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PECYPCOCBEPEIAroLUME TEXHO/OT W A1 ABTOHOMHbBIX
ANNIEKTPOCTAHLUMN HA OCHOBE ABC

CocHuHa E.H., Macneea O.B., JapbeHkoB A.B., IMauypuH I".B.
OBINY BMO «HM>Keropoackuin rocyaapCTBeHHbIV YHUBEPCUTET M. P.A. Anekceesa»,
Hw>kHuit Horopog, e-mail: pachuringv@mail.ru

ABTOHOMHbIE 371EKTPOCTaHLMM Ha OCHOBE [Burateneli BHyTpeHHero cropaHus (4BC) cocTaBnstoT LUMPOKUI
K/lacC 3MEKTPO3IHEPTeTUYECKUX CUCTEM. YCTaHOBKM «[4BC — 3aneKTpuyeckuii reHepatop», 06nafas BbICOKON Ha-
[EeXHOCTbIO, AOCTATOYHO 6OMbLUMM MOTOPECYPCOM U AO/ITOBEYHOCTLIO, ABMAIOTCA 3a4acTyt0 efUHCTBEHHbLIM UC-
TOYHWMKOM OCHOBHOIO W/IM Pe3ePBHOIO 3HEPrOCHaBXEHWS yaaneHHbIX TEPPUTOPUIA, Kak HanpumMep, paitoHoB Janb-
Hero BocToka, Cnbmpy, Cesepa. [ins obecrneyeHns onTMMaibHOro pexkma pabotsl BC no (aktopy 3KoOHOMUM
TOMAVBA U CHUXKEHWS BbIGPOCOB B aTMocepy HeobXoaMMo 06ecrednTb perynmpoBaHmne ero YacToTbl BpalleHus
B 3aBMCMMOCTY OT MOLLLHOCTY Harpy3Ku B COOTBETCTBMY C MHOrOMNapaMeTpOBOii XapaKTepucTuKoid. B pabote nccne-
[0BasICs jBMraTe/lb BHyTPEHHErO CropaHns MOLLHOCTbI0 3,0 KBT, BXoAALLMil B COCTaB YCTAHOBKY «AN3€/b-3/IEKTPY-
Yeckwii reHepatop». Mpu 3ToM YacToTa BpateHns [BC perynnpoBanach B 3aBUCUMOCTU OT MOLLLHOCTU Harpy3Ku.
YCTaHOB/EHO, YTO NMPUMEHEHVe ABUraTeneil BHyTPEHHEro CropaHusi NepeMeHHON YacToTbl BpalleHUst No3BonseT
[0CTVYb 3KOHOMUM TonmBa A0 15%, 4To, B CBOKO 0Yepedb, MPUBOANT K CHUDKEHWIO AMUCCHM NapHUKOBbIX Fa3oB,
B YaCTHOCTM YMeHbLUas BbIGpockl B atMoctepy rasos CO n CH.

KnoyeBble c/i0Ba: ABUraTenn BHyTPEHHEro CropaHus, SI'IGKTpVI'-IeCKVIVI reHeparop, aBTOHOMHbIE 3/IEKTPOCTaHLUMNN,

BbIOPOCKI B aTMOC(epyY, BPeAHbIe BELLECTBA, IKOHOMMUS TONMBa

RESOURCE-SAVING TECHNOLOGIES FOR AUTONOMOUS
PLANT BASED ON ICE

Sosnina E.N., Masleeva O.V., Darenkov A.B., Pachurin G.V.
FGBOU VPO «Nizhny Novgorod State Technical University R.A. Alekseev», Nizhny Novgorod,
e-mail: pachuringv@mail.ru

Independent power based on the internal combustion engine (ICE) constitute a class of electric power systems.
settings «ICE — electric generator», having high reliability, large enough lifespan and durability, are often the only
source of primary or backup power supply remote areas, such as areas of the Far East, siberia and the North. To
ensure optimal operation of the engine by a factor of fuel economy and reduce emissions is necessary to regulate
its speed according to the power load in accordance with the multi-parameter characterization. The paper studied
the internal combustion engine power 3,0 kW, which is part of the installation «diesel-electric generator». In this
engine speed regulated according to the power load. It is found, that the use of internal combustion engines of
variable speed fuel can be saved by 15%, which in turn leads to reduced emissions of greenhouse gases, in particular

reducing the emissions of Co and HC gases.

Keywords: internal combustion engines, electric generator, autonomous power stations, emissions of harmful

substances, fuel economy

ABTOHOMHbIE 3/1EKTPOCTaHLMM Ha OCHOBE
ABurateneli BHyTpeHHero cropaxus (4BC) co-
CTaBMAOT LUMPOKUIA KNacc 3NeKTPO3HepreTun-
YECKUX CUCTEM. YCTaHoBKMN «[ABC — anekTpu-
yeckuii reHepatop» (4-I), o6nagas BbICOKONA
HaJeXXHOCTbHO, JOCTATOYHO 60/1bLUMM MOTOpE-
CYpPCOM ¥ LONITOBEYHOCTbHIO, HE3aMEHWMbI B Ka-
YecTBe aBTOHOMHbIX WCTOYHUKOB OCHOBHOIO
NN Pe3ePBHOIO 3/1eKTPOCHabXeHus [14].

MogasnstoLiee 6O/MbLUMHCTBO CYLLECTBY-
towmx O-I paboTaroT ¢ MNOCTOAHHOW (HOMM-
Ha/lbHOIA) YaCTOTO BpalleHMst Basla BO BCEM
[panasoHe M3MeHeHWs Harpysku. Mpw nocto-
SHHOW YaCcTOTe BpalleHVsi N OCHOBHblE MOKa-
3atenm [BC (pacxof Tonnvea, 3eKTUBHbIN
1 MexaHnyeckuin KM v ap.) MOXHO OLEeHMBaTb
B 3aBMCVMOCTM OT OHOTO W13 MOKasaTesein, oT-
paXaroLLMX Harpy3Ky Ha ero Basty. Takum roka-
3aTeneM MOXeT ObITb 3(hIeKTUBHAS MOLLIHOCTb
N, (puc. 1) [15, 16]. U3 puc.1, Ha KoTOpOM
MpeLCcTaB/ieHa Harpy3ouHas XapakTepucTuka

ABC, BnaHO, 4TO KpMBas pacxofa Torn/wvea g,
MIMEET BbIPKEHHbIA MUHUMYM MPU YaCTUYHOM
3arpyske gsurarens. CnegosarensHo, ABC, pa-
60Tas MpW NOCTOSHHOI YacTOTe BpaLLeHuWs, HO
npy NepeMeHHOM Harpyske, kak 3TO 06bI4HO
OblBaeT, B OCHOBHOM PaboTaeT C HeoMTUMaslb-
HbIM PacxofoMm TOMMBa.

8e

N

N\

Puc. 1. HarpysouHas xapakTepucTuka ABC
(n = const)
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[na  Bblbopa  9KOHOMUYHOIO  PEXM-
mMa pa6botel ABC ygo6bHo wucnonb3oBarb
ero MHOronapaMeTpoBYHD) XapaKTepUCTUKY.
MHoronapameTpoBaa xapakTtepuctuka ABC
CTPOWUTCA B CUCTEMe, B KOTOPOW KOOpAMHa-
Tamu CNy>aT [jBa OCHOBHbIX MoKasaTens ero
paboThbl, MPY Pa3fIMYHbLIX 3HAYEHUAX TPETLETO,
1CNOMb3YEMOr0 B Ka4eCTBe NapaMeTpa n ocTa-
tOLLEerocs MOCTOSHHLIM NS KaXA0M W3 Ha-
HeCeHHbIX KpWBbIX. Ha MHOrornapameTpoBoii
XapaKTepucTvike, NpeACTaBeHHON Ha puc. 2,
LUTPUXMYHKTUPHOW NIMHWEN NnoKa3aHa 3aBucu-
MOCTb_3((PeKTUBHOTO faBNEHNS P, U thheK-
TWBHO MOLLIHOCTM N_ OT 4acTOTbl BanJ,eva n
Bana ABC npu HaMMEHbLLEM yAeNbHOM pacxo-
fie TonnvBea g,.

Kak BVI,D,HO U3 puc. 2, 4N LOCTVXKEHUA
ONTUMA/IbHOTO, C TOYKU n0Tpe6neva TONAN-
Ba, pexuma pabotbl [BC Heobxogumo obe-
CMeynTb ero paboTy Npu nepemMeHHoi YacToTe
BpaLyeHus. Ipu 3ToOM NpPYBOAMMBINA BO BpaLLie-
Hue OBC reHepatop 6yaeT BblpabaTbiBaTb Ha-
MpsXKeHWe, 4acToTa KOTOPOro OyfeT MeHATbCA
W, KaK npasuno, OyAeT HMXe HOMWHALHOIO
3HayeHus. JTo TpebyeT HOBOrO MOAX04a K Mo-
CTpOeHuto cuctembl M-I, KOTOpbIA [O/MKEH
obecneunBatb CTabUIM3aLMI0 BbIXOAHbIX Ha-
MPSHYKEHUA Y YaCTOTbl FreHepaTopa ¢ NOMOLLbO
npeo6pasosarens yactothbl (puc. 3) [3].

= ] ¥ N
Pe L= s "~ S .\?\\\ N
o ~ N PR
//‘ ~ N - \%e‘_._\— S
- . : S
alt SNko1e N N
/1/'\ ;‘i’ \)\\7\\ i "
G T KV T AT
L= > N N
/\/,/\\ ‘><)/l
>—< /\ " < N
i /x%/ \)// Sl
~ [~ ~
" L—1 1 (“‘\ ~
_—T - _— e == B =
e -—--3 ,

Puc. 2. MHoronapamveTposas
xapakTepucTuka 4BC

BaxHeliluMM BOMPOCOM Mpu pa3paboTke
[-T nepeMeHHOl 4acTOTbl BpalleHus SBNs-
eTCA uccnefoBaHNe CHVDKeHWUS MoTpebsneHuns
TOM/MBA N KONMMYECTBEHHbIX XapaKTepuCTUK
oTxoaswmx rasos ABC [4].

O6pasoBaH1e TOKCUYHBIX BELLECTB

O6pa3oBaHMe TOKCUYHBIX BELLECTB — Mpo-
[YKTOB HEMosIHOro CropaHus 1 OKCUAO0B a30Ta
B UW/IMHAPE ABUraTesNs B NPOLLECCE CropaHms —
MPOUCXOAUT Pa3IMuYHbIMK  MyTaMU. [lepBas
rpynna TOKCMYHbIX BELLECTB CBA3aHa C XW-
MUYECKMMU peakLUsMn OKWUCNEHUS TOMNBA,

MpoTeKaloWUMI B NpeAnaamMeHHbIA neproa
1 B MPOLIECCEe CropaHusi — paclunpeHus. BTo-
pasi rpynna TOKCWYHbIX BellecTB 06pasyeTcs
Mpu CoeaMHEHUM a30Ta U U3GLITOYHOIO KUC/O-
po/a B NPOAYKTax CropaHus.

Puc. 3. ®yHKuyoHanbHas cxema A-I0
MEepPEMEHHON YacTOTbI BpaweHus: 1 — ABC;
2 —reHepaTop; 3 — BbINPAMUTENb; 4 — UHBEPTOP
Hanps>KeHus; 5 — NpeobpasoBaTe/b YaCcTOThl;
6 — BbIXOZHbIE BbIBOAbI; 7 — CUCTEMA ynpaB/eHus

K TOKCMYHbIM KOMMOHEHTaM 0TpaboTas-
LUNX ra30B OTHOCATCA: OKCUA Yrnepoaa, yrie-
BOAOPOAbI, OKCUAbI a30Ta, caxa [5, 13].

MprunHoli 06pa3oBaHMs OKcKaa yrnepoga
M YaCTUYHO YI/IEBOLOPOLOB SAB/AETCA HEMos-
HOe cropaHue yrnepoga (Maccosas o KOTO-
poro B 6eH3MHax gocturaeT 85%) 13-3a Hefo-
CTaToOYHOro Ko/M4yecTsa Kucnopoga. Moatomy
KOHLIEHTpaLUuM OKcuAa yrnepoja v yrneBogo-
POAO0B B OTPabOoTaBLUMX ra3ax Bo3pacTaroT npu
oboralleHnn cmecn. HekoTopoe KO/MM4YecTBo
CO MOXeT 06pa30oBbIBATLCA B MPUCTEHOUHbIX
C}'IOFIX CMecV WAW BCNeLCTBWEe Auccoumaumnm

MpW BbICOKMX TemrepaTypax.

S/rneso,qopo,qbl COCTOAT M3 UCXOAHBIX NN
pacrnasLLMXCA MOJIeKyn Tonmnea. X cogepxa-
HVe YBEeIMYMBAETCA NPy 060raleHnn Nnm npu
06eflHeHUN CMecu, YTO OOBACHAETCHA MOBbI-
LLIEHHbIM KONIMYEeCTBOM HENPOpear1mpoBasLLero
TON/IMBa M3-3a N30bITKa BO3A4yXa M NPOMyCKOB
BOCM/IAMEHEHUSA B OTAEMbHbIX LUAMHAPaX.
O6pa3oBaHvie  Yr/eBOLOPOLOB  MPOUCXOANT
TaKXXe 13-3a TOro, YTO Y CTEHOK KaMepbl cropa-
HWA TeMneparypa rasos HeOCTATOYHO BbICOKA
[N cropaHusa TonnmBa, NoaToMy 34ech niams
racuTCs 1 NOMHOIO CropaHus He NPOUCXOANT.

Okcmabl asoTa. B peakuumn obpa3oBaHus
OKCMAa a30Ta MOXeT y4yacTBOBaTb Kak a3or,
cofiepXxallmincs B TONIMBe, Tak 1 a30T aTMOC-
(bepHoro Bosgyxa. Okcup asota obpasyeTcs
KaK BO ()pOHTE NnjiaMeHun, Tak U B NPOLYKTaX
cropaHus, T.e. 3a (PPOHTOM NnameHU. Tak Kak
Temneparypa 3a (PPOHTOM MNjiaMeH BblLle, TO
VIMEHHO B 30HaX, rfe TOM/IMBO CropaeT B Mnep-
BYIO O4epefb, 0bpa3yeTcs 60/bLUee Konnye-
cteo No.

OcHOBHas fons 06pa3oBaBLLMXCS B KaMe-
pe cropaHus CO okucnsetcs fo CO,, He BbIXo-
[ 3a npesenbl Kamepbl. Okmcnenme CO B CO,
MPOUCXOANT B BbIMYCKHOW Tpybe 1 B HeVITpa-
nu3aropax oTpaboTaBLUVX ra3oB.
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TOKCUMYHOCTb BPedHbIX BewecTs [1, 2]

Okcug yrnepoga nNpu BAbIXaHUW JIETKO
MPOHMKaET B KpoBb. OKCWA yrnepoaa, NPOHUK-
LUMIA B KPOBb, BCTyNaeT BO B3avMOAENCTBUE
¢ remornobuHom (Hb) aputpouuTos, obpasys
Kap6okcuremornoouH (HbCo), He cnoco6HbIN
K TpaHcrnopTy kucnopoga. O6LeMo3rosble Ha-
PYLLUEHWS BbIpaXatoTcA B Xasnobax Ha ronos-
Hyt0 60/b, FONOBOKPY>KEHWE, TOLLIHOTY, PBOTY.
Mcuxunyeckme HapyLLeHWst MOTYT BblpaXKaTbCs
HapyLleHMeM MamaTu C [e30pueHTauvein Bo
BPEMEHN N MeCTe, 3pUTENIbHbIMMW, C/yXO0Bbl-
MU rasnouuHaumsamn. HapylieHue gyHKLmn
CepLeYHO-COCYAMCTON CUCTEMbI: OTMeYaroTCA
NPU3HaKN FMNOKCMN MUOKapAa 1 HapyLleHus
KOPOHapHOro KPoBOOGpaLLEHNS.

Okcung aszota, nogobHo CO, crnocobeH
NPUCOEANHATLCS K reMornobuHy Kposu, obpa-
3yl HECTOMKOe HUTPO30COEAUHEHNVE, KOTOPOe
He CrnocobHO 06paT!MO CBA3bIBaTb KUC/IOPOS,

[lmokena a3oTa pasgpaxaeT nerkue u ciu-
31CTble 060/104KK, B 6ONBLUNX KOHLEHTPaLUaX
BbI3bIBAET OTEK JIErKUX, MOHWMXaeT KPOBAHOE
fasneHune. OTpaB/eHNe HaYMHAETCA C NErKoro
Kaluns, rofioBHOM 601K, MHOrda pBOThI, pas-
APaXXeHNs CIM3NCTON 060/104KM TNas.

OKcmabl a30Ta NPU KOHTaKTe C BAaXHOW
MOBEPXHOCTbIO NIErKMX 00pasytoT as30THYHO
KICMOTY, YTO MPUBOAUT K OTeKy nerkmx. W3
OKCUOB a30Ta B KPOBY 06pa3ytoTcs HATPATI
N HATPUTbI, KOTOPble BbI3bIBAIOT pacLUMpeHune
COCY[L,0B 1 CHUXXEHWE [aB/IeHMS.

lMepBble NPU3HAKN OTPaBNEHNS YINEBOAO-
pofamMn — ronoBHas 60/b, COHMBOCTb, OCNa-
OneHvie BHMMaHUA, pBOTa, 3aMej/ieHune nynbca
N CHWDKEHVE faBneHuns. Ha nopaeHue nerkmx
rnocfie OTpaBNeHUs YINeBOAOPOAaMU BHYTPb
yKa3blBalOT  Kalleflb, PBOTHbIE [BMKEHWS
N ygywbe. Hambonee onacHble MPOSIBNEHUSA
KapAnOTOKCMYECKOro [AeliCTBUS OTpaBNeHUs.
Mpv OCTPOM OTpaBneHUN YrNeBoAOPOLaMU Ha-
6ntopaetca yrHeteHne LIHC, BO3MOXHO pas-
BUTUE KOMbI M 3NUNENTUYECKMUX NPUNaLKOB.

HopmunpoBaHve 3arpsasHALLMX BELLECTB,
cofiep>KalLLuxca B aTMocdepe

CornacHo rurveHnYeckumM TpeboBaHUAM
YCTaHOB/EHbI MNPefenbHO-A0MYCTUMbIE  KOH-
ueHTpaumn (MAK, mr/m3) BpeaHbIX BELLECTB,
3arpsAsHALLIMX aTMocepHbIi Bosayx. MAK —

3T0 MaKCUManbHad KOHLIeHTpauua BpesHOro
BELLeCTBa B BO3fyXe, KOTOpas He OKa3blBaeT
BPELHOro BO3AENCTBMS HA OpraHu3M 4esiose-
Ka, T.e. KOHLeHTpaL s BpeaHOro BeLlecTsa He
JomkHa npesbiwatsb MAK.

MpefenbHO  [OMYCTUMbIE  KOHLEHTpaLumn
npuHATLI cornacHo MH 2.1.6.1338-03 «[pe-
JenbHO fonycTtumble KoHueHTpaummn (MAK)
3arpsA3HAIOLLMX BeLLecTB B aTMOC(HEPHOM BO3-
[lyXe HaceneHHbIX MeCT».

MepeyeHb 3arpAsHANOLLMX BeLLecTB, Bbl-
BpacbiBaeMbIX B aTMOCHepy, 1 CaHUTapHO-T -
FMeHNYeCcKme XapakTepuUCTUKM 3arpasHAOLLNX
BeLL,eCTB npeacTas/eHsl B Tabn. 1. Mpu npose-
[eHVN pacyeToB 3arpsa3HeHns aTMocgepbl 414
YINeBofoponoB ncnonssyetrca OBYB no kepo-
CUHY (Kog 2732).

3agaun

JKoNnornyeckoe cpasHeHUe GblNO BbIMO-
HEHO AN ABYX BapUaHTOB:

— TPaAMLMOHHbIN: Npn paboTe ABUraTens
¢ umcnom o6opotos 3000 06/MUH,

— MPY UCMO/Mb30BaHUM CUCTEMbI yrpaB/e-
HWS, KOTOpas 06ecrneymBaeT ONTUMASbHBINA pe-
XVM paboTbl ABUrarens, N3MeHss Ynucno 06o-
POTOB MPY U3MEHEHUW MOLLLHOCTY Harpy3Ku.

3Konornyeckas OLEeHKa NpoBoAMIach Mo
ClefyoLLym napameTpam:

— pacxof Tonnmea,

— KOHLEHTpauus okcua yrnepoaa,

— KOHLEHTpaums yrnesoL0poso0s,

— pacxof 3NeKTPO3HeprMm npu Aoobblye,
TPaHCMOPTMPOBKeE 1 NepepaboTke HedhTw,

— pacxoj BofonotpebneHns 1 BOLOOTBee-
HMS Npwn J06bIYe 1N NepepaboTke HE(TH,

— 06pa3oBaHme 0TX0L0B.

Vi3ameprTensHaa annapaTypa

V3mepeHnsi NpoBOgUAN C NMOMOLLBHO raso-
aHanu3aropa «Hppakap M». Ma3oaHann3aro-
pbl «/Hppakap M» npefHa3HaveHbl 41 n3mMe-
peHus 00beMHOW fonu okemaa yrnepoga (CO),
yrneeogopoaos, avokcuaa yrnepoga (CO,),
kucnopoga (O,) B 0TpaboTaBLUMX ra3ax as-
TOMOGUEN € BEeH3MHOBLIMWU  [BUTATENISIMU.
MpvHUMN  OeiCTBUS  [ATUMKOB  OObEMHOW
fonn (CO, CO, yrneBoaopoaos) — OMTHKO-
a6cop6L|,|/|0HHb||/| Pacxog, Tonnvea “3Mepsascs
wTmxnpobepom LLIMB-10-15 ¢ onTuyeckumu
Jatynkammn MK-gmnanasoHa.

Tabnmua 1

MpenensHO gonyctuMble kKoHUeHTpaumun (MAK) 3arpasHaoWmX BeLecTs B aTMOCHEPHOM
BO3AYyXe Hace/leHHbIX MecT

No HanmeHoBaHue dopmyna BennunHa MAK (mr/md) Knacc
Kop, BELLECTBA MaKCKMaibHO-pasoBast |  cpeaHecyTouHas | OMacHOCTK
521 Yrnepos oKcug, CO 5 3 4

2732 YreBofopoab! CH 1,2 — —
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Bce uvcnbiTaHus npoBefeHbl B COOTBET-
cteue ¢ TOCT 18508-73 Ha TUMOBbLIE UCMbITA-
Hua ABC. Bce nsmepeHust TEKYLLMX paboumx
napamMeTpoOB W BbIXOAHbIX MokKaszatenein ABC
NMPOBOAM/INCH HA MPOrPETOM ABUraTese.

[prMeHsieMble 3KONOryYecKne MeTOANKM

CHWXeHue pacxofa TornvBa NpUBOAUT He
TOMbKO K YMEHbLUEHUIO 3arps3HeHns OKpYyXKa-
toLeli NPUPOLHOI Ccpefbl, HO U K YMeHbLUe-
HUIO NOTPe6NeHNs NPUPOAHbLIX PECYPCOB, YTO,
B CBOKO 0Yepefb, NMPUBOAUT K CHUDKEHUIO pac-
X0/a 3MeKTPO3Heprumn npu npouecce L06bI4M
HedTW 1 Npon3BoLCTBa BeH3UHA, 06pa30BaHS
0TX0A0B, NOTPebneHNs Bogbl U cbpoca CToY-
HbIX BOA [6, 9, 10].

CHKeHMe pacxofa an1eKTpoaHepruy 6110
paccUMTaHoO MCX0AA U3 BENMYMH Ye/bHbIX pac-
XOLOB 3/1EKTPUYECKOW 3HEprum npu Lobbive,
TPaHCMOPTMPOBKe 1 nepepaboTke HedpTw [11].

CHMXeHne pacxoga BOZOMOTPebeHNs
N BOLOOTBEAEHNS PacCUMTbIBANIOCh UCXOASA U3
3HAYEHWI CpefHUX YAeNbHbIX PacXofoB BOAbI
N KONIMYEeCTBa CTOYHbIX BOA Mpw f006bIYe U ne-
pepaboTke HedhTH [12].

CHwKeHVe 06pa3oBaHms OTXOL0B ObI/0 pac-
CUMTAHO WMCXOLA W3 3HAYEHWI YOeNbHbIX MOKa-
3aTenieii 06pa3oBaHMs 0TXOA0B NpY NEPBUYHONA
nepepaboTKe HedhTV 1 OUNCTKE BeH3nHa [8].

MakcuMa/ibHble  3HaYeHWUs  MPU3EMHBIX
KOHLIEHTpaLWin BpeAHbIX BeLecTB, OnacHble
CKOpPOCTW BeTpa PaccyuTbIBaOT B COOTBET-
ctBum ¢ OHA-86 «MeTtoauka pacyeTa KOH-
LIeHTpaLmin B aTMOC(HEPHOM BO34YXe BPeAHbIX
BELLLECTB, COAepXallyxcsi B Bblopocax npes-
NPUATUIA».

PacyeT amuccuy MapHUKOBBLIX rasoB Obls
BbIMO/IHEH B COOTBETCTBUM C METOAMKOM «[epe-
CMOTpPEHHble PYKOBOAALLME MPUHLMIMbI HALMO-
Ha/IbHbIX MHBEHTapu3auuii NapHUKOBbIX ra3oB
MITOMK», KoTopble BK/HOYAOT METOAOM0rNU
Mo CKUIaHUK TOMAMBA, WHAYCTPU/IbHBIM
npoLeccam, CebCKOXO3ANCTBEHHbIM MOYBaM,
N3MEHEHMIO 3eMJIEN0/Ib30BaHUA U IECHOMY XO-
3qiAcTBY, oTxo4am. Ipu pacyeTe YUuTbIB/IMCb
CnefytoLyie MapHUKOBbIE Tasbl: YIEKNC/bIN
ras, 3aKkucb asota ¥ MeTaH. [N pacyeta uc-
NO/b30Ba/IN MOAY/b «HEPreThKa».

Mpy pacyeTe aMUCCUN MapPHUKOBbLIX ra3oB
YUMTBIBAETCA MOTEHUMAN r106asbHOro note-
NNeHns ONF KaKA0ro Belyectsa. MMoTeHuman
rno6anbHoro notennenus (M) oueHvBaeT
pagvauuoHHoe  (pasorpeBatolilee)  BO3aei-
CTBME MOJIEKy/bl MapHUKOBOIO rasa OTHOCW-
TeNbHO [ABYOKWCW Yr/epoja, OCpefHeHHoe 3a
BblOPaHHbIA NepMog BPEMeH NOC/Ie SMUCCUN.

MoTteHuman rnobansHOro NoTenseHns 4/is
NMapHUKOBbIX ra30B COCTaB/AET:

— fByokuch yrnepoga (CO,) MM =1

—MeTaH (CH,) MM =21

— 3akmucb asota (N,O) M = 310.

CHWKeHVe BbIOPOCOB MAapPHUKOBLIX a30B
ObII0 paccUnTaHO MCX0As U3 YAeNbHbIX MoKasa-
Teneli SMUCCUM NAaPHUKOBBIX ra3oB Npu A06bIYe,
TPaHCNOPTMPOBKe U nepepaboTke HedpTn [11].

OO6beKT nccneoBaHNsA

B KauecTBe 0ObeKTa MCCMefoBaHUA WC-
nosb30Basica GeH3MHOBLIV reHepaTtop sDMo
HX 3000, OCHaleHHbIA OAHOLMANHAPOBbLIM
MCKPOBbIM [IBUraTenemM C BO3AYLUHbIM OX/1aX-
feHnem HONDa GX-200. Ha aurarene ycrta-
HOBJ/IEHbI KaTaMTUYECKNe HEeWTpasm3aTopsbl.
Pabouve napameTpbl YCTaHOBKW, 3asB/IEHHble
NpOV3BOAMTENEM, NPUBEAEHbI B Tab/. 2. B Ka-
4yecTBe MOTOPHOrO TOM/MBA WCMO/b30BAsICA
TOBAPHbIA HEITUIMPOBAHHbIA OGEH3UH MapKu
«Perynap-92».

Tabnuua 2
TexHMYeCKre napameTpbl ABUratenein

CTpaHa-npon3soanTenb AnoHuns

OBC HoNDa
GX-200

Pabounit 06bem aBurartensi, cm® 196
MoLyHoCTb, KBT 3,0
Paboyast yacToTa BpalleHus, MvH — 1 3000
Ywucno a3z 1
HanpseHve HoMUHaIbHOe, B 230
Pacxog Tonnuea, n/4 1,2

Pe3ynbTaTtbl MccnefoBaHUs
N NX 06CY>KAEHME

Ha nepsom 3tarie Oblfin MPOBEAEHbI 3KC-
nepvMeHTaNbHbIe UCCMef0BaHNA [/ Onpege-
JleHna onTumasibHbIX pexumos ABC npu Ba-
pyaLmax 4acTtoTbl ero BpalleHusa oT 2550 [o
3720 06/MVH B MOMHOM [inana3oHe BO3MOXHbIX
Harpy3ok ot 0,4 go 3,13 kBT. MogenvposaHve
HarpysKm arperara BbIMO/HANOCh NPAMbIM NOJ-
K/THOUYEHVEM 3/IEKTPOreHepaTopa K pe3ucTopHoi
c6opKe C NMaBHOW PErynMpoBKOW aneKkTpuye-
CKOr0 COMPOTUB/IEHMS. DNeKTpUYeckme napa-
METPbl PErucTPUPOBA/INCL HEMOCPEACTBEHHO
Ha K/IeMMax Harpy304HOro yCTpPOICTBaA.

Ha Bcex n3mMepsieMbiX TOYKaX Harpy30UHbIX
XapaKTepUCTUK PermcTpupoBa/IC YacoBOM pac-
XOf, TOMMMBA, TOK U HarpsixeHVe Ha Harpyske,
Temneparypa OTXOAALLMX ra30B, 8 TAKKE KOHLIEH-
Tpauum TOKCUYHbIX KoMNoHeHToB CO, CH (%).
SKCMeprMeHTasbHbIe UCCNEf0BAHNSA OTPaXKeHbI
KOMI/IEKTOM MOTOPHbIX XapaKTepUCTVIK, BKIIHO-
YaroLLMX B Cebsl Harpy304Hble XapaKTepucTUKK
[/11 CEMW CKOPOCTHbIX PEXUMOB, BHELLHIOH
CKOPOCTHYHO XapaKTepuUCTUKY W XapakTepucTu-
Ky xonoctoro xoga. lNMytem 06paboTKu BblLLe-
YKa3aHHbIX XapaKTepuCTUK Obln MOCTPOEHb!
MHOrornapameTpoBble MOMS YAE/bHOT0 pacxoja
TOM/MMBa M KO3MULMEHTA UCMOMb30BaHNSA Te-
NNOTbl cropaHus Tonamea (puc. 4).
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Puc. 4. MHoronapameTpoBble MoNst yAeNbHOro pacxofa Tonmea 1 KoauumeHTa
CMNONb30BaHNA TENNOThI CropaHns Tonmsa

Tabnuua 3

CHWKeHWe aHTPONOreHHOro BO3AEMCTBMA CTOYHMKA SHEPrW NPY UCMONb30BAHUN CUCTEMbI
ynpasneHusa ansa asurarens HoNDa GX-200

CHWXeHWe BeIMYUHBI Mpw CHYXeHUW pacxofa TonmBea, Kr
109 570
O6pa3oBaHMe 0TXOA0B, Kr 0,001 0,006
Ceexast Bofja U3 UCTOYHUKA, M° 392 2052
CTOuHble BOAbI, M* 49 257
Pacxog, aneKTpuYecKoi aHeprm, KBT*y 19 98

Cnoco6 nozgbopa ONTUMALHOMO peXxuma
(coyeTaHMe MOLLHOCTM U 4acTOTbl BpaLLeHUs)
BblOpaH MO KPUTEPUIO 3KCM/yaTalMOHHON
9KOHOMUYHOCTU (IMHWUSA MaKCUMaslbHOM 3KO-
HOMMWYHOCTW Ha puC. 4).

CornacHo 3KCrepuMeHTa/lbHbIM — UCClie-
fosaHuam ana asurarens HoNDa GX-200

B LUTATHON KOMMAEKTauuMn npu npumeHe-
HUW CUCTEMbI YNPaB/eHNa B 30He MaslbIX Ha-
rPy30K MOXHO OXWAaTb 3KOHOMWUIO TOM/MBA
0Kono 5% (109 kr/rog), Ha Harpyskax, 61u13-
KUX K HOMWHanbHOM, npu paboTe Ha 3150-
3170 06/MWH BO3MOXHO MOBbILLIEHNE 3KOHO-
MUYHOCTK o 15% (570 kr/rop).
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Puc. 5. I3MeHeH1e KOHLEHTpaLumn okcuaa yrnepoga B 0TpaboTaHHbIX rasax Ans pasnnyHblx 4acToT
BpaLLleHs B 3aBICMMOCTM OT MOLLHOCTU

Tabnvua 4
|/|CXO,U,HbIe JaHHbIE A1 pacyeTa BbI6DOCOB B aTMOC(*)eprIVI BO3AYyX
3000 06/MuH
MoLHocTb, KBT 0,92 121 154 1,76 2,15 2,37
O6bem 'BC, m¥/cek 0,00184 0,00191 0,00219 0,00253 0,00358 0,00431
Temneparypa MBC, °C 640 650 660 700 740 780
Macca CO, r/cek 0,0100 0,0145 0,0181 0,0191 0,0235 0,0174
Macca CH, r/cek 3,93E-05 | 2,90E-05 | 2,43E-05 2,19E-05 3,97E-05 8,66E-05
OnNTUMasbHbI PEXIM
MotuHocTb, KBT 0,72 0,91 121 1,54 1,76 24
O6bem 'BC, m¥/cek 0,00163 0,00170 0,00191 0,00219 0,00253 0,00368
Temneparypa 'BC, °C 560 560 650 660 700 740
Macca CO, r/cek 0,0215 0,0216 0,0145 0,0181 0,0191 0,0118
Macca CH, r/cek 2,21E-05 | 2,31E-05 | 2,90E-05 2,43E-05 2,19E-05 1,51E-04

OKO/I0rMYecKas OLEeHKa CHU>KEHNSA
pacxofa Tonmsa

Wcnonb3ya yaenbHble pacxogsbl [8, 11, 12],
Mbl paccumTasiv yMeHbLUEHWe BeMYnH obpa-
30BaHMSi 0TX00B, NOTPebNeHWs 1 copoca BoA,
pacxofa 3M1eKTPO3HEPrMM Mpu NOMYYEeHHbIX
Be/IMYMHAX COKpaLLeHns pacxosa Tonmea ans
ABuratens. Pe3ynbTaTbl pacyeTa CHMXKEHUS aH-
TPONOreHHOro BO3AENCTBUS UCTOYHUKA 3HEp-
T NpyY MUCMob30BaHU CUCTEMbI Yrpasrie-
HWS NpyBeLeHbI B Tabn. 3.

PacueT BbIGPOCOB BPeHbIX BELLLECTB

VIcXoaHbIMW JaHHBIMW O/ 3KO/IOrNYECKNX
pacyeToB ABNAKOTCA PE3YNbTaTbl IKCMNEPUMEH-

TaNlbHbIX MccnefoBaHWiA. Ha puc. 5 nokasaHo
M3MEHEHNE KOHLUEHTpauuM oKcupa yrnepoja
B OTpaboTaHHbIX rasax Ans pas/NyHbIX Pexu-
MOB paboTbl (MOLLHOCTM M YaCTOTbI BPALLEHNS).

KoHLeHTpaummn okcuga yrnepoga UMerT
MUHUMa/IbHOE 3HayeHue BOIN3M HOMUHASb-
HOW MOLLHOCTM. Ha oCTa/lbHbIX MOLLHOCTSX
KOHLeHTpauus okcuaa yrnepoga Bo3pactaeTr
C YMEHbLUEHNEM MOLLHOCTM.

Wcxopa m3 KOHUeHTpauui okcuga yrie-
poja W YrneBoAopofoB, Temnepatypbl Bbl-
X/I0MHbIX ra30B M 06bema rasoBO3AYLUHOM
cmecm (FBC), 6b11n paccunTaHbl Macchl Bpes-
HbIX BELLEeCTB, BblbpacbiBaeMbIX B aTMoChepy
B eJMHMLY BpeMeHW. VIcXofHble faHHble npu-
BefleHb! B Tabn. 4.
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Puc. 6. MakcManbHble KOHLeHTpauuy okeuaa yrnepoga ans asurarens HONDA GX-200
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Puc. 7. MakcumasibHble KOHLeHTpauumn yrnesogoposos and gsuraTens HONDA GX-200

PacueTbl YpOBHA 3arpsA3HeHMs aTmoc-
(bepHOro BO3Ayxa ObIMM MpPOBeLeHbl ANA
KMMMaTUYeCKoin 30HbI . HMXHero Hosropo-
fa. OCHOBHble pacyeTHble Kaumatuyeckue
XapaKTepuCTUKKN, HeobxoauMble ANs pacye-
TOB MPU3EMHbIX KOHLEHTpauuii BpeaHbIX Be-
LecTs, NpuHATLI No CHuMIT 23-01-99 «Ctpo-
NTENbHAsA KNIMMATONOrUs».

Mpn pacyeTax 6bINO MNPUHATO, YTO ABUra-
Te/lb HAXOAWTCA B KOHTEMHEpPE, KOTOPbIA UMeeT
AbIMOBYIO TpYOy C BbiCOTOM H =2 M 1 gname-
Tpom Tpybbl D = 0,1 M. Pe3ynbTaThbl pacyeTa
MaKCUMa/lbHbIX MPU3EMHbIX KOHLIEHTpaLWii
ana asurarend HONDa GX-200 nokasaHbl Ha

puc. 6 NS OKCKAa yrnepoga v Ha puc. 7 ans
YINeBO/0PO/0B.

3IMmMcCUA NapHUKOBbLIX ra3oB

Ha ocHOBe BeIMYMH COKpaLLeHns pacxoga
TonAMBa 6bl1 BbIMOMIHEH PacyeT COKpalleHus
CYMMapHO aMUCCUM NapHUKOBBIX ra3os B Mne-
pecyeTe Ha ToHHY CO,-9KB B NpoLiecce aKcny-
arauuu, npy gobblye HeTn, ee TpaHCMOPTU-
poBKe 1 nepepaboTke. B Tabn. 5 npeacrasneH
pesynbTaT pacyeTa YMEeHbLUEHWsi CyMMapHOi
3MUCCUM MAPHUKOBBLIX rasoB B Mepecyete Ha
ToHHY CO,-3kB ans apurarens HONDa GX-
200 B npouecce akcnayarayuu.
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Tabnuua 5

Pe3ynbTarbl pacyeTa COKpaLleHNst SMUCCUMUN MapPHUKOBbLIX ra3oB
ona psurarens HoONDa GX-200 B npoLiecce aKcniyarauum

CokpallieHre | SMUcCHs MapHUKOBbLIX | AMMUCCUA NapHUKOBBIX ra3oB B Nepe- | SMUCCUA NapHUKOBbIX
pacxoga rasos, Kr/rog cuete Ha CO,3ks, kr CO,/roa rasoB B nepecueTe
TON/INBA, Kr Ha Kr CO,3KB
CO, | NJO | CH, CO, N,O CH, kr CO,/rog
109 336,4 | 0,05 | 0,03 336,4 15,2 0,06 352
570 1752,7| 0,26 | 0,02 1752,7 79,2 0,32 1832
Tabnvua 6
CHWXeHre aMnccumn NapHUKoBbIX rasos a4 gsurarens HoONDa GX-200
TexHONOrMYecKmin npoLecc CHKeHMe aMUCCHM MapHUKOBbIX rasos, Kr CO,3KB, NPy CHIKEHUN
pacxofa TonamBea, Kr
109 570
[o6blya He(hTn 0,12 0,60
TpaHcnopTUpoBKa 0,03 0,18
HedTexummyeckre nponsBoacTea 0,03 0,18
JKcnyarauus 352 1836
Bcero 352,2 1837,0

CHWXeHMe 3MUCCUM NApPHUKOBBIX ra3os,
KpOMe npoLiecca 3Kcnayaraumu, Takxke rnpo-
n30MgeT npu pobblye HeTW, ee TpaHchop-
TUPOBKe U nepepaboTKe. Pe3ynbTaTbl pacyeta
npuBeseHbl B Tabn. 6.

BbiBogbI

OCHOBHOI BKNaf NpW CHWXEHWW pac-
Xofa Tonsvea OyayT UMeTb pecypcocbepe-
ralowme nokasarenn. CHMKeHue pacxofa
TOM/IMBa NPUBELET K 3HAYUTENIbHOMY CHYKe-
HUKO [06bIYM He(hTK, a TakxKe COoKpalleHue
npu npoueccax fo6bl4N HeTN 1 NPOU3BOA-
cTBa 6eH3MHa NOTpebIeHns CBeXel BOAbl 13
NCTOYHMKA U 06beMa CTOUHbLIX BOf, pacxosa
3M1eKTPO3HEPrum n 06pasoBaHnsA OTXOA0B.

PacueTbl BbIGPOCOB BpefHbIX BeLeCcTB
nokasanu, 4to:

— MaKCMManbHble KOHLeHTpaLmm okcuaa
yrnepofa W yrnesofoOpofOB AOCTUralT Ha
paccTosAHUM 5M 0T UCTOYHMKA BbIGPOCOB,

— MaKCMMa/bHble KOHLEHTpaLmm okcuaa
yrnepofa v yrneBofopoAoB B paccmarpusa-
eMOM AMarna3oHe MOLLHOCTEN He npeBblla-
o1 MNAK,

— NpY MPUMEHEHUM CUCTEMbI YMpasie-
HUS 3HAUUTENIbHOE CHUXEHWe KOHLEeHTpa-
unm CO NpoMCXoAMT Ha MasibiX MOLLHOCTAX,
Ha OCTa/IbHbIX OT/INYAETCH HE3HAUUTESIbHO,

— NPV NPUMEHEHWNN CUCTEMbI YNPaB/iEHUS
NPOUCXOAMNT YBennyeHne KoHueHTpaymm CH
Ha MOLLHOCTAX, 6AM3KUX K HOMUHANbHOM,
Ha OCTa/ibHbIX OT/IMYAETCA HEe3HAYUTENbHO,
MOCKOJIbKY KOHLIeHTpaums Yrneso40p0osos,

3aBMCUT OT psfa (PakToOpOB: yria onepexe-
HUA 3aXWUraHua, CKOpPOCTM cropaHus (ans
60ratbiX CMeCeil KOHLIeHTpaLums Yyrnesoao-
poaoB OyfeT Bbile), TENI0BOr0 COCTOAHUA
apurartens.

PacueTbl BbIGPOCOB MapHMKOBLIX ra3oB
rnokasanu, 4To:

— 3KOHOMUS pacxofa TonavBa npusegeT
K CHWXXEHWUIO 3MWUCCUN MapHUKOBbIX Fa3oB
AN BCEX 3TarnoB TEXHOM0MMYECKOW LIENOYKN,

— OCHOBHOW BK/af B CHIKEHWE 3MUCCUN
MapHUKOBbIX Fa3oB BHOCWT 3Tan 3KcnnyaTa-
UMW, KOTOPOMY W HaAo YAENsTb B AasibHei-
LLIeM OCHOBHbIE BHUMaHUe.
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OMPEJENTEHUNE HEKOTOPbIX 3AKOHOMEPHOCTEN
BO/THOBOI'O HAMPAXXEHHOIO COCTOAHNA B TEOOBBEKTAX
C nomMouwbro YUNCJTIEHHOIO METOAA, AJITOPUTMA
N KOMIJTIEKCA NMPOIrPAMM MyCAEBA B.K.

CnunpugoHos B.I1.

MOCKOBCKWIA rocyAapCTBEHHbIV MaLLMHOCTPONTENbHbIA YHMBEPCUTET, MockBa, e-mail: svp-vak@mail.ru

B paboTe npuBoAUTCS MHpOPMaLs O MaTeMaTUUYECKOM MOAENMPOBaHWM HECTALMOHAPHbIX YMPYTvX BOH Ha-
NPsHKEHNIA B AeOPMUPYEMbIX 0OBEKTAX CNIOXKHOW hopMbI. [/15 pelleHnst ABYMEpPHO HecTaluMoHapHol avHamu-
YECKOIA 331a41 MaTeMaTUYECKOI TEOPIU YNPYTOCTU C HAYa/IbHBIMU 11 TPAHUYHBIMW YCOBUSIMI UCMO/b3YeM METOZ,
KOHEYHBbIX 3/1EMEHTOB B NepemeLLeHnsX. 3aaya peLlaeTcs METOAOM CKBO3HOTO cUeTa, 6e3 BblAeNeHUs paspblBOB.
OCHOBHbIlEe COOTHOLLIEHUSt METOAA KOHEUHbIX 3/1EMEHTOB MO/YYeHbI C NMOMOLLbIO MPYHLMMNA BO3MOXHbIX NepemelLLie-
HWiA. C MOMOLLbHO METO/}A KOHEYHBIX 3/1EMEHTOB B NEPEMELLIEHUSX NIMHEHYHO 3aa4y C Ha4ya/lbHbIMU U FPaHNYHbIMU
YCNOBUSIMU NPUBENY K NIMHEHOM 3apaue Kowu. Ha 0CHOBe MeTofia KOHEUHbIX 3/EMEHTOB B NepPeMeLLiEHNsX paspa-
60TaHbl AIFOPUTM 1 KOMM/IEKC NPOrPaMM A1 PELLIEHNS IMHEHBIX MOCKUX ABYMEPHbIX 334, KOTOpble M03BO/s-
FOT peLLaThb CNI0XKHbIE 3afjaun NPY HECTALMOHAPHbIX AMHAMUYECKMX BO3AECTBISAX Ha COOPYXXEHUS. PacCMOTpEHbI
HEKOTOpble 3aKOHOMEPHOCTM BO/IHOBOTO HAMpPSXKEHHOTO COCTOSHUS Fe00GHEKTOB.

KntoueBble c/10Ba: MOAE/IMPOBaHne, HecTaLMOHapHble BO/HbI, YNCNEHHBIN meTog Mycaesa B.K., nepemeLleHue,

CKOPOCTb MepeMeLLIEHN, YCKOPeHUe, HanpsXeHwe, Teopus yNpyrocTu, Kpaesas 3a4a4a, 3ajada

C Ha4aJIbHbIMW YC/TOBUAMU, KOHEYHbIE 3/1EMEHTbI MepBOoro nopsaaka, MeTogmnKa, airopuTMm,
KOMMJIEKC Nporpamm, reoo6beKTbl

IDENTIFICATION OF SOME REGULARITIES OF WAVE STRESS STATE
IN THE GEO OBJECTS USING NUMERICAL METHOD, ALGORITHM
AND PROGRAM COMPLEX MUSAYEV V.K.

Spiridonov V.P.
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The paper provides information on the mathematical modeling of non-stationary elastic waves of stresses
in deformable objects of complex shape. For solving two-dimensional nonstationary dynamic problems of
mathematical elasticity theory with initial and boundary conditions using the fnite element method in displacements.
The problem is solved by the method of end-to-end account, without allocation of breaks. The basic relations of the
Tnite element method is obtained by using principle of possible displacements. Using the method of fnite elements
in displacements, a linear problem with initial and boundary conditions led to a linear Cauchy problem. on the basis
of the fnite element method in displacements the developed algorithm and the program complex for solving linear
fat two-dimensional problems, which allow solving diffcult tasks in non-stationary dynamic loads on structures.

Considered some regularities of wave stress state of the geoobjects.
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B pa6otax npuBeaeHa MH(opmaLms o pac-
MPOCTPaHEHNN HeCTaLMOHapHbIX BOMH B fe-
(hopMupyembIX  061acTsx pasniMyHon  op-
Mbl [3, 6, 7, 8].

VIMnynbCcHoe BO3AeCTBME XapaKTepurayeT-
CSl BHE3aMHOCTbIO MPUNOXEHMSI U KpaTKOBpe-
MEHHOCTbIO AENCTBMSA, M3MEPSEMOr0 MUKPO-
CeKyHAamMn. VIHTEHCMBHOCTb WX AOCTaTO4YHO
BENMKa, A4/ TOro 4YTtobbl MPOM3BECTU paspy-
LLIEHNE 1 BONbLUNE HEOOPATUMblE NU3MEHEHNS
B TeNe, Ha KOTOpble OHW [eACTBYIOT.

B pecdhopmupyemom Tene npu UMMynbC-
HOM BO3AENCTBUM BO3HUKAtOT BO3MYLLEHUSA
pasnnyHoin npupodbl. OHWM pacnpocTpaHs-
HOTCA C KOHEYHbIMU CKOpOCTAMU. BennumHa
BO3MYLLEHWIA 3aBUCUT OT COCTOSIHUA Tena
N XapakTtepa Aetopmaunii, B Buae BONH BO3-
MYLLEHWNIA, Ha3bIBaEMbIX BO/THAMMW Harnpse-
HWIA. Bo3MyLLeHWs, pacnpocTpaHssach B Tene,

06pasytoT 06/1acTi, KOTOpbIE pacLuMpaTCA
C TEYEHMEM BPEMEHU N OrpaHMYeHbl YacTbio
MOBEPXHOCTM Tefa 1 NOBEPXHOCTbIO (hPOHTA
BO/IHbI HaMPSHKEHWIA.

Kaxaoii 06nacT BO3MYLLEHWUIA COOTBET-
CTBYeT CBOE HanpsiKeHHO-Ae(hopM1pPOBaHHOE
COCTOSIHME, XapaKTepusyemoe TEeH30pOM Ha-
MPSXEHWIA 1 TeH30pOM fedopmaLimin. Obnactu
BO3MYLLEHUA MOXHO pasfennTb Ha nepeuy-
Hble 1 BTOPWUYHbIe. MepBUYHOIR SBNSETCS 06-
NacTb BO3MYLLEHWNIA BO/HbI Harpy3ku. O6nactu
BO3MYLLEHWIA BOMTH Pa3rpy3kn 1 OTPaXKEHHbIX
OyayT BTOpUYHbIMKU. OHWM BCErga HaxoasTcs
BHYTPM 061aCTV BO3MYLLEHWIA BONHbI Harpys-
KV 1 SBNAKOTCA 0611aCTAMM C HaYa/IbHbIMU Ha-
NPSHKEHMAMM 1 fehopMaL M.

BOonHbI HaNpsHKeHWIA pa3MyHO NPUPOAbI,
pacnpocTpaHssicb, B fedopmMumpyeMom Tene
B3aMMOAENCTBYHOT, ApYr C APYroMm, 4To npu-

MoDERN HIGH TECHNoloGIEs Ne 12, 2015



TEXHUYECKWNE HAYKW (05.02.00, 05.13.00, 05.17.00, 05.23.00)

833

BOAMT K 00pa3oBaHMIO HOBbIX 06nacTeil BO3-
MYLLEHWIA, nepepacrnpeaeneHnio Hanps>KeHui
1 aedopmMaLmii.

Hanpsh»keHHOe COCTOsIHME BO/IHOBOMO Ha-
TPYXXEHHOTO Tena MOXET W3MEHATbCA Tak
ObICTPO, YTO BO3HMKaOLMe AedopmaLmn
1 paspyLLeHmns eLLe He YCNeBatoT pacnpocTpa-
HUTLCA, Kak pacnpefeneHne HanpskKeHun ns-
MEHUTCS, TaK Kak CKOPOCTU PacnpoCcTpaHeHuns
BOJIH HanpsbkeHuii gocturatoT 6000 m/c, a Ha-
PyLUEHWE MPOYHOCTU PacnpPOCTPaHAeTCA Co
CKOpPOCTbIO He 60nee 1500 m/c.

Mpy MHTEP(EPEHLMN BONH HanPsHKEHWI
NX WHTEHCMBHOCTM CKnagpliBatoTca. OHU MoO-
ryT [OCTWraTb 3Ha4yeHWid, NPEeBOCXOAALLMX
npegen NPoYHOCTU MaTtepuana. B aTom cnyvae
HacTynaeT paspyLueHne maTepuana.

Mocne TPexKpaTHOro WM YeTblpexkpar-
HOr0 MPOXOXAEHWS U OTPaXKeHWs BOMH Ha-
NPSXKEHWIA B Tene NPoLEecc pacnpocTpaHeHus
BO3MYLLEHWI CTaHOBUTCSA YCTaHOBUBLUMMCS,
HanpskeHns 1 fehopMaLmmn  yCpeLHATCs,
TeNI0 HaXOAMTCA B KoNebaTelbHOM [BUKEHUN.

MatemaTyeckoe MOAeNIMPOBaHWe BOJH
HanpsXXeHWn B CNOXHBbIX 06/1aCTAX C MOMO-
b YMCNEHHOrO MeToAa, anropuTMa 1 Kom-
nnekca nporpamm Mycaesa B.K. paccmoTpeHo
B cnefyowmx pabortax [1-10].

[ns peleHns KpaeBoit 3aa4m UCnosb3yem
METOZ, KOHEYHbIX 3/IEMEHTOB B MepPeMELLEHUSIX.
3afjaumn peLUatoTCs METOLOM CKBO3HOIO CYeTa,
6e3 BblAe/leHNs pa3pbiBOB (OAHOPOAHbLIA anro-
pnTM). OCHOBHOE BHMMaHWe GyaeT 0b6palleHO
Ha peLUeHue NIMHeNHON 3afa4un, Tak Kak Ucxop-
Hble faHHbIe ABNAKTCA NPUBGIVKEHHBIMU.

C nomoLLb0 MeToAa KOHEYHbIX 3/1EMEHTOB
KpaeBasi 3ajaya 3aMeHsieTca 3adadeli Koww.
[anee 3afaun pewarTcs ¢ NMOMOLLbIO KOHeY-
HO3/1EMEHTHOrO BapuaHTa MeToga ManepkumHa.

[ns annpokcumauuy no NpoCcTpaHCTBeH-
HbIM NepeMeHHbIM MPUMEHAKOTCA TPeyrofib-
Hble KOHEYHble 3/1eMeHTbI C TPEMS Y3/10BbIMU
TOYKaMW C NIMHENHOV annpoKcuMauuen ynpy-
rMX NepeMeLLeHnin 1 NPAMOYTo/ibHble KOHeY-
Hble 3/1EMEHTbI C YeTbIPbMS Y3/10BbIMM TOYKA-
MW C BUNMHERHOW annpoKcumaLuunent yrnpyrmx
nepeMeLLeHWiA.

[ns annpokcumauum no BpeMeHHOW ne-
PEMEHHOW MPUMEHSAIOTCA JIMHENHbIE KOHeY-
Hble 3/1EMEHTbI C ABYMS Y3/10BbIMU TOYKaMU
C TMHENHOM annpoKcMmaLmeld ynpyrnx nepe-
MELLEHWIA.

MpepnoxxeH cnocob BbIYWUCMEHWUSA Hanps-
YEHWS Ha rpaHuue obnactu, cBO60OAHON OT
Harpy3ok. 3a OCHOBHble HEeV3BECTHbIE B Yy3/10-
BOI TOYKe MPUHATLI ABa MEPEMELLEHNSA U ABe
CKOPOCTW MEepPeMELLEHNA ANs NNHERHON 3a-
fauun, a ANd HeIMHENHOW 3ajayn NosBIseTCs
[OMNOMHUTENbHAA MEePEMEHHas — HayaslbHble
HanpshkeHWst B LIEHTPe TSHKECTU KOHEYHOro
anemMeHTa.

C NOMOLLbK KOHEYHO3/IEMEHTHOIO Bapw-
aHTa MeTtofa [anepkmHa cUCTeMa NIMHENHbIX
00bIKHOBEHHbIX AN epeHLnanbHbIX YpaBHe-
HWIA BTOPOro NopsijKa B NepeMeLLeHunsx ¢ Ha-
Ya/ibHbIMW  YCNOBUSMY MPUBEAEHA K SBHOM
[BYXC/TIOMHOV KOHEYHO3/IEMEHTHOM NNHEHO
N HENMHENHOW Cxeme B MepemeLLeHnsx ans
BHYTPEHHUX W FPaHUYHbIX Y3/10BbIX TOYEK.

C nomoLbto NpeaensHOro nepexoga no-
Ka3aHo, YTO OAAHOMepHast fiBHas ABYXC/0MHas
KOHEYHO3/1eMeHTHas IMHEeNHas cxema B nepe-
MELLEHNSAX 415 BHYTPEHHUX Y3M0BbIX TOYEK
Ha paBHOMEPHOI NMHENHON CeTKe CXoamuTcs
K AuddepeHLanbHOMY YpaBHEHUIO PaBHO-
BECUsi OJHOMEPHOWN [AMHAMUYECKOWN 3adaun
TEopun ynpyroctu B nepemeLLeHnsx, a 4By-
MepHas fBHas [ABYXC/O/Has KOHe4YHOo3/e-
MEHTHas /IMHeliHas CxeMa B MepemeLLeHnsX
AN BHYTPEHHUX Y3/10BbIX TOYEK Ha paBHO-
MEpPHbIX TPEYro/ibHOM 1 MPAMOYrO/IbHOW CeT-
Kax cxoamuTcs K aunddepeHUManbHbIM ypas-
HEHWAM paBHOBECWUS [ABYMEPHON MNOCKOM
AMHAMWYECKO 3afaynm Teopumn YynpyrocTtut
B NepemelLLeHUsIX.

AHanMTUYeCcKoe WMcCnefoBaHue YCTONYM-
BOCTW OAHOMEPHON SBHOW ABYXC/OWHOM KO-
HEUYHOSMEMEHTHOW NIMHENHOW CXeMbl B Mepe-
MELLEeHUAX NS BHYTPEHHMX Y3/10BbIX TOYEK
Ha pPaBHOMEPHOW NIMHEHON CEeTKe U AByMep-
HOW $IBHON [BYXC/OMHON KOHEYHO31EMEHT-
HOW IMHENHOW CXeMbl B NepeMeLLeHnsX Ans
BHYTPEHHUX Y3/10BbIX TOYEK Ha pPaBHOMEp-
HbIX TPEYrofbHOM M MPSMOYrO/IbHOW CeTKaxX
MOKasaso, YTO OHW YA0BNETBOPSIOT YC/OBUIO
yCcTon4mBoCTY HeimaHa.

C NOMOLLBI YMCIEHHOIO 3KCMEPUMEHTA
MONyYeHbl YCTOMYMBbIE [ABYMEPHbIE SBHblE
[IBYXC/OWHbIE KOHEYHONIEMEHTHbIE NIMHENHas
W KBa3WU/MHENHAs CXEMbI B MEPEMELLLEHNSAX A1
BHYTPEHHWUX N FPaHNYHbIX Y3/10BbIX TOYEK Ha
KBasMperynsapHbIX CeTKax.

[na nonyyeHns ynpyroro nepemeLLeHus,
CKOPOCTM MepeMeLLEeHni, YCKOPeHUA 1 Hanps-
YKEHWUIA NPy BO3LECTBIM NPOV3BO/ILHONO BMAA
NPUMeHSIeTCA MHTerpan [ramens: MHTErpu-
pOBaHWe OCYLLECTB/SEM METOAOM TpanewLuid,
a andhepeHLMpoBaHMe ¢ NOMOLLbIO OAHOCTO-
POHHEl pa3HOCTK.

MpefnioXeH  KBa3VIPErynspHbIA  MOAXOA
K PELUEHMNIO CUCTEM JIMHEWHbIX WU KBasWn-
HeliHbIX 06bIKHOBEHHbIX ANMhEpPeHUNanbHbIX
ypaBHEHUIA BTOPOro NOpsiAka B NepemeLLeHm-
X C Ha4a/lbHbIMU YCMIOBMAMM U K annpoKcu-
MaLmu uccnegyemMmon o6nacTu.

MeToayKa OCHOBbIBAETCS Ha CXemMax: ToY-
Ka, IMHWS, NNOCKOCTb. MpeanoXeHHbIn nog-
XOf, MO3BOMSAET 3HAYMTENIbHO COKPaTUTb 00b-
eM BBOAUMbIX AaHHbIX 1 BpeMs, HE06X04MMOe
Ana peleHns 3agad. KycouHo-nunHeliHas an-
MPOKCUMALMA Ha4yalbHOro y4yacTkKa npv BO3-
JencTBuM TnNa yHKUMM Xesucaiiga yMeHb-
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LaeT OCUMNNALUM pe3ynbTaToB YMCIEHHOTO
peLUeHns, MOMTYYEHHbIX C MOMOLLbI MeToAa
KOHEYHbIX 3/1EMEHTOB B NepeMeLLeHnsX.

Mpn BO3AEACTBUM MNNIOCKOWA MPOLONbHON
ynpyroi BOMHbI TuNa (yHKUMM XeBucaiiga
MaKCcMMasibHOe pacTarvBaroLLee ynpyroe KoH-
TYPHOE Hanps>KeHne BO3HWKAET:

— )15 CBOBOLHOIO KBaLPaTHOro OTBEPCTMS
B TOYKe, HaxXoAALeics Ha OCU CUMMETPUK
B OCBELLIEHHON 061aCTV KOHTYPa;

— 019 Bblpesa TPeyrosibHoro npogus
B TOUKe, HaXOAsLLEeNCs B TeHEBO 0611aCTV KOH-
Typa Ha BbicoTe 0,83H (H — BbicOTa BbIpesa);

— A1 NOAKPEN/IeHHOro Kpyrnioro oTeep-
CTMSI B TOYKE, HaxXOLALLEACs Ha OCu CUMMe-
TPUK B TEHEBOW 06/1aCTN BHYTPEHHETO KOHTY-
pa MoAKpenieHuns;

— ANA NOAKPErn/IeHHOro KBajpaTHOro OT-
BEPCTUS B TOUKE, HaXOfALLeNcs Ha OCU CUM-
METPUU B OCBELLEHHOW 06/1aCTW BHYTPEHHETO
KOHTYpa NoAKpenIeHuns;

— 019 TPaBMUTALMOHHON NJIOTUHbLI  HOp-
MasibHoro npodmns (Kypncaickasi nnoTuHa)
B TOYKe, HaXoAsLLencs B 3a4Heli 061acTy KOH-
Typa Ha BbicoTe 0,82H (H — BbIcoTa NIOTUHDI);

— N8 NAOTWHLI  TPEYrofbHOro  Mpodus
(AHAMKAHCKas NNOTWHA) B TOUKE, HAXOASLLIENA-
€A1 B 3a/iHel 061acTh KOHTypa Ha BbicoTe 0,45H;

— QNS rpaBUTALMOHHON MOTUHLI 0bner-
yeHHOro npoguns (nnoTvHa KoliHa) B TOUKe,
HaxopsLlenca B 3afHeil 061acT KOHTypa Ha
BbicoTe 0,63H.

B cBO604HOM KpYyr/OM OTBEPCTUK, B CBO-
604HOM KBaZpaTHOM OTBEPCTUW, B Bblpe3e
TPEeYrosibHOro npoguasA, B MOLKPENIEHHOM
KPYyrnomMm OTBEPCTMM W B MOAKPENIEHHOM
KBaZlpaTHOM OTBEPCTUU — BeNUYMHA MaKCK-
Ma/IbHOr0  CXKMMAOLLEro YMnpyroro KoHTyp-
HOr0 HaMpsHKeHWs NPW BO3AEWCTBUM MNIOCKON
NPOAOLHONM YMPYro BOMHbLI TWMa (yHKLUUN
XeBucainga 60nblle, YemM NpU BO3AENCTBUM
MI0CKOM NPOAONBHON YNPYrol BO/HbI TUMa
nonynepuoga CHycougpbl.

B nnotuHe TpeyronbHoro npogwuns (AH-
[AV>KaHCKas MaoTuHa), Npoduib KOTOPOro ms3-
MEHSIeTCA MaBHO, — BeNYMHA MaKCUMasib-
HOro PacTArvBaroLLero yrnpyroro KOHTYpHOro
HanpsXXeHWs Npu BO3AENCTBUM MI0CKON Npo-
[ONbHOM  yNpyroi BOMHbI  TUNa  (DYHKLUU
Xesucariga 60/blue, YemM Mpu BO3AENCTBUK
NMIOCKOV NPOAO/LHOM YMPYrol BOMHbI TUMNa
nonynepuoga CUHycougpl.

B rpaBmTauyOHHOMA NIOTVHE HOPMa/IbHO-
ro npoduns (Kypncaiickas naoTuMHa) 1 B rpa-
BUTALMOHHON MI0TUHE O06/erYeHHoro npo-
¢uns (nnotuHa KoliHa), B NPOduasx KOTOpbIX
NMErTCH 061acT C Pe3KUM  W3MEHEHVEM
CeyeHus, — Be/MYMHa MaKCMMabHOro pacTs-
TMBAKOLLErO YMpPYroro KOHTYPHOIrO Hanpske-
HVS NpY BO3AEACTBMM MNOCKOA NPOAOSbHON
yrpyrovi BOMHbI TUMa (PyHKUMM XeBucaiiga

MeHbLLe, YeM Npu BO3LEVCTBMM NAOCKOIR Npo-
[0MbHON YNpYroi BOMHbI TUMa nonynepuoga
CUHYCOUABbI.

Mpn BO3AENCTBUM NIOCKON MPOAONBLHON
yNpyrovi BoMHbI TMNa (hyHKLMM XeBucainga Ha
CBODOOAHOE Kpyr/ioe 0TBEPCTMeE, Ha CBOGOAHOE
KBagpaTHOe OTBEPCTME W Ha BbIpe3 TPeyrosib-
HOrO MPOGUASA — CXKMMatoLLee Ynpyroe KOoH-
TYpPHOE HanpshkeHne MakCUMaslbHON Bennyn-
Hbl OCTUraeT He Gonee, YeM 3a TPU NPOXoja
(PpOHTOM BOJIHbI XapaKTEPHOro pasmepa.

Mpw BO34ENCTBMM MNOCKOM MPOAOSLHOM
YyNpYroi BOMHbI TUMNa Moaynepnuoga CUHYco-
nabl Ha CBOOOAHOE Kpyr/ioe OTBEpCTUe, Ha
cBO6OAHOE KBaApaTHOE OTBEPCTME U Ha Bbl-
pe3 TPeyrosibHOro Npouas — CXXumarolee
YrNpyroe KOHTYPHOE HarnpshKeHne Makcu-
MaslbHOW BEIMYMHbI JOCTUIaeT He 6onee, Yem
3a CeMb MPOXOA0B (DPOHTOM BOJIHbI XapaKTep-
HOro pasmepa.

Mpu BO3AENCTBMM NMIOCKON MPOAONLHON
YMNpYyroin BOMHbI TuMa (yHKUUKM XeBucainga
¥ TUMa nonynepuoga CUHYCoOWAbl Ha MoAKpe-
MNEHHOE KPYT/0e OTBEPCTME U Ha MOAKPEn/IeH-
HOe KBagpaTHOe OTBEpPCTME — CXUMaroLee
ynpyroe KOHTYpPHOE HarnpshxkeHne Makcumab-
HOM BENWYMHbI JOCTUraeT He 6onee, Yem 3a
TpW nNpoxofa (POHTOM BOJSIHbI XapaKTepHO-
ro pasmepa.

Mpy BO3AENCTBMN NMOCKOM MPOAO/bHOM
yrpyrovi BOMHbI TUNa (yHKUMM XeBucaiiga
M TUNa nosynepuoga CUHYCOMAbl Ha rpasu-
TaUMOHHYHO NIOTUHY HOPMa/IbHOrO NPOouUIIS
(Kypncaiickass MnoTWHA), Ha NAOTUHY Tpey-
rofibHOro npouna (AHAMXKaHCKas MA0TUHA)
M Ha rpaBUTaLMOHHYIO NIOTUHY 06NeryeHHo-
ro npotunsa (nnotmHa KoliHa) — pacTsarvBa-
toLee yrnpyroe KOHTYpPHOE HanpsKeHne Mak-
CUMasIbHON BEIMYMHBI AOCTUraeT He 6Gornee,
4em 3a YeTblpe Npoxofa PPOHTOM BOJIHbI Xa-
paKTepPHOro pasmepa. YNpyroe KOHTYpHOe Ha-
NPSYKEHNE Ha rPaHsAX MIOTWUH SBMSETCS NOYTH
3epKasibHbIM 0TOGpaXKeHWeM OAHa APYroi, To
€CTb aHTUCUMMETPUYHBIM.

B pa6otax [4-8, 10] npuseaeHa WHGop-
Mauus 0 BepuuKaLumn pesy/bTatoB paccma-
TPMBAEMOr0 YMC/IEHHOIO MeToAa, anropuTMa
1 KOMMIEKCa NPorpaMm.

ABTOp Bblpa>KaeT 6narogapHocTb Myca-
esy B.K. 3a okasaHHyt0 NOMOLLb W BHUMaHWeE
K paboTe.
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OCHOBHBbIE 3TAlNbl PASPABOTKI MOAET METOANKWN OBy4YEHUNA

State Educational Institution of Higher Professional Education «Astrakhan State Medical University»,

PU3VIKE CTYAEHTOB MEANLIMHCKUX By30B

AradoHoa N.A., Mup3sabekosa O.B.
FBOY BIMO «AcTpaxaHCKUin rocyaapCTBEHHbIV MEANLMHCKMIA YHNBEPCUTET», ACTpaxaHb,
e-mail: omirzabekova@yandex.ru

B cTatbe 0603HaueHa npo6iema 06yyeHNst (hM3UKe CTYAEHTOB MeAULIMHCKMX By30B C NPUMEHEHUEM Myb-
TUMeAUHbIX CPefcTB 06yueHus. OTMeYaeTcs, YTO CyLLECTBYIOLLME My/IbTUMEANIHbIE CPeACTBA 06YUeHMUS He Mo-
3BONSAOT LiEIOCTHO BO3AEHCTBOBATb HA OpraHbl UyBCTB, MPOAEMOHCTPUPOBATL CBA3b (DU3MUECKUX 3HAHMIA 1 Npo-
heccroHanbHoM AeaTeNnbHOCTH. [1s 3TOr0 HaMK MepBOHaYaibHO pa3pabaTbiBaeTcsl MofeNb npouecca 06yyeHus
(uanke GyayLLMX Bpaueid: (hopMynMpyOTCs LieMn 06yUeHus, BbISBASETCA cOAepXKaHWe 06y4eHUs, BbISBISIOTCS
BUIbl METOZOB 06yueHUs (uanke. MokasbiBaeTCs Lie1ecoo6pasHOCTbL BbIGOpa B KaYecTBe TEOPETUUECKUi OCHO-
Bbl CO3[aHUs1 MOZENM, MPUHLMMbI KOMMETEHTHOCTHOMO MOAX0AA 1 OCHOBHbIE MOMOXEHWSsH TEOPUN esTENbHOCTY.
BblflenieHbl TpeboBaHWs K pa3paGoTKe MyNbTUMEANIAHBIX AUAAKTUYECKUX CPEACTB 0BYy4eHWst (M3MKe CTYAEeHTOB
MEeJMLMHCKIX By30B. PacKpbiTa Npo6ieMa cofepxaHus Kypca (hmsnkv 4ns Gyaywimnx Bpadeit, n NpesiokeH oauH
13 MyTeli ee peLLeHus.

KntoyeBble C/1oBa: MeToAMKa 06yHeHUs PU3MKe, YCBOEHUE (M3NUECKUX 3HAHWIA, (DOPMUPOBaHUE KOMMETEHLMA,

MyNbTUMeAMIHOE CPEACTBO 00yUeHNst IU3NKe

MAIN STEPS OF THE MODEL DEVELOPEMENT
OF PHYSICS TRAINING METHODS FOR STUDENTS
OF MEDICAL INSTITUTIONS OF HIGHER EDUCATION

Agafonova I.A., Mirzabekova O.V.

Astrakhan, e-mail: omirzabekova@yandex.ru

The problem of teaching physics to students of medical institutions of higher education with application
of multimedia training technologies is under review in this article. It is pointed out that the existing multimedia
training technologies are unable to affect the sensory organs holistically and to demonstrate the connection between
the material knowledge and professional activity. For this purpose we initially develop the model of teaching
physics to future doctors: the training goals are formulated, the syllabus and different kinds of physics training
methods are determined. We show the reasonability of choosing the principles of competency-based approach and
conceptual issues of activity theory as a theoretical basis of model development. We point out the requirements to
the development of multimedia training technologies in teaching physics to students of medical institutions of higher
education.

Keywords: physics training methods, acquisition of material knowledge, formation of professional competence,

multimedia physics training technology

MynbTUMeAniiHbIE  cpeacTBa  00y4eHus
B HacTosilee Bpems SABNAKTCA HeOTbemse-
MOV 4aCTblO y4e6HOro npoLecca B BbICLLEM
y4ebHOM 3aBefeHUN. ITO CBA3AHO C LUMPO-
YaMN  BOSMOXXHOCTAMMW  My/IbTUMEAMA-
TEXHOMOrMin B 061acT NpeacTaBieHns 06b-
eKTOB B [BWKEHUN N UX MPOCTPAHCTBEHHOM
1306paXKeHN, a TaKkxke ABNEHWIA, NPOLEeCCoB,
MaHWUMyNMpoBaHNsa MHMOpMaLMen 1 MHoroe
apyroe. Kpome TOro vccnegoBatenisimv Mog-
YepKMBaeTCa, 4YTO 3(EKTUBHOCTb MY/bTU-
meaua, 06YyCnoBNeHHas KOMM/IEKCHbIM BO3-
[ENCTBMEM Ha OpraHbl YyBCTB, 06ecrneymBaet
3puUTe/IbHOe U CyXOBOE BOCMPUATWE OLHO-
BpeMeHHO. lMocnesfHee, MO MHEHWIO aBTOPOB,
MO3BONSET YBENMUMTb YCBOEHWE MaTepuana
B 2-3 pa3a (N0 CPaBHEHWIO C TPAAULIMIOHHON
thopmoit 0byyeHms). Tak, Hanpumep, H.I". Ce-
MEHOBOW YCTaHOB/IEHO, YTO TO/IbKO YeTBEPTb
(25%) ycnbllwaHHOro MaTepuana ycsanBaeTcs
CTyAeHTamu, Npu KOMOMHMPOBaHHOM BO3feli-
CTBMW: Yepe3 3peHune 1 Cnyx — [0NS YCBOEH-

HOro marepwasa JOCTUraeT NosoBKHbI, a Npu
MOMOLLY WMHTEPaKTUBHBIX 00yyarowmx mnpo-
rpamMmM, Harnpumep MpUIOKEHNIA MybTUMESNA,
[l0Ns1 YCBOEHHOIO MOXKET cOCTaBuTb 75%. Tak-
XKe 3KCMepUMEHTa/IbHO YCTaHOB/EHO, YTO Npw
YCTHOM W3/10)KEHWUWN MaTepuana obyyaroLmics
3a MVHYTY BOCMPUHUMAET [0 OAHON ThICAYU
YCNOBHbIX eAVHWL, HopMaLMK, a npu Moa-
K/THOYEHUW OPraHoB 3peHNs — 10 CTa ThICAY Ta-
KMX eguHuL,. Takum 06pa3om, 04HOBPEMEHHOe
BO3[elCTBUE Ha pa3/InyHble KaHasbl BOCMPUS-
TUSA 3HAYUTENBHO MOBbLILLAET PHEKTUBHOCTb
y4e6HOro npotiecca.

Bcé BblLeckasaHHOe MOATBEPXKAAET MHe-
HVE O TOM, YTO 3PPEKTUBHOCTL MPUMEHEHNS
KOMMbIOTEPHBIX CPEACTB 00y4eHWs, OCHOBaH-
HbIX Ha MynbTUMeAMaTexHonornm, B obpa-
30Bare/IbHOM MpoLiecce, B TOM yucnie U npu
06YyYeHNM CTYIEHTOB MEeAULMHCKYX BY30B, SiB-
NAETCA MHOTOKPATHO [0Ka3aHHbIM B paboTax
vuccneposaresnieid (PakTom. Mo3ToMy HaCKO/bKO
3(htheKTVBHO 1 ONTUMANLHO OyayT peann3oBa-
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Hbl YKa3aHHble NOoTeHLa/IbHble BO3MOXHOCTU
MYNbTUMELNATEXHONOTUIA B ANAAKTUYECKMX
CpeAcTBax 00y4YeHWs U B METOAUKE 06y4veHUs
CTYLEHTOB MeAULIMHCKMX BY30B B Lie/IOM, B/U-
€T, Ha HaLLl B3I/, Ha NOArOTOBKY 00y4aeMbIX
K MPUMEHEHUIO (DU3NYECKUX 3HaHWI B Oyay-
Lei NpotheccroHanbHOM AeATeNbHOCTH.

OfHako, HecMOTps Ha MHoOroob6pasue
MYNbTUMEAUAHBLIX CPEACTB 0ByueHUs (u3snke
CTYEHTOB MeMLMHCKNX BY30B, 60/bLUNHCTBO
13 HUX HE WCMO/b3YHT BO3MOXHOCTb:

1) KOMNNIEKCHOTO BO3AENCTBUS Ha OpraHbl
4yBCTB 06y4aeMmblIx, T.e. JafeKo He Bcerga Bu-
3yanbHO NpefcTaBneHHas UHGopMauus ayau-
anbHO conpoBoxkaeHa [8];

2) onTyMmM3aumMK npouecca obydeHus qu-
3VIKe B YC/I0BUSX COKpaALLeHNs ayiUTOPHBIX Ya-
COB, BblA€NEHHbIX Ha 13yYeHMe Kypca (hU3nKK
B MeAVLMHCKOM BY3€;

3) HarnagHoOro npeacTaBfeHns MHGopMa-
UM 06 o06bekTax npoeccuoHanbHOW [aes-
TENIbHOCTK, UX CBA3N C (PU3NYECKVMUN 3HAHU-
MU 1 paboTbl C Hel.

Kpome Toro, Hamm ycTaHOB/IEHO, YTO Me-
TOAMKA 00yuYeHWs (DU3NKE CTYLEHTOB Meau-
LIMHCKMX BY30B, OCHOBaHHas Ha NpUMEHeHUN
MYNbTUMELUIAHBIX CPEACTB, Kak NpaBusio, CBO-
ANTCS K MOKa3y Mofenei 06beKTOB, ABMEHNUN,
MPOLLECCOB 1 3aKOHOB (I3MKM, fEMOHCTpaLMn
PELLEHNSI KOHKPETHbIX 3a4ady M YrNpaXHEeHWA.
Mpu aTomM HabntofaeTca OTCYTCTBUE MY/bTU-
MeAUAHbIX ANAAKTUYECKMX, CMNOCOOCTBYHOLLIMX
YCBOEHWIO (PU3NYECKMX 3HAHWI 1 METOA0B pe-
LUeHMA 3aa4 B MPOJECCUOHAIBHO 3HAYUMbIX
415 6yayLlero Bpaya cuTyaumax.

[nsa pelleHns BbllleHa3BaHHbIX NPobiem
Hamn Oblna paspabotaHa MOAe/b Mnpolecca
06yyeHnsi (DM3MKe CTYLEHTOB MeAMLMHCKNX
BY30B C MOMOLLbKO MY/IbTUMEANAHBIX ANAAKTN-
YECKUX CPeLCTB KOMMJIEKCHOro BO34enCTBUA
Ha opraHbl 4yBCTB 06y4yaeMblX. Mbl nocyu-
Tann LenecoobpasHbIM MUCMOMb30BaTh B Kaue-
CTBE TEOPETUYECKOM OCHOBbI MONOXEHNS Teo-
pumn peatenbHocTM [2, 13 u gp.] v NpuHLMNGI
KOMMeTEHTHOCTHOrO nogxoga [10, 1 u gp.].
Mpy BbIGOPE TEOPETUYECKOW OCHOBbLI paspa-
60TKM Mofenn npouecca 06yyeHus ¢usnke
CTY[lEHTOB MeAMLMHCKMX By30B Mbl YUYNu TOT
(haKT, YTO TPaAWLMOHHO NMpK 06yYeHUn pusn-
Ke GyayLymx Bpavei Mcnonb3yeTcs, Tak Hasbl-
BaeMbIi «3HAHWEBbI» NOAXOM, T.e. CTYAEHTHI,
BEPHO (DOPMY/IMPYS OMNpeseneHns MOHATUM,
3aKOHOB, He MOTYT MPUMEHUTb UX NP peLue-
HWWX 3afjad, MpW BbINOMHEHUW NaboPATOPHbIX
1 NPaKTUYeCKMX 3asad. MoaTomy npuMeHeHve
[eATeNbHOCTHbIX MOAXOA0B K 06Y4YeHuto Mo-
3BO/IAT TaK OpraHu3oBarb 00y4YeHWo (ur3mke
Oyaywmx Bpayeit, yto pesynstatoM OyayT siB-
NATLCA CHOPMMPOBaHHbIE B 06006LLIEHHOM BUfe
TUNbI AeATEeNbHOCTM, CBA3aHHbIE C PeLLeHVeM
npotheccnoHanbHbIX 3afad  Oydyuiero Bpa-

ya [5]. O606LLeHHbIe CNOCOObI BbIMNOSHEHNS
TOW UM NHOW AeATeNbHOCTM NO3BONAT 00yYa-
eMbIM MPUMEHSATb UX B Pa3/INYHbIX YCNOBUSX
1 0bnagaTb LIMPOTO MepeHoca, NpaBu/IbHO
AeicTBOBaTb M 060CHOBbIBATL CBOM [eiCTBMS,
1CNONb30BaThb Kak cpasy rnocse obyyeHus, Tak
1 CNyCTs HeKoTopoe Bpems. Kpome Toro, Takas
(hyHKLMSA TEKYLLEro KOHTPONS, Kak obpaTHas
CBSI3b, OyAeT obecneynBaTb NOOMEPALNOHHBIN
KOHTPO/b, AaBasi BO3MOXHOCTb OLEHWTb, Bbl-
MOJHAET /I 00yYaeMblil AeCTBUS NPaBU/IbHO
B HEOOXOAMMOI MOCNeA0BaTeNbHOCTL.

BbI60p B KauecTBe COCTaB/AOLLEN Teope-
TUYECKOA OCHOBbI MUCCNELOBaHUA KOMMETEHT-
HOCTHOro noaxoga OOYCMOBMEH [A0Ka3aHHOW
3 peKTMBHOCTLHO AaHHOMO NOAX0Aa B POCCUIA-
CKOW 1 3apybBeXXHOI neaarormyeckor Hayke.
Tak, 0606Las onbIT 3apyBeXxXHbIX MUccnefoBa-
Tenei, Hamu YCTaHOB/EHO, YTO:

1) BnepBble MpeanpuHSATa MNoMbITKa pac-

KPbITUSt  COAEPXKaHUS  MOHATUS  «KOMIe-
TEHTHOCTb» W BbICKA3aHO MHEHME O BO3-
MOXHOCTU  pasBUTUS  MPOGeCCMOHaNbHOM

KOMMNETEHLUMN B MNPaKTUYECKON npodeccuno-
Ha/IbHOI feATeNbHOCTY,

2) pacKpbITOe aMepUKaHCKMMU YYeHbIMU
COiEPXKaHMe AaHHOTO TepMMHa B 60/bLLIEN CTe-
MeHN OTpaXKaeT MOBefeHYECKNIA MoKasaTesb
L0191 OUEHKM TMepcoHana Ha MpeanpuaTmsX.
[aHHoe noHumaHve nosaHee 6bI10 4OMNONHeE-
HO eBpOMeCKUMM YYEHbIMW KOFHWUTUBHbLIMU
1 ()yHKLMOHa/IbHbIMW COCTaB/ISOLLUMM,;

3) cchopmmpoBanacb CTPYKTypa [AaHHOro
TepMuHa, Hambonee XxapakrtepHas Ans ®paH-
UMKn 1 FepMaHmn, «rae 3HaHWs, YMeHUs 1 Ha-
BbIKW BMECTE C MOBEAEHYECKMMMU W MOTVBa-
LIMOHHbIMM acnekTaMmn BOLUMM Kak COCTaBHble
aNeMeHTbI» [4, c. 246].

B oTeyecTBeHHOM Mefarorvke passuTue
KOMMETEHTHOCTHOTO MNOAXo4a BO Bcex cde-
pax MOArOTOBKM CreumanmncTa, Kak Ha ctagmm
06yueHus B BY3e, TaK 1 MOC/e ero OKOHYaHWs,
6ONbLUMHCTBO aBTOPOB CBSA3bIBAIOT C MOMEH-
TOM nognucaHnsa Poccueli bonoHckoro corna-
weHua B 2003 1. «Bce vawle npeanpuHmumMare-
NAM HY)KHa He KBa/mmnkaums, Kotopas, ¢ Ux
TOYKM 3PEHNSA, C/TULLKOM YacTO acCoLMMpyeTcs
C YMEHMEM OCYLLECTBATL T€ UM UHble Onepa-
LMN MaTepuanbHOro xapakrepa, a KOMMNeTeHT-
HOCTb, KOTOpasi paccMaTpuBaeTCs Kak CBOEro
pofia KOKTEN/b HaBbIKOB, CBOMCTBEHHbIX KaXK-
[OOMY VHAMBULAY, B KOTOPOM COYeTarTCs KBa-
NUMKaLMA B CTPOrOM CMbIC/e 3TOrO C/0Ba...,
coumanbHOe NoBedeHue, cnocobHOCTb pabo-
TaTb B rpynne, WHUUMATUBHOCTb M Nt0GOBb
K pucky» [9].

CoBpeMeHHbIn  3Tan pasBuUTUA Negarorun-
yeckol Haykm (2000-2015 rr.) xapaktepusy-
eTCs BHEAPEHWEM KOMMNETEHTHOCTHOM MoAenn
MoAroToBKN OyAyLUMX CMEeuuanncToB, B TOM
yncne U MeguUMHCKoro npotuns. HakonneH
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3HaUYUTENbHBIV OMNbIT U NpaKTUKa ee BHeape-
HWS, KOTOpble MOKa3blBalT, YTO peannsayus
KOMMETEHTHOCTHOrO NoAXo4a NO3BONAET [0-
CTUraTh Lienein 0byyeHmst Kak Tpuagy — «yme-
HWe LeliCTBOBaTb», «yMeHUe ObITb» 1 «yMeHue
Xutb» [1, . 87]. Moatomy pesynbTatom 00y-
yeHus OyayLlero crneuyanmcTa MeguLMHCKoro
Npounns ABNAKOTCA He TOMbKO «YCBOEHHbIE
3HaHWS, YMEHUS, HaBbIKMN», HO U «OCBOEHHbIe
KomneTeHuum» [15] Kak «CnocoBHOCTb U ro-
TOBHOCTb MPUMEHATb 3HaHUA, YMEHUS, HaBbl-
KW 1 IMYHOCTHbIE Ka4yecTBa A/1sl yCneLwHow fe-
ATeNbHOCTU B ONpefAeneHHol obnactu» [15].

Takum 06pa3oM, MCMOb30BaHWE OCHOB-
HbIX NMPUHLMMOB KOMMETEHTHOIO Noaxoda Ans
co3faHuns mogenn npouecca 00y4veHUs u-
3VIKe, MO3BOJIAT MOATOTOBUTL CTYAEHTa, Cro-
COGHOro M roTOBOr0 MPUMEHATH (I3nYeCKme
3HaHWS B CBOEI NPOMECCUOHANLHON AeATeNb-
HOCTW, T.e. Bnagetowlero Habopom 06Lenpo-
(hecCMOoHasbHbIX 1 NPOMeCCUOHaNIbHBIX KOM-
neTeHuUmi.

Kak Mogenb nito6oro ob6pa3osare/bHOro
npoLecca, co3faHHas HaMu MOfefb, COCTOUT
13 WHBapWaHTHOro fiApa: Lefb, CoaepXKaHue,
MeTOfbl U (hopMbl 06YYeHMs, ANLaKTUYECKUE
CpefcTea WM CpefcTBa KOHTposns. B cootset-
CTBWU C BblOpaHHOW Hamy TEOPeTUYECKOI OcC-
HOBOWA, LieNb 06yyeHnst (nsnke dyayLimx Bpa-
yei ABNAETCA TPEXKOMMOHEHTHOM, TO eCTb:

| KOMMOHEHT (6a30BblIii): CHOPMUPOBATH
y 00yyaembix 6a30Bble MOHATUSA (DU3UKK, He-
obxoauMble AN peLleHns NpodeccroHasb-
HbIX 3afa4 Oyaywiero Bpadva. lMoscHUM He-
06X0AMMOCTb BblAENEHNS LAHHOTO LIeNeBOro
KOMMNOHeHTa. Kak 0TMeyanoch Bbille, aKLEeH-
Tbl CMCTEMbI BbICLLUENO MPOJIeCCMOHaNbHOIO
06pa3oBaHMs Hanpas/ieHbl Ha (JopMUpPOBaHMe
KOMMNETEHLMIA — KaHECTBEHHYO CTOPOHY Mosy-
YeHHbIX 3HaHWUIA, NOLYEPKMBAOLLYHO BAXKHOCTb
YMEHWS NoJb30BaTbCA 3HAHUAMU B Npodeccu-
OHa/lbHbIX CUTyaumMsX, a He NPOCTO 06naaaThb
«baraxxom» 3HaHuU. OaHaKO, KaK MOKa3bIBaKOT
pesynbTaTbl Mefarornyeckoro  KCrnepumeH-
Ta, 83% CTyAeHTOB MeAUUUHCKMX BY30B MO-
ryT ChOpMy/IMpoBaTb OMNpefeneHne MoHATUS,
HO He Haro/HAKT ero CMbIC/IOM, He MOryT
BOCMO/b30BaTbCA MM Ha NpakTuke. bonbluoe
KONMYECTBO HOBbIX W paHee W3BECTHbIX MO-
HATWUIA, BENIMYMH 1 (DOPMYN, KOTOPble HeobXo-
AVMO He TOJ/IbKO 3arOMHUTb, HO U MOHATb UX
(PU3NYECKNI CMbICTT, YMETb «y3HaBaTb» WX
N NPUMEHATb B MPAKTUYECKN 3HAYMMbIX CU-
Tyaumsx, TpebyeT y 60/bLUMHCTBA CTYAEHTOB
TPYZONO6UA 1N BONbLUMX WMHTENNEKTYaNIbHbIX
YCUNIA. T03TOMY 6a30Bblii KOMMOHEHT Lie/N
00y4yeHuns Qur3nKe onpeaensieT He06XoaMMOCTb
opraHu3aumm cneumanbHON AedTeNbHOCTM Mo
YCBOEHMIO 00y4aeMbIMM (PU3NYECKMX 3HAHWIA
B MPaKTUYECKM 3HaUYMMbIX CUTYaLUsAX, NCKIHO-
yaroLleli hopManibHOCTb NX 3ayYmBaHmS.

W Bce e, yCneLuHoe YCBOEHVEe TEOPUN He
MOXET rapaHTMpoBaTb YCMEXOB B peLUeHUN
npodleccMoHanbHbIX 3aflad, Tak Kak oBrafe-
HVWe [eATeNbHOCTbI0 MO PeLleHno 3afjad —
3TO OTAenbHas negarorvyeckas safgada. llo-
3TOMY HaMW BblfeNeHbl ele ABa KOMMNOHeHTa
Lenn obyyeHns uanke CTyAEHTOB MeAULMH-
CKUX BY30B.

Il KOMMOHEHT (OeATeNbHOCTHbLIN): cdop-
MWPOBATb OMNpefeNieHHble BUAbI AeATeIbHOCTH,
CBA3aHHbIE C peLleHneM MpPOpECCMOHATbHBIX
3aga4 OyayLuero Bpaya, B 0606LLEHHOM BULE;

1l KOMNOHEHT  (KOMMETEHTHOCTHbIN):
chopMupoBaTb CMNOCOGHOCTb M TFOTOBHOCTb
pewwartb NpoteccroHabHble 3afadvM ¢ npu-
MEHeHVeM (U3NYECKUX 3HaHUA U MEeTOLOB
peLLeHns (hM3NYecKnX 3a4ad, To ecTb CHopMM-
poBatb psaf 06LenpogecCMoHanbHbIX 1 Npo-
(heccrMoHasIbHbIX KOMMETEHLMIA.

OueBMAHO, 4TO [AN4 peanu3auumm no-
CTaBNEHHbIX LieNeil HeOOXOANUMO BbISICHUT,
Kakue (YU3nYeckre NOHATUSA, 3aKOHbl U Ha-
Y4Hble (DaKTbl /1eXXaT B OCHOBE METOAO0B Ana-
FTHOCTMKWN N NeYeHuns, Kakne Buabl npogec-
CUOHANbHON AeATeNbHOCTU U KOMMNETEHL M
[BOMKHbI ObITb CHOPMMPOBAHLI Y OyAyLLEro
Bpaya v Kakue U3 HMUX MoryT 6bITb C(hopMU-
pOBaHbl Ha 3aHATUAX MO pusmke. OTAENbHO
OTMETUM, YTO C(OPMUPOBATL Takue BUAbI
[eATeNbHOCTU U KOMNETEHLMMN B LLeIOM Npw
00yyeHUn (hM3nKe CTYAEHTOB MEAULMHCKNX
BY30B HEBO3MOXHO. OiHaKO, KaK MoKa3blBa-
0T pe3ynbTaTbl UCCNef0BaHUsA, MOrYT ObITb
C(hOPMUPOBaHbl  YKPYMHEHHbIE  3/1IEMEHTbI
BUAOB [eATE/IbHOCTU, CBA3AHHbIX C peLue-
HMWEeM MpogeccnoHanbHbIX 3aga4 Oyayle-
ro Bpava.

PaccmarpuBas cofepXkare/ibHyt0 COoCTaB-
NAKOLLYH0 MOAeNy npouecca 00yyeHuns pusnke
CTY[EHTOB MeAMLMHCKNX BY30B, HaMU BblsB-
NneHa npo6nema HeaoCTaTOYHON paspaboTaH-
HOCTM psfja BOMPOCOB:

1) kKakoBO e [O/MKHO ObITb COAepXaHue
Kypca (hM3VKNU B MEeSMLMHCKOM By3e B YCO-
BUSIX KpaiHe HefoCTaTO4HOro Yucia ayauTop-
HbIX 4aCoB, BblAe/IEHHbIX Ha N3y4eHne PrU3NKn?

2) Kakue pasfesnbl, TeMbl, 3/1eMeHTbl (u-
3MYECKMX 3HAHWUIA AO/MKHbI COCTaBNsATb CO-
JepxaHne Kypca Qusnkn ais hopMmpoBaHuns
CNOCOGHOCTN WM TOTOBHOCTU MPUMEHUTHL WX
B NpodecCMoHabHOW AesTeNbHOCTY ByayLie-
ro Bpaya?

[JaHHble npobnembl BblAeneHbl HaMU He
cflyyaiiHo. TpaguLUMOHHO COAepXXaHue Kypca
(hn3nkn onpepensieTcs, B 6OMbLUEA CTeneHw,
TON Yy4e6HO-METOAMNYECKON NMTEPaTypoit, Ko-
TOpast CyLecTByeT B HacTosiee BpemMs B 6U-
6/11M0TeYHbIX ()OHAAX BY30B U PbIHKE Y4eOHOW
nuteparypsl [11,16, 7, 6 1 Ap.]. AHa/IM3 Taknx
“34aHNA NO3BONNA CPOPMYNNPOBATL CNEAYHO-
Lje BbIBOAbI:
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JIESITETHOCTHU TI0 YCBOGHUIO OCHOBHBIX 3JIEMEHTOB
(u3ngecKux 3HAHUH

Mertomp! 00yueHus
¢usnke,

HaIpaBJICHHBIC Ha
OpraHHU3aInIo

JCATCIIBHOCTH I10 (I)OpMI/IPOBaHI/IIO npo@eccnor{am,ﬂmx BUI0B
JCATCIIBHOCTU UJIN UX 3JICMCHTOB

OJICMCHTOB

NIeSITEIBHOCTH 10 (HOPMHUPOBAHUIO KOMIICTCHIIMI HIIH UX

MeTogbl 06yueHust PusnKe CTYAEHTOB MeAULMHCKIX BY30B, HanpaBneHHble
Ha OpraH13aLio pasnnyHbIX BUAOB AesSTeNbHOCTY

1) y4ebHVKM 1 y4yebHble nocobus no gu-
31Ke 41 MeAMLMHCKMX BY30B COAEpXKar 3Ha-
YMTe/bHbIN 06BbEM TEOPETUYECKOIO MaTepuana
N0 (PM3MKe, KOTOPbIN 3aTPYyAHUTENBHO OCBOUTD
npyv HebONbLUOM YMC/le YacoB, BblgeNseMbIX
Ha n3yyeHvie (OU3NKN B MEAULIMHCKOM BY3e;

2) OTCYTCTBME B MWMEIOLLMXCA Yy4YeOHbIX
n3jaHnaX psga pasgenos n Tem (Hanpumep,
TPaguUMOHHO B pasgene «MexaHUKa» WC-
K/IOYeHbl Takne TeMbl, Kak «[vHamuka no-
CTYNaTe/IbHOro ¥ BpaLaTe/IbHOro ABVKEHNS,
«3QNIEeMEeHTbI TEOPUM YNPYrocTyu Ten», KOTopble
COCTaB/AOT, Hanpumep, onpegeneHHyo 6asy
3HaHWI [N M3ydeHUs NpPodecCMOHaNIbHbIX
AUCUMNINH ByayLLIMX CTOMATO/IONOB);

3) OTCYTCTBYHOT 3agaHusa (3agauu, ynpax-
HEHWS), C OLHOW CTOPOHbI, HanNpaBNeHHbIe Ha
YCBOEHME OCHOBHBIX MOHATUI 1 3aKOHOB (hu-
3MIKW, C ApYroli CTOPOHbI, — Ha UX MPUMeHEeHMe
B MPaKTUYeCKN 3Ha4YMMbIX 415 Byayuiero Bpa-
ya cuTyaumsx.

[na hopMmnpoBaHns coaepkarenbHow co-
CTaBMAOLLEN Mofenu npouecca 06yyeHus
(hM3nKe CTYLEHTOB MeAWLMHCKMX BY30B Mbl
nocumtann  LenecoobpasHbiM - MPUMEHUTb
€noco6, 3deKTMBHOCTL KOTOPOro A0KasaHa
psagom uccneposatenein (J1.1N. Ckpunko[12],
T.A. Teeppoxne6osa[16] n gp.). CyTb gaHHoO-
ro MeToja 3aK/4aeTcsa B aHaImn3e npoueccy-
aNlbHOM [IeATeNbHOCTU crieumanucTa (B pamkax
Hallero uccnefoBaHns — Bpaya), B BbISIBIEHUN
npogecCMoHabHbIX 3aa4, pellaembiX € Mo-
MOLLBI0 (IM3NYECKMX 3HAHWUWA, U 31EMEHTOB
(hM3nMYECKNX 3HaHWUI, HEOBXOAMUMBIX AN UX
peweHns. NprMeHss AaHHbIA MeTog, Mbl Bbl-
ABU/IN COfepXKaHue Kypca usnkun (pasgensl,
TeMbl, 3/1EMEHTbl (PU3NYECKUX 3HAHWI) Ans
CTYAEHTOB, 00yyatoLMXCA Ha evyebHOM 1 ne-
AVaTpnyeckoM (hakynbTeTax, CTOMarosiornye-

CKOM W1 MeLUKO-NPOMUIaKTUUEeCKOM (haKy/lb-
TeTax.

Kak oTmMevanoch paHee, Moje/b npotecca
06yyeHns (DU3NKe CTYLEHTOB MeAMLMHCKNX
BY30B [0/DKHA BK/HOYaTb B cebs 0cobble Me-
Tofbl 06yYeHWs, MO3BONAIOLLME Peann3oBaTb
Lenm obyyeHnsi. O4eBMAHO, UYTO A1 peanm3a-
LN TPEXKOMIMOHEHTHOW LIENN 0By4YeHns qu-
3MKe OyayLLMX Bpayeil HeobxoaMMo paspabo-
TaTb U COOTBETCTBYHOLLME METOAbI 06yYeHUs
(pucyHOK).

Mpun paspaboTke METOLOB 00y4eHUs (u-
3MKe, Hanpas/ieHHbIX Ha OpraHu3auuo aes-
Te/IbHOCTW MO YCBOEHWKO OCHOBHbIX 3/1EMEH-
TOB (PU3NYECKUX 3HAHWIA U [eATeNbHOCTM Mo
(hOPMUPOBAHMIO MPOJIeCCMOHANbHBIX BWAOB
[eATeNIbHOCTW, Mbl BOCMO/b30BAINCH TEOPU-
el noaTanHoro POpPMMPOBaHUA YMCTBEHHbIX
JencTBmin 1 noHatuia [3]. CornacHo [aHHOM
TEOpUK, 3HaHUA W pas/IMyHble BUAbI AeATeNb-
HOCTW BYyIyT YCBOEHbI NPWU YCMI0BUM, EC/IN UX
(hopMupoBaHvie OyLeT opraH130BaHO Mo3Tar-
HO: | aTan (MOTVBALMOHHBI) co34aeT NoTpe6-
HOCTb, BbI3bIBAET WHTEPEC K MNpeacTosLlien
pedtensHocTy; 1l aTan (OpUeHTUPOBOYHBINA) —
aTan coCTaB/IEHNA OPUEHTUPOBOYHOM OCHOBBI
nencteus; Il aTan (MaTepuanbHbIi UK MaTe-
pWann30BaHHbIN) — BbINOMHEHWE AENCTBUIA pe-
a/lbHbIMU MpeAMeTaMmn UK X MOLENIAMM, CXe-
mamu; v aTan (BHeLlHepeyeBoi) — AeicTBuMA
BbINOHAOTCA 6e3 0nopbl Ha MarepuasibHble
CPeLCTBa, HO NPOroBapuBatOTCA BCYX; V aTan
(BHYTpEHHEN peun) — BbIMNOHEHWE AEACTBUIA
COMPOBOX/aeTcs NporoBapusaHnem npo cebs,
MOCTeNeHHO COKPaLLasCh U aBTOMaTU3NPYACh.

OpHako peanmsaums BblOpaHHbIX NOAXO-
[0B, 3(DEKTUBHOCTL KOTOPbIX HEOLHOKpaT-
HO [l0Ka3aHa B NCUXOIOTMYECKUX U METOLM-
Yyeckux paboTax uccnegosatenei, TpebyeTt
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BPEMEHHbIX 3aTpaT. PewunTb AaHHYK npo-
6nemy, TO ecTb ONTMMW3NPOBATL MpoLecc
00yu4eHus, MOryT creuuanbHO paspaboTaH-
Hble NporpaMMHble CpeacTea 0byyeHuUs ¢u-
3VIKe CTYLEHTOB MeMLUMHCKNX BY30B, B TOM
ynucne n MynbTUMeauiHble. [MpoBeAeHHbI
HaMy 0630p Hay4HO-Mefaroruyeckmx uccne-
[0BaHWI 1 NMPOrpamMmMHbIX CPeAcTB 00yyeHus
(hn3nKe CTYLEHTOB MEAVLMHCKMX BY30B MO-
Kasan, 4yTo B [aHHOM npeAMeTHONM 06nacTu
OCTaeTCAa 3HauuTeNbHOE YMUC/I0 HEepeLleH-
HbIX 3aa4, a BOSMOXHOCTV KOMMbIOTEPHbIX
N MyNbTUMEAUAHBLIX CPeACTB 00yyeHusi uc-
NoNb3ytOTCS Janeko He B MOHON Mepe. Tak,
Hanpumep, B.A. CmupHoBbiM, O.B. LLlyBa-
eBOM OTMeyaeTcs MepcneKTUBHOCTb MpuMe-
HEHMS KOMMbIOTEPHOTO MOAENMPOBAHNA MpK
MPOBEAEHNN 3aHATWIA N0 (U3NKE B MEANLMH-
CKUX By3ax. B 3TOIn CBA3M aBTOPbI Npea/iaraot
NMPUMEHNTb «KOMMbIOTEPHbIE TEXHOMOM MK ANA
CO3JaHns BUPTYaslbHbIX N1a60PaToOpHbIX pa-
60T ¢ ncnonb3oBaHnemM TexHonoruin National
Instruments B cpege Babview. <...> [laHHas
cucTeMa MNOMOraeT CTYAEHTY MpeacTaBUTb
OpraHv3auuio  3KCMepuMMeHTa,  MPOBECTM
nepBUYHY0 06paboTKy pe3ynbTaToB M BOC-
nosib30BaTbCA METOAMYECKMMU MOACKa3Ka-
Mu» [17]. OgHaKo, HECMOTPSt HA OTMEYEHHYHO
aBTopamy  paboT BO3MOXHOCTb YCBOEHUA
CTyAeHTaMU-MeAuKaM/  3HaHUIA U YMEHWNA
B BMPTYa/lbHOM 11a60paTOpHOM MpPaKTUKyMe,
nccnenoBaTeniMy He PacKpbIBatOTCS:

1) MexaHn3Mbl Moa6opa /1abopaTopHOro
npakTuKyma no guanke CTyAeHTOB MeAULMH-
CKUX BY30B;

2) BONPOCbI OLIEHKM YCBOEHHOCTW 3HaHWM
Mo (YU3NKe 1 CHOPMMPOBAHHOCTM LeATeNIbHO-
CTV 1 KOMMETEHLMWIA;

3) BO3MOXXHOCTb OpraH13aummn gedtesibHo-
CTVM N0 (HOPMMPOBaHUIO MPOJIeCCUOHANbHBIX
KOMMETEHLIA 1 BUAOB AEATENIbHOCTU, YKa3aH-
HbiXx B POC BIMO ans 6yayLumx Bpadei.

Mo3aToMy CnegytoLmMm 3TanoMm Hallero
nccnefoBaHnsa  ABNAETCA pa3paboTka Mope-
M- (DYHKUMOHMPOBAHNUSA  MY/TbTUMEANAHBIX
CPeLcTB 00yyeHWUs (U3nKe, MO3BOMAIOLLMX
peasin3oBaTb MOCTaB/IEHHbIE Lenn 00yyeHus
B COOTBETCTBMU C BbISB/IEHHBIMMN LIENSAMU, Me-
Tofamu 00yyeHus v atanamu. O4eBUAHO, YTO
Takue cpeAcTBa 00yYeHNs LO/MKHbI HE TOMbKO
nomorarb B OpraHu3auuv AesTeslbHOCTU Mo
YCBOEHWUIO OCHOBHBIX 3/1EMEHTOB (PU3NYECKNX
3HaHWIA, POPMMPOBAHNIO KOMMETEHUMIA U BU-
[0B NpOgeccroHanbHOM AeATeNbHOCTU, HO
1 OCYLLECTBNATH NOONePaLOHHbIV KOHTPO/b,
[iaBasi BO3MOXXHOCTb OLeHUTb CHOPMUPOBAH-

HOCTb Y 06y4aeMblIX OTAEe/bHbIX MNOHATUI Kyp-
ca (m3MKm, NpohecCMOHaIbHbIX KOMMETEHLMWI
1N BUL0B AeATeNIbHOCTU (MM UX 3/IEMEHTOB).
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