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Bsamio~ettCTBRII qacTJm. BHCORIDC 8Heprmt C ,mpaMH MOI'YT 

CJIYlltHTb HCTOqHmtOM l!H~OpMa:ttHH O MexaHH3Me B3aHMo~ettcTBRII C 

m:l:POM, 0 B3aHMo~ettCTBRIIX aneMeHTapHHX qacTJm HO CTPYKType 

m:i;pa. Ilpn nc9ne~OBaHHH B3aHMo~ettCTB:irlt C TaKHM npocTelmHM 

H xopomo H3yqeHHHM mJ:POM ,RaK ~ei1TpOH, pasyMHo cocp~OTO

q:e:TLCH Ha nepBHX nyx Bonpocax. 3HaHHe BOJIHOBoii WHKqnn 

~ei1TpoHa H HMelOlllHeCH CB~eHHH O CTMKHOBeHHHX HyKnOHOB no

MoraIDT 6nHllte no~olTH K npoBepKe CYmeCTBYI<XIIIDC MO~Meii HYKnOH

m:i:epHoro B3aHMo~effcTBRH, TaKmc, HanpHMep, KaK MO~ML rnay6epa. 

lfocne~OBaHHe HyKnOH-m:i;epHHX B3aHMo~ei1CTB:irlt OTKJ)HBaeT 

B03MOlKHOCTb nsyqeHHH B3aHMo~effcTBHH HYMOHOB C HecTa6HnLHHMH 

qaCTJmaMH, HMeIDruHMH BpeMeHa lKH3HH llOpH~Ka m:i:epHHx. 

IlpoqeccH, :imymne c pa3BanOM ~elTPOHa H conpoBollt.naIDruHecH 

nepesapsmKol, ll03BOnHIOT nonyqHTb ~OllMHHTenLHHe CBe~eHHH 0 
.,, 
ponH cnHHa B npoqecce n,p-pn nepesapm:i;Kn. 

3Kcnepl'IMeHT, o KOTOpOM :imeT pe% B ~HCCepTaqnn, 6Hn HaqaT, 

KOr~a CTMa oqeBB;ItHOI B03MOlKHOCTb ycKopeHHH m:i;ep Ha CRHXpO

~a30TpOHe Ia60paTop:im BHCOKIDC 8Heprmt U6~e~HHeHHOro HHCTH

TYTa m:i;epHHX nccne~oBaH:irlt ~o PenHTHBHCTCKHX 8Heprmt11/. 

IlonyqeHo 200 000 <fiororpaqinll B cenapnpoBaHHOM nyqKe 

~eRTpOHOB HMIJynca 3,3 raB/c Ha I00-CaHTlfU8TpOBOR nyaHpbKO

BOii KaMepe ~3 ol1Hlf'2/. McnonL30BaHHe TaKoro HeynpaBnHeMoro 

TpeKOBoro ~eTeKTOpa, KaKHM HBJIHeTCH BO~OpO~HaH ny3HpbKOBaH 

KaMepa, oOycnoBneHo pll,ltOM-npnqnH. Bo-nep'.!3Hx, Heo6xo~HMOCTLID 

Ha6nlO,IleHHH npoqeccoB c qncnoM qaCTJm B KOHeqHQM COCTOHHlm 

6onee ~Byx B ycnommx 411-reoMeTpmI. BO-BTOJ)HX, llOCKOnLKY 
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Bo;n;opOJIHaH KaMepa O,Il;HOBpeMeHHO JIBJIHeTCH ll MlillleHI>ID ll .neTeKTO

poM, BOSMOJKHOCT!,ID o6ecne'IHT!, MllHllMaJil,Hlle llOTepn co6HTd c 

MaJ!llMH nepe)laHHHMU IlpOTOHY OT,naqn IIIVJlyJII,CaMn. 

i·,.eTo,nrma 06.7IY'I8HilH BO.ztOpO,nHcii KaMePH Jl8iiTPOHaMH l!MeeT 

HeCO!i,Uiemme npeilli.YmeCTBa nepeJI 06.7IY'Iemi:eM .n:eiiTepHeBoA xa

MePH npOTCHarv:u H3-3a 60Jll>mmc HMilYJILCOB npo.nyKTOB qlparMeH

Tanrm, KOT0ptl8 xoporuo imeHTlll)llIUIPYIDTCH. E.naro,n:apH 3TOMY, IlOH

BM8C!, BOSMOllU!OCT!, ;n;eT8JII,HOro H3y'Iemm npn Bl:lCOJ:mx 3Hepr.lUIX 

pJI.Ua peaKnID'i, Taimx, uanpt!Mep, KaK ctf'--PPn., • 
EcTeCTB8HHHM Ha cero,nH.fI!IIIUrii ,ll8H!, He,llOCTaTKOM TpeKOBl:lX 

llpH60pOB HBJ!HeTCH 60JThmaH Tpy,llOeMKOCT!, o6pa60TKH llOJcy'IeHHOH 

:irnipopM8nHH, VT MOMeHTa sanetJaTJieHlffi'. CJie,llOB B38HMO,lleftCTBM 

Ha qJOTOilJl8HKe ,llO nQJIYtJeHHJI qJH3HlJ8CKIDC pesyJ!J,TaTOB JieEHT 

neJiaH no.rroca o6pa6oTKH: llpOCMOTP llJieHKH n OT60p co6HTd, 

HSMepemm, pactJeTH no CHCTeMe nporpaMM MaTeMaTU'IeCKOH o6pa-

60TRH Ha 3BM, imeHT~HKanM C06HTmi H T.,n. 

B 3TllX YCJIOB!fJIX ,I(JIH perueHlllI sa,naq 3KCnepHMeHT8Jll,HOH qlH3llKH 

Ha COBpeMeHHOll ypomrn Tpe6yeTCH KoonepnpOBaHHe CM HCCJie,no

BaTeJiefi, a TaKme ycoBepmeHCTBOBaHH8 o6pa60TKH, B qaCTHOCTH, 

nepexc.n Ha /1BTGr.mTHtJ8CKHe CliCT8MH, 

OnHCHBaeMl:lff 3KcnepI!MeHT C CaMOro Ha'IaJia npoBO,Il;HJICH B 

COTPYJtHH'I8CTB8 C qJHSHKaMH BapmaBCKoro YHHBepcue:ra H liHCTH

TYTa JI,UepHHx nccJie,noBamrn /BapmaBa,IlHP/. 

1ITO lite KacaeTCH 3ipp8KTIIBHOCTH o6pa60TKH, TO .nnccepTaHT, 

nporue,nruID'i nyT!> K ,naHHOMY 3KCnepllM8HTY qepes yqaCTHe B coopy

lK8HHH BO,nopo,nHoii nysl:lpI,KOBOtt KaMeptl, B CBoe BpeMJI CaMO:lt 

KPyIIHOll B CCCP H CTpallax-ytJaCTHHnaX OIDilf, noCTOJil:IHO IIMeJI B Bll)zy 

H806xo,nl!MOCT!,. nepexo.na Ha 8BTOMaTR3HJ)OBaHeyD o6pa60TRY. 

B CB83H C 3TID! 3rutna.ztl:lBMHCL COOTB87CTBYJ)~He H,D;en npn 

paspa6oTKe n OCYmecTBJieHnn CHCTeMl:l ocBememm KaMePH, o6ecne-
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'IHBIDI1e ,nOCTaTO'IHO CTaH,napTH08 KatJeCTBO nso6pamemm, BB0,nwrac1, 

CHCTeMa MapKnpoBKH Ka,npoB. 

EHJia npoBe,neHa MeTO,nHtJeCKaJI pa6oTa no n0.7IYaBTCMaTlfCI8CI{OMY 

H3MepeHIBO HOHll3annoHHHX n0Tep1, Ha CJie,nax 3apH)K8HHHX '!aCTHn. 

B peayJII,TaTe npe,nnpHHHTHX KOJIJieKTHBaMH Jla6opaTop1m BH

COKHX 3Heprm1 JI Jla6opaTopm1 BH'IHCJIHTeJII,HOil 'l'8XHHKH H 8BTO

MaT1rnanHH ycnJIID1 llJleHKa, 3KCnOHHpOBaHH8.ll B 3TOM 3KCnep1menTe, 

noC.7IYlUIJia MaTepH~OM, Ha KOTOpOM 6HJill sanYmeHl:l CKaHUPYIDlllHe 

aBTOMaTINeCKHe npn6opl:l JIBTA / HPD n Clll!paJl!,Hl:lll H3MepuTeJI!, /. 

IlOJIOBliH8 co6HTmi 3KCnepIDileHTa 6HJia HSMepeHa Ha HPD. 

nn:ccepTanM COCTOHT H3.CeMH rJiaB. 

IlepBaJI rJiaBa noCBJIII!eHa OT.IJ;eJII,HHM BOnpocaM cos,naHil.iI 100-Cal!TH

ueTpOBOlt Bo.n:opo.n:Holt nysl:lpLKOBOlt Ka.Mepa. C ~enbD ynyqweHH8 

Ka'IeCTBa qlOTOrpaqinfi Ha K8Mepax C aBTOKOJIJIID118nnomro'fi CUCTe-

MOll OCBemeHM dHJI paspa60T8H OTpalKB.ID!Ilmi npHSMaTWieCKd 

paCTp HOBOro Tnna/3,4 ,5/_ Pa6oTa pacTpa OCHOBaHa Ha npHH-

nnne nOJIH□ro nHyTpeHHero oTpal!teHM Ha rpamme cTeKJIO- xm.n-

Kd BO~opo.n B pa60'IJIIX ycJIOBI!JlX nysHp!>KOBOH KaMepH. 

81tcnepllMeHTl:l no H3Mepemm HH,nHKaTpHcH paccem1M cBeTa Ha 

nysHpI,Kax B lKH;n;ROCTH, no nsMepemno noKasaTeJIH npeJIOMJiemm 

lKH,ll;ROro BO~Opo~a B pelKHMe xaMeptl llOMOrJIH o60CHOBaTI, BH6op 

reoMeTpllH ll MaTepmua 3JieMeHTOB paCTpa. Xo,n JIY'Ieil B llpU3Me, 

KpmiHe OTpalKeHM H npHHnmJ. pa60TH 3JieMeHTa npU3M8TWl:eCKOro 

paCTpa llOJIHoro BeyTpeHHero OTpaxeHlllI noKa3aHH Ha pnc.I. 

El:lJlo BH6paHo CTeMo Tnna ER-IO c noxaaaTeJieM npeJIOMJieHM 

I,5689, KOToputt o6ecnetJnBM yroJI no.rrHoro BeyTpeHHero oTpa-
o ' <, ' 

xemm-x.44 • .ll.JIH reoMeTplm 100-Cal!THMeTpOBOlt BO.ztOpO~Holt · 

nyslipLKOBOlt Kauepl:l K03cpglHIW8HT ocna<lnemrn MHHMl:lX /sepKaJILHl:lX/ 

HsodpaxeHHlt coc:rrurnn oKoJio 5, 'ITO c yqe:rou pacrpoKycnpoBKH odecne-

'IMO 10-KpaTHOe no;n;aBJieHHe MHilMl:lX nao6palKeHmi. 
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Pnc.I. a/ xo~ JIYtJeil B Ilpll3Me IlOJIHOrO BHYTpeHHero OTpa

lKSHM, 

6/ Rp:m3H8 OTpaJKeHWI CBeTa npH3M8THtJeCRHM 3JieMeH

TOM ,ItJIJI paMll'IHOil BM:il'IHHH OTHOWeHRII IlORa3aTM8H 

npeJio~eHWI CTSRJia npH3Mll H lltlUlROro BO,nopo,na B 

pa6otimc ycJioBrurx: no,nopo,nHott RaMeJJH, 

B/ cxeMa no,naBJieHRII MHHMOro H306paMeHRll 8JI9M8HTOM 

paCTpa. 
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CxeMa OllTliIRH Bo,n:opo,nirnil ny3HpI,Ronott RaMeJJH JIB:3 OIDU! 

llORa3aHa Ha pnc.2. ~OTOrpa<pnponaHne ne,neTCH D T9MHOM llOJie. 

Ocnememre RaMepH Ilp0ll3BO,ll;HTCH Tpewr HMny~CHllMll JiaMllaMn 

lffK-50. Mso6paMeHHe HCTOtmHRa CBeTa pasMell{eHo B MOCROCTH 

DXO,UHllX 3pa~on qJOT006'beRTllBOB H B ~eHTpe 6asncHoro npm,10-

yr~ruma pasMepoM 500MM Ha 3IOMM, tJTo o6ecnetinnaeT Mrurnn 

,nnanasoH H3MeHeHHH yrJia Me:amy na,naranm.i /nocJie OTpaJKeHHH/ 

Ha Ily3llpeR JlytiOM CBeTa n HanpaBJieHHeM Ha o6~eRTl!B. 

lf.am,Hefimee llOBHmeHne RatJeCTBa CHHMROB ,llOCTHraJIOCI, BBe,n:eu.reM 

RpaCHoro (pMI>Tpa /KC-IO/, ROTOJ)Hff YM8HI,maJI XPOM8TH3M ll30-

6pa:m:emu1 K lf)oH pacceirnaor·o CBera/61. n npm.ieHeHHOM pacTre 

o:rnomeHiie IDJ;!})HHl1 3Jl9M8HTa K ero B11core COCTaBHJIO 2:I, llTO 

Il03BOJIHJIO o6oilTHCb ~JIR IOO-caHTHM8Tp0BOil KaMepu Boero 

BOC9!\,lI,JO 8JieMeHTaMn. TeXHOJIOrHtJecxne npeIIMY1119CTBa CBH3aHU C 

OTCYTCTBUeM R8RHX-JIH6o llORJ'.)HTID! H ,UOJirOBpeMeHHOCTb!O CJIYlK6H. 

noCT8TOlffiO CRaSaTI,, tJTO 683 3aMeHH 3JI9MCHTOB paCTpa 6HJIO 

llOJIYtJeHO 60Jiee O,UHOro MRIIJIHOHa (pOTOrpaipm!. 

Bo BTopott rJiaBe .nnccepTa~ paCCMOTpeHll OT,ll;eJII,HUe MeTo

,D;HtJeCRHe Bonpocu o6pa60TKH CHHMROB. Pa3BHTHe o6pa60TRH CHHMKOB 

co 100-CaHTHllerpoBoa BO~OpO~H08 nyaUpbKOBOll K8.Mepu WJIO napa.JI

JIMI,HQ C pa3lntTll9M H3MepHT9JII,HOft H BlltJHCJIHTeJII,Hott 6a3H 

Jla6opaTOpID'I DlltJIICJIKTeJII,HOff TeXHmm II anTOMaTnaar.um CllHH. 

Yge npn o6pa60TRe nepnoro axcnepHMeHTa Ha aTott RaMepe /.ip -
B3aHMo,n:ettcrnrm npn 5 I'aB/c/ ClHJia ncnQJI1,3onaHa cncTeMa a,n:an

TnponaHHUx. nporpar,1M [ER.ti//? ,B/ Ha :3BM CJlC-I6G4A /THRFJI-(, 

GtUfV.2), SLICt?, SU/\f)( I n 61:lJIH npone.neHll MeTo,n:1ftJecxue 

nccJie,n:onaHIUI, ROTopue· noxasamr, tJTO napaMeTJJH RaMep!l Rax 

qJH3HtJecxoro npn6opa Haxo,n:HTCH Ha YPOBHe OllTHMaJibHHX ,llJIH 

YCTaHonox Ta1rnrc KJ1acca19/~ 
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Ix 
CxtMa onmuKli H!!llpoftou tooopooHOii nY31,1p1,Kotru mMep11 /ll3 IUll1 

Puc .2. CxeMa onTmm I 00 -CaHTHMe:rpoilon · BO,llOpO,llHOlt 

KaMepH. 

C-03 - TPR m,JtyJII,CHHX JiaMIIll nma M<IB-50, 

C-05 - noJieBa.lI ,nna{j)~rr.,a c BHc-rynal'.ra ,nJIH 

qacTliI'!lIOff 3KpaH:HpOBKll 6JIYIKOB, 

C-10 - 3JieMeHTH npnsMaTlf'JecKoro pacTpa. 
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HaqaJio d,p -::!Rcnepm.ieH:ra coBI1aJio no BpeMe1rn c HaJia,noq-

HHM 3TallOM Ha CK8HllpYJOllleM 8BTOMaTe HPD, a 38BepneHne - C nyCKOM 

CllHpaJll,HOro H3M8PRTeJI.II. 

no nocJie,llHero BpeMeHH 100-CaHTHl!etpOBaR Ka.Mepa <lHJia 8,llHHCTB8HHOlt 

B OIDIH Kallepolt, 06ecnetmBaDJ118lt ,llo'ctaTOIIHO BllCOKOe KalJeCTBO H300-

paxeHHH H He06XO,llHl!YD cnyxe6HyD HH~OPMclUHD. Il03TOMY BnOJIHe ec

:reCTB8HHO, IJTO Hl!8HHO Ha OCHOBe CHllMKOB dp-3KCnepIDl8HTa npOBO.llH

JiaCb HaJIMKa H onpo<lOBaHHe HOBHX CHCTeM/IO/_ Ha p11c.J npHB8,ll8Ha 

cxeMa o<lopa60TKH, OXBaTHBanmaa TpH HCilOJib30Ba.HH!le npH H3MepeHHJIX 

B Jiy6He CHCT8Mll. 06paJ11aetca BHHl!aHHe Ha BaJICHOCTb npOB8,ll8HHH npH 

H,neHTHf)mtaIUIH C06llTmt HOHH3aIUIOHHHX H3MepeHd, OllRCaHa IlOJIY-

8BTOM8TR'l8CRa.lI npll:CTaBKa lt Ml!KpOCKOny lviEH-9 ,JlJIJI TaKHX 

HOHH3clUHOHHHX H3MepeHHlt, Il03BO~HBmaa ynpOCTHTb H 3HalJHT811bHO 

ycKopHTb 3TOT TPY.llOel!KHlt npouecclll/. 

TpeTL.II rJiaBa llOCBJlllleHa llOCT8HOBKe H MeTO,nHKe d.p -3KCilepli

M8HTa. 3,necb paCCMOTpeHH HeKOTOpHe npellMYUleCTBa pa60Tll B 

ny~ax peJJJtTHBHCTCKHX smep. Pa3BHTHe YCKOPHTeJibHOff TeXHHKll 

npHBeJIO B nocJie,nHee BpeMII K nOJiyqemm BllBe.neHHHX nyqROB 

smep c .noc:ra:roqHQ 60JII,mon HHTeHCHBHOCTblO H BllCOROli CTeneHLJO 

MOHOXpOMaTH'IBOCTR. IlOHBHBmHeC.II B03MO~HOCTH ll03BOJI.IIDT, C O,JlHOff 

CTOPOHH' npo,nBHHYTbCS Ha nyTH Tpa.n~OHHHX HCCJie,noBaHHff' a 

c ,llpyrolt - pemHTL HeKo:ropee HOB!le sa,naqlf12/. 

Ilpn B38HMO.neffCTBRH lla,JlaDroero smpa ~ IlOKOJil!lHMCJI HYJ<JIOHOM

MllllleHb!O B03HHRaIOmHe npO.nYJ<TH i{JparMeH:raum1 HMeJOT 60JII,l1Ine CKO

poCTH, IJTO Il03BOJI.IIeT Ha,Jlelll'.HO HX perHCTpHpOBaTb. 3TH wparMeHTH 

/ Hanpm.iep, npH CTOJIRHOB8HHH He4 C npoTOHOM/ npno6peTaIOT 

".nnc1<pe:rHHe" sHa11emm HMilyJILca, q:ro c y11eToM sapsmoB Be.ne:r K 

",nHCKpeTHllM" 3HalJeHHHM KPHBH3H TpeKOB B MarHHTHOM nOJie /H3 ,p/ 

ll K ,JlllCKpeTHllM ypoBH~ HOHH3aIUIOHHllX no:repb /He3 ,H3/. 
BosHHKaJOT oco6eHHO xopomne ycJIOBHH ,nJI.II Ha6JIIO,neHH.II n 
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:imeHTnqJmcarum n;nep-ocTaTKOB B peaKill'ISIX KBa8nyllpyrorb BH6H

Bamm. YKasamwe npHlIHHH fiO8BOJilJJIR HaM BnepBHe np:a BHCOKHX 

aHeprWIX 'AeT8JThHO nccJie'AOBaTL onHY ns npocTenmmc peaKuml 

dp--p pn, B ycJioBR!Ix ~reoMeTpnn. IlOJIYtJeHHe HoBon sKcne

PID>leHTam.Hott HH~OPMB.UHH O npoueccax.A/x,xp/A' C TpeMSI tJaCTH

uaMR B KOHetJHOM COCTOJIHHH TeM 60Jiee BalltHO, T.K. no cerO'AH.fI

mHero nH.fI HMeIDTCR TPY'AHOCTR RX TeopeTHtJeCKOro onncaHM. 

IlpmleHeHHaR HaMR MeTonHKa H 6om,mon MaCCHB o6pa6oTaHHHX 

co6HTmi - 50 000, H8 KOTOpHX OKOJIO 20000 COCTaBlJJIH co6HTM 

peaKURH J.p ... ppn., fiO8BOJilJJIR npO'AOJilKRTL HCMe'AOBaHM peat(llml 

K:Basnynpyroro BH6eaiiru/13/. IlpHBe'AeHHHe Ha pnc. 4a H 46 pac

npenMeHR!I m.mym,ca H8flTpOHa B saBHCID>lOCTR OT,HMfiYJII,COB npo

TOHOB H yrJia BHReTa HYRJIOHOB B 8aBHCHMOCTH .OT RX m.mym,ca B 

CHCTeMe llOKOR nei!:TpOHa .MR' peaKrum c/p-rppn.. HarJIRnHO neMOH

CTPHPYIDT BO8MOlltHOCTH 3KCnepm.,.eHTa. 

PaCC!,!OTpeHH BOUpOCH . opraHHsarum COTPYnHHtJeCTBa no o6pa-

6OTKe Ma.TepHaRa, cosnaHR!I KaHMa cenapnpoBaHHHX nei!:TpoHoB/I4/, 

npoBe'AeHa oueHRa napaMeTpOB llOJIY'IeHHoro nyqxa / p=S,33:t. 

o, 08 rsB/c /. Y'AeJieHo BHHMaHne cyMr.rnpoBamno pesym,TaToB 

H8MepeHm!, npoBe'AeHHHX B pa8JIH'IHHX Jia6opaTOpR!IX H Ha paMHtJHHX 

npn6opax. C ytJeTOM noTepb npH npoCMOTpe H H8MepeHR!IX co6HTHii 

nepBcii aKcnosHl.l1rn /18 II2 CRyqaeB/ nQRYtJeH MMRn:6apH-3RB:l'l

BMeHT / 3:4,66± C,15 MR6H/co6HT:l'le;/15 •16I, cmiJiaHa oueHRa 

'IHCTOTH BH~eJieHWI OTnem,HHx peaKUHH :l'l llCJIY'IeHH HX cetJeHR!l: 

G'::d -p-pp,t, -
G', -
"'P-fpmr• -

';f';,2! I,4 

II ,2 ±. C,,4 

s~ ... prr~.,,.. = I7 ,o :t c,6 
li;;jp-PPP"- = 2 ,2 :!: 0 2 
6" O/). ' 
tlp-Jprri= 2?6~24 

<Yr,'ll.; 
'(~I¾ 

G.1o 
1Z. II -
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Pnc .4a. I'&;my.m,c HefiTpOHa B saBHClIMOCTH OT lIM!lyJII,COB 

npOTOHOB B CliCTeMe TIOROH .nefiTpOHa. 
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Pnc.46. YrOJI BWieTa HYKJIOHOB B 3aBHCl!MOCTH OT RX 

1™1Iy.m,ca B CliCTeMe TIORM .nefiTpOHa. 
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OTHomeHne cyympHoro Bl:lxo.na sapmteHHHX 11-MesoHOB R 

HeitTpaJII,HllM 6wxo TIOJiytieHO paBHllM I, 9 ±. 0,2 B corJiac:mr c 

Tpe6oBamreM U30TOTilftl8CROf! mmapl!aHTHOCTl'l. 

qeTBepTM rJiaBa saHHMa.8T neHTpaJII,HOe M8CTC B pa6oTe H 

llOCBSlllleHa ,ll8T8Jll,HOMY aH8Jlil'.3Y peaRnIDI d.p--ppn.. , rJiaBHHM 

o6pa30M llpgMOMY pa3B8JIY .nettTpOHa. 3Ta pearoma: COCT8BJIHeT 

42% OT DOJIHOro C8'18Hllll c/.p -B3aHMO,ll8HCTBml npn mmy.m,ce 

.neATpOHOB 3,33 raB/c. KpaTRO onncaH pasBaJI .nef!TpOH8 B MO

,ll8JIH rJiay6epa 6e3 yqeTa CllHHOBl:lX aqlq)8RTCB. IlpoBe.neHH He-

06XO,IUIMHe ,llJIH llOCJI8.nyJJl!UtX pacqeTOB napaMeTpnsan:mr BOJIHO

BOtt ipyJIRUHH .nelTpOHa, ~opMiJaRTOpa n aMilJIHTY.Il HYRJIOH-HYRJIOH

HOro pacceHHHH. B tJ8CTHOCTR, 6eccnHHOBHe aMIIJIHTy.nH ynpyroro 

pp...n t,.p -paccesm:M nap&leTPH30BaJIHCJ, B B~e 

~(I:.)= 1· (~ +l)exp{f ~-t)/ j=p~n. • 

IlOJIYtieHHHe aRcnepm.1enTaJil>HHe pacnpe.neJieH:im: no yrJIY BWieTa 

HYRJIOHOB-CTI8KT8TOPOB B CHCTeMe llOKOH .nettTpoua ,llJIH peaKUHH 

dp-ppn .nocTaTotJHo xopomo corJiacynTCH c pac'IJeTaMn B paM

Kax m.my.m,cuoro npR6JIHllt8HRll C llJIOCKl!MH BOJIHaMH npn y'IJeTe 

ue60JII,!UOH ,llOJIH B03MOlltHOrD 8KCnepHMeHTaJil>HOrO nepenyTHBaHRll 

cneKTaTopa n BTOporo Me,ItJieHHoro HYKJIOHa/17 ,rs/. CneRTaTop 

onpe,lleJlllJICH,RaK caMHit Me,ItJieHHHtt HyRJIOH B cl-cHCTeMe. 

Ha pnc.5 llOKasaHH 8KCDepm1eHTaJil>HHe pacnpe.neJieHM IIMIIYJil>COB 

npoTOHO~cneRTaTopOB ,llJIH B3aHMO,ll8HCTBml llpgMOro pa3BaJia H 

pasBaJia c nepesaps;nKott H pactieT c BOJIHoBoit ~nnen rapTeH

xaysa-MoPaBtim<a. 06pamaeT Ha ce6.11 BHHMaHHe cyiuecTBeHHoe 

npeBHllleHne qHCJia 6HCTPHX cneRTaTOpOB Ha,ll pactieTHHM, oco6eHHO 

B peaRUHH C nepesap.smxon. O~HO H3 B03MOlltHHX 06'I,JJCHeHni1 CM-
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Pnc.5. PacnpeJteneHHe llMilYJII,COB npoTOHOB-Cil8KTaTopoB: 

i 
I.!:! 

I 
~l'c 

P:1tc.6. 

IlYHRTHP - IlpJIMOfl pa::maJI. CDJIOO!Hall rRCTOrpaMMa -

pa3BaJI c nepesaJ)JI.ll:Roil. CnnomHaH nmum - pactJeT 

C BOnHOBOfl <PYHRURefl rapTeHxaysa-MopaBtJHKa (III). 

•o 

~IOAbTEH 

.J?' 
A66 ' 
fAUCt t I 

fill I 
O~P H !l6Y~P. 

MHTfPl!I tPHWITEPblllllll i 
i I f 

I If I 

-02 -0.1 -46 
tcfa~cl 

-ot. 

3aBRCHMOCTI, JtHqqJepeHU~I,HOro cetJeHM peaKUHH 

"-f,-ppn.. /npm.!Ofl paSBaJI/ OT KB8,D;paTa 4-HMDynca, 

nepeJtaHHoro npoTOHY-Mlllll8HR, H pactJeTH C paMR'J

HHMll BMHOBUMH qiymtUKIIMR. 
14 

p ----~---ti 
I 

x: Iv 

cl ' 
Iv 

3UBaeTCR C ~narpawon R peSOHaHCHUM•XOnoM cetJeHM peaRUHR .,,.rd--pp. 

Il~tJ8HH8JI B 3RCDepHM8HTe,saBHCHMOCTI, nnifxIJepeHUHaJII,Horo 

cetJeHM npHMoro pasBana JteflTpoHa OT RBa.n;paTa nepeJtaHHoro 4-HM

ny~i,ca /pnc.6/ YltOBneTBOPHTeJIJ,HO cornacyeTCH c pactJeTaMH no 

MOJtenn rnay6epa 6es ytJeTa cnwa nna pasnwnmx BHnOB ~opMlJaR

Topa JtettTpoHa/1 9/. 

IloJtp06HO HSytJeHO llOB8lt8HHe xapaRTepHUX nnocKOCTefl peaRUHH -

DJIOCROCTR pasBaJia JteilTpoHa, nelKB.mefl Ha BeKTopax HMDyni,coB na,n;a-

1D111ero ,nel,!TpoHa: :e: HYRnOHa-cneRTaTopa /B na6opaTbpHOfl CUCTeMe 

ROOPJtmiaT ~ CRCTeMe IlOROHmeroCH npoTOHa-Mllll!eHR/,·H DJIOCROCTH 

KBasnynpyroro pacceHHM. PacnpeJtMeHM no yr~ Me,my HopMaJIHMH 

R BTHM nnocROCTHM /yrOJI TpeftMaHa..JiHra/ IlOKaSHBaIDT 3HatJHT8JII,Hyn 

acHlv!MeTpHID, CBHsamzyn C MaJJlJMH nepeJtaHHUMH HYMOey-r.ull!leHH 

4-HMDYJII,CaMH/20 ,211. AcHMMeTpM CR/ll,HO SaBHCHT OT HMDynca 

cneKTaTopa B cl-cHCTeMe H npH H8ROTOpOM ero 3HatJeHHH MeHHeT 

3HaR /CM. pHC. 7 /. IlpoBeneHHUe M8TOJtOM !JOHTe~Kapno pactJeTU B 

HMDYJII,CHOM npH6nHllteHHH C HCllOJII,30BaHH8M npn6nID1teHRII llOJlllOTJl 

noRaSaJIH, 'ITO Ha6JIIOJtaeM8JI c:wn.HaH xoppMHUM DJIOCROCTett B 

IlpHMOM pa3BaJI8 neflTpoHa CBH38Ha C ROHRypeHuneff ynpyroro Ra

HaJia /d,p-d_p/ • 

llirTrur rnaBa JtRccepTau:e:n nocMU1eHa peaRunn: dp-ppn., 
C nepesaJ)SI.IlRofl. IlpeHMYmeCTBO RCilOJlI,SOBaHM Jt8flTpOHHOro nytJRa 

3Jt0CI, HaR6onee OtJ0Bl!;ltHO, T.R. B Taxofl IlOCTaHOBRe Oill:lTa 

B pe3YJII,TaTe peaRUHR C nepesaJ)JI.ll:ROI BOSHHKaIDT nBa 

6HCTpHx npoToHa. Il~tJeHHoe-JtuixpepeHUHaJII,HOe cetreHHe peaRUHH 

dp -ppn. c nepesaJ)S;ItRofl /pRc.8./ noxasHBaeT npR 

15 
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Pnc. 7. 3aBHCHMOCT1> acHMMeTpHH pacnpe,nenem1ff no yrJIY 

TpettMaH8..Jl.Hra OT lilMIIYJil>C8 cneKT8TOpa npH M8JIHX 

nepe,naHIIHX lilMilyJil>C8X. 

52 
dp-<ppJn 
.~pe:Sa.pQ.91<0. 

"" \ . 

1 :;IIHull 1 t I f I 
!g~ 

12 

4 

o.ot OJJZ o.o., o.o, o.o5 o.06 0.01 o.o& 
-i1M,1c)2. 

PMc.8. 3aBHClIMOCT:E. ,nnqxflepeHI(lmJll,HOro Ce'leHlUI peaxmm 

C¥ ... ppn. c nepesapir,iurntt OT RBa,npaTa 4-m,myJII,ca, 

nepe,naHHOrO HeffTPOHY OT npoToHa-MJmleHH. 

16 

MaJiliX ltf cymeCTBeHHOe OTJIH'IJile OT paCtieT8 ITO MO,ItMJil fJiay6epa 

6es yqeTa cmrna. 

B pB;ne TeopeTH'leCRIDC pa6oT 6HJIO llOK888H0/
22 ,23

,
24/, 'ITO, 

6Jiaro,napH CBOHM RB8HTOBHM tIJilCJiaM,.ItellTPOH MOllteT CJIYlltHT:E. 8H8JIH-

88TOPOM CillilHOBOll 88BHCHMOCTH :meMeHT8pHoro nponecca 11,p--pri • 
AnqxflepeHr.nmm,Hce cetieHRe nepesapB;nKR Ha .nenTpoHe MOllteT 6HT:E. 

BH~eHo cyMMon: ·l heJ< 

(
do)'"eic . (d~)" u 1 · /J.of di cl. == (-(-s(t)) "J1 + {-1- 1 s (tJ)ld~l.t.' 

1~-)~~ 1 r.ne llt i. - -qacT:E. ceqemm np- pn. nepesapH,ItKH, He saBncmnaa 

oT cmma. 

BRJia,n Cilmt-He88BHCffil{eH qaCTH _aMUJIHTY.IlH o6MeHHOro /1,f' -paCCeSIHWI 

6WI onpe,neJieH KBK/
25

/: 

R = o,s6± o,o9 JilJIH R = C,57t 0,22 ,ItJISl: .ItBYX H86opoB 

:nwnepllM8HT8JI:E.HHX ,naHHllX no peaKUHH np-- pn 

B mecTOll rJiaBe paCCM8TpHB8DTCSl: peaKUHH C Y° -Me80H8MH B 

ROHetIHOM COCTOsrHim. lfaBeCTHO,l!TO B nocJie,ItHHe ro,ItH mHpOKO o6cyxt

,It8JI8Cl. poJI:E. eyRJIOHHNX H806ap B onncamrn CBOllCTB B;nep. B TOM 

tIHCJie nosrBWIHC:E. pa6oTH no oneHKe BepoHTHOCTn AA -KOHijinrypa

nnn ,neilTpoHa/26/. 

Mll oneHJilJilI B6PXHIOD rpamnzy np:m,1eCJil Ll A B ,neRTpOHe Ha OCHOBe 

H8ytieHlUI Tpex paMH'IHNX peaKnttii, B KOTOpllX H86JIIO,It8JICH BllJieT B 

sa,noon nOJiycijiepy nl!oH-HYRJIOHHBX xoM6;rnanml
27 I:. d.p- prlnft , 

d.,p-ppn,'Jio , cip-ppp7i- • 
Ilpe,nilOJIOllteHHe' tITO BCe H86JllO,naeMlle (Ji/II) -KOM6HH8lllIH' HCnymeHH.Ne 

H888)l B ·CHCTeMe llOKOH ,ne!.iTpOH8, CBH88Hll C pacna,ncM A -cneRTa

TOpa Jil8 KCHijiircypanHil t{+,lJ- Jil /), o /:)-+ , IlpOTHBOpetIJilT COOTHO

rueHlllO BHxo,noB pasJIHtIHllX (rN) -KoM6HHanroi. B TO lite BpeMH 

3RCllepHMeHTaJil.HOe OTHomemrn BHXO.Ita ROM6;rnannfi [pr/; K BHXO.ItY 

(n~0) + (P~-) He npOTHBOp8'1HT HMHT8Ulllil 3qxfieKT8 38 CtieT CJIYtia!.iHoro 
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CO'IJeTaHYJI HYKJIOHOB-ClleRT8TOpOB C 7i -Me30HB.MH, POJJm8lO!l!HMHC.fl B 

HYliJIOH-HYKJICHHlilX B38l!MO)leficTDHHX. 3To 6WIO llO)lTBep,meHo H pac

tJeTaMn no MeTOJlY LloHre-KaJ)Jio. IlpoBe,nemrae onemrn noaBOJIWIH 

CHH3HTb BepXHDD rpaHHitY BepoHTHOCTll no.fIBJleHM ~LI -ROHWHI'YP8Itllll: 

.no /0,8± C,3/%. 

Ilpn naytJeHnn peaRitl'lff d..p-dp1r*'n- H dp--dn"+ nOKaaa

Ho, 'IJTO B paCCMaTpHBaeMoil o6JraCTH 8Heprd 8HOMaJnm, no.fIBJl.fIIOma

.fIC.fl D pacnpe.neJieHHH sqxi)eRTHBHHx Mace (d1r+J /TB.R HaaHnaewa 

d~-a<IxfieKT/, CBHaaHa c npMllJieHHeM peaoHaHCHoro xo.na cetJeHM 

peaKrtmr pp-dr,+. 

Ce,nbMM rJiaBa nocDHmeHa Hexoropw npe,nJIOlKeHEtfIM no paannrHD 

SRcnepIDlleHTCB Ha IlyqRe BHBe)leHHHX .nefiTPOHOB. 

MeTO)lm<a ny:mpbROBHX RaMep o6Jia,naer PJmOM npem.iymeCTB, HO 

B TO lKe BpeMSI, B CHJiy 60Jibmon Tpy,noeMROCTH o6pa60TRH, He ll03BO

JIJieT npoBeCTH HCCJie)lOB8HH.fl npoqeccoD, nzurmn C MaJillMH CetJeHIIHMH, 

HJin B cn}"lae CHJibHllX orpaaHtJeann odnacren nepeMeHaux. 

Ilo.nytJeHHHe B .naHHCM SRcnepHMeHTe peay.m.TaTH noaBOJIJllDT HaMeTHTb 

IlPOJlOJilKeHHe HCCJie)lOBaHmi B HeROTopux YBRHX H8llpaBJieHrunc H npo

BeCTH onemm reoMeTpHJt H qJOHOBllX YCJIOBmi. 

TaRnx aa,naq HeMaJio. Mi.I OCT8HOBWIHCL Ha nonpocax HaytJeHM co6u

Tllli c s@eRTHBHcil Maccon (d7T1 B o6JiaCTH d• -aifibeRTa. 

IlpeJlCTaBJI.fIJI peaRrt:im dp-drr+n. RaR 1<naaJW3yxqacTE11JIYB) ~ ... Nit 
H OT6HpaH C06llTH.fl C HeilTPOH8MH onpe.neJieHHoro m.my.m.ca H yrJia 

DWieTa, MOlKHO nOJiyqHTb aa ROpOTROe BpeMH donbmoe KORHtJCCTBO 

co6llTilll H8,CTpDMMepHol KaMepe • 

IlpHHitm:IH8JibHHM JlJI.fI noHHMaHH.fl MexaHH3Ma peaRrtd Bll6HBaHIDI 

.fIBJI.fleTC.fl OllllT nc HSMepeHmo IlOJI.flpll:38ItHH HYKJIOHOB-"cneRTaTopon" • 

HaJintJil.[e BHBe,neHHHX ll:3 YCROplrreJIJI .neiiTpOHOB Il03BOJIJieT Q.JOPMHJlO

DaTb IlytIBH HYli.1ICHCB-cneKT8TOpOB, 06Jia,nanm:irx onpe.neJieHHHMH 

18 

HMilYJILCaMH B CHCTeMe .nelTpOHa. TaKa.fl B03MOl!HOCTL llQ.fIBJIJieTC.fl B 

CB.fl3H C H86JIXlJl8JJl!lelc.fl KoppeJIHmieil Me,my l!MIIYJILCOM liYKROHa

cneRT8TOpa B CHCTeMe IlOKOJI .nelTpOH8 ll yrJIOM ero BWieTa B Jia6o

paTOpHOI CHCTeMe ROOP.llHH8T /cM. pnc.9 JlJI.fI peaRitHH dp-pph-/. 
ConepmeHHO ecTeCTBeHHliM .fIBJI.fleTC.fl npo.nomteHHe HCCJie.noBaHHil 

Macca co6HTHI c nepeaapsmRol, oco6eHHO B o6JiaCTH M8Jlllx nepe.llaH

HliX l!Mily.m.coB. 

0CHOBHll8 pe3YJILT8Tll pa60Tl:I MOXHO CqJOPMYJIHpOB8TL CJI8JlYIOUll!M 

o6paaoM: 

I. B nponecce C03)l8HH11 ll yconepmeHCTBOB8HH.fl ycTaHOBRH co 

100-CaHTIDL8TpOBOtt BO,ltOpO,ltHOi nyallpbKOBOi Ka.Mepoa duna paapadOTaHa 

H peanHSOBaHa a.BTOKOnnt!Ma!lHOHHaH CHCT8Ma OCBe~eHHH C no,naBneHneM 

MHEMUX H306paseHHil H tJ8CTHtJHOI 8RpaHHJ)OBROA 6~HROB. 

BBe,neHa MaPRHPOBKa RBJlPOB, ll03BOJIHB1118H ocyrueCTBHTL Ha llJieHKe 

d,p -aRcnepHM8HT8 pa60tJHe nyCRH H3M8PHTeJILHllX aBTOMaTOB HPD H 

CllHpa.m,Horo H3M8pHTeJI.fl. 

2. IlpoBe.1teHa pa6oTa; no aanycKY ~cncrew o6pa6oTRH CHHM

KOB co 100-caHrHMeTpOBOll BO,ltOpO,ltHOli nys1,1pbKOBOll KaMepu. Coa,naHa 

noJiyaBTOt!aTH'IJ8CKaH np11CTaBKa It MHKpOCKOITY ,l{JIH HOHHSaunoHHHX 

naMepeHnif. 

3. BnepBHe npone,neHll 8RCll08l'lltl'[H BOJlOPO.llHOA RaMepu B nytJKe 

peJIHTHBHCTCRllX )l81TpOHOB mmynca 3,3 raB/c. 

4. Paapa60T8H8 MeTo.nmca o6pa60TRH pesy.m.T8TOB B YCJIOBWIX 

He60Jibmoro ~oHa npoTOHOB. 

5 • Ojlr8HH30B8HO M8JJmYHapo,ItH08 COTPY.ItHHtJeCTBO B paMKax 

3KCllepHMeHT8. 

6. IlpcBe,neHa M8TO)llltJ8CR8J[ pa6oTa no COllOCT8BHMOCTH peayJib

T8TOB, nQJIY'IJ8HHliX llpH H3Mepemmx Ha pa3JIHtJHHX ycTpoflcTBax /ITYOC, 

HPD,CM/, a raK~e B pa3JIHtJHHX na6oparopH.fIX, npoBe,IteHa orteHKa 

TO'IJHOCTHliX xapaRTepHCTHR CllHpaJILHoro HSM8PHT8JIH. 
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Pnc.9. 3aBHCHMOCTb HMilyJII,COB npoTCHOB-ClleRT8TOpOB B CllCTeMe 

nORoR neffTpoaa OT yrna me Bll.lieTa B na6opaTopaon 

CHCTeMe ROOp,nlIHaT. Ha BCTaBRe - 3aBHCHMOCTb yrna 

BWieTa cneRTaTOPOB B na6opaTopaon CllCTeMe ROopnHHaT 

OT ROCHHyca yrna Bl:U!eTa B CilCTeMe llOKOR neATpOHa, 

paccqnTaHHaR nnR Tpex 3Ha~ead HMnyJII,ca HYRnOHa

cneKTaTopa. 
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?, IlpoBeneHa nOJIHaa o6pa6oTKa Macc:iraa B 50 000 co6NT:tm 

U 8.HMU3 8RCnepm,1eHT8JII,HHX pe3yJII,T8TOB. 

8, BnepBae onpene.neHN ceqeHJm ~a pea~ RaR c pa3BMOM, 

Tat( n C coxpaHeHHeM ,!J;eATpOHa B KOHeqsoM COCTORHHH npll BHCO

IU!X 3Heprrutx, 

9. BnePBUe neT8Jll,HO :irnyqeHa peaKIUUI <J.r .... ppn, B 06naCTH 

BNCORHX aHeprl!A: 

a/ nonyqeHH mmyJII,cHHe n yrnoBae pacnpene.neHM HYRnOHoB

cneRTaTopoB, 

6/ H3MepeHH n:1$PepeHIU!:8Jll,HHe ceqeaRJJ npHMoro pa3BMa 

,!J;eATpOHa lI pa3B8Jia C nepe38~ROA, 

B/ npoBeneso cpaBHeHHe pe:iyJII,TaToB c pacqeTaMR no MonenH 

rnay6epa, 

r/ ll01t838HO cymeCTDOB8HHe 3aBllC,RlJlel OT cnHHa qacTH B 

aMnnHTYlte np-pn,, nepe3aJ)JJ;llRn, 

'A/ noKasaao cymeCTBOB8HHe CHJU,HO! ROppe.111lltim xapaRTepHHX 

nnocRocTett peamum H Hatt'Aeuo RaqecTBeaaoe 06'bacaem1e a®eKTa 

D paMKax HMJIYJII,CHoro npn6nn:eHM. 

IO. 06cyx.neHH HeROTOpNe aqipeRTH B peaRIU{HX C .i'i"'-Me30HaMH 

B ltoHeqHOM COCTOHHRH: 

a/ oneaeaa Bepxaaa rpaHHna .16 -KoHqiHcypaIU!:H B nefiTpoae, 

6/ noRa3aHo, qTQ cl.·-8qlqleRT B ll3y,:I8eMOff o6naCTll 8Heprmi 

CBH3aH c npoRBneuneM pe3oaaacHoro xapaKTepa peaKnnn pp-ot.:ir+. 

II. _.ILnR npoBe.ztenna 4JH3HqecKoro auanH3a .zt8HHNX co3nau ~ 

np~rpaMM reaepannn Ha 6QJII,mmt SBM. 

12. Ha ocHoBe nonyqerumx pe3YJII,T8TOB npennoMeHH aRcnepn

MeHTH .JIJIR YI'JIY6~eHWI llCC~e,ItOBaHllff, 
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POJ!l,ffiHHCTBO pesym,TaTOB, ¥3JIO~eHHHX B ,llHCCepTai:nm,nOJiytJeHO 

BDepBHe. CCHCBHlle pesym,TaTH npe,llCTaBJIHJIHCb Ha Mellf.llY}{apO,llHHe 

IWHqiepemum B EaTaBHH /I<.!72/, 8Kc-a.H-IlpoBruICell<J73/, JlOH,llOHe 

/1974/, Ynnca.Jm /1974/, CaHTa <]/3 /I<.!75/, IlaJiepMO /1975/ H 

ony6Jim<oBaHH B pa6oTax /2,4,5,9 -12,14-21,25,27/. 
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