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1.1,eJiblO _npoeKTa »BJl!le'fC» lfCCJJe)lOBa.Ime MeXattlf3Ma »Aepuoii M)'JlbTH!pp~e~Taunn B 

»JlpO•»A<:pllblX coy)lapeHIUIX npn npoMexyfO'IHblX If Bb!COKHX 3HeprIDIX. 3'fo. HOBblll Tlfll 

pacna)la, npu KOTOpOM ua6JJIO)laerc.ll MHO)KeCTBeHHa» 3MHCCH» ippan.i:eHTOB C MaCCaMlf 

T»lKCJiee, 'leM y a-'lacrnu If JJef'le OCKOJJKOB )leJJeHn»[IJ_ MyJILTH!ppruMeHTalllf», .llBJJMCb 

OCIIOBHblM KaHaJIOM pacna)la BhlCOK,OB036YJK)leHHhlX aiiep, 11pon~.X.O)llfT IIOCJJe 6bICTporo 

pacnmpemra »Aep 11pn IIJlOTHOCTlf, cymeCTBeHHO MeHbIIIell, 'leM HOPMaJibHa». Ilo)lpo6ttoe 

lfCCJie)lOBaHI!e 3TOI'O MeXa.Illf3Ma )leB036YJK)leHn» )laer Ka'leCTBeHHO HOBJIO lfH!pOpMaQlflO O 

cBoricrBax »Aepuoro ~Ill~Ba rrpH HH3KOH IIJloTHocrn. CyiuecrByroT TeoperH'lecKHe 11peA-

11oc&DIKH K TOM)', 'ITO MyJlbTH!ppan.i:eHTaun» CB»3a.I!a ,c <pa30Bb!M nepeXO)lOM "lKH)lKOCTb-

ra3" B ~Aepttoii MaTepnn. · 

IIpeACTaBJJ»eMbIH npoeKT· »Rllilerc» 11po)lomKe11neM 11poeKTa <l>A3A, 11a'1aBIIIeroc» B 

1991 I'OAY CO3JlattHeM 47t - MHOI'O)lCTeKTopttoii yCTattOBKH <l>A3A121• B Hacro»mnii MoMeHT. 

B 3KCIIJ1yanmnn B MHpe naxomrrc» OKOJJO )l!OlKHHbl 41t-yCTattOBOK, Ha KOTOphlX 3KC11epn~ 

MeHTaJibHOe HCCJle)lOBaHHe M)'JlbTH!ppruMeHTaQHH llpOBO)lHTCX C HCIIOJlb3OBattHeM T»lKeJJO

HOHllbIX rryqKOB. B 3TOM. npoeKTe Mhl nc11onr,3yeM JJerKHe 6oM6apAHPYIOIUHe ~pa <>T 11po

TOHOB )lO ymepo,ua 11pH peJJXTHBHCTCKHX 3HeprIDIX )lJ1X HaMIO)lCHH» M)'JibTH!ppfil'M(:HTaUIIH . 

cneKTaTOpOB »)lep T»:lKeJJbIX MHIIIeHell. Ha.III BbIOOp HMeeT )lBa OCHOBHbIX llpeHMymeCTBa: ' 

1. Bee ippan.i:eHTbl B03HlfKa.IOT IIpH pacrra)le B036YJK)leHHOI'O CIIeKTaTOpa MHIIICHH, o6pa-

3JIOilleroca Ha 11epooii CTa)lHH peaKQHH B pe3YJibTaTe, BHYTPH».D:CPHOIO KacKa)la. T.e. 

HCTO'IHHK O)lHH, B OTJllf'IHe OT CJJyqa» HCIIOJ1b3OBattlf» IIyqKOB O'leHb TX:lKeJJbIX HOHOB, 

KOr,ua HCTO'IHHKOM !ppruMCHTOB MO)KeT 6bITb Ka.IC MlflIICHb, TaK n 6oM6ap.D:HPYIOilla»: 

qacrnua. 

2. .D:HHaMH'lecKHe 3q>!peKTbl, CB»3a.IIHble co C:lKaTHCM a,uepHOI'O BellleCTBa H yrJJOBbIM MO

MCHTOM cncreM&I, HecymeCTBeHHbI B ~TJJH'IHe . o-i: peaicunll c TX:lKeJJhIMH HOH~.· T.e. B 

HaIHeM cnyqae 11pouecc Moxer 6&rrb _cmncatt _B TepMHnax TepMOJIHHaMHKH. "Te11J10Baa" 

MyJibTH!ppruMeHTaIIn» He HCKaxeHa )lHIIaMH'lecKHMH 3q>!pCKTaMH. Ha.inn HCCJlC)lOBattlf» 

,[{aIOT )lOIIOJlHHTeJJbllYIO HH!pOpMalllflO K 3KCIIepnMeHTaM C TX)KeJJblMH HOHaMII, H cpa.Il

HCHHe C HHMH IIO3BOJ1HT OTJleJJXTb BJIH»HHe cxaTn» H Bpa.IlleHn» a.upa Ha rrpouecc 

M)'JJbTHippan.i:emaunn. 

Mo,uepHH3a{llf» YCTaHOBKH <l>A3A, IIpoBe,!leHHe 3KCIIepHMCHTOB Ha Il)"IKax ttyKJJOTpOHa 

Jla6opaTOpHH BhlCOKHX aueprnii n o6pa60TKa )laHHbIX 6y,uer llpoBO,UHTbC» B COTPYJlllH'leCT

Be CO CJJC.D:YIOilllfMlf HHCTHTYTaMH: . 

1. PoccnikKHi'1 nayqnhIH ueHTp "Kyp'laTOBCKHM.HHCTHTYT" (MocKea). 

2. 11HCTHTYT »)lepnoii !pH3HKH. TexHH'lecKOI'O yttHBepcnreTa (.IJ:apMIIITa)lT, fepMattn»). 

3. 11:nCTHTYT »Aepnoii ipH3HKH (KpaicoB, IlOJJbIIIa). 

4. l111CTHTYT a,uepnhIX ncCJJe)loBaHHH (MocKBa). 

5. YunBepcHTer AiioBbI (IIITaT AiioBhl, CIIIA). 
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0CHOBHbie pe3yJibTaTbl npoeKTa <I> A3A, cp1rn1qecKoe 

o6ocHOBaHHe ero pa3BHTHSI 

IlyqKJI peru!THBllCTCKHX_ mlep 1103BOJIBIOT HCCJie)lOBaTb OTKJIHK .11nepHoii CHCTeMbl Ha 

CHJlbHOe H3Meiiemfo TeMIIeparypbi H IJJIOTHOCTH, T.e. H3)":IaTb ypaBHeHtte COCTO.IIHIUI .11nep

HOH MaTepnu. Han6o.ii~ HHTepectthIH . acneKT 3TOH 3a,aaqu CB.113aH C IIOilbITKaMH o6uapy

:iKUTb ClllliaJlbl qla30BbIX nepeXO)lOB. B H~CTO.IIIIJHii M0MeHT. CYIIJeCTBYJOT ·TeopcruqecKHe 

pa3pa6cmm pll3JIHqHbIX BapllaHTOB qlaJOBblX nepeXO)lOB, KOTOpbie MOiyr peaJIH30BaTbC.II B 

.11nepHOM BeIIJeCTBe. Hain HHTepec cocpenornqeH Ha llCCJie)lOBaHllH CBOHCTB CHJ1bHOB036)'lK

)leHHbIX (E' ~500 M3B) T.11::KeJihIX »iep npu IJJIOTHOCT.IIX,MeHbIIIHX uopMaJibHoii,n TeMnepa

rypax T:=:;T,, iiie T, --- KpnrnqecKa.11 TeimepaTypa )l}UI qla30BOfO nepexona ::KH)lKOCTb-fa3 B 

MepHoM BeIIJeCTBe. OrneqaeTc.11 attanortt.11 Me::Klly .11nepuoii MaTepneii u raJ0M Bau-nep

BaanbCa, IIOCKOJibKY np:UT.11::KeHHe Me::K)ly HYKJIOHaMH CMell.lleTC.11 OTTaJIKHBaHHeM Ha MaJlblX 

paCCTO.IIHIUIX. YpaBHeHne COCTO.IIHll.11 MepHoro BeIIJeCTBa OKa3bIBaeTC.II BecbMa Il0XO:iKUM Ha 

TaKOBOe llllil raJa Batt-nep-BaanbCa; H, COOTBeTCTBeHHO, .B qiaJOBOH JlHarpaMMe HMelOTC.11 

o6rracru ·)Kll.llKoii, raJoooii qlaJhI u o6rraCTb Heycroiiquoocrn, rne npHCYTCTBYeT cMecb qiaJ. 

Ha pnc.1 3Ta o6nacrb Bbl)leJieua nooiiHoii IIITPHXOBKoii. 

CJle)lyeT O::KH)laTb, ~O pa30rpcroe MepHoe BellleCTBO, o6pa3YJOlll<:ec.ll B pe3yJibTaTe .ll)l

po-MepHoro B3aHMO)leHCTBll.ll (cneirnrnp MHIIIeHn); nona,aaeT B o6JiaCTb CilllllO)laJlbHOH 

HeCTa6HJJbHOCTH Ha CTa)lHH pacIIInpeHll.11 H pa3BaJIHBaeTC.II C 3MHCCHeii 60JibIIIOro 

Konnqecr11a HYKJIOHOB n HeCKOJihKUX qiparneHTOB (MYJibTttqiparMeHTaUll.11}. TaKHM o6pa

JoM; ncCJieJlOBatttte o6paJoBaHll.ll qiparMeHTOB npoMexymqnoii Macchi (IMF, 3:-:;;z:-:;;20) B 

.11npo-MepnbIX coynapeHll.llX B IIIHpoKOM )lllaTiaJOHe 3Hepmii .IIBillleTC.11 cpe)lCTBOM myqeHll.11 

ypaBHeHll.11 cocro»Hll.11 Mepuoro BellleCTBa npu T<15+20 M3B n rrnoniocrn 1mxe uop

MaJibHOii. 

YCTaHOBKa Cl>A3A,. llCilOJib3yeMa.11 B HaCTO.IIIIJee BpeM.11 Ha Il)":IKe CHHXpoqia30TpoHa 

OI-rn.11, cocroHT HJ ncreriopa MHO::KeCTBeHHOCTll qiparneHToB ():{Met>) n Il.llTH TeJiecKonoB

TpttrrepoB. ):{Met> BKJI10qacr 64 cui11rrHJIJIBUHOHHhIX cqcrquKa c IJJieHoqHbIMH Csl(Tl) 

(cpenH.11.11 TOJIIIJUHa 22 MrlcM2 ). TenecKOIIbI BKnJOqaroT JlBa ~E-ncreKrnpa (nponopuuoHaJih

HhlH cqcrqHK u uoHmauuoHHYJO KaMepy c ceTKoii Cl>pttIIIa) u nonynpooonnHKOBbIH cneK

TpoMcrp: ~E1 ~E2xE. TenecKonhI H3Mep.1110T JapMOBble u SHeprcruqecKHe cneKTpbI qipar

MeHTOB. J:{MCl> II03BOillleT onpe)leJI.IITb pacnpe)leJieHtte qJparMeIITOB TIO MIIO::KeCTBeHHOCTH H 

npoCTpaHCTBeHHYJO KapTHtty co6bITHH. IlOJIHblli TeJiecHbIH yron CHCTeMbl coCTaBJIBeT 90% 

OT 41t. 
3a BpeMli nporeneHll.11 3KcnepttMeHTOB ua YCTaHOBKe Cl>A3A HaKOIJJieHbl HOBble )laHHble 

no jJJlepHOH MYJibTHqJparMeHTauuu, KOTOpble KpaTKO CBO)l.llTCll K CJienyroIIJeMY: 

1. IloKaJaHO, ~o nerKtte pemITHBHCTCKHe Mpa .IIBIDIIOTC.11 He MeHee 3qiqJeKTHBHbIM cpen

CTBOM )l]l.11 myqeHll.11 MepHoii MYJibTmpparMeHTaUHH, qeM T.11::KeJible HOHbl. Ha puc.2 

npttBe)leHbl cpe,IIHHe MHO::KCCTBeHllOCTH. IMF, IIOJl)":ICHHbie ,llilll MHIIIeHH H3 
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Au Ha 

nyqKax npOTOHOB, Mep renIDI H T.11::KeJiblX HOHOB[JJ •. Ouu MH3KH, ~o YKaJbIBaeT Ha 

He3aBHCHMOCTb 3TOH BeJIHqHHbl OT ,IIHHaMHKH peaKUHH. Ilo-BH,IIHMOMY, oua onpe,11erui-
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eTC.11 cpa'30BbIM 061,eMOM K0Heqnoro C0CT0llllllll. Ha p11cyHKC npllBellellbl pacqeTbl cpem1eii 

MH0::KCl."TBCIIIIOCTII cpparMCIITOD ,II.JI.II coynapcmtii p+Au II He+Au B llByx KOM6111111poBa1lllblX 

M0)leJll!X. B nepBOH m HIIX 6bK"Tpyro CTallllK) B'3al!MOlleHCTBJI.II omtCbIBaeT MCllleJlb BHYTPII· 

imepuoro KacKaaa (BK), a pacnaa Bo36Y::KJleHHOro l!llepttoro ocraTKa (cneKrarnpa MHIIIeuu) -

cran1cr11qecKa.11 M0lleJib MYJihTttqiparMeHTau1m (CMM). Cornac11e c 3Kcnep11Me1IT0M 1nech 

IICY.II0BJieTBOpl!TeJibllOC: np11 ::mepmllx 11)":IKa >5 r::iB KaCKallllal! MOlleJib 1aBbJ11IaCT ::i11ep

m10 B016Y::KJlellltll cneKTaTopa MIIIIICIIII, qT() np!IBOllllT K '3aBblllICHIIIO <Mv.u>· Bo BTOpoii 

KOMfom~poBaHHOH M0,lleJIII 6b1CTpa.11 CTaJlllll BJ~IMO)lettCTBll.11 OIIIICbIBaeTCll B MOJlll!pllUllpo

BaHH0M rnay6epoBCKOM np116m1::Kcm111 (MD. Ll,rJl! pacqcra pacnana 0016Y::KJie1moro OC"Ta

n1q11oro .11npa c110Ba 11cnonh1ycrcl! CMM. B Mr 11MCeTcll mum coo6on11b1ii napaMcrp. 

OIIIICbIBaKJIIIHH 3Hepmro BCl36Y::KJiellllll 0CTaTKa. 3-ro II onpelle.JUleT XOpolliee cornac11e pac

q(,"fOB no Mr +CMM C ::>KCIICpllMCIITaJibllblMII 11a11HblMII no MII0::KCl."TBellll(l(,"fll B peaKUl!ll'x 

p+Au 11 4He+Au. Mon11cp11u11p0Ba1111oc rnay6epoBcKoe p~cnpeneJie1111c nacr 6oJJcc ancK

Ban10c pacupc,11ene1111c Ol."TaToqnbIX .11ncp no Macce 11 ::incpnm B0'36Y::KJICHl!ll. B :>TOM nae 

y6c)KJlaKJT II pc1yJlbTaTbl ll1Mcpc11u.11 KlllleTHqccKIIX 31Icprnii cpparMCIITOB. 
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Puc.2. Cpeimue MHOJKecTBeHIIOCTH IMF (11a ontto co6brrue qiparMe11Tauuu) B qiyttKUHH 

::iueprnH nyqKa. qep11b1e KBanpaTbI u KpYJKOK --- ttaum nattHbie ,llJUI p+Au u 
4
He+Au coyna

napettufi; KpeCTbI - ,llJUI qiparMeHTauuu Au, Bbl1Battudw 40Ar, 36Ar, 12C, poM6b1 - ,llJUI 
3He+Au (JmTepaTypa). ITyttKTHp --c pacqcr ITO BK+CMM, c11JIOIIIHaJ1 JIHHIDI - pacqcr ITO 

Mf+CMM (,llJUI nyqKoB pH 4He). . · 

2. Ha puc.3 npuocneu CITeKTp yrnepona m coynape1mfi p(8,l faB)+Au131• KpuBaii paccqu

Taua no Mf+CMM. CTan1crttqecKaa MOlleJlb npennonaracr, qTo pa1BaJJ cucreMbl npoucxo

llHT nocne pacIIIupeHIDI lUlpa 1a ·i;qcr Tel1JIOBOro naBJieHml, HO CKOpOCTblO pacIIIHpe11m1 v,xp 
MOJleJlf, npe11e6peraCT. T.o. cpaB11e1me H3MepellllblX cneKTpOB C pacqeniblMH nOJBOJlllCT 

ouenHTb ee BeJJnquuy: v < 0,03 c. 
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Pnc.3 311eprcrnqecK11ii: cneKTp yrnepona m coynape1111ii: p+Au. Jlu11IDI - pacqcr c ucnoJib-

10Ba1meM MOJ!HqJHUHpoBaimorn rnay6epOBCKOro ITpH6JIHJKeHHll H CTaTHCTnqecKOH MOJ[eJIH 

MYJibT11qiparMema1i1rn. 
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Ha puc.4 npencraBJieHbl cpemme ::iuepnrn IMF B cpam1e111rn c MOJleJibllhIMH pacqcraMa 

,llJUI p+Au npu ::iueprJlllX 2,16 faB II 8,1 faBl41• B11n110, qro Mf+CMM JiyqIIIe onHCb!BaCT 

3Kcnepl!MeHTaJlbllble JlaHHbie no Z=9. ,lLril! 6oJiblllllX z pacqCTHbJe 3HeprnH Bblllle 3KCITe

p11Mel1TaJJbllbIX. Mbl ITOJiaraeM, qro 3TO 11a6n10ne11ne YKa3blBaCT ua ueynaqy MOJ[eJibHOro 

nonyme111ll1, qTQ BCe qiparMellTbl HMeIOT OlllUlaKOBbie BepOllTHOCTII o6pil3oBaTbCll B JIIOOOM 

J[0cryIIIIOM MecTe CIICTeMbl B MOMellT pacITana. IlO-BllllHMOMY, 6onee TlllKeJibie qiparMellTbl 

C 6oJibIIIefi BepOllTHOCTblO o6pa3Y1QTCll 6JIHlKe K ueHTpy lUlpa-OCTaTKa H n03TOMY HMeIOT 

MellblllYIO ::i~eprn10 no cpaB11e11n10 c pacqcroM. 3'ro 11a6JI10nen11e nacr noITOJIHJITeJihHOe 

nonTBepJKJ1e11ne' MeXaHHJMY ofueMHOH 3MHCCHH qiparMeIITOB. OcHOBHoe J[OKa3aTeJibCTBO 

3TOro MCXaHHJMa naCTCll HalllHMH HJMepeHIDIMH BpeMeHHOH IllKaJlbl ITpouecca (CM. HHJKe). 

3. 3KcnepnMeHTaJJbHO ITOKaJatto, qro pa3BaJI 0016yx,nen11oro cne1frarnpa ii.eii:CTBHTeJihHO 

nponcxonnT 113 COCTOllHIDI C nOHHlKeHHOH 11JIOTII0CTb10 [SJ • 6b!JJO HJMepeHO pacnpeneneu~e 

OTHOCHTe.JlbllblX CKOpocreii: COBnanaIOJUHX qiparMeHTOB, paJJICTaIOJUHXCll B npoTHBOnOJIO)K

HblX 11anpaBJie11IDix (pnc. 5), ,M,ll coynapeunii: 4He(l 4,6 faB)+Au • .Hcuo, qro, qeM 60JibIIIe 

pa3Mep CIICTeMbl, TeM cna6ee ycKOpllIOJUee KyJIOHOBCKoe none, TeM MeHbIIIe CKOpOCTb 

qiparMe!ITOB H 11ao6opoT. AllaJJHJ 3KCnepnMeHTaJJbllblX 311aqe11nii: cpenHHX OTHOCHTeJibllblX 

KOpOCTeii: ITOKa3aJl, qTo 3MHCCIDI cpparMe!ITOB ITpoHCXOJ[HT ITOCJie 311aq11TeJibH0fO paCIIIH

peHIDI lUlpa (3a cqcr Tel1JI0BOro J[aBJieHIDI), cpenllllll 11JIOTHOCTb KOTOporo p(b) B MOMeHT 

pa3BaJJa · COCTaBJil!CT p(b )=( 1/3+ 1/6)\p(O). 
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Puc.4 Cpenllllll ::iueprJlll qiparMeHToB B peaKunu p+Au 2,16 r::iB (KBaJJpaTHbie rnun, 

ITyttKTllpHbJe JIIIHHH) H 8,1 f:;iB(KpyrJibJe TO~, CI1JIOIIIHbJe JIIIHHH). JlHHHH 

cooTBCTCTBYIOT TeopcruqecKHM pac'ICTaM: BK+CMM (1,2) u Mf+CMM (3,4). 
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Pttc.5 Pacrrpenenettne ITO OTHOCHTeJibHOH CKOpOCTll /llliI COBIIa)laJOm11x cpparMetITOB (H3 

coynapettttii: 
4
He (14,6 f::iB)+Au, pa3IICTruomttxcll non yrnoM 150-180° npyr K npyry. Bep

THKaJibHa» JIHHH» IIOKa3bIBaCT O)KH,llaeMoe IIOJIOJKCHHe MaKCHMYMa pacrrpenenettu», paccqn

TaHHOe /llliI HCIIapenu» C IIOBepXHOCTH »npa, HMeromero HOpMaIIbHY!O IIJIOTHOCTb. 

4. Ew1a rrpoBenena oueHKa BpeMenn JKH3HH t cpparnemnpyromeii: cncreMbl,06pa3yromeii:

cJ1 rrpH roattMoneii:CTBHH 
4
He(14,6 faB)+Au. 3ro cnenatto Ha octtoBe attantt3a pacrrpenene

nettn» COBIIanruomnx cpparMetITOB ITO OTHOCHTeJibHOMY yrny (pHc. 6)161• 

,:::;: 

.. ~1 :::;: 10 tt: 
(I) 

§f -- -c= 0 fm/c l::l - - - 't= 100 Ill ·o ·---- -c = 400 u .....••.. 't = 800 
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P11c.6 Pacrrpe)lenen11e C0Bna)laIOIUHX cpparMCHTOB 110 0TH0CIITeJibH0My yrny (KoppeJil!UllOII

Ha» cpynKUH»). JlHHllH nonyqeHbl B Pe3YllbTaTe pacqCTa /llliI pa3JIHqllbIX 3HaqenHii t - upe

MCHll :lKH3HH cpparnenrnpyromero »npa {qiM/c=3x10-
24 

c). 
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3a cqCT KYIIOHOBCKOfO BJallMOneii:CTBH» MC:lK/lY cpparneHTaMll IIOllBJICHlle nByx C0Bna

na10m11x cpparMe!ITOB C MaJ(blMII OTII0CIITeJibllbIMII yrnaMII nona.BJie!IO. Mepa 3TOfO nonaB

JieHn» qyocTBIITeJibtia K BpeMCIIHOH CllBH:lKKC Me:lK/ly MOMCHTaMII II0llBJICHIUI cpparMCHTOB II, 

B K011eq110M cqCTe, BpeMeHII :lKH31111 CIICTCMbl. Ananm. 113MCpe11HbIX yrII0BbIX KOppellllllllH 

n0Ka3aJI, qTQ t:s;75 cpM/c (2,3xI0·
22 

c). 3-roT pe3yllbTaT II0JIHOCTblO IICKJlJ0qaCT MCXaHll3M 

nocnenoBaTeJibHOH HC3aBIICIIMOH 3MIICCHII cpparMetITOB, nocK0llbKY BpeMll 3MIICCHII . 

CyuieCTBCHH0 MCHblllC "KyIIOHOBCKOfO BpeMettn" (-10·21 
C ·). onpelleJIJ110mero npouecc 

cpopMHpOBaHl!ll KYII0H0BCKIIX TpaeKTopnii:. • 

TaKHM o6pa30M, pe3IOMHPYll pe1ynhTaTbl pa6oT no npocKTy Cl>A3A, M0JKH0 K0HCTaTll

poBaTb cnenyromee. 

BnepBbIC 3KCUepHMCHTaJibH0 II0Ka1ano, ~o npll B3aHMOllCHl."TBIIH ncnmx penl!Tl!Blll."T~ 

CKIIX llnep C TlllKeJIOH MlllllCllblO B031111KaIOT CHllbHOB036YJKlletIHbIC OCTaToqflblC ll.llpa, pac-

nanaIOIUllCCll HYTCM MHOJKeCTBCIIIIOH 3MIICCIIH cpparMCIITOB. , 

BnepBhlC II0KaJa!I0, qTo 3T0T npouecc npollCX0llllT 113 COCT0l!Hllll C cynieCTBCHIIO no1111-

JKCIIHOH UJIOTIIOCTblO (3a cqer pacll111pemui non neiiCTBlleM TCIIJI0BOfO )laBJielll!ll). 

BnepBhlC II0Ka3aH0, qTo BpeMli 3MHCCIIII CT0Jlb K0poTK0e. qTo IICJib3ll IOBOpllTb 0 IIC3a

BIICHM0M, rrocnenonaTeJibH0M 11cnycKaIIHII cppaIMCIITOB. T.o., peqb llllCT 0...llilllQM, q1.,,-BCp

T0M (nocJie faMMa-pac11ana, 11cnapellllll HYKJI0II0B, llCJJCllllll) llllllC paCIIa)la 11m6YJKllCllllbIX 

llllep: "TeIIJioBOii" MYIIbTll!pparMCIITaUIIII. 

TTonyqemibIC pe1ynbTaTbl np11110lll!T K nomq.:cK0MY IIpoll0JJJKCIIIIIO npocKTa. ll;Ill ~nee 

llCTaJlbH0fO II0HllMaI!llll MCXatIHJMa MYIIbTll!pparMe!ITaIUIII II U0IICKa IIpmHaK0B cpa30BOIO 

nepexon~ neo6xonHMO ll0U0~IIIITeJiblloe pa1BIITIIC cpyHKUII0IIaJlbllblX Il03MOJKIIOCTeii MCTO

llHKII, a HMCHHO: 

a) C03):taHHC Il03M0JKHOCTll aHaJill3a BCCX nonyqaeMblX ,llaHHbIX B 3aBHCIIMOCTH OT uapa

MCTpa Yllapa ll, qJaKTllqecKH, OT anepmH B036YJKllCHHll cneKTatopa MHlllCHII; 

6) yaenHqe11ne qncna TpHrrepHbIX TCJICCKOIIOB, B nepayro oqepellb, Jl]Ill ynyqlllCHllll 

ycnOBllH npOBCllCHHll KOppenllUHOIIHbIX 3KcnepHMCIIT0B; 

B) 06ecneqe11He ll3MepeHllll llllCpttoii: TCMnepaTYPbl cneKTaT0pa MHlllCIIH. 

a) ,OnpellCJICIIHe napaMCTpa yllapa h 6ync-r IIJX>H'l!IOlll!TbCll c II0M0IUblO lll."TCKTopa 

MHOJKeCTBCHHOCTH JICrKllX 3apll.KCH!lblX qal."TllU (LCP). 3roT lll."TCKTOp npClll."TailJJllCT co-

6oii: 11a6op ll3 64 CUHHTHllllllUIIOIIIIbIX cqc-rqH~Oll, U0MCil(CllllblX. BIIYTPb BaKYYMII0H) 

o61>eMa YCTaJ!OBKll Il nepellHCH IIOJJyccpepe. C U0M0IJ.lblO llCTCKTopa MH0.KCl."TBClllllX."TII 

LCP Mbl 6y)leM 1IpoH1BOlll!Tb 0UCIIKY 3;1cp11111 nm6YJKllCllllll CIIeKTaTOpa MIIIIICIIII. Oc-ra

H0BHMCll Ha 3TOM IIOUpoce I10llpo6nec. QqeB!lllllO, qTo qcM 6JIIIJKC K [(CIITPY llllpa IIpoii

llCT 60M6apl1Hpyro111a» qal."THUa, TCM 6oJibIIICC KOJlllqCl.,"TBO 6bil."TpbIX KaCKa)lllbIX qacnm 

IlblllCTIIT. Pe3yIIbTaTaTOM ll3MCpeHIIH 6yllCT pacnpellCJICIIIIC 110 MII0JKCl."TBClllllX."TII LCP. 

HaMH 6blll upoBCnc11 pacqCT no MO.Ull!pllllll(X)llaIIHOH rnay6epoBCKOii: M0llCJIII 0.KII.UaCM0-

ro Blllla pacrrpenenenllll MH0.KeCTBCllltoCTH no Ml."T0llY Mmrre-Kapno (puc.7). PacqcT 

Cllenau JlJill pcaKUHII a+Au (14,6 faB). 
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Pttc.7. Pacnpenc.11e1me 110 MIIOJKCCTBCIIIIOCTH JiefKHX Japl!::KeHl!blX qaCTHU HJJll coynapeHHii: 
4
He(l4,6 f38)+Au c yqcroM 3KcnepHMCHTaJibHoro "cpMJJbTpa" ycrauoBKH <l>A3A-2. 

H11:;ice OCH a6c1mcc NLcr noKa1aHa ocb uapaMcrpa ynapa b. XoH JHa'lCHHii: napaMCTpa yna

pa o6paTHblii: no OTHOIIICHHIO K BCJ1Hqm1e MIIOJKC(.."fBCHHOCTH: MaKCHMaJibHOH MHO:JKCCTBCH

HOCTH OTBCqacr b=O, MHHHMaJibHOii: -- CYMMa pan11yc0B B1aHMOHCHCTBYJOIUHX llHCP R. 
MeJKHy perncrp11pyeMoii: MIIOJKCCTBCHHO<.."fblO LCP, H 3Heprneii: 0016YJKHCHHll anpa-oCTaTKa 

CCTb npiMaa 1aBHCHf,fOCTb. flo MCTOHY MouTe-Kapno 6bUJ llOJJy<lell xon 1aBHCHMOCTH cpeH

ueii: 311eprn11 0016YJKHeHHll E'/A1CN OT NLcr (p11c. 8). ,LLria KaJKHOro nauHoro JHaqeHHll 

MHOJKCCTBCHHOCTH · JJCfKHX 1apll::KCHllblX qaCTHU pacqcr nae-r pacnpCHCJJCHHC OCTaTOqffbIX 

llHCp no 3HeprnH B016YJKHCl!Hll co cpCHHHM KBanpaT11q111,1M OTKJJOHCHHCM, nOKa3aHHblM Ha 

pHc.8 B BHHC "oIIJH6oK" y roqeK. flp11,06pa60TKC' 3KCnepHMCHTaJlbflblX HaHHbIX co6brrHll 

6ynYT CCJJCKTHpOBaTbCll no NLCP: BCCb n11arra10H H3MCHCHHll NLCP 6ynCT paJ6HT· Ha HIITCpBa

Jlbl, KaJKHOMY H3 KOTOpbIX OTBC'laCT onpeHCJJCHUblH HHTCpBaJJ 3HeprnH B016YJKHCHHll. 
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P11c.8 Pacqt.."fllal! JaBHCHMOCTb cpen11eii: 31IeprnH BOJ6YJKHCIIilll CilCKTaTopa MHIIJCHH B 3aBH

CHMOCTH OT MIIOJKCCTBCHHOCTII "KaCKaHllblX" qaCTHl( HJill coynape1mii: 
4
He(l4,6 r::iB)+Au. 
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6) B neii:CTBYJOIUCH ycrattOBKC <l>A3A npH npOBCHCHHH H3MCpe1111ii: pacnpCHCJJCHHll COBna-_ 

Ha!OIUHX cpparMCHTOB no OTH~HTCJJbHOMY yrny npOBOHMJJOCb ycpeHHCHHC no z cpparMCHTa 

B OHUOM ITJJeqe perncrpauHH. Hane:JKHOCTb pC3YJibTaTOB H HX aHaJlH3a noBblIIJaCTCll, CCJJH 

o6a COBnanaJOIUHX cpparMCUTa 6ynyT HHCHTHqmunpoBaHbl H H3Mepeua HX 3HCpillll. B 3TOM 

CJJyqae YfJIOBal! KOpPCJJllUHll MOXCT 6brrb )lOnOJJHCHa H3MCpeHHCM KOppCJlllQHOUHOii: cpyuK- _ 

l(HH no OTHOCHTCJJbUOii: CKOpoCTH. .n,ui peIIICHHll 3TOii: Janaqu 6y.ner C03,[(atta nonomm

TCJJbHal! CHCTCMa TCJJCCKonoB cneKTpoMCTpoB AExE (uou~rnmuoHHal! KaMepa x Si(Au)-He

TCKrop) B KOJJH'ICCTBC 32 IIJTYK, ITJJOTIIO pa3MCIUCUUbIX Ha.noBCpXHOCTH OHUOfO CTailllaPT

HOro cpJJaHUa YCTaHOBKH <l>A3A. 3Ta CJICT;Ma (c yqcroM CyIUCCTBYJOIUIIX TCJJCCKOnOB) 

nOJBOJJHT Ua6J110HaTb KOppe1lllUHH MCJKHy cpparMCHTaMH B HHaIIaJOHC YfJlOB 0,et OT 10,5° 

HO 180°, np11qeM B o6naCTJI YfJlOB HO 50° 3TO 6yHCT HCJJaTbCll C nyqmeii: HHCKpCTHOCThlO, 

qeM ceii:qac. 

ECJJu 3TY CHCTCMY ucnOJlb30BaTb B KaqCCTBC Tpmrepa YCTaHOBKH, TO 3cp<pCKTHBHOCTb 

TpHITCpOBaHHll YBCJIH'IHTCll B 7-10 pa3. 3To ,[(aCT B03MO:JKHOCTb pa6oTaTb C nyqKaMH MCUb

IIJCii: HHTCUCJIBHOCTH 1 'ICM ceii:qac. 8 CJJyqaC CCJJH JIMeeTCll 3arrac no HHTCHCHBUOCTH, TO 

3JlCKTpOUJIKa MOJKCT 6b1Tb oprattil30BaHa TilKHM o6pa30M, 'IT06bl yocnuqlJTh ua6op CTaTHC

THKH HJill OTHOCHTCJJbUO Tll:JKCJJbIX <pparMCHTOB, BbIXOH KOTOpbIX HCBCJJJIK. 

B) .n,ui JI3MCpenHll npyroii: Ba:JKHOii: xapaKTCpHCTJIKJI - ll,!ICpnoii: TCMneparypbl IICOOXOHHMO 

C03Hattue T.n. '.'m0Ton11oro TepMoMcrpa". 3To npeUH3HOHHblii: AExE-cneupoMcrp, nm

BOJlllJOIUHii: pa3nCJlllTb H30T0Ilbl nenrnx 3JlCMCHTOB • .n,ui llHCpnoii: CHCTCMbl, naxO,[(llJUCHCll 

B TCITJJOBOM p~HOBCCHH. npu HH3KOii: ITJJOTHOCTH B pa6oTe Anb6epro[
7
l npeHJJO;KCHO naxo

HHTb TCMnepai-ypy HJ HBOHllbIX OTHOlilCHHii: BbIXOHOB JI30TOilllbIX nap; OTJlJlqaJOJUilXCll Ha 

OHHH Heii:Tpo~. B pa6oTe Tioxo,[(3aJ1JlacsJ noKa3atto, 'ITO na116onee noHX~HllIUHMH napaMH 

HJill 3TOii: UCJJH llBJlllJOTCll 
3
HefHe ii 

6Li/7Li. CBll3b nooii:Hb!X, OTnomenilii::BbIXOHOB c TeM

nepaTypoii: CJlCHYJOJUal!: 

y 61/Y7Ll) 
T=l6/ln(2,lS* Y 3He/Y4He 

OCHOBHLie xaprucrepl:ICTl:IKl:I ycTaH0BKl:I <l>A3A-2 

B HaCTOlllUilH MOMCHT ycrattOBKa <l>A3A, KaK ~e )1(a3bJBaJ10Cb, COCTOHT 113 HCTCKTOpa 

MIIOJKCCTBCHHOCTH <pparMCHTOB (,[J,M<I>) ii nllTH TCJJCCKOnOB-CneKTpoMCTpoB (TC). 8 COCTaB 

TCJJCCKOnOB BXOHllT ITJJOCKal! HOHi13auHoHHal! KaMepa C CCTKOH (AE) ii noBepXHOCTH0-6ap1,

epHblH HCTCKTOp Si(Au) - HCTCKTOp ~- Ha BXOHC B TCJlCCKOn pacnonoxeu MHOroHHTllHOii: 

nponopUilOllaJibllblH cqCNilK. ,[J,M<I> YKOMITJJCKTOBaH 64 TOHKOCJJOHHblMH UilHTHJlJlllTOpa

Mil (22 Mrlcti) Csl(Tl). CBCToBal! BCnbIIIJKa OT CUHHTMJJJlllTOpoB ~paucnoprnpyCTcll c 

IlOMOJUblO OJlbIX CBCTOBOHOB ua <pOTOYMHO;KHTCJJH <1>3Y-ll o. 
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B KOHqmrypaumo ;n:e:iicrnyrome:ii YCTaH0BKll, · B rrpouecce M0;n:epHH3auHH, 6y;n:yr BBe;n:CHhl 

;n:erexrnp MH0::KCCTBeHHOCTtt nenmx 3ap11::KeHHhIX qaCTHU (AM LCP), TCJiecKOITHbI:ii M0JlYJih 

(TM) ll rrpeUll3llOHHblH TCJICCK0il-CilCKTpDMCTp,IIJlll "ll30TOilHblH.TCJICCKOil" (HT). CooT

BCTCTBeHH0 3TIIM ll3MCHCHlllIM 6y;n:er M0JlCpHtt3HpoBaHa 3JICKTp0HHail 6JIOK-CXCMa YCTaIIOB

KII n co3;n:ano Hoooe rrporpaMMHoe o6ecrreqenne. 

Ha pnc.9 rroxa1ana ycranoBK~ <l>A3A-2. lh 111ecrn Monyne:ii B rrepenne:ii rronycipepe rrpen

CTaBJICH TOJibK0 o;n:nH M0JlYJib (Il03Hllllll B), ocnameHHblH 3JICMCHTaMII JlCTCKTOpa 

MH0::KCCTBeHH0CTll LCP, ~06bI HC 3arp0M0::K)laTb pncynox. 

r!AI/A-2 A 

.B. 

Pnc.9. O6mn:ii Btt;n: ycranoBKH <l>A3A-2. A - TCJiecKoITHbI:ii Moliynh. B - JlBa 3JICMCHTa 

JlCTCKTopa MH0::KCCTBeHH0CTII LPC C 0JlHIIM Csl-JlCTCKTOpOM Ha BX0JlC K0Hnqecxoro 

CBCT0BO;n:a. 

10 
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l. JJ:ereKTop MHO::KCCTBCHIIOC'TII LCP npCJll.'TaBJilleT co6o:ii K0Hl.'Tpyxumo K)'IIOJI006pa3110:ii 

qx:>pMbl, IlOMemen11yro B BaKYYl\fllb[H 061>eM ycTaHOBKII. Torrononlll JlCTCKTOpa IlOJIIIOC'TblO 

rroBTop11eT C'TPYKTYPY cmrnnmn11rnpoa Csl(TI), HMeioumx rr11T11- 11 wecrnyroJibHYfil <fx:iPMY 

(rre1naro11anb11b1:ii rexcaxo11TaJnp Apx1rnena, pnc.10). 0Tm1q11e 1aKJI10qaeTc11 B TOM, qTo 

Ka::K)lail ITJiaCTJIIIa JlCTCKTopa pa1pe3aCTCll 11a JlBe CIIMMCTpnqHblC qacrn, Ka::Kllail lI3 K0TO

pb!X llpCJlCTaBJilICT co6o:ii OTJleJibllblH JlCTCKTOp. Ha pnc.9 (II0311Ullll B) 11106pa::KCllbl JlBa 

q)'BCTBHTCJihllbIX JJieMe11rn AM LCP BMCCTC c rryCTOTeJihIM CBCT0BOJl0M m mopaJiil, c no

Mombio KOToporo K <1>3Y- I IO Tpa11cnopn1pycTCll CBCT OT IlJICHOquoro CUIIIITIIJIJillT0pa 

Csl(TJ). PemCTpHpyrowcii qaCTblO Ka::K)loro 3JICMCIITa llBJillCTCll n.'IaCTHHa H3 ,t:UIIIITJIJIJill

UIIOHIIOH IIJiaCTMaCCb!. CBeT 111 Ka::KJlOH IIJiaC'TJIIIbl BblBOJlllTCll 111 BaKYYl\fH0ro 061,eMa K 

<1>3Y-143 qepc1 cp.ria11eu c IT0M0IIIhlO cBCToBOna munmnp11qecxoii qx:>pMbI. Bhlnon11cHHb1c 

111 oprCTeKJia CBeT0BOJlbl pacnoJIO::KCllbl nepncnmIKYJillpll0 K ClllfllTIIJIJiilUIIOIIJlb[M ITJial.'TII

HaM II npHKJICCllbl K IIIIM omnqccKHM JfI0KCIIJlllblM KJICCM. Jl:nll Jl0CTll::KCllllll IICJIOCTII0C'TII 

IIOBCpXIIOl.'TH JJ:M LCP fl0Jible JllOpaJICBbIC CBl.'T0BO)lb[ JJ:M<I> pa1pe3ailbl TaK, ~o CIIIIIITIIJI

Jll!Ul!OllllblC ITJial.'Tllllbl rrpOXO)lllT CKB03b HIIX (pnc.9B). TaKHM o6pa30M, CBCT OT Csl(Tl) Jl0 

nonanamlll ua qx:>TOKarnn <1>3Y-I IO npoxon11T qepc·i cu1111numJ1u11on11yro ITJial~Maccy. AM

ITJIHTyna CBCTOBOH BCilbIIIIKII Yl\fCllbIIIat'TCll llpll JTOM Ha 15-20%. TTpn TaKOH K0HCTPYKUIIII 

JlCTCKTopa B01HIIKaCT orracmX.'Tb B1al!MIIOH 1aCB1.'TKII Ka11ana pemcrpa111111 cpparMeIITOB 11 

JICfKllX 3api1::KCHllbIX qacr11u. Jl:nll orrpe)leJIClllll! C'TCHCIIII B1allMIIOH 3aCBCTKII 6bIJJII IIpoBC

JlCllbl MaKCTHble l!CflbITalll!ll, K0T0pble II0Kil'laJIII, ~o ec IICJIHq1111a oqcllb MaJia. JJ:eiil'TBII

TCJibllO, B xanane pemcrpau1111 cpparMeurnB 11cnonh1yeTcll omnqecxn:ii <pJUlbTp )l(C-18. 

KOTOpb!H OTCCKaeT CBCT c JlJIIIIIOH BOJIHbl t.. :::;470 HM. 3rn 6bIJJO CJleJlaJIO JlJlll YMCllbIIICllllll 

qx:>IIOBOH JaCBCTKII OT qcpcHKOBCK0ro H3JlyqeHHil OT opcoJia nyqxa. 
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T.K. llJlaCTH'ICCKHH CUHHTHJIIDITOp ucnycKaCT c~ c A ::;430 HM, TO <1>3Y-110 cBeTOBYJO 

ocnbIWKY OT llJlaCTHKa ue pemcrpupyer. B KaHaJie LCP JacBeTKH OT Csl(Tl) TO:Ke HeT, no 

no npyroii npH'IHIIC. ,!leJio B TOM, '!TO CBCT OT Csl, npoxo.IDI '!Cpe'.l llJIOCKHH llJlaCTHK, MO

:KeT JIOCTHnIYTb !pOTOKaTOna <1>3Y-l43 TOJJbKO B cnyqae nepepacceaHIDI ua nosepxnocr- · 

HblX wepoxoBaTOCTSX llJlaCTHKa. B CJJyqae HC06XOJIHMOCTH nepen <1>3Y-l43 6yJICT noMe

UICH OnTJl'ICCKHH !pHJJbTp, OTCCKaJOUIJIH '.leJICHblH CBCT. 

TeXHJl'ICCKJIC xapa.KTepuCTHKJI JlCTCKTOpa MHO:KeCTBCHHOCTH LCP CJICJIYJOUIJIC: JICTCKTOp 

pacnOJJO:KCII B nepeJIHCH nonycipepe YCTaHOBKH no BCKTOpy nyqKa,H ero TeJJCCHblH yron 
'.laxBaTa COCTaBJJSeT 0,92 x27t. O6Uiee KOJIH'leCTBO 'lyocTBJITeJJbHblX 3JICMCHTOB 64. TOJJUIJI

Ha CUJIHTHJJJISTopa lOMM. Yron 3axsara HaxOJIJITca B nuana3011e 15° < 0< 85°. Ilopor 

pemcrpamm JIAA npOTOHOB cocrasmer 30-35 M::iB. 

2. TeJJecKonHhIH MOJIYJJb (TM) cOCToJIT HJ 32 AExE-TeJJecKonos-cneKTpoMCTpoB. B coc

TaB Ka;KJIOfO TeJJCCKona BXOJIHT ra'.lOBaa JIOHJl3aUJIOHHall KaMepa "UHJJHHJIPJl'ICCKOH" KOH

qmrypaum1 (AE) H nosepxHOCTHo-6apbCpHbIH nonynpoBOJIHHKOBhIH JICTCKTOp (E). TeJJec

KOnhI co6pattbl B KOMna.KTHYJO KOHCTPYKUHIO na cprra1111e (pJlc.9A). BueUIHHC KOHTYPbl MO

nym noBTOpalOT KOHTYPbI 6 CUJIHTHJIJISTOpOB Csl(Tl) •. BMC<.'TO KOTOpblX TM 6y,uCT pacno

JJaraTbCS B '.laJIIICH nonyctpepe yCTaJIOBKH. Bxo,UHblC OKHa TeJJCCKOnOB pacnOJJaraJOTca B o,u

HOH llJIOCKOCTJI. JI. BaKyyMHpYJOTCS nascaHOBOll nJJCHKOii TOJIUIHHOii 1,2 MKM. ,!lnuna HOHJl

'.lauHOHHOll 'laCTJI TeJJCCKOna (B,UOJlb TpeKa qacruµ) 35 MM. OcraTO'IHaa ::ineprIDI (E) qac

THU pemcrpupyerca Si(Au)-,UCTCKTOpoM ,llHaMCTpOM 60 MM H TOJIUIJIHOH 1 MM. MHHHMaJJb

llblll OTHOCHTeJJbHblll yron MC:KJIY COBnaJiaJOUIHMJI 'laCTHUaMJI,' pemcrpupyeMbIMH TM, coc

TaBmCT ~ 10.5~; 3qxpeKTHBHOCTh pemcrpauuu qacruu Mo,uyneM cocrasme-r 72%. Ilpensa

puTeJJbHoe YCHJJCHHC CHfHaJJOB ocyruecrsmerca npe,uycHJJHTCJIS~H. co6paHHblMH Ha 

HapY;KHOll nosepXHOCTH. cprraHua. B Ka'ICCTBC pa6o'!ero ra'.la J1AA HOHHJal{HOIIHblX KaMep 

npennonaraerca ucnoJJb30BaHHC C3F8 npu ,llaJlJICHHH 20 Topp. 

3. "lhornnHhiii TeJJCCKon" (HT) npe,ucrasmcr co6oii MO.UH<puuupoBaHHhiii sapJ1anT Y;KC 

neiiCTBYJOUiero TC. Pa1perneHHe AE - curnana noooro TeJJecKona 6yner ynyqrneHo B 4+ 5 

pa1. 3TO n01BOJIHT pa3JIH'!aTb H30TOnbl JICrKHX cj:>parMCHTOB. B npouecce MOJICpHH3auHJI 

6y,uer ynyqwe110 Ka.K OTHOWCHHC aM11J1Hry,ua/rnyM, TaK H YCJJOBIDI co6upaHIDI 

1apa.ua B. Me:K3JleKTpO,UHOM npOMC:KyrKe. .um ::iroro 6y,uCT YBCJJH'ICHO ,ua8JleHHC raJa, ynyq

weHbl xapa.KTepHCTHKH 3JICKTpoHHOfO Tpa.KTa, .BBC,UCHbl oxpanHbie 3JleKTpo,Ubl, H3MeHeHa 

TononorIDI 3JleKTpocTaTH'ICCKOfO nom. 

Ha puc. 11 npe,ucra8JleHa o6utaa CXeMa c6opa HH!pOpMaUHH ycraHOBKH <l>A3A-2. 

Tpurrep!lble CHlllaJJbl (TC;) J1AA 1anycKa ycraHOBKH qx>pMJ1pYJOTCS naTblO TeJJCCKOnaMJI 

(TT;) (coBnaneHHa AE-E) JI qepe1 CyMMaTOp (LTC) no,uaio-rca Ha reHepaTOp oopoT (G-0) 

B CBS1H C TCM, '!To'nyqoK conpoBO;K,llaCTCa opeoJJOM BTOj,Jl'lllblX qaCTHU,CXeMa nocrpoena 

Ta.K, '!TO B ,!lM<l> HY:Kffble COObITHS OT,llCJISJOTCa OT !pOHOBblX. ,!lm 3TOfO npJIMCHaCTCS Me

TOJI JIBOHHOfO crpo6J1poBaHID1. AHaJJOfOBble CJllllaJJbl c <1>3Y (Ha cxeMe .!lM<l>;) nocrynaJOT 

·Ha nsa AUIT KAOl3 (npeo6pa1osaTeJJH 1apa,u-Ko,u), JanycK o,uHoro m, KOTOpbIX Janep:Kan 

na 800 !IC no 0TIIOlllCHJIIO K 1anycKy BToporo, '!TO no3BOJISCT pa'.l,UeJJJITb Ha ,UByMCpHOM 

C0CKTpc KOJlbl, COOTBeTCTBYJOUlHC 'lepetiKOBCKOMY (qx>HOBOMY) J13Jly'!eHJ1IO JI BblCBC'IJIBa

llHKI Csl(Tl). Ta.KUM o6pa'.loM, J1Hqx>pMauJ1a c ,!lM<l> npe,ucraJlJlae-r co6oii 64 JIByxMepHbtX 

cneKTpa JIJJHIIOH B 128 CJJOB. 
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AHanoroBbie CHlliaJibl C TCJiecKOIIOB (TI;) IIOCJie yc11JieHID1 IIO!laIOTC.ll Ha !IBa AU:Il 

KA007 (npeo6pa3oBaTCJIII aMIIJIHT)'!la-KO!I). O!IIIH H3 KOTOpbIX !laeT IIHtpC>pMaillllO 0 dE 

(ra:mBa.ll KaMepa), a 11pyroii o E iiaCTHllhI (Si-11eTeKTop). C :noro !leTeKTopHoro 6JioKa op

raHH3yeTc.a II.HTb !IByxMepHbIX cneKTPOB o6meii wumoii 10 CJIOB, !laIOIIIIIX HH!pOPMailIIIO 0 

E II Z cpparneHToB. 

Cttrnanhl c 64 <1>3Y !leTeKTopa MHmKecTBeHHOCTH LCP (.[\M LCP ;) no11aIOTc.a Ha KA013 

B conpooo:ameHHH 01111oro crpo6a B o6Jiacn1 HapaCTaHIDI HMnyJibCa. IlonyqaeTC.ll 64 O!IHO

MepHbIX cneKTpa o6meii !IJIIIHOH 64 CJIOBa.HH<popMailIDI C .[\M LCP !laeT pac11pe11eneHHe 

no MHOXeCTBeHHOCTH KaCKMHhlX 'laCTHII. 

HecKOJlbKO CJIOXHee o6CToHT !leJIO C TCJiecKOnHbIM M0!lyJieM (TM J ,[(erro B TOM, 'ITO 

o6mIIii TCJiecHbIH yron 32 TeJiecKOIIOB, BXO!l.l!IIIHX B TM, B -10 paJ npeBOCXO!IHT CYMMap

Hblli TeJiecHblli yroJI II.HTH TeJiecKOIIOB-cneKTpoMeTp<>B. Ecn11 CYMMapHbIH TpnrrepHblH cnr

HaJI OT TM HCnOJibJOBaTb WI.ll 3aIIYCKa YCTaHOBKH, TO BCJIH'lHHa MCpTBOI'O BpeMeHH CTaHeT 

6JIH3KOH K 100% npH HHTeHCHBIIOCTII IIY'IKa -5xl08 itc6poc. qT06bI :noro m6eJKaTb, CIIf

llaJibl co BCex TCJiecKOIIOB MO.uyml IIOCbl!IaIOTC.H Ha BXO!I CIICTCMbl MaJKOpHTapHblX COBIIMC

HIIH (MC) II 6epcrc.a cIIrnaJI c BhIXO!la ~2. 3rn 11erraeTc.a noTOMY, 'ITO mamme na1na11e

ntte TM - H3MepenIIe napnbIX Kopperr.auttii na MaJibIX ymax. KoJIH'leCTBO napnbIX c0Bna11e

HHH cymeCTBeHHO MeUbIIIe, 'leM HHTerpaJibllbIH C'leT co BCero MO!lyJl.ll. C TCJiecKOIIHOro MO

!IYJl.ll B IIaM.HTb 6Y!l)'T IIHCaTbC.ll 32 !IByxMepnbIX cneKTpa o6meii !IJIHHOH 64 CJIOBa. Ko11II

p0Ba11He aHaJIOI'OBblX CHlliaJIOB C TCJiecKonoB TM 11erraeTC.ll Hnaqe, 'leM C Tii" IlOCJie ycH

JieHIDI CHlliaJibI IIO!laIOTC.ll Ha BXO!I 64 npeo6pa30BaTCJieii aMIIJIHTY!la-3ap.ll!I q>HpMbl Le-Croy 

(LC 3309), KOTOpbIe coe!IIIHeHbI.c AUTI 1ap.ll!I-KO!I. TaKa.a cxeMa KO!IHpoBaHIDI BBO!IHTC.ll 

wra YJICIIIeBJieHIDI aJICKTpoHHOH annaparypbl. 

Ilpn3HaKH TC IIHIIIyrc.a 11epe3 · Bxo11noii pernCTp O!IHHM !IByx6aiiTHhIM CJIOBOM. TaKHM 

o6pa30M, o6ma.a .WIHHa 0!IH0fO co6bITIDI COCTaBJI.lleT 267 CJIOB. B CHCTeMe 3aIIHCH HMeeTC.ll 

!IBa 6ycpepa KJI033 wra npe11Bap11Terrbttoii 3aIIHcH HH<pOPMailHH KO!IHpOBIIIHKOB, pacc11H

TaHHbIX Ha IIpHeM 15 co6bITHH KaJK,llbIH.3a O!IHH c6poc ycKOpHTerr.a (300 MC . c nepHO!IOM 

IO c ") MOXHO 3aIIHCaTb IO TaKHX 6ycpepoB, 'ITO COOTBeTCTBYeT 150, co6b!TIDIM. 3a O!IHH 

ucnepHMeHTaJibllblH. ceanc (-100 'lacOB ycKOpHTerr.a) OlKH!laeTC.ll 1 + 5 r6aiiT HH!pOPMfillHH. 

Onpoc KO!IIIpoBIIIHKOB ocymeCTB11.lleTC.a no cttrnany c G-G 3MepJKKoii 60 MKc • Ko!lbI 

c AU:II IIOCTYIIaIOT B 6yipepbI KJI033 iiepe3 KOIITpoJIJiep KKOl. 6JIOKH KJI033 011paIIIHBa

IOTc.a KOHTpOJIJiepoM KK012 H noczynaIOT B Il3BM Pentium 100. Hn<popMailH.a c II3BM 

nepeIIHCb!BaeTC.ll Ha MarnHTHbie JieHTbl c IIOMOIIIbIO CTpIIMepa EXABYTE-8200. ,[(pyra.a 

II3BM Pentium-90 (Ha cxeMe He noKaJana), coe!IHHenna.a c nepooii 11epe3 Ka6errb JI0KaJib

Hoii CeTH, KaK npaBHJIO, nacrpoena na o6pa6oTKy 6ru1bIIIHX MacCHBOB, a HMenno na no;zy

. 'lenHe JII06oro !IByxMepnoro cneKTpa no Mepe 11a6opa HH!pOpMailHH na !IHCKC OCHOBHOH 

I13BM. Ilpn Heo6XO!IIIMOCTH BTopa.a. Il3BM MOlKeT 6bITb nepeKJIIO'leHa wra off-line o6pa-

6oTKII. HnIIUIIaJIII3llUIDI .·fui~KOB KAMAK (yCTattOBKa noporoB 1111cKpllMHnarnpoB, 3Mep

JKeK, ycHJieHHH, IIIllpllilbl CTpoOOB 11 6JIOKOB KAMAK (yCTattOBKa noporoB !IIICKpllMIIHaTO

poB, 3MepJKeK, yc11neH11ii, III11p11nhl CTpo6oB 11 11p.. a TaKJKe BblC0Koro nanp.aJKeIrn.a wra 
nHTattiill <1>3Y) 11po113BO!IHTC.a c noMOIIIhIO eme 011noii· TI3BM. 
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Ilp0Be,uem1e 3KcnepttMeHrn 
(HCCJie.QOBaTeJibCKrul nporpaMMa) 

I. Hccne110BaTerrbcKa.a nporpitMMa nanpaBJiena 11a myqemIe MexanmMa MyJibT1tcpparne1na

TaUHII B 0'leHb aCIIMMeTpH'lllblX .ll!lp0-.ll!lepHbIX coy11ape11ID1x· • .[(Jl.ll ::IT0I'O 6y11yr. IICII0Jlb'.30-: 

JomiTbC.ll perr.aTIIBIICTCKlle ll0Hbl p. 4He, 12C npit 6oM6apnnpOBKe MIIIIICHII 113 30JI0Ta. 

2. 3KcnepHMCHTbl Jla!lyr IIH!p0pMau1110 0 MIIOlKeCTBCHIIOCTH, ::inepfeTH'lecKJIX, Jap.anOBbIX 

cneKTpax H HX YfJIOBOM pacnJJC!ICJICHIIII. 

3. HJMepenna.a MHOlKCCTBeHII0CTb JICfKIIX Jap.alKCIIHblX 'laCTIIU 11aci BOJMOlKHOCTb IICCJICJI0-

BaHll.ll BCeX !laHHblX B q>yttKUIIII napaMeTpa y11apa (::inepfIDI B036YJKJICHlill CIICKTaTOpa MH- " 

IIICHII). 

. 4. l1JMcpc1111c YfJIOBbIX Kopperr.aunii MeJK.ay !IBYM.ll cppan.icIITaMII naeT IIH!pOpMaIUIIO 0 Bpe-

MCHHOH IIIKaJIC npouecca MyJibTHcpparMenTaUHH M.ll paJJill'lllbIX ::inepmii B016YlKJICHlill. 

5. 6y!leT IICCJl°C)lOBallO KpHTll'IC~K0C II0Be!ICIIIIC BblCOKC:lB016YlKJICllllblX .ancp, B 'laCTHOCTH, 

II0Jiyqena TCMilepaTypa cppafMCHTHPYJOIUCH CIICTCMbl n cp)'IIKUJUI ::incpnm B(l16YlKJICIIHll. 

6 • .[(amme 6y11yr aUaJI111HpOBaTbCll C IICIIOJib10Ba!IIICM pa1Jill'lllbIX TC0(X,'Tll'ICCKIIX MO!leJICH. 

OJKH)laeTCll, 'ITO 6yneT !IOCTHfllyro 6oJiee my6oKoe IIOHl!MamIe ypaBHCHIDI COCTOllHHll .ll!ICp

noro BeIIIeCTBa. 

Ha OCHOBaHHII OllbITa pa6oTbl C YCTa!IOBKOH <l>A3A HCTPY!IH0 0UClll!Tb CKOpoL'Tb 11a6opa 

)lallllb!X. Otta C0CTaBJillCT -5il0
4 

co6bITIIH B 'lac 11p11 cpcm1cii IIIITCIICHBHOC'TII nyqKa 

-5x 10
7 

B CCKytt!ly. )lJill npOBe!ICHllll II0JIH0IIClll!0ffi ::IKCIICpllMCIITa .11co6xom1MO, no Kpaii

neii Mepc. 150-200 qacoB ycK0pllTCJibH0I'O BpCMCIIII B m11. 3To 06ec11e1111T llaK0IIJICIIHC 

7xl0
6-107 

co6bITHH npn YCJIOBHH TpnrrepOBaJIIDI q>parMeHTaM11 C Z~2. 

MeTO!lbl o6pa60TKII !lallHbIX B JHa'lHTeJibl!OH CTCIICHII YJKC HO)ll'OTOBJICHbl II 011po60Bal!bl, 

110,6e3ycJJOBH0,6ynyr pa1B11BaTbCll. O6pa6oTKa 1Ip0111BOJIIITCll, B OCHOBH0M, B .D.y611c. 'lac

Tll'IHO - s TY .[(apMlllTllJ:lTa. 
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(npoeKT 96-02~18952), EBponeiicKHM q>OHJlOM INTAS (rpaHT 94-2249), 
Ilom,CKHM rocKOMHTeTOM no HayqHbIM HCCJie,QOBaHIISlM 
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