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06iuan xapaKTepHCTHKa pa60Tbl 

AKTV3JlhHOCTh npo6JieMhl. B noeJJe)].HHe fOJlI,I eyrueCTBeHHO B03pOC HHTepec K ' 
rrpo6JJeMaM H MeTO}laM orrucaHHH CHJJI,HO B036}')KJ{eHHOll H.n:epHoii' ' MarepHH. 
Oco6oe BHm.i:aHHe .B· JJHTeparype y~eJJHeTCH npo6neMaM ~poMOIIJia3MbI, 

~ ••' . , . 
COCTOHIUeii H3 ,KBapKOB H, rJIIOOHOB, KaK npe.n:eJJbHOM}' aCHMilTOTuqecKOM}' 
cocTOHHHJO HJlepHoro semeerna. Eon1,rnpn u see B03paeraromnn HITTepec . K 
peJJHTHBHCTCKOll H}lepHOH qlH3HKe MOTHBHpOBaH Ha)].e)KJ{aMH Ha yCTaHOBJJeHue 
3aKOHOB, OilHCbIBalOIUHX peJIHTHBHCTCKHe MHoroqac1WIHbie CHCTeMbL J,fayqeHue 
3THX 3aKOHOB HMeer 6on1,rnoe 3HaqeHue. )].JIH acrpocjJn3HKH, KOCM.onomu, )].JIH 

rrottuMaHHll JIBJJeHuii, npoTeKasrnux B MOMeHT Eon1,rnoro B3pmia. Y cTaHOBJJeH~e 
TaKHX 3aKOHOB Ba)l<HO TaK)Ke )],JIH C03)],aHHH euCTeM 3JJeKrpOllJlepttoii 3HeprernKH, 
KOTOprur B nocJJe}lHHe fOJlbl npHBJJeKJJa 60JJI,IIIOe BHHMaHHe 3Hepr,eTHKOB, 
cneUHaJJHCTOB B o6JJaCTH peaKTopocrpoeHHH, 3KOJJOfOB. )];JIH npHKJJa)].HI,IX uenen 
TaK)Ke Ba)KHO HaKOIIJJeHHe H KOJJuqeCTBeHHOe OilHCaHHe 3KenepnMeHUUibHbIX 
}laHHbIX no 83aHMO)].ellCTBHIO peJIHTHBHCTeKHX HOHOB C BemecTBOM. 

B HaCTOJIIUee BpeMH rrpH3HaeTCH, qro KBaHTOBruI xpOMO)],llHaMHKa CKXm, 
6a3Hp}'IOIUruICH Ha IlpHHUHnax cospeMeHHOH TeopHH noJIH KaK COCUIBHrul qacTb 
CraH.n:aprnoii Mo.n:enu Ha Pll.D.Y e Mo.n:enblo 3JJeKrpocna6bix B3aHMo.n:eiiCTBuii, 
JIBJJJieTCH ocHoson Teopuu CHJJbHbIX B3aHMo.n:enCTBuii. KXL{, TPaKTYIOIUruI 
aJlPOHbl KaK COCTaBHbie ofo,eKThI, CO}lep)Kamue q>YH.LJ.aMeHTaJJI,HI,Ie 
COCTaBJIHIOIUHe - KBapKH H rJIIOOHbI, )],OJJ)Kffa, B npHHunne, OilHCbIBaTh KaK 
aCHMilTOTHqecKue COCTOHHHH, TaK H COOTBeTCTB}'IOIUHe q>a30Bbie nepeXO)],I,I. 
O.n:HaKO rrpuMeHeHHe KX,[( K H.D.pO-llJlepHbIM CTOJIKHOBeHHHM, oco6eHHO s 
o6nacTH, r.n:e KaK KBapK-rJJIOOHHbie, TaK H H)'KJJOHHble CTenem1 eso60.LJ.I,1 urparoT 
cymecTBeHttyio pOJJI, - 3arpy.D.HHTeJibHO, a npupo.n:a .n:eKOHq>aHHMeHTa H, 
COOTBeTCTBeHHO, nepexo.n:a ofa1qHoH (ttyKJJOHHOH) H)],epHOM MaTepHH B 
xpoMOIIJJa3MY, noKa He HCHa. 

Oeo6biii HHTepec BbI3bIBaIOT peaKUHH, Il.D.}'IUHe 3a npe}leJiaMH KHHeMaTHKH 
0)],HOH)'KJJOHHbIX eTOJJKHOBeHHM, npH KOTOpbIX perucrpupyeMrur qacnma 
yHOCHT HMnyn1,e, npHHa)],Jle)KaIUHH rpynne H)'KJJOHOB HaJJeTaIOIUero HJlPa HJJH 
llJlPa MHIIIeHH. 

Y)Ke B neps1,rx pa6orax no peJJHnmHCTCKoii llJlepHoii: QJH3HKe 
no.n:qepKHBaJJaCI, Ba)KHOCTI, myqeHHH MaCIIITa6HOll HHBapHaHTHOCTH 
(aBTOMO)],eJJbHOCTH) HJlepHbIX eTOJJKHOBeHHll, KOTOprur HHTepnpeTHpOBaJJaCb KaK 
eBOHCTBO 
pa3pa6aThIBaTb 
peaKUuii:. 

JJOKaJJbHOCTH 
yHHBepCaJJI,Hbie 

aJlPOHHbIX 
nO}lXOJlbl 

s3anMo.n:eii:crnuii:, n03BOJIHIOIUee 
K OnHCaHHIO pa3H006pa3HI,IX 

Oco6eHHOCThIO TaKHX no.n:xo.n:os llBJJHeTCH TO, qro HeKOTOpbre napaMerphl: 
HOpMHposoqHI,Ie KOHCTaHTbI, q>yHKUHOHaJJI,HI,Ie 3aBHCHMOCTH OT KOM6nHauuii:, 
onpe.n:eJIHIOIUHX 3a)].aqy napaMerpOB, BBO)],HTeH B TeoperuqecKyio MO)].eJJI, H3 
He60JJI,IIIOI'O Ha6opa . ueJJeHanpaBJJeHHbIX 3KenepuMeHTOB C nocJJe.D.}'IOIUHM 
o6o6meHHeM Ha see MHoroo6pa3ne peaKUuii:. 

I Obtt.ll:;Htii;,w~1 m,:Tli?jY I 
~~~;~i ucc:;eia~iullil 

i 6£1SflHOTE:KA . 



IlpHMeHeHHe B pemrrnBHCTCKOH .ir.nepHOH lpll3HKe MeTO,nOB no.no6HH, CHMMeTJ)HH 

pemeHHH H .npyrmc Me'TO,nOB, He onttpalOll.{HXCH Ha narpamKeB Me'TO,n, n03BOJIHeT 

KOHCTp}'IIPOBaTb MO,nenn (pemeHHH) HCXOM H3 nepBblX npHHUHnOB. 3To n03BOJIHe'T 

He TOJlbKO KOJIWieCTBeHHO onttcaTb HMelOll.{HeCH .naHHbie no pa3H006pa3HblM 

MHOrO'laCTll'IHbIM H.npHbIM peaKUHHM, HO H ,naTb cymeCTBeHHbie npe,ncKa3aHIIH .nmI 

IlJiaHHpyeMblX 3KCnepHMeHTOB nptt HaHBbICIIIHX 3Hepm.irx coopy)KaeMbIX .ir.nepHbIX 

KOJIJiaii,nepOB. 

0rMeTHM, 'ITO H3Y'Jettne nepexo.nHoii o6nacTn :mepmii, nccne.noBaHne n 

q>OpMyJIHpOBKa o6mnx 3aKOHOMepHOCTeii po>K,neHHH 'laCTHU B peaKUHHX, r.ne KBapK

rJIIOOHHbie CTeneHH CB060,nbI cymecTBeHHbl, - Hatt6onee aKTYaJibHbie 3a,na'IH 

COBpeMeHHOH H,nepHOH q>H3HKH. 

lle.JIL pa6oTLI cocToHJia B 3KcnepnMeHTaJibHOM n TeopeTwieCKOM 

HCCJie,noBaHHH no.nnoporOBbIX H KYMYJIHTHBHbIX npoueccoB, a TaK>Ke peaKUHH C 

nY'JKaMH BeKTOpHO-nOJIHPH30BaHHbIX .neil:TpOHOB. IlpnMeHeHHe aBTOMO,neJibHOro 

no.nxo.na ,nJIH KOJIH'leCTBeHHOro omrcaHHH HHKJII03HBHbIX peaKUHH H 

MHO>KeCTBeHHOro o6pa3oBaHHH a.npoHOB. 

3THM uen.irM 6hmn no,n'IHHeHbI cne.nyJOmne HanpaBJieHHH pa6oTbI aBTOpa: 

1. IloCTpOeHHe MO,neJIH onncaHHH no.nnoporoBbIX n KYMYJIRTHBHbIX npouecCOB Ha 

OCHOBe aBTOMO,neJibHOro, pem!THBHCTCKH-HHBapnaHTHOro no.nxo.na. 

2. IlpnMeHeHHe MO,neJIH K npOTOH-.ir,nepHblM n .ir,npo-.ir.nepHblM peaKUHHM Ha 

OCHOBe nOJIY'leHHbIX H HMeJOll.{HXCH B JIHTepaTYPe 3KcnepHMeHTaJibHbIX .naHHbIX. 

3. 11pe.ncKa3aHHH Ha OCHOBe nOJIY'JeHHOH MO,neJIH Ce'leHHH pmK,neHHH 

pa3JIH'IHbIX a.npOHOB B nrraHnpyeMbIX · 3KCnepnMeHTax. 

4. OnncaHHe o6pa30BaHml aHTHMaTepHH (aHTHH,nep, CHCTeM COCTOJIIIIHX H3 

aHTHKBapKOB) B peJIHTHBHCTCKHX JI,nepHbIX CTOJIKHOBeHHJIX. 

5. OnHCaHHe MHO>KeCTBeHHOro pmK,neHHJI 'laCTHU Ha OCHOBe aBTOMO,neJibHOro 

peIIIeHHH BTOporo po.na n npHMeHeHHe npHHUHna ocna6rreHHJI KOppeJIJIUHH B 

npocTpaHCTBe 4-CKOpOCTeil: 

6. Y'laCTne B co3,naHHH n Mo,nepHH3aunn ycrnHOBKH KACIIHH. 

7. IlpoBe,neHHe CeaHCOB H3MepeHHH, o6pa60TKa H aHaJIH3 3KCnepnMeHTaJibHbIX 

,naHHbIX no no.nnoporoBOMY H OKOJIOnoporoBOMY pmK,neHHJO KaOHOB H nHOHOB 

B peaKUHHX p+C, d+C n C+C B 3aBHCHMOCTH OT :mepmn HaJieTaromttx .ir.nep. 

8. IlocTaHOBKa H npoBe,neHHe 3KCnepnMeHTa no H3y'leHHJO acHMMeTpIU1 

po>K,neHHH nHOHOB, npOTOHOB H KaOHOB B 3aBHCHMOCTH OT 3HeprHH BeKTOpHO

nOJIJipH30BaHHbIX .neil:TpOHOB H HMnyJibCa BTOpH'IHbIX 'laCTHU. 

9. Pa3pa60TKa H3Y'JHOH nporpaMMbl H PYKOBO,nCTBO C03,naHHeM ycTaHOBKH 

MAPYC.51, pacnono>KeHHoil: Ha BhIBe,neHHbIX nY'JKax ycKopnTemHoro 

KOMnrreKca CHHxpoq>a30TpOH-HyKJioTpOH. 

HayquaSI H0BH3H3 H npaKr11<1ecKaS1 ueH!WCTb pa60Tbl. 
flpoBe,neHbl CHCTeMaTH'IeCKHe 3KCnepHMeHTaJibHbie HCCJie,noBaHHH no 

pmK,neHHIO Me30HOB B 3aBHCHMOCTH OT 3HeprHH H THna HaJie'TaJOIUHX n.nep B 

,nttana30He 3Hepmil: 2.5-8.lr3B. 
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BnepBbie 06be,nnHeHbl no.nnoporoBble peaKUHH nptt OTHOCHTeJibHO 

tteBhICOKHX 3HepmJix, oKorro 1 r3B/HyKJIOH, c peaKUHHMH KYMYJIHTHBHO_ro THna B 

paMKax e,nHHOro no,nxo.na, Ha OCHOBe aBTOMO,neJibHOro pemeHHH. 

flpe,nrro>KeHHaH MO,neJib ,naer B03MO>KHOCTb .nerraT_b KOJIH'leCTBeHHhie
0 

oueHKH 

BblXO,nOB 'IaCTHU B pa3H006pa3HbIX no.nnoporoBbIX JI,npo-JI,nepHblX peaKUHHX. 

Mo,neJib MO)Ke'T HCnOJib30BaTbCJI .nJIJI nrraHHpOBaHHH 3KCnepHMeHTOB H 

C03.!(3HHJI nytJKOB BTOpH'-IHbIX 'laCTHU. 

flpe.nrrmKeHO aBTOMO,neJibHOe pemettHe BTOporo po.na .nJIJI onttcaHHJI 

MHO>KeCTBeHttOro pmK,neHHJI 1JaCTHU. PeIIIeHHe anpo6HpOBaHO .no HaHBblCIIIHX 

cymecrny10iunx 3Hepmil: 1.8T3B. 

3KcnepHMeHTaJibHbie ,naHHbie no OTHOIIIeHHJIM Ce'leHttii KaOHOB 11 nHOHOB 

nonytJeHHble B ycJIOBHJIX o,nttoro 3KCnepiiMeHTa, ,lJ,JIJI pa3HbIX peaKUHH, HMeJOT 

cymecrneHHO MeHbIIIHe CHCTeMaTHlJeCKHe OIIIH6Kn, lJTO Ba>KHO .nJIJI nOCTpOeHHJI 

n:opeTn'leCKHX Mo,nerreil:. 

flpe,nrro>KeH n npoBe,nett ~KcnepnMettT no my1Jettn10 acn111111e1;Pnn po>K.nettnJI 

nnoHOB, KaOHOB H npOTOHOB BeKTOpHO nOJIJIPH30BaHHbIMH .neil:TpOHaMH. 

)].aHHbie ITO po>K,neHHIO KaOHOB MOryT 6hITb HCIIOJib30BaHbl .nJIJI C03,naHHJI KaOHHbIX 

ny<IKOB Ha .neil:cTBYJOIIIHX ycKopHTeJIJIX JI,nep. ' 

Anpo6aium pa6oTht II ny6JI11Kaum1. Pe3yJihTaTbI Bome,nIIItte B .nncceprnun10 

,noKJia.!(blBaJIHCb asTOpOM Ha HaY'JHbIX Cel\rnttapax 115Il1 PAH; l1T3<l> (MocKBa); 

J1B3, mm, EJTT<l>, O115Il1; Ha XI, XI I, XI 11 Me>K,nyHapo,ntth1x c~Mnttapax no 

peJIJITHBHCTCKOH JI,nepHOH q>H3HKe n KB3HTOBOH xpOMO.!(HHaMnKe ()].y6tta ), Ha 

Me;K,nyHapo,nHOH KOHq>epeHUHH no . JI,nepHOH .!(HHaMnKe (l1TaJIHJI, 1990); 

o6cy>K.nanHch Ha Bceco103HbIX ceMnttapax rio nporpaM111e nccrre.noBattHil: · Ha 

Me30HHOil: qia6pnKe l15II1 (3Bettnropo.n), n co.nep)KaTcJI. B pa6oTax [1-15], 

ony6nHKOBaHHblX B KpaTKHX coo6111ettnJIX 0115111, >KypHanax "51.neptta.ir 

cj)tt3HKa","Nuclear Physics", "Nuovo Chimento", B MaTep11anax BbIIIIeynoMJIHYTblX 

Kottq>epettunil:. 

)].ttccepTaUHJI. cocTOHT n3 BBe,nettnJI, nJirn rnail, 3aKJIJO'leHHJI n npttno>KettnJI. 

AoTop JaiunmaeT: 
1. Pa3pa60TKY e,nHHOro no.nxo.na .nJIJI OnHcattHJI HHKJII03HBHbIX Ce'leHHH pcnK,neHHJI 

no,nnoporoBbIX, KYMYJIJI.THBHblX a,npOHOB H aHTHJI,nep B npOTOH-JI,nepttbIX H JI,npo

JI,nepHblX peaKUHJI.X, Ha OCHOBe aBTOMO,neJibHOro peIIIeHHJI. 

2. Pa3pa60TKY aBTOMO,neJibHOro no.nxo.na BTOporo po.na .nJIJI OnHCaHHJI 

MHO>KeCTBeHHOro pmK,neHHJI a,npOHOB. 

3. Y'laCTHe B c03,naHHH If 1110.neptt113aUHH yCTaHOBKH KACITI1H. Mo.nen11p0Battne 

MarHHTOOilTHlJeCKHX CHCTeM ycTaHOBKH, npoBe,neHtte H3MepeHHH, o6pa60TKa H 

aHaJIH3 3KCnepHMeHTaJibHbIX ,naHHblX. 
' . - + + 

4. 3Kcnep11MeHTaJibHO H3MepeHHbie OTHOIIIeHHJI cetJeHHH po>K,neHHJI K ,K ,1(1t -

Me30HOB C HMilYJibC0M 800 M3B/c B JaBHCHMOCTH OT 3HeprHH HaJieTalOUIHX JI,nep B 

,nttana3oHe 2.5-8.lr3B, B peaKUHJIX p+C,d+C,C+C. 
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5. 3KcnepHMeHTaJihHOe HCCJie,!lOBaHHe aCHMMeTpHH pmK,!leHml IlHOHOB, KaOHOB H 

npOTOHOB BeKTopHo-nom1pmoBaHHhIMH ,!leihpoHaMH B 3aBHCHMOCTH OT :meprnH 

HaJleTaIOIUHX 51,!lep, HMIIYJihCa H THIIa perHCTpttpyeMbIX qacnu.t. 

6.IlnaHHpOBaHHe 3KCIIepIIMeHTOB Ha coopy)KaeM·ou IIO,!l PYKOBO,!lCTBOM aBTOpa 
yCTaHOBKe MAPYC.5!. 

Co,!lepiKauue ,!lHccepTaunu. 

Bo BBe)leHHH o6oCHOBhIBaeTC51 aKTyaJihHOCTh HCCJie,!lOBaHH51 peJI51THBHCTCKHX 

51.!lepHbIX CTOJIKHOBeHHH B nepeXO.!lHOH 06nacn1 3Heprnii OT HYKnOHHhIX K KBapK

rmOOHHhIM CTeneH51M CB060.!lhl B 51,!lpax. OrMeqeHa cneumpHKa o6pa3oBaHH51 

a,!lpOHOB B ueHTpaJihHOH o6naCTH B cpaBHeHHH C peaKUH51MII KYMYJI51THBHOro THIIa. 

OOJihlllOH II BCeB03pacTaIOIUHH HHTepec K peJI51THBHCTCKOH 51,!lepHOH cpH3HKe 

MOTIIBHpOBaH Ha,!le)K,!laMH Ha yCTaHOBJieHHe 3aKOHOB, OilHChlBaIOIUHX 

peAATHBHCTCKIIe MHOroqacTWIHbie CHCTeMbI. l·fayqeHHe 3THX 3aKOHOB HMeeT 

6oJihlllOe 3HaqeHHe ,!lJl51 aCTpOqJH3HKH, KOCMOJIOfHH, M51 IIOHHMaHH51 51BJieHHH, 

npoTeKaBlllHX B MOMeHT OOJlhlllOro B3phrna. Y CTaHOBJieHHe TaKHX 3aKOHOB Ba)l(HQ 

TaK)Ke ./lAA C03.!laHH51 CHCTeM 3JieKTp051.!lepHoii 3HepreTHKH, KOTOpM B IIOCJie,!lHHe 

fO.!lhl npHBJieKna 60JihlllOe BHHMaHue 3HepreTHKOB, cneuHaJIHCTOB B o6naCTH 

peaKTOpOCTpOeHH51, 3KOJI0f0B. )];AA npuKna,!lHhIX r.teneii TaK)Ke Ba)l(HQ HaKonneHHe 

3KCnepuMeHTaJlhHhIX ,naHHhlX no B3aHMO,!leHCTBHIO peJI51THBHCTCKHX HOHOB C 

BemeCTBOM. 

OnucaHo peAATHBHCTCKOe o6o6meutte npHMeHHMOCTH IIOH51TH51 "3neMeHTapHM 

qaCTHr.ta", H npe,!lCTaBJieHa KnaCCHqJHKal.{H51 51.!lepHhIX CHCTeM B . npOCTpaHCTBe 4-

CKOpOCTeii. 

CcpopMynupoBaHa r.tenh pa60ThI. 

B nepeoii r JiaBe OIIHCaHa poJlh MeTO.!lOB IIO.!l06H51 H CHMMeTpHH B COBpeMeHHOH 

cpli3HKe, B onpe,neneHHH MaTeMaTuqeCKHX MO,neneii H CTpYKTYPhI 3aKOHOB npttpO./lLI. 

,ll;aHO onpe.neneHHe aBTOMO.!leJlhHOCTH KaK oco6oii CHMMeTpHH cpH3uqecKoii 

CHCTeMbI, COCT051IUeii B TOM, qTo H3MeHeHHe MaClllTa6oB He3aBHCHMhIX nepeMeHHhIX 

MQ)KeT 6hITb CKOMIIeHCHpOBaHo npeo6pa30BaHHeM no,no6H51 .!lpyrnx ./lHHaMHqecKHx 

nepeMeHHhIX. 

06Hapy)KeHHe COKpameHH51 qucna nepeMeHHh!X OT KOTOphIX 3aBHCHT qJH3HqecKHii 

3aKOH H 03HaqaeT o6Hapy)KeHHe CHMMeTpHH. 

OTMeqeHo, qTo npHHI.{HII aBTOMO.!leJihHOCTH B qJH3HKe 3JieMeHTapHhIX qaCTHI.t . 

BnepBhie 6hm ccpopMynttpoBaH B.A.MaTBeeBhIM, , P.M.MypaMHOM H 

A.H.Tanxenu,n3e [l] M51 npor.teccoB rny6oKoHeynpyroro B3aHMo,neiiCTBH51 nemoHOB 

C a,npOHaMH B EbepKHHOBCKOM npe.nene q
2
,::,:v=2pq>>p2=in2 (m - Macca a.!lPOHa, p -

ero HMIIYJihC, q
2 

- KBa,npaT nepe.naBaeMoro HMIIYJihCa OT nenTOHa K a,!lpOHy). 

CTpYKTYPHM cl>YHKI.tH51 a.npoHa F(q2, v) (KBa,npaT aMilnlfTY.!lhI pacce51HH51) B 

COOTBeTCTBHH c npHHUHIIOM aBTOMO.!leJibHOCTH HMeeT o6muii BH.!l 

F(q2,v)=(l/(q2)a )f(v/q2) 

4 

,: 

i 
,t 

0,nHaKo B peAATHBHCTCKHX 51.!lepHhlX CTOJIKHOBeHH51X pO)K,!laIOTC51 qaCTIII.{hl KaK C 

60JihIIIHMH, TaK H C MaJihIMH HMIIYJihCaMH, II03TOMY ycnOBHe 6hepKeHOBCKOro 

npe.nena CHnhHO CY)KHBaeT o6naCTh IIpHMeHeHH51 H.!leii aBTOMO.!leJibHOCTII. Ha 

npuMepe MeTO.!la peHOpMrpynnbl (KaK 0./lHOro H3 cnyqaeB aBTOMO,!leJlhHOfO 

pellleHH51) IIOKa3aHO, qTo CHMMeTpH51 narpaH)KHaHOB .!lOJI)KHa 6hITh .!lOilOJIHeua 

CHMMeTpHeii pellleHHll. 

MeTO.!lhl CHMMeTpHH pellleHHH COCT051T B cne,nyromeM: 

1. BhI,!leAAIOTC51 napaMeTphl, OIIHChIBaIOIUI!e npo6neMy - npOCTpaHCTBO 

onpe,nen51IOIUHX napaMeTpOB. 

2. YcMaTpHBaeTC51, yra,!lhIBaeTC51 CHMMeTpH51 3TOro npOCTpaHCTBa H onpe,nemIIOTC51 

COOTBeTCTByIOIUHe HHBapHaHTbl. 

3.3aKOHhI npHpO./lhl paCCMaTpHBaIOTC51 KaK COOTHOllleHH51 Me)K.!ly HHBapHaHTaMH. 

3,necb Ba)KHQ 3aMeTIITh, qTQ OIIHCaHHe MHoroqaCTif11HhIX COCT051HHH 

peJI51THBHCTCKOll 51,nepHOll cpH3HKH B TepMHHax MaKpOCKQIIIfqeCKHX nepeMeHHhIX 

(TeMnepaTYPa, ,naBJieHHe, IIJI_OTHOCTh, 3HTpOIIH51 H T.n.), npOTHBOpeqHT Ba)KHOMY 

npHHI.tHIIY, KOTOpbill oco6eHHO IIQ,!lqepKHBaJI fett3eH6epr: cjJll3U'leCKUe 3llKOllbl u 

ymaepm:oenua OOJlJICllbl Bblpam:ambCJl ntOJlbKO r,epe1 naomooaeMble BeJlU'lUllbl. 

Ilpu H3yqeHHH CTOJIKHOBeHHll peJI51THBHCTCKHX 51,nep 60JihllIHHCTBO H3 ynoM51HYTuIX 

MaKpOCKOIIHqecKHX nepeMeHHhIX ne JlBJlJllOfflCJl ita6Jl100lleMb1MU. 3TO 03HaqaeT, 

~o HHBapuaHThl Ha.no CTpOHTh H3 H3MepHMhIX BeJIIfqHH. 

4. HcIIOJih3yIOTC51 .!lOIIOJIHHTeJihHbie IIpHHI.{HllhI: npHHI.{HII ocna6neHH51 KOppeAAI.{HH, 

npoMe~oqHM aCHMIITOTHKa, fHIIOTe3a 06 aHaJIHTHqHQCTH cpu3uqecKHX 3aKOHOB, 

JIOKaJihHM aBTOMO,neJihHOCTh. 

Bo BTopoii rnaee 06cy)K,!laec51 npHHI.tHII ocna6neHH51 KoppeAAr.tHii B npocTpaHcTBe 

4-CKOpOCTell. B ,naHHOll rnaBe OIIHChIBaeTC51 MeTO.!l, B KOTOpOM HCIIOJih3YeTC51 

HaH60JihlllM qacTh .!lOCTynHOll 3KCIIepHMeHTaJlhHOll HHcpOpMar.tHH 0 

MHO)KeCTBeHHhIX npor.teccax. B CTaTHCTHqeCKOll cpH3HKe IIPHHI.{HII ocna6neHH51 

KoppeAAr.tHtt 6hm npe.nno)KeH H.H.EoroJII060BhIM [2]. IlpHHI.tHII ocHOBaH Ha 

HHTYHTHBHOll u,nee O TOM, qTQ KoppeAAI.{H51 Me)K.!ly npOCTpaHCTBeHHO OT.!laJieHHhIMH 

rpynnaMH qaCTHI.t MaKpOCKQIIIfqeCKOll CHCTeMbl npaKTHqeCKH ucqe3aeT. B ,naHHOll 

rnaBe OIIHCbIBaeTC51 MeTO.!l, B KOTOpOM HCIIOJih3YeTC51 HaH60JihllIM qacTb .!lOCTynHOH 

3KcnepHMeHTaJihHOll HHq>OpMal.{HH O MHO)KeCTBeHHhIX npor.teccax. 

PeAATHBHCTCKH HHBapHaHTHM KnaCCHqJHKal.{H51 51.!lepHbIX npor.teCCOB B 

npocrpaHcTBe qeTu1peXMepHhIX cKopocTett 6hma npe.nno)KeHa B pa6oTax [3,4]. 

ToqKaMH TaKOfO npOCTpaHCTBa 51BmIIOTC51 qeTh1peXMepHbie CKOpOCTH. 

Ilpe.nnonaraeTC51, qTQ OCHOBHhIMH BeJIIfqHHaMH, OT KOTOpbIX 3aBHC51T 

pacnpe,neneHH51 BepoHTHOCTeii ( ceqeHuii), 51BmIIOTCH napaMeTphl bik=-( ui -uk)
2
, r.ne 

ui=Pdm i, Ui- BeKTOphI 4-cKopocTH, mi - MaCChI, Pi-4-uMnyJihChI.11H.!leKChI i,k 
npHHHMaIOT 3HaqeHH51 1,2,3,4, .... , a caMH BeJIIfqHHhl bik HMeIOT CMhICJI 

OTHOCHTeJibHhIX paCCT051HHll. B npoCTpaHCTBe 4-CKOpOCTell. PaccMaTpHBM 

MHO)KeCTBeHHOe po)K.!leHHe 'laCTHI.t B nepeMeHHhIX bik, nerKO YBH.!leTh, ~o o6mee 

qucno Bcex bik npeBOCXO./lHT qucno CTeneHeii CB060.!lhl. Ha puc. l II051CH51eTC51 

,!laHHOe yruep)K,!leHHe. Bb16epeM 6a3HC H3 rpex rnqeK B IIpOCTpaHCTBe 

OTHOCHTeJihHhIX CKOpOCTeii, HanpHMep TQqKif 1, 2, 3. MO)KHQ .!lAA onpe.neneHHOCTH 
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U5 

U3 

U2 
PHc.1 

C1IHTaTh, 1ITO T01IKH 1 H 2 COOTBeTCTBYJOT CKOpOCT.HM CTaJIKHBlliOII.ViXC.H 061>eKTOB, a 

3, 4, 5,... COOTBeTCTBYJOT qacTHUaM, o6pa30BaHHbIM B pe3yJihTaTe MHO)KeCTBeHHOro 

po)KJJ,eHH.H. IlOCKOJihKY ,naHHOe paCCMOTPeHife peJI.HTllBllCTCKll - llHBap11aHTHO, TO 

He HMeeT 3Ha1IeHH.H, KaKlle llMeHHO T01IKll B3.HTbI 3a 6a3llC. llllCJIO CTerreHeH 

CB060,nh1 ,L(JI.H BCeii CllCTeMbl 113 N 1IaCTllU orrpe,neAAeTC.H C00TBeTCTBeHH0 (3N-6) 
BeJIH1IHHaMll. IlleCTb 1IHCeJI orrpe,neAAIOT Il0JIO)I(eH11e Ii op11eHTau1110 CllCTeMbl KaK 

uenoro (HanpHMep, 3 K00p,n11HaTbI H 3 yrna). llllCJIO )Ke nepeMeHHbIX bik, KaK 

Bll,L(H0, paBH0 N(N-1 )/2, T.e. M0)l(eT 3Ha1I11TeJibH0 npeBblIIIaTb 1IllCJI0 CTeneHett 

CB060,nhI. 3To 03Ha1IaeT, 1IT0 IlOJIHbIH Ha6op nepeMeHHbIX bik nepeonpe,neJieH Ii ero 

Heo6XO,L(llMO pa3,neJillTb Ha ,n:Be rpyrrrrbI, B 0.L\HY H3 K0TOpb!X BOH.L\YT (3N-6) 
BeJill1IHH, Il0JIH0CTbIO onpe,neAAIOII.(llX KOHqmrypaullIO CHCTeMhI, a B ,npyryro -

ocrnm1mec.H N(N - 1)/2 - (3N - 6) Ben111111H. Ilocne,n:H11e ( Ha p11c.l 3T0 b45) MmKH0 

Bblpa311Tb 11epe3 nepBbie (3N - 6) BeJillllllH. B CllJIY CllMM~llll 3a,na1111 pa36lleHlle 

Ha rpynnbI MO)KH0 npoBeCTll npoll3B0JlbHO. Ilp11 3T0M Ka)K.L(0e pa3611eH11e 

orrpe,neJI.HeT HOBYJO KOHqmrypau1110, 1ITO pe3K0 yBeJill1IlfBaeT K0JII11IeCTB0 

1mqJOpMau1111 0 co6hITHH. ,[(JI.H ycTaH0BJieHml CB.H3eii Me)K.L\Y pa3JIH1IHblMH Ha6opaMH 

bik JI0rll1IH0 npHMeHllTb TPHaHryJIRUllIO B npoCTPaHCTBe OTH0CllTeJibHblX 

CKOpOCTeii. ,[(JI.H o6mero CJIY'IM IlOBepxHOCTett TPeyr0JibHHKH ,L(QJI)l(Hbl 6b!Tb 

KpllBOJIHHeHHbIMH. IlpOCTPaHCTBO, B K0T0p0M np0B0.L(.HTC.H 3KCrrepHMeHTaJibHbie 

H3MepeHll.H, TPeXMepH0. Ilp11 3T0M IIP0CTPaHCTB0 CKOpocTeH CO0TBeTCTByeT 

TPexMepH0MY npocTPaHCTBY JI06a11eBcKoro. IlpocTeiirnHM 3JieMeHT0M 

( CllMilJieKCOM) TPeXMepttoro np0CTPaHCTBa CK0p0CTett .HBJI51IOTC51 T~a3,npb1. 
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BeprnHHaM TeTPa3,npoB CO0TBeTCTBYIOT T01IKH co CK0p0CT.HMll Ui, Uj, Uk, ... , a 

CT0poHaM - C00TBeTCTBYIO!llHe BeJIHlJHHbl bij, bikr bjk• 

B .L(HCCeprnu1rn rrpHBe,neHbl cpopMyJJbl MR BbllJHCJieHll.H "nepeorrpe,neJJeHHbIX" bik• 

ITepeorrpe,neJJeHHOCTb paCCl\taTPHBaeMhIX CHCTeM - 60Jib1IIOe npeHMy!lleCTB0 

,naHH0ro MeTo,na aHaJill3a MHO)KeCTBeHHblX rrpoueccoB. 

KaK 6brno II0Ka3aH0 B pa6ornx [5,7], C0B0KYilH0CTb T01IeK B rrp0CTPaHCTBe 

CKOpOCTett o6pa3yroT KJJaCTepb!. Ilo.n KJJaCTepaMll II0HllMaeTC.H C0B0KYIIH0CTb T01IeK 

Uk B rrp0CTPaHCTBe CKOpocTeii, cpe.nm1ii HttTepBaJI Me)1<.ny K0T0pbIMll bak= -(V u-Uk)2 

MH0ro MeHblIIe cpe,n:HHX llHTepBaJIOB Me)K,ny ueHTPaMll KJJaCTepoB buri= -(V u-V r,)2. 

~u~ ~uP 
V = LJ k V = LJ J 

a ✓(LV:)2 , /3 ✓(LV.~)2 

O61,e,n1rneH11e npHHUIJIIa ocna6JJeHH51 K0ppeJJ51UHH C rrpHHUHIIOM aBTOMO,neJJbH0CTH 

BTOporo po,na [4] II03B0J1HJI0 rrpe,nJJO)KHTb MeTO,n aHaJIH3a,' C II0I\I0!llb!O K0TOporo 

6bIJIH o6Hapy)KeHhl rrp0CThie H YHHBepCaJJbHbie 3aK0HOMepH0CTH 

MH0)l(eCTBeHH0ro p0)1(,L(eHll51 11aCTHU. C MaTeMaTHlleCK0H T0'IKH 3peHH.H 3T0T 

npHHUHil COCTOllT B ,L(0ilOJJHeHHll rrpHHUHfl0B Te0pHH pa3MepH0CTH H 

HHBapnaHTH0CTH onpe,neneHHblMH CBOHCTBaMH aCHMIITOTW!eCKOro II0Be,neHH51 

perneHHH MaTeMaTn11ecKoii cptt3HKH, pacnpe,neneHHtt. B paccMaTPHBaeMoM cny11ae 

npu bur,➔ CfJ OH cpopMynupyeTC51 TaK: 

I a b/Jk 
W ( b ak' b a/J, b fJk ) ➔ -n- W ( b af] b) 

ba/3 a{J 

bffk 
b➔ xk 

af] 

X k - rrepeMeHHa51 CBeT0B0ro K011yca. 3aKOH crrpaBe,nmrn c onpe.neneHttoii 

T01IH0CTb!O H B onpe,neJJeHHblX npe,nenax H3MetteHH51 buJl• 8 MexaHHKe 

CilJI0IIIHblX cpe.n OH H0CHT Ha3Bamie 11po.11teJ1Cy11101mo11 ac1l.!lt11/1IOl1lll1'll. BeJJH'IHHa 

wu=bnur,•W npu cpHKCHpoBaHHbIX buk H Xk (napaMeTPaX no.no6H51) OCTaeTC51 

HeH3MeHH0H npu H3MeHeH11H BCeX OCTaJJbHblX rrapaMeTP0B, BKJ1I04a51 bc,JI, rro.no6HOH 

caMOH ce6e.(aBTOMO,L(eJJhHOH). 

llcnoJJb3Y51 Teopu10 rro,no6u.H, rrpnHuurr ocna6neHH51 Koppen51UHH M51 ,n:Byx 

KJJaCTepoB B a,np0HH0H cpH3HKe cpopMyJJttpyeTC51 B BH,ne cne,ny10meii 

3aK0H0MepH0CTH: 

I a bf]k /3 baj 
W{bbaf1' bd(, baj, bf]k• hp)= 77 • W {bak b) • W {bf/i b). 

af] af] a/I 
AHaJJH3 3KCnepttMeHTaJJbHblX ,naHHblX no MlfO)KeCTBeHHblM npoueccaM B 

pa3HblX peaKUH51X Ha pa3Hb!X ycK0pHTeJ151X [5] o6uapy)l(HJ1 ymrnepCaJJbHblH 
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xapaKTep ql}'HKI.{HH W" 'w P ... , 0ITHChIBaIOmHx paCITpe,nenettm1 qacrnu ITO LIBYM 

HHBapHaHTHhIM nepeMetttthIM bk= -(Va-UJ2 H Xk: 

CoITOCTaBneHHe .naHttoro MeTo,na Bh1,nenettm1 crpyi-l: KaK KnacrepoB B 

npoCTpaHCTBe CKOp0CTett C cymecTBymmHMH paHee HeHHBapttaHTHbIMH MeTO,naMH 

IT03BOnttno Ha3hIBaTb 3TH KnaCTepbl CTpYHMH. I1cxo,nH 113 3Toro 0T0)l(.LleCTBneHHfl 

OKaJanOcb B03M0)l(HhlM ITp0Bep11Tb ITp0Me)l(yr0qHylO aCllMITT0THKy B 

Konnai-l:,nepHoi-l: 06nacT11 Jtteprni-l:. PacITpe.nenett11e ITO Macce ,nsyxcrpyi-l:ttoi-l: c11cTeMhI 
2 a P 2 

M = (p. I+ p. ) H3MepettH0e 3KCITep11MeHTanbH0 [6] IT0Ka3aH0 Ha p11c.2. 1• Jet 

102 

5' 10' 
a> 

C) :a 10° 

.s 
,=, 2 10"' 

~ 
b "C 10"2 

10"3 

0 100 200 300 400 500 

Mii [GeV] 

P11c.2. 

3,necb PJet H ~et - 4-11Mnynhcb1 crpyi-l: a H /3, M - Macca crpytt - KnacTepa. 

YqHThIBM CBHJh M
2
=m

2
bap, H, cne,noBaTenhH0, dN/MdM=const/M2n 113 

pacITpe,neneHHH ITO M Herpy,nHo ITonyq11Tb IT0KaJaTenh n. Ha TOM )Ke pHc.2 

mo6pa)l(eHa KpHBM, C00TBeTCTBYlQmM II0Ka3aTenIO n=3. 
HaITpHMep, LIM 3Kcnep11MeHTa ALICE B QEPHe, Ha ITyqKax Konnai-l:,nepa LHC, 

o6cy)l(LlaeTCH B0IIp0C 06 0L\H0BpeMeHHOH perncrpau1111 .no 8000 BT0p11qHhIX qacrnu 

B OL\HOM B3al1M0L1ettcTB1111 penTillBHCTCKHX H.l(ep. O.l(ttaKo HeT Heo6xo,nllMOCTll 

myqaTh ace napaMeTphI MH0)l(eCTBeHoro po)l(.Llett11H. ,[(ocTaToqHo npoBepIITh, qTo 

noKanhHbie CB0HCTBa 3TUX pacITpe.l(enettHH He 3aBHCHT OT 3HeprIIII CT0ITKH0BeHUH 

fl,nep H C0BITa,naIOT C myqeHHb!Mll paHee Ha ITY3blpbK0BbIX KaMepax [7]. 
YHHBepCanbHOCTb cpyHKI.{HH W" , W P___ BO BCeM cpa30BOM ITpocrpaHcTBe 

IT03B0ITHeT roB0pIITb 0 JlOKaJlbHOU aamo1110oe.nbHocmu pacITpe,neneHHH qacTHI.{ 

B ITpocrpaHCTBe CK0p0CTett. IIpllHI.{llIThl CllMMeTpHH perneHIIH, npe.l(enhH0 

yITpoma10T KapTHHY ynhrpapenHTHBHCTCKHX H.l(epttb!X CT0nKH0BeH11i-l:: Bee 
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ITpocrpaHCTB0 IT0KpbIT0 YHIIBepcanbHblMH KnaCTepaMn, pacCT0HHUH Me)l(Lly 

K0T0pb!Mll bap y,noBneTB0pHlOT ITp0Me~oqH0H aCIIMIIT0THKe: 

dN A 
-----
dbap bnap 

IIapaMeTp n, II3MepeHHhIH B IIIIIp0Koii o6naCTII II3MeHeHIIH 20< baJ3 < 105, 

0Ka3anCJI paBHhIM 3 C T()qHOCThlO, nyqrnei-l:·10%. 

B rJiaBe 3 paCCM0TpeH0 aBT0M0,nemHoe 0ITHCaHIIe IIHKnl03IIBHbIX CITeKTp0B 

BT0pHqHbIX a.l(p0H0B IIpII B3aIIMO.l(eHCTBIIII pemTllBIICTCKUX JI.l(ep. MffO)l(eCTBeHHOe 

p0)l(LleHHe qaCTHI.{ 0CIT0)l(HeHo CITel.{HqJ~eCKIIMH H.l(epHblMII ITpoueccaMII, . II 

0ITllCaHHe IIX B IT0.l(aBITJIIOmeM 60ITblllIIHCTBe pa6cn 0CH0BaH0 Ha HHKJII03IIBHOM 

no,[(X0.l(e. B 3TOH CBH3II AaneKo He Bcer.l(a YAaeTcJI paJ,nenIITh pa3n~Hhle 

MexaHH3MhI, 0ITpeAenITTh, B KaKux cnyqaJIX ITpeo6na.l(aIOT ttyKn0Hm,1e, a B KaKIIX -

KBapK-rnlO0HHhle CTeITeHH . CB060.l(bl. IIocTattOBKa 3a,[(aq 06 H3yqeHIIH 

llHKnl03HBHbIX CITeKTp0B 6bma ccpopMynIIpOBatta A.Anof}'HOBblM C C0TpYAHIIKaMII 

[8], IIMII )Ke 6hmII nonyqeHhl cne.l(CTBIIH, BbITeKaIOII.{lle m o6mux IlpIIHI.{HII0B 

KBaHTOBOH Te0pllH II0M LIM TaKIIX CITeKTp0B. IlpHHI.{HITIIanhHM HeITonH0Ta 

HHKnl03IIBH0f0 IT0L\X0.l(a LIM 0rIIICaHIIJI orp0MH0f0 061,eMa HHqJOpMal.{HH, K0T0PYIO 

ITonyqaIOT Ha C0BpeMeHHhlX 3KCITepIIMeHTanhHbIX YCTaH0BKax, rpe6yeT pa3pa6oTKII 

6onee o61I.{HX IT0.l(X0.l(0B. 

B 1971 fO.l(y 6blna Bbl.l(BHHYTa II.l(eJI [9] o TOM, qro, HaqIIHM c HeK0Topoi-l: 

KpllT~eCKOH 3Hepnrn, JI,npo M0)l(H0 paccMaTpIIBaTh KaK CIIn0lllHYIO cpe.l(y, B 

KOTOpoii KBapKII, 0TH0CJIII.{IIeCJI K paJnHqHblM ttyKn0HaM, o6o6maIOTCJI. B 3TOH )Ke 

pa6oTe 6hmII C.l(enam,1 oueHKII BepoTIH0cTeii o6o6mecTBneHIIH KBapKoB rpynnoii 

HYKn0H0B II ITpe.l(CKa3aHhl 3cpcpeKThI, ne)KamIIe 3a ITpe.l(enaMII ITP0T0H-HeHTpOHH0H 

M0AenH JJ:Apa. 

3KcnepHMeHTanbHbie IICCne.l(0BaHIIH Ha .l(y6HeHCKOM CHHXpOqla30TpOHe, 

ycK0pITTene I1T3<!>, a TaK)l(e Ha cepITyx0BCK0M .ycKopnTene aBT0M0.l(enbHhIX 

CBOHCTB CITeKTp0B BT0pHqHhIX qaCTIII.{ IT0.l(TBep.l(ttnII YKaJaHHble 3aK0H0MepH0CTH II 

ITpeACKaJaHUH. 

OTMeTIIM, qro Bee 0CH0BHhie CBOHCTBa KYMYnJITHBHoro o6paJOBaHIIH qaCTHU 

6hmtt nonyqeHhl B 0CH0BH0M C0BeTCKIIMH qJH3HKaMH. 

Oco6oe 3HaqeHHe ITptto6peno o6Hapy)l(eHUe pattHero BhIX0Aa ceqeHHii 

peAATHBHCTCKIIX AAepHhIX CTOnKHOBeHttii Ha acttMIIT0~ecKIIii pe)l(HM ITPH b1 n~5, 
qro cooTBerCTByer :meprntt penJITHBHCTCKIIX Mep 3,5 A r3B. I1epexo.l(m,1ii pe)l(HM 

11 paHHttii BhIX0A Ha ac11Mmorney 6hm II0ATBep)l(LleH rpynIToii ntt IllpeAepa [l O] 
(EepKntt, CIIIA). 

Ehln BBe.l(eH napaMe-rp «KYMYMTHBH0e qttcno». K YMYITJITHBHl,JH 3cpcpeKT 

onpe,[(enJJ:nCJI.KaK o6pa30Batttte qaCTHI.{ B KUHeMaT~eCK0H o6naCTH: 

(U1Ui1)> (U1Ui1)>>l, 

> 11'li . (UP11) ·= 11'li ·X ~ 1 
x,_% (U1UII) % i , 

X 1- ITepeMeHHM CBeT0B0f0 K0ttyca. 
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X1 - BMeer CMbICJI 3cpq>eIITHBHOro •rncrra HYKJIOHOB .a.n.pa I, }"IaCTByIOII.{IIX B 

peaKUHII. 

KYMYJUITIIBHbiii 3cpq>eKT 6bm II3}"IeH B o6rracrn 0.5<X<3.5 11 B nmpoKOM 

.D.HaIHl30He b1,n- 3-ro 6b!JIO nepBbIM y6e.n.11TeJibHbIM no.n,TBep)l(.lJ.ett11eM 

aBTOMO,D.eJlbHOCTII .a.n.epHbIX CTOJIKHOBeHIIll II npHHUIIna ocna6neHml KOppemIUIIll a 

npocrpaHCTBe OTHOCIITeJibHbIX CKOpOCTeii. 

C IlOMOII.{blO 0,D.HOro qJICJIOBOrO napaMerpa y.n,anOCb Oil!ICaTb CJIO)ICHOe 

MHoronapaMerpJlqecKoe .aarrett11e. 

IlepBbIM np11MeHeH11eM npoMe)l()'TOqHOll aCIIMilTOTIIKII B npocrpaHCTBe 

CKOpOCTell B ttyKJIOHHOll q>II31IKe 6bIJIO IICilOJlb30BaHIIe IlOJIIOCHOro np116nmKeHII.8 

[11] .n,mI on11caHII.8 cpparMeHTaIIIIOHHbIX npoueccoB. Ilo.n. cpparMeHTaUHOHHbIMH 

IlOHIIMaIOTC.8 TaKIIe npouecCbl, KOr.n,a perncrp11pyeTC.8 OCKOJIOK .a.n.pa 1 np!I 

CTOJIKHOBeHIIII .a.n,ep I II II np11 YCJIOBII.8X: brn~l, 0,3~br I ~o. 0,3~b II I ~O. 
CeqeHII.8 TaKIIX npoueccoB OillICbIBaioTC.8 aBTOMO,D.eJibHbIM penieHHeM 

l __ du_ 1 ·C 
-2- db - ( )2 ' 

b b m 111 bu1 + am 
m+4 

(1) 

2elll(mu -m1) 

r.n.e alll = 'mll 'ml - MaCCbl .a.n.ep, £m-3Hepr11.a CB.8311 cpparMeHTa 1 B 
~~ . 

.a.n.pe II, C - KOHCTaHTa. ,n:rr.a Bcex cpparMeHTaUIIOHHbIX .a.n,epHbIX npoueccoB 

BeJIJlqJIHa am~ 1 o-Z. Ee MaJIOCTb o6yCJIOBJieHa MaJIOCTbIO 3HeprHII CB.8311, 

np11xo.n,.ameiic.a Ha HYKJIOH, no cpaaHeH1110 c Maccoii caMoro HyKJioHa. 

3aKOHOMepHOCTII (1) MO)KHO np11.n.aTb JIBHblll BII.D. npoMe)KyroqHoii aCHilTOTHKH: 

1 da 
---·~--- - (TI) 

b2 Ill dbl/I 
b,11 +-4- - 1 

~~1~~·- _ da (TI = O) - (TI + 1)
2 

' 

b2u1 db,11 
b + -- --· 
Ill 4 

3aa11c11MOCTh OT bm, OT aTOMHbIX HOMepoa A1,An II OT 3Heprn11 ca.a311 em caenacb 

K yH11aepcanbHOii 3aBHCHMOCTn OT o.n,Horo napaMerpa n = bm~ . · /alll 
Ilpe.D.JimKeHHOe aBTOpOM 0606mett11e OilHCaHHbIX BbIIIIe 3aKOHOMepHOCTeii 

CB.83aHO co CHfillleM orpaH11qeH1Ill Ha o6naCTb !IX np11MeHHMOCTII. Bae.n,eHHe 

o6o6meHHOro napaMerpa no.n.0611.a [12] Il03BOJI.8eT paccMarp11BaTb KYMYJIJITIIBHblll 

3cpcpeKT KaK qaCTHbiii cn}"Iaii npoueccoa MHoroqacTnqHbIX a3a11Mo.n,eiicTBHii, 

aKJIIOqa.a rrry6oKono.n.noporoabie, oKononoporoBbie II HeKOTOpb1e Ha.n,noporoab1e 

.a.n.epHbie npoueCCbl. 3-ro )Ke o6o6meHHe Il03BOJI.8eT .n,aTb K0JmqecTBeHH0e 

OIIHCaH!Ie o6pa30BaHII.8 aHT!IMaTepHII B peJI.aTHBIICTCKIIX .a.n,epHb!X CTOJlKHOBeHIIJIX. 

BnepBble aHanornqHblH napaMerp 6b!JI llCIIOJlb30BaH ,D.Jl.8 onncaHH.8 

KYMYJI.aTIIBHbIX peaKUHH 11 peaKUIIH C 60J1bIIIIIMH nonepel!HbIMH HMilYJibCaMH 
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B.C.CraBHHCKHM [13]. Ilo MHeHHIO aampa Hacm.ameii .n.nccepraum1, ,D.Ba 

yKa3aHHblX BbIIIIe rniia npoueccoa He MoryT 6hITh onncattbI e.n,HHbIM o6pa3oM 6e3 

BBe.n,ettn.a 3Ha'IHTeJlhHOro 'IHCJla IlO,D.fOHO'!HblX napa111erp0B. 

O6mttii BH.D. aBTOMO,D.eJlhHOro. peIIIeHH.8 ,D.Jl.8 IIHKJII03HBHbIX npouecCOB 

a.n.pottoo6pa3oBatttt.a 3am1chrnaeTc.a l!epe3 H3111epHMb1e napaMerpbI B BH.n,e [12]: 

d 
3
o- _ C A a (x 1 ) A a (x2)f (IT) 

£ d3p - I I 2 (2) 

3,D.eCh C1 KOHCTaHTa, onpe.n.en.a10ma.a pa3MepHOCTb llHBapnaHTHOro 

.n.mpcpepeHUHaJlbHOro Ce'leHH.8, A - aTOMHble HOMepa CTaJIKHBaIOIUHXC.8 .a.n.ep, a ll 

f - cpyttKunn, onpe.n.en.aeMbie H3 ::iKcnepHMettrn. O6o6mettHhitt napaMerp no.n.o6H.a 

HMeeT BH.D. 

} ( 2 2 )I 
IT=2X1 +X2+2x,x2r,2 2. (3) 

3,D.eCb Y ij = U; U j = P; pj / M; Mj - nopettu-cpaKTOpbl OTHOCHTeJibHOfO ,D.Bll)KeHII.8 

CTaJlKHBaIOIUIIXC.8 .a.n.ep; X1 II X2 HMeIOT cpn311tteCKIIH CMbICJl .n.onett 4-IIMIIYJlbCOB, 

Heo6XO,D.HMhIX .D.JI.8 o6pa30BaHH.8 perncrpHpyeMOH 'IaCT11Uhl, a TaK)Ke ::icpq>eKTHBHOro 

'IHCJla HYKJIOH0B, }"IaCTBYIOIUHX B peaKUIIl1. 

11Mriymc ::icpcpeKTHBHOro 'IHCJla HYKJlOHOB B .a.n.pe 1, npHHl1Ma10mnx Y'IaCTHe B 

peaKUHH, HMeer an.n. Xrm 0 -u,, r.n.e u, - CKopocTb .a.n.pa 1 KaK uenoro, m O - 111acca 

o.n,Horo HyKJiotta. BenH'IHHhI X1 II X2 cTaHoB.aTc.a 113111ep1IMbIM1I, ecnlI nptttt.aTb 

rnnoTe3y O MHHIIMaJlhHOCTH MaCCbl 111 
2
o·(ll1 X1 I 112 X2)2 II y'leCTb 3aKOH coxpaHeHII.8 

4-IIMIIYJibCa, 3aIIHCaHHbIH B B11,D.e: 111 o-{ll1 x, I ll2 XJ} 00 J:J>,. TaKIIM o6pa30M, 

npoue.n.ypa onpe.n.errett1I.a X1 II X2, a, cne.n,oBaTeJlbHO, 11 TT COCTOIIT B onpe.n.enettlIII 

MHHIIMyMa TT Ha OCH0Be 3aKOHOB coxpaHeHl1.8 3Heprn1I-IIMIIYJlbCa, 3anttcaHHOro B 

BII,D.e: 

2 ' '"' 2 (X1m0 u1 + X 2m0u2 - M3u3 ) = (X,m0 u1 + X 2m0u2 + L. lvlkuk) (4) 
k=-1 

E.n,HHCTBeHHa.8 rnnoTe3a - B03MO)KHOCTb npette6pe'Ib OTHOCl1TeJJbHblM ,D.Bll)Kem1e111 

Bcex ocTaJibHbIX nepemcmpupyeJltbtX 'IaCTIIU, a 11Metttto ,mettoM i~]rkl - I)Mk M1 B 
k>l 

npaBoii 'IaCTn ypaattett1I.a (4). ,n:atttta.a rnnoTe3a xoporno cornacyeTCll c np1IHU1Ino111 

ocna6nemrn KOppellllUHII II 3Kcnep1IMeHTaJlbHO no.n,TBep)l<,D.eHHblMll CBOHCTBaMl1 

pacnpe.n.enemrn BTOPll'IHblX 'IaCTIIU, onttcaHHblX a rnaBe 2. 
CB.83b Me)l()l.y x, II X2 y.uo6HO 3an11caTb B peJ1l!TIIBIICTCKl1-11I1Bap1IaHTHOM 11 

6e3pa3MepttoM Bn.n.e: 

( ) (M3 M 4 ) (M, M 4 ) M;-M; x I x 2 r 12 - 1 - x I r u + M - x 2 M r 2, + = 
MP ,, 1, M 1, 2 MP (5) 
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AHantt3 3KCnepttMeHTaJihHbIX .uaHHhIX IlOKa3an [14], qTO cpyHKUHH a xoporno 

napaMerpmyerc.a B sn.ue: a=l/3+ X /3, r.ue X = X1 H X2 cooTBeTcTBeHHO. 

Cne.uyeT OTMeTHTh, 1ITO s npasyio qacTb ypaBHeHHH (5) BXO,!lHT MaCChl qacTHU, 

o6ecneqttBaIOIUtte coxpattettne 6apnottttoro qncna, crpaHHOCTH H .upyrnx 

«BttyTpeHHllX)) KBaHTOBhlX queen. B cnyqae llHKJII03llBHOro o6pa30aHHH 

aHTHMaTepHH npaBM qacTb (5) paBHa HYJIIO. 

Ha pnc.3 IIOKa3aHa 3aBHCHMOCTb ceqeHHH KYMYJIHTHBHOfO o6pa30BaHHH 

IIHOHOB OT napaMerpa no.uo6n.a II. 3KcnepttMeHTaJihHhie ,!laHHbJe [15,16] 
HOpMttpOBaHhl Ha BhJqncneHHbJe B COOTBeTCTBllll C BhIIIIeyKa3aHHOH npoue.uypoii 

A-3aBHCHMOCTll. TaKHM o6pa30M, 3aBHCHMOCTh OT 3HeprnH CTOJIKHOBeHHH, 

llMIIYJibCa ll yrna BbIJieTa perncrpnpyeMOH qacTHUhl CBO,!lHTC.ll K 3aBHCHMOCTH OT 

o.uttoii nepeMeHHOii napaMerpa no.uo6ttH II. 

r--, 10' ...... ~ I 

b:J Hf ,, p+-A->rc-+ 45 C£v 159" 

(') 
l(Jl 

\ 
l/1<t>B3[16] 

u '~ 
◊ Al 

0 TI 
~ l(J2 • - '::J Mo 

a l(J3 j 

104 
,. * w 
i 10.14 C£V gf' 

t l(J5 ti 
N 

ITT3cl> [ 15] 

1r 10-6 ~~ 
< 

□ Al 

- lff7 

l::, Cu 

1r 

~ 

< 10.g 
'1 

• Ta 

-~ l(J9 .J 
b 

~ 

lff!O 

0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 

II 

Pnc.3 

12 

GeV /n Angle 
p 10·' 

~~ - dC 3.65 24' 

1 • cc 3 .65 24' 

'" 
C CCu 3 .65 24' 
... S iSi 2.0 o· 

~ ,o~ 
~ 
0 

,o~ 
~ 

! 
,o~ .i • SiS i 1.65 o· 

N 

< ,o~ 
• 

~ K 

~ :t: <> dC 2.5 24' 

< - ,o~ 
> 

• cc 2.5 24' - V SiS i 1.0 O' 
B 

~ ,o~ 

,o~ 

S iSi 1.4 0 ° 
P- A SiS i 2 .0 O' 

'!I, - CaCa 2.0 O' 

~ 

,o~ 

10·10 1,5 
2.0 2.s 3.o 3,S 4.0 4,S 

n 

Pnc.4. 

Ha pnc. 4, 5 IlOKaJaHhl 3aBHCHMOCTH o6pa30BaHll.ll qacrnu aHTHMaTepHH B 

rny6oKOIIO,!lIIOpOroBhIX tt OKOJIOIIOporOBhlX peaKUHHX [17, 18,20-22] B 3aBHCHMOCTll 

OT napaMerpa no.L(o6n.a II. 

GeV/n O' 

10"1 
A+A -> K,p+ ... 

p 
";':;; 6 NeCul.9 

~u 10·2 • NeSnl.89 
S'> +:a: 

NeSn!.69 ., 0 
0 10·3 :c: NeBil.87 ... 
.0 " NiNil.85 ..§. 0 

10·• ....... • NiNll.66 
dN K-
I N 10·' 

a 
<t: 0 NeCul.9 

- • NeSnl.89 
d 
I - 10·6 

0 NeSnl.69 

<t: ... NeSnl.49 
> 10·' ti~ V NeBil.87 
C 

ti- 6 NiNil.85 
10·8 

~~tt 0 NiNi!.66 

10·
91 

I I I I 10·10 I I 
1,5 2,0 , 2,5 3,0 3 ,5 4,0 4,5 

n 

Pnc.5 

13 



6-~-----~---~----...----...-----, 

·s 

4 

ns 
2 

0 '------'--~--'-----'-----''----~---~ 
0 0.1 0.2 0.3 xi 0.4 

o.s 0.6 

6 ,-----,.--..----.----.-----,-----,----, 

s 

4 

n3 
2 

0 L------'------'------'------'---~---~ 
s 0 2 3 

X2 
4 6 

Puc.6 

3aBHCHMOCTh napaMe1-pa no.no6m1 II OT X1 (aepXHHH pucyHOK) H 

X2 (HH)l<HHH pucyHoK) .D.JUI cny4llil KYMYJJHTHBHOH KHHeMarnKH. 

14 

\ 
I 

! 

TaKllM peaKUHHM JJOrH4HO npHCBOHTb TepMllH ".naaJK,L\bI-KYMYJIHTllBHh!e" 

nOCKOJJbKY ,L\Jl51 pmK,neHll51 TaKHX 4aCTHU Heo6xo.nHMO yqacTtte BO B3am.rn.neiiCTBHH 

6onee o.nttoro 11yl(Jlotta OT KmK,noro m 51,nep. 

AttaJJH3 3KCnepHMeHTaJJbHhlX ,naHHbIX, nonyqeHHh!X Ha pa3Hh!X ycKopttTeJl51X, B 

pa3JJH4HhlX KllHel\taTH4eCKHX IlOCTaHOBKaX 3KCnepHMeHTOB Il03BOJJ51eT 3anucaTh 

51BHhIH, KOJIH4eCTBeHHhlH BH.L\ aBTOMO,L\eJJbHOro peweHH51: 

d 3 a- I Xi I X2 ( TI ) E . = C A 3+ 3 A 3+ 3 -
d 3 P i i 2 exp C 2 (6) 

11 onpe,neJJHTh yHnsepcanbHhie KOHCTaHThI C 1 11 C2• C2=0, 125±0,002 11 

Cl=l9000[M6apH f38"2 c3 c1-pa.n-i ]. 

B pa6ornx no 11cc.[le.nosaH1110 KYMYJJHTHBHOro 3~lQJeKTa [ 13, 15, 16] 

OTMe'laJJaCh HeCHMMe1-pH'IHa51 A-3aBHCIIMOCTb OT HaJJeTaJOwero 51,npa II 51,npa 

l'lrnwe11tt. 3KcnepnMeHTaJJhHO 6brna noKa3aHa cna6aR (nepe¢ep11qecKaH) 

3aBHCllMOCTh OT HaJJeTaJOWero 51,npa H pe3KO ycuJJeHHaH OT 51,npa l\1HllieHH B cny4ae 

HCCJle,L\OBaHll51 o6JJaCTH ¢parMeHTaUIIH MHWeHH. ,[{JJ51 npttMepa Ha puc.6 IlOKa3aHbl 

3as11c11Mocrn napaMeTpa, onpe.nenettHoro ¢opMynoii (3), KaK QJYHKUHH X1 11 X2 MH 

cny4llil KYMYJJRTHBHOro (180° B na6oparnp11oii cncTeMe) pmK.neHHR K- c 

11MnyJ1hCOM 1 f3B/c np11 3HeprnH HaJJeTaJOWHX npOTOHOB 60 f3B. H3 pttc.6 BH.L\HO, 

'ITO MHHHMYM napaMe1-pa no.no611R II pean113yeTcH, Kor.na Xi << X2• B cny4ae 

no.nnoporoBhIX peaKu1111, npe,ncrnsneHHhIX Ha p11c.4,5, Xi "" X2 , np11 3TOM o6a X 
OOJlbllie e,nHHHUhl, 'ITO II o6ecne'IHBaeT pe3KO yc11J1eHHhie A-3aBIICIIMOCTH KaK OT 

HaJJeTaJOWero 51,npa, TaK H OT 51,npa Ml!WeHII. 

IIepBble 3Kcnep11MeHTbl, B KOTOpblX OblJIO 0611apy)Ke110, 4TO ce,1e1111e 

o6pa30BaHll51 aHTttnpOTOHOB B 51,npo-51,nepHblX B3al!MO,L\eHCTBll51X Ha nopH.L\KH 

seJJH4HH 60JJbllie, 4eM B npoTOH-51,L\epHbIX (B ycJJOBH51X O.L\IIH3KOBOH KIIHeMaTHKII), 

OblJIH BbinOJJHeHbl Ha ny4Kax .ny6HeHCKOrO C111-1xpoqJa30TpOHa np11 y<JaCTHII asrnpa 

[18]. 

IIapaMel-p II 3aBIICllT TaK)Ke OT nope11u-¢aKTopa OTIIOCl!TeJJbHOro .L\BIDKemrn 

CTaJJKIIBaJOWllXC51 51,nep. Cne.nosaTeJlbHO, 11a6mo.ne1111e yc11J1eHHblX 51,nepllb!X 

3QJQJeKTOB npH BbICOKllX 3Heprn51X MaJJOBepOHTHO, T.e. COOTBeTcrnyeT MaJJblM 

ce'leHJrnM cornactto ¢opMyne (6). 

Ha pttc.7 IlOKa3aHbl 3KCnep11MeHTaJJbHbie ,naHHble [23] no o6pa30BaHIIIO 

p,d,t,p,dJ s npoT011-H,nep11b1x peaKUHHX npH 3HeprnHx 200 11 240 r3B B 

3aBIICllMOCTH OT napaMe1-pa no.no61151 n. Pa3JllflJHe B Bbl'IHCJJelmHX n ,L\Jl51 51,nep II 

aHTHH~ep 3al(JIIO'laeTcH B 3HaKe M4 (¢opMyna(6)). B cny1 iae o6pa3oBaHHH aHnrn.nep 

3HaK y M4 nOJJO)J<HTeJlbHblH, noCKOJlbKY ,L\Jl51 pmK,neHll51 a11nrn.npa Heo6XO,L\IIMO no 

Kpaii1-1eii Mepe pmK,neHHe TaKoro )Ke H,npa. 
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(I) 1 0 2 

.., 
10

1 p+Be--->h + ( 0 0) 
0 

'> 
1 0 °. ' Q) 

c., e 
1 0 ·1 0 

.c 
E 1 0 ·2 

1 0 ·3 ~ 

l:l" 1 0 .• 
I ...,. 
<(N 

1 0 ·5 
V 

l:l-
1 0 ·0 

I 
<(~ # 

> 
1 0 ·7 

C: 

1 0 ·• 1 b 
1 0 .• 

1 0 -10 

0,5 1,0 1,5 2,0 2,5 3,0 

n 

Pttc.7. 

10' A+A->p+ ... 

-0 

'> 
I 

Q) 

Cl 

l 
C: 
,Q 
0 
Q) 

en 
(I) 
(I) 

e 100 
(.) 

c 
l1I ·c: 
l1I 
> 
E 

. 1,0 1,5 2,0 2,5 

Rapidity (Lab Frame) 

Pttc.8. 

• 16 

• p 
0 15 
... d 
V cf 

• t( 
3H e) 

0 T < 3~) 

& 

3,5 

E=13.7 GeV/nucl. 
□ SiAu 
□ SiCu 

" SiAI 

3,0 

l 

1 
I 

Ha pttc.8 11pe,ncrnBnem,1 3Kc11epHMeHTaJibHb1e ,naHHbie 110 po>K.D:emuo 

aHTHllpOTOHOB llpli B3aHMO,neiicTBlili pemITHBHCTCKIIX H,nep C KliHeTWieCKOH 

:meprneii 13,7 f3B/HyKJIOH [20] H pacqeT 110 cpopMyne (6). ,[J;aHHbie 11pe,ncrnBneHbI B 

BH,[(e 3aBHCHMOCTH HHBapHaHTHbIX ,[(li<p<pepeHIIliaJibHbIX ceqeHHH OT IIpO,[(OJlbHOH 

6bICTPOTbI. B 3Toii )Ke pa6oTe 6bmo H3MepeHo ceqeHHe o6pa30BaHHH 

attrn,neiiTPOHOB B peaKIIHH Si+Au, KOTopoe cornacyeTcH c pacqeToM 110 cpopMyne(6). 

IlpHHHMM BO BHHMaHHe 3KC11epHM~HTaJibHbie HCCJie,[(OBaHHH, BblIIOJIHeHHbie 

tte,[(aBHO B C 11yqKaMH peJIHTHBHCTCKHX H,nep CBHHIIa 11pli 3HeprHHX 160 

f3B/HyKJIOH, MQ)l(HQ c,nenaTb 11pe,nCKa3amrn: 06 yrnOBbIX li 3HepreTH:qeCKHX 

3aBHCHMOCTHX ceqeHHH ci6pa30BaHHH aHTH11p010HOB li aHTH,[(eliTPOHOB pHC 9,10. 

"':;,; 102 

.., 
0 

N > 10
1 

Q) 

Cl 
§. 10° 

> 10·1 

C: 

b-
10·2 

10·' 

160GeV/n _ 
Pb+Pb--->P+ ... 

o' 

5' 

10° 

, I I I I I I I I I I 
0 2 4 6 8 10 12 

Pif[GeV/c] 

PHc.9 

10·1 

~= 10•1 
> 10·' 
(I) 

(9 

.c 10 .. 

.s 3 
10•5 

C: 
> ti-

, 10 .. ~ 

10·' 

160 [GeV/n] 
Pb+Pb---> d+ ... 

~:: 
f \. \. . ' 10° 

20~ 
\ 15° 

0 2 4 6 8 10 12 

Pa [GeV/c] 

PHc.10. 

B rJiaBe 4, COCTOHIIIeii H3 5 110,[(pa3,neJIOB 11pe,[(CTaBJieHO OIIHCaHHe 3KC11epHMeHTOB 

110 myqeHrno 110,n11oporoBbIX peaKIIHii. ,[J;aHHM rnaaa co,nep)KHT qacTb MaTepHana, 

BOille,[(IIIero B KaH,[(H,[(aTCK)'IO ,[(liCCepTalllliO aBTOpa: "Hccne,noBaHHe 110,nnoporoBbIX 

H KYMYmITHBHblX 11po11ecc0B B H,npo-H,nepHbIX B3aHMO,[(eHCTBHHX". 3,neCb 

11pe,nCTaBJieHbl oco6eHHOCTH 3KC11epHMeHTOB 11poBe,neHHbIX Ha nyqKax 

CHHxpo<paJOTPOHa 11pH He11ocpe,ncrneHHOM yqacrnH aBTOpa. 

B no,npa3.n:eJie 4.l,naHo o6mee 011HCaHHe ycTaHOBKH KACII.I1ll. 

KACII.I1ll · H5llI P AH - 3TO 3Kc11epHMeHTaJibHM MHoro11eneBM yCTaHOBKa, 

11pe,nmi:maqeHHM ,[(JlH myqeHHH IIHOH-H,nepHblX li H,npo-H,nepHbIX 

B3aHMO,[(eHCTBHH, a TaK)Ke ,f(JIH C03,[(aHHH li HCllbITaHHH _ pa3JIHqHbIX THIIOB 

,[(eTeKTopOB Ha pa3H006pa3HbIX 11yqKax BTOpliqHblX qacrn11. y CTaHOBKa 

pac11onaranacb Ha BbIBe,neHHOM nyqKe BIII )];y6HeHcKoro CHHXpocpa30TPOHa JIB3 
OH51H. Kaaan ycrnHOBKH, 11pe,nHaJHaqeHHbiii .ll:JlH cpopMHpOBaH~, attanma 110 

HMnyJibCaM, H,[(eHTH<pHKaIIHH li TPaHc11opmpOBKH BTOpH:qHOro nyqKa Ha 
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HCCJie,zzyeMyro MHIIIeHI, (HnH HCCnenyeMhIH ne-reKTop ), ucnOJih3YeTCJI H KaK 
cneKTPOMeTp pa3JIWIHhIX KaHaJIOB npoTOH-JinepHblX H Jinpo-JinepHbIX peaKUHH. 
IlocKOJihK)' B ttacioJimen nttccepTaUHH o6cy)I(naroTCJI 3KcnepuMeHTaJihHhie naHHhre 

no .sr.n:po-.srnepHbIM B3aHMOneHCTBHJIM, nonyqeHHbie C ucnOJih30BaHueM HMeHHO 

Kattarra (7 "B"), B nttcceprauuH naeTCJI. OnHCaHHe TOJihKO 3TOH qaCTII yCTaHOBKll. 

CxeMa ycTaHOBKH npttsenetta Ha Pttc.11. 
MarHHTOOnTWieCKaJI: qaCTh KaHarra COCTOHT H3 qeTbipex KBanpynoJibHhIX 

JIHH3 MJI17 H nsyx nHnOJihHhIX MarHHTOB CII94 H CII40. 
MaKCHMaJihHO nonyCTHMhie rpa.n:HeHThl MarHHTHOro nonJI B JIHH3ax ll 

noJIJI B MarHHTax n03BOJIHnH nposonHTh uccnenosaHHJI C nyqKaMH BTOp11qHhIX 

qacTHU c HMrrynhCaMH no 1200 M3B/c. 
BTOpWIHbie qacTHUhl perucrpHpOBaJihCh non qJHKCHpoBaHHhIM yrnoM 24° no 

OTHOIIIeHHIO K nepBHqHOMY nyqey. 
Cne,zzyeT OTMeTHTh, qTO KOHCTPYKUHJI Kattarra OKa3aJiaCh ynaqHOH .QJIJI 

H3}"IeHHH penKHX, rny6oKononrroporoBhIX rrpoueccos. C onttofi cTopoHhI, 
MarHHTHhie JIHH3hl o6ecrreqHBaIOT MaKCHMaJihHhlH 3axBaT BTOpuqHhlX qaCTHU, C 

npyron CTOpOHhl, nsa MarHHTa Ha.Qe)I(HO cerrapHpyK)T H3yqaeMblH Kattan. peaKUHH OT 

qJOHOBhlX rrpouecCOB. 
,[{JIHHa KaHana - 14.6 M, aKCeIITaHC - 9.8 MCTepx%, rrpu llMIIYJihCHOM 

3axsaTe 5% . 
B nonpa1ne.r:re 4.2. nonpo6tto onttcatta npouenypa ttacrpofiKa Martturuoro 

Kattana. Pacqe-r II ttacrpoiiKa Kattarra rrposonttnHCh no H3BeCTHhIM rrporpaMMaM 

TRANSPORT II DECAY TURTLE. 
HacrpoiiKa Kattana rrposonttnaCh MeTonoM qJOKaJihHhIX K03qlqJHUHeHTOB. ,[{rrJI 

nattHOfO 3KCrrepHMeHTa norryqeHhl cnenyrom1Ie K03qJ(pHUHeHThI: 

f:i.B 1/ f:i.Z = -4.45 [%/M] 

f:i.Bi/f:i.Z = -10.76 [%/M] 

nrrJI nepsoro ,zzy6nern JIHH3 H: 

f:i.Bif:i.Z = -3.02 [%/M] 

f:i.B4/f:i.Z = -7.65 [%/M] 

.QJIJI BTOporo. 
,[{OCTaToqHO 6onhIIIaJI seJIIIquHa qJOKaJihHhlX K03qlqJIIUHeHT0B IIOKa3hIBaeT 

yCTofiqHBOCTh pacc11UTaHHOro pe)lrnMa. 
CosMeCTHO c rrpocpeccopoM A.B.CaMOHJIOBhIM asrnpoM TaK)Ke 6hIJIH 

nposeneHhl pacqeThl rpaHcrropTHOfO Kattarra BIIl OT BhIBOnttoro MarHHTa no 
JIOBYIIIKH (126.4 M) .QJIJI pa3JIIIqHblX pe)KllMOB pa60Thl C yqeTOM pacceJIHHH nyqKa 

Ha Bemecrne (ne-reKTOphl, B03nyx, OKHa llOHOIIpOBOna H T.II), qepe3 KOTOpoe 
npoxon1IT II}"IOK. ,[{aHHaJI: pa6oTa, rrpoBeneHHaJI: BO B3aHMOneHCTBllll co 
CJiy)I(6aMH BhIBOna rryqKa JIB'.), II03B0JIHJia yrryqlllllTh qJOHOBbie ycJIOBHJI B 
KOprryce II KaqeCTBO cpoeyc11pOBKll nyqKa Ha uccrrenyeMhie MllllleHH, 
pacrroJIO)I(eHHhie B cpoeyce F4. lihIJia pa3pa6orntta u ony6rr11K0Batta [24] 
opurHHaJihHaH MeTonuKa KOHTPOJIJI ll ynpaBJieHJ,iJI MarH11TOOIITH1 leCKHMl1 
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D 1-2 
M 1-3 
S 1-3 
CH 1-3 
C 1-2 
T 

APA.KI 
H 

P11c. I I. 
CxeMa yCTallOBKH KACm-ti-1. 

- l<BanpynoJJbllble MUrHHTllble J]llll3bl. 

- ,/:(HIIOJlbHble MUrllHTbl. 
- Cu11HTHJ1JlJIUHOllllble C'ICT'IIIKII MOHIITOpa. 
- BpeMJ1-npo.neTHble Cl(HIITHJJJlill\HOliHbJe c•teT'lllKII. 

~ nponopUHOllaJlbllbte KUMepbl. 
- llepettKOBCKlle c•teT1111KII. 
- MexaHH3M BBOna BblBOLlU MllllletteH. 
- AHllfHJlJll(IIOIIHblH neTeKTop. 

- Cu1mTHJ1JJJ1UHOHHbtH ronocKon. 
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CHCTeMaMH Ha OCHOBe CTaTHCTiflleCKHX COOTHOIIIeHHH Me)f(.!lY KOOp.UHHaTaMH H 

yrnaMH qaCTHL{. 

B no,1J,p33,IJ,eJIC 4.3. ormcaHa MeTO,IJ,HKa rrpoBe,!leHHll 3KCIIepHMeHTa 

)];JUI H,!leHTHqrnKaL{HH qacTHU: H attarrma HX ITO HMIIYJihCaM KaHarr 6hm 

OCHall(eH tta6opOM KacceTHhIX rrporropu:HOHaJlhHhIX KaMep. TpH CL{HHTHJIJIJIL{HOHHhlX 

cqe~HKa HCl10Jlh30BaJIHCh ,IJ,flll H3MepeHHll BpeMeHH rrponeTa H aMl1JIHTY.UHOro 

aHaJIH3a CHfHaJIOB C Ka)i(,!lOfO cqeT'-IHKa. ,ll;Jill rro.uaBnemrn IIHOHOB H .upyrHX 

6hICTphIX qaCTHL{ (3JieKTpOHhl, MIOOHhI) B KaHarre pa3Me!L{aJIHCh ,!lBa 11oporoBhIX 

qepeHKOBCKHX cq~HKa H3 oprcTeKJia. 

B ,IJ,aHHOM 110,1J,pa3,1J,eJie 11pttBe,!leHhl xapaKTepHhie BpeMl!-11pOJieTHhie H 

aMl1JIMry,D;Hhie c11eKTphI, IIOKa3hlBaIOIL{He Ha,!le)i(HQCTh H,!leHTH(pHKaL{HH qaCTHL{. 

B IlOJJ.p33,IJ,eJIC 4.4. OIIHCaHa 11poueJJ.ypa o6pa60TKH 3KCrrepm,ieHTaJihHhIX J).aHHhIX. 

AHarrH3 3KC11epHMeHTaJihHhIX J).aHHhIX rrpOBOJJ.HJICll 110 c11eL{HaJihHO Hal1HCaHHOH 

11porpaMMe Ha 3BM CM4, a TaK)f(e Ha VAX c 1:1c110JihlOBaHHeM CHCTeMhI PAW. 

CHaqarra co6hITHll OT6HpaJIHCh 110 KpHTepHIO 06ll3aTeJihHOro cpa6aThIBaHHll IIJITH HJ 

IIIeCTH 11po11opuHOHaJlhHhIX KaMep. )J;arree aHaJil:131:lpOBaJIHCh TpH .UByMepHhIX 

JaBHCHMOCTH BpeMeHH rrponern OT aMI1JIHTY.!lhl C Ka)f(,ll;OfO H3 BpeMl!-rrponeTHhIX 

cqeTqHKOB. Bee JaBHCHMOCTH HMeIOT IIOXO)KHH BH,!l (110CKOJlhKY H3MepeHHll 

11poBO,!lHJIHCh 11pH (pHKCHpOBaHHOM 800 M3B/c HMl1YJihCe) C Ha,!le)f(Hh!M 

pa1.ueneHHeM KaOHOB OT 11HOHOB. 

3apemCTpHpOBaHHhie H OT06paHHhie co6hITHll aHaJIH3HpOBaJIHCh TaK)f(e 110 

KpHTepHIO 11pHHa,IJ,fle)frnOCTH K cpa30BOMY 06beMy rryqKa. 3.uech HCl10Jlh30BaJIOCh 

CBOHCTBO HaCTpOHKH KaHarra - rrapanneJihHOCTh HCTHHHhlX TpeKOB B BepTHKaJihHOH 

l1JIOCKOCTH. 

IlHOHHhie crreKTphl Ha6HpaJIHCh OT,D;eJihHO Ha IIOHH)f(eHHOH HHTeHCHBHOCTH 

11epBHqHoro IIyqKa c uenhIO HCKJIIOqeHHll OIIIH6KH, CBlIJaHHOH c rrpocqeTaMH 

3JieKTpOHHKM B MOMeHT 6JIOKHpOBKH Ha BpeMll cqHThIBaHHll. 

TaKHM o6pa30M, 3KCrrepHMeHTaJlhHO H3Mepl!JIHCh OTHOIIIeHHll qHcJia 11HOHOB H 

KaOHOB K cqery MOHHTOpa. 

B noJJ.paJJJ.eJIC 4.5. 011ttcaHa rrpoue.uypa orrpe)].eneHHll ceqeHHH po)f(,ll;eHm1 

Me30HOB 110 11onyqeHHhIM 3KCrrepHMeHTaJihHhIM JJ.aHHhIM. 

Ilo rronyqeHHhlM .uaHHhlM BhlqHCJil!JIHCh OTHOIIIeHHll HHBapHaHTHhIX 

JJ.HcpcpepeHUHaJihHhIX ceqeHHH K-in-, K+ln +, n-hc +, K-/K+ rryTeM BBeJJ.eHHl! 

11orrpaBOK Ha pacna.n, MHOroKpaTHoe paccellHHe B MHIIIeHH, Ha Bemecrne 

JJ.eTeKTOpOB, OKHax HOH011pOBO,D;a ( pa6orn [28]). 
AKce11TaHc KaHarra, a TaK)f(e norrpaBKH Ha MHoroKparnoe pacceHHHe H, 

COOTBeTCTBeHHO, BhI6bIBaHHe 11HOHOB H KaOHOB H3 11yqKa 6hIJIH paccqHTaHhl 

MeTO.D:OM MoHTe-Kapno. 

IlorrpaBKa, CBH3aHHM C BhI6hIBaHtteM qacTHL{ H3-3a MHOroKpaTHOro pacceHHHH 

Ha Bell(eCTBe ,neTeKTOPOB, BOJ,nyxe, cpnaHuax HOH011p0BO,D;a H HCCJie,nyeMOH MHIIIeHH, 

paccqHTaHHM 110 11porpaMMe DECAY TURTLE, .!lJIH ornoIIIeHHH KaoHOB K 11HOHaM, 

COCTaBJIHeT 1.37±0.05. 
I1011paBKa, CBH]aHHM C rrornomeHHeM rrepBHqHoro H BTOpHqHoro 11yqKa B 

MHIIIeHH 6hma 11poattarrH3HpOBaHa H B CHJIY MaJIOCTH 3TOH 11orrpaBim .!lJlH 
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0rHOIIIemrn HHBapHaHTHhIX ceqeHHH po)f(,ll;eHHH IIHOHOB H KaOHOB 

C HMl1YJihCOM 800 M3B/c B 3aBHCHMOCTH OT :meprHH HeJieTaIOII(HX 

H,nep B peaKUHl!X: JC-p+C, .c. - d+C, •-C+C. 
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OTHOIIleHHH 800 M3B/c Ka0H0B K TIH0HaM (MeHee 3%), B ;:i:aHHOH cepHH 

3KCnepHMeIIT0B He )"IHTbIBaJiaCb. 

.l(mI OTHorneHHH HHBapHaHTHbIX ceqeHHii 1(/1t +, K-IK+ Bee nonpaBKH 

K0MIIeHCHpyJOTCJI. 

PacqeTbI IIpHMeCH paCIIaJJ:HbIX MIO0H0B B IIH0HH0M cneKTpe II0Ka3aJIII, 'ITO 

BeJiffqHHa BKJia,L(a MIO0H0B B 800 M3B/c cneKTpe IIII0H0B Mettee 5%. BKJia,L( B 

ceqeHHJI, CBJI3aHHbIH C npHMeCblO MIO0H0B H 3JieKTp0H0B .nm1 ;:i:aHHbIX, 

npe,L(CTaBJIJieMbIX B HaCTOJIIIIeii pa6oTe, He )"IHTbIBaJICJI. 

Ha Pnc.12 npHBe,L(eHbl II0JI)"IeHHbie 0TH0IIleHII.il IIHBapliaHTHbIX ce11eHIIH 

pm1meHHJI Ka0H0B H IIH0H0B JUUi pa3JIH4HbIX ·peaKIIIIH B ·3aBHCIIM0CTl1 OT 3Hepr1111 

HaJieTaIOIIIHX .ir;:i:ep Ha HYKJI0H. 

B 3aKJII04eHHe CJie,L(yeT 0TMeTHTb, 'ITO Ha116onee T04H0 113MepeHHbIMl1 

BeJiffqHHaMH B npe;:i:cTaBJIJieMOH cepmi 3KCIIepHMeHT0B JlBJil!IOTCJl 0TH0UieHl1ll 

HHBapHaHTHbIX ceqeHHH Ka0H0B H IIII0H0B. 

TaKHM o6pa30M, II0JI)"IeHbl 3KCIIepIIMeHTaJibHbie ,L(aHHbie II0 p0)K,L(eHl1IO 

Ka0H0B H IIH0H0B B nepeXO,L(H0H o6naCTH 3Heprnii ( OT HYKJI0HHbIX K KBapK

fJIIO0HHbIM CTeneHJIM CB060,L(bl B .ir;:i:pax) B 3aBHCIIM0CTH OT 3uepr11H H THIIa 

HaJieTalOIIIHX .ir;:i:ep (npoTOHbI, ;:i:eiiTp0HbI, yrnepo;:i:). 

3KcnepHMeHTaJibHO TI0Ka3aH aCIIMTITOTH4eCKHH xapaKTep Il0Be,L(eHl1ll ce11eHl1H 

po)KJJ:eHHJI Ka0H0B H IIII0H0B Ha4HHall C 3HeprnII ' ~ 4 f'3B/ttyKJIOH, 'ITO 

CBII,L(eTeJibCTBYeT 06 yttHBepcarrbH0M II0Be,L(eHHH ce11eHHH pmK,L(eHml 11aCTHII He 

3aBIICHM0 OT HX THTia B IIeHTpaJibHOH o6naCTII B3al1MO,L(eHCTBl1ll. ITonyqeHHbie 

;:i:aHHbie ,L(alOT B03M0)KH0CTb KpIITH4eCK0fO aHaJIII3a Te0peT1111eCKl1X MO,L(eJieii, 

0IIIICbIBalOIIIHX no.nnoporoBhie IIP0IIeCCbl Me30H006pa30BaHl1ll. 

ITonyqeHHbie ,L(aHHbie no HHBap11aHTHblM ce11eHl1JIM o6pa30BaHl1ll K --Me30H0B 

npoaHaJIH3Hp0BaHbl B rnaBe 3 B paMKaX aBT0M0,L(eJibH0f0 II0,L(X0,L(a. 

B rJiaBe _5 0IIHCaHbI II0JI.ilpH3aIIH0HHbie 3KCnepHMeHTbl B peJJllTl1BIICTCKl1X 

Jl,L(epHblX CT0JIKH0BeHHJlX H nepcneKTIIBbl HX npo;:i:omrceHHJI. 

Cpe;:i:H cpyH,L(aMeHTaJibHbIX npo6JieM COBpeMeHHOH .ir;:i:epH0H qJ11311KII H qJ113HKl1 

•IaCTIIII oco6yro Ba)KH0CTb IIMelOT npo6neMbI KOHcpaHHMeHTa B CIIJibHbIX 

B3aHMo,neiicTBH.irx, npoIICX0)l<.neuIIe cnlIHa uyKJioHa, CTpYKTYPbI BaKyyMa B 

KBaHTOBOH xpoM0,L(IIHaMIIKe. PerneHIIe 3TIIX npo6neM Tpe6yeT rny60KIIX 

3KCnepIIMeHTaJibHbIX H Te0peTH4eCKHX IICCJie,L(OBaHIIH npoIIeCC0B, npoTeKalOIIIIIX 

Ha paccT0l!HHJIX nopJl,L(Ka pa;:i:IIyca KOHcpaiittMeHTa, r.ne ,L(0MIIHIIpyJOT 

ttenepryp6aTHBHbre 3cpcpeKThI. 

O;:i:HHM Ii3 HaII6onee nepcneKTIIBHblX ttanpaBJieHIIH IICCJie,L(0BaHl1jj l!BJilleTCJl 

113yqettHe no.nnoporoBbIX Ii KYMYJillTIIBHblX npoIIeCC0B, B oco6eHH0CTl1 C Y4eT0M 

ttanpaBJieHH.il TI0JillpH3aIIIIII CTaJIKl1BalOIII11XCJl 061,eKTOB. 

JJ:on0JIHIITeJibHall H He3aBIICIIMall IIHqJOpMaIIHJI 0 MeXaHII3MaX o6pa30BaHIIjj 

TaKIIX qacTIIII MO)l(eT 6hITb nony11etta nplI II3Y4eHHII CTIIIH-3aBIICIIMbIX 

xapaKTepHCTHK B3aHMO,L(eHCTBIIll. ITpII BKJII04eHIIII CTIIIH0BbIX Ii IIBeT0_BbIX CTeneueii 

CB060,L(bl eCTb Ha,L(e)K,L(a 6onee rny6oKO II0HJlTb MeXaHII3Mbl CIIJlbHOf0 

B3alIMO,L(eHCTBIIJl. 
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3Kcnep1IMeIITbl no II3MepeHIIIO aCIIMMeTpliH Ha nyqKax TI0JIJlPii30BaHHbIX 

np0TOH0B KaK B ynpyroM (p-p)-paccel!H111i, TaK Ii B IIHKJII03IIBHbIX npoIIeccax 

II0Ka3aJIII, 'ITO TI0JJllpli3aIIII0HHhie 3cpcpeKTbl He BbIMIIpaIOT C p0CT0M nepe.naHH0ro 

11MIIYJihCa. Cxo;:i:Hoe Il0Be,L(eHIIe Ha6JIIO,L(aeTCll Ii )Ulll II0JI.ilpII3aIIIIII rnnep0H0B B 

(p-p)- Ii (p-A)- B3aIIMO,L(eHCTBIIJlX. 3TH pe3yJihTaTbl ,L(alOT BeCKIIe 0CH0BaHHJI C4IITaTb 

MeTO,L(bl nepryp6aTIIBHOH KXJJ: )Uljj 0TIIICaHIIll MexaHII3M0B BeCbMa 

orpaHII4eHHbIMII. JJ:aHHOe o6cTOJlTeJibCTBO yKa3hIBaeT Ha Heo6XO,L(HMOCTb 

II0CTaH0BKl1 TaKIIX 3KCnepm,te~TOB, B K0t0pb!X 3cpcpeKThl, a CJie,L(0BaTeJibHO II 

MeXaHII3Mhl, 6hIJJII 6hI Bblpa)KeHbl HaII6onee JlPK0. 

TaKIIM o6pa30M, npIIHII11IIIiaJibHO HOBOH II0CTaH0BK0H 3KCnepmteHTa JlBJIJleTCll 

113MepeHIIe BeKT0pH0H aHaJil13IIpyromeii cnoco6HOCTII B nepeXO,L(H0H o6JiaCTII 

:meprnii OT HYKJI0HHbIX CTeneueii CB060,L(bl B jj,L(p0-Jl,L(epHbIX B3aIIMO,L(eHCTBHl!X K 

KBapK-fJIIO0HHbIM. 

IlpIIHIIMall BO BHIIMaHIIe B03MO)J(H0CTb o6pa30BaHIIll cjmyKTOHOB B jj,L(pe, 

M0)KH0 npe.nnoJI0)KIITb, 'ITO Ii3Y,4ett11e 0,L(H0CIIIIH0BbIX aCIIMMeTpIIH B KYMYJIJlTIIBHOH 

II no.nnoporoBOH o6nacrnx MmKeT ;:i:aTb IIHcpOpMaIIIIIO 0 CIIIIH0BOH CTpYKTYPe TaKIIX 

o6pa3oBaHIIii. 

B pa6oTe [25] ,L(Jljj o6ollCHeHIIJl IIII0HHbIX aCIIMMeTpIIH B (tp-p)- II (tp-A)

B3aIIMO,L(eHCTBIIl!X IICII0Jib30BaJICjj IIHCTaHTOHHbIH MexaHII3M, Ha 0CH0Be K0T0poro 

M0ryT 6bITb 0IIHCaHbl TI0JIJlpII3aII110HHhie 3cpcpeKTbl nplI. 60Jibllil1X XF II p .L· 

B HaCTOl!IIIee BpeMll He cymecTByeT 3aKOH4eHH0H Te0p1I11 II0Jillp113aUII0HHbIX 

l!BJieHIIH B a;:i:pou-a;:i:p0HHblX II a.npoH-Jl,L(epHbIX B3am,w;:i:eiiCTBIIJlX npu 

npoMe)K)'T04HbIX (Ha4IIHall C 1-2 13B/uyKJioH) H BbIC0KIIX 3HeprnJlX, Il03TOMY 

0CH0BHblM HanpaBJieHIIeM pa3BIITIIJl Teop1111 jjBJilleTCll pa3pa60TKa MexaHl13M0B, 

II03B0Jll!IOIII11X II0JIY4IITb xorn 6bI Ka11ecTBeHH0e 0IIIIC3Hl1e 11MelOIU11XCll 

'.lKCIIepIIMeHTaJibHbIX ,L(aHHbIX 11 npe;:i:cKa3att11e B paMKax TaK11X M0,L(eJJeii H0BbIX 

3cpcpeKTOB, Il03B0Jll!IOIIIIIX He TOJihK0 npoBepHTb npe;:i:cKa3aTeJibHYIO Cl1JJY M0,L(eneii, 

HO 11 TI0JIY41ITb H0Bbie 3aK0H0MepH0CTl1, Heo6XO,L(l1Mhle )Ulll TI0CTp0eHl1ll Te0p1I11. 

B CBll311 C 3TIIM ueneuanpaBJieHH0e 3KCIIep11MeHTaJibH0e 113y11eHue aCUMMeTpl1H 

nplI po)KJJ:eHIIJl a;:i:poH0B BeKT0pH0 - II0Jillp1130BaHHbIM11 ;:i:ettTp0Hal\111 B 3aBIICIIM0CTl1 

KaK OT 3HeprlIII HaJieTalOJUl1X Jl,L(ep, TaK 11 OT 11MIIYJibCa II TIIIIa perncTp11pyeMhIX 

'!aCT11U npe;:i:cTaBJilleTCJl BeCbMa aKTYaJihHblM. 

O,L(HIIM Ii3 B03MO)KHbIX IIYTeH 113y11eH11l! MexaHl13Ma II0JIJlpII3au1111, CBll3aHH0f0 

C HeHyKJI0HHblMII CTeneHl!MH CB060,L(hl, JlBJIJleTCJl 113MepeH11e 0,L(H0CIIl1H0BbIX 

aCl1MMeTplIH Ha Il0JJllp1I30BaHHblX ny11Kax .neiiTpOH0B B J1B3 0115111 B peaKUIIII 

td+A➔1t\K±,P± + X. 
JJ:aHHOe HanpaBJieHIIe 3KCIIep11MeHTaJihHbIX 11CCJie,L(OBaHl1H Ha ycK0plITeJibH0M 

K0MTIJleKce JIB3 nonyqlIJ]0 CB0e pa3B11TIIe B CBll311 C BB0,L(0M B 3KCnnyaTaU11IO 

uoHHoro KplioreHH0ro IICTO'IHIIKa ITOJI51Pl1C. 

B no.npa3,L(eJie 5.1 on11caHa MeTO,L(HKa 113MepeHl1H. 

l13MepeHl1jj np0B0,L(l1Jil1Cb Ha BbIBe,L(eHH0M IIY'IKe BeKT0pH0 - II0Jillp1130BaHHbIX 

,neMTpOHOB CIIHXpocpa30TpOHa J183 0115111. 8 Ka4eCTBe cneKTp0MeTpa BT0Pl1'1HhIX 

'13CT11U IICTI0Jih30BaJICll MarHl1THbIH Kattan "7 8". CxeMa 3KCIIep11MeHTa 

npe.ncTaBneHa Ha P11c. 13 YcTaHOBKa 11 K0HTp0Jib pe)KHM0B pa60Tbl MarHl1THhlX 
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3J1eMeHT0B ocymecTBJlillIHCb 110 KaJm6poBaHHblM ;::i;a'fllHKaM XoJ1J1a, 

paCII0Jl0)KeHHblM He11ocpe;::i;cTBeHH0 Ha 11omocax MarHHT0B H J1HH3. .[(JUI K0HTP0JUI 

pe)KHMa TPaHc11opmp0BKH 11yqKa 110 KaHaJIY Bill Ha uccrre;::i;yeMyro MHIIIeHb 

;::i;aT'IHKaMH XoJ1J1a 6hrnu ocHarn;eHhI TaK)Ke 11omoca ;::i;Byx J1HH3 (1K200, 2K200). 

I1oKa3aHH.!1 BCeX ;::i;aTqHK0B XoJ1J1a 3allHCbIBaJIHCb C II0M0IIl;bIO CHCTeMbl K0ffTP0JUI 110 

Ka)K)];0MY c6pocy ycK0pHTeJIH. 

Kattan BbI)];eJ1HJ1 BT0pHqHbie 3ap.sI)KeHHhie qacTHIIhl, p0)K)];eHHhie 110)]; yrnoM 

24 °, IIPH HMIIYJlbCH0M 3axBaTe ±5% . IlocKOJlbKY 3KC11epuMeHT 11p0B0)];HJ1C.!1 

naprurnerrbH0 C HCCJle)];0BaHH.!IMH Ha ;::i;pyrnx yCTaH0BKax H H3MeHIDIC.!I pe)KHM 

BbIB0)];a 11yqKa, aKcenTaHC KaHarra C0CTaBJlilll 7 H 9 .8 MCp • % B 3aBHCHM0CTH OT 

MeCTa pac110J10)KeHH.!I MHIIIeHH B cpoKyce F4 BhIBe;::i;eHH0ro IIyqKa . 

.[(rr.sI perncTPaIIHH u u;::i;eHTHqJHKaIIHH qacm11 11puMeHIDiaCb MeT0)];HKa 

H3MepeHH.!1 

BpeMeHH nporreTa qaCTHII qepe3 BT0pyro qacTh ClleKTP0MeTPa Ha 6a3e 7M. B 

KaqeCTBe ;::i;eTeKT0p0B qacTHII HCII0J1b30BaJIHCb TPH CIIHHTHJlJUIIIH0HHbIX cqe'flluKa C 

pa3MepaMH 18x20cM. Ilocrre;::i;HHli CIIHHTHJ1J1.!IT0p CJ1Y)KHJ1 )];JI.!! Bhlpa60TKH 

BpeMeHH0li 0TMeTKH 
11
CTapT

11 
H 11p0CMaTPHBaJICH C O)];HOB CT0p0Hbl. .[(Ba ;::i;pyrHX 

CIIHHTHJlJIHT0pa npocMaTPHBaITHCb <l>3Y XP2020 c )];Byx CT0p0H u Bbipa6aTbIBaJIH 

qeTblpe cumarra 
11
cT011". O11eHKa BpeMeHn 11porreTa 11poBo;::i;HJ1aCh B pe)KHMe off-line 

110 cpopMyrre K0MlleHca11uu BpeMeHHOli 3a;::i;ep)KKH B )];JlHHHbIX CIIHHTHJ1J1.!IT0pax: 

t = (tl + t2) / 2 - (t3 +t4) /2, 

r;::i;e tl u t2 - BpeMeHa 11poneTa, H3MepeHHhie 11epBblM Cqe'fllHK0M, a t3 u t4 - BT0pbIM. 

Co BCeX <l>3Y )];0II0JIHHTeJihH0 CHHMarracb HHqJOpMaIIHH 0 BeJiffqHHe aMIIJIHTY)];H0ro 

curHarra. ~- IlonyqeHHM 11ocne BBe;::i;eHHH 11011paB0K BeJiuqnHa BpeMeHHoro 

pa3peIIIeHH.!I cr = ±300 IICeK 011pe;::i;eJIHeTC.!I B 0CH0BH0M pa36pocoM )];JIHH TPaeKT0pHii 

qaCTUII B MarHHT00IITHqecK0M ClleKTP0MeTPe. 
+ 

IlpH H3MepeHHU BbIX0)];0B K -Me30H0B C HMIIYJibC0M 800 M3B/c )];JIH II0)];aBJieHHH 

IIH0H0B HCII0Jlh30BaJICH )];eTeKTop 'IepeHK0BCKoro H3JiyqeHH.sI C pa;::i;naT0p0M H3 

IIJieKcnrnaca. 

B KaqecTBe HCCJie;::i;yeMOli MHIIIeHH UCII0Jib30BaJICH peaKTOPHblli rpaqJHT. 

TonmnHa MHIIIeHH B 60JibIIIHHCTBe H3MepeHHli C0CTaBJIIDia 0.5 r/cM
2

• 

lfaMepeHne CTelleHH II0JI.!ipH3aIIHH 11yqKa TPa)];UIIH0HH0 llp0B0)];UTCH Ha 6a3e 

ycTaH0BKH AJTh<l>A. B HaIIIHX H3MepeHHHX 0Ha C0CTaBHJla -0.53% 

B no;::i;pa3)];eJie 5.2 0IIHCaHhl oco6eHHOCTH M0HUT0pup0BaHHH llyiIKa H o6pa6oTKH 

)];aHHblX. 

Oco6oe BHHMaHne 6brno y;::i;eJieH0 M0HHT0pup0BaHHIO llyiIKa Ha MUIIIeHH. .[(JUI 

Toro, qTo6hI H36e)KaTb B03M0)I(Hb!X CHCTeMaTuqeCKHX OIIIH60K H3MepeHHB, 6blJla 

ycTaH0BJieHa CUCTeMa H3 TPeX M0HHTOp0B . .[(Ba M0HHT0pa Ml H M2, Kam)];blli H3 

TPeX CIIHHTHJlJUIIIH0HHhIX C'le'fllHK0B, pac110Jiararruch CHMMeTPffqHQ CJieBa H c11paBa 

OT MHIIIeHH 110)];. yrJiaMH, 6JIH3KHMH K 90°. B Ka'leCTBe TPeThero M0HHT0pa M3 

UCII0Jlb30BarraCh ra30BM H0HH3aIIH0HHM KaMepa, CT0HBIIIM B llp.!!M0M nyqKe Ha 

paccT0.!IHHH 2 MeTPa 11epe;::i; MHIIIeHhIO. 
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B nepByio oqepe,11,b npoBo,11,JUiaCb ceJieKumr co6b1TIIH no c6pocaM Ha ocHoBamm 

IIH!pOpMaUIIII C MOHl!TOpOB. Ilo pe3yJibTaTaM Ka)K,11,0ro II3MepettmI rrpocMaTPIIBaJiaCb 

3aBIICIIMOCTb IIHTeHCIIBHOCTII rryqKa M3 OT HOMepa c6poca. O6JiaCTII pe3KOro 

II3MeHeHmI IIHTeHCIIBHOCTII 3a6paKOBb!BaJIIICb, IIOCKOJibKY CB.iI3aHbl 9 II3MeHeHIIeM 

pe)KIIMOB pa60Tbl ycKOpIITeJibHOro TPaKTa IIJIII KaHaJia Me.D,JieHHOro Bb!B0,11,a. 

Co6b!TmI m TaKHX c6pOCOB He yqIITb!BaJIIICb. 

B no.npa3/l,eJie 5.3 o6cy)K.D,aIOTC.H IIOJiyqeHHbie 3KCrrepIIMeHTaJibHbie pe3yJibTaTbl 

II rrepcneKTIIBbl ,11,aJibHeHIIIlIX IICCJie.D,oBaHIIH. 

A[~ 
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9 

'8 t 
Ph =0.'2/2eV/c 

□ 
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3 
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~ 1 
0+--+-----~----

-1 
-2 
-3 
-4+-.--~~~~~~~~~ 

1,01,21,41,61,8 2,0 2,2 2,4 2,6 2,8 3,0 
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-2i T I -3 ~ I -4 I 
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Pnc.14. 

YcTanonKa MAPYC» 

Ha PIIc.14 rroKa3aHbI pe3yJibTaTbI 

HaIIIlIX 3KCrrepIIMeHTOB. Ha6JIIO-

,11,aeTca: yMeHbJlleHIIe BeJIII'lIIHbl 

aCIIMMeTPIIII KaK C yBeJIII'leHIIeM 

3tteprnII HaJieTaIOIUIIX ,11,ettTPOHOB, TaK 

II C yBeJIII'leHIIeM IIMIIYJI_bCa 

BTOpII'lHb!X qacTIIU. OTMeTIIM, 'ITO 

IIOJiyqeHHbie pe3yJibTaTbl Ha,11,e)I<HO 

o6ecrretJeHblCTaTIICTIIqe~KII. 

Cne,11,yeT 3aMeTIITb, qTo 

II3MepeBHbie BeJIII'lIIHbl BeKTopHOH 

attaJIII3IIP)'IOJllei\ crroco6HocTII B 

,11,aHHb!X peaKUII.HX He MOryT 6hlTb 

rrpe.D,CKa3aHbl IIJIII OIIIICaHbl B paMI<ax 

CyJlleCTByIOJIIIIX TeopeTII'leCKIIX 

rrpe.D,CTaBJieHIIH. 

Ilpe,11,cTaBJI.HeTca: Ba)J(Hb!M 

rrpo,11,omI<IITb II3y1Iem1e BeKTopHOH 

aHaJIII3IIpy10I11ei1 crroco6HocTII B 

3aBIICIIMOCTII OT 3HeprIIII HaJieTaIOJIIHX 

,11,eHTPOHOB, IIMIIYJibca, yrna 

o6pa3oBaHmr H TIIIIa perttCTPIIpyeMbIX 

qaCTHU. IlpoBe,11,eHHbIH 3KCrrepIIMeHT 

,11,aJI OCHOBY ,11,JI.H IIJiaHttpoBaHII.H HOBb!X 

IIOJI.HpII3aUIIOHHb!X 3KCIIepIIMeHTOB Ha 

co3,11,aBaeMoi1 rro,11, pyKOB0,11,CTBOM 

aBTopa ycTaHOBI<e MAPYC5I. 

B OTJIH'llle OT ,11,oporocTO.HJIIHX ycTaH0BOK C reOMeTPIIett, 6JIH3KOH K 4-n, 
OTJil!qHTeJibHOH oco6eHHOCTblO ycTaHOBKII MAPYC5I .HBJI.HeTC.H llCIIOJib30BaHHe 
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t:i 
~ M 

M1 "-J""•M3 

.~ 
PC,SH,CH 

Pttc.15.' 

CxeMa ycrnHOBKH MAPYC51 
KlOO, MLl 7 - KBa.npyrroJibHbie MarHHTHb1e JIHH3bl. 
SP57, SP40 - )lttnoJibHbie MarHHTbI. 

Ml-3 - CuttttTHJIJIJIUHOHHbie Mott11ropb1. 
SH - BpeMJI-nponeTHbie CUHHTHJIJIJIUHOHHbie ro.nocKonb1. 
PC - nporropu11ottanbttb1e KaMepb1. 
CH - 4epeHl\'.OBCKHe c4eT4HKH. 
OM - )lereKTop MHmKecTBeHHOCTH. 
ZDC - KanopHMerp ttyneBoro yrna. 



CBeT0ClfJibH0ro MarHHT00nTHqecKoro cneKrp0MeTpa B coqeTaHHH C .ueTeKT0p0M 

MH0)KeCTBeHH0CTH, cnoco6Hb!X pa6oTaTb C 60JiblllHMH HHTeHCHBH0CDIMH 

nepBHqHbIX n)"-IK0B (.uo 1011
H.uep/ceK). YKa3aHHM oco6eHHOCTb .uaeT B03M0)KH0CTII: 

H3MepHTb MaJILie ceqeHHH rny6oKo no.unoporoBLIX npoueccoB, norr)"-laTb 

CTaTHCTilqeCKII o6ecneqeHHbie BeJIHqHHbl n0JI.llpH3al.(H0HHbIX xapaKTepHCTHK 

HCCrre.uyeMbIX peaKl..(HH, np0B0)lHTb 3KCnepHMeHTbl C nyqKaMH BT0pilqHbIX qacTHI..(. 

CxeMa ycrnH0BKH n0Ka3aHa Ha PHc.15. 

IlnaHHpyeTC.ll npoBecrn: crre.uyioIUIIH Ha6op lpH3HqecKHX H3MepeHHH: 

1. Ceqem:rn p0)K)leHil.ll .ueil.rp0HOB, npoT0H0B, Ka0H0B, IIH0H0B II .ll,!lepHblX 

cpparMeHTOB B 3aBHCIIM0CTH OT: 

- runa HaJieTaJOll..(HX .ll,!lep II .ll,!lep MilllleHeil. (p - U); 
- :meprnH HaJieTaJOIUHX H.Uep 2-6 EiB/ttyKJIOH; 

HMnyrrLca perncrpHpyeMbIX qacruu 0.3-2.0 f3B/c; 

- yrna o6pa30BaHm1 qacruu 20-90°; 

- HanpaBJieHIIH norrHpI13al.(IIII HaJieTaIOll..(HX qaCTHI..(. 

2JlpoBeCTII BbillleyKa3aHHbJe H3MepeHH.ll C cerreKl..(Heil. C06bITHH no 

MH0)KeCTBeHH0CTII, CTeneHb ueHrpaJibH0CTH Ii BbI)leJieHHeM IlJI0CK0CTH peaKUHH. 

IlporpaMMa 3KcnepHMeHTaJibHbIX HCCJie)l0BaHHH nocrpoeHa Ha 0CH0Be 

II03TanHoro yBeJIHqeHH.ll )leTeKT0p0B Ii YCJIQ)l(HeHH.ll MeT0)lHKH perHcrpal.(HH 

qacTHU. <l>H3~eCKOe o60CHOBaHHe II MaTeMaTHqecKoe M0)leJIHp0BaHHe 

nepBooqepe.UHbIX 3KCnepHMeHT0B npe.ucTaBJieH0 B pa6oTax [26,27]. 

PacnoJIO)KeHHe yCTaH0BKH n03B0Jl.lleT np0B0)lHTb 3KCnepIIMeHTbl 

0)lH0BpeMeHH0 C pa60TOH BCeX .upyrnx ycrnH0B0K, npe.uHa3HaqeHHbIX )lJl.ll 

HCCJie)loBaHH.ll C BbIBe)leHHbIMH nyqKaMH ycK0pHTeJibH0r0 K0MnJieKca JIB3. 

YKa3aHHM oco6eHHOCTb II03B0JI.lleT He T0JibK0 y.uellleBHTb HCCJie)l0BaHH.ll, HO Ii 

npoBeCTII opHrHHaJibHbie nocTaH0BKII 3KCnepHMeHTOB. TaKoe coqeTaHHe 

O)lHOBpeMeHHOH pa6oTbl ycTaH0B0K n03B0Jl.lleT H3)"-laTb nepeqHcJieHHbJe Bblllle 

peaKl..(IIH C TQqHbIM II3MepeHHeM nepe.uaHH0ro m,myJILCa. 

B HacToHmee BpeMH 3aBepllleH nepBbiil. :nan co3.uaHHH ycrnH0BKH MAPYC.51, 

KOT0pbIH n03B0JI.lleT npoBeCTII nepBbJe 3KCnepHMeHTbl C BbIBe)leHHbIMII rryqKaMH 

HyKrrorpoHa. 

Crre.uyeT 0TMeTHTb, qTQ HMeIOIUMC.ll 6uorrornqeCKM 3all.(HTa n03B0Jl.lleT pa60TaTb 

C BbIC0KHMH HHTeHCHBH0CTJIMH n)"-IK0B (.uo 10
11

) II T0JICTblMH MHllleHHMII (.uo 

50r/cM
2
). 3TO .uacr B03M0)KH0CTb np0B0)lHTb Ha ycTaH0BKe MAPYC.51 npHKJia)lHbie 

HCCJie)l0BaHIIH. 

B 331UIIOqeuuu cl}>opMyJIHp0B3Hhl OCHOBHhie pe3yJihT3Thl .uuccepT31.(HOHHOH 

pa60TbJ: 

1. IlOJI)"-leHbl 3KCnepIIMeHTaJibHbie .uaHHbie no p0)l()leHHIO Ka0H0B II nIIOH0B B 

nepeXO)lH0H o6rraCTII :meprnil. ( OT HYKJI0HHblX K KBapK-fJIIO0HHblM CTeneHHM 

CB060)lbl B .ll,!lpax) B 3aBHCHM0CTH OT 3HeprnH II THna HaJieTaJOll..(HX .ll,!lep 

(npOTOHbl, .ueil.rpOHbl, yrnepo.u). 

2. 3KcnepHMeHTaJibHO n0Ka3aH acHMnTOTHqecKHH xapaKTep noBe)leHH.ll ceqeHIIH. 

p0)K)leHH.ll KaOHOB Ii IlH0H0B HaqHHa.ll C 3HeprIIII - 4 f3B/HyKJIOH, qro 
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CBII)leTeJibCTByeT 06 YHHBepcarrbH0M noBe)leHHII ceqeHHH po)K)leHIIH qaCTIIl( He 

3aBHCHM0 OT HX TIIna. IlOJI)"-leHHbie )laHHbJe )laJOT B03M0)KH0CTb Kp~eCK0ro 

aHaJIH3a TeopcrHqeCKHX MO)lerreil., OnHCbIBaJOll..(IIX no.unoporOBbie npoueCCbl 

Me30H006pa30BaHH.ll. 

3. BnepBbie npe)lJ!mKeH e.uIIHbIH no.uxo.u K OilHCaHHIO no.unoporOBbIX II 

KYMYAATHBHblX npoueccoB Ha 0CH0Be aBT0M0)leJibH0ro pemeHI!H. Ilpe)lCTaBJieHa 

MeT0)lIIKa pacqern HHKJII03HBHbIX ceqeHIIH po)K)leHI!H a.up0H0B B .ll.UP0-H,!lepHbIX 

CT0JIKH0BeHH.llX 6e3 BBe)leHIIH no.uroHoqHbIX napaMeTp0B .1lAA Ka)K)l0ro runa 

peaKl(HH. 

4. B paMKax e)lHH0ro no.uxo.ua, C IICn0Jib30BaHIIeM .uayx YHIIBepCaJibHbIX KOHCTaHT, 

y.uaeTC.ll 0nHCaTb a6COJIIOTHbie BeJIHqIIHbl HHBapIIaHTHbIX ceqeHIIH a,!lp0H0B B 

np0TOH - .ll,!lepHblX II .ll,!lp0 - .ll,!lepHbIX peaKQIIHX, a TaK)Ke o6pa30BaHIIH 

aHTIIMaTepIIII B peJrnTIIBHCTCKHX .ll,!lepHb!X B3aHMO)leHCTBIIHX. 

5. BnepBbie H3MepeHbl aCIIMMerpIIII po)K)leHII.ll a.up0HOB B 3aBIICIIM0CTII OT 

HMnyJibCa, apoMaTOB, II 3HeprnII HaJieTaIOll..(HX Il0AApII30BaHHbIX .ueiirpoHOB no.u 

HeHyrreBbIMH yrnaMH. IlOKa3aHO, qTQ aCIIMMerpIIH IIMeIOT CJIO)KHYJO 3aBIICIIM0CTb 

OT nepeqHCJieHHbIX napaMeTp0B II rpe6yioT )l0il0JIHHTeJibH0ro 

3KCnepIIMeHTaJibH0rO II TeoperuqecKoro II3)"-leHI!H. 

6. Pa3BHTbl C0BpeMeHHbJe MeT0)lbl M0)leJIHp0BaHII.ll, C03)laHI!H II 3KCilJ!YaTaIJIIII 

MarHHT00ilTIIqecKIIX KaHaJI0B II cneKrp0MeTp0B. Ha 0CH0Be HaK0IIJieHH0ro 

0ilbITa, no.u PYK0B0)lCTB0M Ii npH Henocpe.ucrneHH0M )"-laCTHH aBTOpa, 3aBepmeH 

nepBbIH 3Tail crp0IITeJibCTBa H0B0ro MarHHT0OnTifqeCK0ro cneKrp0Merpa 

MAPYC.51. 3aaepmeHIIe nepaoro 3rnna co3.uaHI1H MHoroueneBoil. yCTaHOBKH 

n03B0JIHT npoBeCTH nepaooqepe,!lHbie 3KCnepHMeHTbl C BbIBe)leHHblMII rryqKaMH 

HyKrrorpotta JIB3 OH5lli 

7. CcpopMyJIIIpOBaHO Ii no.urnep)K)leH0 npII aHaJIH3e 3KCnepIIMeHTaJibHbIX )laHHbIX 

aBT0MO)leJibH0e pellleHIIe BT0poro po.ua, .umomee B03M0)KH0CTb K0JI~eCTBeHH0ro 

0ilIICaHIIH CJI0)KHbIX, MH0ronapaMerpIIqecKHX CBOHCTB MH0)KeCTBeHH0ro 

po)K)leHII.ll a.up0H0B. 

8. ,l(aHbl K0JI~ecTBeHHbie npe,1lCKa3aHI!H .1lAA IlJiaHHpyeMbIX 3KcnepHMeHT0B B 

o6rracTH peAATIIBIICTCKIIX .a.uepHbIX B3aHMO)leH.CTBHH BilJIOTb .uo HaHBbICIIIHX 

3Heprnii -T3B/HyKJioH. 

IlpHJimKeuue 

3ToT pa3,1leJI )lHCCepTaIJIIH co.uep)KHT CB0.UKY OCH0BHbIX IlOH.llTIIH II KpaTK0e 

onIICaHHe COOTHOllleHHH Me)K)ly HHBapIIaHTHbIMII II II3MepIIMbIMII napaMeTpaMH, 

HCil0Jib3yeMbIMII B peJI.llTHBHCTCKOH .a.uepHOH cpII3HKe. CoOTHOIIIeHIIH M0ryT 6bITb 

HCil0Jib30BaHbl rrpII o6pa60TKe )laHHblX Ii IlJiaHIIp0BaHIIII 3KCnepIIMeHT0B. 

0CH061lble Pe3YllbfflQfflbl ouccepmal(UU ony6JlUK06QHbl 6 pa6omax: 
l .A.A.EaJI.1lIIH, A.M.Earr.UIIH " OnIIcaHIIe MH0)KeCTBeHHbIX npoueccoa Ha ocHoBe 

rpHaHryAAIJHH B npocrpaHCTBe cKopocTeii" KpaTKHe coo6meHIIH OH5lli, N 17-86, 

,l(y6Ha, (1986), c.19. 
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