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B.C.A.na.QamBHJJH, B.Ba.Q3JI3K, B.B .r JiaroJieB, 

P.M.Jie6e.QeB, H.HaccaJibCKH, M.C.Haopa.Q3e, 

H.C.CaHTOB, A.CBH,Qa'l, T.CeMllp'lyK, 

B.H.CTpeJI&~os, H.CT3DBHliK 

HEKOTOPYE METO~qECKHE BOnPOCY 

1 - 7645 

dp -3KCI1EPHMEHTA HA 100-CAHTHMETPOBOA 

BO~OPO,zniOR UY3YPbKOBOR KAMEPE JIB3 OHHH 
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H HMeJOT 
10 nocne,n;· 

. e,n;cTaaneH 

M Jl3biKax. 

B.C.AJI~awBHJIH, B.B~3JI3K, B.B.r JiaroJieB, 

P.M.Jie6e~es, H.HaccaJibCKH, M.C.HHopa~3e, 

H.C.CaHTOB, A.Cwmat~, T.CeMspt~yK, 

B.H.CTpeJib~OB, -H~CT3naHBK 

HEKOTOPYE METO~HqECKHE BOOPOCY 

1 - 7645 

dp -3KCfiEPHMEHTA HA 100-CAHTHMETPOBOH 

BO~OPO~OA llY3YPbKOBOA KAMEPE .1183 OHHH 

Coipy~HHlleCTBO ~y6ua-Bapwasa 

' C11~;;.r:~m€!..,lHfl rmcmry'l 
~ c·"::Jn!£! nccnc.n.cr:.anoO 
~ ~ tf:k~GJI~IOTEKA 
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B pa6oTe paccMa TpHBaJOTC.R uei<oTopLie MeTo.nu~eci<ue ... :J. · ~ 
BOIIpOCbl . H3y'leHH.Il dP. -B3aHMO,neiicTBHH,. B ocoGeHHOCTH. 
peai<UHH dp- -+ppii' .. c rroMOJ.I.tLio '100-cauTHMeTpoBoii. Bo,no- . 

_po.nuoii rry3LIP.LI<oBoii I<aMepLr'·OIUIH. 3'Ta I<aMepa GLma o6ny: 
qeua .n'eiiTpOHaMH HMIIyJiLca 3,3 F3B/c, rrony~eHHbiMH B pe-:. 
3ynLTaTe cerrapaUHH BTOpH'IHbiX.'IaCTHU OT·BHyTpeuueii'Mu
uieHH , CHHxpo4Ja~o'fpoua: .·· .Ect:e.CTBeHH~, .. 'ITO HY)KHO .,6Lin9 f· 
yqecTL ue6onLwyro··npHMeCL rrpoTouoa B IIY'II<e H rrpoauanu-. :. .. 
3HpOBaTb ee· BnH.RHHe Ha .Jle3ynbTaTL; H,neHTHliJHI<aUHH ·C·o61.J-.. . r .* 

THii. 3a,naqa_ na o6.rierqanacL p.11.noM rrpeuMyme9Ts.neiiTpou- . 
uoro o6nyqeuu.11 rrpu BLI6pauuoM u:MrrynLce .nmi' peai<uu~ c 
pa3sanoM .neii:Tpouos: Cro~a MO)KHO onie cTH uanuque 'xopowo 
Bbi,nen.RIOJ.I.tHXC.Il llpOTOHOB- cnei<TaTOpOB, ·'a. Tai<)Ke ,no eTa TO 'I-
uyw M.Rri<o'cTL crrei<Tpa po)K,nae:MLIX "-Me3ouoB nux Manyro 
MHO)KeCTBeHHOCTb. Ilpe,nBapHTeni.HLie pe3ynLTRTbl uccne,i\o-· 
Bauuii orry6nui<oaaHLI ~B pa~oTax :1~-3/. · · · 'r 

. ., .. 
. Ily'IOI< IIOnO)KHT.enbHbiX 'laCTHU ,nn.R. 3I<CII03HUHH BO,nopo,n-

HOH I<aMepbl d'opMHpOBanc.R C BHyTpeuueii MHWeHH yci<O'p.H
Ten.R. :Kauan. ~paucrtopTupoBI<H rryqi<a 141 HMen 8 c:Boel'd co
c.TaBe 3nei<TpocTaTHlfeCI<Hii cerrapaT.op, II03BOn.RBWHiipa3,ne
nn.L 11 + ,.p.~ .. ,. :·.no, HMrrynLca .a.~,~ 4 F3B/c .. Ha 6a3e 
rrponeTa oT MaccoBoii II.tenu .no Bxo.na B'I<aMepy/oi<ono 80 M/ 

• pa6oTana cxeMa:"·rro .BpeMe~ rrponeya, I<OHTponuposaallia.R 
.: co. eTas. ~·rryq~a; · , . . . 

r. 

'~ :. 

3, 



C•IHTaJI, 'ITO OnTH'IeCKHe KOHCTaHThl KaMephl no,ll;06paHbl 
AOCTa TO'IHO xop owo, Kpa TKO onuwe M npoueAYPY onpe,ll;eneHHJI 
napaMeTpon nyt.fi<a/5/. Mcnonh3onancH HeKoTopbiH Ha6op· 
cofihiTHH; no B03MO:>KHOCTH o6oraiUeHHbiH C06biTHJIMH 6e3 

- HeiiTpanhHLix nTopHtiHhiX qacTHU I 4 C - 4JuT co6LITHH/. 
B AaHHOM cnyqae 6LmH B3HThi 4-ny'leBhie B3aHMOAeiicTBHSI, 
cpe,ll;H KOTOpbiX npeo6na,ll;alOT COfihiTHJI peaKUHH dp-+pppn: --. 
3TH co6biTHJI nponycKanHCh qepe 3 nporpaMMY GRIND 161. 
IlonyqanHcb TPH napaMeTpa ny'IKonoro cne,I~;a: -yrnhi norpy
:>KeHHJI I>../ H a3HMyTanhHhiH I cp /,a TaK:>Ke HMnynhc P . 
MarHHTHoe none KaMepbi AOCTaTO'IHO OAHOPOAHo/7/ H lla- · 
npanneHo no HopManu K nnocKoCTJIM rnanHoro cTeKna. 
Ilo3TOMY npHHHManOCb, 'ITO· A - He MeHJieTCJI ,ll;nJI ,ll;aHHOrO 
Tpe:Ka BAOnh KaMephi /no ocu x /, a cp nHHeiiH:o.3aBHCHT.OT 

- x, To ecTh cp=cp 0 t-c(x-x 0 ). 3Ae_ch HHAeKc'D"o6o3Ha'laeT _ 
3Ha'leHHe· napaMeTpOB B HeKOTOpoii4JHKCHpOBaHHOH nnOCKOCTH 
X=X D • 

·rrony'leHuhie nenH'IHHhi <'A fi>, L\>..0 , <c/JJ)>, A«fooH · o:>KHAae
Moe 3Ha'leHHe HMnynbca p C 3aBe~OMO 3aBbiWeHHbiM 3Haqe
HHeM. OWHfiKH / L\ p = 1,0. T3B/c/ nO,ll;CTaBnJinHCb B npo
rpaMMY GRIND AnH nony'leHHn 4JHTuponaHHhiX 3Ha'leHHH HM
nynhca P nyqKOBOH 'laCTHUbl B TO'IKe B3aHMO,ll;eHCTBHJI. 
BenH'IHHa P0 onp.e,I~;en·Hnacb B Ka:>KAOM cnyqae KaK 

Po =P +AP1(X-X0 ), 

rAe PI - ~OHH3aUHOHHbie_ noTe pH ila e,ll;HHHUY AnHHhi cne,ll;a. 
.lb pacnpe,I~;eneHHJI no P 

0 
·onpe,ll;enHnucl. <P~ > Ii L\ P0 ·. -

lihma. npone,I~;eHa nonbiTKa onpe,I~;enHTh- cocTaB ny'IKa, 
HCnOnh3YJI H3BeCTHbie H3 nHTepaTypbi nonHbie Ce'leHHJI 
Ae-iiTpoH-npoTOHHhiX il npoToH"'nporoHHhix· B3aHMo.iieiicTnHii. 
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Puc. 'J. IIpuMep 3apucoeKu co6bzmuii. 

rAe N e3- _ qucrro a3aHMOAeiicTBHii a pafioqeii o6rracTH, Bhi-{_ 
6paHHOH KaK ~oKa3aHo· Ha puc·. 1, nonpanrreHHoe Ha. Jtl>tl>eK- · 

. THBHOCTb npOCMOTpa H CHCTeMaTH'IeCKHe noTepH B ynpyroM· 
pacceHHHii; No - '!Herro .riyqKoni.rX: rpei<on, :BxdAHiuHx'n pa·- · 
fioqJiif ofi'heM /nep-ece:K~~Itilix nimuro i. Ha·npo~Kriim/; K -
AOJIJI :neiiTpOHOB B ny'IKe; ddp- noJ-moe t:e'leHHe pd --
B3aHMOAeiicTBHH npH HMnYJibCe npoTOHOB · 1,66 T3B/c/B/ ; 
a pp - :UOJIHOe ce'leHHe Jl p - D3aH.MO,ll;eHCTBHH:cHpH HMnyJibCe -· 
npoToHOB~ 3,-33 T3B/c; n -- 'IHC.Jio Jl,ll;ep no,n:opoAa B 1 eM 3.

npu pafio'IHX ycrroBHJIX KaMe phi/ p =0,0584±0,000lz/cM3/: 
£ . - :ltPtPeKTHBHaJI ,ll;JIHHa pafioqeii o6JiaCTH :KaMe phi: . - .. - . ' 

)l;JIHHa pafioqeif ofirraCTH fi_panaCb 3tPtPeKTHBHOifc B CBJI3ll 
C TeM, 'ITO rpaHHUbl ee 3a,ll;aBaJIHCb B HJIOCKOCTH UJieHKll. 
3tl>i}JeKTHBHCi.JI ,ll;JIHHa".- pafioqeif oGJiaCTH onpe,I~;enHJiaCh, HCXO_- • 
,ll;JI 113 3aBHCHMOCTH MaCWTafia tPOTOrpati>HpOBaHHH OT ·rny
fiHHbl B ·KaMepe M(Z), a TaK~e 'H3 pacnpe,I~;eneHHH no rny,.. 
6uHe - nepWHH ;pearrhHhiX - co6biTHii: A(Z). 3anncnMOCTh · 
M(Z) H pacnpe,ll;e.rreHHe A(Z) npune,ll;eHhiHa p~c. 2;.: 
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Puc. 2. a/ 3a6UCUMOC111b Maczu111a6a ¢o111ozpa¢upo6aHUJ1 0111 
zAy6UHbl 6 l<aMepe. 6/ PacnpeoeAeHue 6epzuuH co6bt111uii no 
2Ay_6UHe KQMepbl. ' 

f . f A(Z)M(Z)dZ 

3fPfP. =-fo J A(Z) dZ 

r,D,e f o - paJMe·p · 34J4leKTHBHoii. o6nacTH Ha nneHKe; £
3

¢¢. 
OKaJaJIOCh paBHhiM 49,6 CM.,lJ,omi ,D,eHTpOHOB B ny'll<e Ol(eHe
Ha KaK K = 0~91±0,03 • 

§2. OEPAEOTKA COEb/THH 

JlpoBO,D,HJIOCh ,D,Ba He JaBHCHMhiX npOCMOTpa~ 34J<iJeKTHB-. 
HOCTh no OTHOllleHHIO, K ,D,ByKpaTHOMY npoCMOTpy OKa3~JiaCb 
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Puc. 3. PacnpeoeAeHue no Keaopa111y nepeoaHiiozo 4- UMnyAb
ca 0111 MUZUeHU K MeOAeHHOMY np01IIOHY 6 co6bl111UJIX ynpyzozo 
pacceJIHUJI; · ' 

paBHOH 99o/o~ llpH npOCMOTpe Ka>K,D,oe C06hiTHe·3apHCOBhiBa
JIOCh Ka'leCTBeHHO Ha cnel(HaJihHOM 6JiaHKe, CO,D,epmall(eM 
aneqani.HHhie HJo6pameHHH KpecToB if Ta6nHl(Y ,D,nH BHeceHHH 
CJiyme6HhiX. npHJHaKOB, He06XO,D,HMhiX ,D,JIJI ,D,aJihHeHIUeii pa-
60Tbl /HaiipHMep, 'yKaJamu, Iia KaKoii. nape npoeKl(HH HJMe-, 
pHTh TOT HJIH HHoii· TpeK/. llpHMep JapHcoin(H co6hiTHH au,D,eH 
Ha puc. I. · 

. 06pall(aJIOCh BHHMaHHe Ha noiicK co6biTHH c Manoii O.T
,D,a'leii npoTm;y MHIUeHH. B cnyqae paJaana ,D,eiiTpoHa npH 
3TOM ·Ha6nro,D,aeTCJI peJKoe · yaeJIH'IeHHe KpHBHJHhi TpeKa 
/- B 2 paJa/. TaKoe co6hiTHe JJ.OJimHo 6hiTh o6HapymeHo npH 
npocMo'Tpe, ,D,ame ecnH He BHJJ.HO npoToHa OT,D,a'IH. HecMoTpH 
Ha Tll(aTeJihHhiH npoCMOTp, C06hiTHH 6e3 BH,D,HMOrO npOTOHa 
OT,D,a'IH HaH,D,eHO He-6LIJIO. . 
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0CHOBHLIM BH~OM IIOTep& npu IIOHCKe c'o6LITHH 6biJIH 
IIOTepH .B ynpyrHX B3aHMO,IJ.CHCTBH.HX npH ManbiX nepe,u.aHHbiX 
HMIIYllbCaX. 3TO XOpOWO BH,IJ.HO Ha pUC •. 3, r):ie npHBO,IJ.HTC.H 
pacnpe.u.eneaue no i<aa.u.paTy nepe.u.auaoro · 4:-HMnynLca oT 

. . . 
MHWCHH K Me,u.neHHOMY npoTOHY. HMeeTc.H nj>Oaaii B o6nacTH 2 . . It I < 0,02 / T3B/c/ • Hu:lKe Mbi 6y,u.eM .ucnonh30BaTb 
3TO pacnpe,u.eneuue npu onpe,u.eneuuu nonpaaoK ua noTepu 
:8 yrrpyrux· co6biTH.HX. Ilpu MruibiX 3Ha'!CHH.HX It I noTepu 
'lYBCTBHTCllbHbl K a3HMyTanbHOMY yrny npOTOHOB. OT,IJ.a'IH •. 
Ilpu 6onhWHX I t.l pacnpe,u.eneuue no a3HMyTanbHOMY yrny 

.. H30TpOIIHOC /pUC. 4/. 

-:-.. t.,O 
~ ' 

~ '-
~ 

20· 

0 

t <O,Oft(!jl/c'' 

~ 
~ 
~ 
~ 

20 

o/Lf (} 1Th . 

t>O,OI((r.;C/c.12 

0 . _'Ji/lf 0 '* 
]'uc. 4. A3uMymall bHblii yzcM np·omoHo8 omoa'lu. 8 ~o.6bJmu.Rx 
~npyzozo pacce.RHUJI_ npri :ltl< 0,004 /T3B/c/ u . . Jtj> 
0,"004 /F3B/c/ 2• . ••· · .· · . . · . 

<' 

3dJ!lJeKTHBHOCTb HaXO:lK,IJ.CHH.H C06biT.HH B pa6oqeii. 30HC 
6biJia ,IJ.OCTaToqHQ O,IJ.HOpO,IJ.Ha. 06 3TOM CBH,IJ.CTCllbCTBYCT 
pacnpe.u.eneHue aepwua co6LITHH a.u.onb· Ka:Mepbi. · HaKnoH 
B pacnpe,u.eneHH·H.: o6'b.HCH.HC TC.H Bbi6HBaHHCM npOB3aHMO',u.eii-

CTBOBaBWHX qli.CTHU H3 nyqKa /pUC~ 5/.· 
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Puc. 5. Pacnpeoe/leHue 8epwuu co6b1muii 800/lb KaMepz.l . 
Cn11owua.R IIUHUJI coom8emcm8yem pac'lemy OIIJI . ebi6U8aHUJI 
npo83au.«ooeucm8o8a8wux,'lacmuu U3 ny'lKa~ · 

H3MepeHH.H npoao.u.unucb" B ,IJ;y6ae Ha IIYOCax JIBTA, 
a Bapwaae Ha cneuuanbHbiX MHKpocKorrax. He6onLwa.H cepuil 
/m<:ono 1000/ ~o6biTHH 6bma u·3MepeHa npH 3anycKe HPD. 
HH:lKC Mbl HCMHOrO OCTaH6BHMC.H Ha OTHOCHrt!nbHOM Ka'!CCT-

. Be Ka:lK,IJ.OH cepHH H3MepeHHH. 
H3MepeHH.H TpeKOB npoao.u.unucb Ha .u.ayx npoeili:u.Hx, 

OT06paHHbiX rtpH npOCMOTpe TaKHM o6pa30M, qTo6bi u36e-: 
:lKaTb cnyqaea, .Kor.u.a cne.u. wen 6bi napannenbHO 6a3e 
CTepeonapbl. Ha: Ka:lK,IJ.OH Bbi6paHHOH npoeKUHH H3MepJinHCh 
qeTbipe l?enepHbix· KpecTa, oco6Lie TO'IKH /aepwHHLI nep-

9 



,, 
' 

' i··. 

;i 
f 

I 

... 
.£.'·, 

-.,~ ' .. _. 

i~--BHqHhiX H BTOpHqHhlX B3aHMO.D;eHCTBHH, OCTaHOBKH/ H nocne
AOBaTenLHOCTh ToqeK Ha cne.D;e •. QqeHL .z!nHHHLie cne.D;hl :a· 
cne.D;hl, HMeiO~He 60nLWYIO KpH_BH3H}',. o6pe3anHCh npH H3-
MepeHHH; KpHTepueM cny:lKima CTpena nporu6a; KOTOpaH 
He JJ;OmKHa 6Lma·6LITL 6onee 2 cM. TaKoe o6pe3aHHe caH3aHo 
C HCnOllh30BaHHhlM aapuaHTOM nporpaMMhl reoMeTpuqeCKOH 
peKOHCTpyK~HH, B KOTOpOH He yimThiBallHCh H3MeHeHHH 
KpHBH3Hhl BJJ;Ollh .TpeKa. 

lbMepeHHH aenHCh B pe)KHMe on-line ;~ 3BM 1i3CM -4 
c nocne.D;yro~eii · nepe.D;aqeii: ucxo.D;HLIX JJ;aHHhlX Ha MarHuT

. HYIO neHTY 3BM. CDC -1604A. ,ll;anLHeii:wue pac'ieTLI aenucL 
no ~enol.J:Ke a.D;an;TupoaaHHLIX nporpaMM QEPHa. · 

Puc. 6. CxeMa o6pa6omKu .co6&1muii~~-. . . ,:.. 
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CxeM:a o6pa6oTKH npu:Be.zieHa Ha puc; 6. 3JJ;ech He yKa3aH 
/AnH ynpo~eHHH cxeMLI/ ~enL~ PHA cny)Ke6HLIX acnoMora-· 

· TenLHLIX nporpaMM· /copTupoaKa co6LITH:ii Ha nnoxo u xopo
wo H3MepeHHLie:, ·copTupoaKa DST no peaK~HHM u T.JJ;·.j. 
B 6noK runoTe3 KimeMaTH'iecKoii: nporpaMMLI ,'GRIND 6Lmu 
.BKlliO'ieHhl BepOHTHhie JJ;eHTpOH-npOTO~Hhie, a. TaK)Ke npOTOH
npOTOHHhie peaK~HH JJ;llH JJ;Byx- H l.J:eTblpexnyl.J:eBhiX C06hi~ . 
THH *. bhlllH 3a.D;aHhl TaK)Ke B03 MO)I(Hhle BTOpuimLie B3aHMO
JJ;eii:cTBHH ynpyroro Tuna JJ;llH MHoroaepmHHHoro cPHTa. 
. . . . . 

§3. TOtfHOCTH, BOIIPOCbl CYMMHPOBAHHJI 
PE3YffbTATOB . 

llocKonLKY H3MepeHHH npoao.D;HnncL a pa3HhiX na6opa
TopHHX, HMeeT CMhiCll BOnpOChl :ToqHOCTeH H CllO)KeHHH pe-
3YllhTaTOB o6'be.D;HHHTh. bOllhiilaH qa~Th C06LITHH H3MepHnach 
a ,D;y6He, Ha llYOCax B JIBTA /oKono 14000/. qacTL co-
6hiTHii: /oKono 4000/ H3MepH_nacL a.Baprnaac:KoM yHuaepcu
TeTe. llpo6HaH napTHH .lf 1000 · co6hiTHH 6Lma- npon~eHa 
npH KOHTPOllhHOM ny'iKe : ·HPD. , "·' . 

BennquHLi ·.cpe.D;HeKaa.D;paTH'illoro pa36poca ToqeK oKono 
annpoKcnM~pyro~~ii: Kpuaoii: 1\ (residuals )ni)IIBe.D;eHLI AllH 'acex 
Tpex THIIOB H3MepeHuii::Ha puc. 7. Ta-M )Ke npuae.D;eHhl cpe.D;:. · 
Hue aenu:.m.Hhl .(R; B MKM'Ha imeHKe. BHAHO; qTo aenH'iHHhi 
pa36poca HeaenHKH H o.D;Horo nop$I.D;Ka. Heci<orti.Ko Me'HLiuuii: 
pa36poc noKa3LiaaroT H3MepeHuH Ha HPD, qTo'anonHe ecTe cT-.. . . - . 
TBeHHO. 

,lJ;JIH.Xap~KTepHCTHKH CMe~eHii~· cPHTHpOBaiiHLIXII.apar;r"e;~. 
pOB. TpeKOB /HMllYDbC H yrnLI/ CTPOilllHCh pacnpe.D;eneH!fH 

·no aennqnHe:•·· 
-~. 

a ue¢um- a ¢um 
p ... ---:-::-:::-~==-

.I 2 2· · va . -a 
Heifium ¢ur:z 

* BMaCCHBe 83 .18 ThiCHqc6GLiTHH.6hillO acero.JJ;Ba ~eCTH~ 
nytteBJ~IX IIpOTOH- npOTOHHhiX. B3aHMO;:ie:iiCTBHH. . . ' . . -~ -· .. 

.II 

~: 



i. 
80 

lc 60 

~ 
~ 

'tO 

• v '20 

0 

,. 

'; 

.. rT .·n·. 

. • ~, I t 

!! : ~n 
I I ~.r 

i i 
I j 

. j, ! 
. I l.l 
~J • 

rt ! 
'I .. ! I 
J I 
~J 

. ! .' 
1 .. 

f1 
j I 
j I 

·, 

10 . 

Bapwala R "'10.8 

- AytfHa R,. 9;3 -

-·-HPO 

r.,· 
I' 

.J L; 
'I.,., 

R=6.3 

1 1 L
1 

1.1.· 1 r.J'l ,. 
J I I. I . ' .. 

LJ I ,., . 

L-"' tj~~~, 

. 20· 30 
. R(MK}· 

.· 

)_. 

•1 

Puc. 7. CpecmeK6aopamutJHbiU pa36poc U3MepeH1ibiX moo.ie·!( 
om iinnpoKcuMupyiOUJeii Kpueou. · · · · 

. ~-
XapaKTepHCTHKH 3THX pacrrpeAeJieHHii AJIH rryqKoBhiX •H BTo~ 
pHqHhiX TpeKoB peaKn_HH dp -+ppn IIPJ:IBeAeHhi B ma611. 1. 
XapaKTepucTHKH · pacrrpeAeneHHii no KBaApaTy_ HeAocTaroli.\eii 
MaCChi AJIH KaHaJI(>B dp-+ppn H dp-+dp.(pp-+pp) CBe-.· 

AeHhl B ma611. 2. . . . . 
KpoMe Toro, 6hmo rrpoBeAeHo cpaBHeHHe HAeHTnquocTH 

pacrrpeAeJieHHH HeKOTOphlX ~HJHqecKHX BeJIHqHH ~JIH peaK
UHH dp-+ ppo. B KaqecTBe TaKHX BemiqHH 6biJIH Bhi6paHhl 
XapaKTepHCTHKH HeiiTpOHa-cneKTaTopa B CHCTeMe IIOKOHll{e
rOCH AeiiTpoHa - HMIIYJihC H rrpbcTpaHCTBeHHhiii yron. CooT-

. BeTCTBYIOll{ee cpaBHeHHe ,tinx C06hiTHH, H3Mep~HHhiX B ,[(y6He 
H BapmaBe, npHBOAHTCH Ha puc. 8. B pe3yJihTaTe rrpoBeAeH-

12 

l·· 

Ta611ul#a 1 . 
3Ha<JeHUJI 6eiiU'lU1l p jny1111/ OIIJI• C06biT!lUU, U3MepeHHbrX 
6 Baplila6e u ,l(y6ue. · ·· · · · ., 

<P'/R> DP1/R < PA> JJPA <P':f> ·lJPy. 

flt>p811'11161U mpeK 
0.03t0.06 0.76!0.05 Qf8tQ.06 0.71{!0.05 O.f/!0.06 

1/.IJtfHa 
a7SfO.IJS 

flrp/uYH61U m~IC 0.051:0.06 OJ3t0.0S · 8opwo8a 
0.01{-10.06 0.73t0.05 -o.osto.o6 o.7'"ltaos 

BmoptPI-t' f11P'KU . . 
. . .. . . 

/li./0110 . • -0.2.t,tO.OS 0. 72"!:0.03 Qf5t QIJS 0.7'1tO~OJ Q.2()t0.05 0.1JttJ.03 
·•. 

Bmopuf/HI«m,p«</ . . . 
8apwala -0.22!.Q.OI{ 0.701:0.03 0.07!0.01( 0.73!:0.0i O.f6t0.011 o.if~l.f!3 

Ta611ul#a 2 . 
Cpeouue ·. 31la<Jeuu.R u cpeoueK6aopamu<mble omKAoueuu.R 
011.11 pacnpeoe11euuu no K6aopamy ueoocmaiOUJeu Maccbl 
6 peaKl#UJIX dp-+ppn u dp-+dp . 

.. -

/lytfHa . Bapw_atfa HPIJ·: 

< 11112> (!j8}l 6 (r1l) 2. <HI1•> ftjl)z 6 rr,t]l. o(l'fHl) (r,CjZ ·6(f}l)l 

dp-ppn ~780!0.0012 aoss2ta00f6 0.87#0t0.00f9 QQidiS:t:QDOf3 O.l6!1,ta OOJ5 0.0856tO.OOJ3. . . 

dp-dp 0.Qol{510.0005 0.00911!0.00011 -0.0038!:0.00ff O.OfS7~0.0008 ·Q001tr-0.00fl O.Off8t0.0013l 

;•.:'·· 

} ·~ 

-~ 

. . 

,, 
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Puc. 8 .. :i1MnYAbCHoe u yz;,oeoe.pac.npeoeA(nmR He'uirip01we
c~el(mamopoe-u3 pea1(1JUU dp,-+ppn ·a cucmeMeno'ko:J!Uiez'd-
CR OeiimpOHQ. - - . 

HbiX conocTaBneHHH MO)I(HO BH,neTb ,nocTaTO'IHYIO H,neHTHl{
HOCTh MaTepHana, no3BOHHBIIIYIO npoaeCTH CyMMHpOBaHHe 
pe3yUbTaTOB. 

§4. OIIPE,4EJIEHHE MHJIJIHEAPH-3KBHBAJIEHTA 

·,lJ;nH"Onpe.IJ.eneHHH MHHHH6apu- 3KBHBaneHTa pa3yMHO 6bi
HO Hcxo,nHTh H3- HJaecnioro 'nonuoro 'ceqeiniH · dp ~.aJaHMo-
,neiicTBHH npH 3,3 F3B/c HnH pd npH 1,65 F3B/c. 

-~.. . .· /B/ 
a l.~6 ~ 82.889± 0.())3 M6 

B nonuoe 'IHcno o6pa6oTaHHbiX co6biTHH ileo6xo~HMO 6Lr
no BEecTH nonpaaKy ua noTepH. Peanbuo npHHHManocb, 'ITO 

. cnyqaiiHbie- noTepH no KauanaM nponopuHouanbHbi BKna.naM 
KaHaHOB H 'ITO CHCTeMaTH'Ie,CKHe noTepH COCpe,nOTO'IeHbl B 
ynpyroM pacce.HHHH Ha Manbie yrnbi •. IIoci<onbKY dp - H 
PP -y11pyroe pacce.HHHe nnoxo paJnH'IalOTCH no KHHeMaTHKe, 
npo~o,nHnacb oueuKa cyMMapHhiX noTepb B 3THX Kauanax. 

14 

,lJ;aHHbie no d a I dt ua puc. 3. Ja HcKnroqeuHeM ,nayx nepBbiX. 
. ' . ~ .. ~ . ~ . . . ··~ -' . . . . ~ .. 

TO'IeK HHTepnonHpOBanHCb 3aBHCHMOCTblO 
. . 2 

. f( .) .A·. -(A2t+A3t ) ... t .. e . . 
I . . 

. M~HHMH3anHJ{ MeTO,nOM HaHMe.Hi>IIIHX KBa,npa "I:OB .D.ana . . . . . " . ~ 

· x2·',;.13._9 . ~pH n = 9. 
·A 1 ... 654.5 ± 79.9 

... 

A~ =33.8 ± 3.9 

A
3 

... -89.6 ± 25.1 

IIonpaaKa onpe,nenHnac:b KaK 

. 0,02 0,02 A 
L\Na f f(t)dt-N .. A

1 
f e- 21 (1-A t 2)dt -N, 

0 . 0 3 .. ·.· 

r.ne N .- 3KcnepHMeHTanbuoe ceqeuHe B HHTepaane 0,00 
0,02. Mbi nony'IHnH: · 

L\N ynp. = (25± 5)%. 
ynp. 

HuTerpanbHbiH BKna.n Ja c'leT npeBbiilleH.HH ua.n onTH'Ie
cKoii TO'IKOH B o6naCTH KYHOH- .H,ciepHOH HHTeptiJepeHUHH 3aBe-. 
,nOMO MeHbllle OlllH6KH. . . 

Ilonuoe 'IHcno· co6biTHii ua neuTe cyM:MapHbiX peJynb
TaToB /18112/ 6biJIO yaenHqeuo ua nonyqeuuyro nonpaaKy H 
3aTeM, nocne y'leTa npHMecH npoTOHHbiX co6biTHii /5±2/o/o, 

- nonyqeu. MHJIJIH6apu- 3KaaaaneuT: · · · 
.;;;.wr·". 

·. . ~. 
3 = 4,66±0,15 _M1(6H/co6bzmue. _· -~~ 

§5. OIIPE,4EJIEHHE.CElJ__EHHif PEAKIJ.HH dp ::.ppn 

B nepayro oqep_e,nb uac HHTepecoaa.rio onpe,neneuHe ceqe-. 
HHH Kauana :<¥ ~ppn: ·.B CB~3H c 3THM Ba)I(HO GbiJIO npoaecTH 
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'!-- •• ·.>: 

,, 
··'',.oeuliKy npHMecH a 3TOT :KaHan co cTopoHbi ao3MolKlihlx ·i<oH:..· 

KypeHTOB, a TaiOKe "yxo,n" H3 H3yqaeMoro :Kaliana. · · ' ·;9. 

libinH nporeHepHpoaaHbi npH noMOIUH nporpaMMbi FAKE 
11 

C no.cne,nyroiUeH "H,neHTHI}JHKaUHeii" no npHIUITbiM npaBHnaM 
C06biTHH peaKUHH dp ... ppn H· OCHOBHbiX K_OHKYPHP">:IOI.UHX pp
peaKUHH ,nn.a: peanbHbiX ycnoBHH 100-caHTHMeTpOBOH Bo,no
po,nHOH KaMepbi·. Ilpu 3TOM 3a,naaanocb yrnc>Boe pacnpe.ne-

. -'"neHHe npOT~~OB B CHCTe~~ neHTpa Mace." 
,n~n.a: npHMecH a KaHan ·dp ... ppn ·.oueHHBanacb c yqe-

. TOM ceqeHHH KOHKYPHPYIOIUHX KaHanOB u npHMeCH npOTOHOB 
)~' nyqKe no l)JopMyne: 

a 1 o. 
!). • a I 

I,. a 
dp ... ppn 

1-k 
k 

Ni 
0 t·'"'N' 

r.ne a 
1 

. - .ceqeHue npHMecHoro KaHana B pp npH 3 T3B/c; 
·". ad ... - ceqeHHe KaHana dp ... ppn . /npe.nnonaraeMoe p ppn . . . , .. 

ceqeHue/; N - qHcno reHeplipoBaHHbiX co6biTHii npHMec-
Horo' KaHana; N i - _qucno co6biTHii H3 · i :·ro npHMecH(;ro 

:~·KaHana, npome.numx !)JuT KaK dp ... ppn ; .. k -.non.a:,neiiTpo·.· 

HOB B nyqKe. 
IlpHMecb B KaHan dp ... ppn oKa3anacb oqeHb·· Manoii 

/OKOnO 0,30fo/, B TO BpeMH KaK 6onbWaH ,non~ C06biTHH 
/6onee 160/o/ Kailana· dp ... pp n 'yxo,nHna B. ,npyrHe KaHanbi. 
JihlnO npHHHTO . KOMnpoMHCCHOe peweHHe: .. B. TeX ;cnyqa.a:x, 
Kor,D;a- co6:6ITHe··l)JHTHpyeTCH :Heo,D;H03HaqH:o Ii q)e,nH runo-f'e3 
ecTb p·eaKUHH ·. dp ... PJ>n, 6paTI. TonbK0,3TY rHno'ie3y /aec =1/. 
Pe3'ynLTaTbi reHepaUHH c H,neHTHI)JH:KauHeii no npHIIHToii'npo
ue,D;ype npe,D;cTaaneHbi a ma611. 3. 3,D;eci. :BepxHee qiicno o~ . , I 

... ·a HH>KHee :.. !!. 1 • Bee qHcna ,D;aHbi\B npoueHTax. BH,n:Ho, -qTo 
·YXO,ll; H3 'KaHana COKpaTHnCH ,no 40/o, XOTH npHMeCh B03pocna 
,!1;0 0,70/o. . . 

.. 

IlpH TaKOM no,nxo,D;e Ha ,ll;OJIIO: npoTOHHbiX C06hiTHH npH
wnocb nHWb ue6onbwoe qHcno cnyqaea, pa3yMHO cornacy~
meec.a: -C ceqeHHeM pp II npuMeCblO npOTOHOB B nyqKe. 

"liTO KaCaeTCH ,D;pyrliX dp -Ka.IianoB, TO MO>KHO 3aMeTIITb·,. :~ 
';qTo oHu.pa~.rien.a::ioTc.a:'c KaHano:M · d p ... ppn ,tiocTaToqiiO xopo-: ·· ·· 
wo. T~_KJ,KaHan dp· ... ppnrr0 _xopowo oT,D;en.a:e-Tc.a: no He,D;ocTa
romeii Macce. _Ha puc. 9 npe,D;cTaaneHbi pacnpe.neneHu.a: no 

:",. KBa'.npaTYc,,He,D;OCTaiOIUeii MaCChi· ,D;nH peaKUHH dp ... ppn' H. 

..... ,. 
16 ·-.~: t • 

.. 
.. , 

Ta611Ufla 3 
Pe3yllbmambl zeHepafiUU peaKfiUU dp ... ppn u npuMeCHbiX 
npomOHHbiX KQHQ/108 

~ dp- ·pp_ PP- PP- PP-

ppn pp.JTO pp7To:Ko i>P~n PJI~n7f• l' 
rr 

KUHOAbl 

dp-:-ppn 
96,0 1,5 f,O f,5 o,o 6:37Htf 

pp-ppn• 25 .. 
6 =3,3Mtf o, 21f 

PP-Pp1fOJI 35 .. 

6- O,l!Htf O,Olt 
,{ . . 

pp-p7T~Il 7 
6 .r 13,2HD O,l(f • 

I pp-p7i-t,.,p• 0 
6< 5,6Mcf 0,0 . 

CfiHHOpHUII 
: 

npuMl'C6 _g Q 69'! Q 33 . 
KQ-.Idfk'pPn I I 

dp ... pp2;. 3aWTpHXOBaHI:ta.a: .. qaCTb COCTaBnHeT BCero 
1;30/o OT qucna co6biTHii, HHTepec}'l()IUero Hac KaHana. 

B KaqecTBe al-oporo 'npuMepa Mo~o yK·a3aTb Ha Hel)Ju-
. TupyeMblii KaHan.' dp _. p;+ no. Ha puc. lOa npHBe,D;eH HM~ 
nynbCHbiH cneKTp rr+ ·Me3(>HoB H3 3THX co6biTHH. 3awTpHxo
BaHHa.a: qacTb pacnpe,D;eneHHH, :KoTopa.a: ucqe 3ae T npu HCKniO
qeHHH C06biTHH, r,ne XOTH 6bi O,D;Ha.H3-fHnoTe3 ~dp ... p'pn HnH 
dp-+ppnrr0

• · .Ha puc. 106 npuae,neH cneKTp "-·Me30HOB 
113 peai<uuH: dp ... ppprr-. lb cpaBHeHHH BH,nHo, qTo cneKTpbi 
CTaHoB.a:Tc.a: u,neHTH~hiMH nocne npe,D;naraeMoii npm~e,D;ypbi. · 

_IlpHBe,D;eHHble BbiWe apryMeHTbl B nonb3Y npHCBOeHHH 
paBHoro aeca runoTe3e dp ... ppn Bo acex cnyqa.a:x, Kor.na 
OHa no.a:BnHeTCH, IT03BOnllnH OUeHHTb ceqeHHe 3TOH peaKUHH 
KaK 

ad • 37,2 ± 1;4 M6. P ... ppn .· 
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0.32 

a 

d 

0.96 p rr3l). 
.c 

' 

Puc.'JO. HMnYAbCHblii cneKmp 77 -Me30HO~: a/PeaKijUJI 
dp ... 77+ nn. 6/PeaKI.IUJI dp ... p7i-+nn • 
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3AKJIJOlJEHHE 

B pa6ore noKaJaHbi or..aenhHbiC. Mefo..an'leCKHe oco6eH

HOCTH o6pa60TKH lPOTOrpaliJHH B dp- 3KCllepHMCHTC Ha 

100-caHTHMCTpOBOH. BO.:lOPO..lHOH ll)"3blpbKOBOH KaMepe 

. 0115111. flpH. 'HOM OCHOBHOC BHHMaHHC Y.D.CnCHO BOllpOCaM 

onpc..ae.leHH.H ce'leimil B ycnoBH.HX He6oJihlllOH npHMCCH npo

ToHoB B llY'IKC ..lCHTpOHOB. 
Aarophi 6naro..lapHT 3a noMOIUh B pa6ore corpy.D.HHKOB 

fla6opaTOpHH BhlCOKHX 3HCprHH H fla6opaTOpHH Bhl'IHCJIH

TCJlbHOH TCXHHKH H aBTOMaTH3aUiiH 011Jil1, a TaK)f(C COTPY.Ll." 

HHKOB BaplllaBCKOro )"HHBCpCHTCTa II liHCTHTyTa .ll.D.CpHbiX 

HCCHC~~lBaHHH /BaplllaBa/. 
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Pyi<onnch nocrynn.D.a B nJ,naTeJILCKHii OTACJI 
27 .D.eKa6px 1973 ro.LJ.a. 

Y CJ10B~UI o6MeHa 

llpenpHHThl H COOOllleHHji OJUIH. pacChlJIUIOTCH 6ecn.rraTHO, Ha OCHOBe 

BJaHMHOrO OOMeHa, YHHBepCHTeTeM, HHCTHTyTaM, Jia6opaTOpHj!M; 

6H6JIHOTeKaM, Hay'IHLIM rpynrraM H OT;:leJibHLIM y\feHLIM 6onee 50 crpaH. 

MLI mKHAaeM, 'ITO rronyqarenH HJAaHHii OH.RH. (iYAYT caMH npoHs

JIJITh HHHUHaTHB}' B 6ecn.naTHOH IIOChiJIKe U}'OJIHKaUHH B )J.y6Hy. B IIOPliAKe 

OOMeHa npHHHMaiOTCji Hay\fHbie KHHrH, )l(ypHaJlhl, qpenpHHTLI H HHOro 

BH.:la ny6nHKaUHH no reMa THKe OHRH.. 
EAHHCTBeHHhiH BHA ny6JIHKaUHH,KOTOPLIH HaM rrpHChiJlaTb He CJieAy

eT,- 3TO penpHHThi I OTTHCKH era reii, y)l(e ony6nHKOBaHHLIX B Hay\fHLIX 

)l(ypHanax/. 
B pl!Ae cnyqaes Mhi caMH o6pamaeMCll K nonyqaremiM HaWHX HJAa

HHH C npOChOOH 6ecrrJlaTHO. IIpHCJiaTh HaM KaKHe·JlHOO KHHrH HJIH 

BhliiHCaTL Jl,Jlji HaWeH OHOJlHOTeKH Hay'IHhie )l(ypHaJibl, HJJI,aiOlllHeCji B llX 

crpaHax. 

0TAeJibHbie 3anpocbi .. 

JiJAaTeJILCKHH OTAeJI e)l(erOAHO BLIIIOJIHjieT OKOJlO 3 000 OTAeJILHLIX 

JarrpocoB Ha BLICbiJlKY rrperrpllHTOB H coo6meHHH OH.JIH.. B TaKHX Ja• 

npocax cne_i:lyeT o6j!JaTeJlbHO yKaJbiBaTL HHAeKc · JanpawHBae~oro 

HJAaHHll. 

AApeca, 

IlHCLMa no seeM sonpocaM o6MeHa ny6nHI<aUHHMH, a Tai<)I(e Janpo-

Cbi Ha oTAeJILHbie HJAaHHj! cne.nyeT HanpaBJlliTL no aApecy: 

101000 MocKea, 
FAaBHblii nottmaMm, n/JI 79. 
H36aMeA &cKuii omaeA 
06oeQUHeHH020 UHCTilUTIIYTIIQ 
JIOepHbiX UCCAeooeaHiiii. 

AApec Jl,Jlji IIOChi]JKH BCeX ny6JlH[(aUHH B IIOPIIAI<e OOMeHa, a Ta[()l(e 

AJlll 6ecnnaTHOH nOAIIHCKH Ha Hay\fHLie )l(ypHaJibi: 

101000 MocKea, 
F IIQ6HbiU nottT!IaMm, n/ J! 79. 
Jlay'IHO•meXHU'If!CKQJI 6u6/IUOMeKa 
06oeOUHeHHOZO UHCMUMyma· 
JIOepHbiX UCC/If!006QHUU: 


