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IIY3bIPbKaX IIPHA 3JCKTPOJIU3€C BOAbI B MAIHUTHOM I10J1€
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W3BeCTHO, 4TO BO3AEHCTBUE BHEIIHETO MOCTOSHHOTO MaruutHoro mostst (IIMIT) Ha mporiecc 3aeKTpo-
JIM3a BOJBI IIPU OMPEEICHHON OpUEHTALUH BEKTOPOB AJIEKTPUYECKOT0 M MAarHUTHOTO TIOJIeH CHUXKAaeT
NepeHanpsHKEHUE BBIAEICHUS BOJIOPOAA M KHCJIOpOoJa. MeXxaHu3M Takoro JEeWCTBHs 3a c4eT oOpaso-
BaHMs MarHUTOTHIPOJMHAMHYECKUX MUKPOBHXPEH 3JIEKTPOJIMTA BOKPYT ITy3BIPHKOB, OOJIEryaronmx
HX OTpPBIB OT 3MEKTPOJIOB, TO €CTh yJAJIEHHE MPOJYKTOB AJIEKTPOJIN3a, MOKET UMETh MECTO, HO OH HE
COTJIacyeTcs ¢ TOIy4YeHHBIMH HaMU pe3ynbTatamu. Hamu oOHapyskeHO, uTo mox aeiicteuem [IMII B
MOMEHT OTPBIBA OT JIEKTPOAA U Ha HaYaIbHOM yYacTKE TPACKTOPHS IBM)KEHHS ITy3bIPKOB OM3Ka K
napabonyeckoil, KoTopas ajaee CMEHSETCs TPSIMOJIMHEHHBIM BEPTHKAIBHBIM IBIOKeHHEM. CormacHo
3akoHy JlopeHna, onpeneneHo, 4To My3bIPEKH BOAOPOAA HECYT OTPULATENBHBIN 3apsj, a KUCIOpoaa —
HIOJIOXKUTEJBHBIA BO BceM uHTepBaie pH, B Tom uucie u npu pH = 2,5, xorga 3apsz my3bIpbKOB 3a
CYeT a/copOLMU MOHOB M3 3JIEKTPOJINTA paBeH Hymo. V3BecTHO, uTo omHopoaHoe IIMII meiicTByer
TOJIBKO Ha JBIXKYIIMECS 3apsanbl. BhICKazaHO NpeAnoyiokeHHe, YTO TaKUMH IBIDKYLIIUMHCA IO

MOBEPXHOCTHU MMY3BIPbKOB 3apsAaMu MOTYT OBITE OMUTHUPOBAHHBIC C KaTOda 3JICKTPOHBI.

Kniouesvie cnosa.
Jlopenya, snexmponus3.

VK 544.636/638
BBEJIEHUE

WHKeKIus 3JIEKTPOHOB M3 Ta30BOM (a3bl B BOJI-
HBIC PAaCTBOPBI JICKTPOIUTOB B YCIOBHUSX HH3KO-
TEMIIEPATyPHOTO IIa3MEHHOTO ANIEKTPOIH3a
(HTIID) xopomo u3BectHa [1]. Upes HTIID, koto-
pyto BrepBbie ocyriectBui 5. I'yOkuH, nmpuHazie-
xut E. BapOypry [2]. anee ona Gpina pa3BuTa B
[3, 4] u mocneayOMUMH HCCIIETOBATEISIMU JJOBE IE-
HAa [0 CO3JaHWss HOBOW BETBH TEXHUYECKOM
anektpoxumun [1].

DMUTHPOBAHHBIC C KATOMA DJIEKTPOHBI, Momaas
B BOJHYIO CpEIy, THAPATHPYIOTCs, 00pasysl OucHb
AKTHBHBIC THIPATHPOBAHHBIC 3JIEKTPOHBI. [ 'HapaTu-
pOBaHHBIE JIEKTPOHBI 00Pa3ylOTCs TaKXKe MPH BO3-
JEHCTBUU Ha BOJHYIO CPEly MOHH3UPYIOIIETO U3ITy-
yenust. Hanpumep, B [5] mokasaHo, 4To B MOBEpX-
HOCTHBIX CJIOSX MOPCKOM BOJBI IO/ IEUCTBUEM COJI-
HEYHOTO CBETA BO3HUKAIOT CTAIIMOHAPHBIC KOHIICH-
TpaIMU THIPATHPOBAHHBIX 3JIEKTPOHOB.

B03MOXHOCTE 00pa30BaHUsI THAPATHPOBAHHBIX
9JICKTPOHOB B YCJIOBUSIX OOBIYHOTO BIIEKTPOJIH3a
BOJIHBIX PacTBOPOB OTMeueHa B 0030pe [6]. Jloka3a-
TEIBCTBA YMUCCHH 3JIEKTPOHOB C KATOJA B JJIEKTPO-
JIMT TIpUBENEHE! B [7], TIe aBTOpaMu MMOKa3aHo, YTO
obHapyxenHnoe B [8] Bocxomsiee cTpyiiHOe Teue-
HHE DJJIEKTPOJIHTA, O0OpasyeMoe Ha MHKPOKATO/IE,
PacIoI0KEHHOM B BEPTHKAIBHOM KaIHJLISIPE, KOTO-
poe OTKIIOHSETCS NpH AecTBUM ogHOpoaHoro [IMII
OT BEPTHKAIM B COOTBETCTBHHM C 3aKoHOM JlopeHia,
SIBJISIETCS. TIOTOKOM 3MHTHPOBAHHBIX JJIEKTPOHOB €
MHKpOKaToaa. 9TI/I QJICKTPOHBI MI'HOBCHHO TIHUApa-

zudpamupoeanﬂble JJIEKMPOHbL, MdAcHUMHOe noJje, nepeHanpsdcenue, Ccuia

THPYIOTCS U 00pa3ylOT BOCXOISILYI0 CTPYIO Jaua-
METPOM Ha MOPSI0K MEHbIIE AHaMeTpa Kanuuispa.
IMonoOHbIe cTpyun HaOmoaanu takke B [4]. Hekoro-
pble  SKCHEepHUMEHTaIbHbIE  (DAaKThl, KOCBEHHO
HOATBEPXKJAIOIINE 00pa30BaHUE THIPATHPOBAHHBIX
9JIEKTPOHOB B IpOLECCE DJICKTPONIN3a, MPUBEICHBI
B [9].

Llenp Hacrosiueil paboThl — MOJIYYEHHE TOIOJI-
HHUTEJIBHBIX  OKCIICPUMEHTAIBHBIX  JaHHBIX B
MOATBEP)KICHUE JaHHOH TMIIOTE3bI.

METO/IMKA 3KCIIEPUMEHTA

B paboTte HCIOIb30BaKCH CIEAYIONIHE IEKTPO-
qutel: 30% pacteop KOH (1), 0,05M pactBop cep-
HOHM KHCIOTHI (2), pacTBOp cepHOW KHCIOThI ¢ pH
2,5 (3) u pactBop mennoro kymopoca (200 r/x) c
cepuoii kucnoroit (50 r/n) (4).

S4eiikoil ciyKuia IpsSIMOYIOJIbHAs KIOBETA W3
OpPraHMYECKOTO CTEKJIA C BHYTPEHHUM CCUYCHHUEM
16x135 u BeicoToi 90 MM. B kadecTBe ayeKkTpo0B
WCTIOJIb30BAITUCH KAaMIUIAPBI M3 HepKaBelollel cra-
JIK C HApPY’)KHBIM U BHYTPEHHUM THAMETPaMHU COOT-
BercTBeHHO 0,5 m 0,3 MM, paboueil MOBEPXHOCTHIO
SBISUTACH ~ TOPIBl  KanmWUIAPOB  IUIOIIABIO
1,26-10'3 oM’ DNeKTpoAbl BMOHTHPOBaHBI B JHO
sueiiku 0e3 BBICTYNAIOIIMX IIOBEPXHOCTEW Ha
JUCTaHIUK 4 MM OTHOCHUTENILHO JPYT Jpyra u pas-
MEIEHbl MapaieIbHO W TMEPHEeHAUKYJIAPHO OCH
MarauTornpoBoaa (ocM MarHUTHOTO mmojs). K Hik-
HUM TOpIIaM KallWUISIPOB Yepe3 IITYIephl HOoBeIe-
HBI CHJIMKOHOBBIE TPYOKH JJIs1 aBTOHOMHOM TOAa4M
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ra3oB. MCTOYHMKOM CTaOMJIN3UPOBAHHOIO HHUTAHUS
cayxun  npubop TEC-14. Opnoponnoe [IMII
naayknued po 0,8 Tn co3gaBamu 1abopaTOpHBIM
NEKTPOMATHUTOM C PEryJupyeMbIM IUTaHUEM
NOCTOSIHHBIM TOKOM. CeuyeHne MOJI0COB AJIEKTPO-
MarHuTa ¥ 3a30p Mexnay Humu coctaBisin 70%100
u 20 MM cooTBeTcTBeHHO. KanmOpoBKy 3ieKTpo-
MarHuTa MPOU3BOAWINM C IOMOIIBIO Tecia amIep-
merpa @ 4354/1. Pa3uuiia B BEIWYHHE HHIYKIIHH
I[IMII B ueHTpe 3a30pa U Ha €ro Kpasx COCTapisijia
He Oonee 2%.

Onoim 1.

3anonHwnn  sueiky anektpoiutoM (1), Tok
peryaupoBaid TakuUM o00pa3oM, YTOOBI CKOPOCTb
BBIJCJICHUS Iy3bIPHKOB  BOJOPOJAa Ha  KaToje
cocraBmsna He Gomee 10+15 c¢*, mpu 3TOM IUIOT-
HOCTb AHOJHOTO W KAaTOXHOI'O TOKOB PpaBHSIACH
40 mA/cm?. TIpu orcytersun [IMIT my3sIpbKE BOIO-
pola W KHCIOpOJIa TOA IEHCTBUEM apXUMEIOBOI
CHJIBI BCIUTBIBAIOT CTPOTO BepTHKaibHO (puc. 1a).
IMox neiicrBuem I[IMIT unaykuueit 0,8 Ta TpaekTo-
pHH JBIKEHHS ITy3BIPEKOB BOJIOPOAA U KUCIIOPO/a B
HayalbHBIH TMEPHOJA OTKIOHSIOTCA B IMPOTHBOIO-
JIOXKHBIE CTOPOHBI B IUIOCKOCTSX, MEPHEHIUKYJIISP-
HBIX BEKTOPY MarHUTHON wHAyKImu B~ (puc. 16).
[Tpn u3MeHeHNM HampaBlieHUs] BeKTopa B~ Ha mpo-
THUBOIIOJIOKHOE U3MEHSETCSA Ha IPOTHUBOIIOIOKHOE U
OTKJIOHEHHE TpaekTopuii (puc. 1B).
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Puc. 1. Tpaekropus ABMXEHHUS IMy3bIPKOB Bojopoxaa (O) u
kuciopoaa (e): (a) — B orcyrcrBue Maruutaoro nous; (6), (8),
(r) — mpu BO3ACUCTBHM MArHUTHOTO TOJSI C PA3IMYHON OpHUCH-
TalKeil BEKTOPOB MArHUTHOTO B~ W aekTpuueckoro E~ mosei;
(m) — cxema IBWKEHHUSI SMUTHPOBAHHBIX DJIEKTPOHOB C KaTOJa,
BEKTOp B~ HAIIPABIICH MO JIyqy 3PEHHSL.

JlanHbIe ombiTa 1 TOBOPSAT O TOM, YTO IO OBEPX-
HOCTH IIy3bIPHKOB BOJIOPOA M KUCIOPOAA IBHIKYTCS
3apsAbl MPOTHBOIOJIOXKHOIO 3HAaKa, Ha KOTOpBIE
JecTByeT cwia JlopeHna, OTKIOHSIONIAas UX TpaeK-
TOpPUHM OPTOTOHAIBEHO BEKTOpPaM CKOPOCTH JBHKE-
HUS 3apsiiOB © W MArHUTHOM WHAOyKIMu B .
OnekTpudeckoil coctaBmsitoniel cunel  Jlopenma
(9€™), cornacro ypasuenuto F, = qE~ + q(v-B7),
npeHeOperaeM, Tak kak B orcyTctBue [IMII Tpaek-
TOPHUM ABUKEHUS My3bIPHKOB HE OTKJIOHsAIOTCS. [Ipu
3TOM HaIPABJICHHUE OTKJIOHEHUS ITy3bIPHKOB COOT-

89

BETCTBYET OTPHUIATEILHOMY 3apsAy Ha ITy3bIpbKax
BOZOPOZA, CO3JaBAEMOMY JABIDKYIIUMHUCS MO0 HX
MOBEPXHOCTH OT KaToja OTPHLATCIHHBIMH YacTH-
[aMH, U TIOJIOKUTEIBFHOMY 3apsily Ha My3bIpbKax
kucnopona. CylIeCTBEHHO, 4YTO Ha HavaJbHOM
y4acTKe TPACKTOPHS JIBUKECHHS ITy3BIPHKOB OJIHM3Ka
K mapabonnyeckoi, KOTopas jJajee CMEHSETCS Tps-
MOJIMHCHHBIM ~ BEPTUKAIbHBIM  JBI)KEHHEM. OTO
TOBOPHUT O TOM, YTO 3apsi/ibl Ha Iy3bIpbKax HEHTpa-
JIU3YIOTCSI.

Onvim 2.

AHanornyHo omeITy 1, HO MpPHU YCIOBUU MEPIEH-
JTUKYJSIPHOCTH BekTopoB B~ u E™. B nanHOM ciyuae
TakKe  HaOMOJaeTcs  OTKIOHEHWE  JBMKCHUS
My3BIPEKOB BOJOPO/a M KHCIOPOJa OT BEPTHKAIH B
HanpaBJIEHHUSX, COOTBETCTBYIOIIMX 3aKoHy JlopeHa
(mpaBuIO NEBOM PYKH), TPUYEM TPACKTOPUH JIBH-
’KEHHS TTy3bIPHKOB HE CMEIAIOTCS BIOJIb BEKTOpa B~
(puc. 1r). ITy3bIpbKH BOAOPOJA B 3TOM CJIydae Tak-
JKe 3apsKEeHBl OTPUIATENFHO, a KHCIOPO/a — T0JIO-
KHUTEIHHO.

Onvim 3.

Amnanornuno omeity 1, Ho B 0,05M pacrtBope
H,SO,. [1y3sippky BOIOpOAa U KUCIOPOAA TBUXKYT-
Csl TI0 TaKUM JKE€ TPACKTOPHSM, KaK M B HIEJTOYHOM
pacTBope. JTO CBHIETEIBCTBYET O TOM, 4TO
My3BIPBKK  BOJOPOAA 3apsDKEHBI OTPHUIATEIHHO, a
KHCJIOPOJIa — TIOJIOXKHUTEIHHO.

Onvim 4.

AmnanornyHo ombITy 3, HO B pactBope H,SO4 c
pH 2,5. Tpaekropusi ABMKEHUS Iy3BIPHKOB TaKas
JKe, Kak B ombITe 3. 3HAUUT, 3apsDKEHBI ITy3BIPHKU
aHAJIOTUYHO.

Onvim 5.

3anomHWIN  SYeKy odnekTponutoM (4), mpH
AJNIEKTPOIIU3E KOTOPOTO NPU IUIOTHOCTH TOKA HIDKE
20 MA/cM® OTCYTCTBYeT rasoBbieieHHe. Uepes
KaWUIIPHBIA KaToZ 0apOOTHPOBaIM C ITOMOIIBIO
MHUKPOKOMITpECCOpa Iy3bIpbKH BO3AyXa. B Havamb-
HBIH TIEPUOJ| TUAMETP IMy3BIPHKOB BO3/yXa, BBIXO-
IEIIAX W3 KaMWUIAPHOTO  KaTo/Aa, COCTaBIISLI
~ 0,5 mm. Ilpu Brmouenun [IMI] BrmoTs 10 MHIYK-
min 0,8 Tn oTKIIOHEHHWE TPacKTOPUU ABMKCHHS
My3BIPHKOB HE HAOJI0aIOCh.

PE3VJIbTATBI U UX OBCYXXJAEHUE

CoryacHO pe3yJibTaTaM ONBITOB 1-4, BBIIEISAIO-
mMecss Ha KaToAe IMy3bIPbKH  BOJOPOAA  MPH
JIIEKTPONIU3E  BOABI  3apsHKEHBl  OTPHULATEIBHO,
KUCIIOPOJIa — MOJIOKUTENIBFHO KaK B IIEJIOYHBIX, TaK
Y B KHCIIBIX pacTBopax. B ombitax 1, 3, 4 KOHIYKIIH-
OHHOE BO3JEHCTBHE Ha JIEKTPOIIUT, KaK IPOBOIHUK
C TOKOM, OTCYTCTBYET, TaK Kak BeKTopel B~ u E~
napaienbHbl. [103ToMy 00BSICHUTB X0 TPaeKTOPHH
JBIDKCHUS ITy3BIPBKOB BCIEICTBUE BO3HHKAIOIINX
BUXpEl DJEKTPONUTAa HENmb3sl W3-32 OTCYTCTBUS
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HOCIEIHUX. B ombiTe 2 npH NeprneHuKySIpHbIX B

1 E” BO3HHUKHOBEHHE TAKOTO BUXPSI BO3MOYKHO, HO B
CIITy MaJioi 00BEMHON IUIOTHOCTH TOKa B 3JIEKTPO-
JIUTe OH HE BO3HUKACT, MHAYE TPACKTOPHS JBUXKE-
HUS MY3BIPHKOB CMECTHJIACh OBl OTHOCHTEIHHO
IUTOCKOCTH, MEPIEHANKYIISPHON BEKTOpY B, Mpoxo-
IIIel depe3 KauUIsipHbIE SIEKTPOIbI.

N3BectHO, uTo IIMII neiicTByEeT TOJIBKO HA ABU-
KYIIHECS HNEKTPUIECKHES 3apsIIbl.

B [10] mokasamo, uro B orcyrcrBue IIAB
AIEKTPOIUTHIECKUE MYy3BIPEKH BOJOPOAA W KHUCIIO-
polia 3apshKeHbl oTpULaTeNbHO pu pH > 3 u moo-
XUTeNnbHO Tpu pH < 2, mpu 3TOM TOUYKa HYJIEBOTO
3apsafa JIeKUT B uHTEepBasie pH 2+3, TO ecTh
My3bIPHKU HE 3apsbKeHbl. M3 3TOTrO Cciemyer, 4To npu
nBrkeHun nox aevicteuem [IMII my3eipeku Bomo-
polia M KUCIOpOAa OTKJIOHSIINCH OBl B OJHY CTOPO-
Hy. OTO NMPOTHUBOPEYHUT pe3ybTaTaM ONbITOB 1-3,
KOTOpBIE IEMOHCTPUPYIOT, YTO ITy3bIPHKH BOJIOPOIA
U KHCIOpOAa OTKJIOHSIOTCS B TPOTHBOIOJIOKHBIC
CTOPOHBI, YTO BO3MOXHO TOJIHKO B TOM CITydae, €CIIH
OHH HECYT MPOTHUBOIOJIOKHBIC 3apsAabl. A 3TO Mpo-
tuBopeunT AaHHbM [10]. 3HauuT, TPACKTOPUU NBU-
JKEHHsI My3bIPHKOB MPH MX OTPBIBE OT 3JIEKTPOIOB
OTKIIOHSIFOTCSL OT JIBUXKCHHS 110 BEPTHKAIA HE 3a
CYeT HEeTIOJIBIKHBIX 3aps0B, 00pa30BaHHBIX aICcOP-
OMpOBaHHBIMH HOHAMH, a 32 CUET JMHAMHUYECKHX
3apsaa0B. [IoATBEPKACHUEM STOMY CIYKUT OTBIT 4,
BBHINTOJTHEHHBIN B pactBope H,SO, pu pH 2,5, xoraa
[TOBEPXHOCTh TY3BIPHKOB HE 3apspkeHa, TO €ecTh
HAXOJUTCSI B TOUKE HYJIEBOTO 3apsifa, a OHU OTKJIO-
HSIIOTCS TaK ke, KaK B ombITax 1-3.

CymiecTBeHHBIM SIBIsIeTCS (DaKT JEHCTBUS CHIIBI
Jlopenma Ha My3bIPPKH B MOMEHT OTpBIBA WX OT
3JIEKTPOJIOB, KOI/Ia CKOPOCTh WX BCIUIBITUS paBHA
HYJTI0. 3HAYUT, pPaBHA HYJIO U CKOPOCTh CTaIlOHAp-
HBIX 3aps0B, OOpa3oBaHHBIX 3a CYET ajIcopOUpo-
BaHHBIX HOHOB. [103TOMY IPUYMHOIN BOSHUKHOBEHUS
cwibl JIopeHIla MOTYT OBITh TOJNBKO JTUHAMHUYECKUE
3apsOKCHHBIE YacTHIBl. TakMMW YacTUI[AMH Ha
KaToJie, BEPOSITHEE BCErO, SIBJIAIOTCS DMHUTHPOBAH-
HBIE 3JIEKTPOHBL. [I0CKOIIEKY 3MHUCCHUS AJIEKTPOHOB C
Karo/la B 00BEM DJIEKTPOJUTA B JAHHBIX YCIOBHSIX
JJIEKTPOSIN3a MaJI0 BEpOSITHA, MBI TOJaraeM, d4TO
SMUTHPOBAHHBIC DJICKTPOHBI JABMIKYTCS B ITy3bIPHKE
[0 TpaHWIe pasziena ras-syektpoiut (puc. 1x).
PacyeTrHble maHHBIE TIOKa3alld, YTO B TaKWX yCIO-
BUSX BO3MOXKEH BBIMIPBIINI TOJHOW 3HEPTUHU
333,4 «xJDkx/Monb W CBOOOMHOW  SHEPrHU
334,0 x/lx/monb. Takas Mozaenb TpeOyeT coBep-
[IEHCTBOBAHMS, W YHCJICHHbIE 3HAYEHUS BEITUYHH
MOTYT W3MEHUTBLCS. OIIEKTPOHBI, JBUTAsACh IO
MTOBEPXHOCTH MY3BIPHKOB B HAINpPaBJICHUH, OPTOTO-
HansHOM [IMII, cooOmaroT my3bIpbkaM HaYaJIbHBIH
UMIIYJIbC, KOTOPBI COBMECTHO C apXHMEIOBOMH
CWION 3acTaBisieT WX [JBUTATbCI B HaYaIbHBIN
MIEpHOJ TI0 MapaboINIeCcKOl TPAEKTOPHH, a Jaiee, B

CBSI3U C BBICOKOW PEaKITMOHHON CIIOCOOHOCTBIO TH/I-
paTUPOBaHHBIX OJJIEKTPOHOB, TMY3BIPEKUA TEPSIOT
3apsia M JBIDKYTCA 1o Beptukanu (puc. 1x). Ha ano-
Jie TCHEPUPYEMBIMH TIOJIOKUTEIBHO 3apsHKEHHBIMU
YaCTULIAMHM TTPENONOKHUTENBHO MOTYT ObITH HyO™.

CkazaHHOE HE MPOTHBOPEYUT TEOPHH BO3ZHHKHO-
BEHHUS CTAI[OHAPHBIX 3apsJ0B HA 3JIEKTPOJIUTHYEC-
CKHX My3BIpbKax Ojaromaps aicopOmuu noHoB. Ho
IIMII, kak yxe Cka3aHO, Ha IPWINIIIUE ITy3bIPbKU
C TaKUMH 3apsalaMH He [eHCTBYyeT M HE MOXET
COOOMUTh, WM HAaYaIbHBIA HWMITYJIBC, KOTOPBI
HaOmomaercs B onbitax 1-4. Kpome toro, mepexon
TPaeKTOPHid B MPSIMONUHEHHBIH Yy4aCTOK CBUAETEIb-
CTBOBAJI OBI O IECOPOIIMH TAKUX 3apSAI0B, YTO TPY-
HO 00BsAcHUTH. [loaTOMY amcopOupoBaHHbIE 3apsAbI
B YCJIOBHUSIX BBINOJHEHHBIX OMBITOB HE MOTYT UIPaTh
CYIIECTBEHHYIO pPoiib. OO 3TOM CBHIETENHCTBYIOT U
pe3yibpTaTel ONmbITOB 1-4, kxorma mpu mepexone w3
HIeTIOYHON 00NacTH B KHUCIYIO, COIJIAaCHO a/IcopOIu-
OHHOM TEOpHH, H3MEHSETCS 3HAK 3apsHKEHHBIX
My3BIPPKOB M TPAEKTOPUU WX JIBIKEHHS JTOJDKHBI
ObTH OB M3MEHUTHCS Ha IMPOTHBOIOJIOXHBIE, HO
storo He mnpoucxomut. bomee Toro, mpu pH 2,5
(ompIT 4), KOTAA My3BIPHKU HE 3apPsHKEHBI, TPACKTO-
UM UX ABMKEHUS OCTAIOTCS TAKUMHU )K€, KaK B OITbI-
tax 1-3.

B [11] noxkazano, uro BHemHee I[IMIT mpu
ANIEKTPONN3E BOABI CHW)XKAET IepeHaINpsHKeHNe
BBIJICJICHHS BOAOPOJIa U KUCIIOPOJA, YTO OYCHD BaX-
HO JJIsl IPAaKTHKH MOJTYYEHHUS! KOJIOTUUYECKH YUCTO-
ro sHeproHocutens. Takoe CHIDKEHHE IepeHarps-
JKEHUsI aBTOPBI OOBSCHSIOT BO3HHUKHOBEHHEM Ha
BEPTUKAIBHBIX 3JIEKTPOAAX TMPHHYIUTEIHHOH KOH-
BEKIIMW 3a CYET TPaJMeHTa TUIOTHOCTH PacTBOpa U
MarHATOTUAPOINHAMHYECKHUX TTOTOKOB.

Astopsl [12] ormedaroT oOpa3oBaHHE BOKPYT
BBICTISIFOIINXCS  DIIEKTPOJIUTHYECKUX  IMY3bIPHKOB
MUKpOBUXpeil mnpu BozxaeiictBuu I[IMII 3a cuer
WCKPUBJICHUS] CHJIOBBIX JIMHUN TOKa Y MOBEPXHOCTH
MYy3BIPEKOB M BO3HUKHOBEHHS COCTaBIISIOIICH BEK-
TOpa TOKa, MEPICHANKYIAPHO BekTopy B OmHako
OHM HE OTMEYAIOT, YTO HHUKE HKBATOPa MY3bIPHKOB
JOJDKHBI 00Pa30BBIBATHCS MUKPOBUXPH MPOTHBOIIO-
JIOXHOTO HampasyeHus (puc. 2).

Takne MHKPOBHXpPH MOTYT CIIOCOOCTBOBATh
OTPBIBY IY3BIPHKOB OT MOBEPXHOCTH JJIEKTPOJOB H
CHIDKATh IMEPEHANpPsDKEHUs BBIACTCHUS DIIEKTPOIIH-
TUYECKHX Ta30B, HO TPACKTOPHH JABIKEHUS Ty3BIPh-
KOB HE MOTYT HOCHTBH YIOPSIOYEHHBIA XapakTep,
KaK 3TO UMEET MECTO B HalleM ciydae (ombiThl 1-4).
[TosTOMy OHM UTPArOT MEHEe CYIIECTBEHHYO POITb.

B HEexoTopoM coriacuu ¢ Moryd9eHHBIMU Pe3yiib-
TaTaMWd HaxoIsATcad HaHHble pabor . @Dykca c
COTPYAHUKAMH, OIyONIuKoBaHHbIE B 0030pe [13].

B 1893 r. cap B. ApMCTpOHT BBIMOJHUI TaKOH
OTIBIT: JIBa CTEKJISTHHBIX CTaKaHA HATIOJHWII XUMHYE-
CKM YUCTOH BOJAOH, COEAMHUI MX XJONKOBBIM LIHY-
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pOM, ONYCTHJI B CTakaHbl [IB€ METAJUTUYECKHE
IUTACTUHKM M TIOCNIe MOJaYd Ha HUX BBICOKOTO IIO-
CTOSTHHOTO HampspKeHHs HaOmronan o0pa3oBaHue 1O
IHYpY MEXIy CTaKkaHaMHd BOJISHOTO MOCTHKA.
CrycTst HeKOTOpoe BpeMs IIHYp MepecKakuBal M3
OJIHOTO CTakaHa B JPYroi, a MeXIy CTakaHaMu
00pa30oBBIBaICS BOASHOW MOCTHK. M3ydeHue 3TOTO
SABIIEHUS TPOIOIDKHI . DyKC ¢ COTPYTHUKAMH.

Puc. 2. O6pazoBanne MI'JI-MHKpPOBHXpEHl BOKPYT AJICKTPOJIH-
THYECKOTO Iy3bIPbKa; |, — FOpH3OHTANIbHAS COCTABIISIONIAs BEK-
TOpa TOKA.

3. dykce mokazan [13], 9ro mepeMbIuKa U3 BOIBI
obpasyercss U 0e3 XJIONKOBOTO ILIHYpa, MPHYEM e
JUIMHA TIPU  Pa3JBWKCHUH CTAKAHYUKOB MOJKET
nmocturate 6onee 30 MM, a Bpems 10 pa3pyIICHUS —
necaTkoB MuHYT. OH HazBaln 3Ty MEPEeMBIUKY
“floating water bridge” (Bucsumii BOASHONH MOCTHK).

OpHaKO HEKOTOpbIe JKCIEPUMEHTAIbHBIC JaH-
Hble B myOnukamusx O. Dykca U Opyrux y4eHBIX
MOKa He HAIIUTA YJJOBJICTBOPUTEIBHOTO 00BSICHEHHS.

B 9Toii CBSI3M TONE3HO PACCMOTPETh BUCIYHMA
BOJSIHOH MOCTHK Kak 3JIEMEHT DJIEKTPOXHUMUYECKOH
cucTeMbl. JIefiCTBUTEIBHO, IBA CTAaKAHYMKA, HATOJ-
HEHHBIE JJOBEPXY OYEHb YMCTOU JUCTUIIUPOBAHHOMN
BOJIO € HayaJbHOM  AJIEKTPONPOBOAUMOCTHIO
nopsiaka 0,06 MxCwm/cM, ¢ OMyIIEHHBIMA B HUX TLIa-
THHOBBIMHU JJICKTPOAAMH M COCJUHCHHBIMH BOMS-
HBIM MOCTHUKOM, BO3HHMKAIOUIUM TPH MOJSAPU3AIUH
WX TTOCTOSSHHBIM HampshKeHueM 1o 25 kB, o6pa3yior
JNEKTPOXUMHUECKYIO CHCTEMY, XOTS M B OJKCTpe-
MaiabHOM Bapuante (puc. 3). IToaToMy HEKOTOpbIE
SIBIICHUSI, BO3HUKAIOUINE B TAKOW CHUCTEME, MOXKHO
OOBSICHUTD C MO3UIIHN STCKTPOXUMHUHU.

B [14] oOnapyxeHO, YTO TMOCJ€ BKJIIOYCHUS
HaNpsOKCHUsI B KaTOJHOM mnpocTpancTBe pH MmoOBBI-
maetcss 10 9 eNWHWI, B aHOJHOM YMEHBIIACTCS
o 4, mpudeM aBTOPHI, HAa HaIll B3TJISLA, OMIMOOYHO
YTBEP)KAAIOT, YTO DJIEKTPOJM3 MPU 3TOM HE MpoTe-
kaet. [Ipu mpoxoxaeHuHn Toka 10 5 MA, oOHapy-
>)KeHHOro M@yKcoM, B JJIEKTPOXUMHUYECKON CHUCTEME
00513aTENIbHO NIPOTEKAET DJIEKTPOJIH3, B JAHHOM CITY-
4ae JIICKTPOJIN3 BOJBI, @ MPOIYKTBHI AJIEKTPOIM3A

(BomopoI ¥ KMCIIOPO) TIPH TAKOM MAIIO IIIOTHOCTH
TOKa PACTBOPSIOTCS B BOJC M BH3YyaJbHO HE OOHa-
PY/KHUBAKOTCSI.

e 15..20 kB (4%)

Pt = Pt

Puc. 3. Bucsmmii BOASHONW MOCTHK, 00pa3yONIMIACS MPU MO~
pU3aluK TUIATUHOBBIX DJIEKTPOAOB IMOCTOSHHBIM HAIPSDKEHUEM
1o 25 kB.

VBenuuenre pH B MPUKATOAHOM MPOCTPAHCTBE
JIETKO OOBSACHHUTh KaK MPOTEKAHHEM JIICKTPOIU3a,
TaK U BEChbMa BEPOSATHOMU MPHU TaKOW HAMPSIKEHHOCTH
ANEKTPUYECKOr0  TOJsl  XOJOMHOW  dMHCCHUEH
DJIEKTPOHOB C OTPHIATEILHO MOJAPU30BAHHOTO
snektpona (karoma). 3mech IIOJIE3HO BCIIOMHHUTH
ombiThl M. Po3zenOepr, BoinonHenHbie B 1922 1. [4],
M, 0 ee MHEHHIO, TPSAMO JOKA3bIBAIOIINE, YTO C
TUTATHHOBOTO WJIM METHOTO KaToja, MOJSPH30BaH-
HOT'O OT KaTyliku Pymkopda, 3eKTpOHBI SMUTHDY-
0T Yepe3 BO3IYIIHBIA 3a30p TONIMHOW 2 MM B
0,25M pactBop monuna kanus. Ilpu moGaBnennu B
pacTBOop Kpaxmaina wim ¢eHoadTamenHa HaOroaa-
€TCsl OKpAIICHHAs CTPYS, IPOHHUKAIOIIAsE ¢ OOJIBIION
CKOPOCTBIO B TJyOb KIOBETHI Ha PAaCCTOSHHE [0
9+10 cm (puc. 4).

Puc. 4. TpaeKkTopust IBMXKEHHUS SJIEKTPOHOB, SMUTHPOBAHHBIX C
karoja (K) B BogHOM pactBope [4].

[Ipy mnomemeHun KIOBETBI MEXAY MOJI0CaMU
MOCTOSIHHOT'O MarHuTa TPAaeKTOPHs CTPYH OTKJIOHS-
eTcs B CTOPOHY B COOTBETCTBHM C BO3ICHCTBUEM
MarHuTHOTO TOJIA Ha JABIXKYIIHECS OTPHUIATEIHHO
3apsbkeHHble uacTuubl (puc. 5). M. Posenbepr
YTBEPXKIAET, YTO C IOMOULIBIO OKPALIEHHBIX CTPYi
«MBI BUJUM TIyTH ¥ JBIDKEHHE DJCKTPOHOB B
pacTBOpe».
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Puc. 5. OTki0HEHNE TPACKTOPUH 3IEKTPOHOB, SMUTHPOBAHHBIX
¢ karoaa (K) B BOAHOM pacTBOpE, MOA ACHCTBHEM MArHUTHOTO
mosist [4].

B cootBercTBUM C COBpPEMEHHBIMH B3TJISIIAMHU
SMUTHPOBAHHEIE 3JIEKTPOHBI, MOMaasi B BOAY, 0Opa-
3YIOT TaK Ha3bIBa€MbIC THIPATUPOBAHHBIE AJIEKTPO-
HBI €. OHM 0051a/1a10T OYEHb BBICOKOHM PEaKIMOH-
HOM CITOCOOHOCTBIO, M TaK KaKk B OYE€Hb YHCTOH BOJIE,
KpOME MOJIEKYJI BOJIbI, HOHOB H' u OH, Huvero Her,
TO OHHU pearupyror ¢ nporonamu, oopasys H u H,0,
0o, B3aMMOJEHCTBYS MEXIy co0oif, obpa3ytoT H;
u 20H. Ilpum 5TOoM B KaTOIHOM IIPOCTPAHCTBE
MTOBBIIIAETCS OTHOCUTENbHAS KOHIIGHTPANUS WOHOB
OH’, uyro nmpuBOaUT K yBenuueHuto pH.

Jlayiee B MpUKATOIHOM MPOCTPaHCTBE 3aUKCHU-
pOBaHO MOHIKEHHE TeMItepaTypbl. OOBSICHUTE 3TOT
(hakT MOXKHO MPOTEKAHWEM SHAOTEPMUYECKUX peaK-
LMW, BONBIIMHCTBO peakuuil ¢ y4acTHEM TUApaTu-
POBaHHBIX DJJIEKTPOHOB €3y B BOJAE IPOTEKAIOT C
BBICOKOH CKOPOCTBIO M SIBIISIIOTCSI DK30TEPMUIECKH-
Mu [15]. M TONBKO JBE pEaKIMM TMPOTEKAIOT C
MOTJIOIIEHUEM TeIia. DTO UCKIIOUYUTEIHHO MEIJICH-
Has peaknus TUAPATUPOBAHHOTO DJIEKTPOHA C
BOJIOM.

1 UOHU3ALMA THIPATUPOBAHHOIO aTOMa BOJIOPOJIa:
Hag = Haq™ + €49, Ho = 46 xJIx/mMonb (2

(Ho — cranmapTHast SHTAIBIINSA PEAKIINHN).

BO3MOXHO, HMEHHO 3TH JHJIOTEPMUYECKUE
peakuMy W IOHMXKAIOT TEMIEPATYpy B KaTOJHOM
CTaKaHYUKE, YTO MABJIICTCA KOCBCHHBIM IOATBEP-
KICHUEM SMUCCHH DJICKTPOHOB.

B HayalbHBINA MEPHOJ] TPOUCXOAUT MEPETEKAHUE
BOIbI 10 MOCTHKY W3 aHOJHOTO CTaKaHYhKa B
KaTOJHBIM, 3aTeM YPOBHH BOJIbI CTAOMIM3HPYIOTCS
Onarosapss BCTPEYHOMY IOTOKY 3a CYET TMIPOCTa-
THYECKOTO JIABJICHUS, KaK B COOOMLIAIONIUXCSA COCY-
Jax. JTO CBSI3aHO C TE€M, YTO MPHCYTCTBYIOIIHE B
BOJI€ 3apsUKCHHBIE YaCTHIIBI, B TOM YHCJIE DJIEKTPO-
HBbI, IPY MUTPALUHU B 3JIEKTPUYECKOM II0JIE IEPEHO-
cAT ¢ cobol ruapaTHyto 00004Ky. Tak Kak OHH
CBSI3aHBI C PA3JIMYHBIM KOJIMYECTBOM MOJIEKYJI BOJIBI,
001a1al0T Pa3IMYHOM TOJBMKHOCTBIO, TO M KOJIH-

YEeCTBO MIEPEHOCUMON BOJBI B PA3HBIX HANIPABICHUSIX
Pa3ITHIHO.

Q. ®dykc ¢ coaBTOpamMH HAONIOMATM TaKXKe
MOBBIIIICHAE TEMIIEPATyPbl B MOCTUKE, YTO CBSI3aHO,
BEPOSTHO, C BBIJCIICHUEM JKOYJICBA TeIla Ojaroaa-
ps TOMY, 4YTO IUIOTHOCTh TOKa B MOCTHUKE H3-3a
MAaJIoro CeueHHs OOMIbIIE, YEM B CTAKAHUHKAX.

C momomiplo Tpaccepa, B KavyecTBE KOTOPOTO
WCIOJB30BAIM TOPOIIOK IOJIMaMUAA CO CPEIHUM
pa3MepoM YacTHIl 5 MKM, aBTOPbl OOHAPYKWIU
BpallleHue Hapy>XHOTO CJIOS BOABI B MOCTHKE II0
4acoBOW cTpeiike (ecau CMOTPETh CO CTOPOHBI
aHOJIHOTO CTaKaH4YMKa) C TAHTCHIMAIBLHON CKOpO-
cteri0 0,3 m/c mpu muamerpe MocTHKa 2+3 MM.
AkcuanbHas CKOPOCTh TIPH 3TOM COCTaBIsia
0,2 m/c. OGBACHUTD TaKOE BPAIICHUE MOKHO TOJBKO
C TIOMOIIBI0 MarHWTHOW THIApOAWHAMUKH. Ecimu B
OTHOPOJHOM DJJIGKTPUYECKOM TI0JIe  3apshKEHHBIC
YaCTHUIBI IBUXKYTCS TPSIMOJMHENHHO, TO IS Bpalia-
TETLHOTO JBIKCHHS WU JBIDKCHHS 10 CIUPATH
HEeOOXOIUMO HaJu4Yhe MarHuTHOro mosst. McTouHu-
KaMH TaKoro ToJis B ombITax J. dykca ¢ coTpyaHu-
KaMM MOTJIHM OBITh T'€OMAarHUTHOE II0JIe, COOCTBEH-
HOE MAarHUTHOE II0JIC DJICKTPOXUMHUIECKON CHCTEMBI
WJTM TEXHOTEHHBIE TIOJIS OT IPYTHUX HCTOYHHUKOB.

N3BectHO, uTOo B llentpanbHoii EBpomne ycpen-
HEHHasl MHIYKIUS BEPTUKAJIBHOW COCTaBJISIOIICH
FeOMAarHUTHOTO OIS paBHa mpumepHo 0,5-107 T
JlnameTp OKpyKHOCTH, IO KOTOPOU BpaIaeTcs ruj-
paTHPOBAHHBIN 3MEKTPOH, ABMKYIIANCS C aKCHalb-
HOU ckopocteio 0,2 M/c, obmamarommii 3apsamaoMm
1,6-10™"° Kit u maccoii BMecTe ¢ rHApaTHON 060I04-
KOH M3 4 MOIIEKYN BOJIBI 1,2-10%° kr, cocrasisieT
6 MM. DTO BeIMYHMHA TAaKOTO X TIOPSAAKA, KaK H
nuametrp Moctuka. Ciemyer OTMETHUTh, YTO THJpa-
tupoBanubie npotonsl (Hz0-3H,0)*, umes nporu-
BOTOJIOXKHBIN 3HAK 3apsijia ¥ MUTPHPYS B MPOTHBO-
MOJIO’)KHOM HANpaBJICHHUU, BPAIIAOTCS AHAIOTUYHO
3JIEKTPOHAM IO OKPYXHOCTH auamerpom 6,05 mm, a
rugpokcua-nousl (OH-3H,O) — mo OKpy:KHOCTH
nuametrpom 5,04 mm.

Eciu Ha xaToje MPOUCXOIUT SMUCCHS 3JIEKTPO-
HOB, TO Ha aHOJE, B CHJIYy MPHHITUIA IJIEKTPOHEH-
TPATBHOCTH 00beMa BOJIBI, TOJDKHO 00pPa30BLIBATHCS
SKBUBAJIEHTHOE KOJIMYECTBO MMOJOKUTENHHBIX
gacTull. TaknMU 4acTHIIAaMU MOTYT OBITh 3apsiKeH-
Hble Monekyisl Boasl H,O" (To ects OH + HY) [15].
OHu pearupyror ¢ APyTMMHU YaCTHIIAMH, YTO aHAJIO-
THUYHO 3aXBaTy MOJOKUTENbHOH NbIpku. [Ipu aToM B
BOJIC COXpaHsIeTCs OajlaHC IO 3apsHKECHHBIM YacTH-
1aM WU TPUHIUI 3JIEKTPOHEUTPAIHLHOCTH HE Hapy-
miaercs. He HapymmaeTcss Takke W NEPBBIA 3aKOH
®Dapanes.

PaccmoTpeHne BHCSYEro BOASIHOIO MOCTHKA C
TaKUX TIO3UIUH TIO3BOJUT CTUMYJIUPOBATh Kak
JANBHEHIIINEe WCCIEAOBaHUS POJIM TUAPATHPOBAH-
HBIX DJICKTPOHOB B DJICKTPOXUMHICCKUX IIPOIIECCaXx,
TaK U CTPYKTYPHI BOJIBI.



3AK/IIOYEHUE

ITokazaHo, 9T0 B MOMEHT pOCTa H OTpPHIBA
ITy3bIPHFKOB BOZOPOJa M KHCIOPOa OT TTOBEPXHOCTH
JJIEKTPONIOB TIPH DBJIEKTPOJIM3E BOIBI TIOJ BO3ZICH-
CTBHEM BHEIIIHETO MMOCTOSHHOTO MarHUTHOTO TIOJIS €
naaykmued 0,1+0,8 Tn Ha HuX nedcTByeT cuiia
Jlopennia, KoTopass COBMECTHO C apXUMEIOBOH
CWIOW B HAYAJIBHBIM NEPUOJ MPUAAET TPACKTOPHIM
NMBIDKEHUS TY3BIPHKOB TapaOOIMYecKuii BUA. IDTO
YKa3bIBaeT Ha TO, YTO 10 IOBEPXHOCTH ITy3bIPHKOB B
STOT TEPHOJ| IBWXKYTCS 3apsSHKCHHBIE YaCTHUIBL
Jlanee my3bIpbKU JBHKYTCS BEPTHKAIBHO, YTO CBH-
JETEIBCTBYET O HEHTpAIN3alUU TAKUX 3apsi/IOB.

XapakTep TpPaeKTOPUHU JABWKECHUS HE MEHSCTCS
MIpH TIepexo/ie W3 IIENOYHOH 00JIaCTH B KHCIYIO.
Bonee Toro, xapakTep TpaeKTOpHH HE MEHSETCS TPH
pH = 2,5 B Touke HyneBOro 3apsga MOBEPXHOCTH
my36IpbKoB. CleoBaTenbHO, aJCcOpOUpOBaHHBIC U3
AJIEKTPOJIUTA UOHBI HE UTPAIOT CYIIECTBEHHOU POJIH
B TMHAMUKE IpoIiecca.

Cremano TpeAnonoXeHrne, YTo Ha KaTone IBU-
KYITUMICS TI0 TIOBEPXHOCTH ITy3BIPHKOB 3apsiKeH-
HBIMH YacTUI[AMH MOTYT OBITh 3MHTHPOBaHHBIC
ANIEKTPOHBI, KOTOPBIE THIPATUPYIOTCSA U B3aUMO/ICH-
CTBYIOT C APYTUMH YACTHIIAMH, TPUCYTCTBYIOIIUMHU
B pactBope. Ilpu »TOM Tepsercs 3apsi Ha IMy3bIPh-
KaX, O YeM CBHJETENIbCTBYET JallbHEeHIee MX JBH-
JKEHHE TI0 BEPTHUKAIIH.

[Ipupona ABWXyIIMXCS 3apsAAOB Ha Iy3bIPbKax
KHCIIOPOJia TIOKA HE BBISICHEHA. TaKuMHU HOCUTEISIMU
3apsaa MOTyT ObITh, Hanpumep, H,O".

ITokazano Takxe, uro IIMII nmeiicTByeT TONBKO
Ha TeHepupyeMble Ha JJEKTPOJax Iy3bIPhKH.
TpaekTopun ABMXKEHHS OapOOTHPYyEeMOro BO3AyXa
yepe3 MOJIIPU30BAHHBIE KANMIUIIPHBIC AIIEKTPOIBI
HE OTKJIOHSIOTCS OT BEPTHUKAIIH.
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Summary

It is known that an effect of an external constant mag-
netic field (CMF) on the process of electrolysis of water
at a certain orientation of the vectors of the electric and
magnetic fields reduces the overvoltage of the release of
hydrogen and oxygen. The mechanism of this action due
to the formation of magneto-hydrodynamic micro vortices
of the electrolyte around the bubbles, which facilitates
their separation from the electrodes, i.e. removal of
electrolysis products, could take place, but it is not con-
sistent with our results. We have found that due to the
influence of a CMF in the moment of the separation of
bubbles from the electrode and within the initial section,
the trajectory of the bubble is close to a parabolic one,
which is then changed by a straight vertical motion.
According to the Lorentz law, it has been found that
hydrogen bubbles are negatively charged and those of
oxygen are positive in the entire range of pH, including
pH of 2.5, when the charge of bubbles due to adsorption
of ions from the electrolyte is zero. It is known that a
homogeneous CMF influences only the moving charges.
It is suggested that such charges moving over the surface
of ghg bubbles may be emitted by electrons from the
cathode.

Keywords: hydrated electrons,
overvoltage, Lorentz force, electrolysis.
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