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Determination of the parameters of the process of gas-
dynamic deposition of metallic coatings
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In industrial ргасtiсе, special attentiotl is givelr to the
introduction of the пеw technrllogy ol'gas-clynamic
deposition of metallic coatings using DIMET eсlttiptnent.1
11n this case, the sрrауесl рагtiсIеs itге sссttгеtl ttl tlte
substrate utilising thеiг kinetic епегgу sLrpplietl to the

рагtiсlеs Ьу the suрегsопiс аiг1'lоw. Ассогdirrg to the
ехрегir-пепtа| results, the efficierrcy of the рг()сеss оl'цlts-
dynamic sрrауiпg is stгопglу affected Ьу the tllutual
gеоmеtгу of the ассеlегаtiпg airflow апсl the tгеаtесl
s uгfасе.

The effect of the angle between the vector of
the velocity of the particle and the normal to
the surface оп the efficiency of bonding
metal]ic particles

It is well-known that the Ьопdiпg ol'the рlrгtiсIеs tlll thc
snlooth suгfасе takes place wlren tlre сгitiсаl veItlcity cll-

the paгticles is exceeded. This velocity c,leperrcls orl the
thегmаl and rnechanical ргtlрегtiеs ol' the rrlаtегiаls of
the particles and the Ьагriеr.а,5 Tlre concept of tlre сгitiсаl
velocity iпrplicitly assumes that the vесtоr clf the velocity
of the раrtiсlе in inteгaction with the Ьаrriег is diгесtеd
поrmаl to the suгfасе clf the Ьаrгiег.

Ноwечеr, in the gas-dynarnic method, it is песеsisагу
to use the ассеlеrаliоп of the parlicles ir-r the flow of the
сагriег gas which, аftеr disсhагgе frorrr 1he nozzle, is
deceleratecl and expands, mixing with the surгоuпriiпg
gas rnedir_rm, and is also deГlectecl Ьу the Ьагriег sргеасliпg
аlопs its surface. These changes iп tlre movemellt ot'the
gas should геsult unavoidably in the change tll the чесltlг
оf the velocity of the рагtiсlеs. This rrray геsult irr tlre
interactior-r of the particles with the Ьаrгiег uпсiег lhc
angle to the suгfасе diffeгing frоm the погmаl.

If the сопропспt of the чесttlг оl tlre veltlcity of the
рагtiсlе, поrmаl to the suгfасе of the Ьаrгiег, itlсгеlLsts
the intensity of irrteraction, гesulting in the iпсrеаsе of
the dеgrее of dеfогmаtiоп of the particle апсi the Ьагriеr,
thc tangential cornponent of the velocity, which is рlrгаIIёl
to thc surface of tl-re Ьагriеr. leads to the fогmаliоrr of
shetrг stresses апd stгains in tlre contact zone, whicll
mily cause separation сll'frасturе о1'the рагtiсlе. The гlrtitl
of these componcnts of the velocity inl'lue nces the bonding
ol'the рагtiсIс to tlrc l,1ltгriег.

Since the чагiаtiоп tll'the arlglc betwecn tlte чесttlг ot'
the velocity ol'the рагtiсlе ltncl the погtrrаl to the suгГасе
rnay геsult irr changes o1'the e1'1'icicncy ilf'clcposititlrl cri

рагtiсlсs, it is tll'1lгасliсltl itttсгеst ltr cxltttlitte lIlis
ге lat iolrslr ip.

Tltc pгtlcesses takirrg placc сluгirlg tIrc coIlision o1'the

рагtiсlе with thc Ьаггiег ltпсlег апQlс will Ье exarrlitrecl.
The ргосеss о1' сlеfогrпаtitlt"t al-tcl boricl i n g cl l' t lre рагti с lе,
associated with the соmр()пепt о1' the velocity, rlorInal
to tlre suгfасе, iпсrеаsеs the co11tact агеа litlrl bondillg
stгепgth апсl tlre clcfoгllllrtiotl I)госеs\. ltsrociatecl with
tlte tangential соп-tропепt оf the velocity. is сliгесtесl to
clisplacement of thc рагtiсlе iп геlаtiоп lo the contact
zclne. Iп this case. it сlесгеаsе ol'the stгепqth оl the сгуstаl
lattice i-ts а гсsult оl'thе genel,atiorl tlf heat in llle агеlr
ad.jacent to thc contltct point l-tlay геsttIt ill 1епsilе loariin{r
(shеаг cleforllll-tl itllt ltlol-tg thc sttгl'асе clI' the Ьаггiег) tll'
tlTe scction with геtitrсеd stгепgth. Dcllcrltlirtr: otr thc
гаtiсl оl tlre погltlаl atlcl tanget,ttial ctlrlrpcltlerlts clf the
velocity, the strепgtIl of'the ll1aterial and its tеIl1реrаtuге
dependerrce, the irrteraction пrау leacl tcl сliffегепt геsults.

11' the поrmаl comptrnent tll the velocity is high апсl
the tangential cclrnponent is sn.all, tlre рагtiсlе is bonded
to the substrate. The t|еgrее of deforrnatiorr апсi,
correspondillgly, tlre Ьопсliпg stгепgtl. аге сlеtегпlitrеd
Ьу the value of tlre поrmаl соmропспt of the velocity.

If the tangelrtial comportent о1' the velocity is high,
1he fогсе оГ bondin_q оГ tlre раrtiсlе with the suЬstгаtе iп
the contact sptlt irr the ргt,lссss о1'1'ortltatiot,t rlt'the corrtact
lnay ргоvе to Ье insul'l'icient fЬr ргечсrrtiпg its clisplacerr.ent
along tlre suгfасе оf the base. IlT this case, the paгlially
bonc,lcd рагliсlс shoulcl sсрагаlе l1,orrr t}re sttЬstгаtе. As
the stгепgth and rl-lelting point of the matel,ial of tlre рагtiсlе
iпсгеаsе, the probability tll'this takirrg place also it-tcl,eases.
With ап iпсrеаsе of lhe size of the рагtiсlе, this ргоЬаЬilitу
iпсгеаsеs togetITeг with tlrc ргоЬаЬilitу of sepltг;,ttitltl.

Finally, if the tanserrtial соrпрсlпепt of the velocity is
lагgе and the melting point tll'the рагtiсlе mateгial is low,
the local dесгеаsе cll'thc stгепgth irr the vicinity of the
contact zone, associrrtecl with the ger-reгation оГ lretrt сluгiпg
clelbrrTation, mау геsttlt in ll,itсtuге o1'the рагtiаllу sесuгеd
1lагliсlеs. This takcs pIace il'thcl borltling stгсrtцtIt ot'tlre
рагtiсlе witIT tIle Ьаггiсг i11 tIlc colltact spot is highег
than lhe stгспgth crl 1Ite rrlatct,ial tll'tlre рагtiсlе iп tlre
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vicirrity оГthе colltact ZOtlc. In this cilse. 1l thir-r |ауеr of
tlrc tllltteгial ol'tlrc рагtiсlс гet-ttltitls tltl the suгl'асс ol'thc
s tl bs tгаtе .

Thc exatlliticcl чагiаrlts о1'iIl1eгactitlll агс lirtrrlcl ilt tlle
еtЪсt o1'the tlclw of the poly сlisрегsе powder clf aluminiun-r
with а попuпifoгlll velocily crn tlre suгl'асе clf а glass
Ьагriег.

Fi_чuге I shows the геsult ol'inteгactitlt,t оГ aluminiunt
particlcs with the glass Ьаrriеr iп the diгссtiоп of the
florv thc рагtiсlс псlгlтаl Io thc suгl'асе. The clepclsition
ргосеss was rcalisecl using а poly-clispeгsiori роwdеr о['
irlurniniurn willr the lnodal size of the sрhегiсаrl рагtiсlеs
of 20 prrn. The velocity оГаiг оп the axis of the 1'low was
1lррrо\ itllllle|1 (l{ )( ) nl/s.

Thc suгl'iicc of the gas at the tcl1l shows the bondcci
рагtiсlеs with сlil'1'сгеrlt ilе_цгееs clI' сlеl'огlтаtiоrl allcl the
sizc ol' l()-_50 рпt, at 1hc botttltrl tlrese рагtiсlеs аге
indicatecl Ьу lirгgе white sptlts. Тhеrе аrе also а large
пutltЬег clI' indentations witIT the sizc о1' 1-5 рm. Tlrese
rnaybe both the bonded small paгticles irncl a]so tгасеs
left Ьу the lаrgег pirrtially Ьопс[еd paгticles whiclr haci
sерагаtесl rtrlсiсг the еl'fссt cll'thc tangential cclnrponerlt
ol-vclocity.

Whсп tlrc axiý o1'tlrc l'lrlu, is Lrllсlег all аtl_чlе in гс|аtiоп
trl thc suгf'асс ot'the цlass. the l'tlгttl tll'thc- tгасеs changes.
Thc гсsLr It tli' i lltсгасt itln tlt' tllc al tttl,t ilt i rrtll раrt iclcs with
thе.чlаss sLlbstгaIe witIr the 1'ltlw tll'thc рiiгtiсlе uпdег
Ihe апi]iе ol':1_5u to thc suгl'асс is showtr iп Fig.2. Iп thc
irllpitc{ tll'tItc alttttlillitlllt рагtiсtс:s rltl lhe srrгt'асс ol- thc
_чlаss utttlег tltis arlgle, tItсгс агс rltl bcllldecl рагtiсlеs.
Both sides of the glass show only tгасеs ot' thc 1-1агtiсlсs
whicil аrе mostly (especially with the iпсrеаsе of the
size of the trасе) elongated in the diгесtiоп ol'travel ог
thc рагtiсlеs. This llleitt,ts that tITe sol'tcrrirlg ol'the рагliсlе

аь
1 The deposition of аlumiпium paПicles оп glass: а) the
view of the glass frоm the top of the side of the flow; Ь) the
side from the direction against of the flow.

аь
2 The deposition of аlumiпium parlicles оп g/ass uпdеr ап
angle of 45": а, Ь) Fig. 1,

doi: l 0. l 5ЗЗ/wiпt.2006.З_588

rnaterial in the contact zone results in frасtuге of the

рагtiсlеs with the I-ortnation of а trасе оп the suгfасе crf
the Ьаrггiег.

This рhепоrпспоп, which is sometimes rеfегrеd ttl as
spreading, takes place iп the tгеаtmепt of the surfасе
uпdег апу angle with lаrgе slightly defornled particles
cll'low-nlelting metals, such as а zinc ог tin. When the
size of thc paгticles is lагgеr than 50 рm, the surГасе of
tlre Ьаrriег is сhаrасtегisесI Ьу the high гаtе of Гоrmаtiоп
tlf а thin lауег оГ the rrlaterial of tlre particles but thеге
аге по bondecl dеfогmеd particles.

Irt сопtгаst to the iпtеrасtiоп with the glass (in which
опlч thc рагtiсlе is deforrTed and the Ьаггiеr does tlot
show the l-сlrrпаtiоtl of residual stгаiп and опlу the
Гогmаtiоп оf iIrternal сгасks) in interaction оГ the metallic
particles with the surface o1'the metallic Ьаrriег the mutual
сlеl'огtl,tаliоп of the рагtiсlеs and the Ьаrгiег takes place.
Nirtuгirlly, the size оГ the сrаtеr. fоrmес1 on the suгfасе of
tlre Ьаггiеr during the collision with the particle is
dеtегпriпесi Ьу the raltio оГ the haгdness ol'the materials
of the рагtiсlе and the Ьаrгiеr and Ьу the stгengtlr ofthe
pulse cll'the рагtiсlе. It is irTportant to note that the
fогmаtiоп oI'the сгаtег otr the suгfасе оf the Ьагriеr should
rcclltce thc stгellgtlt of the effect o1'the tangentill
соmроllепt ol'the pulse of the paгticle. directed to
sсрагаtiоtl of the рагtiсlе, becattse the iпtегасtiоп оГ thc
рагtiсlс takes place uпсlсг the right iingle in relation to
the ltctual cгoss-sectioll оf the sLlrI'ace (Fig. З). Nаtuгirilу,
thcse atlgics ltгс сlеtегrпiпсrl Ьу the rаtiо of the sizc of'
thc рагtiсlс to tlrc depth о[' tlre сгаtеr.

Нсlц"ечег. iп the case оf а large deviation of the чесtог ol
the velocity оf the рагtiсlе tiom the поrпlа1 to the sr"rrface ot
tIre Ьагriеr, the value of strain in the рагtiсlе and the Ьаrгiег
t-t,tust сlссгеllsе. This results in а mаrkеd change ol' thc
effic iепс1, of cleposition.

Figuге ;l shows the depenclerrce of the relative etTiciency
оГ clcposititln оГ the рагtiсlеs сll'соррег and lllunliniLrltl
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З The diagram of iпtеrасtiоп of the particle with the surface
iп the аЬsепсе (а) апd iп the рrеsепсе (Ь) of а сrаtеr оп the
surface of the barrier.
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4 Dерепdепсе of the relative efficiency of depasition of the
particles of сорреr апd аlumiпium оп the апglе Ьеtwееп
the axis of the accelerating flow апd the surfасе of the barrier.

-4cU
l , ,Al

//
lq
J

<'

]



doi: l0. l 5ЗЗ/wiпt.2(Х)6. З_5 88

of сопrрагаЬlе sizes оп the surfасе of the alutllinium slreet
оп the angle between the axis of the ассеlеrаtiпg flow
and of the surfасе of the Ьаrгiег. The efTect of srnall
deviations frоm the погmаl оп the efficiency оl'Ьопсliпg
ol'the particles is srnaller than the efficiency ol'borrding
of the lаttег рагtiсlеs оГ alun-riniurn. Ноwечег, with iriсгеаsе
of the deviation fгоm the поrmаl, the ratio chrnges.
Evidently, the bonding oI'the smаllег paгticles takes place
with а lоwег degree оГ deformation of the рагtiсlе trncl

the substrate.
Since the iпсгеаsе of the depth of the сгаtеr,оп the

suгfасе of the Ьаrгiеr results in bonding of the particle
moving uпdеr the апglе to the plane of the suгfасе of
thе Ьаrriеr, the forrnation of lаrgе сrаtегs tlп the suгfасе
пау result in an iпсrеаsе of the efficiency of deposition
of metallic particles. This should Ье саrгiеd out Ьу

рrеlirпiпагу treatment of the surl'ace оГ tlTe Ьагriег,
То епsurе the constant fоrmаtiоп of the lагgе сгаtегs

in the рrосеss of growtlr of the lауеr duriпg the deposititln
of the paгticles, the deposition ргосеss shouIcl Ье
accompanied Ьу раrtiа1 еrоsiоп of the surf'асе as а геsult
of the introduction of аЬгаsiче (сегаrпiс) рагtiсlеs irltcl
the flow.

The effect of ceramic particles оп the
eff iciency of formation of coatings

Figuге -5 shows the dерепdепсе of the геlаtiче efficiency
of deposition of the particles of сорреr ancl аlumirliuпl
оп the angle bctwe еп the axis of thc ассе|сгаtirrg 1'low
and the suггасе of the Ьагriег with tl-re iпtгоduсtiоп ot'
сегаmiс particles into the ассеlегаtiпg flclw. 'Гhе sапlс
grарh also shows, fог соmраrisоп, the гelationships
presented in Fig. 4.

It mау Ье seet-t that the introduction of сегаIrliс рагtiсlеs
ir"rto the flow widens the rапgе of tlre ar.gles of depositior-r
fог both the рагtiсlеs of alr-rminiurn апd соррег, апd tlrt:

difference in the dependence rэf tlre rе]аtir,е el'l'iciency
of the position on the angle fоr the particles ol diГfеrепt
mirterials is gгеаtlу Ьа[апсеd.

Ноwечеr, it пrау Ье expected thiit the ргеsеllсе of сгаtеrs
on the surfасе shorrld have а dil'fегепt el-l-ect оп the
efl'icier-rcy of bonding cll the paгticlcs of both сliffегеllt
hardness and di['Геrеrlt bize.

The iпсгеаsе of the tеmреrаturе of the ассеlегаliпg
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5 The dерепdепсе of the relative efficiency of deposition of
сорреr апd аlumiпiчm particles оп the апglе Ьеtwееп the
axis of the accelerating flow апd the sчrfасе of the Ьаrriеr iп
iпtrоdчсtiоп of ceramic particles into the flow: 1) А1+
сеrаmiсs: 2) Cu + ceramics,
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6 The dерепdепсе of the relative еffiсiепсу of deposition of
сорреr particles (with the сеrаmiс parlicles iпtrоdчсеd into
the flow) оп the аlumiпium Ьаrriеr of the апglе Ьеtwееп the
axis of the accelerating flow апd the sчrlасе of the Ьаrriеr for
different temperatures of the flow (Т 5 > Т 4 > Т 3 > Т2> Т 1),

fIow гесluсеs the haгcltless of thc рагtiсlсs rllovirrg iIl tlre
floц,. lп tlris case, {he gепсгаl cfl'icicrrcy ol'rle1-1tlsilioIr оf
the рагtiсlеs itlсгеаsеs. rrlaillly as lt геsul1 оГ the lагgе
particles taking р.lгt iп the depclsiticln ргсlсеss. The
iпсгеаsе of the flolv tеlllрегаtuге shtluld геsult iп the
iпсrеаsе of the etficiency o1'ileptlsition iп the cntil,c t,lttlge

of the anglcs betr.veetr the axis ol'tlre ассеlегirtiпg t'lclw
ancl the Ьаггiег. btrt it shoulrl also гсsult in lt sпlаllег ittсгсаsе
оf the contгibLrticln ot'the lагgе рагtiсlеs with the iпсгеаsе
of the ап.qlе of cleviatioll.

Figuге б shows the dellerldence ot'the геlаtiче е['t'iсiепсу
оf cleposition of the соррег pliгticles o1-I|,te altrriliniurll
sheet with tlre чllгiаtiсlrl rll'the r.lcptlsititlrl arlgle. Дs irl
tlte ргечiоus case. сегаt-tliс pllгticles lчеге itrtгtlclllcetl ittttl
the f low of the соррег particles. The сuгчеs l-_5
соггеsропd to сlit'f'егепt tell1pe гаtuгсs ol' thc ассеlсгаt iпg
gas 1'гопl Т [ to Т5.

The irrcгease of the l'low tеIl1регittttге irrcгettses tlre
гelative efficiency of cle1-1tlsititln o1'the рitгliсlеs in the
гапgе o1'tlre angle оГ clcviation of 30-90". At tlie sitnre
tin-re. the lагgеst thc lattice increase takes place iri the
гапgе of 60-90'.

With the сhапgе iп the clinensions of the сгаtегs, the
el'f'ect оГ the сrаtегs оп the efficiency of cleptlsiIitlll shoulcl
also clrange. TIle irlcreasc of thc depth tlГ thc сгittсгs tltr

tlte suгfilсе of the Ьаггiег геsults in the bonciirrc of tlre
рагtiсlеs, rrlrэчirlg r-rпсlсг tlre arrgle to tl"re plar-re ot' tlre
suгlасе оГ the Ьаггiеr,. As tlrc depth of the сгаtегs iпсгеltst_,s,

the еl'Гiсiепсу оf boncling o1'гelatively lагgе рагtiсlеs
increases ltnd. tltl the оthег lrantl. as the size of'the сгаtег
с]есгеirsеs, the particle size becotl-tes sпlаllег. The size of
the сrаtеrs оп tl-te suг{'асе оГ tlte gгowirrg crlatirlg пlау Ье
charrgec1 Ьу charrgirT_t the dispeгsion of the ceгltt-t-tic

paгticles addecl to the flow.
Evidently, ti,te clirTensitlrrs of the сгаtегs, gепегаtеd

Ьу llre сегапtiс particles in irnpact with the Ьагriег, deperrd
оп the hагdпеss of the ргсlсеss mаtегiаl. lп the initial
slilge tll' lilгll,t at i trtt o l' t hc colrt i n g, t hc cl i rrlcris i tltls trl' the
сгlttегs irге сlеtегпliпесl Ьу the hагdtiсss of the Ьlrггiег
mаtегill.

Figr-rre 7 shows tlre dcperrtlerrce of tlre геlаtiче etTiciellcy
of cleposition of the соррег рагtiсlеs tlп the suгfасе of а

steel Ьаг, ctlated with the lауег of cIrгclt,ttiurn, with the
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7 The оерепdепсе of the relative efficiency of deposition of
сорреr particles (with the сеrаmiс partictes iпtrоduсеd iпtо
the flow) of the Ьаrriеr produced frоm а chromium-plated
steel оп the angle Ьеtwееп the axis of the ассеlеrаtiпg flow
апd the surface of the Ьаrriеr for diffеrепt temperatures of
the flow (Т 5 > Т 4 > Т 3 > Т2> Т 1),

adciition огсегrrпliс paгticles illto the Гlоw. The indiviclual
сurvеs alscr соrгеsропс] to diffeгcnt tеlтрсгаturеs of the
acceleratirrg gas.

If the cleposition of соррсг paгtic]es of the surfасе of
alttnrinilrnt at all exarllitreti tеlllрегаtuгеs of the flow is
iпtеrгuрtеd only whcn thc апgIе is srпаllег thап ?5О, tlterl
c-tl-t the suгl'асе of chгt,ltllittlrl this ltngle clcpencis оп the
[е1l1рсгаlLlге о1'thc ассеlегаliпg _nas l'lorv. Within the
fl,atl,tewoгk tlI'the cxatnitlecl арргоасh. tllis пlау Ье ехрlаiпеr1
as fol ltlrvs.

Tlre size tlf the сrаtегs gсrlегаtеd Ьу tIre сегапliс
particles апd the suгt'асе of the hагсlеr ч^hrоmium is
considerably srllаllег in cortrpaгiscln with tlre size ol'the
surfасе of alurninir.rnl. Тhегеlilrе. irl obliclue irrcidence in
the initiir'l Stage of cleposititlll (i.c. in the stage оГ
cleposilioIr clircctly оп the suгl'itce ol'the suЬstгаtе), these
сriltегs rcsult in bonding of опlу fine pirrticles. The
pгobability ol'rlepclsitiotl it-tсгеаsеs as 1he haгdness of
the particles ciecreases. Тhе hагdпеss depends оп the
tешрегаtuге of these раrtiсlеs. Consequently, 1hc angle
irrclicating the stагt of bondirrg of the llletallic paгticles
(сгitiсаl allgle) clepcncls tlll the t'ltlw tсtllрсгаtuге. А1'1ег
bonding of lhe fine ptrrticlcs, fuгthег fогmаtiоп of the
сгаtеrs and deposition ()f 1he рагtiсlеs аlгеасlу 1akes place
оп the material the coating. Тhеrеfоге, uпdеr the angles
of incidence ог the paгticles. gгеаtlу differing fгоm the
сritiса| апglе, the I'оrm of the depenclerrce ot'the relative
егliсiепсу of deposition ot' the metaIlic рагtiсlеs оп tl.te
angle ог iпtеrасtiоп of the flow with the Ьаггiег beccltlles
similar to that obtaineci lilг the alurninium suьstгаlс.

In all cases, the efficiency ог depilsititln of the metallic
pirгticlcs is t-t-taxitTuln when the Vесtог оГ tIre velclcity is
rltrгmаl to the surfасе of the Ьагriег, arrcl the tleviation of
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tltc чссltlг tl1' velocity frоtl-t the погmаI results in the
iпсгеаsе of tITe efficiency of deposition with the
cleveltlpment trf surfасе гoughness of the Ьаrriеr.

It rnay Ье expeclecl that in the ideal case of
monoclispersioIl particles with the Siime чесtоr of velocity,
the тlерспсlепсе of the efficiency of deposition оп the
апцlе between the чесtог of the velocity of the particles
aItcl the plane of the Ьаггiеr is of the thгeshold паttlгс.
Fоr the асtuаl рrirсеss оf gas-dynamic deposition of the
rTetirllic particles. this clependence is dеtеrmiпеd Ьу the
integration o1'the distribulion of the particles in respect
tlt'(he size, veltlcity апсi the angles of the velocity чесtоr.

conclusions

1 The ргосеSs of deposition of the metallic particles Ьу
the gas-dynan-ric n-rethod is strопglу affected Ьу the
valtte of the angle between the чесtоr of the velocity оl
the рагtiсlеs iind of the pIarre of the Ьаrгiеr. The higheг
valrtcs cl['the rпоmепtum of the paгticles result in boncl-
irr_g of the рагtiсlеs in deposition uпdег the angles close
to lhe поrmаl to tlre surface, and рrечепt bonding in
tile casc ol'a lаrgс deviaticln fгоm the поrmаl.

2 TIle itltгосiuсtiоп of а сегtаiп amount of сеrаmiс parti-
cles it-ttt,l the ассеlегаtiпg _tаs flow together witlr the
nletai particlcs rеduсеs the dependence ofthe efficiency
ol'clc.ptlsitiorl ol'the metal рагtiсlеs оп the angle and
elinlinirtes the diffегепсе between these relationships
fог the particles with diffеrепt values of the mоmеп-
tum.

3 lп the practical application of tlre methocl of gas*dy-
паr-пiс sргауiпg in different deposition conditions, it is
possibIc to rеаlisе the гelationships of different type,
ьut in all cases the cleviatiorr of the axis of the tlow
fгоm the погrтаl to the Surfасе of the Ьаrriеr Ьу mоге
than 30-40" results ir"r а lаrgе decrease of the efficiency
clf clepositiorl of the particles.
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