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PACCMOTPEHA

Ha 3aCeIaHIH MTeJaTOTHYECKOTO
cosera MAQY - COIII Ne 137
[MpoToxon Ne 1 ot 28.08.2025 .

PABOYAS TPOT'PAMMA
II0 KypCy BHEYPOYHOU NEATEILHOCTH
PEIIIEHUE PACUETHBIX "
OKCIHHEPUMEHTAJIBHBIX 3A TAY
o XuMun

CPEJIHEI'O OBIIIEI'O ObPA30OBAHMA

[TPUJIOXKEHHUE x OOIT COO

HamnpasiieHue: eCTECTBEHHOHAYIHOE
Bospact:10-11 xmaccel

Cpox peammsarmn: 1 rog (34 4.)



1. Ilnanupyembie pe3yabTaThl

JINYHOCTHbIEe pe3ynbTaThl

B pesynbrare mpoxokaeHus MPOTPaMMBI TOJDKHEI OBITH CPOPMUPOBAHEI:
- ¢dopmupoBaHMe Yy O0O6yYalOLWKMXCA YCTAHOBKM Ha YycrnewHyto ob6pasoBaTesibHYO
AeATeNbHOCTb U CO3HATE/IbHOE OTHOLIEHME K 0ObEeKTaM, M3y4aeMbIiM B PaMKax 3aHATUN;
- CNOCOBHOCTb M FTOTOBHOCTb 0OYYAOLWMXCA K KOMMYHUKAUMU U COTPYAHUYECTBY MEXAY
cobol 1 B3pocC/biIMK B Npouecce obpa3zoBaTelbHOW, 06WECTBEHHO-NOE3HON, y4ebHO-
nccnenoBaTeNbCKOM, TBOPYECKOWN AeATENbHOCTH;
- ¢opmumpoBaHue y obyyawowmxca YCTOMYMBOM BHYTPEHHEM MOTMBAUMKU K
y4yebHOMNo3HaBaTe/IbHOM AeATEeNbHOCTM U CaMoobyyeHuUIo.

MeTanpeaMeTHble pe3yJbTaThl
- ¢dopmnpoBaHME HABbLIKOB CAMOCTOATENIbHOINO MNAAHMPOBAHMA W  OCYLLECTBAEHUA
y4yebHOM aeatTenbHoOCTY;
- conocTaBneHne 1 06paboTka MHPOpPMaALMK, NONYYEHHON U3 HECKONIbKMX MCTOYHMKOB;
- BNlaileHne OCHOBHbIMW YHUBEPCANbHbIMW YMEHUAMU UHPOPMALMOHHOIO XapaKTepa:
NocTaHOBKa M dopmMmynmpoBaHMe npobaembl; MOUCK W BblaeNeHNEe HeobxoanMoi
nHdopmMaLnmn, NPUMeHeHMe MeTOA0B MHOOPMALIMOHHOTO MOUCKA; CTPYKTYPUPOBaAHME U
BM3yanusaumsa nidopmaumm; Bbibop Hanbonee apPpeKTMBHbIX CNOCOOOB peLleHma 3a4au
B 33aBMCMMOCTM OT KOHKPETHbIX YCN0BWUIM;, CAaMOCTOATE/IbHOE CO34aHME aNropPUTMOB
AeATeNIbHOCTU NPU peLleHnn Npobaem TBOPYECKOTO M MOUCKOBOIO XapaKTepa;
- popmmMpoBaHMe nccneaoBaTeNbCKON KyNbTypbl M HABbIKOB NPOBEAEHMA UCCNEA0BAHUA.

IIpenmMeTHbIE pPe3yJbTATHI

ITo uTOoram 0o0y4eHust 1o nporpamme pebeHoK JEMOHCTPUPYET
CJIeIYIOIIUETPE3YIbTAThI:
- 3HaeT NpMHUKUNbI paboTbl Ha 06opyA0BaHUN LMPPOBOIM NabOPATOPUM NO XUMUK;

- 3HaeT anropuTMbl 06PaABOTKM 3IKCMEPUMEHTANIbHbIX PEe3y/NbTaToB B

undpoBon obpa3oBaTeNbHON Cpeae;



- MpaBuKNa TEXHUKKN 6e30MacHOCTU Npu paboTe € SKCNepUMEHTabHbIMM YCTaHOBKaMU;

- YMeeT WHTerpupoBaTb pas/iMyHble 610KM undpoBoin nabopatopum Ansa co3paHUA



TIOJIHOIICHHOM YCTaHOBKH JJISI BBITTOJTHCHHS (DU3UKOXUMUYCCKOTO U3MEPCHHS,
- yMeeT aHanu3snpoBaTb, 06pabaTtbiBaTb 3SKCNEpUMMEHTa/IbHble AaHHbIE,

NnpoBepPATb AOCTOBEPHOCTb NOJIYHYEHHbIX Pe3y/1bTaTOB

2. CoaepxxaHue NporpamMmbl
Pacmeoppl.

Teopus. Dnexktposutudeckas auccouunanus. COCTOSHUE MOHOB B pacTBopax. Bubl
MPOBOJHUKOB  dJICKTpUYECTBA. TexHuWka Oe3zomacHOCTH. [IpsMble W KOCBEHHBIC
u3MepeHus. Meroauka oOpabOTKU pe3yibTaToB M3MepeHuid. OCHOBHbBIE TPeOOBaHUS K
BBITIOJTHCHHUIO TIPaKTHIECKUX paboT. TexHnka 6e30macHOCTH MpHU paboTe 00ydJarOIUXCs
CO BCIIOMOTaTeJIbHBIM JA0OPATOPHBIM O0OPYAOBAaHUEM, COIPSIKEHHBIM C HUQPPOBBIMU
NAaTYUKAMU, C PACTBOPAMU PA3JIUYHBIX XUMHUYECKHX BEIIECTB U SJIEKTPUUECKUM TOKOM.
Ocobennoctu nporpamMmmHoro obOecrieueHus:i «l{udpoBas naboparopusi XUMHUYECKOTO
skcriepumenTay. Lludpossie natumku. [loaxmrouenne k HOyTOyKy. ['padmueckas
UHTEpIpeTals AKCIIEPUMEHTAIIbHBIX JAHHBIX. Onpenenenue yAEIbHOU
AIIEKTPOIPOBOTHOCTH Pa30aBICHHBIX PACTBOPOB KHUCIOTHI, IMEIOYH W CONH. Bumpl
AIEKTPONPOBOJHOCTH PACTBOPOB DJICKTPOJUTOB (ylelbHAs W SKBUBAJICHTHAs); 3aKOH
Konppayma; mnpenenbHble MOJIBUKHOCTH HOHOB; 3(PQPEKThl TOPMOXXEHUS HOHOB B
pactBopax. CBs3b JEKTPONPOBOJHOCTH U CTCTICHH AUCCOIMAIMH CIa00TO DJICKTPOIHTA.
DIEeKTPONPOBOAHOCT,  BOAbl. Bopopoansiii nokaszatens. [llkama pH. Pacuer
KOHIICHTPAIIMU HOHOB BOJOPOJAA. 3aBUCUMOCTh pH OT KOHLIeHTpauu pactBopa. Peakunu
MOHHOTO OOMeHa. ['maposiu3 opraHuuecKuXx U HEOPraHUYEeCKUX coeAuHeHuil. OCHOBHBIE
MOJIOKEHUSI TpaBUMETpuH. EnuHuibl u3mepeHus: maccol. ['paBumerpudeckuii paxktop B
XUMUYEeCKOM aHanm3e. Knaccel TouHOCTM BecoB. IIpaBmiia mepeBeneHUs] HABECKU B
pactBop. [IoHsITHE O MacCOBOM 10JI€ OCHOBHOTO KOMITIOHEHTA U TPUMECEN B XUMUYECKUX
BEIIECTBAX.

[lpakmuka: onpeneneHue yAEAbHOW W  3KBUBAJICHTHOW AJIEKTPONPOBOJHOCTH
pPacTBOPOB IIEIOYH, KHUCIOTHI M COJMU (XJOPUIOB-U Cyib(haTOB) TMpPU Pa3HBIX
KOHIICHTPAITUAX; PACYET PEAETbHON SKBUBAJIEHTHOM 3JIEKTPOIPOBOTHOCTH 10 TPAPUKy

JI=f(C); ompeneneHne ynenpbHONM M SKBUBAJIEHTHOW 3JIEKTPOIPOBOJIHOCTH PACTBOPOB
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YKCYCHOM KHCIIOTBI pa3HOM KOHIIEHTpalWH; pacyeT no 3akoHy Kosbpaymia npenenbHoOU
AIEKTPOMPOBOJHOCTH YKCYCHOWM KHCJIOTBI; pacueT CTEMEHH JUCCOIUAIMU (a) YKCYCHOM
KHCJIOTBI ITPH PA3JIMYHBIX KOHIIEHTPALUAX B PACTBOPE.

Onpenenenne pH-nokasarens pacTBopa HEM3BECTHOIO BEIECTBA. B3BemmBanue 3apanee
MIPUTOTOBJIEHHBIX HABECOK pPa3HOM MacChl M ONpEAESIEHHE TOYHOCTHU B3BEIIMBAHUS;
OTJEJICHHE OcCaJlka W3 pacTBOpa Ha (QWIBTP C MOMOIIBIO (UIBTPOBAHMS; CYIIKA,
MPOKAJIMBAaHUE M B3BEIIMBAHHE OCAJKOB PA3JMYHBIX BEIIECTB (Majaxur, KapOOHAT
KaJIbLIMSI, KPUCTANIMYECKasl COAa, MEAHBIA Kymopoc W Jp.); pacdeT MaccoBOM 10JU
KapOOHAT-MOHOB B HABECKE TEXHUYECKOT0 KapOOHAaTa KaJbLUs [1OCJIE €T0 PaCTBOPEHUS B
COJISTHOM KHCIIOTE.

Vcnonb3yemoe 0b6opydosaHue U peakmussi.

[ITaTuB, JaTYMK JIEKTPONPOBOAUMOCTHU C IHANa30HAMU U3MEPEHUS HE yke ueM oT 0 110
200 mxCwm; ot 0 mo 2000 mMxCwm; ot 0 mo 20000 mMxCwm; matuuk pH ¢ auanmazoHom
u3Mepenus He yxe yem oT 0 mo 14 pH; xummueckuit crakan (50 mur); xabenr USB
COCIMHUTEIBHBIN; 3apsaHoe ycTpoicTBO ¢ kabernem miniUSB; USB Anmantep Bluetooth
4.1 Low Energy; HOyTOYK; KpaTkoe pYKOBOJCTBO II0 OJKCIUTyaTanuu I1UGpOBOH
nabopaTopuu; mporpaMmMHoe obecriedyeHue. PacTBophbI 1mienouu, CUIbHOM KUCIOTHI, COJIU
U YKCYCHOW KHCJIOTHI; BCIIOMOTATEIbHOE J1adopaTopHOE O0OpyIOBaHHE (CKISIHKA C
TUCTUIUTMPOBAHHOW BOJOW, (HUIBTpOBaNbHAS Oymara W JIp.); BeChl J1aOOpaTOpHBIC
anekTpoHHble 200 T; KOMIUIEKT JIabOpaTOpPHOW TOCY/bI; CIHPTOBKA; XUMHUYECKUE
pPEaKTUBBI (KPUCTAJUIOTUAPATHI, KApOOHATHI); KaJbKYJISATOP.
Memannwt u ux ceoiicmea

Teopus. DnemeHThI-MeTalUIbl. Ponb MerayuioB B uctopuu uuBmimizanuu. Kiace
MeTauioB. @DuU3MYECKue M XUMHUYECKHE CBOWCTBAa MeTauioB. Koppo3uss MeTamios.
CmnaBbl. Okcuipl M THUAPOKCHABI MeTawioB. VX 3HaueHwe u NpUMEHEHHE.
Meramueckas CBs3b, PsiJil BOCCTAHOBUTEIBHON CITOCOOHOCTH METAILIOB.

IIpakmuka: OKWCIEHUWE METAIJIOB HEMETAJUIaMH; OKHUCJIEHHE METaJuIOB BOJOW;
OKHCJICHUE METaUIOB HOHAMH (THIPOKCOHUEM, KAaTHOHAMHM METaJJIOB, KHUCJIOTHBIMHU

OCTaTKaMHM); IPEBPAIICHHS B OHON MPOOHUPKE HA TIPUMEPE MEIH.



Pacyuemsl Mo Xxumu4eckum opmynam U YpPasHEHUAM: C WCMONb30BaHUEM CMecwu

MEeTannos NN Npumecu Kaknx-nmbo BeLeCTB.

Ucnone3yemoe obopydosaHue u peaKkmussi.

HoyTtOyk; kpucTaTM4ecKre pelieTku METaIOB U CIIJIaBOB, CKAJIbIIENh, (UIbTPOBAJIbHAS
Oymara, THWHIIET, cepa, MeIOb, HATPWUH, KaJIbIMA, MarHud, aIIOMUHUH, KEIe30,
TUCTUIUTpOBaHHAs Boja, peHonmpranenH, ruapokcua Hatpus, cyibdat mean (II).
OKuciumenvHo-60cCmManogumenbvHvle peaKyuu

Teopusa.  Oxuciautens.  BoccranoBurenb.  OKHCIEHME UM BOCCTAHOBJICHUE
DneKTpooTpulaTeNbHOCTh. CTEneHb OKHUCIEeHUs. BaneHTHOCTb. MeTol 3JIEKTPOHHOTO
Oamanca.
MeTtox ANEKTPOHHO-WOHHBIX ypaBHeHWH. OrOenmmBanue. [lesmndexums. XiaopHas
u3BecTh Kpaienue. buonornyecku akTUBHBIE MUILIEBbIE JOOABKHU.

Ilpaxmuxa: CBOMCTBA COEIMHEHUI MapraHila; BOCCTAHOBIICHUE MEIU U3 OKCHUJIAa MEIU
I1).

Pacuemwt no xumuueckum opmynam u ypagHenusm: KOJINYECTBEHHBIE PACUEThl TeIlIa
XUMUYECKUX peakuuii; mMaccbl (Wi oObeMa) MOJYYEHHOTO BEIIECTBA, €CIU JaHbI
MCXOJTHBIE BEIECTBA C OINPEACIICHHONW MaccoBOW (MM 0OBEMHON) doJeil mpumecedt u
JaHa MaccoBas (MM 00beMHast) J0JI BHIX0/1a MPOAYKTA PEAKIIMK; PacueT MacChl CoJiel U
o0bema BOABI JIJIsl IPUTOTOBJICHUSI PACTBOPOB JJIsSl POBEACHUS TPAKTUUECKUX PaOdoT.

Vcnonb3yemoe 0b6opydosaHue U peakmussi.

HoytOyk; xumuueckue crakanbl Ha 100-300 M, HarpeBareibHBIM NpuOOp; cepHas
KucioTa, okcua mapranua (IV), mMaHraHat kanus, yKCycHas KHCJIOTa, XJIOpHas BOJA,
Cyab(GUT HaTpus, cynb(ua HaTpus; npubop sl MOJYUYEHHUsS Ta30B, yucTas canderka,
okcua menu (II), 10%-nast consiHas KUCIIOTa, IMHK, AUCTUJUIMPOBAHHAS BOJA, Cysbdar
menu (II).

AnekmpoxumuuecKue peaxkyuu

Teopus. I'anbBaHUYECKUN 3IEMEHT. DIEKTPOAbl. AHOA M KaTOH. DJIEKTPOABUKYILIAS
cuta (OAC). DnexkTpoaHbli MNOTEHUUAN. OJIEKTPOXUMUYECKUA pAl  HaNpsSHKEHUN
METAJUIOB. AKKYMYJISITOp. OJIEKTpOIM3. OJIEKTPOJW3HAs BaHHA. AHOJUPOBaHUE.
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PadunupoBanue  MeramioB.  DJEKTpoiMTHYECKOe  TpaBupoBaHue.  Kopposus.
ArpeccuBHbIE ~ BEIIECTBA.  XUMHUYECKas M DJIEKTPOXUMHUYECKAs  KOPPO3HSL.
['anpBannyeckue osneMeHTbl. ['anpBaHomapa. 3amuTHble NOKpbITHSA. DocdarHble
nokpeiTus. Uaruburtopel. OxcuaupoBanue. 3akoHsl Dapases.

Ilpakmuka:  KOHCTPYHpPOBAaHUE  TaJbBAHUYECKOTO  AJIEMEHTAa;  IPHUTrOTOBJICHUE
HACBIIIEHHBIX PACTBOPOB.

Pacuemvr no xumuueckum opmynam u ypasHenusm: BbIYUCIEHUE HEOOXOIUMOM st
raJIbBAHUYECKOTO Mpoliecca BETUYMHBI TOKA; BBIYMCIEHUE MAacChl COJIU U 00bemMa BOAbI
JUI IPUTOTOBJIEHUSI PACTBOPOB; BBIUYMCIIEHUE MACChl, 00b€Ma MIJIM KOJMYECTBA BEILIECTBA,
IIOJIyYEHHOTO B pe3ysbTaTe »3JIEKTPOJIM3a; pacueT MPOLEHTHOIO COCTaBa CTalll,
YCTONYUBOMU K KOPPO3UH.

Mcnone3yemoe obopydosaHue u peakmussl.

HoytOyk; emkoctn Ha 3-5 1, KpUCTalNIM3aToOp, MPOBOJAA, JIATYHHBIE WA MEIHbIC
CTEpKHH, JIETKOIIJIaBKass Macca aisi (opM, KUCTOUYKA, TUHIIET; YUCTBHIA TpaduT, MEIHBIHA
KylIOpOC, CEepHas KHCIOTa, NWCTUJUIMPOBAHHAs BOJAA, MEJIHAs IUIACTUHKA, a30THas

KUCJI0Ta, THAPOKCU I HATPUA WU THAPOKCUA KaJIWA, XJIOPHUI HATPUA.

3. TemaTuyeckoe NIAHUPOBAHUE

Nen/m | Ha3zBanue pa3nena KosnvecTBo yacoB dopma

Teopus | Ilpaktuka | Bcero MOABe/ICHUA
HUTOI0B

1 PactBOpHI 6,5 6,5 13 Ompoc,
HaOJIIoIcHHE,
cobeceloBaHuE,
JIOTIOJTHUTEIIHLHOE
TBOPYECKOE
3aJaHKe, aHaJIn3,
CaMOCTOSTEIbHAS
paborTa.

2 | Meramnsl 2 1 3 Ompoc,
HaOJII0IEHHE,




coOece0BaHue,

aHaJu3.
3 OKHCIUTENBHO- 4.5 4.5 8 Ompoc,
BOCCTaHOBHUTEJILHEIC HaOJII0ICHHE,
peaxiuu co0eceioBaHueE,
JIOTIOJTHUTSIILHOC
TBOPUYECKOE
3aJjaHUe, aHAJIN3.
4 | DIEKTpOXUMHYECKUE 5 4 9 Omnpoc,
peakiumu HaOJII0IEHHE,
cobeceloBaHuE,
aHaJu3,
TECTUPOBAHUE.
5 Urorosoe 3anstue 1 Ormpoc
Hroro 34

KaneHgapHo-TematuMyecKkoe niaHUpoBaHue

Ne n/mt TEMA KOJI-BO HACOB

Teopust | [Ipaktuka | Bcero

PactBopsb (13 4.)

1 DIIEKTPOIUTAYECKAS AUCCOLINALIAS. 1 - 1
CocrosiHue MOHOB B pacTBOpax. Bubl
IPOBOJTHUKOB dJIEKTpUUYECTBA. TeXHUKA
0€301MacHOCTH.

2-3 [Ipaktuueckas padota Nel. OnpeneneHue | 1 2
yIEIBbHOU 3JIEKTPONPOBOIHOCTH
pa30aBIECHHBIX PACTBOPOB KUCIIOTHI, IIETIOYH

U COJIU.

4 ITpakTuyeckas padora Ne2.Onpenenenue - 1 1
KOHCTaHTHI TUCCOITUAIINN C1ab0T0
ANEKTPOJIUTA.

5-6 Pemrenue pacdyeTHbIX 3a71a4 110 TEME: 0,5 1,5 2
“DIIEKTPOIUTHYECKAS TUCCOLIUALNS .

7 Bopopoauslii mokasaress. 1 - 1

8 [Ipaktuueckas padora Ne3. Onpenenenue - 1 1
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pH-nokasarens pacTBopa HEM3BECTHOTO
BEILIECTBA.

Peaknum noHHOTO OOMEHA. 1

['maponn3 opraHndeCcKuX U HEOPTaHUYECKUX 1
COETUHECHUU.

11-12

[IpaBuia B3BEIIMBAHUS U IPUTOTOBJICHUS 1
HaBecku. [Ipaktuueckas pabora Ne4.
N3mepenne n3sMeHeH s MacChl PEAKIIMOHHOMN
CMECH JI0 U TIOCJIE PEAKLIVH.

13

[Ipaktuueckas pabora Ne5. Pacuer maccoBoil | -
JI0JI1 KapOOHAT-UOHOB B HABECKE
TEXHUYECKOTO KapOoHarta

KaJIbIUS ITOCJIE €TO PACTBOPEHUS B COISTHOM
KHCJIOTE.

MeTtanibl (3 yaca)

14

3HAKOMCTBO C METAJLIAMHU. 1
Hcropuueckas poiab METaILIOB.

15

O6mme hrU3NIecKue U XUMIUIECKUE 1
CBOMCTBA METAJUIOB. MeTautbl Kak
BoccTaHoBUTeH. CIIaBEL.

16

Pemienue skcriepuMeHTANIBHBIX 3a/1a4 110 TEME | -
“Metaminr’”’.

OKHCIANTETLHO-BOCCTAHOBUTEIbHBIE peakun (8 4

acoB)

17

OKHCIIUTENHEHO-BOCCTAHOBUTENIBHBIC 1
peakuuu. OcHoBHbIE TOHATHS Teopun OBP

18-19

Merton anekTponHoro 6ananca. Coequnenus | 1
Maprasua.

[Ipaktuueckas padora Ne6. CpoiicTBa
COEMHEHU Maprasiia.

20-21

Meton 31eKTPOHHO-HOHHBIX YPABHEHU . 1
CoenuHeHust xpoma.

[Ipaktuueckas padora Ne7. BoccranosieHue
Meau u3 okcuaa meau (11).

22

OKHCIIUTETFHO-BOCCTAHOBUTEILHBIE peakiu | 1
B OBITY.

23-24

Pemenune pacu€THpIX 3a1a4 110 TEME 0,5
“ OKUCIUTETbHO-BOCCTAHOBUTEIBHBIE
peakuum’’.

1,5




JJIeKTpOXUMHUYecKHe peakunu (9 yacos)

25 XUMHYECKAE UCTOUYHUKH TOKA. 1 - 1
26 I"ansBaHnuecknii anemeHT. barapes. 1 - 1
27 [TpakTueckas padora Ne§. - 1 1
KoncTpyrnpoBaHue ralbBaHU4€CKOro
AJIEMEHTA; TPUTOTOBJICHUE HACHIIIIEHHBIX
pacTBOPOB.
28 DIIEKTPOIU3 PACIIIIABOB U PACTBOPOB. 1 - 1
IIprmenenune aneKTpoImn3a.
29-30 Koppo3us metanios. 1 1 2
31-32 Pemrenue pacdyeTHbIX 3a71a4 110 TEME: 0,5 1,5 2
“Onektponus”.
33 Pemenune 3ana4 no 3akonam @apanes. 0,5 0,5 1
34 Hrorosoe 3ansitue - - 1
UTOT'O 34
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