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Bgeaenne

OnuchisagMpiii JIC — 3To MOmHas MaunHa HenpepsisHoro Aefictena HK-nuanasosa. Ee miannpyeMan cpennas
MOWHOCTE aocTuraeT ~100 kBr. Tak kak addexrurrocts JICO nesennka M oOLIYHO HE NPEBLIIAET HECKONBKUX

' NIPONEHTOB, HieA PEKYNEPaUMH HEPTHH MEKTPOHOB MPEACTABIACTCA BECHMA npusnekatensHoil. bonee BamHbii

apryMeHT B NIOMb3Y PEKYNEPALUMH —~ PE3KOe CHIKEHHe PATHAlHOHROIO ¢oHa OT MAWKHEL 3TO NO3BONACT 3HAYM-
TENLHO OGNErHTh PAIHALIMOHHYIO 32UTY W, TAKHM 06pazoM, CHHIUTE MIOHYIO CTOHMOCTE MAUIMHEL

OIMH W3 M3BECTHBIX MCTONOB peKyNepalHH — BO3BpaTHTh OTPaGOTAHHBIA 3MexTponHsli mysok B BY-
YCKOPAIOUIYIO CTPYKTYPY, [ie oH yckopsatcea [1]. Taxolt pexim paGoTsl yckopuTens Gbll NPOASMOHCTPUPOBAH Ha
Stanford HEPL [2]. OueBRAHOE YCOBEPLICHCTBOBAHME METOAA COCTOMT B HCNOIE30BAHHH MHOTONPOXOAHOIO peLiHp-
KYRATOpa BMECTO MPOCTOTO JIMHAKA.

Ipyras BaxHad ocoOGeHHOCTh MALIHHLL — CpaBHHTeJIbHO HU3KASA YacTOTa YCKOPAIOIIEro Hanpameuux BY. 3to0 no-
3BOJAET YNYUIIHTh KA4ECTBO Iy9Ka W YBENMHHTSH 3apaj B CTYCTKE NPH NMPOYMX paBHBIX ycrnoewiax. Oba cl;ax"ropa
KpatiHe Ba¥Hs! IpH NoTy4eHyH reHepaiun JICO Ha Manex LMMHAX BOIH.

1. Hoanomacmrraduas MalIHHA

1.1. Yeropurens-pekynepatop (YP) :

Cxema VP nokasaHa ua Puc, 1. DnekTpoHHBIH MYYOK M3 HIDKCKTOPA NMOCTYTAET Uepe3 HIDKCKUMOHHEIH KaHaM B
VP, IpOXOZKT BOCEMB a3 Hepes yckopsoryio BU-cuctemy. 3aTeM oM HanpasaseTca B CTpykTypy JIC3, rae otnaer
MANYI0 YaCTh SHEPTHH B M3TYYEHHE, MPOXOMT eUle BOCEMb Pa3 YCKOPHIOUIYIO CTPYKTYPY B 3ameanstoledi gase u
YXOIMT B ITOTJIOTHTEND ITy4Ka € IHEPrHei uu}xexunn

OcHogHble napamerpel YP cneavionive:

Mammuna:
Yacrora BH-nuranna, Ml 180
- Yucno BU-pesonaropon : 16
AMIIHTYA YCKOPRIOLIErO HAaNpPXeH!A Ha pesonarope, MB ‘a0 08
O6was moumocts BY, MBT . - Cme 12
DHEPryA HHHKCKLUMH M JKCTPAKLKH (nom{aﬂ), MaB 2
chopeuubli‘i ny4oK: : .
YacroTa nosropetnt, Ml : Ao 225
Cpenuuit anekTpOHHBIA ToK, MA . a0 50
Dueprrs snekrpooe, MaB ' LA 100
Dnepreruueckuii pa3bpoc (OTHOCHTENSHE) o 10°
JTMTENBHOCTE MMITYALCA, TIC . 10..20

l']uxo_nmi‘l TOK, A ) . 100...200

HIKeKTOp COCTOMT M3 IEKTPORHOM MywKH 1 Tpex BU-pe3oHaTopos. DNeKTPOHHAA MYIIKA COACPIKHT KATOAHO-
CETOUHEIN y3eN, MOMYTHpPYEMBIH YIpaBIAeMEIM T€HEPATOPOM MMOYNkcoB, U 300 kB cTaTHYeCkylo YCKOPAIOUIYIO
TpyOKy. JANUTENEHOCTE CryCTKOB Ha Betxofe mymxH =1 ue. Ogud BU-pe3oHaTop MpeHA3HaUEH M1 TPYNIHPOBKY,
[BA OPYIHX — LA YCKOpeHHsA myduka. Kakaplil cryctok MomydaeT BpeMA-KOPpPeNHpOBaHHLIH IHEPreTHUECKHH pas-
6poc B TPYTIIHPYIOMIEM PE3OHATOPE M CXXMMAeTca B IpelihoBoM NpOMEKYTKE MEXy pe30HATOpaMH. 3aTeM OH Ha-
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OMpaeT JHEPIUIO B IBYX YCKOPAIOLIMX pe3onaropax. OIHOBPEMERHO “aCTHYHO KOMNEHCHPYETCS OoJTyyacT BpeMs-
KoppenupoBaHHEL anepreTHIeckuii pazbpoc,
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Puc. 1. Cxema nonvomaciuraGHoro yckopurens-pexyneparopa u UK JICD.

Hnunst Beex mopoxek YP, kpome nocaeaget, kpaTHel L1HHe BoMksl BY, kak B 06BIYHOM MUKpoTpoHe. Imuna no-
Chenueli NOpoKKH BEIGPAHA TaK, YTOOL 0TPaBoTAHHELH ITY40X HH:KEKTHPOBANCA B YCTOHYHBYIO 3aMeNSIOIYI0 da3y.
Benenersue npononshoro gasoporo gsmxkenns 3 YP BOKpPYr DaBHOBECHOH TpaekTopuH (BpalleHus B NpOJONBHOM
}a30Bo IIOCKOCTH) YCKOpREMbIE CTYCTKH TPYRIHMPYIOTCA, HX LAHTENLHOCTD YMEHBLWACTCA B 5—10 pa3, a suepreTu-
deckuii pazbpoc BozpacTaer.

1.2. JICI

BriGpaua cxema JIC3 ¢ 31ICKTPOHHBIM BHIBOZIOM MaMyweHus [4]. JIC3-reneparop - 310 onmieckuit KIHCTPOH ¢
IBYMA onxyn;'impauu, IPYNMHPOBATENIEM H RBYMA 3¢PKaIaMH. Crpynﬁnponaunblﬂ B JIC3-renepaTope u axpomaTi-
NECKOM IIOBOPOTE J/ICKTPOHHBIHN My4OK OPOXOAUT Mepe3 NOCENHNHA OHIYNATOP M OTIAET YacTh cBoeH 3HEPTHH B
KOrepeHTHOE OHMyNATOpHOE uaMyuenHe. Tak Kak och MyHka B PalHATOpE OTKIOHEHA OT OCH ONTHISCKOM PE30HATO-
P, OHIYNATOPHOE M3MydeHHe MUHYET 3€DKato pe30HaTopa. IMABHOE LOCTOMHCTEO TAKOM CXEMDY MHOTOKpaTHOR
CHIDKCHUE MOIIHOCTH CBETA BHYTPH PE3OHATOPA TIPH NPOYHX PABHBIX YCIOBKAX. A

OcHopusre mapametper JICD rakoser: - - -

Jlnuna BONHE! UINYUEHHUSA, MKM o 3..10
JIUTeNsHOCTE UMY NiBCA, 11ic - ) 10...100
JHeprua B uMmynsce, Jix ae 5107

+ Yacrora nosropenus, MI'm- S Co 225.22.5
Cpeantas Mmomigocts, kXBr - . ° - N : “xo 100
OrHocuTenbHAA WHPHHA COCKTPA H3AYHEHUS S 3.10%.10°%

1.3. BozMoxkHEIe NpHMEHEHHS

MaunHa npesHasHaueHa And JyHIAMEHTATBHbIX 1 TPHKNAHBLX UCCEAOBARMI H IIPOMBIILIERHOTO MPHMCHEHHA.
¢+ Quzura: T S R : ' o :
¢ ' NOMYHpOBOLHUKH -~ IPHMECHBIE YPOBHH, BO3GYMACHHEIE COCTOAHMSA, AMHAMIUKA PEKOMOHHAIHM:
® ' CBEPXMNPOBOAHHMKH — 30HBI IIPOBOJAUMOCTH, MPHMECH, - s
®. ONTHYECKHE OTPDKAIOIME MOBEPXHOCTH U MOHOMOMEKYIAPHBIE CIIOM;
-®  (U3KKa MOBEPXHOCTH; ' ‘ = '
* TPaHCNOPTHPOBKA SHEPIMH HA HCKYCCTBEHHBIE CITYTHHUKHA 3eMn. -
¢ Cnexmpocxonus: - ' - o - 0 ow I
®  BpAINATENbHBIE H KOIEGATEIBHbIE MIEPEXONLI B MONICKYIAX;
® NMATHOCTHKA 30HBI FOPEHHS;
¢ Jwuzap; )
o kamnSposka UK-nerextopos.
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+ Xumua: S : o
&  CeNEKTHBHSIE PpEakLUH H pa3fieIeHHEe H30TONOB;
*  [HHAMHKA so36y>1<11eﬁﬂblx COCTOSHHUI Monexyn
¢ fasepHelfi xkaramus; Lot _ T
. Monnquaum nosepxnocm nonumepOB
¢+ Meduyuna:

® MHKpPOXHpYpIHSA;

s ¢oroTepannd;

*  (OTOIHHAMUYECKOE Pa3pyLICHHE OMyXoeH.

2. Mamnna ‘nepnoﬁ' oqepe):m

2.1. chopuTe.r:h-peKynepaTop o .

Tax kax moctpolika noannMacmTaGHoﬁ MalLIHHEI meﬁyer MHOTO BpeMeHu u pccypcon npenc*rannaercx pasyM-
HEIM pasfeiuTh NMPOEKT Ha JIBa sTama. Mamkna nepsoji ouepenH Bimoyaer B ceba YP ¢ nonuomacmTaGHoﬁ BUY-
CHCTEMOR M TORMBKO C OHHMM o6opOTOM MydqKa, Ee CXeMa npuBcIeHa Ha Puc. 2, :

Baxneiinrye mapaMetpst YP neppoli guepead TAKQBb:

DHepris HHKEKLIMH i OKCTpakuum, MaB 2 (nonxas}
MakcumansHas 3ueprus ANeKTpoHoR, MaB - - . 14 '
Cpeniinit TOk myyxa, MA zo 50
Yacrora BU-nutanus, M. o = . ‘ . 180
JAMTENBHOCT CTYCTKOB, NIC . 20...100
TIukopnii TOK, A . ao . 50
Boigoa
3epxano\ winy4yeHma Omynn';g%nnqosagﬂzymwp 3epwano -
HOEOPOTHble (] l| : '

5ica -

" oo . . .. ‘ B‘l-peaonaropbl .
H)KeKmop floeopoTHbie NornoTurent

MarH1Thl Yi ckopumenb-pexynepamop

Puc. 2. Cxema y;:xopnTénx-pelcynepaTopa TiepBoii ovepeny U cybmunumerposoro JICD.

Heo6xoayM0o OTMETHTS, MTO MALIHHA NEPBOA OUEPEAH Pacnoa0KeHa B BEPTHKANLHOMH [IOCKOCTH, B TO BPeMA Kak
nofHoMacwTabHast — B ropH3oHTansHOMN. Takum oGpasoM, 00e MalIHHBI MOTYT COCYLIECTBOBATE, XOTA ¥ HE MOIYT
paGoTaTh onHOBpEMEHHO. BEIGOp MeXTy MAIIHMHAMH OCYLIECTRAACTCA MEPEKNIOYEHHEM TIOBOPOTHBIX MArkuToB, oe3
nepebopku VP.

2.2.J1CO

Ha eaudcTBEHHYIO oﬁpamy}o Jopoxky YP nepeoi oqepenu OyneT yCcTaHOBJIEH cyﬁmmumerponmﬁ JIC3. OH co-
CTOMT M3 JBYX OHIYJATOPOB, IPYINHPOBATENA, ABYX3CPKANBHOTO ONTHYECKOrO PE3OHATOPA M YCTPOHCTRA BIBOIA
winyqenus. OBa OHIYNATOPA ONHHAKOBBI, TUIOCKHE, JJICKTPOMATHHTHBIE, - LTHHOH 4 M, C MEPHOAOM 120 MM, 3a30-
pom 80 MM ¥ napametpom K 1o 0.8. MOXHO KCIIOb30BATh OAMH OHOYNATOD MnM 0062 BMECTE C rpyMIHpoBateeM
win Ge3. OBa 3epkana ONTHYECKOTO PE3OHATOPA ONMHAKOBLIE, MCAHSIE, ChepHYeckue, ¢ BOASHBIM OXNAKICHHEM.
VCTpolicTBO BHIBOAA M3TyYEHHMS CONEPIKHT JBA MM HETHIPE IUIOCKHX MEAHbIX 3epKana. JTH 3€pKala OTPAKAIOT
YACT HATyueHUs ¢ NepugepHi COGCTBEHHON MOIBl PE3OHATOPA Ha BBIX0HL. Takas cXeMa COXpaHseT OCHOBHYIO MOZY
Pe30OHATOpa M YMEHBIIACT YCWIEHHE HA BRICUIMX MOZax. I pyMNHpOBaTelb MPEACTABAAET ¢OOOH TPEXMOMOCHBIA
3NEKTPOMATHUTHBII BHITIIEP. : )
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OCHOBHBIE KHUAaeMble MapaMeTpsl JICD TakoBbI;

JivHa BOTHEI M3TyYEHHA, MKM S o 100...200
JMHTENEHOCTL MMITYNbCA, TIC 20...100
HUMmmynscHas MOLIHOCTE, MBT 1..7
Cpenmm HenpeerBHaﬂ MOH.IHOCTB, KBT ' ' ‘ 0.6..7

Taxrm obpa3oM, 1o 3asepmermu nepBoii oepenn 6yzeT nomyyeH paﬁoraromun JICE) M, KpOME TOTO, YHHKaTb-
HBIH cTenz g oTpaboTkk pekynepal.mpl u Hac"rpomcu JCO. '

2.3. BosmokHBIE npnmeﬂenua ;

Tax kak MaluMHA SBAAETCHA YHYAKATEHBIM HCTOUMHUKOM H3TYYEHHA BBICOKOHR cpe,nHer‘i MOLUHOCTH H MOXKET NEpe-
CTpaHBaThCA HENPEPLIBHO B LIMPOKOM JHAMNA30HE, OHA MOXKET GLITh MCIIONE30BAHA B Pa3zNHYHBIX tbyrmamemanmmx
H NPHKIATHBIX HCCASOOBANUAX,

¢ HK cnexmpockonus;
¢ BenHyHHA Gapeepa Bpamarenbnbrx konebauuii Monexys,
® BOJOPOIHLIE CBA3M H CHCTEMEI € nepeHoCoM 3apana;
‘@ HEOPTraHUUIECKHE KOMILIEKCH;
®  METANNOPraHMMECKHe COSIHHEHA;
®  CIIEKTPOCKOMHUA KpHCTAIUIHIECKOMH peme'ncu
* 3HP CREKMPOCKONUAL
® HEKOTOPLIE CIHHOBBIE CHCTEMBI, He HaGmonaemeie Ha Goee HU3KHX 4acTOTax, B yactHoctd S = 1, 2, 3,
(taxre kak Ni(I) B xatannsatopax Fe(Il) B npotennax), u S = 3/2, 5/2, 7/2 ¢ cunpHuiM pacmermeHHeM B
- oTCcyTCTBHH nona {Hanpumep, Co(Il));
® CHCTEMHI C MAnoi g-aHH30TPONHER, T2K YTO Tpeﬁyrorcsr Kpaiiﬂe BBICOKUE TIONA, qroﬁm CIBMT JMHHH 65111
COTIOCTABHM C €€ LIUPHHOI; S : :
e HEKOTOpHIe OGPA3LL!, AOCTYTIHEIE UL B O9€HS MATOM KOMYECTBE, TAK YTO JUIT MX HCCIEN0BAHMA Tpe—
* GyeTcs JKCTpeMaIbHAS YYBCTBUTENLHOCTL (HanpuMep, KPUCTALTE MIPOTEHHOB),
* OHOMeNMUMHCKHE npenapam c Ma.noﬁ KOHueH'rpauun CIIMHOBOH METKH, YTO 'rpeﬁyer Bblcoxoﬁ ‘lyBCTBH-
TENBHOCTH.

BI:IBOJ:[BI

e T2 MpOWEHA TOA AOCTUIHYT 3HAYHTENBHBIN MpOTpecc B CO3NAHUK HCS [5]. P[H)KCKTOp YP cMoHTHpOBaH,
) _3anyme1{ ¥ B HacTosmee Bpema paGotaer; BY-cuctema VP Gnmska x 3aseplienmior GOmblias 4acTh BY-
PE30HATOPOB FOTOBA, OCTANLHBIE — B IPOHIBOACTBE, MOoHTax BU-reneparopos 3asepuwaercs, BU-puacpbl 1 cre-
. TeMa aHOZHOTO MHUTARHS HITOTABAHBAOTCA; BCE OCTAAbHLIE CHCTEMBI YP HHC3 Takke 3arryu1eHm B npou3-
BOACTEO.
o [IpencTarnsetTcs pasyMHBIM pa:menmb npoem Ha [Ba 37Tana, TaK 4TOGH! paﬁorarouryro Maumuy KaK MOXKHO cko-
_pee. 3amyck nepsoii 0Uepeny MaIMHLI IUIAKUPYETCA B TEYEHHE roaa. :
e O6e MalUIMHbL — NIEPBOi oqepenn ¥ monHOMacTabHas ~ GYAYT COCYILECTROBATS ORHOBPEMEHHO.
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