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BBEJIEHME

Y4eOHO-MeToAMYECKOE TTOCOOHE K J1abOopaTOPHBIM paboTaM MO AUCLHUILIIMHE
«XUMHS» TIPEAHA3HAUYEHO JUIS CTYJCHTOB OYHOW M 3a04HOM (Qopm oOydeHus B
OakayiaBpuaTe 1o HaIIPABJICHUIO IIOATOTOBKHU 36.03.02 300TeXHUA
HuciumHa «XUMHSD» OTHOCUTCS K MaT€MaTHYeCKOMY M €CTECTBEHHOHAYyYHOMY
MOAYJII0  O0pa3oBaTeNbHOM MporpaMMmbl  OakajaBpuara IO  HANPAaBICHUSAM
noarotoBku 36.03.02 3o0TexHus.

[lenbto OCBOEHMSI JUCHMIUIMHBL «XUMHsD» SBISETCS (POpMHpOBAHHE 3HAHUN
TEOPETUYECKMX OCHOB XMMHUM W CBOWCTB XHMHYECKHX 3JIEMEHTOB, COCIMHECHMMU
U MaTepUaJIOB HAa UX OCHOBE U YMEHUS UX HCII0JIb30BATh B CBOEH MpOQecCHOHANbHOMN
NEeSATENBHOCTH.

3ajaun u3y4eHus: AUCIUIUINHBIL:

— U3Y4YEHHUE OCHOBHBIX 3aKOHOB XHMMH;

— MpUOOpEeTEeHUE HaBBIKOB IIOCTAHOBKM U IPOBEAEHUS JabOpaTOPHBIX
HCCIICIOBAHUI;

— YMEHHE OINUCHIBATh PE3YJIBTATHI ONBITOB U JEJIaTh BHIBOJBL

— CHOCOOHOCTh NPHUMEHSATh TEOPETHUECKUE 3HAHUS MO0 JUCLHUIUIMHE B
po(hecCHOHATBHON 1 MPAKTUYECKOM JEATEIbHOCTH CIEUATIUCTA.

B pe3ynbTraTe n3ydeHHs] ITUCLHUILIMHBI CTYACHT OJKEH:

3HATh:

— TOHSTHS U 3aKOHBI XUMHUH, XUMUYECKUE CUCTEMBI;

— METOJIbI M CPEJCTBA XUMUYECKUX UCCIIEIOBAHU;

— METOJbl ONpEeNeNeHUs OUOJOTUYECKOrO CTaTyca, HOPMAaTHUBHBIX 0OIe-
KJIIMHAYECKUX IIOKa3aTelied OpraHoB W CHUCTEM OpraHuM3Ma >KHBOTHBIX, KadecTBa
CBIPbS U MPOJIYKTOB )KUBOTHOTO M PACTUTEIBLHOTO MPOUCXOKICHUS;

YMETB:

— CaMOCTOSITEJIbHO OCBaWBaThb HOBBIE pa3feibl (PyHAaMEHTaJbHBIX HayK,
UCIIOJIb3Ysl YPOBEHB JOCTUTHYTBIX 3HAHUM;

— OpHUEHTHPOBATHCA B XMMHUYECKMX 3aKOHaX B CBOeH mpodeccruoHaIbHOM
NEeSTENbHOCTH;

BIIAJETh:

— HaBBIKAMU MCIOJIb30BaHUS OCHOBHBIX 3aKOHOB XUMHU B  CBOEH
poheCCHOHAIBHON JISATEIIbHOCTH;

— HaBBIKAMHU HCIIOJB30BAaHUSA 3HAHUS U O0JIACTH XUMHUHU JJIsl ONpe/esieHus
OMOJIOTUYECKOI0 CTaTyca, HOPMATUBHBIX OOIICKIMHUYECKUX TOKa3aTeaeld OpraHoB u
CUCTEM OpPraHU3Ma KMUBOTHBIX, a TAK)KE KAUYECTBA ChIPbsl U MPOJYKTOB KUBOTHOTO U
PACTUTENBHOIO MMPOUCXOXKICHHUS.

VY4eOHbII MaTepuan MO JUCHMIUIMHE «XUMHSD» H3ydaeTcs CTyACHTaMu
B 1 u 2-M cemecTpax.



TEMbI

JIABOPATOPHbIX

PABOT

YKA3AHMA 110 X BBIIIOJIHEHHUIO

Ta6mumna 1. Tematudeckuii rad nadopatopHbIx padot (JIP)

N METOINYECKHUE

Ne KonunyectBo gacos JIP
nabopa- Tema HaumenoBanue PR— 3209HAs
TOPHOI JUCLIUIIAHBI 1ab0paTopHOI pabOThI dopma dopma
paboTeI oOyueHusi | OOydYeHHUs

Cemectp 1
1 Beenenue. TexHnka O0€30MacHOCTH, JabOpaTOpHOE 2
OcCHOBHBIC TIOHATHSA M | O0Opy/IOBaHME H TpaBWiIa paboOTHl B
3aKOHBI XUMUH. XHUMHUYECKOH 1abopaTopun
2 CrpoeHue BeliecTBa Ornpezenenre MOJISIPHON MaccChl 2
HKBUBAJIEHTAa MeTaLIa
3 VYcranosneHue GopMyIibl 2
KPHUCTAJJIOTHIpaTa
4 OcHoBHbIE OnpeneneHue BIMSHUA KHUHETUYECKUX 2
3aKOHOMEPHOCTHU napaMeTpoB Ha CKOPOCTh XHMHUYECKHX
NPOTEKAHUS peaKIui. Nzyuenue HarpaBJICHUs
XUMHYECKHUX PEaKIUi | CMENICHUsS XMMHYECKOTO PaBHOBECHS
5 PacTBopsbl [TpuroroBieHue u onpenencHue 2 2
KOHIIEHTPAIMK PACTBOPOB
6 [TpoBeneHe HEOOPATUMBIX M OOPATUMBIX 2
MOHOOOMEHHBIX  peakimid. M3ydeHue
BJIMSIHUSL YCJIIOBHHM B3aMMOJCHUCTBHS Ha
COCTOSIHUE PABHOBECHS B HOHOOOMEHHBIX
peaKIHsX.
CpaBHHTENBHAS OIIEHKAa PAaCTBOPUMOCTH
MaJIo- u TPYAHOPACTBOPUMBIX
3JIEKTPOJIUTOB
(mpom3BesieHNe PaCTBOPUMOCTH)
7 WnenTudukanns pacTBOPOB BEILECTB IO 2 2
ux kuciotHoctd (ompenenenue pH).
HccnenoBanue MpoOIECCOB  THUAPOIU3A
colei ™  YCTaHOBIIEHHE  (aKTOPOB,
BJIMSIONINX HA THAPOJIU3 CONer
8 OKuCIUTENBHO- N3yueHne 3akOHOMEPHOCTEH MPOTEKaHUS 2
BOCCTaHOBUTEIbHBIE OKHCIIUTEIHbHO-BOCCTAHOBUTEIIBHBIX
peakmu peakuuit
9 Kommnekcusie [lonyyenne wu wuccienoBaHUE CBOMCTB 2 2
COEZIMHEHHUSI KOMIUIEKCHBIX COeTMHEHUI
10 XHUMUS 3JIEMEHTOB N3yuenue CcBOWCTB a30Ta H  €ro 2
COEJIMHEHU
11 N3yuenue  CBOHCTB ceppl M €€ 2
COEJIMHEHUH
12 Wzyuenne cBoiictB ¢ochopa u ero 5
COEJIMHEHUH
13 W3yueHne CBOMCTB  TaJloT€HOB U HUX 2
COEJIMHEHUI




Ne KonunuecTtBo uacos JIP
Ha60p%' Tema HanmenoBanue OYHAas 3209HAS
TopHoH JUCIUILTUHBI nabopatopHOil paboThI dopma dopma
paboThI

oOyueHusi | oOy4eHHSA
14 Xumus 371eMEHTOB N3ydenue CBOWCTB yriaepoja U €ro
COEIMHEHUN 2
15 Xumudeckue MeTonbl | OmnpeneneHne CyMMapHOH )KECTKOCTH 2 2
aHanmm3a BOJIOTIPOBO/IHOM BOJIBI METOIOM
KOMIUIEKCOHOMETPUYECKOTO THTPOBAHUS
Htoro 30 8
Cemectp 2
1 HexoTopsie W3ydyeHne cTpoeHHUS W HOMEHKIIATYPHI 2 0,5
TEOpeTHYeCKue OpPraHMYECKUX COCAMHEHUN MO MOJIENIAM
MPEICTABICHUSA B | Crroapta-bpurneba
OpraHUYeCcKON XUMHHU
2 VYraeBoaopoast N3yuenne crnocoOOB  MONy4eHHs U 4 0,5
(U3UKO-XMMUYIECKHUX CBOWCTB
YIJIEBOIOPOIOB  (QJIKAHOB,  AJIKEHOB).
[TpoBeieHne Ka4eCTBEHHBIX PEAKIUi
3 I'mapoxcucoenunenus: | M3ydenne (pU3MKO-XUMHUYECKUX CBOMCTB 4 0,5
THJIPOKCHCOETMHEHU I (cimpToB u
denonon). IlpoBeneHne KadyeCTBEHHBIX
peakiuii
4 OxcocoeTMHEeHUs N3yuenue cnoco6oB HOJY4YEeHUs W 2 0,5
(U3UKO-XMMUYIECKHUX CBOWCTB
OKCOCOCMHEHHH (ampmerunoB u
KETOHOB), TIPOBEJCHHE KA4YeCTBEHHBIX
peakuun
5 KapOonoBsie kucnotel | M3ydeHne (pU3MKO-XUMHUECKUX CBOMCTB 4 0,5
KapOOHOBBIX KHCIIOT
6 "M IpOKCUKHUCIIOTHI N3yuenne (QU3MKO-XMMUYECKHUX CBOWCTB 2 0,5
THJIPOKCUKHUCIIOT
7 AMHWHOKHUCIIOTHI Nzyuenue ¢Gu3HKO-XMMHUECKUX CBONCTB 2 1
AMHHOKHCIIOT, NpOBE/ICHUE
Ka4eCTBEHHBIX PEaKLUi
8 Benkn [TpoBeneHNE BETHBIX pEaKIUi Ha OCIKH 2 1
Y AMHUHOKHCJIIOTHI.
9 VYrnesonsl N3yuenne (QU3MKO-XMMUYECKHUX CBOWCTB 6 2
YIJIEBOJIOB (MoHO-, - 71
MOJIMCaxapuioB), MIPOBEJICHHE
Ka4eCTBEHHBIX PeaKLnil
10 Jlunuast N3ydeHne (PU3MKO-XMUMUYECKUX CBOMCTB 2 1
mununoB. [IpoBeneHne KauyecTBEHHBIX
peakiuii Ha HaIU4ue HeNpeaeIbHbIX
KUPHBIX KACJIOT B JINTTH/IAX
Htoro 30 8




[logrotoBka Kk J1abopaTtopHOW paboTe BKIIOYAeT B CeOS M3YyUYCHHE
TEOPETUYECKOr0 MaTrepuaja Mo TeMme JabopaTopHON paboThl; BHUMATEIbHOE
O3HAaKOMJICHHE C HEOOXOIUMBIMH OOOpYIOBAaHHEM U PEaKTUBAMH, XOJOM
npoBelieHusT JabopaTopHOl  paboThl; MOATOTOBKA OTBETOB HA BOIPOCHI IS
CaMOCTOSTENbHOM paboThl; 0(hOpMIIEHHE ITPOEKTA OTUETA 110 TabopaTOpHOU padoTe.

OOyuaromuiics JOMyCKaeTcs K BBIMOJIHEHUIO J1a0OpaTOpHBIX paboT Mpu
HaJUYMH y HETO JIa0OpaTOpHOTO KypHana (TeTpaau) ¢ OoGOPMIICHHBIM IMPOCKTOM
otuéra mo jnabopartopHoil pabore. Ilepen ero odopmieHueM CTYIEHTY CHEayeT
CaMOCTOSTENbHO U3YYUTh TEOPETUUECKUIM MaTepuall 1o TeMe JabopaTopHOil paboThI,
UCIOJIb3YsI KOHCHIEKT JEKUUA U PEKOMEHIYyeMYI0 YUYEOHYIO JIUTepaTypy, ONUCaHUE
nabopaTopHOU pabOTHI.

J1Jis OBBIIIEHUST Ka4eCTBA MOATOTOBKH K JTAOOPATOPHBIM 3aHATUSIM CTYIACHTY
ClIeqyeT OTBETUTh HAa BOMPOCHI MJISi CAMOCTOATEIbHOW pabOThl, NPUBEICHHBIE B
KOHIIE OIMCAHUs KaX/10i1 1abopaTOpHON pabOTHI.

[IpoekT oTuéTa 1o J1abopaTOPHOU PadOTE NOJIKEH BKIIOUYATD:

— Ha3BaHUE TEMbI JaOOPATOPHOI pabOTHI;

— Ha3BaHUE J1aOOPaTOPHON PabOTHI;

— HEoOXOAMMBbIE TEOPETHUYECKUE CBEICHMS 10 TeME JaHHOW J1abopaTOpHOM
paboTHI;

— 1eJb JJa0OpaTOPHOU pabOTHI U IJIS KAXOTO OIbITA;

— OIMMHCaHue X0Ja PadOThHI, YypaBHEHHUS COOTBETCTBYIOIINX PEAKIINA, pacuETHBIC
bopmyIsI;

— cBOOOJIHOE MECTO B T€TPaJaU JJi HaOII0IeHUH, pacyéTOB U BHIBOJOB.

HaGmrogenuss ©u  BBIBOABI 1O KAXKIOMY ONBITY (QOPMYyIHUPYIOTCS U
3aMHCHIBAIOTCS TOJIBKO TIOCJE€ BBIMOJHEHHMS] KaXJAOro OmNbiTa B Jaboparopuu
OpraHM4YecKkoil W Owuonormueckoil xumuu. B mabopaTopHOM >KypHajie Ccleayer
PEyCMOTPETH MOJIS.

3anucu B J1a0OpPaTOPHOM >KypHAJIe BBITIOJHAIOTCS PYYKOM, aKKypaTHO U
pa3zbopunBo. Henb3st cTupaTh 3amMcu W TOJB30BaThCS KOPPEKTOpoM. B ciydae
OImMOKHU CI0Ba U UU(DPHI 3aUEPKUBAIOT U MHIIYT MpaBUIbHBIC PSAOM OAMH pa3. Ha
TUTYJBHOM JHCTE JabOpaTOpPHOTO JKypHaja cleAyeT MPUBECTH €ro Ha3BaHUE C
yKa3aHUEM Ha3BaHUS JUCIUIUIMHBI, (aMUIMM U WHUIMAJIOB, a TakKke y4deOHOM
TPYIIIBI CTYJCHTA.

[lepen BBIMONHEHWEM JTAaOOPATOPHOW pabOTHI MpemojaBaTellb MPOBEPSIET Y
KaXJIOro CTyJAC€HTa Hajuyue O(OPMJICHHOIO MPOEKTa OT4yeTa IO JabopaTopHOM
paboTe, 3HaHME WM TEOPETHUYECKOTO0 Marepuajia mo TeMe j1abopaTopHO paboThI,
X0Ja TpoBeaeHUs paboThl M COOTBETCTBYIOUIMX €M ypaBHEHHUH peakiuil.
[IpenogaBaTens Takke oOpamaeT BHUMAHUE CTYJEHTOB Ha HEOOXOIUMOCTb
COONIOICHUS TEXHUKH O€30MacHOCTH TPH BBITOJHEHUU JTabOpaTOpHBIX padoT.
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[IpaBuna TexHWKHW OE30MACHOCTH TpU paboTe B XUMHUYECKOW JabopaTopuud W
OKa3aHWE MEePBOM MTOMOIIY IPUBEACHBI B pa3eie 2.

JlaGopaTopHble paOOTHI BBITIOJHSIOTCS CTYIASCHTAMU WHAWBUAYAJIbHO, YTO
MO3BOJIIET UM TIIATEIBHO HAONIOAATh XOJ MPOBEJICHUS OMBITOB M HAa €r0 OCHOBE
CaMOCTOSITENIHO JIeJIaTh BBIBOJBI, YBS3bIBAasl TEOPETUUYECKUE 3HAHUS DIICKTPOHHOTO
CTpOoeHUs, (PU3NYECKUX H XUMHUYECKHX CBOWCTB MCCIEIYEMbIX OPTaHUYECKHUX
COCIUHEHHUM C MpaKTUYeCKUMHU HaOmoaeHusMu. JlabopaTtopHbie pabOThl BKIIOYAIOT
3HAYUTEIILHOE YUCIIO OIBITOB B BHJIE KAYECTBCHHBIX PEAKIUil HA COOTBETCTBYIOIIHE
(GyHKIHMOHAJIBHBIE TPYMIbL. DTO OyAET CIOCOOCTBOBATH O0Jjiee TITyOOKOMY YCBOEHUIO
CTYJACHTAMH 3aKOHOMEPHOCTECH OpPTraHWYECKOW XHMHH, CTPOCHHS U CBOWCTB
COEJIMHEHUN Pa3HBIX KJIACCOB.

JlaGopaTopHble pabOTHl BKJIIOYAIOT OIBITHI, MPOBOJMMEBIE KareJIbHBIM
METOJIOM, HE TpeOyIoIUM CIHelHalbHOro o0ydeHus. PaGora ¢  maiabiMu
KOJIMYECTBAMHU  BEIIECTB IMO3BOJSET IMpaBUJIbHEE YCTAHOBUTH OINTHUMAJbHBIC
KOJMYCCTBEHHBIC  COOTHOIICHUS  MEXKIy  peareHTaMud IS IPOBEICHUS
COOTBETCTBYIOIIMX OPTaHWYECKHX pEaKIHWi, TPH OTOM pPacXoj] PEAKTHUBOB
3HAYUTETHLHO COKPAIACTCS M TIOBBIMIAETCS 0€30MacHOCTh PabOTHI CTYACHTOB. B xo0me
BBITIOJIHEHUS JTA0OPATOPHBIX PabOT CTYACHTHI 3aITUCHIBAIOT B JJA00PATOPHBIN KypHAI
HaOmoAeHUsT U (HOPMYJTUPYIOT BBIBOABI MO KaxkaoMmy ombITy. [IpenonaBatens
KOHTPOJIMUPYET TPABWIBHOCTh BBIMOJHEHUS OIBITOB KAXKIBIM CTYJICHTOM U
odopmiIeHUSI UM OTYETA TTO JIabopaTOpHOU padoTe.

CryzneHT, BBIMOJIHUBIINN J1abopaTOpHy0 paboTy, MPaBHIBHO OGOPMUBIIHIA
oTuéT mo Her (dopMynHpoBaHUE 1M PAOOTHI, HAMMCAHUE YPaBHEHUS PEaKIIUM,
onucaHue HaOMOAeHUH, (GOPMYTUPOBaHUE BHIBOJOB) M OTBETUBIINN Ha BOIIPOCHI 110
TeMe JIabopaTOpHOU pabOThI MOTYyUYaET MO Ja00PaTOPHOUN pabOTe OIIEHKY «3aUTECHO.

ITPABUJIA TEXHUKH BE3OITACHOCTMH ITPU PABOTE B
XUMHNYECKOM JIABOPATOPUH U OKA3AHUE INEPBOM MOMOIIA

PaGora B xumuyeckoil m1abopaTopuu CBsi3aHa C HEKOTOPOM OMACHOCTHIO,
MMOCKOJIbKY MHOTHE BEIIECTBA B TOW WJIM WHOW CTETCHH SIOBUTHI, OTHEOMACHBI U
B3pBIBOOMACHBI. OMBIT MOKA3bIBAECT, YTO OOJBIIMHCTBO HECUACTHBIX CIIy4aeB, MpO-
UCXONAIMX B  Jlaboparopuu,  SIBIACTCA  CICACTBHEM  HEOPEKHOCTH U
HEBHUMATEJIBHOCTH pa0OTaIOIIIHX.

B0O3MOXHOCT, HECYACTHBIX CIIy4acB MOXKET OBITh HUCKIIOUCHA IPHU
BBITIOJITHEHUH BCEX MEP MPEIOCTOPOKHOCTH.

OOBIYHO XapaKTep NpeIynpeIuTEIbHBIX MEp, 00ECIIEYNBAIOIINX OE30aCHOCTh
BBITIOJIHEHUSI DKCTIEPUMEHTA, 3aBUCUT OT BHIa PAOOTHI.

OpHako CyIIECTBYIOT OOINME IMpaBUiia, BBIMOJHEHHE KOTOPHIX 005S3aTeIbHO
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JUTST  KOKIOTO paboTaromiero B jJabopaTOpuu  HE3aBUCHMO OT TOTO, KaKOM
AKCIIEPUMEHT OH BBINOJHSET:

1. PaGorate ogHOMYy B 71a00paToOpun KaTerOpUUECKH 3allpelnaeTcs, Tak Kak B
cllyyae HECYacTHOTo ciiydas OyJeT HEKOMY OKa3aTh MOMOIb IMOCTPaJiaBIIeMy U
JUKBUAPOBATH MOCIEACTBUS aBAPUU.

2. Bo Bpemst pabotbl B J1abopaTopur HEOOXOIMMO COOJIIOAATh YHUCTOTY,
TULIWMHY, TOPANOK M MpaBWJAa TEXHUKU O€30MACHOCTH, TAaK KaK IOCHEIIHOCTb,
HEpALUUIMBOCTh 4YacTO NPUBOAAT K HECYACTHBIM  CIIy4asiM C  TSDKEJIBIMH
MOCJEACTBUAMM.

3. Kaxnpiii pabGoTaromuii JOJDKEH 3HATh, TJE HAXOJATCA B JIabopaTopuu
CpelCcTBa MPOTUBOMNOKAPHOM 3aIMTHI M alITEYKa, COJEpKallas Bce HEOOXOAUMOE IS
OKa3aHMs MEPBOM TOMOIIH.

4. Kareropuuecku 3arpeniaeTcsi B JIaOOpaToOpuu KypuUThb, MPUHUMATH TUIILY,
IIUTH BOAY.

5. Henw3sa mpuctynarb K paboTe, MOKa CTYJEHTHl HE YCBOWIM TEXHHUKY €€
BBITIOJTHEHUSI.

6. OnbITBl HY)XHO TPOBOAUTH TOJBKO B 4HUCTOM mocyne. Ilocime oxoHuaHus
DKCIIEPUMEHTA MTOCYly CIIEIYET MBITh Cpa3y xKe.

7. B mpouecce paboTbl HEOOXOAMMO COONIONATH YHCTOTY, AKKypaTHOCTb.
Cneauth, yTOOBI BEIIECTBA HE MOMAJalM Ha KOXY JIMIA U PYK, TAK KaK MHOTHE
BEILIECTBA (rajJOreHONpPOU3BOJIHbIE, (EHONbI, HUTPOCOECIUHEHUS, HENpeaeIbHbIC
COEIMHEHMSI U JIp.) BBI3BIBAIOT Pa3paKeHUE KOKU U CIIM3UCTHIX 000JIOUEK.

8. Hukakux BemiecTB B JjabopaTopuum He mpoOoBaTh Ha BKyc. Hroxatb
BEII[ECTBA MOJKHO, JIMIIIb OCTOPOXKHO HAIpaBisisi Ha ceOsl mapbl WM Tas3bl JIETKUM
JBUKEHUEM PYKH, a HE HAKJIOHSACH K COCYAy U HE BJbIXas MOJTHOU IPYABIO.

9. Ha Bcex OaHKax, CKJIIHKaX W APYrod MocyJae, TIe XPaHATCS PEaKTHUBBHI,
JIOJKHBI OBITh STUKETKHU (WM HAAMKCh MAPKEPOM TI0 CTEKITY) C YKa3aHUEM Ha3BaHUs
BEILECTB.

10. CkJsiHKY € BEIIECTBAMM HJIA PACTBOPAMH HEOOXOIUMO OpaTh OJTHOM PYKOM
3a FOPJIBIILIKO, a APYTON CHU3Y MOAJIEP>KUBATH 32 JTHO.

11. Kareropuuecku 3ampeniaeTcsi 3aTsruBartb pTOM B MUNETKH OPraHUYECKHUE
BEILIECTBA U UX PACTBOPBI.

12. Bo BpeMs HarpeBaHUs KUJIKUX U TBEPABIX BEIIECTB B MPOOUPKAX U KOJIOaX
HEJIb3sl HANpaBJIsATh UX OTBEPCTUS Ha cebs M coceneil. Henb3sa Takke 3ariisiibiBaTh
CBEpPXY B OTKPBITO HarpeBaeMbI€ COCYJIbl BO H30€KaHHE BO3MOXKHOTO MOPAKEHUS
MpHU BBIOpOCE TOpsideii MacChl.

13. Tlocne oxoH4yaHusi pabOTBI HEOOXOAMMO BBIKIIOYUTH Ta3, BOIY,
AIEKTPOIHEPTHIO.

14. Kareropuuecku 3anpenaercsi BbJIMBATh B PAKOBHUHBI KOHLIECHTPUPOBAHHBIE
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pPacTBOpBI KUCJIOT W IIEJIOYEH, a TaKKe pa3IMuHble OPraHUYECKUE PAaCTBOPUTEIIH,
CUJILHO TAxXHYIIWE U OTHEOMacHbIe BellecTBa. Bce 3TH OTXOAbl HYKHO CIMBaTh B
CHeIHaNbHbIE OYTHUIH.

15. B kax10M MOMEIIEHUU HEOOXOAMMO UMETh CPEJCTBA MPOTHUBOIOKAPHOM
3aIUTHI: AIIMK C MPOCESTHHBIM MIECKOM M COBKOM K HEMY, MPOTHUBOIOKAPHOE OJIESIIO
(acOecToBOE WIIM TOJICTOE€ BOMJIOUHOE), 3aPSPKEHHbIC OTHETYIIUTENU (3KEJIaTeIbHO CO
CKUKEHHBIM YTJIEKUCIIBIM Ta30M).

16. Ha noctynHoM MecTe B JIa0OpaTOPUH JTOJKHBI HAXOAUTHCS MEAMKAMEHTHI
JUTSL OKa3aHUs MEepBOM MOMOIIM: PACTBOPHI TAHMHA (B CIHUPTE), IEpMaHTraHaTa Kajus,
OOpHOUM KHUCJOTBHI, TUIpOoKapOOHATa HATpHs, MHOAHAs HACTONKa, BaTra, OWHTHI,
IJIACTHIPh, MA3HU OT 0XKOTOB.

17. PaboTa ¢ METAIITUYECKUM HATpUEM (KaJIHEM)

MeTtannuueckuii HaTpuil XpaHAT B OaHKE MOJ CJIOEM KEPOCHHA, OTBEIIMBAHUE
€ro MPOU3BOJAUTCS B OIOKCE C KEPOCHHOM.

Crnenyer octeperaTbes MonajgaHusl BOAbl Ha HATpHUil; IpHCTymas K paboTe C
HUM, HAJIO THIATEIBLHO HACYXO BBITEPETH CTOJ.

Pa3pesarh Kycku HaTpusi U cpe3aTh ¢ HETO KOPKHU CIIEIYyET Ha KyCKe Oymaru.
OO6pe3ku HaTpus (KOPKH) HEOOXOJIUMO cOOHMpaTh B OAHKY C KEPOCHHOM, HU B KOEM
ciydae HeJb3sl BBIOpAachiBaTh B 0ak /it Mycopa. bymary, Ha KOTopo# pe3aiu HaTpuid,
00€3BpEKUBAIOT CIEAYIOIMIMM O00pa3oM: CHSB C HeEe BCE, JaXXe MEJIKHUE KyCOUYKU
HaTpus, U CKOMKaB, OOJIMBAIOT €€ B PAKOBUHE CUJILHOW CTPYyEH BOIBI.

Konby, B koTOpoi#l mpoBOAMIIaCh PEAKIMsl ¢ METAJUTMUECKUM HATPHUEM, HEIb3s
Cpa3y MBITh BOJIOH; CIEAYEeT YHUUTOXKUTh OCTATKH HAaTpPHUs, PACTBOPSAS UX B CIUPTE.
Ecnu 3ameTHOTO KOJMMYECTBA HATPHUSl B KOJIOE HE OOHAPY>KEHO, HAJI0 BCE KE OOMBITH
CTEHKH KOJIOBI HEOOIBIITUM KOJIMYECTBOM CIIUPTA.

18. Mepsbl nepBOi NOMOIIM MPU HECYACTHBIX CITydasx

[Ipn TepMuyUecKuX OXorax, 4ToObl MpeAyNpeauTh oOpa3oBaHUE ITy3bIpEH,
HY)KHO cpa3zy e CMOYHTh 000d0OKEHHOE MecTo 5%-pacTBopoM TaHuHa B 40%-HOM
ATUIOBOM cnupte. Jlydine MojoXuTh HEOOJBIION TaMIOH W3 BaThl WJIM Mapiu,
CMOYEHHBIN ITUM PACTBOPOM.

[Ipu okorax KpemnkuMH KUCIIOTaMHU HEMEJICHHO YOUPaIOT UX OCTATKU CYXUM
MarepuaioM (TpsMoykamMu Wik (QUIbTPOBAIBLHOM Oymaroi) OCTOPOKHO IMPOMOKas,
3aT€M MPOMBIBAIOT OOOMXKEHHBIM yYaCTOK CHJIBHOW CTPYEH BOJA, HAKIIAJIBIBAIOT
TaMIIOH U3 BaThl WM Mapju, CMOYEHHBIN 1%-HBIM pacTBOpPOM cojibl (THApOoKapOOHAT
HaTpHs).

[Ipu oxorax KpemKkuMHy NIETOYaMH HEMEIJICHHO MPOMBIBAIOT O00XKEHHBIN
Y4acTOK CHJIBHOM CTPyEW BOJBI M HAKIAJBIBAIOT TAMIIOH W3 BaThl WM MapJH,
CMOYEHHBIN |%-HbIM PACTBOPOM YKCYCHOM KUCIIOTHI.
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Ecnu kucnora win ménoys momnaiyd B ria3, TO €ro THIATEIbHO MPOMBIBAIOT
BOJIOM, a 3areM b0 1%-HbIM pacTBOpoM ruApokapOoHata Hatpus (AJs
HEUTpaIM3aluid KHUCIOTHI), JUO0 2%-HBIM pacTBOPOM OOpPHOM KHCIOTHI (IS
HeHUTpanu3anuu meénoun). Jlerue mpoMpIBaTh a3, MOJb3YsICh CHEIUATBHON TJIa3HOM
BAHHOYKOU.

[Ipu oxxore OpomoM mopaxk€HHOEe MecTo oOpabareiBaroT 10-20%-HBIM
pacTBOpOM THOCYJb(aTa HaTpHs, TIOKa HE UCUE3HET Oypast okpacka oT Opoma, 3aTeM
POMBIBAIOT OOJBIIUM KOJMYECTBOM BOJbI, U HAKJIAJBIBAIOT TAMIIOH M3 BaThl WU
Mapiid, CMOYEHHBIH 5%-HbIM PACTBOPOM MOYEBUHBI. MOKHO MOPaKEHHOE MECTO
POMBITH CITUPTOM.

[Ipu oxxore >KuAKUM (EHOJIOM TMOOENEBIINA YYaCTOK KOXHM PaCTUPAIOT
[JIMIEPUHOM JO TEeX TMOp, MOKa HE BOCCTAHOBUTCS HOPMAJIBHBIM IIBET KOXKHU.
[IpoMbIBalOT MOpax)EHHBIA Y4acTOK BOAOW M HAKJIAJbIBAIOT TaMIOH W3 BaThbl WIH
MapJu, CMOYEHHBIN TTTULEPUHOM.

[Ipu nmopesax yaaistoT MUHIETOM U3 PAHKH OCKOJIKM CTEKJIa, CMa3bIBAIOT Kpast
paHbl CIUPTOBBIM PACTBOPOM Hoj/ia, TMOJOKHUB Ha paHy CTEPUIIbHYIO TOBS3KY,
3a0MHTOBBIBAIOT. [IpU CHUIBHOM KPOBOTEYEHUU HEMEJIEHHO TMEPETITUBAIOT PYKY
IJIACTUYHBIM ~ KTYTOM M3 PE3WHOBOM  TpyOKH, JIaK TOJBKO OCTAaHOBUTCS
KPOBOTEUEHHE, KT'yT HAZJO HEMEIJICHHO CHSTb.

O 11000M caMOM HE3HAUUTEILHOM HECUACTHOM CIy4Yae HEMEJIEHHO COOOIIHUTh
MPENoIaBaTeNi0 U JIa0OPaHTy, HE OTrPaHUYMBATHCS CAMOCTOSTEIbHBIM IMPUHATHEM
Mep.

19. Mepbpl 10 OO0ECHEYCHHUIO AJIEKTPOOE30MAaCHOCTH B  XMMHYECKOU
nabopaTopuu:

OCcoOEHHOCTBIO JEHCTBUS AIEKTPUUYECKOr0 TOKA Ha YeJIOBEKa SBIISIETCS €ro
HEBUIUMOCTb.

Bo BpeMs paboThl B XUMUYECKOHN J1a0OpPaTOPUU CIEAYET CTPOTO BBIMNOIHAThH
ClIeyIoIlIKe MpaBuiia JIEKTPOOE30MaCHOCTH:

— BKJIIOYCHHE DJICKTPOOOOPY/IOBAHUSI TMPOU3BOJUTH BCTABKOW HCIPaBHOU
BUJIKU B UCTIPABHYIO PO3ETKY;

— ecnu BO BpeMsi paloThl OOHApYKMBAETCS HEUCIPABHOCTH 3JIEKTPO-
o0opyZoBaHusl WK PpalbOTaIONMi TMMOYYBCTBYET ACHCTBHME TOKa, paboTa OJDKHA
OBITh HEMEIJIEHHO MPEeKpalleHa U HEUCIIpaBHOE 000PYyI0BaHKE TOJDKHO OBITH CAAHO
JUTSL TPOBEPKU UJTM PEMOHTA;

— OTKJIIOYATh 3JIEKTPOOOOPYIOBAHUE IIPU MEPEPHIBE B padOTE U 10 OKOHYAHUU
pabouero mpoiiecca.
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METOINUYECKHUE YKA3AHUA 11O IOATOTOBKE K BbITTOJIHEHUIO
N 3AIIUTE JJABOPATOPHBIX PABOT

Onucanve Kaxaod mabopaTopHOM pabOThl BKIIOYAET TEOPETUUYECKUMN
MaTepuai, NOApOOHOE OMMCAHMUE JITAOOPaTOPHON padoThl, MEpPeUueHb HEOOXOIUMBIX
PEAaKTHUBOB U XOJ BBIIIOJIHEHUS OIBITOB, BONPOCHI JJIsi TOJTCOTOBKM K 3allUTe
1abopaTopHOi paboThI U YyUEOHYIO TUTEPATYPY .

1 CEMECTP
TEMA: «BBEAEHHUE. OCHOBHBIE IIOHATHUA U 3AKOHbI XUMHH.
CTPOEHMUE BEIIECTBA»

JlaGopaTopHasi padoTa nmo xumuu Ne 1
Texnuka 6e3onacHocTu. IlpaBuiia noBegeHusi B XMMU4YECKOi JadopaTopuu

Heanb padoTsl: popMUpOBaHUE YMEHUW U HABBIKOB PaOOThl B XUMHUYECKOUN

nabopaTopuHu.
3aganue mo padore. M3yunts npaBuna paboTsl B J1a0OPATOPUH, MPABUIBHO
Ha3blBaTh M MOJb30BAThCS ~ XMMHYECKOW  MOCYJIOM,  BCIOMOTraTeIbHBIM

O60py,ZIOBaHI/I€M, MaTcpuallaMi U pCaKTUBAMHU.

O01mme npasuiia padoTel B 1a00paTopuu

1. o Hauanma paOoOThI, HCMOJB3Ysl METOJUYECKOE MOcoOue (MPaKTUKYM),
Y4eOHUK U KOHCIIEKT JICKIIU, TOATOTOBHTECH K HEM.

2. B xumuueckoit nabGoparopum paboraiite B Xxamare. B maGoparopuu
3aMpelaeTcss CHUMATh U Pa3BEIIMBAaTh BEPXHIOK OJEXKIY, TPOMKO pa3roBapHBaTh,
MPUHUMATh MUILY, KYPUTh.

3. 3BYKOBBIE CHUTHaJbl MOOWJIBHBIX TEIE(POHOB BO BpPEMSI 3aHATHUA JOJIKHBI
OBITH OTKJTIOYCHBI.

4. 3anpemiaercd NOKHAATh TOMElLIEHHE Jaboparopun ©Oe€3 paspelieHus
IIPENOIaBATEIIS.

5. 3anpemiaercs 0e3 paspelieHusl TpenojaaBaTesisi BKIOYATh W BBIKIIOYATH
AIIEKTPUUECTBO HA pabOYMX CTOJIaX, BOASIHbIE KPAHBI, PUOOPHI.

6. Pabouee MecTo comepXHTE€ B UMCTOTE, HE 3arpoOMOXKIasl €ro JIMIIHUMHU
npenMeramu. Ha paGoueM cTojie OJKHO HAaXOAUTHCS TOJBKO TO, YTO HYXKHO AJIs
BBITIOJIHEHUSI TEKYILEN pabOThI.

7. Xpanute nopTdenu, CyMKd U JIpyrue BEUIUM B CIELHUAIBHO OTBEIECHHBIX
MeECTax.

8. PeakTuBbl, mpeaHa3HAUCHHbIE NJs1 OOLIEr0 MOJb30BaHUS, HAXOAATCA B
CHELHaIbHO OTBEAEHHBIX JJISl HUX MecTax (O[] TArOM, Ha MOJKax pabouyux MeCT Uiu
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Ha CHEHMaJbHBIX CTOJNAX), HEJIb3sd TmepeMemate uX orryna. llocme B3ATHA
TpeOyeMOoro KOJIMYECTBa PEaKTUBA HEMEUICHHO BO3BpallaiiTe Ha MECTO MPOOKHU WM
MUNETKU OT HUX, YTOOBI HE CITyTaTh MPOOKH OT pa3HbIX peakTUBOB. Eciu k OyThuin ¢
pacTBOpPOM HE€ TMpujaraercs MHUIETKa, UCIOJIb3YWTEe YUCTYIO MHUIETKY, KOTOPYIO
mociie AToro mnpomoiTte. TBepable peakTUBbI OepUTe M3 Taphbl IINATEIEM WU
bapbhopoBoi JTOKKOH.

9. Ecnu peakTuB B3ST B U30BITKE W HE W3PACXOAOBAaH MOJHOCTHIO, HENb3S
BO3BpaIlaTh €ro 00paTHO B Tapy (CKISHKY WU OaHKY).

10. I[lo oxoHuanuu paboThl yOepuTe cBOe paboyee MEeCTO, BBIKIIOYUTE
npubopsl, KoTopble Bbl Hcmonp3oBaiv, 3akpoiTe KpaHbl ¢ Bojgo. Chaiite cBou
paboune MecTa T1abOpaHTy.

11. 3ampemiaercss IpOBOAUTH OMBITHI, HE OTHOCSIINECS K JaHHOUN pabote, 6e3
pa3pelleHus IpenoaaBaTess.

12. Ilpu co3gaHuM HECTAaHAAPTHOW CUTyallUd B JIAOOpPaTOpPUM HEMEJIEHHO
COOOIIMTE MPENOABATEII0 U BEIMIUTE U3 JIa0OPATOPUH.

TexHnka 60€30MaACHOCTH U MePbI MPEI0CTOPOKHOCTH

1. Bce ombIThI, CBsA3aHHBIE C MPUMEHEHHEM WIM OOpa30BaHUEM SITIOBUTHIX
BEILIECTB, a TAK)KE€ BPEAHBIX MMAPOB U Ta30B, MPOBOJUTE TOJIBKO B BBITSDKHOM IKady,
JIBEPLIBI KOTOPOTO JOJIKHBI OBITH OMYIIECHBI HA TPETh.

2. B cinydae npekpaiiieHust paO0Thl BEHTUIISIIIUOHHBIX YCTAHOBOK BCE OIBITHI B
BBITSDKHBIX ITKa(ax JOJKHBI ObITh MPEKPAIEHBI.

3. 3anpemaercs MPOBOJUTH JHOOBIE OMBITHI C B3PHIBYATHIMU U OTHEOTACHBIMHU
CMECSIMH.

4. OnpIThl € JETKOBOCILJIAMEHSIIOIIMMHUCS BEIIECTBAMU MPOBOJAUTE B MaJbIX
KoJmuecTBax (He 0oJiee 2 MiT) U BAAJIA OT OTKPBITOTO OTHSI.

5. Ilpu HarpeBaHuum pacTBOPOB M BEHIECTB B MPOOMPKE MCIOJIB3YUTE
nepsxarens. He oOparaiite oTBepcTHE MPOOUPKHU B CTOPOHY pabOTAIOIINX.

6. He nakioHsiTECH HaJ COCYAOM, B KOTOPOM NPOUCXOAUT HATPEBAHUE WIIU
KUIISTYEHUE KUJIKOCTH, BO M30€KaHUE MOMaIaHus OPBI3T B JIUIIO.

7. Ilpu HEoOXOAMMOCTH OINpPEAETUTh 3amax NapoB (BBIIEISAIONIETOCS Tasa)
JIETKUM JIBIDKCHHEM JIaJJOHM HampaBbTE CTPYIO Ta3a OT ropjia cocyla K cebe u
OCTOPOKHO BIOXHUTE.

8. Ilpu pazbaBieHUM KOHIIEHTPUPOBAHHBIX KUCIOT U IIEJI0Yed HEOOIBITUMU
MOPIUSMH BIMBAUTE KUCIOTY (MM KOHIIEHTPUPOBAHHBIN PacTBOP IIIEJIOYH) B BOIY,
HETMPEPHIBHO TTOMENIHUBAsi 00Pa3yIOMUNACS PACTBOD.

9. Ecnu CKIIIHKA € JIETKO BOCIJIAMEHSIIOIIECHCS KUJKOCThIO OMPOKUHYJIACh HIIH
pa3omiiach, HEMEUICHHO BBIKIIOUUTE BCE HAXOJMSIIHECSd BOJIU3M HMCTOYHHKHU
OTKPBITOTO OTHS, 3aChIIbTE PAIUTYI0 KHUIKOCTh TIECKOM, COOepuTe €ero u
MEPEHECUTE B MIPEIHA3HAUYCHHBIN JJI51 3TOTO JKEJIE3HBIN SIUK.
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10. Ilpy nomagaHuyM KOHLEHTPUPOBAHHOIO pacTBOpa KHUCJIOTHI Ha KOXKY
IPOMOMTE MECTO 0XOTra CTpyei BOAbI B TEUEHUE HECKOJbKMX MHUHYT. [locie 3Toro
MOHO JIMOO TMPOMBITH 000XKeHHOe MecTO 2—3%-HbIM PacTBOPOM COJIbI, JIHOO
BBIMBITH C MBUIOM.

11. Ilpu oxore KOHUEHTPUPOBAHHBIMU PACTBOPAMH IIIEJIOUEH MPOMOITE
0000CKEeHHOE MECTO CTpyeWl BOAbl J0 TeX Iop, MokKa Koka He OyAeT Ka3aTbes
CKOJIB3KOM, TMocie yero npomoite 1%-HbIM pacTBOPOM YKCYCHOW KHCIJIOTHI U CHOBA
BOJIOM.

12. Ilpu TEpMHYECKOM OKOI€ OXJAIUTE MOPAKEHHOE MECTO, M YEro
ITIOMECTHUTE €ro MOJ CTPYIO XOJOAHOU BoAbl. [locie oxaxaeHus: cMaXXbTe Ma3blo OT
0KOT'OB.

13. Ilpu CHIBHBIX OXOTax MOCJe OKa3aHUsl MEePBOM MOMOIIM OOpaTHTECh K
Bpayy.

14. Tlpu nonagaHuu pacTBopa JitoOOTO peaKkTHBA B IJ1a3 HEMEUIEHHO IPOMONTE
€ro 0OJIbLIIMM KOJIMYECTBOM BO/IbI, ITOCJIE YETO Cpa3y ke 00paTUTeCh K Bpauy.

15. Ilpu otpaByiieHNH ra3000pa3HBIMHU BEIIECTBAMU (CEPOBOIOPOIOM, XJIOPOM,
napamMu Opoma) BbliiiuTe (BBIBEIUTE MOCTPAJABIIET0) Ha CBEKUU BO3/AYyX, a 3aTeM

oOpaTUTeCh K Bpayy.

TexHuka 1a00paTopHBIX padoT U 000pPyI0BaAHME
Ilocyoa u obopyoosanue
XUMHUYECKHE pEakluu TPOBOJSAT, KaK MPaBHIIO, B CTaKkaHax, MPOOHpKax,
K0J0ax, Ha CHEeIUaIbHBIX CTEKJIAX WM IJTACTUHAX. BOIBIIMHCTBO peakiuii mpoOBOAST
B mpoOupkax. OCHOBHas MOCYy/a U BCIIOMOTATENIbHOE 000pYAOBAHKE MPEACTABICHO
Ha pucyHke 1.

Fs - (.f
I i 4 c f-\.v-
TaTue Xpmuuecknit  MepHpa Crynea KanencHrua XonoQunsHKK
¢ npafupEamn CTAKAH UWAMHOE W NecTHK
."w. # A
- .
KonGa Konba KpwcTanau- Papdoposan Bopodka DapdopoBwiR
FE.I.‘I':,'F.I'ID,HGHHEH KOQHHY2CKdA 3.;|.T-;j|} YalliKg THMenk
— .- " p— >
o - - - - = T i r ¥
MuneTea Winarenk TurensHbe [azooTEOQHaR

LM L B Mobpazqan TpyoKa

Pucynok 1. OcHoBHasi mocy/ia ¥ BCIIOMOTaTelbHOE 000pY0BaHHE
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[TpoOGupku MOryT OBITh HWJIMHAPUYECKUMU W KOHHYECKHUMH, TOCIEIHUE
MPUMEHSIOTCS TaKoke Uil HeHTpudyrupoBanud. [lo o0bemy npobupku pa3aensioT Ha
oObrunbie (10—15 ™M) u momymukpompobupku (oT 2 mo 6 wmi). Peaknuum 6e3
HarpeBaHUsI MOYKHO MTPOBOINTH B IJIOCKOJJOHHBIX KOJI0aX.

Peakumu ¢ MajapIMH KOJMYECTBAMH BelecTBa (HECKOJIBKO Karesb) MPOBOJISAT
HA YaCcOBBIX WJIM TMPEAMETHBIX CTEKJIaXx JHUOO B YINIyOJNEHUSX ClenuaIbHOU
TIACTUHKH — (ap(OpoBOH, CTEKIIIHHON UITH TTACTHKOBOM.

Jns Toro 4TtoObl OTOOpaTh WM J00aBUTH HEOOJBIIOW OO0BEM pacTBOpa
(PKHIKOCTH ), UCIIOJIb3YIOT MMUIIETKH (PUCYHOK 2).

——]

Pucynok 2. [Tunerku

XuMunyeckasi BOpOHKa (PUCYHOK 3, @) UCHIOJIb3YeTCs 111 HAIMBAHUSI )KUJIKOCTH
B COCYJbl C Y3KMMH ropjiaMu. J[jsi HachlllaHUs MOPOILIKOB HCIOJb3YIOT BOPOHKY C
yKOpoueHHbIM cTebsnem. KamenbHass BopoHka (pucyHOK 3, 0) mpuMeHsAeTcs IS
npuOaBIEHUS KUIKOCTH MO KaIUIsIM B PEaKIMOHHYIO CMECh (B TE€UEHUE UIUTEIBHOTO
BPEMEHH), JENUTENbHAs — JUIsl pa3leleHusl ABYX HECMELIMBAIOIIUXCS KUIKOCTEU
(pucyHox 3, B).

T

Pucynok 3. Xumudeckre BOPOHKHU
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Jlnst cOopku prOOPOB CIYKUT METAUTMUECKU YHUBEPCATbHBIM INTATUB C
Pa3IMYHBIMH JIATKAMHU U KOJIbIIaMU (PUCYHOK 4).

IMoacraska

Pucynok 4. [llTaTtus

Keanuguxayusa peakmueoe

[Io cymecTByromeMy  TOJOXKEHHIO s PEaKTUBOB  YCTAHOBIIEHBI
KBAUTM(UKALIMUA: «TEXHUUECKUI» (T.), «UYUCTBIM» (4.), «UHUCTBIA JJIsi aHaIH3a»
(4. 4. a.), «XMMHYECKH YHUCTHII» (X. 4.) U «0co00 YHUCTHIN» (OC. 4.), TIOCIETHSA
WHOT/Ia JIEUTCS Ha HECKOJIbKO Mapok. CojepikaHue MpuMeceid MOXKET pa3indaTbCs
JUTSI pa3JIMYHBIX PEAKTUBOB OHOW KBaTU()HUKAIIMU B HECKOJILKO Pa3, B 3aBUCUMOCTH
OT TOTO, HACKOJIbKO JIETKO TOAIAeTCsl OYMCTKE M JJIA Yero MpeJHa3HaueH mpenapar.
[Ipenapatbl KBamuUKAIUU «YUCTHII» MOTYT MPUMEHATHCS B PA3IMYHBIX YUEOHBIX
paboTax, «4UCTBIN ISl aHAIM3a» — B AaHAIUTUYECKUX U HAYYHO-HCCIIEIOBATEIHCKUX
paboTax, peaKTUBBI KBATU(UKAIIUN «XUMUYECKH YHCTHIN» MUCTIOIB3YIOTCS ISl 0C000
OTBETCTBEHHBIX paboT. IIpemaparsl ocoboil ouncTku (KBamudukanus oc. 4.) HpHU-
MEHSFOTCS B CTICIIUATTBHBIX TETIAX.

Ilpasuna pabomsl ¢ xumuuecKumMu peaxmusamu
Cepimyune peakTuBbl U3 OaHKW (Tapbl) OTOMPAIOT HINaTesleM (PUCYHOK D, a)
(wn apdopoBoil JOKKOWU, PUCYHOK 5, 0), pacTBOpbl (KUIKOCTH) HAIMBAIOT W3
CKJISTHOK JTUOO OTOMpAIOT MpujiaraéMbpIMu (BCTaBIICHHBIMU B TTPOOKY) TTUTIETKAMH.

= -=3

S —

Pucynox 5. llInatens u papdoposas noxka
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[Tpoceimanublil (IPONUTHIN) PEaKTHB WM PEAKTUB, MO OMIMOKE B3STHIA B
u30BITKE, HEJIb3s BO3BpAIIaTh 00paTHO B Tapy. Ero cienyer yruam3upoBaTh.

YTunuzanus oTxoA0B (OCTaTKOB) PEAKTUBOB M HEUTpaIu3alus MOJTYYEHHBIX B
pe3ysbTaTe 3KCHEPUMEHTOB CMECE MPOM3BOAMTCA CIEAYIOIIUM 00pa3oM: BOJHBIE
pacTBOpbl HEONACHBIX BEHIECTB (KUCIOT M OCHOBAaHUI MaJlol KOHIIEHTpALUH)
BBUIMBAIOT B pakoBUHY. OTXOABl OpPraHUYECKHX PACTBOPUTENICH, colieil cepebpa u
PTYTH COOMPAIOT B BHITSHKHOM IKady B OTHAEIbHBIC CKISHKUA C COOTBETCTBYIOIIMMHU
HaAnuCAMU. PacTBOpBI, colepXkallie aMMHaK, CEPOBOJIOPOA, XJIOp MU JApYyTHe
OIIaCHBIEC JIETYy4YMeE BELIECTBA, CIEAYET BBUIMBATh B PAaKOBUHY o TAroi. [locne atoro
COCYJ OIIOJIACKHMBAKOT BOJOW M 3Ty BOAY TOKE BBUIMBAIOT B PAKOBHMHY IIOJ TATOM.
TonpKO MOCE 3TOr0 COCY] MOKHO OKOHYATEIbHO BBIMBITh B OOBIYHOI paKOBHUHE.

Muvimwbe nocyowt

CTekJIIHHYI0 TOCYyAy CUUTAOT YMCTOM, €clii BoJa He o0pa3yeT OTAEIbHBIX
Karesiab Ha CTEHKaX, a4 CTEKaeT PABHOMEPHOW IVIEHKOM.

VYaansaTe 3arpsi3HEHUsS CO CTEHOK MOCYAbl MOXHO PAa3IMYHBIMU METOJAMHU:
MEXaHUYECKMMHU, XUMHUYECKUMU WK KOMOMHUpPYA ux. K mMexaHnyeckum criocobam
MO>KHO OTHECTU MBIThE IMOCYJbl TEIJIOW BOJOM C MOMOIIBIO MIETOK (epiiei) Wiu
MBIThE TapoM. PUZHKO-XUMHUYECKHE METO/IBI 3aKIIFOUAIOTCS B yIaJICHUU 3arpsi3HEHUM
C TIOMONIBIO OPraHWYECKUX pacTBOpUTENieH (OCH3UH, alleTOH, CHOUPTHI U Jp.),
MMOBEPXHOCTHO-AKTUBHBIX MOIOIIUX CPEICTB WM (QocdaTa HaTpus. XUMHUYECKHE
METO/ABl — MBITBE IOCYABl XPOMOBOM CMECBIO, PACTBOPOM II€pPMAHIaHaTa Kajws,
CMECBIO COJISTHOM KHUCIIOTBI U MTEPOKCUA BOAOPO/1a, KOHIEHTPUPOBAHHBIM PACTBOPOM
LIEJIOYHU UJIA CEPHOU KUCIIOTOM.

Haczpesanue

B naGoparopun mMpuUMEHSIIOT KaK JJICKTPUUYECKHE HarpeBaTelbHbIE TPHUOOPHI,
TaK M CHOUPTOBKM (HArpeBaHWE OTKPBITHIM IIaMeHeM). g moanep kaHus
MOCTOSIHHOM TeMIIepaTypbl B TIPOIECCE HKCIEPUMEHTAa HCIOJIb3YIOTCS BOJISIHBIC
TepMOCTaThl (MHTEpBaad TemmepaTyp oT komHaTHOU 10 80-90 °C) wim mnecuaHble
6anu (100-300 °C).

Jns HarpeBa UCHONB3YIOT JJIEKTPUYECKUE IUINTKU, €YU W CYUIUJIbHBIC
mkadel. J[71g HarpeBaHUs >KUAKOCTEH MPUMEHSIOTCS TOJBKO TUTMTKH C 3aKPBITOU
criupaineto. [lpu 3TOM ciienyeT HMCHoJib30BaTh TEPMOCTOMKYIO TOCyay. PacTBopbl
(WM Ipyrye KUIKOCTH) MOXKHO TaK)KE HarpeBaTh B AJICKTPUUYECKUX BOJISHBIX OaHSIX
(cocya ¢ BOmOH, TOMOTpEeBaeMblli C TIOMOIIBIO JJeKTpudecTBa). Jlms Oosee
PABHOMEPHOTO MPOTPEBAHUS KUJKOCTH PEKOMEHIyeTCs Bpamarh cocya. Kuakoctu
B COCyJle¢ TIpU HArpeBaHUM JIOJDKHO OBITh HE 0oJiee TOJIOBUHBI ero oObema. s
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[IPOKAJIMBaHUsA, IUIABKM W JPYrMX ONEpaluil NpH BBICOKUX TeMIEparypax
HCIOJIB3YIOT 3JIEKTPUUECKHE Meuu (TpyOUaTbie Wiu My(enbHbIe).

Jlnsg  ynapuBaHus pPAacTBOPOB WJIM MPOCYUIMBAaHUS TBEPABIX BELIECTB
OPUMEHSIOT CHENUaIbHYI0 (apPopoByI0 MOCYLy — TUTENIb WIH BHIIAPUBATEIBHYIO
gamry. ®apdopoBas mocyna uid 3TUX omnepauuil 00sA3aTeIbHO JOJKHA OBITh
TOHKOCTEHHOM.

3amanus k padore
Hanumute Ha3BaHue mocyabl 1 000PYAOBaHUs, BBIJAHHOTO MPENoJiaBaTeIeM
Y OJIHUIINTE €r0 COCTABHBIC YaCTH.

Bonpocsl k 3amure padoThbl

1. OGmue npaBuiia paboThl B XUMUYECKOH JJaO0OpaTOPHH.

2. TexHuka 6€30MaCHOCTH U MEPHI MPETOCTOPOKHOCTH.

3. IIpaBuna paboThI ¢ KUCIOTaMU, EpBasi MIOMOIIb IPU 0XKOTaxX.

4. TlpaBuiia paboTHI CO IIEIOYAMHU, ITEPBasi IOMOIIIb MPU 0KOTax.

5. IlpaBuna pabOThl C TOKCHUYHBIMU COEIUHEHUSIMH, TIEpBasi MOMOIIb MPHU
OTpaBJICHUSX.

6. [lepBast moMoIIs IPU TEPMUYECKUX U XUMUUECKUX OKOTaX.

7. Xumudeckas mocyia 1 000py0BaHUE.

8. [IpaBuia paboThl ¢ XUMHUYECKUMU PEAKTUBAMH.

YueoHas aureparypa: [1-3], [6].

JlabopaTtopHnasi pa6ora Ne 2
OmnpenesieHue MOJISIPHOI MacChl JIKBHBAJIEHTA MeTaljia

Hean padoThbl: OCBOUTH OOBEMHBIA METOJI OMPEICICHHUS MOJSPHOU MAaCCHI
HKBHUBAJIEHTA MCCIEAYEMOro MeTasuia (METO ] BBITECHEHHS BOJOPO/IA).

3ananue no padore. Ha ocHoBanun ypaBHeHuii MenzaeneeBa — Knanelipona u
00BEMHEHHOT0 Ta30BOI'0 3aKOHA BBIYMCIUTE Maccy U 00beM (H.y.) BBIIEIUBLIETOCS
BOJIOPO/JIA.

Onpenenure MOJSPHYKO MacCy S3KBHBAJIEHTa BOAOpPOJA M MeTala,
HKBHUBAJICHTHBIA 00bEM BOAOPOJa, A0COIOTHYIO U OTHOCUTENIbHYIO MOTPEIIHOCTH U
c/esiaiiTe BBIBOBI MO MPOAEIIaHHON padoTe.
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Memoouueckue ykazanus no blnoIHeHUIo pabomol

B ocHOBY MeTOZa MOJI0KEHA peaklys B3auMOAECHCTBUS METala ¢ PaCTBOPOM
XJIOPOBOJOPOAHOW  (COJNSIHOM) ~ KUCJIOTBHI, MOPOAYKTOM  KOTOpPOMl  SIBIIETCA
ra3000pa3HbIi BOJOPO/I:

2HCI + Me — MeCI, + H, T.

Onpenenenne SKBUBAJICHTHOM Macchl MeTasuia (MOJISIPHONM MacChl SKBUBaJICHTa
MeTa/yia) 10  00beMy  BBITECHEHHOTO  BOJOpOJAA  MPOBOJSAT,  MPUMEHSs
MaTE€MaTUYECKOE BBIPAKEHHE 3aKOHA YKBHBAJICHTOB!

m(8 — Ba)/m(H,) = Mskg (B — Ba)/Magp.(H,) wiu
m(B — Ba)/Mayg.(B — Ba) = V(H,)/Vas.(H>).

[Tonyyenue u u3MepeHne o0beMa BBICIUBIIETOCS BOJOPOAA OCYIIECTBIISIETCS
B J1a00paTOPHOI YCTaHOBKE (PUCYHOK 6).

VYcraHOBKa COCTOMT U3 JABYX Oroperok: paboueid wusmepurenbHod b; u
ypaBHUTENbHOW b,, coenuHEHHbIX pe3nHOBOM TpyOkoil T ¥  3amOJIHEHHBIX
IUCTUIUTMPOBaHHOM BoAoM. K paboueil OropeTke npu NOMOIIM ra300TBOIHOM TpyOKH
I' npucoenunena npodupka I1.

[lepen HauanoM BBIMOJHEHUS OMbITa HEOOXOAUMO MPOBEPUTH T€PMETUYHOCTD
ycTaHOBKHU. JlJisi 3TOro mpoOUpKY IUJIOTHO HAJACHbTE Ha MPOOKY Tra300TBOJHOM
TpyOKH, TOCJE YEro YPaBHUTEIbHYIO OIOpETKY MOJHUMUTE WJIM OIyCTUTE Ha
15-20 cmM, 3akpenuTe €€ B STOM IOJIOKEHUHU JAalKaMH IITaTHBa M HaOMIOAailTe B
TeueHne |—2 MUH 3a MOJOKEHUEM B HEW YpOBHS KUIKOCTH. Eciam 3a 3TO Bpems
YpPOBEHb BOJABI HE U3MEHHUTCS, 3TO OyAeT O3HayaTh, YTO MPUOOpP TEPMETHUYEH U
MO>KHO, TPUCTYIATh K BBIMOJIHEHUIO PAOOTHI.

B npo6upky Il nanetite 1,5-2,0 mu 20%-Horo pactBopa COJSHON KHCIIOTHI,
OMMyCTUTE B TMPOOMPKY HABECKy MeTajla HaJeHbTEe NPOOUPKY Ha MPOOKYy C
ra3ooTBOJIHOM TpyOKOH, He Hapylmas TepMETUYHOCTH Mpudopa 3aluIlNuTe
HayaJabHbIH 00BeM (Vyay). 3aTeM MOCTYKHMBas MalbleM MO MPOOUPKE, CTPSXHUTE
METaJul B paCTBOP KUCIIOTHI.

Korga Bech MeTamn pacTBOPUTCS U MPEKPATUTCS BBIJICIICHUE Iy3bIPHKOB
BOJIOpOJa, JalTe mnpoOupke B TeuyeHHe |—2 MHH OCTBITh, M, HE OTCOCAMHSS
MpOOUpPKY, MPUBEAUTE TMOJOKEHUE KUIAKOCTH B U3MEPUTEIBHOU U YpaBHUTEIbHOU
OIOpeTKe MO HUKHEMY Kpar0 MEHHCKa K OJJHOMY YPOBHIO, JUIsl YETO YPABHUTEIIbHYIO
OIOpETKy OIyCTHUTE BHU3. 3aNMINNATE TMOKa3aHusi OrpeTku Vyoy, [lo pasnHocTH
ornpeaenuTe 00beM BBIACTUBLIETOCS BOJOPOIa B MII.
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Pucynok 6. JlJabopaTopHas ycTaHOBKA JJIsl ONIPEACIICHUS
HKBUBAJICHTHOM MacChl MeTaslia

3anuch IKCNEPUMEHTATbHBIX JAHHBIX H YCJIOBHI ONbITA:
Macca metamia My, (T) =

HauaneHplit 00beM, (MIT) Viay =

Koneunslit 00beM, (M) Vion.=

O0BEM BoIETUBIIETOCS BOOpoaa, (M) Vi = Vikon—VHau=
Temneparypa (° C) t=

A6comornas Temneparypa (K) T = 273 + t°C =

AtMocdepHoe nasienue (MM pT. cT.) P =

JlaBneHue HACBIMIEHHOTO BOASHOTO mapa (Tabi.2), (MM pT.cT.) h, =
[TapumansHOE naBieHue Bogopoaa, (MM.pT.cT.) Py, =P —h =
VYHuBepcanbHas razoBast IocTosiHHasA, (MJ1.-MM.pT.cT./ MoJib: K) = 62400

BBIUMCJIEHUA
Paccuuraiite MOJISIpHYIO Maccy SKBHBAJIEHTa MeTalljla IByMsl CLIOCOOaMHU:
1. IloncraBuB B ypaBHeHHe Menneneea—Kianelipona:
m
PV = M RT
COOTBETCTBYIOIIME BEJIMYMHBI BBIYHMCIIEM MAacCy BBIIETUBIIErocs Boaopoaa mH,
(IToncraBuB R = 62400 MM pT. c1./ MOb -K)
MPV
“RT
3atem, N0 3aKOHY 3KBHBAJICHTOB, BBIYMCIUTE MOJISIPHYIO MAaccy SKBUBAJEHTa
MeTajuia:

mHZ -

Mo — mMe - Maks, (H;)
e T T m(i)

2. I1o ypaBHEHHIO OOBEAMHEHHOTO Ta30BOI0 3aKOHA:
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PV p, Vo
T T,

MIPUBOJIUM OOBEM BBIJICTUBILIETOCS BOJIOPO/Ia K HOPMAJIBHBIM YCIOBUSIM (OIIpeAeIsieM
VOHz)'

PVT,
VO -
P,T
Branciasem MOJEIPHYIO MACCy OKBHUBAJICHTA MCTAllIa, 3aMCHHUB MaAcCy H

MOJIIPHYI0 MAacCy SKBHBAJICHTAa BOJOPOJA B YPAaBHEHUM 3aKOHA S3KBUBAJICHTOB Ha
COOTBETCTBYIOIINE UM 00bEMHBIE 3HAYCHUS:

MBMe == mMe ) 11200/V0(H2)

1. Bpuuciaure aOcomOTHYI0 OmHUOKY omnbita. s 3TOoro paccuuraire
TEOPETUYECKYI0O MOJIIPHYIO MAacCy OSKBUBAJE€HTA MeETajlla, B3sSB ATOMHYIO Maccy
Mmetania (13 Tabnuusl 1. Menneneesa), u pazaenure e€ Ha BaJICHTHOCTb.

AOcoimoTHas ommoKka A = MSKB-TEOP.' M3KB.3KCHEP.[F/MOHI’]-

2. BpraucimuTe OTHOCHTEIBbHYIO OIMMOKY OTBITA B MPOICHTAX:

OtHocutenpHas ommoka A% = (A / Mbdrgop) - 100.

CnpaBo4HbIil (TeOpeTHYeCKUIl) MaTepHaJl, HEOOXOAMMBbIH 1JIsI
NMOHUMAHUS 33/JaHUS U BbINOJHEHUS PA0OThI

JKBUBAJEHTOM (XMMUYECKUM) HA3bIBAIOT PEAbHYIO UJIU YCIOBHYIO YaCTHUILY
BEIIIECTBA, KOTOpas MOXXET 3aMellaTh, MPHUCOEIUHSATH, BBICBOOOXKIATh WM OBITH
KakuM — JH0O0 JApyruM CcrnocoOOM »SKBHUBAJICHTHA OJHOMY HOHY BOJOpoJa B
KUCJIOTHO-OCHOBHBIX WJIM MOHOOOMEHHBIX PEAKIHUSIX WIM OJHOMY OJJEKTPOHY B
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUSIX

N3 3aKk0Ha TOCTOSIHCTBA COCTABA CJIEAYET, YTO aTOMbBI JIEMEHTOB COECIMHSIOTCS
IpYr ¢ IPYyroM B CTPOTO OMNPEIEICHHBIX KOJWYECTBEHHBIX COOTHOIIEHUsX. To ke
MOYXHO CKa3aTh U O B3aMMOJICHCTBUU CIIOKHBIX BeHIECTB. B CBsI3M ¢ 3TUM ObUH
BBEJICHbI TOHATHUS (PaKTOpa PKBUBAJEHTHOCTH (SKBHUBAJICHTA) U MOJIIPHONM MacChl
SKBUBAJICHTA BELIECTBA.

dakTopoM >KkBHBaJeHTHOCTH (fykp) HA3BIBACTCS YKCIIO, MOKa3bIBaloIIIee,
Kakasi JoJi1 4acTUIbI (aTOMa, MOJIEKYJIbI) 3TOTO BEIIECTBA PABHOLIEHHA OJJHOMY UOHY
H" B peakuusax oOMeHa WJIM OJHOMY DOJEKTPOHY B  OKHCIHUTEIHLHO-
BOCCTAHOBUTEIBHBIX PEAKITUSIX.

1

f = —
9KB 7
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Moasipuasi macca >kBuBajeHTa (Msgg) — 3TO Macca OJHOTO MOJIb
(6,02:10* wacTHi) OSKBHBAlICHTAa BEILIECTBA, paBHas mMpou3BeACHHIO (hakTopa
SKBUBAJICHTHOCTH Ha MOJISIPHYIO MacCy BEILIECTBA.

Myys, = foxs "M = M/z

Uncs10 3KBUBAJIEHTHOCTH (IKBHBAJIEHTHOE 4YMCJIO0) Z — T[EpEeMEHHas
BEJIMYMHA, 3aBUCSIIAs OT COCTaBa BEIIECTBA UM OT KOHKPETHOM peaklnu, B KOTOPO
YYaCTBYET JAHHOE BEIECTBO.

OnpenesieHue YUCIa IKBUBAJIEHTHOCTH

Z (atoMa 3jIeMEHTAa B COCJIMHEHHMH) = CTCIICHU OKHCJICHHUS JJIEMEHTAa B
BeIiecTBe (C.0.).

Hanpumep: Yemy paBHSETCA YUCIO SKBUBAJICHTHOCTH CEPbl B CIEAYIOLIUX
COCIMHEHUSX:

Z = C.0. — CTeNIEHb OKHUCJICHUS AJIEMEHTA B XUMUYECKOM COCTMHECHUU:
1.co.(S)=-2,2=2;

2.c.0.(8)=+4,7Z=4;

3.c.o0.(S)=+6;Z=6.

Z(KMCA0TBhI) = OCHOBHOCTH KHCJIOTBHI B JaHHOH pEaKIHMH, T. €. YHCIY
3aMEIEHHBIX KATHOHOB Bojopoaa (nH") Ha 1pyrue KaTHOHBL.

Z (KUCJI0ii €OJIM) = YKCITy 3aMeIEHHBIX KATHOHOB Bojopoaa (nH).

Z(ocHOBaHMSI) = KHCJIOTHOCTH OCHOBAaHHS B JaHHOW pEakiuu, T. €. YUCIY
rugpokcui noHoB (nOH "), 3aMelieHHBIX Ha KUCIIOTHBIE OCTATKH.

Z(0CHOBHOM €0JIM) = YHUCTy TUApoKcUsl — noHOB (n OH™), 3aMeleHHBIX Ha
KHUCJIOTHBIE OCTaTKH.

Z( HopMaJILHOI (CpeHeii) c0JIM) = CYMMapHOMY 3apsily KaTHOHA.

Z. (BemectBa, yuyacrBywiero B OBP) = uunciy OpuHATBIX 3JIEKTPOHOB
OJIHUM MOJIEM OKUCIUTENS UM OTAAHHBIX OJJHUM MOJIEM BOCCTAaHOBUTENS (Ne).

Kosm4yecTBO BelecTBa 3KBUBAJIEHTA Ny (B-Ba) — KOJUYECTBO BEIIECTBA,
B KOTOPOM YacCTUIIAMU SIBJISIIOTCSI SKBUBAJICHTHI. BhIpaykaeTcs B MOJISIX, KaK U JTF000€
KOJINYECTBO BEIIECTBA.
N, (B —Ba) = m(B — Ba) / Mykp (B — Ba) [Mosib]| min
N, (B — Ba) = m(B — Ba)/mykp.(B — Ba) [MoJb].

Moasipabiid 00beM JKBHMBAJIEHTOB razoo0pa3sHoro BelleCTBA
(3xkBUBaJIeHTHBIH 00beM) [lIUpOKO HCMONB3YyEeTCS TAKOE TMOHATHE, KaK 00beM
HKBUBAJICHTA Ta3000pa3HOTO BEIIECTBAa (PKBUBAJICHTHBIM 00BEM). OTO 00BEM,
KOTOPBIN 3aHUMAET MIPU HOPMAJIbHBIX YCIOBUAX 1MOJIb 9KBUBAJIEHTOB ra3000pa3HOro
BemiecTBa. M3BecTHO, YTO OJWH MOJIb JI0OOOro raza (H.y.) 3aHUMaeT IMOCTOSTHHBIN
o0beM, paBHbIN 22,4 51 (ciencTBue w3 3akoHa ABOraapo). Vsgg. — 00b€M OJHOTO
MOJIb 3KBUBAJICHTA rasa.
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Vskp.= foks - Vu(raza) = Vy(raza) / z [a/mois],
rae Vy(raza) — MoJsIpHBIN 00BheM Tasa, J (H.Y.), KOTOpBIi paBeH 22,4 J1/MOJIb.

3akoH IKBHBAJICHTOB: MaCChblI pearupyromux BCIICCTB,
IMPOINOPHIUOHAJIbHBI MOJIAPHBIM MAdCCaM 9KBHUBAJICHTOB 3THX BCHICCTB.

Ha ocHoBe 3akoHa SKBHBAJICHTOB MO>KHO BBIBECTH CICOYIOIIHC (1)OpMy.IH>I JJIsA
BBIYHMCJICHHS SKBHUBAJICHTHBIX MACC CJIOXKHBIX BCIICCTB.

HaanMep, IJIAA IBYX KOMIIOHEHTHOM CHUCTEMBI:

my  Mskpa

psiMO

Vi Vskea

Vo Vake2

r7ie M; 1 My — MacChl pearupyromux BEIiecTs;

Mbykg.1 1 Mogp 2 — MOJISIpPHBIE MacChl 5KBUBAJIEHTOB PEArUPYIOLINX BEIECTB,

Vos.1 U Vogp 2 — MOJISIpHBIE 00BEMBI SKBUBAJIEHTOB PEArvpyOIIKX BEIIECTB.
IKBUBAJEHTOM CJI0KHOI0 BeIeCTBa SBIICTCI TakKOE€ €ro KOJHMYECTBO,

KOTOPOC BSaHMOHCﬁCTByeT 0e3 ocraTka c OJHHUM 3KBHBAJICHTOM J1000TO APyroro
BE€IICCTBA. Takue PacdCTbl BO3MOKHBI 6J1ar0)1ap;1 3aKOHY OKBUBAJICHTOB.

- )
m,  Magp,

Ta6JIHIIa 2. HaBHeHI/IG HACBIIICHHOI'O BOJAAHOI'O I1apa B paBHOBCCHH C BOﬂOﬁ

Temmneparypa, °C | 18 19 20 21 22 23 24 25
Hanenue mapa, | 2,06 | 2,20 | 2,37 | 2,48 | 264 | 280 | 298 | 3,16
klla
HaBnenue napa, | 15,47 | 16,48 17,53 | 18,65 | 19,89 | 21,09 | 22,37 | 23,75
MM PT.CT.

Bomnpocsl k 3ammuTe padoThbl

1. Yto Ha3bIBa€TCS SKBUBAJICHTOM BEIIECTBA, MOJISIPHOM Maccoi SKBUBajeHTa?
Kak BBIYMCINTE MOJIIPHYIO MacCy 3KBUBAJICHTA DJIEMEHTA U CII0KHOTO BeniecTna? B
YeM CYILIHOCTh 3aKOHA SKBUBAJICHTOB?

2. Onpenenute SKBUBAJIEHTHYIO Maccy MeTallia, u3 1 T KOToporo oopasyercs
1,2518 r okcuaa.

3. Ilpu B3ammomelcTBHHM C BOJOW 6,65 T MIEIOYHOTO METaula BBIICIUIIOCH
0,56 1 BOmOpOAA, U3MEPEHHOTO NPU HOPMAJIBHBIX ycloBUsIX. Kakon 310 Mmetaiun?

YueoHnas aureparypa: [1, c. 25]; [2, c. 37-40]; [3, c. 15].

JlaGopaTopHasi padora Ne 3
YcranosiieHue Gopmyibl KPUCTAJLUIOTHAPATA

Heasb padoTsl — popMUpOBaHUE YMEHUN U HABBIKOB B OCBOCHUU OJHOTO W3
METO/IOB XMMHMUYECKOTO0 TPaBUMETPUYECKOr0 (BECOBOr0) aHallM3a aHaJIUTHYECKOU
XUMUH U ONPEAEIIUTH COCTAB UCCIEAYEMOTO KPUCTAJUIOIMIPaTa.
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3aganue mo padore. Ha oCHOBaHMM pE3yJIBTATOB OIBITA BBIYUCITHTE
KOJIMYECTBO MOJb KPHCTAJUIM3AIIMOHHOW BOBI, NPHUXOJANICECS HAa OJWH MOJIb
O0e3BogHOM comm.  Hamucate GopMmyny KpHUCTAUIOTHApAaTa W YCTAaHOBUTH €€
COOTBETCTBHUE 3aKOHY ITOCTOSHCTBA COCTaBA.

Memoouueckue ykazanusi no 8binoJHeHUI0 pabomol
['paBUMETpUYECKHI METOJ 3aKJI0YaeTCi B TOYHOM M3MEPEHUU MACCHI

(B3BEIIMBAHUHU)  OMPEACIISIEMOTO  KOMIIOHEHTa  HCCIEIyeMOro  BEIeCTBa,
BBIJICJICHHOTO B BHJIC COCIMHCHHUS M3BECTHOI'O COCTaBa. B OCHOBE HaHHOTO METOJa
JEKUT PEaKUUsl PaA3JIOKEHUS] HCCIECIYEMOr0 KPUCTALIOTHApPATa, MPOJYKTaMU
KOTOPOM SBIISAIOTCS O€3BOJHAs COJb H3BECTHOTO COCTaBa M HEOMPEICIICHHOE
KOJINYECTBO KPUCTAJIU3AIIMOHHOMN BOJIBI.

3anucath HOoMep Turis. Ilpokamuth ¢daphopoBbIii THUTEIb, OXJIATUTH €ro B
AKCUKATOPE, B3BECUTh HA 3JIEKTPOHHBIX TEXHUYECKUX Becax ¢ TOYHOCTHIO 710 0,01 T.
B3pecuts B Turie 0,5-1 r pactepToro B MNOPOIIOK KpUCTaIorujapara (Cojb).
ITocTaBUTh TUTENH C COJIBIO B CYIIMJIBHBIN MIKad WM Ha TIeCUaHyo OaHI0, HAarpeBaTh
B TeueHue 30-40 mun npu temmeparype 240-260 °C. Ilpu npokanuBaHuu
KpUCTaJUIOTHApaTa HaOM0AaTh 3a HW3MEHEeHHWeM I1BeTa cojiu. [lo okoHuaHuun
00€3BOKMBaHUs (KPUCTAUIOTUAPAT HM3MEHHUT CBOM I[BET), MOMECTUTh THUTEIb C
MMOMOIIBIO TUTEIIBHBIX HIUIIIOB B SKCUKATOP U OCTaBUTh Ha 10—20 MHH 10 MOJTHOTO
OXJIAXKICHUS.

OcCThIBIIMK TUTEIb BBIHYTH HW3 OKCHUKatopa W B3BeCUThb. I[lOBTOPSATH
HarpeBaHue, OXJAXJCHUE U B3BEUIMBAHME TUIJIS JO TeX MOp, IOKa pa3HUIlA
MOKAa3aHUM MEXAY MPEAbIAYIIUM U TOCIEAYIONIUM B3BEIIMBAHUEM HE COCTABUT
0,01 r.

3anuch JaHHBIX ONBITA U pacyeThbl. Pe3ybTaThl BCEX U3MEPEHUN 3alucaTh B
1a60paTOPHBIH KypHAJL.

Homep Turs —

Macca turims,m; r =

Macca turns + macca KpUCTaUIOTHAPATa, My T =

Macca kpucramtoruapara, mg = (M, — my) =

Macca Turis ¢ 6€3BOJJHOM COJIBIO MOCHE MPOKATUBAHUS, My T =

Macca 6e3BoHOM com ms = (M —my )T =

Macca yaaneHHoi Boabl mg = (Mz— ms),r =

PaccunraTh uncio Mosei Boabl, Ipuxosiieecs Ha 1 Moiab 0€3BOHOM COMH, U

COCTaBUTh XHMHUYECKYIO (OPMYIy KPUCTAILIOTUAPATA.
n(H,0) = m(H,0) - M(conu) /m(conu) -M(H,O)[moms].
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CnpaBouHblii (TeopeTH4ecKil) MaTepHuaJl, He0OXOAUMBbIii 1J1sl IOHUMAaHHUSA
3aaHNS U BBINIOJIHEHUS PadOThI

3aKOH NMOCTOSIHCTBA COCTABA

Besikoe XMMUYECKH YHCTOE BEIIECTBO (XMMUYECKOE COCIMHEHUE), HE3aBUCUMO
OT crocoba M MecTa €ro IMOJY4YeHHs, HUMEET IOCTOSHHbIA, KaueCTBEHHBIA U
KOJIMYECTBEHHBIM cocTaB. Ho, Kak W3BECTHO, YTO HE BCE BEIIECTBA CTPOTO
MOIYUHSIOTCS A’TOMY 3aKOHY. BerecTBa ¢ HEMOJIEKYJISIPHON CTPYKTYPOM, K KOTOPBIM
OTHOCATCS KPUCTAJUIOTUIPAThI, BEIIECTBA YacTO MMEIOT NMEPEMEHHBI COCTaB. ITO
MOKHO OOBSICHUTH YCJIOBUSIMH TTOJTYICHUS U XPAHEHHUS TaKUX BEIECTB.

Kpucramioruaparsl — 3TO BEIMIECTBA, KPUCTAUIMZYIOMHUECS C OJHOW WU
HECKOJBLKHMH MOJICKyJIaMU BOjbl. Boma, BXomsmias B COCTaB KPUCTAJUIOTHIpAaTa,
HAa3bIBACTCS] KPUCTAJIN3AIUOHHOIA.

Kpucrajnu3anuoHHyo BoJAy MOXXHO YAQJIUTh U3 KPUCTAJUIOTHApPATA TOJIBKO
npu npoxanuBanuu. Hanpumep, xkpuctaimorugpar cynbgpata wmeau  (II)
CuSO,4-5H,0O TepsieT TONHOCTHIO KPHUCTALIM3AMMOHHYIO BOAY IPH TeMIIepaType
258°C, mpesparmasics B 6e3BoHyi0 cob CuSO,, Peakiust pasIoKeHHs GE3BOJHOTO
cynbdara menu (1) Haunnaercs mpu remneparype 653°C.

t

Ha Bo3nyxe kpucTauibl 6€3BOAHOM COJIM Yepe3 HEKOTOPOE BPEMsI MOTYT CHOBA

MPEBPATUTHCS B KPUCTAJUIOTUAPAT, TIOTJIOTUB BJIary U3 BO3yXa:
CuSo, + 5H,0 - CuS0, - 5H,0

Oco0eHHO  CKJIIOHHBI K  OOpa3oBaHUI0  KPUCTALIOTUIPATOB  COJIH.
KpucramioruaparamMmu SBJISIFOTCS MHOTHE TPUPOJHBIC COCAMHEHHS (MUHEpPAJIbI),
Hanpumep, rurnc CaSO, -2H,0. Touka mexmy BemecTBaMH O3HA4YaeT HE 3HAK
YMHOXEHUSI, 2 HAUTMUYUE XUMHUUECKOHN CBSI3U (BOJOPOIHOMN ).

Ha3Banue kpuctaiorugpara COCTOMT M3 CJIOBa THApPAT C MPHUCTABKOH,
YKa3bIBAIOIIEH YUCIIO MOJIEH BOJIbI, MPUXOASIIUXCS Ha 1 MOJIb BEIIECTBA U Ha3BAHUS
0€3BOIHOM COJIH.

[Tpumepsi:

CuSO, -5H,0 — nenrtaruapar cynshara meau (I1);

Na,SO, - 10H,0 — nexaruapar cynbdaTta HATpHsL.

[IpuMeHSIOT 1 TpUBUATBLHBIC HA3BAHMUS:

CuSOy -5H,0 — meanbIi KymIopoc;

Na,SO, - 10H,0 — rnaybepoBa coJib.

KpucrammoruapaTtsl MOKHO paccMaTpuBaTh Kak (PU3UKO-XUMUYECKUE CMECHU
0€3BOJHBIX KPHUCTAJIOB BEIIECTBA W KPUCTALTU3AIMOHHON BOJIBI M BBIPAXKATh HMX
COCTaB B MAaCCOBBIX [IOJIIX, YKa3bIBAIOUIMX COJEpKAHUE CyXOTO BeIeCTBa U
KPUCTAIITN3AIMOHHON BOJBI B KPUCTAILIOTHAPATE:
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MCYXOI"O B—Ba

Weyxoro B—Ba — ’

MKpI/ICT.FH,Z[p

Kp.BO/bI

Wyp. Bogpr —

)

MKpI/ICT.I‘I/I,ELp

Hamnpumep, coctaB megHoro kymnopoca CuSQO, -5H,0.

o CuSO, =MCuSO,/ M CuSO, -5H,0;

® CuSO,= 159,5/249,5= 0,639 100= 63,9 %.

® H,O =M n-H,0 / M CuSOQOy, -5H,0;

o H,O=5-18/249,5=0,361- 100 = 36,1 %.

[Ipn omnpenenenun Mypucramiorngpata CTPYKTYPHOU €IMHHLIEH BELIECTBA
YCJIIOBHO CUMTAETCS ACCOUMALMS, COCTOSIIIAs U3 OJJHOM MOJIEKYJbI COJIU U N MOJIEKYJ
KPHUCTAJUIN3aIHOHHON BOJIBI.

Bonpocsl k 3amure padoTsbl

1. ITouemy Turens ¢ 6€3BOIHON COBIO HEJIb3s OXJIAKIATh HA BO3TyXe?

2. YUemy paBHsETCS MOJISIpHAs Macca rekcarupara cyiabdara xenesa (11)?

3. KakoBa maccoBas 1074 (B %) Boabl B rurce?

YueOnas aureparypa: [3, c. 74, 274]; [6, c¢. 32-33].

TEMA: «OCHOBHBIE 3AKOHOMEPHOCTH NIPOTEKAHUA
XUMHNYECKUX PEAKIIUN

JlabGopaTopHasi padora Ne 4

OnpeneneHue BIAMSHUS KHHETHYECKUX MAPaMeTPOB HA CKOPOCTH
XUMHYECKUX peaknuii. M3ydyeHue HanpaBJieHUsI CMelleHUsI XUMUYECKOT0
paBHOBecCHs

Heanb padorsl — GopMupoBaHre yMEHUN W HAaBBIKOB B AKCIIEPUMEHTAIHLHOM
ONPENCICHUU BJIMSHUS KOHLEHTPAUUW PEarupyrolnux BeEIIECTB, TEMIEPaTyphl,
KaTaau3aTropa;  HOKCIEPUMEHTAIbHOE  H3YYEHHWE  HAMNPaBICHUS  CMEIICHUSA
XUMHUYECKOTO PaBHOBECHSI B TOMOTE€HHBIX OOpPaTUMBIX PEaKIUSIX B 3aBUCHUMOCTH OT
BHEIIHUX BO3JCUCTBUM.

3amanue no padore. Ha ocHOBaHUM SKCIIEPUMEHTAIIBHBIX TAHHBIX 3aMIOJIHUTE
tabnuipl; Hagepture rpaduk 3aBUCHMOCTH CKOPOCTH PEAKIUU OT KOHIEHTPAIUH
OJIHOTO U3 pearupyronux BemniecTB. Ha ocu abcuucc OTIOXKUTE B OMNPEICICHHOM
MaciTade OTHOCUTENIbHBIC KOHIIEHTPALMU THOCYJIb(daTa HaTpHs, Ha OCU OpJUHAT —
COOTBETCTByIOIMMUE uM ckopoctu. CdhopMynmupyiiTe W HAOUIIUTE BBIBOJ B
COOTBETCTBUH C 3aKOHOM JICHCTBUsA Macc. B ombiTe 2 3anummmTe cBoW HAOIIOICHUS.

28



Hanummre kuHeTHueckue ypaBHEHHUS sl TOpsIMOM U OOpaTHOW peakuud u
BBIPA)KEHHE KOHCTAHTHI PABHOBECHSI.

OTBeThTE Ha CEAYIOIUE BOIPOCHL:

1. Kakue BemiecTBa HaxXOISATCS B MCCIEAYEMOM pacTBOpPE B COCTOSIHUH
paBHOBeCHS?

2. Kakoe BeniecTBo NpuaaeT pacTBOpPy KpOBABO-KPACHYIO OKpPAcKy?

3. Kak wu3MeHseTCd HWHTEHCUBHOCTh OKPACKM pacTBOpa, U B KaKOM
HalpaBJICHUM CMEIIACTCS PABHOBECHE JIAHHOW pPAaBHOBECHOW CHCTEMbI MpHU
nobasiaeHur U30bITKA: a) XJopuaa xenesa (I11); 6) Tnounanara (posanua) Kajaus; B)
xJjopujaa Kajuus?

ChopmynupyiiTe W HaNOUIIATE BBIBOJ B COOTBETCTBUM C IPHUHIUIIOM
JlelllaTense.

B ombite 3 3aduxcupoBaTh Bpems MOSBICHUS OMAJECIEHIIMU PAcTBOpa IMpHU
Pa3IUYHBIX TEMIIEPATypax, HO OJJUHAKOBBIX KOHIICHTPAIUSIX pPearupyroiux BEIIeCTB.
B omnbiTe 4 u3ydeHHe BIUSHUSA KaTajiu3aTopa Ha CKOPOCTh PEAKLIHMH MOKHO Ha
IIpUMEPE  BOCCTAHOBJIEHUS IMEpMaHraHaTta Kajlusi. 3alulluTe  BU3YaJbHBIC
HaOJIIOACHUS K OMNbITaM, CAEIANTE BHIBOJBI.

Memoouueckue ykazanusi no blNOIHEHUI0 pabomol
OnbiT Ne 1. Biausinme KOHUEHTPALMH pearupyomux BellecTB HAa
CKOPOCTh peaKkluy B TOMOI'€HHOM cucTeMe.
Peakiust THoCynb(aTa HaTPUs C CEPHON KUCIOTOM MPOTEKAET 110 YPABHEHUIO:

Na,S,0; + H,SO, = Na,SO, + Sl + SOZT + H,0.

[TpenBapuTenbHO MpoJeNaiTe KAYECTBEHHYIO PEaKIMIo, 1Ji Yero B IPOOUPKY
No 1 Buecute 10 kamens pactBopa THocyibdara HaTpus Na,S,03 u 1 xammo 2 H
pactBopa cepHoii kuciotel H,SO4. Habmromaiite mosiBieHue cmaboii onanecieHINH
(cuHe-(puosIeTOBOE CBEUYECHME) W JaJIbHEMIlee MOMYTHEHHE PAacTBOpA OT BBIMABIICH
CBOOOJTHOM CephlI.

B Tpex cyxux mnpoOupkax HOpHUTrOTOBbTE PACTBOPHI THOCYJb(para HaATpuUs
pa3NUYHBIX KOHIEHTpamwmid. Jjis 4yero: BO 2-w0 mpoOUpKy BHecuTe 5 kamenb 1 H
pacTBopa THOCyIb(Mara HaTpusd u 10 Kamenb AUCTHILTUPOBAHHONW BOJBI, BO 3-10 — 10
Kaneyb TUOCyJb(ara HaTpus U 5 Kamenb BoAbl, B 4-10 — 15 kanenb THOCynb(daTa
HaTpusi. PacTBopbl BO BTOpOW M TpeTheil MpoOMpKaxX TINATEIHHO IepeMeriaiTe.
Takum 006pazom, oTHOCUTENbHAS KOHIIEHTpanust Na,S,03 (B Moib) Oynet B mpodupke
No 2 — 1C, B mpobupke Ne 3 — 2C, B mpobupke Ne 4 — 3C.

Bxntounte cekyHmomep, 3areMm B npoOupky Ne2 BHecuTe OJHY Karuo 2 H
pacTBOpa CEpHOM KHUCIIOTHI, THIATEIbHO nepeMeranre. I1o cekynaomepy usmepbTe
BpeMsi OT MOMEHTa J00aBJCHMsI KHMCIOTHI O TMOSIBICHHS B PacTBOpE 3aMETHOU
omnajecleHInn (CuHEe-(PHOJIETOBOE CBEeUeHHE). Takke MOCIe0BaTeNbHO BHECUTE TIO
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OJTHOM KaIljie pacTBOpa CEpHOIl KUCIOThI B podupku Ne 3 u 4 u usmepbTe BpeMs OT
MomeHTa aobaBneHuss H,SO, 10 mosiBIEHUST B pacTBOpPE 3aMETHOM OMaJECIICHITUH.
JlaHHbIC OIIBITA 3aHECUTE B TAOIUITY 3.

Taomuna 3
No YHucio Yucno Uucno | Konuenr- Bpemss | Ckopoctb
npoOUpKH | Karelb Kareib Kareib panus T, Peakiiun
Na,S,0; H,O H,SO, Na,S,0; CEK 1/t
1 10 0 1 KauecTBeHHas peakims
2 5 10 1 1C
3 10 5 1 2C
4 15 0 1 3C

OmnbiT Ne 2. CMeieHHe XMMUYECKOr0 paBHOBECHS 00PaTUMBIX pPeaKkLuil.

B uetrbipe koHnueckue npobupku BHecute no 5 kamenb 0,0025 H pacTBOpa
xinopuna xenesa (III) FeCls u mo 5 kamens 00,0025 H pacTBOpa THOLMAHATa
(pomannna) xanmusg KSCN. PacTBopbl THIATENBHO NEpeMeElIaiiTe W IMOCTaBbTE B
mratuB. Hanmummmre ypaBaenue peakmnun: FeClz + 3KSCN «— Fe(SCN); + 3KCl.

[Ipobupky Ne 1 c mosydeHHBIM pPacTBOPOM (KOHTPOJIb) COXpaHUTE IS
CpaBHEHHUA C pe3yJibTaTaMu OomnbITOB (mpodupku Ne 2.3.4). B ocranbHble poOUpKU
n00aBbTE CIEAYIOLIUME PEaKTUBbI: B MpoOupky Ne 2 — 1 Karuio HachILEHHOTO
pactBopa xjopuaa xenesa (I11), Ne 3 — 1 karuiro HachIIEHHOTO pacTBOpa THOLMAaHATa
kanug, Ne 4 — 1 kammo HaceimeHHoro pactBopa xjopuaa kamus KCl. CpaBhure
MHTEHCUBHOCTh OKpPACKH IIOJYYEHHBIX PACTBOPOB C MHTEHCHUBHOCTBIO OKPAaCKU
KOHTPOJIBHOT'O PacTBOpA.

OmnbiT Ne 3. Biusinue Temneparypbl HA CKOPOCTh XUMHYECKOM peaKkLuM.
B OCHOBE OmbITa JIEKUT Ta KE PEAKLHs, UTO U B ONBITE 1:

Na,S,05; + H,SO, = Na,SO, + H,O + SO, + S\L

Haneiite B cTakanbl Ha 1/2 BBICOTHI BO/Y: B MEPBbIN CTaKaH — BOJIOMPOBOIHYIO,
BO BTOPOI — CMECH BOJIOIPOBOIHON U ropsiueil (Temieparypa qokHa 6sith Ha 10 °C
BBIIIIE, YEM B IIEPBOM CTAaKaHE), B TPETHM — ropsuyro (temneparypa Ha 10 °C Bbiiie,
YeM BO BTOPOM CTaKaHe).

B tpu npobupku Habepute o 10 kanens 1 H pacTBopa THOCYIb(}aTa HATPUS U
ONyCTUTE MO OJTHOW B CTAKAHBI.

N3meprTe TemnepaTypy B crakaHax. He BeIHMMas MpoOUPKY ¢ THOCYIb(MATOM,
nob6aBbTe B Hee 1 Kario 2 H CEpHOU KUCTOThI U U3MEPHTE BPEMS 110 CEKYHIOMEPY OT
MOMeEHTa J00aBJICHUS KWCIOTHI JIO TOSIBJICHHS JeTKoW omasnecieHiuu. [loBropure
OMBITHI C PAcTBOPOM THOCYNb(haTa U CEPHOW KHUCIOTONM TPU JBYX JAPYTHX
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TeMriepatypax. [IpousBeanTe OTCUYET BPEMEHHM PEAKIMH 1O CEKYHIOMEPY, KaK W B
nepBoM cirydae. Pe3ynbprarel HaOIrO 1€ BHECUTE B TAOIUITY 4.

Tabnuua 4. BausiHue Temneparypbl Ha CKOPOCTh PEAKIMU

Bpewms teuenus
Ne Temneparypa CKOpOCTh peakiuu
o peaxIuu 1o
HaOJIIOICHUS omebiTa, "C U, =17, yen. en.
CEeKyHJIoMepYy, T (¢)
1
2
3

OmnbIT Ne 4. BiusiHue KaTaJ1u3aTo0pPa HA CKOPOCTh XUMUYECKOI peaKkumu.

[Tporecc mpoTekaeT mpu KOMHATHOW TeMIiepaType MEAJEHHO. Y CKOPSIOT 3Ty
peakiuio nousl Mapranma (I1).

B nBe mpoOupku mMOMECTHTE HECKOJIBKO Karelb pacTBOpa IepMaHTaHaTta
kamst KMnO,, 1M pactBopa maBeneBoit H,C,04 u ceproit kucnoteiH,SO,4. B onny
U3 HUX OpockTe KpucTaWMK cynbdara mapranuna (II) MnSO, UYepes nexoTopoe
BpeMs OTMEThTE M3MEHEHUE OKPACKH PacTBOPOB B IpoOupkax. CrenmaiiTe BBIBOI O
pormu MnSO,. Hanummte ypaBHEHHE peaKIi.

2KMnQO, + 5H,C,0, + 3H,S0, = 2MnSO, + K,SO, + 10CO, + 8H,0.

CnpaBouHblii (TeOpeTHYECKHU) MAaTEePHAJI, HCOOXOAMMBbII 1J151 IOHUMAHUS
3aJlaHUs U BBINOJIHEHHUS] Pa0O0ThI

XumMnyeckasi KHHeTHKA — pas3zen GU3NIecKol XUMHH, U3Y4arOIIHil BOITPOCHI
0 CKOpPOCTAX U MEXAHU3MaX XUMUYECKUX PEAKLIUM.

CropocTb XMMHYECKOH PeaKUMH ONPEICISIETCS N3MEHEHUEM KOHLIEHTPalUH
pEarupyronmx BEIIECTB 32 €IWHUIY BPEMEHUM B CAUHUILIE PEAKIIMOHHOIO
IIPOCTPAHCTBA.

CKOpOCTh XMMHMYECKOW PEAKIUM 3aBUCUT OT NPUPOJAbI PEArUPYIOIINX
BEIIECTB, UX KOHLICHTPALUH, TEMIIEPATYPHI, JaBICHUS U IPUCYTCTBUS KaTAIN3ATOPA.

3aBUCUMOCTh ~ CKOPOCTH  XMMHYECKOW  PEaKUuh OT  KOHIIEHTpalUH
PEArupyroUIMX BELIECTB BBIPAYXKACTCS OCHOBHBIM 3aKOHOM XMMHMYECKOW KMHETUKH -
3aKOHOM JAelicTBUA Macc. [Ipy mocTossHHONW Temmeparype CKOPOCTb XMMHYECKOU
peaKuMM TPSIMO MPOMOPLUHOHAIBHA TMPOU3BEACHUIO MOJISIPHBIX KOHILEHTpalUid
pEarupyrommx BEIIECTB, BO3BEICHHBIX B CTENEHb MX CTEXUOMETPUUYECKUX
K03 PUIIEHTOB.

XUMHUYECKHE pEakluu, B KOTOPBIX HCXOJHBIE BEUIECTBA  LEIUKOM
MPEBPAIAIOTCS B MPOAYKTHI pEaKIIUK, HA3bIBAIOTCS HEOOPATUMBIMU:

2KCIO; = 2KCI + 30,1
V1 = k]_‘ C2(KC|03)
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3HAYUTEIBLHO YaIlle MPOUCXOIAT PEaKIMH, UAYIIHE OJHOBPEMEHHO B JABYX
MIPOTHUBOIIOJIOKHBIX HAMTPABICHUSIX — IMIPSIMOM U OOPaTHOM:

2NO + O, «> 2NO,
v1 = ki '[NOT?-[02],
v2= ko [NOZJ,

CocTtosiHue 00paTUMOI peakiuu, MPU KOTOPOM CKOPOCTH MPSIMOW B 0OpaTHOM
peaKIuii paBHBI MEX/1y COOOH, Ha3bIBACTCS XMMHYECKHM PABHOBECHEM.

[Ipy1 XUMUYECKOM paBHOBECHUH V1 =V; , OTKY/IA:

Kc = ki / kp = [NO,J* /[NOJ? [O;]

rie K¢ — KOHCTaHTa XMMHYECKOTO paBHOBECHs (BEIWYMHA TaOJIW4HAA),
BBIPQKCHHAS Yepe3 PaBHOBECHBIC MOJISIPHBIC KOHIICHTPAIIUU PEarupykoliX BEIIECTB;
Ky, Ko — KOHCTaHTBI CKOPOCTEH IpsIMOM M oOpaTHOW xuMmudeckux peakiwuii; [NO,],
[NO], [O,] — paBHOBECHBIEC MOJISIPHBIC KOHIICHTPALIUU PEarupykoINX BEIIECTB.

Hns  obpaTuMoil  XMMHUYECKOH  peakluu  OTHOIIEHHE  TMPOU3BEICHUS
PABHOBECHBIX KOHIICHTPAIMH MPOIYKTOB PEAKIMU K MPOU3BEICHUIO PABHOBECHBIX
KOHIICHTPAIIMH HMCXOIHBIX BEIIECTB €CTh BEIMYHMHA IOCTOSHHAS MPH TOCTOSHHOW
TeMIIepaType, U Ha3bIBACTCS KOHCTAHTON XMMHYecKoro papHoBecusi. OHa 3aBUCUT
OT TeMIepaTypbl, IPUPOIBI PEaruPYIONINX BEIIECTB, U HE 3aBUCUT OT KOHIICHTPAIIUN
pearupyromux BemecTB.

Bomnpocsl k 3ammuTe padoThl
1. Copmynupyiite 3akoH AeicTByrommx Macc u npuHuun Jlelllatense?
2. JlaiiTe onpeaeneHue TOMOTEHHBIX U T€TEPOTEHHBIX XUMUYECKUX PEAKITUI?
3. Kak mnoBnusier karanu3aTop Ha COCTOSHUE paBHOBECHs OOpaTHUMOM
peakunun?

Yueonas aureparypa: [1, c. 186-208]; [2, c. 240-258]; [3, c. 142-152].

TEMA: «PACTBOPbBI»

JlabGoparopHasi pabora Ne §
IIpuroroBiieHune U onpeae/ieHe KOHIEHTPAIIUM PACTBOPOB

Hean padoTsl popMupoBaHUE YMEHUN U HABBIKOB MPUTOTOBIICHUS PAaCTBOPOB
Pa3IMYHON KOHIEHTPALUU M3 CYXOW COJM W OIpeJeieHrne KOHIEHTPAIMU MyTeM
M3MEPEHUS IIOTHOCTHU MOJTYYEHHBIX PaCTBOPOB.

3amanue mo pabdore. I[IpuroroBienne pactBopa XJIOpUAa HATpUs 3aJaHHOMN
KOHIICHTPALMU: HEOOXO0MMO paccuuTaTh Maccy coiii (Mp.ga) U Maccy Boabl (Mp_jg)
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IUIs TIPUTOTOBJICHUSI JaHHOW Macchl pactBopa xiopuna Hatpus NaCl c¢ 3amannoit
MaccoBOM JOJIEll BEIIECTBA, OMPEJCIUTh C TIOMOIIBI0 apeoMeTpa IIOTHOCTh
pacTBoOpa XJOpHAa HATPUSA U MAaCCOBYIO JIOJII0 B HEM PaCTBOPEHHOTO BEILIECTBA.

Memoouueckue ykazanusi no blNOIHEHUI0 pabombl
OmnsiT Ne 1. IlpuroroB/ieHne pacTBopa XJOPUAA HATPHA.
B3BechTe Ha TexHOXMMHUYECKUX Becax coiab NaCl, Boxy oTMepbTe HIUIMHAPOM,
TaK Kak MJIOTHOCTH BOJBI paBHA | r/MJI, TO 110 aOCOJIFOTHOM BEIMYMHE Macca U 00beM
BOJIbI paBHBI. BEHICHINIbTE COJIb B BOJMY M TIIATEIHHO IMEpPEMENINBAWTE CTEKISTHHOU
[aJIOYKON 710 MOJIHOTO PACTBOPEHUS COJIM.

OmnbiT Ne 2. U3MepeHHe IVIOTHOCTH PACcTBOPA

[TpuHIun nelcTBUS apeoMeTpa OCHOBaH HAa MPUMEHEHUHU 3aKoHAa ApXuMena.
CornacHo 3aKOHY, CuJjia TSDKECTH, MPUBOAAIIAS K TOTPYKEHUIO apeoMeTpa B pacTBOD,
YPaBHOBEIIMBAETCS BBITAUIKMBAIOLIEH CHJION PABHOM Macce pacTBOpPa BHITECHEHHOTO
apeoMETPOM.

ApeomeTp (PUCYHOK 7) TpPEACTaBIsAeT COOOM CTEKISHHYIO TPYOKy, pac-
IMpeHHast (HWXKHSS1) YacTh KOTOPOW 3amojiHeHa OaslacTOM — YUCTOM U CyXoH
METaJUIMYECKOW JpOOBI0, 3aJIMTOM CIOEM CMOJBI C TEMIIEPaTypoul IUIABJICHUS HE
amwke 80 °C. Ha y3kyio (BepXHIOK) 4acTh HAHECCHA IIKATA, OTTPAJyHPOBAHHAS B
€IMHULAX IUIOTHOCTH. OTCUeT IJIOTHOCTH C TOMOIIBIO apeoMeTpa IPOBOAST IO
MOKa3aHUIO IIKaJbl, KOTOPOE HAXOJUTCS Ha OJIHOM YPOBHE C HIDKHMM KpaeMm
BOTHYTOM MOBEPXHOCTH (MEHHUCKA). 3HAUYEHUE TUIOTHOCTH HCCIIETyEMBIX PaCTBOPOB C
TouHOCTBIO 10 0,001 T/MIT MM T/cM® HEOGXOIMMO 3aHECTH B 1a00PATOPHBIH KYPHAIL.

KoHneHTpanuio uccienryemMoro pacTBopa HaXo[sT, MOJIB3YSACh TaOIWYHBIMU
JAHHBIMM TUIOTHOCTH B 3aBUCHUMOCTH OT KOHIIEHTparuu pactBopa. [lmoTHOCTH
BOJIHBIX PACTBOPOB XJIOPHJIa HATPUS IPUBECHA B TabIUIIE 5.

PucyHok 7. ApeoMeTp U OTCUET MO €ro MIKajIe
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Tabnuma 5. IIMOTHOCTH U MPOLIEHTHOE CO/IEPKAHUE PACTBOPOB XJIOPHIA HATPUS

ITmoTHOCTS * 10'3, Kr/M3, [ImoTHOCTE -10‘3, KF/MS,
Konuenrtpauus, % NPH TeMrepaType Konuenrpauus, % TPH TeMIEpaType

10°C 20°C 10°C 20°C
1 1,0071 1,0053 14 1,1049 1,1008
2 1,0144 1,0125 15 1,1127 1,1065
3 1,0218 1,0196 16 1,1206 1,1162
4 1,0292 1,0268 17 1,1285 1,1241
5 1,0366 1,0340 18 1,1364 1,1319
6 1,0441 1,0413 19 1,1445 1,1398
7 1,0516 1,0486 20 1,1525 1,1478
8 1,0591 1,0559 21 1,1607 1,1559
9 1,0666 1,0633 22 1,1689 1,1639
10 1,0742 1,0707 23 1,1772 1,1722
11 1,0819 1,0782 24 1,1856 1,1804
12 1,0895 1,0857 25 1,1940 1,1888
13 1,0972 1,0933 26 1,2025 1,1972

CnpaBouHblil (TeOpeTHYECKHUIT) MATEePHaJ, HeOOXOAMMBI JAJI51 HOHMMAHUS
3aJaHUA M BBINOJHEHUs] padoThl

PacTtBOphel OTHOCATCA K JUCHEPCHBIM cucTteMaM. CHUCTEMbl, MOJyYECHHbIE B
pe3ynbTare pacupeiesieHruss OJHOIO BEIIECTBA B BUJE MEJKUX YacTHL] B JIPYroM,
Ha3bIBAKOTCS JUCHEPCHBIMU. BelecTBo, KOTOpOe pacnpenensiercs, Ha3bIBaeTCA
aucrnepcHoi (as3oif, a BElECTBO, B KOTOPOM pachpezensercs aucrnepcHas (dasa,
HA3bIBAECTCA TUCIIEPCUOHHON CPEAOUN WIIN PACTBOPUTEIIEM.

JlucnepcHble CUCTEMBI AENATCS HA TPU TPYMIbL: rpyOoaucrepcHble (B3BECH),
KOJUIOWJHBIE M HWCTUHHBIE pPACTBOPbL. VICTUHHBIMH pacTBOpamMu Ha3bIBAIOTCS
TOMOTEHHBIE (OIHOPOAHBIE) CUCTEMBI, COCTOSIIIIME U3 JIBYX U 00Jee KOMIIOHEHTOB U
MPOJYKTOB UX B3aUMOJECHCTBUS.

CopeprkaHrue pacTBOPEHHOTO BEILIECTBA B PACTBOPE MOXKET OBITh BBIPAKEHO
60 Oe3pa3sMepHBIMU €IMHUIIAMHU — JOJSIMU WIM MPOIIEHTaMH, JTUOO BETUYMHAMHU
pa3MEPHBIMU — KOHLIEHTPALIUSIMHU.

Hwxe npuBeneHbl HauOojiee 4YacTO YHOTpeOJsieMble B XHMHH CIIOCOOBI
BBIPAXKEHUSI COJIEPKAHMS pACTBOPEHHOTO BEIIECTBA B PACTBOPE.

MaccoBasi 104151 (W) — 3TO HPOLEHTHOE OTHOIIEHHWE MACChl PaCTBOPEHHOTO
BEIIECTBA K O0IIel Macce pacTBOPa; BHIPAYKAETCS B MPOIICHTAX:

0= (mB_BA / mp_pA) - 100 [%], OTCIHOga M.ga = ® ° mp_pA/ 100 [F]

MoJibHas 10J11 — ATO OTHOIICHHWE KOJIMYECTBA PACTBOPCHHOI'0O BCIICCTBA K
CYMMC€ KOJIMYECTBA BCEX BCHICCTB, HAXOAAIIMUXCA B paCTBOPC.

N;=n;/ (g +ny); N, =n,/ (Ny +Nny), a ngga = Mp.ga/ Mp.pa [MOIIB]
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rae Ny — KOJIMYECTBO PACTBOPUTENS, MOJIb;, Ny — KOJWYECTBO PACTBOPEHHOTO
BEILIECTBA, MOJIb.

MoJisipHasi KOHIIEHTPAUs WIH MOJAPHOCTH (Cy mitn M) — 3T0 OTHOIIIEHUE
KOJIMYECTBa paCTBOPEHHOTO BEIIECTBA K 00BEMY pacTBOPA; BHIPAXKAETCS B MOJIb/JI:

Cym = Ng.ga/ Vppa; Cy = Mppa/ Mppa ™ Vp.pa;

rae V— 006béM pacTBopa, 1; V = Mpps / p; p — TUIOTHOCTH PAcTBOPA, I/MII.

MoJisiibHasi KOHIEHTpamusi Wil MoJsuibHOCTH (C,,, mam m) — 370
OTHOIIICHHE KOJMYECTBA PACTBOPCHHOIO BEIIECTBA K Macce PaCTBOPHUTEIIS;
BBIPAXKACTCS B MOJIB/KT

Cin= N gpa/Mp_jig; Cy= Mp_ga - 1000 / Mp_ga * Mp.j1q (H20).

MossipHasi KOHIIEHTPALHS YKBUBAJEHTOB WIH HOpMaIbHOCTh (Cy miau N)
— 93TO OTHOIIEHHE YHKCJIa 3KBUBAJICHTOB PACTBOPEHHOTO BeEIIECTBA K OOBEMY
pacTBOpa; BBIPAXXAE€TCA B MOJIb * 9KB /J1 WU H.:

CH = ngB_BA/ Vp_pA [MOJII) " OKB /JI],CH = mB_BA/ MBKB.B_BA ’ V[H]

Tutp (MaccoBas KOHIICHTPAIIKS) — Macca B TpaMMax pacTBOPEHHOTO BEIIECTBA
cojiepkaierocsi B 1 Mj pacTBopa; BhIpakaeTcsi B T' /MJI:

T =mgpa/ Vppa; T=Cq- Maks. / 1000 [r/mi]; T = Cy - M/ 1000 [r/mi].

JIns MpUroToBIIEHUsT PacTBOPOB ONPEACICHHOW KOHLIEHTPALWH, JIsI TOYHOTO
U3MEpPEHUs] 00BbEMOB MPUMEHSAIOT MEPHYIO TOCYJy: MEpPHbIE KOJIObI, MUIIETKH U
OIOpeTKH.

MepHble K0JIOBI — TOHKOCTEHHBIE TJIOCKOJOHHBIE COCYJIbI C JUTMHHBIM Y3KUM
ropJoM, Ha KOTOPOM HaHeceHa Kpyromas (KoJsiblieBasi) mMeTka. Ha kaxmoil kombe
UMeeTcs KIeHMo, Ha KOTOPOM YKa3aHa €MKOCTh U TeMIIepaTypa, Mpu KOTOpou koiba
otkanrOpoBaHa. Koba 1omkHa MII0THO 3aKPhIBATHCS MPOOKOH (PUCYHOK 8).

[TuneTku UCTIONB3YIOT JJ1s1 0TOOpa OMpeIeIEHHOr0 00BheMa pacTBopa.

[Tunetku Mopa TpeACTaBIAIOT COOON CTEKJISIHHbIE TPYOKH C pacIIUpEeHUEM
nocepenuHe. HwxHHMM KOHEU OTTAHYT B Kanmwuisip, a Ha BEPXHUW HaHECEHa
KOJIbIIEBAsi METKA, IO KOTOPOW yCTaHaBIMBAIOT TOYHBINM 00beM. Ha numerke ykazan
HOMUHAJIBHBIM 00BEM M TeMreparypa, MpU KOTOPOM MPOBOIUIN KaTuOPOBKY
MEpHOM MUIETKH (HAaHECEeHUE KOJbLeBOM MeTkH). IIMpoKo NPUMEHSIOT TaKke
rpagyupOBaHHBIC MUMETKU PA3JTMYHON BMECTUMOCTH, HA HAPYKHOM CTEHKE KOTOPBIX
HaHECEeHBI JeieHus (rpaayupoBka). s 3amoiHEHus MUMETKW HUKHUM KOHEI| ee
ONyCKAIOT B JKHUJKOCTh W BTATHBAIOT NOCJIEAHIO IPHU IOMOIIM TPYIIH WA
CIeMAIBHOTO Mpucnoco0aeHus. KuakocTs HaOUPArOT Tak, YTOOBI OHA MOJHSIIACH
Ha 1-2 cM BbllE METKH, 3aTeM OBICTPO 3aKpbIBAIOT BEPXHEE OTBEPCTHE,
yYKa3aTelbHbIM MaJbIIEM MPAaBOM PYKH, NPUACPKUBAS B TO K€ BPEMS MHUIETKY
OOJIBIIIMM U CPEHUM TaJbIlaMU. 3aTeM OCJIA0JSIOT HAXKUM YKa3aTeIbHOTO Majblia, B

35



pe3yNbTaTe Yero *KUAKOCTh OyJeT MEIJICHHO BBITEKaTh U3 MUIETKH. B TOT MOMEHT,
KOI/Ia HWKHUM Kpail MEHHCKa (YPOBEHb) KUIKOCTU OKAXKETCS HAa OJHOM YPOBHE C
METKO}M, Majel] CHOBa IpKUMaloT. BBeas MUNETKy B COCY/l, YOUPAIOT yKa3aTelbHbIHI
najel M JarT JKUJIKOCTH CTe4Yb IO CTeHKEe cocyna. llocime Toro, kak >KHIKOCTb
BBITEYET IOJIHOCTBIO, MUIETKY €lle 5 C, NPUCIOHMB KanWUIAp K CTEHKE COCYyAa,
CJIETKA ITOBOPA4YMBAIOT BOKPYT Ocu. Henb3s BbIAyBaTh pacTBOP U3 IUIIETKU, TAK KaK
IIPU 3TOM HapyLIAeTCsl TOUHOCTh U3MEPEHUs 00beMa.

Pucynok 8. Mepnas nocyna:
a — MepHas Koj0a; O — NUMNEeTKU; B — OrOpeTKa

bropeTku MpUMEHSIOT A1 U3MEPEHHUS] TOUHBIX OOBEMOB TMPH TUTPOBAHUU U
T. 1.

OOBbeMHBIE OIOPETKH — 3TO CTEKJISIHHbIE TPYOKHM C HECKOJBKO OTTSHYTHIM
HIDKHUM KOHIIOM WJIM CHAOKEHHBIM KpaHoM. Ha HapyXHOU CTeHKe Mo BCEW IJIMHE
GIOPETKH HaHECeHA IPafyHpOBKa, LeHa GOJIBIIOro AeieHus paBHa 1 Mt win 1 cM®, a
1eHa camoro manenbkoro aenenus — 0,Imi. K oTTsSHyTOMY KOHIy O€CKpaHOBOM
MUTETKA C TIOMOIIbI0 PE3MHOBOW TPYOKH, B KOTOPYIO 3aKJIaJIbIBAIOT CTEKJISIHHYIO
OyCUHKY, TPUCOCIUHSIIOT MHUIETKY. bBIOpETKy 3amoiHsI0T KUIKOCThIO uepes
BOPOHKY. 3aTe€M OTKpBIBAIOT KpaH WU 3aXUM, YTOObI 3alOJIHUTh PacTBOPOM
nunetky. [lpu 3ToM ypoBeHb XKHAKOCTH B OIOPETKE YCTAaHABIMBAIOT HECKOJBKO
BBHIIIIE HYJIEBOTO JICJICHUS IIKAJIbl OIOPETKH, W OCTOPOKHO MPUOTKPHIBAS 3aKHUM,
YCTaHABJIMBAIOT YPOBEHB KUJKOCTH (HUKHUN Kpall MEHHCKA) Ha HYJIEBOE JEJICHUE.
Kaxnoe tuTpoBaHue clieyeT HauuHATh TOJBKO TIOCJI€ YCTAHOBJICHUS YPOBHS
pacTBopa B OIOpETKE Ha HYJIEBOE JieJieHue (Ha HyJIe).

Jly1st MeHee TOYHOTO U3MEPEHUs 00BEMOB KUIAKOCTH UCTIOJIB3YIOT IUIUHIPHI U
MEH3ypKHU (pUCYHOK 9).
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Pucynox 9. MepHble IIMHIPHI 1 MEH3YPKa

Bonpocsl k 3amure padoTbl
1. JaiiTe onpeneneHne KOHUEHTpaIUii?
2. Kak onpenenuTth, 4TO pacTBOP MPHUTOTOBJICH MPABUIHHO?

YueoHas aureparypa: [1, c. 216-217]; [2, c¢. 40-42]; [3, c. 85-86].

JlaGopaTopnasi pa6ora Ne 6 (wactp 1)
IIpoBenenue HeOOPATUMBIX M 0OPATUMBIX HOHOOOMEHHBIX peaKuni B
BOJHBIX pacTBopax. 3yyeHue BIAMSIHUSA YCJI0BHH B3aMMOACHCTBUA HA
COCTOSIHHE PABHOBECHSI B MOHOOOMEHHBIX pPeaKIusixX

Heas padorsl — GopMUpOBaHME YMEHUN U HABBIKOB MPOBEICHUS PEAKIUU
MOHHOTO OOMEHa, WIYIIUE «JI0 KOHIA»; CMEIICHHE XUMHYECKOIO pPaBHOBECHUS B
00paTUMBIX PEaKIIHIX.

3aganue mo padore. Hannmmre B MOJEKYISIPHOM M HMOHHO-MOJEKYJISPHON
(dbopme ypaBHEHUS pEaKIIMiA.

HabGnrogaiite (B onbite 1) M3MEHEHHA OKPACKM MHIMKATOpA MO CPAaBHEHHUIO C
KOHTPOJIbHOM NpoOupkoil. OOBACHUTE, KaK CMELIAeTCsl paBHOBECHE IHUCCOLMALNU
KHUCJIOTHI NpU 100aBJIEHNUHN K HEH alleTaTta HaTpus

HaGnrogaiite (B ombiTe 2) U3MEHEHHE OKPACKU MHIUKATOPA MO CPABHEHUIO C
KOHTPOJIbHOM mnpoOupkoil. Kak cmelnaercd paBHOBECHE B 3TOM pPacTBOpE NpH
no0aBiieHUU K HeMy xJjopuaa amMoHus? [louemy mpu »Tom okpacka dheHondranienHa
onenqneer?

[Touemy paBHOBECHE CMENIAETCS B CTOPOHY 0Opa3oBaHUs BOABI (OMBIT 2) MPHU
Y4acTUM B pEakUMM HEUTpaau3alud MOJEKYJI CJIadoro 3JEKTPOJIUTA, YKCYCHOM
KUCJIOTHI? CpaBHUTE KOHCTAHTBI JUCCOLIMALIMK BOJIBI M YKCYCHOM KHUCIIOTBHI.

B kakux ciywasx (ombeIT 3) OCaaKH PACTBOPHINCH TOJIBKO B IIEJIOYM WIH
TOJIBKO B KHCJIOTE, U KaKME€ OCaJKH PACTBOPWIMCH KaK B LIEJIOYM TaK B KUCIOTE?
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Hanummre ypaBHEHUs COOTBETCTBYHOIMX peakumi. [Ipu aToM cnexqyer yuects, 4To
IpU PacTBOPEHUU aM(OTEPHBIX TUAPOKCUIOB B BOAHBIX PACTBOpAX MIEIOYEH
00pa3yroTcs TUPOKCOKOMILICKCHI.

Hanpumep, mpu pacTBOpEeHMHM THUIPOKCHIA LMHKA B M30BITKE pacTBOpa
T'MJIPOKCH/Ia HAaTpusl o0pa3yeTcs TeTparuApOKCOLMHKAT HATPUSL:

Zn(OH)2 + 2NaOH — NaZ[Zn(OH)4]

YKkaxnuTe KHCIOTHBIMH, OCHOBHBIMH WJIH aM(OTEpHBIMH CBOWCTBAMHU
00JagaroT TUIPOKCUIBI MATHUS, ATIOMUHUS, KpeMHHUsI, HUKeNs U nuHKa? CocTaBbTe
ypaBHEHUs] AKMCCOLMAlMU (CyMMapHbI€), MOJYUYEHHBIX THUIAPOKCHIOB, 0€3 yuera
POLIECCOB TUIpaTaIlUU.

Memoouueckue ykazanus no blnoHeHuIo pabomsoi

OmnbIiT Ne 1. CMemieHne paBHOBeCHS TMCCONUALNUNN CJIA0BIX 3JIEKTPOJIUTOB.

a) Bausanue conu cnaboit Kucaiomosl HA OUCCOUUAUUIO IMOU KUCTIOMDBL.

B naBe mnpoOupku BHecHTE NO S5 Kamelb pacTBOpa YKCYCHOM KHCIOTHI
CH;COOH u mnmo onxHOW Kamie WHAMKATOpa METWJIOBOrO OpaHkeBoro. OnHy
MpOOUPKY C YKCYCHOM KHCIOTOM OCTaBbTE B KayeCTBE KOHTPOJSA, a B JPYIyIO
BHecute 3 karu anerata Hatpus CH3COONa.

0) Bauanue conu cnad020 0CHOBAHUA HA OUCCOUUAUUIO INO20 OCHOBAHUA.

B nBe mpoOupku BHecute mo 5 kanenb pactBopa ammuaka NHz-H,O m mo
onHOU Karu genondranenHa (MHAuKatop). OnHy TpoOUPKY C paCTBOPOM aMMHUaKa
OCTaBbTE B KaUE€CTBE KOHTPOJIS, & B IPYTYIO BHECUTE 2—3 KaIUlM XJIOpUAAa aMMOHUS

NH,CI.

Oneir Ne 2. HamnpaBieHue o0O0MEHHBIX IIPOLECCOB B  PacTBoOpax
3JIEKTPOJINTOB.

a) Oopazosanue manopacmeopuUMvlX 6euiecmea.

B Tpu npoOupku BHECUTE MO 5 Kamenb CIEAYIOIIUX PAaCTBOPOB: B TEPBYIO
xsopun xenesa (III) (FeCls) u enkuit narpuit NaOH, Bo BTOpyI0 — CHIIMKAT HaTpUs
Na,SiO; u consayto xuciory (HCI), B Tpetbto — cepuyro kucioty H,SO4 u ximopun
o6apusi BaCl,. HaOGmionmaiite BbIMajeHUE OCAIKOB COOTBETCTBEHHO THIPOKCHIA
xenesa (I11) Fe(OH)s, metakpemuneBoit kuciaotsl H,SiO3 u cynbdara 6apus BaSO,.

0) Peakyuu neiimpanuzayuu.

B nBe mpoOupku c¢ 7 kammsimu pactBopa menoun NaOH um 1 kamueit
UHAUKaTopa GpeHondraaenHa 100aBbTe B IEPBYIO — 7 Karelb coistHoi kuciotbl HCI,
BO BTOpYI0 — 7 Kamnenb ykcycHol kucinotel CH3COOH no nmosmHoro o6eciiBeynBanus
pactBopa. B kakoit mpobupke obeciiBeunBaHUE HACTYIAaeT ObicTpee?

6) Obpa3zoeanue 1emyuux npoOyKmoe peaxuuiu.
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B mnepByio mpoOupky c pactBopom coiasl Na,CO; (6 kamenb) no0aBbTe
5 kamnenb cepHoit kucnotel. Habmronaiite Boinenenue yraekucioro raza CO,.

Bo BTOpyto nmpodupky ¢ cymbdumom ammonns (NH,),S (6 kanenp) modaBbTe
5 xamespb COJSTHOM KUCIIOTHI. 3/1eCh OIIyIIaeTcs 3amnax cepoBogopoaa H,S.

OmnbiT Ne 3. XapakTep AuccoUMaNMU THAPOKCH/IOB.

[ToctaBbTe B nBa psga 10 mpobupok. 3arem B ABe npodbupku Ne 1 BHecuTe 1o
2 xamum 0,5 H pactBopa xmopuma maraus MgCl,, Ne 2 — HuTpaTta aqtOMUHUS
AI(NO3);, Ne3 — cunmkara Hatpus Na,SiOz, Ne 4 — cynedara mukens (II) NiSOy,
Neo 5 — cynbdara nunka ZnSO,.

B nBe npobupku Ne 1, 2, 4, 5 o karmisMm 100aBisiidTe 2 H paCTBOP THAPOKCHAA
Hatpus NaOH 10 BbINajieHus] 0CaJKOB T'MPOKCHUIOB MArHusi, alllOMUHUS, HUKEIS U
uuHka. B nBe npoOupku Ne 3 nobGapnisiiite 2 H pacTBOpP XJIOPOBOJOPOTHON KHUCIOTHI
HClno BemageHust ocagka THApOKcUaa KpemHus (kKpemHueBas kucinota HpSiOs).
Hanumwure ypaBHEHUs, MPOTEKAOMUX peaknii. OTMEThTE LBET BHINABIINX OCAKOB.

Onpenenute XMMUYECKUN XapakTep TUAPOKCUAOB. JlJIsi 4ero B JEBBIA pAN
poOUPOK ¢ ocaakaMu Ao0aBbTe MO 4 Karui pacTBopa rugapokcuaa Hatpust NaOH, a
B [IPaBbIil psJl — MO 4 KaIuIu pacTBOpa XJopoBoAopoaHoH kuciaotsel HCI.

CnpaBouHblii (TeOpeTHYeCKHA) MaTepHaJl, HeOOXOAMMbIH /151 MOHUMAHUS
3aaHNsl U BBINOJHEHUS PadoThI

[Io crnocoOGHOCTH TPOBOAUTH AJNEKTPUUYECKHI TOK B BOJAHOM PACTBOPE WU
pacIijiaBe BEIIEeCTBA JETSATCS Ha SJIEKTPOJIUTHI U HEDJIEKTPOJUTHI. DJIEKTPOIUTAMU
Ha3bIBAIOT BEIIECTBA, PACTBOPHI WIJIM PACILIaBbl KOTOPHIX MPOBOJSAT IJIEKTPUUECKUI
TOK.

[Ipouecc pacnaga MOJEKYJ 3JIEKTPOJUTOB HA MOHBI B PACTBOPE WIIM PACIIIIABE
Ha3bIBACTCS 2IEKMPOIUMUYECKOU OUCCoyuayuell.

HNoHbI — 3TO aTOMbI WM TPYIINbl ATOMOB, HECYIIUE MOJOKUTEIbHBIN WU
OTPULIATENBHBIN 3apsI.

Hucconmarusi mpoiecc OoOpaTUMbIA W PaBHOBECHBIM. ITO 3HAYUT, YTO
OJHOBPEMEHHO UAYT JIBa MPOTUBOIOJIOXKHBIX MPOIECCa: pacna MOJIEKYJ HA HOHBI —
aucconuanys M oObeJUHEHHWE HOHOB B MOJICKYJBI — accomuarus. B pacTBope
CUJIBHBIX DJICKTPOJIUTOB TpeobiiaaeT Mpolecc AUCCOLMAIMU U PaBHOBECUE CHIILHO
CMEIIIEHO BIIPaBO, a B pacTBOPE CIAOBIX JIEKTPOJIUTOB PABHOBECHE CMEIIICHO BJIEBO,
TaK Kak npeobiaaeT MpoIecc aCCOIMAIINN:

HNO; —H" + NO; ; HNO, < H" + NO, .

B BoAHBIX pacTBOpax OJHH SJEKTPOJUTHI MOJHOCTHIO pAacHalarOTCs HAa HOHBI,
IpyTHEe — YaCTU4YHO, T. €. 4aCTh MOJIEKYJ 3JIEKTPOJINTAa OCTAETCA B PACTBOpPE B
HEJIMCCOLIMMPOBAHHOM BUJIE.

Uucno (o), mokasbIBaroIee, Kakas 4acTh MOJICKYJ PaCTBOPEHHOIO BEIIECTBA
pacranach Ha HOHbI, HA3bIBAETCA CTENEHbIO YJIEKTPOJNTHYECKON INCCOIUAIIUMN.
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a = (n/N) -100 [%],

rae N — YMCIIO MOJIEKYIN DJIEKTPOJIMTA, pacmaBiIuxcs Ha MoHbl; N — oOee
YHCIIO MOJIEKYJI DJIEKTPOJIUTA B pACTBOpE.

B 3aBUCHMOCTH OT 3HaYEHHSI CTETIEHHU AMCCOIMALUYU AJIEKTPOJIUTHI ACTSATCS Ha
CHJIbHBIC, CITA0bIC U DIIEKTPOJIUTHI CPETHEH CHITBI.

CubHBIE JEKTPOIUTHI — 3TO MEKTPOJIUTHI, CTENICHb TUCCOIMALNN KOTOPBIX B
0,1 M BomHOM pacTtBOpe OobIie 30 %.

Cnalple AIIEKTPOIUTHI — 3TO ANEKTPOJHUTHI, CTENEHb AUCCOLMAIMN KOTOPBIX B
0,1 M BomHOM pacTBOpE MeHblie 3 %.

OJNEeKTPOIUTHI, CTENEHb AUCCOIMAIIMM KOTOPBhIX JEeKUT B mpenenax 3—30 %,
SIBIISTIOTCSI 9JIEKTPOJIUTAMU CPEIHEN CHIIBL.

Jiss  XapakTEepUCTUKU  CIHA0BIX  DJIEKTPOJIMTOB NPUMEHSIOT — BEIHYHUHY,
Ha3bIBAEMYIO KOHCTAHTOM THCCOIUAIUH.

B pacTtBOpax cia0ObBIX DIIEKTPOJMTOB YCTAaHABIMBACTCS JUHAMHYECKOE
paBHOBECHE MEXTY HEMCCOIIMMPOBAHHBIMU MOJIEKYJIaMH U MOHAMH, HAIIPUMED:

CH;COOH « H" + CH;COO'.

[IpumMeHHB 3aKOH JEUCTBUS MacC JUIsl 3TOT0 XHMHUYECKOTO PaBHOBECHS,
MOJIYYHM:

K,=[H"] - [ CH;COO ]/ [CH3COOH].

Koncranty paHoBecuss (K,) B 3ToM ciy4ae Ha3pIBalOT KOHCTaHTOM
nucconuanu. KoHcTaHTa guCCOIMAlMKM XapaKTepU3yeT CIIOCOOHOCTh SJIEKTPOJIUTA
pacriazatbcsi Ha HMOHBL. YeM OoJibllle 3HAYEHHE KOHCTAHTHI JIMCCOLMAIIUH, TEM
CUJIbHEE DJICKTPOJIUT, TEM JIeTUe DJICKTPOJHUT pacliajiacTcsl Ha MOHBI, U TeM OOJIbIIE
HMOHOB B €r0 pacTBOpE.

3akoH pazbamieHus OcTBajbla OCYIICCTBISECT CBSA3b MEXKIY CTEICHBIO M
KOHCTAHTOU JUCCOIUAIINN:

K= a’Cy; / (1- o),

rae Cy — MojsipHasi KOHIIGHTpAIMsSl JIEKTPOJIUTa, MOJb/J, K, — KOHCTaHTa
JIMCCOIMAIIMN KHUCIIOTEI.

Ecnu creneHp naucconuanvy  3HAYUTEIBHO MEHBIIE €IWHUIBI, TO TMPH
MPUOIMKEHHBIX BBIYUCICHUSX MOXXHO MPUHATH, YTo 1 — o ~ 1. Torma BeIpaxeHue
3aKOHa pa30aBJICHUS yIPOIIACTCS:

K =a?Cy,otkynaa =+ K/Cy .

B pacTBOpax MHOIOOCHOBHBIX KHCJIOT, a TaKXe OCHOBaHHﬁ, COoACPIKAIIUX
HCCKOJIBKO THUAPOKCWIIBHBIX TPYIII, YCTAHABJIMBAKOTCA CTYIICHYATBIC PAaBHOBCCHS,
OTBEYAIOIIME ITOCIEAOBATEALHEIM CTaAUsIM JUCCOIMAIMKA. Tak, JUCCOIMAIIHS
opTodochOpHOI KUCTOTHI TPOTEKAET B TPU CTYTICHHU:

I ct. HsPO, > H' + H,PO K, =7,5-107;

Il c1. H,PO, «<» H' + HPO, K, = 6,3-10°;

[l ct. HPO,” & H' + PO, K, =1,3-10"
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Kaxnoih CTyneHM COOTBETCTBYET ONPENECIECHHOE 3HAYEHUE KOHCTAHTHI
mucconmanuu. [lockomeky Ki>> K;>> Kj;;, To B HaubombIIe CTENeHN MpOTEKAET
OUCCOLMAIIMS T0 TEPBOM CTYNEHH, a IpPU MEPEeXOAE€ K KaXKIOW MOCIEIYIOLIEH
CTYNEHU CTEMEHb IUCCOLMAIIMU PE3KO YMEHBIIACTCS. JTO OOBACHIETCA TEM, YTO
SHeprusi, KoTopas HeoOxoauma ais oTpbiBa MoHa H' miam OH  or HeifrpanbHOi
MOJICKYJIbl KHCJIOTBI WJM OCHOBaHWs, MuUHHMaibHa. Ilpm auccoumanumm 1o
CIEAYIOIIEN CTYIIEHHU YHEPTUS YBEIUYUBAETCS, TAK KaK OTPHIB MOHOB MMPOUCXOIUT OT
MPOTHUBOMOJIOKHO 3aPSIKEHHBIX YaCTHII.

Peakiiuu B pacTBOpax 3iEKTPOJIUTOB, TP KOTOPBIX HE MPOUCXOIAT U3MEHECHHUE
3aps/la MOHOB, HA3BIBAIOTCSI MOHOOOMEHHBIMU peakiusiMu. OOMEHHBbIE peaklud B
pacTBOpax JJEKTPOJUTOB TMPOTEKAOT B HAINPABICHUM CBS3BbIBAHHWS HOHOB,
NPUBOJSIIETO K 00pa30BaHUIO MaJOPACTBOPUMBIX HWIIM JIETYYHX BEIIECTB, MOJEKYII
cna0bIX AJeKTpoauToB. CyIIHOCTh MPOTEKAIONIUX IPOIIECCOB HaubOJee IMOJTHO
BBIPAXKAETCS NP 3alUCU UX B (hOpME HMOHHO-MOJICKYJISIPHBIX ypaBHeHHH. B Takux
YpPaBHEHUSX CHUJIbHBIC DJICKTPOJUTHI 3alUCHIBAIOTCS B BHJE HOHOB, a CcJiaOble
AIEKTPOJUTHI, MaJOpacTBOPUMBIC BEIIECTBA U COCAWMHEHUS B Ta3000pa3HOM
COCTOSIHUU 3aITCBIBAIOTCS B MOJIEKYJISIPHOM (hopMme.

Hanpuwmep,

1. BaCl, + H,SO,4 = BaSO, |+ 2HCI (MmonekymsipHOE ypaBHEHHUE).

Ba®* + 2CI" + 2H" + SO,* = BaSO, + 2H" + 2C|™ (mo;1HOE HOHHO-MOJIEKYISIPHOE YPAaBHEHHUE).
Ba’* + SO,* = BaSO, (cokpaleHHOe HOHHO-MOJIEKY/IIPHOE YPaBHEHHE).

2. HCI + NaOH = NaCl + H,0 (cnaOblii 31€KTpOJIHT),

H"+ ClI"+Na"+ OH =Na"+ Cl” + H,0,

H*+ OH = H,0.

Bomnpocsl k 3ammuTe padoTbl

1. IlpuBeautre naBa npUMeEpa peakuud ¢ O00pa3oBaHUEM MPAKTHUYECKU
HEpPAaCTBOPHMMBIX M MaJOpPaCTBOPUMBIX CcoJIed. Hamummre w#uX ypaBHEHUSA B
MOJIEKYJIIPHOM U MOHHO-MOJIEKYJISIPHOM BU/IE.

2. [lpuBeaure Mo ogHOMY NHpUMepa peakluuil ¢ oOpa3oBaHHEM MPAKTUYECKU
HEpPAaCTBOPHMMBIX M MaJOpPAaCTBOPHUMBIX KHCIOT WM OCHOBaHWM. Hammmmure wux
YPaBHEHUS B MOJIEKYJIIPHOM U HOHHO-MOJIEKYJISIPHOM BHJIE.

3. IlpuBenure naBa mnpuMepa peakuuid ¢ o0Opa3oBaHMEM Tra3000pa3HbIX
MaJIOPaCTBOPUMBIX B BOJE BewlecTB. Hammmmre ux ypaBHEHHUS B MOJIEKYJSIPHOM M
MOHHO-MOJIEKYJISIPHOM BHUJIE.

4. llpuBenute Tpu MpUMeEpa peaklnii ¢ 00pa30BaHUEM CIAOBIX JIEKTPOJIUTOB.
Hanummre ux ypaBHEHUS B MOJIEKYJIIPHOM U HOHHO-MOJIEKYJIIPHOM BHJIE.

5. IlpuBenure 1o OAHOMY IIPUMEPY PEAKLMMN IEpeBOJA KUCIOW U OCHOBHOWU
COJIM B HOpMaJIbHbIE (CpenHue) conau. Hanummre ux ypaBHEHHs B MOJIEKYJISIPHOM U
MOHHO-MOJIEKYJISIPHOM BHUJIE.
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6. Hanummure B MOJIEKYJISIPHOM W HOHHO-MOJIEKYJIIPHOM BHJIE€ YpaBHEHHS
peakmmii aM(OTEepHOTr0 THUAPOKCHIIA XpOMa C CEPHOW KHUCIOTOH M C PacTBOPOM
TUAPOKCUJIA KA.

7. OObsicHUTE U TOJATBEPAUTE pacCUYeTOM, I[OYeMy CyIbQua IUHKA
B3aMMOJIEUCTBYET C COJISTHOW KHUCIOTOW (HAMMIIUTE YPABHEHHSI B MOJICKYJSIPHOM U
MOHHO-MOJIEKYJIIPHOM BHJIE), a CyIb(U] KaAMUsI HE B3aUMOICHCTBYET.

YueoOnas aureparypa: [1, c. 232-245]; [2, c. 437-440]; [3, c. 212].

JlaGopaTopHasi padora Ne 6, yacthb 2
CpaBHHTe/IbHASI OLIEHKA PACTBOPUMOCTH MAJIO- U TPYAHO PACTBOPUMBIX
JIEKTPOJIMTOB (NPou3BeeHHe PACTBOPUMOCTH)

Heabo padorsl (opMmupoBaHHE YMEHUH U HABBIKOB MCCIEIOBAHUSA C
MOMOILBIO CIPABOYHBIX 3HAYEHUH MPOU3BEACHHS PACTBOPHUMOCTH, OOBSCHEHUE
CBOMCTB HEKOTOPBIX MAJIOPACTBOPUMBIX U MPAKTUYECKH HEPACTBOPUMBIX BEILECTB.

3amanue mo padore.

Onpir  1: Onumumre HabmogaeMele  siBjieHUd. Hanummwre  BbIpakeHUS
IIPOU3BEICHUN PACTBOPUMOCTH XJIopuaa U XxpoMmaTa cepedpa. IIlpumenuB cnenctaue
U3 TMpaBWjia U TaOJWYHBIE 3HAYECHHSI MPOU3BENCHHSI PACTBOPUMOCTH, OOBICHHUTE
MOCJIEA0BATEIBLHOCTh 00pa30BaHMsl OCaJKOB XJIOpUAa U XpoMaTa cepedpa B JaHHOM
onbITe (mpobupka Ne 3). Ha Bce BOompockl OTBETHTE MUCHMEHHO.

Oneir  2: Hanummre ypaBHEHMsT peakUUMid  pacTBOPEHHUS  OCAJKOB,
COOTBETCTBYIOILIMX TaJOreHUIOB cepeOpa B BOJHOM pacTBOpE aMMHUaKa,
MPOTEKAIIUX ¢ 00pa30BaHMEM KOMILJIEKCHOTO HOHA!

[Ag(NH;).]" (AgCl + 2NH; - H,0 = [Ag(NHs),]" + CI” + 2H,0).
HanuiuTe BoIpakeHHs! TPOU3BEAEHUN pACTBOPUMOCTH XJIOpUIa, OpoMuaa U Hoauaa
cepeOpa (tabn. 6). Kak Biouser BelIWYMHA TIPOM3BEACHUS PACTBOPHUMOCTH Ha
PacTBOPUMOCTb CHJIBHBIX, HO TPYIHO PACTBOPUMBIX JIEKTPOJIUTOB?

Memoouueckue ykazanusi no 6blNOIHEHUI0 pabombl

Omnsit 1. /[po0HOE ocaxaeHue.

B nBe npoOupku BHecute no 1 karuie 0,5 H pacTBopa HuTpata cepedpa AgNOs.
B 1npobupky Ne 1 noGaBere 2 karum 0,5 H pacTBopa XJOpuja Kayus
(AgNO3 + KC1 — AgCl] + KNO3), Ne 2 — 2 xarum 0,5 H pacTBOpa Xpomara Kajus
(2AgNO; + K,CrO, — AgCrO,] + 2KNOj;). Hanwmmure HOHHBIC ypaBHEHUS
peakiuii, OTMEThTE I[BET OCAJKOB XJIOpHIa M Xpomata cepedpa. Kakoe BemecTBo
OyIeT BBIIAIATh B OCAIOK HEPBBIM M3 PacTBOpa, coxeprxkariero nous Cl1°, CrO,” u
Ag’ B paBHBIX KOHLIEHTpALHAX?

[IP(AgCl)=1,8-10"""; [IP(Ag,CrO,) =4- 107",
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[TpoBepbTe MpenAnonoXeHue OImbITOM, IS 4ero B mpoOupky Ne 3 BHecute
cHavasa 2 xarumm 0,5 H pactBopa xnopuaa kanus KC1, 3atem 2 xamu 0,5 H pactBopa
xpomara kamusi K,CrO,, moGaBpre 3 Kamum AUCTHWILIMPOBAHHOW BOABI. PacTBop
THIaTeNbHO nepemMemiaiite. OcTopokHo npubaBbTe K Hemy 1 kammo 0,5 H pacTBopa
Hutpara cepedpa AgNOj;, nepemeniaiite. Kakoe BemiecTBo mpu 3ToM 00paszyercs?
JloGaBbTe emi€é HECKOJIbKO Kamelb pacTBOpa HHUTpaTa cepedpa, TIHIATeIbHO
nepememaiite. HaGmromaercss mu oOpasoBanue xpomara cepebpa? OTMeThTe €ro
oOpa3oBaHue MU JaJIbHEHUIIIEM YBEIUYSHUN KOHIIEHTPAIMK KaTHOHOB cepeodpa.

OmnbIT 2. Yc10Bus pACTBOPEHUS 0CAJKOB.

B tpu npo6upku BHecute o 1 kamie 0,5 H pactBopa HuTpaTa cepedpa AgNO:s.
3aTeM B mepByl0 mpoOupky no6aBbre 1 kammo 0,5 H pacTBOpa XJOpUJa KaJlus
(AgNO; + KC1 — AgCl] + KNOy), Bo BTOpyIo — 1 xarmmo 0,5 H pacTBopa Opomua
kamua (AgNO; + KBr — AgBr| + KNOg), B Tpetsto — 1 kamumo 0,5 H pacTBopa
momuna kamusa (AgNO; + KI — Agl] + KNOj). Ot™meTbTe 1IBET 00pa30BaBIIMXCS
ocankoB. K ocagkam B Kaxayro NpoOUpKY AOOABISATE MO KaIisiM 2 H BOJHBIM
pactBop ammuaka NHj - H,O, TmaTtensHo nepeMemnBas MoJydeHHbIE pacTBOpPHL. B
Kakol TmpoOupke ocagok pactBopuics ObicTpee? (Ocalok, Kakoro BellecTBa
MPAKTUYECKHU HE pACTBOPUM?

CnpaBouHblil (TeOpeTHYECKHUIT) MAaTEepHaJ, HeOOXOAMMBI AJI51 TOHMMAHUS
3aaHNsl U BBINOJHEHUS PadoThI
['eTeporeHHoe paBHOBECHE: OCAJIOK <> HACBIIIEHHBIN PacTBOP — MOIYUHSICTCS
NPaBWIy NPOU3BEJEHUSI PACTBOPHUMOCTH — B HACBHIIIEHHOM PAacTBOPE CHUJIBHOTO
TPYAHOPACTBOPUMOTO 3JIEKTPOJIUTA MPOU3BEACHUE KOHUEHTpAUUd (aKTUBHOCTEN)
MOHOB, BO3BEJEHHBIX B CTENEHU CTEXHOMETPHUUECKHX KOI(PPUIIMEHTOB, €CTh
BEJIMYMHA MMOCTOSIHHAS TIPU JAHHOM TeMIepaType.
Ecnu ManopacTBOpUMBIN 3JIEKTPOJIUT paciiaiaeTcsi Ha MOHBI [0 YPABHEHHUIO:

Cag(PO,), = 3Ca** + 2P0,
TO BBIPAKCHHUC JIA ITPOU3BCACHUS PACTBOPHUMOCTHU 6y,ueT HUMCTb BU.
IIP(Caz(PO,),) = a*(Ca®™) - a*(PO,’") = fa(Ca”")0 - [Ca®']* - fa(PO,") - [PO, T%.

B pa36aBJIeHHBIX pacTBOpax, KaKMMHM ABJIAIOTCA HACBIIICHHBIC pPaCTBOPLI
TPYJIHO paCTBOPUMBIX AJIEKTPOJIUTOB, npu fa =1, a = C, Torna:

[IP(Cas(PO.),) = [Ca®*]? - [PO,S T~

OTCIOI[a BBITCKAKOT JABA CJICACTBUA.

1. VYcinoBue pacTBOpeHUs OCajJiKa: MPOU3BEIACHUE KOHIEHTpPALUd HOHOB
BO3BCACHHLBIX B CTCICHb CTCXHOMCTPHUUCCKUX KOB(I)(i)I/IL[I/IeHTOB, JOJIXKHO 6LITB
MCHBIIC BEJIMYMUHEBI IIPOU3BCACHUS paCTBOpI/IMOCTI/I:

TP(Ca3(POy),) > [Ca’']° - [POL* 1%
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2. VYcnoBue oOpa3oBaHMs OCajaKa: MPOU3BEIACHHE KOHIEHTpAIMid HOHOB
BO3BEJICHHBIX B CTENEHb CTEXHMOMETPUYECKUX KOI((ULIHUEHTOB, HOKHO OBITH
00JIbIIe BEJTMUMHBI IPOU3BEACHUS PACTBOPUMOCTH:

[IP(Cas(POy),) < [Ca*]* - [POL T

Bonpocsl k 3amure padoTbl

1. Hamummre cXxeMy TeTepOreHHOT0 XHMHUYECKOTO PaBHOBECHS MEXKITY
ocankoMm MajopactBopumont comu Ag,CrO, m e€ monamu B pacTBope. Hamummre
BBIDQKCHHE KOHCTAHTBHl pPAaBHOBECHS JTOrO  TMpomecca W MPOW3BEICHUS
PacTBOPUMOCTH ITOM COJIH.

2. Bprumcnure MoJsipHyro KoHueHtpauuio xyopuna csuHiua (II) PbCl, B
HACBIIICHHOM pacTBOpE, €CIM TMPOU3BEICHHUE PACTBOPUMOCTH OSTOM COJIH TIO

5

CIIPAaBOYHBIM JAaHHBIM paBHO 2,010 .
3. Bpiuucnure o0beM BOJIbI, B KOTOPOM MOXKET PAaCTBOPUTHCS OAMH I'paMM
8

cynbdara ceunna (I1), mpoussenenre pacTBOpUMOCTH KOToporo pasuo 2,0-10 .
4. OnpenenuTe HaNpaBICHUE PEaKIUii epeocaxaeHus (IBOMHOTO OOMEHa):
1) PbCrO4 + K,SO,4 = PbSO, + K,CrO,
2) 2Agl + Na,S = Ag,S + 2Nal

-4
5. Onpenenute, Beinanet Ju ocagok AgNO, (ITP = 6,0-10 ) npu cMmemuBaHuu
OJIMHAKOBBIX 00beMOB caHTUMOJIIPHBIX 0,01M pactBopoB HuUTpata cepedpa AgNO;

n Hutputa kanust KNO,. [IpuBenure cooTBETCTBYIOIME BBIYUCIICHHUS.
-10
6. Pacnionoxure BemectBa cynbdart 6apus BaSO, (ITP = 1-10 ), runpoxcun

-15 12
xpoma Cr(OH); (IIP = 4-10 ) u runpokcun maraus Mg(OH), (ITP = 8-10 ) B psa
10 YBEJIMYEHUIO UX PACTBOPUMOCTH B BOJIE.

Ta6muma 6. [Ipon3BeneHns] paCTBOPUMOCTH, KOHCTAHTHI JTUCCOIMAIIMA M KOHCTAHTHI
HECTOMKOCTH BEIIECTB.

BemiectBo [1P K HECT.
AgClI 8,1.107"° —
AgBr 6,0-10 " —
Agl 1,1-107"° —
Ag,S 1-10™" -
Ag,Cro, 1,1-10" —
PhCl, 2-107° —
PbBr, 8:10° —
Pbl, 8:10”° —
PbS 1-107% —
PbSO, 2-10°° -
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BemectBo I1P K]1 KHECT
PbCrO, 8110 — —
BaSO, 1,1-107"° _ ~
BaC,0, 7.1-107 — —
BaCroO, 21-1071 — —
NH; - H,O — 8,1-10"° —
H,O — 8,1-10'° —
+ =
[AG(NH3);] - - 7-10

Yueonas aureparypa: [3, ¢.79-83]; [6, c. 72-75].

JlaboparopHas padora Ne 7
NnenTtudukanus pacTBOPOB BelleCTB M0 UX KUCITOTHOCTH
(onpenesienne pH)

Heas padoTel: popMupoBaHKE YMEHUN U HABBIKOB MIPU pabOTE C METOIaMU
onpeaeneHus: BOAOPoaHOro nokasarens (pH) BOgHBIX pacTBOPOB pa3HOIl NPUPOIbI

3aganue nmo paodore.

OmnpwiT 1: ompenenuTe HBET KUCIOTHOM W IMIEIOYHOM (hopmbl HamboJee 4acTo
MIPUMEHSIEMBIX  KHUCIOTHO-OCHOBHBIX HMHAMKATOPOB: METHIIOBOTO OPAaHKEBOTO,
METHJIOBOTO KpacHoro, Jjiakmyca u (enondranenna. [Ipoenure HabOmroAeHUs B
CUJILHOKHUCJIOW U CUJIBHOUIEJIOYHOU cpejne, 4ToObl B mepBoM ciydae pH Obun
3aBEJOMO HHUXKE, a BO BTOPOM — 3aBEJOMO BHIIIE 00JIACTU TEpexoja YKa3aHHBIX
uHauKaTopoB. Kakune MHAMKATOpHI MMEIOT 00JacTh TMepexoja B Kuciou cpene? B
menouHor cpene? Beruucnure BomopoaHsii mokaszatens pH B 0,002 H pacTBOpe
xjopoBogopoaHoit kuciaotel HCl u B 0,01 H pactBope ruapokcuaa Hatpus NaOH.
OmnbIT 2: caenaiite BbIBOA 0 pH ncciienyemMoro pactBopa U yKaKUTe PEaKLUI0 CPEIbI.
[TpoBepbTe MPaBUIIBHOCTH CBOETO BHIBOJAA Y MPEMOAABATEIS.

Memoouueckue ykazanusi no 8blNOIHEHUI0 pabomol

OnbiT 1. Ilpudanxennoe omnpeneneHue pH B BOAHBIX pacTBOpax MpH
NMOMOIIY KHCJIOTHO-OCHOBHBIX MHAUKATOPOB.

a) Ileem HexomopvlX KUcCAOMHO-OCHOBHBIX UHOUKAMOPOE 6 PAa3IUYHBIX
cpeoax.

B uetkipe npornymMepoBaHHbIe poOupku BHecute 1o 4 karum 0,1 H pacTBOpa
XJIOPOBOJOPOAHOU (COJITHOM) KUCIOTHI, @ B APYrHe€ UYEThIpe MPOOUPKH C TEMH K€
Homepamu 1o 4 karumm 0,1 H pactBopa ruapokcuaa Hatpus. [IpoOupku B mtaTuse
MOCTaBbTE B JIBa psAlla TaKUM 00pa3oM, 4TOOBl B JIEBOM Py CTOSJIU TOJIBKO
MPOOUPKU C KUCJIOTOM, a B MPaBOM — MPoOUpKU co 1enoubto. [locie storo B 06e
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npobupku Ne 1 nmobGaBbre mo | Kare HHIMKATOpa METHUIIOBOTO OPaH)KEBOTO, B
npobupku Ne 2 — METHIIOBOTO KpacHOro, B mpooupku Ne 3 — makmyca, B IpOOUPKH
Ne 4 — penondranenna.

HaOnrogenuss mo 1UBETY KHUCIOTHOM W IIENOYHOW (OPM HUHAUKATOPOB
3allUIIATE 0 TMpuUjaraeMod HiKe Tabnmume 7, rae yxke ykazaH uHtepBad pH B
o0JacTu mepexo/ia Kaxa0ro HHANKATOpa U LBET €ro B 3TOM 001acTu.

Tabnuna 7
pH [IBeT nuauKaTopa
Nunukarop obnactu Ne Kucnornoit | B oGnactu Ne [{eounoi
nepexona | mpo0. (bopmbI nepexona poo. bopmbl
MeTuoBslii 1 . 1
OpaHKEBBIi 31-44 HCI Opankesbiit NaOH
MeTuinoBsit 2 " 2
KpacHBIN 44-62 HCI OparkeBbiit NaOH
3 . 3
Jlakmyc 50-8,0 el ®duoneToBbIi NaOH
denondranenn 4 . 4
8,2—-10 el Po3zoBsiii NaOH

OmnbIT 2. OnpenesneHue BoAopoaHoro nokasaress (pH) B BogHoM pacTBope
COJIM C IOMOIIbI0 YHHBEPCAJIBbHOT0 HHAUKATOPA.

Jns  npubmmxkenHoro omnpenenenus pH  ynoOHO 1OnB30BaThCs — Tak
Ha3bIBAEMBIMU YHUBEPCAIBHBIMA WHIUKATOPAMH, MPEACTABISIONIUMU CO00I cMecH
HECKOJIbKUX WHIUKATOPOB, HU3MEHSIONIMMU CBOM I[BET B BOJHBIX pacTBOpax
pa3IMYHBIX BEIIECTB B IMpokoMm pauanaszoHe pH. bymara, mnponuranHas
YHUBEPCAIbHBIM HWHAUKATOPOM, M BBICYIICHHAsl, HAa3bIBAETCS YHUBEPCAIBHOU
uHaukaTopHo Oymaroil. K mauke Takoil Oymaru mpuiaraercsi I[BeTHas IIKaja,
MOKa3bIBAIOIIasi, KAKOW 1BET NMPUHUMAET UHAMKATOpHAst Oymara (3Hauenue pH) npu
HaHECEHUU Ha He€ | Kamm MCClIeayeMoro pacTBopa. Y HUBEPCAIbHbIE MHIUKATOPHI
MIPUMEHSIIOT U B BHUJIE PAacTBOPOB. B 3TOM ciiyyae TOTOBUTCS ce€pus 3TAIIOHOB B
FEPMETUYECKH 3aKpBITBIX COCYyJax C YKa3aHMEM Ha KaxJaoM u3 Hux pH,
COOTBETCTBYIOIIETO LIBETY 3TaJIOHA — PACTBOPA.

[TonyuuTe y npenoaaBaTesi pacTBOp, BOAOPOIHBIN nokazareinsb (pH) koToporo
Tpebyercsa ompeaenuTh. [Ipu momomm nmuneTkn HaHecuTe | Kammo HCCIIeTyeMOro
pacTBOpa Ha TMOJOCKY YHUBEpPCATbHOM MHAMKATOPHOW Oymaru. CpaBHHTE OKpPACKY
MsATHA, 00pa3oBaBIIETrOCs Ha Oymare, C I[BETOM IIKaJibl, U BHIOpaTh OTTECHOK,
HanOosiee ONMM3KWN K I[BETY MOJYyYEHHOro msTHA. Ha mikane, mpuBOASTCS IIBETA,
COOTBETCTBYIOIIUE IEJbIM 3HaueHusM pH, mosTomy B ciiydae HEOOXOAMMOCTH

MO>KHO I10 TPOMEKYTOUYHOM OKPACKE IMSATHA OPUEHTUPOBOYHO OLIEHUTH JAECATHIE JOJIN
pH.
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CnpaBouHblii (TeOpeTHYeCKHU) MAaTEPHAJI, HEOOXOAMMbIH /1151 MOHUMAHUS
3aJ]aHNS U BbINIOJIHEHUS PadOThI.
BoapmMHCTBO peakiuii, MPUMEHSIEMBIX B aHalM3e, MPOTEKalOT B BOJHBIX
pactBopax. Bojma oTHOCUTCS K ClIaObIM 3JEKTPOIUTAM M, XOTS B HE3HAYUTEIHLHOMN
CTEINEHU, HO MOIBEPraeTCs NOHUBAIINHU:

H,O < H" + OH"

[Ipomecc  moHM3aMM  BOABI  XapaKTepU3yeTCs  KOHCTAHTOM  WOHHU3AIUU
(AuccoumaIym):

[H"]-[OH ] / [H,0] = K(H,0) (1)
[IpeobpazyeM 3TO ypaBHEHHUE:
[H] - [OH] = K(H,0) - [H,0] (2)

B npusenennom ypaBHenuu [H,O] (mpu MOCTOSIHHON TemIeparype) MOKHO
CUMTATh MPAKTUUYECKU MOCTOsIHHOM. CienoBaTenbHO, MpaBas yacTh ypaBHEHUS (2), a
3HauuT, U npomsseneHue [H'] - [OH ] — Benmumna mocTosiHHas. EE HasbIBaroT
HMOHHBIM MTPOU3BEACHUEM BOJIbI U 0003HavatoT Kw:

Kw: = [H"] - [OH ] 3)

[Ipu temmeparype 25 °C B umcroit Bome [H'] = [OH] = 10"moms/x,
cienosarensro Kw = 107-107 = 10™. Tpu noesimenun Temmnepatypsl Kw 651cTpo
yBenuuuBaeTcsi. CMbIcn ypaBHeHUs1 (3) 3akirodaercss B CIEAyroIieM: Kak Obl, He
M3MeHsIach, KoHueHTpaius noHos H™ u OH, ux npoussenenue [H'] - [OH ] B
JIF0GOM BOIHOM PacTBOPE COXPAHSET OCTOSHHOE 3HaueHue pasHoe 107 mpu 25 °C.

BMmecto koHUEHTpanuu [H+] yao0HEee TOJIb30BAThCS  OTPHUIIATEIbHBIM
JECATUYHBIM JIOTApU(PMOM U3 3TON BEIMUUHBI — BOJAOPOAHBIM Moka3aresem (pH).

pH = —(g[H'] 4
Kpome Bonmopoanoro noxasarenst (pH) mpu pacderax mIMpOKO MCHOIB3YIOT U
TUAPOKCUIIBbHBIN  mokazarens (pOH) wu  mposorapuMHUpOBaHHBIM MOKa3aTeb
MOHHOT'O MPOU3BENECHUSI BOJIBIL:
pOH =—(g[OH ],
pKw = —{gKw,
pKw =pH + pOH.
B xucnbix pactBopax pH < 7, B menounsix pactsopax pH > 7, B HEUTpaIbHbBIX
pactBopax pH = 7.
NHnukaTopaMy HAa3bIBAIOTCS OPTAHUYECKHE COENMHEHUS, PE3KO MEHSIOIIME
LIBET B 3aBUCHMOCTH OT KOHILIEHTpalluK KaTHOHOB Bogopoaa (pH) pacteopa.
Pa3znnuaroT KUCIOTHO-OCHOBHBIE MHAMKATOPHI IBYXI[BETHBIE U OJTHOI[BETHBIE.
JIByX1IBETHBIMHM MHJIMKATOPAMU SIBJISIIOTCS JIAKMYC, Y KOTOPOTO B KUCIIOH cpefie
KpPacHBIM 1BET, a B IIECJIOYHOWM — CHMHUW U METHJIOBBIA OPAHKEBBINM, KPACHBIM IIBET
KOTOPOTO TMOKa3bIBa€T, 4YTO CpeAa KHCHIass, a JKEJITbId LBET — MIEJOYHAs.
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OnHOUBETHBIM HHIUKATOPOM siBiseTca (eHosdranenH, OSCIBETHBIH B KHUCIOW W
HEUTPAIILHOM CpEeNe U OKPALIMBAOLIUICA B IIEJIOYHON CPEle B MAJTMHOBBIM 1IBET.

Kucn0THO-OCHOBHBIE HMHIUKATOPbl MOXKHO paccMaTpuBaTh Kak ciadble
KHMCJIOTBl WJIM OCHOBAHWs, PA3JINUME OKPACOK KOTOPBIX 3aBHCUT OT MOJIEKYJISIPHOTO
WM HIOHHOTO COCTOSIHHSI.

PaccmoTpum npuHIMN IEWCTBUS MHAMKATOPA HA MpUMepe MeThiopanxka. Kak
cnabyr KHCIOTY €ro MOXHO mpenctaBuTh B Bujae HInd, muccommanusi koTopoit
IpoTeKaeT 1o cxeme: Hind <> H* +Jnd~

Heouccoyuuposannvie monexynor HINd oxpawenvt 6 kpacuwiti yeem, a uomwl
Ind” 6 owcenmoiii ysem. Eciu koHyenmpayuro 8000POOHBIX UOHOS8 YEeIUUUMb, MO
pasHogecue cogucaemcs 61€60, OKpAcKka CmarHosumcs kpacrou. Ecau konyenmpayus
8000POOHBIX UOHO8 YMEHbUAEMCs, MO Y8eIudUueaemcs KOHYeHmpayusi UOHHOU
Qopmbl unoukamopa, m.e. pagHogecue cmewjaemcs 8 CIMmopoHy 00pa3z08aHusi UOHO8
Ind", oxpawennvix 6 scenmoiii ysem.

HNHuTtepBan mexnay AByms 3HaueHUsAMHU pH, B mpenenax KOTOPOro CymeCTBYIOT
MOJIEKYJISIpHasi W MOHHas (opMa MHAMKATOpa Ha3bIBA€TCS HMHTEPBAJIOM IEPEX0]a
nHaukaTopa. llonb3ysachk ompenereHHbIMM WHIAMKATOPAaMH, MOXKHO ompenennTts pH
pacTBOpa — PEAKLHUIO CPEbl — KHUCTasi, ClIa00KUCas, MIeJI0YHas, C1a0oIIeouHas uiu
HEUTpasbpHasl.

Bomnpocsl k 3ammuTe padoThl

1. lats onpenenenne pH.

2. Kakwue 3Hauenust pH B pa3nuuHbIX cpeax.

3. Obnactp mepexoja, Kakoro M3 HMCCIEAOBAHHBIX MHIUKATOPOB HAXOIUTCS
OJIMKe BCEro K HeMTpanbHOM cpene?

YueoHasi aureparypa: [3, c. 91-94]; [6, c¢. 79-83].

TEMA: «OKUCJIMTEJIBHO-BOCCTAHOBUTEJIBHBIE PEAKIITUN»

JlabopaTtopHnasi pa6ora Ne 8
N3yuenne 3aK0HOMEPHOCTEH MPOTEKAHUS
OKHUCJIUTEIHbHO-BOCCTAHOBHUTEIBHBIX PeaKIUii

Hear paborbl: GdopMUpOBaHHE YMEHHUW W HABBIKOB TPU HU3YYCHUHU
OKHUCJIUTEIbHO-BOCCTAHOBUTEIHHBIX CBOWCTB COCAMHEHHWH, OCBOCHHE METOIUKHU
COCTaBJICHHS YPaBHCHUH OKHCIIMTEILHO-BOCCTAHOBUTEIILHBIX MTPOIIECCOB.

3aganne Mo BBINMOJHEHHIO PadoThl: B ombiTe 1 HanmummTe ypaBHCHUS
peakiuii BOCCTAHOBIICHUSI TIEPMAaHTaHATa Kaiusl, CYIb(OUTOM HATpPUsS B KHUCIIOM,
HEeUTpambHOM ™ IenoyHor cpemax. Koaddumuentsl moadepure MeETOI0M
AIEKTPOHHO-UOHHOTO Oananca. [Ipu 3ToM HEO0OXOIMMO y4YecThb, YTO COCIMHCHHS
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MapraHila B Pa3JIMYHBIX CTEMNEHSX €ro OKUCICHUS MMEIOT XapaKTePHbIE OKPACKHU:
Mn* — cma6o-po30BYI0 OKpPAacKy, a IpH Maloil KOHIEHTPALHH IPAKTHYCCKH
oecruereH, MnO, (AuOKCHA MapraHila) ¥ TUAPOKCHU MapraHIa SBISIOTCS TPYIHO
PAacTBOPHMBIMH BeIeCTBAMH Oyporo mBera, MnO,” (MaHraHAT-HOH) — 3CJICHYIO
OKpAacKy.

Jlo kakoil CTENMeHW OKHUCJIEHUS BOCCTAaHABIIMBAETCA IEpMaHTaHAT Kalus B
pactBopax, umeroumx pH < 7, pH = 7, pH > 7?7 Bpruuciure MOJApHYIO Maccy
skBuBajieHTa KMnOy4 B KakJIOM U3 3THUX ClIy4aes, 3Has, yTo M5 = M (KMnOy) / né
(4uCIo PIEKTPOHOB MPUHATHIX | MOJIb OKUCTUTENS).

B omnbiTe 2—7 HanummuTe ypaBHEHUs MPOBEIEHHBIX peakiuil. KoadduureHTo
nogoOpaTtb METOAOM MOHHO-3JICKTPOHHOTO OanmaHca (METON TMOTypeaKIluii),
OTPEICIIUTE OKUCIUTENh U BOCCTAHOBUTEb.

Memoouueckue ykazanus no 6binoOJHeHUI0 pabomol

OmnbiT 1. Biansinue cpeabl HA XapaKTep BOCCTAHOBJICHHUSI NEPMAHTaHATA
KaJus.

B T1pu npoOupku BHecuTe 1o 4 Kaljld pacTBopa IEpMaHTraHaTa Kajaus
(KMnQy,). B 1-10 mpobupky nob6aBbre 2 Karuiy 2 H pacTBopa cepHoi KHucaoThl H,SOy,
BO 2-10 MPOOUPKY — 2 KaIuIu AUCTHILTUPOBAHHOM BOJIBI, B 3-10 2 KaIlid 2 H pacTBOpa
menoun NaOH. B kaxayio npoOHpKy BHECHTE MO HECKOJBKO KPHUCTAIMKOB
cynbdura Hatpus Na,SO3; Ha KOHUYMKE MHUKpOIINATENs W TIIATEIbHO MepeMenianTe
PacTBOPBI 10 IOJHOTO PacTBOpeHHUsI cojid. OTMEThTE U3MEHEHHE OKPACKU pacTBOPOB
BO BcexX MpoOupkax. B mpobupkax npoTeKkaroT CIeAyone Peakiiu:

1. KMnO, + Na,SO;+H,S0, — MnSO,+ Na,SO,+ K,SO,+H,0;

2. KMnO, + Na,SO3+ H,O —-MnO, + Na,SO, +KOH;

3. KMnO, + Na,SO; + NaOH — K,MnO, + Na,MnO, + Na,SO,+H,0.

OnpiT 2. OKHCAUTEIbHBIE M BOCCTAHOBUTEJbHbIE CBOMCTBA aTOMOB
P-3JIEMEHTOB B IPOMEKYTOYHBIX CTeNEHsIX OKUCTEeHHS.

B 1-t0 mpoGupky c¢ pactBopom mmuxpomara kamust (K,Cr,07), Bo 2-p0 ¢
pactBopoM cyibhuna Hatpus (Na,S) BHecuTe mo 1 karuie 2 H pacTBOpa CEpHOM
KHCIIOTBI M Ha KOHYMKE IIMATEeNs] HECKOJbKO KPHCTALIMKOB CYIb(UTa HATPUS
Na,SO;. Kak m3aMmenunach okpacka pactBopa B 1-it mpooupke? Ilouemy momyTtHen
pactBop BO 2-ii npobupke? OKUCIUTENEM UM BOCCTAHOBUTEIEM MOXKET SIBJIATHCS B
xumuueckux peaknusax K,Cr,0;? Na,S? OxucnuTenbHble WM BOCCTAaHOBUTEIIBHBIC
cBoiicTBa mposiBisieT Na,SO3?
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OnbiT 3. BHyTpuMoJieKky/sipHbIe OKHCJINTEIbHO-BOCCTAHOBHUTEIbHbIE
peakium.

B npenBaputensHO HAarpeTyIo Ha 3JIeKTpUUeckor rinTke GapPopoByro yalky
MMOMECTUTE TOPKOW HECKOJbKO MHKPOIIIATENeH KPUCTALINYSCKOTO JIUXpOMaTa
ammonns (NHy),Cr,0O;. Uepe3 HecKoIbKO CeKyHJ HaOJogaiiTe OypHOE pa3iioKeHHe
comu «BynkaHauk»: (NH,),Cr,0; — Cr,03 + N, + 4H,0.

3enieHble OKaThIM npenacTaBisitor coboit CryOs - okcua xpoma (I1I). Atomsl,
KaKOTO DJIEMEHTAa SIBIISTUCH OKUCIUTEsIMU? Bocctanoutensamu? Kak m3meHMmIach
CTEIEeHb UX OKUCIICHUS?

OnbiT 4. OKHCAUTEIBbHbIE U BOCCTAHOBUTEIbHbIE CBOICTBA COeIMHEHUH
ojioBa (II)

a) ezaumooeiicmeue xaopuoa onoea (Il) ¢ xnopuoom rxncenesa (I1l).

Buecure B mpobupky 3 karum pactBopa (FeClg) xmopuna xeneza(Ill) u 3
karmu pactBopa (Kz[Fe(CN)g]) rexcanmanodeppara (I11) xamus. OTMeTbTe OKpacKy
pactBopa U q00aBisiTe K HeMy 1o KamisaMm pactBop (SnCly) xnopuaa onosa (II) mgo
oOpa3zoBanusi ocaaka. OkpallvBaHHE€ pacTBOpa B HMHTEHCMBHO CHHHUHA IBET
06ycroBIeHO TosBIeHHEM KaTHoHOB Fe?', o6pasyrommx ¢ Kz[Fe(CN)g] cummit
ocaJiok (TypHOyJieBa CUHb).

Xnopua onosa (II) mpu s3Tom nepexonut B xjaopun oiosa (IV).

FeCl; + SnCl,— FeCl, + SnCl, (ypaBHsiiTe METOIOM DJIEKTPOHHOI'O OajlaHca);

KauecTBenHas peakuus Ha kKatuoHsl xkene3a (1I):

3FeCl, + 2K3[Fe(CN)g ]— Fes[Fe(CN)g], + 6KCI.

OKHCIINTENEM WA BOCCTAHOBHTEIIEM SIBISICTCSE HOH Sn°* B 370 peakuuun?

0) e3aumoodeiicmeue xaopuoa onoea (Il) c memannruueckum YUHKOM.

B npyryto npobupky BHECHTE KyCOUeK IMHKA M 5 Karejab pacTBopa XJIOpHuaa
onoa (II), wHaOmromaiiTe Ha TMOBEPXHOCTU IIMHKA OOpa3oBaHUE OJECTAIIUX
KpUCTAJUIMKOB 0JioBa. Hamummre ypaBHEHHE peaKIMU B3aUMOJCUCTBHS XJIOPHUIA
onoBa (II) ¢ muwmHKOM, KOA(hPUIMEHTH HEOOXOAUMO MOA00paTh METOAOM
JIEKTPOHHOTO Oananca. OKHCIHTEIEM HIIM BOCCTAHOBHUTENEM SBISCTCS HOH Sn°' B
ATOM peakiuu?

OmnbiT Ne 5. B3aumoneiicTBue NepoKCHAa BOAOPOAA C HOAWA0OM KaJHs.

K 2 kammam pactBopa momuaa kanusi KI, mogkuciaenHHomy 1 kamei 2H.
pactBopa cepHoit kuciaotbiH,SO,;, mnpubaBbTe 2 Kaljaud pacTBOpa IEpPOKCHUIIA
Bosopoaa H,O,. [Ins kakoro BeniecTBa xapakTepHa MosBUBIIAsACS OKpacka?

OneIT Ne 6. Oprannuyeckue BelllecTBa B OKHCJIUTEJILHO-
BOCCTAHOBHUTEJIbHBIX PeaKUMsX.

B mpobupky c pactBopom muxpomara kamus K,Cr,O; (6 xamens) BHecUTe
2 Kaiid KOHIICHTPUPOBaHHOM cepHoil kuciaoTeiH,SO4(motHOCTHIO 1,84 /MY u
5 xanenb stunoBoro cnupra C,HsOH. OTMmerpTe M3MEHEeHHME IIBeTa pacTBopa H
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MOSIBJICHUE  CIENU(PUIECKOTO  «SIOJIOYHOTO»  3amaxa, MPUCYIIETO YKCYCHOMY
anpaeruny (aneranpaerua) CH3CHO. Hanummre ypaBHeHHE peakluu, YYWUTHIBas,
yto xpoM (VI) nepemren B xpom (III).

OnbiT Ne 7. OxkucanTeIbHbIE 1 BOCCTAHOBUTEIbHbIC CBOMCTBA MPOCTHIX
BeleCTB.

Bnecute B aBe mpoOupku no 4 xarum HomHoi Boabl (I,+H,0). B mepryro
npoOupKy n00aBbTe HECKONbKO Kamenb xijopHod Boasl (Cly+H,0), Bo BTOpyMO
cepoBoaopoanoi Boasl (H,S + H,0). Hanumute ypaBHEHUS MPOTEKAIOIINX PEAKITHM,
YUYUTBIBAsA, YTO B IEPBOM cliydae oOpasyrorcs xjopoBojgoponnas HCl u iiogHoBaTas
HIO; xucnora; BO BTOpOM cilydyae NMOMYTHEHHE pPacTBOpPa BBI3BAHO BBIJICIICHHEM
KOJUTOMIHOM Cepbl, SBJSIONICHCS OHUM U3 MPOAYKTOB peakiuu. OKHCIUTEIEeM WIN
BOCCTAaHOBUTEJIEM SBIISIOTCS B 3TUX PEAKIUAX KO U XJIOp?

CnpaBouHblii (TeOpeTHYeCKHA) MaTepHaJl, HeOOXOAMMbIH 1151
NMOHUMAHMS M BbINOJHEHUS PadOTHI

XUMUYECKHE PpEaKIMu, KOTOphIE MPOTEKAIOT C U3MEHEHHUEM CTENeHel
OKHCIICHHSI aTOMOB B  MOJIEKYyJIaX pearupyrolux BeEIIEeCTB, Ha3bIBAIOTCA
OKHUCJIUTEIIbHO-BOCCTAHOBUTEIIBHBIMU.

JIns XxapakTepUCTUKH COCTOSIHHS DJIEMEHTOB B COCIMHEHUSIX BBEJICHO MTOHATHE
CTETICHW OKHUCJICHUA. YUHCIO 3JIEKTPOHOB, CMENIEHHBIX OT aroMa WM K aToMy
JTAHHOTO JIEMEHTa B COCIMHEHNHU, Ha3bIBAETCS CTEIIEHBIO OKUCIICHUS.

[Iporecc oTAaum >MEKTPOHOB Ha3bIBaeTCs okuciaeHueMm. Hanpumep:

Cu’—2&=Cu*.

[Ipu OKUCIIEHUH CTETIEHb OKUCICHUS AJIEMEHTA MOBBIIIACTCSI.

[Ipomiecc mpHUCOENUHEHUS DJIEKTPOHOB  HA3BIBAETCA  BOCCTAHOBJICHHUEM.
Hanpuwmep:

Hg**+ 28 = Hg".

[Ipu BOCCTAaHOBJIEHUM CTEIIEHb OKUCIICHHUSI DJIEMEHTA TTOHMKACTCHI.

BoccTaHOBUTENIAMH HA3bIBAIOTCS ATOMbI, MOJICKYJIbl WJIM HMOHBI, KOTOpHIC
OT/AIOT AJIEKTPOHBI B TIPOIIECCE OKUCIICHUS.

OKuCIUTENSIMA HA3bIBAIOTCA AaTOMbI, MOJICKYJIbI HWJW HOHBI, KOTOpPBIC
MIPUCOCINHSIOT JIEKTPOHBI B IIPOIECCE BOCCTAHOBJICHHUS.

ne
| v

Boccranosurens + Oxucnurens = [TpoxyKTHI peakuu
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[Io OKHCIUTENBHO-BOCCTAHOBUTEIBHBIM CBOMCTBAM BCE BEIECTBA JEIATCA HA
TPU TPYNIIbL:

1. BemiectBa, KOTOpblE MOTYT OBITH TOJBKO OKHCJIUTEIsIMH. B Monekynax
TaKUX BEUIECTB 3JIEMEHTBI, U3MEHSIOIINE CTEIIEHb OKUCIICHUS, HAXOAATCS B BbICLICH
CTEIIEHU OKUCIICHUS.

ATOMBI C BBICIIMMHU CTENEHAMH OKHCIIEHHSI HE MOTYT OTHAaBaTh 3JIEKTPOHBI, a
MOTYT TOJBKO MPUCOCTUHATH UX (Tabmwuma 8).

TaOmnuma 8. BaxuenIime oKUCINTEIN

DJIEMEHT Bricmiasg cteneHb OKUCIEHUS BeﬂleCTBa - OKHUCJIUTEIIN
N +5 HNO;
Mn +7 KMnO,4, HMnO,
Cr +6 K,Cr,0, CrO,
Pb +4 PbO,
F 0 F,

2. BemecTtBa, KOTOpblE MOTYT OBITh TOJBKO BOCCTAaHOBHUTEJsiMH. B
MOJIEKYJIaX TAKUX BELIECTB JJIEMEHTHI, U3MEHSIOIINE CTEIICHb OKUCIICHUS], HAXOIATCS
B HU3LIEH CTEIICHU OKUCIICHMUS.

ATOMBI C HU3IIMMHU CTENEHSMH OKHUCIECHHS HE MOTYT MPUCOEIUHSIThH
BJIEKTPOHBI, @ MOTYT TOJILKO OT/IaBaTh UX (Tabiuia 9).

Taomuma 9. Baxkueiime BOCCTAaHOBUTEIA

DeMeHT Husias crenens okuciacHus | BemecTBa- BOCCTaHOBUTEIN
N -3 NH;
S -2 H,S
Cl, Br, | -1 HCI, HBr, Hi
H -1 I'uapuasr metamtor (NaH)
Bce MeTaiuisl 0 Na, Fe, Al, Znur.x.

3. BemectBa, KOTOpble MOTYT OBITh KAK BOCCTAHOBHUTEJSIMH, TAK H
OKHCJIUTEJISIMU (B 3aBUCUMOCTH OT BTOPOT'O YYaCTHUKA peakilnu). MoJaeKybl TaKuX
BEIIIECTB COACPIKAT DJIIEMEHTHI B MPOMEKYTOUYHOI CTETICHU OKUCIICHHUS.

ATOMBI C TPOMEKYTOUHBIMHU CTETICHSIMH OKUCJICHHUS MOTYT U MPUCOCAUHSTD, U
OTJaBaTh AIEKTPOHbI (Tabmuiia 10).

Ta6nmuna 10. BemectBa, MpOSBISIONINE OKHUCIUTEIHHO-BOCCTAHOBUTEIIHHYIO

JIBOMCTBEHHOCTh
DJIEMEHT ITpomeXyTOUHBIE CTENEHU OKUCIICHUS BemectBa
N 0 N,
+3 NaNO,
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DeMeHT HpOMC)KYTO‘{HBIC CTCIICHU OKHCJICHUA BCIHCCTBa
s 0 S
+4 SOZ, KgSOg
Fe +2 FeSO,; FeCl,
Sn +2 SnCl,

Ha rpanuie pacTBop 3JEKTPOJIUTa — MHEPTHBIA AMEeKTpoa (TUIATUH, rpadur)
IPOUCXOJIUT OKHCIHUTEIIBHO-BOCCTAHOBUTEIIbHAS PEAKLMsI, B PE3yIbTaTE€ KOTOPOM
BO3HHMKAET CKayeK MOTEHIMANa .

AOCOJIIOTHOE 3HAYEHHUE () HE OMpEIENsieTCs, HO MU3MEPSETCs OTHOCHUTEIbHOE
3HAYEHUE K BOJOPOAHOMY BJIEKTPOAY CPABHEHUS, (0 3aBUCHUT OT IMPUPOIbI BEILIECTBA,
OT KOHUEHTPALUH JIEKTPOJUTA U OT TEMIIEPATYPHI.

Kaxnas OKHCIHUTENbHO-BOCCTAHOBUTEIbHASI PEAKLIUS COCTOMT W3 JBYX
MOJypeakui, T. €. U3 JBYX JJICKTPOXUMHUYECKUX CHUCTEM C HJIEKTPOABMKYIICH
CHUJIOMN:

0 9]1? = A(PO = (POOK-gﬂ - (POBOCC-M,

rae ¢ — CTaHJApPTHBIA SJIEKTPOJHBIM MMOTEHIHAI, 3HAYECHUS KOTOPOTO
MIPUBOJIATCS B CIPABOYHBIX TaOIUIIAX.

OKHUCIUTETPHO-BOCCTAHOBUTENIBHBIE ~ PEAKIMU  MPOTEKAIOT B  JIAHHOM
HalpaBJICHUU TPHU YCIOBUM MOJOXKUTEILHOTO 3HAYEHUS 3.1.C (DJICKTPOJBIKYILAS
CuJia CUCTEMBI).

BemiecTBo B pa3HbIX peaklMsIX MOXKET OTAABaTh WM MPHUCOCIUHATH Pa3HOE
YUCJIO 3JEKTPOHOB, MO3TOMY €r0 KBHBAJIEHTHAs Macca MOYET UMETh Pa3IM4HOE
3HA4YECHHUE.

B cooTBeTcTBUUM € 3TUM, SKBUBAJIEHTHAsI Macca OKUCIHUTENS (BOCCTAHOBUTENS)
paBHa €ro MOJISIPHOM Macce, JEJIEHHOM Ha YHCIO JJIEKTPOHOB, KOTOPBIE
MPUCOEAUHAECT OAWMH MOJIb OKHUCIMTENSI WM BBICBOOOXKAAET OJUH MOJIb
BOCCTAaHOBUTENS B JaHHOM peakuuu: M» = M/z [r/mMonb]|, TA€ Z-4UCIO
AKBUBAJICHTHOCTH, Z = N€ (YUCIIO DJIICKTPOHOB).

Hanpumep, KMnO,4 (M= 158,0 1/M0J1b) B 3aBUCUMOCTH OT KUCJIOTHOCTH CPEJIbI
BOCCTAHABJIMBAETCSl MO-pa3HOMY. B KHUCJIOW cpefie BOCCTAaHOBJIEHUE MPOTEKAET IO
YPaBHEHHUIO:

MnO, + 8H" + 58 =Mn*" + 4H,0.

3nmeck NE =5, z =5, skBuBanentHas macca Ma(KMnQO,)=158,0/5 = 31,6 r/mMo01b.

s cocraBieHus ypaBHEHUN OKHUCIMTEIBHO-BOCCTAHOBUTEIIBHBIX pPEaKIUU
UCIIOJIB3YIOT JIBA METOJAA: METOJ JJCKTPOHHOIro OallaHca M HMOHHO-JICKTPOHHBIH
MeToJ (METO MOJIypeaKiHil).

1. MeToJ1 2IeKTPOHHOTO OaaHca:

5Na,S™03 + 2KMn*"0, + 3H,S0, = 5Na,S™°0, + 2Mn*?S0, + K,SO, + 3H,0

S*_28=5" 5 npoliecc OKUCIIEHUs]

Mn*" +5& = Mn*? | 2 mpomecc BOCCTaHOBICHHS

2. IOHHO-3J1EKTPOHHBIN METO/I.
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JIns cocraBineHus ypaBHEHHUW OKHUCIIUTEIBHO-BOCCTAHOBUTEIBHBIX PEaKLUH,
IPOTEKAIIIMX B BOJHBIX PAaCTBOpPax, yAOOHO HCIIOIb30BaTh HMOHHO-3JEKTPOHHBIN
MeTojl (MEeToJa MoJypeakiiMil). ITOT METOJ OCHOBaH Ha COCTaBJICHHHM YypaBHEHUMU
MOJTypeaKIuii BOCCTAHOBJICHUS MOHA (MOJICKYJIbI) - OKHUCIUTENSA U OKUCJICHUS HMOHa
(MOJIEKYJIBI) — BOCCTAaHOBHUTEIS C  MOCICAYIOIIUM CYMMHPOBaHHUEM  OTHUX
MOJTyPEAKIIU .

S0, + H,0 — 28 =S0O,* +2H" 5 mporiecc OKUCICHUs

MnO, + 8H"+ 58 = Mn*" + 4H,0 |2 mpomecc BOCCTAHOBICHHS

5S0;” + 5H,0 + 2MnO, + 16H* = 580, + 10H" + 2Mn** +8H,0
CJIO’KMB TI0I00HBIE WICHBI, TTOIY4Yal0T HOHHOE YpaBHEHHUE:

5505 + 2Mn0O, + 6H* = 550,> + 2Mn** +3H,0,
0 KOTOPOMY COCTaBJISIIOT MOJIEKYJISIPHOE YpaBHEHHE peakiuu (sl dTOro K
KaXJ0MY aHUOHY MPUMUCHIBAIOT COOTBETCTBYIOIINI KaTHOH, a K KOKIOMY KaTHOHY —

COOTBETCTBYIOIINI aHUOH C YYETOM MOJ00pPaHHBIX KOA()PHUIIMEHTOB):
S5Na,S0; + 2KMnO, + 3H,SO,4 = 5Na,S0O, + 2MnSO, + K,SO, + 3H,0.

Bonpocsl k 3amure padoTsbl

1. Cpenu BemecTB — xiopun xkenesa (II), xmopun xenesa (I11), metamuueckoe
KEJIE30 CepOBOAOPO, CYIb(PUT HATPUS, CEpHAs KUCTIOTa — YKAKUTE BOCCTAHOBUTEID,
OKHUCJIUTEIb U BEIIECTBO C OKUCIUTEIbHO-BOCCTAHOBUTEIHLHON JBONCTBEHHOCTHIO.

2. IlonGepute crexuomerpruyeckue KodHPUIIMEHTH B YPaBHCHUS PEaKIIHi:

H,S + KMnO, + H,SO,= S + MnSO, + K,SO, + H,0O

FeSO, + K,Cr,0O,; + H,SO, = Fez(SO4)3 + Cr2(804)3 + K,SO, + H,0O

MnQO, + KCIO3 + KOH = K,;MnQO4+ KCI + H,0O

VYKaXuTe B HUX OKUCIIUTENb, BOCCTAHOBUTEIb U peakiyio cpeanl (pH).

3.YKaxuTe ypaBHEHUS PEaKlUii: MEKMOJICKYJIIPHON, BHYTPUMOJICKYJIIPHON U
JTUCTIPONIOPIIMOHUPOBAHUST (CAMOOKHUCIICHUSI CaMOBOCCTAHOBJICHHMSI); B ypaBHEHUS
CJIEIYIOLUX PEaKIUil Mog0epUuTe CTEXUOMETPUUYECKHE KOI(PPUIIUEHTHI:

Cl,+ NaOH — NaCl + NaCIO;z + H,0

C|2+ KzMnO4—> KCI + Kl\/an4

KCIO; — KCI + O,

Zn + HNO; — ZH(N03)2 + N, + H,0O

Yueonas aureparypa: [1, c. 259-266]; [2, c¢. 18-33]; [3, c. 251].

TEMA: «KKOMIIVIEKCHBIE COEAUHEHMU S

JlabGopaTopHasi padora Ne 9
IHonyyeHue u uccjieJ0BaAaHNE CBOWCTB KOMILIEKCHBIX COCAMHEHU I

Hear pabGorbl: (QopMHupoOBaHME YMEHUNH U HaABBIKOB B UCCIEIOBAHUU
AHHOHHBIX, KATHOHHBIX KOMIUIEKCOB.
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Pazpyiienne  KOMIUIEKCHbIX ~ MOHOB.  KOMIUJIEKCHBIE  COEIUHEHUS B
OKHCJIUTEIPHO-BOCCTAHOBUTENBHBIX PEAKIMAX W B PEaKIUIX HOHHOTO OOMeHa.
JIBOMHBIE COJIH.

3aganue mno padore: B omeitax Ne 14 Hanumcate ypaBHEHUS
AJIEKTPOJIUTUYECKON JUCCOLMALIMM TOJYYEHHBIX  KOMIUIEKCHBIX CO€AMHEHU. B
onbiTe No 1 3ammcarh BBIPAXEHUE KOHCTAHThI HECTOMKOCTH MOJYYEHHOTO
KOMIUIEKCHOTO HOHA. YYUThIBasg pe3yibTaTbl ombiTa Ne 6, HamucaTh ypaBHEHUE
AJIEKTPOJIMTUYECKOMN AUCconranuu cou Mopa.

Memoouueckue ykazanusi no 8binoJHeHUI0 pabomol

OnbIT Ne 1. AHHOHHBIE KOMILJIEKCHI.
THonyuenue mempaiiooosucmymama (I11) kanus
B mpobupky k omHoi kamie pactBopa HuTpara Bucmyta (III) Bi(NOgz)s
MpUOABIIATH MO KaIIsIM pacTtBop moauna kanus Kl no Beimagenuss TeMHO — Oyporo
ocanka womuna Bucmyta (III) Bil;. PactBopuTh 3TOT 0Canok B M30BITKE pacTBOpa
noauaa kanua. KakoB BeT mory4eHHOro pactBopa?

OmnbiT Ne 2. KaTHoHHBIe KOMILTEKChbl. KoMILJIEKCHOE OCHOBaHME HUKeJIsI.

[Tonyuuts ocamok ruapokcuaa Hukens (II), BHecs B mpoOupky 4 Karm
pactBopa cyibdara Hukens (II) NiSO,4 u takoii ke 00bEM pacTBopa menoun NaOH.
K ocaaky nobGasuth 6 kanenb 25%-Horo pactBopa ammuaka NHs- H,O. CpaBuuth
okpacky moHoB Ni’* B pactBope cymbbara muxenst (II) ¢ OKpackoil MOTy4eHHOTo
pacTBopa

OmnbiT Ne 3. KoMIuIeKCHbIE COeIUHEHUS] B PeaKLUsiX 00MeHa.
Bszaumooeiicmeue cexcayuarnopeppama (Il) kanus c cynvgpamom meou (11).
(Kauecmeennas peaxyus na uor CU”")

B nmpobupky ¢ 5 kamnsmu pactBopa cynbdara meaqu CuSO, mobaBUTH Takou
ke 00beM komiuiekcHoU coiu Ky4[Fe(CN)g]. OTmernth 1BeT 0Opa3oBaBIIErocs
ocanka rekcaruanodepparta (II) menu (II). Hanucats ypaBHeHNE peakiiuu.

Onbsitr Ne 4. PaspymieHne KOMIUIEKCHBIX HOHOB TIPU  OCAXKIACHUH
KOMILIEKCO00pa3oBaTeJis.

B nBe npobupku ¢ 0,5 H pactBopoM cyinbdara meau (II) 1o6aBuTh: B OJHY
pactBop 0,5 1 (NH,),C,04 okcanata ammonus, B aApyryto — 0,5 u pactBop (NH,),S
cynbumna ammonus. Hanucate ypaBHEHUSI peakuii U OTMETUTH IIBETA BBHIMABIIMX
ocagkoB. B nByx npyrux mpoOHpKax MOITY4YUTh KOMIUIEKCHOE COEIUHEHHE MENIH,
nobasuB k 2 kammsiMm 0,5 H pactBopa CuSO, cynedara meau (II) 2 H pacTBOp
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ammuaka NH3 H,O 10 pacTBopeHMs BbINAJAONIEro BHaYaIe 0cajKka OCHOBHOM COJIH
(CuOH),SO,4.  OtmeruTh 1BET TOJAYYCHHOTO  KOMIUIGKCHOTO  COCIUHEHUS
[Cu(NH5)4]SO,4. Hammcarh ypaBHEHHE peakIMHM B3aUMOJICHCTBUS cyibdara memn
(IT) c ammuakoM, y4uThIBasi, YTO KOOPJIUHALIUOHHOE YHUCIIO MEIU PABHO YETHIPEM.

WcnbiTaTh AeiicTBUE pacTBOPOB OKcajlaTa aMMOHHUSA U CyJb(Ula aMMOHHUS Ha
MOJIYYEHHBI PAcTBOP KOMIUIEKCHOW coyid Meau. OT NelCTBHs, KaKOro peakTUBA
BBITIaZIaeT ocafok? Ha mpucyTcTBue, Kakux MOHOB B PAacTBOPE KOMIUIEKCHOM COJIH
yKa3bIBAET MOSIBIIEHUE 3TOTO OcaKa?

Onucate HaOIt0gaeMble siBJieHUs. OTBETUTh Ha MOCTaBJICHHBIE 110 X0y ONBITA
Bonpockl.  Hamwmcarb ~ ypaBHEHHUS ~ TPOBEACHHBIX  peakuid,  ypaBHEHHUE
ANMEKTPOTUTUICCKON TUCCOIUAIMA KOMITJIEKCHONH COJIM MEAu M €€ KOMIUIEKCHOTO
noHa. Kak Bimser moGaBiaenue(NH,),S Ha aucconuaiiyio KOMIUIEKCHOTO HOHA?
CpaBHUTH TaOMUYHBIC 3HAYCHHUS], TIPOU3BEACHHUS PACTBOPUMOCTH COOTBETCTBYIOIIUX
coneit meau (ITP(CuC,04) = 3-10°%; TTIP(CuS) = 6:10°° ) u 06BACHUTD, MOYEMy OIHA
13 COJICH HE BBIMMAACT B 0CAJI0K U3 KOMIUICKCHOTO COCTUHCHHUSI.

[Cu(NH3)4]SO4 + (NH,4)2S = CuS| + 4NH3?1 + (NH,),SO,4

OmnbiT Ne 5. Oxkucienue rekcanuanogpeppara (II) kaans.

B mnpobupky BHectu 5 kKamenb pactBopa mnepmanranara kamus KMNOy,
MOAKUCIUTL 2 H CEPHOM KHUCIOTOM W J00aBUTh 1O KaiisiM pPacTBOP
rexcaruanodeppara (II) kanusa. Habmronate oGecuiBeunBaHue pacTBOpa BCIIEICTBHE
BOCCTaHOBJICHUS TIEpPMAHTaHAT — HOHA B UOH JIByXBaJIECHTHOTO MapraHIia.

KMnO, + H,SO, + K4[Fe(CN)5] — MnSO, + K3[Fe(CN)6] + K,SO, + H,0

OmnbIT Ne 6. /IBoiiHBIE COJIH.

B TpeX  MpoOWpKax  MPUTOTOBUTH  pPacTBOpP  JABOMHOMU coJIn
(NH,;)2,SO4-FeSO4-6H,O (coms Mopa), BHECS B KKAYIO MPOOMPKY MO HECKOJIBKO
KPUCTAJUTMKOB COJIM U MO 4 Karlld TUCTUJUTMPOBAHHOM BOBL. 3aTeM B 1-10 pOOUPKY
K pactBopy coiu Mopa nob6aButh 2 kamu 0,5 H pactBopa cyiabduma aMMOHUS
(NH,),S, Bo 2-10 mpobupky 2 karm 0,5 H pactBopa xsopuna 6apust BaCl,. OtmeTuts
IBET OCAJKOB W HamucaThb WOHHBIE ypaBHEHHUs peakiuil ux oOpa3oBaHus. Ha
MIPUCYTCTBHE, KAKMX MOHOB B PacTBOpPE JBOMHOM COJIM YKa3bIBaIOT 3TH peakiuu’? B
3-10 IpoOUPKyY 100aBUTH 3 Karuu 2 H pacTBopa enkoro Hatpa NaOH u momorpers Ha
BoJIsiHOM Oane. [loaepkaTh HaJl MPOOUPKON MOJIOCKY YHUBEPCATBHON UHIUKATOPHOM
OyMaru, mpeaBapUTEeIbHO CMOYEHHYIO TUCTUIUIMPOBaHHON Boaou. [lo m3meHeHUIo
OKpaCKH MHAUKATOPHOM OyMmaru W 1o 3amaxy, ONpeneiuTh Kakoi ra3 BhIICISIETCS U3
npoOupku. Ha nmpucyTcTBHE, KaKuX HOHOB B paCTBOPE JABOMHOM COJIM YKa3bIBAIOT 3Ta
peakuus.
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CnpaBouHblii (TeopeTHYeCKUIT) MATEepHUaJl, HeOOXOAUMBIii 1151 IOHUMAHUS
3a/]aHUA ¥ BbINOJIHEHUS PadoThI

KoMIiiekCHpIMA  COeTMHEHUSIMU  HA3BbIBAIOTCSL  OTPECIICHHBIE XUMHYECKHE
COCTUHEHMs, OOpa30BaHHBIE  COUYETAHWEM  OTACIbHBIX  KOMIIOHGHTOB U
NPECTABNISIONINEe COOON CIIOKHBIE HOHBI WJIM MOJIEKYJIBl Y KOTOPBIX HMEIOTCS
KOBAJICHTHBIEC CBSI3H, 00pa30BaHHBIC 110 JOHOPHO-AKIIEITOPHOMY MEXaHU3MY.

B OonapmmMHCTBE KOMIUIEKCHBIX COCAMHEHHH pPa3jIM4ar0T BHYTPEHHIO U
BHeIHI0I0 chepbl: Ky[Fe(CN)g]

Wownb! kanusi — BHEIIHsIS cdepa

[Fe(CN)s]* — BHyTperHssi chepa (KOMIUICKCHBIH HOH). B IIEHTpe MONEKYIIBI
KOMILJIEKCHOTO COCTMHCHHUS HAXOJIUTCS IIEHTPaTbHBIN UOH—
KOMITJIEKCOOOpa3oBatenb. M oHAMHU—KOMITIIEKCOOOPA30BaATEIIIMUA  SIBJISIFOTCS  MOHBI
METauIoB. BOKpYr IEHTpaJbHOTO HOHA — KOMIUIEKCOOOpa3oBaTelsl HaXOMIATCS
MPOTUBOIIOJIOKHO 3apsHKEHHBIE HMOHBI WM HEWUTpaJbHBIE MOJIEKYJIbI, KOTOPBIC
HA3BIBAIOTCS JINTAHIAMU WINA aaaeHIaMu. MoH—KOMIUIEKCOOOpa30oBaTeNh U JIUTAHIbI
COCTaBJIAIOT BHYTpeHHIOIO cdepy. Ywucno nuranaoB (agaeHAOB), KOTOPOE
KOOPJIMHUPYET BOKPYT CeOs IEHTPaTbHBI HOH—KOMILIEKCOOOpa30BaTeIlb, HA3bIBAIOT
KOOPIMHAIIMOHHBIM YHCIIOM.

Fe?*— LeHTpanbHBIl HOH—KOMILIEKCOOOPA30BATEIIb;

CN’" — nmuranns! (aagaeHapl);

KoopausarmonHoe uancio [Fe(CN)s]* B Hamem mpumepe paBHO mecTH.

3aps/l KOMIUIEKCHOTO MOHA paBeH alre0pandyeckol cymMme 3apsijoB HOHA —
KOMILJIEKCOOOpa30BaTesis U JIUTaH 0B,

KomrinekcHoe coelMHeHHe aHMOHHOTO THIA COJIEPKUT KOMIUIEKCHBIM HOH C
OTPHUIIATETBLHBIM 3aPSA0M, a KATHOHHOTO THIIA — ¢ MTOJIOKUTENBHBIM. Harmpumep:

K4[Fe(CN)g]; K[Bils] —xoMmIIeKCHBIE COCAMHEHUSI aHUOHHOTO THIIA,

[Cu(NH3)4]SO4 — xoMMIeKCHOE COeAMHEHUE KATHOHHOTO THUIIA,

[COo(NH3):Cl3]° — HeifTpanbHOe KOMIIEKCHOE COSAHHEHNE.

VY HeHTpaJIbHbIX KOMIUIEKCHBIX COEAMHEHUN BHELIHAA cepa OTCYTCTBYET W
3apsl X paBEH HYIIIO.

Jlucconmaryisi aHUOHHBIX M KATHOHHBIX KOMIIJICKCHBIX COSAMHEHUIN B BOJIHBIX
pacTBOpax:

Ky[Fe(CN)s] < 4K” + [Fe(CN)e]*

[Cu(NH3)4]SO4 <> [Cu(NH;),]*" + SO~

B cBowo ouepenb KOMIUIEKCHBIM HWOH, KOTOPBIM SBJSETCS  CIa0OBIM
AIEKTPOIUTOM, MOKET YAaCTUYHO PACMalaThbCs Ha HMOH-KOMIUIEKCOOOpa3oBaTelh H
JUTaH/IbL:

[Fe(CN)¢]* < Fe** + 6 CN;

[Cu(NH3)]*" < Cu®* + 4 NH3’
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[IpOYHOCTP KOMIUIEKCHBIX HMOHOB XapaKTE€pU3YEeTCs BEIWYMHOW KOHCTAHTHI
HECTOMKOCTH (KOHCTaHTa paBHOBecHs) Kypcr KOTOpas B CBOKO OY€pedb €CTh HUYTO
MHOE, KaK KOHCTaHTa pPaBHOBECHS MPOLECCa AUCCOUMALNUA KOMIIEKCHOIO MOHAa Ha
HMOH-KOMIUIEKCOOOpa3zoBaTenb M Juranjael. KoHcTaHTa HECTOMKOCTM paBHa
IPOU3BEJICHUIO PABHOBECHBIX KOHIEHTpPALUMi HOHAa-KOMILIEKCOOoOpa3oBaTeis U
JIUTAHJIOB, JEJICHHOMY Ha KOHLEHTPALMIO KOMIUIEKCHOTO HOHA.

Kiger = [Fe™'] - [CNT/ [[Fe(CN)e]*J= 1- 107"

KoHcTanTta HecTOWKOCTH, Kak Jr0as KOHCTaHTa pPAaBHOBECHUS, 3aBUCUT OT
IPUPOJIbI BELIECTBA, OT TEMIIEPATYPhl U HE 3aBUCUT OT KOHILIEHTPALIUH.

JIBOMHBIE CONM — KOMIUIEKCHBIE COEAMHEHUS C OYEHb OOJBIION KOHCTAHTOU
HECTOMKOCTH. J[BOWHBIE CONM pacrnagarTcs B OJHY CTYIIEHb HAa KaTHOHBI OOOMX
METaJUIOB (MM KATUOH AMMOHHMSI) WM @HUOHBI KUCIOTHOTO OCTATKa!

KAI(SO,), « K* + AI** + 250,>

NH,Fe(SO,), <> NH," + Fe** + 250,

Bomnpocs! Kk 3amuTe padoThbl
1. Knaccugukaius KOMIJIEKCHBIX COEMHEHUM.
2. Yto xapaKkTepu3yeT KOHCTaHTa HECTOMKOCTH?

Yueonas aureparypa: [1, c. 354-378]; [2, c. 16, 17,122 ,446]; [3, ¢.71-81].

TEMA: «(XUMHUA IJIEMEHTOB»

JlabopaTopHnasi padora Ne 10
HN3y4yeHue CBOMCTB a30Ta M €ro COeAMHEHUM

Heanr paGorbi: hopMHUpOBaHHE YMEHUN M HABBIKOB B OCBOCHHH CTPOCHHS
aToMa a30Ta, U3y4YEHHE OCHOBHBIE CBOKCTBA a30Ta M €ro COEAUHEHUH; OCBOCHHE
IIPUEMOB IIPOBEJIEHUS ONIBITOB ITOJTYMHUKPOMETOOM.

3aganue mo padore. Hamumcare ypaBHEHHs, TPOBEACHHBIX PpEAKLIUNA B
MOJIEKYJIIPHON M HMOHHO-MOJIEKYJISIpHON (opme. B ypaBHEeHUS OKHUCIHMTEIbHO-
BOCCTAHOBUTEIBHBIX peakuui KO3((UIHMEHTHl MOJ00paTh METOAOM 3JIEKTPOHHO-
MOHHOTrO Oananca. Hamucats:

1) Cxemy paBHOBECHsI B BOJHOM PacTBOPE aMMHAKa;

2) MouekysiipHOE W WOHHOE YpaBHCHHS pEaKlUd, B KOTOPBIX CyJbdar
AIIOMUHUA B3aUMOJICHCTBYET C BOJHBIM pacTBOPOM aMMHAaKa.

Memoouueckue ykazaHus no blNOIHEHUI0 pabomul
OmnpbiT 1. PaBHOBecHe B BOJHOM pPacTBOpe aMMHUAKA.
B nBe nmpobupku BHecTu mo 4 karum pactBopa ammuaka (NHzH,O). B 1-10
npoOupky nobaButh 1 karmmo denondranenna. OTMETUTh OKpacKy pactBopa. Ha
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IPUCYTCTBUE, KAaKUX HOHOB OHa yka3biBaeT? [lo0aBUTH B pacTBOp HECKOJBKO
kpuctamukoB xyopunaa ammonus (NH4C1), u TmarensHo nepemeniats pactBop. Kak
MU3MEHHIJIaCh UHTEHCUBHOCTh OKpacku pactopa? [louemy?

K pactBopy ammmaka Bo 2-i mpoOupke 100aBUTH 5 Kamelb HHUTpaTa
AIIOMUHUS .

(AI(NO3)3 + 3NH3-H,0 — AI(OH)z)+ 3(NH,)NO3).
OTMCTI/ITB HNCUYC3HOBCHHUC 3dllaxXxa aMMHUaAKa.

OnbIT 2. BoccTaHOBHTE/IbHBIE CBOMCTBA aMMHAaKa.

B Tpu npoOupku BHECTH pa3lielbHO MO0 4 KaruiM pacTBOPOB: B 1-10 — OpoMHOIA
Boabl (Br,+H,0), Bo 2-10 — mepmanranara kamus (KMnQOy), B 3-t0 — auxpomata
kanmust K,Cr,0;7. B xaxayro u3 npobupok 106aButh 1o 4 karman 25%-Horo pactBopa
aMMHaka. B kaxx1oM ciydae pacTBOpPBI ClIeTKa NOJOTPETH A0 U3MEHEHUS OKPACKH.

HamnncaTe COOTBETCTBYIOIINE YPABHEHUS PEAKIUM, YUUTHIBAsA, YTO B KaXKIOM
Cllyyae aMMHaK B OCHOBHOM OKHUCISIETCS O MOJIEKYJISIPHOTO a30Ta N, IEpMaHraHaT
kamugs KmnO, BoccranaBnuBaetrcs 10 MnQO,, a muxpomar kamus K,Cr,O; — mo
okcuga xpoma (III) Cr,0;. Bo Bcex ciydasx OTMETUTh H3MEHEHHE OKpacKu
pacTBOpOB.

OmnbiT 3. Cosin a30THCTOH KHCJIOTHI.

Boccmanosumenvnvle u okucaumesnvbHvle C6OUCHEA HUMPUMOG.

B tpu npobupku BHectu no 3 kamiu: B 1-10 — Honuna kanus (KI), Bo 2-10 —
nepmanranara kanusi (KmnQy), B 3-t0 —nmuxpomara kanmus (K,Cr,07). B 1-10 u 2-10
poOUpKU JOOABUTH IO 2 KAIUIM 2 H PACTBOpPA CEPHOU KUCIOTHI, B 3-10 MPOOUPKY —
| kamio KOHLIEHTPUPOBAHHOW CEpHOM KHMCIOTHL. B Kaxayro mpoOHpKy a00aBUTH
HECKOJIBKO KpUCTAIITMKOB HUTpUTa HaTpHsi (NaNO;) U TIIaTeIbHO NepeMelaTh.

OTMETUTh U3MEHEHUE OKPACKHU PAcTBOPA B KAXKJIOM CIIydae.

B xakoe coeMHEHHE MEPEXOANUT IPHU ITOM HUTPUT HATpUA? YKa3aTh, B KAKOM
Cllydae OH SIBJISIETCS OKMCIIMTENEM, B KakOoM BoccTraHoButTenem? I[louemy HUTPHUTHI
MOTYT 00J1aJlaTh OKHCIHUTEIbHO-BOCCTAHOBUTEIBHON JBOWCTBEHHOCTHIO? JI1000i1 13
YKa3aHHBIX BBILIE ONBITOB MOYXHO MCIOJIb30BaTh B KAYECTBE PEAKLIMM JUJISI OTKPBITHS
noHa NO, B mnpucyrctBur HuTpaT uoHa NO3z (B OTCYTCTBHUE JIPYyTHX
BOCCTAHOBUTEJIEH U OKUCIUTENEH).

OnbiT 4. KauecrBennas peakuusi Ha NH, - nomn.

B npobupky BHectu 4 kamu pactBopa xsopuna ammonus (NH4Cl) u no6aButh
CTOJIBKO K€ Karelnb 2 H pactBopa eakoro Hatpa (NaOH) wmm eaxoro xanu (KOH).
Cnerka HarpeTb HpoOMpPKY M HaJg €€ OTBEPCTHEM IMOJEp)KaTh, MPEIBAPUTEIHHO
CMOYEHHYIO JUCTUUIMPOBAHHON BOJOW YHUBEPCAIbHYIO MHIUKATOPHYIO OYMaXKKYy.
[lo 3amaxy ¥ 1O M3MEHEHMIO I[BETa WHIMKATOPHOW OYyMaKKu yOeauThCs B
BbIIeNICHNN amMMHaka u oOpa3oBanun OH — mona. B kakyio cTopoHy ciBuUraercs
paBHOBECHE:
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NH; + H,0-NH3-H,0 <> NH, +OH".
Hanucats B MOJIEKyIIpHON U HOHHOH (popMe ypaBHEHHUE PEAKIUU XJIOPUIA aMMOHUS
CO WIEJIOYBI0. DTa PEeaklMs SBISIETCS KAaUeCTBEHHOW peakuued sl OOHapyXeHUs
MOHA AMMOHHSI.
Bonpocsl k 3amure padoTbl

1. B KakoM HampaBlICHMH CMEIIAETCS PABHOBECHUE B BOJHOM pacTBOpE
aMMUaKka npH J100aBlIeHUM K HeMmy xyopuaa ammonusi? Hutpara amomunusa? Kak
IIPY 3TOM M3MEHUTCS KOHIICHTPAlHs KOMIIOHEHTOB JAHHOW PAaBHOBECHOM CHCTEMBI:
OH - uona, NH;" — nona, NH3? B KakoM HampaBlIeHMH CMECTHTCS PaBHOBECHE
JaHHOM CHCTEMBI pH J100aBineHnu xJ10poBoopoaHoi kucnotsl (HCI)? Tlouemy?

YueOnas aureparypa: [3, c. 385-415]; [6, c. 148-152].

JlabGopaTopnasi padora Ne 11
HN3yuyeHne cBOMCTB cepbl U €€ COCAMHEHUH

Heab padoThl — popMUPOBaHNE YMEHUN U HABBIKOB, U3YYUTh CTPOCHUE aTOMa
Cepbl U OCHOBHBIE CBOICTBA CEpbl U €€ COCAUHEHUN; OCBOUThH MPUEMBI MPOBEICHUS
OMBITOB MOJIYMUKPOMETOIOM.

3aganue mno padGore. Hammcate ypaBHEHHMS, IPOBEICHHBIX pEaKUUNd B
MOJIEKYJISIPHOM M HOHHO-MOJIEKYJSIpHOM ¢opMe. B ypaBHEHUS OKHUCIUTENIBHO-
BOCCTAHOBUTENBHBIX PEAKIUN KO3 (ULIHMEHTH 1oa00paTh METOAOM 3JIEKTPOHHO-
noHHOro OanmaHca. HanmucaTe ypaBHEHHME, peaklMM B3aUMOACHCTBUS THUOCYJb(dara
HATpHUs C CEPHOM KUCIIOTON. YKa3aTh OKUCIIUTEIb U BOCCTAHOBUTEb.

Memoouueckue ykazanusi no 8bInOJHeHUI0 pabomol

Omnpbit 1. ITosry4yenne Ma10pacTBOPUMBIX CYJIb(HUI0B

B nBe mnpoOupku BHECTH pasleiabHO MO 3 Kaljld pPAacTBOPOB cCylibdaTa
maprasnna (II) MnSO, u Hutpata ceunna (II) Pb(NOs),. B kaxaprit pacTBop 100aBUTH
no 2 karum pactBopa cyibduaa ammonus (NHy),S. Habmogate BeimaieHue 0CaaKkoB
cynb(uma mMapranma u cyiabduna ceunna. K momydeHHbIM ocagkaMm MpuOaBUTH 1O 3
Karuii 2 H pacTtBopa a30THOM KuciaoTsl HNOs.

B nBe apyrue npoOupku ¢ pacTBOpamu cyib(dara MapraHiia ¥ HUTpaTa CBUHIIA
100aBUTH TIO 4 KaIiu CepOBOJIOPOIHON BO/ABI. B KakoMm ciiydae oOpa3oBaHHe Ocajka
He HaOmonanock? [louemy?

HanucaTe B MOJIEKYJISIPHOM U MOHHOM BHJI€ YPABHEHUS, PEAKIUN MOTYUYCHHUS
cynb(umI0B Maprania U CBUHIIA. YKa3aTh WX IBeT. HamucaTh ypaBHEHHE peakiuu
pactBopeHuss MnS B pAacTBOpe a30THOM KHUCIOTHL. [lonb3ysck mnpaBuiIoM
npousseseHust  pactBopumoctd (ITP(MnS) = 2,5:107'%  TIP(PbS) = 1-107%),
OOBSICHUTD:
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a) pasnmudHble pe3ynbrarhl nedcTBus H,S m (NHy),S Ha conp mapranma; 0)
oOpa3zoBanue ocaaka PbS B o0oux ciyudasx. Peakius, o00pa3oBaHusi 4epHOTO OCajKa
2
PbS, MoxeT cay)uTh a5 oOHapykeHus cynbdum nona S° .

OnpIT 2. OKHCIUTETbHbIE H BOCCTAHOBHUTEJILHBIE CBOlicTBa cepnl (V)
Boccmanosumensnuie ceoiicmea SO5” uona

B nmpobupky, conepkaniyto 3 xarmy pacTBopa nepmanranara kamust (KmnO,)
u 1 kammo 2 H. pacTBOpa xyopoBoaopoaHoit kucnotel HCI, nmpubaBuTh HECKOIBKO
KpUCTAITMKOB cynbdura Hatpus Na,SO;. OTMmeTbTe 0OeclBeUrMBaHUE pPacTBOpa B
CBSI3M C TepexozoM HoHa MnO, B HoH Mn”". JlaHHas peaKiys MOXKET CIIyXKHTh
peakiueii s oTkpbitis SO3° B OTCYTCTBHME JPYIHX BOCCTaHOBHTeNei. B kakoe
COEIUHEHHE TEepeneN Mpu 3TOM CyIb(GUT HaTpusi? YUuThIBas, YTO CynbPuUT O6apus
BaSO; pactBopum B azotHO# kucnore HNOg, a cynbdar 6apust BaSO, HepacTBopum,
y6enuthes B mepexoae nona SO3~ B mon SO, , JUIA Yero B MOJYYEHHbIH PacTBOP
n00aBuTh 1-2 KamiM a30THOM KUCJIOTHI U CTOJIBKO JK€ Kaleidb pacTBOpa XJIOpHUaa
0apus(BaCl,). Kakoe coeaumHeHue BbIMasio B ocafok? OTMETUTh HaOIrOgacMbie
SBIICHUS ¥ HAMMCATh YPAaBHEHUS BCEX MPOTEKAIOIINX PEaKIIUA.

OneiT 3. PazinyHas pacTBOPUMOCTH CyJb(puTa U cyjbdara Oapus B
KHCJI0Te.

B nByx npobupkax noiayuuth oOMeHHOU peakuueit cynbdaTt(BaCl, + Na,SO,4 =
BaSO, + 2NaCl) u cynasdur 6apus (BaCl,+ Na,SO; = BaSO; + 2NaCl).Jlns gero B
JB€ MPOOMPKHU BHECTH M0 2 KaIUIM pacTBopa xjopuaa 0apus, 3ateM B nmpooupky Ne 1
n00aBUTh 2 KaruM cyib(ara HaTpus, a B MpoOupky Ne 2 HECKOIBKO KPUCTAJUIMKOB
cynbpura Hatpusi. HaOmiomath, oOpa3oBaHHWE OCaJIKOB B 00€MX MpPOOUpPKax.
CpaBHUTH PacTBOPUMOCTH Cyib(uTa U cyibdara 6apus B KUCIOTEe, 100aBUB B 00€
MPOOUPKH 10 2 Karuiv 2 H pacTBOpa a30THOM KUCIOTHL. UTo HabmomaeTcs?

OmnbiT 4.THOCy/IB(paT HATPHUSA U €r0 CBOMCTBA.

a) Heycmoiiuueocms muocynvpama é Kucioii cpeoe.

BHecTtr B mpoOupky 5 kamesnb THocyabbhaTa HaTpus (Na,S;03) u 1 karmmo 2 H
pactBopa cepuoii kucinotrel (H,SO,).Otmeruts Bhimanenue cepwl. [lo 3amaxy
OTIPEECNUTh, KAKOM ra3 BbIIEIIHIICS.

0) Boccmanosumenwhuie ceoiicmea muocyivphama nampus.

B 1-to mpoGupky BHecTH 5 kamenb OpomHoit Boabl(Br,+H,0O). Bo BTOpyro
5 xkamens #omHou Bombl (I,+H,O). B 00e mnpobupku 100aBisITh O KarjisM
THOCYJb(AT HATPHUS O 00ECIIBEUMBAHUS PACTBOPOB.

Hanucath ypaBHEHUS MPOTEKAIOMINX PEAKIUN, YIUTHIBAs, YTO OPOM OKHCIISET
THOCynb(aT 10 cyibdaTa HATpUi, NPU OSTOM B pEaKIUHd YYacTBYeT BOJa.
(BBLeNSIOMmAscs cepa SBIAETCS NPOAYKTOM MOGOUHON peakiuu). Mon okuciser
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TroCyNb(at HaTpus 10 TeTpatnoHaTa HaTpus Na,S,06. B kakyro cTeneHs oKuciaeHus
NEePEeXOIAT PU ITOM OpoM H Hoxa?

Bonpocsl k 3amure padoTbl
1. Kaxkoii cynepun pactBopuics? Bo3MoxxHO Jn ero oOpa3oBaHUE B KHUCIOU
cpene?
2. [louemy He pacTBOpMIICA B a30THOM KHCIIOTE Cynbdat 6apus?
3. OxucnuTeneM WM BOCCTAHOBUTENEM SBIISIETCS THOCYJIb(AT HATpUs?

YueoHas aureparypa: [3, c. 472-487]; [6, c. 139-144].

JlabopaTtopnasi pa6ora Ne 12
HN3yuenue cBoiicTB docdopa 1 ero coeAMHEeHU I

eab paboThl popMHUpoBaHUE YMEHUM U HaBBIKOB — U3YYUTh CTPOCHUE aToMa
dbochopa u ocHoBHBIE cBoMcTBa (hochopa U €ro COEIUHEHMI; OCBOUTH MPUEMBI
MIPOBE/ICHHUSI OIBITOB IMMOJTYMHKPOMETOOM.

3aganue mnmo padGore. Hammcate ypaBHEHHMS, IPOBEICHHBIX pEaKUUUd B
MOJIEKYJISIPHOM M HMOHHO-MOJEKyJsipHOW ¢(opme. Hammcate ypaBHeHue mepBoi
CTYIIEHH ruapoiamn3a oprodocdara HaTpUsI B MOHHOW U MOJIEKYJIIPHOM (popMe.

B ypaBHEHUs OKHCINTEIbHO-BOCCTAHOBUTENIBHBIX pPEAKIUN KO3(h(OULIUEHTHI
o00paTh METOJOM 3JIEKTPOHHO-HOHHOT 0 OaJlaHca.

Memoouueckue ykazanus no 8blNOIHEHUI0 pabomol

OmnsiT 1. OpTodocharbl HEKOTOPBHIX METAJLIOB.

a) [lonyuenue cuopoghocpama kanvyus.

Buectn B mpoOupky 1o 4 kxamnu pactBopoB xjopuaa kanbius (CaCly) u
ruapodocdara Hatpus Na,HPO,.OrmeTuth HBET BHIMaBIIEro ocanaka. Hamwmcatb
YpaBHEHUE PEaKLMU B MOJIEKYJIIPHON U HOHHOM (hopMme.

0) Ocarxcoenue hochamos rnceneza u aOMUHUA 8 NPUCYMCIMEUU ayemama
Hampu:.

Bo3smuTe nBe mpoOupku. B mepByro BHecuTe 3 Karuid pacTBopa XJopuaa
xene3a(lll) (FeCls), Bo BTOpyto mpoOupKy — 3 Karum pacTBOpa HUTpATa aJIOMHUHMS
(AI(NOz3)3), nobaBuTh B Kaxayl TpOOMPKY MO 2 Kaluld pacTBopa arerara
HaTpusi(CH3COONa) u no kammsim  pactBop rumapodocdara natpus (Na,HPO,) mo
BbINAZICHUS] 0caaKkoB. OTMETUTH LIBETa BBIMABIIMX OCAaAKOB. B pgaHHOM ombITe B
pactBopax amtomuuus u xene3a (III), OydepupoBaHHBIX ameraTtoM HaTpHS,
nosyyarorcs cpeaHue (ocdarel 3TUX METAIOB, HEPAacTBOPUMBIE B YKCYCHOM
KHCIIOTE:

Me*"+ HPO,* + CH;COO — MePO, + CH;COOH
Hamnucatb ypaBHeHUs: peakuuid B MOJIEKYJIIPHON M MOHHOM (hopmax.
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OnpIT 2. I'mapou3 HeKOTOPBIX coequHeHu pocdopa.
T'uoponus opmoghocgpamos nampus

B tpu mpoOupku BHecTM 1o 1 Kamiie pacTBopa HEUTPaJbHOTO JaKMyca.
[TepByto mMpoOOMPKY OCTaBUTh KaK KOHTPOJBHYIO, BO 2-F0 J100aBUTh HECKOJBKO
KpuctamukoB  optodocdara Hatpus (NazPO,), B 3-10 — CTOJIBKO Ke
aurugpodocdara Hatpus (NaH,PO,. 3areM B kaxkayro npoOUpKy A00aBUTH IO
5 kamenp JUCTWUIMPOBAaHHOW Bojabl. CoaepkKuMoe NPOOUPOK  TIHIATEIHHO
nepeMeniaTh 0 MOJTHOTO PAacTBOpPEHUs cojieil. OTMETUTh U3MEHEHHUE 1IBETA JIAKMYCa
IO CPaBHEHHIO C €T0 OKPACKON B KOHTPOJIHHOU MPOOHPKE.

Kucnornocte pactBopa auruapodochara natpus (NaH,PO,) oOycnornena
TEM, 4YTO U3 2-X PEAKIUN:

1. H,PO;, =H"+HPO,”

2. H2PO4_+ Hzo = H3PO4 + OH".
[lepBas — nuccormanus H,PO, - nona nporekaer 00j1ee HHTEHCUBHO, YEM THJIPOJIN3
ATOTO MOHA, TaK KaK COMPOBOXKIAETCA oOpa3oBaHUEM OoJjiee cl1aboro 3JIEKTPOJIUTa
HPO,* mo cpasrernio ¢ HsPO, (K(HPO, %) =4.,5 1102 Ky (HsPO4) = 7,9-10°7).

Bonpocsl k 3amure padoTsbl
1. Ha yBenuyeHre KOHIICHTpAIlMH, KaKUX MOHOB YKa3bIBae€T M3MEHEHHUE IIBETa
JaKMyca npu pactTBopeHuu oprodocdara HaTpus u quruapodocdara Hatpus?

Yueonas aureparypa: [3, c. 449]; [6, c. 155-157].

JlabopaTtopnasi pad6ora Ne 13
N3yuyeHue CBOMCTB raJloreHOB U UX COCAMHEHUH

Heas paGorbl: (GopMHUpOBaHHE YMEHUN M HABBIKOB B OCBOCHHHM CTPOCHHS
aToMOB (Topa, XJopa, Opoma 1 oaa, U3YyUUTh UX OCHOBHBIE CBOMCTBA U XUMHUYECKHE
CBOMCTBAa COEIUHEHUM, B COCTAaB KOTOPBIX BXOJAT TaJOr€HbI; IMOJYYUTh HABBIKH
IIPOBEJICHHUSI OIBITOB IMOJYMHKPOMETOOM.

3amanue mno padGore. Hamucate ypaBHEHHs, MPOBEICHHBIX pEaKUUld B
MOJIEKYJIIPHO M HMOHHO-MOJIEKYJIIpHON (opme. B ypaBHEHUS OKHUCIHMTEIbHO-
BOCCTAHOBUTEIBHBIX peakiuil Kod(PUIMEHTh MOJ00paTh METOAOM 3JEKTPOHHO-
MOHHOTO OanaHca.

Memoouueckue ykazanusi no 8blNOIHEHUI0 pabomol
OnbiTt 1. OkucauTe/IbHbIE CBOWCTBA TajJlOT€HOB M HUX CPABHUTEJbHAsl
AKTUBHOCTH
a) CpaeneHnue OKUCIUMEIbHBIX CEOUCE 2AT102€HO08.
B oany npobupky BHectu 3 kamiu pactBopa Opomuaa kanus (KBr), u B nBe
npyrue — o 3 karau pactBopa hoauaa kaus (KI) . Bo Bce Tpu npobupku 106aBUTH
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no 2 Karuli OpraHuyeckoro pactBopurenisa (O0eHzon) . B mpoOupku ¢ pactBopamu
Honuaa u OpoMuja kamus BHecTH mo 3 kamm xjopHod Boawl (Cl,+Hy0), B
MOCJICTHIOI0 TTPOOUPKY € pacTBOPOM Hoauaa Kayius — 3 Kariu OpomHoO# Bojibl (Bro+
H,0). Conepxkumoe MpoOUPOK mMepemeriaTh M IO OKpacke IOJIYYEHHOrO CJIOs
OpPTaHUYECKOTO PACTBOPUTEIISI YCTAHOBUTH, KAKOW TajlOTeH BBIJACISIETCS B CBOOOTHOM
BHJIC B KOXKJIOM U3 NPOOUPOK.

Hanucath ypaBHEHHUs peakiii B MOJIEKYJIIpHOU U MOHHON Qopme. B kaxxaom
CiIydyae yKa3aThb OKHCJIHUTENIb U BOCCTAHOBHUTENb. PacronoXuTh TalOTeHBI B PAIl 10
yOBIBAaHUIO HMX OKHCIUTEIBHON aKTHUBHOCTH. OOBSCHUTH TOCIEI0BATEIHHOCTh
PaCIIOJIOKECHHUS.

0) Okucnenue cynvghama sncenesa (I1)

B nBe mpoOupku pa3naenbHO BHECTH MO 4 Karjiud OpOMHOW U MOJHOW BOJBI.
JI006aBUTh B KXyl MPOOUPKY HECKOJIbKO KPUCTALITMKOB cyibdarta xeneza (II)
[comn Mopa (NH,),SO,4 - FeSO4-6H,0].

Yro nabmoganoch? Hamucath ypaBHeHUE MpoTEKarouield peakiuu. B xakom
cllydae peaxiusi okucieHns Fe?'He mporekana? BhImucas U3 CIPaBOYHON TaGIHIIbI
3HAYCHHUS CTAHAAPTHBIX JJIEKTpoaHbIX moreHimanoB cuctem: Cl/2Cl, Br,/2Br,
1,/21” // Fe**/Fe** Bbramcmure D.J1.C. U yKaxuTe, B KAKOM CIIy4ae PeaKiHst OKHCICHHS
FeSO, neBo3mosxkHa. [ToaTBepk1anoch ik TO ONBITOM?

OnbIT 2. CpaBHEeHHE BOCCTAHOBHUTEJIbHBIX CBOWCTB IajJIOr€HOB.

Boccmanoenenue xnopuoa »cenesa (I111)

Buectn B Tpu mpoOMpKU pa3fenbHO MO 3 Kalik pacTBOpa XJIOpHUIa Kele3a
(ITIT) m mo 1 xame 2 H pacTBOpa CEpPHON KHUCIOTHI, IIepeMeniaTh. 3aTeM 100aBUThH B
npooupky Ne 1 3 karm pacTBopa Moauaa kanus, Ne 2 — 3 kartm pactBopa Opomua
kanus, Ne 3 —3 kartm pacTBopa XJiopujia Kainus. PacTBopsl TIaTEIbHO MepeMeniaTh.

Uro wnabmoganmu? B kakom cnyudae mpowusonuio BocctaHoBiieHue FeCls u
COOTBETCTBEHHO OKucJeHue rajoreHa? CoryiacyrTcs JU pe3yibTaTbl ONbITa C
OTHOCUTEJIbHBIMU ~ 3HAUCHUSIMU  CTAHJAPTHBIX  DJEKTPOIAHBIX  TMOTEHIMAIOB
COOTBETCTBYIOIIMX OKHUCIUTEILHO-BOCCTAHOBUTENBHBIX cucteM (ombIiT 10)? Kak
M3MEHSETCS BOCCTAHOBUTENIbHASI CITIOCOOHOCTh rajloTeHUA0B (OTPUIIATEIIbHBIX MOHOB
ranoreHoB)? Pacnonoxkute HX B psiJg HO BO3PACTAIOMIEl BOCCTAaHOBHUTEIBHOM
AKTUBHOCTH.

Bomnpocsl k 3ammuTe padoThl

1. B xakom cmydae mpowusonuio BocctaHoBieHue FeCl; u cooTBeTCTBEHHO
OKHCIICHHE rajjoresa?

2. CornacyroTcsi JIM pe3ysibTaThbl OMNbITA C OTHOCHUTEIbHBIMH 3HAYCHUSIMH
CTAHJAPTHBIX  AJIEKTPOJHBIX TMOTEHIIMAJIOB COOTBETCTBYIOIIMX OKHUCIUTEIBHO-
BOCCTAHOBUTEIBHBIX CUCTEM (OmBIT 10)?
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3. Kak wu3meHsiercss BOCCTaHOBHUTENIbHAs CIOCOOHOCTh  TaJOTE€HUIOB
(oTpunaTenbHBIX MOHOB TasioreHoB)? Pacmonokute MX B psAll MO BO3pacTarolen
BOCCTAHOBUTEJIHLHOU aKTUBHOCTH.

Yueonas aureparypa: [3, c. 492-510]; [6, c. 132-135].

JlabopaTtopnas paGora Ne 14
HN3y4eHue cBOMCTB yIiiepoaa v ero coeAMHEeHNH

Ienb padoThl — M3y4UTh CTPOEHUE aTOMa YIJIEpOAA W OCHOBHBIE CBOMCTBA
yriaepoja W €ro COCOUHEHWMH; OCBOUTb IIPUEMBI  INPOBEICHUS  OIBITOB
[OJIyMUKPOMETOJIOM.

3aganme mno paOore. Hammcare ypaBHEHHs, NPOBEACHHBIX pEakUWid B
MOJIEKYJIIPHO M HMOHHO-MOJIEKYJIIpHOM (opme. B ypaBHEHUST OKHCIHMTEIBHO-
BOCCTAHOBUTEIBHBIX pPEAKIUN KOIP(ULIHUEHTHl MOoJ00paTh METOJOM 3JIEKTPOHHO-
MOHHOTO OanaHca.

Memoouueckue yxazanus no 8binoJHeHUI0 pabomol

OmnbiT Ne 1. ITonyyenne kapOOHATOB IIEJIOYHO3EMEJIbHBIX METAJIOB U HX
pacTBOpeHHE B YKCYCHOM KHCJIOTe.

B Tpu npoOupku BHecTH 1o 3 Kariu pactBopoB xsopuaa kanbius CaCl,,
xynopuna ctponuust SrCl, u xnopuna Oapus BaCl,. 3atem 100aBUTH B KakAylO
npoOupKy mo 3 karmm pactBopa kapobonara Hatpust Na,COjs. [[06aBiaTh Mo Karmism
pPacTBOp YKCYCHOM KHCIOTBHI 10 TMOJHOTO PacTBOPEHHS OcaakoB. OTMETUTH IIBET
OCaJKOB, o4epenHOCTh pacTBopeHus ocagkoB CaCO3;, BaCO3; u SrCO3; B ykcycHOM
KHCIIOTE ¥ BbIIeTIeHUE Ta3a. HamumcaTh ypaBHEHHMs — peaklMil MOJydYeHUs U
PacTBOPEHHUSI OCAJIKOB.

OnbiT Ne 2. BoccraHoB/leHHEe TEPMAHraHaTa KaJus IaBeJeBOH
KHCJIOTOM.

Brectu B npobupky mo 5 kamnenb pacTBopa maseneBoi kuciotel H,C,0O4 1 2H.
pacTBOpa XJIOPOBOAOPOMHOH (COMIsIHOI) KucioThl. Ilogorpers pacteop mo 70-80 °C,
MOMETUB NPOOUPKY HA 2 MUH B BOJIHYIO 0aHI0. BeIHYTH IpOOMpPKY U 100ABIATH 1O
KaruisiM pacTBop nepmanranara kaiaus KmnO,4, nepemeniuBas coiepKumMoe npoonupKu
nociae Jo0aBieHus Kaxaou karm. HaOmiomate oOecliBeYMBaHME pacTBOpa
NepMaHraHara Kajaus, 00yCJIOBIC€HHOE BOCCTAHOBIIEHUEM €r0 0 KATHOHOB MapraHiia
(I). Ormetuts BbIAENeHUE okcupa yriepoga (IV) 1o kortoporo oxucisercs
maBeseBas Kuciota. HamucaTe ypaBHEHHE peakiuu, Mmojo0paTh Kod(PPUIIMEHTHI
MOHHO-3JICKTPOHHBIM METO/IOM.
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Bonpocsl k 3amure padoTsl
1. Kak BiusieT BeJWYMHA MPOU3BEJECHUS PACTBOPUMOCTH Ha CKOPOCTb
00pa30oBaHUs U PACTBOPEHUS MAIIOPACTBOPUMBIX KapOOHATOB (0CaaKOB)?
2. Omnpenenure CTENEeHb OKUCICHUS YTIIepo/ia B IIaBEJIEBOM KUCIOTE.

Yueonas aureparypa: [3, c. 336-352]; [6, c. 104, 166-167].

CnpaBouHblii (TeopeTHYECKHUIT) MATEePHAJ, HEOOXOAUMMBIi 1JI51 TOHMMAHUS
3aJaHNS U BBINOJIHEHUs padoT
DNEeMEHThl — HEMETAJUIBI MOTYT MPOSBIISITH KaK BOCCTAHOBUTEIBHBIC, TAK U
OKHCIIUTENIbHBIE CBOWCTBA, B 3aBUCUMOCTH OT XHWMHYECKOIO IIPEBpAILICHHUS, B
KOTOPOM OHH NPUHUMAIOT ydacThe. CaMbIM 3JIEKTPOOTPULIATEIIBHBIM 3JIEMEHTOB
saBisieTcs GTOp, aTOMbI KOTOPOTO HE CIIOCOOHBI OTAABaTh JeKTpoHbIL. [ToaToMy drop
MPOSIBJIIET TOJIBKO OKHCJIHMTEJbHBIE CBOMCTBA. ATOMBI JAPYIMX HEMETAJIOB MOTY
MPOSIBJIATh M BOCCTAHOBUTEIIBHBIE CBOMCTBA, HO B MEHBIIICH CTENEHU, YEM METAJLIIBI.
XUMHUUYECKHE CBOMCTBA HEMETAILIOB.
1. Tlpu B3auUMOAECHCTBUU C BOJOPOJOM, OOJBLITUHCTBO HEMETAIJIOB MPOSIBIISET
OKHCIIUTEJIbHBIE CBOMCTBA.
3H2 +N2:2NH3,
H2 + BI'Z = 2HBr
2. Ilpym B3aMMOACHCTBHUU C KHCJIOPOJOM, BCE HEMETaUIbl (Kpome ¢Topa),
SIBJISIFOTCSI BOCCTAHOBUTEIISIMU.
S + O, =S0,,
4P + 502 = 2P205.
3. @Top MpU B3aUMOJEHCTBUU C KHCIOPOOM SIBIISIETCS] OKUCTUTENIEM
2F2 +02 = 2OF2
4. BzaumojieiicTBHUE ¢ METaIaMH.
2Ca +0, = 2Ca0,
Fe + S =FeS,
2Na + Cl, = 2NaCl,
6Li + N, = 2Li3N.

TEMA: <METOJAbI XUMHNYECKOI'O AHAJIU3A»

JlabopaTopHasi padora Ne 15
Onpeaesenue CyMMapHO# KeCTKOCTH BOJAOIIPOBOJIHON BOAbLI METOJAOM
KOMILJIEKCOHOMETPUYECKOr0 THTPOBAHUS

Heas padoTbl: popMHUpPOBAHWE YMEHUN W HABBIKOB B NMPOBEIACHUM aHAJIU3a
BOJIbl Ha OOIIYIO ¥ OCTOSIHHYIO KECTKOCTb.
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3aganue mo padore: PaccuuTaTh KECTKOCTh BOJONPOBOAHOW M KHIIYEHOMN
BOJIbI M JaHHBIE 3aHecTH B TaOmuip Ne 11 u 12.

Memoouueckue ykazanus no 8bIn0OJIHeHUI0 pabomol

OnbIT Ne 1. OnipeesieHue CyMMAapPHOIi sKeCTKOCTH BOJIOTIPOBOIHOM BOJAbI

B koHmueckyro konby BMectumocThio 200-250 wmi Hamute 100 M
BOJIOTPOBOIHOM BOJbI. JloO6aBuTh 3 MJI amMMuayHON OydepHOil cMecu U 7 Kamenb
VHJIUKATOPA XPOM — TE€MHO-CHHETO KHUCJIOTHOrO. PacTBOp THIaTENbHO MEpeMenarh.
OOpatuTh BHUMaHUE Ha OKPACKY PacTBOpa, KOTOpas JOHKHA CTaTh PO30BOM.

bropeTky NpoOMBITh JUCTHIUIMPOBAHHOM BOJIOM, 3aT€M OMOJOCHYB pabOuuM
pacTBOpoM TpuJioHAa b, yCTaHOBUTH YpOBEHb paboUero pacTBopa B OIOpETKE Ha HYJIE.
Tutpytor pacTBop B KoJO€ J0 TOSBICHHUS CHHE-(UOJIETOBOTO OKpAITWBAHMSI,
TIIATENIHO TMEpeMEIINBasi COJepKUMOe KoJiObl. PacTBOp Tpwiona b mnpunuBarth
MEIJICHHO TI0 KamisiM, W TpU NOpUOJMKEHHMM K TOYKE KOHIA THUTPOBAHUS
nepeMeNnInBaTh 0COOEHHO TIIATEIBHO.

N3MeHeHne OKpackd pacTBOpPa O3HAYAET, YTO TPUJIOH b IOTHOCTBIO CBsA3al
wonsr Ca®* m Mg2+. 3anucate 0o0beM TpujioHa b, momenmero Ha TUTPOBaHUE.
TutpoBaHue MPOBOIST A0 TPEX CXOAAIINXCS PE3YIBTATOB.

PesynbpTaThl ornpeenieHuii 3anuchBatoT B Tadsumiry 11.

Tabmauma 11
BoponpoBoanas Boga
TurpoBaHnue O6BeMm O6weM Tpunona b, | Vcp (tpuiion B), | XKectkocThb
BOJIbI, V, ma MJI BO/IbI,
VBop, MI MDIKB/1
1. 100,00
2. 100,00
3. 100,00
4, 100,00

OnbiT Ne 2. OnpenesieHue KeCTKOCTH YMSIT'Y€HHOM BOIbI

[lTonyunTh TpU CXOIOAIIMXCS  pe3yJbTara, B3AB I  ONPEHCIICHUS
MPOKUIISTYCHHYIO BOy. [I0IrOTOBKY KUMSYEHON BOABI K TUTPOBAHUIO U TUTPOBAHUE
e€ TPOBOMIT aHAJOTUYHO BOJOMPOBOAHOM Boje. PesynapTarhl omnpeneneHuit
3aMuCHIBAIOT B Tabmmity 12.
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Tabmuna 12

Kunsuenas (ymsiraeHsas) Boja

TurpoBanue O0Bem O6beM tpunona b, | Vcp (Tpuiion b), | XKectkocTthb
BOJIbI, V.,mn MJI BOJIbI,

VBop1, M MDIKB/1
100,00
100,00
100,00
100,00

H~ WO DN PP

Boruncnsitor  0o01yt0, MOCTOSHHYIO M BPEMEHHYIO JKECTKOCTh BOJBI IIO
bopmyre:

K=V;-N;- K- 1000/ Vgoup [M3KB/1],

rae N; — HopmaiasHocTh TpuiioHa b (0,05 u); V1 — cpennuii oobem Tpuiiona b,
MOIIENIIIEr0 Ha TUTpoBaHue, Mi; K — momnpaBouHblii KOADPHUIIMEHT HOPMATBLHOCTH
pactBopa TpuioHa b (K=1); Vpomy — 00bem Boxmbl, Mi; N; - K — ucrtuHHas
HOPMAaJIbHOCTh pacTBOpa TpuiioHa b.

CnpaBouHblii (TeOpeTHYEeCKHA) MaTEepHaJl, HeOOXOAMMBbI 1J151 IOHUMAHMSI
3aJlaHUs] U BBITIOJIHEHUS PadoT

[Ipumecu, pacTBOpeHHBIE B BOJIE, OKA3bIBAIOT CYIIECTBEHHOC BIUSHUC Ha €
CBOMCTBA. DTH MPUMECH BECbMa HEOOXOIMMBI IS KM3HU YeJIOBEKa, KUBOTHBIX U
pacTeHul, HO YacTO OKAa3bIBAIOTCA OYECHb BPEIHBIMU I MPUMEHEHHS BOJbI B
TexHuke. Tak Kak 3TH MPUMECH TIPU BBICOKOW TeMmIepaType o0pa3yroT MIIOTHBIH
0CaJIOK Ha CTEHKaX KOTJIOB (HAKHWIIb), OCAXIAIOTCS Ha CTEHKaX TPyO B CHCTeMax
BOJITHOTO OXJIQKJICHHUS, YTO MMPUBOJMT K BBIXOIY ITHX CHCTEM U3 CTPOSI.

JKecTKoCTh BOJOMPOBOAHOM BOJIE MPUAAIOT COJIM MArHUs, KaJIbLUs U KeJe3a.
Pazauyaror )keCTKOCTh BpEMEHHYIO, TTOCTOSIHHYIO U OOIIYIO (CYMMapHYIO).

BpemMenHast KecTKOCTb 0OyCJIOBJIEHa HaJM4YMeM B BojJe OukapOOHATOB
kanpius Ca(HCO3), u maraus Mg(HCOs3),.

[Tpu ruaponuze conu, oOpazoBaHHOU c1abo0il nByxocHOBHOU kucmotoit H,COg,
MPOIIECC PEAKIINH UJIET TI0 CIEAYIONIEeH cxeMe:

CO;* + HOH =HCO; + OH"
Hucconmanus 6ukapOoHaTa MOHA:
HCO; =H" + COs™
HacTtosbko Mana Kpyce= 4,7 10", 4ro mpomssenenne pacropumoctu CaCO; He
nocturaetrcsi U ocajok He BeimagaeT (I1Pc,coz= 5 107%; TIP mgcos = 1- 1075)
[Tpu KuMIIYEHNN 3HAYNTETHLHO YCKOPSIOTCS JIBAa MMPOTHBOIOJIOKHBIX MpoIiecca:
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a) 'maponm3s nona HCO3
HCO; + HOH = H,CO3 + OH"; Kyyp=3,3- 10°°

¥ N
CO, H,0

0) Jduccounarnus nona HCO;3
HCO; « H" + COs™

[Ipouecc nucconmanmm wnoHa HCO; nenaeT BO3MOXHBIM MPEBBILIEHUE
BenM4uH npousseaeHus pacrsopumoct CaCO; u MgCO3 u BbIagaeT ocagok.

CyMMapHBIii 1poliecc BbIpaxaeTcsl ypaBHEHUEM:

Ca(HCO3), «» CaCO3 + CO, + H,0

PaBHOBecue 3TOM peakUMM MNpU KUIMSYEHUM CHUJIIBHO CIBUTAETCS BIPABO
BclienicTBue oOpazoBanus Jierydero (CO;) v TpyAHO pacTBOPUMBIX MTPOITYKTOB.

[Tockonpky OukapOOHaTHAsi >KECTKOCTh YCTPAaHAETCA  KUISAYCHHEM, OHA
Ha3bIBACTCS BPEMEHHOI.

[TocTosiHHAs )KECTKOCTh 00yCIaBIMBACT HAJTMUUE B BOJIE CYJIb(ATOB, XJIOPUAOB
U IPYTUX COJICH KaNbIUs M MarHUs, KOTOPbIE HE Pa3iaraloTcs MPHU KUISTYCHUU BOJIBI.

CymMMa BpeMEHHOW U MOCTOSTHHOM KECTKOCTH COCTAaBIIET OOIIYIO JKECTKOCTb
BObI. OOIIYIO )KECTKOCTh MOXKHO OTPEACTUTh ABYMS CIIOCOOAMH:

a) o cymme katronoB Ca”* 1 Mg®*;

6) o cymme anmono HCO;, SO,*, CI™ u mp.

OO1ast )KeCTKOCTh BOJBI OIEHUBAETCS CYMMOW MMOJIb — 9KBUBAJICHTOB MOHOB
Kampllusl M MarHus, coaepxamuxcs B 1 siurpe. OOuH MMOJb — DSKBHUBAJICHTOB
KECTKOCTH OoTBeuaeT coaepkanuto 20,04 Mr/in noHoB Kanblus win 12,16 M1/ HOHOB
Martusi.

XecTkocTh MPUPOJIHBIX BOJ KOJEOJETCSI B OYEHb HIMPOKUX Mpeiesax — OT
0,1-0,2 MpKkB/1T B BOJIaX peK M 03€p, PACIOJIOKECHHBIX B 30HAX TaWTd W TYHIPHI, 10
80-100 MPKkB/T B HEKOTOPBHIX MOJ3EMHBIX BOJaX W BOJAX MOpPEH U OKEaHOB.
[ToBpIlIEHHAs! &KECTKOCTh B BOAAX MPUPOAHBIX UICTOYHUKOB OOYCIIOBIEHA KOHTAKTOM
BOJIbI C TOPHBIMU MTOPOAAMH, COJIEPKALIUMU KapOOHATHI U CyIb(}aThI.

[IpumeHeHrne KECTKOW BOJBI HEJOMYCTHMO B HEKOTOPBIX  OTPacisxX
NPOMBINIJICHHOCTH, HAampuMep B TEIUIODPHEPreTHKEe, TaK KaKk B KOTIaxX M
OTOMUTENBHBIX TPHOOpPax 00pa3yeTcs HaKHIlb, YTO YXyAIIAeT TerioooMeH. [loaTomy
KECTKOCTb SIBJISIETCSI OJJHUM M3 TOKa3aTesiel KayecTBa BOJbI, KOTOPBIA HEOOXO0IUMO
KOHTPOJIMPOBATh.

[Tpy HEOOXOIMMOCTH WCIOJIb30BaHUS HCTOYHUKA C BBICOKOH IKECTKOCTBHIO
BOJIBI IPUMEHSIIOT CIIEIUATBHBIE METOIBI YMATYCHHSI BOJIBI. Y MSITUEHUE MOKET OBITH
OCYILIECTBJICHO TEPEBOJIOM COJIell JKECTKOCTH B TPYAHOPACTBOPUMBIE WU
KOMIUIEKCHBIE COETUHEHMS, IEPETOHKOM BOJIbI, METOJJOM HOHHOT'O OOMEHa.
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[Ipu ymsiryeHUM BOJBI METOJOM OCAKICHHS COJIM KECTKOCTU TEPEBOAST B
CIIEyIOIMe TPYAHOPACTBOPUMBIE COEIMHEHUS: KapOOHAT KajbIUs, THIPOKCH]
Marausi, Tpex3ameniennsie pocdarsl. Criocodbr 00pabOTKH BOJBI, B 3aBUCUMOCTH OT
ocaguTeNsd, KOTOpble TPUMEHSIOTCA Ui YMSATYEHHUS  BOJbL,  HA3bIBAIOT
M3BECTKOBAHUEM, COJI0-U3BECTKOBAHUEM, (POCHATUPOBAHUEM.

[Ipouecchl, nmpoTeKawIue MpU HU3BECTKOBAHUM BOJbI (00pabOTKa HM3BECTHIO
Ca(OH);) onuceIBalOTCs ypaBHEHUSAMH PEAKIIHIL:

Ca(HCO3), + Ca(OH), = 2CaC05 + 2H,0,
Mg(HCO3), + 2Ca(OH), = Mg(OH), + 2CaC05 + 2H,0,
€0, + Ca(OH), = CaCO5 + 2H,0,

MgSO, + Ca(OH), = CaS0, + Mg(OH), .

ITocTosiIHHAA KECTKOCTH U3BECTHIO HE YAQAJIAECTCHA — UBMCHACTCHA €€ COCTaB:
MarHueBasl ’JKECTKOCTDb IMMEPEXOAUT B IKBUBAJICHTHOC KOJIUIECCTBO KaJIbIIUEeBOMH.

OGpaGoTka Bomsl  omHOBpeMeHHO comoit  (Na,CO,) u  u3BecTbIO

(COI[O-I/IBBGCTKOBEIHI/IG) MOJKET OBITh OITMCaHa TEMHU JKE YPaBHCHUSAMU (KpOMe
HOCJIGI[HGFO) " B JOIIOJIHCHHUC K HUM CJICAYIOIIUMMU:

CaSO, + Na,CO, =CaCO, + Na,SO, ,
MgSO, + Na,CO, + Ca(OH), = Mg(OH), + CaCO, + Na,SO,

KommiekcoHoMeTpuieckoe THUTPOBAHHUE

B ocHOBe METOAOB KOMIUIEKCOHOMETPUYECKOTO THUTPOBAHUS JIEKAT PEaKIMHU
o0pa3oBaHMsI IPOYHBIX BHYTPUKOMIUIEKCHBIX coenuHeHuid. lllupokoe mpumenenue
KOMJICKCOHOMETPUSI TOJIydusa C BBEACHUEM B NPAKTUKY AHAIUTUYECKON XUMHHU
AMUHOIIOJUKAPOOHOBBIX KHUCJIOT W MX COJIEH, Ha3bIBAEMBIX KOMNIEKCOHAMU.
HaunGomnpiee pacnpocTpaHeHue noy4usa JUHATpUEBast COJIb
STWICHIUAMHUHTETpayKcycHOW  kucnoTel  (DJTA), sTuneHaAMaMMUHTETpaareTar
HaTtpus, HaspiBaemas, KOMIUIEKCOHOM III wmmm tpumonom b. Kommekcon 111
oOpa3yeT pacTBOPUMBIE BHYTPUKOMILJIEKCHBIE COEAUHEHUSI C  Pa3IUYHBIMU
METaJJTaMU CTPOTO ONPEACIICHHOTO COCTaBa, a HWMEHHO OTHOIICHHE KaTHOHOB
MeTajuia K Jiuraiay pasHo 1:1.

B  kayecTBe HMHAMKATOPOB B  KOMIUIEKCOHOMETPUU  HMCIOJIB3YIOT
METAITIOMHAUKATOPHI.

DTO OpraHMYecKhe KpacuTeld, oOpasylollue ¢ MeTajUlaMH OKpaIlleHHbIE
KOMIUIEKCHI, MEHEE IIPOYHbIC, Ye€M KOMIUIEKCh KaTHOHa  A3TOr0 MeTaia C
KOMILIEKCOHOM.

Pabounii pacteop — 0,05 H Na,Cy9H14N,O0g-2H,0. (kommnekcon 111, Tpumon b,
JTMHATPUEBAas COJIb ATHIICHINAMUHTETPAYKCYCHOU KUCIIOTHI).
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NHpukaTtopsl — 3JpHOXpOM YepHbIM T, MypeKkcuI, XpoM TEMHO-CHUHUHI
KUCJIOTHBIN

OrnpeneneHue >KECTKOCTH BOJIbI OCHOBAHO Ha cIOCOOHOCTH KoMiuiekcoHa III
(tpunona b) oOpa3oBbIBaTh C MOHAMHU KaJlbIUs U MarHusi OECIBETHBIE XOPOIIO
PacTBOPUMBIE B BOJIE BHYTPUKOMILJIEKCHBIE COCTMHEHUSI.

TutpoBanue NPOBOAAT B NPUCYTCTBUH UHAMKATOPA (KUCIOTHOTO XpPOM TEMHO-
CUHET0), KOTOphI B mienounoi cpene (pH = 10) nmpu Haimuuu cBOOOAHBIX HOHOB
Kallbllig W MarHus, OKpaliMBaeT MpoOy B PO30BBIA I[BET 3a cueT 0Opa3oBaHUs
CJ1a0bIX KOMILIEKCOB.

HeobOxoaumasi menoyHas cpena mpoObl CO3/1a€TCS CMEChIO, COCTOAIIEH U3
xsopucroro ammonust NH,Cl u amvuaka NHj;. Takas cMmech co3maer ycTOWYHBYIO
menounyto cpeny (pH = 10). IIpu TutpoBaHuu TpusioHOM b MOHBI KamblUs U MarHus
o0Opa3yloT ¢ HUM OoJiee MPOYHbIE KOMIUIEKCHI, 4YeM ¢ HHIukaropoMm. Korjga Bce
MMEIOLIUECS] MOHBI KaJIbLIUSL U MarHus CBsDKYTCS ¢ TpHiIoHOM b (HeliTpanbHas Touka),
WHJUKATOP U3MEHSIET OKPACKYy — CTAHOBUTCS CHHE-(PUOJETOBBIM (MIEPETUTPOBAHHBIN
pPacTBOp — CUHUI).

Pacuer o00mieil ecTKOCTM BOABI MO JaHHBIM TUTPOBAHHS OCHOBaH Ha
WCIIOJIb30BAaHUM 3aKOHA SKBUBAJICHTOB: BEIECTBA PEATMPYIOT B 3KBHBAJICHTHBIX
KojaudecTBax. [IpUMEHHTENBHO K JKUOKMM pEarupyrolldM CHCTEMaM 3aKOH
AKBUBAJIEHTOB YJ00€H B CIEAYIOLIEH MaTeMaTuueckon popme, rae:

ViN; = V5N,

rne Vi u  V, — 00béMbI pacTBOpoB pearupyrommx BemiecTB; NiuN, —
HOPMAJIBHOCTb ~ 3THUX  PacTBOpPOB  (MOJISIpHAas  KOHILIEHTpAlWs  SKBUBAJICHTA,
SKBUBAJICHTHAs! KOHLUEHTPALMS).

Bomnpocs! Kk 3amuTe padoTbl
1. Kakast ®ecTKOCTb yCTpaHseTCs] KUIITYeHUEM?
2. Kakue cnocoObl yCTpaHEHHs KECTKOCTH Bojabl Bam wu3BecTHbI? (OTBET
MOTHUBUPYWUTE, COCTABUB COOTBETCTBYIOUINE YPABHEHHSI XUMHUYECKUX PEAKLIUNA)

YueoOnas aureparypa: [1, c. 674-676]; [2, c. 461-474]; [3, c. 393].
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2 CEMECTP

TEMA: «<HEKOTOPBIE TEOPETUYECKHE ITPEJICTABJIEHUS B
OPITAHUYECKOUW XUMUN»

JlaGopaTopnasi pabora Ne 1
N3yuyeHue cTpoeHUs 1 HOMEHKJIATYPbI OPraHUYeCKUX COeJUHEHU 110 MOIeJIAM
Crwoapra-bpur.ieda

Leab pa6oTsl — GopMHUpOBaHHE YMEHHI U HABBIKOB, HAYYUTHCS OMpPENCITh,
K KAKOMY KJIACCy OTHOCHUTCSI OPraHUYECKOE COEAMHEHHNE, BRIPA0OTaTh YMEHHE /1aBaTh
Ha3BaHUs, OOBSACHATH JJIEKTPOHHOE CTPOCHHE OPraHWYECKUX COCJUHEHUH, MHCATh
(hOopMyITBI H30MEPOB.

Teopernuecknii Marepual, He0OXOAUMbIH BBINOJHEHUSI J1Aa00PATOPHOM
padoThI.

Mogenu Crroapra—bpurine6a Haunbojee TOYHO COIVIACYIOTCS C M3BECTHBIMU
JAHHBIMM O CTPOCHHMHM OPraHHYECKUX coeauHeHuil. OHM JarT NIpaBUIIBHOE
IIPEACTABIICHHE O JUIMHE M HaIPaBJICHHOCTH KOBAJEHTHOM CBS3M, BEJIMYMHAX
BaJICHTHBIX YTJIOB, IPOCTPAHCTBEHHBIX KOH(PUTYpALUAX U 00BEME MOJIEKYJI.

ATOMBI XMMHYECKHMX OJJIEMEHTOB IIPEACTABICHBI YCEUYEHHBIMH IIApPUKAMU
paziuuHoro ngera (C — uépnsiii, H — 6enbiii, O — kpacHbIil, N — cuHull u T. 1.).

KonuuectBo cedyeHuil (Cpe30B) COOTBETCTBYET YHMCIY aTOMOB, CBS3aHHBIX C
JAHHBIM aTOMOM KOBAJEHTHBIMH CBS3AMH. [IpM 3TOM KOJIMYECTBO CPE30B MOXKET
OBITh PABHO WJIM MEHBUIE BAJEHTHOCTH 3JIEMEHTA, TaK KaK CYIIECTBYIOT MPOCThIE U
KpaTHBIE CBS3H.

CH,4 C — 4€pHBIi1 IAPUK C YETBIPEMSI CPE3aMHU
H — Genplif mapuk ¢ 0OIHUM CPE3OM
H,C=0 C — 4€pHBIil LIAPUK C TPEMS Cpe3aMu

H — Genblii mapuk ¢ OTHUM Cpe3oM
O — KpacHbIU MIAPUK C OJHUM CPE3OM.
B cooTBeTcTBUM C BO3MOXKHBIMU BAJICHTHBIMU COCTOSIHUSIMHM  YTJIEPOL
MIPE/ICTABIICH CIAEAYIOMMME MojiesiMu (Tabmuna 13).

Tabnuma 13. XapakTepucTUKH BaJICHTHBIX COCTOSIHUN aTOMa yriiepoja

BanenTtnoe Yucno Tun [IpocTpancTBeHHas | BanenTHbie
COCTOSIHME | IPUCOCAUHEHHBIX | THAPUAN3ALUY | KOHPUTYpanus YTJIBI
aTOMOB
1¢ 4 Sp’ TETpadApUIECKast 109°28
2¢ 3 Sp? TUTOCKast 120°
3¢ 2 Sp JIMHEHHAS 180°

3amanue u dTanbl NPOBeleHNs JJA00PATOPHOM PadoThI
1. Jlo npoBenenus 1abopaTopHOM pabOThI:
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a) ohopMuUTE MPOEKT OTYETA T10 JIAOOPATOPHOU padoTe;

0) HaNUIIKUTE YpaBHEHUS COOTBETCTBYIOIIUX PEAKITUH;

B) MPEIYCMOTPUTE MECTO B TIPOEKTE OTYETA JIJIsl HAOIIOACHUN U BBIBOJIOB.

2. B xone BbINOJTHEHUS J1abopaTopHOU padboThl cobepute monaenu Crroapra—
Bbpurneba crneayronmx opraHMu4ecKuX COSTMHEHHIINA:

CH; — CH,— CH, — CHj CH;— CH(CHs) — CH,— CH,

CH2 =CH - CHZ — CH3 CH3 —CH=CH- CH2 - CH3 (HI/IC-)
CH3 —CH=CH- CH2 — CH3 (Tpch-)

CH,=CH-C=CH CH;— CH = CH — C = CHj (uuc-)
CH; — CH = CH — C = CH; (Tpanc-)

CH; — COOH HCOO — CH;

Mopenu aTtoMOB COEOUHSAIOTCA IPU MOMOIIM KHOIIOK, & B CiIy4ae JBOMHOMN
CBA3M MCHOJB3YIOTCS KHONKH CO CTOINOPOM, YTO COOTBETCTBYET OTCYTCTBHIO
CBOOOJIHOTO BpAIllEHHs] aTOMOB OTHOCHUTENILHO JAPYT Apyra.

3. IlpuBenutre  Ha3BaHUS  3aJaHHBIX  COCIUHEHUN  (TpUBHAIBHBIC,
palMoOHAJIbHbBIE, CUCTEMATHYECKUE).

4. Onpenenure K KakuM KjaccaM OHHM OTHOCATCS, YK@KUTE HMEIOIINECS
(yHKIIMOHAJIbHBIE TPYMIIHI.

5. 3apucyiite coOpaHHbIE MOJEIM B JaOOPATOpPHOM TeTpaau, HAIUILINTE
MOJIHBIE CTPYKTYpHBIE (DOPMYIIbI 3aJaHHBIX COCIMHEHUH, ONPEEINTE U YKAKUTE Ha
CTPYKTYpPHBIX (popMyJlaX BaJCHTHbIE COCTOSHHUS aTOMOB YIJIEPOJa, BEJIMYHHbI
BAJICHTHBIX yIJIOB, G- U T- CBA3EH.

6. Onpenennre, KakKME W3 COCIUHEHUM SIBISIIOTCS CTPYKTYPHBIMHM, KaKue —
MPOCTPAHCTBEHHBIMU U30MEPaMU;

Bomnpocs! AJ151 caMOCTOATEJIbHOM PadoThI

1. Knaccudukaius opraHu4ecKux COeTMHEHUN.

2. Kakue opraHMyecKkre COEJUHEHHS Ha3bIBAIOTCS YIJIIEBOAOPOJAMU U HX
(YHKIMOHATEHBIMH MPOU3BOTHBIMU?

3. [adite ompenenenue ¢yHKIMOHANBHOU rpymme. [lpuBemute dopmybi
(GyHKIMOHATBHBIX TPYI U HA30BUTE UX.

4. ChopmynupyiiTe OCHOBHBIC MPUHIIUIIBI CUCTEMAaTHYECKOW HOMEHKJIATYPHI
OPTraHUYECKUX COCAUHECHUMU.

5. Uto Ha3bIBalOT YIJIEBOAOPOAHBIM paaukanom? IlpuBeaute dopmynsl u
Ha3BaHMS YTJIEBOJOPOIHBIX PAIUKATIOB.

6. KakumMu XUMHYECKUMHU CBS3SIMH COCIUHSIIOTCS aTOMbl B MOJIEKYJax
OPTraHUYECKUX COCAUHECHUN?

7. KakoBO 3JIEKTPOHHOE CTPOEHUE: G- U T-CBSI3EM?

8. sp°-, Sp*-, SP-TUAPHAN3ALHS ICKTPOHHBIX OPOUTAICH aTOMOB yriepoja.

9. JaiiTe ompeaesieHue U30MEpUM OpraHudeckux coeanHeHui? Kakue bl
€€ CylIeCTBYIOT?

YueoHas gureparypa: [1, 3, 7].
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TEMA: «YIVIEBOAOPOAbI»

JlaGopaTopHasi padora Ne 2
N3ydyenue cnoco00B mojiydyeHus 1 GU3NKO-XUMUYECKHUX CBOMCTB
YIJIEBOOPOAOB (AJIKAHOB, AJIKeHOB). IIpoBeieHNe Ka4eCTBEHHbIX PeaKIMil

Leap padotbl: popMUpOBaHHWE YMEHUN U HABBIKOB, HAYYHUTHCS MMOJIy4aTh B
7a00paTOPHBIX  YCIOBHUSIX  YIJIEBOJOPOABI, TMOJYYUTh HAaBBIKA YCTAaHOBJICHUS
MIPEAEIBbHOCTH WIM HENPEIEIBbHOCTU YIJIEBOAOPOJAOB C IOMOLIBIO KAa4E€CTBEHHBIX
pEaKInu.

Teopernueckuii) maTepuas, HeOOXOAMMBI BBINOJIHEHHUS JAa0OPATOPHOM
padoThI.

[IpenenbHbBIMU  YIJIEBOJOPOAAMHU  (AJKaHAMM) HA3bIBAIOTCS ALUKIMYECKHUE
yIIEBOAOPO/bI, B MOJIEKYJIaX KOTOPBIX aTOMBI CBSI3aHBI MEXJY COOOM TOJIBKO
MPOCTBIMU WM OJWHAPHBIMU KOBAJICHTHBIMHU CBsi3siMU. KoBajeHTHBIE CBSI3U B
MOJIEKYJIaX QJIKaHOB IMPOYHBIC, HEMOJSPHBIE WM MAaJIONOJIAPHbIE, ITOATOMY B
OOBIYHBIX YCIOBUSX JJIS aAJKAHOB XapakTepHAa YCTOMYMBOCTh K Pa3IUYHBIM
peareHTaMm. AJIKaHbl CIIOCOOHBI K PEaKIMAM 3aMEIICHUs U OTILIEIJICHUSI BOJAOPO/Ia, a
TaKKe K PEaKIUsAM pPa3JI0KEHUS, MPOTEKAIOIIMM C Pa3pbIBOM YIVIEPOJHOM LIENH, HE
CIIOCOOHBI K PEaKIUsIM MpUCcCOeIUHEeHUs. Peakiny ainkaHoB UAYT MPEUMYIIECTBEHHO
[0 PAAKAJIbHOMY MEXAHU3MY U B JOCTATOYHO KECTKUX YCIOBHUSX.

AJIKEHBI — HETIPEIEJIbHBIC AlIMKINYECKHUE YTIEBOAOPObI, XapaKTEPUIYIOIIUECS
HaJIMYUEM JBOMHOM CBSI3H, COCTOSIICH U3 OJHOMN G- M OJHOM 7T- CBSI3H.

AJNKEHbl 3HAYUTENBHO Oo0Jiee PEaKIMOHHOCIOCOOHBI IO CPaBHEHHUIO C
aJKaHaMU 32 CYET MEHBIIEH MPOYHOCTU — T CBA3U IO CPABHEHUIO C G-CBA3bI0. OHU
BCTYNAIOT B XMMHUYECKUE PEAKIIUU TIaBHBIM 00pa3oM IO JBOMHOM CBS3H B MEPBYIO
ouepelb C pPa3pblBOM T- CBSI3U: PEAKIMH DJICKTPOPUIHHOTO MPUCOCIUHECHHUS,
OKHCJIEHUS, TMOJUMEpU3alru.  AJIKEHBl  MOTYT  CYIIECTBOBaTh B  BHUJIC
MPOCTPAHCTBEHHBIX HM30MEPOB B 3aBUCHUMOCTH OT PACIOJIOKEHHUS 3aMEIIarolInuX
rpynn 1O OTHONIEHHWID K JBOMHOW CBA3W. OTOT BHJ HM30MEPUM HA3bIBACTCS
reOMETPUYECKON (LIMC-TPAHC-) U30MEPUEH U TAKHE N30MEPHI HECKOJIBKO OTINYAIOTCS
10 CBOMCTBaM.

Peakiuu ankeHoB ¢ OpOMHOW BOJIOM M BOJHBIM PAacTBOPOM IE€pMaHTaHaTa
KaJIUS SBJISIIOTCSI KAUECTBEHHBIMU Ha JIBOWHYIO CBSI3b. ITUMM K€ peareHTaMu MOXHO
OTKPBITh TPOWHYIO CBSA3b B OPraHUYECKUX COCUHECHUSIX.

3ajanme ¥ dTanbl NPOBeAeHUs JIaA00PATOPHOI padoThI

Jlo mpoBeaeHus 1a00paTOpHOM pabOTHI:

a) chopMyIUpyHTE LETb IS KaKJI0T0 OIbITA;

0) odopMHTE MPOEKT OTUETA IO JTAOOPATOPHOI padoOTE;

B) HalMIIIUTE YPABHEHUS COOTBETCTBYIOIIUX PEAKIINM;

T') PEAYCMOTPUTE MECTO B MPOCKTE OTUETA JJII HAOIIOICHU U BBIBOJIOB.

B xoze BeImonHEHUs 1a00paTOpHOI pabOTHI:

a) IPOBEAUTE OMBITHI:
74



OmnbiT Ne 1. ITosryyeHne MeTaHa U M3y4YeHHe ero CBOMCTB.

Obopyoosanue: 1WTaTUB C MHUKPONPOOMPKAaMU, Ta300TBOAHAas TpyOkKa,
IPOOUPKOAECPKATEND.

Peaxmuevl: YKCYCHOKHUCIIBIN HAaTpui, 0O0E3BOXKEHHBIN; HATPOHHAs HM3BECThH
(cMmech eKoro HaTpHsl M OKCHJA Kalblids); OpOMHAasi BOJa, HACBIIEHHBIN pacTBOp;
NepMaHraHar kaiaus, | H. pacTBop.

Xo00 pabomoi

B cyxyio mnpoOupKy NOMECTHTE CMECh MPUMEPHO PAaBHBIX KOJIMYECTB
00€3BOKEHHOI'0 (CIUIABICHUEM) YKCYCHOKHCIIOTO HAaTpus W HATPOHHON H3BECTH,
BbIcOTa cJiosi B mpobupke okosno 10 mm. Ilpobupky 3akpoiite npoOKol ¢
ra3o0TBOJIHON TpPyOKO#, Jepka B TOPU30HTAIBHOM IIOJOKEHUU, HArpeute ee B
IUTAMEHU TOPEJIKH, CHayajaa o0orpeBaiTe BCIO MPOOMPKY, 3aTeM CUIILHO HarpeBaiiTe
CMeCh, BBOJISl Ha 1—2 MHUH MOOYEpEeTHO KOHEI] Ta300TBOAHON TPYOKH B MPOOUPKH, C
MIpPEABAPUTEIILHO HAJIUTHIM pacTBOpoM mnepManraHata (10 kamenp) U pacTBOpa
opomuoii Boabl (10 kamens). OOeciBeurBaHHME PACTBOPOB HE MpoucxoautT. He
MpeKpaiias HarpeBaHusl CMECH, MOJOKTUTE Ta3000pa3HbIil METaH, BBIIEISIOIIUNACS
M3 Ta300TBOAHOW TpyOku. OOpaTuTe BHUMAaHWE€ Ha TO, YTO METaH TOPUT
HECBETSIIMUMCS TiamMeHeM. VHoria OHO ObIBaeT OKpAIIEHO B KENTHIA LIBET 3a CUET
HATpHsl, COJAEPIKAILETOCs B CTEKIIE.

OmnbiT Ne 2. CBoMCTBA KMAKHUX NpeebHbIX YIJIeBOA0POA0B

Obopyoosanue: 1MTATUB C MUKPOIIPOOUPKAMHU

Peaxkmuewt: mnieTposneiiHbii 3¢up; OpoMHash BOJA, HACBIIICHHBIM pacTBOP;
NepMaHraHat Kaius, 1H. pacTBOp; cepHasi KUCI0Ta, KOHUEHTPUPOBAHHAS.

Xo00 pabomoi

B nBe mpoOupku momMecTuTe MO 5 Kamenab meTposieiiHoro adupa (cMmech
HACBHIIIEHHBIX YIJIEBOJOPOJOB) W J00aBbTe MO 1-2 Kamiam B OJHY pacTBopa
MepMaHraHata, B JpYyryro — pacTBOp OpomHoil Bonbl. Coaepkumoe MNpoOUpPOK
SHEpPru4Ho mnepemerniaiite. Okpacka Opoma W TEepMaHraHata Kajus MPU STOM HE
ucuesaer. OObsicHuTe nodyemy? B mpoOupky moMectute 2 Karuid MEeTPOJICHHOTO
abupa W 2 Karmm cepHOM KHUCIHOTHL. ColepXuMoe MPOOUPOK HSHEPTHUYHO
nepemerniaiite 1-2 MuH, OxJaxaas MNPOOMPKY XOJOTHOM MPOTOYHOW BomoH. B
YCJIOBHUSX ONBITA AIKAHBI C CEPHOM KUCIIOTOM HE pearupyror.

OmnbiT Ne 3. ITosryuyeHue 3TH/IEHA M H3yYEHHE ero CBOMCTB

Obopyoosanue: 1TATUB C MHUKPOMPOOUMPKAMH, Ta300TBOAHAS TpyOKa,
MpOOUPKOACPIKATEb.

Peakmuebt: H>TWIOBBIA  cnupT, 95%-HBII pacTBOp; CcepHast KUCIOTA,
KOHIEHTPUPOBAHHAS; MTECOK MJIK OUTOE CTEKIIO.
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Xo00 padomowt

B cyxyro npobupky nomecture 1-2 Kycouka OUTOro cTekiia (MM HECKOJIbKO
KPYNHUHOK Tiecka), u 10 kamenb TOTOBOM CHUPTOBO-KUCIOTHOW cMeCH (B BBITSIKHOM
mkady), 3aKpoiiTe MpoOHPKYy MPOOKOM € Tra300TBOJHON TPYOKOH M OCTOPOXKHO
HarpenTe MpoOUPKY B IJIAMEHU TOPEJIKH, BBOJIA MOOYEPEIHO KOHEI[ ra300TBOJAHON
TpyOKH B MPOOHMPKH, C MPEABAPUTEIILHO HAJIMTHIM TNEpMaHTraHatoM (5 Kamelb) U
pacTBopa OpomHON BoAbl (5 kamenb). [IpomyckaiiTe 3THiieH 10 0OOecCHBEYMBAHUS
pacTBopa B mpobOupkax. He mpekpamnas HarpeBaHUsSi CMECH, BBIHBTE KOHEII
ra3ooTBOJIHOM TpyOKM U3 NPOOUPKH, TIOJOKTUTE Tra3000pa3HbId  ATHUIIEH,
BBIICIIAIONIMICS U3 ra300TBOAHON TpyOku. OOpaTuTe BHUMAHHE, YTO TUJIEH TOPUT
CBETAILIUMCS [IJIAMEHEM.

OmnbIT Ne 4. CBolicTBA )KMIAKMX HeNpeaeJbHbIX YIJI€BOI0POA0B

Obopyoosanue: MTaTUB C MUKPOTIPOOUPKAMH.

Peakmuewl: KpekuHT-OCH3MH WJIM KEPOCHH; IepMaHraHaT Kajius, Oelo-
pPO30BBIA pacTBOp; OpOMHAas BOJA, HACHIIIEHHBIA PAcTBOP; CEpHas KHUCIIOTa,
KOHIICHTPUpPOBaHHas.

Xo00 pabomot

B nBe npoOupku nomectute no 4 Kariau OeH3WHA WM KEPOCHHA U J100aBbTE
no 1-2 xamimm B OgHYy NpOOHMpKY pacTBOopa NEpMaHraHata Kajlus, B JPYIyl0 —
pacTBOpa OPOMHOM BOJBI, COIEPHKUMOE MPOOUPOK IHEPTUYHO MEPEMEIIANTE.

0) 3anuiyuTe HAOMIOICHUS JJIs KaXKI0T0 OIBITA;

B) CopMynupyiiTe BBIBOJBI IJIsl Ka)KJOTO OIBITa; IPHU 3TOM OOBACHUTE, HA
YTO yKa3bIBaeT oOecLBEUMBaHUE OPOMHOM BOJBI U BOAHOTO PAacTBOpA NEpMaHIraHATa
Kanus?

r) OtuuTaiitech nepes NpenogaBaTeieM O MPOJAEIaHHON padoTe: MpeIbsIBUTE
0oOpPMIICHHBIM OTYET MO JabopaTopHOM paboTe W IITATUB C NPOOUpPKAMU TIO
KQKJIOMY OIBITY.

Bomnpocs! AJ151 caMOCTOATEIbHOM PadoThI

1. Hamumwmre oOmue ¢(opMynbl YTrieBOJOPOAOB TOMOJOIMYECKUX PSJIOB
AJIKaHOB, AJIKEHOB U apEHOB.

2. Hamumure Gopmynasl BO3MOXHBIX HM30MEpPOB TIEHTAHA, IIEHTEHA-2 U
rUAPOXMHOHA. HaszoBuTe BHABI H30MEpUM MU H30MEPBI II0 CUCTEMATHYECKOMN
HOMEHKJIAaType.

3. Kakue croco0sl mosyueHus alkaHOB, aJJKEHOB U apEHOB BbI 3HaeTe?

4. OxapakTepu3yiTe 31eKTPOHHOE CTPOEHUE METaHa, 3TUJICHa U OeH3071a.

5. IlpuBeauTe npuMepsl peakiui 3aMELICHU ISl METaHa, YKaXKUTE 110 KAKOMY
MEXaHU3MY OHU IIPOTEKAIOT.

5. IlpuBeauTe npumepsl peakiui NPUCOCAUHEHUS Ul 3TUIEHA, YKAXKUTE I10
KaKOMYy MEXaHHU3MYy OHHU IPOTEKAIOT?
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6. OxapakTepu3yiTe MPOMBIIUICHHOE MPUMEHEHUE HACBIIIEHHBIX W
HEHACHIIIICHHBIX YTIICBOIOPOIOB U MX HAX0XKICHUE B TIPUPO/IE.
7. Kakue peakiiuu sSBISIFOTCS KAYeCTBEHHBIMHU HA TBOMHYIO CBS3h?

Yueonas aureparypa: [1, 3, 7].

TEMA: «'HAPOKCUCOEIUMHEHMUSA U UX ITPOU3BOJHBIE»

JlaGopaTopHasi padora Ne 3

HN3yuyenune GU3NKO-XUMHUYECKUX CBOMCTB IHAPOKCHUCOCIMHEHUI
(ciupToB U ¢genonoB). [IpoBeaeHne Ka4yeCTBEHHBIX PeaKUIM

Heanb padorbl: GopMUpOBaHHE YMEHUN U HABBIKOB, YCTAHOBJICHHUE PA3IUUYUI
B KHCJIOTHBIX CBOMCTBAaX CHUPTOB M (DEHOJIOB, MPUOOPETEHNUE HABBIKOB MPOBEICHUS
peaKkuii OKUCICHUS CIIUPTOB U KAUECTBEHHBIX PEAKIIMil HA MHOTOATOMHBIE CIIUPTHI U
(heHOJIBI

Teopernuecknii Marepuali, He0OOXOAUMbIH BBINOJHEHUS JA00PATOPHOU
padoThlI.

CoupTtel MOXKHO paccMaTpUBaTh KakK MPOU3BOAHBIE  alu(PaTUUECKUX
YTJIEBOJIOPOJIOB, B MOJIEKYJIaX KOTOPBIX OJHMH WJIM HECKOJBKO aTOMOB BOAOpOAA
3aMelleHbl Ha ruapokcuiibHyto rpymmny (-OH). o yncny ruipoKCUIBHBIX TPYIIT OHU
JeNSATCA Ha OJHO- U MHOTOAQTOMHBIE; B 3aBUCHUMOCTH OT TOTO, C KaKUM (TIEPBUYHBIM,
BTOPUYHBIM WJIM TPETUYHBIM) aTOMOM YTJIEpOJia CBs3aHA THIPOKCUJIbHAS TPyINa -
Ha [EPBUYHbBIC, BTOPUYHBIE U TPETHUYHBIE.

CrnupTel 00J1a71a10T YPE3BBIYANHO CIa0BIMU KUCIOTHBIMUA CBOMCTBaMH, ciabee
yeM y BoJbl. OHM HE OKpalIMBAIOT JIAKMYC B KpAacCHbIA IBET, NMPAKTHUUYECKU HE
B3aUMOJICUCTBYIOT C BOJHBIMH PAcTBOpPAMM IIEIOYEH, OJHAKO CO IIEJIOYHBIMU
METaJUIaMH JAI0T aJIKOTOJIATHl — COJM CHA0BIX KHUCIOT, JIETKO MOABEPrarolInecs
ruaposn3y. COUpTHl MOKHO paccMaTpUBaTh M KaK OYEHB CJIa0ble OCHOBAHMS, TaK Kak
OHM MOTYT MPOTOHHPOBATHCSA 3a CUET HEMOJEICHHON 3JIEKTPOHHOW Mapbl aToma
KHUCJI0opoAa, 00pa3ysi OKCOHUEBBIE COeIUHEHUS (cosii). B mepBoM NmpuOIMKeHUN BCe
CIIUPTHI MOXKHO CYUTATh HEUTPAIbHBIMM COCIUHEHUSIMH. CHUpThl BCTYMAlOT B
pEeaKlMK 3aMEIlEeHUs, OKUCICHUS, OTLIEIJIeHUsI. MHOroaTOMHbIE CIUPTHI BCTYMAIOT
enlé u B peakiuu NOJUKOHACHCAIIUH.

B oObraHOM crnmpTe pekTuduKaTe COMEPKHUTCS OKOJIO 5 % BOABI, KOTOPYIO
HEJIb3sl YJAIUTh NMEPErOHKOM, TaK KaK PeKTU(UKAT SBISETCS a3€0TPONHON CMECHIO.
be3ponublii cynbdhar Menu, CBSI3bIBas BOAY, MEPEXOJUT B CUHUN KPUCTAJIIOTHIPAT
CuSO45H,0. 1o n3mMeHeHNI0 OKPACKU CYAST O HAJIMYWU BOJBI B CIIUPTE U O XOJIE
00€3BOKMBAHUS CITUPTA
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deHonamMu HaA3bIBAIOTCS TMPOU3BOJIHBIE APOMATHUYECKHX YIJIEBOAOPOJIOB,
cColepKallie B MOJIEKyJlax TUAPOKCWIbHYIO TpyHOIy TMpU aToMe Yriepoja
6enzonpHOrO Anpa. MDeHonbl, Kak U COUPTHI, ACMATCA MO YUCITY THIPOKCHIIBHBIX
TpyII Ha OJTHO- U MHOTOATOMHBIE.

XuMHuueckre cBOMCTBAa ()EHOJIOB OOBACHSIOTCS MX DJIEKTPOHHBIM CTPOCHHUEM.
Henonenennas »nekTpoHHas mapa aromMa KHUCIOPOJa HAaXOJUTCS B COIPSDKEHUU C
T — BJIEKTPOHAMHU OEH30JBHOTO SIpa, YTO MPUBOAUT K OOJBIICH MOJISPHOCTH CBSI3U
O-H. [losiBnsiercss  OoJibllasi 1O  CPaBHEHUIO CO CHUPTAMH  BO3MOKHOCTh
mucconuanuu  ¢enonoB no cBa3u O-H ¢ oTmemnennem mnpotoHa. B BoaHbIX
pacTBopax (heHobl BeayT ce0s, Kak ciaadble KUCIOThl, OHM HE OKPAIIMBAIOT JIAKMYC B
KpacHBIN IIBET, COJIeOOpa3HbIe MPOU3BOJHBIE (DEHOTOB — (PEHONATHI B BOJHBIX
pacTBopax CHJIBHO THUIPOIM30BAHBI U JIaXKe Takue ciadble KUCIOTHI, KaK YrojbHas,
BBITECHSIOT U3 (DEHOJIATOB CBOOOJHBIE (eHOoJbl. B oTinMume oT cnupToB (PEHOJIBI
MOTYT 00pa30BbIBaTh (DEHOJSATHI W MPU JIEUCTBUM BOJHBIX PACTBOPOB MICIOYECH.
DeHOoIBI U3-3a MOJI0KUTEIBHOTO HHAYKTUBHOTO 3¢ (eKTa THAPOKCUIOB 3HAYUTEIHHO
Jerdye TMO CpaBHEHMIO C apeHamMH BCTYHNAIOT B PEAKIUH d3JIEKTPO(UIHLHOTO
3aMEIEHUS, OKUCIICHHUS, TPUCOCAMHECHNUS.

Peakiuu ¢enonoB ¢ OpomHoii Bomoit u xsopunoMm xkenesa (lll) sBusrorcs
KaueCTBEHHBIMHU.

3axanue ¥ dTanbl NPOBeACHHU JIA00PATOPHOH PadOTHI

o npoBeneHust 1a00paTopHOil pabOTHI:

a) copMyIUpyITE eI ISl KaXJI0T0 OIBITA;

0) odopMHTE MPOEKT OTUETA TTO JTAOOPATOPHOI padOTE;

B) HAITUIIIUTE YPaBHEHUS COOTBETCTBYIOIINX PEAKIIHIA;

T') IPEeIyCMOTPHUTE MECTO B MIPOEKTE OTUETA JIJIs1 HAOIIOACHHIA U BEIBOJIOB.

B xoze BeInmonHeHUs: 1a00paTopHOIl pabOTHI:

a) POBEIUTE OTIBITHI:

OmnbiT 1. O0HapykKeHUe NMPUCYTCTBUS BOJAbI B CIUPTE U 00€3BOKMBAHUE
cnupTa

Oobopyoosanue: MTATUB C MUKPOITPOOUpPKAMU, BOJsIHASI OaHS.

Peaxkmuebt: >TUs10BBIN criupT (pexktudukar), cynbdar meau (0/B MOPOIIOK).

Xo00 pabomowi
B cyxyio mnpoOupky mnomecture 1 MuKpommareiab O€JIoro MOpoIika
0e3BoIHOTO cyib(dara MeAu W J00aBISIOT 5 Kameidb 3THJIOBOIO CHUPTA, XOPOIIO
BCTPSIXUBAIOT U HarpeBalTe 10 OKpalIuBaHUs OEJIOro MOPOUIKa B FOJIyOOH.
[Tomy4yeHHBIN 00E3BOXKEHHBIM CIUPT OCTOPOXKHO CICHTE M HCIOIB3YHTE IS
CJIEAYIONIETO OMbITA.
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OnpIT 2. O0pa3oBaHue 3THJIATA HATPUS

Obopyoosanue: MTATUB C MUKPOIIPOOUPKAMHU

Peaxmuevi: 00€3BOXKEHHBIN OSTUJIOBBIA CHHUPT, METALIMYECKUN HATPHIA,
dhenondranend (1%-HbIi COUPTOBOM pacTBOP).

Xo00 padomowi

B cyxyto npoOupKy mOMecTUTe MaJIeHbKHI KyCOYEeK METAIITMUYECKOT0 HATPHS,
nobasmsitor 3—4 karum STwioBoro cnupra. Ceillyac ke HauMHaeTcs OypHOe
BblIeNieHHe Bojopoaa. [IpoOupky oTBepcTHEM MOJHECUTE K IJIAMEHU TOPEIKH,
BOJIOPOJI BOCILJIAMEHSIETCS C XapaKTePHBIM 3BYKOM, 00pa3ys MaJICeHbKOE KOJEUKO
roixy6oro nBera. Ha nHe mpoOupku octaercs 0enoBaThlif 0CaI0K ATHIIaTa HATPUS WK
ero pactBop (eciu Obl ObUT B3SAT U30BITOK criupta). [IpubaBpTe 2—3 Karjiud BOJBI,
ocagok pacTtBopsieTcs. MHorga HabmiogaeTcsi O4eHb HE3HAUMTETbHAs BCIIBIIIKA 3a
CUET HUYTOXHBIX OCTATKOB HE IPOpEarupoBaBIIEr0 HATpUs (€cliM €ro B3ATh
n30bITOK). JloOGaBpTe 1 Karmio pactBopa (eHosTanenHa, MOSBISIETCS MaJIUHOBOE
OKpaIIBaHHE.

OOBsicHUTe, TIOYEMY IMOcie TpudaBieHUs BOJbI pacTBop GdeHondTanenHa
OKpaIIMBAETCs B KPACHBIH LIBET?

OnbiT 3. B3aumojeiicTBUe rIMIepUHA ¢ THAPOKCHIOM MeIH
Obopyoosanue: MTAaTUB C MUKPOTIPOOUPKAMU, POOUPKOIEPIKATEIb.
Peaxmuent: rmuneput, cyibdat meau (0,21), eaxuit HaTp (0,2H).

Xo00 pabomowi
[TomecTuTe B mpoOupKy 3 Karum pacTBopa cyibdara Meau, 3 Kariau pacTBOpa
€IKOTO HaTpa U TMepeMemanTte — oOpaszyeTcs Toiay0oill CTYACHHUCTBIM OCalIoK

rupokcuga mend. B mpoOupky no6aBpTe 3—4 Kamiau I[NIHMIEpUHAa W B30OJTailTe
conepxkumoe. OcaToK pacTBOPAETCS U MOSBISAETCA TEMHO-CMHEE OKpAaIlMBaHHE
BCJEACTBUE OOpa3oBaHMs IUMLEpara MeAu (BHYTPUKOMIUIEKCHOE, XEJIaTHOE
COCJIMHEHUE).

OOBbsicHUTE, TOYEMY MHOTOATOMHBIE CIUPTHI B OTJIMYKME OT OJHOATOMHBIX
BCTYNAIOT B PEAKIIMIO C TUJIPOKCUAAMU TSHKEJIBIX METAJIJIOB?

OnbIT 4. OKHUCIEHHE ITWIOBOI0 CIIUPTA XPOMOBOIi CMECHI0
Obopyoosanue: MTaTUB C MUKPOTIPOOUPKAMH, BOJISTHAS OaHS.
Peaxmuewt: >TUnoBwIA ciupT, Ouxpomat kanms (0,5H), cepHast kuciora (2H).

Xo00 pabomot
B npobupky nomecture 3—4 Karju 3TUIOBOrO COHMpTa, 100aBbTe 2—3 Kamiu
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pacTBopa CepHOM KMCIOTHI U 2—3 Karuik pacTBopa Omxpomara kanus. OpaH>KeBbIii
pacTBOp B mpoOWpKe HarpeiiTe Ha BOASHON OaHe 10 Hayanda M3MEHEHUs OKPACKH Ha
CHHEBaTO-3eJeHyI0. OJTHOBpEMEHHO OyIeT OIIyIIAThCs 3alax YKCYCHOTO ajlbAerua.

OmnpIT 5. lernaparanus rivuepuHa
Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.
Peaxmuewi: runpocynbdat kanus, GyKCUHCEPHUCTAs KUCIIOTA.

Xo00 padomowi

[Tomectute B mpoOupky 1/3 mukpormmarens Oucynbdara kanus u 3—4 Karim
riunepuHa. Harpeiite Ha nimamenu ropenku (0€3BOAHBIA OUCyNb(aT MIaBUTCA MpU
temmeparype okono 205 °C. Ceipoii OuCynb(aT IUIABUTCSA 3HAYUTEIBHO HIDKE.
[ToaTomMy, mToka BCs BOAa W3 HEr0 HE YAAIUTCSA, Pas3lOKEHUE TJHUIEpUHA HE
MIPOUCXOJINT).

[TpusHakoM peakuuu JerujipaTaluy MNIMLEpUHA CIYKUT NOOypeHue KUAKOCTU
B IPOOHPKE U MOSIBIICHUE PE3KOTO, OCTPOTO 3amaxa.

Onycture B NpPOOMPKY MOJOCKY (UIBTPOBAIBHOW Oymaru, CMOYEHHYIO
pacTBOopoM (pyKCHHCEPHHCTOM KUCIOTHI. Kak TOJIpKO mapel qocTUratoT Oymaru, oHa
OKpacuTcs B KpacHbli 11BeT. Ha 4T0 3T0 yKka3piBaeT?

OnbIt 6. ITosryyenne u pasio:xkenne GpeHoNIATOB
Oobopyoosanue: MTaTUB C MUKPOIIPOOHPKAMHU.
Peaxmuewt: xxunxuii penon, enkuit Hatp (2H p-p), cepHas Kucaota (2H p-p).

Xo00 pabomowi
B npo6upky nmomectute 3—4 Karm XuAkoro (eHosa u 106aBbTe 3—4 Karum
BOJIbI, TIIATEJIbHO mepemerniaiite. K momyyeHHoi sMmyibcuu no0aBbTe 3—4 Kariu
pacTBopa eakoro Harpa. MoMeHTaabHO 00pa3yeTcsl Mpo3pavyHblii pacTBOp (heHosITa
HaTpus, TaKk KaK OH XOpOIIO pacTBOPUM B Boj€e. K Moj0BUHE NpO3pavyHOro pacTBopa
deHonsiTa Hatpus J00aBbTe 2—3 Karuld CEpHOM KHUCIOTH. BHOBBL BhIIENsIETCS
CBOOOJTHBIN (PEHOJI B BUJI€ IMYJIbCHH.

OmnbiT 7. PacTBOopuMoOCTS (peHOJIa B BOAE
Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.
Peaxkmuenbt: peHOI KUIKUI.

Xo00 pabomowi

ITomectuTe B npobupky 3—4 kamiu >kujakoro (eHosa, npudasbTe 3—4 Kariu
BOJIbI M B30onTaliTe. OOpaszyercs MyTHas >KUAKOCTb — AMysbcus (eHona. I[lpu
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CrOpaHUM Takasi 3MYJIbCHUS IMOCTENEHHO PACCIIaUBAETCS: BEPXHUM CIIOM — pacTBOP
(deHona B Bojzie (kapOoJioBasi KHCIIOTA), HKHUN — pacTBOP BOJBI B (DeHOIIE.

[TomectuTe mnpoOUMpPKYy B BOASHYHO OaHIO A0 MOMYTHEHHUS OJHOPOIHOIO
pactBopa. [Ipu oxnaxxJieHnud BHOBb 00pa3yeTcsi MyTHas KUIKOCTb.

[Ipu moBbIlIEHUU TEeMIEpaTyphl YBEIUUUBAETCS PACTBOPUMOCTH KaK BOJbI B
¢enone, Tak u ¢Genona B Boge, u npu 68°C OHM CMENIMBAIOTCS IPYT C JAPYrOM B
J0OBIX OTHOIIICHUSIX.

OOpature BHUMaHUE Ha TO, YTO (PEHOJI B YMCTOM BHJIE€ MPEJICTABISAET COOOI
OecIIBETHOE KPUCTANIMYECKOE BEIIECTBO C XapaKTEPHBIM 3allaXxoM, IUIABSIIUNACS TpU
41 °C. Temmneparypa IUIaBleHUs (DEHONA CHUIBHO TOHWXXAETCA OT MpPHUMECU
HEOOJBIINX KOJIMYECTB BOJbI (KpucTamioruapat miaButcs npu 16 °C). Kpucrtamisl
(deHoMa pU CTOSIHUU HA BO3/yXe PacIUIbIBAIOTCS, 00pa3ys Tak Ha3bIBAEMbIN KUIKUN
dheHo.

OnbIT 8. Peakun ¢enoJioB ¢ xjgopuaom xejesza (111)

Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.

Peaxmuewvi: 1%-ubie pacTBOphl (eHONa, MUPOKATEXHHA, PE30OPIIMHA,
TUAPOXUHOHA, TUporauiona, xjopun xenesa (0,11 p-p).

Xo00 pabomowt

B oany npobupky nomecture 3—4 kamau pactBopa (eHona, B APYTryr —
NUPOKATEXUHA, B TPEThIO — PE3OpLIMHA, B UETBEPTYI0 — TUAPOXMHOHA, B MATYIO —
nuporasmiona. B kaxayro u3 Hux 106aBbTe 0 3—4 Karuii pacTBOpa Kejesa.

[Ipu sTOoM B mepBOil MpoOHUpKE MOSBISETCS KPacHO-(PUOJIETOBOE, B YETBEP-
TOM — 3€JI€HOE, MOMEHTAJIBbHO IEPEXOJAUIEE B KEITOE, B MATOM — KpacHOE.
OO0®bsacHUTE, TOYEMY OBICTPO U3MEHSETCS 3€JIeHAast OKpacka ¢ TUAPOXUHOHOM?

0) 3anummmuTe Balyv HaOIIOAEHUS IS KQXKIOTO OTIBITa;

B) ChopMynupyiiTe BBIBOJIBI 1JIs1 KAYKIOTO OIIbITA;

r) OtuuTaiitech nepes NpenogaBaTeieM O MPOJAEIaHHON padoTe: MpeIbsIBUTE
o(OpMJICHHBIM OT4YEeT MO JabopaTopHONl paboTe W IITaTUB C MPOOHPKAMHU IO
Ka)KIOMY OIIBITY.

Bonpocsl 1j151 caMoCTOSATEIbHON padoThI
1. Hanumwure o61ue gopMyIibl CHUPTOB U (DEHOIOB.
2. OnuimTe JIEKTPOHHOE CTPOSHUE MeTaHoJa U (heHoa.
3. Kakue crocoOsI momyueHus CiupToB U (PEHOJIOB BaM U3BECTHBI?
4. OObsicHuTe, novyeMmy y (DEHOJOB MO CPaBHEHUIO CO choupTamu Oosee
BBIP2KEHBI KUCIIOTHBIE CBOKCTBA?
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5. TlepeuncnuTe TUTBI XUMUYECKUX PEAKIIUNA, XapaKTEepHBIC I CIHUPTOB H
(heHOJIOB, HAMTUIITUTE COOTBETCTBYIONINE YPABHEHUS PEAKITUH.

6. Hanumwre ypaBHEHHS pEaKIMii: OKUCICHUS TICPBUYHBIX, BTOPUYHBIX H
TPETHUYHBIX CIIUPTOB, a TaKkXke (EHONOB, YKaXHUTE YCIOBUS U TMPOTEKAHUSI.
OOBbsicHUTE pa3Iuuus B CIIOCOOHOCTU K OKUCIICHUIO YKa3aHHBIX COCTMHEHHM.

7. YKaXWTe PEeaKIuio, MO3BOJSIONIYI0 OTJIMYATh OJHOATOMHBIE CHUPTHI OT
MHOTOAQTOMHBIX, HAITUIIINTE YPaBHEHNE dTOM XUMHUYECKON PEeaKITnu.

8. Hanmmmre ypaBHEHUS! KAYECTBEHHBIX PEaKIIMii HA MHOTOATOMHBIE CITUPTHI U
(heHOIIBI.

Yueonas jaurteparypa: [1, 3,7, 9].

TEMA: «OKCOCOEAUHEHUA"

JlaGoparopHasi pabora Ne 4
N3yuenne pu3NKO-XMMHUUYECKUX CBOMCTB
OKCOCO€IMHEHUM (AJIb/1erH/10B U KeTOHOB), IPOBeIeHHE KAYeCTBEHHBIX PeaKIMi

Heas paboTbl: ¢GopMHUpOBAHWE YMEHUN W HABBIKOB, MOJYYUTh HABBIKU
MOJYYCHUS] albJACTU/IOB B JIAOOPATOPHBIX YCIIOBUSX, MPOBEACHUS KAau€CTBEHHBIX
peakiuii Ha aJdpJETUAHYI0 TpYyIIy, YMEHUA T[OJdydaTb W3  ajbJerUOB
BBICOKOMOJIEKYJIIPHBIE COECTUHEHHSI.

Teopernuecknii Marepuali, He00XOAUMBbI BBINOJHEHUSI Ja00OPATOPHOM
padoThlI.

AJbJIETUZIBI U KETOHBI — MPOU3BOJHBIC YIJIEBOJOPOAOB, COJEPKAHUE OKCO-
(kapO6onunbpHyto) rpynny =C=0. B anpaerugax oHa CBsi3aHa C YIJIEBOJOPOJIHBIM
pamukaiomM u aromoM Bomopoma R(Ar)-CH=O, B keToHax — ¢ JIByMms
yrieBogopoaubiMu paaukaiamu R(Ar)-CO-R(Ar).

AJBJIETU/IBI U KETOHBI SBJISIIOTCSI CHJIBHO TIOJISIPHBIMU COCTMHEHUSIMU, TaK KaK
B KapOOHWIBHOM rpymme 00Jiee dIeKTPOOTPUIIATEIbLHBIN aTOM KUCJIOPOAa OTTATUBAET
K cebe DIeKTpPOHBI, OoOpasylolmue ABOHHYIO  CBi3b. KeToHBI  MeHee
PEAKIIMOHHOCTIOCOOHBI TT0 CPABHEHUIO C abJACTHUIAMHU, TaK KaK aJKWJIbHBIE PaIUKAIIBI
OKa3bIBAIOT JJIEKTPOHOIOHOPHOE JIEUCTBHE (TTOJIOKUTEIbHBIA UHAYKTUBHBIN 3P ekt
(+) | mw Tem cambIM, KOMIICHCHPYIOT B HEKOTOPOW CTENECHH YaCTUYHBIN
MOJIOKHUTENBHBINA 3apsan (+0) Ha KapOOHMILHOM aTOME YIJIEpOJAa, YTO MPUBOIUT K
YMEHBIIEHUIO JIUMOJILHOTO MOMEHTa OKco-Tpynmbl. Kpome Toro, oObeMHbBIE
YIJIEBOJIOPOJAHBIE PAIUKAIBI MOTYT CO3/1aBaTh MPOCTPAHCTBEHHBIE MPENSATCTBUS IS
pEareHToB.

82



Pasnuynas peakiuoHHas CHOCOOHOCTH aNbJETHAOB M KETOHOB CHIIbHEE

BCETO CKa3bIBACTCS B OTHOIICHWHM K OKHCIUTESIM: allbJETHIBI JIETKO OKHUCIISIOTCS
IpU IEHCTBUU TaKUX CIAOBIX OKHCIUTENEH, KaK OKCHI cepedpa U THAPOKCU] MEIu
(I1), sBnsrOIIMECs Ka4eCTBEHHBIMU HA ajIbJCTHIHYIO Ipymimy. KeTOHBI OKUCIAIOTCS
TOJIBKO CHJIbHBIMU OKUCJIMTEIISIMH, TAKIMH, KaK TIEpMaHTaHaT KaJlus B KUCIIOHN cperie,
XpOMOBasi KHCJIOTa W JApyrHe, NpU HarpeBaHuu. JIJIs ambaerujoB W KETOHOB
XapaKTEPHBI PEAKIIUN HYKJICO(UILHOTO MPUCOSANHEHUS MO0 KapOOHUIILHON TPYIIIE
(TPOIYKTHI TIPUCOCAWHEHUS B pslie COydacB OTIICIUISIOT BOAY M PEaKIHUU T10
pe3ysbTaTaM BBITJIIAT KaK PEaKIuy 3aMEIICHUs ), PeaKIMH 3aMEIIeHUs KHCIIOpOo/ia B
KapOOHWJIBHOM TpyIIle H BOAOPOAA B O-MOJOXKEHUH IO OTHOIICHHIO K
KapOOHWJIBHOM TPyIINe, KOHACHCALWH, TOJIMMEPU3ALIUN U IPYTHE.

3amanue u dTanbl NPOBeAeHNS JIA00PATOPHOM PadoOTHI

Jlo npoBeaeHus 1a00paTOpHOM pabOTHI:

a) ohopMuUTE MPOEKT OTYETA IO JIAOOpaTOpHOU pabdoTe;

0) chopMyTUpYyUTE 1ETh KaXKI0TO OIbITA;

B) HAITUIIIUTE YPAaBHEHUS COOTBETCTBYIOIINX PEAKIINIA;

I') PEAYCMOTPUTE MECTO B MIPOEKTE OTUETA /I HAOIIOJCHUI U BHIBOJIOB.

B xone BbITIoIHEHMS 1Ta00paTOPHON PabOTHI:

a) [IpoBenuTe OMBITHI;

Omnbit 1. ITosrydyeHune yKCyCHOro ajibaeruaa.

Obopyoosanue: MWTATUB C MHUKPONPOOMpPKAMH, CIOHpadb U3 METHOU
IIPOBOJIOKH.

Peaxmuewi: 3TUNOBBINA CIUPT, PYKCUHCEPHUCTAS] KUCTIOTA.

Xo00 pabomowt

B cyxyio npobupky nmomecture 2—3 Kariu 3TuiaoBoro cnupra. Crnmpanb u3
MEJHON MPOBOJIOKM HArpeiTe B IUIAMEHM TOPEJIKM 10 MOSIBICHHUS YEPHOTO HajeTa
okcuaa meau. Eme ropsuyro cnvpaib OMyCTUTE B MPOOUPKY C ATHIIOBBIM CIUPTOM.
UYepHas MOBEPXHOCTh CHUPAIM MTHOBEHHO NpPEBpAIlaeTCsd B 30JOTUCTYIO 33 CYET
BOCCTaHOBJICHUsSI okcuga menud. OIHOBPEMEHHO MOXHO ONpEeAeNuTh 00pa3oBaHUE
VKCYCHOTO aibJeTuja 1O XapakTepHOMy 3amaxy (3amax s0i0k). bomee
yOeIUTENbHbIM JIOKA3aTeIbCTBOM OOpa30BaHUSI YKCYCHOTO ajbAETU]a CIY>KHUT
LBETHAsI peakuus ¢ (PyKCMHCEpHHCTOM KHUCIOTOH. Jlsi mpoBeAeHHs peakuuu U3
NpOOUpPKU YJANIUTEe MEAHYIO CHOUpalb M J00aBbT€ B MPOOMPKY 2 Kaljld pacTBOpa
byxcuHcepHuCcTOM KUCNOTHI. [losiBNIsieTcs: po30BO-(pHOIETOBOE OKpAIIMBAHUE.

OneiT 2. OkMuciIeHHEe aJbJAerna0B aAMMHAYHBLIM PacTBOPOM OKCHAA
cepedpa (peakuus «CepeOpPSHOIrO 3ePKAIA»)
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Odbopydoeanue: TaTUB C MUKPOIIPOOHPKAMHU, BOASIHAS OaHS.
Peaxmuewi: MypaBbunblii anbaeruy (40%-Hblii BOIHBIA pacTBOpP), aMMHUAK
(2H p-p), Hutpar cepedpa (0,21 p-p).

Xo00 pabomoi

B dwucryro mpoOupky moMecTuTe 2 Karuid pacTBopa HUTpara cepedpa u
MprOaBhTE KAIUTIO pacTBOpa amMuaka. O0pa3oBaBImIuiics OypbIid 0CaIOK THAPOKCHIA
cepebpa pacTBopuTe, M00aBIsIsI M30BITOK — 1-2 Kamau pacTBOpa amMMHaka. 3ateM
npubaBbTe KaIlII0 pPacTBOpa MYpPaBBHHOTO albJIETHa, TOCTaBbTE MPOOHPKY B
BOJSHYIO OaHio, Harperyio 10 50-60 °C, 1o BbIIeTeHHS Ha CTCHKAaX MPOGHPKH
cepeOpa B BHUAEC OJECTAIIETO 3€pPKaTbLHOTO HayeTa (KOMIUICKCHBIH HOH MeTajuia
BOCCTAHABIMBACTCS JI0 METAUIMYECKOro cepedpa). AJbAETU]l OKHUCIAETCS 10
KHCJIOTBI, KOTOpas 00pa3yeT aMMOHHEBYIO cOJb. OOBACHHTE, K KaKOMYy THILY
OTHOCHUTCS JJaHHAsl peaKuus?

OnbIT 3. OKucIeHue ajbaeruaos ruapoxrcuaom meau (I1)

Obopyoosanue: MTaTUB C MUKPOIIPOOHPKAMH, MPOOUPKOIEPKATEb.

Peaxmuewi: mypaBbunbiii anbaeruy (40%-Helil BOIHBIN p-p), cyibdaT mMeau
(0,21 p-p), enxuii HaTp (2H p-p).

Xo00 pabomot

B npobupky momectute 4 KariM pacTBopa €IKOro HaTpa, pa3baBbre ero 4
KaruIsiMH BOJIBI M I00aBbTE 2 KaIlid pacTBopa cyibdaTta meau. K BolnaBiieMy ocajiky
ruapokcuna meau (I1) mpubaBpTe 1 Kammo pacTBOpa MypaBBUHOTO albJAETHIA,
COJIEp’)KUMOE TPOOUPKH TMepeMelmnBaoT. HarpeiiTe Haa miamMeHeM TOpenaKd 0
KUIIEHUSI TOJBKO BEPXHIOK YacTh TaK, 4YTOObI HIKHSIS YacTh oOCTaBajlach IS
KOHTPOJII XOJIONHOW. B Harperoil yactu mMpoOUPKU BBIJEISETCS KEITHIA OCaIOK
ruapokcuga meam (l), mepexonsmmii B kpacHeli okcun meau (1), a mHOTHA Ha
CTEHKaX MPOOUPKHU BBIACISIETCS JaKe MeTainueckass meab. OObSICHUTE, K KaKOMY
TUITY OTHOCUTCS JIaHHAsI peaKIusl.

OnbIT 4. Peakuus aneroHa ¢ ruApocyibGUTOM HATPUS

Obopyoosanue: MTaTUB C MUKPOTIPOOUPKAMHU, BOJISTHAST OaHS.

Peaxmuewt: auetoH, rTuaApoCcyab(OUT HATpHsl (HACBHIILIEHHBIA pacTBOP), COJISIHAS
KHcioTa (2H p-p).

Xo00 pabomowi

B npobupky momectute 4 Karui ameToHa W MpUOaBisAoT 6 Kamellb pacTBopa
ruapocyiabdura HaTpus. Ciierka pa3orpeBITyIOCsS CMECh OXJIAIUTE XOJIOHON BOJIOH.
3aTeM TPOOUPKY BCTPAXHUTE WM MOTPUTE CTEKISHHOM TAJOYKOW O CTEHKH
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npoOupku. Bckope BeigensieTcss Oenblii 0CaoK THAPOCYIb(PUTHOTO TPOU3BOIHOTO
arietoHa. CojaepkumMoe TPOOHPKHM pa3fenuTe Ha ABE 4yacTH. B ogHy mpoOupky
BHECUTE 5 Karellb COJITHOM KHCJIOTHI, B JIPYTyI0 — 5 Kamenb pacTBOpa MIEIOYH H
HarpeBaiiTe 10 vcue3HoBeHUs ocajka. OTMEThTE 3amax BbIICTUBIINXCS MAPOB MOCIE
npuOaBICHHUS] K TUAPOCYTHPUTHOMY MPOU3BOJHOMY alleTOHA PACTBOpPa KHUCIOTHI U
IEeJIOYH.

OnmnbIt 5. Tlosryyenne penosipopMaIbIeruaHoin cMOIbI

Obopyoosanue: MTaTUB C MUKPOTIPOOUPKAMHU, BOJISIHAS OaHS.

Peaxmuewt: penon (kuakuii), mypaBbUHBIA anpiaerusl (40%-Hblil BOAHBIN
pacTBOp), COJISTHAS KUCIIOTa (KOHIICHTPUPOBAHHAS).

Xo00 padomoi

[Tomectute B mpoOUpKy 4 Kariu >kujakoro QeHomna, 100aBbTe S5 Kareib
pacTBOpa MypaBbUMHOIO ajlbJAeruja, oopa3yercs mpo3payHblii pacTtBop. JloOaBpTe K
MOJTYYEHHOMY pacTBOpPY 1—2 Karuiv COJISTHOM KHUCJIOTHI (B TATE) U MOCTABHTE €T0 B
KUISY0 BoAsHyto OaHro. Ilocie 5—10 mMuH kunsyeHus (Mpu 3TOM HEOOXOIUMO
THIATENIBHO MEepeMENInBaTh) oOpasyercs heHoapopManbIeruaHas cMoja — TBEPAbIH
KYCOY€K, KOTOPBIM MOXHO BBITPSAXUBATh U3 MpoOupku. OOBSCHUTE, MOYEMY MpU
N00aBJICHUU K XKUAKOMY (EHOJTYy MYpPaBBUHOIO allbJIETH]a PAcTBOP CTAaHOBUTCS
MPO3paYHBIM.

0) 3anummuTe Baly HaOIIOEHUS ISl KQXKI0TO OIBITA;

B) ChopmynupyiiTe BBIBOIBI JIJIs1 KaXKJOTO OIBITA;

r) OtuuTaiiTech nepes MpernojaBaTeseM O MPoJeIaHHON paboTe: MPeabIBUTE
0oOpPMIICHHBIM OTYET MO JTabopaTOpHON padoTe W ITATUB C MPOOUPKAMU MO KaxK-
JIOMY OTIBITY.

Bomnpocsl AJ151 caMOCTOATEIbHOM PAdoTHI

1. KakoBO 3JIEKTpPOHHOE CTPOEHUE OKCO-TPYIIIBI?

2. Hanumure Bce BO3MOKHBIE (OPMYJbI adbAETUIOB M KETOHOB C OOIIeH
dhopmynoi CsHgO. HazoBuTe ux mo cucteMaTuueCKo HOMEHKJIATYpe.

3. YkaxuTe crnocoObl MOJy4YeHHS allbJIETHI0B U KETOHOB.

4. Hanummre ypaBHEHHMS pEakUHid, B KOTOPBIE BCTYNAOT M YKCYCHBIU
aNbJIEeTU, U alleTOH.

5. Pacnionoxkute B psig 10 yObIBAIOIIEH XUMHUECKOW aKTUBHOCTU U OOBSCHUTE
TaKO€ pPAacHoJIOKEHHE JUIi COEIWHEHUW: aleTOH, MYpPaBbHUHBIA  albJIETU],
IIPONMOHOBBIN AJIBJIETU.

6. Hanumnre ypaBHEHUS! KAUECTBEHHBIX PEAKIIUI HA aJibJACTUAHYIO TPYIILY.
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YuebHnas aureparypa: [1, 3, 7].

TEMA: «KKAPBOHOBBIE KNCJIOTBI 1 UX TPOU3BOJIHBIE»

JlabopaTtopnasi pa6ora Ne 5
N3yuyenne GU3NKO-XUMHUYECKUX CBOICTB KAPOOHOBBIX KHCJIOT

Heas pador: dopmupoBaHre YMEHH M HABBIKOB, YCTAHOBUTH IMPOSIBICHUE
KHCJIOTHBIX CBOWCTB KapOOHOBBIMH KHCIOTaMH, HAYYUTHCS TMPOBOJUTH PEAKIIHH
PA3IIOKECHHSI M M30MEPH3AIUU I PsAa KapOOHOBBIX KHCJIOT; MOIy4daTh OMypeT |
OTKpPBIBATh B HEM MOBTOPSIOIINECS aMUJIHBIE CBSI3H.

Teopernuecknii Marepuaji, He0OOXOAUMBbIH BbINOJHEHHS J1A00PATOPHOMI
padoThlI.

KapOoHOBBIMU ~ KHCIIOTAMU HA3bIBAIOTCS MPOU3BOAHBIC  YIJIEBOJAOPOJIOB,
cojepxaiue kapookcuiapHyto rpynny (-COOH), xapakTepu3yolyto Ki1acc KUCIOT.

Kucnorel gensitcss Ha OJHO-, MHOTOOCHOBHBIE — TIO YHUCITY KapOOKCHIIbHBIX
rpynn, Ha anudaTudyeckue (MpeaesibHble U HENpeebHbIe), apOMaTHUYECKUe — IO
CTPYKTYpE paJuKaa.

Kucnopoa xapOOHWIBHON TpYMNNbl TMPUTITUBAET K ce0€ DJIEKTPOHBI OT
KHCJIOPOJIa THAPOKCUIILHOM TPYIIIBI, TAKUM 00pa3oM, KUCIOPOJ THIPOKCHIIA MEHEe
MIPOYHO YIEPKUBAET aTOM BOJOPOJa M CTAHOBUTCA BO3MOKHOU JHCCOLHAIINH,

XapaKkTepHas I pacCTBOPOB KapOOHOBBIX KHUCIIOT.

R-COOH +H,0 S R-COO™ + H;0"

KapOOKCUIIaT-aHHOH

O6pazoBanne KapOOKCHIAT — aHHUOHA SIBISCTCS NPUUMHON yBEIUUYCHUS
KHCJIOTHOCTH KapOOHOBBIX KHCJIOT IO CpPaBHEHHIO €O cnupTamud. Ha Jierkocth
OTIICTUICHUS TIPOTOHA BIMSIET TaKXKE paJuKal, CBS3aHHbIM C KapOOKCHIHHOU
rpynmnoi. [losToMy KapOOHOBBIE KHCIOTHI JalOT XapaKTepHOE OKpaIIMBAHHUE C
WHJIUKATOPaMH, TPOBOMST DJIEKTPUYECKUM TOK, T. €. SIBISIOTCSA 3JIEKTPOIUTAMHU.
KapOoHOBBIE KHCIIOTBI TI0 CpPaBHEHHUIO C HEOPTraHMYECKUMH CJIa0ble KHUCIIOTHI.
Komrcranra muccormaryn ~107°,

KapOoHOBBIE KHCJIOTBI TpPU B3aMMOJCHCTBUM C AaKTUBHBIMH METaJIaMH,
OCHOBHBIMH OKCHJAMHM U THIPOKCHUIAAMHU METAJIJIOB, aMMHUAKOM, AaMHHaMH,
MarHMHOPraHWYEeCKUMHU COCJAMHECHHUSMHM, alleTUICHUIAMHU, TUAPUIAAMHA METAJIOB,
QJIIKOTOJISITAMH, COJISIMU CIA0BIX WIIM JIETYYUX KUCJIOT 00pa3yIoT COJIH, HalpuMep:

0
/O ,/,//
CH;-C d  NaOH CH3'C\e @ *+HO

VKCYCHOKHC/IBIH HATPHI
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Jlns kapOOHOBBIX KHCIOT CBOMCTBEHHBI peakuuu 3amemenus —H u OH B
KapOOKCUIILHOM TpyTIIe.

CBoiicTBa apOMaTHYECKUX KHUCIOT MOJOOHBI CBOMCTBAM KHCJIOT >KHUPHOTO
psaa, OJHAaKO KHUCIOTHOCTh WX BBIIIE BCJIEJICTBUE TOro, 4YTO OOpa3oBaHUE
KapOOKcuIaT-uoHa  OOJIeryaeTcsi B3aUMOJCHCTBUEM  €ro  (CONpsDKEHHUEM) ¢
OCH30JBHBIM SPOM.

KapbonoBeie ~ KHCHIOTBI  00pa3zyio.  (YHKIMOHAIbHBIE  MPOU3BOIHBIE:
raJIOr€HaHTUJIPUJIbI, AHTUIPU/IBI, CJIOKHBIE 3(UPBI, aMHIBI.

AMUIBI KHCIOT — MPOAYKTHl 3aMEUICHMs] THAPOKCHWIA B KapOOKCHUIBbHOU
rpytire kuciaoT Ha amuHorpyty (NH,), ux obmas gpopmyna:

R— C—NH,

|
0]

Oco00¢ 3HaueHKE B KJIaCCE aMHJI0B UMEET MOJIHBIA aMUJ YTOJIbHON KUCIOTHI —
KapOaMuJ, WM MOYEBMHA, KOHEYHBIM MPOAYKT a30TUCTOTO OOMEHa delloBeKa,
miekonuTaromux 1 peid: HoN-CO-NH,.

W3 HaCBIEHHBIX KHUCJIOT B KUpaxX 4Yalle BCETO BCTPEUAIOTCA MaJbMUTHHOBAS
CisH3:COOH u creapunoBas C;7H3sCOOH. W3 HeHachlllleHHBIX HauOosee
pacnpoctpanenbl onenHoBas Cqi7Hz3COOH, nunonesas Ci7H3COOH, nuHonenoBas
C17H29COOH.

[Ipu menouyHoM ruapoian3e (OMBUICHHH) KUPOB IMOJYYArOTCS TIULEPUH U
MBbLUIA — COJIM BBICIIMX XUPHBIX KUCHO0T, Hanpumep, C17H3sCOONa — creapart Hatpus.

3axaHue ¥ dTanbl NPOBeACHHS JIA00PATOPHOM PadOTHI

Jlo mpoBeaeHus 1a00paTopHOM pabOTHI:

a) ohopMuUTE MPOEKT OTYETA T10 JIAOOPaTOpPHOU padoTe;

0) chopMyTUPYITE TIEb AT KaXKIO0TO OTBITA;

0) HAUIIUTE YpPaBHEHHUS COOTBETCTBYIOLIUX PEAKIIHiA;

I') IPEeTyCMOTPUTE MECTO B MPOEKTE OTUYETA sl HAOIIOEHUN U BHIBOJIOB.

B xone BoITIoIHEHHSI TA00PaTOPHON PaOOTHI:

a) POBEUTE OIBITHI;

OmnpbiT 1. PacTBOpUMOCTH B BO/Ie PA3JIUYHBIX KHCJIOT

Peakmuebl: KUCIIOTBI: YKCyCHas, MacisHas, CTEapuHOBAas, OJEUHOBAs,
11aBeJIeBasi, MOJIOHOBAs, THTApHAas.

Obopyoosanue: MTaTUB C MUKPOTIPOOUPKAMH, BOJISTHAST OaHS.

Xo00 pabomot
Tpu UM HECKOJIBKO KPUCTAJUIOB KaXKJIOW U3 MCCIENYEMOU KUCIOT ITOMECTUTE
B MpoOWpKHU, 100aBbT€ MO S5 Kameidb BOJABl B KaXIyl0 MPOOUPKY, TIIATEILHO
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nepemeniaiTe. 3aTeM, €CIu KUCJIOTa HE pacTBOpseTcs, HarpeBaite. [ opsume
PacTBOPHI OXJIAIUTE U OTMETHTE BBICIICHUE KPUCTAJUIOB KUCJIOT, PACTBOPUBIINXCS
mumb  Tpu  HarpeBaHud. OTMmeThTe B pabodeM >KypHaAle, Kak BIUSET Ha
pPacTBOPUMOCTh KHCJIOT YBEIUYCHHE IJMHBI YTIACPOMAHON IETMOYKH (THAPOoPOOHOIM
YacTH) U YHUClIa KapOOKCUIIbHBIX TPYHI (THAPODUIBHON YacTH).

OmnbIT 2. KuciioTabie cBoiicTBa KAPOOHOBBIX KUCJIOT

Peaxmuewi: ykcycHas xucimora 0,1 H pacTBOp; MarHuii, MOPOILIOK WJIU
CTpYXKa; KapOOHaT HaTpus; METUJIOBBIM OpaHXEBbI, PacTBOP; JAKMYC CHUHHU,
pactBop; penondranenn, 10%-HbIii CHUPTOBOM pacTBOP.

Oobopyooeanue: MTaTUB C MUKPOTIPOOUPKAMHU.

Xo00 pabomot

B tpu npobupku nomectute mno 1 Karuie pacTBOpa YKCYCHOM KHUCHOTHI. B
NepBYI0 NpoOHpKY 100aBbTe | Karuio METUJIOBOIO OPaHXKEBOTO, BO BTOpyro — 1
Karuio j1akmyca. B tperbto — 1 kammo ¢genondranenna. B npodupke ¢ METUIOBBIM
OpaHKEBBIM MOSBIISETCA KPACHOE OKpAIIMBAaHUE; B MPOOUPKE C JIAKMYCOM — PO30BOE.
®enoundranenH octancsa 6ecuBeTHbIM. OOBSICHUTE, TOYEMY?

B npoOupky nmomectuTe 2 KamiM pacTBOpa YKCYCHOM KHMCIOTHI U J00aBbTE
HeMHoro maruusi. K orBepcTrio npoOUpKu MOJAHECUTE TOPSILYIO JTy4rHKY. [Ipu aTOM
HAOJIIOJIaeTCsl BCIIBIIIKA, COMPOBOXKJAOLIASCS pE3KUM 3BYKOM. OObsicHUTE, Ui
CMECH KaKUX ra30B XapaKTepHa TakKasl BCIIbIIIKA?

B npoOupky HaneilTe 2-3 KamiM pacTBOpa YKCYCHOW KHCIOTBI M J0OaBbTE
HECKOJIBKO KPYMUHOK yriekucioro Hatpus. K oTBepcTuio mpoOMpKHU MOIHECUTE
ropsuyto J1yduHky. Jlyunnka racHeT. OObsCHUTE, TOUEeMy JTyYHMHKA FacHeT.

CH;-COOH+H,0 S CH3-COO™ + H;0"

YKCyCHasi KUCJIOTa aHUOH YKCYCHOM KHCIIOTBI

CH;-COOH + Na,CO; S CH3;-COO Na“" + CO, + H,0

OnbiT 3. Paznoxenne mapesieBoi KUCJIOTHI IPU HATPEBAHUU

Obopyoosanue: MmMTaTUB C MHUKPONPOOUPKAMH, Ta300TBOAHAS TpPyOKa C
OTTSIHYTHIM KOHITOM.

Peaxkmueupl: maBeneBasi KUCJIOTa, KPUCTAIUTUYECKAs; M3BECTKOBAs BOJIA.

Xo00 pabomowi
Heckonbko KpUCTa/sIOB IaBEIEBOM KHCJIOTHI HAarpeBanTe B TPOOUPKE C
ra300TBOJIHOM TpYyOKOMH, KOTOpas ONyIlleHa B JPYryl0 MNPOOUPKY C H3BECTKOBOM
Booi. HarpeBanue mpoBOJSAT 10 MOMYTHEHUS] U3BECTKOBOU BOJBI. 3aTEM TPYOKy U3
KUIKOCTH BBIHBTE W IOJOXKIUTE y €€ OTBEPCTUS BBIACISAIOIIMNCA Ta3, OH TOPUT
XapakTepHbIM TodyObiM mmiamMeHeM. OOBsSCHUTE, s KaKOro rasa XapaKTepHO
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roiay0oe okpamuBaHue?

OnbiT 4. U30Mepu3anust 0J1eMHOBOI KMCJI0THI B 3JIAHAHHOBYIO

Obopyoosanue: MTATUB C MUKPOIIPOOUPKAMH.

Peakmugul: 0nevHOBas KUCJIOTa WIM IOJCOJHEYHOE MAacjo; MEIb, CTPYKKa
WJIA KYCOUKH ITPOBOJIOKH; a30THAs KUCJIOTa, KOHIIEHTPUPOBaHHAs!.

Xo00 pabomowi

B npobupky momemarT 5 Kareib OJCMHOBOW KHCIOTHI, MAJICHBKUI KYCOYEK
MEJHON MPOBOJOKU WM CTPYXKHU. Jl00GaBistoT 2—3 Kamd KOHLEHTPUPOBAHHOU
a30THOM KHUCJIOTHI (B BBITSDKHOM IIKady), U OCTOPOKHO BCTPSIXMBAIOT, YTOOBI
BBIJICJISIFONIMECS] MPU B3aUMOJIEWCTBUM a30THOM KHUCJIOTBI C MEIBIO OKHCIBI a30Ta
Jy4ylle TOrJOMAIUCh OJICMHOBOM KHCIOTOW. I[IpoOWpKy cTaBiIT B IITaTHUB U
OCTABJISIIOT B BBITSDKHOM MIKady (MIPUMEPHO Ha 4Yac), MOKA BCHEHUBLIMICS CIOU
OJICMHOBOM KHCIIOTBI HAJl CUHUM BOJHO-KHCJIOTHBIM CJIOE€M CHJIBHO 3aryCTEET WIA
3aTBEpPACET U IMpPH ONPOKHUIbIBAHUM MPOOUpKH HEe BbuiMBaeTcsi. OOBSICHUTE, KaKOe
ABJICHHE Bbl HaOmofaeTe B npoOupke. B yeM oTnnune pu3NYecKuX U XUMHYECKUX
CBOWCTB 3THX U30MEPOB.

OmnbIT 5. O0pa3oBanune Ouypera

Obopyoosanue: MTaTUB C MPOOUPKAMHU, MUKPOIITIATETb.

Peaxmuewl: MOUEBUHA; TUIPOKCU] HATpUsA, 2H pacTBop; cyibdar menu, 0,2 H
pacTBop.

Xo00 padomuwi

B npobupky momectute 1 mmaresnb MOYEBUHBI, OCTOPOKHO MPOJIOJKUTEIHHO
HarpeBaiiTe Haj IUJIAMEHEM TOpEeJIKH J0 MPEKpalleHUs BBIICICHUS MYy3bIPHKOB
aMMUaKa W 3aTBEpJICHUs PEaKIMOHHOW CMECH, BCIEICTBHE oOpa3oBaHUsd OuypeTa.
UtoOsl OTKPBITH OHYpeT, MPOOUPKY OXJaauTe, 100aBbTe B HEE 5-60 Kamenb
JTUCTUJUTUPOBAHHOM BOJIBI M COJIEPKMUMOE MPOOUPKH KUTIATUTE 2—3 MHH, JTaTe eMy
OTCTOSITHCSL.

K pactBopy Ouypera no0aBpTe 2 Kalld pacTBOpa THUAPOKCHUIA HATPUS U
1 xammo pactBopa cynb(aTa MeIu, MOSBISETCS PO30BO-(PHOJIETOBOE OKpAIIMBAHHE
KOMILJIEKCHOW MeTHOW conu Ouypera (OmyperoBas peakuus). M30bITok cymnbgara
MeIu TpPHUAACT PACTBOPY CHUHUN IIBET, MACKUPYIOIIMH XapaKTEPHYIO PO30BYIO
OKpAacky.

0) 3anuiuTe Bay HaOJIIOEHUS JIJIs1 KaXKI0TO OIbITA;

B) ChopMynupyiiTe BBIBOJIbI 1JIs1 KAXKIOTO OTIBITA;

r) OTunTaliTeCh IEpPe1 MPEMOaaBaTEIEM O IPOJICTAaHHON paboTe: MPEAbSIBUTE
o(OPMIICHHBIN OTYET 10 JTA0OPATOPHOM paboTe U MTATUB C MPOOUPKAMHU TIO

Ka)XJIOMY OIIBITY.
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Bomnpocsl 1J1s1 caMoCTOATEIbHOM padoThI

1. Hanumure opmynnbl MypaBbHHOM, CTEAPUHOBOM, KPOTOHOBOM, OJIEMHOBOH,
OeH30itHOM KuCIOT. HazoBHUTE UX IO COBPEMEHHON MEXTYHAPOIHON HOMEHKIIATYPE.

2. Onumure MMEeKTPOHHOE CTPOEHHE KapOOKCUIIBHOM TPyIIIBL.

3. Ilepeuncnure crnocoObl MOMY4YEHHs] MPOMHOHOBOW KHUCIIOTHI, HAIMUIINATE
COOTBETCTBYIOIIME YPABHEHNS XUMUYECKUX PEAKLIUM.

4. Hamumute ypaBHEHHUS AMCCOIMAINK, OOpa30BaHMSA AMMOHUNHOW COJH
MAacCJISTHOM KUCIIOTHI.

5. Kakume ¢QyHKUMOHANBHBIE NPOU3BOJHBIE MOXKHO TOJIYYUTh U3 2-
METHIOYTaHOBOM KUCIIOTHI? Hamummre ypaBHEHHsSI COOTBETCTBYIOLIUX XUMHUYECKUX
peaKunit

6. Pacnonoxxute KapOOHOBBIE KHCIOTHI B TOPSAIKE YOBIBAaHUS KHCIOTHBIX
CBOMCTB: YKCyCHasi KHCJIOTa, O€H30MHas KHCIIOTa, akpuioBas Kuciora. OTBeT
00OCHYHTE Ha OCHOBE JIEKTPOHHOI'O CTPOEHUS 3aJaHHBIX KapOOHOBBIX KUCIOT.

Yueonas aureparypa: [1, 3, 7, 10].

TEMA: «'HAPOKCUKHNCJIOTBI. OKCOKUCJIOTBI»

JlabopaTtopHnasi pa6ora Ne 6
HN3yyenue GpU3NKO-XMMHUYECKUX CBOMCTB TMAPOKCUKHCIOT

Heanb padorbi: GopmMupoBaHre yMEHUN U HABBIKOB, OTKPBHITH CIIOCOOHOCTH
TUAPOKCUKHUCIIOT OKUCIIATCS B PA3TUYHBIX YCIOBHIX, YCTAHOBUTH UX CIIOCOOHOCTH K
KOMILJIEKCOOOPa30BaHUIO, BBISIBUTH HAJIMUYKME TAayTOMEPHBIX (OPM aleTOYKCYCHOIO
aupa

Teopernuecknii Marepuaji, He0OXOAUMbIH BbINOJHEHUSI J1A00PATOPHOM
padoThI.

['MIpOKCUKHCIOTaMU Ha3bIBAIOTCSl MPOU3BOJHBIE KapOOHOBBIX KHCIIOT, B
VTIEBOJOPOJAHOM paJuKale KOTOPbIX OJIMH WM HECKOJbKO aTOMOB BOAOPOJA
3aMeIleHbl HAa THIPOKCWIBHYIO TIpymiy. OKCOKHCIOTHI COAEpX aT B paauKaie
okcorpynny (kapOoHmIbHYtO Tpymniy) =C=0.

Ecau ruipokCcHil UM KETOrpyIina HaXOAUTCS B O-TIOJIOKEHUH 110 OTHOILIECHUIO
K KapOOKCHJIBHOM TpyImIe, TO OHU YCUIIMBAIOT KUCIOTHBIE CBOMCTBA TMIPOKCUKUCIOT
U OKCOKHCJIOT.

['wnpokcn- M OKCOKHCIOTHI  SIBJISIIOTCS  TeTepOo(yHKIIMOHATLHBIMU
COCIMHCHUSIMU, OHM BCTYMAIOT B PEAKIMH MO KaXIAOMY BUIY (YHKIIMOHATBHBIX
rpynm. Kpome Toro, oHM MOTYT pearupoBath ¢ y4acTHUeM 00EUX TPYIIIL.
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B mieno4Hol cpene THIPOKCUKHUCIOTHI OKUCIISIIOTCS TIEPMAHTaHATOM KaJlus 10
KETOKHCJIOT, B KUCIIOW — 70 aJbJACTUIOB U MyPAaBBHHOU KUCIIOTHI.

[IlenounoM pacTBOP KOMIUIEKCHOTO MEAHOTO MPOU3BOJHOTO CETHETOBOM COJIU
M3BECTEH TMOJ] Ha3BaHWeM kuakocth DenmHra u 00IagaeT OKUCIUTEIHHBIMHU
cBoiicTBamu. PeakTnB dDennHra MPUMEHSETCS ISl OTKPBITHS aJIbJIETHIHOW TPYIIIHI B
aNbJIeTHJIaX U caxapax.

JI71st THAIPOKCUKUCIIOT XapaKTEePHBI PEaKIIMi KOMILIEKCOOOpa30BaHUSI.

ATeTOyKCYCHBI 3(Hp CYIIECTBYET B pacTBOpPE B BHJE JBYX TayTOMEPHBIX
dbopM (KeTo-eHOJIbHAsE TayToMepus). TayToMepusi 3TO AMHAMHUYECKas CTPYKTypHas
n3zomepus. bonee ycroitunBoit popmoii sBisieTcst KeToHHas (popma areTOyKCyCHOTO
a¢upa, 9T0 00yCIOBICHO HATMIUEM B HEH COMPSHKEHHON CUCTEMBI DJICKTPOHOB.

3anaHue U dTanbl NPOBeAeHUs J1a00PaTOPHOIi padoThI

Jlo npoBeaeHus 1a00paTOpHOM pabOTHI:

a) ohopMuUTE MPOEKT OTYETA I10 JIAOOpaTOpHOU padoTe;

0) chopmynupyiTe 1eb AJIsl KaXKI0TO ONBITA;

B) HAITUIITUTE YPAaBHEHUS COOTBETCTBYIOIIUX PEAKIIHIA;

T') MPEyCMOTPUTE MECTO B MPOCKTE OTUETA JIsl HAOTIOICHNUI 1 BEIBOJIOB.

B xone BbITIoIHEHMS 1TA00paTOPHON PabOTHI:

a) MPOBEUTE OIIBITHI.

OmnbIT 1. OKHCIIEHHE MOJIOYHON KUCJIOTHI

Peaxmuewi: MoyouyHasi Kuciorta, nepManraHaT kamus (1%-HbI pacTBOp),
enakuit HaTp (2H pacTBOp), cepHast kucioTa (5%-HbIil pacTBOP).

Obopyoosanue: MTaTUB C MUKPOTIPOOUPKAMHU, BOJISIHASI OaHs, MUKPOIIITIATEb.

Xo00 pabomot

1. B mpobupky mnomecture 10 Kkamenab pacTBOpa Ii€pMaHTaHaTa Kajus,
no0aBbTe 1—2 Karam pacTBopa eakoro Harpa. K noiaydyeHHOMY IIETOYHOMY pacTBOPY
no6aBbTe 3—4 Kariu MOJIOYHOM KUCIIOTHI U HarpenTte 1—2 MuH B KUMSIIEH BOJSHON
O0aHe OO M3MEHEHMs OKpackd. 3areM npuOaBbTe | MUKpoIINaTeslb XJIOPTUApaTa
(deHunTHIpa3MHA U CTOJIBKO K€ anerata HaTpus W HarpeBaiite 10—-15 muH Ha
kursein  BoagHor  Oane. Ilocie  oXyIaXgeHUST BBIMAAAET JKEJITBIM  OCaIoK
(beHunTuapa3oHa MMPOBUHOTPATHON KHCIIOTHI.

2. B mpoOupky nomectute 4 Karuii MOJIOYHON KUCIIOTHI U I00ABIISIOT PaBHBIM
00bEM COOTBETCTBEHHO pacTBOpa CEPHOM KHUCJIOTHl W TI€pMaHraHata KaJwusl.
Conepxumoe poOUpKH HArpeBarT 2—5 MUH Ha BoJsgHOU OaHe. B paGodem xypHaie
OTMEUYAIOT U3MEHEHHUS OKPACKHU U 3aIlaxX BBIACISIOMIErOCs rasa.
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OnbIT 2. Peakuuu ruApOKCUKHUCIOT ¢ XJiopuaom :kese3a (I11)

Peakmuebl: MONIOYHAsI KUCIOTA, YKCyCHas KHUCIIOTa (KOHIICHTPHPOBAHHAS),
CaJIMIIMJIOBAs KUCIIOTa (Hac. p-p), OeH30kHas kucinoTa (Hac. p-p), xmopu xeiesa (111)
(0,11 p-p), beHon (BoAHBIN pacTBOP).

Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.

Xo00 pabomowi

B nBe mpoOupku BBOIAT Mo 1 Karjie pacTBopa XJIOpu/a kele3a U JoOaBIsSIOT
no 2 xamiM pactBopa (eHona. PacTBopbl okpammBaroTcs B (uosieToBbiid 1BeT. B
OJIHYy MPOOUPKY N00ABISAIOT 2 KaIId MOJIOYHOM KHUCIIOTHI, & B IPYT'YI0 — CTOJIBKO K€
Karneiab YKCYCHOM KHCIOTHI (B BBITSDKHOM mikady). Takke MNpOBOIST OMNBIT C
CAIMLIMIOBOM M OeH30iHON KuciaoTtamu. OTMEThTE B pabodyeMm KypHaie B KaKHX
npobupkax wu3MeHwIach okpacka. llouemy? Hanummre ypaBHeHHs peakuui,
HaOMoIeHUsT U BbIBOJABI. CpaBHUTE CTPYKTYpy OOpa3yloIIUXCsl KOMIUIEKCOB CO
CTPYKTYPOU KOMILIEKCHOTO (PEHOJIATA KENe3a.

OmnbiT 3. B3auMoeiicTBue HATPUEBO-KAJIHEBON COJIM BUHHOW KHCJIOTHI €
TUIPOOKHUCHIO Meau (MmoJiydyeHue peakTupa MeyiuHra)

Peaxkmuebl: xanuii-HaTpuii BUHHOKKUCIBIN (2H p-p), cynbdar meau (1) (2H
p-p), eaxuii HaTp (2H).

Obopyoosanue: MTATUB C MUKPOIIPOOUPKAMH.

Xo00 pabomowi
B nmpobupky nmomemiator 2 kamiau pactBopa cyibdara menu (ll) u 2 xamnum
pactBopa enkoro Hartpa. K BemaBmemy romybomy ocaaky ruapokcuaa meau (11)
N00aBIIAIOT CPEAHEN COJIM BUHHOKAMEHHOM KHUCJIOThI — CETHETOBAa COJb. 1 0my0oii
0CaJIOK pacTBOpsieTCss U 00pa3yeTcsi TEeMHO-CUHUN PAacTBOP KOMIUIEKCHOW MEIHOMN
COJIM BUHHOM KUCJIOTHI.

OmnbIT 4. O0OHapy:KeHHe ABYX TAyTOMEPHBIX (JOPM aLeTOYKCYCHOr o 3¢gupa
Peakmuent: anetoykcycHolii 3¢dup, xmopupn xenesa (0,1 H p-p), Opom

(Hac. p-p, HaJ pacCTBOPOM B CKJISTHKE JIOJIKHBI OBITH OpaH)XEeBBIE MAphl Opoma).
Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.

Xo00 pabomot
AlleTOyKCyCHasi KUCI0Ta U €€ 3TWIOBBIM d(pUp MOTYT CYIIECTBOBATH B BHUJIE
TayTOMEPHBIX (POPM — KETOHHON U €HOJILHOM.
B npo6upky nomecture 1 Karuiro aneroykcycHoro 3¢gupa u 1 karmio pacTBopa
xjopuaa skene3a. HememnenHo mosiBisieTcss (PUoJIETOBO-KpacHOE OKpallliBaHUE,
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YKa3bIBaIOIllee Ha HAJIMYUE €HOJIBHOU (OPMBI aleTOyKCYyCHOTro 3¢upa (TUAPOKCHIT
HAXOAUTCSI TIPU YIJIepoJie ¢ ABOWHOM cBA3bIO0). [IpnbaBbTe 1 Karmmo HACBIIEHHOTO
pactBopa Opoma, (MOJIETOBOE OKpPAIMBAHWE MOMEHTAJIbHO HCYE3aeT, HO 3aTeM
NOCTEeNeHHO B0300HOBIsAeTCs. [IpubaBbTe eme 1 kamio OpOMHON BOABI — BHOBD
IPOUCXOIUT OOECIIBEYMBAHUE C IMOCJIEAYIOIMM BO300OHOBJICHUEM (PUOJIETOBOM
okpacku. OOBSICHUTE 3TO SIBJICHUE.

[Ipu nmoGaBiIeHUM HECKOJBKUX Kameidb OpPOMHOW BOABI pacTBOp obec-
[[BEYUBAETCS, TaK KaK OpOM MPHUCOEIUHSETCS 1O JIBOWHOM CBSI3U, U THAPOKCUIIbHAS
rpyIIa yTpauyuBaeT €HOJBbHBIN XapakTep. Yepe3 HEKOTOpOoe BpeMsl pacTBOP BHOBb
OKpalmBaeTcsi B (PUOJETOBBIA I[BET, TaK KakK CBA3BIBAHUE EHOJIBHOU (HOPMBI
HapylIaeT JWHAMUYECKOE€ PaBHOBECHE, M YacTh OCTaBIICHCS KETOHHOW (OpMBI
alleTOyKCYCHOTO »(Hupa MEpexXOoJUT B EHOJbHYIO, OOpa3yIoIlyl0 OKpaIlICHHBIN
KoMIieke ¢ uoHamu Fe’*. B eHONbHYIO (OPMY MOXKET TaKKe IMepeXOaHTh
MOHOOpoManeToykcycHblii 3¢up. I[lpu moBTOpHOM n06aBieHHH OpPOMHON BOJbI
CHOBa HaOJOAaIOT 00ECI[BEUMBAHUE PACTBOpa C MOCJICAYIOIIMM BO300OHOBIICHHEM
(1oNeTOBON OKPACKU. DTOT MPOLECC MOXKET MPOJOIKATHCS IO MOJHOTO 3aMEIEHUs
MO/IBM)KHBIX aTOMOB BOJIOPOJIa Ha OPOM, T. €. 10 MOJYYEHHUs TUOPOMALIETOYKCYCHOTO
a¢upa, HEe CIOCOOHOTO K TAYTOMEPHBIM MPEBPALLIEHUSIM.

0) 3anuimuTe Balv HaOIIOJEHUS ISl KQXKI0TO OTbITa;

B) CpopMynupyiiTe BBIBOJIBI 1JIs1 KAKIOTO OIIBITA;

r) OtunTaiiTech nepea npenoaaBaTeaeM 0 IpoJAeIaHHON padoTe: NPeabsIBUTE
o(OopMIIEHHBIH 0TYET 1O Ja0OPATOPHOI paboTe U IITATUB C MPOOUPKAMU 110
KQKJIOMY OIIBITY.

Bomnpocs! Aj1s1 caMOCTOATEIbHOM PadoThI

1. Hanummre ¢opMysbl M Ha30BUTE O COBPEMEHHOW MEXIyHAPOIHOM
HOMEHKJIAType CIIEAYIONIME COEAMHEHMsS: MOJIOYHAs KHUCIO0Ta, MUPOBUHOIPAHAS
KHCJIOTa, alleTOYKCYCHBIN 3(up, 1IaBEJIeBOYKCYCHAsI KUCIOTA, TIMKOJIEBAsi KUCIIOTA,
JMMOHHAs KACIIOTA.

2. HamummuTe peakuuu CHHTE32 M3 COOTBETCTBYIOIIUX TUJIPOKCUKHUCIOT
CIENYIOIIMX  TPOU3BOAHBIX:  HATPUEBO-KaJIWe€Bas COJb  BHHHOW  KHUCIOTHI,
XJIOPAHTUJPHU TUPOBUHOTPATHON KHCIOThI, METUIIOBBIM 3(UpP MOJOYHON KHUCIIOTHI,
TIOJIHBIN aMUJ] I0JIOYHON KUCIIOTHI.

3. Ucxonms w3 ameroykcycHoro »3¢upa, HAMWIIUTE YPAaBHCHUS pPEaKIIHMA
CUHTE3a: MACJISHOM KHUCIOTHI, METHJIITWIKETOHA (YKaXKUTE YCIOBHS PACILEIICHUS
spupa B 000MX clydyasx), HAMUIIUTE CXEMY MOJYYEHUsS JIAKTHAA U3 MOJIOYHOMU
KHCJIOTBHI.

4. Hanumure ypaBHEHHUS peakiuil MOTYYeHHsI 0-KETOTITyTapOBOM U sI0JI0UHOM
KHCJIOT, HAIMILNTE JJI1 HUX BCE BO3MOKHBIE U30MEPBHI, 1aANT€ UM Ha3BaHU.

Yueonas aureparypa: [1, 3, 7, 10].
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TEMA: cxAMUHOKHUCJIOTbI»
JlabopaTtopHasi paGora Ne 7
N3yyenue GU3NKO-XUMHYECKUX CBOICTB AMUHOKHUCJIOT, IPOBEJACHHE
KAa4YeCTBEHHbIX peakuui

Heanb pabdoTbl: GopMHUpPOBAHWE YMECHHMA W HABBIKOB, M3yYHUTHh OTHOIICHUE
AMUHOKHUCJIOT K UWHJIUKATOpaM, YCTAaHOBUTh CIIOCOOHOCTh aMHHOKHCIOT K
KOMIUJIEKCOOOpa30BaHMIO;  MPUOOPECTH  yMEHUE  OTKPhIBaTh  MEPBUYHYIO
aMUHOTPYIIITY B AMUHOKHCIIOTAX.

Teopernuecknii Marepuaj, HeOOXOAUMbIN BbINOJHEHHUS J1Aa00pPaTOPHOM
padoThI.

AMWHOKHCIIOTHI  SIBJISIIOTCS.  MPOWU3BOAHBIMU  KapOOHOBBIX  KHUCIOT, B
YTJIEBOJIOPOJIHBIX paguKanaXx KOTOPBIX OJWH WIIM HECKOJBKO aTOMOB BOAOpOAA
3aMeUIEHbl aMUHOTPYIIIIAMH.

O6mias popMyna aMUHOKHUCIIOT: H,N-R-COOH

[IpocTeiieit aMUHOKUCTIOTOM SIBISIETCS aMUHOYKCYCHAsl (AMHUHOATAaHOBAs )
KHCJIOTA, TJIMIIAH WA TJIMKOKOJ: H,N-CH,-COOH

B 3aBucHMOCTH OT B3aUMHOTO TMOJIOKEHUSI aMUHOTPYIIIBI U KapOOKCUITHbHOU
IPYIIbI Pa3IdyaroT o-, B-, Y-aMUHOKHUCIIOTHI.

O6m1as popMyIa 0-aMUHOKHUCIIOTA:

o

HyN — CH — COOH
|
R

AMWHOKHUCIIOTHI SIBJISIFOTCS aM()OTEPHBIMU COCTUHEHUSIMU, T.K. 00JIaJal0T KaK
KUCJIOTHBIMHM, TaK W OCHOBHBIMH CBOWCTBamu; kuciotHas rpynma - COOH wu
ocHoBHas rpymmna -NH; B3auMHO HEUTpanu3yroT Apyr Apyra, odpasys CTPYKTYpy
ounonapusix noHos: HsN"-CH,-COO'.

AMUWHOKHUCIIOTHI SIBJISIFOTCSL  T€TEPOPYHKIMOHAILHBIMU COCIMHEHUSIMU, OHU
BCTYIAIOT B PEAKIIUU 110 KAXKJIOMY BUAY (QYHKIIMOHAILHBIX rpymim. KpoMe Toro, oHu
MOTYT pearupoBaTh € ydacTueM oOeux rpymi. st aMUHOKHCIOT XapaKTepHBI
peakiMu KOMIUIEKCOOOpa30BaHUS: AMHUHOKHUCIOTHI OOpa3ylOT C MEIb0 OYCHb
YCTOMYMBBIE OKpAIlICHHbIE BHYTPEHHE KOMIUIEKCHbIe conu. WM3-3a aucmyranuu
MYPaBbUHOI'O aJbJIETU/IA €T0 PACTBOP HMMEET KUCIYI peakiuio. Dopmanbaeru
BCTYIA€T B PEAKIMIO C aMHUHOKHUCJIOTaMH, OJIOKUPYET aMUHOTPYIIY, B pe3yJbTare
OJIOKMpOBaHUSI AMHHOTPYIIIIA HE BIHSET HAa KApOOKCUIIBHYIO TPYIITY, U PacTBOP
AMUHOKHUCIIOT MPUOOPETAET KUCTYIO PEAKITHIO.

[IpoTenHOTEHHBIE AMHMHOKHMCJIOTHI 32 MCKJIIOUYCHHEM [MPOJIMHA HUMEIOT
MIEPBUYHBIC aMUHOTPYMIbI, HAJTMYUE KOTOPHIX MOKHO YCTaHOBHUTH IPH MPOBEICHUU
peakiuu C a30TUCTOM KucioTo. Ha 3ToM peakuud OCHOBAHO KOJIMYECTBEHHOE
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ompeneneHrne aMUHOTPYMIBI B aMUHOKHCIIOTaX, a TaKkKe B OeTKax M MPOAYKTaX HMX
pacnaga. Beimenstomuiics a30T onpenensieTcss 00bEMHBIM METOIOM.

3amanue u dTanbl NPOBeAeHNS JIA00PATOPHOM PadoTHI
Jlo mpoBeneHus 1abopaTOpHON PabOTHI:
a) chopMyJIUpPYHTE LIETb KaXKI0TO OIbITA;
0) odopMHTE MPOEKT OTUETA IO JTAOOPATOPHOH padoTE;
B) HAMMIIUTE YPAaBHEHHS COOTBETCTBYIOIINX PEAKITHIA;
T') IPEIyCMOTPHUTE MECTO B MIPOEKTE OTUETA JIJIs1 HAOIOCHHIA U BEIBOJIOB.
B xo/1e BBINOTHEHNS Ta00paTOPHOU pabOTHI:
a) IPOBEJUTE OMBITHI:

OnpiT 1. OTHOMIEHHE AMHUHOKHCJIOT K HHANKATOPaM.

Peakmuewt: tnunuH, 0,2H pacTBOp; METHIOBBIA OpPAHXKEBBIH, pacTBOP;
METUJIOBBIM KPaCHBIW, PACTBOP; JJAKMYC, paCTBOP.

Obopyoosanue: MTATUB C MUKPOIIPOOUPKAMH.

Xo00 paoomuwi
B 3 npobupku nomectute 1o 5 Kameib pacTBOpa TIUIMHA U J0OAaBbTE B OAHY
| ka0 pacTBOpa METHIIOBOIO OPAaHXEBOTO, B APYTYI0O — METUIIOBOIO KPacHOrO, B
TpeThio — Jlakmyca. Colepkumoe MpoOUPOK TIHIATENIHO NEpeMelIaiTe u B paboyem
KypHaJle OTMETbTE OKpacKy MHAUKaTopa. OOBsICHUTE OTHOLLIEHUE PACTBOPA INIMIIMHA
K UHJIUKaTopaM. Pe3ysbTaThl onbiTa BHECHTE B Ta0IuIly 14.

Tabnuua 14. Pe3ynsTaThl omnbiTa

Okpacka UHIUKAaTOPOB B
Nunukarop Oxkpacka B 3aBucumoctu ot pH
pacTBOpE TIIMIMHA
MeTunoBsIit PozoBas 34,4 xenras
OPaHKEBBIN
MeTunoBsii Kpachsbiii 4,4—-6,3 xénras
KpacHbIN
Jlakmyc Kpacnslii 5-8 cunuii

OnpIT 2. O0pa3oBaHue MeIHOM COJIM TJIMIIMHA.

Peaxkmuewt: riiuiivg, 0,21 pactBop; okcua menu (ll), mopomok; eaxuid HaTp,
2H pacTBoOp.

Ooopyoosanue: IITaTUB C MUKpPOIIPOOUPKAMH, MHUKPOILIIATEb,
poOUpPKOAEPKATEb.
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Xo00 padomowt
B npoOupky mOMECTHTE HEMHOTO TIOpOIIKa OKCHIAa Menu, 100aBbTE
5—6 Kamenb pacTBopa IJIMIMHA M HarpeiTe B IUIAMEHU TOPEINIKH, MEePUOIUYECKU
BCTpsIXMBasi cojepkuMoe mpoOupok. [IpoOGupky mnocraBpTe B IITAaTUB, IMOKa HE
ocsiIeT U30BITOK YEPHOTO MOPOIIKa OKcUAa Meau. OTCTOSIBIIMIICS CUHUN pacTBOP
OCTOPOXKHO CIIeHTe B APYTyI0 MpoOWUPKY W mpuiedTe | Kamimo pacTBopa €IKOro
Hatpa. PacTBop ocTtaércsa npo3payHbIM.

OmnbiT 3. [leiicTBue MypaBLMHOIO AJIberH1a HA AMUHOKHMCJIOTHI.

Peaxmuewr: tivuuH, 0,2H pactBop; Gdopmanbaerua, 40%-Hblii pacTBOp;
METHUJIOBBIN KPaCHBIN, PACTBOP.

Obopyoosanue: MTaTUB C MUKPOIIPOOUPKAMH.

Xo00 padomowi

B mpoOupky momecture 5 Kameib pacTBopa (opMaiblerujia M IMpuieiTe
| xamiro METUIIOBOTO KPACHOTO.

W3 nunerku mo KamisM IPUIEHTE pacTBOP €IKOTrO HaTpa 0 IOSBIICHHS
KENTON OKpacKu (HEHTpasibHasl cpejia Ha METHIIOBBIN KPacHBIN).

B npyryto mpoOupky momectuTe S5 Kamenb MNIHMIIMHA W TpWiedTe K Hel
cojiep>)kuMoe TiepBoM mpoOupku. ToTuac ke TMOSBIAETCS KpAacHOE OKpallluBaHUE.
OO6BbsicHuTe IOUEMy?

OnsiT 4. lelicTBHE a30TUCTOH KHUCJI0THI HA aMMHOKHCJIOThI.

Peakmuegw: tivuuvd 0,2H pacTBOp; HUTPUT HATpus; |H pacTBOp; COJIAHAS
KHUCJIOTa, 2H PacTBOp.

Obopyoosanue: MITaTUB C MUKPOTIPOOHPKAMHU.

Xo00 pabomowt

B mpoOupky momectutre 4 Kamid pacTBOpa IJIMIMHA, J100aBbTe 4 Karu
pacTBOpa HHUTpUTa HaTpusd W 4 KAk pacTBopa COJAHOM Kucinotel. [lpu
BCTPSIXMBAHUU COJIEPKUMOTO MPOOUPKH BBIJEISAIOTCS My3bIphKU Ta3za. OTMEThTE B
paboueM KypHase, Kakue My3bIpbKU Ta3a MOTYT BBIIEISATHCS.

0) 3anumuTe Bay HAOMIOASHUS JIJIs KaXKI0TO OIIBITA;

B) ChopMynupyiiTe BBIBOJIbI 1JIs1 KXKIOTO OTIBITA;

r) OtuuTaiiTech nepes NpenofaBaTeieM O MPOoJEIaHHON padoTe: MpeIbsIBUTE
o(OpMIICHHBIM OTYEeT TO0 JabopaTOpHON paboTe W IITaTUB C MPOOUPKAMHU TIO
Ka)XJIOMY OTIBITY.
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Bomnpocsl 1J1s1 caMoCTOATEIbHOM padoThI

1. Kak knaccuuuupyroT aMUHOKHUCIIOTHI IO CTPOCHUIO?

2. Paccmortpute CTpO€HHME (-aMHUHOKHCIOTBI Ha TMPUMEPE AMUHOYKCY-
CHOU KHUCJIOTHI.

3. YUto HazbIBaeTca OMNONSpHBIM HOHOM? OOBSICHUTE, MOYEMY aMUHOKHUCIOTHI
SABIISIOTCS amM(pOTepHBIMU COCTUHEHUSIMU? Hanumure ypaBHEHUS
peaxiuii, XapakTepu3youmx aM(QOoTepHbIi XapaKTep aMUHOKHUCIIOT.

4. OObsAcHHUTE, TOYEMY B H30IJICKTPUUYECKON TOYKE AMHUHOKUCIOTHI HE
JIBUXKYTCSI HU K KaTOAy, HU K aHOJY.

5. B kakoii cpene HaxoAWTCS HM303JIEKTpUUYECKass TOYKA Yy TIIyTaMUHOBOM
KkucaoThl? Jluzuna?

6. UTto Ha3bIBalOT M303JEKTPUUECKUM COCTOSHUEM M H303JEKTPHUECKOM
TOYKONH aMUHOKHUCIIOT?

7. KakoBo cTpoeHHe OUIOJISPHOrO HOHA JIM3UHA U aClIaparuHOBOW KUCIIOTHI?

8. KakxoBa peakmms cpeasl BOAHBIX pAacTBOPOB alaHWHA, apTUHUHA U
IIIyTaMUHOBOM KUCI0THI? OTBET 000CHYMTE.

9. Kakrie aMHHOKHMCIIOTHI HA3bIBAIOT HEUTPATHHBIMHU, KUCIBIMHU H IIETOYHBIMU?

10. Kakx aMUHOKHUCIIOTBI pearupyroT ¢ KUCIOTaMH U 1ienodamu? Hamuiure
COOTBETCTBYIOIIME YPABHEHUS pEeaKLIUi

11. C noMomipl0 Kakux HHIUKATOPOB MOXHO YCTAaHOBUTH PEAKIMIO CPEIbI
BOJIHBIX PACTBOPOB aMUHOKHUCIIOT?

12. TloyeMy aMHMHOKHCJIOTHI CTIOCOOHBI K KOMILIEKCOOOpa30BaHUIO?

YueoHnas aureparypa: [1, 3, 7, 11].
TEMA: «bBEJIKN»

JlaGopaTopHnasi padora Ne 8
IIpoBeneHue NBETHBHIX peaKkuil HA 0eJIKH M aMUHOKHUCIOTBI

Heasb padorbl: GpopMupoBaHHEe YMEHHM M HABBIKOB, MPUOOPECTH HABBIKU U
YMEHHMsI TPOBOAUTHh KaUYECTBEHHbIEC PEAKLIMK HA OEJIKM U aMUHOKHUCIIOTHI PAa3JINYHOTO
CTPOCHUSA

Teopernuecknii Marepuaj, He0OOXOAUMMBbIH BBINOJHEHHS J1A00PATOPHOU
padoThlI.

benky 1 aMUHOKUCIOTBI MOKHO OTKPBITh C IOMOUIBIO LIBETHBIX KaU€CTBEHHBIX
pEaKIuu.
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0-AaMUHOTPYIIIIBl  AMUHOKHUCJIOT pPEarupyroT C HUHTHAPUHOM C 00pa3oBaHUEM
OKpAaIlIEHHBIX TMPOIYKTOB CHHETO0 WM CHHEe-(UOIeTOBOro 1Bera. Peakuus
NpPUMEHSETCS JJI1 OOHAPYKEHHs 0-aMUHOKHCIIOT. B X0/e HarpeBaHusi aMUHOKHCIIOT
C HUHTUAPUHOM MPOUCXOJUT OKHUCIUTEIBHOE AE3aMUHHPOBAHUE O.-AMUHOTPYII U
BOCCTAHOBJICHME HUHTHApPUHA. BOCCTaHOBIEHHBII HUHTHAPUH pearupyer ¢
aMMHAaKOM U JpYrol MOJIEKYJOM OKHCIEHHOTO HHMHITHUIPUHA C OOpa3oBaHUEM
OKpAIIEHHOI0 MpoaykTa. MMHUHOKHCIOTHI (IIPOJIMH W OKCHUIIPOJIMH) 00pa3yroT
IPOYKTHI KEJATOTO IIBETA.

buyperoBasi peakuuss Ha MOBTOpSAIONIMECS NENTUAHBIE CBSI3U B OeiKax
OCHOBaHa Ha TOM, YTO MENTHIHBIC TPYMIbI OCIKOB U MOJHUIEITHAOB 00pa3yIoT ¢
MEZbI0 OKpallleHHbIe B (PHOJETOBBI U KpPacHO-(PHOJETOBBIN IBET KOMILJIEKCHBIC
COJIU.

KcantonporenHoBass 1npoba OCHOBaHa Ha TOM, YTO LMKIMYECKUE
AMUHOKHCIIOTBI TIPU HAarpeBaHWM C a30THOM KHUCJIOTOW Jal0T OKpalICHHbIE
HUTPOCOEAMHEHUS U TPH MOCIEAYIOIEM B3aUMOACHCTBUU C THAPOKCUIOM HATpUs
COJIU.

OTKpBITHE CEPOCOJEPKALIMX AMHUHOKUCIOT OCHOBAaHO Ha TOM, YTO IIpHU
pa3pylLIeHUH IIUCTHHA U IMCTEHMHA ILIEN0Ybl0 OT OeJKa OTUIEIUIETCS CEPOBOIOPO/,
KOTOPBIM CO CBUHIIOBBIMH COJISIMU JA€T YEPHBIA OCAJI0K CEPHUCTOTO CBUHLA.

3agaHue ¥ dTanbl NPOBeACHHUS JIA00PATOPHOH PadOTHI

o npoBeeHust 1ab0paTopHOil pabOTHI:

a) chopMynupyHTe Leb KaXKJI0TO OIBITa;

0) odopMHTE MPOEKT OTUETA IO JIAOOpAaTOPHOI padoTe;

B) HAMMILIUTE YPaBHEHHS COOTBETCTBYIOUINX PEAKITHIA;

I') IPEAYCMOTPUTE MECTO B MIPOEKTE OTUETA /JIs HAOIMIOAECHUIN U BBIBOJIOB.

B xone BbITIOTHEHHS TA00paTOPHON PaOOTHI:

a) MPOBEIUTE OTIBITHI:

OnbiT 1. HUHrnapuHOBas peakuus HA 0.-AMUHOKHCJIOTBI.
Peaxkmuewi: rnutivg, 0,2H pactBop; HUHTUAPHH, 0,1%-HbBII pacTBOp.
Obopyoosanue: MTATUB C MUKPOIIPOOUPKAMH; POOUPKOIEPIKATEb.

Xo00 pabomowi
B mpobupky momectute 5—6 Karenb pacTBopa INIMIIMHA, M00aBbTe 1 Karuiro
HUHTHAPWHA W Harpeite B IlaMeHu ropeiku. Yeped 1-2 MUH MOSBHUTCS CHHE-
¢uroneroBoe okpammmBaHue. [Ipu cTOSHUN MHTEHCUBHOCTH OKPACKH YBEIIMUNBACTCS.

OnbiT 2. buyperoBasi peakuusi Ha NENTHIHYIO CBS3b
Ilpuébopel: mitatB ¢ TPOOUPKAMH.
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Peakmuent: Oenox suuHbld, 10%-HBIMT  pacTBOp 0€3 COJNM; €IKUN HATP
10%-#nb1ii pacTBOp; cepHOKUCIIast Mmeab 1%-HbIi pacTBOp.

Xoo pabomwi
B npobupky Hanuth 5 Kamenb pacTBopa Oenka, 100aBUTh 3 Karuld pacTBOpa
eJI0YM 1 1 Karwmo pacTBopa cepHokucion mean. [lociie B30anThIBaHUS MOSBIISACTCS
po30Bo-huoeTOBOE OKpamBanue. Hanummre ypaBHeHus! peakuuii, HaOIIOACHUS U
BBIBOJIBI.

OnpiT 3. KcaHTONPOTENHOBASI peaklys HA HUKJINYEeCKHE AMUHOKHCJI0THI

Ilpuéopwi: miraTuB ¢ MPOOUPKAMU, TTUTICTKH.

Peakmuewt: suunbiii  O6enmok  10%-HbBIE  pacTBOp; a30THas  KHUCJIOTA,
KOHIIEHTpUpOBaHHas, eakuii HaTp 30%-HbIi pacTBOP.

Xo00 pabomoi
B npoOupky HaneiTe 5 kamenb pacTBopa Oenka, 100aBbTe 3 KaIlid a30THON
KUCIOTBI U HarpedTe. OcaloKk CBEpHYBIIETOCS IIOJ BIUSHUEM KHUCIOTHI Oelka
OKpalIMBaEeTCs B )KENThIN 1BET. JlaliTe mpoOUpKe 0XIaAUThCA U J00aBbTE MO KaIlIsiM
IIeJIOYb [0 TMOSBICHUS OpaH)XEBOI'O OKpAIllMBAaHUSA, CBUICTEIBCTBYIOIIETO O
NPUCYTCTBUHU HATPUEBOM COJIM AUHUTPOTUPO3HHA.

OnbiT 4. Peaknusi Ha aAMUHOKHCJIOThI, COAEPKALIUE CEPY

Ilpuéboper: miTatuB ¢ NPOOUPKAMMU, TUIIETKH.

Peaxmuewt: suuHbIA O€NOK; JKEJNaTHH; WIEPCTSIHbIE HUTH; €IKUH HaTp
30%-HbI# pacTBOpP; YKCYCHOKHUCIBINA CBUHEI S%0-HBII pacTBOpP.

Xo00 paoomowi

B 3 nmpoOupku Hamuth mo 2—4 Karid pacTBOpa YKCYCHO-KUCJIOTO CBHUHIIA H
MOHEMHOr'Y J00aBUTh PACTBOpP €IKOr0 HaTpa A0 pPacTBOPEHHUS 0Opa30BaBLIETOCs
ocajka ruapata cBuHIA. B mpoOupky Ne 1 Hamuth 5 kamenp siudyHOro Oefka, B
npoOupky Ne 2 — cTONBKO ke kenaTuHa. B mpoOupky Ne 3 mOMECTHTh MIEpCTSHbIC
HUTHU. [IpoOHPKH OCTOPOKHO HArpeTh, pacTBOp B nmpodupkax Ne 1 u 3 TeMHeer, uTo
CBUETENBCTBYET O TMPUCYTCTBUU CEPOCOAEPKAIIMX aMHUHOKHUCIOT. OOBIACHUTH
pEeaKLHIo.

0) 3anuIuTe Bay HAOIOASHUS I KaXKI0TO OIIBITA;

B) ChopMynupyiTe BBIBOJIBI JIJIs1 KAKIOTO OTIBITA;

r) OTunTaiiTech repes mpenoaaBaTeiieM O IPoJIeIaHHON padoTe: IPEIbSIBUTE
0(OPMJICHHBIH OTYET 110 JTA0OPATOPHOU padbOoTe U ITATHB C MPOOMPKAMH TIO
KaKJIOMY OIIBITY.
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Bomnpocsl 1j1s1 caMoCTOATEIbHOI padoThI

1. [IpuBeaute cxemy 00pa3oBaHUS W HA3BaHMs OJHOTO U3 TPUIIENITUIOB M3
aMUHOKHUCIIOT: allaHWHA, IMCTeWHa, TpunrtodaHa. B kakoil cpeme JEKUT ero
u3oasiekTpuueckas Touka? OTBeT 00OCHYMHTE.

2. Kakue ypoBHM OpraHu3alli CTPYKTYpbl OCJIKOB BaM M3BECTHBI U KaKHe
XUMHUYECKHE CBSA3H YUaCTBYIOT B UX 00pa3oBaHUU?

3. Kakue Oesku Ha3bpIBAIOTCS II00YIAPHBIMU U GUOPUIUISIPHBIMU, HA KaKOM
YPOBHE OpraHU3alyy MPOUCXOINUT UX MOApA3AEIeHUE?

4. Kako# BuJ ruposin3a 0€JIKOB Bbl IPUMEHUTE VISl MOJTy4YeHus Tpuntodana?
OObsicHUTE TIOYEMY.

5. Yro Ha3bpIBaeTCs AeHATypauuei Oelika U B UeM €€ OTJINYME OT TUApoIn3a’

6. Kakue cnocoObl BBIACIECHHS, OYUCTKM U KOJUYECTBEHHOT'O OIPEACIICHUS
OeNKoB BbI 3HaeTe?

7. Kakue (pakTopsl BBI3bIBAIOT TUAPOIN3 Oenka?

8. Kakue nBeTHble peakiuu Ha 0K U aMUHOKHCIIOTHI Bbl 3HAaeTe?

9. B kakoii 30He pH 51exKuT N30351eKTpUUECcKas TOUKA EI0YHOro Oenka?

10. KakoBa ctpykTypHas GopMmyina Tpunentuaa tup—cep—mer? Kakoil 3apsiq
OH HeceT B Boje?

11. B oOpa3iie MbIlieuHON TKaHU OOHapyx eHo 6 Mr azota. CKOJIBKO B 3TOM
o0pasIie COACPKUTCS «CHIPOTO MPOTEUHAY?

12. Kakoii Ka4yeCTBEHHOW peaKIMeHl MOXKHO OTKPBHITh TTOBTOPSIOIINECS
NENTHU/IHbIE CBSI3U B OenKax?

13. IIpu yyactuu kakux (GYHKIMOHAIBHBIX TPYMNN 0O0pa3yercs MeNnTUIHAs
CBA3b B Oenkax?

14. Kakoli kaueCTBEHHON peakuuei MOKHO OTKPBITh 0-AMUHOKUCIOTHI?

15. Kakue aMHMHOKHCIOTBI OTHOCATCS K uukiandeckum? IlpuBenure wux
(bopMyJIbl U Ha3BaHUS.

16. Kakue amuuokucnoTsl couepxar cepy? IIpuBenure ux dopmynsl u
Ha3BaHUS.

YueoHnas aureparypa: [1, 3,7, 11].
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TEMA: «YI'VIEBOAbI»

JlaGoparopnasi pabora Ne 9
HN3yuenne GU3NKO-XUMHUYECKUX CBOMCTB YIJIeBOA0OB
(MOHO-, 1¥- ¥ MOJIUCAXAPHU/IOB), IPOBEIeHNE KAUYeCTBEHHbIX PeaKIl

Heab padoTbl — OTKPBITH TUAPOKCHIIBHBIE U AJIbAETHIHBIE TPYIIIBI B MOHO- U
BOCCTAHABJIMBAIONIMX JHCaXapuJax C T[OMOIIBK0 KA4eCTBEHHBIX  PEaKIIMiA,
YCTAaHOBUTH CLIOCOOHOCTH K TUJIPOJIU3Y JAM- U MOIHCaXapuiIoB

Teopernyeckuii Matepuaj, HeOOXOAUMBI BBINOJHEHHUS JAa0OPATOPHOM
padoThI.

VYrieBoapl  ABISIOTCS  MOJUOKUKApOOHWIBHBIMH  COEIMHEHHMSIMU M UX
MPOU3BOJHBIMUA WM COEIUHEHUSMHU, 00pa3yIOUIMMHU UX IPU TUAPOIU3E. YTIIEBOJIbI
IIO/IPA3JIEISAIOTCS HA TPYIIIBI B 3aBUCUMOCTH OT YHCJIA MOHOCaXapHuI0B, CBA3aHHBIX B
olHy MoJiekyny. Hawmbosee pacnpocTpaHeHHbIE MOHOCAXapuibl, OTHOCAILIUECH K
MIEHTO3aM U TeKco3aMm: pubo3a, JAe30kcupubo3a, TIII0KO03a, rajgakrosa, Gpykrosa. U3
Ipynn OJIMTOCaxapuaoB Haubojee paclpoCTPaHEHbI YIJIEBOJbI, OTHOCSIIMECH K
aUcaxapuiaM: caxapos3a, ManbTo3a U Jlakro3a. Haumbonee pacnpocTpaHEHHbIE
IIOJINCAXAPUIBL: TJIMKOTEH, KpaxMall, KJIeTYaTKa.

VYT1eBObI BXOAST B COCTAB BCEX JKUBBIX OPraHU3MOB. B x0/1e 0OMeHa BelIecTB
YTJIE€BOBI MOABEPraroTCs OKUCIUTEIBHOMY paclaay C BBIACICHUEM SHEPruu, JHOO
Yy4acTBYIOT B OOMEHHBIX MPOIIECCAX B COCTABE PA3JIMUHBIX CJIOKHBIX BEIIECTB.

VYrneBoabl ABIAIOTCA  TeTepOQYHKUMOHAIBHBIMU  COCIUHEHUSIMH, J1alOT
peaklMy C ydacTHeM KapOOHWJIbHOW M THUAPOKCHIBHOM Trpymi. B oTHomeHuu
MoCJeIHEN, OHU BEAYT ce0s1 KAK MHOTOATOMHBIE CIIUPTHI.

AnbI03bl JIETKO OKHCISIOTCS Cla0bIMHU OKUCIHUTENIIMH C O0Opa30BaHUEM
TUAPOKCUKHUCIOT. DTH PEAKLMU MPUMEHSAIOTCS KaK Ka4YECTBEHHBIE HA AJbJETHIHYIO
rpyniy B MOHOCaxapH1ax U BOCCTAHABIMBAIOIIUX IACaXapHuIax.

Ju- 1 monmcaxapuibl MOJABEPTratOTCS TUAPOJIU3Y B KUCIOW Cpene Wi MpHu
yyactu  (epMeHTOB. ['maponu3  mojaucaxapuJoB  MPOTEKAET  CTYNEHYAToO.
OO0pa3yromecs: NPOMEXYyTOUHbIE MPOIYKTHI TMAPOIU3a MOJMCAXapUAOB Kpaxmala
MOKHO OTKPBITH C ITOMOILBIO PEAKLIUH C OJIOM.

[IpoGa Ha Kpaxmay OCHOBaHAa Ha €ro CIOCOOHOCTH OOPa30BBIBATH C HOIOM
OKpAIlIEHHOE COEJIMHEHUE aJCOPOIMOHHOIO XapakTepa. IJTO COEIUHEHHE JETKO
paznaraeTcsi Ipyu HarpeBaHUU U BHOBb 00Pa3yIOTCS MPU OXJIAKIACHUH.

[IeHTO3bI TIpM HArpeBaHUM C COJAHOM KHCIOTOW AETUAPUPYIOTCS C
oOpaszoBanueMm Gypdypona, KOTOpBIM, B3aUMOJCUCTBYS C AaHWJIWHOM, JIAaeT
COEIMHEHHE KPACHOTO LIBETA.

3amanue u dTanbl NPOBeACHNS JIA00PATOPHOM PadOTHI

Jo npoBeaeHust 1abopaTopHOIl pabOTHI:
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a) chopMyITHpYyHTE 1IETh KaXKIOTO OIBITA;

0) odopMHTE MPOEKT OTUETA TIO JTAOOPATOPHOI padOTE;

B) HAIMIIUTE YPABHCHHS COOTBETCTBYIOIIUX PEAKITHIA;

T') IPETyCMOTPHUTE MECTO B MIPOEKTE OTUETA JIJIs1 HAOIOCHHIA U BEIBOJIOB.
B xo/1¢e BBINOTHEHNS Ta00paTOPHOU pabOTHI:

a) IPOBEJUTE OIbBITHI;

OmnbiT 1. O0pa3oBanue caxapara KajJbUus

Peaxkmueni: roko3a, 10%-HbIil pacTBOp; U3BECTKOBOE MOJIOKO.

Obopydoeanue: MTaTUB C MHUKPOIPOOMpPKaMH, TpyOOUKa JUIsl MPOIYyCKAHUS
YTJIIEKHACIIOTO T'a3a U30 pra.

Xo00 pabomot
Cnelite paBHbIE OOBEMBI PACTBOPOB HM3BECTKOBOTO MOJOKa U TIJIFOKO3HI,
B30onTaiiTe. [IpocBeTiaeHne N3BECTKOBOTO MOJIOKA CBUJIETEILCTBYET 00 00pa3oBaHUU
pPacTBOPUMOIO B BOJIE caxapara Kajblus. Yepes3 MmoJiydeHHBIA pacTBOP MPOIYCTUTh
yriekucibiii Ta3. [loMyTHEHHE pacTBOpa CBUACTEIBCTBYET O pacliaje caxapaToB H
00pa30BaHUU YTIIEKUCIOTO KaJIbIH.

OmnbIT 2. BoccranoBiaenue meau (mpoda Tpommepa)

Peaxkmuegul: T110K03a, MAaHHO3a, ranakTo3a, 1%-Hbli pacTBOpHI; €IKUN HATP,
10%-nbI1i1 pacTBOpP; CEpHOKKCIIAsA Melb, 1%-HBIi pacTBOP.

Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.

Xo00 pabomowi
K 5 kamism pacTBopa TIIOKO3bI IPUOABhTE 2 KaIljld PacTBOPA €AKOTO HATpa U
2 KaruIi pacTBOpa CEpHOKUCIION meau. JKUIKoCTh OKpaIinBaeTcsi B ToiyOoi IBET B
pe3yabTare o0pa3oBaHus rujapaTa OKUCH Meau. BepXHUil CJION KUJIKOCTH HarpeuTe
no kunenus. [losBnenue xxenroro (Tuapara 3aKUCH), 3aT€M KPacHOTO (3aKUCh MEJN)
OCaJlKa yKa3bIBAET HA OKHUCJICHHWE TJIFOKO3bl U Ha BOCCTaHOBJIeHHE Menu. [Ipoxenars
ATy PEAKUHUIO C APYTUMU MOHOCaXapuIaaMH.

Omnbit 3. IIpoda ¢ skuakocThi0 PesinHra Ha KapOOHUJIBLHYIO TPyIILy.

Peaxmuewl: TII0KO3a, MaHHO3a, rajgakto3a, 2%-Hble pacTBOPbI; PEAKTHUB
@denuHra.

Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.

Xo00 pabomot
K 5 kamsim pacTBOopa TUIOKO3bI npubaBbTe 3 Kamim peaktuBa DenuHra.
Bepxuuii cnoil xunkoctu Harpeiite a0 kuneHus. [losiBneHue »xenartoro (ruapara
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3aKHCH ), 3aTEM KPACHOTO (3aKUCh MEJIM) 0CaJIKa YKA3bIBAET HA OKUCIICHUE TJIFOKO3bI U
Ha BOCCTAHOBJICHUE MeIU. B 3TOM peakiuu B MPOTUBOIIOIOKHOCTE TTpode Tpommepa
He 00pa3yeTcsi YepHOro ocajka OKUcu Mmeau. lIponenars 3Ty peakiuio ¢ IpyruMu
MOHOCaXapHUaaMH.

OmnbiT 4. O0pa3oBaHue METALIHYECKOr0 cepedpa (peakuus cepeOpPsHOro
3epKaJia)

Peaxmuewt: Ti0k03a, 2%-HBIA PacTBOp; cepedpo a30THOKHUCIOE, 3%-HbIH
pactBop; ammuak, 10%-Hb1i pacTBOD.

Obopyoosanue: MTaTUB C MUKPOTIPOOUPKAMHU, BOJIsHAS OaHSI.

Xo00 pabomowt
JIisi mMpUTOTOBIIEHHST aMMHAYHOTO PacTBOpa OKHCH cepedpa K 2-3 KaruisMm
pacTBopa a30THOKHCIOTO cepeOpa NpuiieiiTe MO KauisiM pacTBOp amMMHakKa o
pacTBOpPEHMs] BBINABLIETO oOcajaka OKucu cepebpa. K momydueHHOMy pacTBOpy
npuieite 4 Kamu pacTBOpa TIJIIOKO3bl, HE B30aNThIBaTh, Harperb 2—3 MUH B
KUIsien BoJissHou Oane. Ha cTreHkax mpoOupku ocegaeT MeTauimdeckoe cepedpo.

Omnpit S. IIpoda ¢ aHUIIMHOM HA NIEHTO3bI

Peakmuegvi:  apabuHO3a  KpUCTAJUIMYECKas; coJjiiHas  Kkuciora  1:1;
YKCYCHOKHUCIIbIA aHWJINH.

Ooopyoosanue: IITaTUB c MUKPOIIPOOUPKAMHU, MHUKPOILIIATEb,
(¢unpTpoBasIbHAS Oymara.

Xo00 pabomowt
K HeckolbKuM KpucTauiaMm apabruHO3bI MpUOaBbTE 3 KAIUIM COJISTHON KUCIIOTHI,
nepemeniaiite u Harpeiite A0 kuneHuda. Ilomocky ¢unsTpoBanbHON Oymary,
CMOYCHHYK) B YKCYCHOKHCIIOM AaHWIMHE mojaepxkute 1—2 MuH Hax mnapamu. Ha
(bUIBTPOBAIILHON OyMare MosIBISETCS KPAaCHOE OKpaIlTUBaHUE.

OnbIT 6. O0pa3oBaHue caxapara KajbIUs

Peaxmueni: manbTo3a, 10%-HbIi1 pacTBOp; H3BECTKOBOE MOJIOKO.

Obopyoosanue: 1MTaTUB C MUKpPONPOOMpPKamMu, TpyOOUKa JJid MPOIYCKAHUS
YTJIEKHUCIIOTO ra3a u3o0 pTa.

Xo00 pabomowi
Creiite paBHBIE O0BEMBI PACTBOPOB M3BECTKOBOTO MOJIOKA M MajbTO3bl,
B30omTaiiTe. [IpocBeTiaeHne N3BECTKOBOTO MOJIOKA CBUIETENLCTBYET 00 00pa30BaHUU
pacTBOPUMOTO B BOJIE caxapara Kaiblus. Uepe3 MoyudeHHBIH pacTBOp MPOITYCTHTE
yraekucablii ra3. [lomyTHeHHE pacTBOopa CBUAETEILCTBYET O paclaje caxapaTtoB U
00pa30BaHUM YTIEKUCIOTO KaJIbIHSI.
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Omnbit 7. IIpoda ¢ skuakocTbi0 @eIMHra Ha KApOOHWJIBHYIO TPYIIITY

Peaxmuewi: MaibTO3a, JaKTO3a, caxapo3a, 2%-Hble pacTBOPBI, PEAKTHUB
®denuHra.

Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.

Xo00 pabomowi
K 5 xamnsm pactBopa ManbTo3bl MpubOaBbTe 3 Kamau peaktuBa Demunra.
Bepxuuii cioit kuakocth Harpedte ao kurieHus. [losiBiaeHue >xenroro (ruapara
3aKHCH), 3aT€M KpPACHOTO (3aKHUCh MEM) OCaJiKa YKa3bIBaCT HA OKUCICHUE MaIbTO3bI
Y Ha BOCCTAHOBJIEHUE Meau. [Iponenars 3Ty peakiuio ¢ IpYTUMH TACAXAPUIaMH.

OmnbIT 8. I'mapoJm3 caxapo3ssl

Peaxmuewi: caxaposa, 2%-HbIi pacTBOp; COJISIHAs KHUCJIOTa, KOHIL.; coza
KpucTajuinueckas; peaktuB Penunra; peaktus CeanMBaHOBA.

Obopyoosanue: MTATUB C MUKPOIIPOOUPKAMH.

Xo00 padomowi

K 6 xammsaMm pacTBopa caxaposbl MpuOaBbTe 2 KalulM KOHIICHTPUPOBAHHOM
COJISHOM KHCIJIOTBI, KUISATUTh 3—5 MuH. PacTBop mocie OXJakIeHUS OCTOPOKHO
HEeUTpanu3ynTe coioi. Pa3nuTe pacTBOp B ABE MPOOUPKH.

C rugpanu3atoM B OJHOM MPOOMpPKE MPOJIeNIaiiTe PEaKIUI0 C PEaKTUBOM
®enunra. C rugponausaToM B Apyrod mpodupke npozenaiite npoOy CenuBaHOBa.
Jliist aToro k 3 KarusiM ruapoiu3ara npubdaBbTe 3 Karu peaktuBa CenvBaHOBA |
Harpeiite 10 kuneHusa. [losiBIeHHME KpacHOTrO OKpallMBaHUS CBHUJIETEIBCTBYET O
B3aUMOJICCTBUM PE30pLHMHA C OKCUMETWI(QYppyposoM, o0Opa3oBaHHBIM U3

(bpYKTO3BI.

OmnbiT 9. IIpoda ¢ iiogom Ha KpaxMaJ
Peaxkmuewi: xpaxmai, 1%-Hb1il pacTBop; peakTus JIroroms.
Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.

Xo00 pabomowt
K 5 xamnsm kpaxmana npubaButh 2 kamim pactBopa Jlrorons. [losBrnsercs
CHHEE OKpammBaHue. [Ipyu HarpeBaHWM OKpaIIMBAHUE MCUE3AET, a MPU OXJIAKICHUU
BO3HUKAeT BHOBb. HamummTe ypaBHEHUs peakinii, HaOII0ICHUS U BHIBOJIBI.

OnwIT 10. IIpoda ¢ xuakocTbi0 PeTuHra
Peaxmueni: xpaxman, 1%-nblil pacTBOp; peakTuB denuHra.
Obopyoosanue: MTaTUB C MUKPOTIPOOUPKAMH.
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Xo00 padomowt
K 5 xamsm pacTBopa rMKoreHa M Kpaxmana NpuOaBUTh 1O 3 Karuld peakTHBa
@enuHra. BepxHuil cnoW KUAKOCTH Harperb A0 KuneHus. OTpuuaTeIbHbIN
pe3yapTaT MpoObl OOBACHAETCS OTCYTCTBHEM BBIPAKEHHOW pelyLMpYIOIIeH
CIIOCOOHOCTH y MOJIMCAXapHIOB.

OmnbiT 11. I'mapoin3 kpaxmaiia

Peakmuent: kpaxmai, 1%-HbIil pacTBOp; COJSHAs KHUCJIOTA, KOHII.; PEaKTUB
JIroronst; peaktuB denunra; enkuit HaTp, 10%-HBIM pacTBOp; MHIUKATOpHAs Oymara.

Obopyoosanue: MmMTaTUB C MUKpONpoOMpKamu, Kosba OpieHmelepa Ha
100 mut.

Xo00 pabomowi

K 30-40 mn pactBopa Kpaxmana mpuwielte 1-2 M1 COJISSHOW KHUCIOTHI,
nepeMelnaiTe u HarpeiTe 10 kuneHus. Yepes 1-2 MUH nocie Havyajia KUIEHUs! KO0y
cHumMute ¢ or"sa. Otnedite 4 KamM THApoJIM3aTa B MPOOHMPKY C 3 KaluisIMHU
JUCTUIUTMPOBAaHHOW BOJBI, NpuOaBpTe 2 Kamm pactBopa Jlrorons. IlosBienue
(UONETOBOTO  OKpAILMBAHMS YKa3blBA€T HA MPUCYTCTBUE aAMUIIOJEKCTPHHOB,
oOpa30BaBIIMXCS MpHU TUAponu3e Kpaxmaina. Koysdy BHOBb IOCTaBbTE HA OIOHb U
kunarure eme 1-2 muH. IlpoBenurte mpoOy c peaktuBom Jltoromns. [losiBienue
KpacCHO-Oyporo OKpalllMBaHUs YKa3blBA€T HA MPUCYTCTBUE SPUTPOAECKCTPUHOB.
CHOBa KHUIISITUTE W 4Yepe3 KakIple 2—3 MUH NOBTOPAWTE MPOOBI C PEaKTUBOM
JIrorossa. OtpunarenpHas peakuys TUApanu3ara Ha peakTuB JIFOrojas mpoucXoauT
IIPpY PacIlIEIUIEHUH KpaxMaja 0 KOHEYHBIX IPOIYKTOB TMAPOJIM3a: MaJbTO3bl U
TJIIOKO3bl.  ['waponusar  HeWtpanusyiite U mpojenaiite mnpody Denunra.
[TonoxuTenbHbIA pe3yiabTaT MpOObl CBUIETENBCTBYET O HAJIUYUU CBOOOIHBIX
KapOOHWIBHBIX TPYII Y NPOAYKTOB I'MAPOIU3aTa Kpaxmara.

OmnbiT 12. I'napoaus KieT4aTKkn

Peaxmuewi: 1ONOCKM (PUIBTPOBAILHON OyMaru; cepHasi KHCJIOTa, KOHIL.;
peaktuB denunra; eaxuid HaTp, 10%-HbI pacTBOP; MHAUKATOpHAsA Oymara.

Obopyoosanue: MTATUB C MUKPOTIPOOUPKAMH.

Xo00 pabomowi
B npobupky ¢ 2 KamisiMH CEpHOM KHUCJIOTBI ONMYCTHTE MOJIOCKY
¢unpTpoBaIbHOM OyMaru, uyepe3 1-2 MHH ciedTe H30BITOK KHCIOTHI, J100aBbTE
4 KamiM JUCTUJUIMPOBAHHOM BOJIBI U OCTOPOXKHO KHUIMSATUTE B TeueHue 10 MuH.
[lomydyeHHbIi pacTBOp HEWTpanu3yiiTe U mnpoxaenaite mnpody Denunra.
[TonoxxurenpHBIA pe3yabTaT MNPOOBI CBUICTENBCTBYET O HAJIMYUU CBOOOJHBIX
KapOOHWJIBHBIX TPYII Y IPOIYKTOB TUIPOJIN3a KIETUATKH.
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0) 3anumuTe BaIy HAOIMIOASHUS U1 KaXKI0TO OIIBITA;

B) Cchopmynupyiite BEIBOJBI JIJIs1 KAXKIOTO OIBITA;

r) OtuuTaiitech nepeja NpernoiaBaTeseM O MPOJIeIaHHOW padoTe: MPEabIBUTE
oopMIIEHHBIH OTuYeT 1o aabopaTopHOl paboTe W ITAaTHUB C MNPOOHMPKAMHU 110
K2)KJIOMY OIIBITY.

Bomnpoce! 1J1s1 caMOCTOATEIBbHOM PadoThI

1. Kakne xumMuueckne CBOMCTBA TIIFOKO3bl COOTBETCTBYIOT €€ LIMKIMYECKOU
noJryaueraibHou popme?

2. Kakue xumuueckue CBOICTBa puOO3bl OTBEYAIOT €€ OKCUKapOOHMIIBHOU
dhopme?

3. Kakue coennHenuns Ha3pIBAIOTCS aleTalsIMU U nodyanetansmu? Hanummre
YpaBHEHHUS peakuu 00pa30BaHUs MoyareTans A GopMaibaeruaa u GpyKTo3bl.

4. K kakoMmy Tumy caxapoB (BOCCTaHABIMBAIOIIMX WJIM HEBOCCTAHAB-
JMBAIOLINX) OTHOCSITCS MaJIbTO3a U caxapo3a?

5. Uem oTaMy4aroTCsA MO CTPOCHMIO Kpaxmall U KiieTyaTka?

6. Kakue yriaeBonbl Aar0T KauyeCTBEHHBIC PEAKIMU Ha albIACTUIHYIO TPYIITY?
Hanummre npumepsl COOTBETCTBYIOIINX PEAKIIUM.

7. Kaxoil kaueCTBEHHO! peakIiil MOXKHO OTKPBITh Kpaxmai?

8. B Kakux YyCIOBMSAX TIJMKO3WJIHAs CBSI3b B JU- M [OJUCaXapuiaax
ITOJBEPraeTCs TUuAPOIn3y?

9. Kakue yrieBoasl 0OHapy>KEHbI y PbIO U )KUBOTHBIX ?

10. C noMouipr0 Kakod XUMHUYECKOM PEAKLIUU MOXXHO OTKPBITH IPOMEXKY-
TOYHBIE TPOLYKTHI TUAPOIN3a MTOJIUCAXAPUIOB Kpaxmaa?

YueoHas aureparypa: [1, 3, 7].

TEMA: «JIAIUIbI»
JlabopaTtopnasi pa6ora Ne 10
HN3yuyenne GU3NKO-XUMHYECKUX CBOMCTB JIUIIHIOB.
IIpoBeneHue KaUeCTBEHHBIX PeaKIUil HA HAJIUYHE HenpeAeJIbHbIX KUPHBIX
KHUCJIOT B JIMITAAAX

Heas pabGorel: (QopmMupoBaHre YyMEHUW W HABBIKOB, YOEIUTbCS B
CIIOCOOHOCTH JKHPOB PACTBOPATHCA B TUAPO(OOHBIX PaCTBOPUTENSAX, 00Pa30BHIBATH
CTOMKHE 3MYJIbCUM B MPUCYTCTBUU HMYJIBIaTOPOB, BBIABUTh HAJIMYHE OCTAaTKOB
HEIPEAEIIbHBIX JKUPHBIX KHCIIOT, IPOBECTH OMBIJIEHUE )KUPOB

Teopernuecknii Marepuaji, He0OOXOAMMBbIH BbINOJHEHUS J1A00PATOPHOMH
padoThlI.

K nunupam npuHaaiiexaT HEMTpaIbHbIE KUPHI (ALUITIIALEPUHBI) U JTUITOU/IBL.
[To cTpoeHuto NUMUABI SBISIOTCS MPOU3BOJHBIMU KApOOHOBBIX KHCIIOT U CIIMPTOB.
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JIunuapl HEpacTBOPUMBI B BOJIE, HO PACTBOPSIOTCS B PAa3IMUHBIX OPTraHUYECKUX
pactBoputensix (3dupe, xiopodopme, OeHsmHe W T. 1.). Jlumuasl genarcs Ha
CJIEYIONTHE KIIACCHI: HEUTpalbHBIE KUPHI, (POCHOTUTTUIBI, TIIMKOIUTIUIBI, CTEPUHBI U
CTEpH/IbI, BOCKA.

HelitpanbHbple KUPBI SBISIOTCS CI0KHBIMH d(HUPaMU TIIUIEPUHA U PA3IMYHBIX
OJIHOOCHOBHBIX  KHUCJIOT,  IPEUMYIIECTBEHHO  BBICOKOMOJEKYJSApHbIX. U3
HACBIIIEHHBIX KUCJIOT B KUpax yalle BCcero Bcrpevarorces creapuHoBas Ci7Hz;sCOOH
n nanbMuThHOBasg Ci;sH3sCOOH. Kpome HHUX B HEKOTOPBIX JKHpaxX HaXOISTCs
macisiHas C3H;COOH, xanponoBas CsHpCOOH, xanpunoBas C;H;sCOOH u
pyrue.

N3 HeHaCBIIEHHBIX KHUCJIOT HauboJee pachpoCTpaHEHA OJEMHOBas KHUCIOTa
CHj3(CH;);CH=CH(CH;);COOH, koTopas TpUCYTCTBYeT BO BCE€X NPUPOIHBIX
x)upax. Kpome Toro, BO MHOTHX JKHpax HaXoasTcs 00Jiee HEHACBIIICHHBIC KUCIOTHI:
muroneBas CHz-(CH,)4-CH=CH-CH,-CH=CH-(CH;) -COOH
u muHoaeHoBass CH;-CH,-CH=CH-CH,-CH=CH-CH, -CH=CH-(CH,);-COOH.

B HekoTOphIX JUMUIAX BCTPEHAIOTCS elle 0o0Jiee BBICOKOMOJEKYISPHBIE
KUCJIOTBI: W3 HachlleHHbIX — apaxuHoBas (Ci9H3gCOOH, nurnouepuHoBas
C,3H47COOH (copepxutcst B 1iepeOpo3uaax), U3 HEHACBIIICHHBIX — TaJ0JICMHOBAs
C,1H3;COOH, naitnennas B >kupax pbl0 U MOPCKUX >KMBOTHBIX, & TAK)KE KUCIIOTHI C
OOJIBIIIUM KOJIMYECTBOM JIBOMHBIX CBSI3€H, Hanpumep, kirynanogoHoBas C,;Hz3COOH
C MATHIO JIBOMHBIMHU CBSI3SIMHU, HaWJGHHAs B >KUpPax PbI0O M MOPCKUX KUBOTHBIX.
Cienyer OTMETHTh, YTO BXOJSIIME B COCTAB XHUPOB KUCJIOTHI 32 OYCHb PEAKUM
HCKJIIOYEHUEM HMMEIOT YE€THOE YHCJIO aTOMOB YTJIEpOJia U HEPa3BETBJICHHYIO IICIb
YIJIEPOJHBIX aTOMOB. HelTpanbHbIE )KUPBI UMEIOT CIEAYIOLIEE CTPOCHUE:

0]
| |
e} CH, —O—C—R,
|| 5
R,—C— O0— CH 0
3| [

CH, —0 —C—R;

[TpupoaHbIe KUPHI IPEACTABISIOT COOOM CMECH Pa3IMYHBIX CMECh Pa3TUYHBIX
TpHU-, JU-, MOHOALWJITJIMIIEPUHOB. [IpruéM B pa3HBIX KHpax MpeodsaaloT pa3HbIe
KUCJIOTHL. OT npeo0aganusl TeX WM UHBIX KUCIOT 3aBUCAT CBOMCTBA KUPOB.

Hamnune B kHMpax OCTATKOB TNIMLIEPWHA MOXHO YCTAHOBHUTH PEAKIUEN €T0
JIETUIpaTAIliy U OTKPBITUEM OOpa30BaBIIIETOCS MPOIYKTA MO XapaKTEPHOMY 3araxy.
Hanuuune HenpenenbHbIX )KUPHBIX KUCIOT B KUPAX MOXKHO YCTAHOBUTH C MOMOIIBIO
Ka4eCTBEHHBIX PEaKLWi Ha JBOWHYIO CBS3b.

BemecTBa, oGseruaromue oOpa3oBaHuE SMYJIbCUU W Jejaroliue ee Oosee
CTOMKOM, HAa3bIBAKOTCS AMYJIbraTopamMu. XOPOIIUMH SMYIbraTOPaMHU SIBJISIFOTCS MBLIO
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1 OCJIKU. OMYJIBbTUPOBAHUE KUPOB UMEET OOJIBIIIOE 3HAYCHUE TP TIEPEBaApPUBAHUH UX
B KHIIEYHUKE, TaK KaK TP OMYJIbTHPOBAHUM YBEINYUBACTCS IMOBEPXHOCTH
COTIPUKOCHOBEHHUS KUPOB C (hepMeHTaMH. B COCTOSHHMM OYEHb TOHKOW SMYIbCHUU
4acTh JKUPOB IMOJBEPraeTcs BCACBHIBAHUIO 0€3 pacllelyieHUs. OMYJIbIHPOBAHUIO
’KUPOB B KUIIEYHUKE CITIOCOOCTBYET Keilub. Motoliee 1ecTBIE MblIa TAK)KE OTYACTH
OOBACHSETCS CIIOCOOHOCTBIO €ro 3MYJBIHpOBaTh JKUPbL. Takoil MPOIYKT, Kak
MOJIOKO, TPEJCTAaBIICT COOOH, B OCHOBHOM, SMYJIbCHUIO >KHpA, IPUYEM CTOMKOCTH
AMYJIbCUM B HEM 00ECIIEYMBAETCSl OJTHOBPEMEHHBIM MPUCYTCTBUEM OeJKa.

Kupel, kak ©u Bce CJIOXHbIE JGUPBL, CIOCOOHBI OMBUIATHCS, T.€.
TUAPOJIM30BATHCS C 00OpPa30BaHUEM TIIMILIEPUHA U COJIeH CBOOOIHBIX KUPHBIX KHUCIOT
(Mbu1a). OMBUICHHE >KMpPAa MOXKHO TMPOU3BECTH IMOCPEACTBOM HArpeBaHMs KUpa C
BOJIOM B aBTOKJIaBaX, B MPUCYTCTBUU COOTBETCTBYIOIIMX KaTain3atopoB. OMbLICHHE
YCKOpSIETCSl KHUCJIOTaMH, a OCOOEHHO XOpOIIO MJET CO INeJoYyaMH, IMPUYEM B
MOCJICTHEM CJIy4ae IMOJIy4aloTcs He CBOOOJHBIC KUCIOTHI, a UX COJIU, SBISIOIIUECS
MBLJIaMH, OTKY/Ia 3Ta peakiys U MoJydusa CBOe Ha3BaHUE.

3axaHue ¥ dTanbl NPOBeACHHUS JIA00PATOPHOH PadOTHI

o npoBeeHust 1a00paTopHOil pabOTHI:

a) chopMyIUpyiTe 11eb 1a00paTOPHOUN padOThI (KaXKI0T0 OMbITA);

0) odopMHTE MPOEKT OTUETA IO JTAOOPATOPHOH padoTE;

B) HAITUIIIUTE YPAaBHEHUS COOTBETCTBYIOIINX PEAKIINIA;

T') IPEIyCMOTPUTE MECTO B MMPOEKTE OTYETA JJIsi HAOIIOIEHUI 1 BHIBO/IOB.

B xoe BbITIOIHEHMS Ta00paTOPHOU PabOTHI:

OmnbIT 1. PacTBOpUMOCTD KHPOB
Obopyoosanue’ poOUPKH, IITATUB JIJIs1 TPOOUPOK.
Peaxmuewt: 00pa3ipl KUPOB, OCH3UH, CEPHBIN 3(pUp, alleTOH, CIIUPT.

Xo00 pabomowt
B 4 npo6upku nomectute 0,2—0,5 r xupa, npujieTe B MEpBYI0 NIPOOUPKY 5 M
OeH3MHa, BO BTOPYIO — 5 MJI CEpHOTO 3upa, B TPEThIO — allETOHA, B YETBEPTYIO —
cnupta. ComepxumMoe TPOOUPOK B30oNTANTE 2—3 MUH U ONPEACIIUTE, B KaKUX
BEIIIECTBAX PACTBOPSIOTCS KUPHL. [IpoOMpPKY €O CIUPTOM HarperTe W OTMETHTE
PacTBOPUMOCTD KUPA B XOJIOHOM H TOPSTYEM CITUPTE.

OmnbIT 2. IMyAbIMPOBAHNUE KU PA

Oobopyooseanue: TpoOUPKHU.
Peaxmuebt: 00pa3Ibl KUPOB, PACTBOP MbLIA.
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Xo00 padomowt
B nBe npo6upku BozpmuTe 10 0,5 T paCTUTENTHFHOTO Maciia Uiu PHIOBETO JKUPa,
MPWICHTE TI0 5 MJI BOJABI U 3aT€M B OAHY M3 MpoOmpok moOaBeTe 0,5 M pacTBOpa
mbuia. Coaepkxumoe MTpPOOUPOK CHIBHO B30oJTalTe A0 00pa3oBaHMsl TOHKOMU
AMYJILCUU U MOCTAaBUTh B IITAaTUB. Uepe3 HEKOTOPOE BPEMS OIMPENEIUTE CTOMKOCTh
AMYJIbCUH.

OmnbIT 3. AkposienHOBasi Mpoda
Oobopyooeanue: npoOUPKU, CIUPTOBKA.
Peaxmuebt: pacTUTEIBHOE MACIIO, TUAPOCYIb(AT Kausl.

Xo00 pabomowi
He6omnbmoe komuuectBo (0,5-1,0 T) KUIKOTO KHMpa CMEIIAWTe B MPOOUPKE C
JIBOMHBIM KOJIMYECTBOM KHCIIOTO CEPHOKHUCIIOTO HATPHUS U HArPEUTE /10 BCIICHUBAHMSI.
[TosiBnsieTcst ocTpblil 3amax akposienHa. [losBreHue ocTporo 3amaxa yka3bIBaeT Ha
MPUCYTCTBHE B MCCICIyEeMOM MaTepuasie TJWIECPUHA, KOTOPBIA TpPH HArpeBaHHUH
TepseT BOAY U TIEPEXOJAUT B HCHACHITIICHHBIN alTbJICTH]T — aKPOJICHH.

OmnbIT 4. OTKPBITHE HEHACBHIIIEHHBIX KUCJIOT B "KHPAX

Obopyoosanue’ poOUPKH, ITATUB JJIs1 TPOOUPOK.

Peaxmuewt: pactuTenbHOEe Maciio, OpoMHas BOJA, PacTBOp IE€pMaHraHaTa
KaJIus.

Xo00 pabomowi

HebomnbIimoe KomuecTBO paCTUTENIBHOTO Maciia B30OJITalTe B OJHOM MPOOHpKe
C paBHbIM 00BEMOM OpPOMHOW BOJbI, B JIPYroil — C paBHbIM OOBEMOM pacTBOpa
nepmaHranara kanus. O0eclBeUrBaHUE PACTBOPOB YKa3bIBAECT HA HAJIMYME B JKHpaX
HETPEETbHBIX JKUPHBIX KUCIIOT.

OnbIT 5. diananHOBasA Npoda

Obopyoosanue’ poOUPKH, IITATUB JIJIs1 TPOOUPOK.

Peaxmuewi: o5eVHOBasg KUCIOTA, PACTUTEIBHOE MACIO, KYCOYKH MEIHOMN
MIPOBOJIOKH, KpPEIKasi a30THasi KUCJIOTA.

Xo00 pabomowi

K oneunoBoil kucnore npubaBbre 0,5 M Kpenkod a30THOM KHCIOTHI U
KyCOYEeK MEIHON NPOBOJOKH WJM CTPYXKKH, XOpPOIIO B30OJTalTE W IMOCTaBbTE B
mratuB. [IpuOnau3uTenbHO uepe3 dYac KUCIOTa 3aTBEPAEET, UYTO OObICHAETCA
MEPEXO0JIOM €€ B AIIAUUHOBYIO KHCJIOTY, UMEIOIIYI0 00jiee BBICOKYIO TEMIIEpaTypy
wiasienust (52 °C). OneIT npojenaiTe ¢ pacTUTEILHBIM MacioM. ITojouTenbHast
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AIANIUHOBAS TTPo0a YKa3bIBAET HA HAJTUYHME B JAHHOM Macje OOJIBIIIOTO KOJIMYECTBA
OJIENHOBOM KHCJIOTHI.

OmnbIT 6. OMBLIIEHHE KHPA

Oobopyoosanue: tipoOUpKU, TpoOKa ¢ MPOMYUICHHOW uepe3 Hee TPYyOKOH,
nogoOpaHHasi K MPOOUpPKE, CTEKISTHHAS NaloyKa, TOPEsiKa, BOJsHas OaHs, IITATUB C
JIAIIKOM, CITUPTOBKA.

Peaxmuewt: oOpasupl xupoB, 0,1 H pacTBop MIETOUM, HACHIIICHHBIA PACTBOP
MOBapEHHOMN COJIU.

Xo00 pabomowt

B npobupky BozbmuTe 0K0710 0,5 T CBUHOTO MJIM TOBSDKBETO calia, MpHiIenTe 5
M1 cnupToBoro pactopa menoun (0,5 H) U 3akpoiire mpoOKOH € MPOMYyLIEHHON
yepe3 Hee JJIMHHOW TpyOKOW, KOTopas sSBISETCA OOpaTHbIM BO3AYLIHBIM
xoJoauiibHUKOM. CozaepkuMoe MpOOMPKH KHUISITUTE HAa BOASHONW OaHE B TEUEHHUE
10-15 munH nipu yactoMm B30anThIBaHWUU. K MOTydeHHOMY pacTBOPY MbLIa MpUIICHTE
HACBIIICHHBI PACTBOP MOBAapEHHOW COJIM (BbICAIMBAHUE) M XOPOUIO IEepeMeniaiTe
CTEKJIIHHOM Najgo4ykoid. MBUIO BCIUIBIBAET HABEPX W IPU OXJIAXKACHUM PACTBOpA
3aTBEpACBACT. 3aTBEpAEBLICE MbUIO BBIHYTh U MONPOOOBAaTH €ro MOIOIIYIO
CIIOCOOHOCTb.

a) IPOBEJUTE OMBITHI:

0) 3anuiuTe Baliu HaOJIOJEHUS JIJIs1 KaXKI0TO OIbITa;

B) ChopMynupyiiTe BBIBOJIBI AJIs1 KKJIOTO OIbITA;

r) OtuuTaiitech nepes NpenogaBaTeieM O MPOJAEIaHHON padoTe: MpeIbsiBUTE
o(OpMJICHHBIM OT4YEeT MO0 JabopaTopHON paboTe W IITaTUB C MPOOHPKAMHU IO
KQKJIOMY OIIBITY.

Bomnpocsl AJ151 caMOCTOATEIbHOM PadoThI

1. KakoBa xuMuueckas mpupojaa >kupoB?

2. OxapakTepu3yiTe KUPHBIE KHCIOTHI, MPUBEAUTE UX POPMYJIIbI U HA3BAHUSI.

3. B Kakux opraHMYecKUX pacTBOPUTEISIX XOPOIIO PACTBOPSIIOTCS JIUTUIBI?

4. KakuMHU Ka4eCTBEHHBIMHU PEaKLUSMU MOXHO OTKPBITH JBOMHBIE CBSI3U B
HEHACBIIICHHBIX )KUPHBIX KMCIIOTaX B COCTABE KUPOB?

5. Kakoit kauecTBeHHOM peakuueld MOXKHO OTKPBITb TJIMIEPUH B
anuirauuepuHax? Hanuimure ypaBHEHHE COOTBETCTBYIOLIUX PEAKIUH.

6. Onummure nTpouecc SMyJIbrUPOBAHUS KUPOB.

7. Kakne npupoJHble 3MyIbraTopsl )KUPOB BaM HM3BeCTHbI? KakoBO 3HaueHHE
AMYJIbTUPOBAHUS B IEPEBAPUBAHUU KUPOB?

8. Kakue oprannyeckue coeuHeHUs ABISAIOTCS MbtaMu? Ha yem ocHOBaHO nx
MoIoIIee neiicTBUE?

YueoHas aureparypa: [1, 3, 4, 7].
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