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~CC~BAOBOH~~ _HO ny4HOX T~men~x ~OHOB 8 W~POKOM A~On030HB MOCC 
BnROTb AO ny4HOB 'OHOB YPOHO C SH~Pr'e~ OT 5-10 AO 100-200 MsB/HyHnOH 
npeAOCTaansuoT CiOIIb!U~B B03MOIKHOCn All~ pei!IBH~~ KOH hHAOMBHTO_IIbHbiX-, TOH 
~ HOY4Ho-rexH~4BCH~x ~ np~KIIOAH~x 30A04. Ha~Cionee pacnpocrpaHeHH~M~ 
YCHOP~TBIIRM~ HO TQH~e aHepr~H AB~~IDTCR UHHIIOTPOH~. 

PaccMoTp~ao~ npoCineMy ycKopeH~R ~oHoa ~ ~Aep'c noMO~biD ·ycKOP~Te
ne~ H YCKOPHTBIIbH~X KOMniiBHCOB,npHXOA~TC~ npeltrAB acero HCXOA~Tb ~3 803-
MOIKHOCT~~ ~OHHMX HCT04H~HOB H nepcneHTHB ~X p03BHt~~. 

Ha PHC.1 npeACTOBIIBHM AOHHbiB no BMXOAY MHOr030PRAHbiX HOHOB (M.3.~.) 
H3 HCT04H~HOB p0311H4H~X THnOBo 8 HOCTO~~BM OCi30PB POCCMOTPHBOWTCH XO
POKTBP~CTHKH P0311~4HMX THOOB HOHHbiX ~CT04HHKOB C T04K~ 3pBHH~ ~X ~C

nOIIb30BOHHR HO UHKIIOTPOHOX. 
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PHC.1. Bb!XOA MHOr030PRAHbiX HOHOB H3 P0311H4Hb1X HCT04H~HOB. 

I • 



""" 

2D BAJTPBHHMB QMK~OTPOHHW8 MCT04HMKM MOHOB 

Ha~6onee mMpoHoe pacnpocrpaHeH~e HO ~~KnorpoHax nonyq~n~ po3n~4-

MOA~WMHOU~M AyroB~X ~OHHWX ~CT04H~KOB l/. BBOA ~X B ~~HnOTPOH UO-

MBT OCy~eC~BnHT~CA HOK POAMOnbHO, TOK ~ OHCMOnbHO 4BP63 OTBBPCTMB B 

noniDCB snBKTPOMOfH~TO UMKnOTPOHO. 
Ho PMC.2 n.OH030HO ronOBKO OHCMOnbHOrO ~CT04HMHO IIIOHOB C HOTOAOM 

npAuoro HOKono/ 21, ucnonbJyeuoro HO q~KnorpoHe Y-200 AnA nony4eH~A Me
HOB nerKMX SnBUBHTOB (D~, DH+, He+). 

Puc.2. ronoeKo ~CT04H~Ha nerHMX MOHOB 
~MKnOTPOHO Y-200. 1 - KOTOA, 2 - AMO~

parua, 3 3MIIICCIIIOHHOA ~Bnb, 4 - OHT~HO

TOA1 5 - KOHan OXnOMABHMA, 6 - OHOA, 

7 - KOHOn BBOAO r030, 

~CT04HMKM C KOTOAOM npAMOfO HOKOna, 0 TOKIO MCT04HIIIKIII C "xOnOAHY
MM" KOTOAOUM MCOOnb30BOnMCb B nepaYX 3KCnepMMBHTOX no YCKOPBHMm MOHOB 
NJ+ HO QMHnOTPOHe/3/. ~CT04HMKM C "xonOAHWMM" HOTOAOMM (PIG-~CT04HMKM)e 
KOTOPYB OTniii40~TCA npoCTOTO~ KOHCTPYKQMM Ill KOMnOKTHOCTb~ 1 nony4~nM 

AOnbHe«wee POJBIIITIIIB/4/; B HMX nony4BHY IIIOHY c5+, N6+, 06+, Ne5+. Oc-

HOBHYUIII HBAOCTOTKOMIII TOKIIIX MCT04HIIIHOB ABnA~TCA MOnY~ CPOK pa60TY Ill 
HIII3HOA HOABIHOCTb, 0 TOHMB HBAOCTOT04HQA IIIHTBHCMBHOCTb ny4HOB IIIOHOB. 
STill HBAOCTOTKIII B 3H04~TBnbHO~ CTBneHM npBOAOnBHY B MCT04HIIIHOX U.J.M. 

C nOAOrpeBHWM KOTOAOM M OCUMnn•u•eA 3n8HTPOKOB B MOrHMTKOU none (HOK), 
BnepBYB P03pOdOTOHHbiX B ~A3 ~M. ~.B.Kyp"laToa/5. 6/. 

MCT04KMH C nOAOrpeBHYM HOTOAOM/S/ GYn MCnOnb30BOH HO nepBOM UMK

nOTPOH8 r•Menwx MOHOB OMRM - Y-300 - A•• nony••••• """"" raJoOGP03HYX 
se~ecrs/71. B ADnhHeA~e• OH G•• MOA•~·~•posaK An• nony•e••• M.3.M. 
TBBPAYX B9~8CTB, rnDBHWM OGP030M MOTonnoB/B/, Ho PMC.3 CX9MOTM48CK" 
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np8jCTQB~8HM ro~OBKO ~CTQ
4H~KO M.3.~. 

~~K~orpoHa Y-400 ~~p 0~~~ ~ c~creMa era 

3~BHtpon~roH~H/ 9 /. PD3PRAHOR KoMepo ~c
T04H~Ha (3) po3Me~eHa s 303ope 3~eKrpo

~arH~Ta ~~~norpoHa. KnroA (2) ~oHHoro ~c

'04H~Ha nOAOrpeB08TCR nOTOKOM 3~8KTPOHOB 

c "~'~ (1), npeAcroa~H~~e~ co6o~ ecnoMO

rore~bHW~ HOTOA npRMOro HOKORO, n~TO~

~~~CR OT BWnpRM~TB~H (9), 3~8KTPOHM yc

HOPBHW HOnpRmBH~BM Bhlnp~M~TenR nDADrpe

BO (10). np• 00A04B B P03PAAHYID HOMBpy 

ro3a ~ aH~~4eH~~ swnpHM~renR (11) 3am~-

P~c.3. cxeMo ronoBH~ ~oHHoro roercH P03PRA. AHT~HaroA (6) HOXOA~TcH 

~CT04H~HO c KOTOAHWM .POCnW~e- nDA noreH~~OnOM HOTOAO (2), 4TO C03AOBT 

H~eM po6o4ero ae~ecrso ~ c~c- yc~oB~R A~R oc~~n~R~~~ nepB~4HMX ~ n~a3-

T8MO 3ABKTpOn~TOH~A. 
MBHHWX 3neHTpOHOB. 3~8HTPOA (4), COABpmo-

m~~ po6o4ee aemecrao, p03MemaercR B oa~o-

He 3M~CC~UHHO~ men~ (5) ~OHHoro ~CT04H~HO. np~ 30m~~Q~~~ PD3PRAO B HO

Mepe ~ H0fl~4~~ orp~~OTB~bHOro no
reH~~O~O HO 3fl8KTPOA8 or swnpRM~TBflR 

(7) npo~CXOA~T KOTOAHOB pacnWflBH~B Marep~ona 3fl8KTPOAO (4} ~ nocnBAY~-

11\0R lr10Hlr130l\~H pocnwneHHbiX 40CT~l\ a pa3PHAB. HanPRHIBH~BM aw'npRM~TBMl (7) 

~ peryn~pQBHO~ nonomBHlr1R 3fl8HTpoAa C nDMOil\b~ COOTBBTCTBY~~ero jlr1CTQH

l\lr10HHOrO MeXaH~3MO OCYil\BCTBnRercR onrlr1MOflbHOR noA040 ~oH~3yeMoro po6o-

( 4BrO B81l\8CTBO. ~CT04H~H po6oT08T B. lr1MnynbCHOM pem~MB C~HXPOHHO C reHB

; POTDPOM BWCOH04QCTQTHOrO HOn~RHIBH~H ·l\~KflOTpOHQ, 3TOT PBHI~M OCYil\8CTBflR-

8TCH C nOMOil\b~ Knro40 (8), KQTOp~~ dnoKOM (12} C~HXPOH~3Y8TC~ C B~COK0-

40CTOTH~M r8H8POTOpOM, 

B ~cn~TOH~RX ~CT04H~Ko npoaoA~nacb ~OH~3
0U~R PRAO aneMBH'OB snnorb 

AD roplr1R. Pe3ynbTOTM ~ccneAoBaH~~ ~cro4Hlr1KO ~nR nony4BH~R ~OHOB pa3n~4-

Hb1X B81lt8CTB ( N, Fe, Ge, Xe, Th) HO CT8Hj8 npBACTOBflBH~ HO p~c, 4. 

~CCnBAOBOH~· nOHQ30R~ 1 4TO ~3 ~CT04H~HO MOryr 6b1Tb noflY48Hhl ~HT8H

C~BHW8 ny4H~ lr10HOB'TRm8flbiX 3fl8M8HTOB 1 HOnp~M8p 1 ~MnynbCHbl~ TQK ~OHOB 

Th 11 + COCTOBflRBT 4,8 MA. B ra6n.1 npeACTOBflBHQ 4QCTb 3RBM8HTOB nep~o

Alr148CKO~ C~CTBM~ 4.~.M8HA8fl88BO, ~OH~ KOTOpWX 6~n~ nony4~Hbl lr13 ~CTQ4-

Hlr1KO c KOTOAHbiM pacnMneH~eM pa6o4ero eemecrea. 3~04lr1TBnbHOR 40CTb ~a

HOB YCKOpBHO HO ~~KnorpOHOX A~P 0~~~. TOH, HO U~KnorpoHe Y-300 ycHope

H!il ~OHbl or 11+ (roH BbiBBABHHoro riy4HO >10 MHA} AD Bt 13+ (TDK a~BBABH

Horo ny4HO 0,04 MKA)/ 10 /. Ho U~KflOTPOHB Y-400 OCHOBHOB BH~MOH~B YABflR-

8TCH nony4eH~~ ny4HOB ~OHOB P03ABneHHbiX ~3oronoa1 11 1, 3ABCb AD 3Hepr~~ 

6 MaB/HYHflOH YCKOPBH~ lr10Hbl ~30TOnOB 26Mg 1 
48ca, 49T1, 50T1, 53cr, 

54cr, SBFe 1 
60 Nt, 70zn, 76Ge. Pe3yflbTOTb1 npBACTOBflBHbl B TQ!i11.2. 
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PMC.4. BYXOA ~OHOB P03nM~HYX 3neueHTOB 
•3 ~nK • 
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nepexoA or ~OHOB OAHOrO 3nBMBHTQ H MOHOM APYfOfO CBJI30H Mllllb C ycro

HOBKOR cooreercrayQ~ero pocnwnHeuoro 3nBKTPOAO. Buecre c reu TBXHonorMR 
M3rOTOBnBHMA AnA KOIAOrO 3nBMBHTO, 0 8 cny40B MCnOnb30BOHMR P03ABnBH

HWX ~Joronoo An! HOmAoro ~3oTono, !6n!eTC! cyryoo ~HA~HMlYOniHO~. 
Cno~HO~ HOy4HO-T8XH~48CHO~ 30AOYeR ~Bn~eTCR TOKMB p03P000TKO TBXHOAO-
r~~ c6opa ~ pereHepa~~~ P03ABneHH~x ~Joronoa AnR ~x noaropHoro Mcnonb-
3080Ht1R. 

Pecypc MCT04HMKO MHOr030PRAHWX MOHOB OOPBABnRBT OPOAOnMMT9AbHOCTb 
HBOPBP~BHOrO O~ny4BHMR ~M3M48CHMX UMmBHBR M MOHCMMOnbHY~ MHTSHCMBHOCTb 
ny4HO YCHOPBHHWX MOHOS. YnpOBnBHMB MOHHYM MCT04HMKOM BY3W808T OOPBAB
nBHHWB TPYAHOCTM y oneparopOB ~MKnOTPOHO. 3TO RBnRBTCR CnBACTBMBM roro, 
4TQ C T04KM 3PBHMR ynpasneHMH MCT04HMH OPBACTOBnRBT CO~OR HBRMHBRHWR 



To6no~o 2. P03,11BJ1BHHbiB ~30TOnbl MBTOJlJlOB, YCKOPBHHbiB HO U~KJlOTPOHB 

Y-400 

YCKOPJIBMbl~ ~CXO,IIHOB CoA•P•"""" Bemecreo ~HTBHCHBHOCTb 

OOH BB!IIBCTBO \r130Tono nocne BHYTPElHHero 
B 3J1BI<TPOAB I per::eHBPO- ny~HO, 

OT. % ~·· 
40CT/teH 

2 Mg3+ MgO 30 MgO 1 ,2 · io 
48085+ CaO 20 ~aO 2,4-10 12 

49Ti5+ Tt02 
11 Ti02 . 1,0<1013 

50T15+ Tt02 
10 Tt02 

9,6·1012 

530r5+ Cr2o
3 

17 6,0·1012 

S40r6+ Cr 36 Cr 6,3·1012 

58Fe6+ Fe 91 Fe 1,0·1013 

64Ni 6+ Ni 78 3,5·1012 

?OznB+ Zn 45 4,0·1011 

76Ge8+ Ge 74 1,0·1012 

MHOrOCBfl3Hbl~ CTOXOCT\r14BCH\r1~ 06bBHT C APB~~YID!lllr1M\r1 BO BPBMBH\r1 XOPOHTBP\r1C

l\r1KOM\r1. c uenbm nony4eH\r1JI 30AOHHO~ lr1HTeHc~sHocr\r1 ny4KO ~oHOB ~ ee cro-

61r1n\r130U\r1\r1 np1r1 MOHC\r1MQJlbHOM CPOHB CJlYM~~ \r1CT04H\r1HO P03POddTOHO Mlr1KpO

npOUBCCOPHOR C\r1CTBMO KOHTpOJlR nOPOMBTpOB \r1 OBTOMOT\r14BCKOrO ynpOBJ1BH\r1R 

PB~\r1MOM po60Tbl \r1CT04H\r1K0/ 12f. 0CHOBHbiB ~YHKU\r1\r1 MlrlHPOnpoueccopHO~ C\r1C

TBMbl: 

1. ~3MepeH~e ~ OT06pameH~e napOMeTpOB pem~MO ~OHHOro ~CT04H~KO. 

2. OposepKQ ~ npeAOTBPO~eH~e OBOp~~H~X C~TYOU~~. 

3. ABTOMOT~48CKOH nporpQMMHOR HOCTPO~KO ~CTO~H~KO HO P0604~~ 

pelti~M. 

4. 00lly4BH~e 30AOHHOrQ (~JIL1 MOKC~MOllbHOrO) TOKO OY4KO HaCTPOl'iKoLii 

pem~MO ~OHHOrO ~CT04H~HO. 

5. 3000M~HQHL18 TBKY~L1X OOPOMBTPOB PBM~MO ~CT04H~KO L1 L1X CT06L111L130-

6. 300QML1HQHL18 L1 CT06~11~30UL1R TOKQ OY4KO. 

7. ABTOMOTL148CKOB B~Kllm4BHL18 TBXHOJIOrL148CKL1X OOAC~CTBM L10HHOrO 

L1CT04HL1KO. 

8. COop ADHHMX o pem~•• •oHHoro •cro4HOHO • •x ne•orb s ••A• 
T06li~Ubl. 

9. ~HTepOHTL18H~~ pe~L1M. 

T06JIL140 00pOM8TpOB L1CT04HL1KO L1 MHBMOCXeMO C CL1CTBMOML1 OL1TOHL1R 

OPBACTOBJIBHO HO PL1C.5. 0CHOBH~B OOpOMeTp~ peiii~MO OT06pa~amTCH TOKme 

B BL1AB 7 rOpL130HTOllbHbiX JIL1HB~HbiX WKOJI. 

5 



... '"' - ...... .. .. u.:. • ... .... ... '"' - .:1:1. lftii:CIU • ..... . ,. ( .. , .. .7'7:1 un•c••>• ·.7ae ... -(fl) - ... IAIUII> • I..S:r ... ute>• 1..4liS ua•c••>• ...... 
1P:JM<IIJ • ... ~. ···~- ••• 
KP:J CD) • •••• u ...... ,. .zsa 
.MCT(flfl)• ti2~-· MP»<8T>• ·• 
.... 1( .... ,. . •• s 

~·· !ijl •• •• .. 
•• J •• • ' 

P~c.S. ~30~pa~eH~e HC SKPOHe 

TBnBBH3HOHHOrO A~Cnne~ OCHOB

HbiX nap·auerpoe HCTOI.lHHKO MHO-

B HCT04H~KOX C "XOftOAHbiNH" HOTDAO

M~ An~ nony4BH~R ny4KOB ~OHOB TBBPAbiX 

aemecra ~cnonbJyercR cnoco6 noA04~ po6o-
4ero aemecrao a PDJPRA nyreM era pacn~
neH~R "o6pOTHbiM~" ~OHOMH/l 3 /. lOHO~ ~e 
cnoco6 6~n np~MBHBH Ha u~HnorpoHax AAP 
O~R~ Y-200 " ~U-100 A'' nonyueH•R •oHoB 
TBBPA~X aemecra ~3 f030P03PRAH0f0 ~nK. 

6~n~ nony48Hbl ny4H~ ~OHOB Li 2+, B 2 ~ p4+, 

Na4+, Cl4 + C ~HTBHC~BHOCTRM~ HO HOHB4-
H~X POA~YCOX YCKopeH~R AO HBCKOnbK~X 

MKA. 8 K04ecrse po6o4~X se~ecrs ~cnonb-
30Bon~cb HP~CTOnn~ LiF, NaCl ~ H»TPHA 
Oopa. 

8 RRP O~RM npoBoA•n•c• •ccneAOBoH•• 
ro30P~AHYX ~OHOB. 

XOPOHTBP~CTHH n03BPHO~ nn03M~ C UBnb~ 

C03AOH•R HO OCHOBB n03BPO ~·KnOTPOHHOrO •CT04H.KO M.3 ••• /l 4/. ~cCnOAO-
BOHHR d~n~ npoeeAeHu HO UHKnorpoHe Y-~00. AnR npoeOAKH na3epHoro ny4a 

OT HBOAHUOBOrO ~nH C02-n03BPO K MHWBHH 1 YCTOHOBn~BOBMO~ B UBHTPB U~K

nOTPOH01 HCnOnb30BOnCH KOHan AnR BBPTHHOnbHOro HOHHOro HCT04HHKO. Pe-

3ynbTOTH PO~OT;nO nony4BHH~ H YCKOPBHH~ HOHHHX ny4KOB H3 n03BPHWX HC

T04HHKOB npeACTOBnBHY B T06n.3 H HO p~c.6. 

N • 
.!!E .... 

,.. 

,.. 

10' 

,., 
10 30 .. A 

P•c.6. ~HTBHc•eHOCTM OY4KOB MOHOB 3nBMBHTOB OT C 
AO Cr, YCHOPBHHWX HO UHHnOTPOHB Y-200,H3 n03BPHO

ro HCT04HHKO. 
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Ta6n~~O 3. 00POM9TP~ OY4KOB ~OHOB, YCHOpeHH~X HO ~KHJlOTpoHe 

Y-200,~3 naJepHoro ~CT04H~Ka 

XapoH rep1o1c Tlr1H\II HonpoaneHI-19 n·apOMBTpbl ny4HOB, YCHopeH-

noJepo nll03M9HHOfO H~X HO U~KilOTPOHB 

<P. 2 
~OHB110 K 

T.n .>.., w, f. MOfH\IITHOMY A, z I, c -1
 r, MH.C 

MHM Br/cM A• r~ nonKl 

C0 2 
10,6 109 0,4 1 no,11 yrnoM c3+ - Cr 1 )+ 1o1D_1o' 10-1 

Nd 1, 06 5•109 0,04 25 BAOilb Li)+_ Ta4+ 8 ·10 10 2 

naJepH~~ \IICT04H\IIH ,IIOBT nY4H\II MHOrOJOP~AH~X \IIOHOB B B~AB HOPOlH\IIX 

\IIMnyllbCOB TOHO (,1111\IITBJlbHOCTb IIIMnYilbCO ' 10 MHC), liTO OTHP~BOBT nepc

neHT\118~ era \IIC00Jlb30BOH\II~ All~ lt1HmBK~\II\II YCHOP9HH~X ny4HOB \IIOHOB B HOHO

n\IITBJl\11 \II OXIIOA\IITBn\11. 

3. BHewH~~ ~HmeK4~~ ny~KOB ~OHOB a ~~KnorpOH~ 

B HOCTO~mee BPBM~ WIIIPOHOB pocnpOCTPOHBH\119 nally4\1111\ll C\IICTBMM BHBW

HB~ \IIHmBHU\11\11 ny4HOB B U\IIHJ1QTPOH~/ 1 Sf, HOTOPMB ,11011\11 HOBOS H049CTBO MHO

f~M yCHOp\IITBJlRM. CIIICTBM~ BHBWHB~ \IIHmBHU\11\11 OTHp~BOKlT B03MOMHOCT\II \IICnOilb

JO~QH~! HQ 4~HAOTpOHOX HOBMX T'noB MCT04H,HOB (3UP, EBIS M APYCMe), 0 

TOHme B03MOIKHOCT\II ,IIOJibHBt\Uiero p03.Bit1HHI \II ycoaepi!IBHCTB'OBQH\11~ TPO.III-11..1\IIOH

H~X U\IIHJlOTPOHH~X \IICT04H\IIKOB AYfOBOr~ T\llno. ~CnOilb3060HIIIe BHBWHB~ \IIH

meHU\11\11 npBAb~Bn~eT onpe,IIBJlBHH~e Tpe60BOH\II~ H H049CTBY \113B11BHOBM~X \113 

IIICT04H\IIKOB ny4HQB C T04H\II 3PBH\II~ \IIX 3~~9KT\IIBHO~ TPOHCnOpT\IIPOBK\11 OT ~C

T04H~KQ AD ueHTPOilbHO~ o6nocT~ U~KilOTPOHQ. B T06n.~ np~BBAeH~ OCHOBH~B 

XOpOKTepiiiCT~H~ nnOJMM ~OHH~X lt1CT04H\IIKOB ~ \113BJ1BHOeM~X ~OHH~X ny~KOB. 

TMn 

Tadn111ua 4. OcHOBH~e xapoKrep~cT\IIK~ nnaJM~ ~OHHMX IIICT04H~HOB 

\II \113BJleK06M~X ~OHHMX ny4KOB 

40CTOTO ~11\IITBnbH. Te, 3HepreTIII4. HOPMOJI\1130BOH-ner 
\IICT04H\IIKO ~MnYilbC., ~Mn., 39 

CM- 3 C 
po36poc, H~~ 3M~TTOHC 

r~ MC 39 

~nK 100 1-3 10 10 1-20 1 ,0 

3UP Henpep~aH~t:l 5 1 o3 1 01 0 20-200 1 ,0 

~M3~n 1-25 0,005 30-60 1011 150 10,0 

EBIS 1 0,05 E "104 1 011 1-10 0,6 
e 

108 
DP 100 1 10 10-100 0,6 

B ~~p 0~~~ 6~n0 P03P060TOHO ~ C03AOHO CIIICTBMO BHBWHe~ \IIH~BHU~\11 

ny~KO An~ UIIIHnOTPOHO Y-200/ 1Gf. HO STOne 30nYCKO C\IICTBM~ ~CnOnb30BOnCft 
B~COK040CTOTHM~ ~CT04H~H \IIOHOB, \113 HOTOPoro 6~11 nony49H ny40H ~OH08 

He+ C ~HTBHC~BHOCTb~ AO 100 MHO \II 3M~TTOHCOM 130 MM•MPO,II. C ero nOMO~bm 

6MnO npOBBABHO HOJIOAHO C~CTBM~. 3~~8HT\IIBHOCTb TPOHCnOpT~pOBH\11 ny4HO OT 
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OHOn~3Mpym~ero MOrHMTQ AD HOHB4Horo PDAMYCO YCKDPBHM~ COCTOB~na 8%. B 

AOnbHB~WBM ~cnonb30BOnCH MCT04HMK TMOO AYOO~fOTPOH 1 OHOnor~4H~A OO~COH

HOMY B paGore/l?/. ~CROnb30BOHMB 3TOfO ~CT04HMHQ OGecne4~flO OPOBBABH~e 
~~3M4BCK~X SKCRBPMMBHTOB HO RY4KOX yCKOPBHH~X MOHOB He+ M D~ C AOCTO

T04HO B~C0KMMM MHT8HCMBHOCTHMM 1 0 TQKIB M3Y4BHMB OCOGBHHOCTeA.TPOHC

ROPTMPOBKM B KOHOne BHBmHeA MHMBKUMM M 30XBOTO B YCKOPBHMB 0Y4KOB C 
MHTBHCMBKOCTbm AD 1 MA. 

8 HOCTOHIIIBB BpBMH 8 naCiopaTOPMIII po3p000TOH MHIIIBKTOp C AYrOB~M MC

T04HMKOM MHOr030PHAHYX MOHOB/ 18/. ~COOnb30BOHMB 3Toro MCT04HMHO 00380-

flMT nony40Tb YCHOPBHH~e ny4HM MOHOB B A~OR030HB OT He AD Ar 1 8 TOM 4MC

ne MOH~ TBBPA~X BBUIBCTB npM MCnonb30BOHMM ~CT04HMHO C KOTOAHUM.POCnW
nBHMBU POG04BrO BB~BCTBO. 6nOK-CXBMO MHIBHTOPO RPBACTOBnBHO HO PMC.7. 

PMC.7. 0CHOBHYB_ SnBMBHTW MHIBKTQpO. 1 - MOHHWA MCT04HMK, 

2 - 3flBKTPOMOrHMT 1 3 - TPMOnBT HBOAPYOOnbH~X nMH3 1 

4 - GnoK AMarHoCTMK~, 5 - MOrHMTHOH nMHJa, 6 - OHOnMJM

pym~MA uorHMT, 7 - BOKYYUHWA ~OCOC. 

~CT04HMH MOHOB An• MH.BKTOPO cnpOBKTMPOBOH HO OCHOBB ~nK/S/ C MCnOnb-

30BOHMBM ORWTO poGOTW C U~HnOTPOHH~MM MCT04HMHOMM C KOTOAHWM pacnwne-

HMBU po604ero BBmeCTBO. ronOBKO MCT04HMKO HOXOAMTCH HO BYCOKOU non~IM
TBnbHOM ROTBHU~One (aT 11 AD 20 KB B 30BMCMMOCTM OT TMOO MHMBKTMPYB~WX 

MOHOB) M PO~MBIIIBHO 8 3030PB C-00P03HOrO 3nBHTPOMQrHMTO.C ROnBM 8 UBHT

pe AO 4 K3. ~3BnB4BHMB M H040nbHOe ~OPUMPOBOHM8 ny4KO OCy~eCTBn•erc• 

TPBX3nBKTPOAHO~ C~CTBMon no CXBMB "ycKopeH~B-30MBAnBHHB". AnR HOMOeH

COU~~ OTHnOHH~~ero ABRCTBMH MOrHMTHOrO OOnH SSBABH 3nBKTPOCTOTM4eCKH~ 

HOMOBHCOTOp (~MnbTP 8MHO). 
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Op·OBB,D,eHbl TBCT0Bbl8 OnbiHI no ~HHl8Kl.I~'U1 nyi.IKO ~OHOB He+ L-13 BHBWHero 

~HHleKTOpo B li~HflOTPOH Y-200. B HOCTOR~ee BPBMR npOBOARTCR L-1CCflBAOBOHL-1R 

C l.IBflbffi onTL-1ML-130l.IL-1L-1 XOPOKTBPL-1CTL-1K ny4KO HO BXOAB B KOHOfl BHBWHB~ L-1HIBK

l.IVIJ.o1. 
B PB3YflbTOTB 20-~eTHL-1X po3po6otoH ~ ~ccneAOBOH\11~ Jr1CT04H\r1KK lr10HOB 

C 3flBHTPOHHO-l.IL-1KflOTPOHHbiM pe30HOHCOM (3UP) CTOfl\11 A0Cl0T04HO sm~eKT~B

HMM Jr1HCTpyMeHTOM Afl~ nOflY48HJr1R L-1HT8HC~BHbiX ( ~ 1011 L-10HOB B CBKYHAY) 

ny4KOB BbiCOHO::iOPRAHbiX { Z :> 15) KOHOB. B HOCTO~~BB BPBM~ C03AOHO ~OlleB 

30 ir1CT04Hir1HOB L-10Hoe AnR YCHOP1r1Tene~ 1r1 Jr1ccneADBOHL-1~ no OTOMHO~ ~Jr13K

He/19,2D/. 

B 3UP-1r1CT04Hir1Ke Jr10HOB c noMombm cynepno3Jr1l.llr1Jr1 npoAoflbHOro MOrHL-1T

Horo nonR npo604HO~ KOH~Jr1rypol.IL-1L-1 L-1 PDAL-10flbHOro Myflbllr1nOflbHOrO (B OCHOB

HOM CBHCTynonb) MOrHL-1THoro nonR C03AOBTCR TOK H03b1B08MOR B-ML-1Hir1UYM• 

CTpyKTypo MOrHir1THoro OOflR. EcnL-1 B nR03MY, HOXOAR~YffiCR B TOHO~ KOH~L-1-

rypol.l~\11, BBOAJ.o1TCR COOTBBTCTBYID~QR Mlr1KPOBOflH08QR MDmHOCTb, TO SflBKTPOHbl 

nno3MW YCKOpfl~TCfl npM npoxomA•""" ro•e• nosepxHocr•, Ho Horopo~ nopMo

poecHOR 40CTOTO SflBHTPOHOB POBHQ 4QCTOT8 MVIKPOBO~HOBOro reHBpOTO~Q.
 

B P~3YflbTOT8 CTOXOCTJr148CKOf0 HOrpeeo np\11 MHOrOKPDTHOM nepeCB4BHJr1Jr1 no

BBPXHOCT\11 P830HOHCO Jr1X- 3Heprlr1R B03pOCTOBT AD HBCKOflbKL-1X KaB. 6ROfOA0PR 

MBAflBHHO~ AK~mY3L-1L-1 nn03Mbl BAOflb npOAOflbHO~ OC\11 CTPYHTYpbl AOCTL-1rOBTCR 

6onbwoe epeMR B30ir1MOAB~cTeL-1R Jr10HOB c "ropR4Jr1ML-1" sne~TPOHOM\11. ToKVIM o6-

po3oM Jr10Hbl .AOCTJr1fQffiT B~C~H030PRAHbiX COCTORHL-1~. CoepeMBHHWB Jr10HHb16 .Jr1C

T04Hir1H\r1 COCTORT \113 ABYX KOMBP Jr10HJ.o130UJ.o1Jr1. B nepeo~ o6p03YBTC~ XDflOAHOR 

nfl03MO, HOTOPOR APB~~yeT BO BTOpym ClyneHb, 8 KOTOPO~ ocymecTBflRBTCR 

MHOrOCTynBH40TOR Jr10HJ.o130l.l~~. B HnCTOR~BB BpBMR \113 TOK~X L-1CT04H~KOB no

flY40WT TOKHle \11 ~OHM TBBPA~X ee~eCTB. 8 Ta6~~l.le 5 nPBACTOBfl8HY pe3y]b

TOT~ CTBHAOB~X L-1CCfl9AOBOH~~ 3UP·~CT04Hir1HO (16 111.1, 10 KBT) B rpynne 

P.mennepo • lpeHo6ne1 191. 
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P~c.B. CXeMO MOKera ~CT04H~KO 

C 9UP•HarpeBOM 3ftBKTPOHOB HO 

40CTOTB 2,45 II~. 



~CTO~···· MOHOB 3UP-TMOO P03PO~OTWBO.TCR B CCCP B YKMBBPCHTBTB 
nPY•~w HOPOAOB.MU, O.!yuyu~w/ 21 / M B !HP O~H~/22 /. Ho PMC.8 noK030HO 

CX6MO MOH8TC ~CT04H~HO ~OHOB C 3UP~HorpeBOM aneKTPOHOB HO 40CTOTB 

2,45 rr4, ~03PO~OT~BOBMOro AnR 4~KnDTPOHO·Y-200 c uenbm nony4BH~R ny4~ 
HOB MHOr030PRAHbiX HOHOB nerKMX SnBMBHTOB C OTHOWBHMBM MOCCbl H 30.PRAY 

B AMOn030HB A/Z = 2-5. ~0 PMC.9 ~PHBBA6HO 30PRAOBOB pocnpBABnBHMB M 
nOH030HO 803MOMHOCTb nony4BHMR MOHOB N)+, 

To~nMQO 5. BWXOA MOHOB M3 

3opRA MOHOB 

160 40Ar 

6+ 300 
7+ 60 
8· 10 300 
9+ 200 

11+ 120 
13+ 35 
16+ 2 
17+ 0. 1 
18• 0,005 
20+ 
24+ 
26+ 
28+ 
30+ 
32+ 
34+ 

10 

PMC.9. 30PRAOBW~ CneHTp MOHOB 

030TO M3 MOKBTO 3UP-MCT04HMHO. 

3UP-MCT04HMHO MOHOB 

TOK MOHOB 8 MKA 

84Kr 1JOxe 

50 
40 50 

30 40 
12 40 
3 20 

10 
0.1 3 

2 

0.1 



4. 3.1eKTMBHOCTb MOHHYX MCT04HMKOB 

An~ nony4eH~H nY4KOB ycK6peHH~x ~oHos PBAK~x ~ POA~OOKT~BH~x ~3o~ 

ronOB HB06XOA~M~ B~COK03~~BKT~BHMB ~OHHMB ~CTQ4H~K~
. 3TO rpeDOBOH~B 

CTQHOB~TCH OC06BHHO BOmH~M np~ ~Cnonb30BOH~~ AOPOrOCToRm~x ~30TOnoa, 

Hanplr1MBP 48ca lr11llr1 Bb!COKOPOA~OOKT~BHbiX, TOH~Ji~ KOK 14c. np~ YCKOOBH~~ 

~OHOB TOKC~4H~X 3Jl8MBHTOB, HOnplr1Mep, Be, B C11J40B BMCOKO~ 3~~eHTlr1BHOCT~ 

lr10HHOrO lr1CT04Hlr1HO MOmHO ~Cn01lb30BQTb p0604lr1B MOT8plr10Jlbl C 601188 Hlr13H~M 

coaepH<aHlrleM YCKOPflBMoro aneMeHTO. 

OcHOBHMe pa6orM c ~OHHb1Mlr1 ~CT04Hlr1HOMlr1 HO U~KnorpoHe Y-400 6blnlr1 

CBR30HM C nony48Hlr1BM yCKOpBHHbiX ny4HOB lr10HOB o6orameHHbiX ~30TOnOB OT 

26Mg AD 76Ge. 

ny4Klr1 lr10HOB yrnepOAO - 14 6bln~ YCKOpeH~ HO ~lr1HJIOTPOHB Y-300 C 

lr1cnonb3oaaHlr1eM PDAlr100KTlr1BHoro ro3o 14co2
• B ro6n.6 ~ HO Plr1c.10 npoeo

Alr1Tc~ cpOBH8Hlr18 s~~eKTlr1BHOCT~ lr1CnOJI~30BOH~R HBKOTOPMX pa60ij"l .aemeCTB 

a AYroaoM 111 3UP-lllcro4H~Hox lrloHos/23/. 

To6n1r1uci 6. CpoBHlr1TB1lbH~e AOHH~e a~~eHTlr1BHOCTlr1 lr1cnonb30BOHlr1R 

HBHOTOp~X pa6o4lr1X aemecTB B AyrOBOM ~ 3UP• 

lr1CT04H~HOX lr10HOB 

~OHH•R 
lr1CT04HLo1H 

wnK 

3UP 

~OH 

14c2+ 

26Mg3+ 

40Ar8+ 

48Ca6+ 

132xe13+ 

13N+ 

40Ar8+ 
4Dca11+ 

4Bc 6+ 

8 T06n.6. Eis 

E;s r-'V"'-p<CIG;;-~ 
Q~ECR 

.6,m/.1.t, 

Mr/40C 

4,4 

4,0 

2,1 
1 8 

i Ni 
• -N-

0 

Q 
CM-3 /M'" Eis 

0,03 1,5·10-
5,0·10-2 

0,6 
-5 5,5.-10 

1,0-10-2 

0,4 1,0·10-4 

0,6 

2,5·10- 1 

3,0·10-4 

6,0 ·10-4 

1 6 '10-3 

' E i 
t 

Ei . 
ac Eis 

P~c. 10. CpooHeHlrle a~~eHTlr1BHOCTlr1 ~cnonb-

30BOHL-1R HeKOTOPYX POd04lr1X BB~BCTB B ~RK• 

Lo1 3UP-lr1CT04HLo1KOX lr10HOB. 
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rAe E!a - s~~eKT~BHOC'b ~cnonb30BOH~A po6o4ero aemecreo npM nonyqeHMH 
~3 MOHHOrO ~CT04HMKO ny4KO MOHOB 1- ~ 30PRAHOCTM; N0 - 4~CnO QTOMOB 

po6o4ero aemecrao, noAoaoeuoro e PDJPAA a BA~H~UY apeueH~; N1 - 4~cno 

~OHOB 1-ro 30PAAO 8 OY4Ke; E! - nOnHOA 3~~6KT~8HOCTb ~CnOnb3080H~A P0-
604ero ae~ecrao; E;c - s~~eKT~BHCTb ycKopeH~A H rpoHcnopr~poaKH ny4HO. 

5. 30KIID'46HIII8 

~ccneAOSOHHA H an~T ~cnonb30BOHHA AYrOBOrO (~nK) H 3U~~OHH~X 
~CT04HHKOB AnA UHHnorpOHOB OOK03~BO~T 1 4TO C HX OOMO~b~ MOryr 6~Tb yc

OBWHO pemeH~ 30A04H 3~~6KTHBHOrO nony46HHA H yCHOPBH~A OY4HOB HOHOB 

B WMPOHOM AMOn030HB UOCC M 3HBPrM~. nyrOBO~ MOHH-~ MCT04HMH n03BOn~BT 

nony40Tb ~onee MHTBHCHBH~e ny4HH HOHOB nerKHX 3n8M6HTOB, 0 3UP-~CT04-
Hio1K AaeT C)'UtEICTBeHHoe noet>WeHIIIe 30PAAH0CTJ.t TAIIBnbiX MOHOB, 4TO 

00ecne4HBOBT nony46HMB donee BMCOKHX 3HeprH~ YCHOPBHH~X Oy4HOBo 
na3epH~R lo1CT04HHK ~OHOB RBnAeTCR nepcneKT~BHOR P03po6oTKO~ AnA 

HMnynbCHbiX yCKOPMTBne~, 3nBHTPOCTQTH48CK~X YCHo·p~Hene~, 0 TOKJe AMI 

HH*BKUMM YCKOPBHH~X ny4H08 8 HOKOOHTenM ~ OXnOAHTenH TR~enbiX MOHOB. 
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