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JABOPATOPHAS PABOTA Ne 1. POTOMETPUYECKOE OIIPEJEJIEHUE
KEJIE3A B BOJE C CYJb®OCAININJIOBOU KUCJTOTOU

Kenezo (II) oOpasyeT ¢ cynbpocaTuIIUIOBON KUCIOTON B 3aBUCUMOCTH OT BEIMYUHBI
PH pactBopa psin okpameHHBIX KomIuiekcoB. [Ipu pH 1,8-2,5 obpasyercst kpacHO-PpHOIETOBBII
KaTHOHOBBIH KoMruiekc (l), UMEroIMil MOJIOCY MOTIIOMEHHS € Amax = 510 HM U €max = 1,8-103
JIM®/MOIIB*CM.
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B menounsix cpemax (9<pH<11,5) obpasyercs komriuiekc skentoro 1mBera (I11) ¢
TI0JIOCOH MTOTTTOMEHHS Amax = 416 HM H €max = 5,8 10° 1v*/Momb-cMm. ITpu pH>12 npoucxoaut ero
pa3iokeHHWe C BHINMAJCHWE B OCANOK THIPOKCHAA dKene3a. PaHee mpeamonaraioch, dTO
00pa3yroluiicss B MIETOYHBIX Cpelax KOMIUICKC sBiseTcs Tpucyinbdocamuimarom Fe(lll).
OpHako B 0oJee MO3THUX MCCIIEOBAHUSIX BBICKAa3BbIBAETCS JAPYTasi TOUKa 3pEHUs] OTHOCHTEIHHO
Opuposl  3Toro komiuiekca. Ilpeamomaraior, 49ro ero oOpa3oBaHME CBS3aHO HE C
NPUCOCTMHEHNEM TPEThEH MOJIEKYJIBI peareHTa, a ¢ AeMPOTOHUPOBAHNEM OHC-KOMILIEKCa!
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B pesynbTare ynpouHeHHs CBsSI3U aTOMa jkejie3a ¢ (PeHOIBHBIM KHUCIOPOIOM IPOUCXOIUT
CBUT IOJIOCHI OTJIOIICHHS OMC-KOMILIEKCAa B KOPOTKOBOJIHOBYIO 00JIaCTh CIEKTpA.

B npakTrke MOJIEKyIsIpHOTO a0COPOIIMOHHOTO aHAIN3a TIPUMEHSIOTCS JIUIITb KOMILJICKCHI,
oOpagyromuecs B KUCIOM  (QUONETOBBIN) W INEJIOYHOW  (KENThI)  cpedax.
MoHocynbdocanuIuIaTHbI KOMIUIEKC uconb3yetcs st onpenenenus Fe(Ill) B mpucyrcTBue
Fe(Il), marnus, mapraHiia, Meau, alllOMUHUS, PEAKO3EMENbHBIX AIeMEeHTOB. DTOpUIBI MEHIatoT
onpenenenuto Fe(Ill).

B menounoit cpene BcnenctBue nerkoit okucisiemoctu Fe(Il) B Fe(Ill) ¢ momormbro
cynb(docanTuuuiIoBol KucioTel MoxkHO omnpenenuts cymmy Fe(Il) u Fe(Ill). @Topua-uonsl He
MEILAIOT ONPEEeNICHHIO JKelle3a CyIb(OCATUIIUIOBON KUCIOTON B IIEJIOUHON Cpeie.

Ileas paGorel: ompenenuth coxepkanne Fe3™ B wmccmemyemMoM o6pasie  BOJBI
(oTOMETPUUYECKHM METOIOM.

O0opynoBaHue U peaKTUBBI

1. ®oroanekrpokonopumerp (KDK-2, Dkcnept-003);

2. PaGoumii pactBop Fe(NH4)(SOu),, T(Fe**) = 0,1 wmr/em® (maBecky 0,8663 r
Fe(NH4)(SO4),'12H,0 xBanmubukanuu x.d., pacTBOPSIOT B 25 oM’ pactBopa ¢(1/2H,SO4) = 2
MOJIB/AM™ 1 TOBOASAT 00BEM pactBopa a0 1000,0 oM’ JTMCTUJUTMPOBAHHON BOJION);

3. CynbdocanuuunioBas Kuciora, BogHbli pactBop, ®(C7HsO6S) = 5% macc.;

4. CepHast KHCIOTa, BOXHBIHA pacTBop, ¢(1/2 HyS04) = 2,000 Mous/am®

5. Ammuak, BoaHsbli pactBop, o(NH3) = 10% wmacc;

6. Mepnbie K0JIObI BMECTUMOCTHIO 50,0 CM3, 14 mmr.;

7. I'pagynpoBannas nunerka 10,0 em®, 1

8. [Ipobupka nim MepHbIi muuHap 10 cM®, 3 .

Xoxa paGoTsl

Omnpenenenne xene3a (I1l) mpoBomsaT B Buae KpacHo-¢uoneroBoro kaTuoHHoro (I)
KOMIUIeKca pu pH=2, a 3aTeM B BHJIE KenToro annoHHoro ouc-komruiekca (1) mpu pH=10.

IIpuroroBJ/jieHue cTaHAAPTHLIX pacTBopoB (pH=2):

l'oToBAT NATH CTaHAAPTHBIX pacTBOpoOB, coaepxkaumx 0,05; 0,10; 0,15; 0,20 u 0,30 mr
xernesa B 50,0 cm® pactBopa. Jlms sToro B mMepHBIE KOJIOBI BMecTUMOCThIO 50,0 cM® BHOCST



pabouwii pactBop, oobsemom 0,5; 1,0; 1,5; 2,0; 3,0 oM’ COOTBETCTBEHHO, JO0ABIISIFOT B KAXKIYIO
KoJ0y 1 oM’ pacTBOpa CEpHOM KHUCIIOTHI, 5 oM’ CyNb(OCATUIIUIIOBON KUCIOTHI U IOBOIAT 00BEM
Ka)KJIOTO PacTBOpa 0 METKU JUCTUILUIMPOBAHHOU BOJIOM.

IIpuroroBJjieHue pacTrBopa cpaBHenus (pH=2):

B MepHyio koi0y, BMecTaMocThio 50,0 cM® BHOCST 1 cM® pacTBOpa CepHOil KHCIIOTEL, 5
cM® Cynb(OCATHIUIOBOI KUCIOTH M JOBOAT 00BEM PacTBOpa 10 METKU JUCTHIIMPOBAHHOM
BOJIOM.

IIpuroros/jieHue cranaapTHbIX pactBopoB (pH=10):

['oToBAT NATH CTaHAAPTHBIX pacTBOpoB, coxepsxkammux 0,05; 0,10; 0,15; 0,20 u 0,30 mr
xernesa B 50,0 cm® pactBopa. i 3Toro B MepHbIe KOJIOBI BMecTUMOCThIO 50,0 cM® BHOCAT
pabouwii pactBop, oosemom 0,5; 1,0; 1,5; 2,0; 3,0 oM’ COOTBETCTBEHHO, I00OABIISIIOT B KAXKIYIO
Kooy 10 cM® Boasl, 5 oM’ pacTBopa CyJb(POCATUIMIOBON KUCIOTHI, 5 oM’ pacTBopa aMMHakKa u
JIOBOJAT 00BEM Ka)kJI0Or0 pacTBOpA /10 METKU AUCTUIUIMPOBAHHOMN BOJIOM.

IIpurorosijienue pacrtBopa cpaBHenus (pH=10):

B MepHyio ko16y, BMectumocTbio 50,0 cm® BHOcAT 10 cM® Bomsl, 5 cm® pacTBOpa
Cynb(hOCATUIIUIOBON KUCIOTHI, 5 cM® pacTBOpa aMMHAKa U JOBOAT 00BbEM PacTBOpa 10 METKH
JHACTUIUIMPOBAHHOMN BOJOM.

Bb16op paboyeii JJIMHBI BOJIHbI:

PactBop, nmeronuii Har0oJiee MHTEHCUBHYIO OKPAcKy M3 CEpUU CTaHAAPTHBIX PaCTBOPOB
¢ pH=2 ¢}oToMeTpupyIOT OTHOCHTEIHLHO pacTBOpa CpPaBHEHHUS CO BCEMH CBETO(UIbTPaMU
MOOYEPENHO, PE3YNbTaThl H3MEPEHUH BHOCAT B TalOiauiy 1. AHaIOTMYHO TIPOBOJIAT
dboToMeTpupoBaHHE CTAaHAAPTHBIX PAacTBOPOB ¢ pH=I1(), pe3ynbTaTbl HU3MEPEHUIl BHOCST B
Tabnuy 1.

CTposT CHeKTpajbHbIe XapaKTepUCTHKH i (uoseroBoro (¢ pH=2) - ctpykrypa (l) u
xenroro (¢ pH=10) - ctpykrypa (I1l) kommiekcos sxene3a (I11) B xoopaunatax A = f(1) u
BBIOUPAIOT B KauecTBE pabodyero CBETOPMIBTP, COOTBETCTBYIOIIMK HAMOOJbIIEMY 3HAYCHHIO
CBETOIIOIJIOILEHUSI.

Onpenenenue xkese3a (IIT) mo meroay rpagynpoBo4Horo rpaguka

1. IlocTpoenue rpaiypoBOUHBIX rpaUKOB A ABYX 3HaYeHuil pH cpensl (npu pH=2, a
3ateMm nipu pH=10).

C BbIOpaHHBIM  CBETOQMJIBTPOM MOOYEpEeAHO (HOTOMETPUPYIOT BCE PacTBOPHI
CTaHJapTHOMW CEpHUU OTHOCHUTEJIBHO pacTBopa cpaBHeHus. M3mepeHus mnosTopstorT 3-5 pas.
PesynbraThl M3MepeHU BHOCAT B TAONWIBI 2 WIH 3 U CTPOST TPaaydpPOBOYHBIC TpadUKH B
KoopauHatax A = f(C(Fe3+)) JUISL OLIEHKH MOJISIPHBIX KOX((UIIMEHTOB CBETOIMOTJIOMIEHUS €
KOMIIJIEKCOB JKeJe3a B KHCIION M MEeNoYHou cpeze. [lapaMeTpsl TMHEHHBIX PErpeccuil BHOCAT B
Tabnuiy 4.

Jlnst KonugecTBeHHOTO aHanm3a Fed* CTPOSIT IpalyipOBOYHbIE Tpa@UKU B KOOpAHHATaX A
= f(m(Fe*") npu aByx 3HadeHusx pH. IloctpoeHHble rpaayupoBouHble Tpaduku
aIIpPOKCUMHUPYIOT YPaBHEHMSIMU JIMHEWHBIX perpeccuid. IlapameTpsl JIMHEWHBIX 3aBUCHUMOCTEN
BHOCST B Tabnuily 5.

2. KonrtponbHas 3anada. Omnpenenenue conepkanus sxenesa (III) B ananusupyemom
pacTBope.

st onpenenenus xene3a (I1I) B anamusupyemMom pacTBOpe aquKBOTY 3TOTO PacTBOpa
MOMEIIAI0T B MEPHYIO K0J10y BMecTuMocThIo 50,0 cM™. C pacTBOpOM HPOBOJIAT T€ K€ ONepalun
U B TOM e MMOCJIeJ0BATeIbHOCTH, YTO U MPU MPUTOTOBJICHUH CTaHAAPTHBIX PACTBOPOB B KUCIIOM,
a 3aTeM B LIEJIOYHOM Cpelie, UCIOJIb3YEMBIX JUIS TPagyupoBKU. POTOMETPUPOBAHNUE MPOBOJISAT
OTHOCHUTEIIbHO COOTBeTCTBYIoulero (mist pH=2 wmm pns pH=1(0) pactBOopa CpaBHEHUS.
Wzmepenus moBTopsitotr 3-5 pa3. Conepkanue sxenesa (III) ompenensitoT ¢ ucmoib30BaHUEM
napaMeTpoB JMHEHHON perpeccuu COOTBETCTBYIONIErO I'PaAynpPOBOYHOTO Ipaduka.

OdopmieHue 1a60paTOPHOIO JKypHAaJa.

1. Henb 1 3a1aunt pabOTHI.

2. YpaBHeHHE (HOTOMETPUUECKON PEeaKLUu B KUCIION Cpejie.



2. YpaBHeHHEe (HOTOMETPUUECKOM PeaKIny B IIEIOYHOM cpere.
3. Xon onpenesneHus:
e Xoj NpUTrOTOBJIEHUS CEPUU CTaHAAPTHBIX pacTBopoB npu pH=2 u pH=10.
e XoJ NPUTOTOBJIECHUS PACTBOPOB CPABHEHMS B KMCIION U LIEJIOUHON Cpejie.
e Bri0op paboueii 1JIUHBI BOJHEI.
JlaHHBIE A1 TOCTPOEHUS CIEKTPAJIbHBIX XapaKTepUCTHK KoMiulekcoB sxeneza (III) c
CyIb(POCATUITUIOBON KUCIOTON ipu pH=2 u pH=10.
Tabmuma 1

Ne cBerodunbTpa A, HM Ontuueckast OnTuyeckas
TUIOTHOCTD TUIOTHOCTB

(pH=2) (pH=10)

375
400
470
505
525
572
590
605
615
626
655
700
850

B ogHOW KOOPIMHATHOW IUIOCKOCTH CTPOSIT [BE CIEKTPAJbHBbIE XapaKTEPUCTHKU
komruiekcoB skene3a (I11) B koopaunarax A = f(1). [lenaror BeIBOA O BBIOOpE paboueil IITHHBI
BOJIHBI JUISI K&JKJIOW CpEJIbI.

Onpenenenue skene3a (I11) B BoaHbIX pacTBOpax MeTOI0M IpPagyHMpOBOYHOIO
rpadguxka npu pH=2.

JlaHHBIE 17151 IOCTPOEHUS TPalyMpOBOYHOM 3aBUCUMOCTH NpU pH=2

el
KIEIBlo|e(~N|o|o|~w|rf-

[HEN
w

Tabmuna 2

Ne m(Fe®™), c(Fe*), Onrtuyeckast IIOTHOCTb s(A) si(c)
PactBopa MI MoIB/ M | Ay | Ay | Ag A+AA

1 0,05

2 0,1

3 0,15

4 0,2

5 0,3

KontponbHas Con—__

3amada, X

Omnpenenenue xene3a (I1l) B BogHBIX pacTBOpax METOIOM TIpaIyUpOBOYHOIO Tpaduka
pu pH=10.
JlaHHbIE 17151 IOCTPOEHUS TPaAyUPOBOYHOM 3aBUCUMOCTH IIpH pH=10

Tabmuna 3
No m(Fe®), c(Fe*), OnTHyeckast IOTHOCTh s(A) Si(c)
PactBopa MI Mors/mv° | A | Ay | As A+AA
1 0,05

0,1

2
3 0,15
4 0,2




5 0,3

KonTponbHas Cu=
3amayga, X

JIast  pacdera MOJSPHBIX KOI(P(HUIMEHTOB MOIJIOMICHHS CTPOST TPaLyHPOBOUYHBIC
rpaduky B koopauHatax A = f(c(Fe®*)). C momouipto KoMIbIOTEpHBIX mporpamm Microsoft
Excel nm Sigmaplot onpenenstor napameTpbl JMHEHHBIX perpeccuid (Tadiuua 4).

[Tapamerpbl nuHeiiHbIX perpecenit A=f(c(Fe®*)).

Tabnuna 4
pH [Tpubop I, cm Sa | Sp | atAa | bxAb R &+Ae, IM/MOJIb CM
2
10

*

PaccunThiBaroT MOJIsIpHBbIE KOA(GGUIIMEHTHI MOTJIOMICHUS €, YIUThIBas, 4to a = S = &,
rae S’ — koahureHT dyBcTBUTENbHOCTH. CPABHHBAIOT & C JINTEPATyPHBIMU JAHHBIMY.
PaccunThIBAIOT OTHOCUTENBHYIO MTOTPEIIHOCTH ONPEACIICHUS MOJIIPHBIX KOAPPHUITUSCHTOB
noriouieHus komriekcos xenesa (1) mpu pH=2 u pH=10 no popmye:
Dyl a=nrl. 1o

JIUT

PaccumnthsiBaroT Sr(C) — OTHOCHUTCJIIbHOC CTaHAAPTHOC OTKJIIOHCHHUC 10 KOHIOCHTPAIlUU (HpI/I

YCIIOBHH, YTO BETMYMHA ()OHOBOTO CUTHANA cTpemMutcs K 0) mo ¢popmyie:
s(A)
Sr(c): * 3+
3 S*-c(Fe3t)
+

Crpost 3aBucumoctu Si(c) = f(c(Fe™)) mis pH=2 u pH=10, ucnonb3yst JaHHbIC Ta0IUI] 2
u 3. Onpexensior mnapameTpbl (yHkimum y = ax P, HmwkHIOO TpaHuIly OHpeaeseMbIX
koHueHTtpauui sxeneza (1) B Bume ¢uonerooro (lI) m xenroro (l1l) xommiekcoB cy
ompenenstoT, npupaBuuBas Si(c) = 0,33.

JlenaroT 000CHOBAHHBIN BBIBOJI O UyBCTBUTEIBHOCTH ONPEICICHHS COJCPIKaHMsI Kelle3a B
aHAJIM3MPYEeMOM pacTBOpE B JBYX CpeIax, CpaBHUBAs KOJIMYECTBEHHBIC XapaKTCPHCTHUKH
YyBCTBUTEIBHOCTH (Cy U €).

JIns ompeneneHus COACp)KaHHS HOHOB JKelle3a CTPOAT TpaduKu 3aBHCUMOCTEH B

— 3+
koopauHatax A = f(m(Fe”)) mns xommuiekcoB xene3a (lll), oOpasyrouwxcs npu pH=2 u
pH=10.

C nomomipio KoMIbIOTepHBIX Tporpamm Microsoft Excel wmu Sigmaplot onpenpenstor
napaMeTphl JIMHEHHBIX PErpeccuil, pe3yabTaThl BHOCST B TAONUILY 5.

o o 3+
[MTapameTpsl uHeHHBIX perpeccuit A=f(m(Fe”")).

Tab6muma 5
pH ITpubop I, cMm Sa | Sp atAa b+Ab R
2
10

PaccunThIBaIOT cofepKaHue Kelle3a B aHATU3UPYEMOM PacTBOPE, UCIOJIb3Ys MapaMeTphl
IpagyrpOBOYHBIX 3aBUCUMOCTEN, PaCCUNTaHHbIE AJIs ABYX 3HaueHuil pH=2 nu pH=10. IIpoBoxsr
pacuér coneprkanns n konuentpamun Fe** u Fe(NH4)(SO4)2 (TouHOCTB pacuéToB — 4 3HAYAIHX
mudpel, ans maccel 0,0001 1), mpuBomAT Bce pacdy€TrHble (GOpPMYIBl M pacdyEThl, Bce
paccurTaHHBIC 3HAUEHHS BHOCST B Ta0bHIry 6.

Pesynbratsl onpenenenus xenesa (1) npu pH=2 u pH=10.
Tabmuna 6

c(Fe*), mons/nm° | T(Fe¥), mr/em® v(Fe*™), Mo m(Fe®*), mr D,
%

=2

pH




c(Fe(NH4)(SOs)2), | T(Fe(NH4)(SO4)2), | v(Fe(NH4)(SO4)2), | m(Fe(NH4)(SO4)2),
MOJIB/ M mr/em® MOJIb M
c(Fe*), mons/nm® | T(Fe™), mr/em® v(Fe*"),momb m(Fe>"),mr D,
%

c(Fe(NH)(SOs)2), | T(Fe(NH4)(SO4)2), | v(Fe(NH4)(SO4)2), | m(Fe(NH4)(SO4)2),

= MOJIB/ M mr/em® MOJIb MI

0

&

PaccunThiBatOT OTHOCUTENBHYIO IIOTPEUTHOCTD ONPEACICHUS Fe®*

D:w.]oo%

Mreop

JIABOPATOPHASI PABOTA Ne 2. ONPEJEJEHUE OBETHOCTH
MUTHEBBIX, IPUPOJIHBIX 1 CTOYHBIX BOJ ®OTOMETPUYECKUM
METOJ0M

Yucras Boja B HeOONbIINX ClIOsIX OeclBeTHA. B TosicTOM ciioe oHa MMeeT roay0ooBaThIi
OTTEHOK. VIHble OTTEHKM CBMJIETEJIILCTBYIOT O HAJIWYUU B BOJAE DPA3JIMYHBIX PACTBOPEHHBIX
npuMeceid. IloBblieHHe LBETHOCTH BOJBI OOYCIOBICHO HAJU4YMEM TYMHMHOBBIX BEILECTB,
KOJUIOM/IHBIX COEJMHEHMH Kejle3a, B3BELIEHHBIX M OKPALICHHBIX BEUIECTB U MAacCOBBIM
uBeTeHueM Bojopociel. [[BetHocTh muTtheBOM Bonbl 10 HopMaMm ['OCT 2874-73 He noimkHa
npesbimaTh 20°.

Henap padorel. OnpenenuTs Noka3aTeiab IBETHOCTH BOJONPOBOJHON WIM PEYHON BOJBI.
Jlns BomonpoBOAHON BOJBI CPAaBHUTH JAHHBIM MOKa3aTeb NS JIMHUM XOJOJIHOTO U TOPSIYEro
BOJIOCHA0KEHMUSL.

CymHocTs MeToaa. M3MepsoT ONTHYECKYIO MIIOTHOCTH IPOOBI BOJBI MPH JJIMHE BOJTHBI
413 um. [1o rpanyrpoBOYHOI 3aBUCUMOCTH ONIPEAEIISAIOT I'PaLyC IBETHOCTH.

Oo0opynoBanne u peakTuBbl. DOTOKOIOPUMETP; KIOBETa TOJNLIMHOM 5 cM — 2 WIT.;
MepHbIe KoI0bl 00beMoM 100 Mt — 9 mT.; GropeTka 00beMoM 25 M — 1 HIT.; IITATUB C JTATTKON —
1 mr.; crakan xumuuyeckuii odbvemoM 100 Ma — 3 mT.; KOHTposibHBIM pacTBOop Ne 1;
KOHTPOJIbHBIN pacTBOp Ne 2; mpoGa BOABI U1l aHAIIN3A.

Xoa padoTsl

1. IIpUroTOBUTH CEPHUIO KOHTPOJIBHBIX PACTBOPOB:

a) B MepHble K0s10bI Ha 100 Mi1 0TOOpaTh NMpU MOMOIIY OOPETKU MOPLHUHU KOHTPOJIBHOTO
pactBopa Ne 1 cornacHo Tabnuue 7.

0) noBecT 00BEM B MEPHBIX K0JIOAX 10O METKH KOHTPOJIbHBIM pacTBOpoM Ne 2.

2. 3MepuTh ONTHYECKHE IUIOTHOCTU KOHTPOJIBHBIX PAacTBOPOB NpHU JJIUHE BOJIHBI 413
HM, PacTBOp CPaBHEHHUs — KOHTPOJBHBIN pacTBop Ne 2:

a) B KIOBETY TOJIMHON 5 CM HaJIMUTh IO METKHU PAacTBOP CpPAaBHEHHs U HACyXO MPOTEPETh
CTEHKH KIOBETHI cali(heTKOM.

6) KroBeTy ¢ pacTBOpOM CpaBHEHHs TIOMECTHUTD B JajibHEE OT/ENICHHE KIOBETOIEpKaTeIs.

B) B npyryto kioBeTy TomKHON 1 cM HaJUTh 10 METKU OKpAIlIEHHBIH pacTBOP U HACYXO
IPOTEPETh CTEHKH KIOBETHI KyCOUYKOM (pUIBTpOBaIbHON Oymar.

r) KioBery ¢ oOkpaiieHHbIM pacTBOPOM TIOMECTUTh B
KIOBETOIEP/KATEIIS.

1) KroBeTonep:karenb MOMECTUTh B KIOBETHOE OT/AEJICHHE PUOOpa.

e) M3MepuTh ONTHYECKYIO MJIOTHOCT, CIEeAys HHCTPYKIIUHU K MOJIb30BaHUIO IPHOOPOM.

OJMKHEE  OTHEIIEHUE




3. Otobparb mpoObI ropsiueil U XOJOAHON BOABI M3-1IoA KpaHa. [IpoOy ropsiueil Boabl
OXJIaJIATh.

4. V3MepuTh ONTHUYECKYIO IUIOTHOCTH MPOO BOABI MO OTHOLICHHIO K KOHTPOJIBEHOMY
pactBopy Ne 2.

Pe3ynbrarsl u3MEpeHN ONTUYECKOH INIOTHOCTH 3aHECTH B TAOIULLy /.

Odopmiienue 1a60paTOPHOIO KYypHaAJA.

JlnuHa kroBeTsl | = ...... , CM

JlmuHa BOJHBI A = ........ , HM

Tabnuua 7
Ne /it 112 |3 (4 |5 |6 |7 |8 |9 |mnpoba
Vv 112 |4 |6 |8 [10]12|14 |16
KOHTPOJIBHOTO
pactBopa Ne
1, ma
rpaayc 5 |10(20 (30|40 |50 |60|70 80
[[BETHOCTH
D Da=.......

O06paboTka pe3yabTaTOB SKCIIEPUMEHTA

1. [locTpouTth rpalyMpoBOYHYIO 3aBUCHMOCTb B KOOPAMHATAX ONTHYECKAs MJIOTHOCTh —
rpaayc IBETHOCTH

2. 1o rpaxyrpoBOYHOMY TpaKy ONPENETUTH IIBETHOCTH MTPOOHI BOJIBI.

JJABOPATOPHASI PABOTA Ne3. OITPEAEJIEHUE HUTPATOB B
IJ1I0JOOBOIIHOU MPOAYKIMHU TIOTEHHUOMETPUYECKUM METOAOM

Heopranuueckuii a30T B paCTUTENBHOM ChIpbe€ B HAHMOOJIbILIEM KOJUYECTBE MPEICTABIICH
B BHUJAEC HUTPATOB U HHUTPUTOB, M30BITOUHOE HAKOIJIEHHE KOTOPBIX HaOIOAaeTcss MNpHu
HEKOHTPOJIMPYEMOM NPUMEHEHUH a30THBIX y100peHH.

HuTtpaTsl BXOAAT B IpyIy a30THBIX yI0OpeHUH, HanOOJbIlee pacpoCTpaHEeHUe Cpeau
KOTOPBIX MONY4YMSu KanuiiHas cenutpa (Hutpar kanus) KNOsz, unnmiickas cenutpa (HUTpat
Hatpusi) NaNOs;, kanbimeBas cenutpa (Hutpar kanbiwss) Ca(NOs);, aMmuadHas cenuTpa
(autpar ammonus) NH4NOsz. Hurtpatel He OKa3bIBAIOT TOKCHYECKOTO JIEHCTBHS Ha PACTCHHS,
MO3TOMY M TpU H30BITOYHOM HCHOJB30BAHUM a30THBIX YAOOpeHMH ypokail OyJeT MOiydeH.
Hutpatbl sBIsIIOTCS €CTECTBEHHBIM KOMIIOHEHTOM IMHUIIEBBIX MPOJYKTOB PACTUTEIHHOIO
IIPOUCXOXKICHUS.

OpHako KOJIMYECTBO HUTPATOB B PACTUTEIBHBIX MPOIYKTAX ONpPENENsieTcs HE TOJbKO
KOJINYECTBOM BHOCHMBIX a30THBIX yao00peHuil. Korna nutanue pacteHuii pazdanaHcHpOBaHO 110
azoTy, Kanuwo, (pocdopy, MUKpoOdTEMEHTAM WM PACTCHHUSIM HE XBaTaeT BOABI M CBETa, OHU
aKKyMYJIMPYIOT OOJIBIIIOE KOJUYECTBO HUTpATOB. HekoTophle MeCTUIUAbI, HalpuMep repOuIua
2,4-J1, ycunuBaioT HakoruieHue HuTpatoB B 10-20 pa3. Eciau oBomu BbIpamieHsl 0e3
JIOTIOJTHUTEIILHOTO BHECEHHUS! a30THBIX YAOOpEHUMH, cojaepKaHMEe B HHUX HUTpAaToB Oyner
npUMepHO cienyromum (Mr/kr): canat — 2900, kamycra — 100, kaptodens — 20. [Ipu nz0siTke
a30Ta B MOYBE HauOOJIbIIEe KOJIMYECTBO HUTPATOB (MI/KT) HakaruiuBaercs B mmnuHare (10 6900),
cekiie (1o 5000), canate (mo 4400), peauce (o 3500); HauMeHbIIIee KOJTMYECTBO HUTPATOB MPH
TaKHUX YCJIOBMSIX BbIpalllMBaHUS HAKAIUIMBAETCS B TOMATax.

Ha KoHIeHTpaluio HUTPATOB B PACTEHUAX OKa3bIBAIOT BIUSHHE CPOKU YOOPKH ypoOKas.
Tak, yBenuueHHe NPOAOIKUTEIBHOCTH BETETAIIMOHHOTO NEpHUOAa MNPUBOAUT K CHUKCHHIO
COJIepKaHUsl HUTPATOB B OBOLIAX: B MOJIOJBIX pacTeHusix HUTpatoB Ha 5070 % Oonblie, ueM B
3penbix. Kpome Toro, coaep:kanue HUTpaTOB Bo3pacTaeT Oiuxke K KopHio. Hampumep, B THCThsIX
0enoKOYaHHOM KamycThl HUTpaToB Ha 60—70 % MeHblIe, yeM B KOYephIre; B JUCThAX cajlaTa uX
Ha 40-50 % MeHbIIIe, YeM B JIUCTOBBIX YepEHKAX.



IIprunHOI NOBBIIIEHHOTO COAEPKAHNUS HUTPATOB B OBOILAX, BBIPAILIEHHBIX MO IUIEHKON
WINA B TEIUIMLAX HpU OOJBIION 3arylieHHOCTH IOCEBA, SIBISETCS HEAOCTATOK CBETA, MO3TOMY
OBOILIY C TOBBIIIEHHOW CKJIOHHOCTBbIO AaKKyMYJIMPOBAaThb HUTPAThl HE CIIEAYET BbIpAILMBATH B
3aTEMHEHHBIX MecTax. Hemocrarok BOJIbl M INOHMXKEHHbIE TEMIEpaTypbl OKa3bIBAIOT
AQHWIOTMYHOE JEMCTBHE, NPUBOJS K YBEIMYEHHUIO KOJIMYECTBA HUTPATOB B PAaCTUTEIbHOMU
HIPOAYKIHUH.

Takum 00pa3oM, CIOCOOHOCTh PACTEHHMH AKKyMYJIMPOBAaTh HHUTPATHl B 3HAYMTEIHHOM
CTEINEHU 3aBUCUT OT BUJIOB U COPTOB CEJICKOXO3SIMCTBEHHBIX KYJIBTYP, CIOCOOOB U YCIOBUH HX
MOJKOPMKH, COCTaBa TIOYBBI U IPYTUX (PaKTOPOB.

Jlo HejaBHEro BPEMEHM HUTpPAThl OTHOCHIM K MaJOTOKCHYHBIM BeliecTBaM. YenmoBek
OTHOCHUTEJIBHO JIETKO nepeHocuT 103y B 150-200 mr HutparoB B cyrku, 500 Mr cuuraercs
MpeAeNIbHO JOIMYCTUMOM 1030M, a 600 MI/CyT — TOKCHYHAS JJIs B3POCIIOTO YeJI0OBEKa /1034,

Jlonyctumas CyTouHasi /1032 HUTPATOB JUIsl B3pOCIOro 4ejnoBeka cocrasisger oT 300 go
325 mr.

[loTeHunanpHasi TOKCHYHOCTh HUTPATOB, COAEPIKAIIMXCS B IOBBIIIEHHON KOHLIEHTPALUU
B MMILEBOM CBIPbE U MPOJYKTAX MUTAHUA, 3aKJIIOYAETCS B TOM, YTO OHU IPH ONpPEAETICHHBIX
YCIIOBUSIX MOTYT OKHCISATHCS 1O HUTPUTOB — COJIEH a30TUCTOM KUCIOThI, KOTOPbIE AJIs YEIOBEKa
ABISAIOTCS  sAgaMu. B opraHusMe uyeiloBeKka HUTPUTBI M3 HUTPATOB 00pasyroTcs B
MUIIEBAPUTEIBHOM TPaKTe (POTOBAS MOJIOCTb, KEITYAOK, KUILIEYHHUK).

KonneHTpanus HUTPaTOB B CIIIOHE IPONOPIMOHATIbHA UX KOJIMYECTBY, IOTPEOIsieMOMY ¢
nuiied. JTa KOHIEHTpalus BIUsAET Ha oOpa3oBaHuWe HUTPUTOB. [IpoHMKas BMecTe ¢ MUILEH B
CJIIOHY U TOHKHUH KHMIIEYHUK, HUTPAThl MUKPOOMOJOIMYECKH BOCCTAHABIMBAIOTCS 10 HUTPUTOB,
B pe3yJIbTaTe B KPOBHU 00Pa3yIOTCSl HUTPO3UII-UOHBI.

Leas paGoTbl: ONpeNeUTh COJACpKAHWE HUTPATOB B PACTUTEIILHOM MaTepuaie ¢
MIOMOIUIbI0 HOHOMETPUYECKOTO IKCIIPECC-METO/1A ONPECIICHNS HUTPATHOTO a30Ta.

Metoa OoCHOBaH Ha U3MEPEHUHM MOHOCEIEKTUBHBIM 3JIEKTPOJIOM KOHILEHTpAallUd HUTpAT-
noHa NOjz B coneBoit cycnieHzuu 1 %-ro pacTBopa aJlloMOKaJIUEBBIX KBACIIOB IMPU COOTHOILIEHUHN
1:4 nst CBIPOro paCTUTEIBLHOTO MaTepHaa.

Meton mnpuMmeHsieTcss UIsl PacTUTEIBHOTO ChIPbS M NPOAYKTOB, HE COJEpKaIIMX
XJIOPDUJIOB, a TaKkKe I NPOAYKTOB, B KOTOPBIX COJEpKAHUE XJIOPUJOB HE IIPEBBIIIACT
cojiepkaHusi HUTpaToB 6osee ueM B 50 pas.

PeakTnBbl n oGopynoBanue. PacturenbHoe chipbe (KapTodesnb, MOPKOBb, SOJOKH U
np.), MonocenexktuBHbi snexTpon (HUTpaTHBI) DM-NO3-01, XmopcepeOpsiHBI 3IEKTPOA
cpaBHeHHus OBJI-IM3, romoreHu3aTop, CTEKJIsSHHbIE CTakaHYMKM Ha S50 M, CTEKJISIHHbIE
HMIMHJPHL Ha 50 M1, aimoMoKanueBble KBaclbl 1 %-i pacTBOp, NHUCTUILIMPOBAaHHAs BOJA.

Xox padoTsl

Iloozomoska 21exkmpoooé k ananusy. VIOHOCENEKTUBHBIN 3JIEKTPO] (HUTpaTHBIN) OM-
NO3-01 mepen Hauanom pabOThI 3aMOJHSIOT MPUAIEKTPoaHbIM pacTBopoM 0,1 M mo KNO3 u
0,005 M o KClI (10,11 r KNO3 1 0,37 r KCI pacTBOpsIOT AMCTUINIMPOBAHHON BO/I0M B MEpHOM
kosioe eMkocThio 1000 M1 u 10BOIAT 00BeM 10 MeTkH). HOBBIN 3J€KTpoa B TeueHHE CYTOK
BbIZIepxUBatOT B 0,1 M pactBope KNOs.

[Ipesxxne dYeM MNOpPUCTYNHTh K HW3MEPEHHUIO, ANIEKTpoa MomemarT Ha 10 MuH B
TUCTUITMPOBAHHYIO BOAY, 3aT€M BBICYIIHMBAIOT €ro (UIbTPOBAILHOW OymMaroil M u3MepsioT
MOTEeHIIMan B Tpex pactBopax cpaBHeHus KNOsz (0,0001 M, 0,001 M u 0,01 M). Ecmu
XapaKTepUCTHKA JIEKTPOJa OTJIMYAeTCsl OT 3aJaHHOM, TO 3JIEKTPOJ HAXOIHUTCs B HepaboueM
COCTOSIHUU. B mpomexyTkax Mexay paboToil HUTpaTHBIN MeMOpaHHBIN ekTpox OM-NO3-01
xpanar B 0,1 M pactBope KNOs. [Ipu anutensHom mepepsiBe B pabote (Oosiee ABYX AHEH)
AIIEKTPOJI XPaHAT Ha BO3/IYXE.

Ecan HuUTpaTHBI HMOHOCEIEKTUBHBIA 3JIEKTPOJ XPAHUTCS B pPacTBOPE CPABHEHUS, TO
©XKEeHEBHO Tepesl HayajoM paboThl ero cieayer nomemars Ha 6—10 MUH B TUCTUIUIMPOBAHHYIO
BoNly. Ecin anexkTpon XpaHuTCs Ha BO3ayxe, To ero noMemaroT Ha 30 mun B 0,1 M pactBOp



KNOs;. 3ateM 3JeKTpoJ TIIATEIBHO OIOJACKUBAIOT BOJOW M MPOMOKAIOT (MIBTPOBAIBHOM
Oymaroii.

XnopcepeOpsiHblit  AmekTpoa cpaBHeHuss DBJI-1M3 B mpoMexyTke MEXIy paboToi
XpaHAT B JUCTUIMPOBAaHHOM BOJIE.

Memoouxa npogedenus ananuza. VI3MenbunTh ChIpON pacTUTENbHBIN MaTEpUall Ha TEPKE.

B crexusHHBIA cTakaHuuk oObeMoM 50 My OepyT HaBECKY pacTUTENIBHOIO MaTepuala
Maccoil 12,5 T u mepeHocAT ee B CTakaH IOMOTE€HH3aTOpa, CMBIBAasi OCTATKH H3MEIbYEHHOTO
marepuana 1 %-M pacTBOPOM aJIOMOKAJIMEBBIX KBacCLOB (00bEM pacTBOpa aFOMOKAJIMEBBIX
KBacIOB cocTaBisieT 50 mMi1), ¥ TOMOTEHU3HUPYIOT B TeueHue | mud nmpu 6000 06/MuH.

IIpu oTCYTCTBMM rOMOTr€HU3aTOPa HABECKY PACTUPAIOT B CTYIIKE 10 OJHOPOJHOW MacCHhl,
NEPEeHOCAT B IUIOCKOJOHHBIE KOJOBI C MPUTEPTHIMUA KpPBIIIKAMH W TEPEMEIINBAIOT Ha
BCTpsIXMBATEJE B TEUCHHE 3 MUH.

ConepxaHue HHUTPATOB B TOJXYYEHHOW CYCIIEH3MH ONPEACHSIOT B TPEXKPATHOM
u3MepeHun. Jlig 3TOro CycrneH3ui0 INPUMEPHO B PaBHBIX KOJMYECTBAX pasziUBalOT B 3
CTEKJIIHHBIX CTaKaH4YMKa EMKOCTBIO 50 MII.

B crakaH4yMK ¢ aHaJIM3MPYeMOH CyCleH3Mel MOMEIIal0T MOHOCEIEKTUBHBIA 3JIEKTPOJ
(HUTpaTHBIN) BMECTE C XJOPCEPEOPSHBIM 3JIEKTPOJOM CPABHEHMSI U CHUMAIOT Moka3aHus B pC
NOs.

[Tokazanust mpubOpa CUYUTHIBAIOT HE paHee 4eM uepe3 | MUH IOcie MpeKpalieHus
npeida mokazaHus mpudopa.

[onmyuyennsie 3navenus pC NO3z nepeBoasat B Mr/kr N-NO3.

ITo Benmmunne pC NO3z B uccienyeMblx 0O0BbEKTaX HaXOIAT COJAEp)KaHUE HUTPATHOIO
azoTa (MI/KT WU MT/JT) 110 opMmyJie:

v
X =107PN% 14 — 103
m

rae X — copepkanne N-NO3 B ananu3upyemoMm marepuaie, Mr/kr; 14 — atomHas macca
a3ora, r; V — 00beM 3KCTparupyroIero pacTBopa, Mil; M — HaBecKa aHATM3UPYEeMOro MaTepuara,
r; 10° — xosddumment nepesona B mr; —pNO3 — OTpHIATENbHEIA TOrapudM KOHICHTPALIH
HUTpaT-NOHA.
—(—=log Cy_no,), T.€. Cy_no, = 107PN%,
[TonydeHHbIe pe3yabTaThl 3aHOCAT B TAOIHILY 8.

Tabmuia 8. ConepikaHne HUTPATOB B PACTUTENILHOM ChIPbe

Hccnenyemsle [Toka3zaHnns, Copnepxanue
2 +
HIPOJYKTHI Ne mpodu pC NO3 HHUTPATHOTO a30Ta, MI/KT' Kepeonce | Xepeonect AX

1

Kaproden >

b

3

1

MopxkoBb 2

3

1

S6noku 2

3

[Ipn HeoOXoaMMOCTH TepecueTa pe3yabTaTOB Ha aOCONIOTHO CyXO€ BEIIeCTBO
MOJIB3YIOTCS (DOPMYJTON:
100 X

X, =———
17 100-w



rone  X; — comepxkanue N-NO3, mr/kr cyxoro BemiectBa; X — cojepkanue N-NO; B
aHAIM3UPYEeMOM Matepuaie, MI/kr; W — BIaKHOCTh MaTepuana, %; 100 — ko3 Punmient
nepecyera B %.

JlonycTuMasi TOYHOCTh HM3MEPEHUsS] HUTPATHBIM HOHOCENEKTUBHBIM 3yekTpoaoM 0,5
pNO3.

3a OKOHYATEJIbHBIA pe3yabTaT aHalu3a MPUHUMAIOT cpefaHee apupMeTHdecKoe
pE3yJIbTaTOB TPEX NApAUIEIbHBIX ONPENEICHUN, JOIYCTUMOE Pac-X0KJIEHUE MEXKIY KOTOPBIMU
[0 OTHOUICHUIO K cpenHeMy apudmernueckomy mpu P = 0,95 e nomxHo npesbimats, %: 30 —
npu cofepxkanuud HUTpatoB 10 200 mr/kr; 25 — mpu copepskaHuu HUTpaToB OoT 200 MI/KT U
BBIIIIE.

OdopmiieHue J1a60paTOPHOIO )KypHAJIA.

o pe3ynbTaTraM 3KCIEPUMEHTA 3alI0JIHUTh Ta0IMILy 8.

Paccuurate cpenHee apuMeTHUECKOe 3HAYEHHME COACPKAHMA HUTPAToB X, B
UCCIIeTyeMbIX 00pasiax:

_1lyn
X cp T, Zi=1 X i
r7e N — YUca0 U3MEPEHUH.
Haiitu cpegnee kBagpaTUuHOE OTKJIIOHEHHE PE3YJIbTaTa U3MEPEHHUS:

S _ ?:1(X1 - Xczp)
Xep nn—1)

Omnpenenuth OBEepUTENbHBIN HHTEpBAI AX mipu BepositHocTH 0= 0,95:
AX =ty X SXCp

rne ty, — Koo duuuent Cteronenra (cM. Tadi. 9).
Tabmuma 9. Koadgdumments CThioneHTa

N - 3 4 5 6 7 8 9 10
to

12,7 4,3 3,2 2,8 2,6 2,4 2,4 2,3 2,3

N — gncno u3mepenuil.

OKpyrJuTh pe3ynbTaThl ONPENENIEHUs COJEPKaHWA HUTPATOB — X, B COOTBETCTBUM C
MOJIyYeHHOU BeNTMYMHON AX U 3aHECTH UX 3HAYEHUs B TaOJIUILY.

HaiiTii OTHOCHTEJBHYIO MMOTPEIIHOCTh U3MepeHust & (%):

AX
& = ch x 100.



