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06IllM X8pBRT6pl:!CTl:!R8 paOOTH 

AI<Tyam,HOC-TI, npooneMH. Hsy'l6Hl:!6 npoueccoB MHOIK6CTB6HHOH renepa
Ul:!l:! 8,llJ)OHOB B 8,llJ)OH-.R,Il.6pHWC B38l:!MO,Il.6HCTBJ:!HX np11 BHCORHX 3Heprl:!HX .RB
nH6TC.R OMl:!M l:!3 rnaBHWC HanpaBn6Hl:!H l:!CCR6,Il.OB8HM npooneMH Cl:!RbHOro 

B38l:!MO,Il.6HCTBl:!H • 
K aa'lany Harnero 3RCI16pl:!M6HT8 nO.RBl:!RJ:!CI, HOBH6 T60p0Tl:!'l6CRl:!6 l:!)];611 

H M6TO,Il;ll, nD3BORHJOll!H6 l:!3BR6R8Tb H 11cnORI,30B8TI, T8I<YJO q'yH,Il.8Iv16!lT8RbHYJO 

l:!H~Op.!8UHJO,R8R M8CillT80H8.R l:!HB8PH8HTHOCTb, ROppenHUUOHHl:lli 8H8nl13, 
CBOHCTB8 OMO'l8CTH'IHHX pacnpe.n.eneHHH H T.n. ARTyanbHOCTI, 3TOro po.n.a 

HCOR6,Il,OB8Hl:!H ooxpaHl:!TO.R Ha MHOrHe ro,Il;ll. C pOOTOM 'll:!Ona BTOPl:!'lHWC '180-
Tl:!U, o6pa30B8HHWC npl:! BHCORHX saeprIDlX, B OOHOBHOM l:!CCR6,Izy!OTC.R xa
paRT6p.l:!OTHRH OMOH l:!RH H60R0Rl>RHX 'l80T11U rrpl:! yop6M6Hl:!l:! no BC6M .n;py
rHM BTOPl:!'lHHM 'l8CTHU8M (l:!HRRJ03l:!BHH6 npouecoH). HacTO.Rll!8.R pa6oTa .RBnH-
6TO.R O,Il.Hl:!M H3 nepBHX Ol:!CT6M8TH'l60RHX HCCR6,Il.OB8Hl:!H 3THX rrpoueccoB B 
nHOH-.R,Il.epawc B38l:!MO,Il.6llCTBiffiX np11 saeprl:!HX HGORORI,I{HX ,Il.60.RTROB rsB. 

ijenb paOOTH - 3Rcnepl:!M6HT8Rl>H06 HCCR6,Il,OB8Hl:!6 MHOIK6CTB6HHOH reHe
paUHH 38pll:IK6HHHX H H6HTP8Rl>HHX nHOHOB B ITHOH-yrnepO,I!.HHX B38il!MO,Il.6HCT
BHHX; Ol:!CT6M8Tl:!'l6CRl:!H 8H8n113 nony'!GHHHX ,Il.8HHHX no MHOIK6CTB6HHOCTH, 
O,Il.HO'l8CTl:!'llll:lM l:!HRRJ03l:!DHHM cneRTpaM l:! ROppenHUl:!OHHHM xapaRT6pl:!CTl:!RaM 
BTOPH'IHHX 'l8CTl:!U l:! cpaBH6Hl:!6 3Tl:!X pesynl>T8TOB C T60p0Tl:!'l6CRHMH MO,IJ;6-
Jl8MH ;IJJJ.R 0Ilp0,Il.6R6HHH l:!X oonaOTl:! npl:!M6Hl:!MOCTl'l. 

HOBl:!3H8 paOOTH COOTOl'!T B TOM, 'ITO Bil6PBH6 l:!3Y'l6HH xapaRT6pl:!CTl'!Rl'l 
or+,tff-H 9T0

- M630HOB, a T8RlK6 0 - RB8HTOB, oopa3DB8HHWC B 
{ff-,zc- B38l:!MO,Il.6HCTBHHX npn BHCORl:!X 3Heprl:!Hx. 

Bn6PBH6 nony'l6HH pesynbT8TH ;IJJJ.R HHRJII03l:!BHHX I'! nonyl:!HRJII031ffiHHX 
p08RUl!H C pOJK,Il.6Hl:!6M o- RB8HtOB, 38Pfl1K6HHHX nl:!OHOB l:! npOTOHOB. 

Hccne,rr,oBaHH ,Il.BYX'l8CTl:!'lHH6 ROppeMUJ:!l:! 0 -I<B8HTOB I'! 38pll:lK6HHh!X 
nl'!OHOB. il3Y'l6HH CBOHCTB8 OHCTPOH l:! M6,Il.R6HHOH ROMnOH6HT 'l80Tl:!U, pOlK,Il.6H
HHX B IIHOH-yrnepOMHX B38HMO,Il.6HCTBJ:!HX. 

Hay'!H8.R neHHOOTI, paOOTH. Ilony'leH H np08H8Rl:!3l:!pOB8H 6on1,rnoll 3RC
nepl:!M6HT8Rl>HHH M8T6p.l:!8R no nHOH-yrnepO,I!.HhlM B38l:!MO,Il.6HCTBJ:!HM. 

narurne no IIHOH-yrnepO,I!.HHM B38l:!MO,Il.6HCTBl:!.RM l:!M6JOT 00RbIIl06 3H8'l6Hl:!6. 
B oomeil npo6neMe 11sy'leH11H 8,llJlOH-.R,I!.epHHX ooy.n.apea11fi. Hanp.!:!Mep, .n.aaaHe 
no pOIK,Il.6Hl:!IO HettTpanbHHX IIHOHOB B 8,llJ)OH-.R,Il.6PHHX B38l:!MO,Il.6HCTBJ:!HX, l:!3Y
'l6HHH6 B H8CTO.R11!6H pa6oTe, npaRTl'l'l6CRH-OTCYTCTBYJOT• 

CpaBH6Hl:!6 3ROnepl:!M6HT8RbHHX ,Il.8HHHX no B38l:!MO,Il.6HCTBJ:!HM 8,llJ)OHOB C 
.R,llJ)aMH O B38l:!MO,IJ;6HCTBl'l.RMH 00 OBOOO,nHHMH npoTOH8Ml:! npH O,Il.HOH H TOH lK6 
8HeprHH, nony'l8HHllX 8,Il.HHOH M8T0,Il.l!:ROH, BS/KHO ;IJJJ.R npoB8PRl:! MO,Il.eneil MHO
JK60TB6HHOro POlK,IJ;6Hl:!.R 'l80Tl:!U • 
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IlpaRT.r<I8CR8R geHHOCTb pa60Tbl. Ilo.nytJ8HHbl8 B H8CTORmen pa60T8 pe-
3YJlbT8Tbl MOryT 6HTI> HCilOJlb30B8Hbl Ilpll npoeRTHPOB8HHH HOBl:lX 8RCil8pm.18H
TOB no HCCJ18~0B8HHID B38-ilM0~8fiCTBHH tJ8CTHU H R~ep BHCORHX aHeprHfi C 
SJ)]Jl8MH. 

Anpo68UHR pa60Tbl. 0CHOBHH8 IlOJ10Jlt8IDrn pa60TH ~ORJia;inmaJIHCl, Ha 
M8Jlt,D;yH8pO,IUil:lX ROHcfepemmruc H C8MHH8pax no cfH31IB8 BHCORHX 8Heprntt B 
AMcTep,naMe (19?1), 0Rccfop,ne (19?2), EaTaBllll (19?3), SRc-aH-IlpOB8HC8 
(19?3)' T6HJIHCH (19?6)' a TaRJJt8 Ha C8MHHapax JIBS ll COB8l[laH.IUIX M8llt,D;y
H8po,naoro COTpy~tJ8CTB8 no o6pa60TR8 CHID.IROB C 2-MeTpOBOfi nponaHo
BOH R8M6PH JIBS. 

Ily6J1HRamrn. li3 oomero tJHCJla 60J1ee 30 pa6oT no a.n;poH-R'A8PHHM 
B3am.lO'A8HCTBHRM B OCHOBY HaCTOSJmen ,Il;HCC8pTaUHH Jl8rJIH peayHbTaTH 
l? pa60T, ony6JIHKOBaHHHX B Bll'A8 npenpHHTOB OlliIB H CTaTefi B JKYpHaJlaX 
"fl'A8pHaSJ cfH3HRa", "Phys. Lett.", "Nucl. l:'hys." B T8tJ8HH8 l9?l
-I9?9 rr. 

06~6M pa60TH. ,ll,0:ccePT8UHSJ COCTOHT ll3 BB8,n8HHSJ, IlRTll rJlaB, 3aRJIX>
tJ8HHSJ H CO'ASPJltHT 123 CTpaHHIJ;H MalllliHOnHCHOro TSRCTa, ?2 pncyHRa H 6n6-
JIHOrpacfaro, BR.1IKAalOillYID 149 HaHM8HOBaHHtt. 

ABTop aamamasT: 
I. IlPO'ASJlaHHyID pa6oiy no IIo.zry,:J:emoo H o6pa60TK8 !0000 nHOH-yrJls

po,nawc B3aHMO'A8HCTBH:l1 npH Pa,-= 40 raB/c, BliHBJl6HHWC Ha CHHMK8X C 
;IlllyXMeTpOBOH nponaHOBOH R8M8pli, H l?OOO o"-RB8HTOB, o6pa30B8HHHX'B 
8THX B3aHM0~8HCTBHRX. 

2. Pe3yHbT8TH, noJiytJ8HHH8 npH HCCJ18'AOBaHHH 06IIIHX CBOHCTB :n-- 12c 
- B3aHMO,n8HCTBHfi. 

3. P83YJll>TaTH HCCJ18~B8HHR HHRnID3HBHl:lX H nOJIYHHRnID3llBHl:lX CilSKT
pOB Y- RBaHTOB, 3apmteHHHX IlllOHOB ll npOTOHOB, o6pa30B8HHl:lX B IlllOH
yrnspo,IUil:lX B3aHMO,n8HCTBHRX. 

4. Ps3yn1,TaTH HCCJ18~B8IDrn ;IlllyXYaCT~HHX ROppeHSJUHfi o-RBaHTOB 
H 3aPlJllt8HHl:lX IlHOHOB. 

5. CBOfiCTBa 6HCTpOfi H.M8M8HHOfi ROMnOH8HT BTOplltJHl:lX IlHOHOB, o6-
pa30BaHHHX B !/T- '2 C - B38llMO'A8£iCTBHRX. 

ConepJJtaHHe ,00ccepTaUHH 

Bo BB8,llemllI OTM8tJa8TCR 8RTY8HbHOCTb H3YtJ8HHR npOUElCCOB MHOJlt8CT
B8HHOro po~sHRR tJ8CTHU B a.n;poH-SJ'A8PHl:lX B38llM0~8fiCTBHSJX, ccfopr,iynnpo
B8HH OCHOBH8SJ.U8Hb H CO,n8PJ!t8Hll8 pa60TH. 

:a_ rJ18B8 I onHC8H8 M8TO'AJil{8 o6pa60TRH 8RCnepHM8HT8]ll,HOfi HHcfop.ca-
UHH. 

2 

Pa6orn, BOID8~8 B H8CTOSJillYID ,Il;HCC8PTar.m:ro,6HnH BHilOJIH6HH H8 OC
HOBS ,IJ,8HHHX, !]OJIYtJ8HHHX npn o6pa60TR8 CHHMROB C ;IlllYXM6TPOBOl1 nponaHO
BOfi. ny3Npl>ROBOfi RaMepn JIBS, noMemsHHo:l1 B MarHHTHOe noJ1e HanPflJJt8H
Hocuro H"" 15 Rrc. 

KaMepa 8RCilOHHPOBaJ18Cl, B nytJR8 OTPHU8T8JlbHl:lX JT -M830HOB CHM
nyHbCOM .P = (40,o±0,24) raB/c_Ha. ycRopHTene M~B3 Br. CepnyxoBs. 

IlpOCMOTp CTSpeocfoTOCHHMROB ocymecTBMJlCR Ha npocMOTPOBl:lX CTOJiax 
ETIC:'.:"r n ETIC-2. Ilo RPHTepHSJM, IlJJHHRTHM ~ nponaHoBoii ny.3HpbROBofi Ra,
Mepn, co6HTHSJ H~8HTHcfHUHPOB8JIHCl, RaK: .7rp , :7r-n H :n-- C -B3a
HM0~8HCTBHSJ BMSCTe c O -RBaHTaMH n. HeiiTpanHHMH cTpaHH!:lMH .tJacTHIWMH. 

Enno ;Illlal!t,D;H npocMOTpeao ~ 60000 cTepe~oTorpacfHfi. Sq;qeRTHBHOCTb 
;IlllOfiHoro nt,ocMoTpa no noncRy coduTntt cocTaBHJia 99, ?%, IIO IIOHCKY 

a° - KB8HTOB Ji HSHTpaJibHl:lX CTpaHHl:lX traCTHU - _99%. 
113M8peHHR TpeROB npOBO,Il;HJIHCl, Ha IlOJ1yaBTOM8Tax THna TIYCX::, pa6oTa-

•:' ; 

lOOIHX Ha JIHHllll c 3BM EXM-4. 
MaTeMaTHtJ8CRM o6pa60TRa IlpOBO,Il;HJ18Cb C nOMO~ID nporpaMMbl I'B~MT, 

coa.ne.lUlofi lVJ.fI ::JB,j THil8 cnc-l604A. TOtJHOCTl, onpe~8Jl8HHSJ Il8PaM8TPOB aa:... 
Pf!Jlt8HH_ l:lX BTOPHtJHl:lX nHOHOB, Y'AOBJ18TB0Pfl!OOIHX RPHT8P.IUIM 'Y

2 Y 2 ?.._ 3,5. 
. .I\.JCy' -'\.ic " 

OR838nac1, paBHOH! 

( Ap > = (13,9±0,03)% 
p 

< .c:.f'j/rl.1= 0,0001±0,0001 

( A j3 :> = (0,003?±0,000!) pa'A, 8 ~ npOTOHOB 

( ': > = {4,6±0,1)%, 

W!R O - KB8HTOB: ,. 

< AP > = {l2,4±u,I)% 
p ~ 

< ,e, tg,,o = 0, OU3I?±u, 00003 

< Ll j > = {O, OU45±0, OUOI) pa'A, 

r~e c,( -: _yroJl H8RJIOH8 .CJ18'A9 0THOCHT8Jll,HO ropH30HT8HbHOfi IlJIOCROCTH 
K8M8Pbl, j - yroJl B 8TUf! IlJlOCROCTH OTHUCH'J.'8]11,Ho H8IlpaBJI8HRR nep
BHtJHOro ::rr-- M830H8 • 

jj ::rr-p - COOH'l'HRX npRCYTCTBY8T npm.1ec1, a = 0,44 OT B38HMO- . 
.neftcTBd-H~ RB83HCB060,IUIHX HYRJ10H8X R'ASP yrJ1epo.ne. 

Bb16paaa agxfsRTRBHWI 06J18CTI>, ~ perHCTP8UHH '4 -RB8HTOB li -

"3B83'A
11

• ,ll)Ia Y'lSTa B08MOlltHl:lX ll0T8pb O -RB8HTOB .II M8M8HHHX npoTO
HOB 6b!JlH BB8'A8HH COOTB8TCTBYmtH8 nonpaBRH. 
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Bo BTopoil rJia.Be npHBONITCn ¢H3:IJq8CRHe pesynLTaTH no MHOllt8CTBea
HOCTH BTOPli'iHWC 38Pflllt8HH!:llC H H8llTpam,awc nHOHOB, po11t,IJ;8HH!:llC B nHOH
yrnepo.nawc B38HMO,nailcTBHHX. 3,necb llt8 npHBO,n!JTCH pesynLT8Tll HCcne.n;oBa
HH.fl BOnpocOB, CBH3aHHWC co CReibllmroM no MR0Jlt6CTB6HROCTH H naprnram,

HllM R03~~HIW6HT8M aeynpyrOCTH. 
CpeMH.fl MHOIK6CTB6HHOCT.b BTOpH'IHWC 6HCTPWC 38PfllK6HH!:llC 1l8CTHU, 06-

pa30BaHHWC B :7r- ' 2 C- B38HMO,IJ;6ilCTBH.flX npH HMnym,ce 40 fa.l:l/c, COCT8-
Bn.fi8T < ns) = 6,54±0,0lfl/, . < n.s > = 6,32±0,03/9/ COO'l'BSTCTB6H-:-

HO no npOCMOTPOBNM H H3M6peHHllM ,naHHllM. 

PesynLTaTH no MR0llt6CTB6HROCTH cpammBaJll!Cl, C paC1IeTm.m,mmOJIHeH
RHMH no R8CR8,IJ;HOii: MO,IJ;6JIH. Mo,nem, TOJU,RO RalJ6CTB6HHO OnHCUBaeT 3RCilfu:- .. 
pHM6HT8Jll,Hll6 ,n!lHHHS. BHllHCR8HH06 cpe,wiee lJHcno o6pa30B8BIIIIDCC.fl 1l8CTHU 
npH6JIH3HT6Jll,HO Ha 6,IUIBHizy Blilll6, 1l6M ,naeT 3RCil6PHM6RT. 0TM6THM CJ.Ia-

6yio 3aBHCHMOCTb < n.s > OT .1l,mna M6MBHH!:llC npoTOHOB/2/. n < .s ):,r-,,. 
liM6!0UlR6C.fl 8RCn6pm.t6HT8Jll,Hll6 ,ItaHHH6 ,1l;Jiff B6AH'lHRll R,1 = n 

( s '"J:,r-p 
BM6CT6 C H8IIIHMH ,naRRHMH IlOR838JIH, lJTO ,1l;Jiff nerRHX .fl,IJ;6P R,,.=const 

B 06R8CTH 8Hepr«n BUOTb ~ 200 faB • .ll1UJ B6AH'lHRH o(. B COOTROW6HHH 
R.,._ = Act. nOAY1l6HO 3Ha1leHH6: o<. = 0, O?o±0, 004. 

BenHllHHa OT Home RH.fl < n.s :;, / n He saBHCHT OT lJHcna «cnymeaawc 
BO B38HMO,Iteii:CTBHH npoTOHOB/3/. 

Jl.ruI cpe,IJ;Heil MH0Jlt6CTB6HHOCTH OT 0 -M630ROB,06pa30BaHHWC B 
m-'2C-B3am.to,naii:CTBH.flX ,nOAY1l6HO ( n:,r. '") = 2, 91±0, 04/4/ H 3H81l6-

HHe I,15±0,02 ,1l;Jiff B6AH'lHHH A~ • ROTOpoe COBna,naeT C pesym.T8TOM 
,wIR 38Pflllt6HH!:llC IDIOHOB. _ 

BB.llHCR6HH06 no R8CR8,IJ;HOit MO,IJ;6RH cpe.naee lJHCRO .'.7T 0 -Me30HOB ORa-. 
sanocb Ha B'AHHHizy Blillle 8RCil6PHM6RTam.aoro 3H81leHH.fl 

reap + __ /5/ 
< n,no > = 3,64-:-0,W' • 

:rr·"c 

Cpe.naee lJHCRO ::TT 0
- Me30HOB B .:7r- C - B38HMO,IteilcTBIDJX HS sa

BHCHT OT lJHCna MeMeHHwc BTOPH1lHHX npoTOHOB 'C06HTHH H pacTeT C YB6-
JllilleHHeM lJRCRa BTOPH1lHWC 88Pflllt8RHHX nHOHo~5 • Ilo.n;o6Ha.fl nOROUT6Jll,
H8.fl ROppen.RUH.fl HM66T Mt:ICTO H ,wIR :IT-p H ,:n--,z. - BSBl!MO,IteitCTBd. 

Ha OOHOBe pesynLT8TOB HSMepemm BTOPH'IHHX one.n;oB B :rr-p.:rr-n, 
H ::,r- '2 C -nsawo,neilcTBWLt IlOAY'IJeao IlO,IJ;TB8pllt,It6HHe OR8fbm:HrOBOro no
B6,It6HM paonpe,nanead no MHOll6CTB8RHOCTH BTOPH'IHWC 1I80THU (KHO-oRett:.:'. 
nHHr), YR838HH8 Ha ROTOpoe 6WIO HSB80THO TOJU,RO no npoOMOTpDBHM ].11:!H
HBM. 

TaRm& o6pasoM, RHO-oRel.mrnr aa6Jlll~8TO.fl ·Mn pasaoro THUa BsSH,..; 
MO,ItelO'l'BHI B IIIHPOROM 'Allanasoae saeprHl-' 3/. ' 

• 

.,. 

• 

~ .. 

Ta6nHUa l 

Cpe.naee 'IJHCno !IT0 -M630HOB B :rr- C - B38HMO,IJ;eilcTBH.flX B 
38BHCHMOCTH OT 1IHCR8 BTOPH'IJHWC 38Pfl.>K6HHWC 'l8CTHU (RpoMe 

Ha6J1JO,IJ;eHHWC npoTOHOB)/b/ 

Al/= o /\Ip= 1* ,v,, = 2 /\IP = 3-t5 

nz < n.,,. > nz < n:,r. :;, nz < n.,,. > n± < n.,,.:;, 

ll 2,!4±0,37 ll 1,44±0,18 ll 2,32±0,32 °l I 2,21±0,32 

g~ 2,n±o,rn g~ 2,24±0,19 g~ 2,5:r±0,29 g~· 3,21±0,41 

*~ 2,9o±0,23 *~ 2,6s±0,20 ~~ 3,2o±0,30 i~ 3,os±o,29 

~~ 2,62±0,24 ~~ 3,34±0,24 ~~- 3,25±0,26 IOl n ·3,n±o,34 
IO 12 

13+ 3) 

fi~ 2,s6±□ ,34 i~~ 3,22±0,29 Hl 4,6□±0,39 
13 gi 4,26±0,34 g~ 3,62±0,48 14 

15+ 0) 
14 

15+ 2) 
1s;M>3,9?±o,46 

*) ijcRJll01I8Hll B38HMO,IJ;8fiCTBH.fl Ha RBa3HCB060,IJ;llbllC HyRROHaX H,npa. 

3H81I8RH.fl BeRH1IHHll napmi:am.HWC R03~~HIW8HTOB HeynpyrocTH ,wIR 

.'.7T- 12C - B38HMO,IJ;8fiCTBill1: COCT8BR.fllDT 0, 25 ,wIR ::TT~ :ff0 H 0,40 ,wIR 

:rr-M830HOB, tJTO COBna.ztaeT C aHanorHlJHW,III ,ItBHHHMH ,wIR ::,r- p -
CTORRHOB8Hd H ;r;RTH'IeCRH He Sam!CllT OT tJHCRa HcnymeHHWC B C06HTHH 
npoTOHOB /\Ip I. 

IlOR838HO, lJTO HM88T M6CTO aHanor KHO-cRefiRHHra, TBR H83UBaeMuil 
111J8CTHHil" RHO-cReibllmr. 3RCI18pm.16HTanbHHe pacnpe,It6R8RH.fl Y~BReTBOpH
T8Jll,HO OllHCHB8IOTC.fl yrurnepcaRbHOii: ~HRmi:en ¥' , onpe,IteMeMoil COOT-

HOW6HHeM: . 
1 

n n (X} du. 
V(n,fx})= ~ dX11,, 

dX 

s· 



r,ne d Cf - C0'l0Hl10 p01!t,ll;6HUR n - 38pJllK0HHHX 'l8CTlin; n (X) -

cpe,nHRR acconnaTllBH8R MHOl!t0CTB0HHOCTb 'l8CTnn, HM0!0UjllJC ~liKCliPOB8HH00 
3H8'l6Hne napnnam,Horo Koaqq1nnneHTa HeynpyrocTH (x) I I, 

fJiaBa 3 IlOCB.H~6H8 li3ROl!t6HliID pe3ynbT8TOB nccne.noBaHUR liHKRID3liB

HHX peaKnitlf C o6pa30B8Hli6M lf - KB8HTOB, 38p.Rllt0HHHX IlliOHOB li npOTO

HOB. 
B Ha'lane 3TOH rnaBH Kp8TKO li3ROl!t0H liHKRID3liBHHH M0TO,II. li8Y'l6HllR 

MHOl!t6CTB6HHHX nponeccOB, PacCMOTpeHH rnnOT68H ~ettHMaHa, flHra. 

B Ta6nnne 2 npnBe.n;eHH 061.1lll8 xapaKT0pllCTliK' r -KB8HTOB, po11t,n:eH-
HHX B .7r C, ,7r p ll .:rr n -B88HMO,Il.8ftCTBliRX 5/, 

Ta6nHna 2 

Tnn 
B8AUM. 

<P "> 

(TaB/c) 

< P,, ) 

(raB/c) 

< p.,_ > 

(TaB/c) 

< p}- > 

(TaB/c) 
<8> < Cos B:, 

src I,365±o,u59 1;319±0,059 o,rn3±0,ooo o,0'79±opr2 o,455±D,0!2 o,Bio±o,oos 
.,,,-p I,62 ±0,059 I~586±D,059 0,179±0,007 o,I4o±0,004 o,35I±0,009 o,878:!:0,006 

sr-n I,838±0,117 r,sm±o,117 0,164±0,006 o,05s±opo5 0,324±0,014 o,836±opo9 

3H8'l0Hllfl <P.,_ >~ H6 88BliCRT OT 'lncna BT✓li'lHHX IlpDTOHOB(IVp) 
ll 6Jl1'I8Kli K 8H8'l0HHID .nnH ::n-p -B88l!MO,Il.8ttCTBHff/IG,. 

PaccMOTP0HH 0,JJ;HO'l8CTll'lHH0 liHRRID8llBHH6 li nonynHKRID3llBHH6 pac- · 
npe.n.eneHnR .nnH nponecca: 

.:rr- IZC - ('+ ... 

.::,r- '2 C - '("+ n,h + • • • 

(I) 

(2) 

Ha PliC, I IlPHB8,JJ;0HH HOJUliPOB8HHH0 nonepe'lHH8 C0'l8HllR .n;nH peaK
nnn (I) B 88BliCllMOCTH OT npo.u.onbHOft 6HCTPOTH i,-KB8HTOB, BH'lllCR8H
HOtt B na6opaTOpHOtt CHCT0M8 KOOp.n;nHa✓8/, 

ils pncyHK8 Bll.n;HO, 'ITO B o6naCTH 1~ 11' .3 B6Rli'lHH8 HOp,!lipO-
B8HHOro C8'l8HllR HS 88BHCliT OT "1/" , T ,8 • Ha6nID,JJ;a8TCR nnaTO, Ha 
3TOM llt8 PliCYHK8 IlPHB8.IJ.8Hll aHanorn'lHH8 .n.aHHH8 .n;nH peaKnnH: 

.7T-+p--,. 1+· · · (3) 

npn TOM llt8 Il8PBH'iHOM nMnym,ce. HopMliPOBaHHH8 C8'l8HllR B o6naCTH nna
TO .n;nH peam:wtt (I) li (3) COBD8,IJ.8!0T C TO'lHOCTbl!l 8%, Ilpn 11.,,._ 0 08'18-
HHR COBna,nam C COOTBBTCTBYia!UlMH ,IJ.8HHHMH ,nnR PP -BSaHMO,IJ.8ttCTBHtt 
npn Ep = 500-1500 raB. OTO MOl!t8T cnylltlITb yRasaHHeM H8 BHDOnH8Hli8 
MacmTa6HOtt HHB8pli8HTHOCTH B Ta.KBX pemui;wtX, 

• 

• 
l9 '~-p 'lor-.1;, 
LT 

.-ir;, .. !•~· 

i}ltl~H 
.,r-,"-.,r•--· 

1.5 

"' 
LI f n1 

~.9 

.I I -t.i :J t 
.'5 l • 
. , I I 

• 
.I j :t ' . -, 0 I 1 

yMf-
5 It 5 8 

Pim. I. Hoµ.inpOB8HHH8 nonepe'lHH8 C8'l6Hllfl ;iyUJ peaI<nnll (I) li (3) 
B 88BllCHMOCTH OT npo.n.onbHOH 6HCTp0TH B na6opaTOPHDH 

CHCT8M8 K00p,ll;llH8T 

-, !iS[ 
0,I!.HO'laCTH'lHH6 cneRTPH O -RBaHTOB er,,. "'I .n.nR peaI<nHH 

(I) H (3) OI<asanncb paBHHMli B o6naCTH ~p8Thl8HT8nflli nepBli'lHOtt 'l8CTlinH, 
TaRott pesynbTaT nOR8SHBaeT, qTo HM88T M8CTO q>a.KTOpHSa:u;IDI ceqeHWJ,ROTO

prul corJiacyeTCSI c npe,nCRaSrumeM IIapTOHHOii MO]J.8JIJ/
8
( 

Ha pnc. 2 noRasaHo pacnpe.nsneHne Hoµ.inpoBaHHHX nonepe'lHHX ce'le-

HHtt ;. ... =~. .n;nR peaKnnii (I) H (3) B 88BllCHMOCTll OT npo,n:om,Ho-
ro nMnym,ca o-RB8HTOB B na60paTOPHOH CllCT6M8 KOOp,n:nHaT, T8M llt8 
npHB8,D;6HH OTHOID8H3Jl 3THX B8Rll'lliH ( R) , Bn.n;Ho,. 'ITO B o6nacTH 

P.. na6 ' o, 5 raB/c ( o6nacn ~parM8HT8nflll MHID8Hli) HOpMllpOBaHHH8 08'18-
Hii'R OTnll'laIDTCR, TOr.n;a RaR .n;nH P,, na6. :, I raB/c OIDI COBil8]J.aIDT (c 
TO'lHOCTbID ±a%); T8RHM o6p880M, BnllRHli8 R.npa cymecTB8HHO CK88HB88TCR 

Ha M8,Il.n8HHHX BTOpll'lHHX 'laCTnnax. To llt8 C8M00 nony'la0TCR Ha DCHOB0 
8Hanli88 HOJ:?,IHPOB8HHHX nonepe'lHHX ce'leHHtt ,;_ ~~ B 88BllCH-vcn _,,-,, 

MOCTH OT npo.nonbHOro HMTIYRbCa B aHTWia6opaTOPHOtt CHCT0M0 ROOp,Il.llH8T, 
Ilpn BC8X MHOl!t0CTB0HHOCTRX BTOPli'lHHX sapn~eHHhlX 'l8CTHn, B o6nacTn 
~paThl0HT8nflli RJJ.P8 Mlllll6HH OHR 0Tnli'l8IDTCR. C pOCTOM MH0~0CTB8HHOCTH 

BTOpli'lHHX 38p.R~8HHHX 'laCTHn 3T0 0Tnli'lli8 pacTe✓4/. 
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P.- (ru/c) 
• 

PHc. 2. PacnpeteneHH6 HOIJMHpo~aHHwc nonepeqHwc ceqeHnfi, 

;.n ::;,, .IV1R pe8RW1H (1) ll (3) B 3flB.lilCHMDCTll OT 

npD.IlOJl:&HOro llMilYJl:&08 4 -RB8HTOB B na6opaTOpHOH CHCT6-

Me I<OOp.I(llH8T 

B T86MU6 3 npllB6~HH cp8,Il,Elll8 xapaRTBPllCTllI<ll 38P.f!JK6HHHX IlllOHOB 

B 38BllC11MOCTll OT q;mna H86RJO;D;8HHI1X npOTOHOB Np / 97. 
Pacnpe;n;ene.HruI BTopnqaux 3Bp!JJKBHHRX nnoaoB no nonepeqabJM HMnyJU,-

caM ( p.L ) annpOI<CHMllPOB8JlHO:& BllP8JK8HH8M BRM: 
d,u - A pAa e·A~ p.,_ 
-- 1 .L dP.,_ l 

c Il8paMBTPaMH: A,=(2,I2±£,II}•Ia4M6H rsB- c, A2. =I,.C8±0,02, 
A3 =(5,99±0,0?) rsB/c- ;I1)ISJ or•-M630HOB; 

• 

( + ) ·-1 A,= 1,73-0,09 M6H rsB c, 

A 3 = (5,58±0,0?) IsB/c-l .IVIR 

A._= 1, OB±□ , 02, 

,7T- -M63DHOB • 

Ta6m1ua 3 

MHDJK8CT

B6HHOCT:& 

npOTOHOB 

0 

l 

2 

3 

~4 

Bee 

< 'fl"> na6 

2,63±C,OI 

2,44±0,02 

2,24±0,03 

2,14±0,05 

2, oo±o, 06 
2,46±0,0I 

$-- M630HH 

.D< 'i ')' 

1,5$ 

1,86 

I,79 

1,82 

I,76 

1,75 

<P-'- ,

(MaB/c) 

367±2 

351±3 

341±7 

345±10 

33o±I4 
354±1 

:,r+- M630Hbl 

< 1p na6 .D{'J) < p.,_ )' 

(l:iaB/c) 

2,2o±o,or I,35 373±2 

2,or±o,02 1,57 3724 

l,9o±0,03 I,42 39o±7 

l~?I±□ ,04 1,30 375±-II 

1,75±□,06 I,42 396±17 

2,05±0,0I I,45 373:!:2 

1 dV 
Uco6eHHOCT:&JO pacnpe;n;eneanfi Jr d!f .llB~STC.ll paamrua B 

Cil6RTpax · ::TT+ Ii :rr- -M630HOB: MBI<CHMYMbl pacnps;n;enemifi 3HaqHT6T!:&

HO C.nBHHYTH .npyr OTHOCllT6Jl:&HO .npyra. MaRCHMyM B pacnpe;n;sneHHH {ff+ -

MSSOHOB H86JIJO,n89TC.ll B o6nacTll y:,a,c= -0,7, Tor;n;a I<BR .IVIR ,.,,,.- -

MSSOHOB 11:.a,c= +0,5 (pnc. 3). 

Ha pnc. 4 IlOR838HO OTH0ill6Hll6: 

R _ ( .1. dv I ft.!.. du) 
-( 0-,n dX }o7r- •~c / ( v;,. dX gr-111 

B 38BllC.li!MOCTll OT X = ;: • 0THOill6Hll9. llHI<Jll03llBHI1X CIJSI<TPOB MBI<

CHMBJU,HO B o6naCTll X=-1 mQJ( (o6nacT:& cfpaThl6HT8W1ll .11.n;pa)' 38TSM cna-

;n;aeT, nepecSR8.ll saaqeHHB R" 1 B pa:itoae X==- o, 1 • HST CYL11SCT-

BSHHO:it paaamm B Il0B8.Il6Hll.lil R ;I1)ISJ 9r- .lil :IT+ - M830HOB. 

B 06Jl80Tll )( < -0,6 OTHOillSHH6 R CHJ1:&H96 38BllCllT OT 8TOMH0-
'/.1 

ro HOMepa .11.n;pa, qeM 0M,n86TC.ll ll3 COOTHOill6.HruI R ~ A. 

Pacnpe;n;eneHHe {IT:t -M630HOB no 6HCTPOT8M B m-- '2 c -B38HMO-

~ilCTBll.llX C pasMqHbJM qncJJOM ll.Il6HTWil'!W1POB8HHI1X IlpDTOHOB IlOR838JJO, 

qTO RBR. ,IVlR ::TT:. TaK II ]J,JIJl Jr- -M630HOB MBRCHMyM CilSI<TpOB CM6Il186T,-

C.ll _B CTOpoay M8Jll1X saaqeHllfi 6HCTPOT c pOCTOM MHOJKSCTBSHHOCTll npOTO-~m. . . 
CTPYRTYPHH6 clYHI<W1ll ,IVlR :,r:t -M630HOB nayqeHH B I<OppeJl.llUllll C 

qncJIOM llCilYL116HHl1X ll3 B38llMO.Il6fiCTBHfi .7T~-M630HOB ll M6;n;JJSHHIDC npo-

TOHOB/IO/. ,llruJ 3TOro BC6 C06HT.lil.ll 6HM pa36llTH Ha rpynnH C qJilCJlOM 

BTOpJilqHllX :7r:t -M630HOB n.,,. ~ 6 ll nJT > 6 1 !IplI'ieM OT

)J;6Jll,HO paccMaTpllB8JlllC:& B38.lilMO;D;6fiCTBll.ll C qncnoM H;D;6HTnclHW1POB8HHl1X 

npoTOHOB Np = 0,I Ii Np } 2. 
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Pnc. 3. PaCilP6'A6Jl6Hll6 no npO'AOJihHUM 61:l.CTPOT8M ,ll)l.fl 9r-t- H 

::,r-- M63OHOB, o6pa3OB8HHIDC B 9r- ,zC -B38HMD'A6HCTBH.RX. 

Pacnpe'A6Jl6HH.R CTPYRTypHIDC q:yammii ,ll)l.fl BC6X .'JT-P H .:rr-c 
- B38HMO'A6HCTBHH C n,n ~ 6 HM6IOT 3RCilOH6HUll8JIDHHH Bll'A. 

CTPYRTYPHl:l.6 q:yamum ,ll)l.fl CO61:l.THH_ C n:n > 6 y.n;aeTC.fl OilHCl1B8Tb 
O'AffOH 3RCilOH6HTOli TOJIDRO B CJIY'l86 .7r p H .:TT- C - B38HMO'A6HCT-
BHH C M8JIOit MHOllt6CTB6HHOCTblO npoTOHOB ( Np = o, I)• 

)lJm BC6X :n--C - B38HMD,nail:CTB!rli: ( nJT ,· 6) H8HJIY'IIIIH6 ycJIOBM 
annpORCHM8UHH 'AOCTHraIOTC.fl npn HCilOJih3OB8Hllll Bl:l.P8llt6HH.R, CDCTO.Rmero 
H3 cyMMl:l. 'ABYX 3RCilOH6HT! 

f (P.,) = A1 exp(- B, P.L} + Az exp(-Bz P.L). 

10 
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Pnc. 4. 38BllCHMOCTh OTHOill6HH.R R. 
P,, 

OT X= p,;;ax 

IlpH'l6M 3TOT pe3y~hT8T B OCHOBHOM CB.fl38H C .or-c -B38HMO,n6HCT
BH.RMH, HM6JlllU™H H6 TOJihRO 6OJihrnyJO MHOllt6CTB6HHOCTh !TT -M03OHOB 
( n.,, > 6 ) , HO H npOTOHOB ( Np ~ 2 ) • 3aatJ6HH.R nonytJ6HHl:l.X napa-

M6TPOB B1 H Bz IlpHB6,n6Hl:l. B T86JIHU6 4. 
B ROHU6 T

7
P,6Th6ff/rJI8Bl:l. Ilpe'ACT8BJI6Hl:l. pe3yJihT8Tl:l. H3YtJ6HHR llHRJID-

3HBHOit peaRUHll JI,I? 
.:TT - ..... c - p + .•. (4) 

C tJHCJIOM HCilYIJl6HHl:l.X npoTOHOB n ~ 1. 

Ha6JIIO,ll;86TC.fl npn6JIHllt6HH06 3MilHPHtJ6CRO6 COOTHOill6Hll6: 

w. = vv"."''" Hp 1 • (5) 

II 



Ta6Jrnua 4 

3Haqerurn napaMeTpoB 81 ll 82. (raB/c)-I B pacnpe,neneann 

/(P.L) =A 1 exp(-8,P.1.) +Azexp(-82.P,,_) 

,lT)l.ll ..:JT C - B38llMO.ll6HCTBllft C n.,, :> 6 

Tnn B38J!MO- <TT+ :,r-

,neftcTmm Jlz 8, 82. 8, 8z .? 
TIC A',, ~z 5,7I±0,26 2,4±I,? 0,9 6,?B±0,35 3,38±0,9? I,3 
TIC, Bee 5,86±0,25 3,I±I,O I,2 6,6o±0,22 3,3r±0,6? I,3 

r.ne W., - B6pORTHOCTb H86RID,ll.6HllR C06HTllii C 0,nHJ!M npOTOHOM, ncnymeH-
Hb!M 11 H838.ll"; W,1,. - B6pDRTHOCTb H86RID.ll6HHR C06HTnft C qncnOM Np 
llCilYlll6HHl1X "H838.ll" IlpDTOHOB • 

Bupa~eane (5) yRasI1BaeT Ha HesaBncHMocTb nsnyqeHHR pasHoro qnc
na npOTOHOB B 38,nHIDID nonycq;epy • .1.1.Jm IlpDTOHOB, HCilYlll6HHl1X "Bnepe,n", 
T8ROro BHBO,Il;8 C.ll6}18Tb H6}lb3B, T8R R8R ,lT)l.ll HliX Ha nonyqaeTCB npOCTOro 
COOTH0ill6HHR Tllll8 (5), 

¾ayqeHne p68Rllllll (4) IlOR838}10! 
a) cpe,nane xapaRTepnCTllRli 38Pfl~6HHl1X IlliOHOB B C06HTHRX C npOTO

HOM "aasa,n" T8Rll6 ~6, R8R ll BO BC6X 9r- "·c -B38llMO,IJ;6tiCTBRBX; 
6) He H86RID.ll86TCB cymacTB6HHOH 38BHCHMOCTH cpe,n,Hnx MH0~6CTB6H-

HOCT6H m- 1 -M630HOB OT qncna ncnym~HHllX 11 H838.ll" npOTOHOB ll nx HM- . 
nynbCOB; 

B) cpa,n,Hne xapaRT6PilOTHRll IlpDTOHOB B co6HTHRX C IlpDTOHOM "aasa,n" 
ll BO BC6X m-- '2C - B38RMO.ll6HCTBHRX H6 0T}llf'J8Jal'CB ,npyr OT ,npyra, 
38 llCRJ!lO'i6Hll6M Cpe,Il,HHX MHOE6CTB6HHOCT6ft IlPOTOHOB. 

lfayqaau CTPYKTYPHIJ6 q;yHRUllll ,lT)l.ll npoTOHOB, BIJ}l6T8IOOIID( no.n_ pasnnq
HIJMil yrnaMn, B TOM qncne li ,lT)l.ll co6HTnii C p03Hb!M qncnoM 3TliX IlpDTOHOB. 

TionyqeHHHa pacnpe,nansHHR annpoRcHMnpoBanncb o,naoii nnn cyMMoft 
.D;Elyx 3RCilOH6HT B 38BHCHMOCTli OT ycnoBnft .llOCTll~6HilR Hannyqmaii annpoR
CRMa UIDI : 

f, (Pz) = A, exp(-B,P
2
) u lz (P 2

) =A2 expfBz P2}+A
3
exp(-83 P2

{-

6
) 

MOlltHO OTM6THTb 0}16)zyIOO!H6 q;aRTIJ: 3HaqaHRB nap8M6Tp0B 8, ,lT)I.R .:n--p 
n srn B38HMO,IJ;6HCTBRft COBil8,Il;8JOT co saaqeHHRMil napaMaTpa 83::; 9 
,lT)l.ll npoTOHOB, ncnymeHHIJX "Bnepe,n" Il3 :Jr-

12c -B38llMO,I1;6HCTBilft, B 

12 

B TOM qacne n B pasHHX nHTepBanax "nepe,nanx" yrnoB. TaRRM o6pasoM, 
cpe,IJ;I{ npoTOHOB, ncnymeHHIJX Il3 ..7,-- nc -B38HMO,ll8ftCTBnii "Bnepe.n" 1 cy
macTBY6T rpynna; ROTOpaR H6 "qyBCTBY6T11 BRRBHHR B,npa. B .'.IT- 12C-B38-

RMO,ll.6itCTBHRX C Np= 1 H JV',. ~ 2 3HaqaHHR nap8M6TpOB 8, n 83 

OR831JB8IDTCR O,Il;HH8ROBIJMH no B6~HH6, npnqeM C YB6Jrnq6Hll6M yrna nc
nycRaHRB H8MeqaaTCB POOT B6}lllqnH napaMeTpOB BJ 

TiapaM6TP Bz ,lT)I.R IlpDTOHOB I nci:tymaHHIJX B or '2 c -B38HMO,neii
CTBHRX "Bnepe,n" Il "aasa.n•: O,llllH8ROB B npe,JJ.6}18X oma60R ll H6 38BIICHT OT 
qncna npOTOHOB. 

B rJia.Be 4 Ilp0,ll.CT8BMJOTCB ,JJ.8HHH6, nonyqeHHIJ6 npn nccna,JJ.OB8Hllli 
.D;E1yxqacTnqa1JX RoppeMunft. 

PaccMOTpaau .D;E1yxqacTWJHHe O 0 -RoppeMU11n B npoueccax112/: 

.:,,-- fZC _., "('+ t'"+ ... 

9r- 1ZC -- 0 + l'+ ncl,. + ... 

Ilpa BTOM 6Hnn HCilOnb30B8HIJ CT8H,I1;8PTHH6 ROppaMUHOHHIJS ~YHRUllli: 

c(y," j=..!.._ d
2

U _ _ 1 du _ _!!!!. 
'Yz. 6.·n dt,"-dllz* a-;! .ty

1
* _ dyz_"" 

/... *) d
2

0 I d,V dv 
R c ~ ~ ,¼ = ([.n du* du" d·t(' d/1.,,. - 1 

ilt llz 1 z 

(?) 

(8) 

(9) 

(IO) 

B liHRJll03HBHIJX p08RUMX B U6HTP8nbHOH o6nacTn ( / Y.,"/ ,I v:z." / < 1) 
H86RID,Il;8Jal'CR Il0}10UT6nbHIJ6 a o - ROppeMUHH. B OCT8nbHllX OClR8CTBX 
3HaqeHHR ROppaMUHOHHllX qyHRUllft. nndo 0TpilU8T6}lbHH, nn6o paBHbl Hy}IID. 

3aaqeHRB q;yHRUHil C n R· B 9r- 12C - B38HMO,JJ.6:!l:CTBHBX, R8R 
npaBnno, M6Hbill6, qeM COOTB6TCTBYIOO!H6 3HaqeHHR B ..7r-111 -B38HMO,JJ.6H-
CTBHRX R.=-•'-c(o,o)= 0,34±0,09, R.:,r-"'(o,o) = 0,68±0,rn JI 

C.,r7'i,,o)= 0,82±0,21, c.,,.%,o)= I,Ir±0,28. 
B nonynHR1003liBHblX peaRUHRX (8) C Manon MH0~6CTB6HHOCTbID BTOpnq

HIJX 38pslJlt6HHblX qacTHU i 2 Ha6nID,n:amcB IlOJJOUT6}ll,HbJ6 ROPP6Mllllll. 
Tipn HCC}l6,ll.OB8Hlili 83HMYT8nbHIJX ROppeMunft 8H8Rll3llPOB8JlllCb pac-

. 1 d0-
Ilp0,I(6}l6HliR ,r(T dtp B 38~HCHMOCTH OT yrna M6Jlt)zy .nonapellHIJMH 
HMilYnbC8MH .D;EIYX 'l8CTHU: - -,. 

n sHaqeHHR 

13., . Pi.z. 
Cosy,= -. _ 

I P:i., /-I P.L2. I -
Roai~nuneHTa acnMMeTpnn f3 

8= l'l(<JJ>-%)-,v{tp~:JT/2_) 

l'l(<JJ>:lr/z}-t-N{<p~,T/z.) • 
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r,JJ.e IV( f/) ~ '%) - "lHCJlO nap "18CTHU, HMSKXl!IDC yroJI '7' § -7½_. 
IlOR838HO, "lTO H8 q:oHe npH6JIH3HT6Jll,HO paBHOMSpHoro pacnpe,JJ.SJISH.IIB no 

(/J H86JIJO,JJ.86TCSl YB6Jlli"l6HH6 "1HCJ18 nap raMM8-RB8HTOB npH (fJ ~ o. 
aq:q:eRT YBSJIH"l6HHSJ "1HCJ18 nap raMM8-RB8HTOB npH <p--.. 0 38BHCHT OT 

pasHOCTH 6h!CTPOT / 1.1 y*/ • HaH6oJiee CHJII,HO OH BhlpaxteH npH 

0!::/tiy*/ ~ 0,4, cJiaoee npH 0,4 < /tHJ"I ~ U,8 H HC"lesaeT npH 

60JII,IJIIDC 3H8"16HHSJX / Ll y* / . . 3¢1:SI{T H86)ID,JJ.88TCSl T8I{llt8 Ill)H 

/ A"J:lt 1, ft1-:t:1, 1, T.e. B CJIY-qae, 1Dr,JJ.8 ooa raMMa-I<B8HTa HBXO,JJ.RT-

c.H .8 ii,oH'l'J:)8JlbHUa OOJI8CTH. 

b T80JlliU8 5 npIIBD,JJ.RTCSl 3H8'q8HHSJ I<03ip1:HUH6HT8 8CIIMM8TpHH 8 .It1lH 

9r- 12.c -B38HMO,JJ.6HCTBIIH IlPH p83Jlli"lHHX 3H8'q8HHSJX A :f .IlllYX raMM8-

RB8HTDB. 

Ta6JIHU8 5 
3H8'q8HHSJ ROsq:q:m:urnHT8 8CHMM6TPUH 8 

o~/A'f/"f~o.Lt o,~~/A1f"/,o,lJ o,61,/11y"/s,1,2. /'lt"/f t ,/Ytl"' 1 

<1r "'c -0, 14±0, 03 -0,00:to,03 0,04±0,03 -0,00±0,02 

Ilp08H8Jlli3HPOB8HH ,Illlyx-qacTH"lHH8 ROPP6MUH~ .It1lJl p68I{Ulfli/l3/: 

.!JT-C -n., 9T., + ••. 

.::,r-C - n-.:7r- + •.. 

.!JT-C - .:rr+:rr- + ••• 

(13) 

(14) 

(15) 

AH8Jlli3 Il0R838Jl, "lTO 06UUitt XO,JJ. ROppeJ!SlUHOHHHX (fyHRUHit O,JJ.HH8ROB 

.It1lH .:Jr C. H ,:rr-p - B38HMO,JJ.~iiCTBHH, 38 HCI{Jllll'l6HH8M R -q;y HR-

UHfi .It1lJl ROM6HH8UHH 8T+9r+; .It1lH HHX B .:,r-p -B38HMO,JJ.8HCTBHSJX B 

06Jl8CTII !// c. O H86JIIO,JJ.8l!Jl'CSl 60J186 CHJ1I,HH8 DTPHU8T6Jll,Hh16 I<OppeMUHH. 

3H8'q6HHSJ R H C - q:yHRUHit .It1lJl U6HTp8JII,HOii D6Jl8CTH 

( / y/' /, / ¼" / ~ o, 2. 5 ) CB6,JJ.6HH B T86JIHU6 6. 

Ta6JIHna 6 
3H8'q6HHSJ q:y1munfi R H c .It1lH nap :fr+ .7r+ .:,r + :,r- :,r --.:n--

,y*u"~0,25 • • ' 
lit 1 Uz. 

R (0,0) C (0,0) 

9r+37+ .:7T.,9T_ 9r-;:,,-- 9r+ .:ff+ gr+ n- .7r-.:,r-

ore 40 foB/c o, 04±0, rn o, 5s±o, IO o, 09±0, os o, 05±0, 08 o, 57± 
±o,oo 

orp 40 raB/c 0,14±0,04 0,?2±0,05 0,26±0,04 0,09±0,02 0,41± 
±0,02 
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o,oo! 
±o,os 
0,14± 
±0,02 

":'I! 

BII,JJ.HO, 'qTO: 

a) KoppeMUHOHHHS cl:YHRUHH R. (0, 0) II C (0, 0) .It1lJl .:7r-c -B38HMO-

,JJ.6itCTBHfi, 1(81( · npaBHJIO, M6HI,ill6, 'q6M .It1lJl ,grp -C06HTHii. 

6) HaR H B CJiy-qae dr-p -B38IIMO,JJ.6HCTBIIit, .It1lJl nap .7r+.:,,.- -M630-

HOB H86JIJO,JJ.8DTCSl noJIOJKIIT6JlI,HH6 I<Oppeimuua I<OPOTI<O ,JJ.8HCTBYI0'~6ro xapaR

Tepa. 

06UUili BH,JJ. pacnpe,JJ.SJlSHHli no pa3HOCTII 83HMYT8Jll,HHX yrJIOB ¢ nap 

.(ff-M630HOB .It1lJl .:TT-C II .:?rp B38HMO,JJ.6itCTBHH 0,]J.HH8ROB, H8M6'q8STCSl OT-

Jlli'qH6 1I)IR m+:rr- -I<OM6HH8UHit. 

IlapaMSTp 8 nl)H M8Jll:IX 3H8'q6IDUJX .0 7/" H6CI{OJII,RO 60JII,ill6 .It1lJl 
nap :Jr+.?T--M630HOB, -qeM .It1lH .:,r±:rr±- nap, a .It1lH 60Jll,mHX t.17i1* Be-

JIH'qHHa 8 B npe,JJ.6Jl8X omII60I< H6 38BHCHT OT 38l)R,JJ.OBOit I<OM6HH8UHH na

pH. IlpII 3TOM BO BC6X CJIY'q8SJX I<Oaq:q:.iruneHT 8CHMM6TPHH B m-c - C06H

TWJX OCT86TCSl M6HI,lllHM no B6JlH'qHH6, 'q6M .It1lJl .,,.-p -B88HMO,JJ.6ICTBHit. 

B. rJI8B6 5 npIIBO,JJ.lJTCH aI<cnepRM6HT8Jll,HH6 ,JJ.8HHH6, nOJIY'q6HH~6 npH 

H8Y'q6HHH 6h!CTpoii H M6,JJ.Jl6HHOit ROMnOH6HT ~ 'q8CTHU, o6pa80B8HHHX B 

.,,.-•z.c -B88IIMO,JJ.6HCTBWJX npII 40 raB/c/14/. 
q8CTHUhl, BW16T8DllH6 no,n yrJIOM B ~.c.K., 60Jil,lllHM rp8!UI'qHOro yrJia 

8° ("BH6illHHit" I<OHYC), 6wm OTH606HH R M6,JJ.Jl6HHOtt I<OMilOH6HT6, BOG OC-

T8Jll,HH6 R 6HCTpott ("BHYTP6HHHit" I<OHj'C ). .If.JlSl (Jrp -B38HMO,JJ.6ICTBHit 

8TO 3H8'q6HII6 COOTB6TCTBY6T T8I{ H83HB86MOMy nOJIOBHHHOMy yrJIY. B HHT6p

B8Jl6 6HCTpoT OT ~ 0,9 ,lJ.O ~ 2,65 CU6RTpH <ff+ --M630HOB R8R "BHj'TpeH

Hero~ T8R II 
11
BH6mH6ro" ROHyco:e COBn8,JJ.81JT co cneI<TP8MH m- -M880HOB, 

npH'q6M 8TOT HHT6PB8JI YB6JIH'qRB86TCR C pOCTOM 'g.lfQ~8 o6p830B8BIIJHXCH B 

t.. (TT- •zc -B88IIMO,JJ.6ftCTBHJIX: M6,JJ.JleHHwc npoTOHOB ~ B 8TOM J:6 HHT6p:e8JI6 

'qHCJIO .:7r+ H .7r--M830HOB OT .:Jr •Z.c -B38HMO)J.6i!CTBHit H6 38BHCHT OT 

y H Ha (10-15)% 60Jll,m8 'qHQJ18 .:,r+ H m-- - M680HOB OT .:Tip -

B88.ll'.MO,JJ.6ICTBHtt npH TOtt E6 8H6PrHH nep:ez-qaoro -.7r- -M680aa. Ilp.H BH6paH-

HHX 8H8~6HH.RX rp8HH'qHOro yrJI8 9~= (2,5°, a0 , 10°) CP9,JJ.HSlB MHOE6CT

B6HHOCTI, m+ H qr- -ftl680HOB BHyTpeHHero ROHYC8 He 88:BHCRT or 'qHC-

Jl8 npoTOHOB,H COBn8,JJ.86T C COOTB8TCTBYDIIHMH ,JJ.8HHHMJI m-p - B881!140-

,JJ.8ftCTBirlt, 8 .It1lJl BH6mH6ro I<OHyca p8CT6T JIHH6itHO C YB6Jli!'q8HH6M Np 1151. 
AaaJIOrH'qHHft pesyJII,T8T UOJIY~86TCSl .It1lJl cpe,JJ.HHX yrJIOB BWl8T8 ar.wc M680-

HOB. 3To, 0,JJ.H8RO, He 08fl8'q88T, ~TO R,IU)O nOJIHOCTI,D "npospa~HO" .It1lJl 

8TOA rpynnu 'q8CTIIU, T8R !81( C pocTOM Np H86Jlll,It88TCR YM8Hl>m8HH8 

cpe,JJ.Hel aHeprHH '71':t -M680HOB BHYTP6HH8ro ROHyca. Cpe,JJ.lJJllJ 3HeprWJ 

.7T -M880HOB BH6111H8rO ROHyca OCT86TCR npH 3TOM nOCTOSlHHOA. 

06D1Htt xapa1<Tep pacnpe,neJieHHI BGJIH~HH ii, Jf OCT88TCR T8RHM 1:e, 

1{81( H .It1lJl B38HNO)J.6itCTBd, IIM6Ill!JlX nJX)TOHH C P, ~ 300 MsB/c t nIJ!'geM 

HGT HHR8ROI P83HHUH M6E,IIJ C06HT.HJIMH C CYMM8PHHM 88l)R,nOM . L Q < 1 H 

~ Q ~ 1 88 HCR]llJq6HH8M, MOEST ClHT:r,, pacnpe,neJieHWJ no ii :,r-_ 
uesoHoB BHj'Tpeaaero xoayc0 B co6HTWJX c :z Q ~ 1 . 
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0cHOBHll6 BllBO.JJll 

I. B nepno,n c I9?I_no I9?9 rr. c yqacTHSM aBTOpa o6pa6oTaHu no 

CT8H,l.l;8p'l'HllM RPHT6PIDIM, IlPHHRTllM ,Il,}lfl .llllYXM6TpOBOH nponaHOBOtt IlY3!lphRO

BOH R8M6pll JIB3 011fn1, OROJIO 600000 CTepeoq;OTOCHl™ROB. Hai-i,neHO ~ IOOOO 

,:Tr •Z.c -B38JllMO,l.l;6HCTBJllll C 65000 .:;r+ JI! ,7r -M630H8MH, C 8000 npOTO-

H8MH H C I?OOO 7f -RB8HT8MH. Be.fl ::rncnepll.!6HT8JlbH8.fl JllH(jOpM8Ul!.fl C no-

MOUU,IO CT8H,l.l;8p'l'Hll.X nporpaMM 38IlHC8H8 H8 MarHHTHll.X Jl6HT8X cyMMapHllX pe-

3YJlbT8TOB. 

Ha BC6X m-- tZ.c - B38JllMO,l.l;6HCTBHH ~ 50% C06llTHll npOJl!CXOMT H8 

RB83HCB060MIDC HYRJIOHax. 

2. AH8J1Jll3 noJiy'q6HH11.X ,I(.8HHllX no MHOJK6CT_BeHHOCTJI! 38p.RJK6HHllX H H6H

TP8JihHllX IlJllOHOB B <Jr -fZ.c -B38JllMO,l.l;6HCTBIDIX npH P.n-- = 40 raB/c H 

cp8BH6HH6 JllX C ,l.l;8HHllMJll ,Il,}lfl .7r- IV -coy,napeHHH IlPJI! TOH lK6 8ReprJl!Jll 

Jll C ,naHHllMJll IlPJll ~yrHX 3H6prIDJx Il03BOJUJH)T C,l.l;6Jl8Tb CJ16;DylOUUf6 BllBO,n;!l: 

a) B6JIJll'gJllH8 R,..=<ns~•••c /m,"7,_Nil0CTO.flHH8 B 06JI8CTJll 3HeprHil 

(5-200) rsB Jll cpe~.R MHOlK6CTB6HHOCTh BTOp~HllX qacTHLl JIOrapnq;MJl!qe

CRJI! paCT6T C YB6JlJll'q6HJl!6M nepB~Horo IlMilYJlbCB. 

6) Cpe~.fl MHOJK6CTB6HHOCTh RBR 38Jl.fl!!t6HHllX ,TBR Jll H6HTP8JihHllX 9T -

M630HOB TOJlbRO.RaqecTB6HHO corJiacyeTC.fl C pacqeTHllMH ,l.l;8HHblMJll no R8C

R8MOH MO,l.l;SJIJll. 

B) .Bil6PBll6 06HapyJK6HO, 'qTO < n3ro ~ B03p8CT86T C YB6JI~6HH-

6M 'qJllCJ18 BTOPJll'qHllX qacTJlll.l B IlJl!OH-yrJiepOMllX B38JllMO,l.l;6fiCTBIDIX. 

r) YCT8HOBJI6HO, 'qTO JllM66T M6CTO CR6i1JlJl!Hr no MHOJK6CTB6HHOCTH ,Il,}lfl 

pasnoro THIIB MJlllll6H6ll ( P, n , 12C). 
,n) B6J1Jll'ql:!H8 OTHOlll6HIDI < ns >ID = I, 93±o,02 )J,JUl or t:Z.c -

B38JllMO,l.l;6HCTBl:!H npH 40 IsB/c 6JIJl!3R8 R COOTB6TCTBYIOUlJllM B6~HH8M 3T-p 
JI! pp - B38JllMO,l.l;6HCTBl:!ll IlPH BllCORJl!X 3H6Pr11.RX H He 38BIICJl!T OT 'lHCJ18 

BTOpJl!'lHIDC Jll,l.l;6HTJl!(};HIJ;JllpOB8HHllX IlpOTOHOB. 

3. IlapIJ;JllaJihHhl6 R03(1!};1:!IJ;Jll6HTll HeynpyrOCTH BTOPH'qHllX .:JT+, .:TT- H 3T 0 

- M630HOB B .:JT- tZ.c JI! .:rr-P - B38JllMO,l.l;6llCTBIDIX OMHBROBll. Hsyqe

HO IlOB6,l.l;6HJll6 pacnpe,neJieHHi-i no MHOJK6CTB6HHOCTH pO>K,l.l;6HHllX qaCTHLl B 38-

BJllCJllMOCTJll. OT Il8PUJll8JlbHOro ROsq;!};HUJll6HT8 HeynpyroCTH B ,.7T-,z.c ,orn H 

,7,--p - B38JllMO,l.l;6HCTBIDIX Jll Il0R838HO, 'lTO JllM66T M6CTO TBR H83llB86-

Mllll "qacTHllfi" RHO-'-cEei-imiHr. 

4. AH8J1Jll3 ,l.l;8HHllX no OMO'q8CTJl!'qHllM JllHRJII031:!BHblM cne1<Tp8M O -
RB8HTOB Jll IlJl!OHOB B .:JT- •Z.c H sr /\I - B38JllMO,nei:icTBIDIX IlOE838Jl: 

a) HOpM.JllpOB8HHll6 ceqeHIDJ no 6h!CTp0T6 .JI! npo,nOJihHllM HMilY JIM8M B 

CHCT6M8X DORO.fl MJl!lll6HH Jll H8Jl6T8JOOl6ll qacTHUE,I ,Il,}lfl peaRUHfi .:,r 12C - 4+ ... 
JI! ..:,rp - o+ · · · B 06JI8CTJll nJI8TO H B 06JI8CTH fIP8Thl6HT8UJllJll H8JI6-

TBIO!ll6H qacTJl!UE,I COBil8,l.l;8DT B npe,neJIBX 3~Cil6pHM6HT8JlbHllX OIDJ1!60R .(±a%). 
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C p::JCTOM MHOJK6CTE6HHOCTJI npOJl!CXO,nliT cy:KeHJlle pacnpe,n6JI6HJl!.fl no 

6HCTPOT6 H C,lllll:!r M8RCJllMYM8 R ·y"=o B CJl!CT6M6 Ll6HTpa HH6Pl.lliH IlHOH

HYRJIOH. 

6) Ha6JIJO.I(.88TC.fl pB3HHU8 B HHRJID3llBHllX Cil6RTpax BTOp1:1qnllJC :n+-
H .:IT- -M830HOB, CB.fl38HH8.fl C npHCYTCTB.ll6M JIH.nHPYJallJllX 0TplU~T6JlhHllX 

IlHOHOB. 0THOID6Hl:!6 Jl!HEJII03.Jl!BHhlX Cil6RTpOB H8 .fl~ I:! HYRJIOH6 { ~ ) M8R-

Cl!M8JlbHO B 06JIBCTI:! X=-1 (o6JIBCTb .qpaIM6HT81.lUJI! .fl~a), 38T6M RpyTO 

cna,naeT, li R = 1 B paiione X = o, 1 • 0TCYTCTBY6T CYlll6CTB6HH8SI 

p83HHU8 B nOB6,l.l;6Hl:!li ,Il,}lfl .:TT- JI! 91"+ - M630HOB. KaR ,Il,}lfl or+, 'J.'81{ 

Jll ,Il,}lfl . OT- - M630HOB MBRCHMYM HHEJII031:!BHUX Cil6RTpDBCM6Ul86TC.fl B CTO

poHy M8JIWC 3H8'l6HHi-i 6HCTPOT C pOCTOM MHOJK6CTB6HHOCTH npOTOHOB .. 

. B) CTpyETypnue ¢yam:~m ,urui .:TT+, .:,r- - MesoaoB, o6pasoBaHHllX B 
$- C - B38JllMO,l.l;6HCTBIDIX C 60JihlIIOH MH0)!(6CTB6HHOCTbKl .:,r+, vr- -M6-

30HOB I:! npOTOHOB, OnHCllB8IOT·cf! .llllYMfl BRCnOH6HT8MI:! B OTJIH'll:!6 OT CTpyR

TypHllX q:yHEUHfi ,Il,}lfl ,npyrnx THnOB B3811MO,l.l;6HCTBlrn, Oill:!CllB86MllX OMOH 

3RCilOH6HTOllo 
5. ifayqeau . .:JT- tZ.c - B38JllMO,l.l;6llCTBlID. conpOBOlK,I(.8IO'JlH6Cfl 1:1cnyc1<a-

HH6M, no Rpaiiaet;t Mapa, o,nnoro npOTOHB • COOTH01!16Hl:!.fl M6lK,Izy B6PO.flTHOCTfl

MI:! ncnycR8Hl:!fl pasaoro q1:1cJia npoTOHOB B sa,nnIOIO nonyc~epy Jia6opaTopnoii 

Cl:!CT6Mll ROOP.nHHBT IlOR83llB86T, 'qTO 3TH npoueccR H638BHCHMll. 

Cpe,nHH:6 xapar<T6PHCTl:!Rl1 .:,rt- 1I .:Jr - M630HOB B 3Tl:!X B381:!MO,l.l;6H

CTBIDJX OR838JIHCh TBRHMI:! JK6, R8R H BO BC6X .:rr- ~2 C - B381:!MO,l.l;6HCTBIDIX. 

CTpyRTYPHI:l6 q:yHRLlHJI! ,Il,}lfl npOTOHOB, DllR6T8IOUtl:!X no.n. p83HblMH yrJIBM

MH, annpORCHMHPOBBJUICh 8RCilOH6Hl.lli8JlbHllMI:! 38Bl:!CJllMOCTRMH. IlOR838HO, 'lTO 

RBR B .:IT- 72c , T8R H B .:rr-p - B38JllMO,l.l;6HCTBIDIX cymecTBY6T rpynna 

IlpDTOHOB, 06JI8,I(.8IOOlJl!X O,l.l;l:!HBROBllMH CBOHCTBaMH, npnqeM 08paM6TP H8EJIO- · 

HOB 8RCilOH8HT ,nJlfl BllCOR08H6prnqaott 'lBCTll cneRTpOB paCT6T C YB6Jl~6-

HH6M yrJIB l:!CilYCR8HHR npOTOHOB. 

6. IlpOBO,nJl!JlJllCh HCCJ16,l.l;OB8HHR a®6ET8 "npospa'lHOCTH" fl,nepaof;t M8T6-

PHH BO B38HMO,l.l;6HCTBHf!X '77"--M830HOB" C fl~H yrJiepo.u.a B 38Bl:!CHMOCTH 

OT yrJIOB BW16T8 BTOp~HllX IlHOHOB: 

a) IlpH BC,SX Bll6paHHllX.,3H8'q6HHf!X rpBHl:!'lHOrO yrJIB 0,,_ = (2,5°, 

8°, to0 ) cpiJJ,BS!.R MHOlltacTBeHHocTh 91"+ H .?T- -MesoaoB irnyTpeHHero 

ROHyca 86. 38BHCHT OT qncJia npOTOHOB Np H npH 3H8'g6Hl:!.flX 011, = 2,5~ 

8° COBil8,nB6'1' C COOTB6TCTBYKlllHMli ,I(.8HRHMH ,l.l;JUJ • .:,r-p -B38HM:>,l.l;6HCTBHf;t. 

3TO, O,IUlBRO, H6 03H8~86T, 'qTO fl~O DOJIHOCThIO "npospaqaolf.,Il,}lfl 8TOf;t 

rpyDilli qacTHil, TaR I<BR c pocTOM ~ aa6JU),naeTcSJ yMeHhmeaHe cpe]t-

aea aaepru :IT --MesoaoB BHyTpeHHero Roayca. · 

Mao,;ecTBBHHOCTL :,,-+ H ,9r- - MesoaoB ·BHemHero ROHyca pacTeT 

0 Np , IlpHtJ8M C YB6Jllf46HH6M. #p OT O ,l.l;O 4 MH0llt6CTB6HHOCTb B03-

paC'l'88'1' IlO'q'l'H B 2 pasa. 
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He H86JIIO.I(86 TCH p83Jllfll1Ul M6llt.IIY pacnpe,neJieHJUJMll ;u.n.H 11MHOroHyIOIOH-
HHX11 B38IIMO,neilcTBllli ( L Q ~ 1 ) ll BC6X OCT8JII,HHJC C06b1Tllli, ~a llCRJIIOtJ6-
Hll6M pacnpe,n6JI6Hllif no n ;u.n.H <IT- -M630HOB BHYTP6HHero ROHyca ll3 
co6HT/1H c cyMMapah!M sapH,noM L q > 1 , ;u.n.H ROTopwc aa_6JIIO,naeTcH TeH-
,neHUIDI YM6HI,lll6HJUJ n O pOCTOM Np , • . 

6) B llHTepB1:tJie 6HcTpOT or ~ 0,9 ,no ~ 2,65 cneRTPH . .:,r .. -MesoaoB 
R8R, ·:BHYTP6HHero" ~ T8R ll 11 BH6lJ!Hero" ROHyCOB COBna,naIOT co ,Cil6RTP8Mll 

3T--M630HOB~ 
7. VlCCJI6,IJ;OB8Hll )]llyxqacTuqHHe raMMa-raMMa ROppeJIHUHH ll ROppeJIHW!ll 

sapHnreHHHX nuo.aoB. BneP!lH6 noRasaao, qro B )]llyxqacT1-1qaux raMMa-raMMa . . . . 
R0pp6MJUIDIX ,RaR !I ~ 38Pflllt6HHHX . {ff: -M630HOB,Ha~8,IOTCSI IIOJIOlltllT6JlI,
Hbl~ ltop0TKO.D;eilCTByroIJtl!e ROppeJIHµun B, U6HTP8JI!,HOH 06J18CTll (-u11,*, '/z.*!,f) 
R8R B llHRJII03llBHHX, T8R ll B IIOJIYHHRJII03llBHlliC peaRUIDIX, nprrqeM 3TH 
ROppeJIHUHH, I<8fl, npaBHJIO, M6HI,ine, qeM ~ ,7,--p - B38IIMO,IJ;6HCTBIUJX • 

'fsHMyTaJII,HHe RoppeJIHUHH onas~mi:01, 611H3RHMH I< pesyJII,TaTaM, nony
qeHHHM ;u.n.H .:TT-p - B38HMO,neficTBHH. 

Vis COBOI<Y¥HOCTll c,neJ18HHHX B_ ,IJJiCC6PT8WJll BHBO,IJ;OB C_?Ie.n;yeT, qTo 
B38llMO,IJ;6HCTBll6 IIHOHOB BHCOI<HX SHepruil C Jl6rI<llMll H.D;P8MH npOllCXO,nHT 
CJie)iyianHM 06p830M. IlpHMepHO .B 5Q% poy,napeHHfi IIPOllCXO,nHT B38HMO,neficT
Bll6 C 0,nHllM HYI<JIOHOM H,npa. I!OSTOMY xapaRT6PHCTHRH 3,-- "~c-coy,napeHllil 
npu BHCORHX SHeprJUJX B cpe.n;tteM c11a60 OTJlllqaroTCH OT xapaRT6PllCTHR B38-
RMO,neilcTBHH IlllOHOB co CB060.n;Hb1Mll HYRJloa'aMH (CM. n.n. l,2(a,B,r,.n;) ll . ' . ' ' 

3). 0.n;tt8RO OHH CHJl!,HO p83JlllqamcH B 06JI8CTH q;paI'M6HT8Ullll MlllJl6Hll 
(ri.n. 4a,6), qTo MOlltHO o6MCHHTI, R8CKB.n;HHM pasMHOllteHHeM Me,nneHHWC 
";!8CTHU. B U6HTp8JII,HOil ;6118CTH B npe,ne11ax Olllll60R 3RCil8PllM6HT8 (!a%) 

. xapaRT8PHCTHRH O .:.RB8HTOB B .,,-- ,zc ll 9,--p - B38HMO,neficTBHHX He. 
OTJlllqaJOTCH ,npyr OT ,npyra. B 06]18CTH q;parM6HT8Ullll Il6PlluqHoro IIHOH8 
o6aapyllteHo yMeHI,lJ!eHne qucJia BTopuqHHX nuoaoB B. .:rr- 12c - BsaHMo,nett
cTBHHX, qTo CBH,IJ;6T6Jl!,CTBY8T O nor11o~eHllll 6HCTPHX qacTHU B H,npe., 
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