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. HccJie,noBrume M.POH-a.IWOHJWX CTOJIRHOBeIDii1, Il,PllBO.uHimIX K 

o6pa.soBamno MHOrO'lacTll'iliHX KOHB'lHllX COCTOl!Hllii, IIBJllleTCR oru1oi1 

Jil'.3 r.na.BHHX sa,naq 4Jll3llKll BllCOKllX :rneprHi1.MHOJKeCTBBHHafl reHeJ;)a

UWI 'laGTllll. COCTallJllleT ~ 80% llCeX B3aHMO.neficTBllii a.npoHOB npn 

E ~ 20 raB.IIoaToMY .nM cos.1WHR!l Teopllll cMbHl1X ~s1t111rn,nc11<;ra,1ll 

aeodxo.n.mrn 3HaHJre .n.11Ha1.i11K11 n11x npoueccoa/1-
11

/ 

II_poueccu MHOJKBCTBBHHO.rO J:)OlK.IteHIDI _'laCTim IlJ;ll1 E ;> IO raB 

B TB'lBHllB HBCKOJlbKllX .IlBCflTKOB JIBT l13Y'laJillCb B KOCMH'lBCKllX JIY

qa/I,2/, B pB3YJlbTaTe 6WI IlOJIY'lBH .PJI.U B81.tHh!X BllBO.IlOB,KOTO

plle no.nTBep,nwrn:01, Il,PH llCCJIB.ltOBaHMX Ha ycKO,DilTBJIJIX: npn6.JIB3l1-

TBJlbHOe IlOCTOflHCTBO Will c11a.611i1 pOCT CB'lBH!IB B3aIIMO.ltEllCTBM 

no 3Heprni110
6 

raB; orprum'leHHOCTb ll npn6JIB3llTBJibHOe_ IlOCTOflH

CTBO cpenm1x nonepe'llillX llMIIYJibCOB BTO,PU'lHllX qacTUU., c.na6h!;: . 
pOCT MHOJKBCTBBHHOCTll, 0,nHOpO,nHOCTb )U!qx1JepeHQUaJIJ,HOro ceqEHlIB 

06p8.80BaHM BTOIJH'llih!X 'laCTHl\ B 06JiaCTH wparMeHTaQUU U T.,Il./,/, 

IlOHEJIBHlit HOBoro IlOKOJl~HWI YCKO.PllTeJiei: c E 3> IOO r3b, a TaK

xe ,DBaJibHllB IlpOBKTll YCKOI)llTBJiefi CB= I0
6

_raB Il03BOJIHJOT npo

BBCTH .neTaJibHOe irnyqeIDie MHQ;;;SCTBBHHl1X IlJ;IOUBCCOB B 6JIJ1.,ia.i,lli8M 

Oy.nymeM. 

EoJI1,moe 'lllCJIO BTOpll'lHllX qacTllU., 06pa2y~i:rnxcn npu Dll-

COKllX 3HBJ;lrMx, .neJiaeT npaKTll'IeCK\1 llEB03MOJf:HllM HCCJ!BllOBailUB 

Bcex 0T.IlBJlbHl1X KaHaJIOB J;IBaKlJ.llll, KaK 3TO ClWJO npu E .t IO raB. 

B CBfl3ll C 3THM KaK ::rncne,Dm.19HTaJlbHllii, TaK ll TeO,D!lTU'lBCKHii non

xo.ii It H3Y'lBHHIO T8KHX IlJ;IOU.BCCOB cymeCTDBHHO OTJIB'laSTCil OT TO

ro, 'ITO '6WIO np:a MBHblllHX :lHBJ;lrIDix.B HaGTOfllllBB Bpe!Afl. lllll,DOKO 

H3Y'l8lOTCR xa,DaKTB,DHCTHKll .ItaHHoro CO,DTa 'lUCTllU. C ycpe.nHBHUBM 

no BCeM .npyrliM qacT:au.aM, o6pa.soBaHHHM B .nrurnoM npou.ecc/
5/. · 
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Ta.Kou ITOJtXOJt ITOJIY'llill H83Billll!B HHK.7II03HllHOro.EcTBCTBBHHO, qT-0 

IJI)H ::JTO.M B !lB.PBYnl oqepe;iu, o6_pamaeTC.fi BHHMruuIB Ha HCOJIB.rtOBaHHB -. 

C8Mh!X o6umx <lJYH.rtBMBHTaJII,HllX 36.KOHOMB.PHOCTeu, KOTO.PHB HB 38.BH

CHT OT MO.rtBJIBH/3-B/. Oco6eHHHH HHTBJ;lBC ll.PBJtCT8.BJUIBT llJ;lOBeJ;)Ka. 
/6-8/ 

rHITOTB3 Ma.CWTa6HOM HHBa.PHaHTHOOTll H llJ;lBltBJII,HOil qiparMBHT~ 

3To HOBUB Bll,lU,l HHBapHaHTHOCTH CMI,HHX B38HM088MCTBllil, KOTopue 

llQ01IBJUIIOTCR npH BllCOKHX sHeprmrx H Hapym8lOTCR npn HH~~~ 

(E ~IO raB). 06rume _pesyJI1,TaTOB, nOJiyqemrux B nocJie.rtHHe TPH 

ro.rta Ha YCKOJ;JHTBJIRX, He .naeT B03MruKHOCTH .naTI, CCHJIKH Ha DCB 

OLJliI'HHaJil>HUB pa60T!l, 

!IOJIHHB IJ;aRHHe no 3TOM3 Bon_pocy MOJKHO HailTn B o6so_pa!I-4/, 

HacTORUIM JtHCCB.PTfilUIB llOCBJIWeHa HCCJIBJtOBaJIHB) MHOXBCTBBHHO

ro POX1t8HIDI qaCTHU B llHOH-HSKJIOHHHX B38l!MOJtefiCTDRIIX. 

,I{HccepTamm COCTOllT HS BBBHBHIDJ, ceMH rJiaB H 38K71I038HIDJ. 

Bo BBeneH:mt JtaH KJ;la.TKHil o6so_p ·ocHOBHHX TBO.PBTnqecKHX 

llJ;lBJtCTaBJIBHHH H 3KCll8J;lHMBHTaJII,HHX _pesyJII,TaTOB,llOJiyqeHHHX Ha 

YCKOJ;JHTBJI/IX,no MHO~BCTBBHHOll reHeJ;l~ qaCTHU llJ;lH BUCOKHX 3HBJJ

rllliX,0.rtHOqacTHqHllM HHKJ.ll03HBHHH n.i:iouecc 

a-+ !J - C -t- ,.,..~;' (I) 

OllJ;JBJtBMBTCR HHBaJ;)HaHTHHM ceqaHHeM -

E ~ = j) ( s ii ) <2> 
C d p,. '1 , ,c ' 

. ~ -
KOTo_poe B o6meM CJiyqae 38.BHClIT OT TJ;JBX ll8J;JBM8HHHX: s' 11 
n Pu • azteci, S - KBa.n;_paT noJIHoil aHB.Prim ne_pBnqffHX qacTHU ...., 
B c. U,Macc' B. H p/1 - KOMIIOHBHTH HMI(YJII,Ca BTO,PK'IHOii qacTl!Ull, 

06uqHo {i. Ha3!1B8lOT CT,PYKTY.PHW4K 4JYHitttWIMH .I(8HHOro n_pouec

ca.I!oJIHoe ceqeHHe lIHKJil03HBHO.li J;JBaKUHH 00llqff0 HOJ;lMn_pyeTCR CJie

.rtYIOIIIHM o6_pasoM: 

J ➔ J3o 
d

3 
Pc d3i1c. f ➔ d'~ 

==: f1. ( S, pJ_fl= <nc>6in 
Ee. 
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r.ne <nc) - c_pe,IUiee t1HCJIO t1aCTHrt tHna C ,0Clpasy10uraxca B _peax

unn (I), H . 6in - ceqeHHe HBYll.PYroro B38.HMOJtBRCTBM ne_pBH'lHllX 

qacTHU a n 8 x) • 

I'llllOTBSa Mac!llTa6HOil HHBa,PH8HTHOCTH 3aIUIJOqaeTCR B YTBBJ;)XJtB-

HHH: 

8.m f' ( S /X:- ,p})-1! (x. p/), 
(4) 

,s-oo 
. f,/ ,.. .. ;,lrl * 

rJte X = P11 Pma1- ~ 2(Jo v'$ . H Pu 
~acT~ ~ c.u. HHBJ;l~

61 . .urui oClJiaCTH 

llOJIHHTBJll>HOB YTBBJ;)XJtBHHB: 

EL~ f '(s, 2·,p~J - f (p} J • 
S·-oo 
:r. -·o 

- HMI(YJII,C BTOJ;)nqttOil 

:t-:::0 RMBBTC.fi JtO-

(5) 

TaKHM o6_pasoM,II.PR 60JII,IIIHX aHe,PrMX HHK7II03WlHllB _pacIIJ;JBJlBJIBHHR 

HB 3aBHCRT"JlllHO OT aHe_pr1m,,a Oll.PBJtBJUIIOTCR TOJII,KO Mac1BTa6HOil 

ne.i:ieMeHHoii X n pl /3,G/. TnnoTesa n_pe.neJI1>HOJ.i. qi_par-

MBHTaUHH n.pu /x / -;; 2rn.L /vj IIoJIHocT1>1> aKBmiaJieHTHa 

(4)/?/. PasJmqHB ·3aKJII0qaeTC.fi B TOM, qTO MBJtJIBHHHB qacTHUU 

B C,U,HHBJ;lUIDI ( /X/ ~2m.L/{S ) B rHITOT838 ll.PBltBJIJ,HOil qi_par-

MBHTauHli OTOYTCTBYIOT lll)R .• S ._· C,0 ,HOBllil BM HHBa.PR8HTHOCTll 

RM88T 4lYH.rtaMBHTaJII,HOB SHaqeHHB ltM. CWil>HllX B3aHMOJtBHCTBHil, or-

J;l8HRqHBasI KJiacC .BOBMOJKHHX TBOJ;Jmt'S/, 

I'llnoTesa MaclllTa6HOR mmapH8.HTHOCTR ll,POBBpaJiacl> .ItJ1ll p_p-coy,Jta

_pelmil B RHTB,PB8JIB8HBJ;Jrltli O'l' 10 + 2000 faB. 

0Ka38JIOCI,, qTO B oClJiacTR qi_parllBHTBIUilI {I :r ( ~ 0 ,2) OHa BllllOJIHRBTCR 

x) HHori:ta ynOT.PB6JUIBTC.fi n .ztpyrrui: HOJ)Ml'IJ;lOBKa : <nc > · Otot, 
rite Otot - nOJIHoe ceqeWie H <..nc> - c_peJtHBB tmCJIO 

qacTZU C B yII_pyrnx a Heyn_pyrax n_poueccax. 
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JUiiI II - MB30HOB IIDII E y- :cm r3B C TO'IHOCTI,IO (5+10)%. B UBHT

paJILHOii o6JiacTH (l:XJ ~ 0,2) CTlJYKTYLJHM WHKUIDI II-MeaoHOB He 

3aBHCllT OT 3HBJ)rl1ll JIBlllI, IIJ.lli E.D 5::- 1000 raB .B llJ)BJ.tBJiax onrn:6oK 

3KCll0J:)ID.!8HTa <±&.Z) • .lln.fl II JI - CTOJIKHOBBHllii amUIOrll'IHlle lt8H

Hlle OWllI noJiy'IeHll TOJII,Ko np:a E k 20 r3B. IIoaToMY Ha.nm peayJI1,

TaTn IIJ)H J.)=40 raB/c ll03.BOJlllJill J.t8TI, 6oJiee llOJIH.YIO llJ)O.BBJ)K.Y I'lill0-

TB3ll .llJlll II N - coy].taJ)BHHii, 

'B nepBott rmme IUiCCBJ)TaUHM J.taHO KI)aTKOB ormcrume YCTaHOBOK, 

Ha KOTOI)llX 6wr IlOJIY'IBH aKcnepHMBHTaJII,Hllii MaTeJ)HaJI.B3aHMOJ.teiiCT

nHe IT - M930HOB C HYKIIOHaMH npll J.)=4~ raB/c ll3Y'IaJIOCb C llOMOmEIO 

55-caHTJUIBTpOBOR nponaHOBOR nyallpbKOBOR xawepll,KOTOpas 3KCllOHHpoBa

nacb B ny'IKB OTPHUatenbHllX MB30HOB Ha CHHXpOqJa30TpoHe JIBJ 0HHR191• 

KaMepa C .Da3M8.D8MH 28 X 55 X 14 CM3 HaXOJ.tWiaCb .B MarHHTHOM no-

JIB 14,3 Krc. · CpeJ.tHee 'IHCJio 'IaCTHU, nxoJ.tfflllllx .a RaMepy aa 

Ul{KJI YCIW!)BHIDI,COCTaBJIR.no (l =9,8.Bcero 6UJIO llOJIY'IBHO -.!- 150 

TllCSl'I CTBDBClCpOTOrJ)ajlldij. 

MHOJKBCT.BBHHOB J)OlK,It81:{H8 qacTlll{ .B IIN - COYJ.taJ:)eHHHX llJ)H 

J) = 40 r3B/c H3Y'IaJIOCb C llOMOmI,IO 2- MBTJ)OBOH llJ:)OllaHO.BOii rry-

3llpbKOBOR KaMBJ)ll, KOTOJ)aJI 3KCllOHHJ)O.Ba.J.laCb .B llY'IKB OTJ)Hl{aTBJlb

HllX illl:OHO.B c J.)=(40,00±Q,24) r3B/c Ha ceprryXO.BCKOM YCKOJ)HTBJIB 

(Y-?0)/lO,lI/.KaMepa Haxo~unac1, B MarHHTHOM noJie c H =15 

Krc , cpe1tHee 'IHC.no llBDBH'IHllX 'I8CTlfl.\. Ha omrn CHHMOK COCTa

D.lrno fi = 2,4. B 19?1-'/2 r.r. Ha 3TOH YCTaHOBKB 6llJIO llOJIY'IBHO 

300 TllCSI'I CTBJ)BClq)OTOrJ)apHii. 
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Bo .BTopoii rJlaBe .n:accspTa.l{IDI II3JIOJKBHa MBTO.IUIKa oCiriaCiOTlill 

COCillTlliii, aaperHCTI)H_l,)O.BaHHllX .B 11.J:lOilaHOBllX IlY3liLJbKOBhiX ltaMB

pa/12 ·131. 3TH KaMBI)ll HMBIOT OTHOCHTBJII,HO .BhiCOKYIO 3q¢9KTHB

HOCTb J)BrIICTJ)atUill raMMa-RB8lfTOB ·( ~ ~ 20%). C .npyroil CTOJ:)OHll, 

MHOrOKJ)aTHOB J)8CCBSIHHB 3aj;>JllitBHHllX 'IaCTHl{ B IlJ)OIIaHe HBCYWBCT

.BBHHO CKaaU.BaeTCSl Ha TO'IHOCTH OllDB.ItBJIBHIDi HX HMIIYJlbCO.B II yr

JIO.B .BWIBTa. B C.BSI3H C 3TIDJ IIJ)OllaHOBlie llY3llJ)l,l{O.Bll8 KaMBJ)hl HC

IlOJII,3YIOTCH .llJlll H3Y'IBHIDI CO.BMCCTHOro 06J)a30BaHHH HBUTJ:)aJII,HhlX 

H aaJ)H)KBHHhlX 'IaGTHU II.DH .BllCOKHX aHe_DrHHX. 

MBTOJ.tHKa llJ)OCMOT~a H OT60J)8 co6HTHii H3JIOJKBHa B § 1/I3-I8/. 

Il.DOCMOT.P CHHMKOB n_po.ao.n:a.nca Iia CTO.nax, .UaJOliil1X II:PHMBJ)HO HCTHH

HOe II300J)ruKBHH8 C06llTHll B KaMBDB. Ila.Li;teHHhle C06llTHH B aqq,eI{-

THBHO:li 06.nacTH _paa.ueJIHJIIIc1, no cTaHJ.ta_pTHhlM K.PHTB.DHHM Ha IJ;i; 

nn- H TIC - .B3aHMO.UBHCT.BHH (§ I), ,llo.IDI COOllTlli-i 083 OIIJ;)8.US.TI8H.M.fl 

HX TJma H3'-3a 6JIHSKHX .BTOJ)H'IHh!X .B3aHMO.UeiiCTBlii1, l{O_J;)OTKHX T!lB

KO.B H J.t.DYrHX IIJ)H'IHH 6wra Mana (I,5%). 

ilJ)H IlJ;)OCMOTJ:)8 T8It1K8 rierHCTJ.)HJ)O.BaJIHCb raMMa-.KBaHThl H HeiiTJ;)anb

Hhle CTJ)a!IHliB qaCTHU!i ( Jt K0 
) , C~Jl3WlHll8 C H8;1.nBHHhlMl1 B38HMO-, ' 

.ll8HCT.BHSIMH.r8MM8.-KB8llTU J)ernCT,tJH.POllanHCI, IIO ( e-+ e - )- na_DaM 

KOI-IBBL,lc:IIB.EcJIH JIHHIDi, coe~HHlllllltall .BBJ)l!IH!ill 3B831U.I H na_DH,ll.DO

XO.ItH.na MSJK.ItY TJ)BK8MR 3JI8I{TJ)OHa ll II03HTJ:lOH8 1 TO C'IWI'aJIOCI,, 'ITO 

0 - KBaHT 11 CMOTJ:>HT 11 F 3B83J.tY. OTO_pacmian:1101, TOJlbKO SIBHO "ue

CMOTDHWHe" 0 -KB8.HThl. 0CTaJII,Hll8 lt3MCJ)HJIHCI, H cCi_pa6aTUB8-

JIHCL no KHHBMaTH'IBCKHM n_porpaMMaM.IlOTBDll rllMl,\a-K.BaHTOB' cmrnau

Hble C TaKOU MBTO)UIBOll HX OT6oria H3-3a HalHI'IIDl Jm_pa OT.llB'lli, 

KOMilTOHOBCKOro J:)8CC8RHHH H (p()T03iI-qieKTa, OUT.ill _paCCMOTJ)CHhl B 

_pa6oT/I9/ n OKa3aJIHCI, {; 0,4 Jl}lll odonx 3KCII8JiHMBHTOB • 

7 



lwlo IlJ.)OB8.IlBHO .!Ula HB3a.IlllCHMUX: Ill)OCMOTpa -;:::: 150 THC.CTepeo

CHHUKOB c 55-caHTHMeTpOBOff nponaHOBOR Kallepu H=50 THC.CHHUKOB c 

2-MeTpOBOff KaMepu.3qxpeKTHBHOCTH Haxo:a:,n:eHHH C06HTHff OKasaJIHCb.paB

HhlMH 97;~ u 99,6% COOTllBTCT.BBHHO ( § 1) .Boero .IWI MBTOJUi'IBCKO-

ro 11 qiH3l1'1!:lCKoro aHa.mrna 6Wio OTOCJ,Da.Ho 5474 co611nm Il.DH P= 4, 

r3B/c H II~67 C06UTH.H IlJ.lll .D=40 raB/c. COBM!:JCTHO C 3TliMli COCJ11Tllil-

Ml1 6wro HmiltBHO 14000 raMMa-KllB.HTOll H ~ 1000 V 0 
- tiaCTHl(. 

H3MepeHH8 Haitnemwx: COCJl:I.T:itii IlJ.)OllO.lnUIOCb Ha IlOJiyaBTOMa.Tax: 

THila IIY0C ,Pa.CJOTaIDWlIX: Ha JlliHffil: c 3.Bwl E3CM-4 J!BTA ( § 2/201. 
/21-23/ 

~CTBMU IlJ;JOrJ.)aMM O(Jl)a.CJOT.Kll na.HHl:I.X: ormcaHI:l ll § 3 3'l'Oll rJiaB!l • 

IIocJie Il!)OllBJ;lIW Ka'leCTBa H3MBJ.)BHHii COCJHT.11.fl: 3arIBClllla.JIRCL Ha JlBHTY 

CYMM.aJ.)Hl:I.X l)e3yJU,TaTOB c.us T) , H ,1taJibH88111HU (pH3HtJ8CKHR aHaJnrn 

,naHHUX IlJ;)OBOJUUIC.H Ha 3Ilfil C.I{C 1604-A C IlOMOlllbIO CilBl\HaJibH!lX Ill)Or

paMM. 

Oco6eHHOCTH MBTO.!UiKli 06J.Ja6oTIUI.c06HTHii c ~ -KllB.HTaMR,wteHTH

qMKfil.Um llTOJ;lH'IHllX sa,DJl]{BHHl:I.X tiaCTHl( ll IlOJlytIBHHllB J)B3YJlbT8.TH 

OilHCaHH B § 4 - § 7 BTOJ)Oti rJiaBbl. 

HMeIOTCR .IlllB CYU!BCTllBHH!le OCOCJBHHOCTH 1l o6pa6oTKe COOHTHii 

C O -KllaHTaMll.lIBJ)BM CBR31ll!a C _TBM, tITO a@ieKTHBHOCTb _perHCT

J.)aium O -KllaH'l'Oll no (e+e"") - naJ)aM KOHBBJ.)Cffil: B KaMeJ.)ax: (Jl1Jla 

E f~ ~fr;. fuo_paa - HBOOXO.lUIMOCTb YtiiiTa TOJ;lM03HOrO H3Jiy'IBHH.fI 

IlJ.lll on_pe,nBJIBHHH XaJ.)aKTBJ;lHCTllK (e+e-) - naJ;) KOHBBJ.)CllH. 

S@)BKTHBHOCTb perHCTJ;laium r -KBaHTOB IlO (e+e-) - na_paM KOH

B B.DCIB1 OITJ;lB.IlBJIHBTC.H reOMCTl)HBii a@iBKTHBHOii OOJiaCTH KaMBLJll ll ce

'IBHliBM npo~ecca f-.. e+e-: 

Er= 1 - e:x.p(- jtdEr)Lr/X.,J, (6) 

8 

I 

me l O - IlOTBHl\HaJibHHI npooer o -KBaHTa B KaMBJ;lB, Xo"'.pa,ltHa-

1.\HOHHM nmma H JU (9- Koa@illllHBHT KOHBepa;1rn,nponopl\HOHaJibH11i1 

6(r;-e+e-) .Ewrn: Bl:l.tmCJIBHl:l IlOJIHllB ll .mt<li<liBJ.JBHl\HaJibHHB CB'IBH~ 

OOJ.la30Ba.HIDI naJ.) B llOJIB R.ItBD ll 3JlBKTDOHOB ,llJIH BO.ltOl)OJta, yrJIBJ.)OJta, 

qrropa, 6poMa H np., KOTODHB OOlltIHO BXO.ltf!T B COCTaB HaITOJIHllTBJIBii 

nyaupbKOBl:I.X KaMe/241• PactieT11 owm nponeneHu Ha 3B,I M-20 .IWI 

Er =IO+ 10000 M3B. IlOJlHlie CBtIBHIDI oopasoBa.mm (e+e-)- nap B 

u .£. 
IlLJOllaHB ( C3 H3) 6.wm Bl:ltmCJIBHl:l C 'l'OtIHOCTbD = ~ 1UIJl ('~ 

100 l,13B II ~ I% . .IWI £ ~IOO MaB. PeayJibTa.TH aTHX B11'<11cneHnll 
l( . ' 

6wm KCllOJlb30B8.HH ,IWI ~ax:OlK.llBHIDl ;n (£{) B HaIIIHX 3KCIIBDKMeH-

Tax ( § 4). . 

061:1.tIHo .Ii1lfI KBMBD n,DJIMoyroJibHOi:i qiopw Beca O -KBB.HTOB CHJibHO 

(pJlllKTYHPYllT OT C06HTHH K C00liTHJl ( W = j /E O ) . 3TO CBfl3aHO C 

reOM!:lTDHBi KaMBJ:>H H 3aBRCHMOCTbD . Jr1 (~) OT 3HB,PrHR·· r -KBaH-

Ta.B TO 2KB BDBWI HOTHHHOB "illCJIO O -KBaHTOB, o6_pasOB8.HHHX BO 

B38KMO.ltBHCTBIDIX, onpeJteJIHBTCH Bl:l.!)8.lKBHHBM! 

No = f w~ :t ~2 '· 
(?) 

TaKKM o6pasoM,oll!H6JW B Nr . 3a.IlllCHT OT JtllOllBDCHii B'ecoB/25~. 

Il CB.H3H C aTRM' BCTBCTBBHHO HCll0Jlb30llaTb BCD liHq>01)J,IB.l\Hl(l .o reOMBT

J)HH K8MBJ;ll1,IlY'lllta R .ltl!HaMHKe n_po~ecca, '1To6!1 CBBCTR qlJllOKTYanmt . 

BBCOB K MHHHMYMY-B HBlfil[X 3KCil8,PRMBHTaX.li3BBCTHO _paonpe~eJieHHe 

BBDlllliH B3aHMo.1teil.cTBRil. no. :::r., l;J, l - KOOD.mtHaTBM R pacnpe-

JteJieHlle .ltJlliH KOHBB,PCHR . 0 -KBBHTOll.K.DOMB Tbro,. OTCYTCTBRe 

Il0Jl,1Dli3~ HatiaJII,HHX tiacT~ llDli¥0.IUiT K a3liMJTa7lbHOii CHMMB~DIDI 

ll38HMO.ltBH~TBH.H. IloaTOMY C IlOMOWbID CllBl\HaJibHO C03~aHHOii .MO~BJIHDYD

IIIBH nporpaMMH ,IWl KBlKJlOro Haii.lteHHoro COOUTH.H c O -KB8.HT8Mlil 

llDOBO)Ut]IOCb YCJ:>B,ItHBHlle no aTHM nepaMerunu/
261• Kl)OMB TOr(\, OWIO 

BBBnBHO YCJIOBHB: tJ.p/p ~ SQ"j Jt)lfI llOB111118Hli.H TOtIHOCTH ll3MBDBHH.H 

.9 



HMIIYJibCOB BTO.[lHqHHX qacT~ n e± ( § 4). B _peaynnTaTe ql1IIOKTYBUIDl 

BBCOB C>Wia YMBHbWBHa IT.[lID,rn.PHO ll 2 _paaa II.PH .1)=4 raB/c. B 3KCITB.PHMBH

TB IT.PH .1)=40-raB/c Bl!O.IUUIOCI, TOJlbKO HB.HClOJiee cymecTBBHHOe yCl)B.ll

HB!illB - no aa:11:MYTaJibHOM,Y yr.11y ·cp • 
B I964 ro,lly 6HJia _pa:3_pa60Ta.Ha MBTO,llHKa H3MB.[l8HR/I HMfiYJlbCHHX H 

_yrJIOBHX X8J)aKTEll)HCTHK 3.1IBKTl)OHOB,ll03HT.[lOHOB li ( -Klla.HTOB B 

nporra.HOBHX ITY3HD~KOBHX KBMB.[l~271 .Tu.7m BHBB.llBHH ql(ll)M,YJIH C yqeTOM 

HOHH3aI.UWHHHX ll Cl)SlUIHX .[la.IWa.w,IOHHHX IlOTBl)b 3JlBKTl)OHOB H IT03HTl)O

HOB B Ill)OITa.He ,no. KOTO_DHM H o6cqnT!ill8JIHCI, ll3MBJ:)BHIDI ( § 4). 

B l)eaynnTaTe yqeTa 3THX rrpoueccon H BBB.llBHIDI MO,llBJIH.PYDlllHX lll)Or_paMM 

]J.)JJl YMBHbWBHIUI ®noKTYa.w,Ill BBCOB O -KBa.HTOB MH ITOJiy~ Macey 

. If- MB30Ha no .lUIYM 'x -Klla.HTSM: M (7,c) = (I38±2) MaB c rr0.11ynm_vn-
U r.f . 

HOH o:::::. (7;1:I)% • 

H.lleHTHqirutaUIDI .BTo_pnqmlX aaprutteHHHX qacTHU c p k I ri3B/c IIl)OBO

.mrnac1, C ITOMOWI,IO H3M.Bl)BHHJI llX HOHJr13aUHH • .llo.IDI Ill)OTOHOB C .P ~ 1:raB/c 

Cl)B.IUi BTO.PHtIHHX ITOJIO]KllTBJlbHHX qacTHUOUBHHBaJiacb-CTaTHCTH'IBCKll ITO 

0 - 3JIBKT.POHBM ( § s/281 

B §§ 6, 7 BTO.POii rJiaBli Il.l)HBB.llBHU OCHOBHilB MBTQJUiqecrurn .l)B3YJlb

TaTH,· no;cyqeHHHB ITOCJle 06l)a60TKH COClHTllii C 2- MBTDOBOli Il.l)Oila.HO

BOii K8MeJ)il
2~• 301.Tol)M03HUB f . -Klla.HTH OT (e+e-) - rraJ)' 

"cMOTpmllHB"·B 3BB3.llY, HCKJilOqaJIHCb HO Kl)liTB.l)IDIM MaJIOii aqxpeKTliBHOii 

MaCOH C ITBJ)BHM -~ 0 ;..KllaJJTOM ( J1Y-v- { 30 MaB) ll 0,,,/, 0,025, 
_ , 01 02 a1or • 

nonyqeHHHMH Ha ocaoBamm aHaJIH3a 3KCITBJ)HMBHT8JibHHX J)aCITJ)B.llBJlBHHfl. 

l1x l(OJIR: COCTaBJUIBT . ~ 3% OT ITOJIHoro tJHCJla aa_verllCTJ)ll.[lOBaHHllX 

'a -Klla.HTOB B 3KCITBJ)HMBHTB "Irp - 40 raB" ll ~ I% B 3KCITe-

,PllMBHTa "Ir- 4,raB/c ". 

B § 8 BTOl)OJ.i rJiaB.bl o6cyi;maIOTC.fI MBTO.llH'IBCKHB B03M0ll(l{0CTH ncc.ne

.llOBa.HIDI HBKOTO_D.UX 3JH!KTDOMaI'HHTHHX Ill)OUBCCOB C ITOMOIUblO. Il.l)OITa.HOBllX 

fiY3H.[lI,KOllllX ItaMep B CB.fI3ll c _paa_pa6oTa.HHOii MBTO.IUiKOii .1:>BrHCT.1:>arom 

10 

• 

-+ H H3MBDBHH.fl e.:.. u O - KBa.HTOB. B KaqecTBB npHMBDOB npHBOMTCfl 

_peayJibTaTH BlllIOJlHBHHHX 8KCIIBDHM8HTOB no aayqemm npoueccoB: 

1e-(jlr,e-)+e- - ri-(fi-, e-)+e-, (8) 

o -r z - z +e+ +e-, (9) . 
e-..,. Z - ~ +e-+o 

' 
(IO) 

Ji-(1u~ e-)+ 't'. - z + e.,..., e-+1nf1~ e-). (II) 

Pacce.fIHIIB If' --M830HOB Ha 3Jl8KTJ;)OHax II3YqaJIQCI, npn _p:::4 raB/c 

c ue.111,io onpe.neneHIDI c~cTaBa ny'llti/Sil.oo_paaoBalille (e+e-) - nap 

( - KBaHTaMll ClOJiblllllX 3HeprHli (9) HCCJie.noBaJIOCb .JVUI onve.neJie

HIDI acHMMBT.DID1 .l)aGIT.DB.llBJlBHIDI no v=Ee .. /E, ll CJ;)aBHBHIDI C TCOIJHBM 

EeTe-faiiTJiep/32/. TO.DM03HOe irnnyqemrn aneRTDOHOB c B == ~.4 raB 

:aayqaJIOCb .lVill ))=Er/4-~ 0,7sl
331

.HaKOH8U,Ill)HMOB o6p8.30BaJ1118 

(e+e-) - na.D 6hlCT.D1™H qacTHUaMH (II) nccJie.nona.noch B cDR3H c 

_paCXOJK.nBHHBM MBlK.llY TeopeTliqecKID,lll BilqHCJ18HIDIMH II pe3yJibTUT3Ml1 3KC

ne.l)HMBHTOB, Il.DOBe.neHHhlX B KOCMHqecKHX JlytiaX C llOMOWbID MBJ;)HilX 

3M,YJlI,CHif34-3?/. PaapaOOTaHH8R MBTO.IUiKa H3yqeHHH ~poueccon 

TruJa ( II) 6llJ18. B JJ;aJ!bHBliDJBM HCIT01Ib30BaHa ,n,IDi am1JiorHqlillX 3KCilB

.D:IIMBHTOB Ha Bo.no_pO,JtHOiti KBM_B.l)B. o6JiyqeHHOii O -ItBa.HTaMll Ha CHH-

XI)OT.l)OHB 1)E $ Y C £
0 

=0,65 + 5,8 raB/SB/. B _DB3YJlbTan 

OWIO noJiyqeHO co_rJiac:ae MBJK.llY reopeniqecKIDlH 11 3KCilB])HMCHTaJlbHllMH 

pe3YJibTaTBMli B npe,neJiaX ± IO%. 
Il_i)OBe.neHHH8 3KCITBJ)HMBHTH noKa3a.Jrn, 'ITO ilDBHMYlllBCTBa fiY3llIJbKO

BllX KBMB.D~ 4 7f - reoMBTIJIDI l1 DllCOKlliI 1IOKa1Il13aUWI o6JiaCTl1 B38l1-

MO.l(etiC'I'.Bl1lI (. /:::,. -~ I MM) , MIJryT 011Tb YCIIBWHO IICil0,1Ib30BaHll .ll.IDI 

IICC.1Ie.nonamur :1JIBKT.DOMaI'HHTHHX n_poueccoB c 5 5,: O,I 1,1ClapH. 

B TQBTbBH rnaBe JUiCCBDTBUHH ll.DHBBJtP.HH qll1311qeclllie DB3YJlbTaTll 

ITO MHOJ:SCTBBHHOCTH B;OI)ll'IHHX qaCTHQ B Il fl - B3aIIMO,llBiiCTBU.llX 

II 



rrrm Bb!COI{;fX ;He_prIDIX /IB, 3s:-421.om1 II.l,)B.Il;CTa.BJUIIOT l1HT9.l,)8C C Tom 

3.l,l8HlD1 Ha6JIIO,ItBHIDI HOBb!X 38.ltoHOMB.IJHOCTBil 1i IIJ;OBB.DK ~ MO,ll;8.7Ii:lii MHO.;.. 

~BCTB8HHOro .l,lO~JtBHIDi qacTiru;. 

00.JibWaR CTaTHCTIIB.a ITO lr!)-H Iin - B3aHMO,ll;8llCTBIDIM,IIOJiyqeHH3R 

B ::mcII8l)llM9HTB "II.l,l - 40 raB/c ",IIOSBOJiliJia HCILJifOtJllTI, Mo.n;·e.JIH, ll KOTO

f,b!X rrpe1v1arruroc1:, ormcamrn Torro.Jiorxqecrui:x ceqem1n nyaccoHOBCIWM 

I)acrrpe.n:e.JI8HIDIM Bcex 3ap.HJKeHHHX tiaGTiru; 11.± ,,DOJK,l{BHHhlX 'IaGTHil 

( 1'1! - 2 ) H Ka¼ItOro 00.l,)Ta IIHOHOB • ( n_ ).STH_ J)B3YJII,TaThl- TaruKS 

llCP'JI.T()qUJIU OIIllCa.HllB _Dacn_pe.n;e.JieH'Rfl no n_± ITO CTaTHCT~BCKOfl 

ll30CIIllHOBOii MO.D:BJIH.Xo_powse corJiacne C 3RCIIBJ)liMBHTOM ,n:JI.lI IlJ)-B3aHMO

.neiicTBllii 6LUIO no.JiytISHO ,n:JI.lI MO,ne.Jlll Ba.Hr-I, B KOTO!)Oil n_pe.n;no.Jiara.JIOCI, 

nyaccottoBcRoe 9acnpe.n:eJiettne l)Ol!U{BHHHX nap. tracTiru; ( n± - 2 _ ) : 
. i(n -2)> [f/2 {n:!:-2)} . . Q . 

P[-j(n_!-2))=< 2 [~(n _
2
)]J . e.rpfr<1 (r1_r-2)>} •. ·:q2> 

2 ::t • . 

Peay.JII,TaTbl 3TOro C.l,la.BHBHIDI npllBB,ll;Blill Ha .l,lllc.I1891.xopowee cor.Jiacue 

C 3KCIIB.l,lliMBHTOM- )J;BlOT T8.!U{8 3Mirn.l,lnqecue qxl.l,)MYJihl- C ltBYMiI ITa.l,)aMSTJ)a

Mll: F,oaorui: ll .n:p. , W.(BBCruiil - Phl6murni1 1 39 • 4o/. 
00.JII,WaR CTaTRCTlllia O -KBa.HTOll Il03BOJIHJia ll3Ytm:TI, 3a.BHCH-

MOCTb CJ)B.n;Hero tillCJia II
0

--Me30HOB ( <nno> ) OT tfilCJia BTOj;JHqHl,l;,c -

3aI)IDitBHHl:lX 'IaCTlltl ( § 2). Tu.no OdHElI)YlltBHO, 'ITO < nlto > _pacTeT C . 

.YBBJIHqBHH~ f2:t. (p1rn.2 ll s/41
• 421• 3Ty 3aBHCHMOCTI, MOlKHO arrrrpoK

CHMll.l,)OBaTI, .mmefinoii qJYHK~Bfi: 

< nli.c) = cJ., n~ -f- fl (IS) 

B Ta6.Jimie I .1.trum attaqemm. J.. u j ,n:JI.lI U-pr If"n- H Irc12-Baan-

MO.ItefiCTBllii' nJ)H ,P=40 I'3]/c. 

' 
t 

12 

Ta6~a I 

Tun. B3, d.., ft J2/NcmcS 

Ii_p O,I6j;0,02 I,85,±0,I5 0,4 

rrn. O,I5j;0,02 I,55;!:0,80 0,6 

rrc12 
0,16,±0,02 I,64,±0,II 0,5 

B 3RCIISI)HM8HTaX npH _p::4 -raB/c 31ia'CJeHIDI <. nlto) J)aBH!l 2,8±0,2; 

l,68,±(),28;1,25,±0,15 ,n:JI.lI 0,2- ll 4 - JiyqeBLIX 3B83,ll; COOTBBTCTBBH-. 
HO ( cf.._.<. 0 ) .AHrurorH'CJHhlS J)83YJII,TaTbl dllJIH IlOJIY'IBH!l H B .n;pyrmc 

aKcnepHMBHTax IJJ)H E ~ 20 raB { <f.-..{, 0 ) .Ilpu 00.Jiee Bh!COKHX 

3H sprrurx nBI)BH'IIILIX tiaCTiru; nosJKe Clll.JIO n01iyqeHO, qTO· 3Ha'l8HHe 

d,._. pacTeT, H nrm E ::::: 300 raB d.. == 0' 4! 43
/. 06Ha.l,)Y&BHH08 

smneHHB cefiqac o6cyl!U{aeTCfl B JmTBI)aType.Er'o Ilb!TBDTCR od~HCHHTI, 

KaR C TOtJIW 3I)BHRll CTaTHCT~BCKOtt H30CIIHHOBOi1 MO,ll;eJIH,TaK H C 

nOMOWI,ID MYJII,TJilIBI)HqJBJ:lHtIBCKllX ;iwarp~45 • 441.0,ItHH8.KOBOCTD 3Ha-

'IBHHi1 · r/.. JtIDI _pa3HllX THUOB coy,napeHRii nvn _p::40 TaB/c (rao,uuia I) 

CB:l!.n8TBJII,CTBY8T B non1:,3y TOro, 'CJTO Bee onpe.1.teJIReTCfl "um:pHHOii" 

pacrrpe.n;e.JIBHR/l IIO nOJIHOMY 'lllCJiy BTOI)ll'IH!lX tiaCTHJ:l ( n tot ) 

l'I MalIO 3aBHCHT OT COJ;)Ta Il8,PBK'llWX 'laGTHJ:l. 

CJla.IU'ID!llltii saKoHoMepttocTbID,o6Hapy~eHHOil JtIDI IT N - coynapeHHii 

Ha OCHOB8.!Ulli nOJIY'lBHHllX 3KCnBI)HM8HTaJlbHllX Jta.HHblX,., 61l.JI T. H. CK Oil-: 

mrnr no -MHo.KeCTB eHHOcTJ 46/. 

Onx (S) = __ 1_ Y( n~ ) . (14) 

cr .. n (S) <n=) <.n:!> . 
Ha J:)HC.4 IIIJHll8.It8Hll 3KCllB.l,lHMBHT8JThHll8 .n;aHHll8 JtIDI Il-_p-ll IiC

12
-coy-

,ItapeHrui H .It8HHllB no .l.l.P -B38llMO.IteiicTB:wIM II.l,)H Ep ::50 -800 raB KOTO-
. ., ·' 
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! 

_pue aIJJl!lORCRMFI_pOBaJill r11arocoil R.DliBOll ( § 3). H3 .PliCYHRa BH.nHO, tJTO 

BC e 3Tli ,ItaHHhle MoryT C5UTI, OIDICaHfl O,ItHOM ymm epcaniiHOii R.PHBOR, He 

38BliCHll!8H JIBHO OT aHe_prmi. B· HaCTO.fIIIlee B.PBMH Hae5JI!O,IteHHUii CRBR7Jlllir 

no MH0~8CTB8HHOCTli CqB:TaeTCH 3Mim,PlitJ8CROii 3aROHOMB.PHOCTI,ID li He 

CBH3illla8TCH C MacmTae5HOll HHBa_pliaHTHOCTI,ID, Ha OCHOBamm ROTO,POil OH 

/46/ 
61:LJI BnB_DBhl8 IIO~tJB!f 

M3 ~aHHUX no irc12 -coy,1tapeHHH~ ll.PH _p=40 f3B/c 61:LJIO IlOJIY'lBHO, 

tJTO 

R == 
C 

<n:!>11 -c,2 

< n.::>ii-p 
I,16,±0,02. (15) 

B Tae5.rume II IIJlliB8)l8Hhl aHaJIOrHtJHhle JJ;aHHhle ~ _pp-coy,1tapeHHA B HH-

TB.PB8JI8 3HB,Prlii1 · 100-3000 r3B/4?/ 

~aJI 

£ (r3B) lvlmneHb Re. 

40 · cI2 ·· 
I,16±0,02 

IIO -"- I,18±0,IO 

200 -"- I,I0,±0,08 

290 _!1_. I,15±(),II 

410 -"- I,16,±0,21 

670 -"- I,33±0,19 

::iooo _,t_ 
I,38±Q,I9 

PactJ6Tfl,IIJ)OB8,lt8HHhle. IIO RaCRa,1(HOii MOl{BJIH ~ 1ICI2 ·""'. B3aliMOJlE1iiCTBHH 

II.DH _D=40 r3B/C ,.n;aIOT 3H6'18HH8 JlM <nz)11 -cf2 _: ,rrpeBhlillaIOUIBB_ 3RGIIC.Dli:

MBHTBJII,HOB Ha 15 CTaH.na_DTHhlX OTRJIOHBHHi1. C_paBHBHHB _pacrr_pe.n;BJIBHHH 

no ( n ±) 71-c (2 

HM Hae5.ruoJWJOTCH II.PH 

C pactJeTOM UORa3l,1BaBT, 'llTO C50JII,llllle, OTIUIOHB-

(1 "_? 5 ?n·:1>, 14Bf: TaKHM oOpa3olC;y)Ke rri.11' 

B=40 f3B hOJIY'IBHO YRa::iamrn' o ·-~edctxaztm,iocill Blle.nemm kJ!acTepOll BTO-

14 

,l 

.IJH'lHhlX tJaCTlitl,OC5pa30BaHHhlX B rrepEli'IliOM D38.lIMOUBi-iCTEHM, KOTOf,U~ 
r-' I 49/ 1,,,.;; "OJIP 0 

liMBIDT CS'lBHHB B3aHMOJlBMCTBRH C HYMOHaMH .:::: u.J(r, • """.; u "" 

tJBTROB YRa3aHH8 Ha 3TOT 3qq)BRT IIOJiytJBHO Ha OCHODamm naHHUX II.DH 

601188 DhlCORHX 3He_prRHX (Tae5.ruma II), r.n;e _pactJeTH8J1 DefilltJIUlU 

ITO RaCRal{HOfi MO.l{BJIH IIJ.lliMB,PHO E 2 paaa C50JlbUie 3KCIIB.DIIMeHTa1II,HOli • 

TaRliM oe5_pa30M, B3aHMOJJ;BiiCTDHH 3Jl8M8HTa!)HhlX qacTm-1 C H,n_Dlli,ffi ~oryT 

.n;aTI, cne.n;eHIDI O II!JOCT_DaHCTBBHHO-DJ)BMBHHOii CTDYRTYPS anpoH-anr,oH

HhlX B3aHMO.n;eilcTBHi/
47

/. 

B 3TOii :KB rJlaBe .naeTCH 8HaJIH3 HM8IDUU1XC.H JJ;aHHUJC ITO 3lliJHCli1MOGTll 

<_n:! > OT 3He,PrHH. 11a MaCUITae5HOYJ HHDapHaHTHOCTli1 G.Jl8JlYST' '!TO 

<-n:t. > = g1 en$ -t- Qi • (16) 

Mo.n;eJIH CTaTHCTH'leCROro THIIa Il!JHEO.ILHT K GT eneHI-IOii 381JMC11MOCTU: 

<n .. >=a -3 6
2 - 2 • 

(I'/) 

AAaJIH3 .llaHHhlX IIO up - B3aHMOneiiCTBl1H.M B lU!TB!)BaJIB 3H8L,1'11ii 

7-205 r3B TIOI,aaan, tJTO ll)O!JMY,Jia (I'l) HO oru1cunaeT 3RCIIBf,lll.lCIITal!l,

HLie 9e3yJ1bTaTu, ll TO B_peM!l RaK .IlJIH (16) HMeeTCR xo_po□ eo corna

c11e C f5j-= I,47±0,03 H aj_ = - 0,83±0,09.3TOT .LJ93Y.llbTaT l,IO;:

HO TaruKB paccMaTp1rnaTb KaK YKa3aHl1e Ha 1~0M11H11J)YJOtaYlO _[iO.Jlb MYJlI,TU-

IIBJ)HipepH'lBCKHX Il!JOllBCCOD B 7i /'/ -coy.nar,cmrnx rrr,H 3Tl1X :JHB!)rl1JJX. 

Kar, H3B8CTHO, ll P.D-B3aI1MOnei'.GTEIDlX rrrm i "::- ~00 I'3B ::J8!Jl1Gl1-

MOGTb (I'/) XO_DOll!O OIIHCUBaeT 31,GII8J;,!IMSll'l'U)J1,!HJ ~ f ~::i:,· nLT8TL. 

B §J lli r~aBH npnBe,1teHa ,nByxKolLlloHeHrHaH uo.nenL, ucxo.uamaa H3 

O,llHOBpeweHHoro CYl!IBCTBOBaHHH .UBYX npoueccoB:oopa30B6HHH HeRrpanL

HllX uearpanLHllX KRacrepoB H .UH~paIClUIH nepBH'IHllX tJaCTHU/
50-52

1.cpaB

HBHHe pactJeTOB no 3TOR MO.UBRH C 3KCnepriueHIOM noKaaano, '!TO OHa 

YJlOBJIBIBOpHieJibHO OilHCUEaer HMeDmHBCH .UllHHhle no MHOXeCTBBHHOCTH H 

KOppenHUHH ,llJIH rr- H pp-coy,napeHHR npu E=4U-JOOI'aB. He,1taBHO 
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. /53/ 
a.HaJIOrHtIHB.H MOJteJU, Ciu.na IIDB.ItJIO;KBHa Van Hove u PoKorskL .I3c>Jiee 

noc.ne.noBaT 8JIEHOH 11 CioJie 8 IIOJIHOfI .HBY.fl8TC.H MY,nJ,TmI8Dll4l8.Dll'l8CKM 

MO]tEJib,llpe~xoxeHHaH B DB.CiOTe
1541

• 

.B_qeTDSOTOli rJiaile mrccepTB.tmll OCiCYliUl8.IOTC.H MaCWTaCiHll8 CBOliCTBa 

C,WbHUX B3fil!MOll;B1iCTBilli Ha OCHOB8Hllll ]ta.HHh!X IIO Irp -B38.llMO.ll;8llCT

Ell.HM. ;:mcrraDHMBHTaJibHh!B DB3YJ1bT8.TU IIJ.lll _p=4O raB/c IIO llH.KJIKl3IDlHHM 

.Pe am~IBM: 

1r- +p --71-+ ... ' (18) 

.ri- .,. p ➔ ri+ + .. , 
' 

(19) 

Tt- ..-p - o + (20) 

HBJI.HIJTCil HB.llOOJl8 e DOJIHUMll npu En;:- 25 raB/41,55,56/. 

B rrepBOM naparpa~e aTOU rJiaBll IIIJllBO.ll;.HTC.H ooume xa_paKTB.DllCTllIU:I 

O,I(HQqacTllqHUx 11.l)Ol.\BCCOB II.PH p:4O raB/c. 

CT.l)YKTY!)Hlle WYHK!.\Hll rro .DJ. CDaBHllBaI0TC.ll c anan:orHtIHhlMll .naaHU -

Mll II!)ll 16 raB/c. PesyJibTB.Tll aToro CO!1OCTaBJI8Hll.H IIOK8.3llB8.IOT, 'ITO 

f ( p}) He MewreTcH B rr.l)eJteJiax ownCioK aKcIIeDIIMBHTa B IIHTBl)BaJie 

16-40 raB.Y.1tllBHT6JlhH08 TIOCTO.HHCTBO j;>8.CIIJ;>8Jt8JI8Hllll BTO_DllqH!lX '!8.CT~ 

110 rrorre_petIHO.My UMIIYJibCY (Pl ,S I raB) .HBJI.HBTC.H OJtHOii ll3 rJiaBHllX 

xaj;>ar,T 81,llCTllK CllJ!bHUX B38.ID,1OJtBiiCTBllil' a,n;pOHOB/
55

/. 

Pacrrpe.neJIBHll.H Ji 1: 
. 1'-

-M83O HOB ll r -KBB.HTOB IIO Pu (B CHCTeMe 

u.Macc) 11p11 D=4O raB/c 

IIOHBHT0/57/: 

liI .D =4 raB/c xopomo amIIJOKCllMllDYIDTC.ll 3KC-

c1 Al /d171~ e.xp (- B Jp/;), (2I) 

HOC .1)8.3flliMH 3HaqeHl1.HMll B .,,. JI- ( .. ) 
.ItJIR p" >O u p11 <0 pli4-I raB/c • 

HarrpUMS.D, JtJI.H 7i .!:. -:-f,183OHOB B (R,~o) =3, 75.tO,II u a JPt;<o) 
~~ ' . ~-

=5,93,±0,II n_pII D=4 raB/c II B-,{·p· • >o)· =9,4+0,4 11 Br (p~1 z_ o) 
. /I // -

II,5.±O,4 IIDH _p=4O raB/cx) .,lJ,rui O -KBru1ToB IIPH ti=40TaB/c MU HMe'."." 

x) 4Todu 11cI<./llO'!llTL aqxpeKT ./llUU1J.lYIDUleii qacTim!l oCiuqtto cpamu-mam 
3HaqeHIDI B .1lJUi rr= MS3OHOB, Jl8TffilUIX H8.3a.n;,n il~M830HOB,Jie
THU!l-!X Bnepen; E C. !.(.Ma.CC. 
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eM: B,y <Pi;< o) =9,8.t0,9 a B/f·O)=B,2±0,5.CHatiaJia aToT 

q;a.KT QO'I,.HCl!HJIH O IIOMOUlblO ITJ.lOCTBi11Ileil T.l)eXKBapKOBOii MOJtBJlll. B 3TOM 

oJiyqae CHOTeMa, B KOTopoli 8 ( P,/ > o ) = B { p 1 
< O) ,.no.JljKHa CiUTh 

Ci-<M / n' . /58/ t, 
rr_pli R. · = re I = I,5 .3KcrrepliMeHTaJihHUe .n;aHHlle B 

I .R,- I 
ampOKOM HHTepBaJ18 3H8prni1 HB 11.l.JOTIDlO!)BqaT aTOMY yTB8J.)JlUt8HHID.Hanim-

41M . • Rtk/11 

MSIJ, R (4 raB) = I,69 .± O,15 H (40 raB) =I,45±0,IO. 
CkM 

0.n;Ha.KO OllJ!bHM 38.BHOllMOCTI, R. OT rl t y~e He oorJiaoyBTC.H 
WIH , C..1.0,1 

C 3TOii MOJtB.IlbID.HanpllMB.D, ll.Dli _p:40 faB/c R (11.,.=2)~ s, R(n=4)= 
- :!: 

(:i,M 
=2,'l± 0,3 li R (".!-C?/?)=l,05_t0,I0.AoHMMBT.!)H'!Hhlii xapaKTBl) CIIBKT.DOB 

tiaCTlll( 110 II.DOJtQJII,Hl:lM liMIIYJlI>C8M MO~HO QO'I,HOHllTb pasJIHllHUMH CB'l8Hll.H-
. 6~. p 

MH Jtliql_Da.Kl.lllli Il-M83OHOB 11 IIJ;>OTOHOB II.DH 3THX SH81)I'll.HX ( a=> 0 . ) . 
q -. . a~'f' 

l{aqecTBBHHO 3TO o6~.HOHSHl18 OOOTBBTOTDYBT 3KCIIB.DHMBHTaJibH!lM .DB3YJih-
CI.I.H. 

TaTaM,TaK Ka.K 11pn n:!:~ o Jtllql.Da.KIUiOHHhle coelllTIDI OTCYTOTnym HR;:. I. 

B STOM Ji\8 11apar9aqie Ha OCHOBaHllll 3KCII8.l)HM8HTaJibHllX .n;amrux IIPH 

p:4O raB ll .D=4 raB/c :IOKB.38.HO, qTQ OT.l)YKTY1)H8.fl q;yHK!.(Hfl HS qJaKTOIJH-

( 2. • . '2 ) 
3yeTCH rro nepeMeHHUM X n P.L .f ( xJ 13._ ) :/: f.1 ( x) ·.f ( P.i ) •. 
TaruIM oCipasoM,rrpII E ~ 40 raB HBJII>3H paccMB.TpllBaTh "nonepeqHyro" H 

"11.1)0.ll;OJibHYJO" ]tllH8MUKY B3aHMOJtSiiOTBIDi H83aBllC.11MO. 

Bo BTOpOll naparpa~e lY r.naBll 8.HaJill3H.DYIDTC.H MaC1IlTa6Hll8 CBOi-i

CTBa Cll.Jlb!lll.X B38llMO.ll;BliOTBliii B l(BHTj;>aJibHOll li ¢parMBHT&UIOHHliX 

06.naoTm/ 
41 

• 
55

' 
561• 

Ha plio.5 ll 6 TIJ.)8.ll;CTaBJ!B!lll. HOl)MllJ.lOBaHH!JB 3HaqeHHH CTl)YKTYIJ!lll.X 

qJYHRIUill .ItJI.H peaKUBH (I8) ll (20) II.DH X ~ 0.,lJ,rui O.DaBHBHIDl 3JtBCI> 

~e 11.l)llBBJtSH!l IJB3YJlbT8.Tb! 110 .l)IJ-B38HMO.ll;SiiCTBll.HM TI.DH E_p=I5O0 raB, 

r.ne HMeeT MBCTO oKeliJIHHI' B UBHTPB.J1hHOii oelJiacT11.KaK BY...n;tto .113 

IJl1OYHROB, 3H8.tISHIDifjO)/q.-t. n~j'a~O)/oin COBII8.ll;8l0T B npe,neJiaX Oll!HelOK 

.ItJI.H IlD -B3am.l.O.ll;B.UCTB.11ll II.DH _p:40 raB/c II pp-B38.liMO.ll;BiiCTBlill n_pn 

Ep:1500 rsB. 3TOT qJaKT CJiyir.HT YK8.3a.Hli8M Ha _pa.HHHii CKBii.JillHI' B Il/V -

B3am.10,neltcTBHHXx) • . 

x) .113 OCiOCiWBHHOH OIITlltISOKOii T80pew MOJtBJIH llO.JIIOCOB PeJt;Ke c.ne
.n;ysT, 'ITO B CJiytias M8.01IlTa6HOli llHBapliaHTHOCTll HO.l)MHIJOB8l!Hll8 
3H~qeH~f(O)/~-tH8 _?aBHC.HT OT COj;>Ta· IIB.l)BliqHUX '!8.OTI!Q ll 

tY;;f: N,;- = l) Nr,c .' /J7i_ ;;;J.. IIJ.lli X ~ O. 
17 · 



~OilOJIHHTBJlbHb!M a_pryMeHTOM D llOJin3Y 3TOro YTDBl)l:mBHIDI .!lllJiil.BTC.fl 
-~r.• 

O'tHOmeHHe ~ npH X ~ O(p1rn. 7), KOTopoe IlpH p =-40 raB/c paBHO 
A~-

I,04,±0,06.KOH8qHO ,Il.DJ™HM .ItOKa3aTeJinCTDOM J:)aHHero CKen.mmra D 

n ti --m1B.HMo,neiicTBH.HX 6y].{eT CJIYlKHTn CJ)8DHB!m8 rronyqeHH!lX ,PB8YJin

TaTOD c .naHHliMli ll,PR £:7i =200 raB, KOTO,PHB cefiqac 06J)a6aT~8lDT

CR D IiaT!lllRR. 

Ali8Jlll3 liMBIOlUHXC.fl .namrux JtJiil. Il N - D88RMO.UBiiCTDHil D 06.JiaCTH 

gJJ)EI'MBHT8.l.Ull1 Il-MB30Ha (X ~ 0,2) IlOK8.3aJI, ~o ll B 8TOM cnyqae 

· -F + +P -
DeJIHqnHa CTJ)YKTYJIHOii qJYHK{Um JtJiil. Il,POI.\BCCOD Ji -Ti H :Ji -Ji . 

He MBHRBTC.fl D Rl,TBJ)DaJlB 3HBJ)rllii OT 4 .no 40 raB. Ha JillC.8 II 9 

TIOK8.38H11 COOTDBTCTDYIOUIUe 8Haqemm CT,PYKTYJ)HllX WYHKI.\liii B CHCTBMB 

IlOKO.fl Il-MBSOHa TI.PH 8-. ::=. IB,5 11 40 raB/c (J)Hc.8) FI 3H8'iBHIDI 

CT.PYKTY.l,)HOii gJYHK{Um D IIHTB.l,)DaJie O + I ,2 raB1/c D 38.BHCliMOCTH OT 

aueJ)rHH(J:mc.9lKaK namio ns JIHCYHKOD,n npe,nsJiax OIIlll6oK f(P1~·") 

He 38.BHCHT OT aHeJ)ri-m JtJIH - Ji+ L Ti~ H MeHReTC.fl c aHBJ:lrReil 
- p -

JUl.fl - Ji+ - JI+ • TamIM 06l)8.30M,MacWTa6Ha.fl HHBal)HaHTHOCTn , 

De,PORTHO, liMBBT MBCTO JUl.fl 3K30TllqecKOli gJJ:)8I'M8HTIIDYlOIIIBii CllCTB.Mll 
+ + ~ ± ( n n ) u orcyrc?Byer JUl.fl o6u~oil (II ... II). 

Il OdJiacTH <pparMBHTaI.Urn Il,POTOHa CTJ)YKTYJ)Ha.fl WYHKI.\H.fl 38.BHCHT 

OT 3HB,PrHH .lUiil UN- DSaHMO.IteiiCTBHii Il,Pll E ~- 40 raB. 

TaKHM odpaaoM,HSyqeHHB OOli'iHllX J)BaKI.\liii (I8) + (20) IIOKaaano, 

qTo B o•.rJlllque OT .D.P-DSaHMO.ItBiiCTDllLi ,nsyqeHHLIX D HHTBJ)BaJie 

E.l,l =10 :-2000 raB, II N - B38.li1MO,IteiiCTDH.fl HMBIOT CYUIBCTBBHHlle oco-

6BHHOCTH. IloJiyqeHli YK8.3aHllil O TOM, 'iTO liMBBT MBCTO ,PaHHHfi 

CKeil.mrnr B I.\BHTJ:)aJinHOiJ odJiacTH H B od.naCTH qJl)BI'MBHTauliH 7{J?;.:r.: 

C ,1.tpyroii CTOJ.)OHll, D odJiaCTH (pJ18I'MBHT8.l.Ull1 Ill)OTOHa l1 JUl.fl JIBaK{Uill 
+ r 

7r- LJi- OH OTCYTCTBY eT. 06.tiaTHa.fl cmyal\H.fl UMe eT Ma OTO B D.D-

DaaRMo.neiicTBIDIX nvu Ep i IOO raB. 
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Pacrr,Pe.1.teJieHIDI Il - M830HOB no npo,nOJibHOfi 6HCT,POT8 TI.PU p=40faB/c 

npHBe~eHH Ha p11c. IO H II. OHH He IDl:8DT "nnaro" IlpH i1~1:::::, I. 

B 3KCll81)HMBHTB, DHilOJIHBHHOM C IIOMOIUblO .1.tBYXMBT,DODO:ii TIJ:)OTID.HOBOii 

K8MB.l,)H, D O,ItllHaKODHX YCJIODMX noJiyqeHH Jt?JIHHe no J:)88.KI.\H)IM ,~o) ll 

Ji - + C i !2 ~ o;. (2~) 

CorrocTWIJISHlle 3Haqemtii HO,DMl'l,DODaHHHlt CTPYKTYPHhlX (!)YHKlUlii WlH. 
. - A~~ 

3THX' J:)BaKI.\liil ll,PHDB.ItBHO Ha pnc.I2 B 38.BHCHMOCTH OT 81 (§3,rJl. 
' . ..p. (:J(j:, ~8 )/6'.1,{Jip) 

IY). 3Ha'iefllie D eJIHquHhl R = c• (Ji- 12 _ JI,:::, r _ ,i2J D n_pe,neJiax 
i I C ... t u ·" T, (: 

0U1H60K C.±7%) panHo I n_ ueHrpam,Holl 06.JiacTH H B o6JiacTu q,_parMrn-

Tal\liH 9i--M830Ha. 3Ha'18Hl!8 R OTJIHqaeTCH OT I B 00.JiaCTll cr,parMeH

Tar.urn TI,POTOHa l1 R,1.tpa yrJiepo,na. QTH 1)B3YJ!bTaTll JtJJR oOJiacnl giparMeH

Tauiill 11 - M630Ha CODila,ItaIDT C npe.nc1msaHllRMH na,TCHHOi. r,,on:.ml' ll 

Mo.nemi npe,neJibHOfl qi_parMeHTa~S~/. 

B WTO;\ rJiaDe JU1CG8DTaUID1 Tif•lIBO,ll.HTGH pesyn1Tan.1 ITO BOGGTa!JOD

JI8Hll!O CTIBKTL)OB n°-Me30HOB no cneKTIJ8M 6 -KEGJlTOE. ,L.;.,; 3TOE 

I.\EJIH C!Wm Bh!B8,It8HH GOOTBtTCTBYIOUUlS llllTSrj.:aJJl;HJ:e YD2.Bll8P.l~-i Kl1li:.

MaTHKH J{aCKa,ItOB H BOCCTaHOBJISHH CTieKTJ)l:I 3q,q,SRTHBHUX r.:acc ;IJlJi:!::;; C) 

( 
-t - o) . t- - I (. + . ' /60 • 

H f'.I Ji To Ji no cneRT.DaM M tJi Jial 11 /v J;- 15 J n_p11 Il =4 rsB/c 

l 6II .,llna BoccraaoB.11eHHS1 /'I (,A: J npH p;,40fsB/c HCilOJib30Bancfl MeTO,ll 

cratHC'tH'IBCKOlt perynflpH381UlH/621.Ha pHc. 13 npY.BB,l\8HH ,l\.n!l npm1epa 

TIOJiyqeHHl18 _paCTIIJB.ItBJiellYJl n°-Me30HOB ITO p~ , 0.Il8C:L )i(8 r..r.;J Cj;a.lJ

HBHllJJ. .nano pacnre.nenettne n:MeaoHOB np:1 ro •. _-:c dJJc.1,r11:u.v1o~na 

61:lJIO IIOJIY'iBHO, 'ITO tlr,'tl;i,7c := 0,94.±0,L,'i ;: ·\- :"N,.,:: 0,1.l'i.:tu,Vi 

.IlJLq / X { ;S 0,02. TaKHM oC!_pa30M,.IlaBH!..I[; ne, ,,0 -Jt.e3CHGM T&Jt::c 

CBl1.1.t8:r'CllbCTB,Y!OT O .IlOMHHl1JlYIOW8M DitJ.laJi._ ;,c:.,cr-01rnoro OOMSHa· B 

U8H'l'Il8.IILJ:O;: cc.~acn1 lJ,.,lJi ;1 t-1, -B38V.MO,l!.eilCTBHll npl r=4C fsB/c. 

Lp!MUicHJ!act :.:~TC.illff& c:'JC:CT':::1.·-?,1:H:u, c.nrnTvOB rr°-Me30HC.,& no 

cueKT!)aM .-r -KB&HTOB MOlKBT uliTb :l1CilO.ilb30BaHa ll B .llJ:)YrFIX 3KCTIB

PHMBHTWC no ~CCJie,l\OBbHHD HHKJID3HBHllX npoueccob160-~l/. 
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B wacTott rnaBe ltHCCBDTamui 9accMOTJ)BHll .ll30TQIIllqecIWe COOTHOllle

mm Jl.Ju, ,!HKJII03lillHliX IT_l)OUBCCO:i/63-65/. 0HH MOryT 6liTl> TIM83Hll KaK 

,U,]lll llJ.)OBB_l).RH ll30TOirn:qecKOli HHBa_pmllITHOCTll Il.[lll BliCOKllX aHeJ)rIDIX, 

Ta.K ll ,nJIJI. nonyqemm illiq)O.l)Mmura O MHOlKBCTDBHHOCTli Oil_l)BltBJleHHoro 

Tllna BTO_l)llqHUX qacTllU (H8Il_l)llMB_l),n°-Me30HOB)1631• B 9a60Te1641 no

;zyqeHH COOTHOlilBIDl.H MeJKJCY 3HaqemtHMH CJ)BltHHX MHOlKBCTDBHHOCTBii BT0-

9nqm,1.x qacTHU .Da3JllNHOrO THna, DliTBK8!0lllllB ll3 ll30TOIIH'IBCKOH ll aa_l),H

,noBoii llHBaL)llaHTHOCT.ll, 3aKOHOB COX.l)aHBHIDl CT_l)aHHOCTll, 3Jl8KTpll1!8CKOrO 

ll da_pllOHHOro sa_l),HltOB, ,nJIJl Il_l)OUBCCOB MHOlKeCTBBHHOro J)OJKJ:tBIDIJI qacTllU 

B 8.UJ)OH-8.UJ)OHHUX B31lliMO.newcTBruIX, B 8TOii rnaBe TaKJKB J)acCMaTJ).llBaIOT

CH U30TOflll11BCK.ll8 COOTHOlllBHllH MeJKJCY CTJ)YKTY,PHb!Mll !pYHRUIDIMll ;IJ,JI.H. 

qacTUU, OTHOCRlllllXCR R O,llHOl,1J ll30MYJlbTllIIJieTy/
651 • .Ivu1 HaqanI,Hh!X 

COCTMHllii c T=V2 IlOJlY'ISHO, qTQ 

t,Jit- ( f, ~ )-i-.f\, - ( J?J S) ==- 2-? Jic ( _p, S) ·• (23) 

,llnH ,Tt I\' - CTOJIKHOBeHHii (T=V2 ll J/2) HST 06lllllX J)aBBHCTB Tlllla 

(~3).0.ZUHlRO B J)BaJl.llCTllqecROfi MO,llB.Jlll IlORa3aHO, qTo c YllBJilNBHHBM 

8Hepr11v. CHaqarra Ha'ltteT BlillOJlHRTbCR COOTHOlllBHHB (23), a saTBM ll 

paBeHCTBO CT,PYRTYJ)HHX <PYHKUULi .IW! IT;-Il=ll IT°-M830HOB. 

B cen1Mol1 rJmne nRccepTalllm paccMaT_pRBaeTCR RHTew)e_peHUH./l 

TOJK,ll;BCTBBHHliX qacTllU .ll oocy:maeTCR B03M02KHOCTl> H3M8J)BIIIDl Ha 8TO£\ 

OCHODe lllll_l)llHll _1)830HaHCHllX COCTORH.Hit66 •67•681.n_pe,wiaraeMlili MBTOJJ; 

aHarror11qeH TOMY, KOTO_l)Ull llCil0Jlb3YBTCR ,nJIJl H3Me~eHRR JJ;HaMST_l)OB 

3Bea.n no EJ.)eyHy-TBllCC/691 .. 
,Ivu1 npHMepa paccMa•rpRBaeTcR n_pouecc: 

0 11 - k+..,.. 10 _,. K..,...-r-k-t-+K , (24) 
11 

· T 1. 2 3 

r.ne "0" - ycJlOBHOB ,odosHaqemIB BCB.il. TJ)O.ii.lW qacTID.{ I+2+3. 

AMn.7rn:Ty.na aToro npouecca: -~ ..... _ -
A ___, C (fi_,Pt_,Pg,;~) + C (f?0 ,P:L ,P4 J P3 J 

"11~-M 2 -.i-~1l~ m'L -M. 2 +lfv1I' .:n 
(25) 
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r.ne B C - B:KJil()q8Hll !paJCTO.l)ll, Oll.l)B,ltBJlfllOUIHB aMIIJillTY,Itll _po;;meHIDI ....,,. ~ 

CRCTBMll(/::'.1 p) , 11 RI' -Macca R mn_pHHa _peaoHaHca, P0 u P.:-
rumyJibCli Bcea Cl1CT8JW H COOTBeTCTBYD!llHX tJaCTHiq t'Yl13 H WL-23 -

MaCCli nap tJaCTHU I,J ll 2,J. li3 BH.Jta (25) cnB'AYBT, llTO llHTep-

4)8.l)BHUHOHHliB RBJlBHIDl BBJIRKH ll.l)H rrr:B~mfl,!,~M • )lIDI ,ItOCTaToqHo 

Y3MX J)B30HaHCOB 8TH YCJlOBRR MOrYT dliTh BlillOJlHBHli COBMBCTHO C 

11 ~ P2., , H Tor.na MOJKHO Cq.llTaTh, ~o C({o,itPz,P~)=C(.Po ,])Iit~). 
B 3TOM cnyqae llHTBW)B.l)BHUHOHHllil a@leKT 6y.neT Oll.l)B~BJI!lTJ,CR B.oc

HOBHOM IIlHJ)llHOil .l)B80Ha.HCa. 

B JJ;HCCeJ)TaUHH npRBO,JViTCR. q)O_l)MYJll,l KS.K ,ltJlR .IUlYMB.l)HliX,TaK ll ,nJIJl O,ItHO

MB.l)HliX _pacn_pe.neJIBHllH ll.l)OUBCCOB Tlllla (24) C yqeTOM 3aROHOB COXJ)aHB

HIDI,B _pa6oTe1681 _pacCMOTPBHli B03MOlKHOCTH ll.l).llMBHBHIDl aToro MBTO-

~a ;IJ,JI.H. onpe,ItBJlBHIDI lll)OCTPaHCTBBHHO - B.l)BMBHHOll CT.l)YKTY.l)li OdJlacTR 

B8allMO~BHCTBRR. 

QQHOB!lliE PE'3YJibTATli PAEOTli 

I. Il_pOBB,ItBHO 8KCilB.l)HMBHTaJIJ,HOB HCCJle,ItOBa.HRB MHOJltBCTBBHHOro 

J)Olit,ItBHIDl qacTRU B DHOH-l{yKJIOHHliX B38.llMOltBHCTBIDIX ll.l)H p=4 r3B/c H 

40 raB/c c ·noMO!llbD 55-caHTIDlBTpOBOR H 2-MeTpOBOR nponaHOBHX 

ny3HpbKOBl:lX xa1,1ep. 

2. Paapa60TaHa MBTOlUIKS, o6pa60TM co61tTR'1 C yqacT.llBM raMMa

l<BaHTOB, aaperHCT.l)R.l)OBBHHllX B ll.l)Oila.HOBliX llY3li.l)l,KOBliX KaMe_pax.B 

:icaqecTBe WJJlJOCTJ)artml B03MOlKHOCTBil.aTOil MBTOJJ;H.IW Il.l)W30,JViTCH .l)B3YJlh

TaT!l 8KCilB.l).llMBHTOB IlO ll_l),HMOM,Y _l)OJK,ltemm (e+e-) - nap 6!lCT.l)llMH qac

TRU8.MH, TOJ)M03HOMY .ll3Jzyqemm 8JlBKT!)OHOB R odpasOBBHIDO ( B + B-)-na_p 

t - KBaHT&m. 

3. Ha 60J11>moa CTaTHCTllK~ llMYqeH!l TOilOJlOrll'leC.KHe ceqeHIDI ;IJ.JI.H. 

IIP- ,Iln-H irc12- B3a.HMO.neilCTBHil Ill)H _p::40 raB/c. 

3TH ~aHHllB ODHCllBaJJTCH C llOMOWl>Kl MO,ItBJlll • _r.ne ll_l)B,ItllOJlaraeTCR HB-

3aBllCKMOB .l)OlitltBHHB na_p aa_l)RJKBHHliX qacTuu. 
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4. 06HapyJKeH J;)OCT cpemrnil MHOJKBCTBBHHOCTI1 rr°-Me80HOB c 

YB BJm'lBHl1BM 'Il!CJia BTOI)l1'llillX 'laGTim, O.IUUla.KOBHil MH Ir p,Ili1-n 

1rc12- BsanMo,ne:licTBnil.3TH pesyJI0TaT11·no,nTBep.zm.,mco npn 6oJiee 

BHCOKKX 3HBprIDIX B pp-11 Ilp -coy~apeHHHX, 

5 • .D.na o6~BCHBHIDI IlOJIY'lBH!illX pesyJibTaTOB no MHOJKBCTBBHHOCTH 

BTO!)H'llillX 'lacTHU IT.PH E~ 30 raB npeMOlKBHa ~YXKOMilOHBHTHaH 

MO~BJ!b, B KOTOJ;)Oil npe,nnoJiaraeTCJI COBMBCTHOe .POJ!UtBHHB HBilTpanb

lillX l{BHTpaJIJ,HWC KJiaCTBI)OB H ~qipam:nWHH!lX qacT,m, IlpoBe.neHO 

OilHCaHHB 3KCnepHMBHTa7lbHllX .nattHHX no U-p-H lrtt- coy,napeHIDIM 

npH .P=40 rsB/c H pp-B8ruIMO,nei1CTBIDIM npH Ep:50-300 rsB c no

MOlllblO 3TOH MO,neJIH, 

G. ijqc~enoB§.fli onHO'laGTWIHhl8 xapru<TBOl:JCTHKH IlP- B8a.MMO-

mn1CTBl:Jij JLJlll u+, I[ - M880HQB l:J "o - RBa.I-jTOB IIDU 0=4 11 

40 raB/c,, CTIJYKTY.PlillB qJYHKUllll -t (p J) B npe,neJiax Ollll160K HB 

MeWIJOTCJI ·c sHepr11eH.CT.PYKTYPHHB qiYHKUHH -? ( P,1) acHMMBTIJH"l

Hll OTHOCHTBJlbHO .fi7=0 ,nJIJl TI£ - B8aiiMO,nBiiCTBIDi.IlOKa'3aHO, 'ITO 

o6~CHBHI1B 3TOii acHMMeTplill c noMOUlbJO npocTei1wei1 TpeXKBa!)KOBOi1 

Mo.neJIH JlBJIJlBTCJl Hey,noBJIBTBOIJHTBJlbHHM.IlpeMaraeTCJl ~pyraH HH

TB!)n,PBTauliii 3TOro ill!JIBHM,IlOKll8aHO, "ITO CTPYKTYPHllB qJYHKUllll 

+.rx)pJ J He <pa.KTop11syJOTCJI no nepelleHHWl X H Pi n_p11 p:40 11 

4 raB/c Wlll IJ±- MB80HOB H Q -KBaHTOB. 

7. IlpOBB,ABHO H3Y'IBHHB uacwTa6HHX CBOHCTB II /V - B8@MO.rte.ijc'J,'

BHil WI HHTBQBaJia 3Heprnil 4 + 40 rsB. 06Ha,PYlKBHO, 'ITO B 06-
. + 

JiaCTR qiparMBHTruum npOTOHa ( p -~ Ti- ) CT.PYKTY.PHaH 

~YHKl{HH ll8HH8TCH c 3Heprneil (E £ 40 rsB). B o6JiacTH qiparMBH-
- .P + 

TaUllll Il-MB80Ha ,nJIJi pea.KURH JI+~ Ji- HMB BT MBCTO MaclllTa6-

E ~ 4 _-:,: p 7,+ 
HM HHBapHattTHOCTo n_p11 :-- raB, .nJIJI peaKIUIB J, - ' 

OHa HapywaeTCJI, TarorM o6pa80M,.PaHHIDI CKe(Imrnr B OO!l'lHOil pea.K-
- -r -_p T 

Ullll J, I' -"?,fl ,. .nJIR qiparMBHT&Um JI -~ Tt CJIYliUIT 
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YKa8aHl1BM Ha TO, 'ITO 3K80Tl1'lHOCTb CllCTeMll (:rr±rr±) MOMBT OllTb ~OCTa

TO'lHa .nJIJl era CYlllBCTBOBa.HHJl. 

B t.tBHT,PaJibHO:li o6JiacTH (X = 0) HOJ;)Ml!!)OBaHH!le CTIJYKTYJ;>Hlle 
·. + .. • I 

qJYHKUllll MR n--MB80HOB l1 0 -KBaHTOB O,nHHB.KOB!l .nJIJi II /'v -B38llMO-

,neiiCT;ID! npH ~40 rsB/c H .P.P - Bs~o,nei1CTBI1il npH E.2: IO00 rsB n 

npe~eJiax Ollll160K 3KcnepHMeHTa (,±8%). B CBJl8l1 C 3Tl1M ,nEJiaeTCJl 38.K

JIJO'IBHHB O ,PaHHBM CKBi1JmHrB 11 Il N - B3aHMO~BMC'l'BMX. ,UonOJIHHTBJlb

.HllM apryMBHTOM .il.BJI.flBTC.fI COOTHOmeHHe: ;1,;;+ 1;.;,._ = I,04±0,06. 

B O,nHOM 3KcnepHMBHTB H npn O~HHB.KOB!lX.YCJIOBH.fIX o6paOOTKl1 nony

'IBH!l H conoCTaB.7l8Hll ,IlaHHlle no RHKJIIOSHBIIDM _peam.nrm,1: 7il' ·- ,J +. 

- 12 v -
.II 'jf C ..... a+ •• n_p.lI p=40 rsB/c. B o6JIUCTI1 qir,arMeHTrunr.11 Ji -Meao-

Ha CT.PYKTY,DH!le qJYHKUllll 3THX n_poueccOB COBilMaJOT <± 8%). JT07 

pesyJibTaT corJiacyeTC.fI C npe,nc1<aSaflH.fIMl1 napTOHHOll MO,IleJIB. 

8. ftule,neH!l ypa.BHBHHJl H _paspa60Ta.Ha MBTO.IOU<a BOCCTaHOBJlSHll.>J 

cneKT,DOB n°-Me30HOB no CIIBKT,DaM O - KBa.HTOB. IlOJI,Y'lEHti CilBKTj;lll 

t- "-I .,. - c) 
sqxlieKTHBH!lx Mace M ( :Ji -:Ji .... ') H 1 ( Tt Ti .T, no cm,npaM -

/r-1(Ji±tJ l1 /1,/ (JJ.,.Ji-{) Il.PH p=4 f3B/c. OOCCTa.HOBJIBHO J;laCnpe-

,neJieHRe rr°-MesottoB no n_po,noJibHHM l1MilYJibCaM ,n.11.H I!J) -coy.navrnni1 
·- -

n_p:a p=40 rsB/c. B pesyJibTaTe IlOJI,Y'lEH!l COOTHOWBHIDl: /'v;;• '. 11;, = 
=0,94±0,07 n ~-: /~~ ::= 0,87±0,07 Jl,llil IX t~o.02. 3TH Jia.HHhlB 

no rr°-Me30HaM TaKlile CBMBTBJlhCTB.YlOT O )lOW!HllJ;,,YIGUJeM HKJiam IlOMe

IJOHH!lX 06MeHOB B UBHTj;l!lJlbHOtt 06JiaCT.11. 

9. Tome,neH!l HBKOTO,Dlle H30TOITH'l£CKHE COOTH01:18Hli.il Afill HHKJij()SllB

H!lX n,POUBCCOB. 

IO. IlpeMO)KBH HOBl.:tt cnoco6 HSMEJ)Blllv'l Q1j,,llll f1e3011aHCOB no 

HHTBWiepemnra TOlllllBCTBBHH!lX ,;acT,m. 

EoJiblllHHCTBO j;I esyJI:bTaTOB, li3JlQj;;f;HHllX D .nncc B,DTaIUIB, IlOJI,Y'leHO 

BnEpBhlE, 
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0CHOB!llie J,lB3YRbT8TH HaGTOHmeii pa60TH ,ltORJI8,ltl:lllaJIRCb Ha•MBlJOU'

HU1)0.lUIHX KOHqlBJ.lBHIUlllX B Jiyime (!969) ,KHeBB (I970) ,AMCTBJ,l,lt8MB 

(!971), 0itcq-0p~e (!972),Ea.Ta.BHll {1972), 8KC-B.H-Il,l;i<)BaHCB (1973); 

aa c:iccMx OH\ii AH CCCP (I968-I973 r.r.) R oey6JmKOBallli B pa60Tax 

/13-19;24+37; 39+42; 48; 50.:.52; 55-t-57; 60-t-67/ 
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