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MPaIyKIBIIO 1| MAPKETHIHTaBhIs CTPATarii. J[3s5KyrUbl IIIBIOOKaMy aHaJIi-
3y AMOIIBIA 1 HACTPOAY y CalbISUIBHBIX CETKax 1 Ha IJIAIOYKax 3 BOMI-
TyKaMi, BBIIABENTBEI MOTYIIb JIMIII plaraBallb Ha 3allbIThl ayIbITOPbI
1 BLIHpaS’/J'ISILIL MardbIMbIA HCIaXOIIbI.

Hsrnenssiuel Ha yce mepaBari, HaM Igymaela, IITy4YHBI 1HTO-
JICKT HE 3aMsIHSIC TBOPYBI MajbIxo]l YyajnaBeka, 6o LI He moxka mankam
3pa3yMellb TOHKACIi CTHITIO 1 AIMAIBIHHYIO IIBIOIHIO TBOPA, HE MOXA Jla-
KJIaJHa 3pa3yMellb pIAKIIBII0 YbITauya ¥ BOATYKAX Ha TOH IIi 1HIIIEI TBOD,
a Takcama MertadaprslyHaclb BBIKa3BaHHAY. Tamy BbIkapbicTaHHe 11
¥ BBIJIABEIIKail CIipaBe — riTa HAWMepII naaATpbIMKa i iIHCTPYMEHT st
CHeLBIITICTaY, a He 3aMeHa iX TBOpUail MpaLbl.

VY 1pnbIM, poIis IITyYHAra iHTANIEKTY ¥ MPacoyBaHHI BhIJaBELKAN
MpaayKIbli JOCHILb 3HAYHAS. En namamarae BbIIaBenTBaM IparaBallb
XyTKa, d(heKThIYyHA 1 dkaHaMivHa. Jlymaera, mTo majeinrae pa3Billié
TIXHAJIOTiH Machpelsie YIacKaHaIeHHIO TATHIX Mpardcay.
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UIYYEHUE SNEKTPOOBOPYNOBAHUSA HATPEBA
KNEEBOI'O AMMAPATA KPbILWWKOLAENATEJIbHOIO
NONYABTOMATA
3vi6un A. C.

cTyneHT 3 Kypca 3 rpynmnsl ¢paxynasrera [InM
Bbenopycckuil rocynapcTBeHHbIN yHUBEpCUTET, I. MUHCK

Tpa,D,VILI,MOHHaQ MeToauKa npenogabaHna copepxaHna Ouc-
UMninH No aNieKTpoMexaHnke He Bcerga noocturaet TpeéyeMoro
KayeCtba yCbBO-eHUd MaTepuarna n3-3a ero CJlI0OXHOCTU U He Ha-
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MAoHOCTU d)wsmquKmx ABNEHNNA, NPOTEeKaloLWMmX B INeKTPpU4eCKunx,

MarHUTHbIX N MexaHNU4YeCKnx npoueccax. D,J'Iﬂ NOBbILLIEHNA Ka4ecTBa

06pa30BaTENbHOMO MPOLECCa B YaCTV BOCTIPUSITUS YCBOSIEMOTO

MaTepuana Lenecoo6pasHo BOCMONb30-BaTbCs MPUeMamu UH-

GOPMALMOHHBIX U TEXHNYECKMX CPEACTB Ha OCHOBE KOMMbIOTEP-

HbIX (LIMPPOBBIX) TEXHONOT WM.

Kntouepble cnoea: SJIeKTPOMExXaHWKa, MyﬂbTVIMeJJ,VIVIHoe n3gaHue.

BBenenme. L{ndpoBpie TEXHOIOTHN CO3AATN OOIIMPHBIE YCIOBHSA
WCTIOJIb30BaHUSI B 00pa30BaTEIbHOM MPOIECCe IEKTPOHHBIX H3aHUH,
B KOTOphIX Flash-rexHonorum Bu3yanusupyer KOHCTPYKTHBHOE ITOCTPOE-
HHUE W3y4aeMOro yCTPOUCTBA, €ro Mo3TanHoe (yHKIHOHUPOBAHUE, CXEM-
HBbIE pellIeHHs Y3JIOBYCTpOMCTBa. DTO MO3BOJIAET 3aNNIAHYTh «BHYTpPbHY
ANEKTPOHHBIX CXEM, YTO He MPEOCTaBIIETCS BO3MOXKHBIM B peabHOM
o0bekte. TakuM 00pa3oM, IeIbI0 pa3paboTKH AIMEKTPOHHOTO U3IAHUS SB-
JISIeTCS CO3[aHNue MHTEPAKTUBHOTO KOHTaKTa 00YJarOIIerocs ¢ U3/IaHNEM.

Pa3paboTka WHTEPaKTUBHBIX CPEICTB OOyUEHUS JOJDKHA CIIENO-
BaTh W JMJIAKTUYCCKUM IPHHIIUINAM, TaKHM KaK COJCpPXKaTeIbHOCTD,
JOCTYITHOCTh, HAy4YHOCTH, IOCIENI0BaTeIbHOCTh, HalIAAHOCTh. Heco-
MHEHHO, Ha TMEPBBIN TUIaH BBICTYIAET JOCTOBEPHOCTH Pa3pabOTaHHBIX
MoJleNied 1 MHOTO JPYTHUX acleKTOB y4eOHO-METOAMYECKOTO IUIaHa,
MO3BOJISIONINX HA/IEATHCSA Ha TONY4YeHHE BBICOKOKBAIU(UITUPOBAHHO-
ro pesynbsrara oOyuenus [1]. Takum oOpa3om, co3gaHue AIEKTPOHHBIX
MYJIBTUMEIUHHBIX U3IaHUH SIBISETCS aKTYaIbHBIM.

[Ipenaraemoe Kk pacCMOTPEHHIO MEKTPOHHOE WU3JaHHE MpeaHa-
3HAYEHO ISl HATJISATHOMW TEMOHCTPAIMH YCTPOUCTBA U pabOTHI AIIEKTPO-
o0opy/moBaHMs HarpeBa KJIEEBOTO ammapara KpbIIIKOeIaTeIbHOTO I10-
JyaBTOMara Kak 00beKTa monurpaduieckoro odbopynosanus. B 3amaun
HCCIICNOBAHNUS, BIOXKCHHBIX B MPOAYKT, BXOJSAT HM3YUCHHUE DSJIEMEHTOB
ANEKTPOOOOPYIOBaHUS U UX (DYHKIIMOHUPOBAHHUE TIPH HArpeBe 00bEKTa,
a Tak)Ke OTpeNeleHrne XapaKTepa 3aBUCUMOCTEH TeMIepaTypbl Harpe-
Ba B QYHKINH BpeMeHHU. BhIsBICHNE Pe3ylbTaToOB MMPOBEIACHHBIX 3a7ad
COCTABIISIET MPAKTHUECKYIO 3HAUUMOCTD ATOTO IEKTPOHHOTO W3aHWS.

OcHOBHasi 4acTh. DIEKTPOMEXaHUK B CHITy TpodeccHoHaIbHON
JEeATeNIbHOCTH JIOJDKEH MPOEKTUPOBATh U 00CITYKHBATh 3J1EKTPO0OOpyHo-
BaHHME TEXHOJOIMYECKUX MAaIlUH, BBITOIHAIOMINX OMpPEAEICHHBIN TEXHO-
JIOTUYECKUH TpoIecc, B YaCTHOCTH, TOIUTPaPHIECKOro POU3BOJICTBA.
PaccMoTpum 3T0 Ha MpUMepe KPHITIIKOIEIATeILHOTO TIoTyaBToMara [2].

[omyaBTOMar M3roTaBIMBAET MEPETIETHRIC KPBIIIKH TS KHMKHBIX
0110K0B. Bo Bpemst paboThl Ha OyMa)XHYO 3arOTOBKY BPAIIAOIIMMICS Ba-
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JIMKAMW HAHOCUTCS KJIEH, [OCIe Yero JIUCT TePEHOCUTCS ONeparopoM Ha
BaKyyMHbIH cToir. Ha npokiieeHHy 0 OyMasKHYFO 3aroTOBKY BPYUHYIO YKJIa-
JIBIBAIOTCSI KAPTOHHBIE CTOPOHKH. MallimHa IpUMEHSIETCSI [Tl H3TOTOBJIe-
HUSI JKECTKUX TIEPETUIETHRIX KPBIIIEK JUTS KHUT, aJTbOOMOB U JIOKYMEHTAITHH.
OOmmit BUI KPBIIIKOEIATEIEHOTO TI0JTlyaBTOMAaTa IIPUBE/ICH Ha puc. 1.

Puc. 1. OGmuii BUa KpBIIKOAETATEIHLHOTO TOJIyaBTOMaTa

KprltkonenarensHON MONTyaBTOMAaT MpeACTaBisieT co0or cBap-
HOM Kapkac 2/, ycTaHOBJIEHHbII Ha NoABIKHEIE oropsl 2. Ciesa pac-
Hojaraercsi KJIeeBOd ammapar 2 ¢ yCTpOMCTBOM BBOJA/BBIBOJA JIUCTA,
a crpaBa — BakyyMHas mudta 5. Hax BakyyMHOH IIIMTOW pa3MeElIeHO
YCTPOMCTBO MO3ULMOHUPOBaHUs 4. B KkieeBoM ammapare MpUroTaBiIH-
BaeTcs Kiei ¢ temneparypoit 60 +£5°C, koTopast onpenensercs U KoH-
TPOJMPYETCS PETyIATOPOM Harpesa 9. Bpamaromiyiecs: BalMK1 HAHOCAT
Kiell Ha OyMaxXHBIH JIMCT. CKOPOCTHIO BpalIeHHs KIIEEBBIX BAJIMKOB
(omax = 110 06/MHH) oTIpeAeNIeTCS PETYIIHPYEMBIM JIIEKTPOTIPUBOIOM
IIEPEMEHHOro ToKa /. BBOA M BBEIBOA JMCTa OCYIIECTBISETCS ONEPATO-
pomM BpyuHy!o. JIucT, noanexamuii 00paboTke, MPOXOIUT 1O HATPaBIIs-
IOIEH, TOXOANUT JI0 KIJIEEBOTO BajMKa U BO BPEMs MTPOXOXKICHUS MEXKITY
HaIpaBJIAOIIEN U TPUKUMHOM MIIACTUHOW PaBHOMEPHO MTPOKJIEUBAETCS.
[IpokseeHHBIH TUCT yKIaAbIBaeTCS Ha paboumii CTON U (UKCUpPYeTCs Ha
HEeM Ui JanbHeHIIel paboTel BaKyyMOM, KOTOPBIA MOMAETCS HOXKHOM
nepansio 22. [lepennéTHast KpbllKa H3rOTaBINBAETCS B CEKIMH, COCTOS-
el 13 BaKyyMHOTO CTOJIa M yCTPOICTBA MO3UIIMOHUPOBAHHUS (KOHCOJIb,
pamKa u ynop). PaccTostHusSL MeXIy 3TUMH 3JI€MEHTaMU OIpeaesercs
pasMepaMy MeperiéTHONW KPBIIIKK Wi OyMakHOW 3aroToBKH. Bpems
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BKJIIOYEHHS U OTKJIIOYEHHS HarpeBa Kiies MOXKET YCTaHaBIMBaThCS Olle-
paTopoM 3a0IaroBpeMEHHO C TIOMOIIBIO HeleapHOoro TaiiMepa /5. Ilpu
9TOM OIlepaTop HE TPaTUT BpeMs Ha OXHJaHUE pa3orpeBa Kies U BO-
BpeMsl HauyMHaeT paboTy. DIeKTpoobopyaoBaHKe BKIIOYAET B ceOsl pe-
TYJIMPYEMBIH 3JIEKTPOIPUBOJ, B COCTAaB KOTOPOTO BXOAUT ABUTaTens M1
momHocThio 0,62 kBT, mpeoOpazosatens yactotsl (ATV08 HUISM?2)
¥ PEryIsTop CKOPOCTH K/IeeBOTO Bauka /7 (R ); ABHraTesb KoMIpec-
copa M2; HarpeBareibHble 3MEMEHTHl EK (Rﬂarp) MOIIHOCThIO 4 KBT;
BBOJIHOM BO3AYIIHBIN BhIKIIo4Yarens 7 (QF1); BO3MylIHbIE BBIKIIOYATE-
m QF2; OF3; QF4; QF5. B cuty oTcyTeTBus Ha Kadeape paccMaTpu-
BaeMOI0 HOIUrpapUIECcCKOro 00OPyAOBaHUS ISl CO3JAHUS €r0 OIpelie-
JICHHOW BU3yaJH3allii U aHUMAaUH (QyHKIIHOHUPOBAHHS KOHCTPYKIUU
KPBIIIKOJICTIATEILHOTO MOJTyaBToMaTa ObUT pa3paboTaH BHICOPOIHUK.

B cuiy Toro, 4ro MHOTHE TEXHOJOTHYECKHE MpOIEeCChl MOJH-
rpapuuecKoro MpOU3BOACTBA BBIMIOJHSIOTCS TPH HarpeBe: CyIIka 3a-
MeYaTaHHOTO OTTHCKA B MEYaTHBIX MalIMHAX, JJAMUHUPOBAHHE, HarpeB
KJIEEBBIX PacTBOPOB, TEPMOCTATUPOBAHME KPAcOYHOrO ammapara, Tep-
MO3aKperieHue n300paKeHUsI Ha OTTHCKE U T. 1I., pa3paboTaem 3Jek-
TPOHHOE U3aHuE 00OOIEHHOTO aBTOMATHYECKOTO YIIPABJICHUS TEMIIC-
parypoii HarpeBa oObEeKTa B KadyecTBe JJabOpaTopHO paboOTHI 10 Kypcy
«2nexTpoobopynoBaHUe MOTUTPahUUIECKUX MaIIMH» HAa OCHOBE KOM-
neI0TepHOI rpaduku u Flash — texaonoruii [3, 4]. TutynpHast cTpaHuIa
YKa3aHHOTO 3JIEKTPOHHOT'O U3/eNHsl Ha puc. 2.

NABOPATOPHAN PAGOTA:
WEYHEHINE YOTPORCTEA M MPUHLMIA
AERCTAMA CHNEMbI HATTESS OFLERTA

Puc. 2. TutyneHas cTpaHuIa 1adopaTopHOi padboTh!

OHa comep XUT CTaTHIECKYyI0 MH(POPMAIIUIO O TPUHAIC)KHOCTH
pa3paboTaHHOTO MPOJAYKTAa K COOTBETCTBYIOIIEMY YHHBEpCUTETY, (a-
KyJIBTETY, Kadeape ¢ COOTBETCTBYIOIIMMHU Jiorotunamu. Kpome storo,
0003Ha4YCHBI TeMa pa0OTHI M KHOIIKA ¢ a00peBuarypoit IIM (anekTpoo-
Oopy/oBaHKE TONUTPAPUUECKUX MAINH), KIUKaHHEM M0 KOTOPOH Kyp-
COpPOM B BH/IE PYKH JICBOH KJIABUIIICH MBIIIN (TEXHOJIOTHS HABUTAIIUH 110
AJICKTPOHHOM JTab0opaTopHOi paboTe) 00yUarOIIMICS TIEPEXOAUT K MEHIO
(puc. 3) u BEIOUpaeT pazaen «NeKTPOHHBIH cTeH » (puc. 4).
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Cexums 7. CtygeHyeckas Hayka 4

Puc. 3. Mewro nabopatopHoii paboTsI

Puc. 4. PaGouee OKHO 3JIEKTPOHHOTO CTEH/IA

OTtkpeiBaeTcsi pabodee OKHO CTEHIA C OKHOM KOMMEHTapHs
0 JanpHeleM nelcTBuM. BrIMonHsAeTcs yka3aHHOE JEHCTBUE HaBene-
HUEM Kypcopa B BHJIC PyKU Ha MKOHKY U KIIMKaHUEM JICBOW KJIaBHIIICH
™Mby, [TosBiiseTcs OKHO Havyasio paboThI CO CXeMOM Ha pHcC. S.

Puc. 5. Crpanuia Hayana aHUMAIMOHHOTO (DYHKIIMOHUPOBAHHUS CXEMBI
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B nmanpHeiimem 00y4aromMiCs BBIMOIHICT HEOOXOMUMBIC JCH-
CTBHS 110 M3YYEHHUIO CXeM 3ieKTpoobopynoBanus. [lo okoHwaHnio oH
BO3BpAIIACTCS B MEHIO U MOCJIEAOBATEIBHO BBITIOIHSAECT OTYET IO MPO-
BEJICHHBIM UCCIIEIOBAaHUAM (KJIHKAET 10 NKOHKe « ColepikaHue 0TYEeTa)
1 3HAKOMHUTCSI C KOHTPOJIBHBIMHU BOIIPOCAMH, Ha KOTOPBIE CIEAYET NaTh
MpaBUIbHBIC OTBETHI NP 3alIuTe JabopaTopHOH padoTHI (KIUKAeT Mo
nkoHKe «KOHTpOIBHBIE BOIIPOCHI»).

3akiaouenne. OLeHUBas CO3MAHHOE JJICKTPOHHOE HM3IaHHE Ha
OCHOBe KoMmmbIoTepHOU Tpaduku u Flash — Texnomoruit, Mo>xxao cdop-
MYJIMPOBATh CIEAYIOIIUE BBIBOABI:

— MYJIBTUMEIUKUHBIE TPOTrPaMMBI [IO3BOJIFOET IIPH U3JI0KEHUHU Ma-
TepUualia AUCUUIIMHBI BU3yaJIU3UPOBATh ONPENEIICHHBIE CTOPOHBI TEX-
HAYECKHUX TPOIECCOB, OCOOCHHO B JTa0OPAaTOPHOM IHKIIE, KOTOPhIE 00-
YYAIOMIHICS He MMEET BOBMOKHOCTH YBHIIETh Ha (DHU3UIECKOM OOBEKTE
(mammpumMep, MpoTeKaHUe TOKA IO MPOBOIHUKAM H T. 11.);

— DJIEKTPOHHBIA MYJbTUMEIUUHBIN MPOAYKT OKa3bIBAET lieJICHA-
MpaBJIEHHOE BIUSHKUE B CTOPOHY MOBBIIICHUS KaueCTBa MOJTOTOBKU 00-
YYarolerocs;

— paspabortanHas jaboparopHas padota «l3ydyeHue 3mekTpoobo-
PYIIOBaHUsI HarpeBa KJIEEBOTO alllapara KpPBIIIKOAEIATEIbHOTO IOTyaB-
TOMaray» 1o Kypcy «NeKTpooOOpyAOBaHNE TONMUTPAPHUSCKUX MAIITHH»
JIaeT BO3MOXKHOCTh 00y4JaroIeMycst HaryIsTHO Ha SKpaHe MOHHUTOPA O3Ha-
KOMUTBCS C AJIEMEHTaMH 3JICKTPOOOOPYI0BAHUSI U MX B3aUMOJICHCTBUEM;

— BH3yaJM3alus M3y4aeMoro oObeKTa CIIOCOOCTBYET 3aKperie-
HUIO MaTepuas B TaMsITH 00y4aromerocs.
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