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OcHogHbIMU 3a0auamu KOHGepeHyuu AGNAI0MCL:

— 0bMeH uHghopmayuell 0 HAYYHO-MEXHUYECKUX OOCMUNCEHUSAX 8 00IACMU IKCNEPUMEHMATbHOU
U meopemuyeckol Qu3uKu, QuU3UKU NOTYNPOBOOHUKOBHIX NPUOOPos. MUKpo u HAHOIIEKMPOHUKU, UCTNOY-
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- nposedenue CPABGHUMENbHO20 AHAIU3A U 0OCYICOeHUE Pe3VIbMAamos pabom meopemuieckoeo u
NPUKIAOHO20 XapaKkmepa,

- ycmanosnenue Hay4HuIx ceéazell u obnacmeul 63auMo0eticmseus 0isl YCKOPeHUs paseumus u no-
BbIUUEHUS YPOBHSL HAYYHBIX UCCIEO08AHUL, PACUUPEHUE BO3MONCHOCMEN BHEOPEHUs Pe3VIbMAaAmo8 UCCle-
008aHUIL 8 PEATTbHYIO NPAKMUK).
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'YMAHUTAPHDBIE HAYKH

YK 101.1:316(045)
bbK 87.6

3eitnanoB I'yceiin I'apaam orJibl
TOKTOp pritocopckux Hayk, mpodeccop
kadenpa dpunocopun
OI'BOY BIIO «MopioBckuit rocy1apCTBEHHbBIN MearOrn4ecKui
uHcTuTyT uMeHu M. E. EBceBbeBay, . CapaHnck, Poccust
zggo@mail.ru

POJIb JIUAJIOTA B ®OPMHUPOBAHUU MTPO®ECCUOHAJIBHON
MOBMWJIBHOCTH CIHEHUAJIMCTA

Annomayusn. B craTtbe BBIICISAIOTCS U aHATU3UPYIOTCSI OCHOBHBIE (haKTOPHI
CTaHOBJIEHUS NPO(decCHOHAIbHOW MOOMIbHOCTH crnenuanucra. CoriaacHo aBToOpy,
npodeccroHagbHast MOOMIBHOCTh KaK MHTETPAIBHOE KaueCTBO SBISETCS Pe3ysIbTa-
TOM IUAJIOTU3AIMM BHEUIHMX M BHYTPEHHHMX, COLMAIBHBIX M JIUYHOCTHBIX U MHO-
rux apyrux ¢axtopoB. Ee ¢opmupoBaHne nmpoucxoauT B 00pa3oBaTeIbHOM MpPO-
CTpaHCTBE By3a, @ pa3BUTHE IIPOAOIDKAECTCA B TEUEHUE BCEW )KM3HM KaK Pe3ysbTaT
Ipo(heCcCHOHATILHOTO CaMOOIIPEIETICHHUS.

Knwuesvie cnoea: nuanor, npodeccuoHanbHasi MOOMIBHOCTb, (aKTOPSI,
pohecCuOHATbHOE CaMOOIIPEIETICHHE.

Zeynalov Huseyn oglu Gardash
Doctor of philosophical Sciences, Professor
Department of philosophy
Mordovian State Pedagogical Institute, Saransk, Russia

THE ROLE OF DIALOGUE IN THE FORMATION
OF PROFESSIONAL MOBILITY OF PROFESSIONALS

Abstract. The article highlighted and analyzed the major factors of formation
of professional mobility specialist. According to the author, professional mobility as
an integral quality is the result of dialogization external and internal, social and per-
sonal, and many other factors. Its formation takes place in the educational space of
high school, but the development continues throughout life as a result of professional
self-determination.

Keyword: dialogue, professional mobility, factors, professional self-
determination.

" PaboTa BBINONHEHA B PAMKAX IPAHTA HA IPOBEACHHE HAYYHO-HCCIENOBATEIECKEX PabOT IO MPHOPUTET-
HBIM HAaINpaBlICHUSM HAy4YHOH NESATEIbHOCTH BY30B-NAPTHEPOB MO ceTeBoMy B3aumopeicteuio (OI'BOY BIIO
«UI'TIY» u Mopal' TIN) no teme: «@opMupoBanue mpoQecCHOHaIEHO MOOMIBHON JIMYHOCTH CPEJICTBAMH COLMOTY-
MaHUTAPHBIX JTUCLIUILIMH B 00pa30BaTeIbHOM IIPOCTPAHCTBE BY3ay.
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VYEBHbIH SKCIIEPHMEHT B OBPA30BAHHH

Hayunsiif uatepec k mpobieme npodhecCHoHaTbHOM MOOUIBHOCTH JIMYHO-
CTH HEYKJIOHHO BO3pacTaeT ¢ KOoHIa XX BeKa. JTO CBSI3aHO, MIPEXK/IE BCETO, C BO3-
pacTaHUEM 3HAYUMOCTH MOOWJIBHOCTH KaK XapaKTEPUCTUKH JIOJEH, CHelHaIu-
CTOB, COLIMAJIBHBIX TPYII B KOHTEKCTE IiI00anu3aiuu, UHTETpalii SKOHOMHUK B
JTUHAMUYHO Pa3BUBAIOIIEMCSI, OBICTPO U3MEHSIOIIEMCS] COBPEMEHHOM MUPE.

Ceronnst MOOMJIBHOCTh M3YYaeTCsl C TOYKU 3PEHHs HE TOJIbKO (uiocoduu,
HYKOHOMUKH, COITMOJIOTUH, B pAMKAX KOTOPBHIX HaYaIUCh NIEPBbIC UCCIIEOBAHUS, HO
U TEeJarOrH4ecKOM aclleKTe, B KOHTEKCTEe BceX TpaHcopMmainuii oOpa3oBaHUs.
Kpatkuii aHanus3 HEKOTOPBIX padOT CBUAETENIBCTBYET, YTO I MHOTHX aBTOPOB
npodeccruoHanbHas MOOMJIBHOCTh — 3TO MHTEIPATUBHAS XapaKTepUCTUKA CIielHa-
JUCTa B YCJIOBMSIX MPOU3BOJCTBA, BKJIOYArOUasi B ce0si COBOKYIMHOCTh aJlallTHB-
HBIX CITOCOOHOCTEH 0a30BBIX KOMIIOHEHTOB MPO(ECCHOHANBHON KyIbTYpPbI (KITIO-
YeBbIC KOMIIETEHIIMU M KBaNU(UKALNUK) U TPOdEeCCHOHATHFHOW KOMIIETEHTHOCTH
(BBICOKUI WHTEJJIEKT, KPEaTUBHBIE CIIOCOOHOCTH, MPO(ECCUOHAIN3M), MO3BOJIS-
IOIINX €My OBITh KOHKYPEHTOCIIOCOOHBIM Ha PBIHKE Tpyna. BeiieneHHbIe KOMIIO-
HEHTBI (POPMUPYIOTCS U PYHKIIMOHUPYIOT B paMKax JHAJIOTra MOTpeOHOCTEN 00111e-
CTBa M MHTEJUICKTYAIbHO-KYJIBTYPHBIX BO3MOXKXHOCTEHN IMYHOCTH. B Takom ciyuae,
npodeccuoHanbHasi MOOMJIBHOCTh PacCMaTPHUBAETCS, KaK CIIOCOOHOCTH OBICTPO
pearupoBaTh Ha NMPOUCXOJAIINE U3MEHEHUS B COLMYME, YUUTHIBATh BO3ZHUKHOBE-
HUE HOBBIX BHUJOB Ipodeccuil, nepecTpouTh (pu HEOOXOJUMOCTH) WK BHOCUTD
paauKaibHble U3MEHEHMS B cpepy MpodeccuOHANbHON 1eATEIbHOCTH.

O0001as BbIIIECKa3aHHOE, Mbl OINpezessieM NpodecCHOHAIbHYI0O MOOUIIb-
HOCTb KaK ONTHMAaJIbHBIA CTWJIb JUANOTU3aluu B cdepe npodeccuoHanbHON aes-
TEJIBbHOCTH CHEIHAINCTA B PE3YJIbTaTE €ro NPOoPEeCCUOHAIBHOIO CAMOOIIPEIEIECHUS
U [pOoPECCHOHAIIBHOM  caMOpeald3allid B KOHKPETHBIX  COLMAIbHO-
PKOHOMHUUYECKUX YCIOBUSIX. Takoe MOHMMaHHEe «MpodhecCHOHATBHON MOOUIIbHO-
CTH» MO3BOJISIET TOBOPUTH O CIIOCOOHOCTU TOPU3OHTAILHOM M BEPTUKAIBHOM H3-
MEHEHUU TPYJOBOTO CTaTyca CIELHMAIMCTa B MPOILIECCE MOCTOSHHOTO AMANIOra B
CUTYallM1 HEOMPENEIEHHOCTH U BBICOKOT'O PUCKA.

He cTouTt roBopuTh 0 MOJHOLEHHON NpodhecCHOHATbHOM MOOMIBHOCTH MO-
JOJ0TO BBIMYCKHHMKA By3a. Peub MOXET MJITH O TOTOBHOCTU €r0 OBITh TaKOBBIM,
TpaHC(HOPMHUPOBATH CBOIO JAESTENBHOCTh U U3MEHSATh MOTHUBBI, ONIPEACIISIONIUE ATY
JeSITENIbHOCTD, @ TAK)KE€ HAXOAUTh ONTUMANbHBIN IyTh JJIsl KOHKPETHOW ee peasu-
3alluu.

Urak, popmupoBanue npodeccuoHaIbHOW MOOUILHOCTH HOCHUT JHOJIOTHYE-
CKUH XapaKTep, B MPOLIECCE CTAHOBJIEHUS KOTOPOTO Y4aCTBYIOT MHO)KECTBEHHBIE
(bakTophl, B MEPBYIO OYEpEeb, BHYTPEHHErO0 W BHEIIHEro xapakrtepa. CrenoBa-
TEJIbHO, TUAJIOTU3UPYIOIIUMHU CTOPOHAMU B Tipoiiecce popmupoBaHus npodeccuo-
HaJbHOM MOOMJIBHOCTH  BBICTYNAIOT COLMANIbHBIC (TOCYAapCTBEHHO-00IIIe-
CTBEHHBIC, PKOHOMUYECKHE, TOJUTHYECKHE, COIMOKYIbTYPHBIE) U JHMYHOCTHBIC
(oco3HaHue «cedsi B mpodeccumn», CIOCOOHOCTh K TBOPYECTBY, CIOCOOHOCTH K
ajanTaiyuy B Npo(ecCHOHaNbHOMN NeATeTbHOCTH, K TOCTPOEHUIO Kapbephl) (PaKkTo-
pbL. Permaroniyio poibs UrparoT He BHEIIHUE, 2 BHYTPEHHUE (DaKTOPHI — TUIHOCTHAS
MOOWMIJIBHOCTh, BHYTPEHHSS CBOOOJa JIMYHOCTH. Tak Kak JTUYHOCTHBIE (DaKTOpHI

7



2016 V01 ___

Jal0T BO3MOXKHOCTh, B AHAJIOTe€ ¢ BHEITHUMH (PaKTOpaMHU, BBHICTPAWBaTh TPACKTO-
pu0 MpodeccHOHaNBLHOTO pocTa Ha 0a3e TapMOHMYHBIX OTHOLIEHUH CO BCEM
OKPYXAIOIMM COLIMAJIbHBIM MHUPOM C IIEJIbIO OTPECICHHS B COIIMYME CBOETO Me-
cTa.

Brlie ckazaHHOe CBUIETENBCTBYET, UTO MpodecCruoHanbHasi MOOUIBHOCTD
BBICTYNAET KaK BHYTPEHHSS MOTPEOHOCTh B MOCTOSSHHOM CaMOCOBEPIIEHCTBOBA-
HUU JIMYHOCTH B cepe MpoecCHOHATBHON AeSITeIbHOCTH, OCHOBAHHOE Ha CTa-
OWJIBHBIX IIEHHOCTSIX M MOTPEOHOCTH B ATOM [2] ¢ 1enbi0 MpodeCcCHOHAIBHOTO Ca-
MooOIIpeieleHusI U TPodhecCHOHANBFHOM camopeanu3anuu [3].

OddexktuBHOCTh (HopMHpPOBaHUS TPODHECCHOHATHLHON MOOMILHOCTH BO
MHOTOM 3aBUCHUT OT aKTHBHOCTH (akTOpoB BHyTpeHHero psana (B. WM. 3arsssun-
ckuid, T. A. CrpokoBa) B mporecce auanora. B xoae npoBeeHus neiarorunyecko-
ro HaOJIOEHNS 3a CTYy/ICHTaMHU B YCJIOBUAX ayIUTOPHBIX 3aHITHUN, ydacTHsi B 00-
IIECTBEHHOM >KM3HH, ME€JarOrMYecKOi MpPaKTUKE, TPYJOBOU JEATEIb-HOCTH, MOXK-
HO BBIJICJIUThH CJEIYIOIIHNE TPYMIbI (PAKTOPOB, BIMSIOMIUX Ha (OPMUPOBAHUE MIPO-
(deccruoHaIbHOW MOOMIIBHOCTH CTYACHTOB: 1 — (pakTOpbl 0OBEKTUBHOIO XapakTepa
(conuanbHOE MPOUCXOXKJEHUE, TUIl OKOHYEHHOTO Y4EOHOIO 3aBE/ICHUs, XapaKTep
NEeSTEIbHOCTH, MPEIIECTBOBABIICH MOCTYIUIEHUIO B BY3); 2 — (DaKTOpbl CyObEK-
TUBHOTO XapaKTepa, XapaKTepU3YIOIINe COLUAIbHYI0 aKTUBHOCTh CTyJIeHTa (cTe-
IIEHb €r0 CO3HATEIBbHOCTH, OTBETCTBEHHOCTH, CTPEMJICHUE K BBIMOJIHEHUIO OOIIle-
CTBEHHBIX MOPYYEHHUI B TpYIIE, By3€, yd4acTHE B OOIIECTBEHHOU pabote); 3 —
(bakTOpbl, XapaKTePU3YIOIINE MOATOTOBICHHOCTh CTYJEHTa K 00YUCHHIO B BY3e€.

OcHOBHBIMU (haKTOpamu, BIAUSIOIMMU Ha (POPMUPOBAHKE MPOPECCUOHATB-
HOW MOOWJIHOCTH CTYACHTOB B YCJIOBHSX BY3a, SBIISIIOTCA 00IIe00pa3oBaTenbHas
MOJITOTOBKA U MpodeCCHOHaIbHAsI OPUEHTHPOBAHHOCTh. DTO €CTECTBEHHO: 00IIIe-
oOpazoBaTebHas MOArOTOBKAa OTPAXKA€T YPOBEHb OOIIMX CIIOCOOHOCTEH CTY/EH-
TOB, MPO(ecCHOHaNbHAs OPUEHTUPOBAHHOCTh — Pa3BUTUE IIEHHOCTHO-CMBICIOBOM
CTPYKTYpPBI IMYHOCTH B OTHOIIIEHUU 00pa3oBaHus u npodeccun. B cBoro ouepenp,
BIIOJIHE 3aKOHOMEPHO, YTO CIHOCOOHOCTH CTYyJEHTa, MHTepec K mpodeccuu U mo-
TpeOHOCTH B MpodhecCHOHATFHOM COBEPIICHCTBOBAHUHU Oosiee yeM JIFoO0oH Apyrou
dbakTop crmocoOCTBYIOT (POPMUPOBAHUIO MPOPECCUOHAIBHON MOOUIBHOCTH CTY-
JICHTOB B BY3€.

OcHoBBI TIpodecCHOHaTBFHON MOOMIIBHOCTH 3aKJIQJIbIBAIOTCS B CTEHAX By3a
Ha HAYaJbHOM JTale MOJYYEHUs] BBICIIETO MPO(ECCHOHATBLHOTO OOpa3oBaHUSI.
dynaamMeHT npodeccuoHaaIbHON MOOUIBHOCTU BBITYCKHUKOB (hOPMUPYETCS TEp-
BbIC J[Ba-TPW rojia Ha OCHOBE OOMICKYIbTYpPOJIOTUYECKUX, COLMOTYMaHUTAPHBIX
muctuiuiiH. Ha crapmmx Kypcax yriayOlIeHHO HW3y4daroTcsl MpodecCHOHaIbHBIC
TUCIMIUIMHBL B TpuoOpeTaroTcsi mpodeccroHalbHble KOMMETeHInu. B paMkax
OTpEENCeHHBIX KypcOB ((u3nueckas KyJabTypa M Ap.) JOJKHBI (hOPMHUPOBATHCS
TaKhe KayecTBa KaK COPEBHOBATEIBHOCTb, IIEJICYCTPEMIICHHOCTh, BHHUMATENb-
HocTh. K cokaneHuto, mpuxoauTcsi KOHCTaTUPOBaTh, YTO Hallla CUCTeMa 00pa3o-
BaHUsl HE OPUEHTHPOBAHA Ha IleJIeHaNpaBieHHOEe (OPMUPOBaHUE MPOPECCHOHATb-
HOI MOOUIBbHOCTU. CUnTaeTcs, 4YTO JAHHOE Ka4eCTBO BIMTYCKHUKA (POPMHUPYETCSI B
COIYTCTBHH 001IETo npoiecca oopasoBanus. [loaTromy ass Haiiel CUCTEMBI BbIC-
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mero o0pa3oBaHMsi MOOMJIBHOCTh BBICTYIAET KaK MOOOYHBIA MPOAYKT MpoIecca
dbopMHUpPOBaHUS KOMIIETEHTHOTO CIICIIHAIUCTA.

CaMmu CTyNEHTHI Tak)Ke BBICTYIAIOT AKTUBHBIMH CyOBEKTaMH JHAJIOTa B
MIPOCTPAHCTBE BOCIUTATEIHLHO-PA3BUBAIOIIEH cpenbl By3a. [legarorudeckoe Biwsi-
HUE BO MHOTOM 3aBHUCHUT OT COOTBETCTBYIOIIETO THIA 0Opa30BaTEIIbHOM CPEbI,
KOTOpast OMpeJieNsieT yCIeX WM MpoBai npoiecca. BakeH HalleJIeHHOCTh earo-
IrMYECKOr0 KOJUIEKTHBA HA JMYHOCTHOE Pa3BUTUE CTYACHTA, BKIIOYECHUE B KAPTUHY
MUpa OOy4YaromIerocsi KyJbTYPHBIX U JAYXOBHBIX CMBICIOB NMPOGEeccuu, BEIyIIUX
LEHHOCTEH 00I1IeCTBEHHOM KU3HHU, a TAK)Ke BKJIAJl COLIMAJIbHBIX MTAPTHEPOB By3a B
ATOT JUAJIOT.

BaxxHbIM »JIEMEHTOM BIUSIHUS HAa CaMOOIPEIEICHUS CTYJEHTa SBISIOTCS
HaJIM4re o0pas3IoB ISl MOAPAXKAHUS U BKIIOUEHHOCTh UX B IUAJIOT. DTOT 00pa3el]
COZIEPKUT CMBICTIO00pa3oBaTeNbHBIN MOoTeHIMaN. Ha dopmupoBanme takoro o0-
pasiia — dTajoHa OKa3bIBACT BIMSHUE JCATCIBHOCTH MPEIMOaaBaTeNICh, MPUMEHsIC-
MBI MM TI€IarOTUYECKUE TEXHOJIOTHH, CITOCOOHOCThH TMEAarormieckoro KOJIICK-
THBA K HAITOJTHCHHUIO BOCTIMTATEIIBHOTO MPOIIecca COOBITUIMU, KOTOPBIC SBIISIFOTCS
3HAYMMBIMU JJISI CTYACHTOB H COOTBETCTBYIOT OCHOBHBIM BHJIaM HX JCSATEIHHOCTH.

B pesynbTaTe Takol 1eneHanpaBiIeHHON NeATeIbHOCTH MpernojaBarescii By-
3a co3gaeTcsi oOpa3zoBaTebHas cpena, HeoOxoauMmas it popmupoBaHust oopasia
sTasNioHa aJisi cTyjieHTa. OCHOBHBIMH CTPYKTYPHBIMH 3TOM Cpeilbl BBICTYIAIOT Clie-
JYIOIIHE KOMIIOHEHTHI: 1) MPOCTPAaHCTBEHHO-TIPEIMETHBIN (CUMBOJIBI Y4eOHOM Jie-
ATENLHOCTH, Y4YEOHbIE Tpaauluu, OPOpMIIEHUS 00pa30BATENIbHBIX KAOMHETOB WU
yupexacHus); 2) nHhopMaIMOHHbIN (pa3auuHbie HHOOPMAIIMOHHBIC, KOMITBIOTEP-
HbIC, HHTEPHET TEXHOJIOTHH); 3) TEXHOJOTHYCCKUI (pa3InyHbIe 00pa30BaTeIbHbIC
TEXHOJIOTHH: «MacTepCcKas» — Teaaror-MacTep Mmoka3slBacT oOpasibl mpodeccuo-
HAJBHOTO JICUCTBUS; «JIA00OpaTOpHs» — TEAaror OpraHu3yeT MPOBEICHUE JKCIIe-
PUMEHTOB, BBICTYIAsI C IMO3MIIMN KOHCYJIbTAHTA; «IPOCKTHOE OIOpPO» — MEAaroroM
aKTyaJIU3UPYyeT MPOCKTHYIO JACATCIIBHOCTh CTYJICHTOB); 4) COLMAaIbHBINA (B3aUMO-
NENCTBUE BCEX MAapTHEPOB 00pa30BaTENILHOIO MPOLIECCA).

[IpencraBneHHas BbIIIe 0Opa3oBaTeIbHAs CpPela By3a CO3JaCT BCE YCIIOBHUS
JUTSL TOTO, YTOOBI CTYICHT Ha TPAHUIIE BCEX ATUX KOMIIOHEHTOB MOJICJIUPOBAJl CBOM
oOpazer-3TajioH MpoheCCHOHAIIBHOM MOOWIBLHOCTH, BBIJCIWI KaK IPEIMETHBIMN,
TaK ¥ COLIMAJIbHBIM KOHTEKCTHI U CIEI0BAJI €My B T€YEHUE KU3HU [2]. 3aech 3a1a-
4a COCTOMT B TOM, UYTOOBI 3aCTaBUTh BHEIIHIOI CPENy «JIUAJTOTU3UPOBATHY, TO
€CTh BKJIFOUUTH €€ B CMBICIIOBOM KOHTEKCT AECATEIIBHOCTH MBICIALIECH, TBOPSALIEH
muyHoctd (M. M. BaxTun). B 3amaun cTyneHTa Kak JMYHOCTH BXOAUT (POPMUPO-
BaHHWE CBOETO OTHOIICHHUS K CBOEH Mpodeccuu, )KU3HU, BBIIBICHUE CMBICTIA TPO-
(dheccOHAIBHOTO OBITHS.

Huanorusanus o0Opa3oBaTeILHOTO MPOIIEcca, UTPAST YHUBEPCAIBHYIO POJIb
B CTaHOBJICHHM MPOQPECCHOHAIBHON MOOMIBLHOCTH cTyacHTa. Ocoboe 3HAYCHHE
3/1eCh UMEET y4eOHBIN IMPOIECC, BHICTYIAIOIINA B POJIM YCIOBUS (POPMUPOBAHUE
npodeCCUOHAILHOW MOOWJIBHOCTH CTYACHTOB, KaK YMEHHE OpraHu3oBath ce. B
JAHHOM COIMOKYJIBTYPHOM Cpele CO37acTCs YCIOBHS IS TEPEOCMBICICHUS U
MPUHATUSL CTYJEHTOM WHHOBAIIMOHHOTO OIIBITA, OOYCJIOBJIMBAS €r0 JIMYHOCTHOE
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pa3Butue. J(uanor 371ech BBICTYMAET B KAU€CTBE COBMECTHOI'O MOMCKA MHIMBUAA U
KOJUIEKTUBA CBO€OOPA3HOTO pelleHUs MPoOieM, YTO JaeT BOZMOXKHOCTh CO3/aBaTh
yciioBUsl (HOPMUPOBAHMS TBOPUECKOTO MBIIUICHUS CTyJeHTa. [ 3Toro HeoOxo-
quMa TruOKas perjiaMeHTanus o0pa3oBaTeNbHOIO Ipollecca, €ro CoAepKaHus,
(GbopMbl, METOJIUKH, TEXHOJIOT'MH, METOJIOB M IPUEMOB 00YUYEHUSI.

Urak, npodeccuoHalibHasi MOOMIBHOCTh — 3TO CIO0KHOE MHOTOTpaHHOE 00-
pa3oBaHKE B CTPYKTYpPE JIUUYHOCTH CIECIHUAIUCTA, B ((OPMUPOBAHUU KOTOPOU Urpa-
eT Auajor MHOXKeCTBeHHBIX (pakTopoB. Kak M. M. baxtun otmeuaer: «luamor

..HE ... CPEICTBO, a ... caMouenb. J(hamor 31ech HE IpeaaBepue K IEUCTBUIO, a
caMo JeHCTBHE. ... BbIThb — 3HAUUT oOmIaThes Auanoruuecku. Korga auanor KoH-
yaeTcs, Bce KoH4yaercs. [loaromy auanor, B CyIIHOCTH, HE MOXKET U HE JIOJKEH
KOHYUTHCS» [3]. B Takom KoHTekcTe mpodeccruonanibHas MOOMILHOCTh pa3BUBa-
€TCS U COBEPIICHCTBYETCS B TEUCHUE BCEHl KU3HU CIEIUAIIMCTA, OXBATHIBAs BECh
nepuoj ero npodeccrnoHanbHoM AestenbHocTU. [loaTOMY OHa TpebyeT OT 4yenoBe-
Ka (popMUpOBaTh CIEAYIONINE YMEHHUS:

— BBICTPAUBATh TPACKTOPHUIO CBOEH )KU3HEIECSITENBHOCTH;

— 00JaaaTh BHYTpEHHEH THOKOCTHIO;

— UMETh Pa3HOOOpa3HbIE HHTEPECHI;

— MOHUMATh U MPUHUMATh LIEHHOCTH CaMOCOBEPIIEHCTBOBAHUS;

— OBITh TOTOBBIM CMEHUTH TIpOo(deccuro, poj 1eITeIbHOCTH.
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C 2008 roma B mepeuyHe npodeccuOHANbHBIX KBATU(UKAIMOHHBIX TPYI
IPUCYTCTBYET MO3ULMS «THIOTOP», KaK NMPOQECCHOHAN CIIOCOOHBIH peann30BaTh
UJICI0 NHIUBUAYAIbHBIX 00pa30BaTENIbHBIX MPOTrpaMM U IJIAHOB, 3aKPEIJICHHYIO B
rOCyJIapCTBEHHBIX JIOKTPUHAX U JIOKyMEHTax 00 oOpa3oBaHMU. TeXHOIOIHU ThIO-
TOPCKOI'O COIPOBOX/IECHUS CTaJIM MOBCEMECTHO BOCTPEOOBaHHBIMU B 00pa3oBa-
TEJIBHBIX YUPEXKICHUIX. PealbHOCTh Ie1arornyeckoy NpAakTUKHA HAIIa OTpake-
HUE B HOPMAaTHBHBIX JOKYMEHTAX IOCIEIHUX JIET, TaKUX Kak denepasbHbIi 3aK0H
«O06 obpazoBanuny, OenepanbHbIE TOCYAAPCTBEHHBIE 00pa3oBaTeNbHbIE CTaHAAP-
Tol, [Ipodeccuonanpuplii cTaHmapT meaarora. Mbl MOMBITAEMCSl OTBETUTh Ha BO-
IPOC O POJIM THIOTOPA B IIKOJBHOM HCTOPHUYECKOM 00pa30BaHUH, KOTOpOE Mepe-
KHUBAET CETOJIHS MEPUO aKTUBHOTO PePOPMUPOBAHUSI.

OnHUM U3 TPUOPUTETHBIX HANPABICHUI Pa3BUTHS COBPEMEHHOM CHUCTEMBI
POCCHIICKOTO 00pa30BaHus SIBISETCS BhIPA0OTKA MapagUTrMaIbHBIX OCHOB UCTOPH-
4ecKoro oOpa3oBaHMsI MIKOJBLHUKOB. [IpoOieMbl MIKOIBHOIO Kypca UCTOPUH, €ro
COJep)KaHue, LN, 3a/]ayd, MIKOJIbHbIE YYEOHHKH B IOCJIEIHEE IECSITHIICTHE
HEU3MEHHO OCTAIOTCS B CIIEKTPE JUCKYCCHOHHBIX TE€M HAy4yHOro U mpodeccuo-
HaJIbHO-TIEIarOTHYECKOr0 COOOIIECTBA, MOJUTHUKOB, POJUTENIEH, 3aMHTEPECOBAH-
HOM 00I11eCTBEHHOCTU. AMIUIMTY/AA KOJIEOAHUH BO B3IJIsAaX HA L€JIM U3YYEHUS HC-
TOPUU B IIKOJIE ONPEAEIIACh TPAAULUOHAIUCTCKUM OIX0J0M («3a/1aya UICTOPUU
B M3yUYEHUU JIOCTOBEPHBIX (DAaKTOB») U BOCIUTATENbHBIM IOJIX0JIaM, IIPH KOTOPOM
COJIEp)KaHUE TMpEeAMEeTa CIYKUT TOJBKO CpPEICTBOM Ui  TPaKJAHCKO-
NaTPUOTUYECKOTO0 BOCHUTAHUSA. MeEXIy ATUMHU MO3UIMUSAMHU CYLIECTBOBAJIM HH-
CTPYMEHTAJIbHBIA U HHTETPAMOHHBIN MOJIXO/IBI.

CormacHO mepBOMY, LIETBIO MCTOPUYECKOro 0oOpazoBaHue sBIsieTcs (op-
MHUPOBaHUE UCTOPUUECKOTO MBIIUIEHUS: CIOCOOHOCTH K MO3HAHUIO UCTOPUYECKHUX
COOBITHI M SIBICHHM, OCO3HAHMIO MCTOPUYECKUX IPOIIECCOB uepe3 0000IIeHne
CYITHOCTH CBSI3€H W OTHOIIEHUW HCTOPUUYECKHX COOBITUNA U SIBICHHM, YMEHUS
yCTaHaBJIMBaTh MPUYUHHO-CIEACTBEHHbIE CBSA3H. BTOpoil moaxoa oObenuHSET B
LEJH IIKOJIBHOIO MCTOPUYECKOTO 00pa3oBaHUs 00pa3oBaHUE, Pa3BUTHE M BOCIIU-
tanue. Haunbonee aBTOpUTETHBIE METOAUCTHI UMEHHO 3TOT MOJAXOJ K LIEJTH UCTO-
pPUYECKOr0 00pa30BaHUs CUUTAIOT ONTUMAIbHBIM «OPHUEHTUPOM» Pa3BUTHUS CHCTE-
MBI HCTOPUYECKOTO 00pa30BaHUsl.

WHTerpatuBHBIA MOAXO/ MO3BOJISIET B YCIOBUSAX CUCTEMBI IIKOJBHOTO M C-
TOPUYECKOr0 00pa30BaHUsl PeaM30BaTh BaXKHEHIIME CTOPOHBI NOTEHIMANIA MPE-
MeTHON obnactu «Mcropusi»: HEHHOCTHYIO M pa3BUBAIOILYIO. VHTErpaTUBHBIN
MOJXO0Jl HE BCTYMAET B MPOTUBOPEUHE C 3aJadyei MPAKTUUECKOW HANPaBIECHHOCTH
oO11iero mpoiiecca IMIKOJIBHOTO 00pa3oBaHMs: 3aJadyeil OBJIAJICHUS HIKOJILHUKOM
HAa0OpOM JIEMCTBUI, TO3BOJISIOLIMX CTABUTh U PEIIATh KOHKPETHBIE KU3HEHHbIE U
npodeccuoHabHbIe 331aun [2]. B cTrangapTe MIKOJIBHOTO UCTOPHYECKOTO 00pa3o-
BaHUs TJIaBHAs LIEJIb U3yYEHUs] UCTOPUM B IIKOJIE BUAMUTCA B «0Opa30BaHUU, pa3-
BUTUHU M BOCIUTAHUU JIMYHOCTH HIKOJbHUKA, CIOCOOHOTO K CaMOUICHTH(PUKAIIIH
Y ONPENIETICHUI0 CBOMX LIEHHOCTHBIX IPUOPUTETOB Ha OCHOBE OCMBICIEHUS HCTO-
PUYECKOTO OIBITA CBOEI CTPaHbI M YEJIOBEYECTBA B LEIOM» [CTaHAAPT].
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HoBsle crangapThl mpeanoaaraloT BeAyIIMM IPUHLIUIIOM 00pa30oBaTebHO-
ro Impolecca CAeNaTb CUCTEMHO-AESITEIbHOCTHBIM WM JIMYHOCTHO-AESATENb-
HOCTHBIN MTOJIXO0/1, PEAIM3yEeMbI€ B KOMIIETEHTHOCTHOM HOJIXO/JIE.

Hapsiny ¢ 6a30BbIMU, KIIOYEBBIMA KOMIIETEHTHOCTSIMU (MH(POPMAIIMOHHOM,
KOMMYHUKATHUBHOM, 1IEHHOCTHO-OPUEHTUPOBOYHOM, COIUATBHO-TIOTUTHYECKON U
JIp.), UCTOPHS KaK Y4eOHBIN MpeaMeT, 00J1aJaeT 3HAUUTEIbHBIM TOTEHIIUATIOM JIJIs
dbopMHUpOBaHUS JTMYHOCTHOZHAYMMBIX MPEAMETHBIX KOMIETEHIIMM, TaKUX KaK CO-
UAJBHO-TIOJIUTUYECKUE U IICHHOCTHO-OpUEHTHpOBaHHBIE. [IpenMeTHbie Komiie-
TEHIIUU UCTOPUYECKOTO 00pa30BaHMsI BKIIIOUAIOT TaK K€ MH(POPMAIIMOHHBIE, JIOTH-
YecKue, peueBble, XPOHOJIOTHYECKUE, MPOCTpaHCTBeHHbIE. KoMneTenTHocTH, co-
CTaBJISIONIME XaPAKTEPUCTUKHA UCTOPUUYECKOTO MBIIUICHUS MPOSBISIOTCS B TaKUX
KAaueCTBAaX KAaK CIOCOOHOCTh MCTOPUYECKOIO OCMBICIEHUS UCTOYHUKOB, OCBEIOM-
JIEHHOCTb B KYJIbTYPE U CUCTEMAX MUPOBO33PEHHI pa3IMUHbIX O0IIECTB, BIIaICHUE
UCTOPUYECKHM aHAJIM30M M HMHTEpIpETalNeil, 3HaHUE METOJIOB HCTOPHYECKOTO
UCCJIEI0BAHMSI, TOTOBHOCTh M CIIOCOOHOCTh IPUMEHSTh UX Ha MPAKTHKE, aJeKBaT-
HOE MOHWMAHHE HUCTOPUYECKOr0 TEKCTa, €r0 KOHTEKCTHBIN, KPUTUUECKUN aHaAJIU3,
o0nazaHre XPOHOJIOTUYECKUM MBIIUIEHUEM (3HAHHE BPEMEHH U MECTa UCTOpUYE-
CKOTO COOBITHS, MPUYMHBI U X0J1a COOBITUN, U3MEHEHUS, MOCIEIOBABIINX 32 yKa-
3aHHBIM COOBITHEM)

KoMneTeHTHOCTHBI NOJIX0J] B U3YUYEHUU UCTOPUHM OOeperaer MmpeiMer OT
OOBHMHEHUS B CXOJIACTHKE: HapsiAy C TPAJULUOHHOMN JJI MPEKHUX MOJEIeH mpe-
N0JIaBaHUsI UCTOPUM OOILIEH MCTOPUYECKON I'PaMOTHOCTBIO B €r0 paMKax pa3BH-
BAlOTCS CIIOCOOHOCTU K aHAJU3y, CHUHTE3Y, MOJEIMPOBAHUIO, IOUCKY HMH(pOpMa-
LMY, OPUEHTA[MU B PA3HOIUIAHOBBIX MCTOYHUKAX, PEUICHUIO HECTAaHAAPTHBIX 3a-
Ja4¥ ¥ npooJieM. 371ech NOKa3aTeIbHBIMU CTAHOBATCS HE 3ayYEHHBIE JIaThl U (ak-
ThI (UTO BayKHO NIPU U3YYEHHUH UCTOPHUH), @ CHOCOOHOCTh UCIOJIb30BaTh UX B MpaK-
TUKE MIPU pa3pabOTKe U MPOBEPKE TMIOTE3, CO3JaHUU MPOEKTOB U MOATOTOBKE HC-
CJIEJOBaHU .

[Ipu nu3yyeHuu ucropuu GOPMHUPYIOTCS U Pa3BUBAIOTCS «HAANPEIMETHBIE)
CIIOCOOHOCTH M YMEHHUS HIKOJIbHMKA, KOTOPbIE M CTAHOBSATCA OKUJIAEMBIMHU pe-
3yJlbTaTaMy y4e€OHO-BOCIIUTATENIbHON JESTebHOCTH: YMEHHUE AaHaJU3UpOBAaTh,
bopMyIMpOBaTh BBIBOJBI, OTOMPATh MHPOPMALMIO M3 PA3ITHYHBIX HCTOYHHKOB,
NOHMMas UX UEPApXUI0 B UCTOPUUECKOM MTO3HAHUH; pabOTaTh CAMOCTOSTEIHHO U B
rpynne; GyHKIMOHATIbHAS TPAMOTHOCTH T. [I.

OcBoeHMe UCTOPUUECKUX KOMIIETEHIIMH Mpe/noaaraetT Haauuue oopas3oBa-
TEJBHOTO MPOCTPAHCTBA KaK «I10JIs1 BO3MOXKHBIX HAIlpaBJICHUN B 00pa30BaTeIbHOM
JBUKEHUU UHIUBUIA, KOHCTPYUPYEMOE B COOTBETCTBUM C LIEHHOCTHBIMH M LI€Jie-
BBIMU OpPMEHTALMAMM I€Jarora yepe3 M3MEHEHUE ero MHCTUTYLUUOHAIbHBIX, TH-
JTAKTHYECKUX, KYJIbTYPOJIOTHUECKUX, HHTEPhEPHBIX U JIPYTUX XapaKTCPUCTHKY» [3,
c. 32], npoctpanctBa (OPMUPOBAHHUS U peaTU3alliy MTO3HABATEIbHBIX UHUIIMATHB
U UHTEPECOB ydalluxcs. Takoe MpocTpaHCTBO (OPMHUPYETCS COBPEMEHHBIMU Ia-
pagurMalibHBIMU 00pa30BaTENIbHBIMU TOAXOAAMU: HPUHYUN UHOUBUOYATUIAYUU
00pazoeanusl, TO3BOJSIONIMM yYaIIUMKCS BBICTPAUBATh COOCTBEHHYIO 00pa3oBa-
TEJBbHYIO IPOTPaAMMY; HPUHYUN OMKPLIMOCMU 00pa308aHUs, IPU pean3alun Ko-
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TOPOro 0Opa3oBaTEIbHBIM NOTEHIMA COUMAIBHON M KyJbTYPHOW CPEIbl PACIIH-
pseT CyLIeCTBYIOIlee 00pa30BaTeIbHOE MPOCTPAHCTBA KAXIOI0 ydallerocs,
IIPENOCTABIET yJalleMyCsl OIBIT camoolpeneneHus. Peanusanus 3THX OIX010B
BBIBOJIUT CpeJHEE 00pa30BaHUE 3a IPaHULbl «IIKOJbHOrO KoHTeKcTay (T. M. Ko-
BaJI€Ba) U BKIIIOUAET B 00pa30BaTEIbHBIN MPOLECC CYOBEKTHYIO (PUTYPY THIOTOPA.

[IIkosIbHAsA NMpAKTHKA IOKA3bIBAET, YTO THIOTOP HAWAET NPUMEHEHHE U B
YCIOBUSX HIKOJIBI, paOOTaroUIell H NPUHIUIE UHAWBUIYAJIBHOTO MOJAX0/a, KOrnaa
YUHUTBIBAIOTCS OCOOEHHOCTH YYAIIUXCS Ha Ka)KJOM 3Tare 0Oy4eHUs B pamMKax 3a-
JTAHHOTO €r0 COJIEP>KaHMsI U1 OTOBOPEHHOT0 pe3yJibTara. Hamie BCero ThIoTop pea-
JM3YETCS Yepe3 PENETUTOPCKYIO IESITENBHOCTD M0 MPEAMETY (B HAILIEM CIIy4dae, 1o
OOIIECTBO3HAHUIO 1 UCTOPHUH), KypcaMu IO BbIOOPY, PYKOBOJICTBO IIKOJBHBIM HC-
TOPUYECKUM KPYKKOM, CTyIMEH I KITyOOM KpaeBel0B, IPABOBEAOB U T. 1.

[legaror compoBoXkaaeT mpoiecc 00pa3oBaHMs Yepe3 MOMOIIb yualieMycs
B TIOCTPOEHHUS M pealu3allid HHIMBUIYaJIbHOW 00pa3oBaTENIbHON MPOrpaMMBI
(MOII), kak MexaHM3Ma WHAMBHUIyaJIM3allUd OOpPa30BaHUS, CBS3BIBAOIIMNA IS
0OyuJarolerocsi BOSAMHO HaMepeHHsi, o0pa3 pe3ysibTaTa 00y4eHHs U CPEACTBA €T0
JNOCTUKEHUS, (PUKCUPYIOLIME  pa3Hble CTpaTerMu  JBUKEHHS K  LENIU
(E. A. BonomuHa).

[To3unust TEIOTOPA B TOM IIPOLECCE 3€PKalbHA MO3ULUU YUUTENS. YUH-
TeNb 00s3aH JaTh YYEHHUKY 3HaHUS, HE cooOpa3yscCh C 3alpOCOM YUYEHHKA. YUH-
T€JIb B paMKax (DPOHTAIILHOM WJIM TPYMIIOBOM padOTHI ¢ YYEHUKAMH OPUEHTUPYET-
Csl B CBOEH JIEATENbHOCTH, TJIABHBIM 00pa3oM, Ha CojiepKaHue yueOHOro MnpeameTa
U T€ CIOCOOBI AEHCTBUS, KOTOPbIE HEOOXOIUMBI JJIsl €F0 OCBOCHUSI. YPOK CTPOUJI-
Csl M ITPOJIOJKAET CTPOUTHCS Ha KOHLIEHTPALMU YUYEHUKA HA YUUTENE, €ro CJIOBE U
JNEUCTBUU. YUEHHUK COOTHOCUT CBOM JEHCTBHSI U CJIOBa C O0OpaslioM, 3aJlaHHBIM
yuureneM. Meroauka o0yuenus ucropuu ¢ XVIII Beka ctpounace Ha npaBuiie 3a-
NOMHU, YMO U KAK CKAa3aJl yuumenv u nepeckadxcu. Tpaguuus BO MHOTOM MOJEPHHU-
3UpoBaHa, HO OOpasell y4yuTess COXpaHeH. XapaKTep U CoJep)KaHue OOIIeHUs
YUUTENS U yUEHUKA BO BPEMsl ypOKa 3aJlaH He0OXOAMMOCTBIO Nepeiaun 0opasia.

[To3uumst ThrOTOpa UMEET NPUHLMIHAIBHO APYTHE OCHOBAHUS U OPUEHTH-
pbl: 00pa30BaTENbHBIN OINBIT YUEHUKA — BOZMOKHOCTh NMPOO M UCIPABIICHUS OLIU-
OOK, MpU3HAHUE MX LEHHOCTH; €ro MHUIMATHBA B MPUBJICYCHUHN CBOUX 3HAHUH U
YMEHHUH B JIOTIOJIHUTENbHBIX HE SIBJSIONIMXCS IIKOJBHO-TIPEAMETHBIMH 00JIACTSIX
3HAHMI; JIF000€ aKTUBHOE JIeCTBUE peOEeHKa KaK UICTOYHUK HOBBIX HAPABICHUN B
ero o0pa3oBaTeIbHOM JBUKEHUU; CUTYallMsl OOILIEHUS W YCTAHOBJIEHUE JIMYHOTO
KOHTaKTa C YYEHUKOM; BOJIA U BBIOOp peOEHKA, €r0 OCMBICIEHHOCTh MO OTHOIIIE-
HUIO K COOCTBEHHBIM JEHCTBUSAM; KOMMYHUKALIMS U TTO3UIIMOHHOE CaMOOIIpeeIie-
HHUE YUYACTHUKOB PEaIbHON CHTYyallUu JesATeIbHOCTH [1].

3amaya ThIOTOpPA — MOMOIIb YYaIIEMYCsl B OCO3HAHUM CBOMX MHTEPECOB B
U3YYEHUU UCTOPUHU Kak ydeOHoro mpeamera. OyHKIMOHAN THIOTOpa BecbMa pas-
HOOOpa3eH.

ToroTOp B 00pa3oBaTEIbHOM MPOLECCE JOKEH OpPraHU30BaTh CUTYAIUIO
«00pazoBaTENbHOIO 3alpoca» OTAENIBHOTO YYEHHKa, CIpoBoLMpoBaTh ee. OTka3
OT YY€HHUs THIOTOP HE MOXET paccMaTpuUBaTh KaK HapyIIEHHE Y4YEOHBIX 00s13a-
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TEJIBCTB. B oTiIMune OT ydnTess, OH HE UCIOJIb3YET BIACTHBIX PHIYArOB JIABJICHUS.
THIOTOp HILET MPUYMHY OTKA3a U CHUMAET €€: MOTUBUPYET K U3yUYECHUIO HCTOPUU U
OOIIIECTBO3HAHUS, AUArHOCUUPYET 3HAHUEBBIE MPOOENbI, MEHSAET TeMIl U (OPMBI
W3YYEHHUS IPEAMETOB U T. .

TrroTOpCcKOE COMPOBOXKACHUE M3YYeHHE PEOCHKOM MCTOPUU U OOIIECTBO-
3HAHMS BOIUIOLIAETCS B TOJJIEPKKE €ro OOIIero MHIUWBUIYATLHOTO pPa3BUTHUS B
paMkax npeaMeTHou obsactu. [IpuHIMI OTKphITOCTH 00pa3oBaHUs, 37€Ch peaju-
3yeTcsl pacUuIMpeHreM 00pa30BaTEIbLHOTO MPOCTPAHCTBA uYepe3 HOBbIE 00pa3oBa-
TeJIbHBIE TEXHOJIOTHH, PACHIMPEHUE 00pa30BaTENIbHBIX MPEI0KEHUMN, apecOBaH-
HBIX KOHKPETHOMY peO€HKY, BBICTPaUBAHUSI METAMPEIMETHBIX U MEKIIPEAMETHBIX
CBsI3EM.

TeroTop mpoekTupyer 00pazoBaTeNbHBIE COOBITHS, HAIIPABICHHbBIC HAa BbI-
SBJICHHE U TOJIJEPKKY 00Opa30BaTEIbHbIX MHTEPECOB yYaIIUXCS (ITOCEIICHHE MY-
3eMHBIX U OMOJMOTEYHBIX BBHICTABOK, HEJIETU MCTOPUHM U OOLIECTBO3HAHMS, UCTO-
PUYECKHE «CYAbD» M OOIIECTBOBEIUECKHE «CYIbI», AUCIYThI, KOHKYPCHI, 3acena-
HUS UCTOPUYECKHUX KITyOOB, CO3/JaHNE TEMAaTUYECKUX TOCTUHBIX U MP.), OPTaHU3YET
BKJIIOUEHHE PeOCHKA B MPOEKTHYIO, UTPOBYIO, TBOPUECKYIO JIEATEIBbHOCTh, TOMO-
raet popMyJaupoBaTh 00pa30BaTEIbHbIC HHUIIUATUBbI YUCHUKOB U PEAJIN30BbIBAThH
uX.

ThroTOp OCYIIECTBISET MOMOIB B CO3/IaHUU MOPTPOINO yuyeHUKa B oOa-
CTH UCTOpHM: B OQOPMIICHUM, aHAJTU3€ U MPE3CHTALUN YYalUMUCS CBOMX Yy4eO-
HBIX ¥ 00pa30BaTeIbHBIX JOCTUKEHHUM Ha ypOKaxX, KOHKypCax, OJIMMIINAAaX U T. [I.

TeroTop 00ycTpanBaeT MHAMBUAYAIBbHYIO U T'PYNIOBYIO CAMOIIOATOTOBKY
y4damuxcs; o0ecreynBaeT YYEHUKOB CIHMCKaMU JINTEpaTyphl, aJpecaMH CauTOB,
JUTEPATYPON, JOKYMEHTAMH, aIrOpUTMamMu pabOThl HaJ Pa3HOIUIAHOBBIMU 3ajla-
HUSIMU;

ThIOTOp MPOBOAUT MOHUTOPUHI OOpa30BATENbHON JEATEILHOCTH ThHIOTO-
PAHTOB U MOMOTA€T UM OLIEHUTh COOCTBEHHbIE YU€OHbIE TOCTHXKEHHS, CTAHOBUTCS
MTOCPEAHUKOM, CBS3YIOIIMM 3BEHOM MEXKIy YYEHUKAMHU U JIPYTUMHU YYaCTHUKAMU
o0pa3oBaTenbHOTO IpoLecca.

Ha Ha3biBHOM ypoBHE ()OpMBbI THIOTOPCKOTO CONPOBOXKIEHHUS HCTOpUYE-
CKOTO 00pa30BaHUs MOXKHO MPEJCTaBUTH B CIAEAYIOLIEM BUJIC:

— UHAUBUAYAJIBHBIE U TPYIIIIOBbIE KOHCYJIBTALINH;

— COCTaBJICHUE U peanu3aliysi HHANBUIYaJIbHBIX 00pa30BaTeNIbHBIX MapIIpy-
TOB B IPOCTPAHCTBE BO3PACTHON CTYIIEHHU LIKOJIBI;

— CONPOBOXKJICHUE TPOIIECCa OCBOEHUS YUalllUMUCS pa3HOYPOBHEBBIX 00pa-
30BaTEJIbHBIX MIPOrpaMM B IpeAMeTHOU obnactu «VcTopus;

— TBIOTOPCKHUE YacChl,

— OpraHu3aiusi BHEYpOUHOM M BHEY4YEOHOH NEATETbHOCTH MO UCTOPUU U
OOIIECTBOBEJICHUIO B COOTBETCTBUH C 33JlayaMH BO3pacTa;

— CO3J]aHUE U PYKOBOJICTBO KPY>KKaMH, KIIyOamu, CTYJUSMU, MaCTEPCKUMHU
IOHBIX UCTOPUKOB M OOIIECTBOBE/IOB,;

— pa3paboTKa U peanusanusi KypcoB MO BBIOOPY, CBSI3aHHBIX C MPEIMETHOU
obmnacteio «McTopusy;
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— COTIPOBOXKICHUE CAaMOCTOATEILHON PabOThI yUaIuxcsi B OCBOCHUU KYPCOB
UCTOPHUH U OOIIECTBOSHAHMS,

— MCTOPHUKO-00IIECTBOBETUECKHE TIPOEKTHI IO PACIIUPEHUI0 00pa30BaTeih-
HOTO MPOCTPAHCTBA IIKOJIBI;

— aHaju3 o0pa3oBaTeNIbHBIX Y()PEKTOB COOBITUI

— 9KpaHbl GUKCAIMU TPACKTOPUU WHIUBUAYATHHOTO JBIKCHUS YICHHKA I10
UCTOPHUH WU OOIIECTBO3HAHUIO;

— TIPOBEJICHUE <«JTHEH MIAHCaY;

— peduiekcuu ydaniuxcsi 0 HOBbIX (hopmax paboThl, aHAIN3 UX THIOTOPOM.

CoBpeMeHHass CUTyalusi C MOJUTHYCCKUMHU TEPECMOTPaMH OIICHOK IpO-

IIJIOTO TIOBBIIIAET POJIb THIOTOPA B 00JaCTH UCTOPUUYECKOTO 00pa30BaHUs: THIOTOP
BBICTYITA€T TTPOBOJHUKOM YYaIlleTOCS B OTKPBHITOM 00pa30BaTeIbHOM IMPOCTPAH-
CTBe.
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Annomayusn. B cratbe paccMaTpUBaIOTCS OCOOCHHOCTH HMCIIOJIb30BAHMS MO-
IyJIbHOM CHUCTEMBI OOYYEHHs] U PEHTHHIOBOrO ydeTa yueOHOW IesTeNIbHOCTH CTY-
JICHTOB B BYy3e. lIpuBeneHa TEXHOJIOTHS MPUMEHEHHS OaJUTbHO-PEHTHHTOBOM CHUCTE-
MBI O0Y4YeHHS.
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POINT-RATING SYSTEM OF TRAINING STUDENTS IN HIGH
SCHOOL

Abstract. The article features a modular system of teaching and learning ac-
tivities taking into account the rating of students in high school. The technology of
use of score-rating system of education is provided.

Keywords: Rated technology training, modular training system, point-rating
system of training, BRC, the rating module.

bannsHo-pelitunroBas cuctema (BPC) o0yueHuss U OLICHKH YCIIEBa€MOCTH
CTYJEHTOB — 3TO KOMIUIEKCHAsl CHCTEMa MO3TAIHOTO OLEHUBAHUS YPOBHS OCBOE-
HUSI OCHOBHOM 00pa3oBaTelbHON MPOrpaMMBbl 10 HAMpaBiIEHUIO (CHELHMATIBbHOCTH)
BBICILIETO MPO(ECCHOHATILHOTO 00pa30BaHUs C HCIHOJIB30BAaHUEM MOJYJIBHOTO
npuHIMna pasouenust ydueOHow muctmmuinbl [1]. [Ipum sTom ocymecTBusieTcs
CTPYKTYPUPOBAaHUE COJEP>KaHUS KaxJA0W Y4eOHON NHMCUUIUIMHBI HAa JUCIHUILIH-
HapHbIE MOYJIN, IPOBOJUTCS] CUCTEMATU3UPOBAHHBIN TEKYIIMI KOHTPOJb yCIEBa-
€MOCTH CTYJEHTOB IO KaKIOMY MOIYJIIO U JUCLUIUIMHE B LIEJIOM C UCIOJIb30Ba-
HHUEM PEUTUHTOBOM TEXHOJIOTUU KOHTPOJIS.
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B meToandeckoit cucremMe 0INTbHO-PEUTUHTOBBIN KOMILIEKC BBITIOIHSIET JIBE
byHKIUU: cpedcmea ynpaesieHus Y4€OHBIM TMPOIECCOM (peamu3yeTcsl 4epe3 Mo-
IyJIBHYIO CTPYKTYPY Kypca) U cucmemsl KoHmposs (KOTOopas OCHOBBIBAETCS Ha
OLICHMBAHUU BCEX BUJIOB yueOHOI pabOThI C yUETOM KauecTBa U CBOEBPEMEHHOCTH
BBITIOJIHEHUS Y€Pe3 PEUTUHTOBYIO TEXHOJIOTHIO).

K ocnosnuvim 3a0auam 6annvHo-petimuHe080u Cucmemvl OMHOCAMCA:

— CTUMYJUPOBAaHUE UHTEHCUBHOCTH U PETYJISIPHOCTH pabOThI CTYIEHTOB IO
OCBOEHUIO 00pa30BaTEeNbHON MPOTPAMMBI;

— TMOBBIIICHUE MOTHBAIMM CTYIEHTOB K OCBOCHHUIO 00pa30oBaTeNIbHOM Mpo-
TPpaMMBbI TIOCPEJCTBOM CHCTEMATHUYECKOTO KOHTPOJIS 3HAHWIA M BBEACHUS CHCTEMBI
PEUTUHTOB;

— TIOBBINNIEHWE OOBEKTHBHOCTH OIICHWBAHWS 3HAHWUN, YMCHHA W HABBIKOB
CTYZCHTOB C I[€JIbI0 COBEPIICHCTBOBAHMS yUYE€OHBIX IIJIAHOB, MPOTPAMM U METOJUK
MpernolaBaHus Y4eOHBIX AUCIUILINH;

— TOBBIIICHHE OOBEKTUBHOCTHU MPUHSATHS PEIICHUN O MOOIIpPEeHUu (HaKa3a-
HUU) CTYJICHTOB IO pe3yJibTaTaM yuyeOHOM paboThI;

— MpeAOoCTaBJICHUE MOTPEOUTENSIM 00pa30BaATEIbHBIX YCIYT By3a OOBEKTHB-
HOM uHpopMaluu 06 ypoBHE IpodheccrHoHaIbHOM MOATOTOBKH OaKkallaBpoB (Crelu-
anucToB) [3].

[Ipu BPC cTyneHToB coxpaHsieTcs CyIIECTBYIONAsi CUCTEMa HOPMATUBHON U
y4eOHOM perflaMeHTalMyu y4eOHOro mpolecca: yuyeOHble U KaJeHJapHbIC IJIaHbI,
BCE BHJIBI YUEOHBIX 3aHATHH, 3a4€Thl, SK3aMeHbI. B TO)ke BpeMsi MPOMCXOIUT pac-
MIMpEHUE Kpyra MpaB U O0S3aHHOCTEH y4aCTHUKOB 0OPa30BaTENBHOTO MpoIlecca,
3arparuBaronux cepsl ucnosb3zoBanus bPC.

B centa6pe 2009 roma KOJUIEKTUB MpenofaBaTeieil U CTYJIEHTOB (PU3HKO-
MateMatnyeckoro (axynprera Mopal TIM npuctynun K BHEIPEHUIO B y4eOHBIN
MPOIIECC OTACNBHBIX DJIEMEHTOB OJIOYHO-MOJYJIBHOW CHCTEMBI OOYYEHHS U peil-
TUHTOBOTO y4yeTa yueOHOU nearenbHOoCTH. OO0muii anropuT™M GyHKITMOHUPOBAHUS
OAITEHO-PEUTUHIOBOM CUCTEMBI O0YYEHUSI MOKHO TPEJICTABUTh HA PUC. 1.

®opmupoBaHNE NCXOIHBIX JaHHBIX
’/% Ha CEMECTP
Pa3pabotka u peanuzanus CTpyKTypHUpOBaHHUE Brinenenue
KOPPEKTUPYIOIIIX y4eOHBIX (hakTopoB
U TIPEAYTIPEKTAOIINX JMCIUTUTAH KavyecTBa
MEpONPUATUI
/]\ KonTtpobs kauecTBa yueOHOM
CHCTEMATH3aIMs U aHATI3 JeSITEIIBHOCTH CTYJICHTOB B TEUCHUH
nHpopmanun cemMecTpa

Pacuer NpeaAMETHBIX peﬁTI/IHFOB 06yqa}0m1/1x051

Puc. 1. OOuwmii anroput™ QpyHKIMOHUPOBAHUS CUCTEMBbI
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dopMUpOBaHUE UCXOIHBIX JAHHBIX Ha CEMECTP OCYIIECTBISEMBIX B paMKax
OAITEHO-PEUTUHTOBONM CHUCTEMBI OOYUYEHHUS BKJIIOYACT CTPYKTypHUpOBaHUE yueO-
HBIX JUCITUIUTAH | BBIJEICHHS ()aKTOPOB Ka4eCTRa.

PaccmoTpum MeTOnMMKy ompeneneHusT MPeIMETHOTO PEUTHHTA JJI OICHKU
KayecTBa OOyUYEHUS CTYICHTa B CEMECTpE.

[Tpy MOAyIHHOW WHTEPIPETAMHA y4eOHOW IUCIMILIMHBI YCTaHABIMBACTCS
YHCIIO W HAITOJIHAEMOCTh MOJIYJICH, COOTHOIIICHUE TEOPETHIECKON U TPAKTHUECKOM
qacTell B KOKJIOM U3 HHUX, UX OYEPEIHOCTh, COJEpKaHUE U (POPMBI MOIYIHLHOTO
KOHTPOJISA, COJIepKaHre U (POPMBI HTOTOBOT'O KOHTPOJISL.

B of0miem Buae CTpyKTypHpOBaHHE yUEOHBIX JUCIUIUIMH MOYKHO TIPECTa-
BUTH B BUJIE (puC. 2).

[ JucuummHaa ]

Mogyns 1 Bec Mogyns 2 Bec Mogyns n Bec
| _Idakrop 1 Bec |Ikana | _Idakrop 1 Bec |[Ixana | |dakrop 1 Bec |Ixana
| _|dakrop 2 Bec |Ikana | _|dakrop 2 Bec |lIxana |_|dakrop 2 Bec |Ixana
_CI)aKTop k Bec |lIkana _(I)aKTop k Bec |llIxana _CI)aKTop k Bec |lIkana

Puc. 2. CtpykrypupoBaHue y4eOHOU TUCIUILIAHBI

CrpykTypupoBaHue y4eOHOW ITUCITUIUIMHBI OCYIIECTBIISIETCS BBIICICHHEM
JTUCIUTUIMHAPHBIX MOAyJe. Monyinb, Kak 0a3oBasi eMHUIIA y4eOHOU TTPOTPaMMBI,
MIPEJICTABISET COOOM OTHOCUTEIHHO 3aBEPIICHHBINA MO COJIEPIKAHUIO DIIEMEHT 00Y-
yeHus. Pabora mo cojepKarenbHOM COCTABISAIOMICH MOIYITHHOW CHCTEMBI OCY-
HIECTBIISETCS MpenofaBaresisiMu JucHUIIuH. OCHOBOM isi (GOPMUPOBAHUST MOJTY-
aeit cnyxxkur ®I'OC BIIO cootBerctBytomero npoduist. KonudectBo moysnei
OTpeJesieTCsl MPernoaaBaTeieM B COOTBETCTBUU C y4e€OHO-METOJIUYECKHM KOM-
miexkcoM 1o aucuuruinHe (YMK]), a Takke yuuTsiBaeTcs U crieriudurka Kypcea.

VY4eOHblil mpoliecc opranusyercst B (hopmMe MocieqoBaTENbHOIO MPOABUKE-
HUS TI0O MOAYJISIM. 3HAaUYUMOCTh KaXKJIOIO MOJYJSl ONPEACIISIETCS €r0 BECOBBIM KO-
s¢ppunmentom (b;). BecoBbie kK0ahGUITMEHTEI MOIYJICH ONPEASIISIOTCS BEIYIIUM
npenojiaBaresieM JUCIUIUIMHBL C Y4eTOM 00beMa 4acOB OTBOAMMBIX HA M3YyYCHHE
JAHHOW JTUCUMIUIMHBI U CII0KHOCTH M3ydaeMoro matepuana. Cymma BECOBBIX KO-

n
3¢ duIMeHToB BCeX MOy el IUCIUILIMHEI paBHA eMHALE: » b, =1.
i=1
[Tocne BbiACeHUST yUeOHBIX MOJAYJEH AUCHUILIMHBI MIPEnoaaBaTeeM OCy-
HIECTBIIACTCS MPOpPabOTKa MEPEUHs] OCHOBHBIX BUJIOB pa0OTHI CTYACHTA MO JUCIIH-
TUTMHE, 33/1aBa€MbIX B BUJE (aKTOPOB Ka4eCTBa COOTBETCTBYIOMIETO MOMYJIs. J[ms
KKJIOTO MOJYJISl 3aJal0TCS OIICHMBAaeMbIe (DAKTOPHI U HA3HAYAIOTCS WX BECOBBIE
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K03 GUIUEHTH! (Cj), ONMPENEISIOTCS IKAIbl OLIEHUBAHUS KaXI0T0 (akTopa (Umax)
¥ MIPaBUJIa BBICTABIICHHS OAJIIOB.

®dakTopsl KaYeCcTBA ONMPEACIIAIOT BUAbI YIEOHON AEATEILHOCTH CTYICHTOB,
KOTOpbIE CYIIECTBEHHO BJIMSAIOT HAa YCBOCHHE yd4eOHOro Mmarepuana u CIocoo-
CTBYIOT M3YUYCHHIO JaHHOTO MOy Kaxkaomy ¢akropy mpucBanBacTCs BECOBOMA

ko3 dunment no mkane ot 0 7o 1. Cymma Bcex BecoBbIX K0d(PPuImeHToB haxro-
k

POB Ka4€CTBA B paMKax OAHOI'O MOAYJIA paBHA CIANMHHUIIC: ZC” =1. 3H8H€HI/ISI BCCO-
=1

BBIX KO3 (UIIMEHTOB KaXI0TO (haKTopa OMpeaessieTcs IpernoiaBaTesieM B 3aBUCH-
MOCTH OT TPYAOEMKOCTH €ro BhIOJTHEeHHsI. O0sS3aTeIbHBIM YCIOBUEM SIBIISIETCS TO,
YTO BECOBOM KOIDPUIIMEHT KOHTPOIHHOU ATTECTALIMH IO MOY/II0 HE MEHBIIIE JTI0-
0010 13 BeCOBBIX KOA(DPHUITMEHTOB Apyrux (haKTOPOB.

JIJist Ka)a0ro BBIJIETICHHOTO (haKTopa MOIYJsI, KpOME OIpPEACIICHUs €ro Be-
COBBIX KOX(PUIIMEHTOB, 3aJal0TCs IIKadbl OleHWBaHUs. OHM MOTYT OBITh Kak
OJIMHAKOBBIMH JIJIs1 BCEX (PaKTOPOB, TAK U UMETh CBOM Pa3HOOOPA3HBIE IIKAJIHI.

B kauectBe (hakTOpOB KauecTBa MOAYJIS TUCHUILTUHBI MOKHO BBIICIUTH T€,
KOTOpBIE OTHOCATCS K OOSI3aTENIbHBIM M T€, HAIUYUE KOTOPBIX MOXKET BapbHPO-
BaThCS B 3aBUCHUMOCTH OT JIOMOJHUTENBHBIX YCIOBHIA.

Obs3amenvHble (hakmopsvl 8 KAHCOOM MOOYje: TOCCIICHUE YUSOHBIX 3aHs-
TUM; BUJIBI paOOT, YCTAHOBJICHHBIE YU€OHBIM IUIAHOM (J1abOpaTOpHbBIE, KYPCOBBIE,
pacueTHO-TpapuuecKre u T. 1.); KOHTPOJIbHAS aTTECTAIHSI.

Jlononnumenvhvie ghakmopsi: AKTUBHOCTh HA MPAKTUYECKUX U JT1a00PaTOPHBIX
3aHATHUSX, OTYET MO Ja0OPaTOPHBIM U MPAKTUIECKUM 3aHSATHUSIM, BHICTYIUICHUS C J10-
KJIQJIOM, BBITIOJTHEHHE JOMAIITHETO 3aJ[aHMsl, BBIIOJHEHUE WHIUBUIYaTbHBIX 3aja-
HUH, CBSI3aHHBIX C U3YYCHUEM JTAHHOW TUCIUIUIMHBI U JPYTHE.

JIJist KaK1oro MOJy/Isl KOTUYECTBO M BUIBI (DAKTOPOB KaueCcTBa MOTYT OBIThH
3aJlaHbl BEAYIIUM TpEroaaBaTesieM MPOU3BOJILHO C YYETOM 00s3aTeNbHbIX (PaKTo-
poB. OMBIT UCTIONB30BAHUS PA3IMYHBIX (DAKTOPOB KaueCcTBA MOJYJIS MO3BOJIWI U3
OOJIBIIIOTO pa3HOOOpa3usl BBIICIUTH HECKOJIBKO, KOTOpPhIE B OOJbIIEH CTEIEHU
YUHUTHIBAIOT CcHenu(UKy MpenofaBaHus IUCUUILIMH Uil npoduiel (pusmko-
MaTemMaTHueckoro ¢akynprera. [IpakTka moka3pBaeT UCMOIB30BAaHUE B CPEIHEM
oT 4 10 5 (hakTOpPOB MO KAKJIOMY MOIYI0. K HUM OTHOCSTCS: TTOCEIIEHNE YYEOHBIX
3aHATUH, OTUET MO Ja0OpaTOpHOI padoTe, BBHITOIHEHNE WHIANBUAYATHHOTO 3a/1a-
HUS TI0 MOJZIYJIIO C OTYETOM, KOHTPOJIbHAsA paboTa, KOHTPOJIbHAS aTTECTAIHSL.

@axkrtop «llocemnienrie yueOHbIX 3aHATUI» MO3BOJSET MPOCIEAUTh U TOJY-
YUTH MOJTHYIO KAPTHHY MOCEIIAeMOCTH CTYJICHTAMH 3aHATUI KaK M0 OTACIBHO B3s-
TOW TUCUUIUIMHE, TaK U 00IIECEeMECTPOBBIN MTOKA3aTEb.

Muorue IuCIUIIIMHBL TpoduiIe (QU3NKO-MaTeMaTUdecKkoro QakyabTeTa
peayCMaTpUBAIOT JIAOOPATOPHBIN MPAKTUKYM, 0COOEHHO 3TO OTHOCUTCS K JHUCIIU-
TIMHAM 110 uHopMaTuke U PU3MKe.

Hcnonp3oBanue ¢akropa «BrimoaHEHNE HHIWBUIYAIBHOTO 3a/IaHUSI TI0 MO-
JYII0» TO3BOJISIET y4€CTh BOMPOCHI U 3a/laHusl, BBIHOCUMbIE Ha CaMOCTOSITEIbHOE
U3ydeHue Mo JUCIHILINHE, a TAK)Ke PaCIIMPHUTh 3HAHUS 110 PaCCMAaTPUBAEMBIM BO-
IpocaM MOJYJISI TUCITUTUTUHEI.
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Bxmouenune daxropa «Kontponbnas pabora» crneunduyuHa B OOJblle CTe-
TIEHU I MATEMaTHYECKUX TUCIUTIINH, TJe He0OX0aruMa POBepKa MPAKTHIECKUX
BBIYUCIIUTEIBLHBIX HABBIKOB.

Kaxnpii Monmynb 3akaHUMBAETCs KOHTPOJIBHOM arrecranuei. TectoBas
dbopma npoBeAeHUST KOHTPOJIBHON aTTECTAIMK IO MOIYIIO SIBJISIETCS 00s3aTeIbHOM
JUISL BCeX TUCHUIUIMH. BBeneHune cucteMol asiekTpoHHOro o0yuenus « TH®O-BY3»
Ha Tuiaropme s co3daHusi KopropartuBHoOro mnopraia SharePoint mo3Boiuio
YOPOCTUTH TPOLEAYPY MPOBEACHUS KOHTPOJIbHBIX UCHBITAHUM Ha 0a3e TECTOBBIX
3aJlaHui, co371aBaeMbIX B TecTOBOM penakrope QT-Designer.

Bce nosnydenssle qaHHbie 10 (POPMUPOBAHUIO UCXOIHBIX TaHHBIX HA CEMECTP
10 JIUCUUIUIMHE MPEJCTaBIseTCs B popMe yueOHOM KapTOUKH 1Mo Aucuurvivae. [lan-
Hast KapTouka POpMUPYETCsl sl KaXKI0M OT/IEIbHON aKa/leMHYecKoil rpymmsl. B kap-
T€ yKa3bIBACTCS HAa3BaHWE AUCIUIUIMHBI, Bemymas kadenpa, ©.1.0. nmpenonasarens,
HOMEp akaJieMuyeckou rpyrmibl. Kpome 3Toro orpaxaercs: nHdopMaius o Kojaude-
CTBE 4YaCOB, OTBOAMMBIX Ha JHUCLMIUIMHY M HA KKIbIM JTUCHUIUIMHAPHBIA MOIYIb,
BBIJICJICHBI MOAYJIU, JAaThl MPOBEACHUS KOHTPOJIBHBIX MEPONPUSITUIA, (DAKTOPHI Kaue-
CTBa YCBOCHHMS MOIYJIEM M IIKAJIBI UX OLICHUBAHMS.

KonTponb kauectBa yueOHOM AESATEIBHOCTU 0 NUCIUIUIMHE B TEUCHHUH Ce-
MECTpa OCYLIECTBIISETCS MOCIEA0BATEIBHO 10 IPOJABUIKEHUIO 110 MOAYIISIM U T103-
BOJISIET OTPa3UTh MPOMEKYTOUHBIN PEUTHUHT (MOIYIbHBIN) U UTOTOBBIM PEUTHUHT T1O
aucuuruinHe. [Ipu 3TOM MBI HarjiiIHO MOXKEM MPOCMATPUBATH MPOMEKYTOUHBIH
PEUTHHT U cpa3y OTCIICKUBATH OOIIMM PEHTHHT CTYCHTA.

MakcumanbHass cymMma OaiioB, HaOupaemasi CTyJECHTOM IO JAMCIUILIUHE
(4acTu TUCIUIUIMHBI, YATAEMON B TEUEHHE OJHOTO CEMECTpa), 3aKaHUMBAIOIIEHCS
CEMEeCTPOBOM arrecrauuei, pasHa 100.

Paznuuaror nBa BUa peMTUHTA: 0 MOAYJIIO U PEUTHUHT MO NUCIUILIUHE.

[lenbr0 MOIYIBHOTO KOHTPOJISI TI0 IWCUUILIMHE SIBISETCS OLICHKA KayeCcTBa
OCBOCHHUS CTYJEHTaMHU O0OpPa30BATENIbHBIX MPOTpaMM M0 3aBEPIICHUU OTIEIbHBIX
JUCHUILIMHAPHBIX MOJyJeH. MORyIbHBIM IPEIMETHBINA PEUTUHT (R,007,) KaXKIOTO
CTYIAEHTA MOJIy4aeTCsl KaKk CyMMa MPOU3BEACHUN OTHOIICHUS BBICTABICHHBIX pe-
aNbHBIX OAJUIOB U MaKCUMAaJIbHBIX 0ajuIoB MO (pakTopaM Ha WX BECOBbIE KOd(Pdu-
IIUCHTHI B Moyie, yMHOkeHHas Ha 100 %. Pacuer Benercs mo gopmyie:

k
RMOAyJIb =100 Cij : d—
= ijmax

IZ€ c; — BECOBOM KOI((PULUUEHT (aKTOpa KauecTBa, d; — pealbHblil Oaml no (ak-
TOpPY Ka4eCTBa, dj; g — MAKCUMAJIBHBIN Oaul 10 (akTopy, K — KOIMYIECTBO (aKTo-
POB KayecTBa B MOJYJIE.

PeiTUHr MO OTAENPHOW AMCUMIUIMHE OCHOBAaH HAa WCIIOJIb30BAHUM HHTE-
I'PAJIBHOM CXEMBl OLIEHKH pPE3yJbTAaTOB PEUTHUHIOB 10 MOAYJsAM. PeuTuHrosas
OIICHKA IO AUCIUIUIMHE — 3TO OIEHKA 3HAHWM CTYJIEHTOB, KOTOpas CKJIaJbIBACTCS
13 KOJu4ecTBa 0AJJTOB, HAOPAHHBIX 32 U3YUYEHHbBIC MOJIYJIM AUCHUIUIMHBI C Y4ETOM
UX BECOBBIX KOA((DUIIMEHTOB.
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Peittunr no pucuummune (Ry,.,) popMupyercss B COOTBETCTBUU C MOIYJIb-
HBIMH peHTUHraMH (R,00y7,) 1 Y4ETOM BECOBBIX KOI()(UIIMEHTOB JAHHBIX MOJYJICH
nucruminasl (0).

NunuBuiyanbHble Pe3ysIbTaThl CTYJEHTOB O(QOPMIISIOTCS B DIJIEKTPOHHBIM
YKYpHaJl, B KOTOPOM BBEJICHBI CIIEAYIONINE YCIOBHBIE 0003HaueHus: @; — (aKTOphI
Ka4yecTBa, Ry, — PEUTUHIOBBIN OaJlI 0 AUCLUIUIMHE PACCUUTBIBAETCS IO (HOpMYy-
Je:

n
i
R.CU/ICH- = Z bi . RMOLLyJIb
i=1

DNEeKTPOHHBIE  JKypHajbl  IMO3BOJSIIOT  OCYIIECTBIATH  IPEIMETHO-
PEUTHHTOBBI MOHUTOPUHT YCIEIIHOCTH OOyUYEHHsI CTyJIEHTa B TEUEHUE CEMECTpa.
N3yuenue 31eKTpOHHOTO XKypHalla aIMUHUCTpalen GaKkysabTeTa, IpenojaBaTeicm
U POIUTEISIMU IIOCIIE €€ OKOHYATEJIBHOTO 3aIlOJHEHMS ITO3BOJISIET BBISIBUTH JUHA-
MHUKY OOy4EHUS KaXJO0ro CTYIEHTa M COMOCTABUTH €€ CO CPEIHECTATUCTUUECKUMHU
JAHHBIMH TI0 TPYMIE U KypCy, CyIUTh 00 YCIIEUIHOCTH IPOBEACHHBIX B CEMECTpE
3aHATHI U BHECTU KOPPEKTHUBBI B IPENOABATENbCKYIO PadOTYy.

[lenecooOpa3Ho aJig Bcex Npoduiiel mo BCeM AUCHMILIMHAM y4eOHOro Iuia-
Ha HA3HAYUTh OJIHH U T€ K€ YHCIIOBbIE MapaMEeTPhl EPEBOA PEUTUHTOBBIX OAJIIOB
B TPAJUIIMOHHYIO MATUOAUIBHYIO OIIEHKY (Tabnuna 1).

Tabmuna 1
IIkasa nepeBoa 0a1bHBIX OlleHOK 10 BPC B TpaguuMoHHy10 cucremy
PeliTUHrOBas OoNeHKA TpaauuMOHHAA OLIEHKA TpaaunuoHHasi OEeHKA ISl
JUIS 3a9eTa IK3aMeHa
Menee 60 He3ayeT HEYI0BJIETBOPUTEIBHO
60-74 YI0BJIETBOPUTEIILHO
75-89 3aueT XOpOIIO
90-100 OTJINYHO

Jlo HacTosiuiero BpEMEHU 3JIEKTPOHHBIE KypHAJIbl (POPMUPOBANIKCH B Ta0-
augHOM Tiporieccope MS Excel. YueOHble kapThl TUCHUIUIMH U 3JIEKTPOHHBIC
KypHanel pazMemiatorca B cucreme <«MH®PO-OVY3y». Beaenue OamibHO-
pertnHroBor cucreMsl B cucreme « MHPO-BY3» mo3BosisieT KOMIAaKTHO XpAHUTh
MH(OPMAIMIO U MO3BOJIIET OCYIIECTBUTH CBOOOJIHBIN JOCTYI CTYJIEHTOB, MPEMNO-
JaBatesnel, aiMUHUCTpauru (haKyabTeTa u poauTenei k pesyiasratam bPC.

B nacrosmee Bpems B MOpPIOBCKOM I'OCYJapCTBEHHOM IIE€JarOrM4eCKOM
uHcTuTyTe UMeHu M.E. EBceBbeBa akTUBHO BeneTcsl anpoOaiusi MCIOJIb30BaHMS
nporpaMmmHoro mponaykra «l1C: VYHuBepcutrer» Uil BeaeHUS  OaIbHO-
PEUTUHTOBON CUCTEMBI.
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NHOOPMALINOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJIOI'MU
U PEAJIBHBINA DKCIIEPUMEHT B IABOPATOPHOM
ITPAKTUKYME 11O ®U3UKE

Annomayua. B pabote paccMarpuBaroTcs BOIPOCH 3()(HEKTUBHON OpraHu-
3allMd U METOAMYECKOro obOecneueHus JIabopaTOpHOro MpakTHKyMa No (Qu3uke B
paMKax COBMEUIEHHs pEaJbHOIO0 M BHUPTYAJIBHOro 3KcrnepuMeHTa. OOCyXIarTcs
BO3MO>XHOCTH IOBBIILIEHUSI KauecTBa 0Opa3oBaHMs NPU OJHOBPEMEHHOM COKpalle-
HUM ayTUTOPHOI Harpy3Ku.
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INFORMATION AND COMMUNICATION TECHNOLOGY AND REAL
EXPERIMENT IN THE LABORATORY
WORKSHOP ON PHYSICS

Abstract. This paper discusses the issues of effective organization and me-
thodical support of laboratory practical work in physics in the framework of combin-
ing real and virtual experiment. Discusses the possibility of improving the quality of
education, while reducing classroom load.
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[Ipouiecc 00yueHrs B COBpEeMEHHOM MUpPE MpEANoiaraeT HaIuuue y CTyJIeH-
Ta MIAPOKUX BO3ZMOXKHOCTEH MPU M3ydeHUU (PU3UKHU, TPUUYEM OOJIbIIIOE BHUMAHUE
yIAENAETCS CaMOCTOSITENIbHOM paboTe, 4TO ONpeAesieTcsl ToCyAapCTBEHHbIMU 00-
pazoBaTeIbHBIMU CTaHAapTamMu. [[aHHBIA BUJ JEATEIBHOCTH JOJDKEH OOecreydu-
BAThCS HE TOJBKO NMEYATHHIMM METOJAMYECKUMU MaTe€pUalaMH, HO U IIUPOKUM
IIPUMEHECHUEM KOMIIBIOTEPHOM TEXHUKHU, B TOM YHCIIE C UCIIOJIB30BAHUEM CETEBBIX
TexHosoruit. OTHOBPEMEHHO HAOI0IaeTCs TEHJEHIMS K COKpAIEHUIO Yucia da-
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COB Ha ayJAUTOPHBIE 3aHSTH, YTO HA HAIl B3IV, HEraTUBHO CKAa3bIBAETCS HA MOJI-
TFOTOBKE CTYAEHTOB. JlaHHYIO CHTyalllI0 MOXHO HECKOJBKO HCIPABUTH, OMATH-
TaKl MaKCHMaJbHO HUCHOJB3Ys HHPOPMAIMOHHO-KOMMYHUKALMOHHBIE TEXHOJIO-
ruu (UKT).

Bo-nepBrix, UKT mo3BosSIIOT COKpaTUTh BPEMSs BBITIOJIHEHUS SKCIIEPUMEH-
Ta, MPOBOJSI 00PabOTKY €ro pe3yJbTaToB C HCIOJb30BAaHUEM KOMIIBIOTEpA, BO-
BTOPBIX, UCIIOJIB3Ys BUACO, HATJISHO MOKa3aTh MPOIECC BBHIMOIHEHUS J1abopaTop-
HOTO SKCIEPUMEHTA, B-TPETbUX, CMOACIUPOBATh (PU3NYECKUE MPOIECCHI, B TOM
YuCli€ U TaKue, JJIi KOTOPhIX HAOJIOJEHHWE WX B PEATIbHOCTH 3aTpylHEHO. B-
YETBEPTHIX, MOSBIISIETCS BO3MOXKHOCTh MPOJENATh «IKCIEPUMEHT» 0€3 MCIOJIb30-
BaHUSI peajJbHOTr0 00OPYAOBAHUS U 1aXKe B JOMAIIIHUX YCIOBUSX.

ABTOpHI nosiroe Bpewms [2; 6] paboTaioT Haja CO3AaHMEM KOMIBIOTEPHBIX
IPUIIOKEHUH, KOTOPBIE UCTIONB3YIOTCS MpU 00ydeHnH (U3MKe B KauecTBe jJabopa-
TOPHBIX PadOT U JEMOHCTPAIIMOHHBIX YKCIIEPUMEHTOB, MEPHUOJUIECCKH MPUBJICKAs
K MX pa3pabdO0TKe CIOCOOHBIX CTYAEHTOB, MPOSIBISIONINX CKIOHHOCTD K UCCIIEI0Ba-
TenbCcKoi padote [1-5; 8].

OctaHoBuMcsT Ha OOO3HAYEHHBIX BHIIIE HANpaBJIEHUAX Oosiee MOJIPOOHO.
[TepBsliii mpuMep — 3TO opraHu3aus 0OpadOTKH pe3yibTaTOB dKcIepuMeHTa. Pac-
YETHBIE JIUCTBI K JIA0OpAaTOpPHBIM pabdoTaM YJOOHO TOTOBUTH B IPUJIOXKEHUU
Microsoft Office Excel, unu 60Jiee 10CTynmHBIX OECIUIATHBIX €r0 aHAJIoraxX.

Ha navanpHbIX 3Tamax oOydeHus LeiaecooOpa3HO NMPUMEHEHHE MOJroTOB-
JIEHHBIX IIpenojaBaTesieM pacyETHBIX JUCTOB, MPUYEM HE TOJIBKO HUX HCIIOJIb30Ba-
HUE, HO U UX U3yYEHUE CTYACHTAMHU C LIEJbI0 CO3/IaHUsl aHAJIOTUYHBIX 10 JPYTUM
nabopatopHbM paboraM. Takyio AeSITenbHOCTh HEOOXOAUMO HAYUMHATh MPOBO-
JUTh, HATIPUMED, MPU U3yUYEHUU BBOJHOIO Kypca (PM3MKH WIA MEXaHUKH, YTOOBI
HAyYUTh CTYJCHTOB BBINOJHITH AaHAJIOTMUHYIO pabOTy CaMOCTOSITEIbHO U HE Tpa-
TUTh B OyAylIEM Ha 3TO BpeMs. BO3MOXHBIN BHUJI pacu€THOrO JIMCTA MPUBEIEH Ha
puc. 1.

Crnenyer OTMETHUTb, YTO €ro OPOpPMIEHHE MOKET ObITh PA3TUUYHBIM, HO TIPU
TOM OH JOJDKEH UMETh B 00S13aTE€IBLHOM MOPSAKE CIEAYIONINEe YETKO BbIIEIICH-
Hble 007acTH: 1) HEMOCPEACTBEHHBIE PE3YNIBTATHl SKCIEPUMEHTA; 2) MOTPEIIHOCTH
W3MEPEHUN UCIOIb3yeMoro obopynaoBanus; 3) (hopMmyibl, IO KOTOPHIM OyaeT
MIPOU3BOAUTHCS PACUET UCKOMBIX BEJIMYMH U UX MOTPEIIHOCTH ¢ UCIOJb30BAaHUEM
JOCTYIHBIX PEAAKTOPOB (POpMyI.

[Tocnennsist 061acTh, XOTh U HE «y4aCTBYET» HEMOCPEICTBEHHO B pacuerax,
HO 3HAUUTENbHO YIPOILIAET CO3JaHUE JIOKyMEHTa CTyJEHTaMH WM MPOBEPKY Ipa-
BUJILHOCTH (opMyJ mpernojaBareneM. B dactHocTu, emie n0 Habopa ¢gopmyn B
dbopmare Excel, u Takum 00pa3oM SKOHOMHUT BpeMs, OCOOCHHO Ha dTarax, Korjaa
JaHHBIN Tpoliecc ele He oTpaboTaH cTyaeHTamu. M HakoHen, yeTBepTas o01acTb
— 00J1aCTh OTBETA M CPABHEHMSI C TAOJIMYHBIM 3HAUECHUEM.
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Puc. 1. Pacuérusiii muct naboparopHoit pabotsl «OmnpeeneHne yckopeHus: CBOOOIHOTO
MaJICHUS

Jlis obecrieueHus] yCIEUIHOTO BBIMOJIHEHUS J1a00paTOPHOTO NPAaKTHKyMa
BECbMa Ba)KHO €r0 BCECTOPOHHEE 00ecleyeHHe METOJWYECKMMHU MaTepHallaMu,
npuuéM He TOJIBKO TPATUIIMOHHBIMH «OyMaKHBIMI». Kak moKa3pIBaeT OMbIT, B He-
KOTOPBIX CUTyalusax 00apmnil 3(h(pexT 1aéT ucnoap30BaHue BUaeoMaTrepraios. B
YAaCTHOCTH, IJisi oOecrneueHus: HWHQPOPMAIMOHHON MOACPKKH J1a00paTOPHOTO
IpaKTHUKyMa Mo Kypcy «MomnekymsipHas Qu3uka U TepMOJUHAMHUKA» OBLI MOITO-
TOBJICH KOMIUIEKT BHJICOMHCTPYKIIMH, KOTOPBIA YCIEUTHO MCIOIB3YEeTCsl CTYACH-
tamu [2].

Bupryanu3zaiusi SKCriepuMEeHTa BO3MOXHA TI0 Pa3IMYHBIM HampaBlICHUIM,
HalpUMep, UCIOJIb30BAaHUE W3BECTHBIX TEOPETHMUECKUX 3aBHUCHUMOCTEH WM 4YHC-
JIEHHOE pelIeHHe YpaBHEHUH, MOACTUPYIOLIUX Ty WIH UHYIO (PU3NYECKYIO peallb-
HocTh. Hanmpumep, npu uzydenun kypca «MomnekynspHas Qu3uka U TepMOAUHA-
MHKa» BIOJIHE OOOCHOBAHHO COBMEIIICHUE BUPTYaIbHOU J1aOOpaTOpPHOU pabOThHI
«bpoyHOBCKOE ABM)KEHHE» C pealbHbIM HaO0eHUEeM 3Toro siBjaeHus. Ilpu uzy-
YeHUU Kypca «DJIEKTPUUYECTBO U MAarHETU3M» JJIsl CYIIECTBYIOLIEH TabopaToOpHOi
pabotel «l3ydeHue sBIEHUS pe30HaHCA B MapauIebHOM KOJIeOaTeTbHOM KOHTY-
pe» [3] ObL1 moAroToByeH padoyuit AUCT (pUC. 2) B IOCTATOUYHO PACIPOCTPAHEH-
Holt cpene MathCad, ¢ moMoIIpI0 KOTOPOTO MOXHO MOJTYYUTh 3aBUCUMOCTH TOKOB
B Pa3HBIX y4acTKaxX KOHTYpa OT 4aCTOTHI.
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Puc. 2. Pabounit tuct MathCad mi1st nabopatopHoii paboThI.

[TapameTpbl pacyéTa COBMNANAIOT C WCXOAHBIMU JAHHBIMU PEaIbHOM yCTa-
HOBKH. [lodKcieprMeHTHpOBaB C MapaMeTpaMH M TIOJYyYHMB HA MOHUTOPE PE30-
HAHCHYIO KPUBYIO, CTYyJIGHT MOXET MEePEXOAUTh K HATYpHOMY dKCIiepuMeHTy. Jlo-
CTOMHCTBOM 3TOT0 MOJXO0/a SIBJISETCS BO3MOXXHOCTh BUETh pEIIaeMble YpaBHEHUS
IPAKTUYECKU B OOILENPHUHITON HOTAllMM NpU HAJIWYMM HA KOMIIBIOTEpE IMpo-
I'PaMMHOTO MPOJIYKTA.

[Iupokrie BO3MOYKHOCTH MPENOCTABIISIIOT T'OTOBBIE MPOrpaMMBbl CXEMOTEX-
HUYECKOro MOJeIUpoBaHus. /s psiia peaibHbIX 1aOOpaTOpHBIX paboOT MOATOTOB-
JIeHbl UX KOMITBIOTEpHBIE aHaJIoru. DKkcnepuMeHT «llomyuenue kpuBoil HaMarHu-
YUBaHUS U OINpe/AeSieHue MarHUTHON MPOHUIIAEMOCTH BEIIECTBa» MPOMOIEIUPO-
BaH C MOMOIIBIO mporpammHoro npoxaykra Electronics Workbench (EWB) Bep-
cus 5.12.

Bun peanbHOM 1 BUPTYyalibHOM paOOThI MPUBEJEH Ha puc. 3.

27



2016 V01 ___

= Electronics Workbench FE®
Fle Edt Crout Analysis Window Help
]3] = O 1 - SN PN A P N[ oz B
& Olel]| ¥[F¥ D@ BIOv| B
I 10-solenoid.ewb

— A

=

——
o i

< > .
Ready 48,485 Temp: 27

Puc. 3. PeanbHas ycTaHOBKA U €€ KOMITBIOTEpHAs MOJEIb

XapakTepUCTUKHU HJIEMEHTOB JJIEKTPUUECKOW IeMH MOTYT OBITh BBIOpAHbI
MaKCUMaJIbHO MPHUOJMKEHHBIMU K IMapaMeTpaM peajbHOM YCTaHOBKH, Cle/I0OBa-
TEJIbHO, BO3MOKHO CpaBHEHUE pe3ysibTaToB. bonee monipobHO paboTa ¢ 3TOM ycra-
HOBKOH B peaJlbHOM U BUPTYaJIbHOM PeXHMax onucana B [1; 4].

B nabopatopHOM MpakTUKyM€ UCIOJIB3YETCS] MPOTPaMMHBIN MPOIYKT
«Hauana snextponuku (Basics of Electronics miu Beginning of Electronics. Bep-
cust 1.2, 2007), koTOpsIil 00JaaeT CYIIECTBEHHO MEHBIIMM HA0OpOM 3JIEMEHTOB
AIIEKTPOCXEM, HO OoJiee HAIJIsIIeH U OecIuiaTeH.

CrneayromyM HanmpaBiICHUEM SABIISIETCS HAITMCAHUE COOCTBEHHBIX MIPOrPAMM,
MOJETUPYIOMMX (U3UYECKUI IKCTIEPUMEHT. DTO 00Jiee CIOKHBINA BUJ JEATEIbHO-
CTH, TaK KaK CIIEAyeT YUYUThIBATh Psii NpUHIMIOB. PaboTa ¢ mporpamMmoii AomKHA
OBITH JIOCTYITHA KaK CTyACHTaM C OTPaHWYEHHOMW MOJTOTOBKOM MO (pu3Mke, Tak U
CUJILHBIM y4YalllUMCs, CJIeI0BATEIbHO, UHTEp(ENC TOKEH ObITh MHTYUTUBHO T0-
HsTeH. [IpunoxkeHne MOKHO ObITh CHAOXKEHO CIPABKOM MO TEOPETUYECKHM BO-
npocaM (U3UKH, OTHOCSIIMUMCS K JAHHOMY IKCIIEPUMEHTY, a TaKkKe MO Herocpes-
CTBEHHON paboTe ¢ JAaHHBIM npoykToM. IIporecc obmieHns cTyJeHTOB ¢ KOMIIb-
I0OTEPOM JIOJDKEH OBITh PACCYMTAH HA CAMOCTOSTEIBbHYIO Pa0OTy U JOKEH MPEao-
CTaBJISATh UM TOJIHYIO CBOOOY B BRIOOPE MapaMeTpoB, B TOM YHCIIC U TAKUX, KOTO-
pble HE MOTYT OBITh pealin30BaHbl B peaJbHOM JKCIepUMEHTe. [ JTaBHOW 1ETbIo
CTaBUTCS MMOHUMAHUE 3aKOHOMEPHOCTEH M3ydaeMbIX (PU3MUECKHUX MPOIIECCOB.

B kadecTBe mpuMepa mpuBeieM BUPTyaJbHYIO JabopatopHyto padorty «Mc-
cJieIoOBaHUE PEXKUMOB PabOTHI AJIEKTpUUeCcKon 1enu» [S5]. B pecypce npeacraniie-
Ha KpaTKasi Teopusl, OIUCAHUE IKCIIEPUMEHTAIbHON YCTAaHOBKH, BOIPOCHI 1JIs1 KOH-
TPOJIsi MOATOTOBKU CTYAEHTA K BBIMOJIHEHUIO paOdOThI HA peasibHON ycTaHoBKe. Oc-
HOBOM pabothl ctano OCX-npuiokeHue, MOATOTOBIEHHOE C MOMOIIBIO CPebl
nporpammupoBanus Visual Basic 6.0, koTopas Takxe sBISeTcsS OECIUIaTHOM st
oOpa3oBaTenbHBIX yupexacHui. Vcnonp30BaHre MMEHHO TaKHX MPWIOKEHUH, a
He exe-(aiioB 00yCIOBIEHO, BO-TIEPBBIX, X CYIIECTBEHHO MEHBIINM 00BEMOM, a
BO-BTOPBIX, BOBMOXXHOCTHIO paOOThl 3TOW MPOrPaMMbl, K&K BO BHYTPEHHEU CETH
Yuuepcurera, Tak u B lHtepnere. [IporpamMmma 3arpy»aercss Ha KOMIIBIOTEP Kak
oObryHas html-crpanumna (puc. 4).
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Puc. 4. BupryanbsHas abopatopHas padora «lccienoBanue pexxuMoB
PabOThI AIEKTPUUYECKON LIETTH»

Opnnako npu padore OCX-npuiiokeHun y psjia Opay3epoB €CTh CI0KHOCTH,
MIOATOMY aBTOPHI Yallle UCTOJB3YIOT exe-(aiiabl. Tak 1 mabopatopHoit pabOTHI
«OmnpeaeneHne MarHUTHOW MHAYKIIMA HAa OCH COJICHOHWa» IMOJATOTOBJICHO IPHIIO-
)kenue [7].

Bce paboThl, kak peaibHble, TaK U BUPTyalibHbIC, CHA0KEHBI OMUCAHUSIMH,
pa3MelIeHHBIMU HE TOJIbKO B JJAOOpaTOpUHU, HO W Ha caillTe YHUBEPCHUTETA, YTO
TIO3BOJISIET, BO-TIEPBBIX, 3apaHee MOATOTOBUTHLCS K UX BBITIOJHEHUIO, 4, BO-BTOPHIX,
MPOJIeNIaTh UX BUPTYAIbHYIO YACTh HE TOJIBKO B JJA0OpaTOpUU WK (PaKyJIbTETCKOM
KOMITBIOTEPHOM KJIacCce, HO U CaMOCTOSITENIBHO.

PaccmoTpeHHblii ToAXo[ K opraHu3anuu obOecredeHus J1abopaTOPHOIO
MpaKTHUKyMa T03BOJISICT HE TOJBKO CYIIECTBEHHO IMOBBICHTH €ro 3()(PEKTHBHOCTS,
HO W 3HAYMTEIIBHO COKpallaeT HeoOXOIWMOE ayduTOPHOE Bpems, oOecreunBast
IIPU ATOM OpPraHU3AIUI0 CAMOCTOSITEILHON pabOTHI CTYICHTOB.
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3AJJAYU KAK CPEJICTBO OBYYEHUA YUHAHIUXCA ITPOPUJIBHBIX
KJIACCOB HAYAJIAM MATEMATHUYECKOI'O AHAJIM3A

Annomayun. Ananuzupyercsa npoduibHOe OOyueHHE YYalUXCsl CTapIIuX
KJIACCOB KaK Ba)KHAas M HEOOXOJMMas COCTABJISIFOIIAS COBPEMEHHOIO OOYYCHHS Ma-
tematuke. Jlaerca onpenenenue noustus «lIpodunsHoe oOyueHue», yka3blBalOTCS
€ro IIeJIM, ONMCHIBAIOTCS YPOBHHU U OCOOCHHOCTH M3YYCHHS MAaTEMAaTHKU B €r0 KOH-
TEKCTe, PACKpbIBAE€TCS pOJIb 3aJad B MaTeMaTH4YeCKOM OOpa30BaHHUU YYallIUXCS.
Oco60e BHUMaHHE aBTOPHI YACISIIOT BO3MOXKHOCTAM MPHUKIAIHBIX 3a7a4 MpU U3yde-
HUU yYalIUMUCS IPOU3BOIHON (DYHKITUH.

Knrwoueswvie cnosa: npopmibHoe 00ydeHNE, MAaTEMaTHUECKUH aHAIIN3, TIPOU3-
BO/AHAasA (yHKIIMH, 3a7a4a.
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PROBLEMS AS MEANS OF TEACHING STUDENTS SPECIALIZED
CLASSES OF MATHEMATICAL ANALYSIS

Abstract. The article is devoted to the profile teaching high school students as
an important and necessary part of modern mathematics education. Defines of con-
cept of «Profile teachingy, indicated its purposes, describes the levels and particulari-
ties of the teaching of mathematics in its context, reveals the role of the problems in
mathematics education of students. The authors pay special attention to the possibili-
ties of applied problems in the teaching of students of derivative.

Keywords: profile teaching, mathematical analysis, derivative of a function,
the problem.
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B Konnenuuu npopunbHOro o0y4deHus: Ha crapiieil cTyneHu oomiero oopa-
30BaHusA, yTBepxkaeHHOW [Ipukazom MunuctepcTtBa oOpazoBanus Ne 2783 ot
18.07.2002 rona, npogunvroe obyuenue onpeaenseTcs Kak cpeactBo auddepen-
YAl ¥ WHJMBHUIyaIU3allid OOyYEHHMs], MO3BOJSIONIEEe 32 CUET M3MEHEHHUH B
CTPYKTYpE COJIEp>KaHUsI U OpraHu3aliui 00pa3oBaTEIbHOrO Mpoliecca 6oee MOJIHO
YUUTHIBATh HHTEPECHI, CKIIOHHOCTU U CIIOCOOHOCTH YYaIlllUXCsl, CO3/1aBaTh YCIOBUS
JUTsl OOY4EHMs CTapIIEKIIACCHUKOB B COOTBETCTBUU € UX MPOQPECCUOHAIBHBIMU UH-
TepecaMH U HAMEPEHHUSMHU B OTHOIIICHUH TPOJI0JDKEHUs oOpa3oBaHus [2].

[lepexon k npodunbHOMY 00YYEHHUIO TPECIIEAYET CIEAYIOUIIEe OCHOBHBIE I1e-
m [2]:

— o0ecrneunTh yriayOJIeHHOE M3YYEHUE OTIENbHBIX JUCHUIUIMH MPOTPaMMBbl
MIOJTHOTO 001IIero 00pa3oBaHUS;

— CO3/71aTh YCJIOBHS IS CYIIIECTBEHHOU nuddepeHmanuu coaepkanus o0y-
YEHUS CTAPUIEKIACCHUKOB C NIUPOKUMHU M THOKUMU BO3MOKHOCTSIMU TTOCTPOCHUS
HIKOJIbHUKaMU UHMBUIYaIbHBIX 00pa30BaTEIbHBIX MIPOTPaAMM;

— CIOCOOCTBOBATh YCTAHOBJICHUIO PABHOIO JIOCTYIIA K MOJHOLIEHHOMY 0o0pa-
30BaHMIO Pa3HBIM KATETOPHsIM O0Yy4YaIOIIUXCs B COOTBETCTBUH C UX CIIOCOOHOCTSI-
MU, UHAUBUIYATbHBIMU CKIIOHHOCTSMH U MMOTPEOHOCTSIMU;

— pacCUIUPUTH BO3MOXHOCTH COIMAIN3AlUM YYAIIUXCs, 00€CIeYnuTh MpeeM-
CTBEHHOCTh MEXIY OOIIMM U MpoQecCHOHATIbHBIM 00pa3oBaHueM, Oojee hdek-
THBHO TOJTOTOBHUTH BBITYCKHHKOB IIKOJIBI K OCBOCHHIO TIPOTPAMM BBICIIETO MPO-
(deccnoHanbHOrO0 00OpPa30BaHUS.

Bonpuioii Bk B u3ydyeHue npodiemM nporiibHOro oOydeHHsl BHECTU yue-
ueie u nenaroru 0. K. babauckuii, B. I1. becnnanbko, B. B. I'yzees, B. H. I'ypos,
. I1. Tanunos, 3. JI. duenpos, B. M. Knapun, FO. A. JloGeiiko, T. I'. HoBukosa,
M. A. Ilunckas, JI. O. PocnoBa, A.Il. IllecrakoB, JI. H. CepeOpeHHUKOB,
I1. K. Tpetwsakos, B. A. [llanoBanos, H. M. Illaxmaes, C. H. YuctsikoBa u ap.

Pa3zpaboTke comepkaTebHOTO U METOJUYECKOTO o0ecnedeHus: mpoduIbLHO-
ro oOy4yeHuss MaTeMaTHKe TMOCBSAIIEHB uccienoBanus B. A. I'ycea, I'. B. Jlopo-
deera, JI. C. KankaeBoit, M. B. CrenanoBoii, FO. M. Komnsaruna, I'. . CapanriieBa,
N. M. Cmupnosoi, I1. T. Cyxanosoii, P. A. Yteeoii, B. ®. [llatanosa u ap.

[To MHEHUIO aBTOPOB, MPOAYMaHHAS U TPAMOTHO MOCTPOEHHAs MOJIEIh MPO-
buapHOTO 00YYEHUSI MOXET JaTh y4YalleMycCsi BO3MOXKHOCTb MOCTPOCHHS CBOEH
WHJMBUAYAJIbHOW OCO3HAHHOW 00pa30BaTENIbHOM TPACKTOPUM, MO3BOJIUT CO3/AaTh
ycioBust st AudepeHimanuu coaepkaHus 00yueHus CTapiieKIacCHUKOB U MO-
CTpOEHUS WHANBUIYATBLHBIX 00pa30BaTEIbHBIX MIPOTrpamMM, 00CCTICUUTh yriayOJIeH-
HOC W3YYCHHUE OT/ACIBHBIX yUEOHBIX MPEIMETOB, YCTAHOBUTH PaBHBIA JTOCTYI K
MOJTHOIICHHOMY OOpa30BaHUIO Pa3HBIM KaTEropusiM OOYy4YaroIIUXCs, PaCIIUPUThH
BO3MOYKHOCTH HX COIMAJIN3aliH, 00SCIICYUTh MPEEMCTBEHHOCTh MEXIY OOIIUM |
npodeccruonanbHbIM 0Opa3zoBanueM [3].

B nmocratouHoil Mepe 3TO MOKHO C/eNaTh, B YaCTHOCTH, CPEJACTBAMU MaTe-
MaTukH. [locKoJIbKy MaTeMaTHKa — 9TO OJIMH M3 OCHOBHBIX MPEAMETOB B JIFOOOM
0011e00pa3oBaTeILHOM YUPESKICHUU. A 3HAYUT, KaXKIbId BBITYCKHUK, HECMOTPS
Ha Oynymiyo mpodeccuto, TODKEeH 00J1aaTh JOCTaTOYHBIMA MaTeMAaTHYECKUMHU
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3HaHUSAMU. TeM He MeHee, H3yUeHUE HIKOJIbHBIX TUCIUIUIMH MPEeIMETHON 00nactu
«MatemaTukay npu npoGuiIbHOM 00yYEHHH MPOU3BOAUTCS HA TPEX Pa3HBIX yPOB-
HSIX: KOMIICHCUPYIOIINM, 0a30BOM U TIpodriibHOM [4; 5].

[lepBblil ypoBeHb OOy4Y€HHsSI — KOMIIEHCUPYIOIIMI (MaTeMaTHKa M3y4aeTcs
5-6 yacoB B HejeN0) — MpeAHa3HadyeH sl oOydeHHUs YYalluxcs, BBIOpaBIIHUX
YHUBEpCAIbHBINA NPOoGUIIh U IUIAHUPYIOMINX JajbHelIee 00ydeHUE B YUPEKICHH-
X CpelHero npodeccuoHaIbHOro 00ydYeHus. MaTeMaTH4ecKoe COAep:KaHue 3TOTr0
YPOBHSI COCTABJISIIOT KYPChI aJIr€Opbl U TEOMETPUM OCHOBHOM IIKOJIBI C BKIIFOUCHHU-
€M HEKOTOPBIX TEM KypCOB CTapIIEHl IIKOJIBI.

ba3oBbIil ypoBeHb 00yueHus (MaTeMaTrka usydaercs 4—6 4acoB B HEJENIO)
peanu3yeTcss B 00Oy4EHUHU ydallluxcs, BhIOPABIIMX YHUBEPCAIbHBIA, T'yMaHUTap-
HBIM, QUITOJOTHIECKUN, COITUATHPHO-IKOHOMUYECKUN (Pa3TUIHBIX CIICIIAATU3aIIAN )
npoduiI ¥ TUIAHUPYIOIIUX JaibHeWIee OOy4eHHE B YUYPEKICHHSIX BBICIIETO
npo¢eCCUOHAIBHOTO 00pa30BaHusI.

[IpodunbHbIA ypoBeHb OOyUeHHs (MaTeMaTHKa W3y4yaeTcs 7 4acoB B Hexe-
JI0) peanu3yeTcss B OOYYEHHUM  Yy4alllUXCs, BBIOPABIIMX  E€CTECTBEHHO-
MaTeMaTUYECKUI, TEXHOJOTUUECKUN (pa3IuyHBIX CIEHHAIN3AIMN) U TUIAHUPYIO-
IMX JajibHEelIIee 00y4eHne B MPOPMIBHBIX YUPEXKIECHUAX BBICHIETO Mpodeccuo-
HAJIBHOTO 00pa30BaHuU.

[Tocneqnue aBa ypoBHS 00y4YEHMs IPEINONAratoT 00g3aTeIbHOE BHEAPEHUE
B yueOHbI! Iporiecc 00JIBLIIOT0 KOJIMYECTBA AJIEKTUBHBIX KYPCOB.

[IpodunbHbIe 3/IEKTUBHBIE KYpChI, [0 MHEHHUIO MHOTHX HCCIEOBaTelEH,
SBIISIIOTCS OCHOBHBIM CPEJICTBOM pean3alii NpopuIbHOr0 00y4eHHUs IIKOIbHU-
koB. CojJiep:kaHne TaKMX KypCcOB U MX METOAMYECKOE HAIOJIHEHUE HANpPaBIIEHO, C
OJIHOM CTOPOHBI, Ha YJIOBJIETBOPEHHE MHIMBUIYAIBHBIX 00pa30BaTENIbHBIX WHTE-
pecoB, MOTPEOHOCTEN M CKIOHHOCTEH KaXI0ro IIKOJIBHUKA, a C APYTOi CTOPOHBI,
Ha yrayOJeHHOE U3YUYEeHHE YUAIIUMUCS OTAEIbHBIX MPEIMETOB U UX MOJATOTOBKY K
MOCTIIKOJILHOMY NMPo(eCcCHOHATBHOMY 00pa30BaHMIO.

DNEeKTUBHBIE KYPChl, B OTIUWYME OT (DaKyJIbTaTUBOB, 00s13aTE€NbHBI IJIs y4da-
HIMXCSI U PEAIU3YIOTCS 32 CYET WIKOJIBHOTO KOMIIOHEHTa y4eOHOro IuiaHa. B KoH-
TeKCTe MPOPUIBLHOr0 O0YUEHUs y4alUXCsl OHU JOJDKHBI YUUTHIBATh [103HABATEIb-
HbI€ MHTEPECHl 00YUAIOIINXCS B PA3IMUYHBIX CPepax YeIOBEUECKON e TEIbHOCTH;
«MO/AJIEPKUBATH» H3YYEHHE OCHOBHBIX MNPOQMIBHBIX IPEIMETOB Ha 33JaHHOM
npo(UIbHBIM CTAaHAAPTOM YPOBHE; OCYLIECTBIIATH BHYTPUIPO(PHUIBHYIO CIElHa-
JAU3aLUI0 00Y4YEeHUs U MOCTPOSHUS] MHAUBUYyAbHBIX 00pa30BaTENIbHBIX TPAeKTO-
puil.

JleiiTMOTHBOM conep:kaHUsi MPOPUIBHBIX 3JEKTUBHBIX KYpCOB [0 MaTema-
TUKE BBICTYNAIOT CHEIHalIbHO MOI00paHHble 3aaun. Pemas ux, yyammiics yoex-
JAeTCsl, YTO MHOTHUE MAaTEMaTUYECKHE TMOHSTHS, UMEIOT MPUJIOKEHUS B peabHOU
YKU3HM, B MPAKTUKE JIOACH, B pa3IMUHbIX cepax KUZHEIEATEIbHOCTH YeJIOBEKA.
[Tono6GHOE Kak pa3 U Urpaet OrpoMHYIO poib B MPOQUILHOM O0YUYEHHH.

B Hacrosiiee Bpems, 3a7jaua HEPEIKO TPAKTYETCS KaK MHOTOACIIEKTHOE SIB-
JIeHUsI O0y4YEHHMsI, COTJIACHO KOTOPOMY OHa ecTb [6; 7]:

1) HOCUTENh EUCTBHM (C TOUKHU 3pEHUS COMIepKaHUsI OOYUCHHS);
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2) omHa u3 (popM MPOSIBICHUS U peaTu3allMd METOJIOB 00y4YeHUs (C TOUKH
3peHHS METOJ0B OOYyUEHUS);

3) cpencTBo LeaeHanpaBiIeHHOTro (GOPMUPOBAHMS 3HAHHUM, YMEHHIM HABBIKOB
(c TOUKM 3peHus cpe/icTBa OOYUCHU);

4) onuH U3 crocoOOB OpraHU3alUU U YIPaBJICHUSl Yy4eOHO-TI03HABATEIHLHOM
JESATEIbHOCTBIO yUaluXcs (C TOUKU 3pEHUs JeSTEIbHOCTHOTO aCleKTa);

5) cpencTBO CBSA3U TEOPUU C MPAKTUKOHN (C TOUKU 3pEHUs MPUKIAIHOTO ac-
TIEKTA).

Takass MHOTOaCEKTHOCTh 3aJlad OJHO3HAYHO JOKA3bIBAET, YTO MX MOXKHO
UCIONB30BaTh Kak 3(Q(PEKTUBHOE CPENCTBO MPO(PHUILHOTO OOYYEHHUS YYaIIUXCS.
Oco0eHHO ATOMY B HauOOJBIICH CTENEHH OTBEYAIOT 3a/1ayll MPUKJIAJTHOTO Xapak-
Tepa, TPEOYIOIIUE /sl PEIICHUs MPUBJICUCHHS 3HAHUH, OCHOBAHHBIX HA MaTepualie
pa3HBIX TPEIMETHBIX O0JaCTe, a TaKKe — 3aJa4yd, MPU PEIICHUH KOTOPBIX
HaTJISIIHO OTpakaeTcsl poJib MaTeMaTHUKU B Pa3HbIX MPOPMIsiX oOydeHUs: UHAY-
CTPUATBHO-TEXHOJIOTHYECKOM, €CTECTBEHHOHAYYHOM, COIMAaJIbHO-3KOHOMHYEC-
KOM, (PU3MKO-MaTeMaTUYeCKOM, T'yMaHUTApPHOM, XYJI0KECTBEHHO-ICTETHUECKOM,
000pOHHO-CIIOPTUBHOM U JIp. [5].

JlelicTBUTENBHO, HAITPUMED, TIPU M3YUYEHHUH MPOU3BOJHON — OCHOBHOIO MO-
HATHS Kypca anreOpbl U Hayal MaTEeMaTHYECKOTO aHaiu3a B 0011e00pa3oBaTelib-
HBIX YUPEKIEHUSIX — MOKHO aKTUBHO HCIIOJIb30BAaTh MEXIPEAMETHBIE CBSI3H Ma-
TEMAaTUKH U MHOTHX JIPYTHX NPEAMETHBIX AUCUMILIMH [1]. Tak Kak 3TO moHsATHE
HaXOJUT IMIMPOKOE MPUMEHEHHE, B YACTHOCTHU, BE3]I€, IJIe MPUXOAUTCS JeJaTh pac-
YEThI JJIsI KAaKUX-TUO00 3JIEKTPOHHBIX U TEXHUUYECKUX YCTPOWCTB, /i€ €CTh HEPAB-
HOMEPHOE MPOTEKaHUE KaKoTo-Iu0o mnpoiecca (Oyap TO MEXaHUYECKOE JIBUKEHUE,
MEPEMEHHBIN TOK, XUMUYECKUE PEAKIIMU WA PAJAMOAKTUBHBIA pacraj] BEIIecTBa U
T. 1.), TJI¢ HEOOXOIUMO 3HAaTh CKOPOCTH PEaKIMil XMMUYECKUX BELIECTB (MpH pe-
HICHUU ITPOM3BOACTBEHHBIX 3a7a4 B MEIULIMHCKOM, CEIbCKOXO3IMCTBEHHONU U XU-
MHYECKON MPOMBILIIJIEHHOCTH), U JIP.

Hanpumep, ¢ mnOMOLIBIO MPOWU3BOJHOW B OSKOHOMHMKE MOKHO HAUTH
HAWBBICIIYIO TPOU3BOJUTEIBLHOCTh TPYAa, MAKCUMAIBbHYIO MTPUOBLIL, MAaKCUMAIIb-
HbII BBIMYCK, MUHUMAJIbHBIE U3JIEPKKU U Ap. Torma, B KOHTEKCTE COLMAIbHO-
HKOHOMHUYECKOTO MPOPUIHLHOTO OO0YYEHUS YHAIIUXCsl CTapUIUX KIACCOB, MOCIE-
HUM MOYKHO NPEIJIOKUTH CIEAYIOIINE NpUKIagHbie 3a1aun 1-3 nmo teme «IIpume-
HEHHE MPOU3BOIHOMN.

3anauda 1. Kade «BocTok» MOxkeT 00CIy UTh B CpeIHEM X MOCETUTENCH B
JIeHb. Y CTAaHOBJIEHO, YTO 3aBUCUMOCTh ()MHAHCOBOU BBIpYUKH Kade oT oObema 1mo-
ceTHTelel BeIpaskaeTcs popmyioit F(X) = 600x —0,02x* — 1000. HccienosaTs mmo-
TeHIHan kade.

3anmaua 2. O6wem npoxykiuu V (yci.en.) NpeanpusTis B TeueHne padouero
nHsE ormcbiBaeTcs GyHkmueit V = 425+ 75t — 5t° — t*, rme t — Bpemst (). Haiitu
MPOU3BOAUTENILHOCTh TPYJa U CKOPOCTh €€ U3MEHEHHS yepe3 3 yaca nocie Hayaia
paboThl. Yepe3 CKOJBKO 4YacoB OT Hauaja pabouyero HsS MPOU3BOIUTEIHLHOCTH
Tpyaa OyJaeT HauOOIbIeH?

3anaua 3. [lemeHTHBIN 3aBOA MPOM3BOAUT X TOHH IleMeHTa B jAeHb. [lo mo-
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TOBOPY OH JOJDKEH €XKEIHEBHO MOCTAaBIISITh CTPOUTENbHON Qupme He meHee 20 T.
nemeHTa. [Ipon3BoICTBEHHBIE MOIITHOCTH 3aBOJIa TAKOBBI, YTO BBIITYCK 1IEMEHTA HE
MoskeT npeBbiath 80 T. B JeHb. OnpeAenuTh, NP KakoM 00beMe MPOU3BOJICTBA
yleabHbIe 3aTpaThl OyAyT HaHOONBIIUMU (HAUMEHBIINMH ), €CIi (QYHKIUS 3aTpat
AMEET BU Z=98%*+ 200x —x°.

[IpencraBneHHbIe 3a/1a4ll HANPaBJICHBl Ha BBISBJICHUWE U YCWIEHHUE Y y4a-
MIMXCS MPO(OPUEHTAITMOHHBIX BO3MOXKHOCTEH U CIIOCOOHOCTEH, MX CKIOHHOCTEH
K 9KOHOMHUYECKOMY HaIpaBiICHHUIO MPO(ecCHOHANbHON NesSTENbHOCTH U mpodec-
CHOHAJIbHBIX HHTEPECOB Yepe3 OJTHOBPEMEHHOE (DOPMUPOBAHHUE Y HUX MMOHUMAaHHUS
MaTEeMaTHYECKOTr0 aHaJIN3a KaKk MHCTPYMEHTa MCCIEAOBAHUA U pelIeHus mnpodec-
CHOHAJBHBIX 3a/1ad B COOTBETCTBYIOILIEH cdepe >KU3HEAEATEIHLHOCTH YeJIOBEKa,
YTO, CUMTAEM, U MTOATBEPAIII IPOBEACHHBIA HAMH MEarOrMUeCKUN SIKCIIEPUMEHT.
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CadonoB Baagumup UBanoBuu
KaHIuAaT (PU3MKO-MaTeMaTUIECKUX HAYK, JOLCHT
kadenpa MHPOPMATUKHU U BHIYUCITUTEIIbHON TEXHUKU
OI'BOY BIIO «MopioBckuit rocy1apCTBEHHbBIN MearOru4ecKui
uHcTuTyT uMeHu M. E. EBceBbeBay, . CapaHnck, Poccust

MPUMEHEHUE BO3MOKHOCTEM CATIP KOMIIAC-3D
JJIAA PEAJIMBAIIMUA METOJA KOMIIBIOTEPHOI'O
MOJAEJIUPOBAHUA ITPU OBYYEHUU HIKOJIBHOMY KYPCY
MATEMATHUKHA

Annomayusn. PaccMaTprBaeTcsi BONPOC peau3aii METoja KOMIBIOTEPHOTO
MOJICIIMPOBAHMSI B IIKOJIBLHOM Kypce MaTteMaTuku. [loka3zaHo, Kak yKa3aHHBIH METOJ
MOJKET OBITH peajar30BaH IS TIOCTPOCHUS M MCCIEAOBAHUS KOMITBIOTEPHBIX MOJIe-
JIel ¢ MCIOJIb30BAaHUEM BO3MOYKHOCTEH CHCTEMbI aBTOMATH3UPOBAHHOTO TIPOCKTHPO-
Banus (CAITP) KOMITIAC-3D LT.

Knrwuesvte cnosa: MoJeib, MOJICITUPOBAHUE, METOJI KOMITBIOTEPHOTO MOJIe-
JUPOBAHUS, CHCTEMa aBTOMATH3UPOBAHHOTO MPOCKTHUPOBAHUS, OOy4YCHHE, MaTeMa-
THUKA.

Safonov Vladimir Ivanovich
Candidate of physico-mathematical Sciences, Docent
Head of the Department of mathematics and methods of teaching mathematics
Mordovian State Pedagogical Institute, Saransk, Russia

APPLICATION OF OPPORTUNITIES CAD KOMPAS-3D FOR
REALIZATION THE METHOD COMPUTER MODELLING
WHEN TRAINING IN THE SCHOOL COURSE OF MATHEMATICS

Abstract. In article the question of realization of a method of computer mod-
eling in a school course of mathematics is considered. It is shown how the specified
method can be realized for construction and research of computer models with use of
opportunities of system of the CAD KOMPAS-3D LT.

Keywords: model, modeling, method of computer modeling, system of the
automated design, training, mathematics.

MonepHu3zaiusi cUCTeMbl 00pa30BaHUs MPE/IOJIaraeT HOBbIE MOAXOAbI K Op-
raHu3alyu yaeOHOTO Ipollecca, K UCIOIb3yeMbIM METOJIaM U cpencTBaMm. OqHuM
U3 TIOJXOJ/IOB SIBIIACTCS pean3aiius MEXKXMIPEIMETHOCTH MPU O0yUYEeHUH y4eOHBIM
JTUCITUTIIMHAM C UCIOJIb30BaHUEM MH(GOPMAIIMOHHBIX U KOMMYHHKAIIUOHHBIX TEX-
nosoruii [1; 3; 4]. s 5TOro MOKHO HCIOIB30BaTh pa3aIndHbie cpeasl [8; 9].

PaccmoTpuM UCIONB30BaHUE BO3MOXKHOCTEM CUCTEMBbI aBTOMATU3UPOBAHHOTO
npoektupoBanus (CAIIP) KOMITAC-3D LT ans peanuzanuu MeToia KOMITbIO-
TEPHOI'0 MOJICTUPOBAHUS NMPU 00YUECHHUH IIKOJIHBHOMY KypCY MaTeMaTHKH.

CAIIP KOMITAC-3D sBnsiercst ognoi u3 pazpadborok pupmei ACKOH. Ha
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6aze KOMIIAC-3D Obuta paspaborana momudukamus KOMIIAC-3D LT (umm
KOMITAC-IIIkonpHuk) [2]. PaccmMoTpum penieHue 3agaqyu NOCTPOSCHUSI TPEXMEP-
HOT'O M300pa)KEHUsI TOpa U €ro MOCIEAYIOIIEro UCCIIECIOBAHUS C UCIOJIb30BAHUEM
METO/1a KOMITBIOTEPHOTO MOJIeupoBanus. J[Jis 3Toro cHavana Tpedyercst BEIOpaTh
koMaHay MeHto Daiini—Co30ams, a 3aTeM — NMyHKT «/letanby B okHe «HoBBIN 10-
KyMEHT» U HaxkaTh KHOIKY «OK» (puc. 1).
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Puc. 1. Beibop mynkra «/letans» B okae «HoBbiit jokymenT» KOMITAC-3D LT

Jl71st mocTpoeHust Topa TpedyeTcst HApUCOBATh OKPYKHOCTh M OCEBYIO JIMHUIO,
BOKPYT KOTOPOM OYyJIeT BpalaThCsi OKPY>KHOCTh. [locTpoeHMs BBITIOJIHAIOTCS € TO-

-
MOIIIbI0 MHCTpYMEHTa «OKpYXKHOCTBH» 4| U MHCTpymMeHTa «OTpe3ok» ~ * (mns
KOTOPOTO YKa3bIBaeTCsl CTUJIb JIMHUU «OceBas») maHeau HHCTpYMEeHTOB «I eomeT-

pus» &l (puc. 2).
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Puc. 2. [Toctpoenne okpyxxkHoCcTH U 0Tpe3ka B KOMITAC-3D LT
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3arem BwIOMpaeTcss KoMaHaa MeHio Onepayuu—Onepayus—Bpawenus, pe-
3yJbTATOM BBIMIOJHEHUS KOTOPOW OyneT MakeT Teja BpallleHus (B HAIlleM cliydyae
TOpa), MPeICTaBICHHBIN Ha puC. 3.
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Puc. 3. IToctpoenue makera Topa B KOMITAC-3D LT

Haxarue kHonku «Co3nath» * TPUBOAUT K CO3aHHIO KOMITBIOTEPHON MO-
nenu Topa (puc. 4).
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Puc. 4. Mopeinb Topa, moctpoerHas cpeacrsamu KOMITAC-3D LT

C nomonisto uHcTpymMmeHToB KOMITAC-3D LT BO3MOXKHO HCCle0BaHUE MO-
CTPOCHHON KOMIMBIOTEPHOW MOJENU: BpaIlleHHe, N3MEPEHUE JIEMEHTOB, MPUOIH-
YKEHUE U OTJAJICHUE, a TAKXKE €ro peJakTUPOBaHUE (M3MEHEHUE TOJIIUHBI CTEHOK,
(dbopMbI 00BEKTA U JP.), HAIPUMEP, JIJIS O3HAKOMJICHHS ¢ ceYeHHeM Topa (puc. 5).
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Puc. 5. Ceuenue Topa, nokazannoe cpeacrsamu KOMITAC-3D LT

AHaIOTMYHO MOKHO PEaJIM30BbIBATh METOJI KOMIIBIOTEPHOTO MOJETUPOBAHUS
npu noctpoeHun U uccienoBannn B KOMIIAC-3D LT gpyrux Ten BpaiueHus,

Harpumep,
(puc. 6).
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Puc. 6. Mozens koHyca ¢ ceueHreM, noctpoenHas cpeacrsamu KOMITAC-3D LT

B KOMIIAC-3D LT umeetcst uHCTpyMeHT Ceuenue, KOTOPbI MOXET OBITh
MCITIOJIB30BAH B XOJI€ Peasiu3alliid KOMIIBIOTEPHOTO MOJEIMPOBAHUS NIPU PEIICHUH
3a/1aud Ha MOCTPOEHUE CEUYEHHs, pacCMaTpUBaeMOM B IIKOJIBHOM Kypce Marema-
TUKHU. PaccMoTpuM ee pellieHre Ha mpuMepe MOEINH, IPEACTaBICHHON Ha pucC. /.
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Puc. 7. Monens uist penienus 3ana4u Ha mocrpoenue ceuenus B KOMITAC-3D LT

Bribupaercss mocTtpoeHue 3cKu3a, ISl 4ero TpeOyeTcsl BhI3BaTh B IMAaHETH
«JlepeBo Moze» KOHTEKCTHOE MEHIO JiJis myHKTa «Ilnockocts ZX». 3atem ¢ mno-
MOIIbI0 MHCTpYMEHTa «OTpe30K» IMaHeTu WHCTPYMEHTOB «I'eomerpus» u300pa-
JKACTCS OTPE30K, KOTOPBIH OMPEICSIIUT IUIOCKOCTh CeUeHUs 00beKTa (puc. 8).
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Puc. 8. IToctpoeHune oTpeska, onpeelIsIromero miockocTs ceueHuss B KOMITAC-3D LT

[TocTpoeHHBIN OTPE30K MO3BOJUT MOCTPOUTH IUIOCKOCTh CEYEHUS UCXOAHOTO
o0BeKkTa ¢ nmomoIpo KoMauasl Onepayuu—Onepayus—Buloasnusanus. Tloctpoen-

Has IIJIOCKOCTb CCUYCHUS IMMOKa3daHa Ha PUC. 9.
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Puc. 9. ITimockocts ceuenns ucxoauoro oorexkra B KOMITAC-3D LT

Bribupaercs xomanga menio Onepayuu—Ceuenue—llosepxnocmoio M C TO-
MOIIBIO MBIIIN BBIAEISCTCS IIOCKOCTh cedeHus (puc. 10).
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Puc. 10. Bei6op mtockocTu ceueHus ucxoauoro oobekra B KOMITAC-3D LT

Haxatne xHonku «Co3naTe» *+ MNPUBOIUT K YAAJCHUIO YaCTH HCXOIHOTO
obbekTa (puc. 11).
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Puc. 11. ®parMeHT HCXOIHOTO 00BEKTA MOCIe ero ceueHus miockoctsio B KOMITAC-3D LT

Ecnu BbiOpaTh komanay «HopmallbHO K...» B KOHTEKCTHOM MEHIO ITyHKTa
«Ilmockocte ZX», pacnojoKeHHOM B mHaHenu «JlepeBo Mojaenm», TO B OKHE

KOMITAC-3D LT 6yzaer noka3ano noixy4eHHoe cedeHue (puc. 12).

Otmerum, yto Bo3MoxkHOCTU KOMITAC-3D LT mno3BOJISIIOT HOPOU3BOAUTH
M3MEPEHUSI XaPAKTEPUCTUK MOCTPOCHHON KOMIIBIOTEPHON MOJIENIM, HampuMmep, ¢
NMOMOIIbI0 KoMaHAbl MeHIO Cepsuc—H3mepums MOKHO U3MEPUTH JUTMHY BBHIOpaH-
HOTO dJIEMEHTa O0BEMHOU (DUTYpHI, TUIOMIAAL BBIICICHHOW MOBEPXHOCTH U JP.

(puc. 13-14).
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Puc. 14. N3mepenne miomaan BeIOpanHoi moBepxHocTy ¢urypsl B KOMITAC-3D LT

Komanna Cepsuc—MI[X mooenu TO3BOJISET BHIYUCIUTH TaK HAa3bIBAEMBIC
MacCO-IICHTPOBOYHbBIEC XapaKTepucTuku Mozenu. [locie BeiOOpa maHHON KOMaH bl
oTkpoetcs okHO «MHbopmarusy», comepxkaliee CBeIeHus 0 Macce, 00beMe | TII0-
maau nosepxHoctu 3D-monenu. Kpome 3Toro, OyayT BBIUMCICHBI KOOPIMHATHI
IIEHTpa Macc JeTalii, MaTepuall U €ro IUIOTHOCTh, KOTOPbIE MOXXHO H3MEHUTH

(puc. 15).
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Puc. 15. U3mepenue macco-1IeHTpOBOYHBIX XapakTepuctuk gurypsl B KOMITAC-3D LT

B KOMIIAC-3D LT umeercss BO3MOXKHOCTh NOKA3bIBaTh 3HAYCHUS U3MEpPE-
HUS HETIOCPEACTBEHHO HAa KOMIIBIOTEPHON MoAeld. [ 3TOTO HCIOIB3yeTcsl KO-
MaHaa MeHI0 Onepayuu—Inemenmol ogopmuenus. MOKHO U3MEPUTH U MOKA3aTh
Ha TPEXMEPHOM OOBEKTE PacCTOSIHUE, YOI, paauyc u ap. (puc. 16).
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Puc. 16. Otobpaxkenue pe3yapTaToB u3MepeHuit Ha 00beMHOM 00bekTe B KOMITAC-3D LT

Takum o6pazom, BozmoxkHoctu CATIP KOMITIAC-3D LT no3BoJisioT peanu-
30BaTh METOJ KOMITBIOTEPHOTO MOJEIUPOBAHUS MPU PELICHUU 3a/1a4, pacCMaTpH-
BAEMBIX B IIKOJIBHOM KypC€ MAaT€MaTUKH, & UMEHHO: JEMOHCTPALHs 3JIEMEHTOB
00BEMHBIX (QUTYD; TOCTPOECHUE TEOMETPUUECKUX MOJIENIEH U U3MEPEHUE UX XapaK-
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TCPUCTHK; PCHICHUC 3a/1a4 Ha ITOCTPOCHUC, B TOM YHCJIC HA ITIOCTPOCHUC CEUCHUU U
zp.

Cnucok McnoJib30BAHHBIX HCTOYHUKOB

1. MaprupocsH, JI. I1. IloaroroBka negaroru4eckux KajapoB 0 COBMEIICHHBIM MPO(UIIIM
B O0JIacTM KOHBEPreHLIMW TpEJAMETHBIX o0nacTeil MaremMatuku W HHOOpMATHKH /
JI. T1. MaprupocsH, B. . Cadonos // I'ymanutapasie Hayku u ooOpazoBanue. — 2015, — Ne 4, —
C. 81-84.

2. Pemiennss ACKOH B mikonax, JMIEesX ¥ TUMHA3UIX [DNEKTPOHHBINA pecypc]. — Pexxum
nocrtyma : http://www.autodesk.ru/adsk/servlet/item?sitelD=871736&id=15985077 (mata obOpa-
menust: 12.02.2016).

3. Cajdonos, B. 1. KouBepreHuus MeToI0B MAaTEMAaTHYECKOTO MOJICIIUPOBAHUS M BBIYHC-
JUTEIBHOTO JKCIEpPUMEHTa B 00ydeHue MKoJbHOMY Kypcy uHpopmatuku / B. . Cadonos //
Y4eOHsIii okciepuMeHT B oOpazoBanuu. — 2015. — Ne, 3. — C. 38-41.

4. Cadonos, B. U. IlogroroBka yunrteneit MaTeMaTUKU U HHOOPMATUKH K UCITOJIH30BAHUIO
web-nporpaMMupoBaHusl U OpPraHU3allMM BBIYHCIUTENBLHOrO sKcnepumenta / B. U. Cado-
HOB // YueOHbIl skcniepuMeHT B oOpazoBanuu. — 2014. — Ne. 2. — C. 23-31.

5. llla6anos, I'. U. Moaens oOydeHus: 0OIIETEXHUYECKUM AUCITUIUIMHAM HA KOMILIEKC-
HOM MHGOPMAIIMOHHO-00pa30oBaTeIbHOW 0a3e MpU TMOATOTOBKE HH)KEHEPHBIX KaapoB [/
I'. W. llla6anoB // UaTerpamus oopazoBanus. — 2005.— Ne 3. — C. 181-185.

6. [llabanos, I'. U. lunakTrdeckuii 0630p OCHOBHBIX CUCTEM TPEXMEPHOIO reOMeTprye-
ckoro moxenupoBanus / I'. U. 1llabanoB // DHepropecypcochOeperamoiine TeXHOIOIHH U CUCTe-
Mmbl B AIIK. — Capanck, 2003. — C. 251-254.

7. Ilabanos, I'. . Pa3paboTka npukianHoi OMOIMOTEKH MOPIIHEBBIX MEXaHH3MOB B
cpene Komnac-MAKPO / T'. 1. 111abanos, A. A. Kouetkos // Hayka u kynsTypa Poccun. — 2014.
—T.1.-C.343-345.

8. Kopmunuupina, T. B. TloctpoeHne KOMOBIOTEPHBIX MOJENEH 7S y4eOHBIX AKCHEPH-
mentoB / T. B. Kopmununpiaa / YueOHbIi skcriepuMeHT B oOpaszoBanmu. — 2011, — Ne 2. —
C. 44-49.

9. Kopmwmmiieiaa, T. B. BeUucIHTETBHBIA SKCIIEPUMEHT W KOMITBIOTEPHBIC MOJICTH B
cB0OOTHOM TporpamMmHoM obecriedenun / T. B. Kopmunuupina / YueOHbIH SKCIIEpUMEHT B 00-
pazoBanuu. — 2010. — Ne 1. — C. 18- 22.

References

1. Martirosyan L. P., Safonov V. I. Pedagogical staff training of the combined profiles in
the field of convergence of subject domains of mathematics and informatics. The Humanities
and Education, 2015, No. 4, p. 81- 84.

2. Solutions of ASKON at schools, lyceums and gymnasiums. URL
http://www.autodesk.ru/adsk/servlet/item?sitelD= 871736 &id=15985077.

3. Safonov V. I. Convergence of methods of mathematical modelling and computing ex-
periment in training in the school course of informatics. Uchebnyiy eksperiment v obrazovanii,
2015, No. 3, pp. 38-41.

4. Safonov V. I. Training of mathematics teachers and informatics for web programming
use for the organization of computing experiment. Uchebnyiy eksperiment v obrazovanii, 2014,
No. 2, pp. 23-26.

5. Shabanov G. l. Model of training General engineering disciplines integrated infor-
mation and educational base for training of engineers. Integration of education. 2005, No. 3,
pp. 181-185.

6. Shabanov G. I. Didactic overview of the main systems of three-dimensional geometric
modeling. Energysaving technologies and systems in agriculture. Saransk, 2003, pp. 251-254.

45


http://elibrary.ru/item.asp?id=19748467
http://elibrary.ru/item.asp?id=19748467
http://elibrary.ru/contents.asp?issueid=1347158&selid=22490354

2016 V01 ___

7. Shabanov G. I., Kochetkov A. A. Development of applied library of the piston mecha-
nisms in the environment of the Compass-MAKPO. The science and culture of Russia, 2014,
vol. 1, pp. 343-345.

8. Kormilitsyna T. V. Simulation models for educational experiments. Uchebnyi eksper-
iment v obrazovanii, 2011, No. 2, pp. 44-49.

9. Kormilitsyna T. V. Computer simulations and computer models in a free programme
providing. Uchebnyi eksperiment v obrazovanii, 2010, No. 1, pp. 18- 22.

Hocmynuna 20.12.2015 2.

VIIK 371.69:004.3(045)
BBK 74c

IlanTeneeB Asiekcanap BiagumupoBuy
KaHIUJAT TEXHUYECKUX HAaYK, JOLEHT
kadenpa cepBuca
OI'BOY BIIO «Mopnockuii rocynapctBeHHblid yauBepcuteT umenu H. I1. Orapépa»
r. Capanck, Poccus
pavSTF@yandex.ru

ITayrkuna Oabra BanoBHa
CTapIlMi MpernoaaBaTeib
kadenpa MHPOPMATUKU U BEIYUCIUTEILHON TEXHUKHU
OI'BOY BIIO «MopaoBckuii rocy1apcTBEHHbIN EAArOrnYeCKUil HHCTUTYT
umenu M. E. EBceBbeBay, r. Capanck, Poccus
ivt@mordgpi.ru

TEXHOJIOI'MA SJIEKTPOHHOI'O OBYUYEHUS B BY3E

Annomayun. PaccMaTpuBarOTCs 3Tanbl Pa3BUTHUS JIEKTPOHHOTO OOYy4YEeHMS,
TCXHOJIOTMHM JHUCTAHIIMOHHOI'O O6y‘leHI/I${. HpOBOZ[I/ITC}I aHaJInu3 Tpe6OBaHHI>'I K IIpo-
rpaMMHOMY OOECTICUSHHIO JJIsI OPTaHU3AIIMN AIIEKTPOHHOTO 00yUYEHUSI.

Knroueswie cnosa: 9JICKTPOHHOC 06y‘{€HI/Ie, JUCTAaHIITMOHHOC o6yquI/Ie, TCX-
Hostoruu e-Learning.

Panteleev Aleksandr Vladimirovich
Candidate of technical Sciences, Docent
Department of service
Ogarev Mordovia state University, Saransk, Russia

Pautkina Ol'ga Ivanovna
Senior lecturer
Department of computer science and engineering
Mordovian State Pedagogical Institute, Saransk, Russia

THE E-LEARNING TECHNOLOGY IN HIGHER EDUCATION

Abstract. The article considers the stages of development of e-learning, tech-
nologies of distance learning. The analysis of software requirements for e-learning.
Keywords: e-learning, distance learning, technologies of e-Learning.

46



VYEBHbIH SKCIIEPHMEHT B OBPA30BAHHH

B nocnennee Bpemsi B MUpe MOTYyUYUIIO IIUPOKOE PACTIPOCTPAHEHHE TTOHSITHE
e-Learning, oznauatomuii porecc 00y4eHus B IEKTPOHHOM (popmMe mocpecTBOM
cetu HTEpHET.

[Tepexon oT TpaaUIMOHHON (POPMBI 0OYUEHUST K 00YUEHHIO HA OCHOBE KOM-
NBIOTEPHBIX TEXHOJIOTMI MPOUCXOUI B TEUEHHUE ABYX AecATKOB jeT. C MOMeHTa
BO3HMKHOBEHUS OOJIBIIUX apXMBOB, HAXOJAIIMXCS HA MAalIUHOYMUTAEMbIX HOCUTE-
JSIX, BCE Yallle W Yallle MOSBISIAcCh MBICIb MPUMEHUTh 3TOT MaTepuai B IEJSIX
oOyJeHus.

B Oosbiieii creneHyd TakoW Mepexoj] cTajl BOZMOXHBIM C Pa3BUTHEM TJIO-
OanbHOM cetu MHTEpHET, KOTOpas MO3BOJIMJIA TEpeCchUIaTh JH000€ KOJIUYECTBO
JTAHHBIX Ha OOJIBIINE PACCTOSIHUS, CBOOOIHO OOIATHCS C MOJIB30BATEISIMU CETH B
OHJIAH-peXHMe, pa3MenaTh WH(GOPMALMI0O Ha CTpaHulnax cetu MHTepHeT, Tem
cambIM Jenas e€ TOCTYITHOM ISl BCeX JKeNarouX.

OTansl pa3BUTHI JIEKTPOHHOTO OOYYCHHSI MOKHO TIPECTaBUThH B BUJIE CliE-
JYIOIIEH TIOCTIe0BATEIbHOCTH:

1) xkypcol Ha CD-nuckax;

2) TUCTAaHIIMOHHOE OOYYEHUE;

3) TexHoJjorus e-learning.

Kaxxnplii 13 mocieayronmx 3TanoB BKIIOYAET B ce0s TEXHOJIOTUU TPE.bl-
nymero. Kypesl Ha 6aze CD-auckoB uctopudecku MOsSBUIUCH CAMbIMH [IEPBBIMU.
WX OCHOBHBIMU JOCTOMHCTBAMHU OBLIM: HOBATOpCKas UAEs, MPEICTaBICHUE TeMa-
TUYEeCKOW MH(OpMaLMK HAa MAIIMHOYUTAEMOM HOCHUTEJE, METOANYECKHU IPaMOTHO
OpPraHMW30BAHHBIN TPEHUHI, UHTEPAKTUBHBIE BO3MO>KHOCTH, yI0OCTBO MpPUMEHeE-
HUS, IOCTYITHOCTb.

B xagecTBe HEAOCTATKOB MOKHO OTMETHTh: OTPAHMYEHHOCTh Kypca, TPYAO-
€MKOCTh CO3JJaHHSsI, OTCYTCTBHE BO3MOKHOCTH MOAN(PHKAIIH.

Crnenyroommii 3Tan — JUCTAHUMOHHOE OOy4YEHHWE, MPEICTaBIIAIONIMN HHOU
00pa30BaTeNbHBINA TOIX0, TO3BOJIMI YCTPAHUTH BHIIICTIEPEUYHCICHHBIE HEJOCTAT-
KA ¥ TEM CaMbIM MPUHEC B DJIEKTPOHHOE OOYYECHHE LEJBINA PAJ TOTOTHUTEIBHBIX
BO3MO>KHOCTEMN.

[Ipu nucTaHIMOHHOM OOYyYE€HHMH OCHOBOW OOpa30BaTEILHOIO MpOIecca sB-
JsieTcsl LieJieHanpaBlieHHas: aKTUBHAs caMOCTOsITeNIbHas pabora o0ydyaeMoro, Ko-
TOPBIM UMEET BO3MOXHOCTh MOJy4yaTh 3HAHUs B yIOOHOM 1Jisi ce0sl MecTe, B UH-
JTUBUAYaTbHOM TEMIIE, IPU UMEIOIIEMCSl KOMIUIEKTE CHEIMaIbHBIX CPEJICTB 00Y-
YEHUSI C BOBMOXKHOCTBIO KOHTAKTAa C MPErnoaBaTesIeM.

JIUCTaHIMOHHOE O0YYEeHHE XapaKTepU3yeTCsl CIEAYIOIIMMH TOJOKUTENb-
HBIMH MOMEHTaMH: THMOKOCTh Tpaduka oOydeHUs, MHAWBHUIyalbHAS TPACKTOPHS
OoOy4YeHUsl, COOTBETCTBYIOIAs COOCTBEHHBIM IMOTPEOHOCTSIM U BO3MOKHOCTSIM;
OOBEKTUBHAS METOJWKA OIICHKHM 3HAHUM, HE3aBUCAIIAs OT MpEnojaBaTess; BO3-
MO>KHOCTH TOJTyY€HHsI KOHCYJIFTaTUBHOM MOMOIIM TIpernoiaBareis B Xoae oOyde-
HUS; OTHOCHTENbHASI HEBBICOKAsi CTOUMOCTb.

B cBoro ouepens u npenogaBaTessaM Takas opMa 0OydeHHsI JaeT JOTOTHH-
TENbHBIE BO3MOXKHOCTH JUISI MPEAOCTABICHHS CTyIEHTaM Y4eOHOro maTepualna,
T. €. MOSIBJISIETCSI BO3MOYKHOCTh OXBaTa OOJIBIIETO YMCia CTY/JACHTOB 0e3 yBelnuue-
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HUs Harpy3ku. CTaHOBHUTCS OYEBHUJHBIM, YTO IPH BCEX OTMEYEHHBIX JOCTOWH-
CTBax, AUCTAHIIMOHHOE 00y4YeHHe ObICTPO 0OpPEN0 OTPOMHYIO MOMYJISIPHOCTH B 00-
pa3oBaTeNbHOM cpeie.

HanHoit popmoii 0OydeHHUs] MOCTENEHHO 3aUHTEPECOBAIMCH KPYIHBIE KOP-
MOpalUy, CHPaBEUIMBO OTMETHB, YTO AUCTAHIIMOHHOE OOy4YEHHE IMO3BOJUT UM
OBICTPO, KAUECTBEHHO U CPABHUTEIILHO HEJOPOTO, a TAaKXKe, YTO HEMAJIOBAXKHO, 0€3
OTpBIBa OT MPOU3BOACTBA MOBBICUTH KBATU(UKAIIUIO CBOUX KaJPOB.

JIucTaHIIMOHHOE 00pa30oBaHUE — 3TO JOCTATOYHO BOCTPEOOBAHHAS U IEp-
criekTuBHas ¢opma oOyueHus. [ MakcumanbHO 3(PPEeKTUBHOTO €€ UCTIOTB30Ba-
HUS HEOOXOMMa TEOPETHYECKAsl U TEXHUYECKask 0a3a COOTBETCTBYIOLIEIO YPOBHSI.
A TaxXe BaXKHYIO POJIb B YCHEIIHOCTHA 00pa30BaTENbHOIO NPOLECcCca UIPaeT 3auH-
TE€PECOBAaHHOCTh YUACTHUKOB JaHHON (POpMBI 00yUEHUSI.

Hcnons3oBanne MHTEepHET B 00pa3zoBaHuM, pa3HOOOpa3ne TeMaTHK OHJIAH-
KypCOB, CIIOCOOOB MX peanu3ally MPUBEIN K MOSBIECHUIO 0ojiee HIMPOKOTO TEp-
muHa e-Learning.

EBporeiickas komuccusi onpezeisier e-Learning xak «ucrnonb3oBaHHe HO-
BbIX TEXHOJIOTUI MyJnbTUMeana 1 VHTEpHET JUisl HOBBILIEHUS KauecTBa O0yUYeHUs
3a CYeT YJYYIIEHHUs JIOCTyIa K pecypcaM U CepBHCaM, a TakKe yJaJeHHOro ooMe-
Ha 3HAHUSIMU U COBMECTHOU pabOTHI».

Ha ceroassimiHuii AeHb 3JEKTPOHHOE OOydYe€HHE MOHMMAETCs Kak ¢opma
oOy4eHHMsI, UCTIOIb3YIOIAsl NHTEPAKTUBHBIE AJIEKTPOHHBIE CPEJCTBA MPEIOCTABIIEC-
Hust uHpopmanuu: CD-aucku, mokanbHble ceTH, riodanpHas cetb MuTtepuer. Pe-
1iasi CBOIO MEpPBOHAYAIIbHYIO 3a/lauy, oOydueHHe yaalleHHO uepe3 MHTepHer, Tex-
HoJoTHsI e-Learning takxe SBJISETCS OTIUYHBIM JIOTIOTHATEILHBIM CPEICTBOM OY-
HOU (popMbl OOYYEHHS U MOXKET CTaTh XOPOIIUM CIOCOOOM TMOBBIIICHUSI Kaue-
CTBECHHOM TOJITOTOBKU IIPH TPAIUIIMOHHOMN opme oOyueHus [4-5].

[TonoxxutenbHble CTOPOHBI 3JIEKTPOHHOTO OOYYEHHUS HAIUId BBICOKYIO
OlLIeHKY U B Poccuu. ['pyrima pocCHUiCKUX By30B COBMECTHO C PSIAOM BY30B 3a Py-
0eXOM, aKTHBHO MNPHUMEHSIOIIMX TEXHOJIOTHIO e-Learning B oOpa3oBaTe/ibHOM
nporecce, Co34alnu KOHCOPLUUYM «DJIEKTPOHHBIN YHUBEPCUTET.

VYHUKaJIBHBIM NPOEKTOM ISl MOJIb30BaTeNIell B IUIAHE MOBBIILIEHUS CBOUX
3HaHWN B 00JaCTH MH(GOPMAIIMOHHBIX TEXHOJOTUHN siBNsieTcs MHTepHeT YHuBep-
cutetr Uupopmanmonnsix Texnonorut (MHTYUT), ocymectBistonuii o6pa3zoBa-
TEJIbHBIN MTPOIECC TOCPEACTBOM cetr MHTepHeT [2].

O} PeKTUBHOCTHIO NTUCTAHIIMOHHOTO OOYYEHHUs SBIISETCS HCIONb3yemas B
HEM TEXHOJIOTHS. BO3MOKHOCTH M XapaKTEPUCTHKU HCIOJIb3YEMON TEXHOJIOTHUU
JUCTAaHIIMOHHOTO 00YYEHUs1 HAIpaBJIeHbl HA 00ECIeYeHNEe MAKCUMAJIbHO BO3MOX-
HOM 3 (hEeKTUBHOCTH B3aMMOJICHCTBUS MpenogaBaTess 1 00y4aeMbIX B paMKax JIH-
CTaHIMOHHOU (pOpMBI 00yUEHUSI.

OCHOBHBIMU TPYIIIaMU CPEJICTB OPTaHU3AIMU IJIEKTPOHHOTO OOyUYEHUS SIB-
JSFOTCA:

1) aBTOpCKHE mporpammHubie poaykThl (Authoring Packages);

2) cucrembl ympaBienuss koHtentom (Content Management Systems —
CMS);
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3) cucrembl ympaBienus oOydenuem (Learning Management Systems —
LMS);

4) cuctemsl ynpaeneHus yueOHbIM KoHTeHTOM (Learning Content Manage-
ment Systems-LCMS) [3, c. 5].

Cpenu OCHOBHBIX TIPOTPAMMHBIX MTPOYKTOB JIJIsi OpraHU3aIuH JICKTPOHHO-
ro odyuenus cieayer ormeruth ciaeayromme: ILIAS, ATutor, Dokeos, Sakali,
OpenELMS, Coursera, Moodle.

B wactHOCTH, B MOpPIOBCKOM TOCYJapCTBEHHOM YHHBEPCUTETE WMEHHU
H.II. OrapeBa st oOpraHuM3aliy TUCTAHIIMOHHOTO OOYYEHHUS HCIOIB3YEeTCs
cuctema Moodle.

Cucrema  aumcrannuoHHoro ooOydyenus (CJJO) Moodle — 310
WHCTPYMEHTANIbHAS cpea Ui pa3pabOTKH KakK OTICNIbHBIX OHJIAiH KYpCOB, TaK H
o0pa3oBaTeNbHBIX BeO-CaliTOB. B OCHOBY IpoeKTa MoyiokeHa Teopus COIHAIbHOTO
KOHCTPYKTHUBU3MA U €€ UCIIOIB30BaHHUE JIJIsI O0yUCHHUS.

B cuctemMe MOXHO co37aBaTh M XpaHUTH AJIEKTPOHHBIE YYECOHBIE MaTEePHUAIIbI
¥ 3a7aBaTh TOCJEA0BATEIBHOCTh MX M3ydeHus. bmaromapst Tomy, 9TO JOCTym K
cucteme Moodle ocymiecTisiercs uepe3 IHTEpHET WiIu Apyryue CeTU, CTYIEHThI HE
NPUBSA3aHbI K KOHKPETHOMY MECTY M BPEMEHH, MOTYT JBUTATHCS MO MaTepHay B
COOCTBEHHOM TeMIIE€ U3 JIt00O0I YacTH 3€MHOTO 11apa.

DNEKTPOHHBINA (POpMAT IMO3BOJISAET HCIIOIH30BATh B KAUSCTBE «yICOHUKA» HE
TOJIBKO TEKCT, HO U MHTEPaKTHUBHBIC pecypchl Jrodoro dopmara. Bece marepuans
Kypca XpaHsITcs B CUCTEME, MX MOXKHO OPraHW30BaTh C MIOMOIIBIO SIPIBIKOB, TETOB
Y TUIIEPTEKCTOBBIX CCBUTOK [1].

Cucrema Moodle opuentupoBana Ha cOBMECTHYIO paboTy. B cucreme mis
ATOTO MPEAYyCMOTPEHAa Macca MHCTPYMEHTOB: BUKH, IJioccapuid, 6y10ru, GopyMsl,
npakTUKyMbl. [Ipu 3TOM 00yueHre MOXKHO OCYIIECTBIIATh KaK aCHHXPOHHO, KOTa
KOKIBIM CTYIEHT W3y4aeT MaTepuall B COOCTBEHHOM TEMIIe, TaK U B PEKUME
pealbHOTO BpPEMEHHU, OPTaHM30BHIBAs OHJANH JIeKIMW W ceMmuHaphl. Cucrema
nojjAep>kuBaeT oOMeH ¢aiimaMu Jr00bIX POpMaTOB - KaK MEXIY IpernoaaBaresieM
U CTYJIEHTOM, TaK U MEXJy CAMUMHU CTYyJICHTaMH. XOPOIIO 3apeKOMEeH10Baa cels
u popma BeOrHapoB [6].

[Iupokre BO3MOXHOCTH JUISi KOMMYHUKAIIMA — OJIHA W3 CaMbIX CHJIBHBIX
ctopoH cuctembl Moodle. B ¢hopymMe MOKHO MPOBOAUTH OOCYKIEHUE TIO TPYIINaM,
OIICHUBATh COOOIIEHNS, MPUKPETUIATh K HUM (ailyibl t00bIX (OpMATOB, B JIMYHBIX
COOOMICHUSIX M KOMMEHTapusiX — OOCYIuUTh KOHKPETHYIO MpobiieMy ¢
MpernojiaBareyieM JIMYHO, B YaTe OOCYXJICHHE MPOUCXOAHUT B PEKUME PEaTbHOTO
BpeMeHH. Pacchuiku omepaTMBHO HHPOPMHUPYIOT BCEX YUACTHUKOB Kypca WU
OTJICJBHBIC TPYIIITHI O TEKYIIUX COOBITHAX: HE HY)KHO MHUCATh KaXJIOMY CTYJICHTY O
HOBOM 33JJaHUH, TPyIIa MOTYYUT YBEAOMIICHUS aBTOMAaTHYECCKH.

Cuctema Moodle co3zmaer u XpaHuT NopTHOINO KaXKJAOT0 ydarlerocs: Bce
CIaHHbIE MM pPalOTHI, OLIGHKH M KOMMEHTApWHU IMpernojaBaTelisi, COOOIICHUS B
dopyme. [1o3BoIIET KOHTPOIUPOBATH KIOCEIIAEMOCTE» — AKTHBHOCTH CTY/ICHTOB,
BpeMs WX yueOHOW paboThl B ceTu. B mrore mpemonaBareib TPATUT CBOE BpeMs
oonee »¢pdexktuBHO. OH MOXKET COOMpPATh CTATHUCTUKY MO CTYIAEHTaM: KTO 4TO
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CKa4dall, Kakuc¢ AOMAIIHUC 3JaHuA CHACJIAJI, KaKMC OLCHKHU IO TECTaM IIOJIYIMJI.
Takum 06p8,30M, IMOHATH, HACKOJIBKO CTYIACHThI pa306pan1/105 B TECMC, U C YUCTOM
9TOTI'0 MPCAJIOKUTb MaTCPpHaAJl IJI I[EU'II)HCI‘/’IHIGI‘O HN3Yy4UCHU:I.

B cucreme Moodle ectb peUICHUA OJIA BCCX BO3MOJKHBIX 3ada4 YIIPABJICHUA
y‘-Ie6HI)IM Imponcecca. Ecan xe roroBoro peuicHusd II0OKa HCT HWJIKM OHO
HCCOBCPIICHHO, Q)YHKHI/IOH&TI CUCTEMBI MOKHO JICTKO paCIIUPHUTD.
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B Hacrosiiiee Bpemsi ”HPOPMAIIMOHHbIE 1 KOMMYHUKALIMOHHBIE TEXHOJIOTUU
(MKT) Bce mmpe OpUMEHSIOTCS B CHUCTEME BBICIIErO0 OOpa3oBaHHsS BO MHOI'HMX
CTpaHax Mupa JJisl pa3paboTKH y4eOHBIX KYPCOB U MPOBEJICHUS YUCOHBIX 3aHATUM,
OpraHu3aliyd OOIIEHMs CTYJIEHTOB C IMPENoAaBaTENSIMH, JJI CO3JaHUS U Tpe-
CTaBJICHMSI IPE3CHTALMMI U JIEKLIHW, PE3YyJIbTaTOB HAYYHBIX HUCCienoBaHuu [1].
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C 2002 roga FOHECKO akTHBHO MOJAEpP’KUBAET WHUIMATHUBBI MO CO37a-
HUIO B MIHTepHETE OTKPHITHIX 00pa3oBaresbHBIX pecypcoB (OOP), obecnieunBaro-
X TOJHOIIEHHOE YYacTHE YHUBEPCUTETOB B CTPEMUTENHLHO pa3BHBAIOIICHCA
MHUPOBOH crcTeMe Beiciiero oopasosanus (Forum on the Impact of Open Course
ware for Higher Education in Developing Countries, UNESCO, Paris, 1-3 July,
2002).

Smart education — 3To 00beIMHEHUE CTYACHTOB, MPETOAaBaTeIeh U 3HAHUM
CO BCEro MMpa C HCIIOJIb30BAaHUEM COBPEMEHHBIX TEXHOJOTHH, B3aUMOJCHCTBUS
MUJUTHAPIOB Teorpaduyecku paclpeneleHHbIX SMart-ycTpoiicTB U TaIKeTOB:
cmaptdoHa, aiinana, MIaHIIETHUKA U yIbTpaOyKa, HHTEIJICKTyaIbHOTO TEIEBU30-
pa U Opyrux, CTaBIIMX OO0S3aTEIbHBIMU JIEMEHTAMH COBPEMEHHOTO KHU3HEHHOTO
IPOCTPAHCTBA.

CMAPT-06mecTBo opMHUpPYyETCsI HA OCHOBE Pa3BUTHS TPEX HAIPABJICHUMH,
TECHO CBsI3aHHBIX Mexay cobori: CMAPT-ob6pazoBanne, CMAPT-ynpaBrneHnue
(ynpaBiieHuE, KOTOpPOE COBEPILIEHHO HEOTAEIMMO OT UCHOJb30BAaHUS MHTEIUIEKTY-
IBHBIX M KOJUICKTUBHBIX TEXHOJIOTH, BKIIIOYAsl KPAYJICOPCUHT, YIIPaBICHUE 3HA-
Husmu, Big Data; 3a cder ucnofib30BaHMs TaKMX TEXHOJIOTHM (opMHUpyeTCs, B
YaCTHOCTH, OYEHb 3(PPEKTUBHBIA MEXaHU3M PACIPOCTPAHECHUS] HEOOXOJUMBIX B
JTAHHBIT MOMEHT KOMIIETECHIIUNA, KOTOpbIE BCcerjna OyayT KpailHe BOCTpeOOBaHbI
CMAPT-o6mectBom) u CMAPT-okpyxkenue. Croga OTHOCUTCS BCE, UTO CBSI3aHO
C UCTOJIh30BAaHUEM PA3TIMYHOTO UHTEIUIEKTYaIbHOTO 000pyA0BaHus, BKiItodas NH-
TEpPHET Belleil, 3Heprocoeperarmme TexHoynoruu, grid-cetn u T. A. HoBas poib
UH()OPMAITMOHHBIX TEXHOJIOTHHA KaK pa3 M COCTOUT B TOM, YTOOBI BBICTYIIaTh B Ka-
YECTBE €AMHOW MH(PPACTPYKTYPHI IS ITHUX TPEX HAIpaBICHUH, HHPPACTPYKTYPHI
HOBOrO o0mectBa. T «0XHUBIAIOT» yMHOE 000pYIOBaHUE, CBA3BIBAIOT B €IUHYIO
MHTEJUIEKTYaJIbHYIO0 CEeTh JIIOJEH, CO3/1al0T Cpeay sl paclpOCTPaHEHUS HOBBIX
3HaHui U crocoOcTBYIOT 3P dekTnBHOMY CMAPT-ynpasnenuto. To ecth, ¢ oqHON
CTOPOHBI, OHU MPUCYTCTBYIOT BE3/€, a C IPYroll — BCET/Aa MCIOIHAIOT HUCKIIOUH-
TEJILHO POJIb UHCTPYMEHTA.

CMAPT-06pa3oBanue MO3BOJISICT MOATOTOBUTH YEJIOBEKA K KU3HU U paboTe
B yCIIOBUSX OOIIECTBA, TI¢ TJIABHHIM KOMIIOHEHTOM €r0 CYIIECTBOBAHHUS U Pa3BU-
TUS OyAyT SBIATHCS 3HAHUS M, YTO OUEHb HEMAJIOBAYKHO, CAMOMY BBIOpATh JIJIsI Ce-
0s1, B KAKOW OTpACIIU 3HAHUS COBEPIICHCTBOBATKCS [5; 6].

OnHO W3 caMbIX «TPEHIOBBIX» COBPEMEHHBIX CIIOB — smart «cMapT». Jlroau
B pa3HBIX CTpaHaxX MPEKPacHO MOHMMAIOT €Tr0 3HAYCHHUE: «YMHBIN, TEXHOJIOTHY-
Hbl». B XXI Beke CTpEMUTENBHO «YMHEIOT» OKPYKAOIIME HAC BEUIU U yCTPOW-
CTBa, Jiejasi HaIly U3Hb C KaXIbIM JIHEM Bce Oojiee koM(popTHOH, 6e30nmacHON 1
uHTepecHoi. Ha BomHe OypHOro pa3BuTHS MH()OPMAIIMOHHO-KOMMYHHUKAITMOHHBIX
texHosoruii (MKT) koHa npouuioro Bexka Boipociio «digital-nmokonenuey, s Ko-
TOPOTO smart-yCTpOMCTBa U Ta/pKEThl: cCMapT(OHBI, alTajbl, NIAHIIETHUKHA U yIIb-
TpaOyKH, HMCTHOJB3YIOIINE «IPOJABUHYTHIE» TEXHOJOTHHU, CTAIH O0sS3aTeIIbHBIMU
3JIEMEHTaMU >KU3HEHHOT'O IPOCTPAHCTBA.

CnoBO eadorcem MPUILIO K HAM OT aHTIUICKOTO «gadgety, mepeBoIuTCs Kak
«pubop, mpucnocobdsienney». Takoe mpucmocodieHre MOKHO YBUJETh HA PUCYHKE
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CJIeBa — BEHTHJIATOP C YacaMHu, KOTOPBIN MOJKIIOYaeTcs K HOyTOyky uepe3 USB-
HopT.

B macTosmee Bpemsi K rajpkeraM OTHOCAT Ji0Oble HU(POBBIE ammaparsl,
pa3Mepbl KOTOPBIX MO3BOJISIIOT MOACOEIUHUTD UX K IEPCOHAILHOMY KOMITBIOTEDY,
CMapTQOHY WIH HAJIETh HA PYKY.

["amkeThl KOMITAKTHBI U MPEAHA3HAYEHBI ISl BHITIOJIHEHUSI KOHKPETHBIX, Y3-
KOCIIEUATU3UPOBAHHBIX 337a4. OTINYUTEIbHOW OCOOCHHOCTBIO TaJKETOB SIBJISI-
€TCsl TO, UTO OHU SIBIISIIOTCSI HOBUHKOM, TO €CTh, HEOOBIYHBIM, KPEATUBHBIM pelle-
HUEM OIPEJCIICHHBIX 3a/lay 10 CPABHEHUIO C MMEIOIIUMUCS CTaHIAPTHBIMU TeX-
HOJIOTHSIMU.

YacTo rajpkeTsl He MOTYT paboTaTh CaMOCTOATENIbHO, UX OCHOBHAs 3ajaya
pacmupsaTh GyHKIIMOHATIbHBIE BO3MOXHOCTH YCTPOMCTB, K KOTOPHIM OHU TOJIKITIO-
YEHBI.

Benp 3T ycTpoiicTBa BHOJIHE MOTYT pabOTaTh B aBTOHOMHOM PEKHME, HE
MOAKIIOYASICh TIPU 3TOM K KaKOMY-JIMOO JPYyroMy YCTPOMCTBY.

He cymecTtByer kartajgora Wiu MepevHsl yCTPOMCTB, KOTOPBIE SIBISIOTCS Ta-
JokeTamu. Takxke HeT KaKuX-TMOO CTaHJapTOB MO rajykeram. MOXHO NMPUBECTU
TaKHe MPUMEPHI TaHPKETOB:

- TUIAHIIIET;

- iPod;

- MP3-nneep;

- DJIEKTPOHHAs! KHUTA,

- mudpooi poroanmnapar;

- cMapToH;

~ KOMMYHHKATOD);

— Macca MoJIe3HbIX, a TAK)Ke OECIOJIE3HBIX, IIYTOYHBIX YCTPOUCTB, MOA-
KIIFOYaeMBbIX K KOMIIbIoTepy uepe3 nopt USB, u tak nanee.

["amxeTsl BCTpEYArOTCS U B Pa3IMYHBIX MPOrPaMMHBIX OOecriedeHus X (Tam
OHM TaK>K€ HA3bIBAIOTCS guOCemamul) B BUE IPUIIOKEHUH, 00Jieryaromux padorty
NOJIb30BaTENSIM. BUKEThl NpPEeloCTaBISIOT Pa3jIM4YHOro pojia UH(GOpMaIHUIO,
HaIpumep:

— MPOTHO3 MOTOJIbI;

- KypcC BaJIOT;

- BpeMms,;

- Jaty " T. 1.

Bumkersl Takxke MOTYT OBITh:

OYIUITEHUKOM;

- KaJeHAapeM;

3aIIMCHOM KHUKKOM

MOKa3bIBaTh TEKYILIEE€ COCTOSHUE KOMIbIOTEpA U T. 1.

CnoBo 6udocem UCHONB3YETCS W KaK Ha3BaHUE KJIACCA BCIIOMOTATENIbHBIX
MUHU-TIPOTpaMM — TpapUUYeCKUX MOJYJIeHd, KOTOpble pa3MeNatoTcs B padoyem
IIPOCTPAHCTBE COOTBETCTBYIOLIEH POAUTEIBCKOM IPOrpaMMBI W CIIY>KaT s
yKpamieHus: pabouero mpoCTPaHCTBA, Pa3BICUEHUs, PEIICHHUS OTACIbHBIX PabodmX
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3aa4 WM OBICTPOrO MOJy4eHUs MH(GOpMalUu U3 UHTepHeTa 0e3 momolu Bed-
Opay3epa.

Bumkersl — 3T0 Bce TO, 4TO MO3BOJISIET B KpaTyallliie CPOKHU MOJIYYUTh
HYKHYIO JIMYHO TI0JIb30BaTell0 HH(POpMAIIMIO, HE UCTObB3Ys Opay3ep i MOKCKa
sToit mHpopManuu B UHTepHeTE.

BumkeTsl Ha3pIBalOT MHOTIA uH@opmepamu (PyCCKUM BapHaHT), 4TO OoJiee
MOHSATHO OTPAXKaeT CyTh TaKWX HEOONbIIMX nporpamMM. CioBa, 3aMMCTBOBaHHbBIC
U3 aHTJIMMCKOTO SI3bIKA (B JAHHOM CJIy4dae — BUKETHI), 00Jie€ TOUHO BBIPAKAIOT TO
WIM WHOE MOHATHE, HO JUIsl HEMPOJABUHYTOI'O MOJIB30BATENS 3a4acTyl0 ClIyKatr Oa-
pPBEPOM K BOCTIPUATHUIO HH(OPMALIUH.

CornacHo HalMOHaJIBHON oOpa3zoBaTenbHOM wuHUIMATUBE «Hama HoBas
HIKoJIa», yTBepxkaeHHoU [[. A. MenBeneBbIM, COBpEMEHHOE 00pa30BaHUE JTOJKHO
COOTBETCTBOBATH LIEJSIM ONEPEXKAOMIEro pa3BUTUA. JIJIs 3TOro AOHKHO OBITH
o0ecrneyueHo:

1) wu3ydeHue He TOJIBKO MOCTHIKEHHU MPOILIOT0, HO M TEXHOJOTHH, KOTO-
pBI€ IPUTOATCS B OYyILEM;

2) oOyueHue, OpUECHTHPOBAHHOE KaK HAa 3HAHUEBBIA, TaK M JCATCIBHOCT-
HBIN aCTeKThI COJIEp>KaHus 00pa30BaHUSI.

Takum TpeboBaHUsAM OTBEeuaeT poOOTOTEXHHKA. PoOOTOTEXHMKA — 3TO 00-
JacTh TEXHUKH, CBSI3aHHAs C pa3pabOTKOM M MpUMEHEHHEM pOOOTOB, a TaKKe
KOMITBIOTEPHBIX CUCTEM JJI YIPABJICHHUS UMHU, CEHCOPHON O0OpaTHOM CBSI3U U 00-
paboTKH UHPOPMALIHH.

BBenenue 1eMeHTOB pOOOTOTEXHUKH B IIKOJIBHBIE MTPEAMETHI TO3BOJIUT 3a-
MHTEPECOBAaTh y4YalllMXCsl, Pa3HOOOPa3UTh y4eOHYIO JI€ATEIbHOCTh, UCIIOIb30BATh
TPYNIOBBIE aKTUBHBIE METOMIbI OOYYECHHsI, pelIaTh 3aa4i MPAKTHIECKONH Hampas-
JIEHHOCTH.

[IporpammupoBaHue peaabHOr0 poOOTa MOMOXKET YBUIETh 3aKOHBI MaTeMa-
TUKHM HE HA CTPAHUIAX TETPAJM WK y4yeOHHUKa, a B OKpykaromiem mupe. Mcnoinb-
3oBaHuEe KOHCTPYKTOPOoB Lego Mindstorms NXT 1mo3BosisieT B3MISIHYTh Ha IITKOJIb-
HBIE MTPEIMETHI T0-HOBOMY.

[IporpamMmmupoBanue poOOTOB MO3BOJSET O€3 yCUIUI OpPraHU30BaTh MEX-
MPEIMETHBIC CBSI3U MHMOPMATHKU C MAaTEMAaTUKOU W (HU3UKOH, MPU CIICUATEHOM
MOJATOTOBKE YUYHUTENS U HATMYUU METOAMYECKUX MATepPUATIOB — C KUOCPHETUKOM,
dbuznonoruen u NCUXOJI0TUEH.

Ceronnst poOOTOTEXHUYECKHUE KOHCTPYKTOPBI MCHOJB3YIOTCS JUIsl TPOBEE-
HUS IEMOHCTPAIIMOHHBIX YUYEOHBIX SKCIICPUMEHTOB 1O (PU3HUKE, XUMHH, OMOJIOTHH,
MaTeMaTUKe U OCHOBaM O€30MacHOCTH KU3HENEATEeNbHOCTH. Bce 3TO mo3Bodisier
MO3HAKOMUTh peOEHKa C 3aKOHAMH PEaJTbHOTO MUpPA U OCOOCHHOCTSAMU (DYHKIIHO-
HUPOBAHUS BOCTIPUATHUS ITOTO MUPA KHOSPHETUYECKUMHU MEXaHU3MaMH.

OpHako, CyHIeCTBYET psJi NPEMATCTBUN IJIsl BHEAPEHUS pOOOTOTEXHUKHU B
oOpaszoBarenpHbId Mpouecc. YToObl OCYIIECTBUTH OO0y4YeHHE POOOTOTEXHHKE,
HEO0OXOMMO BpeMsl JIJIsl OPTaHU3AIMN JTOMOJIHUTEIFHBIX YUeOHBIX 3aHATHUN U Bpe-
Ms Ha YPOKE, KOTOPOE HYKHO HAyUUTHCS KEPTBOBATH JIJIsi BHEPECHHS HOBOW TEX-
HOJIOTHH, TEM CaMbIM TIEpecTparBasi ydeOHbIC TPOTPAMMBI.
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Tem He MeHee, B HAacTOsIIEe BPeMs BOIIPOCaM BKJIIOUEHHS B 00pa30BaTEIb-
HOE€ MPOCTPAHCTBO M3YYEHUSI OCHOB POOOTOTEXHHKH BO BCEM MHUpE yIEseTCs J0-
cratoyHo BHMUMaHMs. OCHOBHas 3ajjadya MpU 3TOM CTOMT B OXBaTe€ KaK MOKHO
OO0JIBIIIE MOJIOIEKU C LEJIbIO IPUBJICUECHUS €€ K HAYKE U HH)KEHEPHOMY Y.

B cBs3u ¢ 3TUM B mocieaHee JeCATUIICTUE 3HAYUTEIbHO YBEJIMUUIICS UHTE-
pec k obpazosamenvroll pooomomexruke. PazpadoTaHo HOBoe yuyeOHOE 000pyI0-
BaHue. M3ydeHne B MIKOILHOM Kypce pasziena «OCHOBBI pOOOTOTEXHUKU» OyJeT
CIIOCOOCTBOBATh PA3BUTHIO Y YUYAIIUXCS KPUTHYECKOTO MBIIIJICHUS U YMEHUS pe-
iaTh NPaKTUYECKUE 3a7]a4K, KPOME TOTO 3TO OYEBUHO MPUBJIEKATEIbHAs 00pa3o-
BaTeNbHas CpeJla, BAOXHOBIISIIONIAS MOJIOJIBIX JIIOJIEH K HOBATOPCTBY Yepe3 HAYKY,
TEXHOJIOTHUIO, MaTEeMaTHKY, MOOMIPSIONIas {yMaTh TBOPUECKH, aHAIM3UPOBATH CH-
Tyalui0, KPUTUIECKH MBICIUTh, IPUMEHSATh CBOM HaBBIKU JJI PEIICHUs MPoOsieM
peanbHOro MUpA.

B Poccun moka mome3ytorcst 3apyOexHsiMu aHanoramu — LEGO, HUNO,
ROBOTIS, Robobuilder, Moway.

Moway — nporpaMMHpyEMBbIi aBTOHOMHBIM pOOOT, pa3pabOoTaHHBIA IS
MPAKTHYECKOrO MPUMEHEHHUs] B 00pa30BaTeNbHBIX Lesax. Moway mpenocTaBiser
3aMeyaTeNbHYI0 alapaTHyIo MiaTdopMy Uil TeX, KTO XOUYeT CJeNaTh CBOU Mep-
BbI€ LIaT¥ B MUP MOOWJIBHBIX POOOTOB, U I TEX, KTO yKe paboTan ¢ podoTamu,
HO XOTeJ1 ObI pa3pabaTbiBaTh 0o0Jice CIOXKHBIC MPHIToKeHus [1-2 ].

KoMmruiekT u3ydeHus: mporpaMMHUpOBaHUSI U YINPaBICHUs POOOTOTEXHUYE-
CKUMH KOMIUIEKCAMHU TMpeAHa3HaYeH Kak i (OpMUPOBAHUS Yy OOyHarOIIMXCS
HABBIKOB OOBEKTHO-OPUEHTUPOBAHHOTO MPOTPaMMHUPOBAaHUS, B TOM YHCIIE B Ipa-
(¢uYecKrX MOJB30BATEIbCKUX CpeNax, Tak U JJisi 0O0ydeHHUsl JIMHEHHOMY TPOrpaMm-
MHUPOBAHHUIO aJITOPUTMOB TMOBeACHUs poboTOB. KoMIuiekT agantupoBaH Ass mpH-
MEHEHHS B CPEHEN LIKOJIE.

Po6oT nMeeT BO3MOKHOCTh pacIIUpPeHHs] CBOEro (pyHKIIMOHAIA MyTeM MOJ-
COCIMHEHMSI JOMOIHUTENBHBIX MOIYJEH, UMEIONINX BO3MOXKHOCTD MOIKIIOYCHHS
no muHe SPI, HemocpeacTBEHHO K pa3beMy pacIluPEHUS.

Moway — 3To uaeanbHbIii HHCTPYMEHT JIJISl TE€X, KTO XO4YeT MOHATh MPUHIIH-
bl pOOOTOTEXHUKH, U TE€X, KTO UMEET JKeJIaHue o0ydarh 3TOM AMCLUHUIUIMHE JIpY-
rux. [Tonp3oBarenu OyayT yIUBIEHBI CKOPOCTHIO Pa3BUTHUS CBOMX 3HAHUMN W HaBBI-
KOB, JIa’K€ €CJIM OHU BIIEPBBIE UMEIOT JEJI0 ¢ MOOUIIBHBIMU POOOTAMH.

KoMmriekt u3ydeHus: mporpaMMHUpPOBaHUSI U YNPaBIEHUS POOOTOTEXHUYE-
CKUMH KOMILIEKCAMU pa3paboTaH W MpUMEHseTCs s GOpMHUpPOBaHUS Yy 00ydaro-
IIMXCSI HABBIKOB, KaK OOBEKTHO-OPHEHTHPOBAHHOTO MPOTPAMMUPOBAHUS, B TOM
guciie B TpadUiYecKuX MOJIh30BATENIbCKUX Cpelax, TaKk U OOy4YeHHS JHHEHHOMY
IPOrPaMMHPOBAHHUIO aJITOPUTMOB TIOBeICHUS poOOTOB [3—4].

JlaHHBIN KOMIUIEKT HE TpeOyeT HaBBIKOB PabOThI C MOHTaXHBIMHU TUIATAMHU,
3HAHUU 10 CXEMOTEXHUKE DJIEKTPOHHBIX YCTPOWCTB.

PoGoThI MOCTaBIAIOTCS B COOpAaHHOM BUJIE, TOTOBBIMHU K pabote (puc. 1).
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Puc. 1. Po6ot u3 xommiekra Moway

JlaHHBIN TIPOAYKT pa3BUBaET BO3MOXKHOCTH WHIUBHUAYAJILHOW U TPYHIIOBOM
paboThI.

OOyuaromuMcsl PEeA0CTaBIAECTCS BO3MOXXHOCTh OPTraHMW30BaTh B3aUMOJICH-
CTBUE MEXAY HECKOJBKMUMHU POOOTaMHU, UX TPYIIIOBOE B3aUMOJICUCTBUE (HAIpHU-
Mep, urpathb B pyTO0I) U B3aUMOJICHCTBUE CO CIEIHATM3UPOBAHHON MHTEPAKTHB-
HOU cpenoi (IMTOJTUTOHOM).

[IporpammHuoe obOecriedyeHHe COBMECTHUMO C KOMIUIEKTOM H3Yy4€HUs Mpo-
rpaMMUPOBAHUS U YNPABICHUS POOOTOTEXHUUYECKUMHU KOMIUIEKCaMH. J[BUXKeHUe
po0OOTOB BO3MOXKHO B TPEX HaIlpaBJICHUAX (Tadymma 1).

Taonuua 1
Hanpasienusi ABuskeHnii po6oToB moway
¥Yroa HaKJIOHA Bunepen u Hazaj Cunpasa HaJieBO BBepx u BHU3
Och Ocp Y Ocp X Ocp Z
ITonoxenue ~—— & Py -
T 2 | a<

[IporpammHuoe obecrnieueHre o0ecrneunBaeT BO3MOXKHOCTh MPOrpaMMUpOBa-
HUS aJITOPUTMOB TIOBEACHUS POOOTOB B Pa3IUYHBIX cpenax. Bo-TepBhIX, B crienu-
ATM3UPOBAHHOM PYCCKOSI3BIYHOM TIpadrueckoM uHTepdeiice, MO3BOJSIONIEM Jeii-
CTBOBATh MO TPHHIIUIY «IIEPETANTUTh W OCTABUTLY» W BKIIOYAIOIIUM CPEAy MPO-
IrpaMMHPOBAHUS, JTOCTYITHYIO, B TOM YHUCIIE, IJIs1 00yJaronuxcsl HauadbHbIX KJlac-
COB (KOHIIEMIUSI COOPKH aJITOPUTMA YIIPABJICHUS BHITIOJIHEHA B BUE OJIOK-CXEMBI).
[IpenycmoTpena peanuszanus B cpenax C++; ASSEMBLER.

[Iporpammupyercs poboT uepe3 cpemy Scratch (BusyanbHas OOBEKTHO-
OpHEHTHUPOBAHHAs Cpella MPOrPaMMHPOBAHUS I OOYYEHUS IMIKOJbHUKOB MJIA]I-
X U CPpEeTHUX Ki1accoB). DparMeHT mporpaMMebl JJIsl YIIpaBIeHUs poOOTOM MpH-
BEJICH Ha pucC. 2.
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Puc. 2. ®parmMeHT nporpaMMupoBaHusi podoTa moway B cpene Scratch

W3ydyenne B MKOIBHOM Kypce paszaena «OCHOBBI pOOOTOTEXHHKH» OyneT
CIOCOOCTBOBATh PA3BUTHIO Y YUAIIUXCS KPUTHUECKOTO MBIIUICHUS U YMEHUS pe-
[IaTh MPAKTUYECKUE 3a]]a4H, KpOME TOTO 3TO OUEBHUIHO MPHUBIIEKATEIbHAS 00pa3o-
BaTeJbHas CpeJla, BAOXHOBIISIIONIAS MOJIOJIBIX JIIOJEH K HOBATOPCTBY Yepe3 HAYKY,
TEXHOJIOTHIO, MAaTEMATUKY, ITOOLIPSOIIAs {yMaTh TBOPYECKH, AHAJIN3UPOBATH CH-
Tyalu0, KPUTUYECKH MBICIUTh, IPUMEHATh CBOM HABBIKM JUIS PEIICHUs poOiieM
peasbHOro MHpA.
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METHODS OF STUDYING THE MECHANISMS OF LUMINESCENCE
CURVES OF BUILDUP AND ATTENUATION

Abstract. The article describes methods of studying the mechanisms of lumi-
nescence of crystal phosphors and spectral lines of mercury discharge

Keywords: phosphor, energy, the centre of luminescence of the phosphor,
model.

3HaHME MEXaHU3MOB CBEUEHHUS JIOMUHO(DOPOB M BEJIMYMH MapaMeTpPOB,
OTIPEICIISIONINX 3T MEXaHU3MBbI, MTO3BOJISIET U3y4YaTh CBOWMCTBA JIIOMUHOGOPOB U
[[EJICHANPABJICHHO YIPABISATh UMH, a Takke 3(P(HEKTUBHO UCIIOIH30BATh Pa3INy-
HbI€ BUJBI JIIOMUHOGOPOB MPU CO3/IaHUU HCTOYHUKOB u3iayudeHus. Hampumep,
OIpEJIEICHHE MOCTOSHHON BPEMEHU IMOCIECBEUECHHSI JIIOMUHO(POpA MO3BOJISIET CY-
JIUThH O TJIyOUHE MyJIbCallui CBETOBOIO MOTOKA JIIOMUHECIICHTHOM JIAMIIBI.

N3ydenne MexaHu3Ma CBEUCHHS JTIOMUHOGOpPa ¢ MOMOIIBbIO KPUBBIX 3aTyXa-
HUSI OCHOBAHO Ha YMPOIIEHHOW MOJEINH, TaK KaK TPYJIHO MOCTPOUTH OOIILYIO yI0-
BJIETBOPUTEIIBHYIO TEOPHUIO JTIOMUHECHEHIIMU. Ho, HECMOTpsI HA 3TO, U3 HEE MOYKHO
CHENATh Psi/i BEIBOJOB, KOTOPBIE COTJIACYIOTCS C OMBITOM.

B mpocreimen Monenu mojgaraercsi, YTO BBEJICHUE aKTUBATOpPA B KPUCTAJI-
JMYECKYIO PEIIETKY OCHOBaHUS KpucTauiodocdopa BbI3BIBACT MOSBJICHUE IICHTPA,
y KOTOPOT0 UMEETCS JIOKAIbHBIN YPOBEHb, 3aHSTHIM 3JIEKTPOHOM (OCHOBHOW YpO-
BEHb), U JIOKAJbHBIM BO30YXKICHHBIA YPOBEHB, PACIIOIOKEHHBIN B 3alpelieHHON

30He (puc. 1).
AE

30Ha NpoBOAMMOCTU

BaneHTHas 30Ha

Puc. 1. [Ipocreiiinas 30HHast cxeMa JIIOMUHO(OPA, COOTBETCTBYIOIIAst BHYTPHU LIEHTPOBOM
JFOMUHECHEHIIUI

[Tox meiicTBUEM BO30YXKIAIOIIETO CBETA AJIEKTPOH MEepErIeT Ha BO3OYKICH-
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HBII ypoBeHb (puc. 1, mepexon 1). Bo3Bpaienue snekTpoHa Ha HEBO30YXKACHHBIHI
ypoBeHb (puc. 1, mepexoxa 2) OyJeT COMPOBOXKIATHCA H3TydeHHEM. B Takom ciry-
yae IMPOLECC NOTJIOUICHUS U U3JIyYEHHUs SJHEPTUN Pa3bIrPIBAETCS BHYTPU LIEHTPA,
a pelieTka OCHOBaHUS JIOMUHO(Opa UrpaeT MacCUBHYIO POJb. Takylo JTIOMUHEC-
LIEHIMIO HAa3bIBaIOT BHYTPH LIECHTPOBOU WJIM MOHOMOJIEKYJISIPHOM.

IIpu BBEeIEHNH aKTUBATOpPA B PEIIETKY OCHOBAHUS JOMUHO(Opa MOXKET 00-
pa30BaThCs LIEHTP, OCHOBHOM YpPOBEHb KOTOPOI'O JIEKHUT B 3aIIPEIICHHON 30HE, a
BO30YKJEHHBIN — B 30HE MpoBogumocTu. [loa neiictBruemM Bo30yKAaroIIero cBera
AIIEKTPOH NEPEXOAUT C LEHTPA CBEUEHHUS B 30HY MPOBOAUMOCTHU (pHUC. 2, IEPEXOA
I). B aToMm ciydae 37€KTpOH TEpSIET CBSI3b CO CBOMM LIEHTPOM M IEPEMEIIAETCS 110
KPHUCTAJUTy A0 TE€X MOp, ITOKa HE BCTPETUT APYrOv MOHU3UPOBAHHBIN LEHTp. [Ipn
peKoMOMHAIIMU C HUM (pHUC. 2, TIepexo1 2) 3JEKTPOH OTHAeT U30BITOK SHEPTUHU B
BUJE M3NMyuyeHUs. Takas JIFOMMHECLUEHIUS Ha3bIBa€TCs PEKOMOWHALMOHHON WM

OMMOJIEKYJISIPHOM.
AE

30Ha NpoBOANMOCTHU

A

o> Av
1 2

Y

BaneHTHas 30Ha

Puc. 2. IIpocTeiimas 30HHas cxeMa, COOTBETCTBYIOIIAS PEKOMOMHAIIIOHHOM
JFOMHUHECIICHITUU

MoHOMONEKYISPHBIA U OMMONEKYJIAPHBIA MEXaHWU3Mbl CBEUEHHUS UMEIOT
CYILECTBEHHO pa3JIMYHbIE 3aKOHbI 3aTyXaHud. [lolydnm 3aKoH 3aTyXxaHUs sl MO-
HOMOJIEKYJIIPDHOTO Me€XaHu3Ma cBeueHus. i1 3Toro HeoOXOAMMO COCTABUTh
nuddepeHranbHOe YpaBHEHKE, OMUCHIBAIOIEE OAIAHC AJIEKTPOHOB U JILIPOK HA
LEHTpax JIOMHUHECLICHIINH.

ITycte N — 4KCiIO MOHM3UPOBAHHBIX LIEHTPOB CBEYEHHUS, & — BEPOSTHOCTD
PEKOMOMHAIIMM MOHU3UPOBAHHOIO 3JIEKTPOHA B €IMHUIly BpeMeHu. Torma cko-
POCTh U3MEHEHUS YUCJIA HOHU3UPOBAHHBIX LIECHTPOB CBEUEHUS 3aITUILETCS TaK:

dN .
E = —aN. (1)

3HAaK MUHYC CTaBUTCS ITIOTOMY, YTO C YBEJIMYEHUEM BPEMEHHU MPHU 3aTyXaHUU
YHCJIO HOHU3UPOBAHHBIX [IEHTPOB CBEUEHHUSI YMEHBIIAETCSI.
WNurterpupoBanue BoipakeHus (1) naet BeIpakeHHE:
InN=—at+InC

[Tonaras, utoipu t = 0 N = N, nojiy4aem:
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N = Nye~. )

Taxkum 00pa3oM, YUCIO MOHU3UPOBAHHBIX IIEHTPOB CBEYEHUS JOJDKHO YObI-
BaTh IO SKCIIOHEHTE.

MHTEHCUBHOCTD CBEYCHHSI MPOTIOPIIMOHAIBHA YHCITY IIEPEX0I0B AJIEKTPOHOB
B €IMHMILY BpEMEHH B BO30yxaeHHoe coctosnue | = aN = aNye~*'. O6o3Hauas
npousBeaenue aNy = J,, Tae JoHayanbHas HHTEHCUBHOCTh B MOMEHT TpeKparie-
HUS BO30Y>KACHUS, TTOITYIHM:

J=Joe ™ (3)

Wtak, B ciiyuae MOHOMOJIEKYJIIPHOTO MEXaHU3Ma CBEUCHUS 3aTyXaHHE JIIo-
MUHECILICHIIMH TIPOUCXOUT IO IKCIIOHEHTE, I7Ie ¢ — KOHCTaHTa CKOPOCTH IpoIiec-
ca. Benuunna 1/a umeer pasmepHocts Bpemenu. OueBuaHo, 1/a Bpems, B Teue-
HHUE KOTOPOTO MHTEHCUBHOCTH JIOMUHECILICHIIMM yYMEHBIIAETCS B € pa3. 3aBUCH-
MOCTb, ONUChIBatomast popmysoi (3), mocTpoeHHas B koopauHatax [n N ot t, saB-
asieTcs npsAaMoi nuHuer. Takum 00pa3oM, MOKHO AHAIM3UPOBATH MEXAHU3M CBe-
yeHus kpuctawiodochopa. g 3Toro HeoOXOAMMO U3MEPUTH KPUBYIO 3aTyXaHUs
JIOMHUHECIICHIINH ¥ TIOCTPOUTH €€ B KoopAuHaTax [n N ot t, eclii moTyduTces Tpsi-
Masl JJUHUS, TO MEXaHU3M 3aTyXaHUs MOHOMOJIEKYJISIpHBIN. B 3TOM citydae MOKHO
ONPENIENIUTh OCTOSIHHYI0 BPEMEHU CBEYEHUSA. JTO BpPEMS, 32 KOTOPOE MHTEHCHUB-
HOCTb CBEUECHMSI YMEHBIINUTCS 10 ypoBHSA = 0.37],.

Briie npeanonaranoch, 4To JIOMUHO(POP COJIEPKHUT TOJIBKO OJIUH TUH JI€-
(heKTOB — LIEHTPHI CBeUEHUsI. B IEHCTBUTEIHLHOCTH B pelIeTKE TIOMUHOGOpA MOTYT
TaKXe CYIIECTBOBATh HapyIICHUs (HApuUMEp, B aHMOHHOW PEHIETKE OTIEJIbHbIC
Y376l TIYCThIE — BAKAHCHH), KOTOPbIe 00Jaat0T d(PPEKTUBHBIM MOJIOKUTEIHHBIM
3apsAIOM U UMEIOT YPOBEHb, PACHOJIOKEHHBIN PAJIOM € 30HOW mpoBoauMocTu. Ha
JTAHHOM IrarpamMMme MoJ00HBIC IIEHTPHI (JIOBYIIKH JJIS SJIEKTPOHOB) 0003HAYAIOTCS
YEPTOM I10JT 30HOM IMTPOBOAUMOCTH (pHC. 3).

Ecnu Takast noBymika HerayOokas (T. €. dHEpTHs JJisi OCBOOOXKICHUSI DJICK-
TPOHA C HEH MOPsAKa SHEPTUH TEIJIOBBIX KOJICOaHMil), TO MOMAaBIINNA Ha HEE dJIeK-
TPOH MOXET ObITh OCBOOOXK/ICH TEIJIOBBIMHU KOJICOAHUSIMM.

AE

30Ha NpoBOAMMOCTH

h h

L~~> hv

BaneHTHasa 30Ha

Puc. 3. 3onHas cxema nmomMuHO(dOpa ¢ IIEeHTpaMu 3axBaTa t

BeposiTHOCTB 3TOTr0 Ccilydas mporopuuoHainbHa ¢pakropy bonbpimana:
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w=woexp|—-—
kT)’
rae E; — oHepreTudeckas riyOMHa JIOBYIIKH. DJIEKTPOHHBIE TEPEXO/bl B
MPOIIECCE MOCIECBEUCHHUSI OMKUCHIBAIOTCS CICAYIOINMU YPABHEHUSIMU:

dN

— = —BNn; (4)
dn3 _
ar —Ps (Vp - ng)n; (5)
N=n+n; (6)
3nech N — 9rCII0 HOHU3UPOBAHHBIX IICHTPOB CBEUCHUS;, S — BEpPOSTHOCTH

PEKOMOMHALIMU; N — KOHLUEHTPALKs CBOOOJHBIX 3JEKTPOHOB B 30HE MPOBOJUMO-
CTH;, N3 — KOHIIEHTPAILMs 3aXBaYCHHBIX DJICKTPOHOB Ha JIOBYIIKE; [S3 — BEPOST-
HOCTbH 3aXBaTa JJIEKTPOHA Ha JIOBYIIKY; V3 — KOHIIEHTpPAIUs JOBYIIEK; W — BEpPO-
SATHOCTb TEIJIOBOI'O OCBOOOXKICHUS.

OtMmeruM, uTo KOA(DPUIIMEHT peKoMOUHAIIMKN [ TPOMOPIIMOHATICH CPEeIHEH
CKOPOCTH TIepEMEIIEHHUs JIEKTPOHOB B 30HE mpoBogumoctu f = ou. Koadduim-
CHT TPOIOPIMOHATBHOCTH HMEET PasMEpPHOCTh M° W Ha3bBaeTcs d(QEKTHBHBIM
CECUCHHUEM PEKOMOWHAITUH.

VYpaBuenue (4) onuchIBaeT CKOPOCTh M3MEHEHHS YKCIIa MOHU3MPOBAHHBIX
LHEHTPOB cBeueHUs, Gopmyna (5) — CKOpOCTb M3MEHEHMs 4Yucia 3aXBau€HHBIX
AJIEKTPOHOB, BBIpAKEHHE (6) OTpakaeT TOT (PaKT, YTO YMCIO HOHU3UPOBAHHBIX
IEHTPOB cBeueHHsI N paBHO cyMMe CBOOOJHBIX N U 3aXBAYCHHBIX N3, JIEKTPOHOB.
Jns pemenus BoipaxkeHUil (4)—(6) BOCHOJB3yeMCS HM3BECTHBIM MPHUOJIMKEHUEM
n < N3, KOTOPOE MOATBEPKIACTCS HKCIIEPUMEHTOM U O3HAa4aeT, YTo BpeMsl Ipe-
ObIBaHMSI AJIEKTPOHOB B JIOBYIIIKE 3HAYUTEIHHO OOJIbIIIE BPEMEHH MPEOBbIBAHUS B
30HE€ NMPOBOIUMOCTHU. B CcBsi3u ¢ aTUM U3 hopmyiibl (6) creayerT:

N = nj;
an _ dns
dat ~ dt’ (7)

M3 omblTa Takxke HN3BCCTHO, YTO YHCJIO 3allOJJHCHHBIX JIOBYHICK I0Opa3go
MCHBIIC, YEM ITYCTBIX, T. €.

n <« vy, (8)

C yuerom Beipaxkenuii (7), (8) u ypaBHeHus (5) noiaydaem:

dN
i Bsv3n — wN. 9)

YuutsiBas popmyiny (5), ypaBaerue (9) 3anuiiercs B BUJE:
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—npBN = f3nv; — wN (10)
Orcrona,
wN
= — 11
n B3v3+BN (11)
[ToacraBum Beipaxkenue (11) B hopmyny (4), noxyuum:
_dN _ _BoN® (12)

dt - B3U3+BN

BepositHocTh 3axBara 3 = o3U.

OrpaHnyuMcs pacCMOTPEHHUEM JIBYX MPAKTUUYECKU BaXKHBIX CIy4YaeB.

1. JlomycTtum, 4TO BEpPOSITHOCTH 3aXBaTa JJICKTPOHOB JIOBYIIKOW Tropaszio
MEHBIIIE BEPOSITHOCTA PEKOMOMHAIIMU. JTO O3HAYAET:

P3vsz K BN.
B arom ciywae u3 ypaBaenus (12) nomyuum:

dN

N
ac ¢

3aKoH JJFOMHMHCCHCHIIMHU I10CJIC OKOHYaHUA B036y>KI[CHI/I$I 3aIIMIICTCA B BUAC!

J =]oe_wt-

CrnenoBaTenbHO, 3aTyXaHUE MPOUCXOJUT KaK MOHOMOJIEKYJIIPHBII ITpoLiece,
CKOpPOCTb KOTOPOTO ONPEAEIAETCS BEIMIMHON W, T. €. BEPOSITHOCTBIO OCBOOOXKIe-
HUS DJIEKTPOHA U3 JIOBYIIKH. TEIUIOBOM MpOLECC B 3TOM Cilydae OyJIeT ONpeaeisiTh
ckopocTh 3aTyxanus. Benmnunna (1/w) = T OymeT XxapakTepu30BaTh MPOIOJIKHU-
TEIBHOCTh MPEOBbIBAHUS 3JIEKTPOHOB Ha JIOBYIIIKE.

JlommycTuM, 4TO BEPOSATHOCTD 3aXBaTa 00JIbIlI€ BEPOITHOCTH PEKOMOMHALINU:

Psvs > BN.
Torga u3 hopmynsl (12) umeem:
dN _ BwN?
Car B3vs (13)
Benem o0o3HaueHue:
Pw
Bo = .
B3vs

Torna Beipaxenue (13) nepenuiiercs: B BUAE:
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dN 2
o BoN~. (14)
Pa3nenss nepeMeHHbIE U HHTETPUPYS, HAlAeM:

1

ITonaras, 4to B HayajabHbIM MOMEHT BpeMeHu t = 0, N = N, HaX0JIuM IOCTOSH-
HyI0 HHTerpupoBanus ¢ = 1/N,.
[Tomyuum:

Ny

N=——7—
1+ NyBo

NHTEeHCUBHOCTH CBEUEHUS JTIOMUHO(OPA pPACCUUTHIBAIOT 1O (PopMyIie:

dN BN?
_— = ﬁONz = 0 5
dt (1 4+ Nyfot)

J=

[onaras foyNE = Jo, HOIYYHM BBIPAKCHHUE:

Jo

]=—

(1++/JoBo )%

Takum 06p330M, 3dKOH 3aTyXaHHuA peKOM6HHaHHOHHOﬁ JJIOMHMHCCIHCHIINHN

IIpHu CACIAHHBIX IMPCAIOJIOKCHUAX BBIPAKACTCA YPABHCHUCM FI/IHep6OJ'IBI BTOPOT'O
w

nopsiaka. CrneayeT OTMETHTh, YTO KOHCTaHTa CKOPOCTH Tpolecca By = OKa-

3V3
3bIBACTCSI CHJIBHO 3aBHUCSIICH OT TemriepaTypbl. IMeHHO Tak 0OCTOUT Aeno s
ZnS+Cu, Al nromuaOdOPOB.

N3 paccMOTpeHHOTO BUJIHO, YTO MO SKCTIOHCHIIMAILHOMY 3aKOHY 3aTyXaHUs
HEBO3MOYKHO C/I€JIaTh BBIBOJ] O TOM, SIBJISICTCS JIM JIIOMUHECIEHIIUS BHYTPUIIEHTPO-
BOM WM pexkoMOMHALMOHHOM. IIpu 3aTyxanuu mo runepOosie BTOPOTo MOpsjiKa
BOIIPOC PEIIacTCs OJHO3HAYHO: JIFIOMHUHECIICHIIUS SIBIISICTCS PEKOMOMHAIIMOHHOM.
KpuBas 3aryxanus, mocTpoeHHas B KoopAuHaTax [n ] ot 2 Int, Oyner mepexoauThb
B MIPSIMYIO JIMHUIO B CTy4ae PeKOMOMHAITMOHHON JTIOMUHECIICHIIHH.

B Gonee crmokHOM cuTyaruu, Korjga B Kpuctamiopochope MpUCYTCTBYIOT
JIOBYIITKH PA3JIMYHBIX TUTIOB, 3aTyXaHUE MOAUYUHSICTCS TUIIEPOOTUIECKOMY 3aKOHY:

_ Jo
/= (1+8t)P’

MOKa3aTellb CTENEHU KOTOPOro JIeKUT B mpefenax 1 < p < 2. DTOT 3aKOH ObLI
AMITUPUYECKU HalJIeH J. bekkepeneM B KOHIIE MPOIILIOrO BEKA.
JUIsl mOJTydeHHsI SKCIIEPUMEHTAJIbHBIX JTaHHBIX M CONOCTABJICHUS UX C TEO-
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PETUYECKUMHU pacyeTaMu, UCIIOIb3YeTCsl yCTAaHOBKA, OJIOK CXeMa KOTOPOM MmoKa3a-
Ha Ha puc. 4.

8 2 3 || B

e A\ 5

Puc. 4. biok-cxema yCTaHOBKH JIJIsl UCCIIEAOBAHUS MIEPEXOTHBIX POIECCOB:
1 — xBapueBas K0J10a ¢ JJIOMUHODOPOM; 2 — MOHOXPOMATOD;
3 — UMIYIbCHBIN BBICOKOYACTOTHBIN TeHeparop; 4 — ceeropmibtp Y DC;
5 — reHepaTop NMPSMOYTOJIBHBIX UMITYJILCOB; 6 — JIATp;
7 — ¢oroanekTpoHHbIH yMHOKUTEND (DDY); 8 — 6ok nmutanus ®IY; 9 — ocumnorpad

N
/\

Takum 00pa3om, METOAMKA MOJYYEHHS SKCIIEPUMEHTAIBHBIX TAHHBIX O Me-
XaHU3ME 3aTyXaHHUs JIFOMUHECIEHIIMU B MOPOIIKOBBIX JIOMHHO(OpaxX BKIIOYAET
BBITIOJIHEHUE CIICAYIONIUX ITYHKTOB.

1. Bkmtounts victouyHuk nutanus (8) @Y, ocuumiorpad, reveparop mnpsi-
MOYTOJIbHBIX UMITYJIbCOB (7), maTp (6), yCTAHOBMB HAa HEM HAIPSHKEHUE OKOJIO
150 B. Jlamna B BRICOKOYaCTOTHOM T'€HEPATOPE HAYHET U3My4yaTh BCIIBIIIKH CBETa
C 4aCTOTOU yCTaHOBJICHHOU Ha reHeparope (7) obmydas odpazer (1).

2. C moMoIIpi0 MOHOXpOMaTopa (2) BBIACIUTH JJIUHY BOJHBI JTIOMUHECIICH-
mun obpasia. PopMa KpUBOM pasropaHusl U 3aTyXaHHs HAOIIOJaeTCsl HA DKpaHe
octuiorpada (9).

3. [Moctpouts Tpu rpaduka 3apucumoctu: 1) JoTt; 2) Inj ot t; 3) In] ot
Int.

4. TTocTpouTh TEOPETUUECKUE KPUBBIC 3aTyXaHUsI B Oe3pa3MepHBIX KOOPIH-
HaTax:

Ji _ 1
Jo - (1 +/JoBo )P

B 3aBHCHMOCTH OT BEJMYMHBI IMapameTpa p U +/Jofo = 6. BpeMs usmensercs B
npenenax ot 0,1 no 100 ¢ marom 10 c., p u3mMensercs B npeaenax or 1 go 2 ¢ ma-
rom 0,25, § — ot 0,1 10 0,4 ¢ mrarom 0,1. CocTaBuTh IporpamMmy IJisi pacdeTa Teo-
PETUYECKUX KPUBBIX HUCIOJIb3YS TAPAMETPHI.

AHanu3upys SKCIepUMEHTANIbHbBIE TPaQUKU B JOTapu(MUYECKUX U TOTYIO0-
rapuMUUIECKUX KOOpAWHATAX, CAENIaTh BBIBOABI O 3aKOHE 3aTyXaHUs U, CJIeI0Ba-
TEJBbHO, O MEXaHU3ME CBEUEHUs KpucTauiodocdopa.

Memoouxa uccnedoganusa 3amyxanuii IUHUL pmymHo20 paspaoa. B ucrou-
HUKaX ONTHUYECKOT0 HM3JIyYEHHUs YacTO HUCIOJB3YIOT pa3psll B Mapax PTYyTH MpHU
HU3KOM WJIA BBICOKOM AaBiieHUU. [[03TOMy OYEBHUJEH UHTEPEC K CIEKTpaM H3y-
YEHUS aTOMOB PTYTH.

OcoOblil UHTEpEC MPEACTABISIIOT PE3OHAHCHBIE JIMHUM YIbTPA(PUOJIETOBOTO
nuanasoHa (254 u 185 HMm) u nuHUKM BUAMMOW oOnacTu cnektpa. B Tabmune npu-
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BeJICHbI Han0oJiee MHTECHCUBHBIC JTUHUU BUANMOW OOJACTH CIIEKTPA W3ITyUCHHUS
aTOMOB PTYTH.

1. CHATH CHEKTp U3JIy4YEHUS MapoOB PTYTH MPU HUZKOM JIaBJICHUH, HUCIIOJb-
3ysl OMUCAHHYIO AKCIEPUMEHTAIIbHYIO YCTAHOBKY.

2. BeiienuTh MHTEHCUBHBIC JIMHUU U3JTy4eHUS ¢ IIUHON BomHBI 408, 422,
436, 546, 579, 613 HM U C TIOMOIIBIO KPUBBIX 3aTyXaHUS M Pa3TOpPAHUs ONpEJie-
JIUTH BpeMSsl ’KU3HU BO30YKJI€HHBIX COCTOSTHUM.

3. IMoctpouts Tpu rpaduka 3aBucumoctu: 1) J ot t; 2) Inj ot t; 3) In] ot
Int, m cnenath BBIBOIBI O MEXaHU3ME PEKOMOMHAIIHH.

4. JInst KaXJI0M JUHUM CHEKTpa, UCIOJIb3ys TaOIuIly, HAUTH TepMbl OCHOB-

HOT'O 1N B036y>KI[€HHOFO COCTOSIHUH.
Tabnuua 1
JIMHMHU PTYTHOIO CNIEKTPAa B BUAMMOM U 0J1M3KO0H yIbTpa(duo1eToBoH 001acTAX

Odo3Ha JAJanHa IHnTen Iepexoanl DHeprus
JeHHA BOJIHBI B CHB BO30V:RIeHHS,
. ITonnasn 3anuce Coxpamennan v
Bo3ayxe, 4 HOCTbl B
- 3alHCh

a 5790.65 20 6s6p 'PY1-6s6d 1D, 61P% - 61D, 8.84
5789.66 20 6s6p 'PY1-6s6d *D 61P% —6°D; 8.84

b 5769.60 40 656p 'PY1-656d D> 6 'PY1—6°D: 8.85

v 5460.73 100 6s6p *P%-6s7d3S: 6°P% - 73S, 1.73

d 4916.07 15 6s6p 'P%1-6s8s 1S 61P% -8 1Sy 9.22

e 4358.33 100 6s6p “P1-6s7s°S1 6°PY —7°S; 7073

f 4347.49 12 6s6p 'PY1-657d 'D2 6'P%1— 7D 9.55

1 4077.83 30 6s6p *P%1-6s7s1So 6°P%—71Sp 7.93

k 4046.56 100 6s6p *Py-6s7s°S; 6°P%— 73S 1.73

m 3906.37 20 6s6p P1-6s8d 1D; 61P% - 81D, 9.88
3663.28 40 6s6p *P%-6s6d ‘D> 6°P%—6'D> 8.84

0 3662.88 40 6s6p *P%-6s6d *D1 6°P%—6°Dy 3.84

P 3654.83 50 6s6p *PY%-6s6d D, 6°P% - 6°D; 8.85

q 3650.15 100 656p *P%2-656d °Ds 6°P% —6°Ds 8.86

1. AntoHoB-PomanoBckuii, B. B. Kunetuka ¢oromomunecieHmn kpuctamniodochopon
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/ B. B. AutonoB-Pomanosckuii. — M. : Hayka, 1966. — 372 c.
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HoBuy, B. H. Conomaros. — Upkyrck : U3n-Bo Upkyr, yH-Ta, 1977. — 110 c.

5. ®ok,

M. B. ®ok. — M. : Hayka, 1964. — 283 c.
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YIEKTPUUECKHUM ITPOBOMN KPUCTAJLJIOB ADP,
JJETUPOBAHHBIX UOHAMUA XPOMA

Annomayusa. 1IpoBeneHo u3ydyeHHE dIEKTPHUYECKOTO Mpo0os Ey, B Pa3HBIX
KpHUCcTaiorpaduyeckux HamnpaBJIeHUSX KpUCTAJUIOB AuTHaApodocdaTra aMMOHuS, Jie-
TUPOBAaHHBIX HOHAMH XpoMa OT TOJIIMHBI 00pa3lioB MpU MOJOKUTENbHBIX TEMIIEpa-
Typax. YCTaHOBJIEHO, YTO JJIEKTPUYECKAs MPOYHOCTH JIETMPOBAHHBIX KPHUCTAJIJIOB
HUKE, YEM y HEJIETMPOBAHHBIX. DJEKTpUYECKasi MPOYHOCTh KPUCTAIJIOB BBILLIE MPU
IIOCTOSIHHOM HCIIBITaTEIbHOM HAIPSKEHUU, YEM TIPU IEpEeMEHHOM dacTotoi 50 I'm.

Knwouesvie cnosa: snekrpudeckas Ipo4HOCTb, IPo0OOH, KpucTamiorpadude-
CKO€E HaIlpaBJICHUE.
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ELECTRIC BREAKDOWN OF CRYSTALS ADP ALLOYED
BY CHROME IONS

Abstract. Studying of electric breakdown Ey, in the different crystallographic
directions of the crystals of a digidrofosfat of ammonium alloyed by chrome ions
from thickness of samples at positive temperatures is carried out. It is established that
the electric durability of the alloyed crystals is lower, than at not alloyed. Electric du-
rability of crystals is higher at a constant test tension, than at variable with the fre-
quency of 50 Hz.

Keywords: electric durability, breakdown, crystallographic direction.

B npenpiaymieit padote [1] ObUTH npecTaBiICHBI pe3yIbTaThl UCCIIET0OBAHUS
anekTpudeckoit mpouHoctu kpuctaiwioB ADP u KDP, BeipamieHHbIX U3 Oecnpu-
MECHBIX PAaCTBOPOB JMHAMUYECKUM METOJOM MpPH MOHMKEHUU TEMIIEPATyphl pac-
TBOpA.

B nanHoi# paboTe npecTaBieHbl pe3yJbTaThl HCCIEI0BAHUS AIEKTPUUECKOM
npoyHocTH KpuctamioB ADP, HO BbIpalieHHBIX U3 pacTBOpa ¢ MPUMECHIO HOHOB
Cr'" B 3aBHCHMOCTH OT TOJILIWHBI oOpas1oB u mojioxurenbHoi (o Llenbcuro)
TEeMIIepaTyphbl JJi pa3HbIX cpe3oB. VccnenoBanus npoBOAWIMCH B paMKax Jiabopa-
TOPHOT'O MPAKTUKYMa MO Kypcy «TeXHHKa BBICOKUX HAMPSKEHUIN.

biiok-cxema M3MEpUTENbHON YCTAHOBKHM MOKa3aHa Ha puc. 1. OHa cocTout
13 BbICOKOBOJbTHOTrO anmnapata AWJI-70L, npenqHasHayeHHOTO NI UCOBITAHUS U
JUATHOCTUPOBAHUSL HM3OJSIMU CHUJIOBBIX KaleJell © TBEPIbIX JTUIICKTPUKOB
HaIpsKEHUEM MOCTOSHHOTO TOKa oTpuuarenbHoi nossipuoctu 10 70 kB, a takxe
KUJKAX W TBEPABIX NUAJEKTPUKOB Ha mepeMeHHoM (50 I') nanpsbkenuun mo 50
kB. McnbiTanus ¢ NOMOIIBIO 3TOrO anmnapara MOTYT MPOU3BOJAUTHLCS IIPU TPEX pe-
KUMax: a) KpaTKOBPEMEHHOE — BBIIPSIMIICHHBIM HamnpsbkeHueM 10 70 kB npu piu-
TeIbHOCTH He OoJiee 10 MUH. ¢ MHTEpBajIaMu He MeHee 3 MHH.; O KpaTKOBpEMEH-
Hoe — nepeMeHHbIM (50 I'n) Hanpsokenuem 10 50 kB npu nnutenbHOCTH HE OoJiee
1 MUH. ¢ UHTEpBaJIaMi HE MEHEE 5 MHUH.; B) MPOJIOJKUTEIBLHOE — BBIIPSIMIICHHBIM
HaIpsHKEHUEM MPU JJIMTEIBHOCTH 0 § yacoB. M3MepeHue npoOMBHOTO HampsiKe-
HUS OCYUIECTBJISUIOCH BCTPOCHHBIM B ammapar HU(GPOBBIM KHIOBOJIBTMETPOM
Kjacca TouHocTH 1,5.
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- ] - KOHTpOMNbLHaRA
=220B Annapat AWO-70L] > Tepmonapa
¥ h 4
3 perynAarop
TepMocTar < TeMneparyphb

Puc. 1. biok-cxema yCTaHOBKH /1JIs1 UCTIBITAHUS 3JIEKTPUUECKON IPOYHOCTH KpucramioB ADP

Jnst u3mepeHuss B 00JacTH MOJOXKUTEIBHBIX TEMIIEPATYP HCIOIb30BAJICS
TepMmocTar Ha 6aze cymmuibHoro mkadga [1-005. TepmocTatupoBanue OCyIIeCTB-
JSII0Ch DJIEKTPOHHBIM pelie, AaTYUKOM SIBIISICS KOHTAaKTHBIM MAarHUTHBIN TEPMO-
Metp TK-6 ¢ Tounoctsio 1o + 0,1 rpagyc. TemnepaTypa KOHTPOJIUPOBAJIACH ME/b-
KOHCTaHTaHOBOM TEPMOIAPOii, pacroyIOKEHHOW B HEMOCPEACTBEHHOM OJIN30CTH OT
oOpasra.

Jlnst mpenynpekaeHus: KpaeBbIX pa3psiioB € LENbl0 0osee 0JaronpusTHOrO
pacnpeneneHus noJig o0pasel] U ANEKTPObl MOMENIAINCHh B BHICOKOKAYECTBEHHOE
IPEeIBAPUTEILHO MPOCYIIEHHOE TPAHCPOPMATOPHOE MACIIO.

OT0 0CNIabIIsIIO0 HANPSHKEHHOCTD 3JEKTPUYECKOTO OISl B OKpYyXKarouieil 00-
paseln cpelie U MO3BOJISIIO MOBBICUTH HAYAJIbHOE HANPSLDKEHUE KPAEBBIX Pa3psioB U
MHTEHCUBHOCTh TeIJIoOOMeHa. BennunHa 31eKTpUuYecKkoil MpoYyHOCTU AJis KaXKIo0-
ro obpasma paccuntsiBaiachk kak E,,=U,,/h, roe U,, — HanpsbkeHne, pu KOTOPOM
npoOuiicst oopaselr; h — paccTosiHuE MEXITy DIICKTPOIAMH.

Ha puc. 2a, 26 npencTaBieHbl 3aBUCUMOCTH IIPOOMBHOrO HampsbkeHus U,
BJ0JIb ocell X ¥ Z ¥ NepneHAUKYJSPHO CIOSIM POCTa MUPAMHIbI OT TOJIIMHBI 00-
pa3loB OECPUMECHBIX M JIETUPOBaHHBIX MOHaMU xpoMa kpuctaiioB ADP npu
MOCTOSIHHOM U IEPEMEHHOM HANPSKEHUSX.

ITpuBenennsle rpaduKy NOKA3bIBAIOT, YTO MPOOMBHOE Hanpsukenue U, BO3-
pacTtaet ¢ TOJIIIMHON 00pa3lioB BO BCEX CIIydasix JUHEHHO.

W3 puc. 2 BunHO, 4TO B ciiydae OecripuMmecHbIX KpucTtamioB ADP kpussie
IpU MOCTOSIHHOM HAMNpPsDKEHUW TMOYTH MapajuiebHbl KPUBBIM IPH MEPEMEHHOM
HANPsDKEHUH, YTO TOBOPUT O MajOM 3aBUCHMMOCTH DJIEKTPHUYECKOHN NMPOYHOCTH E,),
OT TOJNIIMHBI 00pa3sloB, YYUThIBAsA, 4TO E,, 11 HOCTOSHHOIO MCIBITATEIBHOIO
HaANpsDKEHUS 110 3HAYEHUIO O0JIbIle, YeM I IEPEMEHHOTO HaIpsKEHUSI.

[Tpu BBeeHMH MOHOB XpOMa HAKJIOH MPSAMBIX YMEHBILIAETCS, OCOOCHHO 3TO
XapakTepHO 1Jisi 00pas3ioB X-cpesa (puc. 20). Takyro 3aBUCUMOCTh MOYKHO 00BsIC-
HUTh TEM, YTO HE3aBHUCHUMO OT KOH(QUTYpalUU MOJS C YBEJIUYEHUEM TOJIIUHBI
npoOMBAEMOro CJ0s B MOJRJIEKTPOAHOM MPOCTPAHCTBE YBEIWYUBACTCS YHUCIIO
OCJIa0JICHHBIX MECT, Pa3BUBAIOIIMICS pa3ps]l UCKaXKaeT MoJie, YBEIIMYMUBACTCS €ro
HEOJHOPOJIHOCTh, B CUJTy Yero NpoOMBHOE HANpSHKEHHE PacTeT ObICTpee ¢ yBEIH-
YeHUEM TOJIIMHBI 00pa3iia.
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Puc. 2. 3aBucumocTr npo6MBHOIO HanpsikeHUs Uy, OT TOMIMHBI 00pa31ioB OECIIPUMECHBIX
kpuctayiioB ADP npu nepeMeHHOM U IOCTOSTHHOM MCIBITaTEIbHOM HANpPsHKEHUH TPU
KOMHAaTHOM Temmneparype (a); Te jxe 3aBUCUMOCTH 11 O€CIPUMECHBIX KPUCTAJIIOB
Y C IPUMECKHI0 HOHOB XpomMa (0)

BB1I10 yCTaHOBIEHO, YTO DIEKTpUYECKas NMPOYHOCTh FE,, kpucramios ADP,
KaK ¥ JPYTUX UOHHBIX KPUCTAUIOB BO3PACTACT C YMEHBIIIEHUEM TOJIIUHBI TPOOU-
BA€MOI0 CJIOS, T. €. UMEET MECTO 3JIEKTPUUYECKOE YNPOUYHEHHE. JTa 3aBUCUMOCTh
MOKA3bIBAET, YTO AJIEKTPUUECKUN TTPOOOH MOHHBIX KPUCTAIOB O0YCIIOBIICH yaap-
HOW MOHHU3ALMEN, TPOU3BOAUMON dNEKTpoHaMU [2—4]. JIelCTBUTENIBHO, €CIIN CUH-
TaTh, YTO OJWH HAYaJbHBIN AJIEKTPOH MPHU HAIMPSHKEHHOCTH MOJIs, COOTBETCTBYIO-
el Havaly yJapHOW MOHW3AllUU, TPUBEAET K 00Pa30BAHUIO JIABUHBI DJIEKTPOHOB
[5], TO YKCIO BTOPUYHBIX aKTOB MOHU3AIMH N MPUBEAET B KOHEYHOM HUTOTe K 00-
pa3oBanuio 2" CBOOOJHBIX 3JIEKTPOHOB. BeanuuHy N MOKHO ONpEenuTh Kak N =
h/A = a-h, rae A — nuHa npobera 3IeKTpoHA MEKIY ABYMS aKTaMHU HOHU3AIIUH; O -
K03 PHUIUEHT yAapHOH HOHHU3AIMH; N — MEKIIEKTPOAHOE PACCTOSHHE.

C yMeHbIIIeHneM MEKIJIEKTPOTHOTO PACCTOSIHUS (TONIIUHBI 00pa3iia) YMcio
BTOPUYHBIX HOHU3AINI OYJIET yMEHBIIIATHCS, YTO MIPUBEJET K YMEHBIIIEHUIO YHCIIa
AJIEKTPOHOB B JIABUHE U CHIKEHUIO €€ MOITHOCTH, KOTOPOM MOKET HE XBaTUTh JIJIs
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oOpa3oBaHMsI MPOBOJAAIIETO KaHala. B TakoM ciyyae AJis 3aBepieHust mpooost mo-
TpeOyeTCsl MOBLICUThH HANPSKEHHOCTD AJIEKTPUUECKOTO MOJIS.

[TockonbKy aHMOHHBIE MPUMECH YBEJIMYMBAIOT 3JEKTPONPOBOJAHOCTH KpPU-
craiioB ADP [6], ciienoBaTenbHO, 31EKTpUUECKask MPOYHOCTh KPUCTAILIOB JOJIKHA
YMEHBIIAThCSI.

B kadecTBe npumepa Ha puC. 3 IPUBEACHBI 3aBUCUMOCTH £, OT TeMIIepaTy-
pol kpucTtaiioB ADP OecripuMecHbIX U ¢ MPUMEChI0 MOHOB XpPOMa IMPHU MOCTOSTH-
HOM U TIEPEMEHHOM HAIPSKCHUSIX.

Jiis 0OBbsICHEHUS HEMOHOTOHHOCTH KPHBBIX TEMIIEPATYPHBIX 3aBHCHMOCTH
MOHO BOCIOJIb30BaThCSI TUMOTE30M Xurres [7], COrJacHO KOTOPON CHUKEHUE
IPOOMBHON MPOYHOCTH BBI3BIBAECTCA MCKAKEHHUEM TOJIS 32 CUeT 00pa3oBaHus 00b-
EeMHBIX 3apsAI0B MPH HU3KUX TeMIepaTypax OTPUIATENLHOTO (JJIEKTPOHHOTO),
00yCIIOBJIGHHOTO XOJIOJHOM 3MHCCHEH C KaToja, a pU BBICOKHX TeMIepaTypax —
MOJIOKUTENBHOTO (MOHHOTO), 00YCIIOBIEHHOTO IPOBOIMMOCTBIO KPHCTAJLIA.

T T T T T T
- MNepem. Hanpax. -
L_;_‘- Llepem. mwgum)(—cpea 5 Yuer, X-cpes
m; 6 [ - @ 6 [~ .
S =
Iﬁf 4 - Iﬁf 4 Ner. Cr -
| | | , [NocT. Hanpa#. ,
293 333 373 293 333 373
Temnepatypa T, K Temnepatypa T, K
T T T T T
[Nepem. HaNpAx.
s8r Tor
g iy
O6F &6
'ﬁ 4= 'ﬁ 4
| | ) . [MocT. HanpsaK. .
293 333 373 293 333 373
Temnepatypa T, K Temnepatypa T, K

Puc. 3. 3aBMCUMOCTB 3JIEKTPUYECKON IPOYHOCTH £y, OT TEMIIEpATyphl KPUCTAILIOB
ADP GecipyMecHBIX U JIETUPOBAaHHBIX HOHAMHU XpOMa IIPU MOCTOSTHHOM
Y TIEPEMEHHOM HCIIBITATEIbHOM HaIPSHKEHUN

B03MOkHO, 4TO TIpU HEKOTOPBIX TEMIEpaTypax 00a 3apsijaa TaKk KOMIEHCH-
PYIOT ApYT Jpyra, YTO IOJI€ OCTAETCA OTHOCUTENIbHO HEMCKAXKEHHBIM U MPOOUBHAsS
IMPOYHOCTh JOCTUraeT MakcuMyMma. BenuunHa 3J1eKTPOHHOTO 0OBEMHOTO 3apsna,
OYEBUJIHO, 3aBUCUT OT TEMIIEpPATypbl IMUCCUU DJIEKTPOHOB C Karona, a, Clel0Ba-
TEJIBHO, C OJJHOM CTOPOHBI, OT MaTepuasia KaToga U COCTOSHHUsS IIOBEPXHOCTU KOH-
TaKTa, a ¢ APYrol CTOPOHBI — OT KOHUEHTPALUNH JJIEKTPOHHBIX JIOBYLIEK B KpH-
CTaJuie, T. €. OT CTENECHU 3arps3HEHUsI KpUCTalla, MPeABapUTEIbHON TEIIOBOM 00-
pabOTKH U T. 1.

DKCcrepuMEHTANIbHBIE Pe3yJIbTaThl OITBEPKIAIOT 3TOT PAKT i1 0O0UX BU-
JIOB HCHBITATEILHOIO HAIPSDKEHUs, IIPUYEM IPUMECH CIIIaXUBAIOT TEMIIEPATYP-
HBII MAKCUMYM DJIEKTPUUYECKOMN IMPOYHOCTH.
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B MomeHT nosiBiieHus mepBbIx TpaHCOpTHHIX cpeAcTB (TC), 6e3omacHoCTH
YAETSIOCh COBCeM Mayio BHUMaHUs. Ceidac, B BEK BBICOKUX TEXHOJIOTHA, KOT/A
TEXHUKA UTPAET OTPOMHYIO POJIb B JKU3HU JIIOJICH, O€30MaCHOCTh CTOUT IPEBBIIIE
Bcero. CoBpeMEHHBIC CUCTEMBI, ycTaHaBauBaeMble Ha TC, 3Ha4nTENBHO 0bJerda-
I0T MPOLECC YIPABICHUS UMHU, CHIDKAIOT 10 MUHUMYMa 4eJIOBeYeCKUil akTop, BO
MHOTHX CIy4yasx IMO3BOJSIOT MPEJOTBPATUTh aBapuitHbie cutyanuu [10], HO HH
OJIHa CHCTeMa HE CIOCOOHAa MPOTUBOCTOSITH HEOJATONMPHUATHBIM MOTOJIHBIM YCIJIO-
BUSIM, OJTHUM U3 KOTOPBIX SIBJISIETCS TyMaH.

Tyman Bcernma mpeacTaBiisil OOJBIIYIO OMACHOCTh JJIS BCEX BHUJIOB TPaHC-
nopta [5]. Ha nqaHHBIi MOMEHT CYIIECTBYIOT Pa3IMYHbIE CIIOCOOBI, MO3BOJISIOIIHNE
oOnerunth mpoiecc ynpanieHuss TC B yclIOBUSIX TyMaHa, HallpuMep YCTaHOBKa
npotuBoTyMaHHbIX (pap Ha TC [6; 8], HO OHM HE pemaroT 3Ty NPOoOJIEeMYy MOTHO-
CTBIO, 4TO TpeOyeT O60Jee AeTATLHOTO N3YUYEHUS ONTHYECKUX CBOWCTB TyMaHa.

Tyman — 3TO Menpuallliie YacTUIIBI BJIATd, HAXOMSIIMECS B BO3AYyXE BO
B3BCIICHHOM cOCTOsiIHUU [12]. OcHOBHOM mpoOsieMOl TymaHa SBJISIETCA TO, YTO
MEJIbYalIMe KamnedbKH BOJIbI, KOTOPBIC JICHCTBYIOT KaK CBETOBO3BpAILIAIOIIUE
AJIEMEHTHI KaTa(oToB, BO3BpAIIAOT OOJBIIYIO YaCTh MAIAI0IIUX Jy4Yei B CTOPOHY
uctouyHuka ceera [4]. Takum oOpa3oM, TyMaH MUMEET JBE OCHOBHBIC ONTHYECKHE
XapaKTEPUCTUKU: KOIPIUIIMEHT Npornyckanus u kodgduiment paccesaus. Koad-
(GUIIMEeHT TMPOIyCKaHMsl MOKAa3bIBAET, KaKasl 4acTh CBETA MPOMIET OT UCTOYHHUKA K
MPUEMHUKY CKBO3b 00J1ako TymaHa. KoadpuimeHT paccesHus mokasbiBaeT, Kakas
4acTh CBETA pacceeTcsi 00JIakoM TyMaHa M BEPHETCS K UCTOYHUKY. [Ipruem xapak-
TEp B3aUMOJICHCTBUS CBETA C TYMAHOM CHJIBHO 3aBHCHUT OT pa3Mepa 4acTHll TyMa-
Ha W JUIMHBI BOJIHBI HCIIOJIBb3yeMOro cBeTta [3; 13].

CoracHO KCIIepUMEHTaM TPOBEICHHBIM HCCIIEIOBATEIIMA TEXHOJIOTHYE-
ckoro uHCTUTyTa Hbio-/[)kepcr MHTEHCUBHOCTD 3aTyXaHUs CBETa B TyMaHe, KOTO-
pBIii OHM TIOJTydYajH Mpu moMolnu Tymanoreneparopa FSS60C, Bo3pactaeT ¢ yBe-
JUYCHUEM PACCTOSHUS MEXKIYy UCTOYHUKOM M MPUEMHUKOM CBETA M UMECT HEIIH-
HEHHBIN xapakTep [2].

N3BecTHO, UTO CBET C pa3IMYHBIMK JJIMHAMH BOJIH TIO-pa3HOMY B3aWMOJICH-
CTBYET C TYMaHOM, a, CJIeIOBAaTEIbHO, U KOI(DPHUITMEHTHI MPOMYCKaHUS U pacces-
HUS JUIsl CBETa C Pa3IMYHBIMH JJTMHAMU BOJH pasHble. McciaemoBarenu uz Kay-
HACCKOI'0 TEXHUYECKOTO YHHUBEPCUTETA, UCTIOIB30BABIIUE JIJISl TIOJyUYCHHUS] TyMaHa
B cBouX 3kcnepuMmeHTax tymanoreHepatop ANTARI Z300 u cyxoil nen, yreep-
KIAI0T, YTO CBET C OOJIBIION JIJIMHHOW BOJIHBI PacCeUBACTCS B TyMaHE CUJIbHEE,
YeM CBET UMEIOIIUI MaJIble IJIMHHBI BOJH [1].

Bce 3To 3HAYMTENBHO YCIOKHSET MPOIECC M3YUYSHUS ONTUYECKUX CBOWMCTB
TyMaHa W JaJdbHEHIIee MCITOh30BAaHNUE TIOJYUYCHHBIX PE3YIbTaTOB MPH MPOCKTH-
POBaHUU CBETOBBIX PHOOPOB, MPETHA3HAYECHHBIX JIJIS1 UCIIOIB30BAHUS B YCIIOBUSIX
tymaHa. [IpoGiema, cBsi3aHHAs ¢ BIUSHUEM SPKOCTH TOCAIOYHBIX OTHEH camoJie-
TOB W CHUTHAJBHBIX OTHEH, YCTAHOBJICHHBIX Ha B3JICTHO-TIOCAIOYHBIX IOJIOCAX, HA
BHUJIMMOCTH B YCJIOBHSX TYMaHa OIMCaHa B Y4€OHOM ITOCOOHH ISl CPETHUX CITCITH-
ANBHBIX YYCOHBIX 3aBEJCHUHN TpakIaHCKoW aBHanuK «CBETOTEXHUKA U CBETOM3-
MepeHus» [9].
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Puc. 1. Bremnuii BUJ yabTpa3ByKOBOIO TyMaHOT€HEpaTopa

JIJIst IpOOIKEHUST N3YYCHUST ONTHYECKUX CBOWCTB TyMaHa HamMu ObLia CO-
Opana jabopaTopHasi yCTaHOBKA JIJIsl TOJYyYEHHS] TyMaHa, B KOTOPOU MCIOJIb30BaI-
csl yIbTpa3ByKoOBOI TymaHoreneparop Exo Terra Fogger (PT-2080) [7], u3zo06pa-
JKeHHbIA Ha puc. 1. [ u3Mepenuss ObUIM UCIOIB30BaHbl 2 CIEKTPOPATUOMETPA
Specbps 1211.

9 6 5 4 2

o

=1 =)

7 11 1 8

Puc. 2. YcranoBka Juist ucciel0BaHUSI ONITUYECKUX CBOMCTB TyMaHa

Ha puc. 2 npuBeneH Buj cBepXy yCTaHOBKH, rae | — Kopryc kamepsl, 2 —
TE€MHas TKaHb, 3 — BOJa, 4 — ylbTPa3ByKOBON TyMaHOOOpa30oBaTeilb, 5 — BEHTHIIS-
TOp PELMPKYJSLUMU BO3yXa B Kamepe, 6 — NH(PpaKpacHbIN TaTYMK TUIOTHOCTH TY-
MaHa, 7 — BEHTWISATOP MPOAYBKH KaMepbl, 8 — OTBEPCTUE ISl CTOKA TyMaHa, 9 —
TepMornapa, 10 — oTBepcTue 111 yCTaHOBKHM UCTOYHMKA CBeTa, 11 u 12 — oTBepeTus
JUIsS yCTAaHOBKH CIIEKTPOPaTHOMETPOB @ u b coorBeTcTBeHHO, 13 — Web-kamepa.

Konctpykius pazpaboTaHHON HaMH YCTAaHOBKHU JJISI UCCIICAOBAHMS ONITHYE-
CKHUX CBOMCTB TyMaHa mpejcTaBieHa Ha puc. 2. Kopmyc 1 mpencrasusier coOoit
TEPMETHYHBIN SIIMUK C KPBINKOW (HA pPUCYHKE HE II0Ka3aHa) pa3MepaMu
702x310x390 mMm. BHyTpeHHsIs TOBEPXHOCTh KOpITyca OOKJIeeHa MOJUITUIICH OBOM
MJICHKOM M TEMHOW CBETOINOTJIOMAIONIEH TKaHbio 2. SAmuk Ha 6—7 CaHTUMETPOB
3aMoJHEH BOAOH 3, B KOTOPYIO MOTPY,KEH YIbTPa3ByKOBOW TyMaHooOpa3zoBarens 4
[7]. B BepxHel yacTu Kopiyca pa3MeIleH BEHTWIATOP S MpeaHa3HAYEHHbIA IS
PELMPKYJIAIMU BO3JyXa BHYTPU KaMmepbl U HUH(pPaKpaCHbIA JaTYUK KOHTPOJIS
IJIOTHOCTH TymaHa 6. JIJisi mpOJyBKM Kamephbl MCIOJIB3YETCS BEHTHWIATOP 7, 3a-
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KPEIUICHHBI C Hapy>KHOM CTOPOHBI KOpITyca, MPUYEM OH PACIOJIOXKEH TaK, 4YTO
CBET BHYTPh KaMepbl He nonanaer. OTBepcTre, NpeIHa3HauYeHHOEe JJISl CTOKA U3-
OBITOYHOTO TyMaHa, MPUKPHITO C BEIIHEW CTOPOHBI KOPIYca TEMHBIM CBETOIO-
[JIOMIAOIIMM KOpoOoMm 8. JIjist KOHTPOJIsl TeMIepaTypbl BHYTPU KaMephbl UCTIOb3Y-
eTcs Tepmonapa 9. B TopieBbIX CTEHKax Kopmyca mpocBepieHsl otBepetus 10, 11
u 12 npeaHa3HayeHHBIE 711 YCTAHOBKU MCTOYHMKA CBETA, CIEKTPOPATUOMETpPA & U
b coorBercTBeHHO. BHYTpH KOpIyca mmeercss Web-kamepa 13 mpenHa3HaueHHAs
JUTSl BUBYAJIbHOTO HAOJIOICHUS.

5 7 8 9 2 1 4 310 6

i

—

-

Puc. 3. YcraHoBKa /1 KCCIIEIOBAHMSI ONITUYECKUX CBOMCTB TyMaHa (BUJI COOKY)

Ha puc. 3 npuBeneH Bua yCTaHOBKH (BUJ cOOKY), Tae 1 — Kopmyc KaMmephl,
2 — JIy4 CcBeTa, 3 — HCTOYHUK CBeTa, 4 — TpyOKa NI BBOJA CBETa, 5 — CIEKTpPOpa-
JTUOIMETP a U1 U3MEPEHHsI MPOIISAIIEro CKBO3b TyMaH CBeTa, 6 — CHeKTpopa-
TUOAMETp D 7151 U3BMEpEeHHs CBETa PAaCCeTHHOTO TYMaHOM, 7 — TECTOBas Ta0JIMYKa,
8 — ynmpTpa3ByKkoBOI TyMaHOOOpa3oBarenb, 9 — Boaa, 10 — Web-kamepa.

Yrob6sl n3bexaTh OTpaKEHHUS CBETa OT KOpITyca KaMepsl | U MOBEpPXHOCTU
BOJIbI, © TEM CaMbIM YBEJIMYUThH YHUCTOTY IKCIEPUMEHTa HEOOXOIMMO chopMHpO-
BaTh HAINPABJICHHBIN MMyYOK CBETA 2, B CBS3H C Ye€M, UCTOUYHHUK CBETa 3 MOMEIIAeTCs
B TpyOKYy € HEOTpaxarollleld BHYTPEHHEH MOBEPXHOCThIO 4, KOTOpas MOIJIOIIAET
BCE HECOOCHBIE JIydH cBeTa. J[muHa TpyOKH U ee HaKJIOH BhIOMpaAEeTCsi TAKUM 00pa-
30M, YTOOBI CBETOBOE ISITHO, 00pa3yroleecss Ha MPOTUBOIOIOKHON CTEHKE KaMme-
pBl HE BBIXOAMIIO 3a €€ MPUAEIbl U MOJTHOCThIO MEPEKPHIBAIO OTBEPCTUE, NTPEAHA-
3HAYEHHOE ISl YCTAHOBKU cCIeKTpopaauoMerpa. CBeToBas COCTaBIAOLIAs IMPO-
Hiesas yepe3 TyMaH U3MepseTcsl CIEKTPOPaTUOMETPOM a S, a OTpa3UBILASCS OT
TyMaHa B 0OpaTHOM HalpaBJICHUH CHEKTPOpaarnoMeTpoM b 6, ycTaHOBICHHBIM Ha
TOM K€ CTEHKE YTO U UCTOYHHK CBETA.
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Puc. 4. TecroBas Tabiauyka

JIs BU3yaJIbHOM OIIEHKM BHJIMMOCTH BHYTPU KaMepbl UMEETCS TECTOBas
Tabnuuka 7, 3aKpeIuIeHHas Ha CTEHKE HENOCPEIACTBEHHO O] OTBEPCTHEM s
YCTAaHOBKH CHEKTPOPATUOMETPA 8, YACTUYHO MOMNaJaromas B 001acTb CBETOBOIO
NATHA, 00pa3yeMoro UCTOYHUKOM cBeTa. Tabiuuka MmpeacTaBisieT coO0 YepHYIO
MaTOBYIO IPSIMOYTOJIbHYIO TUIACTHUHKY pazmepamu 150x100 mm ¢ GeabiMu 1mosoc-
KaMH pa3InyHOM MUPUHBEI (pUC. 4).

DOKCHEpUMEHT JIETUTCS Ha HECKOJIBbKO 3TaloB: KaaUOpPOBKA, MOATOTOBKA U
U3MEPEHUS.

B npouiecce kannOpoBku BeiOMpaeTcs: TpeOyeMblii HauaIbHBIM CBETOBOM IO-
TOK U (PUKCHUPYETCS] TOKH MUTAHUS, IPU KOTOPBIX CO3/IAETCS 3a/IaHHBIA CBETOBOM
MOTOK JJIS KaXXJ0ro cBeToanoa. [Ipu momoliiu crnekTpopaauoMeTpoB pukcupyer-
Csl CHEKTP MPOLIEANIEr0 U OTPAKEHHOI'O CBETA, a TaKXKe JEJIaeTCsd CHUMOK TECTO-
BOM TaOJUYKH.

B nporiecce moaroToBKM K OCHOBHBIM M3MEPEHMSIM BBIOMpAETCs 3aJaHHas
IJIOTHOCTh TyMaHa, MOJAETCsl MUTaHUE HAa TYMAaHOT€HEpaTop U KaMepa 3amoJHsAeT-
cs TyMaHoM. Jlo Hayana MpOBEACHUS U3MEPEHUN NOJDKHO IMPOUTH OKOJO 15 mMu-
HYT, 3@ 3TO BpeMsl IJIOTHOCTh TyMaHa BHYTPHU KaMephbl CTAOUIIM3UPYETCS U CTaHO-
BUTCSI OJHOPOIHOM.

B mponecce nzmepeHnii noo4epeaHO MEHSIIOTCS UCTOYHUKU CBETA, BBICTAB-
JISIIOTCSI paHee YCTAHOBJICHHBIC JIJII HUX TOKHU MUTAHUSA, MPOU3BOIUTCS (pUKcarus
MOKa3aHUil 000UX CHEKTPOPATUOMETPOB, JIETAIOTCS CHUMKH TECTOBOU TaOIUYKH.
[Tpudem it TOTy4eHUS! TOCTOBEPHBIX PE3YJIHTATOB, U3MEPEHUS HEOOXOIUMO BBI-
MOJIHUTh HECKOJIBKO pa3, U3MEPSISi UCTOYHUKHU CBETA B OJJHOM U TOM K€ MOPSJIKE,
3aT€M YCPEIHUTh MOJYYEHHBIE PE3YJIbTATHI.
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NU3MEPEHUE CIIEKTPA CBEYHEHUSA CBETOANOA0B
C YJAJTEHHBIM JJIOMUHO®OPOM U PACYUET
KOOPAMHAT OIBETHOCTH

Annomayun. B cratbe npuBeiEHBl ONMHMCAHUE YCTAaHOBKH, METOAMKA U pe-
3yJIbTaThl UCCIIEOBAHMS CBETOJMOJIHOTO MCTOYHHMKA CBETA C Y/AaJCHHBIM JIFOMHUHO-
dopom ZnS:Cu, Al. PaccMoTpeH MOpsIoK pacueTa KOOPIHHAT [IBETHOCTH MO H3Me-
PEHHOMY CIIEKTPY CBEYEHHSI NCTOYHHMKA CBETA C yAaJeHHBIM JitoMuHO(opom. Pazpa-
00TaHHasl YCTAaHOBKA MOXeET OBbITh MCIOJb30BaHA B Ja0OPATOPHOM MPAKTHKYME IS
CTYZICHTOB WHXCHEPHBIX CIEIHaTbHOCTEH.
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CBEUCHUSI, KOOPAMHATHI I[BETHOCTH.
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THE MEASURED SPECTRUM LIGHT LEDS WITH A REMOTE
PHOSPHORS AND CALCULATE THE COORDINATES COLOUR

Abstract. The article describes the setup, methodology and results of the re-
search of led light source with remote phosphor ZnS:Cu, Al. Banded version of the
procedure for calculation of the chromaticity coordinates of the measured spectrum of
the illumination source nick light with a remote phosphor. The developed unit can be
used in a laboratory workshop for engineering students.

Keywords: LED remote phosphor brightness, the chromaticity coordinates.

CBeToanonabl yKe B HACTOSLIEE BPEMsI CTaIl UCTOYHUKAMU CBETA, KOTOPBIE
IPOU3BOJATCS B IMPOMBILIUICHHBIX MaclITabax JUisl CaMbIX Pa3HbIX NIPUMEHEHUHN B
cBeToTexHUKe. CBeToAn01bl (D (DEKTUBHBI, UMEIOT MAJIbIE pa3MeEpPbI U JTUTEIIbHBIN
CPOK CIIy»Obl. JINHEWKHU U MaTpPHUIIbl CBETOAUOJA0B U3Ty4alOT CBET TaKOW MOIIHO-
CTH, KOTOpasi JOCTATOYHA JJIsi OCBELICHUs ydpekKaeHud u ynuil. OHU TaK Ke HUc-
MTOJIB3YIOTCS JUISl IIBETHOW IEKOPATUBHOM MOJCBETKH 3/IaHUM.

Ecnu cBoiicTBa cBETOAMOAOB OyAYT MOJHOCTBIO KOHTPOJHMPOBATHCSA, OHH
CTaHyT Topasio Oosiee 3PHEKTUBHBIMU, YeM OObIYHBIE UCTOUHMKHU cBeTa [1]. On-
HUM U3 OCHOBHBIX HEJIOCTATKOB CBETOJMOJIHOI'O OCBELIEHHUS SBIISIETCS PE3KOE OT-
JIMYME CIEKTPOB U3JIyYEHHUs CBETOIUOAOB OT COJIHEYHOIO U3IydeHus. BaxkHenmas
3aja4a pa3pabOTYUKOB COCTOUT B YJIYUIIEHUH CIIEKTPAIbHOIO COCTAaBA U3ITyuEHUs,
WU3MEHEHUH MPOCTPAHCTBEHHOT'O PACIIPEIEIICHHS CBETA.

Borpocsl, cBs3aHHBIE C U3MEPEHUEM MHAUKATPUCHI U3yYEHUs, paCCMOTpE-
Hbl B [5]. LIBeTOBBIE KOOpAMHATHI MCTOYHMKA HU3JIyYEHHUS MO3BOJIIOT OLIEHHUBATh
KAaueCTBO CHEKTPAIBHOIO COCTABA M3JIyYEHMS Ul 4EJIOBEYECKOro 3peHus. CBero-
JIMOJIbl XapaKTEePU3YIOTCS JOCTATOYHO Y3KHM CIIEKTpoM cBeueHus. [lomymmpuna
criekTpa Ha ypoBHE 0,5 OT MakCHUMaJdbHOW CHEKTPAIBHOM TMJIIOTHOCTH U3JITYYCHUS
paBHa 10—40 M. Takoi cBeT BOCIPUHUMAETCS YEIOBEUYECKUM IJ1a30M KaK MOHO-
XpPOMAaTUYECKUI (OTPEIETIEHHOTO 1IBETA).

Bricokas spKoCTh HM3-3a MAJIOW U3JIy4arollel IIOBEPXHOCTH U y3Kasl HalpaB-
JICHHOCTb M3Jy4YE€HUs, SBJIAIOTCS HEJOCTATKAMU CBETOAMOJHOTO MCTOYHUKA U3ITY-
yeHus. 3ajada CO3/IaHMsI CBETOAMOJAa C OOJBIION M3Ty4arolleld MOBEPXHOCTHIO B
HacTosmiee BpeMs He pernieHa. Hanbonee 3 (heKTUBHBIMU B HACTOSIIIEE BPEMS SIB-
JSIFOTCSL CHHUE CBETOAMOABI, M3nyyatouie B oosactu 400 um. J{ns ucnpasieHus
LBETHOCTH HM3JIy4€HUSI HICTOYHUKOB CBETAa HA OCHOBE CMHUX CBETOAUOJIOB MCHOJIb-
3YIOTCSI TIIOMUHO(OPHI, M3Tydaronme B KENTO-3enEH0N oOnactu cmektpa. [lpu
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3TOM JIOMUHO(OpP pacrmonaraeTcs 3a npeneiamu cBetoauona. CuHuit m xEnTo-
3eJIEHBIN CBET CMEIIMBAIOTCA U JAIOT ONIyIIeHUE OesIoro 1BeTa.

Hcrounuk cBera, B KOTOPOM CBETOIUOJ U JIOMHUHO(DOP MPOCTPAHCTBEHHO
paszieneHbl, MPUHATO HA3bIBaTh CBETOJAMOIHBIM MCTOUYHUKOM CBETA C YIAJICHHBIM
moMuHoopom [2]. OOBIUHO JTIOMUHOQOP pacrojararoT Ha MOBEPXHOCTU MPO-
3payHOM Il u3imyuyeHus JoMuHodopa. Camy MOBEPXHOCTh OCBEIIAIOT CBETOM
cBeroaunoa. JlromuHOQOp Mpeodpa3yeT CIEeKTp U3IYUEHHUsS B CHEKTP, JICHKAIIU B
KENTO-3€NIEHOM 00sIacTU. DTOT MOJAXOJ PE3KO YyBEIHUMBAET 3P(PEKTUBHOCThH HC-
TOYHHMKA CBETA HA OCHOBE CMHET0 CBETOAMO/1a U MOBBIIIAET «KaYECTBO» CBETA (13-
MEHSIET KOOPJIMHATHI I[BETHOCTH). JItoMuHO(Op, MOTIomas CHHee U3ITyYeHUE CBe-
TOAMOJA, MEPEN3IIy4aeT €ro BO BCE CTOPOHBI B JPYTOM KEJITO-3€JE€HON 00s1acTu
CIEKTpa.

Hcnonb30BaHne yaaaeHHOTO JTIOMUHOGOpA MO3BOJISIET MPAKTUYECKU BCe 00-
paTHOE U3Iy4YeHHUE JIIOMUHO(Opa NEepeHanpaBUTh Bepe. Jis 3Toro ycrpanBaeT-
Csl KaMepa CMELICHUsI, CTEHKU KOTOpOil caenaHsl U3 Iud(Py3HOro OTpaXkarouiero
Matepuana ¢ kodgduirenTom orpaxkenus 95-99 %. Kamepa cmenieHus: mo3BoJis-
€T YBEJIMYUTH CBETOBYIO 3 (HEKTUBHOCTH UCTOUHUKA cBeTa 110 30 %.

Hamu npoBeneHo n3MepeHue CreKTpa U31y4YeHHUs] ICTOYHHKA CBETA C yJIaJICH-
HBIM JIFoMHHO(OpoM Ha ocHoBe ZNnS:Cu,Al u paccuuTaHbl €ro KOOPMHATHI I[BET-
Hoctu. Ha puc. 1 npuBenena 010k cxema yCTaHOBKH.

[ G~

Puc. 1. biok cxema yctaHOBKH: 1 — CBETOAMO/I, 2 — OTJAJICHHBIN JIFOMHUHO(OP,
3 — Onok muTaHus cBeroauonaa, 4 — monoxpomarop AMP-4, 5 — ®3VY-79,
6 — 6stok utanust ®DY, 7 — yCHIUTENb IOCTOSTHHOTO TOKA,
8 — peructpupyroiee yctpoictso (ocumuiorpad AKNIT-4116/1)

Hcrounnkom cBeta (1) sBisics cuuuii cBeToauon (Amx—=390 HM). PasBepTka
MOHOXpomaTtopa (4) oCyIIecTBIsAIaCh C MOMOIIBIO MIAroBOTO JABUTaTeNsl. B kade-
CTBE YCHJIMTEJSI TOCTOSTHHOTO TOKa (7) UCIOJIb30BAJICS YCHIIUTEINb, COOPAHHBIA Ha
ocHoBe Mukpocxembl KP140V JI8A.

[IpunnunuanbHas cxema YCUIUTENs IPUBEICHa Ha PuC. 2.
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Puc. 2. llpunnunuaneras cxema yecunutens. R1=100 kOm, R2=10 kOm, R3=10 kOm, R4=51
kOM, R5=1 kOm, R6=10 kOM, R7=1 kOm, R8=10MOwm, R9=1MOmMm, R10=0.1MOm,
R11=10kOm, R12=1xOm; C1=C2=10mk®d, D1, D2 — mukpocxemsr KP140Y JI8A

Ha nepgoit mukpocxeme D1 cobpan ycunutens o Toky. Ha BTOpoil Mukpo-
cxeme D2 — ycunutens mo HanpsHKeHHIO ¢ KO3 PHUIIMEHTOM YCHICHUS PaBHBIM 5.
B ycunuresne BO3MOKHA peryJupoBKa HyJsl C TOMOIIBIO IEPEMEHHBIX PE3UCTOPOB
RS — mnaBHo, R6 — rpy06o0. 3anuch CIIEKTPOB M3IYyUYEHHUS OCYIIECTBIUIACH C TIOMO-
nipl0 nudpoBoro 3amnomunaroiiero ocuwiorpapa AKUIIT-4116/1. Bo3aMoKHOCTB
3alOMHUHaHKs MH(pOpManuu B LU(PpoBOi (popMe MO3BOJIsIIA UCTIPABIIATh U3MEPEH-
HBIA CIIEKTP C YYETOM CHEKTPaJbHOW UYyBCTBUTEJIBHOCTH YCTAHOBKHU C MOMOIIBIO
nporpammbl EXcel, a Tak sxe mpoBoAHMTH pacdeT KoopAuHAT mBeTHOCTH. Konude-
CTBO TOYEK OocLMIUIOrpaMMel criekTpa paBHO 4000, 4TO MO3BOJISIIO C BHICOKON TOU-
HOCTbIO 00pabaThiBaTh CHEKTphl. [Ipu M3MepeHuu CKOpOCTh Pa3BEPTKH CIIEKTpa
IarOBBIM JIBUTATEJIEM CHHXPOHU3MPOBANIACh CO CKOPOCTHIO Pa3BEPTKU OCIIMILIO-
rpada.

Ha puc. 3 mpuBeneH CHeKTp CBEYEHHUs CBETOAMOTHOTO HMCTOYHHMKA CBETA C
ynajaeHHbIM JIIoMHHO(GOpoM Ha ocHOBe ZnS:Cu, Al. JlromuHOpOp HAHOCHIICSA HA
MJIaCTMACCOBBIA KOJMAYOK, BHYTPU KOTOPOTO pacloarajics CBETOIUO/I.
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Puc. 3. CnekTp cB€YEHHSI ICTOYHUKA CBETA
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Pacuer xoopaunat nBetHOCTH OBLT TIpOBenieH 0o 'OCT250247-90 [3]. Me-
TOJI ONpeIeNICHHs] KOOPAMHAT IIBETHOCTH, coryiacHo ykazaHHoro 'OCTa, ocHoBaH
Ha M3MEPCHHUHU CIICKTpa M3JIyuyeHHUS B OTHOCHTEIbHBIX CAMHHUIAX. PacueT koopau-
HAT IIBETHOCTH OCYINECTBIIICTCS IO H3BECTHBIM (DYHKIUSM CIIOKEHHS IIBETa
X(4),¥(A),Z(A), 3HaueHHMs KOTOPBIX 3aJaHbl U IPHUBEACHBI B MPHIOKEHUU YyKa-
3agHoro I'OCTa. KoopauHatel 1BeTa BBIYHMCSUIMCH C YYETOM HHTEpBajia JUIMH

BOJIH, B KOTOPOM PACHOJIATAETCA CIEKTP U3IYYEHUS] HICTOYHUKA CBETA C MOMOILBIO
COOTHOIIICHUIA:

570 570 570
X=YS,%X(1),Y=>5,5(1),Z=)S,Z(4).
430 430 430

[Tonyuensl crnemyrone 3Ha4YeHUs KoopauHat 1Beta: X =151,9374,
Y =409,4598, Z =328,242. KoopauHaThl IIBETHOCTH OIPEACIBUINCE TI0 (HopMy-

JIaM:
X Y Z

X:—’ y:—’ I =—
X+Y+2Z X+Y+Z X+Y+Z

JIisi WCcTOYHWKAa CcBeTa OHM paBHBI cooTBercTBeHHO: X =0,170785,
y =0,460254 , z=0,368961.

Ha ocHoBe pa3paboTaHHON YCTaHOBKH BO3MOKHO CO3JaHUE JIabopaTOpHOH
pabOThI IO UCCIIEIOBAHUIO CIIEKTPA CBEYEHUS] CBETOJUOIHBIX UICTOUHHUKOB CBETA U
OINpEJEICHHEe UX KOOpPAMHAT LIBETAa M LBETHOCTU. Vcmosib30BaHME COBPEMEHHBIX
npudopoB, 1UPPOBO croco0 0O0paOOTKM NAaHHBIX MO3BOJIMT CTYJEHTaM pa3o-
OpaTbcd B CHEKTPAIBHBIX M IBETOBBIX METOJAX M3MepeHUsd. Bo3MOKHOCTH 3ario-
MUHAHUS OCUMJUIOTPaMM, KaK B aHAJIOroBOW M LU(PpoBOH (hopmax oToOpaxeHus,
PE3KO MOBBIIIAET TOYHOCTh 0OPaOOTKM NaHHBIX. JlaHHAs ycTaHOBKa MOXKET OBITh
MCIIOJIb30BaHa JJIsl UCCIEOBAaHNSI KMHETUKH MPOLIECCOB Pa3ropaHusi U 3aTyXaHUs
cBeueHus. JlIst 9TUX M3MEPEHUN MOKHO BOCIIOJIb30BATHCS METOJIUKOW IPUBEICH-
HOI B pabote [4].
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YCTPOUCTBO U CITOCOB UBSMEPEHUS XAPAKTEPUCTHUK
B3PHIBHOU DJIEKTPOHHOM DMUCCHUHA
B YUYUEBHOM DKCIHEPUMEHTE

Annomayun. B 1966r. OTKpBITO HEU3BECTHOE pPaHEE SIBJICHHE B3PHIBHOU
anekTpoHHOU smuccun (BOD). B3pbiBHas sMuccusi OTBETCTBEHHA 3a W3BJICUCHHE
00JIBIINX KPAaTKOBPEMEHHBIX TOKOB — OT ThICAY /10 MMJUIMOHOB amriep He TOJbKO B
BaKyyMHBIX, HO U Ta30pa3psiHbIX npuodopax. s peanuszanuu sBJICHUS U AJI U3Me-
PEHHUSI HEKOTOPBIX €r0 XapaKTePUCTUK B YUEOHOM 3KCIIEPUMEHTE MPEIOKEHO MPo-
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CTO€ YCTPOMCTBO M croco0 m3MepeHus. Mcrnonp30BaHUe HIMPOKO JOCTYMHBIX Ta30-
pa3psAAHBIX TPUOOPOB B KadecTBE OOBEKTA MCCIEJOBAHHS MO3BOJIIUT B MPOCTEHIIIIX
IKCIIEPUMEHTAaxX peann3oBath siBjieHue BOD.

Kniouegvie cnoea: B3prIBHAS 3JEKTPOHHAS YMHUCCHS, YUCOHBIN IKCIIEPUMEHT,
ra3opaspsyIHbIC JTaMIIBL.
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DEVICE AND METHOD FOR MEASURING PERFORMANCE
EXPLOSIVE ELECTRON EMISSION
IN TEACHING EXPERIMENTS

Abstract. In 1966, it discovered a previously unknown phenomenon of explo-
sive electron emission (EEE). Explosive emissions responsible for removing large
transient currents - from thousands to millions of amperes, not only in vacuum but
also discharge devices. To implement the phenomena and to measure some of its
characteristics in the educational experiment suggested a simple device and method
of measurement. Using widely available discharge devices as a research facility will
allow a simple experiment to realize the phenomenon of EEE.

Keywords. Explosive electron emission, educational experiment, discharge
lamps.

I'pynma yyenbix TOMCKOrO HWHCTUTYTa aBTOMATHU3UPOBAHHBIX CHUCTEM
yIpaBieHUs U PaIuOIIEKTPOHUKH, NHCTUTYTa aBTOMATUKU U JIEKTPOHUKU U UH-
ctutyTa ontuku atmocdepsl Cudbupckoro otaenenuss AH CCCP, a takxke JleHun-
IPaJICKOTO TOCYAApCTBEHHOTO YHUBEpCHUTETa B 1966r. OTKpblJIa HEM3BECTHOE pa-
Hee sIBJICHHE B3PBIBHOM 3J1eKTpoHHOM smuccuu (BDD) [1].

bbuto ycTaHOBIEHO, YTO B3pHIBHAS IMUCCHSI OTBETCTBEHHA 3a W3BJICUEHUE
OONBIINX KPATKOBPEMEHHBIX TOKOB — OT THICAY JO MIJLIMOHOB aMmIiep — B TaK
Ha3bIBAEMbBIX HMMITYJIbCHBIX CHUJIBHOTOYHBIX YCKOPHUTENSAX 3JIeKTpoHOB. Celuac
AIIEKTPOHHBIE IMYYKH, POKJICHHBIE B3PHIBOM, MIPUMEHSIIOTCS B TEPMOSIICPHBIX HC-
CJICIOBaHUSX, JJIS HOBBIX THUIIOB KBAaHTOBBIX T'€HEPATOPOB U MCTOUYHUKOB PEHTTE-
HOBCKUX JIydel. B3pbIBHAs dSMHCCHUsI CTTIOCOOHA BHECTH U3MEHEHUS B TEXHOJIOTHIO
00pabOTKHU METAJLIIOB.

Y CTaHOBJIEHO, YTO AJEKTPOHBI MPOBOJAUMOCTH, MEPEHOCS DICKTPUUECKUIN

TOK, MPUHOCIT U3 TJIyOMHBI KaToJla K TPAHUIE SMUCCUU CPEJHIOID SHEPIrUi0 Ha
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OJIMH JICKTPOH, OJM3KYI0 K 3Hepruu depmu [2]. DIIeKTPOHBI SMUCCHH YHOCST C
KaToJa CPEAHIOI0 SHEPTHUIO HA OJUH AJIEKTPOH, MEHbIIYIO 3Heprun depmu. B pe-
3yJbTaTe B KaTojJe BOJM3HM IPaHULbl SMUCCUH HAKAIUIMBAKOTCS TOPSAYUE IIEKTPO-
HBbI, YTO IPHUBOJUT K JIOKAJIbHOMY Pa30rpeBy KaTojaa. ITO MPUBOIUT, B CBOIO OUe-
penb, K JIOKaJIbHOMY YBEJIIMYEHHUIO 3JIEKTPOCONPOTUBIIEHUS U OypHOMY BblIeie-
HUIO JDKOYJIEBA TEIIa, YTO SIBJISETCS BTOPOW COCTABIIAIONICH TEMIOBOrO paspylle-
aust. TIpu BhICOKHX muIoTHOCTSIX Toka (10° A/cM? M BbIIIE) mpoLece MOXeT OBITh
HACTOJIbKO MHTEHCHUBHBIM, YTO MPUBOAMUT K B3PHIBOOOPA3HOMY pa3pylICHUIO OT-
JEIbHBIX YYACTKOB KaToO/1a.

W3 npoaykToB 3po3uM Karoja oOpaszyercs MpUKaToJHAs IJia3Ma, TO €CTh
ra3, COCTOSIIIMM W3 AJIEKTPOHOB M MOHOB PA3IMYHON KpaTHOCTH 3apsna. Temmepa-
Typa snekrporos T, = (4-5)10" K, remmeparypa uonos T; = 1 *10* K. Ipukaroz-
Has IUIa3Ma PaCIpPOCTPAHSIETCS B MEKAJIEKTPOIHBIA POMEKYTOK CO CKOPOCTBIO
= (1-2)*10° cm/c. Dta cKOpOCTH C1aG0 3aBUCHT OT HPHIOKEHHON MEKIICKTPOI-
HOI pa3HOCTH MOTEHIMATIOB U MaTepuaia KaTo/a.

KoHueHTpanusi 371€KTpOHOB B 3TOM IJIa3ME€ BBICOKA, SHEPTUS CBSI3U UX C
MOJIOKUTEIbHBIMA MOHAMH MaJjia, YTO 00ECIEYMBAET BBICOKYIO SMUCCHIO 3JIEKTPO-
HOB (IJTOTHOCTh TOKA Ha HECKOJILKO TOPSAKOB BBIIIE JPYTUX BUJIOB DJICKTPOHHOM
AMUCCUH) U3 ITOTO CTYCTKA TJIa3MBbl.

JIMUTENbHOCTH Mpolecca 3MUCCUU Maia. Pacxol BemiecTBa KaToga COCTaB-
asieT okoio 40 mkr/Kit .

[Ipu 3akuranuu pa3psiAHBIX UCTOYHUKOB CBETa OBUIO OTMEYEHO, YTO IMPO-
L[ECC MepeX0/ia U3 TICKOIIET0 B CTALIMOHAPHBIM JYrOBOW pa3ps]l MPOXOIAUT Yepes3
COCTOSIHUE C OBICTPO MEPEMEIIAIOIIUMUCS CBETAIIUMUCS MATHAMU, XapaKTEPHBIMU
JUTSL «XOJIOAHOTO Katoaa» [3].

[Ipu 3TOM 3HAaUYEHUS MPOTEKAIONIUX TOKOB HE MOTYT OBITh OOBSCHEHBI HU
TEPMOJIEKTPOHHOW, HU aBTOAJIEKTPOHHON »MHccuen. Tonbko npusieuenne B2
MO3BOJIWIIO 0oJiee JETaNbHO OOBSICHUTH MPOLECC 3aKUIaHUs UCTOYHUKOB CBETA C
CaMOKISIIIIUMUCS KaTOJIaMH, a TaKKe MEXaHWU3M OTrpaHUYEHUS aMIUIUTY/IbI BBICO-
KOBOJIbTHOTO MMITYJIbCA, TEHEPUPYEMOTO B CTAPTEPHOM CXeMe BKJIIOYEHHS Ta30-
pa3psiaHbIX Jam [4—10].

OnHOM M3 TEXHUYECKH BaXKHBIX XapaKTEepUCTUK BOD B pa3psaHbIX UCTOU-
HUKaX CBETa SIBJISIETCS 3HaYE€HHE MUHHUMAJIBHOTO TOKA, MPU KOTOPOM 3TO SIBJICHUE
peanusyetcs. Jlanubie 00 3TON XapaKTEPUCTUKE HEOOXOIUMBI JIJISl YIIYUIIICHHS pa-
00YMX XapaKTEPUCTUK MCTOYHHKOB CBETA, JUIsl pa3paObOTKu d(PGHEKTUBHBIX 3a3KH-
TarIMX YCTPOUCTB.

Bwmecrte ¢ TeM, razopaspsiiHble UICTOUHHKUA CBETa SIBISIOTCS YIOOHBIM 00b-
€KTOM JIJIs1 U3y4YeHHUs siBjieHust BOO.

[Ipu uccnegoBanus xapakTepucTUK BOD npuMeHsann ycTaHOBKY, CXeMa KO-
TOPOM MpeICTaBIeHa Ha pUC. 1.
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Puc. 1. Cxema ycTaHOBKH /17151 MCCIIEA0OBAaHUS XapakTepucTUK BOD B pazpsaaHbIx
UCTOYHMKAxX cBeTa. C—KkoHAeHcarop; V — BoabTMETp; R — TOKOOrpaHn4nTeIbHOE
COIPOTHUBIIEHUE; JI — uccieyemas Jamma

Konnencatop C OT UCTOYHMKA MUTAHUS 3apsKaid J0 HAYaJIbHOTO HaIps-
xxenusa U,,, B nnanasone 30-270 B. Jlammnbl BKJIIOYaad B COOTBETCTBUH CO CXEMOM
yCcTaHOBKH puc. 1. B kauecTBe 00pa3ioB jJaMil sl U3MEPEHUsI, MOXKHO HUCIIOb30-
BaTh TOPEJIKU ra30pa3psiAHBIX JaMIl BBICOKOTO AaBJICHUS Pa3IMUHON KOHCTPYKIIUH,
CEpPUIHO BBINTYCKAEMbIC WJIA CTIEIIUATBLHO U3TOTOBJICHHBIE.

3apspxenusiit 10 U, konaeHncarop C npu nomoinu kiatoda K/ oTKIIouanu u
MEK/ly BHEIIHUM 3JICKTPOJIOM M 3JICKTPOJOM JaMIibl JI MPUKIIAIbIBAIA UMIYJIbC
(~10000 B) ot 6moka dhopMHUpOBaHUS BBHICOKOBOJIBTHBIX HUMITYJIHCOB, HHUIIMUPY-
IOIIWN pa3psl B JamIme, npu 3ToM KoHaeHcaTtop C pa3psKaics 10 HEKOTOPOIo
U,cn. ConpotuBienue R (mapku MJIT 2) orpanuduBaio TOK 4epes JIaMity.

[Tocne Toro Kak UMIyJIbC TOKa MPOIIEN YEPE3 JIaMITy, Ha KOPOTKOE BpeMs
3aMbIKad K04 K2 U ¢ TIOMOIIBIO BOJIbTMETpPa V PETUCTPUPOBAIIU OCTATOYHOE
Hanpsbkenue U,.,, Ha konaeHcatope C. DTo HanpspKeHue ObIJI0 PaBHO MUHUMAIIb-
HOMY 3HAUCHUIO HampshKeHUs Ha jamrie JI B mpoiiecce mpoOosi U 0 HEMY MOKHO
OBLIO CYJUTh O MUHMMAaJIbHOM 3HAUYE€HUH KaTOJIHOTO TMaJCHUs HAMPSHKEHUST B MPO-
1ecce npooos.

[TanenremM HampspKEHUSI HA Pa3psiIHOM MPOMEKYTKE ra30pa3psiIHON JTaMITbl
BBICOKOT'O JaBJICHUS B XOJIOJJHOM COCTOSIHMM TpeHeOperanu. M3amepenuss mposo-
nuiu ipu éMkocty kKouaeHcaropa C = 1 Mx®, 4 Mx®, 10mMx®D, npumeHsim me-
TaJUIOTJICHOYHBIE KOHEHCATOPHI.

[To BenMYKMHE OCTATOYHOrO HAIPSKEHUS, MOXKHO CYAUThH O MPOLECcax, Ko-
TOphIe Mpoucxoawm B jamne. Tak, ecia U, ~ 100...150 B, To cuuranu, 4ro B
JIaMIIe CYIIIECTBOBAJ TOJIBKO TJCIOMUN pa3psia, a eciou U, ~ 10...50 B, To crneno-
BAJIO TOBOPUTH MEPEXOAE pa3psja B HU3KOBOJBTHYIO CTaAUIO (IyrOBOW pasps) C
BEPOSTHBIM BO3HUKHOBEHHEM B3PBIBHOU 3JIEKTpOHHOU 3muccuu (B23). [lng Bo3-
HUKHOBEHHsSI BOD BaxkeH TOK, MPOTEKAIOLIUNA Yyepe3 JIaMIy, MOCKOJIbKY UM OIpe-
JesieTcsl MUpUHa 00JIaCTH KaTOJHOTO MAaJCHUS U B KOHEYHOM WUTOT€ HaNpsHKEH-
HOCTB BJIEKTPUYECKOTO N0 £,.

JIns pa3MyHBIX 3HAYEHUN TOKOOTPAHUYMTEIHHOTO COMpOTHBJIEHUS R (B
npeaenax ot 0 go 1000 Om), npu oaHom u Tom xe U,,,, peructpupoBaiu U,.,.
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JlanHbIie 3aHOCWIIM B TaOIMIYy W cTpowiau rpaduk 3aBucuMoctd Uy, oT U,,, 1is
pas3TUYHBIX 3HAYEHUH compoTuBiaeHUs R. B o0macTu pe3koro m3MeHEeHHs 3aBUCH-
mocti U,,, ot U,,, pukcupoBamu 3HaueHue U, . ,opo. BBIYUCISUIA 3HAYEHUE TOKA
l,,,, IPU KOTOPOM BO3MO>KEH Tpoboii mpu BOD.

EMkocTh koHzmeHcaTopa C BbIOpaHa ¢ y4ETOM TOTO, YTOObI SHEPIUH, 3a-
Mac€HHOM B HEM HE XBAaTWJIO JISI CYIIECTBEHHOTO HAarpeBaHUs 3JIEKTpoaa, T.€.
YTOOBI pa3psijl B JJaMIle TPOXOIWII TIPU XOJIOJHOM dJIeKTpojie. B GonbnHCTBE
CIIy4acB HalpsDKEHUE 3apsgKd KOHJIEHcaTopa €MKOCThio, Hampumep C =
4mMk®D, npyu KOTOPOM TIPOBOAWIIM IKCHEpUMEHT He TipeBbiiano 250 B. Ilpu
ATOM B KOHJIeHcaTtope HakaruBaiachk 3Heprus W~0,1 [x. C moMoripio 3Toi
SHEPTUH MOYKHO HArpeTh 3JIEKTpoJa Maccod 1 T MeHee yeM Ha rpaayc (macca
AJIEKTPOJOB B OOJIBLIIMHCTBE JIaMI BBICOKOTO JaBjeHUs TpeBbimaroT 1 1). Ta-
KUM 00pa3oM, U3MepeHUs TOKOB B mpoBoAMIIN TP «XOJIOIHBIX) AJICKTPO-
J1ax.

nps

JIJ1st niutrocTpauyuy Mpeiyio)KEHHOTO C1oco0a U3MEPEHUS Ha pUC. 2 HPHU-
BeAeHbl 3aBucumocta U,., ot U,,, TIpU pa3siIWdHBIX TOKOOTPAHUYHUTEIHLHBIX
cornpoTuBieHusIX st ropenku gammsl JIPM-400. Y3 manHBIX puc.2 BUIHO,
pe3koe usmenenue U, (Impo0oit) peannsyercs He PU OJJMHAKOBOM 3HAYEHUU
U,... Yem menbiie R, ipu pukcupoBanHom C, tem Huxe U,,,. Ipu KOTOpOM
peam3yeTrcsi Mepexo]l B AyTOBOM paspsi (YTO B HAIlEM CilIydyae BO3MOKHO
TOJIBKO TP peaiu3aluy Mmexanuzma B2D).

[Ipouiecc nepexona paspsiga B JyroBOM HpH JIFOOOM MEXaHU3ME Bcerjaa
IPOXOJNUT CTAAUIO TJICIOIIEr0 W aHOMAJbHOIO TIEKLIEro paspsua. Ha stux
CTaausIX, 3apsijl, HAKOIUIEHHBIA B KOHJIeHcaTope C pacxXoyeTcs Ha MoJieprKa-
HHE JTAaHHBIX TUIIOB pa3psaa. Eciu éMkocts C Mana, TO U HallpsHKEHUE Ha KOH-
JICHCATOPE M3MEHUTCSl 3HAYUTEIBbHO, CIEAOBATEIIbHO IS MalblX EMKOCTEH,
IPU TIPOYMX PABHBIX YCIIOBUSIX, TPOOOH OyAeT HAOI0AATHCS TIpU OoJiee BBICO-
koM 3HaueHuu U,,, 1 Ha000OpOT.

Uocm, B
140
1 20 _.-. —s— R=0 Om
\ \\ —e—R=10 Om
100 e —a—R=39 Om
80 \ —a—R=47 Ou
\ —e—R=56 Ow
60 \ —m—R=100 Om
40 —e—R=150 Om
\Q —e—R=330 Om
20 Lﬁ 3
0
0 50 100 150 200 250 UHauB

Puc. 2. 3aBucumocth ocTaTouHOro HanpskeHus U, OT HauaabHOTO HaNpsHKeHUsIU, 4y
MIPHU Pa3IMIHBIX TOKOOTPAaHUIUTEILHBIX conpoTuBiIeHusX R (;amna JIP11—400),
C=4mx D
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AHanu3 TOJIyYEHHBIX JAHHBIX ITO3BOJIMJI BBIYMCIMTH MUHUMAJIBHBIA TOK
lipsun., TIPH KOTOPOM BO3MOXKEH NP0o00H, Bo3MoxxkHa BOD Tok |,,, mpu koTtopom
peanusyeTcs IpoOOH, PaBeH OTHOIICHHIO HAMPKEHUA U,qy nopo. ( HAPKECHUSA
U,..w TP KOTOPOM IPOUCXOAUT pe3koe usmeHenue U,.,) K TOKOOrpaHUUMBaIOIIIE-
My conpotuBjienuto I, =U, . ... /R.

Hns nammer JIPH-400 u C=4Mk® (puc.2): npu R=100m |,,= 215B/100m
=21,5A; mpu R=390m |, = 225B/390m= 5,7A; nmpu R=470m |,,=
240B/470m=5,1A; nmpu R=56 Owm |,,= 240B/560m=3,13A. Ilpu BesmunHax TOKO-
orpaHnuuTenbHbIX conpoTuieHuil R=100, 150 u 330 Om mnepexon B JIyroBoii
paspsll He peanusyeTcs HM Npu Kakux 3HadeHusix U,,, Takum oOpa3zoM MUHU-
MaJIbHO€ 3Ha4€HHE TOKA |,y 1., IPH KOTOPOM BO3MOXKEH IIEPEXOJ] Pa3psiia B Jyro-
Bylo (opmy (peanmuzanusi mexanuzma B3D) mms nmammer JIPM1—400 cocraBusier
3,13A.

JI1s1 pasnuyHBIX THIIOB JIAMII MMHAMAJIbHOE 3HAYE€HHUE TOKA |,y . , IPH KO-
TOPOM BO3HHMKAaeT BDD pasnmuHa, 4TO ABISETCS CICACTBUEM Pa3IMYHOM KOH-
CTPYKIIMU JIaMII, MaTepHalia UX AJIEKTPOAOB, a TAKXKE PA3IMUHBIM UX HAMOJHECHHU-
eM.

JInsl OLIEHKM MaKCHMaJIbHBIX 3HAYCHUN CWiIbl TOKa npu BOD xonmeHcatop
éMKOCThIO 10 MKD, 3apsixany OT UICTOYHUKA MTUTAHUSA JI0 HAYAIBHOTO HANIPSKEHUS
200 B u moaxiroyany K 3J1€KTpoJaaM JaMIlbl MOCJIEI0BATENBHO C COMPOTHUBICHUEM
0,1 OM (puc. 1) Maunuupyromniuii BEICOKOBOJIBTHBIN UMITYJIbC BBI3BIBAJ MPOTEKA-
HUE TOKa MEXAY 3eKkTpoaaMu. [Ipu 3ToM KOHIeHCaTOp pa3psiKaincs, 3aBUCUMOCTh
MaJICHUS] HANPSHKEHUS! HAa CONPOTUBICEHUH OT BPEMEHU PETUCTPUPOBAIU C IMOMO-
IO 3aIIOMUHAIOIIETO ocuIIorpada.

OcumworpaMma, XapakTEpU3YIOIIAasi 3aBUCHMOCTh TOKa OT BPEMEHH IS
OJIHOTO U3 UCCIIEOBAaHHBIX 00Pa3IOB JaMI n300paxkeHa Ha puc. 3. MakcumansHOe
3HAYCHUE TOKA OrPaHUYMBAJIOCH HAJIMYUEM Mapa3uTHOM WHIYKTUBHOCTU U3MEPHU-
tenbHOM e ~2MkI'. Cuna Toka | — 130 A/gen; Bpemsi t —20 mxc/nen. Ctpenkoit
0003HaY€H MOMEHT MPOOOs ra30pa3psAHOrO MPOMEXKYTKA.

t

Puc. 3. 3aBUCHMOCTb CHIIBI TOJIKA OT BPCEMCHU IIpU HpO6OC JIaMIIbI

Pesynbrartsel M3MepeHnil moKa3aiu, 4To IMPOLIECC HAPACTAHUSA TOKa ONpele-
JSAJICSL HE XAPAKTEPUCTUKAMM JJIEKTPOJOB, HE COCTABOM Ia30BOI'0 HAIOJIHEHUS
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JamIl, a mapaMeTpaMH BHEIIHEW Lenu. DMHUCCHOHHBIE CBOWMCTBA 3JEKTPOJOB, HX
pa3Mep He SBISUIMCh OIPAaHUYMTENEM TOKa 4Yepe3 ra3opaspsAIHblil MPOMEKYTOK;
IMHUCCHOHHBINA TOK ObLT Oonbie 400 A mpu XOJOIHBIM KaToOZAE, YTO MOXKET OBITh
o0ecreyeHo ToJIbKO Mexannzmom BOD.
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MMPABAJIA O®OPMJIEHUS PYKOIIMCEM,
INPEJACTABJISIEMBIX B PEJAKIIUIO )KYPHAJIA

«YYEBHBIV SKCIHIEPUMEHT B OGPA3OBAHUN»
Kypuan exniouaem pasoenv:

1. Ilpoonemul, meopus u npakmuka yuedoHo20 IKCnepUMeHma 6 00paA306anuL.

2. Cogpemennble HAYUHbIE OOCHUNCCHUS 8 MEXHUKE IKCHEPUMEHMA.

3. Jlekyuonnvie demoncmpayuu 6 NPeno0asaHuu eCmecmeeHHO-HayyHbIx,
MEXHUYECKUX U 2YMAHUMAPHBIX OUCUURNTIUH.

4. JlabopamopHule npudopsl u ycmaHoBKu.

5. Yueonwiii sxkcnepumenm u eonpocwt popmuposanus yeHHOCmMHOU cucmemsl TUYHO-
cmu.

6. Komnvlomephole mexnonozuu 6 00pa3zoeanuu.

7. IIpoonemsl ynpagnenusn oopazosamenbHvim RPOUECCOM.

K nmyGimkanuy npuHUMAIOTCS MaTepHabl, Kacalolrecs pe3yibTaTOB OPUTHHAIBHBIX HC-
CJIeZIOBaHUIM U Pa3pabOTOK, HE OMYOJMKOBaHHbIE W HE IMpeJHa3HaueHHbIE Ul MyOJIMKAaLuu B
npyrux uzgaHusax. OobeM cratbu 6—12 c. MAaIIMHONMCHOIO TEKCTa U HE Oosiee 2—4 pUCYHKOB.

1. B penaknuio Heo0X0IMMO NPEACTABJIATH CJeAyIOlHe MaTepHaJibl:

1.1 Pykonucy cmamvu — 1 5K3. B Ie4aTHOM BHJIC Ha JucTax Gopmara A4 (odopMicHHE —
CM. 1. 2) ¥ 1 3K3. B 3JIEKTPOHHOM BHJIE (0popmieHrne — cM. 1. 3). ByMaxkHbIil BapHaHT 10JIKEH
MOJTHOCTBHIO COOTBETCTBOBATH AJIEKTPOHHOMY.

1.2 Xooamaiicmeéo Ha uMs TIaBHOTO PEAAaKTOpa )KypHaja wieHa-koppecnonaeHnta ADH
P®, noxropa TexHnyeckux Hayk, npodeccopa B. K. CpemnnukoBa, moanucaHHOe pyKOBOJUTE-
JIeM OpraHu3allui U 3aBEPEHHOE MeYaThIO.

1.3 [lsa sk3emniapa peyeHzuu, TOIIUCAHHBIC CHEIMAINCTOM W 3aBEPEHHBIC MEYATHIO
yupexaeHus. B pernieH3un otpaxaercss akTyalbHOCTh PAacKpbIBA€MOM MPOOJIEMBI, OLICHUBACTCS
HAYYHBI YpOBEHb NPEACTABICHHOTO0 MaTepHaja W JaeTcsl peKOMEeHAAIus 00 OrmyOJIMKOBaHUU
CTaThU B JKypHaJe.

1.4 Coecnacue na pa3melieHne TUIHBIX JaHHBIX.

1.5 3assxa na myOnuKauuio B )KypHae.

1.6 Jluyenzuonmwiii 002080p.

1.7 Cseodenus 06 asmope(ax): ®UO (MOMHOCTHIO), yueHas CTENEHb, YYCHOE 3BaHHE,
JOJIKHOCTh, MECTO pabOThl (MECTO yueObl WIIM COUCKATEIbCTBO), KOHTAKTHBIE TEIEPOHBI, (haKc,
e-mail, mouToBbIIi HHIIEKC U aapec.

1.8 ®amunms, uMms, oT4ecTBO aBTOpa(OB), Ha3BaHWE CTaThH, aHHoTaws (He Oonee 0,3
CTp.), KITFOUEBBIE CJIOBA U (Ppa3bl HA PYCCKOM M aHTITUHACKOM SI3bIKaX.

1.9 B koHIE CTaTbu — CHUCOK MCIOJIb30BAHHBIX UCTOYHUKOB HA PYCCKOM M aHTJUICKOM
s3bIkax (oopmieHue — cm. 1. 2.5.).

1.10Wunexc YK (yHuBepcanbHas naecstuuHas kinaccupukanms), bBK (bubanoredno-
oubmuorpaduyeckas kinaccuGuKars).

2. IlpaBuia odopMiieHHs] PYyKONMCH CTATHH B NeYaTHOM BHJIe:

2.1 Tekct pykonucu Habupaercst mpudptom Times New Roman pasmepom 14 pt ¢ mex-
CTpOYHBIM UHTEpBaJIOM 1,5. Pycckue u rpedeckne OyKBbI M MHIEKCHI, a Takke LU pbl HAOUpaTh
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OpSAMBIM IIPUQTOM, a JTaTHHCKUE — KypcUBOM. AOOpeBHaTypsl u cranfaptHsle ¢pyHkiun (Re,
C0S) HAOMPAIOTCS TIPSIMBIM MIPUDTOM.

2.2 Pazmepsl moneit crpanunsl hopmata A4 cBepxy u cHuzy mo 20 mm, ciea 30 MM,
cripasa 15 Mm.

2.3 OCHOBHOW TEKCT PYKOIHCH MOXET BKJIIOYaTh (popMyinbl. DOpMyIbl TOJKHBI HMETh
HyMepanuio (C MpaBol CTOPOHBI B KPyTJIbIX cKkoOkax). [lIpudTt Gopmyn momkeH COOTBETCTBO-
BaTh TPeOOBaHUAM, IPEABSBISIEMBIM K OCHOBHOMY TEKCTY cTaThi (cM. I1. 2.1). B crarbe nomxeH
OBITh HEOOXOAUMBIN MUHUMYM (DOpMYII, BCe BTOPOCTENIEHHBIE M MPOMEXYTOUHbIE MaTeMaTH4e-
CKHe MpeoOpa3oBaHMs BEIHOCITCS B IPUIIOKEHUE K CTAaThe (IJIs1 PELCH3CHTA).

2.4 OCHOBHOH TEKCT PYKOITMCH MOXET BKJIIOUATh TAOJMIIBI, pUCYHKH, (poTorpadun (uep-
HO-0eJble WK IBeTHBIC). JlaHHbIe 00BEKTHl JOIDKHBI MIMETh Ha3BaHUS U CKBO3HYIO HyMEpPaLHIO.
KauecTBo npenocTaBienus pucyHkoB U (¢oTorpaduii — BBICOKOE, IPUTOAHOE JJIsi CKAHUPOBAHUS.
Ipudt Tabnui JOIKEH COOTBETCTBOBATh TPEOOBAHUSM, NMPEIBIBIIEMbIM K OCHOBHOMY TEKCTY
cratbu (cm. 1. 2.1). [lpudt Hagnuceir BHyTpr pucyHkoB — Times New Roman Ne 12 (o6bru-
HBIH).

2.5 Crnucok UCHOJb30BaHHBIX UCTOYHUKOB pPa3MeEIIaeTcs B KOHIIE CTaThU B ali(paBUTHOM
nopsike. CChUIKM HA JIUTEPATYpy B TEKCTE 3aKIIOYAIOTCS B KBaJpaTHbIe CKOOKU. OdopmieHue
CIIUCKa CJIeyeT IPOBOAUTH B cooTBeTcTBUU ¢ TpeboBanusmu ['OCT 7.1-2003.

2.6 Crnucok MCHOJIb30BAHHBIX MCTOYHUKOB C PYCCKOSI3BIYHBIMU U JIPYTMMHU CCBUIKAMH
pomarckom angpasume (References) obopmisercs nmo cranmapram SCOPUS.

3. TlpaBuaa ogopmieHHs] PYKONHMCH CTATHH B 3JIeKTPOHHOM BH/Ie

3.1 B anexkTpoHHOM BHJIe HEOOXOAMMO MPEACTaBUTh JBa TEKCTOBBIX (aitna: 1) pykomnuch
cratby; 2) uHpopmanus o6 aBrope(ax). 3amuch (ailyioB BBIOIHSIETCS B TEKCTOBOM PEIaKTOpe
MicrosoftWord (pacimpenus .doc wiu .Itf) Ha AUCKETY WK Ja3epHbI UCK, @ TAKXKE BO3MOXKHA
OTIpaBKa Ha JJIEKTPOHHYIO TOUTy (CM. HIKe). B Ha3zBanuu ¢aiioB ykaspBaeTcsl pamMuIvs aB-
Topa(oB).

3.2 Bce rpaduueckue marepuansl (pUCyHKH, (hoTorpaduu) 3amuchIBalOTCS B BUAC OT-
JenbHBIX (aiiaoB B rpadudeckux pemaakropax CorelDraw, Photoshop u mp. (pacmmpenus .cdr,
Jpeg, .tiff). Bce rpaduueckue MaTepuabl JODKHBI OBITh JOCTYITHBI ISl PEIaKTHPOBAHMUSL.

4. OO0mme TpedGOBaAHUSA:

4.1 Penakuus ocTaBisieT 3a cOO0M MPaBo JONOJHUTENBHO Ha3HAYATh IKCIEPTOB.

4.2 Pyxomnucu, HE COOTBETCTBYIOIME H3JIOKEHHBIM TPeOOBAHUAM, K PACCMOTPEHHUIO HE
NPUHUMAIOTCS.

4.3 Pyxomnucu, He IPUHATHIE K OMYOJMKOBAHMIO, aBTOpaM He BO3BpaularoTcs. Pemgakius
UMeeT IPaBo MPOU3BOANTE COKPAIICHHS U PEJaKIIMOHHBIE H3MEHEHUS TEKCTa PyKOITUCEH.

4.4 Ha marepuanax (B TOM yucie rpapu4eckux), 3aMMCTBOBAaHHbBIX U3 JIPYTHX MCTOYHU-
KOB, HEOOXOMMO YKa3bIBaTh aBTOPCKYIO NMPHHAICKHOCTh. BCIO OTBETCTBEHHOCTD, CBSI3aHHYIO
C HEMPAaBOMEPHBIM HUCIIOJIb30BAHUEM OOBEKTOB MHTEIUIEKTYaJIbHONH COOCTBEHHOCTH, HECYT aBTO-
PBI pYKOIIUCEHN.

4.5 ToHopap 3a OonyOJIMKOBaHHbBIE CTAThbH HE BBHIIIAUMBAETCS.

4.6 Pykommcu craTeil ¢ HEOOXOAUMBIMU MaTEpUATaMU TIPEJICTABIISIOTCS OTBETCTBEHHOMY
CeKpeTapro XKypHaia Io aapecy:

430007, r. Capanck, yn. Crynmendeckas, n. 11a, kab6. 221. Tem.: (8342) 33-92-82;
ten./dakc: (8342) 33-92-67: s1. mourta: edu_exp@mail.ru

5. Tlopsiaok paccMoTpeHusi cTaTeil, IOCTYNMBIIMX B PelaKIUIO:

5.1 TlocTynuBiiMe CTaThU PacCCMATPUBAIOTCS B TEUCHHE MECSIIA.

5.2 Pepmakums ocTaBisieT 3a COOOW MPaBO OTKIIOHATH CTaThH, HE OTBEYAIOIINE YCTAHOB-
JICHHBIM TPeOOBaHUSAM WM TEMaTHKe XKypHaja. PyKonmucH, He NMPUHATHIE K OMYOJUKOBAHMUIO,
aBTOpPaM HE BO3BPAILAIOTCH.
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5.3 Penmakuus He BCTymaeT B JUCKYCCHIO C aBTOPAMU OTKJIOHEHHBIX MATEPUAIIOB U HE
BO3BpAIlaeT PYKOIHCH.

5.4 Penakuus HEe HECET OTBETCTBEHHOCTh 3a JOMYIIEHHBIC aBTOPAMU OIIMOKH U TUTaruar
B COJICP’KaHUU CTaTEH.

5.5 Pepnakuus B TeueHue 7 qHEH yBEAOMIIIET aBTOPOB O MOJTYYEHUU CTaThu. Yepes mecsin
MOCJie PETUCTPALlMK CTaThbU PEJaKLUs cOOOIIaeT aBTOpaM O pe3yJbTaTaX PEleH3UPOBAHUA U O
CpOKax MyOJIMKAIINH CTaThH.

5.6 C pomonHuTenbHOM HHGDOpManMeld O >KypHajle MOXXHO O3HAKOMUTBCS Ha caiite
http://www.mordgpi.ru/science/journal-experiment.

5.7 Anpec penakuum: 430007, Pecnybnmuka Moppaosus, r. Capanck, yin. CTyaeHdeckas,
11 a, ka0. 221. Temn.: (834-2) 33-92-83 (rnaBHeblit pegakTop), (834-2) 33-92-82 (oTBeTCTBEHHBIN
cekperapn); Tei./daxkc: (8342) 33-92-67.
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OcymiecTBisieTCs MOANUCKA HA HAYYHO-METOAMUECKUH Ky pHAaI
«Y4eOHBII SKCIEPUMEHT B 00Pa30BaHUN

C mpaBunamu oopmIIeHHS] U TIPEJICTABIICHUS CTaTeH NIl OMyOJMKOBaHUS
MO>KHO O3HAKOMHTBCSl Ha caiiTe MHCTUTyTa B cetu MHTepHer www.mordgpi.ru,
a100 B peAaKIUy KypHaa.

XKypran BeIXoauT 4 pasa B TOJ, paCIpOCTPAHSACTCS TOJIBKO IO TIOJIHCKE.
[Toamucuuky UMEIOT MPEUMYIIECTBO B MyOIMKaMK HaydHBIX padoT. Ha xypHan
MOJKHO IIOAMNNCATHCSI B MOYTOBBIX OTHACIICHMIX: MHICKC B Kartamore Poccuiickoi
npecchl «Ilouta Poccuny» 31458.

[ToamucHas nieHa Ha mosryroaue — 396 py6. 66 xom. JXXypHan 3apeructpupo-
BaH B MunucrepctBe Poccuiickoii deaepanun no nenam IeyaTH, TeIepaguoBe-
IAaHUS U CPEICTB MaccoBbIX KoMmyHuKkarui, [T Ne ®C77-43655 ot 24 sHBaps
2011 r.

[Io BceM Bompocam TOJIMUCKK M PACTIPOCTPAHECHUS JKypHaJla, a TaKKe
oopMIICHUS U TIPEICTABIICHUS CTaTEH ISl OMyOJIUKOBaHMs 00OpaIaThCs 1Mo aape-
cy: 430007, r. Capanck, yn. Cryaendeckas, 1. 11a, ka6. 221.

Ten.. (8342) 33-92-82; ren./dakc: (8342) 33-92-67: »5n. moura:
edu_exp@mail.ru.

99



2016 V01 ___

YYEBHBII SKCITEPUMEHT B OBPA3BOBAHWH
HayuHo-MeToanueckuii xKypHai
Nel (77)

XKypnan 3apeructpupoBan B enepanbHoii ciry:x0e 1Mo Haa30py B cdepe CBs3y,
UH(POPMAIMOHHBIX TEXHOJIOTHH U MaCCOBBIX KOMMYHHKAIIHIA
CunerenbctBo o peructpamun [T Ne ®C77-43655 ot 24 saBaps 2011 .

CBo0OogHas niesa

IToammcano B neuats 17.03.2016r.

Jlara Berxoga B ceer  29.03.2016 1.

®opmar 70x100 1/16. ITeuats puzorpadus.
Capuutypa Times New Roman. Yc. meu. 1. 15,5.
Tupax 300 k3. 3aka3 Ne 38.

Penaxmust xypHana «Y4yeOHbI SKCIEpUMEHT B 00pa30BaHUM»

430007, r. Capanck, Peciyonuka Mopaosus, yi. Ctynenueckas, 1. 11a, ka6. 221.
OrnedaraHo B peIaKIIMOHHO-U3AATEIbCKOM LIEHTPE

OI'BOY BIIO «MopnoBckuii rocy1apCTBEHHBIN MT€JarOTHYECKAN

uHctutyr uM. M. E. EBceBbeBa»

430007, Pecniy6mmka Moposus, 1. Capanck, yi. Cryaendeckas, 13




