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Abstract. The results of the study of gas desorption from the internal surfaces and diffusion from the thickness
of the parts of microwave electric vacuum devices resulting from simultaneous thermal and ultrasonic effects
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ing are given. The physical explanation of the ultrasonic activation mechanism of the processes of diffusion and
desorption of gas components in vacuum is presented.
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BBEAEHUE

TepMoBaKyyMHasi 06paboTka HEKOTOPHIX BHUAOB
3J1eKTPOBAaKYyMHBIX Ipubopos (IBII), HanpuMep
CBY-guamasoHa, sIBASeTCs OJIHUTEJIbHBIM M 3Hep-
ro3aTpaTHBIM TeXHOJOTHMYECKUM IIPOLeCCOM.
OTtkauka CBY IBII NPOUCXOAUT MO KIACCHUYECKON
cxeMe, C MCI0/JIb30BaHHEM CTYyIeHYAaTOro Harpesa
KOpIyca M3de/JHud U BRIAEPXKKH IIPU TeMIlepa-
Type mopsaaka 550°C. IIpoao/IsKUTeIbHOCTh TaKOTO
Impoiecca MOXKeT JOCTUTAaTh HeCKOJIbKUX JeCAT-
KOB YaCOB U OHpefenseTcs AJIUTeIbHOCTbIO IIPO-
LeccoB fuddysuu u gecopbruu rasa. O4eBUIHO,
YTO YCKOPUTH TEPMOBAaKyyMHYI0 06paboTky IBII,
NpUJepKUBasICh KIACCUYeCKOH TeXHOJIOTHH,
HeBO3MOXXHO BBH/JY TOr0, YTO BO3MOKHOCTH Tep-
Moauddy3ruu U TepMoZeCcOPOLUU B JAHHOM CJIy-
4Yae MCYepIIaHBbl, U JaJ/ibHelllee [IOBbIIIeHHe TeM-
ImepaTyphl IpUBeAeT K IIOBPeXIeHHIO UK Pas-
pywenui snemMeHToB CBY 3BII. bonee s3¢pdex-
THBHBIM CII0COO0M yCKOPeHMS Ipolecca yaane-
HHS PaCTBOPEHHBIX I'a30B ABJIIETCS HMCII0JIb30Ba~
HHe HapsaAy C HarpeBOM HeTepMHYECKHX BHUIOB
aKTHBHUPOBAHUS NUPDY3UU U AecopbLUU, UTO
[103BOJIIeT HUHTEHCHUQUILIMPOBATh ra30BhIe/IeHHe
M 0TKauKy [1]. OMHUM H3 criocob0B yCKOpPeHUS
Iuddy3uu U 1ecopbI MU ABIsIeTCS YAbTPa3BYKOBOE
(V3) akTUBHpOBaHUe [2]. 9TOT MeTOA IPOCT B pea-
MH3aLKMH, SKOHOMHUYEH U [103BOJILeT CYIeCTBeHHO
MOBBICUTD KauecTBO 06e3ra’kMBaHUS U COKPATUTh
BpeMs TepMOBaKyyMHOM 06paboTku mpubopos.

CTEHA AN UCCNEOBAHMUSA YIbTPA3BYKOBOW
OBPABOTKU SNEKTPOBAKYYMHDbIX MPUBOPOB
OcHacTKa /15 Y3-aKTHUBUPOBAHU S [IPOLECCOB AU~
by3un 1 gecopbLUK B TEXHOJOIHHU OTKauKkK CBY
OBII mpefgHa3HaveHa [O14 Iepenadyu Y3-BOJIH, CO3-
JaBaeMbIX IIbe3031eKTPUUYECKUMU Ipeobpaso-
BaTe/asIMH, MaTepHajy JeTajled OTKauKlBaeMOIo
npubopa. Ecu Nbe3onaacTUHY, BOCIPUHUMAIO-
Iy0 S9HePTUI0 MOAYNsATOPa KonebaHUN NPUBECTHU
B MeXaHHYeCKHI KOHTAKT C KOPIIyCOM HarpeToro
SBII, To BO BCeX YaCTAX KOHCTPYKLHUH OJHOBpe-
MeHHO OynyT Bo36ykaaThcsl Y3 ynpyrue MexaHHU-
yecKHe KosebaHUS C TOM e 4acTOTOM, KOTOPYIO
KMCIBITHIBAET I1bE30IJIACTHHA.

Ha puc.1 moxkasaHa cxeMa KpelieHUS OCHAaCTKHU
st Y3-06paborku OBII. OTKauKa OCyIIeCTBIISIeTCS
cnenyomuM obpasom. Kopmyc 9BII 1 ocHamaeTcs
OBYyMSsI KOHLleHTpaTopaMHu 2,3 Y3-u3aydaTese,
OBYMS OQMHAKOBBIMU IIJIACTHHAMM IIbe30KPH-
CTa/jua 5, 3aKpenJeHHBIMHU IPUKMMHBIMH MIaH-
6aMu 4. OTHU IJIACTHHBI 5 BBIIIOTHSIIOT Pa3Hble
GYHKIMH B peXHUMe oIpefeaeHMs YaCTOTHI
MaKCHMaJbHOIO IPOXOXKAeHHUS Y3-BOJIH U B
pekume OTKa4uKH. IIpu ompemeneHHU YaCTOThHI

INTRODUCTION

Thermo-vacuum processing of some types of electro-
vacuum devices (EVDs), e.g. of the microwave range,
is a long and energy-consuming technological pro-
cess. The evacuation of microwave EVDs follows
the classical scheme with the use of a step-by-step
heating of the product body and holding at a tem-
perature of about 550 °C. The duration of such pro-
cess can reach several tens of hours and is deter-
mined by duration of gas diffusion and desorption
processes. Obviously, it is impossible to accelerate
thermovacuum treatment of EVD, adhering to the
classical technology due to the fact that the possi-
bilities of thermodiffusion and thermodesorption
in this case are exhausted, and further tempera-
ture increase will lead to damage or destruction of
the EVD microwave elements. A more effective way
to accelerate removal of dissolved gases is to use,
in parallel with heating, the non-thermal types
of activation of diffusion and desorption, which
allows to increase the gas extraction and pumping
out [1]. One way to accelerate diffusion and desorp-
tion is ultrasonic (US) activation [2]. This method is
easy to implement, cost-effective and can signifi-
cantly improve the quality of degassing and reduce
the time of thermo-vacuum treatment of devices.

Puc.1. Cxema kpenaeHus ocHacmku 0as Y3-06pabomku IBIT:
1-3BIl1; 2, 3 - KOHUeHmMpamopbl Y3-u3ayyamenel; 4 - npu-
SKUMHble Wwatibel; 5 = NAACMUHbI Nbe30KpUCmManaa; 6 — Wmex-
2eAbHas mpybka omKa4yxu

Fig.1. Diagram of mounting of the equipment for EVD ultrasonic
treatment: 1 - EVD; 2, 3 - concentrators of ultrasonic emitters;
4 - clamping washers; 5 - piezocrystal plates; 6 - tubulation pumping
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MaKCHMaJbHOTO IIPOXOKAeHUA Y3-BONH Yepes
OBIl ogHa macTHHA C IOMOLIBIO FeHepaTopa CUrI-
HaJIOB TeHepUpYyeT KonebaHUs, aMIIJIUTYAY KOTO-
PBIX OIlpefesaioT Ha OCUU/IIorpade, Apyras Iia-
CTHHA OCYILIeCTB/IsgeT IPpHUeM MNPOIIeJIIHMX Yepes
9BII Y3-KonebaHUI, aMIIUTYAA KOTOPHIX TaKKe
perucTpupyercs Ha ocuujgorpade. B pexxume
oTKauku JBII yepe3 mTeHreabHYIO TPYOKY 6 0be
IIJIaCTUHBL 5 MOAKIOYAIT K TeHepPaTOpy CUIHa-
JIOB IO TIapaJlJie/IbHOU CXeMe JIJIg CO3JaHH S TeHe-
PaLlMH Ha 4acTOTe MAaKCMMAJILHOTO IIPOXOKAHU A
Y3-BonH uepe3 IBII. [Ins obecriedeHUs YCTOMYH-
BOI PabOTHl 3/IeMeHTHI U3TOTABIUBAIOT U3 MOHO-
KPHCTAJIJIOB CEMEeMCTBA JTAaHTAaCHTAa, COXPAHSIO-
KX CBOU ITbe303/IeKTPHYEeCKHe CBOMCTBA [0 TeM-
nepatypsl 1400 °C. J1eKTpOIIMTAHME K IJIACTH-
HaM 5 IIOJAIT OT reHepaTopa CHIHAJ0B 4Yepes
BaKyyM-IIJIOTHBIE TOKOBBIE BBOJH Ha (aaHLe
OTKAa4YHOro mocTta. Ha puc.2 mokasaHa oCHacTKa
IJIsI U3y9eHHU s CKOPOCTH NTUPDY3UOHHBIX U Jecopb-
LUOHHBIX IpoleccoB U3 menud MOB. OcHacTka
COIEeP>KUT HMITeHTeNbHYIO TPYyOKy 1 U3 Menu MOB,
NPHUKHMMHBIE IIJIACTUHKHU 2, aKTUBHBIU I1be30371e-
MEHT 3 ¥ KepaMUYeCKHe U30SATOPHL 4, 5.

NCCNEAOBAHME NMPOLIECCOB AUDDY3UN

N AECOPBLINU

MexaHu3M Y3-aKTUBUPOBAHUSA IIPOLIECCOB LU Y-
3UM U ecopOLIMU ra30BbIX KOMIIOHEHTOB U3 JleTa-
nmert CBY 3BII OCTATOYHO CJIOKEH M COCTOUT
M3 HEeCKOJbKHX OJHOBPEMEHHO IIPOUCXOAALIIKUX
IIpOLeCCOB, KOTOPble CIIOCOOCTBYIOT YCKOPEHUIO
ouddysuu, gecopbuyuu U BaKyyMHOMN OTKaukKH
ra3oBbX KOMIIOHEHTOB M3 KopIyca mpubopa.
YBenuUeHUe HHTEHCUBHOCTH TepMOAecopbLuu
C McHoab30BaHUeM Y3-Kone6aHUHN IMPOUCXOAUT
B IIePBYIO ouepenb M3-3a CTUMYJIHUPOBAHUSA OTHe/Ie"
HHUS KOJJIOUHBIX YAaCTHUL OT I0OBEPXHOCTEH BHY-
TPU BaKyyMHOIo o6beMa 3a cueT UX MeXaHHYe-
CKOT0 yCKOPeHH . 3HaYUTeIbHOE KOJTHYeCTBO KOJI-
JOMOHBIX YaCTHUIl HAXOAHUTCS HAa BCEX KOMIIOHEH-
TaxX BHYTpeHHeH apMaTyprl OBII. OHU He TOIbKO
3aMeJIA0T IIPOLecC ra3oBblAeeHH s, 3aKpbiBasd
[IOBEPXHOCTH JleTa/let, HO M CAMH SIBJISIFOTCSI HCTOY-
HHMKaMU IIOTOKOB rasa. Emle ofHUM MeXaHH3MOM
UHTeHCUPUKALUU AUOPY3UHU U /:Lecop6um/1 raso-
BBIX KOMIIOHE@HTOB SIBJISIOTCS C’KaTHe U pacTsiKe-
HHe KPHUCTA/IZIM4YeCKOU pelleTKH MeTaJlsIa ¥ fedop-
MalHMs MeXKPUCTAJIUTHBIX TPAHUIL, BbI3BAHHEBIE
Y3-kome6aHUSIMU CTPYKTYPBI MOJTUKPHUCTAIHAYE"
CKOro MeTajia. PacCMOTpUM MeXaHH3M BhIJele-
HUS$ ra3000pa3HOro BOJOPOAA U3 ITIOBEPXHOCTHOTO
CJ10 MOTUKPHUCTAJIMNYEeCKOHN CTPYKTYPhl MeTaslsa
IIPH BO3JeNCTBUH Y3-KkonebaHum [3-7]. Pasmepsl
KPUCTAJITUTOB HAXOLATCS B JOBOJIBHO IIMPOKOM

HAHO MHAVCTPUA Tom 15 Ne1 2022

Puc.2. OcHacmka 045 u3yyeHust ckopocmu 0ecopbUyUOHHbIX
npoueccos Uz mamepuanos IBI1: 1 - wmeHzeAbHAss mpyoKka u3
medu MOB; 2 - npuKumHble NAGCMUHKU; 3 = AKMUBHbIU Nbe30-
nemeHm; 4, 5 - kepamuyeckue U30AsimMopbi

Fig.2. Equipment for the study of desorption rates of EVD materi-
als: 1 - tubulation of MOB copper, 2 - clamping plates; 3 - active
piezoelectric element; 4, 5 - ceramic insulators

TEST BENCH FOR ULTRASONIC TREATMENT OF
ELECTROVACUUM DEVICES

Equipment for ultrasonic activation of diffu-
sion and desorption processes in the technology
of pumping out of microwave EVD is designed to
transfer ultrasonic waves generated by piezoelectric
transducers to the material of parts of the pumped
device. If the piezoelectric plate, which receives the
energy of the vibration modulator, is brought into
mechanical contact with the body of heated EVD,
then in all parts of the structure at the same time
will be excited ultrasonic mechanical vibrations
with the same frequency, which is experienced by
the piezoelectric plate.

Figure 1 shows the mounting scheme for the
ultrasonic treatment of the EVD. The pumping-out
is carried out as follows. The EVD body 1is equipped
with two concentrators 2, 3 of ultrasonic emitters,
two identical piezocrystal plates 5, fixed by pres-
sure washers 4. These plates 5 have different func-
tions in mode of maximum ultrasonic wave tran-
sit frequency determination and in mode of pump-
ing out. When determining the frequency of maxi-
mum passage of ultrasonic waves through the EVD,
one plate generates oscillation under the influence
of the signal generator, the amplitude of such oscil-
lations is determined with the aid of an oscillogra-
pher, and the other plate receives ultrasonic vibra-
tions passed through the EVD, their amplitude
is also recorded on an oscilloscope. In the mode
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JHuala3oHe OT eUHHUL L0 NeCITKOB MHKpoOMe-
TPOB, IIUPHUHA MeXX3ePeHHBIX TPAaHUIL] —~ OT e H-
HHUIL 0 JeCSATKOB aHICTpeM. MMeHHO B 3TUX MeXK-
3epeHHBIX TPAaHHIIAX B OCHOBHOM HaXOJHUTCSA ras,
copOHpOBAHHBIN Ha [I0BEPXHOCTH KPUCTAJIJINTOB
U PacTBOPeHHBIHN B 06beme MmeTasnna [8-10]. Ilof
BO3[eHCTBHEeM Y3-BOJIH B KPUCTAJIUTaX BO3HU-
KaIOT BEIHYKJEeHHBIe YyIIpyrue KonebaHus. B aTom
c/lydyae MHUPHHA MeXKPUCTATIIUYeCKUX TPAHHUILL
TaKk>ke M3MeHSeTCs C YaCTOTOM BBIHYXKJEHHBIX
KkonebaHmu. [Ipu orpeneseHHBIX YCIOBUSAX IIPOUC-
XOAUT pe3Koe pe30HaHCHOe yBeJMYeHHe aMIIIH-
TYIABl YOIPYTHUX AedOopMaLIUK I'PAHHUL] MeXIY KPHU-
CTaJJuTaMHU. [IpM 3TOM CHUIKAIOTCS CHUJIBI B3aU-
MO EeHNCTBUS aTOMOB PacTBOPEHHOTO rasa C aTo-
MaMU MeTasjia. [a3 1o Mesk3epeHHBIM IpaHUIIAM
c 6bonpmIer CKOPOCThI0 JUPPYHAKUPYeT Ha IIOBEPX-
HOCTb, COIIPHUKACAIOMIyIOCS C BAKYYMHOH CpeloH,
3aTeM mecopbupyeT M 0OTKAa4YMBaeTCs BAaKyyMHOM
cucteMou. Ellle OTHHUM MeXaHH3MOM, UHTEHCH-
GUUHpYyOIIUM THOOY3HI0 Ta30BbIX KOMIIOHEH-
TOB, SIBJIsSIeTCS Mepefiadya AOMIOJHUTEIbHOU 3HEP-
ruu Y3-konebaHUN KPUCTANIHUYECKOHN pelleTKe
MeTaJlJla U yCKOpeHHe NUPPYy3HUU ra3a BHYTPHU
KPHUCTAJIJIULTOB.

YaenbpHBIM IOTOK ra3a q; [10 TOJAIIKHe MeTajaa
orpaHuYeH AUPPY3MOHHBIM IIPOLIECCOM, KOTOPBIH
B [JAHHOM CJlIy4Yae OIMCBhIBAETCSI BTOPBIM 3aKOHOM
duKa:

8dN, o
q; = = (1-e ), )

rae d - mMoJOBHHA TONIIHHB METAIIHYeCKOH
meTanu, N, - HadyaJIbHas MOJIeKYyJIsipHas KOHILeH-
TpallMs rasa B mertasaie, D - KoosppunueHT nudpoy-
31U ra3a B MeTallje,

KospounuenT udPpysuu rasa B MeTajljie ompe-
JlesisieTCs CaefyomuM obpasoM:

Eug

D=la~u~e'RT , (2)
6

rfe a - MOCTOSIHHASI KPUCTAIMYeCKON pelleTKHU
MeTaJlsla, U - CpeJHss TeIlJoBasi CKOPOCTb aTOMOB,
E up ~ 9HEpPrus akTUBaLUU Auby3uu rasa.

dHeprus akTuBauuu E nuddys3uu rasa ymeHsb-
IIaeTCs 3 CUeT BO3/IeHCTBUS Y3-BOIH Ha IOTUKPU-
CTaJIZIMYeCKYI0 CTPYKTYPy MeTasljla U ocnabaeHUs
CHJI B3aHMOJIeHICTBHUS aTOMOB PaCTBOPEHHOTO0 rasa
C aToMaMH MeTaja.

BpeMms mpebplBaHHUS MOJIEKYJB (aToma) rasa
Ha II0BePXHOCTH MeTaJslja:

Erc

T, =Te ™, ©)

of pumping-out of EVD through the tubulation 6
both plates 5 are connected to the signal generator
in a parallel circuit to create a generation at the fre-
quency of maximum passage of ultrasonic waves
through the EVD. To ensure stable operation, the
elements are made of Langasite family monocrys-
tals, which retain their piezoelectric properties up
to a temperature of 1400 °C. Power to the plates 5is
supplied from a signal generator through vacuum-
tight current inputs on the flange of the pumping
station. Figure 2 shows a rigging for studying dif-
fusion and desorption rates from MOB copper. The
toolkit includes tubulation 1 of MOB copper, clamp-
ing plates 2, active piezoelectric element 3 and
ceramic insulators 4, 5.

STUDY OF DIFFUSION AND DESORPTION PROCESSES

The mechanism of ultrasonic activation of diffu-
sion and desorption processes of gas components
from microwave EVD parts is rather complicated and
consists of several simultaneously occurring pro-
cesses, which contribute to acceleration of diffusion,
desorption and vacuum evacuation of gas compo-
nents from the device body. An increase in the inten-
sity of thermodesorption using ultrasonic vibrations
occurs primarily by stimulating separation of colloi-
dal particles from the surfaces within the vacuum
volume by their mechanical acceleration. Significant
quantities of colloidal particles are found on all com-
ponents of the internal fittings of EVDs. Not only
do they slow down the gassing process by cover-
ing the surface of the components, but they them-
selves are also sources of gas flow. Another mecha-
nism for intensification of diffusion and desorption
of gas components is compression and stretching of
the metal lattice and deformation of intercrystal-
line boundaries caused by ultrasonic vibrations of
polycrystalline metal structure. Let us consider the
mechanism of hydrogen gas release from the surface
layer of polycrystalline metal structure under the
influence of ultrasonic vibrations [3-7]. Crystallite
sizes are in a fairly wide range from units to tens of
micrometers, the width of intergranular boundar-
ies - from units to tens of angstroms. It is in these
intergranular boundaries that the gas sorbed on the
crystallite surface and dissolved in the metal volume
is mainly found [8-10]. Under the influence of ultra-
sonic waves, forced elastic oscillations are generated
in crystallites. In this case the width of the inter-
crystalline boundaries also changes with the fre-
quency of the forced oscillations. Under certain con-
ditions a sharp resonance increase in the amplitude
of the elastic deformation of the boundaries between
the crystallites occurs. In this case, the interac-
tion forces of atoms of dissolved gas with atoms of

Vor.15No.12022 NANO INDUSTRY
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Puc.3. BpemeHHas 3agucumocme U3MeHeHUs NapyuarbHozo 0asAeHuUs U memnepamypel 2a3a npu pa3Au4HbIX Yyacmomax Y3-
Kone6aHull 04s 1 a.e.m. (1 - 6e3Y3; 2-100 klu; 3 - 300 kly; 4 - 55 kly; 5 — memnepamypa)
Fig.3. Temporal dependence of gas partial pressure and temperature changes at different frequencies of ultrasonic vibrations for 1 a.u.m.

(1-noUS, 2-100 kHz, 3 - 300 kHz, 4 - 55 kHz, 5 - temperature)

rme T, - MUHHMAaJIbHOe BpeMs IIpebbIBaHUS MoJle-
Kysnbl (aTOMa) ra3a Ha [IOBePXHOCTH, OIIpeness-
eMoe IIepPHOJOM TeIlJIOBOT0 KoJiebaHUSI MOJIEKYI
Ty~ 101 ¢, E .~ 3Heprus necopbuuu.

CKOpOCTBH 1ecOpOLIMH, TO eCTh KOJIUYeCTBO MoJIe-
Ky71 (ATOMOB) rasa, JecopObUpyoOUUX B eJUHUILY
BpeMeHH C eJUHUIIB [IOBEPXHOCTH, MOXeT OBITH
olpeneneHa Kak:

N — ~YnoB _ Nnos e‘%
T T,

, @)

roe N, - obmee 4mcao afcopbUpPOBaHHBIX MOJIe-
Ky (QTOMOB) ra3a Ha eIHHHIY IIOBEPXHOCTH.

dueprud E .. mecopbuuu rasa ymeHbIIaeTcs
3a cYeT BO3AEHCTBUS Y3-BOJIH Ha IIOBEPXHOCTH
MeTasana u ocnabaeHUs CUJI B3aUMOAEHNCTBUS
MoJiekys (ATOMOB) COpOMPOBAHHOIO ra3a C aTo-
MaMH MeTaja.

IKCIepUMeHTabHO JoKa3aHa 3¢ PeKTUBHOCTD
mpoiecca aKTUBHUPOBAaHUS Y3-konebaHUSAMU
auddysun u gecopbuuu. CyTb 3KCIIePHMEHTOB
3aKkJII0o4aiach B perUCTPAalLlMU IIOBBIIIEHUS JaBile-
HHS Fa30BbIX KOMIIOHEHTOB B IIpoliecce OTKauKH

HAHO MHAVCTPUA Tom 15 Ne1 2022

metal decrease. The gas at intergranular boundar-
ies diffuses to the surface in contact with the vac-
uum medium at higher speed, then it is desorbed and
evacuated by the vacuum system. Another mecha-
nism intensifying the diffusion of gas components is
the transfer of additional energy of ultrasonic vibra-
tions to the crystal lattice of the metal and accelera-
tion of gas diffusion within crystallites.

The specific gas flow g; across the metal thick-
ness is limited by the diffusion process, which in
this case is described by Fick’s second law:

8dN, o
q; = 7(1 -e ), 1)

where d - one half of the metal part, N, - initial
molecular concentration of gas in a metal, D - dif-
fusion coefficient of gas in a metal.
The gas diffusion coefficient in a metal is deter-
mined as follows:
Emo

D=%a~u'eRT s (2)
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Fig.4. Temporal dependence of gas partial pressure and temperature changes at different frequencies of ultrasonic vibrations for 32 a.u.m.

(1-noUS, 2-100 kHz, 3 - 300 kHz, 4 - 55 kHz, 5 - temperature)

obbeMa mTeHrens us menu MOB. Bo Bcex 3Kc-
IepUMeHTax LITeHIeJb HarpeBaJjics CO CKOPO-
CTBIO IpuMepHO 2 °C/MHKH B AHana3oHe 20+180 °C.
Ha puc.3 noxkasaHa BpeMeHHas 3aBUCUMOCTb U3Me-
HeHM S MaplHaJbHOTO JABIeHHS U TeMIIePaTy phl
aTomapHoro BogopoJa (1 a.e.M) IpHU pPa3saIHUUYHBIX
yacToTax Y3-KonebaHuim. M3 rpaduKoB BUJHO, YTO
y>Ke IIpU TeMmInepaType 6onee 100 °C mapuranpHoe
JaBJieHHe aTOMapHOT0 BOJOPOJa IPH OJHOBPEeMeH-
HOM BO3/eHCTBUHU Y3-KosebaHUM Pa3HOK YaCTOTE
U TeMIlepaTypsl 6osble, yeM 6e3 Y3-Bo3aeHCTBUS.
I[Ipu 5TOM BO3pacTalOT CKOPOCTH IHUPPy3uH
Y fecopbLnu rasa 3a cueT Y3-aKTUBHUPOBAHHUS.

Ha puc.4 mokasaHa BpeMeHHas 3aBUCHUMOCTbh
M3MeHeHHU s MaplHuaJbHOIO faBleHUs U TeMIlepa-
Typbl MOJIEKYISIPHOrO KHca0opoaa (32 a.e.M) IIpHU
Pa3/IMYHBIX YacToTaxX Y3-KonebaHui. U3 rpadu-
KOB BHJIHO, YTO IIPHU TeMIIepaType bonee 80 °C map-
IIHajabHOEe JaBjJeHHe MOJIEeKYAsSIPHOTro KUCIopoaa
IIPU OTHOBPeMEHHOM BO3/IeHCTBUU Y3-KonebaHUM
Pa3HOM YaCTOTHl M TeMIlepaTypsl Oosblle, yeM
6e3 Y3-Bo3elcTBUSA. [IpHU 3TOM BO3pacTaloT CKO-
pocTtu auddysuu u gecopbuuu rasa 3a cueT
Y3-aKTUBUPOBAHUS.

where a - lattice constant of the metal, u - the average
thermal speed of the atoms, E, 4, - activation energy of
gas diffusion.

The activation energy E;,. of gas diffusion decreases
due to the effect of ultrasonic waves on the polycrystal-
line structure of the metal and the weakening of the
interaction forces of the dissolved gas atoms with the
metal atoms.

The dwelling time of a gas molecule (atom) on a
metal surface is:

Epec

T = TN, 3)

where 1, is the minimum dwelling time of a gas mole-
cule (atom) on the surface, determined by the period of
thermal oscillation of molecules t,~103s, E . is the
desorption energy.

The desorption rate, i.e. the number of molecules
(atoms) of gas desorbing per unit time from a surface
unit, can be determined as follows:

N — h — Nnos e_%

niec
THp Ty

’ (4)
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Puc.5. BpemeHHas 3agucumocmpb U3MeHeHUs CyMMApHO20 0d8AEHUS U MemMnepamypbl 2a3d npu pasAudyHbix 4yacmomax Y3-
Kone6aHull (1 - 6e3Y3; 2-100 klu; 3 - 300 ku; 4 - 55 ku; 5 - memnepamypa)
Fig.5. Temporal dependence of changes in total gas pressure and temperature at different ultrasonic frequencies (1 - no US, 2 - 100 kHz,

3-300 kHz, 4 - 55 kHz, 5 - temperature)

Ha puc.5 mokasaHa BpeMeHHas 3aBUCHUMOCTh
M3MeHeHHsd CyMMapHOTO [aBJieHUS U TeM-
mepaTyphsl rasa IPH pPas3sAHYHBIX YacCcToTax
Y3-konebanum. M3 rpadrKoB BUAHO, YTO IIPU TeM-
nepatype 6osee 60 °C cyMMapHoOe AaBleHUe MIPHU
O HOBPeMeHHOM BO3/IeHCTBUU Y3-KonebaHU pas-
HOM 4YaCTOTH U TeMIlepaTypsl b6oiblie, yeM be3
Y3-Bo3pencTBus. IIpu Harpese go 160 °C c ogHO-
BpeMeHHBIM BKJIIoUeHHeM Y3-konebaHHU ¢ 4acTo-
Tom 55 1 300 K[y HabniomaeTcs: sIPKO BBIPasKeH-
HBIM MaKCHMYyM CYMMapHOIO JaBJieHUs (pHC.5)
Y BpI6pocCa ra3soBbX KOMIIOHEHTOB, B OTIHYHeE
OT HCIIONb30BaHMS KJIACCUYECKOM TEeXHOJIOTUH
obe3raskMBaHUS C TePMHUYECKOM 06paboTKOM.

BbIBOJ1bl

Y3-akKTHBHPpOBaHHE IpOLeccoB AUPOYy3IUHU
U necopbLMK ra30B COBMECTHO C HArPeBOM I103BO-
JsieT MOBBICUTHh HHTEHCHUBHOCTH JecopbIuu raso-
BbIX KOMIIOHEHTOB U JHUPPY3HUHU M3 BHYTPEHHHUX
371eMeHTOB obpabaTsiBaeMOro U3Jenus, COKpa-
TUTb IIPOLOJIKUTENIBHOCTh BpeMeHH obe3ra-
sKuBaHuA IBII U, cilemgoBaTe/libHO, YBEIKUYHTH

HAHO MHAVCTPUA Tom 15 Ne1 2022

where N, , is the total number of gas molecules
(atoms) adsorbed per surface unit.

The energy Q.. of gas desorption is reduced by
the effect of ultrasonic waves on the metal sur-
face and the weakening of the interaction forces
between molecules (atoms) of sorbed gas and metal
atoms.

The effectiveness of the ultrasonic vibration
activation process of diffusion and desorption
was experimentally proved. The essence of the
experiments was to record the increase in pres-
sure of gas components in the process of pump-
ing out the volume of tubulation of MOB copper.
In all experiments the tubulation was heated at a
rate of about 2 °C/min in the range of 20+180 °C.
In Fig.3 the temporal dependence of changes in
partial pressure and temperature of atomic hydro-
gen (1 a.u.m.) at different frequencies of ultra-
sonic vibrations is shown. The graphs show that
already at temperatures above 100 °C the par-
tial pressure of atomic hydrogen at simultaneous
exposure to ultrasonic vibrations of different fre-
quency and temperature is greater than without
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06beMBI BBIIIYCKA F'OTOBOM IPOAYKIHHU. B mpo-
Llecce OTKA4YKH IIPH HarpeBe npubopa c ogqHOBPe-
MeHHBIM BO3JelcTBUeM Y3-KojsebaHUN HabIo-
HaeTcsl sIpKO BBIPa>kKeHHBIHM MaKCHMYM CyMMap-
HOT'O JaBJeHHUS U ra30BbIJeNeHUs, CBI3aHHBIHN
C YyMeHbIIeHHEM CHJI B3AaUMOJEeHCTBHUS MOJIEKY]
M aTOMOB ra3a ¢ MaTepHaJaMHU BaKyyMHOH apMa-
Typsl mpubopa.

NHOOPMALUA O PELLEH3NPOBAHUU

Pemakuus 61arogapuT aHOHKMMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BK/IaJ, B pelleH3MPOBaHUe 3TOk
paboThl, a TakKe 3a pa3MelleHHe CTaTel Ha CanTe
JKypHaJla U Ilepefavy KX B 3JIeKTPOHHOM Bue B HOb
eLIBRARY.RU.
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Jekaapauus o KoHpAuKme uHmepecos. Asmop 3assasem 06
omcymcmauu KOHPAUKIMOB UHMepecos UAU AUYHBIX OMHOLLe-
Hull, kKomopele mozau bl nosausmes Ha pabomy, npedcmas-
AeHHyto 8 daHHOIl cmamee.

the ultrasonic vibrations. At the same time, the
diffusion and desorption rates of gas increase due
to ultrasonic activation.

Figure 4 shows the temporal dependence of
changes in partial pressure and temperature of
molecular oxygen (32 a.u.m.) at different frequen-
cies of ultrasonic vibrations. From the graphs it
can be seen that at temperatures above 80 °C the
partial pressure of molecular oxygen at simulta-
neous exposure to ultrasonic vibrations of differ-
ent frequency and temperature is greater than
without ultrasonic vibrations. At the same time,
gas diffusion and desorption rates increase due to
ultrasonic activation.

In Fig.5 the temporal dependence of changes in
total pressure and gas temperature at different
frequencies of ultrasonic vibrations is shown. The
graphs show that at temperatures above 60 °C the
total pressure at simultaneous exposure to ultra-
sonic vibrations of different frequencies and tem-
peratures is greater than without ultrasonic vibra-
tions. When heated to 160 °C with the simultane-
ous activation of ultrasonic vibrations with a fre-
quency of 55 and 300 kHz, a pronounced maximum
of the total pressure (Fig.5) and the release of gas
components, in contrast to the use of classical
technology with degassing thermal treatment.

CONCLUSIONS

Ultrasonic activation of gas diffusion and desorp-
tion processes accompanied with heating allows
of increasing the intensity of gas components
desorption and diffusion from the internal ele-
ments of the processed product, reduces duration
of degassing of EVD and, therefore, increases the
output of finished products. In the process of evac-
uation, while heating the device, with simulta-
neous influence of ultrasonic vibrations, a pro-
nounced maximum of total pressure and gas
release is observed as it is connected with decrease
of the interaction forces between gas molecules
and atoms with the materials of the device vac-
uum fittings.
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