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PexomeHanuy no MCMoIb30BaHUIO CTAHAAPTHOIO KOMIUIEKTa 000PYJ0BaHUS
LlenTpa «Touka pocTa» mpu peanu3aliy NporpaMM eCTeCTBEHHO-HAYYHOU U
TEXHOJIOTMUECKON HaIpaBICHHOCTEH

Ilepedyenbp cTaHIApTHOTO
KOMIUIeKTa obopymoBanusi s ocHamieHus LlentpoB «Touka pocta» copMHpOBaH C y4ETOM
psiza MPUHIUIIOB, B TOM YHCIIE:

[Tpunimn
NPEEeMCTBEHHOCTH cHUcTeM oOopynoBaHus. OOopynoBaHHME Ui TPOBEACHUS YUEHHUYECKHUX
MPAKTUYECKUX PadOT SBISACTCS OOUIUM JUIsl YPOBHEH OCHOBHOTO OOIIEro M CPEeIHEro OOIIEro
oOpa3oBanusi. B cucteme HamIIHBIX CPeICTB OOyYeHHUs U JAEMOHCTPALMOHHOTO 00OPYIOBaHUS
UMEIOTCSl 0a30BbIC AIIEMEHTHI, OOIIHE /I OCHOBHOTO OOMIETO M CPEIHETo 00IIero 0opa3oBaHUs.
[Mudposas maboparopust U oOopyaoBaHWE OOIIEro HA3HAYEHUS TO3BOJIIOT O00ECIeYynBaTh
NeSITeIbHOCTh O0y4aloMXcsd Kak B OCHOBHOW, TaKk M B CTapIleH IIKOJE, a B COBOKYITHOCTH C
UG POBBIMU J1a00paTOPUSAMHU O (PU3KKE, OMOJIOTHUN U XUMHH - IPAKTHYECKYIO JESITEbHOCTh B
paMKax M3y4eHHs eCTeCTBEeHHOHAYUHBIX peameToB B 10-11 kiaccax Ha yriyOJIeHHOM YPOBHE.

[TpunIIMn codyeTaHUI
KJIACCUUECKUX U COBPEMEHHBIX CpEACTB H3MEpPEHUl M CHOCOOOB 3KCIEPUMEHTATHHOTO
uccleoBaHus siBieHuil. B coctaB 000pynoBaHHs BXOIAT KJIACCHYECKHE CPEACTBA M3MEPEHHS
(HampuMep: TMHAMOMETPBI, CTPEJIOYHbIE aMIIEPMETP M BOJIBTMETP) U LU(POBBIE MNPUOOPHI
(HampuMep: UQPOBBIE BEChl, CeKyHAoMep) U AaTtyuku. CoOtofieHue 3TOro MpUHIMIA UMEET
0coboe 3HaueHHe JUIsl YPOBHS OCHOBHOTO OOmIero 0Opa30BaHUs, MOCKOIBKY 37€Ch MTPOUCXOIUT
3HAKOMCTBO €O croco0aMu wu3MepeHuss (PU3NYECKUX BEIMUYUH, (HOPMUPYETCS MOHUMaHUE
NPUHIHUIOB JICHCTBHUS aHAJIOTOBBIX HM3MEPHUTENBHBIX NMPHOOPOB M 00ECIeunBaeTCS MEpexon K
WCITOJIb30BAaHUIO HHCTPYMEHTOB IIU(PPOBOI 1ab0paTopum.

[MpuamMn  mpuopurera
YUEHHUYECKOTO SKCIIEPUMEHTA JUIS PeaT3alii CUCTEMHOCSITEIPHOCTHOTO MMoxoa. Peanmzanus
CUCTEMHO-/IEITEIbHOCTHOTO MOJIX0/1a B 00YYEHHH €CTeCTBEHHOHAYYHBIM MpeAMeTaM 0a3upyeTcs
B TIEPBYI0O Ouepelb Ha BOBJICUCHHH OOYYarOIIUXCS B MPAKTUYECKYIO EATENBHOCTH II0
NpOBeJCHHUIO HaOmoAeHu U onbIToB. [103TOMY 3HauMTenbHas YacTh HAOIIONEHUN M OIBITOB,
KOTOpbIE B TPAJAMLIMOHHOM METOIUKE MpEeJIarajiuch Kak JEMOHCTPALMOHHBIE, NEPEHECEHBI B
paspsan ydeHndeckux padotr. Ciemyer OTMETHTh, YTO B HACTOSIIEE BpeMsi M3ydeHHUE (UBHKH,
XUMHUH ¥ OMOJIOTMM B OCHOBHOH IIIKOJIE M Ha 0a30BOM YPOBHE CTapIIIel MIKOJIBI OPUEHTUPYETCS
Ha OCBOEHME €CTECTBEHHOHAy4YHON I'PaMOTHOCTH, KOTOpOE UIET Yepe3 pa3BUTHE CIIOCOOHOCTEN
yYaIUXCsl aHATM3UPOBATh PA3HOOOPA3HYI0 €CTECTBEHHOHAYYHYIO HH(OPMAIUIO U UCIOIb30BATh
MOJTyYeHHBbIC 3HAHUS ISl OOBSCHEHUS SBJICHHUA U MPOILECCOB OKPYKAIOMIEr0 MUPA; TTOHUMATh
OCOOCHHOCTH WCIIOJIb30BaHHUS METO/IOB €CTECTBO3HAHMS Ui TOJTYYCHHUS HAyYHBIX JTAHHBIX;
MPOSIBISITH  CAMOCTOSITENIBHOCTh CYXKJICHHH U TMOHUMAarh pPOJb HAayKH W TEXHOJIOTUYECKUX
WHHOBAIMA B Pa3BUTHH OOIECTBA; OCO3HABATh BAXKHOCTh HAYYHBIX MCCIIEIOBAHUN U MX CBS3b C
HAIlUM MaTepuajbHbIM OKPYKEHHEM U COCTOSHHUEM OKpyxkaromie cpeapl. OpueHTanus Ha
€CTECTBEHHOHAYYHYIO TPaMOTHOCTb MPEAIOJaracT akieHT Ha METOIOJIOTHIO HAyKU M HAIPSMYIO
CBS3aHO KaK C OOIIMM YHCJIOM YYEHHYECKHUX ONBITOB B KypCaX €CTECTBEHHBIX HayK, TaK U
HAlpaBJIeHHOCThI0O MX Ha (OPMUPOBAHHE CAMOCTOSATENILHOCTH AECUCTBUI INpH IMPOBEACHUU
HaOJIIONICHUH, U3MEPEHUN U UCCIICIOBAHUMN.

Hcnons3oBaHue cpeacts
HAIMISIAHOCTH M y4eOHOro o0OpynoBaHMs B y4€OHOM MpOIECCE HANpaBlICHO HA BBITOJHEHHUS
cienyromux (QYHKIUNA: 00eCreunBaroT 0oJiee MOJHYI0 U TOYHYI MH(pOpMaIni 00 M3ydaeMoM
SIBJICHUU WM 00BEKTE ¥ TEM CaMbIM CIIOCOOCTBYIOT HOBBIIIEHUIO Ka9eCTBAa 00Y4YEHUS; TOMOTat0T
B MaKCHMaJIbHOW Mepe pa3BUTh IO3HABaTEIbHBIE WHTEPECHI YUAIIUXCS; IMOBBIIIAIOT YPOBEHb
HADUSIIHOCTH W JOCTYMHOCTH OOYYEHHs; YBEJIUYUBAIOT OOBEM CAMOCTOATEIBHOW pPabOThI



yYalllUXCsi HAa YpOKE W BHEYPOUHOW MAEATENbHOCTH; CO3JAIOT YCJIOBHUS AJI1 OpraHu3aluu
IPAKTUKO-OPUEHTUPOBAHHON  MPOEKTHOM U HCCIIEJOBATENbCKOM  JEATEIbHOCTH;  JAIOT
BO3MOXKHOCTbh JOCTyIHEE U ITy0)Ke pacKphITh ColepKaHue YYeOHOro Marepuana, CliocoOCTBYIOT
(OpPMHUPOBAHUIO Y YUAIUXCS MOJIOKUTEIHHBIX MOTUBOB O0YUYCHHS.

Baxwuerimeit YaCTBIO
ocHamenus: Llentpa «Touka pocra» sBisercs HudpoBas 1adbopaTopus, NEpedyeHb TaTUUKOB
KOTOpPOH TO3BOJISIET HCIOJNB30BaTh 93Ty JIA0OPATOPHUIO TPH U3YyYCHHH (DU3HKH, XUMHH |
Ouonoruu. BBeneHue B HIKOJABHBIA OSKCIEPUMEHT LU(POBBIX MTATUYUKOB [UIsI PETUCTPAINH
pa3IMYHBIX BEITUYMH U BO3MOXKHOCTH HCIIONB30BAaTh KOMITBIOTEP (CMapT(HOH I TUIAHIIET) IS
pacueToB U OQOPMIIEHHUSI PE3YIBTATOB OMNBITOB, MO3BOJIAET MEPEUTH HA HOBBIN KauyeCTBEHHBIN
YPOBEHb IPOBEAEHUS W3MEPEHMM, YIPOCTHUB MPOLECC U3MEPEHUN U TOBBICUB MX TOYHOCTD.
[TosiBnienne UpPOBBIX TEXHOJOTHH B Ja0OPATOPHBIX pabOTax MOBBIIIAET UX AKTYaJbHOCTh U
MPUBJIEKATEIIbHOCTh B CO3HAHUHM COBPEMEHHOTIO IIKOJbHUKA, YCUIIMBAET HAIVISAHOCTh KaK B XOJ€
OTBITOB, TaK M TpU 00pabOTKe PEe3yabTaTOB C HCIIOIB30BAHMEM INPOTPAMMHBIX cpeiacTB. s
SKCIEPUMEHTOB MO OMOJIOTUM U XUMHUU 3TO SABISETCS 3HAYMMBIM MEPEXOAOM OT KayeCTBEHHBIX
HaOIOCHUH U ONBITOB K KOJIMYECTBEHHBIM SKCIIEPUMEHTAM.

Hcnons3oBanue
mubpoBoll  nmaboparopuu  CYIIECTBEHHO  H3MEHSAET  MOAXOAbl K  TPOBEACHUIO H
JEMOHCTPAIIMOHHBIX, U YYEHUYECKUX OIIBITOB:

Hcnons3zoBanue
UQPPOBBIX JAaTYMKOB B KAueCTBE M3MEPHUTEIbHBIX HHCTPYMEHTOB MW3MEHSET TOAXOIBl K
MPOBEACHUIO MPSAMBIX U3MEPEHUH (PU3NUECKUX BETHUYHH.

TpaauLIMOHHO B Ka4eCTBE
CPEICTB H3MEpPEHUSl HCIIOJIb30BAJIUCh MPOCTEHUIINE WHCTPYMEHTHl (pbIYaKHbIE BECHl U
pa3HOBECHl, MEH3ypKa, IWHAMOMETp, TEPMOMETpP) M CTpPEJIOYHbIE NPUOOpHI (aMIepMeTp u
BOJIETMETD).

Hcnons3zoBanue
U(PPOBBIX JaTYMKOB MO3BOJIIET HAa COBEPILEHHO JAPYIOM KaueCTBEHHOM YPOBHE HMPOHM3BOAMTH
U3MEpPEHMs] BpPEMEHH, pACCTOSHUS, HMMETh BO3MOXXHOCTb PETUCTPUPOBaTh W HAOIIOIAThH
M3MEHEHUE BO BPEMEHHM TAaKMX BEJIMYMH KaK TEMIEpaTypa, 3JEKTPUUYECKOE HANpsHKEHHUE, CUla
TOKa U T. 1.

Otn BO3MO>XHOCTH
NO3BOJIAIOT, HAaNpUMep, Ha ypokax (DM3MKM C BBICOKOW TOYHOCTHIO H3MEPUTh MTHOBEHHYIO
CKOPOCTb  T€Ja, JBIKYILIErocs HEpPaBHOMEPHO, HaOmogarb B JUHAMUKE  IPOLECC
JJIEKTPOMAarHUTHOM  MHAYKLIMHM, BO3HUKHOBEHHE U U3MEHEHHE MHAYKIHMOHHOIO TOKa,
UCCJIEZIOBATh W3MEHEHHE TEMIIepaTypbl C TEYEHHEM BpPEMEHU B IPOILIECCE YCTaHOBICHUS
TEIJIOBOTO PaBHOBECHS U T.1I.

Ha ypokax Ouonoruu
MOSBIISETCS BO3MOXKHOCTH TOJYYUTh KOJUYECTBEHHbIE JIlaHHBIE IpPHU MPOBEICHUH OIBITOB,
HalpuMep: Ipu onpeneieHud (HakTopoB, BIUSAIOLIMX HA CKOPOCTH Ipouecca (HOTOCHHTE3a, MPH
W3yYEHUU JIbIXaHUsl KOPHEH U JTUCTHEB, IPU UCCIIET0BAaHUH YCIOBUN IPOPACTAHUS CEMSH U T. 1.

Ha ypokax xummum Ha
KOJIMYECTBEHHBII ypOBEHb MEPEXOASAT NPAKTHUUYECKHE pabdoThl IO H3Y4YEHHIO Ipoliecca
JJIEKTPOIN3a, HCCICAOBAHUE HK30TEPMUUYECKUX M SHIOTEPMUYECKHX PpPEaKUUW, TEIIOBOTO
s¢dexTa ropeHus Tormea U T. A. C HCIOIB30BAHUEM TPAJUIIMOHHBIX «aHAJOTOBBIX» CPEICTB
noJO00HBIE H3MEpPEHUs BBINOIHUTH HEBO3MOXKHO. OJHaKo, Mpu Mepexoae Ha LUPPOBYIO
71a00paTOpUI0 B TEMaTHYECKOM IUIAHUPOBAHUU HEOOXOAMMO NPEIYyCMOTPETh AOMOIHUTEIBHOE
BpeMs Ui 0O0yueHHsl paboTe ¢ JaTYMKaMH, BKIIOUasi COOPKY SKCIIEPUMEHTAIBHOW YCTAaHOBKH C
JIaTYNKAMU, CHATHE TIOKa3aHUM € SKpaHa KOMIBIOTEPA, ONPEAEICHUE MOTPEITHOCTEN H3MEPEHHIA.

s paboThI c
nuGpPOBBIMU  JIaTYMKAMM ~ HCHOJB3yeTCs  CIELUajbHOE  IMpOorpaMMHOE  olecrieueHue,
YCTaHOBJIEHHOE Ha KOMMbIOTep. JlJii KOMMYHUKAlUU HU(POBBIX JATUUKOB, 3aMUCU U XPAaHEHHS



uHbOpMAIIH, TOTYYEHHOU C WX MOMOIIBIO0, U(poBas 1a00paTOPHS HCIONb3YETCS B KOMIUIEKTE
¢ HOyTOYKOM C HEOOXOAMMBIM yCTaHOBIICHHBIM NPOTPAMMHBIM 00€CTIEUeHUEM.

Hcnons3zoBanue
KOMITBIOTEPHON (POPMBI PETUCTPAIIMHU TOTYUSHHBIX 3HAYCHUH U TOCTPOSHUS TPadhUKOB U3MEHSIET
MOJIX0/IbI K 0()OPMIICHHUIO JTAOOPATOPHBIX U MPAKTUUECKUX PA0OT 00yJaArOIIIMHUCS.

JlanHble,  TIOMy4YEHHBIC
IIPH TIOMOIIX ITU(PPOBIX JTATYUKOB, BHOCATCS B JICKTPOHHBIC TAOIHIIBI, YTO TIO3BOJISET CTPOUTH
rpaduky 3aBUCUMOCTEH HCCeIyeMblX BEIMYMH Ha JKpaHe KomImbloTepa. Ha ocHoBaHuM 3THX
rpaduKoB Jgenarh BBIBOJABI O XapaKTepe 3aBUCUMOCTH BEIUYHH OT BPEMEHU WM JIPYTHX
napameTpoB. Ha ymmyOnmeHHOM ypoBHE 1enecooOpa3sHo 00ydarh MPOBOIAUTH AmMPOKCHMAIIUIO
BBIOpaHHBIX TOUEK UTOTOBOM rpaduuecKoit 3aBUCUMOCTBIO.

Otn HOBBIE
BO3MOXKHOCTH TIO3BOJISIIOT aBTOMATH3UPOBaTh PYTHUHHBIC MPOLEAYPHl 3amOJHEHHs TaOmuil,
BBITIOJTHEHHE OJIHOTUITHBIX PAacdyeToB, MocTpoeHus rpadukoB. Lludpposas porokamepa mo3posnseT
cororpadupoBarh cCoOOpaHHYIO IKCIEPUMEHTAIBHYIO YCTAHOBKY W MPUKPENHUTH (poTorpaduro B
JNIEKTPOHHBIN OT4eT. TakuM 00pa3oM, OCYIECTBIAETCS Mepexo] K 0pOPMIICHUIO 3JIEKTPOHHOTO
OTYeTa O MPOJIETAHHOM SKCIIEPUMEHTE, IPOEKTHOM UITN MCCIIEA0BaTENIbCKOM padoTe.

Bo3MoxHOCTB
UCTIOJIb30BaHMs  BUCOHAONIONCHUS 32 TMPOIECCOM  BBIMIOJHEHUS TPAKTHYECKUX padoT
00y4arouMMUCs U3MEHSIET MOIXO0/IbI K OLIEHUBAHUIO Pa0OT.

ONEeKTPOHHBIH OTYET O
IpO/IeIaHHON MPAaKTUYECKOW paboTe MOXKET COMPOBOXKIATHCS TNMPHUKpEIUieHHOW (doTorpaduei,
KOTOpasi TO3BOJSET OICHUBATh MPAaBUIBHOCTh COOpaHHOW AKCIEPUMEHTaIbHOW YCTaHOBKH,
Oonee MOJMHO OMNpEenensATh MOJMHOTY U MPAaBUIBHOCTb IPOJEJIAHHOTO  HCCIEIO0BaHMS,
aHANMM3UPOBaTh  JTOCTOBEPHOCTb MPEACTABICHHBIX AKCHEPUMEHTAIbHBIX JaHHbIX. [lpu
OJTHOBPEMEHHOM BBITIOTHCHUH Pa3HBIMH TPYIIaMU OOyYaIONUXCsl Pa3HBIX HCCIIEIOBATEIBCKUX
pabor 1enecooOpa3HO HCMOIB30BaTh BHJICO3ANMKMCh BCEro xoia paboT. B »toM cmydae
OIICHUBAaThCS MOTYT HE TOJBKO TIPEIMETHBIE pe3ylbTaTbl, CBA3aHHBIE C MPOBEICHUEM
KOHKPETHOTO SKCIIEPUMEHTa, HO U KOMMYHHKATUBHEIC H PETYISTUBHBIC JICHCTBUS:

IUTAaHUPOBaHUE PAbOTHI,

OTCJIKMBAHUE XoZa paboThl, KOPPEKIHs IUlaHa padOThl, KOMMYHHUKAIMsI B COBMECTHOMH
NeATeTLHOCTH, HATMUKE (MJIH OTCYTCTBHE) KOH(PIUKTOB U CITOCOOBI MX PEIICHUSI.

Hcnonp3oBanue
UPPOBBIX  JTAOOpaTOpUil  CYNIECTBEHHO pPACHIMPSET CIIEKTP BO3MOXKHBIX ONBITOB U
UCCIIEJIOBAaHUN, OCOOCHHO 3TO KacaeTcsi U3y4eHHsi OMOJIOTUU M XUMUH.

Pacmmpenue CIIEKTpa
BO3MOXKHOCTEH MOXHO NPOWLIIOCTPUPOBATh HA MPUMEPE H3YYEHHUS DIIEKTPOMArHUTHOMN
UHAYKIUU B Kypce ¢usuku. [IpW HCMONB30BaHUU CTPEIOYHOTO aMIIepMETpa TPATUIIHOHHO
HAOMIOMAOT JHIITh (AaKT BOSHUKHOBEHHSI WHIYKIIMOHHOTO TOKa B MIPOBOJAHUKE W M3MEHEHHUE €T0
HampaBJIeHUs] TMPU M3MEHEHHUH CKOPOCTHM BHECEHUS MAarHuTa WIUM €ro MOJSPHOCTH.
Hcnonp3oBanue MUQPPOBOrO JaTyWKa MO3BOJSET MONYy4YuTh ocumiutorpamMmy J/1C mHAyKuuw,
BO3HUKAIOIIEH B KaTylIKe, MpPU MpoJieTe Yepe3 Hee MarHuta. JTO MO3BOJISET CpPaBHUBATH
3HaueHus1 MakcuMainbHbIX DJIC mpu mposeTe uepe3 KaTylIKy MarHuTa ¢ Pa3HbIMH CKOPOCTSIMH U
C pa3HOH MOJSIPHOCTBIO, AHAJIU3UPOBATH BUJ IMOJYUYEHHOM 3aBHUCHUMOCTH, KOHCTPYHUPOBATh
AKCMIEPUMEHTAILHBIC 33]1a4d TI0 U3YYECHUIO AIEKTPOMATHUTHONU UHAYKIIUH.

Hudposas  maboparopust MO3BOJISET OPraHU30BaThb MPOEKTHYID U y4eOHO-
HCCJIEZIOBATENbCKYIO JIEATENBHOCTh IIKOJIBHUKOB KaK B paMKaxX YpOKOB, TaK U BO BHEYPOUYHOU
nesitenbHOCTH. Hamuume pa3sHooOpasHbIX HUGPPOBBIX JTATYUKOB JAET BO3MOXKHOCTH MPOBOJHTH
caMble pa3HOOOpa3HbIe HCCIEIOBAHMS, OMHMPAsCh HAa HHTEpechl olywarommxcs. B kadecTBe
npuMepa MOXHO TMPUBECTH HCCIENOBAHUS HKOJIOTHYECKON HANpaBICHHOCTU IO BBISBICHHUIO
(GaKTOpOB  3arps3HEHUS OKPYKAIOUIEH Cpelnbl, H3YYCHHUIO DKOJIOTHYECKOTO COCTOSHUS
MOMEIICHHH IIKOJBI, TOYBBI, BO3yXa B HACEJICHHOM MyHKTE U T.11. MccrnenoBarenbckue paboTsl ¢



UCIIOJIb30BaHNEM HHU(POBBIX JATYUKOB Iiefiecoo0pa3Ho mpeanarars ydammmcs 1011 kmaccos B
paMKax o0s3aTeNbHOM Al HUX NPOEKTHOH NeATeNIbHOCTU. BBIMOTHEHWE TakuX MPOEKTOB
ABIISIETCS. OCHOBAHHMEM JJIsi OLEHKM HE TOJBKO YpPOBHS CGHOPMUPOBAHHOCTH MPEIMETHBIX
pe3yabTaTOB, HO HMTOTOBOW OIICHKH JOCTHIKCHHUS METAlPEIMETHBIX pPEe3yJIbTaroB OOy4YCHUS:
KOMMYHUKATHBHBIX (KOTOpBIE OIEHWBAIOTCS KaK B TPOIECCE IMPOBEACHUS PalbOThI, Tak W B
Ipolecce 3allUThl MPOEKTa WIM UCCIEAOBAaHHWS) W PETYISTHBHBIX (KOTOpPHIE OIICHUBAIOTCS B
MPOIIECCE BHITIOIHEHUS MMPOEKTA).

OcHalenume IS
u3ydeHus (PU3UKUA TPEJCTABICHO B BUJE OOOPYIOBAHHS YISl JEMOHCTPAIMOHHBIX OIBITOB H
o0opymoBaHus ISl JIAOOPATOPHBIX pPabOT W YYCHHUYECKUX ONBITOB, BKIIOYAs OOIIYIO IS
€CTeCTBEHHOHAYYHOTO LUKJIa LU(POBYIO J1abopaTopuio, a Takxke HU(POBYIO J1abOpaToOpuIo 10
¢u3rKe (Kak JOMOJHUTENbHBIN 3JIEMEHT JUIsl YIIIYOJIEeHHOTO U3yUeHUs] QU3HKH).

JleMOHCTpaIoOHHOE
0o0opynoBaHrne 00ECIEUYNBACT BO3MOXKHOCTh HAONIONCHHSI OOJBIIMHCTBA M3yYaeMBIX SIBICHHIA,
MPOLECCOB U 3aKOHOB. DTO BO3MOXKHO MPHU ONTHUMAIBHOM COYETAaHUHM aHAJIOTOBBIX M HU(POBBIX
CpeICTB HAONIONCHMs, aHanmu3a u3MepuTenbHor wuHpopmanuu. Tak, Hampumep, AN Kypca
(GU3UKM ~ OCHOBHOW  IIKOJNIBI ~ €CTh  BO3MOXKHOCTH  JICMOHCTPAIlMM  KJIACCHYECKHX
JEMOHCTPAIIMOHHBIX SKCIIEPUMEHTOB: Ta/ieHue Tell B Tpyoke HproToHa, eMoHcTpalus 1eidCTBUs
arMocdepHOro JnamieHusi, 3akoHa [lackams, Hu3MEeHEeHUs oObemMa TeNn TpH HarpeBaHUU
(oxJax/IeHun), TMPUTSHKEHHUsT MOJeKyl U T.J. HaGop mo 3iexTpocTaTHKe JaeT BO3MOKHOCTh
JEMOHCTpAIMK AJIEKTPU3AIMKA TN, 3aKOHA COXPAaHEHUs 3apsna, JWHUN HaANpsHKEHHOCTU
JNIEKTPUYECKOTO TOJIT M T.J. M MOXET HCIONb30BaTbCs Kak & Kiacce MpH HW3YyYCHHUH
AIIEKTPOMATHUTHBIX SIBIEHUH, Tak v B 10 Kilacce mpu n3y4eHUH dNEKTPOCTATUKH.

IIpn [IPOBEICHUUN
JEMOHCTPAIIMOHHBIX OIBITOB JOJDKHBI COOMIONATHCS TPeOOBaHUSA K MX HAMIATHOCTH (SCHAs U
MOHSITHAS TIOCTAHOBKA OTBITA), BUAMMOCTHU JUIsI BCEX yYallUXcs Kiacca (MpU HATMYUU METKUX
JeTajell  MCIOIb3yeTCs MX YBEIMYCHHOE HW300pakKeHHWE TMPU TIOMOIIM  BeOKaMephl),
SMOIIMOHANBHOCTH U, TI0 BO3MOXXHOCTH, 3aHUMATEIILHOCTH (JIEMOHCTPALIMOHHBIN OMBIT JOKEH
BBI3BIBATh HMHTEPEC YYalIUXCs, CO37aBaTh MOTHBAIMIO K M3YYCHHUIO TMpeaMeTra) u
yOeautenbHOCTH (TTOKa3bIBATh TOT 3(PPEKT, Ha JEMOHCTPALIMIO KOTOPOTO OH OBLIT HAIIPABIICH).

OnHako peanusanus
JEeSTENIbHOCTHOTO TMMoaxoaa B oOyueHUM (U3MKE MEPeHOCUT aKIEHT C JEMOHCTPallMOHHOTO
JKCIIEPUMEHTAa Ha ydeHWYecKuid. Hampumep, mo MexaHWKe HCCICIOBAaHHE KHHEMATHYECKHX
3aKOHOMEPHOCTEH, 3aKOHOB TUHAMUKH, KOJeOaTeIbHBIX IBHKCHUHN MEPEHECEHO B YUCHUYECKHUN
SKCIEPUMEHT C COOTBETCTBYIOIIUM HaOoOpoM oOopymoBaHus. [Ipu u3ydeHHH ANEKTPOIMHAMHUKU
naboparopHoe 000py0BaHUE MO3BOJISIET MCCIIE0BATh HE TOJBKO 3aKOHBI TIOCTOSIHHOTO TOKA, HO
C HCIIOJIb30BAaHHEM KOMIIBIOTEPHOTO ocuuuiorpada mo3BoOJisSeT MPOHAOIIONATh U UCCIIEN0BATh
AIEKTPUYECKHUE IIeTH TIEPEMEHHOTO TOKa, OJI0K JMO0B TO3BOJIAET HCCIEI0BATh BOJIBTAMIIEPHbIE
XapakTepUCTUKH Auoaa. llpm wu3ydeHuH onTUKM JaboparopHOoe O0OOpYIOBaHHME MO3BOJSET
U3yUYUTh 3aKOHBI T€OMETPUYECKON ONTHUKH (TPEIOMIICHHE CBETa B MOMYIIIMHAPE U MOTyUYeHUE
n300paKeHuss B JIMH3aX) © NPOHAONIONAaTh OCHOBHBIC SIBICHUS BOJIHOBOH  ONTHKH
(mHTEpQEPEHITNS U TIOSAPU3ALINS ), UCCIEA0BaTh TUGPAKIHIO CBeTa (AU PaKIIMOHHAS PEIIETKA).

B COOTBETCTBUHU c
IpEeIMETHBIMU pe3ylibTaraMu oOyuyeHHs (Qu3uke 00OopyloBaHHE [UIsl YUYEHHUYECKHX OIBITOB
ofecreunBaeT TPOBEACHHE CJCIYIONIMX THIOB paboT, CrpyNMmUPOBAaHHBIX IO BUAAM
JeSITeTbHOCTH, HE3aBUCHUMO OT MX TEMaTHYECKOM MPHHAIC)KHOCTH:

1. [TpoBeneHne NpsAMBIX H3MEpPEHHN (PU3MUECKUX BETUYMH (M3MEpEeHHE MacChl, o0bema
KUIKOCTH, TEMIIEpaTypbl JKHJIKOCTH, CHIIbI, CHJIBl TOKAa, HAMpPSDKEHUS) C HMCHOJIBb30BAHUEM
aHAJIOTOBBIX M LHU(POBBIX TPUOOPOB.

2. [IpoBepka 3amaHHBIX MPEANONOKEHUN (MpsIMble HU3MEpEHUs (U3MUECKUX BEIUYUH U
CpPaBHEHME 3a/laHHBIX COOTHOLIEHMH MeXIy HuMmu). Hampumep: mpoBepka yciaoBHi IU1aBaHUs



TCII, YCJIOBI/Iﬁ paBHOBECHA pblUara u 6J'IOKOB, 3aKOHOMCpHOCTeI71 noCiaca0oBarCJibHOIO H
napajajiCJbHOIro COCAUHCHUA ITPOBOAHHUKOB U T. H.

3. Pacyer mo mnonmyudeHHBIM pe3ydabTaTaM MPSIMBIX HM3MEPEHUN 3aBHUCHMOTO OT HHUX
napameTpa (B OCHOBHOM IIKOJIe) M KOCBeHHBIC n3mepenus (B 10-11 kmaccax).

Hanpumep: yckopeHue Tena mNpu pPaBHOYCKOPEHHOM JIBIKEHHH, YCKOPEHHE CBOOOTHOTO
NaJIeHUs, J)KECTKOCTh TNMPYXUHBI, KOAP(OUIUEHT TPEHHs CKOJIbKEHHS, MEXaHHueckas pabora u
MOIITHOCTb | T. JI.

4, Habmionenue sBIeHMH M TOCTaHOBKAa OIBITOB (HAa Kaue€CTBEHHOM YpPOBHE) 10
oOHapyxeHHI0 (aKTOpPOB, BIMAIOUIMX Ha MPOTEKaHWE MaHHBIX sBieHuil. Hanpumep:
INPSIMOJIMHEMHOE pacpOCTpPaHEHHUE CBETa, AUCIIEPCUSI CBETA; U3yUEHUE CBOMCTB M300paKEHUS B
IUIOCKOM 3epKajie U T. II.

5. HccnenoBanne  3aBUCUMOCTH  OMHOM  (DM3WMYECKOW  BEIMYMHBI OT JPYTrod C
NpEeACTaBICHUEM pe3ylbTaToB B BHJE rpaduka M pacuera HMCKOMOro mapamerpa. Hampumep:
3aBUCUMOCTH ITyTH PAaBHOMEPHO ABMIKYILETOCs Tejla OT BPEMEHH JBMKEHUsI TeJla; CUJIbI TPEHUs
CKOJIbKEHHS OT CHJIbI HOPMAaJIbHOTO JaBJEHHUs, KadecTBa OOpaOOTKM MNOBEPXHOCTEH Tell U
HE3aBUCHUMOCTH CHJIBI TPEHHS OT IUIOUIaJd CONPUKOCHOBEHHUS TEJN, CHIJIBI YNPYTOCTH OT
YAJIMHEHUs] NpPYKUHBI; BBITAJIKUBAIOIIEH CHIBI OT 00b&Ma MOrPYKEHHOM 4YacTH Teiaa U OT
IUIOTHOCTH KHJIKOCTH, €€ HE3aBUCHUMOCTH OT IUIOTHOCTH Teja, OT DIyOWHBI, Ha KOTOPYIO
HOTPY>KEHO TEJO U T.A.

JlaGoparopHoe
0o0opyaoBaHHE O0ECIEeYnBAET CAMOCTOATEIbHBIA YUEHUYECKUN IKCIEPUMEHT, KOTOPBIH MOXKET
UMETb pasziauuHble GOPMBI: (PPOHTAIBHBINA SKCIIEPUMEHT ((PpPOHTATBHBIE ONBITHI M Ja0OpaTOpHBIE
paboTel), pabOTBI  TPAKTHKYMa, y4eOHOWCCIENOBAaTeNbCKHE  PAabOTBI W TMPOEKTHI
JKCIIEpUMEHTAIbHOIO xapakTepa. [Ipy 3ToM HOpMaTHBHO-00S3aTEIbHBIM BHE 3aBHUCUMOCTU OT
ypoBHS u3yueHUs ¢u3uku (0a30BBIH WM YIIyONeHHBIM) W 00pa30oBaTeIbHOW MPOrPaMMBbI
(OCHOBHAS WM CPEHHSS IIKOJNA) SBISETCS (DPOHTANBHBIA SKCIEPUMEHT. FIMEHHO MoCpecTBOM
(pOHTATBHOTO SKCHEPUMEHTa JIOCTUralOTCsS IMPEIMETHbIE PEe3YJbTaThl AKCIEPUMEHTAIBHOTO
XapakTepa, a ydJallUMHUCS OCBAMBAIOTCS CHOCOOBI JEHCTBHIA, COOTBETCTBYIOIIME YKa3aHHBIM
BBIIIE MATH THNaM paboT. JIaGopaTopHbIil MPaKTUKYM I1eJeco00pa3eH TONbKO NpU yIIyOIeHHOM
YPOBHE U3yUYEHHs IIPEIMETA.

OntuManbHbIM I
JOCTH)KEHUS 1IeJiell TMpoBefeHUs (POHTAIBHOIO SKCIIEPUMEHTa SBISETCS IPEACTaBICHHUE
n1aboparopHOro 00OpYIOBaHUS W MAaT€pPHAJIOB B BUJEC TEMAaTHUYECKUX KOMILIEKTOB 110 MEXaHHKE,
MOJIEKYJIIpHOI (pU3MKe, >IeKTpU4ecTBY M onTHke. Vcronb30BaHHE TeMaTHUYeCKUX KOMIUIEKTOB
crnocoOcTByeT (OPMHPOBAHUIO TAKOTO Ba)KHEHIIETO yMEHHUs, Kak NoAOOp yYallMMHCS
00Opy/IOBaHUS B COOTBETCTBMM C LEJIbIO HCCIEIOBAHUSA W3 M30BITOUHOW HOMEHKJIATYphl
NPEAJIOKEHHOTO KOMIUIEKTa; IO3BOJISIET NMPOBOIUTH JKCIIEPUMEHTAIBHYIO paboTy Ha JIr000M
JTare ypoka; YMEHbIIAET TPYIOBBIE 3aTPaThl YUUTEINS IPHU MOJTOTOBKE K YPOKaM, IOCKOJIBKY HE
TpeOyeTcs NepeKOMIIOHOBKA 000PyA0BaHMsI B COOTBETCTBUU € 3aJjadaMi KOHKPETHOTO ypOKa.

IIpn [IJIAHUPOBAHUU
IPaKTUYECKUX PabOT BaXXHO MMETh B BHUJY, YTO MPEAMETHBIE PE3YNIBTAThl SKCIIEPUMEHTAIBHOTO
XapakTepa MOTYT OBITh OCBOEHBI TOJIBKO INPH ONTHUMAIbHOM COYETAaHUM KPATKOBPEMEHHBIX
(GpOHTaIBHBIX ONBITOB M OTHOYACOBBIX JIAOOPATOPHBIX PaldoT.

BaxHoe 3HaueHune umeer
TOT (aKT, 4YTO B COCTaB (POHTAIBHOTO OOOPYIOBAaHUS HApsAy C AHAJIOTOBBIMH BXOMAAT W
UQpoBbIe cpeacTBa M3MepeHus. K HUM OTHOCATCS SIEKTPOHHBIM CEKyHJIOMEp € JaT4uKaMH,
SNIEKTPOHHbIE BEChl W JaT4MkH IM}poBoil nmaboparopuu. Takum o00pazoM, NMpH MPOBEIECHUH
(pOHTAIBHOIO SKCIEPUMEHTA B OCHOBHOM UIKOJIE YYEHMKHM 3HAKOMATCS C 3JIEKTPOHHBIMHU
croco0aMu U3MEPEHUN U BBIYUCIICHUH.



bnokx oGopynoBanus ans
YYeHUYECKUX paboT 1o ¢usuke chopMupoBaH Ha Oa3e mepedHss 000pyMOBaHUS JIJIS TIPOBEIACHUS
OCHOBHOT'0 IrOCYIapCTBEHHOTO 3K3aMeHa 1o (usuke. Vcronp3oBanue npuOopoB U 000pyI0BaHUS
C eOUHBIMH JUISI BCEX OOydalolMXCs XapaKTepUCTUKAaMHU TI03BOJIIET CTaHJIApTU3UPOBATh
IPOLEAYPHl BBHIIOJHEHHS YKCIIEPUMEHTAIbHBIX 3aJJaHU Ha SK3aMeHe M 00eCleUnTh Ha/IeKHYI0
OLIEHKY pe3yJIbTaTOB HAa OCHOBAHUHU 3KCIEPTHOW NPOBEpKU OTBETOB oOywaromuxcs. Ilpu stom
OCHOBaHHEM JUIsl BBIBOAA O MPaBUJIBHOCTU MPOBEACHUS JAHHOTO OINbITA SIBIISIOTCS PE3YNbTaThl,
MOJTyYeHHbBIE YUAITUMHUCS MTOCPEICTBOM MPSMBIX U3MEPEHUN 3aJaHHBIX (PU3NYECKUX BEITUYHH.

HaGop nmns mpoBencHus
OCHOBHOT'O TOCYJapCTBEHHOTO HSK3aMEHa OOEeCHeurBaeT pa3pabOTKy HECKOJbKHX OJHOTHUITHBIX
3aJJaHUi TPU UCHOJIB30BAHUH OJMHAKOBOTO OOOPYIOBAHUS C PAa3HBIMU XapaKTePHUCTUKAMHU. DTOT
NOJXOJ 1eseco00pa3HO  HCMONb30BaTh W TMpPU  TMPOBEIECHUU (PPOHTAIBHBIX OIBITOB H
nabopatopHbix pabot. Hampumep, npu npoBeACHUN HCCIEIOBAaHUS 3aBUCUMOCTH CHJIBI TOKA OT
HaNpsDKEHUST MOXKHO BBIICTMTH B KIACCE€ TPYMIbI, KOTOpBbIE OyIyT MPOBOIUTH JaHHOE
UCCJIEJIOBAHUE, UCIIONIb3YS PE3UCTOPHI C Pa3HBIM CONPOTUBIECHUEM, U TaMIIOuKy. [1o pe3ynbraram
MOXXHO CPaBHUTH MOJy4YE€HHBIEC 3aBUCUMOCTH, OOCYAUTh IPAHUIIBI BHIIOJTHEHUS 3aKkoHa Oma 1
y4dacTKa LEeNH, ONPEIEIUTh CONPOTUBIEHUS PE3HUCTOPOB.

Crnenyer OTMETUTh, YTO
IpU MIPOBEICHUHN (PPOHTAIBHBIX OMBITOB M JTAOOPAaTOPHBIX paboT B OCHOBHOM IIKOJIe TpeOyeTcs
3alUCh PE3yJAbTATOB BCEX MPSIMBIX U3MEPEHUI C YUETOM aOCOIIOTHOW MOrPEUIHOCTH. 3AeCh MPHU
UCTIOJIb30BaHUM TPAJUIIMOHHOTO 000pyHoBaHHs (MEH3YypOK, JMHAMOMETPOB, TEPMOMETPOB) U
CTPEJIOYHBIX aMIIEPMETPOB U BOJBTMETPOB aOCONIIOTHYIO TOTPELIHOCTh LEJIeco00pa3Ho
CBSI3bIBATh C LIEHOMW JeeHus npubopa, a mpu nepexoze K LuppoBbIM HHCTpYMEHTaM (LU(poBbIe
BECbl M JAaTYMKW) Y4UTh paboTaTh C OMMCAHMSIMHM 3TUX NPUOOPOB, BBIAENAS JaHHbIE 00
a0COIOTHOM MOTPEUTHOCTH, JIUOO0 MpeAaraTh 3HaueHUe MOrPEeUTHOCTH B TEKCTE 3aJaHUH.

IIpu [IPOBEICHUU
WCCJICIOBAaHUS 3aBUCUMOCTEH ONHOW (DU3MYECKOW BEIMYMHBI OT JAPYTrOoM ydaliuecs JTOJDKHBI
OCBOUTH MOCTpPOEHHE IpapUKOB C yKazaHUEM aOCOJIOTHBIX MOTPELIHOCTEH, a MpH MPOBEACHUN
paboT Ha MPOBEPKY MPEAINOJIOKEHUN - YMETh CpPaBHUBATh 3HAUYEHUS JIBYX IPSIMbBIX U3MEPEHUH C
ydeToM aOCONIOTHOM MOrpeurHOCTH (HAampUMep, MyTeM CpPaBHEHUS HHTEPBAIOB MOTYUYEHHBIX
3HaUYeHUI Ha yucioBoi ocu). IIpoBeneHne n3MepeHnil U uccienoBanuii B kypce gusuku 10-11
KJIACCOB JIOTIOJIHSAIOTCS HMCIOJIb30BAaHHUEM OTHOCUTENBHBIX MOTPEIIHOCTEH, ydauiuecs: JAOKHBI
HAy4YUTbCA DPACCUUTHIBATH OTHOCUTENBbHBIE IOIPEHIHOCTH B MIPOCTEHIIMX CIIydasX HpPsIMbIX
U3MEPEHUI U CPAaBHUBATH TOYHOCTh PA3IMYHBIX U3MEPEHUH.

OOpamaeM  BHUMaHME,
YTO OLICHUBAHME JIAOOPATOPHBIX pabOT JOKHO 0a3upoBaThCs, KaK U B KPUTEPUSIX OLEHUBAHUS
aKcriepuMeHTaNbHbIX 3aganuii KM OI'D, He Ha mpaBUILHOCTH 0OPMIICHUS OTYETa O padoTe, a
Ha TPaBUIBHOCTH JEHCTBUH MO COOpY YCTaHOBKH, NPOBEICHUIO OIBITOB, CHATHIO IMOKa3aHHI
npuOOpoB.

OcHnaiuenue JUTSt
U3y4eHusi OMOJIOTUM NPEJCTABICHO KOMIUIEKTAMU JEMOHCTPAIIMOHHBIX BJIA)KHBIX IPENaparos,
repbapreB U KOJUIEKIUI M0 pa3HbIM TeMaM Kypca OMOJIOTHH, a Takke HU(poBoii Jaboparopueit
JUIs TIPOBENIEHHs MpakTHueckux pabor. Kpome Toro, mpum wu3ydyeHHH OHMOJIIOTHH MOXKET
WCIIOJIb30BaTh HH(poBas JjadopaTopuss MO OWONOTHH (KaK JOMOJHUTEIbHBIA AIIEMEHT s
yIiyOJIEHHOTO U3y4EHUs Kypca).

B yueOHOoM mpouecce
ydalecs: JOHKHBI MOMYyYUTh BO3MOXKHOCTh UyBCTBEHHOTO BOCIIPUSITHS M3y4YaeMbIX SIBICHHUH U
00bekToB. OIHAKO M3y4yaeMble SBICHHS W OOBEKTHI HE BCErJa MOTYT OBITh HEMOCPEICTBEHHO
BOCIIPOU3BEICHBI WM [TOKa3aHbl B ydeOHOM MomelieHnu. B aTom cinyuyae yueOHoe 060opynoBaHue
JlaeT BO3MOXHOCTh MX BOCIPOHM3BECTH OIOCPEIOBAHO, Yepe3 KOJUICKIUIO, repOapHbIil JIHCT,
MUKpOIIpenapar, MofieJib, BUA€O(parMeHT U T.II.



Bnaxxusie npenaparbl
IPEICTABISIIOT cO00i HaTypaibHble OOBEKTHI, CMOHTUPOBAHHBIE HA CTEKJISIHHOM IUIACTUHKE U
OIyILEHHbIE B CTEKJITHHBIN LIMJIMHAP ¢ KOHCEPBUPYIOIIEH KUAKOCTBIO, JINOO Mpe/ICTaBICHHbIE B
IUTACTUKE. 37eCh INpeJlararoTcsl TOTAJbHBIE IIpenaparhl, IO3BOJISIIOIIME H3y4yaTh BHEILIHEE
CTpPOEHHE OpraHu3Ma Ui ero 4yactu, (Hampumep: «Koperb 6000BOro pacteHus ¢ KiIyOeHbKaMm»,
«l"agrokay); aHaTOMHUYECKHE Mpernaparbl, MpEeJIHA3HAUCHHbIC [UIl HW3y4YeHHs BHYTPEHHEro
CTPOEHHUSl OpraHu3Ma WM €ro opraHoB (Hampumep: «BHyTpeHHee CTpOEHHUE JIATYIIKN,
«BHyTpeHHee CTpoeHMe NTHULbl»); OHOJIOrMYecKHe Mpenaparbl, AAIOLIUE IPEICTaBICHHE O
CTaAMSIX pa3BUTHs opraHusma (Hampumep: «Pa3Butue KocTUCTON pbIObD», «Pa3BuTHe KypuubD).
Brnaxnele mpemnaparbl MCHONB3YIOTCS KaK pa3fdaTOYHbIM MaTrepual B MPOLECCe JAEMOHCTPALUU
IpY M3Y4EHMM HOBOIO MaTrepuaja WIM B IIPOLIECCE BBIIOJHEHUS NPAKTHUUECKHUX 3aJaHUil,
pa3paboTaHHBIX HA UX OCHOBE.

I'epbapun - coOpanwue
IPECCOBAHHBIX, 3aCYIICHHBIX PACTEHUH WJIM MX YacTel OMOTaloT U3y4yaTh PacTeHHE B KaOUHETe
W y3HaBaTh €ro B IPUPOJIE, a repOapu3anus - Hanbosee MPoCTor Crocod COXpaHEHUs PACTEHUN U
UX 4YacTe¥ B TEYECHHME MJIMTEIBHOIO BpPEeMEHU. B mepedHe mpennaraercss CUCTEMaTU4eCKUi
repOapuii (Hanpumep, «OCHOBHBIE TPYNIBI PACTCHHI») W TepOapuii mo oOmiel Ouosoruu
(KOTOpBIi  TMO3BOJNSIET  MPOMJUIIOCTPUPOBATH  HM3MEHYMBOCTb,  HCKYCCTBEHHBIM  0TOOp,
CHUCTEMAaTHYeCKHe KaTeropud W  BHUA000Opa3OBaHME, JUBEPIeHIUS W  KOHBEPreHIHS,
TOMOJIOTUYHbIE M aHAJOIMYHbIE OpPIaHbl, pyAUMEHTApHBIE OpraHbl, apoMop(}ho3, naroa anTalus
(eHOTHIT ¥ TEeHOTHII, NOJIMIUIOWANS, OTAAJCHHAs THOpUAM3alNs, B3aUMOACUCTBUE PACTCHUHN C
abuoTnueckuMu (akTopaMu Cpenbl, B3aUMOJEHUCTBHE PACTEHH C OMOTHYECKUM (aKTOopamMu
cpenbl). 'epbapHblii MaTepuan HMCHONB3YIOT KaK Pa3NaToOYHBbIA MaTepual JUlsl AEMOHCTpaluu
U3y4aeMbIX OOBEKTOB, JI BBINOJHEHMS] MPAKTUYECKUX 3aJaHUIl NPU 3aKpPEIUIEHUU MaTepuaia
WIN IUarHOCTHKH Y4E€OHBIX PE3yJbTaTOB.

Takxe IIPEACTABIICHBI
KOJUICKIUHM - HAOOpBl NPEAMETOB MM BELIECTB, MOJOOPAHHBIX IO ONPENEIECHHBIM MPU3HAKAM.
OObekTaMM HMX MOTYT OBITh paclpaBi€HHbIE W 3acyllIeHHbIE HACEKOMbIE, PaKoOOpasHbIE,
PAaKOBHHBI MOJUTIOCKOB, OTJIEJbHBIE YAaCTH CKEJETOB MHUBOTHBIX. B KOIJIEKUUAX COYETAIoT
HaTypaJibHble OOBEKTHI C UX M300paXEHUEM B BUAE PUCYHKOB WIM MYJSDKEH - MMUTALMH.
[Ipemioxkennple B mepeyHe MOPQOIOrMYECKUE KOJUICKLIUH TA0T MPEACTABICHHWE O BHEIIHEM
CTPOCHMH OPraHOB WJIM UX YacTeW, MO3BOJISIOT NPOBOJUTH CPAaBHEHUS OOBEKTOB, BBIACHATH MX
oOmue 4epThl U 4epThl paznuuus (Hampumep: «lIpeacraBurenn OTpsA0B HACEKOMBIX» M JIp.);
0011e01O0JIOTHYECKUE KOJJIEKLIMU MO3BOJISIOT BBICHATH B3aMMOCBS3M B OPraHMYECKOM MUDE,
paccMaTpuBarh pa3BUTHE OPraHU3MOB, IPOCIEKNUBATh 00IIE0MOTOIMYECKUE 3aKOHOMEPHOCTH
(Hanpumep: «IIpuMepsI 3aIUTHBIX PUCTIOCOOICHUH Y
HacekoMbIx»). Komnexknuu, kak u repOapuu, UCHOJIB3YIOT Kak pa3laTOYHbI Marepuan Ajs
JNEMOHCTpAIlMM  W3yYaeMbIX OOBEKTOB, ISl BBIINOJIHEHUS MPAKTUYECKUX 3aJaHUi TMpU
3aKperIeHUH MaTepuala Wi AMarHOCTUKH Y4eOHBIX Pe3yJbTaToB.

O3zHakomiieHHE
yUYalIUXCs ¢ MUKPOCKOIIMYECKUM CTPOEHHEM >KHUBBIX OPIaHHM3MOB - OJJHA M3 IVIABHEMINX 3a]a4
HayKH, MO3BOJIAIONIMX IOJBECTH LIKOJIBHUKOB K IMOHMMAHHMIO €JMHCTBA OPraHHMYECKOro MHpa.
s npoBeneHust 1a00paToOpHBIX paboT B HUGPOBYIO J1a0OPaTOPHIO BKIIOYEH MUKPOCKOIL, a B
KOMIUIEKTE IMOCY/bl U 00OpYIOBaHUS OOILEro Ha3HAuYeHUs MMEIOTCS HEOOXOAUMOE OCHAICHHE
JUIsL IPpOBeJIeHHsI Ta00paTOPHBIX paboT.

udposas maboparopus
BKJIIOUAeT HaOOp JUIsl U3rOTOBIICHUSI MUKpompenapaToB. CBekue npenaparbl H3roTaBIUuBatoOT JJis
HEMENJIEHHOTO paccMOoTpeHUs. K HUM OTHOCATCS KUAKOCTHBIE (0OBEKTHI OOBIYHO MOMEIAIOTCA
B BOJY, a IIpenaparsl COXPAaHAIOTCA B TEUEHUE HECKOJIBKUX JIHEH), Cyxue (Hampumep, 4acTHILy
OTUYBETO Mepa, MPOCTO TMOJIOKHUTh HA TMPEIMETHOE CTEKJIO M MHUKPOCKOIHMPOBATH), YKUBBIC
npenaparbl (Ma3Ky - Kalljid >KUJIKOCTH, HalpuMep KPOBU) M BUTAJIbHbBIE Mpenaparbl (KOTOpbIe
UCTIOJIB3YIOTCSI JUIsl M3YUEHUSI MAJIOKJIETOYHBIX OOBEKTOB (IMPOCTEHIINX, KOJIOHUH BOAOpOCIei),



Ui HaOdrofeHus  JBWKeHUS  (Tydenbku, ameObl). [IpuroroBieHne MuUKpompenapara
BBIpA0aThIBACT y yYalIerocs HAaBBIKM CaMOCTOSTCILHOM  paboThl, AaKTHBU3UPYET WX
MI03HABATEIBHYIO JICATEIILHOCTh M 3HAKOMHT C TEXHUKOH W METOJAMKOW HAYYHOTO WCCIICTOBAHMS.
B mudporyro naboparopuio BKIIOYEH Takke W HAOOpP MHUKpPOIPENaparoB, KOTOPBIA COACPKHUT
MIOCTOSTHHBIC TIPETIaparkl, TOJT0e BPEMsI COXPAHSIOIIUECS B IIPUTOTHOM TSI MUKPOCKOITUPOBAHUS
BUJIC.

Cnenyer OTMETUTH, 4YTO
HapsIy C WCIOJIb30BAaHHEM IIEPEUUCIICHHOTO BBIIIE y4eOHOTO 00OpYNOBaHUS BaXKHYIO POJb B
U3yYEeHUU OWOJIOTUW MTPAIOT MPHUPOTHBIC OOBEKTHI, TAK KaK B OOJBIIMHCTBE CIIy9aeB TOJBKO OHH
MOTYT OOECIEYHTh HAMOOJBINYI0 KOHKPETHOCTh W TIOJIHOTY 3HAHUH YYalIUXCs, MOMOTAIOT
(GOpMUPOBAHUIO y HHUX MPABWIBHBIX OHOJOTMYecKuX 3HaHWi. K Takum KUBBIM OObEKTaM
OTHOCSIT PACTEHUs, JXUBOTHBIC KHBOTO YTOJIKA, aKBapuyma, Teppapuyma. DPGEeKTHUBHBIM
CPEACTBOM 3HAKOMCTBA C MPHUPOJHBIMU OOBEKTAMH SIBJSIFOTCS AKCKYPCHH B OHOJIOTUYECKHE U
KpaeBequecKre My3eH, 0OTaHHYECKHE CaJlbl, 300MapPKU U OKPY)KAIOIINE KOy €CTeCTBEHHBIE U
HCKYCCTBEHHBIC TPUPOIHBIE COOOIIECTBRA.

TpanumonHbie
OMOJIOTUYECKUE MYJSDKM M MOJCIHM B HACTOSIIIEE BPEMs YCIEITHO 3aMEHSIOTCS HHU(PPOBBHIMU
o0pa3oBareIbHBIMU pecypcamu: BUJCOPparMeHTaMH, aHUMaIIueH, BUPTYaJIbHBIMU

naboparopusimu. Lludpossie 0Opa3oBaTenbHBIE PECYpChl HE MOTYT CTATh IMOJIHOIIEHHOW 3aMEHOM
peasbHBIX HPUPOAHBIX OOBEKTOB, HO JAIOT BO3MOXKHOCTh IO3HAKOMHTHCA C 0osiee HMIMPOKUM
KPYroM OOBEKTOB, CO3AI0T MPEANOCHUIKH ISl HHTEHCU(UKAIIMK 00pa30BaTeIbHOTO Mpolecca u
o0ecreuynBaOT HE3aMEMJIUTENIbHYI0 OOpaTHYyI0 CBsI3b, KOMIIBIOTEPHYIO  BU3YaJIM3aLIUIO
UHQOpPMAIMKM, aBTOMATU3ALMIO YIPABICHUS Y4eOHOH JeATENbHOCTBIO M KOHTPOJb €€
pe3yabTaToB.
OcHalenme I
U3yYCHHS XUMHH TPEJICTaBICHO B BHUJAE JEMOHCTPAIMOHHOTO OOOpYIOBAaHHUS, KOMIUIEKTA
XMMHUYECKUX PEaKTHBOB C HEOOXOIMMBIM OOOpYAOBaHMEM M3 OOLIEr0 KOMILJIEKTa HOCYAbl U
000pyIOBaHUs Uil YYEHUYECKHX ONBITOB M KOMIUIEKTa KojuleKuui. Kpome Toro, mpu u3y4eHuu
XUMHH UCHOJIB3yeTCs o0miasi Uisi €CTECTBEHHOHAYUYHOTO LIMKJIa UG poBas 1a00paTopHs, a TAKKe
uQpoBast 1adopaTopust N0 XUMHUH (KaK JOMOJIHUTENbHBIN 3JIEMEHT JUIsl yIIIyOJIEHHOTO U3y4EHUS
XUMUN).
JleMOHCTpalMOHHbIN
JKCIEPUMEHT SIBJISIETCS BaXKHOM 4acThlO0 OOYYEHHS XUMHH. 3/1€Ch BaKHO MOMHMTH, YTO MIPU €T0
MIPOBEICHUH 00SI3aTEIHHO JOJKHBI OBITH COONIOIEHBI BCE HEOOXOAMMBIE ITAITbI:
MOCTaBKa 1[eJIM HKCIIEPUMEHTA, ONMCAaHUE HEOOXOAUMOTO ISl €TO
BBITMIOJTHEHUS 000PYI0BaHUSI U PEaKTUBOB, IJITAHUPOBAHKE MOPSIKaA
MPOBECHMSI, ONICAHNE UCXOIHBIX BEIIECTB,
IIPOrHO3MPOBAHUE O’KUJAEMBIX B PEAKIIMOHHOW CMECH M3MEHEHUH U pe3ysIbTaToB
9KCIEPUMEHTA, ONMCAaHNE U3MEHEHUH, TPOU30LIEIIINX C BellleCTBaMHU, (POPMYIHUPOBKA BBIBOJOB
U3 SKCIIEPUMEHTA, CO3/JaHUE PUCYHKA SKCIIEPUMEHTAJIbHON YCTAaHOBKH U COCTABJICHUE
YPaBHEHUs PEaKIHil.
B mpouecce npoeneHust
JNEMOHCTpAlMii, yuyaliuecss OCBauBalOT JTamlbl MPOBEIEHUS OIbITa, IO3TOMY Haubolee
3GGEKTUBHBIM  SIBIISIETCS. HE INPOCTOE ONUCAHUE OIBbITa YYUTENIEM, a HCIOJIb30BaHHE
sBpucTHUYecKoi Oecenpl. [lpu peanuszanuu Takoro CleHApusl Ja)Xe HE OYEHb CIIOKHBIM OIBIT
3aHHUMAaeT JOBOJBHO MHOIO BPEMEHH, HO CIIEJOBAaHHE €My I03BOJISET 00ECIeYUTh NOHUMaHHe
00y4aroIMMHCA TPUEMOB HAyYHOTO MO3HAHUSA M MCIOJB30BAHUE MX YK€ B CAMOCTOATEIBbHOM
NeSITEIbHOCTH B MPOLIECCe YUEHUUECKOro dKcnepuMenTa. Ha HauanbHOM 3Tarne u3ydeHus XUMUU
(B 8-9 kylaccax) UMEHHO TaKOM MOIXOJ MO3BOJISET JOCTUYb MAKCUMaIbHOU 3(PPEKTUBHOCTH OT
IPOBEACHMS JTA0OPATOPHBIX W MPAKTHUECKUX paldoT, a Takke c(HOpMUPOBATH Yy YYallUXCs
OTBETCTBEHHOE OTHOILIEHHE K SKCIIEPUMEHTY.



IIpn OLIEHWBaHUU
YUEHHUECKHUX TPAKTHYECKUX paboT 1enecooOpa3sHO yUWTHIBATh IOIXOJbI, HCIIONB3YIOIINE B
9K3aMEHALIMOHHBIX MaTepuainax. Tak, B HacToslee Bpems Mpeiuiaraetcsi SKCIEepUMEHTAIbHOE
3a/laHue, IpeayCMaTpUBAOIee BHIOOP ABYX BEIIECTB U3 IMATU MPEATOKCHHBIX U MPOBEIECHUE C
HUMH PEaKIni, OTPAKAIONINX XHMUYECKUE CBOWCTBA YKA3aHHOTO B YCIIOBHH 33JJaHHS BEIIECTBA.
OnenuBaHue UIET HA OCHOBAHMH OTYETa YUYEHHKA O MpOJIeTIaHHON paboTe (YpaBHEHHS peaKIlHid,
BBIBOJIBI O HAOJIONEHUSIX) M Ha OCHOBAHHH INPSMOTO HAONIOACHUS 32 NEHCTBUSAMHU yUEHHKA T10
MPOBEACHUIO ONBITOB. [Ipy ATOM BBIIENISIOTCS 3Tarbl 0TOOpa BEIIECTB M CMEIIMBAHUS BEIIECTB B
COOTBETCTBUH C MYHKTaMHU MHCTPYKIMH K padore.

Baxueimmm
HampaBlIeHHEM KaK JEMOHCTPAIIMOHHOTO, TaK M YYEHWYECKOTO JKCIIEPUMEHTa JOHKHO CTaTh
UCTIOJIb30BaHUe IU(PPOBON J1a0OpaTOpUH, KOTOpasl TO3BOJIIET OPTaHU30BAaTh XHMHUYECKHHA
SKCIEPUMEHT Ha MPUHIUIHAILHO HOBOM YpPOBHE, TEpPEeHTH OT KayeCTBEHHOW OIICHKHU
HaOMI0AaeMBIX SBJICHUN K CHCTEMHOMY aHAJN3y KOJIMYECTBEHHBIX XapakrepucTuk. [Ipu pabdore c
naTaukamMu uQpoBoi JadopaTopuu 00ecreunBaeTCsl aBTOMAaTU3UPOBAHHBI cOOp U 00paboTKa
JTAHHBIX, XOJ1 HKCIIEPUMEHTA MOJKET 0TOOpakaThbcs B BUE IpaMKOB WM MOKa3aHUil prOopoB, a
PE3YyNBTaThl YKCIIEPUMEHTOB MOTYT COXPaHATHCS [UIUTENbHOE Bpemsi. Hanbomnee akTyaabHBIM IS
XUMHH  SIBIISIETCS TEpexXoJ] K KONUYECTBEHHBIM XapaKTePUCTHKaM, KOTOPBIM MOXKHO
NPOMJUTIOCTPUPOBATH CIEAYIONMMH TPUMEpaMU: H3yUeHHE CTPOCHHUS IUIAMEHH, OTpeJeIICHUE
pH B pasHbBIX cpenax, ompeiesieHue CKOPOCTU PEakluu, U3yYeHHE BIUSHUS KOHLEHTpAlHUHU U
TEMIIEPATYPhl HA CKOPOCTh PEAKITUH.

Hudposas maboparopus
MO3BOJISIET Pealin30BaTh MEXKIPEAMETHBIE CBSA3H C IPYTHUMH MPEeIMETaMU €CTeCTBEHHOHAYYHOTO
IIMKJIA, TIOCKOJIBKY Ta€T BO3MOXKHOCTH BBITIOJTHATH HHTETPUPOBAHHBIE YI€OHBIE HCCIIEIOBAHUS 110
€CTECTBEHHBIM HayKaM, NMPUMEHSATh U OCBAaUBATh JJIEMEHTHl CTATUCTHKU M HMH(POPMAIIMOHHBIE

TCXHOJIOTUH.



