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Ancop6UHH KoMrrneKCOB.MeTannoB H3 xnopHaHbiX cpen Ha aHHOHHTax 

lliHpOKO HCCneayeTCH K8K C TO'IKH 3p9HHH paapa60TKH MeToaoB paaaene-

/1/ 
HHH , T8K H C TO'IKH 3p9HHH 011peaeneHKH 118p8~19TpOB KOMI1neKC006pa30-

/2-5/ 
B8HHH , AHHOHHbifi o6MeH B THOUH8H8THbiX paCTBOpax llpllBneKaeT M9Hbllle 

BHHM8HHH H9CMOTpH Ha TO, 'ITO HOH THOUH8H8T8 - 06bl'l:Hblfi H lliHpOKO 

' /6-10/ 
HCITOnbayeMbifi B 8HanHTH'I9CKOfi llp8KTHK9 KOMI1neKC006pa3ylOWHfi areHT 

QqeHb Mano caenaHO H 110 H3y'I9HH10 8HHOHHOI"O 06MeHa B THOUH8H8THO-

xnopHaHbiX cpeaax, KDTOpbie Ka*yTcsr oqeab 11epc11eKTHBHbiMH ansr 11poaeae

/ 11/ 
HHH rrpoueccoa paaaeneHHH 

UenblO aToil: pa6oTbi 6bmo 1) H3y'IHTb cop6UH10 Ko6anbTa aa xenaTo

o6paayiDIIleil: CMOne .QayaKC A-1 H3 COnHHOKHCnbiX paCTBOpOB THOUH8H8T8 

8MMOHHH; 2) 11pOB9pHTb I1pHM9HHMOCTb MeToaa 8H8nH38 rpacPHKOB KOacPcPHUI19fl· 

/24/ 
TOB pac11peaeneHkH, paaBHToro B pa6oTe ansr cHcTeM co cMemaH-

HbiMH .aneKTponHT8MH, 

CHcTeMa Ko6anbT - THOUHaHaT ·- xnopHa - llayaKc A-1 6bma Bbi6paaa 

110 psray coo6pa*eHHil:.: 

1, HeT aaHHbiX o KOMI1neKcoo6paaoaaHHH B pacTBopax, coaep>KllUIHX 

Co-NH4CNS-HCJ, 

2, XenaToo6paayiDUI8SI: cMona llayaKc A -1 - HOBbifi HOHHT aMcPOTepaoro 

xapaKTepa. BoaMO)!(HOCTH ero 11pHMeHeHHH anH 11poaeaeHHH 11poueccoB paa

aeneHHsr HccneaoBaHbi aaneKo ae rronaocTblO, HeMHoro HanecTao H o ero 

/12-15/ 
8HHOH006MeHHbiX CBOitCTBaX , 
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3. HccneaoaaaHe MHKpoKonHqecTB Ko6anbTa, Meqeaaoro 
6
°Co , no-

3aonReT nerKo H Toqao HccneaoaaTb npouecc pacnpeaeneHHH. 

3KcnepUM9HTBnbH8H qaCTb 

MaTepHanbi 

llcHoJib30naJwcb cMona .llay3Kc A-1, 50-100 Melli np01i3BOACTBa ".llay 

KeMHK3n"CillA. 0T Hee OTaensmHCb MenKHe qacTHUbl, H 3aTeM OHB HBCbmanaCb 

B CTeKnstliHYIO KOnOHKy II KOHAHUHOHHpOBanacb fiOBTOpS!IOIUHMCH HeCKOnbKO pa3 

npoMbmaHHeM 2M IIU ; 2M NaOH ; H 20 • OKonqaTenbHO CMona nepeao-

a11nacb n U -¢opMy 2M H Cl , npOMbiBanacb aoaolt, BbiCYlllHBanacb 

aa ao3ayxe H B TaKoM BHae xpaHHnacb. Ee anarocoaep>KaHHe 6bmo onpe-
o 

aeneHO BHCYIIIHBllHHeM o6pa3UOS CMOnbi AD IIOCTORHHOrO aeca npH 100 C. 

3aTeM o6pa3U8M npeAOCTaSnRnaCb SD3MO>KIIOCTb SHDBb nepeltTH S paSHD

BeCHOe CDCTOSIHI!e rrpH Xp8119111111 B ycnDBIIRX, B KOTOpblX 6bin8 CMona, 

ncnonb3YIOIU8RCR anSI TeKyiUHX 3KCnepHMeHTOS. nepe,ll. KB>KJ:lbiM OllbiTOM OII

peaenstnCH nee KDHTponbHbiX o6pa3uos, qTo no3sonHno 3HaTb cyxolt sec 

B3SITOr0 nnH OfibiTB SHHDHHTa. 

HcXOAHblll paCTSOp THOUH8H8T8 BMMOHHH ( 2,5 M ) 61>1n rrpHrDTOsneH 

H3 aHannTHqecKH qHCTbiX coneii. Ero KDHueHTpaunH onpeaenHnacb THTpona
/16/ . 

HHeM CTBH,ll.BpTHbiM paCTSOpOM HHTpHTS cepe6pa • qT06bi npenoxpaHHTb 
/17/ 

paCTSOp OT pa3nO>KeHHH, ero Xp~HHnH S BTMDC~epe 83DT8 

-2 
HcxoaHbiA pacTsop Ko6anbTa ( 3,5.10 M ) 6bm npnroTosneH H3 

aHanHTHqecKn qHcToro Co CI 2 • 6H 2 0. KoHueHTpaUHH Ko6anbTa onpeaenRnacb 

rpasHMeTpHqeCKH, C a - HHTp030 - {3 

·'tl' 
·~{ 
<~ 

~-~ 

TenH. OcanoK npoKanHsancH no nonyqeHHH 

BKTHSHOlt MeTKH HCrrDnb30S8nCH 
6° Co 

- HB~TDnOM S KaqeCTSe OCB]:lH

/18/ Co
3
0 4 • B KaqecTse paaHo-

T1;2 = 5,26 r). 

ConHHBH KHcnoTa 6bma KsanH~HKaunH 'I.Jl.a. 

4 
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AnnapaTypa H MeTOJlHKa 

Pacnpe11eneHHe Ko6anbTa Me>Kny cMonol!: H p1 

S CTBTHqeCKHX ycnOSHHX. PaCTBOpbl JlnH OJlHOl!: cep 

roTOBHnHCb B MepHblX KOn6ax, KYJlB Jl06aSnS!nH 1 N 

Co , onpeJleneHHbil!: o6'beM H Cl , qTo6bi o6ecneqH 

S!HHyiO KOHUeHTpaUHIO H + H pa3nHqHbJe 06'heMbl HC 

B 3BBHCHMOCTH oT neo6xoJlHMol!: KoaueHTpaUHH CNS 

CKnS!HKY Jl06aBnHnH SO.ll.Y 110 100 Mn. 15 Mn paCTBO 

MeXBHHqeCKOM CMeCHTene S TeqeHHe 15 qaCOB C 31 

eM on a H pacTsop pa3nenHnHCb ~HnbTpauHeA •. pH H, 

paCTSOpOS H3MepS!nH pH -MeTpOM ~HpMbi'naA"'c 

JlOM. y - paJlHOSKTHSHOCTb 10 Mn npenapaTa onpe 

TBHOBneHHSI paSHOBeCHH C fiOMOlUbiO C'I~TqHKS faAr 

KOCTHt HMeSlllero aq$eKTHBHbiA o6'beM 12 Mn. 

B npeJlsapHTenbHbiX aKcnepHMeHTax 6bino yc1 

~OCTb cq~Ta He 38SHCHT OT KOHU9HTp8UHH COnH H 

Cpe]:!HSIH CTBTHCTHqeCKSH OlllH6Ka C'I~Ta 6bin8 1%, 

speMeHH H3MepeHHH KB>KJloro o6pa3ua. Ko~~HuHeH 

sancH cneJlyiOIUHM o6pa3oM: 

D 
( pBllHOBKTHBHOCTb CMOnbi) J 

(panHOBKTHBHOCTb paCTSopa 

PauHoaKTHBHOCTb cMonbi onpeuensmacb no pa 

CTblO paCTSopa 110 H nocne yCTBHOSneHHSI paSHDB' 

Koa~HuHeHTa pacnpeueneHHH pe3ynbT8T 3-5 He3 

npHHHMBSI SO SHHMSHHe OlllH6KH B OnpeueneHHH 01 

CMOnbl H paCTBOpa, KO~$HUHeHTbl pacnpeueneHHSI 

Mbi rrpHSOllHM c OlllH6Kol!: He 6onee ;t5%. HcKniOtte~ 

]:lnSI 0 < 10 , KOTOpSS! COCTBBnSieT 5-20%. 
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YfccnenosaHHe MHKpOKOJIH'IeCTB Ko6anbTa, Me'leHHoro 
6° Co , no-

nerKo H TO'IHO HccneaosaTb npouecc pacnpeaeneHHH. 

3KcnepHM9HT8nbH8H '18CTb 

aTe pH an vi 

uoJib3ouaJH1Cb cMona llay8KC A-1, 50-100 Mew npoH3BOACTBa "llay 

"CillA. 0T Hee OTaenstnHCb MenKHe '18CTHUbi, H 3aTeM OHa H8CbmanaCb 

IIIIYIO KOJIOHKy H KOHAHUHOHHpOBanacb fiOBTOpHIOIUHMCH HeCKOnbKO pa3 

2M IIU ; 2M NaOH : H 20 • 0KOH'IaTenbHO cMona nepeso-

B ct -¢opMy 2M H Cl , npOMbiBanach soaolt, BbtcywHsanacb 

yxe H s TaKoM sHae xpaHHnacb. Ee snarocoaep>KaHHe 6bino onpe-

o 
BI>ICYIIII-!B{}HHeM o6p83UOB CMOJlbl llO fiOCTOHHHOrO B9C8 npH 100 C, 

6p83U8M npeAOCT8BJIHJI8Cb B03MO>KIIOCTb BHOBb nepeil:TH B p8BHO

COCTOSIIII!e npH xpaHellllll S ycnOSIIHX, S KOTOpblX 6utna CMOna, 

Y10lll8HCH llJlH TeKyiUHX 8KCnepHMeHTOS, nepe.a K8>K!Ib1M Ofib!TOM Ofi

CH sec KOHTpOnbHblX o6pa3UOS, 'ITO fi03SOnHnO 3H8Tb cyxolt sec 

anH Ofib!T8 8HHOHHT8, 

CXOAHbllf paCTSOp THOUH8H8T8 8MMOHHH ( 2,5 M ) 61>1n npHrOTOsneH 

IITH'IeCKH 'IHCThlX Conefi. Ero KOHUeHTp8UHH onpenenHnBCb THTposa

/ 16/ . 
T8Hll8pTHbiM p8CTSOpOM HHTpHT8 cepe6pa • lfT06bi llp91lOXp8HHTb 

/17/ 
OT pa3nO>KeHHH, ero XpaHHnH S 8TMOC~epe 830T8 • 

-2 I 
cxoaHbiil: pacTsop Ko6anbTa ( 3,5.10 M ) 6bm npHroTosneH H3 

qecKH 'IHCToro Co CI 2 • 6H 2 0. KoHne HTpaUHH Ko6anbTa onpeaenHnacb 

a - HHTp030 - {3 

canoK npoKanHsancH no nony'leHHH 

if MeTKH Hcnonb3osancH 
6° Co 

- H8~TOJIOM B Ka'leCTSe OC8llH

/18/ 
Co 3 0 4 • B. Ka'lecTse paaHo-

T1;2 = 5,26 r). 

OnHH8H KHCnoTa 6btn8 KSanU~HK8UHH 'l,J:1,8, 

4 
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~-::~~f. 
W· ,,·.:
;,'• 
·\!• 

d, 

~ 

AnnapaTypa H MeToAHKa 

PacnpeaeneHHe Ko6anbTa Me>Kay cMonoil: H pacTsopoM onpenenHnocb 

S CTBTH'IeCKHX ycnOSHHX, PaCTSOpbl AnH OAHOlt cepHH 8KCnepHMeHTOS ( 100 Mn 

roTOSHnHCb B MepHblX KOn6ax, Kyaa !I06asnHnH 1 Mn HCXOllHOrO paCTSOpa 

Co , onpeaeneHHbilt o6'beM H Cl , 'IT06bi o6ecne'IHTb Heo6xoaHMYIO nocTo

HHHYIO KOHUeHTpauHJO H +. H pa3nHttHbie o6'beMbi HcxoaHoro pacTsopa NH 4 CNS 

s 3aSHCHMOCTH oT Heo6xoaHMolt KOHUeHTpaUHH CNS- • llanee s KB>KAYIO 

CKJIHHKY ao6asnHnH BOllY !10 100 Mn, 15 Mn paCTSOpa nepeMeWHB8JlH Ha 

0 
M9X8HH'I9CKOM CM9CHTene B TetteHHe 15 'l8COB C 300 Mr CMOnbi npH 20:!:_2 C, 

CMOJI8 H paCTBOp p83,1l9JIHnHCb ~HnbTp8UHelt,. pH HCXO.IlHOrO H paBHOS9CHOrO 

paCTSOpOB H3M9pHnH pH -MeTpOM ~HpMbl "'nail:' CO CT9KJIHHHbiM 8neKTpo

llOM, y - paaHoaKTHBHOCTb 10 Mn npenapaTa onpeaenHnH ao H nocne yc

TaHosneHHH paSHOSeCHH C fiOMOIUbiO C'I~T'lHK8 faltrepa-M10nnepa ttnH >KH.Il

KOCTH• HM9BWero 8#9KTHBHbllt o6'beM 12 MJI, 

B npensapHTenbHbiX aKcnepHMeHTax 6binO ycTaHosneHo, 'ITO 8~~eKTHB

_HoCTb C'I~Ta He 38BHCHT OT KOHUeHTp8UHH COnH H KHCJIOTbl B paCTSOpe, 

CpeaHHH cTaTHCTH'IeCKaH owH6Ka ctt~Ta 6bma 1%, ttTo aocTHranocb Sbi6opoM 

speMeHH H3MepeHHH Ka>K.Iloro o6pa3ua. Ko~~HuHeHT pacnpeaeneHHH pacc'IHTbi 

sancH cneayiOWHM o6pa3oM: 

( pallH08KTHBHOCTb CMOJlbl) X ( 06'beM paCTBOpa) 

( pallH08KTHBHOCTb paCTBOpa) X (sec CMOnbi) 
D 

PaaHoaKTHBHOCTb CMOJibi onpenenHnach no pa3aHue Me>K.IlY pamwaKTHsHc 

CTbiO pacTsopa no H nocne ycTaHosneHHH pasHosecHH. Ka>Kaoe 3Ha'leHHe 

K09cjJcPHuHeHT8 pacnpeaeneHHH - pe3ynbT8T 3-5 He38SHCHMblX H3MepeHHif, 

npHHHM8H BD BHHM8HHe OWH6KH B onpeaeneHHH OTHOCHTenbHblX KOnH'IeCTS 

CMOnbi H paCTBOpa, KO~~HUHeHTbl pacnpeaeneHHH B 60JibWHHCTBe cnyttaeB 

Mbl npHBO.IlHM C OWH6Koif He 6onee ;!:5%. YfcKniO'I9HH9M HSnHeTCH OWH6Ka 

anH D < 10 , KOTopaH cocTaBnHeT 5-20%. 
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YlaMepeHHSI Ha6yxaeMoCTH cMonbi npoBOtlHnHcb Ha cyxoM o6paaue 

BeCOM 1 I' 1 KOTOpbifi B Te'!eHHe CyTOK 6bin B paCTBOpe C 38ll8HHbiMH KOH-

ueHTpaUHSIMH HCI H NH4 CNS. Ha5yxmaSJ cMona TlliaTenbHO nepeHocHnacb 

B 6~peTKy, B KOTopoii onpeaenHnCSI ee o5beM. 

PeaynhTBTbi H o5cy*aeHHe 

CMona JlaysKC A -1 CHHTe3HpOB8Ha Ha OCHOBe CTHpOnllHBHHHn5eHaona. 

MaTpHua cMonhi HMeeT na Ka*llbie 8 6enaonhHbiX Koneu 5 rpynn aMHHOllH

/ 19/ 
yKcycnoii KHcnoTbi B Ka'leCTBe cflyHKUHoHanbHbiX rpynn • CxeMaTH'IeCKH 

cTpyKTYPY cMOJibi MO)KHO rrpeacTaBHTb cneay~mefi cflopMynoii: 

en coo-
n- N..,..... 2 

' en 2coo-
(a) 

CMona HMeeT aMcfloTepHy~ npHpoay H, cneaoBaTenbHo, paanH'IHO BeneT ce611 

B aaBHCHMOCTH OT pH OKPY*a~meii cpeabi. lliBapu ( UHTHpyeTCSI rro o5aopy 

113/ 
Mapxona ) coo6mHn, 'ITO rrpH pH MeHbllie 2,21 B HHTpaTHofi cpeae 

cMona cymecTByeT B TaKofi ¢opMe: 

/CH 2 COOH 
R- NH+ -No-

' 3 CII 2COOH 
\ 

113/ B pacTBopax HCI o6paayeTcSI xnopHaHaSI cflopMa : 

/CH 2COOH 

R-NH+-Cl-

' CH 2 COOH 

6 

(6) 

(B) 

I 
~ ...... 

KOT0p8S1 nocne TIUBTen bHOA IlpOMbiBKH BOllOA: nep• 

..,....cH2 COOH 

R -NHOH 

'CH2 COOH 

B uameM cny~ae nocne npoBeaeHHSI UHxna KOHllHt 

Mbi1 O'leBHllH01 HMenH CMony B 8KBocflopMe. 

Bee axcnepHMeHTbi B pacTBopax HCI-NH 4 

npH pH < 2 • CMona B STHX ycnosHHX llOJI)KHa p 

6naroaapSI npOTOHHpOBBHH~ 8TOM8 830T8o 

EcnH HcxonHTb H3 nopRnxa ceneKTHBHOCTH 1 

/20,211 
HHTOB 06b1'1HOI'O THna 1 Mbl MO)KeM npeano~ 

rrpHcoeaHHSITb CNS- B xaqecTBe npoTHBoHoua Bo 

CHMO oT oTHOCHTenbHbiX xouueHTpauHfi HCI H 

CMOJibl H8MH onpe/leJISIJIOCb B paCTBOpax C pa.'3nl1 

- NH 4 t:NS • nony'leHHbie ll8HHbie cyMMHpOB8Hbl I 

lliHiiCSI MeTon, xone'IHO, rpy6hiH, nocxonbKY H3 of 

CMonoii, He Bbi'ITeH 06beM, CB060llHbifi OT 3epeH 

BaeTCSI BMeCTe C Ha6yxaHheM CMOnblo TeM HC Me 

Thl HMe~ npaKTH'IeCKy~ UeHHOCTb H II03BOnSI~T 

llhl: 

1) 06beM CMOnhi onpeaenSJeTCSI TOnbKO KOHU 

HOHOB H pe3KO pacTeT rrpH yBenH'IeHHH KOHUeHTpa 

0,5 M , aanee o6beM npaKTH'IeCKH He ysenH~HBae· 

2) npH naHHoii KOHueHTpaUHH HCI o6beM eM' 

H:l MeHHeTCSI rrpH H3MeHeHHH xouueHTpaUHH NH 4CN 

Ha OCHOB8HHH cnenaHHblX Ha6n~aeHHA Ha6yx 

yBenH'IeHHH KOHUeHTp8UHH If+ -HOHOB MO)KHO IlpHII 

aToMOB aaoTa ¢yuxuHoHanbHbiX rpynn. B peaynhT· 
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aa6yxaeMOCTH CMOnbi nposoaunucb aa cyxoM o5paaue 

blfi B Teqeaue CyTOK 6bln B paCTBOpe C 38A8HHblMH KOH-

u NH 4 CNS. Ha6yxrnaH cMona TrnaTenbHO rrepeaocunacb 

opofi orrpeaenHnCH ee o6~eM. 

PeavnhTaTbi H o6cY)I(AeHHe 

C A-1 CHHTe3HpOB8H8 Ha OCHOBe CTHpOnAHBMHHn6eH30na. 

MeeT na KB)I(Abie 8 6eaaonbHbiX xoneu 5 rpyrrrr aMuaonH-
119/ 

B xaqecTBe ~yaxuuoaanbHbiX rpyrrrr • CxeMaTH'IeCKH 

MO)I(IIO rrpencTaBHTb cneny~meli ~opMynoli: 

..,.... en 2 Coo
H-N 

'cu 2coo- (a) 

Tepay~ npHpony n, cnenosaTenbao, paanH'IHo BeneT ce6H 

pH oxpy)l(a10rueil cpeahi. Wsapu ( UHTHpyeTcs:r no o6aopy 

IUMn, 'ITO ITpH pfl MeHbille 2,21 B HHTp8THOii cpeae 

B TaKol!: !jlopMe: 

,.,.cu2 coou 
R -~u+ -No; 

CH 2 COOH 

HCJ o6paayeTcs:r 

CH 2COOH 
/ + -

R- NH -CJ 

'CH 2 COOH 

/13/ 
xnopuauas:r lf!opMa : 

6 

..... 

( 6) 

(B) 

KOTOpaH rrocne TIIIBTen bHOA DpOMbiBKH BOAOit rrepeXOAHT B BKBolf!opMy: 

..,....cu2coou 
R -NHOH 

'CH2 COOH 
( r 

8 HBilleM cny~ae ITOCne rrposeaeHHH UHKna KDHAHUHOHHpOB8HHH HOHHTa 

Mbl1 O'feBHAH01 HMenH CMOny B 8KBolf!opMe. 

Bee axcrrepHMeHTbi B pacTBopax HCJ-NH 4 CNS rrpoeoaanHCb HaMH 

rrpH pH < 2 • CMona B STHX ycnoBHHX aomKHa pa6oTaTb xax aHHOHHT 

6naroaapH DpOTOHHpOB8HH~ STOMa 830Ta. 

EcnH HCXOAHTb H3 ITOPHAKa ceneKTHBHOCTH K rrpoCTI>IM aHHOHaM anuo-
/20,21/ 

HHTOB 06bl~HOrO THDa 1 Mbl MO)I(eM ITpearronO)I(HTb
1 

'ITO CMOna 6yaeT 

rrpacoeaHHHTb CNS- B xaqecTse rrpoTHBouoaa so scex pacTsopax aeaasu-

CHMo oT OTHOCHTenbHbiX xoaueaTpauHA HCI u Nll
4
tNS • Ha6yxaaHe 

CMOnbi HaMH orrpenemmocb B pacTsopax c pa.3nH'IIIhiM oTnomeuueM IICJ -

- Nll4 CNS • nony'lei!Hble ABHHble cyMMHpOB8Hbl B Ta6n. I. Hcrronb30BaB

illHiicH MeTOA 1 KOI!e'!H0 1 rpy61>1H 1 ITOCKOnbKy H3 o6ntero o6~eMa 1 38HHMaeMoro 

CMonoii, He Bbi'ITeH o6~eM, CB060AHblli OT 3epeH HOHHTa. 3TOT 06'beM yBenH'IH

BaeTCH BMeCTe C Ha6yxaHJieM CMOnbl. TeM HC MeHee rrony'leHHble peaynbTB-

Thl HMeJOT rrpaKTH'IeCKy~ ueHHOCTb H IT03BOnH~T caenaTb HeKOTOpbie BblBO-

A hi! 

I) 06beM CMOnhi OITpeaenHeTCSI TOnbKO KOHUeHTpauueli BOAOpOllHblX 

MOHOB H pe3KO pBCTeT ITpH yBenuqeHHH KOHUeHTp8UHH KHCnOTbl OT 0 llO 

0,5 M , aanee o6t.eM npaxTH'Iecxu ue ysenuqusaeTcs:r BIT.'JOTb llO 2M HCJ 

2) npu Jlanuoli xouueuTpauuu HCI o6t.eM CMOnbl npaKTH•mcxu ae 

H:l Meus:reTCH npu H3Meueuuu xoaueaTpaUHH NH 4CNS OT 0 llO 1,5 M • 

Ha OCHOB8HHH caenBHHblX Ha6n~LleHHA Ha6yxaHHe CMOnbl DO Mepe 

ysenH'feHHH xoaueuTpauuu H + -HoHoB MO)I(HO npHnHcaTb npoToHHpOBBBB~ 

aToMoB aaoTa lf!yaxuHoHanbHbiX rpynn. B peaynhTaTe sToro npouecca 
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B MaTpHUY BXO.QHT eHnbHO rH.Qp8THpOB8HHb!it npoTOH1 Bb!3b!B8R yBenH'I9HRe 

OO'beMa eMOnhi. flpoueee exeMaTH'IeeKH MO>KHO 38nRe8Tb ene.QyJOI!lHM of5pa-

30M: 

CH 2COOH 
/ / CH 2 COOH 

R -NHOH + H+(H 20)n-r+ CNS- + -R -NH (H20) n-CNS 

'CH 2 COOH 'CH 2 COOH 

114/ 
noao5aott peaKuRett npoTOHRpOBaHHR PoeeeT OO'bReHs:rn H900bl'IHYIO 

H30TepMy a.QeOpOUHH BO.QOpO.QHbiX HOHOB Ha .UaysKe A-1. 

TaKRM o5pasoM, anonae norRtJHO npeanono>KRTb, 'ITO '!Reno npoToHR

poaaHHbiX $yHKUHOHanbHb!X rpyiiii eMOnbi H yaenH'I9HRe ee eMKOeTH 3aBReRT 

OT KOHUeHTpaURH BO.QOpO.QHbiX HOHOB B OKpy>KaJOmett cpe.Qe. 

B RayqaeMott CRCTeMe Co-NH4 CNS- HCI -.Uaysxc A-1 rrpR aaaaa-

HOfi KOHU9HTpaURH HCI aeaaBHCHMo oT xoaueaTpauRR NH 4 CNS tJHcno rrpo-

TOHHpOB8HHb!X $yHKUHOHanbHb!X rpyrrrr, BepORTHO, OCTaeTCR BenHtJHHOit IIOeTo

.IIHHOit. 3Ta aenHtJRHa R3MeH.sreTcs:r TonbKO c R3MeaeaReM xoaueaTpauRR HCI. 

PaanRtJRe B eMKOCTH CMOnbi 3aMeTHO H8Hf5onee 'I~TKO B of5naCTR KOHUeH-

TpauHtt HCI oT 0 ao 0,5 M • 3To oaaaqaeT, 'ITO xoraa .Uayaxc A-1 pa-

OO.TaeT K8K aHHOHHT1 HMeeTeR cnyqaft "ycnOBHOit eMKOCTH' CMOnbi
1 

KOTOpa.sr 

38BHCRT OT OKpy>KaJOI!leit epe.Qbi. 

Koa$$RuReHThr pacnpeaeneaRs:r KooanbTa B cRcTeMe 
I 

.UayaKc A-1 - pacTBop NH 4 CNS-HCI 

11sMeaeaH.sr Kos$$HUHeHToB pacrrpeaeneHHR D B saBHCHMOCTH oT 

KOHUeHTpaUHH po.QaHH.Qa aMMOHH.II IIpH IIOCTO.IIHHb!X KOHUeHTp8UH.IIX COn.IIHOft 

KRCnOTb! IIOKa3aHbl Ha pHCo 1. 

PacTBOpbr poaaHHaa aMMOHH.sr c KoaueaTpauHeft HCI Bhrme lM ae 

RCIIOnb30BanHCb1 nOCKOnbKy OHH HeyCTOfttJHBb! R rronytJeHHb!e pesynbTaTb! 

oKa3brBaJOTes:r HeHa.Qe>KHbiMR. KpHBbre aa pHc. 1 , oqeaRaao, MO>KHO paaae

nHTb aa .QBe rpyrrrrbr. K rrepaott rpyrrrre MO>KHO OTHeCTH KpHBbre, rronytJeHHbre 

8 

• 

B paeTaopax 0, 1; 0, 2; 0,3 M no HCI • 0HH Mon 

HReM xoaueHTpauHH NH 4 CNS , HMeJOT exo.QHoe, e1 

TpH apyrHe KpHBbre, o5paayJOmHe BTopyJO rpynny 

TpauHs:rx HCI 0,4; 0,5; 1,0 M • .Ua>Ke no BHema• 

nH'I8JOTeR OT nepBOit rpynnbr. Y HRX BbirHyTa.sr p< 

qaeTb nepexoaHT aaTeM B nonorHt!: enaa. Mbr ea• 

STy pa3HHUY1 e O.QHOit eTOp0Hbl1 KaK peaynbTaT f 

npR pa3HbiX KoaueaTpauRs:rx HCI , a e apyrott c 

a.Qeopf5UHH pa3nR'IHb!X $opM H3 paeTBOpOB pa3nHq 

AaanH3 rpa$RKrrB Kos$$HUHeHToB 

.Un.sr orrpeaeneaH.sr 'IRena H eoeTaBa eoeaHHeJ 

eMone 1 Mbl RCIIOnb30BanR MeTo.Q aHanH3a rpa$HKC 

I .QeneHR.II1 p83BHTbiit B rrepBOit CT8Tbe STOtt eepHR 

aacopf5UHIO Ha aHROHOOOMeHHOfi CMOne MOHO.II.QepJ 

BaHHb!X MeTannoM M m + H nRraH.QOM :L- • B03.1l 

UHR cRnbHoro sneKTponRTa CL q • CHcTeMa .Uay 

3HatJRTenbHO cno>KHee paaee paccMaTpHBaeMbiX Cl 

yrroM.srHyToro Bbrme MeToaa aaanRsa KpHBbiX Tpe5: 
/24/ 

5eaaocTett • B aameM cnyqae B paeTBope MeT 

oaaoaaneHTHbiX nHraaaa, L R L' , KOTOpbre o5p 

CHnbHbiX ::mexTponRToB CL R C ~L' cooTBeTcTBeHE 

UR.IIX MeTanna, HCKni0'1810IllHX of5pa30B8HHe IIOnH.sr.Q 

of5pa30BaTbC.II HeeKonbKO paBHOBeCHb!X $opM TRIIa 

flpouecc OOp830BaHH.II KOMIIneKCa MO>KHO 3anRC8Tb 

M m+ + y C + ( X+y )·L + y 'C '+ (x '+y ') L '~ ... C C' , ML 
y y 

rae 
m+ 

M - MeTann, o5paayJOmHtt KOMrrneKc; C H 

CTBeHHO O.QHOBaneHTHbie KaTHOHbl R aHHOHbi1 of5pa:: 
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OJ:IHT CHnbHO rH}:lp8THpOB8HHb!lt npOTOH, Bbl3b!BB.H yaenH'I9HH9 

,10 ITpouecc cxeMaTH'IecKH MO)KHO aanHcaTb cneayiOtr(HM o6pa-

/ CH 2 COOH 

+ H+ (H 20) n _ rt- CNS- = R - N H + ( H 20) n- CNS- . 

OOH 'CH 2 COOH 

/14/ 
peaKuHelt npoTOHHpoaaHHR PocceT o6'hHCHHn Heo6hi'IHyro 

pOUHH BOJ:tOPOJlHhiX HOHOB Ha L(aySKC A-1, 

paaoM, anonae norH'IHO npeanono)KHTb, 'ITO 'IHCno npoToHH-

UHOHanbHb!X rpynn CMOnbi H yaenH'I9HHe ee eMKOCTH 38BHCRT 

H BOJ:tOpOJlHbiX HOHOB B OKpy)Karomeii: Cpe)leo 

Moii: cHcTeMe Co-NH4 CNS- HCI -LlaysKc A-I npH aaJlaH-

HH HCI aeaaBHCHMo OT KoaueHTpauHH NH 4 CNS 'IHcno npo-

yaxuuoaanbHhiX rpynn, aepOHTHO, OCTaeTCR aenH'IHHOif ITOCTO-

H'IHHa HaMeHsreTcsr TonbKO c HaMeHeHHeM KoaueHTpauHH HCI ~ 

OCTH CMOnhi 3B.MeTHO HB.Hoonee 'I~TKO B oonacTH KOHUeH-

T 0 ao 0,5 M o 3To oaHa'laeT, 'ITO xoraa Llaysxc A-I pa

OHHT, HMeeTCH cny'lalt "ycnOBHOlt 9MKOCTH" CMOnhi, KOTOpB..R 

Cp9}:lblo 

pacnpeaeneHHR xo6anbTa B cHcTeMe 

- 1 - p a c T Bop NH 4 CNS - HCI 

xos¢¢unueaToB pacnpeaeneHHR D B aaBHCHMOCTH oT 

B.HHliB. B.MMOHHR npH ITOCTO.RHHhlX KOHileHTpB.UHRX COnHHOlt 

hi Ha pHCo 1o 

oaaHHlla aMMOHHR c KoaueaTpanuelt HCI Bbiiile IM He 

ITOCKOnbKy OHH HeyCTOltqHBhl H nony"ieHHhJe peaynbTB.Tbl 

aae)KHbiMHo KpHBbie aa pHCo 1 , O'leBHliHo, MO)KHO paaae

nbi, K nepaolt rpynne MO)KHO OTHeCTH KpHBbJe, nonyqeHHbJe 

8 

,A 

a pacTaopax 0,1; 0,2; 0,3 M no HCI o OHH MOIIOTOHHO pacTyT c yaenH'Ie

HHeM KoaueaTpaUHH NH 4 CNS , HMeiOT cxoaaoe, cnerxa aorHyToe, oqepTaHHeo 

TpH JlpyrHe KPHBbie, o6paayiOtr(He BTopyiO rpynny, nony'leHbi npH xoauea

Tpauusrx HCI 0,4; 0,5; 1,0 M o L(a)Ke no BHeiiiHeMy BHJlY OHH peaxo oT

nH'IB.IOTCR OT nepBOlt rpynnh!o Y HHX BhirHyTB.R pe3KO BOCXO}:{Htr(B.H HB.'IB.nbHB.H 

'laCTb nepexoJlHT aaTeM a nonorHlt cnaJlo M hi CJlenanH nonhiTKY o6'hRCHHTb 

STy p83HHUy, C OJlHOlt CTOpOHbi, KB.K peaynbTBT paanH'IHOlt 9MKOCTH CMOnbl 

npH paaHhiX xoaueaTpauusrx HCI , a c Jlpyrolt cTopOHhi, xaK peayn~>TaT 

B.JlCOpOUHH pa3nH'IHbiX ¢opM H3 paCTBOpOB paanH'IHOrO COCTB.BB.o 

AaanHa rpa¢HKrrB xos¢¢HuHeHTOB pacnpeJleneHHH 

L(ng onpeJleneHHR 'IHCna H COCTB.BB. coenHHeHHlt, COpOHpOBB.HHhJX HB. 

CMone1 Mhl HCITOnb30BanH M9TOn B.HanH3a rpa¢HKOB KOS~HUHeHTOB pacnpe-
/24/ ' 

neneHHsr, paaBHThilt a nepaolt CTaTbe STolt cepHH o MeTon paccMaTpHaaeT 

aacop6uuro aa aauoaoo6Meaaolt cMone MOHosrnepHhiX KoMnnexcoa, o6paao

aaHHhiX MeTannoM M m + H nHraHJlOM :L- , aoaHHKaromHM npH JlHccouua-

UHH cunhHoro sneKTponHTa CL q • CHcTeMa L(aysxc A-1 Co -NH 4 CNS -HCJ 

aHa'IHTenhHo cno)KHee paaee paccMaTpHBaeMhiX cHcTeMo ITosToMy npuMeaeaue 

ynoMHHyToro Bbiiiie MeTOJla aaanuaa KpHBI:>IX Tpe6yeT Y'I~Ta psrJla ee oco-
/24/ 

6eaaocTelt o B HaiiieM cnyqae B pacTBope MeTanna npucyTCTByroT naa 

OJlHOBaneHTHhiX nuraHJla, L H L' , KOTophie o6paaoaanHcb npu JlHCcouHauHH 

CHnbHbiX sneKTponHTOB CL H C 1L' cooTBeTeTaeHHOo IT pH ManbiX KoHueaTpa

IlHRX MeTanna, HCKnro'IB.rolllHX oopaaOBB.HHe nonHHnepHbiX KOMITneKCOB 0 MO)K9T 

o6paaoBaTbCR HeCKOnbKO paBHoBeCHbJX ¢opM THna CyC~, ML x+y L'x'+y' 0 

ITpouecc o6paaoBaHHR KoMnnexca MO)KHO sanHcaTb cneJlyrolllHM ypaaaeaueM: 

Mm+ +yC+(x+y)·L+y'C'+(x'+y')L' ...... CYC~, MLx+y L~'+y, , ( I) 

rae Mm+- MeTann, o6paayromull KOMnneKc; C H C' , ·L H L' - cooTBeT

CTBeHHO OliHOBaneHTHI:>Ie KB.THOHbl H B.HH0Hb10 o6paayrolllH9CR DpH J:IHCCOUHB.UHH 
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I 
II 
I 
I 
! 

I 
I 

\ 

! 
I 

~ 

cHnbHbiX sneKTponHTOB CL H C 'L' X+ y H x'+y - 'IHCnO HOHOB 

nHraHllOB, yqaCTByJOUlHX B peaKUHH; y H y' - 'IHCnO 8TOMOB C H C ' 

yqaCTByJOUlHX B peaKUHH. 

3)leCb H )lanee CHMBOnbi 38PSillOB llnSI npoCTOTbl He flHWyTCSio TepMO

llHH8MH'I9CK8SI KOHCT8HT6 peaKUHH (1) 6y)leT onpe)lensrTbCSI cne)ly10UlHM 

Bbip8)1{9HH9M: 

(CyC'y'MLx+y L'x'+y') 
r , L'' , c Y c Y ' M L x+y x + y 

{3 = --------- . ---.--------------= z , , , 

(M )(C)Y (C ') Y ( L) x+y (L ~ x +Y 

(Cyc:,MLx+y L~'+y') 

(M)(C f (C ')Y , ( L ) x+y (L' )x + y , 

y y' x+y x'+y' 
fM fc fc,f L fL' 

-1 
, 

G c c', MLx+y Lx'+y y y 

r)le ( ) 03H8'1810T KOHU9HTpaUH101 f - KOsq$HUH9HT 8KTHBHOCTH 0 

~yHKUHSI KO~HUH9HTOB 8KTHBHOCTH C09llHH9HHH Z 

( 2) 

G 

EcnH B pacTaope KOHueHTpauHsr OllHOro H3 sneKTponHTOB, HanpuMep 

(C 'L ') 
1 

- aenH'IHH8 nocTOSIHH8H 0 TO ypaBH9HHe ( 2) npHHHMaeT BHll 

(3 * = (3 (C ') Y , (L') x , + Y, = (3 • const 
z z z 

I 

(Cy C 'y, MLx+ y L ~, + y, ) 

(M)(C)y (L) x+y 

-1 

Gz 

( 3) 

PaccMOTpHM B38HMO)leii:CTBHe aHHOHHTa c 9THM paCTBOpoM. npH orpaHH'Ie

HHH 3anonHeHHSI 9MKOCTH CMOnbl 1-2% Mbl M0)1{9M C'IHT8Tb flOCTOSIHHOf% KOH-

119HTp8UH10 ~yHKuHoHan&HbiX rpynn B cMone. EcnH Mbl npellnonO)KHM, 'ITO 

B38HMO)l9ii:CTBH9 Me)K)ly CMonoll: H MeTannOM B paCTBOpe npoTeKaeT B COOT-

10 

' 

~ 

B9TCTBHH C 8llCOp6UHOHHbiM ypaBHeHHeM TSK (no I 

/22/ 
xa ) , 'ITO B cop6uHoHHOM npouecce yqacTBOBaJ 

HHe, To MO)KHO HanucaTb cnellyJOUlee ypaBHeHHe: 

Rf + Cy c~,MLx+y ;L'x'+y'+--+ RC yC'y' MLX +Y;J 

rlle f MO)KeT 6biTb L HnH L' • 

TepMOllHHaMH'IecKasr KOHCTaHTa peaKuHH (4) 

BHll: 

R 

K z 

(RCyC'y' MLx+ y L~'+y'f) 

(3 * (M )( C) Y ( L ) x+y ( R f ) 
z 

-1 

G RZ ~ 

EcnH Tenep& aanHcaTb Kos~~HuHeHT pacnpe~ 

cMonoA H pacTBopoM, Hcnon&aysr ypaBHeHHe ( 5) ~ 
/24/ 

npellbillYlllell: pa6oThi , To nony'IHM: 

Dz 

rlle 

H 

,, 

K R {3* (M )(C) Y ( L) x+y (R f ) G 
z z 

l +f31 (L)GML +f3; (L')GML,.,..f32~L)2t 

8 * (C) Y ( L) x+y 
z . 

l+{31(L)GML+··· 
=A a z z 

a z .- MOn&Hasr llOnsr coeJlHHeHHSI C Y C 'y, Ml 

8* = K Rz {3 * (R f ) G RZ f 
z z 
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sneKTponHTOB CL H C 'L' 

B, Y'IBCTByJOIUHX B peBKUHH; y 

X+y 

H y' 

H x'+y - 'IHC.IJO HOHOB 

- 'IHC.IJO BTOMOB C H C ' 
1 

ecb H aanee CHMBO.Ilbl 38pHaOB anSI TipOCTOTbl He TIHIIIyTCSio TepMo

KOHCTSHTa peaKUHH (1) oyaeT OnpeaenHTbCH cneayJOIUHM 

f , L'', cy c y, MLx+y X + y 
-----------

M)(C)y(C')y, (L)x+y (L1x'+y' • -- --------- = 
y y' x+y x'+y' 

(Cyc;,MLx+y L~'+y') 

M)(C'f(C')y'( L)x+y (L')x+y' 

fMfCfC,fL fL, 

-1 
G , L,, , 

C C 'MLx+y x +Y y y 

03H8'1810T KOHUeHTp8UH101 f - KO~HUHeHT SKTHBHOCTH, 

KO~~HUHeHTOB SKTHBHOCTH COeQHHeHHH Z 

{ 2) 

G 

H B paCTBOpe KOHUeHTpaUHH OQHOI'O H3 9.1JeKTpOnHTOB, HanpHMep 

1 - BenH'IHHa TIOCTOHHHSH, TO ypaBHeRHe {2) TipHHHMaeT BHa 

, , , 
( ,)Y(')x+y fJ * = fJ z C L = fJ z • const z 

(Cy C 'y, MLx+y L~ '+y,) --
(M)(C)y (L) x+y 

-1 

Gz 

( 3) 

HM B38HMOQeftcTBHe BHHOHHTa C 9THM paCTBOpOM. 0pH OI'paHH'Ie

HeHHH eMKOCTH CMO.Ilbl 1-2% Mbl MOJKeM C'IHTSTb TIOCTOHHHOft KOH-

~YHKUHOHanbHbtX rpynn a CMone. EcnH Mbl npeanonoJKHM, 'ITO , 

CTBHe MeJKQy CMOnoft H MeTannOM B paCTBope npoTeKaeT B COOT-

10 

~ 

~ 

aeTcTBHH c aacopouHOHHbiM ypaaHeHHeM Tax (no onpeaeneHHJO fenb~epH
/22/ 

xa ), 'ITO B copouHoHHOM npouecce y'lacTaoaano TOnbxo oaHo coeaHH~-
HHe, TO MOJKHO H8TIHC8Tb cneayiOIUee ypaBHeHHe: 

Rf + Cy c;,MLx+y 'L'~'+y'<::. RC yC'y' MLX +y'L :-+y'f 
(4) 

rae f MoJKeT obtTb L HnH L ' • 

TepMoaHHSMH'IecKaH KOHCTSHTa peaKUHH (4) oyaeT HMeTb cneayJOIUHA 

BHa: 

R 

K 
z 

(R c y c ,y, ML X+ y L ~, +Y, f ) 

fJ * {M )( C ) y ( L ) x+y ( R .f ) 
z 

-1 

G RZ f { 5) 

EcnH Tenepb aanHcaTb xos~~HuHeHT pacnpeaeneHHH MeTanna MeJKay 

CMOnOft H paCTBOpOM, HCUOnb3yH ypaBHeHHe ( 5) H ypaBHeHHH ( 11, 12, 14) 
/24/ 

npeabJaymeA paooTbJ , To nony'IHM: 

Dz 

rae 

H 

K: fJ*,.. (M )(C) Y ( L) x+y (R f ) G R z f 

2 
I +fJ1 (L)GML +fJ; (L')GML'+fJ2~L)2CML +fJ;(L') GML'+ ... 

2 2 

8 ~ (C) Y ( L) x+y 

- =A 
l+fJ 1 (L)G ML+··· 

a z z 

,, 

a z - MOnbHaH aonH coeaHHeHHH C Y C 'Y, MLx+ Y L x '+ Y ' 

B* =K~{J* (Rf)Gaz.f z z 

11 
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i I 

i I 

A z 
= K: ( R1L ) f R+ f z 

f Rzf 

EcnH Tenepb OTK838TbCH OT orpaHH~eHHH 1 cornaCHO KOTOpOMY COp6HpyeTCH 

TOnbiD O.llHO COe.llHH8HUe1 H npUHHTb T8 .llB8 ynpOUI810UIUX npe.llnO)K8HUH1 

/24/ 
KOTOpb!e ObinU C,llenaHbl B nepaoA CT8Tb8 , TO MO)KHO 38nHC8Tb! 

[ ( ) 
m , m Y x+y -b(L) · 

Doom.= 8MLm L +8ML'm. {L) +oo•+8z(C) (L) le , (7) 

unu 

Doom = A ML a ML + A ML , a ML , + ••• + A a ' 
• m m m m zz 

( 8) 

-I 
r.lle 8z =8* Q U A - KOHCT8HTblo z z 

YpaaHeHUH ( 7) u ( 8) OhtnU ucnonbaoaaHbi .llnH aHanuaa rpaclJuxoa 

Koa4xt>UUH8HTOB pacnpe,lleneHHH1 nOK838HHbiX H8 puc, 1, 

Ha puc. 2 npe.llcTaaneHbi npoaHanuaupoaaHHbie KPUBbie xoacM>uuueHTOB 

pacnpe.lleneHUH, nony'leHHbie npH nocTOHHHhiX KOHU8HTpauuHx H CI: · 0,1; 

0,2; 0,3 M. 3xcnepuMeHTanbHbte aHa'leHUH D noxaaaHhi xpy)I(KaMu. Cnnom

HbiMH nuHUHMU .llBHbi KpUBbte D 
6 

, \ paccquTaHHbie no ypaaHeHHJO ( 7), o m. 
KOTOpOe B ,ll8HHOM cnyqae npUHUMaeT BU.ll 

2 -
D 8 (eNS

-) -b (CNS ) 
oom.= 2 e 

H oqeHb xopomo coana.llaeT c axcnepuMeHTanbHhiMU peaynbTaTaMu. 

Cne.llOB8T8nbH01 Mbl npHXO,llUM K 38Kn10'18HUI01 'ITO TOnbKO O.llUH KOMn

neKC a.llCOpoHpyeTCH aa cMone npu aTHX ycnoBUHX u ero MO)KHO 6bmo Obi 

npe.llCTSBHTb cne.llyJOmeA cllopMynoA : (NH 4 ) Y H Y, Co ( CN'S) xC I x + Y '+ Y 

12 .,.. 

i 
,(1 

:I 
'\ 

I 
1 

l 

B Taon, 2 .llBHhi cooTaeTCTByJOmue napaMeTpbi 

8 2 .llnH nepBbiX TpeX KpUBbiX B03p8CT8eT C pOCTOM 

82=58, 82=207 u 82=607 B 0,1 M: 0,2 M; 0,3MHQ 

'IHHOA yaenH'IeHUH aHa'leHuA 8 2 MoryT, aepoHTHo, ot 

1, noBbiiil8HH8 KOHUeHTp8UHH ciJyHKUUOHanbHbiX r~ 

meaueM xoaueHTpauHH HCI • Taxoe cooopa*eHHe con 

neHU8M 0 npOTOHH38UUH 830T8 ciJyHKUHOHBnbHbiX rpynn 

paccMaTpHBanocb Bhtme. 

2, n 0Bhi1Il8HH8 MOnbHOA ,llOnH .llSHHOrO C08.QHH8Hil 

llnH TOrO 'ITOObl YBH,ll8Tb1 B KSKOA CTeneHH K8)1( 

pOB BnHH8T Ha a,llCOpOUHOHHbiA npOU8CC 1 Mbl onpe,llenl! 

oT KOHU8HTpauHH NH 4 CNS, ucnonb3YH cMecb 0,1 M H~ 

(CJ- )=l,OM .nony'leHHaH KpHBaH noxaaaHa Ha pHc. 

mue KpUBbte D npu 0,1 M H 1,0 M HCI .llBHbl .llnH cpa 

xpuaoA H nony'leHaol!: c 0,1 M HCI noxaabtaaeT, 'ITO 

OCHOBHbiM ciJaKTOpOM 1 BnUHIOUIHM Ha 8.QCOpOUU101 HBnSie 

.QOpO.llHhiX HOHOB. llnH TOrO 'ITOObl peiilHTb. 1 copoupye1 

nexc THna (NH 4 ) Y H Y, Co (CNS ) x Cl x, +Y, +Y HnH 

Mhi npoaenH aKcnepHMeHT, a KoTopoM BMecTo HCI Hen 

nocne.llHHH XO~OIIlO H3B8CTH8 K8K H8 OOpaayJOUIHl!: KOM ,. 
TaTbi, nony'leHHbte c 0, 1 H 0, 2 M HCI 0 4 ,noKaaaHhi 

.onH cpaaHeHHH npHBe.lleHbi KpHBbte .llnH 0,1 H 0,2 M E 

Y.lloBneTaopHTenbHOe coana,lleHue cooTaeTCTByJOu 

'ITO B 3THX ycnOBHHX1 CKOpee BCero, COpOHpyeTCH ( 

neKc THna (NH 4 ) yHy' Co (CNS >x Cl x'+y'+y 

BoaapamaHCb K .llBHHhiM Ta6n. 2, Mbi BH.llUM, 'IT 

KpHBbiX1 nony'leHHbiX npU HCnOnb30B8HHU 0,1; 0,2 H 0 

C pOCTOM KOHU8HTp8UUU KHCnOTblo no onpe,lleneHHIO ( 4 

/24/ 
B nepaoA CT8Tb8 ) 1 b HBnH8TCH llOCTOHHHOA, KC 
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A z = K: < R'L > r R~ r z 

r 
Rz.f 

epb OTKa3aTbCH OT orpaHH'IeHHH, cornacao KOTOpOMy COp6HpyeTCH 

HO COellHHeHHe, H IIpHHHTb Te llBS YIIPOIIISIOIIIHX IIpeanoJKeHHH
1 /24/ 

6binH caenaHbl B rrepao:lt CT8Tbe 1 TO MO>KHO 38IIHC8Tb! 

m , m Y x+y -b(L) 
[8MLm (L) +8ML'm. ~L) +•••+8z(C) (L) ]e , (7) 

ML m a MLm +A ML~ a ML ~ +•••+Azaz' 

A - KOHCTSHTb!o z ~ z 

eHHH ( 7) H ( 8) 6binH HCIIOnb30B8Hbi LlnH BHBnHaa rpacfJHKOB 

TOB pacrrpeaeneHHH 1 IIOK838HHb!X HS pHC
0 

1, 

( 8) 

c. 2 rrpeacTaaneHhi rrpoaaanHaHpoaaaHhie KPHBbie xoacpcpHuHeHTOB 

HHH, rrony'leHHhie IIpH IIOCTOHHHhiX xoaneHTpauHHX H CI: 0, 1; 

8xcrrepHMeaTanbHhie aaaqeHHH D rroxaaaHbi KpyJKKaMH. Crrnoru

MH llBHhi KpHBhie D 6 , pacc'IHTSHHhie no ypaaaeHHJO ( 7), o m. 
SHHOM cnyqae IIpHHHMaeT BHLl 

2 -D - 8 (CNS-) -b <eNs > o6m.- 2 e 

OIIlO COBIIaaaeT C SKCIIepHMeHTSnbHblMH peaynbTSTSMH, 

BTenbH00 Mbl IIpHXOLlHM K 38KnJO'IeHH10
1 

'ITO TOnbKO OLlHH KOMII

HpyeTcg Ha CMone IIpH STHX ycnOBHHX H ero MOJKHO 6binO 6bi 

cneayJOmeft cfJopMynoft: (NH 4 ) YH Y, Co(CN'S) xCI x ;.Y '+y 

12 

.,.. 

II 

;{ 

B Ta6n. 2 llSHbi cooTBeTCTBYJOIIIHe rrapaMeTpbi B H 
b . BHaao, 'ITo 

8 2 anH rrepBbiX Tpex KpHBbiX B03pacTaeT c pocToM xoaueaTpauHH H CJ: 

82=58, 82=207 H 82=607 B 0,1 M: 0,2 M; 0,3MHa COOTBeTCTBeaao. npH

'IHHOft yaenH'IeHHH aaaqeaHA B2 MoryT, aepoHTHo, 6biTb aaa cfJaxTopa: 

1. noBbiiileHHe KOHUeHTpauHH cfJYHKUHOHanbHbiX rpyrrrr CMOnbi C IIOBbi

IIleHHeM xoaueHTpauHH HCJ • Taxoe coo6paJKeHHe cornacyeTcH c rrpeacTaB

neaHeM 0 IIpOTOHH38IIHH 830Ta cfJyHKUHOHSnbHblX rpyrrrr CMOnhi
1 

KOTOpoe 

paccMaTpHaanocb Bbirue. 

2. noBbiiileHHe MOnbHOA: LlOnH llSHHOro COellHHeHHH B paCTBOpe. 

llnH Toro 'IT06b! YBHLleTb1 B KSKOft CTeiieHH KS)Kllblft H3 STHX cfJaKTO-

poa BnHHeT aa aacop6uHOHHhiA rrponecc, Mbi onpeaenHnH D B 38BHCHMOCTH 

OT KOHUeHTpauHH NH 4 CNS' HCIIOnbayg CMeCb 0, 1M HCJH o,e M NH 4 CJ ; 

(CJ- )=l,OM .nony'leHHSH KpHBag IIOK838Ha Ha pHc. 3, rae COOTBeTCTByiO-

IIIHe KpHBb!e D IIpH 0, J M H 1,0 M HCI Ll8Hbl LlnH cpaaaeHHH. noao6He STOlt 

KpHBoft H rronyqeaaoft c 0,1 M HCJ rroxaabiBaeT, 'ITo B aafiHbiX ycnoBHHX 

OCHOBHb!M cfJaKTOpOM 1 BnHHIOIIIHM Ha 8LlCOp6uH10
1 

HBnSieTCH KOHUeHTp8UH51 BO

LlOPOLlHblX HOHOB, llnH TOro 'IT06b! peiDHTb., Cop6HpyeTCSI nH Ha CMone KOMII-

neKc THrra (NH 4 ) Y H Y, Co (CNS) x CJ x, +Y, +Y HnH rrpocTo Co (CNS) 
2 

, 

Mhi rrpoaenH axcrrepHMeaT, a KoTopoM BMecTo HCJ HcrronbaoaanH HCJO 
4 

• 

nocneaHHH xoporuo H3aecTaa xax He o6pa3YJOIIIHft KoMrrnexcoa areaT.Peaynb

TSTbi, rrony'leHHbie c 0,1 H 0,2 M HCJ 0 4 ,hoxaaaHbi aa pHc. 4. 3aecb JKe 

anH cpaaaeaHg IIpHaeaeHbi KpHBbie am:1 0,1 H 0, 2 M HCJ. 

YaoBneTBOpHTenbHOe COBIISLleHHe COOTBeTCTBYIOIIIHX KpHBb!X IIOK83biBSeT, 

'ITO B STHX ycnoBH51X1 CKOpee BCero, cop6HpyeTcg Co (CNS ) 
2 

o a He KOMII

neKc THIIa (NH 4 ) Y HY ' Co ( CNS ) x CJ x '+ Y '+ y 

BoaapamaHCb K LlSHHbiM Ta6n. 2, Mbi BHLlHM, 'ITo rrapaMeTp b anH 

KpHBbiX, rrony'leHHbiX npH HcrronbaoaaHHH 0,1; 0, 2 H 0,3 M HCI , B03pacTaeT 

C pOCTOM KOHUeHTpauHH KHCnOTb!, no OIIpeaeneHHIO ( CM, npeanonoJKeHHe IJ 
/24/ 

B IIepaoft CTSTbe ) • b SJBnHeTcg IIOCT051HHOli
1 

KOTopag OIIHCb!BSeT 
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npouecc KOMnnexcoo6paaoaal!HSI B BO.llllhiX pacTaopax. To, 'ITO b 

pacTeT c noBbiWeHHeM KOl!UeHTpauHH HCI , oal!at~aeT, 'ITO a. aToM cnyqae 

HCI aetkTayeT xaK aneKTponHT, cnoco6cTayroumA KoMnnexcoo6paaoaal!HIO 

poaaHH.llllhiX coe.llHllel!HA. noao611oe BnHSIHHe aneKTponHTa l!a o6paaoBal!He 
/23/ 

pO.llBHHilHblX KOMnneKCOB TannHSI OfiHCbiB8eTCSI B pa6oTe • 

AHanH3 KpHBbiX pacnpeaeneHHSI Ko6anbT8 B 38BHCHMOCTH OT KOl!Ueli

TpaUHH NH 4 CNS B 0,4 H 1,0 M HCI noxaaa11 11a pHc. 5 H 6. Pacct~HTali-

HaSI KpHBaSI D 
6 

( cnnomHaSI nHHHSI) SIBnSieTCSI .llBYXKOMnol!eHTHoA. o m. 
Ee aHanHTH'IeCK8SI $opM8 B COOTBeTCTBHH C ypaBl!el!HeM (7) 6y.lleT HMeTb 

BH.ll 

D o6IUF [ 8 I ( CNS- )+ 82 (CNS-)2]e -b(CNS- > 

TaKHM o6paaoM, B aacop6uHOHHOM npouecce yqacTByroT aaa coeaH

l!eHHH. OaHo H3 HHX Co(CNS) 2- coeaHHeHHe, KOTopoe cop6HpyeTcSI H3 

pacTaopoB c ManhiM coaep>KaHHeM IICI • BTopoe coe.llHllel!He coaep>KHT 

B MoneKyne TOnbKO O.llHY pO.ll8HH.llHYIO rpynny. 

Coe.llHHeHHe c O.llHOA poaaHH.llHOA rpynnoA He Mo>KeT 6hiTb TonbKO 

THOUH8H8THbiM KOMnneKCOM 1 T8K K8K B .ll8HHOM cnyqae OHO 6binO 6b! Ka-

THOHOM H He COp6HpOB.'3nOCb 6b! 8HHOHHTOM. Cne.llOB8TenbH01 ¢opManbHO Mbl 

.llOn>KHbl 38fiHC8Tb COCT8B CDe.llHHeHHSI cne.llyiOIUHM o6pa3oM: 

H Y ' Co ( CNS ) Cl x '+ y ' . 

t.fTo6bi pewHTh, aeiicTBH;renbHO nH H + BXO.llHT B cocTaB coe.llHHeHHH, 

COp6HpyeMoro CMOnotl:, M bl .llOn>KHbl paCCMOTpeTb nono>KeHHe M8KCHMYMOB 

H8 KpHBbiX pacnpeaeneHHSI ( pHCo 5 H 6) H COOTBeTCTByiOIUHe b H 8 

napaMeTpbi B Ta6n. 2. HanoMHHM, 'ITO cornacHo ypaaHeHHIO ( 25) nepaoA 
/24/ 

CT8TbH 
max 

L - aTo KoaueHTpaUHSI nHraaaa, npH KOTopoA .llOCTHraeTCSI 

MaKCHManbH8SI COp6UHSI .ll8HHOrO COe.llHHeHHSI. 3TOT M8KCHMYM COBfia.llaeT 

C KOHUeHTpauHetl: nHraH.ll8 1 npH KOTOpotl: .ll8HHOe COe.llHHeHHe .llOCTHraeT CBOetl: 

MaKCHManbHOA MonbHoA aonH B pacTaope. Toraa, aonycxaSI, 'ITO cop6HpyeT-

cSI coeaHHeHHe H , Co ( CNS ) Cl '+ , , Mbl Bb!Hy>K.lleHhi caenaTb aaxnro'leHHe, 
y X y 

14 

• 

qTo o6paaoaaaHe HOHHoro accouHaTa cno>Kaoro 

qeM o6pasosal!He npocTo Co ( CNS) 2 , noTOM 

L
max anSI Co(CNS) 2 • nocKOnbKY TaKoe y~ 

c o6IUHMH coo6pa>KeHHSIMH o npouecce o6paao1 

qaeM y"'aCTHe HOHa H + B o6pasosaHHH coe; 

Tor.lla cymecTsyeT TOnbKO oaaa B03MO>KHOCTb: 

>KHT O.llHY CNS-- rpynny B Monexyne H HMeeT 

pacnpeaeneHHSI npH KOHueHTpaUHH (CNS-)=lM 

Co(CNS )Cl. 

fl H T e p a T y p a 

1. K.A. Kraus and F.Nelson. Proc.InteJ 

At. Energy, Geneva, 1955; ]., 113, 1 
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62 (1957). 

8. H.A. fle6eaes, T .A • .HKoBnes. PaaHoXHMl 

9. J.S. Coleman, L.B. Asprey and R.C. 

Chern., J1, 1167 (1969). 

15 



KoMrrneKcoo6pasoaaHHSl B BO.IlHbiX paCTBopax, To, 'ITO b 

rrOBhiWeHHeM KOHUeHTpaUHH HCI , osHa<~aeT, 'ITO B aToM cny'lae 

fiCTByeT KBK aneKTpOnHT, CfiOC06CTByiOIUHft KOMITneKC006pa30B8HHIO 

coe.nHHeHHA. no.no6Hoe BnHHHHe aneKTponHTa Ha o6pasoBaHHe 
/23/ . 

KOMITneKCOB TannHSl OITHCbJBaeTCSl B pa6oTe 0 

nH3 KpHBblX pacrrpe.neneHHSl Ko6anbT8 B 38BHCHMOCTH OT KOHUeH

H 4 CNS B 0,4 H 1,0 M HCI rroKasaH Ha puc, 5 H 6, Pacc'IHTaH-

0 
6 

( crrnomHaSl nHHHSl) SlBnHeTCSI .llBYXKOMITOHeHTHOft, 
0 Ill. 

TH'IeCKBSl ~OpMa B COOTBeTCTBHH C ypaBHeHHeM (7) 6y.neT HMeTb 

0 o6IUF [ B 
1
(CNS-)+ 9

2 
(CNS-) 2 ]e -b(CNS-l 

HM o6pasoM, B a.ncop6UHOHHOM rrpouecce yqacTByiOT .naa coe.nu

.llHO H3 HHX Co(CNS) 2- coe.nHHeHHe, KOTopoe cop6HpyeTCSl H3 

a c ManhiM co.nep)KaHHeM IICI , BTopoe coe.nHHeHHe co.nep)KHT 

ne TOnbKO O.llHY pO.Il8HHllHYIO rpynny, 

llHHeHHe C O.llHOfi pO,IlBHH.IlHOft rpynnoft He MO)KeT 6hiTb TOnbKO 

THblM KOMrrneKCOM 0 TaK KaK B .llBHHOM cnyqae OHO 6binO 6bi Ka-

He cop6Hpoa:mocb 6bi aHHOHHTOM, Cne.noaaTenbHO, <jlopManbHO Mhi 

8ITHC8Tb COCTBB COe,llHHeHHSI cne.nyiO!UHM o6pa30M: 

II Y ' Co ( CNS ) CI x '+ y ' • 

6bi peUIHTb, .nefiCTBHTenbHO nH 0+ BXO.IlHT B COCT8B, COe,llHHeHHSI, 

MOrO CMOnoft, M hi .llOn)KHbl paCCMOTpeTb nonO)KeHHe MBKCHMYMOB 

x pacnpeaeneHHSI (puc, 5 H 6) H cooTaeTcTByiOmHe b H B 

hi B Ta6n. 2. HarroMHHM, 'ITO cornacHo ypaaHeHHIO ( 25) nepaoa 
/ max 

L - aTo KoHueHTpaUHSI nuraH.na, npu KOTopoA .nocTHraeTCSI. 

bH8SI COp6UHSI .llBHHOro COe,llHHeHHSI, 3TOT MBKCHMyM COBrra.naeT 

pauuea nHraH.na, npH KOTopoA .naHHoe coe.nHHeHHe .nocTHraeT caoea 

bHoft MonbHOll: .nonH B pacTBope, Tor.na, .nonycKaSI, 'ITO cop6HpyeT

II 'Co ( CNS ) CI '+ , , Mhl BhiHY)KJleHhi c.nenaTb aaKniO'IeHHe, y X y 

14 

..... 

'ITO o6pa30BaHHe HOHHOrO 8CCOUHaTa CnO)KHOrO COCT8B8 6onee aepOSlTHO, 

qeM o6paaoaaHHe rrpocTo Co ( CNS ) 2 , noToMy 'ITO ero L maxMeHbWe 

L
max 

.nnH Co(CNS)
2 

• nocxonbKY TaKoe yTaep)K.neHHe He cornacyeTCSI 

c o6mHMH C006pa)KeHHSIMH 0 rrpouecce o6pa30B8HHSI HOHHbiX nap, Mbl HCKniO-

qaeM yqacTHe HoHa H + B o6paaoaaHHH coe.nHHeHHH THna H Y Co (CNS )CI , ·' X +Y 

Tor.na cyruecTayeT TOnbKO o.naa B03MO)KHOCTb: coe.nHaeaue, KoTopoe co.nep-

)KHT o.nHy CNS -- rpynrry B Monexyne H HMeeT MaKCHManbHhiA xoa<jl<jJHuHeHT 

pacnpe.neneHHH rrpH KOHUeHTpaUHH (CNS-)=lM .non)KHO HMeTb <jlopMyny 

Co(CNS )CI. 
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Ta6nHua 1 

H a6yxaeMOCTb cMonhi ,llayaxc A-1 s 

KaK <j>yHKIIHSI oTuoweuuSI HCl I NH 4CN 

1
_ Q6'beM (mtj ~ 

HCe /VI NJI11 CNS 
0 0,1 0,2 0,3 0, 

0 2,00 

0,1 2:105 

0,2 2;15 2:110 2:120 2,20 2, 

0,3 2,?8 

0,1, 3,80 

0,5 3,95 ~55 '3,60 3,60 3, 

0,8 J,. Z5 · 
' 

1,0 J,35 

1,5 11,35 3,?0 3,?5 ~ 

2,0 J,,ZO 
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Listner and D.E. Rivington. Canad.J. Chern., ]1, 1572 (1955). 

KoJibTxo<f!, E.B. Cneaenb. KonH'l:. aHanHa, focxHMH3.£laT
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anaposa, P.B, fanon, K.B.qMyTo:a, 'I'eopHH H npaKTHKa 

HoHoo6MeHHbiX MaTepHanos. Haa. AH CCCP, Mocxsa, 1955. 

pHx. 11oHHTbi. Hn,, Mocxaa, 1962, cTp. 208, 

B.E. MHpoHoa. XHMHSI TannHH. foCXHMH3.llaT, 1963, CTp. 72. 

Hxall:nos , B.U. MHxall:nosa H B.A.XanKHH. flpenpHHT OH.HH, 

PyxonHcb nocTynHna a H3.£laTenbCKHll: oTaen 

4 <f!eapanH 1971 roaa. 
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' 

Ta6nHua 1 

Ha6yxaeMOCTb CMOnbi nayaKC A-1 B pacTBOpe (Mn/rp•CMOnbi) 

xax <f!yHKIIHSI OTHOllleHHSI HCI/NH 4CNS 

1_ Q6beM {'111f /I}) 
HCe /VI NHIICNS 

0 0,1 ~2 0,3 0,5 0,8 -1,0 ~5 

0 2,00 

0,1 2,05 

0,2 2115 2,10 2,20 2,20 2,20 2~ 2,25 3,20 

0,3 2,'18 
' 

0,4 3,80 

0,5 3,95 ~55 3,60 J,GO 3,55 3,50 3~5 ~1,5 

0,8 J,,Z5 

1,0 1,35 

1.5 11,35 3,?0 3,?5 3,85 ~85 j,85 3,?0 

2,0 1!,20 

17 



- ---:------------------- ---~-·-- --

Ta6nuua 2 

DapaMeTpbr cnaraeMh!X D -<jlyHKUI!If 

Kucno- KoHueH-' KoMnneKChr 

Ta TpaUHSI 8 Co(CNS 2 Co'CNS)Cll KlfCRO- ~ 

Tbl !3 L ?'11DJf. Drrrt)..J 8 Lmo.tX DmfM. 

1-1ce 0,1 0,116 58 '~;,35 148 

-II- 0,2 0,65 207 3,08 265 -00 

_,,_ 0,3 1,33 607 1,50 186 
_,_ 0/1 1,85 Q86 1,08 156 262 0,511 52 

_,,_ 1,0 1,95 '161 1,03 108 287 0,51 51! 

11ceo" 0,1 0,43 66 4,65 

_,_ 0,2 0,60 175 3,33 

-co 



Ta6nHua 2 

DapaMeTpbi cnaraeMbiX 0 -<flyHKUl!H 

KHcno- KoHueH-' KoMrrneKCbi 

Ta Tp8UHSI 8 Co(CNSJ2 Co 1CNS)Ce KHCno-
Tbl 8 L ?'nr).lf. D1'11t)..J 8 Lmo.tX nm()JI. 

uce 0,1 O,l.t6 58 1.{)35 148 

- -II- 0,2 0,65 207 3,08 265 
00 _,,_ 0,3 1,33 607 1,50 186 

_,_ 0/i 1,85 986 1,08 156 262 0,511 52 

_,,_ 1,0 1,95 ?61 1,03 108 287 0,51 5" 
11ceo" 0,1 0,43 66 4,65 
_,_ 0,2 0,60 175 3,33 
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200 0,3MHCB 

150 

D 
100 

50 

M 1.5 
.CNS 

a5 0 1,0 

PHc. 2. Koa#HuHeHTbi pacnpeaeneHHSI Ko6anbTa Me}K)ly Ll.ayaKc A-1 
H NHt CNS npH nocTOSIHHbiX KOHUeHTpauHSIX HCI • KpHBbie pacc'IHTBHbi 

no ypaBHeHHIO ( 7). KpylKKBMH o6oaHa'leH&I aKcnepHMeHTanbHble peaynbTa-

Tbi : ()- HCI = 0,1 M; 0 - HCI = 0, 2 M ; • - HCI = 0,3 M ; D 6 = 
2 

- o m. 
= B2(CNS-) e-b(CNS >. 

20 

T 

./60 

MJ 

120 

D 
100 

80 

60 

1,0 

20 I 
I 

0 

I 
I 

I 
I 
I 
I 
I 
I 

I 
I 

/ 
I 

I 

,.------, -
/ ' 

0,5 

, ., 

1.0 

PHc. 3. Koa<jl¢HuHeHTbi pacnpeaeneHHSI Ko6anbTa 

H. pacTBopaMH NH 4 CNS npH .· KOHUeHTpauHH ( Cl-) 
WTpHXOBbiMH nHHHSIMH nOK838Hbl anSI CP.8BHE!HHSI 

HHSI B O,IM HCI H l,OM HCI. 
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nocToSIHHbiX KOHUeHTpaUHSIX HCI • KpHBbie pacc'IHTSHbi 

( 7). Kpy>KKSMH o6oaHa'leHbi aKcnepHMeaTanbHbie peaynbTa-
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Pnc. 3. Koa4$HuHeHTbl pacnpeoeneHHSI K06anbT8 MelKJly nay9KC A-1 
n. pacTBopaMH NH 4 CNS npn KOHUeHTpauHH ( Cl-) = lM (0,1 M- ~Ct -0,9M-NH 4CI); 
lliTpHXOBbiMH nHHHSIMH nOK838Hbl .llnSI CP,8BH9HHSI Ii:o9¢<fJHUHeHTbl .-pacnpeQene-

HHSI B O,lM HCI H I,OM HCI • 
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Puc. 4. KoatjlrjluuueHTbi pacnpeaeneHHH Ko6anbTa Me)I{Ay Dayaxc A-1 
H paCTBOpllMH Nll4 CNS 0,1 M HCIO 4 H 0,2M uqo 4 • ll.ITpHXOBbie KpHBbie I 

COOTB9TCTBYIDT 3HaqeHHHM KO~HUH9HTOB pacnpeaeneHHH, nonyqeHHhlM B 
pacTaopax 0,1 M HCI 0,2 M IJ(;J , H AaHbi AnH cpaaaeHHH. 

22 

l 

200 

ftl) 

160 I _, ,. --- ...... -
/ 

1/iO • I I 
I 

I 
I 

D 120 \ I 
I 

100 I 
I 

80 l I I 
I 

60 • I 
I -·-I.,.. . ............ 

1,0 t ., .(· ............. 

II 
20 '~ 1/ I 

I 
0,5 1,0 

Puc. 5. Pacq~THaH KpHSaH anR Koa~HuHeH 
Ko6anbTa Me)KAY DayaKc A-1 H pacTaopaMH NH 
Kpy)KKBMH o6osHaqeHbi 3KCnepuMeHTanhHbie aaHHb 

= [ B 
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(CNS- )+ B 
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(CNS -) 2 ] e -b(CNS- >. KpHBbie 

K Dco(CNS)CI i Dco(CNS> 2 ; 
0

o6m. 
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O,IM HCI04 H 0,2M uqo •. lllTpHXOBbJe KpHBbJe I 

K09!fl¢HIJHeHTOB pacnpeaeneHHH1 nony'!eHHbiM B 
0,2 M HCI 1 H aaHbi anH cpaBHeHHH. 
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PHc. 5. Pacq~THaH KpHSaH anR KOa~HUHeHTOB pacnpeaeneHHH 

Ko6anbTa Me>Kay nayaKC A-1 H pacTBopaMH NH.CNS 0,4M no HCI . 
Kpy>KKSMH o6o3HaqeHbl 3KCnepHMeHTanbHbJe aaHHbie. D 6. 

0 !Il. 
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; D 06!Il, cooTBeTCTBeHHO. 

28 

: 

1 



' r 

'i 

I 

l
.i 

' I I' I 
I' .r-
t 

160 

140 

120 
I 

100 I I D 
80 

60 ~ '1 

·1 
40 ~ f../ I 

I I 
20 I PI 

I 

0 

I ---
/ -....... 

/ '" / ~ 

I 
I 

I 

1-·--
......... 

.......... 
........ 

' 0,5 1,0 

""":---. T --.: 

.(,5 

MeN$ 

PHc. 6. Pacc'IHTaHHbJe no ypasaeHHJO ( 7) Ko31iJ<j!HuHeHTbi pacnpenenemnJ 

Ko6anhT8 ~e:>KJlY llayaKC A-1 H pacTBopaMH 'l'IH 4 CNS O,lMno IIU . 
' . 0 w. KpHBbie 1

1 
II • Ill '• OTHOCSITCSI K Dco<.CNS)Cl ; Dco<CNS) 2 ; D 6 

COOTBeTCTBeHHOo 
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