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IIpoBeneHo mocmimKeHHs ra30BHIUICHHS 3pa3Ka MOJiaHUIIHY y BaKyyMi BHACIIJIOK NECTPYKUIl mojiMepy mpu
OMPOMIHEHHI HOro eJICKTPOHHUM MydkoM 3 eHeprismMu 50-200 eB B 3a1€KHOCTI Bill TYCTHHU CTPYyMY CJICKTPOHIB Ta
yacy aii mydka. [Tokasano, mo npu 6oMOapayBaHHI HONIAHITIHY €IEKTPOHHUM MyYKOM 3 HOro 00’€My BHIUISETHCS
3HAYHa KUIBKICTh rasiB, 110 MOB’sA3aHe i3 AECTPYKLIEIO MONIMEpPY, a TAKOK 13 JeCOpOLi€r0 MOTIMHYTHX HOro 00’ eMoM
ra3iB y mporeci BakyyMHOI 0OpoOku. HaBemeHO Mac-CreKTp MpOAYKTIB Ta30BHIUICHHSA 1 OOYHCIEHO IMIBHIKOCTL

ra30BHILICHHS.
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Beryn
BaxumBoro  mpoOieMoro  mpH  BHUKOPHCTaHHI
€JIEKTPONPOBITHUX TTOJTIMEPHUX MaTepialiB y

ENeKTPOHHUX TMpHiIaax € iX TepMiuyHa CTiHKICTh B
YMOBax BHCOKOTO BakyyMy. YacTkoBo I mpoOiema
JociimkeHna B pooorax [1,2].

BHacniok 3Ha4HOi TNEPCIIEKTHMBHOCTI MOJIMEPHUX
OPOBIAHUX MaTepiajiiB HEe BHKIIOYCHA MOXKIHUBICTH IX
3aCTOCYBaHHS B €ICKTPOBAKYYMHHX Npuiagax abo x B
MoJiOHMX YMOBaXx IpH Aii HA HUX EIEKTPOHHUX ITyUKiB.

BuBueHHs  pmecTpykuii moxiMepiB  mij  Ai€ro
ONPOMIHEHHS €NIEKTPOHAMHU YM IHIIUMH YaCTUHKAMH €
JOCHTh CKJIQJHOIO MPOOJIEeMO0, 10 BHMAarae CKJIaIHUX
anmapatypu i mMeroguk. OZHHM 3 HAaOIMKEHb Y IIBOMY
HampsiMi € JOCIIKeHHsI Ta30BUAUICHHS TOJIIMEpY Ipu
6oMOapayBaHHI HOTO IIYYKOM EJIEKTPOHIB Y BaKyyMi.

I. ExcnepumeHTa/JIbHA YaCTHHA

JochimkyBanuce 3pa3Kdl TONiaHUTIHY, OTpPHMaHi
€JIeKTPOXIMIYHAM METOJOM Ha TUIATHHOBIN MiAKIamIll B
MMOTEHI[IOJMHAMIYHAX YMOBAX, AHAIOTIYHO ONHCAHUM
Hamu y [2].

ExcniepuMeHT TMpOBENEHO Y BiAKadyaHOMY 1O
BHCOKOI'0 BaKyyMy €KCIIEPHMEHTAILHOMY TPUIIALI, KM
MICTUB €JEKTPOHHHUI IPOXKEKTOp, OMEraTpOHHUI Mac-
cnekrpomerp PMO- 4C, MmaHOMETpUYHHI NEPETBOPIOBAY
[IMHU-2, TuTaHOBUI HAcOC Ta MEXaHIYHHU 3aTBOP JUIS
Bil’€THAHHS Hacoca Bix poOodoro o0’eMy IpH aHami3i
MPOAYKTIB Ta30BUUICHHS.
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ENeKTpOHHMIA MPOXKEKTOP BHTOTOBJICHO HA OCHOBI
€JIEKTPOHHO-ONTHYHOI CHCTEMH KIHECKOIIB 3 BHCOKOIO
PO3IIBHOIO 3JIaTHICTIO. BiH CkiIagaBcss 3 KaTOIHO-
MOJIYJISTOPHOTO By3Jla 3 OKCHIHHMM KaTOJOM Ta JIBOX
aHOJIB:  NPUCKOPIOBAJBHOTO 1  pobodoro.  Jns
30UIBIIEHHS Tepepi3y €JEeKTPOHHOrO ITyYKa BHXIiIHHUN
OTBip y mepmoMy aHoxi 30umbmieHO A0 5 MM. Jpyrmid
aHOJ| EJIEKTPOHHOI TapMaTth 3 OTBOpoM ~ 20 MM He
BUpI3aB €JEKTPOHHMI IYYOK 1 CIYXUB IS HAJAHHS
eJeKTpoHaM HeoOximHoi eHeprii. Ile  mo3Bommio
3MOHTYBaTH JOCIIKYBaHHHA 3pa3ok (mimeHp)
Oes3mocepelHRO Ha JAPYroMy aHOZAI Ha HOTO BHXOMi, a
po3Mipu  3paska BuUOpaTH TakumH, 100  Bech
CJIEKTPOHHUI Ty4OK MOTPAIUISAB Ha MilleHb. Takum
YMHOM YCYBaJOCs Ta30BUAUICHHS IHIIUX [ETaleH, sKi
MOTJIH O OTIMHUTHCS 1T ITYIKOM.

JlocimKeHHsT Ta30BUIUICHHS 3pa3Ka IOJIiaHUTiHY
npu Horo GomOapayBaHHI €NEKTPUYHHM ITy4KOM OyJio
npoBeneHe y aBa eramu. CriodaTky OyiHM IIpOBEIeHi
IOCIIIKEHHS CYMapHOTO ra3’oBHUIUICHHS npu
OTPOMIHEHHI €JeKTpOHaMHU: 3 jJomomoror [IMU-2
BHUMIPIOBABCS CyMapHHH THCK Ta3iB y mpwiamgi i Horo
3MiHa 3 4YacoM Jii Myd4ka, a Mi3Hille NMPOBEIEHO Mac-
CHEeKTPANbHUI aHali3 NPOAYKTIB TA30BUAUICHHSA 3
JornomMoror omerarpona. Ile 3poGiieHo mis Toro, 100
OTpUMATH TOYHI KUIBKICHI PE3yJbTaTH Yy BHIQJIKY
MIBUJIKOT 3MIHU THCKY, aJpKe MOBHUI 3alUC Mac-CIEKTpa
TpuBae 2-3 XB., 3a e Yac THUCK Yy Mpwiaii Ipu
ONPOMIHEHHI 3pa3Ka CYTTEBO 3MiHIOBaBCS. Y IIporeci
OTMpOMiHEHHS  copOmis Tra3iB  Oyma  mpakTHIHO
BiJICYyTHBOIO.

Bynmn 3HATI KpWBI Tra30BHOUIEHHS 3pa3ka IS
TPhOX 3HAUCHb €HEprii Iyyka Ta TPbOX 3HAYCHb CHIIM
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cTpyMmy. J[lms TOpIBHSHHS pe3yNbTaTiB  TPHBAIICTH
OTIPOMIHEHHS IpY BUMipax Oyina OJHAKOBOIO i CKiIajgana
3 xB. 3 MeTor0 3a0€3MEYeHHS OJHAKOBUX BaKyyMHHUX
YMOB Hepel KOKHUM HACTYIIHHUM BHMIPOM BiIKpUBAJIH
3aTBOP 1 MNPOBOAWJIM  BiJKayyBaHHS  MpPOIYKTIB
ra30BHU/IIIEHHS] THTAHOBUM HacOCOM.

Buacniiok Toro, mo Temmeparypa i 00’eM rasy
(npunanxy) Oynu IIOCTIHHMMHM, KUIBKICTH Ta3iB, MIO
BUJIUIAIOTBCST TIPH  ONPOMIHEHHI 3pa3ka eJeKTPOHAMH
IPONOpIiiiHa 3MiHi TUCKY y mpuiami Ap .

[licns mpoBeneHHS MUX OCHIHKEHb OyJH 3amucaHi
MAac-CIEeKTPH Ta30BHAUICHHS. 3 II€I0 METOI0 CIIOYaTKy
pEeCTpyBIU CIIEKTP 3aIMIIKOBOI aTMocthepu (poHoBHi
cnekrp). Jlami BMUKaIM CTPyM Iy4yKa 1 3amnucyBallid
CHCKTp ras3iB MpH OIPOMIHCHHI 3pa3Ka eJIEKTPOHAMH
(uepe3 2-3 xB. micns moyarky omnpomiHeHHs). CriekTpu
3amcaHi sl IBOX 3HaudeHb eHeprii mydka (50 eB i
200 eB). IIpu po3mmdpyBanHi Mac-CIIeKTpiB
BUKOPHCTAHO TAaONHWIli IHAWBIMyaTbHHUX CIIEKTPIB TrasiB 3

[3].

II. Pe3dyabTaTu eKcriepuMeHTy Ta Ix
00roBopeHHA

Ha puc. 1 HaBeAeHO THIOBI 3aJEKHOCTI 3MiHU
THUCKY Ta3iB B €KCIICPUMEHTAJIBHOMY MpPHJIAi BiJ 4Yacy
IpU ONPOMIHEHHI E€JIEKTPOHHUM IIY4YKOM, a Ha puc. 2 —
004uCIIeH] JUTs IUX 3aJIeKHOCTEH IBUIKOCTI CyMapHOTO
ra3oBUAUIEHHS BiJ 4Yacy y MNPUHHATUX y BaKyyMHiH
TexHinl omuHANAX 71 MKwM/c. IlIBuakocti HaBemeHi Oe3
ypaxyBaHHs CKJIay ra3iB (ToOTO, IpUITHATO HMOBIPHICTH
ioHizamii o =1).

3 rpadika Ha pPHUCYHKY BHAHO, IO IIBHIKICTH
razopuninenHs AQ/At Mae Haiibinblle 3HAaueHHS B

moyaTkoBuii MOMeEHT onpomineHHs (10-30c¢), a mam
MOHOTOHHO CHaJa€ [0 TIOCTIHHOTO 3HA4YeHHS, SKe
MPOTIOPIIiiiHE SIK €Hepril ITyyKa, TaK i CHIIl CTPyMY.
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Puc. 1. 3anexHicTh THCKY B €KCIIEPUMEHTAILHOMY ITPHIALi
BiJl Yacy ONpPOMIHEHHs 3pa3Kka IONiaHUTIHy IMPH EHEeprisx
enekTpoHiB 50 eB mia pisHMX 3HaUeHb CTpyMy mydka: 1 —
15;2—30; 3 —45 MKA.

57

Takmit xix rpadika, Ha HaOly AYMKY, 3yMOBJICHUH
TUM, IO CIIOYATKy MHOPSJI 3 Ta3amH, sKi BHIUISIOTHCS
BHACTIIOK PO3PHBY 3B’SI3KIB MONIMEpY, BiJ0yBa€eThCs
JecopOrisi ra3iB 3 #oro moBepxHi 1 00’emy. Lli rasm,
OYEBHHO, COPOYBAJIMCS 3pa3KoM 3 00’ eMy MpHIIay NpU
HOTo BiIKa4yBaHHI, a TAaKOX BHIUTHIIMCS NPU ACCTPYKIIT
i 3ayMmuiancs B 00’eMi moniMepy (TojliMep € JOCHTh
MOPHUCTOI0 1  BOJOKOHHOIO  CTpyKTypow). Tomy
BU3HAYAIBHOK  XapaKTEPUCTHKOK  Ta30BHALICHHS
MOJIMEpy TpH OIPOMIHEHHI EJIEKTPOHHUM IIyYKOM €
MPaKTUIHO TIOCTiiHA y dYaci KiHIeBa IIBUAKICTH
Ta30BHUIUICHHS (YCTaHOBIIOEThCA Yepe3 2-3 XB.).

Ha puc. 3 HaBezieHi 3aJ1€KHOCTI CyMapHOT KUTbKOCTI
rasis.  (J, ki Bugimkcs i3 3paska  3a  dac

OomOapayBaHHS €JIEKTPOHHUM mpoMeHeM (3 XB.) Bif
eHeprii eNeKTPOHHOro Iy4ka (a) i cuiu ctpymy (6). Sk
BU/IHO 3 TpadikiB, Ii 3aJI€KHOCTI € EKCIOHEHI1aIbHUMH.
[ponopuiitnicte () BenmuuuHI  CUIM  CTPYMY €

OYEBHJIHOIO, a TaKa K 3aJIS)KHICTh BiJl BEIMUWHU SHEPTil
€JIEKTPOHHOT'0 ITyYKa MOYKE CBIIYUTH MPO T€, IO Mij Jac
pyXy 1 rajpMyBaHHS Yy Maci moiiiMepy BifOyBarOThCs
OaraTokparHi 3ITKHEHHS 1 BTpaTH €Hepril eJIeKTpoHa.

Ha puc. 4 HaBeneHui Mac-CIIEKTp Ta30BUAUICHHS Y
BUIJISIAI JiarpaM. 3 HBOTO BHJHO, IO OCHOBHHMH
ra3amu, SKi BHAUIAIOTBCS 3 MOJIaHUIIHY IIpH HOTO
OomOapayBaHHI €JIEKTPOHHHUM Iy4koM, € amiak NHj,
metan CHy, Bogens Ta rpynu ByraeBogHis C,H,, CsH,,.
Came mHasBHicTh NH; 1 H, cBimunte mpo Te, mpo
BimOyBa€eTbCS JIEeCTPYKIIis MOJIEKYJT moJimepy,
ocaHoBHIMH aTomamu skoi € C, H i N. [lapanensro mae
Mmicue Takok BuaineHHs ByrneBoaHiB (CHy, C,H,,
C;H,,), NOXOIKEeHHS SKHX 3 MOJEKYNH TONiaHUTIHY
ManoiimoBipue. IlIBumire 3a Bce, e COPOOBaHI ILTIBKOIO
MOJiMEpy MPOXYKTH pO3Maay Napu BaKyyMHOI OJIMBH,
sIKa HAaKOIHMYWIACS TPU BaKyyMHiH 00poOIi mpuiamy,
IO XapakTepHE JJIsl TAHOTO crocoOy BiakadyBaHHS. Sk
6aunMo, ckiaj rasiB, SIKI BHOUITIOTHCS TPH AECTPYKIIT
MoJiMepy TiX JIi€I0 EJIEKTPOHHOTO IydKa SIKICHO
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Puc.2. 3anexHicTb MIBHAKOCTI Ta30BUAUIEHHS 3pa3Ka
TOJIaHIIIHY BiJf 9acy ONPOMIHEHHS €JIEKTPOHAMH 3 €HEpPTi€ro
50 eB mus pi3HEX 3HadeHb cTpyMy mydka: 1 — 15; 2 — 30;
3 —45 MxA.
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Puc. 3. 3anexHicTh KUUIBKOCTI ra3iB Q , IO BUAUTHIINCS 13 3pa3Ka MOJIiaHUTiHY Bill: a) €Heprii eNeKTPOHIB I

Pi3HUX 3HAYEHBb CTPYMY ITydKa; 0) CTpyMy ITydKa JjIs pi3HUX 3HAYEeHBb CHeprii
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Puc. 4. Ciextpy ra3oBHIUICHHS 3pa3Ka MMOJIaHUTIHY
IIpH OTIPOMIHEHHI EIEKTPOHHHUM ITyYKOM 3 CHEPTi€l0:
1-50eB (I=20wmxKA); 2200 eB (I =10 MxA).

AHAJIOTIYHUI TakoMy, IO BiZOYBa€ThCS MPHU HarpiBaHHI
noimepy [2].
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BucHoBku

3p0o3yMiJio, 0 Tra30BUAUICHHS 3 TOJIMEpY € JIHIIe
SKICHOIO  XapaKTepPUCTHKOI  NpoLecy  JeCTPYyKii
NoJiMepy TiJl Ji€l0 eJIeKTPOHHOTrO Iyuka. [Ipu po3pusi
XIMITHUX 3B’S3KiB BHACIIJTOK €JIEKTPOHHOTO
OomOapmyBaHHS 4K HarpiBaHHi y Horo 00’emi
BiOyBAa€TbCS ~ HAKONMYEHHS  YJIAMKIB  MOJIEKYII,
pagukamiB, sAKi BHACNiJOK BTOPHHHHX  TIPOIECIB
YTBOPIOIOTH IPOCTIMIi CIIOJYKH (Ta3M) 1 JIWIe YaCTHHA 3
HUX BHIOULIETBCS 3 00’emy momimepy. Ilpote amami3
ra3oBUJAUICHHS TOJIMEpY B TAaKOMY BHUIAIKy €
BOXIMBOIO XapaKTePUCTUKOI Marepialy IpH HOro
MOXJIMBOMY 3aCTOCYBaHHI, HaIlpHKJIal, B €JIEKTPOHHO-

IMPOMCHEBUX IMpUIazaax.
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Gas Desorption During Destruction of the Polyaniline Samples with Electron
Bombardment

Ivan Franko Lviv National University,
50, Dragomanova Str., Lviv, 79005, Ukraine

The gas desorption during destruction of the polyaniline samples with electron beam of energy in range 50-
200 eV as a function of both electron current density and interplay time has been investigated under high vacuum
conditions. Polyaniline gas desorption caused by polimer destruction and bulk desorption after vacuum preparation.
The composition of gas desorption product and outgassing rate were calculated.
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