


PadoTa BilllOJIHeHa B JiadopaTOPHH ,imepHIDC npo6ReM· 06~e)U!HeHHoro 

HHCTHTyTa·R,IJ;epHIDC RCCRe,noBa.HHi-t (r • .!J,y6Ha). 

HayqHHM PYKOBO,l(HTeJU,: CTap!llHi-t HayqHHM COTpy,nHHK, 
~H3HRo-MaTeMaTHqecKHX HayK 

B .vl .IleTpyXIDI 

~HUHafil>HHe OllllOHeHTH: 

,l'.(OKTOP ~H3l1KO-MaTeMaTHqecKHX HayK B.r ~rpmnrui, 
KaH.nH.I(aT ~Hamto-MaTeMaTHqecKHX Ha.YR A.ll.llIMene:ea 

KaH,nH,naT 

Be.ny1I1ee HayqHo:..Hccne,no:eaTe.llhcKcie yqIJel!UieHHe - MocKOBCKHi-t 

HHllteHepHo➔HaHqecKHi-t HHCTHTYT, r. MocK:ea. 

ABTope~epaT paaocRaH" " 1974 r. 

· 3al!IHTa )U!ccepTaUHH COCTOHTCH " ·" 197 r. B 

II "qacoB Haaace.n8.IllUt YqeHoro coBeTa.Jiadopa.Topu .imePHwc 

npodneM OHHl1. 

C )U!CcepTaU}ieH MOJKHO 03HaKOMHTbCH B 6H6RROTeKe 06~e.I(HHeHHOro 

HHCTHTyTa ,imepHIDC HCCRe,l'.(OBaIDIH. 

YqeHHM ceKpeTapb COBeTa 
Kali)U!,naT ~H3RKO-MaTeMaTHqecKHX HayK 

Kl.A .EaTyCOB 
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IOpHii Ila.BJIOBHtl 

1 - 8391 

nottCK HOBbIX TfDKEJiblX 'IACTML( 

HA TTPOTOHHOM CMHXPOTPOHE M4>B3 (CeprryxoB) 

CrreQHaJihHOCTb 01.04.01 - 3KCrrepHM8HTaJibHaH q>H3HKa 

A BTOpeq>epaT /lHCcepT811HH Ha C0HCK8HHe yqeuoll CTeneHH 

KBH/lH,[18T8 q>H3HKO·M areMaTHqecKHX uayK 

( LlHccepTBUHH HBITHCaHa Ha pyccKoM H3bJKe) 



Ilepexo~ B 06JlB.CTL 6onee BUCORIDC aHeprHH YCROpReMHX qacTHU 

~enaeT BO8MOJJtHblM npoBe~eHHe noHcRa HOBUX qacTHU B i!HTepoone Mace, 

ROTOPIIB paaee He Mor 6HTL HCCJ!e~oBaH JID60 no npHqi!He BHCORoro 

aHepreTHqecKoro nopora, Jill6o Ha-aa Manux ceqeHHH polK,Il,eHHR. TaRHe 

aRcnepHMeHTH 6HJill BilllOnHeRH Ra npoTOHHOM CHHXPOTPOHe H~B3 (aHeJ}

rM YCROpeHHHX npOTOHOB 70 raB) B 1969-1973 ro~ax: noHCR qacTHU 

C ~O6HblM 8JleRTpi!qecKHM aapMOM-RBaIJKOB H no~BapRo/1- 31; no

i!CR HOBWC aHTHMeJ}-aH;areJillR-3/4/ H aHTHTPi!TH.ci5/; noHCR HOBHX, 

~OMOl!ti!BYIIIRX O~HoaapMHWC qacTan B HHTepBalle Mace OT aHTH~eHTpo

Ha ~o 10 npoTOHHWC Macr/6,71. li HacTomnea ,nRccepTaUHH onHCHBaDT

CR peaynLTaTH nocne~HHX 8RcnepHMeHT0/6, 7/, a TaRMe HeROTOPHX Me

TO,nRqecRHX pa6oT, BilllOnHeHHHX npH nowoTOBRe ii npoBe~eHHH 8TIDC. 

8RCnepHMeHTCl3H 8RcnepHMeHTa no noHCRY MeP aHTHTPHTHR. Peaym,TaTH 

HCCJ!e~OBaHHH, nonoEeHHHX B OCHO:ey .nzccepTaUHH, 6HJill ony6JIDROBaHH 

B pa60Tax"6- 101. 
,llaccepTaUHR COCTOHT H8 BBe~eHHR, qeTHpex rnaB ii aaRnDqeHHR. 

B nepBoff rnaBe npHBO.nRTCR RpaTRHH odaop TeoperaqecRHX npe~cxaaa

HHff cy~eCTBOBaHM HOBHX qacTHU, a TaRMe peaynLTaTH 8KcnepHMeHTOB, 

BHilOnHeHHHX C nenLD npoBepRH 8THX npe~CKaaaHHH. no npoBe~eHHR 8KC

nepHMeHTa, OilHCHBaeMoro B ~HccepTaUHH, ~J1JI ceqeHHR polK,Il,eHHR HOBHX 

~OMOMHBYIIIRX O~HoaapR.n,HHX qacTHU Ilpi! aHeprHH 70 raH 6una nonyqeHa 
-35 cM2 

BepxHRR rpaHHqHaR oneHRa, paBHaR 1,2·10 cp.l'aBJc•HYRJ!OH c ~o-

CTOBepHOCTLll 9□i41. Ilpi! 8TOM 6HJ! HCCJ!e~OBaH HHTepBaJ! Mace 2-2,8 

raB/c2• 

IlocTaHOBRa 8RCnepHMeHTa onHCHBaeTCR BO BTOPOH rnaBe. Bo Bcex 

8RcneplrU4eHTax, nem,I) ROTOIJK RBJ1JI8TCR nOHCR HOBHX -qacTHU, rJ!B.BHM 
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npoOJleMa 3aKJll()qaeTCH B no,naBJl8Hmf qioHa OT qacTHU. COCTaBJIJllllU!X 

OCHOBHYD ,I(OJ!Xl Ilp0,IzyRTOB nepBH13HOro smepaoro Bsaru.,o,neilcTBWI -n'-Me-

30HOB, K-M830HOB, 6apROHOB. IlpR IlORCKe RBaPROB R aHTzsmep C sapg

,I(OM l =-2 ,I(JIH 3T08 uenH HCilOJIL3yeTCH pa3JIHqHe sap~OB 3THX qaCTHU H 

,npyrHX ROMilOHeHT nyqRa, npOHBJUilO!IteecH B pasJlliqHH MarHRTHHX OTKJlO

HeHHff, HOHH3allllOHHHX IlOTepL H HHTeHCHBHOCTli qepeHKOBCROrO li3nyqe

mm. B cnyqae 0,I(H03apsmamc qacTRU OCHOBiillM MeTO,I(OM BU.I(eJleHRJi THJKe

JlllX qacTHU JIBMeTCH R3MepeHRe CKOPOCTli qacTHU npR ~HKCHPOBaHHOM 

ru.mynhce. JRcnepHMeHT, OilliCHBaeMl:lH B ,!UiccepTaUHH, IlPOBO,nliJlCJI Ha 

nyqKe BTopaqHHX OTPRUaTeJU,Ho sapmceaawc'qacTRU c HMilynbcOM 25 r3B/c, 

OOpasyeMHX IlpOTOHaMR C 3HeprReH 70 r3B Ha BHyTpeHHeff MHmeHH YCKOPli

T8M no.n yrJIOM o0 R HallpaBJl0HliXl Il~PBli4Horo Ily4Ka. HMnym,c 25 r3B/c 
• ' ' 1, 

npm1epHo COOTB0TCTBY0T MaKCHMyMy ~30BOro o6~eMa peaxu:im P+P ➔ 

-- N + N + X + X ,nM Mace Mx~Mp.IlPR :rnepr1m HaJleTaxxnHx npoTOHOB, 

paBHoff 70 r3:Ef, Macca qacTRU, poJK,IJ;eHHwc B peaKllllR napiioro oOpasoBa-
' . . . 'l ; . ~ 

HHJI Ha IlOKOJII11eMCH npoTOHe, He MOllteT npeBWI1aTL ~ 5 Mp. B coy,napeHR-

HX npoTOHOB c HYRJlOHaMR smep MoryT !)Ollt,naTLCH'li 60Jiee TID!te.11He tiac

THUH, HO ,I(OJIJI TaRRX coy,napeiudi 6HCTPO na,naeT c POCTOM MaccH qac~ 

TRUil (no H~KOTOPhlM OU~IIBaM/11~ .no~ coy,napeHRff, ~ KOT~pax K~HeMa

THqecRH B03_MOJmO napHoe o6pasOBaHRe qacT~ C Maccoll 10Mp, COCTaB-

JlJieT "' 10-4-10-5 IlOJlHOro ceqeHliJI). IlocROJU,~y c yBeJlliqeHH~M yrJia 

BHJleTa peracTpapyeMwc qacTRU as MHIIleHR Macca pollt,neHHwc qacTRU 

yMeHLIIJaeTCJI, IlORCR IlPOBO,!UiJlCJI no,n yrJIOM o0 : 

Ilpli HMnyJILce 25 r3B/c pa3JlliqHe CROPOCTeff qacTRU BeCLMa MaJio 
; , 

(Ta6JI.1) a, qTOOH Ha,neJKHo BH,neJlHTL H H,neHTR~RUHPOBaTL RCKOMHe qac-

THUH, HeoOxo,nHMO oOecneqHTL BHCOROe paspemeHRe no CKOPOCTR, npoBe

,neHHe H3MepeHHH CKOPOCTH HesaBHCHMHMH ,neTeKTOpaMR R aqxpeKTHBHOe 

no,naBJleHRe perHcTpallllR OOJlee JlerRHX qacTRU ( x-' -I<-' F , a ) . 

4 

., 

~ 

KpOMe Toro, TpeOyeTCH npRHJITL OC00He MepH ,I(J!H no,naBJ10HRJI ~oHa, 
\ . ., 

oOycJlOBJ10HHoro smepHh!MR B3aHMO,neicTBHHMH B Be111ecTBe ,neTeRTOPOB 

H CTeHRax HOHOilPOBO,na, npo,IzyKTH ROTOP!:lX MOrllli 6H HMRTHpOBaTL TJI

xemm qacTRUH. 

Ta6J1Hua 1. CKOPOCTR qacTHU H BpeMeHa nponeTa 
6a3H 100 M IipR HMllyJILce 25 r3B/c. 

'Iac'fll!lll ~ p 1 3H 411p 511,, 7,5";, 10"1, 

~ 0,999985 0;9993 0,9972 · 0,9937 0,9889 0,9828 0,9626 0,9362 

~p =I-f A 

t, 

1,5•10-5 7•10°"' 2,e·10-3 5~3•10-3 1,I'.I0-2 I,7•I0-2 3,1·10-2 7,4°10-2 

BCeJt 333,6 333~8 334,5 335,7 337,3 339;4 346,5 356,3 

---

IlpR o,m,naeMWC MaJll:lX BHXO,nax liCROM!:lX tiaCTRU He06XO,nHMO 6HJIO npOBO

,nliTL 3KcnepHMeHT npa npe,neJILHO ,I(OCTliiltRMinc liHTeHCHBHOCTHX nyqKa B 

KaHaJle. B 9TRX yCJlOBHJIX oco0eHHO BaJKHOff sa,naTieiJ HBMeTC.fl CHlillteHHe 

ypo:EiHH cnyqaffaiix cowa,neHHil, ROTOPHe -raKi·e MOryT HMUTHpoBaTL npo

XOllt,neHHe qepe::i RaHaJI TmteJlOH qacTHUji. B peaJlli30B8.HHOff nocTaHOBKe 

3KcnepHMeHTa pemeHHe 9TliX npo6neM ,I(OCTHraJIOCL HCil0JlL30BaHHeM cne

x.maJILHoro MarHRTHoro KaHaJia/12/ c ,nByXKpaTHHM aaaJ1HsOM ny'll<a no 

RMllyJILcy R MHoroRpaTHOA oq11cnolt ero OT- npo,Jtyit?OB H,!t6pHHX B38JDlO

.neacTBHA, npHMeHeHlieM ,I(JlH R3MepeHHH CROPOCTH qacTHU cneKTPOMeTpa 

no BpeMeHR nponeTa (CBil) c BHCORRM BpeMeH!llIM paspemeHReM H raso

BHX tiepeHKOBCRHX ,neTeKTOPOB, R3MepeHHeM BpeMeHHHX COOTHomeHHA Mex

,Izy cHrHanaMR oT cTieTqmtOB TeJ1ecxona, perHcTpRpy~ero npoxollt,neHRe 
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qacTHUU qepes KaHaJI, a TaRllte pa6oToii Ha JIHHHH c 3BM, qTo .n;aJio· B03-

MOlKHOCTL Il~OBO.IJ;HTI, MHO~OMepHHH aHa;m:9 OT06paHHHXC06HTHff H.ROHT.:. 
. ,. 

pOJll, ycJIOBHti 8RCilepHMeHTa B peam,HOM BpeMeHH. Ilpa pa6oTe Ha JlHHlll! 

C 3BM MOllHO ocnadHTl, orpaHHqeHHH, CBlI3aHHHe C npe.n;BapaTeJII,HlilM OT-

60POM qacTHrt H HeH_sdelltHO npHBO.D;ml!He R noTepe a@leRTHBHOCTH peracT

paJ:tHH, BHilOJlHJIJI qacTL ~YHRJ:tHH CXeMHoro OT6opa npH o6pa6OTKe sape

rHCTpHpOBaHHHX CO6HTHii. B 8TOM cnyqae MOllHO nonyqHTl, cymecTBellHO 

6oJiee llOJIHHe CBe.n;erum O ~OHOBHX ycJIOBHHX 8RcnepHMeHTa, llOCKOJll,RY 

BO BpeMH odpa6OTRH Ha.3BM ZMeeTCH B03MOll!'.HOCTl, ra6RdMeHHTl, KPHTe

paHOT6opa CO6HTHii H,_no cy11teC:TBY:, npC>BO.IJ;HTl, KOHTpOJll,HHe H3Mepe

HWJ no HadpaHHoff cTaTacTHRe co6aTHff. HecTa6HJ11,HOCTH annapaTypa MO

ryT 6HTb yqTeHli c nOMorilr,D peneps~ codHTHff, HenpepHBHo peracTpapy~ 

eMHX B 3BM B xo.n;e aRcnepHMeHTa. 3To oco6eHHo Bal!Ulo npa npoBe.n;emm 

MHorocyToqHHX H3MepeHaii C BHCORHM paspemeHaeM, Kor.n;a npem,HBJIJmTCH 

IlOBllll!eHHHe Tpe6oBaHHH K .D;OJll'OBpeMeHHoii_ CTadaJ11,HOCTH annapaTypa a 

ROHTPOJID YCJIOBHii H3MepeHIDI. 

B TpeTLeii rnaBe onacaaa_aKcnepHMeHTall~ YCTaHOBRa: MarHHTO

OOTH'leCKHii RaHaJI, .n;eTeRTOpH, 8JleKTPOHHRa, 3.BM, annapaTYpa CBH3H C' 

JBM a CHCTeMa nporpaMM npaeMa_a o6pa6OTKH .n;aHHHX B peaJll,HOM BpeMe

HH. 3RcnepHMeHTaJll,HaH annapaTYpa pacnoJiaraJiacL Ha KaHaJie 4B Cepny

XOBCROI:'O yc1<0pRTeJIH •. CxeMa xaHana, ero onTHRa a pasMe11teHae Ha HeM 

~eTeKTOPOB llOKa3aHH Ha pac.1. IlpoXOllt,D,eHae qacTHinl qepes K?HaJI pe

racTPHPOBaJlOCl, TeJieCROOOM CUHHTHJIJIHJ:tHOHHHX C'leT'lHKOB M = S;J\: .. :{=,'f • 

.IlBa ra3OBHX noporOBHX qepeHKOBCRHX cqeTqua C1 H C3, BKJIDqeHHHe Ha 

aHTHCOBIIa,D;eHWI c MOHHTOPHHM TeJieCKOilOM M, o6ecneqaBaJIH no.n;aBJieHae 

cKopocTa cqeTa Jiernax qacTart ( !lt-, K-, F ) .n;o ypoBWI ---10-6 npa HH

TencaBHocTa nyqKa {2, 0-2, 3) -106qacTau,' ceK. BosnHKamtruI as:-sa cny

qaflHHX aHTHCOBOa,D;eHafl HeajxpeKTHBHOCTb Tparrepa MCi.3 COCTaBJIHJia 
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81 ___l!_i, B, 

102M 

2
~V V ~ =-x-=: 

20 
40 

60t8epmUKDflb 
80 

100 MM 

Pac.1 - CxeMa pacnoJiolKeHWI annapaTYPH Ha RaHaJie 4B H 
np~HJll, ·ny'!Ka qacTHrt. 

T - MHmeHb, K - RO.llJIHMaTOPH, 'q, - KBa.nPYilOJII,
HHe JIHH3H, M - OTKJIOHffiOIIIHe MarHHTli,. $ - CUHH
THJlJlHrtHOHHHe cqeT'lHKH, B - 6asOBHe cqeT'lHRH 
cneKTpoMeTpa no BpeMeHH nponeT~, Mqc - Mttoro
Ka.RaJll,HHii "!epeHKOBC!HiH c'leT'lUK. 

7 



npn aT0H HHTeHcHBHOCTH"l<15%. IloporoBaJI CK0P0CTD qacTHU ~JlJI aTHX 

cqeT'lRK0B 6b1Jla paBHa 0,9987, TaK qT0 STH C'leTqHKH He ~CRPHMRHR-
~-;- •> 

P0B8JIB ;mpa -tte. C'leTqRKH C2 n C4 ajxpeRTRBH0 perHcTpnpoBaJlR aH-

T~eliiTP0Hbl • 

BpeMH npoJ1eTa nsMepanocD aa 6ase 102 Ma ~Byx,nonoBHHax 6asu 

C noM0l!ILD Tpex CUHHTIInJIJinR0HHl:lX cqeT'lHK0B B1-B;j, ,llJIJI yMem,melil!J! 

BlllUIHHH 60JU>IDHX sarpysoR cqeTqHK B1 C0CT0HJI H3 ~ByX He3aBHcmmx 

qacTeH. :Wcnom,soBaHae 6om,moro npoJ1eTHoro paccT0HRHH ( ~ 170 M 

OT MHllleHH ~o nocJ!e)Ulero 6asoBoro cqeTqHKa) orpaHH'lHJ3a?l0 HHTepBaJI 

BpeMElH lKH3Hli qacTHU, aip;peRT~BHO perHCTpHpyeMl:lX'ycTaHOBROH, BeJIH

'lHH0tl ~10-7-10-Bcex. BpeMeHHoe paspernemie cnexTpOMeTpa no BCeM 

6asaM 6blJIO He Xylite 0,3 HCSK. ~on0JIHHTeJU>H8.fi Heonpe~eJ!eHH0CTD BO 

BpeMeHH nponeTa, 06ycJ10BJ1eHHaJI pas6pocOM nyqxa no HMnym.cy 

( ~P/J? '!;:: 2,8 %) , ~aeT 3aMeTHbltt BR~ B paspemeHHe JIHIDD B o6na

CTH 6om,mnx Mace }l ~JlJI Mx=10 Mp C0CTaBJlJ!eT 1,2 HCeK. B ~anasoHe 

Mace 1,6 Mp< M<3,3 Mp CK0P0CTD qacTHU H3MepHJlaCD TaKllte MH0r0I<a

Ham.HblM qepeHK0BCRHM cqeTqHKOM (M1Ic/13/ c paspemeHHeM no CK0PO

CTH b.f'/{=> ~ 4•10-4. 

TpnrrepoM perncTpart1m co6blTRi1 cnyJKHJI carHaJI Mc1c3 , a TaKl!te 

CHrHaJl!,J penepHWC co6b1TRH, Bb16paHHblX H3 CliI'HaJI0B M0HHT0pa C nOM0l!ILI) 

C00TBeTCTBYD!I!HX 6JI0KHP0B0K. 3TH penepHble C06b1TWI 0TBeqaDT, B 0CH0B

H0M, '.It' -Mes0HaM, C0CTa.BJISUllIIHM ~ 98% 'laCTHU ny1flta. ~ 0)U!0ro H3 

STHX C06b1THH CRrHaJI M0HHTopa CABliI'aJICH Ha~70 HCSK. TaKll!e C06b1TWI 

(O-co6blTWi) HCn0JU,30BaJIHCD AJlJI K0HTPOJlJI cTa6HJU>HOCTIII HYJ18BOro 

YP0BHH (nDeAeCTaJIOB) B TpaKTax aMilRHTY'AHl:lX H BpeMeHHl:lX 1113MepeH111it 

H peracTpaUHH aMilJIIIITy)UlllX H BpeMeHHWC pacnpe~eneHHfl cnrHaJI0B CJJy

qaiiHllX cpa6aTblBaHHtt 0TAeJU>HblX AeTeRT0P0B. 

* CqeT'lHK c4 cKoHcTpynpoBaH B.Il.3peJ10BblM, II.IlaBJI0BH'leM, 
B.:W.C~opoBOH a Il.lliyneK0M, 
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~JIH BJ,JAeJ!eHHllX CHCTa~0H Tpnrrepa C06b1THH H3MeplUillCh BpeMeHa 

nponeTa 'laCTHJ:tbl Me~ C'lST'lHKa'vlH $3, Ss ( t.35 ),. s3. sf ( t3t) H 

$
5
JS-f ( t51) C paspemeHHeM 1,0-1,5 H()eK. B nocJle,eylO!JleH o6pa-

60TKe Ha 3BM cpaBHeHHe aTHX BpeMeH Mel!U(Y co6on Il03BOIDI.JIO O'lHCTHTh 

Bb16DPRY co6b1THH MC1C3 
OT ~oHa cnyqallHwc coBnaAeHnlii B MOHHTope. :Ws

MepHJ1Hch TaKllte BpeMeHHble 0TMeTKH CHrHaJI0B OT cqe:rqHKOB C1-C4 n 

aMnJIHTy~ cRrHaJI0B OT C'leT'lliK0B B1-B3, C1-C4, $3. $5 , $"1 • 0T-

6pacb1Ba!I co6b1TM, 1~eJ)!l!He 6om,mHe aMnJIHTyAbJ cnrHaJIOB B qepeHKOB

cKRX cqeTqrutax c
1
-e

4
, MOlltHO noAaBl!Th ~o Heo6xo~HMoro ypoBHH woH, 

cMsaHHblH C npox0J!,I\ef!HeM "JierKRX" 'laCTHit (M :!:; M;:r ) • AMnJlll.TYAH8.fi HH~ 

~op;iaUHH OT cqeTqRK0B CBII H CUHHTHJIJIJIUl10HHblX C'lST'lRKOB MOHHTOpa 

no3B0JUVID onpeAeJlHTh aap.R;It qacTHJ:tbl H HCRJIB)llHTh cnyqan O)UIOBpeMeH

Horo (B HHTSPBaJ!e 20 HCeK - AJlHTeJU,H0CTh_B0P0T, nponyCKaIOIJU!X cnr

HaJ1!,J) npoxol!t,lteHHH qepea HHX HSCKOJll,KIDC qacTRlt. 0TH0meHHe '1. aMnJlH

TY~ carHaJI0B OT CUHHTHJIJllIUH0HHblX cqeT'lRK0B K noporaM ~PMHPOBaTe

Jietl saAaBaJI0Ch paBHblM 10-20. :WaMepeHIDI noxaaaJlH, qTQ AOJlJI aMDJillTYA, 

MeHI,lllRX 50% OT Han6onee BepomHotl, He npeBblmaeT 1% ooex:aMnllHTYA, 

Ta.I( qTQ ycTaH0BKa Morna aip;peKTHBH0 ( E. > 0,90) perncTpHpOBaTh qac

TruJ;l:l c aap~oM I 2:I = Jf >0,45. Ilpa "Z: =-3 B ~aHaJ1 MOryT nona~au 

T0JU,R0 qacTHIUl C "H~H3R'l8CRRM" HMnym,cmi 75 raB/c. 

3aper:acTpHp0BaHH8.fi B Kal!,I\0M C06b1THH aMDJIHTyAffO-BpeMeHHaH HH

~op.1artWI OT Bcex .neTeKT0P0B (50 naPaMeTp0B no 1024 xaHana KaJKAID1) 

HAO 40 JloraqecKRX npH3HaK0B 0061,JTWI nepe~aBaJlHCh B 3BM. !Io OKOH'la

HHR HMnyJlhca HHTeHCHBH0CTH 3BM peracTpHp0BaJIB. noxaaaHWI 30 nepe

C'leTHHX cxeM, co.11eJm81llHX HHW0p.!au;Hll o pa6oTe M0HHTopa, qepeHKOB

CKRX C'lST'llIB0B R 06 YCJI0BRHX HaBeAeHWI BHyTpeHHero nyt!Ra Ha MRWeHD, 

noRa3aHRH UHWP0Boro B0JU,TMeTpa, C Il0M0fiU,ID K0Toporo H3MepHJIHCh Han

PHJ!tSHWI Ha CtIST'lHRax H B 0CH0B!lblX T0'l!Rax SJISRTPOHH0ll JIOrRKH, a TaK-
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lite npnHIDAana cnyllte6Hy10 nHq,cill.!a~, xapaxTepnsy10U1Y10 ~aHHoe nsMepe

HHe (HOMep nsMepeHIDJ, KaJieH~apHoe BPSMH, ycJIOBRH HsMepeHM). Bpe

MH perncTpaunn H nepe~qn B 3BM o~oro co6HTHH cocTaB~O N BOO 

MKCeK. B 3KCnepRMeHT8HCilOJll,SOBaJiaCJ, JBM cpe~ero KJiacca BXM~. 
MO~epHHSHpOBaHHM ~AA pa60TU B pel!GiMe "Ha JIHHHH"/14/. J{M nepe~a

'iH HHqlOll.!aUHH OT ~eTeKTOPOB B 3BM 6mm paspa6oTaaa annapaTypa co

npRJKeHwl15/, KOTOpaH BbIIlOJIHHJia CJISJzylOIIUle WlllU:~n: a) npeo6paso

BaHHe HH(p()l},launn HS aHaJioroBOH B UH4'P0BYIO qJO!l,IY; 6) npoMelltyTO'i

Hoe xpaaeHHe MaccnBa perncTpnpyeMbIX .iiaHHbIX; B) ynaKo:m<a: HH<pOll.!a

IUiH B CJIOBO 3BM (45 pasp~OB); r) OpI'aHHSaUHH nepe~a'iH ~aHHHX B 

COOTBeTCTBlill c UHKJIOM pa6oTU :IBM-(10 MKCeK); ~) cornacoBaHHe BU

XO~bIX IlOTeHIU!aJIOB C BXO~UMH uen.RMH 3BM. B annapaType COilp.fDlte-. 

HM HCilOJll,SOBaJIOCJ, ynpaBJieHHe nepe~a-qeff HHWOl},laUHH C IlOMOl.l!I,10 npo

rpaMMU 3.BM; npH KOTOPOM MoryT npOHSBOJll,HO HSl\leHHTJ,CH IlOCJie~OBa

TeJJI,HOCTJ, nepe~a'iH n o6~eM nepeAaBaeMbIX'AaHHUX. 

BU'iHCHHTeJJI,HM MamnHa BUilOJIHHJia B 3KcnepHMeHTe CJie.cylOl!Uie 

WHKUHH: a) opraHHSaQI:!H npHeMa aKcnepI:1MeHTaHbHOH HHq,O?,launn; 

6) sanHCJ, IlPHHHTOH HHqJOll.!aUHH Ha MarHHTHYIO JieHTy; B) KOHTPOJJI, 

pa60TU 8KcnepRMeHTaJJI,HOH ycTaHOBKH; r) BU6opoqH~ cTaTHCTH'ieCKHff 

aHaJIHS ~aHHbIX 3KCnepHMeHTa H BHsya.m,Hoe npeAcTaBJieHHe cneKTPOB 

aMilJIHTy~O-BpeMeHHO!i HH(p()?,laUHH • .limr o6ecne'ieHM pa60TL! 3BM B pe

JIWMe "Ha JIRHRH" 6una cosAaHa cncTeMa nporpam/101, o6ecne'iHBalO

ll!M B09MOlKHOCTJ, 6LtcTpoa aAanTaunn npn HSMeHeHRH ycJIOBl!ff aRcnepn

MSHTa, npHSM AaHHHX H HX o6pa6oTRy B peaHI,HOM MacmTa6e BPeMSHH, 

a TaKllt8 o6paTHylOCBHSJ, 3BM C 3Rcnep.PIMeHTOM. llp:a HallHCaHHH TeRcTa 

nporpaMM ncnom.soBaJics.acceM6Jiep cHCTeMU MaTeMaTH'iec~oro ·o6ecne

'ieHHH B3CM-4/16/, KOTopua npe.cycMaTpHBaeT HesaBRcHMylO TpaHCMUHIO 

H cerMeHT~ nporpaMM. IiJioR~cxeMa opraHHsaUHH cncTeMU nporpaMM 

10 

l 

I 

npHBeAeHa Ha pnc.2. Pa6oTa KOMnJieKca nporpaMM opraansoBaHa cJie

~IOl!lHM o6pasoM. IIocJie ycTaHOBKH Ha'ialiHOro COCTOHHHH CHCTeMU yn

paBJISHH.8 nepe~aBaJIOCJ, AI:!CDST'iepy, opraHHSYIOIIlSMy IlOPJmOK HCilOJIHe

HeHI:IH nporpaMM B COOTBSTCTBHH C npnopHTSTOM H HaHH'iHeM AM HHX 

pa60TU. no CHrHaJiy npepUBaHM, CMSaHHOMY C CHHXPOHMilyJll,COM yc1rn

pneM, BKJlJO'laJiacJ, nOMPOrpaMMa npHSMa AaHHUX OT 8Kcnepl!MeHTaJJI,

HOi:i YCTaHOBKH~ IIocJie OKOH'iaHM npneMa HHqiOJ)MaUHH ynpaBJieHHe BOS

Bpa~aJIOCJ, B ~:acneTl!ep, KOTOPUH no q,nar.y, CHrHaHHSHPYIO~eMy O HaHH

'iHH HOBOH HHq,OJ)MaUHH, nHHUHHPOBaJI pa6oTy nporpru.lM nepBoro npnopn

TeTa (KOHTPOJll, nepeAa'iH HHqioJ)Maunn no KaHaJiy CMSH, nepenHcJ, HH

q>Oll.!aUHH · Ha MarlUlTHYIO JieHTY, KOHTP,Oli pa60TU MarHHTOOilTH'lSCl<Oro . . . 

KaHana H 3JieRTPOHHOH JIOrHKH no COA8PllrnMOMY nepec-qeTHUX cxeM H no-

RasaHH.RM UHq>pOBOrO BOJll,TMeTpa). Pa60Ta 8THX·nporpaMM m.na C sanpe

TOM npepuBaHM. IIocJie BUXOAa Hs 6JioKa nporpaMM nt?pooro npnopnTeTa 

ynpaBJieHHe BOSB~aJIOCJ, B AI:!Cil8T'iep, KOTOpuR npa HaJIHqHH MaCCHBa 

~HHbIX, IlOAJiellt~ o6pa6oTRe, BKJlJO'laJI :eunoJIHeHae noMporpa.MM BTO

poro npnopnTeTa (o6pa60TKa co6UTHH, CTaTHCTH'i8CRHff aHaJIHS ~aHHUX 

8KcnepHM8HTa H BHsyaJIJ,HOe npeACTaBJieHHe cneRTPOB). IlOMPOrpaMMu 

BToporo npaopnTeTa pa6oTaJIH c paspemeHlleM npepuBaHHH, Boso6HOBJIHH 

o6pa6oTKy c Toro MecTa, rAe oHa 6u.na npepBaHa npaEiMOM HHqio?,1aUHH. 

B nporpaMMax o6pa60TKH 6una peaJIHsOBaHa pasBHTM.CHCTeMa KPHTepn

eB OT6opa (~o 132 KPHTepaeB), KOTOpaH nOSBOJIHJia BUA8JIHT!, C06UTM 

no mo6ott COBOKYilHOCTH npHSHaKOB, 11cnOli30BaHHUH CIIOC06 ClltaTM HH

q>Op,iaUHH AaBaJI BOSMOlKHOCTJ, CTPOHTJ, B onepaTHBHOH Il8MHTH O~OBpe

MeHHO 63 rHCTOrpaMMU c cyMMapHUM 'iHCJIOM KaHaJIOB ~ 12500. 

OnepaTHBHOe ynpaBJieHlle pa60TOH 3BM BbIIlOJIHHJIOCJ, C IlOMOl.l!I,D qe

Tupex 45-pas~bIX TyM6JiepHUX perHCTPOB nyJIJ,Ta 3BM, a T8Kllte AI:!CTaH

UHOHHO nocpeACTBOM nepeKJlJO'laTeJieff B annapaType conp.ftllteHIDI. 06paT-

II 



PRc.2 - EnoK-CXeMa CRCTeMli nporpaMM. 
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H8JI CBIISb C AOMHROM aKcnepHMeHTaTopa ocymecTBJI.ffJiaCb qepes Alicnnea 

MHOrOKaHallbH.Oro aHaJJ.li3aTopa C IlOMOUlI>ll ynpaBJI.ffl)lllliX CRrHanoB RaHa.na 

CBJIBR, KOT~pue reHepipoBanRCb npor~off 'SBM/9/. · 

KpoMe aKcnepHMeHTOB no llOliCKY HOBHX TJIJ!t8JIHX ~aCTlil{ R aHTli-
_ _, . 

TPHTWI CliCTeMa nporpaMM liCllOJlb30Ba.llaCb TaKxe B p~e M8TOARqecKIDC 

11ccneAOBaHru! (nsyqeHae BpeMeHHIDC a aMllnRTYAHHX xapaKTepncTRK CnHH

TRJlJISIUHOHHmc cqeTqHRoB B ycnoBWIX 6~nmax -~n~ncHHX sarpysoK/17/, 

R3MepeHRe MHKPOCTPYRTyp1,1 ny~a yc1<0pHT8JIJI. li AP·). II pa aTOM He no

Tpe60BanOcb nepecTpo:liKa annapaTypu H cymecTBeHHHX HSMeHeHHtt B npo

rpaMMax, XOTJI CTPYKTypa AaHHIDC R pe~HM HX npHeMa 3HaqHT8JlbHO OTnR

qanacb OT Bll6paHHblX AJI.ff OCIIOBHIDC aKcnepHM8HfOB. 

IIpOB8A8HHe ll3MepeHRH Ha YCKOPHTene li pesyllbTaTH aKcnepHMeHTa 

OilHCaHll B nocneAHeH, qeTBepToa r.naBe MCcepTan,1li. B llP8ABaPHT8Jlb

HllX asMepeHHd6/ 6un accneAOBaH c Melibmea cTaTHCTHROff ManasoH. 

Mace AO 17 Mpli nonyqeHa Bepxrum rpaHHqHasi: ouemrn 

d2..6' /dQdP(o0, 25 raB/c) ~ 1,o-10-34cM2/(cp•faB/c•MPO Al ) • 

B OCHOBHOM 3KCll8pHM8HTe 6uno npOB8A8HO qeTupe ceanca pa60Tll Ha yc

KOPRTene. PacnpeAeneHRe CTaTHCTHRli no ceancaM npHB8A8HO B Ta6n.2. 

~epes ycTaHoBKy 6Hno nponymeHo 3,75•1011qacTRU H saperHcTPHPOBaHO 

5•105 co6HTnit MC1c3 BMecTe c ~106 penepHmc co6HTRH. CpeAHIDI RH

TeHcnBHocTb ny<ma BO BpeMJI aKcnepHMeHTa no~epxaBanacb Ha ypoBHe 

~ 2,5•106 qacTHu/CeK. B Haqane ll ROHU8 Ra.JK,IJ;Oro ceaHca npOBOARJiaCb 

Kann6pOBKa BP8M8HHOH IDKaJIH CBII, KOHTpOllb nsMepJieMoro ManasoHa Bpe-

MeH nponeTa,KanH6pOBKa BpeMeHHbIX TpaKTOB CRCT8MH aMilnRTYAHO-BpeMeH

Horo aHanll3a ll Kann6pomta M~G (ll3MepeHHe saBRCHMOCTll KOOPMHaT KOli

u.a qepeHKOBCKOro CB8Ta '.it'-M830HOB OT AaBneHWI rasa B cqeTqRKe).3Kc

npeccHHH KOHTPOli cTa6RllHOCTH pa60TH annapaTypH npOll3BOMnCJI B 

peaJU,HOM BpeMeHn no aMilnRTYAHHM ll BP8M8HHllM pacnpeAeneHWIM .51:'.-co-

6HTRH, saperHCTPHPOBaHHblX B XOA8 aKcnepHMeHTa. BJUUIHHe AOMOBpeMeH-
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Ta6Mna 2 

cecmo llliilmJ, N•1ci1I.rac-r'llll tifIW'UICTJil 

I 
(on.I972 r.) 8,I r/c,}Af 0,2I 4,7 

II 
(.itex.I972 r.) 8,I r/c:,;. At 0,85 I3,I 

n 
(mm.I973 r.) 5,5 r/cu2& 0,46 8,9 

IY' 
(uapr I973 r.) 8,I r/~ N. I,30 28,6 

I3,44 r/m/<:.u 0,93 20,4 

I-IY' 3,75 75,7 

HHX HecTa6HJU,HOCTen HCKJIJOqaJIOCD npH o6pa60TKe '.D;aHHWC: IlOJIOliteHHe 

Kallt,l(OH H3MepReMOH BeMqHHH onpe.D;eJllUIOCD OTHOCHTeJU,HO ueHTpa Tmce

CTR pacnpe.D;eJieHHR .D;JIR penepmn: .'.lt'.-co6uTan. B pesyJU,TaTe Ha6paH

Hun sa 200 qacoB cneKTP BpeMeH npoJieTa aHTH'AeHTPOHOB nocJie npoBe

.D;eHHR o6pa6oTKH He OTJlliqaJicR OT aHaJioraqHoro cneKTpa, nonyqeHHoro 

B TeqeHHe HeCKOJU,KHX qacoB. 

3aperHcTpHp0BaHHUe c06liTHR IlO.D;BepraMCD aI8JIH3Y no CJie,eyKHI1ett 

COBORynHOCTR KPRTepneB: 1) KPRTepHR, ROTOpHM .D;OJllitHli Y'AOBJieTBOPRTh 

Bee qacTHUU B accJie,eyeMOM ;D;l'lanasoHe Mace; 2) KPHTeprui, oT6pacu:ea

lOIIlHe qacTHIJ;l,1, sqxpeKTRBHO perRcTpnpyeMue qepeHKOBCKHMR cqeTqRKaMH 

(M !::: 2,2Mp); 3) KPHTep.m H'AeHTliQ]RKaUHH TmteJllDC qacTRU. TiepBylO rpyn

ny RPHTepHeB cocTaBJlRIOT: a) KPRTepnn "npaBRJU,HOH" KCM6HHall;lm (IIK) 

JioraqecRHX llPH3HaKOB OT cqeTqRKOB B1-B3, Tpe6y~n HaJIHqaR CHrHaJIOB 

OT B2, B3 R O.D;Hon R3 llOJIOBRH B1 • KpHTepnn OT6pacuBaeT 38Be.D;OMO qio-

14 

Home co6HTHR H CHJll,HO yMeHI,maeT .IJ;O]ll) C06ElTHH! o6ycJIOBJieHHHX O.D;HO

BpeMeHHHM npoxollt.D;eHHeM .D;ByX H 6oJiee qac!RU qepes 3TH cqeTqHKH; 

6) ycJIOBRe llOCTOHHCTBa CKOPOCTH_qacTHU Ha yqacTKax RaHaJia-Mellt.D;Y 

cqeTqW(aM}l ~• $5 H ,$5, $1 . (~B6HCTBO BpeMeH npoJieTa t35 H 

t51- ) ; B) YCJIOBRe COOTB6TCTBWI ~peMeH npoJieTa ~.31 H ts, HCCJie

.!Q'eMOMy ;D;l'lanasoHy Mace; r) orpaHRqeH.He Ha· aMnJmTy.D;U CHrHaJIOB B 

C'l6Tl¾HRax s1- .I! B3, pacnOJIOJKeHHHX B KOHne RaHaJia, r,D;e OTCYTCT:sy

eT MarHHTHUH aHaJIH3. B RPHTepHRX BTOPOH rpynnu 3a.D;aB8JIHCh HHTep:ea

Jlll, BHYTPH ROTOPliX .D;OJDKHU HaxO;D;l'!TDCH aMnJIHTY.D;li R BpeKeHHHe O?KerxH 

CBrHMOB O? qepeHXOBCEll cqe7qxxoB Ci -C4 )t}IR qacrHn,perxc?pHpyeKHX 

cqeT'lHRaMH • .llJlJ! H'A6HT.mpHRauHR THJKeJlllX qacTHU HCllOJI1,30BaJiaCh RHqiop

MauwI, nonyqeHHaH OT cneRTpCJ,leTpa no BpeMeHH npoJieTa Ha noJIHon 6a

se H nony6asax, a B o6nacTH Mace 2,2 Mp< Mx< 2,8 MP TaKlite OT MHo

l'ORaHaJIDHoro qepeHROBCFOl'O cqeT'!HRa. 

B cneuaaJU,Hon odpa6oTRe, npoBeneHHoii c neJI1,10 noncKa n:syxsapR.D;

HHX qacTHU, OT6HpaJllicD· C06UTHH, B ROTOPHX aMnJIHTY.D;U CHrHaJIOB B 

CUHHTHJlJIRUHOHH!iX cqeTqHRax C "TOJICTl,IMH" CURHTHJIJIRTOPaMH H cqeT'lH-. ~ 

He C4 Y.D;OBJieTBOpHJm YCJIOBRIO At. .a: 2Ai. ( i.. = B1-B3, ..s.3. !::>.,_, c"' ) , 
. ';( 

rne A'i. - cpe.D;HHe sHaqeHHH aMnimTyn B 3THX cqeT'lHKax npn peracT-

pall;lm 1t' -Me30HOB. IlpH 3TOM 0.D;HOBpeMeHHo MOl'JIR OT6HpaTDCR TaKlite 

C06!iTHR, OTBeq8.DI!He npoxollt.D;e!Ulll qepes ycTaHOBRy llOJIRKBaPKOB c sa

PR.D;aMH e = -5/3 H -7/3. IloJIRK:eapxa c sapR.D;oM i!. = -4/3 Morim 6HTD 

Bli,ll;eJieHH B xone OCHOBHOff o6pa60TRH. Bu6paHHUe 3HaqeHrur l'paHRU HH

TepBaJIOB .D;JIH RPHTepaeB OT6opa COOTB6TCTBOBaJIH MaKCHMaJIDHOMy nonaB

Jl6HHD g;oHa npa COXpaHeHHH aqxpeRTHBHOCTH perHcTparnm qacTHU C Mac

con M;::: 2,2 Mp He MeHee 90%. Cy~apHHe nattHHe 06 ypoBHRX nonaBJie

HHH H aqxpeHTHBHOCTRX perncTpaURH qaCTHU, nOJIY'l6HHHe no MaTepaany 

nocJie.D;Hero ceaHca (65% cTaTRCT!1HH), npnBeneau B Ta6JIHue 3. 
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Ta~Jmua 3 . 

l'pJJI- Bll:IHH 811,1?- loaMa- '110.110 

•• l'penaa 1pnepu HpP.Pft IINH 110- OO'!IRU-
1puep1K n•iia HllHD• o• coCIII-'IIOHII, J .... HI 

DI 70 3 75· 000 

11'0 Oft,I li:1C3(Dl) 

I t37(57) t~l(s1f t;l(5!).3,S..w 
98 2 

I tucs•}~ t:'1C51i+!6._ 

St lt,~-~1~2,5HCU 99 20 

13,7 A3,;<-4A~; 98 . I,I 

I 97 50 57 000 

CI 
l tc1-t~

1
I ~2,5 i,ce,c 

98 ♦ Ac/• O,&A~1 

C3 
lt~!!,-t:.1.,2,s-
Ac!!,~ o,s A'g, 99 2 

CJ+C1 97 6 53 000 

2 I+CJ+C3 ,:s 170 SO 200 
., 

I te-~.1,,2s-
C2 .. .. •;r 98 I6 

Ac._..,0,3Ac,. 

c, \tc,-t:,1~2,s;f"K 
Ac.1 !!:0,6Ac,, 99 378 

C2..C♦ 98 I6 

Ilocne npRMeHeHruI K 0O6!:lTnRM MC1c3 KpnTepneB 1 n 2 rpynn ocTa

nocb 29 CO6HTilli, ~ByMepHoe pacnpe,neJieHne 3TRX co6HTRH B KOOP~

Tax TO - c,. T noKa3aHo Ha pnc.3. (TO - BpeM.fI nponeTa qacrnneil noJI

Hoil 6a3H CBil, AT= T1 - T2 - pa3HOCTb•BpeMeH npoJieTa qacTnnett 

nony6a3 CBII), B nHTep:aaJI \.t1. TI< 3 es = 0,54 HceK nona,naJOT 28 'l:ac

THU, npn aToM 24 n3 Hnx n,neHTnwnunpyIDTc.fI no BpeMeHR npoJieTa KaK 

aHTn,neilTpOHH, a qeTHpe co6HT!l.fI - RaK SJ,IUJa aHTRTPRTR.fI, Ha6JllO,naeTC.fI 

TaK~e O,ll;HO co6HTRe B pailoHe 4,5 Mp, O~aKO pa3HOCTL BPeMeH npoJieTa 

.n;M Hero BHXO~T 3a npe,neJIH 8 cTaH,naI)THHX OTKJIOHeHRil OT cpe~ero, 

16 

•2~ l 
-2G 

·N 

. ~16 

5 

r,- T2,0.mH.eg. 

" 
,. 

•.. 

I oil •• 0 ·--:·:-• oIV . : :-• .. om ' •· • • 

d H3 
I t 

260 280 300 320 340 3£0 
r~. oinH:eg. 

P:nc~3 ~ H.net1TiiWHKartM co6uinH, ocTaDXC.fI nocJie 'ripHMe-
.. HeHH.fI Kp:nrep:neB · OT6opa, cneKTpoMeTpOM no BpeMe- · .. 
_H:n ,Ill)OJI0T~, 

-3 H-
· f 
r, 
I \ 
I . \ ' I \ .. 

I . \ 
I \ 
I \ 
I . \ 

I ' 

100 . 110 120· 130 

,1.,•J? • ' -_ . • ;.J_;-: ~ 

d 

l 
·-,--y 
I .\ 
I \ 
I . \ 

I \
I \ 

. \ 

140 150 ·· 16b · · 
R.MM· 

Pnc.4 - H.n;eHTHWHKaIJ;R.fI co6ur:nf, ocrammxc.fI nocJie rtpHMe-· 
Hemui: KpnTepneB, OTClopa, MHOrOKaHaJILHHM.8epeH- >i 

KOBCHHM C'l:CT'iliKOM, 
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Il03TOMy co6HTHe 6HJ10 OT6pomeHO Ka.K WOHOBOe. B TeqeHHe nepBoro H 

qacTH BToporo ceaHca npoHcXollHJlH HacTpo:ima H BH6op pel!rnMa pa.6orn 

MtIC, noaToMy HHWOP.,aURJi, no;zyqeHHM OT aToro cqe_T~a, OTHOCHTCJi 

npHMepHO K 80% BCeH CTaTHC'I'.Wrn. Ilpa 3TOM H3 14 co6HTHH' OCTaBlllIDC

CH nocne npaMeHeHHH RPHTepHeB nepBOH H BTOPOH rpynn, cpa6aTHBaHRe 

MtIC Ha6JlDllaJlOCI, B 5 cn:yqMX {pnc.4}. ]IBa H3 IlHTH co6HTHil lllleHTllg)H

URPYIDTCH Ka.K aHTlllleilTpOHH, a Tpa nona,nruoT B o6JJaCTI, aHTHTPHTHH. 

OcTanI>HHe 9 C06HTHH, Hll€HTllg)HURPOBaHHHe CBI! Ra.K aHTlllleHTPOHH {H3 

o6mero qHcJJa~20 000, saperHcTpHpOBaHHHX BO BTOPOM H TpeTI>eM ceaH

cax}, no-BH.IJ;HMOMY, HCilHTaJIH ,mepHue B3aHMOlleilcTBHH B BemecTBe no

CJlellHefi qacTH RaHana C o6pa.30BaHHeM MeMeHHHX 'W.CTHn, He perHCTpa

pyeMHX B WIC. Ta.KHM o6pasoM, cpelll!"'4•1011 qacT.im, nponymeHHHX qe

pes ycTaHOBKY. He saperHCTPHPOBaHO HH OM.Oil HOBOH qacTHnu, RpOMe 

,mep 3ii. C yqeTOM nonpaBoK Ha nornomeHHe H pacna.n qacTHn, a TaRllte 

ajqleRTHBHOCTH perHcTpanHH H OT6opa OTHomeHHe BliXOllOB HCKOMHX qac

THn X H '.lt--Me30HOB He npeBWllaeT 1,1-10-11 Ha ypoBHe llOCTOBepHo

CTH 90%. ]IJIH BepxHeil rpa.HHnH ceqeHHH poJK,neHHH OllHOsapsmmnc qacT.im 

B llHanasoHe Mace (2,2-10} MP non:yqeHa oneHKa E = d2
€:x /dQ cl P 

(0° ,25 raB/c}< 2,6•10-36c~ /{cp•raB/c•,mpo Al.) (c llOCTOBepHOCTI,JO 

90%). IlpH Bli'lHCJleHHH BepXHe~ rpaHHnI,I npellfiORaraJlOCI,, 'ITO qacTHn!l 

X CTa6HJU,lill n B3am!OlleffcTBYIDT c BemecTBOM Ra.K aHTHilPOTOHH, H HC

IlOnl>30BaJ10CI, ceqemrn o6pasoBaHM '.Ji:'.--MesoHOB d2.511'/clQdP(0°,25 

raB/cJ/18/. ,llJ1H RBaPROB c sap,m~ 2 = -2/3 a IlOnHRBaPKOB (HM-

nynI>c P• lzl, accnellYeM!iff HHTepBM Mace (2,2 - 10) MP· lei } 
1 1 

.BepXHJIH rpaHHqHM oneHKa ce'leHWI pa.BHa E• 'j-;j (m -K03q:qJHUReHT,Ytm-

THBalOIIlHH H3MeHeHHe HMilYJlI,CHOro HHTepBaJia}. B HaCTOHmeM 3KcnepHMeHTe 

He Ha6JID,D;aJ10CI, HH OllHOro co6UTHH c aMilJlHTy,D;aMl'l CldI'HaJlOB OT qepeH

ROBCRIDC l'1 CnaHTHJl}lHUROHHHX cqeT'll'IKOB, OTBe'laJOOtl'IMH qacT.ime C sapH-

II 

llOM .2. = - 2 • 0TC!Olla Bepxmm rpaHH'lHM oneHKa .llH@lepeHURanI>HOro 

ce~eHH~ odpasoBaHrur ,me~ 3He c imny}lI,COM 50 raB/c noll yrnoM o0 

paBHa 2,s,10-
36 

cp• ~~B C•JI.npo Al . (npellnonaranocr,, 'lTo ce'le

HHe B3aHMOll€HCTBHH H.n€P ~He c BemecTBOM B 1,5 pasa 60J1I,me COOTBeT

CTBYIDlllHX ce'leHHH ,D;M aHTH.IJ;eHTPOHOB}. 

OcHOBHUe pe3yJ1I,TaTH llHCCepTan;1H npa~elleHH B 3aRJlID'leHHH: 

1. Ha 3RcnepHM€HTaJlI,HOil ycTaHOBite, COCTOHIJlett H3 CURHTHJl.JlHUR-
\ 

Ol!HHX H qepeHROBCRHX cqeT'lHROB H pa60Ta!Olllett B JlHHHIO C 3BM, llOCTHr-:-

HyT ypoBeHI, OT6opa HCKOMHX C06HTHH ae xy~e 2,5•10-12 B ~HanasoHe 

Mace llO 10 ~~PR aHTepmne sa:p,moB 0,45<,lr.l< 3. 

2. C03lla~a cHcTeMa nporpaMM llJlH npoB~,D;eHHH nmpoKoro Rnacca 

3JleRTPOHHHX 3Rcnep~eHTOB Ha Jll'!HIDl C 3BM B3CM-3 M. 
.3 •. Pea.7ll'l30BaHO llHCTaHnHOHHoe IlO,IU{JlD'leHHe K 3BM BSCM-811 CTaH

,Jl;apTHoro aMilJIHTYllHOro aHaJlHSaTopa, HCilOJlI,3yeMoro B Ka'leCTBe llHC

nneH C sanOMllHaHHeM. 

4. BHnoJ1HeH noHCK HOBHX TIDKeJlHX qacTan c sapJI.noM 0,45< I z.l < 3 

B lIIHPOKOM llHanasoHe Mace {2,2•10} Mp·l~I R nonyqeHa BepxHHH rpa

HR$ ceqeHHH rue poJK,neHHH B coy~apeHWIX npOTOHOB C ,mpaMH npH 3Hep

rHH 70 raB, paBHast2,6•10-36 cM2/(cp,raB/c•H.nPO Al}. IIonyqeHHM 

oneHKa llM 0,Jl;H03apH~HHX qacTRn H IlOJlHRBapKOB HH~e COOTB€TCTBYJOUIRX 

oneHOK, Hatt,D;e~HHX B llPYrliX 3KcnepHMeHTd3,4/. 

5. MsMepeHHM c 6olimett TOqHQCT!,ID BeJ1Hq11Ha OTHOmeHllH 
d2 6'cr / dQcl P · o Ra- = d2.6':n: /olQdP llJlH po~eHM aHTH,D;eifTpoHOB no,D; yrnoM O 

c .HMilyJ1I,cOM 25 raB/c npu aHeprun HaneTarol!IHX npoTOHOB 70 raB oxasa

.nacr, pa.BROM llM HJIPa aJJJCMHHRJi (5,1±0,2)•10-7, qTo B npe,D;enax OmH-

6oK cor.nacyeTCH c pesyliTaToM, non:yqeHHHM paHe✓191. 
PesyJlI,TaTH pa6oT, no ROTOPUM HanncaHa ~HccepTanHH, ~ORJla,Jl;UBa

JlHCI, Ha XY MeJK,nyHapO,Jl;HOH RoHqiepeHnHH no ~HSRRe BHCORHX 3HeprllH, 
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K11eB, 1970 r.; MelK.JJ.YHapo,n;Hol1 KOHg)epemurn no annapaType B qms1me 

BhlCOKnx ::rneprnu, l(ydaa, 1970 r.; Ill Ment.JJ.YHapo,n;HOM c~..MnqsnyMe no 

q;rrsHKe BHcoxrrx sHepr;iu, 11 sJieMeHTapm1x tracTliU, CUH.ae: (CPP), 1973r.; 
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1974 r. 
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