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OCOBEHHOCTM PEAJIM3ALMM MOAXOAA
K MOCTPOEHMIO MATEMATUYECKOM MOAE/IM TEXHUYECKOTO OB BEKTA

B HacToAllee BpeMa ABNSAETCA aKTyaslbHbIM Ja/ibHENMLLIEE COBEPLUEHCTBOBAHME METOAUKM
npenojaBaHUa AMUCLUMIIMH, MNPU OCBOEHWMM KOTOPbIX O6yvawolmecs paspabdaTbiBaoT
MaTeMaTMYECKME MOJENM Pa3/IMyHbIX TEXHMYECKMX 06beKToB. CTaTbA Hampas/eHa Ha
YCTAHOB/IEHME HEKOTOPbIX BaKHbIX OCOBGEHHOCTENM peasiM3aumu NoAxoAa K MOCTPOEHMIO
MaTeMaTMYECKMX MOJE/NIeN TaKMX 06EKTOB. YUeT BbIABIEHHbIX 0COBEHHOCTEN MO3BOASAET
CTYAEHTaM paLMOHA/IbHO MCMOJIb30BaTb BO3MOXHOCTM MAaTEMATMYECKOr0 MOJEIMPOBaHMA.
B pa6oTte onpeaeneH noAaxoa K MOCTPOEHUIO MATEMATMYECKOM MOJENM TEXHMYECKOro
06bEKTa, AaHbl pEKOMEHALMM NO OpraHu3aumu yye6Horo npouecca. Ctatba MOXKeT 6biTh
nose3HoM MpenojaBaTeNsM, MCMO/Ib3YIWMM B  Y4E6HOM MNPOLECCE  3/IEMEHTbI
MaTEMaTMYECKOro MOJE/IMPOBaHMA.

Knw4yesble cnoBa

06pa3oBaHMe, MaTeMaTMYeCKas MOAE/Ib, MaTeEMATUYECKOE MOJENMPOBaHME,
NPUHLMNUANBHBIM NOAX04, 06yYyeHue
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BeepeHune

B coBpeMeHHbIX yC/10BUAX MaTeMaTUYECKoe MoeIMpoBaHWe NpuobpeTaeT Bce 6onee
3HAYMMYIO POJIb B Pas/IMYHbIX 06/1ACTAX YEI0BEYECKOM AeATEeNbHOCTU. B cBA3M C 3TUM
Heo6X0AMMO AasIbHENMLLIEE COBEPLLEHCTBOBAHWE METOAMKM NPENOAABaHUA AUCLUMMIUH, NPpU
OCBOEHMM KOTOpbIX oby4awwueca pa3pabaTbiBalOT MaTeMaTUYECKME MOAE/IM Pa3/InyHbIX
TEXHMYECKMX OOBEKTOB.

Lenbto HacToswen paboTbl SBASETCA  YCTAHOBJIEHME  HEKOTOPbIX  BaXKHbIX
OCOGEHHOCTEM peanu3aumm Mnoaxoda K TMOCTPOEHMIO MAaTEMATMYECKOM  MOAEeM
TEXHMYECKOro 06bEKTA NMPU OCBOEHMM COOTBETCTBYIOLEN AMCLMMIMHBI B COOTBETCTBUM C
CaMOCTOATE/IbHO YCTaHaB/IMBaeMbIMM 06pa3oBaTe/IbHbIMM  CTaHAApTamMM, OCHOBHbIMMU
npodeccmoHanbHbIMK 06pa3oBaTe/IbHbIMU NPOrpaMMamMm U y4eOHbIMM NnaHamu MITY mm.

H.3. BaymaHa no Hanpasnenuam noarotosku: 19.04.01 «MawmHocTpoenme», 15.04.02
«TexHoNorMyeckne MalwmHol M obopygoBaHue», 22.0401 «Matepnanosegerne u
TexHonmormnm  matepuanos», 23.0402  «HazemHble  TpaHCMOPTHO-TEXHONOrMYECKME

Komnnekcbl», 240401  «PakeTHble KOMNMEKCbl M KOCMOHaBTMKa»,  28.04.02
«HaHOMHKeHepusa». B pamkax AaHHOM paboTbl 0GO3HauYeHbl 3Tarbl MaTeMaTMYECKOro
MOZE/IMPOBaHMsA, KOTOpble MOTYT 6biTb BbIMOJIHEHbI 0GYYAIOLLMMMCA, OnpeseneH Noaxos K
MOCTPOEHMI0 MaTEMATUUYECKOM MOAENN A1 PaLMOHaIbHOTO MCMO/Ib30BaHMSA BO3MOKHOCTEV]
MaTeMaTMUYECKOr0 MOZENMPOBaHMUA, MPeA/IOKeHbl 3afauM, MpU BbINMOJHEHUM KOTOPbIX
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CTYAEHTbl Peanm3ylT 3TOT MNOAXOA, AaHbl PEKOMEHJALMM MO OpraHusaumm y4ye6Horo
npotecca.

MeTogonorua u pesynbTatbl UCC/Ie40BaHMUA

0606Laa nepeaoBoM MNeAArorMyeckmMi  OMbiT  M3/I0KEHMA  MATEMATMYECKOrO
MOJENIMPOBAHUA B TEXHMYECKUX BY3aX, MOMHO YTBEPXAATb, YTO COOTBETCTBYIOLLAA
AMCUMNIMHA CMOCOGCTBYIOT (DOPMUPOBAHMIO MPOYHbIX CBA3EM MEXAY MaTeMaTUYECKUMMM,
€CTECTBEHHOHAYYHbIMU U MHXKEHEPHbIMU AMCUMMNAMHAMM. B pamKax TakoM AMCUMMIMHDI
o6yyatoLpeca 06bI4HO pa3pabaTbiBalOT MaTEMATUYECKME MOJIENN PA3IMYHbIX TEXHUYECKMX
06BEKTOB, peasnM3ys 3Tanbl MaTEMATMYECKOro MOJENIMPOBaHMA. B 06LLEM CllyYae MOXKHO
BblAE/IMTb CAeAytolme 3Tanbl MAaTEMATUYECKOrO MOAE/IMPOBAHMA.

Ha nepBoM 3Tane CTyAEHTbl BbINOJHAT HedOPMasibHbIM NEPEXO] OT TEXHMYECKOro
06BbEKTa K ero cofieprkatesibHon moaenu. CoaepkatenbHas MoJieNlb NpeacTaB/ifeT co6om
YCJIOBHOE OMNMUCaHWE TEXHMYECKOro 06 bEKTA, KOTOPOE [J0/IKHO YYMTbIBaTb EF0 0CO6EHHOCTH
M KOJIMYECTBEHHbIE XapaKTEPUCTUKM, CYLLLECTBEHHbIE /19 pacCMaTpMBaEMOro caydas. Mpu
3TOM 06yYawlmMecs O060CHOBbLIBAOT JOMYLIEHMA M YMNPOLEHUS, TMO3BO/ALWME He
YUYMTbIBAaTb T€ CBOMCTBA M KayecTBa OObEKTA MCCNELOBaHWUS, KOTOPblE OHM CUYMTAIOT
HeCyLeCTBEHHbIMM.

Ha BTOpoM 3Tane CTyAeHTbl OCYLECTB/AIT MaTeMaTUMYeCKoe  OonmcaHue
coJeprKaTesibHoM Moaenn. B pesynbrate Takoro bopmMasibHOro OMMCAHUS OHM MOJyYaloT
MaTeMaTMYECKY0 MoAe b TEXHUYECKOro 06bEKTA, MPUYEM MOXKHO pa3paboTaTb HE OAHY, a
HECKOJIbKO MaTeMaTMYECKMX MOJEeNen OJHOrO M TOro e 06beKTa uccnegoBaHusA. B
60/IbLUMHCTBE CIy4aeB 06YYaOLMMCSA KelaTeIbHO paCCMOTPETb BO3MOXKHOCTb NMOCTPOEHUS
MaTeMaTMYEeCKOM MOAENIM TEXHMYECKOro 06beKTa, KoTopas MO3BOAET HaMTU TOYHOE
aHa/IMTMYECKOE pelleHue WAM MpuBAEYb YXe M3BecTHoe pelueHne. CpaBHeHUWe
pe3y/NbTaToB, MOJIYYEHHbIX C MCMOJIb30BAHMEM Pa3/IMYHBIX MAaTEMATMYECKMX MOAeNeM,
MOKET He TO/IbKO 060raTUTb MO3HAHUE O paCCMAaTPMBAEMOM 06BEKTE MCCIeA0BaHMSA, HO U
MOBbICUTb JOCTOBEPHOCTb pe3y/IbTaTOB UCCNE0BAHMA.

Ha TpeTbem 3Tane MaTemMaTM4YecKoro MOAE/IMPOBaHWUS 0BYYaloLMECS BbIMNOJIHAKT
KAQ4eCTBEHHbIM M OLEHOYHbIM KOJIMYECTBEHHbIM aHa/IM3 MaTeEMaTUYECKOM MoaesiM. Ha aTom
3Tane MoryT BO3HMKHYTb OCHOBaHWS A/ YTOYHEHUS UM NMEPECcMOTpa COAeprKaTe/IbHOM
MOZENN, YTO MPMBEIET K MOBTOPHOMY MPOXOXAEHUIO NMEPBOro 3Tana MaTeMaTMYecKoro
mozaenmpoBaHus. CpaBHEHUE pe3y/IbTAaTOB aHA/IM3a Pas3/IMYHbIX MAaTEMATUYECKUX MOJENEN
No3BONISET CTyJEeHTaM CJleNlaTb O0GO0CHOBaHHbIM BbIGOP MOAENM ANA  Aa/IbHEMLIErO
JIETAJIbHOrO KOJIMYECTBEHHOIrO aHa/mM3a. MTOroM TpeTbero 3Tana ABAsSeTcA pa3paboTKa
MaTeEMATMYECKOM MOJENIM TEXHUYECKOro O06beKTa, KoTopad npejHasHayeHa ANs
JleTa/IbHOr0 KOJIMYECTBEHHOr0 aHa/M3a.

Ha yeTBepToM 3Tane oby4arolpeca hopmyIMPYIOT BbIYUCIMTENIbHYIO 3a4a4y, aHaIM3
pe3y/IbTaToB PEeLLEHUS KOTOPOM MOXKET Z1aTb OTBETbI HA MHTEPECYHoLUME BOMPOChl. Ha 3ToM
3Tane )esaTesIbHO PaCCMOTPETh YNPOLLEHHbIE BApUaHTbI BbIYMCIUTENBHOM 33/1a4M, TaK KaK
OHM MO3BOJIAIT CTYJEHTAM JlyYllie MOHATb OCOBEHHOCTM MOCTAB/IEHHOM BbIYMC/IUTE/IbHOM
3aJaum.

Ha natom 3Tane mMatemMaTMYeCcKOro MoJe/IMpoBaHMsA 06YyYalolMecs OCYLIECTBASAIT
060CHOBaHHbIN BbIGOP M/IM MOCTPOEHUE YMCNEHHOro Metoaa. Kak mpaBumio, YMCNEHHbIN
METO/, HE BKJ/IOYAET MHOTME AeTa/iM, 6e3 KOTOpbIX HEBO3MOXKHO MCMNO/b30BaTb CPe/ACcTBa
BbIYMCIUTENBHOM TEXHMKU. TyT Heobxoauma noJapobHas JAeTa/im3aums BCEX 3TanoB
BbIYMCNIEHMM, ANIA TOrO YTOGbI MONYYMTb pPEANM3YEMbIMA aNrOPUTM  BbIYUCAUTENIBHOTO
3KcnepumeHTa. Pa3paboTka 3pPpeKTUBHOro asiropMTMa BblYMC/IMTENIBHOTO SKCNEPUMEHTA
AB/INIETCA UTOMOM LLIECTOr0 3Tana MaTeMaTMYECKOro MOJEeIMPOBaHMA.
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Ha ceabmoM 23Tane cCTydeHTbl pa3pabartbiBalOT NpOrpammy, peanmsytoLlyio
BbIYMC/IUTE/IbHBIA aNITOPUTM.

Ha BocbMOM 3Tane obyvarolpmecs NpoBOAAT MUCMbITaHMe pa3paboTaHHOM MPOrpamMMmbl.
TwaTtenbHaa NpoBEpKa pe3y/bTaTOB pPacyeTOB MOMKET OOHApPYXMTb HEeAOCTaTKMU, ANA
YyCTpPaHEHMA KOTOPbIX HEOOXOAMMO MPOXOXKAEHUE MpeablayLmMX 3TanoB MaTeMaTMyeCcKoro
MozenupoBaHuA. [locne yCTpaHEHWss BCEX BbIABJIEHHbIX HEAOCTATKOB CTYAEHTbI
NPUCTYNalOT K MPOBEAEHMIO BbIYMCIUTENBHOMO 3KCMEPUMEHTA, BbIMNOJIHEHME KOTOPOro
ABNAETCA UTOrOM 3aBepLUalLLEro AeBATOro 3Tana MaTemMaTtMyeCcKkoro MoAeIMpoBaHUA.

MpeactaBneHHasas nocnefoBaTeIbHOCTb 3TanoB MaTeMaTUYeCKoro MoAEe/IMPOBaHUA
MOXeT BUAOM3MEHATLCA B KOHKPETHbIX C/lyYaaX. YcnewHoe npoBefeHNe pacCMOTPEHHbIX
3TanoB BO MHOrOM 3aBUCWUT OT peasiM3yemMoro MnoaxoAa K MOCTPOEHWUI0 MaTeMaTU4YECKOM
MOAENN TEXHUYECKOro 06 BbEKTA.

HecMoTps Ha pJeTaslbHOE OnUCaHWe MOAXOAOB K MOCTPOEHWUIO MaTeEMATMYECKOM
MOZENN 06bEKTA MCCIeA0BAHMSA B OGLUMPHOM YYEOHOM M HAyYHOM IMTEpAType, BO3HMKAIOT
cnyyaun HepauMOHa/lIbHOro  MCMNOJIb30BaHUA BO3MOXHOCTEM  MaTeMaTUYeCKOro
MoaenupoBaHusi. OZHOM M3 NPUYMH 3STOro SABAAETCA OTCYTCTBME Y paspaboTaHHbIX
MaTeMaTMYECKMX MOAENEN HEKOTOPbIX HY¥KHbIX CBOMCTB. B cTatbe [1] noapo6HO pa3obpaH
TaKOW Cay4yam MPUMEHUTENbHO K MCCNEAOBAHUIO, pe3y/sibTaTbl KOTOPOrO M3J/I0KEHbI B
paboTtax [2] v [3]. HeKkoTopble cBOMCTBA MaTeMaTUYECKUX MOAENEN NpeACTaBiEHbI,
Hanpumep, B KHurax [4] v [5]. KpoMe 3Tux CBOMCTB, MOXKHO YCTAaHOBUTb U pyrMe CBOMCTBa
MateMaTmyeckmx mogener. OAHaAKO MCMOJIb30BaHME MATEMATMYECKOM MOAeNUn He byaet
3(pPEKTMBHBIM, €C/M OHa He 06/1aZlaeT B AOCTAaTOYHOM CTEMEHM HYXKHbIMUM CBOMCTBAMM
NMPUMEHUTENIbHO K KOHKPETHOMY MCC/AeloBaHUI0. YKa3aHHOe 06CTOoATeNbCTBO TpebyeT
COOTBETCTBYIOLEN KOPPEKTUPOBKM MCMONb3YEMbIX B YYEOGHOM MpoLecce MOHATUA M
TEPMHHOB. Hanpumep, «maTemaTMyeckoe MoJenupoBaHMe» OnpeaesiMM KaK 3ameHy
06beKTa MCCNeaoBaHMSA MPUrOAHOM MaTeEMATMYECKOM MOAENbID M ee noc/ieayllee
M3y4yeHue M3BECTHbIMM MeToAaMM MM CNocob6aMM. MaTemaTMyecKyl MoAesib CYMTaeEM
NpUroaHoOM, €CAM OHa B JAOCTAaTOYHOM CTEMEHM 06/1aJaeT HYKHbIMKM CBOMCTBAMM
NPUMEHNUTENBHO K KOHKPETHOMY MCC/Ie0BaHMI0. YCTAHOBMB HYKHble A/1A MPOBOAMMOrO
MCCNIeJ0BaHMA CBOMCTBA, MOXKHO CGOpPMY/IMpoBaTb TPeGOBaHMA K MaTemMaTU4YeCKOM
MOZENUN TEXHUYECKOro 06beKTa. TakmMe TpeboBaHWA NPOTMBOPEYMBLI M HA NMPaKTMKE MOryT
OblTb YAOB/JIETBOPEHbI HA OCHOBE pPa3yMHOr0 KOMMPOMMCCA, [JAOCTMraemMoro npu
NPOXOXAEHUM 3TANoB MaTeMaTMYEeCKOro moaesnmpoBaHma. Mpr 3ToOM 06bIYHO cobatoaatoT
npaBu/la M BbINOJIHAIOT PEKOMEHAALMM, KOTopble CTalM pe3ysbTaToOM 0006LeHMs
MPaKTMYECKOro OnMbiTa, HAKOMJEHHOTrO MpU MOCTPOEHMM MaTEMATUYECKMX MOAENEN.
Hanprvmep, B MoHorpadmmn [6] M3N0XKeEHbl yHUBEpCasibHble MOAXOAbl, MNO3BOJSANOLME
CTPOUTb aJEKBATHblE MaTeMaTUMYECKME MOZE/IM MU3YyYaeMblX O6BHEKTOB. B 3TOM cBA3M
0CO6bIM MHTEPEC NPeACTaBAAT NPUHLMMbI NMOCTPOEHMA MAaTEMATMYECKMX Mozenen. Tak,
Hanpumep, B pabote [7] cdopmynnpoBaHbl MPUHUMMbLI, KOTOpPble HOCAT O06WWMA MU
YHUBEPCA/IbHbIM XapaKTep. MX pa3yMHOe WMCMOo/Ib30BaHWE B COBOKYMHOCTM MNO3BONAET
peanusoBaTtb MPUHUMNMAJBHBIA MNOAXOA K MOCTPOEHWUIO MPUrOAHOM MaTemMaTU4YeCKOM
MOJEeNn TeXHUYECKOro o6beKTa. Takaa MatemMatmMyeckas Mogesb obiagaeT o4eBMAHbIMU
npeMmyliectBaMmM M MNO3BOJIAET  pauUMOHa/IbHO  WMCMOJIb30BaTb  BO3MOXHOCTM
MaTEMATMYECKOr0 MOJE/IMpPOBaHUS. B HayyHOM /iMTEpaType MOXHO HaMTM NpUMEpbI
MOCTPOEHUSI MPUIOAHbIX MaTEMATUYECKUX MoAeNiIeM TEXHUMYECKMX O6bEKTOB. TaK, B
paboTax [8] u [9] nocTpoeHbl NpuUrogHbie MateMaTuyeckme MoAen TePMOPE3UCTOPOB.
JNEeKTPOTENNOBbIE CUCTEMbI, COCTOALIME M3 TaKMX TEPMOPE3UCTOPOB, PACCMOTPEHbI B
ctatbax [10] u [11]. Mony4YeHHble MaTEMATUYECKME MOAENIU ITUX CUCTEM B JOCTATOYHOM
cTeneHu 061aZlalT HYKHbIMM CBOMCTBAMM. [Janee pacCMOTPUM MPUMEP 3aJayuM CPEAHEro
YPOBHS C/IOXKHOCTM, MPU BbIMNOJIHEHUM KOTOPOM CTYZAEHTbl peasmsyioT MPUHUMNUATIBbHBIN
noAxoJ K NMOCTPOEHMIO NMPUTrOAHOM MaTeMaTUYECKOM MOAENN TEXHUYECKOT0 06 bEKTa.
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3a9aya 1. O6beKTOM WCCnefoBaHMA SBASeTCA pesucTop, Temnepatypa | (1)

T(t,)=T, t

mMaTtepuasia KOTOpOoro MoXeT 3aBMCETb TOJIbKO OT BpEMEHU t , MpHUYem , rge 0 —

. T .
Hava/IbHbI{ MOMEHT BpPEMEHM, 0 — TemnepaTtypa OKpyKawluen cpeabl. MHTEHCUMBHOCTb
KOHBEKTMBHOIO TenJI00O6MEeHa Ha MOBEPXHOCTM PE3UCTOpPA XapaKTepU3yeTcA MOCTOAHHbIM
KoadduumeHTom Tennootgaum &, ConpoTmBaeHHe pe3ncTopa M3MEHSETCS N0 3aKOHY

R(T)=R,[1+B(T -T,)]

R, =R(T . .
0 (0), B — nonosxurenbHbiii TemnepaTtypHbiM KoadduumeHT. MonHas

C

rae

TENJIOEMKOCTb pPE3MUCTOpPa paBHa MOCTOAHHOWM Be/MUYMHEe 0. Cuia TOKa, npoTeKawwero

yepes pe3ncTop, paBHa

"R [1+B(T-T,)] @)

rae U — 3apaHHas BenmumHa.

Hy}XHO nNOCTpOMTb MaTEMATMYECKYld MoAE/lb AAHHOro 06beKTa MCC/eAoBaHMs,
KOTOpas Mo3BOJISET YCTaHOBUTb BeamumHy | . MatemaTnyeckas moaenb AokHa 061a4ath
CBOMCTBaMM aIeKBATHOCTH, MOJIHOTbI, NMPOAYKTUBHOCTM U SKOHOMMUYHOCTM.

B npouecce pelleHMA 3aJauM obyyawlMecs pa3pabaTtbiBalOT  COBOKYMHOCTb
MaTeMaTM4YeCKMX MoJene OJHOro U TOro e O6beKTa MCCNeA0BaHMUSA, OT/IMYaloLMXCA
Pas/IMYHbIM YPOBHEM YMPOLLEHUS B ONUCAHMU COAEPXKATENIbHOM MOAEN 06 bEKTa.

T
Mpu 3HaueHuax Temnepatypbl T , 6AM3KUX K 0, C y4ETOM D noJsiy4Yaem

lo = U/Ro . (2)
Mpy1 YyCTaHOBUBLIEMCH PEXMME TEMI006MEHA CNPaBe/IMBO YPaBHEHME
U2
=a(T,-T,)S
R, [1+ B(T. —TO)] ( 0)
rae S — nnowaab MOBEPXHOCTM pesucTopa, T _ YCTaHOBMBLUEECA 3HAYeHMe
TemnepaTypbl pe3ucTopa. 3aTeM HaxoAMMm
1 4BU>

T, =T, +—| -1+, |1+
2B aSR,

10 pelweHne ypaBHeEHMA NO3BOJIAET BbIYMC/IMTb MCKOMYIO BEJIMYMHY NO cbopMyne

__ U 21,
" R(T.) 1+1+4BUl,/(aS) @
npuyem L=<l B 3rom C/ly4yae OTHOCHTE IbHasA MOrpeLIHOCTb ly paBHa
5(ly) = 1=l =||—°—1s||—°—1
Ecan cnpaBea/inBo HepaBEHCTBO
b _1<5,

%
)

To no dopmyne (2)  MoHo HaliTH MCKOMYIO BEJIMYMHY C OTHOCMUTE/IbHOM

. D
norpeLwHoCTbo, He rnpéesBblllaloLlLen 0, Tor,qa Npwn BbINOJIHEHUMN HEPABEHCTBaA
ly < (1481, (4)
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MaTteMaTnyeckada MozeNb @) s JOCTATOYHOM CTeneHu 06/1aZlaeT  HYXKHbIMU
CBOMCTBaMM.
Mp1 HeyCTaHOBMBLUEMCA peXMME TenjoobmeHa CrpaBea/IMBO OObIKHOBEHHOE
anddepeHumanbHoe ypaBHEHME NEPBOro NopaaKa
2
U —a(T-T,)S
dt  R,[1+B(T -T,)]

MpyHMMaA BO BHUMaHUE
IO
l=——2>——
1+B(T —TO)

3anuuem
dl I
— = I, —1)—BUIZ
dt COIO I:GS(O ) BU :I,

1(ty) =1,

OTHOoCUTeNnbHasn norpeLwHoCTb . paBHa

(5)

Ecnu

To no dopmyne (3)  MoxHo HaliTH MCKOMYIO BEJIMYMHY C OTHOCUTE/IbHOM

MOrpeLIHOCTbI0, HE MPEBbILALLEN 60. MycTb I(t*)=l*/(1—6o)’ TorAa, COracHo (5),

HaxoAuM
=t o[ o _qlin[2-k_g |-t o[ o5
as|\ 21—, | 2 -1, LI,
t>t

B cnyyae HeBbINO/HEHMA HEPABEHCTBA (4) maTemaTmueckas Mojenb (3) npu * B
JIOCTaTOYHOM CTEMEHWN 061aJaET HYKHbIMM CBOMCTBAMM.

CTyZeHTbl, MCNoNb3ys ), MOTYT YTOYHWUTb C(OPMY/SIMPOBAHHOE YTBEPKAEHME O

- I(t")=1,/(1+0
MaTemMaTU4ecKon Moae 2, MycTb ( ) of (1+ 0), TOrAa, COr/lacHo (5), HaxoAUM

ot + 20| do _q|in| 145, |-—toin[1- 5,
as|\ 21—, e BT Ry

B cnyyae BbINo/IHEHMA HEpaBEHCTBa 4) yam ycnosusa <1 matemaTmueckas mogenb

(2) g AOCTATOYHOM CTEMNeHU 061a4aeT HYKHbIMU CBOMCTBAMM.
O6yvarowmeca  MOryT npeactaBuTb  pesysibTaTbl  aHa/M3a  pa3paboTaHHbIX
MaTeMaTMYECKMX MOAENEN pe3ncTopa B BUAE CNeAyHLWmMX BbIBOOB:

1. B cnyyae BbINOJIHEHMA HepaBEHCTBa 4) yam ycnosua L=t matemaTtmueckyio
mozaenb ) cunraem NPUroZiHOM.
2. B cnyyae HeBbINOMHEHWUA HepaBeHCTBa (4) matemaTnueckas Moze/b (3) aensetcs

. >
NPUroAHOM NpU YCI0BUM t_t*, TOrha Kak matematiueckas mogenb (O) — npu yCcaoBUM
t"<t<t,
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MpuBeaeM npuMep 3adadm 6oJsiee BbICOKOrO YPOBHSA CJ/IOKHOCTM, BbIMOJIHEHME
KOoTopoW  TpebyeT  xopoweW  MOArOTOBKM  CTYIGHTOB MO  MaTeMaTMUYECKMM,
€CTECTBEHHOHaYYHbIM M UHXEHEPHBIM AUCLMIM/IMHAM.

3a0aya 2. O6bEKTOM nccnegoBaHmMA  ABNAETCA  3/IEKTPOTENJIOBaA CHUCTEMa,

cocTtoAawan u3 N pesucropos. Temnepatypa Ti(®) matepuana i-ro pesuctopa MOXeT

T(t)=T, t

3aBMUCETb TO/MBKO OT BpeMeHu L | npuuem rae © — HavalbHblA MOMEHT

BPEMEHM, To _ TemnepaTtypa OKpyatlen cpeabl. MHTEHCMBHOCTb KOHBEKTMBHOMO

TENn1006MeHa Ha MOBEPXHOCTM i-r0  pe3ncTopa  XapaKTepusyeTcs  MOCTOSHHbIM

KO3¢)¢)MLI,I/I€HTOM TenaooTaauqun g . COI'IpOTMBJ'IeHMe Ri M NoJiHaA Ten10eMKOCTb c

pe3nCcTopa M3MEHSIOTCA MO CIAYIOLMM 3aKOHAM:
R (T)=r [1+ B (T, _TO)} C(T)=c[1+v, (T, -T,)]
=R, (To) ’ ¢ =C (To) , B; u Vi

i j-ro

roe — MONOXMWTE/NbHbIE TemnepaTtypHble
KoadduumeHTbl. C1na ToKa, NPOTEKAILErO Yepes i-M pe3ncTop, paBHa
U
|, =
146, (T -T,) | ©)

)
rage U — 3aJlaHHaA BeJ/IMYMHa. I'IpM napanane/sibHOM COeAMHEHUN PE3NCTOPOB CUNTY
TOKa B Hepa3BeTBﬂeHHOl‘;1 YacCcTH Uuennm Haxoamm no cbopMyne

>l ™

Hy»HO MNOCTPOUTb MaTEMATMYECKYI0 MOJENb JaHHOro O06beKTa MCCNefoBaHus,
KOTOpasi N03BOJIAET YCTAHOBMTb BeMUMHy | . MaTemaTmyeckaa moaenb Ao/ixKHa 061a4aThb
CBOMCTBaMM ai€KBATHOCTM, MOJIHOTbI, NPOAYKTMBHOCTM M SKOHOMUYHOCTH.

B npouecce pelueHma 3aAa4m CTY€HTAM HYXKHO pasfeIMTb 06bEKT MCCeJ0BaHMA Ha
oT/Zle/IbHble 60/1e€ MPOCTbIE 3/IEMEHTLI, AOMNYCKALWME UX HE3AaBMCMMOE UCCNENOBAHME C
nocneaywlmMM YY€TOM B3aMMHOIO BJ/IMAHMA, T. €. MNEPEMTU K PACCMOTPEHUIO
3/1IEKTPOMEXAHMYECKOM CMCTEMbI, KOTOpPas BKJ/IOYAET TO/IbKO OAMH pe3ncTop. JTo AaeT
BO3MOYHOCTb 06YyYalolMMCA paspaboTaTb COBOKYMHOCTb MaTEeMaTUMYECKMX MOJENEN,
OT/IMYAIOLLMXCA Pa3/IMYHbIM YPOBHEM YMPOLIEHUS B OMMCAHMM COAEPXKATE/IbHOM MOAE/M
TaKoOM 3/IEKTPOMEXAHMYECKOM CUCTEMBI.

T
Mpy 3HAYEHUAX TemnepaTypbl Tl, 6/IM3KMX K 0, C yYEeTOM (6) noJiy4yaem

l,=U/r, . 8
Mpy YCTaHOBUBLUEMCS PEXMME TENI006MEHA CMpPaBeA/IMBO YpaBHEHME

U2
——=0q,(T,-T,)S,
R,(T. !
(T.) ,
rpe Sl — naowaab MNOBEPXHOCTU PE3NCTOPA, T* — YCTaHOBMBLUEECA 3Ha4YeHMe

Temneparypbl pe3ucTopa. 3aTeM HaxoAMM

4BU?

T, =To+i -1+ |1+
2 a, S,

JT0 pelleHne ypaBHEHUSA NO3BOAET BbIYMCIMTb MCKOMYIO BEIMYMHY MO chopMyne
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o 2U
r [1+ Ji+4U Zaglsglr1*1I ©)

<. <
npuyem L<l =< IO. B 3TOM cnyyae oTHOCUTEIbHaA NOrpeLwHoCTb ly paBHa

5(I0): [, -1 I I

L =2-1<21
1, 1,
Ecnu cnpaBea/iMBo HepaBeHCTBO

0

1

b 1o,

*
)

To no dopmyne ®)  mowHo HaiiTH MCKOMYIO BEJIMYMHY C OTHOCMTEJIbHOM

MOrpeLIHOCTbI0, HE NPEBbILLALLEN 60. Torza npu BbINOJIHEHWM HEPABEHCTBA
lo < (1+8,)1, (10)

MaTteMaTnyeckad MozeNb ® s JAOCTAaTOMHOM CTEMNeHU 06/1a4aeT  HYKHbIMM
CBOMCTBAMM.

MpM HeyCTaHOBMBLUEMCA peXMME Tenjo00b6MeHa CrpaBea/IMBO OObIKHOBEHHOE
anddepeHumanbHoe ypaBHEHUE NEPBOro NopaaKa

dT. u?
Cl(Tl) L= _al(Tl _TO)Sl

dt  R(T)

anHMMaﬂ BO BHMMaHWNE

lo

)

3anuiem
cU dl, _aSU-aSrl -Brul;
Blrlllz dt V1U - V1r1I1 + I31r1I1 I (11)
L (t,) =Ur™

I
OTHOCHTE/IbHaA NOrpeLwHoCTb * paBHa

1

Ecnn

I I
=<9, <
I

1

0 _1

.,

1-

TO 1o cbopMyne ©) MOXHO HanTH MCKOMYIO BE€JIMYMHY C OTHOCMTENIbHOM

MOrpeLIHOCTbI0, HE MpEBbILALLEN 60. MycTb Il(tl):I*/(l_é"), TOorga, CorjacHo (11),

HaxoAnM
t1=t0+ Cl h(i_l+60ji+ U +hu_rll* 2_1 «
aS, | B\ U rl, (2U-rl, B,2U —rl r],

xIn(Z—rlI*—6oj— U ,vuU-rl. uj (U 5,
U 2U —rl. B, 2U —rl. rl. U-rl
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(10) (9) t=2t,
B CJlyda€ HeEBbINOJ/IHEHNA HEPABEHCTBaA matTematnydeckaa Moaesib npu B
,D,OCTEITOHHOﬁ cTeneHun o6nap,aeT HYXHbIMH CBOMCTBAMM.

CTyZeHTbl, MCNoJb3yA 1 MOTYT YTOYHMTb C(OPMY/IMPOBAHHOE YTBEPXKAEHWE O

o L(t')=1/(1+0
MaTeEMATMYECKON MOJEU (8), MycTb 1( 1) of (1+ 0), TOrAa, COrJIacHo (11), HaxoAMm

ot 4G yu-rn.u U In(1+rll*60j—
oS, [\B,2U —rl rl. 2U-—rl U

Y Uk Uhah bl 5l Vg
2U-rl. B,2U-rlL rl U-rlL B,

t<t
B CJZly4dae BbIMNOJIHEHNA HEpPaBEHCTBa (10) nan  ycinoBumA 1 MatemaTtn4eckKas

mogenb (8) B goctatouHolt crenenu o6nagaet HYXHbIMW CBOMCTBaMM.
O6yvatowmecs MOryT MpeAcTaBMTb  pe3y/bTaTbl  aHa/M3a  pa3paboTaHHbIX
MaTeMaTM4YeCKMX MOAENIEN pe3ncTopa B BUAE CEAYIOLMX YTBEPKAEHUM:

1 (10) t<t
. B CJZlydae BbINoJ/IHEHMA HepaBeHCTBa MM YyCnoBHA mMaTemMaTn4decKyro
Mojesib (8) CYUTaEM I'IpMFOAHOFI.

2. B c/lydae HeEBbINOJ/IHEHNA HepaBeHCTBa (10) MaTémMaTnyecCkaa Mmojesib ©)

t>t,

ABNIAETCA I'IpMFO,CI,HOﬁ npum ycaoBum , TOrga Kak Mmarematnyeckada mMoaesib (11) — NpH

yCJI0BUMN b <t< tl.

3T yTBEPXAEHMA NO3BONAIT CTyAEeHTaM YCTaHOBMUTb CMJy TOKa, NpoOTeKarllero
yepes Kaxabli pesncTop, 1 HaMTU, COrlacHoO @) , UICKOMYIO BEJIMYMHY
I:Il+...+ln. (12)
Takaa maTeMaTUyecKkas MoAe b 3/IEKTPOTENIOBOM CUCTEMbI B OCTAaTOYHOM CTEMNEHM
061a4aeT Hy}KHbIMU cBoMCcTBaMM. OZHAKO NpM paCCMOTPEHMU S/IEKTPOTENIOBOM CUCTEMDI,

COCTOFILIJ,el‘/Ji M3 HECKOJIbKMX Pe3nNCTOpOB, XOPOLIO NoAroTtoBJZIEHHbIE CTYAEHTbl BblAENAKOT
cnegyroume 4HaCtHble Ciiydan.

Mpy 3HAYEHUAX o ""Tn, 6JIM3KMX K TO, C yyeTom ®) , (7) noJiy4yaem

lL=U>r™ (13)
i=1
an YCTaHOBMBLUEMCA peXnme TeI'IJ1006MeHa, MCMNOJ1b3yA (9) , HaXoAUM HCKOMYIO
Be/IMYMHY No dopmyne
L= (14)
i=1
-1 ’
I = 2Ur 1+ {1+ 4B U%a 'S ™
| | | | I I |* S I S |
roe , npuyem o . B a3tOM cCnyvae
OTHOCHUTE/IbHAA NOrpeHoOCTb IO paBHa
=1, | |
5(|0):‘ ol b _4ch
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0o no dopmyne (3) MoxHO HaTM MCKOMYIO BEMUMHY C OTHOCUTENLHOM

norpewHoCTbto, He I'IpeBbILLIafOLLI,eﬁ 60 . TOI’,CI,a NnpH BbINMNOJIHEHUN HEPABEHCTBA
lo < (1+8,)1, (15)

MaTtemMatuyeckas MoJesib 13) g JIOCTAaTOMHOM CTeneHM 061aJaeT  HYXKHbIMU
CBOMCTBaMM.
Mpy HeYCTaHOBMBLLEMCA PEXMME TEMNI006MEHa, UCMOJIb3yA (11), 3anuuem
cU dl, oSU-aSrl —B,rul?

Blrlll2 dt Y|U Yi i +Bi iIi ’ (16)
Ii ( o) = Uri_l’

roe 1<i<n. Nycts ()= Ii*/(l_éo), Torga, cornacto (16) | naxoamm

ti=t0+i Yi ﬂ—1+60 i*+ v *+L U_r"‘*i*—1 x
aS | B\ U ;o (20 —-rl7 B, 2U -l rl,

a2t 5 | [ Y __ v Y=tk Uy YU 5
U 2U —rl’ B, 2U —rl rl; U-—rl

OTHOoCUTeNnbHasn norpeLwHoCTb li paBHa

B(I?):‘li |_|i*

* t >t, =maxt,
Ecnaum tZti, TO 6(" )Sé". Myctb i<n ©torpa
|_| Z(II )

S <3,

n

2!

i=1

6(|*):‘ .

>
B CJZlydae HEBbINOJIHEHMA HEPABEHCTBaA (15) mMaTteMaTnyecCcKada Moaesib (14) npu t=t,

B /JOCTATOYHOM CTEMNEHU 0671aA4aEeT HYKHbIMU CBOMCTBAMM.

CTyZeHTbl, MCNoJb3yn (16) | MOTYT YTOYHMTb CHOPMYJIMPOBAHHOE YTBEPXKAEHME O

I (t)=Ur/(1+3,)

MaTemMaTU4ecKon Mmoaenm (13) MycTb Toraa, CoraacHo (16),

HaxoAMM
ti*:to+ C‘ yu-r U U ——1{In 1+ﬂ6O -
B, 2U —rl’ rI 2U—rili U

3 U y,U rl. U inl 1- rl. 5, V'6
2U —rl’ B 2U —rl’ rI U-rl’ B °

Ur!
OTHOCUTE NIbHASA MOrPeLIHOCTb ~ | paBHa
|, -Ur™ U
- 1
Ii r'ili

B(Uri‘l) =

*o_ d(Urt)<d t<t"=mint/
Ecnm ' =1 , TO ( i ) °. MNycTb s=n ) Torga
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6('0):‘I_IO|= = <9,

I n

B CJZly4dae BbINOJIHEHNA HEpPaBEHCTBa (15) nan  ycinoBumA t<t Mmarematmuyeckas

mogens (13) B goctatouHoit cTenenn o6nagaet HYHbIMW CBOMCTBaMM.

O6yvalowpmecs MoryT MpeAacTaBMTb  pesy/ibTaThl  aHa/M3a  pa3paboTaHHbIX
MaTeMaTMYeCKMX MOJENeN  3NIeKTPOTEN/IOBOM  CUCTEMbI B BUAE  CAEeAyLMX
co/ileprKaTe/ibHbIX BbIBOJOB:

1. B cnyyae BbIMNOJIHEHMA HEPaBEHCTBA 15) yam ycnosusa 1<t matematmueckyio
mogenb 13) cumraem NpUroaHoM.
2. B cryyae HEBbINOMHEHMS HepaseHcTBa (1°) maTematuueckas mogens (4)

o >
ABNAETCA NpUrogHou npu yciaosmm t_t*, Torda Kak Mareématrmyeckada Mojesib (12) — NpU

yC/I0BMM t<t<t,

MHoroneTHMi onNbIT paboTbl aBTOPa MOKAa3biBAa€T, YTO MCMOJIb30BaHME TaKMX
NPUKNAAHbIX 33aJa4y B npouecce 06y4YeHUs TMOBbIWAET YPOBEHb MaTeMaTMYECKOM
NOArOTOBKM KaK OTAe/IbHOro 06y4vatoLerocs, Tak M rpynmnbl B LeIOM, (hOpMMPYET 06LLYI0 U
Hepa3pbIBHYI0 CBA3b MEX/Y MaTeMaTMYECKMMM, eCTECTBEHHOHAYYHbIMU M UHKEHEPHbIMU
AMCLUMMIMHAMM.

3aksiroueHue

B cTaTtbe M3n0XKeHbl HEKOTOPblE 0COGEHHOCTU peanmsaumm Noaxoda K MoCTPOEHMIO
MaTEMATMYECKOM MOAENIM TEXHUMYECKOrO0 06bEKTA, YYET KOTOPbIX NO3BO/AET CTyAEHTaM
pauMOHaIbHO MCMOJ/Ib30BaTb BO3MOMKHOCTM MaTEMATMYECKOrO MOAE/NIMPOBAHMUA MpU
OCBOEHMM COOTBETCTBYIOLWEN AUCLUMIMIMHBI B COOTBETCTBMM C  CAMOCTOSITE/IbHO
yCTaHaB/IMBaeMbIMW 06pa3oBaTe/ibHbIMU CTaHAapTamMM, OCHOBHbIMKU NpodeccMoHaIbHbIMM
obpaszoBaTesibHbIMM MporpaMmaMm M yyebHbiIMM nnaHamm MITY um. H.J3. baymaHa no

HanpasneHuam nogrotoku: 19.04.01 «MawmHoctpoenue», 15.04.02 «TexHonormyeckue
MallMHbl M o6opygoBaHue», 22.04.01 «MatepuanoBeserme u TexHONOrMM MaTepUasoB»,
23.04.02 «Ha3zeMHble TpaHCMOPTHO-TEXHOOMMYECKMe KomreKcbl», 24.04.01 «pakeTHble

KOMMIEKChl 1 KOCMOHaBTHKa», 28.04.02 «HanouHxeHepusa». [lnd 3Toro «<MatemMatmyeckoe
MOJe/IMpOBaHMEe» OMpefeNeHo KaK 3aMeHa o06beKTa WCCAeAOoBaHUA  MPUrOAHOM
MaTeMaTUYECKOM MOAENbIO M MOC/eAyiollee ee M3yyeHMe WM3BECTHbIMM METOoAaMM MM
crnoco6amM, MpUYeM MaTeMaTuMyecKas MoJeslb ABASETCA MPUroAHOM, €CAM OHa B
[I0CTaTOYHOM CTENneHW 061afaeT HYXHbIMM CBOMCTBaMM NMPUMEHUTENBHO K KOHKPETHOMY
uccnegoBaHmioo. COBOKYMHOCTb 3TMX CBOMCTB YCTaHaB/MBaeT MpeAbAB/ifeMble K
MaTemMaTUYECKOM MoAe I Tpe6oBaHMA. Takue TpeGOBaHMA MPOTMBOPEUMBLI M Ha NPaKTUKE
MOFYT 6biTb YZOBNETBOPEHbl Ha OCHOBE Pa3yMHOr0 KOMMPOMMCCA, A/ JOCTMKEHMS
KOTOPOro O6bIYHO COGJIOAAIOT MPaBMAA M BbIMOJHAIOT PEKOMEHAALMM, MONYYEHHbIE B
pesy/ibTaTe 06OBLLEHUA MPAKTMUYECKOTO OMbiTa, HAKOMIEHHOFO TMpM  MOCTPOEHMM
MaTeMaTMUYeCKMX Mogenei. B 3Tol cBA3M 0co6bIMi MHTEpec NpeACTaBAAT NPUHLMMbI
MOCTPOEHMA MaTeMaTMUeCKMX MOAENEeN, KOTOpble HOCAT OGLWMMA M YHMBEPCA/bHbIN
XapaKkTep. MX pasyMHOe WCro/b30BaHME B COBOKYMHOCTM MO3BOJIAIET OCYLLECTBUTD
NPUHUMMMANIbHBIA  NOAXO0J K  MOCTPOEHMIO MPUrOAHOM  MaTEMATUMYECKOM  MOJesu
TEXHMYECKOro o6beKTa. B pa6oTe npuBeeHbl MPUMMEpDI 33au4, NPy BbINOJHEHUM KOTOPbIX
CTYJEHTbl  Peasm3yloT  MPUHUMMMAMbHBIM  MOAX0A K  MOCTPOEHMIO  MPUIrOZAHON
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MaTeMATMYECKOM MOJE/IM TEXHMYECKOro ob6beKTa. [lpenofaBaHMe MaTEMATMYECKOro
MOJENIMPOBaHUSI C YYETOM M3JIOKEHHbIX OCOBEHHOCTEM He TpebyeT CyleCcTBEHHOM
KOPPEKTMPOBKU  COAEPKAHUA  AUCUMMAMHBI, CneuuanbHOM  opraHMsaumm  y4ye6Horo
npouecca. HeobxoaumMble NpuUKNaaHble 3agavyM MOryT OblTb JIEFKO MOJIyYEHbl M3 YXKe
CyLLEeCTBYOLWMX 3a4a4. Mpu 3TOM peanmsaums TaKMX 0COGEHHOCTEN C YYETOM HayaslbHOro
YPOBHA MOArOTOBKM CTYAEHTOB CO3JaeT MPOYHble CBA3M MeXAY MaTeMaTU4eCKMMM,
€CTEeCTBEHHOHAYYHbIMU U UHXXEHEPHBIMM AUCLMIMIMHAMM, CNOCOOCTBYIOT (POPMMPOBaHMIO
LLe/I0OCTHOro 06pa3oBaTe/IbHOr0 NPOCTPAHCTBA A/19 KOHKPETHOrO HanpaBAeHWUA NOATOTOBKM,
YTO YAyYLIAeT KayecTBO MOArOTOBKMU 06Yy4YalolMXCa K 6yayuwend npodeccroHaibHOM
AeATEeNIbHOCTM B YC/IOBMAX  ObICTPO  M3MEHSAIOWEroca  Mupa, YKpenaser  MX
KOHKYPEHTOCMOCOOHOCTb Ha NPOdeCCUOHAIbHOM PbIHKE.

CTaTbsl MOXKET 6biTb MOJIE3HOM HE TOJ/IbKO MpenojaBaTesis M, KOTOpble NMPUMEHSIOT B
Yy4e6HOM NpoLecce 3/IEMEHTbl MaTEMATUYECKOro MOAEIMPOBaHMA, HO U LUIMPOKOMY Kpyry
yuTaTeNen, 3aMHTEPEeCOBaHHbIX B WCMO/Ib30BaHUM BO3MOXKHOCTEM MaTeMaTUYEeCKOro
MoaennpoBaHMA.

CCbIZIKN HA UICTOYHUKH

1. Mapkenos, . E. Oco6eHHOCTM NOCTPOEHMA MaTemaTMyeckux moaenen / . E. Mapkenos // BecTHUMK
MITY um. H.3. baymaHa. 2012. Ne 4(4). C. 20. EDN QSRLOX.

2. Mapkenos, I'. E. O BAMAHMM HavaNbHOro HarpeBa CTpyeobpasyolero cnos 06JIMLOBKU KYMYIATUBHOMO
3apAja Ha npejgenbHoe yanavHeHue anemeHToB cTpyu / . E. Mapkenos // lNpuKknagHaa MexaHuKa M
TexHnuyeckasa dusmka. 2000. T. 41, Ne 2(240). C. 32-36. EDN ONTHBZ.

3. Mapkenos, . E. O BAMAHUM Havya/IbHOrO HarpeBa O6JIMLIOBKM HA NMPOGUBHOE AEMCTBUE KYMYJIATUBHOIO
3apaga / . E. Mapkenos // lpuKknagHasa MexaHuKa U TexHudeckas dusmka. 2000. T. 41, Ne 5(243). C.
27-31. EDN ONTIAF.

4. 3apy6uH, B. C. Matematnuyeckoe mogenupoBaHue B TexHuke / B. C. 3apyouH. M.: MITY um. H.D.
BaymaHa, 2010. 496 c. ISBN 978-5-7038-3194-6. EDN ZCOBLL.

5. Mbiwkuc, A. 4. IneMeHTbl TEOpUM MaTeMaTMYECKMX MOZENEN: HanMCaHMe YPaBHEHWM, YMpOLEHUE

ypaBHEeHWM, BblGop pelieHni / A. A. Mbiwkuc. M.: URSS, 2011. 191 c. ISBN 978-5-397-01791-6. EDN

QJXUPB.

Camapckui, A. A. MaTemaTmyeckoe MoaenupoBaHue: Maen. Metogbl. Mpumepbl / A. A. Camapckui, A.

M. Mmuxarnos. M.: ®DUIMATJIUT, 2005. 320 c. ISBN 5-9221-0120-X. EDN UGLKYD.

Mapkenos, I'. E. OCHOBHble MpPUHLMMbI NOCTPOEHMA MaTeMaTU4YeckmMx moaenen / Mapkenos I. E. //

BecTHMK MI'TY mnm. H.3. baymaHa. Cep. EctectBeHHble Hayku. 2005. Ne 4. C. 59-70.

Markelov, G. E. A mathematical model of an NTC thermistor / G. E. Markelov // Theoretical & Applied

Science. 2021. No. 1(93). P. 55-58. DOI 10.15863/TAS.2021.01.93.9. EDN MJHCRO.

Markelov, G. E. A working mathematical model of an PTC thermistor / G. E. Markelov // Theoretical &

Applied Science. 2021. No. 2(94). P. 1-4. DOl 10.15863/TAS.2021.02.94.1. EDN BWWTTG.

10. Markelov, G. E. Serial connection of NTC thermistors / G. E. Markelov // Theoretical & Applied Science.
2022. No. 1(105). P. 259-262. DOI 10.15863/TAS.2022.01.105.12. EDN FBUJXT.

11. Markelov, G. E. Parallel connection of PTC thermistors / G. E. Markelov // Theoretical & Applied
Science. 2022. No. 2(106). P. 1-4. DOI 10.15863/TAS.2022.02.106.1. EDN GTNUYJ.

v ® N o

Gennady E. Markelov,

Candidate of Engineering Sciences, Associate Professor, Bauman Moscow State Technical University,
Moscow

markelov@bmstu.ru

Peculiarities of Implementing an Approach to Developing a Mathematical Model of a Technical Object
Abstract. Currently, there is a growing need to further improve teaching methods for disciplines where
students develop mathematical models of various technical objects. This paper aims to identify certain
important peculiarities of implementing an approach to developing mathematical models of such objects.
Taking into account the identified peculiarities enable students to make rational use of the capabilities of
mathematical modeling. The study defines the author’s approach to developing a mathematical model of a
technical object and provides recommendations for organizing the educational process. This article may be
useful to teachers who incorporate elements of mathematical modeling into the educational process.
Keywords: education, mathematical model, mathematical modeling, principled approach, teaching.
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MAPAAOKC NMPO3PAYHOCTU: UMOPOBbLIE NJTIATOOPMbI 3AKYNOK
U TATEHTHbBIE ®OPMbl KOPPYINLUAA

CTaTbs HanpaB/ieHa Ha MOHMMaHWE OMACHOCTM KOPPYMUMOHHLIX NMPOsBJEHUA B cdepe
rOCyZlapCTBEHHbIX 3aKYMoK. JTW oOnacHble AEMUCTBMA HAHOCAT 3HAYUTE/IbHbIM YyLEep6
3KOHOMMKE U CHMXKAT IPEDEKTUBHOCTb OHOAKETHbIX pacxoaoB. OCOGEHHO OCTpO 3Ta
npo6aema NposBASETCA B YC/IOBMAX LUMDPOBM3aLIMM NPOLECCOB 3aKYMKU TOBapOB W YC/IyT.
Llenb: nsyyeHme umMdpoBbiX aCNeKTOB KOPPYMLUMOHHbIX CXEM B 3aKYMNOYHOM AeATE/IbHOCTU
M paspaboTKa MNpeasoKEeHUM MO TMOBBIWEHMIO MNPO3PAYHOCTU M MOAKOHTPOJIbHOCTU
3/IEKTPOHHbIX TOProB. Pe3ysibTaTbl: MaTtepuasibl MOFYT ObiTb MCMOJ/Ib30BaHbl B Pa3/IMYHbIX
chepax - aKageMumyeckas, MpaKTMYeCcKasa M ynpaBieHYecKada. Matepuanbl MOryT CTaTb
K/IIOYEBbIM MCTOYHMKOM PEKOMEHJAUMM AONA BbIABNAEHUA OCHOBHbIX (OpM LMGbPOBOM
Koppynumu.
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BeepeHue

Koppynuua B cdepe rocyaapCTBEHHbIX 3aKYyNOK M JIOTMCTUKU CTAHOBUTCA OObEKTOM
rly6OKOro aHa/M3a, BBMAY 3HAYMTE/IbHbIX MOC/NEACTBUM ANA O6LECTBEHHOrO 6s1ara M
(pMHAHCOBOM YCTOMYMBOCTM CTpaHbl. JTAa TEMA BarKHa MOTOMY, YTO KOPPYMLMOHHbIE
npoueccbl Co34alT AMcbanaHC Ha pbiHKe, npeanaras Hecnpasej/iMBble NpuBUIErUM
M36paHHbIM YYaCTHMKAM M BbiHYXXAasA OCTaJIbHbIX CTA/IKMBATbCA C HEPABHbIMU YCJ/IOBUAMM
KOHKYpPEHUMHU.

®durHaHCMpPOBaHME TrOCYyAApPCTBEHHbIX 3aKYMOK MPOM3BOAMTCA 3a CYeT CpeacTB
HasoronsaTeNblMKOB, CleaoBaTesibHO, J0b6as He3aKOHHaA MNpakTMKa Hapylaet
dyHAaMeHTa IbHble NPUHLUMIbI cnpaBejJ/iMBoro pacnpegeneHus pecypcos.
HeKkayecTBEHHbIM KOHTPO/Ib M HEBbLINOJIHEHME CTAaHAAPTOB YacTO MNPMBOAAT K MOKYMKe
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TOBApOB HM3KOrO KayecTBa, YTO CYWECTBEHHO CHMXKAeT YPOBEHb XM3HM rparkaaH M
ocnabnaeTr gJoBepue K rocyJapcTBeHHoMy annapaty. Ocoboe 3HayeHue uMMeroT
A0JIFOCPOYHbIE SKOHOMUYECKME NOTEPU, Bbi3BaHHbIE 6ONbLUMMMK YObITKAMM OloaXKeTa M3-3a
HEBEPHO 3aKJ/IYEHHbIX JOroBOpPOB, MOA6GOpa HEHAAEXHbIX NAPTHEPOB U YMbIWIEHHOrO
3aBblweHns LeH [1].

FocyaapCTBEHHbIE 3aKYMKM 3aHMMAIOT LieHTpasibHOEe MeCTO B AeATeNbHOCTM Nto6oro
npaBuTeNIbCTBA. 3aKYMKM - 3TO CPeACTBa, C TMOMOLLbI KOTOPbIX FOCYAapCTBEHHbIE
3aKynawLipe opraHuMsaumm noay4valoT martepuasnbl, NPOAYKLUMIO M YCAYrM OT YacTHOro
cekTopa. o pacyeTtam, B pa3/IMyHbIX CTPaHax Ha A0/ 3aKyMnoK npuxoamTtca okoao 10-15%
muposoro BBI1, 4To noaTBep)kAaeT BaXXHOCTb 3aKYNOK A/ YCKOPEHMA 3KOHOMMYECKOro
pa3BMTUA, NOBbILWEHUA IPPEKTUBHOCTMU rOCYAAPCTBEHHbIX YCAYr U YAYYLIEHUA COCTOAHUA
HaUMOHa/IbHbIX 06bEKTOB. TeM He MeHee, CUCTEMbl rOCYAapCTBEHHbIX 3aKYMOK, KOTopble
MMEIOT pelularollee 3HaYeHWe BO BCEX CTpaHaxX OHM MJIOXO OpPraHW30BaHbl, CAEPXMBAIOT
KOPPYNuMIO U/UAN HE MMEIT MNOAOTYETHOCTM M MPO3PAYHOCTU, M3-3a Yero eXKerofHo
YyTEKAOT MWJIJIMOHbI, €CIM HE MUANMapAbl AoAnapoB. B 3ToM cTaTbe paccMaTtpuBatoTCs
OCHOBHbl€ acneKTbl KOPPYNuMK B cpepe rocyAapCTBEHHbIX 3aKYMOK U TO, KaK pacLUMpEeHHble
3aKYMKU MOTYT NPUBECTM K NOBbIWEHUIO IPDEKTUBHOCTU FOCYAAPCTBEHHbIX 3aKYMOK, YTO
npuBeaeT K 3KOHOMWMWM TrOCYAApPCTBEHHbIX PecypcoB MpU OAHOBPEMEHHOM MOBbILEHWUM
KayecTBa npeAocTaBAsieMblx ycnyr. bonee TwatenbHblM aHa/M3 MOKasbiBaeT, YTO 3TOT
HeJOCTaTOK He TONIbKO yBeJIMYMBaEeT pacxobl 3aKymaeMblX TOBApOB M YC/Yr, HO TaKxke
NPUBOAMT K MOCTaBKE HEKa4yeCTBEHHbIX TOBapoB. M3BECTHO, YTO KOppynuMa 06XOAMTCA
MeXAyHapo4HOMY COOOLLECTBY B OLIE/IOMAAIOWME CYMMbl B PaBHbIX A0NAX, a UMDPpbI
notepb, Mo oueHKam, KonebaTtca Mexay 1,5 Ao 2 TpAH A0NNapoB B roj NPUXOAMTCA Ha
KOPPYNUMOHHYK MPaKTMKY, M CUYMTAEeTCA, YTO OO/NblaA 4YaCTb JAEHEXHbIX MoTepb
MPUXOAUTCS UCKOYMTENIbHO HA Pa3BMBAIOLLMECS CTPaHbl, YaCTUYHO M3-3a KOPPYMNLMOHHOM
AeATeNIbHOCTU B cdpepe rocyAapCTBEHHbIX 3aKynoK [2].

FOCYyAapCTBEHHbIE KOHTPAKTbl - 3TO OrPOMHbIM GM3HEC, U BO MHOTMX CTPaHaX OHM
CBA3aHbl CO 3HAYMTENIbHOM Koppynuuen. MHorne nccneaoBaHMsA Noa4YepPKUBAKOT BaXKHOCTb
COBEpLUEHCTBOBaHMA GIOPOKPATMM Kak cpeacTBa 60pbbbl C KoppynuueM. B 3Tol cTaTbe
NPOBOAMTCA YETKOE pas/inume MeXay CTeneHbio NOJIMTUYECKOro KOHTPOIA GIOPOKpaTMM M
ee TEeXHUMYECKMMM BO3MOXKHOCTAMWM. B HeW A yTBepkaaw, 4YTO B MOJMUTUYECKM
KOHTPOJIMPYEMbIX BGIOPOKPaTUYECKUX CTPYKTYpax 60Jiee BbICOKMIM TEXHUYECKMM NOTEHLMA
Crnoco6CcTByeT Koppynumn. B Takmx ycnoBuax 6onee cnocobHble 6I0poKpaTtbl UCMONb3YIOT
CBOM HaBblKM, YTOObI 3aWUTUTb NPUBMIETMPOBAHHbIE (PMPMbI OT KOHKYPEHLUMM, UCNOJb3ys
C/IOXHble CTpaTeruu, KoTopble CBOAAT K MUHMMYMY PUCK OBHapyxeHua [3].

KntoyeBolr akTtop npo6aembl COCTOUT B OTCYTCTBMM 3(PPEKTUBHBIX UHCTPYMEHTOB
60pbObl C KOpPPYMUMOHHbIMK ABNEHUAMMU M CNABOM KOHTPOJie Haj rocyAapCTBEHHbIMU
3aKynKamu.

Llenb wuccnepoBaHMsa 3akao4vaeTca B TOM, YTOObl BbIABUTb OCHOBHble BMAbI
KOPPYNUMOHHbIX MPaKTUK B 3aKyMNKax, onpeaenmtb CNocobbl MUHUMMU3ALMMU KOPPYNLMOHHbIX
PUCKOB M MpPefsioKMUTb MNPaKTUYEeCKMEe PpeKOMeHJauMu No  COBepLUEHCTBOBAHMIO
KOHTPOJIbHbIX MEXaHW3MOB B 3aKYMOYHOM JeATENIbHOCTU C 0CO6bIM BHMMAHMEM K
JIOrUCTUYECKOMY Mpoueccy.

ANa LOCTUKEHUS NOCTaB/IEHHOM LiE/IM HaM HEO6X0AUMO PELLMTb pAj 3aJau:

—lpoaHanusMpoBaTb COBPEMEHHbIE MOAXOAbl K OMNpPeAeNEHUI0 TaKMX MOHATMM, KaK
KOppYNuMs M 3710ynoTpeb/ieHMsA B 3aKyNOYHOM NPaKTUKE;

—OnpegennTb cneuudmKy KOPPYMNUMOHHbIX SABJIEHUA B JIOTUCTUYECKOM CEKTope
3aKYMoK;

—PaccmoTpeTh cylecTtBytowme METOoAbl BbiABAEHUSA U NPOMPUIAKTUKM KOPPYNUMK B
3aKynKax.
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MeTogonorua u pesynbTatbl UCC/IeL0BaHMUA

[Ans HanucaHuA cTaTbu OblIM NPUMEHEHDBI Pa3/IMYHbIE HAayYHblE MOAXOAbl M METOADI
UCCNeoBaHMM, obecrneymBatolime riny6oKkoe NnoHMMaHue eHoMeHa Koppynuuu B cdepe
3aKYNOK M pa3paboTKy JAEMCTBEHHbIX PpeKoMeHAauui. /Ans  HanuMcaHus  CcTaTbu
MCMNO/Ib30Ba/IMCb METO/bl aHa/IM3a Hay4HbIX Ny6/MKaumi 1 Matepuanos CMU, MOHUTOPUHI
aKTyaslbHOM MHGbOPMaLMKM O Koppynumm B cdepe 3aKynok, cucTemaTusaumsa cCryyaeB
MOLUEHHMYECTBA M WMCMNONb30BaHUE LUMMDPOBbLIX TEXHOJIOMMM AN 06paboTKM 60/bLIOrO
obbeMa JAaHHbIX. 3JTO MNO3BO/MJIO pa3paboTaTb KOHKPETHble pPEKOMEHZauMM Mo
NnpeaoTBPaLLEHMIO  KOPPYMUMOHHbIX MPAKTMK M YAYYWEHMIO HOPMAaTMBHO-NPaBOBOIro
peryamMpoBaHus.

[MpUMEHEHWE YKa3aHHbIX MOAXOA0B MO3BOJIMIO BbiABMUTb CneumduKy MpoABIEeHUA
KoppynumMmM B uUMdpoBYyl0O  3MN0OXy, NpeaioXutb  3DMEKTUBHbIE  MHCTPYMEHTHI
NPOTMBOAEMCTBMA  HE3aKOHHbIM  JeMCTBUMSM M chOpPMMPOBATb  NPaKTUYECKME
peKoOMeHZaumMmn ANa COBEPLUEHCTBOBAHMA CUCTEMbI 3aKYMOK.

JloructMka M Koppynumsa CBA3b MeXAy HWMM HepaspbiBHa. Koppynuua - 370
3710ynoTpebaeHne cny>KebHbIM NONOKEHUEM, MOJTHOMOYUAMU MU CBA3AMU ANA NONYYEHUA
JIMYHOWM BbIFOAbI, Yalle BcCero, B yuwepb MHTepecam obuliectBa MAM opraHusaumu. B
KOHTEKCTE 3aKyMOYHbIX MPOLECCOB, KOppynuusa MNpoABAAETCA B pas3/IMYHbIX dopMmax,
MCKaXKana NPUHLMIMbI YECTHOM KOHKYPEHLMMU M paLMOHa/IbHOr0 MCMO/1b30BaHUS pecypCoB.
JlorucTMKa — 3TO KJIYEBOWM KOMMOHEHT 3aKyMoOYHOro npouecca, BeAb MMEHHO OHa
obecneunBaeT 6ecnepeboMHy0 MNOCTAaBKY MaTepuasioB M TOBApoOB 3aKa3uumky. K
COXaneH1o, 3Ta OTpacC/ib CTpagaeT OT KOPPYMNUMU HUYYTb HE MEHbLLE, YEM CaMM 3aKYMKMK.
BoT Wb HECKONBKO NpUMeEPOB:

—CroBop — 3TO TaMHOE COrnalleHWe MEXAY YYaCTHMKAMM 3aKYMNoK (Hanpumep,
NnocTaBWMKaMM) WM  AOMKHOCTHBIMA JIMLAMM  3aKa3uMKa C Lesiblo NpeAoCTaB/eHMA
npemmyLlecTBa onpeaeneHHOMY MNOCTaBLWMKY B OOMEH Ha B3ATKY MM MHYI0 OopMy
BO3HarpakaeHus;

—OTKaTbl, Koraa nocTaBLIMK BO3BPALLAET YacTb MOJyYEHHOM BbIPYUYKM JOKHOCTHOMY
/MLy 3aKa3yuKa B OOMEH Ha rapaHTMPOBAHHOE 3aK/Il0YEHME KOHTPAKTa;

—QanbcudmKauma AOKYMEHTauumM - ewe OoAuH Cnocob Koppynuuu, Koraa B
3aKYMOYHOM [IOKYMEHTALMM HAMEPEHHO MCKaxKaloTcA Tpe6oBaHusA, 4Tobbl NOJA  HUX
NoAXoAuN TONbKO OnpeAesieHHbIM NOCTaBLUUK.

—Henpo3spayHble KpuTepuu BblOOpa: €CAM KpUTEPUM, MO KOTOPbIM BblIOMpAIOT
NMOCTaBLUMKOB, HEACHbI UM CYOBbEKTMBHbI, 3TO MOXKET CNOCOOCTBOBAaTL KOPPYNUMK, TaK Kak
3TO OCTaB/IAET MECTO A/1A BMeLlaTe/IbCTBa U 1066MpoBaHUA [4].

Jloructmka, Kak HeoTbem/ieMas YacTb roCyAapCTBEHHbIX 3aKYMOK, CTa/JIKMBaeTCcA C
aHaJIoOrMYHbIMM  pUCKamMM. Bbl6Op TpaHCMNOPTHOM KOMMAHMM HA OCHOBE  JIMYHOIO
npeanoyTeHUA, YKIOHEHUE OT COON0AEHNA KpUTEPUEB CTOMMOCTU M KayecTBa NpMBOAAT K
BO3HMKHOBEHMIO KapTe/ibHbIX CrOBOPOB M HEOGOCHOBAHHOMY YBEJ/IMYEHUIO PacXOZ0B.

OdopmneHne [OOKYMEHTOB COMPOBOXAAETCA MHOXECTBOM  OHOpPOKpaTUYECKMX
npoueayp, co3gawlmx 6s1arogaTtHyto MOYBY ANA KOPPYMNUMOHHbLIX NpakTUK. HesakoHHoe
NoJlyYeHUe paspeLleHnii, NpeaoCcTaB/IEHME HEJOCTOBEPHbIX CBEAEHUM O rpy3e, COKpbITUE
MHpOPMaLMM O NaaTexax CNoco6CTBYIOT HAPYLUEHMIO MNPaBOBbIX HOPM M CTaHAAPTOB
TPaAHCNApEeHTHOCTMU.

Eule oAHMM MNpOSIBIEHMEM KOpPPYMUMM ABNSETCS CO3/JaHWE YCTOMYMBBIX CETEM
B3aMMOBbIrOJJHbIX CBSI3EM MeXAY NpPeACTaBUTENSAMU T[OCY/apCTBEHHbIX BEAOMCTB M
4YaCTHOro cekTtopa. [ogo6Hble B3aMMOOTHOLLIEHMA HapyLlalT NPUHLMIN CNpaBea/IMBOCTU U
CHMMKAIOT KOHKYPEHUMIO, yXyAllas o6liee KayecTBO 3aKyMaeMblX TOBApOB M YC/Yr.
be3ycnoBHO, yKa3aHHble NPO6/IEMbl XapaKTEPHbI HE TOJIbKO ANs Poccuu, HO M ANA MHOrMX
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Apyrux rocygapcts. [lpyumMHa npocta: OrpoMHble AeHbrM, MpoXojdlue 4yepes
JIOTUCTUYECKME ULENOYKM, MNPUBIEKAKT 3/1I0YMBILNEHHUKOB M KeNAloWMX HaXMTbCA
He3aKOHHbIM NYyTEM.

Kak roBopunocb Bbllwe, JIOTUCTUKA ABAAETCA Ba)XHbIM 3/IEMEHTOM CUCTEMDI
roCyapCTBEHHbIX 3aKYMOK, MOCKOJIbKY obecrneynMBaeT CBOEBPEMEHHYIO JJOCTaBKy TOBapoOB
M MaTepMasioB 1O KOHEYHbIX noTpebuTenei. O4HAKO 3TOT NPOLECC NOABEPIKEH Pa3/IMYHbIM
BMAAM KOPPYMUMOHHbIX PUCKOB, KOTOPbIE€ MOFYT CYLLECTBEHHO MOBAMATb HA CTOMMOCTb M
KayecTBO MOCTABOK. PacCMOTPMM OCHOBHbIE€ TUMbl TAKMX PUCKOB M BO3MOMHbIE MYTU MX
npefoTBpaLLeHuA.

1. PUCKM B BblbOpe TpaHCMOPTHbIX onepaTopoB. Bbibop nepeBo3uMKa — OfHa M3
K/IIOYEeBbIX TOYEeK pucKa. Ecnan  TpaHCnopTMpoBKa OCyLeCTBAAETCA Ha OCHOBe
NpeAnoYTEHUA KOHKPETHbIX COTPYAHMKOB, UrHOPMPYS KPUTEPMM HAZLENKHOCTM, CTOMMOCTH
M KayecTBa YyCayr, BO3HMKAET OMAacHOCTb (hOPMMPOBAHMA KapTenel cpeam NoCTaBLIMKOB,
MOBbILIEHNA LEH U CHUXKEHMA KOHKYPEHTOCNOCOOHOCTH.

MpUMepbl PUCKOB: OrpaHMYEHHbIM AOCTYN HOBbIX MIPOKOB Ha PbIHOK, 3aBbllEHME
TapncdoB HA TPaAHCMOPTHblE YCAYrM B pe3y/bTaTe TaWHbIX COrfaWeHWUHM  Mexay
nepeBo34YMKaMm M1 3aKa3uMKamM.

Cnocobbl npefynpexaeHua: opraHM3auma Mpo3payHOro M KOHKYPEHTHOro otbopa
nepeBO34YMKOB MOCPEACTBOM 3/IEKTPOHHbIX TOProB. YCTaHOB/JeHME CTPOrMxX CTaHAapToB
KayecTBa TPAHCMNOPTUPOBKMU MU PETrYyAAPHbIM MOHUTOPUHI UCMOIHEHMA 06A3aTENbCTB CTOPOH
forosopa.

2.KoppynuuoHHaa cocTaBaswowaa B 0pOpMIEHUM [OKYMeHTOB. OdopmaeHue
ZAOKYMEHTaLUMM CBA3AHO C MHOTOYMC/IEHHBIMU AAMMHUCTPATUBHBIMU AEUCTBUAMM, TaKMMMU
Kak odopmaeHuMe  paspelmTesibHbIX  JOKYMEHTOB, MPOXOXAEHWE  TaMOMKEHHbIX
opManbHoOCTEN M Bblayva CEPTUDOUKATOB.

MpMepbl PUCKOB: MNOJlyYEHUE paspelleHUs Ha MNepeBO3KY OnacHbIX rpy30B 3a
A0MOIHUTENbHYIO Naaty. MpeaocTaBAEHUE NIOXKHbIX CBEAEHMM O Ipy3e C Le/bio M3beraHus
ynnaaTtbl Ha10roB.

Cnocob6bl npeaynpexaeHuna: oby4vyeHue COTPYAHMKOB  JIOTUCTUYECKMX  CIYXKO
cTaHZapTam 0dOpM/IEHUA [LOKYMEHTOB M TpeboBaHWAM 3aKoHa. [lpuMMeHeHWe MeToAoB
3/IEKTPOHHOr0 y4yeTa U1 MOHMUTOPMHIa MPOXOXKAEHMA JOKYMEHTOB.

3. KOHMKT MHTepecoB U haBoprTU3M. DOpMUPOBaHUE YCTOMUYMBBLIX CBSI3EM MEXKAY
pPaboOTHUMKAMM TOCYAAPCTBEHHbIX YUYPEXKAEHWA U PYKOBOAMUTENAMM YaCTHbIX KOMMaHMM
CNoco6CTBYET CO34aHMI0 CUTyaLUMi KOHMIMKTA MHTepecoB. Korga pelueHue npuHUMaeTCs
B MHTEpecax KOHKPETHOro MpeanpuATMSa MAM JMua, HapyllaeTca CnpaBea/MBbIM 6anaHc
KOHKYPEHUMU U CHMXKaeTCA 3PPEKTUBHOCTb 3aKYMKH.

Mpumepbl PUCKOB: nepejaya KoHMAEHUMANbHOM MHMOPMaLMM TPaHCMOPTHLIM
KOMMaHUAM, MO3BOJIAIOLLEN NobexAaTb B KOHKypcax. lpMemKa HeKayeCcTBEHHOro ToBapa
WM €ro 3aJeprkKa B Lensx CoaemcTBusA 0AHOMY M3 NMOCTaBLLMKOB.

Cnocobbl npeaynpexaeHus: 4yeTKo pernameHTUpoBaHHas npoueaypa
B3aMMOAEMCTBMA  MEXKAY  [OCYAApCTBEHHbIMM  CAYXKaWMMM U KOMMEPYECKUMM
opraHuzaumamm. OTKpbITBIM M NPO3PayHbli  OTOOP NOAPAAYMKOB C  COGAAEHMEM
MPMHLMNOB paBHOMPaBUA U COCTA3ATEIbHOCTU.

MocneacTBus  KOpPYNUMM HOCSAT KOMIUIEKCHbIM XapaKTep M 3aTparMBaloT Kak
DKOHOMMKY, TaK U coumanbHyto cepy. lNprBeaéM HECKONBKO NPUMEPOB.

PocT 6lOAKeTHbIX pacxofoB: HM3Kaa 3PEHEKTUBHOCTb MCMOJIb30BAHMUA OHOAXKETHbIX
CpeAcCTB, YBeJIMYEHME CTOMMOCTM 3aKYMoK BeayT K JAeduumty GUHaAHCUMPOBAHMA
COUMaIbHO-3HAYUMbIX NMPOrPaMM.

YXyAlweHne KayecTBa TOBApOB M YCJ/Yr: HenpaBWJ/IbHblE 3aKJOYEHUA KOHTPAKTOB C
(prpMaMn HU3KOrO YPOBHA MPUBOAAT K MOCTaBKE HEroAHbIX TOBApOB M BbINOJHEHMIO
HEeKayYeCTBEHHbIX paboT.
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3aMeaneHne >SKOHOMMYECKOro pocTa: pauyoHalibHble MHBECTMUMM 3aMeLlarTca
KOPPYMNMPOBAHHbIMM KOHTPaKTamMM, 3amMeanAs MOAEPHM3aUMI0O SKOHOMMKM M JuLas
CTpaHy nepcneKkTMB GyayLiero pocra.

CoupanbHble NOCNeACTBUA: HEAONONYyYEHUE HACEeNIEHMEM YKM3HEHHO BaXKHbIX YCAyr
(MeaunumHa, obpasoBaHue, *Kube) YyCUAUBaeT 6e4HOCTb U HEPaBEHCTBO.

/laBneHne Ha Manbld M CpeaHWM 6M3HEC: OTKPbITOCTb PbIHKOB OrpaHW4YMBaETCH,
BBOAATCA Gapbepbl, NPensaTCTBYHOWME YyYaCTMIO A0OGPOCOBECTHbIX NpeanpuHMMATENEN B
rocyapCTBEHHbIX 3aKynkax. HauuMoHasbHaa 6e30nacHOCTb: YyTpaTta KayeCTBEHHOro
BOOPYKEHMA, HapyLleHWEe CPOKOB CHabXeHMs U ocslabsieHne 060pOHbI HAHOCAT MPAMOM
ylwep6 HauMoHaIbHOM 6€30MacHOCTM.

BakHbIM MOMEHT AAHHOIO MCCNEAOBAHUS - U3AEPIKKMU BEAEHMA NEPErOBOPOB, TO €CTb
M3AEPKKM YCTAHOBNEHUS “A0rOBOPHbIX YC/IOBUM” KOPPYMLMOHHBIX CAE/IOK, HEeNerasbHble
yrnpaBAfAoLWME OpraHu3auumn MOryT Cnocob6CTBOBaTb - MM HaBA3bIBaTb — AOCTUXKEHMIO
COrflalleHna O KOJIMYeCTBE U TUMe pecypcoB, MoAnexalimx oObMeHy, TakMX Kak cyMMma
B3ATOK, CTOMMOCTb KOHTPaKTOB, NpoLeAypbl U CPOKM NPOBEAEHMA TOProB, pacnpejeneHue
KOHTPAKTOB M TaK Jajiee. CO3JaHME HeNerasbHblX YMNpaBAAOWMX OpraHM3aumm
Crnoco6CTBOBasI0 Obl MCKaXKEHMIO KOHKYPEHTHbIX npoueayp nyTemM CTpaTerMyeckoro
corsiacoBaHMa TpeboBaHMM K Y4aCTMIO B TeHAEpax MU cneumduKaumm, a TaKKe nyTem
MOOLWPEHNA UM MNPUHYKAEHUA K  COTPYAHMYECTBY MEXAY MOMTUYECKUMM U
GIOPOKPaTMYECKMMM CYObEKTaMM, BOBJIEYEHHBIMM B pa3/IMYHbIE 3Tanbl Npouecca NPUHATHA
peLLleHnI, OT pacrnpeaeneHnss pecypcoB A0 KOHTPO/A 3a npucyxaeHnem npemuit (Della
Porta & Vannucci, 1999; Sberna, 2014). bnarogapa BHenerasibHOMY YnNpaB/EHUIO
KOPPYMNUMOHHbIE CAENIKM CTaHYT 60/1ee NPUObLIJIbHBIMU U MEHEE PUCKOBAHHbBIMM, MOCKOJIbKY
YC/IOBMA KOHTPaKTa M KPUTEPUWM pacnpeaeneHus apeHAHOM naaTbl, KOTOopble MHOrAa
aBTOMAaTMUYECKU PaCcCUMTBIBAKOTCA KaK MPOLEHT OT CTOMMOCTM KOHTPAaKTa M pacnpeaensatoTca
MeXAy Ppas3/IMYyHbIMM  YyYaCTHMKaMM MO  (DUKCMPOBAHHbIM  KBOTaM, MOryT CTaTb
MHCTUTYLMOHAIM3MPOBAHHbIMU KaK obLLee HenucaHoe npasBmio. bnarogapa atoMy y Bcex
NAapTHEPOB €CTb O6WMA CTUMYJT MAKCMMM3MPOBaTb CTOMMOCTb KOHTPaKTa, Korga 3TO
BO3MOXHO, 4YTOGbI NOJly4YMTb 6OJIbLLYIO OO B KayecTBe B3ATKM [5].

[naBHaA owMbKa B NoaxoAe K pelleHMIo nNpobaeMbl KOppynuuu — MoMbiTKa MCKaTb
NpoCTOe YHMBEpCa/lbHOEe CpeACcTBO. PeasbHOCTb HAMHOrO CrioXHee. Kaxaoe rocyaapcrso
CTaJIKMBAETCA C  COOGCTBEHHbIMW  YHMKaNbHbIMM  (PaKTOpamM,  MPOBOLMPYIOLLMMM
KOppYnuuoHHoe rnoBeaeHue. bopbba C Koppynuuen TpebyeT KOMIMIEKCHOro noAaxoAa,
BKJ/IOYAKOLLEro MpaBoOBble, OpraHM3auMOHHblE M TEXHONOrMYyecKne mepbl [6-7]. TeM He
MeHee, cyuiecTByeT psaa O0OWMX Mep, KoTopble JoKasanu cBo 3IPPEKTUBHOCTb B
CHUXXEHMM YPOBHA KOPPYNLUMK:

1. AHanM3 [JOKYMEHTA/IbHOrO0 COMPOBOXAEHWUA CcAenoK. JeTanbHoe u3yvyeHue
NepBMYHOM BYXranTepckon M (MHAHCOBOM AOKYMEHTALMM MOMOraeT BblSBUTb MPU3HAKM
hanbcndmrKaumm MAU YMbILIEHHOTO UCKaXKeHUA (DaKToB.

NHCTPYMEHTDI aHasm3a: npoBepKa NpaBUIbHOCTU 3ano/iHeHuA
TOBapOCONPOBOAUTE/IbHOM AOKYMEHTaUMM. AHa/IM3 CTPYKTYpbl NiaTeXen U BO3MOMKHbIX
CXeM yXo4a OT Ha/lIor00610XKEHMS.

2. MOHUTOPUHI BHYTPEHHWUX BM3HEC-NPOoLECCOoB. PerynsapHble NpoBEPKU BHYTPEHHEN
CTPYKTYpbl MO3BOJIAIOT CBOEBPEMEHHO OGHApYXMBATb C/yYaM NPEBbILLEHMSA NMOJHOMOUYMM
WM OTKJIOHEHUA OT YTBEPKAEHHbBIX pPEr/IaMeHTOB.

BO3MOXHble MHCTPYMEHTbl: BHYTPEHHAS PEBU3MOHHAA AEATENIbHOCTb C Y4YacTUEM
HEe3aBMCUMbIX ayAUTOPCKMUX KOMMaHMM. [poBeAeHUe BHE3AMHbIX NPOBEPOK NpeanpUsaTUM,
OCYLLEeCTBAAIOLWMX TPAHCMNOPTHbIE OMnepaumm.

3. BHELWHMM KOHTPO/Ib CO CTOPOHbI HAA30PHbIX OpraHoB. KOHTpo/MpYIoLWME OpraHbl
BbIMOJIHAT AEMCTBUSA MO BbISBNIEHUIO M MPECEYEHUIO KOPPYMUMOHHBIX MPECTYMNIEHWUMA.
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FocyaapCTBEHHbIE MHCMEKLMM MPOBOAAT BbIGOPOYHbIE NPOBEPKM TPAHCMOPTHBIX KOMMNAaHUM
M CKNAZCKMX KOMMJIEKCOB, obecneymBas CobloaeHne 4eMCTBYIOLWEro 3aKoHoAaTebCTBa.

KaK MOHO peasin3oBaTb BHELIHMIA KOHTPO/Ib: MJIAHOBbIE M BHEMJ/IAHOBbIE MPOBEPKM
npeanpuaTMIM, c6op M 06paboTKa Kaslob rparkaaH U PUANYECKUX NUL,.

4. DNEeKTPOHHble TOProBble NOWAAKM M UMMDPOBbIE TEXHOOTMU. Mcnosb3oBaHMe
TaKMX NNaTchopm ANA pasMELLEHUs 06BABNEHUM O 3aKynKax U MpoBeAeHMA ayKLMOHOB
CHUXKAET KOpPYNLMOHHbIM NOTEHLMAN.

LUndpoBblie pelleHMa: aBToMaTM4eckoe (HOpPMMPOBAHUE KOHTPAKTHbIX YC/OBUM M
pacyeT CTOMMOCTM ycnyr. OnepaTMBHOE OTC/IEXMBAHWE MEpPEMELLEHUA Tpy3a M cbop
aHa/IMTMKMU NO KarKAOMY 3Tany TPaHCMOPTMPOBKM.

5. MpaBoBas OTBETCTBEHHOCTb M CaHKUMW. HakasaHuMe 3a KOppYMNUMOHHbIE
NPecTyneHns [JO/IKHO O6biTb CypoBbiIM M HeOTBpaTUMbIM. Heobxoanmo obecneynTb
3 dEKTUBHYIO PpaboTy CyAeOBHbIX OpraHoB M MNPaBOOXPaHMTENIbHBIX CTPYKTYp MO
pacc/ieJoBaHUIO M PACKPbITMIO TaKMX NPECTYNIEHMNA.

MpeayCMOTpPEHHbIE HaKas3aHMA: YroJloBHas OTBETCTBEHHOCTb 3a KOPPYMNUMOHHbIE
JENCTBUA M TAXKECTb HA3HA4YaemblX HaKasaHMM. AAMMHUCTPATUBHblE LWITpadbl WU
AMCUMMNIMHAPHbIE B3bICKAHWS B OTHOLLEHUW PYKOBOAUTENEN U COTPYAHUKOB, Y/IMYEHHDBIX B
HapyLLUeHUU 3aKOHOB [8] CTOMT OTMETMTb, YTO HaKa3aHME 3a KOPPYMNLUUMOHHbIE NPECTYMN/IEHUSA
MOKeT ObITb Cpa3y HECKOJIbKMX BUAOB.

3akirouyeHume

Koppynuus B 3aKyno4HbIX NPOLLECCax M JIOTUCTMKE NpeACTaB/IAeT Cepbe3Hyo Yyrpo3sy
PasBUTHIO rOCYAApCTBa M 61aromnosyuma rpaxkaaH. Mocaeactsms Koppynumu B JIOTMCTUKE
OLLYTUMbI Ha BCEX YPOBHSX: OT 3aBblLLEHHbIX LIEH Ha TPAHCMOPTHbIE YC/IYT1 U 060py10BaHUE
[0 33JepeK B TMOCTaBKaxX, CHWMKEHWUS KayecTBa MHMPACTPYKTYpbl MU YyBesMYeHus
ONepauMOHHbIX M3JepXKeK. IJTO MNPUBOAUT K CHUKEHMIO KOHKYPEHTOCMNOCO6HOCTM
OTEYEeCTBEHHbIX MPOM3BOAUTENIEM M MOCTABLUMKOB, YAOPOXKAHWMIO KOHEYHOM MPOAYKLMM U
ycnyr Ans  notpebutenei, a TaKKe CTaBMT MOA Yrpo3y peasm3auuio  BarKHbIX
MHPPACTPYKTYPHBIX NPOEKTOB.

Bopb6a C Koppynuuen B ccepe 3aKyrnoK B JIOTMCTMKE TpebyeT KOMIMJIEKCHOro
noAxoda, BK/YalWeEro B cebA COBEpLIEHCTBOBAHME 3aKOHOAATE/IbCTBA, YCWUJIEHUE
KOHTPOJIA M HaA30pa, MOBbilEHWE MPO3payHOCTM MpOoUEedyp 3aKyMoK, BHeApeHue
COBPEMEHHbIX MH(MOPMALMOHHbBIX TEXHOMOTMIM U CUCTEM YMpaBieHUs puckamu. Ocoboe
BHMMaHWe cieayeT yaeNnsaTb pasBUTUIO Ky/IbTypbl HETEPMMMOCTHM K KOpPYNUMM B 06LLECTBE,
MOBbILEHMIO NPOdeCcCcMoHanM3mMa M 3TUYECKOTO YPOBHSA COTPYAHMKOB, 3aHATbIX B cdepe
3aKYyMOK, a TaKXe aKTMBHOMY BOBJ/IEYEHMIO MPaXKAaHCKOro 06LeCTBa B NPOLIECChl KOHTPOA
1 MOHUTOPMHra.
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THE ROLE OF A HIGHER SCHOOL TEACHER IN DIGITAL EDUCATION ERA

The paper comprehensively examines the transformation of the role of a scholar in the
conditions of the modern digitalization era and describes the features of the digital educa-
tional process in universities. The authors identify the integral issues of distance education
in Russia, analyze the definitions of the basic concepts of the issue under study, and high-
light the primary differences between general and digital didactics of higher education.
The research focuses on an in-depth description of the roles and functions of a higher
school teacher in the digital educational process and the basic minimum of facilitation
technolo-gies in online learning. In the research, it has been possible to reveal significant
groups of teachers’ role positions in the digital educational process and propose
recommendations for improving teaching effectiveness in higher education in the digital
reality era. The cur-rent research contains the data of the analysis and synthesis of
scientific literature in ped-agogy, digital didactics, and psychology in implementing online
learning. Additionally, the paper describes the findings of an expert survey of lecturers
on the new challenges of dis-tance learning in higher education. Experts assess the
prevalence and effectiveness of online classes among students in Russia and highlight the
current issues of distance edu-cation. According to the research results, differences in
classical and digital didactics are identified, a rating of the importance of facilitation
technologies is compiled, and their basic minimum in online learning is formed. The
experts offer detailed recommendations on in-troducing complex measures for further
developing an effective information support sys-tem for the digital educational process,
including methodological, organizational, and legal aspects.
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Introduction
The dynamically developing reality and pace of life are currently determining new

trends and challenges for all participants in the educational process at the university,
including, among other things, more intensive and effective use of digital educational
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technologies to optimize educational and teaching activities. Digital transformation is
transitioning from a traditional lifestyle to a lifestyle with new versions of digital reality,
which inevitably leads to forming renewed connections between all participants in the
educational process (Kayembe, Nel, 2019)

There is no definite transformation trajectory in the Russian educational system thus
far. However, higher schools employ multiple approaches, including innovation, a synergy
between teaching online and offline, and the introduction of digital technologies into
practice. To this end, it is essential to change both the methods of management and the
practice of teaching in universities. Particularly, higher education institutions should use
modern information technologies to create interactive and individual learning in a digital
educational environment (Hang, 2021).

Accordingly, the task of any faculty is to take into consideration new educational
trends regardless of the form of class arrangement and apply modern pedagogical
approaches, methods, and tools to improve the efficiency and quality of student teaching.

The pandemic, the lockdown situation, and the dominance of distance learning in
2020 led to the rapid introduction of digitalization into the higher education system. Not
only were teachers and students able to gain knowledge in a new format, but they also
had to acquire competencies of the 215t century and successfully apply the latest digital
educational technologies in practice (Grishin, Domashchenko, Konstantinova, 2020).

The research is devoted to examining a higher school teacher’s role transformation
in the conditions of the digital education era, since currently, the introduction of
hybrid/mixed type of education (offline and online) with the use of IT is occurring in the
higher education system.

Studying the digital professional education features is impossible without specifying
the concepts of “digital educational environment,” “digital didactics,” and “digital
didactics of higher education” (Blinov, 2019).

Digital didactics of higher education is built on the basic principles of classical
didactics as a science of learning, complementing, and transforming them concerning the
conditions of the digital educational environment (Blinov, 2019). Digital didactics of
higher education trig the development of hew methods and strategies of teaching in the
primary professional educational programs of universities.

Theoretical analysis of scientific sources confirms the research topic relevance and
reveals the interest of scholars in studying the role of a modern professor. Some scholars
identify the primary characteristics of the teacher’s role as a person with leadership
qualities, performing the functions of a manager, organizer, coordinator, and
administrator in the process of pedagogical interaction with students and in the event of
various conflict situations in the educational process. They also emphasize the importance
of ethical aspects of pedagogy and the general culture of a high school teacher, affecting
the subjective assessment and perception of the image of the latter by students and their
social attitudes [3]. Other scholars consider the features of the social roles of the faculty
dictated by the current historical period: the reform of the higher education system in
recent decades and the introduction of new Federal State Educational Standards
(Badmaeva, 2020).

Methodological Framework

The current research examines the transformation of the modern high school
teacher’s role in the new circumstances of higher education digitalization.

The object of this research is the theoretical and methodological aspects of a higher
school teacher’s role transformation in the digitalization conditions. The research subject
is the peculiarities of a higher school teacher’s social role in the digitalization conditions.
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The authors set the following research goals: to identify the primary differences
between the general and digital didactics of higher education, describe the role and
function of a higher school teacher in the digital educational process, and form a basic
minimum of facilitation technologies in online learning.

The research is conducted utilizing the methods of analysis and synthesis of scientific
literature, analysis of regulations (Federal Law “On education in the Russian Federation,”
No 273-FZ, 29 December 2012; Resolution “On conducting an experiment on the
introduction of a digital educational environment,” No 2040, 7 December 2020;
Resolution “On the state information system ‘Modern Digital Educational Environment,’”
No 1836, 16 November 2020), and the concept map method when creating a table with
authors’ developments on the topic in focus.

During the study conducted in 2020-2021 - the expert survey - 80 higher school
teachers under the age of 45 who actively use online technologies in teaching in the
Russian Federation were surveyed. The respondents are members of the Interregional
Public Organization “League of Higher School Teachers” (Moscow, Russia.): university
teachers from 33 regional Russian universities.

One of the primary methodological limitations of expert selection is the demand to
conduct this procedure qualitatively. The criteria for forming the pool of experts affect
the obtained results and their integrality.

To achieve a reliable assessment, the authors apply the following requirements for
the selection of experts: work experience in institutions of higher or secondary vocational
education - at least five years and a scientific degree not lower than an associate professor
or doctor of pedagogical, sociological, psychological, or philosophical sciences. Experts
should participate in writing at least one scientific paper in the field of digital education
over the past five years. Additionally, the important selection criteria are professional
development related to utilizing digital technologies in education and conducting at least
100 hours of online classes over the past two years.

The method of a structured interview is utilized. Among teachers, experts are
identified by the degree of activity and involvement in the distance learning process. A
checklist with open questions and issues for ranking research categories is offered. Experts
are asked to study Russian students’ opinions on the prevalence and effectiveness of
online learning and point out the primary reasons for the widespread growth of distance
education. When interviewing, they are also to assess the education modification for the
past two years retrospectively.

The task is set for teachers to formulate the differences in classical and digital
didactics, make a rating of the importance of facilitation technologies, and form the basic
minimum of online learning.

Finally, the experts are asked to recommend introducing integrated measures to
develop an effective information support system for the digital educational process.

Results

The rapid increase in the use of innovative technologies, changes in life priorities,
and the pace of life during the pandemic indicate the necessity for the regular monitoring
of the processes occurring in Russian education and fixing changes in the appearance of
educational process participants in order to reflect them adequately. According to
experts, distance education is currently widely demanded by the students of higher
education insti-tutes. Some professors believe that up to 80% of students highly appreciate
the effective-ness of online education in Russian universities. From their perspective, on
average, over 72% of students are satisfied with the quality of education during the
pandemic. Higher school teachers claim that less than 20% of their students have
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experienced significant difficulties with connection due to poor computer literacy, the
quality of the Internet con-nection, or outdated software. Experts who directly apply
distance learning in their practice believe that smartphone use should not exceed 40%.

Assessing the situation over the past two years, experts believe that the prevalence
of distance learning will increase significantly in the future. The necessity to improve the
general digital literacy of the population will also strengthen.

The authors investigate the open questions in the “Expert survey of teachers”
checklist and conduct a comparative analysis of the contents of higher education classical
and digital didactics by the primary parameters. Four primary clusters of analysis are sin-
gularized (the learning system, the learning process, the organization of teacher and stu-
dent activities, and the teaching), for which significant differences are identified (Table

1.)

TABLE 1. PRIMARY DIFFERENCES BETWEEN CLASSICAL
AND DIGITAL DIDACTICS OF HIGHER EDUCATION

Classical didactics Digital didactics
Classroom-based learning system Learning in different environments and spaces
(online, offline, network, virtual reality)
Educational process of an educational | Learning in an educational network and self-
organization learning in an educational environment

Organization of teacher and student | Organization of the processes of design,
activities formation, and development of educational
routes/trajectories

Teaching is the leading activity of a teacher | Variety of pedagogical functions of a teacher
in a digital educational environment (curator,
tutor, facilitator, etc.)

Source: Compiled by the authors.

Based on the survey results, one can conclude that the digital didactics of higher
education are the object of the learning process at the university. It is actualized using
the capabilities of the digital educational environment and digital learning technologies,
aimed at achieving goals that correspond to the goals of the modern economy and society,
considering the psychological characteristics of the digital generation of students.

The experts agree that at the present stage of forming the digital educational process
in the universities, one can note that the roles and functions of a teacher are dramatically
transformed (Table 2). During the research, it has been possible to identify three reliably
significant groups of teacher role positions in the digital educational process.

TABLE 2. ROLES AND FUNCTIONS OF A HIGH SCHOOL TEACHER
IN THE DIGITAL EDUCATIONAL PROCESS

Three groups of teacher role positions
Teacher - Students Teacher - Digital Teacher - Digital technologies
technologies - Students

- Training organizer, - Integrator - Methodist,
- Business coach, - Intermediary between the | - Methodologist,
- Game technician, virtual and real worlds, - Developer of online courses,
- Project activity manager, - Network teacher/curator, video lectures courses;
- Educational trajectory | - Instructor, - Expert in electronic
developer, - Web psychologist, educational environments,
- Conflictologist, - Guide, etc. - Teacher-designer of the
- Tutor, educational environment, etc.
- Mediator,
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- Mentor,
- Facilitator,
- Coach, etc.

Source: Compiled by the authors.

According to many experts, it is especially crucial to adapt the online higher
education training system to modern transformations of training formats and their
consolidation into a single whole. Consolidation in the current paper refers to the merging
of full-time education and digital technologies that allows one to create a learning space
in which both offline and online interaction of students is possible. One should note that
this process of merging provides the students the opportunity to be in several interaction
spaces simultaneously, which, in turn, transforms and modifies the social roles within the
learning process. One can simultaneously be both a student and a scholar, a creator or a
critic. Moreover, the possibility for them to prove themselves as a tutor for other
participants in the learning process opens (Ershova, 2019).

The current image of a higher school teacher should undoubtedly correspond to the
standard of a “successful professional,” which is necessary for implementing one of its
most important functions - creating a favorable learning space to increase the interest
and motivation of students in studying the discipline. The involvement of students in the
educational process currently is inextricably linked with utilizing the facilitation
technologies aimed at transforming the knowledge translation process into a creative
process in which the teacher and students, using their creativity, exchange views on the
basic concepts of the discipline under discussion. A teacher should encourage the
development of students’ points of view and inspire them to gain personal experience and
emotions concerning subject-practical activities (Blinov, 2019).

By virtue of the absolute majority of the expert assessments received, a basic
minimum of facilitation technologies that are most often used when conducting lectures
and workshops with groups of students in the digital educational process (online learning)
has been formed (Table 3).

TABLE 3. BASIC MINIMUM OF FACILITATION TECHNOLOGIES IN ONLINE LEARNING

Technology name Contents Lesson form
Storytelling Form beginning Lecture, workshop (at the
Form end beginning of the lesson, a

Interactive interaction in the format of | new topic)
stories/stories  of  participants  with
subsequent generalization and conclusions
(listener, narrator, collector)

Group reflection of the | - What are you especially satisfied with? Lecture, workshop (at the
experience - What do you want to praise yourself for? | end of group work, at the end
- If you are going to arrange another | of the lesson)

activity, what will you do differently next
time?

- What are you taking into the bank of your
ideas?

Question session Interaction before training We rely on the | Lecture, workshop (at the
knowledge and experience of the | introduction to a new topic,
participants, collect questions to the | section)

teacher on the topic. Work in mini-groups -
five to seven members.

Source: Compiled by the authors.
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Teachers-experts note that scientific papers certainly remain a fundamental
resource for obtaining information on the transformation of the role of a modern university
teacher. Nonetheless, currently, they can be called a static source of information due to
the long period from the time of writing and publishing to the availability of a broad
audience. More dynamic and heterogeneous sources such as Scholar.google.ru,
Academia.edu, Mendeley.com, Epistemio.com, Slideshare.net, etc., will significantly
expand the audience of both respondents and readers. Simultaneously, the teacher has
the chance to blog, create forums, record and upload videos, etc. They will allow naming
as one of the indicators of the effectiveness of its work, the number of registered
participants and guests of the forum, views, and presence of guests online, and questions
and discussions in chat rooms (Petrova, 2018).

There are several factors underlying the increase in the prevalence of distance
education. According to the majority of experts (69%), one of the primary reasons is the
accessibility of such training for young people.

Experts also note that the greatest issue teachers of higher educational institutions
face working online is the motivation for learners to receive knowledge. Students, in
general, have an interest in learning. Nevertheless, it is challenging for lecturers to keep
the audience interested in this activity and keep them going through a significant part of
the course without ideas regarding digital didactics.

Specialists point to the necessity of introducing complex measures to develop an
effective system of information support for the digital educational process and the lead-
up of higher school teachers working in new conditions. Online education in the modern
world has no geographical boundaries and is characterized by hard competition. Under
these circumstances, universities using digital technologies are leading and keep the top
positions in the ranking and have the opportunity to respond to any “challenge” of rapidly
altering requirements in the shortest possible time. Changes in all areas of life are a
crucial element of modernity.

It is also vital to create a permanent interuniversity expert and analytical group to
assess the effectiveness of education in the digital age and identify challenges in adapting
the faculty to a new role.

Regarding the existence at the federal or regional level of any comprehensive
program of events for introducing new digital competencies of professors within the
framework of distance learning in universities, more than half of the experts (54%) assume
that there is such a program in theory. However, they cannot specifically identify and
characterize it. For example, almost most of the experts are unfamiliar with the advanced
training program for university teaching staff in the field of digital transformation
provided by the Innopolis University (Republic of Tatarstan, Innopolis) in a partnership
with Netology (Russia, Moscow), which may characterize such programs as non-system or
inaccessible. Each expert, however, has been able to name at least two local intra-
university programs (for instance, “Distance technologies in the higher education system:
Experience, risks, and prospects,” “Digital technologies in pedagogical activity,” “Modern
information and communication technologies in an educational organization”) for
retraining higher school teachers to improve the quality of education in the digital era.

Experts point out the following factors as the chief reasons for the low effectiveness
of such programs:

« Insufficient level of informatization of education in Russia, especially in small
towns;

« Absence of consideration of regional features in implementing distance learning;

« Unwillingness of higher school teachers to master new principles of digital didactics
and lack of qualified staff, especially for organizing seminars, practical classes, and online
training;
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« The training and activities conducted online are often formal.

« In general, the expert assessments of higher school teachers largely coincide and
allow the authors to formulate the following provisions for optimizing education in the
digitalization era:

« Improvement of the legislative and legal framework of online teaching and the
safety of utilizing the Internet technologies;

« Training specialists for working in online classes;

« Providing a methodological basis for teaching with the use of distance technologies;

« Providing sufficient and necessary material equipment for teachers and students to
conduct such training;

« Reorganizing and improving the effectiveness of workshops and master classes with
the use of distance learning by applying the principles of digital didactics and changing
approaches to the arrangement of classes and the role of the teacher as a whole;

« Considering the importance of transitioning to higher education with the extensive
use of digital technologies, one should keep in mind that the effectiveness of the learning
process depends on the success of each singular educational event. The cumulative effect
of online learning is possible if every lesson will give a significant increase in knowledge.

According to the professors’ opinion, it is extremely crucial to give online lectures
and hold conferences and “round tables” on the digitalization of education with the
participation of students and representatives of youth organizations.

Discussion

Digitalization of the educational process during the emergence and spread of the
coronavirus has become a significant challenge for Russian and international universities.
The higher school teachers have to be involved in online teaching in an urgent mode.

Some researchers believe that the central point in the teacher’s job under the
current circumstances is the ability to work on various online platforms and use digital
technologies, services, and software (Kulikova, 2020; Kuznetsova, Chernova, 2020;
Zakharova, 2020). In their surveys, the second group of scholars draws attention to the
fact that teachers in distance learning need to apply traditional forms and methods of
teaching in a digital educational environment (Karakozov, Uvarov, 2016; Kryukova, 2018;
Oslyakova, Udalova, Yoffe, 2021). The third group of scholars attempts to determine the
psychological and pedagogical features and the uniqueness of new educational
technologies in implementing contact work in the digital educational process (Gnezdilova,
Shavrina, 2021; Rakhimova, Balanovsky, Bezginova, 2020).

S. V. Badmaeva, in her research on the development of a professional culture of
higher school teachers in the conditions of digitalization of education, pays attention to
their functions in a new educational space as follows (Badmaeva, 2020):

« To be responsible for the contact work during the learning process;

« To avoid imitation offline technologies on the Internet;

« Not to retell but refer to sources of information and organize self-work of students
to search for information; use the “l am a message” technique, as the teacher is not the
only source of information;

« To take into consideration the spatial and temporal limitations;

« To use the teacher’s speech as the primary tool to make it an algorithmic action
that leads to the student’s response;

« To master oratory (accuracy, timbre, and intonation of speech);

« To create a special workplace - wall/virtual background/chroma key; devices,
special equipment (video camera, tripod, illumination, etc.);

« To describe the student’s workplace (at the first meeting);



29 | Modern European Researches No 1 / 2026

« To form and develop the screen culture of students (to require switching the video
on by the student);

« To adjust the students’ sound;

« To keep a record of the lesson;

« To limit the time of the lesson;

« To provide students’ communication before and after the lesson.

Currently, the question of a higher school teacher’s professional culture formation,
new requirements for his qualifications in the digitalization of education, and the
actualization of personal qualities and professional competencies responsible for adopting
a variety of roles is the focus of the academic community discussion. Most scholars note
the importance of flexibility and critical thinking for modern teachers and their ability to
adapt to different types of online communication quickly. Otherwise, there is a high
probability of a decrease in the quality of learning. The lecturer’s effectiveness can be
assessed utilizing numerical indicators recording the quantity of students’ attendance and
the number of their reviews and comments. Besides the transformation of the higher
school teacher’s role in the digital space, it is critical to study the professional risks of
the faculty that arise in this regard.

Conclusion

In conclusion, one should note the importance of the features of the digital
educational process at the university considered above and highlight the leading functions
of a higher school teacher in the conditions of digitalization. They include (1) designing
new forms, teaching methods, and working materials, as well as the tools of assessment
and control; (2) creating scenarios of training sessions based on diverse, dynamic forms of
realizing educational activities and the optimal sequence of using digital and non-digital
technologies; (3) organizing of individual and group (including self- and project-based)
activity of students in digital classes; initiating reflexive discussions of personally
significant experience; (4) managing students’ educational motivation, including using
facilitation technologies for group work, carrying the role image of a “successful
professional”; (5) constantly constructively interacting with the colleagues working with
the same learners (study group, project team, etc.), forming a “screen” culture of
professors and students.

Therefore, one can state that the role of a higher school teacher undergoes changes.
In the new realities, they need to understand the digital didactics aspects, rethink their
functions and role positions, apply facilitation technologies, act as a carrier of the role
image of a “successful professional,” and continuously fulfill a constructive interaction
with all participants in the educational process.

The data presented in the paper can be implemented as a basis for developing
recommendations that will significantly improve the quality of the educational process in
universities in online learning conditions.
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Posib npenogaBaTensA BbiCLIEN WKOJIbl B YCA0BMAX LM poBM3aLMmM o6pa3oBaHmMa

AHHOTauMa: B cTaTbe BCECTOPOHHE M3yyaeTcsi TpaHcdopMauma posiv npenogaBaTesid B YC/0BUAX
umMdpoBM3aLuM 06pasoBaHMA, OMMCHIBAOTCA OCOGEHHOCTU UMQPOBOr0 06pa3oBaTe/IbHOro npouecca B
BbICLLEM LIKOJIe. ABTOpaMM MCCNEeoBaHUA 6blIM MOCTaB/IEHbl CAeAyHoLIME 33Jla4YM: BbIIBJIEHUE KJIHOYEBbIX
npo6/iemM AMCTaHUMOHHOro o6pa3oBaHMA B Poccuu, aHanmM3 onpeaeneHuid OCHOBHbIX MOHATMI MO
uccaegyemon npobaeme, onpeaesieHns 0CHOBHbIX pasnMuui o6Luen U LM poBOM AMIAKTMKM BbICLLEN LLKOJbI;
onucaHMe poan U (YHKUMKM MpenojaBaTenia BbICLWENM LWKOAbI B LUMMDPOBOM 06pa3oBaTe/ibHOM MPOLECCE;
¢opmMrpoBaHMe 6a30BOro MMHUMYMa (aCUMIMTALMOHHBIX TEXHOJIOTMIM B OHNAMH 06y4vyeHuM. M Kak wuTtor
pa3paboTKa peKOMEeHAAUMM Mo MoBbieHWMI0 3(PdEKTUBHOCTM MpEnoaaBaHUA B BbICLIENM LIKOJIE B 3MOXY
uMdpoBoi peanbHOCTU. B xosle uccnenoBaHWA yAanoCb BbIABUTb 3HAYMMbIE TPYMMbl PONEBLIX MO3ULMM
npenogaeatens B LMdpoBom obpasoBaTesibHOM npouecce. B ctaTbe cogep:kaTca pesy/ibTaTbl aHaAu3a M
CMHTE3a Hay4yHOM /AMTepaTypbl B 06/71aCTU MeAarorMku, UMMhpoBOM AMAAKTUKM M MCUXONOMMKU B YCJIOBUAX
OHNIaMH 06y4YeHMA. TaKKe B CTaTbe OMNMcaHbl pesy/bTaTbl SKCMEPTHOrO onpoca npenojaBaTesield 0 HOBbIX
BbI30BaX AMCTAHLUMOHHOINO O6YYeHWMS B BbICIIEM LUKOE. IDKCMEPTbl OLEHMM PacnpOCTPAHEHHOCTb W
3(pPeKTMBHOCTb OHNAMH 06y4YeHMA cpeau CTYAeHTOB B Poccum M BbIAENMAM aKTyasibHble Mpo6aeMbl
AMCTaHUMOHHOro o6pasoBaHuA. Mo MToraM MCcneoBaHUs 6bliM OoNpeaesieHbl pa3fivuma B KJaCCMYECKOM M
UM POBOM AMIAKTMKE, COCTAaBUAN PEUTUHT 3HAYMMOCTM (DACHMIMTALMOHHBIX TEXHOIOrUIM U CCHOPMMUPOBAU MX
6a30Bbl 1 MUHMMYM B OHJIaMH 06YYEHMU. IKCMNEPTbI NPEASIOKUIM PAa3BEPHYTbIE pEKOMEHAALMM MO pa3paboTke
KOMMJIEKCA MEepONnpUATMIA MO JajibHEMWEMY pPa3BUTUI0 SDMEKTUBHOM CUCTEMbl  UH(POPMALMOHHOIO
obecneyeHusa uUMdpoBOro 06pa3oBaTENbLHONO Mpouecca, BKAYawlwMe B Ceba  MeToauveckue,
OpraHM3aLUMoHHbIE M NPaBOBble ACMeKThbI.

KnioueBble cnoBa: UMdPOBbIE TEXHONOrMM, BbiCLlee o6pasoBaHMe, poJsieBble MO3MLMM MpenogaBaTenis,
acunutaums B oHnalH 06ydYeHmM.
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