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MHNOACHUTEJBHASA 3AIINCKA

JlononHuTenbHas obmieo0pa3zoBaTeiabHas oOlepa3BUBaionasl mporpaMmma
«IudpoBas naboparopusi XUMUYECKOTO HKCIIEPUMEHTa» SIBJISETCA MPOTrpamMMoit
€CTECTBEHHO-HAYYHOM HANpaBIIEHHOCTH, NPOQUITb — XUMUS.

AKTYaJbHOCTH MPOTPAMMBbI

NuTennexkryanbHOe pa3BUTHE SBISIETCS OJHOM M3 BAXKHEWIINX 3a1a4 IIKOJIBL.
[ToaToMy ypoBEHb pPa3BUTHUS MBIIUICHUS OOyYaromuxcs (HApSIy CO 3HAHHSIMHU
(daKkTHYeCKOTr0 XapakTepa) SBIACTCS HamOoJee CyIIECTBEHHBIM TIOKa3aTeleM
o0pa3oBaHuUs MKOJIHHUKOB.

XuMHSL  SIBISETCS  CHUCTEMOOOpasyromed AUCHUIUIMHONW CpeIu JAPYTruX
€CTEeCTBEHHOHAYYHBIX IPEAMETOB, TaK KaK OTKPHITUS B OOJACTH XHUMHUHM JIeXKAT B
OCHOBE Pa3BUTHS TEXHOJIOTUN MOIYUYEHHUS HOBBIX BEIIECTB U MaTepuaaoB. OCHOBHOU
yIIOp B MPEACTABJICHHOW IMpOrpaMMe CJlIeJIaH Ha PACIIMPEHUE SKCIIEPUMEHTAIHLHOTO
XUMHUUYECKOTO Kpyro3opa, a TakKe Ha pa3BUTUE HMHTEIUICKTYyaJIbHOW aKTUBHOCTH
OoOy4YaroImMXcsi ¥ TEOPETUYECKOTO MBINUICHUS KaK KOMIIOHEHTa WHTEIUICKTYaJIbHOU
AKTUBHOCTU OOYYaIOIINXCS TOCPEICTBOM BBITIOJIHEHUSI XUMUUYECKOTO OmbIiTa. BaxHo
OTMETUTh, YTO OCHOBY IMPEJIOKEHHOr0 JIA0OPATOPHOTO MPaKTHUKyMa COCTaBJISIOT
paboThI U3 KOMILIEKCA TaK Ha3bIBAEMOU «IM(PPOBON XUMUYECKOHN JabopaTopumn». ITo
CIIOCOOCTBYET TOMY, UTO JIabOpaTOpHbIE PAOOTHI BBHIMOJHSIOTCS HAa KaYECTBEHHO
IpyroM, ©Oojiee BBICOKO TEXHOJOTHYHOM YPOBHE, CIIOCOOCTBYIOT PEIICHUIO
HECTAHJAPTHBIX M B OOJBIICH YacTU HCCIEIOBATEIIbCKUX XHUMHUYECKHX 3a7ad, B
KOTOPBIX B JOCTAaTOYHO OOJIBIIIOM O0OBEME HCIIOIb3YeTCS MaTeMAaTHYCCKUM ammapar.
3agaHus MPaKTHKyMa BKIIIOYAIOT AJIEMEHTHI, KOTOpbIE TPeOyIOT OT OO0ydYaromerocs
YMEHHE BBIJIBUTATh THIIOTE3bI, OMPEACIIATh MPOOIEMbI, HAXOAUTh HETPATUIIMOHHBIC
crocoObl penieHus 3a1a4. OCHOBHOE BHUMAHUE B IIpOrpaMMe YeseTcsl He epeaade
CYMMBbI TOTOBBIX 3HAHHWH, a Pa3BUTHIO CaMOCTOSITEILHOCTH OOYYalOIUXCs, YMEHUIO
paboTaTh C  JIONOJIHUTEIBHOM  JIUTEpATypol U  YCTAHOBJEHUIO  HOBBIX
MEXKIMCIUTUITMHAPHBIX CBSI3CH.

OT1iu4uTeIbHBbIE 0COOEHHOCTH NMPOrPaMMBbI
[Iporpamma «I{udpoBas maboparopusi XHUMHYECKOTO HKCIICPUMEHTa»
paccunTaHa Ha 16 3aHATUH, pa3[eIEHHBIX HAa 5 pa3/iesioB (MOAYJIEi):

— DIEeKTPONPOBOAHOCTh PACTBOPOB 3JIEKTPOJIUTOB.
— IHorenunomerpus (pH-metpus).

— I'paBumerpust.

— (dDa30BbIC paBHOBECHS.

— CnexTpooToOMETpHUUECKH XUMUYECKHUM aHaJIH3.



Kaxnpiii pa3nen oOydeHHs MpencTaBiIeH Kak 3Tan paboThbl, CBA3AHHBIN C
pELIEHHEM  OJKCIEPUMEHTAIBHOM  3aJauM  CpeAcTBaMHM  J1a0OpaTOPHOTro
000pyT0BaHUS.

CopepxaHue NpOrpaMMbl OPUEHTHPYET OOYyYaroIIMXCS Ha MOCTOSIHHOE
B3aMMOJICHCTBHE IPYr C JIPYrOM M IPENOJABATENIEM, PEIICHHE MPAKTHYECKHUX
3aJ1a4 OCYIIECTBIISIETCSI C MCIOJIb30BAaHUEM METOJUKU OOpabOTKH PE3yJbTaTOB
AKCIIEPUMEHTAJIbHBIX JaHHBIX. Takke mporpamMma OpPUEHTUPYET O00YyYaroIMXCs
Ha TOWCK PAa3HbIX IIOAXOJOB K PpEIICHHIO IIOCTAaBJICHHOW 3axadd, C
HCIIOJIb30BAaHUEM ITOJyYEHHBIX 3HAHUU B PAMKaX NPAKTUYECKOUN eI TEIbHOCTH.

[Iporpamma 1aeT BO3MOKHOCTb PACKPBITh U3y4aeMblid pa3zell ¢ Hu(pOBOil
TOYKH 3PEHUs, B3TJAHYTh Ha PELICHUE DKCIIEPUMEHTAIbHOM 3a1a4d IOJ HOBBIM
YIJIOM JUISL JOCTHKEHUSI MAKCUMAJIBHOTO PE3YJIbTaTA.

AJpecart nporpaMmmbl

[Iporpamma «lludppoBas mabopaTopusi XHMHUYECKOTO SKCHEPHUMEHTa
npeaHa3HadeHa s geren ot 14 go 16 mer.

B rpynnel npunumarorca oOydaromuecs 8-9 kimaccoB. I'pymma Moxer
COCTOATH U3 JAETEW OJHOr0 BO3pacTa WM ObITh Pa3HOBO3pACTHOM. /I n3yueHus
HEKOTOpPBIX TeM Moayjeill 9 kiacca HE0OXOIUM KpaTKUW TEOPETHYECKH OJIOK
JUISl TPYIIIBI 8 Kiacca.

JUist  BxoxkaeHuss B 0Opa3oBaTeNbHBIA IpollecC B paMKaxX JIaHHOM
MporpamMmMbl HEOOXOAUM MPO(UIILHBIN YPOBEHb 3HAHUI MO MaTeMaTuke, (PU3nKe
1 uH(popmaTHKe, T.K. sl paboThl ¢ UppoBOii TabopaTopueil HEOOXOIUMO YMETh
rpadUyecKku HMHTEPIPETHUPOBaTh HMHPOpPMAIMIO U BEPHO BapbUPOBaTH B
KOMIIBIOTEPHOM Cpejie MporpaMmbl TapaMeTpbl BBIOpaHHON MOJIEIH.

Tak kak mporpamMma pasjeieHa Ha MOJIYJIHM M Hpeanojiaraet OoJbLIoe
KOJIMYECTBO SKCIIEPUMEHTAIbHOU paboThl, mpeanonaraercsi (HopMHUpPOBaHHE
MUHH-TpYyON (10 2 YenoBeKa B KaXAOW) M JOCTHKEHUS MaKCUMalbHOTO
pe3ynbTara.

O0beM U CPOK 0CBOEHUSI MPOTPAMMBbI
Cpok ocBoeHHs TporpaMMbl — 5 gHe. Ha moiaHoe ocBoeHHE MporpamMMbl
Tpebyercs 16 yacoB mo cmexe: 4, 3, 3, 3 1 3 Ha KaXKAbIH JCHb.

dopma o0ydeHus — 04Hasi, paboTa B MUHU-TPYMIaXx.
Peskum 3aHATHH, IEPUOJAUYHOCTD U MPOAO/KUTEIbHOCTD 3aHATHI

[TpoaomKUTENFHOCTD 3aHITUIA UCUYHCISAETCS B akageMuueckux vyacax — 40
MUHYT, MEX]y 3aHATUAMH YCTaHOBJIEHBI 1 0-MUHYTHBIE IEPEMEHBI.



Ilenaroruyeckas mejiecoo0pa3sHoOCTb

[Tegarornyeckas 1eaecooOpa3HOCTh 3TON MPOrPaMMBbI 3aKITFOYAETCSI B TOM,
9TO OHA SIBJISICTCSA IIEJIOCTHOW WM HENPEPHIBHOW B TEUEHUH BCETO IMpoIecca
oOydeHHsT W TI03BOJISIET IIKOJBHUKY IIar 3a IIaroM packpeiBaTh B cebe
TBOPYECKHE BO3MOXXHOCTH M CaMOpEaIM30BaThCs B COBPEMEHHOM MHPE.
[IpoBenenne m 0OpabOTKa SKCIIEPUMEHTAIBHBIX PE3yJbTATOB KaXIOH 3amadu
dbopMupyeT O0ONIyI0 KApTHUHY MHUPOIOHUMAHUS W CIOCOOCTBYET Pa3BUTHIO
Hay4HOI'0 CI10c00a MBIIUICHHUS.

eas nporpammbl: GOpMUPOBAHKE 1IEIIOCTHONU KaPTHUHBI H3y4aeMbIX
MIPUPOJIHBIX SIBIICHUI, OCBOCHHUE AJIIEMEHTOB HUCCIIEI0OBATEIbCKOM
NEATEeIbHOCTU, 03HAKOMJICHUE C METOJIUKAaMU 00pabOTKU
AKCIIEPUMEHTAIIbHBIX PE3yJIbTATOB C UCIIOIb30BaHUEM IUPPOBOI
00pa3oBaTenbHOM Cpe/ibl, MOATOTOBKA 00YYatOIIUXCs K YYACTHIO B
KOH(pEepeHIUAX U (DeCTUBAIAX, OJIUMIIHAIAX €CTECTBEHHO-HAYUHOU
HaIpaBJIECHHOCTH.

3axavu J0NOJIHHUTENIbHON 001epa3BUBAOLICH IPOrPAMMBI:
Obpazosamenvhvie:

— 3HAaKOMCTBO C TPHUHIUIOM pPabOThl  JaTYUKOB  LU(PPOBOI
nabopaTopuu MO0 XUMHH,

— (QopMHpoBaHHE HABBIKOB COCTABJICHUS aJITOPUTMOB OOpabOTKHU
HKCIIEPUMEHTAILHBIX ~ PE3yJbTaTOB B  00OJOYKE  TPOrPaMMBbI
1upoBOit 00pa30BATENBHON CPEbL;

— (opMHupOBaHHE HABBIKOB pPabOThI C IUGPOBBIMU JaTYUKAMH H
BCIIOMOTATEILHBIM JIA0OPATOPHBIM 000PYI0BAHUEM;

—  YMEHHE aHaJM3UPOBATh OJKCIEPUMEHTANbHbIE JIAaHHBIE W HX
Ipe/ICTaBlICeHNE B rPaQUIECKOM WIH IPYTOM CUMBOJIbHOM BHJIE;

— (QopMHUpOBaHUE HABBIKOB HCCICIOBATEIBCKON EATEILHOCTH II0
peIMeTaM EeCTECTBEHHO-MAaTEMaTHYCCKOTO IHKJIa B TIpolecce
aHamuM3a ©W  00pabOTKM  DKCIEPUMEHTANIbHBIX  JAHHBIX IS

000CHOBaHUSI M apryMEHTallMM PAllMOHAIILHOCTU JEATEIbHOCTU B
paMKax IPOEKTHOM AESTETbHOCTH.

Paszsusarowue:
— CIOCOOCTBOBAaTh Pa3BUTHIO TBOPYECKUX CIHOCOOHOCTEH Ka)KJI0TO
peOceHKa Ha OCHOBE JINYHOCTHO-OPUEHTHUPOBAHHOTO TI0JIX0/1a;
— Pa3BUTh UHTEPEC K XMMHUU KaK dKCIEPUMEHTAITHHON HAYKE;

— pa3BUTUE TBOPYECKOI'0 MOTECHIMAIA U CAMOCTOSATEIBHOCTH B paMKax
MHHU-TPYIIIBI;



— Pa3BUTHUC HCI/IXO(I)I/IBI/I‘IGCKI/IX Ka4€CCTB, O6y‘IaIOIHI/IXC$I: IHaMsiIThb,
BHUMAaHHEC, aHAJIHUTHYCCKUC CHOCO6HOCTH, KOHOCHTpaqui0 W T.A.
Bocnumamenwvnuie:.

—  (opmMupoBaHME  OTBETCTBEHHOTO  TMOAXOJa K  PEIICHHUIO
SKCIIEPUMEHTAJIBHBIX XUMUYECKHUX 3a/1a4;

— (GOpMHpPOBAHWE HABBIKOB  KOMMYHHUKAIIUH  CPEIU
YYaCTHUKOB IIPOTPaMMBI;

— ($hopMHpOBaHHE HABBIKOB KOMaHIHON PabOTHI.

IpuHounsbI 0TOOPA CONEpPKAHMS
OO6pazoBaTeIbHBINA MPOLIECC CTPOUTCS C YUETOM CIIEAYIOMIUX TPUHIIUIIOB:

1. Kynemypocoobpaznocmu w npupodocoobpaznocmu. B mporpamme
YYUTHIBAIOTCS BO3PACTHBIC U MHIUBUYaJIbHBIE OCOOCHHOCTH JIETEH.

2. Cucmemnocmu.  IlomydeHHble 3HAHUS, YMEHHS U  HaBBIKH,
oOydJaronmxcsi CUCTEMHO NPUMEHSIOT Ha  MpaKTUKE, co3jaBas
MPOEKTHYIO paboTy. DTO MO3BOJIAET UCIIOIB30BATh 3HAHMS M YMEHUS
B ©IUHCTBE, IIEIOCTHOCTH, peain3ysi COOCTBEHHBIM 3aMBbICEN, YTO
CHOCOOCTBYET  CaMOBBIPAKEHHUIO  peOEHKa,  pPa3BUTHUIO  €ro
TBOPYECKOTO TIOTEHIHAIA.

3. Komnnexchocmu W nociedogamenvHocmu. Peamuzamust 3TOTro
MPHUHIINIIA TPEANOJaraeT MOCTEIEHHOE BBEJECHUE OOYYaroIUXCs B
MHUP 3KCIIEPUMEHTAIBHOM UCCIIEN0BATEICKON XUMUMU.

4. Haensonocmu. Vicnonb30BaHWE HATJISIHOCTU TOBBIIIAET BHUMAHUE
oOydJaronmxcsi CpecTBaMu padOThl HAa MUGPPOBOM J1A0OPATOPHOM
o0opyIoBaHUM, YrayOaseT WX MHTEPEC K U3ydaeMOMy Marepuaiy,
CHOCOOCTBYET Pa3BUTHIO BHUMAaHWSI, BOOOpakeHUs,
HaOI0IATEILHOCTA U MBIIIUICHHUS.

OcHoBHBIE GOPMBI M METOABI

B xome peammzanuu mporpamMMbl UCIOJB3YIOTCS clieayronme (opMsl
o0yueHus:

ITo oxBaTy nereu: rpyIIoBble, KOJUIEKTUBHBIE.

[To xapakTepy y4eOHOM nesSTEIbHOCTH:

— Oecenpl (BOMPOCHO-OTBETHBIM METOJ AKTHBHOTO B3aWMOJICHCTBUS
negarora W OOYYalOIIMXCSA HAa 3aHATHAX, MCIOJIB3YeTCS B
TEOPETUYECKON YACTH 3aHSATHUS);

— 3aluTa NPaKTUYECKOHM paldoThl (MCHOJB3YyeTCs Ha TBOPYECKUX
oTuerax, pecTuBaIsiX, KOHKYpCax, Kak UTOT MPOIeNaHHON paboThl);



— MpaKTUYECKHE 3aHATUSI (IPOBOASTCS MOCIE U3yUYECHUS TEOPETUUECKHUX
OCHOB C II€JIbl0 COOpPKHM YCTaHOBOK M OTpabOTKH pe3yJbTaToOB
AKCIIEPUMEHTANILHBIX UCCIEI0BaHM);

— HaOmrogeHue (MpUMEHSETCS TPU WM3YYEHHH KaKoro-Tnbo oO0BeKTa,
MPEAMETOB, IPUPOIHBIX SBJICHUN );

Ha 3ansaTusx co3maercs armocdepa n00poKenaTeaIbHOCTH, JOBEPHS, YTO

BO MHOIOM IIOMOTaeT pa3BUTHUIO TBOPYECTBA W WHULMATUBBI peOEHKa.

BrinmonHenne sKCrepuMeHTaIbHBIX 3a/laHui MOMOTaeT peOeHKY B MPUOOpETECHUH

YCTOWYHMBBIX HAaBBIKOB pabOThl C pa3IUYHBIMU LHUQPPOBBIMU JATYUKAMU H

1abopaTopHbIM O0OpYy/JOBaHMEM. YuacTHE JAeTedl B (pecTuBaisiX, KOHKypcax,

DKCIIEPUMEHTAJIBHBIX Typax OJIMMIIMAJABI Pa3HBIX YPOBHEW SIBISECTCS OCHOBHOMU

(opMOI1 KOHTPOJS YCBOEHHUS NHpPOrpaMMbl OOY4YEHHS U JUArHOCTUKH CTEIEHU
OCBOEHUS IPAKTUYECKNUX HABBIKOB PEOEHKA.

MeTtoabl 00y4eHust
B mpouecce peanuzanuy nporpaMmbl UCHOJIB3YKOTCS PA3JIMYHBIE METOJIbI
00yueHus.
1. MeToapl opraHu3allMiM W OCYIIECTBIEHUS Y4e€OHO-NO3HABATEIbHOU
NEeATEIbHOCTH:

— HaensaoHbvle (TT0Ka3 BUJIEOMATEPUAIIOB M WILTIOCTPALIUiA, TIOKa3 padOThI
¢ UG POBBIM U TAOOPATOPHBIM 000PYOBAHUEM );

npakmuyecku-oeticmeentvle (TEXHOJIOTHH MOJIKIIOYEHUS IIUPPOBOrO
000pYyI0BaHUS K JIaOOPATOPHBIM YCTAaHOBKAaM B IPOLIECCE PELICHUS
MPaKTUYECKHX 3a]1ay4);

— npobIemMHO-noucKosvle (aHAIN3 MPOOJIEMHON CHUTYAIMH T10 CIIoco0aM
M3MepeHus HabJI01aeMOoM IKCIEPUMEHTATILHON BEJIUYUHBI);

Memoobl CamMoCmosmenbHou pabomsl u pabomsl 10O PYKOBOOCMBOM
nedazoza (COOpKa YCTaHOBOK, 00pabOTKa pe3yjbTaToOB, aHAIU3 U
JIOCTOBEPHOCTH TIOJTYUYCHHBIX JTAHHBIX );

— uHgopmayuonHbvle (TEKUUS; CEeMUHAp; Oecena; peueBasi HHCTPYKLHUS IO
TEXHUKE 0€30MacHOCTH TpH paboTe ¢ J1abopaTOpHBIM 000PYI0BAaHUEM;
YCTHOE W3JI0KEHHE; OOBSICHEHWE HOBOTO MaTepuajia W CIOCOOOB
BBITIOJIHCHUSI 3aJIaHUsI; OOBSICHEHNE TMOCIIEI0BATeILHOCTH JACHCTBUN U
CONepKaHus; OOCYXKIEHHe, TMeJarornyeckas OIIEHKa Ipolecca
NEATEeIIbHOCTH U €€ pe3yJibTaTa).

2. Meroabsl KOHTPOJIE M CAaMOKOHTPOJS 3a 3()PEKTUBHOCTHIO y4eOHO-
[MO3HABATEIbHOU NE€ATEILHOCTH:

— YCTHBI KOHTPOJIb W CAaMOKOHTpOJb (Oecema, paccka3 y4YeHHKA,
00BsACHEHHE, YCTHBINA ONPOC);



— MPaKTUYECKUI KOHTPOJIb U CAMOKOHTPOJIb (aHATN3 YMEHUS paboTaTh
¢ 1abopaTOpHBIM 00OPYIOBAHHUEM );

— HaOmoneHus (aHalu3 SKCIEPUMEHTAIBHBIX JaHHBIX B IIpoIEcce
HCCIIEIOBATEIbCKOM IESITEILHOCTH).

Jns co3manust KOMGOPTHOTO TMCHUXOJOTHYECKOTO KJIMMaTa Ha 3aHATHIX
NPUMEHSAIOTCS  CJEAYIOMMNE TEJarorudyeckue MpUEMBL: CO3JaHUE CUTYyalluH
ycrexa, MopalibHas TOJJIEPKKa, OJ00pEHHe, MOXBajia, IMOOMPEHUE, TOBEPHE,
noOposkenaTenbHO-TpeboBaTeIbHAS MaHEePa.

B xome peammzanmu nOporpaMmbl  MCHOJIB3YIOTCA CIEAYIOIINE THIIbI
3aHSATHH.

— KOMOMHUPOBAHHOE (COBMEIEHUE TEOPETUYECKOM W MPaKTUYECKOU
yacTel 3aHATHS; MNPOBEPKA 3HAHUN paHEe W3YyYEHHOrO MaTepHala;
U3JI0KEHWE HOBOTO MaTepuasa, 3aKpEIUICHHWE HOBBIX 3HAHWIA,
dbopMupoBaHHEe YMEHUM MEPEeHOCA U MPUMEHEHUS 3HAHUW B HOBOM
CUTyalldd, Ha TMpPaKTUKe, OTpadOTKa HAaBBIKOB U yMEHUH,
HEOOXOJIMMBIX TIPU pabOTEe C IKCIEPUMEHTATBLHON YCTaHOBKOM);

— TeopeTruyeckoe (COoOOIIEHME U YCBOCHHE HOBBIX 3HAHUN MIpH
00BSICHEHUH HOBOM TEMBI, U3JI0)KEHUE HOBOT'O MaTepHuasia, OCHOBHBIX
NOHSATUM, ONpPENEICHHE TEPMHHOB, COBEPIICHCTBOBAHUE U
3aKperyieHue 3HaHUM );

— KOHTpPOJIbHOE (MTPOBOAMUTCS B IESAX KOHTPOJIS U MPOBEPKU 3HAHUU,
YMEHHMI M HaBBIKOB OOYYalOIIErocs 4epe3 3alluTy MPaKTHYeCKOM
paboThl);

— TPAKTUYECKOE (SIBISIETCS OCHOBHBIM THUIIOM 3aHSTUMN, UCTIONB3YEMBIX
B MporpaMMe, Kak MpaBUiO, COACPKUT (POPMUPOBAHUE YMEHUN H
HaBBIKOB, WX OCMBICIICHUE U 3aKpEIUICHHE Ha MPaKTHKE IpU
BBIIIOJTHEHUN HKCIEPUMEHTAJbHBIX 3aJaHUW, HWHCTPYKTAXK MpHU
BBITIOJIHEHUM TPAKTUYECKUX padOT, HMCHOJb30BAaHUE BCEX BHUJIOB
MPAaKTUK);

— BBOJIHOE 3aHsTHE (IPOBOJUTCS B HadaJle Kypca ¢ LEIbI0 3HAKOMCTBA
c 00pa3oBaTeIbHONW MPOrpaMMOM, COCTaBJICHHE WHIWBHIYyaTbHOU
TpaekTopun OOYy4YEHHUS; a TaKXKe IMPU BBEACHUM B HOBYIO TEMY
MIPOTPaMMBI).

Il1anupyemble pe3yabTaThl
[To uroram oOydeHwus Mo mporpaMmme peOeHOK AEMOHCTPUPYET CISAYIONTHE
PE3yIbTaTHI:
— 3HAET MPUHIUIEI PAaOOTHI HA 000pYyHOBaHUM ITUGPOBOI TabOpaTOPUN
10 XUMHUH;



3HAeT AITOPUTMBI O0OpaOOTKH SKCIIEPUMEHTAIBHBIX pPE3yIbTaTOB B
udpoBoii 00pa3zoBaTeIbHON Cpee;

MpaBUJia TEXHUKU O€30MaCHOCTH MPU PabOTE C IKCIIEPUMEHTATBHBIMU
YCTaHOBKaMHU;

— yMeEeT HMHTETrpUpOBaTh pas3iuyHble OJIOKM HUPPOBOH J1adOpaTopuu
JUISL CO3JIaHUs TTOJIHOIEHHOM YCTAHOBKM JUISI BBIIOJHEHUS (PU3UKO-
XUMHUYECKOTO U3MEPEHUS;

— yMEeT aHaJu3upoBaTh, 00pabaThIBaTh IKCIEPUMEHTATbHBIC JaHHBIC,
POBEPSTH TOCTOBEPHOCTh MOJIYUYEHHBIX PE3yIbTATOB.

MexaHu3M OLIEHMBAHUS 00Pa30BaTe/IbHBIX Pe3yJbTATOB YposeHb
meopemudeckux 3HaHul.

— Husxuii ypogens. OOy4daronuiicss 3HaeT (pparMeHTapHO H3yYEHHbIE
(U3UKO-XMMUYECKHE U XUMHYECKUE MPOIECChl U 3aKOHOMEPHOCTH.
W3noxenne wmarepuasia cOMBUMBOE, TpeOyroliee KOPPEKTUPOBKU
HaBOJISIIIIMMU BOIIPOCAMHU.

-  Cpeonuti  yposenb. OOydyaromMiicss 3HAET  TCOPETUUECKHUE
3aKOHOMEPHOCTH, HO UCIIBITHIBACT CIOKHOCTH ISl KX OOHApYKEHUS
U3 OKCIIEPUMEHTAIBHBIX JAaHHBIX M IOTOMY JUIS  TOJHOTO
PACKPBITUS TEMBI TPEOYIOTCS JOMOTHUTEILHBIC BOIIPOCHI.

—  Boicokuti  yposenv. OOydYaromuics 3HACT  TEOPCTHYECCKHUE

3aKOHOMEPHOCTH HAOJIIOJIAEMBIX SIBJICHUH, YMEET HX OIPEICIHUTDH

UCXOJIS M3 IKCIEPUMEHTAIBHBIX HAOIIOACHUN U TIIyOOKO IMOHUMAEeT

MPOLIECCHl  XMMHWYECKUX  SIBJICHUU. MOXKET Jarh JIOTHYECKHU

BBIJICP)KAHHBI  OTBET, JICMOHCTPUPYIOIIWK IIOJHOE BJIAJICHUC
MaTepPHAJIOM.

Yposenv npaxkmuueckux Hasvikoé u ymeHnutl. Bnadenue mexHonocusimu

pabomsl 6 yugposou cpede, aHAIU3 U  OOCHOBEPHOCIL  NOJYUEHHBIX

pe3yaibmamos.

— Huskuu ypogens. TpeOyeTcss MOCTOSAHHAST KOHCYJbTAllUsl TNejarora
IpU MPOrpaMMHUPOBAHHUHU MTAPAMETPOB B LIU(PPOBOIA cperie.

— Cpeonuti yposens. TpedyeTcs NepruogndecKkoe KOHCYJIbTUPOBAHUE O
TOM, KakKW€ METOJIbl HCIOJB3YIOTCS TIPU aHallM3e pPe3yJIbTaToB
U3MEpPEHU, TPOrPaMMHUPOBAHKE ITAPaMETPOB B ITUGPOBOM cpejie.

— Buvicokuii yposenn. CamocTosITeNIbHBIN BEIOOP METOAOB aHAIU3a U
00pabOTKM SKCHEPUMEHTAIIbHBIX PE3YIbTaTOB, CBOOOIHOE BJIAJICHUE
porpaMMHBIM oOecrieueHreM Iu(ppoBoii 00pa30BaTEIIBLHON CPEIbI.

Conpsocenue yugposvix 0amuukos ¢ 1a60pamopHuIMU YCMAHOBKAMU



— Huskuti yposens. He MoxeT coOparh YCTaHOBKY € JaTyukamu Oe3
MOMOIIM TIeAarora.

— CpeoHuti yposenb. MoxeT coOpaThb YCTaHOBKY C JaTYMKaMU IPHU
MOJICKAa3Ke Meaarora.

— Bwicokuti yposens. Crioco0eH caMOCTOSITENbHO cOOpaTh YCTAaHOBKY C
JaTYNKAMU, TIPOSIBIISSE TBOPUECKUE CTIOCOOHOCTH.

(I)Oprl MOABECACHUA UTOT0OB Pea/in3danuu nmporpamMmmal

OTcnexxuBanue PE3YJIILTATOB 06p8,30BaTCJIBHOFO Imponccca
OCYHICCTBIIACTCA 110 PC3YJIbTATaM 3aIIUTHI ITPAKTUICCKUX pa60T.

[Tpu moABEICHUN UTOTOB OCBOCHHS ITPOTPAMMBI UCIIOIb3YIOTCS:
— OIIpoC;

— HaOroeHuE;

aHaJIM3, CaMOaHaJIn3,

coOeceI0BaHUE;
— BBINTOJIHCHHE TBOPYCCKUX 3aJIaHUM;

— ydyacTue JeTeil B AKCIIEPUMEHTAIBHBIX Typax OJUMITNA], KOHKYpCax U
(decTuBaNAX pa3IMIYHOTO YPOBHSI.

MarepuajibHO-TeXHHYECKOe o0ecreyeHme:
1. becnpoBOIHOM MyJNBTHIATYUK 1O XUMHUM C 4-MsI BCTPOEHHBIMHU
JaTYNKAMMU:
— natuuk pH ¢ auanaszoHom uzmepeHus He yxe uyeM ot 0 go 14 pH;
— JIaTYUK BBICOKOM Temmeparypbl (TEpMOIApHBIA) C AUANa30HOM
n3MepeHus He yxe yeM oT -100 no +900C;
— JIaT4YMK DJICKTPOMPOBOAMMOCTH C IHANA30HAMH M3MEPEHHS HE YiKE
yeMm oT 0 10 200 MxCwm; ot 0 10 2000 MxCwm; oT 0 10 20000 MKCwM;
— JIaTYUK TEMIIEPATYpPhl IIATUHOBBIN C IUANIA30HOM U3MEPEHUS HE YIKE
yeMm ot -30 1o +120C;
2. JIOMOJTHUTEbHBIA TaTYMK ONTHYCCKOM MIIOTHOCTH 525 HM.

3. Akceccyapur:

— kabens USB coeTMHUTEIBHBIN;

— 3apsITHOEC YCTPOMCTBO C kabenem MiNiUSB;

— USB Ananrep Bluetooth 4.1 Low
Energy;



— KpaTKo€ pPYKOBOJICTBO Mo  oKcrryaTamuu — UHMQpPOBOi
1abopaTopuu;

— Habop J1abopaTOPHON OCHACTKH;
4. Bcnomoeamenvhoe o6opyoosanue:

— BECHI JJabopaTtopHbIe AeKTpoHHBIE 200 T;

— CIOHUPTOBKa; 3.

Xumuueckas nocyoa.

nabopaTtopHas, BOpOHKa KOHHWYECKas, Majo4yka CTEKJIAHHAs, MpoOupKa
[1X- 14 (10 mTyk), ctakad Beicokuid ¢ HocukoM BH-50 ¢ meTkoit (2
MITYKH), IWIMHAP U3MepuTenbHbi  2-50-2  (CTEeKNIAHHBIN, ¢
INPUTEPTON KPBILIKOK), IITATUB s NpoOupok Ha 10 rHE3n, 3axum
POOUPOYHBIH, MIMaTeNb-I0Keuka (3 mTyKu), Ha0op (HIAKOHOB IS
XpaHEeHUsI PacTBOPOB M peakTuBoB (0O0bem ¢makona 100 mi - 5
KOMILJIEKTOB 110 6 mTYyK, 00beM (iakoHa 30 mi - 10 KOMIIJIEKTOB 110 6
MITYK), IWIMHIP H3MEPUTENbHbIH ¢ HocukoMm 1-500 (2 mrykw),
crakaH BbICOKUN 500 M (3 wTyKH), HAOOP epuIe sl MBIThS IOCY AbI
(epm mnst MBIThST MPOOUPOK - 3 MITYKH, €pPII IS MBITbS KOJO - 3
MTyKW), Xanar Oenbld x/0 (2 1ITyKW), MEpUaTKU PE3UHOBBIC
XUMUYECKUE CTOMKHE (2 IITYKH), OYKHA 3allUTHbIE, (QUIBTPHI
oymaxknbie (100 mTyk), roprouee 1uist cnuptoBok (0,33 1).

6. Peakxmusbi’

— aJIIOMUHUI;

— Kele3o;

— COJISTHAsI KUCJIOTA;

— UHAUKATOPHI (METHIIOpaHXK, (peHondTaneny);
— BOJIHBIM pacTBOpP aMMUAKa;

— BOJHBIN PacTBOp MEPOKCHUAA BOJIOPOIA;

— HHUTpAT cepedpa W Jpyrue peakTUBbI (B 0OIIeH CIOKHOCTU - 44
Pa3sIUYHBIX  BEIICCTB, HCIOJB3YEMBIX JUIS  COCTaBJICHHS
KOMITJICKTOB PEaKTUBOB TPU MPOBEACHUM 3K3aMCHAIIMOHHBIX
AKCIIEPUMEHTOB T10 KypCy HIKOJIBHON XUMUH);

7. IlporpamMHOe obecrnieuecHuUe, METOAUYCCKHE  PEKOMEHIAIMU |
BHJICOPOJIUKH.

Opranu3zaiusi pabo4ero MpocTpaHCTBA O0YYarOIIEroCsl OCYIIECTBIISCTCS C
UCIIOIb30BaHUEM 3JI0pOBhecOeperaromux TexHojJoruil. B  xome 3aHsTHS B
00s13aTeIbBHOM TOPSJIKE MPOBOAUTCS (PU3KYJIbTHAY3bI, HAIIPABJICHHBIC HA CHSTHE
00I1IeT0 ¥ JIOKAJbHOI'O MBIIIEYHOTO HANpPsHKEHUS OT KOMIbIOTEpa C IudpoBoi
naboparopuu. B comepkanue  (QU3KYJBTYPHBIX MHHYTOK  BKJIFOYAIOTCS



VIOPOKHEHHS] HA CHATHE 3PUTEIHHOTO W CIYyXOBOTO HAMPSDKEHUS, HAMPSIKCHUS
MBIIII] TYJOBUIA W MEJIKHX MBI KUCTEH, HAa BOCCTAHOBJIEHHWE YMCTBEHHOM
PaboTOCTIOCOOHOCTH.



VUYEBHBIN ITJIAH

IIporpamma S nHeit 00yyenus (16 yaco)

YUEBHBIN TTIJTAH
Paszpnen Tema KoJ-Bo yacos ®opma
TEOpH | MPaKT | Bcer | MOJABeJeHUS] HTOIOB
| HKa 0
1.BBomHOE 3aHATHE. 1 0 1 | Ompoc
DIeKTPOnpoBOL DJIEKTPOIUTHYECKAS
HOCTB JTUCCOITHAITHS. Cocrosinue
PacTBOpoB HOHOB B pacTBopax. Bwujbl
3JIEKTPOJIUTOB
IIPOBOHUKOB
3JIEKTPUYCCTRA.
TexHrka 6€301MacHOCTH
2. Omnpenencare 0,5 15 2 Omnpoc, HaOnroeHHE,
yIeIbHOM cobeceioBaHue,
AJIEKTPOITPOBOIHOCTH JIOTIOJTHUTEIbHOE
pa30aBICHHBIX PAaCTBOPOB TBOPUYECKOE 3a/IaHuE,
KHCJIOTBI, IIEJIOYH U COJIH aHaJIN3
3. Onpenencane 0,5 0,5 1 | mocroBepHOCTH
KOHCTaHTBI  JMCCOIIHAIIUN pe3yJIbTaTOB
cJ1ab0ro IeKTPOIuTa
[MoTeHnMoMeTpHst 1. Tlomstme o crexmgaaoMm| 0,5 15 2 Omnpoc, HaOMIOICHHE,
(pH-metpust) 9JIEKTpOAE (ocobenHoctu cobecesioBaHue,
XxuMuu ctekna). M3mepenus pH JIOTIOJTHUTEIbHOE
CO CTEKJITHHBIM 3JICKTPOIOM TBOPYECKOE 3aJIaHNE,
2. Onpenenenue pH-| 0,5 0,5 1 aHalIn3
moKaszaTe’st pacTBopa JIOCTOBEPHOCTH
HEU3BECTHOI'O BEIIECTBA pe3yJIBTaTOB
I'paBuMeTpUs 1. [IpaBuna B3BEMIMBAaHUS U 0,5 1,5 2 Omnpoc, HaOnroaeHue,
MIPUTOTOBJICHHS HABECKH. cobeceioBaHue,
W3mepenne n3MEHEHHUS MacChl JIOTIOJTHUTETBHOE
PEaKIIMOHHON CMECH 10 U TIOCIIe TBOPYECKOE 3aJIaHKE,
pEaKIvH. aHaJIN3
2. Pacuer wMaccosoit momu| 0,5 0,5 1 JIOCTOBEPHOCTH
KapOOHAaT-MOHOB B  HAaBECKE pe3yIbTaToOB
TEXHUYECKOTO kapOoHaTa
KaJIbIUs mociie ero
pacTBOpeHUst B COJISTHOM

KHCJIOTEC




Crexktpodoromerpu | 1. OCHOBHBIE METOIbI 0,5 15 2 Omnpoc, HaOnroaeHue,
YCeCKUI KOJIMYECTBEHHOTO aHAJIN3a B cobece10BaHuE,
XUMHAYECKHI aHaIn3 36C0p6]_[I/IOHHOI>'I JOIIOJIHUTCIIBHOC
crekrpockonuu. OnpeneneHue TBOPYCCKOC 3a1aHHUC,
ONTHYECKOM IIOTHOCTH (A) 115t aHams3
pactBopoB MnO4™ pa3uoii AOCTOBCPHOCTH
konuenrpanuu (C) u Pe3yIbTaTOB
MOCTPOCHHE TPAyHPOBOYHOTO
rpaduka A=F(C).
2. Ompenenenne | 0,5 0,5 1
koHneHtpauuud MnOy4™ -rHoHOB B
HEU3BECTHOM PacTBOPE.
da3oBbIC 1. OnpeneneHue TeMnepaTypsl 0,5 0,5 1 | Ompoc, HabmtoaeHue,
paBHOBECHS IUIABJICHUST TBEPJBIX BEILICCTB cobecen0BaHue,
C TIOMOIIIBIO JTATYMKA BBICOKOM JIOTIOJTHUTEITHHOE
TEMIEpaTypbl (TepMOIIaphbl) TBOPYECKOE 3aJjaHuE,
2. [TocTpoenue (hazoBoi 0,5 1,5 2 aHaJIn3
JuarpaMMbl  «HUTpaT JIATHUSI- AOCTOBCPHOCTH
HUTPUT JIATHUS B pe3yIpTaToOB
KOOpJMHATaX «COCTaB-
TEMIIEPATYPay.
OrnpezesieHne TOYKH IBTEKTHKU
Bcero 6 10 16




COJZEPXXAHUE ITPOI'PAMMEBI
[Iporpamma 5 mueit 06ydenus (16 gacos)
Pa3nen «JIeKTPONPOBOTHOCTH PACTBOPOB JIEKTPOJIUTOBY.

Tema 1. BBogHOE 3aHATHE. DIEKTpOIUTHYECKAs qucconnanus. CoCcTosHHe
HOHOB B  pacTBOpax. Buasl NPOBOJHUKOB JJIGKTpUYECTBA. | EXHHKA
0€30I1aCHOCTH.

Teopus: IlpsiMble W KOCBeHHBIE HU3MepeHHs. Meroanka o0pabOTKH
pe3yJbTaToB U3MepeHuil. OCHOBHbBIC TPEOOBAHUS K BBITTOTHEHUIO MPAKTUYECKUX
pabot. Texnuka 6e30macHOCTH TP PabOTE 0OYUAIOIIUXCS CO BCIIOMOTATEIHHBIM
1abopaTOpHEIM 000PYIOBAaHUEM, COMPSHKCHHBIM C ITUGPOBBIMH JTaTUYUKAMH, C
pacTBOpaMM Pa3IMUYHBIX XHUMHUYECKHX BEIIECTB U JJIEKTPUUYECKUM TOKOM.
NucTpykius o kaxaoMy Moaysiro. OCOOEHHOCTH MPOTrpaMMHOTO 0OEeCrieUeHUs
«IudpoBas mabopaTtopusi XUMHUYECKOTO 3KcriepumenTay. Lludposbie naTymku.
[Toakmouenue k HOYTOYKy. ['paduueckass uHTeprpeTalys SKCIEPUMEHTAIBHBIX
naHHbIX. DOpPMEBI 3aHATUH: JIeKIus, Oecea.

Tema 2. OmpeneneHue yAeIbHOW 3JIEKTPOIPOBOJIHOCTH Pa30aBICHHBIX
PacTBOPOB KUCJIOTHI, LIEJIOYU U COJIH.

Teopus: BUIBI SIEKTPONPOBOTHOCTH PACTBOPOB DJICKTPOJIUTOB (yACIIbHAS
U DKBHUBaJICHTHas); 3akoH Kombpayimia, mnpenenbHble MOABMKHOCTH HOHOB;
3 PeKTH TOPMOKEHHUSI HOHOB B PACTBOpax.

IIpakTuka: OIpEACIICHNUE YIEJIbHOU 51 SKBUBAJICHTHOM
AIEKTPONPOBOJAHOCTH PACTBOPOB IIEJIOYM, KHUCIOTHI W COJMU (XJIOPUIOB- U
cynb(aToB) MpU pa3HBIX KOHIICHTPAIUAX; PACUET MpPENeTbHOM AKBUBAJICHTHOMN
ayieKTporpoBogHoCTH 10 rpaduky JI=F(C).

®dopwmbl 3aHATHI: Oecena, MpakTuyeckas padbora.

OO6opyoBaHWEe M PEAKTUBBI: IITATUB, NATYUK DIEKTPOMPOBOIMMOCTH C
nuariazoHamu uzMepenus He yxxe uem oT 0 10 200 mxCwm; ot 0 1o 2000 mxCwm; oT
0 1o 20000 MxCwm; xumuyeckuii ctakan (50 mi); kabens USB coenuHuTeIHBIN;
3apsiiHOe ycTpoiicTBo ¢ kabeinem MiniUSB; USB Apanrtep Bluetooth 4.1 Low
Energy; HoyTOyK; KpaTkoe pPYKOBOJACTBO IO JKCIUTyaTtanuu 1U(poBoit
Ja0opaTopuu; TPOrpaMMHOE OOeCledeHue; pPacTBOPhl IIEJIOYH, CHIHLHOU
KHUCIIOTBI, COJI U YKCYCHOM KUCIIOTHI.

Tema 3. OnpeneneHre KOHCTAHTBI JUCCOIUALIMY CJIA00T0 JIEKTPOJIUTA.

Teopust: CBsA3b DJIEKTPONPOBOJHOCTH U CTENEHH AUCCOLMALMM cIaboro
AJIEKTPOJINTA; HJIEKTPOIPOBOJHOCTD BOABI.

[IpakrTuka: OIIPELICIICHUE YAEIbHOU 151 SKBUBAJIEHTHOU
3JIEKTPONPOBOAHOCTA PACTBOPOB YKCYCHOM KHUCJIOTHI PA3HOM KOHLEHTPAalLWH;



pacyer mo 3akoHy Kombpayia mpeaenbHON 3JIEKTPONPOBOIHOCTH YKCYCHOM
KHUCJIOTBI; pacyeT CTENEHU AMCCOLMALUU (a) YKCYCHOM KUCIOTHI MPU Pa3IUYHBIX
KOHIIEHTpPAIUSIX B paCTBOPE.

®dopMsl 3aHATU: Oecesia, MpakThuueckas padoTa

OO6opynoBaHue: MTATUB, AATUYUK AJIEKTPOINPOBOJUMOCTH C JHUANA30HAMHU
u3Mepenust He yxe 4eM oT 0 1o 200 MxCwm; ot 0 go 2000 mxCwm; ot 0 1o 20000
MKCM; xumudeckuit crakan (50 mu); xkabenbr USB coennHUTENbHBIN; 3apsiaHOe
ycTpoiictBo ¢ kabeirem MiniUSB; USB Apantep Bluetooth 4.1 Low Energy;
HOYTOYK; KpaTKOE€ PYKOBOJCTBO IO JKCIUTyaTamuu MHGPOBON J1aOOpaTOPUM;
MPOrpaMMHOE 00ECTIEYCHHE; PACTBOPHI YKCYCHOM KHCIIOTHI.

Paszpen «llorenuuomerpus (pH-merpus)».

Tema 1. [ToHsTHE O CTEKJITHHOM 3JIEKTPO/i€ (OCOOEHHOCTU XUMHU CTEKIIA).
N3mepenns pH co CTEKISTHHBIM AJIEKTPOJOM.

Teopust: BUIbI IOTEHUIUOMETPUN (MIpsiIMasi U KOCBEHHAs); MOHATHE 00 MOH-
CEJIEKTUBHBIX JIEKTPOJaX; CTEKJIIHHBIA 3JIEKTPOA 1 OCOOEHHOCTH XUMHUH CTEKIIA;
MEXaHU3M pPa0OThl CTEKJISHHOTO J3JIEKTpoJa (MOHHBI OOMEH); 3JIEKTPOX
CpPaBHEHMS; TalbBAHMYECKNN dJIEMEHT; ypaBHeHue HepHcera.

[IpakTrKa:  BHMMATEJBHOE  O3HAKOMJIEHME C  PYKOBOACTBOM K
nabopaTtopHoil pabore; cOOpKa JJIEKTPUYECKOW LENu B COOTBETCTBUU C
METOIMYECKON pEKOMEHJAIMeN K MPaKTUYECKON padoTe; KaauOpyIoT IIKaTy
NOTEHIIMOMETPA C MOMOUIbIO JBYX BCIIOMOTaTeNbHBIX Oy(epHBIX pacTBOPOB U
€cJIi He0OXOAUMO, TO KOPPEKTUPYIOT €ro ¢ MOMOUIbIO CTIeHaTbHOW HACTPOUKH.
[lepen kaxabIM MOTPYKEHHEM 3JIeKTpoaa B Oy(depHbId WU HUCCIEIyEeMbIi
pacTBoOp, ero (JIEKTPO]) HEOOXOIUMO THIATEIHLHO MPOMBITH AUCTUIUIMPOBAHHOM
BOJO M OCTOPOXXHO yJaduTh W30BITOK BOJBI C €ro IMOBEPXHOCTU
¢unabTpoBanbHON Oymaroi. Hcmonb3ys uudpoByr0 000J0YKY MpPOrpaMMbl,
3aHOCHUM JIaHHbIE B TAOJMILYy U CTPOMM IO 3TUM JIaHHBIM KaJIMOPOBOYHBINA rpauk
pH OT KOHLIEHTpanuu pacTBOpa KUCIOTHI Ui 1ienouu. GopMel 3aHATHI: Oecena,
MpaKkTU4YecKas padora.

OO6opynoBanue: MITaTUB, JaTYUK PH C 1ramna3oHOM U3MEPEHUS HE YKE YeM
or 0 no 14 pH; xumuueckmii crakan (50 mi); xkabenr USB coemuHuTEIBHBIN;
3apsgaHoe ycrpoiictBo ¢ kadeiaem miniUSB; USB Anpanrep Bluetooth 4.1 Low
Energy; HoyTOykK; KpaTkoe pPYyKOBOJACTBO TIO OKCIUTyaTaluu HUGPOBOI
7a00paTopuu; MpPOrpaMMHOE OOECIeUeHre;, pacTBOPHI IIEIOYU U CHIHHOU
KUCIoTh; Oydepubie pactBopbl (¢ pH>7 u ¢ pH<T7); BcmomorarenbHOe
nabopatopHoe o0opyJoBaHHE (CKIsSHKAa C JAUCTUUIMPOBAHHOM  BOJOM,
bunbTpoBabHAS Oymara u ap.).



Tema 2. Onpenenenue pH-nokasaTenss pacTBOpa HEU3BECTHOTO BELIECTBA.
Teopust: mkana pH; pacueT KOHIEHTpalM1 HOHOB BOJIOPOAA; 3aBUCUMOCTh pH ot
KOHIIEHTpAIlU! pacTBOpA.

[IpakTka:  BHUMATEIIBHOE  O3HAKOMJIEHHE C  PYKOBOJACTBOM K
nabopaTopHoli paboTe; cOOpKa SISKTPUYECKON TIIEMd B COOTBETCTBHH C
METOJAMYECKOW PEKOMEHIAIMed K MPaKTUYECKOH paboTe; KaauOpyIoT KAy
MOTEHITMOMETPA C TIOMOIIBIO JIBYX BCTIOMOTATEIBHBIX Oy(PEpHBIX PacTBOPOB H
€clIid He0OXOANMO, TO KOPPEKTUPYIOT €ro ¢ MOMOIIBIO CTIeUaTbHOW HACTPOUKH.
[lepen kaxabIM TOTPYKEHHEM OdJEKTpona B OydepHbId WM HCCIIETyeMblid
pacTBOp, €ro (3JIEKTPO]1) HEOOXOAUMO TIHIATEIBHO MPOMBITH JUCTUILIUPOBAHHOM
BOJAOW UM OCTOPOXHO YAQJIUTh W30BITOK BOJABI C €ro IOBEPXHOCTU
dunbTpoBanbHOM Oymaroi. Omnpenensiercss pH pactBopa u 1emaercsi BBIBOJ O
XUMHUYECKOU MPUPOJIe UCCIEAYEMOr0o BelecTBa (KUCIOTa WJIM OCHOBAHUE).

®dopMsI 3aHATHI: Oeceia, MpakTudeckas padoTa.

OO6opynoBanue: mITaTUB, JaTYUK pH C 1Uamna3zoHoOM U3MEPEHHS HE YKe YeM
or 0 go 14 pH; xumuueckuii crakan (50 mui); xabenbr USB coenuHuTEIBHBIN;
3apsaHoe ycrpoiictBo ¢ kabeiaem miniUSB; USB Anpanrep Bluetooth 4.1 Low
Energy; HoyTOykK; KpaTkoe pyKOBOJACTBO IO OIKCIUTyaTaluu HUGPOBOI
7a0opaTopuur; MPOrpaMMHOE OOECIeYeHUe; pacTBOPHI IIEIOYM U CHUIBHOMN
KHUCJIOTBI; BCIIOMOraTeldbHOE JiabopaTopHOoe oOOpynoBaHuEe (CKJISHKa C
JUCTUIUTMPOBAHHOM BOJOM, (priibTpoBaibHas Oymara u Jp.).

Pasznea «I'paBumerpus».

Tema 1. IIpaBuia B3BEeMIMBaHWS W MPUTOTOBJIEHUS HaBeCKU. M3mepenue
WU3MEHEHHUs MacChl PEAKLIMOHHON CMECH JI0 U I10CIIE PEAKIIUH.

Teopusi: OCHOBHBIE TIOJIOKEHUSI TPABUMETPUH; EIUHULIBI HU3MEPEHUs
MacCChl; TPAaBUMETPUYECKUN (DAKTOpP B XMMHUYECKOM aHAIIU3E; KIACChI TOYHOCTHU
BECOB; MPaBUJjia IEPEBE/ICHHS HABECKU B PacTBOP.

IIpakThka: HacTpolMKa aHAJIWTUYECKUX BECOB; B3BEIIMBAHHUE 3apaHEE
IIPUTOTOBJICHHBIX HABECOK PpPAa3HOM MacChl M OINpENEICHUE TOYHOCTH
B3BCILIMBAHUA; OTAEJIEHUE OcajJka M3 pacTBopa Ha (QUIBTP C TOMOIIBIO
GunbTpOBaHMS; CyIIKA, NPOKAaJMBAHUE M B3BEIIMBAHUE OCAJIKOB Pa3IMYHBIX
BEIIECTB (MalaxuT, KapOOHAT KalbliUi, KPUCTAJUIMYECKas COJa, MEIHBIN
Kynopoc u Jp.). Pacuer mo JaHHBIM TpaBUMETPUU XUMHUYECKOW (HOPMYJIBI
uccienyeMoro BeunlectBa. lLlenecooOpa3HO NPOBECTH CpaBHEHUE PE3YJIbTAaTOB
CPEAU PA3HBIX IPYNN IIKOIBHUKOB, BBITIOJIHSIOIINUX OJJMHAKOBBIC 3a1aHUSI.

®dopMeI 3aHATHIA: Oecesia, MpakTHdeckas padoTa.

O6opynoBanue: Bechl JlabopaTtopHble AMeKTpoHHbIE 200 T; KOMIUIEKT
1a60paTOPHOM MOCYIbI; CIIUPTOBKA; XUMHUECKHE PEAKTUBBI (KPUCTAIUIOTHAPATHI,
KapOoHaThl); GUILTPOBATILHAS OyMara; KalbKyJsTop.



Tema 2. Pacuet MmaccoBoit J0JIN Kap60HaT-I/IOHOB B HAaBE€CKE TCXHHUYCCKOI'O
Kap60HaTa KaJIbIIHA ITI0CJIC €TO PAaCTBOPCHUA B COJISIHOM KHCJIOTE.

TCOpI/IH: MOHSITHE O MAaCCOBOM JO0JIC OCHOBHOT'O KOMIIOHCHTA U HpHMeceﬁ B
XUMHWYCCKHUX BCIICCTBAX.

IIpakTuka: B3BEMIMBAETCS HEOOXOAUMBIM OOBEM COJSIHOW KHCIOTHI |
B3BEIIMBACTCA HEOOXOJUMO KOJIMYECTBO MPEABAPUTEIHHO HU3MEIBYEHHOIO
TEXHUYECKOT0 KapOoHaTa KajbI[Usl WIM MarHus; J0OaBISIOT KUCJIOTY B CTaKaH C
HaBeCKOW kapOoHaTa W KAYT TMOJHOTO NPOTEKAHMS PEAKIUHU, IOCIE 4Yero
B3BEILIMBAIOT MOJYYEHHBIN pACTBOP; IO PA3HULIE MACC CYMMBI UCXOJHBIX HaBECOK
U TOJYy4YEeHHOTO TMOCJI€ CMELIEHUS W TNPOTEKaHWs PEakluu pacTBopa
PACCUUTHIBAIOT MACCY BBIAEIMBILIETOCS YTIIEKUCIIOTO I'a3a; MEPECUYNTHIBAIOT Ha
«YUCTBI» KapOOHAaT B HCXOJHOW HABECKE M BBIUUCISIOT MAacCOBYIO JOJIIO
KapOoHaTa B HICXOJHOW HAaBECKE.

®dopMsI 3aHATHI: Oeceia, MpakThuieckas padoTa.

OO6opynoBaHue: Becbl JabopaTtopHble AMEKTpoHHBIE 200 T; KOMIUIEKT
1a60paTOPHOM MOCY/IbI; CIIUPTOBKA; XUMHUUECKHE PEAKTUBBI (KPUCTAJUIOTHAPATHI,
KapOoHathl); GUIBTpOBaNIbHASA OyMara; KaJlbKyJIsaTop.

Paznen «CnexkrpodoromeTpudecKuil XMMUYECKMA aHAJIN3.

Tema 1. OcHOBHBIE METOJIBI KOJIMYECTBEHHOTO aHaIKM3a B a0COPOIIMOHHOM
cnekrpockonuu. OmnpeneneHue ONTHYECKOW IIIOTHOCTH (A) mJii pacTBOPOB
MnOs pasnoii konnentpanuu (C) ¥ TOCTPOCHHE TPATyHPOBOUYHOrO rpaduka
A=f(C).

Teopusi: MOTJIOIIEHUE BEIIECTBOM H3ITYyUYECHUS; SJIEKTPOMArHUTHAs IIKaja;
OCHOBBI a0COPOITMOHHOM CIIEKTpOCKONuy; 3akoH byrepa-Jlambepra-bepa.

[IpakTrKa: MOArOTOBKA CEPUM PACTBOPOB MEPMAHraHaTa Kalausl ¢ TOYHO
M3BECTHOM KOHUEHTpalMel nepMaHraHaT moHoB B jauamnaszone ot 0.005 r/mn no
0.001 r/mn (4yeThlpe-nsATH PACTBOPOB) (PEKOMEHIYETCS MPUMEHATh METO]
pa30aBiieHUs HCXOJHOTO pacTBOpa C TOYHO H3BECTHOM KOHIICHTpALUeH s
MIPUTOTOBJICHUS OoJiee pa30aBICHHBIX PACTBOPOB); COOpKa AIEKTPUUECKOU IETH
B COOTBETCTBUHM C METOAWYCCKONM PEKOMEHIAIMCH K MpPaKTHYSCKOW paborte;
onpeaereHue MoKa3aTeiaeil ONTHYECKON INIOTHOCTH PacTBOPOB MEPMAHraTa Kajus
Pa3IMYHOM KOHLIEHTPALUU U TIOCTPOEHUE KaTHOPOBOYHOIO rpaduka.

®dopMel 3aHATHIA: Oecesa, MpakTudeckas padoTa.

OO0GopynoBaHue: MITATUB, JATYMK ONTUYECKOM IIIOTHOCTH 525 HM; Kabesb
USB coenuHuTeNbHBIN; 3apsaHOe ycTpoicTBO ¢ kabemem miniUSB; USB
Anantep Bluetooth 4.1 Low Energy; HOyTOyK; KpaTkoe pPYKOBOJICTBO IIO
SKCIUTyaTanuu  uudpoBoi  jmaboparopuu;  OporpaMMHOE  OOEcCIeueHue;



BCIIOMOTaTeNIbHOE JTabopaTopHOe 000pynoBaHuE (CKISHKA C JUCTHILIMPOBAHHOU
BOAOW, (uiabTpoBaJibHAas Oymara © Jp.); pacTBOp TME€pMaHraHata Kajws;
JTUCTUJUIMPOBaHHAs BOJA.

Tema 2. Onpenenenue koHueHtpaiuu MnOs -HOHOB B HEU3BECTHOM
pacTBope.

Teopusi: KOJMYECTBEHHBIM CIIEKTPOMETPUYECKUM AaHAIU3 OKPALIEHHOIO
pacTBOpa U3BECTHOI'O BELIECTBA.

[IpakTrKa: BBINOJIHAIOT ONPEIEICHUE ONTHYECKOW IUIOTHOCTH pacTBOpa
IepMaHraHata Kajgus; C  [IOMOIIBIO  MPEABAPUTENBHO  MOJYyYEHHOTO
KaJauOpOBOYHOrO TpaduKa ONPEAeNaiOT KOHUEHTPALUI0 NEpPMaHraHAT-HOHOB B
HEU3BECTHOM pAaCTBOPE; CPABHUBAIOT IOJYYEHHBIE pe3yJbTaTaMU C JIaHHBIMU
[PENOJABATEN U PACCUUTHIBAIOT OTHOCUTEIBHYIO IOIPEIIHOCTh BBIIIOJHEHHOIO
U3MEPEHUSL.

®dopmbl 3aHATUI: Oecena, mpakThuyeckas padoTa.

O6opynoBaHue: MITATUB, JATYUK ONITUYECKON TIIOTHOCTH 525 HM; KaOeb
USB coenuHUTENBHBIN; 3apsaHOe yCTpocTBO ¢ Kabemem mMiniUSB; USB
Anantep Bluetooth 4.1 Low Energy; HoyTOyk; KpaTkoe PpPYKOBOJCTBO IIO
JKCIUTyaTaluu  1U@poBOM  Ja0OpaTOpuu;  MNPOrpaMMHOE  OOECIeUYEeHUE;
BCIIOMOTaTeNIbHOE J1TabopatopHoe 000pynoBaHue (CKISIHKA ¢ TUCTUILTMPOBAHHON
BOAOW, (uiabTpoBaJibHAass Oymara © Jp.); pPacTBOp TNE€pMaHraHara Kaws;
JTUCTUJUTMPOBaHHAs BOJA.

Pa3nen «@a30Bbie pABHOBECUSD.

Tema 1. Onpenenenue TemnepaTypbl IUIABICHUS TBEPABIX BEIIECTB C
MOMOIIBIO IATYMKA BHICOKON TEMIEpaTyphl (TEPMOIIAPHI).

Teopus: (a3oBble mepexonbl Ha TpPUMEpPE TUIABJICHUS BEIECTB;
BO3MOXHOCTh ~HIACHTU(UKAIIMK BEIIECTB MO TEeMIeparypaMm IUJIaBJICHUS;
3aBHCUMOCTh TEMIIEPATYP IUIABJICHUSI OT CTPOEHUS U COCTaBa BEIIECTB.

[Ipaktuka: B GapopoBbIil TUTEIH MTOMEMIAIOT HEOOXOIUMOE KOJIUYECTBO
XUMHUYECKM YHCTOTO BEIIECTBA W IMOrPYX AT B HETO0 TEPMOIAPY; MEIJIEHHO
HarpeBarOT THUredb Ha JJIEKTPUYECKOM IUIMTKE [0 TMOJHOrO IJIaBJICHUS
UCCJIelyEMOT0 BEIlIECTBA; C TOMOIIBIO MPOrPAaMMHOI0 00eCreYeHusl Ha HOyTOyKe
CHUMAIOT TIOKa3aHWsl KpUBOM HarpeBaHus. CHUMAIOT MOKa3aHUA MJi CEepUu
HUTPATOB (JIUTHSI, HATPUS, KalKs) U HUTPUTOB (JIUTHSI, HATPUS M Kauus) U Ap.
TBEPIBIX BellecTB. /[enatoT BBIBOJABI O CBSI3M CTPOEHHUS U COCTaBa M3yUEHHBIX
BEIIECTB C UX TEMIIEpPaTypoi IUIaBIICHUSI.

®dopwmbl 3aHATHI: Oecena, MpakThyeckas padbora.



OO6opymoBaHMe: MITATUB, TATYNK BHICOKOW TEMIEPATYPhI (TEPMOIIAPHBI) C
JYara3oHoM wu3MepeHus He yxke yeM oT -100 mo +900C; kabenr USB
COCIMHUTEIIbHBIN, 3apsAaHOe yCTporcTBO ¢ Kabemem MINIUSB; USB Apantep
Bluetooth 4.1 Low Energy; nHoyTtOyk; KpaTkoe PYKOBOACTBO II0 JKCILIyaTalluu
nupoBoil  mabopaTopuu; MporpaMMHOE OOECIEYEeHHE, BCIOMOraTeIbHOE
naboparopHoe obopynoBaHue (bapdopoBbIii THUTENb W JIp.); JJICKTpUUECKas
IUTUTKA; XUMUYECKH YHMCThIE TBEp/ble BelIeCTBAa (HUTPATHI U HUTPUTHI JIUTHUSA
(HATpUS WU KaJusl), CalTMIIMIIOBasi, OEH30MHAas KUCTIOTHI U JIp.

Tema 2. Iloctpoenue ¢a3oBoil auarpaMmbl «HHUTpAT JIUTUS — HUTPUT
JUTUS» B KOOPJAMHATaX «cocTaB-Temmeparypa». OmnpeneneHue TOYKHU
ABTEKTUKU. Teopusi: OCHOBBI (PU3MKO-XMMHUYECKOIO aHalIM3a; IOHIATHE O
(ha30BBIX paBHOBECHSIX; IMHUU JUKBHIYCa U COJUIYCA; IBTEKTUKA.

IIpakTrKa: TOTOBSAT BOCEMb HABECOK C PA3JIMYHBIM COAECP’KAHUEM HUTPUTA
U HUTpaTa JUTus (B Macc.%); MOMEIIA0T B KaXAyI0 MOJyYeHHYI0 CMeCh (cMecH
norpyxeHsl B (paphopoBble TUIVIM) TepMOIapy M MEIJCHHO HarpeBaloT Ha
AJIEKTPUYECKON IUIMTKE A0 mnojHoro IuiaeieHus (no 150C); ¢ momomibio
MpPOrpaMMHOr0 OOecrnedyeHuss Ha HOYTOyKEe CHHMAlOT [IOKa3aHUs KpHUBOM
HarpeBaHUs; HAHOCAT TIOJIyYCHHbIE JIaHHBIE Ha TI0JI€ KOOPAMHAT «COCTaB-
TEMIIEpaTypa»; HAHOCAT JIMHUM JIMKBHUJyCA W COJUAYCa; ONPEIEISIOT
KOOPJIMHATBl 3BTEKTUYECKON TOYKH; CBEPSAIOT TMOJIyYEHHBIE JaHHBIE CO
CIIPABOYHBIMU JAHHBIMHU.

@OopMBI 3aHATHI: IPAKTUYECKOE 3aHSATHE.

OO6opynoBaHue: MITATUB, TATYUK BHICOKOW TEMIMEPATyphl (TEPMOIIAPHBI) C
JYara3oHoM wu3MepeHus He yxke yeM oT -100 mo +900C; kabenmr USB
COCIIMHUTEIIbHBIN; 3apsHOe YCTpoiicTBO ¢ kabeaem MIniUSB; USB Anantep
Bluetooth 4.1 Low Energy; HOyTOyK; KpaTkoe PyKOBOJCTBO IO JKCILTyaTalluu
uudpoBoil  maboparopuu; MPOrpaMMHOE  OOECHeYeHUe; BCIOMOraTeIbHOEe
naboparopHoe obopyaoBanue (papdhopoBblif TUTEIb, TaA0OpATOPHBIEC BECHI U JIP.);
AIIEKTpUYECKas TUIMTKA; YUCThIE HUTPAT M HUTPUT JUTUS (WJIH HATPHUSA).

OpraHu3anMoHHO-NeJArOrn4YecKue YCJI0BUSA Peau3alum NporpaMmbl

[Temaror  JOMOJHHUTENHLHOTO OOpA30BaHMS,  PEATU3YIOMUN JTaHHYIO
nporpaMMmy, JOJDKEH HMETh BbICIIee MpodecCUOHAIbHOEe O0pa30BaHHUE WU
cpenHee TmpodeccHoHalbHOE oO0pa3oBaHWe B OOJIACTH, COOTBETCTBYIOIIEH
mpomiIo Kpykka, 0e3 MpeabsBiICHUS TpeOOBaHMI K CTaxy paboThl, MO0
BhICIIee MpodecCHOHATBHOE O00pa3oBaHUE WIH cpeaHee MpodeccHoHanTbHOE
oOpa3oBaHMe ¥ JOINOJHHUTEIbHOE MPOPECCHOHAIIBHOE O00pa3oBaHUE TIO
HarpaBieHuto «O0pa3oBaHuE U MeIarorukay 0e3 npeabsBiIeHUs TpeOOBaHUHN K
CTaXXy paboThI.



MOTHBaIII/IOHHLIe ycioBus

Ha y‘le6HI>IX 3aHATHAX MW MACCOBBIX MCEPOIIPUATHAX 0coboe MecTo
YACIISACTCA q)OpMI/IpOBaHI/IIO MOTHBalluH1 o6yqa101111/1xc;1 K 3aHATHIO
JOITOJIHUTCIIbHBIM O6pa3OBaHI/IeM. I[JIH 9TOTIO:

— YIOBJIETBOPSIOTCS pa3HOOOpa3Hble MOTPEOHOCTU OOydYaroIUXCs: B
CO3/1aHUU KOM(OPTHOTO ICUXOJOTMYECKOT0 KJIMMara, B OTABIXE,
OOLIECHUU U 3aIUTE, MPUHAAIECKHOCTH K JETCKOMY OOBEIUHEHUIO, B
CaMOBBIPAKEHUHU, TBOPYECKOW caMoOpealu3allid, B IPU3HAHUU U
ycIHexe;

— JIeTH BKJIOYAIOTCS B TNPAKTUYECKUH BHUJI JACSATENBHOCTU IpPHU
rpyNIoBoi paboTe, ¢ y4eTOM BO3pPaCTHBIX 0COOEHHOCTEN U YPOBHEM
COXPaHHOCTH 370POBBS;

- Ha 3aHATHAX  PCIIAKOTCA  3aJa4H HpO6H€MHOF 0 XdpaKTcpa
IMoCpcaACTBOM BKIIIOYCHUA B HAaY4YHO-HUCCICAOBATCILCKYIO
ACATCIBbHOCTD,

— mpoBoAsATCS mpodeccuoHaIbHbIe MPOOBI U JIPYTHE MEPONPUSTHA,
CIOCOOCTBYIOIINE npo¢eCCUOHATIBHOMY CaMOOMPEICICHUIO
00yJaroIMXxcs.

MeTtoauyeckue MaTepHuaJbl

Meroauueckoe obecrieueHrne MPOrpaMMbl BKIIIOYAET MPUEMBI U METOJIbI
opraHuzanuu  oOpa30BaTENBLHOTO MpoIecca, JUIAKTHYECKHE MaTepualbl,
TEXHUYECKOE OCHAIICHUE 3aHATUI.

Jlist obecrieueHusT HATJISIIHOCTH U JOCTYIMHOCTH H3y4aeMOro Marepuaia
MeJIaror UCTIOB3YeT Pa3INIHbIE METOIUYECKHIE U TUAAKTUYECKUE MaTepHAJIbI.

Harnsoueie mocobus: — cxemaruueckue (mmdpoBoe o0Opya0BaHME,

CXEMBI, TIPE3EHTAIINH, AJITOPUTMBI);

— €CTECTBEHHbIC U HaTypaJIbHbIEC (BCIIOMOTAaTEIbHOE 000pYAOBaHUE ISt
MIPAKTUYECKUX padoT);

— 00bEeMHBIC (MaKEeThI);

—  WUIOCTpanuu, ciaiasl, rpaduku, ¢doTtorpadun €W PUCYHKH

OKCIICPUMEHTAJILHBIX ~ PE3ylbTaTOB  HM3MEPEHUH; —  3BYKOBBIC

(BuIEOMaTepualbl).

NudpopmanuonHoe obecrnedeHue NporpaMmmbl
HNuTepHeT-pecypesl:

Buneomatepuanel mo pabore Ha miargopme Releon. // URL:
https://rl.ru/solutions/complekts.php?id=3242800201

Cnucok JuTepaTypsbi:


https://rl.ru/solutions/complekts.php?id=3242800201
https://rl.ru/solutions/complekts.php?id=3242800201

HODMaTI/IBHBIe IIPAaBOBbLIC AKThI

— OenepanbHbIil 3akoH «O0 oOpa3zoBanuu B Poccuiickoit deneparum
oT 29.12.2012 Ne 273-®3.

— Vka3 [Ipesunenta Poccuiickoit @enepannu «O Mepax Mo peaausaluu

roCy/1JapCTBEHHON MOJUTHKU B 00JIacTU OOpa3oBaHMsI U HAyKW» OT
07.05.2012 Ne 599.

— VYka3 IIpesunnenta Poccuiickoit @enepaunn «O MEpONpHATHSIX IO

peanu3anuy rocyapCTBEHHOW COMAIbHON ITOJUTHKN» OT
07.05.2012 Ne 597.

— Pacnopsixkenne Munucrepcersa [Ipocsemenus ot 12 .01.2021 Neo P-
6
«O0 yTBepKIACHUU METOJUYECKUX PEKOMEHMIAIMN IO CO3JaHUI0 U
(yHKIMOHUPOBAHUID B  00IIE00pA30BATENbHBIX OpraHU3alUsX,
PacHoJIOKEHHBIX B CEJIbCKOM MECTHOCTH M MaJbIX FOPOAAX, EHTPOB
o0Opa3zoBaHus €CTECTBEHHO-HAYYHOU u TEXHOJIOTUYECKOU
HANpPaBJICHHOCTEN.

— IIpuka3z MunuctepctBa npocsemenuss PO ot 09.11.2018 r. Ne 196
«O6 ytBepxaeHun Ilopsnka opraHuzaliud H  OCYIIECTBIICHHUS
o0Opa30BaTeNIbHOM NEATEIbHOCTH () JOTIOJIHUTEIIbHBIM
00111e00pa3oBaTeNbHBIM POrPaMMaM.

— IlocTranosisienue [ TaBHOTO roCyIapCTBEHHOTO CAHUTAPHOTO Bpayda
P® ot 04.07.2014 N 41 «O6 yrBepxaenuun CanlluH 2.4.4.3172-14
«CaHHUTapHO- AIUIEMHOJIOTHYECKHE TPEOOBAHUS K YCTPOUCTRY,
COJICP)KaHMIO W OpraHM3allid pPeXuMa padoThl 00pa30BaTEIbHBIX
OpraHU3aIii TOTIOJTHUTEIHFHOTO 00pa30BaHUs ICTEH.

Z[JI?I rncaarora J0noJHUTCJIbHOIO 06D330BaHI/I$I n O6V‘-IaIOIlII/IXC$II
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