DOI: 10.15826/chimtech.2015.2.3.022

V. S. Nikitin, T. N. Ostanina,
V. M. Rudoy, A.S. Farlenkov
Ural Federal University, 19, Mira str.,

Ekaterinburg, Russia,
E-mail: nikitin-viachieslav@mail.ru

Dynamics of electrocrystallization
of dendritic zinc deposits in galvanostatic
and potentiostatic modes

In the work the dynamics of growth of zinc dendritic deposits in the galva-
nostatic and potentiostatic modes from an electrolyte containing 0.3 mol/L of
Zn0, and 4 mol/L of NaOH has been studied. It has been shown that in galvano-
static conditions decrease in the elongation rate of dendrites and change in the
deposit structure from dendritic to compact accompanied by increasing den-
sity and decreasing through-thickness porosity are observed. In potentiostatic
conditions dendrites grow at a constant rate and the structure of the deposit
varies little. The results have been confirmed by electron microscopic studies of

morphology of zinc particles.
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Introduction

The electrolytic zinc deposits
possess unique dendritic structure and
high purity, and powders derived from
them are used in various technical fields
(manufacture of batteries and zinc-rich
composite materials). The structural
properties of these deposits produced by
electrolysis of aqueous solutions undergo
changes after removal from the electrode,
but the morphology of the particles, which
is laid at the stage of electrolysis, remains
unchanged after processing operations
of the future powder [1]. In this connec-
tion, to obtain electrolytic powders with
desired properties it is necessary to know
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how the deposition modes affect struc-
tural properties (density, porosity, surface
area, etc.) of the deposit directly during
its formation in situ [2]. By varying the
conditions of electrodeposition (mode,
preset current or potential, concentration
of discharging ions, surfactant additives)
it is possible to produce powders of vari-
ous structure.

The aim of the present work is to study
the dynamics of the electrocrystallisation
process and the properties of dendritic
zinc deposits in conditions of setting di-
rect current and constant potential.
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Experimental technique

To study the dynamics of dendritic zinc
deposits an installation allowing simul-
taneous registering the change in poten-
tial (or current), video recording deposit
growth and fixing the amount of hydrogen
released has been used. A 1 cm high pin
cathode made of zinc wire with a diameter
of 2 mm has been brought to a center of a
cylindrical cell. On the edge of the cell a ring
zinc anode has been disposed. Polarization
measurements were performed using Solar-
tron potentiostat 1280C. The potential has
been measured in respect to the zinc refer-
ence electrode. The deposits have been pre-
pared from zincate electrolyte containing
0.3 mol/L of ZnO, and 4 mol/L of NaOH,
when setting direct current and constant
potential. Polarizing current has exceeded

Results and discussions

Under galvanostatic conditions due
to the high current density the rate of
ad-atoms formation is high. Delivery of
discharging ions to surfaces with small
radii (irregularities and crystallites) is fa-
cilitated due to the realization of mecha-
nism of the spherical diffusion, so the
discharge of zinc ions occurs mainly on
high points, and then on tops of dendrites
branches. There is a lengthening of exist-
ing and originating of new branches. Due
to formation of plurality of branches the
surface on which the discharge of metal
ions takes place increases, and the cur-
rent density decreases. At that the rate of
dendrites elongation over time (Fig. 1)
and the absolute value of the overvolt-
age (Fig. 2, curve 1) is gradually reduced.
After recession of diffusion limitations
mechanism of the process changes, parti-
cles on the deposits outer surface thicken.
After 35 minutes of electrolysis the rate of
dendrite growth falls distinctly, and the

the value of the limiting diffusion current in
6 times. When using potentiostatic condi-
tions a constant overvoltage equal to -0.38 V
has been maintained, this corresponded to
the level of diffusion limitations galvano-
static electrolysis. Analysis of video record
of the deposit growth process has allowed
to establish the dependence of the thickness
of the dendritic deposit layer from time and
to calculate the overall deposit volume. Ac-
cording to volumetric measurements cur-
rent efficiency of zinc and hydrogen has
been determined, that has allowed calcu-
lating the mass change of the deposit in the
electrodeposition process. Microstructural
studies of deposits have been carried out on
Mira 3 LMU scanning electron microscope
in IHTE laboratory of UB of the RAS.

absolute value of the overvoltage reaches
a constant value (Fig. 2, curve 1).
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Fig. 1. Change the length of zinc dendrites
in time in galvanostatic (1) and potentiostatic

(2) modes
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Fig. 2. Change the overvoltage and current in
time in galvanostatic (1) and potentiostatic
(2) modes
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When setting a constant overvoltage
throughout the electrolysis maintained a
high level of difficulties in delivery of dis-
charging ions. The development of the ac-
tive surface, on which an electrochemical
process is realized, leads to an increase in
the amperage in the electrolysis process
(Fig. 2, curve 2). As a result, dendrites
elongate at a higher and insufficiently
time-varying rate in comparison to the
electrodeposition at the constant current
(Fig. 1).

Differential current output of zinc,
which characterizes the ratio of metal
and hydrogen recovery processes rates,
grows during the electrolysis process in
galvanostatic conditions (Fig. 3), that is
associated with an increase in the deposit
surface and a decrease in the true current
density. At the moment of the overvoltage
recession and achieving limiting diffusion
current density hydrogen ceases to release
and the current efficiency tends to unity.
Under the conditions of setting the per-
manent potential the current efficiency
changes insufficiently over time and does
not exceed 93 % (Fig. 3).

As parameters characterizing the struc-
ture of the deposit differential density dp
and differential porosity deposit dp have
been defined, which were calculated from
a change in the metal mass and the overall
deposit volume for a fixed period of time.
Differential characteristics allow evaluating
a change of relevant structural properties of
dendrites during the deposition.

As seen in Fig. 4, the deposits have a low
density. When setting direct current inte-
grated density of the deposit increases as the
recession of active growth of dendrites, and
in a constant potential mode it slightly de-
creases in time. However, the integral den-
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sity value is an averaged characteristic, so it
is less informative.

Differential density allows evaluating
change of structural properties of dendrites
during the deposition process. According to
the thickness of the deposits obtained un-
der potentiostatic conditions, the density
changes little (Fig. 5, curve 2), that indicates
a uniform structure of the particles. While
during electrodeposition of dendrites un-
der galvanostatic conditions, the density
increases gradually, and then increases dra-
matically (Fig. 5, curve 1), that is associated
with the intergrowth of separate dendrites
branches and a shell formation.

Resulting deposits have high porosity
(Fig. 6), which decreases under galvano-
static conditions with cessation of active

growth of dendrites (Fig. 6, curve 1) and
does not change at a constant potential
(Fig. 6, curve 2).
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Fig. 3. Change the differential current output
in galvanostatic (1) and potentiostatic (2)

modes
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Fig. 4. Change the integral density in time in
galvanostatic (1) and potentiostatic (2) modes



Dynamics of electrocrystallization of dendritic zinc deposits

in galvanostatic and potentiostatic modes

Ne 3| 2015
Chimica Techno Acta

dp,. g/cm®

16
1,2
0.8
0,4
0,0

0

0

Fig. 5. Change the density over the thickness
of dendritic zinc deposits in galvanostatic (1)
and potentiostatic (2) modes
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Fig. 6. Change the porosity over the thickness
of dendritic zinc deposits in galvanostatic (1)
and potentiostatic (2) modes

The studies of morphology of dendrit-
ic deposits particles have been conducted
using a scanning electron microscope. It
is seen in micrographs with a resolution
of 20 microns that at the initial stage of
electrolysis (10 minutes) the size of cer-
tain particles (top radius) slightly differs
in deposits obtained in the studied modes

Conclusion

The dynamics of growth of dendritic
electrolytic zinc deposits essentially
depends on the polarization mode.
In galvanostatic conditions there are
observed a gradual decrease in the rate
of elongation of dendrites and change in
the deposit structure from dendritic to
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Fig. 7. Micrographs of dendritic zinc deposits
obtained in galvanostatic (a)
and potentiostatic (b) modes.

(Fig. 7 a, b). The particles are similar both
in size and shape resembling fern leaves.

compact: density increases and porosity
reduces. Whereas in potentiostatic mode
dendrites grow at a constant rate, and the
loose deposit throughout the thickness has
a uniform structure. The study results have
been confirmed by deposits micrographs.
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[dvHaMuKa 3neKTpoKpUcTanIM3auum AeHAPUTHBIX
0CaAKOB LIMHKA B ra/lbBaHOCTaTU4ECKOM
M NOTEHLMOCTAaTUHECKOM peXXuMax

B pabote nccnegoBaHa AvHaMMKa pocTa AeHAPUTHBIX 0CAAKOB LYHKA B raib-
BaHOCTATMYECKOM M NOTEHLIMOCTATUYECKOM PEXMMAX W3 3N1eKTPOUTA, Cofepxa-
wero 0,3 Monb/n Zn0 1 4 monb/n NaOH. lMokasaHo, YTo B rasibBaHOCTATUYECKMX
YCNOBYMSX HAOMIOOAETCSA CHUXKEHWE CKOPOCTU YIJ/IMHEHUS] AEHAPUTOB U U3MEHEHWE
CTPYKTYPbI 0CaAKa C AEHAPWUTHON HA KOMMAKTHY, COMPOBOX/AAKOLLEECs pOCTOM
MMOTHOCTM M YMEHbLUEHWEM MOPUCTOCTM MO TOMWMHe. B noTeHuMocTatnueckux
peXuMax OeHAPUTbI PacTyT C NOCTOSAHHOW CKOPOCTbIO M CTPYKTYpa 0cagka Majo
meHsieTcA. [lonyyeHHble pe3ynbTaTbl NOATBEPXKAEHB! 3EKTPOHHO-MUKPOCKOMM-

Yyecknmu nccnenosaHuaMin MOdeOJ'IOFVWI 4acTuy UnHKa.
KnioueBble cnoBa: JNeKTpoKpucTannmsauma, UMHK, OeHOPUTbI, 3NeKTPo-

XUMUA.
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Beepenue

ONEeKTPONMUTUYECKIE  OCA[KU
[[VHKa 00J1a/jal0T YHUKA/IbHOI TeHJIPUT-
HOJ CTPYKTYpPOI U BBICOKOJ YMCTOTOIA,
a IOpOIIKY, IIO/ly4aeMble U3 HMX, MUC-
IIO/Ib3YIOT B CAMbIX Pa3/IMIHBIX OTPACIIAX
TeXHUKU (IIPOM3BOJCTBO aKKYMYJ/IATO-
pOB U IIMHKHAIIO/IHEHHBIX KOMIIO31-
LMOHHBIX MaTepuanos). CTpPyKTypHble
CBOJICTBA TaKMX OCAJKOB, ITOTy4aeMbIX
97IEKTPO/IN30M BOJHBIX PacTBOPOB, Ipe-
TepIeBalnT WU3MEHEHMA II0C/Ie CHATUA
C 9/IeKTpPOfa, HO MOPQOIOTUsA YaCTUIL,
KOTOpas 3aK/IaJJbIBA€TCs Ha CTafiMM JJI€K-
TPO/MN3a, OCTAeTCA HEM3MEHHOM IIocyie
omeparuit mo o6paboTke 6yayLero mo-

pomka [1]. B cBA3u ¢ aTuM mIA TOMY-
YeHVS 9/MIeKTPOIUTUYECKMX IOPOIIKOB
C 3aJaHHBIMU CBOJCTBaMM HEOOXOZMMO
3HATb, KaK BIVAIOT PEXVMbI OCKICHNA
Ha CTPYKTYpHbIe CBOJICTBa (IIOTHOCTD,
HOPUCTOCTb, YAEAbHYI0 IIOBEPXHOCTDb
U T.JI.) OCaJiKa HeIIOCPEACTBEHHO B IIPO-
necce ero ¢dopmupoBaHus in situ [2].
Bappupysa ycnoBus 3neKTpOOCax/eHusA
(pexxuM, 3ajlaBaeMblil TOK WM IIOTEH-
LjMaj, KOHIIEHTPAIVI0 pa3psKaroluXCs
MOHOB, f06aBku ITAB), MOXXHO HOTy4aTh
HIOPOLIKI C Pa3HOOOPA3HOI CTPYKTYPOIL.

ITenpro HacTOsIell pabOTBHI SIBMIA-
eTCsl MCCIefloBaHue AMHAMUKY IIpoLiec-
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Ca JJIEKTPOKpUCTAI/IN3ATNN U CBOIICTB
AE€HOPUTHBIX OCAIKOB IIMIHKA B YCIIOBUAX

Metoguka axkcnepMMeHTa

IIna usydeHMsA OMHAMMKU Pa3sBUTUA
HDeHIPUTHBIX OCAJKOB LMHKA ObIIA JC-
IIO/Ib30BaHA YCTAHOBKA, I103BOJIAIOIIAA
OJJHOBPEMEHHO PETUCTPUPOBATD N3MEHE-
Hlle NIOTeHIuaa (WIn TOKa), IPOBOJUTD
BUJIEO03AIINCh POCTa OcajKa U PUKCUPO-
BaThb 00'beM BBIFETISIONIETOCsI BOZOPOJA.
B neHTp IMIMHAPUYECKOI AYEIKK IIOJ-
BOJIM/ICA IUTHIPHKOBBIA KaTOJ, BBICOTON
1 cM, MSrOTOB/IEHHDIII 113 LIMHKOBOI IIPO-
BOJIOKM fIyiameTpoM 2 MM. o kparo syeii-
KJ pacrojaranay KOJbLEBOJ IIMHKOBBIN
aHopn. IlonmApmsanoHHblE M3MepeHUA
IIPOBOAV/IM C IIOMOUIBIO IIOTEHIIMOCTaTa
Solartron 1280 C. IToTeHuman n3Mepsn
OTHOCUTENIBHO IIMHKOBOTO 3JIEKTpOja
cpaBHeHMA. Ocafky Tomydyanu U3 LUH-
KaTHOTO  3JIEKTPOJINTA, COJEp>KallleTo
0,3 monp/n ZnO n 4 mons/n NaOH, npu
3aJJaHMM ITOCTOSIHHOTO TOKa ¥ IIOCTOSH-
Horo noTeHumana. IlomAapusyrommii Tok

PesynbTatbl n 06cyaeHue

B raspBaHOCTATMYECKUX YCTOBMAX
BCJIECTBIE BBICOKOI IIOTHOCTM TOKa
CKOPOCTb OOpa3oBaHNUsS af-aTOMOB BBI-
coka. JlocTaBKa pas3psUKAIOLMXCS VIOHOB
K [TOBEPXHOCTSIM MAaloro papuyca (He-
POBHOCTSIM ¥ KpPUCTA/IUTAM) Objerde-
Ha BCJIEHCTBYE peanusaluyi MeXaHu3Ma
cepnueckoit puddysnn, MoaToMy pas-
psii MOHOB LMHKA IIPEUMYLIECTBEHHO
IpOTeKaeT Ha BBICTYIIAX, a 3aTeM Ha Bep-
IIMHAX BeTBell AeHApuToB. IIponcxoput
VI/IMHEHVE CYIIeCTBYIOLIUX U 3apOKie-
HIle HOBBIX BeTBeil. BeencTBue obpaso-
BaHMsI MHOXKECTBA BETBEJl IOBEPXHOCTb,
Ha KOTOPOJI NpOTEKaeT paspsi JMOHOB
MeTa/Ia, YBeIMUMBAECTCS, a IIOTHOCTD
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3alaHuA IIOCTOAHHOTIO TOKa U IIOCTOAH-
HOTI'O IIOTE€HIIMania.

B IIECTh pa3 IPEBbILIA/I BEINYMHY IIpe-
penbHOro mupdysnonnoro Ttoka. Ilpm
VICIIONTb30BAaHMM TOTEHIMOCTATUYECKMX
YCIOBMII TOAJEPKUBAIN  IIOCTOAHHOE
nepeHanpsbxkeHne -0,38 B, koropoe co-
OTBETCTBOBAJIO YPOBHIO A1 PY3MOHHBIX
OTpaHUYEeHUI]
ro 37eKTpOnM3a. AHanu3 BUAEO3AINCU

Ta/IbBAHOCTATNYECKO-

Ipoljecca pocTa 0cajiKa I03BOMIUT YCTa-
HOBUTb 3aBMCUMOCTb TONIIVHBL CJI0OS
JEH/IPUTHOTO OCaJKa OT BPEMEHNU U pac-
cYnTaTh rabapuTHLIL 06HeM ocazka. Ilo
DAHHBIM BOJIIOMOMETPUYECKUX M3Mepe-
HUII OTIpefieNIANN BBIXOJ, 110 TOKY BOJOPO-
Ja ¥ UMHKA, YTO II03BOJIMIO PacCUUTATh
U3MEeHeHMe Macchl Ocajika B IIpoliecce
9NMEKTPOOCAKAIeHNA. MUKPOCTPYKTyp-
Hble MCCIeJJOBAHMS OCAJKOB IIPOBOMMIN
Ha pacTPOBOM 3/1IEKTPOHHOM MMKPOCKO-
ne Mira 3 LMU B ma6oparopun VBT
YpO PAH.

TOKa CHIDKaeTcs. [Ipy 5ToM cKOpocTb yii-
JIMHEHNA IeHAPUTOB BO BpeMeHM (puc. 1)
U abCOMIOTHAA BeNIUYNMHA IIepeHarps-
>KeHMst (puc. 2, KpuBas 1) HmOCTeleHHO
ymenbpuratorcs. Ilocme cmaga auddysu-
OHHBIX OTPaHMYEHMII MeHAEeTCA Mexa-
HM3M IIPOIIeCCa, YacTMI[bl Ha BHEIIHeN
HOBEPXHOCTM OCajKa yrommaiorca. Ilo-
e 35 MUH 97IEKTPO/IN3a CKOPOCTb POCTa
JIEH/IPUTOB Pe3KO IajiaeT, a abCOMOTHASA
Be/IMYNMHA IIePeHANPKEHNA BHIXOIUT Ha
HOCTOSTHHOE 3HaveHue (puc. 2, Kpusas 1).

IIpy 3ajjlaHUM TIOCTOAHHOTO IIepeHa-
IPSDKEHVA B TeUeHNe BCETo 9/IeKTPOm3a
COXpaHsIeTCs] BBICOKIIT YPOBEHb 3aTPY-
HEHMII 110 OCTABKe PaspsDKAIOLINXCS 1O~



ﬂI/IHaMI/IKa INEKTPOKpUCTanInm3aunn AeHOpUTHbIX 0CafkoB LUMHKa
B ra/lbBaHOCTaTUYECKOM U MOTEHLMOCTATUHYECKOM peXMMax

Ne 3| 2015
Chimica Techno Acta

HOB. PasBuTue aKTHBHOI ITOBEPXHOCTH,
Ha KOTOPOJI peanusyeTcsi A7IeKTPOXMMI-
YecKuMil IpolLjecc, IPUBOJUT K YBernde-
HIIO CHJIBI TOKA B IIPOLeCce 9TIeKTPOnm3a
(puc. 2, kpuas 2). B pesynbrare neHppu-
THI YIJIMHAIOTCS ¢ 607Iee BBICOKOIT V1 Mo
MEHSIIOIEICST BO BPEMEHM CKOPOCTbIO,
10 CPAaBHEHMIO C 9/IEKTPOOCAXK/EHIEM Ha
IIOCTOSTHHOM TOKe (puc. 1).

IuddepeHunanbuplii  BBIXOL IO
TOKY LMHKA, XAPAaKmepusyouuti coom-
HOuleHUe cKOpocmeil Npoueccos 80ccma-
HOBNIEHUS Memanna u 6000podd, pacTeT
B IIpOLiecce 37eKTPONu3a B raibBAHOCTA-
TUYECKMX YCIOBUAX (puc. 3), 4TO CBA3a-
HO C yBelIMYeHMEM IIOBEPXHOCTHU OCafi-
Ka ¥ CHIDKEHUEM VICTMHHOI IIOTHOCTU
TOKa. B MOMEHT crajia mepeHanpspKeHns
U HOCTYDKEHMsI TIpefenibHOl Audysnon-
HOJI IVIOTHOCTY TOKa BOJOPOJ, IIepecTaeT
BBIIETISITHCS, Y BBIXO, II0 TOKY CTPEMUTCS
K efyHuIle. B ycrmoBusax sagaHus mocro-
STHHOTO IIOTEHIIMa/Ia BBIXOK [0 TOKY MaJio
M3MEHsIeTCsl BO BpeMeHM U He IIpeBbIIa-
et 93 % (puc. 3).

B xauecTBe mapaMeTpOB, XapakxTe-
PUBYIOLIMX CTPYKTYPY OCafKa, OIpefie-
namt fuddepeHnNanbHy0 IITIOTHOCTD
dp, n mubdepenimanbay0 TOPUCTOCTD
ocagka df, KOTOpble pacCUMTHIBAIMA IO
M3MEHEHNMI0O MacChl MeTalia 1 rabaput-
HOro o6peMa ocazika 3a GUKCHPOBAHHBII
HPOMEXYTOK BpeMmeHu. [duddepeniu-
a/IbHble XapPAaKTEPUCTUKM  II03BOAIOT
OLICHUTb M3MEHEH)Ee COOTBETCTBYIOLINX
CTPYKTYPHBIX CBOJICTB JeHAPUTOB B IIPO-
1jecce OCaXK/IeHIsI.

Kak BupHO Ha puc. 4, ocagku obra-
[AIOT Masoil INIOTHOCThIO. IIpu 3amanumu
MIOCTOSIHHOTO TOKA MHTerpajabHast IJIOT-
HOCTb OCajjKa pacTeT IO Mepe Craja aK-
TUBHOTO POCTa [IEHAPUTOB, @ B PEeXIMe
IIOCTOSIHHOTO IIOTeHI[Maja OHa He3Ha-

YUTEIBHO YMEHBIIAETCS CO BPeMEHEM.
OpHaKo BelMYVMHA MHTErPATbHON IIIOT-
HOCTI SIBJIETCSI YCPEHEHHON XapaKTe-
PUCTUKOIL, T03TOMY OHa Ma/nonHpoOpMa-
TVBHa.
HuddepennunanpHast
II03BO/ISIET OLIEHUTH M3MEHEHMe CTPYK-
TYPHBIX CBOJCTB J€HAPUTOB B IIPOLIeCcCe
ocaxxgenust. [To To/muHe 0CagKoOB, MONy-

IIJIOTHOCTDb

, MWH
3 y

0 10 20 30 40 50

Puc. 1. VI3meHeHue MHDBI JEHAPUTOB IIVTHKA
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YEHHBIX B ITOTEHI[MOCTATUYECKUX YCIIO-
BUSIX, IJIOTHOCTD Majio MeHseTcs (puc. 5,
KpuBas 2), 4YTO CBUJETENIbCTBYET 00 0f-
HOpPOJHOI CTPyKType 4dacTui. Torma
KaK IIpU 3NIeKTPOOCAXKAECHUN [IEeHAPUTOB
B IaJIbBAHOCTATNYECKUX YCIOBUAX TIJIOT-

p,. T/’
0,3 " 1
0,2 4
0,1 4 2
t, MUH
0'0 L} L 1
0 15 30 45

Puc. 4. Vi3smMeHeHMe MHTETPaIbHOI INIOTHOCTY
BO BpPeMEHM NP raJIbBaHOCTATN4ecKoM (1)
U OTEHIMOCTATIYECKOM (2) pexxnmax

dp,. r/cm®
16 ol
1,2
0,8
0.4 2
0,0 T T L] 1
0,0 0,1 0,2 0,3

¥, CM
Puc. 5. VIameHeHMe MIOTHOCTH 110
TOJIIMHE IeH/IPUTHDBIX OCAJKOB
LIMHKA [IPY TaJIbBaHOCTaTH4eckoM (1)
U HOTEHIMOCTATIYECKOM (2) pexxnmax

dp
1,00 5

0,95 A
0,90 -
0,85 o 1
0,80 - A

0,75
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0,00 o005 010 0,15 0,20 0,25

Puc. 6. VIamenenue nopuctoctu
II0 TO/LIVHE JIeHJPUTHBIX OCATKOB
I[MHKA [IPU raJIbBaHOCTATN4ecKoM (1)
U MOTEHIMOCTATIYECKOM (2) pexxnmax
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HOCTb IIOCTEIIEHHO YBeIMYMBAETCS, a 3a-
TeM pe3Ko BospacTaer (puc. 5, Kpusasi 1),
YTO CBS3AHO CO CPACTAHMEM OTHENIbHBIX
BeTBell [EHAPUTOB U 0OOpasoBaHMeM
CKOPJTYIIBL.

ITony4yeHHble OCAafKM OOTAFAIOT BbI-
COKOJI TOPUCTOCTBIO (puc. 6), KOTOpas
YMEHBIIAeTCsI B Ta/JbBaHOCTATUYECKUX
YCTIOBMAX IO Mepe IMpeKpale s aKTIB-
HOTO POCTa IeHAPUTOB (puc. 6, Kpyusas 1)

20 MKM

6

Puc. 7. MukpodoTorpadum IHKOBBIX
IIeH/IPUTHBIX OCA/IKOB, TIOTy4eHHbIX
B ra/IbBAaHOCTATNYECKOM (a)
U HOTEHI[MOCTATUYECKOM (6) peXXMMax.
Bpems nonydenus ocagkos 10 MuH



ﬂ,I/IHaMI/IKa INEKTPOKpUCTanInm3aunn AeHOpUTHbIX 0CafkoB LUMHKa
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U IPaKTUYeCK He MEeHAeTCs MU HOCTO-
SIHHOM TToTeH1asne (puc. 6, Kpusas 2).
VccnepoBanusa Mopdonorny 4acTuly
[eHAPUTHBIX OCAZKOB OBIIN IIPOBEHEHBI
C IIOMOUIBI0 PAaCTPOBOTO 3/IEKTPOHHOTO
Mukpockorna. Ha wmukpodororpadusx
C paspemianler cnoco6HOCThI0 20 MKM

3aknouyeHue

,HI/IHaMI/IKa pocCTa OEHAPUTHDBIX 3/I€K-
TPOMUTUYIECKNX OCAAKOB IMHKa Cyle-
CTBEHHO 3aBJICUT OT peXMMa I10/IApn3a-
onn. B ranpBaHOCTaTMUYECKUX ycnoBuAXx
Ha6TIIOI[a€TCH IIOCTECIIEHHOE CHVJKEHIE
CKOPOCTU YIJIMHEHNA AEHAPUTOB U U3-
MEHEHNE CTPYKTYPpbl OCajKa C NEHIPUT-
HOI Ha KOMITIAaKTHY10: BO3paCTa€T IIJIOT-

BUHO, YTO Ha HavyaJbHOM OSTale 3JeK-
tTponusa (10 MMH.) pasMep OTHEIbHBIX
vyacTuy, (pafnyc BepIIMHBI) Majo OTIN-
JaeTcs Y 0CafIKOB, MOTYYEHHBIX B MCCTe-
LyeMBbIX pexxumax (puc. 7, a, 6). Yactuis
IIOXO>KU KaK I10 Pa3Mepy, TaK 1 1o ¢popme,
HaTlOMMHAIOIIel] TUCThS MaOPOTHUKA.

HOCTb ¥ CHMYKAaeTCA HOPUCTOCTb. Torma
KaK B IOTEHIVOCTaTUYECKOM peXUMe
JEHAPUTHI PACTYT C IOCTOAHHON CKOPO-
CTbIO, @ PHIX/IBII OCAfIOK IO BCEil TOMIIN-
He JMeeT OJHOPOJHYIO CTPYKTypy. Pe-
3y/JIbTaThl MCCEJOBAHMIT TIOATBEPK/I€HbI
MMKPOGOTOrpadyAMI OCA/IKOB.
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