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BCTYII

HopmaruBHa HaBuaibHa AuciuiuliHa «[meHTu(ikallis Ta MOJCITIOBAHHS TEX-
HOJIOT1YHUX OO0’€KTIB» CKJIaJeHa BIATOBIIHO IO OCBITHRO-TIpO(eciiiHOi MporpaMu
MIJTOTOBKU OakaliaBpiB 3a crieniaibHOCTSIMU: 151 "ABTOMaTH3aIlIs Ta KOMITIOTEPHO-
iHTerpoBaHi TexHosorii", 174 "ApToMaruzaiiisi, KOMIT FOT€pPHO-IHTETPOBaH1 TEXHOJIO-
rii Ta podoToTEXHIKA".

[IpeqMeroM BHUBUYEHHS HABYAJIBHOI JUCHMIUIIHU € 1AeHTU(IKALIS Ta MOAEIIO-
BaHHS TEXHOJIOTTYHUX 00 €KTIB JIJIT aBTOMAaTHU30BAHUX CHUCTEM KEpPYyBaHHS TEXHOJIO-
TYHUMH TPOIECaMHU.

[Iporpama HaBYAIbHOT JUCITUTUTIHU CKIAAAETHCS 3 TAKUX 3MICTOBUX MOJIYIIB:

1. Anani3 00’€KTiB MOJEIIOBAHHS Ta 1eHTU(IKAIS IXHIX CTATUYHUX XapaKTe-
PHUCTHK.

2. InenTudikamis AMHAMIYHUX XapaKTEPUCTHK 00’ €KTIB.

Mertoro BUKJIaaHHs HaBYAIbHOI JUCHUILIIHKA “ImeHTudikariis Ta MoaeIroBaH-
HSl TEXHOJIOTTYHUX 00’€KTIB” € HAOYyTTs 3HAHb, YMiHb, HABUYOK, K1 JO3BOJISIOTH BU-
pillyBaTH Taki 3aBAaHHsS: Oprasizauii 1 MPOBEAEHHS EKCIEePUMEHTAIbHUX JOCHI-
JOKEHb Ta 00pOOKM JaHUX JJis 11eHTUu(IKaIli 00’ €KTIB Ta CUCTEM KepyBaHHs, MO0y-
JIOBM MaTE€MaTUYHUX MOJICICH CTaTHKW Ta JUHAMIKH, PaliOHAILHOTO BHOOPY METO-
IiB 1AeHTH(IKALIT I pO3B’sI3aHHA KOHKPETHOI 3a7a4l KEpYBaHHs aHAJIITUYHUMU Ta
EKCIIEpUMEHTaTLHUMH METOIaMH.

OCHOBHHMMU 3aJa4aM{ BUBYCHHS JUCIUILIIHA “ImeHTHdIKalIisS Ta MOICITIOBaH-
HSI TEXHOJIOTIYHUX 00’ €KTIB” €:

— BUBYCHHS METOJIIB 1ICHTH(IKAIlI] Ta OIIHKK aJICKBATHOCT1 OTPHUMaHUX MOJIe-
JIeH;

— 3aCBOEHHS METO/IIB €KCIIEPUMEHTAIBLHUX JTOCIIIKEHb,

— OTMaHyBaHHS METOJMKAMHM JOCIKEHHS MaTEMaTUUYHUX MOJIETIeH.

Meroro BUKOHAHHS KYpPCOBOT'O MPOEKTY 3 AUCIUIUIIHU "[nenTudikamis i
MOJEIIOBAaHHS 00’ €KTIB aBTOMaTu3arii" €:

— 3aKpIMUICHHs 3HaHb, OTPUMAaHUX Ha JIEKI[IHHUX, MPAaKTUYHHUX Ta JabopaTop-
HUX 3aHATTAX MIPU BUBYEHHI CTYJCHTAMHU 1I1€1 Ta CYMICHUX JUCIMIUIIH, BMIHHS iX BU-
KOPUCTOBYBATH IPY BUPILIEHHI 3aBJAaHb MOJEIIOBAHHS 00’ €KTIB aBTOMATH3allli;

— MPAKTUYHE 3aCBOEHHS METO/IB MOOYAOBU CTAaTUYHUX Ta JUHAMIYHHUX Xapak-
TEPUCTUK 00’ €KTIB aBTOMATH3allii, 3aCTOCYBAaHHS MPUKIAIHUX MIPOTpaM JJIs iIeHTH-
¢ikarii TEeXHOJIOTTYHUX 00’ €KTIB.

MeToro 1TUX METOIMYHHMX BKA31BOK € HaJaHHS PO3’SICHCHb JIJIsT BUPIIICHHS I10-
CTaBJICHHUX 3aBJIaHb ITiJ1 Yac JOCIIPKEHHs] CTAaTUYHUX Ta JUHAMIYHHUX XapaKTEPUCTHUK

00’€KTa aBTOMATHU3AIII] 32 JAaHUMU TACUBHOTO €KCIIEPUMEHTY.
4



1 META KYPCOBOI'O IIPOEKTY
3 IUCHUILTIHY «]IeHTU(IKaIlis Ta MOJIETIOBAHHS TEXHOJOTTUHUX 00’ €EKTIB»

MeTa: 3acTOoCyBaHHSI TEOPETUYHHUX 3HAHB JJISl TOCTIKEHHS 00’ €KTIB aBTOMa-

TU3allli, a TAKOXK 3aCBOEHHS METO/IIB MOOYAOBU CTATUYHUX Ta JUHAMIYHHUX XapakTe-
pUCTUK 00’€KTIB aBTOMATH3aIlli, 3aCTOCYBAaHHS MPUKJIATHUX MPOTrpaM s iaeHTH -

Karii TEXHOJIOTTYHNUX 00’ €KTIB.

KoskeH cTymeHT ojepiKye 3aBIaHHS BiAMOBIIHO A0 TOPSJIKOBOTO HOMEpa XKy-

pHainy. B okpeMoMy BUIagKy TeMa KypCOBOI'O IPOEKTY MOXke OyTH 3MiHEHa 3a Oaxa-

HHAM CTYACHTA Ta IMOI'0KCHHAM 3 BUKIIAJ1a4CM.

2 BUMOI' 1O O®OPMJIEHHSA KYPCOBOI'O ITPOEKTY
CTpyKTypHUMHM €JIEMEHTAMU KypCOBOTO IPOEKTY €:

1. TUTYIBHUY JIUCT.

2. 3MicT.

3. Berym.

4. Po3niii OCHOBHOI YaCTHHHU.

5. BucHOBKH.

6. Ciucok BUKOPHUCTAHOI JIITEpaTypu

[TosicHIOBaNIbHA 3aMKCKa KypCOBOTO MPOEKTY MOBUHHA MaTH TaKl PO3/ILIH:

Berym.

Pozain 1. JocnimkeHHs] CTATUYHUX XapaKTEPUCTUK TEXHOJIOTTYHOIO MPOILIECy.
1.1. TexHiuHe 3aBAaHHS 10 BUKOHAHHS KypCOBOTO IIPOEKTY.
1.2. [ToGynoBa CTpyKTYpH MOAEINI 332 JAHUMH TAaCUBHOT'O €KCIIEPUMEHTY.
1.3. [ToOGynoBa Ta TOCHIKEHHS TUCKPETHOT MOJIesl 00’ €KTa 3a JJaHUMH Ma-

CUBHOI'O €KCIIEPUMEHTY.

Pozain 2. JlocniaKeHHs TMHAMIYHUX XapaKTEepUCTUK 00’ €KTa aBTOMAaTHU3Allli.
2.1. TexHiuHe 3aBAaHHS.
2.2. Onmc 00’eKTy aBTOMATH3AIIi1.
2.3. Po3pobka ¢ynakmionanbpHoi cxemu CAP.
2.4, MopentoBaHHs Ta JOCTIHKEHHS 00’ €KTa KEpyBaHHS.
2.5. MonientoBaHHS CUCTEMHU aBTOMAaTUYHOT'O PETyJTIOBAHHS.
BucHoBkuw.
Crmcok BUKOPHUCTAHOI JTITEPATYPH.
Ilepwa cmopinka pobomu — TUTYIBHUHN JIUCT, HA IKOMY € TaKi BiJTOMOCTi: Ha-

3Ba HABYAJILHOI'O 3aKJaay, Ha3Ba JUCLUIUIIHYU, TEMA KypCOBOTO IIPOEKTY, HaBYaIbHA

rpyna, Npi3BHUIIE Ta 1HIIIAINA CTYICHTA, MTOCca1a 1 MPI3BUILE BUKIa1a4a.



Ilpyea cmopinka Kypco8ozo npoekmy — 3MICT KypCOBOTO MPOEKTY 3 HOMEPAMHU
CTOPIHOK: TOCTaHOBKA 3ajadyi (3arajbHa Ta 1HAMBIAyaJIbHI 3aBJaHHS 3T1THO 3 Bapi-
aHTOM), omKc 00’e€KTa imeHTH(IKaLii Ta JaHi BUMipIOBaHb (3riHO 3 BapiaHTOM), JiBa
po3ainu 3aBaaHHs (HajgaHi B 11.3.2), BACHOBKH, CIIMCOK BUKOPHCTAHOI JIITEPATYPH.

1. Jlyig KOKHOTO pOo3AUTy HOTPIOHO HAJaTH:

a) TEOPETUYH1 B1JIOMOCT1 PO METOJIM BUPILLIEHHS 3aBIaHHS;

0) onuc ¢pynkuiii Matlab st BupitieHHs 3aB1aHHs PO3ALLY;

B) pe3yJbTaTH OOYMCIICHb HA KOMI I0Tepi (SIKII0 6araTo 3HaY€Hb MacHBY, TO
HagaTy 1Mo 10 MoYaTKOBHX Ta KIHIIEBHUX 3HAUYCHB);

r) rpadiku pe3yiabTaTiB.

2. Y BUCHOBKax HEOOXIHO y3arajlbHUTU CTaTUCTUYHI XapaKTEPUCTUKHU

00’€KTYy, HABECTH MaTEMATHYHHUIA OIUC CTATHYHOI Ta TWHAMIYHOT MOJIEJI, OITi-

HUTHU TTOXUOKH MOJIEIICH.

3. Hanpukinii poG0TH MOTPIOHO MOCTABUTH IMIJAMKC Ta J1aTy BUKOHAHHS PO-
6oTu.

KypcoBuii npoekT ckianaerbes 3 onucoBoi yactunu (30-40 ctopiHok popmaty
A4).

[Ipu komm'torepHoMy Habopi BukopucToByBaTH Word (kersb 14, iHTepBad
1,0). 3micT, BCTyn, po3AiIH, BACHOBKH, CIUCOK JIITEPaTypu MOYMHATH 3 HOBOI CTOPi-
oK. CTOpPIHKH HyMEpyBaTH, MOYMHAIOYH 3 TUTYJIBHOTO apKyllla, MPUYOMY Ha TUTY-
JBHOMY JIUCTI HOMEp CTOPIHKHM HE HpocTaBisATH. HoMepu CTOPIHOK MPOCTABISTH y
HUKHBOMY TIpaBOMYy KyTi. DopMynn y TEKCTI pO3TAIIOBYBAaTH y BUTJIISAII OKPEMHUX
PAOKIB 1 HyMepyBaTH, i GopMyJiaMHi HaJlaBaTH MEpEeNiK MO3HAYEHb 3 pO3MHUdPOB-
KOO IXHbOI'O 3HAYEHHS.

Buxiganumu qaHUMU 10 KYpCOBOTO MPOEKTY € MPOIIEC BUPOOHUIITBA BEPIITKOBO-

ro Macja Ta CUCTEMa aBTOMAaTHUYHOI'O PEryJIFOBaHHS TEMIIEPaTypy B TEIUIMIII.



3 3ABJIAHHSA 10 KYPCOBOI'O TIPOEKTY

3.1 Tema KypcOBOIo MPOEKTY:
«InenTH(ikaniss TeXHOJOTIYHUX 00'€KTIB 32 JaHUMHU IACUBHOI0

CKCIICPUMCECHTY»

3.2 IlocTaHoBKA 32/1a4i KYPCOBOI'0 MPOEKTY

KypcoBuii npoekt nepeadayae po3B’ss3aHHs 3a4a4l 11€HTU(IKALT TEXHOIOTTYHUX
00'€KTIB B «IITUPOKOMY CEHCI» 1 CKIQAEThCS 3 HACTYITHUX 3aBJIaHb.

3aeoanna 1 JlocnigxeHHs CTATUCTUYHUX XapaKTEPUCTUK 00’ €KTa aBTOMAaTH-
3arii

Heo0xiaHo 3MIMCHUTH aHaI3 CTaTUYHUX XapaKTEPUCTUK 00’€KTa aBTOMAaTH-
3arii 3a TaHMMH MTACUBHOTO €KCTIEPUMEHTY Ta 00paTH CTPYKTYpPY MOJAENI; BU3HAYUTH
napaMeTpy CTaTHUYHOI MOJieNll 00’€KTa 3a 0OpaHOI CTPYKTYpPOIO; MPOBECTH aHali3
moOy0BaHOI CTaTHMYHOI MOAENi; MOOyayBaTH Ta IOCTIAWTH IUCKPETHY MOJEIb
00’€KTa 3a JaHUMHU TACUBHOT'O €KCTIEPUMEHTY.

J11s1 BUKOHAHHS JJAaHOT'O 3aBJIaHHS HEOOXITHO:

1) IlpoBecTH aHai3 CTATUYHUX XapPAKTEPUCTUK 00’ €KTA 3a JTaHUMHU ITACHBHO-
ro eKCTIEPUMEHTY:

1.1 BusnauuTu cepenHe 3HAYEHHS, MEJiaHy, AUCIIEPCII0, CEPEIHbOKBAAPATHYHE
BIJIXWJIEHHS JUUIS BCIX BUMIPIOBAHb IapaMeTpiB Ha BXOJl Ta BHUXOII.

1.2 TTobynyBaTu rpadiku i rictorpaMu KO>XHOT'O MapaMmeTpa.

1.3 O6uncauTy MaTpULIO Koe(ili€eHTIB KOPEsLii mapaMeTpiB.

2) IloOymyBatu Momenab 00’€kTa (TEXHOJIOTTYHOrO IIPOIECY) 3a METOIOM
BpanyioHa Ta BUBHAUUTH CEPENIHIO BITHOCHY MOXUOKY alpOKCUMAIi.

3) [MoOymyBaTH TUCKPETHY TNepeaaBaibHy QyHKIII0 00 €KTa y BHIJISIII

W(z)=%,

ne B(z)=b, +b,zt +b,z? +..., F(2)=f, +fz +f,z%+.., 2 =e™, ts—uac
JTUCKpETHU3allii.
[anuBiTyansHI BapiaHTH 70 3aBaaHHs | Hamano B Tabu. 1.2.



3aeoanns 2 JocniKeHHS TMHAMIYHUAX XapaKTEPUCTUK 00’ €KTa aBTOMAaTH3allii

HeobOxigHo po3poOUTH cHUCTEMY aBTOMATUYHOIO PEryJIlOBaHHS Ta MPOBECTU
JOCJIIJIPKEHHS] JUHAMIYHUX XapaKTePUCTHK, a CaMe:

1) Omnwucaru 00’€KT aBTOMATH3AIII.

2) Po3pobutH QpyHKIIOHAIBHY CXeMYy aBTOMAaTH3aIIl.

3) IobdymyBatu 3a mudepeHIiaTbHAM PiBHSIHHSIM, BHKOPUCTOBYIOYM METOJ
MOHVKCHHS TIOPSAKY TOXITHOT, MOJIETh 00’ €KTa KepyBaHHSI.

4) Otpumatu 3a audepeHIliaibHUM pPIBHSIHHAM TepenaBaibHy (DYHKIIIO
00’€KTa KepyBaHHS.

5) Ilooynysaru B Matlab iHTepakTHBHY OOOJIOHKY JJIsi HAJaHHS PE3y/IbTATiB
JOCIIIJPKEHb 00’ €KTa KepyBaHHs, sKa J03BOJISIE: TOOYyBAaTH MEPEXITHY Ta IMITYJIbC-
HY XapaKTePUCTUKH, 3HAXOJIWTH MATPHUIIO PIBHSAHB MPOCTOPY CTaHIB; MOOYIYyBaTH
KapTy pO3MILIEHHS HYIIB 1 noitociB; moOyayBatu AUX ta ®UX; nodyayBatu AOUX
(miarpamy HaiikBicra).

6) IToOynmyBaTu 3a AudepeHIliaTbHUMKU PIBHAHHAMA MOJACI JUIS KOXHOI 13
naHok CAP.

7) TlobymyBatu B Matlab 3aranpHy Monenb Ta TMepexigHy XapaKTEPHCTUKY
CAP.

[HnuBinyansHI BapiaHTH 70 3aBAaHHs 2 HajaHo B Taou. 1.3.



3.3 Buxiani 1aHi Ta BapiaHTH 3aBJaHb /ISl BUKOHAHHA KYPCOBOT0
MPOEKTY

3aeoanna 1 JlocmipKeHHsT CTATUCTUYHUX XapaKTEPUCTUK 00’ €KTa aBTOMATH-
3ari
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Pucynok 1.1 — Cxema T€XHOJOTIYHOTO MPOIIECY BUTOTOBJICHHS BEPITKOBOT'O Macjia METO0OM Iepe-
TBOPEHHSI BUCOKOKMPHUX BEPUIKiB: | — €eMHICTB IS BEPILKIB; 2 — HACOC; 3 — MacTepu3aliitHa
YCTaHOBKA; 4 — 1e3010paTop; 5 — HaMIpHUK 0a40K; 6 — cemapaTop JIsl BUCOKOXUPHHUX BEPIIIKIB;
7 — BaHHA JUIsI HOpMaJTizaiii; 8 — Hacoc - 103aTop; 9 — MIITIHAPUYHUI MacTIOyTBOPIOBAY;

10 — Baru 1 KOHBE€Ep

Ha puc. 1.1 Haganuii TEXHOIOTTYHUI MTPOLIEC BUTOTOBJIEHHS BEPIIKOBOIO Mac-
Jla METOJIOM TEPETBOPEHHSI BUCOKOXKMPHUX BEPIIKIB, KU Mae Takli BUMIPIOBaJIbHI
napameTpu:
Llapamempu sumiprosanv Ha 6xo00i.
X1 — TeMIeparypa BEepILIKIB IPH MMacTepU3allii;
X — TEMIIepaTypa BEPIIKIB TPH Cerapartii;
X3 — TeMIlepaTypa BEepIIKiB y BAHHAaX HOpMaJIi3allii;
X4 — TEMIIEpATypa BEPILIKIB HA BXO/(1 MaCJIONEpPETBOPIOBAYA;
X5 — TEMIIEpATypa po3coily;
X6 — MAcoBa YacTKa BOJIOTH y BEpILIKaX;
x7— MacoBa yactka C3M3 y Bepuikax;
Xg— MAcoBa YacTKa KUPY Y BEPILIKaX;
X9 — KHCJIOTHICTh BEPILKIB.
Ilapamempu sumiprosanb Ha 8UX00i:
Y1 — TeMIiepaTypa Macia Ha BUXOZ1 MaclolepeTBOproBaya;
Y2 — KHCIIOTHICTh Macia;
Y3 — MacoBa 4acTKa *UpPy B MacJi;
Y4 — MacoBa 4acTKa BOJIOT'H B Maci;
Y5 — MacoBa yacTka C3M3 y macii.
JlaH1 BUMIpIB TE€XHOJIOTTYHOrO MPOLIECY BUTOTOBJIEHHS BEPILIKOBOIO Macjia Me-
TOJOM MEPETBOPEHHSI BUCOKOKUPHUX BEPIIKIB HA Maciio3aBojii HajaHo B Tabm. 1.1.
Bumipu npoBoaunucs koxHi 20 XBUITUH.




Tabmuus 1.1 — JlaHHI BUMIpIOBaHb TEXHOJIOTTYHOI'O TPOLIECY BUTOTOBJICHHS Be-

puikoBoro macia ( daiir 0il.txt)

NeBumipio- | v |, | x| [ s | X6 | a7 Xg | Xo|Yi|Y2| Y3 |Yal|Ys
BaHb
1 85|71 |66 |56 |-1|243|256|73,14 |17 |12 |22 |825|15 |25
2 86 |71 |67 |57 |0 24124 |735 |19|15|21|825|15 |25
3 88169 |68 |56 |-1/24 |248|7352|18 |16 /21|83 |14 |3
4 8672|7058 |2 |238|264|7356|19 |14 |22 |82,7|15|2,3
5 8573|6859 |3235|26 |739 |20|13|22 83 |13 |4
6 8771|167 |60| 1|24 |26 |734 |20|15/21|835|14 |25
7 89|76 |68 62| 2 |241|282|73,08|18 |16 |21 |83 |15 |2
8 88|73 (69 64| 1 |242|285|7295|19 |17 |20 |835|14 |25
9 86 |79 |67 (64| 1 |24 |262|73,38|19|15|21|825|14 |35
10 8580 |67 65| 0 |237|24 |739 |19|15/22|825|13 |45
11 858169 |65|-1]236|241|73,99|18 |14 /21|83 |12 |5
12 86 |83 |70 |64 |-2|234|242|74,18 |17 |14 |22 |83,5|13 |35
13 87190 70|62 |-2]235|25 |74 17 114 /121 |84 |14 |2
14 8691|7061 | 0 |231|256|74,34|18 15|21 (83 |15 |2
15 8718969 |59 |-1]232|257|7423|18|16|22|835|15|15
16 8985|6956 |1 |233|27 |74 19 |16 | 20 | 83,713 | 3,3
17 90 |82 |66 |55 | 1 [23,6|2,68|73,72|18 |17 |20 |83,4|12 4,6
18 89 |70 |67 |57 | 2 [239|268|73,42|17 |16 21|83 |12 |5
19 88 |68 |68 |60 | 3 |24 |257|73,43|17 |14 |22 |828|12 5,2
20 88|70 (69 61| 3 |241|231|7359|18|15|21|83,2|14 |28
21 8775|6763 |1 |241|235|7355|19|15/22|83 |15|2
22 86|78 |68 |64 |2 |242|2,36|73,44|19 |14 /22 |83,4|12 |4,6
23 86 |80 |70 (61| 2 |242|2,36|73,44|20 |14 |22 |83,8|13 3,2
24 8785|7060 | 1 |24 |24 |736 |[21|16|21 |84 |13 |3
25 8718768 58| 2 238|26 |736 |20 |16 |21 83,6|13|3/4
26 8886 |67 |57 |-1/238|256|73,64|18|15/22/839|15|1,1
27 89184 |67 |58 |-1]237|258|73,72|18 |15 |21|835|12 |45
28 8718269 58| 0|235|262|73,88|17 |15 |22 |83,1|12 |49
29 8818168 56| 0 234|257|7403|19 |16 |21 |828|14 3,2
30 897968 55| 0 236|262|73,78|/19 |16 |20 82,6|13 |44
31 87 76|68 |57 |-1238|257|73,63|20|13/19/829|14 3,1
32 867169 |58 |-2|24 |254|7346|19 |13 /21|83 |12 |5
33 8568|7060 |-2|24,1|256|73,34|17 |14 |22 |83,2|15|1,8
34 85|70 |69 |57 |-2|241|256|73,34 |17 |14 |21 |835|15|1,5
35 8575|6962 |-3/24,1|2,35|7355|18 |14 /19 83,4|13|3,6
36 887668 61| 0 |24,2|2,32|73,68 |18 |13 |19 83,2|13 |38
37 88|78 |67 |58 |0 |24,2|256|7344|17|15/20|83,1|15|19
38 8717966 |56 |1 |24,2|2,62|73,18|19 |16 /19 829|13 |41
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3akiHueHHsd T1aoi. 1.1

39 86 182 |68 |55 | 1 |24 |262|73,38|20 14 |20 |82,7|12 |5,3
40 86 183 |68 |58 | 2 |24 |2,7 |/733 |19 |14 |20 |825|14 | 3,3
41 85 (85 |67 |59 | -2241|2,7 (732 |18 |13 |20 |83 |13 |4
42 86 |82 |69 |61 | -2 24,2]2,75|73,05|17 |13 |21 |[82,5/14 |33
43 87 185 |69 |61 |-1]242|2,76|73,04 |18 |15 |19 |82,7|13 |4,3
44 88 186 |67 |61 |-1]239|2,76|73,34|18 |15 |19 |83 |13 |4
45 89 189 |68 |63 | 0 |238|268|735220 13|20 83,115 |19
46 90 190 |69 |64 | 0 |23,8]2,59|73,61|20 |16 |22 |835|15 |15
47 90 {90 |69 |64 | 1 |24 |256|73,44 |18 |17 |22 |84 |14 |2
48 89 |87 |70 |63 | 2 |24 |2,32|7368|17 |16 |21 |83 |14 |3
49 89 188 |70 |62 | -124,2]232|73,47|18 |15 |21 |825|15 |25
50 88 186 |68 |60 | -1]24,1[2,32|7358|19 |14 |20 |82,8|13 |4,2
51 87 75|67 |63 |1 1241|235|7355|19 |15 |22 |83 |15 |2
52 86 |78 |68 |64 | 2 |24,2]2,36 73,44 |19 |14 |22 83,412 | 4,6
53 87 |79 |66 |56 | 1 |24,2]262/73,18|19 |16 |19 829 13 |41
54 86 182 |68 |55 |1 |24 |262|7338|20 14|20 |82,7|{12 |5,3
55 86 183 |68 |58 | 2 |24 |2,7 |/33 |19 |14 |20 |825|14 | 3,3
56 85 85|67 |59 |-2(241|2,7 |732 |18 |13 |20 |83 |13 |4
57 87 71|67 160|124 |26 |734 |20 15|21 |[835|14 |25
58 89 |76 |68 |62 | 2 |24,1]2,82,73,08/18 |16 |21 |83 |15 |2
59 88 |73 |69 |64 | 1 242]285/7295|19 |17 |20 |83,5|14 |25
60 86 |79 |67 |64 | 1 |24 |262]7338|19 15|21 825|114 |3,5
61 85 86 |69 |55 |-2(241|2,7 |73,04|20 14 |21 |82,7|13 |5,3
62 8589 |67 |58 |-2|242|2,7 |73,34|19 |14 |19 |82,5|15 | 3,3
63 86 {90 |68 |59 | -1 [242]2,75/7352|18 |13 |19 |83 |15 |4
64 86 {90 |69 |61 | -1]239|2,76/7361 17 |13 20 82,514 |33
65 87 187169 61| 0 |238|2,76|73,44|18 |15 |22 |82,7|14 |4,3
66 87 188 |70 61| 0 |238|268|7368|18 15|22 83 |15 |4
67 89 186 |70 |63 |1 |24 |259|7347|20 13|21 831|133 |19
68 88 | 75|68 |64 | 2 |24 |256|7358|20 16 |21 |835|15 |15
69 87 |78 |67 |64 | -1|24,2]2,32|7355|18 |17 |20 |84 |12 |2
70 90 |79 |68 |63 | -1 24,1232 73,44 |17 |16 |22 |83 |13 |3
71 85 82|66 |62 | 1 1241|232|73,18|18 |15 |22 |82,5|12 |2,5
72 86 183 |68 |60 | 2 |24,2]2,35|73,38|19 |14 |19 |82,8|14 | 4,2
73 85 85(68 |63 |1 242/236|733 |19 15|20 |83 |13 |2
74 86 |71 |67 |64 | 1 |24 262|732 |19 |14 120 83,414 |4,6
75 85 |76 |67 |56 | 2 |24 262|734 |19 |16 120 [829 15 |41
76 89 |73 |68 |55 |-2(241|2,7 |/73,08/20 |14 |21 |82,7|14 |53
77 90 |79 |69 |58 | 1 |24 |2,7 |7295|19 |14 |21 |825|14 |3,3
/8 88 186 |67 |59 | 2 [241|26 |73,38|/20 |13 |20 |83 |13 |4
79 86 {89 |69 |60 | 1 [242|282|7304|19 |15 21 8355|1525
80 87 190 |67 |55 | 1 |24 |285/7334/18 |14 19 |83 |15 |2
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Tabmuis 1.2 — [nauBigyanbHI BapiaHTH 3aBJaHb

Ng BapiaHTg JlaHuX Kepyrounii BapiaHTn‘z[aHHx HaBA- | oo IHHAMIHEX

BaplaHTa Ha BXE)I[I MoAacI1 napamMeTp XOI[}' MOJICI1 Mo,ueneﬁ
(3 daiina maHNX) (3 daiina gaHMNX)

1 2 3 4 5

1 X1, X2, X3, X4 X1 Y1 ARX, ARMAX

2 X1, X2, X3, X5 X2 Yo ARMAX, OE

3 X1, X2, X3, X X3 Y3 ARMAX, OE

4 X1, X2, X3, X7 X1 Y4 ARX, OE

5 X1, X2, X3, Xg X3 Ys ARX, OE

6 X1, X2, X4, X6 X2 Y1 ARMAX, BJ

7 X1, X2, Xg, X7 X2 Yo ARMAX, BJ

8 X2, X3, X4, X5 X4 Y3 ARX, PEM

9 X2, X4, X6, X7 X2 Va ARX, PEM

10 X2, X3, X5, Xg Xs5 Ys BJ, PEM

11 X1, X2, X4, X6 X3 Y2 BJ, PEM

12 X1, X2, X3, X4 X3 Ys ARX, BJ

13 X1, X2, X4, X5 X2 Y3 ARX, BJ

14 X1, X2, Xe, X8 X4 Y1 ARMAX, PEM

15 X2, X3, X5, X7 X4 Y3 ARX, ARMAX

16 X2, X4, X6, X7 Xs Va BJ, OE

17 X2, X4, X5, X8 X7 Y2 PEM, OE

18 X1, X2, X4, X7 X3 Y3 ARMAX, OE

19 X1, X2, X3, X7 X3 Ys ARMAX, BJ

20 X1, X2, X4, Xg X2 V1 ARX, PEM

3aeoanna 2. CucreMa aBTOMATHYHOI'O DErVIIIOBAHHS TEMIEPATYPU B TEIUIHII

CKAA0AEMbCSL 3 HACMYNHUX JTAHOK:
1) 00’exT KepyBaHHS — TEILIUIS, IO OMHCYETHCS AamlepiOIUYHOI0 JIAHKOIO
JAPYroro MopsiaKy:

d2e(t)
dt?

+7,9%0 1 o) = kQU):

T

2) Oe3iHepIIiHUI 1aBay:

Ro (1) = k,O(1);

12




3) peryJasTop - anepioJryHa JJaHKa MEePIIOro MOPSAIKY

T3E +U () = k3R (1) ;

du

4) BHUKOHYIOUHUH €JIEMEHT - IHTErpyrova JIaHKa:

dQ(t) _
Ty kU0

Ta6muis 1.3 — [nauBiyanbHI BapiaHTH 3aBaHb

Bapiaut

No Ty T2 Ts Ts 81 ka Ks Ka
1 1500 | 100 1 14 | 08 | 1,4 | 0,005 1
2 1400 | 20 0,9 18 | 01 | 15 |0,0009| 2
3 1300 | 15 0,8 2 02|13 | 0,01 3
4 1200 | 200 | 0,7 25 | 03|22 0006 | 25
S) 1100 | 90 1,1 1,1 1 04 2150001 | 15
6 1000 | 80 1,2 1,3 | 0,7 | 2,250,002 | 19
/ 900 | 70 1,3 09 08 230003 | 138
8 800 | 60 0,7 1 0,6 | 1,45 | 0,004 1
9 700 | 50 0,6 08 | 05| 1,3 | 0,002 2
10 600 | 40 0,5 0,7 1 1,4 | 0,001 3
11 1500 | 200 1,2 1,7 1 10 | 1,5 | 0,005 2
12 800 | 30 0,6 0,7 101 135]0002]| 25
13 900 | 60 0,7 09 02 225,0001| 138
14 700 | 50 0,8 1,1 | 05 [1,35] 0,005 | 1,5
15 900 | 60 1,4 0,8 | 0,7 1130|0004 | 16
16 1100 | 50 1,1 1,1 | 04 2 10003 1,7
17 1200 | 50 1,2 1503 | 16 | 0003 | 25
18 1100 | 80 0,5 20 | 0,2 | 1,8 | 0,005 2
19 1400 | 200 | 0,7 21103150001 25
20 1100 | 300 | 0,8 1,7 102 | 1,8 | 0,009 | 15
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4 MNPUKJIAJA BUKOHAHHSA OCHOBHHUX PO3PAXYHKIB TA
OPOPMUIEHHSA KYPCOBOI'O ITPOEKTY

VY oMy po3aili METOJUYHUX BKA31BOK PO3IIISTHYTO BUKOHAHHSI YCIX PO3ALTIB
KypCOBOTO MPOEKTY, KpIM BCTYIy Ta BUCHOBKY, SIKi CTYIASHT Ma€ pPO3pOOHMTH ca-

MOCTIHHO.

4.1 TocaigkeHHs] CTATUCTUYHUX XaPAKTEPUCTUK 00’ €KTa aBTOMATH3AIliL

4.1.1 Texniune 3a80anHs1 00 BUKOHAHHS KYPCOB020 npoekmy 1

VY nmanoMmy 3aBJaHHI HEOOXITHO MPOBECTH aHAJI3 CTATUYHUX XaPAKTEPUCTUK
00’exTa aBTOMAaTH3alli 3a JIAaHUMU MAaCUBHOTO €KCIEPUMEHTA Ta 00paTH CTPYKTYPY
MOJI€JIi; BU3HAUUTH MapaMeTpU CTATUYHOI MOJIelli 00’ €KTa 3a 00paHOIO CTPYKTYPOIO;
IIPOBECTH aHaJli3 MOOYI0BaHOI CTATUYHOI MOJEINI; MOOYIyBaTH Ta AOCIIIUTH JIHC-
KpPETHY MOJIeNb 00’ €KTa 32 JaHUMH MMaCUBHOTO €KCTIEPUMEHTA.

Ha puc. 4.1 HagaHO TEXHOJOTIYHUI TpolLeC BUPOOHUIITBA BEPLUIKOBOIO Macja
METO/IOM MEPETBOPEHHS BUCOKOXUPHHUX BEPUIKIB, SIKUM BKJIIOYAE HACTYIIHI CTaJli:
1) npuiimaHHS 1 30epiraHHsS MOJIOKA; 2) MiAIrpiBaHHsA 1 cenapyBaHHs; 3) TEIUIOBY 00-
poOKy BeplIlKiB; 4) cemnapyBaHHS BEPIIKIB (OJEp:KaHHSI BHCOKOKMPHUX BEPUIKIB);
5) HOpMaUTi3arlito i TepMOMEXaHidYHy 00pOOKY BUCOKOXXUPHHX BEPIIKiB; 6 ) (hacyBaH-
Hs 1 30epiraHHs macia.

~ [

D

E--1
il ]
PR | E g
\'\

—
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@)

q
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[

Pucynok 4.1 — Cxema T€XHOJOTIYHOTO MPOLIECY BUTOTOBJIEHHS BEPILIKOBOIO Macja METOJJOM iepe-
TBOPEHHSI BUCOKOXKMPHUX BEPUIKiB: 1 — €MHICTB JUIs BEPILKIB; 2 — HacOC; 3 — macTepu3aliifHa
yCTaHOBKa; 4 — 1€30710paTop; 5 — HamipHUil 6a4oK; 6 — cenapaTop Il BUCOKOKUPHHUX BEPIIKiB;
7 — BaHHa JUIsl HOpMaJtizalii; 8 — Hacoc — 103aTop; 9 — MIIIHAPUYHHUI MacI0yTBOpIOBAY;

10 — Baru 1 KOHBE€EP

Bepuiku cepennboi sxupHocTi (32—36 %), mo oTpuMaHi 3BUMaiHIM CIIOCOO0M,
nacTepu3yloTh y TpyOdaToMy nactepusaTopi 3 1 MOAAOTh Ha cemapaTop AJIs BUCO-
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KOXXUPHUX BEPIIKIB 6, € 1X KUPHICTh JOBOAATH J0 XKUPHOCTI Macia. BucokoxupHi

BEPILKHU 3 CENapaTopiB HAAXOAATh O BAHHM 3 MIIIAIKOIO 7, A€ iX HOPMaNi3yloTh A0

CTaHAApPTHOI *XUpHOCTI. Hopmasi3oBaHi BEpIIKM HACOCOM-I03aTOPOM 8 MOAAIOTH Y

UMAJTIHIPUYHUI MACIIOBUTOTOBIIOBAY 9, /e BOHU Y TOHKOMY IUIACTI OXOJIOJIKYIOThCS,

MEePEMINIYIOTHCS 1 TIOCTYIIOBO TIEPETBOPIOIOTHCS B MACIO, K€ BHUTIKAE Oe3mepepBHO

710 SAITUKA 1 MBUAKO YIIUTBHIOETHCS. ['0OTOBUIN MPOIYKT MAKYIOTh 1 BIAMPABISIOTH 10

MacCJIOCXOBHIIIA.

JlaH1 BUMIpIOBaHb YOTUPHOX BXIAHUX Ta OJHOT'O BUXIJHOTO MapamMeTpiB TeX-

HOJIOTTYHOT'O IIponHecCy BHUI'OTOBJICHHA BCPIIKOBOI'O MacCjla MCTOAOM IICPCTBOPCHHA

BHUCOKOXKMPHUX BEPIIKIB HaJlaHO B TabI. 4.1.

Ta0numg 4.1
. Ne X1 | X2 | X3 | X5 | VY5
BUMIPIOBaHb

1 85|71 |66 | -1]25
2 86 |71 |67 | 0 |25

3 88 |69 |68 | -1 |3
4 86 |72 |70 | 2 | 2,3

5 85|73 |68 | 3 4
6 87 |71 67 | 1|25

7 89 |76 |68 | 2 |2
8 88 |73 169 | 1 |25
9 86 |79 |67 | 1 |35
10 85|80 |67 | 0 |45

BumiproBaHHs mapaMeTpiB X1, X2, X3, X5, Y5 TPOBOJUINCH KOXKH1 20 XBUIIHH, 1€

X1 — TeMIiepaTypa BeplIKiB MpU MacTepu3alii;

X2 — TEMIIepaTypa BEpUIKIB IPHU cerapanii;

X3 — TEMIIepaTypa BEPIIKIB y BaHHAX HOpMaJIi3allii;

X5 — TEMIIEpaTypa po3CoIy;

Y5 — MacoBa yactka C3M3 y maci.

VY Tabun. 4.2 HagaHo 1HAWBINyaTbHUHN BapiaHT 10 BUKOHAHHS 3aBJIaHHSA 1.

Tabang 4.2
Bapiant Bxiani mapameTpu Kepyrounii napa- Buxigni ma- BUris quHa-
3aBIaHHI METp paMeTpu MIYHUX MOJIE-
Jen
21 X1, X2, X3, X5 X2 Ys OE
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4.1.2 Ilposecmu ananiz cmamudHux Xapakmepucmuk 00 '€ekma 3a OaHUMU Na-
CUBHO20 €KCNepUMeHmy:

1.1 BuzHauuTu cepeaHe 3HAYEHHSI, MeJlaHy, TUCIEPCII0, CePeIHbOKBAIpATUUHE
BIIXWJICHHS 1T BCIX BUMIPIOBaHb MTapaMeTpPiB Ha BXO(1 Ta BUXO/II.

1.2 TloObymyBatu rpadiku i ricTorpaMy KOXHOTO TapaMeTpa.

1.3 O6uncnuTy MaTpUIIO KOe(ili€HTIB KOPETAIi mapaMeTpiB.

Cmamucmuuni ¢hynxyii ¢ Matlab
mean(X) — 00YKCIIIOE CepeIHi 3HAUCHHS €JICMEHTIB CTOBIILIB, AKIIO X — BEKTOP

n
3 N eJIEMEHTIB, TO OOUHCITIOETBCS M, = — > X; .
Ni-1

®ynkris median(X) — BU3HAYa€e cepeMHHI 3HAYCHHS (MeIiaHM) CeJIEMCHTIB
MacuBy. Y pa3i OJIHOBUMIPHOIO MAacHBY TMOBEPTAE 3HAYCHHS CEPECIUHHOTO CIIEMEHTA;
B pa3i IBOBUMIPHOTO MacUBY — 1€ BEKTOP-PSAAOK, 1110 MICTUTh 3HAYEHHS CEpEAUHHUX
CIIEMEHTIB KOXXHOTr0 cToBITYMKa. Takum unHOM, median(median(x)) — e cepenuHAMiA
eIIeMEeHT (MeJliaHa) MacHBY, IO 30iraeThes 3i 3HaYeHHIM median(X(:)).

std(X) — crangapTHe (CepeaHHOKBAAPATUIHE) BiIXHICHHS 3HAYCHD CIIEMEHTIB
CTOBIIIB, SIKIIIO X - BEKTOP 3 N €JIEMEHTIB, TO OOUNCITIOETHCS

A )2
8_ nE(XI mX)'

Komanma plot ciayxuts 11 mo0ynoBu rpadikiB QyHKIINH y JeKapTOBii CHCTe-
Mi KOOpJIMHAT.

plot (X, y) — 6ynye rpadik ¢pyHKIIT y(X), KOOpIUHATH TOYOK (X, ) SIKOT OEpPyTh-
Csl 3 BEKTOPIB OJHAKOBOTO po3Mipy Y 1 X. Skmio X abo Y — marpuiis, To OyayeThes
ciMeicTBO TpadikiB 3a JAHUMH, IO MICTITHCS B KOJOHKaX MATPHII.

KrnacuyHa ricTorpama xapakTepu3ye 4uciia BIyYeHb 3HAUEHb €JIEMEHTIB BEK-
TOopa Y B M iHTEpBAJIiB 3 MOJaHHIM [IUX YUCEN Y BUTJISAI CTOBMIIEBOI Aiarpamu. s
OTpPUMAaHHS JaHUX JJIS TiCTOrpaMu ciayxuTh GyHkitis hist, mo 3anucyerbes B HaCcTY-
MTHOMY BUTJISIII:

N = hist(y) — moBeprae BekTop uucen BiaydeHb s 10 iHTepBaliB, sKi 00u-
paroTh aBTOMATUYHO. SIKIIO Y — MaTpHIlsd, TO BUAAETHCS MACUB JIAHUX TPO KiTBKICTh
BIYYEHb JJIsI KOXKHOTO 3 11 CTOBIIIIB.

R = corrcoef(X) ¢byHkis npuzHayeHa JUIsl PO3paxyHKy MATpPHIl TAPHUX KOe-
¢imienTiB kopensanii R Bubipok mokazanux y Burisai matpuilli X. CrocTepexeHHs
PO3TAIIOBYIOTHCS Yepe3 MiAPSAHUK Y MaTpHIll X, BUOIPKH — 32 CTOBIIISIMH.
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4.1.3 Ilobyoosa cmpyxkmypu mooeni 3a 0GHUMU NACUBHO20 eKCHEPUMEHY

VY naHoMy NyHKTI HEOOX1THO MOOYJIyBaTH MOJieNib 00’€KTa (TEXHOJIOTTYHOTO
polIecy) 3a METOA0M bpaHooHna.

[Tomyk emmnipudHoi QopMynH, sika NOB'SI3y€ BEIWYUHY y 3 (pakTopamw, 1110
BIUIUBAIOTh HA X1, X2, ..., Xn, SIBJSIE COOOIO NOCUTH CKJIANHY 3a/auy. Po3po0ieHo Kiib-
Ka METOJIB ii BUPIIIEHHS 1 cepell HUX MOXKHa Ha3zBaTu Meroi bpangona. CyTHICTB
[[LOTO METOAY IOJIATAE B TOMY, III0 HENIHIAHY (YHKIIIO TPONOHYETHCS IIYKATH y BH-
TSI TOOYTKY

y=a- £00)- F0)- F(x,).

Koxna 3 ¢ynkmiit f(X;) BBakaeTrbcss (QYyHKIIEIO TITBKH OJHOTO apryMEHTY 3

HoMepoM | . Konkpernuii Bun pynkiii f(X,) migOupaeThcst B 3a1eKHOCTI BiJl BILIH-

By X; Ha Y;. Bona, Hampukiaa, Moxe OyTH 3pOCTalOUuO0I0 YU CIaJal0vuor0, JIHIIHO0

ab0 HeNmiHINHOIO (CTENeHeBl, MOKa3HUKOBI, €KCHOHEHINHI Tomro). [lopsamok po3ra-
IIyBaHHS (QakToOpiB X, X, ,...,X, MA€ 3HAYEHHs JJII TOYHOCTI OOpOOKHM pe3yibTaTIB:

yiM OLUTbIIE BIUIMB HAa Y HAJa€ mapaMerp X, TUM MEHIIE IOBUHEH OyTH MOPSIKOBUN
HOMEp HOro iHACKCY I .

Crodatky 3a TOYKamMH BUOIPKH X;, Y; OyIyrOTbCA MOJS KOPEJsLIi 1 JIHIS pe-
rpecii Y; — X%, . Takum ynHom BusHayaeThes Bup 3anexuocti ¥, = (X)) i meromom

HaMEHIIIMX KBAJIPATiB PO3PaxoBYIOThCs KoeillieHTH boro piBHsIHHSA perpecii. Ilo-

TIM CKJIQJIA€ThCSl BUOIPKA HOBOI BEJIMUMHU:

_ Y
f(x)

Y1

HH BCINYMHA BIXXC HC 3aJICKUTDH BiI[ X;, 4 BHU3HAYAETHCA MapamMecTpaMu

Xy, Xgy..0y Xy . TOMY MOXKHA 3aIIMCATH.

yr=o- f(%p) - fa(%3). fr ().

3a ToukamMH HOBOi BHOIPKU BEIMYUH Y; 1 X, 3HOBY OyIYIOThCS KOpENsiiiiHe

1oJie 1 eMIIIPUYHA JIiHIA PErpecii, o XapakTepu3ye 3alNeKHICTh ¥, BII X!

Yy, = fo(x,).
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Po3paxoByroThcs ii koedilieHTH 1 3HOBY CKJIaIa€ThCsl BUOIpKa HOBOT BEJIMYHUHU

__ %N y
f,(x2) () fo(x;)

Y>

[{s BennuMHA BXKE HE 3aJIEKUTH B1Jl ABOX YMHHMKIB X; 1 X, Ta MOXe OyTH BU-

3HAu€Ha 3 HACTYITHOr'O PIBHSHHS perpecii:
Yo =a- f3(X5) - f4(%4)..o T (%)

Taka mpounenypa BusHaueHHs ¢yHkuin f(x), f(X,),...f(X,) mpomoBxyeTbCs

710 OTPUMAHHS BUOIPKU BETUYHHU

y, = Yna — y .
T0G) 00 f (%) ()

s BennuuHa BXKE HE 3aJI€KUTh BIJl YUHHUKIB X, ,X3,...X, 1 BU3HAYAETHCS KOE-

(1IEHTOM BUX1THOTO PIBHAHHS

N

N 1
=1

N i

ne N — 06’em BUOIpKH.
Meron bpaHoHa KOpHCHO 3aCTOCOBYBAaTH B THX BHITQJIKaX, KOJU IMOTPIOHO
IIBUJIKO 1 TOCUTh TOYHO OIKCATH MPOIIEC HA MiICTaBl eKCIIEPUMEHTAIbHUX JTaHHX.
Meron bpannoHa npu3HadYeHU 111 OTPUMAHHSA MOJIEIIEN BUIY

k
y(Xl,...,Xk)ZbOH fJ(XJ)’ (4.1)
j=1

ne f j (x j) — JIOBLIbHA OJTHOBUMIipHA (QYHKIIiS; K — KIJIBKICTh BXIJTHUX ITapaMeTpiB X .

VY nanomy BUMAAKY MOJEJIb MAaTUME BUTJISI:

4
Y (X1, X0, X3, %) =0 T T (), (4.2)
j=1
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ne by = Y — cepenne 3HaueHns Y,
1 10
y=-—-2Y5=293.
loé 5i
Jlani 1y moOynoBK MOJIENi 3TiAHO 3 METOAOM BpannoHa BBOXMMO HOBY (ik-

THUBHY 3MIHHY Y,, & CAaM€ BUKOHYEMO MEPETBOPEHHS

Yoi =da i=110

1 JOTIOBHIOEMO BHX1HY Tab:. 4.3, a came

Tabmauis 4.3

i\i Ys Yo Yo Y1 Y1 Yo Y, Y3 Y3 y

1 85 (10,8532 11,1702 |0,7292 {0,9331|0,7814|0,7304| 1,0698 | 1,1546 | 2,6982
2 86 |0,8532|1,0567|0,8074(0,9331(0,8653|1,0177| 0,8502 | 1,0034 | 2,9505
3 88 [1,023910,8298|1,2339 0,879 (1,4038|1,1232| 1,2498 | 1,1546 | 2,7716
4 86 0,785 [1,0567|0,7428 |0,9602|0,7736|0,7888| 0,9808 | 0,9372 | 2,1979
5 85 [1,3652|1,1702|1,1666 (0,9873(1,1816(1,1232| 1,052 | 1,0222 | 3,8867
6 87 10,853510,9433|0,9046 {0,9331{0,9694 {1,0177| 0,9525 | 0,931 | 2,4435
7 89 |0,6826|0,7164|0,9529 (1,0686(0,891711,1232| 0,7939 | 0,9372 | 2,361
8 88 [0,853210,8298|1,0282(0,9873(1,0415|1,0469| 0,9948 | 0,931 | 2,3396
9 86 |1,1945|1,0567|1,1304 (1,1498|0,9831(1,0177| 0,966 | 0,931 | 3,3729
10| 85 |1,5358(1,1702|1,3125|1,1769|1,1152(1,0177| 1,0958 | 1,0034 | 4,1207
BiamoBinHo 70 po3noaiay To4oK (X, Yoi), | =110 3 BUKOPUCTAHHAM KOMaHIH

polytool Gepemo HactymHy crpykTypy ninii perpecii f,(%): VY, =0y + b X Ta inen-
Trdikyemo koedimienTu by, b :

>>peta =-0,1135 10,8141.

OTxe, pIBHSIHHS perpecii Mae BUTIIS;

Y, =10,8096 — 0,1135x; .

Ha puc. 4.2 Hangana mninis perpecii 3 orpumManuMu Koedirientamu by,,b;;. 3a
OTPUMAaHUM PIBHSHHSIM perpecii s X, 1 = 1T0 3HAXOAMMO BiINOBIIHI 3HAYEHHS Y,
Ta JOMOBHIOEMO TaomI. 4.3.
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Prediction Plot of Linear Model

File Edit View Bounds Method Insert Tools Desktop  Window  Help E
Degree 1
18— . . i . . . .
16 ST s | ]
c + - L _
I T -
1471 | T e =]
I
" Walues 12 . + | i
084327 - |
L OO v | ]
B O P S Py R L PP P PP PP PRSP
0.8 * T 1_
KN + T
0.57961 | =t
0.6 . __ _ | |
m——— |
0.4 Il .
=~
0.2 | ~—~ _
| ~~
n s . . | . . . o
85 85.5 86 86.5 87 B7.5 88 88.5 89
Export... a7
Close XValues

Pucynok 4.2 — Jlinis perpecii Y, =10,8141—0,1135x,

Jlai BUKOHYEMO TIEPETBOPEHHS:

Yy = Yoi |=1,_n

Yoi

Ta JOMOBHIOEMO TabI. 4.3.

AHAJIOTIYHO JI0 TMONEPEAHOTO BIANOBITHO 0 PO3MOAUTY TOYOK (Xoi, Vi),
i =110 3 Buxopucranusm komarzu polytool Gepemo HACTYMHY CTPYKTYpY JiHIT pe-
rpecii f,(X,):Y; =bg, +b,X, Ta inentudicyemo xoedimientu by,,by, :

>> petal = 0,0271 -0,9897.

OTxe, pIBHSIHHS perpecii Mae BUTIIS;

y, =—0,9897 + 0,0271x, .

Ha puc. 4.3 Hagana minist perpecii 3 orpuManuMHu Koedimientamu by, b, . 3a
OTPUMAaHUM PIBHSAHHIM perpecii s Xy;,1 = 1,10 3HAXOAMMO BifMOBINHI 3HAYCHHS Vi
Ta JOMOBHIOEMO Ta0I. 4.3.
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Prediction Plot of Linear Model

File Edit View Bounds Method Inset Tools Desktop Window  Help &
Degree 1
"18 T T T I T T --I ]
| -
16 [ =T 4
— - +_ -
14 ————— "7 ' 1
T Walues + : +
1271 ) =
1.0279 + : R
+- I +- """ -_
1 — | n
0.46809 o + I
' 0.8 + ' 1
+ * |
| [ ——
06 -7 T
. = - - -7 i I
04p —— 7 I T
I
s s 1 s . s
0.2
70 72 74 76 78 80
Export... 745
Close X\alues

Pucynok 4.3 — Jlinis perpecii y;, =—0,9897 + 0,0271x,

Jlaii BUKOHYEMO NIEPETBOPEHHS:

Yoi

:ﬁ i=Ln

y .
Ta I[OHOBH}OG;O Tabi. 4.3.

AHaNorivHO 10 MONEPEAHBOrO BIANOBIAHO 0 PO3MOALLY TOUOK (Xgi,Ysi),
i =110 3 BukopucranHsM komaHxu polytool Gepemo HacTyIHY CTpYKTYpY JiHii pe-
rpecii f5(X;): ¥, =Dy +DiaXs + by XS Ta inenTHOIKYEMO KOCitieHTH Dy3,055,0,5°

>> peta2 = -0,0909 12,3781 -420,2287.

OTxe, pIBHSIHHS perpecii Mae BUTIIS;
Y, =—420,2287 +12,3781x, —0,0909x2 .
Ha puc. 4.4 nanana JniHist perpecii 3 oTpuManuMu Koedimiearamu Dyg, 05,0,

3a OTpUMaHUM PIBHSHHAM perpecii st Xgi,1 =110 3naxommumo BiANoOBiqHI 3HAYCHHS
Y,; Ta I0NOBHIOEMO Tab. 4.3.
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Prediction Plot of Quadratic Model

File Edit View Bounds Method Insert Toels Desktop  Window  Help o
Degree 3
1'5 T T T T I_ T
-— - - a | T T —
147 - + T~
- - | -
12 F +
T ST REEE [ g s
i - | ~+
11232 1 — % |
+ T
+- 0.8 [+ -~ | +
: e — A ——
0.40847 | ~
0.6 P | B
p L | .
04 r Ve | , b
/ | AR
0.2 ¢ |
|
D 1 1 1 1 | 1 1 1 1
66 66.5 67 67.5 68 68.5 69 69.5 L)
Export... 68
Cloze X\Values

Pucysok 4.4 — Jlinist perpecii y, =—420,2287 +12,3781x, — 0,0909x?

Jlai BUKOHYEMO TIEPETBOPEHHS:

Ysi = Y ,i=1n

y .
Ta I[OHOBH}OG;IIO Tabi. 4.3.
AHaNOrivHO 10 MONEPEAHBOrO BIANOBIAHO IO PO3MOALTY TOUOK (Xgi,Ysi)
i =110 3 BukopucranHsM komaHxu polytool Gepemo HacTyIHY CTpYKTYpY JiHii pe-
rpecii f5(X;): Vs =bys + BisXs +bye X2 Ta inenTHOIKYEMO KOedimienTr by, 05,0, :
>> peta3 = 0,0394 -0,1118 1,0034.

OTxe, pIBHSIHHSI perpecii Mae BUTIISIA:
¥ =1,0034 — 0,1118x, +0,0394x? .
Ha puc. 4.5 nanana niHist perpecii 3 orpuManumu Koedimiearamu Dyg,0js, D, .

22



Prediction Plot of Quadratic Model

File Edit View Bounds Method Insert Tools Desktop  Window  Help N
Degree b
15— I
., I
147 | )
Py | ~
137 - | <
+ e |
v Values 12t ﬁ__T______
0.93085 |
11 + I T
+- * | +
1r + -
0.27198 + +
091 I
~ o~ + I
0.8 e | +
i I
07t ~ - | I
- R
06 . . | . . . .
| 0.5 0 0.5 1 15 2 258 3
Export... 1
Close X Values

Pucynoxk 4.5 — Jlinist perpecii ¥, =1,0034 —0,1118x; + 0,0394x2

[Ticnst iporo OyayeMo 3arajabHy MOJIENb Y BUTIISII

4
y:nyj(Xj):y'yo'y1°y2'y31
j=1

y =2,93-(10,8141—0,1135x,) - (—0,9897 + 0,0271x,) - (—420,2287 +12,3781x, —
—0,0909x2) - (1,0034 — 0,1118x, +0,0394x?) .

Jloroaumo Tad:1. 4.3 nanumu Y;,i =110, mo po3paxoBaHi 3a MOJIEILIIO.
3a OTPUMaHOIO MOJIEJUII0 PO3PAXOBYEMO CEPENIHIO BITHOCHY MOXUOKY ampok-

cuMallii € pu mo0yI0BI MoIeN, monepeanbo orpumasiu Y;,i=110.

10
_J)2
_ .%:(y' y|) _ | 0,6369_
= i i

0,9449.

e €=(1—-m)-100%=(1-0,9449)-100% =5,512% — cepemHst BigHOCHaA IOXHOKa

arpoKcUMaliii.
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4.1.4 I1ob6yoosa ma 0ocniodicenHs OUCKpemHoi Mooeni 00 ekma 3a OaHUMU Na-
CUBHO20 eKCNEePUMEHINY

3B'130K MIXK MMapaMeTpamMu 00’€KTa MOXxe OyTH BiJoOpakXeHUil yepe3 JucKpe-
THY TiepefaBaibHy (PYHKITiTO
WY@ _B@

U@z) F(2)

sIKa BU3HAYAETHCS HA TIJICTaBl PI3HUIIEBOTO PIBHSHHS MICIs 3aCTOCYBaHHS 0 000X

YaCTHUH IIbOT'O PIBHSIHHS Z — IEPETBOPECHHS:

A+azt+a,z % +..+a,2 "™)Y(2) =, +b,z +bz % +...+b,, 2 "U(2),

nez t=e P

, 1S — yac auckperu3arii.

Hanamo Kigbka MOMIMPEHUX MOZENEW TUCKPETHHX OO0'€KTIB, IO BHUKOPUCTO-
BytoThCs B maketi System ldentification Toolbox mist TuM4acoBoi 00acTi, siKi Bpa-
XOBYIOTB /110 IIYMY CIIOCTEPEKEHHS .

1. Monens aBTOperpecii AR (AutoRegressive) - BBaXa€eThCS CAMUM TPOCTUM

OITMCOM:
A(2)y(t) = e(t),
ne A(Z)=1+az +a,z % +..+a,z ™
2. ARX — monens (Autoregressive with eXternal input) — 6inbm ckiagHa Mo-

A(2)y(t) = B(2)u(t) +e(t),

ne B(z)=b, +b,z7t +b,z7% +...+b 27" e(t)— nuckpernuit Gimuii urym.

3. ARMAX-monenp (AutoRegressive-Moving Average wiht eXternal input —

MOJIETIb ABTOPErpecii 3MIHHOTO CEPEHBOr0):
A(z)y(t) = B(z)u(t — nk) + C(z)e(t),

ne Nk - BenuumHa 3aTpuMKH (3amizHioBanHs); C(z) =1+ ¢,z ' + ¢,z % +..4 ¢, 2"

Ji(S) 1 5

nc

4. Mogenb «BXia-BuxXim» (B 1HO3EMHIH JIiTepaTypi Taka MOJEIb HA3UBAETHCS
«Output-Errory, To0T0 «BHXiA-TOMUIKa», ckopoueHo OE):

_B@) ,i_
y(t)_F(z)u(t nk) +e(t),

ne F(z) =1+ fzt+ f,2% ..z,
5. Tak 3Bana mogens bokca-Jxenkinca (BJ):
B(z z
y(t) = Lu(t —nk) +&e(t) :
F(2) D(z)
ne D(z)=1+d;z "t +dyz 2 +..d, 4z "
JlaHi MojeNn MOXHa pO3TJISIaTH K OKpeMi BUIAJKHM y3arajJbHEHOI IapaMer-
PUYHOI JIHIAHOT CTPYKTYpPH:
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A(2)y(t) = @u(t —nk) + @e(t)
F(z) D(z)
NPy [IbOMY BCi BOHHU JIONYCKAOTh PO3IIMPEHHS s OaraToBUMIpHHUX 00’€KTiB (110
MaroTh KUJIbKa BXOJIB 1 BUXO/IB).
VY nmaHomy TyHKTI HEOOXIZHO 3 BHUKOPHUCTaHHSAM mporpamu Matlab, B3sBIIM
3riTHO 3 BApIaHTOM X, 3a Kepyruuil, moOyayBaTH Ta AOCIIAUTH JUCKPETHY Nepeaa-

BaJbHY (PYHKIIIF0 00’ €KTa Y BUTIISII

W (z) :%, (4.3)

ne B(z)=b +b,zt +bz % +...; F(2)=f+f,z +f,z°+..; z'=e™; ts —uac
JTUCKpPETH3aIlii.

JIns BUpIIIEHHST MOCTaBJIEHOT 3a7a4l HeoOX1HO BUKopucTaTu (PpyHkiiro Ident
nporpamMHoro 3abe3nedeHHs Matlab, sike mo3Boisie OyayBaT TUCKPETHI MaTeMaTHy-
HI MOJIEJI1 TUHAMIYHUX 00’ €KTIB 3a €KCIIEPUMEHTAIPHUMHU JIAHUMH BX1THOT'O Ta BHXI-
JTHOT'O TTapaMeTPIB.

Jis soro B pobouomy npoctopi Matlab crBopumo daiin 3 HazBoro f i3 HacTy-
MTHUX PAIKIB:

u=[717169;72;73,7176;73;79;80]; % — ekcniepuMeHTaJIbHI JIaHi BXiTHOTO CH-
THAITY X,.

y=1[2,5;2,5;3;2,3;4,2,5;2;2,5;3,5;4,5]; % — ckcriepuMeHTaIbHI JaHi BUXIJTHOTO
CUTHAITY Ys .

t =0,3; % — gac guCKpeTH3aIlii.

f = iddata(y,u,t); % — koHCTpyIOBaHHS 00’€KTa JIAHUX.

[Ticns uporo 3aBaHTaxkxyemo rpadiunuii iHTepdeiic nmakera Ident mporpamu
Matlab 3 pexxumy KOMaHIHOTO psIKa

>> jdent

B pe3ynbTaTi 3’ siBUTHCs Aianorose BikHo System Identification (puc. 4.6).

System |dentification - Untitled

File Options Window Help

Import data ~ Import models

l' Operations N

%% = H ] }
C -7 = 1
C ] |

Data Views Model Views
To To
Time plot Workspace || LTI Viewer Model output Transient resp Nonlinear ARX

Data spectra Model resids Frequency resp Hamm-Wiener

Freguency function I:\ Zeros and poles

Trash Noise spectrum

<— Preprocess ™

]

Estimate —» v

Validation Data

Status line is here.

Pucynoxk 4.6 — Jlianorose BikHO niporpamu ldent
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VY BepxXHLOMY JIIBOMY KYTKY BikHa y mojii Import data Bubupaemo 3i criucky —
Data object. B pe3yibTaTi BiIKpHBa€THCS AialIoroBe BikHO (puc. 4.7).

Import Data

Data Format for Signals

IDDATA or IDFRINFRD ~

Workspace Variable
Object: f

Type: IDDATA
(Time Domain’

Data Information

Data name: f
Starting time: 0.3
Sample time: 0.3
WMare
Import Reset
Cloze Help

Pucynok 4.7 — BikHo iMnopty manux B nporpamy ldent

[Ticns mporo Hatuckaemo kHomku Import ta Close. B pesymerati y miBomy
BEpXHBbOMY KyTi BikHa iHTepdeiicy Ident ta y momsax Working Data (Po6oui nani) i
Validation Data ([lani mis mepeBipku Mojei) 3’ IBUThCS 3HAYOK Y BHJII JIHIT 3 TijI-
mucoM «f» (puc. 4.8). Oxe, nani i3 ¢aiina f iMmoproBani y cepenoBuiie iHTepdei-

cy.

System |dentification - Untitled

File Options Window Help
importdata iV import models v
", Operations ",
<— Preprocess ~
f
= ;
Werking Data
Estimate —= w
Data Views Maodel Views
To To
|:| Time plot Workspace LT Wiewer Model output Tranzient resp Nenlinear ARX
|:| Data spectra Model resids Frequency resp Hamm-\Wiener
|:| Freguency function Zeros and poles
Trash f Noise spectrum
Validation Data
Data =et f inserted. Double click on icon (right mouse) for text information.

Pucynok 4.8 — Jlianorose BikHO nporpamu ldent 3 iMrmopToBaHUME TaHUMH
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[ToOyayeMo TUCKPETHY MOJIEb 3B 3Ky MK BXITHUMHU U Ta BHXIJHUM Y CHT-
HaJTy TUITY «BXI1J-BUX1I»

B(z
y0 =) +e(, (@.4)
F(z)
ne e(t) —  nguckperHw#d — Oumid Iy, B(z)=b +b,zt+bz7% +..;
F(z)=f, + f,z7" + f,272 +... — dyHKii, IO PO3PaXOBYIOTECA B MpOIIECi TOGYIO0BH

Mojieni B iHTepdeiici ident; 77— PA At —uac JTUCKPETH3allii, IKHH B TAHOMY BH-
najaky nopisHioe 0,3.
Jiis uporo i3 cromcky Estimate (Ominutn) BuOupaemo Polynomial models

(puc. 4.9). YV BikHI, mo Biakpuiaocs, y moii Structure sudmupaemo tum moxaeni OE:
[nb nf nk].

Polynomial Models — O *
Structure: OE: [nb nf nk] v
Orders: [221]

Equation: y=[BiFlu+e

Method: Prediction error method

Domain: Continuous (®) Discrete (0.3 )

Add noise integration

Input delay: 0

Name: og221

Focus: Simulation o Initial state: Auto o
Regularization... Covariance: Estimate v

|:| Display progress Stop iterations.

lteration Options... Order Editor...
Estimate Close Help

Pucynok 4.9 — BikHo BHOOpY CTPYKTYpH MOl

Jlana Mozenb 30epiraeTbes B iHTepdeiici ident mix HazBoro 0e221 (puc. 4.10).

27



System ldentification - Untitled

File  Options  Window  Help

Import data w Import medels w
"’ Operations "'

<— Preprocess ~
f oe22

Ll

= ]
Working Data
Estimate —= v
Data Views Model Views
To To

|:| Time plot Workspace | | LTI Viewer D Model output D Transient resp MNonlinear ARX
[] pata spectra [] Model resids [] Frequency resp Hamm-Wiener

|:| Freguency function ” ” _‘/.-\,/‘-f D Zeroz and poles

f .
—— [] Noize spectrum

Validation Data
WModel 0221 inserted. Double click an icon for text information.

Pucynok 4.10 — [lianorose BikHO nporpamu ldent i3 cTBOPEHOIO MOJIEILITIO

Hartucayrn nBiui rpadiune 300pakeHHss 06221, TO BIIKPUETHCS BIKHO
(puc. 4.11).

Data/model Info: oe221

Model name: ae221
Colar: [0,01]
Discrete-time OE model: w(t) = [B{z)/F(z)]ult) + =(t) A

B{z) = 1.054 =z~-1 + 3.315 z~-2
F{z) =1 - 0.02812 z~-1 - 0.8453 z~-2

Hame: oe22l W
£ >

Diary and Motes

~
% Import f
Opt = celptions;
Opt.Focus = "simulation';
nb = 2;
nt = 2;
nk = 1;
pe22]1 = oe(f, [nb nf nk], Opt) v

Show in LTI Viewer

Present Export Close Help

Pucynok 4.11 — BikHo BimoOpaxeHHsT MOIei

OTtxe, sk 6aunmo 3 puc. 4.11, Momens Ma€e BUTIISI
28



y(t) =

B(2)

F(2)

u(t) +e(t) =

1,054zt + 3315272

1-0,02912z7

—0,8453z

—u(t) +e(t).

3BiJIKH, HEXTYIOUHM BETUUMHOK €(1), OTpUMaEeMo JUCKPETHY MepelaBaibHy
byHKITIIO
7 1,054zt +3,315272
W)= Y® _

u(z) 1-0,02912z"-08453z72

Bukopucraemo oTpuMany nepeaaBaibHy (YHKIIIO, TPOBEAEMO JTOCITIKEHHS
00’€eKTa.

JInst moOy/I0BM YacoOBHX Ta YACTOTHUX XapaKTEPUCTUK 00’€KkTa 3a moOyJaoBa-
HOIO MOJICJUTIO MEPETATHEMO 3HAUOK aHATI30BaHOI Mojieni 06221 B MpSAMOKYTHHUK 10
LTI Viewer. [lani y BikHi, 10 Bigkpuiaocs Buoupaemo nyHkT merro Edit/Plot Config-
urations. Y moni Response Type BuOupaeMo BIiJINOBIIHY XapaKTEPHUCTUKY MOJIEII:
step (mepexinHa xapakTepuctuka); impulse (imnynascHa xapakTepucTrka); bode (mia-
rpama bone — aMIuTiTYIHO-4acTOTHA Ta (pa304acTOTHA XapaKTEPUCTUKH); pole/zero
(Hym Ta mosrocH repenatHol GyHkiii); Nyquist (moOymoBa B KOMILIEKCHIN TUTOIIHHI
A®DX o0’ekTa B MOJAPHUX KoopauHATax). B pe3ynbrari oTprmMaeMo rpadiku JuHa-
MIYHUX XapaKTEPUCTUK TEXHOJOTIYHOTO MPOIIECY BUPOOHUIITBA BEPIIKOBOI'O Macia
METOJIOM TEPETBOPEHHSI BUCOKOKUPHUX BEPIIKIB 32 pe3yJbTaTaMU IMaCHBHOTO €KC-
nepumeHTy (puc. 4.12).

BN System ldentification: LTI Viewer
File Edic  Window Help

O&| ™S E
Step Response Impulse Response
From: ul To y1 From: ul To.yl
aQ
o o
J: ar 4§
o ]
2 - 2
= ; =
21 A 3
< A <
10 [ s
el 1 |
[ ¢
0= o ITT ?‘r{‘ R
1] 10 15 20 25 aa 0 5 15 20
Time (seconds) Time (seconds)
Bode Diagram Nyquist Diagram
T Pole-Zero Map From ul To: y1
E.|i 1 T 20 S ————
= — 5 e
Lo & . = x\\
e s Pl
=R 3 f w o ! . b
§ e 3 2 ™
) i 5
= & = Y
3 il 5 o " 3 (' /
R ——— | 5 5 | N\ /
E 2T T o
& -3 | it T o
=15l
10 o

4 . . . . 20
3.5 3 2.5 2 1.5 1 0.6 0 08 1 ]
Real Axis

15! f 10!
Frequency (rads)

Pucynok 4.12 — JlunamidHi XapaKTepUCTUKH TEXHOJIOTTIHOTO MTPOIIECY 3a pe3yIbTa-
TaMH MACUBHOT'O €KCIIEPUMEHTY

Real Axis
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4.2 JlocaizkeHHsI TMHAMIYHHX XapaKTEePUCTHK 00’ €KTa aBTOMATH3AIlIT

4.2.1 Texuiune 3a80anHs 00 BUKOHAHHS KYPCO80I pobomu 2
Po3poOuty Ta MpOBECTH OCHIIKEHHA TUHAMIYHUX XapaKTEPUCTUK CHCTEMH
ABTOMATHUYHOT'O PETYITIOBAHHS THCKY CTUCHYTOTO TIOBITpSI, IO CKJIAIA€THCS 3 HACTY-
THUX JIAHOK:
1)  0o0’ekT KepyBaHHS — pe3epByap i3 CTHCIUM IOBITPSIM Ta KJIAIAHOM, IO
OIMUCYETHCS ANEPIOANYHOIO JJAHKOIO TIEPIIIOTO TOPSIKY:

dZ&) + P(t) = 0,8n(t),

2)  l1aBa4 — MaHOMETPHUYHA MPYKHHA, OMUCYETHCS KOJIMBAIBHOIO JIAHKOIO:

d2 La) dL(t)
dt

0,01 +0,005

+L(t) =0,4P(t),

3)  BaXUIbHMH ITIICHIIOBAY:
S(t)=L(t),
4)  BHUKOHABYHH €JIEMCHT - TipaBIiuHUN HHIIHAD 3 MiICHIIOBAYEM THITY
COTUTO-3aCJIIHKA, 10 OMKUCYETHCS alepiogUIHOI0 JAHKOK TIEPIIOro MOPSIKY:

dh(t) _
14= 5 +h(t)=015().

4.2.2 Onuc o6'exma aemomamu3zayii

Po3rnsineMo cucteMy aBTOMATUYHOTO PETyJIIOBAHHS TUCKY CTUCHYTOT'O MOBIT-
ps B pesepByapi (puc. 4.13). PerynpoBanoro (BUXiJHOK) BETUYHHOO Oy/e THCK CTH-
CHYTOTO TIOBITPS B pe3epByapi (pecusepi), SKe HAJAXOAUTh BlJ KOMIpecopa uepes pe-
T'yJTIOBAJIbHUIA OopraH (KiamaH). BxigHumu BenmuuuHaMu OyayTh MPOXITHUN mepepis
a00 TOJIOKEHHS IITOKA PETyJIOBAJIbHOTO OpPraHa, a TaKO)K HaBaHTa)XEHHs 00'eKTa —
KUIBKICTh MIPALFOIOYUX JITHIMH.

VY craniomy pexxuMi y MIKAPOCEIBHOMY MPOCTOP1 TAPABIIYHOIO MiICHIIIOBaYa
THUITY COILJIO-3aCIIIHKA 1 T1JIPaBIIYHOMY IMUTIHAPI PO3BUBAETHCS NIEBHHUM TUCK Macla, a
OTXKe, 1 3ycriuig Ha nopirHi. [IpyknHa-3a1aBa4 KOMIIEHCY€E 11€ 3yCHILIA, 1 IITOK KJa-
naHa HepyxoMui. [Ipu miaBuIIEeHH] TUCKY B 00'€KTI BUIbHUI KiHEI[b MAHOMETPUYHOI
IPY>KUHH TEPEMINTYEThCS, TATHYYU >KOPCTKUN BaXKiIbh MIJACHIIOBaYa 1 30UIbIIYIOUU
IIPOMIKOK y TifpaBiiyHOMY mifcuitoBadi. [Ipy mboMy THCK Macia B T1APABITYHOMY
MiACWITIOBAYl 1 HWIIHAPI 3HIKYETHCS, MiJ TI€I0 MPYXKUHU-3a7]aBavya MMOPIIECHb Mepe-
MILIY€EThCSI BHU3, MPUKPHUBAIOYM KianaH. THCK B O0'€KTI 3HMXKYETHCS B pe3yJbTaTl

3MEHILICHHSI PUTUTUBY CTUCHYTOT'O MOBITPSI.
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Pucynok 4.13 — [IpunuumnoBa cxeMa CUCTEMH aBTOMaTHYHOT' O PEryIIOBaHH1 THC-
Ky CTUCHYTOI'O OBITps: | — mpyXuHa-3a1aBay; 2 — MWIHAP; 3 — NiACUIIIOBAY;
4 — BaxiNb; 5 — MaHOMETpHUYHA MPYXHUHA; 6 — 00'€KT; 7 —KIanaH

[leit perynboBaHU 00'€KT 3 KJIallaHOM € anepioJuyHOI0 JJaHKOK. MaHoMeTpu-
YHa TPYKUHA OMHUCYETHCS PIBHIHHSAM KOJUBAIBHOI JIAHKH, BAXKUTBHUH TT1CHITIOBAY —
M1JCUIIOBAJIBHOI, TIAPABIIYHUAN [WIIHAP 3 NPYKUHOKO 1 MIACUIIOBAYEM THUITY COILIO-
3acIliHKa — anepioANYHOI JIJAHKU. 3aMIHUBIIIA KOHCTPYKTUBHI €IEMEHTH MEpeTiueHU-
MU JIaHKaMH, JIICTAHEMO CTPYKTYPHY CXE€MY CHUCTEMH aBTOMAaTUYHOTO PETyIIFOBAHHS
(puc. 4.14), 3a KO0, BUKOPUCTOBYIOUM 3QJICKHOCTI TIPO nepeAaaTHy (QPyHKINT moci-
JIOBHOTO 3'€/THAHHS €JIEMEHTIB 1 IPU 3aMUKAaHHI 3BOPOTHOTO 3B'SI3KY, MOXHA 3HAUTU

nepenaTHy (QyHKIIII0 3aMKHYTOT CUCTEMHU aBTOMAaTUYHOT'O PETYIIOBAHHS.

4.2.3 Pospooka ¢ynxyionanvroi cxemu CAP
3riIHO 3 TEXHIYHUM 3aBIaHHsAM, 10 (yHKIioHATHHOI cxemMu CAP THCKy cTHC-

HYTOT'O TMOBITPsSI MOTPiIOHO BKIHOYUTH HAacTynHi Oioku: EIl — enemeHT mopiBHSIHHS;
P — perynarop (Baxinbauil miacwitoBad); BE — BukonaBumii enement; OK — 00'ekT
kepyBaHHs; /| — naBau. DyHKITIOHAbHA CXEMa CHCTEMH aBTOMATHYHOTO PETyTIOBaH-
HSI TUCKY CTUCHYTOTO TIOBITPS IMOKa3aHa Ha puc. 4.14.
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EH hsé
L(P) Lar) h

EHX

L(P..)

BHX

[ |

Pucynok 4.14 — ®dynHkIioHalIbHA CXeMa CUCTEMU PETYJIIOBAaHHS THCKY
CTUCHYTOI'O MOBITPS

Po3rnsiHeMo cucteMy aBTOMATUYHOTO PETYJIIOBaHHS TUCKY CTUCHYTOI'O IOBIT-
ps B pe3epByapi (puc. 4.14). PerynboBaHoro (BUX1IHOIO) BEJIMYMHOIO Oy/€ TUCK CTH-
CHYTOI'O MOBITPS B pe3epByapi (pecusepi) P, . ., K€ HaIXOIUTh BiJ KOMIIpECOpa 4e-

X 3
pe3 peryioBalibHUAN opraH (KiamnaH). 3riIHO 3 3aBAaHHAM 00’ €KT KepyBaHHS — II€ pe-
3epByap 31 CTUCIUM TOBITPSIM Ta KJIarmaHoM. BXiHUMH BeTMYMHAME OYTyTh TPOXif-
HU niepepi3 a00 MOJOKEHHS IITOKA PETrYIIOBAILHOTO opraHa L.

CucreMa aBTOMaTUYHOT'O PEryJTIOBaHHS MPAIIOE HACTYITHUM YUHOM: MiJ JI€I0

30ypIOIOYOro BIUTUBY N, 3MIHIOETHCS 3HAYCHHS THCKY Y pe3epByapi 3i CTUCIIAM I10-
BiTpsiM P, , 10 cipuilMaeThecsl gaBayeM, SIKUil GopMmye MPOMOPIIHHUN BUXITHUAN
curHan L(P,, ). Ha Buxoni enemenrta nopiBasiaus (EIT) dopmyethes pisauns L(AP)
Mik 3aganuM L(P,) Ta peaqpHUM 3HaYCHHSM TUCKY, SIKHU MONAETHCS HA PETYIATOP.

Perynarop cBOiM BHUXIJHHUM CHUTHajgoM L 3MIHIOE peXUM poOOTH BUKOHABYOrO €je-
MEHTY, SIKUi 30UIbIIye a00 3MEHIIYE MPOMDKOK Y TiIpaBiIidyHOMY MHIiHAPI h 1o
00’ekTa KepyBaHHs (pe3epByap 3i CTHCIMM MOBITPSIM).

OCKIJIbKY BX1THUM CHUTHAJIOM JI0 peryisitopa € pisHuis AP Mix 3aiaHuM 3Ha-
YEHHSIM TUCKY Ta PEaJbHUM THUCKOM Yy pe3epBYyapi, pO3pOO0ICHUN PErysiTOp MPaLoe
3a MPUHIIUIIOM BIIXUJICHHS.

4.2.4 Mooentosanns ma 00cniodceHHs 00 €Kma KepyeaHHs
3riIHO 3 METOJIOM MOHIKEHHS MOPSJIKY MOXIJTHOI AudepeHIlialbHe PIBHIHHS
00’€eKTa

1,5% + P(t) = 0,8n(t)

IIEPETBOPUMO 10 BUTIISALY
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dP(t) 1 B
o2 —1’5(0,8h(t) P(1))

Ta IOOYyeEMO B cepeoBHII porpamu Matlab momens (puc. 4.15).

1.5

Constant1

W > < EI e I B *
- Product

Integrator2

0 =

Pucynok 4.15 — Monens 00’€kTa KepyBaHHA

B onepatophiit ¢popmi nudepeHiiaabae piBHIHHSA 00’ €KTa KepyBaHHS Ma€ BU-
TJISI]T

4,55 +1)P(s) =0,8h(s)
ne O(s), Q(s) — 300pakeHHs BIANOBIIHUX BEJIMYMH 3a Jlarmacom.

OTpumaHOMY PIBHSHHIO BIANOBiJA€ nepeaaBaibHa (QyHKIIS 00’€KTa 3a KaHa-
JIOM PETYJIIOKYO01 BETUYNHU
h(s) 08
P(s) 15s+1

W(s) =

[ToOynyemo B Matlab iHTepakTUBHY OOOJIOHKY JJIs HAaJlaHHS PE3yJbTaTIB J10C-
JDKeHb 00’ €KTa KepyBaHHs. [l 1IbOro CTBOPUMO y cepenoBuiili nporpamu Matlab
HACTYMHUN M-daitn SLm :

% nOYAMKOBI 3HAYECHHS]

b=0,8;

al=1,5;

a2=1,

W=tf(b,[al,a2]);

k=1,

while k<9

k=menu('Ilepeoasanvra gynxyis W',...
sprintf ('Ilepeoasanvra pynryis'),...
sprintf ("lo6yoosa mampuys cmany'),...
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sprintf ("7o6yoosa noniocis, nynis'),...
sprintf ('Kapma noniocis, nynis'),...

sprintf ('Ilo6yoosa imnynvcroi xapakmepucmuxu'),...
sprintf ("Ilo6yoosa nepexionoi xapaxmepucmuxu'),...

sprintf ('/7o6yoosa AYX, ®UX'),...
sprintf ("/7o6yoosa kapmu Hixonvca'),...
sprintf ("Mooenv Simulink"),...
'Buxio")
if k==
W=tf(b,[al,a2])
elseif k==
WM=ss(W);
[A,B, C,D]=ssdata(\WM)
elseif k==3
[z,p,K]=zpkdata(W,"v")
elseif k==
pzmap(W)
elseif k==
impulse(W)
elseif k==
step(W)
elseif k==
bode(W)
elseif k===8
nichols(W)
elseif k==9
model_2
end
end

[Ticns 3amycky (aitia Ha BUKOHAHHS OTPUMAEMO THTEPAKTHBHE J11aJIOTOBE MEHIO

(puc. 4.16).
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MO:

MENL

NepegasansHa dryHEuiAa W

NepegasansHa fyHELR

MNofGygoea MaTpuus CTaHy

MNofygosa nonwcie, HyNis

KapTa nonwcie, Hynie

MofygoBa iMNYNBECHOT XapakTepUCT HEKW

MNofygosa nepexigHol XapakTepucTHEY

MNofygosa AMK, TYHX

MNoGyposa kapTH Hikoneca

Mogene Simulink

Buxig

Pucynok 4.16 — InTepakTuBHa 000JIOHKA PE3yIbTATIB HOCTIHKEHb 00’ €KTa Ke-

pyBaHH:A

3a 0IMOMOTroI0 JaHOi IHTepaKTUBHOT 000JI0HKH Y cepenoBuini Matlab orpumac-

— nepeoasaivhy QYHKYIIO
Transfer function:
0.8

1.5s+ 1
— Mampuyi CmaHy
A =-0.0667
B=1
C= 0.5333
D=0
— nonocu, Hyai 06 ‘ekma
7=
0x1 empty double column vector
p =
-0.6667
k =
0.5333
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— Kapmy noanocis, Hynie 06 'ekma (puc. 4.17)

Pole-Zero Map

T T T T

o o o
£ [e)} oo -
T T T
1 1 1

o
N
T
1

Imaginary Axis (seconds'1)

_1 1 1 1 1 Il 1
-0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

Real Axis (seconds'1)
Pucynok 4.17 — Kaprta nontocis, HyJiB 00’ €kTa

— LMRYIbCHY Xapakmepucmuky oo ‘ekma (puc. 4.18)

Impulse Response
06 T T T T T T T T

0.5

°
~

Amplitude
©
w

o
N}

0.1

Time (seconds)

Pucynok 4.18 — I'padix iMITyIbCHOT XapaKTEPUCTUKU 00’ €KTa KEPyBaHHS



— nepexiony xapaxkmepucmuxy 0o ’ekma (puc. 4.19)

Step Response
0.8 T T T

0.7 J

Amplitude
o o o
B (&)} (e}

=)
w
T
1

o
N
T

1

0 1 1 1 1 Il 1
0 2 4 6 8 10 12 14

Time (seconds)
Pucynok 4.19 — I'padik nepexigHOi XapakTepUCTUKU 00’ €KTa KEPyBaHHS
— epaghixu AYX, @YX 06 ’eckma (puc. 4.20)

Bode Diagram

N
o
T

1

Magnitude (dB)
5

Phase (deg)
&

90 & L n R | L L N | L L ]
1072 107" 10° 10"
Frequency (rad/s)

Pucynok 4.20 — I'padixu AUX, ®UX 00’exTa KepyBaHHS




— xapma Hixonvca (puc. 4.21)

Nichols Chart

Open-Loop Gain (dB)

-35
-90 -60 -30 0

Open-Loop Phase (deg)
Pucynok 4.21 — Kapra Hikosnbca

— mooenw 06 'ekma (¢hain model.mdl)(puc. 4.22)

1.5

Constant

S
- Product Integrator2

Pucynok 4.22 — Mogenb 00’ €kTa KepyBaHHS

b4
0 |—>
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4.2.5 Mooentosanns ma 00CaiONCEHHs CUcCmemMu a8MOMAmMUYHO20 peyil08aH-

HSl
3a METOIOM NOHMXKEHHS MOPSAKY IMOXIIHOI 3A1IMCHUMO NOOYAOBY Mojenei

BCIX JIAHOK CHCTEMH aBTOMATHYHOT'O PETYJTFOBAHHS.
: dh(t)
JI71s1 BUKOHABUYOTO €IeMEHTa TIEPETBOPUBIIHN PIBHSIHHS 1’4T + h(t) =0,1S(t)

A0 BUTIIAAY
O _ 1 o150

orpumaemo (puc. 4.23):

1.4
Constant2
. s O %
S B : |
- Product1 Integrator
Gain1

Pucynok 4.23 — Mojenb BUKOHABUOTO €JIeMEHTa

AHanOriyHUM YMHOM OyAye€MO MOJEN1 1HIINX €JIEMEHTIB CUCTEMHU.
Jis peryasitopa (BaxibHOTO MiJCHItOBaya) 3a piBHAHHAM S(t) = L(t) otpu-

MaeMo (puc. 4.24):

Gain3

Pucynok 4.24 — Mopenp BaXUIbHOTO MACUIIIOBaYa

3riTHO 3 METOJOM TMOHWKEHHS MOPSIAKY MOX1THOT AudepeHIliaTbHe PIBHIHHS

JaBaya
2
0,01d dlt_z(t) + 0,005 aL(t) + L(t) =0,4P(t)

NIEPETBOPUMO JI0 BUTJIISLY
39



2
d dtz(t) _ ot (0,4P(t) — 0,005 _

Ta moOynyeMo B cepeoBuili nporpamu Matlab mozaens (puc. 4.25)

L(t)) =100(0,4P(t) — 0,005

d;“) L)

100

Constant
:"" 2 X 1 > 1
— - —> s s

Gain o Productd  |ntegrator Integrator3

0.005 4———

Gaind

Pucynok 4.25 — Mopnens naBaya

O06’emnaeMo Bci moOymOBaHI MOJIENI €IEMEHTIB Y 3arajibHy MOJIeTh CHCTEMH
(puc. 4.26):

0B dh

» - Product Integrator? Seope

Productl Integralorl

Gain2 |

Pucynok 4.26 — CtpykrypHa mojaens CAP

3 ananizy CAP mMo)xHa BCTAaHOBUTH, 1110 MPH MIJBULIEHHI TUCKY B 00'€KT1 BLJIb-
HUM KIHELb MaHOMETPUYHOI NPYXUHU MEPEMIIIYETHCS, TATHYYHU KOPCTKUM BaK1JIb
MIJCUIIIOBaya 1 30UIbIIYIOYM MPOMIXKOK y T1ApaBiIiyHOMY miacuimtoBadi. [Ipu npomy
TUCK Macja B TIPaBIIYHOMY MIJICHUIIIOBAYl 1 HWIIHAP] 3HIKYETHCA, MiJ TIEI0 MPYKU-
HU-33J]aBaya NMOpPLIEHb NEPEMIIIYEThCS BHU3, IPUKPUBAKOYX KianaH. TUCK B 00'€KTI
3HWXKY€ETHCS B PE3YJIbTATI 3MEHIICHHSI MPUIUIMBY CTUCHYTOTO MOBITpA. TakuM 4u-
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HOM, POOMMO BUCHOBOK, 110 Ajisi CAP HEoOXiIHO BUKOPUCTATH HETaTUBHUNA 3BOPOT-
HUH 3B's130K. J{J1 OO Ha CTPYKTYpHIM cxeMi y nepromy 0o Sum apyruil BXij

"

(Buxim 3 6moka Gain2) 3amintoemo Ha "—". brmok Step monemroe 30ypenHst h, a

Stepl — 3agane 3Hayenns tucky L(P,).

3a oTpuMaHOI0 MoJeILTI0 MO0y ayemo xapakrtepuctuku CAP. Jlns mporo Bubu-
PAEMO 13 KOHTEKCTHOI'O MEHIO, SIKE 3’SIBUTHCSA MPU HATUCKAHHI MPAaBOIO KJIABILIECIO
MUl Ha JiHIT 3B’SA3Ky MDK BXigHUM Onokom Stepl Ta Ojokom Sum, MTyHKT
Linearization Points\Input Points. Aranoriaao Mixx 0610koM Integratorl ta Scope —
Linearization Points\Output Points. B pe3yibraTi oTpMaeMo MO3HAYECHHS Ha MOJIEII
MEX JTOCII1JI>KEHHS.

Hami Bubupaemo nyukt mento Tools\Control Design\Linear Analysis. B pe-
3yJbTaTI BIAKPUETHCS BIKHO ISl TOCTIKEHHS JUHAMIYHUX XapaKTEPUCTHK MOOYI0-
BaHOI Mojei. Y JaHoMy BikHI BuOMpaemo kHomky Linearize Model — Biakpuerbes
rpadiune BikHO LTI Viewer 13 no0y10BaHOIO MEPEXITHOIO XapaKTEPUCTUKOIO.

[[{o6 mobynyBatu rpadiku 1HIIUX AUHAMIYHUX XapaKTEPUCTUK 00’ €KTa BUOU-
paemo y osori LTI Viewer mynkt mento Edit\Plot Configuration. ¥ BikHi, 110 BiJaK-
puIIoCs, 3aa€MO JMHAMIYHI XapaKTepPUCTUKH CUCTeMH. B pe3ynbTaTi oTpuMaemo
rpadiku nuHamivHux xapakrepuctuk CAP (puc. 4.27):

Step Response Impulse Response
From; Input Point To: Output Point1 From: Input Poirt To: Output Point
008 e 003
0.06 -
o o D02
= =
2 004} =
[=5 [=5
E E 0.0
002
D 1 1 L D 5 1 1
a 2 4 g g 0 2 4 &3 g
Time (=ec) Titne [zec)
Bode Diagram Mygquizt Disgram
From: Input Point To: Output Point! — From: Input Point To: Cutput Point1 Pole-Tera Map
&= 0 1 T 10
T, i
) K ,
E -100 w 05 ' 1 w3
£ 5 s
= -200 % = - -- 5----4 E O ----%-----------
— ] £ : £
(7] o ' (]
5 E 05 : E =
E’ -90 = -l ; E -
L] ]
E 1
o -180L - ; 1 . 10
1 10 10" -1 -05 0 05 -1 05 0

Freguency (radfsec) Real Lxis Real Lxis

Pucynok 4.27 — lunamiuni xapakrepuctuku CAP
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5 AKAJJEMIYHA JOBPOYECHICTbH

Y4acHUKH OCBITHBOIO TIPOIECY TiJ dYac HaBYaHHsS, BUKIAJaHHSI Ta
POBA/PKEHHS HAYKOBOi [ISJIBHOCTI JOTPUMYIOTHCS TMPUHIIMIIB aKaJIeMIYHOT
A00POYECHOCTI 1 YCBITOMITIOIOTh HACTIAKY MOPYLICHHS [IUX MPUHIUIIIB.

3 METOl MiABUIICHHS SKOCTI HaBYaHHS, PO3BUTKY HAaBHUYOK KOPEKTHOI
pobotu 13 mxepenamu 1H(opMmaiii Ta (GOpMyBaHHS 3BHYKH JI0 CYMJIIHHOTO
JOTPUMaHHS  BHMOI  HAayKOBOI €THKHM, AaKTHBI3allii CaMOCTIHHOCTI  Ta
IHIWBIAYaJIbHOCTI TIPU  CTBOPEHHI aBTOPCHKOIO TBOPY Ta  IIIJIBUIICHHS
BIJIMOBIJIAJIBHOCTI CTYJIEHTIB yCiX (OpM HaBYaHHS 3a TMOPYILIEHHS MPaBHII
akaJieMiuHo1 eTHKH Ji€ [1onoXeHHs PO HEJOMYIIEHHS aKaJIeMIYHOro Ijiariaty B
TepHONITBECHKOMY HaIllIOHAIBHOMY TEXHIYHOMY YHIBepcHUTeTI iMeHi [Bana [lymrost.

OCHOBHI MOHSATTS 1 BU3HAYCHHS:

ABTOp — (pi3nyHa 0c00a, sika CBOEIO TBOPUOIO IMpaIei0 CTBOPHIIA TBIP.

AkazemiuHa JTIOOpOYECHICTh — 1€ CYKYIHICTb €TUYHUX MPUHLHIIB Ta
BU3HAUEHUX 3aKOHOJABCTBOM TIPAaBWJI, SKUMH MAlOTh KEpyBaTHCS YyYaCHUKHU
OCBITHBOI'O IPOLECY MiJ] YaC HAaBYaHHS, BUKJIAJAHHS Ta MPOBAKEHHS HAYKOBOI
(TBOpYOi) AISUNIBHOCTI 3 METOK 3a0€3MEeYeHHs JOBIpU 0 pe3yJIbTaTiB HaBYAHHS
Ta/ab0 HayKOBHX (TBOPYHUX) NOCSITHEHbD.

[Inariar — omnpumtogHeHHs (OmyOJIiKyBaHHS), TMOBHICTIO a00 YacTKOBO,
Yy’K0T0 TBOPY MiJ IMEHEM 0COOH, sIKa HE € ABTOPOM I[LOTO TBOPY.

[Inariat akajemMiuHU — OMPUITIOTHEHHS (4aCTKOBO 200 TTOBHICTIO) HAYKOBUX
(TBOpUMX) pe3yJIbTATIB, OTPUMAHUX THIIMMHU OCOOAMHM, SIK PE3yJIbTaTiB BIACHOTO
JTOCHIDKeHHST  (TBOpYOCTi) Ta/ab0  BIATBOPEHHS  OMyOJIKOBaHUX  TEKCTIB
(ompuTIOTHEHUX TBOPIB MUCTEIITBA) IHIIIUX aBTOPIB 0€3 3a3HAUCHHS aBTOPCTBA.

OnpuiitoAHEHHST TBOPY — 31MCHEHA 3a 3r0JI0I0 aBTOpPA YW 1HIIOrO cy0'ekTa
aBTOPCHKOTO MpaBa i (a60) CyMI>XXHUX TIPaB Jis, 110 BIEPIe POOUTH TBIP JOCTYITHUM
JUTst Ty OJIIKU IIJIIXOM OITyOJTIKYBaHHS, MyOJIIYHOTO BUKOHAHHS, Ty OJIIYHOTO NTOKa3y,

nyOJ1YHOT IEMOHCTpAIlil, yOIIYHOr0 CIOBIIIEHHS TOILIO.
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[Toka3HUK OPUTIHAIBHOCTI TBOPY — KIUIbKICHUN TOKAa3HUK, BUPAXKEHUU Yy
BIJICOTKAX, SIKHI B1IOOpakae CIiBBITHOIICHHS] aBTOPCHKOTO TEKCTY JI0 3arajibHOTO
o0csry TBOpY.

TBip — pe3ysbTaT HAYKOBOI UM HAaBYAIbHO-METOJUYHOI JISUILHOCTI aBTOpa
(cmiBaBTOpIB) MOJAHUN B YHIBEPCUTET HA MANEPOBHUX HOCISAX a00 B EIEKTPOHHOMY
BUTJISIII, ONPWIIIOJHEHUM y Mepexki [HTepHeT unM Ha odiliiHMX web-pecypcax
yHIBEpCHUTETY y dopmi MoHOTrpadii, mapyyHuKa, HaBYAILHOTO MOCIOHMKA, CTATTI,
Te3, MPEIMpHUHTa, aBTopedepary 1 pyKOmucy aucepTamii (aucepTariitHoi poboTH),
JTUIUIOMHOI pOOOTH, KypcOBOi poOOTH YU MPOEKTY, pedepary, ece, KOHTPOJIbHOI
po0OOTH, TOIIO.

[{uTaTa — MOpiBHAHO KOPOTKHUM YPUBOK 3 JIITEPATypPHOT0, HAYKOBOI'O YU Oy Ib-
SKOTO 1HILIOTO OMYOJIKOBAaHOTO TBOPY, KM BUKOPUCTOBYETHCS, 3 000B’I3KOBUM
MMOCWJIAHHSIM Ha M0ro aBTopa 1 IKepena HUTYyBaHH, 1HILIOK 0CO00I0 Yy CBOEMY TBOPI1
3 METOI0 3pOOUTH 3PO3YMUTIIIMMU CBOi TBEPIKEHHS abo i1 MOCUJIaHHS Ha
MOTJISIY THIIOTO aBTOpPa B ABTEHTUYHOMY (DOPMYIIFOBAHHI.

Pi3HOBHIM akaeMIYHOIO MIariary:

— BIATBOPEHHS B TEKCTI poOOTH — O€3 3MiH, 3 HE3HAYHUMU 3MiHaMu, a00 B
nepeKsiaal — TEeKCTy 1HIoro aBTopa (IHIIMX aBTOPIB), OOCSATOM BiJ peUYEHHS 1
Oinbllie, 0€3 MOCUIIaHHS Ha aBTOpa (aBTOPIB) BIITBOPEHOTO TEKCTY;

— BIATBOPEHHS B TEKCTI pOOOTH, MOBHICTIO 200 YAaCTKOBO, TEKCTY 1HIIOTO
aBTopa (IHIIUX aBTOPIB) uepe3 Woro nepedpazyBaHHA ud JOBUIHHUI Tepekas 0e3
MOCWJIAHHS Ha aBTOpa (aBTOPIB) BIAITBOPEHOTO TEKCTY;

— BIATBOPEHHS B TEKCTI pOOOTH HAaBEACHUX B 1HIIOMY JDKEpesl LUTaT 3
TPETIX JKepel 0e3 BKa3yBaHHS, 3a sIKUM caMe 0e3mocepeHiM KepeioM HaBeIeHa
UTaTa;

— BIATBOPEHHS B TEKCTI poOOTH HABEJICHOI B 1HILIOMY JIKEpesl HayKOBO-
TeXHIYHOI 1H(pOopMaIli (KpiM 3arajJbHOBIIOMOi) 0€3 BKa3yBaHHS Ha Te€, 3 SIKOTO
JpKepena B3sTa 1 iHpopMallis;

— BIATBOPEHHS B TEKCTI pOOOTH OMPUIIIOJIHEHHUX TBOPIB MHUCTELTBa 0€3

3a3HAYCHHSA aBTOPCTBA HUX TBOpiB MHCTCLTBA,
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— mnapadpaza — nepekas CBOIMHU CIIOBaMU Uy>KHX AYMOK, 1/1eif a00 TEKCTY.

CyTHicTh mnapadpas3u mojsrae B 3aMmiHI ClIIB (3HaKiB), (hpa3eoyIoriyHUX
000pOTiB 200 MPOTMO3HUIIii MPU BUKOPUCTAHHI OyAb-5IKOT aBTOPCHKOT HAyKOBOI Ipalii
(30epexeHoi Ha eJIeKTPOHHUX ab0 MmanepoBUX HOCIAX, Y TOMY YHCII PO3MIIIEHOI B
Mepexi [Hrepuer).

HemnpumycTuMoro € Takok KOMITISIIS — CTBOPEHHS 3HAYHOTO MAaCHUBY TEKCTY
0e3 MmorMOJIEeHOr0 BUBYEHHS MPOOJEMHU HUISIXOM KOMIIOBaHHS TEKCTY 13 HU3KH
JDKEepel, 3 TIOCWJIAHHSAM Ha aBTOPIB Ta «MAacCKyBaHHSIM» IIIITXOM HaNUCaHHS
NEePEeXiTHUX peYeHb MK CKOMIHOBAHUMH YACTUHAMU TEKCTY.

[lepen mepeBipKoOIO 1 JTOMYCKOM JI0 3aXHCTY KypPCOBHX IPOEKTIB BUKJIaJa4
(Kep1BHHUK) MTONEPEIHBO MEPEBIPSIE OPUTTHATBHICTD €JIEKTPOHHUX BEPCIA TEKCTOBUX
JIOKYMEHTIB (TIOSICHIOBAJIbHUX 3allUCOK) IIUX pOOIT 31 BCTAHOBJICHHSIM YaCTKH
OpUTIHAJIBHOIO TEKCTY 3 BUKOPUCTAHHIM IHTETPOBAHOT'O CEPBICY NEPEBIPKU BMICTY
CKPUHBOK JJIsl 3aBJaHb (Paliio0OMiHHUKA CUCTEMHU €JICKTPOHHOTO HaBUaHHS Atutor
(https://dl.tntu.edu.ua/) BiAMOBITHOTO €IEKTPOHHOTO HABYAIBHOTO Kypcy a00 OJIMH
3 IPOrpaMHO-TEXHIYHUX 3aC001B, K1 3HAXOAATHCS Y BIIKPUTOMY JTOCTYIIl Y MEPEXKI
[HTEpHET Ta BU3HAHI HAYKOBOI CHUIBHOTOIO.

PexomeH10BaHi MOKa3HUKH OPUTTHAIILHOCTI HaBYAIBHUX POOIT TaKi:

— moHaa 80% - TEKCT BBAKAETHCA OPUTIHATILHUM;

— Big 60 1o 80% - OpUTrIHAJIBHICTH 3aJ0BUIbHA, CI1J MEPECBIAYUTUCEH Y
HAsSIBHOCTI MTOCHJIaHb Ha MEPIIOJKEpeNia I IUTOBAHUX (hparMeHTiB;

— Big 40 mo 60% - maTepian mpuiiMaeTbCs, ajie HOro CIIi TOOIpaIoBaTh 1
MEepPEBIPUTH HA HASABHICTh IIOCWJIaHb HA TEpIIO/pKepena I ITMTOBAHHUX
¢dbparMeHTis;

— wMenme 40% - Matepian 10 po3risiay He TPHITMAEThCS.

[IporpamHo-TexHIYHI 3acoOM TMEpeBIpKM Ha aKaJAeMIYHU Iulariat e
JIOTIOMD>KHAM 3aCO00M TEpeBIpKH POOIT HA MPEaMET BUSBIECHHS (haKTIB Ta 00CsITY

HEMPaBOMIPHMX 3aM03UYEHb Y TIOJIaHiii poOOTI.
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6 KPUTEPII OLIIHIOBAHHSI KYPCOBOI'O IPOEKTYBAHHSA

OriHka 32 KypCOBHM MPOEKT CKIAMAETHCS 13 CyMH OalliB, SIKi BUCTaBIISIOTHCS

KOMICI€I0 HAa OCHOBI po3risiny 3micty I13 1 rpadiuyHoro Marepiany Ta 3a MiJCyMKOM

YCHOTO 3aXHCTY Mepe]l KOMICIEI0 OCHOBHUX TMOJIOKEHbD, SIKI PO3IIIAHYTI B KYPCOBOMY

MIPOEKTI.

Po3noais 6aJiB, iki OTPUMYIOTH CTYJIEHTH 32 BUKOHAHHA Ta 3axucTt KII

[TincymkoBwmii
Moayas 1 Monyas 2
Ay Ay KOHTDOITH Pazom 3a
Bukonanus po3auny 1 Bukonanns po3ainy 2 3axuct KI1 KTl
30 45 25 100
Buau poGit K-1b GaniB Bunu pooit K-1b 6anis
Eran 1.1 8 Eram 2.1 7
Eram 1.2 11 Eran 2.2 8
Eran 1.3 11 Eran 2.3 10
Eran 2.4 10
Eram 2.5 10

[lincymkoBa OLIHKa 3HaHb, YMIHb Ta HAaBUYOK CTYJEHTa, HAOyTHUX IMpHU

npoektyBanHi KII, BcranoBmroerbess 3a 100-0aipbHOIO IMIKAIOK 13 TOJAIBIIHM

NepeBeCHHSM 1i y HACTYIIHY IIKaTy OI[IHOK:

Po3moaiy oninok

Cywma 6GaniB 3a Oninixa
HaBYaJIbHY EIéZTS OniHka 3a HalllOHAJIBHOIO IIKAJIOK
ISIIBHICTD
90 — 100 A BIZIMIHHO
82-89 B o6ne
74-81 C F100P
64-73 D )
3aJI0BUJIBHO
60-63 E
HE3a0BIIBHO 3 MOXKIIUBICTIO
35-59 FX
MTOBTOPHOTO CKJIAJTaHHS
0-34 = HE3a40B1IBHO 3 000B’ I3KOBUM
MTOBTOPHUM BUBYECHHSIM TUCITUILTIHA

CxknanoBoto 3aranbHoi cymu 6aniB 3axucty KII e:

1) cyma 6aniB 3a 3micT I13 KIT okpeMo 3a KOKHUM CTPYKTYPHHUM PO3I1JI0M;

2) Oanu 3a rpa¢iuny yactuny KIT,

3) Oamu 6e3nocepennno 3a 3axuct KII.
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[Tin gac 3axucty KII kowmicis yBaxkHo posrisgae 3mict I13 ta rpadiunoi

YaCTUHHU, BUCTABJIsE OaiM 3a 3MICT KOXHOTO PO3ALTY, MICIS YOro 3a/1a€ CTYJEHTOBI

YCHI 3alUTaHHsA, SIKl 03BOJISIIOTH OIL[IHUTH PO3YMIHHA CTyJAeHTOM mpuBeaeHux y KII

noJio’keHb. BucTtapiieHa 3aragbHa cymMa 0ajiiB MEPEBOAUTHLCSA Y TPATUIIAHY OIIHKY 1

3aHOCHUTHCS Y BIJNOBIIHI JJOKYMEHTH sIK TificyMKoBa ominka 3 KII.

Kpurepii ouinkn posainis 113 KII (3a koxHuit po3ain)

. Haiteuwia axicms po3niny 3Bity (95-100% Big MakcUMabHOI KIJTBKOCTI OajIiB

BI/IMOBIJTHOTO PO3/iTy) MOBUHHA BIJIMOBIIATH TAKUM BUMOTaM:

1) moBHe Ta BHYEpIIHE BUKJIAJCHHS MaTepiayly, SIKe€ BUKOPHUCTOBYBAJIOCS
CTYJCHTOM TIiJ] Yac ONpaIfOBaHHS BiJMOBIIHOTO PO3ALTY;

2) MOBHUM CKJIaJ HEOOXIJTHMX IOAATKIB, SKI BHMAralOThCsS BIANOBIJIHUM
po3aiiom KII (komii JOKYMEHTIB, aHATITHYHI Ta CTATUCTUYHI MaTepiaiu
TOIIO);

3) aKTyaJbHICTb 1 JOCTOBIPHICTH MOJIAHOI Y 3BIT1 1H(POpPMAIIii;

4) nOTpUMaHHS BUMOT IOJO 3MICTy Ta O(DOPMIICHHS CTPYKTYPHUX YaCTHH
KII.

Ilocepeonn axicme posaury 3BiTy (50-95% Big MakCcHMaJIbHOI KUJIBKOCTI
OaJtiB BIJIMOBITHOTO PO3J1TY) BU3HAYAETHCA Y BUMAKY, SIKIIIO HASBHUN X04a
0 OJIMH 13 3a3HaYCHUX HUKUE MTYHKTIB:

1) HemoBHE BUIKIJIQJEHHS MaTepiay abo HEmoBHA BIAMOBIIHICTH 3MICTY
npoekty Bumoram KII (50-75% oxoruieHHs1 3a3HAYEHUX Yy BUMOTax JIo
KII);

2) HEeMOBHUH CKJIAJ TOJATKIB, SKi BUMararoThCs BiAmoBigHuM po3ainom KII
(50-75% HeoOXiaHMUX TOAATKIB);

3) HeaKTyaJIbHICTh 200 3aCTapUIICTh MOAAHOI y 3BiTI iH(pOpMAIIii;

4) HeTOTpUMaHHS BUMOT 1100 3MICTY Ta 0()OPMIICHHS CTPYKTYPHUX YAaCTUH

KII.
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I1l. He3aoo0sinbna axicms posniny 3BiTy (0-50% Big MakcMManbHOI KiJIBKOCTI
0aJtiB BIAMOBITHOTO PO3Lly) BUSHAYAETHCSA Y BUIIAJIKY, SIKIIO HAssBHUM X0ua

0 OMH 13 3a3HAYCHUX HIDKYE MYHKTIB!

1) olHOYACHO MPUCYTHI J[Ba YK OUIbIIE KPUTEPIiB, 110 BIAMOBIIAIOTH OIIHIII
B 5 OauiB;

2) HEMOBHE BUKJIAJACHHSA Marepialy a00 HEMOBHA BIAMOBIAHICTH 3MICTY
npoekty Bumoram KII (menme 50% oXOTuIeHHs 3a3HaYeHUX Y BUMOTaXx JI0
KII);

3) HEMOBHMI CKJaJ JOAATKIB, sIKI BUMAraroThCs BIAMOBIIHUM posaiioMm KII
(menmie 50% HeoOX1IHUX T0JATKIB);

4) nenoctoBipHIicTh ojanoi y 113 indopmarrii.
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1. Muukiscpka O. O. [HHOBaMIMHNNT MEHEHDKMEHT: KOHCTICKT Jiekmii. Kuis: [{IA,
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3. JIazop O. 5. JlepxaBHe yripaBiiHHs y cepi peamizaliii eKoJI0TriYHOT MO THKH
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2018. 82 c.
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5. T'ypmanosa JI. 1. Penirie3naBcTBO : HaBd. moci0. 2-re BHUI., Iepepodi. Ta
monoB. Kuis : I[VJI, 2017. 193 c.
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3anopixoxs: 3HY, 2015. 120 c.
3. binoyc C. 1., Kopsiituyk B. [1. ®inocodiss ocBitu: HaBY.-METOJ. TOCIO.
[TepescnaB-XmenpHuilpkuii, 2016. 176 c.
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2016. 131 c.
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Ta nonoB. XepcoH, 2017. 212 c.
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Bur. / mij 3ar. pea. B. B. Uepenani. 3anmopixoks: 3HY, 2016. 340 c.

. ErtHorpadis : koncmexkr nekuiii /3a 3ar. pea. B. I I'apamka; ykmaa. A. L
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