U3BECTHUA

TOMCKOT'O OPJEHA TPYLOBOI'O KPACHOIO 3HAMEHH
IMNOJIMTEXHHUYECKOI'O MHCTHUTYTA um. C. M. KHPCOBA

Tom 164 , 1967

NYTU NMOBBILUEHUSA YYBCTBUTEJIbBHOCTA METOMA
AMAJIbTAMHOH NOJIAPOTPA®HH C HAKONJIEHUHEM

A. A. KAIIJIUH, JI. ®. TPYIIHMHA

(ITpeacrasiena nayuHo-MeTojAHdecKuM cemuHapom XT@)

CTpemMHuTeNbHBIH POCT pfda HOBBHIX OTpac/iell COBPeMEHHOH TeXHHUKII,
MCMOJb3YIOLIHX MaTepHa/bl CO CJAeJOBbIM COJLep:KaHHeM NpuUMecel, Bener
K TOMY, YTO € KaX[blM TFOAOM NOBbINAalOTCA TpeGOBaHUA KaKk K MeTojaMm
OUMCTKH TAKHX MAaTEpPHaNOB, TaK U K METC/aM HX aHaJiH3a.

HecMoTps Ha To, 4TO MeTOAbl KOHTPOJISA, KaK PaBHJO, OTCTAIOT B CBOEM
PasBUTHH OT [OCTHXKEHHI HAYKH U TeXHHKH B 00/aacTH TJIyOOKOH OUHCTKH
BellecTB, K HacTosflieMy BpeMeHH npobiemy onpenenenus 10 5—10- 69
npuMeceil MOXKHO TUYHTATh MNDAKTUUECKH pelleHHOH OJjarogapsa ycnexam .
B PasBUTHY psijla METOAOB: PaJHAKTHBANHOHHOTO, MAacC- H XHMHKO-CIEKT-
pPaJbHOTO, aMaJbraMHO-NOJAApOrpaduIecKoro, JIOMHHECLERTHOTO U JAD.

Takoe ob6usive MeTOLOB AHAJNH3A CJAElOB CBUAETEJLCTBYET O TOM, UTC
HeT YHHMBEpCaJbHOTO METOAZ, KOTOphlH Obl ¢ HEOOXOAHMOH YYBCTBHTE/b-
HOCTBIO, HAJE€XHOCTbIO, H3 CPABHUTENBbHO MaJbIX HABECOK 3KCIPecCHO Npu
HCNO/Mb30BAHUM TIPOCTOA W HAJEKHOH anmnapaTtypsl NO3BOJHI Obi ONHOBpe-
MEHHO Olpeje/siTh OJHOBPEMEHHO 3HAaYKHTeJbHO€ KOJIHYecTBO [puMecei.
U B oTHOWeHuu panbHedllero NOBBINEHUS YYBCTBHTENBHOCTH ONpeLe/eHU
CleloB pasjuuHble METOAB aHAMu3a HaXOASNTCS B HEpaBHCIEHHOM MNOJOXKe-
Hud. OpHuM ¥3 Haubo/lee NePCOEKTHBHBIX METOROB AJIS pPELIeHHS OCHOBHOM
3a/auy aHaJIHTHYEeCKOH XMMHH— onpejnerenne 10-7 — 10-Y 9% u MeHee npH-
Mecell B MaTepuanax BbICOKOH HHCTOTH — SIBAATCS. METOA amManbpraMHo# no-
asporpaduu ¢ HaKOMJeHHEM.

B nepsbix ny6auxanrax no merony AIIH (1957—1960 rr.) coobuianock
O NOJIYyYEeHHH dHOAHBIX 3yOICE HEKOTOPLIX 3JeMeHTOB B KOHUEHTPaluuu
10 ~5—10~ 7 moas/a. UccnenoBatus Mo MOBBIUIEHHIO UYBCTBUTEIbHOCTH Me-
TOJa aMaJablaMHON nojsporpadud ¢ HAKOIJIEHHEM Pa3BHBAJHCh HEKOTOpOE
BpeMd no ABYM HanpasjieHusiMm. OfHUM U3 HHX ABHJIaCh NOMbITKA COUETAHUH
HEKOTOPHIX [ePCOEKTHBHbIX BAPHAHTOB NoJAgporpadHaueckoro MerToia, B yacr-
HOCTY, OCLUJIA0TpaHYECKOro H KBAaAPaTHO-BOJAHOBOrO (NOCAeIHHH, 1O JNaH-
HeiM Dapkepa [1], 6e3 nakonjeuus nossoJsier onpeaensats 1o 10 - 7 mose/a)
¢ NpUHUKNOM HakomaeHusa. OAHAKO, KaK OKa3aJH TLATENbHO H BCECTOPOH-
He [ocTaBjgeHHble ONblTbl  Kannada {[2], 3HAUHTEeNBHOrO MOBHIIEHHS
YYBCTBHTEJNbHOCTH OMpeNefeHHus NpPH HCNOJAb30BAHHH KBaJpPaTHO-BOJHOBOM
noasporpacduu ¢ HaKofJeHHeM NOCTUTHYTb He yaaercsi BBUAY HeJHHeHHOH 3a-
BUCHMOCTH IJyOMHBI aHOAHOro 3ybua OT BPeMeHM HakKomJIgeHua (B OTCYT-
CTBHE 3aMeTHOIO HCTOLLEHHSI PacTBOPa) H 3HAYWTEJbHBIX HOMeX NpDH peru-
cTpaniu aHOAHBIX 3yOUOB HA MaKCHMaJibHBIX YYBCTBHTENBHOCTAX PErdCTpH-
pylollero ycrpoiictBa noadporpada. UYUyBCTBUTE/NbHOCTb ONpejeaeHHud
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10 —3—10—9 moAb/2 IACTHTHYTA NPH HCNOJb30BAHHH OCLH/JIONONSPOTpa-
(HH KaK NpH perucTpalUd KPHBBIX TOK-NMOTEHIHaA [3], TaK K KPHBHIX

(Z—f —E) [4].

Donee cyllecTBEHHOIO TMOBLIIIEHHS YYBCTBHTEJAbHOCTH NMOKAa He HOCTHT-
HYTO KaK MpPH HCMOJAb30BaHUH OCLMJIIOrpadHyecKoli, TaK H pajHOYacTOTHOH
M JpYTrHX BapHAHTOB NOJAsporpapyy B OCHOBHOM H3-33 BO3DACTAHHSA €MKOCT-
HOrO TOKa NpH OOJBIUHX CKOPOCTAX H3MEHeHHS HaJaraeMoro Ha suedky
HanpsikeHus. TeM He MeHee, JdajbHelilllne KHCCAENOBAHUA B 3TOM HamnpasJ/e-
HuH (HampuMep, C HCMOJNb30BaHHEM BekTop-noasiporpaga LIJIA) npeacras-
JISIOT CYLeCTBEHHbIH HHTEPEC.

Hpyroe HanpaBJ/IeHKHe HCC/ICIOBaHHH N0 NOBBILIEHHIO YYBCTBHTE/NLHOCTH
MEeTOJa aMaJbFaMHOH MOJAPOTrpAadUN ¢ HAKOMIEHHEM CBA32HO C Pa3BUTHEM
BapHaHTa MeTOAa, B KOTOPOM [JIsi perucTpaluu aHOAHbIX 3YyOUOB npHMe-
HaeTcs JHHelHO MeHsionleecss (06bUHO co cKopoctbio 10— 8-—102 g/cex)
HanpsXeHHe.

[TonyuenHnoe B nepBLIX paboTax NMOBLilIEHHe UYBCTBUTENBHOCTH MeTO/Ja
ATTH no cpaBHeHHIO ¢ KJAacCHYeCKOH noasporpadued ¢ KanawUlUM PTYTHEIM
3J1eKTPOAOM OOYCJOBJEHO KOHLUEHTPHPOBAHHEM MeTajsa B PTYTHOH Kanas
U, CJeLOBaTeNbHO, BO3pacTaHHEM OTHOLUeHHs cUrHaJgA-nomexa. [lanbHeiimee
TIOBbILIEHHE YYBCTBHTR/IBHOCTH METOAA CBA3bIBAJOCH € H3yueHHem (aKTO-
POB, BJHSIOLLUX H& IViyOWHV aHOAHOIO MHKA [PH NOCTOAHHOH KOHIEHTPalHH
MOHOB MeTaJja B pactBope. Hanbonee yacto Hayyasgach 3aBHCHMOCTb [VIyOH-
HBl aHOJHOTO [THKA OT BPeMeilK 3JeKTPOoH3a.

JInHeHHbI XapaKTep TAKOA 3aBHCUMOCTH (B OTcyTCTBHG 3aMeTHOT0 UCTO-
IEeHHs pacTBopa), Kak ObL10 MOKa3aHO No3jaHee [7], MO3BOJAKA PALY aBTOPOB
HECKOJ/IbKO TOBBICHTb UYYBCTBHTEJIBHOCTb ONpeleseHHst nyTeM 2—3-4acoBOro
Ipe/IBAPHTENBHOTO JASKTPOJAH3a, YTO €1Ba JIH ABJACTCA YAOOHLIM ¢ MPAKTH-
YecKoH TOUKM 3peHus. HekoToporo moBbillleHHST 4YBCTBUTEABHOCTH YAAJ0CH
JOCTHTHYTb NMPH NPOBENSEHH aHasu3a npu 6o/ee BLICOKHX MOTeHUUANaX Ha-
KOMJIeHUsT, yMeHblleHHeM oObeMa pabouero pacteopa ot 50—20 ma no
2—5 M4, myTeM yBeJHUeHHs uucaa OGOPOTOB MATHUTHON "Melladku (Ao
600—800 06/mun) B coueTaHHH ¢ WHTEHCHBHBIM llepeMelnHBaHHeM PacTBOpa
cTpyeH rasa.

OcHoBolt uHTeHcH(uKanun paboT N[O NOBHILEHHIO YYBCTBHTEIbHOCTH
MeTo/la TOCJAYKUAU OfipelefieHHble YCTIeXH, JOCTHTHYThle B TOCAeAHUe TOAbI
B Pa3sBUTHH Teopuu Metona. Beisoa Bunorpaaoso#t u Bacusibepoil [5], a Tak-
ke Ulafina u JlplonHcoia [6] o paBHOMepHOM pacnpejieneHuu MeTadld B pTyT-
HO#fl KanJe mepesi peructpauueil aHOAHOH MONAPOrPAMMBI, [HO3BOJIHI BBIYHC-
JUTh CPEAHIOI0 KOHIEHTPAIHIO MeTajana B amMajnbrame W Traybuny aHOAHOTO
nuxa (/); npeanosaraercs, 4To NOCJAeNHAS NPONOPLUHOHAIbHA KOHIEHTPALUH
MeTasia B amanbrame. Ha ocnose pa6ot {5, 6] Ctpombepom BbiBEACHHI BbIpa-
JKEeHHs AN 3aBUCHMOCTH TJIVOHHB aHOAHOTO 3y6lla oT psga dakropos [7]'):

lp=a-1, (1)
rie _
a=3K,-C{-V- —1— (2)
¥ ’ .
=1—e"b, ‘ 3)
b 2T gl S 4
Ty *)

1) IMosnnee aHanoruuHoe BbIPAWEHHE HADYITHM TIyTeM OwUI0  BBIBENEHO B pabore
E. H. Bunorpanosoit n JI. H. Bacunasesoit [8].
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«C? — KOHUEHTPauus HOHOB B PacTBOpe, 2-UOH/[4;

V — o6bem pactBopa, M.4; .

¥ — pajjuycC KamaH, Ci;

T — BPeMs 3JIeKTPOJIN3A, CeK;
K, — KOHCTanTa aHOIHOro IHKa, a-cM®-2-amom™;
K, — woncranta aiexrpoausa, a-cm.2-uon=!,

| — CTeneHb MCTOLIEHHMs PacTBOpa. *

U3 Buipaxenus (1) ciaeayeT, 4TO MAKCMMaJAbHOA TJyOGHHBI MHKA MOX-~
HO JOCTHTHYTh JHIIb TPH ONPEAEJEHHHX COOTHOoweRHAX V, tu S, ompe-
naejiseMbXx 623pasMepHbIM mapamerpoM b. PaccMoTpuM sBa KpafHUX CaAY-
was. [pu 3uaueHHsx napamerpa & < 0,1 (ucroueHde pacTBOpa MNPaKTH-
yecKM OTCYTCTBYET, Ha Kalvie BHJEIAETc MeHee 5% HaXOAsLUXCH
B PacTBOPE HOHOB) ‘ ,
]a;a-b=l—21-K1-K2-C2-'t-l’. (6)

2F :

AHOAHHH TOK NHKAa NPONopuHoHaseH KoHcTantam K, K, BpeMeHH
3JEKTPO/N3a U PajuyCy PTYTHOA Kamau (NP MajielX T H r) W He 3aBd-
cut oT o6bema pacrBopa. Ecan xe b >3 (IpPaKTHUECKH I0JHOE) >95%
(ucTouieHHE pacTBopa), TO ‘

1

ly=a=38K::Cl-V- . | | @

AHOIHHI TOK NHKA NMPAMO IPONOPUHOHAJieH o6beMy pacTsopa (NpH Ma-
anix V), KOHCTaHTe aHOJAHOTO TOKa, OOPAaTHO NPOMOPLHOHALEH PAAHYCY
PTyTHOH Kamau (P GOJIBLIAX 7) W HE 33aBACHT OT BP2MEHH 3/EKTPO/H32
(npu Goapuux t).

TlpH MpOMeXyTOUHBIX 3HaueHHsAx mapamerpa & (0,1 < b < 3) sasucH-
MOCTh TJyOHHB @HOLHOTO NHKA OT YKAa3aHHHX (PAKTOPOB OMHCEIBAETCA
BoipaxenueM (1). Tlpa atou Baauuuna [, (a CA€10BATENBLHO, H HyBCTBH-
TEJLHOCTb ONp2AefieHns) o0ycnoBIeHa He a0COAIOTHOH B2JIMUYHHON Kax-
aoro w3 (GaxkTopoB, a BAHYMHOR & (cv. dopuyay (4)), saBucsau2i oT
gyucaennoro sHauenus V, 1, r u K;, Xapakrepusyiouweid HHTEHCUBAOCTb
mepeMeinuBandsl PacTBOPA M B O0mWEM Clydae 3aBACALL2M OT MOTEHUWAA
saexrpoansa [3]. Tak, (u3 Bupaxenus (3)) KaxAOMy 3HAUSHHIO DajHyca

T
sqaextpoaa (upn K; = const) cOOTB2TCTBYR2T ONP2AR/ASHHO2 OTHOWICHHE v

‘TIpH KOTOPOM JOCTHTAeTCd HeOOXOAHMas CTeleHb HCTOUICHHS PAacTBOpa.

IMpu nocrosHHbX + ¥ K; HEOOXOAUMO HOBHINATH BD2MA 3AEKTPO/H-
32 ¥ yMeHbIIaTh 00beM pacTBopa A0 TeX NOp, MOKa BIMYWHA NapaMmer-
pa b ue 6yner Gonpuwe Tp2x (wau & = [,26), 4TO COOTBRTCTBYeT CTEHEHH
ucTol2Hua pacrsopa 7 ==0,71.

DKCIepHUMEHTaIbHAs MPOB2DKA BLIB2AEHHHIX COOTHOWIEHHH, B HACT-
HOCTH, H3yucHHe 3aBicumoctu [, ot V, r, ©, ¢, nokasald YyZAOBJICTBODHU-
TeJbpHOE COBIAJLCHUE TEOPHH ¢ onnToM. [IpuB2jeHHbIe BhILIE COOTHOWIE-
HHUSL SIBUJIHCH OCHOBOH MAABLHRHIWIHX TEOPEeTHUECKHX MCCAeJOBAHHH MO MO-
BHILIGHHIO uyBCTBATENLHOCTH Metona ATTH.

1) K, ompenensetcs H3 BIPAKEHHH

g
Kl = > 5
’CC1°S ( )
rae g - MNOWAAb NOA AHOMHBIM MHKOM, KYAOH, S —noBepXHOCTb 3INEKTPONA;
g=4q-it | (5a)

. g — NAOWIA AL TIOJ THKOM, €M% i—TYBCTBHTENbHOCTL TONApOrpada, alem; t-—Bpems
ipoxona 1 ¢ mIKaasl PErHCTPHPYIOUIMM YCTDOHCTBOM, CeK[cH.
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M3 pripaxenus (1) B HEeCKONBbKO HPeodPAa30BaHHOM BHAe
. S ,
[, =K, QV- l—/“ (8)

cAefyeT, 4YTo TiyOHHA AaHOJTHOTO NHKA NPONOPIHOHAALHA OTHOLWEHHIO HO-
BEPXHOCTH a/eKkTpoia (S) k ero o6wvemy (V), H, ciejoBarensho, yBeau-

JYHBasg OTHOIlLlLeHHE ‘—/, MOXHO HOBBICHTL 4YBCTBHTEJbLHOCThL OlipejaeJse-

nua [28]. HauGosee npHrOAEBIM JAJsi 3TOH Lead SIBASETCA 3JEKTPOA
B BuAe TOHKOH (2—10 MUKPOHA) IIEHKH PTYTH, OCaXJeHHOH Ha cepedps-
HOH MNOAJOXKKE, OOBIYHO MNPOBOJOYKE TOALLHHOK 0,8—1 MM u pauHOH
10—15 mae [28, 29]. CyluecTBeHHEIM HPEHMYILECTBOM IIEHOUHOTO aMalb-
FaMHUPOBAHHOIO 3JIEKTPOAA SABJAAETCA TAKKEe BO3MOXHOCTL IMOJNYYCHHS
Ha HeM OoJsiee Y3KHX IHKOB 33 CYeT YMEHhUIEHHS BPEMEHH BHIX01a Me-
TalAna u3 3j4eKTpoja. TeopeTHUCCKH NoKa3aHa BO3MOXKHOCTb ONpPEeAeAEHHs
Ha IIEHOYHOM 3JEeKTPOAe mpuMecefl B konuenTpaunn 1010 — 10~ o128/ 4.
B0O3MOXHOCTb IOBBILEHHS UYBCTBUTEJBLHOCTH € HCIIOJL30BAHMEM IIJICHOY-
HOT'O 3JIEKTPO/Ad, OAHAKO, HECKOJBKO CHHMAETCS H3-32 YMEHbLLICHHA BE-
JHYKMHBl KOHCTaHTEl K, (10 CPAaBHEHMIO C PTYTHOH Kamiei) U BO3pacTanus
OCTATOYHOTO TOKA Ha 3JeKTpoje ¢ GOJBLIOH NOBEPXHOCTHIO HPH PETHCT-
pauuu MNUKOB HA MaxKCHMaJbHbIX UyBCTBHTEJABLHOCTAX mnoJgsiporpada [12].

A. T. CrpoM0eproM BEIBEJEHO TEOPETHYECKOE BHIPAXKEHHE A/ MU-
HHMAJIbHO-ONpeaeasemMoro (@, %) merogom; AIIH conepxkanus mpumeceft
B MATEpHaJIaX BBICOKOH YHCTOTH -[13]

a*:IOOA_L_S.hm.L'_*’ 9)
zF ® g T

10g
CY, = —2-.a,,
1% AV £

rae A — aTOMHBI} Bec; & — LWUpPHHA AHOAHOTO TOay3y6la, 80.46M; ¥ — MHO-
AHUTE]b, 3aBUCAILHMA OT QOpMEI PTYTHOTO 3JgekTpoja (v= 1,2+ 14);
® — CKOPDOCTb H3MEHeHHs INOoTeHUuaJ a, 60.4bm 8 cex; M, — MUHUMAJbHAA
rayO0uHA aHOJZHOTO IIHKA, KOTODYIO MOXHO H3MEpHTb C 33JaHHOH To4-
HOCTbIO, MM, g — HABECKa. MaTepkaJa, 2. '

Taxum o006pasoM, UYBCTBHTEJLHOCTh ONpEedeNeHHS YBEJHYMBAETCH
C MOBHILIEHHEM CTelteHH MCTOINEHHA (7), C CyXeHHWeM INHDPUHB aHOJHBIX
nMuKoB (%), ¢ BO3pacTaHHEM CKODOCTH H3MeHeHud moteHuuasna (w)? uc yse-
AvYeHHeM HaBeckHM Marepuasa (g). Ilpu aTom BeqMUMHA @y, B SIBHOM BH-
ne He 3aBucuT oT V, S, K; ¥ NJOTHOCTH OCTATOUHOTO Toka (f, @/cm?).
Ho ontumasbKoe 3Ha4yeHHe CTENeHHW MHCTOINIEHHS | CBS32HO C YKA3aHHBIMH
. lapaMeTpamu BblpaxenusaMu (3, 4). OnTuManbHEOe 3HAYEHHE TOBEPXHOCTH
3JEeKTPOJAA ONpeAeaseTcss M3 YCJIOBHA, UYTO MHHHMAaJbHas rAyOHHZ aHOA-
#oro nuxa (/,, a) nojxeHa OHTH CBS3aHA C MJAQTHOCTBIO OCTATOYHOIO TO-
ka j=p-C,-0(a/em®) cOOTHOLIEHHAMH

]M_——/lm'i*:m's*'p'cy'wzm's'iocrs (1D

rje m — MHOXWTeJb, BEJHUHNHA KOTOPOTO onpejaeasercsd TpeGopanuem
H3MepeHus TayOuHbl aHOAHOrO 3yOua C 22JaHEOH TOUYHOCTHIO (HAaIpuMmep,
+ 10% oTH.); EeqHUHE2 M MOXeT OHTh pACCUMTAHA H3 TEOPHH OLIMOOK
HJHW ONfeJleseHa Ha ONbiTe; P — MHOXMHTE b, MOKA3LIBAIOIMHA BO CKOJABKO
pa3 NJOTHOCTL OCTATOYHOrO TOKa OoJjbule NJAOTHOCTH €MKOCTHOrO TO-

(10)

1) Q — KOJHMYECTBO MEeTralna, BLLICAHBLIETOCH HA MJREHKe, z-amoM. 3Hauok (*) o3Ha-
yaeT ONTHMaAbHCE 3HAYEHHE BEeJHYHHbI.
2) ORHCBLEMEHHO YBEJHUHBAETCs MOMEXa-—eMKOCTHOR TOK.
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ka (C,-m); Cy=20 Mr/cm® — cpejnsiss €MKOCTb JBOHHOTO 3JeKTpHuec-
Koro cJaos. Torga

Sy =—2—-i,. , (12)

| m-p- g
OnrtuManbublii 06beM pacTBopa, U3 KOTOPOTO HA ONTHMAJIbLHOHA MO-
BEePXHOCTH 3JEKTPOJA 32 ONTHMAJbHOE BpeMs 3JeKTPOJH3a JOCTHraeTcs

ONTHMAJbLHAS CTeNeHb MCTOUleHHs (HampHMep, &, = 1; 1, = 0,63) onpene-
sl U3 BblpaxkeHus (4):

* .
V*ZM_*_ (12)
by-2-F
*‘Z’F
Ecau npursate V, = const, To K* = ———. (14)
Sytty

OntuMmanbHass MHHHEMAJbHO-ONpeAe/sieMasi KOHLEHTpaLusa MeTajlla B aMajb-
raMe IocJe 3JeKTPOJHu3a, KOTOPOH COOTBETCTBYeT MHMHHMAJBHBIA 4
JAHHOH YYECTBHTEJBLHQCTH ToJsiporpada aHoAHblft mux (BblcoTa f), on-
pejeasieTcsl COOTHOLIEHHeM (s PTYTHOH KarJau)

_ 10
K,

Takum 06pa3oM, jJsi BUCIYETo PTYTHOrO KaneJapHOTO 3JEKTPOJa, Xapak-
Tepu3yeMoro KOHCTaHTOf K, U Aag pannoro (oHa, XaPAKTEPH3yeMOTO
K03(DOULKEHTOM 71 W OCTATOYHHIM TOKOM (), yCJIOBHEM ONpele/]eHHst
MHHUMAJLHOH KOHHEHTPALUH B PACTBOPE BASETCH JOCTHXKEHHKE ONpPEe/eH-
HOH MHHHMMAJLHOH KOHLUEHTPALUMM AaTOMOB MeTaJjJa B amajbraMme nyTeMm
BEIOOpA ONTUMaJbHBIX ycaoBHA [14]. BeOop onTHMajbHBIX yCAOBHH € UC-
HOJb30BAHMEM IIJIEHOYHOTO 3JEKTPOJa CBOAHTCH K JAOCTHAHEHHMIO B IJIEHKE
MMHHMAJLHOTO KOJMYECTBA METaa1a, HEOOX0AHMOTO A/ PETHCTPALMH aHOK-
HOTO THKAa HA BbIODAHHOH UYBCTBHTEJBLHOCTH Hoasiporpada, mpu 3TOM
(corsacHO BbipaxXeHHio 8) '

c; mej. o (15)

Imin_‘_-']<2'Qmin”{:!c (16)
unpu 7F=1 )
‘ Toin=K ;- Q-
OntuManpioe Qqn OMPEAENHTCS BHPAXKEHHEM
" 1 ,
Qm’n =—em-j. (17)
i K2 J

OnTuMma/nbHbE NMOBEPXHOCTb NMJAEHOYHOTO 3JMEKTPoAd, 00beM pacTsopa,
cTeneHbL HCTOLLEHMSI ONpeeNsoTcs Takxe M3 Bolpaxenudt (12, 13). Cae-
AaeM YHCJEHHYI0 ONEHKY ay, Cl4, S,, K] J1d BHCAYero pTyTHOTO Ka-
NeJBHOTO JEKTPO]a HPH Pa3HEIX YyBCTBMTEJBHOCTAX IHoJsporpada ¥ 1pH
CAENYIOIHMX MPUTOAHBIX JJSi TPAKTHKH YHCJIEHHBIX 3HAYEHMSIX BEJIHUHMH:
g=1 2 6=0,04 6; o =400 mg/mun =7-10-3 gjcex; v=12; A=100;
2=2; h, =10 mnu; m=1; « =30 mun = 1800 cex. Ilpumem, 4YTO IIOT-
HOCTb OCTATOYHOrO TOKAa paBHA IIOTHOCTH €MKOCTHOro Toka. Toraa
j=C,-0=14-10"7 a/cu®. Paccmotpum jaBa Bapuanta. B nepsoM npumem
o6beM pactBopa mocrosuubiM (V=1 m4) u ans moayuenus HeoOXO1H-
MOR CTeIIeHH WCTOIUEHUS ISl JOCTHXKEHHS UYBCTBHTEABHOCTH &y Ha IO-
sBepxHocTH S, OyneM H3MeHSTh BeJHYMHY KOHCTaHTH K| (cM. Bsipaxe-
Hug 9, 10, 12, 14). B apyrom BapuanTe npUMeM IOCTOSIHHBIM 3HAYeHHE
xoucrautsl K; (sanpumep, K; = 10* a-cm-2-uon~!) u HeoGxXoaumoil cTe-
NeHH MCTOUIeHHs C BHIOpaHHBIM 3JIEKTPOAOM OyaeM A00MBATLCA YMEHb-
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wenueM o6bema paGouero pacTBopa, B KOTOPHIH NEpPEeBOJAUTCH AHATH3H-
pyemas mpoba (cM. Bupaxenus 9, 10, 12, 13). Pesy.abTaThi NpHBEICHH
B TabJ.

M3 tabauupk v Qopmyas (15) caexayer, 'wro ecanm yBeanunTs K
na nopsaox (K, =1,6-10*") 1 yMeHpWIUTH BJHSHHE OCTATOYHOrO TOKA
B 10 pa3, TO MUHHMaJbHO-ONpeACATIeMOe COAEPHAHNE INpHMECEH MOXHO
YMeHLIIUTL Ha JABa IOPSAAKA, T. €. oupexe/sth okono 10~1°% npumecw
npu S =7-102% cu? i = 10-"" a/um upH HEH3IMCHHHX JAPYTHX YCJIOBHAX,

YKa3aHHBIX B 4HCJOBOM IIpHMeEpe.
Ta6auna |

Vel Ma

iy, alMm 1079 10~10 10-1 10712 104
a,, Bec. % 6-107° 6-10~10 6-10 11 6-1012 6-10-1*
C,, MOab|A 6.10~10 6-10"! 6-107'2 6-10713 6.10°15
S, ca? 7-1072 7.10~8 7.1074 7.10~5 7-1077
Ky, a-cafz-uon 1,6-10¥3 | 1,6.10%* | 1,6-10" | 1.6.10+6 | 1,6-10%%

K;—1,6-10%% g.cujz-uon!
V, ua 1 l 0,1 ‘ 1.1072 i 1-10~3 I 1-107%

KT=1,6~105 a-au/é-uon"l

vV, ur . 100 ‘ 10 1 l 0,1 1.1073

TTpu u3MeHEHMH YCJIOBHE 1O CPaBHEHHIO C YKA3AHHBIMH B YHCJIOBOM
npuMepe UYyBCTBHUTENBHOCTb METOJA MOXKET 3ameTHo yxyamarecd. Tak,
Hanpumep, B OOBIUHLIX yca0BuaxX anaausa: Ky =0,4-10-% § = 0,01 RTAR
g=022¢8=0,126V=2ma;7=30mun; j =10Cy; o = 1,4-10-° alcm?.
Hpyrue ycaosua (A, 2, o, v, iy m) npuMeM TaKHMU Xe, KaK B UHCJIO-
BOM npumepe. Pacuer mokaselBaeT, YTO MUHMMAJIbLHO-ONPEAEIHMOE COAED-
KaHue npumeced B 3THX ycaosusx —4.10709%, 1. e. mouTH Ha TpU mO-
pajKa HMXe ONTHMaJbHBIX 3HadeHuft (0,6-1078%).

[puBejcHHbIC pacyeTsl IOKA3HIBAIOT, UYTO NPUHIUOHANBHO METOAOM
ATTH MoxHo onperenars 107'"9% Bec W MeHee IpuMecell, W Inpenpen
4yBCTBUTEALHOCTH METOJA OTPAHMYMBAETCH JIOCTHKHMBIMH 3HAYCHHAMHU
4yBCTBHTEABHOCTH MPHOOpPA, KOHCTAHTBI 3/eKTpoau3a K, TPyAHOCTAMH
npu paboTe ¢ MUKPOOObEMaMH, MOMEXAMH MPH WCHOJAb30BAHMH BBICOKHX
yysCcTBHTEAbHOCTEl noasporpada. YyecreureabsocTs npubopa 10717 —
10~ a/mm, BUIUMO, JAOCTHXKHMA IPH COBPEMEHHOM DA3BUTHH PAAHOTEX-
Ankd. HeoO6X0AUMO OTMETHTb TAKKe, YTO HCIIOAb30BaHHe 0oJee BHICOKHX
YyBCTBUTEAbHOCTER moasporpada BeaeT K BO3PACTAHHIO Pa3JHYHOIO PO-
Ja noMex (anmapaTypHBIX, €MKOCTHOrO TOKA, PACTBOPEHHOTO KHCJIODPOJA,
npuMeceil, BOCCTAHABIUHBAIOUIMXCA HA 3JCKTPOAE, HO HE AAMILMX aMmaJbra-
My H T. A.) H II03TOMY CBA3aHO CO 3HAUMTE/JbHBIMH NPAKTHUECKHMH TPYA-
HocTAMH. DBoJbliioe 3Hayenue AJA8 NOBbILIEHHA 4YyBCTBHTEABHOCTH METO-
na ATIH, xak cieayeT M3 nNpHBEJEHHBIX PACUYETOB H COOTHOIUEHHH, HMeeT
yBeJuueHde KOHCTaHTH K,. PaccMOTpuM HEKOTOpble BAapHAHTH yBe/aHYe-
aua K, . ' , '

*) HanGoabiueil 4yBCTBHTENbHOCTHLIO H3 IPUMEHANMWXCA B HACTOAIIEE BPEMS 1MONA-
porpados obaanaer LP-60 (=36 10" glam).
124
e



[Ipn MakcumaavrHOM nepeMelinbsaHuu pactBopa (0,5—6 mu4) mMarHut- -
Hol Mewauaxoft (600-2000 00/xur) nau C NOMONLLLIO CTPYH a30Ta (2 .2/ Mun)
YUC/JCHHOE 3HAYeHHEe KOHCTaHThl K (@-cM-2-u0n™') COOTBETCTBEHHO paB-
HO (0,2 —1,8)-10* z [15]. Heckoabko Beiuie Beqnuuna K, mpu ogHoBpe-
MEHHOM MepEeMeLINBAHMK PacTBOPA JIEKTPOJOM, BHODUDYIONIHM CO 3By-
KOBO# dactoToi (50 repu), H rascoOpasHbiM asortom (l-+1,5)-10°z [16].
flpu coBmecTHOM INpHMeHEHHM BceX TpeX BO3AEHCTBUI yAaeTca LOCTHT-
HYTb 3HAYEHHS KOHCTAHTH 3JeKkTposusa (60—8u)-10% z.

3HauuTeIbHOE YBEAHIEHHE KOHCTAHTH aaekTpoau3a K, [(15 -+ 20)-10%]
[OJAY4eHO NPH HCIOAb30BAHHK UHPKYJIALMOHHON dAuYelKH 32 CYeT 60Jb-
woit (10 1 #m/cex) nunelHON CKOPOCTH ABHMEHHS AHAJIH3HPYEMOrO pacT-
BOPA B Y3KOM IPOMEXYTKE MeXy 31eKTPOJAOM H CTeHKAMH Kaluaspa [ 17].

Hupkyasimonnast sidefika, OTAHYASICH OPOCTOTOR B 3KCIAYaTALMH.
np3BosgeT 3a. 10—15 MuHYT A0OMTLCA NMPAKTHYECKH IMOAHOTO HCTOLIEHHH
B 2—3 M. aHAJH3HPYEMOTO PacTBOpA.

FEekcTtoporo mnopbiueHusi koucTantol K,; [(4 + 5)-10°z] MoxHO moc-
THTHYTh TaKXe IMPH HCOOJAb30BAHMM BPALLAIOWKMXCA ¢ OOALIIOH JAuHefiHON
CKOPOCTBIO 3JEXTPOJAOB, B OCOOEHHOCTH 3JEKTPOAA C TOPLOM, HANpPABJEH-
HbIM , IEPIEHANKYAsIpHO OOTekatouwemy moToky pacteopa [23]. TMomumo
NOBbIIIeHHsT KOHCTaHTH K; 3a cueT yBe/UYEHHS MHTEHCHMBHOCTH HOCTABKH
BEILeCTBA K 3JCKTPOAY NPeAJOKEHb NPHEMBI, MO3BOJAIOIHE MOBHCHTE
CTENeHb WCTOIUEHHSI PacTBOPA B MPOUECCe HAKONJEHHA, & PeTrHCTPAUHIo
8HOJIHHIX MHKOB MPOBOJAMTL HA NMEPBOHAYANLHOH TNOBEPXHOCTH 3JEKTPOjIa
C UEJBI yMEHBbIUEHHS BEJMUYHHB OCTATOYHOTO TOKA. DddeKkT yBennuenus
JAOCTABKM BELIECTBA K 3JEKTPOAY Xapaxktepusyercs 3(dexTuBHOH KOH-
CTAHTOH 3JEKTPOAU3A. '

S, .
Kaq,:KfS—‘, (15)

rie 1%, — JReHCTBHTE/IbHAS KOHCTAHTA 3/EKTPOJH3A.

ITepcnexkTHBHBIM B 3TOM HATIPABJAEHHH SIBASETCS NpeAJOxeHHbH Ha-
3apoBbiM addexT amanbramel ammonns (DAA) [20], sakaouarowmiica
B NPOBEJEHHH HAKOIJEHHS NPH 3HAUMTEJAbHBIX OTPHLATE/BHHIX NMOTEeHLHA-
AaX B aMMHAYHHX DacTBOpax; 3a cueT oOpa3oBaHMs aMaJbraMbl aMMOHUA
pasMep PTYTHOH Kanau yBe/JHYHBACTCHA, a C/IeJ0BATENLHO, yBeANYHBACTCS
3QexTHBHAsE KOHCTAHTa JIEKTPOJH3a. [IpH CHHMEHHH HOTeHLMana Npo-
MCXOAMT MHTEHCHBHOE BblJeJeHHe Tra3oo0pas3HBIX TPOAYKTOB H3 aMaJb-
raMbl, W Mepej pPerucTpaunefl aHomHoro syOua Kamis NPUHMMAET NepBO-
HauaJbHBIA pasMep. Ha ocnosanmu TeopeTsueckux pacueros [19 — 21],
MOATBEPK AEHHBIX IKCIIEPHMEHTAJIBHBIMH AaHubIMu [19—22], nokasaHa Bo3-
MOXHOCTb NPHMEPHO HA NOPSAOK NOBBICHTL Ksg.

3HaunTennno 6oJbliee nopbilenne Ky naet couertanue aQpexTa aMmalh-
TaMbl AMMOHHS M TIPOBEJIEHHS 3JAEKTPOH3A NIPY TEMIIEPATYPE KHIIEHUS pacT-
Bopa [22]. C moshllieHHeM TeMIIEPATypPH JC TeMIIEePATYPbl KHIIEHUA YBEJH-
4nBaloTCs K03 huunedTsl An(PQYy3HH HOHOB B PACTBOPE H ATOMOB B aMaJb-
rame. Kpome Toro, B kundmem pacTBOpe HWHTEHCHBHO IepeMelliyBaeTcs
NpeAdNeKTPOAHbI- c10H. Besnunna koucrantel K, no gauusim Kap6anno-
Ba, (25— 30) X 10® z.

[poBeienne 3/eKTPO/M3a NPH TeMIEpPaType KUNeHus pacTsopa (¢ 06-
PATHBHIM  XOJOJMJABHHKOM) IO3BOJSE€T MOJYUUTh 3HAYEHHE KOHCTAHTHE
anexTpoansa 10 (6 = 8)-10° z. Ilpu coBMecTHOM ucmoJab3oBaHuM addex-.
Ta aMAJbIaMbl AMMOHHMSI M KHIIeHHsl DacTBOpa AOCTHIHYTO 3HAaueHue ad-
(bekTHBHOM KOHCTAHTH 3JeKkTpoausa A0 (25 + 30)-10% z [22]. '

DddexTuBHAS KOHCTAHTA 3nekTpoausa nopsaka (20 = 30)-10° z mo-
JydaeTcs HpH HCHOJbL30BAHMM HPHEMa CTYNEHUYATOro HaxkomieHus [23].
DJeKTPOIHU3 BEACTCA B CPABHHTEABHO 60/bUIOM 06beMe pacTBOPAa HA IJMEKT-
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pojie CO CpaBHHTE/bHO 6O0JBLIOH MOBEPXHOCTbIO. 3aTeM 3JEKTPOJ mepe-
HOCUTCSL B 3HAUYHTEJLHO MeHpluil 00beM pacTBopa, NMPOBOAHTCS AHOAHOE
pacTBOpeHUEe MeTaJJa M3 3JMeKTPOJA; 3aTeM IOBTOPHOE HAKOIIEHHE, U pe-
THCTPALHsi NMHKA MPOBOJSATCHA HA 3JEKTPOAe ¢ HeOOABLIOH MOBEPXHOCTLIO,
ONTHMAJBHOK AJAA AAHHBIX YCJOBHH.

Takum o6pasoM, 3a CpaBHHTeJBLHO KOPOTKHMH CPOK HCHOJb30BAHHEM
psiia MPUEMOB Y/Ja/]0Ch MOBBICHTh KOHCTAHTY 3JEKTPOJH3a Ha HECKOJBKO
" IOPSILKOB.

Kak oTMeueHo Bblllie, MOBBILIEHHS YyBCTBUTEJAbHOCTH Merona AITH
MOXHO JOCTUTHYTh yMEHblIeHHeM 00beMa aHa/JH3HPYeMOTO pacTBOpa
(IpH MOCTOSIHHOH HaBecke) B COYETAHHH C BHIOOPOM ONTHMAJALHBIX YCJIO-
Bufi moasporpaduposanns. cciaenopanns B 3TOM HANPaBJCHHH NpejIona-
raloT HCNOJAb30BAHME TEXHHKH YJALTPAMHKPOAHA/IN3A U pa3padoTky Heol-
xoaumofi ammaparyps. Jas o6wvemos 0,03 — 0,3 sz yxe paspaborana
KOHCTPYKUMS MHKPOAUeHKH C CPABHUTENbHO HHTEHCHBHON JNOCTaBKOA Be-
mectsa B aaextpoay K, = (3—4)-10% z [27]. ' _

JlocTurayTas uYyBCTBHTENBHOCTH B MuKposuefike —&-107'0 moxs/a
no BucMyTy |[23].

Heo6X0AHMO OTMETHTh, YTO yBeJuUeHHe KOHCTaHTH K, He ycTpaws-
€T MOJHOCThIO HEeOOXOAMMOCTH paboThl ¢ MUKpooGbemMamu B MetoAe AITH.
Tax, ecau koncranra K, ysenauyena B 100 pas (cm. Tada. 1) u pasna,
uanpumep, 1,6-10°, 70 HeOGXOAUMBIH ONTHMAALHLIA 0GBEM pacTBopa IpH
ie=10"""a/mm n Sy =7-10"%cmu® ¢ 1-10-2m yBeauuutca 1o 1 4ur. Oxa-
HAKO /51 JOCTHXKEHHA 4yBCTBUTENbHOCTH 107! 9% HeoOXOAMMO AaHAMU3H-
pyemymo HaBecky nepeBoiurb B o6bem 1-107% w2 Bmecro 1-107° sz
npu K, =1,6-10* a-cx-2-uon='. Ho B Merome AlIH, B omanune ot
APYTHX METO10B, HET HeoOXOJUMOCTH IIOHHXKaTb OOBEM pacTBopa HH-
Je ONTUMAALHOrO, ONpefeaseMoro BelpaxeHndneMm (13). DTO CBsI3aHO C TeM,
YTO MMEeTCs BO3MOXHOCTb BHYTPEHHEr0 HAKOIUICHHs BEeUIeCTBA M3 aHa-
JH3HPYEMOTO PACTBOPA HA 3/IEKTPOAE B TEUEHHE QIPE/EeJEeHHOrO BPEMEHH.

Bonablioe 3Hadenue A/ MOBBIUISHHS YYBCTBUTEJABHOCTH ONpeleNeHus
WMeeT CHUYKeHHe BeJHM4MHBI ocTartouHoro Toka j. IlpoBemennble ucciaenoBa-
HHA [25] nokasaqu, u4To 3a cyeT Gosiee TUATENbHOH OUHCTKH NMPONYCK2eMOro
yepes pacTBOp a30Ta MOXKHO B 5—10 pa3 CHH3KTb OCTATOYHBIA TOK H, CJIEN0-
BATEJAbHO, MOBLICHTb UYBCTBHTEJIBHOCTh Olpefle]endsa. ¥I0BJETBOPHUTENbHASA
OYMCTKA a30Ta [OJydYeHa NpPH NPONYCKaHHH a30Ta uepe3 MelHble CTDPYXKKH,
Harpetbie a0 450—500° u pactBop cepHoxucaoro BaHaaus (IT) ¢ amanera-
Mol OHHKA Ha AHe cocyjla. 3HaudTeqbHOe CHHXKEHHE OCTAaTOYHOro TOKa J0-
CTHraeTcsl ¢ MOMOIIBI0 HEKOTOPBIX KOHCTPYKIHI NoJAsporpadoB (KBaapaTHO-
BOJIHOBOH, BeKTOp-noasiporpad).

CHUXeHHe BeJIHUYMHBI OCT2TOUHOrO TOKAa MOXeT OBITh CBfI3aHO TaKKe
¢ 6oJiee TIIATENBHOH MOATOTOBKOH 3JEKTPOAA ¢ METAJJIHYECKHM KOHTAKTOM
(nanpuMep, npejBapuTe/bHOe aMaJbraMHpPOBAHHe NJIATHHOBOIO KOHTAaKTa
[26]) u BoiGOpOM (POHOBOTO 3JIEKTPOJIUTA. -

Takum 00pasom, fajbHefillle HCCAeJOBAHKS IO NOBBIIIEHHIO UYBCTBH-
TeJbHOCTH CBSI3aHbl MpeXJe BCero ¢ TEOPETHUECKHUM H 3KCNEePUMEHTAJbHbIM
ua3yueHneM (aKTOpOB, BJAMSIONEX Ha TMyGHHY aHOJHOTO IIHKa, ¢ BblbopoM
ONTHMAJbHBIX YCJAOBHH TONKPOrpaHPOBaHHS, OCBOEHHEM 3HAUHTENbHO
GoJsiee BLICOKHX YyBCTBUTEJNBHOCTEN MoJiAporpada, fajbHeHIIHM HOBbIIIeHHEM
KoHcTauThl K, IpHMeHeHHeM TeXHUKH YJIbTPaMHKpoaHamusza B metole AITH
M ¢ pa3paboTkoil COOTBETCTBYIOUIEH annapaTypsl ¥ MPHEeMOB PaGOTHL

[lpakTHueckoe NOCTHIKEHHE TEOPETHUECKOH UYBCTBHUTENBHOCTH ONpejese-
Hua orpanuuuBaetcs psigom daxropos. Tak, mepexon Ha Bce GoJbliHe 4yB-
CTBHTEJbHOCTH NMOJSPOrpadoB CBA3aH ¢ YBeJIHUEHHEM OTPHUATENBHOIO BJIHS-
HHST OCTATOYHOTO TOKA, OGYCJAOBJIMBAIOLLETO BO3pacTaHue NMPOH3BOAHOK OCTa-
TOYHOrO TOKa N0 NOTeHnHnady. DT0 BeAeT K YBEeJHUYCHHIO TCOPETHYECKH pac-
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CYUTAHHOH Ay, T. €. K YXYAIIEHWUIO YYBCTBUTEJBHOCTH onpepedenus [24f.
A6co/0THAA BEJHUHHA OCTATOUHOIO TOKA 3aBHCHT OT BEJIHYMHbI €MKOCTHOTO
TOKA, TOKa BOCCTAHOBJIEHHS KHCAOPONAA M OPraHHYECKHX MpHMecel, He 00-
PAa3yIolIUX amaJbramy, nprpoasl ¢oHa, aacopOUnu W NeCOPOHHH HOHOB Ha
NMOBEPXHOCTH 3/1€KTPOJa, CKOPOCTH H3MEHEHHs MOTeHIHasta H, BEpPOSITHO, OT
Apyrux (hakTOpOB, NPUPOAA KOTOPbIX MOKA HE YCTAHOBJEHA. K VBE/NHYEHHIO
A mintesp TPHBOAAT bAyKTyalluu hoHa, CBi3aHHble KakK ¢ KOJeGaHUAMH oCTa- |
TOYHOrO TOKa MPH PerucTpalliy NHKa, 14K B annapaTypHbIMH [OMeXaMH.
Taxum 06pa3oM, JAOCTHIKEHHE TEOPETHYECKHX YYBCTBHTEJIbHOCTEH onpejelie-
HYA CBA3aHO C OUHCTKON pacTBopa OT KHCA0pPOAa M NpUMecei, OTCeuKolt eM-
KOCTHOIO TOKa K T, A.

JlpyruM GakTopoM, MpHoGpeTalonuM GoNblIoe 3Hauenne B CBA3H ¢ MO-
BHIIEHHEM YYBCTBHTe bHOCTH MeToAa ATTH (kak u Apyrux MeTONOB aHaJH3a
cJeA0B), ABJASETCS TPEHOBAHHE OTCYTCTBUA 3arpsi3HEHHH B PEAKTHBAX, IOCY-
ne  00ycJOBJeHHble 9THM Bce GoJiee KecTKHe TpeGoBaHKS K YHCTOTE MOM:-
nlenuii, B KOTOPHIX NpoBoauTcs sxkcnepument. Ocobyio LeHHOCTh npuodpeTaer
YCOBEPIIEHCTBOBARHE CTAapbiX M pa3pab0oTKa HOBLIX NPHEMOB OYHCTKH peak-
THBOB, MOCY/Jbl, aNMapaTypbl sl TPOBEAEHHS SKCIEPUMEHTA B CTEPHJbHBIX
YCJOBHSIX. ‘

Takum o6pasoM, MeTO] aMalbraMHoil noasporpaduy ¢ HaKoMJeHUEM, -
C TOMOIIbI0 KOTOPOrO, KaK MCKAa3aHO BhIMIE, BO3MOXKHO ONpeje/eHHe
10 -1'°—]0 - 2 BecY% u meHee nmpuMeced B MaTepuasaX BbICOKOH UYHCTOTHI,
BbIBUTaeTCsl B HACTOslee BPeMsl B YMCJIO HauboJee UYBCTEHTEAbHBIX MET9-
JI0B HapsLy C Macc-CNeKTPaJbHbiM H PaJHOAKTHBAIHOHHBIM.
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