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CPABHEHME JIBYX METOJI0OB OLEHKH 4YBCTBHTEJbHOCTH
 METOJA ANH

A, T. CTPOMBEPT, M. I1. TIOTAIIOB

‘ (Ipencrasiena npodeccopom A. T. CrpomGeprom)

B ony0aukoBaHHOH OAHMM H3 Hac pabore [l] mpensoked MeTox
OUeHKH YYBCTBUTE/JIbHOCTH METOJA aMaJblaMHOf MOJsiporpa puu ¢ Hakom-'
acuueM (AlTH). C uesabio NoAydyeHHs BHPAMEHHUS JJAA MHHHMAJbHO-OINpe-
1eMMOH KOHIEHTPALUH BeULEeCTBA BBOAUTCA TIOHATHE sppekTuBHON 1LH-
PHHBL [OJY3y6ua (0sp, BOJBT):

by G

)

4]
== 1

w /I w’ - D
rie W — CKOpPOCTb W3MCHEHHus INOTCHLHAAd, 60.2bM[CeK; g — KOJMUECTBO
3JICKTPHUECTBA, 3aTPA4YEHHOE B IIPOLECCE AHOAHOTO PacTBOPeHMs MeTananaa
M3 aMaJabramel (paBHOE MJOLIAJAH NMOJ AHOJAHLIM 3y6uUOM), KY.20H; [ —Tay-
OMHAa aHoJHOro 3ybua, a; & — [IHPHHA MOJAy3ylOua, 80.46m; v = d34/8 — KO-
sppuument. Jlag KoJMYeCTBAa = JAEKTPHUECTBA ¢ HMEEeM OYeBUJHOEe

COOTHOILEHHUE: .
g=2zFyC,V, (2)

[/l 2 — 4HCJ0 3JEeKTPOHOB, YUACTBYIOUIUX B AHOAHOM MPOLECCe HA OJIHH
arom Mertaagaa; F — nocrosinnas dapages; C, — KOHUEHTPAUUS HOHOB Me-
Tal/a1a B pactBope, 2-uonjcm®; V -—o0beM pacrBopa, c#®; 7— creneHp
MCTOLLEHHS PacTBOpa.
M3 cootHowenuit (1) u (2) mojayuyaeM HCKOMOE BhIpaxceHue AJASA MHU-
HUMAaJIbHO-ONpeeIMMOH KOHLEHTpaLluH
val

r_ . 3
C, Farr 3

MunumaspHas raybuna 3ybua omnpeznessieTCss H3 COOTHOILEHHS:
]1 = hi*, (4)

rje i, — 4yBCTBHTE/JbHOCTb NoJasaporpada, a/xu; h— MUHHMAJILHAT TJaY-
61MHA aHOJAHOTO 3y0ug, KOTOPYO MOXHO H3MEPHUTh C 3aJaHHOH TOWYHOCTbLIO,
uaH Hanpumep, A = 10 um. OnTHManbHas NOBEPXHOCTb 3JeKTPOJA OIpe-
JEJAETCA H3 COOTHOLUEHHSA b

iy

hi, = mS’j M S ==, (9)
mj
rjae j-— MJIOTHOCTb OCTATOYHOFO TOKA, a/cu?; m—iKo3apduuuenT, NOKa3L-
BAIOIUUKA BO CKOJBLKO Pa3 TYOHHA AHOAHOrO 3y6ua AOMKHA ObITh GoJblue
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*
‘OCTATOYHOrO TOKAa, YTOGH 3y0eil MOr GbTh H3MEDEH C 3aJaHHOM TOY-
HOCTBIO (Hampumep, 10 %).

Jlpyrue ycJoBus 0 biTa, HEOOXOIUMBIE JJs TOJY4YeHUs: TpeGyeMol
rJAyGUHBl @HOAHROTO 3y6ua /” NpH AAHHON ONTHMAJLHOH IOBEPXHOCTH S’

3JICKTPOAA OIpeJeasioTCd H3 COOTHOIIEHHST (2):

r Kl /t .
b= —Ls 2
2F |74 6)

rae K;— KOHCTaHTa 3/J€KTPOJU3A, @-CM[2-UOH; — BPeMs NpeABapHTEJb-
HOTO 3JIEKTPOJIN3a; b — Ge3apasMepHEIfl Mapamerp, KOTOpPHH CBA3aH CO CTe-
NEeHbIO HCTOLLEHHS | COOTHOlueHueMm [2]: '

Y=1—e Y

B paGote [1] npuusito 7 =17"= 0,95 (UpaKTHYECKH IOJHOE HCTOILe-
HHE PacTBOPa) M COOTBETCTBEHHO & = b" = 3. U3 dopmyan (3) ¢ yuetom
COOTHOWEHUA (4)—(7) MOXKHO OLEHUTb MHHHMAJbHO-ONPEAEAHMYI KOH-
UEHTPAUHIO HOHOB B PACTBOPE H YCJAOBHUsI, KOTODbe TPeOyeTcs BHINOJIHHTB
IJA 3TOTrO. A . ' :

B Gounee pamnux padorax [2,3] HaMH BHBeneHO BLIPaXeHMe Aas 3a-
BHCHMOCTH TVIyOHHBl @HOJHOrO 3y0ua OT paaMyca PTYTHOH Kangad (r)
4 ApYyrux (QakTOPOB, HCXOJAS H3 BHIPAKEHHS

1 —_ KzS Cg, (8)
rie K, — KoHCTaHTa aHOIHOTO 3yGla, KOTOpas CuuTaercs B yKA3aHHON
pabore [2] me saBucsllel OT pasuyca PTYTHOH Kamau !); C, — KOHIIEHT-

panyus aroMoB MeTaAJa B PTYTH, 2-UOH[cME.
YuuTHIBAA OYEBHAHOE COOTHOIIEHME

‘ 1C,V=_=Cyv, . (9)
TOJYYHM HCKOMOe BHpaxeHHe AJad Toka (S/v = 3/r):
I=3K,vC, L. (10)
r

Pewas sanauy na maxcumyM dyukuun I B dopmyae (10) ¢ yuerom
33aBUCHMOCTH Y OT r no ¢opmyJe (6)—(7), HoOAyUYUM, YTO MAKCHMaJbHOE
 3HaYeHHe TJIyOUHBL aHOOHOTO 3yGua [OCTHraeTCA IPH pajuyce pPTyTHOR
KanJW 7, COOTBETCTBYlOlUlee  3HaueHHe (e3pa3MepHOro mnapamerpa

H7 =125, 1. e.
b = K, S”i=.1,25. (11)
_ 2F V
OTciona MHHHMAJIbLHO-ONpefe/IAeMast KOHIEHTPAUS U3 (hOPMYJIb (10)
JAETCA BHIPAXKCHHEM:

¢/= ——T. (12)
3K3V 'f’

rae Y" =071 npu 6" =1,25 cornacuo dopmyde (7); snauenus I’ ur” onpe-
ACJAOTCA H3 COOTHOWEHHH (4) u (D), a Apyrue ycaosus onura (Ky, £, V)
AOJ/IKHEL ObITh BEIODAHBI TAKHM OOpPAa30M, UTOGH YAOBJETBOPAJIOCH YC-
aoBue (11).

IlpencraBnsier HHTepec COMOCTAaBHTh IBE OIEHKH MHHHMAJbHO-OMpee-
JAHMOH KOHUeHTpauku, fAaBaeMoit dopmyiamu (3) u (12), B BLISICHHTD, Ha-
CKOJIbKO COIJIACYIOTCS MeKIy COBOH pe3yJbTaThl 3THX [BYX OLEHOK.

Ilpexpe Bcero mokaxem, uto dopmyas (3) u (12) no cymecTBy siBJs-
I0TCS TOXKAECTBEHHBIMH. [lJIst 3TOro BHIpa3HM IIMPHHY MOy3y6ua & BhopMy-

!} Mosgxee HaMu nokasaHo [3], 4To 3TO NpeATOJdONEHHe SBASETCH TIPUON K EHHBIM.
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2
ae (3) uepes apyrue BeqHuHHBL. KOHIIEHTpPAUHs aTOMOB ME€Ta/lla B PTYTHOR
Kanje AaeTcs O4eBHAHBIM COOTHOINEHHEM:

g .
C,=—". 13
> zFv (13)
N3 dopmya (1), (8) n (13) nmoayuum:
3= (iF_ "i)r. (14)
3K, V ;
Tloacranoska dopmyau (14) B (3) naer paa C; BHpaxeBHe
, I r
= — 15 )
bOBKV Y (15)

toxpectBeHHoe ¢ Qopmysoi (12). CpasuuMm 3uauennsa C; u C] npu oau-
HaKoBOH rayOuue (%, mm) aHopHoro 3ybua (/' =1") H NmpH TNOCTOSHCTBE
Apyrux ycaopuit (K,, ¢, V) xpome r, S, v u 71, b.

Us (12) u (15) moayuaem

C; r/ 1”

bt W SR S S 3 1
C;' r// T, ( 6)
Us dopmya (6) (&' =3) u (11) (4" = 1,25) npu nocrosucree K, ¢, V

caenyer: N o .
rl ! .bl

—=|=] =|—] =155 17}
rll (S”) (b// ) ( )

Ornowenue Y’/ = 0,71/0,95 = 0,75. Orciona u noayuaem aasa C,/C;
ykaszaHHoe Biiie 3HayeHHe 1,16. Takum o6pa3oM, Mbl OPDHXOIAMM K HHTe-
pecHoMy BbiBoAy. IpH npoBefeHHM 3JEKTPOJH3a A0 HElOJHOI0 HCTOole-
Hus pactBopa (67 =1,25; " =0,71) ynaerca 3amepsaTb HEMHOTO MeHb-
wye koHueHtrpauuu (Ha 16%), yeM HOPH IOJHOM HCTOLIEHHH pacTBopa
Npu IMOCTOAHCTBE Apyrux ycaosuit (/, Ky, f, V), kpome pasmepa pryT-
HOH kamuin. XOTd 3Ta Pa3HHLa HEBEJIMKA U He MMeeT OOJBLIOro npakTHue-
CKOT0 3HAYEHHsI, HO H3 TEeOPeTHUECKHX CcO0OpaxKeHUuli HHTePECHO BHISICHUTE
0oJiee 1eTaibHO NPUYHHY 3TOTO ABJAEHHL.

‘M3 cooTHouienua (9) moJyuHM NpPH ABYX PacCMaTpPHBaeMbIX CTENEHAX
ucrowenusa (0,71 u 0,95) nu V = const:

2.1, 18
CClCl vy (18)

Takum o6pasoM, M3MEHEHHe MHHHMAJILHO-ONpefleqsieMOro cojepixa-
HMS 3JE€MEHTA B PACTBOPE C H3MEHEHHEeM pajHyca PTYTHOM Kamau CBs3a-
HO C HU3MEHEHHEM CTEeNeHM KOHLEHTPHPOBAaHUS MeTajla B Kalje, C H3Me-
HeHueM o6beMa kanau (U/v” = (b',6"%2=3,73) U C U3MEHEHHEM CTele-
HM MCTClUeHus pactBopa (Y'/7" = 0,75).

U3 dopmyas (8) noayuum (npu I’ =1") C,/C;, = §"|S' = b"|b" = 0,42.
Takum o0pa3om, YHC/IE€HHas OuUeHKa cooTHolleHus (18) maer:

C!/C: = 0,417-3,72-0,75 = 1,16

B COrJIacHH ¢ cooTHowmeHuem (16).

M3 npuBefeHHBIX Bhlllle BHPaX€HHH MOMHO MOJYUYHTh PAJ NOJE3HBIX
B pacuyetax mo Metony AITH coorHowennit. Us ¢opmyan (6) mosyuaem
3HAYEHHE OTHOLUEHHs oObeMa pacTBopa K OObeMy PTYTHOH Kanau, KOTO-
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po€e NOJIKHO HMETL MecTo, YTOGH NpH AaHHHX. ycroBuax (K, ¢, r) noc-

THTHYTh TPeOYyEeMOrO 3HAYeHHs CTeneHH ucroweHus (b = —2,31g (1 —1);
| V_ 38Kt 1 | |
—= i 19
v 2Fr b (19)
U3 dopmya (9) u (19) nonyyaem BbIpaxkeHHe /A CTENEHH KOHLUEHTDH-
POBaHMA: -
C, v 2Fr b

H3 popmyast (10) moayuaem BhIpaXKEHHE AJ YIVIOBOTO Ko3apduuuenra
rPajyMpOBOYHOr0 rpapuka, xapakTepH3YIOLIEro OTHOCHTENbHYIO 4yBCTBH-
TEeJILHOCTh OIpeJeJeHHs 3/JIeMEeHTOB: '

J-:KZS(Z) 3KV (1)
¢ U /q r

B 3akJjioueHHe ciesaeM YUCACHHYIO OLCHKY YyBCTBHTE/NILHOCTH METO-
aa AlTIH npn pabore Ha BucA4YeH PTYTHOH KAIJIe B YCAOBUAX MAaKCH-
MaJLHOTO 3Ha4YeHusi TayOHHL aHoguoro 3yb6ua (7" =0,71; 0" = 1,25).
Ilpumem paguyc pryrtHo#t kamiau r = 0,00 c¢m, OueHum, B Kakof mepe
Takas NOB2PXHOCTL aaektpopa (S =4=nr? =3,14.10~* c#®) cooTB2TCTBYyeT
ontuMaJ/bHOH. [1ycTh MJIOTHOCTH OCTaTOYHOFO TOKA B 3 pPasa INpPeBHIIALT
€MKOCTHOH TOK, T. €. | =3-1,4-10-7 =4,2.1077 ajcm? (npu eMKOCTH JBOH-
HOro cjosi Ha ajaekTpoae 20-10-¢ gapad/cm? U CKOPOCTH H3IMEHEHHA INO-
Tenuuana 7-107% é/cex emxoctHoir Toxk paseH 20-10-6.7-107% afcm? =
= 1,4-10~7 a/cm®).

OueHHM 4YHCJAEHHOe 3HaueHue Kozbbuuuenta m B dbopmyte (5), cuu-
Tasi 4yBCTBUTEJILHOCTL mogsporpadpa i, = 10-° a/mm u MHHAMAJLHYIO
ray6uny 3youos £ =10 muux:

' m=%z0,8.

Sj

“Hawp onuiTel MOKa3LIBAIOT, UTO AAXe NPH MEHbLUIHX 3HAYEHHUAX 'KO3D-
¢duuuenra m ypaetca npH £ = 10 #a NOsydHuTh AOCTATOYHO BOCMPOU3BO-
aumble 3y6unl. TTosromy npuusTHA pasmep aaektpoia (r ==0,05 cu) aB-
Jasgercad NpHG/IH3UTENLHO ONTHMAJbHBIM IDH PacCMaTPHBAEMBIX YCAOBUAX
(h, i, ]). Tlpumem K,;=5-10° a-cm/e-uon; z=2; t=30=1800 cex
H OLEHUM ONTHMaJAbHOE 3Hauenue o6beMa V no dopumyae (11) npu 6=1,25:

voEKiSt 46 .
1,252F

Tenmeps Mbl HMeeM Bce HeOOXOIMMEHIE JAHHBIE AJs OUEHKH 1o ¢op-
myae (12) MUHAMAJBHO-ONPLLEAMMOH KOHLIEHTPAUMH HOHOB MeTaljaa
B pactBope (K,~100 a-cxfe-amos) B paccmaTpuBaeMbx ycaosuax (1=0,71)

C, = i—— =1,6-10—" z-uyon/ms = 1,6-10"? z-uonjsa,
3K9 V"(

-1

uyto cooTseTcTByer cojepxauuio 10~* mrxa/ma (nas ar.seca 100) u oxo-
a0 2-10—8 9% npumecu B MaTepua’ie (mpu HaBacke 1 2). v

Ecau 6bl MBI 3aXOTeJH 32 CUBT YB2JHUCHUA DasMepa PTyTHOHR Kalum
NOJAYYUTL NPH MOCTOAHCTBS APYTUX: YCAOBHH CTENEHb UCTOULZHHA T -—-”0,95;
TO NpPHUIIOCH OBl HCIO/B30BATHL PTYTHYIO Kamalo pasMepoM r’ =r
(&”/b’) = 0,078 cm, IpHUEM MHHHMAJIbHO-ONPELEANMAasd KOHUEHTPauHs Onl-
a1a 6ul Gosbwe B 1,16 pas, 1. e. C,=1,85-10-° z-uon/as.
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OueHuyM jajee COOTHOueHus B ¢opmyaax (19) —(21) (npu v = 0,71):
V/v = 5600; C,/C, = 4000; [/C, =6,3 a-s/e-uon. Takum oGpa3oM, B pac-
CMaTpHBaeMbIX YCJIOBUAX HAa OOBIYHOH BHCAYEH PTYTHOH Kalljie MOXHO
3 oobema 1,5 m.4 npH BpemeHu anekTpoausa 30 Mus AOCTUTHYTH KOH-
LEeHTpHpOBaHHA MeTaJqa B 4000 pa3 u onpenpeauts 10— mxe/ma (1073 %)
BeuecTBa B pactBope. Takofi YyBCTBHTENBHOCTbIO A8 OOJBIIOTO HYHC/IA
3J1€MEHTOB He 006JajlaeT HH OJMH M3 M3B2CTHBIX HaM U3HKO-XHMHUECKHX
MEeTOAOB, KPOMe HEATPOHHOIO pajHOaKTHBALLHOHHOIO H MacC-CHeKTPOCKO-
MHYECKOr0 MEeTOJ0B.

Brisoant

t. TTokasaHo, YTO OLEHKA 4yBCTBHTeNbHOCTH MeTofa ATTH B ycaosusix
NMPaKTHUECKHU TMOJHOr0 HCTOIICHHA pacTBOpa M NPHU MCTOLUEHHH PacTBoOpa,
COOTBETCTBYIOILEr0 MAaKCHMANBHOH IiybuHe anoaHoro 3y6iia, B 3aBUCHMOCTH
OT paAuyca PTYTHOH Kal/Jd A2eT NPAKTHUECKH COBINAAAMOLIHE De3yJbTaThl
B 000OHX Cayyaax. _

2. IlpoBeneHHBle UMCAEHHBIE pacyeThl NOKA3bIBAIOT, UTO UYYBCTBHTENb-
HocTb onpenenenus 10 —* mxe/ma (0,1 Hanoepammalma) BIOJIHE JOCTHXKUMAE
B ycJoBUAX 00biuHOfi paGotsl no Merony AITH, ecau mnasa paGoTel BhiGpaHb:
ONTHMAaJIbHBIC 3HaYeHHs NMOBEPXHOCTH 3JIEKTpoia M oObeMa pacTBopa.
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