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CUCTEMbI ABTOMATU3UPOBAHHOI'O OKCIIEPUMEHTA JAJISI UCCJIIEAOBAHUSA
CBOWMCTB NOJIMUMEPHBIX MATEPUAJIOB TPAHCIIOPTHOI'O HABHAUYEHUA
TP BBICOKOYACTOTHOM DJIEKTPOTEPMUH

H. I'. ®ununmenxo, A. I'. Jlapuenko*

WpxyTcknii rocy1apcTBEHHBIA YHUBEPCUTET MyTE COOOIIEHNS
Poccwuiickas @enepanms, 664074, Upkyrckas obnacte, T. UpkyTck, yi. UepHbimesckoro, 15
*E-mail:Larchenkoa@inbox.ru

Ilocneonue oOecamunemus Xapaxkmepuzylomcs HOBbIUEHHOU aKMUBHOCNbIO UCNOIb308AHUS
NOMUMEDPHBIX U KOMNO3UMHBIX MAMepuaios 6 MpaHcnOpmMHOM MAawuHocmpoenuu. B oOauHotul
pabome asmopamu Odaemcsi 0000waOWUL AHAIU3 pAHee CO30AHHLIX CUCMEM  HAYYHBIX
UCCIe008aHUll U  AHATUBUPYIOMCA NPUHYUNLL  NOCMPOEHUS  A8MOMAMUSUPOBAHHLIX — CUCTEM
Hayunoeo uccrnedosanus (ACHHU), nossonswowue pewamv 3a0auu onpeoeieHus napamempos
menioooMena, 31eKmpopuzuieckux napamempos u Gazoevix npespaujeHuti 8 NOAUMEPHLIX U
KOMNO3UMHBIX Mamepuaiax npu 6o3oelicmeuu Ha Hux BY-nons. Aemoper npoodondicarom
uccneoosanus paspabomanuvix ACHU BY xonnexmueom Upl'VIIC, psoda Opyeux HayuHwvlX wKol,
pabomarowux 8  mMOM e  HANpasleHuu,  NOdIMOMYy 8  paMKaAx — annapamuou
yacmu, co30aHHOL SMUMU KOIEKMUBAMU, NPOCMAMPUBAIOMCA KAK CXOdHCUe, MAK U OPUSUHATbHbIE
paspabomku u pewenus. [aemcs ananuz npocpammusix wacmeu ACHHU BY, npeocmasnenHwix
PAOOM MamemMamuieckux mooeneti U KOMNIeKCAMU NnpoepammHozo obecnevenus. Takxum obpazom,
AHANU3 CMPYKMypvl pa3spabOmMaHHbIX CUCHEM HAYYHO20 UCCe008AHUS NO380IAem 2080PUMb O
OuHamuyeckom ee pazeumuu. Pazpabomannvie u npeocmagienHvie 0OJOK-CXeMbl CUCTEM
ABMOMAMUZUPOBAHHO20 IKCHEPUMEHMA U ABMOMAMUZUPOBAHHBIX UCCIe008AHULL  NO38ONAIOM
asmopam  ymeepoicoams,  4mo  CO30aHHble  NOO  ONpeodelieHHble  3a0auu  CUCHEMbl
ABMOMAMU3UPOBAHHO20 IKCNEPUMEHMA NO U3VUEHUIO CBOUCME NOTUMEPHBIX Mamepuanos npu BY-
NeKMPOmMepMuUl, HeCMOmMpPs HA MO YMO BENUCH CAMOCMOAMENbHO U PA3PO3HEHO, UMEIOM eOUHYI0
Mmemoouxa nocmpoerus. Conocmasus pe3yibmamsl UCCIe008AHULL, ABMOPbl 0elaom 861800 O MOM,
umo nocmpoerue komniekcHou cucmemovt ACHU BY nonspHvlx mepmMoniacmuyHulx noIuUMepos 6
Yenom 3a8epuieHo.

Knwoueeswie crosa: cucmemvl A8MOMAMUZUPOBAHHBIX HAYYHbIX UCCE008aHUT,
BbICOKOUACOMHAsL IIEKMPOMEPMUSL, NOIUMEPHBLE UZ0ENUS, MEMOOOJL02US NOCMPOCHUSL CUCTEM
uccneoo8anuil.



AUTOMATED EXPERIMENT SYSTEMS FOR STUDYING THE PROPERTIES OF
TRANSPORT POLYMER MATERIALS IN HIGH-FREQUENCY ELECTROTHERMIA
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15, Chernyshevsky St., 664074, Irkutsk, Russian Federation
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Recent decades have been characterized by increased activity in the use of polymer and
composite materials in transport engineering. In this paper, the authors give a generalizing
analysis of previously created systems of scientific research and analyze the principles of building
automated systems of scientific research (ASSR) that allow solving the problems of determining the
parameters of heat exchange, electrophysical parameters and phase transformations in polymer
and composite materials when exposed to the HF field. The authors continue the research of the
ASSR HF developed by the Irgups team, a number of other scientific schools working in the same
direction.therefore, within the framework of the hardware created by these teams, both similar and
original developments and solutions are viewed. The analysis of the software parts of the ASSR HF
presented by a number of mathematical models and software complexes is given. Thus, the analysis
of the structure of the developed systems of scientific research allows us to speak about its dynamic
development. The developed and presented flowcharts of automated experiment and automated
research systems allow the author to assert that the systems of automated experiment for studying
the properties of polymer materials in RF electrothermia created for certain tasks, despite the fact
that they were conducted independently and separately, have a single construction methodology.
Comparing the results of the research, the author concludes that the construction of a complex
system of ASSR HF polar thermoplastic polymers is generally complete

Keywords: automated scientific research systems, high-frequency electrothermics, polymer
products, methodology for building research systems.

BBenenue. /[Brwkymiel cUJIOl pocTa OTpaciy MOJIMMEPHON MPOAYKIIMHU MO-TIPEKHEMY OCTAETCS
MOCTOSIHHO PAcTyIIUi YpOBEHb >KHM3HMU uejoBeuecTBa. IIpu 3TOM HEOOXOIUMO OTMETUTH, YTO
HENpPEPBIBHBIA ~ POCT  JAEMOHCTPUPYET TPEKJIE BCEro TPAHCHOPTHBIM  CEKTOp  OTpaciu
MAILUHOCTPOCHHUSL.

B coBpeMeHHOM Mupe KOMIAHUM TNOJHUMEPHON MHAYCTPUM CTPOST HOBBIE MOIIHOCTHU
C MUHUMAJIbHBIMU KalUTaJIbHBIMU 3aTpaTaMu OJarofaps UCIOJIb30BAaHHUIO MEPEIOBBIX TEXHOJIOTUH,
MO3BOJIAIOIINX COKPATUTh PACXOJbl YEPE3 CHIKEHUE HOPM pacxojia AJIEKTPOIHEPIUH, U B MEPBYIO
odepellb 3TO OTHOCUTCA K TEXHOJIOTHSAM BBICOKOYACTOTHOM anekrporepmun [1-11]. Opnaxo
BHEJIPEHHUE JTUX TEXHOJOTHH CHAEPKUBAETCS B CBA3M C OTCYTCTBHEM JOCTOBEPHBIX HAHHBIX 00
ANMEeKTPOU3NYECKUX CBOMCTBAX COBPEMEHHBIX MAaTEpPUAIOB, HEOOXOAUMBIX I OpraHU3alid
mpoueccoB  ympamieHus. [losTomy pemieHne  JAaHHOM  MpOONEMBbI  SBISETCS  BaKHOU
HApOHOXO3AMCTBEHHOU 3aa4eil.

B cBs3m ¢ 9THM, Uenbl0 JaHHOW paboOThl SIBISETCS AaHAIU3 CYIIECTBYIOMIMX CHCTEM
aBToMaTtu3alu HaydHbiX wuccienoBanuili (CAHUW) u cucrem aBTOMaTH3alliu SKCIEPUMEHTOB
(CAD) Bo3zelicTBUS BRICOKOYACTOTHON 2JIEKTPOTEPMHUH Ha CBOMCTBa 00pabaTbiBaeMbIX B mosie BY
MOJMMEPHBIX MAaTEPHAJIOB B LIUPOKOM JIMANa30HE TEMIIEPATYP.

Anamm3 cocrosauss CAHU u CAD BY-snexkrporepmuu. B TexHOJIOrMueckux Ipoueccax
00paboTku maactmacc meron BU-HarpeBa, Kak y)ke HEOJHOKPATHO OTMEUANIOCh, SIBISETCS OJHUM U3
HanOosee coBepiieHHbIX. 00 rdexkTuBHOCTH puMeHeHuss BU-HarpeBa cyasar mo BenuduHe (paktopa



JTUJIEKTPUYECKUX [OTepb Marepuana JUAJIEKTPUYECKOM IPOHMLIAEMOCTH &', TaHTeHca Yrja
JIMIICKTPUYECKUX 1MoTeph tgd [1-28]. ABTOpBHI CHCTEMBbI aBTOMATH3UPOBAHHOTO HCCICIOBAHUS 10
OTIPE/ICNICHUIO TUAJIEKTPUYECKOM MPOHUIIAEMOCTH &' M TaHTEHCA YIJIa IUAJIEKTPHUECKUX TOTeph —tgo,
nomuamua-610 mpoBomumu  paboThl ¢ momoulpio Kymerpa E9  (m3meputens 100pOTHOCTH)
PE30HAHCHBIMU METOJaMH JBYX M Tpex m3Mepenmii [Error! Reference source not found.; 29].
OyHKIMOHATbHAS CXeMa M3MEPEHHUH U pacroioskeHrne 00pabaTebiBaeMoro Marepuasa mpecTaBiIeHbl Ha
puc. Error! Reference source not found. u 2, cooTBercTBEeHHO, Iie¢ Ha oOpa3sell MaTepHaa,
MOMEIIIEHHOTO MEXIy IBYMsI OOKIaaKaMu pabouero KoHjaeHcaropa 2 BoszaeiictBoBaio BU-mose.
KonTtponbs Temmeparypbl W OCYIIECTBISUICS mUpoMerpoM 3 U Tepmonapamu TE 4-1. Pacuer
JMJIEKTPUYECKUX TIOKa3aTesel OCYIIEeCTBIISIICS BBIYMCIUTENBHBIM YCTpoiicTBOM 1.

PesynbraramMu  paboThl CTaJM MOJIyY€HHbIE JaHHbIE II0 XapaKTEpHbIM HU3MEHEHUSIM
anekTpodpuznyeckux napamerpon noiauamuaa [1A-6 (¢' u tgd) B 3aBUCUMOCTH OT TEMIIEpaTypBhI.
Tem He MeHee, Jaxke caMu aBTOpPbI B padOTE yKa3bIBAalOT Ha CJIOXHOCTU HCIOJIB30BaHUS TaKOM
CUCTEMBbl HCCJEOBAaHUN IMpH OINpeAeIeHMHM MOMEHTa paclijlaBa Marepuala, CChlUIasich Ha
TPYJHOKOHTPOJUPYEMBIA MPOLIECC, COMPOBOXKIAEMBbIH Ta3000pa30BaHHEM B MOMEHT (Pa30BOro
nepexona. OueBUIHBIE HEIOCTATKH pa3pabOTaHHOTO aBTOMATHU3MPOBAHHOTO HKCIEPUMEHTa
3aKJIIOYAIOTCS TAaKXKE€ B OTCYTCTBHHM CHCTEM IOMEXOYCTONYMBOCTH, a MaTeMaTHuecKas MOJENb, HE
COOTBETCTBYET pEaIbHOM TEXHOJIOTMYECKON CHUCTEME M COCTOMT M3 OJHOIO CJIOSI CBapHUBAEMOTO
Marepuana.

pacder pacuer
g tgd

Puc. 1. dynkunoHanbHas cxeMa U3MEPEHUM |
1 — BEIYUMCIMTENBHOE YCTPOICTBO; 2 — BEPXHSS W HIKHSSI OOKIIaIKU pabodero KOHIeHCaTopa;
3 — OKHa U1l MIUPOMETPHUHU TEMITEPATYPHI

Fig. 1. Functional measurement scheme:
1 — computing device; 2 — upper and lower plates of the working capacitor;
3 — windows for temperature pyrometry

Z7N%

Puc. 1. Pactionoxenue CBapuBacMOro Matepuajia B pa60!{eM KOHACHCATOpE:
1- CBApUBACMbIC MATCPUAJIbI; 2-— SJICKTPOABI



Fig. 2. The location of the welded material in the working capacitor:
1 — materials to be welded; 2 — electrodes

Maremaruueckuii anmapar mojenu BU-narpesa, npemnoxenHbiii aBropamu [Error! Reference
source not found.; Error! Reference source not found.], omuceiBaeT pacnpeneneHue
TEMIIEpaTypbl B TOJIIE TEPMOILIACTA C YIETOM KOHCTPYKTUBHBIX OCOOEHHOCTEN TEXHOJOTHYECKOU
ocHacTku (puc. 3).

Pacuer mnponecca cBapku OCYILECTBISUICS IIyT€M YHCIIEHHOTO PEIIEHUS YpaBHEHUS IpuU
MEPEMECHHBIX 3HAa4YCHUAX V. Hcnonn3oBanmch 3aBUCHUMOCTH, IMMOJIYYCHHBIC PaCUCTHO-
OKCIICPUMCHTAJIbHBIM ITYTCM.

HGI[OCTaTOK HaHHOﬁ CUCTCMbI, KaK W Yy MNPCAIICCTBOBABIIMX AaBTOPOB, CBA3dH TaKKC C
MaTeMaTH4ecKod Mojenplo. Mojens mpereprnena HW3MEHEHHs M ObUla  pacUIMpeHa, HO
paccMaTpuBaeTcs TOJILKO YaCTHBIN Clydail 00pabOTKH, a IMEHHO cBapka. [IpuHIunuaisHas cxema
AKCIEPUMEHTAIbHONW YCTAaHOBKH IIpe/ICTaBjIeHa Ha puc. 4.

B pa6otax [Error! Reference source not found.; Error! Reference source not found.]
HCEAOCTATKH, YKA3aHHBIC B MPCALIAYIINX BAPHAHTAX aBTOMATU3UPOBAHHBIX SKCIICPUMEHTOB, YK€ HC
CTOJIb SABHBI, HO TEM HC MCHEC IPCACTABJICHHAA CAD wumeer OTpaHUYCHHBIC BO3MOXXHOCTH U
MpPUMEHNMa TOJIbKO TIPU HCCIEOBAaHMM TMOJISIpHBIX TepmoruiactoB. [Ipucnocobnenue s
BBICOKOYACTOTHOM 00pabOTKH JIeTajelt mpeICTaBIeHO Ha pHC. 5.

U

Qo

Puc. 2. BeicokouacTOTHas CBapKa JAeTajied U3 IIaCTMAcC B TEXHOJOTHYECKOH OCHACTKE ¢ OJHUM
M30JIMPOBAHHBIM JJIEKTPOIOM, Tae N1, ha — ToMIMHA BEICOKOMOTEHITHATBHOTO U 3a3€MJICHHOTO JJIEKTPOJIOB;
h, — TommuHa n3omAHOHHOro BKIaAbima; | = hy/2 — Tonmmna ceapuBaemMoii geTanu; Xi — KOOpAMHATA
TPAHMUIIBI CIOST; Xs — KOOPAWHATA CBAPHOTO IBA; Y — PACCTOSIHUE OT cBapHOro miBa; U, — HANpshkeHUe Ha
pabodeM KOHIeHCATOpE

Fig. 3. High-frequency welding of plastic parts in industrial equipment with one insulated electrode, where
hi1, hs is the thickness of the high potential and grounded electrodes; h; is the thickness of the insulating liner;
| = ha/2 — thickness of the welded part; x; is the coordinate of the layer boundary; xs is the coordinate of the
weld; y is the distance from the weld; U, is the voltage at the working capacitor

HATPEB BKN
HATPEB OTKN

Puc. 4. IlpuHuunuanbHas cxeMa SKCIEePUMEHTaIbHOU YCTAHOBKHU:



1 u 2 — oOpazen uznenusi; 3 — 3JMEKTPOAbI pabodero KOHAeHcaTopa; 4 — M3OISILMOHHBIA BKIAAbIIT; 5-1 —
aKyCTHUECKHH JaT4uk; 5-2 — aHaioroBo-uu¢poBoii mpeodpazoBarens (ALll); 6 — BolunMciuTENnBHOE
ycTpoiictBo; 7 — BU-reneparop; 8 — amnepmerp aHoaHoro Toka; 9 — knonka «I1YCK»

Fig. 4. Schematic diagram of the experimental setup:
1 and 2 is a product sample; 3 is for electrodes of the working capacitor; 4 is an insulating liner; 5-1 is an
acoustic sensor; 5-2 is an analog-to-digital converter (ADC); 6 is a computing device; 7 is a HF generator;
8 is an ammeter of the anode current; 9 is a “START” button

hy h, | h, hy

Puc. 3. IIpucnocobieHre ajis BBICOKOYACTOTHONW 00pabOTKH JIeTalICH :
h1, hs — ToMIMHA BBICOKOMOTEHIIMAIBHOTO U 3a3€MJICHHOTO 3JIEKTPOI0B; N2 — TONIIMHA H30JSIIMOHHBIX
BKJIabIIIeH; | — TosmHa 00pabaThiBaeMoil (CBaprBaeMoii) 1eTasin; X — KOOPIAUHATA IPAHHUIIBI CIIOS;
Xs — KOOpIMHATA COENMHEHMST; Y — PACCTOSTHUE OT MecTa coennHeHus; U, — HanpspkeHne Ha pabouem
KOHJIEHCATOpE

Fig. 5. Applience for high-frequency processing of parts:
hi, hs are thickness of high-potential and grounded electrodes; h; is the thickness
of the insulating liners; I is the thickness of the processed (welded) part; x is the coordinate of the layer
boundary; xs is the coordinate of the connection; y is the distance from the junction; U, is the voltage
at the working capacitor

boui0 HaliieHo perieHre no OpraHu3aluy pacyeTa U U3MEpPEHUs TeMIepaTyphl Ha MOBEPXHOCTH
Y BHYTPU MaTepHalia U 3allUThl IEKTPOJIOB OT MPo0osi, pean3anus KOTOPOi OCYIIeCTBIIEHA KaK B
anmapaTHO#, Tak U B TPOTPaMMHO-MaTEeMaTHUECKO YacTH CUCTEMBbI UccienoBanus [4; 14; 23].

[Iperepnena usmenenus u anmaparHas yacte ACHU. bpiiu no6aBiaeHbl CHCTEMBI KOMMYTAITUU 1
OJIOKHU yIIpaBJICHHUS.

Tem He MeHee mpeicTaBleHHAs MOJIENb XOTh M pacHIMpUiIa BO3MOXHOCTH TEXHOJIOTHUECKOH
cuctembl (yBEJIMUYEHO JO TISITH CIOEB MaTepuana), HO BO3MOXHOCTb €€ MPUMEHEHUS
OTpaHHYUBAETCS PsiIoM mporieccoB BU-00paboTkH, TaKKMX KakK CBapKa, CyIIKa, aKKIIMMAaTHU3alIHs.

Ocobennocteio padot [Error! Reference source not found.; Error! Reference source not
found.; Error! Reference source not found.] siBisiercs paciipenne BO3MOXHOCTEH HaydHbIX BU-
WCCIIeIOBAaHUM, KacaTelbHO AMAarHOCTUYECKUX IMpoiieccoB. bbuta paspabotaHa maTemartuyeckas
MOJEeNb U3MEPEHHUsI eMKOCTH pabouero KOHJEHCATopa, a TakKe CO3JIaH MPOTPAMMHBIN KOMITJIEKC
pacuera pe3ylbTaTUBHBIX MapaMeTpoB AuWarHocTUpoBaHus (puc. 6) mpu BY-BosnmeiicTBuu B
3aBUCHMOCTH OT (hopM U pazmepoB obpasios [7; 14; 22; 33; 34].

JlanHasi aBTomMaTu3upoBaHHas cucteMa (puc. Error! Reference source not found.) nayunbix
WCCIEIOBAaHUN pacuiupuia BO3MOXKHOCTh M TIEpPEYeHb TEXHOJOTHYeCcKHX ImpoiueccoB BU-
ANIEKTPOTEPMHUU, HO KacaeTcsl TOJIHKO OJTHOTO U3 BUIOB UCCIIEOBAHUI, @ MUMEHHO TUAarHOCTUKH.
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Puc. 6. Untepdeiic mporpammuoro komriekca Aleo HFH

Fig. 6. Interface of Aleo_HFH software complex
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Puc. 7. Uatepdeiic mporpammuoro komiuiekca Aleo-Diagnost

Fig. 7. Aleo-Diagnost software interface

AHanu3 OoAHOW W3 TMOCIeAHMX paboT cHUCTeM HayyHBIX uccienoBanuid [8; 12; 24; 25] mo
M3YYEHUIO B3aMMOCBS3EH ANMEKTPOPU3NIECKUX MMapaMeTPOB ANEKTPOTEPMUIECKOTO 000pyI0BaHUS
U I[IUPOKO TPHUMEHSEMBIX B TPAHCIOPTHOM MAITMHOCTPOSCHUU TOJUMEPHBIX MaTepHalloB
MMOKAa3bIBAET, YTO OBLIU PEIIeHBI PSIJI 3a7a4, HE BXOJUBIIUX B pa0OTHI MPEANISCTBYIONUX aBTOPOB.

brina pa3paboTana maremMaTuyeckasi MOJIENb TEXHOJIOTHYECKO cuctemMbl B 3D mocraHoBKe (puc.
Error! Reference source not found. u Error! Reference source not found.), Bkmovaromieit



U3MEHSIEMOE KOJIMUECTBO 3JIEKTPOAOB, M30JIATOPOB M 00pabaTblBaeMbIX MAaTepHaIOB, a
pa3paboTaHHBII AITOPUTM MO3BOJIMII IPOU3BECTH PACUETHI TEMIIEPATYPHOTO IMOJIS, YYUTHIBAIOIIETO
HarpeB TEXHOJIOTUYECKON CUCTEMBI.

Puc. 8. 3D naTucnoiinas texHoiorndeckas cxema BU-06padoTku.
1-s1 TpyIIa TEXHOIOTMUECKOM CXeMbl: 1 — HU3KOIMOTEHIUAIBHBIHN 3JIEKTPO.T paboYero KOHIEHCATOPa;
2 — uzonsTop; 2-51 rpynma: 3 — oOpadaTeiBaeMBbli monuMep (BHYTPEHHHU UCTOYHKK TeIia); 3-s1 rpyrma;
5 — BBICOKOITOTEHITNATBHBIN JIEKTPOI padodero KoraeHcatopa; 4 — uzomsatop; X, Y, Z — KOOpAMHATHI TPaHUIT
cioes; Up — HanpspkeHue Ha paboyeM KOHJIEHCaTOpe

Fig. 8. 3D five-layer high-frequency processing technological scheme.
The first group of the technological scheme consists of:
1 — low-potential electrode of the working capacitor; 2 — insulator; 2nd group: 3 — processed polymer
(internal heat source); 3rd group: 5 — high-potential electrode of the working capacitor; 4 — insulator; X, Y, Z
are coordinates of the boundaries of the layers; U, is the voltage at the working capacitor

Hawnbonee cucrteMHO-pa3BUTON, HA CETOMHSAIIHUNA JI€Hb, MOXXHO CYHTAaTh IOJIHOIICHHYIO
aBTOMAaTH3UPOBAHHYIO cuUcTeMy HayuHbiXx wucciaenoBanuii (ACHU BY), paspaborannyio B
HNpkyTckOM TOCYZapCTBEHHOM YHUBEpCUTETE TMyTel cooOmenns. OHa Oblla OKOHYATEIHHO
chopmupoBana U 00603HaueHa B paboTax [1; 8; 12; 24-26; 29].

XpoHoJsiornuecku Obutd pa3paboTansl ABa Bapuanta ACHU BY c pasnuyHOM amnmapaTHOMU
4yacTbio. B kauecTBe MCTOYHHMKA JIEKTPOMArHUTHOTO U3IYYEHHS HCIOJIb30BANIACh MPOMBIIIICHHAS
yctaHoBka BU-ob6pabotku Mmomemu VY3I1-2500. Pa3paboTaHHBIE M 3alaTeHTOBAHHBIA OJIOK
aBTOMAaTHU3alMK [4] BBIMIOJIHSI perucTpanuio, o0paboTKy u nepeaayy uadopmanuu. PeannzoBan on
ObLT HA Oa3e mporpaMmupyemMoro koutposiepa ATmega 328.

HeobxomumMo OTMETHTH, YTO JaHHAs CHCTEMa MOMUMO ammapaTHONW 4acTu obOecreduBalach U
MIPOrPaMMHOM COCTaBJISIONICH, COCTOSIICH M3 psifia MPOTPAMMHBIX KOMIUIEKCOB, PEAIU3YIOMINX
ABTOMATU3UPOBAHHOE BHITIOJHEHHE IPOTrPAMM HCCIIETOBAHUSL.

OcHOBHBIE PUHITUIBI TOCTPOCHUS MOJHO(GYHKIIMOHAIBHOH anmapatHoit yactu ACHU BY u ee
CTPYKTypHasi cxemMa JUIsl H3y4eHHs IMpoliecca-TepMOooOpabOTKH TMOJMMEPHBIX MAaTepuaioB
npejacrasieHa Ha puc. 10.

[TpunmunuansHo pabota OnOKa OpraHu3oBaHa CleAyRIMM 00pazoM. OJHOBpEeMEHHO C
BKJTFOUEHHEM BBICOKOYACTOTHOTO T€HEPATOpa, BKIIFOYAIOTCS OJIOK yIpaBieHUs U OJIOK aBTOMAaTH3aIUH.
Jluneitnbrit natunk Xosma [30; 31] u3Mepsier aHOJHBIN TOK BRICOKOYACTOTHOTO reHeparopa (ATBY), a
aKyCTUYECKHUEe JAaTUYUKU PErUCTPUPYIOT YacTu4Hble paspsabl (UP), Bo3HHKarolIHe Ha MOJIMMEpE B
npouecce BU-o6pabotku. Jlanueile mo ATBY u YP nepenarorcs B BBIYHUCIUTENBHOE YCTPOHCTBO
MHUKpPOKOHTpoJuIepa, coOpaHHOro Ha 0a3e nporueccopa «ATmegal» [2].

MUKpOKOHTpOJIIEP TPOU3BOJAUT PACUET BETMUMHBI U3MEHEHHS aHOJIHOTO TOKa, BPEMEHU CYIIKH,
MEXPa3psaTHOTO BpPEMEHH, KOJIMYECTBA YACTHYHBIX pa3psaoB. MoHTax Olloka M JaTYUKOB

ocylIecTBIsUICA 0e3 mepeoOopyioBaHMsl CYLIECTBYIOIIUX dJIEKTpudeckux cxeM BU-yctaHoBok [6;
17; 18; 25; 27].



Wuterpauus snementoB ACY ¢ mpuBszkoil k cxeme BU-obopymoBanust moxenu Y3I1-2500
npejcTaBieHa Ha puc. 11.

TIK

Puc. 9. Cxema aBTOMaTH3MPOBAHHON IKCIIEPUMEHTAIIFHON YCTAHOBKH
IO OIPEJIETICHUI0 aMIIEPOMETPHUYECKOM 3aBUCUMOCTH JHAJIEKTPUIECKUX MTOTEPh
B ITOJIMMEPHBIX MaT€pualiax:
1 — oOpabatbiBaeMbIii 0Opasell; 2, 9 — TeIIo-, JIEKTPOU30JIATOPEI;, 3 — FIEKTPOIBI
pabouero koHAeHcaTopa; 4 — BU-reneparop; 5 — mpucnocobieHre it KOHTaKTHOT'O
Harpesa o0pasiia; 6 — 3JIeKTpoHarpeBaTeIbHbBIN JJIEMEHT; 7 — TepMmornapa; /-1 — repMo-
rmapa-TepMoMerp; 8 — 3aImuTHbBIN 9kpaH; 8-1 — naTunk Toka; 10 — BeurcauTenbHbIN 0J10K; 11-1 — naTuuk
JVHEHHOTO TEIIOBOTO PACIIUPEHUS

Fig. 9. Scheme of an automated experimental setup for determining
the amperometric dependence of dielectric loss in polymeric materials:
1is a processed sample; 2, 9 are heat-electric insulators; 3 is for electrodes of the working
capacitor; 4 is a HF generator; 5 is a device for contact heating of the sample; 6 is an
electric heating element; 7 is a thermocouple; 7-1 is a thermocouple thermometer;
8 is a protective screen; 8-1 is a current sensor; 10 is a computing unit; 11-1 is a linear
thermal expansion sensor



Fig. 10. Block diagram of the ASSR HF hardware:
1 is an automation unit; 2 is a shielding case; 3 is a coaxial cable; 4 is a constant voltage source; 5 is a high-
frequency generator; 6 is an alarm control system; 7 is a generator control circuit; 8 is an actuator;
9 is a linear current sensor; 10 is a computing device; 11 are acoustic sensors for detecting partial discharges;
12 is a computing device; 13 is anti-interference housing; 14 is power supply; 15 is a variable capacitor;
16 is a microcontroller; 17 is a working capacitor

Puc. 10. CtpykrypHas cxema anmapatHoit vactu ACHU BY:
1 — OJ10K aBTOMATH3AIIUH; 2 — SKPAHUPYIOLIHI KOPIYC; 3 — KOAKCHAJIbHBIN Ka0eib; 4 — HCTOUYHUK
MOCTOSTHHOTO HAIPSDKEHUST; 5 — BEICOKOYAaCTOTHBIN reHepaTop; 6 — crcreMa yrpaBlieHHUs CUTHATN3AIINCH;
7 — 11eMb yIIpaBJICHUS TeHEPaTOPOM; 8 — HCIIOTHUTEIBHBIN MeXaHu3M; 9 — TMHEHHBIH
TOKOBBIN AaT4ynK; 10 — BIYHCIUTENLHOE YCTPOUCTBO; 11 — akycTHYecKre TaTYUKU PEerucTparyy YaCTHIHBIX
pa3psaoB; 12 — BEIYMCIUTEIBHOE YCTPOUCTBO; 13 — oMeX 03allUIIeHHBIN Kopiyc; 14 — OJIOK MUTaHUS;
15 — nepemeHHbII KOHACHCATOP; 16 — MUKpOKOHTpOJLIEp; 17 — pabounii KOHACHCATOP

brok ycrpoiicTBa peructpauuu U ynpapieHUs ObUT pealn30BaH CO CIECIYIOIIUMU TEXHUYECKUMU
XapaKTEepPUCTUKAMU:

— KOJIMYECTBO KaHAJIOB U3MEpeHuil — 6;

— u3mepsiemsrii Toxk — 0,01...10 AC, VC;

— u3mepsiemoe Hamnpspbkenue — 100...4000 V AC;

— unrepBan usmepenuii — 0,005 ¢ (Bo3morxHO pacmupenue 1o 8,106 c);

— MaKCUMaJlbHasl MIOTPEITHOCTb u3MepeHus — £1,5 %;

— IIaMATh dHeprone3aBucumas — 64 Ko;

— mutanue —100...380 B VC;

— noTpebnsemMas MOITHOCTh — 50 MA.

Kak ynmomuHanoce Bbie, Hapsny ¢ pazpaboranusiMu ACHU BY komnexkruBom UpI'VIIC, psa
JPYTUX HAYYHBIX IKOJ pabOTaIOT B TOM K€ HaIlpaBlIEHWH, TOITOMY, B paMKax alapaTHON 4acTH,
CO3JAHHOM JSTHUMM KOJUIEKTUBAMHU, IPOCMATpPUBAIOTCS KaK CXOXKHME, TaK WM OpUTMHAJIbHBIC
paspabotkn u pemenus. Ilporpamvubie wyactu ACHM BY Takke mnpeiacTaBieHbl psIoM
MaTeMaTHYeCKUX MOJIeIel U KOMIUIEKCaMU MPOrPaMMHOI0 00ecTiedeHHUs.

Takum o00pa3oMm, aHaaM3 CTPYKTYphl pa3pabOTaHHBIX CHCTEM HAY4YHOTO HCCIEI0BaHMS,
MIO3BOJISIET TOBOPUTH O JHWHAMUYECKOM €€ pa3BUTHUU. Ha ceronHsmHuil A€Hb, CONOCTaBUB
pe3yabTaThl UCCIEN0BAHNN, MOKHO YTBEP)KIATh, UTO MOCTPOEHUE KOMIUIEKCHON cuctembl ACHU
BYU B mwmenom 3aBepmieHo. Kak BHAHO W3 TpEACTaBIEHHBIX HIDKE OJIOK-CXEM CHUCTEM
aBTOMAaTU3UPOBAHHOIO JKCIEPUMEHTa M aBTOMAaTU3UPOBAHHBIX MCCIENOBAHUN, OHU XOTb U



CO3JaBAJIMCh Pa3pO3HCHHO, KOHKPETHO IIOJ OIIPCACICHHBIC 3aJaih, HO BO BCCX pa60Tax
MMpOCMAaTpUBACTCA ONIPCACIICHHAA MCTOANKA ITOCTPOCHUS.

JATHMK TOKA
MocTosHHbI TOK

.|.__

VCNONHUTENbHbIA
MEXAHWU3M

DATUMKN
YACTUYHBIX
PA3PAI0B

MepemeHHbIN TOK

Puc. 11. Unrerpanus anementoB ACY ¢ npussizkoii k cxeme BU ycranosku monenu Y3I1-2500

Fig. 11. Integration of ACS elements with reference to the HF scheme
of the installation of the model UZP-2500

3akaouyenue. TakuM o00pa3oM, aHanu3 CTPYKTYpbl pa3paOOTaHHBIX CHUCTEM HAYYHOIO
HCCIIEIOBAaHUA TO3BOJISIET CAENIaTh BBIBOJ O TOM, 4TOo auHamuueckoe pazButue CAHU u CAD
Pa3IMYHBIMU HAYYHBIMHU IIKOJIAMHU 3JIEKTPOTEPMHUCTOB MPHUBENIO K €AMHOOOPa3HOW METOI0JIOTUU
noctpoenns ACHU BY.

ConocTaBuB pe3ylbTaThl MCCIEAOBAHUN, MOXKHO YTBEPXKIaTh, YTO MOCTPOCHUE KOMIUIEKCHOU
cucrembl ACHU BY nosnsipHbIX TEPMOIUIACTUYHBIX MTOJIUMEPHBIX MATEPHAJIOB B 1IEJIOM 3aBEPIIECHO.
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