
OEOPyflOBAHHE

n n A 3 M E H H O -M M n y n b C H O E  
O C A W flE H M E  n O K P b lT M M

3 a ^ u ia  ge ianeM  u u3genuM o i  u3Hoca u Koppo3uu aB­
n a e ica  ueHipanbHbM  3BeHOM ia K ux  HauuoHanbHbix 3agaH, 
KaK ^K0H0Mua ^Hep^uu, coK pa^eH ue pacxoga M aiepuanoB, 
oöecneHeHue H agexH ociu  u öe3onacH ociu MexaHuHecKux 
cucieM . K pecypcocöepera ra^uM  iexHonoruaM , oöecne- 
HuBara^uM pemeHue nociaBneH Hbx 3agaH, o iH ocu ica  
npouecc HaHeceHua ^yHKuuoHanbHbix noKpbiuM  MeiogoM 
nna3MeHHO-uMnynbcHoro ocaxgeH ua (nM O ). no nyH aeM ie  
noK pb iua  M o ry i ucnonb3OBaibca KaK gna ynpoHHeHua ho- 
B bx ge ianeM , ia K  u gna BocciaHOBneHua cbom cib u3HO- 
meHHbx geianeM . flaHHaa TexHonorua xapaK iepu3ye ica  
öbc ipoM  0KynaeM0cibra KanuianbHbix BnoxeHuM npu ee 
BHegpeHuu, MoöunbHocibra u M anoraöapu iH ocibra  ucnonb- 
3yeM oro oöopygoBaHua.

nM O  noKpbiuM  o iH o cu ica  k npoueccaM ^n e K Ip o $ u - 
3uHecKoM oöpaöo iKu, b K o io p ix  no K pb iue  ^o p M u p ye ica  
3a cHei pacnnaBneHua ^neK Ipoga (aHoga) u onnaBneHua 
noKanbHoM 3OHb g e ia n u  (Kaioga) npu nogaHe Ha hux um- 
nynbcoB iOKa oöpaiHoM nonapHociu u reHepupoBaHua 
nna3MeHHoro noiOKa. n o K p b iu e  o c a x g a e ic a  npu pyHHOM 
unu MexaHu3up0BaHH0M (p0ö0i u 3up0BaHH0M) nepeM e^e- 
huu B uöpupyra^e ro  unu B p a ^a ra ^e ro c a  ^neKTpoga o i-  
H0cu ienbH0 g e ia n u  npu BO3geMciBuu nna3M b ra3OBoro 
pa3paga u Mex^neKTpogHoM c p e g i (puc . 1). O öpa3yeMoe 
n o K pb iue  uM eei HeiKyra rpaHuuy pa3gena c M eiannoM 
nognoxKu u xapaK iepu3ye ica  noBbmeHHoM agre3uoHHoM 
npoHHocibra, HanpuMep, no cpaBHeHura c ra30iepMuHecKu- 
mu n o K p iiu a M u  (puc . 2).

Mcnonb3OBaHue nepeM e^eHua, Buöpauuu unu B pa ^e - 
Hua ^neK Ipoga  n p e g o iB p a ^ a e i e ro  npununaHue k g e ia n u . 
npuMeHeHue B p a ^a ra ^e ro c a  ^neK Ipoga oöecneHuBaei öo-
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nee paBH0MepH0e e ro  onnaBneHue no cpaBHeHura c Buöpu- 
pyra^uM  ^neKTpogoM u no3Bonaei yM eHbm uib mepoxoBa- 
io c ib  HaHocuMoro noK pb iua  [1]. Buöpauua ^neKTpoga npu 
e ro  nepuoguHecKOM KacaHuu g e ia n u  oöecneHuBaei gonon- 
HuienbHyra np0K0BKy noKpb iua .

Puc. 1. CxeMa nMO c Bpa^aro^uMcn ^^eKTpoflOM

Puc. 2. nOnepeHHwe mnu^H nOKpbiTun ^neKTpOfl - 
BK8, OcHOBa — TuTaHOBbm cnnaB)

- TBepgbm cnnaB

n p u  nM O  ucnonb3yeica uMnynbcHaa nna3Ma, gna reHe­
pupoBaHua KOiopoM npuMeHaraica Man0M0^H b ie  uc iohhu- 
ku ^neKIpo^Hep^uu o i  HecKonbKux K unoB a ii, a Ha Bbxoge 
b KpaiKOBpeMeHHOM uMnynbce nna3M b bo3m oxho nonyHe- 
Hue nuKOBbx M0^ H 0cieM o i  gecaiKOB go ib icaHu M eraB a ii, 
cnocoöH bx H arpe ib  nna3My go ie M n e p a iy p  (4-5)^104 K [2]. 
B pe3y n b ia ie  nna3MeHHO-uMnynbcHoro B03geMciBua npouc­
x o g u i öbicipbiM HarpeB noBepxHociHoro cnoa c nocnegyra- 
^u m  uHieHcuBHbM e ro  oxnaxgeHueM  nyieM  o iB oga  ie n n a  
KaK b oö teM  M eianna, ia K  u b O Kpyxara^yra cpegy. CBepx- 
B ico K ue  cK opociu HarpeBa u oxnaxgeHua ^ 0BepxH0CIH0^c 
cnoa b coHeiaHuu c B03geMciBueM nna3M b no3Bonarai no- 
nyH aib HaHO-, MuKpoKpuciannuHecKue u aM op^Hbie noK pb­
iu a . n p u  ^T0M KpoMe iepM uHecKoro u ra3oguHaMuHecKoro 
B03geMciBua nna3MeHHbM noiOK aK iuB u pye i n p o u e c c i oö- 
pa30BaHua noKpbiuM  u nerupoBaHua. n p u  HepaBHOBecHbx 
ö ic ip o n p o ie K a ra ^ u x  nna3MeHH0-uMnynbcHbix npoueccax 
oöpa3yraica noK pb iua , y  K o io p ix  cBoMciBa, xuMuHecKuM 
u ^a30BbM  c o c ia B b , M uKpocipyK iypa cy^eciBeHHO  o in u - 
Haraica o i  nonyHaeM bx gpyruM u M eiogaM u [2 -5 ].
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nM O  noKpbTuü MoxeT Knac- 
CM^^upoBaTbCH KaK TexHonorua 
M ogu$u^upoBaHua, ynpoHHeHua, 
nerupoBaHua noBepxHoeTHoro 
cnoa, ocaxgeH ua u HannaBKu no- 
KpblTuü, T0HeHH0ü MUKpoCBapKU.
C yHeToM MeTannypruHecKux npuH- 
^ u ^0B 0öpa30BaHua noKpbTuü npu 
npoxoxgeHuu cTaguü nnaBneHua, 
nepeHoca, nepeMemuBaHua u Kpu- 
CTannu3a^uu gaHHaa TexHono­
rua MoxeT öbTb TaKxe oTHeceHa 
k uMnynbcHoü MuKpocBapKe. Ocy- 
^ecTBneHue nM O  noKpbTuü, KaK 
u B cex  n p o L ie c c o B  CBapKu, T p e ö ye T  
3JieKTpUHeCK0 Ü npOBOflUMOCTU M a -

TepuanoB ^neKTpoga u nognoxKu u ucnonb3oBaHua cxeMb 
nogKnroHeHua ucToHHuKa ToKa k ^neKTpogy u geTanu aHano- 
ruHHoü uMnynbcHoü aproHogyroBoü cBapKe HennaBa^uMca 
^neKTpogoM Ha oöpaTHoü nonapHocTu (puc . 3). B gaHHoM 
^po^ecce  peanu3yeTca ^uKnuHecKoe KoHTaKTupoBaHue 
^neKTpoga c geTanbro, nogoöHoe KoHTaKTHoMy n o g x u ry  
gy ru  npu conpuKocHoBeHuu ^neKTpoga c geTanbro b oTgenb- 
Hbx TexHonoruax cBapKu [6]. np u  ^T0M oTnuHueM gaHHoü 
TexHonoruu o t  cBapoHHbx ^po^eccoB  aBnaroTca KopoTKue 
u M o^Hbie uM nynbcb ToKa (10-6 < tM < 10-3 c) u, cooTBeT- 
cTBeHHo, BbcoKue cKopocTu oxnaxgeHua (104- 1 0 5 °C/c) 
u MuHuManbHaa 3oHa TepMuHecKoro BnuaHua [7]. B KaHe­
cTBe npuMepa Ha pu c . 4 npuBegeHb o^u n n o rp a M M b i u3Me- 
HeHua ToKa pa3paga co BpeMeHeM b ycTaHoBKe UR-121 [8].

np u  nM O  noKpbTuü uM nynbcb ToKa oöecneHuBaroT 
gBuxeHue ^neKTp0H0B o t  nognoxKu (KaToga) k ^neKTpogy 
c reHepupoBaHueM nna3MeHHoro noToKa, KoTopbü B3auM0- 
geücTByeT c uoHaMu ra3a M ex^neKTp0gH0^0 npoMexyTKa. 
npoöoü M exgy ^neKTpogoM u geTanbro b gaHHoM ^po^ecce 
B03HuKaeT go HenocpegcTBeHHoro ux KoHTaKTa (HanpuMep, 
b TexHonoruu noKanbHoro HaHeceHua noKpbTuü paccToaHue 
M exgy ^neKTpogoM u geTanbro cocTaBnaeT 3 -5 0  mkm [9]), 
a TeMnepaTypa nna3M b b Mex^neKTpogH0M npoMexyTKe 
KpaTKoBpeMeHHo gocTuraeT 3HaHeHuü 3000 -10000°C  [7], 
h to  xapaKTepHo TaKxe u gna g y ro B b x  cTaguü ^neKTpuHe- 
ckux pa3pagoB.

Bug ra30Boro pa3paga npu nM O  noKpbTuü cBa3aH 
c ucnonb3yeMbM oöopygoBaHueM u MoxeT öbTb oTHeceH 
k ^neKTpuHecKUM gyraM, npuMeHaeMbM b cBapoHHbx Tex­
Honoruax, c TunuHHbMu napaMeTpaMu: to k  (1 -1000) A, 
HanpaxeHue (12 -50 ) B [10]. np u  ^T0M ecnu oTBneHbca 
o t  ^p o^ecca  0öpa30BaHua BbcoKouoHu3upoBaHHoro noToKa 
b M0MeHT npoöoa, orpaHuHuB paccM0TpeHue pa3paga b y x e  
06pa30BaBmeMca KaHane, to  ucKpoBoü pa3pag npu Bbico- 
kux gaBneHuax (KoTopbü Hauöonee HacTo oTHocaT k gaH- 
H0My ^po^eccy) m oxho npegcTaBuTb KaK HecTa^uoHapHyro 
TepMuHecKyro nna3My, KoTopaa racHeT Hepe3 oTHocuTenbHo 
KopoTKoe BpeMa, TaK KaK uc to hhu k HanpaxeHua He b coc to - 
aHuu nuTaTb g y ry  tokom  gnuTenbHoe BpeMa [11]. OnnaBne- 
Hue u ^po3uro ^neKTpogoB b uMnynbcHbx ^po^eccax  MHorue 
uccnegoBaTenu oötacHaroT TaKxe B03geücTBueM gyroB oro 
pa3paga [12].

B TexHonoruax cBapKu nnaBneHueM $o pM a ^neKTpu- 
HecKoü gy ru  oöpaTHoü nonapHocTu uMeeT Bug yceHeHHo- 
ro K0Hyca c huxhum  guaMeTpoM, 6nu3KuM k mupuHe cBa- 
poHHoü BaHHb, u BepxHuM guaMeTpoM, paBHbM guaMeTpy 
^neKTpoga (puc . 4). np u  ^T0M öonbm uü guaMeTp Haxo- 
guTca Ha KaToge (geTanu), KoTopbü aBnaeTca uctohhukom

■ Puc. 3. CxeMa coeguHeHuw npu uMnynbcHow 
apr0H0flyr0B0H CBapKe Ha oöpaTHoü 
nonapHocTu HennaBa^uMca ^neKTpoAOM

^neKTp0H0B, no g g e p xu B a ro ^u x  to k  pa3paga. McnycKaHue 
^neKTp0H0B c noBepxHocTu KaToga ^M uccua  ^neKTp0H0B) 
npoucxoguT 3a cHeT TepM0^neKTp0HH0ü u aBT0^neKTp0HH0ü 
^M uccuu b 3aBucuMocTu o t  e ro  MaTepuana. Ha oTHocuTenb­
Ho «xonogHbix» KaTogax ^Hep^eTUHecKu 6onee BbrogHbM  
0Ka3bBaeTca cy^ecTBoBaHue He ogHoro KaTogHoro naTHa, 
a MHoroHucneHHbx MenKux KaTogHbx MuKponaTeH, xaoTu- 
HecKu n e pe M e^a ro^uxca  no noBepxHocTu KaToga [13] unu 
cocT oa ^u x  u3 oTgenbHbx aHeeK, uM ero^ux cyöcTpyKTypy 
b Buge T0K0Bbx KaHanoB guaMeTpoM 1 0 -6 0  hm [14]. nnoT- 
HocTb T0Ka b KaTogHbx naTHax cocTaBnaeT 107- 1 0 9 A/cm2, 
h to  npuBoguT k BbcoKoü nnoTHocTu BbgeneHua ^Hep^uu 
b hux, pa3pymeHuro noBepxHocTHbx nneH0K u ucnapeHuro 
MeTanna. OgH0BpeMeHH0 npoucxoguT uoHHaa öoMöapgu- 
poBKa TaxenbM u 3apaxeHHbMu HacTu^aMu u BböuBaHue 
aT0M0B c noBepxHocTu geTanu —  KaToga [15, 16]. OcoöeH- 
ho ^^^eKTUBeH ^p o^ecc  cBapKu Ha oöpaTHoü nonapHocTu 
anroMuHueBbx cnnaBoB, noBepxHocTb KoTopbx noKpbTa Ty- 
ronnaBKoü okuchoü nneHKoü, npenaTcTByro^eü KaHecTBeH- 
H0My $opMupoBaHuro cBapHoro mBa. BygyHu KaTogoM ^neK- 
TpuHecKoü gyru , noBepxHocTb TaKux geTaneü nogBepraeTca 
KaTogHoü oHucTKe o t  okuchoü nneHKu HenocpegcTBeHHo 
b ^po^ecce  cBapKu. nneHKa, m oxho cKa3aTb, pa3pe3aeTca 
u ucnapaeTca KaTogHbMu MuKponaTHaMu (puc . 5).

n o  aHanoruu m oxho npegnonoxuTb, h to  $o pM a  pa3pa- 
ga  npu nM O  noKpbTuü TaKxe uMeeT K0Hycooöpa3Hyro $ o p - 
My c huxhum  guaMeTpoM, paBHbM pa3Mepy KpaTepa ogu- 
HoHHoro uMnynbca, u BepxHuM guaMeTpoM, npuönuxeHHo 
paBHbM guaMeTpy ucnonb3yeM oro ^neKTpoga (puc . 6). npu 
^T0M TaK x e  KaK u npu cBapoHHbx ^po^eccax, Ha oöpaTHoü 
nonapHocTu npoucxoguT ^po^ecc  0öpa30BaHua KaTogHbx

Puc. 5. CxeMa ^neKTpu^ecKOü flyru u Bug noBepxHocTu KaToga 
npu ^$$eKTe KaTogHow o h u c t k u  b cBapoHHbix TexHonoruax
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Puc. 6. KpaTep noKpbTua oguHoHHoro uMnynbca (Bpa^aro^uwca 
aneKTpog c 3aToHeHHbM ocTpueM guaMeTpoM 0,5 m m ) [17]

MuKponaieH, oöecneH uBaro^ux pacnnaBneHue u noBbiweH- 
Hoe ucnapeHue M aiepuana Kaioga, a TaKxe uM ee i M ecio 
KaiogHoe pacnbineHue. noBepxH ocib K pa iepa M o x e i ö b ib  
ycnoBHo npegciaBneH a oKpyxHocibro, no KpaaM Koiopoü 
Haxogaica Kannu 3a iBepgeBm ero M aiepuana nognoxKu 
u ^neKTpoga, 0öpa30BaHHbie 3a cH ei pa3öpbi3ruBaHua, 
u o ö n a c ib  nerKoucnapaeM bx u 3aKpuciannu30BaBm uxca 
b no n e ie  Kanenb. B ycnoBuax nepeM e^eHua ^neK Ipoga 
Ha noBepxHociu g e ia n u  npu nM O $o pM u p ye ica  gucK pe i- 
Hbü HeogHopogHbü pe n b e $  c yHaciKaMu pa3öpbi3raHHoro 
u 3aKpuciannu30BaBm eroca M eianna. npu  nM O noKpbiiuü, 
KaK u b cBapoHHbx TexHonoruax, Ha g e ia n a x  oöpa3ye ica  
3arnyöneHHbiü Hameoöpa3Hbiü Kpaiep, rnyöuHa Ko ioporo  
3aB ucu i o i  i 0Ka gyru , H io MoxeT ö b ib  cBa3aH0 c BnuaHueM 
cKopociHoro Hanopa nna3MeHHoro no ioKa (puc . 7).

B o igenbH bx uMnynbcHbix ^neK IpoucKpoBbx iexHono- 
ruax y x e  ucnonb3yeica ^$ $ e K T  KaiogHoü ohuciku  [18]. 
B ia K ux  npoueccax ^Hep^ua nna3Mbi, nepegaBaeMaa ohu- 
^a eM o ü  noBepxHociu, npuB ogu i k öb ic ipoM y (3a BpeMa 
nopagKa 0,1 mkc) pa3orpeBy, nnaBneHuro u ucnapeHuro Me­
ia n n a , oö teM  K o ioporo  3aB ucu i o i  napaM eipoB uMnynbca 
u ie nn o^u 3u H ecK u x xapaK iepuc iuK  M aiepuana.

nonepeHHbü pa3pe3 KpaiepoB M H oxeciBa ioHeHHbix 
0öpa30BaHuü npu nM O  noKpbiiuü np eg c iaB n ae i coöoü 
cnnomHoü H0Bbiü M aiepuan c K0Mn03uuu0HH0ü c ip yK iyp o ü , 
c o c io a ^ e ü  u3 ip e x  cnoeB: BepxHero MenKogucnepcHoro 
«öenoro» cnoa, cpegHero, 0öpa30BaHH0r0 3a cH ei g u $ $ y -

(d) _

Puc. 8. MuKpo$oTorpa$ua nonepeHHoro pa3pe3a nMO noKpbTua 
c BuguMbM npoMexyToHHbM cnoeM d [21]

Puc. 7. CTepeocKonuHecKoe u3o6parneHue KpaTepa nocne nMO 
noKpbTua eguHuHHoro uMnynbca [19]

3uu xuMuHecKux ^neM eHI0B M aiepuana aHoga, u HuxHe- 
ro —  30Hb o inycK a o i  uMnynbcHoro ie nn oB o ro  B03geüciBua 
(pu c . 8). OopMupyeMoe noK pbiiue npu MHoroKpaiHoM B03- 
ge üc iB uu  ^neKIpuHecKux pa3pagoB, BbicoKocKopociHoM Ha- 
rpeBe u noBbimeHHbix cK opociax oxnaxgeHua uMeeT KpaüHe 
HepaBHoBecHyro c ip y K iy p y  c BbicoKoü HeogHopogHocibro 
coc iaB a  u rpagueH iHoe yMeHbmeHue iB e p g o c iu  o i  BepxHe­
ro cnoa k HuxHeMy (pu c . 9) [20].

KaK BugHo u3 pu c . 9, nocne nM O Hauöonbmyro MuKpo- 
iB e p g o c ib  uM ee i öenbiü cnoü, b nepexogHoM cnoe u3-3a 
o inycK a ucxogHoro M aiepuana M uKpoiBepgocib cH u xa e i- 
ca, b ganbHeümeM 0Ha g o c iu ra e i 3HaHeHua ucxogHoro le p - 
M ooöpaöoiaHHoro M eianna.

T on^uH a  u ^neM eHIHbü coc iaB  HaHocuMbix noKpbuufi 
3aB ucu i o i  M aiepuana ^neK Ipoga u nognoxKu, coc iaB a 
M ex^neKTp0gH0ü cpegbi u pexuM 0B oöpaöo iK u. 3 a  cHei 
ogHoBpeMeHHo g e ü c iB y ro ^u x  MexaHu3M0B nepeHoca M a ie ­
puana c ^neKTpoga Ha nognoxK y u KaiogHoü oh u c iku  (Ka- 
io g H o ro  pacnbneHua) caMoü nognoxKu, a TaKxe npouecca 
oxpynHuBaHua öenoro  cnoa uM ee i M ecio  orpaHuHeHue lo n - 
^ u h h  HaHocuMoro noK pb iua . Hauöonee Hacio peanu3ye- 
Maa io n ^ u H a  noKpbiiua co c ia B n a e i 10 -10 0  mkm.

Oöpa3yeMoe noK pbiiue b Buge rpynn i 0HeK oniuM anbHo 
uM eei m epoxoB a ioc ib  Ra 3 ,2 -6 ,3  mkm. f ln a  yMeHbmeHua 
m epoxoB a ioc iu  noKpbiiuü ucnonb3yeica w n u $ 0BaHue unu 
npu iupK a (goBogKa) noBepxHociu c yganeHueM Haciu HaHe- 
ceHHoro M aiepuana. np u  ^ I 0M Manaa io n ^ u H a  noKpbiiua,

T o n u iM H a ,  m k m

Puc. 9. M3MeHeHue MuKpoTBepgocTu noBepxHocTHoro cnoa nocne 
nMO noKpbTua (aneKTpog — TBepgbiü cnnaB BK8, MaTepuan geTanu — 
TepMoo6pa6oTaHHaa cTanb yi0)
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a TaKxe e ro  B03M0xHaa HecnnomHocTb MoxeT 3aipygHaTb 
nonyHeHue KaHecTBeHHoro noBepxHocTHoro cnoa. Bonee 
nepcneKTuBHbM gna yMeHbmeHua m epoxoBaiocTu aBnaeT­
ca ucnonb30BaHue noBepxHocTHoro nnaciuHecKoro g e ^ o p -  
MupoBaHua (anMa3Hoe BbrnaxuBaHue, oöKaTKa ponuKoM, 
mapuK0M, ^neKTpoMexaHUHecKoe BbrnaxuBaHue, npoKoB- 
Ka, öe3aöpa3uBHaa ynbTpa3ByK0Baa oöpaöoTKa u gpyrue  
M e iogb). Mcnonb30BaHue ^Tux ^po^eccoB  TaKxe nepcneK- 
tu b h o  b cBa3u c yMeHbmeHueM p a c ia ru B a ro ^u x  Hanpaxe- 
huü b noBepxHocTHoM cnoe, oöpa3yeM bx b pe3ynbTaie Ha­
HeceHua noKpbTuü.

B KaHecTBe ^neKTpogoB gna nM O  noKpbTuü b ochobhom 
ucnonb3yroica cnnomHbie npoBonoKu unu c ie p xH u , nonyHa- 
eMbie nyieM  npoKaia unu cneKaHua. np u  HaHeceHuu noK pb­
Tuü MoryT ucnonb30BaTbca K0M^03u^uu cnoeB c npuMeHe- 
HueM pa3Hbx M aiepuanoB ^neKTpogoB.

O TJlM H M TE nbH blE  XAPAKTEPMCTMKM 
nM O  nO K P blTM M

• BbcoKaa agre3ua noKpbTuü k nognoxKe;
• oTcyTcTBue HarpeBa u g e $ o pM a^uü  g e ia n u  b ^po^ec- 

ce HaHeceHua noKpbTua;
• HaHeceHue noKpbTuü b n roöbx npocipaHcTBeHHbx no- 

noxeHuax;
• ucnonb30BaHue b KaHecTBe ^neKTpogoB pa3nuHHbx to- 

KonpoBoga^ux M aiepuanoB KaK u3 HucTbx M eiannoB, TaK 
u ux cnnaBoB, nopomiKoBbix u g p y ru x  MaiepuanoB;

• noKanbHoe ocaxgeH ue noKpbTuü b c ip o ro  yKa3aHHbx 
M eciax, He 3 a ^ u ^ a ro ^ e e  npu ^T0M ocianbHyro noBepx- 
HocTb;

• ucnonb30BaHue npu onoBaHupoBaHuu (nyxeHuu), 
HuKenupoBaHuu, cepeöpeHuu, öpoH3upoBaHuu noKanbHbx 
30H pa3nuHHbx g e ia n e ü , b tom  Hucne KpynHoraöapuTHbx;

• oöecneHeHue noBbmeHHoü u3hococtoükoctu noBepx- 
H ocieü g e ia n e ü  öe3 u3MeHeHua ucxogHbx pa3MepoB npu 
oöpaöoTKe rpa^uToB bM u ^neKTpogaMu;

• B03M0xH0cTb npoBegeHua ^eMeHTa^uu (Hacbi^eHue 
noBepxHocTHoro cnoa yrnepogoM  aHanoruHHo xuMUKo-Tep- 
MuHecKoü oöpaöoTKe) noKanbHbx 30H MeiannuHecKux g e ia - 
neü npu o icy icT B uu  noBogoK u KopoöneHua ge ia neü ;

• npuMeHeHue b KaHecTBe nogroToBuTenbHoro ^po^ecca 
nepeg HanbneHueM ra30TepMuHecKux noKpbTuü, HaHece- 
HueM M eiannononuM epHbx M aiepuanoB, oKpacKoü;

• B03M0xH0cTb 0öpa30BaHua Ha noBepxHocTax g e ia n e ü  
u3 TuTaHoBbx cnnaBoB u3HococioüKoro noKpbTua Kapöuga 
TuiaHa npu ux oöpaöoTKe rp a $ u T 0BbiM ^neKTpogoM;

Puc. 10. O6^uü Bug ycTaHoBKu gna nMO noKpbTuM 
Mogenu PPD-ATOM-106

• B03M0xH0cTb HaHeceHua Ha ynopH bx u onopH bx no­
BepxHocTax BTynoK cKonbxeHua c HeöonbmuMu BHyipeH- 
humu guaM eipaM u (MeHee 10 mm) aH T u^pu^uoH H b ix  mo- 
nuögeHoBbx noKpbTuü (Ha TaKue g e ia n u  HeB03M0xH0 Ha- 
H eciu KaHecTBeHHbie noKpbTua ra30TepMuHecKuM Hanbne- 
HueM);

• HaHeceHue noKpbTuü b TpygH ogociynHbx M eciax pa3- 
nuHHbx g e ia n e ü  3a cHeT npuMeHeHua ygnuHeHHbx ^neK- 
TpogoB, HanpuMep, npu BoccTaHoBneHuu paöoHux noacoB 
önoKa ^unuHgpoB gu3enbHbx gB ura ieneü ;

• HaHeceHue pa3HopogHbx MeiannoB, b tom Hucne no- 
cnegoBaTenbHbMu cnoaMu;

• BoccTaHoBneHue ge^eKTHbix u u3HomeHHbix noBepx- 
H ocieü g e ia n e ü  öe3 ux geM0HTaxa;

• n p o c io ia  TexHonoruu, KoTopaa He TpeöyeT c^e^uanb- 
hoü npegBapuienbHoü oöpaöoTKu noBepxHociu u BbicoKoü 
KBanu$uKa^uu onepa iopa ;

• npuMeHeHue M anoraöapuTHoro u TpaHcnopiaöenbHoro 
oöopygoBaHua;

• Hu3Kaa ^Hep^0eMK0CTb ^p o^ecca  (go 2,0 kB t);
• BbcoKuü K0^ ^ ^ u ^ u e H T  nepeHoca M aiepuana (60­

80%).
Ha pu c . 10 npegcTaBneHa y c ia H 0BKa gna nM O  Mogenu 

P P D -A T0M -106 (u3r0T0Buienb O O O  «^na3Ma^eHTp»).
C ^enbro noBbmeHua KaHeciBa HaHocuMbx noKpbTuü 

b gaHHoü ycTaHoBKe ucnonb3yeica B p a ^a ro ^u ü c a  ^neK- 
Tpog c MUKpoBuöpa^ueü, $ y H ^ u o H u p y ro ^ u ü  b ycnoBuax 
oöieKaHua CKopocTHbM n0T0K0M 3a^uTH oro  ra3a. np u  ^T0M 
oöpa3ye ica  uMnynbCHaa ciaöunu3upoBaHHaa nna3MeHHaa 
g y ra  u oöecneHUBaeica 3 a ^ u ia  o t  oKucneHua KaK ^neK- 
Tpoga, TaK u caM oro noKpbTua. OöocHoBaHue npuMeHeHua 
3a^uTH oro  ra3a cBa3aH0 c BnuaHueM Mex^neKTpogH0ü 
cpegb . np u  ocymecTBneHuu ^po^ecca  Ha B03gyxe u ero 
g u cco^ua ^uu  uoHb Kucnopoga u a30Ta MoryT pacTBopaTbca 
b xugK oü $ a 3 e  nepeHocuMoro M aiepuana ^neKTpoga c oö- 
pa30BaHueM b noKpbTuu TBepgbx pacTBopoB BHegpeHua 
unu HeMeiannuHecKux coeguHeHuü, KoTopbe cnocoöcTByroT 
xpynK0My pa3pymeHuro noKpbTua (ocoöeHHo npu ^uKnuHe- 
ckux Harpy3Kax). Ha noBepxHociu nnaB a^e roca  ^neKTpoga 
TaKxe bo3m oxho 0öpa30BaHue oKCugoB u HuipugoB, Ko­
Topbe npenaTCTByroT cxBaTbBaHuro ^neKTpoga c geTanbro 
u nepeHocaica b TBepgoü $ a 3 e  b noKpbTue. B pe3ynbTa- 
Te nogaHu uHepTHoro ra3a yBenuHUBaeica oö teM  xugK oü 
^ a 3 b ,  yM eHbm aeica KonuHecTBo xpynKux $ a 3  u c ia ö u n u - 
3upyeTca coc iaB  noKpbTua. Bce ^T0 nonoxu ienbH o  BnuaeT 
Ha conpoTUBneHue yc ianocT u  u noBbmeHHbü pecypc geTa­
nu c noKpbTueM. KpoMe ^T0^0, BBegeHue pa3nuHHbx ra30B 
(yrneKucnoro ra3a, a30Ta, Kucnopoga, B03gyxa) b KaMepy 
30HT0B0r0 Tuna, y c ia H 0BneHHyro Ha g e p x a ie n e  ^neKTpoga, 
oöecneHUBaeT nonyHeHue noKpbTuü npu npoHux paBHbx 
ycnoBuax pa3Hoü Ton^uH bi u u3hococ toükoc tu , h to  o ö ta c - 
HaeTca He TonbKo u3MeHeHueM oKucnuTenbHoü cnocoöHo- 
c tu  cpegb , ho u c npoxoxgeHueM  gononHUTenbHbx nna3M0- 
xuMUHecKux p e a ^ u ü  [22].

B gaHHoü ycTaHoBKe MoxeT öbTb ocymecTBneHa b ycn o ­
Buax HenpepbBHoro unu uMnynbCHoro pe xuM 0B nogaHa 
nopomiKoBbix M aiepuanoB b 30Hy 0öpa30BaHua noKpbTua. 
^$$eK TU B H0CTb nogaHu nopom KoBbx M aiepuanoB cBa3aHa 
c uHu^uupoBaHueM ra30Boro pa3paga npu öonbmeM M ex- 
^neKTpogH0M npoMexyTKe (0 ,3 -1 ,5  mm). np u  ^T0M ocym e- 
cTBnaeTca nepepacnpegeneHue ^Hep^uu pa3paga —  gona 
^Hep^uu, BbgenaeMoü Ha ^neKTpoge u g e ia n u , yMeHbma- 
e ica , a b Mex^neKTpogH0M npoMexyTKe —  yBenuHUBaeica. 
BBog nopomKa b Mex^neKTpogHbü npoMexyToK u3MeHaeT
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^o p M y  ra3OBoro pa3paga, npoaBnara^yraca b e ro  MHoroKa- 
HanbHociu, H io npuB ogu i k gpoöneHura lOHeHHoro noK pb iua 
c 0öpa30BaHueM öonee MenKogucnepcHoM c ip y K iy p b  [23]. 
B o ige nbH bx cnyHaax nogaHa nopomKa coBMeciHO c uHepi- 
HbM ra3OM o i  cneuuanu3upoBaHHoro g o 3 a io p a  b on iuM u- 
3upoBaHHyra 3OHy g e p x a ie n a  ^neK Ipoga  npuB ogu i k ero 
^neK Ipu3a^uu . n o g  geMciBueM ^ I 0^0 nopomoK nepexoguT 
bo B3BemeHHoe cocioaH ue u g B u x e ic a  b c iopoH y nognox- 
ku, nonagaa b oö n a c ib  uMnynbcHoro pa3paga u UOHU3U- 
poBaHHoro nna3MeHHoro noiOKa, KO iopiM  pa3orpeB aei, 
nnaB u i u ycK opae i H a c iu m  HaHoca ux Ha g e ia n b . nogaHa 
nopomKOBbx M aiepuanoB o c y ^ e c iB n a e ic a  c noMO^bra no- 
pomKOBoro go3a io p a  n fl-1 70 -04 .

B gaHHOM oöopygoBaHuu ia K x e  B03M0xeH BBog aKiuB- 
Hbx unu uH ep iH bx ra3OB coBMeciHO c napaMu xuMuHecKux 
peareH ioB gna oöecneHeHua ^nracoBaHua unu H acb^eH ua 
noK pb iua  gononHuienbH bM u ^neMeHIaMu c uenbra oöpa3o- 
BaHua HOBbx coeguHeHuM. flononH uienbH aa go3upoBaHHaa 
nogaHa napoB xug K ux  peareH ioB cBa3aHa KaK c bo3m oxho- 
c ib ra  co3gaHua BocciaHOBuienbHOM cpegb , ia K  u c öonee 
np o c ib M  nonyHeHueM h o b ix  M aiepuanoB npu nM O  no­
KpbiuM, b iOM Hucne aM op^H bix u HaHOKpuciannuHecKux 
3a cH ei npoxoxgeHua nna3MoxuMuHecKux peaKuuM b M ex- 
^neKIpogH0M npoM exy iK e u Ha noBepxHociu g e ia n u . npo- 
uecc peanu3ye ica  npu npuMeHeHuu xu g K o c iH o ro  g o 3a iop a  
LD-02. n p u  ^ I 0M M o ry i ö b ib  nonyHeHb c n o x H ie  M aiepu- 
a n i  noKpbiuM  öe3 ucnonb3OBaHua cneuuanu3upoBaHHbix 
^neKIpogoB, HanpuMep, nonyHaeMbx npu cneKaHuu MHoro- 
K0Mn0HeHiHbx cuc ieM  (b iom  Hucne c HaHogucnepcHbMu 
HanonHuienaMu) unu nyieM  caM opacnpocipaH ara^eroca 
B bc0K0ie M ne pa iypH 0r0 cuH ie3a (CBC-npouecca).

npouecc  nM O  noKpbiuM  npuMeHaeica gna u3MeHe- 
Hua $u3urc>MexaHUHecKux, ipuöonoruH ecK ux u gpyrux  
^yHKuuoHanbHbx cbomctb noBepxHociu, BocciaHOBneHua 
u3Hoca u ycipaHeHua noBepxHociHbx g e ^e K io B , iOHeH- 
HoM cBapKu u g p y ro ro  Ha3HaHeHua. flaHHaa TexHonorua 
b pagy ^neKTpo$u3UHecKux npoueccoB HaHeceHua n o K p i-  
iuM nepcneKiuBHa gna npoMbmneHHoro ucnonb3OBaHua 
no iaKOMy BaxHOMy cBoMciBy, KaK io n ^ u H a  HaHocuMbix 
noKpbiuM  (10 -10 0  mkm), Koiopaa cnoxHO peanu3yeMa npu 
ra30iepMuHecK0M H an ineH uu ( io n ^ u H a  noKpbiuM  b ^ Iu x  
npoueccax b ochobhom öonee 100 mkm) u He^$$eKTUBHa 
npu $ u 3UHecKOM ocaxgeH uu U3 napoBoM (ra30B0M) $ a 3bi 
( io n ^ u H a  noKpbiuM  npu P V D -npoueccax He npeBbmaeT 
10 mkm).

nP I/IM E P b l M C n 0 n b 3 0 B A H M ^  nM O  nO K P b lT I/ll/l
1. HaHeceHue aH iu^puKuuoHH bix noKpbiuM  Ha Mano- 

ra ö a p u iH b e  ynopHO-onopHbie nogmunHUKu cKonbxeHua —  
BiynKu, u3roioBneHHbe U3 c ia n u  20X13;

2. HaHeceHue noKpbiuM , ynyH m ara^ux ycnoBua npupa- 
öo iKu, Ha öp0H 30B ie  B K n ag im u  nogmunHUKOB cKonbxeHua 
KOMnpeccopHoro u HacocHoro oöopygoBaHua lon^uH oM  
go 30 MKM;

3. HaHeceHue npoM exyiOHHoro cnoa, ynyH w ara^e ro  
agre3ura öaöö u io B o ro  noK pb iua  nnaB ara^ux ynnoiHeHuü 
u e H ip oö exH bx  KOMnpeccopoB;

4. HaHeceHue noKpbiuM  Ha nogmunHUKOBbie meMKu Ba- 
noB p o io p a  iy p ö 0K0Mnpecc0p0B;

5. HaHeceHue aH iu^puKuuoHH bix noKpbiuM  Ha c ^ e p u - 
HecKue nogmunHUKu, u3roioBneHH be U3 c ia n u  95X18;

6. HaHeceHue noK pb iua  Ha ynno iH u ien bH b e  B K nag im u 
po iopoB  HacocoB gna nepeKaHKu cxuxeH H oro  ra3a;

7. HaHeceHue u3hocociom kux noKpbiuM  Ha g e ia n u

m iaM noB gna ropaHeM npoöuBKu u ^o pm obku  oiBepciuM , 
u3ro ioBneHH be U3 c ia n u  5XHM;

8. HaHeceHue u3hocociom kux noKpbiuM  Ha BbipyöHbie 
m iaM nb , u3ro ioBneHH be U3 cianeM  X12M , y 8 ;

9. HaHeceHue ^neK Ipo^poB ogH bx noKpbiuM  U3 cepeöpa 
Ha M egH ie  u c ia n b H ie  KO H iaK iH ie noBepxHociu b coöpaH- 
Hbx y3nax KpynHbx ^neKIpuHecKux MamuH u aB iO M aiax gna 
yMeHbmeHua nepexogHoro ^neKIpuHecK0^0 conpoiuBneHua 
u noBbmeHua Koppo3uoHHoM c ioM kociu ;

10. HaHeceHue noKpbiuM  gna noBbmeHua Koppo3uoH- 
HoM cToMKocTu B pacTBope conaHoM KucnoTb cBapHbx co- 
eguHeHuM U3 iu iaH O B oro cnnaBa B T 1 -0  3a cH ei naccuBauuu 
noBepxHociu aHogHbMu ^neMeHIaMu (HanpuMep, Monuöge- 
hom) unu KaiogHbM u ^neMeHIaMu (HanpuMep, HUKeneM);

11. HaHeceHue u3hocociomkux noKpbiuM  Ha n a n b m  
n p o iu B o p e x y ^ u e  nn ac iuH b  u cerM eH ib  xa iO K  3epHO- 
yöopoHHbx KOMöaMHOB flO H -1500 , John Deere 1147, John 
Deere 9560, New Holland CX840;

12. HaHeceHue u3hocociomkux noKpbiuM  Ha nepegHrara 
p e x y ^ y ra  noBepxHocib HoxeM K y iie p a ;

13. nerupoBaHue öpoH3oM (öpoH3upoBaHue) BHyipeH- 
hux noBepxHocieM geianeM  iu n a  BiynKa, H apyxH bx no- 
BepxHocieM ge ianeM  iu n a  pbHar, u3ro iaBnuB aeM bx U3 
M aiepuanoB 30XIX H2A, 95X18, 30X13, 18X2H 4M A u 
13X 11H 2B2M O  c ueMeHiauueM;

1 4 .HaHeceHue noKpbiuM  Ha Kpaa mnoHOHHbx na3OB, 
ynpoHHeHue u BocciaHOBneHue npeccoBbx nocagoK;

1 5 .HaHeceHue noKpbiuM  Ha KBagpaiHbe ^naHueBbie 
HyryHHbe Kopnyca nogmunHUKOBbix y3noB KaiKOB noHBooö- 
p a ö a ib B a ra ^ u x  MamuH $upM bi Am ozone;

16. HaHeceHue noKpbiuM  Ha paöoHue noBepxHociu 
^g x e p H b x  BanKOB KoneconpoKaiHbx ciaHOB;

1 7 .HaHeceHue noKpbiuM  Ha M a ip u u b  U3 c ia n u  
4 X 5 B 2 0 C , ucnonb3yeM be npu npou3BogciBe anraMUHueBo- 
ro  npoKaia;

18. HaHeceHue noKpbiuM  noBbmeHHoM io n ^ u H b  (boc- 
ciaHOBneHue nocagoHHbx noBepxHocieM nog nogmunHUKu 
KaHeHua) Ha g e ia n u  U3 anraMUHueBbx cnnaBOB;

19. HaHeceHue noKpbiuM  gna peMOHia ip y ö H a ib x  ^ne- 
MeHTOB anraMUHueBbx pagua iopoB  npu öec^nracoBoü 
naMKe a B io ip a K io p H b x  paguaiopoB ;

20. BocciaHOBneHue g e ^e K io B  nyieM  HaHeceHua no­
KpbiuM Ha HyryHHbe runb3b uunuHgpoB aB ioöycH bx gu- 
3enbHbx gBuraieneM  MAN u Caterpilla r öe3 geM O H iaxa 
u3 ön0K0B uunuHgpoB;

21. HaHeceHue noKpbiuM  Ha napy ipeHua «runb3a —  
nopmHeBoe Konbuo» gB u ra iena  fl-10 0 ;

22. HaHeceHue ^p03U0HH0CT0MKux noKpbiuM  Ha paöo- 
Hue nona iK u iypöuH  BxogHbx u BbixogHbix kpomok U3 Bb- 
coK oxpoM ucibx Koppo3uoHHocioMKux cianeM  13X13-IH, 
20X 13-L I, 15X 11M O -L I, 13X 11H 2B2M O -IH  (3M 961-L I), 
iu iaH O B bx cnnaBOB TC-5, BT6;

23. HaHeceHue noKpbiuM  Ha nopmHu nu ieM H bx MamuH, 
K O H iaK iupyra^ux c xugKUM M eiannoM  nog gaBneHueM, 
u3r0T0BneHHbie U3 ceporo  HyryHa;

24. HaHeceHue noKpbiuM  Ha paöoHue noBepxHociu 
nopmHeM flB C , u3roioBneHH bx U3 anraMUHueBbx cnnaBOB;

25. HaHeceHue u3hocociomkux noKpbiuM  Ha ponuKu 
npaBunbHbx MamuH;

26. HaHeceHue u3hocociomkux noKpbiuM  Ha paöoHue 
noBepxHociu ynopH bx ueHipoB (nonyueHipoB);

27. HaHeceHue u3hocociomkux noKpbiuM  Ha paöoHue 
noBepxHociu n o g a ra ^u x  (3axuM Hbx) uaHr u BKnagimeM 
k uaHraM;
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PemeTKa c a6pa3uBOcTOMKuM nOKpbiTueM BOccTaHOB^eHue nOcaflOHHOM YBenuHeHue HapywHOrO guaMeTpa
nOBepxHOOTu nOfl nOflmunHuK caM^eHT6̂ OKa

Puc. 11. OTfle^bHNe npuMepbi ucnO^b3OBaHun nna3MeHHO-uMnynbcHOrO OcawfleHun nOKpbiTufi

28. HaHeceHue u3hococtomkux noKpbTuM Ha nepegHue 
y rn b  u 3aTbinoHHbie HacTu neHTOHHbx nun gna pe3Ku gpe- 
BecuHb, u3r0T0BneHHbx U3 c ia n u  Y10.

Bce BbmenpuBegeHHbe n p u M e p i (puc. 11) s $ $ e K - 
TUBHoro ucnonb3OBaHua nM O  noKpbTuM ocHOBaHb Ha npu- 
MeHeHuu KOHKpeTHoro oöopygoBaHua, M aiepuanoB, Tex- 
HonoruHecKux pexuMOB, CBa3aHb c np0$eccu0Hanu3M 0M  
onepaTopa. Bocnpou3BoguMocTb cbom ctb noKpbTuM Ha 3a- 
gaHHOM n n o ^ a g u  3aBucuT o t  MHoroHucneHHbx 0aKTopoB, 
HanpuMep, OTcyTCTBua neperpeBa sneKTpoga u ge ia n u , 
ciaöunbHocTu npouecca bo BpeMeHu, n0BT0paeM0CTu ko- 
nuHecTBa uMnynbcoB, np uxo ga ^uxca  Ha eguHuuy n n o ^ a -  
gu 3a BpeMa oöpaöoTKu, oguHaKOBOM TpaeKTopueM oöxoga 
sneKTpogoM noBepxHociu g e ia n u , nocioaHcTBa ra3OBOM 
cpegb , BnaxHocTu, n n o ^ a g u  paöoHero KOHua sneKTpoga, 
OTcyTcTBua pa3H0T0n^uHH0cTu ynpoHHaeMbx 3OH, 0gH0- 
pogHocTu ucxogHoM cipyK Typb M aiepuanoB sneKTpoga 
u g e ia n u , HenoBeHecKoro 0aKTopa [24].

naBen A6paMOBMH TOnOnnHcKMÜ, H n o  «nna3Ma^HTp» 
e-mail: info@plasmacentr.ru

fluTepaTypa
1. TononaHCKuM n. A. SneKTpoucKpoBoe HaHeceHue noKpbrrnM 

Ha uHcTpyMeHT u TexHonoruHecKyra ocHacTKy. TexHonoruu pe- 
MOHTa, BoccTaHOBneHua, ynpoHHeHua u oöHOBneHua MamuH, 
MexaHU3M0B, oöopygoBaHua u MeTannoKOHCTpy^utö. MaT. 6-M 
MexgyHapogHoM npaKTUHecKofi K0H$epeH^MM 13-16.04.2004 r.
cnö .: U3g. C n ö rn y , 2004. c. 352- 361.

2. MuHbKo n. 3. nonyHeHue u uccnegoBaHue MMnynbCHbix nna3- 
MeHHbx noTOKOB. Mh.: HayKa u TexHUKa, 1970. 184 c.

3. BuTfl3b n. A., XeMHyxHbM M. M. TeopeTMHecKMe u TexHonoru- 
HecKue ocHOBb MMnynbcHoro nna3MeHHoro ynpoHHeHua. Mh.: 
Bm A, 2000. 112 c.

4. norpe6HAK A. fl., TrapuH O. H. MMnynbCH0-nna3MeHHaa Mogu- 
$MKa^Mfl cbomctb noBepxHocTM u HaHeceHua noKpbrrnM. ycnexu 
^U3UKU MeTannoB. 2003. T. 4. Ne 1. C. 1-66.

5. BnuHKOB M. B., MaHyxuH A. B. HaHogucnepcHbie u rpaHynupo- 
BaHHbe MaTepuanb, nonyHaeMbe b MMnynbCHOM nna3Me. M.: 
MMCMC, 2005. 367 c.

6. CarupoB X. H., flraprepoB H. r., Mopo3KUH M. C. 3axuraHue 
cBapoHHoM gyru. P0cT0B-Ha-fl0Hy: U3g-B0 «re$ecT», 1999. 
200 c.

7. BepxoTypoB A. fl., nogHepHaeBa M. A., npagKo n. O., Ero- 
poB O. O. SneKTpogHbie MaTepuanb gna ^neKTp0MCKp0B0^0 
nerupoBaHua. M.: HayKa, 1988. 224 c.

8. none3Haa Mogenb k naTeHTy N  67495, B23 H 9/00, ony6n. 
27.10. 2007.

9. BepxoTypoB A. fl., nogHepHaeBa M. A., PagHeHKo B. r., Ero- 
poB O. O. OcoöeHHocTu ^neKTp0MCKp0B0^0 nerupoBaHua 6b-
cTpopexy^efi cianu TBepgbMu cnnaBaMu MeTogoM nEH // no- 
pomKOBaa MeTannyprua. 1987. N  3. C. 30-36.

10. Cochmh H. A., EpMaKOB C. A., TononaHCKuM n. A. nna3MeHHbe 
TexHonoruu. PyKOBogcTBo gna uHxeHepoB. Cnö: M3g-B0 nonu- 
TexHUHecKoro yH-Ta, 2013. 406 c.

11. OuHKenbHöypr B., MeKKep r. SneKTpuHecKue gyru u TepMUHe- 
cKaa nna3Ma. M.: MHocTpaHHaa nuTepaTypa. 1961. 371 c.

12. KecaeB M. r. KaTogHbe ^po^eccb ^neKTpMHecK0M gyru. M.: 
HayKa, 1968. 244 c.

13. necKOB r. M. SneKTpuHecKaa cBapoHHaa gyra. M.: MamuHo- 
CTpoeHue, 1970. 335 c.

14. BanaHOBCKuM A. E. CTpyKTypa KaTogHoro naTHa cBapoHHoM 
gyru c HennaBa^uMca ^neKTpogoM. Tenno^M3MKa BbcoKux 
TeMnepaTyp. 2018. T. 56. N  1. C. 3-13

15. KaMUHCKUM M. ATOMHbe u uoHHbe cTonKHOBeHua Ha noBepxHo- 
CTU MeTanna. M.: Mup, 1967. 506 c.

16. flaHunuH B. C. KupeeB B. IO. npuMeHeHue HU3KOTeMnepaTyp- 
hom nna3Mb gna TpaBneHua u ohuctku MaiepuanoB. M.: 0Hep- 
roaTOMU3gaT, 1987. 264 c.

17. J. Liu, R. Wang, Y. Qian. The formation of a single-puls 
electrospark deposition spot. Surface and coatings technology. 
2005. V. 200. P .2433-2437.

18. EropoB O. n., XypaBneB M. B., PeMHeB r. E., CnoöogaH M. C., 
CTpenKOBa M. n., WyöuH B. r. SneKTpoucKpoBaa oHucTKa no- 
BepxHocTu HM3K0yrnep0gucT0M cianu // OM3MKa u xuMua oöpa- 
öotkm MaiepuanoB. 2013. N  2. C. 48-52.

19. Thamer Amin D., Hafiz Mohammed H., Mahdi Baha S. Mechanism
of Building-Up Deposited Layer during Electro-Spark Deposition. 
Journal of Surface Engineered Materials and Advanced
Technology. 2012. N  2. P. 258-263.

20. TononaHCKuM n. A. OnbT HaHeceHua ^neKTpoMCKpoBbx noKpb- 
tum Ha pexy^uM uHCTpyMeHT u mTaMnoByra ocHacTKy // MeTan- 
nooöpaöoTKa. 2004. N  6. C. 37-40

21. Thamer Amin D., Hafiz Mohammed H., Mahdi Baha S. Mechanism
of Building-Up Deposited Layer during Electro-Spark Deposition. 
Journal of Surface Engineered Materials and Advanced
Technology. 2012, 2. P. 258-263.

22. KopoTaeB fl. H. TexHonoruHecKue bo3moxhoctu ^opMupoBa- 
Hua m3hococtomkmx HaHocTpyKTyp ^neKTpoMCKpoBblM nerupo- 
BaHueM. Omck: CuöAflM, 2009. 255 c.

23. 3onoTbx B. H., Menbgep P. P. Ou3MHecKue OcHOBb ^neKTpo^po- 
3UOHHOM oöpaöoTKu. M.: MamuHocTpoeHue, 1977. 43 c.

24. flaBbgoB B. M., flKyöa f l. f l,  negKOB E. A., XuMyxuH C. H., Hmkm- 
TeHKo A. B. MHTenneKTyanbHaa cucTeMa ynpaBneHua ^po^ec- 
com ^neKTp0MCKp0B0̂ 0 nerupoBaHua (3Mn) // BecTHUK TO ry. 
2014. N  2. C. 55-66.

www\/rL1rrrtrTrTrmgasai0iia.ELru N° 2 • 2020 • PHTM MamuHOCTpoeHM« 3 9

mailto:info@plasmacentr.ru

