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Pa3pa60TaHa OopurnHa/ibHass MeTogukKa obecneyeHus vAa/ZIeHHOro Aocrtyna K TexHoJ/iornyecKkomy
o6opy.q03aHmo. Mpepno>xeHHble MeToAbl MO3BOJISAIOT KOHTPO/IMPOBaTb TEXHOJ/IOrMYecKue mnpoLecchbl,
ynpaBnaTb OGOPVIJ,OBaHVIEM C NCNOJIb30BaHNEM CETEBbIX TEXHOJIONMI U 06ecnevynTb npu Heob6xoAMMOoCTH

paboTy ycTaHoBKM 6e3 yyacTus onepartopa.

An original method for providing remote access to process equipment is developed.
Suggested methods allow to control processes, to operate equipment with the use of network
technologies and to provide, if necessary, the operation without operator intervention.

OsIB/IeHHe HOBBIX TeXHOJIOTHH 06MeHa JaHHBIMU

IIpeJOCTaB/ISIeT BO3MOXKHOCTD BBIPAOOTKH HOBBIX

IIO/IXO/IOB B CO3/JaHUM CHCTEM YIIPaBIeHUS Tex-
HoJIOTUYeCKUM obopymoBaHHeM. Kmaccudeckas
CHCTeMa yIIpaB/ieHHU s [103BOJIsIeT ¢ TpebyeMol cTere-
HBIO aBTOMAaTH3alM U YIIPABISATh IPOBe/IeHHeM TeX-
HOJIOTMYeCKOro mpouecca. IIpyu 3TomM onepaTop UIH
IIporpaMMHMpyeT IoBefleHHe yHHBEPCaTbHOT0 060py-
NOBaHMS 10/, KOHKPETHYIO TeXHOJIOTHYeCcKyIo 3a/jauy,
WJIM 3aIlycKaeT "3aIlIMTYI0" Ha 3aBOfle IPOrpaMMy JI/Ist
crenMaabHOro o6opysoBaHus. Kak paBUiIo, B 3TOM
caydyae Heob6X0qMMO IPUCYTCTBHE UeloBeKa PSIToM
c obopymoBaHHeM /g ero HaJlafAKHh M KOHTPOJS
paboThl.

OnHaKo, B HACTOsIee BpeMs CyIecTByeT Iie/bli
psn 3a/a4, KOIfa NPUCYTCTBHE OIlepaTopa PsioM C
obopynoBaHHEeM HesKeJaTeJIbHO MM Helleaecoob-
Pa3HO. 9TO MOXXeT OBITh CBSI3aHO C BOIIPOCAMHU IIPOM3-
BOJICTBEHHOM I'MTHeHBI, HaTUYU I BpeJHBEIX GaKTOPOB
IIPOM3BOACTBA, MPOBeeHUS SKCIIePUMeHTaIbHbBIX
HCC/IeIOBAHUH Ha YHUKATbHOM 000pyI0BAaHUH HIIH
obydeHHs MepcoHana. Bce 3Ty 3aauu MOTyT OBITH
pelleHBl IyTeM OPTaHHU3aLUU AUCTAHIIMOHHOIO
JOCTYIa K TeXHOIOTM4eCKOMY 060PyI0BaHHUIO.

JYCTAaHUMOHHBIN AOCTYI, C OGHOH CTOPOHHI,
1103BOJIsIeT yOpaTh YeloBeKa U3 30HBI, IJle ero Ipu-
CyTCTBHE He’XeJaTe/JbHO HJIU OMACHO, a C APYIrou
CTOPOHBI, faeT BO3MOXHOCTb PaCIIUPHUTh KPYT
MOTeHLIMA/JIbHBIX [107b30BaTe/el ITapka YHHUKAJ/Ib"
HOTO Hay4uHOro obopymoBaHUS, IpUobpeTeHUe
KOTOPOIO B IIOCTOSIHHOE BJIaJleHHe HeBO3MOXXHO
WU HellenecoobpasHo.

B maHHOM CTaThe OMMCBIBAETCS CHUCTeMa yha-
JTeHHOTO AO0CTyIa K o60opyLoBaHHIO, CO3aH-
Hasl Ha Kadegpe 3JIeKTPOHHBIX TeXHOJOTHUH
B MamuHoCcTpoeHHuH MITY um. H.5.baymaHa
B XOJe BBHIIIO/JHEHHS TOCYyAapCTBEHHOIO KOH-
TpakTa Ne 16.647.12.2018 ot 25 HOs16ps 2010 roma.
YoaleHHBIH JOCTYII PeaJr30BaH [/ BAKYYMHOMH
MOJY/IbHOHN YCTAaHOBKH HaHeCeHUS OCTPOBKOBBIX
TOHKHUX IIJIEHOK [1].

[IpaKkTH4YecKas LeHHOCTb PabOTBI COCTOUT B TOM,
YTO yAa/eHHBIH JOCTYII II03BO/ISeT IONb30BaTeNllo,
He HMeloleMy O0JBIINX BBIUMCIUTEIBHBIX MOII-
HOCTeH U TeXHHUYeCKHX BO3MOXKHOCTel, IPOBOLUTH
3KCIIePHUMEHTBHI 110 POPMHUPOBAHHIO OCTPOBKOBBIX
TOHKUX IIJIEHOK M HAaHOCTPYKTYP C 11060ro KoM-
[bIOTepa, UMeIOIIero JoCTyI B MHTepHeT.

MOCKOBCKWI rOCYAaPCTBEHHbIV TEXHUYECKUI YH1BepcuTeT M. H.3.baymaHa / Bauman Moscow State Technical University.
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NOCTAHOBKA 3AJJAYU
B xoJ1e 9KCIIEPTHOTr0 aHA/IH3a CUTYalluu B 06J1acTH
IIPOeKTHUPOBAHMS U HCIIOJIb30BAHUS KOMIIJIIEKCOB
yOaIeHHOTO AoCTyma K s1abopaTtopHoMy obopyno-
BAaHUIO OBIJIO YCTAHOBJIEHO, YTO Haubosee pa3BUTO
HaIlpaB/leHUe, CBSI3aHHOe ¢ obeclleueHHUEeM yAaIeH-
HOT0 JOCTYIa K U3MePUTeIbHBIM CPeACTBAM ~ pa3-
JTUYHOTO pofa MUKpocKkomaM. OcobeHHOCTHIO 06e-
CIledeHUs YAATeHHOI0 NOCTyIa K CPeICTBAM H3Me-
PeHUSI SIBISIeTCSI MHTerpaliks pa3paboTaHHOIO IIPo-
H3BOAUTENEeM CIIel[HaJIU3UPOBAHHOIO IPOrpaMM-
HOro obecrie4eHH s C MOAYJIEM yAJIEHHOIO JOCTyIIa
yepe3 KaHaJIbl TOKAJbHBIX CeTel U MHTepHeT, a
TaKske B3aMMOCBS3b C y4ueOHO-METOOUYECKUMHU
MaTepHaJaMHM, II03BOJNSIOINUMU HCIIONb30BaTh
TaKHe KOMIIJIeKCH B 06pa3oBaTeIbHOM IIpoIiecce.
YOaneHHBIN JOCTYI K APYTOMY HCCIeL0BaTeNlb"
CKOMY 060PYLOBAHMIO, B YaCTHOCTHU K BaKyyM-
HBIM TeXHOJIOTHYeCKHUM YyCTAaHOBKAM, HA MOMEHT

Hauasa paboT peann3oBaH He 6B, I09TOMY B X0Zie
BBITIOJTHEHHU I IPOeKTa Heo6X0oMO OBIIO PelIUTh
ClefyoIye 3aJaum:

e JOTUYeCKHU pa3buTtp ob6opymoBaHMEe HA MOACH-
CTeMBI: TeXHOJIOTUYeCKYyI0, 3HeproobecrnevyeHus,
CepBUCHYIO;

« npopaborarh U pOpPMaTH30BATH AITOPUTMEBEL
BBIIIOJTHEHU I TEXHOJOTHYeCKUX [IPOLeCCOB;

+ pa3paboTaTh cUCTeMy yIpaBiaeHUs, obecrneun-
BAIOI[YIO BO3MOXHOCTb IIOJIHOTO KOHTPOJS
Y yIIpaBJIeHHUs BCEMH IIOACHCTeMaMHU obopygoBa-
HHUS, BKJII0Yasl CUIOBYIO 3JIeKTPOHHUKY;

+ paspaboTaTh ClelIHMaTM3HUPOBAHHOE IPOTPAMM-
Hoe obecIledeHUe, II03BONAIOIIEE [10b30BATENIO
IOAK/IIOYAThCS K CUCTeMe yIpaBJIeHHUS depe3
KaHaJIBl CBSI3H 151 KOHTPOJISL U YIIPaBIeHHUS IIPO-
BOAMMBIMH IIPOLIECCAMHU;

+ paspaboraTh uHTepderic monb3oBarens, obecme-
YUBAIOMIKUHI HATASAHOCTD U IIPOCTOTY, C OJHOMU

e development of new data
exchange technologies pro-
vides the opportunity to create

new approaches to control systems
for technological equipment. Classic
control system allows with required
degree of automation to manage the
technological process. In this case
the operator programs behavior of
the universal equipment for a spe-
cific technological task, or starts
the firmware for special equip-
ment. As a rule, in this case, the
presence of a person near the equip-
ment for adjustment and control of
the work is necessary.

However, currently there is a
number of tasks, when the pres-
ence of the operator near the equip-
ment is nondesirable or unreason-
ably. This may be related to hygiene
of work, harmful factors of pro-
duction, the experimental stud-
ies on unique equipment or train-
ing. All these tasks can be solved by
the remote access to technological
equipment.

Remote access on the one hand
allows to move people away from
areas where his presence is unde-
sirable or dangerous, and on the

other hand gives the opportunity to
expand the circle of potential users
of the unique scientific equipment,
the acquisition of which is impossi-
ble or impractical.

This paper describes a system of
remote access to equipment, devel-
oped at the department of Electronic
Technologies in Mechanical
Engineering of the Bauman MSTU
in framework of the state contract
No. 16.647.12.2018 of November 25,
2010. Remote access is implemented
for modular vacuum facility for for-
mation of islet thin films [1].

Practical value of project consists
in the fact that the remote access
allows a user who does not have
high computational power and
technical capabilities, to conduct
experiments on the formation of
islet thin films and nanostructures
with use of any computer that has
Internet access.

TASK DEFINITION

During the expert analysis of the
situation in the field of design and
use of the complexes of remote
access to laboratory equipment,
it was determined that the most

developed area is associated with
providing remote access to mea-
surement tools, different kinds of
microscopes. The feature of pro-
viding remote access to measure-
ment tools is the integration of
developed specialized software
with the module for remote access
via the Ethernet channels and the

Internet, and the interaction with

teaching materials, allowing the

use of such complexes in the educa-
tional process.

Remote access to other research
equipment, in particular, to a vac-
uum processing units, at the begin-
ning of the project had not been
realized, so in the course of the
project it was necessary to solve fol-
lowing tasks:

« Logically partition the hardware
into subsystems: technological,
energy supply and service.

 Development and formalization
of the algorithms of technologi-
cal processes.

« Development of the control sys-
tem that ensures full control and
management for all hardware
subsystems, including power
electronics.
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Fig.1. Scheme of implementation of remote access

CTOPOHBI, U IOJIHBIH KOHTPOJBb HaJ 060pynoBa-

HHUeM, C IPYTOH CTOPOHHEL.

Bce mepeuncieHHBle 3aJaun ObIIM yCHEUIHO
pelleHBbl.

VYEBHO-HAYYHbI KOMMJIEKC

B xone BeIIONHEHUS paboT 6bI coO3laH HHTEpaK-
TUBHBIN y4ye6HO-HAay4YHBIH KOMIIeKC [1-3] - yHHU-
BepcajbHOe pelleHUe C yHKUHUSIMHU yJaJleHHOI 0
AoCTyIa K o6opymoBaHUI0. TeXHUUECKH KOMIIIEKC

COCTOUT U3 YCTAHOBKH 11 QOPMUPOBAHHK S OCTPOB-

KOBBIX TOHKHX IIJIEHOK U HAHOCTPYKTYP, CUCTEMBI

aBTOMAaTH4YeCKOIO yIIpaBJeHHUsS U MHPOPMALMOH-

HOT0 MOAYys, obecrednBamomero HHGOpMaIHoH-

HYIO CpeAy AJs IpoBeleHUs obydyeHUS U HCCIle-

NOBAaHHUM mIpolieccoB GOPMUPOBAHUS IOKPLITUH

Yepes KaHa/Ibl yAa/leHHOIO AOCTYIIaA.

MoJgenp peanu3ally yAAIeHHOIO JOCTYIIA IIpe/-
CTaBJieHa Ha puc.l.

KoMII/IeKC COCTOUT U3 CAeAYIOMKNX OCHOBHBIX KOM-
[IOHEHTOB:

* MOIY/IbHOM YCTAHOBKH HaHeCEeHHUS OCTPOBKOBBIX
TOHKOIIJIEHOYHBIX IOKPBITHH;

* aIIIapaTHOro KOMILIeKca, obecriednBaronero yHK-
LMY CUCTeMbl aBTOMATH4eCKOro YIIpaBJIeHUs yCTa-
HOBKOH U COIIPSIKEHHe ee C TPOrpaMMHBIM obectie-
YeHHeM [JI OPTaHU3AL MU yIaJIeHHOIO JOCTYIIa;

e CHelHMaJIHU3UPOBAHHBIX IPOTPAMMHBIX CPefCTB
115t obecriedeHUs AOCTYIa K 060pyAoBaHUIO yepe3
HHTepHeT.

OYyHKIMOHAJIBHBIN COCTAaB y4ebHOro KOMIIJIEKCA
obecrieurBaeT OCHOBHBIe MeTOABl GOPMHUPOBAHHUS
TOHKOIIJIEHOYHBIX HaHOCTPYKTypI/IPOBaHHbIX IIOKPBI-
THH: TepMHUUecKoe HUCIIapeHHe, MarHeTPOHHOe pac-
IblIeHHe, AYTOBOK Pa3psf U razodpasHoe ocaskJeHUe.

BakyyMHas yCTaHOBKA AJis1 QOPMUPOBAHUS TOH-
KOTIJIEHOYHBIX IOKPBITHH COCTOUT K3 CJIeAyOMUX
OCHOBHBIX 37IeMeHTOB [1]:

* BaKYyMHOM IOACHCTEeMBI, BKIIOYaeH BaKyyM-
HYI0 KaMepy U Cpe[ICTBa obecIiedeHHU st BAKYYMa;

* CHCTeMBI /I 3aKpelaeHUs ob6pa3LoB BHYTPHU
BaKYyyMHOI KaMephl;

« Development of specialized soft-
ware that allows the user to con-
nect to the control system via com-
munication channels for mon-
itoring and control of ongoing
processes.

 Development of user interface
that is intuitive and easy with one
hand, and allows complete con-
trol of the equipment on the other
side.

All these tasks were successfully
solved.

EDUCATIONAL-SCIENTIFIC COMPLEX

In the framework of project, we
developed an interactive educational-
scientific complex [1-3], a universal
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solution for remote access to equip-

ment. Technically complex consists

of the unit for formation of islet thin
films and nanostructures, system of
automatic control and information
unit providing an information envi-
ronment for teaching and research of
coating processes via remote access.

The model of remote access imple-
mentation is shown in Fig.1.

The complex consists of the follow-
ing main components:

+ modular system for formation of
islet thin films;

+ hardware complex, providing the
functions of the automatic control
system and her connection with
the software for remote access;

« specialized software tools to pro-
vide access to the equipment via
the Internet.

Functional structure of the edu-
cational complex provides the basic
methods of formation of thin-film
nano-structured coatings: thermal
evaporation, magnetron sputtering,
arc discharge and chemical vapor
deposition.

Vacuum system for forming a
thin-film coatings consists of the fol-
lowing main elements [1]:

+ vacuum subsystem including a
vacuum chamber and means to
ensure vacuum,

« system for fixation the samples
within the vacuum chamber;
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* CHCTeMBI II0JauX PabouKX ra3oB A/ GOPMUPOBAHUS
Heo6X0/I1MO¥ TeXHOIOTTUeCKOM Cpeibl;

* TeXHOJIOTM4YeCKOH CUCTEMBI, COCTOAIer U3 UCTOUYHH-
KOB MaTepHaJIOB, UCIIO0/Ib3yeMBIX JI/1s1 QOPMHUPOBAHHUS
MOKPBITUH, ¥ 67I0KOB MTUTAHHS HCTOYHHKOB;

* SHepreTHU4ecKOM CHCTeMBI [J1sl TUTAHUS YCTAaHOBKH.
Kaskpast 13 yKasaHHBIX [TOJCUCTEM SIBJISIETCS JIOTH-

YeCKH 3aKOHUEHHOM B MOKeT ObITh 06beKTOM yIIpaBiIe-

HMSI He3aBUCHMO OT Jpyrux. OJHaKo, IPX aBTOMATH3a-

LM HeobXOMMMO YIHUTBIBATh OTPAHHUYEHHU I, KOTOpbIe

ABJISAIOTCS Ha4aAbHBIMH yCJIOBUAMU JJISl 3aI1yCKa U

OCTaHOBKU TeXHOJIOTHMYeCcKHUX IIpolieccoB. Hampumep,

HeJIb3 HAYMHATb OTKAuKY, eC/IM Ha BAKYYMHYIO KaMepy

He yCTAHOBJIEHbI Bce He0OXo i Mble GIaHIIBbL.

HecMmoTpst Ha To 4TO B pabore [4] 115t opMUpPOBaHHUS
OCTPOBKOBBIX TOHKHX I/ICHOK B pe3yJ/IbTaTe IIPOBeJeH-
HOTO aHa/TK3a BEIOPaHbI METO/IbI TEPMUUECKOT0 HCIIape-
HUS U MarHETPOHHOI'O PACIIbl/IeHH I, pa3paboTaHHBII
yueOHO-HayUHBI KOMIIJIEKC I103BOJISeT peasln30BaTh
YeThIPe OCHOBHBIX TEXHO/IOTYeCKUX MeTofa: TepMHUe-
CKOe MCIIapeHHe, MarHeTPOHHOe PacIblieHre, yroBoe
HCIIapeHHe U ra3odpasHoe ocakgeHre, KasKIbIM U3 3THX
TeXHOJIOTMYeCKUX MeTO/IOB IIPH IIPOBe/IeHUH ITpoLiecca
HaHeCeHU S [TOKPLITHU S BBIIIONHSETCS I10 OflUHAKOBOMY
aJITOPUTMY:

* YCTAHOBMUTb 06pasel] Ha I1OJ/I0KKO/IepyKaTelb II0CyIe
Yero IIOCTaBUTE IIOC/IeIHHU B KAMepy;

* YCTAHOBHUTH HEOOXOOUMBIM TeXHOJOTHYECKHUM
HCTOYHHK;

* OTKa4daTbh BaKyyMHYI0 KaMepy 0 [Ipefe/bHOro JaB-
neHUs, obecriedyrBaeMOro BaKyyMHOHN CHUCTEMOM
YCTaHOBKU;

* BKJIIOYHUTH [10f1a4y paboyero rasa u yCTAaHOBUTD aB-
JleHHe B KaMepe B COOTBETCTBUH C TpebGOBaHUSIMHU
TEeXHOJIOTHUH;

* BK/IIOYMTH UCTOYHUK MaTepHasa U BBIBECTH €ro Ha
PEeXHM;

* OTKPBITb 3aC/IOHKY;

* IIPOBECTH IIpoLiecC $OPMUPOBAHHUS [TOKPBITHSI, KOH-
TPOJIKPYSI €ro IIapaMeTPhl B IIPOLiecce HAHEeCeHHU S

* 3aKpBITh 3aCJIOHKY;

* BBIKJIIOYUTH HCTOYHHK;

* OTKJIIOYUTb FA30BYI0 ¥ BAKYYMHYIO CUCTEMBI;

* HAIYCTUThaTMOCHepy B KaMepy;

* CHSTb [IOIJIOKKOZIEpsKaTeIb U U3B/IedYb 06pasel] c HaHe-
CEHHBIM ITOKPhITHEM.

O6LIHOCTh aITOPUTMa GOPMHUPOBAHHUS IOKPBITHS
II03BOJTHJIA YIIPOCTUTD CHCTEMY yIpaBieHus. [Is pas-
HBIX MeTOHdOB CPOPMI/IPOBB.HI/IH IIOKPBITUA OTIHUYUA
COCTOSIT TOJIBKO B peasiM3aliuHU IIOACHUCTEMBI YIIpaBIIe-
HUs 6710KaMU TUTaHUS TEXHOJIOTHYECKUX UCTOUHUKOB.
KaskIbIH TeXHOOTMYEeCKUH UCTOUHHK HUMeeT CBOK 610K
IIMTaHUS U YIIPABIeHUsI, KOTOPbIH OTBeYaeT 3a CBS3b
II0JTb30BaTeIs C CUCTEMOH YIIPaBIeHHsI, O HOBPeMEHHO
SIBJISISICh CBSI3YIOIIKM 3BEHOM MesK/y KOHTPOJIJIEPOM K
TeXHOJIOTHUeCKHM HCTOYHHKOM.

CrefyeT OTMETHTb, UTO HEKOTOpbIE OIIepAL[HH, TAKHe
KaK YCTaHOBKa 06pasLia, MOJIOKKOEPsKaTe sl U UCTOY-
HUKa, He MOTYT ObITh BBIIIOJIHEHBI B aBTOMATHYeCKOM
pesxuMe u TpebyIoT ydacTHs omeparopa. B pamkax
BBIIIOJTHSIEMOH PabOTHI 3TO He IIPe/ICTABIISIeT IIPobieMsl,
a IJIst IPOMBIIIIEHHOT0 060pyJoBaHUS MOXKeT 6BITh
pelleHo HCII0Ib30BaHHEM aBTOMATHYeCKHX 3arpy304-
HBIX CUCTEM.

« system for supply of working gases
for the necessary technological
environment;

« technological system consisting
of sources of materials for forming
coatings, and of power supply;

« energy system to power the
equipment.

Each of these subsystems is logi-
cally complete and may be subject of
control independently of the other.
However, for automation it is neces-
sary to consider the restrictions that
are initial conditions for start and
stop processes. For example, you can-
not start pumping if all the neces-
sary flanges are not installed on the
vacuum chamber.

Despite the fact that in [4] for for-
mation of islet thin films as a result
of the analysis the methods of ther-
mal evaporation and magnetron
sputtering are chosen, the developed
educational and scientific complex
allows to use four main technologi-
cal methods: thermal evaporation,
magnetron sputtering, arc vaporiza-
tion and chemical vapor deposition.

Each of these technological
methods is performed in the same
manner:

« to set the sample on the substrate
holder, and then put the last into
the chamber;

« to set the necessary technological
source;

to pump out the vacuum chamber
to limit pressure provided by vac-
uum system;

to turn on the flow of the working
gas and to set the pressure in the
chamber in accordance with the
requirements of the technology;
to turn on the source of material
and bring it to operating mode;

to open the flap;

to form the coating with control of
process settings;

to close the flap;

to turn off the source of material.
to turn off gas and vacuum
systems;

to fill the chamber with
atmosphere;
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CUCTEMA YTPABIEHNSA

CucTeMa yIpaB/ieHHs YCTAHOBKOM peair30BaHa Ha base
IIPOMBIIIEHHOT'O KOHTPOJLJIepa, 0CO6eHHOCTBIO KOTO-
poro ABgeTCs HaJln4dKe HHTepperca /1 BKIIOYeHH
B JIOKAJIbHYIO BEIUMC/IUTE/IbHYIO CETh C ITepeJadyet JaH-
HBIX I10 ITpoToKos1y TCP/IP. O6MeH JaHHBIMU C KOHTPOJI-
JIepoM MOKET ObITh OCYILIeCTBIIEH I10 [IPOMBIILITIEHHOMY
mpotokony MODBUS.

CucTemMa yIrpasjieHH s [I0IHOCThIO aBTOMaTHU3HpyeT
paboTy BaKyyMHOM IOACHUCTEMBI. JIJIsl 3aITyCcKa OTKAUKH
OIepaTopy AOCTATOYHO JaTh KOMAHIY U JOXKAAThCS
NOCTH KeHHU A Ipelle/IbHOTO AaBleHus. OOHAKO IIPHU
HeoOXOAMOCTH ITPOLIeCC OTKAUKK MOKET 6bITh BBIIION-
HeH B pyYHOM pe>kHhMe. B 3ToM cilydae omepaTop AaeT
KOMaH/bl Ha BK/IIOYEHHEe HACOCOB U OTKPBITHE HJIH
3aKPBITHE KJIAIIAHOB I10 Mepe Heo6X0AMOCTH.

I10CKO/NIBKY OCHOBHBIM Ha3HaYeHHEeM YCTaHOBKH
SIBJISIETCS IIPOBeJIeHHe 3KCIIePHMEeHTAIbHBIX HCCIIe-
IOOBaHUI UIH 1abopaTopHBIX paboT, mpouecc Gpop-
MHPOBAHHS IIOKPBITHS He aBTOMaTH3UPOBAJICS. ITH
paboThl MMeeT CMBICT BBIIIOJHSATD TOABKO AJISI IIPO-
MBIIIIEHHOT0 060PY0BaHH I, KOT/IA TEXHOJIOT K SIBJISI-
eTcs 0TpaboTaHHOM U TpebyeTcsi BOCIIPOK3BOAHUMOCTD
I0/Iy4aeMBbIX TOKPBITHH 0T 06pastia K 06pasiyy. TakuMm
obpa3oM, B HallleM cJiyuyae GOPMUPOBAHUE ITOKPBITHUS
IIOJIHOCTBIO KOHTPOJIUPYeTCsl ollepaTopoM-1abopaHTOM
B I10JIyaBTOMaTH4YeCKOM pekruMe, OmepaTop MOKeT
3amaTh TpebyeMoe JaBleHHe B BAKYYMHOHM KaMepe
WJIM IIOTOK IIOAABAe@MOr0 ra3a, yCTAHOBUTD HaIlPsKe-
HUe Ha HCTOYHUKAX UM TpebyeMoe 3HaUeHHe TOKA.
[TonmepsKaHUe 3aJaHHBIX 3HAUeHUH BO3bMeT Ha cebst
CHCTeMa yIIpaB/IeHH .

OnHOM M3 BasKHBIX GYHKILIUI CHCTeMBI yIIPaBAeHUs
SIBJISIeTCSl KOHTPOJIb IIPAaBUIBHOCTH JI€HCTBUI OIlepa-
Topa. HampuMmep, cucTeMa yrpaBaeHHUs He [I03BOTUT
YCTaHOBUTb TaKoe 3HaueHHe II0TOKa pabodero rasa,
KOTOpOe MpHUBe/eT K IIOBIIIEHHIO JaBAeHUs B BaKy-
YMHOM KaMepe Bblllle pabouero gaBieHHUst Typbomo-
nexynsipHOro Hacoca. C OfHOK CTOPOHBI, 3T0 obecrie-
YMBaeT 3aIIUTy 060PYZOBAaHHUS OT BBIXOZA U3 CTPOSI
H3-33 HEeIIPaBHIbHBIX J€HCTBUH, a C APYTOU CTOPOHHL,
IIpH BBIAUe IPeAyIpeskAAONINX COOOIeHUI MOKeT
HICIIONIB30BAThCS /1 00yUeHH s [TPaBU/IbHBIM IIPHeMaM
paboTsl c 0b0pyIOBAaHHEM.

KpoMe Toro, cucTeMa yIpaBieHHs peannsyeT PyHK-
LIMIO aBapHUIHOIO0 OCTaHOBA, KOTopas obecreunBaeT
rapaHTUPOBAaHHO Oe30MacHBIN PeSKUM BBIKIIOUEHUS
060pynoBaHUSI, IpefOTBPALIAOIIUKI ero BEIXOA U3
CTposL.

CEPBEP YAANIEHHOIO AAOCTYMNA

Ilns obecmedeHHs YyHaJleHHOTLOo MAOCTyIla
K obopynmoBaHMIO b6bla pa3paboTaHa cremuanbHas
IporpaMma - cepBep yAgaJeHHOro goctyma. Obmas
CXeMa OpTraHM3alLlMH yAaJIeHHOIO JOCTYIIA IIPeACTaB-
JleHa Ha puc.2. CHUCTeMa aBTOMAaTH4eCKOro yIIpaBsiie-
HUSI BAKYYMHO! YCTaHOBKOH IO K/TIOYAeTCs K CHCTeMe
yIaTIeHHOr0 IOCTYIIa Yepe3 JpakBep CONpsKeHus (1, 2].
ITocmeIHUI SIBJISIETCSI IIPOMESKY TOUHBIM 3B€HOM MeSKY
obopymoBaHHEM U CepPBepOM yAaTeHHOTO JOCTYIIa.
OH uMeeT YeTKYyIo CleluPUKALIUI0 GOPMATOB KOH-
TPOJIMPYEMBIX U yIPABISIOMUX CUTHAJIOB, depe3
KOTOpBIe B3aHMOJIEHCTBYET C CUCTEMOK yJaJeHHOTO
IoCTyma. Peanmu3anus B3aUMOJIEHCTBHUS C CHCTEMOK

 to remove the substrate holder
and to retrieve the sample with
applied coating.

The coincidence of algorithms
of formation of the coating made
it possible to simplify the control
system. For different methods of
coating, the differences consist
only in the implementation of the
management subsystem for power
supplies of technological sources.
Each source has its own power
supply and management, which
is responsible for communications
with the control system, at the
same time being a link between
the controller and the technologi-
cal source.
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It should be noted that some
operations, such as installation of
sample, the substrate holder and
source, may not be performed in
the automatic mode, and require
operator’s assistance. In the frame-
work of this project it is not a prob-
lem, but for industrial equipment
can be solved using automatic load-
ing systems.

CONTROL SYSTEM

The control system is implemented
on the basis of industrial control-
ler, a feature of which is the inter-
face for connection with the local
computer network using TCP/
IP for data transmission. Data

exchange with the controller can
be implemented by industrial
MODBUS protocol.

The control system completely
automates operation of a vacuum
subsystem. To start pumping the
operator should give the command
and wait for reaching the maxi-
mum pressure. However, if nec-
essary the pumping can be per-
formed in manual mode. In this
case, the operator command to
switch on the pumps and to open
or close valves as necessary.

Since the main purpose of the
facility is to conduct experimen-
tal research or laboratory works,
the process of forming the coating
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Puc.2. Obwas cxema opzaHusayuu ydaaeHH020 0ocmyna K 060py008aHUK0

Fig.2. General scheme of system for remote access to equipment

AaBTOMAaTH4YeCKOTO yIpaBJieHHS CKPBITA BHYTPHU
IpanBepa.

Taxoe pellieHHe 103BO/IsIeT IOK/II04aTh aKTHUECKH
nioboe TeXHOTIOTHMYecKoe 060pymoBaHHUe C CHCTEMOK
yIIpaBaeHH S, HAIIUCAB K HeH JparBep, COOTBETCTBYIO-
MU CIelUUKALNY CUCTeMBI yoAeHHOTO AOCTYIIA,
6e3 M3MeHeHHUsI PyHKIIMOHAJIA IPOrPAMMHOM YacTH
KOMIIJIeKCa. B KauecTBe YCTAHOBKH MOKET BBICTYIIATh
Y BUPTYaJIbHBIA CUMYISTOP 060pyI0BaHHU S, KOTOPBIL
TaK >Ke MOJAK/II0YaeTcs Yepe3 aHaJTOTUYHBIH [PatiBep.
BUPTya/NbHBIK CUMY/ISTOP II03BO/ISIET IIOTHOCTBIO HMH-
THPOBaTb PaboTy, CO3AaBast y II07b30BaTe IS OLyIleHHe,
Oynro oH paboTaet ¢ peasbHBIM 060pyLOBaHHEM. ITOT
BapUaHT He TpebyeT MPUCYTCTBUS ollepaTopa, I103BO-
715ieT OlHOBPeMEeHHO ITPOBOJAUTb HECKOJIBKO BUPTYaslb

HBIX 9KCIIEPIMEHTOB U MOKeT MCII0Nb30BaThCS 15
y4ebHBIX LieJIeH.

IIpu paboTe c obopysoBaHHEM KakK B pesKHMe ya-
JIeHHOT'0 [IOCTyIIa B PeaIbHOM MaciuTabe BpeMeHH, TaK
U B pe>KMMe BUPTYa/IbHOTO CMYJ/ISITOPA Peau3yioTcs
obuire MeTOAMKHU M aJITOPUTMBL 32 UCKIIOYeHHEeM
BBIIIOJIHSIEMBIX BPYyUHYIO Ollepalikii, HallpuMep, yCTa-
HOBKH IIOJIOKKH. JIJISI TAKHX OIEepaIiui CUMYISTOP
IIPOCTO flaeT CUTHA/ O FOTOBHOCTH 060py/IOBaHUS K
pabore.

dakTHYeCKU K CepBepy yaeHHOTro JOCTyIIa MOXKHO
MOAKIIOYUTH TpebyeMoe KOTUYECTBO BUPTYaIbHBIX
CHMYJISITOPOB MJIM YCTAHOBOK. MX KOJHM4eCTBO orpe-
Ie/sieTCsl MOIIHOCTBIO BBIYMCIUTEIBHBIX CPEJCTB U
KaHaJla [lepe/lauy JaHHBIX.

wasn't automated. This makes
sense only for industrial equip-
ment when the technology is
proven, and requires the repro-
ducibility of the produced coat-
ings from sample to sample. Thus,
in our case, the formation of the
coating is fully controlled by the
operator-technician in semi-auto-
matic mode. The operator can set
the desired pressure in the vac-
uum chamber or the flow of gas,
set the voltage at the sources
or the required current value.
Maintenance of preset values will
be undertaken by a control system.

One of the important functions
of the control system is the control

of correctness of actions of the
operator. For example, the con-
trol system will not allow to set
a value of the working gas flow,
which will increase the pressure
in the vacuum chamber above the
operating pressure of the turbo
pump. On the one hand, this pro-
tects the equipment from damage
due to improper actions, and, on
the other hand, the warning mes-
sages can be used for learning cor-
rect methods of working.

In addition, the control system
have emergency stop function,
which guarantees the safe shut-
down of the equipment, which
prevents its failure.

REMOTE ACCESS SERVER

To provide remote access to equip-
ment the special software, the
remote access server, has been
developed. A general scheme of the
remote access is shown in Fig.2.
The automatic control system is
connected to the remote access
system through the driver [1, 2].
The latter is an intermediate link
between the equipment and the
remote access server. It has a speci-
fication of the formats of controlled
signals, through which interact
with the remote access system.
Implementation of interaction with
the automatic control system is hid-
den inside the driver.
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CepBep yZaleHHOIO AOCTYIA, C OJHOK CTOPOHEL,
B3aHMOJEHCTBYeT c 060pyoBaHHEM Yepe3 ApaiBepsl
COTIPSIKeHUSI, a C APYTOM CTOPOHBI, IIPUHUMAET II0J-
KIOYeHH s KJIHeHTOB U3 BHeIIHeH CeTH. B JaHHOU
paboTe HCIIOTB30BAH ABYXYPOBHEBBIH IIOAXO[ K CO3-
OAHUIO CHCTEMBI KOJIJIEKTHBHOTO IOCTYIIA K pecypcam
nabopaTopuu. [IepBbIi ypPOBEeHb ~ JOCTYII K 060pyI0-
BaHMIO BUPTYaJIbHOM J1ab0PaTOPUH Uepe3 TOKATbHYIO
CeTb yHUBepPCHUTeTa, BTOPOH — Yepe3 HTepHeT.

Y4e6HO-Hay4YHBIN KOMIIJIEKC MOKeT paboTaTh B Tpex
pPeXHMax: B PeKUMe JUPEKTUBHOIO yIPaBIeHUS,
yAaJIeHHOT0 JOCTYIIa B pea/lbHOM MaciiTabe BpeMeHU
U B pesKUMe BUPTYaJIbHOI'0 CUMYJISTOPA.

B pesxrMe JUPeKTHBHOIO yIIPaBIeHHUS MI0Tb30BA-
Te/lb HaXOAHUTCSl HEIIOCPeJICTBEHHO Iepe]] yCTaHOB-
KOM, CAaMOCTOSITe/IbHO IIPOM3BOAS BCe NeHCTBHUS. B
3TOM C/Iy4ae aJIFOPUTM U MeTOAHKA B3aKMOJEHCTBHU S
c yue6HO-Hay4YHBIM KOMIIJIEKCOM HHUUYEM He OT/IHYa-
eTcsl OT PaboThI € TI06BIM JPYTUM TeXHOTOTHUeCKUM
obopymoBaHHEM.

B pesxrMe yJaJeHHOTO HOCTYIIa B peajbHOM Mac-
mTabe BpeMeHHU I10/1b30BaTe/b YIIPaB/sieT YCTAHOB-
KOM Yepe3 JIOKA/JIbHYI0 BRIYHUCIUTEIbHYIO CeTh HIU
HHTepHeT. B 3TOM ci1y4ae 0K0JIO yCTAaHOBKU TpebyeTcs
IPUCYTCTBHE OIIePaTopa /s BHIIIOTHEHUS 'PYyUHBIX"
omepanui. [Ipy BOSHUKHOBEHU U BHEIITATHBIX CUTY-
aLlMI WM IIOTePH CBSI3U C I10JIb30BaTe/IeM OIIepaTop
MOXET IlepeBeCTH YCTAHOBKY B IUPEKTUBHBIN PEXKUM
yIIpaBIeHUS.

Ecu B peXkuMe IUPeKTUBHOTO YIIPaBIeHUSs 10130~
BaTe/lb KMeeT BO3MOKHOCTb HCII0/Ib30BaTh 37leMEHTHI
yIIpaBJIeHHUsI, PaCIIOIOKeHHbIe HeIIOCPeACTBeHHO Ha

6y10Kax MUTAHUS, TO B PesKUMe yAAJIeHHOro JOCTyIIa
BCe JeHCTBHUSI OCYIIECTBISIOTCS TONBKO Yepe3 Iepco-
Ha/IbHBIF KOMIIBIOTEP C YCTAHOBJIEHHBIM IIPOrPaMM-
HBIM obecmedeHueM. JIrobass KOMaH/a, MONTy4YeHHAs
yAaneHHO, obpabaTeiBaeTCs B CHCTeMe YIIpaBIeHHUs,
IIpOBepsieTCs Ha IIpe/IMeT KOPPEeKTHOCTH NeHCTBUS U
[lepefaeTcsi B COOTBETCTBYIONIYIO IOJCUCTEMY yCTa-
HOBKH.

B peskxuMe BUPTYaIbHOTO CUMYISITOpPA, KaK OTMe-
YeHO BbILIe, [101b30BaTeNb paboTaeT C UMHUTATOPOM
YCTAaHOBKU M HaJIMUHe olepaTopa He TpebyeTcs.
Jlis mpoBe/leHH sl BUPTYaJIbHOTO 3KCIIEPUMEHTA BO3-
MO>KHO ITOJK/II0YeHHe HeCKOIbKHX I10/Ib30BaTeIeH.

I[Ipu paboTe B peXkHMe y[aJIEHHOTO LOCTYIIA IIOJ-
KJIIOUEHHUS OCYIIeCTBISIIOTCS 6e3 HMCII0Ib30BAHUS
Beb-cepBepa, HAIIpsIMYyIO K CepBepy yAAJeHHOIO
mocTyma. Js MoAK/IIYeHH s He06X0q MO HCII0NIb30-
BaTh CIEI[Ha/bHYIO IPOrPAaMMy ~ "TOHKUH KJIHEHT".
Takoe pelleHHe IO3BOJSIeT YMeHBIIUTh BpeMs
OTK/IHKa cepBepa U obecreuuBaeT Haubonee mpu-
G/IMKeHHOe K pea/ibHOMY PeskUMY yIpaBieHue 060-
pynoBaHueM. TepMHUH "TOHKHN KJAHEHT O3Hadaer,
YTO BCS JIOTHKA PaboTH IlepeHeceHa Ha IPOrpaMMy-
cepBep (II0 TAKOMY IPHUHIIUIIY CTPOSITCS BCe Beb-
Opay3sepsl).

[locne MOAKITIOYEHUs CepBep MepegaeT Ipo-
rpaMMe-KJIHeHTYy OIIMCAaHUe NOCTYIHBIX CUTHAJIOB
AL KOHTPOJISL U YIIpaB/IeHHs 060pyi0BaHUEM, IIPH-
YeM KaKABIA CHUTHAJ CBSI3aH C OIIMCAHHUEM THIIO-
BOTO 3JIeMeHTa 0TOOpaskeHHUS MIU yIPaBIEHUS.
JUJIS1 CUTHAJIOB KOHTPOJISI 9TO MOTYT OBITh UM CJIOBbIE
WJIM CTPe/IOYHble HHUKATOPbI, JUCIIJIEH, CBETOBbIE

This solution allows to connect
virtually any technological equip-
ment with control system by devel-
oping the driver corre-sponding
to the specifications of the remote
access systems without changing
the functionality of the software of
the complex. Instead of real device
the virtual simulator of equip-
ment, which is also connected via
the similar driver, can be used. A
virtual simulator allows to fully
simulate a job, giving the user the
feeling that he is working with
real equipment. This option doesn't
demand the presence of an opera-
tor, allows to conduct at the same
time several virtual experiments
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and can be used for the educational
purposes.

When working with equip-
ment in the remote access mode
in real time and in virtual simu-
lator mode, the same techniques
and algorithms are used with the
exception of manual operations,
for example, of installation of the
substrate. For such operations the
simulator just gives a signal about
readiness of the equipment to job.

In fact, by the remote access
server you can connect the required
number of virtual simulators or
facilities. Their number is deter-
mined by the power of computing
means and the of data channel.

The remote access server, on the
one hand, interacts with hard-
ware through drivers, and on the
other hand accepts client connec-
tions from the external network.
In this project we used a two-tiered
approach to creating a system of
collective access to the resources
of the laboratory. The first level is
access to the hardware of a virtual
laboratory via the local network
of the university, the second one -
access via the Internet.

Educational-scientific complex
can operate in three modes: in the
mode of directive management, of
remote access in real time and in
virtual simulation mode.
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Puc.3. Mumepdelic ynpasneHus 8akyymHol cucmemol ycmaHoseKu
Fig.3. Control interface for vacuum system of facility

MHAUKATOPHI. [IJIsl CHTHAJIOB yIIPABIeHUS UCIIOTb-
3YIOTCSI KHOIIKH, ITAaHe/IH BBOJA YHMC/IOBBIX JaHHBIX
HMJIM UMHTATOPbl 3JIEMEeHTOB yIIpaBIeHHUs THIIA
[I0JI3yHKOB HJIM pydeK peryJIHpoBKH. Bce aie-
MEHTHI yIIPaBIeHUSI UMeIoT QU3HUUeCKHe aHaJIOTH,
HCIIO/Ib3yeMBble IIPH CO3JAHUHU PeaTbHBIX IaHe/leH
ynpaBiaeHHus o60opymoBaHHUeM. ITO CIIOCOOCTBYeT
MHTYUTHBHOMY IOHMMaHHUIO HHTepderica.
IlepeHoc mporecca GopMHUpoBaHUS HHTepderica
[10/Ib30BaTe/sl Ha CepBEpPHYI0 YacTbh II03BOJISIET

HCII0/Ib30BaTh OOIIYI0 KJIHMEHTCKYI IIPOrpaMMy
IJ1sl Pa3/IMYHBIX TUIIOB 060opynoBaHUs. KpoMe Toro,
npu MogudHuKallMU cepBepa HHTepderc A1 Bcex
[oJb30BaTesel, HCIOAb3YIIKUX JaHHOe 060py-
noBaHHe, 0OGHOBUTCS aBTOMAaTH4YeCKH. TOYHO TakK
>Ke peaqTn30BaH NMPUHUHUI GOpMHUPOBAHUS Beb-
CTpaHUI] B UHTepHeTe: MU3MeHeHU s, IPOU3BeJleH-
Hble Ha cepBepe, CTAHOBSITCS JOCTYIIHBI BCeM I10J/1b-
30BaTeIsIM He3aBHCHMO OT TOrO, KaKOM KIHEHT-
CKOM IIPOrpaMMOM OHH I10JIB3YIOTCS.

In the directive management
mode, the user works near the
equipment independently carry-
ing out all actions. In this case, the
algorithm and methods of cooper-
ation with educational-scientific
complex are the same as during
the work with any other processing
equipment.

In the remote access mode
in real time the user controls
the equipment via a LAN or the
Internet. In this case the operator’s
presence near the equipment is
necessary for manual operations.
In emergency situations or in case
of loss of communication with the
user, the operator can work with
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the system in the directive man-
agement mode.

If in the directive manage-
ment mode the user can use the
controls, located directly on the
power supply units, in the remote
access mode all actions are car-
ried out only through a personal
computer with installed software.
Any command received remotely,
is processed by control system,
checked for the correctness of the
action and passed to the appropri-
ate subsystem of equipment.

In the virtual simulator mode,
as noted above, the user interacts
with the simulator of equipment,
and the presence of the operator

is not required. Connection of
several users for carrying out a
virtual experiment is possible.

In the remote access mode con-
nections are made without use
of web servers directly to the
remote access server. To connect,
a special program is needed - a
thin client. This solution allows
to reduce the server response
time and provides the control
of the equipment, which is the
most approximate to real hard-
ware control. The term "thin cli-
ent” means that all the logic is
moved to the server program (on
this principle are based all web
browsers).
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Puc.4. Hmepdelic ynpasneHus mexHonoz2uueckol nodcucmemoll
Fig.4. Control interface for technological subsystem

WHTEP®ENC

[IporpaMMHBIN HHTepderic yuebHO-HAyYHOIO KOM-
IIJIeKca fjaeT BO3MOXKHOCTD KJIMEHTY ITPOBOJUTD IKCIIe-
PHMEHTHI 10 HCC/IeJ0BAHUIO ITpoliecca GOPpMHPOBAHHUS
TOHKOIJIEHOYHBIX IIOKPBITHI (B TOM YHC/Ie U OCTPOB-
KOBBIX HAHOCTPYKTYP). CepBep y/laseHHOro AOCTyIa
HACTPOeH /11 COBMEeCTHOTI'O MCII0/Ib30BaHHU S C TeXHOJIO-
THUYecKOr BaKyyMHOI MOJYIbHOMN CUCTEMOH.
JloruuecKku MHTepdelic Mmonb3oBaTens pa3buUT Ha
Tpu 6710Ka (3aKNIafgKH): yIpaBleHHe [OJTOTOBKOM

YCTaHOBKH K IIPOBeJIeHHIO SKCIIePMMeHTa, yIpaBie-
HUe CHUCTeMOH O0TKauKH U yIIpaBIeHHe TeXHOJIoTHu4e-
CKUMH UCTOYHUKAMH.

HHTepderic IOATOTOBKU K IIPOBeeHUIO0 3KCIIePH-
MeHTa I103BOJIsIeT OTAaBaTh KOMaH/bl Ha YCTAHOBKY
MIOZIJIOKKHU Ha TIOJIJIOKKOJeP>KaTeNlb, IOAI0KKOAepsKa-
Tesls B KaMepy, BEI6OP TeXHONTOTrMUeCcKoro HCTOUHUKA
U er0 YCTAaHOBKY.

HHTepderlic ynpaBleHHUs BAKYYMHOMN CHCTe-
MOM I103BOJIsIeT BK/IIOUATh IIPOLleCC OTKAYKH,

After connecting, the server
sends to the client program a
description of the available sig-
nals for monitoring and control
of equipment, and each signal is
associated with the description
of a typical display item or con-
trol. For control signals it can be
a numeric or pointer-type indica-
tors, displays. For control the but-
tons, panels of input of numeric
data or simulators of elements like
controls sliders or control knobs
are used. All controls have physical
analogues used in the real control
panels for equipment - that pro-
motes intuitive understanding of
the interface.

The transfer of forming the user
interface on the backend allows
to use a common client program
for various types of equipment. In
addition, in the case of modifica-
tion of the server interface will be
updated automatically for all users
who use this equipment. The prin-
ciple of formation of web pages in
Internet is implemented similarly:
changes made on the server are
available to all users regardless of
which software they use.

INTERFACE

The interface of software of the
educational-scientific complex
allows the client to carry out

experiments and research of pro-
cess of formation of thin-film coat-
ings (including of islet nanostruc-
tures). The remote access server is
configured for sharing with the
technological vacuum modular
system.

Logically, the user interface is
divided into three sections (book-
marks): management of the prep-
aration of the unit to experiment,
control of the pumping system
and management of technological
sources.

Interface of preparation to
experiment allows to control the
installation of substrate on the
holder, of substrate holder into the

#5/67 /2016 NANO INDUSTRY



HAHOTEXHO/NOrMn. BAKYYMHASl TEXHUKA

BKJIIOUATh U peryjlupoBaTh nogauy pabouero
ra3a U KOHTPOJIUPOBAaTh laB/leHHe B BAKYYMHOU
Kamepe. /I HaIrASOHOCTH IIPoLlecca OTKAa4YKH Ha
3KpaHe oTobpa’kaeTcss MHEMOCXeMa BaKyyMHOH
CHCTeMBl, Ha KOTOPOH I[BeTaMH I10Ka3bIBAIOTCS
BK/IIOUeHHBIe 3JIeMeHTHI, a Tak>Ke 3aeHCTBOBAH-
Hble BAKYYyMHBIe MaTUCTpanu. MHTepdelic okHa
yIpaB/leHHUS BAKYYMHOM CHCTeMOHU IIpeCTaBlIeH
Ha puc.3.

HHTepderic ynpaB/leHHUSI TeXHOJOTHYeCKOH
IIOCUCTEeMOK [103BOJIsIeT YIIPaB/STh BKIOUYeHHeM
HCTOYHHKA MaTepHaa, perylIupoBaTh ero mapa-
MeTPpBHI, a TaK>Ke YIIPaBIsTh 3aCJIOHKOH, OTCeKa-
IOllled MMOTOK MaTepHasa K MOAJI0KKe OT UCTOU-
HHKa. [I/1s1 KOHTPOJIA Ipoliecca pocTa 0CTPOBKO-
BBIX TOHKHX IIJIEHOK HMeeTCsI OKHO HHAHUKALUH
TYHHEJbHOI'0 TOKa, BOSHUKAIOLIEro B HAHOCK MOM
MOKPBITHH. DTO [103BOJIsIeT B ITpoliecce HaHeCeHU s
KOHTPOJIUPOBATh TOJIIHUHY IIOKPBITUS, Pa3Mepbl
OCTPOBKOB U CTeIleHb 3aIl0JIHeHHS II0BePXHOCTH.
HHTepderc OKHa yIpaBJIeHHs TeXHOJIOTHYeCKOHU
MOJCHUCTeMOM MpeACTaBIeH Ha PUc.4.

BbIBO/bI

B xozie BEINIOJTHEHUS IIpoeKTa pa3paboTaHa opu-
TMHa/JbHasg MeToAHKa obecliedeHU s yaIeHHOIO
JOCTyHa K TeXHOJIOrH4eckoMy obopymoBaHHUIO.
[Ipeno>KeHHBIe MeTOAbI ITI03BOISIOT KOHTPOIH-
POBaTh TeXHOJOTHM4YeCKHe IPOLIeCCHl U YyIpaB-
1Th 060pyIOBaHUEM C HCII0JIb30BAHHEM CETEBBIX
TeXHOJIOTHUH, 0becrIedUTh NPU He06XO0AHMOCTHU
paboty ycTaHOBKH 6€3 ydacTHs olleparopa.

PaspaboTaHHBII yueOHO-HAYYHBIF KOMILJIEKC MOXKET
IPUMEHSTHCS He TONBKO At 06yUeHUs CTYeHTOB,
HO U JI/ISL UCCIeJOBAHHUI U Pa3paboTKHU TeXHOIOTHH.
Bo3MOXHBI 06ydeHHe U JeMOHCTPALIHs YeThIpex Hau-
6osee pacrpocTpaHEHHBIX MeTOL0B GOPMHUPOBAHHUS
HAaHOCTPYKTYPUPOBAHHBIX IIOKPHITUI B BaKyyMe, a
Tak>Ke 0TPaboTKa TeXHOIOTUH U I10400P PEXKHUMOB IJIsI
CYIIeCTBYIOUIMX MeToJ0B 6e3 IoTeph A/l IPOU3BOJ-
CTBa.
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chamber, selection and setup of
technological source.

The interface of vacuum con-
trol system allows to turn on the
pumping process, to turn on and
regulate the flow of the working
gas and to control the pressure
in a vacuum chamber. For better
visualization of the pumping pro-
cess the mimic diagram of the vac-
uum system where colors show the
turned on items and involved vac-
uum lines is used. The interface of
vacuum control system is shown in
Fig.3.

The control interface of the tech-
nological subsystem allows to turn
on sources of material, to adjust its
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parameters, and to control the flap,
which cuts off the flow of material
to the substrate from the source.
For control of the growth process
of islet thin films, a display win-
dow of the tunneling current aris-
ing in the applied coating is pro-
vided. This allows during the coat-
ing process to control the coating
thickness, size of islets and degree
of surface filling. Interface of the
window for sub-system control is
presented in Fig.4.

CONCLUSIONS

In the project, an original method
for providing remote access to
process equipment is developed.

Suggested methods allow to con-
trol processes, to operate equip-
ment with the use of network tech-
nologies and to provide, if neces-
sary, the operation without opera-
tor intervention.

Developed educational-scien-
tific complex can be used not only
for student learning but also for
research and development of tech-
nologies. The training and demon-
stration of the four most common
methods of formation of nano-
structured coatings in a vacuum,
testing of technology and selection
of modes for the existing methods
without loss of production are pos-
sible. [






