiJOBHOCTI 3HaUeHb 3MiHHUX 3 II€BHUM KpO-
KoM. SIK moKkasaB JOCBiJl BUKopyucTaHHsI MITA BuOip BeIMUMHM KPOKY KOXKHOI
3MiHHOI IJ11 0GUMC/IeHHSI 3HaueHb (PYHKIlii He3HAUHOI0 MipOl0 BIUIMBAE Ha
TOYHIiCTb BifITBOpIOBaHOiI (PYHKIIii i Gisbllle 3a7€KUTh BiJl 3HaHb MOC/iTHMUKA
ocobsmBocTel (i3uKy MMpoliecy, 1o JOCTiIKYEThCS.

Tpeba po3ymiTu, 110 MpeACTaBAeHHS MOBEPXHi IIYKaHO1 QYHKIi Bif-
OyBa€THCS 3 TOMOMOTOI0 y3arajJbHEHOTO TinepOoiyHOro rimepbosoiny i cro-
oiBaTMCh Ha PiBHOMipHY IMOBEAiHKY BiITHOCHOI ITOXMOKM CIIOAiBATUCh HE Bap-
TO.

TakosK cyifi 3ayBaskuUTH, 110 IMpobaeMa BMOOPY KiaciB QyHKIIil alpok-
cUMallii € ofgHi€l0 3 HaMBaKIMBINIMX ITPOOJIEM He TiIbKM IPUKIAJHOI MaTe-
MAaTUKH, a 1 TeXHIYHUX 3aCTOCYyBaHb. SIK cBiguaTh poboTa [4], KoedillieHT Ba-
piailii anmpokcuMyoumx GYHKIIi He MOXKe BUCTYNATHU Y SIKOCTi KPUTepPio BU-
60py DYHKIIi. YV SIKOCTiI KpUTEpilo, SIK1ii 00MeKye BUOip KiIacy alpoOKCUMYIO-
ynx (YHKIIi/ TPOIIOHYETHCSI 00MpaTy PO3MIpHICTh BUXiZHOI (QYHKIIiI, SIKIIO
1Ie MOKJIMBO. BuKopucTaHHS 0OMeKeHb KJacy ampOKCUMMYHUMX (YHKIIA €
BKpali BaKIMBUM IJiSI OL[iHIOBAHHSI BIUIMBY MapaMeTpiB Ha pe3y/JbTaTUBHY
dbyHKIIi10.

[lInpoke 3actocyBaHHs MIIA Ha mpakTulii mMoxKas3asuio, 10 BUKOPUCTAH-
HS KJIacy crerneHeBUMX (YHKII € 0co6aMBO edheKTUBHUM i TPOBEeIEeHHS
OILIiHIOBAaHHS BIUIMBY MapaMeTpiB Ha QYHKIIiI0 SKOCTi. MeTo/ OLIiHKY BILJIUBY
SIBJIsIE COOOI0 BiITBOPEHHS pillleHHS 3aaui (KOJIM BOHA ITOOYI0BaHA Y BUTJISIII
OIMCAHMX TAOJUIb YMCEN ) Y BUITISIAL TOOYTKY cTereHeBUX QYHKILi i TOpiB-
HSIHHI iX ITOKa3HMKiB. UMM OGibINii ITOKa3HMUK CTEIIeHi, TUM CUJIbHILINI BIVB
napameTpa Ha QyHKIIito.

s memoHcTpalii po6otu MIIA BMKOHAEMO BiITBOPEHHS IOESIKUX
aHaniTMuHux ¢yHKuiik. Konu mobymoBaHa GyHKIis y TabauuHiin dopmi cKo-
puctaemoch MITA 171 TOro, 1106 oTpUMaTH BiTBOpeHY GYHKIIIIO Y aHATITHUY-
Hilt ¢popmi. Tomi BUKOHYETHCS MOPiBHSIHHSI QYHKIIi/ Ta POOUTHCS BUCHOBOK
1po edeKTUBHICTb MeTondy. [Ijis1 BimTBOpeHHSI QYHKIIiII 06epeMo «He3pydHi»
dyHKIIT 11 mpeacTaBieHHs iX Y BUTJISIAL JOOYTKY QYHKIIii, a came:
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fle,y)=x+y;x,y€(01),  flx,y)=Sin(x+y)yx,ye(0,1) M(x,,y,)=(0.50.5)
3adaua N2 1.
BukoHaemMmo arpoobariio METOIY MITA IUIS dyHKIIii,

S y)=x+y;x,y€(0). | PegynpraTit MOPIBHSHHS BiATBOPEHOI i 3amaH0i DyHKLiT

HaBeJleHO HMKYe (puc. 3).

o o o O
N b o 0

0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
a) 6)
PucyHoK 3 - Pe3ynbTatu mo6ynoBu QyHKIIii 3a 3MiHM X Ta y:
a) QyHKLis anpokcuManii f(x, y,)=1.43942x" ;.

0) GyHKLis anpokcuManii f(x,,y)=1.97882y%.

OctaTtouHo, y okoii TOukM M(Xo) OTpMMAaHO BiATBOpeHY (YHKIIIIO Y
BUTJISIAL hopmyin:

F(x, ) =1.97882x 0459145, 0499145

3adaua N°® 2.

BukoHaeMo armpob6ailito 3alpornoHOBAaHOTO MeTody mjs1 (YHKIILi,:
f(x,y)=Sin(x+ykx,ye(0,1). PesynbraTy TOpIBHAHHA BiATBOpPeHOI 1 3amaHOI

dbyHKI1ii1 HaBegeHO HIKYe (puUC. 4).

a) 6)
PucyHOK 4 - Pe3ynbTaTy mo0ymoBu QyHKIIii 3a 3MiHM X Ta Y

s e , =1.01187 0.267759 .
a) byHKist anpokeumanii / (%, ) X :

6) QyHKILig anpokcuManii £(x,,y)=1.21823y°%".
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OcTaTouyHO B OKOJi TOYKM M(Xo) OTpMMAaHO BiATBOpeHY (QYHKIIIO Y
BUIJIAL GOPMYIIN:
7(x, y)=1.21823x 020775 02679

PesynbTaTy aHami3y BiHOCHOI MOXMOKM gy — /. Ex’y)loo HaBeJeHO Ha
X,y

~

puc.5.
Crnipm 3ayBaxkuTH, 110 0OpaHO JIiHiI0 x=y, moxubka (PyHKIIii Ha sIKiit €

HaNOIIBIIMMMN.

0.
—20 1t
—40 |
—60 |

(d
[
[
[
[ ]
[ ]
[ ]
[ ]
[ ]
_80, [ J
[ ]

PucyHoOK 5 - Po3mnofin BimHOCHOT TOXMOKM 3HAaUeHb QYHKINIT Ha JiHii X=y

BUCHOBKM

1.MeTton nocaimoBHOI anpokcumaiiii MITA, 3anponoHoBaHMiA 11 Ha-
OJIVKeHOTO BM3HAUEHHS 3aKOHOMipHOCTEl MiX ImapameTpamMy CUCTEMM, ITif-
TBEPMB CBOIO Ipalle3aaTHICTh. BiTHOCHI MOXMOKM AJ1s1 OiNIbIIIOCTI MapaMeTpiB
He IepeBUILYIOTh 7 %, 110 € MiATBepAKeHHSIM IIpale3gaTHOCTi aJrOpUTMYy, 3
OHOTO OOKY, i MOKIMBOCTI KOPUCTYBAHHSI CITPOIeHMMM hopMyaaMu OJIsl iH-
JKEHEPHUX PO3PaAXYHKIiB;

2.IlpencraBneHHst PYHKIIiV JOOYTKY CTEIIEHEBMMM J1A€ 3MOTY IIBUIKO
BMKOHATM OIIiHKY iX BIUVIMBY Ha pe3y/JbTaTUBHY QYHKILiIO;

3.3a[I0BiJIbHI pe3y/JbTaTy MOXYTb OYTM OTPMMAaHi IIpy BUBUEHHI IPO-
1eciB 60e3 CTpMOKIB i pe30HAHCIB, IIPOTe 1ie BXKe CIIpaBa JOC/IiTHMKA 00MpaTu
TOUKY OJIs1 JOC/iI)KeHHSI.
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UDC 621.391.175

L.D. Chumakov
SELECTION OF STRATEGY OF CONTROL OF GOOD STATE OF
TECHNICAL SYSTEM WITH DUPLICATION OF CHANNELS AND
VERIFICATION OF THEIR GOOD STATE ON THE BASIS OF
GIVEN VALUE OF EFFICIENCY

Annotation. Discusses the issues of determining the duration of the interval
between checks of the serviceable state of a technical system with duplication
of channels and monitoring the health of each channel according to the crite-
rion of a set value of availability function.

The possibility of approximate estimation, as well as the effect of the degree of
approximation of the objective function on the efficiency of the use of the
technical system, is investigated.

Modern technical systems contain, as a rule, a large amount of ele-
ments that may fail in the process of its operation.

To ensure high efficiency of the use of a technical system throughout
the assigned lifetime, it is necessary to carry out its maintenance in order to
identify possible failures and restore the up state of the system.

One of the important operational characteristics of the system is the
value of the inspection intervals, which is specified in the tactical and techni-
cal requirements. The developer needs to justify the implementation of these
requirements.

As a rule, the developers solve the optimization problem.

Kap (87)=maxKes (8).

where Kaf @

is the availability factor,
R is the area that defines the set of valid control strategies.

A significant number of publications, those include authors such as
E.Yu. Barzilovich, V.F. Voskoboev, M.V. Savenkov, V.A. Kashtanov,

V.D. Kudritsky, V.G. Kurasov, L.D. Chumakov et al.

© Chumakov L.D., 2019
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Thus, in [1, 2], an expression was obtained for an approximate esti-
mate of the optimal duration of the interval between checks 6°P* with an expo-
nential distribution of the uptime:

gort o :_ . EE_ -,
'\J‘W{jl + Aeh T } (1)

where t is the test duration,
M - failure rate when waiting,
Ach - failure rate when checking,
T, - replacement time.
In [3], an expression is given for 6°°* with the same waiting and check-
ing mode,

Bom' ~ \[2_77
g 2)

However, this direction does not lose relevance, and research contin-
ues.

Usually, the curve of dependence of the availability factor values on
the value of the inspection intervals in the optimum region has a gentle form
and, consequently, the number of checks from the condition that the avail-
ability requirements are met can be reduced.

The purpose of the article is to show the solution to the problem of
choosing the duration of intervals between checks for this case. A similar
problem for a system without redundancy was solved in work [4].

In this article a technical system is considered, which is in a state of
readiness to accomplish the task set for it on an interval [T], where T is the as-
signed lifetime.

At a random moment of time, evenly distributed over the interval, a
command may be received to use the technical system. At the same time,
there may be a hidden failure according to some set of parameters that deter-
mine the efficiency of the system. To eliminate it, checks are performed on
the technical system. Different groups of parameters can be monitored con-
tinuously, periodically or not monitored over the entire life cycle. The tasks of
evaluating the efficiency of operating a technical system with the aggregate
repair method are considered in works [5, 6].
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In our case, periodic good state monitoring is considered. We assume
that the control strategy is determined by the vector of intervals between
checks .

Let’s the uptime be distributed according to the exponential law where
4 is the channel failure rate. For a system without a reserve, the optimal con-
trol strategy is a uniform arrangement of checks [1-3], so in our case one in-
spection interval can be considered.

The expression for the availability of the system with duplication of
channels, assuming that the replacement time is negligible, we write as fol-
lows:
2(1-e76)-05 (1 e~228)

A8 + 1) ' (3)

Kap(8)=

Denote K3t the set value of availability factor, and then the selection
condition for the quantity &~ is:

Kar(87) = K. @)

An approximate solution of the problem can be searched for by ex-
panding the exponents in a series and taking a different number of expansion
terms.

Formula (3) will be as follows: for three members of expansion:
g_226°

Kar(B)=—g5— (5)

for four members of expansion:
g _A6%  2%6*
- : I T
Kaf(6) 8+t ' (6)

for five members of expansion:

J367 J36% 22465
K (6)- 3+ 4 15
ar(6) g+1 ' 7

Let’s the channel of system consist of one computer with a failure rate
of 4 =0.8649 1/Y. The recovery time of the system is 7 = 0.0044 Y. [4]. With

an optimal control strategy, Kae(F oY) = 0.9176. If it is required to ensure

Kaf = 0.95, then in this case it is necessary to apply channel redundancy, for
example, duplication.
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We investigate the dependence of the system efficiency on the control
strategy. The graphs of the dependence of the system availability factor on the
number of checks on the assigned lifetime, built on the basis of the formu-
las (3, 5-7) are shown in figure.

We write expressions for equations, from which it is possible to calcu-
late the value of the interval between checks.

Using expression (5), we obtain the following equation:

226%-3(1-KZ2.)6 +3KZ.1=0.

)
0.98 T
0.97 1
Kaf o |
0.95 T
0.94 ++H
0.93 exp
0.92 17 3thdegree
0.91
0.9 +— 4th degree
0.89
088 41— - 5thdegree
0.87 +H =
“E93RERSEERESIER
ﬁﬁﬁﬁﬁ L I N I N B N T ¥
Number of checks

Figure 1 - Dependence of availability factor on the number of checks

For the expression (6), then the equation will have the following form:
1204 _ 47398 -EKFY _ g - _
3226* - 42767 + 12(1-KZ, )6 - 12K7. 7 = 0. ©)

For the expression (7), we obtain the equation of the 5th degree:

3440° - 152°0 + 202207 - 60(1- K7, )6 + 60K 7.7 = 0. (10)

The solution of such equations causes certain difficulties; however, al-
gorithms have been developed that allow finding their solutions [7]. The best
approximate solutions are obtained by using the expression (10).

The values of the required and optimal intervals between the checks
for our example are given in the table 1.
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Table 1
Values of inspection intervals and availability factors
The equation 8*y. gerty, K r(8%) | K p(B°0Y) | g+/6°F"
Exponents 0,47 0,219 0,95 0,9701 2,1
3rd degree 0,4 0,203 0,9497 0,9687 1,97
4th grade 0,5 0,222 0,9495 0,9702 2,25
5th degree 0,47 0,219 0,9492 0,9701 2,1

Thus, the refusal to assign the optimum values of inspection intervals
and the use of intervals that ensure a given level of readiness can reduce the
number of checks and reduce the cost of operation several times.

Conclusions

Studies have been carried out to determine the interval between
checks of the technical system serviceability with duplication from the condi-
tion of meeting the requirements for its effectiveness.

It is shown that this approach can significantly reduce the number of
checks compared with the optimal strategy and provide an economic effect.
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VK 004.087
A.O. Xypba
JOC/IIAXXEHHS PE3VJIBTATIB TECTYBAHHSA CTYAEHTIB HA
INPUKJTALI AUCHUIIIIIHU «TEOPISI AJITOPUTMIB»

AHomauis. B pamkax cmammi po3pobseHo ma npoepamHo peani3oBaHo esek-
MPOHHUL HABYANbHUL NOCIGHUK HA npukaaodi oucyunaiHu «Teopis anzopum-
Mig» ma nposedeHi 00CNIOKeHHA CMOCOBHO pe3y/ibmamis mecmys8aHHA cmy-
OeHmis 3 BuKopucmaxHam nakemy Statistica.

Knioyosi cnosa: enekmpoHHul HasyanbHUli NOCIOHUK, MecmyB8aHHs, 4ac mec-
MYBAHHSA, PiBeHb CKNAOHOCMI NUMAHHA, OCHOBHI ONUCOBT cmamucmuku, oiae-
pama po3maxy, 0iaepama po3CiBaHHs, malmep.

BeTryn

CporonHi, B mpoliieci HaBYaHHS NOPS[ 3 TPAAULIHUMU OPYKOBAHUMU
BUIAHHSIMM IIMPOKO 3aCTOCOBYIOTHCSI €JIEKTPOHHI HaBUa/IbHi MOCIOHUKY, SKi
BUKOPUCTOBYIOTBCS SIK AJISI AUCTAHILIAHOI OCBITH, TaK 1 IJIsI CAMOCTi/iHOI po-
60Tu. PaHimie 10 mosiBu eJIeKTPOHHOIO IociOHMKa Oyyio HabaraTo Baykue IIpa-
III0BaTHU 3 IMiAPYYHMKAMU, TaK SK IIe 3aiiMano HabaraTo Ginbiie vacy. [ me-
pPeBipKM CTYIEHTiB HeOOXigHO OYyJIO CKIACTM TECTU, MEePeBipUTU iX 3HAHHS
BPYYHY, TaK caMO Tpeba Oy/I0 IiAroTYBaTUCS IJISI KOHTPOJIIO CTYAeHTiB. Tomy
BUHMKJIAa HEOOXiIHICTh B pO3p0oO6I1ii ITporpamu, 110 T03BOJISIE BUBUUTH JIEKILilO,
TeperyisiHyTU Bifeo Ta MPOMTU TeCT pa3OM 3 OTPUMMAHHSIM OIiHKM, TaK CaMO
3a011,aAMBIIN Yac.

EnekTpoHHMIT HaBYaJbHMUIT MTOCIOHMK - Ile BipTya/ibHa CUCTeMa, MMpu-
3HaAYeHa [JjIs1 aBTOMAaTU30BaHOI0 HaBUaHHS, 1[0 OXOIUIIOE MTOBHUIT abo yacT-
KOBUI 00CST HAaBYAIbHOI AUCIIUILTiHMNA.

EnexTpoHHi HaBYa/IbHi ITOCIOHMKM JO3BOJISIIOTh 30araTUTy KypC HaBUaH-
HSI, JOIIOBHIOIOUM JIOTO Pi3HOMAHITHUMM MOXKJIMBOCTSIMU KOMITIOTEPHUX TeX-
HOJIOTi, i pOGISITh #10T0, TUM CaMUM, OiJIbII I[iKaBUM i MIPpUBAGIMBUM [JISI CTY-
neHTiB. [Ipy TpaMOTHOMY BMKOPUCTAHHI €1eKTPOHHMIT HAaBUAJbHUIA MMOCIOHMK

MOKe CTaTy MOTY>KHMUM iHCTPYMEHTOM Y BMBUEHHI OLTbIIOCTi AUCIIUTLTiH.

© XKyp6a A.O., 2019
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[IpakTMUHA L[iHHICTh €/IeKTPOHHMUX MOCIOHMKIB MOJIITa€ B TOMY, 110 KO-
SKEH MO3KEe CKOPMCTATUCS eJIEKTPOHHMM MOCiOHMKOM CaMOCTiiiHO, 6e3 Oymb-unei
JIOTIOMOI'M, 3HAXOASIUM BiAIIOBiZiI HA MUTAHHS, IO L[IKABJISTh JAOTO NMUTaHHS. Ta-
KOXX Bask/IMBe 3HAUEHHS eJIeKTPOHHMUX ITOCIOHMKIB MOJIIra€ B TOMY, 110 pO3p00-
HMK IIOCIOHMKA MO3Ke IIIBMIKO JOIIOBHIOBATY Ta 3MiHIOBATM TE€KCTOBMUIT ab0 1110-
CTPaTMBHMUIT MaTepiasl TPy BUHMKHEHHi TaKOi HeOOXiTHOCTi.

MeTol0 1i€i po6oTH € po3poOKa eJIeKTPOHHOTO HaBUYaJIbHOTO MOCi6-
HMKa Ha MpuKIagi aucuuiviiny «Teopisg aaropuTMiB» Ta IIPOBedeHHS JOCi-
JI>KeHb CTOCOBHO pe3yJ/IbTaTiB TeCTyBaHHS CTYIE€HTIB.

Marepiasiu Ta METOOAUKU TOCIiI>3KEeHHS

[yis1 GOCSITHEHHSI MeTU pPOOOTM HeOoOXimHO BUPIillleHHS HACTYITHUX 3a-
BlIaHb:

- BUBUUTHU ITPeIMETHY 00J1aCTh;

- BUBUUTU OCOOJIMBOCTI €JIEKTPOHHMX HaBUAJIbHUX ITOCIOHMKIB;

- BUKOHATM aHaJji3 mpeaMeTHOI 06/1acTi, Ha mifgcTaBi SIKOro oyme Imijmi-
OpaHMit MaTepiaa IJis eJIeKTPOHHOI'0 HaBYa/ILHOTO MTOCIOHMKa;

- BUOpaTy MporpaMu i MOBM CTBOPEHHS ITOCiOHMKA;

- eTaJIbHO MPOaHa/Ii3yBaT CKIaA0Bi KOMIIOHEHTH;

- PO3POOUTH CTPYKTYPY €JIEKTPOHHOTO IiIPYUHMKA;

- BUBHAUUTU MIPUHINII YIIPABIiHHS HOiIPYYHMUKOM;

- BUSHAUMUTM 30BHIlIHi/ BUIJISLA, HaBUAJIBHOIO ITOCiIOHMKA;

- CTBOPUTH €JIEKTPOHHMIT HaBYa/IbHMII TTOCIOHMK;

- IIPOBECTY 10T'0 TeCTyBaHHS i HAJIarOJKeHHS ;

- pO3pOOUTHU CYIIPOBiAHY TOKYMEHTAIIilO.

HaBuanbHMii 1MOCiOHMK po3pobiaeHo Ha MoBi Object Pascal 3 Bukopuc-
TaHHSIM cepemoBuilna nmporpamyBaHHst Borland Delphi 7. HaBuanbsHmit mmoci6-
HUK Tlepef0aveHo IJi9 cCaMOHaBUaHHS CTyJIeHTa i CAaMOKOHTPOJIIO 3a AOIIOMO-
rol0 TeCTYBaHHSI.

Po3pobiieHa mporpama HaJae:

- MOXJIMBICTb IeperJisify KypCy JeKIii;

- TIPOXO/IKE€HHS TeCTiB 3 KOXKHO1 TeMU;

- TIepeBipKa TeCTiB Ta BUCTaB/JeHHs ouiHky Big 0 go 10;

- TaiiMep, sIKMi1 Oyme 3acikaTy yac IMPOXOIKEHHSI TECTiB;
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- 30epeskeHHS i IPYK JeKIili;

- AIPYK pe3yabTaTiB TeCTYBaHHS;

- cucTeMa JOITOMOTrU (KepiBHUIITBO KOPUCTYBAYa i CIUIMBAIOYI ITiJKa3KN).

Ha puc. 1 HaBeeHO CTPYKTYpPHY CXeMy HaBUYaJbHOI'O MOCiOHMKA 3 TeOo-
pii anroputmiB. 'oJl0BHE MeHIO TPOTpaMy MiCTUTh ITOCUIaHHS Ha 6i6GIioTeEKY,
JiTeparypy, BilOMOCTi PO IMporpaMHMit MPOAYKT Ta Iependavae MOKIMUBICTh
BUXOay 3 mporpamu. MeHwo «bBibaioTeka» g03BOJISI€ TEPETH 10 BiAMOBiIHOI
TeMM JIeKIIii, OTpMMaTy KOHTPOJIbHI NUTAaHHS, 3aBIaHHS )1 JabopaTOpHOi

poOOTH 3 BiIIOBiIHOI T€MM Ta ITPOIATH TECTYBAHHSI.

MeHw nporpamu

: ¥ ' !
— bBibnioTeka Nirepatypa Mpo nporpamy Buxig
b L J
: : IHpopMaLia npo B
[ Temn Tlireparypi nporpamy, npo A 2
Axepena nparpamu
aeTopa

KOHTpONEHI
NUTaHHA

4o»  3aBOaHHA

" Tect

PucyHok 1 - CTpyKTypa cxeMa HaBUa/IbHOTO TTOCIOHMKA 3 Teopii airTOpUTMiB

HaBuayibHMII MOCIOHMUK MiCTUTD:

a) JTeKLUiiHMI MaTepias, IKUI1 BUK/IAJA€ThCS B 6-TU TeMax:
- AHaJti3 yacoBoi e(PeKTMBHOCTI aJArTOPUTMIB;

- AGCTpaKTHUI TUIT JaHUX «3B’SI3HUI CIIVMICOK»;

- A6ctpakTHuUit T gaHux «Ctek» Ta «Yepray;
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- AiropuT™Mu COpTYBaHHS,;

- AITOpUTMM TIOLIYKY;

- AitroputMu Ha rpadax;

6) TecTU B TPbOX BapiaHTaX AJIs KOKHOI TeMMU;

B) KOHTPOJIbHI MMUTAHHS, 32 IOTIOMOTOIO SIKUX CTYJIEHT MOXe cebe re-
peBipuTH;

I') 3aBJAHHS JIJISI TaOOpaTOPHMUX POOIT 3 KOKHOI TeMu;

1) CITMCOK JIiTepaTypu.

JIexk1ifiHMI1 MaTepiaa Mo KOXHil TeMi npeacraBiaeHuit y suriasai pdf-
daiiny, mocTynHoro njs mneperasany. TecT OOCTYIIHI B TPbOX BapiaHTax IO
KOXKHi 3 mecTu tTeM. KoskeH BapiaHT mMicTuThb 1o 10 3anmuTaHb 3 TpbOMa Bapi-
aHTamu Bifgmosimeit. OliHKa 3a TeCTyBaHHS MPOBOAUTHCS 1Mo 10-Tu 6abHOI0
mKasow. KoskHa rmpaBubHa BiIOBiAb OLIiHIOETbCS B 1 6asi. 3a pe3yyibTaTamu
TIPOXO/IKEHHST TeCTY BUBOJAUTHCS 3arajibHa KiJIbKiCTh OasiB i yac, skuii 6yio
BUTPAUYEHO [J151 BUPiLlIEHHST KOXKHOTO MIUTaHHSI.

PesynbTaT TeCcTyBaHHS 30epiraeThcsl y BUIISIII OKpeMoro txt-daiiny, B
SIKOMY MiCTUTbCS 3aTaJIbHUI pe3yabTaT TeCTY, IPaBUIbHICTh KOXXHOTO TECTY i

Yyac MPOXOIKeHHST KOSKHOTO TeCTy OKpeMo (puc. 2).

G

"

A e L s - .
Pg'"’:}mm ~E5 | CryaenT Kynnuenco N.B—B.
e o

®aiin  [paska @opmar  Bw,
Bawa otreTra -5 =
1.BE|:IHD Bawa OTMEeTKa -

. 1.BepHo
1) 00:08 1) 00:06
2 HeeepHo 2.HeBepHo
210010 2) 00:10
3.BepHo 3.BepHo
3 00:07 3) 00:07
4 HeeepHo ingg?ﬁﬂo
410017 5.He3ép|r40
b HeeepHo 5) 00:28
2]50:28 6. HesepHo
.HesepHo 6) 00:03
B 00:03 7.BepHo
T.BepHo 7) 01:08
BjBepHo
&) 00:086
{i i ¥ i 9. HeeepHo
e - e QN ILH PE LA 9) 00:03
} =Y Hwao ’f"" }Qo:q: s ____:g;-"f 1 10.BepHo
‘ : " 4| 10) 00:02

PucyHOK 2 - ®@aiin 3 pe3yabTaTaMy TeCTyBaHHS

[HTepdeiic HaBUaIbHOTO MOCIOHMKA HaBedeHO Ha puc. 3. [o/JloBHE Mi-
CTUTb 4 KHOIIKM:

- BibnioTeka. MicTUTh BeCbh TeOpeTHUUYHMII MaTepian. MicTuUTh MaTepian
IJIS TIiITOTOBKY 0 KOHTPOJIbHOI pOO0THM (KOHTPOJIbHI MUTAHHS). MicTUTD Te-
CTOBI 3aBAaHHS. MiCTUTb iHAMBiAya/ibHe 3aBIAHHSI.
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- Jlirepatypa. MicTuTb IXepesia BUKOPUCTAHOI JiTepaTypy, a Tak CaMo
JliTepaTypy IO SKiii MOKHA TOTYBaTUCS A0 3aHSTh.

- TIpo mporpamy. Mictuth iHdopmaliilo mpo iHTepdeiic, Mpo TBOPILS
MIPOTPaMM.

- Buxig. 3iiicHIO€ KiHIIeBUI BUXiJ 3 MPpOTPaMMu.

Y nporpami He mepemdbadeHo poJsieit agMiHicTpaTopa i rocTs, Tak SIK 1e

IIporpamMa I1mpm3HadeHa Ojid CAMOHAaBUYaHHS Td CAMOKOHTPOJIIO CTY,ZLeHTiB.

PucyHok 3 - IHTepdeiic HaBUaJIbHOTO MTOCIOHMKA

VY nporpami 6ys0 nepenbaueHo Taiimep, sikuit Oyme 3acikaTy yac Ipo-
XOJI>KEHHSI KOSKHOTO TeCTy, SIKUIt OyJI0 BUTpaueHO [IJISI BUPIlIeHHSI KOXXKHOTO
nmuTaHHs. Ile HeOOXimHO /ST MOJA/IbIIOrO MOC/TiMKeHHS e(@eKTUBHOCTI pe-
3yJIbTATiB TeCTYBAHHSI.

Jl71s1 po3po6KM Taiimepa OyJI0 BUKOPUCTAHO KOMMOHeHT Label i koMm-
rnoHeHT Timer. Pe3ynbTaT TaiMepa 3a JONOMOrOK KOMIOHeHTa Timer BUBO-
nuBcs B 1oJie Label (puc. 4). Taiimep mpaiifto€ 3a HaCTYITHUM aJTOPUTMOM [Iifi:
K TiJIbKM KOPUCTYBAU HATMCKA€ KHOMIKY ~OTBETUTH”, HA eKpaHi BUBOIUTHCS
pe3yJbTaT MepuIoro MUTAHHS, 3yIIMHSEThCS TaiMep IMepPIIoro NUTAHHS Ta O -

pasy 3aITyCKaeThCS TaliMep IPyroro MUTaHHS.
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PucyHOK 4 - Po6oTa Taiimepy

PesyabTaTHé JOC/IIAKEeHb Ta iX OTJIAL,
3a IOIOMOroI0 IoCciOHMKa Oy/IM MpOoBeIeHi JOCTiIKeHHs, IKi MoKa3a-
7 pes3yyibTaTu MMPOBeIeHHsI TeCTYBAHHS 3 Pi3HUX TeM Pi3HMMMU CTyAeHTaMMU.
Pe3ynbTaTy TeCTyBaHHS MpeJCTaB/eHi y TabMULSIX, IPUKIIAM IKUX HaBeIeHO
Ha puc. 5. V Tabauiisgx npeacraBieHnit yac, skuii 6yyio 3aTpaueHo CTYIeHTOM
Ha BUMKOHAHHS OKpPeMUX NUTaHb. YepBOHMM KOJHOPOM ITIO3HAYEHO IUTAHHSI,
BiITIOBigb HA sIke Oyyia HEBiPHOIO, CMHIM KOJIbOPOM — ITMTAaHHS, Ha SIKi BiJIO-

Bifi Oyyiy BipHUMMA.

CtyaeHT ITuTaHHT

Nel N Ne3 Ned Neb Neo MNeT Ne§ NeQ Nelo

00:23 | 00:19
00:15

PucyHok 5 - IIpuknaz Tabauili 3 pe3y/ibTaTaMyu TECTYBAHHS 110 KOSKHOMY IMUTAaHHIO

Nes 00:17

Ha puc.6 HaBemeHO NpUKIIAA TabINIli, SKa MiCTUTh 3BeAeHi pe3y/abTa-
TU T€CTYBAHHSI CTYIEHTIB: 3araJIbHMIIA Yac IMPOXOIKeHHs TecTy 3 10 muTaHb Ta
iX OLIiHKM. 3arajoM OTPMMAHO Ta MpeacTaBieHo 60 pe3yJabTaTiB TeCTyBaHb.
BBaska€eThCs, M0 KOKHE MMUTAHHS Y TeCTaX Ta BapiaHTM TECTiB 3araJioM MalOTh

OIOHAKOBI CTYyIEeHi CKJIaHOCTI.
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CTyaeHT Tema Tect Hac PesyusTat
Nel Nel BapianT Nel 231cex 5
Ne2 Nel BapianT Nel 21%9¢cex 8
Ne3 Nel BapianT Nel 195¢cek 5
Ned Nel BapianaT Ne2 201cex 9
Ne5 Nel BapianaT Ne3 17%9cex 8
Ne6 Nel BapianaT Ne2 143cex 9
Ne7 Nel BapianT Nel 190cex 7
Ne8 Nel BapianaT Ne3 176cex 10
Ne© Nel BapianaT Ne2 194cex 8

PucyHoK 6 - [Ipukian Tabauili 3 pesyjibTaTaMy TeCTYBaHHS

CTYIEHTiB 110 KO)KHOMY BapiaHTy

3a I0MoMOrolo MporpaMHOro MpoayKTy Statistica 6ynu mpoBefeHi 10-
CiI>KEeHHST pe3ynbTaTiB TeCTyBaHHS 60 CTyOeHTiB. 3a OOIOMOIOI IAaHOTrO
MPOrpaMHOr0 IPOAYKTY OYyJ0 OOUMC/IEHO HAMIPOCTillli OMMCOBI CTATUCTU-
Kku [1, 2].

Tak 9K 3HaUeHHSI 3MiHHMX He IIOCTiliHi, ITOTPiOHO OomucyBaTH ixX MiH-
JIUBiCTb. 711 IIbOTO iCHYIOTH OIIMCOBI i MECKPIiTMBHI CTATUCTUKU: MiHIMyM,
MaKCUMYM, CepenHE, OUCIIepCis, CTaHgapTHe BiAXWIeHHS, MeiaHa, KBapTui,
Moja i T.4. Imest uuX CTaTUCTUK IPOCTA: 3aMiCTh TOTO, 100 PO3IISiHAT BCi
3HAUEeHHS 3MIiHHOI, CIIOYAaTKy BapTO MOAUBUTUCS OMMUCOBI CTaTUCTUKU. BOHMU
Ial0Th 3arajibHe ySIBJI€HHS PO 3HaUeHHS, SIKi TpUiiMae 3MiHHa.

VY Tabn. 1 HaBedeHO pe3yJbTaT OMMCOBOI CTATUCTUKYU 3 PO3LMIUPEHUM
HabOpOM CTAaTUCTUYHUX XapaKTePUCTUK, 110 OyJIM po3paxoBaHi, s pe3yib-
TaTiB TECTYBAHHS CTYIEHTIB: 4YaC TECTYBaHHS Ta OLIiHKA 3 TECTYBaHHS.

CepenHe apudmeTruHe - HaAMOIbII YaCTO BUKOPUCTOBYETHCS Cepe-
HE, OCKUJIbKM B PO3PaXyHOK TYT MPUIIMaIOTbCSI BCi 6€3 BUHSATKY 3HaUeHHs. Bu-
3HAYAETHCS SIK CyMa CIIOCTepekeHb, MOJi/ieHa Ha 1X KibKicTb. CepenHe 3Ha-
YeHHS BUIIAJKOBOI BeJIMUMHM SBJISIE COOOI0 HaMOUIbII TUIIOBE, HAlOiIbII
MMOBipHe 11 3HaUeHHS$, CBOEPiAHMUI "LIeHTP", HABKOJIO SIKOTO PO3KMUIAHI BCi
3HAYeHHS O3HAKI.

MepniaHa - Take 3HA4YeHHS BUMNAAKOBOI BeJMUMHMU, SIKE PO3MIiJIs€ BCi

CIIOCTepeskeHHS BUOipKM Ha OBi piBHI 3a unMcenbHiCcTIO yacTuHMU. MefiaHa - 11e
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BeJIMUMHA, sIKa TepebyBae mocepeanHi HabOpy JaHUX, KO B HbOMY BCi CITO-

CTepeskeHHST BIOPSIAKOBaHi 32 3pOCTAHHSIM; SIKIIIO YMCJIO CIIOCTEepesKeHb map-

He, TO € [Ba CepeAMHHUX 3HAUEHHS, i Me[iiaHa AOPiBHIOE iX HAMiBCyMi.

Tabnuis 1

OnmcoBi CTaTUCTUKYM 3MiHHUX «3arajabHuii yac» Ta «Pe3yibTaT TeCTyBaHHS»

3MiHHA «3araJbHuM yac»

3MiHHa «Pe3ysibTaT TeCTyBaHHS»

O6csr Bubipku 60

Yac BUTpaueHMit Ha BMKOHAHHS TeC-
TiB KonmBaeTbcd Bim 143 mo 505 ce-
KYH]I,.

CepenHiii yac TMPOXOIKEHHSI TeCTy
276 CexyHJ,

MepiaHa 247.5 cekyH[

CraHpapTHe BiaxuiaeHHS 88 ceKyH[,
Hucniepcis 7772.

Po3smax - 362 cekyHIU.

HwxHs kBapTuiib - 216 cekyH[,
BepxHsa kBapTwib 321 cekyHaa
[HTepkBapTUAbHA ImMpora - 105 ce-

KYH/I

Acumetpig 0.87> 0 - mnpaBobGiuHa
acuMerTpis
CraggapTHa TIIOMWIKA  acuMeTpii
0,308694

Excuec 0,014> 0 - kpuBa xapakrepu-
3Y€THCS TOCTPOI0 BEPIIMHOIO
CranpapTHa noMmmika ekciecy 0,608

O6csar Bubipku 60

PesyibTaT TeCTyBaHHSI BapilO€ThCS
Bizm 5 mo 10 6autiB.

Cepenug oniHka 8,8 6asriB.

MeniaHa 9 6aiiB.

CrangapTHe BigxunenHs 1.25 6aa.
Hucnepcis 1,576.

Po3max - 6aiiB.

HyskHST KBapTUib - 8 6ajiiB

BepxHs kBapTmib - 10 6asis
[HTepKBapTisibHAs MIUpOTa - 2 6anu
Acumertpig 1.18 <0 - J1iBOCTOPOHHSA
acumeTpis
CraHpapTHa
0,308694
Excuec 1,3006> 0 - kpuBa XapakTe-

TMOMMWJIKA  acuMeTpii

PU3YETHCS TOCTPOIO BEPIIMHOIO.
CranmapTHa nomuika ekciecy 0,608

Mopa € 3HaueHHsI, [0 3yCTPiYaeThCsI HaOiIbII YaCTO i TOMY B IeSIKUX

Habopax JaHMX MOXYTh OyTM ABi ab0 Oinblie Momu, IO MalOTh OAHY i TY K

YacCTOoTYy.

KBaHTU/Ib — BeJIM4MHA, 10 3aJlaHa YaCTHMHA CIIOCTepiraHb MeHIle 1€l

BeJIMUMHM ab0 TOPiBHIOE iii.
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CraHgapTHe BigxuiaeHHS (CepelHE KBaApaTUUHE BiAXUIEHHS) — Mipa
MiHJIMBOCTI (Bapialii o3Haku). BOHO moOKa3sye Ha SIKy BEJIMUMHY Y CepeaHbOMY
BiIXUJISIIOTHCSI CIIOCTEPIraHHS Bif cepeqHbOr0 3HaUeHHS O3HAKMU.

Jvicriepcist € Mipoio MiHJIMBOCTI, Bapiallii 03HaKku i sIBjsie co60I0 cepe-
IHi/ KBaApaT BiIXUaeHb CIIOCTEpPEXXeHb Bill cepelHbOr0 3HaUeHHsI 03HakKu. Ha
BiIMiHY BiJI iHIIIMX MTOKA3HMKIB Bapiallii mycriepcis moske 6yTy po3KiajeHa Ha
CKJaJ0Bi YaCTUHU, IO NO3BOJISIE TUM CAMUM OLIIHUTY BIJIMB Pi3HUX UMHHMU-
KiB Ha Bapialiifo 03HaKu. [lucmepcist - OAMH 3 HaliCTOTHIIIMX ITOKAa3HMKIB, 10
XapaKTepPU3yIOTh SIBUILE a60 MPOLec, OAUH 3 OCHOBHMX KPUTEPiiB MOKIUBOC-
Ti CTBOPEHHS JOCUTh TOUHUX MOIese.

CraHpapTHa Moxmubka cepegHbOTO — Iie BeJMYMHA, Ha SIKY Bilpi3HS-
€ThCSI CepeHE 3HaUEeHHST BUOOPKM BiJl cepeHbOTIO 3HAaUEeHHS reHepabHOi Cy-
KYITHOCTI.

MiHiMyM — MiHiMaJibHe 3HaYeHHS 3MiHHOI.

MakcuMyM — MakCHMMaJibHe 3HaUeHHS 3MiHHOI.

HuwkHsa Ta BepxHs KBapTiib — BeauuuHM Q1 Ta Q3, mpu SIKMX OgHA
yeTBepTa YaCTMHA CIIOCTepiraHb MeHIe abo mopiBHIOe Q1 i Tpu uyeTBepTUX
criocTepiranb MeHie abo mopiBHIOIOTh Q3. Q1 — HMKHSA KBapTWwiIb, Q3 — Bep-
XHSI KBapTU/b. PiSHUIIO MiX LIMMM BeJIMUMHAMM HA3MBalOTh iHTEPKBAPTiJIb-
HOIO IMPOTOIO.

Posmax - BigcTaHb MiK HaMOIIBIIMM Ta HaVMEHIIMM 3HAUYEHHSIM
3MIiHHOI.

AcumeTpis — XxapakTepu3sye CTYMiHb 3CyBY BapialliiiHOTO pSIAy BiHOC-
HO CepeqHbOrO0 3HAUEHHS 3a BeJMUYMHOI i Hampsmowm. [Ipu cumeTpuuHii
KpuBiit KoedilieHT acumeTpii mopiBHIOE HY/IO. SKINO ITpaBa yacTuHA Oiblie
JiBoi, TO KoedilieHT acuMeTpii 6inbine Hy/g. SIKIIo JiBa yacTMHA Oisbiie
MpaBoi, To KoedillieHT acuMeTpii MeHIIe HYJIS.

Exciec - xapakrepusye CTYIIiHb KOHLIEHTpalL[il BUIIAJKiB HaBKOJIO Ce-
peIHbOr0 3HAUEHHS 1 € CBOEPIIHOI MipOI0 KPYTU3HU KPpUBOI. IIpy HOpmasib-
HOMY PO3IIOiJIeHHi KPMBOi eKCIleC JOPiBHIOE HY/II0. SIKIIO eKcilec Oibiile Hy-
Jisl, TO KpMBa PO3MOMIiJIEHHSI € TOCTPOBEPIINMHHOW. [Ipy Bii’eMHOMY eKclleci
Kp¥Ba OiJIbII I71a71Ka Y MTOPiBHSIHHI 3 HOPMaJIbHUM PO3IT0/IiIEHHSIM.
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Ha puc. 7 HaBeJeHO Hiarpamy po3mMaxy Ajisl BCix 3miHHMX. [liarpama
po3Maxy OJjs BCiX 3MiHHMX [O3BOJISIE OL[IHUTU CUMETPUYHICTh PO3MOALUTY
3MiHHOi. [lTanuii rpadik CKIamgaeThCs i3 TPbOX KOMIIOHEHTIB:

1. meHTpasbHa TOYKA BU3HAUAE MefiaHYy;

2. IPSIMOKYTHUK TOKAa3y€ KBAPTUIbHUI PO3MaX;

3.Bifpi3Ki NPSIMOKYTHMKA BiAIIOBIAA0Th pO3Maxy Bapiailii.

Bow & Whisker Plol
530 .
400
30 :
200
100
o N

-100 . .
Cfw=s opeWn PeiynoTar

PucyHok 7 - [liarpama po3maxy [Jisl BCiX 3SMiHHUX

Ha puc. 8 HaBemeHO HOpMaJIbHi iMoOBipHicHi rpadiku a1 3MiHHKUX “3ara-
nbHM yac” i “Pesynprat”.
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Pucynok 8 - HopmanbHi iMoBipHicHi rpadiky st 3SMiHHUX
“Baranbpauii yac” (miBopyy) Ta «Pe3ynbTaT» (IIpaBopyy)

Ha puc. 9 HaBegeHO miarpamy po3citoBaHHS. Ha giarpami po3citoBaHHS
KOKHOMY CITOCTepeskeHHI0 (4060 ejleMeHTapHOI OAMHUIII HAGOPYy maHUX) Bif-
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MOBiJa€ TOUYKA, KOOPAMHATU SIKOi (B IeKapTOBili cMCTeMi KOOPAMHAT) AOPiB-
HIOIOTh 3HAYEHHSIM JBOX SIKMXOCh MapaMeTpiB I[bOTO CIIOCTepeXkeHHs. SIKIo
rependavacThCs, 0 OOMH 3 ITapaMeTpiB 3a/IeSKUTh Bifl iHIIIOr0, TO 3a3BMUYAIA
3HAUEHHS He3aJIe’KHOro IapaMeTpa BiK/Iaga€eTbCs 10 TOPU3OHTAbHINM 0Ci, a
3HAUEHHS 3aJIeXKHOTO - M0 BePTUKaIbHINI. [liarpaMyu po3CitOBaHHS BUKOPUC-
TOBYIOTbCS JIJIS1 TIEMOHCTpaIlii HAaSBHOCTiI ab0 BiJICyTHOCTi Kopessiiiii Mix IBO-

Ma 3MiHHUMMU.

Scatterplet of Pezynetar against OGuee gpema
Spreadsheet? 2v*61c

Peaynetar = B,2107+0,0022%%
"

10 -] DOOOEIDOD O 0 Qo o -] =] -] =1}
9 o & 0o 000 - o 00O o &
E a8 o o -0 o oo o o o o
]
=
=
o
o 7 o o o o o
B -]
3 o o
&

100 150 200 250 300 350 400 450 500 550
OBwee BpemA

PucyHok 9 - [liarpama po3CitoBaHHS IJisl 3SMiHHUMX «3arajbHuii yac» Ta «Pe3ybTaT»

BUCHOBKMU

Pos3pob6iiennii HaBYaJbHMII ITOCIOHMK 3 Teopil aJlropuTMiB H03BOJISIE
CTyIeHTaM CaMOCTiifHO OCBOIOBATM JIEKIIi/IHMIT MaTepiaa, BUKOHYBaTHU J1ab0-
paTopHi poOOTH Ta KOHTPOJIIOBATM PiB€Hb CBOiX 3HAHb 3a JTOIIOMOIOI0 TECTY-
BaHHS. bynu mpoBefeHi AOCTIIKeHHS pe3yjbTaTiB TeCTYBaHHS CTYIEHTIB B
3aJIEXKHOCTI 4yacy BUKOHAHHS TeCTiB i 1X MPaBWJIbHOCTI. 3a JOIIOMOTOK MpPO-
rpaMHOTrO MPOAYKTYy Statistica 6yyin mpoBemeHi DOCTiIKeHHS pe3y/bTaTiB Te-
ctyBaHHS 60 CTymeHTiB. 3a IOMOMOTOIO JaHOTO MPOrPaMHOI0 MPOAYKTY OYI0
004YMC/IeHO HAMITPOCTIIlli OMMCOBI CTATUCTUKN.
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VIIK 004.825
C.C. JIaHCcbKa
EKCITEPTHA CUCTEMA ®OPMYBAHHS IHTETPOBAHUX
THANBIAYAJIbBHUX HABYAJIBHUX IIJTIAHIB B CUCTEMI
BE3IEPEPBHOI INIATOTOBKU ®AXIBIIIB

AHomayis. B pobomi sucsimaormsca npobaemu HenepepsHoi ocsimu. [Ipo-
NOHYEMbCA BUPIWEHHS npobiemu 8i06opy 3Micmy IHME2POBAHUX HABYAbHUX
naaxis 3a 0onomozow nobyoosu ekcnepmwoi cucmemu. CmpykmyposaHa 8
eKcnepmHill cucmemi HaB4YanbHA THhopmayis 003B0JIS€ CMBOPOBAMU THOUBI-
0yanbH1 HABYANbHI NAGHU O/ KOXHO020 CmMyO0eHma npu CKOpOoYeHUX mepMiHu
HABYAHHA.

Knwo4osi cnosa: 6e3nepepsHa 0c8ima, ekcnepmHda cucmema, HeYimKka s102iKa.

BeTryn

B KoskHilt KpaiHi cBosl crenudika TpaKTyBaHHS i peasizallii MOHATTS
«be3mnepepBHOI OCBiTU». IIpO 1ie CBiIUMTH Be/IMKa KiJIbKiCTh TEPMIiHiB, 11O BU-
3Hayvae uei npouec [1,2].

Illo BKIaga€eThbCs B IMOHSTTS «CHMCTeMa HerepepBHOI OCBiTU»? Y BITUM-
3HSIHIN Teopil i MpaKTUIli — 11e KOMILJIEKC Aep>KaBHUX Ta CYCIJIbHUX OCBITHbO-
BUXOBHMX YCTAHOB, SIKMii 3abe3Ieuye opraHisaliiiiHy i 3MiCTOBY €IHiCTb, Ha-
CTYITHICTh Ta B3a€EMO3B'SI30K YCiX JIAHOK OCBIiTHU, LIO CIIiIJIbHO BUPIIIYIOTH 3a-
BIIAHHSI BMXOBaHHS, 3arajJbHOOCBITHBOI ITOJiTEXHIUYHOI Ta IMpodeciitHoi mif-
TOTOBKY KOKHOI JTI0auHMA [1].

Ha cboropHi icHye 6araTo iHTerpoBaHUX OCBiTHiIX KOMILJIEKCiB, SIKi MiC-
TSITh HaBYAJIbHI 3aK/Iaay Pi3HMX PiBHIB Ta peasi3yl0Thb OCBiTHI MpOTrpaMu ITif-
TOTOBKM BiJI TOYaTKOBOI ITpodeciitHoi 70 BUIIOI OCBITH.

IlocTaHoBKa 3agaui

OCBIiTHS OisSUIbHICTh BUIIMX HABYAJIbHMX 3aK/Ia[iB i HQOYKOBUX YCTAaHOB,
10 TIPOBAAMUTHCS 3 METOI0 ITiITOTOBKYM 3/100yBauiB BUILOI OCBiTM Ha MEBHUX
PIBHSIX BUIIOI OCBITU 3@ IEBHMMM CIELiaJIbHOCTSIMU 3[iMAICHIOETHCSI HA OCHOBI

OCBiTHBO-IIpOdeCiitHOI IMporpaMu i 6a30BOro HaBYaJIbHOTO IIaHy. OCBITHBHO-
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npodeciitHa mIporpamMa MiCTUTh TaKi OCHOBHIi 3acaau: obcar kpeautiB EKTC,
HeOoOXimgHmMii mjst 3mM00YTTS BiAIIOBiZHOTO CTYIIEHS BMIIOiI OCBiTM; HepesiK
KOMITETEHTHOCTEe BUITYCKHMKA; HOPMATUBHMIA 3MiCT ITiITOTOBKM 3100yBayviB
BUILIOI OCBiTH, chOpMYAbOBaHMIT Y TepMiHaX pe3yJbTaTiB HaBUAHHS (CyKyTI-
HiCTb 3HaHb, YMiHb, HABMUOK, iHIIMX KOMIIETEHTHOCTeN); dopmMu aTecTallii
30,00yBaviB BUILOiI OCBiTYM; BUMOIY 10 HASBHOCTi CMCTEMM BHYTPIllTHbOTO 3a-
Oe3meueHHs SIKOCTi BUIIOI OCBiTH; BUMOTH TTpodeciiiHux cTaHaapTis [2].

Ha migcraBi ocBiTHBOI mporpaMu 3akiaagy Buinoi ocBitTu (3BO) po3po6b-
JISTIOTh HABYAJIbHUIA TUIAH, SIKMII BM3HAYAE: IepesIik Ta 00CsAr HaBYAIbHUX JIVC-
uuIiiH y Kpeaurax EKTC; moc/IiioBHICTh BUBUEHHS AUCLHUIUIIH; (OpMM ITPOBe-
IeHHsI HaBUaJIbHUX 3aHSITh Ta iX 00csr; rpacdik HaBUYaJIbHOTO ITpoliecy; dhopMu
TIOTOYHOTO 1 MiACYMKOBOTO KOHTPOJIIO. AJie HaBYa/IbHI uiaHu 3BO He moroxKy-
I0THCSI MiK COO010, HAaBiTh HA OJHOMY OCBITHbOMY PiBHi, TOMY CbOTOZHiI B MesKax
OHi€] CIIelLiaJIbHOCTI MpU MepeBefeHHi 3 oqHoro BH3 B iHIIMIT MOK/IMBE BYHU-
KHEHHSI CYTTEBOI aKaJleMiqHO1 pi3HMUIIL.

Ipyruii acnekT Iiei mpobsemMy BMHUKAE IIPU iHTEIPOBAHOMY HABUYaHHI,
TOOTO BiCYTHICTh iHTErpOBAHOrO ILIAHY ITiATOTOBKM MOJIOAIIOrO OaKajaBpa,
6akayiaBpa i MaricTpa 3a IeBHOIO crelianabHicTIo. CKIagaHHS TaKuX iHTerpoBa-
HMX HaBYaJIbHUX TUIAHIB BiIOYBA€THCS IISIXOM ITOEAHAHHS QparMeHTiB HaBYa-
JbHUX TIJIaHIB Pi3HUX OCBITHbO-IpPOdeciiiHMX Mporpam, 10 He 3abe3reuye Ha-
CTYITHOCTi Y BMBUYEHHiI HaBUYQJIbHUX AUCLUMUIUIIH, HE AO3BOJISIE 3MEHIIUTU OOCST
HaBYAJIbHOTO MaTepiajly Ta YCYHYyTU Jioro myosioBaHHS. KpiM TOro, ocBiTHbO-
KBasTidiKalliliHi XapaKTepUCTUKM Ta OCBITHHO-TIpodeciitHi mporpamMu MigroTos-
KM MOJIOAIIMX 6aKaiaBpiB, 6aKajIaBpiB i MaricTpiB po3poOISIOTHCS PiSHUMMU PO-
6oummy rpynamy MOH VYkpainu i pakTMUHO He y3TrOomKeHi 3a 3MiCTOM, 00CSIroM
i TTOCTiMOBHICTIO BMBUYEHHSI HaBYAJIbHUX OUCUMILIiH. [leit dakT cTBOpioe Tpy-
HOIIIi Y CK/IaJaHHI HaBYaJIbHUX TJIaHIB.
ExcnieprHa cucreMma ¢opmMyBaHHSA iHTErpOBaHMX HABUYAJIbHMX IUIAHIB Ha

OCHOBIi HEeUiTKO1 JIOTiKu

CpOoromHi mpolec CKIagaHHS iHTerpOBaHMX HABUAJIbHMX IJIaHIB, 3a-
CHOBAHMIA HA AOCBiAi i iHTYiLii MpaliBHMKIB BUIIOI IIKOJIM ITOTPebye cepito3-
HOTO YAOCKOHAJ/IEHHSI Ta HAayKOBOI'O MIAIPYHTS NPUMHATUX pimieHb. [Ipoiec
KOHCTPYIOBAaHHSI iHAMBiIyaJIbHOIO HABYAJbHOIO IUIAHY CTYIEeHTa abo rpymnu
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CTY[IEHTiB MOKe SIBJISITY COOOI0 IeIaroriuHy TeXHOJIOTiI0, OpieHTOBaHY Ha pe-
ajisaiito iHpopMalifiHuX TEeXHOJIOTil 3a AOIIOMOTOI0 eKCIIepTHOI cucTeMu. B
yMOBaxX CKOpPOUEHMX CTPOKiB HaBUAHHSI 3aCTOCYBAHHSI €KCIIEPTHUX CUCTEM
3a6e31evyye MOK/IMBICTh ITOOYIOBM iHAMBiAYaJIbHOTO HABUA/IILHOTO IIJIaHY, 1110
MigBUIIYy€E ePeKTUBHICTh MPOLieciB HAaBUaHHS, BUK/IAdaHHS i CAMOOCBITH.
BUKOpPUCTaHHS eKCIepTHOI CUCTeMM IJ1s1 Y3rOAKeHHS OCBITHIX ITporpam
MiXX TIEeBHMMM OCBITHIMM piBHSIMM Ta (OpMYBaHHS IepeTiKy IMUMTaHb IS repe-
BipKM piBHSI 3HaHb II0 3apaxOBaHMM IUCHUILIIHAM ab60 MOIYJISIM IUCIUILIiH
rpeAcTaBieHi B JaHOMY AOCTigkeHHi. EXciepTHa cucreMa, IpeAcTaBjieHa Ha
PUCYHKY 1, BKJIIOUAa€ B cebe HACTYIIHI ImijcucreMu: 6asy 3HaHb aHAJIi30BaHMUX
OCBiTHIX piBHiB; €KCIIepTHMUII piBeHb, HA SIKOMY YTOUHIOETbCS (DOPMYTIOBAHHS
KOMITETEHTHOCTEM, iX MPMHAIEKHICTh 0 TOTO UM iHIIIOTO MOIYJIIO0 Ta HeoOXi-
HUI piBeHb iX cOPMOBAHOCTI JJIs1 BUITYyCKHMKA; MeXaHi3My JIOTiYHOTO BUCHOB-
Ky, sIKui1 3a6e3reuye GopMyBaHHS iHAMBITyaJbHMUX HaBUYaJbHUX TUIAHIB 3400Y-
BauiB B CUCTEMi «HeIepepBHOI OCBiTM» Ta IepeiiK NMuTaHb IJjIs OopraHisarlii

BCTYITHOTO (haxOBOT'0 BUITPOOYBaHHSI.

ba3a komMneTeHTHOC-
Telt OCBITHbOTO PiB-
HSI BUITYCKHMKA

basza koMmIieTeHTHOC-
Tel HaCTYITHOTO OCBi-
THBOTO PiBHS

EKcriepTHMIT piBeHb [

\ 4
MexaHi3M JIOTiYHOTO BUCHOBKY

A

A 4

[epesntik MuTaHb
IJIST BCTYITHOTO
BUITPOOYBaHHS

[Mepestik MuTaHb
IJIST BCTYITHOTO
BUITPOOYBaHHS

[TepeJtik MUTaHb
ILJIST BCTYITHOTO
BUITPOOYBaHHS

BapiaHT iHguBiz.
HaBYaJIbHOTO
TUIaHy

BapiaHT iHguBiz.
HaBYaJIbHOTO
TUIaHy

BapiaHT iHaMBi,.
HaBYaJIbHOTO
TUIaHy

[Mepesntik muTaHb
JIJISI BCTYITHOTO

[ N )
BUITPOOYBaHHS

BapiaHT inguBiz.
HaBYaJIbHOTO
TUIaHy

PucyHnok 1 — Mogenb dbopMyBaHHS iHAMBIAYaJIbHOTO HABYAIBHOTO TIJIaHY
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ExcrieptHa cucteMa (EC) moyke yHKIIIOHYBaTU B 2-X peXXuMax:

1. Pexxum BBeleHHS 3HaHb — B IIbOMY PE€XXMMi eKCIIepT 3a JOIIOMOTI0I0
pemakTopa 6a3M 3HaHb BBOAUTH BiJOMOCTi PO IpeaMeTHY 006jacTb B 6a3sy
3HaHb EC.

2. PexxuM KOHCY/IbTallil — KOpUCTyBau Bege aiajnor 3 EC, moBimoMIsiio-
Yy 11 BiIOMOCTI PO MOTOYHE 3aBAaHHS i oTpuMywun pekomeHnpaiii EC.

[Ipu po6OTi B peskMMi BBeIeHHSI 3HAHb €KCIIePTHA CUCTeMa ITOBMHHA
MaTy TaKi MOXKJIMBOCTI:

1.Ckinagaty 6a3sy KOMIIETEHTHOCTE! MepexigHMX OCBiTHiX piBHIB, SIKi
dbopMyI0TbCSI Ha OCHOBI OCBITHBO-IIPOdeCiitHMX ITporpamM KOXXHOTO 3 PiBHiB.

2. ITocTaBneHHS Yy BiAIOBiIHICTh KOKHil/i KOMITIETEHTHOCTi OfHiei abo
IleKijibKa HaBUYAJIbHMUX AUCUMIUIIH i3 3a3HAUYEHHSM MOAYJIS, SIKUI "TIepeKpu-
Ba€" JaHy KOMIIETEHTHICTb.

3. CknagaTty mMaTpulii MapHUX IOPiBHSIHb KOMIIETEHTHOCTENM Pi3HUX
OCBITHIiX piBHiB.

Inss poboTHM B LBOMY PEXMMI MOXYTb OyTM 3ajyuyeHi HayKOBO-
rejaroriyyi npauiBumMku BH3.

V pexkuMi KOHCY/IbTallii MOKHA OyIe BUMKOPUCTOBYBATU CHUCTEMY IIPU
BUpIillleHHI HACTYITHMX 3aBaHb:

1. BusHauaTu, 3TifHO MaTpulil MOPiBHSIHB, TEpeiK NUTaHb, 3 SKUX
MOXXYTb CKIagaTucs ¢GaxoBi BCTYMHi BUIPOOYBAaHHSI Ha HACTYITHOMY OCBiT-
HbOMY piBHi 3a 06paHOI0 CIlelliabHICTIO.

2. BusHauatu iHAMBigyaJbHMI IHTETPOBAHUII HABYAJIbHUI IIJIaH 370-
oyBaua abo rpymnu 3100yBaviB 3 ypaxyBaHHSIM KOMIIETEHTHOCTEMH, sIKi 3000Y-
Bay YCIIIIIHO OTPMMAaB Ha MomnepeJHbOMY OCBITHbOMY PiBHI Ta y BU3HA4eHii
KisibKOCTi kKpeauTiB EKTC.

11 JOCSTHEHHS IMTOCTaBJIEHOI MeTU B €KCIepPTHI CUCTeMi IPOIIOHY-
€TbCS BUKOPUCTATU MaTeMATUUYHY MOZEJb ONTUMAJIbHOTO PO3IIOAITY Kpeay-
TiB Ha 0a3i HEeUiTKOI JIOTiKN.

[TocTaHOBKA 3amaui Iojigrac B 3apaxyBaHHi X KpeauTiB Ha HACTYII-
HOMY HaBYaJbHOMY piBHI MNpM CKIaJaHHI iHAMBIAyaJlbHOTO HABYaJIbHOTO
IJIaHy CTyAeHTa abo rpynu cryneHTiB. CyTHiCTh MeTOAUKY (popMyBaHHS Ta-
KUX IUIaHIiB IIOJISITAa€ B MOPIBHSHHSI IMap 06’€KTiB (KOMIIETEHTHOCTI Pi3HMX
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OCBIiTHiX pPiBHiB) eKkcriepToM. Pe3y/JbTaTOM TaKOTrO IOPiBHSIHHS MOXe OyTu
TabN1Is, TiBUit CTOBOEIh Ta BePXHiil PSIIOK SIKO1 POPMYIOTh KOMITETEHTHOCTI
BiITIOBiZHMX OCBITHIX piBHiB. Ha mepeTuHi CTOBMIIS Ta pPSAAKa €eKCIIepT BU3HA-

Yae CTYIiHb BIAMOBIZHOCTI W; ; MK KOMIIETEHTHOCTSIMY (3HAUYEHHS CTYIEHIO

posnopineHi Ha Biapisky [0,1]). BBegeMo HacTynHiI HeUiTKiI 3HaUE€HHS BiJTIOBI-
IHOCTI MOKa3HMKa u;;: 0-0,3 - He Bigmosinae; 0,4-0,5 — He Bu3HaueHo; 0,6-

0,7 - 6inpmI-MmeHmI Bignosizae; 0,8-0,9 — maike BimnoBizmae; 1- BimmoBimae.

Tab6muus 1
TabauIls MOPiBHSIHHS KOMIIETEHTHOCTEM
OciTHil piBeHb HacTyITHMI (I piBeHb)
et KomrereH-
J
‘ . K, K, K3 K,
THOCTI
Q
= K M1 H12 M3 Hi,n
=
= K, M2 Koo Ho3 Koy
Q
'a K; M3 H32 H33 U3 pn
J
.
3 K B B i B
S g m m,l m,2 m,3 m,n
max(y; ;) max ({; ;) max (y; ;) max (K, ;)| ... max (W, ;)
J i=l,m;j=1 i=l,m;j=2 i=l,m;j=3 i=l,m;j=1
W] Wl W2 W3 e wn
Y maTtpuiii ‘ui’j , TIpecTaByeHiit B Tabauii 1, ingekc i (i =1,2,...,m) —

1le HOoMep KOMIIeTeHTHOCTI IonepeaHbOro OCBITHbOI'O PiBHS, (YMOBHO IMO3Ha-
yuMo ¥oro sk I piBenn), a j (j =1,2,...,n) — HOMep KOMIIETEHTHOCTI HACTYII-
HOTO OCBiTHBOTO piBHS (II piBeHb). 3HAXOAMMO MaKCUMaJibHe 3HAUEHHS B KO-
>KHOMY CTOBITII.

Takok KOMIIETeHTHOCTSIM II-ro piBHS 3amaMo BaroBuii KoedillieHT
w;(j=12,..,n), SIKUiA Oyae MOpiBHIOBATMUCSI 3HAUEHHIO KiJbKOCTI BiiBeI€HUX

Ha HbOT'O KPEeJUTIB.

128 ISSN 1562-9945




4 (123%) 2019 «CucteMHbIE TE€XHOJIOTUU»

BynmeMmo BBaxkaTH, 110 BiAIIOBiAHICTb KOMIIETEHTHOCTEN OCBIiTHIX PiB-

HiB OyJI0 BCTAaHOBJIEHO, KO0 max >= 0.8. Kimacudikyemo Bce KOMIeTeHTHOCTI
J

II piBHS 32 HACTYITHUMMU [IPaBUJIAMMU

IF (K; =3K” AND m]cftx(pi,j) =1 THEN K ; =kiacy 1;
IF (K; =®K’ AND mjz_ix(ul-’j) =1 THEN K ; =kiacy 2;
IF (K; =3K” AND m]cftx(pi’j):O.9 THEN K ; = xiacy 3;
IF (K; ="®K’ AND m?X(ui,j)=0.9 THEN K ; =xiacy 4;
IF (K; =3K” AND m?x(pl-’j) =0.8 THEN K ; =xnacy 5;
IF (K; ="®K" AND m?X(Hi’j) =0.8 THEN K ; = xiacy 6.

[lincymyemo BaroBi KoedillieHTM KOMIIETEHTHOCTeI 1-To Kia-

cy 2 w;Ta TOPIBHSIEMO 31 3HAYEHHSIM BXiJHOTO MOKa3HMKa X , SIKIIO 3Ha-
xnacl

yeHHS X Oisibllle, TO J0JaMO Ille CYyMY BaroBux KoedillieHTiB KOMIIETEHTHOC-
Teil 2-To Kjaacy i Tak Aaji, JOKM 3HAaUeHHS CYMU He CTaHe piBHMM abo He Te-
PEBUILIUTD MOKA3HUK X . SIKII0 K 6y/I0 HAKOMMUEHO CYMY BaroBux KoediitieH-

TiB 10 6-TO KjIacy i Y, w;<X (i= 1,_6), 1le 0O3Hauae, 10 B JaHOMY BUIIA[IKy

xaac i

3aJava He Mae€ pimeHHs, To0To copMyBaTy iHTETpOBaHMIA HABYAJIbHUI IIPU
TaKMX MOYaTKOBUX MaHMUX HeMa€e MOxauBocTi. ChopmyBaTu iHAMBIAYyaIbHUIA
IIJIaH BIACTbCS, SIKIIO Ha IKOMYCh 3 eTalliB ITiJICYMOBYBaHHSI BaroBux koedi-

LIIEHTIB BUKOHAETHCSI HEPIBHICTD >, w ;>=X,ne(i=Lr),a ! — Homep eTarlry.

Kaac i

Toni Bci KoMIeTeHTHOCT K; e knacyi , me(i=11) OynoyTh mepe3apaxoBaHi, a

MOIYJIi OAMCLUUIUIIH, SIKi BiAIIOBiZAKTh LM KOMIIETEHTHOCTSIM BUK/IIOYEHi 3
iHAMBiAyaJIbHOTO HABYAJbHOTO IJIAHY.
BucHoBKu
[TigBOASTUM IiICYMOK, MOKHA 3pPOOUTM BUCHOBOK, III0 BMKOPMCTAHHS
eKCIIeEPTHOI CUCTeMM SK [JiSi MOHITOPMHIY HaBYaJIbHOTO Ipolecy [4], Taxk i
TPU CKIAAaHHI IHTErpOBaHMUX IHAMBIAYaJbHUX HAaBUAJIbHUX IUJIAHIB Ma€ psp,

nepesar. Ilo-mepiiie, 3 Yyacom cucTema Oyae po3MMPIOBATUCS i HAKOMMYUYBaTU
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BiIMOBITHOCTiI KOMIIETEHTHOCTEN SIK 3 CYMi’KHMX CITellialbHOCTel, Tak i 3 iH-
MuUX raayseil 3HaHb. [lo-gpyre, MOKHA CKIagaTVM poOOUi HaBUYAIbHI TUIAHU
HaIpsSIMiB ITiATOTOBKM 6€3 IMOBTOPHOTO 3aJyUeHHSI eKCIIEPTiB 3 Pi3HUX IIpef -
MeTHUX objacteii. IIo-TpeTe, cucTeMy JIerKo MOXKHa Oyae rmepeHaBUYaTy Bif-
MMOBiTHO 10 HOBMX BMMOT CKJIaJaHHS iHTerPOBAaHMX IJIaHiB.
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YIK 519.25
A.TI. CapbiueB
KJIACCUPUKAIIUA COCTOSIHUN TMHAMUNYECKON
CUCTEMBI, ®YHKIIMOHUPOBAHUE KOTOPOM
OIIMCBIBAETCSI BEKTOPHOM ABTOPEIPECCUEN

AHHomauyus. Paccmompena 3ada4a Kaaccugukayuu cocmoaHul ouHamuye-
CKOU cucmemMsbl, KOMopas Moxem HAxoOumsCA 8 0BYX KAACCAX COCMOAHUU.
DyHKYUOHUPOBAHUE cuCmeMbl B8 KAACCAX ONUCHIBAGMCA PA3NUYHbIMU cucme-
Mamu asmopecpeccuOHHbIX ypasHeHul. [locmpoeHo npasuno kaaccugukayuu
U uccnedoBaHsl 20 caolicmaa.

BBegenue

3agauya OOHApPYKeHUSI M3MEHEeHUSI CBOVCTB AMHAMUYECKUX CHUCTEM
YacTO BO3HMKAeT B TakMxX 00JaCTSX, KaK TexHUUYecKas U MegULIMHCKas Auar-
HOCTMKA, KOHTPOJIb TEXHOJOTMYECKUX MPOoIecCOB, MOHUTOPUHT, 00paboTKa
curHasnos [1]. PacripocTpaHEHHBIM KIacCOM MoOJesieil, ONMuChiBaOINX PyHK-
LIMOHMPOBaHMe CTOXaCTUYEeCKUX OUHAMMUECKUX CUCTEM, SIBJISIeTCS KIacC aB-
TOperpecCMOHHbBIX Mojeseii. [Ipumepamu pelieHUs 3a0au OOHApPYKeHUS IS
9TOTrO KJIacca Mojiesieit MOTYT CykUTb paboTsl [2]-[5]. Tak, B [2] paccMoTpeHa
3aaya oOHapy>keHUs repexona 00beKTa U3 OJHOr0 Kjiacca COCTOSIHUIA B [Ipy-
roit KJacc, B KakJOM M3 KOTOPbIX OOBEKT OMMCHIBAETCS CBOei OJHOMEpPHOIA
aBTOPETpeCcCHOHHOM MOJIeNbIO C M3BEeCTHBIMMU MapamMeTpamu. B [3]-[4] momo6-
Hble 337jJa4M paCCMOTPEHDI I K/IacCa BeKTOPHBIX aBTOPErpeCcCMOHHbIX MOJie-
7eii ¢ U3BeCTHbIMMU MapaMmeTpamu. B [5] 3amaua o6HapykeHUs] paccMaTpuBa-
eTcs [Jis1 OLHOMEpPHOM aBTOperpecCMOHHON MOJenu COBMECTHO C 3ajauen
CTPYKTYpPHO-TIapaMeTpuueckoit uaeHTuduKammm, T. e. TOUCKOM HaUTyulIei
CTPYKTYpbI B 3aJaHHOM Kkiacce. [IpyMep ycIielIHOTO pelleHus 3aauyu oOHa-
pPY)KeHUsI Ha OCHOBe DerpecCMOHHBIX ypaBHEHUII COIepKUTCS B pabore [6],
rJe TMpeJiokeH M 060CHOBAH MOX0J, K MOCTPOEHUIO MaTeMaTUYeCcKux Moje-
JIeil KOHTPOJISI TeXHNYECKOr0 COCTOSTHUS CUJIOBBIX U 3HepreTuueCcKuxX yCTaHo-

BOK B JJINTE/IbHOM 3KCIUIyaTaluu, IpeaycMaTpUBarOLNii Moc/jaeq0BaTebHbIe
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sTarbl GOpPMUPOBAHMUS TTOJMHOMMUATIbHBIX PErpecCMOHHbIX Mojejieit CTaTUKu
(YCTAaHOBMBILMXCSI PEXMMOB) U MHOT'OMEPHBIX TPEHIOBBIX MO ejeli 3KCIUIya-
TAllMOHHOM IOVHAMMUKU [JISI OLleHKUM M3MEeHEeHMiIl OTKJIOHEHUI IapaMeTpOB
00bEKTOB OT YCTAHOBJIEHHBIX PErPeCcCMOHHBIX, UTO IMO3BOJISIET BBISIBUTH U3-
MeHeHNSI TeEXHUUECKOTO COCTOSIHUS B XXM3HEHHOM IIMKIJIE.

OcHoBHasl 3ajauva J[JAaHHOV paboThl — OOHApyKeHMe W3MeHEeHMUsI
CBOVICTB AMHAMMUYECKOM CUCTEMBI, KOTOpPAas MOKET HaXOAUTbLCS B IBYX KJjac-
cax COCTOSIHMI1, B Ka)XKAOM M3 KOTOPBIX €€ IIOBedeHMe OIMChIBAETCS CBOeN
CUCTEMOJ aBTOpPErpecCMOHHBIX YpaBHEHMI1 (BEKTOPHOM aBTOperpeccuen) c
alipMOpHO HeM3BEeCTHbIMU IapaMmeTpaMu. B [7] paccMoTpeHa 3amada OLleHU-
BaHMS KO3(P(PUIMEeHTOB B CUCTEMEe aBTOPErpPeCcCUMOHHBIX Mojesieil B IIpearo-
JIOKEHUM, YTO OMIMOKYM HAO/I0IeHNST BHIXOAHbBIX TepeMeHHbIX MOIeTNPyeMo-
ro 00beKTa CTaTUCTUUECKM 3aBUCUMMBI, BbIXOJHbIE IIepeMeHHbIe MOTYT OIpe-
IeNISIThCSI, BOOOIIe TOBOPSI, pa3HbIMM MHOXXECTBAMM Perpeccoposn, a KOBapua-
IIMOHHAs MaTpUIia OMIMOOK HAOIIOAEeHMII BIXOJHBIX IIepeMEeHHbIX HeU3BECT-
Ha. B aTux ycaoBusx ajs omnpeneneHusi KoapduiMeHToOB MMOCTpoeHa UTepa-
LIMOHHAsl cxemMa olleHuBaHMS, 3QPeKTUBHOCTb KOTOPOI IOATBEpKIeHa Me-
TOAOM CTAaTUCTUUYECKMUX UCIbITaHUM. ONMpasicb Ha 3TU pPe3yJbTaTbl, MOXHO
chopmynIupoBaTh CAEOYIONIYI0 3aady CTaTUCTUYeCKOoi Kiaccuburauum
(pacrmo3HaBaHMsI): Ha OCHOBe 0OyUaloluX BbIOOPOK HAOJMIOIeHMI IBYX Kac-
COB COCTOSIHMM, KaXKObI1 U3 KOTOPbIX XapaKTepu3yeTcs CBOEi CUCTEMOIl aB-
TOpPErpPeCcCUOHHBIX MOJesiei, TpedyeTcsl IIOCTPOUTD pellarliee IpPaBuiio, KO-
TOpOe IT03BOJISIET YCTAHABIMBATh IMPUHAIJIEKHOCTh aHAIM3MPYyeMOro HabJIio-
e’ K OHOMY U3 IBYX KJ1aCCOB COCTOSTHUIA.

1. AnpuopHBbIe IpeanoioKeHus: 0 JMHAMMUUYECKOM CUCTeMe

IlycTh (PYHKIMOHMPOBAHME IUMHAMMUYECKOIO OOBEKTa B HEKOTOPOM
KJIacCe COCTOSTHUI MOAUYMHSIETCS 3aKOHY B BIUE CUCTEMbI aBTOPErpeCcCMOHHBIX

ypaBHEeHMI] [7]
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| | x| xa@) o us)| G
w)| | x| x| || 0k | Gk
BRI ) S Y27 S A9
xi) |7 xialg) | xia(@) || i) || || SR

S N AN NS S B S S I\ PY () ) B e
k) | xne1(@) | Xu2(g) | Xnop(q) Gt ()

nin
* ho* 0
x(k) = ZIZ(p;q)ﬂ(k,qHC(—l;k), k=12,..h, (2)
Z

*

rae x(k) — HeHabmomaeMbiit (n x1)-BeKTop 3HaUeHUI k -Vi BBIXOAHOI Tepe-
MEeHHOJ 00beKTa B JUCKpeTHble MOMEHTHI BpeMeHu t=t;, i=1,2,...,n; n -

ob11iee yMcI0 HAOMIOeHt 32 00BEKTOM; p — YMCIO MpebIAYIINX 3HaUeHUiA

*

BBIXOJHBIX TEPEMEHHBIX, BAMSIONIMX Ha MX TeKyllee 3HaueHue; Z(p;q) —
(nxp)-maTpuiia p TMpembIAYIINX HeHabII0JaeMbIX 3HAUeHU ¢ - mepeMeH-

HOW, g =1,2,...,h, B 0O03HAaUEHUM 3TOV MAaTPULIbl p O3HAYaeT TOT HaKT, UTO B

*

(1)-(2) npu dopmupoBaHMM BeauUIMHbI X;(k) Yy4UaCTBYIOT BeIUUMHBI

(x;21(9),X;_5(q)»--»X;_,(q)) 5 h — UMCIIO BBIXOIHBIX [TePEMEHHbIX, 06Pa3yIOLINX

MHOXeCTBO X ; 8(k,q) — (p x1)-BeKTOp HeU3BECTHBIX e TEPMUHNPOBAHHBIX,
He 3aBUCSUIMX OT BpeMeHM Koapduumenton; {(—1;k) — HeHabmomaemblii
cydaitHblii (n x1)-BeKTop, B 0003HaUeHUM KOTOpOro “—1” o3HauvaeT TOT
daxkT, yto B (1)-(2) npu GopMUPOBaHUM BEeIUUMHBI x,(k) aAAUTUBHO y4acT-
ByeT BejnumnHa (;_;(k).

B (1)-(2) npenmonaraetcsi, YTo B GOpMUPOBAHUM TEKYIEro 3HaUeHUS
k -1 BBIXOJHOJI TIepeMeHHOJi y4acCTBYIOT BCe p TpeAbIAYLMX 3HAYeHUl BCeX

h BBIXOIHBIX TIepeMeHHbIX. B 00I1ieM cyiyyae He Bce repeMeHHbIe 1 He BCe UX
MpeabIayle 3HaueHUsI MOTYT y4acTBOBaTh B 3TOM (opMupoBaHuu. s 3a-
IICY MOJesieii B 00IeM ciiyuyae BBeeM CTPYKTYpHbIe MaTPUIIbI, CMbICT KOTO-
pbIX TTOKaxkeM Ha npumMepe. IIycTh Ha TeKylllee 3HaUeHMe k -ii BHIXOIHOI TIe-
peMeHHOM BIMSIOT IlepBoe, BTOpOe U YeTBepToe MpeAblayliye 3HaueHus g -1
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nepemeHHoﬁ N3 MaKCMMaJIbHO 3aJaHHOI'O BO3MOXXHOI'O 4YMC/a BJIMAIOMINX
*

npenpiAylux 3HaueHuit p =5. Torga BMecto Mmatpuubl Z(p;q) B (1)—(2) cne-

IoyeT 3amyucaThb IIpou3BeeHe MaTPUI]

Z(p:q)S(k.q) =

0(@) | x1() | x2() 3@ vale) | oo |0 ) | xate)
Jfa@,j,f?f@l,Li—J@,i,f:%@,u—i@ 010 fflfﬂ),j,i@,(qu,{—z,(@l
- ,,,,,, x[01010|= ’

| Xn- 1(@) | xn-2(9) | xn-3(9) | Xn-a(q) | Xn- 5(9) ] | Xn- 1(9) | xn-2(q) | xn- 4(q) |
(3)
rae (5x3)-marpuua S(k,q) mpexncrasiseT co60i CTPYKTYPHYIO MaTpuily, OT-
pa’kawIiylo BIMSHME TepBOro, BTOPOTO U YETBEPTOTO IpeabIAylX 3Haye-
HMI IIepeMeHHOM C HOMepOM ¢ Ha TeKylllee 3HayeHye IepeMeHHO COCTOS-
HUSI C HOMepoM k. AnipuopHasi MHGOopMauusi 0 3HaYeHUM p U O TOM, KaKue
VIMEHHO TIpeAbIAyIJe 3HaueHUsI KaKI0l U3 epeMeHHbBIX OTpeessiioT TeKy-
e 3HaUeHMs BbIXOJHBIX MepeMeHHbIX B 3aKOHe (PYHKIMOHMPOBAHUS 00b-
ekta (1)-(2), MpeCTaB/IsIEeTCT  HAOOpPOM  CTPYKTYPHBIX  MAaTPMIL
S(k,q), k,q=1,2,...,h, KOTOpble MOTYT ObITb Pa3JIMYHBIMMU [1JIS1 BHIXOJIHBIX T1€-
peMeHHbIX. Byfiem mpeamnosiaraTh, YTO 3TU CTPYKTypHble MaTpuIlbl 3aAaHbl. C
y4eTOM BBeJI€HHBIX CTPYKTYPHBIX MaTPUIL 3aKOH (PYHKIIMOHMUPOBAHUS (2) IS
ob61ero ciayyast GopMUPOBaHMS BBIXOAHBIX IePeMEHHbBIX 3aIIUIlIeM B BUE

*

B 0 =
x(k) = ZIZ(p;q)S(k,Q)G(k,q)+§(—1;k)=X(k)+€(—l;k), k=12,..,h, (4
g=

(o)
rae 0(k,q) — (m(k,q)x1)-BeKTOp HEM3BECTHbIX NETEePMUHUPOBAHHBIX KO3(]-

dbuinenToB; x(k) — HeHab/momaemas cocTasisioniasi (n x1)-BekTopa 3Haue-
HUIt k-t miepemeHHoit; m(k,q) — uuciao cronbioB B matpuile S(k,q);
m(k,)+m(k,2)+... +m(k,k)+...+m(k,h)=m(k) — oblllee uMC/IO HEU3BECT-

HbBIX KO3(POULMEHTOB B MOe/IN JIJIsI BBIXOIHOI ITepeMeHHO ¢ HOMepOM k .
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[TycTb )11 HAOMIOAEHMIA k -i1 BBIXOAHOI IIepeMeHHO 00'beKTa BhIIIOJI-

HSIeTCA

x;(k)=x (k) +e,(k), i=12,.on, k=12,..h, (5)

roe x;(k) — Habnogaemoe 3HaueHue k -ii mepeMeHHON B MOMEHT BpeMeHU

*

t=t;, xi(k) - HeHaOmomaeMoe 3HaueHue; ¢,(k) — HeHabMOgaeMas CiryJaii-
Has BeJIMUMHA.

3anuiieM ¢ yuyetToM (5) Mojenb HaOMIOOeHUSI 00beKTa B BEKTOPHOI
dbopme

x(k) = ;(k) +e(k), k=1,2,....,h. (6)
BBenmem 0603HaueHNUS

X =[x(1),x(2),...,x(h) ], (7)
X = [x(1).X(2).. x(1)], X =[x(1).X(2).....x(H)], )
L(-1)=[¢(-LD.&(-12)...5-Lm) ], E=[2(1).22).....e(h)], 9)

1, yunTbiBas (6)—(9), mogenu GyHKIMOHMPOBAHUS U HAOJIOAeHNS 3aIIUIIIeM B
BUJIE

X=X+T(-1), X=X+E. (10)

[Tyctb oTHOCUTeNbHO {(—1;k), k =1,2,...,h , BBITIOJIHEHO:

T
EL(-1LK)}=0,, E{C(-LK)S (-Lk)} =0 (kk)]L,; (11)
T

ELQ(-LKS (L)} =oc(k, @), k,g=12,...,h; k#q; (12)

E{C_,i1 (—l;k)Ci2 (-Lg)}=0, i,i, =1,...,n, iy #i,, k,q=12,...,h, (13)
roe E{} — 3HaK MaTeMaTU4YeCKOTO OXWUAAHUS II0 BO3MOXHBIM BCEeM pea-
nu3auysM cryvyaiHbix BekTopos §(—1;k) u {(-1;q); 0, — (nx1)-BekTop, co-
CTOSIIIUIA U3 HYyJel; Gg(k,k) — pucnepcust Benuumesl (;(—1;k), i=12,...,n,
OrpaHMYeHHas] BeJIMUYMHA; oc(k,q) — KOoBapMalusl CJIy4yaliHbIX BeJIUYUH
C,(=Lk) n (;(-Lq), i=1.2,...,n, orpaHnuenHas BejquunHa; I - eguHNYHAsA
(n xn)-maTpuna.

[Tyctb oTHOCUTeNbHO €(k), k=1,2,...,/ , BBITIOJTHEHO:
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Eie(k)} =0, E{s(k)sT (k)}=o.(k,k)L,, k=12,....h; (14)
E{a(k)aT(q)} =o.(k,9)1,, k,q=1,2,....h, k#q; (15)
Efe; (k) (@)} =0, iy,i, =L2,....n, iy #i), k,q=12,..,h, (16)

roe E{} - 3HaK MaTeMaTMUeCKOrO OXMIAHUS MO BO3MOXXHBIM peannu3alysm

cryvyaiiHbIX BeKTOpoB &(k) m €(q); o.(k,k) - pucnepcust BelMUMHBI
g;(k), i=1,2,...,n, orpanuuenHas BenuuuHa; 6.(k,q) — KoBapmauus ciy-
YaliHbIX BeMuMH €;(k) n €;(q).

3anuiiem nipennosoxkennst (11)—(13) u (14)—(16) B 0606111eHHOM BU[IE:

E{T(=1)} =0y, E{TDIT-Dj=nX,, (17)

E{E}=0,.;, E{E'E}=nX,, (18)
rae O(nxh) — HyJIeBas (nx h)-MaTpuUlia; Z‘C’ 2. — 3aJjlaHHble KOBapMalVIOHHbIE
(hx h)-MaTpuUIbl B MOJeNIX (GYHKIMOHMPOBAHUSI M HAOMIOJEHUS COOTBETCT-
BEHHO.

Bymem Takke MperosaraTh, YTo MaTpuiia B 3aKkoHe QyHKIIMOHUPOBA-
Hust oobekta I'(—1) u marpuiia ommbok HabmwomeHus: E cratuctuuecku He-
3aBUCUMBI

E{E'T(-1)} =0 ;.- (19)

IIlycte B pe3yinbTaTe HaOIIOJeHMS B MOMEHTbl BpeMeHU [={,,
i=1-2p,2-2p,...,0,1,2,...,n, nonmydyeHa ((n+2p)xh)-maTpuiia 3Ha4UeHUN

BBIXOHDBIX IT€peMEHHDbIX 00beKTa

_xl—Zp(l) x1—2p(2) xl—2p(h)_

X0, (1) X55,(2) -+ xp5,(h)

%M x@) e x| F‘_@}, 0
x1 (D x1(2) x1(h) X
x, (1) x,(2) X, (h)

L x, (D) x,(2) o x,(R) ]

[TycTb 3amaHbl: 1) p — YKUCIO TIPEObIAYIINX 3HAUEHNI BBIXOMHBIX Ie-

peMeHHbIX, KOTOpbI€ BJMAIOT Ha UX TEKYyIIee 3HAUYCHUE; 2) H3.60p CTPYKTYD-
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Hbix MaTtpul, S(k,q), k,q=1,2,...,h, KOTOpble OIpenessilOT, Kakue MMeHHO

npeAbIayIIye 3HaYeHMsT KaxkI0il 13 ITepeMeHHbIX OMpeessioT TeKyllue 3Ha-

YyeHMs] BBIXOAHBIX IepeMeHHbIXx o00bekTa (1)—(19). IIjsa olleHMBaHUS Heus-

(6]
BeCTHbIX Ko3pdbuinentos 0(k,q), k,q=1,2,...,h 1o pesynbTaTam Habmozde-

Hust o6bekTa (20) B [7]-[8] pa3paboTaHbl UTepalMOHHbIE MPOLeAYpPhl Mapa-
MeTpuyeckoi uaeHTUdUKauy, B KOTOPbIX X(0) MCIIOAb3yeTCs B KauecTBe
HavyaJIbHbIX YCJIOBUIA.
2. OunenuBaHue K03PPUIMEeHTOB
B CCTeMaX aBTOperpecCMOHHBIX YpaBHEHMU

s (nx1)-Bektopa x(k), cornacHo [7], BBITIOTHSIETCS

h = 0
x(k) = ZlZ(p;q)S(k,Q)ﬂ(k,Q)+§(k), k=12,..h, 21
q=

rne Z(p;q) - (nxp)-marpuiia HeHa6IOgAeMbIX 3HAUEHUIT ¢ -I1 TIepeMeHHOi’

*

00beKTa, 1Mo CBOEei CTPYKType OHa aHasiornuHa matpuiie Z(p;q) B (1):

xo(g)  ¥a(g) (@)
Z(pig)=| <@ x0(9) - x25(@) |, g=12,..h; (22)
xu1(g) Xn2(g) o xn-p(@)]
E(k) — crydaiiHblii (n x 1) -BeKTOP € HyJIeBbIM MaTeMaTUUYeCKUM OKUIaHeM
h 0
(k) =e(k)+ ZI[F(—2,Z ;q)18(k,q)0(k,q) +C(=L;k), (23)
g=
E{(k)}=0,, k=12,...h; (24)

I'(-2,Z;q) — (nxp)-maTpuiia HeHa6IIOJAeMbIX CTyYaifHbIX BEIMUMH

L@ Lol - () ]

Co(9)  Colg) - Cl—p(Q)

I'(-2,Z;9)= , q=12,...,h. (25)

Cn—2 (q) Cn—3 (Q) o Cn—l—p (q)_

BBenem 0003HaueHMs

y(k) =x(k), B(k):(3T(k,l),ﬁT(k,z),...,BT(k,h))T, k=12,...h; (26)
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| | | |

R(6) =[Z(p)S(h) | Z(p2)S(k,2) | ... | Z(psk)Sh, ) | ..

Z(pmSm,
(27)
rae R(k) — maTpuiia perpeccopoB Ijis k -Vi BBIXOJHO¥ TTlepeMeHHOJA.
YuurbeiBas (26)—(27), 3anuiiemM CUCTeMY aBTOPErpeCcCMOHHBIX MOJe-

neit (21)

y(k) = R(O(K) + (k) = y(k) + E(h), k=1,2,....h. (28)
BBenem o603HaueHNS
y(» (1) o) 0]
y=| Y2 y=[y@ |, -] -3 29)
__}_l 6_:_ — 5o __h_.
RO Oy | T Opmeny |
R = E)_(fx_”l(l))_i__F_(__22__J:,;'_'_E_(_)(_”_Xf£h_))_ (30)
Oy Oy | R

rae y — oobenuHeéHHbIN (N x1)-BekTop HabM0AaeMbIX 3allyM/I€HHBIX 3Ha-

(o} o
yeHuit; y — (N x1)-BeKTop HeHab/oaeMbix 3HaueHnit; 0 — (M x1)-BekTop
Heu3BeCTHbIX Ko duimeHtToB; & — (N x1)-BeKTop HeHabII0aeMbIX CIy-

YaliHbIX afAVTUBHBIX cocTaBasaomux; R — o6benynénnas (N x M) -marpuna

perpeccopoB; N =nh; M =m(l)+ m(2)+... +m(h).

3anuiieM CcuUcTeMy /4 aBTOperpecCMOHHBIX ypaBHeHMi1 (28) yue-

TOM (29)—(30)

0 (6]
y:y+§:56+§.

(1)

(6]
JJ1s1 olieHKY Ko3¢hduieHTOB O BbIMoHsIeTCs [7]:

)
d(2)

d=

d=Cy,

d(h)

138

. d(k) =

(32)
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rae mist (M x N)-matpuiibl C, cocrosieii u3 (4 x h) 6J10KOB, BbITTOJTHEHO

C= (ETZ? 5)—1£TZ—1 ’ (33)
roe X - KkoBapumauyoHHas (N x N)-marpuua o6benyHEHHOro (N x1)-
BEeKTOpa HeHab/II0AaeMbIX aIIUTUBHBIX CTYYaiiHbIX COCTABSIOMMUX & B (29).

st MaTpuUIIbI Zlé , cocTosimieit u3 (h x h) 6JI0KOB, BBITIOTHSIETCS

X, =2, QL +¥+X,®I,, (34)
rne X ®I, - KpoHeKkepoBcKoe IpousBenenye marpun X un I, ; X, X, — Ko-
BapualMoHHble (/X h)-MaTpullbl B MOJeNSIX HaOMOAeHUS U QYHKIMOHUPO-
BaHMs, BBeéHHbIEe B (17)—(18).

B (34) (N xN)-marpunia ¥ cocrout us (hxh) 610koB, a eé (k,q)-i

610K (k,q =1,2,...,h ) IpeacTaBisieT coboit (n X n)-MaTpuILy:

Y(k,q) =
i Yiq (0) Yikg (+1) Wiy (r-D 0 o 0 0 ]
\qu (_1) \qu (O) t qu (p - 2) \qu (p - 1) 0 0
_| Vi (1-p) v, (2=p) - yy(0) Yig(+D) - 0 0 | (35)
0 qu(l _p) qu(_l) \qu(()) 0 0
Vig(0) i, (+1)
0 0 te 0 0 e \qu (_1) qu (0) ]

B (35) mist yy,(a), a=—p+1,—p+2,...,p—2,p—1, BeInonHseTCS
Wiy (8) = Cov i€, (K%, (9))} =

h h o )
= Zl Zl 01 (41:92)8 ' (k,q))S" (k,q) (i, —i)8(4.42)0(4.95), (36)
Q= 9=

rae Ip(il —iy) = (p X p)-MaTpuua, y KOTOPOJM BCe 3JIeMEeHTbl PaBHbI HYIIIO,
KpOMe 3JIeMeHTOB OJHOJM NMaroHaay, PaBHBIX eIVHULE: eCiu A =i —i, =0,

TO 3TO IJIaBHAasd OMATrOHAJIb; eC/IN A>0, TO 3TO AMaroHa/ib, PacCIIOJIO’KEeHHAas
BbIIIIE IJIABHOM AMaroHaJu Ha A CTPOK,; eClIN A< 0, TO 3TO AMAroHaqb, pacCIiO-

JIO)KeHHas HIsKe TJIaBHOM AuaroHaau Ha ‘ A‘ CTPOK.

Taxum obpasom, (k,q)-it 610K X Tpencrasiser o060t (nxn)-

MaTpumy
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X:(k,q) =0 (k, )1, +¥(k,q)+o.(k,9)L,, kq=12,..h. (37)

C yuetoM (33)—(37) nJ1st olieHKM KO3(pDUIMEeHTOB BbIIIOTHSIETCS

=R'Z/R)'R'Ey. (38)

B dopmyny (33) gns matputibl C BXOOUT HeHabsomaemMass MaTpuila
5, a B dopmyiny (34) mjisi MaTpUIbI Za — matpuna ¥, sneMeHTbI KOTOPOJA,

Kak cienyeT u3 (35)—(36), 3aBUCIT OT HeU3BECTHBIX KO3DDUILIMEHTOB 3 ot
00CTOSITE/ILCTBA MCIIOb30BaHbI IJIsI MOCTPOEHUSI UTEPALIMOHHBIX IPOLeAyp
BbIUMCIEHYSI HeU3BeCTHbIX KoabduiimeHTOB B Bue (32)—(38): B [7] paspabo-
TaHa UTepalOHHAas MMpolleaypa IJis caydasi, Korjaa KoBapualMoHHble MaTpy-
LIl ZC’ 2. alpyOPHO U3BECTHBI, a B [8] — Heu3BeCTHHI. IIpouenypsl uccaeno-

BaHbI METOAOM CTAaTUCTNUUYECKUX VICIIBITAHMUIA.

VuurbiBas (29) n (32), oueHKy (38) 3amnuiiem B Bue

() CL (Y0 Y
A C, v A 2
i=) 42 |=cy=| G YO re. dw-c. X2 (39
rae
Cro=[Cpy 1 Cpy 1+ 1 Cy,] (40)
sBiseTcss k- cTpokoit 6;sokoB MaTpuiibl C, cocrosiueit U3 (hxh)
6JI0KOB.

s oueHkn d(k) ¢ yuetom (28) 1 (38) BbITIOIHSIETCS

A h h
d(k) = Zl 121 R'Z'R)',[R'E; ]zqR(Q)O(Q)Jr chqﬁ(Q)—
g=1 I=

hoh
= 2 21 (R Z R)" ]kl[R X R]zqe(CI)+
q=1(g=#k) I=1

+§[5Tz 'R)1u[R'IR Zke<k>+zckq§<q> e<k>+zckq<:<q)

(41)

JlJis1 aBTOperpeCcCMOHHBIX MOAeJieil C y4eTOM (41) BBITIOTHSIETCS
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A A o h 0 h
y(k)=R(k)d(k)=R(k)0(k)+R(k) ZIqu S(¢) =y(k)+R(k) ZIqu &(q),
q= q=

(42)
AN
rne y(k) - (mxl)-BekKTOp BbBIXOAA MOZenM pOjasg k-ii TiepeMeHHOI,
k=12,...,h.
YuurtsiBas (42), 0y aBTOperpecCMOHHBIX MOJiesieil MOXKHO 3aIucaTh

y(k) = y(b) + u(k) = R(k)d(k) + u(k), k=1,2,...h, (43)

rae u(k) — (nx1)-BeKTop O0CTATKOB [9], A1 KOTOPOTO BHIMIOIHSIETCSI
h
u(k) =8(k)-R(k) 2Cy, &(q), Efu(k);=0,, (44)
q=1

roe 0, — HyneBoii (n x1)-BexkTop.
BBenmem maTpuily OCTaTKOB MoOeJiein
U =[u(l), u(2),..., u(h)] (45)
u matpuily W, B KoTtopoii (k,q)-3/1eMeHT BbIUMCJISIETCS MO0 CTOJIOIaM C HO-
mepamu k u g matpuusl U (45):
(Wi, =[U"U], =u' (k) u(q). (46)
Hnsg (k,q)-3neMeHTa MaTeMaTUUeCKOTO OXUAAHUS MaTPUILIbl BbIMOJI-

HAeTCd:
Q. =E{[W], }=E{[& (bE@)]} -

h h
~E{[&" (k)(R(q) glcqs &N} — E{[(R(k) glckr &) E(@)]} +

h h
+ E{[(R(k) ackr &(r)' (R(q) Z_:lcqs SN =

=n-(0,(k.0) + Vi (0 + 0. (k) ~tr[R(RTZZR) 'R Ty (@7)

BBens o603HaueHms

P-RR'L/R)'R', (48)
1 (0) wia(0) - g, (0)]

z, = \Ilez(o) \szz(o) \V2h:(0) ’ (49)
Wi (0) iy (0) ooy, (0)
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[Pyl tr[Py] e tr[Py,]
tr[P tr[P - tr[P
T, = [-21] [-22] | [‘2h] ’ 50)
L tr[Py ] [Py ] - tr[Py,]]
711 MaTPUIBI £ OKOHUYATEIbHO [10/Iy4aeM
Q=n-(X,+X, +X)-Tp. (51)

Hcmonb3yem pesynbTaThl (21)—(51) /11 TOCTpOeHMSI pelllalolero mpa-

BWIA, IpeJHa3HAUEHHOTO /151 KiaccubuKaiMy HOBbIX HaOI0eHIIA.
3. Pemaromee nmpaBmiIo KiaaccupuKkauuy Ha OCHOBE
ABYX CUCTEM aBTOpPerpecCMOHHBIX YypaBHEHUM

ITycTp B mpoiiecce cBoero GyHKIMOHMPOBAHUS MCCAeNyeMbIii 00BbEKT
MOXeT HaXOOUTbCS B OOHOM M3 [IBYX KJIaCCOB COCTOSIHUIM, KaXKIbIN U3 KOTO-
PbIX XapaKTepu3yeTcsl CBOeM CUCTEMOI aBTOPerpecCMOHHBLIX YpaBHEHUM.
[Tycts X (I) u X (II) — BeIOOpKYM HAGJIOIEHMI 32 COCTOSIHMEM 00bEKTa, MOy-

YeHHbIe [Jig [1epBoro FP; ¥ BTOPOro Pj; Kjiacca COCTOSIHMI B COOTBETCTBUM C

(1)-(20). Torma Bo3mMoykHO (OpMYIMpPOBaHKE CAeayIONel 3adauu cmamucmu-
yeckoli knaccuguxayuu: Ha ocHoBe obyuartoniux Bbioopok X (I) u X (II) Tpe-
OyeTcst TOCTPOUTH pelliaolliee MPaBUI0, KOTOPOe MO3BOJSIIIO Obl YCTAHOBUTD
MIPUHAJJIEXKHOCTh aHAIU3UPYyEeMOTo (CYIIeCTBYIONEero Min 0XugaemMoro) Ha-
6omeHus (COCTOSIHUST) K OMHOMY M3 IBYX KJIaCCOB COCTOSIHMIA. PellleHne 3a-
oauy ImpeamnojaraeT omeHuBaHue KO3GPUIIMEeHTOB ABYX CUCTEeM aBToperpec-
CMOHHBIX YPaBHeHMI IJ1S ABYX KJIaCCOB COCTOSIHMII P, u Pj;; 1O COOTBETCT-
ByIOIIMM oOydaromyum Bbibopkam Haomwomennit X (1) m X (II). IInst Takoro

OlLleHMBaHMS BOCIIOb3yeMcs pesyabTaTamu (21)-(51).
[lyctb, B cooTBeTcTBUM ¢ dopmynoit  (26), (hx1)-BekTop

T T
Y« =(V«(D), y«(2),..., vx(h)) =(x,.,(1),x,,,(2),...,x,,,(h))" npencrasnsier co-
6o0Ji HabMOAEeHMe ¢ HOMepOM # + 1, IPUHAAJIeXHOCTb KOTOPOTO K II€PBOMY
WJIX BTOPOMY KJIacCy COCTOSIHMIA TpeBGyeTCsl yCTaHOBUTb.

Ilycts (m(k)x1)-BekTopsl r+ (k)= (1,1 (65 1y 2 (KD By iy (K

k=12,...,h, IpeacTaB/sioT coO0il CTPOKM perpeccopon, chOpMMUPOBAHHbBIE B
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COOTBETCTBMM C (27) IJISI COOTBETCTBYIOIIMX KOMIIOHEHT BeKTOpa Habome-

st Y = (e (1), y(2),0, ()
PaccMoTpuM citydaii, B KOTOPOM HaOMIOIeHMe MPUHAMJIEXUT KIaccy

cocTostHU Py . (B cumy cuMMeTpuy crydan IpUHAaIJIeKHOCTH KJIaCCy COCTOS-
HU P; MOXeT ObITh pacCMOTpPeH aHaJoruuyHo). Vcciaepyem cHauana npa-

6UJIbHOE peuleHue, cocTodiiee B ToOM, UYTO Ha6J'IIO,ZLEHI/Ie OTHECEHO K KJ/IaCCy CO-

cTosTHUI P .

PaccmoTpuM cityyaitHblil BEKTOPD

u(1|1,1) y«(1,1) = y.(1,1)

(1 |1)= v (D) =ya(I) =| P12 = yu(1,2) | =

«(L|1,h A
(11 1) Ve(Loh)— ys (L)
(1D | ef,nCL ) | (e

T
_ i*({,Z) | (1,2):C2.(1) g({,z) ’ (52)

& (.h) | rE U nCu(h)| &)

rae y«(/) — (hx1)-BekTop M3MepeHUii BBIXOAHBIX [IepeMeHHbIX MCCIeIyeMOoro

AN N AN A\

HabmomeHust; yu(1)=(y«(1,1), y(L,2), ..., v+(I,h))" = (hx1)-BekTOp pac-
YeTHBbIX BBIXOJIOB IEpPBOJ CUCTEeMbl MOJeJieli, KOTOPbIVi MOoJydaeTcsl IMocje
MOJCTAaHOBKU B Hee M3MepeHuit BXOJHBIX repeMeHHbIX
(r.(1,1),r.(1,2),....,r«({,h)) nas uccienyemoro Haobmwomenus. IIpu 3anmcu
(52) ucrnonb3oBaHa ¢opmyia (39) s oileHOK KO3(pduimeHTOB 1 (aKT UX He-
CMEeILEHHOCTH, YCTAHOBJIEHHBIN B [7].

BbIunMCaMM KOBapUALMOHHYI0 MaTpuIly ciydaiiHoro sekropa U«(1/1).
JI7s 3TOrO BOCIIO/Ib3yeMCsl CJIeAYIOIMM M3BECTHBIM pe3y/ibTaTOM MHOTOMep-
HOT'O CTaTMCTUYECKOTro aHanusa (CM., Hampumep, Teopemy 2.4.5 Ha cTp. 41
B [10]).

Teopema a. Eciiu BeKTOpHas cjiydyaiiHasi BeJIMYMHA 1) paclipelesieHa

110 MHOTOMEpPHOMY HOpPMaJbHOMY 3aKOHY 1|~ N(u,X), TO BeKTOpHas ciayJaii-
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Hasg BequuuHA Y = D1 pacnpeneneHa Mo MHOTOMEPHOMY HOPMajbHOMY 3a-
KoHy Y~ N(Dp,DEDT).
BeemeM ciyuaitubiit Bektop M«(I|1)=(&'(1,1),87(1,2),....8" (1,h),

E(L,1),E4(1,2), ... ,Ex(1,h)) T . Bamuimem ciryyaitblit BekTop u«(Z/1) B Bize

e (11)CL(D) |

ri(1,2)C, (1)

u: (/| 1) = M ({[])~ M, (Z[1) | m«(I]]) =

F (LG

=M, (| D)~R(I | DM, (I | D |n+(I | D) =Du( | DN |]) (53)
rae
I )CL () |

rt(1,2)Cp (1)

R.(I]1)= ; Da(I|1)=M(I|T)~Ra(I | )My(I | 1) ;(54)

re (L) Cha(]) |

a gaa Onmounsix wmarpuy, M,(/|/) wu M,(/|I) BbIIOJNHSETCS:

| |
M (D= Oy ' In [ MU D=Ly | Oty 5 Oaxnviryy = Hy€Bas
maTpuua pasmepa (hxN(1)); I, — enuananas (hxh)-matpuud; Oy rxpn) —
HyneBass marpuua pasmepa (N(/)xh); Iy - emmHnunas (N(1)xN(1))-

MaTpuLa.
JIJis1 KoBapMalMOHHOM MaTpuIlbl CiaydaiiHOTO BekTopa M«(//[) BbI-

ITOJIHAETCSA
En(11)=E{(n*(11>—E{n*<11>}>(n*(1|1>—E{n*(1|1>}>T}=[OZ§(DLO;N(E}X)”) }
(BxN(D) 1+ =
(55)
rage
T (1) =2,(1)® 1,y +¥() +Z (1) ®L, ), (56)
() =Z(D)+Z,()+Z.(]), (57)
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a matpuubl X (1), ¥(1), ZQ(I) " ZW(I) orpepesisitoTcs 1Mo ¢popmynam (14)-
(16), (35), (11)=(13) n (49) coorBercrBeHHO; X (/) ®I, ;) — KPOHEKEPOBCKOE
npousBeneHue marpuy, X (/) u L

[IpuMeHsisI IpUBeIeHHYIO BbIllle Teopemy U yunTbiBast (53) u (55)-(57),
IJIS1 KOBapMAaIlMOHHOM MaTPpUIibl CiydaitHoro sekropa U«(/ | /) monyyaem
Q.(I|N=D.(I|DZ, DD |D=Eu()+R(I[I)Z (HRi(I|]). (58)

KBagpatuuHast ¢popma

L(I|D=ul (DU |Du.(I]|]) (59)
umeer Xz -pacnpefiesieHre ¢ h crerneHsSIMM CBOOOABI (CM. TeopeMy 3.3.3
B [10]).

HccnemyeMm Terepb owubouHoe pewleHue, COCTosiiee B TOM, YTO UCCIIe-

nyemMoe HabjlofieHMe, IPUHAAJIeXallee KIacCy COCTOSIHUIA P, OTHeCeHO K
Kinaccy Py .

PaccmoTpuM cityyatHblil BEKTOD

u. (I |1)= ”*(”:”’2) =y*(1)—§*(11)= ye(1,2) =y« (1,2) | =
us (I | 1,h) A
y(1,h) =y (Il h)

P = (LY | (e [Fi@ne,.an ] (e

| 3=y || S ED || FECLUD| U | .

;*(I,h)—';*(ll,h) Eo(L.h)) | i (1,h)Cu (D) |\&(IL )

rae y«(/) — (h x1)-BeKTOp U3MepeHMi1 BHIXOJHbIX TIePEMEHHBIX UCCIeLyeMO-
N A\ AN AN
ro Habmopgenusi; y.(II)=(y.(IL,1), y.(I1,2),...,y«(II,h))" - (hx1)-BexTOp

pacCueTHbIX BbIXOO0B BTOpOVI CUCTEMbI Moneneﬁ, KOTOprVI ImojiydaeTcs 1mocijiie
IMoACTAaHOBKIA B Hee I/ISMepeHI/Iﬁ BXOJHBbIX InepeMeHHbIX

(r.(1,1),r.(1,2),...,r.(I,h)) nnsg uccnegyemoro Ha6bmwomeHnusi. [Ipu 3ammcu
(60) ucnosib3oBaHa Gpopmya (39) as olleHOK U QaKT UX HeCMelEéHHOCTH [7].
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BBemeM ciyuaiiasiit Bextop W«(II |1)= (& (11,1),E7 (11,2),....E" (II,h),

é’*([,l),é’*(l,Z),...,é([,h))T. Torpma ciydyaiiHblii BEeKTOP u«(I//1) MOKHO 3aIu-

CaTb

Po(L1) = po(IL1) (D) CL ()]

ri (1,2)C,.(1])

w.(lI|])= ;*(1,2)—;*(11,2) +| M (T])- M, (I | 1) \q+(II|])=

VL) —yuILh)) L 1 (L) Cpa (1) | |

=;’*(1)—§'*(11)+[M1(11 | 1)=R.(II | )M, (I | )] (I |I) =
=8.(1| 1)+ D1l | DI 1), 61)
rae

I (1,1 (1) |

ri(1,2)Cy (1)

R.(I|])= s D( | 1)=M(II|I)-R«(I | HM,(II |I);

_rl(z,h)ch,(ﬂ)_

(62)
oasg  6mouyHelx  martpun, M (/1|1) u M,(II|I) BbIIOIHAETCS

| |
M, (I]1) :[O(th(II)) 1, ], M, |I)= [IN(U) L O v ]; Oy ~
HysneBasg marpuua pasmepa (hxN(Il)); 1, — enuununas (hxh)-matpuua;

O(n(ryxny — HyleBas martpuua pasmepa (N(II)xh); lygy — enuHu4HAas

(6] (6]
(NUID)xN(Il))-matpuua; 6«([1/1)=y.(I)-y.(I).
[N KoBapMalMOHHOM MaTpUIlbl CaydyaitHoro Bektopa M«(///I) BbI-

ITOJIHAETCA

(D) | Oy
1 |1)=E{(n(11|1)—E{n(11|1)})(n(11|1)—E{n(11Il)})T}{O(;;(II)[»i(gf(ll))h)}

rae
X, (1) = 2,(ID)® L,y + YU + E () O, ), (64)
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a matpuupl X (I),¥Y(I), 2. () n X, (I) ompenensoTcs 1o Gopmyram
(14)-(16), (35), (11)-(13) u (49) COOTBETCTBEHHO; ZS(II)®I,1(,,) — KpOHe-
KepOBCKOe IpousBeneHyne marpuy, X (/) n L,y s MaTpuna Y. (I]) ompene-

neHa B (57).
[TpumeHsisl IpUBEIEHHYIO Bbillle TeopeMy U yunTbiBas (60) u (63)—(64),

IJIsI KOBapUAIMOHHOM MaTpULbI caydaiiHoro sekropa Us(/I|/) monyuaem
Q. |1)=D.(I |I)E, (| 1) DIl |1)=

(1) + R | DI (DRI |T). (65)
KBagpatuuHast popma
LT Ty =wi (1| 1) QT Dw (I | 1) (66)

MMeeT HelleHTpaJbHOe xz -pacripenesieHue ¢ i CTelneHsIMM CBOOOJbI U Mapa-
METPOM HeLleHTPaJIbHOCTU
U D) =85 DQ UL |18 (I | 1) (67)

(cM., HatipuMmep, Teopemy 5.4.1 B [10]).

Terepp, Ha ocHOBe pe3yabTaToB (52)—(67), chopmyaupyem peuiaiouiee
npasuo:
eciu [«(1 | 1) <I«(II|I), To HaOmoAeHNE y« OyJeM OTHOCUTD K Ki1accy F;;

68
ecnu [«(1|1)>1(Il| 1), T0o HabmoaeHHe Y« Oy1eM OTHOCUTH K Kiaccy P . (68)

4. TeopeTuyeckue 3Ha4YE€HUSI BEPOSITHOCTE
NPaBUJIbHOM M OIIMOOYHO¥ Kaaccuburaumii
[ToyuuM TeopeTUUecKue 3HaYeHMs] BepOSITHOCTEH OIIMOOYHON WU
MpaBWIbHOM KiaaccuduKalmii 1Mo pemarwliemy mpaBuiy (68). st Bbluncie-
HUSI BEpPOSITHOCTM OLMOOYHONM KiaaccubuKkaium HabmogeHnus:, GakTudecku
MpUHajJeXxaliero rnepBoi COBOKYIIHOCTH, HEOOXOAMMO 3HATh COBMECTHYIO
IIJIOTHOCTD paciipenenenus ciaydaiiHbix BeawuuH L (1 |1) n (Il |I). 3anuch
COBMECTHOM IIJIOTHOCTU MpPeLCTaB/seT CJI0XHYIO 3a7auy, [IOCKOJIbKY 3TU Be-
JVYMHBL cmamucmuyecku 3asucumsl. I moaTBepkaeHUs dhakra UX CTaTu-
CTUYECKO} 3aBUCUMOCTU BBIUMCIAUM KO3(POUIMEHT KOppeasiuuyu CaydyaiiHbIX
BesmuuH (1 |1) v (Il |1).
CHauana chopmynupyeM BCIIOMOTATelbHbIV pe3ylbTaT B BUAE JieM-

MBI.
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Jlemma. Eciiu BeKTOpHas ciayyaiiHas BeJIuMuMHA Yy paclipeneneHa IIo
MHOTOMEpPHOMY HOPMaJIbHOMY 3aKOHY Y ~ N(0,X), TO BBITIOJIHSETCS

E{y"Ay y"By}=tr[ZA]tr[EB]+2tr[ZAXB]. (69)

JloKa3aTesbCTBO JIEMMbI TOTYy4YaeTCs HeMOCPeICTBEHHBIMM BbIUMCIIE-

HUSAMMN.

3anumiem pajasi kospduiimeHta koppensuuu BenuuuH [k([/1) wu
I+(1I /1)
cov(l(I|1),l(1I | 1))
JDU(I Dy DT D)}

Wcmonb3ys CBOMCTBA x2—pacnpeneneHMﬂ U HeLEeHTPaJbHOro Xz_

cor(l(1| 1), l(1l'| 1)) = (70)

pacripeneneHus (CM. Hanpumep, ctp. 124-126 B [11]), png maTemMaTnyeckux
OXXUAAHUI U aucnepcuit caydanHbix BeqduduH [«(1 |1) n (1] |I) moxHO 3a-

IIMCaThb
E{l.(I|DY=h, E{LUI|I)}=13I|I)+h, (71)
D{L(I|DY=2h, D{LUI|I)}=4t?(I|1)+2h. (72)
Bocnosib30BaBmINCh CHOPMYIMPOBAHHON JIEMMOI, IJsg KOBapualuu

ciydaiinbix BenuuuH [«(1 | 1) v I«(I] | I) monyyaem
cov(l(Z| D), LI | D)) =2t [Z() QU | () QIUI | D]. (73)

O6benuusis pesynabTaThl (70)-(73), mas kosbduiimeHTa KOppeasiuum

ciiyvarinbix BenuuuH [«(1 | 1) v I«(I] | I) monyyaem
tr[X(NH Q| () QU | )]
>
J2hadar n+m?

cor(lu(| 1), l(Il| 1)) = 0. (74)

WTak, BbIUMC/IEHVE BEPOSITHOCTM OIIMOOYHONM Kiaaccudbukauuyu Ha-
ononeHus, ¢GakTUUeCKM MpPUHAJIeXallero nepBoMy Kaaccy COCTOSIHMIA, OC-
JIOKHSIETCSI CTaTUCTUUECKON 3aBUCUMOCTBIO C/ydaiiHbix BenuuuH [.(1|1) u
L(Il|1).

MeHee C/IOKHOI 3amauveil SBASETCS BbIUMC/IEHME BEPOSTHOCTM OIIM-
60uHOM Knaccubukauyy HabmogeHus:, GakTUUECKM ITPMHAJJIEKAIIEro mnep-
BOMY KJIaCCy COCTOSIHMI, IJIT KOHKPETHOIO 3HAUEeHMSI CyYaifHOM BeTMYMHBI

l«(I|I)=1[.B arom cjiyuae BepOSITHOCTb OTHECTU aHAJIU3MUpyeMoe HabJroae-
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HJe K KJIaCCy COCTOSIHUII Pj;, B TO BpeMsl KaK OHO IIPUHAIJIeXUT P;, ecTb He

YTO MHOE, KaK BEPOSITHOCTD BbINIOJHEeHMSI HepaBeHCTBa /[«(/] | 1) < /. [Tockosb-

Ky ciydaiiHasi BenmuumuHa (/1 |1) uMeeT HelleHTpa/ibHOE xz -pacnpeneneHue,

9Ty BEPOATHOCTDb MOJXHO BbIUMC/INTD:

!
prob([[|])=pr0b(l*(11|I)<l):jf(x;h,r%(lﬂl))dx, (75)
0

rae f (x;h,ri(][ | 1)) — QyHKIMS TIIOTHOCTU xz -pacripefesieHus ¢ & cTemne-

HSIMM CBOOO/BI M ITapaMeTpPOM HeLleHTPaJTbHOCTH 2 (/I | 1), xoTOpBIVi BBEJlEH

B (67).
BepossTHOCTD MpaBUIbHOM Kiaccubukanuy HabmoneHus, GakTUuecKu
MpUHAa/JIeXXaliero nepBoi COBOKYIMTHOCTH, MOSKHO 3aIicaTh, UCIOJb3ys (75)
prob(/ |I)=1—-prob(II|]). (76)
5. BepossTHOCTU MPaBUJIBHOM M OMIMOOYHO KIaccubuKammii
10 pe3yJbTaTaM UAeHTU(UKAIMM CUCTEM aBTOPErpPeCCMOHHbBIX
YPaBHEHUI

PaccMoTpuM KBaJipaTUUHYIO GOpMY

11| D=us | W3 | Du.(I 1), (77)
rae BekTop u«(/|/) ompeneneH B (53) 1 MMeeT MHOTOMEpPHOe HOpMaabHOE
pacrpenenenue u.(l|1)~N(0,Q.(I|1)); Q«(|I])- KoBapuauMoHHAas
(hxh)-marpuua onpeneneHa B (4.58); Wi (/' |I) — (hxh)-maTpuua omnpepne-
JISIeTCS aHAJIOTUYHO (4.46):

[WelZ | D]y, =[ULI [ DU D]y =ur( | LK) ue(I | 1,q). (78)

Teopema. [1;151 kBagpaTUuHO GopMbI (77) BbITTOJTHSIETCS:

AN

L.(I|1) n(D)h—h+1
n(1)h h

rne F(h,n(I)h—h+1) - neHTpanbHoe F -pactnipenenenue duiiepa ¢ 7 u

~F(h,n()h-h+1), (79)

n(l)h—h+1 creneHsMu cBOGOMBI.

CrpaBeJiMBOCTb TeOpeMbl cjaefyeT U3 He3aBUCMMOCTM BeKTopa
u.(/|7) v matpuupt Wi(I |I), u Toro daxra, uro matpuua W ([ |I) umeer
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pacripenenenne Ywumaprta ¢ n(/)h cremeHsiMu cBOOOnBI (CM., HaIlpuMmep,
cTp. 213-214 B [10]):

W.(L | D) ~W,(n(I)h,2(I]1)). (80)

13 (80) cnemyer BeinoaHeHue (79) (cm., Hampumep, Teopemy 5.2.2
B [10]).

PaccMoTpuM Ternepb KBafpaTuuHylo popmy

?*(Hu) —ul(II|1) W' | Du.(IT| 1), (81)
rae BeKTop ux«(/l| ) onpeneneH B (61) U uMeeT MHOTOMEpPHOE HOPMAaJIbHOE
pacnpenenenue u«(l/|1)~N(0,Q.(Il|1)); Q«(l|]) - KoBapualuMoOHHas
(hx h)-marpuna onpepeneHa B (4.65); Wi (Il | 1) — (hxh)-maTpuua omnpefe-
JISIeTCSI aHAJIOTUYHO (4.46):

(Wl | D]y, =[0I | DU | D]y, =T | LK) us(Il | 1,q). (82)

CdhopmynupyeM peliaioiiee mnpaBuiao, omnupasch Ha (52)-(67)
n (77)-(82):

N N
ecmu [ «(1 | 1)< [ «(II |I), To HabmoaeHue y+ OyJieM OTHOCUTS K Kiaccy Fr; (83)

A\ A\
eciu [ «(1 |1)>1+(II'|I), To HabmroieHNE Yy« OYZI€M OTHOCHUTS K Kiaccy P;.

JIJIsT BBIUMCIEHUSI BEPOSITHOCTM OIIMOOYHON KimaccupuKauy HabIIo-

neHus, GakTUUECKM MPUHAAJIEXKAIIEro IepBOil COBOKYITHOCTY, HEOOXOAMMO

7a\
3HaTh COBMECTHYIO TJIOTHOCTb pacipeneieHus ciydaiHbix Beauuut [ =(1 | 1)

AN
u [ «(Il|1I), a 3amuch COBMeCTHOJ MJIOTHOCTYU MpeACTaBsieT o000 CIOKHYIO

3a7a4y, ITOCKOJIbKY 9TU CTy4YaiiHble BeJIMIMHBI CIamucmuiecku 3asucumsl.
MeHee CJIOKHOI 3apaueil SBJISIETCS BbIUMC/IEHME BEPOSTHOCTU OIIM-
60uHOI KIaccudukanuy HabmomeHus, ¢GakTUUECKM MpUHALJIEKAIIero Iep-

BOI COBOKYIIHOCTM, [JIS1 KOHKPETHOI'O 3HAYeHUS CIAy4alMHOM BeJIUUYNHBI

/\ ~
[ «(I[|I)=1 . BeposITHOCTb OTHECTU aHAIMU3UPyeMoe HabiiofeHre K KIaccy

COCTOSTHUM PII , B TO BpeM4 KaK OHO IMTPpMHAOJIEKUT P[ , €CTb He UTO MHOe, KaK

/\ ~
BEPOSITHOCTb BbINOJIHEHUS HepaBeHcTBa [ =([ | ) >/ . IlockonbKy ciaydyaiiHas

150 ISSN 1562-9945



4 (123%) 2019 «CucteMHbIE TE€XHOJIOTUU»

A
BesimumHa [ +(/ | I) umeeT LeHTpanbHOe F -pacripeneneHue @uiiepa, 3Ty Be-

POATHOCTDb MO>XHO BbIUMCJ/IUTD:

A - l
prob(/l | I)=prob(I «(I|1)>1)= jF(x; h,n(I)h—h+1)dx, (84)
0

roe F(x;h,n(I)h—h+1) — pyHKkuusa maoTHoCcTH F -pacnpepenenus duiiepa
c h u 2nh—h+1 creneHsamMu cBOOOIBI.

Wcnonb3ys (84) MOXKHO 3ammcaTb BepPOSITHOCTb MPAaBUJIbHOM KiacCu-
dbukauuy HabmoaeHus, GakTUUeCcKy MpUHAIJIeKallero mepBoMy Kaaccy co-
CTOSTHUM

prob(/ | 1) =1—-prob(Il |]). (85)

Crry4ait IpuHAIeKHOCTYU UCCIeAyeMOro Hab/oaeHNUsT Y« KO BTOPOMY
KJIacCy COCTOSIHMIL P;; MOKeT 6bITh paCCMOTPEH aHaJIOTUYHO.

OTMeTUM TaKxke, UTO pacCMOTpeHHasl 3a7jaua oOHapy>KeHUsl M3MeHe-
HUSI CBOJMCTB AMHAMMYECKUX CUCTEM MOKET ObITh ITOCTaB/IeHA ¥ pellleHa B yC-
JIOBUSIX CTPYKTYPHOM HEONpemeNeéHHOCTM, KOTOa CTPYKTYpHble MaTpPUILLbI,
BBEeJIEHHbIE B IEPBOM ITYHKTE, alpUOPHO HEM3BECTHbI. B 3TOM cCiyvyae 11o-
CTpPOEHMeE CUCTEM aBTOPErpeCcCUOHHbBIX YPAaBHEHUI ONTUMAIbHOM CJIOXKHOCTU
N7 ABYX KJAaCCOB COCTOSIHMIT MOXKET ObITh IPOBeIeHO Ha OCHOBEe pe3y/bTa-
TOB [12-14].

3aKk/jIrueHne

PellleHa 3amaya CTaTMCTUYECKON KaacCU(pUKALMUM COCTOSHUI TVMHAMM-
YeCKOM CUCTeMbI, KOTOPAsi MOXET HaXOAUTBCS B ABYX Kjaccax COCTOSIHUI, B Ka-
KIOM 13 KOTOPbIX €€ (yHKIIMOHMPOBAHME OMMChIBAETCS CBOEI CUCTEMOJi aBTO-
perpecCMOHHBbIX YpaBHEHMUI C allpMOPHO HEM3BECTHbIMM MapameTpamu. IIpej-
T10JIaraeTCs, YTO BBITIOJHEHbI CJIeYIOINIMe YCIOBMS: a) IBa Kjacca COCTOSTHUI
OITMCBIBAIOTCSI OAVMHAKOBBIMM MHOKECTBAMM HAOJII0aeMbIX BXOJHBIX U BBIXO/I-
HBIX TIepeMeHHbIX; 0) BLIXOJHbIE IIepeMeHHbIe, KaK B IIepBOM, TaK 1 BO BTOPOM
KJ1acce oIlpee/ieHbl pa3sHbIMM MHOXKECTBAMU PerpeccopoB (BXOOHbBIX epeMeH-
HbIX); B) MoAeau (QYHKIMOHMPOBAHMS B IIEPBOM M BTOPOM KJIacCax pPasIUUHbI
Kak Mo kKosdduiimeHTaM, Tak U MO CTPYKType aBTOPEerpecCMOHHbBIX MO/iesel;
I) KOBapMal¥iOHHble MaTPUIIbI CJIydaliHbIX BEJIMUMH B MOAe/sIX QYyHKIMOHUPO-
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BaHMSI M MOJIEJISIX HAOIOMeHMsI IS TIEPBOTO ¥ BTOPOTO KJIACCOB pa3anyHbl. [To-
CTPOEHO MpaBUJIO KiIaccubuUKalu U UCC/IeJOBaHbI ero CBOVICTBA.

OmbIT YCITEIIHOTO pellleHus 3a7au OOHapy>KeHUs] M3MeHEeHUSI CBOJCTB
OVHaMMUUYeCKX CUCTEeM Ha OCHOBE perpecCMOHHBIX ypaBHeHMUii B paboTe [6], rae
npefjio)keH M OOOCHOBAH MOAXOM, K TOCTPOEHMUI0 MaTeMaTUUeCKUX MOjesiei
KOHTPOJISI TEXHUYECKOTO COCTOSIHUSI CUJIOBBIX M 3HEpPreTuYeCKnx YCTaHOBOK B
IUTUTEJIbHOI 9KCIUTyaTalyi, TTIOKa3bIBaeT 11eJ1eCO000pa3HOCThb ITPUMEHEHMSI TaKo-
r0 TMOJX0a P pellleHny 3a1a4 KOHTPOosIsT GYHKIIMOHUPOBAaHMS 0OEKTOB pa-
KETHO-KOCMMUYECKOM TEXHUKMU.
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K.IO. OcTpoBcbKa
OJOCHIAXEHHSA TEXHIYHOTO IHIUKATOPY MACD
TA IIPOTPAMHA PEAJII3AIIA ®@YHKIIII
IJI IPUMHATTS PINIEHD

AHomauyis. B pe3ynbmami BUKOHAHHA pobomu 6Yy/s10 NPO2PAMHO pPeani3o8aHo
(YHKYTI0 ON1A NpuliHAMmA piwleHb Ha 6apxesoMy puHuyi, nposedeHo mecmy-
BaHHA ma docnioxeHHs THOukamopy MACD.

Knioyosi cnosa: iHOukamop, mexHiYHUU QaHAMI3, MpeHo, ocyunamop, ,
yHKyis, 6ipxa, puHOK, Mosa, npozpama, 6ibniomeka, cmpameeis, OaGHI,
python.

TexHIUYHMI aHAaJIi3 — 1ie JOC/TiIKeHHsI IMHAaMiK/ OCHOBHMX ITOKa3HMKIB
PMHKY 3a [0IOMOrol rpadiuHMxX MeTOiB 3 MeTOI0 IIPOTHO3YBaHHS
Maib6yTHiX HampsMiB ix pyxy [1].

3azavua TeXHIYHOro aHajli3y BUSHAUUTH IIOTOYHUIA HATIPSIM PyXY PUHKY.

Bi/IbIIiCTh QHAMITUKIB BUKOPUCTOBYE (irypu mjsi XapaKTepUCTUKU
JIiHiV oMopy, MiATPUMKMN, IIOBOPOTY Ta 3apOI KeHHS TPEeH/IiB.

Bimomuit anamituk E.JI. HajimaH, skuii mpaiio€ B iHBeCTULIiIiHi
KoMmmaHii «Anbda-Kamitaa» Ha ykpaiHCbKOMY (GOHIOBOMY PUHKY, CTBEPIXKYE,
10 YYacHMKM (p’H0UepCHUX PUHKIB, aHaJi3ylouM TPEeHIO0Bi Mojesi, MOBUHHI
BMKOPMCTOBYBATH IIPaBMJIO — He Ipalloil MpoTu TpeHay - the trend is your
friend” - “rpenp Bam gpyr” [2].

HaiinommupeHinii mo3HaueHHs XapaKTEePUCTUK TPEHAY:

- OYiKyBaHHS IiABUILIEHHS 1[iH; - OUiKyBaHHS CIIafy IiH;

CurHanu rnoyaTky TPeHZIB IPyIyOThCS 3@ CUIIOK0: + + + CUJIBHMIA; + +
cepenHiii; + c1abkuii (pucyHku 1 ta 2).

© Octposcbka K.10., 2019
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+++ ++

PucyHox 1 - JIiHis TpeHAy 3a MaKCMMaJAbHMMM LIiHAMM — JIiHisI oTmiopy (resistance)

+++ ++

PucyHOK 2 - JIiHig TpeHay 3a MiHIMaJbHULIM LIiHAMU — JIiHisS omiopy (Ssupport)

PiBeHb omopy — 1le JOKaJIbHO-MaKCUMMaJibHa 1iHa. [Ipy 3’e€aHaHHI JIO-
KaJIbHMX MAaKCUMMYMiB i BU3HAUa€THCS JIiHiS Omopy. PiBeHb MiATPUMKU — Iie
JIOKaJIbHO-MiHiMaJIbHa IiHa. [l oTpuMMaHHS L€l JiHii HeoOXigHO 3’egHATU
MiK 006010 piBHi MiHiMaJIbHUX IIiH.

Huuamiyauii inaukatop MACD BigHOCSATBH OO KaTeropii TpeHOOBUX -
3a JAHUM [apamMeTpy MOKHA CYyOUTU IIPO CIiBBiIHOIIEHHS MiX Iapor KOB-
3al0uM cepenHix 1iHM. [TobymoBa iHAMKATOpa MPOBOAUTHLCS 3 ypaxyBaHHSIM
pisHuIi Mixk ;Boma EMA, 1m0 maiots nepiogy B 12 i 26 gHiB. [Ij1s 6iabiI TOY-
HOT'O HaHEeCEeHHS Kpalux Micllb AJIs1 yroay (ITpoaaxy abo MOKyIKM) Ha rpadik
MACD MoXXe HaHOCUTMCS [OOOAaTKOBa (CUTHa/IbHA) JIiHIS 3 OeB'SITU
eKCITOHEeHIIiiTHMX KoB3awum cepenHix Big MACD-Line mpu 060B'sI3KOBOMY
3IJIaJI)KyBaHHS (MIapaMeTp 3a 3aMOBUYBaHHAIM - 9) [3, 4].

Bci curnanu MADC MoskHa YMOBHO po36MTHM Ha TPy KaTeropii:

1. TopriBisi Ha MepeTUHAX - OOVH 3 HAMMNPOCTIIINX METOLIB 3aCTOCY-
BaHHSl IHAMKATOpa. AHa/i3 IPOBOAUTHCS HAa OCHOBI IepeTUHY TOJOBHUX
cknagoBux MADC. CurHan Ha IIOKYIIKY HaAXOOUTh B TOMY BUITAZKY, KOJIU
ricrorpama NpoOXOAUTb HYJIbOBY JIiHIIO, IPSIMYIOUM Bi, HU3Y OO0 Bepxy. SKIno
CUTYyallisl BiOyBa€ThCSI HABITAKM (JIiHisSI IPSIMYy€E 3BepXy BHU3), TO I[e CUTHAJT Ha
MPOAaK.

156 ISSN 1562-9945



4 (123%) 2019 «CucteMHbIE TE€XHOJIOTUU»

3AilicHIOBAaTU TIOKYIIKY Kpallle B TOMY BUITaAKY, KOJM BiANOBigHMUI
CUTHAJ 3'SIBISIEThCS OiNsST «HY/sI». SIK MpaBWIO, Taka IOfis BimOyBaeThCs Ha
TiJIi SBHOrO 6MYa4yoro TpeHpa. SIKIIO curHaj 3'IBISIETHCS, KOJM iHIMKATOP
3HAXOOUTbCS Tl «HYJIbOBUIi» JIiHi€l0, TO 1le CBiTUMUTH PO CJIAOKiCTh TpeHna,
PUCYHOK 3.

Ananisyioun kKpuBy MACD, MoOskHa BUTSITM IO SKIIO CTOBIT (6ap)
ricrorpamMm poO3TalllyBaBCsl HaJ «HYJIbOBUIT» JIIHi€I0, i TIOMITHO 3MeHIIIEHHS
KOKHOT'O HACTYITHOTO 6apy B po3Mipax, TO BapTO BpPaxyBaTy 3MEHIIEHHS MO-
MEHTY.

2. [lepenponax / [lepekyIrika - ydaCHUK PUHKY OIL[iHIOE peayibHy Mepe-
KYIJIEHHOCTb 260 IepenpoiaHicTh PMHKY, 3aBISIKM YOMY MOKHA TOYHO BU-
3HAUMTU TOUYKM MaiOyTHHOTO PO3BOPOTY. SIKINO iHAMKATOp HOCATAaE CBOiX
MaKCMMYyMiB, PO3TalllOBaHUX M0 OOM/IBi CTOPOHM BiJl «HYJIbOBOI» JIiHii, TO 1Ie
CBIIUMTDL TIPO MEpPEeKyIUIEHHOCTI (MepernponaHoCcTi) puHKY. Ilpu mpomy
BapiaHTM BapTO OOCHITHMM IIJSIXOM BCTAHOBUTU TOUYKU €KCTPEMYMY MJIs
KOXXHOTO 3 iIHCTPYMEHTIB.

Sk TinbKuM KpuBa iHaukatopa MACD pocsirae MakcuMMaJbHOI Ta
MiHiMa/JbHOI 00j1acTi, IIepeTMH 3 CUTHAJIbHOIO JIiHi€l0 CIIpuse MOsBi
BiITIOBiAHOTO cUTHAMY (TIOKYIIKM ab0 Mponaxy). SIKIo mepeTMH CTaBCs 103a
BKa3aHMMM BUIIle PiBHiB, TO iHpopMallilo MOKHA irHOPYBaTH.

CurHanu, o 3'SBJISIIOTHCSI B CepenHiit 30Hi yacTuHM rpadika BapTo

BUMKOPUCTOBYBATHU JINIIIE B pa3i MiATBEPIKEHHS TPEHAA IHIIUM iHOUKATOPOM,

PUCYHOK 4.
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PucyHOK 3 - Topris/is Ha IepeTMHaX PucyHoK 4 - 3acTocyBanHss MACD

3 MACD
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Baxknnso BpaxyBaTy, 1m0 MACD 6askaHO 3aCTOCOBYBATHU $SIK JJOBTOCTPO-
KOBMIA iIHCTPYMEHT, SIKMI1 CJIIAY€E 3@ 3pOCTA0UNM (Mafaloum) pUHKOM.

3. [IuBepreHiis - BigMiHHUI MeTO, 3aCTOCyBaHHS iHAMKaTopa MADC.
V TexHIYHUX OOCHiIKeHHsX i y Bunaaky 3 MACD nuBepreHiiito Kpaiie He BU-
KOPMCTOBYBATU MOOAMHIII - BOHA e(eKTMBHA TiJIbKM B KOMIIJIEKCi 3 iHIIMMMU

IHCTpyMeHTaMu TexaHasisa.
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PucyHnoxk 5 - iluBepreniiis MACD

H

icis MIPOBeAeHOI KOpEeKIIii.
[lviBepreHiiisi 3aCTOCOBYEThCS 1 OJISI
BU3HAUEHHS PO3BOPOTY TPEHIa, pU-
CYHOK 5.

ITpu po6OTi 3 iIHCTPYMEHTOM BUIIepeIyKeHHS MO/Iilt BeJibMU Hebe3meu-
HO - Kpallle oueKaTHUCsl BXOIKeHHS Ha pUHOK, ITIOKM He BiIoyneThCs UiTKa yc-
TaHOBKa AuBepreHiii. B iHIIOMY BUIaAKy yYaCHUK BUSBJISIETBCS HA 1HIIIN
CTOPOHI TpeHa.

Anani3 ingukaropa MACD Ta nnporpaMHa peaJtizartist QyHKILii
IJISI IPUMHSATTS pillleHb

1. Heob6ximHo HaBumTucs aHamizyBaty MACD mporpamuo. Iluiremo
(dyHKIIiI0 [J11 TPpUMHSTTS pillleHHS - YM BapTO TOPTyBaTU B JaHUIi MOMEHT
yacy abo He BapTo. [Ipukpinumo iHaMKaTop mo 60Ta.

2. bynyemo MACD i craBumo 3azauy.

3. Ilobymyemo cBiukM, MOOYyAyeMO JIiHii, a TpeTiil - MOPOXHiNi - Ajs

neMOHCTpallii po60TH aITOPUTMY.
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PucyHoxk 6

MeToniB s aHasi3y rpadikiB 6orarto:

3asBuuaii curHajiom «KyryBaTu» BBaXKalOTb, KOJIM 3MiHHA 3 MEHIIUM
repiogomM (Ha PUCYHKY 6 CUHS JIiHiSI) B HWJKHi 30HI ITepeTUHA€E 3HU3Y Bropy
KOB3aKuy 3 BeJMKMUM IiepiogoM (4epBoHa JiHis). CurHamom «IIpomaBaTu»
BBA)XXKalTb, KOJAM 3MiHHA 3 MEHIIMM II€pioAOM Yy BepXHili 30Hi MepeTMHAaE
3BepPXY BHM3 KOB3al0Uy 3 BEJIMKUM I€PIOIOM.

3BMuaiiHO, B XXUTTi He BCe TaK IIPOCTO - i caM 10 cob6i iHAMKATOP MPU-
3HAUEeHU 19 TUKHEBUX i MiCSIUHMX TepiofiB, i 06CAT BIUIMBAE HA TPUIMHSTTS
pillleHb, i, Mo Xopoiiomy, Tpeba 3a0[HO MepeBipUTH Ile I'SITh iHAMKATOPIB.
Ane Ham HeOOXiTHO HABUUTUCS PO3YMITU TEHIEHIIiI0 pUHKY!

[To-mepiiie, M0 HAM MOTPiOHO 3pOOUTH, 1@ 3HANTK MepeTUH JiHilt Ha
rpadiky. CKOpMCTaEMOCh MOKIMBOCTSIMM 6i6TioTeKM numpy.

[Mogexkynyu BuasBCsI (PUCYHOK 7), 1le MOB'SI3aHO 3 BiJICYTHICTIO AaHUX
Ha TOYaTKy, MoOyIyBaBCs TOV ke rpadik, 110 i Buile, i B KOHCOIb BUBEINUCS
TOYKM MepeTMHY - Ha IoYaTKy 6araTto, TOMYy II0, 3HOBY X Taku, Mu GepeMo
MaJIo JaHUX 3 OipiKi.

T:::ine?a::;:g: i:?iLids?aLée eicc:;te::d i; Eii: o 13 14 15 16 17

0 3
g8 13 20 1 22 23 24 25 2Ze 27 28 2% 30 31 32 58 77
2 8

2
1 113 116 118 127 156 158 159 163 164]

PucyHoxk 7
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i umdpy mo3HaYAIOTh MMOJOXKEHHS 110 0Ci X, B IKMX BiIOYBCS ITepeTHH,

HeoOXiHO HaK/IacTu iX Ha rpadik, pUCyHOK 8.
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PucyHok 8

Hapasti HeoOXigHO HAaBUUTHUCS PO3YyMIiTH, Ko rpadik 3pocTae, a Koau
najae. Ajie CrioyaTKy MOTPi6GHO po3ibpaTucst 3 maHUMU, SIKi MM OTPUMYEMO.
JK e npairoe?

[IpubepeMo (TMMYACOBO) BCe, IO ITOB'SI3aHO 3 KOJOM, i IMMJIBHO IIO-
[JITHEMO Ha Te, 3 UMM IIPaL0eEMO.

Ocb 110, MPMOIN3HO, Oy/ie BMBeIEeHO y HaC B KOHCOJIb (PUCYHOK 9).

from matplotlib.finance import candlestickZ ohlc
import matplotlib.pyplot as plt

import matplotlib.ticker as ticker

import datetime as datetime

PAIR = 'BTC ETH' # Ilapa, no koTopoy paborTaeM

start time = time.time() - 15%60*60 # 3a kakol Hepuon
6paTe maHHBIE — 15 YyacoB B OHAHHOM CJydae

resource = re-

quests.get ("https://poloniex.com/public?command=returnChartDat
a&currencyPair=%sé&start=%s&end=9999999999&period=300" % (PAIR,
start time))

data = json.loads (resource.text)

quotes = {}

quotes['open']=numpy.asarray([item['open'] for item 1in
datal])

quotes|['close']=numpy.asarray([item['close'] for item 1in
datal])

quotes['high']=numpy.asarray([item["'high'] for item 1in
data])
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quotes['low']=numpy.asarray ([item['low'] for item in
data])

macd, macdsignal, macdhist = talib.MACD(quotes/['close'],
fastperiod=12, slowperiod=26, signalperiod=9)

print ('=====MACD======="', macd)

print ('*'*80)

print ('=====MACDSIGNAL=======', macdsignal)

print ('*'*80)

idx = numpy.argwhere (numpy.diff (numpy.sign(macd - macd-
signal)) != 0).reshape(-1) + 0

print ('======]DX======="',1idx)

print ('*'*80)

inters = []

for offset, elem in enumerate (macd):
if offset in idx:
inters.append(elem)
else:
inters.append (numpy.nan)
' inters)

4.14538137e
-1.00456163e-
-2.54980019e-

PucyHnok 9

s mobymoBu rpadika My BUMKOPUCTOBYEMO KijJibKa HAOOpiB JaHUX.
Ha mkani X MM BUMKOPMCTOBYEMO Yac - IJis BciX rpadikiB B maHiii pobori
BUKOPVCTOBYETHCS Uac, IKUii MU OTpUMAJIN 3 BipKi.

V nepuiomy rpadiky mMu BimoOpaskaeMO CBiuKM, BUKOPUCTOBYIOUM
rOTOBI JaHi.
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Ha pgpyromy mMmu OTpUMMYeEMO [OaHi cami, 3 [OMOMOIOI BUKJIUKY

dyHKIIiI:
macd, macdsignal, macdhist = talib.MACD (quotes [
'close'], fastperiod = 12, slowperiod = 26, signalperiod = 9)

B pesynabTari oTpumyeMo Tpu Habopu maHux - macd, macdsignal,
macdhist - e Tpu MacuBy 3HaueHb, KOKHE 3 SIKUX € 3HAUeHHSM AJ1s1 oci Y.
TobTo nepumunit enemeHT 6yae Bimoopaskatu B X (0), apyruii B X (1), Ha BMCOTi
Y, 3a3HaueHOi B caMomy ejieMeHTi. Ha ckpiHIIoTi (pucyHOK 9), 6yJI0 BUBEAEHO
B KOHCOJIb OTPMMaHi 3HaUeHHSI.

Ha pucynky 10 - Nan - 1e 3HaunTh Not a number, i 11e Te, yoro He
BUAHO Ha rpadiky (Ha IMoyaTky, JiHii BimoOpaskaloThcsl 3 Bimctyrnom). Jasti
JIyTb 3HAUEHHSI - BOHM KPYTSATbCS HABKOJIO HYJIS, caMe IIi 3HAaUeHHSI MU i
npopucyemo Ha rpadiky i BUKOPUCTOBYEMO [IJiSI aHaIi3y. B maHoMy BUMaAIKy
nepii 33 ejjeMeHTa OTpUCOBaHi He OyayTh, mMOoTiM (X = 34, Y = 7.91964156e-
06), (X=35,Y =4.14538137e-06) i T.x.

Te 5k came cripaBeaIMBO i Aj1s1 macd.
=====MACDSIGNAL======= [ nan nan nan nan

nan 7.91964156e-06 4.14538137e-06 2.60110672e-08
-4.07798778e-06 -7.95972541e-06 -1.00486163e-05 -1.19658012e-05
-1.41967407e-05 -1.91172395e-05 -2.54980919e-05 -3.30112736e-05
-4.08438995e-05 -4.82626516e-05 -5.56410407e-05 -6.42093299e-05
-7.47543657e-05 -8.34476354e-05 -9.08057290e-05 -9.68925398e-05

-1.01468385e-04 -1.04801729e-04 -1.06813122e-04 -1.05755025¢e-04

-1.00109101e-04 -9.20068930e-05 -8.33780421e-05 -7.33571885e-05

Pucynok 10
Y 1bOMY PSOKY:
idx = numpy.argwhere (numpy.diff (numpy.sign (macd -
macdsignal))! = 0) .reshape (-1) + 0
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OTPMMYIOEMO MepeTMH 3HaueHb i OTPUMYIOEMO Ha BUXOJIi MacuUB
iHIeKciB:
======IDX=======[ 0 1 2 3 4 5 6 7 86 910 11 12 13 14 15 16 17
18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 54 75 86
110 111 114 116 125 154 156 157 161 162]

[le o3Hauae, SIKIIO B3SITM MacuB 3HaueHb macd, TO mepeTuH Oynae B
Toukax 0, 1, 2, .... 75, 86 ... 161, 162. Te x camMe cIIpaBe[JIMBO i OJ MaCUBY
macdsignal. IDX Bka3ye Ha Toukyu X Ha rpadiky.

Ing BimoOpaskeHHST IepeTHHIB (YEPBOHMUX TOUOK Ha TIpadiky) 6yi1o
CTBOPEHO HOBMII Habip JaHMX - BiH II0 JOBXMHI Takuil ke, K macd i
macdsignal, ane Tam, e € nmepetuH macd i macdsignal, 6ys0 BcTaBIeHO 3Ha-
yeHHS macd, TaM Jie TepeTMHY HeMae€, BCTaB/sgi0 nan. TakMm 4MHOM, OY/I0
OTPUCOBAHO BCi Kpamnku X, ajie UepBOHA TOUKA 3'SIBUTHCS Ti/IbKM TaM, JIe € Iie-
peTHUH.

Hani HeoOXimHO 0BUTHU TpeHn! ToOTO B SIKMiI OiK pPyXa€TbCSI PUHOK.
IToBepHemMO OTpuCOBKY rpadikiB, i Ha TpeTboMy OymeMo BimobOpaskaTu pe-
3yJIbTATY HAILIOTO aHai3y.

Iy moyaTky O6ymemMo IIPOCTO IMOPiBHIOBATHU, SIKA JIiHisS 3BepXy, a sKa
3HU3Y, i BimobpaskaTu cBiii rpadik - 3pocTae abo magae. 3 puCyHKy 11 HaOUHO
BUAHO, KOJIX Tpadik 3pocTaB, a KOy Majas.
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Pucynok 11
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Bory 6ynme BurigHille TOpryBaT B TaKi MOMeHTHU (PUCYHOK 12):

- Konu rpadik najas, ajie moyaB 3pocTaTu (B CAaMOMY KiHIIi TTaJiHHS).

- Konu rpacgik mouaB 3pocTaTy, 3pocTae, i He HaMiTUB TeHJIEHIIiI0 10
nafiHHA (TOPryBaTH IIiJl YaC POCTY, MIPUITMHUTU OMsKUe M0 KiHIIs).
Ay
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‘I.l___ll x hl..ll" r.Iﬁ ||i1||‘|i"'1 |_.|

ety

U
B § 'Em |

Pucynoxk 12

3p03yMiJio, 10 MOTOYHA JIOTiKa 3 LM He CIIPaBJISIEThCS.

Hani, My 6epemMo pi3HMIIO MiXK ABOMa JiHissMu MACD, i mopiBHIOEMO 3
MaKCUMa/IbHOIO pi3HuIlelo JiHiit MACD 3a mepiop, BiJ, OQHOTO 3MiHM TpeHAa
IO 1HIIIOTO.

KoxkeH pa3, KoJM TpPeHJ pPO3BepTA€ThCs (MepeTUH JIiHii) HeobXimHO
OOHYINUTY 1Ieii MAKCUMYM B HYJIb.

TakuMm 4MHOM, ITiCJISI PO3BOPOTY TPEHAA, mepiia Pi3HULS MiK ABOMAa
Ji"igMu 6yme makcuMaabHO© (100% pisHuilero). ITic/ist bOro SIKIIO JiHii 1mIe
CWIbHIIIE PO3iliAyThCS, TO B3XKe HACTYITHA PI3SHULS MiX JIIHIIMUM CTaHEe MaKCU-
MaJIbHOI0. Y TOJ MOMEHT, KOJIU JIiHil MTOYHYTh CXOOUTUCS, PI3HULS BXe He
O6yme MaKCMMaJIbHOIO, a 6yme cnagatu (90%, 80%) i 1.1,

Tomy mjst TOpriB HEOOXiTHO BMKOPMCTOBYBATM [IBi HACTPOIOBAIbHI
3MiHHi:

1. dxku0 pMHOK O6MUaumit (3poCcTae) TO TOPTyi, MOKKU Pi3HULST Gibie
X%. B TakomMy BMUMAJKy BiH Oyae TOpPryBaTu Ha OMUauyoMy PMHKY 3 MOMEHTY
PO3BOPOTY TPeHa A0 TUX IIip, IIOKU JIiHi1 He TIOYHYTh I[IJIbHO CXOOUTUCS.
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2. SIKu10 pMHOK BeAMeXUii (Craga€) TO TOPTyH TOMi, KOJIU PiSHULS MixXK
Ni”igMM MeHIe Y%. B TakoMy BUMNAAKy BiH BKIIOUUTBHCS B TOPTIBJIIO TiIbKU
IIiC/ISL TOTO SIK TPeH[, PO3TOPHEThCS, JIiHil PO3iMAyTbCS HA MaKCMMyM, MOTIiM
31/iRyThCS MaiiKke TTOBHICTIO.

Ochb Tak BU3HAUMMO 11i 3MiHHi:

BEAR_PERC =70 # [Ipu nnagiHHi pUHKY

BULL PERC = 30 # Ilpu 3poCTaHHi pUHKY

KoskHe 3 111X 3Ha4YeHb Moske KoauBaTucd Bixg 0 go 100, He 060B'13K0BO,
110 6 BOHM B CYMi IIOCh 1aBajiy, BOHM He3aJIEXKHi.

Iani Heo6XigHO BHECTH 3MiHM B KO, (PMCYHOK 13).

M |L“ ﬂ'(ilril."
T | (" , . L 11_ I"J]}"j ;
" [L’I‘J |F|""‘"'"' Li'| yl d "-._r+'ﬁ.l'r-l'“~,'*"’-""1
Iy a..llpﬂ I
PucyHok 13

ITpamoe. [IpaBaa, cripamoBajo B CepednHi, TaM Ie TpeH. Malike po3-
BEpPHYBC, ajle nmepeaymasn, ajie 1ie Bif Ha/lallTyBaHb 3aJIEXKUTh, SIKIO BUCTA-
But BEAR PERC = 99, Hanpuk/iaa, TO TaKOro He Oyfe, aje i Ha MafAiHHI BiH
He 3pybae. A gkmo BucraButu 100 TO Oyme 3aBXKOM TrpaTu TiAbKM Ha
3pocTaHHi. Ha pucyHKy 13 HAOUHO BUIHO, 1[0 B HAICYMHIIlli MOMEHTU 60T He
TopryBatume!

SIKI10, IK 3a3BMYAii, 3MiHUTHU KO, i 3p00OUTH (O HJeMOHCTpallii), mo-
pagHMKa - BiH Oyae roBOpUTM HaM, TOPTYBaTU UM Hi, 3apas, B 1[I0 XBUJIMHY.
BuHecemo yacTuHY Koay B YHKIIiI0 i Jogamo aHiMalliio (puCcyHoK 14).
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PucyHok 14

Tenep Hall CKPUIT KOKHY CEKYHIY (110 MOXJIMBOCTI) OTPUMYE [aHi 3
6ipxi, 6ymye rpadik i mae HamM Mmopagy - BapTO 3apa3 TOPTyBaTM YU Hi.
BimmoBigHo, BiH cam mepepucoBye rpadik, i Hiuoro mepesamyckaTu He Tpeba

(pucyHoK 15).

. ”hF
: 1'&]‘“ "1, flipy.
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Pucynox 15
Toprosa 6ipska ITosoHiKc.
YV 6ora Ha caiiTi 6ys0 gogaHo (QYHKIIIO, HigkiaouyeHo numpy, talib i
requests, BuctaieHi mapametrpu BEAR PERC i BULL PERC.
List yHKIiss, mpuitMae maHi 3 6ipsKi, aHami3ye iX, i moBepTae pillleHHS -
TOPTYBATU UM Hi.

Toprosa 6ipska Exmo. Exmo He roBepTae apxiBHi AaHi mo toprax. To-
My OoOBeneThbCs 36upaTy iHdopmaliito 3 6ipxki, TOKM He HAarpOMaAUTbCS IOC-
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TaTHbO HaHUX [ aHamizy. Ckopucraemocsi mertomom API trades. BiH
roBepTrae 100 ocTaHHIX TOPTiB.

DyHKIIi10, MOXXHA MPUKPYTUTH, 00 OYIb-aKOro 60Ty. TyT 60T Oyae Ky-
IyBaTy pifiliie, ajie BXXe 3 AesIKUM IPOOIMCKOM iHTEIEeKTY.

Hasi HeoOxigHO po3risiHeMO, sk 6yayBaTu MACD pjist Ekemo.

Harmr ckpunT Heo6XimHo moaudikyBaTu Tak, 1mo 6 6aunt MACD niHii
i ricrorpamy Ajis TOpriB Ha EKCMO, 3a/IMIIMBIIN JIOTiKY TOpaAHMKA - KYITyBaTU
Yy Hi.

I'padik mopagHuka Oy/J0 3aMiHEHO HA TricTorpamy, HIJis IIOBHOTU Kap-
TUHN.

Tak camo 6ys0 momaHo B ckpunT 3MiHHY PERIOD, 1ie yac B XBUIMHAX,
3a sIKe 6ygyemo cBiuku. JIjis1 AeMoHCTpaliii, 6yio BucTaBiaeHo 30 XBUINH - ca-
Me Tak 6yaye EkcMo, i Tak BM MOsKeTe MOPiBHSITU TOUHICTh pOOOTU CKpPUIITA.
Ale SIKIO TOMIHSTM 1le YMCJIO Ha 5 - Tomi Oyme MOXKIMUBICTb GaunTu
I'ITUXBWJIMHHI CBiUKM, GiJIbII OIlepaTUBHO OLIiHIOBATM OOCTAHOBKY, i, MOXK-
JINBO, OTPUMAETe IlepeBary rnepen TMMM, XTO TOprye Ha EKcmMo uepes pigHuit

inTepdeiic 6ipski, pe3yabTaT IpeaCTaBJIeHO Ha PUCYHKY 16.
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PucyHok 16
BucHOBKU

B pesyabTaTi BUKOHAHHSI poO0OTK OYy/0 MpoaHa/li30BaHO MOSKJIUBICTh
BUKOPUCTAHHS TexHIYHOro iHaukaropy MACD Ta mporpamHO peajii30BaHO
byHKILi10 07151 IPUIHSITTS pillleHb 3 JIOTiKOI0 MOPagHUKA «KYITYyBaTU UM Hi» IS

IBOX Oipk KpunToBamioT Exmo Ta Poloniex.
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3acrocyBaHHst MACD - iHaMkaTopa, SIK BTiM, i OyAb-SIKOrO iHIIOTO iH-
OMKaTopa, MOXe iHOAi CympOBOAKYBATUCS IOMMUIKOBUMM CUTHaIamMu. Tomy,
I71s1 GiNbII YCITIITHOI TOPTiB/i Ha GOHIOBOMY i BaJIIOTHOMY PMHKY HaliKpalie
BUKOpUCTOBYBaTU iHAMKAaTOp MACD B CYyKYITHOCTI 3 iIHIIMMM iHOEKCAaMU I10-
Ka3HUKU SIKUX OYIYTh IiATBEPIKYBATY IMPaBUIbHICTb 00paHOI MO3UIILi].
JIITEPATYPA
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PE®EPATDI

YK 532.516

Monbosuit 0.6., Pegunub [.0. OuiHKa aepoaMHAMiYHMX Ta TENNOBMX HABAHTAXKEeHb Ha
kopnyc kancynau HYPERLOOP B BakyymoBaHoMy wnsaxonpoBogi // CuctemHble TeXHONOrmu.
PernoHanbHblii MEXBY30BCKUIA COOPHUK Hay4HbIX paboT. - Buinyck 4 (123). - Ouenp, 2019. -
C.3-12.

MpoBeaeHO MaTemMaTUYHe MOAENIOBAHHA MOMiB Teyii NobGNM3y NacaxupcbKoi Kancyiu
HYPERLOOP, wo pyxaeTbcsa npu pi3HUX 3HAYEHHAX TUCKY B FepMETUYHOMY BaKyyMOBAHOMY
WAAXONPOBOAT HAa OCHOBI uyucenbHoro piweHHs piBHAHb Hae'e-Ctokca, 3aMKHyTUX
AvndepeHuianbHolo  Mogennio  TypOyneHTHOi  B'A3KocTi. Pe3ynbtat  064YMCNIOBANbHUX
eKCNepuMeHTIB MOKa3anmn iCTOTHY 3aNeXHiCTb CTPYKTYPM Teyii Bif WBMAKOCTI pyxy Ta reomeTpii
Kancy/am npu HasBHOCTI NoAiOHOCTI 3a 3HAYEHHAM TUCKY B WasxonpoBoAi. OTpuMaHi pesynbTa-
TV J,O3BONUAM NPOBECTU OLIHKY CUN aePOLMHAMIYHOI0 ONopy i HarpiBaHHA NOBEPXHi Kancynu.

bi6n. 7,in. 6, Tabn. 1.

YIK 621.31

TpunyteHb M., Ky3Heuos B., besgeHexuux M., PypeHko I. [locnigeHHA onTUManbHUX
3a WBUAKOAIEID CUCTEM aBTOMATUYHOrO ynpaBniHHA HA nabopaTtopHomy cTeHai // Cucrem-
Hble TEXHONIOTMMU. PernoHanbHblit MEXBY30BCKUIA COOPHUK HayyHbIX paboT. - Beinyck 4 (123). -
[Ouenp, 2019. - C.13 - 27.

Y cTatTi npeactaBneHunit nabopaTopHUN CTeHA ANA  AOCHiAXKEHHS ONTUManbHOi i
KBa3ioNTUManbHOi NO WBMAKOAIT CMCTEMM aBTOMATMYHOrO ynpaBaiHHA. [puBegeHa meTofukKa
CMHTE3y 1 pe3yNbTaTi po3paxyHKy ONTUMANbHOIO MO WBUAKOAIT peneiHoro 3aKoHy ynpaBniHHS
TennosuM 06'ekToM No BUOPaHOMY KaHany. [lokasaHi pe3ynbTaT eKCNEPUMEHTY MO NepeBoLy
TennoBoro 06'€KTy 3 Pi3HMX MOYATKOBMX CTaHiB B KiHUeBi cTaHu. [loKasaHa MOXIMBiCTb
peanizauii oNnTMManbHOro No WBMAKOAIT yNpaBAiHHA B peasbHOMY MacwTabi yacy Wisxom BLO-
CKOHANIEHHA nporpamHoro 3abe3neyeHHs BKJIOYEHHAM B HbOFO AJrOPUTMIB pilleHHS
TPAHCLEHLEHTHOT CUCTEMM PiBHAHb a00 hOPMYBaHHAM NpesuKaTHOT MoAeni TennoBoro 06'ekTy.

BcTaHoBneHa dhyHKUiOHaNbHA 3aN1€XHICTb TPMBANOCTI NEPLIOro iHTEPBANY yNPaBAiHHA Bif,
BEIMYMHU NepeperyntoBaHHA aas peanizauii keasiontumanbHoi CAY B peanbHoMy MacwTabi ya-
CY 3 BUKOPUCTaHHAM 6a30BUX BMPpillanbHKUX 6N10KiB NPOrpamMoBaHOro 0riYHOro KOHTponepa.

bi6bn.14,in.5, Tabn.3

YK 378.14 (07) : 004

Mopo3zeHko 0.M., l'pubaHosa H.H). IHHOBaLiNHi nigxoaM NiABULLEHHA AKOCTI BUKNA-
BaHHA aucuunnidin «Komn'ioTepHi meToaM HapuUCHOT reomeTpii Ta iHXKeHepHOT rpagikn»
// CucTeMHble TeXHONOTUKU. PernoHanbHbI MEXBY30BCKMIA COOPHMK Hay4YHbIX paboT. - Beimyck
4 (123). - [ivenp, 2019. - C.28 - 33.

PosrnapaioTbca  OCBITHI  TexHonOrii  rpadiyHMx  AWCUMNAIH 3 BMKOPMCTAHHAM
iHHOBaALiNHUX MeToAiB HaBYaHHA. HaBefeHO iHHOBALiiHI METOAMKM YMTAHHS NeKuin i npoe-
AEHHA 3aHATb N0 rpadiyHUM LUCUMNATHAM.
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MokasaHi pi3Hi nigxoan BUKNafaHHA KoMmn'toTepHOT rpadiku B Kypci HapUCHOi reomeTpii
Ta iHXXeHepHOi rpaciku i 06rpyHTOBYETLCA 0OpaHKUI METOS HABYAHHA S HANpAMY NiArOTOBKM
«Komn'ioTepHi Hayku Ta iHcdoOpMauiitHi TexHonorii». [aHi MeTOAMKM NpU3BOAATbL [0
NiABMLEHHA AKOCTI rpad)ivyHOT NigroToBKM Monofmx daxiBuis.

bi6n.5

YK 510.25+004.415.2+004.912

KyponsaTHuk E.C. KOHCTPYKTMBHOE M 06BEKTHO-OPUEHTUPOBAHHOE MOAENIUPOBAHME
TEKCTOB ANA 0OHAapYXKeHMA 3aMMCTBOBAHMM // CuCTeMHble TeXHONOrUU. PernoHanbHbli Mex-
BY30BCKMI COOPHUK HayuYHbIX paboT. - Beinyck 4 (123). - AHenp, 2019. - C.34 - 47.

PaccMoTpeHbl HEKOTOPbLIE aNTOPUTMbI U CTPYKTYPbI AAHHBIX, KOTOPbIE MOTYT ObITb UCMONb-
30BaHbl NpU peleHnn 3ajaun oOGHapyKeHUs 3aumcTBOBaHMit. [pepctaBneHa mopudukauyus
KOHCTPYKTMBHOI rpacdoBoi Mopenu Tekcta. Ha ee ocHoBe NOCTpoeHa OOBLEKTHO-
OpPMEHTMPOBAHHAA MOAENb ANA CONOCTaBleHMA TeKCcToB. Mogenb [oBeAEHO [O NPOrpaMMHOM
peanu3auumn. YCTaHOBNEHO COOTBETCTBME MEXAY dNeMeHTaMn Mofeneil U NporpaMMHbIMU KOM-
noHeHTamu. MonyyeHbl BpeMeHHble NoKasaTenn paboTbl Nporpammbl.

bubn. 13, un. 4.

YOK 542.3+681.518.22

MasypeHko B.b. Mpo6nema BMU3HAYEHHA KinbKOCTi piguHuM B pyxomiit €MHOCTi Ta
MOXNMBI WNAXMU i1 BupiweHHA // CucTeMHble TeXHONOrMU. PernoHanbHbIi MeXBY30BCKUIA
cOOpHUMK HayyHbIX paboT. - Beinyck 4 (123). - AHenp, 2019. - C.48 - 57.

Y cTatTi po3rnsHyTO NpobGneMy BUMIpIOBAHHA KiNbKOCTI PifMHM BCEpeAnHi pyxomoi
EMHOCTi 1 MOXNUBI WAAXuM ii BUpiweHHA. HagaHo onuc npuynH noseu npobnemu. lMpencrasne-
HO pe3ynbTaTW OrNsAy, NPOBELEHOr0 3 METOK aHanily MOBOMKEHHS 3 JaHOl npobnemoio B
Pi3HMX BMAAX TPAHCMOPTY, TaKUX K aBialis, MOPCbKi CyfiHa, KOCMiYHi pakeTu Ta aBTOMOOiNi.
Okpemi ny6nikauii BKa3yTb HA MOXJ/IMBI WAAXM BUPilIEHHA Li€i npobnemn. BoHu BigHOCATbCA
[0 00YMCNIOBaNbHUX MeToAiB i MOXYTb OyTWM peani3oBaHi B AKOCTi neBHOT iHdopMaLiitHO-
BUMIpIOBaNbHOT TEXHONOT 1.

bi6n. 7,in. 1.

YK 629.78.533.6.013:621.45

Tokapesa 0.J1., Mpsagko H.C., TepHosa K.B. Anroputm (pyHKUiOHYBaHHA KOMGiHOBaHOT
CUCTeMM YyNpaBJIiHHA BEKTOPOM TATU PaKeTHOro aBuryHa // Cuctemuble TexHonoruum. Pervo-
HaNbHbIA MEXBY30BCKWUIA COOPHUK Hay4HbIx paboT. - Bwinyck 4 (123). - [nenp, 2019. -
C.58 - 66.

Po3pobneHo anroput™m (yHKLiOHYBAHHA KOMOIHOBAHOT (MexaHiyHOi i razofMHaMiyHOT)
CACTEMW YNpaBNiHHA BEKTOPOM TATU pPaKeTHOro AuryHa. [[poaHanizoBaHO MOXIWUBI MeTOAM
BM3HAYEHHS iCHYBAHHA TPeHAY BXifHOro curHany. [ocnigKeHo TUMOBY 3aNEXHICTb BUXIAHMX
Kepyrlouux BNAKUBiB ans pyaboBoro Pl Bif BXigHWX CUrHaNiB Ha pi3HMX YacoBMX iHTepBanax io-
ro po6otu. [lpepcraBneHuit anroputm nepepn6adyae o6pobKy BxigHoro curHany CYBT 3
BUAINEHHAM JeTepMiHOBAHOT CKNafoBoi (TPeHay) i BUCOKOYACTOTHUX OCUMNALINA curHany, a Ta-
KOX BpaxyBaHHA Buay TpeHpa tikcoBaHux 30ypeHb KyTa BigxuneHHs Bektopa tarun P[. Pos-
po6aeHUn anropuT™M [03BONAE ONTUMANbHUM YMHOM PO3AiNATM dyHKUii nigcuctem (MCYBT i
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FCYBT) KkombiHOBaHOi CMCTEMM yNPaBAiHHA, NiABUIWKTM AKiCTb 1 HAJIAHICTL CUCTeMH
yNpaBniHHA NONbOTOM CTYNEHi paKeTy.

bi6n. 5,in. 5

YOK 621.039.4

Muxanboe A.I. KoHTponb Ta ouiHka pisnbHocTti onepatopie AEC npu nigrotoBui Ha
TpeHaxepHux komnnekcax / A.I. Muxanevos, 0.A. Crenin, I.I. Opo3posuy, C.0. CreniH // Cuc-
TEMHble TEeXHONOrnu. PernMoHanbHbll MeXBY30BCKMIA COOPHMK Hay4yHbIX paboT. - Bbinyck
4 (123). - [ivenp, 2019. - C.67 - 76.

3anponoHOBaHO MeTOAMKY OLiHKM Ta KOHTpont AisnbHocTi onepatopis AEC npu ix
HaBYaHHi HaBYaNbHUX KOMMJIEKCAX, 3aCHOBAHA HA BBEEHUX B CTATTi NOHATTA "iHiLiaTUBHMX" i
"3a60poHeHux" KOMOiHaLil B MAaTpULAX NEPETBOPEHD, WO XapaKTEPU3YIOTb NOTOYHY LifNbHICTb
oneparopis AEC.

bi6n. 8.

YK 519.246.85

KongpatbeBa I.10., Pypakosa I.B., Monueoga 0.B., CapadaHHikoBa H.B. AHani3 aky-
CTUYHUX CUTHANIB B NPUPOLLEHHAX ANA (PYHKLIOHANbHOT AiarHOCTMKM 6araTonpuMBOfHMX
YCTaHOBOK // CuCTeMHble TEXHONOrUW. PernoHanbHblii MEXBY30BCKUIA COOPHUK HayYHbIX pa-
60T. - Bbinyck 4 (123). - nenp, 2019. - C.77 - 85.

Y paHiin cTaTTi aBTOpaMu NpoBefeHO JOCHIAKEHHA aKyCTUYHOrO WYMY, WO reHepyeTbes
eNIeKTPOMEXaHIYHUMMU CUCTEMAMU B PEeXUMi peanbHoro 4acy. 3aiiicHeHO ornap mopenen i
METOAiB NPOrHO3yBaHHA 4YaCOBMX PALiB, BUABNEHI nepeBaru i HefONiKN KOXHOro knacy. Pos-
po6JeHO METOAM aHani3y aKyCTUYHUX CUTHANIB, WO MOPOLKYIOTLCA NPALIYUM 00NaAHAHHAM
eNeKTPOMeXaHiYHUX KOMNAEeKCiB, B npupoweHHax (B (a3oBoMy npocTopi), Wo npuaaTtHi ans
BUKOPUCTAHHSA B cucTeMax QYHKLIOHANbHOT LiarHOCTUKM 6araTonpuBOgHMUX YCTAHOBOK.

bi6n. 5,in. 4, Tabn. 1.

YOK 506:510

bakna 1.B., WynbkeBuy T.B. MapKoBcbKi Mogeni anA niHrBicCTUYHUX NOCAIZOBHOCTEN
// CuctemHble TexHONOrMKU. PernoHanbHbI MeXBY30BCKUI COOPHUK HayuHbIX paboT. - Beinyck
4 (123). - lHenp, 2019. - C.86 - 96.

B cTatTi po3rnsaHyTo npuxoBaHi MapKoBCbKi Mofeni, AKi € OLHUM 3 HANNOWMPEHIWNX Ma-
TEMaTUYHMUX anapartis, WO BUKOPUCTOBYETbCA ANs 6araTbox KnacudikatopiB Ta MofentoBaHHA
pi3HOMaHiTHUX npo6nem. MMM BUKOPUCTOBYIOTLCA /1A PO3Mi3HABAHHA XecTiB. 3po3yMino, wWo
[laHa CTaTTA He [a€ NOBHMI nepenik npobnem, Wo CTOATb Nepes Po3pobHMKAMK
iHTeNeKTyanbHUX cUCTeM i3 3acTocyBaHHAM [IMM, ane € NeBHUM KPOKOM Ha WAAXY A0 iHTerpauii
CY4aCHMUX METOLIB BUPiLIEHHSA CKNAAHUX 3aAay.

bi6n. 13, in.4.

YOK 622.28.044:622.831

JlapioHos T.1., NlapioHos M.T. Mpo oauH MeTop HabnuKeHoro BiATBOpeHHA GYHKUIT Y
OKONi TOYKM i3 06nacTi BU3HAYEHHA Y aHaniTMYHoMy Burnagdi // CucTemMHble TEXHONOMUK.
PernoHanbHblii MEeXBY30BCKUIA COOPHMK Hay4HbIX paboT. - Buinyck 4 (123). - Ouenp, 2019. -
C.97 - 105.
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Y po6oTi po3rnsiHyTO 3aCTOCYBAHHA TOYKOBOT OLiHKM pe3ynbTaTiB OTPUMAHUX YNCENbHU-
MK MeToaamu. Pe3ynbTaT TOYKOBOT OLiHKM ABNSIE COOOI0 aHANITUYHUIA BUpA3 y BUrNaai [oOyTKy
He3anexHux (YHKUIN Bif ofHiel 3MiHHOT. Bupa3 3acToCOBYeTbCA [0 aHanily noBefiHKW y
OKONi 06paHoT AN LOCNiAKeHb TOUKM.

Y AKoCTi MoflenbHUX ANA LEeMOHCTpaLii 3anponoHOBAHOr0 MeToAy PO3rNAHYTI 3afadi npo
HabnWXeHe NpefCTaBNEHHs [EKiNbKOX enemMeHTapHux QYHKUiN 3 ouiHKOl Moro noxubok. 3a-
NPONOHOBAHO PEKOMEHAALLIT LOAO NOr0 BUKOPUCTAHHS.

bi6n. 4, in. 5.

YOK 621.391.175

Yymakos JI.[l. Bbi6op cTpaTeruM KOHTPONA MCNPABHOCTU TEXHMYECKOM CUCTEMbI C
Ay6nupoBaHMEM KaHANOB U NPOBEPKOW UX UCMPABHOCTU HA OCHOBE 3afaHHOW 3(h(eKTUB-
HOCTH // CUCTEMHble TEXHONOTUMU. PernoHanbHbI MEXBY30BCKUIA COOPHUK Hay4HbIX paboT. -
Boinyck 4 (123). - inenp, 2019. - C.106 - 111.

06cyxpatTca BONPOCH onpefeneHns SAUTeNbHOCTU UHTEPBaNa MEXAYy NPOBEpKaMu uc-
NPaBHOrO COCTOSHWUSA TEXHUYECKON CUCTEeMbl C AYyONMPOBAHWEM KaHANOB U KOHTPOSIEM UCMpaB-
HOCTM KAXX/0r0 KaHana no KpUTepuio 3aaHHON BENNYMHBI KO3 ULMEHTA TOTOBHOCTY.

WccnepoBaHa BO3MOXHOCTb NPUONMKEHHON OLEHKM, @ TaKKe BAUAHWUE CTeNeHU npubau-
KeHUA LeneBoit QYHKLUMKU Ha 3PHEKTUBHOCTb MCNONBb30BAHUA TEXHUYECKON CUCTEMBI.

bubn. 8.

YIIK 004.087

Xyp6a A.A. UccnepoBaHue pe3ynbTaToB TECTUPOBAHUA CTYAEHTOB Ha Npumepe AuC-
uunnauHbl «Teopua anroputmoB» // CucTemHble TEXHONOTUK. PernoHanbHbIi MEXBY30BCKMUIA
c6OpHUK HayyHbIx paboT. - Beinyck 4 (123). - AHenp, 2019. - C.112 - 123.

B pamkax cTaTby pa3paboTaH M NPOrpaMmMHO peann30oBaHO 3NEKTPOHHOE y4ebHOe noco-
6ue Ha npumepe AMCLUUNANHBI «TeOpMA anropuTMOB» U NPOBEAEHbI UCCNEL0BAHUA KAcaTeNbHO
pe3ynbTaToB TECTUPOBAHUA CTYAEHTOB C UCNOMb30BaHMEM nakeTa Statistica.

buobn. 2.

YIIK 004.825

Jlancoka C.C. EkcnepTHa cuctema chopmyBaHHA iHTerpoBaHux iHAMBiAYyaNbHUX HaB-
YyanbHUX nnaHiB B cuctemi 6esnepepeHoi nigroroBku axieuis / C.C.JlaHcbka // Cuctem-
Hble TEXHONOTUMW. PernoHanbHblit MEXBY30BCKUIA COOPHUK HayyHbIX paboT. - Beinyck 4 (123). -
[OHenp, 2019. - C.124 - 130.

B po6oTi BMCBITNIOIOTECA NpobneMu HenepepBHOi OCBiTU. [PONOHYETLCA BUPilIEHHA
npobnemu Bigbopy 3MicTy iHTErpoBaHUX HaBYaNbHWUX NJaHiB 3a fonomorow nobyaosu
€KCNepTHOT CUCTEMU.

bi6n. 4,in. 1.

YOK 519.25

Capuues 0. M. Knacudikauia craHiB pguHamiyHoi cuctemu, (pyHKLiOHYBAHHA AKOI
ONUCYETbCA BEKTOPHOIO aBToperpeci€lo // CuctemHble TexHonoruu. PernoHanbHblil MeXBY-
30BCKMI COOPHUK Hay4HbIX paboT. - Boinyck 4 (123). - IHenp, 2019. - C.131 - 154.
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Po3rnsHyTo 3apady knacudikauii ctaHiB AMHAMiYHOT CUCTEMM, KA MOXe nepebyBaTn y
ABOX Knacax CTaHiB. ®YHKUIOHYBAaHHA CUCTEMM B KNacax OMUCYETbCA Pi3HUMM CUCTEMAMM
aBTOperpeciiHux piBHAHb. M0Oy[0BaHO NPaBMUIO CTAaTUCTUYHOT KNacudikauii 1 gocnimxeHi no-
ro BNacTUBOCTI.

bi6n. 14.

YIK 330.322:004.42

OctpoBcbka K.H0. JlocnipxeHHs TexHiyHoro iHpukatopy MACD T1a nporpamHa
peani3auia PyHKUIT ANA NPUNHATTA piweHb // CucTeMHble TEXHONOMUM. PernoHanbHbIn Mex-
BY30BCKMI COOPHUK HAy4YHbIX paboT. - Beinyck 4 (123). - lHenp, 2019. - C.155 - 168.

B pe3ynbTaTi BUKOHAHHA pob6OTM GyN0 NMPOrpamMHo peanizoBaHo yHKLUil0 AnNs NPUAHATTS
pileHb Ha GapXeBoMy PUHLLI, NPOBELEHO TECTYBAHHSA Ta AOCNiMKEHHSA iHAnKaTopy MACD.

bi6n. 4.
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uDC532.516

Polevoy 0.B., Redchyts D.0. Estimation of aerodynamic and thermal loads on the
HYPERLOOP capsule fuselage in a partly evacuated tube // System technologies. N 4(123)
- Dnipro, 2019.- P.3 - 12.

Mathematical simulation of the flow fields near the moving HYPERLOOP passenger cap-
sule at different pressures in a partly evacuated tube was carried out based on the numerical
solution of the Navier-Stokes equations closed by a differential turbulent viscosity model. The
results of computational experiments showed the significant dependence of the flow struc-
ture from the movement speed and geometry of the capsule with the presence of similarity by
the pressure value in the partly evacuated tube. The obtained results allowed to estimate the
forces of aerodynamic resistance and heating of the capsule surface.

Ref. 7, pic. 6, tabl. 1.

uUDC621.31

Tryputen M., Kuznetsov V., Bezdieniezhnykh M., Rudenko I. Research of optimal fast-
acting systems of automatic control on laboratory bench // System technologies. N 4(123)
- Dnipro, 2019.- P.13 - 27.

This paper presents a laboratory bench for research of optimal and quasi-optimal auto-
matic control system in respect of its operation speed. Reported the methodology of synthe-
sis and results of calculation of optimal relay hypothesis for thermal unit control through the
chosen channel. Were demonstrated the results of experiment in transition of thermal unit
from various initial states to final states. Was shown the possibility of implementing optimal
control system in respect of its operation speed in real time scale by means of software devel-
opment by including algorithms for transcendence set of simultaneous equations into it or by
means of development of predicative model of thermal unit. Results. Was established func-
tional relation of the length of the first control interval depending on the predetermined
value of readjustment for implementing of quasi-optimal automatic control system in real
time scale with application of basic operational units of programmed logic controller.

Ref.14, fig.5, t.3

UDC 378.14 (07) : 004

Morozenko 0.P., Gribanova N.Y. Innovative approaches to improving the quality of
teaching discipline "Computer methods of descriptive geometry and engineering graph-
ics" // System technologies. N 4(123) - Dnipro, 2019.- P.28 — 33.

The educational technologies of graphic disciplines using innovative teaching methods
are considered. The innovative methods of lecturing and conducting classes in graphic disci-
plines are given.

Various approaches to teaching computer graphics in the course of descriptive geome-
try and engineering graphics are shown, and the chosen teaching method for the “Computer
Science and Information Technology” training area is substantiated. These techniques lead to
an increase in the quality of graphic training of young professionals.

Bibl.5

UDC 510.25+004.415.2+004.912
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Kuropiatnyk 0. Constructive and object-oriented modeling text for detection of text
borrowings // System technologies. N 4(123) - Dnipro, 2019.- P.34 - 47.
Some algorithms and data structures that can be used in solving the problem of borrow-
ing detection are considered. Modification of constructive graph model of text is presented.

On its basis an object-oriented model for the comparison of texts is constructed. The model is
brought to the software implementation. Matching between elements of models and software
components is established. Time indicators program's operations are obtained.

Ref. 13, pic. 4.

UDC 542.3+681.518.22

Mazurenko V.B. A problem of measuring quantity of liquid inside moving tank and
possible ways to resolve it // System technologies. N 4(123) - Dnipro, 2019.- P.48 — 57.

The article describes the problem of measuring quantity of liquid inside moving tank
and looks at possible ways to resolve it. The causes rising this problem are defined. Itis pre-
sented results of review of how this problem is treated in various transportation systems such
as aviation, sea vessels, space rockets and automobiles. It is shown that the problem is not
resolved in general. Some published papers show the possible ways to resolve it. They are re-
lated to computational methods and could be implemented as an information and measuring
technology.

Ref. 7, fig. 1.

UDK 629.78.533.6.013:621.45

Tokareva E.L., Pryadko N.S., Ternova K.V. An operation algorithm for the combined
thrust vector control system of a rocket engine // System technologies. N 4(123) - Dnipro,
2019.- P.58 - 66.

An algorithm for the functioning of the combined (mechanical and gas-dynamic) thrust
vector control system of the rocket engine has been developed. There were analyzed possible
methods for determining the trend existence of the input signal. The typical dependence of
the output control actions for the steering engine on the input signals at different operation
time intervals is investigated. The designed algorithm provides for processing the input signal
of the VTSC with the selection of the deterministic component (trend) and high-frequency
oscillations of the signal, as well as taking into account the trend type of fixed perturbations
of the deflection RE thrust vector angle. The developed algorithm allows optimally separating
the subsystem (ISMT and GSWT) functions of the combined control system, improving the
quality and reliability of the control system of the rocket stage flight.

Bibl. 5, ill. 5.

UDK 621.039.4

Mikhalyov 0.I. Monitoring and evalution activities of NPP operators in the prepara-
tion for the training facilities / 0.I. Mikhalyov, 0.A. Stenin, I.G. Drozdovich, S.0. Stenin //
System technologies. N 4(123) - Dnipro, 2019.- P.67 - 76.

The method of evaluation and control of NPP operators ' activity during their training
on training complexes based on the concepts of "initiative" and "forbidden" combinations
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introduced in the article in the transformation matrices characterizing the current activities
of NPP operators is proposed.

Bibl. 8.

UDC519.246.85

Kondratieva I.U., Rudakova H.V., Polyvoda 0.V., Sarafannikova N.V. Analysis of acous-
tic signals in increments for functional diagnostics of multi-drive units // System tech-
nologies. N 4(123) - Dnipro, 2019.- P.77 — 85.

In this article, the authors performed a research of acoustic noise generated by electro-
mechanical systems in real time. A review of models and methods for forecasting time series
has been carried out, and the advantages and disadvantages of each class have been identi-
fied. Methods for analyzing acoustic signals generated by working equipment of electrome-
chanical complexes, in increments (in phase space), suitable for use in functional diagnostics
systems of multi-drive units have been developed.

Bibl. 5, ill. 4, tabl.1.

YOK 506:510

Baklan I.V., Shulkevych T.V. Markov models for linguistic sequences // System tech-
nologies. N 4(123) - Dnipro, 2019.- P.86 - 96.

The article deals with latent Markovian models, which are one of the most widely used
mathematical devices, used for many classifiers and simulation of various problems. PMM is
used to recognize gestures. It is clear that this article does not provide a complete list of
problems facing the developers of intellectual systems using PMM, but is a definite step to-
wards the integration of modern methods of solving complex problems.

Bibl.13, un.4.

UDK 622.28.044:622.831

Larionov G.I.,Larionov N.G. On one method of approach reconstruction table form
function to analytical form in domain point vicinity // System technologies. N 4(123) -
Dnipro, 2019.- P.97 — 105.

The paper is devoted to point evaluating of numerical modeling method results. The
point evaluating result is in analytical form as univariable functions multiplication one. Ob-
tained expression is applied for function analyses in point’s vicinity. Relative error distribu-
tion in point vicinity for some simple functions, are chosen for demonstration of method
work. The recommendations for it application are done.

Bibl.4.

UDK 621.391.175

Chumakov L.D. Selection of strategy of control of good state of technical system
with duplication of channels and verification of their good state on the basis of given
value of efficiency // System technologies. N 4(123) - Dnipro, 2019.- P.106 — 111.

Discusses the issues of determining the duration of the interval between checks of the
serviceable state of a technical system with duplication of channels and monitoring the
health of each channel according to the criterion of a set value of availability function.
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The possibility of approximate estimation, as well as the effect of the degree of ap-
proximation of the objective function on the efficiency of the use of the technical system, is
investigated.

Bibl.8.

UDK 004.087

Zhurba A.A. Research of results of testing of students on the example of the disci-
pline "Theory of Algorithms" // System technologies. N4(123) - Dnipro, 2019.-
P.112 - 123.

Within the framework of the article, an electronic tutorial was developed and program-
matically implemented by the example of the Algorithm Theory discipline and studies were
conducted on students' test results using the Statistica package.

Bibl.2.

UDK 004.825

Lanskaya S. Expert system for the formation of integrated individual curricula in the

system of continuous training of specialists / S. Lanskaya // System technologies.
N 4(123) - Dnipro, 2019.- P.124 - 130.

The paper highlights the problems of continuing education. It is proposed to solve the
problem of selecting the contents of integrated curricula by building an expert system.

Bibl.4, ill. 1.

UDC519.25

Sarychev A. P. Classification of the States of Dynamic System, which Functioning Is
Described by Vector Autoregresion // System technologies. N 4(123) - Dnipro, 2019.-
P.131 - 154.

The task of states classification of dynamic system that can be in two classes of states,
is considered. Functioning of object in classes is described by various systems of autoregres-
sive equations. The rule of statistical classification is constructed and its properties are in-
vestigated.

Bibl.14.

UDC 330.322: 004.42

Ostrovskaya K.Yu. MACD technical indicator study and software implementation of
the decision function // System technologies. N 4(123) - Dnipro, 2019.- P.155 - 168.

As a result of the work, the function for decision-making at the barge market was pro-
grammatically implemented, testing and research of the MACD indicator was carried out.

Bibl.4.
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ABTOPBI BBIITYCKA

IMonwoBuit Oster BopucoBuY - cTapimii HAYKOBUIA CITiBPOOITHUK, KaHAMUIAT (i3UKO-
MaTeMaTUYHUX HayK, [HCTUTYT TpaHCIOPTHMUX cucTeM i TexHosoriit HAH Ykpainu.
Pemgunup IMurpo OeKcaHAPOBUY - TTPOBiTHNMIT HAYKOBUII CIiBPOOITHMUK, KaHIM-
nat ¢i3MKo-MaTeMaTUYHMX HaAyK, CTapIIMii HAyKOBMUIl CIiBpOOITHMK, IHCTUTYT
TPAHCIOPTHUX cUCTeM i TexHosoriit HAH Ykpainu.

Tpunyrenb Mukona MyciiioBuu - noreHT Kadeapu aBToMaTM3allii i KOMIIbIOTep-
HUX cuctem, Hamionanbsauit TY «/IHIDPOBChKA IOJIITEXHIKa».

KysuenoB Bitasiit BagumoBuy - 1o1ieHT Kadeapy EneKTpoTexXHiKM Ta eJIeKTPOIpu-
BOJIa, HallioHasibHa MeTasTyprijiHa akajgeMiss YKpaiHu.

BesneHekunx MapuHa €BreHiBHa - CT.BUKI. Kadeapyu ENeKTpoTexHiKM Ta eeKT-
poripuBoAa, HaljioHanpHa MeTanypriiHa akagemisi YKpaiHu.

Pynenko Irop BikropoBuu - cTyneHT dakyabTeTy ENeKTpOTeXHiKM, CIellialbHiCTh
[IpomMucioBa efeKTpoOHiKa, BapiiaBcbKa MomiTexHiKa.

Mopo3senko OneHa IlerpiBHa - HailioHasibHa MeTasnypriiiHa akagemis YKpaiHu, go-
IIeHT, K.T.H., 3aB Kadenpu, kadgemapa HapuCHOI reoMeTpii Ta iHkeHepHOi rpadiku.
I'pn6anoBa Haramis IOpiiBHa - HauioHnaspHa MeTanypriiiHa akagemist YKpaiHm,
acUCTeHT, Kadeapa HapMCHOI reomMeTpii Ta iHKeHepHOI rpadiku.

Kypor’stauk OsteHa CepriiBHa - acucteHT Kadeapyu KOMIT'IOTepHUX iHdoOpMaIriii-
HUX TEXHOJIOTiN, [JHINPOBCbKUIA HAL[IOHAJIbHUIT YHIBEPCUTET 3a/IiI3HUYHOTO TPAHCIIO-
pTy imM. akaz. B. JTazapsiHa.

Masypenko Basnepiit BopucoBuu - [IHiITpoBCbKMIT HalliOHAJIbHUIA YHiBEpCUTET, (i-
3UKO-TeXHIUHMIT PaKyIbTET, K.T.H., IOLIEHT Kadeapu pagioeeKTPOHHOI aBTOMAaTUKNA.
TokapeBa OneHa JIeoHiniBHaA - MOJIOAIINIT HAYKOBUIA CITiBPOGITHUK [HCTUTYTY Tex-
HiuHoi mexaHiku HAH Ykpainu i IKA Ykpainmu.

IIpsigko HaTtans CepriiBHa - cTapiinii HAyKOBUI CITiBPOOITHUK [HCTUTYTY TeXHIUYHOI
mexaHiku HAH Ykpainm i IKA Vkpainn.

TepuoBa Karepuna BitasniiBHa - HayKoBUii CTiBpOOGITHUK [HCTUTYTY TexHIUHOI Me-
xaHiku HAH VYkpaiun i IKA Vkpainn.

Muxanés Anekcanap Unbuu - 1.T.H., ipodeccop, 3aB. Kadbeapoo nHbOpMaIMOH-
HBIX TEXHOJIOTUI U cucTeM HanjMoHanibHOM MeTalTlypruueckon akageMmum YKpauHbl.
CrennH AnekcaHap AdpukaHoBuMdY — 1.T.H., Ipodeccop Kadeapsl TeXHUUECKO
KubepHeTnKM HallMOHANBHOTO TEXHMYECKOTO YHMBepcuTeTa YKpamHbl «KueBcKuit
MOJIUTEXHUYECKUI MUHCTUTYT uMeHn Uropsi CUKOpPCKOTO».

OposnoBuu Upuna 'enHagueBHa — K.T.H., C.H.C IHCTUTYyTa TeJIeKOMMYHUKALIVIT U
rio6anbHOrO MHGOpPMAaIMOHHOTO MpocTpaHcTBa HAH YkpanHsl, r.Kues.

CrenuH Cepreii AeKCaHAPOBUY — 3aMeCTUTE/Ib HaUa/IbHMKA YIIPaBJI€HUS IKCIIep-
TU3 U UCCIEJOBAHUI XMMUUYECKOM U IMPOMBIILIEHHON MPOAYyKUMK ['oCyIapCTBEHHOM
dbuckaabHOI CITy>KObI YKpauHbl, [lermapTaMeHT HaJIOTOBBIX ¥ TAMOXXeHHBIX 9KCITepTU3
OHTOS.

KouaparbseBa Inna I0piiBHa — acrmipaHT Kadeapy TexHiUYHOI KibepHeTUKM XepCcoH-
CbKOTO HalliOHAJIbHOTO TEXHIYHOI'O YHIBEPCUTETY.
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PynakoBa 'anna BosogummmupiBHa - 3aBimyBau kadeapy TexHiUHOI KiOepHETUKM
XepCOHCHKOTO HalliOHAJIbHOTO TEXHIUHOTO YHiBEPCUTETY.

ITosmBoga Okcana BanepiiBHa — 1o1eHT Kadeapy TeXHIYHOI KibepHeTUKY XepCOH-
CbKOTO HalliOHAJIbHOTO TeXHIUHOTO YHiBEpCUTETY.

CapadannikoBa Harans BikropiBHa — momeHT kadeapu TexHiUHOI KibepHETUKMU
XepCOHCHKOTO HalliOHAJIbHOTO TEXHIUHOTO YHiBEPCUTETY.

BaknaH Irop BceBosiogoBMY - KaHAMOAT TEXHIUHMX HAYK, JOLIEHT, MOlLleHT Kadeapu
aBTOMAaTM30BaHUX cUCTeM 00poOKM iHdopmaliii i yrpasiainns, HatlioHanbHMIT TexXHi-
yHui1 yHiBepcuteT YKpainu «KIII im. Iropss CikopCbKOTro».

IllynpkeBuu TeTsina BikTopiBHa - acripanT kadgenpu ACOIY HallioHaabHOTO TeXHi-
YHOTO yHiBepcuTeTy YKpaiHu «KuiBCbKMIA MOiTeXHIUHMI iHCTUTYT iM. Iropst Cikop-
CbKOTO».

JlapioHoB I'puropiit IBaHOBMY - TOKTOp TE€XHIYHMX HAYK, CTAPIINIi HAYKOBUIA CITiB-
POGITHUK Bigminmy ¢i3snKo-MexXaHiYHMX OCHOB TipHMYOIO TPAHCIIOPTY, [HCTUTYT reoTe-
XHIUHOI MeXaHikM AKageMii HayK YKpaiHu.

JlapioHoB MuKosaii I'puropoBuy - KaHAMIAT TEXHIYHUX HAyK, MOJIOJIINI HAyKO-
BUI1 CITiIBPOOITHUK Bigminy ¢i3MKo-MeXaHiYHMX OCHOB TipHMYOTO TPaHCIIOPTY, [HCTH-
TYT TeOTeXHIUHOI MeXaHikKy AKajeMii HayK YKpaiHu.

YymakoB JleB murpmeBud - 1podeccop Kadeapbl  KOMIIbIOTEPHO-
MHTErpUPOBAHHBIX TEXHOJOTUI M aBTOMAaTU3alyM YKPAMHCKOTO TOCYJapCTBEHHOTO
XUMUKO-TEXHOJIOTMUECKOTO YHMBEPCUTETA.

JKyp6a AHHa AJiekceeBHa — K.T.H., JIOLIEHT, JOIEHT Kadeapbl MHOOPMAIMOHHBIX
TexHoJorui u cuctem, HMeTAY.

Jlancbka CBiTiiaHa CepriiBHa - BuKkiIagau KosemKy pakeTHO-KOCMiYHOTO MallMHO-
oymyBaHHS JJHITTpOBCHKOTO HAIliOHAJILHOTO YHiBepcuTeTy iM. O 'oHuapa.

CapbrueB Asnekcanap IIaBioBUY — [OKTOp TEXHUUYECKUX HAYK, BeAYIIUiT HAYUYHBII
COTPYAHUK, THCTUTYT TeXHUYeCKO MexaHMKM HanymoHa/ibHON akageMuu HayK YK-
pauHbl ¥ ['oCcygapcTBEHHOTO KOCMMYECKOTO areHTCTBA YKPauHbI.

OcrtpoBckasi Karepuna IOpseBHa — K.T.H., IOIEHT, AOIeHT Kadeapsl MHPOpPMALIN-
OHHBIX TexHoJorui u cuctem, HMeTAY.
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