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CHCTEMHAS HHTETPAIMS

HAYYHbIE HCCNEJIOBAHMS

Cucrema ynpaeneHus

JNIEKTPOMEXAOHNIMUMM

KynoJsa reneckona

Bnagummp LLntos, Hukonavi [Naxkos, AnekcaHap benses

PaccmoTpeH nporpaMMHO-annapaTHbIM KOMMNEKC HOBOM CMCTEMbI YTPABIIEHMS
3NEKTPOMEXAHM3MAMM Kynona 3epkanbHoro Teneckona um. [LA. LLaiHa kak noacuctems
pa3pabaTbiBOEMOM KOMMIEKCHOM ABTOMATUM3UPOBAHHOM cucTembl. CpopMynmMpoBaHbl
ocHoBHble TpeboBaHMs, NpeabsBsiemble kK cucteMe. [peacTtaBneHsbl HeKOTOpbIE Pe3yNbTATHI
HATYPHbIX MCMBITAHUMA.

BBEAEHMUE

3epKanbHBIN TEJIeCKON WMEHM aKasie-
muka [A. [aitna (3T1) — kpynHeimmit
OTNITUYECKUI TeJIECKOT Ha YKpauHe (nua-
METp TJIaBHOTO 3epkama 2,6 MeTpa,
puc. 1) — 6buT TOCTpOEH JICHMHTPaaACKUM
OTITUKO-MEXaHNYEeCKUM OObeANHEHNEM
st HUM «KpsiMckast acTpodusndeckast
obcepBaropust» B 1960 roay [1]. 3T —
9TO YHUBEPCATbHBIM UHCTPYMEHT IS ca-
MBIX Pa3HOOOpa3HBIX acTPOGUINIECKUX
UcclenoBaHui. 3a TOJTYBEKOBOU CpOK
CJTy>KObI Ha HEM ObLT TTOJIYYEH LIeJIbIA psia
BaXKHBIX HAYUYHBIX PE3YTBTATOB.

CoszgaHHbI B cepennHe XX BeKa, OH
OBLT TPETHUM TEJIECKOTIOM B MUPE T10 pa3-

Puc. 1. bawHsa 3TLU (cTBOpKY 1 3a6pano oTKPbITLI)

Mepy IJIABHOTO 3epKajia U B TEXHUUECKOM
OTHOLICHUU SIBJISIICSI MHCTPYMEHTOM Ha
YPOBHE TOTO BPEMEHU. 3a MPOLIEAIINE Ie-
CSATUJIETUSI PETUCTPUPYIOIINE U aHATTU3H -
pytoliue npubopsbl, yCTAHOBJICHHbBIE HA Te-
JIECKOTIE, HEOJHOKPATHO OOHOBISIUCH,
YTO TIO3BOJISIET U CETOMHSI YCIEIIHO BbI-
MOJIHSITh HAOMIOICHUSI Ha TEJIECKOIE MO
pSAY BaKHEWIIMX HAyYHBIX MPOTPaMM.
OnHako cucTeMa yrpaBaeHUs! TeJIeCKOTNa,
pa3paboTaHHasi Ha OCHOBE 3JIEKTpOMeXa-
HUYECKUX U DJICKTPOBAKYYMHBIX KOMITO-
HEHTOB, OCTaBajach HEM3MEHHOU C MO-
MeHTa co3nanusi. [Ipy MpoeKTUPOBAHUM
HOBOIl aBTOMAaTU3MPOBAHHOW CUCTEMBbI
ynpasneHus (ACY) ocHOBHOIM 3amaueii siB-
JisJlach MaKCHMMaJibHasl aBTOMAaTHU3allusl
HaOJII0ICHUIT Ha TeJIECKOTIE, YTO MOTPe6O-
BaJIO MCITOJIb30BAHUSI HAKOIJICHHOTO Ha
CETrOMHSIIIIHUI IeHb OIbITA aBTOMATH3a-
UM OOJBIINX TEJIECKOTIOB M MPOMBIIII-
JIEHHBIX TIPOIIECCOB.

ABTOMATU3UPOBAHHAS
CUCTEMA YNPABJNEHMA 3TILU
ACY mpenHazHauyeHa sl YIIPaBICHUS
paboToif, KOTOPYIO HEBO3MOXKHO WJIN HE-
3 HEeKTUBHO BBITIOIHSITH C HEOOXOTUMOTT
CKOPOCTBIO ¥ TOUHOCTEIO Oe3 e€ TpruMeHe-
Hus. Kpome Toro, ACY noJzkHa ITOMOYb
MPUHUMATh OOOCHOBAHHBIE PEIIeHUs B
TeX WV WHBIX CUTYalllsIX ¥ CBOIUTH K MU~
HUMYMY OITACHOCTbh OINUOOYHBIX [eli-
CTBUI MEPCOHAA, a B MJealie — U BOBCE X
MpeI0TBpaIIaTh. Lenecoobpa3HocThb
BHenpeHus:t ACY ompenensieTcsi MHOXe-
cTBOM (haKTOPOB KaK IKOHOMHYECKOTO
(HarmpuMep, HEPTOEMKOCTD), TaK U TeX-
HUYECKOTO (CKOPOCTb TIPUHSTHS pellle-

HWii, TIOBBILIEHUE TOYHOCTU CUCTEMbI U
T.I1.) XapakKTepa.

Ha ocHOBe aHajKM3a COBPEMEHHOTO CO-
CTOSIHUSI B OOJIACTM aBTOMATU3allUU U
Mpe/UtaraeMbIX MPOMBIILIEHHOCTHIO KOM-
TOHEHTOB TMPEIOKEeHa CTPYKTypa HOBO#
aBTOMATU3MPOBAHHOMN CUCTEMBbI YITpaBye-
Hust 3T, OHa comepXUT GOJIBIIIOE YHCIIO
B3aMMOCBSI3aHHBIX 3JIEMEHTOB, KOTOPbIE
YCJIOBHO MOTYT ObITh OOBEIMHEHBI B CJie-
NyIOIIMe OJHOYPOBHEBBIE IOACUCTEMbI
yrpaBiaeHust: peIeKTOPOM, MOJTOKEHUEM
JIMArOHAJIbHOTO 3epKajia, 3JeKTpoMeXa-
HM3MaMH Kyrosia, (hOKyCUPOBKOii, hoTo-
THJIOM.

K HacrosiiiieMy BpeMeHHU pa3paboTaHa,
M3TOTOBJICHA U BHEAPEHA CUCTEMa YIpaB-
JICHUs 3JIEKTPOMEXaHU3MaMU  KyIoJia
(puc. 2), onMcaHU0 KOTOPOI 1 TTOCBSIIIe-
Ha ctaThst. CucTemMa npeaHazHaYeHa ist
YIIPaBJICHUSI MOJIOXKEHUEM KYTToJia 10 Mpo-
M3BOJILHOMY 3aKOHY B pEXHME peria-
MEHTHBIX paboT, a TAKKe JUIsl YITPaBICHUsI
MOJIOKEHUSIMU 3a0pajia U CTBOPOK (3a-
KPBITO, TIPUOTKPBITO, OTKPHITO). B pexu-
Me CUHXPOHHM3AllMU CUCTEMa OPUEHTUPYET
LIEHTP 1LIEJIM KyToJia B HaTlpaBJIeHUU OIl-
TUYECKON Ocu TpyObl Tejeckoma, IMpu
5TOM OHa MPEeBpaIaeTCcsi B CUCTEMY aBTO-
MaTHUYECKOTO yIpaBICHUSI.

DNEMEHTbI CUCTEMBI
YNPABJIEHUS
JNIEKTPOMEXAHU3IMAMM
KYHNOJIA

[Monoxenue pedaekropa n3MepsieTcst ¢
TIOMOIIIBIO TATINKOB YaCOBOTO YTJIa U yTJia
ckinoHeHus. [lockonbky pediiekTop He
MMeeT KaK TAaKOBBIX OCel YacOBOTO yIjia
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Lvxa PCI

ABTOMATN3MPOBaHHOE pPaboyee MecTo
(NepcoHarbHbIA KOMMbOTEP)

< [pombILLneHHas MH{%ODM&LI,MUHH&H CeTb >
¢ ¢ ¢ ¢ ¢ ¢

APCI-1710 ADAM-4053 (h|!|]10|2) (’m?) (’\I'II]'IOI?) ADAM-4053 || ADAM-4060
Hariuk || Jlarank fariuk VcnonnwutenbHbli | | icnonsuTensHbii || AcnonHuTenbHbli Beog wchopmaLuu | | VicrionhuTenbHble
4acoBOro Ta asnmyTa 0 MONoXeHun npuBobl
yrma CKn}l,)rHeHI/ISi KyI'IO¥1Ta Aeurarers 1 Aguraren 2 Aguratenb 3 | | x6nana u cTeopok 3a6paul1)a 1 CTBOPOK
PecpnekTop 2,6 M Kynon ¢ mexaHu3mamu CTBOPOK 1 3a6pana

Puc. 2. Cxema aBTOMaTM3MpOBaHHOW CMCTEMbI YNPABAEHUA I1€KTPOMEXaHM3MaMU Kynona

CKJIOHEHUST, MHOTOOOOPOTHBIE abCOIOT- BEIYIIMM KaTKOM, OOeCIeYnBaoInM
HbIE TaTYNKK YCTAHOBJIEHBI Ha OCSX Yep- (bpuKIIMOHHOE COeqMHEHUE C TOBEepX-
BSIKOB MEXaHW3MOB TJIaBHOTO TIPWBOJA  HOCTBHIO KaTaHUs. Takum 0Opa3oMm, ABUTa-
(koo punmeHT pexykuuu 720). Juckper TeJI YCTAaHOBJIEHBI HETTOJABUXKHO Ha Oalll-
JaTyvKa, MPUBEAEHHBIN K OcU pedIieKTo- He, a BpallleHre KYIOoJIa OCYIIECTBISIETCS
pa, coctaBisier 0,22 yrIOBOW CEKYyHIBI MOCPENCTBOM TPEX BEOYIIMX KAaTKOB
(TOYHOCTB CTApOIi CUCTEMBI YIIPABICHUS B (puc. 3a). B xauecTBe aBUTaTENEll HOBOU
JIyqIieM ciydae coctapisia 10 yImoBBIX —~ CHUCTEMBl TMPUMEHEHBI ACUHXPOHHBIE
cekyHn). B kauecTBe 1aTYNKOB MCITONB30- 3JIEKTPOABUTATENI OOILETTPOMBIIILIEHHO-
BaHBI MTOBOPOTHEBIC M@ paTopsl AVMS58 ro tuta AMP-112. Bmecre ¢ ycunurenamu
komnanun Pepperl+Fuchs [2, 3], pa6o- MoinHocTu (mHBepTophl Hyundai N100)
Talolieé COBMECTHO C MHOTO(YHKIINO- OHU 00eCTIeYMBAIOT MMapaUIebHYIO PadOoTy
HanpHOU TtutaToit APCI-1710 dupmbl nBuUratesieii (MakcumMmaiabHasi CKOPOCTb
ADDI-DATA [4], ycTaHOBJICHHOI Ha I - BpamieHus Kynona Q= 2,4°/c). Ilpo-

e PCI ynpasnsiomero kommnbiotepa. MH- rpaMMUPYEMBIi JIOTHIeCKNI KOHTPOJUIEP
dopManuss o mpeneabHbIX MOJOXEHUSIX (IJIK) naBepTOpa 3alIuIIaeT ABUTATETh
pediexTopa BBOIUTCS Yepe3 MOIYJIb AVC- OT BCEX aBapUIHBIX PEXKUMOB, MeXaHUIe-
KpeTHOro BBoma ADAM-4053 KommaHuu CKUX U 2JIEKTpUUYECKUX neperpy3ok. s
Advantech [5, 6]. yuy€Ta MHEPLUUOHHBIX CBOWCTB OOBEKTa
OOBeKT yrpaBiIeHUs TPEACTABISIET CO- ynpasinenus: B mamsath [MJIK 3anocaTcs
6ot Bpamatorumiics kymoi 3TLL ¢ pacmo- 3HAUYEeHUsST BPEMEHU pa3roHa U TOPMOXKe-
JIOKEHHBIMU Ha HEM pa3IBUKHBIMU HWST TBUTATENEH.
CTBOpKaMu 1 3abpajoM. Macca Kymnosa I1IpuBonbI 3a0paja U CTBOPOK pabOTalOT
cocrapnsieT 240 TOHH, nuaMeTp — 22 M. dakTryecku B pesieitHOM pexume (0T-

VYros moBopoTa Kymojia B a3UMYTalIbHOM KpBITO/3aKphITO). [IpuBon 3abpana mpen-
TUTOCKOCTU OTPaHWYEH KOHCTPYKIIMeH u Ha3HaueH 1T OTKPBIBAHMSI 3a0pasia rmepe;
MOXET U3MEHSThCSI B TIpenentax oT —235 HayaJoM HaOTIONEHW WIN perjaMeHT-
1o +315°. KOHCTpYKTUBHBIE OCOOEHHOCTH HBIX pabOT U 3aKpbIBAaHUS €TO0 IocJie 3a-
3T morycKaroT MaKCUMATbHYIO BETUIM- BeplleHus paboT Wi HAOIIOIeH, a TaK-

Ke TIPY BBIHYKIIEHHOM TIPeKPaIeHU N TeX
WV WHBIX PabOT U3-3a BBIMAJeHUS OCaJl-
KOB. YcloBUe 00s13aTeTbHOTO 3aKPhIBAHMS
3a0pajia Ipu BBITIAIEHUM OCAIKOB BbI3Ba-
JIO HEOOXOAMMOCTD AyOJIMPOBAHUS IJIEK-
Tponsuraresns. [1pu BbIxome U3 cTpost oc-
HOBHOTO 3JIEKTPOIBUTATEIISI 3aKPbIBAHUE
3a0pajia MPOUCXOIUT OT PE3EPBHOTO JEK-
TpoaBsurares [7].

TIpuBOIBI pa3nBMKHBIX CTBOPOK TIPEJI-
Ha3HAYeHBI JJISI OTKPLIBAHUS U 3aKPbIBa-
HUST cTBOpoK. Kaxkmast u3 cTBOpoK (J1eBast
U TIpaBasi) UMeeT UHIUBUIYATbHBINA TIPU-
Boz. [TpuBoBI 3a0pasa u CTBOPOK CO CBO-
UMW PeAyKTOPaMU PaCTIONOKEeHbI Ha TTOJI-
BWKHOW 4yacTh Kymosa (puc. 36). Diek-
TpUYecKast CBSI3b C HETTOJBUKHOI YacThIO
OCYIIECTBIISIETCS Yepe3 KabeabHYIo Tajie-
peto. Uudopmanust o monoxkeHnn u co-
CTOSTHUY MEXaHU3MOB KYIOJIa OT JaT4u-
KOB 4Yepe3 yCTPOWCTBO TaTbBaHWYECKON
pa3BsA3KW TIOCTYyMaeT Ha MOIYJIb BBOIA
IUCKPEeTHBIX curHaimoB ADAM-4053.
VYmpaBieHue SIEKTPOTIPUBONAMU  OCY-
LIECTBIISIETCS Yepe3 MOMYJTb BIBOJA [THC-
KpeTHbIX curHanioB ADAM-4060. s co-
IJIACOBAHUS M TATbBAHUIECKON Pa3BA3KU
BBIXOIHBIX CUTHAJIOB MOMYJISI CO CXeMO
yIpaBIeHUsT TIpUBOIaMU pa3paboTaHa
jiaTa pee.

M3mepeHue yrioBOro moyoXeHus Ky-
T10J1a TIPOU3BOUTCS C TIOMOIIIBIO TaTYNKA
a3uMmyTa Kymnosna. Beiencteue HeBBICOKMX
TpeOOBaHMIT K TOUHOCTU B Ka4eCTBE MaT-
YMKa UCTIOIH30BaH aOCOTIOTHBIN MIndpa-
top EP50S8 dpupmer Autonics [8]. MHdop-
Marnus o0 yriie moBopoTa Basia mudparopa
npencraniser codoit 10-pa3psimHbIii ABO-
WYHO-IECATUYHBIN Koxa. Bec mmamiiero
paspsina paBeH 0,35°. CBa3b maTtymka c
KOMITHIOTEPOM OCYIIECTBIISIETCS Yepe3 MO-
Iydb BBOJA JOUCKPETHBIX CUTHAJIOB
ADAM-4053. Tak KaK TOJTHBIN Yo Io-
BOpOTa KymoJja coctasisieT 550°, a maTuyuk
OIHOOOOPOTHBIN, HEOOXOIUM TTPOMEXKY-

Hy paccoriaacoBaHUs LIEHTPa LIeJv KyToyia
U TIPOAOIBHOM OcH TPyOBI pediekTopa 10
5°. DTUM 3HayeHWEM OTpaHUYMBACTCS Ej:g;x;““"'e
MaKCUMAaJIbHO JOIMYCTUMAs MOTPELIHOCTb
CHUCTEMBbI yIPABJICHUS NIPU CUHXPOHU3A-
MU KYTIoJIa ¢ peIIeKTOpoMm.

B xayecTBe npuBOIOB KyNoJa UCTOJIb- for 4@
30BAJIMCh TPU UCIIOJIHUTEIbHBIX IBUTATE-

> i
g

pUBOA
Kynona 2

JIsl TIOCTOSTHHOTO TOKa, YMPaBISIEMbBIX OT
3JIEKTPOMAIIIMHHBIX YCUTUTENeH U pacto-
JIOKEHHBIX TI0 OKpyXkHocTH 4epe3 120°
[1, 7]. B pe3ynabraTe Kaxablii U3 ABUTATE-

Mpueog
kynona 1

JTeil BOCTIPMHNMAET TPeTh O6IIeH Harpy3- CTBOPKM 11 326pano nokasaHbl B OTKPbITOM MONOXEHMY.
MpuBOAbI Kynona ycTaHoBNeHb
ku. [lepenava BpallleHUsT OT KaXa0To U3 Ha HeMogBIKHON YacTu.

TPEX JIEKTPOABUTATENEN K TTOBEPXHOCTHU a

OcHoBHO#
)
3abpana

Pa3aBuxHble
CTBOPKM

Mpueogs! |
CTBOPOK

,,,,I ,,,,,,, ,,,,,,,, l, ,,,,,

-!— — —
| Tpy6a

| Teneckona
|

Pe3epBHblil
. np1BoA
E 3a6pana

CTBOPKM 11 3a6pano NoKasaHbl B OTKPLITOM MOMOXKEHNN.
MpmBoAbI CTBOPOK 1 3a6pana ycTaHOBMEHb!
Ha BPALLAIOLLENCs YacTL Kynona.

6

KaTaHusd KyI1oJia OCYHIECTBIIACTCA 4€PE3

CHJIOBOM pEeayKTOp, 3aKaHUMBAIOIIMIACS Puc. 3. PacnonoxeHue 31eKTPONPUBOJO0B: d — NPUBOA Kynona; 6 — npusoabl 3a6pana u cTBOPoK
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TOYHBIN PEIYKTOP C MePeNaTOYHBIM YKC-
JoM He MeHee 1,53. B cymectBylomeit
KOHCTPYKIIUU CBSI3b MmdpaTopa ¢ Kyrmo-
JIOM OCYIIECTBIISIETCS Yepe3 LIEBOYHOE 3a-
LIETITIEHUE Y TOTIOJTHUTETbHBIN TTOHMXAI0-
it pemykrop. OO1ee epeaaToyHoe OT-
HolieHue paBHo 1,71. Takas BennunHa pe-
TYKITY TTO3BOJIUT U3MEPSITH YTOJT TIOBOPO-
Ta KyIoJja ¢ JUCKpeTHocThIo 0,6°. DToro
BITOJTHE OCTATOYHO IS yBEePEHHON CUH-
XPOHU3ALNY KYTIoJIa ¢ pehJIeKTOPOM, YTO
Y TIOATBEPAUIIN HATYPHBIE UCTIBITAHMUSI.

O0benHeHNe KOMITOHEHTOB CUCTEMBI
YIIpaBIeHUS B EANHYIO CXEMY pean30Ba-
HO Ha OCHOBE MPOMBIIIUIEHHOW nH(hOpMa-
uroHHOU cetu. Mcmonb3oBaH Haubomee
pacTmpocTpaHEHHBII TU CETEBOI TOTOJIO-
i — ob6mas mmHa |9, 10]. E€ ocHoBHBIE
MPEeNMYIIIeCTBA — IIPOCTOTA U IEIIeBU3HA,
JIETKOCTh TepekoHburypupoBanus. O6-
mast mrHa He OOUTCS OTKITIOYEHUS WU
TTOIKJTIOYEHUST YCTPOICTB BO BpeMst pabo-
Tel. [IpuMeHeHue Takoro wuHTepdeiica
TTO3BOJIUJIO YBEJTUIUTH TTOMEXOYCTOWUM-
BOCTb CHCTEMBI ¥ 3HAYUTETHHO YIIPOCTUTH
KabenbHy10 ceTh. OO0IIas IMMHAa XOPOIIO
TTOIXOMUT IS PACTIpEIeIEHHBIX 00 BEKTOB
(Tpacchl, COeAMHSIONTNE KOMITOHEHTHI CU-
CcTeMbl B OalllHe TeJIecKOora, JOCTUTAIOT
100 meTpoB, a 001Iast ITMHA CETU IPUOTH-
xkaeTcs K 1 kutometpy). OHa JIeTKo MOIu -
dunmpyercs B Tomonoruio 38e3nbl. Takke
€CTeCTBEHHBIM 00Pa30M TIPOUCXOIUT JO-
OaByieHNe HOBBIX YCTPOICTB, KOJTUIECTBO
KOTOPBIX MTPAKTHUeCKN HeorpaHudeHHo. C
«IJIEKTPUIECKON» TOUKU 3PEHUST ITOT UH-
Tepdeiic BHITIOTHEH TIO  CTaHAApTY
RS-485 [11]. B kayecTBe cpenpl mepeaaun
TAHHBIX U JIJTsT TTOIBOJKY TTUTAHUS K y371aM
1 KOMIIOHEHTaM TIPUMeHEH Kabemb dhup-
™Mbl Belden [12].

KoHCcTPYKLUMS
CUCTEMBLI YNPABJIEHUSA
JNIEKTPOMEXAHU3IMAMMU
KYHNOJA

DneMEeHTBl CUCTEMBl YIIPaBJIEHUS 10
KOHCTPYKTUBHBIM 1 (PYHKIIMOHATBHBIM CO-
00pakeHMSIM PACIIONIOKEeHBI B TIIECTH TeP-
pUTOpUATLHO pa3HecEHHbIX HiKagax. MH-
(bopmalMoHHas CETh CUCTEMBI TTOCIIEIOBA-
TEJIbHO OOXOIUT BCE TTPOrPaMMHO-YIIPaB-
JIsieMble KOMITOHEHTBI CUCTEMBI (pUC. 4).

VYrpaBasionmuii KOMIIBIOTED BMECTE C
QICIIIeeM, KJIABUATyPOU U MBILITBIO 0Opa-
3yIOT aBTOMAaTU3UPOBAaHHOE pabouee Me-
CTO B TIOMEIIEHUN LIEHTPATHHOTO TYJIbTa
ynpasnenus (LIITY). B mkady PC (Box1),
PACIIOIOKEHHOM B HETOCPEICTBEHHOM
OMM30CTH OT KOMIIBIOTEPA, Pa3MeIeHbI
npeobpasoBaTesib UHTepdeiica RS-232/
RS-485, momynb nutanust neprudepritHbIX

YnpaBnatoLLmit KoMNboTEp

[at4nkn
YINoBoro
TONOXEHNs
pednekTopa

~50 [y 220 B
RS-485 K cucteme ynpaeneHus peconieKTopom
Box 2
T
LWkadh Kopo6ka 1
> ynpasneHus KoMMyHVKaUmMoHHast INEKTPOMEXaHU3MbI
3aﬁpar|0M/ KopoGka 2 ynpanjnenml
3a6panom/cTBOpKamun
CTBOpKamu KommyHMKaLnoHHas =1108
Kopo6ka 3 — =
Box 3
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kad e Box 4
ynpasneuus | _~50 'y 380 B
_._> npusogom [ 7 -
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B0k fatumka <
asumyTa Kynosna Box 7 Box 6 =
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Puc. 4. Tononorna cxembl ynpaBieHUa MexaHU3MaMu Kynona

3JIEMEHTOB, HpOopManoHHast muHa SSI
IaTYukKoB AVM S8 yIriIoBOro IoJIO0XeHUs
pednexropa 1 a1Be KHOMKU BKITIOUEHUS U
BBIKJIIOUEHUST Bceil cucteMbl. OT 3TOTO
mkada nHbopMaIMOHHasI CETh 00pa3yeT
IIBa JTy4ya: K CUCTeMe yIpaBieHust pediek-
TOPOM U K CUCTEMeE YIIPaBJICHUST DIEKTPO-
MexaHu3MaMu Kymodia. [1epBbIM ceTeBbIM
YCTPOICTBOM Ha ITyTU K CUCTEME YITpaBIIe-
HUST 2JIEKTPOMEXaHU3MaMU KyTojia sIB-
nsgeTcd mKad yrapaBieHUsT 3abpaiom/
crBopkamu (Box2), pacmoioxkeHHBII TO-
ke B tomennenuu LITY. Pasmeménnnie B
HEM KOMITOHEHTHI Yepe3 KOMMYTAIIMOH-
Hble KOPOOKHU YIIPaBIISIOT PUBOIAMU 3a-
Opajia u CTBOPOK.

lkad ympaBneHust TPUBOIOM KYIIOTa
(Box3) pacrioioxeH B IMTOAKYOJbHOM T10-
MeleHuu OaiiHu. Ero HasHayeHue —
KOHTPOJIb TIEPETPY30K U YIIPaBIEHUE TO-
nadyeil CUJIOBOTO THTaHUSI K MIKadam
VIIpaBI€HUST IBUTATENIMU. DTU MKaDBI
(Box4, Box5, Box6) ¢ ycTaHOBJIEHHBIMU B
HUX MHBEPTOPAMU U TOPMO3HBIMU YCT-
poMiCTBAaMU pa3MellleHbl KaXIblii HEeTo-

CPEICTBEHHO OKOJIO
(M1, M2, M3).

TaMm ke ycTaHOBJICH OJIOK TaTIYMKa a3u-
myTa Kymoja (Box7), comepxarmmii mmd-
patop, Moaynb ADAM-4053 u gonojHu-
TEJIbHBIN PELYKTOP.

CBOCIO ABUTATEIA

OCOBEHHOCTH
B3AMMOJAENCTBUSA
PEDJIEKTOPA U KYNOIJIA

HarmpasneHust oceil BpallleHuUs1 KyroJa
u pedekropa 3TLL coBmamarot ¢ Hampas-
JICHUSIMU OCE¥i B TOPU30HTAJIbHOI (a3UMY-
TaJbHOW) M 3KBATOPUAJBHOU CUCTEMax
KOODPJMHAT COOTBETCTBEHHO. J{J1s1 yripaB-
JICHUsI KYIOJOM Ba)XKHa TOJIbKO OJHA
3HaYMMasi KOOpAMHATa — a3UMYyT. B cBs31
C 3TUM JUIS1 pelIeHUs 3aa41 CUHXPOHM3a-
LMK KyToJia ¢ pedIeKTOpoM HEOOXOIUM
TepeBo KOOpauHAT pedieKTopa U3 SKBa-
TOPUATILHOI CUCTEMbI KOOPIMHAT B a3M-
MYTaJIbHYIO CUCTEMY KOOPJIMHAT. DTOT T1e-
peXol CoBepIIaeTCss B COOTBETCTBUU CO
CJIEAYIONIMMU U3BECTHBIMU YPAaBHEHUSIMU
[13, 14]:
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Puc. 5. 3aBucumoctb asumyTta A ot yacosoro yrna t gna 06beKToB

C Pa3HbIMU CKIOHEHMAMU

tg (A) = sin (f) / (cos (?) sin () — tg () x

W wenu Kynona

TeOp@TI/I‘-IGCKI/I A3UMYT MOXKET USMCHATLCA

x cos (9)), B mipenenax ot —180 mo +270°, yto ykia-
cos (z) = sin (@) sin (8) + cos (@) cos (8) X  nbiBaercsi B (hU3MUEeCcKUe TPeiesbl yIia
% cos (1), TMOBOPOTA KyToJa.

e A, 7 — a3UMyT M 36HUTHOE PACCTOSIHUE;
¢, & — 4acoBOIi YTOJ U CKJIOHEHHUE;
(0 — IIMPOTa MECTa YCTAHOBKHU TEJIECKOIIA.
ITo 3TUM ypaBHEHUSIM MTOCTPOCHBI 3a-
BUCHUMOCTH a3MMyTa OT YacOBOTO yrja
(puc. 5) 115t 06BEKTOB C Pa3TMIHBIMU CKIIO-
HEHUSIMU s IHMPOThl KpbIMCcKOit acTpo-
(usuueckoii obcepBatopum (44,728°).

B mockocTu Topu3oHTa WHTEpECYIO-
11as1 HaC MOTPEITHOCTh OYIeT paBHA pa3-
HOCTH a3UMYTOB Pe(IeKTOpa A p ¥ KyIIOJIa
Ap (puc. 6: 31ech O — TOUKA PACITIONOXKE-
HUs Habmonatenst, OZ — HarpaB/ieHe Ha
3eHUT). B o01eM cityuae oHa SIBJSIETCS yT-
JIOM MEXITy OTITUYEeCKOl OChIo pedieKTo-
pa OR 1 TUTOCKOCTBIO CePENUHBI TIETH KYy-

Puc. 6. B3aumHoe pacnosioxxeHue onTu4ecKoii ocu pegekropa

nona (OZDAp). Ha3zosém 3TOT yrom x
OIIMOKOI TT0 HATTPABICHUIO.

W3 puc. 6 BUAHO, 4TO OIIMOKA 110 Ha-
MpaBIeHUIO sIBNIsieTcsl Oosee mHpopMa-
TUBHOM, TaK KaK (paKkTUIecKH yKa3bIBaeT
Ha OTKJIOHEHME KYIOoJia OT ONTHYECKON
ocu pednekropa, a He OT e€ TMPOeKIINU Ha
TOPU30HT, TPUIEM
sin (x) = sin (g) sin (o),

e X — OIMOKA I1o HarpaBiieHuto (L ROD),
Z— 36HUTHOE paccTosiHue pedieKTopa, oL —
pa3HOCTb a3UMYTOB pedIIeKTopa 1 KyToya.
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MPOrPAMMHOE OBECNEYEHME
B xome BcecTopoHHETO aHamM3a dKC-

TUTyaTallMOHHBIX TMMOTPEOHOCTEN, YIUTHI-

Bast HEOOXOIMMOCTb 0OECTIEYNTH BBICOKYIO

HaJEXHOCTb CUCTEMBI YTIpaBIeHUs, chop-

MyJTUPOBaH Psifi TPeOOBAHUI K TIPOTpaMM-

Homy obecnieueHuto (I10):

1) BO3MOXHOCTb pabOTHI B MOJTHOCTBIO aB-
TOMATUYECKOM PEXUME;

2)He3aBUCUMOE PyTHOE U aBTOMATU3NPO-
BaHHOE YIpaBJIeHUE KYIOJIOM, 3abpa-
JIOM, CTBOPKaMU;

3)mpenocTaBiieHNe OrMepaTopy Bceil He-
0o6xonnMoit nHGOPMAINKY Kak IJIsT Ha-
BefieHUs pedeKTopa, Tak U IJIsT KOHT-
POJIST COCTOSTHUST CUCTEMBI B TIEJIOM 1 OT-
NIEJTbHBIX €€ COCTABIISIONINX;

4)uckimoueHre NeNCTBUi orepaTopa, Ko-
TOpBIE MOTJIN OBl TIPUBECTU K aBapuii-
HOW CUTyalluu;

5)3ammyck MmporpamMMbl YIIPaBIeHUS Yepe3
cucTeMy ayTeHTU(UKAIIH TTOJIb30BaTe-
JIelt ¢ MHAVBUAYATbHBIMU TTPABAMU J10-
cTyma;

6)3anMCh B KypHAJI BCEX JCCTBUII orepa-
TOpa, COOP CTATUCTUKU TIO IKCTLTyaTa-
LIV CUCTEMBI [UTSI BBISIBIIEHUSI BO3MOX-
HBIX CKPBITBIX TIPOrPAMMHBIX OIIHNOOK,
HEBEPHBIX JMCTBUII oTlepaTopa, OTKa-
30B CUCTEMBI ITPY aBAPUSX U TIP.

Hns co3ganus 10 6buM TpUMEHEHBI
miatopma Microsoft .Net Framework
4.0 1 OCHOBHOI JUIsT He€ SI3BIK TTpOTrpaM-
mupoBaHus — C#. JIJist mocTpoeHMsI Tpa-
uueckoro nHTepdeiica UCTIOIb30BANCS
makeT Windows Presentation Founda-
tion. B 11e;1oM 3T0 12710 BO3MOXHOCTB 32
CPaBHUTEILHO KOPOTKME CPOKU CO3MaTh
OTKA30yCTOWYMBYIO M OIHOBPEMEHHO
IOCTAaTOYHO OBICTPYI0 TIPOTPAMMHYIO
cpejy ¢ JIETKO OCBauBaeMbIM MHTepdeii-
coM monb3oBatensi. Komus skpana guc-
TJiest yIpaBJIsIoNiero KOMIbloTepa, cle-
JIaHHas TIPU HEMHULMATN3UPOBAHHOM
obopynoBaHuMM, HO jatoiias obuiee
MpeaCTaBIeHNE O CPEeNCTBAX MOIb30Ba-
TeJIbCKOTO MHTepdeiica, peacTaBieHa
Ha puc. 7.

Kak BuaHoO, pabouasi 06jacTh sKpaHa
pasaeneHa Ha HECKOIbKO (DYHKIIMOHATb-
HBIX yacTeil. CBEpXy pacroyiOXeHbI Jie-
MEHTBI YIIPaBICHUS CAMOi1 TPOrpaMMOoii 1
MHGOPMALIMOHHBIE TTOJS.

1. KHomka «3aKpbITh» — 3aBeplIeHHE pa-
00TBI. DTa KHOMKA MOCTYITHA TOJIBKO
TpY HepabOoTaIoIIeM aITOPUTME YITPaB-
JIeHUS.

2. [Tepekimouarens «ABTomMat/PydHolii» —
TepeKTIoueHre PeKMMOB paboThl. Pak-
TUYECKU B TIEPBOM DPEXUME CHUCTeMa

YIpaBIeHUsI CTAaHOBUTCS aBTOMATH-
YECKOIf, a BO BTOPOM — aBTOMAaTHU3U-
poBaHHoii. [lepekmiouaTens qocTymneH
TOXE TOJBKO MPU OTKIIOYEHHOM aJro-
pUTME YIIpaBJICHMUSI.

3. Knomnka «[TYCK» — co6¢cTBeHHO 3aITycK
anroputMma yripasieHus. [locne 3amyc-
Ka aJropuTMa OHa TMpeBpaliaeTcss B
kHonky «OCTAHOB» nns ero 3aBep-
meHust. JlaHHas KHOMKA, KaK U mepe-
KJTIo9atesb «ABTomMaT/PydHoii», MOXeT
OBITb HEJOCTYITHA, €CJTU MPOTPaMMHast
cpena He oOHapyXujaa 060pyIOBaHUS,
Heo0X0AUMOTO 1JIs1 paOOTHI.

4. O06mactu ayst BbIBoJga MHGOpPMAIUM O
TeKylIleil raTe/BpeMeHu, MO I0JIMaHC-
KOMY KaJleHIapio, MECTHOM 3BE3THOM
BpeMeHM [14], mpoM3omIeamnx He-
IITATHBIX CUTYalUSIX, & TAKXKE JJIST OTO-
OpakeHUs KOHTEKCTHOU CIPaBOYHOM
nHbopmanuu. lata/BpeMst — 370 hak-
Tudyecku cucremHoe Bpems [1K, neHp
1O I0JIMAHCKOMY KaJeHIapio U MecT-
HOE 3BE3IHOE BPeMsI PACCUUTHIBAIOTCS
Ha OCHOBE aThl/BPEMEHU U JOJTOTHI
pacnionoxenus 3TLL. Bra nuadopma-
1Us JOCTYIHA B 1000 MOMEHT Bpe-
MEHHU.

[Ipu Haxxatuu kHonku «I[1YCK» mpo-
rpaMma MpoBOANT MHUIIMATU3AIUIO BCe-
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Puc. 7. Tpachmueckuit uHTepeiic Nonb3oBaTeNs NPOrpaMMHOro o6ecneyeHms cUCTeMbl ynpasieHus

ro 00OpyIOBaHMS KOHTYpA YIIPaBJICHMUSI,
a B Cllyyae aBTOMAaTHYECKOI pabOThI eIé
OTKPBIBaeT 3a0pajio, a 3aTeM U CTBOPKHU,
[OCJIe Yero HauyMHaeT CUHXPOHU3UPO-
BaTh KyIoJ ¢ pediaekropoM. Ilocie Ha-
xatus kHonku «OCTAHOB» Ha Bce aie-

noaaércsg KomaHja
OCTaHOBa, a B aBTOMAaTU4YC€CKOM PEXUME
CHa4aJjla 3aKpbIBalOTCA CTBOPKH 1 38.6[)8.—
0. Ha kaxxnom atane BeaeTcs IIPOBEpPKa
Ha BO3HUKHOBEHMWE OILIMOOYHBIX WU
aBaprIHbIX COCTOHHI/Iﬁ, u B CJIy4dac I10-

MEHTbI CHCTCMbI

SIBJIEHWST TAKOBBIX TTPOBOJSITCST TIOTIBITKA
SKCTPEHHOTO 3aBEPIICHUS BCEX MPOIIEC-
COB M OTMEHA 3aITycKa aJropuTMa yrpas-
JIEHUSI.

Hwuxe Ha sxpaHe pacroioxeHbl 00a-
CTH, HOCTYITHBIE TOJIBKO TOCJE YCTIell-
HOTO 3amycKa aJlrOpuTMa YIpaBIeHUS.
IlepBas 3 HUX TTpeHA3HAYEHA ST BBI-
BoJa MHGMOPMAIIUU O TEKYIIIEM TTOJT0Xe-
HUM U CKopocTu pedaekropa. UHbOp-
Malus mpencraBieHa B TpEx chepuue-
CKMX CUCTeMaX KOOPAWHAT: MepBOU U
BTOpPOIl 2KBAaTOPUANTBHOW W TOPU3OH-
TaJbHOU TomoueHTpuideckoit. [1pu atom
4acoOBOW yToJ, COOTBETCTBYIOIIAsI CKO-
pPOCTb W TIPSIMOE BOCXOXIEHUE 0TOOpa-
JKaloTCs KaK B TPAaayCHOM, TaK U B 4aco-
BOU Mepe.

Btopas o00nacTh comepXWT OpTraHbI
YIpaBIeHUS KYTIOJIOM, 3a0paJioM U CTBOP-
KaMU, KOTOPbIE JOCTYITHBI TOJTBKO B pyd-
HOM pekruMe ajropuTMa. Tam ke HaXomsIT-
Csl UHAVKATOPBI MUTAHUS U MHANKATOPBI
COCTOSTHUI CUCTEMBI, B TOM YWCJIe 1 aBa-
puiineie. CripaBa BBIBOIUTCS MHpOpMa-
1I¥sT O BEJIMUMHE yTJIa TTOBOPOTA KYToJia 1
00 ommbKe ympaBieHUsT B IByX BapuaH-
Tax — TI0 a3UMYTY, 4TO SIBIISIETCS pa3HO-
CTBIO MEXIY a3UMyTaMu pedhieKTopa 1 Ky-
014, ¥ TI0 HATIPaBJIEHUIO.
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Puc. 8. NepexopHble npoueccbl B HeJIMHEHHON
cUcTeMe ynpaBneHus

Jna 3abpana uW CTBOPOK OpTaHbI
yIIpaBJIeHUs TO3BOJISIIOT 3a/laBaTh Ha-
TpaBjieHre NBUXEeHUS (OTKPHIThH WU 3a-
KPBITh) U OCTAHOBKY B JIIOOOM TTOTOXe-
Huu. [ Kymoja npeaycMOTPeHbl TpU
pexuma paboThl, KOTOPbIE CTAHOBSITCS
JMOCTYITHBIMY TOJTBKO TIOCJIE TIOJAYH TTH -
TaHUS Ha ero mpuBombl. [lepBwIil pe-
XM — «CHUHXpOHUM3aUUs» — TpeaHa-
3HAYEH JIJII COBMEIIeHUS CePeaNHBI I1Ie-
JIA KYTIOJIa C ONITUYECKOU 0Chio pediek-
TOpa, YTO COOTBETCTBYET aBTOMAaTHUe-
CKOMY PeXUMy aJTOpUTMa yIIpaBIeHUS.
Bropoii pexxum — «CKOpPOCTb» — CITYXKUT
IUJIST TIOBOPOTA KYIIOJia Ha HeOoTpeneNeH-
HBII YyTOJI, HO C 3aJJaHHO# CKOPOCTHIO.
Tpetuit pexxuM — «A3UMyT» — UCIIOJIb-
3yeTcs IS TTOBOPOTA KyToJia Ha 3adaH-
HBII YTOJI ¢ MAKCUMaJbHO BO3MOXKHOM
CKOPOCTBIO.

IKCNEPUMEHTANIBHOE
MCCNEAOBAHUE CBOMCTB
CUCTEMBLI YNPABJIEHUSA

Ha puc. 8 mpuBeneHs! pe3ynbTaThl 13-
MepEeHU MePEeXOTHBIX XapaKTePUCTUK CH-
cteMbl. I3Mepsiiach peakiys CCTeMbl Ha
pa3imuHble BeauunHb (0T 1 1o 30°) cTy-
TIeHYaTHIX BXOMHBIX Bo3MyIieHuit. [1o ocu
OpAVHAT OTJIOKEeHA BETMIMHA BBIXOTHOTO
CUTHAJa B YCIOBHBIX eWHUIIAX (HOPMU-
pOBaHHAsl OTHOCUTEILHO BXOIHOTO BO3-
nevictBus). Bpemst oTpaboTKu cucrtemoit
CTYIIEHYATOTO BO3MYIIEHUST 3aBUCUT OT
BEJIMYMHBI BO3MYIIIEeHUsI. XapaKkTep 3TOi
3aBUCUMOCTH yKa3blBaeT Ha HEJTWHEl-
DKCcMoHeHIMATbHAS
(opma mepexomHBIX TTPOIIECCOB TOBOPUT
00 YCTOWYMBOCTH CUCTEMBI B LIETIOM.

O06nacTb 3eHUTA SIBJISIETCS] CAMOM CIIOXK-
HOW /i1 CHHXPOHHOTO IBVKEHUS KYTOJIa
u pecprekropa. DTo 0OBSICHIETCS TEM, YTO
a3uMyTalibHasi CKOPOCTh pediaekTopa
CTPEMUTCST K OECKOHEYHOCTH B TOUKE 3e-

HOCTb CUCTCMHBI.

HUTA (CM. PUC. 5 U OOBEKTOB C BETNYU-
HOU CKJIOHEHUsI, paBHOW IIMPOTE MecTa
YCTaHOBKU Teseckoma). Kymomn, nmes ko-

HEYHYI0 CKOPOCTb BpallleHUsI (CM. CKO-
pOCTh KyTiona Ha puc. 9), oTcTaér ot ped-
JIEKTOpAa. DTO BBI3BIBAET PACCOTTIACOBAHME
LIEHTpa IIeJM KyIoJia U MPOJOJIbHON OCH
TpyOBI pechIeKTOpa B TUIOCKOCTU TOPU30H-
Ta Ha BEJIWYWHY, 3HAUUTEJIbHO TPEBbI-
MIAOIIYI0 5° (CM. TIOTPEITHOCTD IO a3UMY-
Ty Ha puc. 9). OTHaKO MOTPENTHOCTH TI0
HampaBieHuio (puc. 6) B3HAYUTEILHO
MEHBbIIIe U HE MPEBHIIIaeT MAKCUMAaTbHO
TOTTYCTUMYTO TIOTPEITHOCTh CHHXPOHM3a-
MK (CM. TTOTPEITHOCTh TI0 HATIPaBICHUIO
Ha puc. 9). DTo TO3BOIIET UMETh HEeTpe-
PBIBHBIN DS HAOMIONEHUI IS JTIOOBIX
00OBEKTOB.

Iupoxuii crieKTp BO3MOXXHOCTE HOBOM
CHCTEMBI TIO3BOJISIET KOHTPOJIUPOBATH U
uKcupoBaTh pazTMUHBIE TTAapaMeTphl B
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Puc. 10. U3meHeHne MOMEHTOB Harpy3skKu NnpuBoOAHbIX aBurarenei npu NOJIHOM NOBOPOTE Kynosa

TMpOoLIecCe IKCIUTyaTallly TeJIECKOTa, B TOM
YycJie U He CBSI3aHHbIE HATIPSIMYIO C Ha-
omoneHnsIMU. Croa MOKHO OTHECTH YIET
BpeMeHM PabOTHI, KOHTPOJIb IMUTAIOIINX
HAaTpsSKeHUH, TIepepbIBBl B SHEPTOCHA0-
JKEHUW, TEMIIEPATYPHBIE PEXKIMBI PAOOTHI
U MHOTOE fpyroe. B kauecTBe nmpumepa Ha
puc. 10 mpuBeneHs AuarpaMMbl MOMEH-
TOB HArpy3KU 2JIeKTPOABUTATENe i TPUBO-
[1a KyIoJia BO BCEM AMATia30He yTJIOB T0-
BOpOTa. XapakTep dTUX AUarpamMmm 1mo3Bo-
JISIET OI[EHUTh COCTOSTHUE KOHCTPYKIIUU
IMOBOPOTHOTO YCTPOWCTBA, KAYECTBO €TO
PETYIMPOBKY ¥ U3MEHEHMST BO BpeMsI 9KC-
TTyaTalum.

SAKNIOYEHME
IlpennoxeHHast CTpyKTypa aBTOMaTH-
3I/IpOB8.HHOI71 CHUCTEMBI YIIpaBJIICHUA TEIIC-

CKOTIOM TIO3BOJISIET TIPOBECTH PAaOOTHI TIO
3aMeHe CTapoil CUCTEMBI TTOITAITHO, MpaK-
TUYeCKU 0e3 MOoTeph HaOII0NaTeTLHOTO
BpeMeHU. McibiTaHus TIepBOI U3 BHEI-
pénunbix moacuctem ACY 3TLI — cucre-
MBI YIIPaBICHUS JIEKTPOMEXaHU3MaMU
KyTiojla — TIOATBEPIUIN TPaBUIHLHOCTH
MPUHIIATIOB, 3aJI0XXEHHBIX B €€ OCHOBY.
Cucrema ympaBieHUs] 00eCTIeunBaeT BbI-
MOJTHEHNE BCEX TIOCTABICHHBIX 3amad:
CUHXPOHM3AIUHU KyTIoJia ¢ peIeKTopoM,
COKpAaIIeHUsT BpeMeHH CMeHbI HabJionae-
MBIX OOBEKTOB, 3HAUUTEIBHOTO YMEHBIIIe-
HUST dHepromorpedaenus. OHa Takke
CBOJIUT K MUHUMYMY OTIAaCHOCTb OIIINO0Y-
HBIX IeiicTBuil iepconana. Crucrema aKc-
ryatupyetcsa ¢ uroHs 2010 roma 06e3
cboes. @
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