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IT yacte. POPMUPOBAHUE CUCTEMBbI
NPOPUJIBLHOM MOJATOTOBKHU
CTAPHIEKJIACCHHUKOB B YCJIOBUAX UHTEI'PALIMN
MATEMATHYECKOI'O U ECTECTBEHHOHAYYHOI'O
COILEPKAHUSA OBPA3OBAHUA

IIpeaucnoBue

[pencraBienHas BTopast 4aCcTh HAyIHOTO TPyAa IO Pa3BUTHIO yueOHO-HUCCIIEN0-
BaTeJILCKON paboThl B MPOMUILHOM IIKOJIE TTOCBsIIeHa pa3dopy 2 deKTHBHBIX hopm
U METOJIOB TBOPUECKOW M MCCIEIOBATEIBCKOM NEATEIBHOCTH CTAPIICKIACCHUKOB.
Ocoboe BHMMaHHE 3aciIyKHBaeT CHCTeMa NpO(EeCCHOHANBbHBIX MPOO Ha OCHOBE
yueOHO-HCCIIE/I0BATEILCKUX PA00T MHTErPALIHOHHOTO XapakTepa.

Brumanuto uccienoareneil, yaeHsIX B 007aCTH 0011ero 00pa3oBaHus IpeIo-
JKEH MEXaHM3M pa3paboTKH, anpoOaliy U BHEAPEHHs B MTPOQUILHBIE €CTeCTBEHHO-
Hay4HbIE, WH)KCHEPHO-TEXHUYECKHE KIIACCHI, KIACChl C YIIyOJICHHBIM HM3yYCHHEM
MareMaTtuky, QU3UKH ¥ XUMHUU 0c000H (OPMBI OpraHM3alMU HCCIIEI0BATEIBCKON
paboOThl — MHTETPAMOHHOE Y4eOHO-NCCIIEN0BATENBCKOE 33aJaHIE BHEYPOUHOTO Xa-
pakrepa.

WmKeHepHO-TEXHUUECKHE BY3bl, YUPEKACHHs 00IIero 00pa3oBaHus CTaBAT elIH-
HBIC 3a/a9d B (DOPMUPOBAHMH HHHOBALMOHHBIX (POpM pabOTHI C TalTaHTIUBBIMU
JIETbMU B 00JACTH MareMaTHKH, €CTECTBEHHBIX HayK, MH)XCHEPHO-TEXHHYECKOTO
TBOPYECTBA — PA3BUTHE CUCTEMBI ITPO(ECCHOHATBEHOTO CAMOOIPEIETICHIS MOJIOIEKH
Ha OCHOBE Pa3BUTHSI UX MHTEIUIEKTYaJIbHOTO i TBOPUECKOTO TIoTeHInaa. KomiekTus
aBTOPOB O00BEAMHMIA O0IIAs TeMa 110 PA3BUTHIO HCCIICIOBATEIILCKOM ACSTENEHOCTH
CTapUIEKIACCHUKOB, Pa3paboTKe U BHEAPEHHUIO HHTETPUPOBAHHBIX yueOHO-HUCCIIEN0-
BaTeJIbCKHUX 3a/IaHUI B CUCTEMY KadeCTBEHHOH MaTeMaTH4YecKOil M eCTeCTBEHHOHA-
YYHOI MOATOTOBKH MOJIOAEKH.

JanHast paboTa OyieT UHTEPECHA HE TOJBKO YUMUTEISIM U IearoraM JOMOJIHU-
TEJILHOTO 00pa30BaHMsI, HO U PYKOBOAUTEISM JISTCKUX HAyYHBIX KPY)KKOB, 3aMECTH-
TEISIM JUPEKTOPOB IIKOJ C IEJbI0 Pa3BUTHSI HOBBIX (DOPM OpraHU3aliu padoThl
C TAJIAHTJIMBBIMU JIETHMU.

W B 3aBepiieHne MbI XOTeJH OBl MOOIArOJapHUTh IEAATOTOB IIEHTPA PA3BUTHS
netckoit 1 roHomeckoit onapeHHocTH @I'BOY BIIO «IlepMckuil HallMOHAIBHBIN HC-
CJIEIOBATENbCKUI MMOJIUTEXHUUECKUH YHUBEPCUTET) 33 aKTHBHBIM BKJIaJ] B Pa3BUTHE
yueOHO-MCCIIeI0BATENILCKON padOThl CTAPIICKIACCHUKOB B [lepMcKkoM peruoHe.

Konnexmue asmopos:
II. C. Bonezos, T. A. I'epyen, U. IO. Yepnuxosa
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I'nama 1.
BriiroueHue TBOPUECKUX U Yy4eOHO-UCCIEA0BATEIbCKUAX
3aJlaHuii B 00pa3oBaTe/ILHbIN Mpouecc
NpPOoPUIbHBIX KJIACCOB

CoBpeMeHHasi cuUCTeMa TOATOTOBKH TaJAHTJIMBBIX HIKOJIBHUKOB
K 00y4eHHIO B HHKEHEPHO-TEXHUYECKHUX By3aX COIpPSKEHA C Onpesie-
JIEHHBIMU TPYAHOCTSIMU: TEPErPYKEHHOCTh 00I1e00pa3oBaTeNbHBIX
nporpaMM OOJIBIIIAM KOJTHMYECTBOM HEOONBIIMX YYEOHBIX KypPCOB
(unorga 1o 20% B yueOHOM IJIaHE); HEXBATKa KBATU(PUIIMPOBAHHBIX
CHEIHAJIMCTOB, CIIOCOOHBIX OCYHIECTBISATh UHIUBUIYATbHO-TPYIIIO-
BOE KOHCYJIFTUPOBAHHE CTAPLICKIACCHUKOB 110 HOBBIM HaIpPaBICHUIM
(dbyHIaMeHTaNbHON HayKH, HH)XEHEPHO-TEXHUYECKOMY HapaBICHHIO.
3akoHomarenbcTBO Poccuiickort denepanun B 006JaCTH 00pa30BaHUS
MO3BOJIIET MCMOJIb30BaTh B y4yeOHO-BOCHHUTATEIHLHOM TpOIECcCce
CTapIICKIACCHUKOB PA3JIMYHBIE AJIEKTPOHHBIE, OTKPHITHIE U CETEBbIC
dhopMbl B3aUMONIEUCTBHUS 00pa30BaTEIBbHBIX OpPraHU3AIMKA OOIIEeTo
Y BBICIIETO MTPOQeCCHOHATBFHOTO 00pa30BaHMs, 00ECIIEUNBAIOIITUE Ka-
YECTBEHHYIO MOATOTOBKY OyAyIINX HUHKEHEPOB, YUEHBIX, UCCIIEOBA-
Tesei B 001acTH MaTeMaTuKy, (PU3NKH U XUMUH.

J171s1 TOTO 9TOOBI COTPYIHUUYECTBO MEXKTY MIKOJION U L{enTpom mo-
MIOJTHUTEJIBHOTO JJOBY30BCKOTO 00pa30BaHusl MHKEHEPHOTO By3a ObLIO
3¢ dexTuBHBIM, B 00pa30oBaTeIbHOM Tpoliecce MPOPUIBLHON MIKOJIBI
HE0OXOIMMBI CEepbe3Hasi KOPPEKTUPOBKA U 3HAYUTENbHBIE U3MEHEHUSI.

Mmuorouncnennbie uccnenonarenu (A. B. Xyropckoit, H. C. Jleii-
tec, A. C. Casennes, C. A. Jlennesa, . C. SIkumaHckasi) B 001acTi
oOmieil meaaroruky, GU3NOIOTUU U NICUXOJOTUU PA3BUTUS JAECTCKOM
OJTAPEHHOCTH HEOJHOKPAaTHO CTAaBWJIM BOIIPOC O CO3JaHUU 0C000it
KYJIBTYpHO-00pa30BaTeIbHOW TBOPYECKOM CPEbl, TO3BOJISIONICH
KaX7I0My peOCHKY B MHIMBUAYaIbHOM TEMIIE BHICTPAaUBaTh CBOI 00-
pa3oBaTeIbHBIN MapIIPYT C YIETOM BO3MOXKHOCTEH M CIIOCOOHOCTEH
K HHTEJJIEKTyasbHOU festensHocTH ([3], [11], [24], [31]).
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B cucreme yueOHOM AeATETHPHOCTH TPOQMITHBHON IIKOJIBI HITH IIIKO-
Jbl ¢ YyIIyOJIEHHBIM HM3Y4Y€HHEM psijia MPeIMETOB MaTeMaTH4eCcKOro
WM €CTEeCTBEHHOHAYYHOI'O HAIpaBleHUl ciieyeT oOpaTuTh BHUMA-
HUE Ha WHAUBUAyaJlbHbIE (OPMBI pabOThI CO CTapIIEKIACCHUKAMHU,
BO3pacTHbIE U JIMYHBbIe 0coOeHHOCTH. HeobxonuMo akTUBU3UPOBATH
(dhopmbl pabOTHI CO CTapIICKIACCHUKAMHM, CO3AIONINE YCTONYHBYIO,
BHYTPEHHE 3HAYMMYIO MOTHBAIMIO MOJIOJIC)KH Ha Pa3BUTHE U yUEHUE
B 00JIaCTH HAyYHOTO €CTECTBO3HAHMS U JIOTIOJHUTENbHBIX IJ1aB MarTe-
MaTUKH, €r0 OCO3HAHHOE CaMOOTpe/eIeHHe, BBIOOp OymyIiei mpo-
dbeccun. Hyxno npemycMoTpers st KOApHUKOB 10—11-X KimaccoB
oOpa3oBareibHble SKCKYpPCUHM Ha TPENpUATHS, B By3bl, 00pa3oBa-
TeJNbHBIE LIEHTPBI, ClIelHaIN3upyIoLecss Ha IpodOoprUeHTAIHOHHON
nesitensHoCTH ([8], [17], [23], [25], [36]). PasHOOOpa3HbIE TPEHUHTH,
JIeJIOBbIE WIPbI, CEMUHApbl Ha OCHOBE YIMpaBisieMoil peduiekcu,
IpyNIOBbIE M MHAWBUYaJbHbIE KOHCYJIBTAI[MM BBICOKOKBAJIU(DUIIN-
POBAHHBIX CHEIHAIMCTOB MO3BOJAT CPOPMHUPOBATH y HIKOIHHUKOB
YCTOMYUBBIA MHTEPEC K 3aHATUAM HAyKOH, MMPOBEIACHUIO MCCIIEI0BA-
HUH, 4TO, B KOHEYHOM CYETE, MO3BOJIUT BBICTPOUTH HE TOJIBKO IMPO-
(heccroHabHO-00pa30BaTEIbHBIA MapUIPYT CTapIICKIACCHUKA, HO
Y CO3/acCT YCJIOBUS JUIsl HOATOTOBKU KaJIPOBOTO MOTEHIMAIA pErMoHa
U CTaHET OCHOBOM JUIsi M3MEHEHHS] PETMOHAIBLHOTO PBhIHKA Tpyaa
C Y4ETOM MOTPEOHOCTEH MpeanpusaTuii, chepsl 00CTyKUBaHUS TEP-
puropuu Poccuiickoit @eneparuu.

CoTpyaHHUYECTBO TEXHUYECKOTO YHUBEPCHUTETA U IIKOJIBI OTKPHI-
BaeT OOJIBIINE€ BO3MOXKHOCTH JUIsl CO3JaHHS 00pa3oBaTEILHOTO
MIPOCTPAHCTBA PErMoHa, MYHUIUIAIUTETAa U TO3BOJUT BBICTPOUTH
LesenonaraHie y4acTHUKOB 00pa3oBaTeNbHBIX OTHOIIEHWI Ha Co-
BMECTHYIO paboTy MO peaju3alyy JUYHOTO MOTEHIHaa y4yaIluxcs
B 00JIaCTH MaTeMaTHUKH, €CTECTBEHHBIX HAayK U HHKEHEPHOTO Jena.

CrapiuekiiacCHUKaM MPeIoCTaBIsIeTcs BEIOOP YPOBHS U TITyOUHBI
OCBOEHHUS HE TOJILKO IIPeMeTa, HO U CO3[aHKe YCIOBUN JIsl HopMu-
POBaHUS MPEJCTABICHNUS B UHTETPUPOBAHHON OOJIACTH HAYYHBIX UH-
TepecoB, cepbl MPOU3BOACTBA U HAYYHOIO HMCCIEIOBAaHUS, TEM Ca-
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MBIM y YYalluXcsl MOSBISETCS BOBMOKHOCTh BHIOOpA JIMYHOCTHO3HA-
YUMOHM TpaekTopuu BbIOOpa Oymymied mnpodeccun. DakymbTeThI
WHKXEHEPHO-TEXHUYECKHUX BY30B CMOTYT MOJYYUTh HE CIy4ailHO MO-
MaBLINX CTYJEHTOB, a IEUCTBUTEIHHO 3aMHTEPECOBAHHBIX PEOST, IIPO-
HIeIIINX OMNPEIeNIEHHYI0 MNpeanpodecCuOHAIbHYIO TOBY30BCKYIO
MOJTOTOBKY, 001aIalolUX KIIOUEBBIMU KOMIIETEHIIUSMU, MPEICTaB-
JISIOLTMMU BEKTOP HaNpaBiIeHUI MaTeMaTH4YeCKOM, €CTeCTBEHHOHAY Y-
HOM M MHXEHEPHO-TEXHUYECKOU MOJITOTOBKH, OPUEHTHPOBAHHBIX Ha
0CO3HAHHBIN BBIOOP Oymymiei mpodeccun.

Oco00 cienyer OTMETUTh, YTO BaXKHBIM HAlpaBICHUEM JESATElb-
HOCTH MpY 00yYEHUU U PA3BUTUH TAIAHTIUBBIX JI€TEH SBISETCS YeT-
Kasg opraHusanus cgepbl Hay4HO-HCCIEA0BaTeNIbCKOM JeaTeabHO-
ctu ([6], [22], [34]). YuuTens KJIaccOB C yIITyOJICHHBIM H3yYe€HHUEM
MpeIMETOB MaTeMaTHYeCKOro, €CTEeCTBEHHOHAYUYHOTO 1MKIIOB, Me/a-
TOT JOMOJIHUTEIBHOTO 00pa30BaHus, CEUANIUCT NPOPUIBHOMN LIKO-
JIbl, OCYIIECTBIIAIOMUN TPOGOPUEHTAIIUOHHYIO AESITEIbHOCTb, JOK-
Hbl HE TOJIbKO 3aMHTEpecOBaTh, HAyYHBIM IMOMCKOM CTapIIeKiIac-
CHHUKOB, IOKa3aTh MpPEUMYIlecTBa Pa3In4YHbIX (OpM U METOJO0B
Hay4YHO-UCCIIE0BATEIbCKOM NEATENIbHOCTH, HO U MPEJOCTaBUTh BO3-
MOKHOCTH CTapIlIeKJIaCCHUKAM B TPYyMIax WU UHIUBUAYATIbHO MOY-
4acTBOBaTh B OMNBITHO-IKCIEPUMEHTAJIbHOW U Hay4YHO-HCCIIEO0Ba-
Tenbckol padote. [IprueM oprannsannoHHas cTopoHa nmpogopuenrta-
IIMOHHOM pabOTHI JIOJDKHA OBITH YETKOW, CTPYKTYPHPOBAHHOW W B
HAay4YHOM IUIaHE MOCHJIBHOM JUIsl crapiiekiaccHuka. OOmas 3agaya
BCEX CHEIHAINCTOB — YETKasi OpraHu3alus yueOHO-Hay4dHOTO UCClie-
JOBaHUS, TUTAHUPOBAHUE JEHCTBHUI ydallluXcs ¢ y4€TOM BCEX COCTaB-
JSoUMX (HaKTOpoB, MCUXOJIOrO-MEeJarorndyeckuii KOHTPOJIb 3TaIloB
npoOpUEeHTALMOHHON U Y4eOHO-HCCIeI0BATENbLCKON eI TeIbHOCTH
CTapIIEKIACCHUKOB.

Jly1s Toro 4yTOOBI CTApIIEKIACCHUK 3aXOTeNl y4acTBOBaTh B Hayu-
HO-MCCJIEIOBATENIbCKON paboTe, Heo0xonuMo chopMupoBaTh HaydIHO-
HCCIIEI0BATENbCKYI0 MOTHUBALIMIO. Bynymmuii BBITYCKHUK JOJDKEH HE
TOJILKO 3aXOTETh IMOHUMATh HAayuHYI MH(OpMAaLMI0 M COO0IaTh ee
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JIPYTUM, HO U TOBOPUTH 0O lyMaHHO, LIeJICHANPaBICHHO, pellaTh Mpo-
OJieMbl, TIOJTyYaTh W TepefaBaTh WHQOpMaIuioo, paboTarh ¢ JUTEpa-
TYPHBIMU UCTOYHHUKAMHM, AUCKYTUPOBATh U BBICTYNATh C JIOKJIa/laMH,
YMETb CIyIIaTh IPYTUX U ceOsl.

PaccmoTpuM opraHu3anioHHBIN KOMIIOHEHT TPO(MIBHON TOTO-
TOBKH CTapIIEKJIACCHUKOB Ha MPUMEPE BKIIOUEHUS yueOHO-UCCIIE0-
BaTEJIbCKOTO 33/IaHUS 110 MaTeMaTHKe C UHTEeTpalueil B eCTeCTBEHHO-
Hay4YHbIE ¥ WHKEHEPHO-TEXHUYECKHUE AUCLMILIUHBI (BapUaHT TEXHO-
nmornyeckoi kapTel o M. B. Knapuny).

CmpykmypHble opeanu3ayuoHHble CXxembl
VUEOHO-UCCNe008AMENbCKOU 0esiMeNlbHOCIU YUauuxcst
no MamemMamuyeckomy HanpasieHuro
Cxema Ne 1. «O0ydeHne ncCIeJ0BAaHUION
L]enw: HE CTONIBKO TOCTHKEHUE Pe3yJIbTara, CKOJIbKO OCBOCHHUE Ca-
MOTO TpOolIecca UCCIETOBAHMS.
Texnonoeus: yunuTenb CTAaBUT MpoOIeMy M HaMEYaeT CTPATeTHio
U TaKTUKY ee perieHus. CaMo peleHre npeJcTOUT HaWTH ydaliemy-
csi. Mogens peanu3yercs Kak popma opraHu3aliy UHAUBHUIYaIbHON
NeSITeIbHOCTH YYEHHKa BO BHEYPOUHOE BpEMSI.
Illae 1. CTonkHOBEHHE ¢ TTPOOIEMOI.
Illae 2. Co0p naHHBIX — BEpUPUKAIIHSL.
Illae 3. CO0p naHHBIX — SKCTIEPUMEHTHPOBAHUE.
Illae 4. TloctpoeHue 0ObICHEHHS.
Illac 5. Asanus xona UcCJIeIOBaHUs.

Cxema No 2. «ITpurnanieHue K MCCAEA0BAHUION
I]env: pa3zBuTHE MPOOIEMHOTO BMJICHHS, CTUMYIHUPOBAHUE TTOWC-

KOBOTO MBILIUICHUS.

Texnonoeus: yunuTenb CTaBUT MpPoOiIeMy, HO yKe METOJ ee perle-
HUSl YYEHHKHU UIIYT caMocTosITeNnbHO. Peanusyercs kak popma opra-
HU3ALUU TPYIIOBOM U KOJJIEKTUBHOM NESTEIILHOCTH YUSHHKA BO Bpe-
Ms ypoKa.
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Illae . 3HaKOMCTBO C COJEPKAHUEM MPEJCTOSIIErO UCCIEeA0Ba-
HUSL.

Illae 2. TloctpoeHrne cOOCTBEHHOTO MOHUMAHMSI 3aMbICIIa UCCIIe-
JTIOBaHUSA.

Illae 3. Beinenenue TpyIHOCTEH y4eOHOTO MO3HAHUS KaK Mpooie-
MBI HCCTIEIOBAaHUS

Illac 4. Peanuzamusi COOCTBEHHOTO crioco0a MOCTPOSHUST UCCIIe-
JIOBATEJbCKOM MPOLIETYPHI.

Cxema Ne 3. «CrcTeMaTniyecKoe UCCIIeJOBAHNE

L]env: hopMupoBaHKHE HAYYHOTO MBIIIICHUS, CHHTE3 TIpoliecca uc-
CJICIOBAHUS U €r0 PE3yJIbTaTOB.

Texnonoeus: mMOCTaHOBKA MPOOJIEMBI, IIOUCK METOJIOB €€ UCCIIEI0-
BaHMsI U pa3pabOTKa perieHus OCYIIECTBISCTCS yIalluMCs CaMOCTOS-
TEJILHO.

Illae 1. Onpenenenue mpooOIEeMBbI.

Illae 2. BeiaBuKeHHE TUIIOTE3EL.

Illaz 3. BeIOOp HCTOYHUKOB HH(OPMAITUH.

Illac 4. Ananus ¥ CUHTE3 NJaHHBIX.

Illae 5. Opranuzanus JaHHBIX JJIsl OTBETA HA MOCTABJICHHBIE BO-
MPOCHI U IPOBEPKHU THUIIOTE3BI.

Illae 6. NuTepnipeTaius JaHHBIX B COOTHECEHUU C COI[MATIbHBIMH,
AKOHOMUYECKUMH U TIOJIUTUIECKUMHU TIPOIIECCaMHU.

VYyuteiBas crienuuKy BTOPOH YacTH HACTOAIIEH MOHOTpadwuw,
MMEHHO €€ MPaKTUKO-OPUEHTHPOBAHHBIM XapakTep, CchopMHpyeM
OubamorpadUUeCcKuil CIUCOK, MPEUIOKCHHBIM B KOHIIE HACTOSIIICH
IJIaBbI, KOTOPBIN MOCITYKHJI OCHOBOH JIJIsS pa3MBITIIUICHHS] 1 000CHOBA-
HUS HEOOXOAMMOCTH BBEJCHUS B MPOPUIBHYIO IIKOIY 0c000i (op-
MBI PabOThI — y4eOHO-HCCIIE0BATEILCKOE 3a/JaHNe HHTETPUPOBAHHO-
TO XapakTepa.

PaccmoTpuM 0COOEHHOCTH HMCTIONB30BAHMS MCCIIEIOBATEIIBCKUX
(dhopm paboThI ¢ AETHMHU HA OCHOBE OpraHU3AIMKN YU4eOHOTO mpoIecca
W OCHOBHBIE TPHUHIUIIBI ACSITEIHPHOCTH MHOTOMPOMUIBLHOTO JIHIIES,
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KOTOpBIE HAauOOJIee MOJIHO Pean30BaIMCh B paboTe hU3HKO-MaTeMa-
TUYECKOTO OT/AEJeHHs (OMBIT MPEACTaBIeH PYKOBOIUTENIEM pecypc-
HOTO IIeHTpa JAETCKOU u toHomeckoi ogaperHoctu [IHUITY (Ha Gaze
MBOY «JIumeit Ne 1» r. [Tepmu) Hunoit BanentunoBHo# BonkoBoit).

I'paduk ydeOHOrO mporiecca B T€UEHHUE TOJla COOTBETCTBYET BY-
30BCKOMY. J[Ba yueOHBIX cEMECTpa, B KOHIIE KaXKJI0T0 — 3aueTHasi He-
7ielis, 3aTeM Cecchs, BO BpeMsi KOTOpOW pedsiTa coaroT J1Ba SK3aMeHa
1o Mpo(UIBLHBIM MpeIMeTaM, Kak MpaBwiio, B ycTHOH ¢opme. B cepe-
JIMHE ceMecTpa MPOXOAUT Henlessl MEeKCECCHOHHOW arTecTalluu, 10
pe3yabTaTtaM KOTOPO OMpeAessieTcs yCIeIHOCTh KayK0To JIUIIeUCTa
B OCBOCHHMH MPOTrpamMM Mo BceM npeameraMm. B konie 10-ro kimacca
MIPOBOIUTCS Y4eOHO-HCCeN0BaTeNbCKas MPaKTUKA, TEMAaTUKy U Ha-
MpaBJeHUE KOTOPOW KaKIbIi OOydyaromuiicsi BHIOMpAET CaMOCTOs-
TEJIHLHO W O0CO3HAaHHO. [ImaHupoBaHue y4eOHBIX 3aHATHH MO 2 ypoka
(mapamu) Aano BO3MOXXHOCTh HMCHOJb30BaTh HETPAJAMIIMOHHBIE IS
1Koy (OpMbl IPOBEACHUSI 3aHATUMN: JIEKIIMH, CEMHHAPBI, JTaboparop-
HbI€ U MPAKTUYECKUE 3aHATHUS, IPOBOAUMBIE B JaOOPATOPHUAX U HA Ka-
(deapax TeXHUYECKOTO yHUBepcuTeTa. bouin anpobupoBaHbl U ceifyac
YCHEIIHO HUCIONB3YIOTCS TAKUE BUJIbI KOHTPOJISl YCHEIIHOCTH 00yde-
HUS, KaK pacyeTHbIE, TPOEKTHbIE, TBOpUECKHEe paldoThl, Tpelyromue
JOCTATOYHO JUTUTEILHOTO BPEMEHHOTO MPOMEXYTKa JJISl UX BBINOJI-
HEHUSsl, HaJIM4Us IpY HEOOXOIUMOCTH KOHCYJBTAIMHU C [I€AaroroM, Be-
JYLUM TPEAMET.

Benyt npenonaBatenbckyio paboTy B OTAENEHUU IEaroru, uMe-
FOIIME BBICOKMU MHTEIUIEKT, IMpOoYainidi Kpyrozop. Yacto 3to mpe-
MOJaBaTeN MEPMCKHX BY30B. DTO HE MPOCTO MaTeMAaTUKU U (PU3HKH,
nH(OPMATHKU, XUMUKH, OMOJIOTH U Tak Jajiee, a JIIOIU, UMEIoIIne
CBSI3b C HAyKOW M MPOU3BOACTBOM, NOHUMAIOIIUE, TA€ U KaK MOTYT
OBITH MPUMEHEHBI TEOPETUUECKUE OCHOBBI MTPETOIaBAEMbIX UMH HAyK.
OHH rOTOBBI 00IIATHCS € JTULEUCTAMH Ha JIO0YI0 TEMY U YMEIOT 3TO
nenath 0e3 YHU)KeHHUs TOCTOMHCTBA CBOMX yueHHUKOB. Ha otnenenun
JOBOJIBHO IEMOKPATUYHbIE OTHOILIEHUS C YUAIlUMUCS U BMECTE C TEM
O4YEeHb BBICOKHE TpeOOBaHMS K OTBETAM YUYEHHUKOB U MX 3HAHMSIM, OT-
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HOIIIEHHIO K y4ueOe B menom. [IpenonaBarenn yacto cBOOOAHO 0OIIIa-
I0TCA C JIMIIEMCTaMU Ha NEpeMEeHax WM MO JOopore B JIMIEH WU U3
JUIes, YYacTBYIOT B COBMECTHBIX MO€3/IKax Ha TypOa3bl, OpraHuso-
BBIBAIOT HSKCKYPCHOHHO-IIO3HABAaTeIbHbIE MPOTpaMMbl M BCTPEUH
¢ yueHbiMH T. [lepmu. MHorna xaxkercs axe, 4T0 OTHOIICHUS PeOsT
U TIperojaBareneid cauimkoM Onuskue, HedopmaibHble. Ho 310 TONb-
KO Ka)XeTcsl, IOTOMY YTO CTOMT 3aKPBIThCS JABEpU Ha 3aHATHUE M...
Ka)KIbIH JIMIIEUCT OHUMAET, 4TO JIJISl TOTO, YTOOBI MOIYYHUTh XOTSI ObI
«YIIOBIIETBOPUTEIHHO», HA/I0 OY€Hb MHOTO 3aHUMAThCS, BBITOIHSITH
Bce ydeOHble 3aganus. OTMETKa 3a CEeMECTp MO J00OMY MIpeaMeTy
HUKOTJIa HE BBICTABJISIETCS O MPUHIIUITY «CPEIHEro apudmMeTnyecko-
ro» 3HAYEHUSs, Ha/I0 OTYUTATHCA 110 BCEM BHJIaM KOHTPOJIBHBIX MEPO-
npusATHii. Bce 9T0 3HAIOT U paHO WJIM MO3AHO BBIHYKIEHBI HAYMHATH
3aHUMAThCS HA COBECTh. JTO, C OHOW CTOPOHBI, TaeT pedsTaM BO3-
MOKHOCTH IJIAaHUPOBATh CBOIO Yy4eOHYIO HAarpysky, a ¢ Ipyroil — 3a-
CTaBJISIET TIOCTOSIHHO CIIEANTD 3a Tpa)MKOM BBITTOJIHEHUS YUeOHBIX 3a-
nanuil. B nmpenogaBarenbckux KOMHaTax (CHeryalv3UpOBaHHbIE TO-
MEUIeHHsI JUIsl MeAaroru4eckux pabOTHHUKOB) IMENaroru MOCTOSTHHO
00CY)XTat0T METO/IbI PabOTHI ¢ pedsiTaMu, BCETa UMEeTCsl Macca MH-
TEPECHBIX M HOBBIX MEIarorMuecKuX Uaei, uX BOIUIOUICHHE B pealib-
HOCTH.

[Ipouecc obpazoBaHus Ha OTAEICHUH B MEPBYIO O4Yepedb CBSI3aH
C WACSIMH CaMOOTIpeAeNICHHs] JTUYHOCTH. [IpnoOpereHne 3HaAHUN —
MpoLecc OYeHb Ba)KHBIM, HO 3TO HE CAMOIIENb, & CPEACTBO PELICHUS
aKTyaJbHBIX JUIsl yueHuka npobneM. Haimia ocHOBHas 3aiava Kak me-
JTaroroB HE TOJIBKO CHAOIUTh YYEHUKOB OIpeIeJICHHBIM Ha0OpOM 3Ha-
HUMN, 0OyYUTHh X OCHOBHBIM CIIOCO0OAM U aJTrOpUTMaM B y4eOHOH Je-
ATEIbHOCTH, HO U HAy4YUTh OPUEHTHUPOBATHCS B CIOKHBIX MOTOKAX
nH(pOpMaIuU, YMEHHIO CTaBUTh CBOEBPEMEHHbIE U Hauboyiee akTy-
aJbHBIE BONPOCHI U CAMOCTOSATENBHO MOJNYy4YaTh Ha HUX OOOCHOBaH-
HBIE OTBETHI.

B 10-#i knmacc (u3mko-MareMaTH4ecKOro OTICICHUS TPUXOISIT
YYUThCs pedsita U3 pasHbiXx mkod T. [lepmu m Ilepmckoro kpasi.
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Bce onun 06magaroT pa3mnyHON KOMIIETEHTHOCTBIO B Pa3HbIX 00pa3o-
BaTeNbHbIX obOnacTsx. Llenb oOpa3oBaHMs Ha OTAENEHUH COCTOUT
B JOCTHKEHUHM OOYyYarOIIMMHUCSA YPOBHS 0Opa30BaHHOCTH, COOTBET-
CTBYIOILETO MX MOTEHLIUATY U 00€CIIeYMBAIOIIETO0 BOZMOKHOCTh IIPO-
TOJDKEHUST 00pa30BaHMS.

J11s 3TOTO, BO-MIEPBBIX, MBI CTAPAEMCS PACHIUPUTH KPYT JIMYHOCT-
HO 3HAYMMBIX TPOOJIEM, Pa3BUTh CUCTEMY IIEHHOCTEH M IpeCcTaBIIe-
HHUE YYEHHKOM CBOMX BO3MOXKHOCTEH, CIOCOOHOCTEH OMNpeaeysiTh
LEH CBOEH JesTeIbHOCTH U MOCJeI0BaTeIbHOCTH 3aa4 sl UX J0-
CTHKEHUSL.

Bo-BTOpbIX, HAM HEOOXOIMMO PACIIUPUTH KPYT CPENICTB PEIICHUs
3HAYMMBIX JUISI JIMIEUCTa MpodiieM. DTO MPOUCXOAMT 3a CUET OCBOE-
HUS y4eOHBIX IUCIUIUIMH, paclIdpeHHs o0pa3oBaTelIbHOrO Ipo-
CTpPaHCTBa, a Takxke (OPMUPOBAHHE Yy YYAILIUXCS YHHUBEPCATIbHBIX
croco0oB AesTenbHOCTH. K Unciay yHUBepCcalbHBIX CIOCOOOB pelie-
HUS TpoOJIeM B MEAarorn4eckoi TEOpUH U MPAKTUKE OTHOCST MOJIe-
JUPOBAaHUE, MPOTHO3UPOBAHUE, CHCTEMHBIM aHalu3, MPOEKTHPOBa-
HUE, UCCIIEIOBAaHUE U T. 1.

OnHuM U3 coco0OB TOCTHKEHUSI TIOCTABIICHHBIX IIeNIeH SIBIISET-
csl BHEJIpeHHE B y4eOHBINM MPOIECC AEKTUBHBIX KypCOB, HAaIlPaBJIEH-
HBIX Ha (pOPMHUPOBAHHME METANPEIMETHBIX KOMIIETEHIIMI HAIIUX y4e-
HUKOB. Ha mpoTskeHUH mocieaHuX JeT pedsra yCIenHO 0CBauBaoT
Takhe Kypchl, Kak «YucaeHHbIe METOIbI pelieHus 3aaau», «OCHOBBI
MaTeMaTUYECKOr0 MOJEIUPOBAHUD», «OCHOBBI MOCTAHOBKU U IPO-
BeZleHUs] (PU3MUECcKOro sKcrepuMeHTay, «lIpuMeHeHne HaHOTEXHO-
JIOTUH B pa3iMyHBIX cepax NesTeIbHOCTH denoBekay, «OO0BbeKTHO-
OpPUEHTHUPOBAHHOE MPOrPAMMUPOBAHUEY», «IJIEMEHTHI (PaKTAIbHOMN
MaTeMaTUuKny», « NeMEeHThl Teopuun urpy, «Ilo crpanuiiam maremaru-
YEeCKUX ATIONOBY. [[1s pacimupenus 3HaHUM MO0 MareMaTHke pelsiTa
3aHUMAIOTCS MCCIIEA0BATEIbCKUMH MPAKTUKyMaMH, Ha KOTOPBIX OC-
BaMBalOT TaKWe pasJiesibl MaTeMaTukH, Kak «BektopHas anreGpay,
«JIuneitnas anreOpa», « Teopus BEpOATHOCTEW», « DJIEMEHTHI TEOPUU
qHCe».
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ChopmupoBarh y ydanuxcsi yHUBEpCaIbHBIE CIIOCOOBI JesTelNb-
HOCTH Ha MaTepuaje OJHOro MpeaMeTa TOBOJIbHO cioxkHO. Heobxo-
JTUMO MEXMpeAMETHOE B3auMoieicTBUE. /{11 3TOro megaroruueckum
KOJUIEKTHBOM (PU3UKO-MaTeMaTH4eCKOTO OTIENIEHUsI CTaBUTCS 3ajaya
BBIBECTH YUEHHMKOB Ha MHJWBHyalbHbIE 00pa30BaTeIbHbIE TPACKTO-
pUH, TOMOYb peOsTaM BBIOPATh CIIEKTP UMEHHO TeX YUEOHBIX IMpakK-
TUK, KOTOpble HEOOXOIUMBI JIJIsl JOCTHUKEHHSI TIOCTABICHHBIX IIeJIeH.
JI0BOJILHO MHTEPECHOM B TaHHOW KOHLEMIIUU SBISETCS MPAKTHKA U3-
Y4YEeHHs MPEeIMETOB €CTeCTBEHHOHAyYHOIO IMKJIa Ha AaHIJIUHCKOM
SI3BIKE WJIH C IPUMEHEHUEM aHTIIMHCKOTO s3bIKa. JIOBOJIBHO OOJBIITON
MIPOLIEHT MperojaaBateneld pU3uKY, MaTeMaTUKU, XUMHH, OUOJIOTHH,
paboTaronx Ha (U3MKO-MATEMaTHUYECKOM OTAEJCHUH, BIaJCIOT
AQHNIUKACKUM SI3bIKOM, BEJIsl HAyYHBIE UCCIIEA0BaHNUs, 00IAI0TCS C KOJI-
smeramu u3 ctpan EBponbl, AMepuku. Ha oTneneHnn uMeeTcs OmbIT
MPerno/iaBaHus €CTeCTBEHHOHAYYHBIX IPEIMETOB Ha aHIIMICKOM
s3bike. IHOCTpaHHBIN A3bIK HA TAaKUX 3aHITHSIX CTAHOBUTCS MHCTPY-
MEHTOM TOJYUYEHHUs 3HAaHUH U3 APYTHX 007JacTeil. DTH 3aHATHS TaKXKe
SBJISIOTCSL JOTIOJIHUTENBHBIMU KypCaMu M HE pa3pylIaloT CTPYKTYpy
oOpasoBanusi. B coueTanuu ¢ pa3sHOOOPa3HBIM HEOOBIYHBIM MYJIbTME-
JTMa-CONPOBOXKICHUEM COEIMHEHNE €CTECTBEHHOHAYYHOTO U TYMaHHU-
TapHOTO HaYaJl MOJOKHUTEILHO OTPaXKaeTcsl Ha yCIIeBaeMOCTH, 001Iei
SPYIULIMHM U KylIbType oOydaromuxcs. Takke YYEHUKH OTAETICHHS
C YAOBOJIbCTBUEM SIBIIIOTCS CIyIIATENIIMU U YYaCTHHKaMH MacTep-
KJIACCOB U CEMHHAPOB, MPOBOIMMBIX Ha aHTIMICKOM SI3bIKE YUEHBIMH,
MpUEIKAIOIIMMU B Halll ropoa U3 @panuuu, Asctpun, Hunepnangon
o COBMECTHBIM ¢ Poccueil mporpamMmam pa3BUTHS COBPEMEHHOM
HayKH.

Eme oqauM u3 crioco6oB popMupoBaHus y pedsAT cTapiimx Kiac-
COB YHMBEpCAaJbHBIX CIIOCOOOB JESATENLHOCTH SIBJISETCS y4eOHO-HUC-
cnenoBatenbckass padora (YUP). Ona sBasercs o0s3aTeabHON aJIs
Ka)XIO0r0 YYEHHKa OTIEJCHHS] U OAHOM M3 Ba)KHEHIIMX COCTaBIISIO-
X 00pa3oBaTeILHOTO MPoIecca. ITO OCOOBIN CITOCOO MOBBIIICHHS
MO3HABATENIbHOM AaKTUBHOCTM M WMHTEUIEKTYyaJIbHOTO IOTEHIIMAaja
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yuaierocsi. BeiGop nuiencToM Tembl MCCIEA0BaHUS — BaKHeHIIas
TICUXOJIoro-MeAarornueckas 3anada. OHa mpeanosaraeT UCIoyib30Ba-
HUE U3BECTHBIX TEXHUYECKUX OOBEKTOB B HECTAHAAPTHBIX CUTYallU-
ax. Tema YUP 00s13aTenbHO JOMKHA COOTBETCTBOBATh MHIUBHUTyalh-
HBIM OCOOEHHOCTSIM MBILUICHUS U BOCTpUATHS yuamierocs. OueHb
HMHTEPECHBI, KaK MMOKA3bIBAET OIBIT, TEMbI pa0OT, CBSA3BIBAIOLINE MEXK-
1y cOOOM pa3IMYHbIe MPEIMEThI: MaTeMaTUKy U HH()OPMATUKY; HU3H-
Ky, MaTeMaTUKy U UHPOPMATUKY; SKOHOMHKY, MaTeMaTUKy 1 UH(Op-
MaTHKY; COIMOJIOTUYECKUE HCCIIENOBaHUS M UH(POPMATUKY, U ITOT
P MOXHO NpOJODKUTh. MccienoBarenbckas AesTEIbHOCTh Yallle
BCEro JTMOO BBIXOJUT 33 paMKHM HM3y4aemMoro y4eOHOro marepuara,
nub0 B mpolecce U3yueHus Mpo(UIBLHOTO MpeaAMeTa CTaHOBUTCS
MPOPHIBOM K pa3HOOOpa3HbIM (opMaM JeSTeTbHOCTH, KOTOPBIC
u hopMHpYIOT 001Ie00pa3oBaTeIHbHY0 KOMIIETEHTHOCTD. Takas opra-
HU3aLKA MO3BOJISIET MOBBICUTH MOTHBAIIMIO K UCCIIEIOBATENBCKOM pa-
00Te, 3aMHTEepeCcoBaTh JUIEHUCTOB HAyYHBIMU MPOOIeMaMH, OPUEHTH-
pyeT Ha 00 TyMaHHBIN BHIOOp OymyIel creruaabHOCTH.

Ha mporniecc ¢hopMupoBaHus BHICOKOMHTEIIIEKTYJIBHON, TITUPOKO
00pa30BaHHOM JIMYHOCTH OOJIBIIIOE BIUSHUE OKA3bIBAET Cpena, B KO-
TOpOM HaxoauTcsl yuyeHuK. Co3gaHue TaKOM Cpellbl — 3TO €Ile OJHa
Ba)yKHas 3aJjaya, KOTopas pemaercsi Ha (pU3NKO-MaTeMaTH4eCcKoM OT-
JIeJICHUU.

[IpenonaBarenu (GpU3NKO-MATEMAaTHUECKOTO OTACICHHS pa3pado-
TajJl U peajn30Balid CUCTEMY MPOEKTHOH NeATeIbHOCTU JUIEHUCTOB
BO BHEyuYeOHOE BpeMsi, HallpaBJIEHHYIO Ha MOJTyYEHHE OIbITa PabOThI
B KOMaH/JIe, peUIeHHs] MOCTABICHHBIX 3a7a4 B IKCTPEMabHBIX YCJIO-
BUSX, YMEHUS MPABUIBHO paclpeiensiTh BpeMsl, BbIICIEHHOE Ha pe-
LIEHHE 3aJ1a4, CAaMOCTOSITENIbHO BHIOMpATh MPUOPUTETHHIE HAIIpaBIie-
HUS B CBOEH JIeATeIbHOCTH, Pa3BUBATh JIMJIepCcKue kadecTna. [Tomumo
9TOTO, KaX/IbIil YUEHUK OTJI€JI€HHs BIPaBe BHIOMPATH AJis ce0sl COLU-
aNbHbIE MPAKTUKH, HAIPABICHHBIE HA CAaMOpEaIN3aluio. ITO MOXKET
OBITH yyacTHE B TBOPUECKOH TpyIIe MO MOATOTOBKE M MPOBEACHUIO
XyJI0KECTBEHHO-ICTETUYECKUX MEPONPUITUNA, KOHIIEPTHON JesTelb-
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HOCTH, YWJIEHOM COOPHBIX JIUIIES TI0 CHOPTUBHBIM UTPaM, BHIOpATh JIIs
cebs opraHu3alMoOHHYI0 padoTy B KJlacce UM OTAEJICHHUH, CTaTh JIeH-
CTBEHHBIM MTOMOIIIHUKOM KJIACCHOTO KypaTopa.

Emie onHuM BakKHBIM HampaBieHUEM B pabOTe OTAETICHUS SIBIISIET-
csl mpodOopueHTAIIMOHHAS ACSITEIbHOCTD.

Ham nuueit, u ¢pusuko-mMaTreMaTu4yeckoe OT/IEICHUE B TOM YHUCIIE,
SBIISISICH YHUKAJIBHBIM 00111€00pa30BaTeIbHBIM yYeOHBIM 3aBEICHU-
eM, (pakTUUIecKH Bceraa ObUT IIEHTPOM Pa3BUTHS OJIAPEHHOCTH PEOST.
OO0 3TOM roBOPST U MHOTOUMCJICHHBIE MTOOEbI ¥ MIPU3HAHUS HAIIETO
JUIesl B pa3IMyHbIX KOHKypcax, mpoBoAuBIIMXcs B [lepMckoM kpae
u Poccun.

Kak IlenTp HampaBieHue pabOThI C OJAPEHHBIMU peOATaMH
opopmuiiocs B 2012 romy, Koraa JUIEH CTal PECypCHBIM IIEHTPOM
WNuctutyTa HenmpeprIBHOrO 00pazoBanus [lepMckoro HalMoOHaIBHOTO
HCCIIEIOBATEIbCKOTO TMOJUTEXHUUYECKOTO YHHUBEPCUTETA, NMPUHUMAs
aKTUBHOE YydYacTHe B KOHKypcaX, OJUMIHaaax, KOH(PEpeHLHUsX,
9KCKYpPCHOHHBIX MpOrpamMmax, IpOBOJUMBIX B paMKax MpodopueHra-
LIMOHHOM JIeATEeILHOCTH By3a.

OcHoBHO#1 3a1a4elt [{eHTpa siBisieTCsl MOMOIIb YYaluMCs B CaMo-
OTIpeIeTICHUH, BRIOOpE BUAA CBOCH Oymyiield nesTeIbHOCTH. B aToM
MOMOTaeT CyIIeCTByIoIasi Ha (DPU3MKO-MaTeMaTHuYeCKOM OTAEICHUU
CUCTEMa THIOTOPCKOTO COMPOBOXAECHUS oOywaromuxcs. [TaBHas 3a-
Jlaya THIOTOpA — Yepe3 CUCTEMY MCCIIeI0BaTeIbCKON JIeATeIbHOCTH,
MPEeIMETOB, M3y4YaeMbIX YIIIyOJIEHHO, 3JEKTHUBHBIX KYpPCOB BBIOpATh
UMEHHO T€ y4eOHble NUCUUIUIMHBI, KOTOpbIE MOMOTYT MOCTYIHUTh
B HYKHBIH By3, chopMUpoBaTh ceds Kak JIMUYHOCTh. biiarogapst Takoit
noaaepkke MHorue auuencTsl 10—11-X Kj1accoB y4yacTBYIOT B OJIMM-
nuajaax, MpoBOASIIUXCA By3amMHu Poccun, KOHKypcax Hay4dHO-HCCIIe-
JIOBATEIbCKUX PabOT KPaeBOro, BCEPOCCUNUCKOTO YPOBHEH, UMEIOT Ha-
yuHbIe TyOnukanuu. [Ipu 3ToM OHM TPHOOPETAIOT OMBIT MyOJTUIHBIX
BBICTYIUICHU, TPAMOTHBIX OTBETOB Ha BOIIPOCHI, YMEHHE 00CYkIaTh
npoOIeMbl B paMKax CBOEH HaydyHOU TeMbl. B pabore ¢ nuuencramu
OOJIBIITYI0 TIOMOIITH OKA3bIBAIOT MperoaaBarenu By30B [lepmu, pado-
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Tarolue B Juiee. MHOTHME U3 HUX SBJISIIOTCS HAIIUMU BBITYCKHUKA-
MH, KOTOpbIE, TIOJTYYUB BbICIIEe 00Opa30BaHUE B OCHOBHOM I10 HAyKO-
€MKHM CIIeIUaJIbHOCTSM, BO3BPAILAIOTCS K HaM MpernojaBaTh MaTeMa-
TUKY, QU3HUKY, UHPOPMATHKY.

Lentp pabGotaer moj pPYKOBOACTBOM aJIMUHHUCTPALIMU JIULIES,
KoTopass (OpMUPYET OCHOBHBIE WJEH, HaMpPaBICHUS Pa3BUTHS
Hamiero o0pa3oBaTeIbHOIO YUYPEKICHHs, peanns3ysl MX uepe3 KOH-
KpeTHbIE yueOHbIe U BHEy4YeOHBIE MeponpusaTus. BaxkasiM Ha (Husu-
KO-MaTeMaTUYeCKOM OTACNICHUHU SIBISIETCS OpraHu3alusi BCTped
C BeIyIIMMHU YYEHBIMU BY30B Halllero ropoja, ocodbenno Ilepmckoro
HAI[MOHAJILHOTO HMCCIIEI0BATENBCKOTO MOJIUTEXHUYECKOTO YHUBEPCHU-
TeTa, MOCELIEHUE AaKaAeMHYECKHX Hay4YHbIX HHCTUTYTOB, TaKUX
Kak MHCTUTYT MEXaHUKHU CIUIOIIHBIX cped, MHCTUTYT TeXHUYECKON
XUMUH, (PaKyabTeT MpHUKIaAHOW MareMaTuku u mexanuku [THUITY,
naboparopuii kadeap a’pOKOCMHUYECKOTO, AIIEKTPOTEXHUYECKOTO,
XUMHKO-TEXHOJIOTHYECKOT0  (haKyJabTeTOB, BEIyIIUX pabdOThl 10
HAayKOEMKHUM HaIlpaBJICHUSIM, OCHAIIIEHHbIE COBPEMEHHBIM 000pyI0-
BaHHEM.

3HAKOMSCh C OCHOBHBIMU HampaBiICHUSIMH Pa3BUTHS COBPEMEH-
HOM HayKH, NBITasiCh pa300parbcs B 3aMHTEPECOBABIINX UX BOIIPOCAX,
ydJaruecs, 0e3yCcI0BHO, paCIIUPST CBOW KPyTro30p, Haydarcst 001aTh-
csl Ha Mpo(eccHOHaTbHOM SI3bIKE, COPUEHTHPYIOTCS B CBOUX MHTEpe-
cax, MpaBUJIbHEE BBIOEPYT MyTh MOMyYEHUs JajbHeiero oopazona-
HUSL.

BoNbIIMHCTBO BBIMYCKHUKOB (PU3UKO-MaTeMaTHUECKOTO OT/ele-
HUS JTUIEs BCErla OTIMYAeT JKeJIaHHWe MONY4YUTh (yHIaMEHTaIbHOE
o0Opa3oBaHMe, a TaKXKe JKeJTaHHe CaMOpean30BaThbes B 00IACTIX Jes-
TEJIbHOCTHU, OTJIMYHBIX OT CBOETO MpoduiIst 00yueHusl.

Ot y4eHHKOB 0011e00pa30BaTEIbHBIX MIKOJ OBIBIINX JIUIIEUCTOB
OTJIMYAET OTCYTCTBUE OOS3HU 3a1aBaTh BOMPOCHL, yMEHHUE OTCTAauBaTh
CBOE MHEHHE, BECTH JUCKYCCHIO, IPUHUMATh CMellble U HeCTaHIapT-
HbI€ PELICHUs MPHU BBIOJHEHUH YUeOHBIX 33JaHUI, OTCYTCTBHE 00s3-
HU CJIeJIaTh OMUOKY U MOIYYUTh TUIOXYIO OTMETKY.
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[lenarorn Qu3MKO-MaTEeMaTHYECKOTO OTICIICHHS YBEPEHBI, YTO
BCECTOPOHHEE Pa3BUTHE JTMYHOCTU peOEHKa, PACKPBITHE €r0 TBOpYE-
CKOTO TOTEHI[Maja, TapMOHHM3ALUs BUICHUS MHpa, YMEHHE HaWTH
MOJIXO/BI K PEIICHHIO JTF000H MOCTABICHHON Mepel HUM 3aJauH, He-
MPEPBHIBHOCTH B 00pPa30BaHUM — BOT CIEKTP 3a/1ad, KOTOPBIE JOIDKHBI
pemarbCcsi B ayIMTOPHOW, BHEAyIUTOPHOM W BHEy4YeOHOW pabote
C YYaIIHMUCSI.
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I'naBa 2.

IIpuMeHeHHE MOAX00B MATEMATHYECKOT0
MOIeJIUPOBAHMS B Y4eOHO-HCCIeN0BATEIbCKOI padoTe
NJ151 NTPOPUIBLHBIX HIKOJ M KJIACCOB € YIJIYOJEeHHBIM
U3yYeHHUEeM NMpeaMeTOB (PU3UKO-MATEMATHYECKOTO
MHUKJIa

B mocnennue aecsATUneTuss OCHOBHBIM MHCTPYMEHTOM HAy4YHOM,
MPOEKTHOM, TEXHOJOTUYECKOM M JPYruX BHJOB AEATEIBHOCTH (OT
acTpo(U3UKH 10 SKOHOMHUKHU ¥ UCTOPHUH) CTAJIO MaTeMaTHYeCKOe MO-
JIETIMPOBAHUE MCCIEAYEMBIX IPOLECCOB, KOHCTPYKLMH, SBJICHUM.
Oco0eHHO 3HaYMMOCTh MaTeMaTH4eCKOTO MOJETUPOBAHUS BO3pOCia
B CBSI3M C TUTAHTCKMMHU TEMIIaMU Pa3BUTHS BHIYUCIUTEIIHON TEXHU-
KM, MOSIBJICHUEM CBEPXMOIIHBIX KOMIIBIOTEPOB M KJIACTEPOB, OPUEH-
TUPOBAHHBIX HA HOBBIE BBIYMCIIUTEIBHBIE TEXHOJIOIMHU — NapaJlieib-
HbIC BBIYUCIICHUS.

Bo03M0OXHOCTP MOZIETUPOBAHUS CIIOKHBIX CUCTEM, ONHUCHIBAEMBIX
CYIIECTBEHHO HEJIMHEWHBIMU ypaBHEHUSMU (PU3UKH, MEXaHUKH,
MaTeMaTU4YeCKOl (U3HMKHU, TOAXOAaMU MOICKYISPHONH JHHAMHUKHU
U KJIETOYHBIX aBTOMAaTOB, BBI3BAJIM HACTOAILYI) PEBOJIIOIUIO B €CTE-
CTBEHHBIX Haykax. MareMaTH4eCKUe MOJENU CJIOXKHBIX MPOLIECCOB,
B JMHAMUKE OTOOpa)karolIMXCsi Ha DJKpaHe KOMIbIOTepa, OyasT
BOOOpa)X€HHWE YYEHOTO U SIBIAIOTCS HWCTOYHUKOM HOBBIX UACH
[www.mmsp.pstu.ru].

Mamemamuueckoe moodenuposanue — 3TO HUJCATbHOE HAYYHOE
3HAKOBOE (DOpMaIbLHOE MOJICITUPOBAHKE, TIPU KOTOPOM OIKCAHUE 00b-
€KTa OCYLIECTBIISIETCS Ha A3bIKE MaTEMaTUKHU, a UCCIIEI0BAHNE MOJE-
JIX TIPOBOJUTCS C MCIOJB30BAHUEM TEX WJIM MHBIX MaTeMaTHYE€CKHUX

meronoB [no I1. B. Tpycosy].
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VYuuThIBas, YTO MareMaTHKa — S3bIK, HA KOTOPOM B HayKe IpHu-
HSTO OMHCHIBATh JIIOOBIE OOBEKTHI, CHCTEMBI, MPOLECCHl U SBICHUS
B OKpPY>KaloIlleM Hac MUpPE, UCIOIb30BaHUE METOJOJIOTUU MaTeMaTh-
YECKOTO MOJICITUPOBAHUS TIO3BOJISICT IPUMEHSITh MAaTEMaTHICCKUE Me-
TOJIBI TIPU PEILICHUH 3a]1a4, OTHOCSIIUXCS K COBEPIICHHO Pa3IUYHBIM
o0nacTsM 3HaHWI: B (PU3MKe, XUMUH, OMOJIOTHH, SKOHOMHKE, OO0IIIe-
CTBEHHBIX HAayKaX, TEXHUKE U TEXHOJIOTUH (B TOM YHCJIE pacUeT OITH-
MaJbHBIX KOHCTPYKIHMHM Win ycTpoiucTB). Kpome Toro, ecth kiacc
BOITPOCOB «YHCTO» MAaTEMaTHYECKOTO MM METOMYECKOTO TUIaHa, KO-
TOpPBIE MOXKHO pacCMaTpuBaTh B paMKaX HCCIEI0BATENbCKOM pabOThI
(B TOM 4HCIIe U C TPUMEHEHHUEM METOI0JIOTMHA MaTEMaTuYeCcKoro Mo-
nenupoBanus). Hanpumep, Borpock! anreOpsl (METOABI pEIeHuUs CIie-
LUATbHBIX BUIOB YpaBHEHHI, MOAXOAOB K YMPOIIEHUIO HEPABEHCTB
U T. J1.); BOIPOCHI T€OMETPUHU (CIIOKHBIE TEOMETPUUYECKIE OOBEKTHI,
MHOKECTBA, CEUCHHS U JIp.); METOAMYECKHE ACTEKThl MaTeMaTHKHU
(cozmanue TPEHUPOBOYHBIX U MPOTPAMMHBIX KOMIUIEKCOB ISl TO-
CTPOCHHSI CEUECHHH, IJisi pacro3HaBaHHUs T'€OMETPUUYECKUX 0Opa3oB,
METOJIMKA PEIlIeHus 3a7ad CTEPEOMETPUH, B TOM YHUCIIE B 33/1a4ax I10
(du3HMKe 1 MaTeMaTUKe B paMKax EQMHOTO rocy1apcTBEHHOTO 3K3ame-
HAa U T. J1.).

OC0OEHHOCTBIO BBITIOJHEHUS y4eOHO-UCCIIEIOBATEIIBCKUX padoT
10 MaTeMaTU4YeCKOMY MOJEIUPOBAHUIO sBisieTcsi Enunas meronono-
TSl IOCTPOCHUS U UCCIIEOBAHUS MaTeMaTUYECKONW MOJENU, IpUMe-
HUMasl K PEIICHHIO 3a/1a4 U3 JIF0OOM MpeaMeTHON o0nacTu: (pU3HKH,
XUMHH, OMOJIOTUH, JKOHOMUKH U T. 7. OO11as cxema moCTPOSHHs MO-

JIeJIM TpUBeJieHa Ha puc. 2.1.
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ObcrnedosaHue obbekma ModenuposaHusi U ¢hopmMyiuposKa
mexHU4YeCcKoeo 3adaHusi Ha pa3pabomky modesnu
(codepxamesibHasi mocmaHoeka 3adaJyu)

'

KOHuenmyaanaﬂ U Mamemamuyeckasi mocmaHoska 3adadyu ™

l

KauecmeeHHbIl aHanu3s u nposepka KoppekmHocmu modesnu

}

Bbibop u ob6ocHosaHue 8bibopa Memodoe peweHus 3adadqu ol
[ I
aHanumuyeckue npoyue mMemoosbi

l 56

— 3

— 4

5a Paspabomka anzopumma peuweHust
( lNouck peweHusi |—»| U uccredosaHue e20 ceolicms, peanusayus
aneopumma 8 sude rnpoepammbi 051 OBM

!

— 6
lposepka adekeamHocmu modernu —
— 7 -
lMpakmuyeckoe ucrosib3o8aHuUe NocmMpPoeHHoOU Modesnu

Puc. 2.1. IlocnenoBareIbHOCTH ATANOB IIpyu MaTEMAaTUICCKOM
MOJCINPOBAHUN.

KpaTko octaHOBUMCS Ha IEPEUUCIEHHBIX 3Tanax NOCTPOSHUS Ma-
TEMAaTH4YE€CKON MOJICIIH.

1. Tlepeuenp chOpMyYTUPOBAHHBIX B COAEpIKATENBLHOU (CIOBeC-
HO¥) (hopMe OCHOBHBIX BOITPOCOB 00 0OBEKTE MOICTUPOBAHUS, HHTE-
PECYIOIIMX 3aKa3uhKa, COCTABISIET COAEP/KATEIbHYI0 MOCTAHOBKY
3a/1a4uu MojiesiipoBaHus. lHaue roBopsi, pu cozeprkaTesbHOM ocTa-
HOBKE 33J]a4¥l OCHOBHOE BHUMAHHUE yAEIAETCS:

® TIIATeIbHOMY 00CJIEJOBaHUIO 00BEKTA MOJIETTMPOBAHUS C IIEIIBIO

BBISIBJIEHHSI OCHOBHBIX (JaKTOPOB, MEXaHU3MOB, ONPEAEIISIONINX
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€ro MoBeeHHE, ONpeAeNICHUs] COOTBETCTBYIOUINX MapaMeTpOB,
MO3BOJIAIONINX OMUCHIBATH MOJEIUPYEMBI OOBEKT;
® cOOpy MMEIOIIUXCS AKCIIEPUMEHTAIBHBIX JaHHBIX 00 0OBEKTE
MOJICTMPOBAHMSI,;
® AHAIUTUYECKOMY 0030py JMTEpPaTypHbIX UCTOYHUKOB, aHATU3Y
Y CPaBHEHHUIO MEXKTy COOOM MOCTPOEHHBIX paHee MOJIENEH TaH-
HOTO 00BEKTa (MM TMOMOOHBIX paccMaTpUBaEeMOMY OOBEKTY);
® aHaju3y W 00O0OIIEHHI0 BCEro HAKOIJICHHOTO Marepuala, pas-
paboTKe 00IIeTro MIaHa CO3aHusl MaTEMaTHIEeCKOW MOJIEIIH.
B koneuHoMm cuete, Haubosee BaXXHBIMU dIIEMEHTaMH COJIEepKa-
TENbHON MTOCTAHOBKH 3a/1a4i B UCCIIEIOBATENBCKOM paboTe SBISIIOTCS
IIOCTAaHOBKA 1eJIH U 3a/1a4 UCCIIeOBaHUS.

L]env paboThI OTBEYAET HAa BONPOC: «UTO OBI MBI XOTEH BUETH IO
OKOHYAHUU padOThD» M MPUMEHUTEIHHO K Pa3IMYHBIM TeMaM HCClie-
JIOBaHUS MOXKET OBITh CPOPMYIIMPOBAHA B CIICTYIOIINX BUIAX.

Ilpumep 1

«enpro paboTHI sIBIISIETCSA MOCTPOEHUE MaTeMaTUYECKOM Mojie-
JI TIOBEJIEHUSI caMoJieTa B BO3JyXe M HCCJIeJOBAHME C ee MOMO-
b0 TOPU30HTAJIBHOM U BEPTHUKAJBHON YCTOWYHMBOCTH CaMoO-
JieTa B 3aBUCUMOCTH OT BHEIIHHUX (DAKTOPOBY.

Ilpumep 2

«llenbro pabOTHI ABISAETCS aHAU3 PACIIPOCTPAHEHUS aKyCTHYE-
CKHMX BOJIH B KPUCTAJUZTMYECKOM TeJI€e U pa3padoTka crnocoooB 00-
Hapy:keHHs Je(eKTOB B MaTepuaie, Jjs 4ero HeoOXOAUMO CO3-
JaTh MOJIeNb, KOTOpas MO3BOJMIAa Obl HAOMIOAATh 3a ABM)KEHHUEM
BOJIHBI U Y10BJIETBOPSJIA ObI CJIeAYIOIIHM MUHUMAJIbHBIM YCJI0-
BUSIM: ...»

WNHadye r0OBOpsI, BaXXKHEHIIMMH KPUTEPUSMH LN SIBISIIOTCA €€
KOHKPETHOCTB, JOCTHKUMOCTb 1 H3MEPUMOCTb.
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[lepedens 3aga4 uccieOBaHUS B TIEPBYIO OYepe/Ib MO3BOJISIET OT-
BETUTh Ha BONpoc: «UTO HYXHO MPEINPHHITH, YTOOBI JOCTHYHL
1enu?» U 00BIYHO COACPKUT JBA BAXKHBIX pas3zena:

e K kakoif obnactu 3HaHUN OTHOCUTCS pelraeMas 3ajaada (Mmare-
MaTHKa, MaTeMaTuka + Qu3uka, XuMusi, OMOJIOTHs, IKOHOMHUKA, COIIH-
oJiorus...)?

e [locnenoBarenbHOCTh KOHKPETHBIX IIIaroB, BCIIOMOTATENb-
HBIX TI0Z3a]1a4, YCBOCHHE HOBOTO MaTrepuayia W 3HAHUH 10 TeMaTUKe
paboTHI.

Ilpumep 3

Jnst mocTHKEHUs TOCTABICHHOW €M HEOOXOJAMMO PEIIUTh

CJIEIyIOIIME 3a/1a4H:

® CBs3aTh PEAKIUIO MOJIBECKH C TUHEHHON CKOPOCTHhIO aBTOMOOU-
Il ¥ pailyCOM MOBOPOTA;

e chopMynupoBaTh KPUTEPHH MOTEpU CIIETUIEHUs] Kojeca M Io-
BEPXHOCTH JIOPOTH;

® 3amucaTh YPaBHCHHUS JIBMDKCHHUS aBTOMOOWIIS KaK aOCONFOTHO
TBEPJIOTO TeJIa, UCCIEA0BATh TPACKTOPUH JBIKEHUS aBTOMOOH-
JIs1 IPU PA3JIMYHBIX YCIOBUAX JIBUIKECHHUS.

2. KoHuenrtyajbHasi MOCTAHOBKA 3371a9d MOJICITMPOBAHUS — 3TO
c(hopMyTHpPOBaHHBIN B TEPMUHAX KOHKPETHBIX JUCHUIUINH ((pu3ukw,
XUMHH, OUOJIOTUH U T. [I.) IEPEUEHb OCHOBHBIX BOIIPOCOB 00 00BEKTE
MOJICTUPOBAHMSA, a TAKXKE COBOKYIMHOCTh THIIOTE€3 OTHOCHUTEIHHO
CBOWCTB M MOBEJCHNUS 00bEKTa MOACTHPOBAHUSI.

Boo61ie roBopst, Ba)KHEHIINM 3JIEMEHTOM KOHIENTYaJbHOM IO-
CTaHOBKHU SIBJIIETCS MEpeYeHb rumore3 (YIpOIIEHHUil) 0 MOBEICHUU
00beKTa MOJICTMPOBAHMSI, €T0 B3aMMOJICHCTBUU C OKpPY’KaIoIel cpe-
JIOW, U3MEHEHUH BHYTPEHHUX MapameTpoB. Kak mpaBuiio, 3TH rUMo-
Te3bl MPABAOINOI00OHBI B TOM CMBICIIE, UTO AJII KX OOOCHOBAaHUS MOTYT
OBITh MPUBEICHBI HEKOTOPHIE TEOPETUIECKUE IOBOMBI M SKCTICPUMEH-
TaJIbHbIE JaHHBIC, OCHOBaHHBIE HAa COOpaHHOM paHee HHMOpMaIu 00
oOBbeKTe.
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Ilpumep 4

s ynpoiiieHust HOCTPOSHHsI MAaTEMAaTUUYECKON MOJIETTH IPUMEM
CJIEYIOIYI0 COBOKYITHOCTh TMIIOTE3:

1. Tak Kak CKOPOCTH CaMOJIeTa MHOTO MEHbIIIE CKOPOCTH CBETA,
TO €ro ABMXXCHUEC OITMChIBACTCA 3aKOHAMU KJIACCHYECKOU MEXaHUKU
Hprorona.

2. Camorner — abCONIOTHO TBEpAOE TeNo, AeopMalius Koprmyca
U KoseOaHust KPBIJIBEB B IIPOUECCE MOJICTA HC YUUTBIBAIOTCH.

3. Cucrema oTcueta, OTHOCUTEIIBHO KOTOPOW paccMaTpuBaeTCs
JIBUKEHHE — HHEPIIUATbHAS.

4. Macca nacca)xupoB U Ipy3a I10 CPaBHEHHUIO C Maccoi camo-
JeTa Maja.

5. YMeHbllIeHHE Macchl caMojieTa BCIEACTBHE BBIPAOOTKH TO-
IJIMBa HEC YYUTLIBACTCA.

6. OneneHeHneM Kpbula BCIEACTBUE HU3KUX TEMIIEPATyp MOKHO
npeHeOpeyb.

7. ABTOMaTH4eCKHE CUCTEMBI MIOMOIIU YIPABIECHUS CaMOJIETOM
HE YYUTHIBAIOTCS.

8. B nepBoM npubmmkeHnn OyeM anmnpoKCUMHPOBATh CaMOJIET
JUIUAIICOUAOM BPAILLEHHUS C IOJIIYOCSIMH, PaBHBIMU JIMHEHHBIM pa3-
MepaM caMoJIeTa; 3TO I0CTATOYHO IPy00e MPEANOI0KEHHE, HO pac-
CMaTpuBaTh peajbHYI0 I'€OMETPHUIO caMojieTa He MPEeACTaBIsAETCS
BO3MOJKHBIM, B TOM YHCJIC U3-3a OTCYTCTBHUS B JIMTCPATYPC NJaHHBIX
0 MOMEHTAaxX MHEPIHUU caMoJIeTa KaK TBEpJOro Tela.

9. Yron aTaku Kpbuia JIeKHT B Oe3onmacHoM auanazone 0—10 rpa-
JIyCOB.

MaremaTnyeckasi IOCTAHOBKA 3aa4M OTBEYAeT Ha BOIPOC:
«Kak mMeHHO MBI OyieM permiaTh MOCTaBlIeHHBIE 3a7a4i?» U OOBIYHO
COZIEPIKUT:

® AHanuTuyeckue (TOUHbIE) COOTHOLIEHUS:

O 3aIlUCh U3BECTHBIX 3aKOHOB U TEOPEM;
O (GOpMYyIHPOBKA U JOKA3aTEIHCTBO HOBBIX JIEMM HJIH TEOPEM;
O pellleHUe ypaBHEHUH, OIIAI0IINXCS TOUHOMY PELIEHHIO U T. 1.
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e YucneHnblie (MpUOIMKEHHBIE) PEIECHUS

O MPUOIMKEHHOE alNredpandeckoe pelieHne;

O YUCIIEHHOE pelieHue npu nomomu IBM.

® AJITOPUTMHYECKOE PEUICHHE:

O B BHJe IporpaMMmbl Ha OBM (peann3oBaHHOI camoCTOs-
TEJIbHO B Cpelie MPOrpaMMHUPOBAHUS WM B CYIIECTBYIOLIUX
cpefax MporpaMMHUPOBAHUSA/CHIEIMATU3UPOBAHHBIX IPOTpaM-
Max);

O B BHUJIE MOCJIEIOBATEIHOCTH JAEHCTBUM, KOTOPBIE HYKHO CO-
BEpIIaTh, YTOOBI PELIUTH 3a7ady.

Takum o0pa3om, MaTeMaTHyeCcKasi IOCTAHOBKA 33aJja4l MOJIEJINPO-
BaHUS — 3TO COBOKYNHOCTh MaT€MaTHYeCKUX COOTHOIIEHUMN, OMUCHI-
BAIOLIMX IOBE/ICHUE U CBOWCTBA 00BEKTA MOJICTUPOBAHMUS.

3. KauecTBeHHBIN aHAIU3 U IPOBEPKA KOPPEKTHOCTH MaTeMaTHye-
CKOM IMOCTAHOBKH, KaK IPAaBUJIO, BKIIFOYAIOT:

— KOHTPOJIb Pa3MEPHOCTEN, BKIIFOYAIOLIUH ITPaBUIIO, COIIACHO KO-
TOPOMY INPUPABHUBATHCS U CKJIAAbIBAaTbCS MOTYT TOJIBKO BEITUYMHBI
OJIMHAKOBOU pa3MEpHOCTH;

— KOHTPOJIb TOPSIIKOB, COCTOSAILIMM U3 rpy0oil OLIEHKH CpaBHH-
TEJbHBIX MOPSAKOB CKJIaJAbIBAEMBIX JIPYT C IPYTOM BETUYHH U UCKITIO-
YEHHEM MaJIO3HAYUMBIX 1APAMETPOB;

— KOHTPOJIb (PU3UYECKOTO CMBICIIA, COCTOSIIUI B IpOBEpKe (prsu-
YECKOI0 WJIM MHOTO, B 3aBUCUMOCTH OT 3aJ1a4M, CMBICJIA HCXOIHBIX
U IPOMEXYTOYHBIX COOTHOLICHWM, IOSBIISIOIIUXCS II0 MEpE KOH-
CTPYUpPOBaHUS MOAEIIH;

— KOHTPOJIb MaTeMaTu4eCKol 3aMKHYTOCTH — YHUCJIO HEU3BECTHBIX
JOJDKHO COBIIAJaTh C YMCJIOM YPaBHEHHH.

Maremaruueckasi MOZAEIb SIBISETCS KOPPEKTHOM (B CMbICIIE Ma-
TEMaTUYeCKOro MOJICIIMPOBAHMSI), €CIIH JUIsl HE€ OCYLIECTBIIEH U TO-
Jy4eH TIOJIOKUTEIbHBINA pEe3yJabTaT BCEX KOHTPOJBHBIX IPOBEPOK:
pa3MepHOCTH, MOPSAKOB, XapaKTepa 3aBUCUMOCTEH, SIKCTPEMAJIbHBIX
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CUTYyallui, IPaHUYHBIX YCIOBHUH, (PU3NYECKOTO CMBICIIA U MaTeMaTH-
YEeCKOI 3aMKHYTOCTH.
4. [locne Toro kak copMyaupoBaHa MaTeMaTHUECKasi TOCTaHOB-
Ka 3a/1a4y U BBIIIOJIHEHA [IPOBEPKA €€ KOPPEKTHOCTH, HEOOXOIMMO BbI-
OpaTb MeTo[ ee peleHusl.
Meton peanuzaluy MOJAEIN OTHOCAT K AHAIUMUYECKUM, €CIIA OH
MO3BOJISIET MOJIyYUTh BBIXOAHBIE BEJWYMHBI B BUJIE€ AHATMTUYECKUX
BBIPAQ)KEHUI, T. €. BBIPAKEHHUI, B KOTOPBIX HCIHOJIB3YETCSI COBOKYII-
HOCTb apu(METHYECKUX OTIEPALUi U TIEPEXOI0B K mpeaeny. YacTHbIM
CJIy4aeM aHAJIUTUYECKHX BBIPDAKCHUN SABISIOTCA aneebpauiecKue Bbl-
pakeHMsI, B KOTOPBIX HCIIOJIB3YeTCs KOHEYHOE WIIM CUYETHOE YHCIIO
apu(METHIECKUX OIEpanni, ornepannuii BO3BEJACHUS B IICIOYHCIICH-
HYIO CTENEeHb U U3BJICUEHUs KOpHS. Ba’kHO MOMHUTH, 4TO IPUMEHE-
HUE JII000T0 YucienHo2o memooda (HarpuMep, AJisl pELIeHUs] CHCTEMBI
g depeHInaIbHbIX YPaBHEHNUN) TPUBOAUT K MOTPEIIHOCTH PE3YIib-
TaTOB PELICHUs 3a7a4M, KOTOPYI HEOOXOAUMO YUYUTHIBaTh MPU aHa-
T3¢ aIeKBaTHOCTH MO/ICIIH.
5. Tlom amekBaTHOCTBI) MaTEeMaTHYECKOM Mojaenu OyaeT Io-
HUMAThCSl CTENEHb COOTBETCTBHS PE3YJbTaTOB, IOJYYEHHBIX IO
pa3pabOTaHHON MOAENH, JAaHHBIM OKCIIEPHMEHTAa WM TECTOBOM
3aJa4yM.
ITpoBepka aIeKBaTHOCTU MOJIENIH IIpecieyeT JIBE 1IeIH:
e yOemuThCs B CHPABEIIIMBOCTH COBOKYITHOCTH THIOTE3, cop-
MYJIMPOBAaHHBIX Ha 3Talax KOHLENTYyaJbHOW M MaTeMaThye-
CKOM II0OCTaHOBOK;

® y0emuThCs, YTO TOYHOCTH MOMYYEHHBIX Pe3yIbTaTOB COOTBET-
CTBYET TOUHOCTH, OTOBOPEHHOM B TEXHUUECKOM 3a1aHUU.

JUist IpOBEpKH a/IeKBaTHOCTH, KaK IIPABHUJIO, PEIIAIOT TaK Ha3bIBa-
eMbI€ mecmogvle 3a0ayu, T. €. CO3AI0T TaKue MOJIEJIbHbIE CUTYaLUH,
JUI KOTOPBIX M3 JIUTepaTrypbl WK OOIIMX COOOpakeHUH M3BECTHO,
Kak OyZeT BeCTH ceds ucciieayemas cucreMa.
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Ilpumep 5
[Tocne pemenust cuctembl ypaBHeHui (15) — (16) ObLIM MOTyUEHBI
CJIEYyIOIINE 3aBUCUMOCTH:
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1.0%10° e
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Puc. 2.2. 3aBUcUMOCTb KOOPAMHATHI X OT BPEMEHHU P MOCTOSTHHBIX
BHEIIHHUX YCIOBHUSIX

Ha nannom rpaduke n3o0pakeHa 3aBUCHUMOCTb KOOPAMHATHI X(2)
MIPU CTAIIMOHAPHOM II0JIETE B CIUIOIIHOM OJHOPOIHOM Cperie.
v

15000f
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Puc. 2.3. 3aBucUMOCTb KOOPAMHATHI Y OT BPEMEHH MPH MOCTOSHHBIX
BHEIIHUX YCIOBHSIX

Kak M0>xHO 3aMeTHTh, B OTCYTCTBHE BHEIIIHUX BO3/IEUCTBUI CaMO-
JIET JICTUT PAaBHOMEPHO, HA TTIOCTOSTHHOW BBICOTE.
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Tembl yueOHO-HCCIIEI0BATEIbCKHAX PadoT
10 MaTeMaTH4€eCKOMY MO/1eJIMPOBAHUIO

Hixe MMPUBOAATCA HCKOTOPBIC TCMbI y‘-Ie6HO-I/ICCJ'IGI[OBaTeJIBCKI/IX
pa60T Mo MaTeMaTu4CCKOMY MOJCIMPOBAHUIO, BBITIOJIHABIIUCCS y4da-
IMAUMHUCA CTapHInuX KJIACCOB C yFJIy6J'IeHHLIM HU3YyUCHUCM HPCIMCTOB
(bI/I3I/IKO-MaTeMaTI/I‘l€CKOFO [UKJIa 10 HAlllUM PYKOBOJACTBOM, a4 TAKIKC
HCKOTOPBIC KOMMCHTApPHUHU K HUM.

Tema 1. MaTemaTnueckoe MoJAeJIUPOBAHUE TOJIETA caMOJIeTa

Ha ceropnsiiauii 1IeHb caMbIM PaCTIPOCTPAHCHHBIM BHJIOM TIEpe-
MelleHus sBisitoTcs aBuanepenetsl. [lo cratucruke, 87-90 npouen-
TOB BCEX ABHAIEPEIIETOB COIMPOBOXKIAIOTCS TMOMAaHUSIMU JaifHepa
B TypOYyJICHTHBIE 30HBI M TaK HA3bIBAEMBIE BO3JIYIIHEIC SIMBL. B0o30yuu-
Hasl iMa B TOM CMBICIIE, K KOTOPOMY BCE€ TIPHUBBIKIN — 3TO MOIIHBIN
HUCXOJSIIIAIA MOTOK Bo3ayXa. OH BO3HUKAET M3-32 HEPABHOMEPHOTO
pacmpesielieHuss TeEMIepaTypsl WM JaBieHus B armochepe. Typoy-
JIeHMHOCMb (MmypOyieHmuoe mevenue) — SIBICHUE, 3aKITI0Yaronieecs
B TOM, YTO NPHU YBEITUYCHUU CKOPOCTH TEUCHUS KHUJIKOCTH HIU Ta3a
B Cpe/ie CaMOITPOU3BOIBLHO 00Pa3yIOTCsI MHOTOYHCIICHHBIE HETMHEH-
HbIe (ppakTaabHBIC BOJIHBL M3-32 3TOTO BO3AYIITHBIE MAacChl CTAHOBST-
Csl HEOJTHOPOJHBIMU IO CBOEMY COCTaBY U IJIOTHOCTH, U KOTJIa CaMo-
JeT MPOXOIUT Yepe3 HUX C OYCHb OOJBIIONW CKOPOCTHIO, B CAJIOHE
CO3/al0TCs BUOpAIusi U KoJIeOaHUs, KOTOPHIC BBI3BIBAIOT HEMPHST-
HBIC ONIYIICHUS, MPU TOM TMACCAKHUPBI HCIBITHIBAIOT JUCKOM(POPT
u HeynoOcTBa. TypOyIeHTHOCTh U3MEPSETCS B Pa3IMUHbBIX €IMHULIAX,
HO Yallle ee OMpPEeNsIoT B eIMHUIAX g — YCKOPEHHUs CBOOOTHOTO Ma-
nenus. [lIkBain (BHe3arHoe pe3Koe yCHICHHE BETPa) B OJHMH g CO3/aeT
OTIAaCHYIO JIJISl CaMoJIeTOB TypOyineHTHOCTh. [Ipobraema mpoxokaeHus
CaMOJIETOM TypOYJICHTHBIX 30H JJOCTATOYHO aKTyajbHa, TaK KaK Ha ce-
TOAHSIIHUMI JeHb B BO3AyXe Haxonarcs cBoimie 3500 camosneroB, uimn
0K0J10 350 THICSIY YEJIOBEK OJTHOBPEMEHHO.
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Heabio paboThl ABISIIOCH MOCTPOCHUE MAaTEMATUUYECKON MOZENIN
MOBE/ICHUsI caMoJieTa B BO3AyXe U HUCCJeI0BaHHE C €€ MOMOIIbIO I0-
PU30HTAJILHONW M BEPTHKAJIBbHOW YCTOMYMBOCTHA CaMOJIETa B 3aBUCH-
MOCTH OT BHEIIHUX (PaKTOPOB.

3amaua paboThI:

PaccmoTpeTs 3amady B TpEeXMEpPHOW TMOCTAaHOBKE, MOJYYUTh
ypaBHEHMs ABW)KEHUS caMmojieTa W HCCIelIoBaTb UX pELIEHUs Ha
YCTOWYMBOCTh B 3aBUCHMOCTH OT M3MEHSIOLIUXCS BHEIIHUX (PaKTO-
pOB.

Jliig uccaenoBaHusl yCTOMYMBOCTH MOZENIM MOKHO MPOBECTH Clie-
JYIOIKEe YHCIEHHbIE HIKCTIEPUMEHTHI:

® IPOXOXIECHHUE BO3AYLIHBIX SIM U TYpOYJEHTHBIX 30H;

® B3JIET U 110CAJIKa NPU CUIIbHBIX OOKOBBIX BETpaXx;

® Pa3BOPOT Ha BHICOTE MPHU CHIILHOM BETpE.

[TomyueHHbIe pe3yabTaThl MOTYT ObITh IPUMEHEHBI B TOCTPOCHUHU
peaNMCTUYHBIX aBHACUMYJISATOpPAX Ul TPEHUPOBOK MUJIOTOB U OTTa-
YUBAHMs HABBIKOB MUJIOTHPOBAHNUS B YCIOBUSX IJIOXOH MOTO/BI.

Tema 2. MaTeMaTnueckoe MOJACJIUPOBAHUEC MMOBEACHUSA
aBTOMOOWJISI B YCJII0BHAX 3aHOCA

BrbIcOKMIT TEMIT COBPEMEHHOM JKM3HU BBI3BIBACT y YEJIOBEKA I10-
TPeOHOCTH B OBICTPOM M O€3011aCHOM IIEPEMELIEHUH Ha OOJIbIINE pac-
CTOSIHUSL C OTHOCUTEJIbHO HEOOJBIIMMHM 3aTpaTaMu. YIOBIETBOPHUTH
JTAHHYIO TIOTPEOHOCTh MOTYT TaKHe TPAHCIIOPTHBIE CPEICTBA, KaK ca-
MOJIET, 0€3]1, aBTOMOOWIIb U T. [I.

Onnako Hambomee IOCTYMHBIM CPEICTBOM MEPEABIKCHHS IS
JIMYHOTO TOJIb30BaHMs SIBIsSIETCS aBTOMOOWIb. Ha naHHBI MOMEHT
B MUPE HACUUTHIBAETCS OKOJIO 750 MIIITHOHOB aBTOMOOMIICH, HAXOIsI-
HUXcS B pabOTOCTIOCOOHOM COCTOSIHUM U MCIIOJIB3YEMBIX 0 MPSIMO-
My Ha3HAYE€HHIO. YBEINYMBAETCSI MOILHOCTb JBUTATENsl, IPOYHOCTh
XOJIOBOM COCTaBJISIOLIEH, TO3TOMY pacTeT U MaKCUMaJIbHasi CKOPOCTb,
pa3BuBaeMasi aBTOMOOUIIEM.
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Bcem u3BecTHO, KAKUMU ME€YAIbHBIMU MOTYT CTaTh MOCIEICTBUS
JTII nnst sxu3Hu 1 300poBbs moaei. Hepenko npuunnoit ATII siBisi-
eTCsl TO, YTO BOJOUTENIb «HE CHpaBWJICS C ympaBieHuem». OnHoil
13 BO3MOXKHBIX NMPUYHMH MOTEPH yNPaBICHHS HA 10POre MOXKET ObITh
3aHOC.

3aHOC TIpeNICTaBIIsAeT CO00M OOKOBOE CKOIBKECHHE 3aJHEH WITH TIe-
penHel ocH aBTOMOOWIIS THpU MPOIOJIKAIOIMIEMCS MOCTyHareIbHOM
neukeHud. OnpeaensomuM GakTopoM NpaBUILHOTO OBEAEHUS TPU
BBIBOJIE aBTOMOOMIISI U3 3aHOCA SIBIIEeTCs pUBOA aBToMoOums. Cyiie-
CTBYET TPU Pa3HOBUIHOCTH MPUBOJIOB:

® 3a7HUil TPUBOJ — KOHCTPYKLHS TPAHCMUCCHUU aBTOMOOWIIS, IPU
KOTOPOM KPYTAILIMA MOMEHT, CO3/aBa€Mblil IBUTATENIEM, MTEPEaACTCs
Ha 3aJJHHE KoJieca.

e [lepennuii npuBoJ — KOMIIOHOBKA U KOHCTPYKIIMSI TPAHCMHUCCHU
ABTOMOOWJISI, TIPH KOTOPOM CO37aBA€MBbIil IBUTATEIEM KPYTSIIHA MO-
MEHT TepeaaeTcs Ha IepeIHue Kojeca.

e [lonHbIl MPHUBOA — KOHCTPYKLHMS TPAHCMHUCCHUH aBTOMOOWIIS,
MPU KOTOPOM KPYTAIIMIA MOMEHT, CO3/1aBa€MbIii IBUTATENIEM, TIepea-
€TCsl Ha BCe KoJieca.

Takum 00pa3oM, aKTyaJdbHBIM OCTAE€TCS BOIPOC: aBTOMOOWIIb
C KaKUM IPUBOAOM MOXKET Pa3BUTh HAMOOJBIITYIO CKOPOCTh O€3 moTe-
pH CHIETITIEHUS ¢ TOPOTroi Witk Hanbosee 3GGHEeKTHBHO MO3BOJIUT BBI-
TH U3 3aHOCA.

Iean nccaeaoBanus:

TpebyeTcs pazpaboTaTh 1 UCCAEAOBATh MATEMATHUECKYHO MOJIEIb,
OTHCHIBAIONIYIO JBUKEHHE aBTOMOOUJIS IO JOPOTe.

Mozenb A01KHA TO3BOJISTH!

® CTPOUTH TPAEKTOPHUIO JBUKEHUS LIEHTPA Macc Tela;

® pelIaTh OCHOBHYIO 3374y MEXaHHUKU: ONpeesieHne KOOpInHAT
aBTOMOOWJISI KaK IIeHTpa Macc TeJa.

OOBEKTOM MOJETUPOBAHUS SIBIISCTCS aBTOMOOWIIb, abCTparupye-
MBIH a0COJIFOTHO TBEPABIM TEJIOM (B 00IEM Cllydae) MpOU3BOILHOM
(hopMBI, UMEIOIIIUM TOYKH OTIOPHI (Kojieca).
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Jlis 1oCTHKEeHHS TTOCTAaBIEHHOM e HeOOXOAMMO PEeIIUTh Clie-
JYIOIIMN KOMIUIEKC 3a/1a4:

® CBsI3aTh PEAKIIUIO TIOJIBECKH C JIMHEHHOW CKOPOCTHIO aBTOMOOH-
71 ¥ paJilyCoOM MOBOPOTA;

e chopMynHpOBaTh KPUTEPUI MOTEPU CLEIJICHHS Kojieca U IO-
BEPXHOCTH JIOPOT'H;

® 3anucaTh YpaBHEHUS JABM)KEHHUS aBTOMOOWJIS Kak aOCOJIOTHO
TBEPJIOTO Teja, UCCIEN0BATh TPAEKTOPUH JABMKEHUSI aBTOMOOWIISI TPU
Pa3IMYHBIX YCIOBUSX JBUKECHHUS.

Tema 3. UMuTanmonHoe MoaeTMpOBaHUE KPYTOBBIX
HeperyJHpyeMbIX IepeKpecTKOB

KpyroBoii nepekpecTok — 3To NEPEKPECTOK, Ie MPUOIMKaroIIne-
Csl TPAHCIIOPTHBIE CPEICTBA HAYMHAKOT KPYrOBOE JIBHIKEHHE BOKPYT
LIEHTPAJILHOTO «OCTPOBa» J0 Bbl€3/1a HAa OJJHOM M3 IIOBOPOTOB (OTBET-
BJICHUI1) C KPYTOBOTO NTEPEKPECTKA.

1o mpuopureTy npoesna MOKHO pa3eiIuTh IEPEKPECTKU C KPyTO-
BBIM JIBJKEHUEM Ha J[BA THUIIA:

1. KpyroBoii nepekpecTok paBHO3HAa4YHbIX JOpor. B aTom ciyuae
JEHCTBYET MPABUIIO «IIOMEXa CIIPABa», COITIaCHO KOTOPOMY BOJUTEID
00s13aH MPOMYCTUTh APYroe TPAHCIIOPTHOE CPENCTBO, HAXOJAIIEeCs
crpaBa. O6 ATOM HEOOXOTUMO TIOMHHUTB BOAUTEISM, IBUKYIIIUMCS TI0
KOJIBILY, TaK KaK B 3TOM Cllydyae IMPUOPUTETOM O0JaatoT TPaHCIIOPT-
HBIE CPECTBA, BbE3KAIOIINE HA KPYrOBOH IepekpecTok. Mrak, mias-
HBIM Ha JIOpPOTe SIBISIETCS aBTOMOOMITb, BbEIKAIOIINI Ha HEPETYIHpY-
€MBII IIEPEKPECTOK.

2. KpyroBoii Heperyaupyemblii IEpEKPECTOK SIBISETCS ITIaBHBIM
10 OTHOILICHHIO K IIPUMBIKAIOIIMM Joporam. B aTom ciyuyae Bogurenu
aBTOMOOWMJIEH, KOTOpPbIE JBUTAIOTCS IO KOJIbIlY, UMEIOT MpeuMylie-
CTBO B JIBUKECHUU.

Tem He MeHee, IBUKYLIUICS 110 IEPEKPECTKY C KPYTOBBIM JIBHXKE-
HUEM aBTOMOOWIIb MMEET MPEUMYIIECTBO Tepe/ BbE3IKAIOMIUMU Ha
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HEro, €ciii OTCYTCTBYIOT 3HAaKH, YCTaHABJIMBAIOIIWE MHOW MOPSIOK
poe3/ia NEPEeKPecTKa ¢ KPYTrOBBIM JIBH)KEHUEM.

OcHOBHO¥ MP0OIEMOIT KPYTOBBIX HEPETYIUPYEMBIX ITEPEKPECTKOB
SBIIIETCSI 0Opa3oBaHUe 3aTOPOB («MPoOOK»). B 3aBuCHMOCTH OT THIA
BBIOPAHHOTO JIBIKEHHUS MPOOKa oOpasyeTcsi TM00 Ha «Kpyre», JIu0o
Ha BbE3/I€ Ha «KKPYT».

[TockoabKy COBpEMEHHOE MPOU3BOACTBO MPEIOCTABISIET BOZMOXK-
HOCTh 00J1a/1aTh TPAHCIIOPTHBIM CPEICTBOM, KOJIMYECTBO TPAHCIIOPT-
HBIX CPE/ICTB Ha JOPOXKHBIX MyTSIX PACTET C KaKJIbIM JHEM, U C MPO-
O6memMoil  «IpoOOK» MBI HEMOCPEICTBEHHO CTAJIKUBAEMCS Ka)bIid
JeHb, OCOOCHHO BOJM3U WM BHYTPU MHOTOHACEJICHHBIX IYHKTOB.
CrnenctBueM «mpoOok» siBisieTcst yBenuueHue BepositHocTu JTTI,
a Tak)Ke 3HAYUTENIbHAs MOTepsi BPEMEHH, KOTOpasi MOXKET MPUBECTH,
HampuMep, K OMO3AaHHUI0 Ha pabOTy WM BaXKHYIO BCTpEUy, CMEPTH
YeJloBeKa M3-3a OMO3JaHUs MAlllMHBI CKOPOIl MOMOIIY U IPYTHM He-
TaTWBHBIM MOCHEACTBUIM. Tak Kak rnmpoOieMa mpoOoK Hac 3aTparvupa-
€T TIOBCETHEBHO, TO OHA SIBJISIETCS OJJHOW U3 BEChMa aKTyaJbHBIX TEM
JUIs 00CY>KJIEHUS M UCCTIeIOBaHMUSI.

Heablo uccienoBaHus SIBISIETCS pa3padOTKa MaTeMaTHYEeCKOM
MOJIEJIH IBUYKEHHSI aBTOMOOMIIEH Ha KPYTOBOM MEPEKPECTKE U UcClie-
JIOBaHHE C €€ TMOMOIIbI0 PA3JIMYHBIX BapHUaHTOB MPaBUI Mpoe3aa
JUTsl BBISIBJICHHST HamOojee 3(P(GEeKTHBHBIX PEXUMOB palbOTHI Tepe-
KpecTKa.

JlomonHuTeNbHAs 3a/1aua 3aKII04aeTcs B TOM, UTOObI peann30BaTh
HanOosnee 2(h(HEKTUBHYIO MOJIENTb KPYTOBBIX Pa3BsI30K MPH 3aJaHHOMN
MHTEHCUBHOCTH MTOTOKA aBTOMOOMIIEH.

Ucxonst u3 ocobeHHoCTel 3ama4yn, Hanbosee yaoOHBIM SBIISETCS
WCIONb30BaHUE MMHTAIIMOHHOTO MOJX0/a K MOJEIMPOBaHUIO, TIO-
CKOJIbKY TMOSIBIEHUE U MOBEJECHUE aBTOMOOWJIS Ha JJOPOKHOM MOJIOT-
HE — BO MHOTOM ciy4yaiiHble (paKTOphl, a MPOIyCKHasl CIIOCOOHOCTh
MepeKpecTKa ONpeeseTcs He OAHUM WJIM HECKOJbKMMH aBTOMOOU-
JISIMH, @ BCEMH TPAHCIIOPTHBIMH CPEJICTBAMH, BXOISUIMMH B aBTOMO-
OWJIBHBIN TTOTOK.
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Tema 4. MaremaTnueckoe MoJAeJIUPOBAHUE KOJIe0ATEJIbHOI0
JABHMKEHHUS CTPYHBI

W3BecTHO, YTO BO BpEeMsI UTPbl HA CTPYHHBIX MY3bIKaJIbHBIX HH-
CTPYMEHTAX CTPYHBbI COBEPIIAIOT 3aTyXaloLI1e KojiedaHus U3-3a TOro,
YTO OHU KOJIEOIIOTCS B cpefie (B BO3yX€) M BBITATUBAIOTCS U3-3a He-
MIOCTOSIHCTBA CHWJIBI HATSDKEHUs, ACUCTBYIOLIEW HAa CTPYHY, U CHII
YIOPYTOCTH, BO3HUKAIOIIUX B caMOil cTpyHe. B Takux ciydasix roBo-
PAT, UTO HHCTPYMEHT PacCCTPanBaETCs.

Ha Gonbummx KoHLEpTax paccTpauBaHHME MY3bIKAJIbHBIX MHCTPY-
MEHTOB IIPUBOAUT K TOMY, YTO MY3bIKaHTBI IIOCTOSIHHO JOJKHBI KOH-
TPOJIUPOBATh COCTOSIHUE CTPYH, PETYIHPYd UX HATSHDKEHUE C IOMO-
LIbI0 KOJIKOBOM CHUCTEMBI. BO BpeMsi camoro BBICTYIUICHMsI, KOrja
MY3BIKAHT HE MOMKET MOATAHYTb CTPYHBI, 3BYK OyIeT HCKaKaTbCs
U BIIEYATJIEHUE OT BBICTYIJICHUS OyAeT MOPTUTHCSL.

Jlyisg Toro 4roObl n30ekarh 3TOW HENPUATHOW CUTyallMH, HYKHO
MOHSTb, 110 KAKOMY 3aKOHY CTpyHa paccrpauBaercs. i sToro pac-
CMOTPUM CHUTYallMI0, KOIJa MY3bIKAHT UIPAcT HA CTPYHHOM MY3bl-
KaJIbHOM MHCTpyMeHTe. [Ipu 3TOM B mpouecce Urpbl CTpyHBI 3TOrO
MHCTPYMEHTA BBITSATUBAIOTCSL.

Ieaw ucciaemoBaHus:

Omnucarp konedaTeabHOE IBUKEHUE CTPYH C LENIbI0 BBIYMCICHUS
UX PACTSKEHUS, a TAK)KE BBIYUCIINTD, HA CKOJIBKO I'PAaLyCOB CIIEAYeT
MOBEPHYTh COOTBETCTBYIOIINI 3TON CTPYHE KOJIOK — YCTPOMCTBO, KO-
TOpOE MPEIHA3HAYECHO JJIsl HATATMBaHUS CTPYH.

3agauu paboThI:

1. 3anncarh ypaBHEHMsI JBUKECHHS CTPYHBI C YUETOM CUJIBI COIIPO-
TUBJICHUS! CPE/Ibl, IEPEMEHHOM MIIOTHOCTU CTPYHBI, N3MEHEHUS CUIIbI
HaTSKEHUS CTPYHBI CO BPEMEHEM.

2. Pemnte ypaBHEHHUE C IPUMEHEHUEM TOTO MJIM HHOTO YUCIEHHO-
IO METOZIa B BEIOPAHHOM Cpeie MpOrpaMMHUPOBAHMUSL.
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3. Ilpoananu3upoBaTh pe3yJbTaTbl SKCIEPUMEHTOB, MPOBEICH-
HBIX B TOW cpelie B XO/€ M3MEHEHHUs MapamMeTpoB MareMaTH4ecKoi
MOJIEITH.

4. Cnenatb BBIBOJIBI O 3aBUCHMOCTH KOJIEOAHUN CTPYHBI OT Mapa-
METpPOB MaTeMaTH4YE€CKOW MOJIEIH.

Tema 5. Maremarnueckoe MOACJIMPOBAHUE PACIIPOCTPAHEHUS
3BYKOBBIX BOJIH B KPUCTAVIHYECKHUX TeJIax
U YJIBTPa3BYKOBas 1e(eKTOCKONHUS

[Iporiecc MOCTENEHHOTO HAKOIUIEHUS MaTepuajioM MOBPEXKIECHUN
MOJ1 IEHCTBUEM MTEPEMEHHBIX (YaCTO [UKIMYECKHX ) Harpy30K, IPUBO-
JSIIMNA K U3MEHEHHUIO €r0 CBOMCTB, 00pa30BaHUIO TPEILIUH, UX Pa3BU-
TUIO U TOCJIEIYIOLEMY pa3pylICHUIO MaTepuala, Ha3bIBaeTCs ycma-
J1IOCMbIO Mamepuaid.

[IpoGrneMa ycTamocTH K HACTOAIIEMY BPEMEHU MMEET MCKITIOYU-
TEJIbHO OOJbIIIOe 3HaYeHue. JJIuTeIbHOe JCHCTBHE IMKIMYEeCKUX Ha-
NpsOKeHUN 1 1epopMariiii IpuBOIUT K U3MEHEHHIO CBOMCTB MaTepua-
J1a, B TOM YHUCJI€ K YMEHBIICHHUIO €r0 TPOYHOCTH.

[ToTtepst cnocoOHOCTH MPOTUBOCTOSTH BHEITHUM HAarpy3kaMm M3-3a
YCTaJIOCTH SABJIsieTCsl HanOoJiee paclpoCTpaHEHHON MTPUUMHON pa3py-
LIEHHS] MAITMHHOTO 000pYI0BaHUs U KOHCTPYKIIMIA B MIEPHOA SKCILTY-
aranuy. 3HAYUTENbHBIN yiepd MPUHOCAT yCTATOCTHBIE pa3pyLICHUs
PENbCOBOMY TPAHCIIOPTY, SHEPTETHUECKOMY 000PYI0BaHUIO, aBUALIU-
OHHOMY TPAHCIIOPTY, aBTOTPAHCIIOPTY, XUMHUYECKOMY M METAJLITypru-
4eCKOMY 000PYIOBaHHIO, CBAPHBIM KOHCTPYKIIMSIM U MHOTUM JIPYTHUM
00BEKTaM COBPEMEHHON TEXHUKH.

Ha mMukpoypoBHE ycTajiocTe MaTepuaia o0yclioBiIeHa (HopMUpo-
BaHHWEM W pa3BUTHEM Je(DEKTOB KPHUCTAJUIMYECKOW pemeTku. Kpu-
cmannuyeckas peuiemka — 3T0 COBOKYIMHOCTbh MaTreéMaTHYeCKHUX JIU-
HUM, MPOBEJICHHBIX Yepe3 MOJIOKEHUS PABHOBECHS aTOMOB BEIIIECTBA
(KoTOpBIE Ha3bIBAIOT Yy3JaMH KpUCTAIJIMYEecKod pemieTku). Tena,
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MMEIOIIUE KPUCTAITMUYECKYIO PEHIeTKY, Ha3bIBAIOTCS KpHUCTAJIN4Ye-
ckuMU. JleeKTOM KpPUCTAIITMUYECKON PELIETKH Ha3bIBalOT Hapylie-
HUE CTPOroil MepuoJUYHOCTH B PACIONIOKEHUU aToMoB. B xozxe mu-
KJIM4ecKuX nedopmaruii KOTu4ecTBO AePEKTOB pacTeT, 00pa3yroTcs
aHcamOi1 1eeKToB, B TOM YUCJIe MUKPOTPEIIMHbI, HETaTUBHO BIIUS-
IOII[ME Ha MPOYHOCTHBIE XapaKTePUCTUKHU MaTepuaa.

UToOB1 M30€KaTh pa3pylIeHus] MaTepraja B MPOIecce IKCILTyarTa-
LIUH, €r0 He0OXOAMMO PEryJIIpHO MPOBEPITH HA HAIUYUE MUKPOIIOB-
pexaennii. CI0)KHOCTh 3TOM JUAarHOCTHKU 3aKJIFOYAETCS B TOM, YTO
OHU 00pPa3yIOTCs HE TOJIBKO HA MOBEPXHOCTH, HO U BHYTPU MaTepua-
na. [Toaromy Uil BBISIBIIEHUS BHYTPEHHMX MUKPOIOBPEXKICHUN HC-
MOJIb3YETCSI METOJl YIbTPa3BYKOBOM J1e(heKTOCKONMHUU, KOTOPBIN SIBIIS-
eTcsl HarboJiee paclpoCTpaHEHHBIM METOZOM HEPa3pyILAOIIEro KOH-
Tpoisi. OH OCHOBaH Ha MCCIIEJOBAHUU MPOIECCa PacIpOCTPaHEHUS
YIBTPa3ByKOBBIX KojieOaHu# ¢ yactoTon 0,5-25 MI'11 B ucciemyemMbIix
W3JENHSX C IOMOIIBIO CIIEIUATBHOTO 000PYIOBaHUS — YABTPA3BYKO-
Boro aedekrockona. Itot Metoa 0bu1 Biepsbie npemioker C. . Co-
KoJIOBBIM B 1928 romy. [IpuHIMn MeToaa 3aKJIF04aeTCs B TOM, YTO MPHU
MIPOXOXKICHUH 3BYKOBOIl BOJIHBI Yepe3 cpeny ¢ nedekramu BOTHOBAs
KapTHHA U TOJI0KEeHHE (PPOHTA MEHSIOTCS.

Leabio paboThl SBISETCS MOCTPOCHUE MATEMaTUYECKON Moje-
JU paclpoOCTpaHEHHs 3BYKOBOM BOJHBI B cpeae c AedekraMu
U ompefesieHre, Kak BUJ JedekTa 3BYKOBOW BOJHBI BIUSIET Ha €€
M3MEHEHHE.

3anaum:

1. BbIBO ypaBHEHMI ABUKEHUS ISl KQXKJI0TO aToMa TPEXMEPHOU
KPUCTAJUTMYECKON PEIIETKH.

2. Pemenne nmomyueHHbIX qudGepeHnnanbHbIX YpaBHEHHM.

3. Co3manue mporpamMMbl, peanusyrolmed rpaduyeckoe Mpe-
CTaBJICHHE PacIpOCTPaHEHHsI 3ByKOBOI BOJIHBI B cpejie ¢ AedexTamu
U CIIEKTPa 3TOMN BOJIHBI.

4. VccnenoBaHue 3aKOHOMEPHOCTEN MCKa)KEHHSI 3BYKOBBIX BOJIH
MIPU PaCHpOCTPAHEHUHU B CPEJIE C PA3TUUYHBIMU J1e(peKTamMH.
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Tema 6. MaremaTuueckassi MoJIeJIb KaMHeINaaa

Kamnenao — najenue 00JIOMKOB TOPHBIX TOPOJI, KAMEHHBIX TJIBIO
Y KPYITHBIX KAMEHHBIX MACC C KPYThIX TOPHBIX CKJIOHOB U CTeH. Kam-
HETaJl MPEJICTABIISET OHY M3 CAMBIX CEPhE3HBIX U YaCTO BCTPEYArO-
LIUXCS OMACHOCTEH B ropax. OnacHbl He TOIbKO KaMHENa/ibl, HO U OT-
JeITbHO Ta/IAI0IHE KAMHH.

B cBsi3u ¢ 0CBOGHUEM HOBBIX TEPPUTOPHIA U JOOBIYEH PECypCOB B
TPYAHOMOCTYITHBIX MECTaX MPHUXOIUTCS 3aCEsITh HOBbIE MECTHOCTH,
CTPOUTH HOBBIE TOpoAa (ITOCENKH ), TPOKJIaAbIBaTh HOBBIE JOPOTH. 3a-
YacTyI0 MPHU MPOCKTHPOBAHUH CTPOCHUN WHIKEHEPBI CTAJIKUBAKOTCS C
yrpo30il OOpyILIeHHs KaMHeNazia, MO3TOMY WM BaKHO 3HATh, Kak
YMEHBIIIUTh U TPEAOTBPATUTD BPEI JJIS JIFOACH U MMOCTPOCK MPHU KaM-
Heraze.

ean paboThI:

® BLISICHUTD, IIPY KAKUX BUJIaX CKJIOHA, a TAK)KE XapaKTEPUCTHKAX
CTPYKTYPHBIX YaCTHIl KaMHemaj OyneT Ooyiee WM MEHEe OINACHbBIM;

® ONpE/CIUTh, KAaKOH M3 MPEJIOKCHHBIX CKIOHOB, 33J1aBACMbIX
AHAJIUTHYECKH, TACT HAUMCHBIIICEe BPEMsI CKAaThIBAHUS;

® 1ICCIIC/IOBATh MOBEJCHUE MOJICIH B Pa3IMUHBIX CUTYaIHsX, U3-
MEHSIS TapaMeTpPhl CKIIOHA U CaMOTO KaMHeIaa.

3agaya: MOCTPOUTH M UCCIIEAOBAaTh MAaTEMAaTUYECKYI0 MOJEh
KaMHera/ia, MO3BOJISIOILYI0 OICHUBATh €0 OMACHOCTh JUIS JIFOICH U
MOCTPOCK B YCIOBHSX 3EMIIH.

Tema 7. UcciienoBanue MMUTALIMOHHBLIX MOJeJIeil
U CHCTEM MAaCCOBOI0 00CTy:KMBAHUS

Kaxxnomy 13 Hac yacTo MPUXOIUTCS CTAJIKUBATLCS C pabOTOM CBO-
€00pa3HbIX CUCTEM, Ha3bIBAEMBIX CHCTEMAMHU MAacCOBOI0 00CITYKHBa-
Hus (CMO). [IpumepaMu TakuxX CHUCTEM MOTYT CIYXHUTh: Tele(OH-
HbI€ CTAHIIMU, PEMOHTHBIE MAacTepPCKUE, OMJIETHBIE KAacChl, CIIPaBOU-
Hble Oropo, OaHKM, MarasuHbl, nmapukMaxepckue u T. m. Kaxmas
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U3 3THX CHCTEM COCTOMT M3 KaKOTo-TO YHCia 00CTY>KUBAIOLIUX €1U-
HUIll (KaHAJIOB 00CITy)XMBaHUs). TakuMu KaHaJIaMH MOTYT OBITh: JIHU-
HUU CBS3H, paboune TOYKH, KACCUPBI, TPOAABIIbI, TU(PTHI, aBTOMAIIIN-
HBI U Jp.

Besikas CMO npegHazHadeHa 11 00CTyKUBaHUSI HEKOTOPOTO T10-
TOKa 3asBOK (MU TPEOOBaHMII), MOCTYNAONMIUX B KaKUE-TO CITydail-
Hble MOMEHTHI BpeMeHHu. OOcyKuBaHuE 3asiBKU MPOIOIKAETCs He-
KOTOpPOE BpeMsl, ITOCJIE Yero KaHasl 0CBOOOKIAETCS M TOTOB K IPUEMY
cienyrouiei 3asBku. CirydaliHbIN XapakTep MOTOKA 3asBOK U BPEMEHU
o0CTyKMBaHUs TPUBOAUT K TOMY, UTO B KaKHE-TO MEPHOABI BpEMEHU
Ha Bxojie CMO ckarimBaeTcst U3JIMIIHE OOJIBIIIOE YUCIIO 3asIBOK (OHU
MO0 CTAHOBSTCS B ouepeib, 1u00 nmokuaaroT CMO He 00CTy)KeHHBI-
MH); B apyrHe xe nepuoasl CMO OyneT pabotarh ¢ HEAOTPY3KOH HUITH
BOOOIIIE TPOCTANUBATh.

[TocnenoBarenvHas nuHeitHas cTpykrtypa CMO xapakrepHa, Ha-
puUMep, sl HOTOYHBIX (aBTOMAaTUYECKUX U HEaBTOMATUYECKUX) JIU-
HUW KOHBeHepHoro Tuna. Pa3nmnune Bo BpeMeHn o0paboTKH AeTanei
Ha TaKUX JMHHUSIX CBS3aHO B OCHOBHOM C TIPOIIECCAMHU «OTKa3a»
U «BOCCTAHOBJIEHMsD». OnTUMH3AIUs Iporecca 00CTyKUBaHUS CIIO-
coOHa CyIIEeCTBEHHO TMOBBICUTH dPPEKTUBHOCTH PAOOTHI MPEIITPHSI-
tus. [llupokoe ncronp3zoBanue CMO B okpyskaroiiemM Hac MUpe o0e-
CIIEYMBAET aKTYyaJIbHOCTD JIFOOOT0 HCCIIE0BAaHUS TAKUX CUCTEM.

Heabio paboThl ABISETCS MOCTPOSHUE MaTeMaTHUeCcKOl Moaenu
CUCTEMBbl MAacCOBOT0O OOCIyKHMBaHUs, UCCIEAOBaTh €€ U JaTh PEKo-
MEH/AIHIO, CKOJIbKO KaHAJIOB HYKHO ISl 00CITy>KHBaHUs 3asBOK B 3a-
BUCHUMOCTH OT XapaKTEPUCTHUK MOTOKA 3asBOK U Tuna CMO.

Tema 8. MaremaTu4eckoe Mo/ieIMpPOBaHNe aJalITUBHOMN
NOABECKH AaBTOMOOMJISA

Ha cerogusmnamii 7eHb aBTOMOOMIIbHAS IPOMBIIIIIEHHOCTh Pa3BU-
BAeTCsl HEMBICIIUMO ObICTpO. MIHHOBAaIMU HEOOXOIUMBI M3-3a BBICO-
KHUX TpeOoBaHMN K KOMGOPTY U 6e30macHOCTH aBToMOOMIIs. Henmb3s
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TaKke 3a0bIBaTh O KOHKYPEHIIMU Ha PHIHKE MOTPeOIICHHs: TOBap Oy-
JIeT yCIIEIICH, €CIIM OH YCTpauBaeT OOJBIIMHCTBO MOTpEOHUTENEH 1O
CBOMM XapaktepucTukam. [losTomy komdopT morpedutens Takxke
HY)XHO YYWTBIBaTh TPU MPOSKTHPOBAHUU HOBBIX aBTOMOOMIIEH. Kom-
(dopTHOI enaeT moe3IKy Ha aBTOMOOUIIE Xopoliee Kpecio, yaooHoe
MOJIOKEHUE JJIEMEHTOB YIPaBICHHUS aBTOMOOWJIEM M €Ie MHOTO0E
npyroe. Hacrosimuit komdopt u 6e3o0nacHOCTh 00ecTedrBaeT Xopo-
11asi O/IBECKa aBTOMOOWIISL.

Iloosecka — 3TO COBOKYITHOCTh 3JIEMEHTOB, COSIMHSIONINX TPAHC-
MUCCHIO 1 Ky30B/pamy. TpaHcMuCCHs, B CBOIO 0Yepe/ib, 3TO COBOKYTI-
HOCTBH COOpPOYHBIX €IMHUIl U MEXaHU3MOB, COCTUHSIONINX JIBUTATEITh
C BEIYIIUMH KOJIECAaMH TPAHCIIOPTHOTO CpejicTBa. B olmieM cirydae
TPaHCMUCCHSI TIPEAHA3HAUYEHA IS TIepeladyn KPYyTAIIET0 MOMEHTa OT
JIBUTATENSI K KOJIeCaM, U3MEHEHUS TATOBBIX YCHIIMN, CKOPOCTEH U Ha-
MIPABJICHUS JIBVKCHHUS.

B HacTosimee BpeMst BeIyTcsi pa3pabOTKH MOIBECKH, KOTOpast MO-
KET yMEHbIIATh aMIUTUTYLy KoJeOaHu KopImyca aBTOMOOWIIS, BO3HHU-
KaIOIIMX M3-32 HEPOBHOTO penbeda JOPOKHOTO TIOKPBITHUS, B TPOIIEC-
ce JBIDKEHHS B COOTBETCTBUH C MapameTpamu penbeda. [lonBecka,
CIOCOOHAs PeryarpoBaTh MapaMeTpbl CBOMX COCTABISIONIUX, «ITO-
CTpauBaThCs O/ JIF0OO0H pestbed TOPOKHOTO MOKPHITHS, HA3bIBACTCS
aJanTUBHOM.

Heab paboThI:

Paspaborarh 1 uccnenoBaTh MaTeMaTHUECKYO MOJIENb MOABECKH
aBTOMOOMJIS, TIO3BOJISAIONIYIO B 3aBHCUMOCTH OT PA3JIMYHBIX KOH(PHTY-
parmii OCHOBHBIX JJIEMEHTOB:

® TI0yYarTh 3aKOH JBW)KCHUS TOYKH KPEIUICHHS aMOpTH3aTopa
K Ky30BY;

® OIPE/ICIIUTh MTAPAMETPhl CUCTEMBI, 00CCIICYMBAOIINE HaNOOIIee
Oe3ormacHoe JBMKEHNE aBTOMOOMIIS;

® rpaUUeCKU MOKA3hIBAaTh 3aBHCUMOCTD JIBIDKEHUSI TOUKU KpeTl-
JICHHUS aMOPTH3aTOPa K OIOpe Ky30Ba OT BPEMCHH.
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3agaun:

1. Onpenenuth, Kak OydeT BecTU ceOs MOJABECKA, COCTOSIIAS
U3 OJJHUX TOJIBKO YIIPYTUX JIEMEHTOB.

2. Omnpenenuth, Kak OyaeT BecTU ceOs MOJABECKA, COCTOSIIAsS
M3 OJIHHUX TOJIBKO BSI3KHX DJIEMEHTOB.

3. Onpenenuth, Kak OyaeT BecTu cels MmojBecKa MpH MOCIIe0Ba-
TEJILHOM Pa3MELICHUU YIPYTOTO M BS3KOTO 3JIEMEHTOB, T. €. JUIs TeJla
MakcBeiuia, B 3aBUCMOCTH OT TOPSIJIKA COCIMHEHUSI CTPYKTYPHBIX
ANIEMEHTOB. JlaHHAass Mozenb B KOHCTPYKIIMHM PEAIbHOW IOIBECKU
aBTOMOOMJICH HE UCIIOJIb3YETCsI, HO €€ PACCMOTPEHUE MPUBEICHO IS
cOoOJIrOIeHUs OOIIIHOCTH.

4. Onpenenuts, Kak OyzeT BecTu cebs MOoABECKa MPH Mapalijielib-
HOM pPa3MEIICHUU 3TUX XK€ CTPYKTYPHBIX AJIEMEHTOB. Takas MoJelb
HasbeiBaeTcs TenoM Kenpuna—doiirra.

5. OnpenenuTh, Kak OyaeT BecTu cebs MoABECKa MPH Mapaijielib-
HOM pa3MEIlEeHHH CTPYKTYPHBIX 3JIEMEHTOB C YIJIOM B3aHMMHOTO pac-
ITOJI0YKEHHS DJIEMEHTOB.

[Ipu mocTpoeHUM MaTeMaTHYeCKUX MOJENCH MOTYT HCIOJb30-
BaThCS Pa3IMYHBIC TOAXObI, HAIPUMEP MPSAMOE MOJCIIMPOBAHUE, IPH
KOTOPOM 3aIllCHIBAIOTCSI BCE YPABHEHUSI, ONUCHIBAIOIINE MTOBEICHHE
CHUCTEMBbI; UMUTAIIMOHHOE, ITPH KOTOPOM MOBEJCHHE CHCTEMBI OTHCHI-
BaEeTCsl COBOKYITHOCTBIO ITPABHJI; TAKIKE ITMPOKO UCTIONB3YIOT pa3iiny-
HBIC CTPYKTYpPHBIC MOJICITH. B KOHTEKCTE MOCTAaBICHHOH 3a/1auul yI00-
HEe TOCTPOUThH CTPYKTYPHYIO MOJCIbh Ne(POPMHUPYEMOro Tella, UC-
MOJIB3YIONIYIO JIBA TUIIA AIEMEHTOB: YIPYTUH U BS3KHIA.

Tema 9. MaTemaTu4eckoe MOeJTHPOBAHNE ONITHMAJIBHOIO
noJiera gpyr00JIbHOr0 M4a

[IpoGrieMbl TAKTUYECKOTO pacipeaesieHus CUil Urpokamu B pyTOo-
Je CBA3aHbl C MOJEIMPOBAHHEM IOBEIEHUS MS4a B Pa3HBIX CHUTya-
uusx. beicTpoTa, CkOpoCTh, U3MEHEHNE TPAEKTOPUH TIOJIETa MsI4a MO-
KET 3aMHTEepecoBaTh HE TOJBKO HUCCIEOBAaTeNe, HO U CIOPTUBHBIX

40



Vuebno-uccnedosamenvcras paboma ¢ npogunvnoi wikone (Il uacms)

MEHEIKEPOB U TpeHepoB. EcTecTBEHHO, UTO MpeacKa3aTh Harpasiie-
HUE JIBIKEHUS Ms4a JOCTaTOYHO CIO0XKHO.

JlaHHYIO TeMy HCCJIEI0BaTEIhCKOW MOAPOOHO B ATOW YaCTH pac-
cMaTpuBaTh MbI He Oy/ieM, a TIOCBATHM € OTeNbHBIN paznen. Kparko
chopMynupyeMm Leb U 3a/1a41 UCCIIETOBAHMUS.

Heabio paboTbl ABISETCS MOCTPOCHUE U UCCIIEIOBAHUE MaTeMa-
TUYECKON MOJIEH ABMKEHUsI (PyTOOIBHOTO Msida, MO3BOJISIONIEH MO-
JIeJIMPOBATH MOJIET MsAYa C YYETOM Pa3IMYHbIX BHEIIHUX (DaKTOPOB,
BIIMSIIOIINX HA JIBM)KEHUE U MO3BOJIIOMINX OOOUTH «CTEHKY.

OcHoBHBIC 3a1a4K:

1. PaccMoTpeTh 3afady B TPEXMEPHOM MOCTAHOBKE W MOJYYUTH
YpaBHEHHUSI IBUKESHUSI MsTua.

2. PaccmoTpeTh BIMSHNE CONPOTHUBIIEHUE BO3/yXa, 3aBUCSAIIEE OT
CKOPOCTH MsYa.

3. IlomoOpaTh 3HaUCHUS TTAPaMETPOB MOJETH, YTOOBI OHU COOT-
BETCTBOBAJIM peajibHON MoJie (GyTOOIBHOTO MsUa.

Tema 10. MaTemaTn4eckoe MoAeJIMPOBAHUE KPUCTAJIN3AIMT
U3 pacinjiaBa M OlleHKa cTeNneHH aMOPPHOCTH

[Tpobnema u3yyeHHs CBOWMCTB HOBBIX MaTe€pHajiOB 3aKIIFOYAETCS
B TOM, YTO HEBO3MOXKHO JI0 ITPOU3BOJCTBA 00pa3lia HcCie10BaTh €ro
¢dbusnueckne cporicta. C Ipyroi CTOPOHBI, IKCTIEPUMEHTATBHBIE HC-
CJICZIOBaHMS MIPHU CO3aHUH HOBBIX MaTepHasIOB (B TOM uucie (yHK-
LIMOHAJIBHBIX, JJI KOTOPBIX CBOWCTBA 3aJaHbl Hamepen) oOXOAsTCs
Yype3BbluaiiHO J1oporo. [103ToMy eTMHCTBEHHBIM CIIOCOOOM M3YUYEHHS
HOBBIX MaTepUAJIOB SBJISIETCS MAaTEMaTHYeCKOEe MOJieIupoBanue. Ma-
TEMaTU4EeCKUE MOZENIM IIOMOTal0T PacCMOTPETh TeJla HE TOJBKO Ha
Makpo-, HO ¥ Ha MHUKPOYpPOBHE, IIO3BOJISIIOT M3y4yaTb BHYTPEHHIOIO
CTPYKTYpy Marepuaia. B cBoro ouepensb, cpeny METOI0B MareMaruye-
CKOI'0 MOJIEIUPOBAHMS, IPUMEHSAEMBIX JJI1 aHAIN3a MUKPOCTPYKTY-
pbl, Hanboee PU3NUECKU TMPO3PAYHBIM U MMPOCTHIM B pEATU3ALINH SIB-
JII€TCS. METOJL MOJIEKYJISIPHOW TUHAMUKH.
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b0 paboTHI SBIsETCS pa3padOTKa U UCCIET0BAaHNE MaTeMaTH-
YEeCKOM MOJIEIH, MTO3BOJISIFOIIEH ONMUCAaTh TBMYKEHUE MOJICKY TIPH Tie-
pexojie BemiecTBa B pa3Hble ()a30BbIe COCTOSIHUSA, IIPH YUETE pa3iind-
HBIX (PAaKTOPOB, BIMSIONINX HA IBUKCHUE ITUX YACTHII.
Mopenb noKHA TTO3BOJISITh:
® BBIYKCIATH IOJOKEHUE YaCTUI[ MOJIEKY]T B JIFOOOW MOMEHT
BPEMCHU;
® OIUCHIBATh JBW)KEHUE C OOJBIIOTO KOJWYECTBA MOJIEKYI
B TPEXMEPHOM IPOCTPAHCTBE;
® OIpEeeIsATh BUI 00pa3yroIIeHCs CTPYKTYPHI;
® MOJICTMPOBATH MPOIIECCHI MTEPeXo/ia BEIIeCTBA U3 OJIHOTO arpe-
TaTHOTO COCTOSTHHSI B JIPYTOE.

IToaroroBka n anpoﬁaunﬂ y‘leﬁHO-I/ICCJ'Ie}IOBaTeJILCKOﬁ paﬁoTbl
Mo MaTeMaTu4€CKOMY MOACJIMPOBAHUIO

Huxe npuBonsTcs CTpyKTypa U CXeMa ONMCaHUs UCCIIEA0BaTENb-
CKOH paboThI, BBIMOJIHEHHON AByMsI ydanmumucs 11-ro ¢pusmuko-mare-
Matuueckoro kiaacca MBOY «JIuneit Ne 1» 1. Ilepmu B 2014 rony.
Tema pabotbr: «MoaenupoBaHue mojiera GyTOOIEHOTO MIUay.

AxmyanvHocmb ucciedo8amenbeKol pabonuol

®ytoon (ot aum. Foot — Hora, ball — Ms4) — KOMaHHBIA BH]I
CTIOpTa, B KOTOPOM LIEJBIO SBISIETCS 3a0UTh MsTd B BOPOTA COMEPHUKA
HOTaMH WJIM IPYTUMH YacTSIMHU Tesa (KpoMme pyK) Oosbliee Koiamde-
CTBO pa3, 4eM KOMaHJa CollepHHKa. B Hactosmiee Bpems ¢yTOOI
SIBIIIETCS. CAMBIM TIOMYJISIPHBIM M MacCOBBIM BHJIOM CIIOPTa B MUpE.
Cornacuo 3assnennto OUDA, B ¢yrbon Ha I1uUIaHETE WIrPAIOT
6onee 250 MUIIIMOHOB YEI0BEK, U3 HUX Oosee 20 MUIIMOHOB — JKEH-
uuHse [1].

B nactosiee Bpemst mpoOiieMa BBICTpauBaHUsSI MPABHIBHON TakK-
TUKU B QyTOOJIC TIPU BEICHUH MS4a OYCHb aKTyajbHA. JTO CBS3aHO
C TIOCTOSTHHBIM TPOBEACHNUEM PA3IMYHBIX COPEBHOBAHUI B 3TOM BHUJIE
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cnopta. [losToMy Ba)kHO yMeTb BIAJeTh (PyTOOIHHBIM MSYOM [Tt
MIPOXOXKIACHUSI PA3IMUHBIX «IIPEMSTCTBHUID, CO3aBAEMbIX MPOTUBHU-
KOM. OJTHUM U3 TaKUX MPENSATCTBUM ABIIAETCS «CcTeHKa». CTeHka — 3a-
UIUTHOE TIOCTPOCHHE UIPOKOB JUIsl YMEHbBILIEHUS TUIOIIAIu 00CTpena
BopoT (puc. 2.5). Ha nBmwkeHne Ms4a B cpefie BIMUSIOT Takue (akTo-
pBl, Kak 3¢dekr Mar-
Hyca (KOTOpBI BO3HH-
KaeT Tpu OOTEKaHUU
CpeAoil BpalllaroIIEero-
csl Tena, B pe3ylbTare
4ero MIPOSIBIISIETCS
cuia, Koropas Oymer
BO3IEMCTBOBATH Ha
M4 W OyaeT Hampas-
JieHa MepHeHAUKYIsp-
HO HAaNpaBJIEHUIO IIO-
TOKa BO3/yXa); COIMpPO-
TUBJICHNE CpeIbl,  Pyc. 2.5. [6, puc. 3] «Ctrenka» u3 GyTOOIHCTOB
MIPEMSITCTBYIOLIEE CBO-

00HOMY JBM>KEHHUIO MS4Ya U CTPEMSIIIEeCs] YMEHBIIUTh €r0 CKOPOCTb;
CHJIa BeTpa, CIOCOOHas M3MEHHUTH HAaIpaBlIEHUE JABI)KEHHUS Msya,
u apyrue. Takum oOpa3oM, IpeackazaTh HampaBiIeHHE JBUKEHHS
Msi4a 10CTaTOYHO CJIOXKHO [2].

Heabio paboThbl SBISETCS MOCTPOCHHUE U UCCIIEIOBAHUE MaTeMa-
TUYECKOW MOJIETH ABMXKEHHUS (PyTOONBHOTO Msiva, MO3BOJISIONIEH MO-
JIeJIUPOBATH MOJIET MsAYa C YUYETOM Pa3IMYHbIX BHEIIHUX (DaKTOPOB,
BIIMSIIOIINX HA JIBM)KEHUE U MO3BOJIAIOIINX OOOUTH «CTEHKY.

Sagaum:

1. PaccMoTpeTh 3afady B TPEXMEPHOM MOCTAHOBKE M MOJYYUTh
YpaBHEHHUSI IBUKECHUSI MsTua.

2. PaccmotpeThs BiMsHHME TakUX (PAKTOPOB, KaK CONMPOTHBIICHHE
BO3/lyXa, 3aBUCSIIEE OT CKOPOCTHU Ms4a, u dpdexra Marnyca, sBisto-
IIUXCS CYIIECTBEHHBIMU NPU ABUKEHUU MsYa.
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3. HeoOxomuMo MOMy4YHTh HAadaIbHYIO YIJIOBYIO CKOPOCTB, KOTO-
pyto (GyTOOIMCT TIpUAaeT MSAYy MpU yaape, YTOOBI 3aKpyTHUTh M4
1 «0OOUTH CTEHKY» U3 (PyTOOIHUCTOB, IUICYO CHITBI yIapa B €€ MOTYJIb.

4. HeoOX0omuMo OIpeeNuTh TaKue UCXOMHBIE TapaMeTphl yaapa,
YTOOBI MY OOXOIMII CTEHKY (DyTOOIMCTOB M MOMaal B BOPOTA.

5. s mpoBeeHUsT YHCICHHBIX PacdeToB TpeOyeTcs moaoopaTh
TaKWe 3HAYCHHS IMapaMeTpOB MOJIENH, YTOOBI OHH COOTBETCTBOBAIIU
peanbHOl Moaenu GyTOOILHOTO MsYa.

KOHuenmyaJZbHClﬂ NOCMAaHOBKA 3a0a4u

O0bexTOM HccnenoBanus ABisgeTcs QyTOOIBHBIN MsU (Tapame-
TPBI JIJIS1 PACUYETOB COOTBETCTBYIOT (DyTOOIBHOMY MSIYY M IepeUHCIie-
HBI B Tabmute 2.1).

Tabnuya 2.1. XapaktepucTuku PpyT0016HOTO Msiua [4]

dopma Coepuueckas

Marepuan Koxa, cunteTnka

Jlnnna okpy)HOCTH He 6osee 70 cM 1 He MeHee 68 cM
Macca ms4a He 6oiee 450 r 1 He menee 410 T
JlaBlieHUE BHYTpHU MsA4a 0,6 —1,1 atm

Pamnyc msaa He 6onee 11,1 cm u e menee 10,8 cm
[Tonepeunas uromnamap Msga 0,039 kB. M

Koaddumnment nogpemuoit cunsr | 0,1

Jlnist ynpomeHns: MOCTPOCHHUS MaTeMaTHYECKOH MOJICITH IPUMEM
CJICYIONIYIO COBOKYITHOCTB THUIIOTE3:

1. Msta Gyzem cuuTaTh OOBEKTOM MAacCOW 71, PAINYyCOM 7, IICHTP
Macc KOTOPOTO SIBIISICTCS TTOCTOSTHHBIM.

2. JIBWKeHHE TPOHMCXOJUT B TIOJIE CHJI TSDKECTH C IOCTOSHHBIM
YCKOpEHUEM CBOOOIHOTO MAJCHHS g, YCKOPEHHE MOKHO CUUTATh I10-
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CTOSIHHOM BENMYMHOM (TaK Kak BHICOTA, Ha KOTOPYIO MOJHUMAETCS
MsY, MHOTO MEHbIIIE pajuyca 3eMJii) U OMHUCHIBAETCS YpaBHEHUSIMU
KJIacCH4ecKol MexaHuku HploToHa (Tak Kak CKOpOCTh Msida MHOTO
MEHBIIIE CKOPOCTH CBETA).

3. JIBmxeHue Msi4a MPOUCXOJIUT B TPEXMEPHOM MPOCTPAHCTBE.

4. YuTtem Takxke CUITy CONpPOTUBIEHUS Bo3ayxa u dddexkt Mar-
Hyca.

Jlns 000CHOBaHUS CHPABEIMBOCTU MPUHATOM HAMU THUIOTE3bI
Hailnem yckopeHus msiua (maccoit 450 e, paguycom 11 cum, nBuraro-
LIETOCs C JIMHEWHON CKOPOCTBIO 35% U C YIJIOBOM CKOPOCTBIO 100—06
B BO3JYLIHOW Cpezie, BA3KOCTb KOTOPOU IPU HOPMAJIBHBIX YCIOBHUSAX
cocrapisier 17,20-10%1a-c ) [5] B AByX cHTyauusx: cHadajga 0Oe3
ydera CUJIbl conpoTHBieHus u 3dpdexra Marnyca, a HOTOM ¢ y4eToM

UX BIUSHHS.
VYckopeHue Tena B IEpBOM CIIydae PaBHO YCKOPEHUIO CBOOOIHOTO
MaJeHUA, T. €. A=g= 9,8%.
YckopeHue Tena Bo BTOpOM cityyae (IpH yueTe CUIIbI COPOTUBIIE-
Hus 1 3pdexTa Marnyca) paBHO:

:i _ F;g B F:’onpom + Fw _ 4,41—0,0014258-1'262,840 17,20 '10_6 -9 98£
m m 0,45 Tt

a

Takum 06pa30M, YCTAHOBJICHO, YTO YCKOPCHHC TCJIa 3aBUCHUT OT
S(I)(I)CKTa MarHyca W CUJIBI COIIPOTUBJICHHA BO3YyXa. 3Ha‘lI/IT, JJIA 110~
CTPOCHU aJICKBaTHOM MOJACIN UX HGO6XOI[I/IMO YUUTBIBATh.

Mamemamuueckas nocmanosxa 3a0ayu

OCHOBHBIM 3aKOHOM MECXAHUKU SBISCTCS BTOpOﬁ 3aKOH HBIOTOHa,
CBSI3bIBAOILINI paBHOﬂeﬁCTByIOHIYIO BHCIIHUX CHIJI, ,Z[CﬁCTByTOIlIPIX
Ha TCJIO, €T0 MACCy U YCKOPCHHUC, NTOJIYIACMOC B PC3YyJIbTaTC JIEHCT-
BUS CHJI. 3aldIlIeM BTOpOI>'I 3aKkoH HproToHa 1y Ms4a B BCKTOpHOﬁ
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dbopwme, re: m — Macca Ms4a; @ — €ro YCKOpeHue, MOsIBUBIIIEECs B pe-
3yJIBTaTe JECUCTBUS CHJIbL; F), — PABHOJICHUCTBYIOLIAs CHUII, JICHCTBYIO-

KX HA TEJO, [/, paBHA BEKTOPHOW CyMME CHIIbI TSKECTH F, ., CHIIbI
CONpPOTHUBJICHUs Bo3ayxa F.,,,,, ¥ cuiibl Marunyca F:

F =mi; (1)

F F;wwc + F:‘mzpom Fju * (2 )

[Ipu sTOM MOIpa3zyMeBaeTCs, UTO CUJla U Macca — MOCTOSIHHBIE Be-
JTUYMHBL. B TakoMm ciyyae U yckopeHue Toxe OyJeT MOCTOSTHHOW BEJU-
ynuHOU. CrenoBarenbHO, YpaBHEHHE MOJIEIMPYET PaBHOYCKOPEHHOE
NBIDKEHUE Teja ¢ MOCTOSHHON Maccoil IO JNEUCTBHUEM ITOCTOSIHHOU
CHJIBI.

[TycTh B HauaJ bHBIH MOMEHT BPEMEHHU #, CHapsJ HAaXOJUTCS B Ha-
yaye koopauHart 7(0) (#(0)=0), a ero HavaabHAsT CKOPOCTH B ATOT MO-
MeHT BpeMeHH paBHa v (V(0)=v,).

ChopoernupyeM Ha Kaxyro U3 ocel X, y, z BTOpoi 3akoH HbroToHa,
Pa3IOKUM 110 HUM BEKTOP CKOPOCTH M YCKOpeHwus (puc. 2.6):

B npoexunn Ha oChb x:

F,.=ma,; (3)
F Fmﬂmx + FC()I’!}’)OmX EMX; (4)
maX: FmﬂJfCX + Fconpamx + FMX * (5)
B npoexunu Ha oCb y:
F e ma,; (6)
pr: Fmﬂwcy+ Fconp0my+ Fuy h (7)
ma Fmﬂwcy Fconpam y+ Ewy . (8)
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Puc. 2.6. Cunbl, TeWCTBYIONTNE HA MaTEPHATBHYIO TOUKY

B npoekuuu Ha ocb z:

F,=ma; 9)
FpZ: Fm;mc Z+ Fconpom Z+ FW Z; ( 1 O)
maZ: Fm}l&f(’ Z+ FL’U}’IPOW! Z+ F\'t z* ( 1 1 )

Cuny conportuBieHus: OyneM paccuuTbiBarh 1o Gopmyne CTok-
ca [6] (puc. 3):

Eonpom =67mvR, (12)
rJe: 1 — JAUHAMUYecKasi BA3KOCTh CPEIbl;

vV — CKOPOCTb Ms4a;

R — paauyc msiya.

Ha puc. 2.7 n3o00pa>keHo Teno, IBIKYIIEECS B CPEe, CUIIbI, JACH-
CTBYIOIIMUEC HA TCJIO B IPOCKIMWH HAa BEPTUKAJIbHYIO OCh U IMHUU o0Te-
Karomiero noroka. Takum oOpaszom, F, — 3T0 UCKOMasi CHjla CONPOTHB-
JIeHHs1, EUCTBYIOIIAs HA TEJIO CO CTOPOHBI Cpelpl, a F, — 310 cuiia

47



I1. C. Bonezos, T. A. I'epyen, H. FO. Yepnukosa

TSNERNNRREENR
|||||‘5\|||'|
[ ]

F

Puc. 2.7. Cuinbl, aeWicTByo-
IIMe Ha Teo, JBHUXKYIIeecs
B cpenie

TsokecTd. CHITy TSOHKECTH TIPUMEM pPaB-
HoW F,=mg (Tne g — yCKOpPEHHUE CBO-
0OTHOTO TMaJeHHsI), CHUJIa COMPOTHBIIE-
HUus onpexaensercs dopmymnon (12),
cury Marnyca OyneM ompenensith Io

dbopmyiie
1
F, = EnACl(a)x V)

I7Ie: (@ — yIoBasi CKOPOCTh Ms4a;
Vv — JINHENHAas CKOPOCTh MSYa;
A — momnepeyHas IUIONMIAAb LIApa;
Cl — xo>pPUIMEeHT  TOaBEMHOM
CHJIBI).

Torma mpoekiuu BTOporo 3akoHa HpHOTOHA MOXKHO mepenucarb

CJIEIYIOIIM 00pa3oM:
B npoekuun Ha och x:

ma, =_6m7va+%77ACl(a)x V). (13)
x(0)=0; (14)
V,= V,cosacosp. (15)

B npoekunu Ha ochb y:

1
ma, ==-mg 6y, R+ nACH@xv),; (16)
#0)=0; a
V,= V,cosacosf . (18)
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B npoexunu Ha och z:

ma. =—67mv.R +%77ACl(cox V). (19)
2(0)=0; (20)
V,=V,sina; (21)

[Je: 0. — YroJl MEXIy IMPOEKIMENd BEKTOpa JIMHEMHOM CKOPOCTU Ha
IJIOCKOCTh XZ U OCBIO Z;
[ — yron Mexay MpOeKIMed BEKTOpa JTUHEWHOW CKOPOCTH Ha
IJIOCKOCTh X) M OChIO X (puc. 2.8).

X

Puc. 2.8. Yrasl, ucnione3yromuecs Mpy MpoenupoBaHUH
BTOpOro 3akoHa HeroToHa

PackpoeM mnpoeknuu BEKTOPHOTO Npou3BeAeHHS B (hopmymax

(13)— (21):

ik
(a_)X ‘7) = a)x a)y a)z = (a)yvz - a)zvy )l + (a)zvx - wxvz )] + (a)xvy - a)yvx )k'
vV, Vy v,
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Torna mpoekiusi BEKTOPHOTO MPOU3BEICHHUS HA OMPEICIICHHYIO

OCb 3aIUIIETCS CIEAYIOIUM 00pa30M:

(oxv), = OV, —@V,;
(OxV), =@y, -0V,

(oxv), = Oy, —0V,;

(22)

A MMPOCKIHU BTOPOT'O 3aKOHA HrroToHa MOXKHO nepenucars cicay-

IOIIUM 00pa3oM:
B npoekuuu Ha och x:

ma_=—67nv R+ % nACl(wy, —@.v,),

x(0) = 0;

v, =V, cos(180—(a + ))sin(90 — ) =—v, cos(a + ) cos f3;
B npoekuuu Ha ocs y:

ma, =—mg —6mnv, R+ % nACl ey, —oy,);
¥(0)=0;
v, =V, c0s(180—(a + B))cos(90 — ) =—v, cos(a + B)sin f3;
B nipoekiuu Ha oCh z:
ma_, =—6mnv R+ % nACl(wy, —o,v,);

z(0)=0;
v, =v,sin(180 —(a + B)) =sin(a + p);

(23)
(24)

(25)

(26)
(27)
(28)

(29)
(30)

(1)
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@OyTO0NMNCT, MMHAS M4, MIPUIAET €My YIJIOBYIO CKOPOCTh, KOTO-
PYIO MOXKHO HAaWTH, MCHONb3Ysl YpaBHEHHUE BpAILIATEIbHOTO ABHXKE-
HUSL:

1 Ao _ M; (32)
At
rae: M — MOMEHT CWibl yaapa, paBHbIM M= (r X F) (tne r — miae4do
CWJIBI yj1apa; [ — ee MOyJb);
At — VHTEpBAJI BDEMEHU B3aUMOJCUCTBUSA HOTH C MAYOM;
I — MOMEHT UHEpPLUH, PABHBIN [ :ngz (rne R — paguyc ms4a,
m — ero Macca).

Aw
122=
A ; (33)
do
[— =Fr; 34
i (34)
Aw=w,— w, w,—0 (35)

BcrencTBre BI3KOTO TPEHHUS YIIIOBasi CKOPOCTh Oy/IeT YMEHbIIIATh-
cst o 3akony (36) — (39):

lo=M,,; (36)
lao=—67mnR; (37)
0w
1—=-6nR’w; 38
5 - omiR o (38)
—67nR*t
w=wme ' . (39)

51



I1. C. Boneeos, T. A. I'epyen, U. IO. Yepnurosa

Memoowl pewenus

Haitnem miewo cuiel ynapa B ciiydae, €M OHA HallpaBJeHa Ipo-

M3BOJIBHO. B nanbHelmem anuHa mieda OyJeT UCIoIb30BaHa Uil Ha-
XOXKJICHUSI MOMEHTA CHJIBI M YIJIOBOHM ckopocTu. J[ist aToro o6o3Ha-
YUM 4epe3 / ICKOMOE IIIe4O0, MyCTh R — paauyc Msda, 7 — pacCTOSHHE
OT TOYKM TPHJIOKEHUS CUIbI [0 OCH BpamieHus, F,,— cuia ynapa,
Y — YroJl MCXKAY JIMHUCU NACUCTBUSA CUJIBI U TOPU30HTAJIBHO HAIlpaB-
JIEHHOW OCbIO, (i— YroJl MEXKIY paJuyCcoM Msida TOpU30HTAJIbHO Ha-
MpaBJIeHHOM OChIO (puc. 2.9).

., | [lycte yron MAT=7y, OAT=a,
MO=1, Torma
AT r
=—=— 40
cosa 10 R (40)
r
Ol = arccos—. (41)
R

ZTAO =Z£ROA,xak HakpecT Je-
. JKalllue YIIbl MpU IEPECEUYEeHUuu Ia-
pamenbHbIX npsAMbIX RO u AT, ceky-

Puc. 2.9. Msu mei A0, cinenosarensHo £ ROA = a.
B MOMCHT yaapa LQAO =y—a, TOTAA:
Z004=180—(y—a)—a=180—7. (42)

IIo TCOPECMEC CUHYCOB:

sinQA0 sinOQA  sinQOA 43
00 A0 04 (43)
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Bripazum nnuHy HensBecTHOM cTopoHbl QO:

O:sinQAO-AO.

44
sinOQA “44)
AO = R(no ycnosuro); (45)
sinQAO = sin(y — a), sinOQA = sin(180 —y); (46)
QO:R'-sm(y—a) :R~51r'1(7—a). 47)
sin(180—y) siny

Paccmotpum npsimoyrosnbHbI TpeyroiabHUK AOT, B KOTOPOM 110

. or
ONPENEICHUIO CUHYCa 3allUIIEM SINa = 0’ CJIEI0BATENBHO:

OT =sina- AO,AO=R; (48)
OT =R-sing; (49)
RA=0T =R sinc. (50)

Tpeyronbauk RAQ — npsimoyronbHbId. Ha ocHOBaHWU TOTO, YTO
CyMMa OCTPBIX YIJIOB B IPSIMOYTOILHOM TpeyrojbHuKe paBHa 90°, Oy-
JIET CIIPaBEAJIUBO CIIEYIOIIee HEPABEHCTBO:

ZRAQ=90—QAT =90—y; (51)
RA

ITo ompenenennio kocuHyca yria, coSRAQ=——-, orkyma AQ
paBHO: AQ

A0= R4  R-sma _R-sina,
cosRAQ cos(90—y)  siny

(52)
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[To mpusHaky 1momoOusi TPEYroJIbHUKOB, TPEYTOJdbHUK RAQ Tio-
noben TpeyronmbHuKy MOQ, Tak xak ZLQRA=-ZLQMO=90,
a ZROA = ZMQO (BepTuKanbHbIe YIIIbl). Toraa CTOPOHBI TPEYTONIb-
HUKOB MPONOPLIMOHANIBHBI, 3aIIUILEM 3TO

RA_RQ _AQ.

== 2=, (53)
MO MQ 0OQ
Otkyna BbIpaxkaeM ctopony MO
MO=RA-OQ=R-sina.-Rsin.(y—a)-siny; (54)
AQ siny-sina - R
Taxum oOpazom:
[=MO=R-sin(y — ), (55)

BrIpazum npupaieHre ynioBoi CKOPOCTH U3 YPaBHEHHs Bpalia-
TEJIBbHOTO JIBUKECHHUS:

dw ;
1

(56)

[MpuBeneM rpaduk 3aBHCHUMOCTH CHIBI yaapa OT HHTEpBaJa
BpEeMEHH, Ccuily OydeM CuuTarh TIOCTOSIHHOM  BEITHYHUHOUN
(puc. 2.10).

Paznenum uHTEpBan BpeMeHH Af Ha OECKOHEYHO MaJible MpoMe-
KYTKH, Ha K&KIOM U3 KOTOPBIX CHITy MOYKHO CYMTATh IOCTOSIHHOW Be-
nuauHOM (puc. 2.11).
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F F
Fa Fa
| |
: :
0 t t' 0t t t!
Puc. 2.10. Tpapuk 3aBHCHMOCTH Puc. 2.11. I'paduk 3aBUCUMOCTH
CHJIBI yZiapa OT WHTepBaJia CHJIBI yapa OT MHTEepBaja BpeMe-
BpEMEHH HHU, Ha KaXJIOM yYacTKe KOTOpPOTO

CHJIa ITOCTOsTHHA

[IpocymMMupyeM BeTWYWHBI, CTOAIINE B JIEBOM M MPABOM 4YACTAX
BBIPAYKECHHS:

[
2do= Z;Fl-dti; (57)

Bennawns! 7 1 ] MOKHO CUMTATH IOCTOAHHBIMH, CJICI0BATCIIBHO,
X MOXHO BBIHECTH H3-110/] 3HAKA CYMMBI:

Sdo=1 S Fd, (58)

CyMmMa npupalieHuid yIiIoBOW CKOPOCTH B JIEBOM YacTH BbIpa)Kke-
HUS NPUOTMKEHHO paBHA €€ U3MEHEHUIO, T. €. Y d@=A®, a BbIpaxe-

/ !
HHUE B IIPABON 4aCTH MOYKHO 3aMEHMTh Ha szidti =7 [Fdt
lo

Aw= étjk Fdt; (59)

fy
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Ha ocnoBanum toro, yto Aw = w,— ®,, w,— 0, BbIpaXKeHUe npe-
o0pa3zyeTcst CIeIyoIuM 00pa3oM:

o, =§de¢; (60)

fo

ty I
rie Beipakenue [Fdf paBHO muiomany nox rpapukom, T. €. [Fdi =S,

ty fy
TOoraa:

o, =7SF; (61)

JInst HaXOKACHUS Ha4aIbHOM JIMNHEHHON CKOPOCTH BOCIIOJIb3yEeMCS
BTOPBIM 3aKOHOM HbIOTOHA B IPOEKITMHU HA OCh X, TJIE: mM— Macca Ms4a;
a — yckopeHnue; F — cuiia ynapa:

ma, = F; (62)
VYckopeH#e a, YUCICHHO PaBHO OTHOIICHHUIO MTPHPAIIECHHUS CKOPO-
CTH dv,Ha OECKOHEYHO MAJIOM HHTEPBAJIEC BPEMEHHU df:

dv
m— (63)

BeIpasum npupailieHne CKOpOCTH U3 MPEABIAYLIETO BBIPAXKEHUS U

IPOCYMMHPYEM €ro:

Fo.
Zdvx = Z; dt, (64)
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Maccy msiua OyzeM cUMTaTh TOCTOSSHHOM, CIIEIOBATENIbHO, €€
MO>XHO BBIHECTH MU3-TIOJ] 3HAKa CYMMBI:

A, = [ (65)
mg

I
rae BblpaxeHue [Fdt paBHO Iuiomaau nox  rpadukoM Sy,
I,
T.e. [Fdt=S;: °
)

Av, :ESF; (66)

Pacnmmem BCKTOPHOC IMPOU3BECACHNEC BEKTOPOB O U V!

i j ok
(@xV)=lo, o, o|=@y.-ov)i+(@y,-—oy.)j+@v,—oy)k,
Ve v,V

(67)

Torna mpoekuusi BEKTOPHOTO TPOU3BEACHHS Ha OINpPEICICHHYIO
OCBh 3aIHIIETCS CIEIYIOMUM 00pa3oM:

(0XV), =y, ~m.v,; (68)
(COXV)y: WV, — WV, (69)
(0>XV).= 0y, ~ oV, (70)

YuuteiBas ¢opmyinsl (68) — (70), mpoeKUU yCKOPEHUs Ha COOT-
BETCTBYIOIINME OCH MEPEMUIIEM B BUJIE.

a =R, _ 1 i wxy).: (71)
2m
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6mmR 1
ayz%vy—%nACl(a)xv)y; (72)

0 =R, _ 1 ACiwx). (73)
m 2m
C yuetom dopmyn (71) — (73), mpoeKIN yCKOPEHUN HA KaXKTyIO
13 OCell TepernuIIeM B CIeIyIOIIeM BH/IE:

a :va —LUACI(a)xv)X :%vx —LUACl(a) v.—ayv,), (74)
m 2m m 2m 7 g

X

a =R, _ L dcioxv), =SPIR, _ Loy, — o) (75)

Yoom 7 2m om0 2m

azzwvz—iﬂACl(wXV)z:MVZ—LﬂACI(wa —wyv,). (76)
m 2m m 2m v

[Tokaxkem mpuUMEHEHHE MeTo/la Diliepa K pacyeTy JIBUKEHUS Ia-
naroniero tena. Pacuer mpou3BOIMTCS OT HAYaJIbHOIO MOMEHTA Bpe-
MeHH ¢ = 0c MaJbIM KOHEYHBIM maroM no BpeMenu At. Ilycts 3a Bpe-
Msl Af CKOPOCTh UBMEHUTCS HA BETMYUHY Av.

VY4uuTbIBas COOTHOUICHHS JIJISi YCKOPEHUH, 3allUIIeM COOTHOIIEe-
HHUSL 1JISI CKOPOCTEM:

A=t adia =+ TRy, _ L aciwy, —ov a2 (77)
m 2m At

671R 1 Ay,
V=10 +alAr =10 + (= —v = nACley,—ov.)Ai=—; (78)

1 .0, Onsr_ .0
V.=V, +a,At=v, +(

67mR 1 Az
m_— —%nACl(a)xvy —o,v)Al > v (79)

anee paccyxaeHue Beaercs no MHAykuuu. Pacnosaras 3Haue-
HUEM 0;, MOXKHO, OTTQJIKMBAsCh OT HEro, HAWTU v’— CKOPOCTH B MO-
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MEHT BpeMeHH 2At u T. A. OOmui BuI HOpMYIbl TPUMEHUTEITBHO
K JIaHHOM 3aJ1a4€ MOJTYYUTCS TaKUM:

. . . . (61nR 1 Ax
Hl: ! I, = 1, 7] S —_—— ACZ V. —.V.,. fz—;

i+ i i i 67nR 1 A
v =y +a At =v) +( 7:17 vy—%nACl(a)zvx—wxvz))AtzZ);; (81)

Vit =V +al A=V + (67z77R ! Az (82)
m

v, — %UACI (0y, —ov,)At = A

[IpumeHsisi aHANOTMYHBIA TOAXOA JJS BBIYHUCICHHUS TepeMe-
mieHus, mnoiaydaeM GopMmyiny MeTtofa Oisiepa i BBIYUCICHHS
MepeMelleHus TeNa, ABUKYIIErocs Mo YIJIOM K TOPU30HTY CO Bpe-

MeHeM:
X =x + VAL (83)
Y=y +vAL (84)
2 =7 VAL (85)

Pezynemamul mooenuposanus u ux oocysicoenue

Beuta co3mana Mopenb, MO3BOJSIONIAS OMPEACTUTH aTbHOCTD
TPAGKTOPUH M OTOOpPa3uTh B BHJE TpaduKa TPACKTOPHIO JBHIKE-
HUS Ms4a B TPEXMEPHOM IPOCTPAHCTBE B TEUCHHE HEKOTOPOTO
MPOMEKYTKa BPEMEHH B 3aBUCHMOCTH OT 3a/1aBa€MBIX IOJIh30BaTE-
nem mapameTpoB. Pazpabotannsiii anroput™m (74) — (85) O0b11 peanu-
30BaH B BHJIe Nporpammbl i DBM B cpeie mporpaMMHpOBaHHS
Delphi.
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C wucnonp3oBaHueM pa3padOTaHHOW U PpPealM30BaHHOW IPO-
rpaMMbl TPOBCACHBI YHMCJICHHBIC SKCIICPUMCHTBI, UX OIMMCAHUC OITy-
CTUM.

Bwv1600v1 no evinonnenuio ucciedosamensbckoi pabomol

Takum o6pazom, naHHast paboTa mpencTaBiseT coboi MaTemMaru-
YECKYI0 MOZENIb aHallM3a HM3MEHEHUs, HaXOXKJEHHS ONTUMAaJIbHOMN
TPAeKTOPHUH JABMKEHUSI (yTOONBHOrO Msya M ONPEJEIICHUs Hadallb-
HOM JTMHENHOW CKOPOCTH JUIsl MpeooaeHUs npensaTcTBus «CTeHKa U3
(GyTOOINCTOB» C YYETOM BPEMEHHU U BEPOSITHOCTH HMPOHCXOXKICHUS
Pa3IMYHBIX MTPOLIECCOB.

Maremaruueckasi Mozieilb Obljla peann30BaHa B BUJIE MPOTPaMMBbI
s OBM B cpene nporpammupoBanust Delphi.

JlanHasi mporpaMMa JODKHA MPUMEHSIThCS IPU HAXOXKJIEHUU OII-
TUMaJIbHBIX IIaPaMETPOB MOJIEJIH, C UCIIOJIB30BAHUEM KOTOPBIX BEPO-
STHOCTB MPOXOXKJCHHS «CTEHKHM» U TIOMaJaHus Ms4ya B BopoTa Oyzier
HauOonbied. Takas Mozenb JAOKHA HMCIIOJIB30BAaThCSl B HEKOTOPBIX
obnacTsx Hayku W croprta. [Ipumepom Takux oOnacTeil sBIseTCA
¢byTto6om.

Crenyer yyuThIBaTh, YTO JaHHAsl MpOrpaMMa sIBJISIETCs MpHOIU-
KEHHOU Mozienb10. JlalbHENIINM pa3BUTHEM JAHHOTO ITPOEKTA MOKET
BBICTYIIUTh peaju3alus MOAETU JBWKeHHs (yTOoNbHOTO MsA4a
B TPEXMEPHOM IIPOCTPAHCTBE, B KOTOPOI1 OoJiee mopoOHO OyayT pac-
CMOTpPEHBI 3ampalliBaeMble IMapaMeTpbl U BBEIECHbI HOBBIE Mapame-
TPBI, TAKUE KaK KECTKOCTh Ms4a.
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I'naBa 3.
Pa3paborka u anpodanus KOMILIEKCA TBOPYECKUX
U MCCIIEA0BATEIbCKUX 32IaHUH HHTETPATUBHOIO
Xapakrepa

B xonne XX — navane XXI Beka ctanu 0COOCHHO 3aMETHBI H3Me-
HEHUsl B Xapakrepe oOpa3oBaHMsI, KaK CPEJHEro, TaK M BBICILETO.
Lenm, 3amaun, conepkanue 0Opa3oBaHUs ceifuac HalpaBIIeHbI HA pa3-
BUTHE JINYHOCTHU YYAIlIErocs, Ha TBOPYECKYIO0 MHULIUATHBY, CAMOCTOS-
TENbHOCTh, «KPEaTUBHOCTb» M, CIEI0BATEIbHO, B MEPCIEKTUBE, Ha
MOOMJIBHOCTh M KOHKYPEHTOCTIOCOOHOCTH BBIITYCKHHKOB 00Opa3oBa-
TENbHBIX YUPEKICHUN — OyaymMX crenuainucToB. MHOrooopasHbIi
PBIHOK Tpyda OINpeAessieT HeOOXOAUMOCTbh Pa3BUBaTh y y4dalUXCS
YMEHUSI HECTAHJAPTHO MBICIHUTH, TPEOyeT HAMYUS WHTEIUICKTYallb-
HBIX 1 KOMMYHHUKATUBHBIX CIOCOOHOCTEH.

Ilepmckuil Kpaii — peTHOH C Pa3BUTOMN NMPOMBIIIJIEHHOCTBIO (TOp-
HOZ00BIBAIOMICH, XUMUYECKOW, MAIIMHOCTPOUTEILHOU U JI.), aKTHB-
HO y4aCTBYIOIINN B MEXTyHAPOJHBIX NpoeKTax. BaxuHelmum gakro-
POM pOocTa 3KOHOMUKH CTPaHbl U Kpasl ABJISETCS] MHHOBAILMOHHOE pa3-
BUTHE BBICILIMX U CPEIHUX yU4E€OHBIX 3aBefeHuH [1, 2].

BaxHO He TOJNBKO MOTYUYEHUE 3HAHUM yJalTUMUCS, HO U pa3BUTHE
MO3HABATENFHBIX CIOCOOHOCTEH, CTPEMIJIEHUSI K CO3MIAHHIO, OCO3-
HaHHBIA BBIOOpP JesATeNbHOCTU locynapcTBEHHbIE 00pa30BaTEIbHbIE
CTaHJAPTHI MPEAIOAraloT Takke (HOPMUPOBAHNE KITFOUEBBIX KOMIIE-
TeHTHOCTeH. Kak m3BeCcTHO, KOMIIETCHTHBIN B TOH HMJIM MHOM 00JIacTH
NESTEIbBHOCTH 4YeJIOBEK OO0JIaJaéT COOTBETCTBYIOIIMMHU 3HAHUSIMHU
U CIIOCOOHOCTSIMHU UX PallMOHAJIBHO U TPAMOTHO NIPUMEHUTb.

K coxanennto, ocBoeHne yueOHBIX TUCIUILUINH COIIPOBOKIAET U3-
JUIIHUN aKaZeMHU3M, aOCTparupoBaHUE U MOCTYJIMPOBaHuUE, peodiia-
naeT HHPOPMAIIMOHHBINA OAXO/ B OTPBIBE OT peajbHocTH. Habmrona-
€TCsl B TOM WJIM MHOW CTENEHU UCKAXKEHHUE y YHALUXCS MBICICHHBIX
00pa3oB MO CPAaBHEHHIO C peaTbHBIMU OOBEKTamMH. Mcrmonb3yercs
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CJIOBECHO-3HaKoBas MH(OpMalus, ciado MOAKpEIIeHHAs 1yBCTBEH-
HO-00pa3HOH, ociiabeBaeT CBsI3b C peaJbHBIMHU IIPEIMETaMH U SIBJIE-
HUAMU. VICKITIOYUTH 3TOT pa3pbiB MOXKET UCCIIEI0BATEIbCKAs KOMIIO-
HEeHTa B y4eOHOH AesTenbHOCTH. Ha Ham B3MIs1, IMEHHO YyBCTBEH-
HBIH, <OCKUBOW» DKCIIEPUMEHT, MTPOBEICHHBI CaMOCTOSTENBHO (Iaxe
C OIIMOKaMu, TOUCKOM JIEMEHTOB PEHICHUS 3a7a4H) 1aeT «IIPOPHIBY»
B TNOHMMAaHUU SIBICHUN. BBIMONHSAS SKCEpUMEHTaIbHYIO pabdoTy,
ydalquecss He TOJIbKO BOCHPOM3BOIAT (PU3MUECKHE MPOLECCHl, HO
U MPUOOPETAIOT HABBIKM aHalIM3a MOJTYYEHHBIX PE3YJIbTaroB U Ha-
IJISIIHOTO UX TPECTaBIICHHUs, HABBIKU 00pabOTKH pe3ysbTaToB U3Me-
penuii. [ToaToMy cucTemMa HENPEPHIBHOTO OOpa30BaHUS «IIKOJIA —
By3» [3] mpomomKaeT ocTaBaThCsl aKTyaJIbHOW, MPEACTaBIISIsI COOO0M
3¢ HeKTUBHBIN HHCTPYMEHT MIEpexoa OT CPEIHETo 00IIero oopa3ona-
HUS K BBICIIIEMY TTpodeccroHaIbHOMY 00pa30BaHHUIO.

OcoOblif MHTEpeC MpeACTaBIsSET CUCTEMa pabOThl B MHHOBAI[MOH-
HOM oOpazoBarensHOoM 1ieHTpe @I'BOY BIIO ITHUITY — pecypcHom
IIEHTPE pa3BUTHUS JIETCKOW M IOHOIIECKOW ofapeHHOCTH (Ha 0ase
MBOY «JIumeit Ne 1» r. [Tepmn).

Paccmotpum cuctemy paOoThI C y4allUMHUCS CTapIIUX KJIacCOB
MHOTONPO(PMIBHOTO JUIEs M0 (POPMUPOBAHUIO UCCIEIOBATEIHCKOTO
KOMITOHEHTa B 00pa30BaTeIbHOM Ipolecce, HAJAeIeHHOM MpU3HAKa-
MU UHTerpatuBHocT U JuddepenpoaHnHocTd. CHCTEMHOCTh
y4eOHO-HCCIIEI0BATEBCKOM PAaOOThI 00ECIIEUMBACTCS THIOTOPCKUM
COTIPOBOXKJIEHHEM U 0a3upyeTcs Ha CIEAYIOIIUX MPUHIIUIIAX:

o [Ipunuun ¢popMupoBaHust MOTHBALMM YYALMXCSH: IIKOJIHHU-
KaM JJa)kKe CTapIlnX KJIacCOB Ba)KHA «IIPHUBJIEKATEIILHOCTh UCCIIE0BA-
HUS», 4aCTO UX MOXKET IPUBJIEYb BHELIHSSI CTOPOHA (UTO-HUOYIH TIPO
KOCMOC, «Y€PHBIE JILIPBI», PO SACPHYIO (GU3UKY U T. I1.); neped mvio-
MOpOM CIMOUm cepbesHas npodiema — He omeepeas uHmepec yuauje-
20Cs K NpUBeKamebHOU, HO He8bINOIHUMOU 3a0aye, npueiedb 6HU-
Mauue, pACHONONCUMb K UCCLEO08AHUIO, O0OBLACHUMb BANCHOCD
U aKmyanbHOCMb UCCIe008aAHULL 8 OPYeUX 00NACAX 3HAHU U HAUMU
CBA3U C meM 80NPOCOM, KOMOPbIL NPUBLEK WKOIbHUKA (Kemamu, 9mo
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yacmo Ovleaem OYeHb NOBEPXHOCMHBIU 8327150); MbIOMOPCKAsL NOO-
0epatcKa OONHCHA OblMb 8 Nepeylo ouepedb HANPAsleHad UMEHHO Hd
cmanogienue unmepeca K Uccie008aHuro, Ha pazeumue npooiemvl;
HeoOX00UMO makaice Hanpasisims YYeHUKA U Ha «OATbHION» MOMUBA-
Yuro — nepcnekmusy yuedwl 6 8yze u, Modxcem oOvimo, Ha OVOYUYI0 NPo-
Geccuonanvryro oessimenvrocms. Co CTOPOHBI THIOTOPA TAKXKE BAYKEH
yueT npeanpogeccuoHaJIbHbIX HHTEPECOB U CNOCOOHOCTEN yda-
muxcst (HeOOXOAMMO CIICIUTh 32 TeM, YTOOBI TeMaTHKa PaboThl ObLTa
JUIsL HAYMHAIOILIETO MCCIIEIOBATENSI HE TOJILKO MHTEPECHA, B CMBICIIE
MIPUBJIEKATENIbHA, HO U TIOCUJIbHA JIJISl BHIITOJIHEHUS; YUaIlIUics B X0/Ie
BBITIOJIHEHHSI PabOThl, pa3yMeercs, MCIOJIb3YeT TOMOJHUTEIbHbIC
CBEJICHUSI, HO OMMUPAsICh Ha 0a30BbIC 3HAHUS, HEOOXOAMMO OoOpamiarh
BHUMaHHE Ha CKJIOHHOCTH YYaIlIMXCs: KTO-TO YCIIEIIHEE CIPAaBUTCS
C TEOPETUUECKON TEMOI1, KOTO-TO CIeIyeT HAIPaBUTh HA IKCTIEPUMEH-
TaJbHYIO0 paboTy, HA KOHCTPYKTOPCKYIO, BO3MOXHO TaK)X€ MCIIOJIb30-
BaTh I'yMaHUTAPHBIA MOTEHIIMAJ YUSHUKA U T. I1.).

e [IpuHIMI coYeTaHUs I'PYNNOBbIX U MHAUBHAYAJIbHBIX MO/-
X010B: (MHIMBUAYaAIbHbIE — MPEANOYTUTENIbHEE, TaK KaK MPHU 3TOM
B Ooublieil cTeneHn GopMUpPYETCs JIMYHAs OTBETCTBEHHOCTH 3a pe-
3yJBTAT, HO BO3MOXKHO BBINIOJIHEHUE PA0OTHI U BABOEM, BTPOEM — 3TO
MOXXET OBITh 00YCIIOBICHO OCOOCHHOCTSIMHU YK€ caMOi paboThI, BU-
JIOM DKCIIEpUMEHTA, TEXHUKOM 0Ee30MacHOCTH U T. I.; €Cd PadOThI
CTPYINIIMPOBAHBI 110 TEMATHKE, TO BA)KHOW CTAHOBUTCS U KOJIJICKTHB-
Hasi OTBETCTBEHHOCTBH); OJTHOU U3 0coOOeHHOCmell NOCMAHOBKU UCCe-
008aHULL YACNO ABTIAEMCA BKII0UEHUE MbIOMOPA 8 MY Ul UHYIO epyn-
ny He Kak yuumess, a KaK Y4acmHuka ¢ 00S3aHHOCMAMU U OmeEent-
CMBEHHOCMbIO neped 2pynnou.

o [IpuHUMI ONTUMAJIBHOTO NMOAO0PAa YUEOHBIX BCIIOMOTaTe/Ib-
HBIX MATEPHAJIOB B [TOMOIIb YYal[UMCSI-HCCIEI0BATENsIM CO CTOPO-
Hbl YUUTENSA-THIOTOPA COOTBETCTBYET TPEOOBAHUSM: ayTEHTUYHOCTD,
MO3HABATENBLHOCTH (JOJKHBI ObITh HHTEPECHBIMU, MPUBJIEKATEIbHbBI-
MU 10 COAEPKAHUIO U OPOPMIICHUIO), TOCTYITHOCTh B COOTBETCTBUU
C BO3PacTOM HIKOJIbHUKA U €r0 BO3MO)KHOCTSIMHU.
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o [IpyHUMN NMpeeMCTBEHHOCTH OOYYEeHHUSA: YYAIIUNCS JTOJKEH
MOJTyYNUTh BO3MOXHOCTb HCIIONIB30BaTh YK€ IOJy4YeHHbIE B XOJE
y4eOHOTO Tporiecca 3HaHUS, aKTyaIM3upOBaTh MH(OPMAIUIO, MPHU-
CTYNUTh K COOCTBEHHOMY HCCII€IOBAaHUIO, OMHUPAsACh Ha HEe; BAXKHO
OTMETUTh POJIb POAUTENEH, POACTBEHHUKOB, 3HAKOMBIX — paboma
C HUMU MaKaice 6X00um 8 mvlomopcKyo NOOOEPAHCKY, eClu yUauuics
2080pum, 4mo OH C OMYOM 6 2apajice cOenal YyCmpoucmeo, mo Haoo
HENnpemMeHHO YOelums 3MoMy GHUMAHUE U NOOOEPHCAMb UCCTe008d-
meneL-KOHCmMpPYKmMopos.

o [IpuHUUN MeXAUCHMILUINHAPHOIO B3auMMOAeHCcTBUSA («IIpH-
polia — eTUHBIA OPraHU3M», JIeJIeHHE Ha HAYKH U YYeOHbIE TUCIUILIN-
Hbl CTAHOBUTCSI B HACTOSIEE BpeMsl BCE MEHEE YETKHM, MOCJeHUE
NECATUIIETHS OTMEUYEHBI POCTOM YHKCJa HAYYHBIX OTKPBITHH MMEHHO
Ha CTBIKE HAyK; 3Ty B3aHUMOCBSI3b yyallluecsl JOHKHBI Ha4aTh MOCTHU-
raThb y’e B IIKOJIbHBIX KypcaxX AUCIMILINH U TeM OoJiee U BBITOIHE-
HUU CaMOCTOSITENILHOTO UCCIIETOBAHMUS).

o [IpuHIuNn B3aMMHO AKTUBHOCTH — Ba)KEH UHTEPEC Mpernoaa-
BaTelis, KOTOPBIM TOJKEH MOKa3aTh ceOs CIENUaINCTOM B MPEAMET-
HOM 001aCTH, CTaBUTH MPOOJIEMY, 3HaTh COCTOSTHUE COBPEMEHHOM Ha-
YKH, CaM BECTU aKTHBHYIO Hay4dHYIO0 paboTy, MyOIMKOBAaTh HAay4YHbIE
pe3yabTaThl, B TOM YHCIIE C COABTOPAMMU-IITKOIbHUKAMH.

Baxxnyto ponb urpaert JgeTHssl yueOHO-HMCCle0BaTeNbcKas Mpak-
THKa YydYalluxcs oO0pa30BaTeNIbHOTO IEHTpa MHOTronpouiIbLHOrO
munes, a Takke ydamuxcs mkon [lepmckoro kpas, B XolIe KOTO-
poii OKOHYATENBbHO (POPMHUPYETCS HANPABICHUE HCCIETOBAHUNA KaK-
JIOTO IIKOJbHHUKA, pelIaeTcsi BOMpOC 00 WHAWBUIAYaJbHOM HWIIU
TPYIIIOBOM BBITIOJTHEHUH PaOOThI, HAYMHAETCS TOJ00pPKa HEOOXOIH-
MBIX MaTepuajoB, MHCTPYMEHTOB, MPUOOPOB; KPOME TOTO, KpaTKo,
HO CHUCTEMHO M3J1araloTcsi OCHOBBI HAyYHOT'O HCCIIEOBAHUSI, OCHOBBI
00paboOTKH pPe3yabTaToOB HM3MEPEHUH, POJb TEOPHH PA3MEPHOCTH,
MpUeMbl  «00e3pa3MepUBaHUs» BEIUYMUH; OO0S3aTENbHBIM BHUIOM
3aHATHUS HA MPAKTUKE SIBIISETCS 3HAKOMCTBO C MpPaBUJIAMHU TEXHHUKH
0€30MMacCHOCTH B HAyYHBIX JTaOOPATOPUSX; AJISl TPOXOKACHUS PAKTH-
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K1 pelsiTa 3apaHee 3amUCBIBAIOTCS HAa TO WM HWHOE HaIlpaBlIEHUE
(x mperomaBaresnto); IS BBICTYIUIGHUH W OOIICHHS C Y4YaluMHUCS
MPUIIIAIIAIOTCS TaKKe BEAYIIME Yy4YeHble W CHEeLMATUCThl MPOU3-
BOJICTB.

HenpepriBHast olieHKa pe3ynbTaToB pabOThI, BKIIOYAIOIIAs Ha-
OmrorieHusi 3a XOAOM paboThl, TUCKYCCHH, PETYISIpHBIE CEMUHapHhI,
ydacThe B MacTep-Kiaccax, MPOBOAUMBIX OTEUYECTBEHHBIMHU U 3apy-
OC)KHBIMU KOJUIETaMM HamOoJiee IMoJIe3Ha B HAyYHOM M Tpodeccro-
HaJbHOM IUTaHE JUISI CTApIICKIIACCHUKOB MPOQMIBHBIX KJIACCOB, BBI-
MOJTHSIOLUX TBOPUECKYIO MIIM UCCIIEOBATENbCKYIO0 pabOTy MEXAnC-
LUUIUTMHAPHOTO XapaKkTepa.

Poccuiickue m 3apyOekHBIC KOJUIETH BCErJa OTMEYAIOT aKTHB-
HOCTbh YYallluXcs, UX JTF0003HATEIbHOCTh, YMEHHE 3a/1aBaTh BOIIPOCHI,
BECTH OOCYXKJE€HHE, BBICKA3hIBaTh COOCTBEHHBIC cooOpaxkeHus. Jlo-
KJIaJbl M TUCKYCCHUU BEAYTCS Ha aHITIMICKOM SI3bIKE, HO 3TO I PEOsT
HE SBIISETCS 3aTPyAHEHUEM, UMEHHO 3[IeCh OHU BHUJISAT CMBICI M KOH-
KpPETHYIO MOJIb3Y B U3yUE€HUU HHOCTPAHHBIX SI3BIKOB. OKOHYATEIbHbBIE
pe3yabTaThl HMCCIENOBAHUS MPOXOIAT MPEIBAPUTEIbHYIO 3alUTy
(B dopMe ceMHHapa) M 3aTeM 3alIUTy TEpe]l KOMUCCHEH, B KOTOPYIO
BXOJIST IperolaBaTesin 00pa30BaTesIbHOTO EHTPA, JIULEes U By3a; IPU
9TOM TakXKe Ba)XKHO yYMETbh IMOJATOTOBUTH CIEIHAbHbIE MaTepHalibl:
AHHOTAITUIO PabOTHI (HA pPyCCKOM M HHOCTPAHHOM SI3bIKaX ), MPE3eHTa-
LU0 JIOKJIaza, Oeil1yKu, HayyHbIe aKIIUU.

VYyebHo-uccnenoparenbckue padorsl (YUP) smisttoTcs jornde-
CKHUM TPOJOKEHUEM OCBOCHHS €CTECTBEHHOHAYYHBIX AMCLMILINH,
CpPEIICTBOM HMHTEHCH(UKAIMK OOyUYEHHUs, CBOCOOPA3HBIM YCKOPSIO-
M (aKkTOpoM TOBBIIIEHUST KadecTBa oOpa3oBaHus. Omopa Ha pe-
aJbHbIE UHTEPECHI IIKOJILHUKOB, HA X MOTPEOHOCTH U MOTHUBBI, Opra-
HU3aIMsl OOIIeHUs, OO0CY)KIeHHEe OOIIMX HAy4YHBIX MPOOJIIeM — 3TO
MIPEMOCHIIKY CO3/IaHUs CTYIC€HYECKON U B MEPCIEKTUBE MPOdeccHo-
HaJIbHOW KOJUIETHaabHOM cpeabl [4].

AHanu3 aHkeT, 6ece/ibl ¢ BHITYCKHUKaMU 00pa30BaTeIbHOTO 1I€H-
Tpa, a Takke 00111as arMocdepa Ha 3aHATUSAX U KOHTAKThI BO BHEAY/IU-
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TOPHOE BpeMsl U Jake B CTyJ€HUYECKHUE TOJIbl CBUACTEILCTBYIOT O PO-
CT€ YBEPEHHOCTH Y4YalllUXCs, YAOBIETBOPEHHOCTH MPOIIECCOM U pe-
3yJAbTaTaMU.

[IpakTnueckass 3HaunmocTh YWP 3akirodaercss B 3aKperyieHUU
U COBEpLICHCTBOBAHWW YMEHMH M HAaBBIKOB, IMOJYYEHHBIX KaK Ha
y4eOHBIX 3aHITHUSIX, TaK U B X0O/Ie CaMOCToATeIbHON paboThl. Corpo-
BoxaeHue YMP Ha oCHOBE BBIJIEJICHHBIX NMPHUHIIUIOB CIEAYET pac-
CMaTpuBaTh M Kak IMOBBIIIEHUE KBIM(UKAIMM caMUX TMperojaBa-
Tenen.

Bri0op HampaBieHusi MCClIeNOBaHUA — MePBBI dTam padOTHI.
JIOBOJIBHO 4YacTO MPUXOIUTCS CTAIKUBATHCSA C CHUTyallMel, Koraa
y4daluecs MpocsAT MPOCTO J1aTh UM CHHUCOK 3aJaHuil (HAy4YHBIX TEM),
a OHU OBl YK€ 4TO-HHOYAh BRIOpAIA. MBI MPAKTHUKYyeM WHOM MOIXO.
TeMy cBoero uccieqoBaHus y4yallMics JOJDKEH «BBIPACTHTHY, TOJI-
KEH TMOHTh, YTO €My HHTEPECHO, YTO OH YK€ 3HaeT, MOXKET ObITh
HavaTh IUIAHUPOBATh CBOIO Oymymryro npodeccuro U T. 1. Mbl pa-
o6oraem c ywammmucs 10-11-x kmaccoB. K stomy BpemeHH OHHU
y>K€ MMEIOT JIO0CTAaTOYHO IIMPOKUN KpYyTr TMpeAcTaBlIeHUN 00 OKpy-
KaroleM Mupe, HaYUTaHHbI, HaOI0AaTENbHbI, MHOTHE YXKe MOoCellla-
U pa3iUyHble KPYXKKH, CTYIWHU, CEKIHMH; OOJBIIMHCTBO HEIIOXO
BJIa/ICI0T MH(OPMAIIMOHHBIMU TexXHOJoTusIMU. [Ipu 3TOM OHU MOTYT
y>)K€ UMETh OMNpEIEJICHHbIE WHTEPECHl, CKIOHHOCTH, CIHOCOOHOCTH.
HexoTtopeie pebsTa 3aHMMaNuCh paHee COOCTBEHHBIMU HCCIIENO-
BaHUSIMHU, CTAaBWJIM SKCIIEPUMEHTHI (OMBITHI), MOITOMY JOBOJIBHO
OOJIBIIIOE YHMCIIO YYalTuXCs BBHIOMPAeT WUMEHHO (PU3HMKY Ha JIETHEH
y4eOHO-uccenoBaTenbCko npakTuke. [lo Mepe mpoxoxaeHus
JIeTHEW MPaKTHKHU Iepesl YUYUTEIEeM-ThIOTOPOM BCTA€T OYEHb OTBET-
CTBEHHasl 3a/1a4a: MOMOYb YUEHHUKY BbIOpaTh HampaBlieHUE HCCIENO-
BaHUs, cOPMYIHPOBATh TEMY HCCIIEOBATENbCKON paboThl, onpee-
JUTH €€ LEeNH U 3a7a4¥, BBISICHUTH peajibHble BO3MOXHOCTU U YCJIO-
BUA ee BbIMoNHEHUs. llpu 3ToM HE0OXOOUMO YYEecTh HHTEpEeCh
IIKOJIbHUKA U €r0 BO3MOKHOCTU. Pabora nomkHa ObITH MHTEpECHa,
MOCUJIbHA, TIOHATHA.
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OpeanuzayuonHvle 86apuanmol n0OX0008 K (popMuposanuro
COOePIHCAHUS UCCTLe)08AHULL
(kak neoazoeuueckue cogemvl U peKoOMeHOayul)

1. B xone yueOHbIx 3aHsaTHI B 10-M Ki1acce, Ha KOHCYIBTAIUSIX, BO
BHEy4eOHOE BpeMsi U OCOOCHHO B YacChl JIETHEW y4eOHON MpPaKTUKU
MIPENO/IaBaTeIl HEHABSI3YUBO, HO YBJIEUEHHO, MHTEPECHO PACCKA3bI-
BalOT O Pa3IMYHBIX CUTyalUsX, JUYHBIX HAONIOAEHUSIX, CBOUX COO-
CTBEHHBIX HAy4HBIX paboTax, 0 paboTax, BHIMOJHEHHBIX YYAIIIMUCS
B Iporuibie rosibl. Kak mpaBumiio, HaxonsaTces pedsiTa, MpOsSBUBILIUE JIIO-
OONBITCTBO, JKENAIOIINE NPOOONINHCUMb HAuamble panee UCCie008aHUs
(npo0obpa3 HAYUHOU WKOIbL).

Hanpumep, ynoMmsHyTass Ha JEKUUU [0 MaT€MaTHKE JOLIEHTa
[MTHUITY JI. b. I'paiidepa (pakranbHas reoMeTpHsi, BbI3Bajla OYCHb
OosbIION MHTEpec (He «yracaroulfii» M 10 HACTOSIIETO BPEMEHH).
IlepBas pabdora (1992-1993 rr.) ¢ HCMOMB30BaHKUEM ITOTO amrmapara
Obu1a Bemonaena Hunotl [ u Maroit A. (ygamuecs 11-ro ¢pusuko-ma-
TEMaTU4YeCKoro kiacca). PaccmarpuBanoch pacTeKaHUE KHMJIKOCTH B
CJIO€ CBIITYYEro BEUIECTBA MEXK/Yy MPO3PauHbIMU IJIACTUHKAMU U3 Op-
TFaHUYECKOT0 CTEKJIa («BSI3KME MaJbLbl»). XOTSA ITO SBIEHUE ObUIO
y’K€ U3BECTHO, HO yYallluecs UCIIOJIb30BaJIN APYTUE CPEbL: COJb, Ca-
Xap, co/ia, CBETIIbINA MECOK, IPYTHe KUIKOCTU: PACTBOPHI, MACJIO; CBS-
3a7¥ (PaKTAIBHYIO Pa3MEPHOCTh PACTEKIIUXCS «SI3BIKOBY» KHUJIKOCTH
CO CKOPOCTBIO IIPOHUKHOBEHUS UX B CJIOW BEIECTBA, & TAK)KE COCTa-
BUJIM KOMITBIOTEPHYIO IPOrpaMMy O HEPKOJSALUHU (IIPOCAYMBAHUM).
Nx pabora «MccnenoBanue pacTekaHus )KUJIKOCTH B IOPUCTOMN Cpe-
JIe» UHTEPECHA HE TOJBKO C TOYKU 3pEHUS] MaTeMaTHKU U (U3HUKH, HO
BayKHa M IPU PEIIEHUHU YKOJIOTMYECKUX MPOoOIeM (3aXOPOHEHHUE KHJI-
KHX OTXOJIOB), B TOPHOM Jiejie (3aKauMBaHUE BOJIbI B COJITHOM ILJIACT
C LIEJIBIO MPEIOTBPAICHHS BEIOPOCOB Ira3oB).

B uccnenoBanuu «MonenupoBanue pocrta ocanaka» (Huxonait I,
1996 r.) Takke NCIOIB30BAHO MOHATHE «(PpaKTam», MOKa3aH OJIUH U3
ATanoB MocTpoeHus monenu (puc. 3.1). Ira padota nonyyuna gaib-
HelIIee pa3BUTHE: YaCTULBI OCa/IKa NPECTABIISIIUCH B BUAE PA3HBIX
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(dbopM, YyUUTBIBAJIOCH OPOYHOBCKOE ABU)KEHHE, CTPOMIINCH KOppes-
LIMOHHbIE 3aBUCUMOCTH.

Puc. 3.1. OOpa3oBaBIasics TBepAas 4acTHLA O0CaaKa — (PpaKTal

Eme onna pabora — MccnenoBanue KOHTYPOB JIEASTHOTO cJ1os (yue-
Huk 11-ro kmacca, 2000 1) (puc. 3.2) Takke BKJIIOYACT BBIYHCICHUE
U aHaJu3 QpakTaIbHON reoMeTprn 00bEKTa.

Puc. 3.2. Jlepsinoli a0 Ha TOBEPXHOCTHU BOJBI
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@pakTalbHBIMA O0BEKTAMHU SIBIISIFOTCSI TAK)KE CaMble Pa3INYHbIC
TPEIIUHBI — OJTHA U3 UCCIICAOBATEIBCKUX PA0OT B TOM HarlpaBlICHUH
(Hukomait M., 2011 1.) Obl1a BBITIOJIHEHA YYAIIUMCSI BMECTE C OTIIOM-
CTPOMTENIEM: HCCIIEIOBAIN PA3JIOMbl CTPOUTEIILHBIX MAaTePUAIOB
(puc. 3.3).

Puc. 3.3. Caumok GopMbl M3JI0Ma TUTACTHHBI TUIICOKAPTOHA

B sTux m MHOTMX MOMOOHBIX pabOTax COBMECTHIIACH HEOOXONIH-
MOCTb 3HaHMHA 1O (pu3uke, XUMHuH (0CATOK-KOIUIOW), MaTEeMaTHKE
(bpakrambHas reomerpusi), uHOpMaTHKe (IIPOrPaMMHUPOBAHHUE).
U celivac no-npexHEMY UMEETCS MHOTO BOIIPOCOB, CBSI3AHHBIX C IO-
TOOHBIMHU SIBIICHUSIMH U TIporieccamu. HecMoTpsi Ha HEOOBIYHOCTH Ma-
TEMaTHYECKOro amnmapara ¥ KaxKyL[ylocsl CIOKHOCTh, TaKue paboThl
BIIOJTHE TTOCUJIBHBI I ydanmxcs 10-X KJ1accoB U MOTYT OBITh MHTE-
pecHBl mpemonaBaresiM  (GU3WKH, MaTeMaTHKH, WH(QOPMAaTHKH,
XUMHH, OMOJIOTHH, Teorpadum.

B Teuenue 5 netr B popme HaCTaBHUUECTBA U HAYYHOT'O KOHCYIIb-
THPOBAHHUS OCYLIECTBIISIIACh MOATOTOBKA MOJIO/IBIX MI€1aroroB-uccie-
noBarenel oopazoBarensHoro neHtpa (cpeau Hux H. FO. JIrobumosa,
YYEHUKH KOTOPOW HEOJHOKPATHO CTAHOBWJINCH MIPU3EPAMHU U Jaypea-
TaMU paA3IUYHBIX PErHOHAJbHBIX U MEXBY30BCKMX KOHKYPCOB).
Totomopckylo no00epxcKy maxkux padom MOo2ym oCyujecmenimo
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oadice HeCKONbKO npenooasameinetl, 03048 émecme C VUaUjUMUCS
MBOPUECKYI0 SPYNNY.

Pa3BuTHe y)xe HauaThIX paHee UCCIIEOBAHUN TaK)KE UMEET MECTO
B paboTax Mo U3yYECHHIO MOBEPXHOCTHBIX CHUJI (TOHKHE TUICHKH). ITO
OYEHb HAIVISAHBIC, NHTEPECHBIE SKCIIEPUMEHTHI: PABHOBECHE TOHKUX
MBUIbHBIX TUICHOK, Pa3JInYHbIC BUbl HEYCTOMYMBOCTH, UX ABH)KEHUE,
KoJie0aHus, MHTephEPEHIITMOHHBIC SBICHUS | T. TI.

Wnes uccrnenoBanus MOXXeT OBITh BBICKAa3aHA CAMHM YYalllUMCH,
BO3MOKHO Y HETO €CTh KeJJaHUE U BOBMOKHOCTH MPOJOHKUTD YTO-TO
y)K€ HauaToe UM paHee. B asmom cnyuae npenodaséamento moogice
HEOOX00UMO GHUKHYMb 8 CYUHOCMb 80NPOCA, 0amb HeoOX0OUMble
cosemvl, NOMOYb pA3BUMb UNU CKOPPEKMUPOBAMb HANPABIEHUE
uccnedosanus. Tak, HapUMep, Mbl HE CTaJIM OTBEPrarh JKeJaHue yJa-
LIUXCSI CKOHCTPYUPOBATh IEKTPOMArHUTHYIO «IylIKy ['ayccay. Yua-
nmecs 11-ro kimacca yCnenrHo CrpaBUIIMCh € ATOW paboToil. XOoTs 3TO
YCTPOICTBO XOPOIIO M3BECTHO, CYHIECTBYET HEMaJl0 KOHCTPYKLHH,
OHM, TEM HE MEHEE, CMOIVIM BHECTH B HETO Psiji OYEHb MHTEPECHBIX
Monupukanui. Pabota 3acimyskuia BBICIIYIO OLIEHKY Ha KPa€BOM KOH-
Kypce uccieoBaTeabcKkux padbot «Jlep3anue».

VYyammuecs B UTHTepHETE YacTO HAXOIAT pOMKHK Youtube ¢ 1eMoH-
cTpauueld pU3NYECKUX U XMMHUYECKHX OMbITOB. ONBIT caMm 1o cede
elle He MccieloBaHue, HO MOJKET CTaTh OCHOBOM /171l Hay4HOH pabo-
Thl IIKOJbHUKA. Tak, OMBITHI C HEHBIOTOHOBCKUMH KHUIKOCTSIMHU
(kpaxMmai, CMEIIaHHBIM C BOMOI), TBEpAO-yNpyruMU MaTepuagaMu
JIaJTM HavaJIo 1eJI0 cepuu ucciieaoBarebekux padot (2011-2015 rr)
(puc. 3.4).

HOpwuii I. (2015 r.) paccmoTpen pa3sHOOOpa3HbIC MPAKTUUYCCKHE
MIPUMEHEHHUS MMOI0OHBIX MaTepUasoB OT JAETCKUX UTPYIIEK 10 BOIPO-
COB 3aMe[JICHUs TEUEHUS celiel U JIaBUH, CHI)KEHUS DHEepro3arpar B
MUIIEBON TPOMBIIIJICHHOCTH (BapeHbE, Kapameb).

2. HanpaBneHue uccie0BaHUi MOXKET ONPEACIIUTD U NPenooasa-
meinb, npusiekas pebam K ceoel HayuHou memamuke. B MHoOrompo-
¢unpHoM snniee npu [THUITY (numeir Ne 1) ecTecTBeHHOHAy4YHBIE
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Puc. 3.4. OGHapyxeHO HEOOBIYHOE CBOMCTBO MaTepuaa (0o0iexa):
AHU30TPOIHUS TIPU PE3KUX BO3ICHCTBUIX

JMCLUUIUIMHBI B CTApIINX KJaccax BelyT MpernojgaBareny By3a. imen-
HO TIPU TaKOM IOJXO/€ BO3HHUKAJIU CUTYAIMH, KOTJA y4Yalluiics, BbI-
nosiHuB Y P B nunee, nponoiskai CBOM UCCIIEI0BAaHUs B By3€.

3. Temaruka paboT MOXeT OBITH chOPMUPOBAHA TIPU COBMECTIHOM
yuacmuu npenooagameneti eCrmecmeeHHOHAYUHbIX U SYMAHUMAPHbIX
Ooucyunaun. Takol MOIXOA MOXXHO CUUTATh HAMIYYIIUM B YCIOBHSIX
MEXIUCIUIUTMHAPHOTO B3ammojeicTeus. Tak, padora Kcenun M.
OblIa MOCBSAILEHA UCCIeN0BaHuI0 cMbIcia ciioBa SMART, nosiBuBIiie-
rocs B Haulel peuu B KoHue 1990-x ronos.

Ota TeMa Oblila MHTEPECHA KaK MpEenoaaBaTesiM pycCKOro M aH-
IJIMHACKOTO SI3BIKOB, TaK U YUUTEISIM-«ECTECTBEHHUKAM», TaK KaK 3TO
CJIOBO CTaJIO YaCTO O3HAYaTh XapaKTEPUCTUKY PA3TUYHBIX YCTPOUCTB,
npubopoB (smart device), naxxe nmpoaykToB nutanus (smart drink),
IIPOLIECCOB U T. 1.

Eme omuH mnpumep: HCTOPUYECKOE pa3BUTHE MPEICTABICHUN
0 (hu3HYECKOM CMBICIIE CIIOBA «BEC)» TeJla B PYCCKOS3BIYHBIX U aHIJIO-
SA3BIYHBIX yueOHuKax HaunHas ¢ 1890 rona.

Kaxnass pabota o00s3aTebHO COMPOBOXKAACTCS aHHOTALUEH
(abstract) Ha WHOCTpPAaHHOM sI3bIKE, 4Yalle — Ha aHIIUHACKOM [5].
[To3TOMy HM3yueHHIO MHOCTPAHHBIX S3BIKOB, HX HCIIOIB30BAHUIO B Ha-
YUHOU peUM TaKXkKe CIEAYeT yAEIUTbh BHUMAaHME, TaK KaK 3TO CTaHO-
BUTCS YCIIOBHEM MOOHMJIBHOCTU M KOHKYPEHTOCIIOCOOHOCTH BBIITYCK-
HUKa 00pa30BaTeNbHOIO YUPESKICHHSA, a 3aTeM U CIEIHATUCTA.
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[IpoBenenue crnenuasbHBIX 3aHATUN COBMECTHO C IpenojaBareiieM
MHOCTPAHHOTO sI3bIKa U IMPErnojaBaTeieM eCTeCTBEHHOHAYYHOH auc-
LUIUTMHBI, @ TAK)KE€ CEMUHAPOB yUaIIUXCSl HA HHOCTPAHHOM SI3bIKE MO-
XKeT 00ecreunTh CYIIECTBEHHBIH yCleX B MPaKTUYECKOM OCBOEHUU
A3bIKA.

UccnenoBarensckass paboTa MOXKET CTaTh pPa3BUTHEM TOW WM
WHOM y4eOHOH (pr3ndeckoil (XUMHUECKON, MaTEMaTHIECKOM) 3a1a4H.
Takue 3amaun CONMPOBOXKIAIOTCS MHOXECTBOM OTpaHUYEHHH (ruro-
T€3), HaIIpUMep HeBecoMasi U HepacTsKUMasi HUTh, «COTIPOTUBIICHUEM
BO3/yXa IpeHeOperaemy, uaeaabHbli Ta3, abCONOTHO TBEPIOE TEIO,
OJTHOPOJHOCTH U U30TPOMHOCTH TEJ U T. II.

[Tpubnmxenue k 6osiee peanbHOM CUTYaIlMU BITOJIHE MOXKET TIpe-
BpaTUTh TUIOBYIO 3aJady B HMccienoBaHue. MHoOrue 3agadu, HECMO-
Tpsl Ha KaXYIIYIOCS MPOCTOTY, OKAa3bIBAIOTCSI OYEHb HMHTEPECHBIMU
U TPaKTUYECKU 3HAYMMbIMHU. V3BecTHash TpeHUPOBOUHAs 3ajadya
O JIBIDKEHHUH Tell 110 HAKJIOHHOM IUIOCKOCTH (C TpeHUeM Wiu 0e3 Tpe-
HUS) BKJIFOUEHA BO BCe COOpPHHUKHM 3a/a4 Mo (U3MKEe U B DK3aMeHa-
LIMOHHbIE BapUaHThI. bhIBaeT, 4To Takue 3aauu yCI0KHEHbI HaJTU4U-
eM OJIOKOB, CBA3aHHBIX TeJ, JEHCTBHEM IEKTPUUECKOTO U MarHUTHO-
ro noneii. Ho B xypuane «KBaHT» MBI oOpaTwiii BHUMaHHE Ha
CTaThbl0 O JIBIJKEHUU 10 HAKJIOHHOM MIOCKOCTH OymakHOW uryp-
ku — ¢uekcmana [6]. Ero nBwkenne yuammuiics (ITaBenm Y.) HazBan
«ceMeHsImuMy. JlelicTBUTENbHO, (piIeKCMaH HE CKOJIB3UT, a Mepeme-
raeTcsi, ObICTPO MepecTaBisisi «HOKKNY». PedsTa BCIOMHUITN JETCKOE
ctuxoTBopenue A. bapro «Maet Obr90k Kadaercs...». ITO TO Ke ca-
MoO€ SIBIIEHHE, UCTIOIb30BAHHOE B I€TCKOM Urpyike. [IBukeHne Tako-
ro 00BbEKTa YUCHHK JCTAITHHO UCCIEN0BAN: Al (pru3ndecKkoe 0ObsICHe-
HUE, OIpeNeInsl XapakTep JIBWKEHHUS B 3aBHUCHMOCTH OT Pa3MepOB
(rekcMaHa, U3MEHEHHsI TOJIOKEHUSI €ro LIEHTpa TSKECTH, HAKIIOHA
IJIOCKOCTH, TUIA MOKPBITUSA (II€POXOBATOCTH) U T. 1. OH Takxke Mnpe-
JIO)KWJT BAPUAHThI YCTOMYMBBIX KOHCTPYKIIMI M 1)1 C 3TOM TOYKH 3pe-
HUSL CBO€ OOBSCHEHHE: «Io4YeMy M30yIlIKa — Ha KYphUX HOXKKaX».
B npyroii pabote (EBrenus [1.) paccMOTpeHO paBHOBECHE PA3TUIHBIX
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(¢buryp Ha HaKJIOHHBIX IIOCKOCTSIX (KOHYC, KyO, MHOTOYTOJIbHUK).
Crnenmanuctsl aBTogopokHoro ¢gakynasrera [THUITY onenunu npak-
TUYECKOE 3HAYeHUE PabOThI M1 TO00pa ONTUMAIBLHON (HOpMBI Ya-
CTHI] UCKYCCTBEHHBIX HACHIITHBIX TOPOKHBIX TOKPBITHIA.

Temvt u Kpanikoe onucaHue y‘l€6H0-1/lCCJZ€00861m€JZbCKMX
u meop4ecKkux pa60m CmapuieKi1acCCHUKO8 mamemamu4ecKux
u ecmecmeeHHOHAYYHbIX KlAdCCo8

Jlasiee paccMOTpeHbI pabOThI, OXBATHIBAIOIINE IIIMPOKUI KPyT (hH-
3udeckux sBiieHUi. Creayer emie pas MoauyepKHYTh 3HAYCHUE MEX-
MPEIMETHOM MHTETPALIMH — HEOOXOAMMOTO YCIIOBHUS MPABHIILHOTO TI0-
HUMAaHUS OKPYXKAIOIICH NCHCTBUTEILHOCTH, SIMHCTBA MPUPOabL. [Ipu
no00epIHCcKe eCmecmeeHHOHAYYHbIX UCCTe008AMENbCKUX pabom 0co-
OeHHO 8adICHO yuacmue npenooasamernell MamemMamurku u uHgpopma-
muxy. MHOTHE WJEH WCIOJb30BAHUS MaTeMaTHYECKOTO armapara
WHUIUUPYIOTCS MMEHHO MaTeMaThukaMu. Takke Cepbe3HbId BKIIAJ
B TIOMOIIIb YYAIIUMCSI MOTYT 00€CIIeYMTh KOHTAKTHI C TIPEIo1aBaTelIs-
MU BY30B M CIICI[UAIIMCTAMHU MPOU3BOJICTBEHHBIX Mopaszenenui. Ca-
Moe 2naghoe, ymobwbl yuawuecs UOeiu 9Ny KOIIe2UAIbHOCHb U nepe-
HOCUIU ee HA CE0U 83AUMOOMHOULEHUS.

OCHOBHOI cocTaBisIOmEed HccienoBanuil yyamuxcsa 10-11-x
KJIACCOB SIBJIICTCS, 110 HALIEMY MHEHHIO, SKCIICpPUMEHT. IMeHHO TTpo-
BOJISI peajibHbIC HAOIIOMCHUS M M3MEPEHUS YUAIIUHCS MOXKET TIPUMe-
HUTb CBOM 3HAHUWs, MPUOOPECTH HOBBIC, MCIOIB30BATh MPUOOPHI,
YCTaHOBKH, COOPATh JIEKTPUUICCKUE CXEMbI — HE YUCOHBIC, TPEHUPO-
BOYHBIC, @ TE€, C IMOMOIILI0 KOTOPBIX OYIyT MOJydYeHBbI OTBETHI Ha
MOCTaBJICHHBIC BONPOChl. Cpeln yJamuxcs: paclpoCcTpaHEHO YOeK-
JICHHE, YTO BCE yIKE U3BECTHO, «Pa3Be 51 CMOT'Y YTO-TO OTKPBITHY, «HY,
3TO JICJIAKOT YUEHBIO» U T. 1. Yuumenio-moiomopy Heobxooumo nomousb
VHAUUMCSL npeodosiens 9mo 3a0nyxcoenue, NOKA3amv, 4mo «on-
KPbIbY CE0U 3aKOH, Y3HAMb MO, YMO euje HUKMO He 3HAem — Mo
BNOJIHE OCYULECBUMOE, PEAIbHOE OeliCmBUe.
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1. Tlpumep paboOThI, pe3yIbTaThl KOTOPOW OKa3aJIMCh HACTOSIIAM
otkpeiTieM (Makcum K. u Bmagumup I1., 1991 ).

D10 OBLT TEPBBIN ONMBIT conpoBokaeHust Y P, Yaamumes Op110
MPeI0KEHO MPOCTO MOMOYb MTPETOAABATENIO BBIIOIHUTE PSJT UCCIIE-
NoBaHUU. 3amaHue ObUIO OYEHb MPOCTOE: MPUTOTOBUTH PACTBOPHI
XUMHUecknx peareHToB. Cama pabora Obula TOCBSIIEHA MOUCKY
3¢ ()EKTUBHBIX XUMUYECKHX PEAreHTOB, 0OPa3yIOIIMX MajaopacTBO-
pUMBIE OCAIKH-KOJUIEKTOPBI ISl W3BJICUEHUS MUKPOKOIUYECTB 3Jie-
MEHTOB ((pu3uyeckass W aHATUTHYECKAs XUMHS) C TOCISAYIOIIHM
CHEKTpaJibHbIM aHanu3oM. Pebsita oOpaTwiyu BHMMaHHE Ha TO, YTO
4yeM 3(eKxTrBHEEe peareHt, TeM TpyAHee MPUTOTOBUTH €ro pacTBop,
TaK KaK Ha MOBEPXHOCTHU MOSBIISIETCS ciabasi, HO JOBOJIBHO yCTONYHU-
Bas NIEHKA (OMBITHBIN J1a00paHT MPOBOJUT MPOLIECC OYEHb aKKYpPaTHO,
KaIlIM BOJbI CTEKAIOT [0 CTEHKaM MEPHOM KOJObI, M TMeHa He o0pa-
3yercsi). Y IIKOJIBHUKOB elle He ObLIO TBEPIBIX HABBIKOB, IIOITOMY
MpU 100aBJICHUU PAacTBOPHUTENS (BOABI) MO KAIJISIM B MEPHYIO KOJIOY
KalUll [pH MaJeHUH B PAcTBOpP OOpPa30BBIBAIM MY3BIPHKU TICHBI.
Mo:xHO ObUTO OBl HE MpUAABaTh ATOMY 3HAUEHUs, a IPOCTO JaTh pe-
0gTaM BO3MOXXHOCTb IMOTPEHUPOBATHCS U HAYYUTHCS aKKYPaTHO «J10-
BOJIUTH PAcTBOpP 10 MeTKW». Ho yke camu IIKOJbHUKU 3aUHTEPECO-
BaJIUCh TE€M, KaKoe CBOWCTBO pacTBOpa OTBEUYaeT 3a MEeHOOOpa3oBa-
Hue? IloyeMy my3bIpbKH IEHBI 00pa3yroTCsl MPH HCIOIb30BAaHUU
HanOonee >(PPeKTUBHBIX, HAUMEHEE PACTBOPUMBIX B BOJIE pearcH-
ToB? C 3TOr0 MOMeHTa padoTa yJalmxcsi IpruoOpesta uccaea0BaTesb-
ckuil xapaktep. OHu mogo0panu crnocod u3MepeHus: TOBEPXHOCTHO-
TO HaTSHKCHHS (o) ¥ TIPOBEIN OOJIBIITYIO CEPHIO AKCIIEPUMEHTOB, UC-
CJIEJIOBAB Psii PEareéHTOB CXOJHOW CTPYKTYPhl, HO OTJIMYAIOIIMXCS
3aMecTuTeIsIMA B Mojiekynax (puc. 3.5 a). OnbITel OOHAPYXUITH
BECbMa CYyIIECTBEHHOE Pa3linyie B MOBEPXHOCTHBIX CBOMCTBAxX pac-
TBOpOB (puc. 3.5 0).

Koaddunment o xapakrepu3yeT MOBEACHHUE BEIIECTBA HA TPAHUIIC
pasnena cpen (daime Bcero pactBop — Bo3ayx). Ho pebsara 3annTepe-
COBAJIUCh U JPYTUMHU CPEIaMH: KUJKOCTb — KHJIKOCTb, KUAKOCTh —
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o
(@)

Puc. 3.5.
a — CtpykTypHas GpopMyna UcClIeOBaHHbIX PEarcHTOB;
60— norapudmMuiecKre 3aBUCUMOCTH KO3()()UIIMEHTOB OBEPXHOCTHOIO Ha-
TSDKEHHS (0) OT KOHLIGHTPALUH PacTBOPOB

TBEP0€ BEIIECTBO. Bce n3MepeHus ganm Xopoiiee KOppesiuoHHOe
COOTBETCTBHE MOBEJCHHUS PEAreHTOB HAa MEX(a3HBIX IpaHUIAX. DTH
WCCIIE/IOBAHMS TTOJIOKMIIM HAYaJI0 MPEACTABICHUSM O CYyIIeCTBEHHON
poiu THAPOPOOHOCTH aHATTUTHYECKUX peareHToB. Pe3ynbsraTsl ObLTH
oIy OJINKOBAaHBI B HAYYHOM JKypHAJIe.

OdeHb BaXHBIM OKa3aJIOCh TAKXKE TO, YTO yYallUeCs YBUICITH
HEOOXOIMMOCTh BJIAJIETh 3HAHUSMH M3 CAMBIX Pa3JUYHBIX OOJacTen
Hayku ((pu3mka, XUMUs, MaTeMaTHKa) U PAlMOHAIBHO MX HCIIOIB30-
BaTh.

Takum 0bpazom, mvlomopy HA00 CMUMYIUPOBAMb HAOIIOOAmeNb-
HOCMb Y4auuxcs, oopawjams ux HUMAHUe 0axdce Modxcem Oblmsb HA
nepewlil 6327150 HA HeCYWeCmeeHHble CMOPOHbl A61eHUs, UCKAMb He-
cmaHoapmHuvle noOXo0bl, eCiu YYawuecs camu noOMemuiu 4mo-mo,
VOUBUNUCH YeMY-TUOO, MO CAMOMY OMHECMUCHL K IMOMY C UHmepe-
COM, mepneHuem, BHUMAHUEM.

2. Pa6ora Jlrommunst P. (2014 1) Takxe ogHa W3 Tex padoT, Juist
BBITIOJTHEHHSI KOTOPOH MOTpeOoBanCh 3HaHUS PU3UKHU U B OOJbLIEH
CTETIeHU XMMHUHU. YUEHHUIIA ONpeeNsia XHMUIECKHI cocTaB (MeTa-
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JIbI) TIMIIEBBIX MPOIYKTOB (COKH) C
MOMOIIBI0 MeToAa OyMa)kHOM Xpoma-
torpaduu (puc. 3.6). Ha ¢orto noxa-
3aH aJIcCOPOIMOHHBIN XpomMaTorpadu-
YECKHUU CIIE]l, HA KOTOPOM OTYETIMBO
BUJTHO pazJielieHne BellecTB. B Huxk-
HEW 4aCTH MHKa PO30BBIA I[BET COOT-
BETCTBYET HAJIMYHIO MOHOB MarHWs,
KOTOpbIE HE OBLITU YKa3aHbI B COCTABE
coka. AHaaW3 CcoOCTaBa ITHIIEBBIX
MPOAYKTOB SIBJISIETCS BaXXHBIM TIPH
WX MPOU3BOICTBE U, CIEI0BATENBHO,
OIIPENEIAECT UX KaYECTBO. Puc. 3.6. Xpomarorpamma

Ilpu evinonnenuu 3moti pabomuol pacTBopa (pyKTOBOrO COKa
nompebo6anacb no00epICcKa cneyu-

ATUCMA-XUMUKA: NOMOWb 8 000pYO08anul paboueco mecma 6 1a0o-
pamopuu, UHCMpPYKMuposaHnue no mexuuxke 6e30nacHocmu u oowvsc-
HeHue npasu pabomol 8 XUMU4eCKol 1ab0pamopu.

3. Cepreii T. (2013 r) cam npuayman Ha IEpPBbII B3I CTPAHHOE
uccnenoBanue. Bor kak oH chopmynupoBan uaer padotsl: «Bce Mbl
B ’KM3HU CTAJIKUBAJIUCH C TAKUM (DU3HUECKHUM SBJICHUEM, KaK KOH/ICH-
canus. Taxke MBI 3HaeM, 4TO €CJIM MOJBIIIATh HA CTEKJIO, TO Ha HEM
MOSIBUTCS] TYMAHHOE TISITHBIIIKO — 3TO U €CTh KOHAeHcaT. OnHako mo-
TOM MBI MO>)KEM 3aMETUTh, UTO Yepe3 HEKOTOPOE BPEMsI 3TO MATHO UC-
Ye3HeT — KOHACHCAT MCTIApUIICs. YUaIuics TIIATEIBHO MPOBEI BCE
HeoOxoauMbIe uccieaoBanus. [loAroToBMII pa3nuyHbie TOBEPXHOCTH,
MpHUIYMal, KaK MEHSTh BI@XXHOCTh BBIIBIXaeMOTO BO3/IyXa, U3yUHII
BIMSIHUE TeMIieparypsbl U T. A. (Puc. 3.7).

Pesynprartel paboOThl MPENCTaBUIN HHTEPEC I CIELUATHCTOB
B CaMbIX Pa3HBIX O0JIACTAX MPOM3BOACTBA (HedTeXuMUUYECKOe, 1e-
JIIOJI03HO-O0yMa)kHOE, METUIIMHA, OMOJIOTHSA) U MOTYT OBITh OITYOJIHKO-
BaHbl B HAYYHOM JKypHaJle.
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Puc. 3.7. I'padukn 3aBUCHMOCTH BPEMEHH UCTIAPEHUS KUIKOCTH
C TIOBEPXHOCTH OT BPEMEHH, TEMIIEPaTyPhl OKPY’KaAIOIIEro BO3ayXxa
Y BUJIAa TOBEPXHOCTH

4. Kak y>xe ObUI0 OTMEUeHO, pabOThl, CBA3aHHBIE C UCCIIEOBAHNUS-
MU MOBEICHUS TOHKUX IUICHOK, JAIOT OYeHb HAIVISIIHbIE IIPEe/CTaBIIe-
HUS TIPOIIECCOB, MHTEPECHBI MaTemaTtudecku. [Ipumep Takoi pado-
Tol — «MccnenoBanye ABM)KEHUSI TOHKUX MbUIbHBIX IJIEHOK B KOHUYE-
ckux TpyOkax». B pasnbie roas! ee BomonHsin Muxawni T. (2003 1),
Poman I'. (2010 r.), Anekcannp b. (2012 1.). 3a ocHOBY ObLT B3SIT CTa-
PUHHBIN KJIACCUYECKUM OTIBIT: B KOHMYECKOU TPYOKE TOHKAsi MBUIbHAS
IJICHKA CTPEMUTCS IEPEMECTUTHCSA K 00Jiee y3KOMY KOHITY. Yyariuecs
B CBOMX paboTax CTaBsT BOIPOCHI: KAKOB XapaKTep JBUKEHUSI IUICHKU
1 KaKuMU (paKkTopamu OH OIpesiessieTcs; Kak cpopMyInpoBaTh 3a/1a4y
0 TaKOM JIBW)KEHUH; KaK BeJleT ceOs MIeHKa B TOPU30HTAIILHOM TPYO-
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Ke, B BEPTHKAJIbHOW, HAKIOHHOW W T. 1.7 Takas 3amada 10 ATOTO
He Oblla paccMOTpeHa HHM TEOPETUYECKH, HU DKCIIEPUMEHTAIBHO.
VYyamuecs 2012 roga 3HaUUTEIbHOE BHUMAHHUE YICTUIIN MPAKTHYE-
CKOMY UCIOJIb30BaHUIO SBJIECHUS — MUKPOJIU(T B BEPTUKAJILHBIX TPYO-
Kax, BbIJlyBaHUE Ta30B U MbUIM U T. A. Pe3ynbTaTsl TE€OpPEeTHYECKOro
pemenus 3anaun (2003 r.) OpUTH OMYOIMKOBAHBI B HAYYHOM YKypHAJIe.
Bce 3t paboThl 3acay WK BHICOKOM OIIEHKH KIOPU HAa PErHOHAIIb-
HBIX ¥ BCEPOCCUNCKUX KOHKYpCaX.

5. HTepecHy10 U CIOXKHYIO, C CEPbE3HBIMU MAaTEMATHYE€CKUMU
pacueramu padoty BeimonHuIa Anekcanapa C. (2013 r.) — «Heycroii-
YUBOCTB I'PAaHMIIBI pazzena cpeny (puc. 3.8).

Cepvesnas noodepaiicka u nomows 8 3motl pabome Oblla OKA3AHA
npenooasamenimu mamemamuxy. 31eCh HEOOXOAMMO OBLTO MCTIONb-
30BaThb HMHTETPAJIbHOE HCUUCIIEHHE, pelleHue AuQQepeHnaIbHbIX
ypaBHeHUU U T. . ConposodicoeHue 3moi pabomvl npeocmasisiem
XapaxkmepHulil npumep KOoMIe2UAIbHOCMU. pabomy aHaIu3Uposanl
KaK cneyuanucmol-Qu3uky, maxk u MamemMamuky Ha cemunape Kage-
Opul npuxaaoHnou ¢uzuxu [THUITY.

Puc. 3.8.
a — JIBKeHHe Karuly ’KHJIKOTO KoJtonaa (TyIIH) B BOJIE CONIPOBOXKAAETCS
IposIBJIEHUEM HeycToiunoctu Panes — Teiiopa,
0 —CTeKaHMe Karenb ¢ Topa — JIMHUSL POPMUPOBAHUS Karelb (BUI CBEPXY)
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6. [Ipumep paboTHI, KOTIa ydalIuecs 3aX0TeNIU U CMOTIIHA UCTIOJb-
30BaTh CBOE€ YMEHHUE paboTaTh ¢ KOMIBIOTEPHBIMH IIporpaMMamMu 00-
pabotku 3Byka Cool Edit Pro (Adobe Audition). Anexcauap U. u Bna-
aumup T. (2010 1) uccnemoBaan 3ByKH, COITPOBOXKIAOIINE TIPEIIEC-
CHOHHOEBpaIlleHNE METATUTMYECKOTO T CKA (TUCK Dityiepa)—13BECTHBIN
(hU3UYECKHIA OTIBIT.

Ho mnenp pabotsl, cocTosias B TOM, YTOOBI MpOaHATU3UPOBATH
3BYKH, IMOJIy4YE€HHbIE MPU BPAIICHUU JTMCKAa Ha MOBEPXHOCTSIX C pas-
HBIM MOKPBITHEM, U PACCMOTPETh NPUMEHEHHUE MOIYYEHHBIX PE3YIib-
TaTOB Ha MPAKTHUKE, MPEICTABIIsIa COOON yKe HOBBIN moaxoa. Mero-
JTMKa MCCIIEJOBAHUS: YaCTOTHBIM aHaU3 3ByKa METAJIIMUYECKOTO JHC-
Ka IIPU €ro BPAILLEHUH Ha TBEPIOU MOBEPXHOCTH OCYILIECTBISUICA Ha
OCHOBAHUH JIAHHBIX ayJIMOTPaMM U crieKTporpamm (puc. 3.9), o6pado-
TaHHBIX C MMOMOIIBIO Tporpammbl Adobe Audition.

BoinmonuHss aTy paboty, ydamuecs MO3HAKOMUIMCh C METOIaMu
pasnoxxeHust kosiebanuii B criekTp (Pypbe-aHanu3, BEUBIIET-aHATIU3).
AHanu3upys MOIYYEHHbBIE Pe3yJabTaThl, MOATBEPIMWIN OJHY U3 THIO-
T€3, CBA3aHHYIO C MOBEJACHUEM TAKOTO TeJa: B KOHIIE BPALEHUS AUCK
NEUCTBUTENLHO MaaaeT (HEOOBIION BCIUIECK HA BCEX JUArpaMMax).
Kpowme Toro, ot uccienoBanu 3By4aHue AUCKa HA CAMBIX PA3JIMYHBIX

AVRI L

a 0 B
Puc. 3.9.
a — Jluck Diinepa u pe3ynbTaThl 3aliCH 3ByKa IPH €ro BPalllCHUH;

0— ocuujiorpaMmma 3ariiCaHHOI0 3ByKa,
6 — CIICKTpOIrpaMmma
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IMOBEPXHOCTAX, BbICKA3ajlu HMJACH O IMPAKTHYCCKOM HCIIOJIb30BaHHUU
seiieaus. Ponb movronopcKkozco conpoeoofcdeﬂu}z 6 omom ciydae
cocmosia 6 mom, umoowl unmepec ydauwuxcsia K UCnojib306AHuUI0 36y-

KOBbIX pedaKmopos (8ce UKo/b-
HUKU  YBIeKAIUcb Uepou  Ha
MY3bIKAIbHLIX — UHCMPYMEHMAx)
C843amb ¢ KOHKpemHbIMU Qhusuye-
CKUMU A8NeHUAMU U OCBOUMb HO-
8ble 3HAHUAL.

7. CHOXHYI MEXIUCIUILIH-
HapHYIO0 MCCIIEIOBATENbCKYIO pa-
00Ty TIpU OelCmEeHHOU NOMO-
wu npenooasameineti Mamemamu-
KU U UHGOpMamuKky BBHITTOTHUIH
Wnesa K. u Bukropus K. (2011 r.).
OTo yXKe cepbe3Has pabora, CBf-
3aHHas C IOUCKOM JIe(heKTOB B Ka-
OEJIbHOM TEeXHUKE. Ydalquecs
MO3HAKOMUJIMCH C METO/IOM CIIEK-
TPAJILHOTO PA3NIOKEHUS pa3iny-
HOTO BHUJIa CUTHAJIOB — BEUBIET-
aHanu3oM. B kadecTBe T€CTOBOTO
npuMepa cHavasia ObUl UCTIOJIB30-
BaH KOPOTKUH coneHoup. MHayk-
1Sl MArHUTHOTO TOJISl COJICHOM 1A
OblIa paccuuTaHa TEOPETUYECKH,
M3MepeHa SKCIIEPUMEHTAIbHO H
MpOaHaJIN3UPOBaHA C TOMOIIBIO
BeiiBIeTHOTO pasnoxeHud. [lo-
CTpOEHHUE BeUBIET-peoOpa3oBa-
HUSl OHH BBINOJIHWIN B MaTeMaTH-
YEeCKOM raKeTe MathCAD
Wavelet Toolbox (puc. 3.10).

1 Dvoampeton st el 152 41 91

4 o -,_.++i_'_H__“ I JI

L L ]
S 00 180 00 P40 08 30 40 480 %0

a

B

Puc. 3.10.
a — I'paduk s — ucxomHsI, d;— ero
BeliBneT-00pa3. l3meHeHne HHIyK-
UM COJICHOMIa MOXKHO Pa3OuTh Ha
TpPU STama: BHYTPH KaTyLIKH, Ha
KOHIIAX KaTYIIKH M BHE KaTyIIK{
(mo ee ocm). Ha rpaduxke d, ordyer-
JMBO TMPOCMAaTPHUBAIOTCSl BCE ATU
JTaIlbl;
6 — BeliBIeT-00pa3 MecTa MOBPEK-
JICHUS 3JIEKTPHUECKOTO Kades
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8. Akagemuk M. Kenpapim, nzydas mpoOieMy, CBSI3aHHYIO C pas-
pYLIEHUEM PAaKeThl Ha B3JI€TE, MPEIIOIOXKIUII, YTO «B OaKax ¢ TOIUIU-
BOM pa3BUBAJIUCH KosieOaHUs U pa3pylianu pakeTy». [logadya Tornmusa
B YKapOUHYI0 KaMepy aBUAI[MOHHOTO IBUTATENsl TOKE MOXET MPOUC-
XOJIUTh «PBIBKAMU» — 3TO SIBJIEHHE Ha3bIBaeTCs «mommaxy». FOmusa K.
u Onpra I1. B kauecTBe MOAEIM ATOTO MPOIIECCa PACCMOTPENN BbITE-
KaHHE JKUJKOCTH (BOJBI) U3 TUIACTUKOBBIX OYTBUIOK, MMEIOITUX THO-
Kue creHkd. Boga neperexaeT U3 oHOM OyTHUIKH B APYTYIO C Xapak-
TEPHBIM «OyJIbKaHbeM». Ydaluecs MpoBen OOJBIIYI0 CEPHIO IKCTIe-
PUMEHTOB: HCIOJNB30BaM OYyTBUIKA pa3HOH (OpMbI, pa3HbIe
KUIKOCTH, U3Mepsisi BpeMs (mepuo) ogHoro «Oyiabkay. [Tockombky
peub ma 00 yrnpyrux kosneGaHusX CTEHOK, TO IMEePHO MOT 3aBUCETh
OT Macchl KOJIEOMIOUIErocs MpeaMera, KeCcTKocTH Mmarepuana. [Ipu-
KpEIUIsisi K CTEHKaM MarHuThl, YTSOKEISUIN UX; )KECTKOCTh YBEJINUHBa-
JY, 3aKpeIulsisi BIOJIb CTEHOK «pedpa KECTKOCTU» — JIEPEBSIHHbIC
TJIaHKK. Ydammiics puznko-maremarndeckoro kiaacca 2015 roaa, mo-
BTOPSISl 3TH OIBITHI, 3aIMCHIBAT M aHAJIM3UPOBAJI 3BYKH, COTIPOBOXK/IA-
IOIHAE ATOT MpoIecc. B xo0e mbomopckoco conposoicoeHus Ovliu
YCMAaHoBieHvl Konmaxkmol ¢ kageopou «Asuadsueamenuy ITHUIIY,
¢ mem ymobbl yuauuecs NOHANU C853b Pe3VIbmMamos UCCIe008aHUsL
MOOENbHO20 ABNIEHUS C PealbHbIMU NPOYeccamu, 04eHb ONACHbIMU
6 asuayuu. Compyonuxu Kageopvi pekomeH008anu NPoOOJIHCUMb UC-
C1e008aHUSL 8 IIMOM HANPABIEHUU.

8. «Maremartnueckas moaenb kaitay (Erenus K., 2014 r.). Ilo
CJIOBaM aBTOpa, «JaHHasl TeMa aKTyalbHa MIOTOMY, YTO B HaIllEe BpeMsl
CYLIECTBYET MHOTO Pa3HbIX BHJIOB criopra. M HEKOTOpble U3 HUX Ma-
sousBecTHbl. Hanmpumep, kailtunr. Ho mpu 3TOM €CTh 1101, KOTOphIE
3HAOT 00 3TOM BHJE M aKTUBHO 3aHMMaroTcsa uM. Ho cam kaiit, naxe
B Hallle BpeMsl, He SIBISETCS IMOJHOCTHIO JOpaOOTaHHON MOJENbIO
OyKCHUPOBOYHOTO BO3AYLIHOTO 3MeHl.

B nanHO# paboTe MMEeTCsl CIMIIKOM IMIUPOKUN CIEKTP UCCIENO-
BaHUs, U YETKUE LEJU U 33Ja4H Ha TaHHBII MOMEHT BbIIETUTH HEllb-
3s1. [loaToMy B 3T0i1 paGoTe ObLITM yCTAaHOBJIEHBI HEKOTOPHIE YCIOBHS
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JUTSl pacCMaTpUBAaEMOM 3ajJlaud: TOTOMHBIEC YCIOBUS ONpPEISICHHON
MECTHOCTH, CKOPOCTH BETpa, pa3Mepbl Kaiita. M mocraBieHbl He-
CKOJIBKO 3a/1a4:

1. I3yunTh MOTOIHBIE YCIIOBUS BHIOPAHHOW MECTHOCTH.

2. Coznath MaTeMaTUYECKyl0 MOJAENb I pacdeTra MOAbEMHOU
CHUIIBI KaliTa.

3. Cosparb 3D-momens B cpene monenupoBanus AutoCAD
n Kommac-3D.

4. Paccuutats B nporpamme ANSY S naBineHue Ha KalT pu ornpe-
JIETIEHHOW CKOPOCTH BETpA.

5. I[locTpouth quarpaMMmy HampsiKEHUM, 3aBUCSIINX OT CKOPOCTH
BeTpa.

Jyst petnieHuns 3a/1a49 UCTIOJB30BaHBI:

Kommnac-3D — 310 Moayinb i1t paboThI ¢ UepTeKaMu U ICKU3aMH,
KOTOPBIC TEHEPUPYIOT pa3HbIC BUIBI TPEXMEPHBIX MOJIEIICH.

ANSYS — 3T0 MHOrO1€71€BOM KOHEYHO-3JIEMEHTHBIN MaKeT, Po-
rpaMma Jijisl pelIeHus] HHXCHEPHBIX 3a1a4.

3JI-Monenp 0OKa3aaach CIUIIKOM CIOKHOMU, Cpefa MOACIUPOBAHUS
B ANSY'S okazanacek Taxke HeynoOHou. [ToaTomy Obla BeIOpaHa cpe-
na Kommac-3D, B koTopoii Oblia co3aHa MoJieib, HO NIl KOPPEKTH-
pOBKH ObLTa HCTIONB30BaHa mporpamma AutoCAD.

[Tpu co3manum Moaenu ObLTIO HECKOJIBKO CIIOKHOCTEH, TAKUX KakK:

® OTCYTCTBHUE YEePTEKEH KOHCTPYKIUH;

® OTCYTCTBHUE ONMHCAHUS KOHCTPYKIIMM UMEHHO KaiTa.

Ho »Ti mpobGrneMbl ObITM yCTpaHEHBI C TTOMOIIBIO MaTeMaThuye-
CKOM MOJIeNIH, IPEACTABICHHON HIKE, & TAK)Ke HAJIMYMS CaMOM KOH-
CTPYKIIMH, YTO TO3BOJHIIO CO3/1aTh MOJEIb, KOTOpas IMpeACcTaBICHA
Ha puc. 3.11.

KaiiT — noBoJIbHO yHHBEpcajbHasl BEIlb M €ro JCUCTBUTEIBHO
MOXXHO JopabaTeiBaTh. B morogHesix ycnoBusx ropona Ilepmu
€ro MO>KHO HCITOJIL30BaTh B MOBCEIHEBHOM JKM3HU JOBOJBLHO 4acTo,
K TpUMepy, 4TOOBI TEPEeBE3TH TPy3 Uepe3 pPeKy, €clu 0 MocTa
JIOBOJILHO JAJIEKO, a JIOAKH HET. DTO CTaHET BO3MOXKHBIM, MOTOMY
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Puc. 3.11. TlocTpoeHne Moeny JIeTaTeIbHOTO YCTPOUCTBA — KailTa

YTO CHUJIa U HalpaBJIEHUs] BETPOB ONArONPUSTHBI JUISL €0 HCIIOIb30-
BaHMUSL.

CrnenuanucTsl BBICOKO OLICHWJIM YpPOBEHb 3HAHUHM ydalieics
U KauecTBO BBINOJHEHHBIX pacueToB. B Xozme nanbHeimien yueObl
B By3€ (APXUTEKTYpHBI MHCTUTYT) CTYACHTKE PEKOMEH/I0BAIH MPO-
JOJDKUTH MCCIIEI0BATENLCKYI0 paboTy, HCIIONb3Ys MMOJyYeHHbIe 3Ha-
HUS 1 HaBBIKH.

1. Tema cnenyromeit pabotel copmupoBanack ciydaitHo (Spo-
cinaB C., [Tasen K.). Ha puc. 3.12. noka3ana feTckas UrpyIika — nupa-
MUJIKa, TI0 KOTOPOW CBEpPXY BHH3 CITyCKAETCsl KapeTKa, pacKauylBasicCh
npu 3toM. [Tonydaercs yTo-To Bpoze MasTHHKA. Ero nBmkenue yya-
Mecs ONMUCAIN TEOPETUUYECKH, MTO3HAKOMHBILIHUCH IPH 3TOM C 3aKO-

Puc. 3.12. «IlppIratomuii» MasTHUK
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HaMH JWHAMHUKHA BpaIIaTeIbHOTO IBWIKEHHUS, TAKUMU TOHSTHIMH,
KaK MOMEHT WHEPIIMH, MOMEHT UMITyJbca. TeopeTHUeCKrue BBIBOJIBI
OHM TPOBEPUIIH SKCTIEPUMEHTANBHO. [Ineun kapeTku MOXHO YIJIH-
HUTb, YTSKEIIUTHh C TIOMOIIBIO MarHUTOB, T. €. U3MEHITh €€ MOMEHT
WHEPITUH.

B cnenyromme roger yaenuk Huxomait K. TpancdopmupoBan sty
pabory. Ecnm B mepBoM BapwaHTEe KapeTka CITyCKajach, TO Ha
puc. 3.13 moka3zaHO BCIUIBIBAHWE MPH JCHUCTBUM BBITAJIKUBAIOIICH
CHWJIBI Ha IIAPHUKH, COCIMHEHHBIE HUTSIMU C KapETKOM.

Puc. 3.13. BenubIBaromuii MasiTHUK MOJKET UTPaTh POJTb
«dTa-moIHEMHUKA» TEJ HA MOBEPXHOCTh KUAKOCTH

Huxomaii Takke coOpan moabeMHUK OOJBINETO pa3Mepa, UCTIOb-
3yst OOBIYHBIC KpyIiibie mamku. OTCrona BOSHHKIIA HIesl CBOeoOpas-
HOTO TOIBEMHOTO YCTPOMCTBA, IBMKEHHE KOTOPOTO PETryIUpyeTCs
ABTOMAaTHYECKU U B JIFOOOM TIOJIOKEHHH MOXKET OBITh JIETKO OCTAHOB-
JIEHO ¥ CHOBA 3aITyIIeHO (COOCTBEHHO, MBI 3/16Ch UMEEM JIEJI0 C TH-
MAYHON KapTUHOW aBTOKOJIeOaHM, OOpaTHOW CBSI3bIO, KJIAITAHOM).
YCTpOHCTBO MOKHO PUMEHHTD JIJISl TTOJ/beMa TN KaK B KHUIIKOCTSX,
TaK U B Ta3ax. Y4Yaiiecsi pacCYuTailn HeoOXoauMbie 00bEMBI IapoB,
KOJTMUYECTBO HATIOTHHUTEIIS, P TyMaJIi HECKOJIIBKO KOHCTPYKIIUHN T (-
TOB /ISl TIOJ/beMa TPY30B B peajbHBIX YCIOBUSX. Wnest momydmia
JanpHelIee pa3BUTHE: MPEIIOKEHO PACCMOTPETh ATO JIBUKCHUE B
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ANIEKTPOCTATUYECKOM U MAarHUTHOM NOJISIX. Tbromopy 6 OanHou cumy-
ayuu npuuLiocs ObIMb 68 3HAYUMENbHOL CmeneHu Habnodamenem
U cmapamscs He 8HOCUMb NomMex 8 pabomy, TaK Kak ydaliuecs mpo-
SIBJISUTA «Oe3TpaHuYHYI0 (PaHTa3HI0 M N300PETaTeIbHOCThY U CTPEMU-
JIUCh MAaKCUMAJIbHO CaMOCTOSITEJIBHO JIOBOAUTH CBOU UCH JI0 Peallu-
3allUH.

2. Pabora DnpBupsl K. «lIpoektrpoBanue u co3nanue Kehca» —
BeCbMa IpaKTHUYecKasl U aKTyallbHas, OHa PacCKPbIBAET OCOOCHHOCTH
MIPOEKTUPOBAHUS PA3IUYHOTO BUA YIAKOBOK, KOHTEHHEPOB, CYMOK,
noptdeneii, kericoB. Ha puc. 3.14 npencrabien ¢parMeHT IpOeKTa
MPOTUBOYAAPHOTO KeHca.

Puc. 3.14. IlpoexTupoBaHue IPOTUBOYIAPHOTO Keica

bein mpoBeneH uctopuueckuii 0030p PEIICHU ITOW MPOOJIEMBI.
C moMoIIp0 3aKOHOB MEXaHUKH OCYIIECTBICHBI HEOOXOIAMMBIC pac-
YeThl, MPOBEJACHBI AKCIIEPHUMEHTAIBHBIC HCCiIenoBaHus. HecMmoTps
Ha KaXYIIYIOCs MPOCTOTY HJeH, paboTa oKa3aiachk ITyOOKO# 1 MHTe-
pecHol. Toromopckas nodoepicKa c8enacs NPAKmuyecku K noMowu
6 pabome noo pyKosoOCMEOM asmopa, WKOJIbHUYA 4)Y8CMBO8ANLA CeDs.
HACMOAWUM 2PAMOMHBIM PYKOBOOUmMeNeM NPOeKmd.
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3. Kak Bcerpa, yqamuecs MposiBUIN OOJIBIIION HHTEPEC K AICKTPH-
YECKUM SIBJICHHSIM, XOTS Yallle BCETO OHU UMEIOT B BUJY DJIEKTpUUe-
ckue cxembl. Ha xadenpe npuknagnoi ¢uszuku [THUITY mxonsHUKH
MOTYT IIO3HAaKOMUTHCS C pa3HbIMH MpHOOpaMU, YCTPOWCTBAMHU.
Ha puc. 3.15 noka3an yueOHBIN MOAYIIb, HA KOTOPOM MOXHO IPOBE-
CTH pa3InyHble U3MepeHus: U HalmoaeHus. Tak, ¢ TOMOIBIO OCIIHII-
norpada, BCTPOEHHOTO B MOJYJb, MOKHO H3y4daTh KojieOaTelbHbIe
MIPOLIECCHI, TPOBOAUTH U3MEPEHHUS.

Puc. 3.15. IlogroroBka yCTaHOBKH K U3y4EHHUIO
ANIEKTPUUECKUX KOJICOaHUM

4. IMonuaa ®. paborama ¢ ycraHoBkou (puc. 3.16), Ha KOTOpOit
MOYXHO MCCJIEIOBATh MTOBEICHHE TUIABAOIINX KoJienl. OOBIYHO 3TO BbI-
IAIUT Kak 2P PEKTHBIN 1eMOHCTPAITMOHHBIA OTIBIT: YeM OOJIbIIIE MPO-
BOJISIIIIMX KOJIEI] IOMEIICHO Ha CEpACYHHMK KATYIIKH, TEM BBIIIC OHU
pacroararoTcsi.
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Puc. 3.16. YcranoBka s uccieoBanus d3PpPeKTa «IIIaBaroIuX KOJIeIn
(tancgopmarop 3. Tomcona)

AKTyaJbHOCTh BBIODAHHOHM TEMBI JJISl HCCIIE0BaHUI 00yciIoBiIe-
Ha Ba)XHBIM MECTOM 3aKOHOB 2JIEKTPOAMHAMHUKH B Kypce oluiei ¢pu-
3UKH. D(P(HEKT «IPHITAIOLIETO WIN TIABAIOIIETr0 KOJIBIa» MHUPOKO UC-
MOJIb3YETCSl B AEMOHCTpanMu npasuia (3akoHa) Jlenua. Ho Teopus
spdexTa B ydyeOHUKAX MPAKTUUECKH HE mpeacTtasieHa. CaMocTos-
TEJIbHOE UCCIIEIOBAHNE, BBHITIOJIHEHHOE aBTOPOM, MOJKET CTaTh OCHO-
BO JUIsl METOJMYECKOTO MOCOOUS K HHTEPECHOM JTabopaTopHOi pado-
te. B xome BemonHenns [lonnHa mokaszajga KadecTBa, HEOOXOIUMEIE
WCCIIE/IOBATEIIO: YIOPCTBO, aKKypaTHOCTh B BEJCHHM 3aIlUCeil, Bia-
JICHHE OCHOBAMHU TEXHHUYECKUX M3MEPEHUH.

BrIiBozbI 110 pesynbTaraM paboThI:

1. IIpoBezieH 3KCIIEPUMEHT, KOTOPBIH MO3BOJIMI HAOII0AaTh apa-
JIOKCAJIbHOE SIBJICHUE «3aBHCAHUSD KOJIEI] B MATHUTHOM TI0JIE€ KaTyll-
ku ToMmcoHna.

2. Iloka3aHo, 4TO cpe/iHee 3HaU€HHUE CUJIbI AMIIepa 3a Mepuoji Ko-
neGaHUil TOKa cojeHouaa 0e3 ydera MOCTOSHHONW BPEMEHH KOJbIla
pPaBHO HYIIO, a TaKXKe JOKA3aHO, YTO yCpPEIHEHHAs 3a MEPHOA CUja
Awmmnepa siBrsieTcst PyHKIMEH TOCTOSHHOW BPEMEHH KOJIbIIA (7).

3. Ucnonb3oBana ¢u3nueckas BeIUUMHA — «IIOCTOSIHHAsT BpeMe-
HU», C TIOMOIIBIO KOTOPOl MOKHO OOBSICHUTD KaXyIIeecs «IPOTHUBO-
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pedre» 3aKOHOB JIEKTPOMArHUTHON MHAYKITUU W HAOIIOMAaeMbIX d(-
(hexToB.

4. BrIBeIcHO yCIIOBHE paBHOBECHS KOJICIl U MOKa3aHbl (PaKTOpHI,
BITUSIIOIINE HA BBICOTY, IPH KOTOPOU KOJIBIIO OCTAETCSI B PABHOBECHH.

5. Ncxonst U3 MOMy4YeHHBIX COOTHOIICHWH ObUIM CIelTaHbl Kade-
CTBEHHBIE BBIBOJBI O HANIPABJIICHUH CHJIBI AMIIepa U €€ 3aBUCUMOCTH
OT MOCTOSTHHOW BPEMEHH M MacChl KOJIbIIA.

5. Anekcaunp H. u Bragumup /1. BRINOJTHWIA CBOU UCCIIEIOBAHUS
BoiH B CBY-amana3oHe moj pyKOBOACTBOM IperiofiaBaTesiei kKade-
npsl npuknagaoi ¢uszuku [THUITY. Oru camocrosTenbHO coOpanu
YCTAHOBKY, CKOHCTPYHUPOBAJIM MOJENb ONTHYECKH AKTUBHOW CpEIbl
W3 MEIHBIX MPYXKUHOK, UMUTHUPYIOIINX MOJEKYJbI, ¥ HCCIEI0BATH
TOJISIPU3AITMOHHBIC CBOMCTBA ATOM CPEIbl IPH MPOXOKIACHUU UYepes3
Hee ueKTpoMarHuTHeIX BotH CBY-auanazona (puc. 3.17).

Puc. 3.17.
a — Habop MenHBIX PYKUHOK;
6 — MOJIeITb ONITUYECKH aKTUBHOM cpebl B CBU-nuamna3oHe aieKTpoMarauT-
HOTO U3JIyUYCHUS;
6 — TIOATOTOBKA YCTAHOBKH K padoTe

[Ipu mposiBIIeHNH MHTEpeca ydJaluxcss K BOIPOcaM AJIEKTpoMar-
HETHU3Ma TBIOTOPY MPHUILIOCH 00patuThes Ha kKadeapy I[THUITY
K CIHEIUaJIuCTaM, KOTOPhIE CMOTIIA OBl MMOMOYb yYallUMCS B TIOCTa-
HOBKE 33/1a4 ¥ TIPOBEJICHUN UCCIICTOBAHUM.

6. Campble, oXkanyil, NpUBJIEKaTeIbHbIC, HANNISIAHBIC, Ta)Ke Mapa-
JIOKCAJIbHBIC SIBJICHHUS — onTudeckue. [loaTromMy ydammecs: JOBOJIBHO
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4acTO MHTEPECYIOTCS BOMPOCAMH ONTHKH, OCOOCHHO MOCJe JEeMOH-
CTpallMOHHBIX HaOmofeHuit B ynaboparopun. Kak mpaBuio, ontuka
B MPEJCTABICHNUHU IIKOJIBHUKOB K 10-My Kilaccy OCTaeTcsi Ha ypOBHE
MOHATUN TeoMeTpuueckoit onTuku. B madoparopun onruxu [THUITY
MBI JIEMOHCTPUPYEM YHYAIUMCSl pa3IM4YHbIe BOJHOBBIE SIBJICHUS
(mHTEpdEepeHIo cBeTa, MUGPAKIHNI0, TOISIPU3AIMIO, JTUCTICPCHIO)
U pa3InyHble ONTUYECKHUE TPUOOPHI.

JBoe yuamuxcs 2012 roga u yuenuk 2015 roga B pa3Hoe Bpems
MIPOBOJIMJIN MICCIIEIOBAHUS ONTUYECKUX SIBJICHUM. Y YeHUKH 3a(hUKCU-
pOBaJIM LBETHBIE CEKTOPHI, KOTOPbIE HAOIIOAAIOTCS MPHU BpallleHuu
YEpHO-0EJIOro JMCKa, UM OBLJIO HHTEPECHO M3ydaTh BOMPOCH! (pu3no-
JIOTUU 3PEHUsl U MOHATUSA «CcTpoOocKomus». OHU CKOHCTPYHPOBAIIU
CHeIMANIbHBIN BUraTehb AJS PacCKpyuHMBaHUs JHUCKA C Pa3HbIMH Ya-
CTOTaMH U HCCIIE0BAIN MHOXXECTBO ONTUYECKUX WIUTIO3UN. DT sIB-
JIEHUS] MOKHO 3a(pUKCUPOBATH C TIOMOIIBIO CIIEIUATBHOTO JAHUCKA.

B pabotax yuyammxcsi Mojio’keHO Hayajao U3yuyeHHUIO MOJISPU30BaH-
HOTO CBETA IMPH MPOXOKIECHUH €To Yepe3 TOHKUE aHU30TPOIMHbIE TIa-
CTHUHKHU. DTH HUCCIIEI0BaHUs TPeOYIOT JajbHEHIIero pa3BUTHs U MO-
T'YT CTaTh OY€Hb UHTEPECHBIM HaIlPABICHUEM.

Puc. 3.18. Bpamenne amcka ¢ 4epHO-OENbIMH BCTaBKaMu JaeT d¢p¢ekT
B BUJIC PA3HOIBETHBIX ITOJIOC UITH CEKTOPOB
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Takke B MEPCIEKTUBE BO3MOXKHO MPOJOJIKEHHE HCCIEI0BAHUMN
B 00JIaCTH «apXUTEKTYPHOU ONTUKUY» (TEPMUH, IPUIYMaHHbIN YUeHU-
koM Unbeii H.). CBoro paGoTy y4aniuiicsi BEITIOTHWI TTO]T BIIEYATICHH-
€M TEJICBU3MOHHOM nepenayn u3 JIoHmoHa o «aome-youiey. 3acte-
KJIEHHBIN (hacaj noma ObUI BBHINOJIHEH B BHJIE BOTHYTOIO 3€pKala H,
€CTECTBEHHO, (POKyCHPOBAJl COJTHEUHBIE JTyYH. DTO MPUBEIO K TOMY,
9TO aBTOMOOWIIb, OKA3aBIIWICS B 3TOM (hOKycCe, Hadaj IUIaBUTHCA.
VYyamuiics oOparun BHUMaHue, 9T0 B llepMu ecTh TOXOXHE JoMa
U MPOBEJ HE0OXOUMBIE pacueThl U U3MEpeHHUs. [|efCTBUTENBHO, TI0-
noOHbI A(hdekr BnonHe peaneH. B Hacrosimee Bpemsi BBITYCKHHK
MHOTONPOQHUILHOTO JHIess 00y4yaeTcs Ha CTPOUTEIHHOM (aKylbTeTe
[THUITY u Hageercs NMPOAOJDKUTH CBOM HCCIEIOBAHUS B 00JacTu
«OITHUKHU apXUTEKTYPbI».

13. Kak y»xe ObU10 0OTMEUEHO, UCCIIEA0BATEIbCKOM pPaboTON MOKET
CTaTh JlaXke TUIOBas 3a7a4ya. Hampumep, Teno, OpoleHHOe Mo yIiIoM
K TOPU3OHTY, UM JBUKEHHUE CTpyH Boabl. Tem He meHee, Cepreii b.,
HaOmonas B oqHOM U3 cyrnepmapkeToB I. Ilepmu paboty donTana
C MpephIBalONIecs CTpyel, pel cienarb Uccle0BaHue 3TOrO sIB-
JIEHUs TeMOH cBoel padoTsl (puc. 3.19).

PaGora momyuniach MHTEPECHOM, HECMOTPs Ha TPUBHAIBHOCTH
3a7a4d. Y4alluiics paccuuTan yCJIOBHUS IEUCTBUS yCTPOMCTBA, MOJa-
IOLLEr0 BOAY, C TEM YTOOBI CTpys Oblia MPEpPHIBUCTON B BO3AyXe KaK
MyHKTHP. MokeT ObITh, BO3MOXKHO Ja)K€ IaT€HTOBAaHUE TaKOro
YCTPOMCTBA MPH JAE€TaIbHOU pa3paboTKe KOHCTPYKIIUH.

Koncrantun b. B 2011 roay B paMkax Takoii »ke 3a1a4u pa3pado-
TaJ TEXHUKY TOYHOTO 0acKeTOOIBHOTO OpOCKa M M3ydms (haKTOpEI,
BIIMSIOUINE HA €ro ycrnemHocTb. OH akTUBHO 3aHHMMaeTcsi 0ackeT0o-
JIOM U peLIWI OJOUTH K UTpe ¢ Hay4yHOU Touku 3peHusi. CBou Teope-
THYECKHE BBIBOABI OH CONPOBOAMI MPAKTHYECKHMHU HAOIIONCHUSAMU
u usMepeHusMu. Crenan o4eHb HaIvIsAHbIN BUJIEOPOIIUK, IEMOHCTPHU-
pYyIOLIHii caM OPOCOK Msua U COOTBETCTBHE TEXHUKHU CJIETIAHHBIM pac-
4eTaM U PEKOMEHIaLUsIM.
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Puc. 3.19. «OtopBaBmiasics»» cTpys BOJbI B (hOHTaHE

B xome muoronerneir pabotsl (¢ 1990 1) BeICTpoeHa cUcTeMma,
oOecreunBaoIas yCIOBUS, TOHUCK M peaju3alui0 TBOPYECKUX
CHOCOOHOCTEN yualuxcs; MOAJIEPKUBAOIIAs U pa3BUBAIOIIAs CO-
BMECTHYIO JESTEIbHOCTh YYEHBIX M IKOIbHUKOB. ChopMUpOBaHbI
OCHOBHBIE MOJXO/IbI K OMPENCICHUIO YUYAIUMUCS BBIOOpa HampaBIie-
HUWA HCCIIEAOBAHUS, PA3BUTHI MPEACTABICHUS O THIOTOPCKOM MOJ-
JepIKKE padorT.
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ITocaecsioBue

Ha nponecc ¢popmupoBaHusi BEICOKOUHTEIIEKTYaIbHOM, IMPOKO
00pa3oBaHHOW JUYHOCTH OOJBIIOE BIMSHUE OKa3bIBaeT cpea,
B KOTOpO#l HaxoauTcs yueHUK. Co3laHue Takod cpebl — Ta Ba)KHast
3ajaya, KOTopasi pellaercs B cucreMe Npo(UIbHOW IOATOTOBKHU
IIKOJIbHUKOB HAa OCHOBE PA3BUTHSI TBOPUECKOW M MCCIEA0BATEIbCKOMN
JeSATeILHOCTH MyTEM BHEJIPEHUsI B 00pa30BaTeIbHBIN Mpoliecc yueo-
HO-UCCJIeI0BATEIbCKUX 3a1aHUH MHTETPAIIMIOHHOTO XapaKTepa.

CoBpeMEeHHBIN CTYIEHT UMEET BO3MOKHOCThH IMOJTy4aTh UMECHHBIC
CTUTICHJIUHU, YYaCTBOBaTh B HAYYHBIX MPOCKTAX BEAYIIUX MPOMBIIII-
JIEHHBIX MPEANPHUITHI TOPOAa, PErHOHA, MOTy4YaTh TPAHThI MEXK/TyHa-
POIHBIX Hay4dHBIX cooOmecTB. s TOro 4ro0Bl OBITH KOHKYPEHTO-
CIOCOOHBIM, COBPEMEHHBIN MOJIOJION YEJIOBEK JOJIKEH 00a1aTh BhI-
COKOPa3BUTHIM MHTEJUIEKTOM, YMEHHEM BECTH JIUCKYCCHIO, OTCTanuBas
CBOE MHEHHE, OBITh KOMIIETCHTHBIM B C)epe CBOUX MHTEPECOB U MPO-
(heccroHaNbHON AESTEIHHOCTH.

CoBpeMEeHHOE IPOU3BOACTBO MPEABSBIAECT YETKHUE M OJHO3HAU-
HBIE KOMIIETEHTHOCTHBIE TPeOOBaHUS K KaKI0M MpodecCcuu, Kax1o-
My BUIY JI€ATENbHOCTHU YesioBeka. Ceiuac Kak HUKOTAa HEOOXOIUMBbI
CIIEIUAUCTHI B c(hepe nHPOPMAIIMOHHBIX TEXHOJIOTHH, B 00JIaCTH Ha-
HOTEXHOJIOTHH, Aa U MPOCTO BBICOKOKJIACCHBIE MH)KEHEPHI, CIIOCO0-
HbIE COBEPILEHCTBOBATH MPOLECCHI MPOU3BOJCTBA, OCBAUBATh U CO3-
JaBaTh HOBOE TEXHOJormueckoe odopynoanue. CerofHs ycreurHas
npodeccuoHanbHast U coluaibHas Kapbepa HEBO3MOXKHA 0€3 TOTOB-
HOCTH OCBaMBaTh HOBBIE TEXHOJIOTHH, aIaITUPOBATHCS K UHBIM yCIIO-
BUSM TpY/la, pelIaTh HOBbIE MPOQecCuoHaNbHbIe 3aaun. Takum 00-
pa3oM, KOHKYPEHTOCIOCOOHOCTh BO MHOI'OM 3aBHCUT OT CHOCOOHO-
CTH Oyayuiero paboTHUKA MPUOOPETATh U pa3BUBATh YMEHUS, HABBIKH,
KOTOPBIE MOTYT MPUMEHSTHCS WJIH TPaHC(HOPMHUPOBATHCS MPUMEHH-
TEJIHO K LEJIOMY Py CUTyallri.

ConunanbHO-25KOHOMUYECKHE MPEe0Opa30BaHMs, MPOUCXOIAIINE 32
nocnennue 10-15 ser B Hamrel crpaHe, BbI3BAJIN MTOCTOSIHHBIA POCT
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Vuebno-uccnedosamenvcras paboma ¢ npogunvnoi wikone (Il uacms)

o0beMa WHPOpPMALIMU. YBETUUYEHUE KOIMYECTBA M3YYaeMbIX TUCIIH-
TUTHH TIPH OCTABIIUXCS MPEKHUMH CPOKax 0Oy4YeHHs B By3aX IOCTa-
BIJIM CTY/ICHTOB B YCIIOBHSI YIUIOTHEHHBIX HH(OPMAIMOHHBIX MOTO-
KOB, YCBOEHHE KOTOPBIX BO MHOTOM 3aBHCHT OT JIMYHOCTHBIX Ka4eCTB
MOJIOZBIX JTFOZIeH. DTO TpeOyeT u3MeHeHUs: 00pa30oBaTeIbHON CTpaTe-
THH YeJIOBEeKa: OT 00pa30BaHMs Ha BCIO JKU3HB K 00pa30BaHUIO Yepes
BCIO JKH3Hb.
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