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OB!llAH XAPAKTEPHCTl1KA PABOTH 

HacTO.Hma.H pa6oTa OCHOBaHa Ha pesyJibTaTax ,BKcnepHMeHTaJibHUX 

HCCJie,Zl;OBamtlt, 

Jia6opaTOPllll 

BUilOJIHeHHUX npu yqaqTlm: aBTOpa B 1983-1991 rr. . B 

BUCO.KHX :meprml: omm. 0Ha IIOCB~eHa paspa60TKe 

8KCilepHMeHT8JlbHUX MeTO,Zl;OB H3MepeHU.H npoueccoB KYMYJI.f!THBHoro polK,IJ;eHl'Ifl 

H H3MepeHUIO HX rrapaMeTpoB ua nyq.Kax CUHXpoWa30TpoHa m1m1: 
lifocJie,&oBaHU.H npoBO,ll;HJll1Cb ua crreKTpoMeTpe .l(HCK-3 · u rrepe'AffeM 

crreKTPOMeTpe ycTaHOB.Klf C~EPA. 

AKTyaJibHOCTb pa6?TU. . SKcrrepHMeHT8JlbHOe 06Hapymeime o6pa30B8Hllfl 

KYMYJI.f!THBHUX ~ -Me30HOB Ha CllHxpo~830Tpoue owrn: H TeopeTH'leCKOe 

rrpe,&CKa3aHUe BaJI'AlllJUM A.M. oco6eHHOCTett HX o6pa30BaHH.H B 1971 ro,&y 

. llHllUllHpOBaJIO !IlHpOKYIO rrporpaMMy HCCJie,Zl;OBamtlt B . HOBOtt 06JiaCTH @'13IIBH 

BUCO.Kill!: eueprml: - peJiflTHBHCTCKOtt .fl,Zl;epuott @!SH.Ke. Pa3BHTUe 

peJiflTHBHCTCKOtt .H,&epuott cpi3lnal: OKa3aJIOCb TeCHO CB.fl38HHUM 'KaK C 

OCHOBHUMH TeopeTH'l'eC.KHMH KOHUerruuRMH, TaK H C 8KCrrepHMeHT8JlbHUMH 

MeTo,&aMH cpt3HKH eJieMeHTapHUX qac~. B rrocJie,&yl0!!1ee ,&ec.HTHJieTHe 6!:IJI 

H8KOIIJieH 06!IlHPHUtt eKcrrepHMeHTaJiblllltt MaTepuaJI no HHKJII03HBHUM crreKTpaM 

KYMYJI.f!THBHUX a,&pOHOB BO BCeM. ,D;HarrasoHe BecoB. aTOMHUX fl,&ep Ha 

pasuoo6pa3HUX rry'!Kax. OH ,&aJI 8.KCIIepHMeHTaJibHOe 

rrpHMeHUMOCTH ITOH.f!Tml: MacwTa6Hott HHBapuaHTHOCTH 

~arMeHTa~ ,Zl;~.fl coy,&apemtlt peJiflTHBHCTC.KHX fl,Zl;ep. 

IIO,Zl;TBeplK,IJ;eJme 

R rrpe,&eJibH0:0: 

PeJiflTHBHCTCKH HHBapuaHTHOe o6omeime BTHX IIOH.f!Tlitt CSUJIO C,&eJiaHO 

Ha OCHOBe H,Zl;eH 06 aBTOMO,Zl;eJibHOCTH MHO:IKeCTBeHHUX, rrpoueccoB B 

rrpocTpaHCTBe OTHOCHTeJibHUX 4-cKopocTett qaCTHQ. SKcrrepHMeHTaJibHott' 

OCHOBOtt BTOtt ll.&8H cTaJI CSoraTutt MaTepHaJI, HaKOIIJieimutt Ha nysupb.KOBUX 

KaMepax JIBS • 

.l(aJibHeamee pa3BHTHe eToro Hay'Ilioro HarrpaBJiemm TPeCSyeT 

8KCITepHMeHT8JlbHOro Hsyqeim.H MHOro'laCTll'IHUX KOppeJIRQml:, a T8K:1Ke 

pe~ H 8K30TH'!eC.KHX KaHaJIOB B rrpoueccax KYMYJiflTHBHoro THITa 

(JieITToHHUe rrapu, BeKTopHUe MesoHU H T.II.). ,Il;JI.H eororo HeoCSxo'AHM6 

ITOCJie,Zl;OBaTeJibHOe paSBHTHe MeTO,Zl;OB H3MepeHH.fl rrpoueccoB, H.&YmHX rrpu 

ceqeHH.HX sHaquTeJibHO MeHblllHX, 'leM xapaKTepJ:We ceqeima KYMYJI.f!THBHoro 

IIHOHOO.CSpa30B8HH.fl. PemeHHe BTHX rrpoCSJieM ,Zl;aeT B03MO:IKHOCTh 1113yqe1ma 

MHOro'!aCTH'lHUX KOppeJI.HQml: B rrpoueccax KYMYJl.f!THBHOro Tll!IIa HeoCSXO,D;IDdllX 

,Zl;Jl.fl ITOCTpoeHH.fl KB8HTOBOXpoMO,ll;HHaMH'!eCKOtt KapTHHU .fl,Zl;l)a. 
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UeJJb pa6oTl:l - pasBHTHe BKcnepHMeHTaJJbHblX MeTO,llOB ,IIJJR usyqeHHR 

KYMYJJRTHBHoro ecM>eKTa u nx rrpHMeHeHHe MR nsyqeHHR pe~x rrpoueccoB 

KYMYJJffTHBHoro polK,lleHHff U Koppe~BaHHHX RBJJeimit; noJJyqeHHe 

eKcnepHMeHTaJJbHblX ,llaHHblX no ceqeHHRM polK,lleHHR KYMYJJRTUBHblX 

aHTHrrpOTOHOB H MlOOHHblX nap H A-3aBHCHMOCTH ¢iparMeHTaUHH .z1ettTpOHOB B 

KYMYJJRTHBHble IlHOHbl, ,lleMOHCTPHPYIO!IUll B03MOlKHOCTU pa3BHThlX MeTO,llOB. 

Hayqflaff HOBH3Ha H 3HaqHMOCTb pa6oThl. BnepBhle Ha6JJIO,ll8JJ0Cb 

o6pasoBaHHe KYMYJJRTHBHblX aHTHrrpOTOHOB B o6JJaCTU ~parMeHTaUHH 

R~a-Mlll!leHH; H3MepeHbl ceqeHHR o6pasoBaHHR KYMYJJRTHBHblX aHTHrrpOTOHOB 

C mmyJJbCOM 500 MeB/c u yrJJOM ncnycKaHHR 61° rrpoTOHaMH C HMITYJJbCOM 

8,9 reB/c Ha ff~ax aJIIOMHHHff H CBHHUa, a TaKJKe p/~--OTHOilleHHe; ,IIJJR 

yrJJa 90° noJJyqeHa BepXHRR oueHKa ceqeHHR. B rrpe~oJJoJKeHHH cTeneHHott 

3aBHCHMOCTH ce'leHHR: OT aTOMHOro Beca ¢iparMeHTHPYIOlil6ro R~a noJJy•rnHO 

yKasaHHe Ha 06'neMHbltt xapaKTep 3TOtt 3aBHCUMOCTH. , ' 

MeTO,llOM nor~omeHHff nyqKa noJJy'leHa BepXHRff H HHJKHRR oueHKH 

ce'leHHR o6pa30B8HHff KYMYJJffTHBHblX MlOOHHblX nap C MaJJott HHBapnaHTHOtt 

Maccott .z1ettTPOHaMH C UMITYJJbCOM 4,5 raB/c/HYKJJOH Ha R~ax CBHHUa. STo 

nepBhlil, eKcnepHMeHTaJJbHblil pesyJJbTaT, no,llTBeplK,llaIOmntt CYlileCTBOBaHHe 

TaKoro rrpouecca. 
.t13MepeH noKa3aTeJJb CTeneHH A-saBHCHMOCTH ceqeHHR qiparMeHTaUHH 

.z1ettTpOHOB c HMIIy~coM 4,5 raB/c/HYKJJOH B KYMYJJRTHBHHe rrnoHH Ha R~ax 

yrJJepo.z1a, aJJIOMHHHff, Me~ H CBHHUa B HHTepBaJJe KYMYJJRTHBHoro 'lHCJJa 

0,8-1 ,2. 
rHayqHaff H rrpaKTH'leCKaR ueHHOCTb. )r.rrR MarHHTHOro cneKTpoMeTpa 

)lHCK-3 6hlJJ rrpe,llJJOJKeH·H peaJJU30BaH MeTO,ll ~eHTHqJHKaUHH aHTHrrpOTOHOB C 

perncTpaunett rrpo~KTOB aHHHrHJJRUHH B Bem,ecTBe eJJeKTpoMarHHTnoro 

KaJJOpHMeTpa C pa~aTOPOM H3 CBHHUOBOro CTeKJJa. MeTO,ll n03BOJJHeT 

rrpo~HHYThCff B 06JJaCTb Ma=x ceqeimit polK,lleHHff aHTHrrpOTOHOB, HeCMOTPff 

Ha THJKe=e q>oHOBhle ycJJOBHff. TaKOe perueHHe no3BOJJUJJO ·coxpaHHTh 

B03MOlKHOCTh · H3MepeHHH, yrJJOBhlX · 3aBHCHMOCTett ceqeimit Ha 6TOM 

cneKTpoMeTpe 6JJaro.z1apH KOMITaKTHOCTH KaJJopHMeTpnqecKoro MO~JJff. 

Ilpn rrpoBe,lleHHH eKcnepHMeHTa MeTO,llOM norJJollleHHR ny'!Ka IlOJJy'leHa 

.HHq>opMaUHR, Heo6xo~aff ,llJJff C03,llaHHff CHCTeMU H,lleHTUq>HK8UHli MlOOHOB B 

crreKTPOMeTpe _C~EPA. 
PeweHHe sa.z1aqn H3MepeHHff rroKasaTeJJff CTerreHH A-3aBHCUMOCTH 

ceqeHHH ¢iparMeHTaunn .z1ettTpOHOB B peJJRTHBHCTCKHe IlHOHbl Il03BOJIHJJO 
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Cq>oPMYJillPOBaTb U peaJJU30B8Tb Ha rrpaKTHKe Tpe6oBaHHR K OCHOBHHM 

ciicTeMaM u nporpaMMHoMy o6ecrre'lemuo rrepe}lHero crreKTPOMeTpa ycTaHOBKH 

C~EPA. 

Arrpo6aunn pa6oTu n rry6~aunn. PesyJJhTaThl HCCJJe,noBaimit, 

COCTaBHBillUe ~ccepTaUHIO, OC5CylK,llaJJUCh Ha Hay'lHblX ceMHHapax no 

peJJfl'l'UBUCTCKOtt H,llepHOtt q>H3HKe JIBS OWI.11 H pa6oqnx cosem,aHHRX no 

HCCJJe,llOB8HHffM Ha ycTaHOBK8X )lHCK-3 H C~EPA, ,llOKJ18,llllBaJJUCh Ha 

MAlKJlyHapomrnx ceMunap::ix no @13HKe .BhlCOKHX aHeprntt ()ly6Ha, 1986, 

1990), rrpe,llcTaBJJRJJUCb Ha XII Me~HapO.llHOtt KOH(f>epeHmm no qacTHU8M H 

ii,llpaM (PANIC XII, M.I.T., Cambridge, USA, 19'}0), Me~Hapo,zumtt 

'.<OH<V,pPHWm no flJl8PHOl1: ,)'m3l1Kt:e L1 ,Pmnme '-WCTUU (Liverpool, GB, 1991 ), 

; V Mn:r:JLYHapol\HOit Kouqiepemum no .R)lpo-t1.n.epHhlM coy.n.apeHMRM tKanazawa, 

,Japan, 1 ~91 ) • 

OCHOBHhle pe3YJJbT8T11 .zzyrccepTaUHH U3JJOJKe1m B 6 ny6nHKamrnx, 

, CirnCOK KOTOphlX rrpnBe,lleH B KOHUe aBTope(f>epaTa. ,liuccepTaUUH COCTOUT H3 

BBe,neHUR, 'IeThlpex l'JJaBH 38!\:JJIOqeHHH. 

CO,UEPJKAIIDE PABOTH 

Bo BBe,lleHHH paccMaTpUBaIOTCff OC~OBH11e Konueriu,uu HCilOJJb3yeMUe ,llJJff 

orrucauun_ KYMYJJRTHBHOro polK,lleHUR qacTUU rrpu B3aUMo,nettcTBHH 

peJJHTHBUCTCKHX ff)lep, q>opMyJJnpyIOTCff ueJJU U sa.z1a<m pa60Thl. 

B rrepnott rJiaBe OITUCh!BaeTCff peJJRTUBUCTCKH llliBapuaHTH11tt no,n:XO,ll, 

rrpe,nJJolKeHHbltt A.M.BaJJ~HhlM, K aHaJJU3Y rrpouecCOB coy,napeHHff 

peJJRTHBUCTCKUX H,llep U CBff3b ero C UCCJJe,llOBaHHeM RYMYJJHTUBHOro 

acM>eRTa. CsoacTBO rrpe,neJJbHOtt qiparMeHTallUH a,llpOHHhlX rrporw CCOB rrpH 

BhlCOKHX -BHeprHHX 

KoppeJIRilUtt Me~ 

napacTaHHH ux 
OTHOCHT8JJbHOro 

HallJJIO CBOe o6o6meHUe B rrpuHunrre _OCJJ1l6JieHUH 

qaCTUUaMH B aKTe MHOJKeCTBennoro POlK,ll8HHff rrpu 

OTHOCHTeJibH11X 4-CKOPOCTett (J!Openu-qiaKTopa 

,llBHJKeHHR). HBJJeHHe MaCWTa6nott HHBapuaHTHO,CTH 

IIOUHMaeTC.fl B 6TOM IlO,llXO,lle KaK 'IaCTHbltt CJJyqaa aBTOMO,neJJbHOCTU, T.e_. 

saBUCHMOCTH ceqenntt OT_ OTHOllleHHff CKaJJRpHoro rrpousBe,lleHUff 4-cKopOCTH 

nsy'IaeMott qacTHU,t,1 K cKaJIRpHOMY rrpouase,neHHIO 4-cxopocTen 

CT8JJKUBaIOlllUXCff n,nep. 

BalKllliM llTOrOM HCCJJe,llOBanntt RYMYJJHTUBHOro acM>eRTa Ha ycTaHOBRe 

.lUfCK-3 B JIBS CTaJJO BBe,neHHe MaCllJT36HOtt nepeMennoa C MaCCOBhlMH 
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rronpaBKaMH (KYMYJiflTHBHOro 'illCJia), Il03BOJIHBWee 060611UITb 60JibWO:tl: o6~eM 

pa3H006pa3H11X .na:mmx ITO KYMYJiflTll:BHUM npoueccaM. MeTO.z:t OCHOB11BaeT·Cfl 

Ha pe~THBHCTCKIJ: IJ:HBap11:aHTHOM B11paJKemm ,llJ!fl MHHIJ:MaJibHoro 4-m.m:yJibca 

'laCTIJ:U OT.z:ta=~ MHHll:MaJibH.hle 3Ha'leHll:fl ,z:tOJie:tl: 4-ll:MilyJibCOB CTanKHBaIDII\HXCfl 

fl,z:tep, XI ll: XII, He06XO,z:tHM11e ,z:tJifl poJK,neHll:fl KYMYJiflTUBHO:tl: 'laCTll:U11, 

onpe,neJiflIDTCfl COOTHOWeHIJ:eM: 

2 ' 2 
( XIPI + XIIPII - p1 ) = <. XImp + XIImp + m2 ) , 

• - r.ne PI H PII 4-ll:MilyJibC.hl CTanKHB8IDIIUIXCfl 'l8CTHU, pl 4-mm:yJibC 

po~eHHott 'l8CTHU11, m Macca HYKJIOHa (931 Me's - a.e.M.), m
2 

Macca 
p . 

.no6aBOqHl,IX qacTlru;, Tpe6yeM11X 3aKOHaMH coxpaHeHll:fl KBaHTOBb!X 'lHCeJI. 

IIoJiaran .z:tJifl o,z:tHor~ X=1 , MolKHo rroJiy'lHTb peJIHTHBIJ:cTcKH HHBapHaHTHoe 

B.hlpaJKeHIJ:e ,llJ!fl .npyroro X B o6JiaCTH' cpparMeHTaUIJ:H COOTB8TCTByromero 

fl.z:tpa. IIpouecc ·Ha311BaeTCfl KYMYJiflTll:BH.hlM, eCJIH O,z:tHO ll:3 KYMYJiflTHBHhl:X 

'lHCeJI 6oJibWe 1 , T. e. ec.Jrn OH sanpemeH B coy.napeHIJ:nx cB060.z:tH11x 

HYKJIOHOB. B .TeKCTe ,z:tll:CCepTaUIJ:H IlpHBO,z:tflTCfl B.hlpameHIJ:fl ,z:tJifl KYMYJiflTHBHHX 

'lHCeJI .fl,z:tep MHWeHll: H rry•rna, a TaKJKe HX npe,neJibHNe cJiy'lall:. 

PaccMaTpHBaIDTCfl B.hlpaJKeHHfl ,llJI.fl KYMYJiflTHBHOro 'lHCJia B TepMHHax 

4-cKopocTett. 

c:c,parMeHTaUHOHHafl KapTHHa KYMYJiflTHBHOrO S<Iq)eKTa IlpHBeJia K 

BBe,ZJ;eHHID HOBoro · YHHBepcaJibHOro o6~eKTa HCCJie,z:toBaHHtt 
. \ ' . 

KBapK-rrapTOHHOtt CTPYKTYPHO:tl: <PYHKUIJ:H fl.z:tpa. 3Ta <PYHKUHfl onpe.n;eJifleT 

IlOBe,z:teHHe ce'leHHfl KYMYJiflTHBHOro poJK,z:teHHfl 'laCTIJ:U H He CBO,z:tll:TCfl K 

COBOKYITHOCTH CTPYKTYPH11X qiyHKUIJ:tt cocTaBJiflID!llHX n,npo HYKJIOHOB. OHa 

xapaKTepHsyeT YHHBepcaJibHOe. pacnpe.neJieHHe KBapKOB B fl.z:tpax. B STOtt 

KapTHHe H3y'leHHe po~eHHfl K--Me30HOB H . KYMYJiflTHBH.hlX 8HTHIJ:POTOHOB 

.naeT YKasaHHe Ha s<Iq)eKTU pacnpe,z:teJieHHfl 11MOPCKHX 11 KBapKOB B fl.z:tpax 

.[ 1 ] ~ 3aBHCHMOCTb ce'leHHfl OT aTOMHOro Beca . cpparMeHTHPYIO!llero B 

aHTHnpOTOH fl.z:tpa paCWHPfl8T npe,ncTaBJieHHfl O MexaHH3Me <POPMHPOBaHll:fl 

KYMYJiflTHBHNX a.z:tpOHOB. PemeHHe BKcrrepHMeHT8JlbHO:tl: npo6JieM11 

H,z:teHTH!pll:KaUHH aHTHnpOTOHOB Ha MarHIJ:THOM crreKTPOMeTPe ,Il;HCK-3 - CTaJIO 

rrepBott U8JibID HaCTOff!Uett pa6~TU. 

B 1985 CTaBHHCKHM B.C. c KOJIJieraMH 

yHHBepcaJibHoro 

6Jrn3KOtt K 4'JC, 

.n;BYXCTyrreH'laToro 

opHeHTHPOBaHHUtt 

crreKpoMeTpa 

Ha pemeHHe 
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6UJI npe,llJIOJKeH npoeKT 

C~EPA "C· reoMeTpHett 

sa,natr peJIHTHBHCTCKO:tl: 

, 

H,ZJ;epHofi q)H3HKH, po,z:tCTBeHHNX OCHOBHUM sa.na'laM q)H3HKIJ: BUCOKHX SHeprHtt 

[ 2, 31. B pm.max a Toro rrpoeKTa npe,nrroJiaraeTcfl HsytraTb B coy,napelil'IRX 

peJIHTHBHCTCKHX n.nep npoueccu o6pasoBaHHfl KYMYJiflTHBHNX BeKTOPHNX 

Me30HOB, JI8IlTOHH11X nap, 

ITOJlffPll:3aUHOHH11X HBJieHHfi. 

a.npo:mmx KJI8CTepoB, KBapKOBO:A: BK30THKH, 

Ha OCHOBamm npe,llJIOJKeHHo:A: B npoeKTe 

3KCrrepHMeHTaJibHO:tl: nporpaMM.hl BU,z:teJiflIDTCfl rrepBOO'lepe,ZJ;H11e sa,na<rn:, 

KOTOPUM IlOCBflIJteHa 'l8CTb ,z:tll:CCepTaUHOHHOfi pa60TU, CBfl3aHHafl C npoeKTOM 

CIDEPA. 

PacnpocTpaHeHHe rnrroTes npe,ZJ;SJibHOtt cpparMeHTaUHH H MacmTaCiHott 

HHBapnaHTHOCTH Ha orrn.caHHe coy.napeHHfl peJIHTHBHCTCKHX fl,z:tep, ycrrex 

qiparMeHT8UHOHHOfi MO,z:te.Jrn KYMYJiflTHBHOro e<Iq)eKTa B npe,ncKasa:mm 

pesyJibTaTOB rny6oKo-neynpyroro pacceRHHfl JieITTOHOB Ha n.npax JKasuBaroT 

Ha B03MOJKHOCTb cymecTBOBaHHfl B fl.z:tpax TO'le'lHO-IIO,z:t06HUX KOHCTHTyeHTOB, 

H8CYII\HX 'WTUpex-mm:yJibC 60Jibll1l'Itt, 'l8M OHH MoryT HM8Tb B CB060,z:tHOM 

HYKJIOHe. Ey,z:ty1IUie BKcrrepHMeHTU C peJiflTHBHCTCKHMH ~.z:tpaMH, IIO-BH,ZJ;HMOMY, 

,z:toJilKH.hl 611Tb HarrpaBJieHN Ha rrpoBepKy npHMeHHMocTn npe.ncTaBJieHHfi KX.U B 

>1.n;epHott MaTepHH. 

Bo BTOpo:tl: rJiaBe oxapaKT8PH30B8H11 3KcrrepHMeHT8JlbHl:Ie MeTO.n;ll 

HCCJie.n;oBaHHH KYMYJIHTHBHOro e<Iq)eKTa Ha O.z:tHOITJietreBOM crreKTPOMeTpe 

,n;HCK-3 B KOHTeKCTe 38,ZJ;a'lH IIOHCKa KYMYJIHTHBH.hlX aHTHnpOTOHOB. 

IlpHBe.n;eHa cxeMa pasMe11teHHfl .n;eTeKTOpoB ycTaHOBKH (pHc .1 ) • Ooocana 

TpHrrepHaH JIOrHKa H MeTO.n;ll o6pa60TKH HHqJOpMaUHH. 

OilHCb!BaeTCH BKcrrepHMeHT8JlbH11:l!: MeTO.z:t H,z:teHTH!pll:KaUHH.aHTHnpOTOHOB 

B MarHHTHO-OITTH'leCKOM KaHaJie ycTaHOBKH npH IlOMOII\H trepeHKOBCKoro 

c'!eT<rn:Ka rroJIHoro rrorJI011teHHfl c pa.z:tIJ:aTopoM H3 CBHHUOBoro cTeKJia (qcrrrr) 
[ 1 , 4] • qcrrrr Il03BOJifleT perHCTPHPOBaTb B pa,z:tll:aTope aHHllTHJIHUHID 

aHTHnpOTOHOB ITO qepeHKOBCKOMY H3JIY'leHHID SJieKTPOH-Il03HTPOHHOtt JiaBHH.hl, 

BU3UBaeMo:tl: ,-KB8HT8MH OT pacrra,na anHHrHJI.f!UHOHHNX 'JC0 -Me30HOB, a TaKme 
. + 

'lepeHKOBCKO.e H3Jiy'leHHe 'JC--Me30HOB. KpoMe aMIIJIHTY.n;ll CJU'HaJia 

aHHHrHJiflUHH B03MOlKHO H HSMepeHHe BpeMeHH npnxo.na CHI'HaJia 

OTHOCHT8JlbHO . BpeMeHHO:tl: OTMeTKH, sa,naBaeMott CUHHTHJIJIHUHOHH11M 

TeJieCKOilOM. B BpeMeHHoe paspeweHHe qcrrrr COCT8BHJIO B8JIH'!HHY OKOJIO 1 

HC, '!TO IT03BOJIHJIO CHH3HTb q)OH CJiy'lattH.hlx COBrra.neHHtt .no npeHe6peJKHMO 

MaJioro ypoBHfl. 
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Hm,m ncno.iib30BaJJcR tICIBI c pa,zmaTopoM B qiopMe lllecTurpm-Illlrn:a 

,ll;.mmo:tl: OKOJJO 250MM n ,JJ,MaMeTpOM · · OIIHCUBaiometl: OKpylKHOCTH 175MM. 

Pal(llaTop c O,ll,Horo H3 TOPUOB rrpocMaTpnBaJJcR <pOTOYMHOlKllTeJJeM 58A VP. 
C•rnT'IHK saKpblT ll,llJIUH,ll;pH'rnCKHM CT8JlbHUM SKpaHOM. Pa6o'Iee Harrp.RJKeirne H 

rropor Ha <p0pMHpoBaTeJie cxeMN BpeMeHHo:tl: rrpHBR3KH qCIBI 6NJ!ll rro.n;o6palill 

Ha ?C--Me30Hax C HMIIYJJbCOM . 500 MaB/c .- a TaKJKe Ha ,ll;pyrruc 'IacTimax 

(pnc .2). IIoJioJKeHHe rnraa ?C-MesoHHoro crreKTpa ucrroJJb30BaJJocb .n;JIR 

KOHTPOJI.R CTa6HJibHOCTH pa60Tbl qcrm. l{JIR rrpOTOHOB c' HMIIYJJbCOM 500 

MaB/c ITOJIY'IeH Kci8<f$Ill,lleHT' ITO,ll;8BJJeHH.fl <pOHa 1 o-5 • rrpu Tpe6oBamm 

HOpMaJibHO:tl: BpeMeHHo:tl: OTMeT:irn:;' a 3H8'IHT ll BeJlll'lllHbl aMITJlllTY.Itll 

·rrpeBNlllamett ,rropor (f>opMUpoBaTeJIH cxeMN BpeMeHHo:tl: rrpHBHSKH. IIopor 

<pOPMHPOBaTeJJH COOTBeCTByeT JieBOMY Kparo crreKTpa (puc 2). 

H3JIOJKeHbl HTOrH o6pa60TKH CT8THCTHKH, HaKOITJJeHHo:tl: Ha ITy'IKax 

.n;e:tl:TPQHOB ll IlPOTOHOB C MHIIIeHHMH ll3 aJJIDMHHH.R ll CB~a. 

MarHHTO-OITTH'IeCKH:tl: K8H8Jl crreKTpoMeTpa 6b!Jl H8CTpoeH Ha perHCTpa~ 
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PHc. 2 
OTPI1U8TeJJhHblX qacTUU C HMDY JlbCOM 500 MaB/ C. . OmwaHa rrpoue,ll;ypa 

BU,ll;eJieHH.R aHTUDPOTOHHh!X co6UTH:tl: •· . Ha H8'i8J!bHOM aTarre HCilOJ!b30BaJlllCb 

CJie.n,yJOil(He KpHTepHH OTC5opa, COOTB8TCTBYJ014'1e rrpoTOH8M C 1n1,myJibCOM 500 

MaB/c: 

1 ) BpeM.R rrpoJieTa Ha ,nByx C5asax ( 3, 8 n 1 , OM) n nx corJiacoBaHHocTb 

B rrpe.neJiax BpeMeHHoro paspellleHH.R; 

2) B8Jll!'IUH3 HOHH38Ul!OHHhlX ITOTepb B B8Il\8CTBe .lUlYX 

Cll,llHTl1JJJI.flll,UOJIHUX C'IeT'IlIBOB; 

J) IIHTeHCUBHOCTb '-rnpeHKOBCKoro U3JIY'i8HU.R B .L\BYX C'I8T'1HK8X C. 

pa,zmaTopaM11 ns rrJieKcHrJJaca ne rrpeBulllaeT neKoToporo rropora. 

3Tn itp'>iTepnu CB.R3aHu co cKopocTbJO perncTpnpyeMo:tl: '18CTULU1, T.e. 

RBJl.fl!OTCi! CKOppeJinpOB8HHUMl1. B H8lllHX yCJIOBU.RX, rrpu 0,ll;IIOM OTKJIOH.RIDil\eM 
N 

M8f'HllT8 , OHll ,n;aJOT rrpe.n;eJibHOe ITO,ll;8BJieHHe (p()HOBUX '18CTUU "p" /?C - TOJ!bKO 
-4 

,ll;O ypOBH.fl 1 0 • 

TpeC5oBaHHe O H8Jil1'1Jrn HOPM8JlbHO:tl: BpeMeHHO:tl: OTMeTKU cnrHaJia 'ICIIlI 

B OT06paimux Ha nepBOM aTarre coC5UTU.flX .n;aJIO ,ll;OilOJIHUTeJibHU:tl: 

~oaqqiumrnn·.r no.n;aBJieHH.R 1 o-5 
,ll;Jl.R qioHOBUX ~IaCTHU, HMeromux CKOPOCTb 

C5JIU3ICYJO IC CK?POCTU rrpoTOHOB C HMITYJlbC~M _500 MaB/c. <tioHOBUe 'I8CTIUU1 

oICasuBaJIHCb no,n; rroporoM cxeMN BpeMeHHo:tl: rrpnB.RsKn qcrm. AHsJIUs 

,ll;BYM8PHOI'O pacrrpe.n;eJiemrn 8MITJIUTy,na..'.:BpeM.R ITOK.838JJ rrpeneC5pelKllMO MaJThl:tl: 
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cJiy'-rn:ttm.rx c0Bna.nem1tl:. 

PI:lc. 3 
Cner.:Tpll 

<-p,raicua) 

8MIIJIUTY.U qcrrrr ,ll;JI.R K-- n 
~--Me30HOB H aHTmIJ}OTOHOB, noJiyqeHHUe rrpn HaJio~emm YCJIOBM:i! OT6opa 

1 )-3) u Ha.JmqUR BpeMeHHO:tl OTMeTRH B rrpe.il;eJiax 1Hc, rrpe,ncTaBJI8Hll Ha 

pHc.2. "M.RrRHe" YCJIOBHR 3),2) H qacTnquo 1), a TaJOKe YCJIOBHe 

BPeMeHHOil ITPHB.R3RH qcrrrr ( CJie,noaaTeJJbHO, H Ha aMIIJIHTY ,ny) IT03BOJI.R!OT 

n,neHTH(JiHlU'IpOBaTb aHTHrrpOTOHU B cneB:Tpe BpeMeHH IlpOJieTa OTPHUaTeJibHblX 

'IaCTHU (puc. 3). 

,!l;aJiee 06CyJK'AaIOTCR pe3yJihTaThl cpc>HOBhIX H3MepeHID!. Ha ,ne:ttTpOHHOM 

rrytJRe; K8.Jrn6poBoqHUe U3MepeHHR. qcrrrr. Ilpn:BO.Zl;UTC.R cfx:JPMY JJa Bhl'rnCJiemm 
( 

cetJe:im:tt polK,ll;eHHR 8HTmIJ}OTOHOB U pesyJibT8Thl BU~CJI6Hl1R nonpaBO'llWX 

Koa@meHTOB. 

B 3aK..'llO•IeHHe ,n:aeTC.R CBO.D;Ka pesyJibTaTOB IIO HHBapuaHTHHM 

.nu<M>epeHimaJibHblM ceqemmM po:imemm KYMYJIRTHBHhIX aHTmJPOTOHOB 

np0TOH8MH C HMIIYJihCOM 8,9 raB/c rrpn yrJie 61° It HMIIyJibCe 500 MaB/c 
' . 

(Xrr=1 ,47) Ha n.npax aJIIO.Ml~ n CBHHUa, paBHUX, COOTBeTCTBemm, 

8,0±1,5 H 8,1±1,4 [H6•c3 •CTpa,n- 1 •reB-2 •A-1 ) • .l!JIR CBHHUa npu yrJie 

HaOJIIO.n:eHH.R 90°. n: UMIIYJibce 500 MaB/c (Xp=1 ,85) BepXH.RR oueHRa 

ceqeHHR paBHa 0,5 (HO-•c3 •cTpa.n:- 1 ,raa-2 ,.A- ). IIpHBo,n:RTCR 3HaqeHH.R 

P/~-- H p/p-oTHome:im:tt .n:JJR yrJI~ 61°. B rrpe.ztrroJioze~ cTeneHHo:tt 

3aBncHMocTH ceqe:imn OT aToMHoro aeca oueueH noKasaTeJib cTeneHli 
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A-3aBHCHMOCTH. ll;aHo cpaBHeHHe C· pesyJibTaTaMH 6KCITepHMeHTOB, 

BUilOJilleHHUx .UBYMR rpylillaMH ns"HTS~. OTMeqaeTC.R llX corJiacne. 

TpeTbR rJiaBa nocamneHa nocTaHOBKe H_ rrpaKTHqecKOil pea.Jm38UHH 

a:itcnepm.teHTa no noH_cKy rrpouecca po:ime:im.R KYMYJIRTllBHUX MlOOHHNX nap C 

MaJiotl HHBapnattTHotl MaccoilH oueHRe ero ceqeHH.R [5). 8TOT e:itcrrepHMeHT 

6h!JI rrpoBe,n:eH B - paMI(~X rrpoeKTa C~EPA. OH ,naJI rrpaKTHqecRHil OIThIT ,nJIR 

nJiaHUpOBaHH.R aRITepHMeHTOB C JieITTOHHhl.Ml1 . napaMH Ha nepe,ItHeM 

cneKTpoMeTpe YcTaHOBRH C~EPA: 

Ilpouecc polK,ll;emm JienTOHHhIX :riap B a.npoH-R,n:epHUx n a.npo-a,nepHUx 

coy,n:apeHHRX .RBJIReTCR BalKHHM llCTQqHHROM -HHcpc>pMaUHH O BHyTpeHHe:A: 

CTPYKType CTaJIRHBalOIUHXCR qacTHU. KpoMe TOI'O, OH .naeT B03MOlKHOCTb 

BU,neJieHHR BeKTOPHUX Me30HOB no JienTOHHOtl MO,ne pacna.na. !IOCJie,ItHee 

oCScTO.RTeJibCTBO HMeeT ocoCSoe 3HaqeHHe MR coy.n:apeHHR peJIRTHBllCTCRlll 

.R,nep, r.ne cpc>HOBHe rrpou;ecchl H KOM6HHaTOpHtltt _ cpc>H _ ,neJiaIOT rrpaKTnqecRH 

HeB03MOlKHliM Bhl,!l;eJieHHe pe30HaHCOB no,. a.npOHHO:tt. MO,ne pacrra,na. 

.l!JIR TOI'O , 

Xr"'1 

qT0611 oueHHTb 

'UiCJie 

KYMYJI.RTHBHUX 

.I(HMIOOHOB 

p0 -Me30HOB 

'H 

no 

Ce'leHHe po:imeHH.R IIPH KYMYJIRTHBHOM 

HCCJie,n:oBaTb B03MOlKHOCTh' Ha6JIIO,lleHHR 

JienTOHHOtt MO,n:e pacna.n:a, Ml:l rrpoBeJIH 

H3Mepemm ~arMeuTamm ,n:e:A-TpoHHoro nyqKa B MIOOHHhle napH MeTo,n:oM 

norJiomeHH.R rryqKa. IloTepH &Hepro Ha aJieKTpOMarHHTHoe B3aHMo,ne:ltcTBne 

B cpe~e HaKJia,ll;llBaIOT orpaHHqeHHe Ha MHHUMaJibHI,1:!t HMITYJibC MIOOHa, 

npomma10mero tJepes Macey BemecTBa, norJIOTHTeJib racuT 

a.npOH--c6JieKTpOMarHHTHhi:tt JIHBeHb, Blil3BaHHHil nepBffqHhIM ~eilTpOHOM. C 

npaKTHtJecKott TQqKu speHHR OKa3aJIOCh BalKHO U-TO, qTo 6uJia .nocTHJ'nyTa 

.n:ocTaTOtJHa.R CBeTHMOCTb npu H6BUCOKOtt HHT8HCHBHOCTH ,n:e:A:TpoHHoro rrytJRa 

( ..,5 • 10
5 

'laCTiiU/lUiKJI) • 

l13MepeHHR 6UJIH BHITOJIHeHH Ha c6opKe norJIOTHTeJib/ClUffiTHJIJI.RUl10HHlile 

ro,n:OCKOIThl C HCnOJib30BaHHeM ,neTeRTOPOB, rrpe.n:uasHatJeHHhlx .I(JIR nepe,ItHero 

cneKTpoMeTpa ycTaHOBRH OOEPA (CM. puc. 4). MaccHBHa.R CBHHUOB8.R 

MHmeHh 06JiyqaJiaCb rry'IROM .ueitTPQHOB C HMITYJihCOM 4,5•A raB/c H 

HHTeHcHBHOCThIO 106 'laCTHU B IU1KJI.· Ily'loK MOHHTOpHpOBaJic.R TeJiecKonoM 

U3 Tpex ClUfflTHJIJIRUHOHHhIX C'leTtJHKOB S1 ' S2 H S3. MiooHHhle naplil 

,neTeKTHPOBaJIHCb TpeXKOOp,nHHaTHIDJH (X, Y, U) I'O,llOCKOnaMH H1-H4 C 

nJI01na,nbIO 
0

0ROJIO 1 M2 u WHPHHO:lt cqeT'IHKOB 4cM. MelK,Zty ro,noCKOITaMH 

ycTaHOBJielill ZeJie3lille norJIOTHT8Jill . TOJIJJtHHO:lt 0,5M. KOMIIOHOBKa 

,n:eTeKTOPOB H TOJilllliH8 ITOI'JIOTHTeJieit 611.JIH onTUMH3HpOBaHU H8MH C noMOUU,IO 
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CU,'1HT=u,t,10HHblE 
rOAOCKOnbt 

u-nr.OCKOCTb 

x-nAOCKOCTb 

Q.5M 

S2 

0.5Mk 
CB~Htl0BAR M~WEHb O . 

' 

L'
S\/ MtlnK 

~QHOnPOBOA 

OK 

(AAPOHHblVI nort.OWITEt.b) 0.5M 

PHc. 4 

nporpaMMHoro naKeTa GEANT3 ,IJ,JIH perncTpall,HH 
MJOOHHbIX nap B 

BKJia,IJ,a 
KYMYJIHTHBH0:0: o6JiaCTH. BunoJIHeHhl pacqeTU 

HenpoB3aHMO,IJ,e:0:cTBOBaBlllHX B BelD,eCTBe 'JC-Me30HOB H pacna,IJ,HbIX MJOOHOB. 

OTIHCUBaIOTCH ,IJ,eTaJIH TpnrrepH0:0: JIOrHKH .H CHCTeMU c6opa, cyn\eCTBeHHUe 

,IJ,JIH aHaJIH3a HaKoITJieHHo:0: CT8THCTHKH. 

IIpo11,e,IJ,Ypa OT6opa;,IJ,HMIOOHHUX co6uTH:0: COCTOHJia H3 ,IJ,BYX eTailOB. Ha 

nepBOM eTane OT06paHbl 43 co6UTHH, KOTopue He npoTHBOpeqaT rHITOTe3e 0 

npoxolK,II,eHHH ,IJ,BYX sapH.meHHUX qacTHll, ,IJ,O ro,IJ,OCKOil8 H3 CKB03b Bem,ecTBO 

rrorJIOTHTeJie:0:. TaKHe co6UTHH CJIYllmJ!H OCHOB0:0: ,IJ,JIH BepXHe:0: 011,eHKH 

ceqeHHH. Ha BTOpoM eTane eTH co6UTHH, npoxo,IJ,HJIH qepe3 npo11,e,IJ,YPY 

noHcKa, "TpeKOB H BHSyaJibHU:0: aHaJIH3 ropH30HTaJibH0:0: H BepTHKaJibH0:0: 

npoeKll,HH co6UTHH. 5 11xopomnx" co6uTH:0: 6uJIH oTo6paHU Ha eTOM eTane 

(pHc.5). OHH CTaJIH.OCHOB0:0: ,IJ,JIH ~en 011,eHKH ceqeHHH. 

IO 

PHc. 5 
Orrnc1,rnaeTCH npo!_\e,IJ,Ypa 011,emm. ceqeff"AH H npHBO,IUITCfl CBO,IJ,Ka 

pesyJibTaT~rn •. Tipn X1=1 .II.JI.fl. Maccu napu paBno:0: Macce p-Mesona 011,eHKa 
· [ 3 -1 -2] nnBapHaHTnoro ceqemrn paBim 50-500 H6•c •cTpa.n •I'aB .ztJI.fl 

wparMenTa1urn: H.ztpa ,IJ,e:0:Tpona na .fl.ztpe cBHHll,a • 

Ha OCHOB~- HH~ea 011,enKH ceqeHHH ,IJ,eJiaeTC.fl_ BUBO.II. 0 TOM, qTQ 

OTHOWeHHe ceqeHH.fl polK.l(emrn MIOOHHUX nap K ceqe1m10 po:K,D;eHHIO IlHOHOB 

HMeeT BeJIHqm1y OKOJIO 1 o-4 
npH KYMYJI.flTHBHOM q:0:cJie BC5JIH3H x .. 1 , 'ITO 

COOTBeTCTByeT npe.l(CTaBJieHHIO 06 OCHOBHOM BKJia,IJ,e .' JieITTOHHUX pacna,IJ,OB 

.nerKHX BeKTOPHUX Me30HOB B 06JiacTH M8JIUX HHBapHaHTHUX Mace .l(HMIOOHOB. 

qeTBepTa.fl rJiaBa co.nepllrn:T orrn:caHHe aKcrrep11MeHTa no H3MepeHHIO 

A-3aBHCHMOCTH <pparMeHTall,HH peJI.flTHBHCTCKHX .ne:0:TpOHOB B KYMYJI.flTHBHUe 

'lC -Me30HU na .fl,IJ,pax yrJiepo,IJ,a, aJIIOMmm.fl, Me,IJ,H H CBHHll,a Ha rrepe,IJ,HeM 

cneKTPOMeTpe ycTaHOBKH Cif>EPA [6]. IJpaKTH'leCK0:0: 11,eJiblO CTaJIO H3MepeHHe 

napaMeTpa a B rrpe.nrroJiomemm cTerreHHo:0: saBHCHMOCTH A a ceqeHH.fl oT 

aToMHoro Beca .fl,IJ,pa~MHUJeHH. 

PaHee . H3yqeHHe IDIKJ!l031IBHUX crreKTPOB, · KYMYJI.flTHBHUX a,IJ,pOHOB 

npOBO,IJ,HJIOCb, B OCHOBHOM, B oOJiaCTH q,parMeHT811,HH .fl.ztpa-MID.IIeHH. B eTo:0: 

o6JiaCTH cpaBHHTeJibHO JierKO, npOBO,II,HTb ,.HMIIyJihCHU:0: anaJIH3. H 

H,IJ,eHTHWH:H:811,HlO qacTHll,. IlocTaHOBKa eKcnep11MeHTa, npH KOTOpoa 

KYMYJI.flTHBH8.fl -qacTHll,a polK,I(aeTC.fl B o6JiaCTH q,parMeHTall,HH nyqKa, .naeT 

B03MO~OCTb :0:3yqaTb CKOppeJIHpOBaHHUe .flBJieHHH B .fl.l(pe-MinneHH B Y,IJ,OC5H0.0: 

.nJI.fl H3MepeHH.fl KHHeMaTnqecKo.0: oC5.nacTa. · 

B npm~ecce peaJIH3all,HH 8KCIIepHMeHTa cneKTpOMeTp C5UJI OTKaJIH6poBaH 

no HMilYJihCY perHcTpHpyeMUX '18CTH11,, Bupa6oTaH ecppeKTHBHU:0: TpHrrep, 

II 
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H3y'ieHbl qxJHOBble rrpo6JieMU, ITOKa3aHa peaJIHCTH'iHOCTb UCCJie,ztOB8HUR 

KYMYJI.HTUBHOro 9qq>eKTa B C'-leTHOM pel!GiMe YCT8HOBKU ITO rrepBU'-IHOMY 

IIY'IBY • 

MsMepeHUR IIpOBO~Cb Ha. IIY'-!Ke ,ne.ttTpOHOB c HMIIYJihCOM 4.5•A 

raB/c H HHTeHCUBHOCTb!O 106 B ~- Mar~THhl.tt crreKTpOMeTp BKJIJO'-!aeT B 

ce6R (CM. puc. 6): 

~ 
~ 

C ~--/' H02 

S3. ~/ 

S2 ~ 
S1 _,,x/' TARGET 

~--

!?arch '91 
H9 ,/ 

: -✓-, ,\, 
I 

f 

BEAM 
Puc. 6 

-TeJieCKOIT U3 Tpex CWlliTUJIJIRLU'IOHHblX C'-IeT'-!UKOB, MOHUTOPHPY!Omml 

rrepBU'UW.tt IIY'-IOK; 

-cDeMHyJO MUllleHb , paCIIOJIOZeHHyJO B 700 CM rrepe,n ueHTpOM MarHUTa; 

-rasOBblrt.rroporoBbltt -qepeHKOBCKd C'-IeT'-IUK BblCOKOro ,naBJieHUR; 
- 6 2 -:-,nBa . ro,noci<orra . IIJIOIUa,ztb!O 16x1 'CM , COCTOfill\Ue U3 

IIJIOCKOCTe.tt, Ka~aR COCT0l1'.T U3 - 16 .C'-IeT'-IUKOB pa3MepoM 160•9x3 

paCCTORHUR OT. ueHTpa MarHUTa 400 H 230:.:cM; 

,nayx 

MM3; 

~'leTupe _TpeXKOOp,nHHaTHblX ro,nocKorra IIJioma,ztb!O OKOJIO 1 M2 [4J. TpU 

H3 KOTopux ycTaHOBJieHbl C3a.I(H MarHUTa Ha paCCTORHUH 200, 320, 520 CM 

OT ero ueHTpa, a O,nHH Herrocpe,ztCTBeHHO rrepe.n MarHUTOM. 
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-.n;mroJibHUtl: MarHUT paMHoro Tuna C 3a30PQM MelfUIY ITOJIJOCaMU 68cM, 

urn:p1rnott IIOJIIOCOB 100CM n ,ItJIHHOtt 150cM; MaKCllM8JibH8.ff ,ItOCTHZHM8R 

H8IIpRZeHHOCTh IIOJIR B ueHTpe MarHHTa OKOJIO 0,82 TecJia; 

Yr.noBO.tt 8KC8ITTaHC ycTaHOBRU Ol-OJIO 1 o-4cTepa,ItH8H, nMIIYJibCHbl.tt 

7:JKcenTaHc OT 2,5 .no 6_I'sB/c. 

HaMH 6blJia paapa6oTaHa rrepBaR BepcHR rrporpaMMU peKOHCTPYKUHU 

TP8KOB B rrepe,lJ;IieM crreKTpoMeTpe ycTaHOBKH C~EPA C YCJIOBHblM Ha3BaHUeM 

MULTITRACK ,ItJIR 3BM TUIIa VAX. BusyaJibHbl.tt KOHTPOJib ee KoppeKT~OCTH 

npoBO,ItHJICR c rroMomoro rpaipnqecKoro BapnanTa aTo.tt rrporpaMMH, 

H83B8HHoro MULTIHIGZ. AJirOPHTM rrporpaMMU peKOHCTPYKUHU U OCHOBHble 

pacrrpe,neJieHUR, xapaKTepusyromue ero, rro.zwo6Ho paccMoTpeHbl B · TeKcTe 

,ItHccepTauun. 

KaJrn6pOBO'lHaR KOHCTaHTa CBR3hlBaJOman yroJI OTKJIOHeHUR, HMrryJibC 

qaCTHUU U TOK B MarHUTe. 6b!JI8 ITOJiy'-IeHa Ha rrytIBe ,ne.ttTpOHOB c HMrryJibCOM 

6,6 raB/c. Ee BeJrn'-!HHa IIFOBepeHa Ha rry'lliaX ~--Me30HOB C HMrryJibCOM 3 

H 4 raB/c. ~TllPOBaHHe qlYHKUHett raycca HMrryJibCHhlX crreK.TPOB ,n;aeT 

OUeHKy paspemeHHR Op/P= 5,0±0,.1%. rrpu HMrryJibce 3,75 I'aB/c. Ha ny'llie 

~--Me30HOB IIpH HMIIYJibCe 3 raB/c IIpOBO,I(HJiacb OTJI8,lll<a rrporpaMMH 

peKOHCTPYKUUH• Ilpu YCJIOBHRX, COOTBeTCTBYJOmuX Tpurrepy, aqx:I)eKTHBHOCTb 

Haxoz.neHUR TpeKOB HaXO,ItHTCR Ha ypoBHe 75%. B OCHOBHOtt CT8TUCTUKe 30% 

coClUTd co,n;epzaT peKOHCTpyupyeMUe TpeKU. 

Ha pnc. 7 rrpnBe.n;eHbl pesy.nbTaTbl !pHTll:pOBaHHR 3aBHCllMOCTb!O BH,Ita 

Aa- 1 , HOpMupoBaHHoro Ha TO.nmuHY MmIJeHU H CYMMapHyro HHTeH-CHBHOCTh 

rry'-!Ka , 'iHCJia H,ll;eHTH~OBaHHblx ITUOHOB • B rrpe,n;eJiaX OlllH60K . ,naa 

3Ha'-!eHHR rrapaMeTpa Q COBIIa,n;aroT. Ycpe,n;HeHUe ,n;aeT ,ll;JlR HHTepBaJia 

0,8<Xr<1,2: 

a= 0,27 ± 0,09 

ITo.nyqeHHoe 3HatreHUe yKa3HBaeT Ha CYmeCTBeHHO 60.nee CJia6yro 

3aBHCHMOCTh 3Toro rrpouecca OT R,l(Pa-MmIJeHH, qeM ycHJieHHaR 38BHCHMOCTb 

OT aToMimro Beca giparMeHTHPYIO!Uero ·a KYMYJlRTHBHhl.tt mioH n.zwa. 

Bo.nee ,n;eTa.noHOe usyqeHUe RB.nelid cKoppe.nupoBaHHhl:x c rrpoueccoM 

o6pa30B8HUR KYMYJlRTHBHblX ITUOHOB ,n;acT HOBYJO HHqx::>pMaUHJO O ,ItHHaMHKe 

KYMYJlRTHBHOro poz.neHHR, Harua ITOCTaHOBKa 5KCrrepHMeHTa I103BOJlReT 

IIpOBO.n;HTb "MetreHHe" KY1,IYJlRT.lll3HOro ~--Me30H8 H OTKPb!BaeT B03MOlKHOCTh 

:0:sytreHHR ,n;eTa.ne.tt rrpouecca ero o6pasoBaHHR. 
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Puc. 7 
B saICJJIOqemm: cqJOPMYJIHPOBaHU OCHOBHUe pe3YJibT8Tll ,ll;HCCepTa1u10HHott 

pa6om: 

OCHOBHhlE PESYJII:,TAT!:l }UIICCEPTAI001' 

1 • .I{.nR 

cneKTpoMeTpe 

H,JJ;eHTMqJHKaIJ,m'.I 

perHcTpau,m'.I KYMYJIRTUBHNX 8HTUilpOTOHOB Ha MarHl'.ITHOM 

,mfCK-3 aBTOPOM npe.n,no:Keu M peaJIM30BaH MeT0,11 

aHTMnpOTOHOB ITO perncTparum CMrH8Jl8 ammrHJIRIJ,Iffi B 

qepeHKOBCKOM cqeTqn:iee IIOJIHOrO rrorJiomeHHR C pa.n;HaTopOM M3 CBllHUOBOro 

CTeXJia. 

2. M3Mepelill a6COJIIOTHh!e BeJ!lf'l:mru ceqeHW\ polK,ll;eHHR XYMYJl.ffTMBHhlX 

8HTmipOTOHOB Ha .ff.ztpax 8JllOMUHll.ff H CBnHUa rrpH 3HaqellliH KYMYJI.ffTHBHOI'O 

'II1CJ18 X=1 • 47 H IIOJiyqeHa BepXH.ff.ff oue.HKa ceqeHllR ,!\Jiff KYMY Jl.ffTHBHOro 

qncJia X=1 • 85. no 9THM ,11aHHUM noJiy'leHa oueHKa rroKa3aTeJI.!t cTerrem1 

A-38BMCHMOCTH a=1 ,00±0, 12. YcnJieHHa.ff 38BUCHMOCTb OT aToMHoro Beca 

yxa311BaeT Ha CJia6oe rrorJiomeHHe KYMYJIRTMBHUX aHTMnpOTOHOB BO 

(pp8l'MeHT:Hpy~eM .ff.ztpe. 

3. Ilpe,!IJIO:KeH M peaJIM30B8H 8KCIIepHMeHT ITO oueHKe ce'Ielill.ff 

pOlK,ll;eHHR KYMYJIRTHBHNX MIDOHHUX nap c M8JIO:l!: llHBapnaHTHott Macco8 npu 

(pparMeHTal(MM peJIRTHBHCTCKMX ,11efiTpOHOB. Bl:IIIOJIHeHo Mo,11eJmpoBaHHe 

ypJioBmt e:iecrrepHMeHTa, KOTopoe .ffBHJIOCb OCHOBaHHeM ,!\JI.ff HCITOJ!b30B8HHR B 

e:iecrrepHMeHTe MeTo,11a rrorJiomeHH.ff rry'IBa. 8KcrrepHMeHTaJibH8.ff oueHKa 

ce•ieHH.ff polK,lJ;eHHSI KYMYJIRTHBHllX MIOOHHUX nap corJiacyeTcR C 
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npe,llITOJIO:Kem1eM O ,llOM:0:H:HJ)YIOmeM 

BeKTOPHhlX Me30HOB. 0Ha ,llaeT 

BXJ18,lle SJieKTPOMarHHTHllX pacIIa,!IOB 

9KCIIepUMeHT8JlbHYIO OCHOBY .n,,I.ff 

IIJl8H:HJ)OBaHl'IR 8KCrrepmieHTOB C JieIITOHHl:IMH napaMH ITO npoe:ieTy C~EPA. 

4. Ha rrepe,!IHeM ,lleTeKTOpe ycTaHOBKU·C~EPA BllIIOJ!HeH e:iecrrepHMeHT 

TIO U3MepeHl'IIO IIOK838TeJIR CTerreHl'.I Aa-38BUCHMOCTH Ce'IeHHR WP8I'MeHT8l(HH 

peJIRTUBHCTCKllX ,11ettTpOHOB B KYMYJIRTHBHlle ~--Me30Hll Ha .ff.ztpax yrJiepo,11a, 

3JIIOMllHUR, Me,lU'l U CBUHU8 • .UJI.ff mmHOB C KYMYJIRTHBHl:IMH qucJiaMH B 

llHTepBaJie 0,8<Xr<1 .2 IIOJiyqeHO 3H8'!eHHe a=0,27±0,09, cymecTBeHHO 

OTJIU'l810ll1eecR OT A-38BUClfMOCTH ippa•r~eHTUpyIOmero R.ztpa. 

5. .IJ;JIR o6pa60TKU pe3yJibT8TOB 8KCnepUMeHT8 C03,llaHa nporpaMMa 

peKoHCTPYKUUU Tpe:ieon, a TaKJKe rpaqinqec:ieaR''' nepmrn nporpaMM!l ,llJIR 

BU3Y8JibHO~ ee npoBepKH. C TIOMOmbIO 8TOft nporpaMMl:I IIOJiyqeHU OCHOBHlle 

. KaJIUCiponoqm,re KOHCT8HTl:l U xapa:ieTepucnnm yCT8HOBKH. IlporpaMMa MO:KeT 

611Tb UCITO~b30B8Ha ,llJl.f! it>HJibTpartirn co6UTH8 B ceaHcax paCiOTl:I Ha 

ycxopnTeJie. 

6. B e:iecrrepnMeHTe ITO USMepeHHIO A-38BUClfMOCTH 6UJI8 IIO,llTBep:K,lleHa 

8<ppeKT8 B C'leTHOM pelKHMe B03MO:KHOCTb nsyqeHUR KYMYJIRTUBHOro 

ycTaHOBKH C\I>EPA no rrepnHqHoMy 'nyqxy, 'ITO ,11aeT 8KCrrepmieHT8JlbHYIO 

OCHOBY ,ll;JI.f!'IIOCT8HOBKH 6oJiee CJIO:KHllX KOppeJIRUUOHHllX 8KCIIepUMeHTOB. 
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