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AHoTauis

Ha npomMuc/iI0BMX YCTAHOBKAX OCHOBa €KOHOMIYHOro edekTy Bil aBTOMATM30BAHMX CHCTEM KepyBaHHSl - SIKiCTh
poGoTH cucTeMM peryaoBaHHs. /s miABHIIEHHsI SIKOCTI aBTOMATHU30BAHMX CHCTEM KepyBaHHSI NOBHMHHI OyTH
3HalileHi BiINOBiAHI MapaMeTpH peryJsiTopa, aje NiiBMILIEHHS TOYHOCTI NPUBOAUTD 10 3MEHIIEHHS 3anacy cTiiiKocTi,
TOMY B CKJAJHMX CHCTeMAaX ONEPAaTOPM HAMATalTbCA 3MEHIIUTH HAJAIUTYBAHHA (TOOTO BCTAaHOBUTH ''cjaldKi
HacTpoiiku'), o0 cucrema nmpauoBajga y Beix pexumax. "Ciaadki HacTpoiiku' KOHTYpiIB Ha mpouec — OCHOBHMIA
HeJO0JiK [Jil0YMX CHCTEM PperyJloBaHHs, W0 3HUXKYE NpudyToxk mnignpuemcrs. IlepmonpuynHol ocaadjJeHnx
HAJTAIITYBaHb i HU3bKOI IKOCTI (PyHKIIiOHYBaHHA CHCTeM Pery/JI0BaHHS € JOCHTDb YaCTi 3MiHH XapaKTepUCTHK 00'eKTa,
SIKi BUKJIMKaHi 3MiHHUM peXKUMOM POOOTH 00'€KTiB, BIACTHBOCTAMM PEryJIOBAJIbHUX OPraHiB, B3a€MO03aJI€KHICTIO
KOHTYPiB B 0araToBuMipHux cucremax. B ymoBax excruiyaranii e1MHUI BHXiX - MOCJa0MTH HACTPONKH, JOMara4uch
3HUKEHHSI, TAKAUM 4YHMHOM, B32€EMOBILIMBY KOHTYpiB, 3a0e3nedyeHHsl HeoOXiHOro 3amacy cTilikocTi mpu Oyab-sikKHX
MOMJIMBHUX pexuMax poooTu 00'ekra. SIkicth po0OTH cHCTeM NPHU LOMY O0YEBUAHO Tipuie, a mpudyTok MeHue. B
CTATTi HABOAATHCSA MOMKJIUBI MiAX0AH, AKi 103BOJNSAIOTH 30iNbIINTH edeKTHBHICTh (GYHKUiOHYBAHHS aBTOMATHYHHMX
CHCTeM KepyBaHHSl Ta ONMCAHO po3podiaenuii anroputm agantauii I1I-peryasitopa Ha oCHOBI aHaJIi3y CTATHCTUHYHUX
JaHHX.

Kutouosi ciioBa

Ananrauisi, inenTudikauis, cratuctuyHuil ananuis, Il-peryasrop, epeKTHUBHICTH CHCTEMH KepyBaHHS.

Annotation

Quality of the automatic control is the basis of economic effect of industrial control systems. The appropriate regulator
settings should be found to improve the quality of automated control systems, but improved accuracy results in the
reduction of stability margin, that’s why operators try to reduce setttings in complex systems (ie, set the "‘weak
setting'),so the system could worke in all modes. Controller’s "low (all-mode) tuning' is the main disadvantage of
existing control systems, which reduces profits. Frequent changes of plant parameters are the prime cause of low
quality tuning and reduced efficiency of control systems. These changes are caused by changeable mode of plants, loop
interdependence in multidimensional systems. In terms of operating the only one way is to ease settings, achieving
reduction of loop interdependence, ensuring adequate stability margin in all possible modes of operation. The quality of
work with such tuning is obviously worse and the profit is less. The article presents possible approaches that can
increase the efficiency of automatic control systems and describes the adaptation algorithm for PI controller based on
an analysis of statistical data.
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Beryn

TexHiKO-eKOHOMIYHI TOKa3HUKHM (YHKIIOHYBaHHSI TEXHOJIOTTYHHX OO0’ €KTIB (TEXHOJIOTIYHHMX MpOLECIB, arperariB Ta
KOMIUIEKCIB) 3HAUYHOIO MipOI0 3aJIe’KaTh BiJl SIKOCTI MPOLIECIB KEPYBaHHS Ta ONEPATUBHOCTI IPUHHSATTS YIPABIiHCHKHUX PillIeHb.
JlMHaMi4yHI BIACTHBOCTI TEXHOJIOTIYHUX O0’€KTIB XapaKTepU3YIOThCs HENIHIHHICTIO, HECTAI[IOHAPHICTIO, HASBHICTIO KiBKOX
LiJIeH, a TAKOK YNCIICHHUMH BHYTPIIIHIMH IIEPEXPECHUMH 3B’ I3KaMU MIX PEryJIbOBaHUMHU KOOPIMHATAMHU.

Jus cucteM 3 ICTOTHO 3MIiHIOBAJbBHHMH XapaKTEPHUCTUKAMHM 00'€KTa MOXXJIMBI JBI CTparterii, MO NPU3BOIATH [0
HOpPMaNIbHOI eKcInTyaTamii cuctemu aBToMatwdHoro perymioBaHHA (CAP), TOOTO MO3BOJNSAIOTH BUKIIOUWTH TOCTiHHI
BIIJKITFOUCHHSI PETYJIATOPIB 1 MepeXi Ha pydHe KepyBaHHSA: BUKOPHCTAaHHS "ClaOKuX', alle BCEPEKUMHHX HAJAIITyBaHb a0o
3a0e3meueHHs afanTallii HalamTyBaHb PETYIATOPIiB B CHCTEMaX 0 MIHINBUX XapaKTePUCTHK 00'ekTiB [1].

B crarTi nmpoanaiizoBaHi METOIM OTPUMAaHHS HAJAIITYBAaHb PETYISATOpa IS 3a0€3MeYeHHs CTIHKOCTI Ta SIKOCTI CHCTEMH
PEeryIIIoBaHHS, Ta PO3TIIAAAETHCS 3aPOIIOHOBaHMi MeTox afanTaliii [1I-perymsropa.

Po3pobxka anropurmiunoro 3adesneuenns aganranii III-peryasitopa

Bci Bumm aBroMaTHYHO! HACTPOMKHM BHUKOPHCTOBYIOTH TPH INPHUHIMIIOBO BAXIIMBHUX €TaNu: ileHTU(]iKamis 00’€KTa,
pO3paxyHOK MapaMeTpiB peryisropa, HacTpoika peryistopa [2]. YacTo KiHIEBHH eTanm BKIJIIOYAE €Tar MiJCTPOIOBAHHS
(3axmodHa onTHMIizanis HacTpoiku). OnTHMizalis HajJalTyBaHHS HEOOXiTHAa y 3B'SI3KYy 3 THUM, L0 METOAM PO3PaxXyHKY
mapaMeTpiB peryisropa 3a GopMyIaMu HE BPaXOBYIOTh HEJIHIHHOCTI 00'€KTa, 30KpeMa, 3aBK U MPUCYTHIO HEMiHIWHICTh THUITY
«OOMEXCHHs», a IICHTU]IKAIlIS TapaMeTpiB 00'eKTa BUKOHYETHCS 3 ICAKOI0 MOTPIIIHICTIO. [1iICTPOIOBaHHS PEryssITOpa MOXKe
Oyt momykoBuM (0e3 imeHTH]iKamii o00'ekTa, OUIIXOM TOIIYKY ONTHMAIFHUX MapaMeTpiB) 1 Oe3NmOmIykoBUM (3
ineHTUdikamiero). [TomrykoBa imeHTH]IKamis 0a3yeTbes 3a3BHUail Ha mpaBWiIaX ado Ha iTEpalifHMX ANTOPHUTMAaX ITOUIYKY
MIHIMYMY KpHTEpif0 onTuManbHOCTi. Haii0iapI momupeHnii onryk OnTUMAaIbHUX MMapaMeTpiB 3a OIMMOMOTOI0 TPaIieHTHOTO
METOoJla: 3HAaXOMATh IMOXIMHI BiI KpPUTEpilo onTuMaibHOCTI 3 mapamerpamu Ill-perymsaTopa, siKi € KOMIIOHEHTAaMH BEKTOpa
Tpafi€HTa, a 1ai IPOBOJUTHCS 3MiHA MTaPaMEeTPiB y BiNOBITHOCTI 3 HAIIPSIMKOM Tpafi€HTa.

CTpyKTypHa cxeMa caMOHaIaIlTOBYBaHOT CHCTEMHU HaBe[eHa Ha puc. 1.

Kpurepii
SIKOCTI Po3paxyHok
»| TApaMeTpiB | |
perynstopa —
InenTHdikamis
00’exTa
Kp,Ki
3anane A 4 U
063 y
3HaueHHss ~—P®| Peryusrop B €KT
> "| ynpasninms "

Puc. 1 - 3aranpHa cTpyKTypa CUCTEMH 3 aBTOMAaTHYHUM HAJIAIITYBaHHIM

BaxnuBo miAKpecInTH, 10 HE3Ba)KalOUM Ha HASBHICTb aBTOMATHYHOTO IiJCTPOIOBAHHS, KOHTPOJIED MOXXE HE JaTH
HEOOXiTHOT SKOCTI PEeryNIOBaHHS 3 IPUYHH, HE 3QJICKHHUX BiJ SKOCTi 3aKJIAJCHUX B HBOTO anroputmiB. Hampukiaza, o0'ekt
KepyBaHHS MOXXe OyTH IIOTaHO CHPOEKTOBAaHMH (3aJIe’KHI KOHTYPH PETYIIOBAHHS, BEIHKE 3aIli3HEHHS, BUCOKHH MOPSIOK
00'ekTa); 00'eKT MOXKE OYTH HENIHIHNAM; TaTYMKH MOXKYTh OyTH pO3TAIIOBaHI HE B TOMY MICIli, Jie MOTPiOHO, 1 MaTH MOTaHUH
KOHTAaKT 3 00'€KTOM, piBeHb NEPEUIKOJ B KaHaJli BUMIpIOBaHHS MO)Ke OyTH HENPUIIYCTHMO BEJIMKHM; YyTJIMBICTH JaTYMKa
MOXe OyTH HEJOCTaTHbO BHMCOKOIO; JDKEPENIO BXIHOTO BIUIMBY Ha OO'€KT MOXE MaTh JIyXKe BEJIHKY iHepLiiHICTh abo
rictepesuc; MOKYTh OyTH TAKOK MOMHJIKA B MOHTaKi CHCTEMH, TIOTaHe 3a3¢MJICHHS, OOPHBU MPOBiAHHUKIB i T.11. [2]

3a3BUYail po3paxyHOK MapameTpiB peryisaTopa 3a (GopMylaMud HE MOXE JaTH ONTUMAaJbHOI HACTPOWKH, OCKUIBKH
AHATITUYHO OTPUMaHi pPe3yJabTaTH TPYHTYIOThCS Ha CHIIBHO CHPOIICHUX MOJENAX 00'ekTa. 30KpeMa, B HUX HE BPaXxOBYETHCS
3aBXKIM TPUCYTHS HENIHIMHICT THIy «OOMEXEHHs» Il KepyBaJIbHOrO BIUIMBY. KpiM TOro, Mojeni BHKOPHUCTOBYIOTbH
napaMeTpH, ieHTH(]IKOBaHI 3 AESKOI0 MOXHOKOI0, TOMY IICIS PO3paxyHKy MapaMeTpiB peryisropa 0axaHo 3poOHTH HOro
Ii/ICTPOIOBAHHS, SIKE MO’KHA BUKOHaTH Ha OCHOBI IPaBMIJI, sIKi BUKOPHCTOBYIOThCS JJIsl py4HOTro HanamTyBaHHs. Lli mpaBuia
OTpHMaHi 3 JI0CBily, TEOPETHYHOTO aHANII3Y Ta YHCEIbHUX eKCIIepUMEHTIB. BoHM 3BosIThCS 10 HAacTymHOTO [2]:

e 30UIbIIEHHS KOedillieHTa MPONOPLIIHOCTI MiABHILYE IBUAKO/IIO 1 3HHKYE 3ar1ac CTIMKOCTI;

® 31 3MEHIICHHSM IHTerpajbHOI CKJIQJIOBOT MOMUIIKA PETYIIFOBAHHS 3 YaCOM 3MEHIIYEThCS ILIBUIIIIE;
e 3MEHIICHHS MOCTIHHOT iHTErpyBaHHS 3MEHIITY€E 3armac CTiHKOCTi;

e 30inpmeHHs AudepeHIiaTbHOT CKIaI0BO1 301JIBIIYE 3aMac CTIHKOCTI 1 IBUAKOIIIO.

3anponoHoBaHa CHCTeMa JIOHANAIITYBAHHS MapaMeTpiB peryJsiropa JUisi OJHOKOHTYPHOI cucTeMu Oyje MpaioBaTH B
pekuMi peanbHOTro 4acy Ha 00’ekTi. CucTeMa aBTOMATHYHO aHAJi3ye MOTOYHUHN CTaH CHCTEMH KEepyBaHHs 3a oOpaHMil yac
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(1 BOTO HEOOXITHO BUKOHATH CTATUCTUYHHMH KOHTPOJIb BXIJHHMX Ta BUXIIHHUX 3MIHHHMX TPEHIIB) 1 NPOIOHYE ONEPaTopy
SIKUM YHHOM 32 JJOTIOMOT'OI0 3MiHH NTapaMeTpiB PeryssTopa MOKPaLIUTH SKICTh PEryJIIOBaHHS.

Jns cratucTHyHOro aHaimizy (OpMyeThCs cUCTeMa, sika sBIsie coO0OI0 Bi3yallbHE CEpelOBHINE, MPH3HAUYEHE JUIs
3a0e3meueHHs CTa0UIBbHOCTI TapaMeTpiB Ta JIarHOCTUKW MOpYIIEHb 3a pe3yJbTaTaMH CTaTUCTHYHOTO KOHTPOJIO
6araronapamerpuyuHoro TII 3 MeToro monepekeHHs BUXOy KOHTPOJIbOBAaHNX MOKA3HHUKIB 32 JIOMYCTHMI MEXI.

Cucrema  CTaTHCTHYHOTO  KOHTPOJIO  JO3BOJIIE B ONCPAaTHBHOMY  PEXHMi  OI[IHIOBAaTH  CTabOiIbHICTH
GaraTomnapaMeTPHIHOTO MPOIIECY 1 BiACIIIKOBYBATH OPYIICHHS MPOLECy s IPUHAHATTS KepyBaibHoi il [3].

HdonatkoBo 10 OOpOOKHM CTaTUCTUYHHMX MJAHHUX 3arajloM Ta YacOBHX pAAIB MOYKHA BHKOPHCTATH JISCKPHITHUBHUH

CTATUCTHYHHUHA aHaNi3 pAOIB CIOCTepe)XeHb, SKWH mepeabadae BHU3HAUYEHHS OCHOBHHX BHOIPKOBHX XapaKTEPHUCTHK
PO3IOAINICHHS PALY, a caMe:

- BUOIpKOBE CepeHe:

X =

2 X
i=1

Je X, - psl cIoCTepeKeHb NOCIIPKYyBaHOT 3MIHHOT;
- BUOIpKOBY AMCIEPCIIO:

1" -,
D(x)= =3 (X, - x)
N

- cepenHbokBaaparndHe BigxmieHHS (CKB):

- KoedimieHT Bapiarii:

- KoeimieHT acUMeTpii:

As =£(z (x, - x)*)/c"
n g

- KoeiieHT eKcIecy:

10 L4 4
Ex == (x,-x))/o" -3

n i=1

Cucrema JOHANAMTYBaHHS MMapaMeTPiB Peryisaropa BimoOpaxkae MOTOYHI HAaNAIITYBaHHS PETYISATOPA Ta 3allpONOHOBAHI
JUIS TIOKPAILIEHHS SIKOCTI PEryJIIOBaHHS, & TAKOXK CTATUCTUYHUI aHaJi3 KOHTPOJIbOBAHOTO TIEPEXiTHOTO MPOLECY.

st po3pobOku anroputmy agantamii [1I-perynasitopa Oyyio MpoOBEACHO aHAII3 CHCTEMH aBTOMATHYHOTO PEryJIOBaHHS.
MateMaTHuHa MOJIeb 00’ €KkTa (OpayKHOT KOJOHHU) MPECTaBICHA Ha pUC.2. BXIIHUME CHTHAIAMH € BUTPATa 0XOJIO[KYBAIBHOT
Boju (G), Butpara mapu (V), Butpara 6paxku (F); BUXiTHIMH — TeMIlepaTypa OXOJIOKeHOI BoaH miciist KoHaeHcaropa (Toth),
Temrieparypa Bepxy kosioHu (TV), Tuck Bepxy komonu (PV), tuck nHuzy (Pn). [ns peanmizanii anantuBHOTO aaropuTMy
HACTPOHKHU peryysTopa 0OpaHo KOHTYpP PETYJIOBAHHS TUCKY HU3Y KOJOHH.
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Puc.2 - CuctemMa aBTOMaTHYHOTO PETYJIFOBaHHS OpayKHOI KOJIOHU

[MTonepenHb0 NPOBEACHO JOCIHIIAN MPU CYTTEBUX 30ypeHHSIX, sIKI BioOpakaloTh BIUIMB 3MIHM MapaMeTpiB PeryisTopa Ha
SIKICTh TIEPEXiHOTO mporiecy (Tabdm.1).
Tabn. 1 - Bruiu HanamyBaHs [1I-perynaropa Ha sIKICTh peryJIIOBaHHS

MaremaruuHe CepeaHbokBaapaTH
CIIOJTIBAHHS, qHE BiJIXMJICHHS,
Kp Ki MM.BOJ.CT. MM.BOJ.CT.
2 0,02 2063,411 80,02136
1 0.02 2010,451 74,56573
0,8 0,02 2006,497 75,0804
0,1 0,02 2002,46 82,39869
0,02 0,02 1994,359 87,38202
0,8 0,0001 2002,391 74,80111
0,8 0,001 2007,121 74,83759
0,8 0,006 2023,412 81,71838
0,8 0,02 2004,496 82,83929
0,8 0,1 2006,788 75,68891
0,8 0,2 2004,287 77,14621
0,8 0,8 1981,761 88,97214

AnropuT™M po3paxyHKy HanmamTyBaHb Ill-perynstopa (puc. 2) € HemepepBHUM 1 HOJArae B HOCTIHHOMY aHanisi
MOTOYHOTO CTaHy CHUCTEMH perymoBaHHA. [licis 3HaXO/PKEHHS MaTeMaTHMYHOTO CIOAIBaHHA Ta CEepeIHbOKBA/IPATHYHOTO
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BIIXWJICHHS, BiJIOYBa€ThCS IEPEBIpKA YW HE BUXOIUTHh 3HAYCHHS CEPEIHBOKBAJPATHYHOIO BiIXWJICHHS 32 JOMYCTHME
3Ha4YeHHs (y HaloMy BUNaAKy 50 MM.BOJI.CT.) Ta MEpEBipKa BIAXMICHHS MATEMAaTHYHOTO CIIOAIBAHHS BiJl 33JAHOTO 3HAYCHHSI.
Po3paxynok 3HaueHp Kp ta Ki BinOyBaeThcst 3a OTpuUMaHUMH (GOpPMYJaMHU: 32 yYMOBH, IO CEPECIHHOKBAIPATUYHE
BiJIXWJICHHS MEPEBUIIYE TOMYyCTUME 3HAUCHHS .
Km =Kr + Kr(Xz -M)/M *K1+Kr *(cd -0, )/ c*K2

Kin =Km /K3-(oc -0, )/ c*K4
Ta 3a YMOBH, III0 CEPEAHLOKBAAPATHIHE BIIXWICHHS HE TICPCBUIYE JOMYCTHME 3HAUCHHS:

K =Kr + Kr(Xz -M)/M *K1

Kin = Km /K3

Krn - nose 3nauenns Kp; Kr - moroune 3nauenHs Kp; M - maremartnune crmopaiBaHHs; XZ - 3aJjaHe 3HAUCHHS, O -

CepeHbOKBAPATHYHE BIAXWICHHS; O .  -MakCHMalbHO JOIyCTUME CepeAHbOKBaapaTH4He BinxuieHHs; Kin - Hose

3HaueHHs Ki;

K1,K2,K3,K4 — nomomixkHi KoedillieHTH, sKi 3alie)KaTh BiJl XapaKTEPUCTHK JOCIIIKyBaHOro 00’ekra. B Hamomy
Bunaaky K1 = 100; K2 =0,5; K3=100; K4 = 0,002.

Ha MoMmeHT po3paxyHKy cucTeMa BpaxoBye nonepenni snauenns Kp ta Ki.

JocnimkeHHs] epeKTUBHOCTI 3alpOIIOHOBAHOTO aJITOPUTMY NPOBOIAMIOCH IPH Aii CYTTEBHX Ta HECYTTEBUX 30ypeHb IpH
PI3HMX MOYAaTKOBHX 3HauUeHHsX HajamrtyBaHb [1I-perynsropa. Otpumanuii pe3ynbTat (Tabun. 2) CBIAYHTS, 110 Y BCIX BUMAAKAaX
BiZOYIIOCh 3MEHIICHHS BiJXWICHHS BiJl 331aHOTO 3HAYCHHS Ta 3MEHIIMBCS PO3KH TOUOK HABKOJIO CEPEIHBOTO 3HAUCHHS, IO

CBIIYUTH PO TOKPALICHHS SKOCTI perymoBanns. CyTTeBe MOKpamieHHs BiIOyIoch y nocmigax 2,6,9,12.

Tabs1. 2 - BrnuB ajantoBanux HanamTyBaHb [11-perynsTopa Ha sIKiCTh pETyIIOBaHHS

CyTTeBe 30ypeHHS
Ne | Kp Ki Mar Cepen Hoge Hosge Hose Mar Hoge Cepen
Crox, Binx, Kp Ki Cmon, Binx,
MM.BOJI.CT. MM.BOJI.CT. MM.BOJI.CT. MM.BOJI.CT.
1] 09 0.02 2006.5946 77.8884 0.76534 0.0069373 2006.255 76.4563
2|03 0.2 1988.6665 186.8852 0.58084 0.0043435 2001.7084 75.4724
3 | 09 | 0.002 1978.2667 77.4809 2.0483 0.019774 2008.5217 84.2255
4 103 0.02 2005.1747 73.5495 0.27061 0.0020657 1989.4868 73.4524
5| 05 | 0.002 1977.2575 75.698 1.16 0.010921 2007.5598 78.3699
6 | 04 0.2 2004.7723 114.626 0.41754 0.0030478 1996.6872 74.463
71 09 0.2 2012.439 80.5709 0.51445 0.0043856 2002.6196 74.9697
HecytTeBe 30ypenHs
8 | 09 0.2 2005.679 38.2108 0.64517 0.0064517 2005.5168 34.3407
9| 04 0.2 2007.6504 88.1263 0.3341 0.0024757 1993.1426 34.3912
10 | 0.5 | 0.002 1977.0404 35.797 1.0807 0.010807 2007.562 36.1174
11| 0.9 | 0.002 1976.4101 35.9277 1.9742 0.019742 2009.1804 39.4951
121 0.3 0.2 1983.7282 184.214 0.65537 0.0050965 2003.369 34.3834
13| 0.3 0.02 2005.0565 33.2994 0.22434 0.0022434 1998.1083 33.5407
141 0.9 0.02 2005.7475 35.2165 0.64211 0.0064211 2005.4946 34.3288
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Puc.2 - Anroputm ananrarnii [Tl-perymnsitopa

Hasezneno oanH 3 mepexigHuX mporiecis (puc.3), OTpIMaHUX PH 3MiHIOBAaHHI HAJIAIITYBaHb.
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Puc 3 - Tlepexinnuii npouec npu pizHux HanamrtyBaHHax [1I-perymstopa
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Jln1st BUKOPUCTaHHS PO3pOOJICHOT0 ATOPUTMY afanTamnii HONepeIHbO MapaMEeTPH PETYIATOPa BU3HAYAIOTHCS OTHUM i3

ICHYIOYMX METOZIB, 1aJi BUKOPHCTOBYIOUH 3aIIPOTIOHOBAHHM anroputM agantamii [1I-perymnsropa, pekoMeHI0BaHi TapaMeTpu
OyayTh aBTOMAaTHYHO pO3paxoBaHi Ta OyAyTh 3alpONOHOBaHI omepaTopy. TakoX MOXIIMBA peajii3allisi 3alpOoIOHOBAHOTO
AITOPUTMY 3 aBTOMAaTHYHUM BCTAaHOBJICHHAM po3paxoBaHux napamerpis I1I-peryisaropa.
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BucnoBku

1. /1 BUKOPHCTAaHHS B NPOMHUCIOBHUX YMOBax po3poOJieHO IIBHIKWE anroput™m anmanrauii [1l-perynstopa, skuit

pealti3yeThes B peaibHOMY Yaci.
2. Apanranis I1l-perynsitopa B peXuMi pealbHOTO 4acy Ha OCHOBI CTAaTHCTHYHUX JIAHMX HaJa€ CHCTEMi KepyBaHHS
BJIACTUBOCTEH pOOACTHOCTI.
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The adhesive covering on the basis of extremities structure of a gecko will allow astronauts
and robots freely to work in space

The regular adhesive tape can be used several times
before it loses the adhesive properties. Besides all such tapes
leave sticky marks on on a surface on which dust and other
pollutants settles. But researchers from NASA Laboratory on
studying of jet propulsion (Jet Propulsion Laboratory, JPL)
work on system which is deprived of the shortcomings inherent
in an adhesive tape, and it is reached by use of the principles
due to which geckoes can keep and move on vertical surfaces.

Thanks to availability on their extremities of a /
huge number of the thinnest hairs, these lizards can move on walls and in general on any surfaces with complete ease.
At the same time, adhesive properties of their extremities don't decrease over time at all. Aaron Parness, the engineer of
JPL, together with his colleagues, using the same principle, created the material covered with synthetic hairs which
thickness is much less than thickness of a human hair. When such material with some force is put to a surface, hairs are
bent and "stick™ to it, in accuracy repeating what occurs in case of contact with the surface of an extremity of a gecko.
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WasteShark - the robot which purifies sea water of garbage

Now in the World Ocean very large amount of plastic and other
garbage floats. The most part of this garbage gets on ocean open
spaces from some places of the coastline and the company RanMarine
developed and made for fight against this phenomenon the floating
robot that named WasteShark. This robot, floating in areas of ports
and in other places, collects and "absorbs" garbage before it gets on a
scope of the ocean and will float it u untill it isn't beaten to one of
garbage "islands".

The robot WasteShark has the form of a small catamaran with
the electric drive. Between pontoons of a catamaran the
scoop, "mouth” by which the robot collects floating garbage and which then gets to the internal bunker is located.

In addition to collection of garbage, the robot WasteShark by means of the sensors which are available for it
makes monitoring of quality of water, takes temperature, weather conditions, transferring all these data in real time to
the earth. The robot can use some of the collected data in its purposes, adjusting a route movement depending on
weather conditions, availability of currents, etc. ' :

Now the company RanMarine takes part in the Dutch state program
connected with development of the new technologiesconcerning the ocean
anda sea transport. And the first prototypes of such robots cleaners which
received "names" Fatboy and Slim already work in the water area of the
port of Rotterdam. Within several months two more robots which will be
received, most likely, in port "fixed place of employment™ will join them.
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& QUOTE OF ISSUE

. 1 Ne science 1s a continued centuries-old brainwork to
unite together by means of a system all cognizable

phenomena of our world”

Albert Einstein
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