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Pabouas nporpamma
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o0uepa3BuBaIIeil MPOrpaMMe eCTeCTBEHHO-HAYYHOM
HANPABJIEHHOCTH
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Pabouast mporpamma MO JONOJIHUTEIHHON 00111€00pa3oBaTeIbHON OO0IIepa3BUBAIONICH
IporpaMMe €CTECTBEHHO-HayuyHoU HampaBieHHocTH «bUOJIOIMA «Hcnonb3oBanue
Ouonornyeckux HUQPPOBBIX  JabopaTopuil B HMCCIENOBATEIbCKONM  JIE€ATEIbHOCTH
IIKOJIBHUKOB»» pa3padboTaHa Ha OCHOBaHMHM HopMaTHBHBIX MPABOBBIX aKTOB

- ®enepanbHblii 3aKk0H «O0 oOpazoBanuu B Poccuiickoit ®enepauun» ot 29.12.2012
Ne273-@3.

- VYka3 IIpesunenrta Pocculickoit @enepanun «O Mepax Mo peanu3aluuy rocyAapCTBEHHON
MOJIMTUKH B 00JacTH oOpa3zoBanus U Hayku» oT 07.05.2012 Ne 599.

- VYka3 Ilpesunenta Poccuiickoii @enepannn «O MEpOnpHATHSAX M0 peau3alMu
roCyJapCTBEHHOM conranbHOU NOJUTHKM» OT 07.05.2012 Ne597.

- Pacnopsxenune Mununcrepcrsa [Ipocsemenus ot 12 .01.2021 Ne P- 6

«O0 yTBEpKIEHUU METOAUYECKUX PEKOMEHIAIMM MO0 CO3/IaHUI0 U (PYHKIMOHUPOBAHHIO B

00111e00pa30BaTENbHBIX OPTraHU3ALMIX, PACIIOIOKEHHBIX B CEIBCKOM MECTHOCTH U MAaJIbIX

ropojgax, IEHTPOB  OOpa3oBaHUs  €CTECTBEHHO-HAYYHOM U TEXHOJOTHYECKOM

HANpaBJICHHOCTEW.

- Ilpuka3z Munucrepcta npocsemmenuss PO ot 09.11.2018 r. Ne 196 «O0 yTBepxkaeHUH
[lopsinka opraHu3alii W OCYIIECTBIEHHS 0Opa30BATEIbHOM JEATEIBbHOCTH IO
JOTIOJTHUTENIBHBIM 00111€00pa30BaTEeIbHBIM TPOrPAMMAM)).

- IlocranoBnenune ['maBHOrO rocynapcrseHHoro canurapsoro Bpada P® ot 04.07.2014 N
41 «O06 yrBepxkaenun CanlluH 2.4.4.3172-14 «CaHutapHO- >NUAEMHUOJOTHYECKHE
TpeOOBaHUs K YCTPOHCTBY,

COJIEpKAHUI0O M  OpraHM3aluu  pexuma paboThl  00pa3oBaTENbHBIX  OpraHU3AIMMA

JOTIOJIHUTEIBHOTO 00pa30BaHUsl 1eTE.

ABtop-coctaButenb: Amkna Cepreit HukonaeBuu, 1.X.H., yuuteldb Xumuu (Camapckoro

pPErMOHANBLHOTO IIEHTpa g OJapéHHBIX jeTeil, poneHT kadeapsr DPI'BOY BO

aHaAMUTHYEeCKOM W ¢usnueckoir xumuu «CamMapcKuil TOCYIAapCTBEHHBIH TEXHUYECKUM
yHuBepcuteT»  AmknHa  ExkarepuHa = AnekcaHIpoBHAa, K.X.H., YYUTEIb XHUMHUHU

CamapCcKoropernoHaabHOIO LIEHTpA I OAapEHHBIX JeTen
I[TOACHUTEJIBHAA 3AITMCKA

JlonoyiHUTENbHAS o01ieo0pa3oBarebHast 0011Iepa3BUBAIOIIIAS
nporpamma «L{udposas maboparopusi XUMHUIECKOTO IKCIICPUMEHTa» SBISICTCS ITPOTPaAMMOM
€CTECTBEHHO-HAYYHOUW HAMPABICHHOCTH, MPOQUITH - XUMHUS.

O0beM U CPOK 0CBOCHUSI MTPOTPAMMBI

Cpox ocBoeHus TIporpammsbl - 5 aHeil. Ha momHoe ocBoeHue mporpammel Tpedyercst 16

yacoB 1o cmexe: 4, 3, 3, 3 u 3 Ha KaXKJIbIi JCHb.
dopma o0ydeHus - ouHasi, ouHas ¢ ucrnonb3oBanuem JIOT, pabora B Munum-
rpyrmnmax.

PexxuM 3aHATHH, NEPHOAUYHOCTH U MPOXOJIKUTEIbHOCTh 3aHATHI

[TpoaomKNUTENBHOCTD 3aHIATUN UCUNCIIAETCS B aKaIEMUYECKUX dacax - 40 MUHYT, MEXIY
3aHATUAMH YCTAHOBJEHBI |0-MHUHYTHBIE ITIEPEMEHBI.

AKTYaJIbHOCTH MPOIPAMMBbI

HNHTennexkryabHOE pa3BUTHE SBIIETCA OJNHOM M3 BAaXKHEWIIMX 3aAad WKOJbL [loaTomy
YPOBEHb Ppa3BUTHsI MBIIIJICHUS OO0ydJarommxcsi (Hapsay cO 3HAHUSMH (PaKTUYECKOTrO
XapakTepa) ABIseTcsl Hanbouee CyIeCTBEHHBIM MTOKa3aTeaeM 00pa30BaHus IIKOJIbHUKOB.

Xumus SIBIIAETCS cucTemMoo0pasyrolen JUCLHUTUINHON cpenu IPYTUX
€CTECTBEHHOHAYYHBIX MPEIMETOB, TaK KaK OTKPBHITUA B OOJIACTH XHMMHUU JIEKAaT B OCHOBE
pPa3BUTHS TEXHOJOTMI MOJYyYEHHs HOBBIX BeElIECTB W MarepuanoB. OCHOBHOW ymop B
NPEACTABICHHONW MPOTPaMME CJEJIaH HAa PACIIMPEHUE SKCHEPUMEHTAIIBHOTO XUMHYECKOTO




Kpyrozopa, a TakKe Ha pa3BUTHE HHTEJUICKTyaJIbHOM AaKTUBHOCTU OOYyYaloIIUXCA MU
TEOPETUYECKOTO  MBIIUICHUS KaK  KOMIIOHEHTa  HMHTEJUICKTYaJIbHOM  aKTHUBHOCTH
oOy4Jaronuxcsi MOCPEJICTBOM BBIMOJHEHUS XMMUYECKOrO OMbITa. BaXXHO OTMETUTH, UTO
OCHOBY INPEJUIOKEHHOTO TAOOPATOPHOTO MPAKTUKYMa COCTABJISIOT pabOThl M3 KOMILIEKCA TaK
Ha3bIBaEMON «U(POBOM XMUMHYECKOW J1abopatopum». ITO CHOCOOCTBYET TOMY, YTO
nabopatopHble pabOThl  BHINOJMHSIOTCS Ha KAuyeCTBEHHO JpyroMm, 0Oojiee BBICOKO
TEXHOJOTHYHOM YpPOBHE, CIIOCOOCTBYIOT PEIIEHHIO HECTAHJAPTHHIX M B OOJBIICH dYacTu
UCCIIEIOBATENIbCKUX XUMHUYECKUX 3a]a4, B KOTOPBIX B JOCTaTOYHO OOJBIIOM O0OBEME
UCIIOJIB3YETCSl MaTeMAaTHYECKHil anmapar. 3aJaHds NPAKTUKyMa BKJIIOYAKOT 3JIEMEHTHI,
KOTOpBIE TPEOYIOT OT 00YYArOIerocsi yMEHHE BBIABUTATH THIIOTE3bI, OTPEACIIATH MPOOIEMBI,
HaxOJIUTh HETPAAUIMOHHBIE CIIOCOOBI pemeHus 3agad. OCHOBHOE BHUMaHUE B MPOrpPaMMe
YACISIETCS HE IMepeladye CyMMbl TOTOBBIX 3HAHUM, a Pa3BUTUIO CaMOCTOATEIIBHOCTH
oOy4Jaronmxcsi, yMEHUIo paboTaTh C JOTOIHUTEIHHOM JTUTEPATYPON U YCTAHOBICHUIO HOBBIX
MEKIUCLIUTUITMHAPHBIX CBSI3EH.

OT1iu4uTebHBbIE 0COOEHHOCTH NMPOrPaAMMBbI

[Iporpamma «IludpoBas mabopaTopusi XUMHUYECKOTO IKCIIEPUMEHTa» paccurMTaHa Ha 16
3aHATHH, pa3ieNIeHHBIX Ha 5 pa3/iesoB (MOyei):

- DNeKTpONpPOBOAHOCTH PACTBOPOB JIEKTPOJIUTOB.

- [Totenmmometpust (pH-meTpus).

- I'paBumeTpust.

@da30BbIC PABHOBECHSL.

CrnextpodoTomMeTpruecKrii XUMUYECKHI aHaIN3.

Kaxnprii pasnen oOyudeHusi MpeiCTaBiIeH Kak dTanm paloThl, CBSA3AHHBIA C pEIICHUEM
AKCIIEPUMEHTAIILHOM 3a7]a4M CPeCTBAMU JabopaTOPHOTO 000PYIOBAHUSI.

ConeprxkaHue IporpaMMbl OPUEHTUPYET OOYYAIOIINXCS HA TIOCTOSTHHOE B3aUMOJICHCTBUE
IPYT C IPYrOM U IIPEIOIaBaTeNIEM, PEIIEHUE PAKTUYECKUX
3alady  OCYIIECTBIISIETCSI C  MCIOJb30BAaHUEM METOJUKH OOpabOTKM  pe3yibTaToB
AKCIIEPUMEHTANIbHBIX JaHHBIX. Takke mporpaMMa OpPUEHTHPYET OOydYarolIMXCs Ha MOUCK
Pa3HBIX MOAXOJIOB K PELICHUIO ITOCTABJICHHOW 3aJa4y, C HMCIOJIb30BAHMEM ITOJYYEHHBIX
3HAaHUU B PaMKax MPaKTHYECKOMN NESTEIbHOCTH.

[Iporpamma gaet BO3BMOKHOCTb PACKPBITh H3y4aeMbIi pa3jiell ¢ HTUPPOBON TOUKU 3pEHUS,
B3[JISIHYTh HAa PEIIEHUE SKCIEPUMEHTAIBHON 3aa4 MOJ HOBBIM YTJIOM I JTIOCTHXKEHUSA
MAaKCHMAJIBHOTO pe3yJIbTaTa.

esas nporpammbi: GOpMUPOBaHKE 1IEJIOCTHONU KaPTUHBI H3y4aeMbIX
MPUPOJHBIX  SIBJICHUM, OCBOEHHUE DJJIEMEHTOB  HCCIEIOBATEIbCKON  NIESITENBHOCTH,
O3HAKOMJIEHUE C METOJAMKaMU OO0pabOTKH  HKCIEPUMEHTAIbHBIX  pE3yJbTAaTOB C
UCIIOJIb30BaHUEM IHU(PPOBOK 00pa30BaTENbHON Cpeabl, MOATOTOBKA OOYYaIOmUXCS K
y4acTUI0O B KOH(EepeHIHsX U (pecTuBaisaX, OJUMIIMAIAX €CTeCTBEHHO-HAYYHOU

HaIpaBJICHHOCTH.
3aaun JONOJHUTENbHOH 001Iepa3BUBaIONIE IPOTPAMMBI:

Obpasosamenvhble:

- 3HAKOMCTBO C PHUHILIMIIOM PabOThI JaTYUKOB LHU(PPOBOH T1a0OPATOPUH 110 XUMUH;

- (opMHpOBaHHE HABBIKOB COCTAaBJIECHHS AITOPUTMOB OOpPaOOTKH SKCIEPUMEHTAIBHBIX
pE3yJbTaTOB B 000JI0YKE MTPOrpaMMbl IUPPOBOI 00pa30BaTENbHOM CPEbL;

- (opMHpoBaHME HABBIKOB padOThl ¢ LU(POBBIMU JATYMKAMU M BCIIOMOTaTEIbHBIM
J1a00paTOPHBIM 000PYI0BaHUEM;



YMEHUE aHaJIM3UPOBaTh OSKCIEPUMEHTANbHbIE JaHHbIE M WX NPEJCTaBICHUE B
rpaguuecKkoM WM APyroM CUMBOJILHOM BUJIE;

dbopMHpOBaHWE  HABBIKOB  HMCCIIEIOBATEIBCKOH  JEATEIBHOCTH 1O  MpeaMeTam
€CTECTBEHHO-MaTEeMaTUYECKOTO  IMKJIa B  Tpollecce aHaiu3a U 00pabOTKH
AKCIIEPUMEHTAJIBHBIX JAaHHBIX JUIsi OOOCHOBAaHUS M apryMEHTAllMU paldOHAIbHOCTU
JESITEIbHOCTH B paMKaX MPOEKTHOU JIeATETbHOCTH.

Pa3zsusarowue:

CIOCOOCTBOBATh PAa3BUTHIO TBOPUECKHUX CIOCOOHOCTEH Kaxaoro peOeHKa Ha OCHOBE
JMYHOCTHO-OPUEHTHUPOBAHHOTO MOIX0/1a;

pa3BUTh UHTEPEC K XMMHHU KaK KCIIEPUMEHTAIBHON HAYyKE;

pa3BUTHE TBOPUYECKOTO MOTEHIIMANA K CAMOCTOATEIBLHOCTH B paMKaX MUHHU-TPYIIIIbI;
pa3BUTHE  TMCHUXO(PU3MYECKHX  KAuyecTB, OOyYaroIMXCS:  MaMiTh, BHHMAaHHE,
aHAIUTUYECKHE CTIOCOOHOCTH, KOHIICHTPAITHIO U T.1.

Bocnumamenvhuie:

dbopMHpoBaHKE OTBETCTBEHHOTO MO/IX0/1a K PEHICHUIO SKCTIEPUMEHTAIbHBIX XUMUYECKUX
3aj1ad;

dbopMupoBaHHE HABLIKOB KOMMYHUKAIIUU CPEAN YUACTHUKOB MPOTrPaAMMBI;
dbopMupoBaHHE HABBLIKOB KOMaHHOM pabOTHI.

IpuHuMNBLI 0TOOpPA CONEPKAHUA

OO0pa3zoBaTeNbHBIN MPOLIECC CTPOUTCS C YUETOM CIEAYIOIIUX TPHUHIIUIIOB:
Kynomypocoobpaznocmu wm  npupodocoobpaznocmu. B nporpamMme y4UTHIBAIOTCS
BO3PACTHBIC U UHAUBHUyaIbHBIE OCOOCHHOCTH JICTEH.

Cucmemnocmu. IlonydeHHbIC 3HAHUSA, YMEHUSI M HABBIKM, OOYYarOIIUXCS CHUCTEMHO
MIPUMEHSIOT Ha MPAKTUKE, CO3AaBast

MPOEKTHYIO paboTy. DTO TMO3BOJSET HCMOJIb30BaTh 3HAHUS W YMEHUSI B EIUHCTBE,
IIEJIOCTHOCTH, peain3yss COOCTBEHHBIM 3aMBICET, YTO CIIOCOOCTBYET CaMOBBIPAKEHUIO
pebeHKa, pa3BUTHUIO €r0 TBOPUYECKOTO MOTEHIHAA.

3.

Komnnexcnocmu m nocnedosamenvrocmu. Peanuzanys 3TOro NpuHIMNA Mpeanoiaraet
MOCTENIEHHOE BBEACHHE OOYYAIOIIMXCS B MUP SKCHEPUMEHTAIBHON HCCIIE0BATEIbCKOM
XUMUH.

Haensionocmu. Vcnonb3oBaHWE HATISIIHOCTH TIOBBIIAET BHUMaHWE OOYYarONIUXCS
cpeacTBaMH padOThI Ha IIUGPOBOM JIAOOPATOPHOM 000PYAOBAHUU, YTIYOJIIET UX HHTEPEC
K H3ydaeMoMy MaTepuaidy, CIOCOOCTBYET Pa3BUTHIO BHUMAHHS, BOOOpPaKECHUS,
HaOJIIOATEIHLHOCTH U MBIIIUIEHUS.

OcHoBHBbIE GOPMBI U METO/IbI

B xoxe peanuzanuu nporpaMmsbl UCTIONB3YIOTCA cleAyrore (popMbl 00ydeHus

ITo oxBary nerei: rpynnoBbie, KOJUIEKTUBHBIE.

[To xapakTepy y4eOHOM nesATEIbHOCTH:

Oecenbl  (BOMPOCHO-OTBETHBI METOJI AKTHBHOTO B3aWMOJEHCTBUS Temarora |
0Oy4JaroIuXxcs Ha 3aHATHUSAX, UCTIOJIB3YETCSl B TEOPETUUECKON YaCTH 3aHATHSA);

3aluTa TMPAKTUYECKONW pabOThl (MCHOJB3YeTCS Ha TBOPYECKUX OTYETax, (hEeCTUBATISX,
KOHKYpCax, KaKk UTOT MpOoieTIaHHON padoThl);

MPAKTUYECKHUE 3aHATUSA (IIPOBOJATCA MOCJIE U3YUYEHHUS] TEOPETUYECKHX OCHOB C LENBIO
CcOOpPKH YCTAaHOBOK U OTPAOOTKH Pe3yJbTaTOB IKCIIEPUMEHTAIBHBIX UCCIIEI0BAHNN );
HaOmofeHne (IPUMEHSAETCS TPU  M3YYEHUH KakKoro-inmbo o00BbeKkTa, IPEIMETOB,
OPUPOAHBIX SIBICHUN);



Ha 3anstusx co3maercsi atmocdepa A0OpOKeIaTENbHOCTH, JTOBEPHUS, YTO BO MHOTOM
OMOTaeT  pa3BUTHIO  TBOpYECTBA M  HHULIMATUBBL  peOeHka.  BolmonHenue
HKCIIEPUMEHTAIBHBIX 3aJJaHUN MOMOTaeT peOCHKY B MPUOOPETEHUU YCTOMYMBBIX HABBIKOB
paboThI ¢ pa3IMYHBIMU ITU(GPOBBIMH JATYHMKAMU U JJA0OPATOPHBIM 000pyAOBaHUEM. YUacTue
JeTeil B pecTUBasAX, KOHKYpCax, SKCIEPUMEHTAIIbHBIX TypaxX OJUMIIMA/IbI pa3HbIX YPOBHEH
ABIIIETCS. OCHOBHOUM (hOpMOI KOHTPOJII YCBOCHHSI MPOTpaMMbl OOYYEHHSI U JAUATHOCTUKH

CTCIICHHU OCBOCHUA
IMPAKTHUICCKUX HABBIKOB pe6eHKa.

MeToabl 00y4yeHus
B mporiecce peanu3zaiuy mporpaMMbl UCTIOTIB3YIOTCS pa3InIHBIC METOIBI OOYICHHSI.
1.  Meroapl OpraHU3aIMH U OCYIIECTBICHUS YIeOHO-TI03HABATEIILHOM

JCeSTSIIEHOCTH:

- Haenaowuvle (IOKa3 BUIEOMATEPUATIOB U WJUIIOCTPAIIMM, MOKa3 paboThl ¢ MUGPOBBIM U
71a60paTOPHBIM 000PYIOBAaHUEM );

- npakmuyecKku-oeticmeeHHble (TEXHOJIOTUU MOJKIIOUEeHUsST U(POBOro 000pYy/IOBaHUS K
71a60paTOPHBIM YCTAaHOBKAM B MIPOLIECCE PEIICHUS MPAKTUYECKUX 3a71a4);

- npobreMHO-nouckosvie (aHaMU3 TMPOOJIEMHON CHUTyallMM 10 CIOCO0aM HW3MEpPEHHUs
HaA0JII01aeMOM SKCTIEPUMEHTAILHOM BEJIMUMHBI);

- Memoobl CAMOCMOAMENbHOU pabomsl U pabomsl NOO PYKOBOOCMEoM nedazoea (cOOpka
YCTaHOBOK, 00pab0TKa pe3ynbTaTOB, aHAJN3 U JOCTOBEPHOCTH TOJYUYCHHBIX TAHHBIX );

- ungopmayuonnvie (EKUUs; CEMUHAp; Oecena; pedyeBass MHCTPYKIUS 10 TEXHUKE
0e30macHOCTH Tpu paboTe C Ja0OpaTOPHBIM OOOPYIOBAHHEM; YCTHOE H3JIOKEHUE,
OOBSCHEHHE HOBOTO MaTepuajga H CIIOCOOOB BBIMOJTHCHHUS 3aJaHUS;, OOBSICHECHUE
MOCIIEZI0BATEILHOCTH JICUCTBUN U COZIEpKaHUS; OOCYXKICHHE;, MeJarorndeckasl oreHka

mpolecca IeATeIbHOCTH U €€ Pe3yabTaTa).
2. MeToabl KOHTPOJISE U CAMOKOHTPOJIS 32 3((HEKTUBHOCTHIO YUeOHO-
MO3HABATEIILHOM JESITeIIbHOCTH:

- YCTHBIM KOHTPOJIb M CaMOKOHTpPOJIb (Oecena, paccka3 y4eHHKa, OOBbSICHEHUE, YCTHBIU
oTpoc);

- TMPaKTHYECKUI KOHTPOJb U CAMOKOHTPOJb (aHaIU3 yMEHUs padoTath C J1ab0paToOpHbIM
000pyI0BaHUEM);

- HaOmofeHus (aHaIU3 HKCIEPUMEHTANIBHBIX JAHHBIX B TPOIECCE HCCIEA0BATEIBCKOU
NESATEIIbHOCTH).

Jns cozmanusi KOM(POPTHOTO TCHUXOJIOTHYECKOr0 KJMMaTa Ha 3aHSATHUAX MPUMEHSIOTCS
CIEAYIONINE NIeJaroTuuecKue NpUEMBbIL: CO3JaHuEe CUTYallMH YCIeXa, MOpajbHas MOAJIEPKKa,
ono0peHue, moxsaja, MoolLpeHne, J0Bepue, 1o0poxKenaTeIbHO-TpeOoBaTeIbHAs MaHEPa.

B xone peanuzannu nporpaMmMbl UCIIOIB3YIOTCS CAEAYIONINE THIBI 3AHATHIM:

- KOMOWHHMpPOBAaHHOE (COBMEIICHHE TEOPETUUYECKONM W TPAKTUYCCKOW dYacTed 3aHsTHS;
MpOBEpPKA 3HAHUN paHee M3YYEHHOI0 MaTepuaia; H3JI0KEHHE HOBOIO MaTepuala,
3aKpETUICHUE HOBBIX 3HAHUH, (HOPMHUPOBAHNE YMEHUHN TIEpeHOCa U TPUMEHEHHUS 3HAaHUH B
HOBOM CHUTyalluM, Ha TPAKTHKE, OTpaOOTKAa HABBHIKOB W YMEHHUM, HEOOXOAUMBIX MpPHU
paboTe ¢ HKCIEPUMEHTATIBLHON YCTaHOBKOM);

- TeopeTuueckoe (COOOIEeHNe U YCBOCHUE HOBBIX 3HAHHUM NPU OOBICHEHWH HOBOU TEMBI,
U3JI0KEHNE HOBOT'O MaTepuasa, OCHOBHBIX

MOHSTHH, ONpe/iesieHne TEPMUHOB, COBEPIIICHCTBOBAHUE U 3aKPEIICHUE 3HAHUM );

- KOHTpOJIbHOE (ITPOBOJUTCS B LIEJSAX KOHTPOJSI M MPOBEPKU 3HAHUI, YMEHUN U HABBIKOB
o0yyJaroIerocs yepes 3aluTy MpakTHIeCcKol padoThl);

- MPaKTHUYECKOE (SBJISETCS OCHOBHBIM TUIIOM 3aHSITHI, UCTIONB3YEMBIX



B [IporpamMMme, KaKk mpaBuio, COACPKUT (GOPMUPOBAHNE YMEHUN U HABBIKOB, UX OCMBICIICHHE
U 3aKpEIJICHUE Ha MPaKTUKE MPHU BBIMOJHEHUU SKCIEPUMEHTAIBHBIX 3aIaHUM, HHCTPYKTAX
IIPY BBIMOJIHEHUH MPAKTUYECKUX Pa0b0T, UCIIOJIb30BAHUE BCEX BUIOB MPAKTHK);

BBOJIHOE 3aHATHE (IIPOBOJUTCA B HA4yalle Kypca ¢ 11eJIbI0 3HAKOMCTBA ¢ 00pa30BaTelIbHON
IPOrpaMMOM, COCTaBIICHUE WHAUBUIYATbHONM TPAEeKTOPUM OOYyYEeHHs; a Takke Mpu
BBEJICHUH B HOBYIO TEMY IIPOTPAMMBI).

Ilnanupyembie pe3yJibTAThI

[To ntoram oOy4eHus Mo nporpamme peOEHOK IEMOHCTPUPYET CIIETYIONIUE PE3yIbTaThI:
3HAET MPUHIHUIIBI pabOThl HA 000PYI0BaHUU IIU(GPOBOI TaOOPATOPUHU 1O XUMHUH;

3HA€T aJNTOPUTMBI O00paOOTKU SKCHEPUMEHTAIBHBIX PE3ylbTaTOB B  HHUGPOBOU
o0Opa3oBaTenbHOI cpee;

paBuiia TEXHUKHU 0€30MaCHOCTU IIPHU paboTe € HKCIIEPUMEHTAILHBIMU YCTAHOBKaMU;
yMEEeT HWHTETPUPOBATh pA3IUUHbIE OJOKHM HHUPPOBOM J1abopaTopuu JUIisl CO3JAHUS
MOJTHOIICHHOM YCTAaHOBKH JJIsI BHITIOJHEHUS (PU3UKO- XUMHUUECKOTO U3MEPEHUS,

yMEeT aHaJu3upoBaTh, o0O0padaThiBaTh JKCIEPUMEHTAJIbHBIE JIaHHBIC, IPOBEPITH
JOCTOBEPHOCTH MOJYYEHHBIX PE3YJIbTATOB.

MexaHu3M OLleHUBAHNS 00pa30BaTeIbHbIX Pe3yJIbTAaTOB

Ypoeenv meopemuyeckux snanui.

Huszkuii yposenv. O0yuaromuiica 3HaeT GparMeHTapHO U3YYEHHBIE (HU3UKO-XUMHUYECKUE
U XHMHYECKHE TPOIECChl W 3aKOHOMEpHOCTH. M3noxkeHue marepuaia COMBYMBOE,
TpeOyrolee KOPPEKTUPOBKU HABOISIIMMHE BOIIPOCAMHU.

Cpeonuit  yposenv. OOyyarolmuics 3HAET TEOPETUUYECKHUE 3aKOHOMEPHOCTH, HO
WCTIBITBIBAECT CJIOKHOCTH JJIi UX OOHApyXEHUs U3 DKCIEPUMEHTAIBHBIX JaHHBIX U
MOATOMY JIJIsl IOJTHOTO PACKPBITUS TEMbI TPEOYIOTCS TOMOJTHUTEIBHBIE BOITPOCHI.
Buicokuii yposens. OOyUaromuiics 3HaeT TEOPETUIECKUE 3aKOHOMEPHOCTH HAOJIIOaEMbIX
SIBJICHUM, YMEET UX ONPEICTUTh UCXO U3 IKCIIEPUMEHTAIIbHBIX HAOII0JICHUI U TTyO0KO
MMOHMMAET TPOIIECChl XUMHUYECKHUX SIBIEHUNU. MOXKET N1aTh JIOTUYECKH BbIJEP KaHHBIN
OTBET, IEMOHCTPHUPYIOLIUI MOJIHOE BIaJICHHE MATEPUATIOM.

ypO@@Hb npakmu4eckKux HAaevblKoe U yMeHuzZ Bnaoenue mexnonocusmu pa60Wlbl 6

yughposotl cpede, ananuz u 00CMOBEPHOCHb NOJYUEHHBIX Pe3YNbMamos:

Huskuii  ypogenn.  TpeOyeTcss  TOCTOSIHHAash ~ KOHCYJbTallMsl — Meaarora  Ipu
MIPOTPaMMUPOBAHUH ITAPAMETPOB B ITUGPOBOI cpejie.

Cpeonuii yposenv. TpeOyeTcst TepruoInuecKoe KOHCYIbTUPOBAHUE O TOM, KAKUE METO/IbI
WCIIOJIB3YIOTCS TP aHAJIM3€ PE3YIHTAaTOB U3MEPEHUH, MPOrPaMMHUPOBAHNE TTAPAMETPOB B
udpoBoi cpee.

Buvicokuii  yposenn. (CaMOCTOSITETbHBIM BBHIOOp METOJOB aHajiu3a W 00pabOTKU
AKCIIEPUMEHTAJILHBIX PE3yIbTaTOB, CBOOOIHOE BIIaJICHHUE MPOTPaMMHBIM OOecIieYeHuEM
U poBoit 00pa3oBaTENILHON CPeIbl.

Conpscenue yugposolx 0amuuxos ¢ 1a60pamopHbiMu YCMaHOBKAMU.

Huskuti yposens. He MoXeT coOpaTh YCTAaHOBKY € JaTYMKaMU O€3 IMTOMOIIH Tiejarora.
Cpeonuti yposens. MoxeT coOpaTh YCTAaHOBKY C JaTYUKaMU MIPH MOICKA3Ke Mearora.
Bovicoxuii ypogens. CnocoOEH caMOCTOATENBHO coOpaTh YCTaHOBKY C JaTYHMKAMH,

IPOSIBIISSE TBOPUECKUE CIIOCOOHOCTH.
®opmMbl 0ABEICHUS UTOTOB PeaTH3aALMU MPOrPaMMbl

OTcnexxuBanue PE3YJIbTATOB O6paBOBaTCJ'IBHOFO nmponecca OCYHCCTBIACTCA  IIO

pe3yibTaTaM 3alluThl ITPAKTHYCCKHUX pa60T.



[Tpu moBeICHUN UTOTOB OCBOCHHSI POTPAMMBI UCTIOIB3YIOTCS:
OTIpoc;

HaOJIIOACHUE;

aHaJIu3, caMOaHaJIu3,

co0ecenoBaHueE;

BBITIOJTHEHUE TBOPUYECKUX 3a]IaHUI;

ydacTHe JIETeH B SKCIEPUMEHTAIBHBIX Typax OJUMIIHAJ, KOHKypcax U (HecTHBAIAX
Pa3IMYHOIO YPOBHSI.

MarepuajibHO-TeXHH4YECKOe o0ecreyeHme:

becnpoBoIHONM MYyJIBTUATUUK 110 XUMHUH C 4-MsI BCTPOCHHBIMU JaTUYNKAMM:

natuuk pH ¢ nuamazonom usmepenus He yxe yem ot 0 1o 14 pH;

JATYUK BBICOKOM TemrepaTyphl (TEpMOIIAPHBIN) C TMAla30HOM U3MEPEHUS HE yKE UEM OT
-100 mo +900C;

NATYUK JJIEKTPONPOBOJMMOCTH C JWalia3oHaMu u3MepeHus: He yxe deMm ot 0 mo 200
MKCM; ot 0 10 2000 MxCwm; ot 0 10 20000 MxCwMm;

JNAaTYUK TEMIIEPATyphbl IIATHHOBBIA C JMAINIA30HOM HM3MEPEHHUs HE yxe dem oT -30 1o
+120C;

2. JIOTIOTHUTENIBHBIN JaTYMK ONTUYECKOMN TIJIOTHOCTH 525 HM.

3. Axceccyapwi:

xa0enb USB coeTMHUTENbHBIN;

3apsAAHOE YCTPOHCTBO ¢ Kabeaem MiniUSB;

USB Ananrep Bluetooth 4.1 Low Energy;

KpaTKOE PYKOBOJICTBO IO IKCILTyaTalluy IUPPOBOi TabopaTopuu;
HaOOp J1a00PaTOPHON OCHACTKY;

4.  BcnomoeamenvHoe obopyoosanue:

Bechl J1aboparopHbie ekTponnbie 200 T
CIIUPTOBKA;

5. Xumuueckas nocyoa:

nabopaTopHas, BOpOHKAa KOHHYECKasi, Majouka CTekjsHHas, npobupka [1X- 14 (10 mrtyk),

cTakaH BbICOKMU ¢ HocukoM BH-50 ¢ merkoil (2 mTykH), HUIMHAP HU3MEPUTEIbHBIN
2-50-2 (CTeKIIIHHBIHN, C MPUTEPTOU KPBIIIKOW ), IITATUB 1 TPOoOUpoK Ha 10 THE3 T, 3aKUM
npOOMPOYHBIN, MINaTENb-JIOKeUKa (3 MTYKH), HA0OP (JIaKOHOB JIJIs1 XpaHEHUS PACTBOPOB
U peakTuBOB (00beM (iakoHa 100 mit - 5 KOMIUIEKTOB 10 6 MITYK, 00beM (uiakoHa 30 mi -
10 KOMIUIEKTOB MO 6 IITYK), HMWIMHIP MU3MEpPUTENbHBIM ¢ HOCUKOM 1-500 (2 mTykw),
ctakaH Bbicokui 500 mui (3 mTyku), HaOOp epiue At MBIThSI TOCY bl (€pI JJISI MBIThS
npoOUpPOK - 3 MWITYKH, epil sl MBIThSl KOJO - 3 MTYyKH), XanaT 0enbid x/0 (2 mrTykH),
NepUaTK PE3UHOBbIE XMMHUYECKHE CTOMKHE (2 IITYKH), OYKH 3alIUTHBIC, (UIBTPHI
oymaxkubie (100 mTyk), roprodee 1y1s cuptoBok (0,33 ).

6. Peaxmuewt:

AJIIOMMHUU;

Keneso;

COJISTHAsI KUCJIOTA;

MHANKATOPHI (METHIIOpaHXK, (PeHondTanenn);



7.

BOJIHBII pacTBOp aMMHUAKa;

BOJIHBII pacTBOp MEPOKCHIA BOJIOPOIA;

HUTpaAT cepebpa W Apyrue peakTUBbl (B OOIICH CIIOKHOCTH - 44 pa3IuyHBIX BEIIECTB,
UCTIONB3YEMBIX  JUIS  COCTaBICHHS KOMIUICKTOB PEAKTHBOB TMPH  IIPOBEICHHUH
AK3aMEHAIIMOHHBIX 3KCTIGPUMEHTOB I10 KypCy IMTKOJIBHON XUMHUN );

[IporpamMMHOe oOecrieueHue, METOAMYECKIE PEKOMEHAITNH U BUICOPOIIUKH.
Opranmzamusi  pabodyero  mIpocTpaHCTBA  OOyYarOIIEroCs  OCYIIECTBISIETCS €

UCIIOJIb30BAaHUEM 37I0pOBbecOeperamImx TexHonoruil. B xone 3aHatus B 00s3aTeIbHOM
NOpSAJIKE TPOBOAUTCS (PU3KYJIbTIAY3bI, HAIIPABICHHBIC HA CHATHE OOIIETO U JIOKAJIBHOTO
MBIIIEYHOTO HANpPsDKEHUs OT KommbloTepa ¢ I1udpoBoil saboparopun. B conepkanue
(UBKYJIBTYPHBIX MUHYTOK BKJIIOYAIOTCS YIPAKHEHUS HA CHSTUE 3PUTENBHOIO U CIYXOBOTO
HaNPsHKEHUS, HAPSKSHUST

MBIIII] TYJOBHIIA W MEJKUX MBI KUCTEH, HA BOCCTAHOBIICHHE YMCTBEHHOMN

paboTOCIIOCOOHOCTH.
YUYEBHBIH ITJIAH Iporpamma 5 queii o6yuenns (16 uacos)
YUYEBHBIN MJIAH
Pasznen Tema KoJ1-B0o yacos ®opma
TEOPH [IPAKT |[BCer [MOJABedeHHsI
1 HKa |0 HTOTOB
1.BBoiHOE 3aHsTHE. 1 0 1 Onpoc
DNEKTPONPOBO | IIEKTPOIUTUUYECKAS
HOCTh nucconuanysi. CocTosHue
PacTBOPOB HOHOB B pacTBoOpax. Bupbl
QJICKTPOJIUTOB [IPOBOJHUKOB
PIICKTPUYECTBA. TexHuka
0€301acCHOCTH
2. Onpenenenue ynaenbHon(Q 5 1,5 2 Omnpoc,
DIIEKTPOIPOBOIHOCTH HaOJI0/ICHHE,
cobeceoBanue,
pa30aBIEHHBIX PAaCTBOPOB TTOTIOJTHUTETHHOE
KHCJIOTBI, IIIEJI0YN ¥ COJTN TBOPUYECKOE
3a/1aHue,
3. Onpenenenne KOHCTAHTHI 0,5 0,5 1 aHaIN3
TTUCCOIMAIINY CJIa00T0 TTOCTOBEPHOCTH
DIICKTPOJIUTA pEe3yIbTaTOB
[ToTenmuometpu |1. [Tonstue o crexnsaaom (0,5 1,5 2 Ompoc,
Bi HAOII0CHUE,
(pH-meTpus) HIeKTpose  (0OCOOEHHOCTH cobeceoBaHue,
XUMUHU CTekia). M3mepeHus TTOTIOJTHUTEIIFHOE
pH co CTCKJITHHBIM TBOPYECKOE
DIICKTPOIOM 3a/1aHue,
2. Omnpenenenuel0,5 0,5 1 aHaIn3
pH-nokasarens
pacTBOpa HEM3BECTHOTO TTOCTOBEPHOCTH
BEIIECTBA pe3yJbTaToOB
["'paBUMeTpUs 1. IlpaBuna B3BemuBanus U 5 1,5 2 Onpoc,
MPUTOTOBJICHUS  HABECKH. HaOJII0/ICHKE,
3mepenue M3MCHEHUS cobeceoBaHue,
MacChl PEaKIIMOHHOM CMeCcH TTOTIOJTHUTEIIHLHOE
110 U TIOCJIC PeaKITuHu. TBOPYECKOE




3aJlaHue, aHaJIn3
2. Pacyer maccoBoit fonmun 0,5 0,5 1 TTOCTOBEPHOCTH
Kap60HaT-I/IOHOB B HAaBCCKC pE3yIbTAaTOB
TEXHUYCCKOTO KapOoHaTa
KaJIbLIHS ocJie ero
PacTBOPCHHUS
B COJISTHOM KHCJIOTE
CrextpodoromeT|l. OCHOBHBIE METO/TBI 0,5 15 2 Ompoc,
pu HaOJII0IeHNE,
yeCKHUI KOJIMYECTBEHHOI'0 aHaIn3a B cobece0BaHuE,
XUMHYECKUI a0COpOIMOHHOM JTOTIOJIHUTEIILHOS
AHATI CIIEKTPOCKOIIHH. TBOPYECKOE
OmnpeneiaeHue ONTUYCCKOM 3aJaHUC, aHATN3
[JIOTHOCTHU (A) TS JIOCTOBCPHOCTH
pactBopoB MnO4  pasHoi PE3yJIbTaTOB
KOHIICHTPaLIUU © u
MTOCTPOCHHE
rpaJydpOBOYHOr0 Ipaduka)
A=]1(C).
2. Omnpenenennel0,5 0,5 1
KOHIICHTpAITU!
MnO4 -OHOB B
HEN3BECTHOM
pacTBope.
@da3oBbie 1. Omnpenenenne0,5 0,5 1 Ompoc,
TEMIIEPATYPBI HaOJII0/ICHHE,
paBHOBECHS [LJIABJICHUS TBEPbIX cobeceoBanue,
BEIIIECTB C MOMOUILIO JOIIOJIHUTCIIBHOC
aT4yruKa BBICOKOM TBOPYCCKOC
TeMIIepaTyphl (TepMonapshl) 3a1aHUC, aHATH3
2. Tloctpoenue dazoBoH05 [1,5 2  (ROCTOBCpHOCTH
narpaMMBbl «HUTpaT JIMTHS- pE3yJIbTaTOB
HUTPUT JIATHSD) B
KOOpIMHATAX
«COCTaB-TEMIIEPATypay.
OmnpeneneHue TOYKU
DBTEKTHUKH
Bcero 6 10 16

COHEPXAHUWE ITPOI'PAMMBI IIporpamma 5 queit oOydenus (16 yacos)

Pa3znes «J1eKTPONPOBOIHOCTH PACTBOPOB JIEKTPOJIUTOB.

Tema 1. BrogHoe 3aHaTHE. DJeKTpoiauThuecKas auccouuanus. COoCTosIHUE HOHOB B
pactBopax. Busibl mpoBOIHUKOB dJIeKTpUuecTBa. TeXHUKa0E30MaCHOCTH.

Teopus: Ilpssmble M KOCBEHHbIE H3MepeHHsd. MeTtoauka o00pabOTKU pe3yabTaToB
u3mepeHuii. OcHOBHbIE TpeOOBaHUS K BBHINOJHEHUIO TpakTHYecKux pabdor. TexHuka
O0e3zomacHOCTH Tmpu paboTe OOYy4aAIOMUXCS CO BCIIOMOTATEIhHBIM  J1a00PaTOPHBIM
000pyZI0OBaHUEM, COMPSDKEHHBIM C MU(PPOBBIMU JaTYMKAMHU, C PACTBOPAMHU PAa3TMYHBIX
XUMUYECKUX BEHIECTB M DBJIEKTPUYECKUM TOKOM. MHCTPYKIUMA TO KaxJaOMy MOJIYIIIO.



Ocobennoctu mnporpamMmmHoro obecneuenuss «lludpoBas nabopaTopuss XUMHUECKOTO
skcriepuMenTay. Lludposble gatuuku. Ilogkimtouenue K HOyTOyky. ['paduueckas

UHTEpIpETalUs IKCIEPUMEHTAIbHBIX JAHHBIX.
dopMbI 3aHATHIN: JIEKITU, Oecena.

Tema 2. OmnpeneinieHUe yAEIbHOW 3JIEKTPONPOBOJHOCTH pa30aBIECHHBIX PACTBOPOB
KHCJIOTBI, HIEJOYHU U COJIH.

Teopusi:  BUABI  DJIEKTPONPOBOJHOCTH  PACTBOPOB  DJIECKTPOJUTOB  (yIeiabHas U
SKBUBAJICHTHAs); 3akoH Kombpaymma;, mnpenenpHble TOABKHOCTH HMOHOB; A()QEKTHI
TOPMOKEHUS HOHOB B pacTBOPAX.

[IpakTuka: onpenesieHue YIEIbHOM M SKBUBAJECHTHOM AJIEKTPOIPOBOJHOCTH PACTBOPOB
IEJIOYH, KUCIOTHI U CONU (XJIOPUIOB- U CYJb(ATOB) MPU pa3HbIX KOHIICHTPALUIX; PACUET

peeNbHOM SKBUBAIIGHTHOM 3JIEKTPONPOBOIHOCTH 110 Tpaduxy JI=/10.
®dopMsl 3aHATUN: Oecesia, MpakThuueckas padoTa.

O6opynoBaHHE M PEAKTHBBI: IITATHB, AATYUK DIEKTPOIPOBOIMMOCTH C IUANA30HAMH
n3Mepenus He yxe dem ot 0 mo 200 MxCwm; ot 0 o 2000 MxCwMm; ot 0 mo 20000 MxCwm;
xumudeckuii crakan (50 mur); xabenpr USB coenmHuTENBHBIN, 3apsAaHOE yCTPOMCTBO C
kabenem MINiUSB; USB Apnanrep Bluetooth 4.1 Low Energy; HOyTOyk; KpaTkoe
PYKOBOJICTBO MO 3KCIUTyaTallMd LHU(PPOBON J1A0OpAaTOpUH; HPOrpPaMMHOE OOECHEeYEHUE;

pacCTBOPLI IICJIOYH, CUJIBHOM KHCJIOTBI, COJIM U YKCYCHOﬁ KHCJIOTHI.
Tema 3. OHpGIIGJIGHI/IG KOHCTAHTHI AU CCOIHallH ciaboro QJICKTPOJINTA.

TGOPI/IHI CBA3b JJICKTPOIIPOBOAHOCTH M CTCIICHHM AWCCOLMAIINHU caaboro QJICKTPOJIUTA,

QJICKTPOIIPOBOIHOCTDb BOJBI.
HpaKTI/IKaZ OIIPCACIICHUC YHGHBHOﬁ 1 SKBUBAJICHTHOM

AIEKTPONPOBOTHOCTH PACTBOPOB YKCYCHOM KHCIOTBHI pPa3HOM KOHIIEHTpALMH; pacyeT Io
3akoHy Kosbpayiiia npeaenbHON 3JeKTPONPOBOAHOCTH YKCYCHOM KHCIIOTBI; pacyeT CTENEHU

JMCCOIMAIINY (2) YKCYCHOU KUCJIOTHI MPU Pa3IMUHBIX KOHIIEHTPALIUSIX B PaCTBOPE.
®dopmbl 3aHATHN: Oecea, MpakTuyeckas padbora

OOopymoBaHKe: MITATUB, JATUYHUK DJICKTPOIPOBOIUMOCTH C JAMANA30HAMU U3MEPEHUS HE
yxe yeM oT 0 10 200 MmxCwm; ot 0 10 2000 MxCwM; ot 0 10 20000 MKCM; XMMHUYECKUM CTaKaH
(50 m1); kabenp USB coemuHHUTEIBHBIN; 3apsAaHOe YCTpOHcTBO ¢ kabenem mMiniUSB; USB
Ananrep Bluetooth 4.1 Low Energy; HoyTOyK; KpaTkoe PYKOBOJCTBO IO SKCIUTyaTalldH

urdpoBoii 1abopatopun; MPOrpaMMHOE 00ECTIEUEHHE; PACTBOPBI YKCYCHOM KUCIIOTHI.
Pasznen «llorenuuomerpus (pH-merpusi)».

Tema 1. [lonsATHE O CTEKJISTHHOM 3JIEKTPO/E (OCOOEHHOCTH XUMUU cTekna). M3aMepenus
pH CO CTEKIJISTHHBIM BJIEKTPOIOM.

Teopust: BUIbI MOTEHIIMOMETPHH (TIpsIMasi U KOCBEHHasl); MOHATHE 00 HOH- CEIEKTUBHBIX
AIIEKTPO/AxX; CTEKJISIHHBIA 3JEKTPOJ M OCOOCHHOCTH XHMMHUHU CTEKJIAa; MEXaHWU3M pPaOOThI
CTEKJISTHHOTO 3JIEKTpoAa (MOHHBIA OOMEH); AJIEKTPOJI CPAaBHEHUS; TAIbBAHUYECKUIN AJIEMEHT;
ypaBHeHue HepHcra.

[IpakThka: BHUMaTelIbHOE O3HAKOMJICHHE C PYKOBOACTBOM K JlabopaTopHOW paloTe;
cOOpKa DJICKTPUYECKOM IIeMM B COOTBETCTBUH C METOAWYCCKOM pPEKOMEHIAIMeH K
MpaKTUYECKOM paboTe; KanuOpylOT IIKaJIy TIOTEHUHOMETpa C TOMOIIBI0 JBYX
BCIIOMOTaTeNIbHbIX Oy(epHbIX PAacCTBOPOB M €CIU HEOOXOAMMO, TO KOPPEKTHPYIOT €ro C
MOMOIIIBIO CIEIMaNIbHON HacTporku. Ilepen kaxxapIM norpyKeHreM 3JieKTpoa B OydepHbIit
WIA HCCIEAYEeMBI pacTBOp, €ro (JIEKTpoj) HEoOXOOUMO TIIATEIBHO IPOMBIThH
JUCTUJUIMPOBAHHOM BOJOM M OCTOPOXKHO YJAIUTh HM30BITOK BOJBI C €ro IOBEPXHOCTH
¢unbTpoBasbHOM Oymaroi. Mcnonb3ys nudpoByro 000JI04YKy MporpamMmsl, 3aHOCUM JJaHHbIE
B TaOJMIly M CTPOUM IO 3THUM JaHHBIM KanuOpoBOuHbIN rpadux pH oT KOHUEHTpauuu
pacTBOpa KUCJIOTHI WIH IIEJIOYH.



®dopMsI 3aHATHIA: Oecea, MpakTuieckas padoTa.

Oo6opynoBanue: mratus, faT4uk pH ¢ Ananazonom uamepenus He yxe uem ot 0 10 14 pH;
xuMuueckuit ctakan (50 mu); kabenb USB coeuHUTENbHBIN, 3apsSHOE YCTPOWCTBO C
kabenem MINIUSB; USB Apnanrep Bluetooth 4.1 Low Energy; HOyTOyk; Kpatkoe
PYKOBOJICTBO MO OJKCIUTyaTaluu IupoBoi 1adopaTopuu; MPOrpaMMHOE OOECHEUYEHHUE;
pacTBOpBI IIEJIOYM U CUJIBHOW KHCHOTHI; OydepHbie pactBopel (¢ pH>7 u ¢ pH<7);
BCIIOMOTaTeNIbHOE JIabopaTopHOE 000pyJoBaHHE (CKISHKA C TUCTHILTUPOBAHHOM BOJOM,

¢bunbpTpoBaNbHAA OymMara u ap.).
Tema 2. Onpenenenne pH-niokasarenst pacTBopa HEM3BECTHOTO BEILIECTBA.

Teopus: mkana pH; pacueT KOHUEHTpallMM HOHOB BOAOPOJA; 3aBUCUMOCTh pH ot
KOHIIEHTpPAIMHU pacTBOpA.

[IpakTrka: BHMMAaTElIbHOE O3HAKOMIIEHHE C PYKOBOJACTBOM K JlabopaTopHOW paborte;
cOOpKa DIEKTPUYECKON IIeMM B COOTBETCTBUM C METOJUYECKON pEeKOMEHJAIel K
MPaKTUYECKON paboTe; KamuOpyIOT KAy
MOTEHIIMOMETPAa C TOMOIIBIO JBYX BCIIOMOTATeNbHBIX Oy(hepHBIX pacTBOPOB U €CIHU
HE00XO0MMO, TO KOPPEKTUPYIOT €ro C MOMOIIBIO CIIeNUaaIbHON HacTpolku. [lepen kakapim
MOTPY)KEHHEM DJJIeKTpojia B OydepHBI WIM HCCIEIyeMbIii pacTBOp, €ro (dJIEKTPO.)
HEOOXOJIMMO TIIATEIBLHO MPOMBITh JUCTUJIMPOBAHHOM BOJOM M OCTOPOXKHO YIAJIUThH
M30BITOK BOJIBI C €r0 MOBEPXHOCTH (PHIIbTpOBaANIbHOM Oymaroii. Onpeaensiercs pH pacTtBopa u
JieNaeTcsl BBIBOJ O XUMHUYECKOM TMPUPOJIE MCCIEIyeMOro BellecTBa (KHCIOTa WU

OCHOBAaHHUE).
®dopwmbl 3aHATHI: Oecena, MpakTuyeckas padbora.

Oo6opynoBanue: mratuB, JaT4uk pH ¢ 1namazonom nzmepenus He yxxe yem ot 0 10 14 pH;
xuMuueckuit crakan (50 mun); kabenbr USB coeauHUTENbHBIN, 3apsSJHOE YCTPOWCTBO C
kabenmem mMINiUSB; USB Apantep Bluetooth 4.1 Low Energy; HoyTOyk; KpaTkoe
PYKOBOJICTBO MO 3KCIUTyaTallud HUQPPOBON JabopaTopuu; MpPOrpaMMHOE OOECIeUeHHE;
PacTBOPHI IIEJOYN M CHJIBHOW KHCIIOTBI, BCIIOMOTATEIbHOE JTabopaTopHOE 000pYIOBaHUE

(CKJIIHKA ¢ TUCTUJUTMPOBAHHOM BOAOU, PriibTpoBaibHast Oymara u Jip.).
Pasznen «I'paBumerpus».

Tema 1. IIpaBuna B3BelIMBaHUA W NPUTOTOBIECHUS HABECKU. VM3mepeHne W3MEHEHHs
MacChl pEaKLIUOHHON CMECH JI0 U NOCJIE PEaKIIUH.

Teopusi: OCHOBHBIE TIOJIOKEHUS TPABUMETPUM; EIMHUIBI HW3MEPEHUS  MAacCChl;
IPaBUMETPUUYECKUI (aKTOp B XMMHUYECKOM aHaIU3€; KJIACChl TOYHOCTH BECOB; IpaBuUia
IIEpEBEICHUS HABECKH B PACTBOP.

[IpakTuka: HaCTpOWKa aHAIMTUYECKUX BECOB; B3BEIIMBAHHUE 3apaHEe MPUTOTOBIEHHBIX
HAaBECOK Pa3HOM MACChl U OIPEACICHUE TOYHOCTH B3BCIIMBAHMSA, OTACIICHUE OCalIKa U3
pacTBOopa Ha QUIBTP C MOMONIBIO (UIBTPOBAHMS; CYIIKA, MPOKAJMBAHUE W B3BEIIMBAHUE
OCAJIKOB PpAa3JIMYHBIX BEIIECTB (MajaxuT, KapOOHAT KalblUs, KpUCTAJIMYECKas coja,
MEIHBIM Kymopoc u np.). Pacdyer mo AaHHBIM TIpaBUMETPUM XUMHUYECKOW (POpMyIibI
HCCIIEyeMOro BelecTBa. Llenecoo0pa3sHo NpoBECTH CPaBHEHUE PE3YIIbTATOB CPEAM PA3HBIX

TPYII IIKOJIbHUKOB, BRITMIOJTHSIONINX OJJMHAKOBBIC 33/IaHNA.
dopMel 3aHATHIA: Oecea, MpakTudeckas padoTa.

O6opynoBanue: Bechl jabopaTopHbie 2ekTpoHHbIE 200 T; KOMILIEKT J1abOpaTOpHOU
NOCYZbl;  CIMPTOBKA; XHUMHUYECKHE PEAKTUBBI  (KPUCTAUIOTHIAPAThl, KapOOHATHI);
¢bunbpTpoBaNbHAA OyMara; KalnbKyJsTop.

Tema 2. Pacuer mMaccoBoil 1011 KapOOHAT-MOHOB B HABECKE TEXHMUYECKOTO KapOoHaTa
KaJIbLIMs TIOCJIE €r0 PAaCTBOPEHUS B COJISTHON KUCIIOTE.

Teopusi: moHsATHE O MAacCOBOH J10Ji€ OCHOBHOTO KOMIIOHEHTa M IIPUMECe B XMMHUYECKUX
BEIIIECTBAX.



[IpakTuka: B3BEMIMBAETCS HEOOXOAUMBIA OOBEM COJISIHOM KHCIOTHI ; B3BELIMBACTCA
HEOOXOIUMO KOJMYECTBO MPEABAPUTENBHO H3MEIBUYEHHOTO TEXHUYECKOTO KapOoHaTa
KaJIbLIMs WM MarHusi; 100aBiIsIOT KUCIOTY B CTaKaH C HABECKOM KapOoHaTa U KTy T MOJTHOTO
NPOTEKAHUSI PEAKIUH, MOCIe Yero B3BEIIMBAIOT MOJTYYEHHBIM pacTBOpP; MO pa3HUIIE Macc
CYMMBbl HCXOJHBIX HABECOK U TMOJYYEHHOTO TOCIe CMEIICHHUS W TPOTEKAHHS PEaKIUU
pacTBOpa PacCUUTHIBAIOT MACCY BBIIEJIMBILErOCS YIJIEKHCIIOrO Ta3a; NEPECUUTHIBAIOT Ha
«UUCTHINY) KapOOHAT B MCXOJHOW HABECKE WM BBIYHCIISIIOT MAacCOBYIO JOJII0 KapOoHaTa B

HCXOJTHOW HABECKE.
dopMeI 3aHATHIA: Oecea, MpakTHIecKas padoTa.

O6opynoBanue: Bechl J1abopatopHbie 37eKTpoHHBbIE 200 T; KOMIUIEKT JiabopaTOpHOU
MOCY/bl;  CIIMPTOBKA, XUMHUYECKUE PEAKTUBBl  (KPUCTAUIOTUAPATHI, KapOOHATHI);

(bunsTpoBalibHAS OyMara; KajabKyJIsTop.
Paznesn «CnekrpooTroMmeTpruiecKnii XMMUYECKUH aHATIHN3).

Tema 1. OcHOBHbIE METOABl KOJUYECTBEHHOTO aHaiu3a B aOCOPOIMOHHOM
cnektpockonuu. OnpeneneHne onTuIeckon mIoTHOCTH (A) mis pactBopoB MnO4™ pasHoit
koHueHTpauuu (C) u nmoctpoenue rpaayupoBoyHoro rpagpuka A=(C).

Teopus: mnorioumieHUE BEIIECTBOM H3JIY4YEHHS; SJIEKTPOMArHUTHAs IIKala; OCHOBBI
a0COpOLIMOHHOM CIIEKTPOCKOMUU; 3aKoH byrepa-Jlambepra-bepa.

[IpakTrKa: MOArOTOBKA CEPUM PACTBOPOB NE€pPMAHTaHAaTa Kajus C TOYHO HM3BECTHOU
KOHIIEHTpaIuen nepmanrasat noHoB B quara3one ot 0.005 r/min 1o 0.001 r/mut (ueTbipe-nsTh
pPacTBOPOB) (PEKOMEHIYETCSl MPUMEHITh METOJ] pa30aBICHHs UCXOIHOTO pacTBOpa C TOYHO
M3BECTHOW KOHIEHTpAIMEH IJIsl MPUTOTOBIEHUS OoJiee pa30aBICHHBIX pacTBOPOB); COOpKa
ANEKTPUYECKON LENMU B COOTBETCTBUHM C METOJMYECKOM PEKOMEHIANMEN K MPAKTUYECKOU
paborte; onpeeneHne nokKazareaeil ONTUYECKON MIOTHOCTU PacTBOPOB MEpMaHrara Kaiaus
Pa3IMYHOM KOHLEHTPALUK U MOCTPOEHUE KaTMOPOBOYHOIO rpaduka.

®dopMsI 3aHATHI: Oeceia, MpakTudeckas padoTa.

OOGopynoBaHue: INTAaTHB, AATYMK ONTHYSCKOM IUIOTHOCTH 525 HM; kabemr USB
COCMHUTEIIbHBIN; 3apsAaHOe YCTPOHCTBO ¢ kKaberem MiniUSB; USB Ananrtep Bluetooth 4.1
Low Energy; HoyTOyK; KpaTkoe pyKOBOJCTBO MO AKCILUTyaTalu HUQPPOBOM jJaboparopuu;
MporpaMMHOE OOecriedeHre; BCIoOMOoraTeabHoe JlabopaTopHoe 000pyaoBaHHE (CKIISIHKA C
JTUCTUJITMPOBAaHHOMN BOJIOM, (PMIBTpOBaIbHAS Oymara v Jip.); pacTBOp NEpMaHraHata Kajus,
JUCTUIUIMPOBaHHAs BOJA.

Tema 2. Onpenenenne konuentpanuu MnNO4™ -HOHOB B HEM3BECTHOM PacTBOpE.

Teopus: KOJMYECTBEHHBIM CIEKTPOMETPUUECKUM aHAIU3 OKPALIEHHOIO0 pPacTBOpa
M3BECTHOTO BEIIECTBA.

[IpakTuKa: BBIMOJHSIOT ONpEAEICHUE ONTUYECKON MIIOTHOCTH PacTBOpa NEpMaHraHarta
KaJIis; ¢ TOMOUIBIO MIPEIBAPUTENHHO MOTYYEHHOTO KaTMOPOBOYHOIO rpaduka OnpeaesitoT
KOHLIEHTPAIMIO TEPMaHraHAT-HOHOB B HEU3BECTHOM PACTBOPE; CPABHUBAIOT MOJYyUYECHHbIE
pe3ynbTaTaMu ¢ JaHHBIMH MPENoiaBaTelis U PacCUYUTHIBAIOT OTHOCUTEIbHYIO MOTPEIIHOCTh

BBITIOJTHEHHOT'O U3MEPEHUS.
®dopwmbl 3aHATHI: Oecena, MpakThyeckas padbora.

OOopynoBanue: INTAaTUB, JAaTYAK ONTHYECKOW moTHOocTH 525 HM; kabemr USB
COCMHUTEIIbHBIN; 3apsAaHOe YCTPOHCTBO ¢ kaberem MiniUSB; USB Ananrep Bluetooth 4.1
Low Energy; HoyTOyK; KpaTKoe pyKOBOJACTBO IO dKCILTyaTtamuu 1udpoBoil 1abopatopuu;
mporpaMmMHOe oOecrieueHre; BCIoMoraTenbHoe abopaTtopHoe o0opyaoBaHUE (CKIISTHKA C
JTUCTUILTMPOBAaHHOM BOJOMW, (PUIIBTpOBaIbHAS Oymara u Jip.); pacTBOp IepMaHraHaTa KaJus,

TUCTUJUIMPOBAHHAS BOJA.
Paznena «@a3oBble pABHOBECUS.



Tema 1. Onpenenenrie TeMnepaTypbl MIABICHUS TBEPABIX BEIIECTB C MOMOIIBIO JaTYMKA
BBICOKOW TeMIepaTypsbl (TepMonapsbl).

Teopus: ¢das3oBbie mnepexoAbl Ha MpUMEpPE TIUIABJICHUS BEIIECTB, BO3MOXKHOCTh
UACHTU(UKAIIMK BEIIECTB [0 TeMIeparypaM IUJIABJICHUS;, 3aBUCUMOCTh TEMIIEpaTyp
TUTABJICHHS OT CTPOCHHUS U COCTaBa BEIIECTB.

[Ipaktuka: B (hapdopoBelli THTETh MOMEMIAIOT HEOOXOIUMOE KOJIMYECTBO XHMUUYECKH
YUCTOrO BEIIECTBA W TOTPYKAIOT B HETO0 TEPMOIapy; MEUICHHO HarpeBaroT TUTENb Ha
ANEKTPUYECKON IUIMTKE 1O MOJHOTO IUIABJIEHUS MCCIEIyEMOr0 BEIIECTBA; C MOMOILBIO
IpPOrpaMMHOr0 oOecriedeHrsi Ha HOYTOYKE CHHUMAIOT TOKa3aHWs KpPUBOM HarpeBaHUs.
CHHMMaIOT MOKa3aHUs ISl CEPUM HUTPATOB (JIUTHUS, HATPUs, Kallus) U HUTPUTOB (JIUTHS,
HATpUsA U Kajus) U Ap. TBEPABIX BemiecTB. [lenaroT BBIBOJBI O CBSI3U CTPOCHUS U COCTaBa
M3YYEHHBIX BEUIECTB C UX TEMIIEPATypOH TUIaBJICHHUS.

®dopmbl 3aHATUI: Oecena, MpakThyecKas padora.

O0opynoBaHMe: MITATUB, NaTYMK BBICOKOW TeMIepaTyphl (TEPMOMAPHBINA) C AUANIa30HOM
u3Mepenus He yxe udeM ot -100 mo +900C; xabenp USB coemunuTenbHBIN; 3apsgHOe
ycrpoiictBo ¢ kabeiaem miniUSB; USB Anantep Bluetooth 4.1 Low Energy; HoyTOyK;
KpaTKO€ PYKOBOACTBO MO OKCIUTyaTallud MHQPPOBOA 1abopaTopuu; MPOTPAMMHOE
obecrnieueHue; BcrnoMorareiabHoe jabopaTopHoe obopyaoBanue (hapdopoBblil TUTEINb U Ap.);
AIIEKTpUYECKas TUIMTKA; XUMHUUECKH YUCThIE TBEP/IbIC BEUIECTBA (HUTPATHI M HUTPUTHI JINTHUS
(HATpUS WU KaJvsl), CAJIUIIMIIOBas, OCH30MHAsI KUCIIOTHI U JIp.

Tema 2. Iloctpoenue (a30BOM auarpaMMbl «HUTpPAT JUTUS - HUTPUT JIUTHUA» B
KOOpJMHATAX «COCTaB-TeMIiepatypa». OnpeeneHne TOUYKU IBTEKTUKH.

Teopusi: OCHOBBI (PU3UKO-XUMUYECKOTO aHAN3a; MOHSATHE O (PA30BBIX pPaBHOBECHUSX;
JMHUH JTUKBU]IyCA U COMUAYCA; IBTCKTHKA.

[IpakThKa: TOTOBST BOCEMb HAaBECOK C PAa3IUMYHBIM COJACP)KAaHHEM HUTPHUTAa W HUTpaTa
mutust (B Macc.%); MOMEmIaloT B KaXKIYH MOJYYEHHYIO CMECh (CMECH NOrpYy>KEHbI B
(dapdopoBble TUIIM) TEPMONAPY U MEJICHHO HArpeBalOT Ha DJIEKTPUYECKOM IUIUTKE 0
nosiHoro tuiaByienust (no 150C); ¢ moMombi0 MPOTPaMMHOIO OOECredeHus: Ha HOYyTOyKe
CHUMAIOT [TOKa3aHUs KPUBOW HarpeBaHUsl; HAHOCST MOJyYEHHbIE TaHHbIE Ha M10JIe KOOPIMHAT
«COCTaB- TEeMIIepaTypa»; HAHOCAT JIMHUU JIMKBUYCA U COJIMJLYCa; OMPEAEISIOT KOOPAUHATHI

ABTEKTUYECKOU TOUKHU; CBEPSIIOT IOJIYYEHHBIE TAHHBIE CO CIIPABOYHBIMU JTaHHBIMU.
@OpMBI 3aHATHI: ITPAKTUUECKOE 3aHATHE.

O6opynoBanue: MITAaTUB, TaTYMK BBICOKOM TeMIlepaTyphl (TEPMOIAPHBII) C THara3oHOM
m3Mepenus He yxe dem ot -100 go +900C; kabenr USB coenunutenbHblil; 3apsaHoe
ycrporictBo ¢ kabenem miniUSB; USB Apantep Bluetooth 4.1 Low Energy; HOyTOyK;
KpaTKO€ PYKOBOACTBO MO OKCIUTyaTallud MHQPPOBOA 1abopaToOpuu; MPOTPaAMMHOE
oOecrieueHue; BCIOMoOrareabHoe JjabopaTopHoe o0opynoBanue ((pappopoBblil TUTENb,
71abopaTopHbIE BECHI U Jp.); dJIEKTPUUECKas IJIMTKA; YACThIE HUTPAT U HUTPUT JUTUS (WU
HaTpus).

Oprasau3zannoHHO-NeIArornyecKkne yCcJ0BUsl peaau3aliu NporpaMmbl
[legaror AOMOJHUTENBHOTO OOpPa30BaHHUsS, PEATU3YIOIIUNA JAHHYIO MPOTpamMmy, IOJDKEH
UMETh BbIcIIee TNpodeccHoHaIbHOEe Oo0pa3oBaHUE WM CpeaHee NpodecCHOHATBHOE
oOpazoBaHne B 00JaCTH, COOTBETCTBYIOIIEH NpodUIt0 KpyXKKa, 0€3 TpeabsBICHUS
TpebOBaHM K CTaxXy paboThl, OO BEICIIee podeccrnoHaasHOe 00pa30BaHNE WA CPETHEE
npodeccuoHanbHOe 00pa30BaHKE U JOMOJIHUTEIbHOE MPOodeccuoHaIbHOE 00pa30BaHKE 10
HampaBiieHu0 «OO0pa3oBaHME M TIEaroruka» 0e3 MpPebsBICHUS TPEOOBAHUN K CTaxy
padoTHI.

MoTHnBalnnoOHHBIE YCJIOBHA



Ha y‘IC6HBIX 3aHATHAX MW MACCOBBIX MCPOIIPUATUAX ocoboe MecTo YACIACTCA

(hOopMHUPOBAHUIO MOTHBAIIMK OOYYAIOIIMXCS K 3aHATHIO JIOMOJHHUTEIBHBIM 00pa30BaHUEM.
Jli1s1 aTOTO:

YIIOBIETBOPSIOTCA ~ Pa3HOOOpa3Hble MOTPEOHOCTH  OOydYarouuxcsi: B CO3JIaHUU
KOM(OPTHOTO MCHUXOJOTMYECKOTO KIMMara, B OTHAbIXEe, OOIIEHHMM U 3alluTe,
MPUHAIJICKHOCTH K JETCKOMY OOBEIWHEHHI0, B CAMOBBIPAXEHUHU, TBOPUYECKOU
caMopeau3aiiu, B IPU3HAHUU U YCIIEXE;

JI€TY BKJIIOYAIOTCS B MPAKTUYECKUIN BU]I IEATEIILHOCTH MPU TPYHIIOBOM padboTe, ¢ y4eToM
BO3PACTHBIX OCOOCHHOCTEN U YPOBHEM COXPAHHOCTHU 3710POBBSI;

Ha 3aHATUSX PElIAloTCs 3a7ayd MPOOJIEMHOTO XapaKTepa MOCPEACTBOM BKIIIOUCHHUS B
Hay4HO-UCCJIEI0BATEIbCKYIO I€ATEIbHOCTD;

POBOJATCA MPOQecCUOHANbHBIE MPOOBI U APYrHe MEPOIPHUSTHS, CIOCOOCTBYIOIINE
npo(hecCHOHATLHOMY CaMOOIPEAEICHUI0 00YYarOIIUXCS.

MeTtoauyeckue MaTepHuaJbl

Meroanueckoe oOecniedeHre MpOorpaMMbl BKITIOYAET MPUEMBI U METOJIbI OpraHU3alluu

o0pa3oBaTeIbHOIO Tpollecca, AUAAKTHUCCKHE MaTepHaibl, TEXHHYECKOE OCHAICHUE
3aHSITUH.

I[J'ISI oOecrneueHus HarJIIAHOCTH W AOOCTYIIHOCTH H3Y4aCMOI'0 MaTcpualia IICAaror

HCIIOJIB3YCT PA3JIMYHBIC MCTOOINYCCKHUC U TUTAKTUICCKUC MATCPHUAJIBI.

Harnsgasie nocooust:

cxematndeckue (nudpoBoe 000pya0BaHNE, CXEMBI, TPE3CHTAIINH, AIITOPUTMBI);
€CTECTBCHHbIE U HaTypaJibHbIE (BCIIOMOTaTeIbHOE O0OPYAOBaHME ISl MPAKTHUECKUX
paobor);

00BbEMHBIE (MAKETHI);

WUTIOCTPALIMM, CHaiabl, Trpaduku, QoTtorpaguu W PUCYHKH HKCIEPUMEHTAIbHBIX

pEe3yJIbTATOB U3MEPEHHUI;
3BYKOBBI€ (BHJIEOMATEPHUAIIBI).
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