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IIpe,ItMeT peqiepHpyeMoi! pa60TH CM3aH C O,nHHM H3 q>yH,I(8M8HTaJU,

HIDC BOllPOCOB q>H3HRH MJ/IRPOMHpa - C BOnpocOM CTPYRTyPH aneMeHTapRHX 

'!8CTJm. 

H,nea O TOM, 'ITO 8JleM8HTapHH8 tJaCTJmll ,D.OJllltHH HM8Tl, onpe,neneH

HOe CTP08HHe, He.HOBa. H XOTa 06 8TOM rOBOpHnoc1, yxe C MOMeRTa OT

RpuTRa aneRTpoua, npaI<TH'l8CKH8 HCCJ18,D.OB8.HHS B 8TOM HallpaBneHHH Ha

'!8Jm npOBO~Tl>CS TOJU,RO nocne sanycRa MOIIIHHX YCKOPHTeneil. IlepB!:lMH 

axcnepHMeHTaJll,Rl:lMH pa60T8MH B 3TOM HanpaBJ18HHH 6HJJH pa60TH XoqimTM

Tepa no o6Hapy~eHl!lll H Hccne,noBaHm> aneRTPOMarHHTHOit CTPYRTYPH HYR

noua. 

Eme co BpeMeH PesepJ>op,na M8TO,D. pacceaHHR tJaCTHU CHnOBHM ueHT

POM aBM8TCa OCHOBHl:lM M8TO,D.OM HCCJ18,D.OB8HHR oco6eHHOCTeit pacceHBS.Te., 

na. ~3Y'!M aneRTPOMarHHTHOe B3aHMO,nettcTBHe M8llt,IQI qacTHU8MJll H Ha6JlfJ 

~ OTRnOHe!me 3aROHOB B3aHMo,neffCTBHa OT npe,ncxasaHHit KBaHTOBOil 

8Jl8RTpo~H8MHRH MaRcBeJLIIB. - .I1Hpa.1m, ~MOlltHO llOJlY'!HTl> CBe,neHM O CTPYK

Type tJaCTJmll, o6asaHHoit CHJll,HHM BSaHMO,nencTBWIM. 

B nocne,nHHe ro.nu noRBHJlCR orpOMHlifl RHTepec K H3Y'l8HHD q>Op.lqiat<

TOpa 11-MesoHa BBW ero Henocpe.ncTB8HHO£\ CM3Pl C Teopaen B8KTOpHon 

,D.OMJl!HaHTHOcT/1/. CpaBHHTenl>HO He.na:mme s1rnnepHMeHTH Ha BCTpe'lHHX 

aneRTpoa-nosmTpoHRHX ny,max B HoBoCHOHpcxl21, Opc/3/ H ~pacxaTH/4/ 

no1msaJlH, '!TO B pattoue p -MesoHRon Maccu cetJeHHe npouecca 

e- + e+ - n- + n+ HMeeT pesoHaHCHH~ xapaRTep H npH e = m2 f npe

IIH!DaeT cetJeHHe oopasoBaHHR 6eccTpyRTypHax U-MesoHOB B 35-40 pas. 

0nHaRO llOBe,neMe qJOp.l!paRTOpa 11-MeSOHa npH OOJU,mHX s BO BpeMeHH

no.noOHOil o6JJaCTH RatJHHaeT 3aM8THO OTJ1H'l8Tl>CR OT npe.ncxasaHHit MO,ne-
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mi. BeRTOPHOtt 'AOMHHaHTHOCTH. 3Ta MO'AeJII> BCTpeqaeTCH Trut~e c saTPY'A

HeHIDIMH npn onncaHHll noBe'AeHHH WO?,l(J;laRTOpa HyKHOHa. IT03TOMY HSMepe

Hlle BemitmHH cpe'AHeKBa'ApaTnqHoro ~yea Il➔~esoaa npe~cTaBMeT oom.

wofi HHTepec • 

tlanoonee 'AOCTOBepHue .llaHHue o ~OfM(J;laRTope Il-MesoHa B npocTpaH

CTB€HHono.no6HoR OOMCTll, Ha OCHOBaHV.ll KOTOPHX aaa_iteao 3Haqeane ero 

cpe~HeKB8,l(paTnqHoro p8,l(Hyca, nonyqeHH npH nsyqeHHH peaKUHH 3HeKTpo

pollC,lleHHR B pa~ore/5,6 ,71. Iarepnperauua 3IHX ~aHHHX co~epxHT onpe

~eneHHyD reopeTHqecKyD H80~H03HaqHOCTb, TaK KaK HYXHO YJ,18Tb "Bl:l,Jte

anro" nccne~yeuuA BHPIYMbHHA IT-M830H H3 UHOrHX BHpTyaibHHX COCTOR

HHA. 

Henocpe)lCTB€HHO€ nsyqettne pacceHHM IT-Me30HOB Ha aneRTPOHaX 

conpR~eHO co 3HaquTenbHl:!Mll 3RCnep!lMeHTaJU,H!:!Mll TPYJ4HOCT8MH BCH€'ACT-

3lle Ma~OCTll nepe~aooeMHX HMnyJJI,COB B 3TOtt peruturu/8•9/. Handonee 

~eram,ttoe nccne.noBa.Hne peaKrurn IT-e pacceRHHR Kaccena n ~p. (EpyR

xefiBeH, 1964 rJ n03BOnHHO Jlllllll, ycTaHOBllTb BepXHJO!O rpaHRDy ~Ryea 

. l-M€30Ha: 

< r 2 1/2 
> ..;;; 3 ,3 <P, 

HacTO.fIIJ.1M padora nocrur~eHa HeROTOpuM BOnpoc&! nocTaHOBRll 3RC

:iepHMe:-ITa ll o6pac5oTKll .naHHux B onuTe no II-e paccemurn npn aaeprnn 

50 raB, KOTOPH~ dun BHllOnHeH rpynnott ~H3llROB ll3 ]aoopaT~PHH BHCOKRX 

aHeprnfi OH.fill n Kann¢opHnficKoro·ylli!BepcnTeTa (r.loc-Aimxe.nec)B 1970-

1971 rr Ha ycKopnTene H~B3 (CepnyxoBJ/10-141. 
.unccepTa.n;aH COCTOHT H3 BBe~eHruI, llRTll rnaB ll saKJW!iemm. 

ITepBruI rnaoo co~epimT KpaTRHfi odsop 3RCDepl!!vleHTaJII,HllX padoT 

no nsyqeHHID WOfMiI)a.KTopa IT-MesoHa B npocTpaHCTBeHHo- n Bpeuemmo'Ao6-

Hofi oonac.T.IIX nepe.naq HMnym,ca. KpOMe .naHHUX, no.,zyqeHHWC Ha BCTpe11-

HllX nyti:Kax n B OllHTax no 3H€RTpopollt)leHHD, o6cyllt)l8.llTCR 3RCnepHMeHTH 
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no usyqemm peaRitHH o6paTHoro sneRTpopollr,Jteuru/151, a rrutxe nonHTRH 

H3BJle'll> HHqiOIJdanuD O CTpyxType Il-MesoHa H3 ODHTOB no pacceHIDID rr± 

Ha He/16/~ 

BTOpaH rna:ea IlOCB.fIIJ.1eHa paccM.OTpemm RHHeMaTH11ec~RX oco6eHHO

CTett npouecca Il-e pacceJml!Ji npu sHeprBH 50 raB u aHa;msy Tex Tpe6o

B8.Hl!ii, ROTopue npe~7>HBJlJDOTCH R a:itcnepHMeHTaJU,HOi! yCTaHOBRe B 8TOM 

omne ~ npoBe'AeHM npenusnOHHllX HSMepend. B 9TOi1 rnaBe np.HBO.I(HT

CH Manns BOSMoEHoro ~oHa, HMHTHPYIJlllero nponecc Il-e paccemum u 

IlPHBO'A.fIIJ.1ero R HOZHBM sa,uyCRBM YCTaHOBRH. 06CYX'A8.llTCH BOnpocu yqeTa 

~anuoHHmc nonpaBoR/~7/, BRJ18,lt OT ROTopmc B ce11enae Il-e pacceJIIWI 

npz BHCOK.l!X anepr:amc CTaHOBHTCH cymecTBeHHHM. 

B TpeTbea rnaBe onHCHBaeTCH IlOCT8.HOBRa a:itcnepHMeHTa a IlPHBO

~CH xapaRT8P.l!CTHRH ncnOJU,30:BrulHO! annapaTypu .I! o6opy~OB8.HHJI. Oco-

6oe BHHMaHHe Y'AeMeTCH onncamm CitHHTHJlJIJinuOHHllX C'ieTqHKOB .I! qepeH

ROBCKHX cqeT'IHROB IlOJlHOro norxomeHHH, a TB.Rllte 6HCTpoa H cneRTpOMeT

p.HqecRo! ~AeRTpoHimH, acnoir&sOBaHHO! B a:itcne.PHMeHTe. 

CxeMa pacnono11eHHJI a:itcnepHMeHTa.m.noa ycT8.J!OBRH Ha KaHa.ne I 12 

WbB3 noxasa.Ha na puc.1. IlepBHqHmt nY110R n--MesoHoB c aaepraea 50 raB 

n~ Ha llH,ItROBO.ItOPO.ItHYD MHmeHb/18/. HanpaBneHHe nepBnqnoa qacTHUH, 

a TaRllte yrnu BHneTa BTOpH'IHOro Il-M830Ha H aneRTPOHa perHCTPHPOBanllCD 

cucTeMol HCRPOBWC n nponopnuona.m.Hmc xBMep, pacnonoEeHHmc ~o H nocne 

MHmeHB. HMny.m.cu ~BYX BTOpHqHmc qacTHI{ onpe'AeMJll!Cb no yr.,zy IlOBOPOTa 

RX TpaeRTopnl B none aHannsHpyIJlllero MarHHTa. TpaeRTopau qacTHU nocne 

Mar.lU!Ta 'A8T8RTHpOBB.JIHCD C noMODt&ll TP8Thero 6noRa. HCRPOBllX RBMep. )lJISJ 

YM8HhW8HHH ROJIHqecTBa BemecTBa Ha nyTH 11acTHU BCe npOMellcyTRH M8llt,lly 

HCRpoBI,IMR RBMepaMR 6unn sanonHeHH renneM. CneRTpoMeTp IlOSBOJIHJI on

pe~enHTb yrnu pacceJml!Ji c ToqHOCTDll OROHO ±0,15 MHJVm~a H HM

nyncu BTOPH'iHllX 'iaCTHI{ c 'l'Oq~OCTbll ~ROHO ±0,4%. Koop.I(HHaTHM H ~-
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rM :irnqiopMarum, 06ll!HM 06'I>eMO.\! OKOJIO 340 I6-pa3p.R,llHHX CJIOB, no-

CJle Kal!t,ll;oro sanycKa YCTaHOBKH nepe;rr,aBaJlaCL B JBM Tmia HP 2116B, 

3aimCHBaJIB.CL Ha MarHHTHYD JleHTY R aHaJIH3RPOB8.JlaCL B peaJILHOM Bpe

MeHH 9KCnepm>1eHTa!
19

/. MaKCHMaJILHOe KOJIR'leCTBO sanyCKOB YCT8.HOBKH 

sa O.ARH W!RJI YCKOPHTeJIJI orpaHH'lHEaJIOCL B03MO!IBOCT.RMR JBM R COCTaB

JlJIJIO 120. 

YcTaHOBKa sanycKaJlacL CRCTeMOtt CURHTHJIJlJIUROHHillC C'leT'lHKOB H 

'lepeHKOBCKHX C'leT'lmtOB IlOJIHoro nor11onieH:asl201. BJIOK-CXeMa CHCTeMH 

sanycKa noKasana aa p:acyHRe 2. IlepBH'lHH! nytJOK MOHHTOPRPOBaJI-

CH CRCTeMott CURHTH}IJIJmROHHliX C'leT'lmtOB S1 , S2, SJ, S4, Ahalo 

CtJeTtJRKH SJ :a S4 , onpe;rr,e.71JllOOtHe anepTypy nytma, m.1e.11R MaMeTp 

60 MM, TOJIU(HHy 5 MM a 6HJIR pacno11o~eHu B nepBOM 6JIOKe RCKPOBWC Ka-

Mep. CtJeT'lHK ¾a10 , BKJIJJlle!lHH! Ha aHTRCOBil~eHM, RMeJI OTBep-

CTHe .AH.aMeTpOM 80 MM a npe,nHa3Ha'laJlcH .AM o6pe3aHM KPHJILeB nyqKa. 

3anycR YCT8.HOBKH ocyniecTBJIJIJICH npa HaJm'llm co~eHHH CHI'HaJIOB MO

HRTOPHHX C'leT'lm<OB C CIU'HaJmMH C'leT'lmtOB SE H SP ' pacnonollteHHWC 

B KOHne ycTaHOBKH H nepeRpHBalllltill m.lilYJILCHHe ;rr,aanasoHH BTOPH'lHHX 

'laCTHU OT 40 r9B/c .AO 25 raB/c HOT 25 rsB/c .AO 10 raB/c COOTBeTcT

BeHBo. CtJeT•Uut A5 c OTBepcTHeM MBMeTpOM 100 MM no;rr.aBJIJIJI sanycKH OT 

Heynpyrax BsaHMo;rr,encTBHtt B BO;rr,opo,nHott Mruneaa, ctJeT'lllR A
8 

- sanycKa 

OT Heynpyrax B38.HMO;rr,eftcTBHtt 'laCTHU nepBH'lHOro IlY'll(a C Be[lleCTBOM B 

~o~e ycTaHOBKH. CtJeT'lHKH A1-A4 , oxpyxan~Me XM.l{KOBOAOPOAHYD KHW8Hh, 

a Ta.Kllte c'leT'l:iut AJJ , per:acTpupymnra }1 -MesoHH, He. y'lacTBO:eaJlH B 

sanycKe ycTaHOBKH, O,nHaKo HHqlOJNann.R:, IlOCTYil!Ullll8JI C RHX, B Ralr,lt~ 

cpa6aTH:eaHRH peracTp.11.po:eamcL, nepe;rr,a:eanacL B 3FM a 6Hna Hcno11Lso

Ba.Ha B noc11e,eyDiteM aHaJIHse. 

AMilJIHTY~H HHqJOJNa~. IlOCTYil8.!XIIWI C 'lepemtOBCKHX C'leT'lmtOB 

nollHoro nor11o~eHIDI, npoXOMJla 6HcTplift noporoBliA aHaJms ;rr.M BHpa6oT-
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RH pememm o sanycKe ycTaHOBKH. KpoMe Toro, B RallmOM cpa6aTHB8.HHH 

aMilJIHTy;rr,H ClU'HaJIOB aHaJIH.3HPOB8.JIHCL C llOMOUU,D COOTBeTCTBYDlllen cneKT

poMeTp:a'leCKOi1 9JleKTPOHID<H, R saTeM 3TH ;rr,aHHHe nepe;rr,aBaJIRCL B 3BM. 

B ,naJILHeimleM sTa RHqlOP.,aunH HCilOJILSOBB.JlaCL ;rr.JUI :a;rr.eHTHqlHKaun:a BTO

pH'lHWC qacT:an. B11ox-cxeMa o6pa6oTKH aMilJIRTy,naon HHqJOpMaun:a npe;rr,

cTaB11eaa Ha p:ac.3. 

3anycx cneKTpOMeTpa npoacxo;rr.Hn JIH!Ilb B TOM cnyqae, ecnH B o;rr.HoM 

H3 .ABYX 'lepeHKOBCKIDC cneKTpOMeTpOB,~C1 H ~C2, nepeKpHBaDll\HX ;rr,:aana30-

HH HMilYJILCOB BTOpH'lHHX 'laCTHU OT 40 rsB/c ;rr,o 25 r9B/c HOT 25 rsB/c 

;rr,o 15 r9B/c COOTBeTCTBeHHO, HMeJICH ;rr,ocTaTO'lHO 6011Lmon CHrHaJI, CBH

;rr,eTeJILCTBYDl!I!H O nona;rr.8.HHH B C'leT'lmt 9JleKTPOHa. 3HepreTH'leCKHe rropo-
' rn 6HJIH no;rr,o6paaH TaKHM o6pasOM, 'lT06li o6ecne'lHTL BHCOKYID (~0,999) 

sqiqieKTHBHOCTL perHcTpauna 9JleKTPOHOB HS co6HTHtt TI-e pacceRHHH. 

CunHTHJIJlJITOPH C'leT'lHROB SE H SP npocMaTpHB8.JIHCL ImJK;rr,uil .IIBYM!I 

qJOTOyMHOJ!tRTeJJ.RMH, IIBqJOIUaUHH C KOTOPHX 06'I>e;rr,HHHJlaCL no CXeMe "HJIR". 

Tatt xax ;rr,aHHHe o cpa6aTHBaHHH Kallmoro eJ/JY np1i" 3anycKe yctaHOBKv. nepe

;rr,a:saJ1HcL B JBM, MOlltHO 6HJIO o6ecne'lHTL onepaTHBHlitt KOHTpOJIL 3a pa6o

Toa BTHX HaH6011ee OTBeTCTBeHHHX C'leT'lHROB, a npH .Ila.m,Hettmen o6pa60'!'

Ke oneHHTL rue 3<fqleKTHBHOcTL. Ha p:ac.4 npe;rr.cTaB11eao pacnpeJ1e11err:ae OT

nocaTeJILHOtt 'laCTOTH cpa6aTUBaHM qlOTOYMHOJ!tRTeJiett, nonyqeHHOe npH 

"CXW?-naaa"-aHaJ1Hse. BR.AHO, 'ITO ;rr,~e IlPll pa6oTe Ha 0.IIHH i'J/3:/ ajxpeKTHB

HOCTL C'leT'lHROB ~peBHl!laJJa 0,997. 

KORTpom, sa pa6oTOff qepeHKOBCKHX C'leT'lHKOB BO BpeMH 9KCnepHMeH

Ta BHilOJIHJIJIC!I C IlOMOl!µ,D a.MilJIHTY.AHHX cneRTPOB ClU'RaJIOB C 9THX c'leT<m

'IHROB, IlOJJY'W.eMWC B"OH-JIB.£\H"-pel!WMe. Ha pac.5 np:aBe;rr.enH TaKHe cneKT

pH; Ha H1!X BH;rr,HH xapaxTepHHe ruma, BH3B8.HHHe 9JleKTPOH8MH BHCOKIDC 

aaepran as co6HTd II-e paccemum. CTa6nJ1Laoe nonoJKeHHe 9THX nm<oB 

CBH;rr,eTeJILCTBOBaJIO o aa;rr,eJKHoa pa6oTe cqeT'lllKOB. Ha,cneKTpax B:a;rr,eH 
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TaKze 3ipcpeKT noporoB, YCTaHOBJleHllliX Ha BXO.JtHUX .llHCKpHMHHaTOpax 

Oucrporo aMllJIHTY.JtHOro amumaa. 3TO OCICTOJITeHI,CTBO ll03BOJlJIJ10 CJle

.llHTb 3a CTaCIHJlbHOCTbD noporoB BO BpeMJI npoBe.1teHHJI 3KCnepHMeHra. 

3HepreTHqecKoe pa3pemeHHe cqerqHKOB xapaKrepHayeT cnexTp, npHBe

.JteHHliR Ha puc. 6, KOTOplil nonyqea C llOMOm&n 3JleKTpOHOB H3 oroopau

HliX B nponecce noqiqi-naRHn-aHaJIH3a coOurHR.Il-e pacceJIHHa. 

Ko~nHeH:r llO.llaBJleHHJI CHC:rew BUCIOpOqHoro 3anycxa CIUJl pa

BeH o,s·Io-4, H npH HHTeHCHBHOCTH nepBHquoro nyqxa 4•Io5 aa O.JlHH 

nHKJl ycxopHTeJla XOJlHqec:rBO 3anycKOB yc:raHOBKH COCTaBJlJ!JlO OKOJlO 

30. IlporpalWil noH-JlaRHn-aHaJIH3a oClecneqHJlH Y.JtOCIHUe MeTO,ltll XOHT

pOJlJI paeloru HcnoJI&30BaHHllx .1te:rexropeB. CHcreMa Ha.JteXHe npopaelo

rana Ha Haelop CTaTHCTHKH B TeqeHHe 500 qaceB, CILIJle aaperHCTpH

peBaHO 2,5•106 COCIUTHR, H3 xe:repux OKOJle.5~ 0Ka3aJIHCb llOJle3HliMH. 

3~~eKTHBHOCTb CHCTeW exaaanacb CIJIH3XOff X IOO~. 

qe:rBepras rJiaBa .JtHccep:ranuH co.1tepur onHcaHHe nporpaJ01 no

ucxa H reoMerpHqecxon pexoucTpyxnHH coelurul rr-e pacceJ1HHJ1, paa
paCloraHHllX aBTOpou / 2!,22/. 

B 3XcnepHMeHTe HYXHO CIUJlO 3Ha:rb 3q)cpeKTHBHOCTb cnexTpeuerpa 

C xepomeff TOqHeCTbDe 3ro B03MOXHe JlHlllb B TOM cnyqae, KOr,Jta 3~ 

¢eKTHBHeC:rb nporpallllU llOHCKa H pexeHCTpyxnuH ceCIUTKI JIBJ!Jlercs 

BliCOKOff. IlepBeHaqaJibHUe BapHaHTU nporpaw HMeJlH He.1tecraTeQHO BU

eexyn 3q)cpeKTHBHeCTb HaXeQeHHJI rex eoCIUTHR, xe:repue cenpOBO:r,Jta

DTCJI ¢0HOBUMH nyqxoBUMH Tpe:xaim BO BTepoM CIJioxe HCKpeBHX xauep 

(MeQY U~OBO.Jtepe.JtHOff MHmeHbD H W.r.Hl!TOM). 3Te CluJie eBS3a!le C 

BUCOXOI npocrpaHCTBeHHOI llJlOTBOCTbD nyqxa B 3TOM MeeTe, a rax

ze c Ma.JIUMH yrJtaMH paanera BrepHqma: qacTHn B Hccxe,,;yeMel peax

nuH (B cpe.JtHeM OXOJle 6 Jll[JlJlHpa.JtHaH). oxeHqareJlbHUI BapHaHT 
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nporpayiw noucxa B 3HaqHT8JlbHOff creneHH Oun CBOCIO.Jt8H or 3THX 
He,ll;OCTaTXOB. 

lfHTepeCHO llOCMOTpen, xax. 3aBHeJIT 11BUXO.JtU" 

peaxnmt, r.e. qucno ual1,D;eHHUX coeluo;Hlt B nepecqeTe Ha O.JtHH nep

BHtJHliff Il-Me3eH, o:r HHTeHCHBHOCTH nyqxa .JtJlJI paaJIHq:aux BepeHR npo

rpaw,: neHcxa ceCIUTHI. B cnyqae BHCOKOR 3ipcpeXTHBHOCTH perucrpa

nHH COCIHTHff "BUXO.ltll" .1teJ1ZHU CIU:rb O.JtHHaitOBUMH .JtJlJI Beere cnexrpa 

3XCnepHMeHTaJtbHWC YCJlOBHff. 

TaxHe .JtaHHUe npe.1tcraBJ1eHH Ha pHc. 7. PHc. 7a HJ1J1Dc:rpupyer 

3aBHCHMOCTb "BUXO.JlOB" OT
0

HBTeHCHBBOCTH . .llJlJ1 caworonep»oro »apH

aHTa nporpaw, paapaCIOTatmoro ¢H3HltaMH omrn: H UCLA H HCOOJlb-

30BaHHOro .llJlJI oClpaCIOTKH Beere c:rarHeTHqecxoro Ma.TepHa.Jia B UCLA • 

Jtruume xapax:repH3ynTCR CIOJlbmHM paaClpOCOM :roqex H CHJlbHOR 3aBH

BHMOeTbD 3q)cpeKTHBHOCTH nporpaMIIU OT HHTeHeHBBecrH nepBHqHore nyq

xa. Ha puc. 7(1 npe.1tcraBJ1eHU peayn&Taru, noJiyqeHBUe c newo~&n 

oxouqaTeJl&Horo BapHaura nperpaMM, paapaC1oraH11WC1 aB:repou. BH,ltHo, 

qro ~XTHBBocn oxouqaTeJlbHOro »apHaura nporpallllLI, paapaClo:raH

uoa aaropou, JIBJlaerca cy~ecrBeBHo CloJiee BUcoxoa, qeu ~eKTHB

uecT& nepBOBaqaJibHOro BapHaH:ra nporpaw, HcneJlb30BaHHOro BUCLA. 

3TO OCICTOJITeJlbCTBO Clune BeCbMa cyll{ee:rBeHHUM B axenepHMeHTe npH 

nonyqeHHH ~H3HqecXHX BUBO.Ile». 

CilenHaJtbHUe HCCJle,J;eBaHHJI / 23,24/, BUilOJlBemme .llJlJI Ollpe.1te

J1eHHJ1 3q)(peKTHBBOCTH cneKTpOMe:rpa, IlOKa3aJIH,,qTe 3q)cpeKTHBBOe:rb 

oxosqaren&,!foro BapHaHTa nperpaw npH oClpaCleTxe acero eraTHCTH-. ' 

qecxoro Ma.TepHaJia KOJleClaJtaeb OT 90~ ,J;O 98~ H eoeT4BAJIJU!, B epe.Jt-

ReM OXeJlO 94~. ,.,, 

Ilnaa rna:ea ,;Hecepranu noess,esa_ »_onpocaM KBBeMaTHqeexoro 

BU,J;eJleBHJI COCIUTHI Il-e paceeaHHS, OilHCUBaeT,,npone.JtYPY H..J,;eBrH4>Hxa-
·.: '·,• . , 

~HH BTOpHqBl,IJC qaerHn, a TaJC%e BHqHCJl8BHJI nonpasox, HeOCIXO.JtHMUX 
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~Jia no~yqeffBfi ~HippepeunHaJILHoro ceqeHHa n-e pacceaHHa. Buen 

npHBO~STCa BeJU!qHHli ~OplllpaltTOpOB Il-Me30Ha B 06JiaCTII o,0I4 (raB/o)2 

¾ q 2 ¾ o,0.'.35 (raB/c)2, noJiyqeuaue B aJtcnepHMeH?e. 

IlpH OT60pe C06liTHff 1'pe60BaJIOCL BliilOJIHeHHe CJie~YJ)~HX KHHeMa

l'Hqecxmc YCJIOBHR: 

I) Cywa. HMnyJILCOB ~Byx BTOpH!fflllX qacran Ptot ~OJIJlla COB

na.,;aTL c HMllYJILcoM nepBHqaoro nyqita B npe~eJiax .± 2 raB/c. 

2) CyMMa nonepetml:lX HMnyJILCOB ~Byx BTOpHqHwc qacrHn P1 He 

~OJIJEHa npeBHlllaTL 55 M3B/c. 

3) BenHqaaa uexoMnnauapuocta, onpe~enaeMaa xax x13a,11;paT xo

cHuyca yrna Me:a:JtY nepBHtmoR qacrHneR H BextopoM, nepneH,ll;Hxynap

HHM nJIOCKOCl'H ~BYX BTOpHqaux qacTHn, Be ~OJIXHa npeBlillUl%L 0,6 • 

• ro-6. 
4) BeJIHqHHa 

D = <8e xHHeM-8e axcnep)
2 

+ <8rr xHHeM - 8rr axcnep)
2 

He ~OJIJ:Ha npeBblmaTL I,O•ro-6. 
Xopomee yrJIOBOe H auepre'1'11Jqecxoe pa3pemeHHe cnex?poMetpa 

ll03BOJIBJIO HCllOJIL30BaTL npH OT60pe C06li%HR BeCLMa cna6ue XHBeMa

THqecKHe KpHtepHH. fpaHHnu o6pe38l1Hff Ol'CTOSJIH OT COOTBeTC%BYJ)

~HX KHHeMarHqecxu <BeJHqHH Be MeHee qeM Ha Il8%L CtaH,JtapTHl,IX 

0%KJIOHeHHB. rroiep• ynpyrBX C06li1'HB, CBB38l1Hlie C pa3pemeHBeM yc

TaHOBltH, COCTaBJiaJIB MeHee ~-

Ilpone,JtYpa QeHTH~Hlt8.nHH 3JieKTpOHa HCllOJIL30BaJia HH4><)pManHJ) < 

c qepeHKOBCKHX cqetqJIKOB nonaoro norno111ena, a Tait:rei JtHBeMatH- < 

xy nponecca. 

)!almue O KBa,JtpaTe ~OplllpaltTOpa Il-Me30Ha B 3aBXCHMOCTH or ne

pe~allHOro HMnYJILca q2125/ 6un11 nonyqeau ~eneRlleM 3JtcnepHMeHTaJIL

aux ~HippepeHnxa,u.BHX' ceqeon<c yqero• ~cex nonpa~ox Ha teopera-

·~ 

i 

' I 
J 

I 

I 
) 

l 
I 
! 

qecxH ODJtael!lie ceqeHHa ~na toqeqaoro Il-Me3oHa 
2 2 _ do / do 

F'JT"(q 1-(dElexp (dE lmott • 
IlpH 3TOM TeopeTBqecJtHe ceqeoa 6HJIH C!COppeXTHpOBaHli Ha peaJILHHe 

3KcnepHKeHTa!LHHe ycJIOBBa, TaKHe,xax HMnYJILCHliff cneKTp nepBHq

uoro nyqxa, llOTepB 3BeprHB 3JieK7pOBOM Ha B3JiyqeBHe B Be~eC7Be< 

1mmeu11 H cnextpoKetpa H .ltP• 

Jta,mlue ~TllpOBaJIHCL BHpaJ:eHHeK 

IF;rl2 
= ( 1 + ~q2)2 

H cpe~BeKBa,;q>aTHqHl,[ff pa.JtHYC Il-Ke3OHa H3BJieKaJica H3 COO%HOmeHHa 

< rfi > = - 6 t I q 2 = o J. 
rro~yqeao sna.qeue 

2 i/2. < r1 > • (0,78 .:t o,ro) ~ . . 
IlpBBe~eBHHe OIIJl61tH npaRTHqecxH noJIHOCTLD onpe~eJismrca CHCTeMa7H

qeCJtHMII norpeDOCTallll, CT6THCTHqecxaa omH6xa C007BeTCTByer BCe

ro JIHmL J: 0,02 ~. 

CpaBHeHHe nonyqeHHHX ,JtaHH!,IX C npe~CK63aHHaMH MO~eJIH BeKTOp

BOR ~OKHBaBTHOCTH ~aeT 

<r/>/<r.Jw.>• I,54 .t 0,38. 

MoJllO COllOCTaBHTL pe3YJILTaT 3KcnepHJLeHTa C BeJIHqHHOff cpe~HeKBa.Jt

paTH'llHOrO aneETpHqecxoro pa.Jt•yca <nporoua 

< rj > / <rJ> .. o,93 .:t 0,23. 

HamJ1 pe3yJILTaTH He U03BOJiaJ)T c~enarL O~H03Ha4HOro BH6opa 

Kez.,;y ~BYKB 3TBMH B03MOJllOCTaMH. 

OCHOBHHe pe3yJU.TaTH, llOAyqeHHYe »JCCepTaHTOK, MOXHO xpaT

KO c4><)pKYJIBpOBaTL c~e.-yD~BM o6pa30M: 

I. Co~. BaMDBa c■cte:wa cnHH?HJIASI(HOHHWC cqeTqHKOB H 

qepeDOBCEJIX cqeTUJtOB nouoro norxo~eHHB, npe~Ha3HaqeaHas ~na 

II 



3anycKa. ucxpoBoro cnexrpo11e:rpa B 3xcnepHueHre no rr-e paccemnm 

npH 3HeprHH 50 r3B. Co6paHa H HaJiazeHa CHcre:va 3JleXTpOHHXH, o6ec

neqHBWaH J1oruqecxyn H' cnex:rpoiu,rpuqecxyn o6pa6orxy cxrmi.J10B, 

nocryna1>mHx co cqertmxoB •. cucreMa sanycxa o6ecneqHHa X03qiqiH~HeHT 

or6opa OXOJIO o,a•ro-4, qTO ll03BO~HIIO HCllO}II,30BaTI, B.l:lCOxyD ereH

CHBHOCTL nepBHqaoro nyqxa. He3q$,XTHBHOCTH CWWTHJIJIH~OHBWC cqer-, 

quxoB H qepeHXOBCXHX cqerquxoB no11Boro nornomeHl!a 6HnH npeae6pe

J01110 MMHMH ( ( o, I!il) • CHCTeMa Ha,Jte:mo npopa60TaJ1a B 3KCnepHMeHTe 

BO BpeW! Ha6opa CTaTHCTHXH B reqemi:e OXOJIO 500 qaCOBe C 88 llO

MO~LD 6.1:lJIO npOH3B8~8HO OXOJIO 2,5·ro6 aanycXOB cneitrpouerpa. 

2. Paspa6oraaa CHCT8Ha nporpaw llOHCKa H reOYeTpHqeCKOR pe

KOHCTpyx~HH C06UTHI ~Jiff o6pa6orxu nepBH'lBOI sxcnepHMeHTaJILHOI 

HHcpOpMa~H, 3allHCa!WOit Ha :varHHTHWC JieHrax. 3TH nporpaJDW o6ec

neqHJIH BHCOJtYD 3<1$lXTHBHOCTL perHcTpaitHH co6HtHlt. ynpyroro II-e .. 

pacceaHHff (B cpe.JtBeM oxono 94~). IlporpallOlli, pasp~6oraHHUe aB

ropo11, oxasaJIHCL .cy~ecueHHo 60J1ee 3<1$lXTH,BH.1:LMH, qe~ a.1uuor11q

Hue nporpalOIU, HCllOJIL30BaHH.l:l8 cpHSHJtalm HaJIHq>0pHHltCX9r~yHH~8J):

CHTera (rJioc-AHµenec) ~na o6pa6orxu ~MHWC sroro COBMecraoro 

sxcnepHMeHra. 
J. Pa3pa6oraHu nporpaMMU xHHeMarHqecxoro BS,JteJleHRS co6urxl 

ynpyroro II-e pacceHHHH H H.JteHrHcpHKa~HH BropHIIHWC qacrx~. BHcoxoe 

npoctpaacrBeHHoe H 3Heprerxqecxoe paspemeime cnexrpo11erpa nosBo

JIHJIO npHMeBJITI, B8CI,Ma CJ1a6He XHH8MaTHqeCJtH8 o6pe3aHHa, rax qro 

C00%B8%CTBYJ)mHe no:cepH co6HrHR He npeBumaJIH I~. IIpHMeCL q>OHOBWC 

C06UTHff 6.1:lJla weHee o,~. 
4. no nporpaMMa.M noxcxa co6uTHff H xx XHHe:varuqecxoro BS,Jte

neHHs, paspa6oraHH.l:lM ~HcceptaH?OK, 6.l:lJI o6pa6otaa BeCL craTBCTH

qecxHR MaTepxan, nonyqeHHUI B sxcnepHM8HTe. lie.CTI, 3TOrO aHWlHSa 
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6.l:lJla ocy~eCTBJleHa B KanucpopHHRCXOM YHHB8pCH1'81'8 (r. Hoc-AH,llzenec) 

Ha 3BM THna IBM 360/44, ~Jiff qero paspa60TaHHHe nporpaMMl:l 6unu 

C00TB8%CTBYJ)~HM 06paso11 a..itanrHpOBaH.l:l aBTOpow. EOJILmaa qacrL 06-

cqera 6HJ1a BHnonaeaa ~HccepraHro11 Ha 3BM OWIH (ClC I604A, E3CM-6, 

ClC 6200). Boero 6Hno BUJteJ1eHo CBHme 40 000 co6urua ynpyroro II-e 
pacceimxs. 

5. AHaJIHS nonyqemwx 3XCllepHM8HTaJILHHX ~aHHHX ll03BOJIHJI BH

qHCJIHTI, 3HaqeHIIS q>Opllqla.XTOpOB U--Y830Ha B ~Hanasoae XBa~aTOB 

nepe~aaHHx HMfiYJILcoB o:c o,OI4 (r3B/c)2 ~o o,035 (raB/c)2 H nony

qur1, B8J1RtmHY cpe~HexBa,Jtparxqaoro 3J1exrpo11arHHraoro pa..itHyca rr
Mesoua, xoropas oxasanac1, paBHOR 

<rJ-Jz. ... ~(0,78 z o,ro) 'P. 

laHHHe ~OBOJILHO xopomo corJiaCYJ)%CS C 06~eff xaprKHOff 3XCll8pHMeH

TaJILHHX pesyJ1LTaTOB no llOBe~eHHI) q>OplfqlaltTOpa II-Mesoaa, HMeD~HX
ca X HaCTOSJ.llle:uy BP8M8HH. 

OCBOBH.l:le pesyJILTaT.l:l ~Hccepra~H ~OXJl~BaJIHCI, Ha XYII Mez

~yxapo~HOI XOHcpepeB~HH no cpH3HX8 BHCOXHX 3H8pl'HR (rJioH~OH, 
1974), a taxze ony6J1HXOBaHH B pa6orax /I2,I4,20,2I,22,25/. 
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PHc.3. EJiox-cxe11a oOpaOorKH aKIIHHry~HOR lm~OpHaW[B c qepeHKOB

CKHX cqerqxxou noHBoro norno~eaua • 

Hl$f0(1.Allo tf 

\<lll~i:LE I 
2t •• ~!~~Ela /u;:011 .,.DDDUE onn 5,2000ftE 01 

tur l YUUBLE 2 r11011 DTo 5.~0GDUE-n2 
cu, J YUUtLl • Fl!OII no 6,00DD09!•01 
CUT 4 YUIULE T no .. 1,5DOIUE•OlTo t.2UtaU-C2 
cu, 5 VUUBLl 12 ,~011 6,1'DOUE D2'n 1.uuur Di! 
CUT 6 UIIIIBlf U fllO"•l.15UOOE UTo 2.00UIOE U 
Cur 1 wur•IILE U FAOH On 5.00DUDf-02 
cu, I VUUOLE .S rAo.. 110 ,.111111~-u 
CUT 9 YUUBLE 91 r11011 DTo 5 .totltl(-04 
CUT II YUUBLE H rllOM tro 5,DIOIIU-P 

TOTAL IIUMBE!t Of ffllT1UUJTU64 
fllUMIEII ULh Lowu Lll11Ti!1'9H 
t,IUOE U h'51$1 1 
1,tflU OD h8'1Si! 2 
J.1DOIE fl h0tS3 J 

•,IDDIE U ltUtS4 4 •··••••••••--•--•••••u••••••••••••h••••••••• .. ••••••••••••••• .. ••--••"'•""•• 
,.,00,100 1t841SP1,., .......................................................................... .. 
•. ,out 00 l!UISP2 I ............................................................................. . 

7.t~UE IO IU1'f;£1 7 '""'"""'""''"""''"''"'''"''''""''"'''''""" •• l.tlUf 10 IIl295EZ I ,,, ♦o,,.,,,,, .. ,,,,,,,,., ... ,,,, .. ,.,.,,,,,,.,, .. ,,.,.,,,,,,,, .. , .... , .. ,oo .. , 
1.11ao£ u ,u , .... 
l.lOGOE 11 437 1' ••• 
1.10001 fl O 11 
t.20IU ll 17 12 • 
1,UUE II 39' U ••• 
I.OH& U ' 14 
1.'81U II 117 1' • 
t.llltf II 30 16 •• 
t.7UU II 10 17 • 
1.Ultl II I U 
1,1111( U u. 19 ... 
2,UUE II UI U" 
2,IUU U I 21 
1,lUtE II I 22 
2,IIUEII f 2' 
2,41Ut: It I 24 
l,!Hllt: tt I " 
2.11111 ti I 26 
2.711ft n •11 11 ...... 
2,llltE II u, U ,,., 
1,1111(11 •• 2' • 
J.UUE II I U 
J.IIUE II I ll 
J.11111 It I U 
-U .. Off w,u Ll"IT 

Pxc.4. Oraocxre,u,aaa qacrora'cpaOarHBa.HllH 1p0roywonreaeR ycra
aouxx. 
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PHc.5 • .AlmJIHTY,l(Hl,18 cnexrpu CHrHaJIOB C qepeHltOBCKHX cqertfflXOB noJI
Horo norxo~ena, nonyqeHHHe B "oH-Jiaffll"-penJ1e; 

a) cqe,:ux l!CI, 

Cl) cqe,:'lllx l!C2. 

i. 
i I 
! i 
~ ~ 
: : 
: : 
i l 
: : 

.: :i 
:: ii 
gg 

n n 
;;: H iE 
·.-- :: :: 

i~t !~ = ii i I . 

'li iii'. . • • •.. . . -:: :::: ;: : :: ; ;~} 
; ~ ii 

PHc.6. cnexrp aimXHry~ c•raa.JIOB c qepeaxoBcxoro cqe,:qBJta. noJWoro 
norJio~eHBB, nonyqeeun ~JIB anexrpouoB H3 coOu,:xl Il-e pa.c
ceBHHa • .AMnnzry~ HOpllHpOBaHH Ha HMIIyJILCH qac,:H~, H3MepeH
HH8 C llOMO~LD MarHHTHoro cnex,:poMe,:pa.. 
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Pac.7. 

y-,06 3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

v.106 J.o 

2.5 

2.0 

1.5 

1.0 

0.5 

0.5 

n5 

y • A • BxA 

8 • - 0.6 

1.0 

Y = A • B•~ 

A = 2.355!: 0.041 

B =-0.085! 0.039 

x2t □F = 1.6 

1.0 

a 

1.5 

0 

1.5 

Bao~ HCCJie~ewon pe8.XW{JI, ,:.e. tfflCJIO Ha.11.JteHHHX COCIHDI 
n-e pacceaIDla B nepecqe,:e Ha o~HH nepBH-«mHI Il-Keaoa, B 
38.BHCHMOC'-'H o,: cpe~uero qHCJia <liOHOBLIX nyqKOB!iJC rpexoB, 
npome.Jt!IIHX qepea cnex,:poMe,:p 38. BpeMB na.MBTH HcxpoBI:a: xa
Mep; 
a) peaym,,:aTH pa.Clo,:u nporpa.Mllll noHcxa codHTHI, HCllOJIL30-
B8.HHOlt B UCLA , 

Cl) peayJIL,:a,:u pa.Oo,:u nporpa.MM!i, paapaOotaliHOR aBropoK. 
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