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1. l1.cTopHa HCCJle,ll,OBaHHR rnnepa.n:.ep HaCllliTbIBaeT 60nee 30 neT. O,ll,Ha

1<0 06 OCHOBHbIX CBOHCTBax :3TOH Heo6bI'lHOH $OPMl>I a.n:.epHoH MaTepHH 
H3BeCTHO n01<a 01leflh MallO. 

)lo HaCTOalll.erO BpeMeHH y.n:.anOCb HenOCpe,ll,CTIJeflHO Ha6mo,ll,aTb H 

H.ll.eHl'H$HIJ,HpoBaTI'I no pacn&.n:.aM TOnb1<O ner1<He a.n:.pa (c 3apa.n:.OM Z <7). 
C 1963 r. 6blno 3aperHCTpHpOBaHO H Ha,ll,e)f(HO H.ll.elu·~$HUHPOBaHO Bce

1'0 2 cnYllaR TaK Qa3bIBaeMbIX ,ll,BOHHbIX rnnepa.n:.ep, cop,epiKal.l.Ulx ,ll,Be "-1la
CTHUbI: lXBe 111 H "6,,He /2/. HMelOl.l.Uleca oueHKH cpe,ll,Hel'O BpeMeHH iKH3HH 

rHnepa,ll,ep 13-111 (CM. pHC. 1) rpy6bI H npc:>THBopetJm)bl H nonyqeHbl B oc

HOBHOM .una nerKHX rHnepa)~ep. CaMH MOAhI pacna.n:.a Tal()f(e H3YlleHbI MO

XO, ,ll,aHHble 06 HX OTHOCHTenbHOH BepOR.THOCTH CYlll.eCTl;3yroT TonbKO ,ll,na 

rnnepa.n:.ep c Z <6. 
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OCHOBHbIe TpY,lUIOCTH, CTOHIUHe Ha nyTH pa3BHTWI 3THX HCCJIe,u;OBaIiHH 

npe)I(}{HMH MeTO,u;aMH, 06YCJIOBJIeHbI OqeHb MaJIbIMH 3HeprHRMH H npo6e

raMH rHnepR.u;ep, 06pa3YIOIlUfXCR npH 3axaaTe Me,u;JIeHHbIX K--Me30HOB. 

rHnepR.u;pa, nOJIyqeHHbIe C HCnOJIb30BaHHeM ,u;pyrHx HaJIeTaIOIlUfX qaCTHIJ;, 

06JIa,u;8IOT TeMH )l(e OC06eHHOCTRMH, nOCKOJIbKY OHH TaK)I(e 06pa3YIOTCR 

H3 <pparMeHTOB nOKOJII..QerOCR R.u;pa-MHllleHH npH B3aHMO,u;eHCTBHH C HHM 

pa3JIHlIHbIX a,u;POHOB. 

npHHUHIIHaJIbHO HOBbIH MeTO,u; nOJIyqeHHR H perHCTp8..UHH rHnepR.u;ep 

6bIJI npe.lUIO)l(eH B nB3 OHHH 112-·141 H He38.l1HCHMO B CWA 115/. 3TOT 

MeTO,u; npe,u;nOJIaraeT HCnOJIb30BaHHe ~1YqKOB R.u;ep (A p ), YCJ(OpeHHbIx ,u;o 

peJIRTHBHCTCKHX 3HepmH,,lJ;JIR ocymecTj3JIeHHR peaKLtHH THna 

Ap + N .... AAp + K + N + ... -, (1) 

KOTopble JI03BOJIRIOT nOJIytlaTb pemrnmHcTcKHe nmepR.u;pa ( A A) C 60JIb·, 

IllHMH npo6eraMH, 1fT0 BbIBO,lUlT HCCJIe~~OBaHHe rHnep<pparMeH':\'oB Ha HOBbIH; 

MeTo,u;HqeCKHH YPOBeHb H ,u;aeT BO~MO)I(HOCTb npO,u;BHHYTbCR B H3yqeHHH 

HX OCHOBHbIX CBOHCTB B 06JIaCTb 60JIblllHX Z, npHMeHRR YCTaHOBKH C ynpaa

JIReMbIMH TpeKOBbIMH ,u;eTeKTOpaMH. TaKaR nOCTaHOBKa 3KcnepHMeHTa 

He RBJIReTCR KOHKypeHUHeH H3RlQHOMY MeTO,u;y 1161, HCnOJIb3YIOmeMY 

06MeHHYIO peaKUHIO K- + A - AA *+11- ,u;JIR H3yqeHHR B036Y)l(,lJ;eHHbIX COCTOR

HHH AA* no He,ZJ;ocTalOmeH Macce*, H npe,u;cTaaJIReT C060H ,u;pyroe Hanpaa

JIeHHe rHnepR.u;epHblx HCCJIe,u;oBahHH, KOTopoe n03BOJIReT Henocpe,u;cTBeHHo 

Ha6JIIO,ZJ;aTb H HCCJIe,u;OBaTb npou;eccbI pO)l(,lJ;eHWI H pacna,u;a rHnepR.u;ep. 

II. OcHoBHble oc06eHHocTH paccMaTpHBaeMoro MeTo,u;a CBR3aHhI C 

KHHeMaTHqecKHMH xapaKTepHCTHKaMH rHnepR.u;ep B peaKIJ;HH (1) H MoryT 

6bITb C<pOPMyJIHPOBaHbI Ha OCHOBaHHH paCqeTOB, npoBe,u;eHHbIx ,u;JIR peaK

U;HH 16 0 + p .... 1~0 + K+ + n + ••• npH 3HeprHH 3,7 A r3B: 

a) cpe,u;HHe paCna,lUlble np06erH rHnepR.u;ep, KOTopble MorYT 6bITb 

nOJIyqeHbI B nyqKax R,u;ep CHHXPO<pa3OTpoHa, ,u;OBOJIbHO BeJIHKH H COCTaa

JIRIOT 10 .;. 25 CM. 3TO 06CTORTeJIbCTBO n03BOJIReT 

- HCnOJIb30BaTb ,lJ;JIR 06Pa30BaHHR mnepR.u;ep ,u;OCTaTO'lHO TOJICTble MHllle

HH (,u;o 2 .;. 3 CM) , 


- H3MepRTb 3apR.u; 06pa30BaaIllHXcR 


,u;eTeKTOpOB dE/dx ) ; 

6) rHnepR.u;pa, 06Pa30BaHHbIe B 

no BeJIH~e HMnyJIbCaMH (P( lXO) '" 

rHnepR.u;ep (HanpHMep, C nOMombIO 

peaKUHH (1), 06JIa,u;aIOT 6JIH3KHMH 

(71 ± 1) r3B/c), 1fT0 cymecTBeHHo 

06JIerqaeT H3MepeHHe HX BpeMeHH )l(H3HH, a TaK)I(e aHaJIH3 HX pacna,u;OB; 

B) BblJIeT 06pa30BaaIllHXCR rHnepR.u;ep H npo,u;yKTOB HX pacna,u;a B 

npou;ecca.x Ap .... np H A .... P11- orpaHH1IeHbI MaJIbIMH yrJIaMH (,u;JIR rHnep

* B HeOoeHeu po60Te 18 ~ ucnollb30eoeweu ynoMJlHYTblU MeTOO, yOQ/lOCb eblOelluTb 

no epeMeHU 300epJlCl(U npoOYKTbI pocnooo zunepJloep ~B, l~C U OijeHUTb ux cpeOHee 
epeMJI JlCU3HU. 

R.u;ep -10-2 pa,u;. (pHC. 2) ,,u;JIRHYKJIOHOB -0,1 pa,u;,,lJ;JIRIIHOHOB -0,2pa,u;.), 

1fT0 ,u;aeT B03MO)IQIOCTb HCnOJIb30BaTb ,lJ;JIR HX pemCTpau;HH YCTaHOBKH H ,u;e
TeKTOpbI co CpaaHHTeJIbHO He60JIbIllHMH anepTYpaMH H pa3MepaMH; 

r) 06pa3oBaHHe peJIRTHBHCTCKHX rHneIxPparMeHTOB ConpoBO)l(,lJ;aeT

CR pO)l(,lJ;eHHeM CpaaHHTeJIbHO Me,lJ;JIeHHbIX K+(K 0) -Me30HOB (pHC. 3), pac

na,u; KOTOPblX MO)l(eT 6b1Tb HCnOJIb30BaH ,lJ;JIR H36HpaTeJIbHOH perHCTpau;HH 

mnepR.u;ep npH MaJIOM CeqeHHH peaKUHH (1). 

OOJIyqeHHe peJIRTHBHCTCKHX rHnepRAep ,u;o nOCJIe,l;l;Hero BpeMeHH 6b1JIo 

B03MO)IQI0 TOJIbKO Ha 6epKJIHeBCKOM H ny6HeHcKoM YCKOpHTeJIRJI;, Ha 

KOTOPbIX OCym(!CTBJIReTCR YCKopeHHe TR)I(eJU:>IX HOHOB ,£l0 ~HeprHH 2,1 A r3B 

H 4 A r3B COOTBeTCTBeHHO, a He,u;aaHO Jla SPS B UEl'He 6bIJIH YCKOpeHbI 

R.u;pa 16 0 ,u;o 31lepmH 200 A r3B 117t":KaK OOKa3bIBaIOT ou;eHKH 118/, O)I(H

,u;aeM1>IH BbIXO,u; rHnepR.u;ep B peaKUHH THnll (1) Ha CHHJf;PQ<Pa30TpoHe OHRH 

Puc. 2. YZlloeoe pocnpeOe.neHue zunep

Jloep ~ 0 e peOKijUU 160 + P _l~O+K++ 

+ n (pe3YllbTOT MoOe.nUpoeOHUJl). 

no KpaitHeH M,pe H8 nOpfl,lJ;OK 

60JI~llle, qeM Ha B3BaJIaKe. 31'0T 

<paKT onpe,u;eJIflerCR TeM, 1fT0 npH 

3HeprHH cHHxpo~a30TpoHa o Ka3bI
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Puc. 3. HMnYllbcHoe pacnpeOe.neHue K -Me

30Hoe, pOJICOeHHblX COeMeCTHO C zunepJld

pQMU 1~0 (pe3YllbTOT MoOe.nupoeOHUJI). 
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BaIOTC.fI CymecTBeHHO 60JlbWHMH Ce"leHHe pO:lKJl;eHH.fI A-rHnepoHOB H Bepo.fIT

HOCTb 3aXBaTa B .fI)J;pe p0.ll.HBWeHC.fI A-"IllCTHUbI. lloCrre,!],Hee 06CTO.fJTeJlbCTBO 

06YCJlOBJleHO MeHbWHM MHHHMaJIbHbIM HMnyJlbCOM OT'!]'a"IH A-"IllCTHUbI 

(B CHCTeMe ueHTpa MaCCbI .fI)J;pa) , CpaBHHMbIM no BeJIH"IHHe C <i>epMHeBCKHM 

HMnYJlbCOM .lUI.fI .fI)J;ep C A > 12 (P= 0,2 -;- 0,3 r3B/c), B TO BpeM.fI KaK npH 

3HeprHH B3BaJIaKa P~in - 0,6 r3B/c, "ITO Tpe6yeT ,!],onOJlHHTeJlbHbIX nepe

paCCe.fIHHH po,!],HBweHC.fI A -tIaCTHUbI ,!],Jl.fI ee 3<p<peKTHBHoro 3aXBaTa B .fI)J;pe! 19! 
llPH ,ll,aJIbHeHWeM YBeJIH"IeHHH 3JieprHH .fI,!],ep POCT BepO.flTHOCTH 06pa30

;BaHH.fI rHnepOHOB 3aMe'!]'Jl.fleTC.fI, a 3aTeM npaKTH"IeCKH npeKpa.I.qaeTC.fI npH 

70 -;- 100 A r3B. llPH 3TOM '!]'OJl.fl Me,!],,I1eHHbIX A-"IaCTHU YMeHJ>waeTC.fI, "ITO 

npHBo,!],HT, KaK YKa3bIBaeT 3KcnepHMeHT /OOI , '!]'IDKe K HeKoTopoMY YMeHb

UleHHlO BbIxo,!],a rHnep.fl,!],ep. B e,!],HHCTBeHHOM (noKa!) rHnep.HJJ.epHOM 3Kcne

pHMeHTe 191, npOBe'!]'eHHOM B nY"IKax peJl.flTHBHCTCKHX .fI)J;ep, »a6mo'!]'aJIOCb, 

nO oueHKe aBTopoB, 22 rHnep.HJJ.pa B peaKUHH 

+16 0 + p(n) .+ 16 0 ( 16 N) + K + n ... (2)A A 

npH 3HeprHH 2,1 A r3B. B 3TOH pa60Te .lUI.fI Ce"leHH.fI peaKUHH (2) nOJlY"Ie

Ha BeJlH"IHHa O"r¢ (2 ±1) MK6H Ha HYKJlOH .HJJ.pa-MHweHH, "ITO 3aMeTHO 

npeBbIWaeT '!]'a)l(e HaH60Jlee OrnHMHCTH"IecKHe pe3YJlbTaTbI TeOpeTH"IeCKHX 

oueHoK /211 • B 3TOH CB.fI3H CJle,!],YeT OTMeTHTb, "ITO HCnOJlb30BaHHblH B 3Kcne

pHMeHTe 191 TpeKOBbJH '!]'eTeKTOp (WHpOK03a30pHbIe HCKpOBbIe KaMepbI 

6e3 MarHHTHorO nOJl.fl) He n03BOJl.flJl Ha,n;e)l(HO OT'!]'eJl.flTb paCna,l],bI rHnep.fl)J;ep 

OT $OHa B3aHMo,!],eHCTBHH B ra3e, "ITO MOrJlO npHBeCTH K 3aBbIweHHIO BeJlH

"IHHbI Ce"leHH.fI peaKUHH (2). 
TeOpeTH"IeCKHe oueHKH Ce"leHHH no'!]'06HhIX peaKUHii npoTHBope"IHBhI. 

TaK, oueHKa, c'!]'eJlaHHaR B pa60Te 1211 C y'IeTOM KOaJIecueHUHH, '!]'aeT BeJlH

UHHY npHMepHO Ha 2 nOp.fl)J;Ka 60JlbWyro. 'IeM oueHKa, nOJlY"IeHHaR B pa60

Te 1 18 1, B KOTOPOH, npaB'!]'a. paCClIHThIBae'tC.fI BhIXO,!], rHnep.HJJ.ep l~C TOJlh

KO C O'leHb MaJIbIMH nepe,!],aHHbJMH HMnyJlhCaMH. 

OueHHTb O)l(H,I],aeMhJH OTHOCHTeJlhHbJH BhIXO,!], rHnep$parMeHToB B ny"l

Kax CHHXP0<pa30TpoHa (4 A r3B) MO)l(HO, 3KCTpanOJlHpy.fI pe3YJlbTaTbI 

pac'leTOB 1211 cyMMapHoro BbIxo,!],a rHnepMep AA:; AC, /\N. AO.,r. ANe B 

peaKUHH NeNe .... AA ... ; "ITO '!]'aeT .lUI.fI~ O"r¢!O'in -10--·. TaKYIO oueHKY 

MO)l(HO CtIHTaTb npHeMJleMhIM npH6JlH)I(eHHeM, nOCKOJlbKY HCnOJlb30BaHHe 

:noro MeTo'!]'a paC'IeTOB n03BOJl.fleT npaBHJlhHO OUeHHTb 06IUHH BbIXO,!], 

rHnep.HJJ.ep 1221 npH B3aHMo,!],eHCTBH.fIX a,n;POHOB B T.fI)I(eJlblX .fI'!]'pax (0 -10-3 ), 

"ITO corJlacYeTc.fI C HMeIOIUHMHC.fI 3KcnepHMeHTaJIbHbIMH ,!],aHHbIMH 
0- (1,5 -;- 3) . 10-3/201 . 

III. BhIJlH paCCMOTpeHhI, paCClIHTaHbI, npoMo,!],eJlHpOBaHhI B03MO)l(HhIe 

BapHaHTbI 3KcnepHMeHTOB no HCCJle,!],OBaHHlO peJI.fITHBHCTCKHX rHnep.fl)J;ep, 

KOTOphJe MOrJlH 6bI 6bITb ocymecTBJleHbI no Mepe Pa3BHTH.fI CHHXpo<pa30

4 

~I 
n4 

Puc. 4. CxeMa pacnOIlOJICeHWf oere"Kropoe ZU6PUi)HOZO Cne"KrpoMerpa. 

TpoHa (HYKJlOTpoHa) C HCnOJlb30BaHHeM CneKTpOMeTpoB rH6pH,!1,Horo Tuna* • 
OTJlH'IHTeJlbHOH oc06eHHOCTbIO ~OTOphIX .fIBJl.fleTC.fI B03MO)l(HOCTb COBMeCT

Horo aHaJIH3a B3aHMHO '!]'onOJlHKIOmeH HH<pOPMaL\HH, nOJlY'laeMOH C nOMoIUbIO 

CTpHMepHOH H npoBOJlO'IHhIX KaMep. a TaK)I(e C nOMOlUhIO ,!],pyrHX ,!],eTeK

TOpHhIX cHcTeM, KOTophIe npH He06xo'!]'HMOCTH MOryr 6hITb HCnOJlb30BaHhI 

B aBTOHOMHOM peiKHMe HX pa6oTbt. 

1. 06IUa.f1 cxeMa nepBOHa'lanbHO nJIaHHpoBaBWerOC.fI 3 KcnepHMeHTa. 

no'!]'po6HO paCCMoTpeHHoro B pafi<>Te 125/. npHBe,!],eHa Ha pHC. 4 H 5. YCKOpeH

HbIe H BhIBe,!],eHHhIe H3 CHHxpo<Pa30Tpona peJl.flTHBHCTcKHe .fI,!],pa. c<poPMH

poBaHHhIe B nyqOK (1). npoxo,!],.fIT 'Iepe3 cHcTeMY nponopUHOHaJIhHhlX KaMep 

(ll 1.2,3 ) H CUHHTHJlJl.flUHOHHbIX TeJlecKonoB (Tn' T • ~ ) • UeJlb KOTOpbtX
H 

oT6HpaTb CJlytlaH. Kor'!]'a pen.fITHBHCTCKoe .fI,!],PO C HyiKHbtMH 3Ha'leHH.fIMH 

A H Z BXO,!],HT B CTpHMepHYIO KaMepy B npe,!],eJlax onpe,!1,eJleHHOrO TeJlecHoro 

yrJla H nona.D.ae1 B MHweHb. llpoxo,!],.fl "Iepe3 HOHonpoBO'!]' (3). peJl.flTHBHCT

CKoe .fI)J;po B3aHMo,!],eHCTBYeT B MHWeHH (CUHHTHJlJl.fJTOpe) M. KOTOPyro 

OKpYiKaeT ,!],eTeKTOp OCTaHOBOK K+-Me30na CB. llPH 3TOM 06Pa30BaBWHH

C.fI peJl.fITHBHCTCKHH rHnep$parMeHT npoxo,!],HT ,!],eTeKTop-rO,!],OCKon H. H3Me

PKIOIUHH ero HOHH3auHlO, H paCna.D.aeTC.fI B pa60'leM 06DeMe cTpHMepHoH 

KaMepbl, a po)f(,!J,eHHbIH B 3TOM )l(e B3aHMo,!],eHCTBHH K+-Me30H TOPM03HTC.fI 

H OCTaHaBJlHBaeTC.fI B '!]'eTeKTOpe CB, KOTOPhtH C 3a,!],ep)l(KOH -10 HC pemcT

pHpyeT pacna.D. K+ -Me30Ha. ARanH3 $oTorpa$Hii C06hITHH B cTpHMepHoH 

KaMepe n03BOJl.fleT oT06paTb CJlY"ll!H po)f(,!J,eHH.fI H pacIUI.,QB. mnep.fl,!],ep, a TaK

* ru6pui)Hblu cneK1pOMerp raKOZO runa, co3i>aHue Koroporo 6blJlO npei)1I0JICeHO 
8 pa6<JTe 123{ e HacrORU4ee epeMJl ycnewHo npUMeHRercR e 3KcnepUMeHre (CM., Ha
npUMep, 1241). 
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Puc. 5.Cxe.MO pocnOJlOJICeHl(.R, (!UCTe.Mbl KOOHHQZO Tpuuepo. 

)f(e H,D;eHTHqlHu,HpoBaTh no Z H AlZ JIerKHe (j;lparMeHTbI - CneKTaTOpbI peJISI


THBHCTCKoro Ji,lJ.pa (rHnepH,ll;pa), nOA06HO TOMy, KaK 3TO AeJIaJIOCb Ha yCTa


HOBKe CKM-200 183. ~ I , C AaJIbHeHWeH nOJIHOH reOMeTpH1{ecKOH peKOH


CTPYKlUfeH OT06paHHbIX C06bITHH, npH KOTOPOH HCnOJIb3YeTCSI (j;lHJIbMOBaSl 


H 6eC(j;lHJIhMOBaR HH(j;l0PMauHSI. .lIonOJIHHTeJIbHbIe AeTeKTopHbIe CHCTeMbl 


npe)l;HaSHa'leHbI AaTb HH(j;loPMauHlO, He06xOAHMYlO AJISI nOJIHOH H,D;eHTH(j;lH


KalUfH C06bITHH: 


- AeTeKTOp-rOAOCKon H - MSI onpeAeJIeHM sapH,ll;a rHnepH,ll;pa (no dE/dx ); 

- ClUfHTHJIJIIiUHOHHbIH rOAOCKon Pi - MSI onpe)l;eJIeHHSI 3apH,ll;a (j;lparMeH-


TOB - npoAYKTOB pacnMa (B3aHMOAeHCTBM) ; 


- HeiiTpoHHblH C'IeT'lHK (cneKTpOMeTp) N - AJISI perHCTpaD;HH HeiiTpo-


HOB CneKTaTOpOB H onpe)l;eJIeHM HX 'lHCJIa; 


CHCTeMa npOBOJIOQHblX KaMep IIi - AJISI 60JIee TO'lHorO onpeAeJIeHM 

A/Z (j;lparMeHTOB. 

C U,eJIblO BbI60pa OIITHMaJIbHOH reOMeTpHH TpHrrepHOH CHCTeMbl H 

onpeAeJIeHHSI ee 3(j;l(j;leKTHBHOCTH 6bIJIO npoBeAeHO MOAeJIHpOBaHHe YCJIOBHH 

paCCMaTpHBaeMoro 3KcnepHMeHTa C HCnOJIb30BaHHeM paC'IeTOB KHHeMa

THKH peaKU,HH (2). IIpH 3TOM npocne)f(HBaJIaCb cYAh6a pO)f(AeHHOro COBMeCT

HO C rHnepRApoM K+-Me30Ha (c Y'leTOM HOHH3auHOHHbIX nOTepb H KYJIOHOBC

Koro paCCeRHHR B nOrJIOTHTeJIe AeTeKTopa CB) AO ero OCTaHOBKH H pacna

Aa C HcnYCKaHHeM MlOOHa, KOTOPbIH perHcTpHpYE:TCR CU,HHTHJIJIRU,HOHHhIMH 

C'IeT'lHKaMH BO BpeMeHHblx BOPOTax - 20 HC C 3Mep)f(KOH -10 HC OTHOCH

TeJIbHO CTapTOBoro HMnyJIbCa OT nY'lKOBOH 'laCTHU,bI. IIpH HCnOJIb30BaHHH 

TaKoro TpHrrepa B HaH60JIee 6JIaronpMTHoH reoMeTpHH, Bbl6HpaeMoH Ha 

OCHOBaHHH npOAeJIaHHorO MOAeJIHPOBaHM, 3(j;l(j;leKTHBHOCTb (f) perHCTpa

lUfH pe.!UlTHBHCTCKHX rHnepJi,lJ.ep nOJIY'laeTCR PaBHOH f = (5 ± 2)· 10 -3 . 

KaK Y)f(e ynOMHHaJIOCb ( CM. C. 4 ), ou,eHHTb o)f(H)l;aeMbIH BbIXOA 

pemCTpHPyeMbIX rHnepH,ll;ep MO)f(HO 3KCTpanOJIHPYR K 3HeprHH 4 A r3B 

pesYJIbTaTbI TeOpeTH'lecKHx ou;eHOK 7211, 'lT0 B paccMoTpeHHoH nOCTaHOB
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Puc. 6. CxeMa PQcnOJlOJICeHWi oereKTop06 ZUDPUOHOZO cneKTpoMeTpo C rpuue
POM or60po no 6epwuHe pocnaiJo. 

Ke 3KcnepHMeHTa AaeT 2 ± 1 3aperHcTpHpOBaHHbIX rHnep¢lparMeHTa 3a 

1 'laC pa60TbI Ha cHHxpo(j;la30TpoHe npH HHTeHCHBHOCTH 10 5 RAep 3a U;HKJI 

C nOJIH3THJIeHOBOH MHWeHblO TOJII.U;IDIOH 2 r· CM-2. 

IIpH TaKOH opraHH3au;HH TpHrrepa OCHOBHbIMH (j;lH3H'lecKHMH HCTO'lHHKaMH 

(j;loHa MorYT 6blTb pacnMbI MaJI03HepreTH'lHbIX nHOHOB. IIpH OCTaHOBKe 

H nocJIe)l;YJOmeM pacDa)l;e 17 ... P. v OHH AaJOT MeMeHHbIe MlOOHbI, KOTopble 

TyT )Ke OCTaHaBJIHBaJOTCSI B C'leT'lHKe CB H pacna.n.aJOTCR C BepORTHOCTbJO 

pacnMa BO BpeMeHHbIx BOPOTax B 100 pa3 MeHbweH, 'leM K t-'Me30HbI. 

KaK nOKa3aJIH HCCJIe)l;OBaHHR MOAeJIH TaKoH TpHrrepHoH CHCTeMbl B pa60

'lHX YCJIOBHHX 06JIYQeHHR CTpHMepHoro CneKTpOMeTpa CKM-200, (j;loHoBbIe 

3anycKH COCTaBHJIH 60JIee 10 3a lUfKJI, 'lT0 HaHOCHT ymep6 Ha60PY CTaTH

CTHKH Hy)f(HbIX C06bITHH (npH OAHOpa30BOM cpa6aTblBaHHH cTpHMepHoH 

KaMepbI 3a U;HKJI) H Tpe6YeT JIH60 YMeHbweHHH HHTeHCHBHOCTH ny'lKa 

(60JIee 'leM B 10 pa3) , JIH60 YJIY'lWeHM Ka'leCTBa annapaTYPbI H paCTfI)K

KH nyqKa. 

2. BTOPaR H3 paccMoTpeHHhIX H npoMOAeJIHpOBaHHhIX TpHrrepHbIX 

CHCTeM (CM. pHC. 6) npeAnOJIaraeT HCnOJIb30BaHHe npoBOJIOQHblX KaMep 

C 1 + 4, KOTOPble C nOMOIU,bJO 6bICTPbIX MHKponpou;eccopoB BOCCTIlHaBJIH

BaJOT BepwHHY C06bITHH (BHJIKH) H BbIpa6aTbIBaJOT HMnyJIbC 3anYCKa MH 

CTpHMepHOH KaMepbl CK TorAR, KOrAa TpeKH 'laCTHU, BbIXOART He H3 MHweHH 

M, a H3 pacna.n.Horo 06'beMa P *, 

* B03MOJICHOCTfJ TOKOU noCTOH06KU 3KcnepUMeHTo POCcMOTpUea.t1.0Cb B 1977 z. 
npo¢eccopoM T.EoY3HOM U 08TOPOM B CBJl3U C nIIaHQ1t4U C030aHWi B JIB':) OHRH ZUDPuO' 
HOZO cneKrpoMerpa co crpUMepHou U npoBOJlO~HbIMU KQ1t4epQ1t4U (CM, 128 I) , 
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KaK nOKa3blBaeT HMelOmuHcH B npaKTHKe 3KCnepHMeHTa OnbIT HCnOJIb

30BaHHH npOBOJIO'JHbIX KaMep C 6bICTPbIMH MHKpOnpOueCCOpaMH, oTpa60T

Ka 3anYCKaIOmerO HMnyJIbCa npH paCCMOTpeHHOH JIOrHKe TpHrrepa B03MO)K

Ha 3a BpeMH naMHTH CTpHMepHOH KaMepbl (AO 10 MKC) npH 3arpY3Kax 

5 710 'laCTHU Ha KroKJl;YW H3 lIeTblpeX npoBOJIOllHbIX KaMep (CM. 128/). 

B TaKoH nOCTaHOBKe 3KcnepHMeHTa npeAeJI AJIH HCnOJIb3yeMoH HHTeH

CHBHOCTH (1 :s 10 5 HAep/B UHKJIe) KJIaAeT BpeMH oTpa60TKH 3anycKaIOmero 

HMnYJIbCa (2 -:- 5 MKC), a O)KtlJIaeMaH CTaTHCTHKa COCTaBJIHeT AO 50 3ape

rHCTpHpOBaHHhIX rHnepH.l1.ep 3a 1 'lac 3q,q,eKTHBHoH pa60Tbi cHHxpoq,a30, 

TpoHa. npH 3TOM OCHOBHOH q,H3H'IecKHH q,OH 6YAeT 06YCJIOBJIeH pacnaAaMH 

pO)KJleHHhIX CTPaHHhlX 'IaCTHU (;\, KO), 06JIaAaIOmHX MaJIhlMH yrJIaMH Bbl
ECJIH MarHHTIIOe nOJIe H OJIHOPOAHO H HanpaBJIeHO BAOJIb H3MepHe

MOH KOOpJIHHaTbI x, TO B nJIOCKOCTH X- Y peKOHCTpYHPOBaHHb1e TpeKH 

6YAYT H306p~TbCH npHMbIMH JIHHHHMH. JIorHKa 3anYCKa COCTOHT B OT

60pe TpeKOB C HaKJIOHOM 60JIbille onpeAeJIeHHorO (X /Y i = a i a 0) , lITO 

COOTBeTCTBOBaJIO 6bl HaA\~)KHOH AHCKpHMHHaUHH TpeKOB lIaCrHU, HJIYmux 

tl3 M. BeJIHlIHHa 6bIJIa paCClIHTaHa B yCJIOBHHX, 6JIH3KHX K orjTHMaJIbHbIM,a o 
UpH pa3YMHbIX npe.nnOJIO)KeHHHX: 

paccToHHHH A _ B-1 M; 

- TO'JHOCTb H3MepeHHH ~x 0,5 MM; 

-- AHaMeTp nyllKa, Cq,OPMHpoBaHHOrO HJIH BbIAeJIeHHOrO TeJIeCKonOM, 10 MM. 

nOJIYlIeHHaH B pe3YJIbTaTe paC'IeTOB BeJIHlIHHa a o - 0,02 onpeAeJIHeT 

MepTBYlO 30HY - 0,2 M, B npeAeJIaX KOTOPOH HeJIb3H OTAeJIHTb pacnad min 
Abl OT B3aHMOAeHCTBHH B M. YlIeT :noro q,aKTopa, a TaK)Ke nOTepb paCnaAOB 

B nJIOCKOCTH, 6JIH3KOH K YZ, AaeT 3q,q,eKTHBHoCTb oT60pa AJIH 6e3Me30HHblX 

paCnaAOB rHnepHJIep (;\p -- nph 1 - 0,1 H AJIH Me30HHblX pacna.noB (;\ ~~, 
--. p1i)f 2" 0,17. HeoAHopoAHoe MarHHTHOe nOJIe (H *0, Hz ~ 0) YXYAillaeTy 
pa3peIlleHHe H npHBoAHT K YMeHbIlleHHlO t . MOAeJIHpOBaHHe C HCnOJIb30Ba

HHeM H3MepeHHblx Ha CKM-200 C06blTHH H Tonorpaq,HH MarHHTHoro nOJIH 

Cn-41 npHBoAHT K CJIeAywmuM 3HalleHHHM: {1 (0,5 71,7) .10- 2 H l2 = 
(0,7 72) '10- 2 . )lJIH YBeJIHlIeHHH ( He06xoAHMO YMeHbIllHTb HeoAHopoA

HOCTH Hy H Hz, HanpHMep C nOMOIUblO IllHMMHPOBaHHH. QT06bl nOAaBHTb 

q,oHoBble 3anycKH OT B3aHMoAeHcTBHH nYlIKoBblX H.l1.ep B ra3e-HanOJIHHTeJIe, 

CJIeAyeT H30JIHpOBaTb H BaKYYMH3HpOBaTb paCnaAHblH 06'beM P HJIH HanOJI

HHTb ero reJIHeM (BOAOpOAOM) npH nOHH)KeHHOM AaBJIeHHH (0,1 0,2 aTM), 

CAeJIaB ero TpeKOllYBCTBHTeJIbHbIM 123, 1'91 • OAHH H3 nOA06HbIX KOHTeHHe

pOB, OrpaHHlIHBaIOmuX onpeAeJIeHHbIH 06'beM, 6bIJI H3rOTOBJIeH B JIa60

paTopHH BblCOKHX 3HeprHH OMHM H HCnbiTaH BHYTPH 2-MeTpOBOH CTpHMep

HOH KaMephi CKM-200 B KalleCTBe ra30BOH MHIlleHH nepeMeHHoro AaB
JIeHHH /30/, 

lh6e)KaTb Bcex 3THX 3aTpYAHeHHH H 06ecnellHTb XOPOillYlO 3q,q,eKTHB

HOCTb perHCTpaUHH, OnTHMaJIbHYlO AJIH paCCMOTpeHHOH TpHrrepHOH CHCTeMbI, 

MO)KHO, AeTeKTHpYH paCnaAbi rHnepHAep B BaKYYMH3HPOBaHHOM 06'beMe 

BHe MarHHTHoro nOJIH C nOCJIeAYlOIUtlM aHaJIH30M npOAYKTOB pacnaAa B 

MarHHTHOM CneKTpOMeTpe C npOBOJIO'lHblMH KaMepaMH. EcJIH perHCTpH

pOBan KoopAHHaTbl TpeKa HApa, BbI3BaBillero HY)KHOe B3aHMOAeHCTBHC, 

H TpeKOB - npOAYKTOB pacnaAa rHnepq,parMeHTa, MO)KHO YMeHblllHTb MepT

BYlO 30HY AO d :::! 5 -'- 10 CM. KaK nOKa3bIBaIOT paClIeTbI, 31'0 o6ecnellHBaeT 

AJIH 06meH 3q,q,eKTHBHOCTH perHCTpaUHH AOCTaTO'JHO TH)KeJIbIX peJIHTHBHCT

JIeTa H pa3JIeTa npoAYKTOB HX pacnaAa, H MO)KeT AaHaTb, no oueHKaM, AO 

10 -7- 20 q,OHOBhIX 3anycKoB 3a UHKJI pa60ThI YCKOpHTeJIH, 'ITO npH 06bIllHOH 

eKopOCTH 3allHCH C06bITHH (- 100 3a UHKJI) eme He npenHTCTByeT Ha60PY 

pa60'leH CTaTHCTHKH. B TO )Ke BpeMH 3Ta "n060'JHaR" HHq,OPMauHH nOCJIe 

ee 06pa60TKH MO)KeT AaTb ueHHbIe cBeAeHHH 0 npoueccax 06pa3QBaHHR~ 
CTPaHHhIX 'laCTHU. 

3. npH paccMoTpeHHH nepcneKTHB ~a3BHTHH Hcc.'leAOBaHHH 06pa30Ba

HliH CTpaHHhIx ImCTHU B nyllKax RAep 311 6hIJI paCC'IHTaH H nporvlOAeJIH

POBaH 3KcnepHMeHT C TpHrrepHoH cHcTeMoH, KOTopaR MO)KeT 6bITb I'1CnOJIb

30BaHa H AJIH perHcTpaUHH peJIRTHBHCTCKHX fHnepq,parMeHToB. B 3TOM 

3KcnepHMeHTe npeAnoJIaraerCR ocymeCTBJIRTb 3anycK 6ecq,HJIbMOBOro 

CneKTpOMeTpa npH pacnaAe HeHTpaJIbHhIX 'IaCTHU (rHnepRAep) Me)KAY 6JIo

KaMH npOBOJIOllHbIX KaMep C 1 H 3 no pa3HOCTH lIHCJIa perHcTpHpyeC 2 
MbIX HMH lIaCTHU (CM. pHC. 7). OTpa60TKa TaKoro 3anycKaIOmero HMnYJIb

ca MO)KeT 6bITb AOCTaTOllHO 6hICTPO (- 60 HC) npoBeAeHa, HanpHMep, C 

nOMoIUblO C03AaHHorO HeAaHHO aHaJIOrO-UHq,poBoro npoueccopa 132/, 

no CBoeM reOMeTpHH H 3q,q,eKTHBHOCTH TaKaH nOCTaHOBKa 3KcnepHMeHTa 

MaJIO 'IeM OTJIH'IaeTCH OT paCCMOTpeHHOH BbIIlle, HO 60JIee 6bICTPbIH TpHr

rep AaeT B npHHUHne B03MO)KHOCTb YBeJIH'IHTb HHTeHCHBHOCTb HCnOJIb3ye· 

Moro nyllKa. OAHaKo 3AeCh OKa3hlBaeTCR cymeCTBeHHbIM AOnOJIHHTeJIbHbIH 

5 51 
1..'~.~--~ 2 

n C
1 

n2 1 

I 

--~-
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3 

MarHHT 

CIt, 

I 
I 
I

Imtl 
I 
IN 

CS' C, C, 

CKHX HJIep (c A > 12) BeJIH'IHHY { =0,2 npH CpaHHHTeJIbHO He60JIbillOH 

Puc. 7, CxeMa paCnOllOJlCeHWI oereKTopofi 6ecljiuiloMo60cO cneKrpOMerpa. aneprype cneKTpoMeTpa Ml/4vr - 10-2 • 
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HCTO'lHHI< q,OHa - B38.HMO.o;eHCTBHR B nepBOH I<aMepe (C 1) • nOnOMY )Kena

TenbHO c.o;enaTb 3Ty I<aMepy I<aI< MO)KHO TOHbwe (no I<OJIH'IecTBY BemeCT

Ba). BblJIO 6bI ueneC006p8.3HbIM BMeCTO I<aMep C 1 H C 2• 3 Hcnonb30BaTb 

nonOCI<OBbIe I<peMHHeBble .o;eTeI<T0pbl. I<OTOpbIe MorYT 6bITb c.o;enaHbI O'leHb 

TOHI<HMH H o6ecne'lHTb BbICOI<yro I<OOpAHHamyro TO'IHOCTb (.0;0 5 MI<M) 

C XOPOWHM TpeI<OBbIM p8.3peweHHeM (.0;0 50 MI<M) • 

4. BecbMa MHoroo6emalOIUHM npe.o;cTaBJIReTCR Hcnonb30BaTb AnR 

TpHrrepa 	q,aI<T yMeHbweHW'l 3apRAa q,parMeHToB E, 60nbwHHCTBe pacna
•.o;OB rHnePRAep. 'ITO n03BC)nReT C nOM()ll1,bIO CeI<UH()HHpoBaHHl IIX .o;eTeI<TO

pOB dEl rut (8 H 8 ) BbI60po'IHO pemcTpHpoBaTb pacna.o;bI rHfJeIXPparMeH
1 2 

TOB C nI06bIM Z r,3a HCI<JIIO'IeHHeM pe.o;I<HX pacna.o;oB A A z - A z(+- 1) +- rr- +- (p). 
omOCHTeJIbHaR BepoRm()CTb I<OTOPbIX .o;nR AA > 12 COCTaBnReT,nO oueHI<aM. 

MeHee 5%. ,llrIR Hccne.o;oBllHHH PRAa np06neM B ny'lI<ax RAep C 3apRAoM 

Zo TaI<HM TpHrrepoM MO)KHO oT6HpaTb MaJIO'laCT}-J'lHOe B3a}-JMo.o;eHcTBHe 

C 06pa30BaHHeM .o;OCTa'l'O'lHO TIDKenbIX rHnepRAep (nanpHMep, C Z r = Zo
_ 2), pacna.o;alOIUHxCR Ha q,parMeHTbI C Z ¢ ~ Z r - m. r.o;e BeJIH'PfiIa m 3aBH

CHT OT pa3peWeHHR .o;eTeI<TOpOB 3apRAa (8 1 H 8 2 ) U Tpe6yeMQrO nOAaBne

HUR, I<OTOpOe AnR nepBoro YPOBHR oT60pa MO)KeT 6bITb nopRAI<a (1';' 5). 

,10-2 . nOcne.o;YIOIUHH (OCHOBHOH) ypoBeHb TpHrrepa OT6HpaeT c06bITHR 

C BepwHHoH B pacna.o;HoM BaI<YYMu3HpoBaHHOM 06'beMe (CM. n. 2). 

npH TaI<OM 2-cTyneH'IaTOM TpHrrepe MO)KHO paCC'lRTbIBaTb Ha pa60Ty C 

UHTeHCHBHOCTbIO 106 R.o;ep B UHI<JIe, 'ITO npH 3q,q,eI<THBHOCTH f - 0,2, nony

'IeHHOH U3 paC'IeTOB, MO)KeT 06ecne'IHTb, HanpHMep, perHCTpaulfIO 1000 pac

na.o;OB rHnepR.o;ep AO H3 peaI<UUH Ne Ne -+ A0/2113a 100 .;. 200 'laCOB pa60. 

Tbl CUHXpoq,a30TpoHa C Y'IeTOM q,aI<TOpa Ha.o;e)KHOCTH 10 (TO eCTb .o;a)Ke 

npH B03MO)KHOM BbIxo.o;e penRTHBHCTCI<HX AO rHnepq,parMeHToB ",10-6 

HJIU npH HHTeHCHBHOCTH B 10 pa3 MeHbweH). 

B I<a'leCTBe .o;eTeI<TOpOB 3apRAa 8 1. 2 ueneco06pa3HO ucnonb30BaTb 

nonOCI<OBbIe I<peMHHeBbIe .o;eTeI<TOpbl HJIH ClUfHTHJIJIRUUOHHble HHTH (no

nOCI<H) , I<OTOpbIe MorYT O,lUloBpeMeHHO C BblCOI<HM pa3peweHueM onpe

.o;enRTb H I<OopAHHaTbl. ()qeBHAHO, 'ITO OI<OH'laTeJIbHbIH BbI60p BapHaHTa 

I<OMnneI<CHOrO TpHrrepa cne.o;YeT c.o;eJIaTb nocne Hccne.o;OBlUilfR pa60'IRx 

XapaI<TepHCTHI< .o;OCTynHblX .o;eTeI<TopoB. 
B paccMOTpeHHbIX BapHaHTax 3I<CnepHMeHTOB rHnepRApa MorYT 6bITb 

HAeHTHq,HUHPOBaHbI no 3apRAY Zr, a 3apIDKeHHbIe q,parMeHTbI - no A/Z 
(npH H3MepeHHH HMnynbca) H no Z ¢ (c nOMOlUbIO ro.o;OCI<OnOB HJIH 'IepeH

/331I<OBCI<HX C'IeT'lRI<OB, I<aI< no 6bIJIO c.o;eJIano B pa60Te ). H30TOnH'IecI<HH 


COCTaB rHnepRAep, nonY'IaeMbIX TaI<HM cnoco60M, H3BeCTeH, I<aI< npaBHno, 


C TO'IHOCTbIO .0;0 'lRcna 06pa30BaBWHXCR HeHTpoHOB. EcnH OH MaJIO OTnH


'laeTCR OT H30TOnH'IecI<Oro COCTaBa 06bI'lHbIX q,parMeHTOB, TO OCHOBHOH 


H30Ton C A/Z - 2 COCTaBnReT 60nee 50%. 3Ty Heonpe.o;eJIeHHOCTb MO)KHO 


6blno 6bI YMeHbWHTb, pernCTpHpYR HempoHbl, HcnymeHHble B peaI<UHRX 


B3aHMo.o;eHcTBHR H pacna.o;a, H OnpeAe.JLfIR 

Horo CneI<TpoMeTpa iii. B 'IacmOCTH, npH 

Ofip8.30BaBWeeCR rHnepRApo MO)KeT 6blTb 

no Z, HO H no A. 

10 

HX 'lRcno C nOMOlUbIO HeHTpoH

OTCYTCTBHH TaI<HX HempoHoB 

HAeHTHq,HUHPOBaHO He TOnbI<O 

B naCTORll1,ee BpeMR HeH3Becmbl q,H3H'1ecI<He npoueccbI. I<OTOpble 

B pacCMOTpeHHbIX llOCTIlHOBI<ax 3I<CnepHMeHTa MornH 6bI HMHTHpOBaTb 

pacna.n;bI rHnepRAep • XapaI<TepHOH OC06eHHOCTbIO mnepRAepHbIX pacna

.o;OB RBnReTCR TO, 'ITO 6oJIbWHHCTBO H3 HHX BbI3B8Hb1 npoueccaMH Ap -+ np H 

A -+ P 77 -. Cne.o;YeT, O,lUlaI<O, HMaTh B BHAY, 'ITO .o;BYX'laCTH'IHaR I<HHeMaTHI<a 

3THX npoueccoB "CM8.3ana" q,epMH-,ll;BH)KeHHeM, a 3HeprHR pacna.o;a 3aBH

CHT TaI<)Ke OT 3HeprHH CBR3H 6aPHOHOB B RApe. 

IV. KaKHe OCHOBHble nepcneI<THsbl B P8.3BHTHH rHnepRAepaoH q,H. 

3HI<H MOryT 06ecne'lHT'b :n<;cnepHMeH1'bI C penmHBHCTCI<HMH rHnePIPpar

. MeHTaMH? 

1. 06napY)KeHHe rHnepJJJJ.ep C Z > 6 Jf Ha6JI1O.o;eHHe HX pacnap;oB .o;a.o;YT 

Ba)KHble .o;aHl1bIe 0 HOBbIX, eme He OTI<PbJTbIX rHnePIPparMeHTax. 3JCcnepH

MemaJIbHbIe nepCneI<THBbI. B 3THX nOHCI<()BbIX Hccne.o;oBaHHRX OnpeJ];enRIOT

CR nnanaMH YCoBepweHCTsOaaHHR cHHxpoq,a30TpOHa, I<OTOpble npeAycMaT

PHBalOT YCI<OpeJ{He Bce 60nee TIDKeJIbIlj: RAep H YBeJIH'IeHHe HX HHTeJ{CHBHO· 

CTH. PeaJIH3aUJfR raI<HX YCJIOBHH nQ3BOnReT He TOnbI<O ofinapYXCHTb H 

Hccne.o;OBaTb HOBbie rHnepR.o;pa, HO H 3Ha'IHTeJIbHO yaenH'lHTb CTaTHCTHI<Y 

Y)Ke H3BecTHbIX rHnep<pparMeHTOB H 60nee OCHOBaTenbHO Hccne.o;OBaTb 

HX CBoHcTBa. 

2. H3MepeHHe cpeARero BpeMeHH )KH3HH P8.3JIH'lHbIX rHnepRAep (r) H 

H3Y'IeHHe 3aBHCHMOCTH T OT Z( A) perHcTpHpyeMblx rHnePIPparMeHToB 

npe.o;cTaBnReT 3Ha'lHTeJIbHbIH HHTepec, I<OTOPbIH OC06eHHO B03POC B CBR3H 

C rHnOTe30H 1341 0 B03MO)KHOM BOCCTaHOBneHHH CnOHTaHHO HapyweHHblx 

CHMMeTpHH no.o; B03.o;eHCTBHeM CHJIbHorO BHYTPHRAepHoro 3neI<TpOMar

HHTHoro nonR, 'ITO Morno 6bI npHBeCTH I< YMeHbweHHlO BepOmHOCTH pac

na.o;a mnepoHa BHYTPH RApa. QueHI<H BeJIH'IHH I<PHTH'IecI<HX noneH Becb

Ma npOH3BonbHbI H MaJIoy6e.o;HTeJIbHbI, o.o;HaI<O npHHUHnHaJIbHaR Ba)KHOCTb 

3TOH np06neMbi Tpe6yeT ee 3I<CnepHMeHTaJIbHOH npoBepI<H. 

KaI< Y)Ke ynOMHHaJIOCb, cymeCTByroIUHe 3I<CnepHMeHTaJIbHbIe 3Ha'le· 

HHR r BecbMa npOTHBope'IHBbl (CM. pHC. 1). TaI<, pe3ynbTaT, nonY'IeHHbIH 

B pafiOTe 19 I, YI<8sbIBaeT Ha B03MO)KHOe YMeHbWeHHe T 60nee 'IeM B 2 p8.3a 

npH YBeJIH'IeHHH A C 12 .0;0 16. B TO )Ke BpeMR 3I<CnepHMeHT 1101 .o;aeT .o;nR 

T rHnepR.o;pa ABi BeJIH'IHHY, B 30 p8.3 6onbwyIO, CBHAeTenbcTByromyro 0 

fionbwoH CTafiH.nbHOCTH TR)KeJIbIX rnnepRAep, 'ITO B CBOIO o'lepeAb npoTHBO

pe'lHT .o;aHHblM pa60TbI 111/. TaI<HM 06p8.30M, HOBbIe CTaTHCTH'IecI<H ofiecne

'IeHHble H3MepeHHR T AnR A > 12 RBnRIOTCR Hacy~oH 3a.o;a'leH 3 I<CnepH

MeHTa, I<OTOpaa, I<aI< nOI<8.3blBalOT OueHI<H (CM. c. 10 ), MO)KeT fibITb pewe· 

Ha B R.o;epHbIx ny'lI<ax cHHxpoq,a30Tpona Ha CTaTHCTHI<e HecI<OnbI<HX COTeH 

3aperHCTpHpOBaHHbIX rHnepRAep C p8.3HbIMH 3Ha'leHHRMH Z> 6. 

* KpoMe noKa ell.{e zunorerU'IecKux aHOMaAOIIOB U/lU KaKUX-JIU60 opyzux nooo6
HbiX cocroRHuu. eCllu ux aHOMaAbllbie CBoucr6a npOR8JlRHJrCR B pacnooax. flpeollazae· 
Mble ucclleOoBaHWI oaHJr B03MOJCHocrb np06epurb 'J1y zunore3y. 
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3. I1cCJ1e;:J;oBaHHe paCna.IJ.OB rHnepRJJ.ep H onpe)J.eJ1eHHe BepoRmOCTeH 

Me30HHoro (rM) H 6e3Me30HHOrO (rH ) nepexo)J.oB MH A A C pa3J1Hlffibl

MH 3HalleHHJlMH Z( A) TaK)l(e npe)J.CTaBJ1IDOTCH OlleHb Ba)l(HbIMH. 

113YlIeHHe npouecca AN -" NN, )J.O CHX nop nnoxo HCCJ1e)J.OBaHHOrO, )J.aeT 

pe)J.KYIO B03MO)l(HOCTh nOJ1Y'lHTb HHq,OPMauHIO 0 4-6apHoHHoM CJ1a60M 

B3aHMO)J.eHCTBHH. BblHcHeHHe Bonpoca 0 TOM, OnRCblBaeTCH J1H 3TOT npo

uecc CyruecTBYIOm;eH TeopHeH, HMeeT q,YH,lJ;aMeHTaJIbHOe 3HalleHHe. C APY

rOH CTOPOHbl, nOCKOJ1bKY npHHUHn llaYJ1H He np~nHTCTBYeT A-lIaCTHI..\e 

3aHHMaTh B H.Upe caMble HH3Ime YPOBHH, HCCJ1e)J.OBaQ:He paccMaTplfBaeMoro 

npouecca MO)\(eT )J.aTb CBep;eHHH 0 CTPYKTYpe BHYTpeHHeH 06J1aCTH HApa. 

KaK CBHAe'I'eJ1l>CTByIOT pac..eTbl 1351 , BeJ1H'lHHa r H OKa3b1BaeTCH O'leHb qya
CTBHl'eJ1bHOH K KBapKOBOH CTPYKTYpe RJJ.pa, TaK, YlIeT BKnaAa 6-KBapKO

BblX COCTO.llHHH BHYTpH RJJ.pa 12C Ha ypOBHe 5% MO)KeT npHBeCTH B ABYX

KpaTHOMY YBeJ]HlIeHHIO BepORmOCTH r •
H 

4. llol1cI<: If H3YtleHHe rHnep$parMeHToB C S ~ 2 ( MA) B nyllKaX peJ1H

THBHCTCKHX HAep npe)J.CTaBJ1IDOTCH Heo6b1'IaHH0 nepcneKTHBHblMlf 6J1aro

ARPH 3Ha'IHTeJ]blto 60J1bWHM, lIeM BO B3aHMOAeHCTBlfHx aAPOHOB, o)l(H)J.ae

MbIM celleHHHM HX 06Pa30BaHHJl 119.221 • 

Ta6JlUlla 

PeaKUHH 3HeprHH CelleHHe BhIXO)J.a nA A (B MK6H) 

AA MA aAA 4AA 5AA 

NeU/191 2,1 A r3B 2,6'10 4 2,5.103 1,5.102 6,2 0,2 
CaU 1221 4Ar3B 5,8.10 4 3,3'10 3 102 3 

113 npHBe)J.eHHoH Ta6mn.thI BH)J.HO, lfJ'0 BbIXO)J. M A-rHnep$parMeHTOB 

B RJJ.po-HAepHhIX B3aHMO)J.eHCTBH.IIX O)l(H)J.aeTCH 3HatlHTeJ1bHbIM - Bcero 

B 10-30 pa3 MeHhIlIHM, tleM BhIXO)J. 06bllffibiX rHnepHAep, lfJ'0 npe)J.CTaBJ1H

eTCH OlleHb Y)I( OIITHMHCTHIffihIM. PemCTpHpoBaTb 2-KaCKaAHble pacnaJJ.hI 

AAA MO)I(HO B paCCMOTpeHHOH Y)l(e nOCTaHOBKe 3KcnepHMeHTa (CM. 111.3), 

'et')JH )J.J1H 60J1ee tleTKOH HAeHTHq,HKaUHH Pa3)J.eJ1HTb paCna.)J.HbIH o61,eM em;e 

O)J.HHM )J.eTeKTOpOM dEldx , lfJ'0 npHBe)J.eT, KOHeIffiO, K YMeHbweHHlO 3q,q,eK

THBHOCTH perHcTpauHH (B 3-4 Pa3a). llPH 3TOM BOB3aHMOAeHCTBH.IIX cpe)J.

HHX no Z RJJ.ep O)l(H,ttaeMoe 'lRCJ10 3aperHCTpHpOBaHHbIX M A-rnnepHAep 

MO)l(eT COCTaBJ1.11"l'h HecKonbKo )J.ecHTKOB C06bITHH 3a 100-300 'laCOB pa60Thl 

YCKOpHl'eJ1H (HYKJIOTpoHa). 113YtleHHe pacna.IJ.OB MA-rHnepHAepAaeT HCKJ1IO

'lHTeJ1I>HYIO B03MO)I(HOCTb nonYtIHTb CBe)J.eHHH 0 M-B3aHMOAeHCTBHH, npoHB

J1.IIIOm;eMCH, B 'laCTHOCTH, B npouecce,\A -+ l';-p, KOTOPblH B J1erKHX MA, 

KaK nOKa3bIBaJOT TeopeTHlIecKHe oueHKH 136/, CpaBHHM no BepoRTHOCTH 

C nHOHHbIMH pacna.IJ.aMH. 
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<l>YH)J.aMeHTaJIbHaH Ba)l(HOCTb HCCJ1e)J.OJJaHHH CTPYKTypbI caMHX "CBepx

CTPaHHbIX" COCTO.IIHHH He Bbl3bIBaeT COMHeHHH. Em;e B 1963 r. )J.y6HeHcKHe 

TeopeTHKH 137 I, paCCMoTpeB' B PaMKax (SU - 3) -cHMMeTpHH rHnepHApa 

C S L 2, npHWJ1H K BblBO)J.Y, liTO nOJ1HaJI 3Hepnm CBH3H TaKHX COCTOHHHll 

cym;ecTBeHHO 60J1bWe, lIeM Y 06bllffibIX f\A ,n03TOMY HX pacna,nbI o Ka3bI

BaIOTCH nO)J.aBJ1eHHbIMH ("3aMOpO)l(eHHblMH"), liTO )J.0J1)l(H0 npHBecTiI K 

YBeJ1H4eH111O HX BpeMeHH )l(H3HH. B HaCTOHm;ee BpeMH eCTb OCHOBaHHH!38! 

C'lRTaTb KJ1aCTep, COCTOHm;HH H3 nap npoTQHOB, HeHTpOHOB .II f\-rHnepOHOB 

B S-COCTOHHHH, HaH60J1ee KOMnaKTHbIM CTPYKTYPHbIM 3J1eMeHTOM RJJ.epHOH 

MaTepHH. C )J.PyroH CTOPOHbI, pa3BHTHe MO)J.enH MHorOKBapKOBbIX 

MeIlIKoB TaK)l(e npHBO)J.HT K cym;eCTBOBaH111O OTHOCHTeJ1bHO cTa6HnbHbIX 

COCTO.IIHHH (Q s ) C 60nbIlIOH CTPaHHOCTbIO H nOBbIIlIeHHoH nJ10THOCTbIO 

(p --1,5 p. ) 1$ I. BnonHe BepOHTHO, lfJ'O "cBepXCTpaHHhIe" COCTOHHHH 

npeACTaB~HroT C060H HOByIO q,OPMY aAP<'>HHOH MaTepHH, 60J1ee cTa6HJ1b

HyIO H nnOTHYro, tleM 06bIlIHbie rHnepHApa ! 40/. B 3TOH CBH3H cJ1e)J.yeT ynoMH

HYn. rHnoTe3Y, BbI)J.BHHYTYIO COBeTCKHMH aCTpoq,H3UKaMH 1411 , CorJ1aCHO 

KOTOPOH Ha onpe)J.eJ1eHHOH CTa,nHH C)l(aTJ4H HeiiTpoflHbIe 3Be3)J.hI npeBpa

m;aIOTCH B rHnepOHHble. 

llpOCTeHIlIHM 06pa30BaHHeM TaKoro THna MO)l(eT 6hITb rlfnoTeTHlIe

CKHH H-)J.HrHnepOH, npe)J.CTaBJ1.11IOIUHH C060H 6-KBapKOBhIH MeIlIOK, B KOTO

POM u-, d- .II S-KBapKH ynaKOBaHhI nonapHO B S-COCTO.IIHHHX. Cym;eCTByIO

m;He 3KcnepHMeHTaJIbHbIe AaHHbIe 0 ABYX 3aperHCTpHpoBaHHhIX CJ1YlIaJlX 

ABOHHbIX rHnepHAep l\ Be 111 H !AHe 121 HaKna,nbIBaIOT OrpaHHlIeHHe Ha 

3HeprHIO CBH3H B H-AlfrlfnepoHe (B AA < 10 M3B), TaK KaK B npoTHBHOM 

CJ1yqae 3TH C06blTHH He MorJ1H 6bI Ha6J1IO)J.aTbCH H3-3a 6hICTporo (CHnbHoro) 

nepexo)J.a B COCTOHHHH H + (2)a. 

EcJ1H Macca H-)J.HrHnepOHa )J.eHCTBHTeJ1bHO 6J1H3Ka K nopory AA, TO 

ero BpeMH )l(H3HH, no OUeHKaM 142/, )J.0J1)l(H0 COCTaBJ1HTh 10- to .;- 10-9 C 

C OCHOBHbIM paCna.IJ.oM H -" Nl1 f\ -+ Nl1' TaKoH pacna,n MO)l(eT 6bITb 3aperlfCT

PHPOBaH BMeCTe C rHnepRJJ.paMH B paccMOTpeHHOH nOCTaHOBKe 3KCnepH

MeHTa (CM. 111.3) .II HAeHTHq,HuHPOBaH no xapaKTepHOH KHHeMaTHKe. BOJ1ee 

CJ10)l(Hble Q s -COCTO.IIHHH MorYT pacna,naTbCH C Pa3J1HlffihIMH BepoHTHOCTH

MH (B 3aBHCHMOCTH OT HX CTPYKTyPbI) C HcnYCKaHHeM HYKnOHOB H 3J1eKT
poHOB 142/. 

B 3TOH CBH3H cne)J.yeT YKa3aTb, lfJ'0 npoBe)J.eHHhIe B nyllKax peJ1HTHBHCT

CKlfX HAep nOHCKH HeCTa6HnbHbiX CBepxnnOTHblX HAep MeTO)J.OM 3a,nep

)l(aHHbIX COBna,neHHH 1431 )J.aIOT TaK)l(e BepXHHe npe)J.eJ1bl MH BepOHTHOCTH 

06pa30BaHHH Q -COCTOHHHH C pa3HbIMH BpeMeHaMH )l(H3HH.s 
YHHKaJIbHblM HCTOIffiHKOM Q g -o6Pa30BaHHH MO)l(eT .llBHTbCH rHnOTe

THlIeCKaJI KBapK-rJ1IOOHHaH MaTepHH ("KBarMa"), 060ram;eHHaJI CTPaH

HOCTbIO 1401. TaKHM 06Pa30M, nOHCKH "KBarMhI" H OCKonKOB "CTPaHHOH" 

MaTepHH npe)J.CTaBJ1HIOT C060H CBH3aHHhIe np06J1eMhI, KOTophIe MoryT 

6hITb peIlIeHhl B nyllKaX PeJ1HTHBHCTCKHX H)J.ep B CXO.)J.HhIX 3KcnepHMeHTaJIb
HhlX YCJ10BH.IIX. 
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V. AHanH3 B03MO)f(HOCTeH nOJIyqeHHH H HCCJIe,n;OBaHHH rHneI><Ppar

MeHTOB C HCnOJIb30BaHHeM nyqKOB penRTHBHCTCKHX HAep H paCCMOTpeHHe 

P8.3JIH'lHbIX nOCTaHOBOK 3KCnepHMeHTOB nOK8.3bIB8lOT nepcneKTHBHOCTb 

3TOrO HOBoro HanpaBJIeHHH rHnepHAepHOH q,H3HKH. Pa3BHTHe npeAnOJIa

raeMOH nporpaMMbI HCCJIe,n;OBaHHH onpe,n;eJIHeTCH nJIaHaMH COBepweHCTBO

BaHHH CHHXpoq,8.30TpoHa, npe,n;YCMaTpHB8lOl.l\HMH YCKOpeHHe Bce 60JIee 
T~JIbIX HAep H YBeJIHqeHHe HX HHTeHCHBHOCTH. 3anycK HYKJIOTpoHa /44/, 

coopY>KaeMOro B OI1RI1, KOTOPblH 6YAeT YCKOPflTb a.npa BnJIOTE> ,IlO ypaHa, 
sblBOAHT 3TH HCCJIe,n;OBaHWi Ha HOBIlIH ypOBeHb. BOJIee BbICOKH(~ 3HeprHH 

J!,D;ep He HMeJOT pewaromero 3HaqeHHH AJIH pacCMOTpeHHbIX 3K(mepHMeH

rOB, OASaKO 3Ha~eJIbHO 60JIbWHe apeMeHlible paCT,fDKKH nyqKa l;Ia HYKJIO

rpOHe (AO 1() c) n03BOJIRr YBeJIH~E> AonyCTHlVIbtit ypoBeHb HHTeHCHBHO
eTH HCnOJIb3yeMoro nyqKa H, CJIe,n;OBaTeJIbHO, CTarHCTHKY pemCTpHpyeMbIX 

pe,n;KHX C06bITHH (B10-100 p8.3) • 
BbIP8.)J(8lO 6JIarOAapHOCTh M.r~A3HD;KOMy, T .TeMeHHD;KoH H R.CTa

<Pero 3a nOMQIUb B pacqerax, a TaK)f(e A.M.BanmIHY, T.BaY3HY, A.B.3apy

6HHY, B.A.I<:apHaYXOBY, n.fl.I<:amapro, M.l1.floArOpeD;KOMy, B.A.CBHpH

AOBY, 3.CK)KJmqaK, fl.A.qepeHKOBY 38, 06cY)f(AeHHe 3aTpoHYTbIX B pa60Te 

BonpOCOB. 
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"' 

0KOHOB3.0. 

DepcneKTIIBbl pa3BHTH11 Hccn~oaaHHii pemrrHBHCTCKHX rHnep.II,Aep 
Ha CHHXpocll83oTpoae H H)'KJIOTpoHe OHRH 

P1-87-191 

,llaeTCJI 8H8JIH3 OCHOBHhlX nepcneKTHB p83BHTHII HOBoro HanpaBJieHHJI B rHnep
.II,Aepaoi ~H3HKe, KOTopoe HCfi0.111>3YeT B03MOliCHOCTio nonytreHHII pellllTHBHCTCKHX mnep
!IJparMeHTOB B nyqKBX yCKOpeHHbiX .II,Aep. Ha OCHOBe npoAen8HHhlX pacqeToB paccMaTpH
B810TCJI B03MOliOWe aapH8HTbl DOCT8HOBKH 3KCnepHMeHTOB C DOMOI.QioiO P83JDI'IHhiX Ae
TeKTopoB H TparrepHhlX CHCTeM. KpaTKO H3JJ&raeTCJI npewi&raeMBJI nporpaMMa HCClle
AOBIIHJii ~ IIJli!PHbiX nyqKaX CHHXpocll830TpoHa H ftYKJIOTpoHa: Ha6moAeHHe H H3yqeHHe 
el.lle ae o6HapYJI(eHHhlX mnep.II,Aep c 38p.lf.AOM Z > 6, o~eneHHe HX c~ero apeMeHH 
lKH3HH, HCC11~088HHII xapaKTepHCTHK pac1J8AOB B 38BHCHMOCTH OT Z , DOHCKH HOBbiX 
rHOep.II,Aep CO CTp8HHOCThiO 8 ~· 2, a TaJOKe CTpaHHhiX MHOrOKBapKOBblX COCTO.IIHHH. 06cY'fC
ASIOTCII OlKHABeMble npH 3TOM pe3YJJI•T8Tbl, KOlOpble MOrYT AaTb BalKHyiO HH!IJopMBUHIO 
0 KBapKOBOi CTpyKTYpe 11Aep H 0 CBOHCTBax mnoTeTH'IeCKOH CTp8HHOH MaTepHH. 

Pa6oTB abiiJonHeaa a Jia6opBTopHH BbiCOKHX 3Hepmif OHHH. 

Cootiul11111e Ofu.IWIHeHHOro IDICTHT)'T& RA8pt1Wl< HCCIJeAOBUIIIA • .llyfiHa 1987 

DepeBOA H.H.Bapa6aw 

OkonovE.O. 

Prospects for the Development of Studies of Relativistic Hypernuclei 
at the Syncbrophaaotron and the Nuclotron 

P1-87-191 

The main prospects for· a new approach in hypemuclear physics are analysed. This 
approach is proposed to use the possibility of relativistic hyperfragment production in 
accelerated nuclei beams. Taking into account the results of the performed calculations, 
some possible experiments using different detectors and triggering systems are considered. 
The proposed experimental programme in nuclear beams at the Synchrophasotron and 
the Nuclotron is briefly outlined: detection and study of new hypernuclei with charge 
Z > 6, measurements of their decay lifetimes, investigations of characteristics of their de
cays depending on Z , a search for · unknown hypernuclei with strangeness S ::?. 2 and for 
strange multiquark states aa well. The expected results are discussed which can provide 
important information on the quark structure of nuclei and on the properties of hypothe
tical strange matter. 

The investigation baa been performed at the Laboratory of High Energies, JINR. 
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