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NabopaTopHas pa6oTa 1.
AHanuTtuyeckas knaccudukauma KaTUOHOB.

KMCMNOTHO-OCHOBHas cynbuaHas amMMuayHo-cocgopHas
p
rpynn. KATHIOHbI p rpynn. KaTVIOHb! rp | rpynn. KaTUOHBbI
peareHT. peareHT. peareHT.
| HeT Li*, K*, Na*, NHs* | HeT Li*, K*, Na*, NHs*, Mg?* | | HeT K*, Na*, NH4*
] HCI Ag*, Pb?*, Hg?*2 \% HCI Ag*, Pb?*, Hg2?* V | HCI Ag*, Pb?*, Hga2?*
xnopudbl H/p B BOAe, xnopugdbl H/p B BOge, xnopugbl H/p B BOAe,
Kncnortax KMcnoTax Kucnortax
Ca?, Sr?*, Ba?* (NH,).COs3 | (Mg?*)Ca?*, Sr?*, Ba?* (NHo:HPOs | Ba?*  Sr2*, Ca?", Mg%,
1l cynbdathl H/p B Boae, + NHz + kapboHaTbl H/p B Boae +NH; Mn2*, Fe?*, Fed*, AIR*, Crd*,
H2S04 KMCroTax, Lenoyax Il NH.CI ] Bi*, Li*
4
docgatbl H/p B BOoOe U
amMmMuake
AIB*, Cr3*, Zn?*, Sn?*, H2S+HCI | Cu?*, Cd?*, Bi®*, Hg?, HNO3 Sn?*, Sn**, Sh%, Sb*, As®,
v Sn*t, As3*, AsSt v As®*, As®*, SbS*, Sb%, | |v As®t
NaOH Sn?*, Sn#*
rMApPOKCUAbI OKWUCMAKTCA [0  BbICLLIMX
obnapatot cynbcuapl H/p B HCI CcTeneHen OKUCneHns
amdoTepHbIMU
CBOWCTBaMU,
pacTBOpUMbI B
KMcrnoTax u Liernovax
Mn2+, Mgz*, Fe2+, _ _
V Fe3+' Bi3+' Sb3+, Sb5+
NaOH
rmopokcuabl  H/p B
aMMuake v Lenovax
Cu?*, Cd?*, Ni?*, Co?*, (NH4)2S+ | Ni?*, Co?, Fe?*, Fe®, NazHPO4 | Cu?*, Cd?*, Hg?*, Co?*, Ni%*,
Hg? Il | NHs+ ARt Cr3*, Mn?*, Zn%* | ||| Zn?*
VI | NHs cynbduabl H/p B BOAE,
TMAPOKCUAbI NH4CI ammmnake, pacTBOPUMbI doccatbl pacTBOpPUMBbI B
pacTBOpUMbI B 8 HCI aMmMuake c obpasoBaHuem
amMMuake c aMMuakaToB
obpasoBaHnem
aMMuakaToB

B nepByto aHanuMTMYecKyto rpynny BXOAST KaTUOHbI rpynnbl WenoYHbix MeTannos Li*, Na*,
K*, Rb*, Cs™ 1 MOH aMMOHMA. KaTUOHbI LWENOYHbIX METanoB UMEKT 2-X UNKN 8-3NEeKTPOHHYO
000MoYKy MWHEpTHOro rasa co cdepudeckon cummeTpuen, Kotopass oOycrnoBnmuBaeT UX
YCTOMYMBOCTb, Cnabyt MnonspusyemMocTb M OTCYTCTBME OKpacku (KaTMOHbI S'-3N1eMeHTOoB).
XvMmyeckne CBA3NM B UX COEOUHEHUSsIX, KaK NpaBuio, UMEKT WMOHHLIN xapakTep. WcknioveHue
coctaBnsieT kaTWoH Li*, KOTopbld BCreacTeume marnoro paguyca, obnagaet nonspusyroLllen

CNOCOBHOCTbLIO N OaET KOBarleHTHbIE CBA3N B J'IVITVII7IOpF8HVI‘-I€CKVIX coeanHEHnAX.

Ko BTOpoK rpynne oTHoOcATCA MOHbI Cu®, Ag™ n Au® 1 6nM3kne K HUM MO XMMUYECKUM
cBoMCTBaM KaTuoHbl [Hgo]?*, TI*, Pb?*. HecmMoTpss Ha TO, 4TO MOHbI Meau, cepeGpa U 3onoTa
ABNAOTCA 04HO3apsAHbIMU, MO CBOWNCTBAM OHWU PE3KO OTNIMYAKOTCH OT KAaTUMOHOB | aHanMTU4eCKON
Katnonbl |l

rpynnobl. 310 o0b6bACHAETCA pas3nnyHbiM CTPOEHNEM 3]'IeKTp0HHOIZ obornouku.




aHanMTUYeCKOW rpyrnnbl UMEKT 3NEKTPOHHYH KoHdurypauuio ¢ 18 n 18+2 anektpoHamu, 4TO
obycnaBnmBaeT MX AOCTATOMHO BbICOKYK MOMNSAPM3YHOLY cnocobHOCTb. C nonspusyowmMmmnca
aHMoHamMn OHM o6pasyloT MarnononspHble KOBaneHTHble COeAWHEHUs, TPYAHO pacTBOpMMbIE B
Boge soge (CI, Br, I, CN,, POs*, SO4%, CO3s%). Kpome TOro, ykaszaHHble COeAVMHEHUs ABMATCS
Xopownmun KomnnekcoobpasoBatensiMyv, YTO HaxXOAUT MPUMEHEHWe B aHanuse. YKasaHHble
KaTMoHbl ocaxaatotcs u3 pacteopa HCI, KOTopbIvi ABNSETCS rpynnoBbIM peareHToM.

K TpeTben aHanuTuyeckomn rpyrne OTHOCATCA KaTUOHbI LLEerOYHO3eMeNbHbIX 31eMEHTOB,
COCTaBNALMX rMaBHyto noarpynny Il rpynnbl nepuoanyeckort CUcTeMbl (KaTUOHbI S?-371EMEHTOB).
YKasaHHble MOHbI UMEIOT 3NEKTPOHHYI0 KOHMUrypauuo UHepPTHbIX ra3oB. [103TOMY 3TW KaTUOHLI
ycTon4mBbl, cnabo nonspusyembl. B xummnuyecknx coeguHeHusix npeobnagaeT MOHHbIA XapakTep
cBA3N. PacTBopumocTb corei nocrnegoBaTenbHO yMeHbluaeTcs oT Ca?t k Ra?". WcknioyeHue
COCTaBnsAlT TOpPUAbI, B KOTOPbIX MPOUCXOAUT U3MEHEHWe CTPYKTYpbl Kpuctannos (U
cnepoBaTeNbHO 3HEpruvM KpucTanmuyeckon pelueTtkun). PactBopumMocTb M cuna ruapokcuaos
nosbllaeTcsa ot Ca?* k Ba?*. pynnoBoii peareHT — H>SO4. MoHbl Be?* n Mg?* Bcneactesve Manbix
pasMepoB WOHHbIX pPaguycoB M OTHOCMTENbHO OonbLIOro 3apsga WX sgep Mo CBOMCTBaM
3HaAYNTENbHO OTNMYAlOTCS OT KaTMOHOB IIl rpynnbl M oTHocATes Be?* k IV rpynne, Mg?* k V rpynne.

K yetrBepTOoM rpynne OTHOCATCS KaTWOHbI, TMAPOKCMAbI  KOTOpbIX  obnagatoT
amdoTepHocTbio: AP, Cr3*, Zn?*, Sn?*, Sn**, As®*, As®", Sb*". Bcneactene HanMumsa BakaHTHbIX p-
n d- opbutanen (Cr) MOHblI Nnerko 0OpasylT KOOPAMHALMOHHYH CBSI3b, B pes3ynbrate 4vero
noryyatTca yCTOMYMBLIE akBa- U rmapokcokommnnekcesl. ['pynnoson peareHT — NaOH nnu KOH B
N30bITKE.

MATy0 aHanUMTUYECKyH rpynny COCTaBMAT MOHbI NepexodHbIX ANIeMeHTOB cemeicTea Fe:
TI*, Mn?, Fe?", Fe®, a Ttakwke Mg?, Sb®, Sb®, Bi*", ocaxgaemble KOHLIEHTPUPOBAHHBLIM
pactsopom NH4OH.

I'Iepexo,u,Hble ANEeMEeHTbI CKITOHHbI K  peakunam OKUCIEeHNA-BOCCTaHOBI1EHUA n
KOMI'IJ'IeKCOO6pa3OBaHI/IFI, 4YTO N NCNONb3yeTCd Npun nx 06Hapy>|<eH|/w|.

B wecTyo aHanuTU4eckyo rpynny BXOAAT KaTWOHbI MEePeXOAHbIX 31EMEHTOB, B KOTOPbIX
naeT goctporika d- NnogypoBHeN, nMelwmne BakaHTHble d-opbuTtanu: Cu?*, Hg?*, Cd%*, Co%*, Ni?*.
KaTuoHbl SABNSAIOTCA XOPOLLUMMKU KOMMIeKcoobpasoBaTenammn, BCTYNalT B peakuun OKUCIEHUs-
BoccTaHoBrneHus. Mpu geicteum rpynnosoro peareHta NH4OH oHM nepexoaaT B pacTeop B Buae
KOMMEKCHbIX aMMUakaToB, 06pa30BaHHbIX MO JOHOPHO-aKLENTHOMY MeXaHU3My.

Takum ob6pasom pacnpegeneHne MOHOB MO aHanUTUYECKMM rpynnam ykasbiBaeT Ha
CyllecTBOBaHWE CBSA3W MexXay aHanuTu4eckon knaccudpukaumen WMOHOB W Nepuognyeckon
cuctemon [.MN. MenpgeneeBa. B TO BpemMs kak B OCHOBY pacnpefeneHvus 3feMeHToB B
nepnognyeckon cucteme MosiIoXKeHbl X MOPSLAKOBbIE HOMEpPA, T.€. 3apsaabl UX saep, pasmeLleHne
WMOHOB MO aHanuMTUYEeCKMM rpynnamMm OCHOBaHO Ha CBOMCTBAX COEAMHEHWUN 3reMeHTOoB. [1ocKonbky
XUMMYECKNE CBOMCTBA MOHOB OBYCNOBIEHbI 3apsiA0OM M SNEKTPOHHOW KOHUrypaumen noHa, 1o B
aHanuTUYeckne rpynnbl 4acTo BXOAAT MOHbI, O6GpasoBaHHbIE 3dMNeMEeHTaMu pasHbiX rpynn
nepnognmyeckon cuctembl. B TO ke BpemMsi 0gMH U TOT Xe 3aneMeHT obpasyeT HECKONbKO TUMOB
MOHOB, 0bnagaLMX pasnuyHbIMKU CBOWCTBaMU, Hanpumep, Crt, Cr3*, CrO4%, Cr,07% unu Mn?,
Mn®*, MnOs?, MnO4>, MnO4 u T.A4.



YacTHble peakumnn KaTMoHoOB | aHanuTU4Yeckom rpynnbl.

AHanuTnyeckas KﬂaCCVI(bM Kauuna KaTUOHOB

KMCMNOTHO-OCHOBHas cynbdugHas aMmmMmadHo-gocdopHas
rp
rpynn. KATUOHI p rpynn. KATHOHI rp | rpynn. KaTUOHbI
peareHT. peareHT. peareHT.
| HeT Li*, K*, Na*, NHs* | HeT Li*, K*, Na*, NHs*, Mg?* | | HeT K*, Na*, NH4*
Il HCI Ag*, Pb?, Hg?* \% HCI Ag*, Pb?*, Hg2?* V | HCI Ag*, Pb?, Hgz?*
xnopuasl H/p B BOAE, xnopuabl H/p B BOge, xnopuabl H/p B BOAE,
KncroTax Kncnotax KMcnoTax
Ca?, Sr2+, Ba?* (NH4),COs | (Mg?")Ca?*, Sr?*, Ba®* (NHa2HPOa4 | Ba2*, Sr2*, Ca?*, Mg?,
1T cynbaThl H/p B BoAe, + NHz+ kap6oHaTbl H/p B Boe + NHs MnZ*, Fe?*, Fed*, AI®*, Cr3+,
H2S04 I i3+ Lit
KUCnoTax, Lero4vax I NH.CI Bi®*, Li
doctatbl H/p B Boge K
aMmmMmuake

B nepBylo aHanNnUTU4YeCKylo rpynny BXOAAT KaTMOHLI FPyNMbl WENOoYHbIX MeTannos Li*, Na,
K*, Rb*, Cs™ 1 MOH aMMOHMA. KaTUOHbI LLENOYHbIX MEeTansfioB UMEKT 2-X UNKU 8-3MneKTPOHHYIo
00ONoOYKy WMHEPTHOrO rasa co CcdEepuyeckon cumMmeTpuen, Kotopasi OOyCroBnMBaeT WX
YCTOMYMBOCTb, Cnabyto MnonsipusyemMocTb M OTCYTCTBME OKpacku (KaTMOHbI S'-311eMeHTOB).
XMUYeCKNEe CBSA3N B WX COEOMHEHMSIX, KaK MpaBuio, MMEKT WMOHHBIA Xapaktep. WcknoueHue
coctaBnsieT kaTuoH Li*, KOTopbId BCneacTBuMe Manoro paguyca, obnagaet nonspusyroLlen
CMOCOBHOCTLIO U JaeT KOBaneHTHbIE CBA3M B IUTUMOPraHUYECKUX COegUHEHUSX.

Peakyuu u xo0 aHanu3a cMecu KamuoHO8 2pynrbl WesI0OYHbIX Memasnsios u
aMMOHusi (nepeasi aHanumuy4yeckasi 2pyrnrna KamuoHo8).

B nepByro aHaANMTUYECKYIO rpynny BXOOAT KaTUOHbI rpynnbl WENOYHbIX MeTanios Na*, K* u
MOH aMMOHNA.

YacTHble peakuum KaTuoHa K*

1. lngpotapTtpatr Hatpms NaHCsH.Os gaet ¢ pactBopamu conen kanus Genbin
KpuUCTanmnn4eckmii 0cagok rmgpoTtapTpaTa Kanus.

2. lekcanuTtpo-(lll)kobanbtat Hatpus Nas[Co(NO.)s] faeT ¢ KaTMOHaMWU Kanus >XenTbin
0CafloK KOMMeEKCHOW conu rekcannTpo-(llkobanstata kanma-HaTpus KoNa[Co(NO2)s] |

3.  Mukpokpuctannockonuyeckasa peakumsi. [ekcaHutpo-(ll)kynpat  HaTpusa-cBuHLUA
Na:Pb[Cu(NO2)s] ¢ kaTMoHamn K* obpasyeT Kybuyeckme KpucTansibl YEPHOro WU KOPUYHEBOTO
ueta coctaBa KoPb[Cu(NO2)s].

4. brieqHo-b1oneToBOE OKpallmMBaHue ninameHu.




YacTHble peakuumn KatuoHa Na*

1. [OurugpoaHTumoHaT kKanua KH;SbO. Cc katmoHamm Na* ©Genbin

KpVICTaJ'IJ'IVI'-IeCKVIﬁ OCaaoK aurngpoaHTMoHaTa HaTpuA.

obpasyeT

2. MukpokpucTannockonuyeckas peakuusi.

3. OkpalumBaHue nrnamMeHn ropenkn B XXenTbli LBeT.

YacTHble peakuum KatnoHa NH4*
1. LWenoun pasnaratoT conv amMOHMKS C BblAeneHneM rasaoobpasHoro ammmaka.

2. PeaktuB Hecnepa (cmecb komnnekcHon conn Kz[HgJds] 1 KOH obpasyeT ¢ kaTnoHamu
NH4* KpacHo-6ypbIn 0cagok.

YacTHble peakunn KaTMoHoB Il aHanuTHU4YecKkomn rpynnbl.

AHanuTnyeckas KﬂaCCVI(bM Kauuna KaTUOHOB

KMCMOTHO-OCHOBHas cynbguaHas aMMuayHo-gocgopHas
P
rpynn. KATOHSI rp | rpynn. KETUOHb! rp | rpynn. KaTMOHbI
peareHT. peareHT. peareHT.
| HeT Li*, K*, Na*, NH4* | HeT Li*, K*, Na*, NHs*, Mg?* | | HeT K*, Na*, NH4*
Il | HCI Ag*, Pb?*, Hg?*, \% HCI Ag*, Pb?*, Hg2?* V | HCI Ag*, Pb?#, Hgo?*
xnopugbl H/p B BOgAe, xnopugbl H/p B BoOge, xnopugbl H/p B BOgAeE,
KMcrnoTax Kucrnortax KMcrnoTax
Ca?, Sr2, Ba?* (NH,),COs | (Mg?*)Ca?*, Sr?*, Ba** (NHoHPOs | Ba?*  Sr2*, Ca?", Mg%,
Ml cynbartsl H/p B Boae, +NHs+ kapBoHaTbl H/p B BOAE *+ NH; Mn2*, Fe?*, Fed*, AIR*, Cr3*,
i3+ i+
H2S04 KMcroTax, Lenovax Il NH.Cl ] Bi%*, Li
doctatel H/p B BOAE M
aMmuake

Ko BTOpoK rpynne oTHOCATCA MOHbI Cu®, Ag™ n Au® 1 6nM3kne K HUM MO XMMUYECKUM
cBOMCTBaM KaTuoHbl [Hgo]?*, TI*, Pb?". HecmMoTpss Ha TO, 4TO WMOHbI Meau, cepeGpa u 3onoTa
ABNATCA 04HO3apsAHbIMU, MO CBOWNCTBAM OHWU PE3KO OTNIMYAKTCH OT KAaTUMOHOB | aHanMTU4eCcKon
Il
aHanMTUYeCKOn rpyrnnbl UMEKT 3NEKTPOHHYH KoHdurypauuio ¢ 18 n 18+2 snektpoHamu, 4TO

rpynnbl. JTO 06bACHAETCA pPasfUyHbIM  CTPOEHWEM 3reKTPOHHOM o0b6onoyku. KaTuoHbl
obycnaBnuBaeT MX AOCTAaTOYHO BbICOKYK MOMNSAPU3YIOLLY0 CMOocOBHOCTL. C nonapusyrowmMmncs
aHVOHaMM OHW OBPas3ylT ManononspHble KOBarneHTHble COeOUHEHWUS, TPYAHO pacTBOpPMMbIE B
Boae Boge (CI, Br, I, CN,, POs*, SO.,*, COs%). Kpome Toro, ykasaHHble COeAMHEHUs ABNSATCS
XOpOLIMMKU  KOMMrekcoobpasoBaTensamMn, YTO HaxoAuUT MNPUMEHeHWe B aHanuse. YKasaHHble

KaTWOHbI ocaxxaatoTcs u3 pacteopa HCI, koTopbiit SBASIETCA rPpynnoBbIM peareHToM.




Peakyuu u xo0 aHanu3a KamuoOHO8 2pynibl XJ10P08000POOHOU Kucsiombl (emopas
aHaslumud4eckasi 2pynna KamuoHo8).

Ko BTOpoi#i rpynne oTHocATcs MoHbl Ag* 1 Pb?* 1 [Hg,]?*. YkasaHHble KaT1oHbI ocaxaatoTcs
13 pacteopa HCI, koTopbin sBnseTcs rpynnoBbiM peareHToM.

YacTHble peakuumn kaTuoHoB Ag*

1. M'mapokeugbl kanusa n Hatpmss KOH n NaOH o6pasytoT ¢ kaTnoHamu Ag* Oypbii ocagok
okcuaa cepebpa Ag:0.

2. XpomaTt kanua KyCrO, pgaeTt ¢ katmoHoMm Ag* ocagok xpomarta cepebpa AgzCrOa,
KMPNUYHO-KPaCHOro LBeTa.

3. bpomng n noguna kanua KBr n KJ obpasytoT ¢ kaTuoHamu Ag* 6negHo-KenThlin 0cagok
Opomunaa cepebpa n xKenTbln 0OCagok noamaa cepebpa.

YacTHble peakuum katuoHa Pb?*

1. T'mapokenapl kanua n Hatpua KOH n NaOH o6pasytoT ¢ kaTuoHamu Pb?* Genblii ocagok
Pb(OH),, pacTBOpUMBIV KaK B KUCINOTaxX, Tak U B KOHLEHTPUPOBAHHbIX pacTBOpPaXx rmapoKCUa0B.

2. CepHass kucrnoTa MW cynbgaTbl oOcaxaawT KaTuoHbl Pb?*, BbinagaeT 6enbin
Kpuctannnieckum ocagok.

3. Xpomat kanus K:CrOs u pguxpomaT Kanusa obpasylT C kaTuoHamu Pb?
MariopacTBOpUMbIN XpomaT cBuHua Pb,CrO,4 xenTtoro uBeTa.

4. Nogua-unoH J- obpasyeT ¢ kaTuoHOM Pb?* xenTblii ocagok noamaa ceBuHUA.

YacTHble peakuum katuoHa [Hg2]?*
1. Mmapokcuabl 06pa3sytoT ¢ kKaTnoHoM [Hg2]?* YepHbI ocagok okcuaa ptyTu (1) Hg2O.

2. Xpomat kanus K.CrO, oaet ¢ kaTMoHamu [Hg:]?* KpacHbIi ocagok xpomaTa cepebpa
Hg2CrO,, HepacTBOpUMbIN B rmapoKcMaax u B pa3baBneHHON a3oTHOM KUCNoTe.

3. BoccTtaHoBneHve [Hg:]?" 4o meTannmyeckon pTyTu.



YacTHble peakumnn KaTMoHoOB [l aHanuTU4Yeckon rpynnbl.

AHanuTnyeckas KﬂaCCVI(bM Kauuna KaTUOHOB

KMCMNOTHO-OCHOBHas cynbdugHas aMmmMmadHo-gocdopHas
rp
rpynn. KATUOHI p rpynn. KATHOHI rp | rpynn. KaTUOHbI
peareHT. peareHT. peareHT.
| HeT Li*, K*, Na*, NHs* | HeT Li*, K*, Na*, NHs*, Mg?* | | HeT K*, Na*, NH4*
Il HCI Ag*, Pb?, Hg?* \% HCI Ag*, Pb?*, Hg2?* V | HCI Ag*, Pb?, Hgz?*
xnopuasl H/p B BOAE, xnopuabl H/p B BOge, xnopuabl H/p B BOAE,
KncroTax Kncnotax KMcnoTax
Ca?, Sr2+, Ba?* (NH4),COs | (Mg?")Ca?*, Sr?*, Ba®* (NHa2HPOa4 | Ba2*, Sr2*, Ca?*, Mg?,
1T cynbaThl H/p B BoAe, + NHz+ kap6oHaTbl H/p B Boe + NHs MnZ*, Fe?*, Fed*, AI®*, Cr3+,
H2S04 I i3+ Lit
KUCnoTax, Lero4vax I NH.CI Bi®*, Li
doctatbl H/p B Boge K
aMmmMmuake

K TpeTben aHanuMTu4eckon rpynne OTHOCATCS KaTUMOHbI LLENOYHO3EMENbHbIX 3fIEMEHTOB,
COCTaBNSALMX rMaBHyto noarpynny Il rpynnbl nepuoanyeckort CUcTeMbl (KaTUOHbI S2-371EMEHTOB).
YKa3aHHble MOHbl MMEIOT ANEKTPOHHYI KOHMUrypauuio UHEPTHbIX ra3oB. [103TOMy 3T KaTUOHbI
ycTon4mBbl, cnabo nonspusyembl. B xummnuecknx coegmHeHusix npeobnagaeT MOHHbBIN XapakTep
cBA3N. PacTBopuMOCTb coreit nocrnegoBaTenbHO yMeHbluaeTcs oT Ca?t k Ra?". Wcknioyenue
COCTaBnsAlOT TOpUabl, B KOTOPbIX MNPOUCXOOUT W3MEHEHWEe CTPYKTYpbl KpucTannos (u,
crnepoBaTeNbHO, 3HEPrMU KPUCTannM4eckon pelleTkn). PacTtBopMMOCTb M cuna rMapoKCMaoB
nosbiwaeTcs oT Ca?* k Ba?*. pynnoBon peareHT — H,SO4. MoHbl Be** n Mg?* Bcrneacteme marbix
pa3MepoB WOHHbIX pPagvycoB M OTHOCUMTENbHO OOMbLWOro 3apsga WX sgep no CBOWMCTBAM
3HaYMTENbHO OTNNYaKTCA OT KaTUoHOB Il rpynnbl M oTHocsATcsA Be?* k IV rpynne, Mg?* k V rpynne.

Peakyuu u x00 aHanu3za KamuoHO8 2pynnbl
aHanumu4eckas 2pynna KamuoHos).

cepHoll Kucniombl (mpembsi

K TpeTbel aHanuTU4eckol rpynne OTHOCATCA KaTMOHbI LLENOYHO3EeMENbHbIX METansnos
Kanbuus, ctpoHuus, 6apua. NMod SO.> ¢ katmoHamm Ca?*, Sr?*, Ba?' obpasyeT ocaiku, a C
KaTMOHaMK OPYrMX aHanMTUYecKux rpynn (B npeaenax onpeneneHHblX KOHUEHTpaumil) ocaaka He
Aaet. PasbaBneHHas cepHasi KUCIoTa - rpynnoBON peareHT.

YacTHble peakumm kaTuoHa Ba?*

1. Xpomart kanuss K.CrO4 naet ¢ kaTmoHoMm Ba?* ocagok xpomata Gapust BaCrOa, xenToro
LBeTa, HepacTBOPUMbIN B YKCYCHOW KUCIOTE, HO PACTBOPUMbIN B CUMbHbIX KACNOTaXx.

2. Ouxpomat kanuna K:Cr,O; Takke gaeT Cc KaTMOHOM Gapus XenTbll 0cagok xpomarta
Bapus.

3. OkpawwuBaHue nnameHu. JleTyume conn Gapus okpalwmBaioT 6GecuBeTHoe nnams B
JKENTOo-3€eseHbIN LBET.




YacTHble peakuum katuoHa Ca?*

1. Okcanat ammoHus (NH.).C>Os n gpyrue pacTBOpMMbIE CONU LLIABENEBON KUCIOThI
obpasyeT ¢ kaToHoM Ca?* Genbiit KPUCTaNNMYECKUA OCaOK.

2. Mwukpokpuctannockonuyeckast peakumsi. ObpasoBaHve ocagka cynbata Kanbums
CaS04-H0 npu B3aumoaencTemm katmoHa Ca?* ¢ cepHoi KUCMOTOM.

3. OkpawwuBaHune nnameHu. Jletyume conn Gapus okpawwmBatoT GecuBeTHoe nnams B
KMPMUYHO-KPACHbIN UBET.

YacTHble peakuum KaTuoHa Sr2*
KaTnoH Sr?* He umeeT cneundUnYecKknx peakLuii.

1. TwncoBass Boga (HacbilweHHbIN BOAHbLIM pacTBop runca (CaSO4H,0)) obpasyeT c
KaTMOHOM Sr?* ocafok cynbdaTa cTpoHUus SrSO4.

2. Okcanat ammonusa (NH4)2C204 ocaxaaeT kaTuoH Sr?* B Buae 6enoro ocagka.

3. Conu CTPOHUMA OKpalUnBarT GGCLl,BeTHOG nnama B KapMI/IHOBO-KpaCHbIIZ LBeT.



NabopaTtopHas pa6oTa 2.

YacTHble peakuum KaTUOHOB YeTBEPTON aHaNMTU4YeCKOM rpynnbl.

AHanuTtnyeckas KHaCCM(bVIKaLWIﬂ KaTUOHOB.

KMCNOTHO-OCHOBHAs cynbduaHas ammumayvHo-dochopHas
Y
rpynn. KATHIOHbI re | rpynn. KaTVOHb! rp | rpynn. KaTVOHbI
peareHT. peareHT. peareHT.
AR+, Cr3*, Zn?*, Sn?*, H2S+HCI | Cu?*, Cd?*, Bi®*, Hg?*, HNO3 Sn2?*, Sn**, Sb3*, Sb%*, As®,
v Sn#*, As®*, AsS* \Vi As®*, As®*, SbS*, Sb%, | |v As®
NaOH Sn2*, Sn**
rmopokcuapl OKWUCNATCA A0  BbICLLMX
obnapatoT cynbduapl H/p B HCI cTeneHen oKUCneHns
amdOoTepHbIMM
CBOMCTBaMMU,
pacTBOPUMBI B
KMcrnoTax u Lernovax
K ueTBepTOoMm rpynne OTHOCATCA KaTMOHbI, MOPOKCUMObI  KOTOpbLIX  oGnagatT

amdgoTepHocTbio: AIF*, Cr3*, Zn?*, Sn?*, Sn**, As®*, As®, Sb®. BcneacTene Hanuuna BakaHTHbIX p-

n d- opbutanen (Cr) noHbl Nnerko o0pasylT KOOPAWHALMOHHYK CBS3b, B pesyrnbTaTe 4ero
nony4arTcs YCTOMYMBbIE akBa- U rmapokcokomnnekcol. pynnoson peareHT — NaOH unu KOH B

n3bbITKE.

Peakyuu u x00 aHanu3a KamuoHO8 2pynnbl

(qemeepmaﬂ aHalumu4eckKasi epynna Kamu0Hoe).

amghomepHbIx 2udpoKcudoe

K ueTBepToit rpynne oTHocATcA KatuoHbl AIF*, Cré*, Zn?* n noHbl As®', As®*, Sn?*, Sn**,

pynnoBbIM peareHTOM SIBNSETCS TMAPOKCMA Kanusi WUivM rMapokcua HaTpusi B U30bITKe. OTu
TMAOPOKCUAbI CO BCEMU KaTUOHaMM YeTBEPTOWN rpynnbl 06pasytoT rMapOoKCUIbI, PacTBOPSIOLLMECS B

n306bITKE peareHTa.

YacTHble peakuum kaTuoHa Al3*

1. PacTBOp amMunaka ocaxzaeT kaTvoH Al3*.

2. AnusapwuH

(1,2-guokcmanTtpaxuHoH Ci1sHeO,OH) n HekoTopble ero npou3BoAHbIE

obpasytoT B ammmadHoun cpege ¢ Al(OH)s TpygHopacTBOpuMoe COeAMHEHNE SPKO-KPacHOro LBeTa,

Ha3biBaemoe aritoMnMHNEBBLIM JTaKOM.

3. ANIOMUHOH (aMMOHMIAHasi Comnb aypUHTPUKApOOHOBOW KWUCMOThLI) AaeT ¢ kaTuoHom AlR*
BHYTPMKOMMIIEKCHYIO COflb, MMEIOLLYHO KPACHYHO OKPacky.

YacTHble peakuumu katuoHa Cr3*




1. BoaHblli pacTBop ammuaka obpasyeT ¢ katmoHom Cr3* ocagok rugpokcuaa xpoma Cr
(OH)3 cepo-3eneHoro unu cepo-prnoneToBoro LBeTa.

2. M'vopokeng HaTpua NaOH Takke gaet ocagok rugpokcmaa xpoma Cr (OH)s,

3. Peakuun okucnenus katmoHa Cr¥* B CrO,> MOryT NpoTeKaTbB LLUENOYHOW UM KUCIOon
cpenax.

YacTHble peakuumn KkaTmoHa Zn?*

1. PactBop ammunaka aaeT ¢ KaTMOHOM Zn?* Genblii 0cadoKk rmapokcuaa umHka Zn(OH),,
pacTBOpUMbIN B M3bObITke peareHTa ¢ obpas3oBaHMEM KOMMIEKCHONO COeAMHEeHUs — aMmMuakaTta
umHka [Zn(NHs)4](OH)2.

2. Kap6oHaTbl WENOYHbIX METANSIOB 1 aMMOHMST 00pa3ytoT Genbii 0CagoK OCHOBHOM COnKn
Zn3(OH)2COs.

3. CepoBogopoa H.S obpasyeT ¢ kaTroHoM Zn?* Genblii ocanok cynbduaa umHka ZnS.

4. T'ekcaumaHo-(I1) doeppaT kanua Ki[Fe(CN)s] obpasyeT ¢ kaTvoHOM Zn?* Genblii 0cagok
ABownHon conu coctaBa KaZnz[Fe(CN)s.

5. PactBop audeHuntuokapbasoHa (OMTU30HA) B XJSIOpohopMe MnM YeTbipexxnopucTom
yrnepoge AaeT C KaTUOHOM ZNn2?* BHYTPUKOMIIIEKCHYIO COSb KpacHOro uBeTa.

6. MunkpokpucTannockonuieckasi peakums.

YacTHble peakunn KaTUoHoOB NATOM aHANUTUYECKOW rpynnbl.

AHanuTnyeckas knaccudunkaums KaTMOHOB.

KMCNOTHO-OCHOBHas cynbdugHas aMMmayHo-gocdopHas

rpynn. y rpynn. y rpynn. KaTMOHbI
Py KaTMOHbI P Py KaTMOHbI PPy
peareHT. peareHT. peareHT.

an*, Mgz+, Fe2+, _ _
|:63+' Bi3+' Sb3+, Sb5+
NaOH
rmgpokcunabl H/p B

aMMunake u weno4vax

MATYI0 aHanMTUYECKYO rPynMy COCTaBNAT MOHbI NEPEeXodHbIX 3N1IeMEHTOB cemMeiicTBa Fe:
TI*, Mn?, Fe?, Fe®*, a Takke Mg?, Sb®, Sb®, Bi**, ocaxgaemble KOHLEHTPUPOBAHHBLIM
pactsopoMm NH4OH.

MepexoaHble  3MeMeHTbl  CKMOHHbI K  peakuusiM  OKUCIEHUS-BOCCTAHOBIEHUS U
KOMMNEeKcoobpa3oBaHmsi, YTO U UCMONb3YETCs NPU X OBHaPYKEHUN.




Peakyuu u xo0 aHanu3a KamuoHO8 2pynnbl 2uGpPOoKcudoe, HepPacmeopumMbix 8
pacmeopax audpokcudoe NaOH u KOH (nmsmasi aHannumu4veckas 2pyrnna kamuoHos8).

K nsaAToit rpynne oTHocATcsA kaTuoHbl Fe?t, Fe®, Mn?*, Mg?* u Bi®*, Sb®*, Sb>". M'aopokcuapl
KaTMOHOB MNATOW rpynnbl He obnagatoT amdoTtepHocTbio (Kpome cypbMbl (lIl)), 1 He obpasytT
PacTBOPUMBIX aMUHOKOMMEKcoB. OHM KONMUYECTBEHHO OCaXAaloTcs M3ObITKOM TMAPOKCUAOB
HaTPUS UMK Kanusl, KoTopble ABNSAKTCA rPYNNoBbIM peareHToM.

YacTHble peakuumu KkatuoHa Fe?*

1. M'vopokenabl kanusa u Hatpus KOH n NaOH ocaxpgatoT kaTuoH Fe?' B Buae rmapokcuaa
xenesa (Il) Fe(OH),. CexeocaxaeHHbIn ocagok umeeTt 6enbin uBeT. Ha Bo3gyxe Bcrnencteue
OKUCMEHNS KUCNOPOAOM NpModOpeTaeT cepo-3eneHblii LIBET.

2. PacTBop ammuaka faeT ¢ kaTuoHoM Fe?* ocagok ruapokcuaa xenesa (1) Fe(OH)..

3. FekcaumaHo-(lll) deppaT kanua Ksz[Fe(CN)s] o6pasyeT ¢ kaTmoHom Fe?* cuHuin ocanok
TypHOyneBou cuHn rekcaumaHo-(lll) dpepparta xenesa Fes[Fe(CN)gl..

4. OumeTunrnvokcum (peaktue Yyraesa) obpasyeT ¢ kaTMOHOM Fe2?* BHYTPUKOMMEKCHYHO
CONnb KapMMHOBO-KpacHoro ueeTa coctaBa [Fe(CsH7N202)2]+NHs.

5. OkucneHue katnoHa Fe?* B katuoH Fed*.

YacTHble peakuum KatuoHa Fe®*

1. MT'vapokenabl kanua un Hatpusa KOH n NaOH ocaxpgatoT kaTuoH Fe®' B Buae ruapokcuaa
xenesa (Ill) Fe(OH)s.

2. PacTBOop aMMuaka aaet ¢ kKaTuoHoMm Fe?* kpacHo-Bypblii ocaaok ruapokeuaa xenesa (1)
Fe(OH)s.

3. lekcaumaro-(I1) deppat kanusa Ki[Fe(CN)s] obpasyeT ¢ kaTtnoHoMm Fe®' TeMHOo-CuHMI
ocagok 6epnuHckon nasypu rekcaumaHo-(I) dpepparta xenesa FesFe(CN)gs.

4. Popanna ammoHuns NH,SCN o6GpasyeT ¢ katmoHom Fe®' popaHun xenesa KpoBaBo-
KpacHoro useTa Fe(SCN)s.

YacTHble peakuumu katuoHa Mn?*

1. T'magpokenabl kanus n Hatpuss KOH n NaOH ocaxaatoT kaTuoH Mn?* ¢ obpasoBaHuem
6enoro ocagka rmmgpokcuga wMapraHua (1) Mn(OH),, pactBopMMOro B KUcroTax, HO
HepacTBOPUMOrO B LLENovax.

2. AMMuak ocaxgaeT kaTvoH Mn?* B Buae Mn(OH)..

3. OkucneHne katmoHa Mn?* B aHMoH MnOs okcugom cBuHua PbO., nepcynbcatom
aMMoHUs (NH4)2S20ks.

YacTHble peakuum kaTuoHa Bi®*



1. Tvgponuns conen — npu cunbHOM pasbaBneHnn BbinagaeT 6enbii 0cagok OCHOBHOWM
conu.

2. Tvppokenapl kanua un Hatpua KOH un NaOH ocaxpgaioT kaTvoH Bi®* ¢ o6pasoBaHvem
Oenoro ocagka rmgpokcuga sucmyTa Bi(OH)s, pacTBopyMOro B KMcnoTtax, HO HEPacTBOPMMOIO B
LLerioyax.

3. BoccraHoBneHue kaTnoHoB Bi** oo meTannuyeckoro BUcMyTa (0cafoK YepHoro LseTa)
npw gencremm xnopuga onosa SnCl,.

4. MuKpokpucTannockonuyeckas peakuusi.

YacTHble peakuum kKaTuoHa Mg?*

1. Mmapokenabl kanus n HaTpuss KOH 1 NaOH ocaxaatoT kaTnoH Mg?* ¢ oGpasoBaHmem
6enoro amopdHoro ocagka rugpokcmga marimst Mg(OH),, pacTBopuMOro B Kucrnotax M comnsx
aMMOHMS.

2. M'vopodocdat HaTpus Na:HPO,4 gaeTt ¢ kaTuoHoM Mg?* B MpUCYTCTBUM rMOpPOKCUaa W
Xnopmaa aMmoHusi 6enbIn KpucTannMyecknin ocagok ocdarta marHms-ammonnss MgNH4PO,.

3. M MKPOKpPpUCTariiockonn4eckaa peakuua.

4. MarHe3oH | (napa-H1TpobeH30na3ope3opLnH) UM marHesoH |l B LwenoyHon cpene aaet
CVIHIOIO OKpacky.



NabopaTtopHas pa6oTa 3.

YacTHble peakuum aHMOHOB NepBOW rpynnbl

Npynna AHNOHBI pynnoBow peareHT XapakTepucTuka rpynnbl
I S04, S03%, COz%, | Xnopug Gapus BaCl: B | Conun B6apusi npakTU4ecku
) HelTpanbHOM unm cnabo | HepacTBOpMMbI B BoAe
PO4*, SiOs*
LLIeNIOYHOM pacTBope
Il Cl, Br, J,, S% Hutpatr cepebpa AgNOs B | Conm cepebpa npakTMyecku
npucytcteum HNO3 HepacTBOpMMbI B BOoAe U B
pa3baBneHHon a30THOM
Kucnore
1l NOs-, NO2-, ['pynnoBoro peareHTa HeT Conn OGapua un cepebpa
CHsCOOr pacTBOpMMbI B BOAe

YacTHble peakuum aHMOHOB nepeou rpynnbl: SO4>, SOz%, CO3*,PO,%, SiOs*

YacTHble peakuum aHMOHOB BTopow rpynnsi: Cl-, Br-, J-, S*

YacTHble peakumu aHMoHoOB TpeTben rpynnbl: NO3z, NO2-, CH;COO"




NabopaTopHas pa6oTa 4.
FpaBumMmeTpuYeCKMn aHanus

1.0npegeneHne cogepXaHus BoAbl B NMOYBEHHOM o6Gpasue rpaBUMETPUYECKUM
MeToAOM.

Cyu.IHOCTb MeToaa: FpasmmeTpmquKMM aHalin3 oCHoBaH Ha TOYHOM U3MEepPEeHUn MaccChbl
onpegendaemMoro KOMMNOHEHTa I'Ip06bl, BblAeNeHHoro B J3fieMeHTapHoM Buae win B Buae
coeanHeHuna onpegesieHHoro cocrtaBa. PasnnyaloT Metogbl OTFOHKM M MEeToAbl ocaXaeHus. B
MeToaax OTrOHKW onpeaendaemMyro COCTaBHYH 4aCTb UCCriegyemoro obbekTa oTroHsioT. MeToabl
OTFOHKMN MOryT ObITb npAMbIMA N KOCBEHHbLIMW. B npAMbIX MeToaax onpe,qenﬂeMbM KOMIMOHEHT
OTroOHAKT B npeaBapuUtesnibHO B3BELLEHHbIN npueMHuK C nornotuntTenemMm m no yBeJIMYEHU ero
MacCbl CyadAT O Konn4yecTtBe aHalim3nmpyemoro BellectBa. B KOCBEHHbIX MeTogax OTrOHKM
Oﬂpeﬂ,eﬂﬂeMbIVI KOMMNOHEHT OTIOHAKT U3 HaBECKN UCcreayemoro sellectBa M Nno yMeHbLLUEHUIO ee
MaccCbl onpegenarT ero cogepxaHume. Taknm cnocobom onpegendarT coaepxaHue BIrarn B
o6pa3L|,e, BbICyLLIMBasA ero HaBecky npu onpe,u,eneHHoPl TemMmnepartype oo NOCTOAHHOW Macchbl.

XoAa OnPEAENEHUA

1. BaBecuTb NycTylo BbINApUTENbHYIO YallKy ¢ ToyHocTbio o 0,01 r. 3anmncaTtb ee maccy

(a).

2. Hacbinatb B YallKy pasmeribyYeHHbIA MOYBEHHbIM 0bpa3sel, 1 B3BeCUTb. 3anncaTb o6LLyLo
maccy (b).

3. NomecTnTb YaLKy ¢ No4BoKr Ha 1 Yac B cylwunbHbIN WKad npu Temnepatype 110 °C.
4. BolHYyTb 0BpaseL 13 CyLunbHOro wkada n oxnaguTb ero B 3KkCukaTope.

5. MNMocne oxnaxgeHwss 0O KOMHATHOW TemnepaTypbl B3BECUTb UcCcredyemblin obpaseu,.
BbicyLumBaHue npoBoANTbL 4O NOCTOSIHHOW Macchl. 3anncaTb 3Ty maccy (C).

6. Paccuntatb npoueHTHoEe coaepxXaHune Bodbl No cnep,yrou_l,elh cbopmyne:

m=E;C-1oo (%)

Q

Mony4yeHHoe 3Ha4YeHne BblpaXkaeT NPOLEHTHOE COAepXaHne BCcen BoAbl, NPUCYTCTBYHOLLEN
B obpasue. OTa BenuumHa GyaeTt 3aBuUCETb OT KONMMYECTBa OCAAKOB, BbiNaBLWMX 3a NocnegHee
Bpemsl. AnbTepHaTMBHLIMW OLlEHKaMn CoAepXaHWsi BOAbl SIBNSAKTCA MoneBas BNaroeMKoCcTb U
coaepxaHue AoCTynHou Boabl. [MoneeBas BNaroeMKOCTb - 3TO KONIMYECTBO BOAbI, COXpaHsitoLeecs
B MOYBE MOCMe TOro, Kak ee M3ObITOK ApeHupyeTcs nof BAUSHUMEM rpaBUTAUMOHHbLIX cun. [ns
nony4YeHns 3TOro 3HadeHus Heobxoammo, 4Tobbl NoYBa B MOMEBbLIX YCNOBUSX Oblna LENUKOM
3aTonfieHa B TeYEeHWEe HECKONbKMX MUHYT. 3aTeMm 4yepe3 48 4 MOXHO oTobpaTb obpaseu And
nposefeHnsa uccnegosaHus. [ocTynHasa Boga - 3TO Ta BOAa, KOToOpas MOXET nornowaTbes
pacteHuamu. Ee copgepxaHne MOXHO ornpefenuTb BbICYLIMBaAHWEM B3BeLLUEHHOro obpasua npu
KOMHaTHOW TemnepaType A0 NOCTOSHHOM Macchl. PasHOCTbL Macc BraXHOM U CyxOn NoYBbl paBHa
COAEPXXaHUIo JOCTYNHOWN BOAbI.



Na6opaTopHas pa6oTa 5.

KucnotHo-ocHOBHOe TUTpOBaHue.

OnpepneneHne BpeMeHHOMN XXeCTKOCTU BOAbI.

CywHocTtb MeTtoaa: OnpefeneHne BpPEMEHHOW >XECTKOCTU OCHOBAHO Ha TUTPOBaHWUK
rmapokapboHaTOB CONSIHOWM KUCMOTOMN:

Ca(HCOs)2 + 2HCI = CaCl, + 2CO; + 2H,0

Mg(HCO3), + 2HCI = MgCl, + 2CO, + 2H,0

Xoa onpepenenus: B koHnyeckyto konby emkoctbto 250 mn otbmpatoT nunetkon 50 mn
BOOONPOBOAHON BoAabl, AobGaensawT 50 Mn AUCTUNNMPOBAHHOM BOAbl, 2-3 Kannu unHAuKaTopa
mMeTunopaHxa n TuTpytoT 0,1H pacTBOPOM COMSTHON KUCNOTbI 4O U3MEHEHMSA OKPACKu pacTBopa u3
opaHxeBou B po3oByto. OnpeaeneHve nostopstoT 3-4 pasa, 6epyT cpegHun pesynbrar.

Hyq - Vi -1000
v .

npoobl

PacuyeT npoBoasT no cdopmyrne: K=



Na6opaTopHasa pa6oTta Ne 6

KomnnekcomeTpu4ieckoe TUTpoBaHue.

KomnneKcomeprquKoe onpeagerneHue xerneasa.

CywHocTb Metopa. >Keneso onpeaensiT TUTpoBaHMeEM KomnnekcoHom |l npu
pH=1-2 ¢ vHAMKaToOpOM CynbdocanMuMnoBon KuUcnoton. [Ons cos3gaHus HeobGxoanmon
cpenbl B KACMbIA aHanu3npyembii pacTBOP BBOAAT MMUKOSIb.

Xoa aHanu3a

Ha aHanutnyeckux Becax B3elwumatoT 00,2000 r >xene3oamMMOHUMHbBIX KBaCLOB.
HaBecky nepeHocAT B KOHWYecKyr konby emkoctbto 250 mn, gobasnswt 10 kanesnb
KoHueHTpupoBaHHon HCI, 50 mn Bogbl, Ha koHuuke wnatena 0,2 - 0,3 r rnukons,
HarpeBatoT go 40-50°, BBogat 5 mn 5%-Horo pacrteopa CynbgocanuumninoBon KUCHAOTbI U
TuTpytoT 0,05H pactBopom komnnekcoHa lll 4O n3aMeHeHus okpacku pactBopa 13 KpacHOW
B XenTylo.

MpoLeHTHOe coaep)KaHue Xernesa paccUnTbiBaloT No popmyrne:

VKOMI'IJ'I||| : CM komnnlll” 0!05585
o(Fe) = 100 (%), rae
m

npoo6bl

Viomnn.ll - 06BbEM pacTBopa komnnekcoHa Il (mn)

Cu comnni- KOHUEHTpaUMs pacteopa komnrekcoHa Il (monb/n)

m - HaBeCKa KBacCLIOB B T.

HangeHHoe npoUeHTHOe coaepXaHue xene3a CpaBHUTb C  TEOpPeTUYECKUM.
Paccuntatb abConioTHYHO M OTHOCUTENbLHYK OWNbKy onpegeneHnsa. OnpegenexHve
NnoBTOPAT 2-3 pasa. [Ina pacyeTa UCNonNb3yT cpeaHUn pe3yrbTarT.



Na6opartopHas paboTa 7-8.
AHann3 KOHKpeTHbIX 00 HLEKTOB

OMPEOENEHUE NOABUXHOIO KANUA B NOYBE METOAOM NENBE

1. UENb 1 3AOAYN PABOTHI

Llenbo paboTbl SBMASIETCA O03HAKOMIIEHME C MeToaaMn onpepgereHna  coaepXxXaHud

noaBMXXKHOIO Kalna B No4Be, BeJiMdMHa KOTOPOro ceBmaeTesibCTByeT O CTENeHU obecneyeHHOCTH
Nno4Bbl 3TUM 3JIEMEHTOM U YHUTbIBAETCA B peKoMeHaaunax no npuMmeHeHmna KanunHbIX y,u,o6peHV||7|.

3agaum  paboTbl  3aknoyalTcs B MpaKTUYEecKoM  ocBoeHun wmetoda  [leise,

arpoXMMMYEeCKOM aHanm3e KOHKPeTHbIX 06pas3LoB MNO4YBbl M YCTAHOBIEHUM HeoBXo4MMOCTU
NPUMEHEHUS KalUHbIX YO00peHUNA.

2. PONb KANA B XXN3HN PACTEHWI

Kanun nornowaeTcsa pacteHMsamu B Buge katmoHa K*, no-semgumomMy, octaBasiCb B KNeTKke B
NOHHOWM hopme 1 obpasyst nuwb cnabble CBA3WM C opraHmdeckMun BellectBamu. OH coaepXmTcs
rmaBHbiM o6pa3oM B uuTOnnasMe U Bakyonsax, B agpe otcytcrByeT. Okono 20% kanus
yaepXunBaeTcs B KNeTkax pacTeHuii B 06MEeHHO-NOrNOoLWEHHOM COCTOSIHUM Konfnongamu uutonnas-
Mbl, @ OCHOBHasi 4acTb (=*80%) HaxoguUTCA B KIETOYHOM COKE W JErko W3BfeKaeTCd BOAOW.
MoaToMy Kanui nerko BbiMbIBaeTCa JOXAEM, OCOGEHHO 13 CTapbIX JIMCTLEB.

HakannuBasicb B KneTke B 3HAYMTENbHbIX KOMMYECTBaX, Karvin SIBMSIETCS OCHOBHbIM
NPOTMBOMOHOM Afs  HeWTpanu3aumMm oTpuuaTenbHbIX 3apsaoB, Kak HeopraHMYeckux aHWOHOB,
TAK M KINETOYHbIX MOMMANEKTPONMTOB, a Takke CO34aeT WMOHHY acUMMETPUIO U PasHOCTb
SNEeKTPUYECKMX MNOTEHUMAnoB Mexay KrneTkon u cpefon. BO3MOXHO, UMEHHO B 3TOM
nposiBnsieTcst cneuudumyeckas yHKUMS kanus, genawowas ero HesaMeHVMbIM 3N1EMEHTOM
MWHEpParnbHOro NUTaHUS PacTEeHUN.

3HayeHne Kanua B XKWU3HM pacTeHu MHoroobpasHo. OH cnocobcTByeT HopmarbHOMY
TeYEeHN0 (OTOCUHTE3a, YCUNMBasi OTTOK BbICOKOMOMEKYNSAPHbIX  YrneBoAoOB  (Lenmnonossbl,
reMyLensonosbl, MEKTUHOBLIX BELLECTB, KCUMAHOB W Ap.) U3 MAACTUHKU NUCTa B Apyrve opraHbl,
B pe3ynbTare Yero yTonwatTCs KIMEeTOYHbIe CTEHKM CONMOMMHbI 3MaKoBbIX KYfbTyp M MOBbILLIAETCH
YyCTOMYMBOCTb XNebOB K MoneraHuio; katanuaupyeTt paboTy HeKoTopbiX (PEPMEHTOB, a Takke
cnocobCTBYeT CMHTE3Y M HaKOMMNEHUIO B OpraHnsMe psga BUTaMUHOB (TMamuHa, pubodnasuHa);
MMeeT BaXHOe 3HayeHune [Ona  OesaTeNbHOCTW  3aMblKalolWMX  KMeToK  yCTbud,  Ans
BOAOYAEpXMBatoLLEen CrnocoBHOCTU KNeTOoK W, criegoBaTenbHO, onpefenseT BOAHbIA  PeXuM
pacTeHUM.



1.0npeneneHne coaepXaHusA BoAbl B NMOYBEHHOM oOpasue rpaBMMeETPUYeCKUM
MeToAOoM.

CywHocTb MeTopa: paBMMETPUYECKMIA aHaANM3 OCHOBaH Ha TOYHOM W3MEPEHUM MacChl
onpeaensieMoro KOMMOHEHTa npoObbl, BbIOENEHHOrO B 3fIEMEHTApHOM Buae uNM B Buae
coeauHeHUs onpeaeneHHoro coctaBa. PasnuyaloT meTodbl OTFOHKM M MeToAbl OcaxaeHus. B
MeToAax OTIOHKW OMpeaensieMylo COCTaBHYK YacTb Mccregyemoro obbekTa oTroHsitoT. MeTtoabl
OTFOHKM MOTyT ObITb NMPSAMbIMA U KOCBEHHbIMU. B npsiMbix MeToaax onpeaensieMblii KOMMNOHEHT
OTIOHSIIOT B MPEABAPUTENIbHO B3BELLUEHHbI MPUEMHUK C MOrMOTUTENEM M MO YBENUYEHUIO €ro
Maccbl CyAAT O KONMYEeCTBE aHanmusvMpyemoro BellecTBa. B KOCBEHHbIX MeTogax OTFOHKU
onpeaensieMblii KOMMOHEHT OTIOHSIOT U3 HABECKM MCCreayeMOoro BelecTBa U No YMeHbLLEHWIO ee
Maccbl OMNpPeaensioT ero coaepxaHue. Takum crnocobom onpedensitoT CoAepXkaHue Brarm B
obpasLe, BbiCylLUMBasi ero0 HAaBECKy Npu onpeaeneHHon TemnepaType 40 NOCTOSIHHON Macchl.

XOo[4 ONPEAENEHUA

1. B3secuTb NycTylo BbINapuTEnbHYHO YallKy ¢ ToyHocTbio Ao 0,01 r. 3anucatb ee maccy

(@).

2. Hacbinatb B YallKy pa3meribyYeHHbIA MOYBEHHbIM 0bpa3sel, 1 B3BeCUTb. 3anncaTb o6LLyto
maccy (b).

3. NomecTnTb YaLlKy € No4YBOKM Ha 1 Yac B cyLmMnbHbIN WkKad npu Temnepatype 110 °C.
4. BoiHYyTb 0OpaseL 13 CyLmnIibHOro wkada n oxnaguTb ero B 3KCUKaTope.

5. Mocne oxnaxaeHuss OO0 KOMHAaTHOM TemrnepaTypbl B3BECUTb McCcreayeMblili obpasel,.
BbicylumBaHne NnpoBoAnUTbL A0 NOCTOSIHHOWM Macchl. 3anucaTb 3Ty Maccy (C).

6. PaccuntaTb NpoLEHTHOE codepaHne BoAbl Mo criegytowen opmyne:
b-c
o= b a 100 (%)

Q

lMonyyeHHOe 3HaYeHWe BbipaxaeT MpoLeHTHoe codepXaHne BCen BOAbl, MPUCYTCTBYIOLLEN
B obpasue. OTa BenuunHa GyoeT 3aBMCETb OT KOMMYECTBa OCaAKOB, BbiNaBLUMX 3a MocregHee
BpeMsi. AnbTepHaTMBHbIMK OLEHKaMun CoaepXaHus BOAbl SBMASKOTCS MNofneBas BNaroeMKoOCTb U
coaepxaHue AoCTynHou Boabl. [oneBas BNaroeMKoCTb - 3TO KONIMYECTBO BOAbI, COXpaHsitoLLeecs
B MOYBE MOCMe TOro, Kak ee M30bITOK ApeHupyeTcs noa BAUSHUEM rpaBUTaAUMOHHbIX cun. [Ans
Nnony4YeHnst 3TOro 3HadeHusi Heobxoammo, 4ToObl NoYBa B MONEBBLIX YCNOBMAX Oblna LENUKOM
3aTonfieHa B TEYEHWE HECKONbKMX MUHYT. 3aTem uyepe3 48 4 MOXHO oTobpaTb obGpaseu Anga
npoBedeHnsa uccnegosaHus. [ocTynHas Boda - 37O Ta BoAa, KoTopasd MOXET nornowaTtbes
pacteHnsmn. Ee cogepxaHne MOXHO onpegenuTb BbICYLUMBAHWEM B3BELUEHHOro obpasua npu
KOMHaTHON TemnepaType 40 NOCTOSIHHOM Macchbl. Pa3HOCTbL Macc BRaXHOM M CyxOW NO4YBbLl paBHa
COAepKaHUI0 SOCTYNHON BOAbI.
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IIpuroroB/ieHne pacTBOPOB U pacyeThbl HX KOHIEHTPAMIA

Heapb pa6oTsl. OCBOUTH CIIOCOOBI TIPEBAPUTENBHBIX PACUYETOB MPH MMOATOTOBKE PACTBOPOB IS
MIPOBEACHUS KOTMYECTBEHHBIX XUMHUUYECKUX U3MEPECHUN.

1. O0mue MoJ10KeHUs

1.1. Crioco0b1 BhIpaskeHUs1 KOHIEHTPaUMii pacTBopa

Konnenrparueil pactBopa Ha3bIBaeTCs COAEp)KaHHE PACTBOPEHHOTO BEIIECTBA B OINpENEICHHON Macce
WIK ONpeieieHHOM o0beMe pacTBOpa WIM pacTBopureis. Hmke mnpuBeneHsl Haubojee dacTo
ynoTpebJsieMble B aHAIN3€E CIIOCOOBI BRIPKEHUS KOHIICHTPALIHH.

1. TlponentHas koHHeHTpanus (C) Mo Macce WM MaccoBas A0JsL.
Oo6mas macca pactopa coctariser — 100 %.

OTHoleHHEe Macchl PacTBOPEHHOTO BellecTBa K oOmIeld mMacce pacTBOpa €CThb MaccoBas OO, a
ymHokeHHast Ha 100 % maeT NpoIeHTHYI0 KOHIICHTPAITHIO.

[Tpumep: C= LIRS 100(%) (1)
m;

OoOmas macca pactBopa paBHa 170 T ( M2 ), Macca pacTBOpeHHOro BemiectBa — 17 r (mi), KakoBa
MPOLICHTHAS KOHIICHTpAIKsI pacTBOpa:

170r - 100 %,
17 - x %,

17 x100%
o V70
170

=10%

2. MonspHas KOHIEHTpaus Wik MoJIIpHOCTh ( Cv mim M ).
M — MomsHasg Macca , I/MOJIb.

UL @)

C’”:MXV

Yucno Moseil pacTBOPEHHOTO BELIECTBA , cojepKamuxcs B 1 11 pactBopa (MoJb / ).



IIpumep:

170 mn (V) pactBopa moMmectwiu 17 r (M) xiaopuaa Hatpus. KakoBa ero MOJISIPHOCTb.

170 mn - 171
1000 MiT- X T
X= 171000 =1002(8l.1.)

170

Ckombko moreii (n) cocrasisitor 100  NaCl ?
M=1rwm NaCl=23r+ 35 =58 r/mMmous,
N=100r/58 r=1,7 moib/i.
Cu=1,7M;

3. DKBHBaJICHTHAs KOHIEHTpanus win HopMaabHOCTh (Cy vt Ny ).
D - bKBHBaJIEHTHAs Macca , I/ DKBUBAJICHT.

Umcino 5KBUBaJIEHTHOTO PACTBOPEHHOT'O BElIEeCTBa B 1 J1 pacTBoOpa.
ITpumep:
17 v (my) xmopuna vatpus B 170 mi (0,17 1 ) Bomsr . KakoBa HOpMamsHOCTE pacTBOpa:
17t - 1700 mu x,=100r (8 111)
x r - 1000 mn
100 T 1 mone =1 1 - »xB. (NaCl) = 58
100r =1,7 r — 3KB.
Cu= 1,7 oxB/m;

IxV

9KB/T (3)

o

4. Turp pactBopa (T).
Uwcro equHAI] MacChl pACTBOPEHHOTO BEIIECTBA, CoAep Kanuxcs B 1 M1 pacTBopa, (T/Mi).

T:ml(z)

4
V (mn) “

o C%xd _c, M _Cyx3
100 1000 1000

(®)



M1 — Macca pacCTBOPEHHOTO BEIIECTBA , T
M, — Macca pacTBopa, T

V - o0beM pacTBOpa, 1

M - MoubHast Macca, r/MOJIb

O - JKBHBaJIEHTHAas Macca, I/ 9KBUBAJICHT

D

IJIOTHOCTH PacTBopa, I/cM® (r/mi)

TuTp 1O ONpeaeNnsseMOMy BEIIECTBY IMOKA3bIBAET KOJMYECTBO TPAMMOB OIPEIEISIEMOrO BEIECTBA
(HCI), cootBerctByromiero 1 mi pabouero pacrsopa (NaCl):

Cu

THCI/NaOH = 1000 X ONzoH (6)

5. OcHOBHas eIMHHLIA U3MEPEHUS KOJIMUECTBA BEILIECTBA — MOJIb.
Moap - KOJMYECTBO BEILECTBA, COAEPIKAILEE CTOJBKO K€ CTPYKTYPHBIX €AMHUI ( MOJIEKYJI, aTOMOB,
MOHOB, 3JIEKTPOHOB), CKOIBKO COJEP/KHMTCS aToMoB B 12 T m3otona yriepoaa C2 . TlostoMy Heo6X0aumo
YKa3bIBaTh, HAIIPUMEP, MOJIb MOJICKYJIbl , METaHa, MOJIb AaTOMOB HaTPHsI, MOJIb HOHOB KaJIbIIMS.

6. MoabHas macca - Macca 1 mons BemectBa. O0o3HaYeHHe M, €IUHMIIBI U3MEPEHUS I/ MOJIb,

nanpumep, N[, = 18 r/Momb, Maon = 40 r/Mos.
20

7. DKBUBAJEHT — KOJMYECTBO BEIICCTBA, B3aMMOJCHUCTBYIOIIECEe Oe3 ocTaTka (COeaUHSOIIeecs,
3aMelaroliee, BEITECH S IoMIEee) ¢ 1 MojieM aTOMOB BoJiopoa (WK ¢ %2 MOJIEKYJI BOAOPOIa).
CornacHO OIpeeICHHIO, SAMHUIIA U3MEPEHUS SKBUBAJICHTHA — MOJIb, HAIIPUMEP , SKBUBAJICHT CEPHOMH
KHCJIOTHI Y2 MOJISI, 3KBUBAJICHT TMIPOKCHIA aTFoMUHMS 1/3 Mo U T. 1.

8. JkBHBaJIeHTHasi Macca - Macca OJJHOI'O 3KBHBAJICHTA BELIECTBA.
O06o3HaueHue J, eMHUIA H3MEPEHUSI — I/3KB, HAIIPUMEP

Do COs =532/ 9x6; 1), 5049 r/5Ks.

Hixe IMPUBEACHBI CJICAYIOIHNE (I)OpMy.]'II)I JJIA BBIYUCJICHUA DKBHUBAJICHTHBIX MAaCC CJIOKHBIX BCHICCTB!:

M oKcuoa

HYucio anmomoe

90Kcu()a -

M KUciomsol

OCHOBHOCmMb Kuciom

97{' uciomaol

9 — 900}[06(1]!1/[}1
OCHOBAHUA

KUCTIONTHOCM b OCHO6AHUA

: ) — M conu
conu

YUCI0 anomoe memailad X 6dJIeHmMHOCNn b mMemailla




M — MoJIpHas Macca COeINHEHHS.

OCHOBHOCTh KHCJIOTBI OINPECACITIACTCA YUCIOM IIPOTOHOB, KOTOPOE OTAACT MOJIEKYJIa KHUCIIOTHI, p€arupys
C OCHOBAHHUCM.

KuClIOTHOCTE OCHOBaHUS OMPENETSETCS YUCIOM MPOTOHOB, MPUCOCAUHIECMBIX MOJIEKYJION OCHOBaHUSA
MpY B3aUMOJICUCTBUU €TI0 C KUCIIOTOM.

Hampumep:

D= —M;"”O” = 5—26 =282/9xe

_ MKUCJIOmbl _ 98 _
9H3p04 =T T3 32,66 2/ oke
S —M"T"““””" = ? =40 2/sKe
- M coms 106 _ 53 2/axe.

\’9]\76126'03 2x1 2

OKBUBaJICHTHAs Macca OJJHOI'O M TOI'O K€ BCIICCTBA OBIBaEeT pasHad B 3aBUCUMOCTHU OT TCUCHUSA PCAKIINU:

Na,CO; + HCI = NaHCOs + NaCl (1)
Na,COjs + 2HCI = H,COs + 2NaCl )

OkpuBaneHT Na;COs B ypaBHeHuu (1) paBeH ero MOJBHOIH Macce, BO BTOPOM — TOJIOBHHE MOJBHOM
Macchl, T. K. B (1) B peakiuu npuHUMaeT ydactre 1 aToM HaTpusl.

= MNaz C03

Bo 2- om ciywae — nBa HaTpus:

MN%CO%
=45
2x1

PactBop, comepxammii B 1 1 1 SKBHUBaJICHT PacTBOPEHHOTO BEIECTBA, HA3BIBACTCS OJHOHOPMAIBHBIM
(1,0 1), 0,1 ZxBUBanmenTa — nermHopMansHbIM (0,1 H), 0,01 sxBUBaneHTa — canTHHOPMATLHEIM (0,01 H).



JUIs 3KCIEpUMEHTAILHOTO ONpECICHUS] KOHIICHTPAIUU PAaCTBOPOB IMPUMEHSIOT METOJ 0OBEMHOTO
aHaIU3a: OMpPENEeNAI0T KOHIICHTPAILUIO UCCIECAYEeMOro pacTBOpa C MOMOIIBI0 APYTrOro pacTBOpa U3BECTHOM
KOHIICHTpAIIMK — TUTPOBAHHOTO PacTBOpa. Pearmpyrorine BellecTBa B3aMMOACHUCTBYIOT MEXKIy cO0O0W B
SKBUBAJCHTHBIX COOTHOIICHUSIX. ODKBHUBAJICHT OJHOTO BEILIECCTBA pPEarupyeT C SKBUBAJICHTOM JIPYroro
BEIIECTBA, TIOATOMY PAaCTBOPHI OJIMHAKOBOW YKBUBAJICHTHOW KOHIICHTPAIIMUA PEAarpPYIOT B PABHBIX 00beMax,
00paTHO MPOTIOPIUOHATBFHBIX HX HOPMAaJIHHOCTSIM:

V., Cu,

- ™
V, C

3nas koHteHTpanuio Cxi 1 00beMBI V1 B V2 MOKHO BBIYUCIUTE KOHIICHTPAITHI0 Chp

VixChy
=— -7 8
C, 7 (8)

Tak Kak KOHIIEHTpalusl COJIEM B MPUPOAHBIX BOAAX HEBEJIMKA, TO BMECTO 3KBHBAJIEHTHON MAaccChl B
pacTBOpax UCHOIb3YIOT THICIYHYIO JIOJIIO €€ - MIJUTHIKBUBAICHT Myw/I1.

Ecnu Hy>xHO BBIpasuTh KOHUEHTpauuio C,2; B M WIH 3KBUBAJICHTAX Ha JHUTP, TO GopMyJia npruodperaet
BU/I:

1000
CH = Vl - CI;‘ - [M KB/1 | 9)

Ecnu BbIpa3uTh HaliIeHHBIH pe3ylbTaT B BECOBOM (opMe , TO B BBINICTIPUBEACHHYIO (OPMYITY BBOIST
9KBHUBAJIEHT O:

X x Ix1000
C, = VixCu [ mr/1] (10)
’ V,

Takum 06p330M, KOHIOCHTpAallU MOXXHO BBIPA3UTh, KaK

% =M «100%
M

m,
= monw/
CM M xV (n)



CH _m 9K&/ 11

A
__m
T —V(M/z) (e/ mn)

2. IIpoBeneHne pacyeToB B COOTBETCTBUM C 3a]JaHHEM.

Ha ocHoOBaHMM TOJOXKEHUH H3JIOKEHHBIX B pasjaeiie 1, MpPOBECTH pacyeThl KOHIEHTpalUM
MOJIyYCHHBIX PACTBOPOB MM YCTAaHOBUTh HEOOXOJUMBIC MacChl, OOBEMBI M KOJHMYECTBA BEIICCTB,
TpeOyeMbIX [Tl IPUTOTOBJIEHUSI PACTBOPOB.

3. 3apanust Ha padoTy

1. BBIYUCITUTD TUTP ¥ HOPMAIBLHOCTH PacTBOpA , MPUTOTOBJICHHOTO MyTEM PAaCTBOPCHUS B MEPHOMH
xonoe Ha 1 1 6,3894 r NaOH

2. Bolumcnuth TUTp pacTBOpa, €ClIU HaleHHas HOpPMalbHOCTH pacTtBopa KOH myrtem ero
turpoBanus pactBopom HCI, pasua 0,0987.

3. Ha tutpoBanuu 100 M TpUPOAHON BOJIBI IS ONPEACICHUS KOHIICHTPAIUU KapOOHAT — HOHOB
nouwto 1,2 mit 0,11 HCI. Beruuciuts copepxkanne COz? B 5KBUBAIIEHTHOM U BECOBOH (hopMax.

4. Kakyro naBecky NaCl crmemyer B3sTh, 4TOOBI NpHM pacTBOpPEHHHM €€ B MepHOH 1 11 Kkombe
MOJTy4YHJICst pacTBOp, 1 M1 koToporo ocakaaet u3 pacrsopa 0,5 mr AgNQOs.

5. Ilpu ompeneneHuu B BoJie XJIOPHUI-MOHOB momwio Ha TuTpoBanue 100 mum Boxer 0,4 mu 0,03H
pactBopa AgNOs. Beiuuciuts coaepxaHue XJIOPUA-UOHOB B 9KBUBAJICHTHOMN U BECOBOH (hopmax.

6. Ha tutpoBanue 25 min pactBopa KOH pacxonyetcs 23,25 mi comstao#t kucnotsl (Ther = 0,007352
r/mi). Haiitn HopmanbsHOCTE pacTtBopa KOH.

7.Paccuntars HaBecky kpucraminueckoi coiapl Na;COz 10H.O HeoOXomuMyto JUist IPUTOTOBICHUS
500 mu 0,11 pacTBOpA.

8. Paccunrare HaBecky Oypel Na:B4sO; 10H>0, veoOxoammyto mis mpurotosienus 250 mu 0,2H
pactBopa Oypbl. BEIYHCINTD TUTP MOTyYEHHOTO PacTBOPA.

9. Ha turpoBanue 25 mu pactBopa eakoro Hatpus (T=NaOH / HCI = 0,0049044 r/mu) pacxomyercs
25 MJ1 pacTBOpa COISTHOM KUCIOTHL. HallTh HOpManbHOCTh PacTBOPA COJIIHOM KHUCIOTHI.

10. Turp pactBopa NaOH pasen 0,0400 r/mi1. Haiitu tutp storo pacrsopa no HCI.
11. Ckonbko rpammoB coapl Na2COs copepskutesa B 500 M 0,251 pactBopa.

12. Haiitu maccy Bojibl 1 MesiHOTO Kyriopoca CuSOs 5H>0, HeoOxomumyto s mpurotoBiieHus 1 1
pacTBopa, couepxkariero 8% 0e3BoaHoM cosu. I[TnoTHOCTH 8% pacTBopa = 1,084 r/mit.

13. Ckombko M1 96% CepHO# KMCIOTHI HYKHO B3STh s mpurotosiaenus 11 0,5 v pactBopa d=1,84
I/MIL



14. KaxoBa mossipHOocTh 20 %-HOT0 pacTBopa coistHOW KucaoThl (d=1,10 r/mi)
15. Paccuurars HaBecky conbl (Na,COs) mias mpurotosienus 250 ma 0,11 pacTBopa.

16. Ckomnbko M 18,5% HCI, mmortHoctsio (d = 1,09 r/mi) notpebyetes st mpurotoBierus 0,571
0,11 pactBoOpa.

17. Ckonbko mi HCI HeoOxomumo st mpurotosnenus 0,5 1 0,11 pactBopa. (d=0,9 r/mu)

18. BpIuncnnuTh KOHUEHTpAIHIO HOHOB Bojgopoa B 0,1M pacTBopa xmopHoBaTUCTOM KuUCHOTHl (K=
5*10°9).

19. Kakue o0bemsbl 2 1 6 M pacTBopa Hy>KHO cMemarh i npurotosienus 500 ma 3 M pactBopa?
UzmeHenne o6bemMa Mpy CMEMIMBaHUH PEeHEOpeyb.

20. Haiitn Macchl BOABI U MEIHOTO KyHOpoca, HEO0OXOAWMBIE AJISi MIPUTOTOBICHUS 17 pacTBopa,
coznepxamiero 8% (macc.) 6e3oaH0M comu. [LnoTHOCTL 8% pacTBopa pasHa 1,084 r/cm® .

21. Kakoit 06beM 96 %-oii (Macc.) cepHoil kucaothl (=1,84 r/cm® ) M Kakylo Maccy BOJBI HYKHO
B34Th 1151 npurotosienus 100 mu 15% (macc.) pactsopa (=1,10 r/cm®).

22. B 250 r Boabl pactBopeHO 50 T KpHUCTAUIOrMApPATa. BBIUHCIUTP MacCOBYIO OO
KpUCTaJUIOTHIpaTa u 0€3BOIHOTO Cyib(ara xeine3a (2) B pacTBOpE.

23. Kakyro maccy Boabl Hy)HO npubasuts k 200 it 30 % (macc.) pacteopa (=1,33 r/em® ) ms
nony4enus 10 % pacTtBopa menoun.

4.0T1uerT.

ITo IMPOBEACHHBIM pacu€TaM IMOATOTOBUTE OTYETHI B COOTBETCTBHUU C 3aJaHUAMU.
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IloBepka MepHOIi moCyabI

Hean padoThl: HAYUYUTHCA METOUKE YCTAHOBICHUS TOUHOCTH U3MEPEHUM C TTIOMOIIBI0 MEPHOM
MOCYIBI.

IIpu npoBeneHrE aHATU30B CIIEAYET UCII0Nb30BAaTh MEPHYIO NOCY1y C KieiMoM mposepku. [Ipu
OTCYTCTBUH KJIeMa MIPOBOIST NPOBEPKY I'PAAYUPOBKY HOBOM MEPHOM MOCYABI IO Macce 3aloIHEHUS ee
JTUCTUJLTAPOBAHHON BOBI.

Jli1st moIrydeHus IpaBUIIBHBIX PE3YJIbTaTOB HEOOXOIUMO yYUECTh:

— TEIIOBOE pACHIMpEeHHe BOJBI W3 CTEKJIa IMOCYIbl, a TaKKe pa3lu4us IUIOTHOCTEH BOIBI U

HCIIOJIB30BaHM ITPU B3BCIIMBAHUA HAa BO3YXE pa3HOBECA, IMOJIb3YsCh Ta6J'II/II_ICI71 1.

Ilepen B3BemIMBaHUEM IUCTHUIMPOBAHHYIO BOLY W MOCYJY BBLIEP)KMBAIOT B BECOBOW B TedeHMH |
gaca.. Ommbka B WM3MEPEHHHM TEMIIEpaTyphl OKpykaromero Bo3ayxa Ha 1° C mpuBOAMT K OMIMOKE B

OTIpeICIICHIH BMECTUMOCTH OCy bl mpuMepHO Ha 0,02 %.

Tabmuma 1 .

M — macca BogbI (T), KOTOpas B CTEKIISIHHOM MOCy ie 3aHMMaeT 00beM pasHbiii 1000 cv®

JlaBnenue, MM
Temneparypa, © C 760 740 720
15 997,93 997,96 997,99
16 997,80 997,83 997,86
17 997,65 997,68 997,71
18 997,51 997,54 997,57
19 997,34 997,37 997,40
20 997,18 997,2 997,24
21 997,00 997,03 997,06
22 996,80 996,83 996,86
23 996,61 996,64 996,67
24 996,39 996,42 996,45
25 996,18 996,21 996,23




Jlyist MpoBEepKY BMECTHMOCTH MUTIETKU B HEE HAOMPAEM BOJY 0 METKHU M CIUBAIOT, JISprKa MMHUIIETKY B
BEPTUKAIBHOM IMOJIOKCHUU M MPUKAcasch KOHYMKOM K CTEHKE B3BEIICHHOTO 3apaHee Orokca. Uepes 5 cek.
IMocne BBITeKaHWs BceH BONBI THIIETKY OTBOJST, HE BCTpSAXWBas, OT Kpas Orokca. Ilpu momomHeHWH
AHAJIM30B MPUMEHSIOT 3TOT CIIOCO0 BIUBAHHUS KUJKOCTH U3 MHITETKH, 3aKPIBAIOT OIOKC U B3BEIIUBAIOT €T0 C
touHocThIO 70 0,001 r. TemmepaTypy BOABI MPUHUMAIOT PaBHOM TeMIiepaType BO3/AyXa, MPOBOASIT HE MEHEe

3 “3MepeHwit, u3 KOTOPBIX HAXOMIAT CpeIHee.

Ipumep. Macca Bozsl B nuneTke BMecTHMOCTBIO 25,0 cM® pu 23° C u arMocepHOM JaBICHHU

742 MM Hg, cormacHo tabmuiie 1 1omKHa OBITH PaBHOM:

996.64 % 25cu’
m =
1000ca:’

B M xVem?®
1000cn’

=249162 m

IpU B3BCLIMBAHMM CPEAHSISl Macca BOAbl B IUIETKE OKas3aiach paBHOM 24,884 r. pa3Huuna
cocraBiser: 24,916 — 24,884 = 0,032 r. Takum 00pa3oM, C Y4eTOM IUIOTHOCTH BOJBI, BMECTHMOCTH

npoepsemoii unetku Ha 0,032 cm® Menbie u coctauset 25,0 — 0,032 = 24,968 cm®.

I[HSI MCPHBIX IMUIIETOK JOMYCTUMBI CICAYIOUINEC MMOTPCITHOCTU:

BmecTumocTh, cm®

10

25

50

100

OTkJI0HEeHHE, cM®

+ 0,003

+ 0,006

+0,01

+0,02

+0,04

+ 0,05

+0,08

HHH@TKI/I, MOrpeuHOCTb KOTOpOﬁ MPEBLIIIACT JOITYCTUMYIO, HCJIB3s UCTIOJIb30BATh JIA pa6OTLI.
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KosunvecTBeHHbIE MI3MepeHHsSI B AA CHIEKTPOCKOIIMH

He.l'lb H 3aJa4u paﬁOTI)I. Ilo3HaKOMHUTBECSI C METOJOM 0T6opa U KOHTPOJIA BCHICCTB,
3arps3HAOIuX BO3AYX pa6oqeﬁ 30HEL. B OCHOBY pa6OTI>I IIOJIOKE€HA AaTTCCTOBAaHHaAsA MCTOIHUKa
q)OTOMeTpI/I‘IeCKOF O OPCAC/ICHUS KOHLICHTpAaU XJIopa 1o I/IOI[OKanMaIII)HOI‘/'I pcaKknuuu.

MCTOI{I/IKa npeaHasHaucHa 111 U3MCPCHUA KOHICHTPAUN XJIOpa B OPraHn30BaHHBIX I'a30BbIX
BBI6p003X Ha OpCaApUATUAX XUMHYCCKOM MMPOMBIIIJICHHOCTH.

1. TeopeTnueckue cBexeHUSA
1.1. O0mme pexoMeH AU NpH padoTe ¢ (POTOKOJIOPUMETPAMH

HapmexxHocTh pe3ynbTaToB m3MepeHuil mpu pabore Ha (HOTOKOJIOpPUMETpax OOecleurnBaeTCs, B IMEPBYIO
odepe/b, MPaBUIFHONW YCTAaHOBKOH (FOCTHPOBKOM) M dKCIUTyaTaueil mpuOopoB. [IpucTynmuTh K M3MepeHusIM
MOKHO TOJBKO IIOCJI€ TIIATEJBHOIO O3HAKOMJIEHHS C YCTPOMCTBOM mpuOOpa M MpaBHIaMH €ro
sKcInTyaTanun. M3mepeHus Ha (OTOKOIOpUMETPaX MOXKHO HauyMHATH depe3 15-20 MuUH mociie BKIIOYSHHS

npubopa A TOro, 4To0bl YCTAHOBHJIICS PEKUM HAKala JIAMIIBI OCBETUTEIIS.

bonbpmioe 3HaueHuHe AJId TIOJIY4YCHHS IPaBUJIbHBIX PE3YJIbTATOB HMMECT YHCTOTA KIOBET. KroBeThl
BCeraa JOJIXKHBI OBITH THIATCJIBHO BBIMBITBI; JKCJIATCIIbHO XPAHUTHL UX 3allOJHCHHBIMU HHCTHHHpOBaHHOﬁ
BOI[OI7L BpaTB KIOBCTBI ITPU U3MCPCHUAX MOXKXHO TOJIBKO 3a OOKOBEIE CTCHKH, 4Y€PE3 KOTOPLIC HC MNPOXOJUT

MOIJIOIAEMBIN IIOTOK CBETA.

1.2. PacTBOpHBI cpaBHeHUs (HYJ1eBble PACTBOPHI)

W3mepeHust oNTHYECKOM IUIOTHOCTH CTAaHIAPTHOTO M UCCIIEyeMOro OKpAIIEHHBIX PAaCTBOPOB BCErna
MIPOM3BOJIT MO OTHOLICHHUIO K PacTBOPY CpaBHEHHS (HyJIEBOMY pacTBOpY). B KadecTBe pacTBopa cpaBHEHUS
MO>KHO MCIIOJIb30BaTh ATMKBOTHYIO YacTh UCCIIEAYEMOTO PacTBOPa, COAEP KAIETro Bce J00aBIsieMble
KOMITIOHEHTBI, KpOME peareHTa, 00pa3yoliero ¢ onpeaenieMbiM HOHOM OKpallleHHbIE COeIMHEHHS. B ToM
cllyyae, KOTa caM PeareHT UMeeT OKPAacKy, pacTBOP CpaBHEHHUS IPUTOTABIMBAIOT CIIEIYIOIIUM 00pa3oM: K
HEOOJILIIOMY KOJIMYECTBY JUCTUIIMPOBAHHON BOJIBI IPUOABIISIFOT PEareHT U BCE KOMITOHEHTHI (KpoMe
OTIPE/IETIIEMOr0) B TEX K€ KOJMYECTBAX, YTO U IIPH MPUTOTOBICHUH OKPAIIEHHBIX PACTBOPOB
OIIPEEIIIEMOr0 BellecTBa. 3aTeM pacTBOP IOBOAST BOJOH 10 TpedyemMoro odrema u rnepeMemuBaioT. Eciam
N00aBIIsIeMbIi peareHT U BCe OCTajlbHbIe KOMIIOHEHTHI PACTBOPHI CPAaBHEHHMSI OECLIBETHBI U, CIIEAOBATEIILHO,
HE TOTJIOMIAIOT JIy4Yel B BUIUMOM 00J1aCcTH CIIEKTPa, TO B KAYECTBE pacTBOpa CPABHEHHSI MOKHO
HCIIOJIb30BaTh TUCTHIIMPOBAHHYIO BOAY.

[Tpu HeOompIIIOM H30BITKE peareHTa ONTHYECKHE TUIOTHOCTH PACTBOPOB OKPAIIEHHOTO KOMILIEKCA U

YHUCTOTO peareHTa IeiaecoodpazHee U3MepSATh OTISIBHO MO OTHOIICHHIO K YHCTOMY PACTBOPHUTEINIO U 3aTEM
KOCBEHHBIM TPUEMOM OIPENEIUTh ONTHYECKYI0 TUIOTHOCTh AD, 00ycClOBIEHHYIO MOTJIOMIEHHEM TOJIBKO

aHAJIM3UPYEMOI0 KOMIUIEKCA.

1.3. IlonpaBka Ha X0J0CTOH ONBIT



Brigenenue onpeaenseMbIx KOMIIOHEHTOB M3 pa30aBICHHBIX PACTBOPOB U OT/IEIEHUE UX OT
MEIIAIOIINX IEMEHTOB IIPH aHAIM3€ BEIIECTB BHICOKON CTETIEHN YUCTOTHI MPOU3BOIST OOBITHO
XUMUYECKUM MTyTEM C IMOMOIIBIO PA3IMYHBIX PEaKTUBOB, MOCYbI, annapaTypbl. XOTs A STUX LeNel, Kak
MPaBUJIO, IPUMEHSIOT CIEIUATBHO OUUILIEHHBIC PEAKTHUBBI U IBAXK]IbI IEPErHAHHYIO BOJY, BCE K€ OHU MOTYT
COJIepKaTh ONPEIEIEHHYIO MTPIMECh, a CTEKIITHHAS M KBapIeBas MOCY/1a TOXKE YACTUIHO PACTBOPSAETCS IO
NeficTBIEeM MPUMEHAEMBIX KUCIIOT, enouei u T.1. [loaToMy mpu poToMeTpupoBaHUH OIpEIeIeHHBIX
MHUKPOIIPUMECEH 3JIEMEHTOB BCET/Ia MMPOBOJIST XOJIOCTOM OIMBIT, T.€. MPOACIBIBAIOT BCE TE YK€ ONEPAIUH C
peakTUBaMH TOJIBKO 0€3 aHATM3MPYEeMOT0 BEMIECTBA. DTY MOIMPABKY HA XOJIIOCTOM X0/ BEIYUTAIOT U3
MOJTy9eHHOTO pe3yJbTaTa aHan3a. J{Jis TOCTIKEeH s BRICOKOH TyBCTBUTEIFHOCTH HEOOXOIUMO, YTOOBI
MOTPaBKa HA XOJIOCTOM OMBIT ObLIa 3HAYUTEIHHO MEHBIIIE OMPEICIIIEMOT0 KOJHMYECTBA IIPUMECH.

1.4. Boi6op K1oBeT

N3mepenne onTryecKoil IUIOTHOCTH OKPAIIEHHBIX PACTBOPOB MPH MOMOIIH (DOTOKOJIOPHUMETPOB U
CHEeKTOP(GOTOMETPOB MPOBOSAT B CHEMHAIBHBIX COCYIaX — KIOBETaX, KOTOPHIE HMEIOT TOJIIHUHY
MOTJIONIAFOIIETO CJIOS OT 2 MM J10 5 ¢cM. KtoBeTHI BHIOMPAIOT B COOTBETCTBUU C MHTEHCHBHOCTBHIO OKPACKHU
(dhoTomeTpupyemoro pactBopa. [ HHTEHCUBHO OKpPAIIEHHBIX PACTBOPOB, KaK MPaBUIIO, IPUMEHSIOT KIOBETHI C
TonuHOH ciost 10 1 cM. Cnabo okpaiieHHbIE pacTBOPBI, HA00OPOT, POTOMETPUPYIOT B CAMBIX OOIBIIIX
KIOBETaX — C TOJIIIUHOMN cJIos 3-5 cM. KroBeThl ¢ MaKCHMaIbHOW TOJIIMHON MOTJIOIAEMOr0 CJI0s BEIOUPAIOT
TAKXC IIPH OMIPCACIICHUU YyBCTBUTCIILHOCTU MCTO1a, T.€C. IIPH OIMMPECACICHUN HanMeHbIIeH KOHOCHTpaluu
OKpAIICeHHOTO BEIECTBA.

1.5. Bo16op pearenTta

PearenT mist hoToOMeTpUUECKOTO ONpeaeICHUs BEIOUPAETCs, IPEXKIE BCETO, UCXOAS U3 CIEHUPHIHOCTH
B3aMMOJEHCTBUS aHAIN3UPYEMOTO BEIIECTBA C ONPEACICHHBIMU aHATUTHYECKUMHU TPYIIIIAMU OPTaHUYECKUX
pEarcHToB. HaanMep, JJIA HUKEJIA CHCHI/I(bI/I‘ICCKI/IMI/I pearcHTaMu SABJIAKOTCA OPraHn4CCKUC BEUICCTBA,
conepkamue okcuMHyto Tpymry = N-OH, mis kobanbTa — peareHTbl, co/iepKaline THO- 1 aMUHOTPYIIIBI
ogHoOBpeMeHHO. Heo6xonumo Takxke, 4ToObl OKpaIleHHbIE COSAMHEHHS yIOBIETBOPSIIN TPEOOBAaHUAM
YCTOMUYUBOCTH U IIOCTOSTHCTBA COCTAaBA.

J1J1s OLICHKH CHIEIU(PUUSCKUX PEareHTOB UCIIOJB3YIOT KpuTepun, chopmyiupoanubie A.K.babko.
Jly4mmM peareHTOM IpH MPOYMX PABHBIX YCIIOBHAX CUMTAIOT TAKOH, KOTOPBIN MpH 00pa3oBaHUN
OKpAIIIEHHOTO COEJIMHEHUs 00eCTIeYnBaET:

e HauOoJipllIee CMEIIEHUE MAaKCUMyMa MOTJIOCHHUS:

AN = Ak — hry
r7e Ak ¥ Ar — JUIMHBI BOJTH MAaKCUMAJIBHOTO MOTJIONIEHUSI KOMIUIEKCa M PeareHTa, XapaKTepH3yIomne
KOHTPACTHOCTb PEaKIny;
e HauOousplIMe aOCOMOTHOE M OTHOCHTENBHOE M3MEHEHHUSI BEIMYMHBI MOJIIPHOTO KO3 UIIMEHTa

CBCTOIIOTJIOIICHHUA

Ae=ex—en A=¢e/ &
B Tex cinyyasx, korga MoJsipHble K03((HUIMEHTHI CBETONOIJIOMICHNS KOMIUIEKCA M PeareHTa HEM3BECTHBI,
peareHThbl BEIOUPAIOT 110 HAaHOOJBIIEH PA3HOCTH MEXKITYy CyMMAapHOH ONTUYECKON TNIOTHOCTBIO pacTBopa Doy 1
onTHYeCKOU MI0THOCTRIO pearenta AD = Dy — Dy;
e HauOOJIBIIYIO Pa3HOCTHh B 3HaueHHWsX PH mpu o0pa3oBaHWU OKpalIeHHBIX (HOPM KOMIUIEKCA U

pearenta A pH = pHk - pH:

® [PaKTHYECKUM KpPUTEPHEM UYBCTBUTEIBHOCTH peareHTa CIyXHUT Yrojl HakKJIOHa MpsIMOH,
XapaKkTEpPU3yOIIe 3aBUCUMOCTh ONTHYECKOW IUIOTHOCTUM OT KOHILEHTPALUU OKPAIIEHHOIO
BemiecTBa. ['padudeckass 3aBHCHMOCThH OINpeNeNseTcs NpW JUIMHE BOJIHBI, Tryie BenuunHa D
SBTISIETCSl MakcuMalbHOH. Yem Ooubllie yron HakIIOHAa 3TOW TMPsIMOM, TeM YyBCTBUTEIbHEE

peareHr.

2. lIpuHIUn MeToga



OnpejiesieHre XJI0pa OCHOBAHO Ha OKHUCIICHUH MOJIHJIA KaJUsl 0 CBOOOHOTO NOJa U
KOJIOPHUMETPHYECKOM OIPEEIIEHNH BBIACIUBIIETOCS NOIa TIO HOIOKPAXMaIbHOM PEeaKITiH
Cl; + Kl — 1, + 2KClI
Onpenenenuto Xjaopa MEaT Ipyrue OKUCINTENH, BBIAENAIONUE HOA U3 HOIUa KaJTUs: O30H,
JIBYOKHCH a30Ta, ABYOKHCH XJ0pa. O30H U JBYOKHCH a30Ta OOBIYHO HE COMTyTCTBYIOT XJIOPY B Ta30BBIX
BBIOpOCAXx; IBYOKHCH XJIOpA OMPEIENIeTCS COBMECTHO KaK aKTHBHEIHN XJIOP MO TOH e METOIUKE.

3. lIpudopsl, nocyaa, peakTUBbI
1.®otokomopumetp DK-56M wmin aHATOTHIHBIH.
. Peometp crexmsansiii PKC.

. Cexynaomep.

. [lormoTutensHBIe PUOOPHI 3aiitieBa.

. IIpoOupku eMKOCTBIO 5 MIT

. Kon6s1 mepubie emxocTsro 500 mut, 100 M.

. Hunmuaap n3MepuTenbHbIH eMKOCThIo 100 Mt
. [TuneTku Ha 2 M1, 5 MII.

. Cxuisaku pexcens eMmkocThio 200 M.

10. PtyTp nonmHas.

11. Uon.

12. Kpaxmai pacTBOPUMBI AJIsl HOAOMETPHUH, Y.
13. Kanuit noaucThli X4 WK 4/a.

14. Boga muctunupoBaHHasL.

OO0 N0 W

4. [ToaroroBKa K MCNBITAHUIO
4.1. IlpuroroBiieHHe CTAHIAPTHBIX PACTBOPOB

s npuroToBIEHUs CTAHAAPTHOrO pacTBopa noga Harecky uoja 1,2500 r, B3STYIO ¢ TOUHOCTBIO
1o 0,0002 r, mepeBoAsST B MEpHYIO K0JIOY eMkocThio 500 mi1, pacTBopsitor B 100 Mt 10%-Horo pacTBOpa
MOJMIA KaTTUs U IOBOJAT 00BbEM /10 METKH. PacTBOp XpaHsT B TEMHOM MecTe. M3 momy4yeHHOTo pacTBOpa
pasbaBieHueM 2,5%-HbIM paCTBOPOM MOIUIA KaJuUsl IPUTOTOBISIIOT pab0UMid pacTBOP MO/, COACPIKAIINI
17,8 MKI/MJ1, 4TO COOTBETCTBYET 5 MKT XJiopa B 1 MJI (TOTOBUTCSI pacTBOpeHUEM 3,6 MJI CTaHIApTHOTO
pacTBopa B MepHO# Kos10e eMKOCTBIO 500 MII, UCTIONB3YETCS CBEKEIPUTOTOBIEHHBIM).

[ IpuUroToBiieHUs pacTBOpa Kpaxmaia HaBeCKH 2 T kpaxMasia 1 10 Mr noanaa pTyTH, B3sIThIE C
To4HOCTHIO 710 0,0002 T, pacTUparoT ¢ HEOOIBIIUM KOJIMYECTBOM BOAEI. [loirydeHHyI0 CyCTIeH3HI0
MEJIEHHO BIUBAIOT B 1 J1 Kumsmien Boabl. KunsueHune mpoopKatoT 10 NOTyUYeHHs MTPO3pavHOTo
pactBopa. PacTBop XpaHAT B CKIISTHKE ¢ NPUILTA(OBAHHON TPOOKOH.

IlornotuteneHslil pacTBop roToBUTCS cMemeHrueM 100 M 2,5% pactBopa noanaa kamus u 50 M
0,2% pacTBopa Kpaxmaia ¢ MOCIEIYIONINM KUIITIeHHEM B TeueHue 2-3 MuH. [lo oxnmaxaeHnn
paszbasisiercst Bogoit 1o 500 M 1 nepemenmBaercsi. PacTBop MOKeT XpaHUTBCS B CKIISTHKE €
npunuidoBaHHON POOKOH He Ooree 7 CyT.

W3mMepeHne onTuYecKol IIIOTHOCTH PACTBOPOB € OMOIIBLI0 (hoTOIeKTpoKoIopuMeTpa DIK-56M
MPOBOJISIT COTJIACHO MHCTPYKIIMU K IPUOOPY.

5. IlpoBeneHue 3KCIEpUMEHTA
5.1. IlocTpoeHne rpagyMpoBOYHOI 3aBHCUMOCTH

B 4 npobupku emxoctsio 1o 5 mi BHocsT 0,4; 0,8; 1,2; 1,6; mu pabodero pacTBopa Hoza, 4To
cootBetctByeT 2.0; 4,0; 6,0; 8,0 MKT XJ10pa, TOBOIAT 00BEeMEI 110 2,5 Mit 2,5%-HBIM pacTBOPOM HOIUAA
KaJIvsi, TIOCIIE YeT0 B KaXIyto MPOOUPKY JT0OABIISIOT 110 2,5 MIT IOTJIOTHUTENBHOTO PACTBOPA, TIEPEMEIINBAIOT
Y BBIZICPKUBAIOT 2 MUH. OMHOBPEMEHHO TOTOBIT KOHTPOJBHBIN pacTBOP, HE coaep kamuil noaa (B
npodupky HocsT 2,5 M 2,5%-HOTro pacTBOpa HOAKIA KaJHs U 2,5 MII TIOTJIOTUTENBHOTO PacTBOPA).

3aMepsIoT ONTHYECKYIO TNIOTHOCTh CTAHJAPTHBIX PACTBOPOB Ha (POTOKOJIOPUMETPE B KIOBETAX C
TonuuHOM ciost 10 MM nipu ammuHe BOHBI 582 HM. [1o momy4eHHBIM JaHHBIM CTPOST TPaAyHUPOBOYHYIO
3aBHCHUMOCTb, OTKJIaJIbIBAs 110 OCH abCIMCC KOJUYECTBO XJIOpa B MKT, a TI0 OCH OpAMHAT —
COOTBETCTBYIOLINE 3HAYEHHS ONTHYECKOU MIIOTHOCTH.

5.2. Anaaus Bo3ayxa padoueii 30HbI
st otOopa npoObl cOOMPAIOT YCTaHOBKY, COCTOSIIIYIO U3 IOTIIOTHTENBHOTO pubopa, Oy depHoit
200-MJ1 eMKOCTH ¥ pEeOMETpa, COSANHSS YaCTH YCTAHOBKH [IUIAHTAMK W3 TIOJIMBUHIIIXJIOPHIA.



YcTanaBnuBarT 00beMHBIN pacxo raza 0,25 1/MuH. B MOrjaoTUTeNbHbIN TPHOOP BHOCAT IMHUIETKON 4 MIT
MOTJIIOTUTENIFHOTO PAacTBOPA M MPUCOETUHSIOT K YCTaHOBKe. [IpomyckaroT yepes ycTaHOBKY 5 11 BO3ayxa €
pacxogom 0,25 1/muH B Teuenue 20 muH. Bpems konTponutyetcs no cekynaomepy. Ilpu otbope nmpob Ha
MPSIMOM CBETY MPHOOP MOKPHIBAIOT YEPHOH OyMaroi.
OTtoOpaHHbIE TPOOBI TPAHCTIOPTHPYIOT K MECTY aHAJIN3a B TIOTJIOTUTEIHHBIX TPHUOOPaX, COETUHUB HX
BXO/T ¥ BBIXOJI [IUTAHTOM M3 TOTUBHHIIXIOpUAA. [IpoObl MOMmKHBI OBITH IPOAHAIN3UPOBAHEI B TEUCHHE
cyTok. B ciyuae HemocpeacTBEHHOTo 0TOOpa MpoOkl U3 ra30xo1a 0TOOp MPOU3BOIUTCS Yepe3 BPe3aHHbIN B
ra30xoJ MTYIep, K KOTOPOMY IPHUCOETUHIETCS UIAHT OT MOTJIOTUTENFHONW yCTaHOBKH.
M3MepstoT onTH4ecKre TUIOTHOCTH MOTYYeHHBIX PACTBOPOB IO OTHOIIEHHIO K KOHTPOJIEHOMY.
6. O0padoTKa pe3yabTATOB U3MepeHUit
Conepsxanne xyopa (C Mr/mM®) B aHaTM3UPyEMOM Ia3e BBIYHCIISIOT 110 (JopMyJIe:
C
C=—,
Vo
rae C' — KOJMYECTBO XJI0pa, HAMIEHHOE 110 IPaJyMpOBOYHON 3aBUCUMOCTH, MKT;
Vo — 00BbeM Tra3a, 0TOOpaHHOTO Ha aHanu3 mpu TeMmeparype t1°C, nprBeqeHHbIN K HOPMATbHBIM
YCIIOBUSIM, L.

_(P+AP)-T,
" T.P,

v = (PEAP)-V - (273+1)
‘ 760-(273+t,)

rae V- o0beM raza, oToOpaHHOTO Ha aHAIU3, JI;

P — atmocdeproe naBienue, MM pT.cT. (P = 760 MM pT.CT.);

AP — n30BITOUHOE aBIeHNE (pa3pekeHue) ra3a mepex peoMeTpoOM, MM PT.CT.;

t — Temnieparypa rasa nepen peomerpom, °C (t= 20°C).

PesynpTathl onpeneneHuii BHOCAT B TAOIHUILY.

Pacuet koHIIEHTpaIiK MPOBECTH 7151 00beMa 0TOOpaHHO# MPoOkI Bo3ayxa V, paBHOM 511.
Pesynbrarel 3aHecTu B Ta0IUILY.

7. OTuer 0 padoTe
Otuer o paboTe BKJIIOYAET:
— KpaTKO€ U3JI0KEHUE TEOPETUIECKHX MOJI0KEHHH;
— OMHUCaHUe YCIOBUH MPOBEICHUS SKCIIEPUMEHTA,
— pacyeTsl pe3yJIbTaToOB aHAJIN3a;

— BBIBOJIEL.
8. Cnucok ucnoab3yeMbIX HCTOUYHUKOB
1. COOpHHUK METOMK I10 OIPE/ICIICHUIO KOHIICHTPAIMI 3arPS3HSIOIINX BEIIECTB B MPOMBIIIICHHBIX
BeIOpOcax. JI.: ['mmpomereonsnat, 1987, 304 c.
2. eperyn E.A., I'epuet E.B. Xumnueckuit anaan3 Bo3ayxa IIPOMBIIUICHHBIX TPEANPUATUN.
JI.: Xumus, 1973.



JlabopaTopHasi padoTa Ne 12

PacyerHbie MmeToAbI B oTOMETPHUHI

3aoanue 1. Onpenenuth KOIPPHUITUEHT TOTIOMIECHUS OKPAIICHHOTO PacTBOPA, €CIIM U3BECTHO, YTO
MIPU MPOXOKIACHUU depe3 ol 11 (cM) 3TOro pacTBopa NepBOHAYATbHAS MHTEHCHBHOCTh CBETOBOTO MTOTOKA

(1))

YMEHbIINJIACh B ~ X pas.

3aoanue 2. Tlpu npoxoxIeHUH yepe3 pacTBOp 12 (CM) HHTEHCUBHOCTh U3JIYUYCHUS OCIA0AETCS Ha

y %. KakoBa 6YILGT HWHTCHCHUBHOCTBL CBCTA IPH MPOXOKICHUN UCPE3 ITOT KE paCTBOP TOJIIIUHOMN 1s.

3aoanue 3. Kaxas ToNIIMHA CIIOSI OKPALIEHHOTO PacTBOpa TpeOyeTcs i ocaaliIeHus! aJatomero

moToka cBeta B Z pa3? Koaddumuent mornomenus pactsopa pasex 0,0457/

3a0anue 4. PaccuntaTh HAMMEHBIIYIO KOHIIGHTpAIMIO BemecTBa, Cmin (MKI/MIT), KOTOPYIO MOXHO
onpeneauTh  (HPOTOKOJIOPUMETPUYSCKUM  METOJOM, €CJIM  HM3BECTHO,4YTO MOJIAPHBIA KO3 dummeHt
cBeronoryomenuss Ewmax OKpaienHoro BemiecTBa paBeH ~Cl”, a HanMmeHblliee 3HAYEHHE ONTHYECKOM

TUIOTHOCTH , U3MEPSIEMOH MPH TOJIIIUHE CJI0s 5 ¢M , paBHO “b”.

3aoanue 5. Halitn onTumanbHyr0 TOMIIMHY TOTJIOMIAIONIETO CIOST  (KIOBETY) JUIA
(oTOMETPHPOBAHUS OKPAILICHHOTO PACTBOPA COJIH Keje3a ¢ MOJSPHBIM KO3(h(HUIIMEHTOM CBETOIOTIIONICHHS

Emax , paBHBIM 4* 108 TP KOHIICHTPAITHIX:

1) X1 Mr kene3a B 50 mi,
2) X2 Mr 3kene3a B 50 M.

OnTrManbHOE 3HAYCHHE ONTUIECKON MITOTHOCTH paBHO 0,43.

3aoanue 6. OnpenenuTh KaxyUIUics MOJSPHBIN KO3(QQUIMEHT CBETO TOTJIOMIEHUS! OKPAIIEHHOTO
coequHenns xene3a (E), ecnm w3BeCTHO, 4TO ONTHYECKas IUIOTHOCTh  OKPAIIEHHOTO pacTBOpa IpHU
MaKCUMAaJbHOM IOTJIOIIEHUH MOHOXPOMATHYECKOTO U3ITy4YEeHHsI B KIOBETE C TOJILIMHOM Cllosi 5 cM paBHa “Y”.

KoHueHnTpanust pacTBOPEHHOr 0 kefe3a cocTaBisieT X3 M B 50 ML

3aoanue 7. Vccnemyemblii paCTBOp UMEET ONTUYECKYIO TUIOTHOCTh U1 MPU U3MEPEHUH B KIOBETE C
TOMIMUHOK ciost 5 cM. Uemy paBHa €ro KOHIIEHTPAIUsS , €CIH CTaHIApTHBIH pacTBOp, coaepxkamuit Ci
MKF/MH OTOI0 K€ BEUICCTBA, UMECT ONITUYECKYIO INIOTHOCTDH d2 npu MU3MEPEHHUU B KIOBETE C TO.HI]_II/IHOI‘/'I CJ104

¢ d3 1o da.

3aoanue 8. Paccumrath KOHOCHTPAIIUIO OKPAIICHHOI'O0 BCHICCTBA, KOTOPYHO HYKHO CO31aTbh B
pacTBOpPC CpaBHCHUA, YTOOBI ONTHYECKAS MIOTHOCTh nuccieayeMoro pactsopa, uSMCpeHHas 1o OTHOILICHUIO

K BOJIC, YMEHbIIAIACH ¢ 03 10 Ua.



3AJIAHUS 1-8

No [TapameTpsl N Bapuanra
3ananus 1 |2 [3 [4 |5 |6 7 [8 o9 10 [11 (12 |13 [14 [15 [16 [17 [18 [19 [20
Iy (cm) 5 |05 (10 [20 (30 (50 [20 (20|10 |05 [30 [30 [20 |10 |05 |10 |20 [30 |50 |30
. X 10 |2 |4 |6 |8 |5 4 |3 |2 08 |8 7 6 5 |12 |2 25 |35 |45 |27
l2 (cm) 051 [2 [3 |5 |4 3 |2 |1 2 |3 4 5 4 |3 2 1 05 |1 |2
ls (cm) 5 |7 |5 |4 |10 |8 6 |5 |2 4 |5 5 10 |8 |5 4 3 2 3 |5
? y (%) 7 |9 |10 |10 |18 [18 |9 |10 |15 |10 |8 12 |20 |15 [10 |8 5 6 7 |8
. z 5 |6 [7 [8 |9 |10 [3 |4 |5 6 |7 8 9 10 |11 |12 |15 |16 |17 |18
a*10* 1 |2 [3 [4 |5 |6 7 |8 |9 10 |11 |12 |13 |14 [15 [16 |17 |18 |19 |20
) b*102 1 |2 |3 |4 |5 |6 1 |2 |3 4 |5 1 2 3 |4 5 2 3 4 |5
X1 (Mr) 1 |2 [3 [4 |5 |6 1 |2 3 4 |5 6 1 2 |3 4 5 6 1 ]2
° x*10(mr) |1 |2 |3 |4 |5 |6 1 |2 |3 4 |5 6 1 2 |3 4 5 6 2 |2
Y 07|06 (05 [07 [08 [085 [07 [09 [085 [09 [075 [065 |085 |08 [075 [065 |080 |085 |07 |075
6 X3 *10? > |2 |3 |4 |5 |6 1 |2 |3 4 |5 6 1 2 |3 4 5 1 2 |3
1




D: 02103 |04 |05 |06 |07 08 |05 |01 0,2 |03 0,4 0,5 06 |02 0,6 0,5 0,1 02 |03
D2 08 (06 |05 |08 (08 |09 1,0 {09 |02 03 |04 0,6 0,7 09 |04 0,9 0,9 0,3 05 |07
Cy MKr/Mna 3 4 5 2 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7
ds 1 2 3 4 5 6 7 1 2 3 4 5 6 4 3 4 5 6 2 3
ds 02103 |06 |05 |07 |08 09 |02 |04 0,6 |0,7 0,9 0,6 05 |02 0,5 0,6 0,7 03 |06




JlabopaTopHasi padora Ne 13

KavecTBeHHbI razoxpomarorpaguyecknii aHAJIN3

Hens pabGorbl. HayuuTbcss NpoOBOIUTH KAYECTBEHHBIM aHaNW3, MHCIONB3YS XpOMaTo-
rpaduuecKkue aHHbIC: BpeMs YACPKUBAHUS HECOPOMPYIOLIETOCS KOMIIOHEHTa, BpEMs YACP)KUBaHMS
HEKOTOpBIX U3 Habopa yrieBomopomoB (Ci — Ci2) BpeMsl YAEpKMBaHHS HEKOTOPHIX OPraHHYeCKHX

BelleCTB.
3agaun_padcoThl.
1. OCBOHTH OCHOBHBIE IIPUEMBI XPOMATOTPAPHUESCKOTO IKCIIEPUMEHTA.

2. Tlo3HAaKOMHTBCSI CO CIIOCOOOM  OMpENeNICHUs] «MEPTBOTO» BPEMEHH  yACPKUBAHHUS

HECOPOMPYIOMIETOCS KOMITOHEHTA.

3. Ilo3HaKOMUTBCS ¢ METOAUKON U3MEPEHUS BPEMEH yAEpKUBaHUA U1 pacuera nHaekca Kopaua

Y OTHOCHTEIBHOTO BPEMEHH yICPKHBAHUSI.
1. TeopeTuyeckue cBeeHHSI.

1. Ilpu BceM pa3HOOOpa3WM BapHAHTOB XpoMarorpauu NPaKTHYECKH BCETAa pPEan3yeTcs

o01mas cxema mporiecca, IIpeCTaBIeHHas Ha pHC. 1.

Herounnk Beox mnc- Paspe- | |LeTexTi- CépadoTka
NOABHXHON |-e{ CHELYENO- JIeHITe poBamiie | PEBYIBTATOS [
dasu ro oGpasua 118,46 PEHILs

Puc.1l. Cxema peanusaumm xpomaTtorpadpuyeckoro npouecca ¢ Lesblo aHaansa cmecem

[MonBmwxkHas (asza (ra3-HOCHUTENb) HENPEPBHIBHO IMPOIYyCKACTCS 4Yepe3 CJIOW TPaHyJIMPOBAHHOTO
COpOCHTA, MMOMEIIEHHOTO B KOJIOHKY. B 3TOT HOTOK JO3UPYIOIIMM YCTPOHCTBOM BBOJHUTCS HMITYJILCHO
aHaM3upyeMasi CMech, KOTopas JOJDKHa OBITh Ta3000pa3HOM, JUIsi Yero OHa MEpPeBOAUTCS B

napooOpa3HoOe COCTOSHUE B OJIOKE UCTTAPUTEIISL.

HepeMeIl[aHCB IIOTOKOM HOI[BHX(HOﬁ (1)213])1 10 KOJIOHKE, aHaJIM3upyeMass CMEChb pa3ICIACTCA Ha
COCTaBJIAIOIIME €€ KOMIIOHCHTBI: KOMIIOHCHTHI, COp6I/Ip}IIOH_II/IeC$I XYK€ Ha JaHHOM COp6€HT€, JABUT'alOTCA
GBICTpCC U BHIMBAKOTCA M3 KOJIOHKH paHbIIC, 4YEM COp6I/Ip}IIOH_II/IeC$I JIy41ie. PacrmonmoxeHHbIi 110CTIC
KOJIOHKH  ACTCKTOP (1)I/IKCI/Ipy€T HaJIM4u€ B IIOTOK€C KOMIIOHCHTOB, €ro CHIHal, 0OBIYHO
HpOHOpL{I/IOHaﬂLHHﬁ KOHOCHTpAallUKn HJIN K HepCMCII_[aHCB IIOTOKOM HO,I[BI/I)KHOﬁ (1)331)1 10 KOJIOHKC,

aHaJmsupyemMasd CMECh Pas3aCiIICTCA Ha COCTaBIAIOIINE €€ KOMIIOHCHTBI: KOMIIOHCHTHI, COp6I/Ipy}OIIII/IeC$I



Xy)Ke Ha JaHHOM COpOEHTe, MIBUTalOTCs OBICTpee W BINMBAIOTCS W3 KOJOHKH pAaHBIIE, YeM
copOupyromuecs sydiie. PacnoioXeHHBIH IMociIe KOJMOHKH JIETEKTOp (UKCHPYET HAIMYHE B IMOTOKE
KOMIIOHEHTOB; €T0 CHTHAaJl, OOBIYHO MPOIOPIIMOHATBHBIN KOHIIEHTPAIUY WM KOJMYECTBY KOMITIOHEHTa,
3aMMChIBaeTCS B BHUAE XpOMAaTOTpaMMbl — Tpadrka 3aBHUCHUMOCTH KOHIIGHTpAaUWU (KOMTWYEeCTBa) OT
BpeMeHH. XpOMaTrorpaMMma TpH IOJHOM pa3felieHHH KOMIIOHEHTOB COCTOUT W3 CHCTeMbl KpuBBHIX,
HA3bIBAaeMBIX TMHKAMH: KQXKIBIA MWK OTHOCHUTCS K OJHOMY WJIH HECKOJBKAM KOMIIOHEHTaM U
COOTBETCTBYET BO3PACTAHHIO, a 3aT€M CHIDKCHHIO KOHIIEHTPAIMH B TOTOKE MOABIDKHOW (haszpl. Takum

o6pa30M, €CJIM OTMCTUTH MOMCHT BBOJa HpO6LI, TO paCcCTOSAHUE OT 3TOM TOYKHU J0 MaKCUMYyMa KaXXaoro

XpoMaTorpaduaecKoro
IHUKa XapaKTepHO UL KaJI0ro OTJEIBHOIO
BEIlECTBA U OTH ;y‘“’@ XapakTepuCcTHKH IR, tr, 1,
MOT'yT OBITH i I\ UCIIOJIb30BaHbI KaK
napameTpbl ‘ YAEPKUBAHUSA  KaKAOIO
OTJEJIBHOIO BEILECTBA '\ 3 OpU JIQHHBIX YCIIOBUSX

ombiTa (puc. 2): S—— [ 1] 7

Puc. 2 Xpomatorpamma yrieBoaoposos (Ci — Cy)

Ip =lg —ly; (1)

; 2

q=—; ®3)



(g — ckOpOCTh AMArPaMMHOM JICHTBI, CM/MHH)
L, =0 (4)

! !
rne tR t

.+ YRemang. — WCIPABICHHOC BPEMsl YICPXKMBAHMS ONPEIEISEMOr0 M CTAaHJAPTHOIO

BemiecTBa. MHnekc yaepxkuBanus |, XapakTepu3ylomui yAep)KUBaHHE BEIIECTBA X B KOJOHKE C AaHHON
HemoABWKHOH (azoit (H.¢).) npu Temneparype 90 °C oTHocuTenbHO ABYX H - ankaHOB ¢ ymciaoM atoMa

yraepoga N u N+1, paccuuThIBaeTcs MyTeM JMHEHHON WHTEPIOJSLIUH JOrapu(MOB HCIPAaBICHHBIX

MapaMeTpoB yIepKUBAHUSL (V;{ , té , é ).

Yale pacyeT MHAEKCOB YAep*KMBaHNA NPOBOAAT o popmyne:

I I-(l’.(i).(x) -10 Igtl;(x)_lgtll? (n)

+Nn
e gty (n+1) — gty (n) |’ ©

npu ycnoBswutwu t,’q(n)Sté(X)St;(n+1)

MHnekcel yaepKUBaHusl SIBISIIOTCS. BECbMa MH(DOPMATHBHON 1 yI00HON (hOpMON IpeCTaBIEHNS

JAHHBIX 10 OTHOCHTEILHBIM XapAaKTEPUCTHUKAM VISP KHBAHWS OPraHMYECKHX COEIWHEHMI CaMBbIX

pa3IMYHBIX KJI4CCOB M B HACTOSIIEE BPEMsI C VCIEXOM MCIOJB3YIOTCS IIPHU PEIIEHHM MHOTHMX 3aja4

WACHTU(DUKALIUA

BCOICCTB, BXOAJANMMX B TCXHOJOTHYCCKHUE, MPUPOAHBIC CMCCH, a TaKXC B O6D33HI>I 00BEKTOB

OKpY KaIoNIe! Cpeibl.

2. Pacuer BPEMECHH BBbIX0/J1a HeCODGHDVCMOFO rasa 1o napamMmeTpam viep;KuBaHMs TPEX

roMoJ10roB (puc.3).

IIpu xpomarorpadupOBaHUU COEAMHEHUN, NIPUHAUIEKAIINX K KAKOMY-JIM00 TOMOJIOTHYECKOMY

o !
pAay, UMECT MECTO JIMHCHWHAsA 3aBUCUMOCTD MCKAY Ig tR 1 YHCJIOM N aTOMOB YIJI€POJa B MOJICKYJIE:

lgt;, =a+bn, (6)

rac au b — xoHCTAHTEL.



Puc.3. 'unoreTnyeckrne XpoMaTorpaMMBbl TPEX HOCIIEN0BATENLHO DIIOUPYEMBIX ONMKAWIINX

TOMOJIOT'OB

O003HAYMM HA TUIIOTETUYECKOM XpoMarorpaMMe TpPEX TIOCICAO0BATCIbHO BBIXOAAIMINX W3

KOJOHKH OJIMPKaMIIINX TOMOJIOIOB HMCIIPABJIEHHBLIE PACCTOSIHUSL [0 BEPIIMH IHKOB YEpE3 X1 , X2 WU X3

00TBETCTBEHHO (puc. 2, a). Eciiu paccTosiHus 10 BEPIIMH NTUKOBIOMOJIOTOB M3MEPATHL HE OT BEPIIMHBI

IMKa neeopOrupyeMoro rasza x, a OT IPOU3BOJILHO BEIOPDAHHON TOYKH ), TO PACCTOSHUE V1, V2 M V3 OYIyT

OTJIMYAaThCA OT X1 , X2 M X3 HA BCJIMYNHY 0.

X, =Y, +0, (7)

Tak xak 3HaueHue Jiorapudma Xj IPOIOPIHOHAILHO N, YTO MOKHO MPEACTABUTE B BUJE

lg(y; +8)=n,
TO [P YCIOBHH
n,—n =n;+n,,

T.C. IJIA TPEX OIMKANIINX TOMOJIOTOB MOYKHO 3aIIMCaTh:

Y,+0 Y, +0
y,+0 Y,+9d’ ®
OTKyJa:
Ys — Y,y
5_ 2 371 (9)

Yt Y2y,



3Has 5, HETPYAHO HAUTH X, (DaCCTOﬂHI/IC Ha XpOMAaTOTpaMMe OT CTapTOBOM OTMETKH [0 BEPIINHBI

IMMKa HECOPOMPYEMOTIO ras3a).

Ecau § monoxkurenbHa, X, = Yo — 0, €CIIU J OTPHUIIATENbHA, X, = Yo + ‘5 ‘ .

JUIsL VIIPOIIEHMsI PAacUETOB 3a Vo MPUHUMAIOT PACCTOSHHUE OT CTAaPTOBON OTMETKH [0 BEPIIHHBI

IMMKa cpeaHero romouiora (puc. 2, 6). B atoT ciygae Vo= 0, a Y1 CTAaHOBUTCS OTPULIATEILHON BEITUYUHOMN,

M TOTJa:
5 — y3 yl 1 (10)
Ys— Y1
OKOHYATENLHO:
YsY1
X, =Yo———, 11
° Ys— Y, Y

Benn4uHbl Vo , V1 U V3 H3MEPSIOTCSI Ha XpOMAaTorpaMMax OIIOPHBEIX CMeCceH JIMHEHMKON C

ToyHOCTEI0O He MeHee 0,5 MM b0 (YTO OpEenmoYTHUTENBHEE) HAXOMIT W3 JAHHBIX W3MEPEHUS

IIapaMeTPOB VAEPKUBAHMSL O IOMOIIBIO CEKYHIOMEDPA.

PesynpraThl M3MEPEHUN U PACUYETOB 3aHOCST B Ta0JI. 1.

Tabunna 1
Ne Yo V1 s AR X
XPOMAaTOrPaMMBbI 0 =—"" ’
— TEKyIlee
Ys= V1 y cpesHeee
1
2
3

2. Annaparypa, ycJIOBUsl H 00beKThI XpoMaTorpadgupoBanus




1. XpOMaTorpa(b C MOHU3ALTUMOHHO-TIJIAMCHHBIM JCTCKTOPOM. [Ixana QJICKTPOMETpAa NICPpCMCHHAA,

IUaNa3oH OT 10°° 1o 5.0 A Pacxon Bomopoma m Bozayxa okoio 20 u 350 mur/muH

COOTBCTCTBCHHO.

2. KoyoHku cranbHble HaOWBHBIC, NIHMHOW 1,5 — 2 M, nuameTpoM 2 MM, 3alOJHCHHBIC

xpomaToHoM N-JIMC ¢ 15 % anue3oH Z.
3. Temmepatypa TepmocTaTa KosoHok 90°, ucrapurens 150 0.
4. I'az-HocuTenb a3o0t, pacxox 20-25 mu/MuH.
5. CKOpOCTh ABMKCHUS THArPaMMHOM JIEHTHI — 600 MM/4.

6. O0BekTHsI XpamaTorpaduppBaHus: MeTaH, H-TeKCaH, H-TENTaH, H-OKTaH, H-HOIIAH, H-ICKaH;
arleToOH, TOJYOJI, KCHJIOJIbI, H30TPOMAHO, H-IPOTIAHOM, 3TAHOJ, a TaKKe cMech | (Habop yrieBojopoIoB

Cs — Cg); cmech 2 (yraeBogopoabl Cs — Cio).

7. HozupoBanme ocymiectBisiercs: mukpormmpuiem MII-1, goza 0,1-0,3 mMxn wim B BUIE

MapOBO3AYIIHBIX CMECEH MEAUIIMHCKHUM ImpuiiaM B o0beme 0,5- 1,0 mi1.

8. CexyHuomep.

[lepememasicb MOTOKOM MOABMXXHOW (Da3bl MO KOJIOHKE, aHAJM3UPYEMasi CMECh pa3lensiercs Ha
COCTABJISIFOIINE €€ KOMIIOHEHTHI: KOMIIOHEHTBI, COPOMPYIOLINECs XyKe Ha JaHHOM COPOEHTE, TBUTAIOTCS
ObIcTpee M BLIMBAIOTCS U3 KOJIOHKU paHble, 4eM copOMpyromuecs jydie. PacronoXeHHbId mocie
KOJIOHKM JIeTeKTOp (uKcupyeT Hajauyhie B IIOTOKE KOMIIOHEHTOB, €ro CHrHaj, OOBIYHO
MPONMOPIUOHANBHBII  KOHLIEHTPALIMM WIM KOJIMYECTBY KOMIIOHEHTa, 3allUCBIBA€TCS B  BHJE
XpoMaTorpaMmbl — rpauka 3aBUCUMOCTH KOHLEHTpaUuH (KOJMYECTBa) OT BPEMEHHU. XpoMaTorpamMma
MIPYU TOJHOM pa3feeHUN KOMIIOHEHTOB COCTOUT M3 CHCTEMBI KpHBBIX, Ha3bIBAEMBIX NMHUKAMU: KaKbIN
MUK OTHOCHUTCA K OJHOMY HJIM HECKOJBKHM KOMIIOHEHTaM W COOTBETCTBYET BO3PACTaHHUIO, a 3aTeM
CHIDKEHHIO KOHIIEHTPAIIMU B TIOTOKE TOABIKHOHN (hasbl. TakuM oOpa3oM, eciii OTMETUTh MOMEHT BBOJIA
poOBbl, TO PACCTOSIHUE OT 3TOW TOYKH JI0 MaKCHMYyMa Ka)/IOTO XpOMAaTOrpauuecKoro MuKa XapakTepHO
JUISL KQXXJIOTO OTIENBHOTO BEIIECTBA M ATH XapaKTepucTHKU Ir, tr, I, MOTYT OBITH HCIIOIB30BaHBI KaK

napaMeTphbl yIepKUBaHHs KXKIOTO OTIEJILHOTO BEIIECTBA PH JTAaHHBIX YCIOBUSAX OMbITA (pHC. 2) !



Puc. 2 | I A Xpomarorpamma

yrieBonopooB (Ci — ' hl |- , Co)

lp =lg —ly; (1)
t, =t —t,; (2)

R
ts

®)

(g — cKOpOCTh AMArPaMMHOM JIEHTHI, CM/MHH)
S . S
b, =3 : 4)

Remano. HCIIPABJICHHOC BpPEMs YACPIKUBAHUA OIPEACIICMOTO U CTAHAAPTHOIO

! !
riae tRl’ t

BemiecTBa. Hneke yaepxuBanus |, XxapakTepusyronmil yiep>KuBaHUE BEIIECTBA X B KOJIOHKE C JaHHOM
HermoABWKHOH (azoii (H.¢).) npu temneparype 90 °C oTHocuTenbHO ABYX H - ankaHOB ¢ ymcioM atoMa

yraepoa N u N+1, paccuuThiBaeTcs MyTeM ITMHEHHOH WHTEPIONALUHN JOrapu(MOB HCIPABICHHBIX

napaMeTpoOB YACPKUBAHU (V|,:{ ) tl’? ) I'? )

Yalle pacyeT MHAEKCOB YAepKMBaHNA NPOBOAAT No popmyne:

Itzz.d;.(x) -10 Igtl;(x)_lgtll? (n)

n
€ gty (+D)—lgty(n) | ®



npu ycnoewutwu t,;(n)Sté(X)St;(n+1)

HNunexkcel yaepKuBaHusl SIBISIIOTCS BECbMa MH(POPMATHBHON M y100HONH (GOpMON HpeacTaBIeHUs

JAHHBIX 10 OTHOCHTEILHBIM XapaKTEPHUCTHUKAM VIAEPKHBAHUS OPraHMYECKHX COEIWHEHMI CaMBbIX

Pa3INYHbIX KJIACCOB WM B HACTOAIMCC BPEMI C YCIIECXOM HMCIIOJB3YIOTCA ITPpH PCIICHHMHM MHOI'MX 3ajad

WACHTUDUKAIIINA

BCOICCTB, BXOAJAIMMX B TCXHOJOTHYCCKHUC, MNPUPOAHBIC CMCCH, a TaK¥XC B O6D33HBI 00BEKTOB

OKpY’KaroIen cpebl.

2. Pacuer BpeMeHH BBBIX0/I1a HECOPOMPYEMOI0 ra3a o napaMerpam yiaep:KHBaHHS TPex

romMoJ10roB (puc.3).

IIpu xpomarorpadMpOBaHHUU COEAMHEHHWHN, NIPUHAUIEKAIINX K KAKOMY-IH00 TOMOJIOTHYECKOMY

!
pAay, UMECT MECTO JIMHENHAsA 3aBUCUMOCTD MCXKIAY Ig tR M YMCJIOM N aTOMOB VYIJIEPOJa B MOJICKVJIC:
, —
lgt;, =a+bn, (6)

rae a u b — KOHCTaHTEHL.

Puc.3. 'unorerndeckue XpoMaTorpaMmabl TPEX MOCJICAO0BATEIBHO 3JIIOMPYCEMBIX OJIVDKANIIIX

TOMOJIOTOB

OO003HAYMM Ha TUIOTECTUYCCKOM XpoMarorpaMmMe TpEeX MOCJICA0BATCIbHO BBIXOAAIMINX W3

KOJIOHKH OJIMKAKWIINX TOMOJIOTOB HCHOPaBJICHHBIC PACCTOAHMA A0 BEPIIMH ITMKOB 4Y€PE3 X1 , X2 M X3

OOTBETCTBEHHO (DI/IC. 2 , a). Ecimm PaCCTOAHHUA 1O BEPIIMH IMHUKOBIOMOJOT'OB M3MEPATH HE OT BEPIIMHBI




OrKa I/ICGOD6I/IDV6MOF0 ras3a X, a OT IPOU3BOJBHO BBI6DaHHOﬁ TOYKH y, TO PACCTOAHUC Y1 , V2 U V3 6VZ[VT

OTJIINYATHCS OT X1 , X2 M X3 HA BEIUYHHY 0.

Xi =Y, + o , (7)
Tak kak 3HaueHue JorapubMa X; MPONOPLHOHAIBLHO N, YTO MOKHO IIPEICTABUTH B BUIE

lg(y, +)~n,

TO IIpU YCJIOBUU

T.€. JUIsI TpeX ONIMKAMIINX TOMOJIOTOB MOYKHO 3aIIHCaTh:

Y,+0 Yy;+6
Y +0 Y,+0° ®
OTKyJa:
2
S = Y2 _y3Y1 (9)
Y3+ Y -2y,

3Has 5., HETPYJIHO HAWTH X, (DaCCTOﬂHI/IC Ha XpoMaTorpaMMe OT CTapTOBOM OTMETKH JI0 BEPIIMHEI

[IMKa HECOPOUPYEMOTrO rasa).

Ecau § monoxkurenpHa, X, = Yo — 0, €CIIU J OTPUIIATENbHA, X, = Yo + ‘5 ‘ .

JUIsL yOpoIeH!sl pacyeToB 32 Yo HNPUHUMAIOT PACCTOSHHE OT CTAPTOBOM OTMETKH JIO BEPIIMHEI

[MKa cpeHero romouiora (puc. 2. 6). B sToT ciyyae Vo = 0. a Y1 CTAHOBUTCS OTPULIATEILHON BEIUUYUHOMN,

M TOTda:
5 — y3 yl 1 (10)
Ys— Y,
OKOHYATENLHO:
Ya¥i
X, =Yo—— —, 11
’ Ys— Vi D

BenuuuHsl vo , V1 U V3 U3MEPSAIOTCS Ha XpoMaTorpamMMax OIIOpDHBEIX CMECEH JIMHEHKOH ¢

TOyHOCTEIO He MeHee 0,5 MM ymbo (YTO OpeamouTuTenbHee) HAaXOUIT W3 JAHHBIX W3MEpPEHUs

oapaMETpPOB YACPXKHWBAHHUA O IIOMOIIBIO CCKYHAOMEDPA.

PG3VJ’IBTaTI>I I/I3MCD6HI/Iﬁ X1 paCcdy€TOB 3aHOCAT B Tabm. 1.




Tabanna 1

- = H - Ys¥i | X
XpOMaTOrpaMMBI o =—222 M
— TeKyIIee
Ys= % Y cpezHeee
1
2
3

2. Annaparypa, ycJIOBUSl 1 00beKThI XpoMaTorpadgpupoBanus

1. Xpomarorpad ¢ MOHH3AIMOHHO-TINIAMEHHEBIM AeTekTopoM. llIkama snexTpomerpa nepeMeHHas,

-9 -11
muamason or 107 g0 5-10 A. Pacxon Bomopoga m Bo3myxa okono 20 u 350 mu/muH

COOTBCTCTBCHHO.

2. KosioHkn cranbHble HaOWBHBIC, JIMHOW 1,5 — 2 M, nuameTpoM 2 MM, 3alOJHCHHbBIC

xpomaroHoM N-JIMC ¢ 15 % anue3on z.
3. Temneparypa TepmocTaTa KosoHok 90°, ucrapurens 150 .
4. I'az-HOoCcHUTENb a30T, pacxox 20-25 mu/MuH.
5. CKOpOCTh IBIKEHUS TUarpaMMHON JIeHTH — 600 Mm/4.

6. OO0BexTHl XpamMaTorpadMppBaHus: MeTaH, H-T€KCaH, H-TENTaH, H-OKTaH, H-HOMNAH, H-ICKaH,
arleToH, TOJYOJ, KCHIIONBI, U30TPOIIaHOII, H-ITPOMAaHOJ, 3TAHOII, a TaKke cMech | (Habop yrieBomopoioB

Cs — Cg); cmech 2 (yraeBogoposl Cs — Cio).

7. JosupoBanme ocymiectBisiercss mMukpommpuiieM MII-1, goza 0,1-0,3 mMxn wim B BUIE

MapOBO3AYIITHBIX CMECEH METUIIMHCKUM ImmpuiiaM B ooseme 0,5- 1,0 mur.

8. Cexynuomep.




