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K NMPOBENEHMI0 HATYPHO-BBRUMCIIMTEJIBHEIX 3KCIEPMMEHTOB

KJIIOYEBLIE CJIOBA: yue6Hble ¢pU3UUECKHE SKCIEPUMEHTDI; HATYPHbIE SKCIIEPUMEHTHI; BEIYUCTUTED-
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AHHOTAIIMA. B pabore obcyxaaeTcs mpobaieMa IOATOTOBKU OyAyIIUX yuuTeaeld GU3NKU K IOCTAHOBKE
U IPOBEZIEHUI0 COBPEMEHHOTO Y4e6GHOro (GU3UIECKOT0 SKCIIEPUMEHTA. YTBEPKIAETCSA, UTO [VIABHBIM YCJIO-
BUEM YCIEIIHOTO (OPMUPOBAHUA COOTBETCTBYIONIEH TOTOBHOCTH SIBJISIETCS HANPABJIEHHOCTh Y4eOHOTO
IpoIiecca Ha pa3BUTHE BCEX €€ CTPYKTYPHBIX KOMIIOHEHTOB. JIJIsl pelleHus 3TOi MPoOIIeMBbI 110 Pe3yJIbTa-
TaM IPOBEAEHHOTO UCCIIE0BAHIS IIPE/IIaTaeTCsA COOTBETCTBYIONAA METOAMKA 00ydeHNs, KoTopas B obpa-
30BaTeJIbHOM IIPOLieCCE peayn3yercs B BHAE OTJENBHOrO Kypca «HaTypHO-BBIUMC/IUTENbHBIH SKCIIEPH-
MeHT». Cozlep:kaHUe Kypca MpeJICTaBIeHO ABYMsI 6JI0KaMU: TEOPETHYECKUM U MPaKTHUYeCKUM. TeopeTrye-
CKUI OJIOK BKJIIOYAET U3yUeHHUe U 00CYyK/IeHIe BOIIPOCOB, HEOOXOAMMBIX IS IIPOBEJIEHN: J1ab0paTOpHO-
MIPAKTUYECKUX 3aHATHH. [IpUBOATCA HA3BAHUA U COZIEPIKAHUE TEM TEOPETHUYEcKoro Gyioka. IIpaktuue-
CKasg dYacTh IpecjefyeT Iejdb — JaTh CTYJAEHTaM IPAKTHYeCKWe HABBIKM IIPOBEIEHUS HATYPHO-
BBIUMC/IUTEIPHOTO JKCIEPUMEHTA, a TAKXKE IOJYUUTh ONBIT PABGOTHI C PA3JIUYHBIMHU IIPOrPAMMHBIMU
CPeACTBAMHU JIJII KOMITBIOTEDHOTO MOJIEJTUPOBAHUA (DU3MUECKUX HPOIECCOB U sABIeHHUH. IIpemiaraercs
OCBOEHIE TPAKTUIECKOH YaCTU IIPOBOJAUTH B IATH ITAIIOB, KAYKBIM N3 KOTOPHIX NUMEET CBOIO IeJIb U pela-
€T olpe/iesIeHHble 3a/1aun. Ha mepBoM 3Tare 3aHATHS OPTaHU3YIOTCSA IO CXeMe apasUIesIbHOTO BHIIOIHE-
HUSI HATYPHOTO U BBIYHCIIUTENHHOTO DKCIIEPUMEHTOB. Ha BTOPOM — IO CXeMe IOCJIeZ0BATETHHOTO BbI-
mosiHeHus1. TpeTuii atan npusBaH cHOpMUPOBAThH 3JIEMEHTHI TOTOBHOCTH K IIPOBEIEHUI0 KOMILJIEKCHOTO
(coBMeIIIEHHOT0) HATYPHO-BBIUUC/IUTENIBHOTO BKCIIEpUMeHTa. L[e1b YeTBEpPTOro sTama — COBEPILEHCTBO-
BaHNe HAaBBIKOB HCIOJIb30BAHUS BHIYMCIUTEIHFHOTO SKCIIEPUMEHTA JIs1 U3YUEHUS CIIOKHBIX (PUBHUECKUX
00beKTOB. IIATHII ATAll IPU3BaH 00OOIIUTH PE3YJIBTATHI M BEIPAOOTATh METO/IUUECKHE PEKOMEH/IAIINH 10
UX UCIIOJIb30BAHUIO B OyayIIeil mpodecCHOHATBHOM IeATEIbHOCTH YUuTesA GU3UKU. [ KaXK0ro dTamna
MIPAKTUYECKOW YaCTHU IPE/ICTABJIEHbl KOMILIEKCHI JIAOOPATOPHBIX PabOT M yueOHO-UCCIIEN0BATETBCKUX
poekToB. POPMYIHPYIOTCA LEIb U 3a4aYd JUCHUIUTHHBL « HATypHO-BBIUNC/IUTENBHBIN HKCIIEPUMEHT.
O6cy>kaeTess UATHOCTUYECKUH almapar OIEeHKH CTEMeHU MOATOTOBJIEHHOCTH CTYZEHTOB K HCIIOIb30Ba-
HUIO HATYPHO-BbIUNC/IUTEHHBIX DKCIIEPUMEHTOB.
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ABSTRACT. The paper discusses the problem of training future teachers of physics to the formulation and
conduct of modern educational physical experiment. It is argued that the main condition for the formation
of appropriate readiness is the orientation of the educational process on the development of all its struc-
tural components. To resolve this problem, re-results of the conducted research provides the relevant
teaching methods, which in educational process is realized as a separate course in “Natural and computing
experiment”. The content of the course is presented in two blocks: theoretical and practical. The theoretical
block includes the study and discussion of issues necessary for conducting laboratory and practical train-
ing. The names and content of the topics of the theoretical block are given. The practical part aims — to give
students practical skills of natural-computational experiment, as well as to gain experience with various
software tools for computer modeling of physical processes and phenomena. It is proposed to carry out the
development of the practical part in five stages, each of which has its own purpose and reheat certain tasks.
At the first stage, classes are organized according to the scheme of parallel execution of full-scale and com-
putational experiments. On the second scheme of sequential execution. The third stage is designed to form
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the elements of readiness to conduct a complex (combined) full-scale computational experiment. The pur-
pose of the fourth stage is to improve the skills of using computational experiment to study complex physi-
cal objects. The fifth stage is designed to summarize the results and develop methodological recommenda-
tions for their use in the future professional activity of a physics teacher. For each stage of the practical part
presented complexes of laboratory work and study-but-research projects. The purpose and objectives of
the discipline “full-Scale computational experiment” are formulated. The diagnostic apparatus for as-
sessing the degree of students ' readiness to use full-scale computational experiments is discussed.

Harel mpeabiayiiei pabore [10] 06-
ch;x,aann% TeopeTHYecKHe BOIIPOCHI,
OTHOCAIIHECS K MPo0jeMe MOATOTOBKU Oyay-
IUX yuurtesied GU3UKU B 00JIACTH COBPEMEH-
HOTO y4eOHOro (U3UUYECKOTO 3KCIEPHMEHTa
(Y®3). Bbu10 yCTaHOBJIEHO, YTO TJIABHBIM
VCJIOBUEM YCIIENTHOTO (OPMUPOBAHUS TOTOB-
HOCTU fABJIseTCS HAIPaBJIeHHOCTh y4eOHOTO
mpoliecca Ha pPa3BUTHE BCEX €€ CTPYKTYPHBIX
KOMIIOHEHTOB [12; 13]:

— IOJiIep>KKa U YCWIEHHe MOTHUBAIIU
CTyZIEHTOB (y4eT MHTEPecoB, CKJIOHHOCTEH, MH-
JIUBUIYAJILHOTO CTHJIS YIeOHOH JesATeTbHOCTH,
CTpEMJIEHUSA CAMOPEIN3ALINH JITIHOCTH);

— MOJIyYeHHe CTy/IeHTaMHU 3HAaHUH B 00-
JIaCTH COBpPEMEHHOTO Y®D (pacKpbITHE TEH-
JIEHITUA B Pa3BUTUHM HHCTPYMEHTAJIbHOU U
TEXHOJIOTHYECKOH 0a3bl HATYpHOTO y4eOHOTO
(pmsmueckoro sKcriepuMeHTa, 3HAKOMCTBO C
TEeXHOJIOTMEN IIO3TAITHOTO IIPOBEJEHUS BBI-
YHCIUTEIHLHOTO SKCIIEPUMEHTA);

— npruobpeTeHre CTYZIEHTAMU OIIBITA BBI-
MOJTHEHUs yJeOHBIX JIaDOPATOPHBIX KCCIIEN0-
BaHUI, OCHOBAHHBIX Ha HCIOJIb30BAaHUM pPa3-
JINYHBIX CXEM COYETAHUS HATYPHOTO U BBHIUHC-
JINTEJIBHOTO SKCIIEPUMEHTa [14];

— OCYIIECTBJIEHUE CTYAEHTaMU CaMOOIE€H-
KH CBOEH IOJATOTOBJIEHHOCTH B 00JIACTH IIPO-
BeZIeHUsI HATYPHO-BBIUMCIUTEIHLHOTO DKCIle-
pumenta (HBD), ynpasjieHre mpoIeccoM BBI-
nosHeHuss HBY oT mocTaHOBKH IIeJIM 0 aHa-
JIN3a MOJIYYeHHBIX Pe3yIbTaTOB.

B TO e BpeMs He0OXOAMMO OTMETHTH,
YTO CYyIIECTBYIOIIUE IIPOTPAMMBI IOJTOTOBKH
yauTeseld GU3NKU IpeaycMaTpuBanT GopMu-
poBaHue GOJIBIIMHCTBA KOMIIOHEHTOB UHGOP-
MAaIIOHHOY KOMIIETEHTHOCTH Ha IIEePBBIX Kyp-
cax oOyueHuss B By3e. CTyAEeHTHI IOJIyYarOT
HavaJIbHbIe 3HAHUA MO crmocobaM MaTeMaTH-
Yeckod 00paboTku MHGOPMAINN, YUCIEHHBIM
MerozaM  pemeHus — Aud@epeHnnaaIbHbIX
ypaBHEHUH U cucTeM ypaBHeHUU. HemocraTok
OIIBITA CAMOCTOSITETHHOTO IPAKTUYECKOTO HC-
MOJTb30BAHUA JAHHBIX 3HAHWHA B MPEIMETHOU
obsactu (puBHUKe) peraeTcs MyTeM BKJIIOUE-
HUS B y4uyeOHBIe IUIaHBI KYPCOB II0 OCHOBAM
BBIYUCTUTETFHON (DUBUKA WJIH KOMIIBIOTED-
HOMY MaTEMaTUIECKOMY MOJIETNPOBAHUIO.

IIpu 5TOM BBIIIOJTHEHNE HATYPHBIX JKCITE-
pUMeHTOB B (U3MYECKUX JIabOpaTOpUSAX W
IIPOBE/IEHUE BBIUYUCIIUTEIBHBIX HKCIIEPUMEH-
TOB B KOMITBIOTEPHBIX KJIACCAX PA3HECEHBI IO
BpeMeHH. Y CTY/IEHTOB OTCYTCTBYET BO3MOK-
HOCTh CpDaBHEHUs KaK CAMUX TEXHOJIOTHH HU3Y-

© Ilomnos C. E., Teperysos /1. ®., 2019

yeHUs] (HU3NYECKUX OOBEKTOB IpU IMOMOIIU
KOMITBIOTEDHOTO U peayIbHOTO JIab0paTOPHOTO
9KCIIEPUMEHTA, TaK U Pe3yJIbTATOB 3TUX PAbOT.

OcHoBHas 33/1auya 00y4eHUsI OCHOBAM BBI-
YUCIIUTETHHON PU3UKHU (KOMITBIOTEPHOMY MO-
JIeJINPOBAHUIO) 3aKJIIOUAETCA B M3YUEHUU CH-
CTeMbl Mepapxuil Mojiejiell 00BEKTOB, B3aUMO-
JIEUCTBUH, IBJIEHUU U IIPOIECCOB (MMEHHO MO-
neneii!) [9]. B To BpeMs Kak B JIJaOOpaTOPHOM
MPaKTUKyMe CTYAEHTHl UMEIOT JIeJI0 C peasib-
HBIMU OOBEKTaMHU U SBJIEHUAMH, TeM CaMbIM
OTCYTCTBYET JIOJIKHAS CBA3H MEKAY HATYPHBIM
SKCIIEpUMEHTOM U KOMIIBIOTEPHBIM MOJEJIH-
poBanueM. OTCyTCTByeT cama BO3MOXKHOCTB
CpPaBHEHUS MOJIEJTU C HACTOAIINM SIBJIEHUEM.

Takoe «pa3zmenbHOE» OOydYeHHe OTpHIla-
TEJIHO CKa3bIBaeTcs Ha 3(PQPEeKTUBHOCTH MPO-
(eccroHaIPHON TIOJITOTOBKU OY/IYIIMX yUUTE-
Jiel (pU3UKH U, B YACTHOCTH, HA (POPMHUPOBAHUU
TOTOBHOCTH K HCIIOJIb30BAHHUIO COBPEMEHHBIX
opm yue6HOTrO PUBHUECKOTO SKCIIEPUMEHTA.

B mamem wuccienoBaHHM HA OCHOBAaHHUH
BBIABJIEHHOH MOJIENN CTPYKTYPHI TOTOBHOCTH K
WICIIOJIP30BAHUIO COBPEMEHHBIX TEXHHYECKUX
cpencTB W pa3pabOTaHHOH  CTPYKTYPHO-
(byHKITMOHAJIBHON MOleNn TIporecca (hOpMU-
pOBaHUS TOTOBHOCTH K  HCIOJIb30BAHUIO
HAaTyPHO-BBIYUCIIUTEIEHOTO SKCIIEpUMEHTa
MpeJIoKeHa MeTOMUKA (OPMHUPOBAHUA TO-
TOBHOCTU OyAyIINX yuuTesjaeld (U3UKU K MPO-
BEJIEHUI0 HATypPHO-BBIUHCJIUTENIBHBIX DKCIIe-
pumeHTOB [13].

C yueToM HEOOXOIMMOCTH OTPaKEHUS CO-
JIepKaHUSI BCEX CTPYKTYPHBIX KOMIIOHEHTOB
TOTOBHOCTH, IIporiecc GOPMHUPOBAHUS Y CTY-
JIEHTOB TICUXOJIOTUYECKOH TOTOBHOCTH K IIPO-
BeIEHUIO COBpeMeHHOTo Y®J T0KeH COCTO-
SITh U3 JIByX OJIOKOB: TEOPETHUYECKOTO U MPaK-
THYECKOro [5].

Teoperuueckas 4YacTh, Ha Hal B3IJIA/,
JIOJDKHA BKJIIOUATH H3YyUeHUue U O0OCYKIeHHe
CJIeAYIONIHUX BOIIPOCOB (TeM):

1. MeTogosiornueckass TprUazia COBPEMEH-
HON ¢u3uku (TeopeTnueckas, 3KCIEPUMEH-
TaJIbHas, BeIUHUCAUTeNbHas). [Ipeamer u Metozn
BBIYUCIIUTETbHON DUBUKU.

UccnemoBaTenb NOKEH YMeTh MPOBECTH
CPaBHUTEJIbHBIN aHAJIN3 JJOCTOMHCTB U HEIOC-
TAaTKOB MMEIOIIHXCS B €r0 PACHOPSIKEHUH Me-
TOJIOB U cpeAcTB. IlosBjeHNe BBHIYUCIUTENH-
HOU ¢dusuku B cepenuHe XX B., 00yCIOBJIeH-
HOe [INPOKUM BHEJPEHUEM BJIEKTPOHHO-
BBIYUCITUTEIFHOM TEXHUKHU B IPOIlECC HAYIHO-
0 WCCJIEOBAHUS, 3HAUUTEIBHO OOOTaTUIIO
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apceHas JIOCTYIIHBIX CPEJICTB HCCJIEZOBAHUS.
IIpu wu3yyeHHH MaTepHaJioOB TeMbI o0coboe
BHUMAaHUe CjeflyeT VAEJUTh PacCMOTPEHHUIO
CPaBHUTEJIbHBIX XapaKTEPUCTUK Tpex dyHaa-
MEHTaJIPHBIX MeTO/IOB IIpOBeJleHus ¢usmde-
CKHX HCCJIEIOBAHUH.

YTOOBI IOMOYb CTYIEHTaM Pa3obpaThes ¢
MpeJIMETOM BBIYUCIUTEIPHON (DUBUKH, HEOO-
XOZIIMO JIOIIOJIHUTH CO/Iep>KaHHe TeMbl HCTO-
pUYECKUMU CBeJIEHUSIMHU, CBA3aHHBIMU ¢ GOP-
MUPOBaHHEM BBIUHUCIUTEIBHON (U3UKU KaK
HaykH [9].

2. OCHOBBI MO/IEJIUPOBAHUS PEATTbHBIX CH-
CTeM U IIPOIeCCOB (MOJIeTNPOBaHNE KaK METO/
[I0O3HAHUA, MOHATHE MOAeau, TpeboBaHUA K
MOZEeAM, GYHKITUNA MOJETIEH).

B nmanHOM paspjesne pacKpbIBaeTcsi pPOJIb
MO/IeJINPOBAHMSA KaK OJHOTO U3 OCHOBHBIX HH-
CTPYMEHTOB TIO3HAHUSA YeJOBEKOM SIBJIEHUU
OKPY?KaIOI[eT0 MHUpa, paccMaTpPUBAIOTCA B3a-
MMOCBSI3aHHbIE TIOHATHSA MOJENU U MOJEJIH-
poBanus. O6CyKAalOTCS OCHOBHBIE TpebOBa-
HUS K MOZIEJISIM PEIbHBIX CHUCTEM U IIPOIEC-
coB [15].

3. Buael mogeneti. MaTeMaTHuecKue MO-
JleJin, uX KiaaccuduKamus.

PaccmatpuBaroTess kiaccu@UKaMM  MO-
nmeneit. Ocoboe BHUMaHUE yaenasercsa Gop-
MaJIBHBIM, MaTeMaTHYeCKHUM MOZEIAM, TaK
KaK HMMEHHO OHU SIBJIAIOTCA SAPOM MeETO/a
KOMITBIOTEPHOTO MozenupoBanus. O6cyxnaa-
ercs kaaccudUKanysa MaTeEMaTHUUeCKUX MOje-
et [15].

4. TexHOJIOTUS KOMITBIOTEDHOTO MO/IEJIH-
poBaHus (BBIYHCIIUTETHLHOTO SKCIEPUMEHTA).
[TporpaMMHBIE CpPeJICTBA /JIsI PEIIEHUS BBI-
YHCIUTEIbHBIX 33/1a4.

3HAYUTeNIbHASA YaCTh Kypca OTBOAUTCS HA
BBITIOJTHEHVE JIA0OPATOPHO-TIPAKTUYECKUX Pa-
00T MO HCCIIEIOBAHUI0 DPUBUUECKUX OOBEKTOB
U fABJIEHUH B HATYPHOM U BBIYHCJIUTEIIBHOM
SKCIIEpUMEHTAX, YTO MOTPebyeT OT CTYAEHTOB
IIOCTPOEHUS OOJIBIIOrO YKCJIA KOMITBIOTEPHBIX
Mozesier. B 9Tol ¢BA3M BO3HHKAET HEOOXOIU-
MOCTb TIPUHSITUS OIPEIEIEHHONH COBOKYITHO-
CTH TIPAaBWI U IPHEMOB KOMIIBIOTEPHOTO MO-
ZIeJINPOBAHUS VI CHIDKEHUS BPEMEHHBIX 3a-
TpPaT U YMEHbIIIEHUSI BEPOSITHOCTU MOJIYUeHUs
omnbok. Obydaemble TOKHBI YCBOUTH TEXHO-
JIOTHIO WCCJIEOBAHUS (PU3UUIECKOTO IIpoIiecca
WU SIBJIEHUS HA KOMIIBIOTEDE.

Insa mpoBeneHuss paboT IO KOMIIBIOTED-
HOMY MAaTeMaTUYECKOMY MOJEIUPOBAHUIO
MOXKET OBITh HCIIOJIb30BAHO Pa3IUYHOE IPO-
rpaMMHOe obecteueHue. B 3Toii wactu Kypca
obcy»KIaroTes JOCTOMHCTBA U HEIOCTAaTKU HC-
MMOJIb30BAHUA  PA3JUYHOTO MPOTPAMMHOTO
obecnieueHUs 1Sl pelIeHus] KOHKPETHBIX (Gu-
3UYECKUX 3a/1a4.

5. HaTypHO-BBIUNCTUTEILHBIA  DKCIIEPHU-
MeHT. OnrTumasnbHble GOPMBI  COYETaHUA
HAaTypHOTO U BBIYUCIUTEIHHOTO 3KCIEPUMEH-

Ta.

[Ipu n3yyeHUM JAHHOU TEMBI CTYAEHTHI
3HAKOMSATCA C BO3MOKHOCTBIO OpraHU3aIUU
yu4eOHOH HCCIe/IoBaTETbCKON paboThl B J1abo-
paTopuu Ha OCHOBE COUYETAHUS HATYPHOTO H
BBIUHCIIUTETLHOTO 3KcrepuMenTa. Ilogpo6HO
pazbuparoTess 0coOOGEHHOCTH TPOBEAEHUS TpeX
OCHOBHBIX BAapHUAHTOB HATYPHO-BBIUHUCIIUTE-
JIBHOTO 3KCIIepUMeHTa [10; 14].

TeopeTrueckass YacThb peaM3yeTcs dYepes
IleJIeHalpaBeHHyl0 paboTy IIpernoaaBaress Ha
JIEKIIMOHHBIX 3aHATUAX. VI3JI0KEHNE TeopeTHye-
CKOT'O MaTepHasia MpecyieiyeT Iejb — 00eCIIeYUTh
CTYZIEHTOB 3HAHHAMHU II0 HU3yYaeMbIM TeMaM B
HauboJ1ee 0011eM, cucreMHoM Buzie. Heobxoamumo
3a(DUKCUPOBATh OCHOBHBIE TIOJIOKEHUSI TEOPHH,
00paTUTh IOBHIIIIEHHOE BHUMAHUE Ha CJIOJKHbBIE
BOIIPOCHI, TIOCTABUTH CTYJIEHTAM 337[a4H 10 CaMO-
CTOSITEJTFHOMY M3YJYEeHUI0 MaTepHaia.

IIpakTuyeckasas yactb (GOPMHUPOBAHHUA
TOTOBHOCTH Oyymux yuuTesei Gusuku B 00-
JacT WUCIOJB30BaHUSA COBpeMeHHOro Y®P3J
IpecyeayeT Neab — JIaTh CTyAeHTaM IPaKTH-
YyeCKHe HaBBIKM TPOBEJEHUS  HATYPHO-
BBIUUC/IUTEILHOTO OKCIIEPUMEHTa, a TaKiKe
MIOJIYYUTh ONIBIT pabOThI ¢ PA3JIUYHBIMHU IIPO-
TPaMMHBIMU CPEJICTBAMHU JIJISI KOMIIBIOTEPHOTO
MOZIETUPOBAHUS (HUBHUYECKUX IIPOIECCOB U
spieHni. Ha y1abopaTopHO-IIPaKTHYECKHUX 3a-
HATHSX CJIeZyeT OPTaHHU30BaTh CAMOCTOATEb-
HYI0 WHAWUBHUAYAJIbHYI0 U TPYHIOByI (IIoj-
TPYIIIOBYI0) JIEATEIBHOCTh yUYAIUXCsA IO pe-
IMeHNI0 (PUBNYECKUX 3a7]ad C IOMOIIbIO
HATYPHOTO U BBIYMCIUTEIBLHOTO 3KCIIEpUMEH-
Ta, 8 TAK)KE UX PA3HOIUIAHOBOTO COYETAHHUS.

Pe3y/IbTaTUBHOCTH TOJATOTOBKU CTYAEH-
TOB-(PUBUKOB IETATOIMYECKOTO By3a K IIPOBeE-
JIEHUI0 HATypPHO-BBIYHCIUTEIPHOTO 3SKCIIEPU-
MeHTa BO MHOTOM OIIPE/IEISIETCS BBHITIOJTHEHH-
€M YaCTHOMETO/IUYECKUX ITPUHITUIIOB U, B 0CO-
OEHHOCTH, IPUHIINIIA BOCXOXKAEHUS OT HATyp-
HOTO W BBIUMCIUTEIBHOTO K HWHTErPHpPOBaH-
HOMY HaTypPHO-BBIUYHUCJIUTETLHOMY 3DKCIIEPH-
MeHTy. /IaHHBIH MPUHITUI OIIPEIEJISIET MOCIe-
JIOBAaTeJIbHOCTh MPOBEAEHUS 3aHATUH B COOT-
BETCTBUHU C BBIABJIEHHBIMU (OpMaMH HHTeE-
rpaluu 9KCIepuMeHToB [13].

M= mIpejijiaraeM OpraHu30BaTh 3aHATHA B
MATH 3TANOB, KAKIBIH U3 KOTOPHIX UMEET CBOIO
IeJIb U pelllaeT ompezeseHHble 3ajaun. [lep-
Bble TPH BTalla SBJSIOTCA OCHOBHBIMH,
HaIpaBJIEHHBIMA Ha OOy4YeHUe CTyJIEHTOB
TpeM 6a30BBIM (popMaM COUETaHUS HATYPHOTO
¥ BBIYHCJIUTEJLHOTO SKCIepruMeHTa. UeTBep-
THIA HTall HAIleJIeH Ha ITOBBINIEHUE YPOBHS
BJIAJIEHUS CTYJAEHTAMH METO0M KOMIIbIOTED-
HOTO MOJIEJTUPOBAHUSA, SIBJIAIONIETOCS YaCThIO
koMiiekcHoro HB3. Ha 3akiamuuTeIbHOM
JTare OCYIIECTB/ISAETCS METOAMYECKUI aHATN3
0COOEHHOCTEH WCIIOJIb30BAHUSA Pa3JIUUHBIX
(dopM HATypHO-BBIYHCIUTEIHBHOTO 3DKCIIEPH-
MEeHTA.
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Jnsa npoBezieHUs PAKTHUYECKOU YAaCTU
ObpUTH pa3paboOTaHbI:

— KOMIUIEKC JIabopaTOpPHBIX paboT, OXBa-
THIBAIOIIMH OCHOBHBIE pas/iesbl Kypca o0Imei
(usuky U npeHa3HAYEHHBIN /IS IOATOTOBKHU
CTYy/IeHTOB K OCBOEHUIO PA3JIMYHBIX HOPM CO-
YeTaHUsI HATYPHOTO U BBIYHCIUTEIHHOTO DKC-
[IePIMEHTOB;

— KOMILJIEKC y4eOHO-HMCCIIeZl0BATeIbCKIX
IIPOEKTOB, HCIIOJIb30BAHIE KOTOPOTO HAIPaB-
JIeHO Ha OBJajieHue OyAyIIUMH YIUTeISIMU
(u3mKy MeTo/IOM BBIYMC/IUTENIBHOTO SKCIIe-
pUMeHTa;

— MeTONYecKHe PeKOMeHJAIUH II0 BBI-
MOJTHEHUIO J1ab0paTOPHBIX PaboT W peayn3a-
MY y9eOHO-UCCIIeI0BATEIBCKUX IIPOEKTOB.

Ha nepBoM a3Tame 3aHATHA OBLIN Opra-
HU30BaHBl II0 CXeMe IIapasijIeJIbHOTO BBIIIOJI-
HEHUs HATYPHOTO U BBIYUCIUTEIHHOTO DKCIIe-
puMeHTOB. CTyZIEHTHI BBIIIOJIHSIN /iBe j1abopa-
TOpHBIE paboThl «/IBMJKEHUE TesJ B BA3KOM
cpene» u «Xox Jsydedl B smH3ax». OTIMYU-
TEJIBHOW 0COOEHHOCTBHIO ATOTO0 BapuaHTa yueb-
HOH [IeSTeJIbHOCTH SIBJISIETCSI BO3MOXKHOCTD
CpaBHEHHUS Pe3yJIbTATOB HATYPHOTO U BBIYHC-
JINTEJIBHOTO dKcrepuMeHTa. Ilocse yero Moryr
OBITD C/IeJIAHBI BHIBOJIBL: O JIOCTOBEPHOCTH UTO-
TOB B CJIydae COBIIJIEHUA Pe3yJIbTaTOB WJIH O
HeOOXOIMMOCTH BEPHYTHCS K 3TaIly ILUIAHUPO-
BaHUsA C LIEJIbIO BHIABJIEHUS U YCTPAHEHUS J10-
MyIIeHHbIX omubok. OOpalleHne K mapas-
JIeJIBHOMY BBIIIOJIHEHHIO HATYPHOTO U BBIYHC-
JINTEJIPHOTO 3KCIIEPUMEHTOB I1e1ec000pasHO
Ha 3Talle 3HAKOMCTBA 0Oy4YaeMBIX C TEXHOJIO-
ruell KOMIBIOTEPHOTO MO/IEINPOBAHUS.

Ha BTOpOM 3Tame 3aHATUA OPTaHU30-
BBIBUINCH II0 CXEMe II0CJIEZIOBATEIFHOTO BBI-
IIOJTHEHUS HATYPHOTO M BBIYUC/IUTEIHBHOTO
SKCIEPUMEHTOB. [J[yig 3TOrO 3Tama ObLIM pas-
paboTaHbl Tpu JlabopaTopHbIe paboThI: «H3y-
yeHUe pacmpesiesieHuss MaxkcBemnar», «JJyek-
TPOCTATUYECKOE TI0JIE CHCTEMBI HETOBIKHBIX
3apsfoB» u «lccneqoBanue CBOUCTB audpak-
IFMOHHOU pemeTku». [logobHas dopma sabo-
paTopHOU pPaboThl peasn3yeTcs U3 JBYX IIO-
CJIEIOBATEIPHO BBINOJHAEMBIX JKCIEPUMEH-
TOB. [Ipy 3TOM POJIb BTOPOTO MOXKET CBOJUTHCS
KaK K PacCIIMPEHUI0 TPAaHUI] MTPUMEHUMOCTH
[IEPBOTO, TaK U K YIVIyOJIEHUIO COAEpIKATeIhb-
HOHI CTOPOHBI HCCJIeNOBaHUA. BO3MOXKHEBI /1Be
BapHalluy NMPeJJIoKeHHoM cxeMbl. Ha mpakTu-
Ke OOBIYHO peasm3yercs IepBas — IIPOBEZe-
HUe BBIYUCTUTETHHOTO SKCIIEpUMEHTA IO pe-
3yJabTaTaM HaTypHOro. KOMIBIOTEPHBIH 3SKC-
IIEPUMEHT MOJIOUPAETCs K y:Ke IMPOBOAUMOMY
KJIACCHYECKOMY SKCIEPUMEHTY, IOTIOTHASA €TO.

Tperuii stam mnpusBadH cHOPMHUPOBATH
BJIEMEHTbI TOTOBHOCTH K IIPOBEJEHUI0 KOM-
IIJIEKCHOTO (coBMeIIeHHOTO) HaTypHO-
BBIYUCTUTEIFHOTO dKCIepuMeHTa. IloTpel-
HOCTh B HEM BO3HHUKAET B TEX CJIydasx, KOI/a
peasM3anyy HATypHOTO 3KCIEPUMEHTa IIpe-

MATCTBYEeT BO3HUKHOBEHHE HA OIPEJIeJIEHHOM
aTarme paboThl «HEOIPeAesIEMOTO» MapaMeT-
pa. IIpu sTOM yKe IIOJIyYeHHBIX PE3YyIbTAaTOB
MOXKET OBITh JOCTATOYHO JJIi OpPTaHU3AINH
BBHIUMC/INTEIHHOTO SKCIEPUMEHTA C IEJIBI0
Hax0XK/IeHUs Hy>KHOTro napamerpa. I[locse uero
MOSIBJISIETCSI  BO3MOXKHOCTb  ITPOZOJIKEHUS
HATYpPHOTO OIbITa. YueOHbIe pabOThl, OPraHHU-
30BaHHbBIE TaKUM 00pa3oM, UMeEIOT B MeTOJI0-
JIOTUYECKOM IIaHE MaKCHUMAaJbHOE COOTBET-
CTBHE CTPYKType IIpOBEEHUs COBPEMEHHBIX
HAyYIHBIX UCCIIEIOBAHUH.

I bopMUpPOBaHUS COOTBETCTBYIOIINX
HaBBIKOB ObLIa cO371aHa JlabopaTopHas pabora
«HWcenenoBanne TEIIONPOBOIHOCTH METAJLIOB
B HECTAIIMOHAPHOM pexXUMe» [14].

Ilenp yeTBEPTOro TAIa — COBEPIIEH-
CTBOBAHUE HABBIKOB HCIIOJIb30BAHUA BBIUIC-
JIUTEJIPHOTO DSKCIIEpUMEHTa Ul HU3YyYeHUsd
CJIOKHBIX (PU3UYECKUX OOBEKTOB, UTO, B CBOIO
ouepesib, SIBJISIETCS HEOOXOAUMBIM YCJIOBUEM
MIO/ITOTOBKY CTYZIEHTOB B 00JIACTH COBpPEMEH-
HOTO HATYPHO-BBIUHCJIUTEJIBHOTO SKCIIEpHU-
MeHTa. JJaGopaTopHbIe pabOTHI JAHHOTO dTama
OXBAaTBIBAIOT TAaKWe pasziesbl Kypca (DUBUKU,
Kak MexaHuka («HcciemoBaHrie BOJIHOBBIX
MPOIIECCOB»), DJIEKTPUYECTBO U MATHETU3M
(«/IBuKeHMe 3apsKEeHHBIX YaCTHI[ B MarHUT-
HOM I0JIe»), KBaHTOBasA ¢usuka («Mojeinu-
poBaHUe OpOUTaIel 3JIeKTPOHA B aTOME BOJIO-
po/ia») U TPeANoJaraloT IPOBeJeHUe TOJIBKO
BBIYHCJIUTETLHOTO DKCITepuMeHTa [8].

Ob6palleHre Ha JAaHHOM JTamle K METOAY
HCCIIEZIOBATEIBCKUX MPOEKTOB JIOJKHO TIOBBI-
CUTh II03HABaTeJbHBIE BO3MOXKHOCTU OOydae-
MBIX, HAYUYUTh MX CAMOCTOSITEJLHO MBICJIUTD,
HaxXOJUThb WU peEIIaTh NpoOJIeMbl, IPUBJIEKAS
MHTEIPUPOBAHHBIE 3HAHUA W3 WHGOOPMATUKHU
¥ MaTeMAaTUKH, PA3BUTh YMEHUsI IPOTHO3UPO-
BaTh PE3YyJITATHI U BO3MOKHBIE IIOCIIEZCTBUS
PAa3HBIX CIIOCOOOB pelieHus [4; 6].

IIareiit 3Tanm — 0600IeHNe PE3YIbTATOB
pabotsl. K KoHITy cemecTpa, KOT/ia BHIIIOJTHEHBI
BCE 3aIIAHUPOBAHHBIE JJAOOPATOPHBIE PabOTHI,
pazobpaHbl U OMpOOOBaHBI HAa IPAKTHUKE pas-
JIMYHBIE CITOCOOBI OPraHW3aIud KOMOWHUPO-
BAaHHOTO (PU3UYECKOTO HKCIEPUMEHTA, CJIEAyeT
MIPOBECTH 3aHATUSA JJISI CUCTEMHOTO aHAIN3a U
3aKpeIIeHus MpOoieHHOro MaTepuaina. [lnsa
3TOr0 B YCJIOBHSIX IMOATPYIIIIOBON paboTHI CTy-
JIEHTaM IIpeJijIaraeTcsl MOATOTOBUTh METONYe-
CKHMe PpEeKOMEHJAINU II0 WCIOJIb30BAHUIO B
podeCcCUOHAIBHOM ~ JIeATEJIBHOCTH  yUUTeJId
usuky yeThIpex U3ydeHHBIX GOpM OpraHu3a-
MU y9eOHOTO (PU3HMIECKOTO SKCIIEPUMEHTA.

B o6pasoBaresibHbIN TPOIIECC MOATOTOBKH
yuntesis GU3MKKA TpefjaraeMas MeTOANKa
BCTpPAMBaeTcsI B BHAE OTAEJBHOIO Kypca
«HaTypHO-BBIYUCTUTENBHBIN  DKCIEPUMEHT».
IIpencraByieHHbIE BBIINIE MaTEPUAJIBI OIpPeJie-
JISIIOT €ro COZiepiKaHUe U CIIyXKaT JJIsl OPraHu-
3alM¥ KaK TEOPETHUYECKHUX, TaK M IpaKTHe-
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cKkuX 3aHATHH. Ha Ham B3I, Kype ciaemyer
IIPOBOJUTH B CEABMOM CEMECTPE.

ITpu paspaboTke mporpaMMbl Kypca y4u-
teiBasiich TpeboBanuss ®I'OC BO, coBpemeH-
Hble TEHJEHIUU HCIIOJIb30BAaHUS HOBBIX HH-
(opManOHHBIX TEXHOJIOTUH B 00yyeHUHn u-
3UKe, COCTOSHUE PBIHKA MPUKJIATHOTO IPO-
rpaMMHOrO obeclieyeHHs] ¥ THUIOBasA OCHA-
[EHHOCTh y4eOHbIM 0060pyZI0BaHHEM (bU3HIe-
CKUX JIA0OpaTOPUil ITeJJarOTHYECKUX BY30B.

Ilenp xypca — BbIpaboOTaTh y CTY/IEHTOB
npejictaByieHuss 00 3G(PEKTHUBHOM COUYETAaHUU
HAaTypHOTO U BBIYMCJIUTEIHHOTO HKCIIEPUMEH-
Ta IPU U3y4yeHUH GU3NIeCKUX IBJIEHUH.

3ajauu Kypca:

— 03HAKOMUTDH CTY/IEHTOB C METO/0JIOTH-
el U TEXHOJIOTHEH KOMIIBIOTEPHOTO MOJIEJIH-
poBaHUA B Ipolecce U3ydeHUs (QU3NUECKUX
00BEKTOB U MPOIECCOB;

— PaCIINPUTh IPECTaBJIEHUS O BO3MOXK-
HOCTAX NPUMEHEHHS HOBBIX HH(OpPMAIHMOH-
HBIX TEXHOJIOTUU IPH OPraHU3aIluU U MPOBe-
ZeHnH (PUBUIECKUX SKCIIEPUMEHTOB;

— MO3BOJIUTH CTYAEHTaM Ha COOCTBEHHOM
OTbITE OIPOOOBATH Pa3JTHYHblE BAPUAHTHI CO-
YeTaHUsI HATyPHOTO U BBHIYUCIUTEIHHOTO DKC-
MIEPUMEHTOB;

— BBIpAa0OTaTh TBOPUYECKHE HABBIKU U
MpoOyINTh WHTEPEC K CAMOCTOSITEJIBHOU HC-
CJIe/TOBATEIBCKOH /IeATEILHOCTH;

— CIO0COOCTBOBATH JIYUIIEMY TOHUMAHUIO
OCBOEHHOTO paHee (U3UYECKOI0 MaTepuaa,
AHAINBUPYSA Pe3YJIbTaThl KOMOWHUPOBAHHBIX
(pu3MUIECKUX HKCIIEPUMEHTOB;

— BHECTH BKJIaJ B (popMHpOBaHHE IIPO-
(eccoHaTPHOH ~ KOMIIETEHTHOCTH — YIUTEJIS
usuku.

OTMeTHM, YTO HU OAWH JAPYTrOd Kypc HE
pelaer MmoAOOHBIE 33alaull B COBOKYITHOCTH.
ITpu 3TOM, KaK MOAYEPKUBAIN MHOTHE HCCIIe-
JoBarenu [2; 3; 7; 11], nuHDOpMaTHU3ALUA U
KOMITHIOTEPU3AIUA SABJIAIOTCA OJHUMHU U3 OC-
HOBHBIX HAIIPABJIEHUN Pa3BUTHUS METOJUKU
obyueHUs GHUBHUKE.

JUCIUIIIMHBL MaTEMaTUYECKOTO U ecTe-
CTBEHHOHAYYHOTO ITUKJIA, U3YUYEeHHBIE B IPEJ-
[IECTBYIOIUH Tepuoy; oOydeHus B By3e, CIIy-
JKaT OCHOBOM /1A JAHHOTO Kypca. B coueTanuu
¢ HuMH Kypc «HarypHO-BBIUMC/IUTEBHBIN
SKCIEPUMEHT» MPAKTUYECKU 3aBepiiaer Ghop-
MUpOBaHHe NPO(PECCHOHANBHBIX 3HAHUU U
yMeHHH OyIyIero yauTesis (pu3nuku.

PazpaboTka JUarHOCTUYECKUX IPOIEAYD
II0 OTIPE/IEJIEHUI0 CTETIEHH ITOATOTOBIEHHOCTH
Oyaymux yuutesneil QU3HUKU K HCIOJIb30BA-
HUIO HATYPHO-BBIYMCJIUTEIBHBIX DKCIEPHU-
MEHTOB IMpejIoaraeT 000CHOBAaHUE KPHUTe-
pueB u mokasatesneil cpopmupoBaHHOCTU. C
VY4EeTOM CTPYKTYPhl TOTOBHOCTH U OCOOEHHO-

IJUTEPATYPA

CTH Opra"Hus3anuu ydeGHO-IIO3HABATEIbHOU
JIeSITEJIBHOCTU CTY/IEHTOB-(QU3HUKOB B II€/Iaro-
TUYECKOM By3e OBLIH OIIpeJleJIEeHbl KPUTEPUU
pPEe3yJIbTATUBHOCTH METOJUKH IIOATOTOBKHU
Oyaymux yyurtesiell GU3UKH K MOCTAHOBKE U
MPOBEJIEHUI0 HATYPHO-BBIYUCIIUTETBHBIX JKC-
MIEPUMEHTOB.

MoTHBaIMOHHBIA KOMIIOHEHT OIIEHUBAJI-
cs1 kputepueM «IIposBiieHHEe WHTepeca U II0-
BBIIIIEHHE MOTHBAIMU K HCIIOJIb30BAHUIO HH-
TerparoOHHBIX (POPM HATYPHOTO W BBIUHICIIH-
TEJILHOTO  DKCIepuMeHTa». KOTHUTHUBHBIH
KOMIIOHEHT uepe3 «ChOopMHUPOBAHHOCTH OC-
HOBHBIX 3HAHWUM, HEOOXOAUMBIX JIJIA IIOCTa-
HOBKM U IIPpOBeJIEHUS COBpeMeHHOTro Y®I».
OrneparuOHHO-/IeSITEIBHOCTHBIN ~ KOMITIOHEHT
OLIEHUBAJICA KpUTEpPHEM «BiaseHue mpuema-
MH OpPTraHU3AIUHM W IPOBENEHUS PA3JTHUHBIX
dopm HBI». PedsiekCuBHBI KOMIIOHEHT IIO
kputeprio «CrocoOHOCTh K CAMOOPTaHU3AIUN
B HCIOJIb30BAHUM COBPEMEHHBIX QopM YDI».

[IpuBeieHHBIE KPUTEPUH H3MEPSIOTCA KO-
JINYECTBEHHBIMU W KadeCTBEHHBIMU IIOKa3aTe-
JISIMH, BBISBJIEHHBIMHM HA OCHOBE aHA/IM3a HAyY-
HO-TIEJTaTOTHYECKOH JIUTEPATYPHI C YUETOM OCO-
OeHHOCTEN pa3paboTaHHOW MeToAuKH. JIisd ux
OLIEHKU TIOJIOVMPAINCh, Pa3pabaThIBAINCh U HC-
TIOJIb30BAJIUCH PA3JINYHbIE METOJIUKU: AHKETHU-
pOBaHHWE CTYJEHTOB HAa OCHOBE METOIUKU
K. 3ampup B mopguduxaruu A.A. Peana [1],
HabJTI0/IeHe 32 PabOTOH CTY/IEHTOB, ITOOIepaIlH-
OHHbBIN aHAIN3 YUeOHOH JAeATeTbHOCTH U Ap. [13].

Takum oOpa3oM, MaTepuasbl JJAHHOU ua-
CTH HCCJIeJTOBAHUS TIO3BOJIAIOT YTBEPIK/IATh:

1. Pazpaborana meTo/inKa IMOATOTOBKH Oy-
JIYIIETO YUUTeJIsT GU3UKH K IOCTAHOBKE U IPO-
BEJIEHUIO HATYPHO-BBIUMCIUTEIBHOTO JKCIIe-
pumeHTa. Ee 0CHOBY cocTaBJIsieT KOMILJIEKC Jia-
6opaTopHBIX paboT u y4ueOGHO-UCCIIeIoBaTe-
JIBCKHUX IIPOEKTOB, BBIIIOJHEHHE KOTOPBIX Op-
TaHUBYETCS B COOTBETCTBHUU C PETYJIITUBHBIMU
MpUHIUTIAMU: «OobecreyeHre paszHoobpasus
COUYETaHUsI HATYPHOTO W BBIYHCIUTEIIBHOTO
JKCIIEPUMEHTA» U «BOCXOXKIEHHE OT HATYPHO-
IO M BBIYHCJIUTESHHOTO K MHTETPUPOBAHHOMY
HATYPHO-BBIYUCIUTEIIBHOMY SKCIIEPUMEHTY ».

2. OcBoenue MaTepuasioB kypca « HatypHo-
BBIYMCJIUTETBHBIA  DKCIIEPUMEHT»  TO3BOJIHUT
MOBBICUTHh TIPEMETHBIA YPOBEHb OOYYEeHUs
CTYJIEHTOB OJiaroiapsi KOMILJIEKCHOMY H3yde-
HUIO (PU3HUECKNX OOBEKTOB U SABJIEHUH; ITOKA-
JKeT OyAyIUM YYUTEJISIM HOBBIE BO3MOKHOCTHU
OpraHU3auy 00yJeHUs 3a CUET BHEAPEHUS CO-
BPEMEHHBIX MH(MOPMAIMOHHBIX TEXHOJIOTHH B
J1ab0paTOPHBIA (HPU3NUECKUN HKCIEPUMEHT; Ka-
YeCTBEHHO U3MEHUT IMPE/ICTABIEHUS CTY/IEHTOB
0 KOMITBPIOTEPHOM MOJIEJTUPOBAHUU Uepe3 Mpo-
BeJIeHUE aHAJIOTUU MEK/Iy HATYPHBIM U BBIUHC-
JINTEJILHBIM SKCIEPUMEHTOM.
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