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0611JWI xapaKTepKCTHKa pa6ora 

A.KTy:8.JIJ,HOCTI, rrpoMeMH. B Ha'!Me c~eCRTllX ro,!(OB B qM3HKe 
BUCOIGIX 8HeprHit MOJ!CHJiaCI, HOBa.fl O~CTI, HCMB,!(OBaHHH - peMTH

BHCTCKa.fl MBPHa.fl cpli3HKa, O~ H3 HaH6Mee HHTepecHwc COOI,ITHit B 

8TOH o6~aCTH 6~o rrpe,!(CKa3aHHe H OTKPHTHe KY},!YMTHBHOro aqxIJeKTa. 
Iloxa eme He CYmBCTByeT o6merrpmm:TOH TeopeTR'IBCKOtt KaPTHHH 8TOro 
.f!BJI8HH.fl, HO .f!CHO, 'ITO KaK rrpouecc C O0.Jll,illOH rrepe,!(a'leH liMIIyJII,Ca, 
KY},!YMTl'IBHUH aqxIJeKT ,!(OJilitBH OIIHCUBa.TI,C.fl Ha KBapKOBOM .fl3HKe, T.e. 
C IIOMOlllbID ICBa.HTOBOH xpOMO~aMHKH, rJiaBHUH BOIIpOC COCTOHT B BU

.f!CHBHHH o6MCTH IIpHMBHHMOCTH KBaHTOBOXPOMO~aMH'leCKOro IlO,!(XO,!(a, 

,U)m SToro 'lp83BU'iaHHO BalltHO B~e~TI, B KY},!YMTRBHOM aqxIJeKTe BKJia

~ OT "q>OHOBUX" rrpoueccOB (cpepMHeBCKOro ,!(BIDKeHH.fl H~OHOB JI.IU)a, 
nepepaccemrnJI Ha6m:maeMUX 'laCTHU_ B JI.IU)e H T.n.). PemeHHe aTott 
aa,n;a'IH BO3MOlKHO ~ill!, rrpll H~'IHH 6MI>moro KOJm'IBCTBa pa3HOO6-
pasHUX 8KcrrepKMeHT8JIJ,HUX <paKTOB H ,!(BTa.iµ>HllX TeopeTH'leCKHX MO,!(e~eii, 

KoppeKTHO OimCimaKllliIX rrpocTpaHCTBBHHO-BpeMeHHyID KaPTHHY B3aKMO
,!(ettcTBH.fl. 

OCHOBHa.fl lJaCTI, HMBIOOIHXC.fl 8KCrrepKMeHT8JIJ,HllX <paKTOB OTHOCHTC.fl 
K O'AHOlJaCTll['IHUM KHKJII03llBHUM pacrrpe,!(e~eHH.f!M ITKOHOB H IIpOTOHOB, 
Hsyqemrn p~emm HBHTpa.lll,HUX CTpaHHwc 'laCTHU (K° -M83OHOB, 

11-:rarrepOHOB) B KY},!YMTRBHOH O~CTR BeCl>MB. aKTJ~O, T.K. OHK 
CO,!(8PJUiT CTpaHHl>dt KBapK. HapymeHKe lJeTHOCTR IIpK CM60M pacrra,n;e 
A-:rarrepOHa IIOBBOJllieT O'IBHI, IIPOCTO H3M8p!ITI, TaeyI) TOHicy'D H MaJIO-

l!SyqeHHJI) xapaKTepRCTRKY .f!BJIBHIDI, KaK llOMpRBauR.fl KY},!YMTHBHOtt 
'laCTRUH, HayqeHHe KY},!YMTRBHUX IIPOTOHOB C Hadm:meHHeM Bcex OCT8JIJ,
HWC IIpOTOHOB B co6unm,6eayMOBHO,YBeJIH'IHBaeT KMR'leCTBO KHqlOpMa
URK o rrpouecce B3aRMO.I(ettcTBWI c JI.IU)OM. 

ll8Jll, pa60TU COCTO.f!M B 8KCnepHMeHT8JIJ,HOM KCC~B,!(OBaHHH CTMK
HOBeHRit HettTpOHOB co cpe'AHHM liMIIyJll,COM 7 raB/c K Ir-Me30HOB C RM
IJY.lll,COM 4 raB/c c Jmp&m yrnepo,!(a c o6paaoBaHReM ,1-mrrepoHoB, 
K°-i4e30HOB H IIPOTOHbB B RmlBMaTH'IBCKOH o6MCTR, aarrpemeHHoit ,IVIJI 

peaKlU!'.ii Ha CBOOO'AffOM IlOKOlllllBMC.fl ~oHe, B aa,n;a'IH HCM8,!(0Ba.HH.fl 
BXO,ItHJIO K3yqeHHe RHBaPHaHTHUX ,!(RqxIJepe~8JIJ,HUX ceqeHlltt B KyMYM
TRBHOH oMacTR, orrpe,!(eJieHHe IIOJllIPH3aURK A -mrrepoHOB R BaBHCH
MOCTR RX Bl:lXO,!(a OT aTOMHoro'D!CJia mi:meIDI (rryTfaA COIIOCTallJ!emm 
C ,!(pynrMR 8KCIIepKM8HTamI), aHa.Jm3 Koppe.JIP.r(RH Me:iiozy 'IRMOM IIpOTO
HOB B co6unm n: xapaKTepl!CTHKaMH KY},!YMTRBHOH 'laCTlJUI,I. 
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HOBR3Ha pa60TI:,i 3aKJIJJqaeTCH B TOM, 'ITO BnepBHe nOJJY'I8HI:,i .ItaH
Hl:,18 no pOJK,IJ;emm /I -rnnepoHOB PI K°-Me30HOB Ha O.I{HOPO.ztHOil no co
CTaBY MPimeHPI (JJ;Iij)ax yrJiepo.zta) H BnepBHe H3YlJ:eHo o6pa3oBaHPie KyMy

JUITHBH!:lX "laCTRn B CTOJIRHOBeHIDIX HeilTpOHOB C JJ;Iij)aMPI. 

HaJ"IHaH yeHHOCTI, pa60TI:,i. IlpoBe.zteHo PICCJie,ItoBaHPie pOJJUJ;eHIDI 
;1-rnnepOHOB PI K0-Me30HOB B .I{Byx pe~ B PaMKa.X 0.I{HOil PI Toil Ee 
MeTO,I{HKH. M3YlJ:eHa nOJUipH3aq!J.ii KyMyJUITHBHWC // -nmepoHOB, 'ITO 
B8CI,Ma BalKHO .I{JIII Bcex TeopeTPI"!eCKPIX MO.zteJiei1, Ill:,ITaD!lKXCH o6MCHPITI, 
Icy'MyJUITHBH!id!: aqxpeKT. 

Ha 60JU,WOH CTaTHCTPIKe HCCJI8.I{OBaHO o6pa30BaHPI8 K;YMYJUITHBHWC 
. npOTOHOB B MHoronpOTOHHHX co61,1TWOC npH CTOJIRHOBemm Hei1TpOHOB H 

U--M830HOB C JJ;Iij)aMH yrJiepo.zta. 
CpaBHHBallTCH xapaKT8PKCTHKPI Ha~aeMHX "lacnm B Icy'MyJUITHBHOil 

PI H8KyMyJIIITPIBHOi1 o6JiaCTll B paMKax O.I{HO.li M8TO.I{HKH. 
IlpaKTPI"l8CKaH U8HHOCTI, pa60TI:,i. IlOJJY'I8HHI:,i8 .I{aHHl:,18 CY11l8CTB8HHO 

YBeJIPI'!WIJlI KOJil1[lJ:8CTBO RHq,opMaizym O KyMyJIIITHBHOM o6pa30BaHHPI "!ac
THD;, 'ITO BalltHO .I{JIII C03.I{a.HWI 8.I{HHOH qJH3H"l8CKOH KapTPIHI:,i 3Toro npo
n:ecca. )laHH1,1e no pruimemm K;YMYJUITHBHWC /1 -nmepOHoB MoryT 61,1TI> 
HCnOJII,30BaHI:,i .I{JIII MaHHPOBaHIDI .ztaJII>Heff:umX 3KCll8PHM8HTOB no HSYlJ:8-
HPID 3THX npon:eccoB Ha 60JII,moi1 CTaTRCTRKe C nOMOlllI>D 3JI8KTPOHHHX 
YCTaHOBOK. 

Anpo6a:rnm pa6om. OcHoBHlle pesyJII,Tam pa6om .ztOKJia,lUIBaJIHCI> 
Ha HaYlJ:Hl:lX ceMHHapax B Jia6opaTopHH BHCOKPIX 3Heprmi OIDIM, npe.zt
CTa.BJilIJil1[CI, Ha MeJr,IcyHapo.ztHYD KOHqiepem~rn no qJHSHKe BHCOKHX 3Heprmi 
B TOKPIO ( I9?8) • 

Il.y6Jil1[:Kal,Wl!. OCHOBHOe CO.ztepxrume HaCTOllllleil .I{HCCepTan:r,m ony6-
Jil1[KOBaHO B "l8THpex pa6oTax. 

06~eM ltl!'.CCepTamp! • .ztHccepTaJ:tHOHHaH pa6oTa COCTOKT HS BBe.zte
HIDi, "lempex rJiaB H sa:RJIJJtlemm • .ItHccepTaw.m co.ztepuT 90 cTpaHPII(, 
BKJIJJqaJI 30 PHCYffKOB H 5 Ta6Jmn. 

!BTOP sammnaeT pesyJII,TaTH KcCJie.ztoMHPitt o6pasoBaHKJi KYMYJIJJ.
THBH!:lX "laCTPIU(Ha OCHOBe .Ita.HHWC, IIOJJY'I8HHWC Ha 55-caHTPIM8TPOBOit 
rrpoIIaHoBoii KaMepe .1IB3) B CJie.JJYD!lHX rrpon;eccax: 

I) B'.HKJillSHBHOe pOJJUJ;eHPie // -nmepoHOB Ha CTaTRCTHKe 3462 

C06HT.l!iil: B n C - PI III3 006Hm B ire -B3rutMO.ztei1CTBIDIX; 
2) PIHR.7II08HBH08 POl!Ul8HlI8 K0--Me30HOB Ha CTaTl'ICTl'IKe 2222 co61,1T.l!iil: 

B n C - H 658 B JrC - B3allMO.zteiiCTBPIJDC; 
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3) POJ!Ul8HPI8 npOTOHOB B C06b!TWIX C .I{Bj'WI PI 60Jiee npoTOHBMH 
Ha CTaTHCTHKe 13698 C06HT.l!iil: B n. C - :e: 2045 C06HT:e:i1 B '1(- C-BSaPIMO
.zteilc TBWIX. 

COAepwme ltl!'.CCepTarpm 
Bo BB8A8HHH ome"!aeTCH aKTYaJil>HOCTI, HSYlJ:emuI KYMYJIIITl'IBHOro 

aqxlleKTa, 4)0pMyJil1[pY8TCSI nOCTaHOBKa 3~a'll!,II0Ka3.l:IB8.8TCSI COOTBeTCTBHe 
MeTO.I{HKH IIPOIIaHOBOil IIySb!Pl>KOBOil KaM8Pbl llOCTaBJI8HHO.li s~a"le. KpaT
KO rrepe"ll!'.CJI8HI:,i OCHOBHI:,18 pe3yJII,TaTI:,1 PICCJie.ztoBaH:e:ii, OllPICaHHI:,iX B 
.I{HCCepTan;HH • 

B rrepBoii rJiaBe .ztaeTCH onpe.zteJieHHe ocHomwx BeJil1["!PIH, HcnOJII,-
3yeMWC .ItJIII OllPICaHKR: PIH.KJII03HBH.b!X pe~. T.K. 60JII,mPIHCTBO 3Kcne
PKM8HTOB no KYMYJIJJ.THBHOMY a@>eKTY IIPOB8.I{8HO B PIHKJil)SHBHO.li nocTa
HOBKe. Cq}OIJMYJI11[P0BaHI:,i nIDOT83bl npe.ztem.HOH qipan!eHTan;PIH H Ma.CmTa6-
HOit: mrnaJ)PiaHTHOCTPI. ,UaJiee IIPHBO.I{PITCSI o6sop OCHOBH.b!X axcnepPIMeH
TaJII,H.bIX pa6oT, IIOCBIIIIleHHWC KyMyJIJJ.TPIBHOMY a@)eKTY, :e: nepe"ll!'.CJmllTCH 
OCHOBHI:,18 SaKOHOMepHOCTH, o6HapyxeHHHe B 3TPIX 3KCIIep:l!:MeHTax. KpaT
KO paccMaTPHBallTCH CYllleCTBymtRe TeopeTPI"!eCKPie M0.I{8Jil1[ .ItJIII 06'IJICHe
mm aToro .IIBJiemm • 

BTopaH rJiaBa .I{PICCepTan;HH nOCBIIIIl8Ha OilPICaHHil axcnepHMeHTaJII,
HOil M8TO.I{PIKH PI OCHOBHI:,iM KPIH8MaTR"l8CKliM onpe.zteJieHIDIM. 3RcnepPIMeH
TaJII,HI:,iil MaTepHaJI IIOJJY'IeH c nOMOntE>D 55-caHT:e:MeTpOBOil IIpOIIaHOBOil 
KaMepH JIB3 OIDIM, 06.nyqeHHoil B IIy"lKaX HeilTpOHOB PI Ir-MeSOHOB Ha 
cmrxpoqasoTpoHe .1IB3 OIDIM. liaMepa PIMeJia pasMepb! 28 x 55 x I4 CMS 
H HaxO,I{PI.lmCI, B nocTOJIHHOM Mal'Hl!'.THOM IIOJie I5,2 K!'c. OnTPI"!eCKaH 
CHCTeMa IIOSBOJIJJ.Jia orrpe.zteJIIITI, KOOJ).ItPIHaTH B npOCTPaHCTBe KaMepl:,I C 
TO"IHOCTI,I) 80 MK no oc:e: x, 135 MK no OCPI Y (:aztOJII, IIylJ:Ra) H 390 MK 
no ocH l (rro BepTPIKaJIR). 

HeilTpOHHI:,iil IIYlJOK IIOJlYlJaJICH IIJlPI 06.nyqeHHH IlPOTOHaMK C anep
nreil IO raB MHmeHPI :e:s 6ep1'L1I.1IWI BHYTPH cPIHxpoqasoTpoHa. 

Ml.myJII,CHoe pacrrpe.zteJieHPie H8HTPOHOB B IIy"!Ke 6I:,iJIO IIO"ITH rayc
COB!iM co cpe.ztHHM sHa"leHPieM ?,04 raB/c :e: cpe.ztHeKBBJlPaTKl!Hl:,IM OTKJio
HeHPieM 2,84 raB/c. IlyqoK Ir-MeSOHOB PIMeJI cpe.I{Hllii iIMIIYJII,C (4,0 j: 
± 0,06) raB/c. 

0T6op 006HTD H PIX o6pa6oTKa IIPOBO.I{PIJil1[CI, IIO CTaH,ItapTHoil .ItJUI 
IIySI:,ipI,KOBl:,IX KaMep M8TO.I{P!Ke. 0T6H~CI, co61,1TWI, COOTBeTCTBYJO-
ntHe CJI8.rcyDIIHM PIHKJilOSHBHI:,iM perutI~.RM: 

n~C3 Us - V0 + ••• , v 0 ~11,K" , 
:,r·+ C3 Ha - V0 + mp+... , rn-:i, 1 
n. (:r.·)+ c- mp. . .. , m~ 2 
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3qxpeKTHBHOCTb HaxOJK,neH:ruI C06HTHH B ~Byx HeSaBHCllMHX rrpocMoTpax 
cocTaBJIRJia 95% • .n.,m Kallf,Il;oro TpeKa orrpe~eJIRJICJI ero SHaK, m.mym,c 
(no KPHBHSHe B MarHHTHOM rrOJie wm rro npo6ery B nponane, eCJIH qac
~ OCTaHaBJIHBaJiaCb) H HarrpaBJimll{l're KOCHHYC!l. 3Ta llli(l)OPMaUW! 
HCIIOJil,SOBaJiaCb IlPR BHSyam,tto:ii ~eHTH(!IHKaIJ;lm ~CTim ns BSaHMO~eii:
CTB:ruI R OT pacrr~a V O • .KmieMaTHqecKaf! ~eHTH(!IH.Ka.rtIDI V 0-qac
THU rrpoHSBO,nRJiaCb C IIOMOUU,m MeTo~a HaHMeHbllfilX ~paTOB. IlpoBepJI
.lIHCb ,IlBe I'HilOTesu: V 0 s A H V O = K0 , ~ Kallf,Il;Oit HS KOTopux 
B~aBaJilICb rro~o6pamrne sHatJemm m.mym,coB n yrJioB V 0-~cTRnu n 
rrpo,n:yKTOB ee pac~a. COOTBeTCT:sylOlllHe HSMepeHHUM SHaqemmiJ R sa
KOHaM coxpa.HeH:ruI. TunoTesa npHHHMaJiacb, eCJIH HaHMeHbmee sHaqeime 
x2- He rrpeBurnaJio II,5. EcJIH oKasUBaJiocb, 'ITO I .X2( If) -.X'2(K)I> 3, 
R 8TH rHIIOTesu He Y~aBaJIOCb pas~eJIHTb IlPH ~eHTH(!IHKaIJ;IDI TpeKOB, , 
TO npmmMa.JiaCb I'HilOTesa C MeHblllHM SHatJeHHeMJ2• 20% Bcex co-
6HTd co~eplliaJIH Hepas~eJieHHHe rHITOTesu. Bee anr V 0-qac-
THnH 6HJIH npmmTH sa If -:rnnepOHll. OCHOBaHHeM ~ 8TOro 6HJI TOT 
qiaKT, 'ITO B CHCTeMe IlOKOSI V O -"IaCTID.U,I pacrrpe,IleJieHRe rro yrJIY 
Mel!t,ey' tJacTimett pacn~a H HarrpaBJieHHeM m.mym,ca V O B Jia6opaTop
Hott CRCTeMe .IJ;OJilKHO 61lTb HSOTPOITHUM. Ms aHa.IDISa 8THX pacrrpe~e.n:emtit 
CJie~eT, 'ITO eCJIH Bee Hepas,neJieHHue V 0-tJacTHnu rrpmmn sa t1 -
I'HIIepOHll, TO rrp:m.teCb K°-MeSOHOB KO BCeM A -rHnepOHaM He rrpeBH
maeT 2%. 

Bc.R: qrn:sHtJecKaf! mI(l)OPManHJI o co61m.mx 6HJia sarrHcaHa Ha Mar
HRTHHe JieHTH Ha MalIIIIBax C)lC-1604 H C)lC-6500. !l?HsHtJeclG!tt aHaJIHs 
rrpoRSBO,ll;iIJICJI c IlOMOUU,D rrporpaMMH CTaTHcTHqecKott o6pa60TIG! .IJ;aHHllX 
Sl/MX. 

.n.,m orrpe,neJieHM cetJeJmtt peaKl:lHil H ~ YCTpaHemm BOSMOJK
HllX HCRalltemtit (!IHSH"IeCIG!X pacrrpe,neJieHl'lii Bru!IHO 6HJIO yqeCTb IlOTepM 
v 0-tJacT~ Hs-sa orpa.HR'IeHHux pasMepoB KaMepu n ,npyrHX yCJiomtii 
Ha~eHM. ,1J.1m 8TOro 6HJia COS,IJ;aHa rrporprum.ta, KOTOpasI .ziim Kallf,Il;Oro 
co6uTIDI Bll"IHCJIHJia aqq>eKTHBHOCTb perncTpaue:a rryTeM MO,IJ;eJIHpOBa.l!Kll 
rrponecca pQJK.nemm H pacrr~a HettTpa.7ll,HHX qac~ B peaJI:bHHX yCJioBH
mc 8KCilep:m.teHTa. IlPR Bll'IJHCJieHHH cetJemtit yqHTl:UlaJ!lICb TaKllte IIOrrpaB
IG! Ha HeiiTpaJibH!l8 MO.IJ;ll pac~a A H K°, Ha a@leKTHBHOCTb rrpo
CMOTpa co6uTd H Ha HeHSMepmdl,le co6uTIDI. 

B SaKJll01leHRe rJiaBH rro,npo6HO pacCMOTpeHa romeMaTHKa IcyMyJillTHB
HOro a@leRTa. IlpRBe,IleHH (l)OPMYJIH ~ Bll'IJHCJiemm: romeMaTK'IeCIGIX 
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rpaHHn c ytJeToM cpepMKeBcKoro ,nBID!teHM. )laHo orrpe,neJieHHe RyMYJIR.-
THBHoro qncJia Q KaK MHID!MaJibHOH MaCC!l MKllleHH, Ha KOTopoii: MOJKeT 
6UTb polli,IJ;eHa Ha6JIJQnaeMM qac~a c .IJ;aHHllM m.myJibCOM. PeJIR.THBHCT
CIG!-IDIBapHaHTHOe B!lpaJKeHHe ~ 8TOH rrepeMeHHoit B pea.KIJ;IIB 

a + b ..... c + x IIMeeT BH.n 2 
() _ M2 

- {Pa -Pc.} , 
- 2mp[{f\-Pc) · P,./mb-M] 

r.ne M = rn;'" ( b = p) - mp • !fa ypaBHemm Q = I rroJiytJaeTCJI Toq
Hoe B!lpaJKeHHe ~ KHHeMaTH'IJeCKOH rpaHHnu POJK.neH:ruI tJaCTHnu C Ha 
rrpoToHe B nepeMeHHHX Pc. R c..o.s i,9c. • Ha pnc. I R 2 rrpHBe,neHu 
romeMaTK'IecKHe rpaHRnu ,nJISI pollO(eHM A -rarrepoHoB R K0-MesoHOB 
B HeiiTpOHHOM R IDIOHHOM o6JlytJeHMX. 

B TpeTbeit rJiaBe ,IJ;RccepTanHR paccMaTpRBaeTCJI pOJK.neHHe RyMYJIR.
THBHHX /I -ranepoHOB H K0-MeSOHOB B perutnHJIX 

n + c ._ /I {K"J +-. .. , (P,.)= 7 raB/c , 

✓1-+ C - 11 {K")+ ~p+ .. . , P,r = 4 raB/c • 
HaH60Jiee RHTepecaoii xaprutTepRCTHKOH RyMYJIR.TRBHOro 8(plleKTa, KOTO
pyio ,nae'I' nsytJeHRe A -rnrrepoHoB, .fIBJ!JieTCJI rrOJIR.pnsarnm RyMYJIR.THB
HllX qacT~ • .no Hamett pa60T!l 6HJia o6Hapy,KeHa CHJlbHaH IIOJIR.pRsani,m 
,1-rnn:epOHOB, POJK.naJ0111HXCJI rrpR BSaHMO,neiiCTBRR rr--MeSOHOB CHM

rrym,coM 2,9 raB/c co cMeCDID ~ep KceHoHa H yrJiepo,na. IlOJIR.pHsarnm 
~OCTHraJia 100% IIPH yrJiax BHJieTa 90° B Jia6opaTOPHOH CHCTeMe. ~KT 
CYllleCTBOBaHltll 6om,moil IIOJIR.PHSanRH Ha cerO.IJ;HmIIHHli ~eHD TPY.IJ;HO 06~
RCHRM BpaMKaX 6oJII,UJRHCTBB. TeopeTRtJeCKHX MO,IJ;eJiett,noaTOMY rrpoBepKa 
ero B p8.9JilI'IJiiWC yCJIOBMX .IIBJIJI8TCJI Kpafuie BalKHOH.B Hawwc pa6oTax/1,2/ 
8TOT pesym,TaT 6HJI IlO.IJ;TBepJP:.neH cpasy B .IJ;Byx pea:itnIDIX, pasJIH~aIO
lllllXCJI rrpRpo,noil H aHeprneii HaJieTruomei qacTHnu. IlocKOJ!bey rrOJIR.pHsa
nHJI BeCbMa 'IJYBCTBHTem,Ha R HCKaJKeHIDIM Rs-sa YCJIOBHH perncTpaue:a 
qacTRU, He06XO.IJ;RMO 6HJIO y6e,IJ;RTbCJl, 'ITO HamR .IJ;aHHHe CB060.IJ;H.ll OT 
SHaqnTeJibHllX HCKruKeHlitt.IloJIJipRSalU{JI orrp~eJIWiaCb .Il;eyMH p8.9JilI1lllblMR 

crroco6aMR, O,IJ;RH HS KOTOPllX yqHTHBaeT reoMeTpK'leCKYJO 8(plleKTHBHOCTb 
perncTpanRH Kallf,Il;oro co6uT:ruI, a ,npyroii ocHoBaH Ha rrpe~OJioxeHRR 
06 O~aitOBOH BepOSITHOCTH Ha6JIJQneHWI ,naHHoro C06HTWI R ero sep
KaJil,HOro OTpaJKeHM B IIJIOCKOCTR, co,neplKalllett B cede m.mym,c HaqaJID
HOH tJaCTID.U,I. Pasmma B SHatJeHHmc IIOJIR.PRSanRH, BllqJiCJieHHHX .IJ;BywI 
8TRMH crroco6aMR, rroqTR Ha IlOpll.IJ;OK MeHbllie CTaTRCTR'IJeCKHX OlllR60K. 
EoJiee Toro, ecJIH Bll'mCMTb IIOJIR.PHS~m B rrpe,nrrOJIOllteHRH cTorrpo
neHTHoi 8(plleKTHBHOCTR perncTpaue:a, TO IlOJiy"IeHHue SHa"IeHltll TaK xe 
MaJIO OTJIH"Ia!lTCJI OT BeJIR'IJRH, IlOJiy"IeHHHX BHIDeyitaSaHHHMK cnoco6aMR. 
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Pliic.2. To 1te .ItJIJl g-;-C -Bsrumo~ei!o'l'BR:8. 

G 

' 

t" 

HamPnrn 6om,mofi llOJilIPH3a,umJ B IcyMyJilITHBHOM s@jeRTe 6WI0 061,
HCHeHO B RBapx-rrapTOHHOfi MO~e;m C xeCTKHM coy~apeHHeM RBaPKOB. 
0,wnIM HS npe~oKasaHHii MO~e;m HBJilieTCH HeSaBHCHMOOTb nOJIHpHsarnm 
OT copTa H suepnm HMeTaJOlllHX -qacnm. 3Ta Mo~e~ 06'.bHoHJieT H Ha
.mt'!He nOJIR:p:asarnm llPH HHR.7Il03HBHOl\t poouteHHH If -rnnepOHOB o 6om,
mm.m nonepe'IHHMH m.my~oaMII. Ha pHo. 3 np:irne~eHu mulll:! ~amme no 
saBHcHMocTH no.na:p:asarnm OT yrna BUneTa /I -rnnepoHoB B na6opa
TOpHoil cHoTeMe. Ha STOM xe PHCYHKe nPHBe~eHH c~ecTByI(llllie ~aHHue 
no nOJmpHsarnm /1 -rnnepOHOB c 6om,lllHMH nonepe'IHUMH m.my~oaMII, 
nepeo'IHTaHHHe O na~OII\I,ID KBapK-napTOHHOll Mo.n;enH Ha 06RaCTb eyMyJilI-· 
THBHoro s@ieKTa. ~o xopomee Ka'IeOTBeHHoe oornaoHe Boex ~aHHwc, 
a6oMIDTHue xe BenH'!HHH cpaBHHBaTb Tpy;zuro 11s-sa 6om,m:ax oTaTHcTH
-qeoIGIX Olllll6ox. H Ka'!eoTBeHHoro xaprutTepa Mo~em. 

,UJrJI IcyMyJilITHBHWC llPOTOHOB H llHOHOB HHBap.HaHTHOe .ItHqxpepeim,r
MbHOe oe'!eHHe E d36'/d3p xopomo OllHCUBaeTCH sxonoHeHI:tHMbHOil: 
samroHMOOTbID A exp (- T /To) OT IGIHeTlf'!eOKOii 9Hepnm. AHMO
rll'!Hasr 38KOH~epHOOTb o6Hapy,;teHa H ~ (I -rnnepoHOB.B Ta6Jnm;e I 
npllBe~ellll pesy~TaTH no~roHKII sxcnepm.teHTMbllwc paonpe~enemu!: 
..,.:k- ~A 1:/i, KPHBoil II e-BT B .HHTepBane romeTH'!eoKHx sHeprnil: 
,,o. T B pa3HUX yrROBUX .ItHanasoHax BWieTa tf -rnnepOHOB • 

Ta~.I 

n+ c_,, ;1 ....... ✓,-.,. C ➔ A-+ mf'-r ... 

j 

~os.?11 •It..0~637 0~+0,64 ·-1+0f5 -I-1-0p4 05+0p4 -I~ ~ T(MaB) 30+ 10 +7!0 40+5 0 30+290 fo+240 40+ 
Hl<B° I 925±,86 tI:626;±4!5 4I8j;I03 ~09£3±396 4062±I2IO 3742±1200 ·Fr ! raB-I II,I± I 7,7±I I3,I±I,6 IB±I,7 II,8±2,6 26,5,±3,7 

2/tmcno lI6,6/II 6,8/4 5,7"4 7,5/6 0,8/I 3/2 
cTene-

tei1 CBO-
00.IlH 

Ha :nott Ta6.1mnu Bir,IUIO, 'ITO napaMeTp Ha.RJIOIIa SKonoHeHTU OHJII,HO 
sa:mtcHT OT yrJia H 'ITO B Heil:TpOHHOM oMy-qemm: ,1-rnnepoHu B ope~
HeM 6onee 6uoTpu. 

3aBHCllMOCTb ce'!eHIDI o6pa.so:aamm /1-rnnepOHOB OT MHIUIMa.7IfilIOi1 

uacou MHmeHH ( KyMyJilITHBHoro <mcna) np1rne~ena Ha PHO. 4. ~o, 'ITO 
B KyMyJilITHBHOfi 06.nacTH ( Q "> I) oe-qemm: 6mr3KII no BenH'Il!He R 
HMelOT 8KOnOH8HI:tHMbmtli ;mm. Ilp.n no~rOIIKe 8THX paonpe~enemtli BKC
llOHeHTHOfi e-BQ ~ napaMeTpa 8 llOJIYtJ:eHU 3Ha'IeHHH 5,4.:!:P,4 
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Plic.3. 3amrnIDVIocTI> noJIJipHsawm A -:rnnepoHoB OT yrJia BWieTa. 

IlepBUS'TPH Ha6o~ ,ItaHHWC nepec'lliTaHll Ha 06JiaCT~ 
Kyr.tyJilITHBHoro scppeRTa C IIOMOl!II>ID RBapR-napTOHHOH 
MO,IteJIH. 
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P1rn. 4. 3aBJicIIMocTl:> ce'Iemm po~emm II -:rnnepoHoB OT 

RyMyJilITHBHOro 'IHCJia Q • 

8 

i, 
,,,-
1" 
41 ,, 
-~. 

t) 
v 

H 4,3 ± 0,4 B HeiiTPOHHOM H Ill!OHHOM o6Jiytremmx COOTBSTCTBSHHO. 06-
Pail\118T Ha ce6.!I BIDIMairne qiaRT paSJIH'l:H.!I xapaRTepa SaDHCIDJIOCTH Ce'!e

mm OT nepeMeHHOii Q B KyMyJIJITHBHOfi ( Q > I) H HeeyMyJI.!ITHBHOU 

o6JiaCT.!IX, 

'ilICJIO rrpoTOHOB B co6HTID'I, O'l:8BlmHO, xapaRTepnsyeT CT8Il8Hl, 

y'!aCTH.!I smpa BO B3rurMO,It8llCTBID'I. EcTeCTBSHHO IIOSTOM:Y HSY'JlITI, sa

BUCIDAOCTI, cpe~eii MHOE8CTB8HHOCTU. npOTOHOB OT xapaRTSPHCTlIK KyMy

JilITHBHOii 'l:aCTHIUl. Ha PlIC.5 H 6 llpHB8,ItSHH B8JIH'l:HHI1 

np la)= i::.n tV" rQ 1 It 1v;,1{}.J • 
n■ i ~•i 

r.zte Nn ( Q ) - 'l:HCJIO co6urnii c n npoTOHa.MH, B ItoTopwc :eyrzyJilITHB

HaR 'IaCTJma IDVl88T Q B illITSpBaJie ( Q - .o Q , Q + A Q ) 'AJilI 

p~eHY..!I A -:rnnepoHoB II K0-MeSOHOB. ,lJ,ruI HeiiTpOHHoro o6JiytreHHR 

BlltIIICJI8Hl1 TaroKe H cpe'AHJie MH()jK8CTBSHHOCTH nl' ( Q ) , ItoTopue OTJIH

'l:aroTC.!I OT 11 p ( Q ) TSM, 'ITO B 3HaMeHaTeJie CYM!lfflpOBaHlIS Ha'l:IIHaS'l'

C.!I C n ::0.B HSRYMYJI.!ITHBHOii 06JiaCTH Bemrtnma Ylf JilIHSHHO pacTeT C 

yneJIH'l:8HH8M Q , a B eyMyJilITHIDIOii OCTaeTC.!I np:imepHO IlOCTO.!IHHOii. 

BeJIH'l:lIHU 11 p ( Q ) 6JIH3Kli 'AJilI IDIOHHOrO~H Heij:TpOHHOro 06JIY'l:8HM 

B HSicy?AYJilITHBHOH o6JiaCTH. I1x pasJIH'llie B eyMyJilITHBHOii o6JiaCTH 

MOll!HO 06'b!ICHHTI, HCXO,ll;ll HS HX onpe.zteJiemm H coxpaHeHM 3JI8RTpll'l:8C

ROro sap.!I.ll;a. 

Otl:eHI, BalKHOll xapaRTepHCTHKOii KyMyJIHTHBHOro s@eKTa .!IBM

eTC.!I SaBHCHMOCTI, OT aTOMHoro HOMepa smpa. ,lJ,rui HSBJie'l:emm A-saBH

ClIMOCTH Bwco.zta A -rmiepoHoB B RY?J!YMTHBHott o6JiacTH MU ucnom,so

BaJIH HamH ,ItaHHlle H ,ItaHHHe, rpymw HTS<li' r.zte HSy,:IaJIOCl, BSamJ!O,Iteii

CTBHe Ir-MeSOHOB c m.myJil>COM,2,9 rsB/c Ha CMSCH H,Itep yrJiepo.zta H 

KCSHOHa c po~eID'IeM A-:rnnepOHOB IIO,It yrJiaMH 6om,me 47° B CHCTe-

Me llORO.!I ,ff,ll;e~> ,ECJIH npe,u;CTaBJIJlTI, STY SaBHCHMOCTI, Kalt J.. ,To ,lJ;JISl 

napaMeTpa d.. n~eTC.!I BSJIH'lHHa I,49 ± 0,I8. 8Ta ~~pa IIOJIY'l:SHa 

B npe.ztnOJioxemm, 'ITO ce'l:eHHe pOJ!OteHM KyMyJIRTHBHwc A -r:imepoHoB 

Ha yr,n:epo,Ite He MSH.!ISTC.!I npH YBeJIH'l:emm l!MllYJil>Ca IIHOHOB OT 2,9 

,ItO 4 ThB/c, POCT CS'ISHH.!I B 8TOit 06JiaCTH HatraJII,HWC l!MllYJil>COB 

TOJll>RO yneJIH'lliT BeJIHtIIIHY d. • TaroIM o6pasoM ,MOJKl!o YTBep~aTl>, 'ITO 

BHXO.It fi -:rnnepOHOB B KyMyJilITHBHO:li o6JiacTH TaK. JKS pesxo 3aBHCHT 

OT aTOMHOro smpa, KaR H BHXO,Itll KyMyJLIITHBHWC IlpOTOHOB. 

~eTBepTa.!I rJiaBa rroc~eHa Hsy-qeHUro p~eHM npOTOHOB B 

peaRIJ;WIX 
n+C~mP•··· J ,.,..,~ .. .z ' (1.) 

Ji-+c ~ mp-+-... , "'~2. , (2) ------
3£) JieKCHH r.A., CMlipHHTcrutil A.B. HT8qi-I53,MoCRBa, I9?8. 
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PHc.6. MHOJKeCTBeHHOCTb npoTOHOB,conpoBOJK.naI!Jlllil:X K0➔J830H 
C ~a.HIWM 3Ha~eHReM /) , 

10 

ROr'Aa XOTH 6bl O'AllH npoTOH BWieTaeT B 38'AHIDID nonyc~epy B CllCTeMe 
nOROH H'Apa yrn(!PO'Aa. qucno TaRRX C06b!Tlll1 B nepBOit peam:~nn 6blno 
8047, a BO BTOpon - 1320. OKMO 90 npoueHTOB Bcex npOTOHOB OCTa
HaBnllBannc» B RaMepe,u nx nunyn»c onpe'AenancH no npo6ery.leilTpoHII 
He Mornn 6b!Tb OT'AeneHH no llOHll38UHll OT npoTOHOB, nosTOMY HM npnnit
Cb!Banac» RnHeTnqecRaH sHeprna,npnuepHo B nonTopa pasa ueH»maa, 
qey HX llCTllHHaH KllH6TllqecRaH SHeprnH, Hcnon»30B8HHe 3TOrO ~aRTa 
H peayn»TaTOB pa6oT, r'Ae ll3Mepannc» Bb!XO'Abl npOTOHOB H ~eilTpoHOB, 
no3BORHRO oueHRT» npnuec»~eilTpoHOB B HailleM CJIY'ffi.6,oTa II:pliM6Cb na,n;aeT 
c KIDieTJAecRott aHeprneil npoTOHOB n IIpH 50 - 60 MsB He npeBwuaeT 
H6CROJIJ,KHX npo~eHTOB, 

IlO'AP06HO aHannsnpyeTCH 38BllCHMOCTb HHBapnaHTHOro ceqeHllH po
~'AeHHH RYMYRHTHBHblX npolOHOB OT RHHeTnqecRol1 3Heprnn. oTll 38BllCll
MOCTll nocTp06H!,1 B pa3Hl,IX yrnOBblX 'AHanasoHax, B C06b!TllHX C pa3HHM 
qncnou (m) npoTOHOB n c pa3HHM ~cnou ( l ) npoToHoB, BblneTaromnx 
B 38'AHIDID nonyc~epy. 

B Ta6nuue 2 npnBe'AeHl,I 3HaqeHnH cpe'AH611 RRHeTuqecRol1 sHeprnn 
B peaRUHHX (l) n (2). 

Ta6nnua 2 

rr+ C - mp+ ... r.-+ C _,, mp+ .•. 

e m (T> :1/(<T2"? - <T>2·)/N ' (MsB) l m (T) "!1/((T2)-<.T>2)/# (MsB) 

2 33,61 ± 0,55 2 38,68 ± 1,4 
3 33,93 ± o,~8 3 40,31 ± l,54 

~l 4 36,41 ± 0,87 ~4 40,37 ± l,92 
~5 35,0l ± l,05 
~2 ~4,42 ± 0,35 ' ~2 40,53 ± l,04 

2 3 32,95 ± 0,77 
l2 33,83 ± 0,5 2 ~2 40,86 ± l,45 
~ 35,51 ± 0,89 .. 
~3 35 103 ± l,29 

3 3 33,35 ± 2,0I 3 ~3 40,12 ± 4,7 
~4 35,86 + l,65 

~3 13 ' 34,91 ± l ,19 · 13 )3 38,32 ± 3,83 
?4 35,55 ± l,47 

~4 ~ 33,97 ± 3,II ~ ~4 31,34 ± 3,86 

II 



B peaKUIIJIIJ (2), KaK ID'l'AHO IIJ3 T861IIIJUhl, KYMY1IflTIIJBHble IlPOTOHhl B 
Cp6'AH6M 6onee 6h!CTphl, tieM B peaKUIIJll (I). 3aBIIJCIIJMOCTJ, cpe;wen KIIJH6-
TIIJtI6CKOli aHeprllJIIJ OT tIIIJC]!8 'npoTOHOB B co6h!TIIJIIJ llJ OT tIIIJC1la npOTOHOB 
C COS. ~p< 0 OtI6H:E, cJia6afl. 

3aBIIJCIIJMOCTIIJ IIJHB8PIIJ8HTHOro cetreHIIJfl OT MIIJHIIJM81I!,H0ll MaCChl MIIJ!Ile
HIIJ ~fl peaKUIIJll (I) llJ (2) np11JB6'A6Hhl Ha PIIJC. 7 llJ 8, a peaynI>T8Thl 
IlO'ArOliKIIJ IIJX 3KCTIOH6HTOH - B Ta~e 3. 

Ta6n11Jua 3 

SE clQ 
PeaynI>TaTh! TIO'Aromm p2. d c.os.~ 

A - BQ Q e B IIJHTepBane A 

Jl~ 
dGJp JP KPHBOil 

m AQ B J1/;!11Jcno cTene-
Heil CB060'Abl 

~2 I,2 ¼ 2,5 IO 8 + 02 t - t 47 ,9/40 
+ 2 I,22+ 2,42 II,! ± 0,4 14,4/14 a.. 
t 3 I,22+ 2,5 I0,3 ± 0,4 13,9/17' 
T 4 1,22+ 2,0 IO,O ± 0,5 23,4/14 

<:..; 

+ ~ 5 
~ 

I ,22+ 2,0 9,8 ± 0,7 4,8/9 

::i, 2 I,13+ 2,5 IO,I ± 0,4 '""32,6/29 
+ 2 I,14+ 2,5 9,8 ± 0,6 II/IO .0.. 
~ 3 I,14+ 2,5 9,8 ± 0,8 18/IO 
1 

'-' 4 I,17+ 2,0 9,8 ± 0,9 6,I/7 
,+. ~4 
I=, 

I,15+ 2,0 I0,5 ± 0,8 I0,6/8 

BIIJ'AHO, tITO 'A8HHh!e xopowo OTIIIJCblB8IDTCfl O'AHOil aKCITOH6HTOil C napaMeT
,pOM H8K1IOHa B, He 38BUCflUIHM B npe'Aenax OWIIJ60K OT tIIIJC1la npOTOHOB 
B co6h!TIIJH 11J · copTa irnneTaromett tracTIIJUbl. 

B KOHUe rnaBbl paCCMOTpeHa KOppenflUHfl M6X'AY npoTOHOM, IIJM6IDUIIIJM 
_MaKCUM81I!,HOe 3H8tI6HIIJ6 KYMY1IflTUBHOro tIIIJC]!8 Q 'B co6HTHIIJ, ~- tIIIJC]!OM_ 
OCT81I!>Hb!X npoTOHOB B co6HTIIJIIJ. IlOCK01I!>KY B peaKUIIJflX (I) llJ (2) HeT 
C06b!T11Jil C O'AHIIJM npoTOHOM, TO H6B03MOXHO onpe;11en11n cpe;11Hee tIIIJcino. 
npoTOHOB, conpOBOX;llaIDUIIIJX npOTOH C M8KCIIJM81I!,Hb!M 3HatreHU6M nepeMeH~· 
Hott Q • Ilo aToMy 11Jaytrana CI> Ben11Jtr11JHa ; , I~ . n (Q) =- L (m- i) tY,,, IQ) E ,,v,., /a) . 

'"=2 hf: 2 

Ha p11c.9 IlPIIJB6;/leHh! 38BIIJCIIJMOCTIIJ n{Q) ~fl peaKUIIJli I llJ 2.C YB61IIIJtie
HIIJ6M Q B61IIIJtIUH8 n paCTeT, tITO BTI01IH6 6CT6CTBeHHO~ 

12 

~ 

~ 
.,!;.. 
{l- E .,,,.,.--
fg t, 

{~()I 

~10' 
"-'f'a. 
<--, 

lo'< 

IO; 

ro21 

10' 

1o"I 

,r 

n +c -mp•... <Pn> = 7 ra&/c 
a)m~2; b)m=2; c)m=3; d)m=4; e)m~s 

12 14 t.6 t.8 2.0 Z..2 Q 

PIIJc. 7. Hirnap11JaHTHoe ce-qemre KaK qiymmrur rrepeMeHHoii: Q .lVI.H 
pearonrn: (I) C pa3HllM 'tJHCJIOM.IIPOTOHOB B C06HTIDI. 

-1,f 

1 
a. 

,.,"fgttr~ "'ll?l +++-
~os + 
~ ++++· 

°" 
m3 

l2 

PIIJc.8. 

n·+c-mp+... Prr• 4rab/c 
a)m~2; 6)m•2; c)m•3; d)m•4; e)m~4 

.1.4 1.6 1.8 ~ 2.2 Q 

To xe, trTo H Ha pHc.7, .lVI.lI pearonrn: (2). 
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PHo. 9. 3aBHOHMOOTI, BeJilllmH!l n. ( Q ) OT eyMYJIIITllBHOro tmOJia 
,n.,m pe~il (I) H (2). IlyHKTHpHaJI KPHBaJI npoBe~eHa 

OT pyim. 

O~aKO 'l6TKO ~o. 'ITO POOT 8TOT ropas~o Me,IVIeHHee B eyMYJIIITHB
HOfi o6JiaoTH. 

B 3aKJIJO'lemm: O<pOpMyJllipOBaH!l OOHOBII!l8·B!lBO~ ~ooepTar:tHOHHOil 
pa6oTU. 

I. lfaY118HO prnir,neIDie eyMYJIIITHBHWC /1-mnepOHOB Ha Sl',IU)e 
yr~epo~a npH o6Jlyqemm nponaHOBOli KaMepu ny'lltaMl:I H8HTPOHOB CO 

14 

ope~ m.my~ooM 7 raB/o n Ir➔JesoHOB o m.my~oOM 4 raB/o. 06mee 
'IIHo~o oo6urnii B nepBofi pe~ paBHo 3462, a BO BTopoil -III3; 
'IHO~O 11 -rnnepoHOB o lcy?,'!YJllITHBH!lM 'IHMOM 6o~me e~IHHIU:l paBHO 
355 H I86 B nepBOM HBO BTOPOM OJIY'!aJIX OOOTBeTOTBeHHO, 'ITO OOOT
BeTOTByeT oe'leHIDJM 405 + 62 MKO H 443 + 73 MKO. 

2. · Ha~aeTCfl 6o~I.IIM noMpns• KY?,'!YJllITHBHWC 11 -nmepo
HOB npn: yr.nax ~eTa ~ 90° B .nadopaTopHoil . OHOTeMe B oden:x perut-~-

3. llimapHBHTHoe .JUiiM?epe~oe ce11e1me,KaK ~ rumera-
-qecxott aHeprmI A -:rnnepoHOB, 0ImCUBa.8TCSl 8KCilOH8HTOi1 C IlOKa3aTe

~eM HaKJIOHa, CHJII,HQ 8aBHC81ltID4 OT yrJia BWieTa. 

4. 3aBHOl!MOOT1, oetJ:emm prnir,nemm 11 -rnnepOHOB OT MHHHMaJil,HO!i 
Ma.COl:l MHmeHR (eyMYJI!ITHBHOrO tmCJia) {; HMeeT 8KCilOHe~~l:lH 
~ A e-BQ npH Q , ~e1.tallleM B HHTep:aa.ne OT I ~o 2. IIapaMeTp Ha-' 
K1IOHa 8KCilOH8HTl:l 8 B. 8TOM mtTep:aa.ne He saBHCHT B npe~eJiaX 
OmHOOK 8KCnepHMeHTa OT 8Heprnn: H copTa HMeTa.IOilleil tJ:aOTlIT(!l. 

5. XapaKTep samrnn:MooTH ope~ero -q:n:o;ra npoToHoB, oonpoBo~a
DllliIX eyMYJIIITHBHllit 11 -mnepoH, OT nepetteHHO:li & B eyMYJIIITHBl!crlt 
( Q > I) n: HeeyMYJIRTHBHO:lt ( Q < I)_ o6JiaCTRX pasJllI'leH. 

6. 3aBHOHMOCTH oetJ:eHIDI OT yr;ra BWieTa A -'laOTHJ:.t B ~a6opa
TOPHOH CHCTeMe B eyMYJIIITHBHO:li oMacTH no~o6Hll ~ pe~ii. HHH-. 
LtHHPOBaHHllX HeilTpOHa.Mll n:·Ir➔J:esouru.m. 

7. CpaBHetme Hamero :monepHMeHTa o ~yroit padoTo:li noKas1rnaeT, 
qTo ecJllI npe~CTllllJlflTI, 3aBHCID&OOT1, BllXO~a lcy?,'!YJllITHBl!llX A-mne
POHOB OT aTOMHoro HOMepa Jmpa A KaK A ,1.. , TO napaMeTp d... 
paBeH I,49 ± 0,I8. 

8. llsyqeHl:l xapaKTepHCTHIDI eyMYJIIITHBHWC npoTOHOB B 0001:lTHRX 
C ~BywI H do~ee npOTOHaMl'I, ll~8Ta.IOilllIMH H3 Sl',IU)a yr~epo~a npn: B3aH
MQ,Ite:licTBHH o HlIM HeilTPOHOB H Ir-Me30HOB Ha CTaTHCTHKe 13678 n 
2045 ooduTH:li COOTB8TCTBeHHo. 

9. 3HepreTH'l80IDiil oneKTP npOTOHOB, B~eTaJOll(IDC B JiadopaTO? 
HOR CHCTeMe no~ yr~. d~mHMH 90°, 11 0 m.my~oaMH, 6~mm.m 
I50 MaB/o, c.na6o 3aBHOHT OT 1l:HMa npOTOHOB B C061:lTHH u OT 1l:HMa 

npOTOHOB, HOnyill8HHllX B 3a,IUIIOIO Il~owepy, 
IO. 3aBHCIIMOOT1, Ce'leH:wI prnir,nemm npOTOHOB OT MmillMa.JII,HOil 

MaCC!l MllllleHH Q UMeeT 8ItcilOHem~~Hl:lH ~ npn Q_ , ~eJJtallleM B 
HHTepBMe OT I ~o 2. Ilapa.Me.Tp HaK.7IOHa 8KOllOH8HTH B 8TOM HHTep:aa.ne 
He 3aBHCHT OT 8Heprnn: H copTa HMeTruomefi 'laCTll.Ul, a TaIOlte OT 'lHO
Jia npoToHOB B co6unm. 
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II. Cpem-i:ee 'IlICJIO npoTOHOB, conpOBOT.i,I\a.IOIIIHX IIPOTOH C MaKCli
MaJII,HHM 3HatJ:eHli8M nepeMeHHOH a , pacTeT C YIJ8JllltJ:eHlieM Q , }'.a

partTep saBl'ICUMOCTli 8TO:ii BeJmtJ:liHU OT KyMyJifITliBHOro 'IlICJia pe3KO 
MeIDieTCR rrpn: nepexo,Ile OT HeKyMyJifITliBHOii o6JiacTU It KyMyJifITliBHOii. 
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