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MEXAHHN3M NIPOABJIEHUAA BEJIKOB CEPEBPOM
B NOJRAKPUJIAMHJTHOM TEJIE

Kawouesvie caoan: NpoABieHHe, OeN0K, OKpacka, cepebpo, NoJMakpiri-
aMANHBIHA Telb.

WayueHnl MeXaHH3MBl NDOHUKHOBEHHA B rells HOHOB cepebpa M. ocasie-
ulg Ha OelKe MeTaNaudecKoro cepeGpa. Brigsiensl cylecTBeHHble Hapa-
MeTpHI, BIAAIONIAE HA OKPACKY GeNKkoB cepeGpoM B NOJIHAKPHIAMUIHOM Tele.
PaspaGoTana ynpolIeHHas MeTORHKA TPOABICHHA releil ¢ HCHOIL30BAHIECM
pACTBOPHMOTO KOMIUIEKCa MeTHIaMMH —cepefpo. Beisemeno n mpoanmaiman-
POBAHO KHHETHYECKOE YPABHEHME CKOPOCTH OCAKACHHA METAJIHIECKOro
cepeGpa B rese KaKk B YCAOBHAX OTPAHMUEHUA CHOPOCTEK Anddysnn wom-
NOREHTOB PEAKNHHE B refe, TaK H NPH OTCYTCTBHH 3TOTO OTPAHMIEHUA.

{IposBnenne GenkoB B NOIHAKPHIAMUHOM reile cepeGpoM nMeeT 4yBCTBH-
1e/1bHOCTh, CPABHHMYI0 ¢ UYBCTBUTEJBHOCTBIO METOJIOB, HCIONB3YKWIIAX pa-
LHOAKTHBHYI0 MeTKy. IlpeMMyliecTBo Hpoasjenua cepeGpoM mepex paamoax-
THBHEIMH METOJAMM COCTOHT B BO3MOMKHOCTM paGoTaTh Hemoc¢peJCTBEHHO
¢ npupoauniME cMecaMu GeinxoB. Hpome Toro, HeKOTOpble 3 IPEJIO/KEHHBIX
MeTOQHK MO3BONAIOT IOIAYYaTh AJA Pa3HbIX GeJKOB pas3iNHYHBIE 1(BETOBbHIE OT-
renka. Tlocaegsee NpeJCTaBIACTCA BeCbMa IOJE3HBIM [JIA HIeHTHOHKARAR
Hexros.

OpEAaKo MPeEMYIIECTBA OKPAcKM cepeGpoM B 3HATHTENbHOI cremen: obec-
eHEBAIOTCA HEJOCTATOYHO XOPOIUEH BOCIPOM3BOXHMOCThIO Mertoma. Ha a1y
TPYAHOCTE OOLIYBO YKABHIBAIOT ABTOPHI, CHCTEMATHYECKH MCTONB3YIOLIHE Me-
TOR OKpacKh cepeGpoM B CBOMX HccnefoBanusax. OUeBHMIHO, 4YTO CJOKHOCTR,
BCTPEYAIONHECS B TOM MeTofle, 00ycIoBIeHb caafoif M3YIeHHOCTHI0 Mexa-
HH3Ma OKpaCK# cepeGpoM H, Cle[[0BaTeJbHO, HEACHOCTBIO B OTHOLIGHUR Hapa-
METPOB, OMPefleJAIAX BOCIPOU3BOXAMOCTE Nponecca uabnpaTelbHOro OCaK-
NeHHS MeTaJUIHIecKoro cepeOpa pa Oeaxax B reie. Mcnoanayemele B macTosn-
ilee BpEMA METO[MKH OKDPAcKH cepeOpoM CBOJATCA B OCHOBHOM K [BYM cle-
AVIOIIHM CXeMaM. .

Hepsas cxema {9, 11, 14, 15] upeamonaraer cragun MPONUTKH reds pacT-
BOPHMBIM B IIeJOYH AMMAATHBIM KOMIUIEKCOM cepe0pa, CHOJACKUBAaHHA BO-
noff W mposBNeHMA B pasGaBieHHOM pacTBope (OpPMaNbBHeTHIa M JIMMOHHOIN
KHCJOTHIL.

Bropas cxema {7, 8, 12, 13] npeaycMaTpuBaeT HACHIIeHHe IeJfd PacTBO-
pom AgNO,, nocaexyouyo o6paborky pactsopoM cmaprol mexoun (0,75 n.
NaOH) c ¢opmaabiersfioM ¥ NpOABJIeHHe OCTATKAME (QOPMalbIeruia B Io-
cHeyIONHX CMEHAX HIEJOYHOTO PACTBOPA.

BapuanTer 3THX ABYX CXeM y PA3HBIX aBTOPOB OTJIMYAIOTCA JNAIIL Tpejol-
paboTko#l reseil mepej HachINIeHMeM HX COeIMHEAMAMYE cepefpa, YACIOM IpoO-
MBIBOK, KOHIEHTPAHMAMH HCIONb3yeMBIX DACTBOPOB M BpeMeHaME o0paGorxm.

Hexab mactoamieit paboTht COCTOHT B TOM, 49TOOHI Ha OCHOBAHHHM AHAJIH3E
obeux cxeM, MCHOJNL3YA JHTepaTypHbie NaHHKE W cOOCTBeHHBIe HalOmIOeHHA,
BLIACHATH MeXaHH3M OKpackm GerxxoB cepeGpoM m paapaGorarTh IpOCTOi MeTO]
OKpackd, cBOGOAHEIN OT HEXOCTATKOB paHee NPeJJIO’KeHHEIX METO/OB.
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Peaxtusbl. Axpunamun («Servar (OPI), 10675); Gmcaxpuaamuz («Serva», 29195):
vpuc («Serva», 37180); rammun («Bio-Rad», (CIIA), 161-0718); DS-Na («Bio-Rad»,
161-0302); TEME/l («Reanal», Benrpua); nepcyanar ammonus («Servay, 13375); ora-
donn pexrudukat; edkuil HAaTP (X.W.); pacTBOp aMMmaka B Bofe 25% (x.1.); pacTmOp Me-
ThaaMAHa B Bofe (9.), O9YNMINEHHBI Heperomkoil (KoHeuHas KoHueHTpauna 9 M); asor
HOKmMcaoe cepebpo (1. 1.a); pacTsop ¢opmasblaernjia B Bole 37% («Merck», (@PT),
4003): NMMOHHAA KHCIOTA (X.w.); CHIBOPOTKA KpOBH Kpoamka 75 Mr Geaka s 1 ma. Bo
BCEX OMBITAX HCIOAb3OBAM AHCTHIIMPOBAHHYIK NOHOHH3OBAHHYIO BOMY.

Ilpurorosnenne o6pasnos noamaxpuaamugnore reas (IIAAT) nas oxpamneanus ce-
peGpom. Teneolpasyiomuii pacTBOp ¢ KOHIEHTpauHel aKpHIaMHIa 11,7%, Gucaxpuaamuas
0,30%, DS-Na 0,1%, tpuca 0,025 M, rmuunpa 0,192 M, TEMEQ 0,2%, nepcyasdara am-
sorusx 0,005% DOMMMEPHAOBANN MEMKAY ABYMA TOPH3OHTAJBHBIMH CTEKJIAMH C 3a30POM
1,5 um. Jua dopmuposanna Tpefyemoit konnenTpaumnu Geska B reje epej nobaBieHUEeM
nepcyandara aMMOBHA B eieolpasyiouinii PacTBOD BHOCMJIOCH HEODXOAHMOE KOMIIYECTBO
chiBOPOTKI. [ocje MOoNMMEpH3ALHE I3 MAACTHHOK reeil shpesaixn oGpasnbl pasmepamu
7X13 MM, KOTOpBIE HMCIOJL30BAIN B MOCHENYKHIMX ONMBITAX.

Meronmka npossieHma o6pasuos. IIposBilenne OCYIECTBAAIE O NEPBOH cXeMe.
OOpaausl OTMBIBAXM B Tedenme BowM uin jgoaeuwe B 50%-HoM pacTBOpe 3TaHOJA, 3aTem
ofpaGaTeiBany ammuaqHbiM pactBopoM AgNOs, coRepmammy NaOH, nam pacrpopom
AgNO; ¢ wermramumoM B OpucytcTus wim B orcyrcrene NaOH, mpomsizann BOJAOH 1
NPOABIALM PACTBOPOM ¢ RH3KUMH KOHNEHTPAUHAMY JHMOHHOH KHCJIOTHI if dopManbae-
rupa. ocae mpossiesns o6pasnsl UKCKHPOBATM B pacTBOpe, cogepaien 50% cmupra,
1% rannepnaa n 1% ykeycHoil xucaorsl [as rore uToEl 0GecHeunTs *0/IHHAKOBEE yC-
nousa o6padorox u 3Q@exTHRHEOE HepeMeNmTBARNE PACTBOPOB, NDOABJIEHHE OCYIIECTBIAIL
caenyonrm ofpasom. Tpu oGpasua rexs (ABa U3 KOTOPBIX COACPRATM festoK pasimuHoi
KOHLIGHTPALNN, a TpeTil Gea GelKa CIYHKAJ KOHTPOXeM) MOMeIasl B IPOSHDKM ¢ BHY-
TpennnM AuaMeTpoM 8 MM i namuoi 120 MM ¢ oTBepcTHEM B JHe. O6pasusl B npodupKax
pasfeANNCE KOMbUAMH H3 CHJIMKOHOBOTO ULIGHIA, KOTOPble NJIOTHO NDHJIETAH K CTEH-
KaM MpOGHPKW i NPENATCTBOBAJM Hajenuio o0pasnop Ha IHO. TlpoGupkn ¢ obpasnaMu
BCTABAAMNCH B OTBEPCTHA NJIACTHHKH, KOTOPAfd COEJHHSIACH C IKCHEHTDHKOM HA Bajy
ABMraTean TaK, 4To0B HpH pafoTe NOCTeRHEro MOCTa COBepIIATE BEPTHKAJNBHBIC BO3BDAT-
HO mocTyMaTeNbHBle IBMKEeHUA, YBAexas 3a coboil npobupxu. Ilocae aroro mpoduprH
o6pasmaMu ONYCKATH B yCTAHOBJCHHWBE B IUTATHBE TPOGHPRH C SHYTPEHHHM JHAMETDOM
13-14 mm u gmuHoii 100 sM, 3amonHeHHBle Heo0XOAMMBIMH [aa obpaboTky 00pasnon
pacteopamu, OObeMbl PAcTBOPOB B NPOGHPKAx COCTaBJANH 55 Ma, T. ¢ 8 12 pas npe
soimasn cyMmapubiil o6bem 06pas3nos. pafoTky 00pasnos NPOBOAMAM NPH Hempephis-
HOM TepeMellABaHNE PACTBOPOB, OCYIIECTBIAEMOM PePTARANLHEIMA NBIACHHAMI npoOu-
POK ¢ oOpasnaMi.

 WamepeHne Konuentpanin Ag” B MIJUTMBONLTAX 1 pH mpoBogMAM COOTBETCTBCHNO
MOHOCEERTIBHbIM Ha Ag® I CTEKJIAHHBIM 3JIEKTPOAAMI NPOTHB KAaJOMEILHOIO dNEKTPOL
CPABHEHHA, COEANHEHHOro ¢ naMepAeMoil AYEHKOI COMEBBIM MOCTHKOM, COJepKAIlIiM
0,2 M pacteop NaNOQ;. [lua nepesoia MUIIABOJABLT B sorapindM MOTAPHOH KOHOEHTpaUik
Ag® CTPOMJIA KaTHOPOBOYHYI0 KPHBYIO. :

MeTOAMKA NPOABAEHMA ¢ MerTmaaMExoM, MeTofnKa paccinTada Ha upoasiesne 150>
x150%1,5 mm noaacruu INAAT ¢ KOHLEHTpanneil akpuiammuia 11,7% un OucaxpajaMupia
(1,30%. Bce pacTBophl MMejln HOCTOAHHYK TeMIepaTypy 20-21° u obobeM 400 mu. Ilna
CTHRY Feds BhiepmBain s 50%-HoM dTapoje B TedeHue HOTH MK TOJBINE I 3AYEM HH
kyOupoBann B CBEAKENPUrOTOBJNEHHOM pacTROpe 3 mM AgNO;s u 24 M meTuaaMusa B 1e
qenne 1 4. [ocae »Toro (A&CTHHY rellsi DPOMBIBAJIM B BOAE B TeYEHME 20 MAH 0 IPOAB:
isan pactsopom 12 MM dopmaabgeruia i 0,34 MM numonnofi KuCJIOTH B TedeHne 20-
50 sun. Tlocie NPCABIGHWA Telb (PUKCHPOBAH B ONHCAHHOM B UPEBIAyIeM pazieds
pactsope. B QurcupylonieM PacTBOpe Fesib MOT XPAHATBCA HECKOALKO amedt, Ha eragmax
qachimenns cepebpoM, [POMEIBKR, NPOsIBICHMA h B IIGpBbIE 10 mnu craxumu durcannu
reab HelpephiBHO BCTpAXMBajK, Bee crapmm o0paloTKN JIPOBONMIM B YCHOBUAX OTHOCI
reJBROLO 3ATEMHEHIsA.

Hunyman¥s BOCCTAROBACHHA cepefpa vacTHIAMHM KOJJIONAHOrO cepebpa 8 NPOGHPKE.
B 0,5 i 0,1%-#0ro pacrsopa aysSymuna JoGapasiun 20 mra 1 M AgNO; 1 01 mr 0,2 M
NaOH. OfHoBpeMEHHO TOTOBHIN KOHTPOALHBIA PAcTsop 6ea aapGymuua. Pacrpopsl HHKY
guposanu npm 35° B revesme 20 MHH. 3aTem B o0e NpoGUPKA AOGABIAMH NO D MK g M
sernaamuga. lipn ATom B KORTPOJbHEO# mpobupke cmech oGecHBeuHBARTCH, B TO BPEMA Kak
8 npobupke ¢ DeakoM npuoGperaer OpaneBo-KPaCHBIA LBET PACTBOPA KOINOMIHOLO ce-
peGpa. Ecin 8 Mkx artoro pacTsopa noGasats k 0,4 MJ pacTBOpa, coaepKamero 43 MM
dopmanspernaa, 0.5 MM JAMOHHON KHCIOTHL & 20 uM AgNOs To om0 nabuioaaTh
JOBONLHO OBICTPOe PA3BHTHE OKPACKH, BEI3BAHHOE POCTOM MHAKDOTaCTHI KOJAJOMIAHOIO €e-
peGpa. B cayaae Toii #e Mpouepypsl ¢ KOHTPOJBHBIM PACTEOPOM npouecc OHBIEHAA B
PASRMTHH OKPACKYM PACTArMBAGTCS HA CYMMECTBERHO Gosiee TNUTEABHOE BPEMHA.
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Vike Npu HepBOM DPACCMOTPeHHH CTAHOBATCHA OYeBHJHEIM, 4TO MPONECE
ocaxmenms cepebpa na Genxe s JIAAT 3To BecekMa cioxBaA XHMHTECKas
PEaROHEA €O CIEAYIOIMUME XaPAKTePHHME 0cOGeHHOCTAMM.

1. Peaknma OpeEMyIiecTBEHHO MHUI{HADYETCA OelKaMm.

2. Peaxuns TreTeporeHHa, TAK KAaK IPOTeKaeT Ha MOBEPXHOCTH MWKPO-
9aCTHI MeTaJJInIecKoro cepelpa.

3. CkopocTh peakmms aapmedt oT cxopoctn muddysmn JuMETHDYOIGET0
KOMIIOHEHTa B TeJe. i

OtuMu 0COGEHHOCTAMH ONpPeleNIATCA TaKHe XAaPAKTEePHCTHKH DeaKnuy,
KaK HEPAaBHOBECHOCTh u HesmmeitHocrs. Hpome Ttoro, Hanmume amddysnon-
HOTO Ipomecca MelaeT PeaKNuio BechMa TYBCTBHTEJbLHOH K M3MEHEHHI0 TAKHX
[ADPAMETPOB, KAK TeMUEPATYpPa, TONMHHA M INIOTHOCTh TejA, KOHHOEHTPAIlMA
CIIABAIOINEro areHTa B reie (OTHOIIEHME akpmiiaMuf/0ucakpuiaMu) u Jame
oTHONIeHNWe o0beMa rejs W HCHOIB3yeMbIX HpW ero 06paboTKe PacTBOPOB.

Mexanusm NpPOABIEHAA Mo MepBoii cxeme. OUeBMAHO, UTO IIABHOM Xxapak-
TePHCTHKOM Tpomecca OKPAcKE cepeOpoM ABIAETCA MHTEHCHBHOCTH HOTEMHe-
HuH IATeH GejKa Ha KOHeYHo# crajgum upoasienus rexeil. [loatomy maydge-
HEe MeXaHW3Ma TpOABJIeHHA cepeGpoM OBILIO JOTHYHO HAYaTh C ITOH KOHe-
wo#t cramum. J{as aroro GbUIO M3Y9YeHO BIHAHME KOHUEHTPALMH KOMIOHEHTOR
NPOABIMIONIETO PACTBOPA, WCIIONb3YeMOre MpU OKPACKe MO MepBOil cxeMe, Ha
MHTeHCHMBHOCTh MOTCMHEHHs Teliell, coflepsKammx ® HecofepKamux OGeok.

Venosna skcnepumenta mpusefens ma puc. 1. Kak ciegyer us pue. 1, a,
yBeImdIeHEe KOHNEHTDALMM JNEMOHHOH KHCIOTH UPHBOAMT K ocnabmenmio
VHTEHCUBHOCTH OKPACKH, 8 YBeJIWYeHHe KOHueHTpanum (opMalbiernia, Ha-
nporaB,— ¥ ee yseamdennio. [Ipu sToM HaluofjaeMble MBMEHEHUA CBAZAHBI
He TOJBKO ¢ M3MEHEeHHAMH OUTHYECKON I[IOTHOCTH, HO TAKKe M C H3MEeHe-
HHeM TOJNIMHbLI MPOKDAIIMBAEMOTO COA BHYTDR rexeii (puc. 1,6).

1ot apdext Moer GHITH 0OBACHEH TEM, ITO NPOHHKHOBEHHE NPOABIAIO-
1ero PacTBOpa B relb CONPOBOKAAeTCA NBYMA IPOTHBONONOKHO HANPABJeH-
ABIMH PeAKIMAME: DacTBOpeHMeM O00pA3OBAHHBEIX HA. IPENBIIYIIUX CTAAuAX
3aTPABOYHBIX UACTHI[ KOLIOWJHOro cepeGpa B KuCIOH cpefle W UX poCcTa 32
c4eT BOCCTaHOBNeHdA WomMOB cepeGpa opmansgernmom. IIpu srom Ha Ha-
YaJBHOM PTame, KOINA KMCIOTHOCTh NPOHMKAOIEro PAcTBOPA BelMKa, B Io-
BEPXHOCTHHIX CHOAX TeJA NpeoliafaeT TPOLECC DPACTBOPEHNA MHKPOHACTHN
cepeGpa. Onmaxo, no Mepe Aup@ysmm MEIOYHOTO PacTBOPA Ha relf M KHC-
a0T0 NpoABIAOMmEro pactsopa B Trexs, PH cpels B rese m BO BHENIHEM
OMBIBAIONEM PACTBOPe yDaBHOREIIHBAMTCA (M. Huske pue. 4). B pesynsrare
BO BHYTPEHHHX CJIOAX reis, rie amavenue pH me omyckaercA HHKe PABHO-
BecHOro, TpeobranaeT TPOIECcC PocTa MEKpodacTHl| cepefpa. ITO TONHOCTHIO
OOBACHAET yMeHbIICHAe TOJIIMHB! M ONTHISCKOH HIOTHOCTH OKPalIeHHOTO
COA B refie BOJIOTh RO MOJHOIO €ro MCICIHOBEHHA NpPH yBEJNHIeHUH KOH-
HeHTPANMNE IHMOHHOK KHCIOTH M yMeHBIIeHHH KOHIEHTpammu (opmaislie-
rMa B MCXOJHOM NPOABIAINIEM pacTsope, u, HaoGopoT, yBeludeHHe ONTH-
4eCKOll IIOTHOCTH M TOJNINMHE OKPAIIGHHOTO CJHOA, BIUIOTH N0 4acTo Halmio-
73eMOT0 BHIXOZlA DPeaKOuu OcaieHEA cepefpa Ha NOBEPXHOCTh TIela M BO
BHeINHKI OMBIBAIOIAE PACTBOP TPM YMEHBIICHAW KOBOEHTPAUHE JIHMOHMOI
KMCIIOTH ¥ yBeawdeHuM konmeRTpauuu dgopmanerermaa. B =actHocTH, BBI-
najenne cepeGpa Ha MOBEDPXHOCTH reJf HPE HCKIIOYEHMH JUMOHHOH KHCIOTH
13 DPOABIAIOIIET0 PacTBopa oTMedeHo B pabore {4].

Jipyroi mpmumHON ocamjieHHA cepe6pa Ha HOBEPXHOCTH TeJsi MOKET OBITH
JOKAJBHOE 3aIIe]aYMBAHAE OMEIBAIOIIEro PacTBopa BOIMBM IOBEPXHOCTH rejif
IPE HeJOCTATOYHO MHTEHCHBHOM Nepemeuwrusauun And@ympmpyloniei ua reias
mesoun B 00LeMe KHCIOro NPOABIAIONIEro pacTBopa.

MockoAbKy MErEGHpOBAHMe NPOABJEHEA HM3OKITKOM JHAMOHHOH KHACTOTH
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[image: image4.png]Puc. 1. Bausasue KOHNEHTPALAN JHMOHHOA
KHCJHOTHL ¥ (DOPMAJBXETMAA HA WHTEHCHB-
HOCTH TpoasneHus Oelka B Texsax cepeGpoM.
Ofpasusl mHKyOMpoBaam 1 4 B pacTBOpe:
23,5 MM AgNO,, 50 uM NH;, 9,3 MM NaOH,
3aTeM npoMbiBadu 10 MuH B BOe M LpOAB-
aanau 20 MuH B pazGasaeHnoM pacreope $op-
MAJbAeruAa ¥ JIHMOHHON KHCJOTH; & — KOH-
HeHTpAnHA POPMATBAETHAA B NPOABIAIONLIEM
pactsope: I-62 MM, 2-12}4 MM, 3-
18,6 MM (a, 6); 6 — pe3yabTATH CKAHUPOB&-
HHA MONEepPeTHOTO cpesa HPOABJEHHLIX o0pa3-
0oB ¢ KoOHNeHTpaumeii Oeaxa 320 ur/mMm®.
B meHTpe — MIK ONTHYECKOH [AOTHOCTH KOJI-
nomaHOro cepefpa, mo GoKaM — MHKM Kpae-
soro a¢pexra. Homepa pagos mo mepruxann
COOTBETCTBYIOT _ HOMepaM, 0603HAYAIOMIM
goAmenTpanuio gopmaabgernfia Ha rpaduxe.
TocaeaoBaTeAbEOCTE KOMOHOK IO FOPH3OH-
TANH  COOTBETCTBYeT NOCHEROBATEIABHOCTH
3HaYeHNA KOHLPHTPALNUN JIAMOHHOE KHCJIOTHI
Ha rpaduke

Genok
1901 @ — J20r )
— == J2ur[my
—-— fea Genra

[Toznowenue,o

0.7 07, 06 %8

TOPMOBHTCA yBellmueHHeM KOHIEHTPAIuM (PopMalsierufia, 10 Aus cTabmin-
HOCTH MpOIecca OKPAIIHBAHHA BeCbMa BAaKHO MNOANED)KHBATE TOCTOAHCTBO
OTHOLIGHHS KOHIECHTPAUMIA JIMMOHHON KUCIOTH H (opMaiab[eruga B IIPOAR-

NAI0INEeM pacTBope.

W3 npuBefeHBEIX OOBACHEHMH TaKIKe CHENYET, 9TO MPOHNECC NPOABICHHEA
3aBHCHT OT COOTHONIeHHA 20COJIOTHHIX KOJMYECTB KACHOTH B NPOABIAAIMIEM
pacTBope M OCTATKOB INEJNOYM B resie, T. €. He TOABKO OT UX KOHICHTPAUAH,
o0 0T 00beMOB NPOABIAIIEr0 PacTBopa u reld. JT0 3HAYAT, 9TO HPOLECC
HpPOAABJICHHA MOKHO DEryJHPOBATL TAKIKE HA €ro HAFWILHEIX CTAfAMAX H3Me-
HeHHEeM cofiepskaHud ofmeil IEeJOYHOCTH B PACcTBOPAX KOMIINIEKCOB cepebpa
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[image: image5.png]¢ aMMMAaKOM NAM opranmdeckumu amuHamu. llonTBepsKIeHHmeM 3TOMY MOiKerY
cay#naTs ToT (PaKT, 9TO UCIOAL30BAHNE B ONBITAX, UPefACTABIeRHEX Ha puc. 1
(coctap npoagasomero pacrsopa: 0,24 MM aumonmnas kwmepora w 6,2 MM
dopMansiern), aMMHAYHOTO PAcTBOPa cepefpa ABYKPaTHOH KOHIEHTPaUNH
NPWBONHMIO K OcaskjeHHi0 cepefpa HAa MOBepXHOCTH Teld W, HaoGopor, aBy-
KpaTHOe pazfaBieHHme PACTEOPA NOJHOCTHIO IOJABIANG DPOHRECC OCAKIEHMA
cepeGpa. C atum mabmiofeHMeM cordacylorca jpanmsie ctarsm [10], rme abro-
pHl oTMeualT, uTo u3Menenue ronneArpauun NH, u NaOH ‘mo rpamune, pas-
AeaAwmell odaacTH PacTBOPEHHA M o0pazoanua ocagka Ag,0, npu maioi
wounentpanun NaOH we mpumogur K okpacke OeiKoB B resix, TpPH cpel-
upx — ofecleynBaeT VAOBICTBOPHTEILHYIO OKpPacKy,  a HpH - Goapmmx — co-
POBOKIALTCA BHIAJeHWeM cepe6pa Ha HOBePXHOCTH rels.

IipoTnRononomxkuoe Jefictsue Ha ocakpeHue cepefpa B rede RoGaBOR
NaOH ma HauanpHOil CTAagMM H JMMOHHOH KHCJAOTH H& KOHeSHOH cTaanu
punHO W3 rpadmeos puc. 2,a. Tak e KaK M B CAyTae JAHMOHHON KHCIOTHI
u dopMaasgernaa (puc. 2, 6), yBelHYeHHe KOHNEHTPANMNM JAMOHHON Kmcio-
THl IPHBOJMT K YMeHBIeHHI0 TONIMKHBI OKpallleHHoro cepebpom cios Genka B
reqe, a ysenuyenne wonneatpanuu NaOH BeiabiBaeT npoTWBOnooskHBIN ad-
eKT, BIIOTL 70 BHIXONA peaknuu ocameHua cepeGpa Ha rpamnuy ¢as
rexp — pacTiop. B peayibrate MoKHO clieiaTh o0WImil BHBOX, 9TO A BOC-
NPOU3BONNMOCTH METOMKW NPOSABIEHNsA relleil Hapaly € COXPAaHEHHMEM OTHO-
{IeHAA KOHIEHTPAIMil JUMOHHON KHCAOTHI M (opMaNbIErEna B TPOABIAIO-
ieM pacTBope OYeHb BajKHO IOAJePPRIBATE IOCTOAHHBIM OTHOUIEHHE KOH-
uenTpammu ofmiei ieXodn B aMHHHOM pacrBope cepebpa u aGconmruuviu
CONEeP;RAHAA KUCIOTHI B MPOABIAIOIIEM PAaCTBOpE.

Opnako BoO3feiicTBUe YBeJAHYCHUS KOHIEHTPAUMH 2ZMMHAKa B aMMHaTHOM
pacTeope cepefpa Ha Npolecc NMPOABICHNA HeOMHO3HATHO. MBI Halllim, wiu
uaGBITOR aMMHAKa MOMReT TOPMO3HTH OCa»icHHe MeTaqudeckoro cepebpa »
rele, a TPEXKPATHOE yBeluyeHHe KOHIEHTpAaLny aMMHAKa MO OTHOINEHWIO K
vonepsannio ero B KoMmiuiexce Ag(NH,).* WomHOCTIO- mOJaRifgeT upouece
upoasieHEna. B ciaydae MCOONAb30BAHMA M3OLITKA METAIAMHHA IOJABIEHMA
ponecca mposBieHus He HaGmofaerca. DarT: PaANTHOrO AEHCTBHA BHICO-
KPX ROHIEHTPaIAii aMMHMaKa W MeTHIaMUHA HA IIpolecc NPOABJIEHUA MOKeT
ObiTh OOBACHEOH LA OCHOBAHHM AaHAJM3a PA3TMINA B KPUBBLIX THTPOBAHHUA
pacteopa AgNO, amMuaxom u MerniaamusoM (oM. puc. 3) m BHpakeHusa Aaa
KOHCTaHTHl HECTOMKOCTH MX KOMILTEeKca ¢ cepefpoM:

K.=[Ag*][A)/[Ag(A):"], (1)

rme K, — KOHCTAHTA HECTOWKOCTH, 3 A — aMMHAK HJY MeTHJIAMMH.

Yr1o6sl MHTEpIPETHPOBATH KPUBBIe THTPOBAHUA . MPH TOMOIM (DOPMYIHI
(1), oGosHaunM HAYATLAYID KOHIEHTPALMIO WOHOB cepefpa. B pacTBope
[Ag*]., a oTHOMeNMe HAYANBHOI KOHLIEHTDAIMM AMMAAKAa MJIN MEeTHJIAMAHA
« [Ag*]s 6yxnoit n. Torma npm Maxoit pequdwne K, u n>2 Mo;kHO WPHHATL
{Ag(A).*1=[Ag*],, a Bepasenne (1) Mo;kHO 3anHcaTh:

_ ATl ((n—2)[Ag"}y)*
[AgTo
Orciolla KoHIleHTpanuMsA cBoGOXHBIX MOHOB cepedpa, OMHMCHIBAEMAA NPaBOi

BEeTBLKO KPUBBLIX THTPOBaHHI, 6}’1{01‘ BRIpAAThCH CHeAYIOHUM YpaBHeHUEM:

Kx

Ku

Agtl = ———— 2}
Jlorapudmupya gopmyry (2), momydnm BHIpasKenue:
1g [Ag*) =1lg K,—2lg (n—2)—1g [Ag"].. (3)
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[image: image6.png]Puc, 2. BamsHe KOHNeHTPAmUE JIAMOBHON o Benox

xucaoth 1 NaOH na maTeHCHBHOCTL nposs 100f —— 32007 umd
aenus Oelka B Texax cepeGpom. OGpasmpl — - J2nrfumt
aHKy6GupoBamn 1 w 8 pacreopax: 3,0 MM —-— §e3 Senka

AgNQO3;, 12 wM CH;NH,, ¢ passoit koBuen-
rpanneit NaOH. 3ateM nmpombiBann 20 MuH 8
BOJle M Tpoasaaan 30 MHH B pacTBOpe ¢ pas-
AM9HONH KOHIEHTDALMEHR IHMOHHON KHCIOTH
s opucyrcrhun 12,4 MM dopMansgerina.
¢ — konentpagna NaOH » pacreope Kom-
ngeKca MerHaaMnHa ¢ cepeGpom: [ — Ge3s
NaOH, 2 -12 MM, 3-24 vM (a, 6); 6 -
peayIbTaThl  CKAHHMPOBAHHA  HONEPETHOTO
cpe3a NPOABAGHHBIX 00pPa3noB C KOHUEHTPA-
uned demxa 320 ur/Mm® B meaTpe - mEk on-
THYECKOW IIOTHOCTH KOJUIOMAHOTO cepedpa.
a0 GokaM — muku Kpaesoro adPexra. Homepa
PAJOB TI0 BePTHKANH COOTBETCTBYIOT HOMe
pam, ofosHawalomuM wonuenTpaumio NaOH
aa rpaduxe. llocaeT0BaTeabHOCTE KONOHOK
110 TOPH30HTAJH COOTBETCTBYET HOCJEX0BA-
reIbHOCTH 3HATEHHN KOHIEHTPAMI THMOH
HOU KHCI0TH Ha rpaure

Moanoyenue,s

Oa0r 8z a3 o
Aumpnran  Kucnoma, wM

s dopmyun (2) BugHO, 9TO NPM HeM3MERHOH HAYAILHOH KOHIEHTPAINN
noRos ceépepa KoHNeRATpaluA cBoOOAHMBLIX MOHOB cepeGpa B pactTBope Oyier
YMEHBIDAThCA B OGpATHOH KBaJPATMYIHON 3aBACHMOCTH OT BeXHYHHBI n—2.
[Ipu sToM, Kak ciefyeT w3 puc. 3, NpaBasg 9acTh KPHBOH THTPOBAHEA AMMHA-
KOM OIIYCHAETCHA 3aMETHO HHMe, YeM COOTBeTCTBYIONIas YaCTh KPUBOH THTPO-
sandA MeTwiamusoM. Pasinune 1g[Ag*] B npasbix BeTBAX KPuBLIX gocTHTAET
smaverusn 0,7, 9T0O COOTBETCTBYET NPHMEPRO 5-KPATHOMY DA3JIHIMI0 B KOH-
nenrpanuax Ag?. OgeBngno, 4T0 HH3KHMe KOHIERTpPamud Ag' Ha moJoroM
VHACTKe KPUBOH THTPORAHHA aMMWAKOM IMPeNATCTRYIOT OCAKICHMIO cepedpa
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[image: image7.png]a 2 6 10 153

tgrag*l

tgLAg*ly

Puc. 3. Kpusme tutpoBamna 100 mua 5 MM AgNO; 0,25 M pacrsopamu A (NHs (1) =
CH;NH; (2)). Ig [Ag*] xak dymrnua g (n—2) naa nmpaBeIX BeTBell KPHBHX THTPOBAHUA
pacrsopama NHs (3) (lg Ka= —7,35; tga=2) m CH,NH, (4) (lg Kn= —6,6; tga=2),
HOCTPOGHHAR B coOTBeTcTBHEH ¢ BhipaxkenmeM (3). lg [Ag*] xax Pymrmus Ig {Ag*]e, wo-
JAyveHHas B peayabTare pasfanieHus pacnogon AgNO; mocne THTPOBAHHE DPacTBOPAMH
NH, (5) (lg Kg= —7,4; tg p=1) u CH;NH; (6). (g Kx= —6,7; tg f=1) npm coxpanennu
HEeM3MEHHHM 3EaYenus #. HOHCTAHTH HeCTOHKOCTH /A aMMHATHOTO KOMIIEKca cepebpa
¥ KOMIJeKca cepebpa ¢ METRIAMUHOM HAUJOHH JBYMA HE3aBMCEMEIME CHocoGaMum Ha OC-
HOBAHWM JNAEHHX H3 COOTBeTCTBYWINMX rpaguros mo dgopuyne g K,=Ilg [Ag*]+
+2lg(n—2)+lg[Ag* Jo, nonyvennoi npeofpazopannes buipamenns (3)

B Tese. B T0o 'Ke BpeMs Ha KPYTHX Y9YACTKax, Ifie Koumenrpanus Ag* mocra-
TOYHO BeJHMKa A YCHeUIROTO MPOTeKAHHS HTOr0 Iporecca, OKpacKa ceped-
poM He GyHeT MOCTaTOYHO BOCIPOM3BOJMMON H3-3a CHIBHOH 3aBHCHMOCTH
KOHHeHTpanuu Ag* or ciyTailEbix KoJdeOaBmil KOHIeHTpaOHUil aMMBAaKa, BHI-
3BAHHBIX, HATIPEMEP, €ro AeTydecTsio. B 3TOM CMHCIe KOMIJIEKC MeTHIAMMHA
¢ cepeGpoM mnMeeT Cyu{ecTBeHHble HpPeHMYIIeCTBA, NOCKOABKY COXPaHAeET
.CBOM HPOABAAIOIME CBOHCTBA Ha HOJNOrOM YYacTKe KPABOH THTPOBAHMA.

Boxnee Buicokoil KommenTpammeii cBoGomHEIX Ag* B pacTsope clelyer
.06pacHATH B HaGmionapmeecs Mapmasiaom u Jlarmepom [5] Gomee rayboxoe
npoxBleHAe OEJKOB IPH KCIOJbL3OBAHHMM KOMIUIEKca cepefpa ¢ MeTHIaMm-
HOM II0 CPAaBHEHHI0 ¢ AMMHAYHBIM KOMILIOKCOM ¥ KOMIUIEKCAMH ¢ JPYTHMH
OPraHAYOCKAMHA aMHHAMH.

Pasnnume KoHNeRTpauuil Ag® Ha [OJAOrOM Y9YacTKe KPHUBBIX TMTPOBAHAA
AMMPAKOM ¥ MeTHJIAMHHOM OGYCIOBIEHO CYIecTBeHHO Goliplieil NPOUYHOCTHIO
AMMHAYHOTO KOMIZIKCA cepe6pa Ho CpPaBHeHHI0 ¢ KOMIIeKcoM cepebpa ¢
MetmiiaMEHOM. Jlorapu)MB KOHCTAHT HECTONKOCTH ITHX KOMILIEKCOB MOTYT
OHTH BHYHCICHH B COOTBeTCTBHMH ¢ BHIpamenweM (3), HCXOAA M3 IPAMBIX
yuacrkos saBucumocreir 1g [Ag*] or lg (r—2) npm HeuaMeRHBIX 3HaTeHEAX
[Ag*),, monydemRmHIX M3 KpPWBHIX THTpOBaHMA, M sapucmmocteit 1g [Ag*] or
lg [Ag*], npn HemameHHHIX 3Ha4YeHHAX N, HMONYICHEHIX B pPeayiabTare paa-
Gasnennua woMmiaekca (cm. pue. 3). Haligemmnle Takum o0pasoM 3HavYeHHA
lg K, AnA aMMAa9HOTO KOMIJEKca cocTaBuswT —7,35 m —7.4, a ans xoMmm-
aexca ¢ mermiaammaom —6,6 u —6,7. Jdan lg K, aMMnadnoro KoMIiliexca B
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[image: image8.png]auntepatype {1] npusoparca tpu smagenmnsa: —7,7 npu 0°, 7,2 npu 25° u 6,2
upu 52°. Ecam ydvecth, 4TO 3KCHEPHMEHTAJIbHBIC NAHObIE OBLIYM TOJYIeHbl
wamu npu 17°, 3HaYeRnMA BHIMMCACHHBIX W3 HUX KOHCTAHT 3aKOHOMEDHO
VRIAZBIBalOTCA B npusopuMuit pax. Ha pacemorpenms’ sToro pafma Taxsme
BhITeKaeT, uTo K, aMMHAYHOIO KOMIIEKCa cepeOpa CHILHO 3aBHCAT OT TeM-
nepaTyphl, Tak 9ro, HANPHMEDP, H3MeHeHus TeMmueparypsl or 17 go 52° Bmi-
auBalT naMenenne K, B 10 pas m cooTBercTBeHHO MaMeHeHHe KOHIEHTDALNM
Ag* B pacrope mpu usburke ammmaka Taxke B 10 paa. Orcioma cuepyer,
¢ O\HOHl CTOPOHBI, 9YTO M3MEHEHHeM TeMIIePATYDHLIX YCIOBHIl MOMKHO Iepe-
KPBITh DasiHiHe B KOHHCHTPAamMAX Ag' B pacTBOpax aMMHAYHOTO KOMILIEK-
ca cepefpa B KOMIUIEKCA ¢ METHJIAMHHOM HA MOJOrOM YYacTKe KPHBHIX THTPO-
BAHAA, 4 ¢ JAPYroff — 970 HJAA NOJYYeHHA BOCHPOM3BOAMMEIX Pe3yAbTATOB
HEOOXONMMO TIATENHHO KOHTPONMPOBATH CTAGHILHOCTh TEMHEPATYDPHBIX yC-
0BHIL HPOABJIEHAsA.

Ha xpupoii THTpoBaHHA AMMHAKOM TOYKA mepernGa COOTRETCTBYET CTpoe-
HI0 AaMMUAYHOTO KOMIUIeKca cepefpa, COXep:HAlllero ABe MOJEKyIbl aMMuaKa
Ha OfjMH aToM cepebpa. B To ke BpeMs Ha KPMBOH THTDPOBAHMA METHIAMHHOM
TOUKa Mepernfa, cKOpee COOTBETCTBYET DKBUMOJAPHOMY OTHOLIGHWIO MeTH/IA-
MHHA ¥ cepe0pa, ITO HAa MePBLIA BALNAJ CBUETENLCTBYET 0 BKNIOYCHHH JIHINE
O/{HOH MOJIEKYJIBI MeTHIaMUHa B KoMiutekc, OEHaKo 3TO OTAMYNE B TOJOKe-
HAM TOUKA Neperuba IPH THTPOBANKE MeTHIAMUHOM OOBLACHAETCA HAPYToil
npuukHoif. Oco6eRHOCTRIO MeTHIAMHHA HBIAIOTCA ero Goliee BHIpasKeHHBIC
wernoynsie chofictea (pK, 10,6) mo cpasmenmio ¢ ammumaxom (pK, 9,25).
TO NLPMBOJAMT K TOMY, UTO NpPH THTPOBAHAH METHIAMHHOM 00pA30OBAHUIO
Ag(CH,NH.).* npepmecrryer obpascpanme AgOH, o wem CBHIETENLCTBYET
abinafeHne Momuore ocagka Ag.0. Ha xpueoil Turposanma nTo mpoasiagerca
B TOM, YTO TOYKA HEPernla COOTBETCTBYET DKBMMONAPHOMY KOJHYECTBY THT-
pyeMEIX HOHOB cepebpa. Hamportus, B cniydae THTpoBauuA aMMHAKOM CTAXHS
obpasosanus AgOH na kpusoii He mpocMaTpHBaeTcd, a TOYKA SKBHUBAJNEHT-
HOCTH COOTBETCTBYeT 00pa3oBaHMI0 HemocpeAcTBeHno KoMmmaekca Ag(NH,),.
/[loxasaTenncTROM TOro, WTO, HECMOTPA HA PAaziMuMe B, MPOTEKAHUM PeaKIuil,
B o0oux cryvasx B KoMewHoM cdere ofpasyerca QBOHHOH KoMILIEKC ¢ ¢eped-
POM, ABIAETCA NAPANNENLHOCTh HAYANBHBIX Y9YaCTROB saBucuMocteit lg [Agt]
or lg (n—2) Ha puc. 3 u paBeHCTBO TAHTeHCA yIJia MX HAKIOHA o ABYM.
llocnennee, cornacno hipaskenmio (3), ykashiBaeT Ha LPHUCYTCTBHE B KOME-
JieKee ABYX MONEKyJ aMMWaKa Miau MeTHaaMHEA. HoHTpOIeM MOMKET CIIy:RHUTh
fapalielbHOCTh HPAMBIX, OTpaskalomux nsMeHenue lg [Ag*] upm paabas-
HeHHAM KOMIIEKCOB, M DABEHCTBO TAHIEHCA YIia MX HAKIOHA J egumnmme, uTo
TaKKe caefyeT #3 ypaBHeuusa (3).

Bonee wmwipamenHsie INenodHble CBOHCTBA METHJIAMAHA MO3BOJIAIOT WC-
N0Jb30BaTh KOMILUIEKC MeTHJIAMHHA ¢ cepe6poM Aas HpOABNeHHA MiEJOYHEBIX
u HedTpadbHEIX OeJaxoB B rene Oea moGabienus NaOH. HUckmovenne nomon-
HATEJLHOT0 KOMIOHEHTA VIIPoillaeT HPOHeAypPY NPOABIEHHAA H YBeAMIABAET
BOCIIPOM3BOJHMOCTh MPOILECca.

Ilpr nposABeHHMM IO NepBOM cXeMe HAYAIBHYI CTafuic 06paboTKE Te-
seft m crapmio o6paloTKM pacTBOpOM JNHMOHHOH KucaoTe m QopMaiblersia
PasfgensloT CHONACKHBAHHeM releli B JucTwiiupoBaHHoit Boge. Ilpm stomM
CHONACKUBAHNE PEKOMEHJYIOT MPOBOAMTh KaK MoMHO ObicTpee (peannHo mpo-
ienypa 3agumaeT of 30 ¢ go 1 mmu). M Hamaw, ¥To paBHOBECHE KaK B OT-
nomenuu [Ag*), tar u pH memmy Bojoli u rejemM ycTamaBIHBaeTCA 3a
5—8 mun muxyGanum {(cm. pmc. 4). CaemoBarennmo, ueGoasmme oummbkn B
ofipefieJIeHAH BPeMeHH CIONACKHBAHAML B TedeHHe HePBHIX 2—3 MHH KOJKHBI
GPHBOJIMTL K 3HAYMTEABHBIM OTKIOHEHAAM B KOHIEHTPALHAX DPACTBOPOB B
rexnx.

Pexomenganus coxpamars BpeMs CHONACKHBABEA 10 MHHEMAJIBHOrO BEI-
3BaHB], BEPOATHO, CTPeMIeHHMEeM IPeXOTBPATHTL HOTEPH COZEP/RAINEroca B
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[image: image9.png]Puc. 4. Hunerura ycTaHOBAEHHA pan-
mosecasix pH n xonmenTpanmmm Ag®
MeXIy TeJeM H DACTBOPaMH Ha pas
HBIX CTAAMAX NPOABAGHUA cepebpom.
HKpHBBle ¢ TPeyroJbHBIMHA MeTKaMu (3,
'$) oTHOCATCA K crafgum o0paboTkH Te-
neit pacTBOpoM Kommiexkca cepefpa ¢
METHJIAMMHOM, ¢ KBAZPATHRIMH ( 3.
4) — K cragun OPOMBIBKM rejeii Bomoi,
¢ kpywkamu (I, 2) — ® cragud HPOAR-
nemnaa pacreopoM dopuanbieraia o
AMMOHHON KHCJIOTOH. MeTkm 3HavYeHMN
lg (Ag*) saremueHbl. MeTkn 3naveHmi
pH me saremuensl. Ycaosusa odpabor-

| ] ) Kt npuseAeHsl B pasfielle «MeToxmka
0 5 15 MuH HPOABIEHUA € METHIAMHHOM»

-5,5

reans cepebpa. JlefictBuTeasno, o0muae notepn cepeGpa HemaGekubL Onna-
0, KAK IOKasbiBaeT ombiT (CM. DHC. 4), NpH PABHOBECHBIX MPOMBIBRAX re-
seil, NpOIIeINHX NEPBYIO CTafu0 o0paGOTKH. KOHIEHTPAnus cBOGOAHBIX Ag’
§ pacTBope He TOJIBKO HE YMEHBINAETCH, HO, HA00OPOT, 3HATHTENRHO BO3pa-
cTaeT. ATOT HA MepRBI B3TAAX HapafOKCAXBHBIL (aKT HENoCPeJACTBEHHO che-
nyeT m3 ypasHesnx (2), COTMIAacHO KOTOPOMY YMeHbINeHHEe HATAIbHON KOH-
UeRTPaUAW HOHOB cepefpa TPM COXPAHEHHH 3HAMEHWA N LOCTOAHHBIM (T. e.
upH .pasbaBNeHUE PAcTBOPa), KOHIEHTPAMA cBobonHEX Ag’ Oymer yBeju-
quBaTheA 0OPATHO MPOTNOPIUMORANBHO ITOMY YMEHbIICHUIO. Ocobenno HATIAN-
4o (AKT yBeJIMWeHHsl KOHNeHTpauunm Ag® mpu paslaBieHuu AMEHHBIX KOMIL-
aexcoB cepeOpa JeMOHCTPHPYeTCH HA BKCIEPHMEHTAJBMBIX 3aBMCUMOCTAX
g {Ag”] or lg [Ag*), (cm. puc. 3). B mosnOM COOTBETCTBHM ¢ ypapHenuew
(3) 3TM 3aBMCHMOCTH Kak Al AMMMAYHOIO KOMIUJexca cepe0pa, Tax m 1ix
KOMIJIEKCA ¢ METHJaMUWHOM ONMCHLIBRIOTCA NPAMBIMU € OTPAHATeNILHBIM TaH-
rencoM yria Hakioma B Vcexoma w3z aTuX (PaKTOB MOMKHO CHeJATh BBHIBOM.
9TO yBeJHYEHHU BPEMEHM CIOJACKHBAHHA Tels [0 yCTAHOBJIEHUA DABHOBECHH
MEMJLY PAcTBOpOM W Feiem He TOABKO CTAOHIH3HPYeT Hpolece IPOABJIEHNS,
HO ¥ wHTeRCH(UUUPYLT ©TO 33 CTET YBEIMUSHHs KOHLEHTPAIME CBOGOXHBIX
Ag* B pacrpope. llocaeinee HAITAAHO HOATBEPIAETCA B OMBITAX NO YBe-
AMUEHHIO NPOXOAKNTETHHOCTH CTA NN NPOMBIBK.

CieliyeT Takaie OTMETHTb, 9TO A COXDAHEHHs OTHOLUEHUA MEHy CO-
Jep:RAHMEM MEJOYN B Tele M KHCIOTH B PAcTBOPe HA CTA[MM NPOABIEHUA
cooTHOIeHKE o0LeMa rens u oGbema BOAH Ha CTAAUMM MPOMBIBKA JOJIIKHO
COXPAHATHCA CTPOTO MOCTOAHHBIM. '

Mexanuaym NpoABReHHA No Bropoii cxeme. llpoasienme mo BTOpOIl cXeMe
OneHh HANOMHHAET PEaKIHMIO CHHTe3a MEeAMIHHCKOro MpenapaTa KoNTaproma
{2]. xoTOpBI/ mONydAOT BHep:KuBaREHeM pactopa Gexxa m AgNO, B mpucys
creum NaOH. B pesyibrate o6pasyercA pacTBOpuMoe KOIJIOWAHOE cepebpo.
KOTOpO® B 3ABMCHMOCTH OT YCJOBHH UPATOTOBJIEHHA WMEeT DasindHbie OT:
TeHKI — OT JKEJTOTO M OPAHMEBOTO 10 T1yGOKOro cHEero. AHanormiHbiM 06-
pasoM, wo-puxuMOMY, Ha Oeike B reme ofpa3ylOTCA TACTHUKM KOJIJIOMJHOTO
cepebpa, KOTOpHIE 3aTeM B HPOLECCE BOCCTAHOBJIEHUA Ag* dopmanbaerniom
10[{PACTAIOT 1C P33MePOB, CHOCOGHBIX WHTEHCHBHO IOIJOIIATHL CRET.

OfHa®ko OCTAETCA HEZCMBIM, KaK STOT HPOHeCC B YCJIOBHAX IMIeJM0UHON
Cpefsl YJePKUBAETCH BHYTDHM rejif, He BBIXOJH Ha TPAHMLY pasiena das
vesib — pacTBOp. Beayc/oBHO, 3TOMY CIOCOGCTRYET TpajiMeHT KOWNeHTpaumi
Ag® MeIy Teliem M WEJOYHLIM PACTBOPOM, KOTOPHIH HOIIepKHBaeTCA Sma-
rofaps ocauaenmioo Ag:0 B rede cpasy MoCIe ero KOHTAKTa C PacTBOpoM
NaOH. O6pasyonpsitcs 0cafox GbhiBaeT 3aMeTeH B TePBble MUHYTEH! o6pabot-
wn rens. ONHAKo., ma Ham BRrXAd, dToro mepoctarouno. Pewenye. cropee.
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[image: image10.png]CAELRYET UCKaTh B THAPOIHIE AMUAHOA TPYTNNbl NOJAHAKPUNAMMAA NPH ero
odpalorke pactsopom NaOH. Dror rupponns serko wabmogars no mosmsne-
UHI0 XAPAKTEPHOTO JallaXa AMMHAKA HIH MHTEHCHBHOMY OKPALIMBAHMIO Peak-
tasa Heccuepa npu noGaniennn ueGonpmnx Koamuecrs IENOYM K KyCOYKam
ITAAT. OGpasoBaune ammmara upu obpaGorTke reneit UIeH0YBIO [I03BOJAECT
WATEPIPETHPOBATL (POUECCH, NPOTeKAOUMe OPK OKpacKe Oedros cepeGpom
10 BTOPOTT cXeMe. cilefiyomuy ofpasom. Beugenswomuiics ammuar s pesyib-
rate obpasosanns roMmmiesca Ag(NH,).' pacrropser poinasummii s rejie oca-
A0k Ag;0. Ecan pacrsop NaOH cogepsur dopmatngernn, To HocheNHul yeu-
AWBaeT 00pa3oBaHMe 3ATPABOYHEIX MHUKDPO4acTHL, cepeGpa B rese. 3amena
pactBopa NaOH pacTBopoM cofbl HoaikHA Pe3ko 3aMefIAThL cuaponus [TAAT
B pesyinrare noHnKenua pH cpemm w rem camuM npenoTspawmate nogasie-
nue o0pazopanna yacTui cepedpa mabbiTkoM ammuaka. [Ipu sToM BOCCTaHan-
1HBaeMoe GOpMaNBIeTHAOM cepefpo MpONOJIIKAeT OCAMKIATRCA HA npenobpa-
A0BaHHBIX paHee saTpapkax. [lponece mojpammuBanua MHMLNWUPOBAHHEIX Oed-
woM & upneytersin NaOH vaernn woanomgsore cepefpa serko MOTeanpyer-
ca b upodupke (cM. pasgen «Mertomsr mccieaosanusy ).

HonoanurenbHBIM 0ATBEPRICHUEM TAKOFO MEXaHU3Ma UPOABIEHNA CAV-.
HUT (DART YMEHBIUEHHH TOMIMIMHBI CIOA BOCCTANORMEHHOIQ cepepa B reJe,
RIIOTE 10 UOJMHOTO MOJaBJIeHMA VNPOABRIEHNA, NPR yBeJHYeHIN BPEMEHM DKC-
nosnuuy reas 8 0,75 n. NaOH [13}. 910 Momer 661Tb 00bAcCHEHO HGHITOY-
HhIM BbileteneM amMuaka. Herpyawo Bupers, uro HaGawnaembri adpdert
MMEET TV fic MPHPOAY, 4TO M OUHCAHHBLI Bbile adext vMeHbUIeHHH cIof
cepeGpa (PP yBEAHMUEHNN KOHUEHTPALHH KUCIOTHE B LPOABIAIINEM pacTBo-
pe. Orimane cOCTOMT AMIDB B TOM, YTO PACTBOPAIOWLUM hakTopoM B HaHHOM
CAYUAE CAYRAT He KHCJAOTA, 4 aMMHAK, KOTOpHil ofpasyer ¢ cepeSpom npou-
uelit komuerc. Pacrpopumocts Menkomuctepesoro cepeGpa n aMMuake Gbing
OniCcaHa ele B upouraom sere [3].

HemoctaThom okpackn cepeGpoM 116 BTOPOIL cxeme ABIHETCH 00pa3oBanae
4 refie HHTEHCHBHOTO eqroro (hoHa, KOTOPHI, HO-BUANMOMY, CBA3AH ¢ IOAB-
‘leHHeM (0BIIOre KOJMMYECTBa KAPOOKCHIBHBIX rpyun apun ruapoause [AAT
IIET0UBI0. JTO UOATBEPIRAACTCH YCHICHAeM KedTore (Qona upu pobasjienun
# redis nepej NoJUMepH3aueil akpUIoBOi KI1CAOTHI

Hunernuecrkoe ypaBHenme ocaskxenus Ag nHa Geaxax. Kuperuxa ocafe-
uun cepepa Ha Gesikax MOeT OBITh ONHCAHA, MCXOAHA W3 CJIeNY IOIGHX 000~
pamenuii. M opusnmaem, uto ckopocts HakonuenunA MeTaJJHYecKoro ceped-
pa dM/dt B eunuaHOM yyacTwe rean IPOIOPIIHOH A LA KOHIIEATPALUY CBO-
fonbIX HOHOB cepebpa. ROHIEHTPALMH BOCCTAHORUTENA. A TAKHKe CYMMapPHOH
IIOBEDXHOCTH MUKPORacTui cepelpa B 9TOM yuacTKe: .

dMjdt=k[Ag*]rS.

rie M - KOHUEHTPALUA MeTaldJRYecKOTo cepeGpa 8 reae, ! — npems, k — kon-
(TAHTa CHOPOCTH, 3aBUCHMAA OT Temmepatypel, {Ag*]| — nonnenrpanns uonos
cepebpa, r — ROHIEHTPALHA BOCCTAHOBUTENA, S — CyMMapHnas flOBEpPXHOCTh
MHKpoOYacTuI cepebpa.

Honycran, yro B uponmecce pocra NMHeiHbie pasMepbt MAKPOYACTHI[ n3-
MEHAIOTCH LIPOMOPUHORANBHO, MJIA WX CYMMapHOH TOBEPXHOCTH MOIKeM 3amu-
CaTh:

S=gNm>

Flle £ — KOHCTAHTa, 3aBHCALUAA OT ITOTHOCTM cepeGpa u opmbi wacTun;
V'~ KONHYECTBO MUKPOUACTHI{ B EXMHHYHOM YUACTKe Fellfl, M — CPefAHHAA Mac-
ca’ onHolt MukpovacTuubl. Yuntesan, 9ro m=M/N, naxonum

S= gNl/Wz/s
dM/dt=Fkgr{Ag* | NVM *? (4)
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[image: image11.png]OxeBnano, 9To ckopocTs Aupdy3ud HoHOB cepedpa K MeCTY peakiuu B
NTacTHHE TeJsl MOKHO BBHIDA3UTH CHEAYIONIMM YPABHEHHEM:

dlAg*lidt=k.([Ag*],—([Ag*]), )

rae k, — koaddnuuent, aBucAIMI OT TOJLUHAB ¥ MJIOTHOCTH Teff, KOHIEHT-
pandd cIMBalOIMero aredTa, TeMmepatypsl W ap., [Ag*], — xonnesTtpaunms
MOHOB cepeGpa B pacTBoOpe, OMBLIBAIOINEM IIACTHHY TeJd.

Hcxona us Toro, uro npm maGuiTKe BOCCTAHOBHTENA B CTALMOHAPHBIX Y-
10BUAX CKOPOCTL Auddysun wouos cepeGpa PaBHA CKOPOCTH €ro OCAKACHMA,
3alTHIeM

dM/dt=d[Ag*]/dt. (6)

Peman ypaBmenna (4)—(6) xak cmcreMmy orHocutenasno M u ! npu Ha-
qaapHBX yeaosuax =0, M=0, naxoqmm:

kakgr [Agtly Nt

7 7
kgrN"™ I 3k /M M

Anaausnpys aTy (popMyay, HAXONUM BBIPaKeHHA A ABYX IPefejbHbIX CaYy-
aaes.
HepBoiit cooTBETCTBYET CATYALMA

kgrN"V<« 3k, /M3

T. e. HH3KHM KOHILEHTPaIuAM Oellka B rejie MM Ha9a/lbHOMY ITaly DeaKHuUH,

ROVAA KOJAMYECTBO OcazkieHHoro cepebpa Mano u seauuunna k, He JuMuUTHpYeT
;

nofBox Ag* K pactymmnM murpodacrauam. Ilpene6peraa anenom kgrV” B dop-

Myne (7), noayvaem:
M= (’/,kgrlAg"]pt)’N. (8)

Hy6nveckas 3aBHCHMOCTh KONMYECTBA OCARIAEMOro cepeGpa OT KOHCTAHTHI
CKODOCTH k%, KOHIEHTPAIIMN BOCCTAHOBATENA I, KOBLUeHTpanmm cepebpa [Ag'}l
H BpeMeHH ! 00BACHAET BHICOKYIO 1yBCTBMTEILHOCTh PEaKIMH COOTBETCTBEHHO
¥ H3MEHEHMIO TeMuepaTyphl, npefaoSpaboTkaM rexeil aapfermpamu [9, 15] ®
H3MeHeHUI0 KOHIeHTpan®u BoccTaHoBuTens {11], kK noEmKeRN0 KoEMERTPANHYK
¢Bo0oMHBIX Ag” B pesyJibTaTe HOBHIILEHMs KOHIEHTPAUMY aMMHAKA B HCXONHOM
pactBope u Goabiuoit nar-nepuos (Ao 15 muu m Gonblue), HpeamIecTBYIOIIHIi
MOABJICHUIO BHaYaJbHO HaGmogaemoll okpackn Oenkon cepeGpom. B 1o ke Bpe-
M5 JAuHeHasA 338BUCHMOCTH KOJIMYECTBa ocakjaaeMoro cepefpa or 4ucia saTpa-
BOUHBIX 9ACTHI{ KOJTOUAHOTO cepebpa N orpaskaeT yCTAHOBIEHHYIO PHAJOM aBTO-
pos [4, 6, 7] nuHefiHyI0 3aBHCHMOCTE ONTHYECKOH HJIOTHOCTH OKPALICHHBIX Ce-
pebpoM GeaKOBBIX MATEH OT KOMIEHTPANMY B HUX BelKa.

Bropoit cryqait cooTseTcTBYET CHTYauMH

kngl/S» 3kn/M 2/?

T. e, BBICOKON KOHIEHTpaluyu OeJKa B reje, MJIM KOHEYHOMY DTaly DeaKmuy,
KOTla KOJAMYECTBO 0CAa/KIAeMOrc cepefpa BeAHMKO M BeAHYHHA K, NTAMHTHpYeT
monsox Ag% K pacrymum Mmrpouactmuam. IlpemeGperas wiaemom 3k,/M* »
dopmyae (7), moayqanm:

M=k, Ag*]t. %)

Takum obpasom, ocaxjenne B reae cepelpa Ha KOHEYHBIX ITAllax peaKNAK
npuodpeTaeT NuHeliHYI0 3aBHCHMOCTE OT k,, KOHODeHTpanum Ag' B pacTBope u
BpeMeHH UM He 3aBHCHT oT N. JTo 3HAYHT, UTO HA TeX y4acTKax reds, Tie 3Ha-
qesde N W BeNMYHHA MHKPOJACTHI[ cepeOpa BEJHKH, CKODOCTH MX POCTa Orpa-
HEIMBAETCA cKopocThio anuddysun Ag® K MMKpoTacTEHAM. JTO B IOJHOH Mepe
obacHAET TOT AKT, 9T0 UpH GOaBIINX KOHIeHTpauuaAX Seska AuHelHAaA 3aBK-
CHMOCTD KOJMIOCTBA OCAKAGHHOTO cepebpa OT KOHHEHTPANNH GeJKa NepexoiuT
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[image: image12.png]% unato [4, 6]. TIpu aroM yuacTku rens C BHICORUM anagenneM N CHHZRAIOT
koumenTpaIuio Ag' B MPAIEMKAMUX yIacTKax C MUEHMANbEBIM 3HAYEHHEM N.
saMeJIAA TeM CAMBIM POCT MUKPOYACTHI( B HUX B coorpeTcTEN ¢ QOpMYILOit
(8). CaencTBueM 3TOTO ABIAELTCA aperT KOHTPACTHPOBAHKSA IIATEH OeJka npa
NpoABJIeHHEA cepedpoM.

OcoGerno HATAAZHO 3PQeKT KOHTPACTHPOBAHUA NDOABIACTCA p o0pasoBa-
HHi HeGONBIIMX CBETNLIX NATeH Ha 33TeMHEHHOM JoHe B MIOCKAX rejdsax. It
wATHEa 06pasyioTeA 3a cUeT NPUCYTCTBAA B X LEeHTPaJbHO| 4acTH IBIIHHOK,
0CaSIAIONMAX HA CBOGH MOBEPXHOCTH MHOTO METANIHTECKOTO cepebpa. IJTo
upHBONAT K PEBKOMY MOHIKEHWI0 KOHUEHTPaIin Ag* BOKPYT UBUIMHOK H Kak
cefcTBHe — K 3aMe[JIeHHIO POCTa MUKDOACTHN B 30HE nATHA.

B ToM cxydae, KOTIa MAKPOYACTHUE 0O Beeil IIOMANM e JOCTUralT A0~
craToano Goapmux pasmepos, dopMyia (9) onmchiBaeT ofpazoBaHme B reje
pasHoMepHOro $oHa, KOTOpBIi (P CBOeM PA3BHTHH HPWBOJMT K OOIHOMY 3a-
TeMHCHHIO paHee NPOABMBLINXCA MATEH Gesnxa. Beagy Ttoro 9ro k; saBHCHT OT
TOMUIMHE ¥ TUIOTHOCTH Feifl, OT KOHIeHTpanny cHIMBAIONIEro areHTa W TeMmIe-
paTypHl, HATEHCHUBHOCTh OKPATIMBAHMA MATEH Genxa u obpaszosanue oHa TaAK-
e 3ABECAT OT OTHX NapaMeTpoB. B'uacTHOCTH, VMEHLINEHUE HHTEHCHBHOCTH
oKpAIIMBAHUA 0eIKOB MPH YBEJHICHNH IUIOTHOCTH B rpajHMentTHOM reje Gbuio
ormeueno [esapoii ¢ cotp. [4]. VreanmdenueM fIOTHOCTH reid H, caefoBaTeNb-
Ho, YMeHbIIEHHEM [, MOMeT GnTL 0GBacHeno oGHapymenmoe Paem [15] sa-
MeJIeHIe CKOPOCTA OKpalIMBaHWA Gexxos n obpasopanua (oua nmpu Kobanie-
HAW K NPOABIAIOIIEMY PAcTBOPY dTUIOBOIO CIUPTA, 00paboTKa KOTOPHIM, KaK
H3BeCTHO, IPUBOJAMT K COKPALIEHHIO nupefiapIx pasmepon rexs. Ha cymectses-
woe ysenudeRHe HHTEHCHBHOCTH OKDACKH dona ¥ OATEH NpPH He3HAUATEIBHOM
[OBLIIEHHA TeMIepaTyphl MPOARIAIONIETO PacTBOPa yraapiBaeT CaMoOHC [13}.

Wexonman dopmyna (7) sbiBegena i cayHad #36BITKA BOCCTAHOBHTEA.
Ojinako HETPY/HO MOKasaTh, 9FO €C/H JMMUTHPYIONHM KOMIOHEHTOM Oymet
BOCCTAHOBHTENb, TO aTa (OPMyJa MSMEHHTCH HE3HAUNTENBHO: JIUIIb B 3HAME-
narefie r OKAMKETCA 3aMEL(eHHEIM HA {Ag*),. B pesynbrare npejenbHas dop-

myna (8) me mpeTepuuT MaMeHenyuil, a B JPyroil upegexbHOi dopmyae (9)
[Ag*], okaxeTcs 3aMeIIEHHbIM HA I, T. €. [OYTH BCE M3 PaCCMOTPEHHBIX BERIIIe
aaKOHOMEPHOCTelt COXPAHAT CBOIO CHIY. ’

Tor dakr, 970 IPH BHIBOJE dopMyas (7) He YUHTHIBAIOCH H3MEHEHUE KOH-
ueRTpamun Ag*® B rejie B pesyiabrare nuddpyaun cepebpa B PACTBOP M JAKHC-
SeHHs Telis, O-BHAAMOMY, He HMeeT CyMeCTBEHEOro aHadenuA. [efcTBATEN:-
HO, KaK cieiyeT 3 puc. 4, papnoBecHoe 3HAUCHIE lg [Ag*] B pesyanrate gud-
(byauy He TONLKO HE OIYCKAETCH HHMME CBOEro HCXOJHOIO YPOBHA Ha IIOBEPXHO-
CTH relis, OMPENe]AeMoro ypoBHeM 3HATeHN lg {Ag") mocse NpOMBIBKE BOJOH,
HO jase npesocxour ero. VI moatoMy, RecMOTps Ha yMeHBIICHAE NOCTYMIeHH
Ag® aan peaxuma u3 OygepHbIX coeMHeHMH B BHMe THIPOOKHCH HIM KOMII-
JTeKCOB ¢ AMMHAME, yBeJHUeHHe KOHIEHTDAIUK cpobopuoro Ag* B pesyiabTarte
paspyIIeHHEA 3TOTO KOMMJexca B kucIoil cpefie B 3HAUYHTENHHON CTETIEHHM KOM-
[HeRCHPYET TOTePIo.

B aarmouenue cieiyeT oGpaTuTh BHUMaHMe HA [BA MOIOTHATENBHEIX (aK-
T0pa, KOTOPble MOTYT OKaBhIBATL BIMAHHC HA BOCAPONSBOAUMOCTE OKDPACKH Ce-
peGpom.

MEl 3aMETHIIH, YTO MPOAORHTENLHOE BEIIEPKUBAHHE Treid B 50% -nom
sTamome (fo TMBYX Hefienb u Oomee) yBeswuMBaer KOHTPACTHOCTh OKPAacKq.
Cxonustt aderT monydaeTcs, eciy OTMBIBATE TeIH B TeueHHe CYTOK B Harpe-
Tom 50% -HoM dTaHOJIE. HaGmonaemble N3MEHEHHA MOLYT IpeNHoN0KHTeNbHO
WMeTH JBe TPHYMHBL, KOTOpHIE OTMEHAIOTCA TAXKE B IuTepaType: OTMBIBAHHE
¢ Geaxos mofenmicyipdara HATPUA {4. 10] » mopnduranus BeNKOB HMeolH-
MHCH B ClIHpTe IPHMECAMH aJbJernja {15].

Jpyroii jaMeueHHBI HaMH, & TaKKe U3BecTHDBIL U3 MuTepaTyps (axrop,
KOTODHIL MOIKET OKa3hlBATh IHAUMTENLHOE BAMAHHE HA BOCIPOM3BONMMOCTH
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[image: image13.png]npossienun cepeSpom, sro ocmewennocrs [6]. Ilostomy ana Bocnpoussonmu-
MOCTH NPOABIEHHA HeOOXOQUMO KOHTPONMPOBAThH CTAORILEOCTH OCBELEHHOCTH
paGogero mecta.
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A.G. MALYGIN, N. 1. DOROKHINA, 1. N. GANTSERQV A

THE MECHANISM OF PROTEIN DETECTION WITH SILVER
IN POLYACRYLAMIDE GEL

A. N. Bakh Institute of Biochemistry, Russian Academy of Scierices, Moscow

Key words: delection, protein, staining, silver, polyacrylamide gel.

The mechanisms whereby silver ions penetrate into the gel and metallic silver pre-
cipitates on the protein have been studied. The parameters critical for silver staining
for the proteins in polyacrylamide gel have been established. A simple procedure for .
the development of gels with the use of a soluble methylamine-silver complex has been
designed. Analysis of kinetic equations for the rate of metallic silver precipitation in the
gel both under conditions of limitation of the reaction component diffusion rate and in
the absence of this limitation has been carried out.
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