TOUKA \!Pocm XUMUA

OnucaHue MmaTepuasibHO-TEXHUYECKOMU Oa3bl LLeHTpaA
«Touyka pocTa», MICMOJSIb3YEMOr0o ANA peasiu3alum
ob6pa3oBaresibHbIX NPOrpamMM B paMKax
npenogaBaHUs XUMUU

MarepuanbHo-TexHUYecKan 6a3a ueHTpa «Touka poctas BK/OYaeT B cebs coBpeMeHHbIe K
Knaccuueckue npubopsl. MocnegHre NpoLLiv MHOrONETHIOK anpobaumio B LWKOE U MOy
npusHaHue y yuutenen xumun. K HUM oTHocatca: npubop AnA AeMOHCTpauUMK 3aBUCMMOCTU
CKOPOCTU peaKkLumu OT pasfiMyHbix haKTopoB., annapar A/ NPOBEAEHUSA XMMUYECKUX PeaKLnH,
npubop AS1A OMbITOB C 3MEKTPUYECKUM TOKOM, NPMOOpP 415 M3yyeHUs CoCTaBa BO3ayxa U MHO-
rue gpyrue. Yuutbisas NpakTUHECKUIA OMbIT NPUMEHEHUA JAHHOrO 0OOPYAOBaHMSA Ha ypoKax
XMMWK, Mbl A3AUM NIULWb KpaTKoe onucaHue npubopos. OCHOBHOWM aKUEHT ceflaemM Ha onwuca-
HWUK UMDPOBbIX TabopPaTOpPHi 1 X BO3MOXKHOCTAX.

Lu¢poBas (komneromepHas) nabopamopus (LIJ1), nporpaMMHo-anmnaparHbii KOM-
r/eKc, AaTYMKOBas CUCTEMA — KOMIMIEKT yuebHoro ob6opynoBaHus, BKIOYAIOLWMHK 13-
MepuTesbHbIM 610K, MHTepdeic KoToporo nosgonseT obecneynsarb CBSA3b C Nepco-
HaslbHbIM KOMIbIOTEPOM, W Habop AATUMKOB', PETUCTPUPYIOLLMX 3HAYEHWUA Pa3NMUHbIX
h13nyeCKMX BENNYMH.

HAamyuk memnepamypel nnamuHoBeili — NPOCTOM M HALEXHbIM OaTyuK, nNpegHa-
3HayeH A8 U3MepeHus TeMnepaTypbl B BOAHbIX pacTBOpax U B ra3oBbix cpeaax. Umeert
pasnuyHbii guanasoH usmepenun ot —40 go +180°C. Tex-
HWYECKME XapaKTEPUCTMKMU JaTYMKA YKasaHbl B MHCTPYKLUUK
Mo 3KCnyaTaumu.

Jdamyuk memnepamypbl mepmMondapHell npefHasHayeH
ana usmepenua temnepatyp go 900 °C. Ucnonblyetcs npu
BbIMOJIHEHWM PabOoT, CBA3AHHbLIX C M3MEPEHUEM TeMneparyp
NAaMeHu, NNaBNEHUA U PA3/IOXKEHUS BELLLECTB.

Adamyuk onmuyeckoli nnomHocmu (KONOPUMETP) —
npefHasHayeH [ONA W3MepPeHUs ONTUYECKOW MIOTHOCTH
OKpalLleHHbIX pacTtBopoB (puc. 7). Ucnonb3yeTcs npu nsyde-
HuM TeM «PactBopbl», «CKOpOCTb XMMUYECKUX peakuuiy,
onpeneneHMn KOHUEeHTpauMu OKpalleHHbIX MOHOB WU CO-

Puc. 1. Jatuunk ontuye- €ANHEHUN.
cKoit nnotHocTh: 1= B KoMnneKT BXopAT faTuYMKKM C pa3fIiHOW AJIMHOM BOSH MO-

FHESZ0 ANA KIOBETbI 2 — v 0N HUMKOBBIX MCTOYHUKOB cBeTa: 465 1 525 HM. O6b-

BET. 7] Mor .
KIOBETa AANA Ucchellyemoro €M KioBeTbl cocTaenseT 4 M, AJIHa ONTU4YeCKoro nytn —
BellecCTBa 10 MM

MoapobHble XapaKTePUCTUKM LATYMKOB, METOAMKM HACTPOMKM U NpaBuia paboTbl MOXKHO HaWTH
B KHure «Mcnonb3osaHune undposbix naboparopui npu obyyeHun xummun B cpeaHen wkones. (M.: bu-
HoM. Jlabopatopus 3Hanui, 2014, — 229 c.)
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Aamyuk pH npepHasHayeH ans namepeHusa BogopogHoro nokasarens (pH). B HacTos-
Lee BpeMsa B LUKOJY MOCTyMaloT KOMOMHUPOBAHHbIE AAaTYMKW, COBMeLLalolme B cebe
CTEK/ISIHHBINA 3MIEKTPOA C 3/1EKTPOAOM CPaBHEHUS, YTO AenaeT paboTy No U3MepeHuto
BOAOPOAHOro nokasarens 6onee komdoptHoW. OuanaszoH usmepenun pH ot 0— 14,
Mcnonb3yeTtcsa ans usmMepeHus BOLOPOAHOIO NoKasaTtess BOAHbIX PACTBOPOB B pa3/finy-
HbIX MCCEeA0BaHUAX OObEKTOB OKPY)KaloLLEN cpeapl.

HAamyuk 3nekmponpoBodHocmu npenHasHaveH ANA U3MEpPeHUs YOesbHOM 3MeKTpo-
MPOBOAHOCTM XMAKOCTEN, B TOM YMC/IE U BOAHbIX pacTBOPOB BelecTs. [pumeHsaeTcsa npu
U3y4EHUU TEOPUUN INEKTPONIUTUHECKON AUCCOLMALIMM, XapPaKTEPUCTUK BOLHbIX PACTBOPOB.

Aamyuk xnopuod-uoHoB vcnonblyeTcs AN KONMYECTBEHHOIO OnpefesieHns copep-
YKaHUS MOHOB XJIopa B BOAHbIX pacTBopax, noyee, NpoayKTax nutaHus. K gatumky nog-
KtouaeTca moHocenekTueHbin anektpon (MC3I) (pabounit anektpon), noteHUMan KoTto-
pOro 3aBUCUT OT KOHLIEHTPALIMK ONpeaensieMoro MoHa, B JAHHOM C/ly4ae OT KOHLeHTpa-
umun aHmoHoB CI™. MoteHuman UC3 onpenensioT OTHOCUTENBHO 3N1EKTPOAA CPABHEHMS,
Kak npaewsio, xiopcepebpsiHoro.

Ha pucyHke 2 nokasaHa obuas cxema ucnonbsosanHua MCI ana konuvuecteeHHOro onpe-
NeNeHns KoHUeHTpauun (akTMBHOCTW’) pasnuuHbix noHos: CI°, NOj3, NHj;, Ca’. OcHosHolt
KomnoHeHT ntoboro MC3 — membpaHa, KoTopas pasfenser BHYTPEHHWI pacTBOp C MNOCTOSAH-
HOW KOHLEHTpauMen onpenensieMoro MoHa U Uccnesyembld pacTBoOp, a TaKXe CNYXXUT cpef-
CTBOM 3/IEKTPOJIMTUYECKOTO KOHTaKTa Mexay HuMu. MembpaHa obnagaetr MOHOOOMEHHbIMU
CBOWMCTBaMM, NPUYEM NMPOHMULLAEMOCTb €€ K MOHaM Pa3HOro TUna pasfivyHa.

TER Puc. 2. YctaHoBka anis onpepene-
. HWA KOHLEHTpauun (aKTUBHOCTH)
XJI0pUa-MoHOB B pacTeope. A: 1 —
KOpMycC AaTtyvKa Ans onpeaeneHus
Cl -noHoe; 2 — pasbém Micro USB
LNSA NOAKIIOYEHUSA K KOMMblOTepy;
3 — pa3bém BNC gna noakniove-
HWs pabouero anektpoaa; 4 —
pa3beM A8 NOAK/IOUYEHNUS INeK-
Tpoaa cpaBHeHus. b: 1 —unoHoce-
NEKTUBHbIN 31eKTpog (pabounii
31eKTPOL); 2 — 3NeKTpoL CpaBHe-
HUA (XxnopcepebpaHbIi 3neKTpoa);
3 — MarHuTHaAa mewarnka; 4 —
AKOPb MAarHUTHOM MeLUanku

3anpeluaetcsa Tporatb MeMbpaHy 3nekTpoaa nanbuaMu U NPUBOAUTL €€ B COMPUKOCHOBE-
HWe c TBEpAbIMU noBepxHocTaMU. Npu xpaHeHnn UCI yyBcTBUTENBbHAA YacTb JaTyuKka (MeMm-
6paHa) fomkHa ObiTh 3alMlLEeHa CreuManbHbiM KonnadykoM. He gonyckaetcs ucnosnb3oBatb
3/71eKTPOAbI C MOMMMEPHON MeMbpaHoW B cpefax, COAepyKalllMX fieTyyme BeLLecTsa v opra-
Hu4yeckue pacteoputenu. He cnepyet ucnonbsoeate MCI B cunbHbiX okucautenax. Onvrtens-

2 AKTMBHOCTb MOHOB @ — 3(hheKTUBHAs (KaXKYLLAACA) KOHLEHTPaLMsA C YYETOM Pas/IMuHbIX B3au-
MOZEWCTBUI MeXay UoHaMu B pacTeope. [okasartenb aktuBHocTM pa = —Iga. MoHsTHe 6bino npeasio-
»eHo B 1907 r. amepuKkaHCcK1M y4éHbiM I JIbloncoM Kkak HoBas nepemMeHHas, NPUMeHeHe KOTOpOW BMe-
CTO KOHLEHTpaLMK NO3BONSET UCMONb30BaThb A1 ONUCAHUS CBOMCTB peasibHbiX PACTBOPOB OTHOCUTE b~
HO NPOCTble YpaBHEHWA, MONyYEHHbIE AJ1S UaeaNbHbIX CUCTEM.
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Hoe HaxoxkaeHue NCI B pacTBopax Kpenkux KUCNOT WK LEeNoYen NPUBOAUT K Pe3KOMY U He-
06paTMMOMYy COKpaLLLEHWUIO CPOKa CNY»KObl 3n1eKTpoaa.

CnpaBo4HMK

Aamyuk Humpam-uoHo8 npepHasHayeH pns
KOJIMYECTBEHHOrO OnpenesieHUss HUTPATOB B pas-
NMYHbIX OObEKTax OKpyrKatoLien cpedbl: BOAe,
OBOLLAx, (OpyKTax, KONOaCHbIX U3LENUAX U T. 4.

Mukpockon yugpoBoii npegHasHaueH aAna us-
y4yeHust popMbl KPUCTANNIOB M HabnopaeHus 3a
POCTOM KPWUCTaslsIoB.

Annapam 0nsa npoBedeHus xumu4yecKkux pe-
akyui (AlNXP) npepHasHayeH onsa nonyyeHus
M OEMOHCTPaLMU CBOMCTB TOKCUYHbBIX MApPOB W
razoe. JTU BellecTBa nojydaloTcs B Kosnbe-
peakTope, 1 Npu HarpesaHuu (Mnun 6e3 Harpesa-
HWA) rasoobpasHble BELLECTBa MPOXOAAT Yyepes
nornoTuTesIbHble éMKOCTU (Hacagku) C pacTBo-
paMu peareHTOB, BCTyNaloT C HUMU B peakuuto
(puc. 3). N36bITOK rasa NOrNoOLWAETCA KUOKUMU
M TBEPAbIMM peareHTamMu, a TaKXe aKTMBUPO-
BaHHbIM yrnéM. Annapar Yallie BCero Ucnosb3y-
OT OIS MONYYEeHUs U OEMOHCTPaLMM CBOMCTB
XJiopa, CEpoOBOLOPOAA.

1 Puc. 3. Annapat Ans npoBefeHUA XMMUYECKUX pe-
akumn (ANXP): 1 — aeyropnas konba-peakrop;

2 — penuTesibHas BOPOHKa Ansi paboTbl C TOKCKUY-

\ HbIMMW BeLL,eCTBaMu, No3sonseT nobasnaTe Heobxo-
AVMMOE KOJIMYECTBO YKMOKOro peareHTa B peakunoH-

HYIO CMeCb, He AoMycKas pasrepMeTvsaunm npubo-

pa; 3 — éMKoCTH (Hacaaku) AN *XUOKUX peareHToB

(mornotutenen); 4 — Konnaku; 5 — EémMKocCTb
(Hacapka) ans cbinyynmx peareHToB

Mpu npaBunbHOM 3KCNyaTaumMm Nnpubopa AeMOHCTpaLMsA CTaHOBUTCS yaobHoU u Gesonac-
HoW. Ha npoBeneHne onbiTOB TpatuTcA okono 3—6 MWH. Xopoluas BM3YyasIbHOCTb SIBJISIETCS
npevMmyLLecTBoM 3Toro npubopa. Tak Kak npy AeMOHCTpauuu OJHOBPEMEHHO MPOXOAAT He-
CKOJIbKO peaKuui, BaXHO NPaBWIbHO OpraHM30BaTh HabnlogeHUs ydalwmuMUca 3a NpoTeKato-
wuMu npoueccamu. LlenecoobpasHo 3anuncatb Ha AOCKe Ha3BaHWS UKW DOPMY/bl PeareHTos,
HaxoAALMXCS B MOMOTUTENbHBIX CKNSAHKaX. [1o OKOHYaHUK onbiTa HYXXHO CPaBHUTb UCXOAHbIE
pacTBOpPbI BELLECTB U pe3yNbTaTbl UX NPeBpaLLEHUH.

AIMXP MOXHO NpUMEHATb Ha pa3Hbix 3Tanax obyyeHUss — MpU U3y4eHUU HOBOTO MaTepua-
na, NOBTOPEHMU U 3aKpenneHnn, obobLLIEHNN 1 CUCTeEMATU3ALMM 3HAaHUK yyawmxcs. B 3aeucu-
MOCTM OT Npoduis obydaeMblix, Liefer ypoKa, YPOBHSA 3HAHUSA yYaLMXCA BO3MOXHbI pas3finyHble
BapWaHTbl MOCTAHOBKMU 3KCMEpPUMeHTa U Bbibopa pearupyowmx Bewects. OgHako npu m3yde-
HWM CBOMCTB BELLECTB He C/lieQyeT OrpaHUYMBATLCS TOMIbKO 3KCMEPUMEHTOM C UCMOJIb3OBAHUEM
ATMXP. MHorve auaaktyeckue Lesim MoryT ObiTb JOCTUrHYTbI TOJIbKO A€MOHCTPALMeE ONbITOB B
TpaauuMoHHOM chopme.
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MNpumeHeHne AMNXP He orpaHuunBaeTCs BbileONMCcaHHbIM 3KcnepumeHToM. MNpubop ynob-
HO MPWMEHATb NPU AEMOHCTPALMK CBOWCTB AMoKcuaa asota (IV), metunamuHa, 6poma, npu
(bpaKLMOHHOW NneperoHkn HedTU. B Lenax s3KOHOMWUM BpeMeHU ero MOXHO MCMOMb30BaTb Mpu
M3y4yeHun CBOMUCTB yrekucnoro rasa. AMNXP nogxogut ans nonyyeHus 6e3BofHOM a3oTHOWM
KUCNOTbl, BpoMbeH301a, HUTPpOOEeH30Ma U APYIrUX COEAUHEHUN.

Mpu6bop 0ns demoncmpayuu 3a8ucumocmu CKOpPoO-
CMUuU XUMUYECKUX peaKkyul om pa3au4Helx pakmopob
MCMONb3YIOT NpU U3ydyeHnr TeMbl «CKOPOCTb XMMUYECKOM
peakuumn» U TennoBOro 3ddeKkta XMMUYECKUX pPeaKLui.
Mpnbop AaéT BO3MOXKHOCTb 3KCMEPUMEHTANIbHO UCCeao-
BaTb B/IMSSHWE HA CKOPOCTb XMMUYECKUX peaKuui cremyto-
WMX (haKTOPOB: MPUPOAbl Pearnpylowmnx BeLLecTB, KOH-
LeHTpaLUMN pearupyloLimMx BellecTB, MIOLWAAW rpaHULb
pasgena a3 B reTeporeHHbIX cuctemMax (MOBEPXHOCTU CO-
MPUKOCHOBEHUS MEXAY pearvpylowuMy BeLEeCcTBaMM),
Temneparypbl, Katanusaropa, MHrMbuTopa.

Puc. 4. Npubop ans neMOHCTPaLmK 3aBUCMMOCTA CKOPOCTH
XUMNYECKUNX peaKLl,VIl‘/‘I OT PAa3/IM4HbIX CbaKTOpOBZ 1— noacrtaB-
Ka; 2 — cocyabl JlaHgonsTta; 3 — MaHoOMeTpuyeckue TpyoKu

Mpubop cocToUT U3 NOACTaBKM, Ha KOTOPOW 3aKpersieHbl Be MaHOMEeTpUYeckue TpyoKu,
KOTOpble COeaMHAIOTCA € cocyaamu JlaHaobTa C MOMOLLbLIO NIAaCTMKOBOW TPYOKKU ¢ npobkamu
(puc. 5). Mexxay MaHOMeTpHUYECKUMU TPyOKaMK Ha MaHesIM HaHeCceHa WKana ans HabnoaeHus
YPOBHSA >KMAKOCTU B Tpybkax. OKpalueHHOW KUAKOCTbIO MOXKET ObiTb pacTeop Ntoboro Kpacu-
TeNns B BOAE.

Munemka-0o3amop — npucnocobneHne, UCNosb-
3yemoe B flabopartopuv gns OTMepUBaHUA onpeae-
néHHoro obbéma xuakoctu. MuneTkun BbinycKatoTca
nepemMeHHOro M NocTosHHOro o6véma. B komnnek-
Tbl 0BOPYAOBaHMSA AN MEOULMHCKUX KNAcCOB BXO-
AAT yoobHble MUMNeTKU-403aTopbl OAHOKAHAsbHbIE,
No3BoSAIOWME HACTPOUTb HEOOXOANMbIN OOBEM OT-
6UpaeMoi KUAKOCTU B TPEX pasfMyHbIX AManaso-
Hax (puc. 6). Ucnonb3oBaHWe COBpeMEHHbIX TEXHO-
NOTMM U LUBETOBOM KOOWMPOBKMU AManasoHa LO3Mpo-
BaHWA [OAET BO3MOXHOCTb KayeCTBEHHO, TOYHO,
6e30nacHO BbINONHATL NuUneTupoBaHue. [luneTku
UMEIOT CMEHHbIe MJIACTUKOBbIE HAKOHEYHUKM.

Puc. 5. unetkn pozatopbl

O[lHOKaHasibHble NepeMeHHOro
o6béma: 1 — 110 mn; 2 —
100— 1000 mkn; 3 — 10— 100 mkn.
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BaHa komM6uHupoBaHHAA NpepHasHadeHa AfA Harpeea CTEKNSAHHbIX U hapdOopoBbIX
cocynos, Korga TpebyeTca cosnarb BOKpYr HarpeBaeMoro cocyaa paBHOMepHOe TeMrepa-
TypHOe none, n3bexkarb UCMO/b30BAHUSA OTKPLITOrO MAaMEHW M PACKasIEHHOM 3MIeKTpHYe-
ckon cnupanu (puc. 7). Kopnyc KomMbuHupoBaHHOW GaHu caenaH us anomuuHusa. XKug-
KOCTHas 4aCTb KOMOMHMPOBAHHOM BaHW 3aKPbIBAETCA KOJbLAMU Pa3/IMYHOro AuaMeTpa.

Puc. 6. baHs KoMbuHMpoBaHHas nabopatopHas. A — BogsHasa 6aHA. b — necuaHas 6aHs

Ins Harpeeanusa cocynos no 100 °C B kauecTBe TenOHOCUTENSA UCNONB3YIOT BOAY, KOraa Tpe-
Byetcs co3natb Hosee BbICOKYIO TeMnepaTypy NPUMEHSAIOT CONEBble PACTBOPbI. TenoHoCUTENEM
MOXeT 6biTb rnuuepuH. OH obecneuvsaet uHTepean Temneparyp ot 60 go 180°C. Bbiwe 3ToM
TeMneparypbl MMLEPUH HAaYMHAET pasnararbCs U AbiMUTb. [na HarpeBaHus 4o 6onee BbICOKMX
TeMneparyp UCNosb3yloT LMIMHAPOBOE Macsio MK cuiukoHosoe. Bbonee 6e3onacHo ncnonb3o-
BaTb A/19 HaMoOSIHEHMS BaHb CyXOW MesIKo3epHUCTbIM necok. OpgHako necoyHble 6aHW nporpesa-
OTCS HepaBHOMepHO. B coctae KoMnieKkTa BXOAWUT CUTO ANA NPOCEUBAHUS PeYHOro Nnecka.

NcTouHnkoM Tenna gns KOMOUHMPOBAHHOM BaHW ABMAAIOTCA 3MEKTPUYECKMUE MIIUTKU C 3a-
KpbITOW CnvMpanbio.

CnpaBo4HUK

Mpu6bop 0ns nonyyeHus 2a308 vcnonbsyercs A NONyHeHUs HEBObLLNX KOMYECTB
raszoB: BOAOPOAA, Kucnopona (M3 nepokcMaa BOAOPOLAA), YIIEKUCIOro rasa.

Puc. 7. MNpubop ans nonyyeHns n cobrpaHus rasos
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