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OnucaHbl KOHCTPYKIMA N ITPUHIAIL pa6OTI)I CUCTEMBI HUPKYJIALIMU ra3a, UCITOJIb3YEMOT'O B KAYC€CTBEC
MUIICHU OJIA FaSOCprﬁHOFO JIa3€PHO-TIJIAa3BMCHHOI'0 UICTOYHUKA. HeobxonuMocTh MonoOHONM CUCTEMBbI
06YCJ'IOBJ'ICH3 CTPEMJICHUEM YMCHLIIUTDL HOTpC6J’ICHI/IC rasa Nnpu COXpaHCHHU IMPOU3IBOAUTCIbHOCTU
MCTOYHUKA U3JITYYCHU . HI/IpKy.T[H]_[I/IOHHaH cucTeMa Mo3BOoJISIET UCTIOJb30BaTh OAMH U TOT XKe 00beM rasza
B Ka4€CTB€C MUILICHU MHOI'OKpaTHO. B craTtbe NpUBEACHA KOHCTPYKIMA CUCTEMBI, TAKXKEC JaHbI PE3YJIb-
TaTbl l'IpO6HOI71 SKCILTyaTalluy 1 OUCHKN Ir€pMCTUYHOCTU CKOHCTp}WIpOBaHHOﬁI CHUCTEMbI U BpEMCHU

paboThl HA OHOI 3aMpaBKe rasa.
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1. BBEAEHUE

HocTaToyHO AAaBHO B JlaOOpaTOpHOI MpaKTHKe
MPUMEHSETCS 3KCTpeMalbHOE YIbTpadUOIETO-
Boe (DY®D) usnydyeHUe Kak B METPOJOTMUYECKUX
(pedaexToMeTpus), TaK U B MCCIEAOBATEIHCKUX
(IMarHoCTHKa CIOUCTBIX CTPYKTYp) uensax [1, 2].
CpaBHUTEILHO HOBBIM IIPUJIOXKEHUEM SIBIISIETCS
pa3paboTka mMcTOYHMKA DYD-U3AydeHUST OIS
HUCIIOJb30BaHUs B JIMTOrpacuyeckux ueiasx [3,
4]. JJazepHo-m1a3MeHHbIE UCTOUHUKHU U3Ty4EHUS
(JITIN) gaBnsioTcsa HauboJiee TMepCIeKTUBHBIMU
J1abOpaTOPHBIMU MCTOYHUKAMHU M3IYYSHUS B CIIEK-
TpajgbHOM DY®-1ana3oHe, ITO3BOJISIOIINMHU ITOTY-
YaTh U3JIYYEHUE BHICOKO MHTEHCUBHOCTH [5].

B HacTostiee BpeMsl IIpOBOIMUTCS pa3paboTKa
JITIN nnsg oTredyecTBEHHOTro JUTOrpada Ha OCHOBE
KCEHOHOBO# CTpYyIiiHOII MUIIeHU, paboTaloIIeTo
Ha gnuHe BoJNHBI 11.2 HM. PanHee mpoBommioch
MOCTAaTOYHO OOJIBIIIOE KOJIUYECTBO MCCICHOBAHMIA,
MOCBSIIEHHBIX U3MEPEHNI0O KO3(PPHUILIMEeHTa KOH-
BEpPCUM JIa3epHOIro n3iaydeHust B DYD Ha maHHO
IavHe BoJIHBI [6—9]. B pabore [10] 6bLI0 moKa-
3aHO, YTO NMPOU3BOAUTENBLHOCTh DYD-nuTorpada

C KCEHOHOBBIM MCTOYHMKOM M3IIydeHUs, paboTaro-
1LIeTO Ha JJIMHE BOJIHBI 0KOJIO 11 HM, MOXKET IIpeBhI-
1IaTh TTPOM3BOAUTEIBHOCTD JUTOrpadUM Ha IJIMHE
BOJIHBI 13.5 HM, NCTOJIB3YIOIIEN MUIIIEHU HA OCHOBE
osnoBa. JIurorpacdus Ha AaMHAX BOJH BOIM3U 11 HM
cTajla BO3MOXHa OJjiarofapsi Iporpeccy TeXHOJIO-
ruii B obnactu HanblieHUs1 Be-cogepxaliyux MHO-
TrOCJIOMHBIX peHTreHOBCKMX 3epkan (MP3) [11, 12].
JONOTHUTEBHBIM apTYMEHTOM [JISI UCITOJIb30Ba-
HUSI Ta30CTPYMHBIX MUIIECHEH SBIISIETCS CPaBHMU-
TEJIbHO MaJIoe 3arpsi3HEHNE UCITOIb3YEeMOI ONTUKU.

Mcnionb3oBaHue razoctpyiiHoit muiieHu B JITTA
nonpa3yMeBaeT CPaBHUTEIBHO OOJIBIINE PACXOMbI
rasa, Ipu 3TOM Ta3, OTKaYaHHBIM BaKyyMHBIMH
HacocaMu M3 o0beMa YyCTAaHOBKM, cOpachIiBaeTcCs
B BBIXJIOITHYIO Maructpaib. JJaHHOe 00CTOSITENb-
CTBO BJIEUET 32 COOOI1 CYyIlIeCTBEHHbIE PaCXO/bl, TaK
KaK KCEHOH BecbMa 10por. CyIIecTBYIOT HECKOIbKO
nyTeil CHUXXKeHUs1 pacxona padbouero rasza. Hanpu-
Mep, BO3MOXKHO MCITOJIb30BaHME MMITYJILCHBIX Ka-
naHos [13—16], onHako 4acTOThl cpadaTbIBaHUsI
WMITYJIbCHBIX KJIallaHOB OTrpaHWYEeHBbI, YTO JeiacT
HEBO3MOXHBIM UX MCIOJIb30BaHUE BMECTE C BBICO-
KOYAaCTOTHBIMMU JIa3epaMU C YaCTOTOM CJIeTOBaHUS
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uMnynabcoB nopsinka 1 kI Takke MOXHO YMEHb-
IIUTh KOJMYECTBO MMOJaBAEMOro B KaMepy KCeHOHa
MIpU HKCIIOJIb30BAHUU COIIeJI ITOCTOSIHHOIO MCTE-
yeHud Mmajioro gunametpa [17]. OgHAaKo MCITOIb30-
BaHME COTEJI MaJoro CeUYeHUs yXyauaeT (GpOpMHU-
poBaHME Ta30BOIl CTPYW W MPUBOAUT K MaIeHUIO
KOHIIEHTpAIlMW YaCTHUI] B 30HE 00pa30BaHMUS Ja3ep-
Hoit uckpsl [18]. Takum oGpaszom, s auTOrpa-
¢uueckoro npumenenus JIIIM c¢ raszocrpyiiHoii
MUILIEHbIO HEM30EXKHBI OOJbIIME PACXOAbl KCE-
HOHa, focturamolnue 1—15 HopMabHbIX cM>/c [19].
B nanHoit paboTe Mbl mpeagaraeM MCIOJb30BaTh
CUCTEMY LIMPKYISIIMU paboyero rasza s UCTOU-
Huka DY®D-usznyuenus. Mcnoab3oBaHue JaHHOMK
CHCTEMBbI MO3BOJIUT CYILIECTBEHHO CHU3UTH PAacXo.l
rasa, MCIoJIb3yeMOI'0 B KAUeCTBE MUIIICHU.

B cratbe npencraBieHbl pe3yJIbTaThl Pa3padoTKI
U anmpoOaly CUCTEMBI IMPKY/ISLIMKA paboyero raza
B YCTaHOBKE, MpelHa3HauYeHHOM 11 popmMupoBa-
Hug JIIIU Ha razoctpyiiHoii muiieHu. OmnucaHbl
peXuMbl pabOTHl CUCTEMbl PELUPKYIALUU U €€
XapaKTEePUCTUKU.

2. OIMCAHUE YCTAHOBKHA

ITonaua raza B JITIM ocyiiecTBasieTcs: mon AaB-
JieHueM 1opsiaka 10 6ap yuepe3 KOHMUYECKOE COILIO
¢ kputnueckum cedenuem 500 mxm [18]. Comto
(bopMupyeT CBEpX3BYKOBYIO CTPYIO raza, Ha KOTO-
pyio GOoKycupyeTcs JJa3epHOe U3TydeHUe, 3TO U3y~
YyeHMe BBI3bIBaeT Mpo0oil B cTpye. BEHIMyIIeHHBII
ras mpu 3TOM OTKAYMBaeTCs TYPOOMOJIEKYISIPHBIMU
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Hacocamu (TMH), uTo Mo3BosIeT NoOAAEPXKUBATH
HEeoOXONMMbIA YPOBEHb OCTAaTOUHOTIO MaBJIEHUS
B BaKyyMHOIi KaMepe. B pazpaboTtaHHOI LIMpKYJIsi-
LIMOHHOM CUCTEeMe OTKauyMBaeMbIil Ta3 coOUpaeTcst
M 3aHOBO IIOJAeTCs Ha BXOH B COILIO. JloImoiHM-
TeJIbHO CUCTeMa LUMPKYISIUUU AOJKHA OOecIreyn-
BaTh XpaHEHHUE ra3a u npeaBapuTesIbHOE BaKyyMU-
pOBaHUE CUCTEMBI.

CxeMa cuUCTeMbl LHUPKYISILIUU Ta3a IpeacTaB-
JneHa Ha puc. 1. IIpu paboTe cucTeMbl NpeaycMo-
TPEHO TPEXCTYIIeHYaTOe CKATHe ra3a 110 OCHOBHOM
HUPKYIIUMOHHON metne: kamepa /; TMH HBT
1000 (MckutuMm) 3; criupalibHbIi (OpBaKyyM-
Hblii Hacoc ESVP600 5; meMOpaHHBIII KOMITpec-
cop KM-24.0LD10-NEW (Remeza) 9; comio 2
(cMm. puc. 1). JIoTmOTHUTETBHO B CUCTEME TIPETyCMO-
TpeHa BCIIOMOTAaTelIbHAs IEeT/ISI OTKAYKKM C TTIOMO-
b0 (POPBAKYYMHOI'O Hacoca 5 co cOpOCOM Ta3oB
B aTMocdepy yepe3 BaKyyMHbIH kianaH 6. [1poek-
TUPOBAHUE CUCTEMBI OCJIIOKHEHO TeM, UTO 3arop-
Hasl apMaTypa BBICOKOTO HaBJCHMs HE SIBIISIETCS
BaKyyM-IUIOTHO#1, a BaKyyMHBI€ KJIallaHbI HE pac-
CUYMTAHBI Ha pa0OTYy IIPU IaBJICHUH BhIIIE IPUMEPHO
1 6ap u30bITOUHOrO AaBjeHus. Tak, mpu yBeauue-
HUM AaBJICHUs BBIIIE MPUMEPHO 1 Gap MpOUCXOIUT
MOBPEXIEeHNE BaKYyMHBIX KjanaHoB. JlaHHbIE Tex-
HUYECKUE HEMOUEThl ObUIM CKOMIIEHCUPOBAaHbI KOH-
CTPYKTUBHBIM peIlIeHHeM, a UMEHHO, COSIMHEHNEM
OaiimacHOl JMHMU ¢ (POPBAKYYMHBIM OaLIOHOM
HamnpsMyo 6e3 UCIOIb30BaHUS KJIallaHOB.

Ha cxeme ykazaHbl pabouass kamepa / ¢ KOHU-
YECKUM CBEPX3BYKOBBIM COILJIOM 2, OTKauMBaeMasi
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Puc. 1. Cxema pa3paboTaHHOI UPKYISIIUOHHON CUCTEMBI: | — KaMepa UCTOUHUKA U3TydeHus], 2 — KOHUIECKOe COILIO,

3 — TypOOMOJEKYIISIPHBII HacOC, 4 — BAKYYMHBIN KJIamaH, 5 —

(opBakyyMHBII Hacoc, 6 — BaKyyMHBI# KJ1anaH B aTMocde-

pY, 7— BaKyyMHBI Kj1anaH, & — hopBaKyyMHBbII 0a/UIOH, 9 — MeMOpaHHBIN KoMIipeccop, /0 — ynpapiaseMblii KianaH, 11 —
MaHOBaKyyMMeTp, /2 — HaKOMUTENbHbIN 0a/IoH, /3 — ynpaBiseMblii KianaH, /4 — py4HOil BEHTUJIb BBICOKOTO JaBJICHUS,
15 — BEHTWIb TOYHOI PEryIUPOBKHU, 16 — MaHOBaKyyMMeTp, /7 — BaKYyMHBII Ki1araH, /8§ — BEeHTUIb BBICOKOTO TaBJICHMS.
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TMH BbIcoKOIT TpousBoauTeabHOCTH 3. Ha BbIxO/€e
TMH pacnionioxkeH BaKyyMHBbI KJ1aTiaH 4, 3aluiia-
owmuii TMH npu ucuesHoBeHUU nuTaHusl. Takke
yepe3 BaKyyMHBIN kiarmaH 4 TMH oTkaumBaeTcs
¢dopBakyymMHbIM HacocoMm 3. ITpu Beixone u3 popsa-
KYYMHOTO Hacoca ra3 MoOXeT ObITh HalpaBjieH
B aTMocdepy IpHU OTKPBITUM BaKyyMHOI'O KjallaHa
6 v IepeKpbITUN KJianaHa 7. [Ipy OTKpBITUYM KJia-
naHa 7 ¢ 3aKpPBITBIM KJIAIIaHOM 6 OCYIIECTBIISIETCS
Habop ra3a B (QOpBaKyyMHBI 0a/IoH &, MCITOJTHSI -
IOIINI pOJIb pecuBepa HU3KOTo maBiieHUs. Jlaee
ra3 HampassIeTCsl Ha BXOJ KomIipeccopa 9, mpu
3TOM pecHuBep § IMO3BOJISIET COrTacoBaTh paboTy
(opBakyyMHOro Hacoca 5 1 KomIipeccopa 9, repe-
BOJISI KOMIIPECCOP B MOBTOPHO-KPAaTKOBPEMEHHBII
peXxuM pabOThI. DIIEMEHThI KOHCTPYKIINH, OTIMCAH-
HBIE BBIIIE, COCTABJISIOT CEKIINIO CUCTEMBbI, paboTa-
IOIIYIO IIPY HU3KUX AaBlieHUsIX. KOHTpoJb 3a naB-
JICHUEM B BTOM 4YacTU CHUCTEMbI OCYIIECTBIISICTCS
C TIOMOILIbI0O MaHOBaKyymMmeTpa /1.

HMcnonb3yemblii (hopBaKyyMHBI Hacoc Tep-
METUYEH IO BXOAYy M OOCTAaTOYHO Ta30ILIOTEH
10 BBIXOMY ITPY 3aKPBITOM Ta300a/UIaCTHOM YCTPOIi-
ctBe. Mcnonb3yeMblit MeMOpaHHBIM KOMITpeccop
SIBJISIETCSI Ta30IIJIOTHBIM, HO HE BAKyyM-IUIOTHBIM,
4YTO MPUBOJAUT K MOTEpe paboyero raza npu yred-
Kax. [Ijass yMeHblIeHUs! JaHHBIX MTOTepb MEMOpaH-
HBIII HACOC C ABYX CTOPOH OTCEKaeTCs KilaltaHaMM
¢ aBTOMaThyeckuMm ympasiaeHueM /0 u 13. C noMo-
1IbI0 MeMOpaHHOro Kommnpeccopa 9 padbouunii ras
KOMIOPUMUPYETCS B 0a/IOH /2, SIBISTIOIIUICS pecu-
BEpOM BBICOKOTO naBieHusi. Ha Bxone B 6aynioH /2
YCTAaHOBJIEH 3amoOpHBIN BeHTUNIb /4. VI3 GaniaoHa
ra3 mocTymaeT B COILUIO 2 Yyepe3 BEHTWIb TOUHOM
peryiupoBkKu 15. [laBneHue B 9TO YaCTU CUCTEMBI,
paboTaroleii TPy BEICOKUX TaBJICHUAX, KOHTPOJIM -
pyeTcs ¢ MTOMOIIbI0 MaHOMeTpa 6.

Hns mpoBeneHUsl OTKAYKM CHUCTEMbI M TTOATrO-
TOBKHU K pabOTe MMeeTCsI BO3MOXKXHOCTh BaKyyMMU-
pOBaHMS YacTe CUCTEMBI 3a CYET MCIIOIb30BaHUSI
OaifIracHOM MaruCTpaln ¢ BaKyyMHBIM KJaIlaHOM
17 v BeHtunem 18. baiinacHast MarucTpalib cnelu-
aJbHO TTOAKJIIOUEHA Ha BXOI (DOpPBAKyyMHOTO Oaj-
JJoHa 0e3 MCIOJIb30BaHUS peryaupylolleil apma-
Typbl. [1pu Takoit cxeme B GaiimacHOI TMHUM BCEraa
OyImeT Momaep:XMBaThCs TaKOE K€ JaBJICHUE, KakK
B (hopBaKyyMHOM OajIIoHe, a IMoATeKaHUe ra3a IIpu
3aKpbITOM BeHTWJe /& He MpuBeleT K paspylie-
HUIO BaKyyMHOTIO KjamnaHa /7, TOCKOJbKY 00BbeM
(opBaKkyyMHOTO OayyiIoHa CYIIECTBEHHO OOJIblIe,
yeM 00BbeM MarucTpaiv MeXny BeHTuIsIMu I8
n 15. B ciiygae oTceueHMsT GaiImacHO MarucTpain

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

T'VCEBA u 1p.

oT (hopBaKyyMHOTO OajijioHa B pe3yJibTaTe MOJTe-
KaHWI BeHTUJIs1 18 yepes JUINTEebHOE BpeMsl IIPOu-
30iaeT cMsaTUE cuib¢OoHA BaKyyMHOTO KianaHa /7
C ero JaJIbHEHIINM pa3pyllIeHueM 1 IIPOPBLIBOM ra3a
B BBICOKOBAKYYMHYIO YaCTh YCTAHOBKM.

3. PEXMMbI PABOTHI YCTAHOBKHA

PaGora npencraBieHHOI CUCTEMBI MOXET OCY-
LIECTBJISITHCSI B HECKOJbKUX pPeXKMMax — OCHOB-
HOM pexXMuMe IUPKYISIINU ra3a, peXXnuMe OTKauyKHh
BaKyyMHOI KaMephl ¥ peXXMMe OTKAYKU CUCTEMBI.

HaubGonbinve TpedboBaHUSI K YPOBHIO BaKyyma
B YCTAaHOBKE MPEAbSBISIOTCS K KaMepe MCTOUYHUKA,
IMO3TOMY BaXKHBIM BCIIOMOTATEJIbHBIA PEXUM 3KC-
IUTyaTalluyd UMPKYISIIMOHHON CUCTEMBl — PEXUM
OTKaYK{ BaKyyMHOM KaMepbl, KOTOPbIIi HEOOXO-
IUM IJI TIepBOHAYAIBHOTO JOCTUKCHUSI BaKyyMa
nopsaka 107 Tla mepex 3amyckoM yCTaHOBKM
B OCHOBHOM pexxuMe. [Tpu paboTe B s7aHHOM pexkume
KaMepa MCTOYHUKA U3JydyeHMs [ OoTKauMBaeTcs
TMH 3, nanee octaTouHbIe Ta3bl Yepe3 BAKYYMHBIH
BEHTWIb 4 OTKauMBaloTcs (OpBaKyyMHBIM HACOCOM
5. I1pu aToM OaiimacHbIii KJj1anaH /70cTaeTcsl 3aKpbl-
ToIM. TTociie opBaKyyMHOTO Hacoca OCTaTOYHbIE
rasbl yepe3 KjaraH 6 cOpachIBalOTCsI B aTMOocepy.
BakyyMHBbIit BEHTWIb 7 IPU 9TOM 3aKPbIT.

PexuM oTKauku cuUcTeMbl HEOOXOIUM, YTOOBI
NCKIIOUYUTh HaJIWM4YMe OCTAaTKOB ra3a B YacTIX
CHCTEMBI, 3aIefiICTBOBAaHHBIX IIPU pabOTe B OCHOB-
HOM LUMPKYJISILMOHHOM peXrMe. DTO 0COOEHHO
HeoOXoaAuMoO Tipu pabore ¢ Oojiee UeM OIHUM
copToM rasa. JIjs ocyuiecTBiaeHus pabOTHl ycTa-
HOBKHM B JaHHOM pPEXMME MCIIOJIb3yeTcsl Oalirac-
Hasl MarucTtpajib cucteMmbl. [Ipu oTKauke crucTeMbl
BaKyyMHBbI€ KJIaIllaHbI 4 1 7 3aKPBIBAIOTCSI, OTKPHIBA-
I0TCS GalinmacHbIi KjanaH /7 ¥ BEHTUJIM BbICOKOTO
napieHust 14 n 18. TakKe OTKPBIT KjiallaH 6, 4yepe3
KOTOPbII OCYILECTBIISIETCS BBIXOI OCTAaTOYHbBIX F'a30B
B atmocdepy. [Ipn padote ¢popBaKyyMHOTO Hacoca
OCYIIECTBJIsSIETCS OTKayka OalimacHOII MarucTpaiu,
O6astoHoB § 1 12 1 MeMOpaHHOTro KoMIipeccopa 9.
KoHTpoab OTKAaYKM OCYIIECTBISIETCS 1O MaHOBA-
Kyymmetpy 11.

OCHOBHOM pexXMM 3KCIUTyaTallMyd LIMPKYJISIII-
OHHOI1 CHCTEMBbI, IIPU OCYIIECTBACHUU KOTOPOTO
npoucxonut padora JITTU, npencrasisetr HanbOIb-
it uatepec. Heobxonumo, 4ToObl ra3 mocie B3a-
MMOJIECUCTBUS C JTa3€PHBIM U3JTy4eHUEM ONEePaTUBHO
OTKAYMBaJICS W, IIPOXO/IsI HEKOTOPKIN ITyTh BHYTPU
YCTaHOBKU, 3aHOBO ITOAaBaJICSI B BAKYYMHYIO KaMepy
yepe3 coruio. B naHHOM pexkuMe Kamepa UCTOUHMKA
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n3nyyeHust I orkauuBaeTcds TMH 3, nanee uepes
BaKyyMHBII BEHTWIb 4 paboumii ra3 oTKauynBaeTcs
¢ opBakyymMHBIM HacocoM 5. [1pu aTom GaitrmacHBIH
kyamaH /7 octaercs 3akpbIThiM. [1oce ¢popBakyym-
HOTO Hacoca 4epe3 BaKyyMHBII KjlarnaH 7 1 yIIpaB-
JIsieMblii KJ1aniaH /0 ra3 nomaeTcst Ha BXod MeMOpaH-
HOTro KoMIIpeccopa 9, mpyu 5TOM BEHTUJIb 6 3aKPHIT.
Ha Bxonme MmeMOpaHHOTO KOMITpeccopa pacrioyiokeH
pecuBep HU3KOTO gaBieHus 8 MeMOpaHHBII KOM-
Impeccop KOMIIPUMUPYET ra3 B OaJUIOH BBICOKOTO
IaBiIeHus 12, oTKyna ras, peryJaupyeMblii 110 MaHO-
MeTpy 16, depe3 BEeHTUJIb TOUHOM PeryJIupoBKH 15
rnmoaaeTcs K cory 2.

4. TIPObHA{A SKCIUIYATALLMA
HUPKVJIALIMOHHON CUCTEMBI

Bbrina mpoBemeHa TpoOHas 3KcIUTyaTalus
CUCTeMbl UMPKYISIIUKM raza. B kauectBe padbouero
rasa 13 CooOpaXeHMIi SKOHOMUM KCII0JIb30BajCs
aproH. Ilo pesynbraTaM NpoOHOI 3KCILIyaTaluu
OBLIM BBISIBJICHBI MECTa yTeUeK 1 HATCKAHMSI, a TAKXKe
OlLIeHeHO 00111ee y100CTBO pabOThI C CUCTEMOIA.

IlepBoHavyanbHO cucTeMa OblIa cobpaHa
C MCIIOJIb30BAaHMEM ILIACTUKOBBIX COEIUHUTENb-
HBIX TPYOOK Pa3JIMYHbIX JUAMETPOB C 3aKUMHBIMU
COCIMHEHUSIMUA C IOMOIIIbIO TaeK, TakKXKe BMECTO
yIIpaBIsIeMbIX KiiartaHoB [0 m 13 mcmoib30Baics
oOpaTHBIM KJjlallaH Ha BBIXOAE M3 KOMIIpeccopa.
ITocne mepBoro 3amycka ObLJIO BBISIBIEHO 00Jb-
LI0€ KOJIMYECTBO TeYell, NealolnuX HEBO3ZMOXHON
IJIUTEIbHYI0 9KCIUTyaTallMlo ycTaHoBKU. Harteka-
HUeE Tra3a B YCTAHOBKY B BBIKJIIOUEHHOM COCTOSIHUM
COCTaBMJIO TIPUMEPHO 5 T 3a Yac pabOTBI CUCTEMBL.
Heo0bxonyMo ObLIO TIPOBECTU MOUCK TEXHUYECKUX
peleHnii, TMKBUANPYIOIINX UJIN YMEHbIIAIOMINX
npo0OJjieMy yTeueK M HaTeKaHWsI CTOPOHHEro rasa
B CUCTEMY.

IIpu MonepHM3aLMKU CUCTEMBI ObLJla MPOBEACHA
3aMeHa TpyOOIIPOBONOB HAa MEIHBIC, BCE 3aKIMHBIC
CcoeNVMHEHNS ObIIN 3aMeHEeHHI Iaiikoii. 11 yMeHb-
LIEHUST yTeUeK Tak:Ke Oblia IIpeAIpUHsITa yCTAHOBKA
JNOTIOJIHUTEJIbHBIX BEHTUJEeH C aBTOMaTUYE€CKUM
yIIpaBJIe€HUEM, OTCEKAIOIIMX MEeMOpaHHBIM KOM-
TIpeccop CO CTOPOHBI BBICOKOTO /3 1 HU3Koro /0
napieHuit (cM. puc. 1).

ITocne MomepHU3aLUMKU CUCTEMBI LHUPKYISIIAN
raza ObUIM ITOBTOPHO IMPOBEAEHBI U3MEPEHUS HaTe-
KaHUA U yTedyek B cucteMe. OOl 00beM CUCTEMBI
LUPKyILuu coctaBua 5140 cm®. CeKLmy HU3KOTO
M BBICOKOI'O JABJICHUIA, pa3feisieMble KOMIIPECCo-
POM 1 KaMepoii, oTkauyaau 1o 5+ 1072 6ap, mocJe uero
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B T€YEHHUE TpeX Heneab HabJonanoch U3MEHEHNE
JaBJIeHUsI B BbIKJIIOUeHHOM cucteMe. 3a 500 u naB-
JIeHUe B CUCTeME MOIHSUIOCh 10 5.3+ 1072 6ap. Takum
o0Opa3om, 3a yac paboThl YCTAHOBKM Macca CTOPOH-
HEro rasa, IoIaBIIero B 00beM LIMPKYISINOHHON
cucteMbl, coctaBuaa mpuMmepHo 300 mr (T.e. npu-
MepHo 0.01%). BugHo, 4To HaTeKaHuEe B CUCTEME
He3HauuTeJbHOE, UTO oOecleyuBaeT YMUCTOTY
U MaJjible IOTepu pabouero rasa, a Takke I03BOJISIET
paboTtaTh Mecsibl 0e3 MTOBTOPHOI TpeaBapUTe/ib-
HOIT OTKAUYKM CUCTEMBI.

5. BAKJIIOYEHHWE

brina paszpaborana, cobpaHa 1 BBeAeHa B pabOTy
CcHCTeMa LIUPKYJISIIUY Tra3a, UCIIOJb3yeMOro B Kaue-
CTB€ MMOYJIbCHOM CTPYWHOM MMIICHU OJIS Ja3ep-
HO-TUJIa3MEHHOI0 MCTOYHMKA M3JydyeHUsl. bblna
npoBeAeHa IpoOHas 3KcIUlyaTalusl CUCTEMBI,
TakKe OblIa MPOIEMOHCTPUPOBaHA € PaboOTOCIO-
coObHocTh. OTnMcaHbl KaK OCHOBHOM LMPKYISILIM-
OHHBII, TaK ¥ BCIIOMOTaTeIbHbIE (OTKAYKa BaKyyM-
HOIT KaMepbl, OTKa4Ka CUCTeMBbI) PEXXMMBI paOOTHI.
IIponeMoHCTpUpoOBaHa BbICOKASI T€PMETUUYHOCTD
CHUCTEMBI, UTO TapaHTUPYET MaJible TOTePU pabouero
raza v ero 4uctotTy. [Ipu ycIOBUM MCMOJIb30BaHMUS
OMIHOTO poja ra3da CKOHCTPYMpPOBaHHasl cucTeMma
MOXeT paboTaTh Mecsilbl 0€3 MOBTOPHON OTKAUYKU
CHCTEMBL.

aHHass KOHCTPYKLMSI CUCTEMbI IMOJayMu Trasa
MO3BOJIIET MHOTOKPAaTHO HCIOJb30BaTh pabo-
yuii ra3 B KauectBe muiieHu JITIM, yro gaet Bo3-
MOXHOCTb pacxoloBaTh HOPOTOCTOSIIINUE Ta3bl
OoJiee pallMOHAJIbHO U 3KOHOMHO. TakuM obOpa-
30M, HMCIOJb30BaHUE CHCTEM LUPKYISIIUU Ta3a
JlaeT JOTMOJHUTEIbHOE MPEUMYIIECTBO AJIsI Pa3BU-
tust DYP-nurorpadpuu ¢ ucnonab3dopanuem JIIMU
Ha ra3oCTpyAHOM MUIIICHMU.

OUHAHCHUPOBAHUE PABOTbI

Co3gaHue CUCTEMbl HUPKYJISIUN ObUIO BBITOJ-
HEHO Mpu Mnoamepxke Poccuilckoro Hay4HOro
donma (rpant Ne 22-62-00068). BakyymMHas cucreMa
Obl1a clenajia B paMKax roCyIapCTBEHHOTO 3alaHKs
FFUF-2024-0022.

CIITUCOK JIMTEPATYPHI

1. Gullikson E.M., Underwood J.H., Batson P.C., Niki-
tin V. // J. X-ray Sci. Technol.1992. V. 3. Ne 4. P. 283.
https://doi.org/10.3233/XST-1992-3402

2025



114

10.

T'VCEBA u 1p.

. bubuwrun M.C., 3abpodun HU.I., Kawenkos E.b.,

Canawenxo H.H., Yexonaockux /.11., Yxaro H.HU. /]
IMToBepxHOCTh. PeHTreHOBCKUE, CUHXPOTPOHHBIE
u HelitpoHHble uccnenoBanus. 2003, T. 2. C. 43.

. Chkhalo N.I., Garakhin S.A., Lopatin A.Ya. et al. //

AIP Advances. 2018. V. 8. Ne 10. P. 105003.
https://doi.org/10.1063/1.5048288

. Axcaxanan A.Jl., Kawenkos E.b., Jlonamun A.A.

u dp. // IloBepxHOCTh. PeHTTeHOBCKME, CHHXPOTPOH-
HbIe ¥ HeiiTpoHHbBIEe nccaemoBanud. 2017. T. 1. C. 5.

. Abpamenko J.b., Anyugepos I1.C., Acmaxos /. U. //

Y®H. 2019. T. 189.C. 323.
https://ufn.ru/ru/articles/2019/3/k/

. Guseva V.E., Nechay A.N., Perekalov A.A., Salash-

chenko N.N., Chkhalo N.I. // Appl. Phys. B. 2023.
V. 129. P. 155.
https://doi.org/10.1007/s00340-023-08095-8
Kalmykov S.G., Butorin P.S., Sasin M.E. // J. Appl.
Phys. 2019. V. 126. P. 103301.
https://doi.org/10.1063/1.5115785

. Kubiak G.D., Bernardez II L.J., Krenz K.D. // Proc.

SPIE. 1998. V. 3331. P. 81.
https://doi.org/10.1117/12.309560

. Butorin P.S., Zadiranov Y. M., Zuev S.Y., Kalmykov S.G.,

Polkovnikov V.N., Sasin M.E., Chkhalo N.I. // Tech.
Phys. 2018. V. 63. P. 1507.
https://doi.org/10.1134/S1063784218100080

Chkhalo N.I., Salashchenko N.N. // AIP Adv. 2013.
V. 3. P. 082130. http://dx.doi.org/10.1063/1.4820354

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bajt S. //J. Vac. Sci. Technol. A. 2000. V. 18. P. 557.
https://doi.org/10.1116/1.582224

Svechnikov M. V., Chkhalo N.I., Gusev S.A. et al. // Opt.
Express. 2018. V. 26. P. 33718.
https://doi.org/10.1364/0OE.26.033718

bondapes A.C., lacuros B.A., Jlesauios B.E., Mednu-
xoe K. H., ITupoixckos A.C., ITupoxuckoéa M.C., Paco-
sun E.H. // KB.2004.T.34. Ne 7. C. 679.

Kranzusch S., Mann K. // Opt. Commun. 2001. V. 200.
P. 223.
https://doi.org/10.1016/s0030-4018(01)01639-x
Holburg J., Miiller M., Mann K., Wieneke S. //J. Vac.
Sci. Technol. A. 2019. V. 37. P. 031303.
https://doi.org/10.1116/1.5089201

Kanpanos B.I., Kopoe P., Jlesawose B.E., ITupouc-
ko6 A.C., Paeosun E.H. // KB. 2002. T. 32. Ne 2.
C. 149.

Shields H., Fornaca S.W., Petach M.B., Michaelia, M.,
McGregor R.D., Moyer R.H., Pierre R.J.S. // Proc.
SPIE. 2002. V. 4688.
https://doi.org/10.1117/12.472266

Iyceea B.E., Kopenanoe M.A., Koposeea M.P.,
Heuaii A.H., [llepexanros A.A., Canrawenxo H.H.,
Yxano H.U. // TITD. 2023. Ne 4. C. 145.

Heuaii A.H., Ilepexanosé A.A., Yxaro H.U., Cana-
wenro H.H. // XT®. 2019. T. 89. Ne 11. C. 1656.
https://doi.org/10.21883/JTF.2019.11.48324.131-19

Ne 2 2025



