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OnucaHbl pe3yabTaThl MEPBBIX SKCIIEPUMEHTOB I10 TeHepallMid MOHOB 13 Psila XMMUUECKUX 2JIEMEHTOB
OT JIETKHMX JIO TSDKEJIBIX Ha JIa3epPHO-IIJIa3MEHHOM MCTOYHUKE MOHOB, KOTOPHII BXOIMT B COCTaB pa3paba-
TthiBaemMoro B HULI “KypuaToBcKuit MHCTUTYT” TSKETOMOHHOTO MHKEKTOPA CUHXPOTPOHOB. MCTOUHUK
6asupyetcst Ha CO,-nasepHoit cucteMe @OKYC uMnyabCHO-MEPUOAUYECKOTO ACHCTBUS U BKJIIOYACT
B COCTaB BaKyyMHYIO MUIIEHHYIO KaMepy ¢ ApeidOBbIM MPOCTPAHCTBOM U BbICOKOBOJBTHYIO CUCTEMY
3KCTPaKLMU 1 (hOPMUPOBAHUS ITydKa 3apsLKEHHBIX YacTUIl. B paboTe omucaHo yCTpOiCTBO UCTOYHUKA
1 TIPUBEACHBI XapaKTePUCTUKU JIa36PHOTO U3IYYCHUST U TeHEpUpyeMbIX MOHHBIX MyyKoB Al, Fe u Bi,
KOTOpBbIE MOJYyYeHbI B pe3yJbTaTe COBMECTHOI 00pabOTKU JaHHBIX BPEMSIIPOJETHOIO CIEKTpa YacTHUIL
M3 TUIAa3MEHHOTO IMOTOKA M TOKOBBIX XapaKTePUCTUK KCTParupoOBaHHOTO MOHHOTO Iydka. Beicokast
3¢ GEKTUBHOCTD 3TOTO MCTOYHUKA JIJIST TTOJTyYE€HUST MHTEHCUBHBIX MOHHBIX ITyYKOB M3 IIUPOKOTO CITEK-
Tpa 3JIEMEHTOB U BOBMOXHOCTh UX OIEPATUBHOM CMEHBI MOTYT OBITh YCIIEIITHO MCIOIb30BaHbI B MHKEK-
TOpax CUHXPOTPOHOB /151 KOMIUIEKCHBIX UCCIEI0BAHUI U TECTUPOBAHMS 3JIEKTPOHHOM KOMITOHEHTHOM

6a3bl Ha paAMallOHHYIO CTOMKOCTb.

DOI: 10.31857/50032816225010046, EDN: GGMFTM

1. BBEAEHUME

ITpumMeHeHre UMINYJIbCHBIX JIa3€POB B UICTOUHMU -
KaX MOHOB CYIIECTBEHHO PACIIUPUIIO TPALULIMOH-
Hble cephbl UCII0JIb30BaHUS MYYKOB YCKOPEHHBIX
YacTUIl B HAPOTHOM XO3SICTBE, TaKue KakK (pyH-
JaMeHTaJbHbIE UCCIeI0BaHUS B 00JaCTU PEISITU-
BUCTCKOM saepHON (DU3UKU U (PUUKU BBICOKOM
IMJIOTHOCTHU SHEPIUU B BellIECTBE, MPoOIeMbl Tepa-
MUK 3JIOKAYECTBEHHBIX OMYXOJIEW, MPUKIALHbIE
MaTepuajgoBeqYecKre 3agauu 1 T. n. Cpeau rmocien-
HUX BCE€ OOJIbIIYI0 aKTyaJlbHOCTb MpPUOOpETaroT
3a7a4u MCCIAECAOBAHUN U KOHTPOJISI BJIEMEHTHOM
0a3bl 3JEKTPOHUKM B YCIOBUSIX pagdallMOHHOM
Harpy3ku pa3Horo poja, B YaCTHOCTHU, B MOTOKAaXx
3apSIKEHHBIX YaCTULL IIAPOKOTO CIIEKTpa Macc U
sHepruit. CUHXpOTPOHHBIN KOMIIJIEKC, CITOCOOHBIH
MOJEJMPOBATh TaKUE YCJIOBHUSI, CTAHOBUTCS BCE
0oJjiee BOCTpEOOBAHHBIM B CBSI3U C MHTEHCUBHBIM
HCIOJIb30BaHUEM 23JIEKTPOHHOTO 000PYAOBaHUS Ha
KOCMMYECKMX arraparax.
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MMnynbCcHBIE JIa3epHbIE TeHEPaTOPbl MO3BOJISIOT
CKOHIEHTPUPOBATh U3JIydYeHUE B MaJiblii 00beM U
TEM CaMbIM MOJIYYUTh PEKOPIAHBIEC SIPKOCTU CBETA,
YTO B IPUJIOKEHMU K CO3IAHUIO MJIa3Mbl TO3BOJISIET
peanun3oBaTh BbICOKYIO TJIOTHOCTb MOTOKA U3JIyye-
HUS HA MTOBEPXHOCTU MUILIEHU M HATPEB ITLIa3MBbl 10
TeMmIieparyp, ooecrneuyrBarolX reHepauuio My4ykoB
3apsKEHHBIX YaCTUIL C PEKOPAHBIMA MOHU3AILIMOH -
HBIM COCTOSIHUEM U MHTEHCUBHOCTbBIO. XapaKTep-
HOM 0COOEHHOCTbIO TAKOU CXeMbI SIBISIETCS BO3MOX-
HOCTb NPOU3BOAUTh YUKW MaJIOK JJIUTEIbHOCTH,
HampuMep 10 eIUHULL MUKPOCEKYHI, UTO TpeOyeTcs
B psiae NpuiokeHui. JIpyroe TexHuueckoe nperumy-
ILIECTBO JIa3€PHbIX UCTOYHUKOB, ITIPOMCTEKAIOIIEE U3
TEXHOJIOTMYECKOU CXEMBI, CBSI3aHO C BO3MOXKHOCTbBIO
ONEPATUBHOM MEPECTPONKU TEHEPUPYEMBIX ITYYKOB
C OIHOT'O COPTa MOHOB Ha APYrOi MPaKTUYECKU U3
BCEro psiia XMMUYECKUX 3J1eMeHTOB. Takue Kaue-
CTBa JIa3€pHO-MJa3MEHHbIX T€HEPATOPOB MOHOB
JIeJIal0T X HE3AMEHUMBIMU B COCTaBE UHXKEKTOPOB
YCKOPUTEJIEH MTPY KOMIUIEKCHBIX UCCIICIOBAHUSIX 10
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BO3/IEHCTBUIO MOHHBIX TyYKOB Ha MaTepHyalbl U pa3-
JIMYHbBIC 3JIEKTPOHHBIE 3JIEMEHTHI.

UcnonsizoBanune CO,-na3epa B KAYECTBE U3IIY-
yaTeJis NPUAACT Ja3epHO-TUIa3MEHHOMY UCTOYHUKY
MOHOB JOIOJHUTENbHBIE MpEeuMyllecTBa M3-3a
TexXHU4YeCKOM npocToThl CO,-1a3epa U HEBBICOKUX
TpeOOBaHU K ONITUYECKUM 3JIEMEHTaM: CTOUMOCTh
YCTAaHOBKM OTHOCHUTEJIBHO HEBBICOKA HAXE B CJy-
yae Jlazepa 4YaCTOTHOTO AEHCTBUS C BBICOKOMN (HeE
menee 100 Ixx) BeixogHOM sHeprueit. [TpousBon-
CTBeHHbIe nomeuieHus 11 pasmeuieHus CO,-na-
3epa TaKXKe OTJIMYAIOTCHI OTHOCUTEIbHO HU3KUMU
TpeOOBAHUSIMU K KJIacCy YUCTOThI, BUOPOCTOMKO-
CTU, TEPMOCTAOUIM3ALMHA U T. 1. B COOTBETCTBUU C
MPOCTON TEXHOJIOTHEN JTa3zepa U OOJBIION JJTMHOMN
BOJIHBI U3JTy4YE€HMSI, YTO CHUKAET KaK KalluTaJbHbIE
3aTpaThl HA CTPOUTENILCTBO, TaK U AKCILTyaTallMOH-
HbIe U3AEPXKKU.

2. OMMMCAHUE BKCINEPUMEHTAJIbHOU
YCTAHOBKHM U METOAMUKHU USMEPEHWA

Hcnonb3yemblii B OMUCAHHBIX 9KCITEPUMEHTax
JlazepHO-TIa3MeHHBIN reHepaTop noHoB (JITITH)
COCTOUT M3 TPeX OCHOBHBIX UacTeil (puc. 1): mazep-

BAJIABAEB u 1ip.

Horo apaiiBepa JIJI; BakyyMHOI MUIIIEHHOI KaMephl
MK 1 BBICOKOBOJIBTHOI CUCTeMBI 3KCTpakLuu CH.

B kxauectBe naszepHoOro apaiiBepa co3maHa
cuctema @OKYC, npencrasngmomasg coOoil Ty-
0OKYI0 MOAEpHHM3ALNIO0 pa3pabOTaHHOTO paHee
OITBITHOTO O00pa3lia UMITYJIbCHO-IIEPUOINIECKOTO
CO,-nazepa [1], HanpaBiIeHHY10, BO-NIEPBBIX, Ha
pa3BUTUE TNPUHLUMUIIMAIBHOMN J1a3epHO-ONTHUYE-
CKOI CXEMBI M TEM CaMbIM Ha ITOBBIIIIEHUE TUKOBOM
MOIITHOCTH M3JIY4YeHUSI YCTPOMCTBA MpU HEU3MEH-
HOM 3HEpreTUKe HaKayKM Jja3epa; BO-BTOPHIX, Ha
yCTpaHeHNWe KOHCTPYKTUBHBIX HETOCTAaTKOB OIIBIT-
HOTO0 00pa3lia yCTPOICTBA, BEISIBJICHHBIX B ITpoliecce
SKCIUTyaTalllu, C LIeJIbIO YBEJIMUEHUS HAEXKHOCTU 1
pecypca pa6otsr JITIT'N.

bazoBag ¢usmueckas cxema (OpMUPOBAHUS
uMnyiabca usnydeHus B cucreme MOKYC ocHo-
BaHa Ha HEJIMHEMHBIX ONTHYECKUX 3P deKTax mpu
pacripoctpaHeHuu usnyyeHus CO,-yasepa B pe3o-
HAHCHO-YCUJIMBAIOIIMX U MOIJIOMIAIOIIUX Cpeaax.
DTa cxema BIIepBhIe ITpeajioxkeHa B padore [2] 1 Obla
pa3BUTa C TTOMOIIBIO YMCICHHBIX PACYETOB M 3KC-
MEPUMEHTOB C KUCIIOJb30BAHUEM U MHOTOCEK-
LIMOHHOIM KOHCTPYKLIMM MOrjouaoieit sueiitku [3]
IU1s MonuuKauu ¢hopMbl GpOHTA UMITYJIbCA 3a1a-

Sbcmmah
lm

Puc. 1. CxeMa 1azepHo-TIJIa3MeHHOTO reHepaTopa noHoB: JIJI — ipaszepHsrii apaiiep — cuctreMa ®OKYC, MK — muiieH-
Has Kamepa, CD — cucteMa 3KCcTpakLuu, / — OMHOMOAOBBIM omHOYacTOTHBINM 31, 2 — TpexceKLMOoHHas MomIolaoas
aueiika [141, 3 — nudpaknmonHas peierka, 4 — KoporkodokycHoe 3epkayio 1D, 5 — mmmHHODOKYyCHOE 3epKaio [1D,
6 — IPOCTPAHCTBEHHBIN UIBTP, 7 — aKTUBHAS cpella IMMPOKOAepTyPHOT0 MHOTOIIPOXO0OBOTO YCWINTETLHOTO MOMTY-
I, § — OMHOCEKIIMOHHAs TTorolamas stueiika [1512, 9 — BeITyKII0€ 3epKajio BHEOCEBOTO KOH(POKAIHLHOTO TEJIeCKOIa,
10 — doxycupymollee 3epkajo Teneckomna, // — BXOIHOE OKHO BaKyyMHOI MUIIIEHHOU KaMepbl, 12 — (pOKyCHPYIOIIMii
00BEKTUB, /3 — MIOCKOE MOBOPOTHOE 3€pKalo, /4 — HUIMHApUYECcKasi MUIIEHb, /5 — BBICOKOBOJIBTHASI CUCTeMa DKCTpaK-
MH, 16 — BBIXODHOM MOHHBIN ITyYOK.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA
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oero reHeparopa (3I). B cxeMe ucnoab3yercs
sgueiika 1511, cocTosiasa U3 Tpex ceKUUuii TJIMHOM
o 30 cM 1 HanosHsAemas cmecbio SF¢ + N, o creny-
oliemMy 3akoHy: cexuus [151-1 — nonHoe naBiaeHue
1000 m6ap, nasnenue SF, 0.4 moap; I1A1-2 — 250 mGap,
0.8 m0ap; I141-3 — 62.5 m0ap, 1.6 mbap. Takoii cro-
€00 TO3BOJIsIET OCOOBIM 00pa3oM MOIMMUIIMPOBATH
3aKOH HapacTaHus usnydeHus rociue 31 [4], Bcnen-
CTBHE YeTO UMITYJIbC 3(PPEKTUBHO COKpAIIAeTCs T10
JUTUTEJIbHOCTHU B IIPOIIECCE YCUIICHUSL.

Cxewma nasepnoro apaiisepa (JI[1) ®OKYC kak
coctaBHoit yactu JITITU npusBeneHa Ha puc. 1.
Nmnynbe u3ny4eHus: OMHOMOJOBOIO OHOYACTOT-
Horo 3T /, KoTopwlii moapoOHO onucaH B padote [5],
pabotaromuii Ha nuHuM P(20) monockl reHepa-
o 10 MKM, MOTU(PUIMPYETCS B TPEXCEKITMOHHOM
pe3oHaHCHO-TIomtowawlei sueiike I141 2, 3arem
C HCIOJb30BAaHUEM IUIOCKON AUPPaKLMOHHOM
pelieTkM 3 OH HallpaBIlIsIeTCsT Ha IMPOCTPAHCTBEH-
Hblii uneTp (I1D), npencrapnsironii codboit nua-
¢dparmy 6 ¢ oTBepcTHEeM, KOTOPOE pacriojiaraeTcs B
(¢ oxyce KOHDOKATBHON TTaphl chepUIECKUX 3epKal
4, 5 (6a3a Teneckonuyeckoii napsl B = (R, + R,) / 2,
rae R, R, — panuycbl KPUBU3HBI JJIUHHODOKYC-
HOTO U KOPOTKO(OKYCHOTO 3epKaj) U (popMupyet
pacripezaesieHUe Iyyka, oTpe3asi IpOCTPaHCTBEHHbIE
TapMOHUKHU BBICOKOTO ITOpsiAKA TaK, YTO Ha BHIXOE
MYy4OK CTAaHOBUTCS OJIM3KUM K rayccoBomy. JIpyras
(DYyHKIIMST TEIECKONMUIECKOM Mapbl — YBEJIUUCHUE
JraMeTpa ITydKa JJis ONTUMAJIbHBIX YCIOBHIA yCH-
JIeHusT (B JaHHOM cXeMe YCTaHOBJICHO yBEJIUYEeHHE
M=R,/R,=3).

Hanee nudpakiIMOHHO pacXONAIINICS Ta3epHBIiA
MYY0K C IIOMOIIbIO CUCTEMBI IUTOCKUX 3€pKaJl AeIaeT
MEPBBII IIPOXON YCUJIMTEIbHOM Cpeabl 7, 3aTeM —
npoxoj yepes norjaoiaroiyio sueiiky 1142 & nnu-
Hoii 70 cM, HanosHgemylo cMecbio SF, + N, o nas-
neHus 150 mOap ¢ conepxanueM SF, npu nasieHun
4 Mm0ap. Bropas siueiika yyacTByeT B (pOpMUPOBAHUHA
(bpoHTa HapacTaHUS M3JIYYCHUsI, a TAKXKE BBITIOJI-
HSIET POJIb Pa3BSI3KM MHOTOIIPOXOTHOM CXeMBbI YCH-
JIEHUSI, TIPETIATCTBYS] BOBHUKHOBEHMIO ITApa3UTHOMN
reHepalny Ha paboueil JIMHEe BOJTHBI BIOJIb OITH -
yeckoit ocu. Ilocae BToporo nmpoxona yCuadTens
MYYOK IToMajaeT Ha BBIMYKJIOE 3epKajio 9 BHeoce-
BoOTO (YTOJI TTaIeHsT Ha Majioe 3epKajio He Oojiee 2°)
KacCerpeHOBCKOTO TejecKoIla (pagnychl KPUBU3HbI
MaJIoro 1 0OJIBIIOrO 3epKajl COOTBETCTBEHHO 1632 1
11 000 MM) 1, reOMETPUYECKHU PaACILIUPSISCh, ACTaeT
TPEeTUil MPOXOa YCUJIUTEIS 1 MagaeT Ha (hOKYCUPYIO-
mee 3epkano /0, mocje 4ero mapajuie/IbHbII MTy4oK
nnameTpoM 170 MM peannsyeT (pUHAIBHBIN YeTBEpP-
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TBII TIPOXOJI, MaKCUMaJIbHO 3allOJIHSS aKTUBHBIMN
00BEM.

AKTUBHasg cpega 7 yCUJIMUTEIbHOTO MOAYJIS,
noapoOHO omnmucaHHOTO B pabote [6], co3maercs
HaKayKoil KoJiebaTeIbHO-BpalllaTeJIbHBIX YPOBHEMN
Moutekyst CO, B CaMOCTOSITENIBHOM pa3psiie ra3oBoi
cmecu CO, /N, /He =1.5/1/7.5 npu armocdep-
HOM AaBieHun. CaMOCTOSTENbHBIN 00beMHBIN pa3-
psii C TIpeablOHU3alMel PEHTTEHOBCKUM ITYYKOM,
KOHBEPTUPYEMBIM U3 JIEKTPOHHOI MyIIKHU, Qop-
MUpPYETCSI MeXAy NPpOoPUIMPOBaHHBIMU 3JIEKTPO-
JaMU B IPOMEXYTKe ceueHueM 17 X 17 cMm? 1 aanHoit
125 cMm. IIutaHue paspsiga ocylIeCTBIsSIETCs mapai-
JIEJIbHO NBYMsI BOCBbMUCTYINEHYATbIMU MOIYJISIMU
reHeparopa umMmnyibcHoro HampsokeHuss (I'MH)
ApkanbeBa—Mapkca ¢ aMIJIMUTYIOW uMMITyJbca
HaIpsKeHUS B XoJ1ocToM xony 10 400 kB. Cuctembr
I'MH u npokauku paboueit cMmecu uepe3 pa3psiaHblit
00beM obecrneuynBaloT pabOTy Jla3zepa ¢ 4acTOTOM
noBTopeHus a0 1 I,

[TonydyeHHBIN OMBIT IKCIIyaTalluMd OIBITHOTO
o0pa31ia 1a3epHOoii CXeMBI IT0Ka3aJl HEKOTOPhIE KOH-
CTPYKTUBHBIC HEJOCTATKU YCTPOMCTBA, OrpaHUYIN-
BaOIINE HEIPEPLIBHBIN pecypc pabOThI, KOTOPHIE
YUTEHBI B ICUCTBYIOIIEN YCTAHOBKE:

1) aueiika 1512 BeiHeceHa U3 1a3epHOro oobeMa
C LIEJIbIO YCTPaAHEHMSI IIPO00sI IIOBEPXHOCTHOTO CJI0ST
ONTUYECKUX OKOH JIa3epHBIM M3IIyYeHHEM H3-3a
3arpsI3HEHMSI B IIOTOKe paboveil cMecy ra30B 1 CHU -
XKEHUS UX JTy4eBOI CTOMKOCTH;

2) paboyast 4acThb IIOBEPXHOCTH Pa3psIIHBIX DJIEK-
TPOIOB BBINOJHEHA U3 MeP(MOPUPOBAHHOIO JIMCTA
HepXKaBeIlel cTalu TOJIIMUHOM 1 MM ¢ COTOBOM
CTPYKTYPOI OTBEPCTUI A1 MAKCHUMAJIbHOI MpPO-
3pavyHOCTHU 3JeKTpoaa (B HMXKHEM 3JICKTPOIE IJIs
MIPOXOXKIEHNS pEHTIT€HOBCKOTO ITyYKa IMPEeIbIOHN3a -
TOpAa, a B BEpXHEM — JIUISI MUHUMU3ALWUK OTPaKCHUS
JIa3epHOTO U3JIyYeHHUS OT MTOBEPXHOCTU 2JIEKTPOIA)
B3aM€H JIATYHHOU CETKM CPaBHUMOI ITPO3pavyHO-
CTHU, YTO ITOTHOCTHIO MCKIIOUMJIIO IIPOTOpaHue DJIeK-
Tpoda OT CIIyYalfHBIX JIOKAJIbHBIX AYTOBBIX 00pa3o-
BaHWW;

3) B koHcTpykumio I'MH nutanus paspsiga ycu-
JINTEJIbHOT'O MOYJISI BHECEHBI U3MEHEHMSI 10 3aMeHe
pabounx emkocTteil 0.1 MK® ¢ paboynm HampsKe-
aueM 1o 50 kB Ha aHAJTOrMYHBIE TT0 HOMWHAJTY 2JIe-
MeHTbI Ha 100 kB, 4yTo moBbIILIaeT pacueTHHIN pecypc
pa6otsl TMH 1o 10° BeICTpEnoB.

BBIXODHOI TTyYOK JIa3epHOM CUCTEMBbI TUaMeT-
pom D = 170 MM HarmpaBisieTcss CUCTEMOi TIoC-
KMX 3epKaJl uepe3 BaKyyMHOE ONTUYeCcKoe OKHO [/
B MK, tme pacriomaraercst ¢poKycupymoIas cxema,
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cocTogias U3 cpepruueckoro 3epkanaa /2 ¢ OTHO-
cuTeNIbHLIM OoTBepcTueM F/ D = 8.8 u Bcrmomora-
TeTLHOTO MJI0CKOro 3epkana /3. CucreMa mo3Bo-
JIsIeT CKOHIIEHTPUPOBATh M3JIYyUYEHHUE JIa3ePHOIO
IMy4YKa Ha ITOBEPXHOCTb MUIICHU HUJIUHIPUYIECKOMN
¢dopMBbI O/ YIJIOM OKOJIO 5° K HOPMaJIu MOBEPXHO-
CTU, YTO MUHUMU3UPYET 3epKaJIbHOE OTPaXKEHUE OT
MUILIEHU, BO3BpalllalolIeecs] B JJa3epHYIO CXeMy, U
TeM CaMbIM CHIKaeT 0OpaTHYIO CBSI3b MEXXIY MUIIIS-
HbIO U aKTUBHOM cpenoii. Takast oOpaTHasi CBSI3b
MOXKET IIPUBOIUTH K ITapa3UTHON IeHepaluu YCH-
JIUTEJIbHOM JTUHEWKMN W OOIIOJTHUTEIbHON JIydeBOM
Harpyske Ha ONTUYECKME 3JeMEHTHI jlazepa. Jlis
noay4yeHus1 HauboJiee CTaOUJIbHBIX BOCIIPOU3BOIU -
MBIX YCJIOBMIA TeHepallMyd MOHOB LIUJIUHIApUYECKas
MUILIEHb TTOBOPAYMBACTCS M CMEIAeTCs BIOJIb OCH
BpallleH!sI Ha HeOOJIbIIIOM YToJI MMOCIe aKTa 00Iyde-
HUSI, TaK YTO KaXKIbII ITOCIEAY IO MMITYJIbC U3y~
YeHUS TTPUXOOUTCS Ha CBEXKMIA Y4aCTOK MUIIICHH.
HMcnonb3yeMble B ONTUYECKON cCXxeMe OoTpaxa-
TeJIbHBbIE BJIE€MEHTHI BBIIIOJIHEHBI U3 Meau MOO,
paboune MOBEPXHOCTU KOTOPBIX, HAIIbIICHHBIC
30JI0TOM, 00JIagal0T JOCTATOYHO BBICOKOI JIy4eBOI
MPOYHOCTHIO. IIpo3pauyHbie 3JIeMEHTH U3 MOJU-
KPUCTAJUTMYECKOTO CeJIeHUIa IIMHKA MPOCBETICHBI
Ha 10.6 MkMm. Dokycupylolme MOBEPXHOCTU OITH-
YeCKMX DJIEMEHTOB MMEIOT chepudecKyio (Gopmy.
HaxioHHble mageHus Jyda B HEOCEBOM TEJIECKOIIe
YCHJIUTENIbHOM cXeMbl U (hOKYCUPYIOIIEeM OOBeK-

Puc. 2. O6Gmuii BUI MUILIEHHOM KaMepbl U CUCTEMBI
OKCTpakuuu: I — Jla3epHbId My40K, 2 — BaKyyMHas
MUIIEHHas Kamepa, 3 — apeigoBas Tpyba, 4 — BbICO-
KOBOJIbTHAsI CUCTeMa 3KCTPAKIUU, 5 — MOHHBIA MYYOK,
6 — BBICOKOBOJIBTHBIE M30JIITOPhI. BOJHUCTOI TMHM-
eif TToKa3aH XOJI JJa3epHOro JIydya, ITPUXOBON — ILIa3-
MEHHasl CTpysl MaTepuajia MUIIEHU, CIIOIIHOM — XOJI
MOHHOTIO ITy4Ka.
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TUBE MUIIEHHOI KaMepbl ITPaKTUICCKU HEe IPUBO-
JSIT K abeppanusiM U3-3a 0OJbIINX PaguyCcoB Kpu-
BU3HBI 3epKaJl.

MuieHHast Kamepa 0oJiee I1eTajlbHO MOKa3aHa Ha
puc. 2. @oKycHpOBKa JIa3epHOTIo My4Ka / Ha ITOBepX-
HOCTUA MUIIEHU B BaKyyMHOI Kamepe 2 IMPUBOIUT
K 00pa30BaHUIO IUIa3Mbl Ha MOBEPXHOCTU MUILIEHN
U ee IOCJeayIlleMy HarpeBy Jla3epHbIM U3JIyye-
HUEM J10 BBICOKMX TeMIIepaTyp U pasJieTy B BaKyyM.
Pazner mpouncxomut mpermmyIecTBEHHO 110 HOpMau
K TTIOBEPXHOCTH MUIIIEHH, BIOJb KOTOPOIi pacrioia-
raeTcs OCh BPeMSIPOJIETHON TPyObl 3, Ky/a paciiu-
psieTcsd TUIa3MEHHBIM MOTOK MaTepuajia MHUIICHU.
Ha npeiihoBoM paccTostHUM, omnpeneaseMoM Tpedo-
BaHUSIMU K ITUTEJIbHOCTHU 1 IZIOTHOCTU TOKAa MIOHHOTO
MyJKa, YCTAaHABJIMBACTCSI BBICOKOBOJIBTHASI CUCTEMA
akcTpakuu 4 (CD, 15 Ha puc. 1), ¢ TOMOIIBIO KOTO-
pOii MPOMCXOAUT pasieiieHue 3apsiioB MIa3Mbl U
(bopMupyeTcs MoHHBII TydoK S (16 Ha puc. 1).

B oncrkiBaeMoii yctaHOBKe 17151 (POPMUPOBAHUS
MOHHOTIO IIy4YKa MCIIOJIb30BaJlaCh TPEX3JIEeKTPOI-
Hasl cucTema, Ioka3zaHHas Ha puc. 3. [1nasMeHHas
ctpys I, mpoxons npeiioBoe pacctosgaue 1935 mm
OT MUIIIEHU, TIOITafacT Ha MePBbIil KOHGUTYPUPO-
BaHHBINA 3KCTPAKIIMOHHBIN 3JIEKTPOI 2 C OCEBBIM
OTBEpCTHEM AuamMeTpoM 15 MM, HaXOASIIMIACS MO
MOJIOKUTEIbHBIM ITOTEHIIMAIOM, KOTOPBII peryiu-
pyetcs B nnana3oHe 0—70 kB. [Tox Tem ke moTeHIIN-
ajoM HaxonuTcsd MK ¢ BakyyMHBIM 000pyIOBaHUEM
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Puc. 3. TpexanekTpoaHas cUCTeMa BBICOKOBOJIBTHOM

OKCTpaKuUMu: / — TMIa3MEHHBIN MOTOK, 2 — TIePBBII

3JICKTPOI TIOA TMOJOXUTEIbHBIM MOTeHIUAIOM, 3 —

CPEIHUIA 3JIEKTPO TTOJ OTpUIIATEIbHBIM MOTEHIINATIOM,
4 — TpeTuii 3a3eMJICHHBII 2JIEKTPOI.
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U ApaiiBepOM MUIICHU, KOTOPbIE YCTAHOBJIEHBI Ha
BBICOKOBOJIBTHBIX M30JigTopax 6 (puc. 2). Ha pac-
crostHuM 40 MM OT TIepBOTO pa3MellaeTcsl BTOPOi
BIIEKTPOL 3 TIIIOCKO# (POPMBI C OCEBBIM OTBEPCTUEM
OUaMeTpoM 26 MM IOJ OTpULIATeIbHBIM ITOTEHIIU-
ajioM, HacTpanBaeMbIM B auanazoHe (0 ~ —20) kB.
TpeTuit mIOCKUI 3eMJISTHOU 2JIEKTPO. 4 C TUaMET-
POM OCeBOTro OTBepCTHsI 26 MM pa3MellieH C 3a30pOM
7 MM OT BTOPOTO, OH 3aBepllaeT cxeMy (popMupoBa-
HUS TpOo(MIISI MIOHHOTO ITyJKa.

®opma nuMITyIbca Ha BBIXOJIE JIa3epHOIM CUCTEMBI
3aMChIBAeTCsl B KaXIOM BBICTpEJie C MOMOIIbIO
nudposoro ocumuiorpada Tektronix DPO 5104
¢ nerekTopa tumna photon-drag (PD-30), ycraHoB-
JICHHOTO B JIyYe, OTPaXk€HHOM OT BXOJIHOTO OKHa
MUIIIEHHOM KaMephl U C(pOKYCHUPOBAHHOM B amep-
typy 30 MM Kpuctamia PD-30. M3mepsieMblil cur-
HaJl KaJIMOPpOBAJICS 110 MOIIIHOCTY U3TYYeHUS ITyTeM
MpeaBapUTEbHOTO U3MEPEHUSI SHEPTUY UMITYJIbCa
TepMoTapHbIM TNpueMHUKOM Scientech 38-0802.
Bpemennoe paspemenne PD-30 1o omieHKe 13 a1eK-
TPUYECKUX XapaKTEePUCTUK He XyxXe 1 HC, mojoca
peructpauuu ocumsnorpada 1 I'Tu ¢ AuckpeTHO-
ctbio 3anucu 100 mc.

Ha puc. 4 npuBeneHbl pe3yabTaThl CTATUCTUYE-
CKOIf 00pabOTKU JaHHBIX Ja3epHOI0 MMMYJIbca Ha
BBIXOJIE YCWJINTEIS B IIPOLIECCE MPOBENECHUS U3ME-
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pPEHUNI 3HEPTreTUYECKOro CIIEKTpa: CpelIHHe 3Ha-
YeHMs TTMKOBOI MOIIHOCTU (a), TIOJIHOI 3HEpPruun
(6)  ITUTENBLHOCTH Ha TTOJYBBICOTE (B) COCTAaBUIN
cooTBeTCTBEHHO 6.25 + 0.55 I'Bt, 105.3 £ 6.3 Ik,
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Puc. 4. JlaHHbIe CTATUCTUYECKOI 00pabOTKM XapaKTEPUCTHK Ja3epHOro nMiyiabca Ha Beixone cucreMbsl POKYC mo tecty
JUTMTEIBHOCTBIO 2 U ¢ 4acToTOi moBTopeHust 1/16 i a — mukoBast MOIIIHOCTh MMITYJIbca, 0 — IOJIHAsI SHEPIUsl, B — JJIU-
TEJIBLHOCTD Ha MOJIYBBICOTE.
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pacnpenejieHMeM JaHHBIX. JlaHHBIE ITOJIyYEeHBI B
npolecce IByx4acoBoii pabotsl cucteMbl @OKYC
C YacTOTOI MOBTOpeHUs UMITYIbCcOB 1/16 1. Takoii
peXuM 3amaeTcsl YCIOBUSIMU M3MEPEHMS CIIEKTpa
pasjieTa MOHOB U OIIpeHeIsIieTCsI KOHETHOM CKOpPO-
CTBIO OTKAYKM MUIIEHHOM KaMepbl [JISI BOCCTAHOB-
JICHUST HeO0OXOIMMOTO YpOBHS BaKyyMa ITOCJIEe aKTa
00JIydeHHUs MUIIIEHU, a Takke CKOPOCThIo cOopa
HEeoO0XoauMOro o0beMa JAaHHBIX 3a BBICTPEN TIPU
M3MEpPEHUN 3HEPTeTUYEeCKOTO CIIEKTpa pasjieTa
HMOHOB.

TunmaHast hopmMa UMITYIIbCA B IIKAJIe MOITHOCTH
U3Jy4yeHUs1 mpuBeAeHa Ha puc. 5. JIJIUTEeIbHOCTh
MMITyJIbCa Ha MOJyBbICOTE paBHa T, = 13.9 + 1.7 He
¢ (ppoHTOM HapacTaHus Ty = 4 HC 110 ypoBHIO 0.1—
0.9. ITocmenHsIsT XapaKTepUCTUKA SIBJISICTCST BasKHOM
IUISI TeHepallii MHOT03apsIHBIX MOHOB, IIOCKOJIBKY
OoHa omnpenensieT 3PGeKTUBHOCTh HarpeBa Ia3Mbl
M JOCTIVKEHNE MAKCUMAJIbHOM CTeIIeH MOHU3ALUN
B YCJIOBMSIX CPAaBHUMOIO IO NTMHAMUKE Ipoliecca
pasjeTta MOHOB U3 ropsiueit oobiaactu. B onurcaHHbIX
3/IeCh 9KCIIEPUMEHTAX Ja3ePHBIM BBIXOH OIPaHUYM -
BaJIicsl MO MUKOBOI MouHOoCTU 10 1.5 I'BT Ha BXOme
B MUIIEHHYIO KaMepy IIyTeM auadparMupoBaHUsI
MyJKa IPOXOIHBIM OTBEPCTUEM TraMeTpoM 90 MM.

Pacnipenenenue niaoTHOCTU 3Heprum I u sHep-
rocomepxxanue B Iydke 2 mepen (OKyCUPYIOIIUM
00BEKTUBOM MUIIEHHOM Kamepsl (F = 1500 mM) (a)

545 THa

i 'I

MommoeTs M1 Ha
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Puc. 5. Tunuunast hopMa uMIysibca Ha BbIXOAE CUCTE-

Mbl DOKYC.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA Ne |

" B DOKaIBHOU T10CcKOCTHU (0), MOJTyYeHHBIE TTyTEM
IU(PPaKIMOHHOTO pacueTa pacrpoCTpaHEeHUS U3JTY-
YeHUsI B aKCUaJIbHOM IIPUOJIKEHUM T10 IIPOoTpaMMme,
OIMcaHHO B padore [ 1], moka3aHbl Ha puc. 6. 31ech
rnosHasg sHeprus £; = 19 JIxx u MakcuMasbHas IUI0T-
HOCTb SHepruu nyuka e, = 0.96 JIx/cm?, a Makcu-
MaJIbHas TUIOTHOCTh SHEPTUU B (OKyCe MATHA € =
=4.4-10* JIx/cm>.

CanenaeM oOLeHKY 3(@(EKTUBHON IJIOTHOCTU
TOTOKA ¢ p, IPU KOTOPOIi NPOBEJEHBI ONKUCAHHBIE B
paboTe 3KCHEPUMEHTHI 10 TeHepallii NOHOB: BO3b-
MeM BpeMEHHOI MHTepBaJl K ITPOCTPAHCTBEHHYIO I'pa-
HUIIY ITy4Ka 110 ypoBHIO 0.1 TIOTHOCTU ITOTOKA, TOrAa
YCPEMHEHHAs! BEIMYMHA ¢cp ~ 3.6+ 10" Br/cMm?, uTO
COOTBETCTBYET BpeMeHHOMY MHTepBany (—1,32) He
Ha oCUMJIIOrpaMMe UMITYJIbCa U AUaMETpPy MsTHA
320 MKM Ha MpocCTpaHCTBeHHOI ¢opme. eiicTBy-
ollee ee 3HaueHME, MO-BUAUMOMY, HUXE U3-3a
TEMJOTIPOBONHOCTH B TepudepuifHyio 00JIacTh
HarpeBa. 3aMeTHM, 4YTO YacTO MCIHOJIb3yemas
OlLIEHKa TJIOTHOCTU MOTOKa IS XapaKTePUCTUKU
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Puc. 6. I1pocTpaHcTBeHHBIN Tpoduib (7, 1eBas 1mKa-
Jla) ¥ aHeprocoaepxaHue (2, npasas 1Kajua) Ja3epHOro
ny4yka repea MUIIeHHOM Kamepoit (a) u B (hoKaTbHOI
njaockoctu (0), rae E, = 19 JIxx — nosiHast sHeprust
nyJka, e(l) =0.96 Ix/cM? — MaKCUMaJIbHas! IVIOTHOCTb
sHeprum myuka, e; =4.4-10* Ix/cm> — MakcnManbHas
IUIOTHOCTD 9HEPTUU B (DOKAIBHOM IISITHE.
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YCJIOBU 00yYeHMSI MUIIIEHU 10 MaKCUMaJbHOMY
3HAUEHUIO B IUKE UMITYJIbCa U LEHTPaIbHOI YacTh
(OKaNBHOTIO MATHA COCTABIAET ¢, = 3 - 10> Br/cm?,
YTO CYIIECTBEHHO BHIIIIE YCPETHEHHOTO 3HAYCHMUSI.

I mccnenoBaHusl SHEPIreTUISCKOTO CIIEKTpa
pasjieTa MOHOB MCIIOJIb30BaJICS BPEMSMPOJCTHDIN
BJEKTPOCTATUYCCKUI LMIMHAPUYECKUN aAediek-
TOp ¢ ymioM pa3Bopora 90°, monpoOHO ONMMCaHHbII
B pabore [7], KOTOpBIl ycTaHAaBIMBAJICSI BMECTO
cuCTeMHbl 3KcTpakuuu. JpeiidoBoe paccTosiHUE
OT MHIIEHU IO perucTparopa, B KaueCTBE KOTO-
pOro HCIIOJb30BAJICS BAKYYMHBIN 3JIEKTPOHHBIN
ymHoxutenb (BOY) Electronic Tubes Ltd 143EM,
cocrtapistiio 3620 Mm. [lepBUUYHBIE JaHHbBIE U3 CUT-
HaJIOB aHaJM3aTopa BO BCEM JMana3oHe TUCKPET-
HBIX 9HEPrUil HacTpoiiku aHanmsaropa E (E = GzU,,
rae G = 20 — reomeTpuyecKuii (pakTOp aHAIMU3A-
TOpa, Z — 3apsiA MoHa, U, — HanpsikeHKe Ha IJ1aCTU-
Hax nedJieKTopa) 3alUChIBAIMCHh B PEXUME peab-
HOTO BpeMeHHu U o0pabaThiBajJuCh C MMOMOIIbIO
KOMITIBIOTEPHOI'O KOMa, BKJIIOYasl MACHTU(DUKALIIIO
Ha0II0JaeMbIX MOHHBIX CUTHAJIOB, UX YCPEIHEHNE
no 10 u3MepeHUsIM IJIsI KaxKa0il TOYKM HACTPOUKH,
WHTEPIOJISILIMIO U MOJydeHUe TpeOyeMbIX XapaKTe-
PUCTUK MOHOB OTIENbHBIX 3aPSITIHOCTEH.

Ha puc. 7 nokazaHa TMnu4Has ocLuMJIorpaMma
IJIsi MIOHOB BUCMYTa, MOJy4YeHHas MpU DHEPTUU
HacTpoiiku E [kaB]| = 4z, rme noHBI BUCMYyTa Hau-
Oojiee mpencTaBieHBl MO aMIuIMTyde. Ha ciemy-
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IOIlEM 3Talle BOCCTAHOBJEHUS XapaKTEePUCTUK
MOHHBIX MMOTOKOB B T€X € YCJIOBUSIX OOJIydeHUs
MPOBOAUINCH U3MEPEHUS IIOJHOTO TOKAa MOHOB
3a CMCTEMOM 3KCTpaKIIMH, IOCJIE Yer0 YCPeaHEH-
HbIe 3HAUYEHMSI MCIIOJIb30BAIUCH IS HOPMUPOBKH
napuMaJIbHBIX TOKOB B aOCOMIOTHBIX €IMHUIIAX.
B pesynbrare BBIUMCISJIUCH MIOTHOCTU YaCTHUIL
Ha 3alaHHOM Jpeii(poBOM pacCTOSHUU U B 3aJaH-
HOM BpeMeHHOM HHTepBayie. Ha puc. 8 nmpuBeneHa
TUIIMYHASI OCHUJIOTpaMMa IIOJIHOTO TOKa MOHOB
BUCMYTa B CEpUM 25 U3MEPEHUIA, TTOJTyYeHHAs IIpU
MOTeHIMaaX Ha MEPBOM U BTOPOM 3KCTPAKIIMOH-
HBIX 3JIeKTponax +62 KB u —5 kB cOOTBETCTBEHHO;
pa3dpoc Mokas3aH ¢ y4YeTOM CTaHIapTHBIX OTKJIOHE-
HUM 9KCIIEpUMEHTATbHbBIX JAaHHBIX.

JanHple Ha puc. 7, 8§ MILTIOCTPUPYIOT XapaKTep-
HBIe 0COOCHHOCTH I'€Hepalluyi MOHOB B Ja3epHOil
mjaasMe: a) CIeKTP MOHOB COAEPKMT, MO KpaliHei
Mepe, IBe TPYyIIbl MOHOB, BBICOKOYHEPreTUYe-
CKYI0 M HU3KOBHepreTudyeckyio [8] (cm. puc. 8a),
KOTOpbIE OTpaxkalT BPEMEHHOM XO1 MHTEHCUBHO-
CTHU Ja3epa U IMPOCTPAHCTBEHHYIO (OpMY IISITHA
(GoKycupoBKH, IIPU MaKCUMAaIbHBIX IJIOTHOCTSIX
MOTOKA, COOTBETCTBYIOIIMX MUKOBOW MHTEHCUB-
HOCTU UMITyJbca Jla3epa U LEeHTpaJbHBIM 00Ja-
CcTsIM (poKaJbHOIO ISITHA, TEeHEPUPYETCsl HanboJiee
ObICTpast YacThb MOHHOTO ITydKa; 0) Mo Mepe pocTa
CpemIHero 3apsia TeHEPUPYEMbIX HOHOB PacTeT U UX
aHeprus (CM. puc. 7), T. €. BBICOKOOHepreTuyeckas
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Puc. 7. Curnansl ananuzaropa uoHoB Bi npu sHepruu Hactpoiiku E [kaB| = 4z, rie aMminTyasl curHajios BOY 6buin
MakcHUMaibHbI. HysieBoe 3HaueHUe BpeMEHHOM 1IKaIbl — MOMEHT Hayajia O0JydeHUsI MULICHU, ITMHA apeiida 3620 M.
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Puc. 8. YcpenHenHas (hopma rIOTHOCTH TTOJTHOTO TOKa

MOHOB BUCMYTa (KpYBasi 2) U CTaHAAPTHbIC OTKJIOHEHMSI

(kpusbie / u 3). Inuna npeiida 1935 MMm: a — 0630pHas

mKaia, 6 — MHTepBaJ MpUjieTa BRICOKOIHEePreTHIeCKIX
HMOHOB.

“ronoBKa” MOHHOTO MMy4yKa 00Opa3oBaHa MpenumMyIle-
CTBEHHO YaCTULIAMU C BBICOKMMMU CTCIIEHSIMU MOHU -
3aLIMU.

3. XAPAKTEPUCTHUKHN MOHOB Al, Fe U Bi
HA BBIXOIE JIABEPHO-IIJIASMEHHOTI'O
I'EHEPATOPA

Hanee mpuBemeHbl MPaKTUISCKA MHTEPECHBIC
xapakTtepucTuku noHoB Al, Fe u Bi, nonyyeHHbIe B
OIMCAHHBIX BHIIIE YCIOBUSIX O0IYYEHUS U SKCTpaK-
MU NpU (PUKCUPOBAHHOM IVIOTHOCTHU JIa3€PHOIO
noTtoka. DTo obecrieynBacT Hamboyiee MPOCTYIO
KOH(UTYypaluio UCTOYHUKA, YIIPABICHUE UM IIpU
CMEHE MCCJIEAYyeMOro 2JIeMEHTa CBOAUTCS TOJBKO K
MOACTPOIiKE SHEPIMU MOHOB Ha BXOJ€E B JIMHEHBIN
yckoputellb RFQ, koTopas a1t pa3pabaTbiBaeMOro
MHXEKTOopa-JMHEMHOTO0 YCKOPUTEIS IO TpenBa-
pUTENbHBIM pacueTaM cOCTaBisieT 9 K3B/HykiIoH
¥ CKJIAIBIBAeTCSl M3 HAaYaIbHOM 3HEPTUHU pasjieTa
MOHOB 1 DHEPTUU, TPUOOPETaeMOI NMPU YCKOPEHUU
B CHUCTEME DKCTPaKIIUU.

Hpyroit kKapauHaldbHbII MapaMeTp JUHEHHOTO
yckoputenss RFQ — oTHolleHWe 3HEpTUM yCKO-
psieMBIX MOHOB K HMX 3apsiny — IIpearioJiaraeTcs

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

HacTpauBaeMbIM B MHTepBajie 4—8 koB/3apsn,
YTO OIpenessseT BbIOOp copTa MOHOB, OTOMPAEMbIX
M3 UCTOYHHUKA: JJISI MOHOB BUCMYTa 3apsITIHOCTBIO
BbIllIe 26, Xejie3a — B uHTEpBaje 7—14, anoMu-
HUS — B UHTepBaye 4—7.

Ha puc. 9 npuBeneH BMA BOCCTAHOBJICHHOTO
SHEPreTUYECKOTO CIIEKTpa MOHOB BUCMYTA C 3apsi-
HOCTSIMM, KOTOPBIE SBISIOTCS KaHIUAaTaMUu s
YCKOpEeHUs B pa3dpabaTbiBaeMOM MHXeKTope. Tou-
KaMU ITOKa3aH IUCKPETHBIA pSII DHEPIriA HACTPOMKM
aHaJu3aTopa B mpoliecce u3MepeHuii. Kak BUmHO,
SHEpTUs pasjieTa OCHOBHOM MacChl MOHOB HaxO-
nutcst B uHTepBasie 70—250 k3B, cpenHsst aHeprus
noHoB u3 psina Bi¥’"— Bi*"* ouenuBaercs kak 155,
177, 189 u 200 k3B coorBeTcTBeHHO. Takum oOpa-
30M, TIpU UCTIOJIb30BAaHUM B MHXEKTOpE, HAIIpuMep,
noHa Bi*’" Heo6X0IUMO MPUIOKUTH YCKOPSIOLIEE
Hanpsokenue 63.9 kB Ha nmepBoM 3KCTPaKILMOHHOM
anekTporne. Te ke JaHHBIe Ha pUC. 9 pencTaBiIeHbI
B BUJE MJIOTHOCTU MapUMaIbHBIX TOKOB, KOTOpPbIE
JUISI IEPEYMCIICHHBIX BbIIIE NOHOB OLIEHMBAIOTCS T10
MMKOBBIM aMIuTuTyaaM Kak 0.5, 0.4, 0.3 1 0.15 MA/cMm?
COOTBETCTBeHHO. [loAcyer IMJIOTHOCTU YacCTUIL BO
BPEMEHHOM MHTEpBaJIE 5 MKC TaeT 3HAYEHUSsI, TTPU-
BelieHHbIe Ha puc. 10.

AHaJIoOTMYHbIE TaHHbIE TPUBENEeHbI Ha puc. 11—13
nns nonos Fe'"" Fe''* Fe'>* u Fe'** nna puc. 14—16
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Puc. 9. DHepreTudeckuii CrieKTp MOHOB BUCMYTA:

1(0) — Bi?"", 2(A) — Bi®**, 3 (0) — Bi¥*, 4 (%) — Bi*".
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st noHoB Al*T, AP, Al u Al”*. CpenHsisi SHeprusi MOHOB ATIOMUHUSI — COOTBETCTBeHHO 2.2, 1.8, 1.8
B HaOJI0gaeMoM Iuara3oHe cocTaBujia A1 MoHOB U 1.21 kaB. AMMIUTYIbI TJIOTHOCTU MapLAaTbHbBIX
Xese3a cooTBeTcTBeHHO 15, 10, 7.5 1 5 k3B, a ;11 TokoB oueHuBaloTcs Kak 0.4, 0.8, 2.1 u 9.1 MA/cm?
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Puc. 10. [TapumnanbHbie TOKM MOHOB BUCMYTAa, TOJTyda- Puc. 12. DHepreTMYeCcKMii CIEKTP MOHOB XeJie3a:
eMble 3a cucTeMol akeTpakumu: I (o) — Bi’*, 2 (A) — 1(0) — Fe** 2(A) — Fe'**, 3(0) — Fe''", 4 (%) — Fe!*".
Bi®*, 3 (0) — Bi¥*, 4 (¥) — Bi**".
1104
I
f4
10 4 ] 1
A \
. [ 1
e 25 4 I'
. . o |
. B | |
o -
o = 0 II
= =
r i E | |
s " |1
3 B I 4
i L5 i E 44 | i
i ] = . I|I
= ! = | I
2 10 _ o2
= . O i
I i R Y P
[ B Tl
i e LS
0.5 1 : f }
| e oy
A *-"-"‘—-*—'_\",""‘n.‘_'___
I'I T T
= B s
ao b ! . L} [1] 15 Hi 23
27 24 2% KL F BEE
< Puc. 13. [NapunanbHble TOKM MOHOB Xejie3a, ToayJae-
Puc. 11. [1noTHOCTB YnCIa MOHOB BUCMYTa B MHTEpBaJe Mble 3a cucTeMoil akctpakuuu: I (o) — Fe'**, 2 (A) —
5 MKC. Fe'", 3(0) — Fe!'*, 4 () — Fe!"".
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Puc. 15. DHepretnueckuii CieKTp NOHOB ATIOMUHUS:
1(0) — A", 2(A) — Al°", 3(0) — A", 4 (%) — AI*.
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yaeMble 3a cucTeMoii akcTpakuuu: I (o) — Al’*, 2 (A) —

[TnorsceTs saetiL 107cw ™

&

Tt
i

AP, 3(0) — AP, 4 (%) — AI**.

Puc. 17. [110THOCTD YKcia MOHOB amiomuHust Al*T—Al’*

NPUBOPBLI U TEXHUKA SKCITEPUMEHTA

B MHTEpBAJe 5 MKC.
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17151 noHos xene3a 1 0.7, 0.8, 1.0 u 1.21 MA/cMm? 11st
MOHOB aJIlOMUHUS COOTBETCTBeHHO. Il1oTHOCTH
YacTHII MoKa3aHbl Ha puc. 14, 17 cOOTBETCTBEHHO.

OleHKa TUIOTHOCTY YaCTUIl HA IJIMHE SKCTpaK-
UMY B UHTEpBaje BpeMeHM 5 MKC A uoHa Bi*’*
paBHa 2.8 - 10® cMm~2, st moHos Fe'** — 1.4- 10" cm 2,
11t uoHoB Al’" — 7.6 - 10° em 2.

[TonyyeHHBIE pe3yabTaThl MO XapaKTePUCTU-
KaM TreHepupyeMbIX MOHOB B Jla3€pHO-ILIa3MEH-
HOM HCTOYHUKe KypyaToBCKOro KoMIieKca Teo-
pEeTUYECKOi U aKcTnepuMeHTaabHo pusuku HULI
“KypuatoBckuii muHCTUTYT  (KKTO® HUI KN)
MO3BOJISIOT PACCUMTATh HEOOXOOUMEIE TTapaMeTPhI
MOHOB Ha BXOJI€ B IMHEIHBIN yckopuTteab RFQ pa3-
pabaTeIBaeMOTO MHXeKTopa yacTull. OH OTIIM4YaeTcs
OT OIMCAHHOM B 3TOI paboTe KOH(MUTYpaLuU apeii-
(hoBoI1 MIMHOI, KoTopas yMeHblIeHa A0 1650 MM.
Takue BXomHBIE TapaMeTPhl HOHOB BUCMYTa, Kejie3a
W aJTIOMWHMSI IPUBEICHBI B Ta0J. 1 ¢ y4eTOM COKpa-
IIEHUSI BPEMEHHOI0 MHTEepBajia MUCHOJb30BaHMUS
MOHHOTO TTyYKa 10 3 MKC.

Taomuna 1. BxonHbie mapametpsl noHOB Bi, Fe u Al B yc-
JIOBUSIX COKpallleHUs] BpEMEHHOI0 MHTEpBaJia UCHOJIb30-
BaHUsI MOHHOTO Ty4yKa 10 3 MKC

Tun CpenHss Hanpstxenue | ITTnoTHOCTh
HoHa SHeprusl, SKCTpPaKLMH, YacTull,
K3B/HyKJI0H kB 10° cm?
Bi*’* 0.957 56 0.04
Bi¥* 0.904 58.3 0.12
Bi?%* 0.847 60.9 0.18
Bi?’* 0.742 63.9 0.27
Fe!** 0.268 35.1 13.4
Fe'?* 0.179 414 4.0
Fe!l* 0.134 45.3 2.0
Fe!0* 0.089 50.1 1.2
Al"* 0.081 34.6 7.3
Al 0.067 40.4 4.8
A" 0.070 48.4 4.2
Al 0.044 60.7 5.3

[TonyyeHHble HaHHBIE MO3BOJISIIOT IIPOBECTU
OoJiee meTabHBIE pacUeThl CTPYKTYPHI JUHEMHOTO
YCKOPUTEIISI-MHXEKTOpa.

4. BAKJIIOYEHUE

B pabGote omucaHbl YyCTPOMCTBO U IapaMeTphl
HMCTOYHMKA MOHOB, IIpeAHAa3HAYCHHOTO ST MHKEK-

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 1

TOpa YaCTUIL U3 IIIMPOKOTO Psiia SJIEMEHTOB pas3jiny-
HOIi Macchl. BaxkHO#t 0COOEHHOCTBIO MHXEKTOpa T10
TeXHUYECKUM TPEOOBAHMSM SIBJSIETCS OIlepaTUB-
HOCTb B IIEPECTPOIKe TUIIA TCHEPHUPYEMbIX HIOHOB U3
BCErO PsIa 3JIEMEHTOB OT JIETKUX 10 TSKEJIbIX.

B xauecTBe mpuMepa M3 3TOTO psifa 3JIEMEHTOB
TECTUPOBAIMCH MUIIICHU U3 aJIIOMUHUS, Xejie3a 1
BUCMYTa, KOTOpPbIe O0IyYaluCh MPU MOCTOSIHHOM
MOTOKE JIa3€pHOr0 M3JIYYeHMsI Ha MMUIIECHU, YpO-
BE€Hb KOTOPOI'O BBHIOMpPAJICS U3 KPUTEPUS OOCTHU-
JKeHMSI JOCTAaTOYHOI MOHMU3alIMK MOHOB Hanboee
TSIKEJIOTO 3JIeMEHTa, KOTOPHIM B HAIIMX 3KCIIEpU-
MEHTax SBJISLICS BUCMYT. bbuto oOHapyXeHo, 4To
MpY YpOBHE MOUIHOCTH jJa3epa npumepHo 1.5 I'Br
1 (POKYCHUPOBKE M3IyUYeHUs] HAa MUILIEHb JJIMHHO-
(OoKyCHBIM O0BEKTUBOM C IapameTrpoMm F/D = 8
JIIOCTUTAETCS] YPOBESHb MOHU3AIMHU TIJIa3MBI C JOCTa-
TOYHO BLICOKMM cofepxaHueM uoHa Bi?’", noaxo-
JSIIIETO ST TaJIbHEUIIIETO YCKOPEHUST B MHKEKTOPE.
st HanbOobIIEro YIpoIlIeHUsT TEXHOJIOTUU TeHe-
palyy MOHOB MEHBIIIEN MACChl JOCTUTHYTBHIA ypO-
BE€Hb MOIITHOCTH JIa3€pa OCTaBaJICs HEM3MEHHBIM,
YTO MAKCHMAJIbHO YIIPOIIAJIO MIPOLECC MEPEKII0UE-
HUSI C OOHOTO 3JIEMEHTA Ha ApYyroil. B Takom pexxnme
IIUISI CMEHBI TUTIA TEHEpUPYEMOTro MOoHa TpeboBajlach
TOJIbKO CMEHA MUILIEH! 1 HATIPSIKeHUST SKCTPaKIIMKU
IIJIS1 YCTAaHOBJIEHUSI OIITUMAJIbHOI S9HEPIruv HOHHOTO
My4YKa Ha BXOJe B TMHENHBIN yckopuTedb RFQ.

[IpoBeneHHBIC M3MEPEHUSI TOKA3aJI1, YTO TECTHU -
pyemMasi TEXHOJIOTHsI OOJIydeHHSI M TeHepallii MOHOB
OKa3bIBaeTcs BIIOJHE 3G @MEKTUBHOM ¢ TOYKH 3pe-
HUs TeHepaluy JEerkux MOHOB, HECMOTPSI Ha TO UTO
MPU BBICOKMX IJIOTHOCTSIX M3JIyYeHUSI Ha MUILIEHU
CHIXXKAETCSI TIOJIHOE YMCJIO MOHOB TPeOyeMoil s
YCKOpPEHMSI 3apsimHOCTH. [le1o B ToM, UTO OMHUM M3
TpeOOBaHMII K MIOHHOMY ITy4KY OT MCTOYHMKA SIBJISI-
eTcs (PUKCUPOBAaHHASI €r0 IMTEILHOCTh JOCTa-
TOYHO MaJjioit BequuuHbl. [1pu coxpaHeHUU BBICO-
KOl MJIOTHOCTU MOTOKa O0JyYeHUs TIMTEIbHOCTh
MYYKOB JIETKX MOHOB COXPaHSIETCSI MUHUMAJIbHOM,
YTO B MepecyeTe Ha KOJMYECTBO YACTUII B ITyUKe
TpeOyeMoii IJIUTeJIbHOCTH IIPUBOAUT K JOCTATOUHO
BBICOKMM ITOKAa3aTeJIsIM, YIOBJICTBOPSIOIINM TpeOo-
BaHMSIM K YCKOPUTEIbHOM cxeMe. Ha 3To yKa3biBaloT
Yucjia MOHOB Keje3a U aJIlOMUHUS, TTOJydeHHbIE B
OIMMCAHHBIX TECTOBBIX SKCIIEPUMEHTAX.

B merom mokasaHo, 4TO IIPOAEMOHCTPUPOBAH-
Hasl TeXHOJIOTUYECKas cXxema Jla3epHO-TIJIa3MEHHOTO
WCTOYHUKA MOHOB YIOBJIETBOPSIET TPeOOBAHUSIM,
chopMynMpoBaHHBIM JJIsI pa3pabaTbiBAaeMOro
MHXXEKTOpa YacTHUIl B CHHXPOTPOH.
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BAJIABAEB u 1ip.

OUHAHCHUPOBAHUE PABOTHI

PaGora BbIlOHEHaA B paMKax TEMaAaTUYCCKOIo

mwiaHa KKTO® HULI KA.

CITUCOK JIMTEPATYPHI

. Satov Yu., Sharkov B., Haseroth H., Smakovskiy Yu,

Makarov K., Kondrashev S., Roerich V., Stepanov A.,
Kugler H., Scrivens R., Camut O., Shumshurov A.,
Balabaev A., Charushin A. // J. Russ. Laser Res. 2004.
V. 25. Ne 3. P. 205.
https://doi.org/10.1023/b:jorr.0000026779.64230.19

. Makapos K.H., Maaoma J.J1., Huwyx C.I.,

Pepux B.K., Camos I0.A., Cmakoeckuii 0. b., Cmena-
Hoe A.E., Xomenxo C.B. // KD.2001. T. 31. Ne 1. C. 23.
https://doi.org/10.1070/QE2001v031n01ABEH001885

. Camos I0.A., Cmakoeckuii F0.b. TlateHT Ha U300pe-

tenure Ne 2 653 568 PD // Ony6:. 11.05.2018.

. Camos 10.A., Xpucanos HU.A., lllymwypoe A.B., bara-

oaes A.H., Jlocee A.A. Tlpennpuatr UTHD No 116,
M., 2016.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA Ne |

5. Camos [0.A., Illapxos b.10., Anexcees H.H., Ilym-

wypoe A.B., barabaes A.H., Casun C.M., bearoky-
pos A.JI., Xpucanos H.A., Makapos K.H. // TITD. 2012.
Ne 3. C. 107.
http://dx.doi.org/10.1134/S0020441212020108

. Satov Yu., Sharkov B., Smakovski Yu., Makarov K., Ste-

panov A., Roerich V., Kondrashev S., Shumshurov A.,
Balabaev A. //J. Russ. Laser Res. 2004. V. 2. Ne 6. P. 524.
http://dx.doi.org/10.1023/B:-
JORR.0000049085.71399.ed

. Camos [0.A., llymuypos A.B., Bacuaves A.A., Bara-

baes A.H., Jloces A.A., Xpucanos U.A., Makapos K. H.,
Pepux B.K. // TITD. 2017. Ne 4. C. 108.
http://dx.doi.org/10.1134/S0020441217030241

. Stepanov A.E., Satov Yu.A., Makarov K.N.,

Roerich V.C., Smakovskiy Yu.B., Maluta D.D., Staros-
tin A.N. // Plasma Phys. Control. Fusion. 2003. V. 45.
Ne 7. P. 1261.
https://doi.org/10.1088/0741-3335/45/7/315

2025



