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XAPAKTEPUCTHUKU ITEPEHAIIPYKEHOI'O
HAHOCEKYHOHOI'O PO3PALY MDXK
EJIEKTPOIOM 3 MIAI I EJIEKTPOIOM 3 HNHKY
B APT'OHI

[IpuBeieHO XapaKTepUCTUKU I1epeHarpy>keHOro HaHOCeKYHJHOI0 pOo3psily MK eJIeKTPOJOM 3 Mifii 1 eJleKTpozioM 3
LMHKY B aproxi migsuiieHoro Tucky (p=50 kIla). [locnikeHO MPOCTOPOBi, e/IeKTPUUHi i ONTUYHI XapaKTepUCTUKH
pO3psAy, MPH Bifmansax Mix eyiekTpogamu d = 2 i 7 MM. BUBUEHHSI CITIEKTPiB BUTIPOMiHIOBaHHSI TI/Ia3MH PO3PAY 103BO-
JIUIO BCTAaHOBUTH OCHOBHI 30y/>KeHi IPOYKTH, sIKi yTBOPIOBAUCH B T1a3Mi. HasiBHICTb B CrieKTpaX BUNPOMiHIOBaHHSI
T71a3MU iIHTEHCUBHUX CIIeKTPa/bHUX JIiHIM aTOMIB i OIHO3apsiIHMX iOHIB SIK MiJli, TaK i LUHKY CTBOPIOE MepesyMOBU
CHHTe3y TOHKUX OiMeTaseBUX ITiBOK HAa OCHOBi KOMIO3ULIiT «Mi/Ib-LIUHK» 3 TIPOJYKTIiB PO3MOPOLIEHHS

KirouoBi c/10Ba: nepeHanpy)keHui1 HAHOCEKYH/JHUM PO3psifi, aproH, Mi/ib, LIUHK, I71a3Ma.

Beryn

Komrno3uiliiiHi marepiaiy Ha OCHOBI Nepexi-
muux metasis (Cu, Zn, Ag...)i1x okcuziB HaOy-
JIY LLIMPOKOTO 3aCTOCYBaHHS I1PU BUTOTOBJIEHHI
e/IeKTPO/IiB i KOHTAKTiB KOMYTYHOUUX NPUIaiB
(pene, komyTaTopiB i po3MuKauiB). B Tomy un-
CJIi 11e | KOHTAKTHi MaTepiai CUCTEMH «CPibJ1o-
okcuz Metany» [1].

[HIIMMM PaKTUUHO BaK/IMBUMU 3aCTOCY-
BaHHAMM KOMITO3UTHHUX CIIOJIyK HAa OCHOBI MeTa-
B € 1ipob/ieMa ZiarHOCTUKY TI/Ia3MH TyTOBOTO
pO3psily MiXK e1eKTPoJaMu 3 KOMITO3HULIIHOTO
Marepiany Ag — CuO B noBiTpi atmocdepHo-
ro tucky. IIpu gomnyieHHi HasBHOCTI JIOKaslb-
HOI TEepMOAMHAaMiYHOI pPiBHOBAaru B [1yrOBOMY
pO3psifii, pO3paxOBaHO KOHLIEHTpALlil MeTaJliB B
/1a3Mi, BCTAaHOBJIEHO, L]0 3POCTaHHSI CTPYMY
BUKJ/IMKAE 30i/IbIIIeHHs BMiCTY MeTaJIiB B T/1a3Mi
JlyTOBOTO PO3PSAYy MIXK e/IeKTpOZiaMU 3 KOMyTa-
HiiHoro marepiany Ag — CuO maibke Ha MoO-
PSAIOK 3 OHOYAaCHUM 3MEeHIIeHHSIM KiJTbKiCHOTO
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criBBigHOLIEHHS cpibsa mo mizi [2].

B 3HauHili KinbKOCTi BMIIAJIKiB CHUHTE3
KOMIIO3UTHUX MarepiasiB BifgOyBaeTbcs Ximi-
YHUMU UM e/IeKTPOXiMiYHUMU MeTO/laMH, B Jia-
3epHiil myia3mi abo MpU BUKOPUCTaHHI MarHe-
TPOHIB HHU3BKOTO TUCKY. OCTaHHI JBa MeTO-
[I¥ TIOTPe0yI0Th 3aCTOCYBAaHHSI ZIOPOTOBAPTiCHOT
BaKyyMHOI 1 j1a3epHOi TexHikU. Tomy Baxkiu-
BUM € TMOIIYK HOBUX (Pi3MUHMX METOZiB CUHTe-
3y KOMIIO3UTHUX Marepiasis, Ki peani3yrTbCs
1py BUOyXax TOHKUX MPOBIAHUKIB B ra3ax BU-
COKOro TUCKY [3] uv B HAaHOCEKYHAHUX CUIbHO-
CTPyMOBUX po3psigax [4].

B nepeHarnpyxeHUX HAHOCEKYHHUX PO3-
psifiax B ra3ax arMocgepHOro TUCKY ¢opmyBa-
HHS eKTOHIB MpU MiKpoBUOyXxax HeOoZHOpiAHO-
cTeli Ha pPOOOUMX TIOBEPXHSIX €/IeKTPOJiB Cy-
MPOBOKYETHCSA BUKHIOM T1apiB MaTepiasy ese-
KTPO/IiB B MiKeneKTpoAHui mpocTip [5], 1m0
JI03BOJISIE BUKOPUCTATH X [J11 CUHTe3y TOHKUX
TUTIBOK Ha OCHOBi KOMITO3UTHHUX CHOMYK abo
HanpalbOByBaTH y/IbTPaAUCIIEPCHI KOMITO3UTHI
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TOPOIIIKY Ha OCHOBI NepexifiHuX meTariis [§].

HocnimkeHHsT YMOB CUHTe3y OimeTase-
BUX HaHOCTPYKTYp Cu-Zn 3 NPOAYKTIB JeCTpy-
KLii [UHKOBUX i MiJIHUX €JIeKTPOZIB y Mepe-
Harpy>keHOMy HaHOCEeKyH/IHOMY PO3ps/ii aTMO-
chepHOro THUCKYy iHEpTHMX Ta3iB MpPaKTUYHO
Bi/ICYTHI, TOMYy aKTya/bHOIO € 3a/ila4ya BCTAHOB-
JIeHHSI YMOB 0Ca/JyKeHHsI TOHKUX KOMITO3UTHUX
I/IIBOK Ha OCHOBi mnepexigHux MetaniB (Cu,
Zn, Cd,...), ke IpOBOAUTHCS 6€3 3aCTOCYBaHHS
KOLLITOBHOTO J/Ia3PHOT0 YM BUCOKOBAaKYyYMHOI'O
obsasiHaHHS.

B crarTi npuBeseHi pe3ynbTaTH [OCI-
JDKeHHsI XapaKTepUCTUK IepeHarpy>keHoro Ha-
HOCEKYH/JHOT'O pO3psily B aproHi ITi/IBULLIEHOI0
TUCKY, 110 3ar1aIt0BaBCs MiK e/IeKTPOJOM 3 Mifi
1 enekTpoIoM 3 LIMHKY. Ha 0CHOBI napiB [IUHKY
i MiZji B HEpPIBHOBa)KHi IJ1a3Mi BUCOKOTO TUCKY
MOXK/IMBe yTBOpeHHs1 OiMmeTaneBux Cu-Zn Ha-
HOUYACTHHOK, SKi MOXYTb OCa/)KyBaTUCh Ha [i-
e/IeKTPUYHIM MiAKIa/L Y BUIVISJi TOHKOI TI/TiB-
ku. TIporiec cuHTe3y OimMeTasneBOi TITIBKU Biji-
OyBa€eThbCs TIPY ABTOMAaTUYHOMY ii OMPOMiHeH-
Hsl JKOPCTKUM Y®D-BUINIPOMIHIOBAHHSIM I1/1a3MU
rapiB Mifii 1 LIMHKY, 1110 TIO3UTUBHO BILJIMBAE Ha
e/IeKTPUYHI XapaKTepUCTUKHU ITiBKH [[7].

TexHiKa Ta MeTOJHMKa AOC/Ti/PKeHb

Hocnifi)keHHs1 XapaKTepUCTUK TepeHarnpyxe-
HOro Oiro/IIPHOTO HAHOCEKYH/JHOTO PO3PsAY
TPOBOJM/IOCH Ha eKCIIePUMEHTAIbHOMY CTeH[,
XapaKTepUCTHKU sIKoro nipuBefieHi B [4]. [Tepe-
Hanpy’>XeHUM HaHOCeKYH/IHUY PO3psiJl MiX erle-
KTPOZOM 3 Mi/li i e/IeKTPOZOM 3 LIMHKY 3ara’to-
BaBCsl B repMeTUUHiM Kamepi 3 oprckia. Bij-
Jlanmb MiXK eieKTpojiaMu cknagana d = 2 abo 7
MM.

[l 3ananoBaHHS pO3psALy Ha eJIeKTPO-
[T1 PO3PSITHOI KOMipPKH TIOZIaBa/IuCh OirMosspHi
IMITy/IbCA BUCOKOI Haripyru Tpusaictio 50-100
HC amrutitygoro +(20-40) kB. Yacrora crigy-
BaHHSI iMITy/bCiB Haripyru Oysia BHOpaHa piB-
Horo 80-100 I'11, OCKiNIbKY MPH OLTBIIMX YacTo-
TaxX Bif0yBa/ioCh 3HauHe HarpiBaHHSI CUCTEMU
e/IeKTPOZiB 1 po3psAHOi KaMepu. OcLuiorpamu
IMITy/IbCIB HalpyTry Ha pO3psIAHOMY IIPOMIKKY
i ocyuaorpaMu iMMy/abCiB CTPYMYy peecTpyBa-
JIMCh 3a IOIIOMOIOK0 IIMPOKOCMYTOBOI'O €MHi-

CHOTO [IIJIbHUKa Harpyru, rnoscy PoroBcekoro
Ta IKUPOKOCMYTOBOro ocuunorpaga 6JI10P-04.

Po3psiiHUI POMIXKOK OyB TiepeHarpy»ke-
HUW, 1110 CTBOPIOBA/IO CIPUST/IVBI YMOBU /IS
(opMyBaHHS IyuKa BTiKalOUMX e/IeKTPOHIB BU-
COKOI eHeprii 1 CyIyTHbOIO PeHTIeHiBCHKOIO
BUMPOMiHIOBaHHS [8].

BurnpoMiHioBaHHS 11a3My, 110 PeeCTpy-
BajoCs B CIeKTpajbHOMY Jiama3oHi A=196-
663 HM, HagXOAWIO Ha BXiJHY LIUIMHY CIIe-
KTpoMeTpa 3 AudpakuiiiHoio pemitkoro 1200
wrpux/mMM. Ha BUXOZi crieKTpoMmeTpa [AJis Je-
TeKTYBaHHS BUIIPOMIHIOBaHHSI BUKOPHCTOBY-
BaBCsl (oTOe/IeKTpOHHUIM TMoMHOXKyBau PDEIT-
106, migk/IroueHu [0 TiIcCUIoBada MOCTikHO-
ro crpymy. CurHana 3 TmiJiCW/IrOBaya MOCTYTaB
Ha aHa/I0roBO-1[M(POBUI TepeTBOpPIOBaY i /1a-
ni TofaBaBcst 11 00poOKM Ha TepCOHaTbHUM
KOMIT 1OTep.

Po3psiiHa Kamepa BijkauyBanach (opBa-
KYMHOIO TIOMIIOK [I0 3a/IMIIKOBOrO TUCKY 10
ITa, a mic/ig B KaMepy HaryCkaaud aproH A0 TH-
ckiB 50 abo 100 kIla. /liamMeTp ILTiHAPUUHUX
MeTasleBUX eJIeKTPOZIB CK/aZaB 5 MM, a pafi-
yC 3aKpyIvieHHs iX pobouoi TopiieBoi MoBepxHi
OyB ogHakoBUM i piBHUM 3 MM. O6’€eM po3psiay
3a/1e)kaB BiJ] YaCTOTH CJIiIyBaHHS IMITY/IbCIB Ha-
Mpyru. PeXXUM «TOUKOBOTO PO3PSAY» JOCATaBCS
JIVLLIe TIPU YaCTOTax IIOBTOPeHHS IMITy/IbCIB Ha-
npyru B fianasoHi f = 40-150 Iy,

IIpocTopoBi i eleKTpUUHI XapaKTe-
PHUCTUKU

Ha puc. [| mpusesena ycepegneHa 3a yacom
CBiT/INHA TIepeHarnpy’>KeHOro HaHOCEKYHJHOTO
po3psifly, sika Oysii 3apeecTpoBaHa 3 YacCOBOIO
eKCI103ulli€r0 poTokamepu ~ 1 c.

-

a) o)

Puc. 1: CBimIMHM NepeHanpy>XeHOr0 HaHOCEKYH-
JHOTO po3psAly MUK MIJHUM 1 LJUHKOBUM eJIEKTPO-
namvu nipu p(Ar) = 50 kI1a (d=2 mm) a), i p(Ar) = 100
kIla (d=2 mm) 0).
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OcuwiorpaMy Harpyru i ctpymy Oymu
B (hopMi 3aTyxarouMx B uaci OCLUWIALIH, 1110
3yMOBJ/IEHO HEY3TOPKEHICTI0 BUXIZJHOTO OMOpY
BHCOKOBOJIETHOIO MOZYJ/IATOPa 3 ONOPOM Ha-
BaHTakeHHs1. [T0BHa TpHBaMiCTh OCLWIALIIN Ha-
TIPYTYU Ha IPOMIKKY Ta PO3PSIAHOTO CTPYMY J0-
csarana 200-400 HC mpy TpUBA/IOCTI OKpeMUX
ocuunsLii Hanpyru 10 — 20 Hc, a ocuuIsLil
CTpyMy Manau TpuBaiicth & 50-70 HC. Kopo-
TKOTPUBAJIi OCLU/IALIT HaWKpallle TIPOSIB/ISIIUCh
Ha ocuwiorpaMax Harpyru. Ha ocuunorpamax
CTpyMy BOHH Oy/111 4UaCTKOBO MPOiHTErpoBaHi 3a
YaCcoOM BHACJIIIOK BEJIMKOI CTasol 4acy IosCy
PoroBcbkoro, sIKMii BUKODUCTOBYBaBCSl B LIUX
JOCJIDKEeHHSIX.

151 po3psily B aproHi rnpu TUcKy rpu 50
klla ammutiTyga HalbisbIIOro criafly Harpyru
Ha eJleKTpoJiax Jocsirazach B MOYATKOBil CTa-
Iii po3psapy i cknmagana ~ + 2 - 4 kB, cTpy-
My +80-100 A, a immysbcHOL noty»xHocTi — 0,8
MBT, 1m0 3abe3rneuyBaio eHepreTUUHUIN BHe-
COK 3a OJVH pO3PsAJHUM IMITyJIbC B I/1a3My ~
122,6 M (puc.p).

ITpu 36inbieHHi TUCKY aproHy mo 100
klla i MbKesekTpoaHoOi Bigzani 10 7 MM (pI/IC.E)
reperaj, Harmpyr pi3HOi MO/ISPHOCTI B IOYATKO-
Bili asi po3psgy npu t = 30-60 Hc gocsiras 20
KB, a ctpymy + 70-100 A. Makcuma/ibHa BeJu-
YMHA eJIeKTPUYHOI iMITy/IbCHOI IMOTY>KHOCTI Z10-
csirana 2.5 MBT npu t = 80-90 Hc. OcHOBHMI
eHepreTUYHUM BHECOK B IJIa3My 3[|iliICHIOBaB-
cs1 npotarom repmux 100 HC 3 MOMeHTY 3aria-
JIFOBaHHSA PO3psAy. EHepris oAHOT0 po3psifHOTro
imMrynscy gocsirana ~ 168,7 mIx (puc.f).
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Puc. 2: Yacosi 3a/1e)KHOCTI iIMITy/IbCHOI e/IeKTPUYHOL
TIOTY>KHOCTL PO3psiZly, HAIPYT'W MUK eJIeKTPOZAOM 3
MiZii i esIeKTpoZiOM 3 LIMHKY i CTpyMy pO3psfy NpU
Mi>keneKTpoaHi Bigmam d=2 mm; p(Ar) = 50 kI1a.
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Puc. 3: Yacosi 3a/1e)XKHOCTI iMITy/IbCHOI e/IeKTPUYHOL
TOTY>KHOCTI pO3psify, Hampyru MiXK eJieKTPOAOM 3
MiJIi i eJIeKTPOAOM 3 LIMHKY i CTpyMy pO3psiLy Npu
MixkesieKTpoHi Bigaani d=7 mm; p(Ar) = 100 kITa.

OnTHyHI XapaKTepHuCTHUKH

KoHTponbHI ekcriepyuMeHTH TPOBOJUIUCH 3
PO3pSIOM B aproHi BUCOKOTO TUCKY MiX ejie-
KTPO/IaMU 3 IIUHKY ab0 Mizi. Pe3ysibraTu gocii-
JDKeHHSI CTIeKTPa/IbHUX XapaKTePUCTHK I/1a3MU
rlepeHanpy>KeHoro HaHOCeYH/JHOTO pO3psifly B
aproHi arMoc(epHOro TUCKY MiXK e/leKTpoAamMu
3 LIMHKY HaBejleHi B [9].

Ha pucysky @ TpUBeJIeHI KOHTPOJIbHI
CMEeKTPY BUIIPOMIHIOBAHHSI Ie€peHarnpy>KeHOro
HaHOCEKYHJHOTO PO3psily MiXK MiHUMH ejie-
KTpO/laMH, sIKWii 3amnantoBaBcs npy p(Ar) = 100
klla i Biggani mix esiekTpogamMu — 2 MM, a pe-
3y/ITaTH Horo imeHTrdikariii 3BefeHi B Tabmm-
11%) E] BianosigHi faHi Ay1s po3psaay MiXK pi3HU-
MU MeTa/JieBUMM eJIeKTPOZlaMU TpHBeJieHi Ha
puc.f i Ta6muni Pl

Ocob6MBiCTIO BCiX CMIEKTPiB BUMIPOMiHIO-
BaHHsI Oysia HasBHICTb KOHTHHYyMY, Ha (oHi
SIKOTO CITOCTepirajavch BCi CrieKTpasbHi JiHil i
cmyru. [Ipupoja 1aHOro KOHTUHYYMY B YMOBax
HALLIOT'0 eKCIIepYMEeHTY T10B’13aHa 3 TeIJIOBUM 1
pekoMOiHaLliiHUM BUTIPOMiHIOBAaHHSIM T1/1a3MH.
dopMa KOHTHHYYMY 3 IIMPOKUM MakCUMYMOM
ripu 400-450 HM 06pe KopeJtroBasiach 3 pe3yiib-
TaraMu, BiJOMAMU 3 JTiTepaTypH.
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Puc. 4: CriekTp BUIIPOMiHIOBaHHsI ITePeHarpy>keHoro HaHOCeKYH/IHOT'O PO3PSAAY MK MiIHUMU e/IeKTPOAaMU

B aproHi npu npu p(Ar) = 50 kIla (d=2mm).

Ta6n. 1: PesynsTary inentudixarii criextpy (puc.d) BUIIpOMiHIOBaHHS TIepeHarpy’keHOro HaHOCeKYH/JHOTO
po3psy MiX enekTpogamu 3 Mifii mpu p(Ar) = 50 kIla.

No | Aragi,HM | Iexen, BimH.0f. | OO0’ €KT
1 324.75 18.06 Cul
2 327.39 12.94 Cul
3 | 350.05 3.38 Ny
4 | 354.89 3.13 Ny

5 | 357.69 3.53 Ny

6 | 358.21 3.71 Ny

Tak, B [[10] As1s1 ickpoBoro po3psifiy B apro-
Hi aTMOC()epHOr0 TUCKY B CIIEKTPi BUTIPOMiHIO-
BaHHs1 Oy/10 3apeecTpoBaHO iHTEHCHBHUM KOH-
TUHYYM B Jliania30Hi JOBXUH XBUIb 350-460 HM
3 MakcumyMoM 1pu A=420 HM. HenepepsHuii

CTeKTP BUIIPOMiHIOBaHHS I71a3MH [IOYMHAB pe-
€CTPYBaTUCh MiC/sg NPOMIKKY 4dacy At=40 Bif
MOYaTKy pO3psiAy, KOMU iIHTEHCUBHICTh i10HHUX
NiHiN aproHy rouvHasa pi3ko 3pOCTaTHy.
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Puc. 5: . CniekTp BUNPOMIHIOBaHHA I1JIa3MM [I€PeHarpy>KeHOro HAaHOCeKyH/IHOTO PO3pSAy MUK e/IeKTPOZ0oM
3 Migi i enekrpozom 3 LMHKY 1ipu p(Ar) = 50 kIla (d=2mm).

B cmekTpax BWIIPOMIiHIOBaHHS TLJIa3MHU
ra3o-napoBOi CyMillli aproHy i Mifi (pI/IC) B
Y®-pgiarnazoni goBxuH xBuab 214-330 HM (1i-
Hii 1-23; Ta611.[ﬂ) CIIOCTepirajoCh BUIIPOMIiHIO-
BaHHS Ha Mepexoziax aToMa i 0ZJHO03apsJHOrO i0-
Ha mizgi. Hali6inpin iHTeHCHBHOIO i0HHOMO CITe-
KTpaJIbHOIO JIiHi€r0 Oysa iHisg 3 A = 227.62 HM
Cull, a 3 aTomMapHUX HaWiHTEHCHUBHIIIIMMU Oy-
JIV pe30HaHCHI CreKTpasibHi JIiHiI aToma miji 3
A = 324.75 i 327.39 um Cul, y SIKMX HWXKHIM
eHepreTUYHUM piBHEM € OCHOBHUU piBeHb. B
Y®-crieKTpi BUIIPOMIHIOBaHHSI TaKOK CIOCTe-
piraamce CMyru Apyroi Jo4aTHOl CUCTeMU MO-
JIEKY/IU a30TY, OCKI/IbKUA B JaHUX eKCIlepUMeH-
Tax BiflkauyBaHHS pO3psiIHOI Kamepu BizbyBa-
JIOCh JIMILLIE [I0 3a/IMIIKOBOTO TUCKY TIOBITpS ~
10 ITa. B piamazoHi JoBXUH XBUIb 360-659 HM
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CTI0CTepirajoch BUIPOMIHIOBAHHS I1epeBakKHO
Ha nepexopax Arl; Arll, a TakoX iHTeHCHBHa
CrieKTpasibHa JiiHis aroma BogHio (A = 656,29
H,), sKa 3yMOB/eHa 3a/JMIIKOBAM THUCKOM II0-
BIiTpsl B Kamepi micsis 1 BifkauyBaHHS (hopBa-
KYYMHOIO TTOMIT010. 30i/IbIIIeHHsI TUCKY aprOHY
3 50 mo 200 kIla mpuBOAMIO A0 30iNbIIeHHS
iHTEeHCUBHOCTI Oi/IBIIIOCTI CIIEKTPaTbHUX JTiHIN
MiZi I UHKY B 2-4 pasu.

IIpu BiAcTaHi MK e/leKTpofaMu 2 MM i
BHUKOPUCTaHHi OirMosisipHOTrO reHepaTopa BHUCO-
KOBOJIbTHUX HaHOCEKYHJHUX iMITy/bCiB Bif0y-
Ba€eTbCsl (hOPMYBaHHSI OJ[Hi€l UM JIeKi/TbKOX (TTpU
CWIBHOMY IepeHarpy>keHHI pO3psHOrO Ipo-
MDKKY) KaTOZHUX IUISIM, SIKi PyXarOTbCs OZIHa
Ha3yCTpiy OZHIH.
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Tab. 2: Pe3ynbTaty ifleHTU]IKALlil CIEKTPY (pHc.@]) BUIIPOMIHIOBaHHS [TepeHarpyKeHOro HaHOCeKyH/JHOTO
po3psAy Mix esiekTpoamu 3 mifi ipy p(Ar) = 50 kl1a. .

Ne | Aram,HM Lexen, ,BiTH.OI. O6’ekT | Ne | Aragn,HM | Iogen, BimH.Om. | OO’ €KT
p(Ar) = 50 kIla p(Ar) = 50 kIla

1 | 202.54 0.3 Znll | 24| 330.25 4.61 zZnl
2 | 203.93 0.32 Znll | 25| 344.60 0.78 Ny
3 | 207.99 0.57 Znll | 26 | 354.89 0.96 Ny
4 | 213.59 0.26 Cull | 27 | 368.65 0.67 Cull
5 | 216.50 0.23 Cul |28 | 373.78 0.62 Arll
6 | 217.49 0.25 Cull |29 | 380.31 0.70 Arll
7 | 218.17 0.29 Cul | 30| 402.26 0.83 Cul
8 | 226.30 0.25 Cul | 31| 403.54 0.87 Arll
9 | 229.43 0.28 Cull | 32| 417.18 1.48 Cull
10 | 230.31 0.34 Cul |33 | 433.35 1.9 Arl
11 | 236.98 0.35 Cull | 34 | 440.09 1.43 Arll
12 | 244.16 0.66 Cul | 35| 446.05 0.78 Arll
13 | 255.79 0.47 Znll | 36 | 457.93 0.79 Arll
14 | 258.24 0.47 Znl | 37 | 463.72 0.69 Arll
15 | 268.41 0.55 Znl | 38 | 465.79 1.04 Arll
16 | 271.24 0.69 Znl | 39| 470.33 2.37 Arll
17 | 275.64 0.92 Znl | 40 | 479.87 3.02 Arl
18 | 282.43 0.47 Cul | 41 | 487.62 0.73 Arl
19 | 299.73 0.56 Cul |42 | 500.68 0.53 Cull
20 | 303.61 0.62 Cul |43 | 510.55 0.54 Cul
21 | 320.82 1.5 Cul | 44| 511.82 0.4 Arl
22 | 324.31 1.31 Cul | 45| 636.95 0.3 Arl
23 | 327.39 3.14 Cul | 46 | 656.29 0.47 H,

1151 BUCOKOBOJIBTHOTO HAHOCEKYHJHOTO
po3psily B aproHi atMoc(epHOro THUCKY JesiKi
OITUYHI i ra30iMHaMIUHI XapaKTePUCTUKU T1/1a-
3MU KaToAHOI TI/IIMU HaBoAuuch B [[10]. TTpo-
Te B LIUX eKCIlepuMeHTaX, UiTKo (ikcyBanioch
BUMPOMIHIOBaHHS T/1a3MU KaTOAHOI MJISIMU [Ti-
ametpoM = 0.2-0.3 MM i, TIpUB’A3aHOTO J10 Hel,
171a3Mu IUy3HOTo po3psiy, SKui 3aiiMaB 0ilb-
LIy YaCTUHY PO3PSALHOIO MPOMiXKKY. OCHOBHa
YyaCTHHA eHeprii po3psiy BHOCUTLCS B KaTOAHY
M/IIMY Ha IJ1a3MOBIiH (asi, TOMy B I71a3MOBOMY
3ryCTKY, L0 PO3/TAE€TbCs, eHeprisi BHOCUTHCS
CIIOYaTKY B €JIEKTPOHHY CKJ/Ia/I0BY 3 HACTYITHOK)
repeiauero i€l eHeprii Bif, eJIeKTPOHIB /10 io-
HiB. ToMy, MexaHi3M yTBOpeHHs 30yIKeHuX io-
HIB MiJii B Mia3Mi MOXe BH3HAuaTWCs MpoLie-
camu ix 30y/)KeHHsSI elleKTPOHAaMU 3 OCHOBHO-
ro CTaHy BifnoBigHoro ioHa. EdekTuBHI nepe-
pi3u 30ymKeHHS i0HIB TepexiHUX MeTasTiB efe-
KTPOHHUM YZIapOM € BEJIMKUMHU i, HalpUK/aj,
I/ iOHIB LMHKY gocsararoth - 10-16 cm? [[11].

BianoBigHi nepepisu /s iOHIB Mi/li Ha AaHUM
yac HeBiZioMi.

[TepeiyMOBOIO MPOTiKaHHS TaKUX IIpOLie-
CiB € BHCOKAa KOHLIEHTpALlisl eJIeKTPOHIB B TL/Ia-
3Mi [epeHanpyxeHux po3psiB HaHOCEKyHHOI
TPUBAJIOCTI, fKa gocarae 101 em =3 [12].

Po3mupeHHs CrieKTpy BUIIPOMIHIOBaHHSA
T71a3MH NapiB Mifii i UHKY B Oinbii fganeky Y-
JinsHKy (zo 202.54 HM) B MOpPIBHSHHI 3 Cre-
KTPOM TapiB Mizi 36i/1bli1ye eheKTUBHICTb aBTO-
MaTWUYHOTO OTIPOMIHEHHS MiJKIaJKU 1 3apOJKiB
KOMITO3UTHOI IUIIBKU Ha MiAKAaZLl KOPCTKUM
Y®-BUINIPOMiHIOBaHHSM 3 II/Ia3MU PO3psAY, L0
Ba)K/IMBO [|J1s BIUIVMBY Ha ii e/IeKTPUYHI Ta OITH-
YHi XapaKTepuCTUKU (YyTBOPEHHSI CMYT TPOCBi-
TneHHs) [7].
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BucHoBku

TakuM UMHOM, BCTaHOBJIEHO, 1110 [TPU THUCKY ap-
roHy 50 klla Mix enekTpogoM 3 Mifi i ese-
KTPO/ZIOM 3 LIUHKY TpU MiXKeJIeKTPOAHiN Biaa-
ni d=2 MM 3amanroBaBCs OAHOPiAHMI B IPOCTO-
pi MepeHarnpy>keH!i1 HAHOCEKYH/JTHUW PO3psif, 3
IMITY/IbCHOO e/IeKTPUYHOIO MOTY>KHICTIO 710 0.8
MBT npy eHepreTU4HOMY BHECKY B I1a3My 3a
ofuH iMnynbC ~ 122.7 MK, a npy d=7 MM 11a-
3Ma po3psAy KOHLIEHTpyBaslach repeBa’kHO Oisist
KiHI[iB TOJIKOBUX €JIEKTPO/IiB

HocnimkeHHs CIeKTpabHUX XapaKTepu-
CTHK IJ1a3MH1 Ha OCHOBI ITap0-Tra30BUX CyMilller
«MiZIb-LJUHK-aproH» T0Ka3aio, L0 Hahbimbil
iHTeHCUBHUMU Oy/iu CrieKTpasibHi pe30HaHCHi
CTIeKTpasibHi JiiHii aroma mimi (A = 324.75 i
327.39 um Cul); 3 niHiK 0AHO3apsiAHOTO i0HA
Mizi B iHTepBani 200-330 HM HaliHTEeHCUBHI-

1moro Oyna JiiHist A = 227.62 am Cull. 3 ioHHUX
CreKTpaabHUX JIiHIM B BUJUMIN [JiASHL Crie-
KTPY BUALIsUIACh fiHisA 3 A = 618.86 am Cull.
BHeceHHs1 mapiB LIUHKY B PO3psf, J03BOJIUIIO
3MICTUTA KOPOTKOXBUJIbOBY TDAHULIIO CIIEKTPY
BUMNPOMiHIOBaHHA 70 202-207 HM 3a paxyHOK
iHTEHCMBHUX 1OHHUX JiHIA LUHKY i 30arartu-
TA CreKTp Y®-BUIMIPOMIiHIOBaHHS I/Ia3MU iH-
TeHCUBHHUMM CITEeKTPa/bHUMHU JiHigMu 258.24;
268.41; 271.24 i 275.64 um Znl. 36inblien-
H TUCKY aprony 3 50 mo 200 kIla nipuBoauio
[J10 301/TbIIIEHHS iHTEHCUBHOCTI GiMbIIOCTI Crie-
KTpa/IbHUX JIiHIA Mi/li i LIWHKY.

HasiBHICTL B CIIeKTpi BHIIPOMiHIOBaH-
Hsl TI7Ia3MM Ha OCHOBI TMapo-ra30BUX CyMilliei
«MiZIb-IJUHK-apTOH» CTBOPIOE HeoOXifHi yMmo-
BU /151 0CA/KEHHSI KOMITO3UTHUX TUTIBOK TUITY
«Cu-Zn» Ha migKnagKy, BCTaHOB/IeHY Oins cu-
CTeMU eJIeKTPOZiB.
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XAPAKTEPUCTUKUA INIEPEHAITIPA>KEHHOI'O
HAHOCEKYHIHOTI'O PASPAOA MEXIY
JJIEKTPOAOM N3 MEOIN U SJIEKTPOIOM 13
HMHKA B API'OHE

[TpuBefieHbl XapaKTepPUCTHKY [lepeHanpsbkeHHOr0 HaHOCEKYH/JHOTO paspsifia MeXXAly 3/1eKTPOZIOM U3 MeJju U 3/1eKTpo-
JIoM M3 LIMHKa B aproHe rnoBbliieHHoro fasnenus (p = 50 kIla). MccnaenoBaHo pocTpaHCTBeHHbIE, 3/IeKTpUUecKye
Y OTNITHYeCKHe XapaKTepPUCTUKU Pa3psijia, MPY PaCCTOSTHUSX MEXY 31eKkTpogamu d = 2 1 7 MM. VI3ydeHHe CrieKTpoB
W3/Ty4YeHHs T1a3Mbl pa3psiJia MO3BOJIU/IO YCTaHOBUTH OCHOBHBIE BO30Y KI€HHBIE TIPOAYKTBI, KOTOPEIe 00Pa30BbIBA/IUCH
B Tuia3Me. Hanmnume B crieKTpax M3/yueHHs I71a3Mbl MHTEHCUBHBIX CIIEKTpa/IbHBIX JIMHUI aTOMOB U OIHO3apsiJHbIX
VIOHOB KaK MeJiy, TaK Y IIMHKa CO3/aeT IPe/TIOCbUIKY CHHTe3a TOHKUX OMMeTaliuecKrX IJIeHOK Ha OCHOBe KOMIIO-
3ULWUU «MeJb-LJUHK» U3 NPOJYKTOB paclibl/ieHUs MaTepHasa 371eKTPOoJOB B aproHe.

KiroueBhble c/10Ba: NepeHanpsbKeHHbIN HAHOCEKYH/IHBIN pa3psifi, aproH, Me/lb, LIMHK, Ij1a3Ma.
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CHARACTERISTICS OF AN OVERSTRESSED
NANOSECOND DISCHARGE BETWEEN COPPER
ELECTRODES AND ZINC ELECTRODES IN
ARGON

Purpose. Study of the characteristics of an overstressed nanosecond discharge between a copper electrode and a zinc
electrode in high-pressure argon (p = 50 kPa). The spatial, electrical, and optical characteristics of the discharge were
investigated for the distance between the electrodes d = 2 and 7 mm.

Methods. The study of the characteristics of an overstressed bipolar nanosecond discharge was carried out on an
experimental stand. An intense nanosecond discharge between a copper electrode and a zinc electrode was ignited in
a sealed Plexiglas chamber. The distance between the electrodes was d = 2 or 7 mm. To ignite the discharge, bipolar
high-voltage pulses with a duration of 50-100 ns and an amplitude of + (20-40) kV were applied to the electrodes of
the discharge cell. Plasma radiation was recorded in the spectral range A = 196-663 nm.

Results.The study of the spectral characteristics of plasma based on vapor-gas mixtures ”copper-zinc-argon” showed
that the most intense were the resonance spectral lines of the copper atom (A = 324.75 and 327.39 nm Cul) of the lines
of a singly charged copper ion in the range 200-330 nm, the most intense was the line A = 227.62 nm Cull. A line with A
=618.86 nm Cull was distinguished from ionic spectral lines in the visible region of the spectrum. The introduction of
zinc vapor into the discharge made it possible to shift the short-wavelength edge of the emission spectrum to 202—-207
nm due to the intense ionic lines of zinc and to enrich the spectrum of UV radiation of the plasma with intense spectral
lines 258.24; 268.41; 271.24 and 275.64 nm Znl.

Conclusions. The study of the emission spectra of the discharge plasma made it possible to establish the main excited
products that were formed in the plasma. The presence in the plasma radiation spectra of intense spectral lines of atoms
and singly charged ions, both copper and zinc, creates the prerequisites for the synthesis of thin bimetallic films based
on the copper-zinc composition from the products of sputtering of the electrode material in argon.

Keywords: overstressed nanosecond discharge, argon, copper, zinc, plasma.
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