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HOTEHIIHAJIBI MATAKHIUX KANEJID

HU. Baoyrasi uw A. Ppymrun

Ilo Teopum, passuroit Opymruuum u JleBmuenm [1,2], cKopocTs IaeHHA
Kallllm PTYTH ¢ PagIycOM @& B BABKOH cpefie NOJ/KHA 3aBHCETH OT 3JeKTpO-
IIPOBOHOCTH CPEAB M 3apsANa Kauju COTJACHO COOTHOIIEHHUIO:

U2 () ga® Bt 3p et (1)
V 3 * 2:‘" + 3}1-’—{— g2y 1 ’

rie Y U W' — BASKOCTH CPelbl M PTYTH, &-— 3apAj eAUHUIB TOBePXHOCTH
PTYTH, * — BJIeKTPOIPOBONHOCTH CPeH, o' H p — HIOTHOCTH CPERH M PTYTH,
g — YCHODeHHe CUJbI TAMKeCTH. 3aBUCHMOCThH HTa HPOMCTeKAeT M3 BIMAHUA
3apARa HA TAHTeHOWAJIbHOe NBIKeHNe oBepxHocTu. llpu TanTeHnumamsHOM
IBUAREHUN IPOUCXONNT yBJedeHUe 3apAR0B OBOMHOTO ¢JI0OA, TMIOTHOCTH KO-
TOPOTO YMeHBIIaeTCHA Y IepeflHell WacTH W Bo3pacTaer y 3ajgHeil, Bemen-
CTBHUe 4eTO BOBHMKAaeT PASHOCTh MOTeHIHMANOB MEKRNY HepefHEM M 3aTHIM
KOHIOM KAy, TOPMO3sIasg TAHTeHIMANLHOe [NBHKeHWe. ITa PABHOCTH
TOTeHNIMaJ0B HeIPEPHIBHO BHpaBHUBAeTed Oiarcmaps 5IeKTPONPOBONHOCTH
CPelBl. SAaBHCHMOCTD MEJKAY CKOPOCTHI0 TAHTEHIHAJNBHOTO [IBUIHEHUS IIO-
BePXHOCTH Y 5KBaTOopa KamiIm V # cKopocThio HajeHma [/ olpefeldercsd
COOTHOIIeHNEM -
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HosBmenue umena €2x~! B 3HAMeHaTele BEHIPAKAET YKA3AHHEH aPPerT

2
TOPMOEHNA dIeKTpuIecknM rmosmeM. [lpm 3e—>>_y,—]—_p.’ V~0 u U=U,,
%

rae U, — cropocts magenma mo ¢gopmyae Crokca, T. e. Kamid mapaer Kaw
teepuas. Ilpm e=O0 V pocTuraer MaKCHMaJbHOTO B3HAYEHWA, PABHOIO
Up . 3p 3w '

m, nl=U,- . Teopus mpeapmosaraer, 4ro KaIJgi0 MOMKHO pac-
w+p

S ou 3y’
CMaTPUBATH HKAK MHNAeAJBHO IIOJAPH3YEeMYI0, T. €. 9TO Ha IIOBEPXHOCTU ee
He MOsKeT IPOMCXORUTH HU 00pasoBavus, HU paspsaga MOHOB M YTO BO3HH-
Hawuive BCJIeACTBHE IBIReHUA H3MEHEHUHd B paciipefeJieHN -3apAg 0B OTHO-

. U
CHATENbHO MAJIHL. BI)ITeHaIOH_[aFI U3 9TON TeOpHHM 3aBUCHUMOCTH —[—]—- OT & M %

S .
6rita mopTBepseHa HamMu Ha ouwite [3]. Teopma mossomser TaKske olpe-

IelUTHh BeJIWYMHY I0JifA, BOSHAKAKIIET0 B KUIKOCTH IIPH IajeHHMA KAallIH,
u3 snavennit U/, ¢ u x. CooTBeTcTByMOILINE MaTeMATHYECKYe BEIPaKeHIA OB
nase B paborax Opym¥uma u Jlesmua [1,2]. M specy mpmpmagmm mM He-
. CKONBKO mHYI0 (opMy, KoTopas HO3BOJAeT HAIJAAHEE IIPeJICTABUTH MX
¢usuveckmit cmuica. Pacmpenenenme moTeHHmManma © B cpejie, B KOTOpOH
NPOUCXOANT TajleHHe KaIJIH ¢ PafiuycoM &, Bepaskaercs Qopmysoit [1]:

o= e(p—p) gat cos b
I(QpA-3p ™) 2
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Tle 7-— PAccTOAHME OT LEHTPA KANIM ¥ § — yrod MeKAy pajmycoM-BeKTO-
poM W HalpaBieHuWeM Ianenud. Ilpm sToM BeaumumHa ¢ Ha GodBHOIOM pac-
CTOSHMM OT KAamy mHojaraercsa paBHoit myawo. Bayrpm Ramaw wms-za merai-
amyeckoit mposopmMocTu @;==const. Coraacro (1) u (2), vpiBHenme (3)
MOKHO IPeJCTABUTL B CIeyIOUIeM BHie:

cVa? cost
=" (4)
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YV D0BepXHOCTH KAaliIH
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@, =—co0s 0. (D%
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VpaBuerne (4) BeIpamaeT IoJe JHMIOJA, KOTOPHH HAXOJUTCA B IEHTpe
KAalIM ¥ MOMEHT KOTOpPOro, HAIPABACHHHIN BEPTHKANBHO HOJORUTEILHEIM
KOHIIOM BHN3, paBeH

(a*Ve

M= , : ‘ (6)

*

e K — jn3JeKTpUdecKas IOCTOAHHAS Cpedsl. BeauumHa HTOre AUIOIL-
HOrO MoMeHTa M, modydeHHass TAKMM 06pas0oM I3 BEHIBEJIeHHHIX paHee ypas-
HeHMH 5IeKTPUYECKOTO IIOJNA KAIJIM, MOKeT OpITh HaliieHa W M3 CleTyHIuX
DIAEMEHTAPHEHIX cooDpaskeHuii, ecam TONBKO MPUHATH, YTO 3aBUCHMOCTE
TAHTEHINAIBHON CKOpOCTH OT yria O BHpamaeTcs COTHOUICHHEM

Ve =V Sin ]

1 4TO SJAEeKTpHYEeCKOe II0Jie B HUJIKOCTH MORHO paccMarpuBarh KaK HOoJe
BEePpTUKAJIBLHOTO AMIO.IA, T. €. 4YTOo

’

M cos 6
P=—

Hr?

Haitgem cnavana, man BO3PACTAT OBl ANTIOJLHBLIT MOMEHT Kallji B eanHuny
BpeMeHH 0.1aro7apAd KOHBEeKTHBHOMY IIepeHOCy 3apamnoB, ecau Ol He TpoO-
NCXO[AUJI0 BHPABHIBAHUA BOSHHKAIINX PAasHOCTell IOTeHINAIOB M3-3a
3INEKTPONPOBONHOCTH cpeanl. Uepes ceueHme MOBEpPXHOCTH KAIlIu, olpefe-
ngeMoe yeaosmeM O=—const, npoxomur B eJIHMHUIY BpeMeHH KOJIm4eCTBO
JIEeKTPHIECTBA, paBHOEe

2masin OV g e = 2x=aV sin? f¢,

BO BHYTDeHHell 00KIajKe IBOHHOIO CIOH W TAKOE ;Ke KOJMYECTBO ¢ 00par-
HBIM BSHAKOM BO BHemIHelt oO0Kjajgke. B mapoBom caoe, OrpaHUYeHHOM
sHavenmaMn yraoB O m 0-}-d0, woamvecTBO 3apAs0B ABOWHOTO HIACKTpHUE-
CKOTO C€JI08 B eJUHHIY BPEMEHH YBEJININBAETCH, cJeJ0BaTelbHO, Ha

_£ (2maVe sin? §) 8 —=— 4=a V= sin 0 cos 6d6. (7)

Beaezcrsme Haanumsg majeHusd IOTEHLHMAda B pacTBOpe HAPAIY ¢ 3apAfaMH

OBOWHOTO €JI0s1 HA IICBEePXHOCTH KaIIKM HMeeTcd N HEeKOTOpoe YHCJI0 CBO-

Gogumx 3apagos. OO6osmaunM IIOTHOCTL mx dYepes €. Memnay &' u Ag,

Onaromapd OTHIOHEHHI NJOTHOCTH 3apAf0B ABONHOIO CJ0A OF ee cDen-

HEero paBHOBECHOI'O B3HAUEHHs, CyIlecTByeT mpocroe coorHomeHue. [leii-
CTBUTEJNDBHO,

MC cos 0

e=C (9, — @,)=const — ————

Ka?
. MC cos § (8 )

A= s
Ka2
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rae C — eMKOCTh [[BOMHOTO cios. [lanee

g K /o9 __ Mcost ' 9)
' T 4z (0r>r=a— omad
Nz (8) u (9) caenmyer: ‘
v K - ’
‘ o= — = A (10)

VBenuyeHNe KOJHMYECTBA CBOGONHBIX 3apAj10B HA IOBEPXHOCTH KAIJW B Ipe-
meaax, ompepenseMux yriaamm O u 0--dB, B egumumily BpeMeHm COCTaBIsieT,
cornacuo (7) u (10),

- &maVesin § cos 9d0=3051/'s sin 8 cos 646. (11)

2naC

Bapa;uﬂ, NOABIAIOMMKECH B ABOWHOM €Ji0e, BBHI3LIBAIOT yBeJguuyeHue HAIIpaB-
JIEHHOT'0 BeDPTHKAJBHO BHU3 AUIIOJIBHOI0 MOMEHTA KAl HA BeJWYUHY

4maVesin 6 cos dB-d cos 6 =4nda Ve sin 6 cos? 6d6 =

:‘—lg Vesin 0 cos? 640, < (12)

rie d — ToMIHUHA JABOMHOTO CJOH.
Ioxo6unim sie 00pa3oM HosABIeHHe HOBHYX €BOOOIHLIX 3apANOB IIPHBOUT
K BO3PAacTAaHWIO AMIIOIBHOrO MOMeHTa, coryacHo (11), ma

2C_{ng: sin 0.cos 0d0 - a cos 6 = zfcﬁve sinfcos?6d9. = (13)

Cymmupysa sopamenus (11) u (13) u anteTpupysa oo Beeil MOBEPXHOCTH
KANJM, M TOJYYaeM i BeJWYUHE , BOSPACTAHMA JUIONBHOIO MOMEHTA
B eIMHNNY BpeMeHH B OTCYTCTBHU 3IeKTPOHPOBOTHOCTH CPEJHI

tak Ve S sin 6 cos? 6 g6 — %( Ve, (14)

0

Biaromapsa HaIuuMio »AeKTPONPOBOTHOCTH, HA BHENIHIOK OOKJIAIKY XBOWM-
HOTO CJIOA Kallliu TedeT TOK, IJIOTHOCTH KOTOPOTO ] PaBHA, CUMTAf IOJORU-~
TeIbHBIM HAIPaBIeHNEM TOKA, TeKyIlero Ha KAIlJiio,

, (0% 24.M cos 0 \
=x(8) =27 15
j "WM et (15)

W3 (8) caenyer, uro IIOTHOCTH 3apA0B BHemmHedl oOKIagRu ABOHOTO
CJIOSl OTJIMYAeTCA OT CBOEGTO0 PABHOBECHOTO 3HAYeHHA HA Beaudnmuy — Ag,
pPaBHYIO

__MCcos6

T Kar

‘——As

N3 comocrasaenus (8) u (15) caemyer, YTO B caydae IHpeKpanieHnd IBUKe-
HuJ BEI3BAHHOe KOHBEKTHBHBIM IIePeHOCOM HAapyllleHHme pPaBHOMEPHOCTH
pacupenelteHNA 33pAA0B MOJKHO yOHBATL [0 BeJUYHHH, pasHoit 1/, or
CBOETO IEPBOHAYAJLHOTO 3HAYEHWA 32 BpeMd T:

T=— = (16)
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Benmunua © BHpaskaeT, TaKuM 00pa3oM, BpeMs pesaKCaiui sIeKTPHIeCKOT0
mojia xamwim. s Toro 4ro0H HOJIYUYNTH BEJMINHY CTALMOHAPHOTO XMIOJIb-
Horo MoMeHTa M, HYMHHO IOMHOKHTb MOJydYeHHOe BHIIEe 3HAUeHHE BO3pa-
¢TaHUA BeJNIuHE M B OTCYTCTBHH BIEKTPOIPOBOTHOCTH HA BpPEMS pelak-
canuu <.

W3 ypasnennit (14) n (16) caenyer, Taxmm obpasom:

MZQaCK Ve. i_ClL:__Kane’

2 % %

B COTJIACHMI C pe3yJabraramu passuroil panee teopumu. Uz (D) caeayer, uro

MeIY IepefHHM ¥ 3aJHUM KOHI[OM KaIIl CYIecTBYeT Pa3HOCTH IIOTEH-

IaN0B

2V "M 2 e (p-—p’) ga? (A7)
% Ka® 3 x(Qu-}3u e ’

Bemmumnoit, 10CTYIHON N3MepeHHI0, ABJAETCA PasHOCTh MOTEHNMAIOB MERLY
PA3IMYHEIME TOYKAMUM TPYOKH, B KOTOpPONl WPOMCXONNT IafeHHe KA
(DoTennuan nmagaomux Kaneap). O6os3nayum uepes F usMeHeHme JIOTeHIHAIA
Ha epununy puanus TpyOru. IIpenmososxum pnajee, 9To Kamim mamaioT OxHA
Ba Apyroif mo onHO# BepTmramm, u obo3HAUmM dUepes [N UmCio0 Kaleub,
KOTOpPHe OJHOBpPEMEHHO NPHXOAATCA HA eAWHUNY AJUHH TPYOHm, wepes S
W § — UJoMAansL cedenmil TpyOKm u Kamam. Torpma, oveBmHO,

== T y=aNso L (18)
K § %S

4ma® e BHpaKaeT HOJHHN 3apan BuyTpenneidl oORnaxkn xammm <. Haxonenm,
u3 (15) paa ToKa, KOTOPHI TedeT BO BHeINHeil Lenn NPH KOPOTKOM 3aMl-
KaHU; CTOJ63 RUAKOCTH, HOJYyIaeTcA:

I,=FExS =4rna%VN 19

»Brpasenne (19) mo mopaaky Beawumnsl MOsEeT OHTH HMOJydYeHO HA OCHOBA-
HOE CJEeAyOLIEero 3JIeMeHTApHOTO pacyeTa. J[BUKeHWe IIOGEPXHOCTH Iepe-
HOCHT B eJUBHUIY BpeMeHH dYePe3 9KBATOPUAJIbHOE CedeHMe KA KOJIW-
UecTBO BIEKTPWYECTBA, PaBHOe 27ac)/, Ha pACCTOAHWMe MOPANKA 2@, 9TO
SKBUBAJICHTHO TOKY, PaBHOMY 4ma?eV unm ansa N Kadeds, 4ma%.VN. 910
pacey:kfeHNe, KOHEUHO, He MOKeT [aTh BeJINYUHY UHCJIeHHOTO Koaddm-
nHeHTa, KOTOPHI MOskeT OEITH HAWAeH TOJBKO NIyTeM Oollee CIORHEIX
pacueTos. '

Vpasuenue (18) MomHO emie mpegcTaBUTH B ClAeyloOlleM Buie, YAoOHOM
nas  ommiTHONW upoBepkn. O6Gozmauum uepes FE;, pasHOCTs, IOTEHOHAJIOB
B crosbe Memay ABYMS TOUKAMH, HAXOASMUMECH HA paccrogHmn /. Torpa,
TIpUHNMAag BO BHEMaHme (2):

4ra2cV 6ra® Upe N ‘
Epp= TV N SR UpsNL (20)
%S %S (Bp—+-3p 2

IIpenmososumM, 4T0 Kamiam magaoT OfHA 3& APYTOH B NPOMEKYTOK BpeMeHH
Mesuy o0pasoBaEMeM [BYX Kallelb (BpeMs KaIaHus) paBeH f,. Torma

1
UN = ¥, CIeJ0BATeJIbHO:

(1]

bra’us 6a2p.cl
Eyp= o el == e ’ (21)

%Sty (Bp - 3p' - 227 %R, (B8 fexTY)

rge R — papmyc TpyOKm, B KOTOpPO# TMPOMCXOMNT Iajienuie KAalleib.
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OpymenaaM u Jlnepudem |1] OGpia yie cieilaHa DOIBITKA IIPOBEPUTH BH-
Be[leHHEIE 31eCh COOTHOIIGHWS HA OCHOBAHMHM M3MepeHU TOKOB, BO3HIKAI0-
HINX B BOJHHX pacTBopax npm mafenmm Kameas pryta (H. Bax [4]). Opgnaro
ousitet H. Bax mnpoBopmimcs B TAKUX YCJAOBHMAX, KOTHA BeJUYMHY € [aske
OpuOIASATENLHO HeJb3dA OBIIO CYATATH IMOCTOHHOM, ¥, KpoMe TOTO, BeJd-
4YMHa 9Ta HEIOCPe[CTBeHHO He m3Mepsimach Ha oneite. llosToMy, HecMoTps
Ha UpubIu3UTeIBHOE COBII3JIeHIe BHYUCJICHHHIX 1 HaOIIOTeHHLX 3HaYeHmIt /,,
TPOBEPKY 5Ty HeNb3A CYMTATH AOCTATOUHO HATNEHRHOIM.

B macroameit pabote BhiBeJleHHbIe COOTHOLIEHWsSI ObIAN IIOXBEPTHYTH
HpOBEepKe B YCIOBHAX, IO BOSMOMKHOCTH COOTBETCTBYIONIMX IPeIICJII0MKe-
HOAM, HOJOMEHHEIM B OCHOBY pasBuToil Teopmu. Tak KAK THApPOIHHAMIE-
4ecKad TeophsA OBUIA Pa3sBUTA B IPelIIOJOMKEHHEW, 4TO ymcjao PeiiHoabnca
fpiA HajeHUu HKamedb ORI MeHbOIe eJUHHLH, TO B KaveCTBe CpPeAHl U
B 3roii palore, kak um B pabore baronroit m @pymrmua [3], 6bTH HCHOTE-
30BaHHL PACTBODH DJIEKTPOJIATOB B ramnepmHe. Tak KaKk BA3KOCTh PTYTH
Majia TO0 CPABHEHHUIO C BASKOCTHIO. TAMIEPHHA, T0 BeJAMIHHOH Q' MOKHO
mperebpeds mo cpapHenmio ¢ u, u (21) mpmobperaer, TakuM oOpasoM,
Caenyomni Bu: '

2
= 6a2 pel R— (21&1)
wR2ty (Bp.+ 227

Wsmepenna nposoamiaucs B mpubope, maobpasennoMm Ha pme. 1. Ilog
HaBleHWeM PTYTHOTO CTea6a OKOMO 25 cM PTYTh BHTeKaJa M3 Kannaasapa
KamnsaMu ¢ pagmycom 0,60—0,65 Mm
B PACTBOP 3JEKTPOJINTA B IJIXIEPHHE,
cofepskapmeM HebGoNbIIOe KOJIMIECTBO
soner  (1—2%,). llepmox wamaumsa
pasusnca npmmepro 0,4 ceK., Bs3-
KOCTH IIPUMEHSBIINXCA PACTBOPOB IIPH
20° 8—14 myas, CKOpPOCTh LANEHMSA
Kamesb okomo 1,0—1,2 em/cex. llepen
BHIIOJIHEHUEM W3MEPeHHS IIOJ0TPeTHIH
(a8 moHWKeHHd BA3KOCTH) 10 DO—
60° pactBOp B Teuenme O YACOB HACH-
ulaaca B OOKOBOM cocyne B 2AeRTpoO-
AUTHYECKUM BOJOPONOM, OYMIIEHHHIM
oT Kucaopona uHag Pd u BelCyHIeHHEIM
Hax CaCl,. Kpome Toro, Bogopon mpo-
OYCKaNCH Yepes PacTBOP OKOJ0 CYTOR
upu KOMHATHON Temmeparype. Tmia-
TeJIbHOE OCBOOOMKIEHIE pacTBOpa OT
KHCJOPOa HeOOXOoAUMO A TOTO, 4T0-
65 Dpm TajeHmd KAIIA HE MEeHsJa
HepPBOHAYANbHO COOOIMeHHOro e 3apsi-
#3. OguneHHkil 0T KNCJIOPOLA PACTBOD
HePelaBAMBAICH NABICHWEM BOJXOPOIA
B COCYZR [ia maMepenmsi A, Ipegcra-
BIAONEN BepIWKAIBHYIO TpYORY pa-
mmycom 0,76 cM, IpeaBapuTeNbHO
HANIOJHEHAH BomoponoM. PactBOopsr  pg. 4 e em——
TOTOBAJINCE M3 XHUMHRYECKU YUCTOTO TeHIHA/IA NAJAIAX Kamelb
TIIHEePHHA, ROTOPHI He IIOABepPrasics :
AasibHelimeit odYncTKe. OIIEKTPOILTOM
CIYRHA JBA/KOAH HePeKPUCTALIN30BAHHLIN W IIPOKANEHHHH OpPOMECTHI
Kagmit. PacTBOpE roToBMANCH HemOCpeNcTBeHHO B cocydae B. Ilaa mamepe-
HHNf NOTeHI[1ajla, BO3HUKAONIETo UPH NaJeHUH Kameilb, CIYRHIL GpoM-
cepeGpanbie dIeKTpomsl I, 2, 3, KOTOPHE TOTOBHJHCH DICKTPONUTHYCKAM

4 ROX, N 0
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ocakieHueM cepefpa HA NNATEHOBOM NIPOBOJIOYKE C MOCHEAYIOMIEH AHONHOW
nonapusanuein 8 pacrsope ‘KBr. Paccroanme mesxny ssexrpopavm I m 2
cocraBiano 4,0 cM, a Memny 2 m 3—D5,7 cm. [las coobmenms KamisM ompe-
IeJIeHHOTO 3apAja B Ilellb, COCTOAMYN W3 BCIOMOTaTeJIbHOTO dieKTpona F,
pacTBopa M pacTyuwe# Kamiau, BKIIYANCA BHEIIBUH NCTOYHEHK 3. 1. ¢
BemoMoraTe IbHEIM 9JeKTPOIOM OOBIYHO cnymn.wia PTYTE B TOM Ke PAacTBOpe.
Beanunna € paccuuTHBAaNac, B3 YPaBHeHUA [==¢A, I'lle [ — CpemgHmii TOK
3apsUKEHNA, ONpefeNABMMiCs YyBCTBATENBHHM TIaAbBAHOMETPOM, a A —
BeJINYMHA TIOBEPXHOCTH Kameus, ofpasylomuxca B efmHuny Bpemenn. [loc-
nefHAs pacCUMTHBANAch M3 PAAHYCA Kameslb M HepHoaa Kauauumsa. Paguye
KameJp OPU JAHHHIX YENOBHAX KallanWsi HAXONWICH U3 NX Beca. Jlisa sTOro
ranam cobmpanmer B BEKHed yYdctm TpyOKE A W 3aTeM BHBOANJINACH W3-
Hee MOBOPOTOM KpaHa G. Pagmyc Kamess HECKONBKO MEHAJCSA. B TeUeHMmE
ONHOI Ccepuu WSMepeHHiI B 33BHCWMOCTH OT BeAWYWHH &. BHunciaenme
2apAna M NOTeHIHMAJAa NajeBus Kalledb NPOU3BOAHWJIOCH CO 3HAaUeHUEM
panmyca, HaliJleHHHM Ha OUKTe NpPW AAHHHX ycaoBusax. Temmeparypa pa-
CTROpa M3MepANach TepMoMerpoM H, morpymeHnHM B pactBep. Tar Kak
”

e

0

~74

Puc. 2. 3aBHCHMOCYL HOTEHHUARA MAAAOWHAX Kamensb
Ey, B E,; OT OROTHOGTH 3aPANOB € B 1 N pacrsope KBr
B ramrnepuHe’

— — — TEOPEeTHYECKHE KPEBHeE; p="7.8; »=21. 104
O O O — BabA0A. 3Ba4YeHAA Ei A A O — Haﬁmo,u 3HAYEHRA Eis.

OHA HECKOJNBKO M3MEHAJAch B TeUeHMe ONHOH cepmu m3Mepenmil (B mpepe-
aax 0,5°), TO BABKOCTHE M BAEKTPONPOBOJHOCT: . PACTBOPA OUpeNeNAIHéL-
«OOBIYHEIMM METONAME [Jds HeCKOJbKmX OJU3KHNX TeMUeparyp, W 3HadYeHUs,
COOTBETCTBYIOIIHE YGIOBHAM OHHTA, KOTOPHE HCNOJL30BAJNCH 3aTeM IpPE
BHUNCIICHAAX, ONPeReNAANch uHTepuoisanueli. PasHocTs IOTeHNNATIOB MERTY.
6poM-cepeOpAHBIME HIEKTPOIAMY H3MEPAJIACH KATONHHEM BOIBTMETPOM C 9YB-
CTBHTEJILHOCTHIO OK00 1 MV Ha ofHO fejeHme MIKAJH. Tar Kak BHyTpeH-
Hee CONPOTUBIEHNE BCeli cHETEMH OBJIO OYEeHb BEJIMKO, TO YCTAHOBKA TIa-
TEILHO M30JMPOBANACH HAapaQUMHOBHME TOJCTABRAMH ¥ 3AMUIKAIACH OT
BHENIHEX DJEKTPUYECKHX BIHAHWI 3a3eMJIeHHOH MeTaIMdecKOll CeTHOM.
Tar war morennmansi OpoM-cepeOPAHHX 9IEKTPOACE OTINYATHCH MEFRLY
coboil, a Takme HeCKOIHKO MBMEHAINCH BO BPEMEHH, TO BeJWUmHH F,, W
E,; onpejeasnucs MO CABATY PABHOCTH HOTEHIMAJCB MEKAY DJIEKTPONAMK
2u 1 waim 3 m 2 Bo BpeMa KaOaHUA PTYTH IO CPABHEHHI0 ¢ TeM 3Have-
HEEeM, KOTOpoe Halmofasioch I0Cie IpeKpalieHnd KamaHas,

Ha pmc. 2, 3 m 4 TpuseleHs KpHBHE, BHPARAIINE HAGNLIOACHHYIO.
3aBHCHMOCTD BedMuMH FE, u FE,; 0T IJIOTHOCTH 33apAja Kamn [ (cnnom—
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HEle KpWBhie), 2 TAKKe KpUBEE, BHUYHCHEHHHEe N0 (21a) Dpu pasINIHHX
3HAUeRUAX x {IYHKTUDHBle KpuBhe). BeanumHa € mpm 3T0M MBMEHAIACH
B npeneaax or 30—40.1076 no 16-107¢ xyn/em®. llpm Godee orpuiarensn-
HHX 3HAYEHHAX & NPABUIBHOCTD KANaHUA Hapyumanach. Hak BHAHO, coria-
‘cHe MemIy ONBTHBIME ¥ TEOPeTHUYECKHMNM SHAYCHHWAMH MOJKHO CYATATH
BIOJHe YHOBIETBOPHUTENBHHM, B 0CO0CHHOCTH NIPUHUMAs BO BHUMAHHE, 4TO
Teoperudeckass QOpPMYla He CONEP:KUT HNKAKHX IIPOM3BOJNBHHX HOCTOSHHHX.
Pacxomuenne HECKOJIBKO YBeIUYMBAETCA B CAYydae CAMBIX MAJHIX 3HAUCHUH %,
K 9yeMy Mul emie BepHeMmcsi. B coorBercTBmM ¢ ypapHeumem (21a) Benwumna
E,; Bcerja mpesmmana F,,, TaKk KaR paccTOAHHE MeKY SJICKTPORAMH
3 m 2 Ounso GoJiplle PACCTOARUA MEHIY dHIeKTpoaaMe 2 B | B OTHOMEHUN

~-30+

Ppe. 3. 3aBHCEMOCTL HNOTEHHHANA NARAWHIAX Kanexer E,,
OT HAOTHOCTA 3apAnoB ¢ B 0,03 N pactsope KBr B raumepure

— — — TeopeTAYEeCKas KpmBam; n=19,0; x= 1,1-10_5;
O O O — Balaio). 3HAICHHA E,,.

1,42. B coorercTBum ¢ ypasHenmeMm (21a) Benmumna E BO3pacTaer IPE
_ yMeHbLIOHWN x; IPH yBeJwdeHnnm a0CONIOTHOTO 3HAWeHmaA € E Bospacraer,
TIPOXOAWT dYepes MAKCHMYM M 3aTeM yMeHbImaercs. Mawcumanbnoe 3Ha-
yeame E mo (21a), ecam cuuTaTh {y ¥ 4 He 32aBUCAINEMHE OT €, JIEKHAT DK
e=(3px)"/=. llosiBIeHme MaKCEMyMa XOpOImO BUJHO HA ONHTHHX FE, c-Kpn-
BHIX, €CJIH 3JIEKTPONPOBOTHOCTE' PAacTBOpPA NOCTAaTOYHO Maia.

Mesny ONHTHEIME ¥ TeOPETHYECKMMHN KPUBEIMH CYINECTBYIOT, OJRHAKO,
HEKOTOpHE OTImIusA. B mepByw odvepend ONHTHHE 3HAYeHUA BO BCEX CIY-
Yasgx NPOXOAAT 4epe3 Hydb He npm e=0, Kak TOTO TpebyeT Teopmsa, a Tpm

" He0OIBIMX OTPHLATENBHEX 3HAUEHHEX € M B COOTBETCTBHH C 3THM Habio-
AeHHHe E e-KpuBble HECKOJIPKO CABUHYTH HO CPaBHEHMIO C TEOPETHYECKEMHE
B CTOPOHY OTPUIATEIBHHX €. AHAJOTMUHHIA cABUr yrie Habmioazcad HaMKE
NpE W3MEpeHW: B3aBHCHMOCTH CKODOCTH HafeHWsi Kaledhb OT UX 3apafna[3].
B aToit pabore OpI0 BHCKA33aHO IPEANIOJIOKEHHE, 9T0 CIBAT BHIBBAH IIPH-
CYTCTBHEM B PACTBOPE HEYCTPAHEHHHX CJefloB KHCIOPOAa uUIW APYrax
IeNOAAPU2ATOPOB (HATPHUMEDP MOHOB PTYTH), KOTOPHEe HECKOIBKO CMEIalor
3apAn KallJm Bo BpeMs ee IANeHusaA B MOJOKATENbHYIO cTOpoHy. B coor-
'BETCTBUM C HTHM, AJA TOr0 4roOBl NOJNYYNTH HYJeBoe 3HAYEHNE ¢ HA cepe-
IHHEe PACCTOAHHMA MEMKAY SIEKTPORAMH, UTO, OYeBHJHO, MNOJKHO COOTBET-
 CTBOBATH W3MEPEHHOMY HYJEBOMY 3HA4eHMIO F, HeoOXOAMMO IPEeABAPUTEIBHO
. co00IATs Kalijle HEKOTOPHI OTpUIATeNbHHA 3apaAd. OObAcHeHme 2TO HAXO-

4%
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EHUT CBOe NOATBEp:;ieHHe B TOM 00CTOATENBCTBE, YTO CIBUT JKCIIEPUMEH-
TAJNBbHON KPHMEOH OTHOCHTENBHO TeopeTHdecKoil Gonsmre B caydae L,,-Kpn-

-60Y

Prec. 4. 3aBHCUMOCT: HOTEHNWAJA NANAKIIAX Kamens K,
OT ILIOTHOCTH Bapsnpos .8 0,015 N pacreope KBr B rammepnue

~— — — TeopeTHYeCKad KpHBaA; w=13,5; x=4,1‘10—6;
O O O — Habmoy. 3Ha4YeHusa Ej,.

BHX, YeM B cayuae E ,-kpwspix (pumc. 2). Tax Kax B mepBoM ciIydae
KanaaM MPHULIOCH Hpoiite Gojee NJIMHHEIA HYTh, YeM BO BTOPOM, TO W3Me-
HeHEme TIePBOHAYAIBLHOTO 3apsAjAa IOJ AelicTBHeM pemosApusaropa, AupdyH-

bs / Losony 35 waan
A L 2.
_A______.—-——'E"’", =7 a . a W
V743 —————— a "
™~

-0k . ~

" Pmc. 5. 3aBHCEMOCTL NOTEHIHATA [ATACILFX Ramedb Epj, 1 E,,
oT miaoTHOCTH sapAnos ¢ B 1 N pacreope KBr B rmnepune npa
HeNOJIHOM VHAJeHHH KUCI0PONA;

— — — TeopeTmuecKHe KpHBHE; 1. =8,3; x=1,9. 10—*;

3

O O O — HAOIIA. 3HAUEHAT iy A A A — HAGHON. 3HAYEHUSA Exn

ADPYHIET0 M3 PACTBOPA K IOBEPXHOCTM KAaIiu, HNOHHO OB GHTH
GonpmuM *, Bamsnume m3aMeHeHHA 3apAfa BoO BpeMA pocTa H [AJeHUA KANIN

* KoTMyeCTBEHHHE COOTHOIIGHHS, OTHAKO, OCTSIOTCA B HTOM CHIyUae HE COBCEM
ACHHEIMH. JeHCTBHTEAbHO, PACCTOAHME OT KOHLA HAMUIIADA [0 CepefWHH NYTH MEMAY
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Ha BeJIMYMHY IOTEHNMWATOB NafeHNA Kaledb BHETYIAeT TOPasmo cmibHee
IpH MeHee COBEpPIIEHHOM OYMCTKe pacTBopa oT Kuciopopa. Ha pme. 5 mpm-
BefieHbl KPUBHE, IOJAYYeHHEE IIOCIE OYHCTEN OT KECIOPOAa, KOTopad orpa-
HUYUBAJIACh NPONYCKAHMEM BOJOPONA dYepes IiammepmH B Tewenme 11/, uac.
Tipm KOMHATHOUW Temmeparype. Hak  BmgHo, B 5TOM C¢JIydYae M3MeHeHHMEe HA-
4aJILHOTO 3HAYEHNA € IOYTH He BJINAET HA Beamuany E, m ToamKo upn
0ueHb OONBIIMX HAYAIBHHX OTPHIATENLHEIX ¢ HAOJORaeTcad HEKOTOPOe
ymensmenue E. OugeBupno, 4ro 3apsAj KaluM He3aBHCHMO OT CBOETO Iep-
BOHQUANIBHOTO SHAUEHNA IO QeiicTBHeM PacTBODPEHHOrO KHCJIOPOAA IpH-
GamsKaeTcT K HEKOTOPOMY OIpefielleHHOMY IOJOYKATEeIbHOMY 3HAYERMIO:
Cpassienme ONEITHHX ¥ TEOPETHYECKMX KPUBHX [TOKASHBAET, 9TO, ITIOMHMO
NeNONSPU3YOUIer0 ReHCTBHSA OCTATKOB HKHEIOPOAA, CYIIECTBYeT ele OfdAH
HCTOYHUK PACXOKIEHUA MEKIY Teopueil  ONETOM, KOTOPHIX 3aMeTHEE IIPO-
ABaserca B 0ojee pasbasienHmx pactBopax. Kaw Bunmo us puc. 4, Opm
MOCTATOYHO MAIHX 3HAYCHUAX X MAKCHMAIbHEIE HAOmOfeHHHe 3HAUYeHHA E
OKa3HBAIOTCA BAMETHO HIUJKE TEOPETHYeCKMX, 4UYTO O0COO0eHHO CKA3H:
BaercAd HA HOJOARNTENbHON BeTBH. KpmBoil. llpmumma »TOTO pacXOosKmeHWS
memaercsi sCHOH, ecnm ¢ moMmouisio (18) BrumcnnTs 3navenua AP—pasnocTn
LOTeHIWAT0B MeKAY INepeAHUM M 3aTHUM KOHIOM KAaIlJiN, KOTOpHE COOTBET-
CTBYIOT MAKCUMAJbHHM HA0NIOleHHEIM 3HA4YeHWAM £ B pacTBopax pasmmi-
HOH BIEKTPOIPOBONHOCTH.

Ta6aumna 1

Makeumarnpable 3HaYeHEA AD B pacTBOpPAxX PpasaIm4HOH 3.1€RTPO-
HPOBO;JHOCTH

E ., BaG.
MaKCHUMAab~
A®D
X w nono:;{;lgenb- NI :

HblE BV

3HavYenuaA B V
1,99.10—¢ 7,9 0,003 6,4 0,10
1,06-10—5 9,3 0,025 7,5 0,27
4,15.-10—¢ 13,1 0,040 8,0 0,36

Kar pugHo m3 Tabiunsl, spavenus AQ® ovenbh BeJMKH M B pasbaBlIeHHHIX
pacTBOpPax IO MeHbIeil Mepe CpaBHUMBI CO 3HAYEHIEM CKAYKa HOTEHIIMAIR
B OBOMHOM €JI0€ KAalJul, COOTBETCTBYIOIINM PABHOMEDPHOMY pacipeesIeHuIo
sapaga. llocuennumit, Boobme TOBOPH, HE MONBEPTATCA M3MEPEHMIO B HALINX
OTIEITAX, HO MOKeT OHITHL OLEHEH W3 3HAYEHNI € 1 eMKOCTH JBOMHOIO CJIOA.
Tax, B pactBope ¢ x=4%,2-107¢ onpitrHoe MakcmMalbHOe 3Hadenue Ej, co-
OTBETCTBOBAIO IIOJORUTETBHOMY €, paBHomy 7,5-107% (maiifeno ¢ yuerom
m3MeHeHUA € BO BpeMs IajJeHus Kamam, T. e. mojarag €=0 npn E 2——0),
OTKY[a, NPUHUMAasA eMKocTh papoitmoro ciost pasmoit 30.107%, maxonmm
0,—0,=0,25. Takum o6pasom, B pasbaBJeHHEIX DPACTBOPAX WM3MEHEHIE
pacipefielenuss IOTeHINAOB, BEHBBAHHOE TAHTEHIMATIBHLHIM [BHMKEHHEM
MOBEPXHOCTH, HACTOJBKO BEJUKO, UTO  OHO MOJHOCTBLI0 MCKaKaeT IEPBOHA-
HAEKTPONAMU 3 1 2 COCTABUIO 8,8 €M, & JO Cepes[MHE TYTH Memkjy odexrpomam I i 2—
4 cv. Takum 06pasoM, OTHONIEHNe CHABITOR HYIeBHX sHaudeHuil F,; u Ej,, 10 cpaBHe-
HUIO ¢ TO4KOH t£=0, AoMEHO OLLIO cocrasaAThb 2,2. Ha onsite cpefiHee U3 YeTHpeX
cepuit usMepeHuii gasgo, ogHAKO, sHAYCHHe 1,4 9ro PACXOMTIEHHE MOMHO OOBACHHUTH
TOJABKO TEM, 4YTO BHAUNTEIbHAA YaCTh W3MEHEHUA 3apALA IPOUCXOIUT BO BPEMA pocra
KanJiu. Pacqu NOKA3HBAaET, UTO, €CJIH 61 KOHIEHTpAauA MenojiapIsaropa BO BCEX
Y4acTaAX cucieMbl GbLIA OLVMHAKOBA, M3MeHeHHEM 3apsiia BO BPEMA POCTA Kamiad MOHO
G5uI0 OB TpeHeOpeyb. BOBMOMKHO, YTO KOHIEHTDATWA AeoAApusarTopa BOIMSH KOHLA
RAMWIIApa, BCAEACTBHE GiIM30CTH BIeKTpoRa B, Ghia pwmie, 4eM Ha JaJbHedIeM IryTd
nagenusi HalJd.
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9aJdbHOE paclpefeideHue 3apAA0B. Y HepefHeTo KOHIA HaIj® IJIOTHOCTB
3apANa B 9TUX YCHOBHAX, HE3aBUCHMO OT CBOETO NEPBOHAYAILHOTO 3HAYE-
HES, [O0JKHA HpuliukarThed K HYNO, 8 ¥ 3agHETO KOHILA MOKET BO3PACTH
A0 TAKHX SHAYCHMIl, IPH KOTOPHX (B CJydae IIOJIOMUTEIBHHX €) HAYHETCH
mpouece mommsanuu prytn. [ladbHeliiiee pasfaBienye pacTBOpa IOBTOMY
HE MOJKET IPHUBECTH K CYIIeCTBeHHOMY yBeamduenuio seamanmua AD u E.
Ecam mexopmts He U3 ONBITHEIX, a N3 TeopeTHUeckus sHadenmit AD, 7o
Opefess KOJIWYeCTBEHHON HPHMEHMMOCTU TeOPHH MOTYT OHTH yCTaHOBJIEHEI
cuepywomuM o6pasoM: Kak Ye OBIIO VKa3aHO, AJA TOT0 YTOOH Teopus
Moria OsiTh CTpOro IpuMeHAMAa, HeoOXoxmMmo, 9TOGHl HM3MeHeHHe CKaYKa
FAOTEHNMATIA OHII0 Majo IO CPABHEHMI0 € er0 TePBOHAYAILHHM 3HAUe-
HEEM, T. e.

!

1 5
Lao <=
2 ?< C '
OTKYHR
=¥ 3
Py
). o
7.>VC.A (22)

HamGonrmuit uurepec Hpeacrasisger ciayuail, rorga AQ® gocTHraer ¢Boero
MaKcHMadbHOTOo sHaveHmsa. I3 (17) cmepyer, uT0 MARCHMAIbLHOE 3HAYEHHE

.3
A® coorBercTByer sHauenwio = (2ux)"/s ®W sHaueHWO V:? U,. Ecan opu-

HATb U, ~1m C ~30-1076, 10 u3s yemosma (22) moayuaerca
x>1075,

‘Tarum obGpasom, mamm maMepeHus OHIIM KOBEXEHH! HO SHAYCHUIT, KOTODHe
yiKe JesKaT HHMe IIpefesia CTPOTOH HPUMEHEMOCTI TEOpPHHM [JIf Kameas
IAaHHOTO pasmepa. ‘ ’ '

Corsacme pasBHTOIl TEOPHH ¢ PE3YABTATAME H3MEPEHHs MOTEHIIIATOB
MafanmuxX Kameldb NPUBORUT K clefyiOmleMy HHTEPeCHOMY BHBOLY. Mare-
MaTUYeCKHE COOTHOIICHHMA TEOPHIl BHBEJEHEl B IPEIIOIOMKEHNN, YTO PaCTA-
JReHHMe NIH C/RATHe BINAT HA PABHOCTh NOTEHITHMAJNOB B JBOWHOM cJoe
TOABKO B TOH Mepe, B KOTOPO#l OHN HM3MEHAKT INJOTHOCTH 3apsApga . 9ITO
TpeiNooKensie CIPABeJIIBO TOIBKO, €CIM BpPEMS PEIAKCANUM ABOIHOTO
CI0S Maj0 10 CPABHEHHI) C BEIYMCHEHHEIM BHHIE BPEMEHEM PeaKCalfui
SIERTPUYECKOTO 11014 KaIaH B mexoMm (16):

T=

Ixalra

_Cl_z
%

Hpu € ~3-107%, a~6-10"2 uw v ~4-107% ©~2.10738. Tarum oGpasom,
M3 HAMWX ONEITOB CIeAyeT, 4TO [JA IIMIepPHHOBHX pPAaCTBOPOB BpeMa pe-
JaKcanumm Apoiinoro cios meHsme 2.107%., B cayvae Bogwmx pacTBopos,
Ads KOTOPHIX, OfHAKO, H3MepeHNs pMsHOH CTemeHN HAXeKHOCTH IIOKa
OTCYTCTBYIOT, AHAJOTHYHBI CHOCOO cueTa IHpmBed OB K BepXHEMY
npeneay [as BpeMeHH peJaxcainu geoiiroro cigom mopAxka 1078 mim
Jlane HIIKE. ,

IlpencraBasier mHTEpec comOCTAaBUTH HAOMOACHHEE 3[eCH 3HAYCHMS
TNOTEHOUAJIOB TAJleHMA Kalledb CO 3HAYCHUAMY IOTEHIHANO0B, KOTOPHIe
IOJXHEL BOBHUKHYTh B AHANOTHYHHX YCJIOBHAX IIPH DafeHAU TBEPHHIX
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qactry (addexr [lopma). Maremarmueckoe BHpasKeHHE HJIA ITOTO CIYIAA
6nimo  BEBeeHo CmomyxoBckmM [5). B Hammx 0603Ha4eHMAX OHO TJTACHT:

E=E0im) (o n. | (23)

3ur S

Beamunna ¢, — ¢, 37eCh UTPaeT poib COBTHOIO (- MOTeHNNAIa KOJIOUTHOM
xomun. [Hoxnaras ¢, —@,=0,1V 1 »x=4-10"% oM *.cMm™ !, MB Hodyunim Omi
B YCIOBHAX HAIIMX OUHTOB 0 (opmyde CMOTyXOBCKOTO

E~10"7 V/eu,

Memy TeM, Kak mabuaionenHsie sHauenmsa F cocrapiama 1072 V/em, 1. e
HPeBHIIANHE BeJHYNHBI, BHYACIEHHLE [JA TBepiasix mapmkos, B 105 pas.
B pacrsopax Gojee BHCOKOI 5JeKTPONPOBONHOCTH pasiamiume Oymer emie
JHaYnTeNAbHEE. ’

BBIBOIbI

Bhio mowasano, wTo UpH NAjeHEN Kamedb DIYTA B BA3KOH cpefe,
6AarOapA TAHTEHIUAIHHOMY JABUKEHNIO TTOBEPXHOCTH, TEPEHOCALeMY 3a-
pAH ABOWHOTO CJI0s1 OT HYUKHETO KOHIA KaljiM K BepXHeMYy, BO3HUKAIOT
PasHOCTH IIOTEHIMANOB MeKAY KOHNAMH Kannm. B caywae wamexs ¢ pa-
amycom, pasmmM 0,6 MM, BAsKocTm, PpasHO#l 13, m 2JERTPOIPOBONHOCTH
‘pacTBopa, pasHoit 4-107¢, 3madenme PA3HOCTH NOTEHIWATIOB MEHKAY HIGEK-
HEM © BePXHNM ~ KoHOOM Kamau poxoxur o 0,4 V. Vsmepenue pasHocrei
HOTEHIWAJIOB MY pPAa3iNYHBEIME TOYKAMB cT00a MHIKOCTH, B KOTODOM
OpOMCXONNT TafeHwne KaIlil, KOJIYecTBEHHO NOATBEPJUIO IIPABMILHCCTH
BHIpaskeNHil 01 TMOTeHNMAJ0B HAfA0MNX Kaleds, BeBefeHHHX QpyMKmHEIM
m Jlepmuem. B cormacum ¢ Teopmeil, HpHM yBeJIWYEHWH IIJIOTHOCTH 3apsafa
abCcoNOTHOe 3HAYEGHUE IOTEHNHANA MAafAoUInX KaleJb CHAYAIa BO3PACTaer,
AOCTUTAET MAKCHAMyMa ¥ 3aTeM magaer. VI3 pesynasTaroB STUX U3MEpeHMIl
BEITGKAeT TaKme, 4UTO BPEMA peIaKcanuu IBOMHOTO DAEKTPHMYECKOTO CIOA
Ha TpaEune pryTs— pacrsop KBr B ramnepuue membmie 2-1072% cek.

WrctuTyT QEsnueckoil XUMHK ITocrynuaa
AH CCCT 17. V1. 1947
Mockea
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