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f1)e~ep8JIbHOe 8reHTCTBO no 06P830B8HHIO 

rOCY~8pCTBeHHoe06pa30B8TeJIbHOe yqpeac)];eHHe
 

Bblcwero npocl)eccHOH8JlbHOrO 06pa30BaHHH
 

«CaHKf-DeTep6yprCKHH rOCY~8pCTBeHHblHTeXHOJlOrHqeCKUH 

yHHBepCHTeT P8CTHTeJIbHblX nOJlHMepOB » 
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'''~1rUZlQ4h'. 

y):U< 502.(204)(076) 

,I(mmeB8 A.D., JIOpeHQCOH A.B., 1{epH06epeX<CICHil: IO.M. XHMHJI OIq>)'X<aK>meH 

cpensr: )"IeoHO-MeTO~HqecKoenOCoOHe I Cllo rrY pn:-Cn6., 2009. -58 c. 

yqeOHo-MeTO,/UI'IecKoe . noc06He, co~eplJCHT MHHHM)'M TeOpemqecKOro 

MaTepHaJIa t He06xo~HMoto. ~. BLlnOJIHeHHJI npaI<TlftIecICHX 3ll.ml'l, If OnHCaHHe 

JIaOoparopHl>IX pafior no onpeaeneamo OCHOBHDrX nOK83aTeJIeil: xasecraa npaponasrx 
H CTO'IIDdX BO~. 

"ll~mQHaqeHO 'J1,1IJ{'cry~HTOB" aeex MM;'06Y'feHID1,IJ():..cn~am.Hl,lCTI.l: 

280201 «Oxpaaa oKpy.lfC~lI(ejt cpe~Dr H P8QHOH8JII>HOO HCnO~BaHHe npupO~ . 
pecypcos» H HanpllBJIeHHIQ 280200 «3aLiurra OKpy.lfC81Omeil: cpe.ztLI» • 

Peu;eH3eHTId: ~OKTOP 4>n-M8T. Bayx, npo4>eccop KacPe~.LI <<f"~cJ(oro 

crpoarenscrsa H np~lI,ZUfOH, 3KOJIOIlfH) . roy Bno «Camer
lltrrepOy'pI'CICHA rocy~apCTBeHHDril: nOJIHTeXBH'lecICBI )'BIUIepCIl'l'e) 

JIM. MOJIo,ll.KHHa; 

K~. XHM. aayx, ~Ou;eHT, Kaepe~Dr KOnJIolfJnlol XlIMIIR CII6rY , 
M.A. CHIDlKOB8 

PeKOMeH,ll.OBaHO Pe,ll.aKU:HoHHo..1I3~aTeJIl>CICHM COBeTOWB IC8Qecme yw6B~ 
MerOmecKoro nocoeas. . , . , 

iCrOYBnO "ClUIICT-ne-rep6yprcul 

roey,ll.apCTBeHHWl TeXHOJlomccu:l 
YuHBepcHTeT p8CTIITeJIJ>lIIoIX DOJJJD(epoB", 2009 

,:lII'D Q :~_.~-, _'I!')~~~!'~ ..~ ..~.,~ ,11crr T. " 

BBe...euae 

Ilon Ka'leCTBOM sonsr nOHHMaJOT COBOKYrrHOCTb ee CBOHCTB, o6yCJIOBJleHHblX 

BHJlOM Ii xoauearpauaell conepxanraxca B sone npHMeceH. Ilpa oueaxe xaxecrsa 

BO,ll.bI cYID;eCTBeHHyJO POJIb arpaer He TOJIbKO npapona npaxecea, HO H HX 4>H3HKO

XHMutICCKOe COCTOJlHHe. 

JJ.nJl onpenerreaaa Ka'lCCTBa npapoaasrx, narsessrx H CTO'lHbIX BO.n: 1peoYeTCJI 

nposeaeaae 60JIblliOrO KOJIHtleCTBa pa3HOrnIlHbIX aHaJIH30B - XHMHqeCKHX, 4>H3HKO

XHMHtlCCICHX, caHHTapHo-6aKTepHOJIOrH'IecKHX. Ha60p CTOJIb pa3HOXapaKTepHbIX 

onpeneneaail 06yCJIOBJICH CJIO)J(HOCTbfO eOCTaBa npHMeceH sonsr H 60JlblliHM 

paaaooopasnex IlCJIeH, WU! KOTOpbIX m.mOJIHJleTCJI aHaJIH3. 

MHOrHe nOKa3aTCJlH, raxae KaK OKHCIDIeMOCTb, CYXOH OCTaTOK, np03paQHOCTb H 

T•.n:. JlBJ1jjIOTCH KOMIIJICKCHbIMH H XapaKTCpH3YJOT HaJIH'IHe B soae npHMeceR, 

Pa3JIH'lHbIX no CBoeR npapone Ii no CTeneHH .n:HcnepCHOCTH. ,l:(pyrHe nOKa3aTeJIH 

ou;eHHBaJOT conepxaaae B none onpeneneaasrx aemecrs. rIPH OIleHKe nHTbeBbIX, 

npaponasrx H CTO'lHI>IX BOJ.l ecrs nOK!i3aTeJIH, 06l/..lHC .n:IDI BCCX xareropaa BO,ll;bI H 

cnellH4>H'IecICHe, Heo6xo,!{HMble J.lJIjl xapaKTepHCTHKH Toif HJlH HHoil: BO.n:I>I. 

OCHOBHbIMH 3a.n:a'laMH, pemaeMbIMH aa OCHOBe aHaJIH30B, jjBJIllIOTCjj: 

• oueaxa CaHHTapHO-TOKCHKOJIOrnqeCKOrO COCTOjjHliH BO.n:bI; 

• onpenenenae nparonaocra BOJ:U,I nns xosxperaoro BH,ll.a n01pe6JI~HHjj; 

• onpeneneaae crenean H xapaxrepa aarpssneaaocra; 

• Bl>IjjBJIeHlIe B03MO)l(HOCTH rex HJIli HHbIK MeTO.n:OB O'lHCTKH; 

• ynpaanenae npoueccassa O'illCTKH BO)J;bI H KOHTp0JIb pa60TbI coopyxeaaa; 

• oueaxa 34>4>eKTliBHOCTli pa60TbI OT,!(eJIbHbIX BO).(OO'lHCTHDrX coopyxeaaa H Bceif 

CTaHllHH B lleJIOM. 

B 3aBHCHMOCTH OT IIOCTaBJleHHOH ueJIH MJI aHaJIH3a OT6HplUOT pasossre ,HJIli 

cpenaae sa onpe.n:eJleHHbIH rrpoxeayrox BpeMeHH (cxeaa, CyTKH) rrp061>1. Pe3YJIbTaTbI 

aHaJIH3a asrpaxaror B MrIJi, a MJI HeKOTopbIX nosasarenea - Mr-3KB/JI. 

<!»OpMHpOBaHHe COCTaBa npaponnsrx BO~ 

B KaQCCTBC HCTO'lHHKOB Bo.n:ocHa6)f(eHM acnonssyrorcs npecasre BOJ.lbI, KaK 

IIo.n:3eMHble, TaK H nosepxaocrasre, K rrOJ.l3eMHbIM .BO,!(aM OTHOCHTC»: rpyaroaste, 

MeX<IIJIaCTOBble neaanopasre H uarropaste (apTe3HaHCKHe), xapcrosae BO).(I>I, COCTaB 
_ _ . . ~~._ 1, __ • __ ~ .... __.......\
_.~_.A ~ 

.l\UIUIJb.l.A Ull!-'C.LI-CJ!}(C't""Jt )'''''JJ.UDnx.Mn ..;)QJl~l ant1.Jl 1'1 lIrl1a..nrln. \ ....1\'t. 1.\.] tJ.... 1 n~}.JvJ. ,,",VJ.lVl .un," 

XuMHQeCKliH COCTaB rrO.n:3eMHbIX DO.n: 4>OpMHpyeTCjj D pe3YJIbTaTe TaKHX npOueCCOB, 
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KaK BhlIl.\eJIattHBaHHe ropnsrx lJOPO~, paCTBOpeHHe, COp6I.(HJI, HOHHhlR 06MeH H T.~. 

3aIl.\HIl.\eHHOCTb apTe3HaHCKHX BO~OHOCEbIX ropH30HTOB otiecrrexasaer IIOCTOJIHCTBO 

COCTaBa BO~bI H no-rrn nOJIHOe OTCyTcTBHe B HHX MHKpOOpraHH3MOB. 

OTJIHttHTeJIbHOR OC06eHHOCTbIO 1I0BepXHOCTHbIX BO~ JIBJIlIeTCJI HelIOCTOHHCTBO 

HX COCTaBa IIO Ce30HaM. rona, Ha npouecc <pOpMHpOBaHHJI COCTaBa lIoBepXHoCTHbIX 

BOA BJIHJIeT MHO)l(eCTBO <paKTOpOB. Baxaeaurae H3 HHX - B3aHMo.n;eRCTBHe 

aTMoc<pePHbIX OCa.n;KOB, nonanaiornax B BO.n;OHCTOttHHK, C 3arpJI3HeHHhlM B03.n;yxOM H 

1I0ttBeHHbIM nOKpOBOM, 6HOJIOrHtteCKHe npoueccsi B sonoeaax C ysacraen 

rH.n;P06HOIlTOB H ,lleJITeJIbHOCTb seaosexa (perynaposaaae pesaoro CTOKa, HppHnilIHJI, 

cynoxoncrso.ctipoc CTO'IHbIX BO.n; H r.n.), 

B npaponnsrx soztax otiaapysceao 60JIee IIOJIOBHHbI H3BeCTHbIX XHMHtteCKHX 

3JIeMeHTOB. ITo CBoeR npapone npHMeCH BO.n;hl nonpaaaenmorcs aa MHHepaJIbHhle H 

opraaaxecxae, aaxonauraecs B sone BO B3BeIIIeHHOM, KOJIJIOH.n;HOM H HCTHHHO 

paCTI,OpeHHOM COCTOllHHH. 

,[(JIJI nonsessuux HCTO'lHHKOB Bo.n;OCHa6)1(eHHJI xapaxrepno nefionsnroe 

conepzcaaae HJIH OTCyTcTBHe opraaasecxax IIpHMeceR, nOBbIIIIeHHaJI MHHepaJIH3aIIHJI, 

aaorna IIpHCyTcTBHe ra;JOB (C02, H 2S, ClL).· 

Cpe.n;H 1I0BepXHOCTHbIX HCTottHHKOB Bo.n;OCHa6)1(eHHJI paJJIH'laIOT Bo.n;oeMhl C 

MaJIOR MHHepaJIH3aIIHeH: conepscaaae COJIeR .n;o 200 Mr/JI, cpennea - 200+500 Mr/JI H 

nOBbIIIIeHHoH - 500+1000 Mr/JI. Oxono 90 % ofintero coneconepxaaas npaxoznrrca na 
2

rJIaBHbIe HOHbI : Na\ Ca +, Mg 2+, K+ H HCOJ - , SO/-, Cr. ITo KJlaCcH<pHKaIIHH 

O.A. ArreKHHa,npHpo~HbIe BO,llbI B 3aBHCHMOCTH OT npeofinanaxunero anaoaa 

nonpaaaensrorcs aa rpH xnacca: ranpoxaptioaarnue, cynstparnsre H XJlOpH.n;HbIe. 

BH)'TpH xnacca BbI.n;eJIJIIOTCJI rpynnsr C npe06JIa.n;aIOIl.\HM KaTHOHOM: uarpaesaa, 

KllJIblIHeBaJI H MarHHeBaJI. 

Conepxaaae opraaaxecxax BeIl.\eCTB B nosepxaocrnsrx sonax H3MeHJIeTCli B 

IIIHpOKHX npenenax, OpraHH'IeCKOe BeIl.\eCTBO ofipaayerca B CaMOM Bo~oeMe (paJBHTHe 

BO.n;opOCJIeH:) H npanocsrrca B nero C JIHBHeBblMH H TaJIbIMH Bo~aMH C IIJIOU~a.n;H 

sonocoopa. MaKcHMyM opraaaxecxax Bel1\eCTB natimonaercs 06b1ttHO B nepaon 

naBO,AKOB. Bonsnraa sacrs opraaasecxax BemeCTB npe.n;CTaBJIgeT C060H ryMyC. 

BO.n;HbIH ryxryc 06paJYeTCli a npouecce paJJIO)l(eHHlI OCTaTKOB BO~HbIX pacTeHHH. 

Kposre roro, ryxycosue BeIl.\eCTBa 1I0na.n;aIOT B Bo.n;oeMbI B pe3YJIbTaTe BbIMbIBaHHlI H3 

~ PHMOR ttaCTH rvMlfHo
nO'IBbI. ITOttBeHHbIH rysryc COCTOHT H3 HepacTBO BblX If 

. MOJlexyJI1q>HOR ~ 
<PYlIbBOKHCJIOT. TYMHHOBhle KMCJIOTbI C MaccOH 
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1200-1400 H conepxaaaea yrnepona 58 % MOryT 06paJoBbIBaTb B none B3BeCH, 

KOJIJI0M.AHbIe H HCTHHHbIe pacrsopsr. <1>YJIbBOKMCJIOTbI - TaK)I(e BbICOKOMOJIe-KYJUlpHbIe 

COe,llHHeHIDI, coztepxar MeHbille yrnepczta - 45+48 %, 60JIee ,llHCCOIIHHpOBaHbI H 

MOryT npacyrcraoaars B none B KOJIJIOH,llHOM H HCTHHHO pacrsopeaaoa COCTOllHHH. 

Ilepexons H3 no-rasr B sony, ryxycoaue Bel1\eCTBa OKpaIIIHBaIOT ee B )I(eJITbIH HJIH 

KOpH'lHeBbIH IIBeT B 3aBHCHMOCTH OT HX KOHlIeHrpaIIHH. 

Cnezryer OTMeTHTb, 'ITO BO scex noaaexasrx H nOBepXHOCTHbIX BO.n;OHCTOttHMKax 

KaqeCTBO BO,llbl pasnoe. HeT .n;B¥" o.n;HHaKOBbIX no KatteCTBY BO.n;bI pex, ztayx 

apTe3HaHCKHX CKBaJKHH, nayx KOJIo.n;lIeB. Bonee roro, B Ka)l(.n;OM BO.n;OHCTOttHHKe, 

oco6eHHonoBepXHOCTHOM; xapaicrepBO.n;bI MeHJIeTCJI C TeqeHHeM BpeMeHH. ! 

KatteCTBO BO,llbI OlIeHHBaeTCJI KOMIIJIeKCO~ nOKaJaTeJIeH:, orrpe,lleJIJIIOIUHX re HITH 

HHbIe ee CBOHCTI~a. boJIbIIIHHCTBO nOKaJaTeJIeH, xapaKTepH3yIOlUHX KaqeCTBO sonu, 

npaaeaaercs .n;JUI 0lIeHKH BO.LJ:bI JII060ro npoacxoacreaas H HaJHaqeHHJI. K HHM 

OTHOCJITCJI: reuneparypa, peaKIIIDI cpensr, KHCJIOTHOCTb, l1\eJIOqHOCTb, IIBeTHOCTb, 

MyTHOCTb, sanaxa R npHBKYCbI, CYXOH OCTaTOK, HOHHbIH COCTaB, )I(eCTKOCTb, 

OKUCJIHeMOCTb, sasemeamae BeIl.\eCTBa, XlfMM'leCKoe norpefinenae xacnopona (XIIK), 

6HOXIfMH'leCKOe norpetineaae KHCJIOpo.n;a (bnK) H T•.n;. 

HaCTOJIl1\Re MeTo.n;HtteCKHe yKaJaHIDI paCCMarpHBaIOT MeTo.n;bI onpeaeneaas 

OCHOBHbIX rrOKaJaTeJIeH npaponnsrx BO.n;. 

JIa6opaTopHaK pafiora N 1. Onpenenenne OpraHOJleOTHileCKHX CBOHCTB BO,llbl.
 

IJ,BeTHocTb H MyTHOCTb BO~bl
 

1. 06IQHe nOJlo*eUHK 
1 

qHcTbIe npaponasre BO.n;bI noxra 6eCIIBeTHbI.ITpwniHoH OKpaCKH npnponmrx . I 
i 

BO.n; 06hlqHO JIBJUlIOTCJI Bel1\eCTBa, H3BJIeKaeMbIe BO.n;OR H3 ropdia, ryxyca, 60JIOTHOH I 
noxaa, OTMepUlHX paCTeHHH. Ileemuocms - nOKaJaTeJIb, 06yCJIOBJIeHHbIH HaJIRttHeM B 

BO,Ae ryMHHOBblX H <PYJIbBOKHCJIOT H HX paCTBopHMbIX COJIeH, a TaK)I(e npacyrcraaea 

coenaaeaaa )I(eJIe3a, H3MepJIeTCJI B rpanycax nJIaTHHO-K06aJIbTOBOR IIIKaJIbI (TIKlll). 

KOJIHtteCTBO npHMeCeH B aone, 06yCJIOBJIRBaIOl1\HX IIBeTHOCTb, 3aBHCHT OT 

MHOrHX <paKTOPOB H rJIaBHbIM 06paJOM OT HaJIHttHli TOp<plIHHKOB B 6acceHHe 

BO.n;OHCTOqHHKa. QBeTHocTb BO.n;bI onpe.n;eJIJIeTCJI nOCJIe npensaparensaoro 

OTCTaHBaHHJI IIp06bl HJIH B <pHJIbrpaTe. ITPH MaCCOBOM paJBHTHH BO.n;opOCJIeH B 

nOBepXHOCTHbIX sonoeaax sona MO)l(eT npaofiperars pa3JlH'IHbIe OTTeHKH, onaaxo ua 

BeJIH'IHHY nOKaJaTeJIJI "I.(BeTHDCTb" oro He. .n;OJI)I(HD BJIIDlTb, .T.K. npa <pHJIbrpOBaHHH 
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BOJ(bI KJIeTKH BO,LIOpOCJIeH 3l1.L\ep)l{HBaK>TCjI na «pHllbrpe. 

CJIe~eT OTMeTHTb, 'ITO HeT npsworo COOTBeTCTBlUl Me)l{,ll;Y UBeTHOCTblO H 

KOJIH'IeCTBOM OpraHH'IeCKIIX BemeCTB, BhI3bIBaK>IlUI'X ospacxy. ll03TOMY UBeTHOCTb 

supaxaror He B BeCOBbIX soauenrpauaax KaKOrO-TO semecrsa, a B rpanycax nJIanlHO

K06anbTOBOH IlIKaJIbI. I13MepeHHe npOH3BO,Z:\HTCli rryTeM cpasaenaa npofisr CO 

CTaH,Z:\apTHbIM paCTBopOM, npHrOTOBJIeHHbIM H3 CMeCH COJIeH XJIopnJIaTHHaTa xanas 

K2PtC16 H XJIOpHJ(a K06aJIbTa CoCh. Oepacsa 600b', coomeemcmeytousau OKfJaCKe 

cmauoapmuoeo pacmeopa, «omopuu cooepueum 0,1 MZ nnamuuu 6 1 WI, 

ouenueaemcs 1 epaoycos« ueemnocmu. 

IIocKoJIbKY'XJIopnJIaTHHaT KaJIHlI ,Z:\OCTaTO'lHO ,Z:\opor H rpy,Z:\Ho,Z:\ocryneH ~ 

npoasaoztcrseaasrx JIa60paTopHH, TO na npaxraxe 06bl'lHO HCnOJIb3Y1OT CTaH,Z:\apTHbIH 

paCTBOp, conepzcautaa 6HxpOMaT KaJIIDl (K2Cr207) H CYJIb«PaT xofiansra (CoS04). 

QBeTHOCTb nora pacrsopa coorsercrayer 500 0 IlKlll. 

,l(OnyCTHM~ lIBeTHOCTb narsesoa BO,Z:\bl 'z:\OJIJl(Ha 6hITb He 60JIee' 20 rpanycoa 

nrraTHHO-K06aJIbTOBOH IlIKaJIbI (CaHIfuH 2.1.4.559-96). UBeTHOCTb BO,Z:\, conepacaumx 

3Ha'lHTeJIbHbIe KOJIH'IeCTBa B3BeIlIeHHblX BemeCTB, onpenensror nOCJIeOTCTaHBaHIIj{. 

OCHOBHbIMH MeTo,Z:\aMH onpeneneaas lIBeTHOCTH lIBJIjlIOTCjI: 

1) cpasneaae sonsr aa «poT03JIeKrpOKOJIOpHMerpe, co CTaH,Z:\apTHbIMH 

pacraopasra, co,n:ep)l{au:(HMH 6HxpoMaT KaJIHlI H cynupar K06aJIbTa. 

2) BH3YaJIbHOe cpasneaae BOJ(bI CTeMH Jl<e CTaH,n:apTHbIMH paCTBOpaMH. 

Ilpa «poToMerpH'IeCKOM onpeneneaaa HCCJIe,n:yeMylO sony, npa He06xo,n:HMOCTH 

nporpansrposamryro, noveuiaior B KIOBery C ,,n:JIHHOH OnTH'IeCKOrO nYTH 5+10 CM H 

«pOTOMerpHpyIOT npa ,n:JIHHe BOJIHbl A:;:364 HM. BeJIH'IHHY lIBeTHOCTH onpezienaror no 

KaJIH6pOBO'lHOMy rpa«pHKY. UBeTHOCTb nosepxaocrasrx BO,Z:\ KOJIe6JIeTCjI B 60JIbllIHX 

npeaenax OT 35 zto 60 0 IlKlll, B OT,n:eJIbHbIX cnysaax ,n:OCTHraeT 200 0 nKlll H ssnne, 

OCHOBbl TeopHH CBeTOnOrJlOmeHHH 

Iloenosuenueu ,C6ema uassraaerca jlBJIeHHe YMeHbIIIeHHjI 3HeprHH CBeTOBOH 

BOJIKM npa ee pacnpocrpanenaa B neuiecrse, nponcxonaruee BCJIe,n:CTBHe 

npeofipaaoaanas 3HepnIH BOJIHbl BO BHYTPeHHlO1O 3HeprHIO BemeCTBa HJIH B 3HeprHIO 

eropasnoro H3JIY'!eHHjI, HMelOmero zipyroti cneKrpaJIbHbIH COCTaB H nasre 

aanpaanenas pacnpccrpanenaa (<<p0TOJIIOMHHeClIeHuHlI). [lornoIUeHHe CBeTa MOJl<eT 

'Rl....1~hlR~Th H~rnp'R~::nn.fp ~PHTP('TR~ Rn'1nV'wnpuup fA T"nUT"'?OI!!!~ ~'!'0~'!0~ T!_~", :"~0_~~y~,"~~ 

«pOTOXlIMH'IeCKHe peaxuaa H ,LIp. npoueccsr B BellIeCTBe. 
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nOrJIOmeHHe CBeTa onHCbIBaeTCjI 3aKOHOM Byzepa - Jlautiepma -Bepa, 

cornacao KOTOpOMy HHTeHCHBHOCTb I nnocxoa sonnsr MOHoxpOMaTH'IeCKoro CBeTa 

ysrensuraercs no Mepe npoxoacneaas sepes nornouraiomyro cpeny no 

3KcnOHe~UHaJIbHOMY3aKOHY: 

1 =1 ·e-H C 
o 

rne 10, I - COOTBeTCTBeHHO HHTeHCHBHOCTb nanaiotnero CBeTa H npomenuiero 

cnoH cpezna TonmHHOH I; 

k - K03q,q,HUHeHT 3KCTHHKlIHH, KOTOpbIH 3aBHCHT OT XHMH'IeCKOH npaponsr H 

COCTOllHHjI nornomaiomea cpensr H OTMHHhI sonasr CBeTa ..1.. 

C -:- KOHUeHTPauIDl pacrnopeauoro seutecraa, r 
Ilponorapadraaposaa 3TOypaaneaae, nO~HM: 

2.3.Ig~ = k ·[·C;
1 

nepeaecev 2,3 B npaBYIO '1aCTbypasaeaas H nOJIY'lHM: 

10 •
Ig-=k ·[·C=D

1 
k'_ k 

( - 2.3)' 

rne D - 3TO OnTH'IeCKaH nJlOTHOCTb pacrsopa, paBH~ ,n:eCjlTH'IHoMY 

rrorapliq,My OTHOrneHHjI HHTeHCHBHOCTH nanaroutero CBeTa K HHTeHCHBHOcUI 

npomermrero CBeTa. 

113 nOCJIe,IJ;Hero Bhlpa)l{eHIDl cnertyer, 'ITO OnTH'IeCK~ nJIOTHOCTb JIHHeHHO 

3aBHCHT OT KOHueHrpaUHH semecraa B pacrsope. 

Cneztyer OTMeTHTb, 'ITO npH HaJIH'IHH B none KOnJIOH,IJ;HhIX H ssseureaasrx 

'IaCTHU OnTH'leCK~ nJIOTHOCTb D(A) lIBJIlIeTCjI CYMMOH OnTH'IeCKOH nnOTHOCTR 

paersopeaasrx BemeCTB Dp(A), CBjl3aHHOH C a6eop61IHeHCBeTa, H OllTH'leCKOH, j-

I 
nJIOTHOCTH B3BeIlIeHHbIX 

CBeTOpaCCejlHHeM: 

(H KOJIJIOH,IJ;HbIX) 'IaCTHU DB3(A), CBjl3aHHOH CO 

D(A)=DB3(A)+ Dp(A). 

ITpe,IJ;nOJIaraeTCjI, 'ITO npa A= 540 HM (rne Be,IJ;eTCjI onpenenenae MYTHOCTH), 

a6cop6UIDl CBeTa ryMYCOBbIMH BemeCTBaMH paBHO nymo, n03TOMY 

D(540)= DB3 (540). 

OnTH'IeCK~ nrrOTHOCTb B3BeCH onpenenserca ypaaaenaesr, H3BeCTHbIM H3 xypca 

KOJIJIOH,Z:\HOH XHMHH: 

n 11 \_ V r> T ..l3/ 1..l4-LN 1 4\ 
.&..1"83\.'''') ..... ,.. ............. "'" , , .... ' ........ , .... /' 

rzte C- xoauearpairas B3BecH; 

-7 I' Н
А
УЧ

Н
О

-И
Н
Ф
О
Р
М
А
Ц
И
О
Н
Н
Ы
Й

  Ц
Е
Н
ТР

  С
А
Н
КТ

-П
Е
ТЕ

Р
БУ

Р
ГС

КО
ГО

  Г
О
С
УД

А
Р
С
ТВ

Е
Н
Н
О
ГО

  Т
Е
Х
Н
О
ЛО

ГИ
Ч
Е
С
КО

ГО
  У

Н
И
В
Е
Р
С
И
ТЕ

ТА
  Р

А
С
ТИ

ТЕ
ЛЬ

Н
Ы
Х

  П
О
ЛИ

М
Е
Р
О
В

 



<.' 

I - }:\JIHHa orrrasecxoro nYTH; 

d - Cpe}:\HHH }:\HaMeTP 4.aCTHn; 

A- }:\JIHHa BOJIHhl; 

K H a - KOHCTaHThI, aasacsume OT rrpapoztu B3BeCH H MeTo}:\aH3MepeHIDi. 

OrCIO}:\a CJIe}:\yeT, so-rrepasrx, qTO eCJIH aacnepcnocn, npaxecea BO}:\hl He 

COBrra}:\aeT C ~cnepCHOCThlO 3TaJIOHHOH cycrreH3HH (rro KOTOpOH CTpOHTCli 

KaJIH6pOB04.Hali spnsaa }:\JIll onpeneneaas MyTHOCTH), TO H HCTHHHalI KOHneHTPanIDi 

B3BemeHHhIX (KOJIJIOH,lJ,HhIX) npavecea BO}:\hl He pasaa KOHneHTpanHH, onpeneneaaoa 

rro KaJIH6PQB04.HOMY rpadnrsy, 

BO-BTOPhIX, eCJIH H3BeCTeH paasrep sacrau npauecea B sone, TO,. onpenenas 

D Bi540), MO)KHO paCC4.HTaTh DB](364). 3aTeM Bhl4.eCTh nOJIy4.eHHOe 3Ha4.eHHe H3 

cyMMapHoH OIITH4.eCKOH nJIOTHOCTH D(364) (H3MepeHHoH wi <poTOMeTPe) H HaHTH 

D p(364). OTCIO}:\a rro KaJIH6pOBOQHOH rrpliMoH D p(364)= f(nBeTHocTH) MO)KHO 

onpenemrn, HCTHHHoe 3Ha4.eHHe UBeTHOCTH BO,nhI. 

ECJIH pasaep npaxecea HeH3BeCTeH, HO OHH OTHOClITCSI K KOJIJIOH,nHOH 06JIaCTH 

(r.e, d" «aA4), TO IgDB3== K'·lgA, rorna MO)KHO HHCTPYMeHTaJIhHO onpenemrrs 

3aBHCHMOCTh D=f(A) B naanaaoae 350+600HM, nocrpoars ee B xoopnauarax IgD 

19A, BhI}:\eJIHTh JIHHeHHhIH ysacrox B }:\JIHHHOBOJIHOBOM aaanasoae H npoztmrrs ero B 

o6JIacTh.60JIee KOpOTKHK }:\JIHH BOJIH (}:\O 350 HM). TIOJIy4.eHHIDI JIHHeHHalI 3aBHCHMOCTh 

OTBe4.aeT cnexrpy cseropacceaaas B ,nBYJIOrapH<pMH4.eCKHX xoopnaaarax, Jlh T04.KH, 

cooTBeTcTBYJOineH 19 364, crreztyer nposecra 0TPe30K zto nepeceseaas C nonysenaoti 

rrpliMoH H no . 3Ha4.eHHIO IgDB,(364) HaHTH DB](364). 3aTeM rro PalHOCTH 

D(364)-DB,(364) MO)KHO HaHTH D, (364), T.e. OIITH4.ecKYIO IIJIOTHOCTh, orsesarourea 

nBeTHOCTH npotisr. 

EOJIH He BHOCHTh nonpasxy na BKJIa,D; CBeTopacceSIHHH npa onpenenenaa 

nBeTHOCTH rrpo6hI OrrTH4.eCKHM rryTeM, TO rrpaKTH4.eCKH Bcer,na 6y.nyT rronyqaThCli 

aassuueanue zrannsre, rrOCKOJIhKY <pHJIhTpaUHlI rrpHpO}:\HOH soztsr xepea 6YMa)KHhIH 

HJIH CTeKJIHHHhlH <pHJIhTP He OCBo60)K,naeT ee OT KOJIJIOH}:\HhIX rrpHMeceH, aa KOTOphlX 

6y}:\eT pacceasarsca CBeT. 3<p<peKTHBHoe yztaneaae MO)KHO 06eCrre4.HTh, rrpHMeHHlI 

MeM6paHHhle <pHJIhTPhI. 

Cnenyer OTMeTHTh, qTO ynaneane KOJIJIOH,lJ,HhIX nptoaeceji He scerna lIBJUIeTCH 

uenecoofipasasnr, T.K. oxpaureaasre coe}:\HHeHHH caMH MOryT HaxO,nHThCli B 

KOJIJIOH}:\HOM BH,ne HJIH npacyrcrsosars B COCTaBe KOJIJIOH.n;HhIX 4.aCTHn (HarrpHMep, 

ancopfiapoaarscs aa HX rrOBepXHOCTH). TaK, BrrOJIHe .n;OCTaro4.HO orrpe,neJIHTh 
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CYMMapHoe 3Ha4.eHHe nBeTHOCTH sonsr aa axone B BO,D.OO4.HCTHhIe coopyxeaax npa 

}:\JIHHe BOJIHhI A= 364 HM H rro 3TOMy napaverpy BeCTH TeXHOJIoru4.eCKHe pacseru no 

onpenenenmo TPe6yeMoH ,l103hlKoaryJIHHTa}:\JIH pearearsoji o6pa6oTKH BO,nhI. 

TIpH KOHTPOJIe BO,llhl na suxone H3 04.HCTHhIX coopyxenaji npa nonase ee 

rrOTPe6HTeJIIO H npa HCrrOJIh30BaHHH npaponaoii aonsr H3 nonaesrasrx HCT04.HHKOB 

naspena Heo6xo}:\HMOCTh BBe,D.eHIDi raxoro OT}:\eJIhHOrO 1l0KalaTeJIH, KaK KOHneHTPauHH 

KOJIJIOH,nHhIX npaaeceii. KOHneHTPaUHIO KOJIJIOH}:\HhIX 4.aCTHU, a TaK)Ke HX 

pacnpeneneaae rro pasaepaa MO)KHO onpeneaars C novontsro rrOT04.HOrO 

ynsrpaaaxpocxona HJIH HeepeJIOMeTPHqecKH. 

MymHocmb npnponaoti BO,llhI o6YCJIOBJIeHa HaJIH4.HeM .aepacrsopeuaux H 
. . 

KOJIJIOH,D.HhIX . BeIIJ,eCTB aeopraansecxoro (rnaaa, rreCOK, rH,D.pOKCH,lJ, )KeJIe3a) - H 

opraaasecxoro (KJIhI, MHKpoopraHH3MhI, IIJIaHKTOH, aedrrerrpozyxna) 

rrpOHCXO)K}:\eHHH. TI03TOMY 06beKTHBHo onpenemrrs UBeT rrpo6, conepxamax 

npaveca, o6YCJIOBJIHBaIO~He MyrHOCTh, ,llOBOJIhHO TPy,D.HO. ECJIH 06beKTHBHOe 

onpenenenae UBeTa rrpOBeCTH HeJIh311, orrenox H HHTeHCHBHOCTh UBeTa onHChIBaIOT 

CJIOBeCHO. 

I13MepHlOT . M)'THOCTh TaK)Ke PalJIHqHhIMH MeTO,llaMH, OCHOBaHHhIMH na 

cpaBHHTeJIhHOH ouenxe HCCJIe.nyeMoH npotisr co CTaH,llapTHhIM pacrsopoa, MyrHOCTh 
: I 161 

xoroporo C03,D.aeTCSI BHeceHHeM B }:\HCTHJIJI~pOBaHHYIO BO,D.y CTaH}:\apTHoH cycneasaa 

,nHOKCH,lla KpeMHIDi Si02 (rOCT 3351-74).Pe3YJlbmambl onpeoeienux uymnocmu 

eupabcatom 6 MC/Jl, ouanasou usuepenuu 0 + 5 Mc/Jl. B pe4.HhIX sonax MyTHOCTh, KaK 

npasano, ssnne, 4.eM B rrOmeMHhIX soztax, B nepaon rraBO,D.KOB MyTHOCTh pesnux BO}:\ 

MO)KeT }:\OCTHraTh }:\eCHTKOB ThICH4. MIfJIJIHrpaMMOB B 1 JI. B narsesoa sone MYTHOCTh, 

cornacao }:\eHCTBYIOIIJ,HM caHHTapHhIM aopsrau, ,D.OJI)KHa 6hITh He ssune 1,5 Mr/JI. 

./ HaJIH4.He B BO}:\e uepacrsopaasrx H KOJIJIOH}:\HhIX npaaeceti MO)KHO oueaars H 

rro creneaa rrp03pa4.HOCTH npofisi. Onpeneneaae rrp03paqHOCTH rrpOBO,D.HT "no 

mpadrry" JIH60 "rro xpecry" B UHJIHH,npax H3 fiecuaeruoro CTeKJIa BhICOTOH 30+50 CM C 

rrJIOCKHM }:\HOM. QHJIHH,D.phl C HCCJIe,nyeMoH BO}:\OH rrOMe~aIOT Ha,D; KOHTpOJIhHhIM 

mpHepToM HJIH xpecrosr, HaHeceHHhIM 4.epHhIMH JIHHIDiMH TOJIIIJ,HHOH 1 MM. 

MaKCHMaJIhHalI BhlCOTa cToJI6a sonsr B caHTHMeTPax, CKB03h KOTOphiH OT4.eTJIHBO 

pa3JIH4.aeTCH mpadrr HJIH xpecr H ecrs np03pa4.HOCT~ BO,llhI "no mpadrry" HJIH "no 

KpeCTY"· 

TI!JH l!JoToMeT!JH4.eCKOM onpenenenna HCIIOJIh3Y1OT <!lOTOMeT!J. xrosersr C 

;llJIHHOH -orrrasecsororryra 5+ 10 eM. I13MepSiIOT OIITIf'IecKylO IIJIOTHOCTh D==lg (loll), 
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rne 10 H 1 - HHTeHCHBHOCTb caera .L\O H rrOCJIe ero rrpOXmK.L\eHHM sepea CJIOH pacrsopa, 

cycnemaa HJIH aeuiecrsa npa .L\JIHHeBOJIHbI A=540 HM. 

Ilpa He«peJIOMeTpHqeCKOM onpeneneaan H3MepMIOT HHTeHCHBHOCTb 

cBeTopaCCeMHHM. 

OCHOBbl 'reopna paceeanas CBeTa 

COfJIaCHO cOBpeMeHHoH reopaa CBeTa, BCMKaM TOqKa cpensr, KOTOpOH .L\OCTHf 

«ppOHT CBeTOBOH BOJIHbI, CTaHOBHTCM HCTOqHHKOM H3JIyqeHHM BTOPHqHbIX BOJIH. 

BTOpHqHbIe BOJIHbI, nocsmaeasie Pa3JIHqHbIMH TOqKaMH cpezisr, HHTep«PepHpyIOT 

Me)l(,[Iy C060H, 06yCJIOBJIHBaM ry HJIH HHyIO KapTHHY pacnpeneneaas HHTeHCHBHOCTH 

CBeTOBoro rrOTOKa B npocrpancrse. 

Iloa HHTeHCHBHOCTbIO CBeTOBOfO rrOTOKa CJIe.L\yeT rrOHHMaTb KOJIHqeCTBO 

3HeprHH, nporexarontee B e.L\HHHQY BpeMeHH xepes e.L\HHHUY CeqeHHM H rtpaxoztameecs 

na e.L\HHHqHbIH TeJIeCHbIH yron. 

B O.L\HOP0.L\HOM seutecrae HHTep«PepeHUHM BTOPHqHbIX BOJIH.npHBO.L\HT K 

rrpliMOJIHHeHHoMy pacnpocrpaaemno caera. He TaK 06CTOHT .L\eJIO, eCJIH cpena 

OrrTIlqeCKH HeO.L\Hop0.L\Ha. OrrTWIeCKaM HeO.L\HOp0.L\HOCTb MO)l(eT 6bITb BbI3BaHa 

Pa3JIHqHbIMH rrpHqHHaMH: «pJIyKryaUHMMH rrnOTHOCTH H KOHueHTpaUHH, npacyrcranea 

rrOCTopOHHHX rrpHMeceH. Cpena, B KOTOpOH qHCJIO OrrTHqeCKHX HeO.L\HOpOAHocTeH 

BeJIHKO, a pa3MepbI HX neaaaaarem-nu, Ha3bIBaeTCM MYTHOH. Pacnpocrpaaeaae CBeTa 

B HeO.L\HOpOAHOH cpene He MBJIjieTCM rrpMMOJIHHeHHbIM. CBeT Ha6JIIO.L\aeTCM B 60JIbllIeii 

HJIH MeHbllIeH creneua rro sceu HarrpaBJIeHHMM, T. e. pacceasaercs. 

CyMMapHbIH rrOTOK 3HeprHH, paccesasoa qaCTHueH BO scex HarrpaBJIeHHMX, 

OTHeceHHbIH K eAHHHue HHTeHCHBHOCTH nanaromero IIOTOKa, Ha3bIBaeTCM 

K03«pq.HUHeHTOM paCCeMHHM H 0603Ha'meTCM CHMBOJIOM Kp- Pacceanae CBeTa 

xapaxrepasyerca BeJIHqHHOH HHTeHCHBHOCTH CBeTOBoro rrOTOKa, pacceMHHoro ~ 

Pa3JlHqHbIX HarrpaBJIeHHMX. BeKTOpHaM .L\HarpaMMa, noxassrsaromas pacnpeneneaae 

HHTeHCHBHOCTH paccesanoro CBeTa rro BceM HanpaBJIeHHMM, Ha3bIBaeTCjJ 

HH.L\HKaTpHCCOH pacceanas, 

113yqeHHe paccesnaa CBeTa BIDKHO AJIM cy)l(AeHHM 0 BeJIHqHHe H «popMe qaCTHU 

KOJIJIOHAHOH .L\HCrrepCHOCTH, xoropsre CJIHIlIKOM MaJIbI .L\JIH aenocpencrseunoro 

HCCJIeAOBaHHM HX C rrOMOIUbIO 06bIqHOrO MHKpOCKorra. Ha HBJIeHHH pacceaaas CBeTa 

OCHOBaH pan MeTOAoB onpeneneana pasuepa H «pOPMbI qaCTHU: C HCrrOJIb30BaHHeM 

YJIbTpaMHKpOCKorra, «pOT03JIeKTpOKOJIOpHMeTpa, He!peJIOMe1pa H rrOAAPHMeTpa. B 

ynsrpaaaxpocxone Ka)I(,[IaM xacraua o6J1apy)J(llsaeTcH B OTae.IlliHOCTH B BH.L\e 
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CBeTMrueHCM TOqKH HJIH CHCTeMbI AH«ppaKUHOHHbIX KOJIeu. B OCTaJIbHbIX MeTOAax 

BeJIHtIHHa xacrmua oueHHBaeTCM Ha OCHOBaHHH H3MepeHHH HHTeHCHBHOCTH 

CBeTOBoro rrOTOKa H crenemr nOJIMpH3au:HR B Pa3JIHqHbIX HanpaBJIeHHMX npa 

pacceanaa CBeTa B MyrHOH cpene. B COBoKyrrHocTH 3TH MeTO.L\bI naior B03MO)l(HOCTb 

COCTaBHTb 60JIee HJlH MeHee MCHoe rrpeACTaBJIeHHe H 0 «popMe qaCTHU· 

Pacnpeneneaae HHTeHCHBHOCTH pacceanaoro CBeTa B sonsx H cycneasasx 

3aBHCHT OT pasuepa H «pOpMbI qaCTHU, AJIHHhI BOJIHhI nanaiomero CBeTa H OT 

noxasarenea rrpeJIOMJleHHM qaCTHU ~ cpensr. 

3aBHCHMOCTh CTeneHH nOJIMpH3au:HH pacceaaaoro CBeTa OT HanpaBJIeHHM 

paccesaas TalOKeonpe.L\eIDIeTCM pa3MepOMH «pOpMOH qaCTHU· 

Bnepsue TeOpeTHtIeCKOe 061>jiCHeHHe. paCCejiHHIO CBeTa c«pepH'leCKHMH 

HerrpOBO.LIMruHMH . qaCTHUaMH 6bIJIO naao P3JIeeM. COrJIaCHO reopaa P3JIeM, 

HHTeHcHBHOCTh paCCeMHHM ecrecrseaaoro CBeTa orrHChIBaeTCM ypaeaeaaex: 

1=1 . 91t
2V2

.[rn
2_1]2 .[I+COS2~J 

o d2 rn2+2 2' (1) 

rne 10 - HCXOAHaM HHTeHcHBHoCTb CBeTa; 

V - 061>eM qaCTHUhI; 

a - paccrosnae OT uearpa qaCTHUbI AO TOqKH Ha6JIIOAeHHM; 

m - OTHOllIeHHe rrOKa3aTeJIM rrpeJIOMJIeHHM qaCTHUbI K rrOKa3aTeJIIO rrpeJIOMJIeHHM 

cpensr; 
A. ll 

A - AJIHHa BOJIHbI CBeTa B cpeae: A. = ~ ) rne As - AJIHHa BOJIHhI CBeTa B 

saxyyne, n - noxaaarens npeJIOMJIeHHM cpensr; 
p= 180- e (9 - yron Me)l(,[Iy HanpaBJIeHHeM nanaromero nysa H paccesnaoro B 

~ ,
AaHHOM HanpaBJIeHHH - CM. pRC. 1). 

113 «pOpMyJIhl (1) CJIeAyeT, 'ITO HHTeHCHBHOCTh paccesaaoro CBeTa 06paTHO I. 
nponcpuaonansna qeTBepTOH CTeneHH AJIHHbI BOJIHhI nanaroutero nyaa, 3THM 

061>MCHMeTCM TOT «paKT, 'ITO paccesnasra AOCTaTOqHO MaJIbIMH qaCTHuaMH CBeT npa 

Ha6JIIOAeHHH C60Ky HMeeT rorrytiosarsra orreaox, a IIpOXO.LIMruHH - npaofiperaer 

xpacaosaryto oxpacxy. 

I1HTeHcHBHocTH paCCeMHHM CBeTa B rrJIOCKOCTMX KoopAHHaT, npn HarrpaBJIeHHH 

nanaiomero nysa B OTpHuaTeJIbHOM HarrpaBJIeHHH OCH OZ (PHC. 1), 6YAyT 

rrOA'lHHMThCM CJIeAYIOruHM 3aBHCHMOCTMM: B IIJIOCKOCTH XOY, nepneHAHKyJIMpHOH 

HarrpaBJIeHHIO nanarouiero nysa (P=900), I;:::;const. I1HAHKaTpHcca paccesaas 6YAeT 

rrpeACTaBJIMTh cocoa OKpy)l(HOCTh ~pHC. 2). tl rrJIOCKOCTMXXvZ H -r-vZ: i-oi TCOS'po 
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TaKHM 06pa30M, COfJlaCHO TeOpHH Panes, HH.r\HKaTpHCCa paccesaas 

eCTeCTBeHHoro CBeTa CHMMeTpHtlHa B aanpaaneanu pacnpocrpaaenns nanarouiero 

nysa H B uanpaanenaa, eMy nepneanaxynapnoa. 

,[{mi BhI'iHC-'leHMji K03q,q,HUHeHTa pacceaaas K, He06xo.r\HMO, COfJlaCHO 

orrpeneneaaro, npoaarerpapoaars HH.r\HKaTpHCCY paccesnaa no BceM nanpaanenaxa H 

OTHeCTH nonysennyro BeJlH'iHHYK eaaaaue HHTeHCHBHOCTH nanaiomero nOTOKa. 

Teopns P3JleH npHMeHHMa npa cnenyrourax YCJlOBRjiX: 

a) dOJl,JlCHO cotiuooamscn onpeoenenuoe coomuotuenue MeJ/Cdy pG3MepOM 

uacmuuu U OJ1UHOU BOJlHbl ceema, a HMeHHO - ornouteaae nepasrerpa 'iaCTHUhI K 

iJ,JlHHe BOJlHhI He .r\OJl)KHO npeasmrars .0,3. Cooraomenne 3TO 06hI'iHO aassraaerca 

xapaKTepHCTH'ieCKHM napaaerpox 'iaCTHlI,hI H 0603Ha'iaeTCji CHMBOJlOM p: 

2Jl" .r z 81t .r 
P=-/"'-=4' rne z =-1..- (2) 

6) uacmuua He OOJ1J/CHa 3aMemHO n02J10U/amb ceem. BCJleiJ,CTBHe 3TOro YCJlOBRji 

reopas rrpHJlO)KHMa K 30JljiM .r\H3JleKTpHKOB H He MO)KeT 6hITh rrpHMeHHMa K 30Jlj{M 

MeTanJlOB. 

Korna BeJlH'IHHa.p CTaHOBHTCji 60JlhWe, 'ieM 0,3, HHTeHCHBHOCTh paccesanoro 

CBeTa nepecraer 6hITh nponopuaoaansnok V2
. 3aBHcHMoCTh HHTeHCHBHOCTH OT II/..,4 

nepexoznrr nocreneane B 3aBHCHMOCTh 1//..,2. BCJle.r\CTBHe 3TO~0 CBeT, paccesnasra 

TaKHMH 30JljiMH B 60KOBOM aanpasnenaa, .repaer ronyooaarsra OTTeHOK H nepexoznrr 

B MOJlO'iHO-6eJlhIH. 3aBHCHMOCTh HHTeHCHBHOCTH paccesaaoro CBeTa OT aanpaaneaas 

pacceanas npnofiperaer fionee CJlO)KHbIH xapaxrep, 
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PHC. 1. Cxeaa XOiJ,a Jly'ieH 

v 1 z 
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PHC. 2. Hanaxarpaccsr paccesnaa eCTeCTBeHHorocaera ManOR cq,epH'IeCKOR 

'IaCTHueH 

no Mepe yKpYIIHeHRji 'IaCTHU HH.r\HKaTpHcca ~aCCejiHHH Bee fiorrsure repser 

CBOIO cHMMeTpH'IHOcTh. 113MeHeHHe HH.r\HKaTpHCChl paccesaaa rro Mepe yaenaseans p 

H306pa)KeHO na pHC. 3. BnOCJlelICTBHH reopns Panes 6h1Jla pacnpocrpaneua H Hfl 

60Jlee xpynasre 'IaCTHUhI. 
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p=9 

PRC. 3.113MeHeHRe $OpMhI HH,lJ;lfKaTpHCChI pacceaaas csera c$epHqeCKOH qaCTHueH 

B IlJIOCKOCTJlX yoz H XOZ rro Mepe ee yspyrmeaas 

3aBHCHMOCTh nonapasauaa eCTeCTBeHHoro csera 0: HarrpaBJIeHHM TaK)J(e' 

CBJl3aHa C paaaepox '1aCTHU. 

B cnysae )J;OCTaTO'lHO MaJIhiX '1aCTHU ( rrpHMeHHMOCTh reopaa P3JIeM) 

eCTeCTBeHHhIH CBeT 6y)J;eT rrOJIHOCThIO rrOJIMpH30BaH B HarrpaBJIeHHH, 

nepneanaxynspaoa HarrpaBJIeHHIO nanaiomero JIY'la, a B HarrpaBJIeHHH 

pacrrpocrpaneaaa JIY'-ia OCTaHeTCM HerrOJIMpH30BaHHhIM. B rrpOMe)J(YT0'lHhIX 

HarrpaBJIeHHJlX pacceaaasrii CBeT '1aCTH'IHO rrOJIMpH30BaH. 3aBRCHMOCTh creneaa 

rrOJIMpH3aUHH OT yrna Ha6JIIO)J;eHHM B nOM cnysae BhIpa)J(aeTCM KpHBOH, 

R306pa)J(eHHOH aa pHC. '4. 

P 
fO{)~, =- 1 

5()X'- -

o· 180"/3 

PHC. 4. 3aBHclfMoCTh crenean rrOJIJlpH3aUHH paccesnaoro CBeTa OT yrna 

Ha6JIIO)J;eHHM 

OpH naneaan eCTeCTBeHHoro CBeTa aa cacreny, COCTOJI/UYIO H3 60JIee xpymrsrx 

'1aCHfU (p>O,3), rrOJIHOH rrOJIMpH3aUHH He Ha6JIIO)J;aeTCM Bo06/Ue. 06JIaCTh 

MaKCHMaJIhHOH rrOJIMpH3aUHH CMe/UaeTCH B CTOpOHy HCTO'lHlfKa CBeTa. 

Hapyurenae c$epH'IHOCTH $OpMhI, B CBOIO osepezn., rrpHBO)J;HT K H3MeHeHHIO 

3aBHCHMOCTH KaK HHTeHCHBHOCTH paCCeHHHJI, TaK H CTeneHH IIOJIMpH3aUUH OT 

HaIIpaBJIeHHJI pacceanaa. CyMMapHaM CBeTOBaJI 3HeprHH, pacceHBaeMilll 

CTep)J(HeBH)J;HOH HJIH ,lJ;HCK006pa3HOH '1aCTHueH, MeHhllIe, '1eM pacceasaeaas ManOH 

c$epH'IeCKOH '1aCTHueH roro )J(e 06beMa. 

:fro OTKJIOHeHlie OT c$epli'leCKOH $OpMhI, T. e. aHli30)J;HaMeTpli'lHOCTh '1aCTHUhI, 

MO)J(eT 6hITh oneneno BBe)J;eHHeM HeKOTopOH $yHKUHH q, 3aBHCM/UeH OT COOTHOllieHIDI 

oceii '1aCTHUhI (aHH30AliaMeTpH'IeCKaJI '1aCTHUa yrrO)J;06JIMeTCM 3JIJIHIICOH)J;y 

Bpa/UeHHM). HH)J;liKaTpliCca pacceaaas TaKOH '1aCTHuhI OTJIH'IaeTCM OT HH)J;liKaTpHCChI 

c$epH'IeCKHX '1aCTHU. DOJIhllIOe ssaseaae IIpH nOM HMeeT sanpaanenae, B KOTOpOM 

nocnaa IIa)J;aIO/UHH JIY'I. ECJIli IIa)J;aIO/UliH ny'l rrOCJIaH B)J;OJIh oca CHMMeTpliH 

3JIJIlirrCOH)J;a apauienaa '1aCTHUhI, TO B CJIY'-Iae MaJIOH '1aCTHUhI (p<1) liH,lJ;HKaTpHcca . . 

)J;eJlaeTCM 60nee y:3KOH, HO. He repser cHMMe11>HQHoCTH. )J..rni 60JIhllIHX '1aCTHU B 

)J;aHHhIX yCJIOBHMX HH)J;HKaTpHcca BhiTMrHBaerCH anepen (rasxe KaK npa YKPynHeHHH 

c$epH'IeCKliX '1aCTHU). Ecna rra)J;aIOIUHH CBeT aanpasnen neprreanaxynspao OCH 

CHMMeTpHH, TO liH)J;HKaTpHcca paccesaas JaBHCHT no-aaovy OT HarrpaBJIeHIDI 

Ha6JIIO)J;eHIDI. Ha pHC. 5a YKaJaHhI HH)J;HKaTpHCChI paccesaas '1aCTHU IIpH 

HarrpaBJIeHHH nanarourero JIY'-Ia B)J;OJIh OCH CHMMeTpHH 3nJIHrrCOH)J;a, aa pHC. 56 

rreprreH)J;HKYAApHO OCH CHMMeTpHH B rrJIOCKOCTH, BKJIIO'IaIOlIIeH OCh CHMMeTpHH H 

nanpaaneaae nanaromero nyxa. 

tJ «J

-- ( :r I If' -.. 

~:> ::f= <~ ,I 

PHC. 5. <1>OPMhI HH,lJ;HKaTpHce pacceanas csera B 3aBHCHMOCTH OT 

aHH3o)J;HaMeTpHH '1aCTHU H HarrpaBJIeHHM naneaas JIY'-ia: 

a - nys rrOCJIaH B)J;OJIhOCH CHMMeTpHH '1aCTHUhI: 

1 - '1aCTHua c$epH'IeCKaJI; 2 - '1aCTHua aHH30)J;HaMeTpH'IeCKaM (oruomeuae oceii 2:3); 
3- '1aCTHua aHH30)J;HaMeTpH'IeCKaH (ornoureaae ocen 1:10); 
6 - JIY'-i rrOCJIaH rreprreH)J;HKYAApHO OCH CH~MeTpHH '1aCTHUhI; '1aCTHua 

aHH30)J;HaMeTpHQeCKaJl (OTHOllIeHHe ocea 1 : 10) 

BeJIH'IHHa aHH30)J;HaMeTpHH MO)J(eT 6hITh orrpe)J;eJIeHa TaK)J(e Ha OCHOBaHHH 

3aBHCHMOCTH CTeneHH iTOnHpH3aUHH OT yrna paCCeMHHJI HcpaBHeHHeM nonspasanaa 
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pacceaansrx ITO)..\ yrnox 90° eCTeCTBeHHoro H mmewHo nonapasoaaaaoro nanarouiax 

nY'Iew. 

~~ orrpe)..\eneHIf~ IfH)..\lfKaTPHcw paccellH~ Ha rrpaKTHKe 06hl'IHO H3Mep~IOT 

IfHTeHCHBHOCTh paccesnaoro CBeTa npn BenH'IlfHe yrna ~ = 0°, 45°, 90° H 135°. 

~~ xapaxrepncraxa npapozmsrx BO)..\ ITplfMeH~IOT If )..\pyrow noxasarens 

cOOep:JICaHUe 636elUeHHblX eetuecme. 11oL( cOOep:JICaHUeM 636elUeHUbIX eetuecme 

nOHUMaemCR KOJlU'leCm60 3azpR3HeHuu, «omopoe 3aOep:JICU6aemCR na 6yJUa:JICHOM 

fjJwzbmpe npu fjJwzbmpal(UU npo6bl (rrpa araoceepaox lIaBneHHIf IfnH crrafios; 

paspexeaaa). ~~ «plfnhTPOBaHIf~ sarpssaeaaux BOL( acnomeyior 06hl'IHhIW 

6YMIDKHhIH «plfnhTP rana "6enal! neara", a rrplf IfCCneL(OBaHIfIf ·BOL(hI C 3arp~3HeHHeM 

He 60Jlee 25 Mr/n - TOHKHe MeM6paHHhle «pimhTpW. cI>HnhTp co B3BerneHHhIMH 

BemeCTBaMIf ssrcyuraaaerca npa 105°C L(O rrOCTO~HHoro seca, H rro pasnocra seca 

«pHnhTpa L(O H nocne «pHnhTPaQHH onpenensercs xonasecrao aasemeaxsrx BemeCTB B 

BOL(e. 

Mexny KOnH'IeCTBOM saaeuremnax BeIl.\eCTB ff rrp03pa'iHOCThIO HeT 

0,llH03Ha'iHOH CB;;3H. 11p03pa'iHOCTb onpeztenaercs HliJ1H'IHeM He TOJlhKO B3BerneHHhIX 

'IaCTHQ, HO H KOnnOHL(HhIX npavecea, xoropsre He 3aL(eplKHBaIOTC~ 6YMalKHhIM 

«pHnhTpOM, a rr03TOMY He BKmO'IaIOTCli B COCTaB noxaaarens B3BerneHHhIX BeIl.\eCTB. 

Kposte .roro, rrpospasaocrs 3aBffCHT OT «pOPMhl 11 pasvepoa 'IaCTlfQ, 'ITO L(M 

noxasarena B3BerneHHhIX BeIl.\eCTB 3Ha~eHH~ He HMeeT. HeCMOTp~ aa 3TH paanasaa, 

)..\Jill oplfeHTHpOBO'IHOrO onpeneneaas (B uenax ynpomenas axcnnyarauaoaaoro 

KOHTpon~) rro peaynsrarax L(nffTenhHhly. Ha6nIOL(eHHH CTPO~T rparpnx 3aBHCffMOCTH 

rrp03pa'iHOCTH OT KOnH'IeCTBa B3BerneHHhIX BeIQeCTB, C rrOMOIQhIO xoroporo sa 

OCHOBaHHH 6hICTpOH nerxo nunonaaessoro onpeneneaas np03pa'iHOCTH MO)l(HO C 

L(OCTaTOt:IHOW creneasro TO'IHOCTH yCTaHOBHTh coziepxaaae B3BerneHHhIX BeIQeCTB B 

BOL(e. 

110KaJaTenH Ka'IeCTBa CTO'IHWX BOL( B 60nhrnHHCTBe crrysaes onpenenmorcs 

aHaJIOrH'IHO noxaaarenasr npnponastx BOL(. Llseruocrs CTO'IHhIX BOL( MOlKeT 6hITh 

paanaxaa. Bsrrosue CTO'IHhle BOL(hI, KaK npasano, oxpameasr cnafio. 113MeHeHHe 

OKpaCKH BO)..\hI B pe'IHOM crsope MOlKeT ITOKaJhIBaTh HaJIH'Ilfe asmycxa CTO'IHhIX BO)..\, 

He npouremuax Ka'IeCTBeHHYIO O'IHCTKY, HnH CBH)..\eTenhCTBOBaTh 06 asapaa, 

3KOnOrH'IeCKOM npecrynneaaa H 3aJInOBOM c6poce CTOKOB. Llaeraocrs onpenensercs 

B «plfnhTPOBaHHOH npofie c Y'IeTOM pasfiaaneaas. I1HTeHcHBHoCTh oxpacxa 

xapaxrepasyror crenensro pastiaaneaas HCCJJe,lly.eMoH BO)..\hI ,lIHcnULIlHpOBaHHOH, npa 
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KOTOpOH oxpacxa HC'Ie3aeT. B 3TOM cnyxae peayrrsrar 3arrHChIBaIOT OTHorneHHeM, 

aanpavep, 1:500 (rne 1xacn, accnenyesroti ITp06hI, 500 sacrea paJ6aBAAIOIl.\eH BO)..\hI). 

Conepxanae B3BerneHHhIX BeIQeCTB - OL(lfH 1f3 BIDKHeHlliHX noxasarenea COCTaBa 

CTO'HlbIX BOL(. 3Ta XapaKTepHCTHKa acnonsayerca L(AA pacsera nepaasnsrx 

OTCTOHHHKOB If )..\JUI onpeztenenas KOnH'IeCTBa 06PaJYIOIQHXC~ OCaL(KOB. 

Oceoaunuue eetuecmea - -racn, asseuieaaux BeIQeCTB, xoropue ocenaror na 

L(HO OTCTOHHOro UHnHH)..\pa sa 0,5 xaca OTCTaHBaHH~ 6e3 nepexeuraaaaaa, B 

rrOBCeL(HeBHOW npaxraxe )..\n~ onpeneneaaa OCeL(aIOIQHX BeIQeCTB HCrrOnh3YlOT 

QHJIHH.n:p, HH)I(IDU! 'IaCTh KOTOpOro npencrasnaer C060H rrp06HPKY C TOHKOH 

rpanyapoasoii no 0,1 Mn.. Ilocne 2 'IaCOB(}TCTaHBaHH"sepXHIOIO xacrs OTCTO~BrneHC~ 
. . . . 

)I(H)..\KocTHcnHBaIOT, a HH)I(HIOIO, coceBIiIHMH BeIQeCTBaMH, nepenocsr B CTaKaH" H 

onpenensior ocesume BeIQeCTBa rro Macce, TaK )I(e KaK H B3BemeHHhIe BeIQeCTBa. 

TaKHM 06paJOM, KOHueHTPau~ OCeL(aIOIQHX BeIQeCTB asrpascaerca no o6beMy (MJI/n) H 

no Macce (Mr/JI). 

B npaxraxe BOL(OITO,1l,roTOBKH non CYXUM ocmamxom nOHUMalOm o6U(Y1O 

cy.M.My HeOpZaHUileCKUX U OpZaHUileCKUX coeOUHeHUU 6 pacmeopeuuou U 

KOJUlOUOHOM cocmosnuu: CyxOH OCTaTOK orrpenensror esmapaaaaaev 

npensaparensno rrpO«pHJIhTPOBaHHOH npofisr C nocnenyrouuoa asrcynraaaaaex npa 

resmeparype 105°C. 110TepH npa rrpOKaJI~BaHHH onpenenaror conepzcaaae B CYXOM 

OCTaTKe OpraHH'l:eCKHX BelQeCTB. OCTaToK nocne npOKaJIHBaHH~ xapaxrepaayer 

coneconepxaaae BO,1l,hI. B OTnH'IHe OT aHaJIH3a ITpHpO,1l,HhIX BO,1l, cyxou ocmamo« 

CTO'IHWX BO,1l, Orrpe,1l,eAAIOT H3 aarypansaoa (aerpansrpoaanuoa) npofisr, noeroay OH 

~BJJjjeTC~ rrOKaJaTeJIeM cysoaapaoro conepxaaas 3arp~3HeHHH BO scex arperarasix 

COCTO~H~X. 

llJlOmHblU ocmamo« onpenenserca 113 «pHJIhTpoBaHHOH npotisr H noxaausaer 

conepacaaae BeIQeCTB B KOJIJIOH,1I,HOM H HCTHHHO paCTBopeHHOM COCTO"HHH. 

TaKHM 06paJOM, cnenyer rrOMHHTh, 'ITO npa onpeneneaaa UBeTHOCTI1 rrp06hI He 

KOHcepBHpYIOT; onpeneneuae rrpOBO,1l,~T xepes 2 'I rrOCJIe orfiopa npofisr. l.}T(}6hI He 

MernaJIH ocenarourae BeIQeCTBa, UBeTHOCTh onpeztenserca B «pHnhTPaTe nocne 

onpeaeneaua B3BerneHHhIX BeIQeCTB. 
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2. 3a,[\aQa: Onpenemrn, QBeTHOCTb "npHp0,[\HOH" BO,[\bl MeTO,[\OM 

cpaaueuaa co cTaH,[\apTHblMH pacraopasm aa cIloTo3J1eKTpoKoJ1opHMeTpe. 

Annaparypae 

1. KOJl6bl MepHbre eMKOCTblO 100 MJI. 

2. <POT03JleKTpOKOJIOpliMerp <I:l3K-56M (cBeT0<pHJlbTP N 4 ). 

3. KlOBeTbJ AJIHHOH 50 MM. 

PeaKTHBbl: 

1. CTaH~apTHbIH pacraop, cooTBeTCTBYlOIIJ,lI.H conepaaaaio 50 Mr nJIaTHHbI B 

1.0 MJI (I.\BeTHOCTb pacrsopa 500
0 IlKllI) (pacrsop N~ 1). 

2. CepHaJI KI1CJIOTa, pa36allJIeHHaJI (1 :999) (pacrsop N~ 2). 

Xon pa6oTbl: 

1. Ilocmpoeuue K(1J1U6pOiiO'lHOU KpUfJOU 

B p~~ MepHbIx K~JI6 nOCJIe~OBaTeJIbHOorsreparor nHneTKOH 0; 1; 2; 3; 4; 5; 6; 8; 

10; 12; 14; 16 MJl craanapraoro pacrsopa N~ 1 H ~OBOMT zto 100 MJI pacrsopov N~ 

2. ilOJlY1.JalOT COOTBeTCTBeHHO paCTBOpbJ 0; 5; 10; 15; 20; 25; 30; 40; 50; 60; 70; 80 
0 

IJ,BeTHOCTH. 

,lVI~ KaJIH6pOBKH npatiopa B JleBYlO KlOBeTY HaJIllBaIOT ):\H:CTliJIJIlipOBaHHYlO 

BO,[\y. B npasyro KIOBery nOCJIe~OBaTeJIbHO HaJIHBalOT crannaprasre pacrsopu 

Pa3JIH1.JHOH KOHl.\eHTpaIJ,I1H. ,lVUI Ka)J(,lJ;oro craanaprnoro pacrsopa onpeztensror 

OnTI11.JecK)'lO nJIOTHOCTb. 

. OTKJIa)lbIBaJI no OCH aficuacc I-1BeTHOCTb (I.O Ka)J():\oro pacrsopa B rpazrycax, a no 

OCH 0p~HHaT - coorsercrsyromee eMy aaaxeaae OnTH1.JeCKOH nJIOTHOCTll (D), CTpO~T 

KaJIll6pOB01.JHbIH rpatpnx. 

2. Onpeoenenue ueemuocmu MOOeJlbHOU 800bl 

AHaJIOrI11.JHO nposonar H3MepeHl{~ OnTH1.JeCKOH nJlOTHOCTH ~JIJI rpex 

npennoaceanux npof Mo):\eJIbHOH BO~bI. no KaJIH6pOB01.JHOH KpHBOH orrpenenaror 

I.\BeTHOCTb, cooTBeTcTBylOIllYIO rrOJIY4eHHbIM 3Ha1.JeHIDIM OnTHt.IeCKOH 
0

rrJIOTHOCTH (D). ECliH UBeTHOCTb HCCJle):\yeMoH BO):\bl 60Jlbllle 80 DKlll 

onpeaeneaae cnenyer npOBO):\IUb nocne pasfiaeneaaa np06bI )J.HCTHJlJIHpOBaHHOH: 
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BO~OH. 3Ha1.JeHli~ IJ,BeTHOCTH npofi BO.u;bl 3arrHCbJBaIOT B Ta6JIHI.\Y· 
I I 

co3. 3aj.la'la: OnpeAeJlHTb MyTHoCTb BOj.lbl MeTOj.lOM cpaBHeHHH 

CTaHllapTHblMH cycneH3HJlMH na Helj)eJ10MeTpe H<DO. 

Annaparypat 

1. KoJI6bI MepHbIe eMKOCTblO 100 MJI. 

2. HecjJeJIOMeTp cjJoT03JIeKTPH1.JeCKHH: H<I:lO. 

3. KIOBeTbI I-1liJIHH~pH1.JeCKHe. 

I! 
, ! 

PeaKTHBbl: 

I. CnlH~apTHaJI. cycneasas Si02, cooTBeTcTBYlOIllHH: cO.ll.eplKaHlilO Si02 1,0 H 0,1 Mr B i 
1.0 MJIcycneaann,	 , I 

XOA pa6oTbl:	 i I 

1. Ilocmpoenue KIlllu6p080'lHOU KpU80U	 ill; 
B MepHblx xonfiax ua 100 MJI roTOBHT pa36aBJIeHHble pa601.JHe cycnenaaa C i

I I
I 

Pa3JIH1.JHOH KOHIJ,eHTpaIJ)leH Si02 (I, 2, 4, 6, 8, 10, 20, 30, 50, 80, 100 Mr/JI) H 

onpeztenaior HX K03!l>!l>~n:(HeHT HpKOCTH (~) na HecjJeJlOMerpe npn yrJIe 90°. TIo 

nOJIy'leHHbIM pe3YJIbTaTaMcrposr rpa<pliK 3aBHcHMoCTli ~=f (CSi0 2) . 
j I 

2. OnpeOeileHUe MymHocmU npoin« '.	 I 
AHaJIOru'lHO	 nposonar H3MepeHHH K03cjJ!l>liI:(HeHTa ~PKOCTli (B) .rIJI~ rpex I 

InpeAJIO)KeHHblX npof MO~eJIbHOH sonsr. TIo KaJIli6pOB01.JHOH KPHBOH onpenensior 

MyTHocTb (MrJJI): cooTBeTcTBYlOIIJ,y!O. nOJIyqeHHbIM 3HaqeHIDlM ~. ECJIH MYTHOCTb . 

HCCJIe)J;)'eMoH BO,[\bI 60JIbUIe 100 Mr/JI - onpenenenae CJIc)J;)'eT nposoznrn, nOCJIe 

pa36a.BJIeHIDI npoosr .lI.HCTHJlJIHP0BaHHOH BO)lOH. 3Ha1.JCHH~ MYTHOCTH npof BO)lbI ! 

3anHCbIBalOT B Ta6JIHI.\Y. 

YCTPOHCTBO U PAliOTA HE«PEJIOMETPA 
Iii 

OpHHQHn AeiicTBHJI i III 
Pa60Ta He<peJIOMeTPa OCHOBaHa na CBH~H K03<pcjJHIJ.HeHTa llpKOCTH j 

pacceasaroutero 06beKTa llJIH ero OnTH'l.eCKOH rrJlOTHOCTll C KOJIH4eCTBOM 

p~c~e::~I::r::~~!~~ l!:lC'!'!~~, !!P!'!cy'!'C''!'!!~'!0!..!!.!!~ ~ !~':'(" .,"!~,!!,~r~~HU" r~rT~O!,p I 
0	 ~ i 

Ilpa pafiore B He¢>eJIOMeTPH'l.eCKOM pe)/{HMe (Ha yrnax 45 , 90°, 135°) 
i 
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1
 
pacceaausrii CBeTOBOH JIOTOK npoxonar B npaexayio CIiCTeMY, nonaaaer na '. 

f 

!pOTOnplieMHHK H npeotipasyercs liM B anexrpaxecxaa CHfHaJI, KOTOpbIH nocne 

YCIiJIeHIiM o6pa6aTbIBaeTCM MIiKPO-3BM aerpenoaerpa Ii BbI,naeTCM aa QH!ppOBOe 

Ta6JIo B BIi)J,e K03!p!pIil~lieHTa MpKOCTIi, OTHOUIeHHM K03!p!pIil~lieHTOB MpKOCTH Ii 

KOHueHTpaUIiH. 

K03!p!pHUlieHT MpKOCTH,. H3MepMeMbIH sa He<peJIOMeTpe, ecrs OTHOUIeHlie 

MpKOCTIi L H3MepMeMOrO 06pa3Qa Ii MpKOCTH Lo H,neaJIbHOrO paCCeHBaTeAA, 

HaxOMIUerOCM B TeX )I(e YCJIOBHjjX OCBemeHHM, 'ITO Ii H3MepMeMbIH 06beKT. 

IIo)1·roToBKa HeljleJlOMeTpa K pafiore 

TIO,nCOe-,nHHHTb He<penOMeTP K cera 220 B, 50 Fu, TyM6JIep MO)J,Y.IDITOP 

yCTaHoBHTb B rrOJIO)l(eHHe BhIKJI., pysxy CBETO(J)HJIhTPhI - B nOJIO)l(eHHe KOP, . 

BKnlO'IHTb TYM6JIep CETh. 

Ha UH<PpOBOM Ta6JIo ,nOJI)I(Ha nOMBHTbCM MHraJOIUaM sansraa, CHrHaJIH3HpYlOIUaM 

o BKJIlO'IeHHH MHKpO-3BM. ECJIH MHraIOIUaM 3aUSITaJI He nosaanaes - naxars 

KJIaBlillIY IIYCK. Ilporpers He<peJIOMeTp B reseaae 30 MHHyT. 

3aTeM BBeCTH nonpaso-mue K03<p<pHUlieHTbI aa qyBcTBHTeJIbHOCTb aa yrnax, 

npasenenusre B rafin. 1, )J,JIM xero Ha)I(aTlieM KnaBHIlIH "a" BbI6paTh yrOJI 45°, Ha)l(aTb 

ztsa pasa KJIaBHIlIY "H". C nOMOlllblO KJIaBHaTypbI BBeCTH nOnpaBO'IHbIH K03<p<pHUHeHT 

H2 (45) B naMBTh MaIlIfiHbI. 3aTeM Ha)l(aTHeM KJIaBHIlIH "a" BbI6paTb yron 90°, naacars 

CHOBa naa pasa KJIaBHIIIY "H" H BBeCTIi nOnpaBO'IHbIH K03<p<pHUHeHT H2 (90) ,nnM 

zraaaoro yrna, AHaJIOm'IHO BBeCTH K03<p<pHUHeHT H2)J,AA yrxa 135°. 
Tafinaua 1
 

3HaqeHHH nOnnaBOQHbIX K03 rnax
 
Y ro.t 1i3MepeHHM
 A <,0~J 90° 135° 

3HaqeHlie K03!p<pIiQlieHTa HZ 1 1591 1591 1591 

)J;aJIee nposepars OTC'IeT no U,T npn nepexpsrrov CBeTOBOM nOTOKe, KOTOphIH 

):lOn)l(eH 6bITh He MeHee 30 MB Ii He 60JIee 40 ME. )J;nM ororo Ha)I(aTHeM xnaaanra 

BbI6liPaIOT yrOJI 0°, pyKOMTKY CBETO(J)HJIhTPhI nepesonar B nonoxeaae KOP,.B 

KIOBeTHoe orzieneaae BBO,nMT 75 % cserorpansrp 1i3 KOMIlJleKTa nedienoraerpa, 

Ha)l(liMalOT KJIaBIiIIIY KOHTP Ii, ,nO)j(.lJ:aBiliIiCh OTC'IeTa na U,T, BblHHMalOT 

cseroqransrp 1i3 KlOBeTHOro ornenenas. 

CBeToBoH nOTOK, na,nalOIUIiH B KIOBeTHoe OT,neJ1eHHe, nepexpsmaior 

rrpucnocofineaaesr . .u.nJl UeHTpOBKIi JIaMilbI. ECJIH OTC'IeT BblXO,nIiT sa nonycraaue 

rrpeztensr, ero yCTaHaBJIHBaIoT C noaoursro noreanaoaerpa BYJIb. 

IIopHJIOK paooTbl 

H3MepeHue K03+ljIu.D;ueHToB HpKOCTH ~KHX paeceasasomax o6pa3D;oB ! 

I13MepeHHe K03<p<pHUHeHTa jJpKOCTH HCCJIe.n:yeMoH )I(H.D:KOCTH npOBO):lHTb B 

CJIe.nyIOmeM nopszxe: 

1.B KJOBeT}' 3aJIHTb HCCJIe.n:yeM)'lO )i(H.D:KOCTh; 

2. YCTaHOBHTb KJOBeTY B KJOBeTHOe OT.D:eJIeHRe B <PHKcHpoBaHHoe nonosceaae; 

3. Ha)I(aTHeM KJIaBHIlIH "a". BbI6paTb yron, aa KOTOpOM 6y,nyT npoaonjrrscs 

H3MepeHJ1jJ; 

A. HaJKaTL xnasamy "H", C rroMo~hlO KJIaBHaryPhI BDeCm K03<p<pH.QHeHT HI. r 
rrpHBe.D:eHHbIH B Ta6JI; 2 ,lUI» .D:aHHOH KIOBeTbJ,. HIDKaTL KJIaBHIIIY "L;", C rrOMOIUhIO 

KJIaBHaTYPbI BBeCTH B rraMJITb MaIlIHHbI npenaaparensao H3MepeHHYIO nonpasxy aa 

KlOBeT)'. 3aTeM HaJKaTb KJIaBHmy "JJ;", aa UH<PpOBOM Ta6JIo BbICBe'lHBae:rCJI TeKYIUee 

saaxenae H3MepeHHoro K03<p!pHUHeHTa JlpKOCTH pacrsopa H UH<ppa " I " - HH.D:HKar(HJI 

pe)l(HMa "~;". ECJIH aa UH<PpOBOMTa6JIo nOMBHnCJI CHrHaJI "II", .D:aHHaM pacCeHBaIOIUaJI 

)I(H.D:KOCTb He MO)l(eT 6bITh H3MepeHa Ha He<peJIOMeTpe. 

ECJIH aa HH.lJ:BKauHH nOMBJUIeTCJI CHrHaJI " r "- (rpyfio MH nOHH)I(eHHaM 

TO'lHOCTh), H3MepeHHJI rrpoBOLlJlTCH 6e3 HopMHpyeMoH norpeumocra. 
Ta6JIHua 2 

3HaqeHHH K034»4»HD;HeHTa HI .D:JlH BO)1b1 (n=1,33) H 'ldlJIKOCTH C 
) 

nOKa38TeJleM npeJIOMJieHHH 0=1,5 

Krosera 
K03WdlHQHeHT H) nOH 

n=I,33 n=I,5 

ll,RJrnH)J,pHQeCKaH KIOBeTa d=25 MM 1,488 1,695 . 

MHKPOKlOBeTa d = 18 MM 1,630 1,980 

IIpjJMoyroJIbHaM KIOBeTa 1Ox 10 MM 1,661 2,033 

Onpeneneaae nonpasxa na KIOBtrry 

ECJIH npa H3MepeHHH K03<p<pH.QHeHTa jJpKOCTH H3MepjJeMoH . )I(H)J,KOCm 

rpeeyercs HCKJIlO'IHTb paccezmre B KlOBeTe, He06xo.D:HMO onpenemrrs nonpasxy .D:JIJI 

Ka)I(.lJ:OH: KOHKpeTHOH KlOBeThI sa Ka)l(.D:OM yrJIY· 

)];JIM onpeneneaas rrorrpaaxa ioosery He06xo,nIiMO 3aJIHTb ,nIiCTHJIJIHpOBaHHOH 

BO,nOR, yCTaHOBIiTh B KIOBeTHOe OT.D:eJIeHHe B !pIiKCHpOBaHHOe rrOJIO)l(eHHe, pysxy 

CBETO(J)HJIhTPhI yCTaHOBHTb B nonoacenae KOP, Ha)l(aTHeM KJIaBIiUIH " a " 

BbI6paTb yron 45° H HIDKaTb KJIaBHIlI)' IIOIIP. 
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Ha l.(1f<pPOBOM raono BhICBeqlfBaeTCH BenlfqlfHa caraana, COOTBeTCTBYIOll\aH 

nonpaaxe ua KIOBery aa ~aHHOM yrne, 113MepeHlfH HIDKaTlfeM xnasatua nonp 
npOBeCTIf rpa paaa, BhIqlfCJlIfTb cpezntee aplf<pMeTlfqeCKOe 1f3 rpex OTCqeTOB If 

sanacars ero B )/(ypHan ~JlH IfCnOJlh30BaHlfH B nansaeamex. Aaanorasasre 1f3MepeHlfH 

npOBeCTIf aa yrnax 90° If 135°. Ka)/(~h1H MeCHl.( senasaay nonpasxa pexouenayerca 

nposepars, TaK KaK B nponecce pa60ThI C KIOBeTOH ua nosepxaocrn CTeKJla MOryT 

nOHBIfThCH uapanaasr, xoropsre YBeJlHqaT senasaay nonpasxa. 

Boupocsr ~JlH caMoKOHTpOJIH K KOJIJIOKBHyMy oNH 

1. lITO raxoe naeraocrs? 

2. lITO npansro nOHHMaTh non TepMHHOM «MyrHOCTh»? 

3. KaKlUI B3aIfMOCBH3h Me)/(~y nOKaJaTeJIHMH: «MYTHOCTh» H «npoapasnocrs»; 

«MyTHOCTh» H «l.(BeTHOCTh»; «MyTHOCTh» H «asseureaasre semecraa». CyxOH H 

nJlOTHhIH OCTaTOK, ocenaroume H nasemeaaae aemecrsa. 

4. lIeM o6yCJlOBJleHa l.(BeTHOCTh npapozrasrx BO~? Ilpasenare npaxsepa. 

5. Ha lJ:eM OCHOBaHa MeTO~HKa onpezteneaaa l.(BeTHocTH? 

6. Ilpaauan nOCTpoeHHH KaJIIf6pOBOlJ:HhIX rpadiaxoa (mxan)? 

7. 3aKoH Byrepa-Jlaxoepra-Bepa. BJlHHHRe pasuepa sacrau nncnepcaoa q>aJhI 

na orrranecxyro nJlOTHOCTh CHCTeMhI. 

8. YpaBHeHHe Penes, 3aBHclfMoCTh HHTeHCHBHOCTH paccesnaoro CBeTa OT 

paasrepa xacrau H ~JlHHhI sonma. 

JIa60paTOpHaH pafiora N 2 

pH, KHCJIOTHOCTb, CO~ep'lC8HHe cBo6o~HOI'O H arpeccaaaoro ~HOKCH~a yrnepona 

1. 06mHe nOJlOEeHHH 

B 60nhllllfHcTBe npapoaasrx BO~ KOHl.(eHTpal.(HH BO~OPO~HhIX IfOHOB 

ofiycnoaneua JlHlllh COOTHOllleHlfeM KOHl\eHTpal.(HH csofionaoro ~HOKCH~a yrnepona H 

6IfKap6oHaT-lfoHoB. B 3THX cnyxasx pH KOJle6JleTCH B npeaenax OT 4.5 no 8.3. Ha 

BeJlWulHY pH MO)/(eT OKaJaTh BJlIfHHHe HarrH4He B sozte ryMHHOBhIX BemeCTB H 

OCHOBHhIX xapfionaroa, B03HHKaIOmIfX Bcne~CTBHe nornouieaas CO2 B npouecce 

q>OTOCIfHTe3a, a B orztensasrx cnysaax - raiose COJleH, nO~Bep)/(eHHhIX rH~pOJlH3Y. B 

3arOlf3HeHHhlx nORP!1XHOCTHhTX ROIT::lX J(!10MP Toro MO':'T /,OlTe!'W::lTf.CII CH.nf.HhTe 

KIfCJlOTbI If OCHOBaHHll. ,[(onycTHMlUIBeJlH4HHa pH BO~hI, cfipacsraaesroii B aonoev, 
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~OJl)/(Ha HaxO~ThCH B anrepaane 6.5 +8.5. 

Benaxany pH 06h1qHO onpenensior noreanaoaerpasecxaa MeTO~OM, 1f3MepHH 

3,[(C uena, BKJIlOqaromeH B ce6H CTeKJUIHHhIH H KarrOMeJlhHhIH anexrponsr, 

,[(onycKaeTcH R3MepeHHe C Ha6opoM 6Yq>epHhlx cMeceH B KalJeCTBe craanaprnux. 

YqlfThIBlUI, qTO pH BO~hI C TeqeHlfeM BpeMeHH MO)/(eT MeHHThCH, peKOMeH~eTCH 

npoaasonars onpeneneaae HeMeMeHHO nocne oroopa npotisr. 

KUCJlOmllOCmblO IIfl1b16aemCR cooepseauue 6 eooe eetuecme, ecmynatousux 6 

peaKI(UIO C CWlbllbIMU ~eJlOllaMU, m.e. C zudPOKCUd-UOllaMU. 

KIfCJIOTHOCTh npaponasrx BO~ C pH > 4.5 aasacar B OCHOBHOM OT conepzcanas 

csotioaaoro MOKCH~a yrnepona If, B" aeseropsrx vcnysasx, OT npacyrcrsas 

ryMHHOBhIX If npyrax CJla6hIX OpraHHqeCKHx.KHCJlOT. ECJlIf pH < 4.5,TO B H~H 

conepxarcs raxsce cansasre KIfCJIOThI RJlIf COJlH CIfJlhHhIX KIfCJIOT If KaTIfOHhI CJla6hIX 

oCHoBaHIfH. ECJIIf pH asanasapyeaoa BO~hI 60Jlhllle8.3, TO ee KIfCJIOTHOCTh pasaa 

HYJIIO. 

Paanasaror cnenytomae BIf~h1 KlfcnOTHOCTIf: 

a) o{j~Q.ii KUCJlOn"'OCm,b (KotJ - 3KBlfBaJICHTHa paCXO,1l,Y CRJlhHOrO OCHOBaHIfH na 

peaxumo C CIfJIhHhlMH If CJIa6h1MIf KIfCJIOTaMIf npa ~OBe~eHRHpH pacraopa zto 8.3; 

6) c606odlltlR KUCJlOmllOCmb (KcJ - 3KBHBarreHTHa pacxony CRJlhHOrO OCHOBaHIfH aa 

peaKI.(IfIO TOJlhKO C CRJlhHhlMIf KHCJIOTaMlf npn ~OBe~eHIfIf pH OT pH < 4.5 ~o 

pH = 4.5;(nplf pH>4.5 cBo6o~HlUI KIfCJlOTilOCTh panna HyJlIO) 

B) KUCJlOmllOCmb, 3a6UCR~tlR om CJla6bIX uenemyuux KUCJlOm (ZYMUII06b1X' U op.) 

(KcJ. KOHIIeHTpal.(IfH IfX 3KBlfBarreHTHa pacxozry CIfJlhHOrO OCHOBaHIfH aa 

rarposaaae npofisr BO~hI nOCJIe ynaneaaa 1f3 aee csooonaoro ~IfOKCIf~a yrrrepozia 

OT pH 4.5 no pH 8.3; 

r) c606odllblU dUOKcud yenepooa, conepscaaae ero paBHO o6meH KHCJlOTHOCTIf, sa 

BhlqeTOM cBo6o~HOH KHCJlOTHOCTIf If KRCJlOTHOCTIf, 3aBRcHmeH OT cJla6hIX 

ryMIfHOBhlX If ztpyrax nenerysax xacnor; 

~) azpeccu611blU dUOKcud yenepooa - xacrs caofionnoro ~IfOKCIf~a' yrnepona, 

cnocoonaa paCTBOpJlTh Kap60HaT KaJIhIIIfH. 

Onpeneneaae scex BIf~OB KIfCJlOTHOCTIf npoasnonsr rarpoaaaaex npo6 BO~hI 

pacrsopasra CRJIhHhlX OCHOBaHHH. 

Benaxaaa pH raiose HBJIHeTCH BIDKHhlM nOKaJan:JIeM npa oueaxe CTa6HJIhHOCTH 

BO~h1, ee KOpp03HOHHOH arpeccasnocrn H nparoaaocra ,lI,JUI mrrsessrx R 

X03HHCTBeHHhIX ueneii. 
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,UJUI nporaosa KOpp03UOHHOii aKmU6HOCmU BO):j B HaCTOMIl\ee BpeMM I1MeeTCM 

HeCKOJIbKO paC'IeTHbIX I1H):jeKCOB H COOTBeTCTBYIOIl\lIX HM MO):leJIeH COCTaBa 

cTa611JIbHOH H HeKOpp03HOHHOH sozuc. bOJIbWHHCTBO H3 3THX MO):leJIeH npennararor 

OCYIl\eCTBHTb npOrH03 nOBe):leHHM yrJIeKHCJIblX COe):lHHeHHH aonsr B KOHKpeTHblX 

TepMO):lHHaMWIeCKHX YCJIOBlIj/X C nOMOIl\blO HH):lHBH):jYaJIbHbIX pacseraux HH):leKCOB: 

HHll:eKC JIaH)KeJIbe, HH):leKC CHOHHKa ,U)I(eHKHHCa, HH):leKC MrHoBeHHoro 

nepecsnnenaa, rrOTeHU;HaJI ocaacaeaaa yrJIeKHCJIoro KaJIbU;HM H PHt1 npoasaonasrx 01' 

3THX HH):leKCOB OueHO'lHbIX sparepaes. O):lHOH H3 HaH60JIee pacnpocrpanennux 

MeTO):jHK onpenenenaa cTa6l1JlbHOCTH MBAAeTCM MeTO):lHKa, COrJIaCHO KOTOpOH HaXOMT 

uHoeKcJIaH:HCe.Ilbe KaK pa3HOCmbMe:HC0Y (jJaKmU'leCKUM 3Ha'ieHUeM pH 800bl U 

eunomemuuecxou 6eJlUljUHOU pHs. Om8e'lalOU/reii cocmORHUIO Hacbl~eHUR8oobl 

Kap6oHamoM Ka.nb~UR. TIoCJIeIl:Hj/j/ paCC'IHTblBaeTCM aa- OCHOBe COBMeCTHoro 

pemenaa ypaBHeHHH rrpOH3Be):leHHM paCTBopHMOCTH Kap60HaTa KaJIbUHM, BTOPOH 

crynean ):lHCCOUHaU;HH yrOJIbHOH KHCJIOTbI, HOHHoro npOH3Be):jeHHM BO):lbI H 

3JleKTpH'IeCKOH HeHTpaJIbHOCTH BO):lHOrO paCTBopa, B KOTOpOM rrpHcyTcTBylOT 

COe,lJ;HHeHH1i aeopraaasecxoro yrnepozra, Pemenae 3IllX ypaaaeuaii aBIopOM 

MeTO):jHKH OCYIl\eCTBJIeHO C PM):jOM ):jonYIl\eHHH, xoropsre BbI3blBaIOT B HaCTOMIl\ee 

BpeM" KpHTH'IeCKHe 3aMe'laHHM. TeM He MeHee, 31'01' HH):jeKC BKJIIO'IeH npaKTH'IeCKH BO 

see orexecrsenasre HopMaTHBHbIe .l\OKYMeHTbI, KaCalOIl\HeCM rrO):jrOTOBKH BO):jbI ):jJIM 

X03HikTBeHHO-rrHTbeBbIX H TeXHH'IeCKHX Hy)l():j, B TOM 'IHCJle CHHO 2.04.02.-84. 

HHoeKc JIaH:HCeJlbe paeen JecRmU'lHoMy JlOZapuf/JMy OmHOUleHUR 

«ouuenmpauuu OuoKcuoa yznepooa, omeeuatotuei; cma6WlbHoMy cocmORHUIO 

800bl, K f/JaKmU'leCKOU «onueumpauuu eeo 8800e. 

CYIl\eCTBYIOT rpaaauu npHMeHHMOCTH aanexca JIaH)I(eJIbe. OH HenpHMeHHM 

MJI onpe):jeJIeHHM arpeCCHBHOCTH BO):jbI, KOHTaKTHpYIOIl\eil: C rraCCHBHpYIOIl\HMH 

MeTaJIJIaMH, CKOpOCTb KOpp03HlI KOTOpblX YMeHbwaeTCM C rrOBblIIIeHHeM 

KOHuefITpaUI-Hf KHCJIOpO):ja na rrOBepXHOCTH (aJIIOMHHHH, aepacaseromas CTaJIb). ECJlH 

npaponnsre BO):jbl conepscar KpeMHe3eM HJIIf OpraHH'IecKYIO B3BeCb (nanpaxep, 

BO):jOpOCJIH), CaC03 MO)l(eT BMeCTO MeTaJIJIlf'leCKOH nOBepXHOCTH ocasotarsca aa 

KOJlJIOH):jHbIX HJlH OpraHH'IeCKHX xacrauax, B 3TOM cnysae CKOpOCTb KOpp03HH fiyzter 

BblCOKOH ):ja)l(e npa nOJIO)l(HTeJlbHOM HH):jeKce. 

HHoeKC CHouHKa-!1:HCeHKUHCa TaK)I(e npencrasnser C060H Pa3HOCTb Me)l(JlY 

4!aKTH'IeCKlIM 3Ha'leHHeM pH BO):jM H rHrrOTeTlI'IeCKOH BeJIWlHHOH pHsn' 

onpenenaeaoa CJle):jYlOlllHM06pa30M. Caasana COBMeCTHO peIIIaIOT ypaBHeHHM 
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npOH3Be):jeHHjI pacTBopHMOCTH Kap60HaTa KaJIbUHM H BTOPOH cTYneHH ):jHCCOI.VIaI.J;HH ; 

yronsaoa KHCJIOTbl OTHOCHTeJIbHO aKTHBHOH KOHueHTpaIIHH HOHOB sonopona , 

KOTOpM 0603Ha'iaeTCM KaK [Hlsn , r-aoa/n:	 [ 
I

2+][HC0	 1
[Ir]sn=[Ca 3-]K21nPc.coJ, (3)
 

r,~e [HC03' ] - aKTHBHM KOHu;eHTpaU;lIj/ fiaxaptiouara, r-aon/n.
 

K 2 - BTOpM KOHCTaHTa ):jHCCOU;HaU;HH yronsaoa KHCJIOTbI. 

KOM6HHHpyH 3aTeM 31'0 ypasaeaue C ypasaenaea BTOPOH cryneaa ):jHCCOU;HamUi 

yrOJIbHOH KHCJIOTbl, HOHHoro npOH3Be):jeHHjI sonu H 3neKTpH'IeCKOH HeHTpaJIbHOCTH 

BO):jHOro paCTBopa , nOJIY'lHM: . 

..
2[w 1,. = [Ca + ].([cil-oK: + [w]J.----&-.~ . .' 1ifJ llPeaeo, 2K2 + IH	 (4) I 

l1H):jeKC CHOHHKa-~eHKHHca no cpasneaaro C l1H):jeKCOM Jlanzcense MBAAeTCM
 

fionee npennourarexsaua, nOCKOJIbKY npa pacsere pH )"IHTblBaeTCM
sn
 

):jonOJIHHTenbHO HCXO):jHM KOHueHTpaUHM HOHOB sonopozta.
 

HHoeKC aepeccueuocmu (HA) MBJIMeTCM npOH3BO):lHbIM 01' HH):jeKca CHOHHKa 

'u)I(eHKHHca. Jlorapmpsrapys (2) H 3aMeHMM. B HeM KOHueHTpau;HIO 6HKap60HaTOB na 

Il\eJIO'lHOCTb ):lAA reaneparypsr 25°c HORHOH CflJIbI, pasnoii 0.01, H C )"IeTOM (4), 

nOJI}"IHM: 

I1A = pH + 19(Cal'Il(), rae Cal fI ur -.HCXO):jHM KOHu;eHTpaU;HjI, COOTBeTCTBeRHO 

HOHOB KaJIbUHM fI Il\enO'IHOCTH, Mr/JI. 

31'01' f1H):jeKC BKJIIO'IeH B aMepHKaHcKHH craaztapr ua sononpoaonssre 

acfiecrouexrenrnsre rpytisr C402-77. 

B OTe'leCTB~HHOH npaxraxe CTOHKOCTb 6eToHoB HOPMaJIbHOlf rrnOTHOCTfi 

oueHHBaeTCM no CHHTI 2.03.11-85 B 3aBflCHMOCTH 01' conepacaaas B aone 

6HKap60HaTHoH Il\eJIOlfHOCTH. 

2. 3aLla'la: Onpeaeanrs BeJIH'IHHy pH HCCJIeLlyeMoH BOLlbi. 

Annaparypa: 

1. pH-MeTp pH-410. ,[{JIM H3MepeHHM BeJIfI'IHHbI pH acnornoyercs 3JIeKTpo):jHaJI 

CHCTeMa co CTeKJIMHHbIM 3JIeKTpO):lOM; B xaxecrse scnoaorarensnoro 3JIeKTPO):la 

npHMeHMeTcM nporo-msra XJIopCepe6pMHbIH anexrpon, 
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XO)J, pa6oTbI: 

BHl1MAHI1E: npa pafiore C 3JleKrpO,ll.aMH ,lI.OnYCKaeTCH HCnOJIh30BaTh TOJIhKO 

noxaaraneaossre CTaKaHlfHKH 

TIOrpY3HTh 3JIeKrpo)J,hI B HCCJIe)J,yeMhIH pacrsop, sepea 3 MHHyThI npoaasecra 

OTClfeT nOKaJaHHH npafiopa, ll:JIH nOJIyqeHHH TOlfHhIX 3HaqeHHH pH He06xo,ll.HMO 

nepe.r KmK,lI.hIM H3MepeHHeM TII\aTeJIhHO npoMhIBaTh anexrpozrsr ,lI.HCTHJIJIHpOBaHHoH 

BonoR H 3aTeM oCYIIIaTh HX <pHJIhrpOBaJIhHOH 6yMaroH. 

Do OKOH'IaHHH pa60Tbi C pH-MeTpOM 3JleKTp0,ilhl )J,OJIJKHbl 6b1Tb nposssrna H 

onymensr.s CTSKaH C )J,HCTHJIJIHpOBaHHoH 80)J,oii. 

3. 3a)J,aQa : Onpe)J,eJIHTb CB06o,ilHylO KHCJIOTHOCTb HCCJle)J,yeMoii BO)J,bl. 

Annapa'rypa: 

I. KOJI6hI eMKOCThIO 50 MJI ,!I.JIH THrpoBaHHH. 

2.	 DIOpeTKa (nanerxa) ,lI.JIH rarposaaaoro pacrsopa enxoro aarpa. 

PeaICTHHb!: 

1. MCTHJIOBhIH opaaxeasni, 0.05% BO)J,HhIH pacrsop. 

2. E,lI.KHH Harp, O.1H pacrsop. 

XO)J, pa60Tbl: 

K 2S MJI HCCJleJJ.YeMOH BO)J,hI )J,06aBJllIIOT 2-3 xanna pacrsopa HH,lI.HKaTOpa H npa 

rrOHBJleHHH xpacnoro osparuaaaaaa THTpyIOT O.1H pacraoposr NaOH ,lI.O nepexona 

0KpacKH B 30JIOTHCTO-P030BYIO. Tarposaaue senyr aa 6eJIOM <poHe. ECJIH npa 

)J,06aBJIeHH·H HH)J,HKaTopa K BO)J,e pSCTBop-cTaHoBHTcH JKeJITblM ~cBo6o)J,HaH 

KHCJIOTJ.l0CTb paana HyJIlO. 

CB06o,ll.HYIO KHCJIOTHOTh K eB B Mr-3KB/JI BhIlfHCJISlIOT no <p0pMYJIe: 

KeB= 4 x k x a, 

rne k - nonpasovaua K03<P<PHIIHeHT )J,JllI npaaenenas KOHIIeHrpIIHH NaOH TOlfHO K 

O.1H; 

a - pacxozi 0.1 H NaOH aa rarposanae, MJI. 

- 26

4. 3a)J,a'la: Onpe)J,eJIHTb KHCJIOTHOCTb BO)J,hl, 06yCJIOBJIeHHylO CJIa6b1MH 

HeJlery'lHMH KHCJIOTaMH. 

I	 TIEPEJJ: HAllAJIOM PMOTbI BKJIIOlfliITb 3JIEKTP0IlJIJ1TKY I 

Annaparypa: 

1. IIrrHTKa 3JIeKrpH'IeCKaH. 

2. KOJI6a TepMOCTOHKaH. 

3. DIOpeTKa (nHIIeTKa) )J,JllI rarposaaaoro pacrsopa enxoro aarpa. 

PeaKTHBbl: I 
1. <1>eHOJI<pTaJIeHH, O.5%-HhIHCIIHPTOBhIH pacrsop. 

2. E,lI.KHH Harp, O.IH pacrsop. 

XO)J, pa60TbI: 

TIp06y BO,ll.hI 06beMoM 25 MJI HeHrpaJIhHyIO no MeTHJIOpaH)I()', KHIUlTHT B 

reseaae 2 MHH. ,!I.JIH y)J,aJIeHHH cBo60,ll.HOrO )J,HOKCH,lI.a yrnepona, 6hICrpO OXJIaJK.L\aIOT 

non crpyeti BO)J,hI. 3aniM )J,06aBJIHIOT 3 KaIIJlH <peHOJI<pTaJIeHHa H THrpYIOT O.IH 

pacrsopoa NaOH )J,O nOHBJIeHHH cnafo-posoaoro oKpaIIIHBaHHH, He acxeaarourero B 

rexeaae 2-3 MHH)"f. 

KHCJIOTHOCTh, 3aBHcHII\YIO OT npHcyTcTBHH B aone CJIa6hIX neneryxax KHCJlOT, 

Ken B Mr-3KB/JI BhI'iHCJIHIOT no <p0pMYJIe: 

Kc.1 = 4 x k x b,	 "'\ 

? I 

rnek -monpasosasnt K03<P<PHIIHeIIT )J,JllI npHBe)J,eHHH· KOHIIeHrpIIHH NaOH	 TOlfHO K . ! II,
O.lH; !

! !,b - pacxon O.1H NaOH aa THTpoBaHHe, MJI. 

5. 3a)J,sQa: Onpenemrn, 06mylO KHCJIOTHOCTb HCCJIe)J,yeMoH BO)J,bl.
 

Annaparypa:
 

I. KOJI6hI eMKOCThIO SO MJI )J,JllI THrpoBaH'IH.	 1 

2. DIOpeTKa (nanerxaj nna rarposaaaoro pacrsopa eztxoro aarpa. 

PeaKTHBbl: 

i , WI:HUJIq,TaJII:I1H, U.j'io-HwH \,;JIYlP IUtiUtt paUtlUp. 

2. E,lI.KHH Harp, 0.1H pacrsop. 
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JIa6opaTopHaH pafiora N 3. ~eJ1OqHOCTb H lICeCTKOCTb npaponusrx BO.n:XOJ:\ pa60Tbl: 

I. 06mHe nOJlOllCeHHHK 25 MJI HCCJIe~yeMoH BO)].bI ztofiaanatcr 2-3 KanJIH pacrsopa HH~HKaTopa H I 
IIllenouuocmsto Ha:JblBalOm cooepoeanue B eooe eetuecme, BcmynalO~ux BTHTPYIOT O.IH pacrsopoa NaOH no nepexozra oxpacxz B P030BYIO. THTpoBaHHe senyr 

peaKUrulO C CUJlbHblMU KUCJlOmtlMu, m:e. C uouauu eooopooa.na 6eJIOM tPoHe. 

06I.II,)'IO KHCJIOTHOCTb (KoG) BbIqHCJIRIOT no tPopMyJIe: lI.(eJIOqHOCTb npaponasrx BO~ 3aBHCHT, B OCHOBHOM, 01' conepzcanas COJIeH 

yrOJIbHOH KHCJIOTbI. TIo~ 06rn;eH rn;eJlO'lHOCTbIO nOHHMaIOT CyMMy coztepacautaxca BKeG = 4 x k x c, 
sone rH~poKc~-HOHOB H aHHOHOB CJla6bIX KHCJIOT (HCO)-, CO/- H np.), , I 

rzte k -nonpaaosasnl K03tPtPHQlieHT ~J1JI npaaeneaas KOHQeHTpQHH NaOH TOqHO K .' pearapyroumx C COJIRHOH HJIH cepnoa KHCJIOTaMH C 06pa30BaHHeM XJIOpH.n;OB HJIIiO. \H 
C - pacxoztO.IH pacrsopa NaOH aa THTpoBaHHe, MJI. cynuparos. 

TIPH pH soztsr MeHee 8.3 OCHOBHblM KOMIIoHeHToM meJlOqHOCTH npaponasrx BO.n: L 
6. 3aJ:\aqa: Onpenemrrs KOHueuTpaUHH cB060jlHOrO H arpeccaanoro RBJIRIOTCR aHHOHbI HCO)- (rxnpoxapfiouaraas .ntenoxaocrs), a npa QBeTHOCTH fionee 

.n:HOKCHJ:\a yrnepona B none no HOMorpaMMaM . 40 - TaK)I(e aHHOHI.I ryMHHOBOH H $YJIbBOKHCJIOT (TaK Ha3bIBaeMaR "ryxaraaa" 

TIOpR.n:OK onpenenenaa CM. B npHJIO)l(eHHM 1. utenosaocrs). 

TIpH pH BO~I.I 60JIee 8.3 KOMnOHeHTaMH 06rn;eH rn;eJIO'lHOCTH MOryT 6bITb, B 

Bonpocsr .n:JlKcaMoKOHTpOJlK K KOJlJlOKBHyMy N!! 2: 3aBHCHMOCTH OT BeJlH'IHHI.I pH, aHHOHbI HCO)-, CO/-, 011. Ta 'IaCTI. 06rn;err 

1. tITO xaxoe KHCJTOTHOCTh? R qeM ssrpaacaercs KHCJlOTHOCTb? 1!eM o6yCJIOBJIeHa 
rn;eJIO'lHOCTH, KOTOpaR coorsercrayer KOJIHlJeCTBY KHCJIOTbI, He06xo~HMOMY zms
 

KHCJIOTHOCTb BO~bI?
 nOHH)I(eHHR pH no 8.3, Ha3bIBaeTCR cB060~Horr meJIO'lHOCTbIO. ECJIH pH BO~hI MeHbllJe 

2. Pa3HOBH,J:\HOCTH KHcrrOTHOCTH npapoznrofi BO~b!. 4.5, TO ee rn;eJIOlJHOCTI.pasaa nymo. 

3. I1HjlHKaTOpbI .n;JIil enpenenenas KHCJIOTHOCUI, ~Harra30HbI HX pa60TbI H MexaHH3M KOJIH'leCTBeHHoe COOTHOIIJeHHe _Me~y Pa3JIHqHbIMH coe~HHeHHRMH
 

~eHCTBHR.
 yrneKHCJIOThI onpenensercx ypaBHeHHRMH ~HCCOQHaQHH nepnoii H 'BTOpOH crynena, 

4. tITO raxoe pH cacreau? KaK 31'01' napaaerp MO)l(eT 6bITb onpeztenen? OCHOBHbIe K 1 H K 2 3aBHCRT OT KOHQeHrpaQHH HOHOB sonopona. TI03TOMY cynrecrsoaaaae
 

3JIeMeHTbI H3MepHTeJIbHOrO npafiopa. CTeKJIRHHbIH 3JIeKTpo~.
 Pa3JIH'IHbIX tPOPM yrJIeKHCJIOTbI B pacrsope O[lpe~eJIReTCR BeJIHqHHOH pH. ,llHarpaMMa 

5. TIoHRTHe arpeccasnocra H KOpp03HOHHOH aKTHBHOCTH BO)].b!. COOTHOIIJeHHHPa3J1H'1HbIX coe~HHeHHH yrOJIbHOH IillCJIOThI 01' pH 

6. Haaexcia OQeHOqHbIX KpHTepHeB CTli6HJIbHOCTH. 100 I _ 1 

80 

#

~ 60 

~ 
~ 40 

, I ~ 
20 

),,1 
4 
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113 pncyaxa cnenyer, 'ITO npa pH <40 BClI aaxonsiuaacs B aone yrJleKHCJlOTa 

rrpencraaneaa TOJlbKO ilHOKCHilOM yrnepoaa CO2• TIo Mepe nOBbIIIJeHHlI pH ilOJIll CO2 

yMeHbwaeTClI, a CJIeilOBaTeJIbHO, B03paCTaeT ilOJIlI rH.L\poKap6oHaTOB. TIPH pH = 

8.3+8.4 npaKTH'-1eCKH BClI yrnekacnora HaxOilHTClI B sane ranpoxaptionaros. TIPH 

.L\aJJbHeHweM 1I0BbIIIJeHHH pH (60JIee 8.4) npacyrcrsyror TOJIbKO ranpoxapooaar- H 

Kap60HaT - MOHbI. TIPMpH> 12 B pacrsope HaxO,lVlTClI TOJIbKO xaptionarta. )
3KcnepHMeHTaJJbHo menosuocrs onpenenstor THrpoBaHHeM npo6 sonsr 

pacrsoposr CMJlbHOH KMCJlOTbI B npHcyTcTBMH HHilHKaTOpOB. KOMlIoHeHTbI 06ll.\eH ) 
ll.\eJlO'JHOCTM (rH.L\poKap60HaTHalI, Kap60HaTHalI H razrparaas) paCC1JHTbIBaIDTClI 1I0 

pe3YJIbTaTaM onpeaenenaa 06ll.\eH H CB060.L\HOH ll.\enOtIHOCTH. 

Ilpa rurposaaaa C «peHOJI«pTaJIeHHOM no nepexona OKpaCKH H3 P030BOH B 

6eCl.{BeTHyIO (pH 8.2+8.4) npOTeKaIDT peaxuaa HeHrpaJIH3aUHH rH.ll.pOKCH,ll-MOHOB M 

Kap6oHaT-HoHoB C 06pa30BaHHeM, COOTBerCTBeHHO, sonsr H DI..L\pOKap60HaToB: 

oir+H+ => H 20; C02
- 3+W => HC03

Cnezroearem.ao, pacxon KHCJIOTbI aa TMTpOBaHHe C «peHOJI«pTaJJeHHOM 

3KBHBaJIeHTeH conepxaaaro rHilPOKCHJIOB H nOJIOBHHbI Kap60HaTOB, T.K. 1I0CJIeilHHe 

HeHTpaJIH3YIOTClI ronsxo HaIIOJIOBHHY, .L\O HC03-, I.lJ,1 = [OIr]+0,5[CO/-], rne I.lJ,1 

ll.\eJIOqHOCTb BOilbI, Mr;3KB/JI; [OIr] H[C03 
2
- ] - xonuearpanaa rHilPOKCHil-HOHOB H 

Kap61)HaT-HOHOB, Mr-3KB/n. 

TIPH ilaJIbHeHIIJeMTHrpOBaHHH B npHcyTcTBHH MemnOpaH)I(a (pH=4.0+4.5) 

npOHCXO.ll:HT peaxnas HeHrpaJIH3al.{MH rH.L\pOKap60HaTOB: HC03-+H+=:> CO2 + H 20. 

CJIe.L\OBaTeJIbHO, sees pacxon KHcnOTbI OT nasana M .L\O KOHl.{a HempaJIH3al.{HH 
. 2 

3KBMBaJIeHTeH conepxanmo HOHOB IIJ.06m= [OH1+[COJ 1, a BeJIH1JMHa I.lJ,1 lIBJIlIeTCjl )
CB060ilHOH ll.\eJI01JHOCTblO IIJ..o, KOTOpalI 06yCJlOBJleHa HaJIHtIHeM rHilPOKCM.ll:OB H 

1I0JlOBH~bI Kap60HaToB. ECJIH pH BOilhI HH)I(e 4.0+4.3, TO ee urenoxnocrs pasua HYJIl~. '} 
Bona pex cpennett nOJIOCbI eBponeHCKOH qaCTH POCCHH HMeeT pH 7+8, ll.\eJI01JHOCTb 

3TOH aonu 06bI1JHO COCTaBJIlIeT 3+4 Mr-3KB/JI. 

06II.\alI JlCeCTKOCTb ()I(o) sonsr xapaxrepmyer KOHl.leHTpal.lHIO B HeH KaTHOHOB 

.L\BYXflaJIeHTHbIx ll.\eJI01JH03eMeJlbHhIX MeTaJInOB, npeacae Bcero KaJIbl.{IUI H MarHHlI. 3TH 

3JIeMeHTbI B npaponnsix yCJIOBHlIX nonanaior B BOilY BCJIeilCTBHe B03ileHCTBHlI 

ilHOKCHila yrnepozia aa xaptioaarasre MHHepaJIbI HJIH sa C1JeT nponyxron 

6HOXMMH'-IeCKHX nponeccos, npOHCXOilllIIJ,HX B YBJIa)l(HeHHbIX CJIOllX nOtIBbI. 

06II.\alI )I(eCTKOCTb MO)l(eT 6blTb BbItIHCneHa no «popMyJIe: 

- 30

)J( JCa
2 

+ t IMg 2 
+ ] 

o 20.04 12.16' 

rile 20.04 H 12.16 - 3KBHBaJIeHTHhIe MaCChI, COOTBeTCTBeHHO, Ca H Mg. 

KOnH1JeCTBO KaJJbl.lHlI H MarHHlI, 3KBHBaJIeHTHOe KOJIHtIeCTBy Kap60HaToB H 

6HKap6oHaToB, Ha3bIBaeTClI Kap6oHaTHoH (BpeMeHHoH) )I(eCTKOCTblO ()I(K)' 

HeKap60HaTHalI (nocrosaaas) )I(eCTKOCTb ()I(H.) onpenensercs KaK Pa3HOCTb Me)l():ly 

06II.\eil H Kap60HaTHoH )I(eCTKOCTbIO H noxaasrsaer KOJIHtIeCTBO KaTHOHOB 

ll.\eJIOtIH03eMenbHbIX MeTaJlJIOB, cooTBeTcTBYIOll.\HX aHHOHaM MHHepaJIbHbIX KHcnOT: 

XJIOpHilaM, cyrrsdiaraa H ilp. )l(H. = )1(0 - )l(K' Ecna KOJlHtIeCTBO runpoxapoonaroa B 
2+] 2+]), !

BO.L\e npeasnnaer CO.L\ep~HHe Ca 2+ H Mg2+ ([HCO-3]>[Ca +[Mg TOKap60HaTHalI 

C 2+ M 2+ E')I(eCTKOCTb 3KBHBaJIeHTHa cyMMapHOMY conepxamno a H g. CJIH 

3KBHBaJJeHTHalI xoanerrrpanaa rHilpOKap60HaTOB pasaa cyMMe 3KBHBaJJeHTHbIX 

KOHl.{eHTpal.{HH KaJIbl.lHll H MarHHlI, TO )1(. panna )1(0' ECJIH )I(e conepxaaae HOHOB 

KaJIbl.{HlI H MamHlI ssnne, tIeM KOJIHtIeCTBO rHilpOKap60HaTOB, TO Kap60HaTHalI 

)I(eCTKOCTb paBHa xonnearpanaa [HC03-]. 

,l..\,JuI onpeneneaas 06ll.\eH )I(eCTKOCTH BOilbI HClIOJlb3yeTclI 

KOMI1JIeKCOHoMerpHqeCKMH MeTOil, OCHoBaHHhIH aa cnoc06HoCTH 

aMHHOlIOJIHKap60HoBbIX KHcnOT 06Pa30BbIBaTb KOMIIJIeKCHbIe aHHOHbI C HOHaMH 

II.\eJIOtIH03eMeJlbHbIX MeTaJInOB. ,lLn1l onpeneneaas Kap60HaTHoH H HeKap60HaTHoH 

)I(eCTKOCTH nOnb3YIOTclI paCtIeTOM (CM. Ilpanoxeaae). 

2. 3a~aqa: onpeaemrrs BeJIHQHHYpH HCCJIe~yeMoH BO~bl • 

I 
~ .TIOP.ll,!J.OK orrpenenenas CMOrpH B n.2 JIa60paTopHoH pa60TbI N2. 

3. 3a~aQa: onpe~eJlHTb cBo6o~HYIO meJlOQHOCTb (IIJ....) BO~bl. 
~ 

Annaparypa: 

1. KOJI6bI eMKOCTbIO 200 MJI ilJIll THTpoBaHHlI. 

2. Bioperxa (nnnerxa) )l,JIlI rarposaaaoro pacrsopa KHCJlOTbI. 

PeaKTHBbl: 

1. COJIlIHalI xacnora, O.1H paCTBOp. 

2. <1>eHOJI«pTaJIeHH, 0.5 % cnaproasnipacraop. 
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XOJl pa60Tbl: 

K 100 MJI HCCJIe,nyeMoH soztsr, orvepeuaux IIHrreTKOH B KOHHqecKYJO KOJI6y, 

.lI06aBJIJlIOT 2-3 KarrJIH HH,nHKaTopa H nnpYIOT O.1H pacTBOpOM KHCJIOThl no nepexona 

OKpaCKH H3 xpacnok B 6ecLlBeTHyIO. 

1 MJI 0.1H pacrsopa HCl, rrollIe,nulHH na THTpoBaHHe 100 MJI npofisr, 

cOOTBeTCTByeT meJIO'lHOCTH 1 Mr-3KB/JI. 

4. 3aJla'la : Onpeaemrrs o6mylO meJIO'lHOCTb (~ofilll) BOJlbI. 

Annaparypa: 

1. KOJI6bI eMKOCTblO 200 MJI ,l\JI1i THTpoBaHIDI. 

2. ElOpeTKH (nanerxaj nns rarposaaaoro paCTBOpaKHCJIOTbI•. 

PeaKTHBbI: 

1. CCITliHaJI KHCJIOTa, 0.1H pacrsop. 

2. Meranoasra opaaxeauii, 0.1 ~tQ nO;J;HbIH pacrsop, 

XOJl pa6oTbI: 

K 100 MJI HCCJIe.nyeMoH sozrsr, oTMepeHHbIM mmeTKOH B KOHH'lecKYIO KOJI6y, 

.lI06aBJIliIOT 3 xanna HH,nHKaTopa H TH~YIOT 0.1H pacraoposr KHCJIOTbI no nepexona 

oxpacxa H3 :lKeJITOH B 30JIOTHCTO-POJOBYIO. 

1 MJI 0.1H pacrsopa HCl, nomeznnaa na THTpoBaHHe 100 MJl npoosi, 

COOTBeTCTByeT meJIO'lHOCTH 1 Mr-3KB/JI. 

. 5.. 3aJla'la: paccsarari, fHJlpaTuylO, Kap6oHaTuylO H fHJlpOKap6ouaTHylO 

meJIO'lHOCTb BOJlbl. 

Pac'leT oCHOBaH ua npennonoxenaa, 'ITO meJIOqHOCTb BbI3bIBaeTCJI TOJIbKO 

HOHHbIMH «P0PMaMH CO:! H, B OT.lIeJIbHhlX CJIy'laJIX, rH.l\pOKCHJIbHbIMH HOHaMH. 3Ta 

npennocunxa pezixo COOTBeTcTByeT .lIeHCTBHTeJIbHOCTH, nosrovy pacser zraer scerna 

JIRllIb npatimoseanue pesynsraru. 

<I>OpMyJIbI .lIJIJI pacsera rH,npaTHOH, Kap6oHaTHOH H rartpoxapfiouarnoii 

meJIOqHOCTH npezrcraaneasr B rafinaue 3. 
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Ta6JIHI.I,a 3 

COOTHOIlIeHHe <l>OpMYJIhI )lJIli pacsera 

Me:lK.lIY Il\06111 H ~8 
Bona conepsorr 

HC03  CO/ mr 

~.=O ranpoxapooaarsr I.l.l.o6'u 0 0 

2~B<Il\o6Ul ranposapfionaru 

H xapooaaru . 

Il\o6Ul-2 ~B 2Il\CB 0 

-

2Il\CB=Il\o61U Kap60HaTbI 0 2~8 0 

2Il\CB> I..Uo61U xapfioaarsr H 

m.n;paThI 

O. 2(IlJ,CB- Il\o6U1) 2~B- Il\o61U 

Il\CB=!.Q,6Ul ranparsr 0 0 'IlJ,001U 

6. 3aJla'la: onpeaemrri, o6mylO aceCTKoCTb BOJlbl KOMnJIeKCOHO

MeTpH'IeCKHM 0 MeTOJlOM, paCC'IHTaTb Kap6oHaTHylO H HeKap6oHaTHyro 

acecTKocTbBO.llbl. 

,ZVul onpeneneaaa :lKeCTKOCTH rrpHMeHJlIOT THTpoBaHHe npofisr BO,nhI paCTBOpOM 

KOMrrJIeKCOHa III (TpHJIOHa B) B npacyrcrsaa HH.lIHKaTOpa epaoxpoxa sepaoro - 1. 

Korna B aHaJIH3HpyeMYlO rrpo6y BBO.llJlT 3pHOXpOM qepHbIH - T, OH ofipasyer (npa pH '" 

10) C HOHaMH KaJIbLlHlI oH MarHHJI saumeso-spacaoe. xosmnexcaoe coenanenae. Ilpa 

rrOCJIe,nYIOw.eM THTpoBaHHH TpHJIOHOM B rrOCJIe,nHHH, coe,nIUUUICb C HOHaMH KaJIbLlIDI H 

3aTeM C HOHaMH MarHHJI, BhITeCHlieT HH,nHKaTOp, KOTOPbIH B CBo6o.llHOH «popMe HMeeT 

CHHIOIO OKpaCKY. ToqHOCTb onpenenenaa npa THTpoBaHHH 100 MJI npofisr COCTaBJIJleT 

0.05 Mr-3KB/JI. 

Annaparypa: 

1. KOJI6bI ztns THTpoBaHIDI. 

2. IilOpeTKH (rrHIleTKH) MJI THTpOBaHHJI. 
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PeaKTHBbI: 

1. E):\KHH aarp, 0.1 H pacraop. 

2. 3pHOXpOM qepHI.IH-T, CMecI. C xnOpH):\OM HaTpIDI. CMecI. HH):\HKaTopa C xnopanov 

narpas npHroTaBJUlIOT CMeUIHBaHHeM H T~aTeJII.HI.IM pacrapaaaev 0.5 r 

spaoxposia sepaoro - T co 100 r XJIOpH):\a HaTpHH MapKH s.n.a, 

3. TpHJIOH E, 0.05 M pacrsop•. 

4. Conaaas KHCJIOTa, 0.1 H pacrsop. 

Xonpaeorsr: 

K50 + 100 MJI npOOI.I BO~hI rrpHJIHBaIOT HecKOJIhKO xarrens pacrsopa aMMHaKa 

ztns C03):\aHHH pH OKOJIO 10. 1l0cJIe nII:aTeJII.Horo nepeaemasauaa rrpH6aBJUlIOT . 

HeMHoro CYXOH CMeCH HH):\HKaTopa C NaCl. TIocJIe nepesreurasanaa pacrsop THTpYIOT 

0.05M pacrsopox TpHJIOHa E ):\0 nepexozta KpacHoH oxpacxa B <pHOJIeToByIO. 3aTeM rro 

KarrmlM npa T~aTeJII.HOMnepevenraaanaa nocreneaao ):\OBOMT rarposaaae no CHHeH 

oxpacxa accnenyeaoro pacrsopa. 113MeHeHHe oxpacxa nonrsepxnaror ):\06aBJIeHHeM 

erne O):\HOH KarrJIH rarposaauoro pacrsopa. THTpOBaHHe He ):\OJI)I(HO rrpo):\OJI)I(aTI.CR 

nonsure 5 MHH. 

06rn:yIO )I(eCTKOCTI. ()Ko6111) B Mr-3KB/JI BI.IqHCJIliIOT rro <popMyJIe: 

)K06111 = a x k x 100 I V, 

rae a - KOJIHqeCTBO H3pacxo):\oBaHHoro 0.05M pacrsopa TpHJIOHa E, MJI; 

k - nonpasxa MomlpHocTH pacrsopa TpHJIOHa E; 

V - KOJIHqeCTBO B3jjTOH,lUIS THTpOBaHHH np06I.I, MJI. 

7. 3a):\a"la: pacc-nrrarr, Kapt$oHBTHYIO H HeKap6oHaTHYIO :lKeCTKOCTH. 

)lrrR BI.lqHCJIeHHlI Kap60HaTHoH )I(eCTKOCTH HCrrOJII.3YIOT pe3YJII.TaTbI 

onpenenenas ~eJIOqHOcTH. Y npofi, xoropsre conepxar 60JII.llIOe KOJIHqeCTBO 

KaTHOHOB ~eJIOqHhIX MeTaJIJIOB, H y KOTOpI.IX qaCTI. runpoxapooaarasrx H 

Kap60HaTHI.lx HOHOB CB1I3aHI.I C 3THMH MeTaJIJIaMH, BeJIHqHHa, BI.IqHCJIeHHaJI rro 

~eJIOqHOCTH, He orsesaer Kap60HaTHOH )I(eCTKOCTH. B 3THX CJIyqaJIx HMeeTCli B BH):\y 

TOJII.KO	 06~aJI )I(eCTKOCTI.. 

TIPH aHaJIH3e BO):\, ~eJIOqHOCTI. KOTOpI.IX BI.I3BaHa He TOJII.KO HOHHhIMH 

*~Pi".iu..i".i.":i J".lv.i!oiiv~ l\.n\.iJJVJD~, a .1aJ\..II\~.t'J an1'lVnafVUt ,Ll,fJJl.l1A '-'JJaUUAI1\,.:.\,;UU".l1..l1....,UUd11.tlblA 

KHCJIOT, B pe3YJII.TaTe pacsera 6y):\eT nonyiuena OllIH6Ka, rrpOnOplI,HOHaJII.HaJI 
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KOHlI,eHTpaII:HH 3THX KHCJIOT. 

Kap60HaTHaJI )I(eCTKOCTI. (B Mr-3KB/JI) pasua ill, rne m- 06~aJI ~eJIOqHOCTI. B 

Mr-3KB/JI. 

HeKap60HaTHaJI )I(eCTKOCTI. (B Mr-3KB/JI) pasaa pasnaue Me)l(,lJ.y 06~eH 

)I(eCTKOCTI.IO H Kap60HaTHOH )I(eCTKOCTI.IO. 

Bonpocsr ~JlH KOHTpOJlH K KOJlJlOKBHyMy X!!3 

1. lITO TaKOe ~eJIOqHOCTI.?B KaKHx, e):\HHHlI,aX asrpaxaercs? lIeM OHa 06yCJIOBJIeHa? 

2. Pa3HOBH):\HOCTH ~eJIOqHOCTH H cnocofisi ee onpeneneaas. 
;.

3. KaKHeBH,llhI ~eJIOqHOCTHonpenenaror npa pH {l.5; 7.0; 8.3? 1l0qeMY? 

4. lITO raxoe )i(ecTKOCTI.? lIeM OHa 06yCJIOBJIefia? 

5. Iloasrae BpeMeHHoH H nOCTORHHOH )I(eCTKOCTH. Oc06eHHocTH HX onpezieneaaa. 

6. lITO raxoe Kap60HaTHaJI H HeKap60HaTHaJI )I(eCTKOCTI.? B KaKHX CJIyqaJIX HX 

onpe):\eJIRIOT H KaK? 

Jlafioparopnaa patiora N 4. OKHCJlHeMOCTb H pacTBopeHHblH KHCJlOpO):\ 

1. 06~ue nOJlO3ICeHUR, 

B npHp0):\HI.IX aonax conepxarcs B rex HJIH HHhIX KOJIHqeCTBax Be~eCTBa B 

KOJIJIOH):\HOM HJIH HCTHHHO pacTBOpeHH01,f COCTOMHHH. 3arpM3HeHHe BO):\I.I 3THMH 

Be~eCTBaMH npoacxomrr sa cser nponyxros pacnana paCTHTeJII.HI.IX H )I(HBOTHI.IX 

OCTaTKOB, JIH60 B pe3YJII.TaTe c6poca rrpOMI.IIIIJIeHHI.IX H 6I.ITOBI.IX CTOqHI.IX BO):\. 

TIpe,lJ.BapHTeJIhHaJI 06pa60TKa BO):\I.I aa BO):\OOqHCTHhIX CTaHII:HMX TOJII.KO ; 

,~
qaCTUqHO ycrpaaaer YKa3aHHhIe 3arpR3HeHHH. Ka)I()J.aJlBo.na conepxar JIerKO- H. 

i 
" i· 

TPY):\:lOOKHCJUleMhle Be~eCTBa, H, B 3aBHCHMOCTH OT CTeneHH 3arpM3HeHHH, 3TH 

Be~eCTBa MOryT 6hITI. OKHCJIeHI.I CHJIhHhIMH OKHCJIHTeJIMMH - nepsraaraaarox, 

6HxpOMaTOM KaJIHR H ):\p. 

KOJlU'leCm60 «ucnopooa, :J1<.6U6aJleHmHoe pacxooy OI<.UCJlUmeJlR, 

xapasmepusyem OI<.UCJlReMOCmb 60()bl. TIo OKHCJIMeMOCTH MO)l(HO rrpH6JIH3HTeJII.HO 

yCTaHoBHTI. conepxaaae OpraHHqeCKHX Be~eCTB B sozte. 

OI<.UCJlReMOCmb 6b1pQ3lCalOm 06bl'lHO 6 MUJIJIUZPllMMax «ucnopooa, 

nOUle()Ulezo ua OI<.UCJleHUe npUMeceu, co()ep3ICa~uxcR'6 O()HOM numpe 60()bl. 

Pa3JIHQaIOT nepMaHzaHamHylO H 6uxpoMamHylO OI<.UCJlReMOCmb B 

3aBHCHMOCTH OT HCrrOJII.3yeMoro npn onpenenenaa OKHCJIHTeJIM. OKHCJIReMOCTI. BO):\I.I 
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nepsraaraaarox KaJIHH KOCBeHHO xapaxrepasyer KOHlleHTPar(HlO OTHOClITeJIbHO neeso 

OKUCllReMblX eeusecme. 3'r0 MOryT 6bITb opraansecxae H aexoropsre neopranasecxae 

6ellIeCTBa (narparsr, CyJIblpHTbI, )I(eJIe30 (II) H np.). 

OKlICJIHeMOCTb 'iHCTbIX IIO)\rrO'iBeHHbIX H P0)\HHKOBbIX BO.l\ 06bI'iHO He 

rrpeasruraer 1+ 3 Mr 02/JI; B aoaax IIOBepXHOCTHbIX HCTO'lHHKOB OKHCJIjieMOCTb 

.Zl0CTliraeT 10+12 Mr 02/JI. 60JIee BbICOKll.lI OKHCJIjieMOCTb, p;OCTHraIOI.Qll.lI 

25+30 Mr 02/JI, YKIDbIBaeT na 3arpH3HeHHe BOp;bI. B TOPQ>HHbIX H 60JIOTHCTbIX aozrax, 

coziepxautax ryMHHOBbIe BeI.QeCTBa, OKHCJIHeMOCTb MO)l(eT 6bITb euie BMIIIe. 

,Z:lrui orrpe.l\eJIeHHH nepraaaranaraoa OKHCJI"eMOCTH nHTbeBbIX, nosepxaocrasrx 

K MaJl03arpH3HeHHbIx BO,n: npHMeMlOT MeTO,n: Kyfiexa H MeTO)\ Illynsue, OCHOBaHHble 

na OKHCJIeHHH BeI.QeCTB (opranasecxax H aeopraanxecxax), npacyrcrsyrourax B 

npo6e BO,n:bI, KHCJIOP0.l\OM, BbI.l\eJIeHHbIM nepaanraaarov KWIHH npa KHrr"'ieHHH B 

cepHOKHCJIoi:! (sreron Ky6eJISl) llJIH B I.QeJIO'iHOH (MeTo,n: Illynsue ) cpene. 

np06bI zto aaanasa KOHcepBHpyIOT )\06aBJIeHHeM 2 MJI pID6aDJIeHHOH H 2S04 

(1 :2) aa 100 MJI npotisr, Ilpofiu IIHTbeBbIX BO.l\ xoacepaapyror, eCJIH ORH He 

aHaJIH3HpyroTCH B resenae 48 'i; rrpofisr nOBepxHOCTHbIX BO,!!, KOHcepBlipyroT, eCJIH HX 

He npenrronaraercs aHaJJH3HpOBaTb B reseaae CyTOK; npofisr CHJIbHO 3arpH3HeHHbIX 

rrOBepXHOCTHbiX BO,n: KOHcepBHpylOT B TO\.t cnysae, ecna HX He 6y,n:yT aHaJlH3HpOBaTb B 

TOT )I(e nens. 

XUMU'IeCK(lJl OKUCllRe.MOCmb onpeoenuem o6w,ee COdepJICaHUe 6 eooe 

eoccmanoeumeneu - opzanuuecteux U HeOpZaHU'IeCKUX, peaeupytouucc C 

OKUCllUmeJlJl.MlL 3TOT noxaaarens npaaeaserca ,n:JIH 60JIee sarpaaneaasrx npnpomrsrx 

H CTO'iHbIX BO,1l,. B CTO'iHbIX BO.l\aX npeofinanaior oprauasecxae BOCCTaHOBHTeJIH, 

rr03TO!lry,., KaK rrpaBHJIO, BClO, BeJIH'IHHY .0KHCJIHeMOCTH OTHOCHT KOpraHH'ieCKHM 

npHMeC~M. 

Ilpa onpezieneaaa XHMWleCKOH OKHCJIHeMOCTH B xasecrse OKHCJIHTeJIeH 

rrpHMeIDIlOT 6HxpOMaT KaJIHlI K2Cr207 (6HXpOMaTHll.lI OKHCAAeMOCTb) HJIH aonar xanas 

KI03 (aonarnas OKHCJIjieMOCTb). buxpoMamHylO U iiodamHylO OKUCJlReMOCmb UHa'le 

H(J1bl6alOm XUMU'IeCKoii nompe6HocmblO 6 KUCllopOde unu XllK. 3'1'0 HIDBaHHe 

TOQHO orpaxaer CYIIIHOCTb onpeaeneaas OKHCJIHeMOCTH, TaK KaK OIleHHBaeTCH 

KOJIlI'ieCTBO KHCJIopO,1l,a, He06xo.l\HMOe ,!l,JI" OKHCJleHH" OpraHH'ieCKHX npaueceii BO,1l,bI, 

r.e. nepesozia yrnepozra H3 COe)\HHeHHH B CO2, sonopona - B H20 ; aJOTa - B NH3 H T.)\. 

PIDJIH'ialOT XIlK meopemuuecsyto, BbI'iHCJIHeMYlO no crexaoxerpasecxosry 

YPltllHt:tlJ1/U OKI1CJIeHlIll ~)lJU{ 'iero ,1l,OJI)I(eH OWTb H3BeCTeH XHMH'ieCKHH COCTaB 
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rrpJilMeceH), H :)KCnepUMeHmaJlbHylO, OIIpe,1l,enlleMYlO C HCIIOnb30BaHHeM 6HXpOMaTa 

JilJIH HO)\aTa KaJIHll. 

TeOpeTH'ieCKll.lI, ana pacxemaa XIlK)Jl OpraHlI'ieCKOrO BeI.QeCTBa C,HyOzNk 

IIO,1l,C'IliTbIBaeTC" CJIe,1l,yroI.QHM 06paJOM: COCTaBJUIeTCH ypaaaenue OKHCJIeHHH II 3aTeM 

paCC'IHTbIBaeTCH KOJIH'ieCTBO KHCJIOpO,1l,a, Tpe6yeMoe )J,JIH OKHCJIeHHH 1 Mr BeI.QeCTBa 

(Mr 02/Mr): 

y z 3k) (Y-3k)
CXHyOZN + X+----- O 2 =xC02 + -- H 20+kNH3 

K ( 4 2 '4 2 

XJlK,., = (x+yI4-z12-3k/4)32 (Mr OiMr)
 

12x+ly+16z+14k '
 

3Hll.lI xnK )\JIji nanaoro BeIIIeCTBa Hero KOHQeHrpaIlHlO, MOlKHO onpenenare
Yll 

XIlK BO,1l,bI, cO,1l,ep)l(aIIIeil: 3TO BeI.QeCTBo.
 

3KcrrepHMeHTaJJbHll.lI XIlK 'iaCTO MeHbIlle TeOpeTHqeCKOH, rrOCKOJIbKY PM
 

OpraHH'ieCKHX BeI.QeCTB (KpaCHTeJIeH, CflAB, CJIO)l(HhIe yrJIeBO,1l,OpO,1l,bI H ap.) JIH60 

BOBce He OKHCmnoTCH 611XpOMaTOM H HO,1l,aTOM B yCJIOBHHX onpeneneaas, JIH60
 

XIlK TOJIyOJIa
paCqeTHll.lI
He ,1l,0 KOHIla. HarrpliMep,

OKllCJIHlOTCH 

CJ-IsCH3 (Mr 02/Mr):
 

CJ-ISCH3 + 902 = 7C02 + 4H20;
 

XTIK ronyona=(9·32)/(12·7+1·8)=3,14 MrOiMr. 

3KcrrepllMeHTaJIbHll.lI XIlK TOJIyOJIa COCTaBJIlleT 1,86 Mr 02/Mr. Pacxoacneaae 

06bjiCIDIeTCH rex, "lTO B yCJIOBHHX onpe,n:eJIeHHH TOJIyOJI He OKHCJIjieTCH ,1l,0 KOHIla H3-3a 

BblCOKOH XllMH'ieC.KOH yCTOH'iHBOCTH 6eH30JIbHOro xonsua.
 

TaKHM 06pIDOM, XllK xapaKmepUJyem HaJlU'IUe 6 Bode ecex U neeuo, U
 

mpydHo O«UCJlReftfblX opZaHU'IeCKUX npuueceii U 3K6U6aAeHmHa pacxooy 

6uxpoMama KaAURua u.x oKuClleHue.
 

bUoxUMu'IeCK(lJl OKUCllRe.MOCmb xapaKTepH3yeT CO,1l,ep)l(aHHe B sone
 

JleZKoOKUCJlRe.MblX opzanuuecxux rrpliMeceH (HH3KOMOJIeKYJISlpHbIX OpraHll'ieCKliX 

KHCJIOT, CllHpTOB, ansneranos. KeTOHOB H yrJIeBO,1l,OB) Ilo aHaAOZUU C )([lK 

ouucnseuocm» C ucnOJlb306aHUe.M O«UCllUmellbHOU cnoco6Hocmu 6aKmepuii 

Ha3616alOm 6UOXUMU'IeCKoii nompe6HocmbIO 6 «ucnopooe, unu bllK. 

3Ha'irlTeJIbHOe G.llCJIO 6aKTepHH - 06JIRraTHbIX 113p060B H Q>aKYJIbTaTRBHbIX
 

unU:>yvf,vu ;;;;v;;;;~;;:; :;J'~~:;'~~~:~:~s ~:? ~<!~: !!~!'0,n:!:~0''''UUO ,>""!'O''>J-JPHl<l<
 

(npavecea) BO,1l,bI B KaG.eCTBe HCTO'iHllKa naranas. Ilpa 3TOM 'iacTI:. HCrrOJIb30BaHHblX
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OpraHHqeCKHX BeIlleCTB pacxonyercs aa aaeprerasecxae Hy)f{AbI, a ztpyras sacrs - aa 

CHHTe3 TeJIa KJIeTKH. qacTb aemecrsa, pacxonyeaas aa aaeprerasecsne norpefiaocra, 

OKHCJJHeTCH KJIeTKoii no KOHua, T.e. ,no CO2, H20 , NH3. IIpOAyKTbI OKHCJJeHHH 

MeTa60JIHTbI - BbIBO,1:VITCH H3 KJIeTKH BO BHeiliHIDID cpeny, PeaKl(HH CHHTe3a 

KJIeTOqHOrO aemecrsa H,LlyT raiose C ysacraev KHCJIOpo,na. KOJlU'IeCm60 «ucnopooa, 

mpe6yeMozo MU"POOpZaHU3MtlM na eec» I{UK/l peaKI{UU CUHme3a unoJly'leHUR 

JHepZUU, U ecms liIlK. 

B pe3YJIbTaTe )f{H3HeAeHTeJJbHOCTH 6aKTepHH CTOqHax nona oxamaerca OT 

HCXO,nHbIX' OpraHHqeCKHX npauecea, O,LlHaKO B Heii OCTaIDTCH aexoropsie 

opraaa-recxne BemeCTBa,'MaJIO,LlOcryrrHbIe HJIH COBceM aenocrynnsre 6aKTepHHMAJIH 

yCBoeHHH, H, KpOMe roro, sona nonyxaer HOBbie 3arpH3HeHHH - opraaasecxae H 

HeOpraHHqeCKHe - MeTa60JIHTbI. 

Cymecrsyer HeCKOJIbKO cnocofios aHaJIHTHqeCKOrO H3MepeHHH .6IIK - MeTO,n 

pa3BeAeHHH, HHrpaTHbIH, XJIOpaTOpHblH, pecnapoaerpaaecxaa H ,np. Ba npaxraxe 

'lame acero rrpHMeHSIIDT MeTOA pasaeneaaa: 1 xacrs CTOqHOH soasi CMerrIHBaIDT C n 

qaCTjIMH sonsr, CMeCb ,Ll0 npeztena HaCbIIllaIDT pacraopeaasm KHCJIOpO,nOM nyrea 

nponyaxa HJIH BcrpxXItBaHHH, pa3JIHBaIDT B HHKy6aUHoHHble CKJIjIHKH H TIllaTeJIbHO 

HX repMeTH3HpYJOT. CKJIJI:HKH OCTaBAAIDT B repssocrare npa resmeparype 20°C aa 5 

cyTOK UJIH 60JIee. B CKJIXHKe paaaaaaerca coofintecrso MHKpoopraHH3MoB, BeJIHqHHa 

YMeHhllIeHHx KHCJIOpO,Lla B CKJIHHKe, YMHO)f{eHHaH aa crenens paaseneaas, naer 

qHCJIeHHyID BeJIHqHHY .6IIK. 

MaKCHMaJIbHO B03MO)f{HOe pacrsopeaae KHCJIOpO,Lla B BO,Lle onpenenaercs B 

OCHOBHOM ,,:reMrreparypoH. IIpH, TeMrrepaType 20°C B, nHCTHJIJIHpOBaHHoH BO,Lle 

paCTBOp~eTCx 9.17 M~/JI. 

Orrpeneneaae .6IlK CqHTaIDT npaBHJIbHbIM, eCJIH K KOHUy nepaona B CKJIXHKe 

OCTaeTCjI 3+5 Mr02/JI. ECJIH K KOHUY HHKy6aUHH rrOrJIOIlleHO MeHbllle 4 Mr02/JI, TO B 

rrocne,LlYJOIIIHX onpenenenasx pa36aBJIeHHe yMeHblliaIDT, eCJIH fionsute 6 Mr02/JI 

YBeJIHqHBaIDT. BeJIHqHHa .6IlK YKa3b1BaeTCjI C HH,LleKCOM BHH3Y, KOTOpbIH osaasaer 

AJIHTeJIbHOCTb HHKy6auHH. Hanpauep, .6IlKs - KOJJHqeCTBO KHCJIOpO,Lla, norpefinenaoe 

sa 5 CyTOK HHKy6aUHH; .6TIKI - TO )f{e, sa t CyTOK. 

Pa36aBJIHIDIllYJO sony rOTOBHT aa OCHOBe ,LlHCTHJIJIHpOBaHHOH aozru, B 

KOTopyID ,Ll06aBJIHID:r lj>oc4>opHble H aMMOHHHHble COJIH, XJIOpHOe )f{eJIe30, XJIOpHCTblH 

lI.l1JlbL\t1k1 t1 l;I:PHUKt1l;JlbUi MarHHH. 0 cyMMe see COJIH COCTaBJIj!IDT yCTOHqHByID 

6y<j>epHyID cacresry, KOTOpaH rr03BOJIHeT nonztepsoraarr, rrOCTOHHHoe saaxeaae pH B 
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reneaae JIID60ro nepaozta HHKy6aQHH, He H3MeHHIDIlleecx OT Bbl,LleJIeHHH CO2, 

<1>oc4>opHbIe H aMMOHHHHble COJIH raiose HBJIj!IDTCX rrHTaTeJIbHblMH COJIXMH. 

CymecTBeHHbIH 3JIeMeHT pa36aBJIjIIDmeH BOnbl - TaK Ha3blBaeMaH 

6aKTepHaJIbHaH sarpanxa. .6aKTepHaJIbHaH sarpasxa - sro )f{H,LlKOCTb, conepxauraa 

KYJIbTYPY HJIH CMeCb KyJIbTYP 6aKTepHH, cnocofinstx pasnarars opraaasecxae 

semecrsa HCCJIe.nyeMoH BOAbi. IIPH aHaJIH3e roponcxax CTOqHbIX BO,n 3aTpaBKH 

,n06aBJIXTb He Ha,LlO, rorna KaK npa aHaJIH3e qHCTO rrpOH3BO,LlCTBeHHblX CTOKOB If 

rrryfioxo OqHmeHHbIX CTOKOB saeceaae 3aTpaBKH HJIH rrOqBeHHOH 60JITaHKH 

He06xo,nHMO. 
I 

Bax<HeHmax TeXHOJlOmqeCKaH xapasrepacraxa urpouecca 6HOJlOmqeCKOH 

OqHCTKH BO,LlbI B 6IiOOKHCJIHTeJIjIX H 3KOCHCTeMax - BeJIHqHHa .6IlK nORH' 

BeJIHqHHa .6IlKnoRH 3aMeqaTeJIhHa TeM, 'ITO OHa rtpaxrusecxn rrOJIHOCTbID 

cosnaaaer C HCTHHHbIM pacxonosr KHCJIOpo,na aa rrpouecc OqHCTKH B ,LleHCTBYJOIllJilX 

coopyxeaaax H nOBepXHOCTHbIX BO,LlOeMax. 

liIlKn OJlH xapanmepusyem HQ./lU'IUe 6 sooe JleZKOOKUCJlJleMblX OpZaHU'IeCKUX 

eetuecme U JK6U6tlJ1eHmHO KOJlU'Iecm6Y. KUC1IOpoda, Heo6xooUMOZO aJp06HblM 

eemepompotpau na oxucnenue smux eeuiecme 00 nOIl6JIeHUR cneooe numpumoe 6 

npotie. 
3KcnepHMeHTaJIbHO EIlKn oRn onpenenmor no rrOHBJIeHHID CJIe,nOB HHrpHTOB H 

HHrpaTOB. ,lJ,nx norryseaas .6IlKnoRH .rpefiyerca ,nJIHTeJIbHblii nepaozt HHKy6aUHIf, 

rrpO,nOJI)f{HTeJIbHOCTb KOTOpOrO 3aBHCHT OT xapaxrepa HCCJIe.nyeMbIX rrpHMeCeR, 

KOHUeHrpaUHH 6aKTepHH, creneaa JilX anarrrauaa. 06blqHO OH 60JIbille 5 CyTOK H 

MO)f{eT ,nOXO,LlHTh ,Ll0 30+40 CyrOK. IIOCKOJIbKy BeCTH oneparaaasra KOHrpOJIb sa ;. 
pa60TOH coopyzceaaji, .nonysas pe3YJIbTaTbI aHaJIH3a xepes 15+25 CyrOK, KpaiiHe 

Hey,n06HO, TO BbIrrOJIIDIIDT onpeneneaae .6IIKs, KOTOpax rrpHIDITa B xaxecrse 

I 

I 
CTaH,LlapTHOH XapaKTepHCTHKH rtpaxraxecxn BO BCeM MHpe (B <1>HHJIXH,LlHH .6IIK7). 

Cnezryer rrOMHHTb, 'ITO .6IlKnoRH - 06l>eKTHBHaH BeJIHqHHa, xapaxrepasyromas creneas 

3arpX3HeHHH BO,LlbI. IIpo,noJI)f{HTeJIbHOCTb nepaozta HHKy6aUHJiI, ofiecrtexanaromero 

nonyxeaue .6TIKn oRH, 3aBHCHT OT yCJIOBHii HHKy6aUHH, HO caua BeJIHqHHa EIlKn on H OT 

:nHX yCJIOBHH He 3aBHCHT. B TO )f{e BpeMX, .6IIKs - JIHilib aexoropas neonpezieneaaaa 

sacri, .6TIK
noRH 

' 3aBHCHmax OT xapaxrepa OKHCJIXeMbIX semecra H yCJIOBHH HHKy6aUHH 

npofisr. 

MaTeMaTHqeCKOe onacanae npouecca nOTpe6JJeHHH KHC.:lOpOlJa "PH 

onpeneaeaaa :snK. Kpassre 3aBHCHMOCTH .6TIK 'OT speaeaa HHKy6aUHH HMeIDT 
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CJIO)l(HbIH xapaxrep, ~]HI y,ll06CTBa npoaeneana TeXHOJIOrnqeCKOrO KOHTPomI
 

HCITOJIb3yeTCji HaH60JIee npOCTOe MaTeMaTHqeCKOe onacanae :HOH KpHBOH (no nasana
 

HHTpHlpHKaUHli) no ypaBHeHHIO 

IiIlK,= IiIlK no""(l - lO-k'), (5) 

rae 1C  -I 6KOHCTaHTa CKOpOCTH peaKUHH, CYT , t - .llJIHTeJIbHOCTb HHKY aUHH, CyT. 

3TO ypasaeaae MO)l(HO rrepenacars OTHOCHTeJIbHO t 

t =! -Ig EflKnonH 

k EflK
nonH 

- EflK, (6) 

Onpenenav H3 nocneznrero ypasneaaaapeaa ,llOCTH)I(eHHji EIlK nMH npa 

yCJIOBHH IiIlK, = EIlK nO"H: 

1 
t =-·lg

k 
EflKnonH 0 

~ 00 
(7) 

TaKHM 06pa30M, HeB03MO)l(HO norryxars IiIlKno"" aa KaKoe-TO onpezteneaaoe 

BpeMJI, sro npOTHBOpeqHT 3KcnepHMeHTaJIbHbIM Ha6mo.lleHlfjiM H asnsercs 

pe3YJIbTaTOM He.llOCTaT{)qHO TOqHOrO MaTeMaTHqeCKOrO OnHCaHHji npouecca, ~ji 

npaKTHqeCKOrO HCnOJIb30BaHHlI ypaBHeHHH saonar orpaaaseaae, no KOTOpOMy sa 

EIlKno"" npHHHMaJOT 99 % ee BeJIHqHHbI. 3a BpeMji .llOCTH)I(eHlfji IiIlKno"H npameaaercs 

BpeMA, B reseaae xoroporo npouecc 3aKOHqHJICji aa 99 % : IiIlK(= 0,99 EIlKno"H; 

t = 11k Ig(EIlKno,," / (IiflKno""- 0.99IiflKno"H))=2/K 

Bpevs zrocraaceaax I>IlKno"" ecrs «PYHKUHji KOHCTaHTbI CKOpOCTH npouecca 

OKHCJIeHHji; 3aBHCHMOCTb 06paTHo nponOpUHOHaJIbHaJI H HMeeT BH.ll ranepfionsr. 

3KcnepHMeHTaJIbHbIe Ha6JIIO.lleHHji nOKa3aJIH, qTO K 3aBHCHT OT xapaxrepa 

OKHCJllIeMbIX BemeCTB: AJIji rOpO.llCKHX CTOqHbIX son OHa, KaK npaBHJIO, H3MeHjieTCji OT 
1

0.15 no 0.25 CyT- , a,1(JUl 6HOJIOmqeCKH OqHmeHHbIX- OT 0.08 no 0.25 CyT-1
• 

Bpeaa nocraxeaas BIlKno"H B 3aBHCHMOCTH OT BeJIHqHHbI HMeeT CJIe.nyIOmHe 

aaaxeaas: 
-I

K,Cyl' 0.05 0.1 0.15 0.2 0.25 0.3 0.4 

.Bpexs .llOCTH)I(eHHji 

I>IIKeo!'" cyr 
40 20 13.3 10 8 6.7 5 

B npaxruxe OqHCTKH CTOqHbIX son secssra nposuo yxopenanocs aesepaoe 

npencranneaae 0 TOM; qTO I>IlKeo"" scerna paaaa EITK 20. 3TO -cnpaaeanaao JIHilib B 
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(8)1_IO-sK 

OAHOM qaCTHOM cnysae: npa JC= 0.1 CyT-
I. Taxoe snaxenae KOHCTaHTbI MO)l(eT HMeTb 

yxce OqHmeHHaJI sona. 

ECJIH xapaKTep CTOqHOH BO,llbi H3yqeH nO,llp06HO H BeJIHqHHa K H3BeCTHa H3 

3KcnepHMeHTaJIbHbIX Ha6JIIO.lleHHH, TO MO)l(HO BbIqHCJIHTb K03«pqmUHeHT nepecsera 

srnc, B IiflKno"" : 

K = EIlKnoRH 

EIlKs 

ECJIH npaaars .llJIji rOpO.llCKHX CTOqHbIX son K paBHOR 0,17, a .llJIji oxaureaasrx 

CTOqHbIX son - 0,08, TO K03«P«PHUHeHT nepecsera 6Y.lleT .llJI1i rOp0,llCKliXCTOqHbIX BOA 

- 1,16, )],JIji OqHmeHHbIXCTOqHbIX aon  1,67. 

Ba)l(HbIM nOKa.3aTeJIeM, xapaKTepH3YIOmHM cnocofiaocrs sarpssneaaa CTOqHbIX 

son K 6HOXHMHqeCKOMY OKHCJIeHHIO, asnaerca OTHOIueHHe IiIlKno""/XIlK. qeM BbIIlIe 

3TO OTHOIIIeHHe, TeM 60JIbIIIaJI -racrs opraanxecxax npaaecea BO,llbI MO)l(eT 6bITb 

H3blITa B npouecce 6HOXHMHqeCKOH OqHCTKH. Cxaraerca, qTO npaaeneane 

6HOJIOrlfqeCKHX MeTO.llOB ueJIeC006pa3HO npa IiIlKno.l"/XIlK~0,5. 

3KcnepHMeHTaJIbHO BeJIHqHHY BIlK -onpeneamor no Pa3HOCTH KOHueHTpaUHH 

pacrsopeanoro KHCJIOpO.lla B npofie BO.llbI .ll0 H rrOCJIe HHry6al.{HOHHoro nepnona, 

Bona, conpaxacaroniascs C B03.llYXOM, conepacar KHCJIOpO.ll B pasaosecaoii 

KOHI.\eHTpauHH, 3aBHCjimeR OT araocoepaoro .llaBJIeHHlI, ressneparypsa H coztepxaaaa 

pacrsopeaasrx B sone COJIeR. Conepscaaae KHCJIOpO.lla HMeeT sascaoe saaseaae npa 

oueaxe xaxecraa nosepxaocraux H CTOqHbIX BO)],. 

,lJ,JIji onpeneneaaa pacrsopeaaoro KHCJIOpo)],a HCnOJIb3yeTCji Ho)],oMeTpHqeCKHR 

MeTO/1: BHHKJIepa.. Onpeneneaae OCHOBaHO na peaKUHH pacraopeanoro KHCJIOpO.lla C 

ranpoxcanoa MapraHua (II) B meJIOqHOH cpene, B pe3YJIbTaTe KOTOpOH 06Pa3YeTcli 

ranpoxcan MapraHI.\a (IV): 
2Mn(OH)2 + O2 + 2H20 = 2Mn(OH)4, 

j. 

~. 

I 

H aa HO,llOMeTpHqeCKOM onpenenenaa MapraHueBaTHcToR KHCJIOTbI, 06pa30BaBIIIeHcli 

OpH B03.lleRCTBHH cepnoii KHCJIOTbI na ranpoxcan MapraHua (IV): 

Mn(OH)4 + 2KJ + 2H2S04 = MnS04+ K2S04 + 12 + 4H20 . 

KOJIHqeCTBO BbI)],eJIHBIIIerOCji HO.lla npa peaxuan H0.llHCTOrO KaJIHji C 

M"!-'l.H1.l..("'lSUllll,; IVM II.lll,;JIV1VM Ii I,;I1JlbHU II.llI,;JIUil. cpene npuuopunouansuo I,;U,lJ.l;;pJKaHHlU 

pacrsopeaaoro KHCJIOpo)],a B sene. BbI.lleJIHBIIIHHCji HO)], OTTHTpoBbIBaeTCji pacraopov 
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raocynsrpara narpas. 

12 + 2Na2S203 = 2Na1 + Na2S406 

TIp06b1 ~JlR onpeneneaas KHCJlOpO~a oT6HpalOT B TaK aaasiaaesaae "KHCJlOpO~Hble" 

CKJIRHKH. TIPH orfiope npof He06xo,!J;HMO CJle~HTb, 'n06M B CKJlRHKe He 6blJl0 

rrY3b1pbKOB B03.!J:YXa. HeMe,!(JIeHHO nocne orfiopa npofisr KHCJlOPO~ <pHKcHpyIOT. 

2. 3a~a'la: onpenemrn, OKHCJlHeMOCTh BOJlbI no MeTOJlY Ky6eJlH. 

Meron OCHOBaH aa OKHcneHHH aentecrs, npacyrcraytourax B npofie BO,!J;M, 0.01 

H. pacraoposi rrepxaaranara KaJIHR B cepHOKHCJlOH cpene npa KHrrR'IeHHH.ne3 

paJ6aBJIemffi MO:>KHO onpeaensrs OKHCJIReMOCTh ,!J;O 10 Mr 02/n. Haassrcinee 

nonycrasroe pasfiaaneaaenpofis, - ,!J;ecRTHKpaTHoe. 3T0 osnasaer, 'ITO MeTO,!J; MO:>KHO 

HCrrOJIb30BaTb TOJlbKO ~ rrpofi, OKHCJlReMOCTb KOTOpblX HH:>K:e 100 Mr KHCJlOpo,!J;a B 

I n. 

OKHCJIeHHe nepvaaranara KaJIHR B KHCJlOH cpezie nporexaer rro ypaBHeHHIO: 
2t

Mn04-+ 8Ir+5e ~ Mn + 4H20. 

Ilocne KHIUI'IeHHR pacrnopa B reseaae yCTaHOBJIeHHoro apesrena K HeMy 

rrpH6aBJIRIOT maBeJIeBYIO KHCJIOry, BOCCTaHaBJIHBaIOrnylO H36b1TOK nepxaaranara 

KaJIHR: 

2Mn04-+ 5C2042-+ 16W ~ 2Mn2++ 8H20 + I OC02t. 
1136b1TOK rrpH6aBJleHHOH maBeJIeBOH KHCJlOTbI 3aTeM OTTHTpoBblBalOT 

pacraoposr nepvaaraaara KaJIHR. 

Annaparypa. 

I. TIrrHTKa :meKTpH'IeCKaR. 

2. KOJI6bI repaocrotixae. 

3. nlOpeT~<H (rrHrreTKH),!(JIR THTpoBaHHR. 

PeaKTHBbl: 

I. Cepaas KHCJIOTa, pa36aBJIeHHaR I :2. 

2. I.l\aBeJIeBaR KHCJlOTa, 0.0 IH pacrsop, 

3. Flepuaaraaar KaJIIDI, O.OlH pacrsop. 

XOJl pa60Tbl:,---
Tlepen HaqaJIOMpafiorsi BKJIIO'IH :meKTporrJIHTKY 

B KOHH'IecKYIO KOJI6y eMKOCTblO 250 MJl KJla)J,yT ~JIR paaaossepaoro KHneHHR 

CTeKJlRHHble xanannspsr, HaJIHBalOT 100 MJI rrpofisr, rrpHJlHBaIOT 5 Mfl pa36aBJleHHOH 

cepnoa KHCJlOTbI H 10 MJI U.Ul H pacrsopa nepxaaraaara KaJIHR. BKOn6y BCTaBJIRIOT 
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BOpOHKy, narpesaior :>KH,!J;KOCTb ~o KHrreHHR (sro BpeMR ,!J;OJl:>KHO 6bITb He fionee 5 MHH) 

H C sroro MOMeHTaKHIUITRT 10 MHH. CHHMaIOT KOJl6y C rrJlHTKH,HaJIHBalOT B nee 10 MIT 

0.0 I H pacrsopa maaenesoji KHCJlOTbI H rOpR'IYIO 06eCIIBe'leHHYIO lKH,!J;KOCTb THTpylOT 

pacTBopoM nepssaaraaara ,!J;O cnafio-poaosoro oKpauIHBaHHR. ECJlH pacTBop npa 

KIWR'IeHHH 06ecIIBeTHTcR HJlH nofiypeer, a TaKlKe ecnn pacxon KMn04 aa rarpoaanae 

npessnnaer 6 MJl, onpezteneaae HylKHO noaropars C pa36aBJIeHHOH np060H. TIPH 

THTpOBaHllH pa36aBJIeHHblX rrp06 He ~OJllKHO 6bITb H3paCXO,!J;OBaHO MeHbllIe 2 MJl 

KMn04. PeKoMeH,!J;yeTcR, MHHyR 3KcnepHMeHT C HCXO~HOH rrp060H, Cpa3Y nposonars 

orrsrr C pa36aBJIeHHOH B 4+5 pa3 HCCJIe,!J;yeMoH BO,!J;OH, T.e. aa 25+20 MJl HCCJle~yeMoH 

BO,!J;bI B3RTb 75+80 MJl ~HCTHIDIHpOBaHHOH'Bo,!(bl, TaKHM 06pa3oM 06rnHH 061>eM npofiu 

COCTaBHT 100 MIl. 

.D:JlR onpeneneuns THTpa nepvaaraaara KaJIHR B ry :>Ke KOJl6y nocne THTpoBaHHR 

K erne ropaseii lK~KOCTH npHJlHBalOT 10 MJl 0.0 I H pacrsopa urasenesoa KHCJlOTbl H 

CHOBa OTTHTpOBbIBaIOT rtepsratrranarosr KaJIHR no cnaoo-poaosoro OKpallIHBaHHR, 

coxpaasrouterocs B reseaae I MHH. 

PaJ,!J;eJIHB 10 aa ''IHCJlO MHJlJlHJlHTpOB (b) pacrsopa nepaaaranara KaJIHR, 

H3paCXO~OBaHHoro npa BTOpOM THTpOBaHHH, nonysaror nonpaBKY (k) ,!(JIR npHBe,!J;eHHR 

pacrsopa KMn04 TO'lHO K 0.0 I H. 

AHaJIOm'lHO orrpe,!J;eJIRIOT pacxon neyMaHraHaTa KaJIHR aa OKHCJleHHe 100 MJl 

,!J;HCTHJlJlHpOBaHHoH BO,!J;bI, KOTOpaR 6blJla npaxeneaa ,!(JIR pasfiaanenas HCCJle~yeMoH 

BO,!J;bI. 

OKHCJlReMOCTb (x), BblpalKeHHYIO B Mr 02/Jl BO~bI, Bbl'lHCJIRlOT no <popMyJle: 

(a - c)· k· 0.08 ·1000 (a-c)· k ·80 ~ . 

x=' V =' V ' 

me a - 06beM O.OIH pacrsopa KMn04, napacxonoaanaoro na THTpoBaHHe H36bITKa 

maaeneaoii KHCJlOTbI B rtpofie, MJl; 

C - 06beM pacrsopa KMn04' rpecyesroro ~JlR OKHCJleHIDI 100 MJl 

,!J;HCTHJlJlHpOBaHHoH BO,!J;bI, MJl; 

k - nonpasoaauii K03<p<pHUHeHT ,!(JlR npaseneaas KOHueHTpaUHH pacrsopa 

KMn04 TO'lHO K O.OIH; 

V - 06beM aHaJIH3HpyeMoH BO,!J;bI, B3RTOH ~JlR onpeneneaas, MIl; 

0.08 - 3KBHBaJIeHT KHCJlOpO~a B Mr aa 1 MJl O.OIH pacrsopa KMn04. 
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3. 3aJla'la: onpenemrrs conepseaaae pacraopeaaoro KHCJlOpO,lla B aoae no MeTO,llY 

BHHKJlepa. 

Annaparypa: 

1. KHCnOp0,lJ;HaJI CKJUIHKa. 

2. Bioperxa (nanerxaj nns THrpoBaHIDI. 

3. KOJI6bI ,lJ;JIlI THTpOBaHIDI. 

PeaKTHBbI: 

1. CepHaJI KHCJIOTa KOHueHTPHpoBaHHaH (Y,lJ;eJIbHbIH. sec 1.84). 

2. TJ.fQCYJIb<paT HarpIDI, O.OIH pacrsop 

3. Kpaxvan, 0.5 % pacrsop. 

4. Xnopanaapranua, pacrsop. 

5. 110AH,lJ; KaJIHlI, .IlleJIOqHOH pacrsop, 

BHHMaHHe: .lIJU1 orfiopa peaKTHBoB He06xoAHMO HCnOJIb30BaTb crporo 

orrpeneneansre rmnerxa H He ,lJ;OnYCKaTb orfiopa PaJHbIX paCTBopOB O,lJ;HOH H 

TOH )l(e MepHOH UOCY,lJ;OH!!! 

Xon paOOTbi : 

AHaJIH3HpyeMYIO. BO.LJ;y HaJIHBaJOT B CKJIlIHKY, aanomtsior ee zroaepxy H 

3aKpbIBaJOT TaK, qT06bI non rrp06KOH H~ 6bIJIO nyssrpssoa sosayxa. 3aTeM BbIHHMaIOT 

rrp06KY H BJIHBaJOT cnanana 1 MJI pacrsopa XJIOpHCTOro MapraHIla, 3aTeM 1 MJI 

uienosaoro pacrsopa HO,lJ;H,lJ;a KaJIIDI. TaK KaK 06a peaxrasa HMelOT 60JIbIlIHH 

y,lJ;enbHbIH nee, qeM BO,lJ;a, OHH onycxarorcs ua ,lJ;HO CKJIlIHKH. 3aKpbIBalOT CKJIlIHKY 

rrp06KoH. UpH 3TOM BbIJIHBaeTclI.2 MJI . BO,lJ;bI; r.e, pOBHO CTOJIhKO, CKOJIbKO 6bIJIO 

,lJ;06aBJIello peaKTHBOB. 3aKpbITYJO CKJIlIHKY HeCKOJIbKO paa nepeaopasasaror saepx 

,lJ;HOM ,lJ;JU1 nepeaeuraaanaa conepxavoro. 

Oopasosaaureayca OCa,ZJ;KY ,lJ;aIOT ocecrs aa ,lJ;HO CKJIlIHKH, OTKpbIBalOT npofixy H 

BJIHBaJOT 1 MJI cepnolt KHCJIOTbI, HeMe,lJ;neHHO 3aKpbIBaJOT npofixy, He ofipamaa 

BHHMaHHlI na TO, "ITO npa 3TOM BbIJIHBaeTClI 1 Mn BO,lJ;bI, H TmaTeJIbHO nepeuemaaaror 

CO,lJ;ep)l(HMOe CKJIlIHKH. DpOHCXO,lJ;HT pacrsopeaae OCaIJ,Ka H BbI,lJ;eJIeHHe HO,lJ;a. 

100 Mn rrp06bI rrepeHoclIT rrHUeTKOH B KOHHqecKYIO KOJI6y H THTPYIOT HO,lJ; 

pacrsopox rnocynsrpara HarpIDI, npH6aBJIlIlI K KOHllY THTpOBaHHlI 3-5 xanens 

KpaXMaJIa. 

CUAI::PlK<lHHI:: p<ll;n~OpI::HHOI'O KI1CJIUpO,lJ;a LU2J B MriJI paccxarsrsaerca ITO 
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!jJopMyJIe: k . N .8.1000 

[o21=a' 100-2 ' 

rne a 06beM pacrsopa rnocymdiara HaTpIDI, H3paCXO,lJ;OBaHHoro Ha 

THTpOBaHHe, MJI; 

k - nonpasosnsni K03cl><pHIlHeHT K HOpMaJIbHOCTH THTpoBaHHoro pacrsopa 

Na2SZ0); 

N - HOPMaJIbHOCTb pacrsopa raocynupara HaTpHlI; 

100 - 06beM npofiu, B311TOH .lIJIH aHaJIH3a, MJI; 

2 - 06mHH 06beM peaKTHBOB,rrpH6aBJIeHHbIXB KHCJIOPO,lJ;HYJO CKJIHHKY, MJI; 

8 - 3KBHBaJIeHT' KHCJIOpO,lJ;a. 

Bonpocsr ,llJlH KOHTpOJlH K KOJlJlOKBHYMy X!!4 

1. qTO rrOHHMaJOT non OKHCJIlIeMOCTbIO BO,lJ;bI? 

2. qTO raxoe 06maJI OKHCJIlIeMOCTh (XIlK)? Ha qeM OCHOBaH npaauan onpezteneaas 

(peaxuaa)? 
3. qTO raxoe qaCTHqHaJI OKHCJIlIeMOcTb? DpHBe,lJ;HTe OCHOBHbIe OKHCJIHTeJIbHo-

BOCCTaHOBHTenbHble peaxuaa, 

4. HaJIHqHe KaKHX BemeCTB o6ycJlOBJIHBaeT .aenHqHHY qaCTHqHOH OKHCJIlIeMOcTH? 

5. qTO rrOHHMalOT non TepMHHaMH "TeOpeTHqeCKaJI" H "3KcuepHMeHTaJIhHaJI BeJIHqHHa 

XIlK?" qTO 60JIbwe? Iloxesry? 

6. qTO xapaKTepH3Y1OT BeJIHqHHbI liIlKs, liIlKno~,,? 

7. MexaHH3M OKHCJIeHHlI npa onpeneneaan liIlK. qeM OH OTJIHqaeTClI OT OKHCJIeHIDI 

npa onpenenenan XIlK? 

8. qTO nokaasisaer OTHOllIeHHe liIlKfXIlK H paJHOCTb (XIlK-liIlK)? r,lJ;e 3THMH 

BeJIHqHHaMH H COOTHOllIeHHlIMH onepapyior na npaxraxe? 
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npHJIO)l(eHHe 1 

KAPliOHAThl II )l,HOKCUj( vrJIEPOj],A 

)l,FIoKCH;L\ yrnepona (B crapux ny6JIFIKaI..\llilX MO)l(HO BCTpeTHTh TepMJlH 

";L\BYOKHCh yrnepozta") 06hfllHO rtpacyrcrayer BO scex npHp0;L\HhIX BO;L\ax, OH 

BCTpe'IaeTCH B BH;L\e He;L\HCCOI.\HHP0BaHHOH <pOPMhl, ranpoxapeosar- H Kap60HaT

HOHOB. Pacrsopeaaua ra3006pll3HhlH ;L\HOKCH;L\ yrnepozia CO2 B BO;L\e qaCTH'IHO 

raziparapyercs, ofipasys O'IeHh MaJIO ;L\HCCOI.\HHpOBaHHYIO yroJIhHYIO KHCJIOTy H 
2C03. 

PaCTBOpeHHhlH H 'IaCTH'IHO rH;L\paTHpOBaHHhIH CO2 Hll3hIBaeTCH CB060)J,Hh1M 

;L\HOKCH)(OM yrnepozta, CO;L\ep)l(aII.\HeCH B ranpoxapeoner- FI Kap60HaT-HoHax (HC0
3-, 

COl--) ;L\OJIHCO2 Hll3hlBaIOTCH 6HKap60HaTHblM (m;L\poKap60HaTHldM) FI Kap60HaTHhlM 

;L\HOKCH)(OM yrnepozta. Cysraapaoe conepxanae scex rpex <pOPM CO2 nassraaercs 

"061I.\HM ;L\HOKCH;L\OM yrnepona'', COOTHOllleHHe Pll3JIH'IHhIX <pOPM CO
2 

B BO;L\e 

HaXO;L\HTCH B 3aBHCHMOCTH OT pH. 

,lVIH npaKTH'IeCKHX I.\eJIeH MO)l(HO C'IHTaTh, 'ITO pH 4.5 HBJIHeTCH npe;L\eJIOM )J,JIH 

cymecrnoaaaas ranpoxapcoaaraoro ;L\HOKCFI;L\a yrnepona, a snaseaae pH 8.3 _ 

rpaaanen cYlI.\eCTBoBaHFIH CB060;L\HOro H xapfioaarnoro CO2• 

06hl'IHO BCTpe":nlIOII.\HeCH BFI;L\hl npapozmsrx BO;L\, KpOMe nefionsnroro 

KOJlHqeCTBa CB060;L\HOro CO2 aTMoc$epHoro npOHCXO)l()J,eHFIH, oonepzcar B OCHOBHOM 

TOJlhKO . rH)(poKap60HaT-HOHbl, HaxO;L\HII.\HeCH B paBHOBeCHH C 3KBHBaJIeHTHhlM 

KOJlH'IeCTBOM FIOHOB KaJIhl..lHH H MarHHH·. Conepxaaae CB060;L\HOrO CO2 3HaqHTeJIhHO 

KOJle6JIeTCH nO;L\ BJIHHHHeM cpensr. OHO ytisrsaer BCJle;L\CTBHe FIHTeHCHBHO 

npOT\:KaIOlI.\erO <pOTOCHHTe3a H B03paCTaeT sa C'IeT 6HOXFIMH'IeCKOrO paanosceaas 

OprWH'IeCKHX BemeCTB, a H36blTo:qHhle KOJlH'IeCTBa HC'Ie3alOT-npH conpHKOCHOBeHHH 

BO).(h1 C aTMoc<pepOH. B rJly6HHHhlX H MHHepaJIhHhlX BO;L\ax KOHl..leHTpaI.\HH CB060;L\HOrO 

H ranpoxaprionamoro CO2 ;L\OCTHraIOT HCKJlIO'IHTeJlhHO BhlCOKFIX 3Ha'IeHHH, npH'IeM B 

3THX BO;L\ax BCTpe'IaIOTCH TaK)I(e H yrnexacxsre COJlH lI.\eJlO'IHhlX MeTaJIJlOB. B 

3arpH3HeHHhlX CTO'IHhlX BO;L\ax paBHOBeCHe <P0PM CO2 06hl'IHO He C06JIIO;L\aeTCH. B 

aexoropsrx BH;L\ax 3THX BO;L\ xapfioaarsr ranpoxapooaars, H pacraopeaasni CO
2 

npJlcyTcTBYIOT B 3Ha'IHTeJlhHhlX KOJlHtleCTBax, KaK 3arpH3HMIOII.\He BelI.\eCTBa. 

Bsrcoxoe coztepxaane CB060;L\HOrO CO2 nenaer BO).(y arpeCCHBHOH no 

OTHOllleHHIO K CTpOHTeJlhHhlM MaTepHaJIaM (oc06eHHO K 6eTOHY) H K MeTannaM. 

Paspyurarouree ;L\eHCTBFIe TaKOH BO;L\h1 3aKJllOQaeTCH B 06p1l30BaHHH pacraopavsrx 

'n.u.j)0i-:cip0unalUtI, t1LJlt:~Lll:ll1t: -rero crpyxrypa MaTepHaJIa napynraerca, ArpeCCHBHoe 

,1leHCTBHe BO;L\hl 3aBHCIIT OT conepxanas palJ1H'lHhlX <P0PM CO2, a TaK)I(e npyrax 
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BelI.\eCTB, npHcyTcTBylOII.\FIX B BO,1le, OT resmeparypsr FI Ln. ArpeCCFIBHO B03,1leHcTByeT 

He sees npFICYTCTBylOlI.\FIH B BO,1le CB060,1lHhIH CO2, a JIFIlIIh ero onpeneneanaa 'IaCTh, 

BeJIFI'IFIHa KOTOpOH 3aBFICFIT OT CO,1lep)l(aHFIH rFI,1lpOKap60HaTHoro CO2, H Hll3hIBaeTCH 

"arpeCCFIBHhIM ,1lFIOKCFI,1l0M yrnepona''. Y'IFIThlBaH CJIO)l(HOCTh H pasaoofipasae 

npoueccos KOpp03FIFI MeTaJIJIOB, nozt nOHHTFIeM "arpeCCFIBHhIH CO2'' npFIHMTO 

nO,1lpalYMeBaTh CO2, arpeCCFIBHhIH He no OTHOllleHHIO K MeTaJIJlaM, a no OTHOllleHHIO K 

Kap60Hary KaJIhUFIH - rnaBHOH COCTaBHOH 'IaCTFI 6eTOHa. 

Onpeneneaae CO2 CBHlaHO co MHOrFIl'dFI Tpy,1lHOCTHMH. Ilpasna, CB060,1lHhlH CO2 

JIerKO orrpenemrrs aI..lH,1lFIMeTpFI'IeCKFIM, a FIOHHhle <pOPMhl ero aJIKaJIHMeTpH'IeCKFIM 

MeTO,1l0M, HO orrpeaenenaa HecneUFI<pH'IHbI,FI B03MOJKHOCTh HCnOJlh30BaHHH 3THX 

MeTO,!!,OB, a raxae aanexnocrs . pesynsraroa orpamrseasr MHoroqFICJleHHhlMH 

MelllaIOlI.\HMH BJIHHHHHMH. npHMO H TO'IHO MO)l(HO onpenexars TOJlhKO 06II.\FIH CO2, 

nOJIh3YHCh O,1lHHM H3 r1l30MeTpH'IeCKHX MeTO,1l0B. no pe3YJIhTaTaM aroro onpeneneaas 

H no BeJIH'IHHe pH MO)l(HO Bhl'IHCJIHTh OTHOCHTeJIhHOe conepzcaaae OT,1leJIhHhIX <pOPM 

CO2. 3TOT nOpH,1l0K onpeneneaaa, O,llHaKO, BCJle,1lCTBHe ero 60JIhlllOH CJIO)l(HOCTH, 

Ht:Jlb3}! npHHMTh B Ka'IeCTBe YHH<PHI.\HpOBaHHoro MeTO,1la H ,1lJlH onpenenenas BhlCOKHX 

xoauearpaunji CB060,1lHOH CO2 (aanpavep, B MHHepaJIhHhlX sonax). ECJlH raxoe 

onpezteneaae He06xo,1lHMO, CJIe,1lyeT nOJIh30BaThCH KaKHM-JIH60 cnenaansnsra 

MeTO,1l0M. )lrur onpeneneans <pOPM CO2 pexoueaztyerca pacxer, npOH3BO,1lHMhlH aa 

OCHOBaHHH nesoropsrx BcnOMOraTeJIhHhlX BeJIH'IHH. )l,ocToBepHOCTb raxoro pac'leTa, 

O,1lHaKO, orpanaxeaa. Koraa npHXO,1lHTCH FICCJle,1l0BaTh 'IHCThle aonsr, He conepacarnae 

nOMHMO Pll3JlHQHhlX <pOPM CO2 6y<pePHh1X BelI.\eCTB, CB060,1lHhlX KHCJlOT H r.n., MeTO,1l 

pacxera Ha;L\e)l(eH. B COMHHTeJIhHhlX CJIyqaHX He peKOMeH.nyeTCH HCnOJIh30BaTh MeTO,1l ,. 
BhlQHCJleHHH OT;L\eflhHhIX <pOPM CO2• 

ECJIH Ha,1l0 onpeztenars 60JIhlllHe KOHueHTpal..lHH rH,1lpOKap6oHaT-HOHOB H 

~ . 

I 
Kap60HaT-FIOHOB, BCTpe'IaIOII.\FIXCH B aexoropsrx BH,1laX CTO'lHbIX BO,1l, MO)l(HO 

rrOJIh30BaThCj[ rrpH6JlH3HTeJIhHhIM MeTO,1l0M OCa)I(,1leHHH scex <pOPM CO2 XJlOpH,1l0M 

KaJlhl..lHH. 

ArpeCCHBHhlH ,1lHOKCHlI yrnepona cnenyer onpezienars oc060: JIH60 paCQeTOM, 

JIFI60 no MeTO,1ly Teaepa. 

Pe3YJIhTaThl onpenenenas CB060,lJ,HOrO, ruztpoxapfionarnoro, xapfionarnoro II 

061I.\ero CO2, a raxxe arpeccasnoro CO2 aupaacaior B MHJIJIHrpaMMax na lJI, 

pe3YJIhTaT onpenenenaii rH,1lpOKap60HaT- H Kap60HaT-HoHoB TaK)I(C B MHJIJIHrpaMMax 

HJIH MHJlJlHrpaMM-3KBllBaJIeHTax .HC03- HJlH CO/ na lJI aonsr; 
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I 

, ..: ~,~\~~:lilii:La"'t.';(d1~ 

IMr HC03'=0,0164 Mr-3KB HC03 ; Mr-3KB HC03-=61 ,02 Mr HC03- ; 

1 Mr-3KB C03
2 =30,00 Mr CO/-. 

Onpeaeneune CO~ep*llHHH pa:JJIHQHblX cIlopM ~HOKCH~a yrnepona C nOMOUlblO 

HOMorpaMM 

,[(aHHblil: MeTO,n. MO:lKHO npHMeIDITb B rex CJlyqaJIX, xorna B sozte, nOMHMO 

yronsaoti KHCJlOTbI H ee conea, apyrae cnatisre KHCJlOTbI H HX COJIH conepxarcx B 

aesaasarensaux KOJlHqeCTBax. 

~ paCqeTOB no npaaeaeaaux HH:lKe HOMorpaMMaM Heo6xo,n.HMbl cnenyromne 

nasasre: 

a) revnepatypa BO,n.hl (t), °C; 

6) o6mee conepxanae COJleH (P), Mr/Jl; 

B) ofiutaa meJlO'lHOCTb - onpenenaerca THTPOBaHHeM CHJlbHOH KHCJlOTOH no 

HH,n.HKaTOpy MeTHJlOBOMY opaaxesoay (m), Mr-3KB/JI; 

r) pH. 

,[(.lljl onpczieneans arpeccasaoa yrom.aoa KHCJlOTbl aano raxace 3HaTb 
2+ . 

conepscaaae Ca -HOHOB. 

Ha pHC. 1 TIpHJI.l npaseneaa HOMorpaMMa ,n.JljI onpenenenua conepacanas 

csofionaoro ,n.HOKCH,n.a yrnepona B sozte. 

Hpussep 1. Onpenenars co.n;ep:lK.aHHe [C02] CB05 B sone cneziyiourero COCTaBa: 

o6mee conepxaaae COJleH (P) - 300 Mr/Jl; o6maJI meJlO'lHOCTb (m) - 2.8 Mr-3KB/JI; 

pH:6.9; 

[Ca2+] -55 Mr/Jl; TeMnepaTypa (t) - +15°C. 

-Peurenae: a) coe,n.HHHTb'JlHHeHxOif aamxanax 1 H 3 ,n.eJJeHlijl, coorsercrayrouure 

t= 15°C H P=300Mr/Jl, If OTMeTHTh TOqKY nepeceseaas co illKaJIOH 2; 

6) coeztaaars 3Ty TOqKY aa nrxane 2 C,n.eJleHHeM aa UlKaJIe4, coorsercrayrourau 

m=2.8Mr-3KB/JI, OTMeTHTb TOqKy nepeceseaas co uncanoa 3; 

B) coenanars IIony'leHHYIO OTMeTKy aa IUKaJIe 3 C ,n.eJleHHeM aa nncane 5, 

COOTBeTCTBywmHM pH=6.9, H na nepeceseaaa np}lMOH co illKanoH 6 npovecrs 

KOHl.\eHTPauHlO csofioznoro ,n.HOKCH,n.a yrnepona, r.e, [C02]c.oo=38 Mr/Jl. 

-48 

50 ra 
7,0 

.§. 
~ 

6,.f~ 
'-'s .~ 1;,51~ r5,0 

~ ISO <:; 1,,0<.> 6,0-. ~J.S. ~~ '"~ ~ 

:e ~ 200 ':i 3.0~ t-IO ~ ~ , CIi~~t.7S 
'C!t,~~ ...... "t:i 250 ~E-2,5' &~~ ......~ 

~ ... ~ ~~1.? 
~ '" ... I·

{ 

.:::.. l> 20~ . JDO~ 1'-2.0
tl o::s . ~ , 7,0 '0 ~ 

~ l:> 
CreHo nonb30QaH/l.ff ,JiO § g~ so ,. 

~I-J§ 
~ 
tl 

r
~

~I;{)1,00 ~I-I,.f~ 'C '"s ':;' 1:$
P so::i.i ~~ 20 I I I /1 I I I c.."iO .s~ GO~ o <:) 70

\O!:)JOo o o,J 80
6,0 CD

'Nl 550 
/,0 JOO251 s U 

ISO 

»\ 
GOO 

100G50
.Jf 

I 7 3 r, G 700
 
I;{)
 Joo 

7iO.50 . _ '00
800 D,5GO 

:J y 62 

PHC. 1. Hoxorpavea .n;JIjI onpenenenas conepacaans CBo6o.n;HoH CO2 B aozte 

" j,.
Hepe.n;KoB03HHKaeT Heo6xOWlMOCTb orrpenernrrs -conepxauae B aozie 

arpeCCHBHOH CO2• ~ npH6J1H)l(eHHOrO onpeneneaas [C02]arp cnyzcar 

COOTBeTCTBywmHe HOMOrpaMMbl (PHC. 2 H 3 TIpHJI. 1). Ha nouorpaeoae, nOKa3aHHOH 

na pHC.2, onpeztensror no BeJlHqHHaM P, t H [Ca2+] BcnoMoraTerrbHYW BeJlHqHHY A. 

))"l}l aroro coenansror npjlMOH saaaeaae P aa uncane 1 H t - aa nrxane 5, OTMeqag 

TO'lKy aa mxane 4. 3aTeM 3Ty TOqKY coenaaaior C.n;erreHHeM ua urxane 2, OTBeqalOmHM 

conepxameo B aone HOHOB KaJIbUHjI, H qHTaJOT na urxane 3 

BeJlHqI1HY A. 
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PRC. 2. Houorpasoaa ,lLJIJI onpenerrenas ecnoxorarensaoa BemrqHHbI A npa 
onpenenenaa arpeccasaoro CO2 

Ilocne aroro nepeXO,!J.JIT K onpenenemno [C02]llll' no HOMorpaMMe, nOKa3aHHOH 

na pHC.3. Ha none HOMOrpaMMbI OTMeqalOT TOqKY, COOTBeTCTByIOlJ.\YIO xoopnaaaraa 

[C02JCBo6 H ill, H qepe3 ary TOqKY npoaoaar npavyio, napannensayro HaKnOHHbIM 

npJlMbiM HOMorpaMMbI, no nepecenenax C KpHBOH, orsesarouren panee onpeneneaaoti 

BeJIHqHHe A. ITpOBO,!J.JI ropH30HTanbHYlO npHMYJO, qHTalOT aa OCH " cBo6o.nHbIH 

.nHOKCH.n yrnepozia" KOHl.(eHTpal.(HIO "paanosecaoro' .nHOKCH.na 

-50

rAl 

:A':: 

a /,11 2,0 3,0 '-,0 s.o G,O 7,0 6,0 
taenOl{HQCm6 (m), HZ-3KB/J7 

PHC. 3. Hovorpaeoaa .nnJI onpeneneaas arpeccasnoro CO2 
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yrnepozta [C02]PaBH' nOCJIe y.ero KOHl.(eHTpal.(HIO arpeccaaaoa CO2 BblqHCJUlIOT no 

<popMyJIe 

[C02]arp=[C02]Ca06-[C02]paBH . (7) 

no 3TOH aouorpaaae (CM. pac.J) MO)l(HO nOJIyqHTb npH6JIH)I(eHHOe aaaseaae 

CO,lJ.ep)l(aHHSI arpeccasaoro CO2, TaK KaK npa ee nocrpoenan ysarueanocs, 'ITO B 

npouecce paCTBopeHHSI CaC03 YBeJlHqHBaeTCSI KOHl.(eHTpal.(HSI He TOJIbKO HC03- , HO H 

C 2+ a . 

IIpHMep 2. ArrSl ,lJ.aHHbIX npavepa I onpenemrrs KOHl.(eHTpal.(HIO arpeccasuoro 

CO2 

Peurenae: a) onpeztenaex A no HOMorpaMMe, nOKa38HHOHHa pac.Z Ilpan. I, 

A=0.6; 

6) onpeztenaea [C02]PaBH no HOMorpaMMe,. nOK83aHH'oH aa pac.J OPHJI 1, 

[C02]PBBH~10 Mr/JI; 

B) onpenenaeu [C02]a'l'=[C02]cao6-[C02]PBBH=40-10=30Mr/JI. 

PaC'IeT Kap6oHaTHoii H HeKap6ouaTHOH *eCTKOCTH BOAb. 

ArrSl BhIqHCJIeHliSl Kap60HaTHOH )I(eCTKOCTH HCnOJIb3YIOT pe3YJIhTaTbI 

onpeneneaas meJIOqHOCTH. Y npofi, xoropue coztepxar 60JIbIllOe KOJIHqeCTBO 

KaUlOHOB meJIOy.HbIX· MeTaJIJIOB H Y KOTOpbIX q8CTb rH,!(poKap60HaTHbIX H 

Kap60HaTHblX HOHOB CBSl3aHa C 3THMH MeTaJIJIaMH, BeJIHqHHa, BblqHCJIeHH8.lI no 

meJIOy.HOCTH, He orsesaer Kap60HaTHOH )I(eCTKOCTH. B 3THX CJIytIaSIX HMeeTCJI B BH,lJ.Y 

TOJIbKO 06m8.ll )I(eCTKOCTb. 

OpH aHaJIH3e BO,lJ., meJIOqHOCTh. KOTOpblX nsnsaaa He TOJlhKO HOHHhIMH 

<pOPMaMH yrOJIbHOH KHCJlOTbI, a TaK)I(e H aHHOHaMH ,lJ.PYrHX CJla60,lJ.liCCOl.(HHpOBaHHhIX 

KHCJIOT, 'B pe3YJIhTaTe pacxera 6Y,lJ.eT OIllH6Ka, npOnOpl.(HOHaJIbHaSI KOHl.(eHTpal.(HH 3THX 

BemeCTB.· 

Kap60HaTHaSI )I(eCTKOCTb (B Mr-3KB/JI) pasna m, r,lJ.e m - 06maSI meJIOqHOCTb B 

Mr-3KB/JI. HeKap60HaTHaSI )I(eCTKOCTb (B Mr-3KBlJI) pasna p83HHl.(e Me)l(,lJ.Y 06meH 

lKeCTKOCTblO H KapGOHaTHOH lKeCTKOCTblO. 

Bbl'lHCJIeHHe co):{ep*aHHH arpeccaauoro .llHoKCH)J.a yrnepoaa 

C nossounao Ta6JIH~bl 

AHaJIH30M YCTaHaBJIHBaIOT KOJIHy.eCTBO cBo60,lJ.HOrO H CBSl3aRHOrO CO2 (eCJlH 

coneoacaaae rHllOOKao60HaT-HOHa nano R Mr-.~KR/J1. TO ero HVlKHO VMHO)f(I1Tb H8 

3KBHBaneHTHylO MaCcy CO2.T.e. aa 22). 

- S~-

CyMMy c606oiJHOU U C6R30HHOU yrJIeKHCJIOTbI aaxonsr B rpadie S (Ta6JI. OpHJI. 

1), a B rparpe G - coorsercreyrouryro eH £JIMMY C6R30HHOZO U azpeccuenozo iJUOl<.cuiJo 

ywepoiJo. BbNHT8.lI H3 nocnennea BeJIHqHHbl Haii,lJ.eHHOe KOJlHqeCTBO CBJl3aHHOro CO2, 

nOJlyqalOT KOJIHqeCTBO arpeccnaaoro CO2, conepxameroca B 1 JI BO,lJ.hI. 

IIpHMep. 3KcnepHMeHTaJIbHO ycnmOBJIeHO, 'ITO apTe3HaHCKaSI BO,lJ.a H3 

CKBa:lKHHbl cozrepaorr 4.7 Mr-3KB/JI rH,iI,poKap60HaT-HoHa H 50 Mr/J1 CO2. Onpe,lJ.eJlHTb 

KOJlHqeCTBO arpeccassoro CO2. 

PemeHue : 1. Onpe,lJ.eJIHM CO,lJ.ep:lKaHHe B BO,lJ.e cassaaaoro CO2: 

4.7x22=103A Mr/JI. 
f 

2. Orrpe,lJ.eJIHM cYMMY cB06o)J.Horo HCM3aRHOrO C 0 2 (S): 

103A+50='153A Mr/JI 

3. Haxo,llHM B rj,a<pe S l.(H<ppy 153 H COOTBeTCTBylOme e eii ssaxeaae CYMMhI 

CBjl3~HHOro H arpeccasnoro CO2 B rparpe G -114.7. BblqHTaSI H3 nOCJIe,n:HeH: BeJ1H'IHHbI 

KOJIHqeCTBO CBJl3aHHOro CO2, nOJIytIHM KOJIHqeCTBO arpecctrsnoro: CO2 (arp) 

114.7-103.4=11.3 

HH):{eKC HaCblmeHHH BO.llbl Kap6oHaTOM KaJlbllHH 

B npaxraxe BO,lJ.OCHa6)f(eHHjI xapaxrepacraxy CTa6HJIbHOCTH BO,lJ.bI onpenenaior
 
no annexcy HaChlll]eHHjI I ee Kap6oHaToM KaJIhl.(lfjI. Arfg eroro HCnOJIb3ylOTCSI
 

HOMorpaMMbI (pHC. 4), no KOTOpblM onpenensror saaxeaae <PYHKl.(HH. OT sananasrx
 

BeJmqHH. 

OpH 38.l\aHHblX xonuearpannsx: HOHa KaJIbUHjI (Ci+, Mr/JI), ll]eJIOqHOCTH sonsr 

(Ill, Mr-3KB/JI), ofiutero coneconepacaaas (P, Mr/JI) H onpe,lJ.eJIeHHOH: revneparype (t) 

acnsrryeuof sonsr - HaXOAllT C novouuao HOMorpaMMbI saaseaae <pyHKUHH OT 3THX 

apryaenros H onpezrenstor pacserasm nyrex 3HaqeHHe pHs, coorsercrayroutee . ; 

paaaosecaoay COCTOjlHHlO CHCTeMbl B 3THX YCJIOBlfjIX no <popMYJIe: ~ 
pHs=f1(t) - h(Ca2+) - h(ll.O +f4(P). 

3aTeM, npoaasona cpaaneaae onbITHOrO 3HaqeHHjI pHo nOH: BO,lJ.bI C pacxerasnr 
pHs, aaxonsr HH,lJ.eKC HaCblmeHHjI: I=pHo - pHs. BO,lJ.a CqHTaeTCSI cTa6HJIhHOH:, eCJIH 

HH,lJ.eKC HaCbImeHHjI I pasen HYJIlO. OpH nOJIOlKHTeJIhHOM 3HaqeHHH I BO,lJ.a CKJIOHHa K
 

OTJIO)l(eHHlO Kap60HaTa KaJIbl.(HjI na creaxax anrraparypu. OpH orpauarensnoa
 
3HaqCHHH HHJl.eKCa HaCblmeHlfjI BO,lJ.a arpeccasaa no OTHOIlleHHlO K MeTaJIJ1Y H 6eToHy,
 

n03TOMY ee rtonsepraror ,lJ.OnOJIHHTeJIbHOH: 06pa6oTKe - cTa6HJIH3al.(HH. 
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llpHMep. YCTaHOBJIeHO, 'iTO B sone npa t=100C H pH=7 conepscarcs 50 Mr/JI
BbIQHCJleHHe arpeecaesoro CO2 MORa KaJIhUHjJ, 300 Mr/JI conea, a meJIO'iHOCTh BO,ll,hl 2 Mr-3KB/JI. PaCCllHTaTh HH,ll,eKC

S - CYMMapHOe conepxaaae caofiozmoro H CBjJ3aHHOrO CO2, Mr/JI; 
HachllIl,eHHH.G - cysoaapnoe conepxaane CBjJ3aHHoro H arpeCCHBHOrO CO2, Mr/JI Peuienue. TIo aosrorpaseae HaXO,ll,HM snaseaae 4JyHKl{Hil: 3a.n.aHHhIX BeJIH'iHH H 

pacCQHThIBaeM pHs=2,35 - 1,7 - 1,3+8,81=8,16. Torna I=pH,,- pHs=7,O - 8,16= -1,16. 
Bo.n.a arpeccasaa, B HeM KOJ]H'ieCTBO csofionaoro CO2 npessnuaer paBHOBeCHoe.S G S G S G S G S G 

cL--. I 45 43,0 89 77,3 133 104,3 177 126,2 

a., 2 46 43,9 90 78,0 134 104,8 178 126,6 
3 3 47 44,7 91 78,7 135 105,4 179 127,0 
4 4 48 45,6 92 79,3 136 105,9 180 127,5 
5 5 49 46,5 93 80,0 137 106,5 181 127,9 
6 6 50 47,3 94 80,8 138 106,9 182 128,4 
7 7 51 48,2 95 81,4 139 107,5 183 128,8 
8 It 52 49,0 96 82,1 140 108,1 184 129,2 
9 9 53 49,9 97 82,7 141 108,6 185 129,7 
10 10 54 . 50,7 98 83,3 142 109,1 186 130,2 
11 J1 55 51,5 99 84,0 143 109,6 187 130,6 
12 12 56 52,4 100 84,6 144 110,2 188 131,0 
13 13 57 53,2 101 85,3 145 110,7 189 131,4 
14 13,9 58 54,0 102 85,9 146 111,2 196 131,9 
15 14,9 59 54,8 103 86,5 147 111,7 191 132,3 
16 15,9 60 55,7 104 87,2 148 112,2 192 132,7 
17 16,9 61 56,5 105 87,6 149 112,5 193 133,2 
18 17,8 62 57,2 106 88,4 150 113,2 194 133,7 
19 18,8 63 58,1 107 89,1 151 113,7 195 134,0 
20 19,8 64 58,8 108 89,7 152 114,2 196 134,4 
21 20,8 65 59,6 109 90,4 153 114,7 197 134,8 
22 21,7 66 60,4 110 90,9 154 115,1 198 135,2 
23 22,7 67 61,2 111 91,6 155 115,8 199 135,7 
24 23,7 68 62,0 112 92,2 156 116,3 200 136,0 
25 24,6 69 62,8 113 . 92,8 157 116,6 210 141,6 
26 25,6 70 63,5 114 93,4 158 117,3 220 145,6 
27 26,5 71 64,3 115 94,0 159 117,6 230 149,8 
28 27,5 72 65,0 116 94,6 160 118,1 240 153,8 
29 28,4 73 65,8 117 95,1 161 118,6 250 157,5 

30 29,4 74 66,5 118 95,8 162 119,1 260 161,2 
31 30,3 75 67,3 119 96,3 163 119,6 270 164,9 
32 . 31,2 76 68,0 120 97,0 164 120,1 280 168,5 
33 32,2 77 68,8 121 97,6 165 120,6 296 171,9 
34 33,1 78 69,5 122 98,1 166 121,0 300 175,3 
3S 34,0 79 70,3 123 98,6 167 121,5 310 178,8 
36 34,9 80 71,0 124 99,2 168 122,0 320 182,1 
37 35,9 81 71,7 125 99,8 169 122,5 330 185,0 
38 36,8 82 72,4 126 100,4 170 123,0 340 188,3 
39 37,7 83 73,1 127 100,9 171 123,4 350 191,3 
40 38,6 84 73,8 128 101,5 112 123,9 360 194,2 
41 39,5 85 74,5 129 102,1 173 124,3 370 197,3 
42 40,3 86 75,2 130 102,6 174 124,7 380 199,9 
43 41,2 87 75,9 131 103,2 175 125,2 390 202,8 

44 42,1 88 76,5 132 103,7 176 125,7 400 205,7 

Tpe6yeTcH nposonars cTa6HJIH3aUHID sonu. 
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PHC, 4. HOMorpaMMa)l,J1H orrpe,ll,eJIeHHjJ BcrrOMoraTeJIhHhIX BeJIHqHH HH,ll,eKCa 

HaChIlIl,eHHH BO,ll,hI Kap6oHaToM KaJIhl\HH 
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npHJImKeHHe 2 

OPIET no JTADOPATOPHbIM PAEOTAM 
noKYPCY "XI1Mill1 OKPY)J(AlOl.QEH: CPE.lU>I" 

<1>.I1.0. cryaenra ~ 

.N"2 rpynnsr _ 

JIa60paTopHaJi patiera .N't 1. !.\BeTHOCTLH MyTHOCTL BO):{L1 
Kpamxoe onucauue xooapatiomu. 

Ta6JlHI\a 1a 
II~~~-~ .................. ........................, v.Dv~nv.n ~n.Dvn J.,l,.lJ}I UllJ,J\;,L\t:JJt:Hi1JI. I..1BeTHOCTH
 

KO,'H'leCTBO oraua. 

Ipacraopa, MJI 
0,0 1,0 2,0 3,0 4,0 5,0 6,0 8,0 10,0 12,0 14,0 16,0 

QBeTHOCTb npo6bl, 
Irpan. (Q) 

3Ha'leUHe 

orrrasecxoa 
nJlOTHOCTH (D) 

. 

Ta6JIHIla 16 
........... "".1. V""iln"", .n..~~~ynu"tltunJ\.Pl1.lSUJ1. WUf OIlPe.lIe.rreH:rnI~HOCT.l:I
 

KOJlH'IeCTBO craua. 

Ipacrsopa, MJI 

KOHl\eHTpal\HlI SiOl 

B CTaH,:\aPTHOM 
Ipacraope.jar/n 

MyrHOCTb, Mr/Jl 

3Ha'leHHe ~ 

FpatpuxsaeucuuocmuD=f(~ 

Fpadno: 3a6UCUMocmu fJ=f(M) 

Ta6}U!I\a 2 
l esynsrarsr ullpe",<:JleHHJlUBCTHOCTH H MymoCTH npe):{JIO)j(eHHbIX Mo):{eJIeH BO):{bI 

HOMep MOne,'H 1 2 3 
3Ha'leHHe OnTH'IeCKOii 
fiJlOTHoCrH (D) 

3Ha'leHHe ~ 

3Ha'leHHe l\BCTHOCTH, rpaa, 

3Ha'leHHe MyrHOCTH, Mr/Jl 

[CCh].'!'. 
Mr-3KslJI 

[C02]eB' 
Mr/JI 

K.,., I C MJI I 1(,,6, 
Mf-3KB/JI' Mf-3KBIJI 

h,MJI
Kc., 

Mf-3KB/JI
a, MJ]pHt 

::sa L $ di ,tti@! l. Sl#lJtJli 
.__~~. . ,';.,.<.. ~l.:;:':J.·.:....:<w.',~;.;:(A....~i'~""'~:."""~~"'''''.·.;I..l&.l:&~''''''-''''~''''~I''''.-'....,....'. ... .. ~'.., ". 

JIaoopaTopHaH paOOTa .N't 2. pH, KHCJlOTHOCTL, conepseaaae CBooo):{Horo H 
arpeecaaaoro ):{HOKCH):{a yrnepona 

KpamKoe onucauue xooa patiomu 
Ta6JIHI\a 3 

Be):{eHHbIX HCCJIe):{OIlaJlHH 

RilL2dI! 2. 22 51. : 

JIa60paTopHaH pafiora .N'! 3. ~e.JIOqHOCTL H iKec:TKOCTL npHpo):{HLlX BO):{ 

Kpamxoeonucauuexooa patiomu. 
Ta6JIHI\a 4. 

)1(00, )1(,., )1(.,I.llc., Mf lll..6,

~ pH "Mf"3KB/JI Mf-3KB/JIi.tf-3KslJI3KB/JI Mf~3KB/JI HC03- CO/- ow 

x, Mr02/JIV,MJIk 

MaHraHaTHOH OKHCJIJIeMOCTH BO):{bI 

C, MJI b, MJIa,MJIE 

JIa60paTopHaH psfiora .N'! 4. OKHCJlHeMOCTL H paCTBopeHHLIH KHCJlOP0):{ 

'pamxoeonucauuexooa poiiomu. 
aIIHIlIHTe ypaanenas OKHCJIHTeJIbHO-BOCCTaHOBHTeJIbHbIX peaKI\HH, na KOTOpbIX OCHOBaHO 

npenenenae nepaaaraaarnoa OKHCJIJIeMOCTH BO):lb1 no MCTO):{y Ky6eJIJI H pacrsopenaoro KHCJIopo):{a 

o MCTO):{y BHHKJIepa. " 

Ta6JIHI\a 5 

On 

Ta6JIHI\a 6 
On 

a, MJIE 

lQ 
.,'

r 

j 

l 
~ 

I 
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