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ITpnMeHeHne B HaepHoft ~nanKe sneKTpoMarHHTHbiX Macc-cerrapa~opoB 

anH paaaeneHMH cMecn paanoaKTMBHhlX aToMOB cymecTBeHHO yrrpomaeT 

uaeHTM~MKaUMio nccneayeM:brx siaep .u rroBbilllaeT. ee Haae)KHOCTh, a TaK)Ke 

ooner'!aeT paclliM~poBKY n nay'leHne crreKTpoB paanoaKTHBHbiX nany'leHMH. 

Hanoonee lliMpoKne B03MO)KHOCTM anH naeHTn~nKaunn n nccneaoBaHnH paan~ 

oaKTUBHbiX Haep o6ecne'IMBaiOT cneunanhHbie sneKTpoMarHHTHbie Macc-cena-

paTOpbi, HenocpetlCTBeHHO CBSI3aHHbie C YCKOpUTeneM,,MnM HAepHbiM peaK-

" TopoM. B TaKMX Macc~cenapaTopax,.nony'IMBlliMX Ha3BaHne; cenapaTopoB Ha 

ny'IKe"', npotlyKTbl HaepHbiX peaKUMH1 oopaayiOlliMeCH B MMllleHM not:t t:teH

CTBMeM ycKopeHHbiX aapsr)KeHHbiX 'laCTHU MnM HeHTpOHOB, Ob!CTpO orilenHIOT

CH TeM HnM MHbiM cnOCOOOM OT BellleCTBa MMllleHM n· BBOaHTCH B UOHHbiH 

ncTo'IHMK aeftcTByromero Macc-cenapaTopa. PerncTpauuH M ncc~et:toBaHne 

nany'leHMH~· conpoBo*aaromnx pacnaa cenapnpoBaHHbiX no MaccaM .p~anoaK

TMBHbiX aToMoB,, ocymecTBnHIOTCH cpaay *e no Mepe nx paaaeneHnsr c no

MOlllhiO C'I~T'IMKOB SiaepHbiX nany'IeHMH, ycTaHOBneHHbiX B CaMOM cenapa-

Tope nnn HenocpeacTBeHHo pHaoM. 

B ·HacToHmeft paooTe npnBotlHTCSI peaynhTaTbi sKcnepnMeHTOB· c npn

MeHeHneM oaHoro na TaKnx cerrapaTopoB - sneKTpoMarHMTHoro Macc-cenapa

Topa Ha ny'IKe TH)KenbiX MOHOB (3MCHAITTI1) - no naeHTM~HK8UMM n· uc-, 
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cnenoBamno. pannoaKTHBHhiX cBoiicTB HeKoTo;:biX rrponyKTOB SIJlepHhiX peaK

unu, Bbl3biBaeMb!X TSimenb!Mll llOH8Mll, 

j /1-3/ 
ITonpoqHoe orrncaHne 3MCHAITTI1 6bmo naHo B pa6oTax • IToa-

TOMY Hnme,IIpllBO):lllTCSI nHllib CXeMti ero neifCTBllSI, 

fly'IOK TSimenbiX llOHOB0 YCKOpeHHb!X B UllK~OTpOHe Y -300, 6oM6ap

nnpyeT TOHKYJO MHllieHb0 YCT8HOBneHeyiO B OKHe pa3pS!JlHOH Ka~epb! llOHHOI'O 

ncTO'IHHKa Macc-cerrapaTopa, ITon neiicTBneM nMrrynhca, rrepenaaaeMoro 

6oM6apnnpyiOIIlllMH '18CTllU8MH0 IIpOilYKTbl SI):lepHb!X peaKUllH BbJ6llB8JOTCSI 

na MnllleHn n aanepmnaaJOTCSI MeTannn'IeCKliM cTorropoM, narpeTbiM. no 

Bb!COKOH TeMrrepaTypb!o 3TOT. CTOI!Op O):lHOBpeMeHHO llCIIOnb3yeTCSI ll KaK 

aMnTTep aneKTpoHoB raaopa3pSinHoro noHHoro ncTo'IHHKa, BHenpeHHhle 

B. CTOI!Op 8TOMb!0 a T8K:)K9 I!pOJlYKTbl SIJlepHbiX · peaKUHH, o6pa30B8BllilleCSI 

B P.eaynbTa~e HerrocpencTBeHHoro o6ny'IeHnSI cTorropa TSimenhiMn noHaMn, 

6bJCTpO nntlJ<jlyHJlllpyiOT K ero IIOBepXHOCTHi llCI!apSIIOTCSI ll IIOJ1a):laJOT B 

aneKTpn'IeCKllH I'830Bb!H pa;pS!Jl, llanee ll3BeCTHb!M o6pa30M i~OHll30BaH-

Hb!e 8TOMbl ll3BneKaJOTCSI ll3 llOHHOI'O llCTO'IHllKa, _.YCKOpSIIOTCSI 

aneKTpn'IecKnM rroneM, paanenSIIOTCSI no MaccaM Mai'HHTHb!M aHa-

nnaaTopoM n co6npaiOTCSI Ha rrpneMHoit rrnocKocTn cerrapaTopa. Pacrran 

cerrapnpOBBHHbiX 8TOMOB ):leTeKTHpyeTCSI rronyrrpOBC>IlHllKOBb!M a -C•JeT'Ill

KOM0 pacrronomeHHhiM Ha' rrpneMHOH .rrnocKocTn, 

B .nacTOSIIIleit pa6oTe c rroMolllbJO 3MCHAITTI1 nnenTn<jlnunpoBamicb 

n ·nccnenoaanncb a .-aKTHBHbie n3oTOIIbi BllCMyTa c MaccoBbiMn 'tncnaMn 
/4-6/ . 

A = 192-tl97. PaHee aTn naoTOIIbi nneHTn<jlnnnpoaanncb KocBeJIHbiMll 

MeJiee OllH03Ha'IHblMll CIIOCo6aMn: 'MeTOilOM rrepeKpeCTHbiX Slll9pllb!X peaK-
,,' .... 

unit n MeTonoM <jlyHKunii Boa6ymnennSI, MeTonnKa nneHTn<jlnKaunn n nccne-
/ 7/ ........ . 

llOB8HllSI0 llCIIOnb30B8HH8SI. B 1 .He ll3BeCTJia, 

I1aoTOIIhi Bncr-.;yTa rrony'Ianncb B peaKunSix 

lStTa +20 Ne,, ., 20t._x Bi + xn 

.·_,7 ~ 
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rne X' = 4.;-9. B Ka'IeCTBe MHl!IeHH npHMeHsrnacb 3-MHKpOHHasr TaHTanoBaSJ 

' ' 
ljlonhra, a TaKme CaM CTOnop, H3I"OTOBneHHb!tl: Fl3 nHCTOBOI"O TaHTana TOn-

IIIHHOIO;; 0,2 ·MM. 3HeprHsr HOH~B 20 Ne , 6oM 6apn~PYIOIIIHX MHl!IeHh 
1 
cocTaB

nSJna · 2QO M a B. 

nnSJ npeJlOTBpaiiieHHSJ Cop6UHH · · TpyJlHOneTy'IHX npOJlYKTOB SIJlepHb!X 

peaKUHfi Fl nponyKTOB HX paJlHOaKTHBHOI"O pacnana B 9THX OnbiTaX nepma

Tenb MHIIIeHH, BhmonHeHHbifi H3 Mo~ir6neHa, 'H TaHTanoBasr: MHIDeHh He oxnam:.. 

nanHCh BOJlOHt B pe~yithTaTe 'Ief"O OHM HarpeBanHCh JlO Bb!COKOH. TeMnepa-
. 0 -. " 

Typhi ( .. 2000 C) TennoBbiM HanytieHHeM, .HcnycKaeMbiM aMHTTepoM aneKT-·- ~ ... -· . ~ .· 

pOHOBo 

Ha npHeMHYIO rrnocKOCTh Macc-cenapaTopa OJlHOBpeMeHHo nocTynanH 

HOHhi c MaccoBbiMH 'IHcnaMH B HHTepBane oT A = 180 no A = 210. Ka-

, nH6pOBKa H KOHTpOnh l!IKanbi MaCC ITpOH3BOJlHnHCh no nytiKaM 0JlH03apSIJlHbiX 

FIOHOB TaHTana ( A = 181) H OKFICFI TaHTana ( MOneKynsrpHblfi Bee 197) t 06-

pa3y!OIIIHXCSI B peaynhTaTe ' HCnapeHHSI H KaTOJlHOI"O pacnhlneHHSI TaHTanoBOI"O 

cTonopa. 

nnSI H)leHTH¢HK8UHFI ITpOJlYKTOB SIJlepHhlX peaKUFIH BXOJlHOe OKHO noBepx

HOCTHo-6apbepHOI"O KpeMHHeBOI"O C'I~T'IF!Ka _nepeMeiiianOCh ~JlOnh npHeMHOH 

nnOCKOCTFI Macc-cenapaTopa. nepeMeiiieHHe C'I~~'IF!Ka F1 OTC'I~T KOOpJlHHa

Tbl ero nonomeHHSI no OTHOl!IeHHIO K MapKHpy!OIIIHM FIOHHbiM ny'IKaM _9CYIIIeCT

BnSinOCh . caapymH npHeMao' f!: KaMe phi Macc-cenapaTopa. 

11MnynhChi c nonynpoBOJlHHKoBoro C'I~T'IHKa nocne _ ycHneHHSI nonaBanHch 

aa 4096-KaHanhHhiii aMnnHTyJlHO-BpeMeimoil: aHamraaTop nnSI H3MepeHHSI 

aHepi"H!J HcnycKaeMbiX npOJlyKTaMH peaKUHii a -'IaCTHU ( 512 KaHanoB) H 

FIX nepHOilOB nonypacnana (8 KaHanoB). npH H3MepeHHH nepHoJloB nonypac

rrana ITy'IOK HOHOB H3 FICTO'IHF!Ka Macc-cenapaTopa nepHOJlH'IeCKFI npephlBanCSI 

C noMOIIIhiO OTKnOHSIIOIIIero KOHJleHCaTopa. 
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PesynhTBTbi onaoro ns sKcnepHM eH'l'U'f.l no onpeneneHHIO MaccoBbiX 
'- ' . 

. . . • • 181 20 
qncen H H3MepeHHIO aaeprHH a -'IBCTHU npoJlyKTOB, peaKUHH Ta ,+ Ne . ,. 

naiOTCH na puc. 1. Ha pncynKe npeJlCTaanoHbi , ~mopreTH'IeCKHe cneKTpbi 

a . -'18CTHU1 nony'IOHHbiO llpll pa3MOIUOHHH OKH8 C'I~·T'IHK8 B QJOKyCaX 

ITY'IKOB HOHOB COOTBOTCTBOHHO C M8CC?BbiMH 'IHCnaMH OT A = 181 llO 

A = 198. nnli Kamr6pOBKH IUKanbi aaeprn:il: aaann:saTopa n:cnonb30B8nCli 
241 . 243 . 242 . 244 . ,• . ' 

SlTanoH H3. Am . , Am . 1 Cm H Cm , H8H6onee HHTOHCHBHbiO 

nHHHH. a. -CITOKTpa KOTOpblX HMOIOT 3Heprn:IO COOTBeTCTBOHHO 5,49; 5,28;. 
' /~ ' 

6,12 n: 5,81 Msa • 

ITony'leHHbie B onn:cbmaeMbiX sKcnepn:MeHTax CY¥MapHbie llBHHbie, 

no :;meprnn a -'laCTHU ( E a ) , nepn:o)laM nonypacnana ( T~ H H)lOH-

THQJHK8UH,H ITpOllYKTOB peaKUHil: npHBO)lOHbl ~ neBOil: 'IBCTH · Ta6nHUhlo 

I1neliTHQJUK8UHli Ha6niO)l80MbiX a -BKTHBHbiX SIJlOp !<BK H30TOITOB sne-· 

MOHT8 BUCMyTa OCHOBbiBanacb H8 cneJlyiOIUHX o6CTOHTenbCTBBX: 

a) ITpn: o6nyqean:n: . 181 Ta ironaMn: 
20 Ne B pesynbTaTe .peaKun:il: 

nonuoro n: nenonaoro cnn:HHHH 6oM6apnupyiOIUeil: qacTUUhi c HnpoM_ . Mn:mean 

Mornu o6pa30B8TbC:li TOnbKO HeiJ:TpOHOJleQJHUHTHbiO . H30TOITbl BHCMyTa: CBHH

ua, Tannn:H "H 6onee 6nn:s·Kn:x sneMeHTOB, pann:oaKTHBHbiil: pacnan KOTOphiX 

( a -pacnan n:nn , aneKTpOHHhiil: saxaaT) ne Mor npn:Bonn:Tb K o6pasoBa

HHIO ·6on~e )laneB:n:x; 'IOM cBn:neu, aneMeHToB. 

6) PallHOBKTHBHbie CBOiJ:CTB8 H30TOITOB CBH~Ua H 6onee 6nH3KHX 

aneMeHTOB c MaccoBhiMH 'IHcnaMn: A =· 192.;197 B Toil: qacTn; B. KaKoil: onn 

/8/ /7/ . ' . ' 
H3BOCTHbl ( CM. 1 a TBK)I(O -) 1 HO · COBIT8)l8IOT C p8llH08KTHBHbiMH CBOiJ:CT-

193 
BBMH na6niO/l80MblX a -nsny'laTeneil:. nnli HOH3BOCTHOrO li,!lpa Pb 

0)1(HJl80M8li H3 3KCTpanonliUHH 38KOHOMepHOCTeiJ:' a _-paCIT8Jl8 3Hep~Hli 
. . ·.::._, ' ' 

a -'IBCTHU He -.!l0n)I(H8 npeBb!lll8Tb ' 5 Maa, 'ITO cymecTBOHHO ornn-

qaeTCH oT saa'lennil: 5,95·· n 6,50 M9a, nail:JleHHhiX .unH a -n:sny'laTeneil: 

c A = 193. 

._.;·;; 
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I1Jl9HTHqlliK8UH.II 1I9KOT0pb!X a -rrepeXOJlOB K8K rrepeXOJlOB H3 M9Ta

CTa6n:nhHblX COCTO.IIHHfi .IIJl9p C)lenana IIp9JliiOnO)KHTenbHO H8 OCHOBe COIIOCT8B

neHH.II 31Ia"!eHn:fi aHeprn:n: n:crrycKaeMhiX a -qacTn:u. 
""~ a· ripaBOfi "!8CTH Ta6nHUhl • I!p9JlCT8Bn9Hbl H3B9CTHbi9 H3, nn:TepaTyph! 

aHanorn:"l!ihie naHHhie< 

B 38KniO"l9HH9 aBTOpbl Bblp8)!(810T 6naronapHOCTb aKa)leMHKY r.H.cllne

pOBY H E ,n~Bop06beBy 1 IIOJl pyKOBOJlCTBOM . KOTOpb!X _ 6bma Bh!IIOnHeHa 

nacTO.IIIIIa.ll pa6oTa,''!').BTOphi 6naronap.IIT T8K)Ke H.C.11BaHoBa, E.r.·3opn:na, 

OM 3afi Xyna aa rroMOIIIh .a J]POBenenn:n aKcrrepnMeHTOB n: rpyrrrry aKcrrnya

Taunn unKnoTpoua 'Y-300 ··B·o rnaBe c E.A.~3arepoM. · 
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