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TTomano pesyabTaTn CHCTEMAaTHYHUX HOCTINKEHDb €JIEKTPUYHUX Ta ONTUYHUX XaPaKTepPUCTUK
Bl €MHOTO KOPOHHOTO PO3PSLy B CUCTEMI eJIeKTpoaiB “Toaku—ciTka” . Pospsn mocaim:kyBaau B He
i cymimax He/R, He/Ar(Kr)/R (ne: R — Ne, Ar, Kr, Xe) npu tuckax 50...350 lla Ta ckaagax
cyMimedi, AKI TUIIOBI IJIs Ja3epiB BUCOKOTO TUCKY Ha aToMaX iHepTHUX rasiB. CucreMa eJeKTpoIiB
KOPOHHOI'O po3psiny Gyia piBHOMIpHO posmomiaeHa 3a mossusowno (L < 11 cum), ska IopisHioE
OB 3KMHI aKTUBHOTO Cepe IOBUIIA MAJOrabapuTHOrO Ja3epa BUCOKOTO THUCKY, TOMY TAKUN pO3pl €
IMKaBUM IS BUKOPHUCTAHHA B CHCTEMaX YJIbTpadioleToBol mHepe ioHi3alil JasepiB Ha d—p mepe-
xonax atoMmiB Ar, Kr ta Xe 1 3p—3s nepexomax Ne.

TTokasano, mo 1elt KOPOHHUH PO3PSII XapaKTePU3y EThCA JOCUTH BUCOKOIO TIPOCTOPOBOIO OTHOPI I
HICTIO. Y CIEKTpaX BUIIPOMIHIOBAHHS ILIA3MHU KOPOHHOTO PO3PSAY CIOCTEPITalU HEMEPEPBHE BH-
HPOMIHIOBaHHS HOHIB He;'* 1 JIHII Ha np—ns mepexogax aTOMIB IHEpTHUX TasiB. JI1HIl BUIIpoMiHIO-
BaHHJA IIa3MU ByJIU PO3MIETIIEHUME Ha ABI—TPU KOMIIOHEHTHU i PO3UIMPEHUMU.

Posrasin MmexanismiB 3acesents 30y I1KeHHIX CTAHIB aTOMIB IHEPTHUX Ta3iB MOKa3aB, IO OCHOB-
HUMU TIpOIleCaMy 3acCeJeHHs € TUCOISATUBHA pPeKOMOIHAINSM, CTyIMHYACTe Ta MpAMe 36y IKeHHA
eJeKTPOHHUM yaapoM. s np cTaHlB aTOMIB Ba sKKMX 1HEPTHUX Ta3lB CIIOCTEPITAJIN 1X TACIHHS TP
B3aeMmomil 3 aromamu He nipu Tuckax rasopux cymimeit <150 xlla.

KarouoBi caoBa: HusbkoTEMIIEPATY DHA [IIa3Ma, IHEPTHI Ta3u, KOPOHHUN pO3pPsl, Ta30BUIl Ja-
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I. BCTYII

HusbkoremmepaTypha maazmMa BUCOKOTO THUCKY Ha
aToMax 1HEPTHUX Ta3lB € aKTUBHUM CEPEeNOBUIIEM Ja-
3epiB, sKI TpamooTh y 6an3bkiil iHppadepsoniit (TY) i
BuAUMifl minsHkax crexrpa [1-3]. Y nux amasepHux Bu-
MPOMIHIOBAUAX BHCOKOTO THCKY HIMPOKO 3aCTOCOBYIOTH
eNeKTPOIHI CTPYKTYPU 3 BHUCOKOIO MPOCTOPOBOIO HEO-
HOPIAHICTIO HATIPY sKEHOCTH € eKTPUYHOTO 11051 st Y @
nepexfionizamnii pospsauoro ob’emy [4, 5]. Toxibui cu-
CTEMU eNeKTPO/IB BUKOPUCTOBYIOTH TAKOMK Yy 3aMKHY-
TOMY KOHTY P1 CUCTEMHU €J1€KTPUYHOTO ITPOKAUY BAHHS PO-
6ounxX CepeNOBUIN MOTY FKHUX IMITYIHCHO-TIEPIOANYHNIX
naszepis [6, 7] Ta B edekTpodiabTpax da3epHUX CUCTEM.

Jas nmx 3actocyBaHb KopoHHoTo pospsany (KP),
SIKUIl HA3UBAIOTH G0 ApHUM [8], BUKOPUCTOBY IOTH Pi3HI
HabOpKM PpO3PSAIHNX IPOMIKKIB THIY “TOMKH—CITKA .
HoBsHa psAIIB 3 TOAKAMHI HOBUHHA 6YTH 611BIIOIO BLI
JIOBHITHY AKTUBHOTO CePeoBUINA da3epa abo IOPIBHIO-
BaTH 1ii.

Xapakrepuctukn takux RP 13 s uBIeHHAM MOCTIH-
HOIO Bl €MHOIO HAIIPYTOIO B pOBOUNX cepemoBUIIAX Ja-
3epiB BUCOKOTO THCKY Ha aToMaX IHEepTHIX Ta31B paHille
He HOCHLIKYBaan. ¥ Halmil poboTi MogaHo pe3yabTaTi
CUCTEMATUYHUX JOCH1IKEHD €MeKTPUYHNX Ta ONITIUHITX
xapaKTepucTuk Bla eMmaoro KP B poGounx cepemoBuimax
naszepis Ha aTtomax Ne, Ar, Kr 1 Xe.

II. TEXHIKA TA YMOBHU EKCIIEPIMEHTY

ExcrepumenTaabha ycTaHOBKA ST IO CH1IMKEHHS Xa-
pakrepucturk R P ckramamachk 13 po3psingHOl KaMepU BU-
COKOTO THCKY 3 CHCTEMOTO eIeKTPOIIB, dHepeaa BUCOKO1
Hanpyrn (U < 12 kB, I < 15 MA) i cucremu peecrparii.
Cuctema enexrpoais KP mictuna omua abo asa psian ro-
JOK 1 MeTaJeBy ciTKY. JoBsKiHA PSAIB 3 TOTKAMH CKIa-
gana 11 e (1 psan) abo— b cm (2 pamu). I'ycruHa ronok
vy psmi: 1 rorka Ha 1 cM HOBKAHM, a BIAJAIL MK psi-
JaMu ro1ok — 8 MM. Paiyc 3aKpyriaeHHs BICTPS TOAKA
— 0.5 MM. B ekcmepuMeHTaX BUKOPUCTOBYBAJU HIKe-
JEeBy CITKY 3 KoMipkaMiu 1x1 MM 1 AlsiMeTpOM ApOTy —
0.3 mm. Big’emunit KP y He mocaimskyBaam B cumcTeMax
eNeKTPOIIB 3 OMHUM abo ABoMa pAZaMu roiok, a KP y
cymimax He/R BuBuaiu nuiie B cUCTEMAaX €l1eKTPOIIB 3
JIBOMa PATAMU TOMOK.

Hsepeno HUBAEHHS BLI €MHOI IOJASPHOCTH TILI €1-
HyBaJK IO PAMB 3 TOAKAMN dYepe3 oOMe Ky FoUnil omp
1...3 MOw. BunpomiHooBaHHS aa3Mu BILAOUPAIN 13 ce-
PeIIIH MiKeIeKTPOAHOTO TPOMIKKY Be3 3ac¢TOCyBAHHS
CTIEIMIANBHIX OINTUYHNX CHCTEM BLIOOPY BUIIPOMIHIO-
BaHHSA TIasMu. [Ipu mpoMy B MOl 30py BX1AHOI LT HIT
MOHOXpoMaTopaepebyBaia miasMa BCbOTO PO3PSLIHOTO
06’eMmy. BUIIpOMIHIOBAHHS TIAa3MKU JOCI1IKYBaIN TIpH
JmotmoMo31 Monoxpomaropa MJIP-2, ®2Y-106, m acumo-
Baua mocTifiHoTo cTpyMy 1 camotnuciia RCIT-4. Raxibpy-
BaHHsI CICTEMU peecTpallll IpoBeaeHe B 00MACTI CIIEKTPA
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200...1000 um mpu momomosi BoxHeBol sammm JIBC-25
ta Temaosol dammm CHU8-200.

2500 JMA
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1500+
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Puc. 1. Boapr—ammepni xapakrepucturu KP xis cucremn
exerrponis 3 oxuum (1, 2) i nBoma (3, 4) psamamu roxok B He:
1, 3 — Pg.=300 klla, 2, 4 — Pg.=150 xlla.
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Puc. 2. Boapr-ammnepma xapakrepmctuka KP B cyminn

He/Kr: P=300/8 xlla.

Jas KOHTPOMIO 3a XapaKTepoOM BUIIPOMIHIOBAHHS
maasMu KP #a wmicm @YY 3acrocoByBaam uyrau-
BUI IMILYy TLCUBHMI poTOMpUiiMad: e1eKTpOHHNI T1HIH-
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Hult momuOKyBau DJIY 140C 3 HaHOCEKYHIHUM Yaco-
BuM posmiienuaM 1 ocimaorpad C1-79. [lpsive crocte-
pesKeHHsI 3a 1HTEHCUBHOCTSIMIT BUIIPOMIHIOBAHHS M1HIN
IHEpTHIX Ta3lB MOKa3ajM, MO B OCHOBHOMY MIAMa30Hl
pobounx HATIpyT BOHO crarioHapHe. IMIyabcHI XapakTe-
PUCTUKI BUIIPOMIHIOBAHHS T'e1€BOl maa3Mu piKcyBaIn
awiite B obaracTi iepexony RP B cTpimep, mpore mpu 1inx
Hampyrax suBiaeras KP mocaimsenss fioro xapakrepu-
CTUK He MPOBOANIN.

Cucrema peecrpalil eTeKTpUYHUX XapakTepuctuk KP
Oyana nonioHa 1o onmcanoi B poGorax [9, 10].

II1. ITTPOCTOPOBI TA EJIEKTPUUHI
XAPAKTEPUCTUKN

KP y cymimax He/R cnocrepiraau y Burasigi muo-
CUTH OJHOPIIHIX TAIOUNX PO3PSIB, AKl 3alI0BHIOBAIN
Maflike Bech pO3PSIHMI IPOMIMOK. | eHepamifii 30HI
KP 6ynu ciabroBUpasKeHUMU 1 PO3MIIILY BATUCH TTOOIU3Y
BiCTpsi TOMTOK abo IpoTwH HikeaeBol ciTkm. Ilomepeu-
Hult mepepis mirasmu KP 6yB y Burasim omsoro abo
JBOX (UACTKOBO TEPETHYTHX) PIBHOGEIPEHHNX TPUKY T-
HIUKIB 3 BepIIMHAMMI OLIsT BICTPSI TOJOK 1 OCHOBOIO Ha
citii. I3 pocToM HaIIpyTH sKUBIEeHH 1151 OIHIEL 3 TOMOK
YTBOPIOBABCSI 1HTEHCUBHUN aHOTHUHN CTpIMep, IO TIPU-
BOJIMIIO O KOHTPAryBaHHS OJHOPIIHOTO TIAIIOYUOTO PO3-
psny B sosuimHIT obracti KP. lpu morunssenHnx THc-
KaX Ta30BUX cepeaoBUIIL (P < 100...150 HHa) AHO THUI
cTpiMep TpacdopMyBaBCsi B AyTy, sika CTIAKO 3aIajiio-
BaJach OLIs OJHIEL 3 TOTOK.

Buropucranmus Heomy B poai 6ydepHOro rasy mas
MOABIAHUX 1 MOTPIHUX ra30BUX CEPemOBUII TIPUBOIUIO
JIO MIBUIKOTO KOHTparyBaHHs RP B ZeKiTBKOX TOUKax
pospsimHoTO 06 €My, ToMY oepskaTu cTifikuit WP y mx
cepemoBuinax He Baaxsocs. OcHOBHA NpUYWHA TaKOTO
SIBUINA TIOB si3aHa 3 OCODJAMBICTIO TIOMIMPEHHST CTPIMEPIB
y meoni. Tak, y pobori [11] BizzHaueHo, 10 B HeoHI
eNeKTPOHH] JTaBUHU TEPEXOISATh B aHOJIHUIA CTpIMEp 10
YTBOPEHHSA KaromHoTo crpimepa. lle spume Hakmagae
psix oOMe s eHb Ha 3aCTOCYBAHHS HOCHa1IKyBanoro P B
pOJ1 cUcTeMU TepeaifioHI3alll poboUnX cepemoBHMIN 1a-
3epiB BICOKOTO TUCKY 31 3HAYHNM YMICTOM HEOHY.

Ocrmunorpadiuni qocaimsenns ctpymy RP mokasamnn,
IO BIH €, B OCHOBHOMY, cTalfioHapuuM. Jlume B obaacTi
mepexoay KPP B crpimep Ha hoHI HETTEpEPBHOTO CTPYMY
3’SIBASIINCH IMIYJIbLCH CTPYyMy dacToToio ~ 1 l'm ¥
KP ua He Bucokoro tucky (P > 300 klla) sapeectpo-
BaHO PEryJsipHI HU3BKOUACTOTHI IMIyAbcu cTpymMy WP
(1...100 T'm), symoBaeHi Horo HoHi3amifiHO©w HecTifi-
KicTio. AmHaaoriudy HecTifikicte KPP cmocrepiraaum B
reqi€eBOMY JIUUIBHUKY, JMe WP 3amanioBaBcst B Koak-
cistnbHifl cucremi “apit—twainap” [12].

Mosemiuka KP pospsimy Ha cywmimax iHEpTHUX ra3ib
BLAIIOBIJa€ OCHOBHMM BHCHOBKAaM HeJiHlfiHOl Teopil KP
[13, 14]. ¥YMoBU 1BbOTO e€KCIEPUMEHTY OYJIU CIIPUSITI Y-
BUMU 751 PO3BUTKY HediHlliHocTeit KP, o BuHMKAaOTH
[P BiHOIIEHH] MisKeTeKTpoaHol Biamani (d) mo pamiyca
KpUBUHK ToMKN (r) mopsary d/r > 10 i mizBuimeHux
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crpymax KP [14]. TIpu tipomy BHY TpilnHi 06 eMHi 3ap san
B Ma3Ml TaK CUIBHO BUPIBHIOIOTH HAIPY FHEHICTH €JIeK-
TPUYHOTO TIOJsi B 30BHIMHIN obaacti KP, mo B Hiit 3a-
MadI0ETHCST CAMOCTIHHUN PO3PSiI BUCOKOTO TUCKY 3 BU-
COKOTO TTPOCTOPOBOIO OTHOPITHICTIO.

Tunosi Boabr—amiepHi xapakrepuctukn (BAX) Gimo-
aspuoro KP y He i cymimax He/R nogmani ma puc. 1,
2. ®opma BAX KP y He cunbHo 3anesxana BLO TUCKY
ra3y 1 KOHCTPYKINI MO TeHIIsAAbHOTO enekTpona. das KP
3 OJTHUM DSIIOM TOJOK SK MPU BUCOKHUX, TAaK 1 TIPU HU3b-
knx Tuckax He BAX pospsay ommcyBamzach 3aje KHICTIO
I = a(U — Ug)? [15] (me: o — crama, Uy — moreHista
3amaaoBaHHA pO3pALy), fAka € tunosoio ausa KP. Ipu
masuiennx tuckax He KP wmaficTifikimmii 1 Mae Haii-
NPT AISTa30H ¢TablaBHOTO 3aladIOBAHHSA 34 BEJU-
YMHOIO HANPYTU Ha ToakaX. [Ipu masuirennx tuckax He
B3aE€MOBIMIUB Tma3Mu WP 3 pisHWX psAmiB TOIOK 3po-
cTaE, MO BUABISIAOCH HAa TOUYATKOBUX muasiikax BAX
(puc. 1). Taka noseninka BAX KP 8 He, maiiliMmosipHiure,
3yMOBJI€HA 3POCTAHHIM KOHIIEHTpAIl MeTacTabLIbHIX
aTOMIB 1 MOJEKYJ remaiio Hpu mapuiieHHl tucky. Ilpn
sumskernl tucky He mo 100...150 klla moremmsanm sa-

He, (C-A)

naatoBards R P 3HaUHO 3MeHITY IOTHCS, 1 TIPU ITHLOMY 3BY-
Y EThCS MISTIa30H cTifikoTo icHyBaHHA R P 3a Hampyrorwo.
Beawunna crpymy RKP mpu 3sHuskeHHI THCKY Ta3iB 3po-
cranra. MakcuMaabHa BeIUUNHA CTPYMY Ha OTHOPIIHIH
craml KP BusHavanach BeIMUNHOIO 30BHIIIHBOIO OOMe-
Y IOUOTO OTIOPY .

Y cymimax He 3 aromMaMmu BajKkmX 1HepTHHX TasiB
(puc. 2) popma BAX KP snauno sminoBanzach. [Touar-
KoBa miasHka BAX craBama Mafiske JiHIfiHOIO, a TIpH
MABWIIEHH] HaIpyrn s;imBaeHus Ha BAX s3’saBiasinch
JLTSHKN 3 BLA €MHIM OITOPOM 1 IeTAsIMU TicTepesncy. Lle
BKa3yBaJO Ha TPOMIMKOBHUI THI IHOTO po3pAmy (Mimk
KODOHHUM Ta TailounM). Ilepexinm Ha Bix'eMHy TiTKy
BAX 3 merasivu ricTepesucy 3yMOBIEHUI HAKOIMUEH-
HAM MeTacTabiIbHUX yacTHHOK R(m), Rao(m) B mrasmi.
Touka MPOTO MEPEXONY 3CYyBaEThCA B O0MACTH HUKIMX
HATpyT Tpu 301AbIIEHH] ATOMHOI Baru ra3y R, 1Mo Kope-
JIOETHCS 3 POCTOM e(peKTUBHIX TIEPEPI3iB Ta 3HMKEHHAM
MOpOTiB peakiii 30ymxeHHSA aToMiB R(m) moBinbHIME
enexrponamu. [16, 17]. Us cranis KP saBepiuiyerbes po-
3BUTKOM HECTIIKOCTH, 3y MOBJIEHOI TIPOIlecaMi XeMIHoHI-
3allii MeTacTabllbHUX aTOMIB iHepTHUX Ta3is [12].

300 400

500 A HM

Puc. 3. Coexrp sunpominioBanss Bia emuoro KP na He npum P=300 klla B cucTeMi eeKTPOAiB 3 OTHUM PAIOM T'OJOK IIPHU

I1=2 MA.

388,8 Hm Hel
501,5 um Hel

587,5 um Hel 706,5 Hel

728,1 um Hel

400 500

600 700 A.HM

Puc. 4. Coexrp BunmpominroBars Bix emuoro K P #a He npu P=300 klla B cucteMmi eJdeKTpomiB 3 ABOMa psgaMU FOJOK TP

I1=3 MA.
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IV. CIIEKTPAJBHI XAPAKTEPUCTUKIN
IIN-TIA3MU KP

Cruerrpu BunipomintoBants K P B He nas cucrem emer-
TPOMIB 3 OTHUM 1 ABOMAa PsAZaMU TOJOK HABEIEHO Ha
puc. 3, 4. CrieKTpu BUIIPOMIHIOBAHHSA HAa PUCYHKAX IT0-
nmaHl 6e3 ypaxyBaHHS CIEKTPAJbHOl Uy TIUBOCTHU CU-
cTeMu peecTpalnl. ¥ coekTpax unpowmiHooBants HP B
cUCTeM] €MeKTPOIIB 3 ONHUM PAIOM TIPU IMIBUIIEHUX
tuckax He (P > 300 klla) peectpyBanu auuie Hemepe-
PBHe BUmIpoMIHIOBaHHA maasmu B obxacti 200. . .800 um

LV

585,3 HM Ne(2p,)

3 mmpokuM Makcumymom mpu 400. .. 500 uM. SHUKEHHSA
tucky rexiio go H0...150 xlla mpuBoammo mo MOBHOTO
3HUKHEHHSI HEMEPEePBHOTO BUIIPOMIHIOBAHHS 1 TOSBU B
crrekrpax aiHlil Hel 3 enepreruunux cramis n = 3, 4.
CMyru BUIpOMIHIOBAHHS HOHIB Ta JUMEPIB Tel110 B CIIEK-
tpax RP BimcytHi. [das KP B cucremi emekrpomis 3
JBOMa psIaMU TOMOK BLAGIP BUIMPOMIHIOBAHHS IIIA3MI
MPOBOMUAN 3 OOMACTH MEPEKPUTTA LI STHOK TITA3MU, SKI
reHEPYBAJUCH BLI P13HUX PSIIB 3 TOAKAME, TOMY B CIIEK-
tpax KP 1 mpu Bucokmx TucKax criocTepiraiu JAiHIl BU-
npominioanss aroMmis Hel (n = 3, 4) va doni Herepe-
pBHOTO BUNpOMiHIOBaHHA (puc. 4).

703,2 HM Ne(2pq)

He*

500 550 600

650 700 A HM

Puc. 5. CnexTp Bunpomiatosanaa KP B cymimn inepranx rasis: He/Ne=300/3 xIla.

Ar(4p)  Ar(4p) \

810 Hm Krl(5p )

\

650 700

750 A HM

Puc. 6. CnexTp BunpomintoBannas KP B cymimn inepranx rasis: He/Ar/Kr=300/16/1.6 &lla.
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HermepepBhe BUNIpOMIHIOBAHHSA HU3BKOTEMITEDATYPHOL
MIa3MHU BUCOKOTO TUCKY MOjKe Oy TH OTOTOKHEHO 3 ITe-
pexomamu He; (C-A) [18], me ocHOBHUMK MeXaHi3MaMn
YTBOpeHHs 30y I3KeHUX HOHIB He; (C) BucTymaloTh pe-
akiii Bsaemoii fionis Het 3 aromamu He(23P) [19]. Y
reqieBUX JaMaX BUCOKOTO TUCKY Iie HellepepBHe BU-
MIPOMIHIOBAHHS He; (C-A) crocrepiranoch Tpu BHCO-
Knx Temmeparypax (B immyabci T > 4000 K) i maxo
vakcumym mpu 200 um. Ilpw KiIMHATHUX TeMmIepary-
pax (7" ~ 300 K) MakcuMyM IIBOTO BHUINPOMIHIOBAHHS
sumimyerbes B obaacts 400. . .500 um [18], mo mobpe y3-
TOMKYEThCS 3 PE3YABTATAMU HAIIOTO EKCIIEPUMEHTY .

Aromu He B 30y mwerunx cranax y miasmi KP mosxy s
VTBOPIOBATICEH ¥ TPOIIEC] ANUCOIISATUBHOL peKOMOIHAINL
(IP) [20, 21] abo mpwu crymiauactomy 30y mskenHl (C3)
MeTacTabiabHIX aTOMIB enekTpoHamn [22]. OcobianBicTio
npotiecy JIP fiomis Heé" € HeOOXIITHICTH B 1X KOJUB-
Homy 30y mskenni [21]. TlopiBHsIHHS BIAHOCHUX IHTEHCUB-
HocTelt mimit BunpomimoBaiia Hel, omepxanux 3 ypa-
XYBaHHSIM CIIEKTpalbHOl 4y TamBocTH cuctemu M IP—2
ta ®DY-106, 3 BeawmumHamu edekTuBHUX Tepepiszis C3
uux aiuiit Hel [22] mokasaao, o BOHO He Bimosizae
posmomaosi epepiszie C3. Tomy fiMOBIpHIIIM B yMOBaX
IIBOTO €KCTIEPUMEHTY € y TBOpeHHs 30y mikeHnX atomis He

(n =3, 4) B peaxmii JP.

BizcyrHicts ainiii Bunpomimtosannas Hel (mpum P >
300 xlTa) B KP 3 cucremoio enekrpoais (CE) 3 onHum
PSIIOM TOJOK 3yMOBIEHA BUCOKOK IIBUIKICTIO KOJUB-
HOl penakcallil fOHIB He;' (i BLAMOBIAHO BiACYTHICTIO B
mnasmi fonis Hed (v > 3)) Ta mepepasammsam peak-
il y TBOPEHHs He;(C) maa peakismu JP. HassmicTs
niHiil BunpominoBaHas atomis He (n = 3, 4) 3 obnacru
MepeKPUTTS IIa3MHI BlA ABOX PAIIB TOJTOK MOsKe OYTH
noB’sizaHa 31 crymnavacTuM 30y mseHasM He(m) i He;
(v > 3) ereKTpOHAMU PO3PAIY.

BigcyTHicTh y cHeKTpaX BUIIPOMIHIOBAHHSA TIIa3MUI
RP mumepnux cmyr Hel mos’asanma 31 cuibHOIO 3ales:
HICTIO 1HTEHCHUBHOCTH BUIIPOMIHIOBAHHA ANMEPIB Tealio
Bl TeMIepaTypu eleKTpoHis Jy, ~ T 1% a aas mimiin
punpoMimoBauia Hel® s saneswmicts cinabima J, ~
Te_o'5 [20]. 3Bigcu BUmIKBAE, 1O B 30BHILIHIA obaacTi
nporo KP wma rexii 7. > 300 K, mo 1 npuBoanTh 1o 3a-
Boponu mpotiecy JP 1o MoaekyTsIipHOMY KaHaIy.

HaiixapakTepHiun crexkrpu BunpoMiHioBanHs KP B
MOABIAIHNX Ta MOTPIMHMX cyMimaxX 1HEpTHNX TrasiB Ha-
Bemeno Ha puc. b—7. OCHOBHUMU JMIHISIMU BUIPOMIHIO-
patnisi KP B cymimax He/R ©yau ainil Ha nepexomax

Ne(3s-3p), Ar(4s—4p), Kr(5s-5p) 1 Xe(6s-6p).

823 um Xel(6p)

Kr 5p

N

400 500 600

700 800 AHM

Puc. 7. CnexTp BunpomintoBannus KP B cymimi ineprranx rasis: He/Kr/Xe=300/8/0.8 klla mpu /=1 mA.

ITop1BHSAHHS pO3MOAITY HOTOKIB KBAHTIB Ha ITepexosax
Ne(3s-3p) y mrasmi KP wva cymini He/Ne=300/3 &lla 3
MO MIOHNM PO3TIONLIOM POTOHIB ¥ TIIA3MI IICISICBIUYEHHS
MAaJOIOTY KHOTO IMITY 1 bCHOTO po3psiny B cymini He/Ne
(mpmw P < 30 wlla) [23] mokasano, mo BOHH J0Ope
BLAMOBIHAIOTH onHe omHoMy. Taka KoOpedsimisi Ta BlI-
CYTHICTH 1HTEHCHUBHUX JIHIA BUIIPOMIHIOBAHHS 3 O1IBII
Bucokoeskaunx ctanis Nel (4d, bd rta iHumx) Brasy-

IOTh Ha peKOMOIHAINIHNIT XapaKTep 3aceleHHs 3p CTaHIB
aTOMIB HEOHY B YMOBaX HAIIOTO €KCIIEPUMEHTY. 3ace-
nennst 3p craniB Nel B pearmiax JP (y mrasmi KP
Ha cymimi He/Ne Bucokoro THcky) Moske OyTu BU-
KOPHMCTAHO IAs OJEepKaHHS CTaIloOHapHOl 1HBEpCil mpu
VCHINTHOMY BUPIIIEHH] MUTAHHS PO3CeNeHHs 3§ CTaHIB
Nel [24]. Cnektpu Bunpomiumosanus KP y noznsiii-
wux cymimax He 3 aromamm Ar, Hr 1 Xe mamwore 3a-
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raJbHI BTACTHUBOCTL: ¥ KOPOTKOXBIIBOBIH YacTUHI CIIeK-
TPIB CHOCTEpIraeMo JUlle HelepepBHE BUITPOMIHIOBAHHS
fioHlB He; (C-A) (200...400 uM) i caabki ainil BuIE-
moro misnaszony Ar(4s-5p), Kr(bs—6p) Ta Xe(6s-7p), a
B Gausbkiil iHdpauepsoniii (I9) obmacti croctepiraan
iHTeHcuBHI JiHIl Ha mepexomax Ar(4s—4p), Kr(5s-5p),
Xe(6s—6p). ITpu sHIHeHHI THCKY Ta30BUX cyMimreii (P <
150 xITa) iHTeHCUBHICTD HETIEPEPBHOTO BUIIPOMIHIOBAHHSA
PI3KO 3MEHIIYBalach, a B CHEKTpaX 3aJUIMIATOCEH JUIIe
BUITPOMIHIOBAHHSI Ha TE€peXoiaX aTOMIB BajKKUX 1HEPT-
HUX Ta3iB.

J,BiaH.o4.

—a—2

——1

T T T T T
300 600 900 1200 1, mkA

Puc. 8. 3aueskHocT! Bl IHOCHOI IHT€ HCUBHOCTH BUITPOMIHIO-
Banug ainii 703.2 um Ne(3s-3p) Big crpymy KP B moxsiit-
mux cymimax: 1 — He/Ne = 150/1 wIla; 2 — He/Ne =
300/2.8 lla.

Dopma TiHIT BUIIPOMIHIOBAHHSA aTOMIB R CHIBHO 3aJe-
skaaa BLI Beauundu crpymy KP i tucky cymimeit He/R.
[Mpy HeBeTUKUX PO3PSAHUX CTPyMax CIOCTEpiTain
pPO3IIETIeHHsT 1 3MIMIEHHA B HOBLOXBHUIALOBY OBIACTh
JsT HaWlHTeHCUBHIMINX JIHIN BUMIPOMIHIOBAHHS aTOMIB
Ar, Rr, Xe. Taka noeemiaka dpopmu JiHIT BUTPOMIHIO-
BaHHs aTOMIB R 3yMOBJeHa HI€IO e1eKTPUYHNX TTOJ1B Ca-
MOl IIIa3MI, TOMY HIO PO3MIeILIEeHHs JIHI BUIPOMIHIO-
BaHHs R HaWbIABIIOW MIPOIO MPOSBASIOCH TIPU TOPO-
rOBUX Hamlpyrax Ha roakax KP, koaum HampyeHICTH
BHY TPIIIHBOTO €JeKTPUYHOrO MO MakcuMmaibHa [25].
[Hmoro mpuumHoOo MOe OYTH IOIIEPIBCHCKII edeKT
Ha “mBuaknx’ aroMax R, skl BHHOCSTL HaITUIIKOBY
enepriio peaxrii P [20].

Posrasim posmominy BIZHOCHHX TOTOKIB 1 KOHCTAHT
mBuakoctu C3 aroma kcenony [26, 27] mokasas, 10 BOHU
J06pe KOpenroloTh Ml coboro. Ilpm mpoMmy HafiHTeH-
CUBHIIIMM JiHIsAIM BunpoMmiHioBaHHA (823 HM 1 882 HM
Xel) Bianosinators MakcuMaabHi Koedimientu TP [28] i
ederrusni nepepisu C3 [29]. Anaaoriuny KapTuHy crio-
cTepiragm 1 Ijas JIHIA BUIPOMIHIOBAHHS Ha IEpPeXoiax
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Kr(5s—5p). TTopiBHAHHA PO3IOALTY MOTOKIB Ha MEPEXO-
nmax Ar(4s—-4p) y KP na cymimi He/Ar 3 posnogizom koH-
crant mBnakocteil C3 Ar(4p) [3] mokasamno iXHIO MOBHY
HEBI AMOBIIHICTH OHO OJAHOMY . Y IIHOMY BUTIAIKY Xapak-
TEePHINIOIO Oy Ia KOPEMAIS 3 Mepepi3zaMil P AMOTo eleK-
TPOHHOTO 30y skeHHs aTomiB Ar [31], wo Bianosinamo i
MexaHi3MoBl sacenents Ar(4p) (mpAMuil exeKTpOHHNMI
yaap) y nasepi Ha 750 HM Arl 3 HakauyBaHHAM TOTIE-
peunuM pospsigom [32].
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Puc. 9. 3auekHocT Bl AHOCHOI 1HTE HCUBHOCTH BUITPOMIHIO-
BanHd Jainii 823 M Xe(6s—6p) Bing crpymy KP B moasiiiaumx

cymimrax: 1 — He/Xe = 150/4 Ila, 2 — He/Xe = 300/4 &lla.

Y cmekTpax BUMpOMIHIOBaHHSA maasmu HP B cyminm
He/Ar/Xe niuii va mepexomax Ar(4s—4p) He cmocrepi-
raJau, a caM ciekTp Oye mombuuMm mo cruekrpa KPP Ha
cymimi He/Xe. TIpuunHoo 1por0 € NposiB eheKTUBHOT
nepenaui eHeprii Bim aromis Ar(m) aTomMam KCeHOHY
IIpM YyMOBaX cTaIlOHaApPHOTro 30y I3KeHHs, Ha BIAMIHY Bl
mrasmn Ha cymimax He/Ar/Kr i He/Kr/Xe, ne onto-
YacHO HasIBHI J1HIl BUIPOMIHIOBAHHS ABOX aTOMIB Ba -
KIX iHepTHUX Tasis (puc. 6, 7).

V. IHTEHCUBHOCTI BUIITPOMIHIOBAHHJI
JITHIN R*

Ha puc. 810 mokaszaHo 3a7eKHOCTI BIIHOCHNX 1HTEH-
CUBHOCTEN BUIIPOMIHIOBAHHs Ha Iepexonax aToMmiB Ne,
Ar, Kr, Xe Big crpymy KP, Tucky ta ckaamgy rasoBumx
cyMileri.

Yeci 3aleKHoCTl IHTeHCUBHOCTH BUTIPOMIHIOBAHHS Bl
crpymy RKP mamors 3pocraounii xapakrep. 30171 bIIeHHS
micty Ne B cymimi He/Ne 3 3 mo 30 xlla npuso-
JITO 10 3POCTAaHHS 1HTEHCHBHOCTH JMIHIA Ha Iepexo-



EJTEKTPUYHI TA OIITUYHI XAPAKTEPUCTUKIN HU3LKOTEMIIEPATY PHOI ILJT A3MU IHEPTHIX TA3IB. . .

max Ne(3s-3p) y 3...5 pasiB. 3ameKHOCTI IHTEHCUBHO-
cru aiuil 703.2 um Nel Big BMicTy aToMiB HeOHY Ta
cymimi He/Ne wkopesoBaiuch 3 BiAIOBIIHUMU 3ae e
HOCTSIMU, OJIeP JKAHUMU B IT1CAACBIUEHH] MATOTIOTY YKHOTO
IMIIYIBCHOTO PO3PSIY MPU YMOBaX IMEPEBAKAHHS peak-
wii JIP [23]. Is xapakrepy Hux 3ajiesKHOCTE BUILIUBAE,
wo B ymoBax KP “minsacenenns” pisHis 2p1o Nel (y mpo-
recax 3iTKHEHB) 3a PaXyHOK MiMYJIBTUIIETHUX Mepe-
XomB 2p1 — 2p10 epeKTUBHIIIE, HiK TaciHHS PIBHS 2p1g
Nel aromamu He abo Ne.

Hast aromis Ar, Rr 1 Xe xapakrep 3aie HOCTH IHTEH-
CUBHOCTH JA1HIH BUDpOMIHIOBaHHs BLI cTpyMy R P 1 Tucky
CyMIII TOKa3aHWl Ha Tpukaadl maasmu WP B cywmimm

He/Xe(puc. 9).
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Puc. 10. 3ageskHOCTI BIOJHOCHOL I1HTEHCHUBHOCTH BU-

npoMiHoBaHHs JdiHll 882 M Xel Big Beawmuman crpymy KP
B morpifiamx cymimax: 1 — He/Kr/Xe = 300/8/0.8 &lla;
2 — He/Kr/Xe = 150/4/0.4 wlla; 3 — He/Ar/Xe =
300/16/1.6 xlla; 4 — He/Ar/Xe = 150/8/0.8 xIla.

3adesKHOCT] 1HTEHCUBHOCTH BUIIPOMIHIOBAHHS JIHIN
823 wum Xel Bim crpymy KRP 6yaim 6aumsprumu
mo kBampatuuHuX. Ilpwm migBuinenni Tucky He B
CYMIII 1HTEHCHUBHICTH BUIIPOMIHIOBAHHSA Ha IEpeXoiax
Xe (6s—6p, 7p) 3HauHO 3MeHNIyBanach. IIpn 3HMKeHH]
tucky cymiui He/Xe B obnacrictpymis KP I > 750 mxA
CTIOCTEPITAI N HePEX1T KBaIp aTHUHOL 3216 JKHOCTH 1HTEH-
CUBHOCTH BLZ CTPYMY B JIHINHY, IO MOKINBO IIPU 3MIHI
C3 mpsaMuM eneKTpOHHMM yaapom. HaitimMoBipHIIMM T
npolecaMu 3acedeHus np ctaniB aromiB Ar, Kr 1 Xe B
KP Moy s Oy THU mIpoliecu AUCOIISTUBHOI peKOMOIHATT,
CTYTIHYACTOTO 1 TPAMOTO 30y MskeHHs enekTporamu. [le-
peBasKAHHs SKOTOCH 13 IUX IIPOIIECIB 3aJ€ITh BlI Be-
JTUUMHN TeMTlepaTypu enekTpoHis (T¢) y mrasumi. 3a xa-

mvu [26, 27], npu T, < 0.1 eB mominye JIP fionin RT 3
enexTponamu, mpu 0.3< 7T, < 0.8 eB — crymHuuacTe, a
mpu T, < 0.8 eB — mpsime 30y 1ikeHHS eTeKTPOHAMU.

3 odep KAHNX 3aJeKHoCcTell BuaHo, mo B KP ma cymimm
He/Ne peaaisyerbesi saceaennsi 3p cranis Nel y pesyiab-
rati AP, a mus cymimeii He/Ar(Kr,Xe) imopipHimowo
€ KOMOIHAIIS CTYINHYACTOTO 1 MPAMOTO 3aceleHHs np
CTAaHIB aTOMIB BAaJKKUX IHEPTHUX Ta3lB. Hpim 1boro, y
KP BincyTHe KOHTparyBaHHsA Ipu BUCOKUX TuckKax He,
a caM po3psij € JOCUTH OTHOPIAHUM 1 MOske OyTH pe-
axizoBaHuM B 06 emax 10...100 cm®. Ilpu migsuienHi
tucky He B cymimi He/R mnposiBasieTbesi posceseHHs
p-craHiB aromiB R reaiem. i dakropm MoKyTh 6yTH
BUKOPUCTAHI s PO3PODOK MPOCTUX JMa3€PIB BUCOKOTO
TUCKY Ha d—p 1 p—s IepexofaXx aTOMIB BajKKUX IHEPT-
HUX Ta3iB 3 HakauyBauusM RP. Il maszepu xapakrepusy-
IOTHCST HEBETUKAMU TIOPOTAMU 30y M3KEHHS TeHepalnl —
0.02 Br/cm® [3], a B HAIIUX eKcTepUMeHTAX JOCATHYTO
MUTOMOTO BKJIAMY MOTYKHOCTH HAKAUYyBAHHS B IIA3MY
na pisHi ~1 Br/cm® npu 06’emi mrasmu KP~ 10 cm3.
[pu onrrumizami pospsiaaoro mpucTpoio 3 KP 1 3acTocy-
BaHHI ONTUYHOTO PEe30HATOPA MOKIUBE OJED JKAHHS Te-
wepari B [4 obxacti ciekrpa Ha d—p nepexomax K.

Ha puc. 10 HaBemeHo 3axesKHOCT] 1HTEHCUBHOCTH BU-
npowminrioBansa ainil 882 um Xel Bix crpymy KP, tucky
i cknany cymimeit He/Kr/Xe ta He/Ar/Xe. Y mrasmi
Ha cymini He/Kr/Xe iHTeHCHBHICTH BUIPOMiHIOBaHHS
Ha mepexonax Xe(6s-6p) Girbia Ipu BHCOKMX THCKAX
cywmimi. Inst nboro cepemoBuina XapaKTepHUM € TIPOSB
JIP rereposaepuux ifionis KrXet 3 enexrponamu [33,
34]. ¥V mraswmi Ha cymind He/Ar/Xe, sk i Ha cymiui
He/R, npu minsunienni Tucky He nepesaskae racins 6p
craniB Xel aromamu He.

AHaJIOTIUHI 3aIeKHOCT] 1HTeHCUBHOCTH BUIIPOMIHIO-
BaHHsI Bix cTpymy ta ckaany cywmimeit He/Ar/Kr
ta He/Hr/Xe crocrepiranu rakos mas ainii 810 um

Kr(5s-5p).

VI. BMICHOBKHN

HocnimeHHsT XapaKTepUCTUK HU3BKOTEMITEP ATy PHOI
MIa3Mi BUCOKOTO THCKY Ha OCHOBI 1HepTHUX TasiB y
BLI éMHOMY KOPOHHOMY pO3psml TMoKa3ano, mo B He 1
cymimax He 3 aromamu Ne, Ar, Rri Xe 3anmaaoerbes ca-
MOCTIFHUI PO3PAT 3 JOCUTH BUCOKOIO MTPOCTOPOBOIO OI-
HOPITHICTIO, STKUIT MO 3KHA 3aCTOCOBYBATU B cucTemMax Y @
mepeniffoHizall 1 I1s HaKadyBaHHS JTa3eplB Ha aToMax
IHEpTHUX Ta3iB; y CIEKTpaX BUIPOMIHIOBAHHS PO3PSIIY
3apeecTpOBaHO HellepepBHe BUMpoMiHoBaHHs fomis Hel
(C-A) B obaacti 200...800 HM Ta IHTE€HCHBHUX JiHI
Ha mepexogax aroMmis R(ns—np) (n = 3, 4, 5, 6 s
Ne, Ar, Kr ra Xe); nocainseHHs posnoiay ¢poToHiB
Ha $—p Tepexoax 1HepTHUX TrasiB MoKas3axo, Mo Haii-
OIIBII IMOBIpHUMI MeXaHI3MaMI 3aceleHHs NP CTaHIB
e mucornisTueHa perombinaris (He, Ne), cryminuacre i
mpsive 30y mxenns (Ar, Kr, Xe).
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ELECTRIC AND OPTICAL CHARACTERISTICS OF A
DENSE LOWTEMPERATURE PLASMA OF THE RARE GASES,
RECEIVED IN SPATIALY INHOMOGENEOUS ELECTRIC FIELD

A. K. Shuaibov, L. L. Shimon, A. I. Dashchenko, I. V. Shevera, A. I. Minja
Uzhgorod State University
46 Pidgirna Str., Uzhgorod, UA-294000, Ukraine

The investigation of electric and optical characteristics of negative coronar discharge (CD), received in electrode
systems “needles—grid” was carried out. The coronar discharde was firing in the Helium and mixtures He/R,
He/Ar(Kr)/R, where (R — Ne, Ar, Kr, Xe) was under the pressure of 50...350 kPa and mixture compositions

typical for the lasers of high pressure on rare gases.

The bipolar CD in the given gas media can be used in the systems of UV-lasers preionisation on p—s and
d—p transitions of Ar, Kr, Xe atoms and lasers on the transitions Ne(3p—3s). In Helium and mixtures He/R in an
outward zone bipolar CD, a stable discharge with a rather high spase homogenity was received. The volt—amper
characteristics, the spectral radiation and the dependence of radioation intensivity of lines of rare gases atoms on

the discharge parameter. The fundamental process of population and depopulation p-s state atoms of rare gases

in the given plasma has been suggested in this article.
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