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AHaJOTMYHbIE Pe3ylbTaThl MMEIM MECTO IpU MNPOBEJCHUH BXOIJHOTO KOHTPOJS MAJs
CTYACHTOB Maructpatypsl. [Ipuuem HaOdromanach MOJHAsS KOPPESAIMS C Pe3ylbTaTaMH,
MOJIyYUEHHBIMH TPU aHAJINU3€ UTOTOB BXOJHOIO KOHTPOJS AJSi CTYJEHTOB CTapIliUX KypcoB
OakanmaBpuaTa, YTO CBHJETEIBCTBYET O JOCTAaTOYHO CEphE3HOM YpOBHE Mpobiemsl. s
CTYJIEHTOB MarucTpaTypbsl 00O3Ha4YeHHasl MpoOJieMa CYHIECTBEHHO YCIOXKHSAETCS TEeM, 4TO
JOCTAaTOYHO BBICOKHUH MPOLIEHT CTYACHTOB MOCTYIMIINA Ha MAaTUCTEPCKYIO IPOTPaMMy, OKOHUUB
UHOU mpoduib, HA KOTOPOM HE M3ydascs psAl CHEeUHATbHBIX AUCUUIUIMH Onoka «TexHuka
BBICOKUX HampspKeHHi». HeKoTopble CTyIeHThI 3aKaHYMBaJIM OakalaBpuaT B JPYrux ropojaax
W CTpaHax, 4ToO €IIe CUJIbHEe yCyryosser u 0e3 TOoro CIoXHYyI mpobiemy. B aTom ciydae
pe3yabTaThl BXOAHOTO KOHTPOJS OKa3bIBAJIHCh Ja)Xe HIDKE, YeM JUIi YeTBEpTOro Kypca
OakanaBpcKoro nukia. Takue CTYOEHTHI MPU JTOCTATOYHO BBHICOKOM OOIIEM WHXEHEPHOM U
KyJbTYpHOM YPOBHE, MOKa3bIBAIM pe3ynbTaT He Ooiee 5-10%, a B psje ciyyaeB HYyJIEBOU
pe3ynbrar.

Takum 00pa3oM, yCTaHOBJICHO, YTO BXOJHON KOHTPOJIb U TIPUMEHEHHUE €ro pe3yabTaToB B
X0Jle M3Y4YEHHs CIEUUANbHBIX IJUCIHUIUIUH SBiISeTCd BechbMa 3()(PEKTUBHOM TeXHOJIOTHEN
y4eOHOT0 Tmporecca.
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Annotation. One of the ways to solve the problem, to improve the quality of training of
engineering personnel is to use the principles and methods of engineering pedagogy. The
article presents the results of the search for ways to improve the efficiency of the educational
process, for senior undergraduate students in the direction of "Electricity and Electrical
Engineering" by using "technology of synthesis of practical aspects.”

[To omnpeneneHuto OCHOBATENsI WHXEHEPHOW TMemaroruku, mnpodeccopa Anonbda
MernenuHeka, TpeIMETOM WHXCHEPHOM IeJaroruky SIBJISIETCS BCE, YTO HAIPaBICHO Ha
yiaydlieHue OOy4YeHHUs TEXHHYECKUM JUCHUIUIMHAM, W BCE BHUIBl JAESITEIbHOCTU
npernojaBaTess, Kacalommecs Ieseid, copepxkanuss u ¢opm obyuenus [1]. UmxenepHas
NeAaroruka COACPKHUT KaK HHKEHEPHYIO COCTaBJISIOUIYI0, €€ MpodeccHOHAIbHO
OPUCHTHPOBAHHOE COJEp)KaHWE, TaK M JUIAKTHYECKYI0 — METOJOJIOTHIO y4eOHOU
nesTenbHOCTH. [losBIeHNe MHKEHEPHOW MEeIaroruki — 3T0 TpeOOBAaHUE CETOIHSIIHETO THS,
KOTOpO€ 00YyCIIOBIECHO HEOOXOAMMOCTHIO OPTaHMYECKOT0 COUeTaHUs 0Opa3OBaHMs, HAYKH H
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BCE MOCIENYIOMIEH MAEeATEIbHOCTH WHXEHEpa KaK KOMIUIEKCHOW CHCTEMBI, KOTOpOE
oTIpeNieNseT yPOBEHb Pa3BUTHsI O0ILIECTBA B COBPEMEHHOM MUpPE. XapaKTEePHOM 7151 3TOM HOBOU
Y Ba)XHOM 00J1aCTH HAyKU SIBJISIETCS CBA3b TEXHOJIOTUN U, TEXHUYECKHUX HAyK C MEAarorukon u
c cucreMoit oOpa3oBanusi. lH)keHepHas Ielarorvka HareJieHa Ha «TIIOJrOTOBKY CIIELIUAIUCTOB,
peaU3yIONUX WHKEHEPHYIO JIeATEIbHOCTh, U XapaKTEepPU3yeTCs CHeHU(PUUECKUMH LETSIMH,
NPUHIUIIAMH, COJAEpKaHUeM, (popMaMU OpraHU3aluU, METOAAMU M CPEICTBAMHU OOyUYCHHS.
OTUM ONpeeNseTcs €€ CYIIHOCTh, 00BbEKT U mpeaMeT. OObEeKTOM HMHKEHEPHOU MeJaroruku
SIBJIIETCS NI€Aarornyeckasl CUCTeEMa MOATOTOBKHU KaApOB, a MPEAMETOM — IIPOEKTUPOBAHUE U
peanu3anms coaepKaHus MpodhecCHOHaTLHOTO 00pa3oBaHus, GOpM OpraHU3alUHA, METOJIOB U
cpenctB obOydenws» [2]. VHkeHepHas TeIaroruka Kak MpPaKTUYecKas JesSTEIbHOCTh
IIpPEenoiaBaresis TEXHUYECKOTO YHUBEPCUTETA, PEANIM3YyeTCsl HAa OCHOBE COBOKYIHOCTH
NEAArorn4ecKuX TEXHONOTHH. TeXHOIOrnN HENPEPHIBHO U MOCTOSIHHO COBEPILIEHCTBYIOTCH,
0COOEHHO B CBETE 3a/1a4 CO3aHMs HOBBIX ITPOU3BOJICTB U BUA0B MPOMBIIILIEHHOCTH. OTHUM U3
IPUMEPOB HOBBIX TEXHOJOTHH MOAOOHOTO poja siBisercss OuHapHas yekuus [3]. bunapnas
JEKIUS — 3TO Pa3HOBHUIHOCTh YTEHMsI JIEKIMU B opMe uanora JByX IpenojaBaTeneii: npu
3TOM OJIMH M3 HUX IMPOU3BOJCTBEHHHMK (MH)KEHEp), a BTOPOIl IMperoaaBaTeslb TEXHHYECKOU
JTUCIUIUIMHEI (TIeAaror). ABTOPBI MIPUBOIAT P MOJTOKUTENbHBIX TPUMEPOB U CIEJICTBUIN MpU
MOJATOTOBKE CIIEHUAINUCTOB HMHXEHEepHOro mnpopwis. ONbIT NpUMEHEHUs YKa3aHHOU
TEXHOJIOTMH OKa3aJICAd BEChbMA, MTOJIOKUTEIbHBIM, P MPOBEICHNUHN 3aHATUN 110 JUCHUIIIIMHAM
npodmis «TexHuKa BBICOKMX HaNpsHKEHUI» B CTEHAX HIKOJIbI dHepreTuku TITY.

HpyruM, He MeHee >PPEKTUBHBIM MPUEMOM SBIIETCS «TEXHOJIOTHS €AMHOIO LIUKIJIa» WIH
«TEXHOJIOTUSI CHHTE3a MPAKTUYECKHUX aCIeKTOBY». Peub uaer 06 00beAMHEHNH TPAKTHYECKOTO
3aHATHA U JabopaTtopHoil paboThl. PaccMmoTpenue BeneTcss Ha NpUMEpE IHUCHUILIIMHBI
«M3omsuus  ANEKTPOTEXHUYECKOTO O00OpYHOBAaHMS BBICOKOTO HAMpPsDKEHUS», KOTOpas
U3y4aeTcsl Ha 4YeTBEPTOM Kypce OakanaBpuara. Ha mpakTuuecKux 3aHATHUAX CTYIEHTHI pElIatoT
3aJaud HalpaBJICHHBIE HA YMEHHME pPAcCUMTBIBATh Takue (QyHAaMEHTaJIbHBIC JUIsI JAaHHOTO
npoduas MOATOTOBKM TapaMeTpbl, KaK OJJIEKTpUYecKass MPOYHOCTb M BpeMsl KHU3HU
U30JIAIUOHHON KOHCTpYyKIMH. [IpenmonaraioTcst Tak e CeMUHApbl B BUJEC KOH(PEpEHIHH U
KOHTpOJIbHBIE paboThl. JIabopaTtopHble pabOThl MPOBOAATCA HAa PEalbHOM BBICOKOBOJIBTHOM
o0opynoBanuu npu yposHe HanpspkeHuit 10-100 kB. 3agaua takoro pona paboT — HOIYIHUTh
HaBBIKM BBICOKOBOJIbTHBIX HM3MEPEHUH, B PEAIBbHBIX YCIOBHUSIX HCCIEAYS SJIEKTPUUYECKYIO
IIPOYHOCTh PA3JIMYHBIX BUJOB M THUIIOB BBICOKOBOJBTHOW M3osAuuu. HemocpenctBeHHOMY
BBIMIOJHEHHUIO J1abopaTOpHOW padOThl MpPEAIIeCTBYET 3alluTa Mpeablayliel, MoaydyeHue
JI0MyCcKa K TeKylleil paboTe B MUCHMEHHOM BHJIe WM B (opme ycTHOro ompoca. Mupes
npeiaraéMoi TEXHOJIIOTUN COCTOUT B 00bEIMHEHHUH IBYX BUIOB 3aHATHI. PaccMoTpum myTh
peayiM3alliM YKa3aHHOTO MOAXoJa Ha npuMmepe TeMbl «BHemHsas wusomauus». [locne
MPOCITYIIAHHON JIEKIIUU TOCBALIEHHOW OCHOBaM pabOThl M MPHUHIMIIAM KOHCTPYHPOBAHUS
JUHENHON M30JIALMM JIMHUWA AJIEKTponepenad, CTYACHTBl TOTOBATCA IO METOAMYECKHUM
YKa3aHHUAM K BBINIOJHEHUIO COOTBETCTBYIOIIEH pabOThl, TaK Kak OJHO M3 OCHOBHBIX
TpeOOBaHUH — MPUCTYNATH K BHITIOJHEHUIO JTA0OPATOPHOM PabOTHI TOIBKO MPHU IEMOHCTPAITUH
JIOJDKHOTO YPOBHS 3HAHWW. 3aHATHE HAUYWHAeTCs ¢ HedopMalibHON Oecenbl 1Mo Marepuaiam
JeKIIMM M TEeOpeTH4ecKoil dvactu nabopaTopHoil pabotrel. J[lamee, B 3aBHCHUMOCTH OT
MPaBUILHOCTH OTBETOB, B COOTBETCTBUHM C MPOJEMOHCTPHUPOBAHHOW TIIyOMHON 3HaAHUM,
KaX/IOMY CTYJICHTBI BBIAAETCS OMIIET, COEPIKAIINH JBE 33/1a4H, TP PEIICHUU KOTOPHIX HY>KHO
OTpEeAeNUTh JUIMHY IIyTH TOKA YTEUKU U UHBIE XapaKTEPUCTUKHU CHeU(UUHbIE 1151 TUHEHHON
M30JSIHMOHHON KOHCTPYKIMH. Bpemsi, BbIIEIEHHOE Ha TOT 3Tall 3aHATHUSI — OKOJIO 20 MUHYT.
[Tonp30BaHMe CHpaBOYHOM JUTEpaTypol HCKIo4aeTcs. [lanmee cimemyeT mpoBepka B BUIE
orpoca M 00CyXIeHHs. 3aTeM cJeIyeT MEepexoj] K yCTaHOBKe, KOTopas BKJIIOYaeT B cels
TUPJSHABl H30JSTOPOB, BBHICOKOBOJBTHBIA TpaHCPOpPMATOP, H3MEPHUTEIbHBIE NPUOOPHI U
CHCTEMBI yIpaBIIEHUS YCTAaHOBKOI. Bo BpeMs BbIITONHEHNS «1a00paTOPHON» YacTH CTYACHTHI
OpPraHMU3yIOT IOCJIEJ0BATEIbHOCTh NOHU3ALMOHHBIX SIBICHUM, HArJISAHO OLIEHHWBAIOT JJIMHY
KAHAJIOB MEPEKPBITHS M0 NOBEPXHOCTU KOHCTPYKLMH, OLEHUBAIOT YCIOBUS Pa3BUTHUS LENHU
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MPOIECCOB, BEAYIINX K MOTEPE KOHCTPYKIUEH AIEKTPpUUECKON MPOYHOCTH. Clie Iy omuil sTamn

— HCHOCPCACTBCHHO HCCICAOBAHUSA PACIPCACIICHUA HAIPSKCHUA 1O 3JICMCHTAM TUPJIAHOBI,

CBS3aHHBI C CO3JIaHUEM pAa3IMYHBIX YCIOBUN Ha TMOBEPXHOCTH H30JATOPOB, TAKHX Kak

3albJICHUC, 3arpA3HCHUSA, UMUTALUA JOXKIA. Yuactue MPUHUMAIOT BCC CTYACHTHI ITOATPYIIIIHI,

y KaXJI0M CBOEH POJIH U JIOKAIBHOE pactpeiesieHUE «OJDKHOCTHBIX 00s13aHHOCTEY. BaykHbIM

ABJISICTCSA BO3BMOKHOCTD BU3YyaJIU3al[MH BCCX OTAIIOB pa3BUTHUA BHGKTpO(l)I/ISI/I‘ICCKI/IX Mponeccos,

COTPOBOXKAAIOMINX PabOTy M3OJISIUOHHON KOHCTPYKIUHU B PEAIbHBIX YCIOBUAX, IJIA 4YEro

H€O6XOI[I/IM HCTOYHHUK BBICOKOT'O HAIIPSKCHUS. Takoe HaG.HIO,Z[eHI/Ie A0CTATOYHO YHHKAJIbHBIX

U OBICTPOINPOTEKAIOIIUX MPOLECCOB HEBO3MOXKHO peau30BaTh Jlake B  YCIOBUAX

HpOH3BO,Z[CTBeHHOI>'I IMMPAKTUKU Ha SHCPTCTUUCCKOM IPCATIPUATUH. ITocie BrIMOJIHEHUS BCEX

W3MEPEHHM, MPETyCMOTPEHHBIX IUIAaHOM JabopaTopHOM PaOOTHl IIUTEIHHOCTHIO OKOJIO 2

qaCcoB, U O6C}’)KI[€HI/II/I PE3YyIbTAaTOB, BO3BpAIaCMCs K O6CY)K,Z[€HI/IIO 3a4a4, BBIJaHHbIX B HA4YaJIC

3aHATHA U IPo0JIeM, BOSHUKIIUX IPH UX perieHuu. [locie BhIMONHEeHNs U3MEpEHUH peleHne

JaKE YCIOXHCHHBIX IO CPABHCHHUIO C MCPBOHAYAIBHBIM YCJIOBHUECM 3a[d4, KaK IPAaBUJIO HEC

BBI3BIBACT MpoOieM. Takol MONOXKUTEIBHBIN 3P EeKT Bcera HaOMIOAAICs TP BBITOTHECHUH

3QHSATHS 110 OIMMCAHHOM TEXHOJIOTHMH CHHTE3A. 3aBepU1aeTc;1 3aHATUC BBIITOJHCHHUEM PACUYCTOB

1 (haKTUIECKON MOATOTOBKOM, M 3anmuToi otyeTa. Obmee BpeMs — 4 vaca. PaccMoTpeHHBII

nmoaxon pe€ainu3oBbLIBAJICA B AUCHHUIITIMHAX «Dusuka Hp06051 KOHACHCUPOBAHHBIX CpCa» H

«TexHHKa BBICOKMX HANpsKEHU». Pe3ynbTaTel HCCIEOBaHUN Ha OCHOBE aHAIM3a UTOTOB

MPOMCIKKYTOUHOI'O MW HTOrOBOI'0O KOHTPOJIA MNOJHOCTBIO MMOATBCPAWINA TMCPCICKTUBHOCTD

JAHHOTO MOAX0/1a.
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COMPLEX HEAT TRANSFER IN THE THIN-FILM LAYER OF THERMAL
INSULATION
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Annotation. The authors established the values of heat fluxes in the layer of thin-film thermal
insulation in the presence of radiation heat transfer. Comparison of the results of numerical
simulation of heat transfer in a layer of thin-film thermal insulation, performed using a
conductive-convective heat transfer model with the results for a conductive-convective-
radiation model showed a discrepancy between them does not exceed 0,1 %. This is due to
errors in numerical calculations. For this reason, a simpler conductive model of heat transfer
can be used in practical calculations.

M3BecTHO, YTO OCHOBHBIM METOJOM CHHIKEHHUSI TOTEpPh TEIUIOBOM HHEPrud IMpU €€
TPAHCIOPTUPOBKE M XPAHEHHUH SIBIISIETCSA MCIOJb30BaHUE TEIJIOU30JIALIMOHHBIX MaTEPHAIIOB,
OTBEUAIOLIUX COBpPEMEHHbIM TpeboBaHusiM. [logoOHBIMEH  MaTepuamamMu  SIBISIFOTCS





