U3BECTUII

TOMCKOI'O OPIEHA TPYAOBOI'O KPACHOIo 3HAMEHH
IMOJIMTEXHHUYECKOIO MHCTHUTYTA um. C. M, . KHPOBA

Tom 164 ) 1967

TEOPH¥A PA3SPEIIAIOIZEA CNOCOBHOCTH METOJA ANH

A. T. CTPOMBEPTI, B. @. SHKAYCKAC

(Ilpencrasnena mpodeccopom A, TI'. CrpomGeprom)

‘HexoTopble BOIPOCH TE€OpPHH pd3pemraloled CHOCOOHOCTH aMaJ/blraM-
‘HOI - moJasiporpadum €  HAKOIJIEHHEM  pacCMaTpuBaJuch B pabore
B. E. Toponosux [I].

[leabio naHHO# paboOTHl ABJAAETCA BHIBOJ MaTe€MaTHYeCKHX COOTHONIe-
WUl /A 3aBHCHUMOCTH pa3peiuaiouled CIOCOOHOCTH OT Pas3/fHyuHBIX (aKTo-
POB B MeTOie aMajbraMHoil nossporpadun ¢ waxonsenuem (ATIH) na
CTAUMOHAPHOH PTYTHOH KamJe TNpd JAHHEHHO MEHSIoLEMCd NOTeHuHUasze
Ha OCHOBe Mmapamerpuueckoi Teopuu AflH.

[Tpd AOCTAaTOYHO MaJsIOH pasHHLE MOTEHLUHANOB MHKOB A¢;, aHONHBIX
3y6LOB ABYX 3/eMEeHTOB NMOrpemHocTs (£X100 %) B H3MEDEHHM IJIyOHHH
Broporo (6oJiee IMOJIOXHTEALHOTO), JeMEHTa PaBHA
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e
[2 11 12
rae I1,, I, — ray6una 3ybuoB Mewamowero (6oJsee 3/JeKTPOOTPHUATEb-
HOTO) U onpeaeaseMoro (6oJee 3JAEKTPONOJOXKHUTEAbHOIO) 3JEMEHTOB;
i — TOK HHCXOAsAULEH BETBH aHOAHOTO 3yOua MEUIAIOUIErO 3JEeMEHTa MpH
foTEHIHAMEe NHKA ONpejie/sieMOro 3JEeMEHTa.

Ypaphenue (1) MOXHO mNpeACTaBUTb B BHIE:

= P-g; j=11~; P=1.—'- (2)
. 1y i

(1)

Llenecoo6pasno BeJMUMHY j Ha3BaTh pa3peliamolneil cnoCoGHOCTLHI0 METORa
ATTH. Paspewawoiias CIOCOGHOCTb j paBHA MAaKCHMAaJbHOMY OTHOLICHHIO
ray6ud 3y0UOB Meuaoluero ¥ OIpeAe/sieMOro 3JeMEHTOB NpH 3a4aHHOH
MOTPEUIHOCTH M3MepeHHs g 3y0ua Ompejie/aseMOTo 3JeMeHTa 4  pasHuue
NOTeHIHAaN0B A®,, aHOAHBLIX 3yOLOB M NPH APYTHX 3aJdaHHHX YCJOBUAX
onuita; P — ko3adpduunent paspewammen Croco0HOCTH, paBHBIA o6pat-
HOMY 3HAUEHHIO [OTP2UIHOCTH U3MepeHus 3yOua BTOPOro (onpejenaseMoro)
3JeMeHTa IpU 3HaueHuH j = 1; uau, JPYr¥Mu CJAOBAMH, YHCJAEHHOE 3HA-
yenue P paBHO OTHOIIEHHIO IVIyOMHBLI aHOJAHOTO 3y0ua IepBOro (Meiawo-
WEro) ajJeMeHTa K TOKY HUCXOJAILeH BETBH ITOrO 3JEMEHTa MNpH IOTEeH-
1{aJse MHKa BTOPOro (ONpeaeadeMOoro) 3JieMeHTa MpH  JaHHBIX YCJAOBHAX
ONbITA.
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ITorpewiHoCTe g Ha ONBITE ONpPEAEaAECTCA M3 COOTHOLIEHHS
! 7
g=L=h 5y = (3)
Iy I

rpe I, u 1) — rayGunel auogHoro 3y6ua onpejenseMmoro (6osee 3JEKT-
PONOJIOXKHTEJBHOI 0) 3JIeMeHTa, KOraa OH HAaXOJAUTCd B pacTBope COOT-
BCTCTBEHHO B OTCYTCTBHE W B NPUCYTCTBHH MEUIAIOWEro 3JEMEeHTA.

Tlonyunm TeoperHueckoe BhipaxxeHue VA Ko3ad¢HUHEHTA paspelarn-
uwel conoco6HoctH P. QOueBHjHO, uTO B ofweM CJaydae YUCJAEGHHOE 3Ha-
yeHHe P 3aBUCUT OT MHOTMX (DaKTOpPOB: Pa3HOCTH HOTEHUHMAJOB AHOAHBIX
3y6u0B 06oux azeMeHTOB (A¢;), 3apaiAHOCTH HOHa (2), KoadduuueHTa
Juddysun Meraana B prytd (D), paauyca pPTyTHOH kanau (r), CKODOCTH
H3MeHeHHs1 moTteHuuaaa W, soasmjcex), Temneparypu (7°K), xoadpduuu-
€HTAa NepeHoca 3apsjaa (a) AJMs HeOoOpaTHMBIX NPOLECCOB M, BO3MOXKHO,
ewe psaaa Apyrux daxropos. ByneM B panbHefilieM npeanoJararb, 4TO
paccmaTpuBaeTcsd NMpouecc aHOAHOIO PacTBOPEHH MeETaJjjia H3 CTalnoHap-
HOft Kam/iu pTyTd (aMaabraMbl) IpPH JHHEHHO-MEHAIOWEMCS MNOTEHUMANE
W B pacTBOpe HMeeTrcd HU3OBITOK HHIAH(GEPEHTHOrO 3JE€KTPOJUTA.

3aBUCUMOCTb TOKA HHCXOAALLEHA BETBM @HOAHOTO 3y0ua NpPH JHHEHHO-
MeHsIolEeMcs MOTEHLHAJE NOC/Ie JOCTHIKEHH INpeAenbHOro Toka Oyler,
OYEeBH/HO, OIHCHBATLCA YyPaBHeHHEM 3aBHCHMOCTH NpPEeAeJLHOrO TOKa
OT BpEMEHH NPU TOCTOSHHOM NOTEHLHaae, TaK Kak I[pele/bHEH TOK
He 3aBHUCHT OT MOTEHUHAJA 3JEKTPoJa.

DTa 3aBUCUMOCTb JaeTcsi ypaBHeHueM [1, 2f

w2

4)

i=A 2e~n’8t; A=2-F+C,-8wrD; B=""3
n=1

(C, — KOHLEHTpPALKSI aTOMOB METaJJja B PTYTH, 2-amom/cM®).

[Tpu aroM Havano orcueta BpemeHH (£ = 0) He coBmajaetT C MOTEH-
1{HaJIOM THKAa H, MO pacyetaM [oxwTefiHa [3], MOATBEPXAEHHBIM ONMIT-
HbIMM JAaHHBIMH [4], Haxoautca Ha 0,013 BOJBTA MNOJOXKHTEABHEE JJs
KaTOAHOrO 06GpaTHMOTQ MUKA NpH HAJHUHM JHHEHHOH NOnyGeCcKOHEYHOH
Juddysuu. Jlag anoaHoro 3ybua 3Ta BeJMYHHA TEOPETHUECKH HE paccMar-
pHBaJ/ach ¥ 3KCIEPUMEHTaJbHO HE OIpeleasach.

_ OueHHM PasHOCTL NOTEHUHANOB Ay, Koraa B Bhpaxenun (1) mas
TOKA { MOXHO OTOPOCHTbL BCe UJeHH psjaa, KpoMe NepBoro, ¢ OWHOKOH
MeHbllue 3aJaHHOH Beauunuwl g’ (g X100 %):
! p—Bt —1B¢. 2—’3—1,1’/1 d

ge=t>e™  Wicfop> —3p VIEE - ()
Hs dopmyast (5) crexyer, YTO NpH OCBIYHBIX, NIPHMEHAEMEIX B MPaKTHKE
AlH, snauenusix peauuun (W =0,016/cex; r=0,04cu) u mnpunumas
D=1,6-10"5 cujcex; z=2; g’ =0,05, mnoayuum Ae¢s; > 0,1 BoabTa.
CaeznoBaTeabsHO, npu Ag;,>0,1 BoabTa

i=A.e B, P= —%BB‘. (6)

Jast rayOGuHBL aHOAHOTO 3y6LUAa WMEeM Ha OCHOBe IIapAMETPHYECKOH
TeOpHH BhIpaxeHnue [5, 6}:

K 1 D 1/2
1: .S-C; el 0 ; — — ’ 7
Rl = 5 = () "
9.10%.2 (2-D-W )11 p=1-00p.
K, =p-2,72-10°:2(2-D- 09
= a-'1/—'2—*~H805p., ‘ (8)
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rae K, — koappuuuent aumommoro 3y6ua; K, —npelesbHOe 3HAaUeHHe
koahduuuenta K, aas noaybeckoneuynoll JuHeHHOH Anpdy3uu; e—napa-
MeTp; S = 4nr? — NOBEPXHOCTb 3/ekTpoja. GyHkuus f(e) cssizaHa ¢ QyHK-
uxed ¢ (¢) B Gosee crporost  popme [7} aas 0GPATHMOTO AHOAHOTO 3YG6-
ua') coornowennem f (e) = 0,142/ey(e). [las BpemeHH £ UMEEM BbIDaXKeHHE

Wt= Ao, + Aguy;  x=2-W-£, (9)

rae Av,, =Ap,; Apy; — pasHuUA Mex Ay NOTEHUKA/IOM HAyYaja OTCUeTa
BPEMEHH (44 KPHBOA 3aBMCHMOCTH IpeJeJbHOTO TOKA OT BPEMEHH)

M HOTEHUHA/JOM aHOAHOTO 3y6la.
TMoacrapass (7), (8) u (9) B (6), noayuum:

- g, %) = exp {(me)* %} 10
Ple.n) p-0,71¢f (2) (10)

‘HJTH _ \
1gP-p=-1g0,71-af(e)+(";—e—)3—x. (11)

Takum o6pasom, koadduuKeHT Ppaspelnamouesi cIOCOOHOCTH 3aBHCHT
‘TONBKO OT TpPexX NapaMeTpoB: €, X M &, 4a° MpousBeleHne F.p - 3aBUCHT
TOJMILKO OT JBYX MapaMerpoB: ¢ u x. M3 dopmya (10) u (11) BuAHA BaX-
Has POJIb mapaMeTpa ¢ B Teopud AnNPQy3HOHHHIX TOKOB, HA 4YTO ocoboe
BHMMaHHe 06pawasoch yxe panee B padorax [opogossix [1, 7]

3Has BUA 3aBHCHMOCTH (YHKUMU f(c) OT €, MOxHO no ¢opmyze (11)
BLIUMC/HTH 3aBUCHMOCTb IgpP oT. x mpu pasubix e. M3 dopmyan (11)
BHAHO, YTO rpaduk B KoOpauHATaxX Igu P, x uMeeT BUA NPAMOH JIHHHH.
C nomowpbio 3TOre rpaduxa MOXHO BBIUHCAHTL KO3(pGHLUHEHT pa3pewaro-
uiefl cmoco6HOCTH Aas JoOLIX 3HAueHH MmapaMeTpoB X W &, T. €. A
JI00BIX YCJAOBHH ombiTa (A, 2, D, r, W, a) B uHTepBaJe HCIO/Jb30BAH-
HBIX JJs TOCTPOeHMs rpaduxa 3HAUEHHH napaMeTpoB € M X.

W3 dopmya (10) u (11) Buauo, uto Jorapudm kodadduuuenra paspe-
ulamoies cnocoGHOCTH JHHeHHO 3aBHCHT OT Pa3sHOCTH NMOTEHHUAJNOB aHOA-
HBIX 3yOLOB JByX PacCMarTpHBAeMbIX 3/E€MEHTOB.

3aBucuMocTs KO3(duumenta paspewaroieil crnocobHoctd P ot napa-
metpa € (1. e. ot ¢akropos W, r, D u 2 oM. dopmyay (7) umeer Gosee
CJ0XKHBIH XapakTep, TAK KaK NapameTp & BXOJWT B BbIPAXKEHHA (10) wnau
(11) aBa pa3a B FIBHOM BHIE H, KDOME TOTO, eule B BHAE (QYyHKUHH I (e).
Ecan ans dynxuwun f () npunars npubanxkennoe siavende fle)=1+1,25¢,
YCTaHOBJICHHOE B pabore [6], To oueHka seanuunsl lgvP B dopmyne (11)
B uHrepBase ¢ ot 0,5 10 2,0 (C KOTODBIMM TIPHXOAMTCH OOLIYHO HMETh
JEeJ0 TPH MPaKTHUYECKOM Hcrmoan3oBanuu Mmertoga AlITH) mokaswiBaeT, uTO
nepsoe caaraemoe B Qopmyae (11) menserca cnago (or 0 mo —0,5),
B TO BpeMsi KaK BTopoe caaraemoe mnpu stom (upu x=0,6) mensercs
or 1 no 10. TakuM 00pa3oMm, B 3TOM HHTepBa/jie BeJHUWH € 3HAYeHHE
lg Py MeHsieTcst npuGaAn3uTeabHO OGPAaTHO NPONOPLHOHAILHO PaLuyCy pTyT-
HOM KanJk K KOPHIO KBaJPATHOMY M3 CKOPOCTH H3MEHEHHMs IOTeHuHaJja,
a OT 3apsiHOCTH MOHA NMPaKTHUECKH HEe 3aBHCUT (TaK KaK IIPOW3BeJieHHE
e2x He 3aBucHT OT 2). C yBeauuenueM kodpduuueHta anddysud aToMoB
MeTa/ia B PTyTH BeauuumHa lgpP pacrer. C TeMmmepatypon BeJHMUHHA
lg pP yBennunBaeTca Tak ke, Kak H Kospduuuent auddysuu, T. e. HA
OAMH rpajyc yBeaunuuBaercsa Ha 2,5—3 %. J[ia HEOOPATUMBIX NPOLECCOB

1) Bruipaxkenue ana rayGunpt aHoasoro 3yGra B pagore {7] He siB/sfieTcs BIOJHE CTPO-
.FHM, TaK K4k TpH €ro BHBOLE HCIOJb30BaJHCh FPAaHUYHBIE YCJAOBHA, KOTODbie ABJAIOTCK
CTPOro CNpaBeiJMBHIM TOIBKO HAA OeckoHeunoli Auddysnu. . :
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BeJAMYrHA P MeHseTCs NPONOPLUHOHAILHO KOPHIO KBaJPATHOMY H3 KO3(QduLu--
€HTa NepeHoca 3apsaaa «a.

INpupoaa ompeneasieMoro (6osee 3JEKTPOOTPHLATEJNbHOTO) 3JAEMEHTA
He BJusleT Ha Koa(dPuuUeHT paspeuiarmowed cnocOGHOCTH, KaK BUAHO H3
dopmyant (2).

Ilpu 3amene crauMoHapHON PTYTHOH Kam/aH HAa DPTYTHBIA IJIEHOUHBIH
3NeKTpo, paspelawmas cnocobHocth Meroxa AlTH cyuwecTseHHo BO3-
pacraer. OJHAKO TeOpeTHYECKOE pacCMOTPeHHe BOIpPOca O paspeluatoinef
cnocobHoctH Metosa AITH ¢ pPTYTHBHIM NMJIEHOYHBIM 3JEKTPOJAOM 3aTPyXA-
HAeTCs B HACTOAIEe BpeMS H3-3a OTCYTCTBUS TEOPETHUECKOTO BHIPAXKEHHS
AJs HHCXOJAsiLe# BeTBM aHOJHOrO 3y0La HA 3TOM 3JEKTpoJe.

3uas koadpduuueHT P, MOXKHO BLIYHCJIHTh Pa3Pellalomyo ClIOCOOHOCTh
metona AlIlH no Qopmyne (2) ans  a1060H 3alaHHOH [OTPEIIHOCTH OT
HaaOXeHHsT 3y6ua onpeleasiemMoro (6osee MOJOXKHUTENBHOIO) 3JIEMEHTA
HA HHCXOJALLYIO BeTBb Mellaiowero (6osee 3JeKTPOOTPHLATENALHOIO)
3JeMeHTa. ‘

YuurhiBasg H3JOXKEHHOe BHILE O Xapakrepe 3aBucuMoctH IgP ot x,
MOXHO 3Ty 3aBMCHMOCTb B MHTepBaJje 3Hauenuit ¢ ot 0,5 10 2,0 Bepa-
3UTh NMPUOAMKEeHHOH GdopMyaoi

=)2 '
IgP~—04+ (1;'33 z2-89,; P = 0,4.e=r#%ai (12)

¥

O1croza Ang paspelawmouweft cnocoGHOCTH j 1oJay4daeM [PUO/IMKEHHOoe
suipaxcenne (aas ¢ or 0,5 po 2,0):

, (xe)? ) .
Igj=1g0,4g + 23 z-Agyy; j=0,4-getVienz (13)

b

Jasi BLIYMCJAEHHA ONLITHOrO 3Hauenus ¢yukuun f(e) ygo6HO BoOC-
nO0AB30BATHCA (HOPMYAOH
(z-D)'%
1

fe) = a-u; a =8,45 u= W”?-% . (14)
. r

dta dopmyaa moayuaercs u3 dopmya (7) u (8), ecau ydyectb eue cOOT-
HOWIEeHHS:

F-r I
* 2.F.v s 3 ¢ 3 g (15)

© Onpejeass TpH PA3HBIX CKOPOCTAX u3MmeHeHus noteHuuana (W) ray-
6uny 3y6ua (/), maowans mox 3y6uom (¢, KyJaOH) H 3aTeM IePeMeHHYIo 4
W IOCTOAHHYIO @, BuuucaseM no dopmyae (12) dyuxuuio f(e) npu
pasHbX & (cM. QopMmyay 7).
Jlas Toro, uTOObLl OLEHUTb H3 ONMBITA YKHCJASCHHOE 3HAUEHHe pPAa3HOCTH
NOTEHUHANOB Ay, BXOASAWLYIO B BhipaxkeHue JAas x (cMm. dopmyay 9),
nepenuuiem dopmyay (11) B Buae

IgP=M -+ Nx', (16)
M=( igpotief@+ T a0, N=Z . an

2,3 2,3

Onpegeasiss P u x’ MO ONBITHHM JaHHBIM [Jisi aHOAHOro 3ybua:
p- L. x—zho, (18)

L
crpouM rpaduK B KOODAHHATAX Ig P, X' u, 3KCTPAmOJMPys MNOJydYeHHYIO
npaMyio, HaxoAuM 3Hauenne M (M =IgP npn x'=0) u BuUMCIHEM
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10 dopmyae (16) uckomyio BeaHuuHy Agu,' TdK KaK BCe APyrHe BeJHYH-
"ol (&, f(e), 2, 1) HAM H3BECTHHI.

BblBO)lhl

1. YTqueHo NOHATHE «paspemaxomaﬁ ciioco6HocTs  MeTtoma ATTH».
IMpeanoxeno moa noHsiTueM «paspewatonias cnocodHocTs Mertoaa AITH»
NnoHUMaTb MaKCUMaJlbHOe OTHOIIEeHHe [V1YOHH MeLlalolllero H onpeaeaseMoro
(60see 3M1eKTPONCJONKHUTENBHOTO) 3JE€MEHTOB NPH JaHHOH PAa3HOCTH MNOTEH-
11MaJ0B HX aHOAHbBIX 3yOLUO0B Ha Boi6paHHOM ¢OoHe ¥ NPH APYTrHX AaHHbIX yC-
JIOBHAX — NPH Hanepe] 3a1&aHHOH BeJIMUMHE MNOTPEMUIHOCTH OT MNOJOXKEHHSA
3y6ua 6o/ee 3JeKTPOOTPHUATEJNBHOTO 3J€MEHTa Ha TOK HHCXOAfALIEH BeTBH
aHoAaHorc 3ybua OoJee 3MEKTPONOJNOXHTENbHOIO 3JeMeHTa.

2. Beeseno nonftHe «Koaq)q)nunem paspelaioliei ClIOCOGHOCTH. ITon
Ko3(duureHToM paspeluaioiiei cnocOOHOCTH NMOHHMAeM OTHOLIEHHe Iy6u-
HB aHOAHOrO 3y6La Mellalolero ieMeHTa K TOKY HHCXOAsLiel BETBH 3TOTO
3JeMeHTa NpU NoTeHlHale aHOAHOro 3ybia onpepensieMoro (6oJee 3JeKTpo-
noJioxKHuTesNbHOro) saementa. Koadounnent paspelarnnieil cnocofHOCTH yuc-
JIeHHO paBeH oOPATHOH BeJHYHHE OrPEIIHOCTH OT HAJIOXKEeHUs aHOfHOro 3y6-
ua onpenefsemoro (Gosee 3JIEKTPONOJIOKHTENbHOrD) 3JEeMEHTa Ha TOK
HHCXOAAULeH BeTBH aHOAHOro 3y6lla Mellalonlero 3JeMeHTa NPH OJHHAKOBOH
FAy6HHe 0G0HX aHORHbLIX 3VOLOB.

3. Ha. ocriose mapamerpuueckoil TeOpHH aMalblraMHOH no.n;{porpacpwi
€ HAaKOMJIeHHEM NOJYUYEHO MaTeMaTHUYeCKOe COOTHOIIEeHHE, N03BoJsiiollee Teo-
peTHYeCKH BbIYHCAHTH KO3 (HULHEHT pasperaiolliedl ¢noCOGHOCTH B MeTO/lE
amansraMHof nogsiporpaduy ¢ HakolJeHHeM Ha CTallHOHapPHOH PTYTHOH
KanJje NpH JHHEHHO-MEeHAIOLeMCc! NoTeHlUHa/ e NPY JIOGHX 3aJaHHBIX YCJI0-
BHSIX, €CJIH M3BECTHA 3aBMCHMOCTb KO3¢(dHIlHeHTa aHOZHOTO 3y6lla oT mapa-
Merpa‘s (byHkuus f(e).

4.TlokasaHo, uro OT TpeX (haKkTopOB (cxopocn W3MEHEeHHs NOTeHIHAMA,
pajgMyc PTYTHOH KalJH H KOSQ)Q)HU,HQHT AupdysHH MeTaanra B PTYTH)
Koacpcpnunem paspemaxomeﬂ CHOCOGHOCTH  3aBHCHT uepes  nmapamerp

D
g = (z-W | UTO NMIIHUH pas NMOATBEDKAAET BAXKHOCTH 3TOrO Ia
pamerpa B Teopuu AITH. BrisicHen xapakTep BJIMSIHHS Pa3/iHYHBIX (aKTO-
PoB Ha k03¢ pHUHEHT paspewalowel CNOCOOHQCTH.

5. Tlpepnoxen cnoco6 IKCMEPUMEHTANBHOIQ QNpeAeAeHUsT PA3HOCTH 1MO-
TeHIHAJNOB MeXNy MNOoTeHIHaloM aHoaHoro 3ybna (MmoJaydyeHHOrO Ha CTa-
LHOHApPHON DPTYTHOH KanJje NpH JHHEHHO-MeHSIOLieMCH NOTeHUHa/de) Hu rmo-
TCHLHANOM, KOTOPbIA COOTBETCTBYET Haua/ly OTCHYETa BPEMEHH (IDH PaccMoT-
PEHHH 3aBUCUMOCTH NPELENbHOTO aHOAHOrO TOKa (HA HHCXOAfALUEH BETBH
anofHoro 3ybiua) or BpeMeHH.

JIUTEPATYPA

1I.B. E. Toponosnx. [ueceprauns. Tomckuf NOMUTEXHHUSCKHA  MHCTHTYT.
Tomck, 1964,

2 HT. Uosnug B. B. Bamenko. )Xypu. duszuu, xumun, 37, 538, 1963.

3. SI.IL. ToxuTehu Jlokropckaa auccepramns. FTEOXHU AH CCCP. Mocksa, 1963.

4 A T. Crpomb6epr, B. 3. Bawxkaros, Hacrodmu# c6opsuk.

5. A.T.CrpomGepr, H3as. CO AH CCCP, Ne 5, 76, 1962.

6. B. E. Topoaosmx, A T. CTpOMéepr B. <D Hasapoa Hacrosauwui
cﬁopﬂux

7. B. E. Toponoswmx Hss TIIH, 28, 3, 1965,



