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Section 1. Processes ofRadiation and Plasma Interaction with Solids

BITIMAHWE BPEMEHW OBPABOTKU U3NTYUYEHWNEM CO2-JIA3EPA
HA ®OPMY NN PASMEP KPATEPA NMOJIMTETPA®TOPITUJ/TIEHA
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MpoBegeHa nasepHasa abnauma nonuteTpadropatmuneHa (MTP3I) ¢ pasHbIM BpeMeHEM 06pPabOTKM U3NyYeHMEM
HenpepbiBHOro CO2-na3epa ¢ MCNoMb30BaHVEM MUKPOBECOB B BAKYYMHOI Kamepe, Ha KOTOPbIX pasMeLLancs Kaxapii
obpasell. NpoBegeHo 3D-ckaHMpPOBaHME MOBEPXHOCTU KaXKAOro M3 06pasLoB Mocse ocTbiBaHWA. [onyyeHbl Takve
XapaKTepuCTUKM Kak 06bem Kpatepa, CKOPOCTb pOCTa KpaTepa, MoTeps Macchbl, CKOPOCTb poCTa MoTepy Macchl, a
TaKXKe KaXyLLIasacsa NnoTHOCTb YAaNIEHHOTO C NMOBEPXHOCTU MaTepuana. MNpueeaeHs! rpauk M3MeHeHUs CUsbl faBfie-
HWA Ha MOAMNOXKY BECOB BO BPEMS N1a3epHOi abnsaLmm, ckaH NOBEPXHOCTM OAHOrO0 13 06pasLioB, a Takxke rpagmyeckoe
1306padKeHne N3MeHeHMA (hopMbl KpaTepa KaXK4oro 13 06pasLioB B CpaBHEHUM C AvaMeTpom fasepa. ChenaHbl Bbl-
BOZbl O MpoLieccax, NPOTeKatoLLMX BO BpeMs 06pa3oBaHus KpaTepa. [MoKasaHo, YTo AaHHbIl 3D-CkaHMpoBaHWe nos-
BOMSET YTOYHUTL MEXaHW3M BO3LeNCTBMA nasepa Ha MNTd3I, 4yTo gaeT BO3MOXKHOCTb YNpPaBisTb napameTpamu Bpe-
MeHW 06/1yHeHMA Na3epoM C LIeSIbi0 COBEPLLEHCTBOBAHWS TEXHOIOMMW MPoLecca NoyyYeHns BOIOKHUCTO-MOPUCTbIX
marepuanos.

KntoueBble cioBa: NosUTETPATOPITUMEH; NlasepHas abnsauus; kpatep; 3D-CKaHMPOBaHWE; CKOPOCTb POCTA.

THE EFFECT OF CO2 LASER TREATMENT TIME ON THE SHAPE
AND SIZE OF A POLYTETRAFLUOROETHYLENE CRATER
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Laser ablation of 9 polytetrafluoroethylene (PTFE) samples with different treatment times by continuous CO2 laser
radiation using microweights in a vacuum chamber on which each sample was placed was performed. A 3D scanner
was used to perform a 3D scan of the surface of each sample after cooling. Characteristics such as crater volume,
crater growth rate, mass loss, mass loss growth rate, and apparent density of the material removed from the surface
were obtained. A graph of changes in the pressure force on the balance substrate during laser ablation, a scan of the
surface of one of the samples, as well as a graphical representation of the change in the shape of the crater of each
sample in comparison with the diameter of the laser are presented. It was found that with an increase in the irradiation
time of more than 30 seconds, the crater grows more than twice as fast, while the rate of mass loss begins to decrease.
Also, the apparent density of the removed material up to 30 ¢ corresponds to the density of the fluoroplast, however,
when irradiated above 30 c, it decreases. All this together indirectly suggests that after 30 seconds of irradiation, the
growth of fibers from the crater decreases, another phase appears - viscous-fluid, which flows down the walls to the
bottom, as evidenced by the rate of mass loss, as well as the apparent density. It is shown that the diameter of each
crater is larger than the diameter ofthe laser beam. Thus, we can state that the sample expands during laser irradiation.
Itis shown that this 3D scanning makes it possible to understand the mechanism of laser action on PTFE, which makes
it possible to control the parameters of laser irradiation time in order to improve the technology of the process of
obtaining fibrous-porous materials.
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BBeneHue C 3aZlaHHbIMY cBocTBaMM. A adheKTbl 06pa-
NasepHas abnaums nonuteTpapTopaTh- 30BaHNA BONOKHUCTbLIX NMPOAYKTOB CBA3aHbI C

neHa (MT®P3I3) — 310 npouecc yganeHns ma- MeXaHU3MOM pasfoXeHWs 3TOro nosaumepa

Tepunana C MOBEPXHOCTW NOA BO3/JeCTBUEM [1-3].

Na3epHoro n3ny4yeHus. STOT METOA LLUVPOKO Lienbto paboTbl 66110 YCTAaHOBUTbL M3MEHE-

NCNosb3yeTcsa A1 MOAMDUKaLUU NMOBEPXHO- Hue pasmepoB 1 opmbl KpaTepa MTP3I B 3a-

CTW, MUKPOO6PabOTKM U CO3[aHUA CTPYKTYp BUCUMOCTU OT BPpeMEHUN 061yUeHNs.
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MaTepuasnbl n MeToAbl UCCef0BaHUA

NaszepHaa abnayna o06paslLoB NOAUTET-
paTopaTUieHa NPOBOAMIACH HA BAKYYMHO
ycTtaHoBke BYT1-4 npu pasnnyHom BpemeHu
BbIEPXXKWN MO HenpepbiBHbIM U3/TyYeHUem
CO2z-nasepa. OAHOBPEMEHHO NpPU 06NYYEHNN
NMPOBOAWICA MOHUTOPWUHI W3MEHEHUS CUJIbI
faBneHns obpasya Ha NOAM0XKY C NMOMOLLbLO
MWKPOBECOB B BaKyyMHOI Kamepe, Ha KOTO-
pbIX OH pa3mewancd. CkaHMpoBaHUe NoBepx-
HOCTM 06pa3sL0B MPOBOAWIOCL C MOMOLLbIO
ontuyeckoro  3D-ckaHepa  RangeVision
Neopoint (Poccus, NPUHLMN CKAaHNUPOBAHUS -
WK cTpykTypupoBaHHbIn nogceet, 3D Tou-
HOCTb - A0 50 MKM), pacyeT v uccnefoBaHune
MOBEPXHOCTM - B MporpamMMHoM ob6ecneye-
Hum (MO) ckaHepa - RV 3D Studio.

PesynbTaTbl 1 nx obcyxaeHune

Ha puc. 1 npeacrtaBneH rpauk MsmMeHe-
HUA CUMbl AABNEHWA Ha MOAJ/0XKY BECOB Of-
HOro 13 06pasuoB - NTP3I3 4 (Bpema nsnyde-
Hua 30 c). Mpadnk NokasbiBaeT TUMUYHOE NO-
BeJleHne (hToponnacTa Npu nasepHon abns-
UMW - UHKY6aLMOHHBIA nepuog okoso 2,5 c ¢
nocnefyrowmmM peskum yBeninyeHneM fasie-
HUA Ha NOANIOXKKY (B 3TOT MOMEHT WHTEH-
CUBHO HayMHaeT pacTy BONOKHO 13 06pasyto-
werocs Kpatepa). [anbHeilee nnaBHoe CHU-
XXEHWe 3TOro faB/ieHns roBoOpuT O paBHOMep-
HOCTW pocTa BOMOKHa [2].
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Puc. 1 pauK M3MeHeHUs cuibl JaBNeHWs Ha NOA-
NOXKy P BO Bpems nasepHoli abnaumm: obpasey, MTHI
4 - Bpema nsnyyeHns 30 ¢

Ha pucyHke 2 npefcTaB/ieH BUf CKaHa no-
BEpXHOCTU ob6pasuya MTDI 5 (Bpems obpa-

60Tkn 45 c¢) B MO 3D-ckaHepa. C Kaxgoro
MOJIyYeHHOTr 0 CKaHa ObIN NOMyYeHbl reomeT-
puyeckue pasmepbl KpaTepa, a TakXe ero
06beMm.

Pvc. 2. Bup ckaHa nosepxHocTu obpasua MTP3D 5
(Bpems 06paboTkm 45 ¢) nocne nasepHoli abnaumm

B tabnuue 1w 2 npeacrtaBieHbl NONYYeEH-
Hble 00bEMHbIE M MaCcCOBble XapaKTePUCTUKN
Kpatepa MT®3 npu pasHOM BpemeHU 065y-
YeHWA. YCTaHOBMEHO, YTO MPU YBENUYEHUN
BpeMeHn o6nyyeHns 6onee 30 ¢ 06bEM Kpa-
Tepa pacTeT 60/ee 4YeM B [Ba pa3a ObiCTpee,
npyv 3TOM CKOPOCTb MOTePWU MacCbl Ha4YnMHaeT
CHMXKaTbCA. TakXKe KaxXyLasacd MAOTHOCTb
yfaneHHoro wmarepuana go 30 C COOTBeET-
CTBYeT NNOTHOCTK (hTOponacTa, 04HAKO Npwu
06ny4eHun cebile 30 ¢ OHa CHMXKAaeTCs.

Tabn. L O6beMHble XapaKTepUCTUKU KpaTepa nonu-

TeTpadTopaTUIEHA NPK Pa3NINYHOM BPEMEHU 06/yue-
HUS

t,c V, mm3 Vv, mm3c
5 9.6 1.92
10 21.7 2.77
15 40.7 271
30 84.9 2.83
45 212.2 4.72
75 363.4 4.85
0 418.9 4.65

105 514.7 4.90

120 545.7 4,55

MprmeyaHme. t - Bpems 06yyeHns, V - 06bem Kpa-
Tepa, W - CKopocTb pocTa 06bemMa KpaTepa

Bce 370 BMecTe KOCBEHHO FOBOPUT O TOM,
4yTto nocnie 30 ¢ 061yYeHMA POCT BOMIOKOH Y3
KpaTtepa yMeHbLUAEeTCA, NOABNAETCA eLle 0jHa
(basa - BA3KO-TeKy4as, KOoTopas CTeKaeT Mo
CTEHKaM Ha HO, 0 YeM CBUAETE/IbCTBYET CKO-
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POCTb MOTEPU MacChl, a TaKXe Kaxyllascs
MNOTHOCTb.

Tabn. 2. NameHeHnidi maccbl MNTDI npu pasnnyHom
BpemMeHu 061yyeHuns

t, C OT, mr Vm, Mr/c P«, Mmr/mn
J 24 4.80 25
10 65 6.50 2.35
15 107 7.13 2.63
30 235 7.83 2.77
45 383 8.51 1,80
75 700 9.33 193
0 720 8.00 1,72
105 803 7.65 1,56
120 875 7.29 1,60

MpumeyaHue. t - Bpems 06nydyeHus, O,T - noteps
maccel, Vim - cKopocTb pocTa 06bema Kpartepa, pK, - Ka-
XYLLAACA MIOTHOCTb YAa/IEHHOro MaTtepuana

Ha pucyHke 3 npefcTaB/iieHo rpaguyeckoe
N306paXeHne W3MeHEeHUs (opMbl KpaTepa
nonuTeTpagTOPITUIEHA BO BPEMS Na3epHOI
abnauun. CKaHUpoBaHWe NPOM3BOAMIOCH Ha
OCTbIBWNX 06pasyax. Anamerp Kaxgoro Kpa-
Tepa 60/blUe, YeM AnameTp Nlyya nasepa.
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Puc. 3. T[patumueckne wm306paXKeHne U3MeHeHUs
(hopMbl KpaTepa B CpaBHEHWUW C AMaMeTpoM Jiyya na-
3epa

Takum 06pa3oM, Mbl MOXeM YTBEPXAATb,
4yTO BO Bpemsl 06/1y4eHUs na3epom obpasel,
paclunpseTcs. A TakKXKe MOXHO npeanono-
YXWUTb, 4YTO B 06pa3Le Ha rnybuHe, paBHOI pas-
HULE MeXAY AnameTpaMu KpaTepa v nyya na-
3epa, MPOUCXOANT AECTPYKUMA, KOTopas faeT
fanbHelwmne NpoayKTbl - BONOKHA U CONONMN-
Mepbl.

3ak/oyeHne

MpumeHeHne HoBOro 3D-meTofa uccneno-
BaHMA 06bema KpaTepa U ero (opMbl NO3BO-
NIMNO paccymuTatb CKOPOCTb pOCTa KpaTepa u
notepn Mmaccbl obpasya, 4TO faeT BO3MOX-
HOCTb YNpaBnATb napameTpaMmy BpeMeHMn 06-
NYYEHUA nasepomMm nonmteTpagTopaTuieHa ¢
LUenbl0  COBEPLUEHCTBOBAHMA  TEXHOOTUM
npowecca rnosiy4eHnsa BOJIOKHNUCTO-MOPUCTbIX
mMaTtepuanos.
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