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OTKPHTHe qaeTHU, BnoeneneTBHH nonyqnBlilHX H83B8HHe "eTp8H

IlHX11, noeny11tnJIO MOmHbIM TOnllKOM ~ml pa3BHTH!l Beel\ ffi,H3HltR 3neueu-

T8pHHX qaeTHU. · 

lfoenenoBaune npoueeeoB 06pa3011aHH!l n paerrana eTpaHHhlX qae-

THU, orrpeneneHne HX KB8HTOBHX qneeJI, a T3Kl![e OTKPHT1l8 It 1l3Y'leHne 

HOI!HX eoeTO!lHHtt anpoHOI! - TBK HB3HBaeMHX "pe30HaHe01!
11 

- Jl03BOllll-" 

no K KOHuY 60-x ronoB HBKOilHTI, orpoMHbll\ 3KcnepnM8RT8lll>Hbl« HBTe

pnan, oewennTl> KOTopHfi ynanoe1> Ton1>Ko B I96I r., Korna renn-Mauu 

n HeeuaH npennoJKnnn eBot\ 1111oe1,!.iepHl!Hbll\ nyT1>". 

B oeHOI!e HOBO!t eneT8M8THK1l qaeTlll-1 nellt.HT nne!l o6MJ\1lHeJIH!l 

Be.ex eoeTO!lJ!Htl anpoHOB, 1! .eynepM;fl11>THill18Thl, onnebll!BeWe npe11.eTa:B

neHll!lMR rpynnH eRWeTpHR 5 U 3 • BalltHHM noeTHll:eHl{eM Teopnn !lBR

noe1, yeTBH01!ll8HHe MaeeOI!HX ipopMyn, CB!l3llB8lOmRX MaceH qaeTI-IU, BXO

n11mnx B yunTapHbltt uynl>Tl-lfineT. TpnyMr~OM YHI-IT8pHOt\ e1-1W,1eTpl-lll, K8K 

. . -
- . ? 

11aBeeTHQ, 11111rnoe1> oTKPblTHe ..Q - rnnepoua, uaeca Ko-roporo C5Hna 38-

. 
paHee qpencKa3aHB Teopnel\ • 

nocTeneHHO,· onuaKO, eTano Ilijpl-leOBblBBTI,e!l TO np1-1ueqaTel11>HOe 

o\'SeTO!lT8lll>eTIIO, qTO Bee TBepno yeTBHOBll8HHll8 eocTO!lHR!l anpOHOII 
' 

. . 

l-lll8lOT KBBHTOBlle '11-!Cna, orpamiqeHHlle !JpoeTel\mllMH npe~eTaBneHn!ll.ffl 

' 5 u 3 • BTOT- 3KenepnMeHTBnl>Hlll\ pe3ylII,TB'l' xopomo o6'I>!lCH~eTC!l MO

nenM> KBBpKoB, npenno11teHHO:l renn-MaHHOM 11 l{BettroM B !964 r. He

c110TPR ua J1.0.cT1-1rHYTbl_e yenexit, ~Ta M,onen1, BeTpeqaeT uenul1 p11n TPYn

. HOCTe«, rnaBnol\ ;13 KOTOp!IX !lBn!leT_C!l npo6Hbli1 3ap11n 1rnapKOB. 

HeynoBneTBOJ)8HHOeT1> npoeT01l KBBpKOBOt\ 1rnnen1,10 BH3IlaJla uenun 

p!IJI. TeopeT1-1l!eeKI-IX noeTpoeHnl\, onep11py10u1nx e n11yt111 11n1-1 na11te c Tpe-
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1.1n rnyH:ziaMeHTaJILHhlMH MYJILTHnJieTaMH. Ha aTOM nyTH Y:llaeTCH JIHKBH;ztH

po_BaTL · :zipOdHOCTL sapH;na qiyH;ZtaMeHTBJILHiilX traCTHI.( n rrpeO:ziOJieTL He

KOTOpbre llPYrne TPY:liHOCTH rrpOCTOti MO:li6JIH IrnapKOB. 

C :npyro1i CTOPOHH. COCTOHHHe aKcrrepHMeHTaJILHllX ;naHHb!X TBKOBO. 

ll'.TO He 1103BOJIHeT C:li6JIBTL BU6op M6JK}ty MHOrOtrHCJIBHHllMH B03MOJKHOCTH-

1.Hl COCTBBHb!X MO:lleJiei1 c ll'.HCJIOI.I <PYH.ztaMeHTBJILHUX ll'.BCTHI.(, 60JILillHIJ -rpex, 

11 OTdpOC!1TL, KaK HeCOCTO!lT0JILHYIO, "HaHBHYIO"" MO,lleJir, KBapKOB. 

floaTouy, m1pH.ztY C aKcrrepHMBHTBMH no llOHCKY !VYH.ztaMeHTBJILHUX 

traCTlll.(, 3KcrrepHM8HTll, CBH3aHirue C BOllpocaMn KJIBCCll~nKal.(HH aJie1.1ett

Tap1rnx traCTHI.(, IH.!e!OT rrepBOCTenettuoe 3H8ll'.6HHe }tJIH IIOCTpoettnH 6y

.nyme:i Teop1rn. 

OCHOllHO!t Irpyr rrpo6Jieu, paccMaTpn:saeMb!X B }tHCCepTBl.(lfl'I, OXBa

TUBaeT PH.II rrpoueccoB o5paaoBaHnH H pacrra:lla CTPBHHUX qacTHI.(, EOJIL-: 

Ull-lHCTBO 3Rcrrep,U!eHTOB Herrocpe.ztCTBeHHO 3aTparn~aeT BBJKHble BOllpOCbl 

1rnaccwr11mau1m aJieMeHTapHhlX tracTHI.(. 

HccTie.ztOB8HHIO IIO:zi06HUX IIPOtteccoB llOCBHm8HO 6oJir,moe ll'.HCJIO aKc

rrepm.teHTOB; B TO JKe BpeMH 210B OJILHO o6rUHpHUtl KJiacc peaKI.(Htl OCTa-

6TCR l,!Ri!Owl\Wll'.P.JIHUM. 

'I'aK, rrpnKTHtrecKH HeT :naHHHX o cetremrnx H ;n:pyrHx xapaK-repnc

TnKax peaKill!i1, D KOTOPPX odpaayIOTCH H8:ITPB11LHUe CTpaHHUe ll'.BCTHI.(bl 

r{
0

, ir0
, /\ , 2_

0 

B conpoBomneu1111 ttecKon:r,Knx (nHor;n:a Bcero mmr, 

0}1Horo) n°- 1.183 OHOB. He,110CTBT01JHO l'I3J1J6Hll CB~t!cTBa pacrra.l(a ~ 0 
-

r1111ep0Ha ( .;:: 
0 

- /\ + J\"0 

) ' a era Macca llpHMUM cnoco6oM orrpe.11e

n:eHa :paKTHtreCKlf Ha OCHOBB~lfl'I 0.l(HOro XOpO~O H3MepeHHOrO co6UTlffl/I/. 

He.l(OCT8T0ll'.HO nccne.l(OB8Hbl HetiTpaJILHble KaHaJIU pacna.zta CTPBHHUX a.zt

poHHUX COCTOHHlfif • 

VICIIOJIL30B8HHe MeTO,llHKH 6onr,umx ITJ3HpnKOBUX KaMep, 38110JIHHe

l.!blX 
11

T!tlltenoi1" iitll1(:,ocTI,IO, ll03BOJilfJIO HBM rrpoBeCTlf l.(eJIU!l P!t:li IICCJie-
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}tOBBHHll, npaKTlftreCKlf He}tOCTYIIHNX }tJI!t BOltOPOltHblX KaMep, H rrony

ll'.lfTI, HOBUe CBe2teHHH 06 YK888HHllX Burne rrpoueccax. 

MaTeplfaJiu, Bome.ztmlfe B }tHCC8PT?l.(lfIO, nonytreHU aBTOpOM B I964-

I972 rr. B Jia6opaTOpHlf !t}tepHUX 11po6JieM O!Uflil: COBM8CTHO C rpyrmotl 
. ' . 

COTPY;D:HHKOB, pa60T8lOil\lfX Ha MeTpOBOtl rrporraHOBOtl KBMepe rro;n: 66mHM 

-PYKOBO}tCTBOM ll'.JieHa-KoppecnpH,!!BHTa AH CCCP B.TI. ,1IJKeJienoBa, If B 

EBponellcKOII l.(eHTpe !t.l(epHUX lfCCJie}tOBBHHtl (_UEPH) BM8CTe C COTpy;n:

HHKSMH OT)lena Kauep c Tf!lKenmm XH:li~OCTRMH (l C. L). 

. B nocne}tH8LI cnyqae CTaT1fCT1f1JeCKHll MaTepHan 6bln IIOJIYtr.eH B 

8KCll8pHMeHTBX tta.I,4 M, wpeoa-rrponatto~oM KaMepe Pe3ep~Op)lOBCKOn 

Jia6opaTopHH (RH EL) If JioH.ztottcKoro yirn:sepcHTeTcKoro KOnJiellJKa 

(UCL). 

·-Bee .pa6oTH, HA OCHOBe KOTopux H8llHC_aHa )lHCcepTal.(lf!t, orry6nl'I-.. . - ,-

KO}l8Hll B COBeTCKHX I If sapy6eXHblX WH3HtreCKHX mypttanax HJilf H3-

}t8Hll 11 BH:lie npenpHHTOB HnH coo6mettHM OMffi'I 11 UEPH/2 - 29 /. 

0CHOBHbl8. pesynLTBTll 6hlnlf }tOHOllt8Hbl H? MeX2t,Vttapo:nHHX KOHWepeH

l.(HHX no WHSHKe BhlCOKHX aHeprHll B. Bette (!968), K11e:se. (I970) If 

,1ly6He (!970). 

J!HccepT8l.(HH COCTOHT HS 2-x ll'.BCTeM. 

B rrepBOll traCTH (rJiaBll I-Ill) paCCl.laTp~BaIOTC!t 8KcneplfJ!eHTH , 

HanpaBnemme Ha HCCJie;n:oBaHHe npouecCQB l.!HOJl8CTBeHHoro COBM8CTHO

ro o6paSOB8HHH CTpBHHUX If OClll1JHblX ll'.8CTHI.( If HeKOTOpue llOH.CKOBble 

8KCnepHMeHTH. 3TH Olll,ITll BllllOJIHeHU Ha ey_trKe n--MeSOHOB C HMizyJII,

COM 5 ra11/c. 

BTopaH tracTr, (rnaBH I~-YI), B ocHOBHOM, noc:sametta 11ccne;n:o

BBHHll. CBOtlCTB ;:_ - rHnepOHOB. B 3TOM cnyqae 6un lfCTIQJII,3QB3H rry

ll'.OK K--ueaOHOB c HMnyJILCOM 2 raB/c. 
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'CJ0cT:r:. I 

B nenBoii rn0Be ;,urncepT81.{lm nptrno,nHTCH OTIHC8HH8 YCT8HOB!UI C 

I-?:eTpOBOti nponaH-11peOHOBOi1 1mueponl2- 91 (p11c .I) ,BKJIDtlailll(Bil B ce-

(;fl: 

I) co6cTB8HHO K8Mepy C p0601rnu o6MMOM 200 JI (40x50xIOOcM
3
); 

2) ::mewrpo1.mrHVJT c nanpmteHnocT:r:.10 1.10rH111THoro nonH ll i_ienTpe 

none:rnoro o6'bei.m K01.1epu 17 000 r0ycc; 

3) CI/ICTCMY o6cn:nmB8Hll!t K8Mep1,1: n:yn:r:.T ynpaBJIBHIIIH, CVICTCMY 

l'83orpeB8 lll T8pMOCT8TIIIPOB8HVIH, CllCTeMy Otll/lCTKIII H 38TIOJIH8HlfH K8M8-

p1.1 p06oqeU JKH.Zf.ltoCTI,10; 

4) M8rHHTHbli1 '.{8118lI, (fJoptrnp.Y!Olllllliil nyqoK If" -Me30HOB C 1111.1nyn1,

cou Pn=5 ran/c vi rJ111p1rnoi1 p0cnpe.neneH111t no viuny111,c0M llPn=.±2%. 

YcT8HOBlta ycnenmo 3KCTI1IY8TIIPOB8JI8CI, B Tetl8Hlf8 9 neT. B 06-

mei_i C1!01:tHOCTVI 118 Hett 6HJIO nonyt1eHO OKOJIO _500 ThlC .,fJOTorp8(j\Vlii. B 

MOI.IBIIT 38TIYCW1 K:mepi1 111 itonroe llpe,rn CTI:yCTH OH8 HBlI!llI8CI, C8MOt1 
. . 

I<p.vnnotl B ConeTCKOl,I C01oae nyaNpI,KOBOi1 K81Aepor:i C TH11tenotl JKVll'l;KOC-

Tii!O, pa60T8BU1etl D M8rHVITHOI.! 11011e. 

BTop0H rn0B0 nocn1t111eita :iionpoc0u 06p060TKVJ qi0Torp0i{lvii1 c 

I-ueT~O~O'.i npona11~··1peOHOBO!l KaMep,/IU-IS/. 

CxeM8 06pc1 !JOT!rn BKJIIOq0eT B ce6!l TPH 3T8TI8 ( § I): 

I) npocMoTp ifi0Torp0rf>Hiil H oT6on co611T11!1, v.noB11eTliopmom11x To

nonor11n llCCJJC.11'18MhlX pe8Kl.{Hfi; 

2) H3t18p8HIIIH, Bll1101!HH8Mhle B .118HHOM cnyq0e C TIOMOll(l,1) 113MepH-

T8JlI,HhlX TIOJIJ8BTOl.18 TOB TIYOC-I, CBH38HHblX ( Oh. .t..n:.e ) C iiuq11c1111-

T8JlI,HOti M8llilfHOll MIIHCK-22 (CIICTCM8 "TpeK"); 

3) reoMeTpllltlCCKYD peKOHCTPYKUH!O co6HTlfi1, 6noe.nenen11e KHHCM8-

Tlftl8CKVIX TI8p8M8Tp0B q0cTlfl.{ VI Vll{8HTlfqlllli81.{ll!O K8H8JlOB peaI{l.{lltl, Bhl

TI01IHH8Ml:IX 118 BHtlHC1IIIT8JII,HOi1 M81lll!He E3CM-4. 

6 

l 
J 

I 

l 
l 
I 

§ § 2-4 3TOi1 rJI8Bhl TIOCBHll(CHbl OTilfCaHlfD KOHTpOJII,IIIJX OIDJTOB' 

TI08BOJI!l!Oll(lfX llUH8CTH onpeiteneHHUe K01llltl8CTB8HHI,18 88~JI!Otl8HllH O TOtl

HOCTHX, nonyt188MblX C TIOMOlllL!O p83p860T8HHOtl M8T0l{l1KII. B T861!111.{e I 

T06n11u0 I 

Peay111,TaTbl KOHTPOllI,Hl,IX OTiblTOB 

Pacn0it810mHe...: IIIHpllHhl pa c- Cpel!HHe anaqe- T86lll'It1Hhle 8H8tl8-
npeiteneHl'Ii1 HHft 3tli<fi8KT.M8CC HllH /I/, 2 CH "CfaCTH[tlil 

MaB/c2 l1.3B/c2 :.lan/c ... 

/\-+ p1t 9,6,±I,O III5,4,±0,9 IIIS,fa0,08 

1< 0 

- '.Jtk· 28,±2 497,±2 497, 76.±,0.I6 

Z.,"-+/\ 'f - 33,0,±2,I · II9I±2 II92,4G.±,O,I2 

'11-0 -rr 14,2,±0,4 135,5,±0,6. I34,975,±0,0I5 

npHB8l{8Hhl 8H8tl8HHH Mace HettTp8llLHLIX qacTl'In, nonyt18HH1:Ie B STHX 

:- OTIUTaX. H81lll'I l{8HH!le xopomo corn0cyf.lTCH C 1'13B8CTHUUH rmpoBUMH 

cpel{lllll.11'1/I/, tlTO CBHl{CTCllI,CTByeT 06 OTCYTCTBlll'I 3aMeTHLIX CHCT8U8-

THtl8CKllX irorpCll!HOCTett np11 onpel{eneHHl'I n0pa11eTp'lB TpeKOB qacTHI.{. 

B rnaBe Ill 1rnnar0eTcH coJlepir.0HHe I'! peayniiT8Tll mrnnepm.1eHTOB 

/I6- 24 I, ocnoB8HHLIX 110 o6pa(5oTKe 230 000 rfJOTorp0ijJHtt. <ll0Torp0ffmn 

TI01IyqeH1~ H3 nyqrrn Il--ll830HOB 5 raB/c; _K8L18p8 38TIOlIHHll8CL tlHCTW 

npon8HOIA (C3H3). 

.B § 3.I Jl8HHOt! rn8Bhl onpeiteneHO HOPMHpOBOtlHOe cet18HH8 O,ll.HO

ro C01HTl1H Ha CF01oi•10•,, npoTOHe <:t =(0,2?,±0,02) MK6/co6. TIOTIYTHO 

nonyqeHo no1rnoe ceqemrn naa1u.mitet!cTB1rn n--Me3oHoB c MPOU yrn.e

po.n0: 6c = (240_f!6) i.~·:r., cornacyf.lmeecH c o6m.eM aaBHCl'IMOCTI,ll 6c. 
OT 3Heprm/16/. 

· ~ 3.2 11 s; 3.3 nocP.1t::tcn1,1 onpenenemm cet1ett1111 06paaoBaH1rn /\ :, 

E0
- rr.nepoHOB .1-l K0- 1.!C::lOHOB COBJ.l8CTHO C n°- ll830HflJm/19 , 21,I. 
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Ce'!elllUI pea~tt Irp ~ ROHEl'll!_oe cocT0JIHHe (B Mit6) 

lli,myJII,C 51:-_-MeSOHOB (faB/o) 

l{oHe'l.HHe 
4 1fla:J/ 5,c/.31( 5,1 C00T0JIHM t •-• 

)4aHHaJI 
pa60Ta 

K +~-/\ 88 ± H 64,5 ± 7,5 50~0 ± 7,9 
K+~-2:.0· ., 

31,0 ± II,7 32 ± 5 31,0 ± 4,6 
KiJf !\~o 108 ± 12 131,0 ± II~7 84,9 ± 8,4 
K+.r.--;C:R-o . ' : ,' 

. 31,5 ± 7,4 
K ~Jf !\ !r:rt 24,5 ± 6,0 
'K'"J{ I\ Ko 96 ± rn II7,0± 12,6 63,_6 ± 7,,_4 
~+,n-- 2.· Ko 

' 46 ± II 65,6 ± 16,4 

Jt1Jr /\ K0

.1i:'
0

• 70 ± II 109,3 ± 15,5 82,8 ± II,0 
. 3c+ Ji,-LOK° 110 46,0 ± 13,1 

Jt~- J\ K0 Jt"fi'0 

24,4 ± 8,~ 

/\Ko 49 ±9 . 61,3 ± 7,0 .. 26 ± 8 
~OKO 42 ± 8 44,9 ± 7,1 17 ± 7 
/\ Ko.Ji"o 68 ± 15 75,4-± 12,9 72 ± 16 
2. ol-(oJr' 38 ± 14 
A/z."' )<OK°i( 38 ± 26 

n K°K0 

, 128 ±,24 · .88,8_+20,4 7I ± I8 

rt K
0

IZ°~t 
V 84 ± I8 

n, /\A . 2',3 ±,1~5 :; 

p K°K".1f 72 ± 20 41,8_± 4,8 21 ± 9 

p ~(°~o.Jf'.lr 20 ± 9 7±7 

n. K"K0 11+Jf 60,8 ±' 13,2 55 ± 15 
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3'AeCI, 'AOCTaTO'lHO ITO'AP06HO pacCMOTpeHa BCfl rrpone'Aypa o6pa60TKH 

co6HTH!1, B TOM 'llfCJie lfCilOJII,3yeWie KpHTepHII OT6opa H Bee Heooxo

;nm.rue nonpaBKH. Ilo'A8BlifIIOII\8fl 'l8CTI, 3_TOl1 npone'AYPH flBJlflBTCfI o6m_e11 .. 
'AJ!fl Bcex 3KcnepHMeHTOB, Bl,IIl0JIHBHH!,IX Ha 1-MeTpOBOfl Kauepe. 

0npe;neneirne C8'18!iHW BUITOJIHBHO _ :zlBYMH pa3JIH'lHli!IJH M8TO'A8MH, 

._ KOT0pHe 'ABJIH coBna;na10mHe B npe'Aenax onm6ox pesynnaTH, 

IIonyqeHHble ;naHHble npHBe;neHbl B Tac5mtne 2. :zinH cpaBH8Hllfl B 

Hew · ·npHBe;neHH ceqeHHH Tex xe nponeccoB npH 6JIH3KHX sHeprHHX, 

H3B8CTHHe H3 JIHTepaTypH/3o, 311. RaK BH'AHO ll3 Ta6JIHUH, H8M Bilep-

. BHe_ y;nanoc1, pas;nen1,Ho (oTHOCHTenI>HO /\ H .z..0 
) onpe;nenHTb. ceqe

inrn peaunHl1: -

; rr-p ~ R+rr- ;::: .. rr0 H· II P -+ rr+ rr- 2° R0 n°. 
TaKJKe BnepB!ie onpe;neneHH C8'18Hllfl K8H8JIOB - peaKnHl1 ~ _ 

rr-p ~ R+rr- /\ rr0 rr0
, rr-p - rr+ rr- /\ R0 rr0 rr0 ll 

IT~p - ( A I 2:.,0 ) Ro Ro Ko • 

CpaBH6Hll8 IlOJIY'l8HHl,IX 'A8HHHX C pe3y1!I,T8T8MH 'APYrHX_pa6oT B 

mnpouou ;nnanasoHe sHeprlll1 noKa3HBaeT, 'ITO napnHan1,Hble oe'!eHHH 

pe3KO B03pacT8IOT C YB81Ill'l8HH8M ~830Boro o6~eMa B ouononoporoBol1 

o6nacTn, 'AOCTHraH M8KCllMyMa npH 3HeprHHX 2-3 raB,H 38T8M nnaBHO 

y11em,ma10TcH, 

Pac'leTN, BHilOJIH8HHb!e C HCil01!I,3QB8Hll8!.I Il0JIY'l8HHl,JX 3]18CI, pe-

3YJibT8TOB, Il0It83l,IB8IOT/32 , 33/, 'ITO 3aBHCH!.IOCTI, C8'18Hlll1 OT SHep

r1rn B oc5iracTll BHme 2 raB, a TaKxe ;npyrHe X81(.8KTepHCTH!<H !j.8YIT

pyrHX npoueccoB ,TaKllX~ Hanplll!ep, K~K Il-p-,-/\ Rollo, II-~!°K0TI0 
H 

AP•, xopomo OilHCHB8IOTCfl B pauxax o6o6meHH0!1 MO'A8Jlll BeHenHaHO. 

B § 3.4. npe'ACT8B1!8Hl,I pe3y1!I,T8Tl,I llCCJI8]10B8Hllfl o6pa30Bamm 

'l8THpex CTp8HHl,IX li8CTHU B K8CK8;11HHX npo11eccax, BIJ3B8HHl,IX CT0JIKHO

B8HHHMH n--M830HOB C fl;llpaMll yrnepo'Aa/201. CBe;neHHfl 06 3THX pe;n-
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~a3 
Cettemm pe8K[llt! Ir+ c12 ~ ROHe~HOe COCTMHHe 

KoHe,nme ' .MR&£ OJC0,lt. OJC0,lt. omm 

I 
aRcne-

perncTpMpyeMYe R8CR8,It R8CR8,It nOJIHoe pl'!MeH'I 
COCTOHHIDI C HOpw!p. 

/\/\KoKu I O,I I,I 0 -
/\/\ K0 (0} 4 0,2 4,2 2 I7,8.±I2,5 

/\/\ K°K+ 2 I 3 2 I7,B±I2,5 

/\/\(+,O) 4 3 7 7 2I,3±8,0 

/\/\(+,+) 4 I 5 2 · 6,I±4,3. 

/\/\(D,O) 4 0,5 4,5 I9 5B,I±I3,3 

/\/\ + •., IlOJIH •. 25 32 9B,I±I7,3 

/\K°K°K0 

0,5 - 0,5 I . ~49,6 

/\ K°K0

(0) 4 O,I 4,I 5 85,0±38,I 

/\l-<.°K°K+ I - I 2 33,9±24,0 

/\L+K
0 (0) I • - I I ~ 5,9 

/\ 2:K0 (0) 2 - 2 0 -
/\ K°K°K- I - I I ~I7,0 

K°K°K"K0 

O,I O,I 0 
.. - - . . 

K°K"'K"(O) I I I ~32,2 
.· 

* IlpR-Bl:l'mCnemm ce~eHRA: I) He BBOJtW[OCD nonpaBRR Ha 
HeaaperzcTpHpoBaHHHe ~8CT~; 2) YR838HY TOJII,KO 
CTSTHCT~eCRRe norpemHOCTR; 3) Go =0, 744 MR6/co6HTRe 
(6e3 y~eTa aqxp8RTHBHOCTR perzcTparnm). . 

06o3Ha~emm: (0) - He aaperRCTpRpoBSH K0-Me30H; 
(+) - He aaperRCTpRpoBSH K+-Me30H~ 
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KIIX rrpoueccax B H8CTOHI11ee llpeMH rrpaKT11qecK11 OTCYTCTBYIOT. Tionyqen

Hble ,naHHble rrpvrne,neHbl B Ta6n.3. OueHKII q11cna Olltll]laeULJX COCll'Tllil, Bbl

lIOlIHeHHble .lllIH KaCK8JlHblX uerroqeK 

-=-Kir+ ••• 
IY-p-+L +Iv~/\/\+ 

Ilp ➔ /\ KIT (I) 
4+N~/\+K+.;., 

noiiemeHbl BO 2-otl H 3-tl Kono11Kax Tae5n11~ 3. BIIJlHO, 'ITO ETopaH ue

noqKa 11rpaeT B .naHnou cnyttae npe o6na.naroni,yro pom,. 

IIp11Be,neHHble peaynLTaTbl lIOKa3b!BaIOT, qTo rrpoueccu C o6paaonaHll

eM 4-X CTpaHHblX tJaCTHU Ilpll B3811MOJletlCTBIIII II--l,1830HOB 5 I'~lB/C C fll{

paMH HaqHHalOT HrpaTL. 38MeTHYIO ponL. JlanHe11mee HCClieJlOBamrn TaKHX 

npouecCOB MOllteT .naTL cBe~eHHH KaK O pa3BIITIIH BHYTPIIH]lepHoro KaCKa

,na, TaK HO B3811MO,netlCTBHII rHnepOHOB C HYKlIOHaMII. 

OueHKa ceqeHHH pom.neHHH =-- - rHmlpOHOB B II-p-B3aruiOJlelicTBII

HX 
0

BbllIOlIHeHa/2, 3/ Ha OCHOBaHHH 6 Ha6lI!O,l(aeMblX C06UTHf1 {§ 3. 5). ]lIH 

Bcex 6 C06blTHi1 KaHallbl peaKUlli1 11neHT1lm11u11poBaHU 0Z{H03HaqHo: 

rr-p 

rr-p 

rr-p 

- ~- K° K0 rr+ 

- :::- Ko !{+ IIo - ~.., K° K+ 

I co6. 

2 co5. 

3 co6 • 

. Cyw11poBaHHoe ceiiemrn o6pa3oBaHIIH ;..- - rime pOHOB B 3TIIX Ka-
• _,...3- I8 

Hanax paBHo: co ":i= (2,9 ± 1; 0 ) 1m6. 

§ 3."6 nocBHll\eH 11cc111::.lloBaHH10 c·rreKTpa aqi<.peKTIIBHIJX Mace /\ -r11-

rrepoHoB 11 '(- KBaHTOB ( /\ ·p/17 /. 

IIp11 npocMOTpe II l10ClI8JlYIOl]letl o6pa6oTKe OT61-1pam1JC:& co6b!TIIH, TO

nonorllfl KOTopux He lIPOTHBopeq11na rrpe,nrron01iteHIIIO O TOM, qTo B38HI.IO

Jlei1cTBIIH ITpOHCXOJllllIH Ha CBOClOJlHHX ITpOTOHaX. CrreKTp 8qlm8KTHBHUX 

Mace 1130t5pallteH Ha p11c.2. Kp1!B8fl .lllIH rfiona Ha STOil pHcyHKe paCCql!Ta-
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HO ue,o,oo llon,e--l{ap,o c , .. l. ca.,HBll pasm1rux KaBano, peaKnHtt, 

BKJil)qaH peaKUHH, H~VIIUl8 C o6pa30B8HH6M pe30HaHCOB. CneKTP 3ifJ\peK

THBHHX Mace HMeeT :n;Ba MaKCHMyMa - o:n;HH B o6JIBCTH Z 0 ~ fHnepoHa, 

:zi;pyroi1 B pa110He Mace I330 MaB/c2• ~aJibHettmaH o6pa6oTK8 aToro dneK

Tpa noKa3ana, qTo arMJeKT B pal1oHe Mace I330 MaB/c2 Ha6n1>:zi;aeTCH 

Ha ypoBHe 4-x CTaH:napTHHX OTKilOH8HHi1; neHTP pacnpe:zi;eneHHH Mace BO 

BTOPOM nHKe JI8lKHT Ha 3HaqeHHH (I327+3,5) MaB/c2; mHpHHa TIHK8 paB

Ha (20.±4,4) MaB/c2, qTo npaKTHqecKH coBna:zi;aeT c paapemanmett cno

co6HocTblO npH6opa. 

AHanorHqHl,18 cneKTPH B CXOJKel1 TIOCTaHOBKe OTIHTOB Ha6JID,7iailHCb 

paHee/34 ,35/, o:nHaKO aBTOphl 8THX pa6oT TpaKTOBaJIH BTopoi1 MaKCHMYM. 

Kalt OTpaJKeHHe pacn~a pe30HaHCa y ll"(I670) ~ /\ + 'l.. 
. ...... 2'{ 

B HameM cnyqae 8TO o6~HCH8HHe npaKTHqecKH OTBepraeTCH. Bepo

HTHOCTb Toro, q~o Beeb Ha6n10:n;aewtt alpq)eKT o6H3aHYfI670), cocTaBnH

eT,..,I%. TaKHM o6pa30M, 8TOT y3KHtt TIHK o6~HCHH8TCH pacna:n;oM HOBoro 
I . . 

6apHOHHOro COCTOHHHH /\ (I327) - /\ + Q . liaOTOnHqecKHl1 _cnHH 

ero l(OJilKeH 6HTb paBeH HYill>, T.K. npH H30CTIHHe" e:n;HHHUl:t' Ha6nn:zi;ancH 

6H pacna,7i A' (I327) --.N + rr0• 

06cy1K:n;eHHe BOnpoca o cymecTBOB8HHH A' (I327) H cBH3aHHHX c 

8THM TeopeTHqecKHX npe:zi;noJKeHHtt BHHeCeHo B 0Tl(8IlDHYD rnaBy (rn.YI).· 

B § 3.7 paccMaTpHB88TCH B03MOlKHOCTb cymecTBOBaHHH HOBoro 

YHHTapHoro OKTeTa 6apHOHOB c JP= I/2+. KaH:n;H:n;aTaMH B 8TOT OK

TeT HBilHIOTCH cocTOHHHH ~ (I475), _:::: (!630), A (I327) (cM.BH

me,> n rHIIOT8THqecKoe HYKilOHHOe COCTOHHHe r-i'_; N + ~. 1361. 
B HameM 8KCrrepHM8HTe 6una c:zi;enaHa IIOmITK8 06Hapyl!tHTb 8TOT pacna]i. 

Ha 90%-HOM YPOBH8 l(OCTOBepHOCTH YCTaHOBil8H BepXHHtl rrpe:zi;en ceqemm 

o6pa3oBaHnH N1 
.B peaKUUH rr-p ...... N'n-+tdl0, r:neN

1
-P+(, K.:;I, 

KOTOpHtt paBeH 70 MK6. 
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§ 3~8. CoBM8CTHO c rpynrron 55-CM nporraHOBOH KaMephl ]aoopaTO

PHH BhlCOKHX 8HeprHtt 6hlilH BhlTIOilH8Hll HCCJie:n;oBaHHH crreKTpa a,Ix'flertTHB

HhlX Mace Kf I{~ - CHCT81JH~ o6pa3y10mel1cH B n-P-:B33l1M0:;'.\8MCTBHHX npn 

Pn- = 4,0 H s,o raB/c/24/. 

IlpH H3yqeHHH crreKTpa Mace I{~ I{~· - CHCT8Mhl OCHOBHOe BHHMaHHe 

61,rno y:neneHo oKononoporoBoi1 aHoManHH - oonacTn 1.rncc {0,96-I,I2) 

I'3B/c2• CymecTBYIOU\He 8KCnepHM8HTanuhle :naHHhle He :zi;aroT OZJ;H03Haqnoi1 

HHTepnpeTBUHH 8TOMY ip8HOM8HY: OH MOlKeT TpaKTOB8TDCH nn6o KBR npo

HBneHne H30CKanHpHoro $ -BOJIHOBOro KK-B38HMci:n;ei1CTBUH, KOTOpoe MO

lK8T 6b!Tb' OilHCBHO c ITOMOII\I,I\) KOMTIIl0KCHOi1 :zi;mmhl pacceHHHH, nn6o Ita!C 

o6paaoBaHHe pe3oHaHca S.,...(!068) ~ K~ + K~, c KBaHTOJ3blMH qacnmrn 

J p = o+o+. HamH ,1{8HHHe nyqme cornacylOTC~ C pe30H8HCHOtt MHTe p

rrpeTauuen OKOilOTIOporoBOi1 8HOManMH. AnnpoKCMMaUMH TIMKa IJ)OpMynow 

Epei1T - BMrHepa :zi;aeT cne;ey10mMe 3HaqeHHH.:n;nH Macchi J,f illMpHHhl pe30H3H

ca: M ..... = {!032+24) MaB/c2 H r = (40+20) M::rn/c2• 
~ - S." -

lJacn II 

rnaBa IY TIOCBHmeHa MeTOZIHKe, KOTOPBH 6una HCTIOJib30BaHa B 8KC

nepHM8HTBX Ha rryqKe K--M030HOB 2,2 raB/c. 

8:zi;ecb KOPOTKO ripe:n;CTBBil8Hl,l ,7i8HHHe O rrponaH-IJ)peo110Boi1 KaMepe Pe

sepcpop,ItOBCKOi1 na6opaTopnH /pn3HKH BHCOKHX aHeprni1 (RH EL ) n ]oH

.1iOHCKoro ymrnepcnTeTcKoro K onne:zi;1ta (UCL); ITone3Hbli1 o6~eM KaMep1,1-

I40x65x45 cM\ MBI'HHTHOe none B neHTpe - 20 Krc, KaMepa 3anonHH

nacb CMecbID 6pOMHCTOro wpeoHa C rrporraHOM, HMeIDmel pa,7iHaUHOHHYD :nnn

HY XO= 30 CM. 
CerrapHpoBaHHhltt rryqQ!{ K--M830HOB HBilH0TCH 0,l{HHM H3 BTOpnqHMX 

nyqKoB, o6pa3yeumc BllBe:n;eHHHM nyqKoM ITPOTOHOB ycKopHTenH Hl1MPO~ Pe

sepcpOp,ItOBCKO!t na6opaTopHH. IlpHMeCb nn- H l.!IO-M830HOB Ha BXO]ie nyqKa 
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B KaMepy COCTaBnHeT 25-30% (OCHOBHaH ]{011H np11Mecn - MID-MeBOHH). 

PaspeweH11e no 11uny1JI,CJ - dp/p = ± 0, 5%. 

nnH uenen sKcnep11MeHTa B aToM nyqKe nonyqeno 640 Tblc.waTorpa

wnn CO cpe]{Hl1M tfilC110!.! B3aHMo,netlcTBl1tt K--MeBOHOB 2, 8/Ka]{p. B o6pa-
' . 6oTKe MaTep11ana yqacTBOBan11 rpynnn UEPH-a RoHnoHcKoro yHnBepmtTeT-· 

cKoro Konnemta ( UC L ) , EpIDccenI,cKoro JHH~epc11TeTa n TaiIJTc-YH11-

Bepc11TeTa (CIIIA). 

C11cTeMa o6pa6oTKH WOTOrpa~Hi"i (§ 4.3) He OTlIHqaeTCff OT o6me-

npl1HffTOi1 11 COCT011T 1m Tpex ST8ITOB: npocMOTP, · H3MepeHl1H 11 o6cqeT Ha ' 

9BM. OcHOBHoe 0T1111qne 11cnom,syeuon npn 11suepeH11Hx B UEPH cncTeMl,I . 

nporpa!m (DOLL) saKn!lqaeTCH B TOM, qro nocne OKOJillaHHH 113Mepe~ntt 

Kaltoro-111160 C06b!THH HeMe]{1!8HHO npol13BOnHTCH BOCCTaH0Bnen11e npocT

p3HCTB8HHOM K8pT11Hbl, BK1JIDqaa onpeneneHHe p8]{Hyca Kpl1Bl13Hbl TpeKOB, ,. 
11 o pesynI,TaTax coo6maeTCH onepaTopy. 

C uenI,!l npoBepKl1 MeTonl1KH Ha qacTl1 WOTOMaTep11ana 6bllI8 BblTIOlIHe

Ha cep11H Kann6pOBO~blX OTiblTOB, B KOTOpllX Ha OCHOBaHl111 113MepeH11M 

. KlfHeMaTl1Kl1 pacna]{OB OCT8HaBnHB8!lIItllXCH I{+-11:esoHOB (K+ - JI+~ 1 

K+-+ rr+rr0) 6blno noKasaHo, qTo K11HeMaT11q~cK11e napaueTpH Bcex qac~ · 

Tl'll.l. (B1mIDqaH '( -KBaHTll) onpe]{enHIDTCH n ]{aHHNX aKcnepllii:eHTax 6es 

KaKHX-111160 BaMeTHblX Cl1CTeMaT11qecKl1X norpemHOCTett. 

B rnaBe Y 1rnnara10TcH pesynI>TaT!l cepn11 aKcnep11M~HTOB/25- 29/, 

Bblno11HeHHblX Ha I,4 M lf)peaH.:nponaHoBon KaMepe ( RHEL/UCL ). 
B § 5. I paccMaTpHnaeTCH OITNT, B KOTOPOM BlmOnHeHN l'IBMepeHHH 

BpeMeH .1itl'l3Hl1 ~ napaMeTpOB .. aCI1MM8Tpl'll1 (d,.. ) pacna]{a --·-r1mepOHOB/?B/. , 

Ecn11 . Bee npO'AJKTbl pa cnana -= - - rnnepotta xopomo Bl1JIHbl B no

JIOPOJIHOM Kauepe (-:£ - /\. + rr-, /\ - p +IT-), TO npn pacna]{e -= 0 -r11-

nep0Ha (::: 0 
7 A + rr0 ) w cTanKHBaeilcH c JIOBOnI,HO TPYJIHOi! aKcnepn-

MeHT81JI,HOtt Ba]{aqett. Ilpe]{blAYmHe Ollb!Tbl CTpa]{an11 111'160 HHBKO~ CTaTHCTH

KOi"i, 11H6o He]{OCTaToqHott TQqHQCTI,ID onpe]{eneHHff KOOp]{l1HaT TQqKH pac-
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• HacToHmaH pa6oTa Hn11nacI, norruTKOfi npeo]{oneH11H ode-

nx STHX npo6neM nyTeM nocTaHOBKl1 60lII,WOro SKcnep11MeHT8 Ha KaMepe 

C THlltenott lltH]{KOCTI,ID. 

Ilp11 B3al1MO]{eficTBHH K--MeBOHOB C nemecTBOM, 38Il011HHIDml1M KaMe-. . .. 
PY, ,=. - r11ne POH!l o6pasyIDTCH B conpOBOllt]{6Hl1H K0 -MeBOHOB. lhrnH-

HO BTO 06CTOHTe1JI,CTBO HCIT01JI,30BanocI, npH OT6ope co6b!Tl1M. rawa

KB8HT!l OT paCIT8]{8 ~ O - /\+.ITO, ITO - 2 ¥ perHCTpl'lpOBanHCI, B. 

KaMepe c BepoHTHOCTI,ID 55%. Ilono11teHne nepm11mr :::'.
0

- _pacnana on-

penenanocI, KaK ToqKa nepeceqeHHH HanpaBneHHll J1BH11teHHH A- rHnepo

Ha 11 t -KBaHTa. 

Ilocne np1rne!!8Hl'IH ncex KpHTepHeB, ll03B0111'1BWHX IT01JyqHTI, na6op 

COClllTHM, npaKTHqecKH CBOClO]{Hlltt OT ITOCTOP?HHHX np11uece1-i, B CT8Tl'IC-

THK8 1{11H onpe]{eneHHH Bp81J8HH lltl'l3Hl1 .::::. 
0 

-r1mepoHOB OCT811QCI, I57 

C06bJTl'li"i l'I - rnnepoHoB - 680 co6HTHtt. Bpeuena lltllBHH onpcnena-

1111CI, nyTeM H8XOllt]{eHHH M8KCHMyMa rjiynKUHl'I npaB]{OTIO]{OCilrn. R OKQHqa

T8lII,Hll8 :zt8HHble 6HJil'I BHeC'!Hll ClI8'AJIDUtHe nonpaBKH: 

I) Ha l'ICKaW.8JiHH, BHOCl!IA!le cneuHalII,Hbll.!11 l(pHTepl'IHl.!l'I OT6opa np11 

npoCMOTpe ( TOJII,KO lt11H ~ 
0 

) ; 

2) Ha saBl'ICl'IMOCTI, slfiiPeKTHBHOCTl'I npoctlOTpa OT :ztmrn nponeroB 

.:::. 11 /\ - rHnepoHOB; 

3) Ha npttMeCI, qJOH8 ( TOlII,KO ]{lIH :: 0 
) ; 

4) Ha ocnar,neHHe ITOTOKa : - rHnepOHOB Ba cqeT l'IX B38HM0-

1{8~CTBl'IH C Ml'l]{KOCTI,Rl, .saryQJIHHJOmett KaMepy. 

0KoHqaT811I,Hlle pesynI,TaT!l npe]{cTaB1J8Hll B Ta6nHue 4. 

3a cqeT HecoxpaHemm npocTpaHcTBeHH_on qeTHocT11 B pacna:ztax 

- l'I /\. - r1rnepOHOB l'I B03HllK8IDmel-i npH STOM HHTepflepeHUl'IH $ H P-
BOnH, npOJtYKTbl P2 cna]{P. H\teRJT xapaKT8PHOe aCl'l!JJ.18Tpv.qttoe yrnoBoe 

pacnpeneneHHe 1P( e) = 1 + cJ..;.. cl..,._ Co<, ( n,., t'\.p), 
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Ta6nHga 4 
. --:;:-o -

"I:" x IOIO d-.. Cf x IOIO ~ 

Jlamrulil sKc- 3 04+0,26 -0,84±0,27 I 73+0,08 -0,42±0,II 
nepHM6HT · • -0,23 ' -0,07 

r,IV1p0Bhle 3,03±0,!8 -0,35±0,08· I,660.±0,037 -0,40.±0,03 
cpe,nHHe. 

!IOBJ,16 MVlpO:-- 3,03±0,!6 -0,40±0,07 I,672±0,034 -0,40±0,03 
Bhl6 cpe;n;HHe 

r11e t\ I\ VI np - e;n;HHVl'!Hhle B6KTOpb1, HanpaBneHHbl6 B]IOn:E, VIMnyn:E,COB. 

J\ - rnnepona VI npoToHa B CVICT6M8X ITOKO!l -=: H /\ COOTB6TCT.:. 

Jl6HHO. ? 
O<lo3Hal!emte· d.. - napaMeTpoB - oomenpHHHToefI/: cJ.. = 

1
~~e._;

1 
;~a• 

Ha OCHOBe TOll 1KC l'JCXOZ{HOli! CTa Tl'JCTl'JltH, 'ITO l'J B ·npe;n;bl;Zl;.'Tll\6M OITb!TB 

(KPl'!T6Pl'll'l OT6opa 6mm cnerKa H:'!MeHeHhl), nonyqenhl ;n;aHHNe, npe.l(cr aB

neHHhle B Taon.4, r11e OHH cpaBHHB8IOTC!l c MHpOBb!Ml'J cpe;n;Hl'JMH/I/. 

HOBhle MHpOEbJe cpe,nHHe 't":: l'J ol.=- MOryT 01,JTl, HCIT0Il1,30B3Hl,J Zlilll 

npoBepim npamrna o~6opa I::, T=I/2: 

r ( =-o _./\no) 

r (-=.--. /\re) 
= 0,552±0,03! d.. :.· . = 

d,. '£-
I,00.±0,!9. 

8TH COOTHOmeHH!l HaXOi'lHTC!l .B cornaCHH C npe;n;cKa38HH8M npaBHna •. 

T:!/2, T.e. 0,5 HI COOTBBTCTBBHHO. 

Ouemrn npm.1ecl'J aMnnHTYi'l C /). T=3/2 Ha OCHOBaHHH STHX ;naHHhlX . 

]laIOT 

( Sys,) = -0,035±0,022 H 
p . 

< 3/Pr) = -0,03±0,13. 
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§ 5.2· ITOCll!imeu OOOT_a,/29/, · 11 KOTOPNX Maccll .=. - r1mepOHOB 

onpe,nen!lmteL Ha OCHOB8 ,1,rnMepeHHll napal!eTpOB Bcex HX ITPOi'lYKTOB pac

IT!l.lla. Macca ; 0 
- rHnepoHa ~3B8CTH8 ipaKTH'IBCKH Ha OCHOBSHHH OZIHO

rp xopomo HaMepeuHoro co6NTHH/I/. 

"cnon1,ao11aaH1,1/il HSKH MBTOi'l OTnwqaeTC!l OT OObl'lHOro T6M, .lJTO He 

eo,nepl!CHT np~;11nono11teHHH 6 rayeco110M p~cnpe;11eneHHH omw6oK Mace. Mac

CN qacTHU onpe;n;enHnwc1, weTo;n;ou X,2 , 11 KOTOpoM KBJit;n;oe co6NTHe 

( j ) noit11epranoc1, cepHH o6Hl!Hl:lX {i.t - ripouecco11, oTBeqaRJml'lx 

p~snHlJHHM npe;n;nonaraewrn uaccau (Mt) P?Cna;na10melilcll qacTHUH. ilcKo

Ma!l BenH'IHHa nonyqanac1, nyTeM MHHHMH38UHH IPYHKUHOHana ,2. ( M·1.) = ~ t(M;.) · 
. , . . .J l • 

Ilpo11e_p~a aToro MBT
1
o;n;a 6Hna 11wonHeHa ITYTBM onpe,neneHH!l Mace 

/\- rHnepoHOB K0 H n°~M680HOB H ITOKa3ana, 'ITO MBTO;!I ;n;aeT npaKTH-
. . 

qecKH HecuemeHHHe oueHKH. 

IlpH Bl,llJHCneHHH Mace - rHnepOHOB 6HnH onpe;n;eneHhl H BHB-

CBHN cne;nyIOmHe nonpaBKH CHCTBMSTHqecKoro xapaKTepa. 

I. QmH6KH HMnyn1,co11 aap!ll!C6HIWX l!SCTHU, B03HHKaIOmHe H3-38 He

TO'IHOCTH rtanH6poBKH MarHHTHoro nonH, nnoTHOCTH l!CHi'lKOCTH H T.n. 

2. Om!i6Ka' BHOCHMS!l aa CtJBT H8TO'IHOro 3HB'l8HH!l MaCChl /\- rH

. nepoHa. 

3. IlonpaBKa, B08Hmta1>mall Ha-aa HBTO'IHOCTIII Kan1116poBKIII M6TOi'l8 

H3MepeHHH ~Hepr111H ~ -KBaHTOB • 

0KOH'!aTenLHll6 3Hal!8HH!l Mace npHBBi'l6Hll B Ta6n111ue 5, r,ne I/IX 

MOlltHO cpaBHHTL C 1113BBCTHblMH cpe;nHI/IllH MlllpOBHwt .ll8HHNi.1i/I/. 

ilcnonL3Yll.HOBble cpe;n;HHe, MOl!CHO npoBepV.TL BblnonHeHH6 COOTHome

HHH KoneMaHa-rnamoy, KOTOpoe HBIDIBTCH 0,JtHHM HS HaH6onee TBep;n;o 

YCTSHOBnBHHNX peaynLTaTOB YHHTapHOlil CIIIWBTPHH: 

"(M::_- - M;o) + (M:z.+ - M~) + ( I.It\. - Mp)= 0. 
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I 

l.laccu -

Ta6 m1!:l!!..2j 
r1mepoHOB (M B/c2 ) ;no l'I nocne nonpaBoK 
. . I 

I 

-=:.-; -:-o- . -=- - -:o - -. 
Tiepm1qm,re Jl8HHIJe I32I,30±0,~6 I3I5,4±0,9 5,9.± I,O 

TTonpaBKl'I: 

-O,I8j,I9 (I) 11 38pH1K,Tp6Kl'I 1 -O,I8±0,I9 -
(2) M1t. ±0,03/ ±0,03 -
01roHqaTenI,Hlllil ~e I 
3Y]II,T8T! )t8HHbl I 
3Kcnepl'IM6HT I32r,I2±0,4I I3I5,2±0,92 5,9 ± I,O 

I . 

Ta6nl'!qHbre ;naH-
I32I,30+0,I5 Hile/I/_ I3I4,7±0,7 6,6 ± 0,7 

II OBHe Ml'IpOBble I32I,28,±0,I4 I3I4,88±0,55 6,35±0,57 cpe;nHl'Ie 
.. 

ITO]lCT8BnHH ;li8HHhle Ta6nm:~bl 5, ;nnH neBoli! qacTH paBeHCTBa nony-

qm., - 0,28± 0,58 i-fan/c2 , qTo clil'I;neTen1,cTByeT o ;nocTaToqHo 

TQqHQM BLmonHeHl'IH aroro COOTHOIIleHHR. 

B § 5,3 np1rne1teH1i pe3J]II,T8Tl,J l'ICCne;nonaHHH cneKTpa 3!p!p6KTl'IB

HIJX Mace CHCT6MU' COCTOR!llelil 113 ;nnyx /\ - rnnepoHOB/27 /. 

B Jl8HHOM padOTe 3aperHCTpl'Ip01l8HO 400 T8Kl'IX nap, qTo,no Kpalil

Helil Mepe,B 4 pa3a npeBhllllaeT CT8Tl'ICTl'IKY npe)tbl}ty.ll\11X HCC]I6l!OBaHHlil/20, 

37,38/. 

l!nR Toro, ~061,1 YM6Hl,llll1TI, }l)llfftHHe BTOpHqHllX B3am.1o;neltcTBHlil 

J\ - r1mepoH01l BHYTPH R}lpa 1 !lbinH BB61!6HIJ cnenminI>Hlle Kp11Tep1111 

OTCiopa, 110 B03M01KHOCTH HCKmoqafOl!U16 CH]II,HQ pa3BHT!le BHYTPl'IR;liepHIJe •, 

ItaCKa;libl, 

Pe3ynI>TaTN npe1tcTaBneHbl Ha pnc, 3. Oco6eHHOCTI,fO 3TOro C!T6KT

pa HBnReTCR ITHK H8 3HaqeHHH 3V~6KTl'I1lHOlil MaCCbl 2370 Man/c2, 
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KpHBaH raycca, H306pallteHHaH Ha P~CYHKe, cne11Tpl'IpOB8H8. (MeTo

;liOM H8l'IM6Hl,llll'IX KBa;npaTOB) Ha 3HaqCHl'IH 2367+4 !.laB/c2 co CTaH;napTOl.l 

G = 15±4 Man/c2• 9Kcrrepl'IM6HT8]II,HOe pa3pell1eHHe B 3TO\I ot'lnaCTl1 

Mace paBHO I4+3 MaB/c2 • CT8THC;l'IqecK8R 3HatIHMOCTI, mraa COCTaBnH

eT 3, 7 CTaH;z(8pTHhlX OlIIl'l!JKl'l. 

B OT]Il'ltil'le OT aHanorl'IqHbJX 3Kcrrepl'!M6HTOB Ha rrvqKe rr--l.lC30HOB 

( CM, rn. lll), OCIIOBHOM nenoqKolil peaKQl'Ilil B ll8HHOM cnyqae HBl!RJOTCR npo

neccu, l'IllYU\l'le qepe3 11poMe1KyT01IH1Jil =- - rl'!rrepoH ('"" 80%). PacqeTH 

no M6TO)ty MoHTe-Kapno rroKa3blBaIOT, qTQ HHK8Kl'le H3B6CTHI-IC pe30H8HCH 

He MOryT ,TIPl'IB6CTH K CTO]II, Y3KOMY IIl'IKY ( ero 111l'IPl'IHa COBna;naeT C pa3-

pelll8!01!\6lil ·crroco6HocTI>JO). IJoaTOIJY nm~ 2370 MaB/c2 ll crreKTpe ::J'.['{nerc-
. . 

Tl'IBHIJX Mace ;liByx /\ -rl'In~pOHOB RBl!R6TCH K3H]lHJl8TOl.l ]lJ!R y31rnro /\/\ -

pe30HaHca, o6pa30B8HHoro npl'I B38Hl,IOll6!1CTBl11'1 ~- rl'l!I6pOHOB C ny1c

]IQH8Ml'I, CKOTTl!CHl'lfl CO!JHTHM B pa;ioHe Mace 2260 r,l:3ll/c2 ' B031.l01KHO, 

T8Kl!i:6 HB]IH6TCR K8lllll'IJl8 TOM ;z(]Ift /\. /\ - pe30H8HCa, 

B § 5.4 H8 OCHOBamrn ITRTl1 3aperl'ICTPl1POB8HP.IJX cnyqaeB B381'1!.IO

ll61i1CTBl'IH ,=. - rl'lnepOHOB BHe POlll'ITP.nI>CKOro H1lP8 oneHeHO cyimapHoe . . 

ceqemrn B3al'IMOl!CtlCTBHH .=. - r1111epOHOB C IIYKllOH8!.!l'I, npl'IBOl{R-

U!Ce K o6pa3oBaHl'IIO llBYX A - qacTl'lr/29/ 

. G .-. = ro+4
9 M li . 

. .=.N--~f\ -

OneHK8 naHa ;nnH HHT6PB8na l'IMIJ.YJI!,COB - ~l'lrrepOHOll 0,8-?.,2I'aB/c 

l'l BKl!IOt.raeT B ce5H rrpouecc1,1 C pa3HOtl MHOJKeCTBCiIHOCTI,10 Ill'IOHOB. 

B § 5,6 nptrnOl{HTCH _pe3yJII>T8Tl,I IIOMC!ta " (I327) ➔" + 0 
125 , 261, Ha· cymecTBOBamrn KoToporo 6Pno yKa3aHo B onmnx Ha 

I-MerpoBoll·rrponaHOB0:1 Kauepe ~cu~ rn. h). 

OneHKl'I noKa3anH, qTo Bcero nyqllle IIOCTaBneHHOit aa;naqe OTBeqa

lOT peaKQl'll'l ICp ___,. rr+i:r/\ + n ( , ~"'ti . lfa 2 ooo coCiblTl'lt:i, natl-
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:n:enm,ix rrpH rrpoCMOTpe, .1\1lfl OKOtttrnTe JII,Horo aHanli3a 61,1110 OCTaBneHO 

817 (923 A ( - KOM6llHaUllH). 

Pe3yn:&TaThI anantt3a. rroKa3anH, qTo HHKaitoro cHrHana B panoHe 

a1fxileKTllBHLTX Mace MA¥ = !330 M::rn/c2 He Ha6n10.naeTCfl. 
. I • 

BepxHHfl rpaHHUa ceqeHHH oe5pa3 oBaHllfl A Ha 9070-.1\0BepHTen:r,-

HOM ypoBHe oKa3anac:r, paBHon 

6 (!Cp -4 A' rr+1r + h II0) ~ 98 MK6, h.l 0. 

06cyJK;zie1me rronyqenHhlX ;ziaHHl,lX BMecTe c peaym,TaTaMll .npyrHX 

8KCTiepHM8HTOB rrpoB0,1\HTCfl B rn,YI. 

rnaBa YI IIOCBflllJ,eHa 06cyllt;ll8Hlll0 Bcex llM810llJ,llXCfl B 1IHTepaType 
I 

71a111u,rx, 1cacarom,HxcH cyr:1ecTB0BaHHfl A (!327) ~ /\ + 6 . 
KpoMe Tpex ::rncrrepuueHTOB, Bb!IIOnHeHH&X B O!UIJJ/34 ' 35 I, curirnn 

Ha6nro;ziaeTCfl T01l:&KO B 0.1\HOtl pa6oTe/39 / t XOTfl aBTopi,r 8TOT ql8KT He 

OTf.!eqaroT. IlOllCK /1.1 
B OIIb!Taxl26140, 4r/ Ha eyqKax K--Me30HOB pa3-

Hb!X :rneprHtl He yBeHqancH ycrrexoM. BepxHHtl rrpei(eir ceqeHttfl o6pa30Ba

u1rn · /\
1 

B oT;zien:&Hb!X 1ta11anax pea1tnHn, oneHeHHbli1 B aTHX OIIb!Tax, Ha

xo.nttTcH Ha ypoBHe IOO MK6. 

IIoc1ton:&Ky, o;ziHaKo, He ll3B8CTHI,I HH aaBllCllMOCT:& ceqenllfl pOllt;lle

!Jllfl A' OT anepruu, nu cooTnomenHH Mellt;ziy ceqemrnMll ;zinH paanttlffib!X , 

nepBttqHb!X qacT!fU (II- ll !C) ll pa3nuq111,1x KaHanoB peaKnlltl I TO H8T HH

KaJWro npOTlllJOpeq1rn B TOI.I, tITO curnan ne Bll,1\eH Ha YPOBHe IOO MK6 

B oT.nen:&HblX KaHanax na ff"'." - nyqKax u ua6nro.naeTcH B om1Tax Ha rr--
nyqKax, r.ne llCCne;zionancH cyMMapnb!n s1~eKT OT HeCK01!:&KllX K8H81IOB 

pear,nutl (cy1,1MapHoe ceqeHHe o6pa3oBaHHH G_ c:1 60 MK6 rrpH 5 rsn/c). 
1i f'-i' II' 

Tamm o6pa3ml, COBOK'frIHb!X MHpOBh!X ,1\8HHblX H8,1\0CTaToqno,· tIT06bl '· 

OTBeprHyT:r, npe;zinonomeHHe O cymecTBOBaHllll HOBOrO .6apllOHHOro COCTOH

mrn · /\
1 
(!327). 
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;, I'->-

JinH OKOHqaTen:&Horo CYllt.1\8HHfl O cym,ecTBOB8Hllll 8TOrO COCTOflllllfl 

11 .nnH onpe;zieneHllfl ero KBaHTOBllX tillcen JP , no-BHJlIDAOMY, neo6xo

.1\l1Mbl HOBble OilbITbl C XOpOlUllM pa3pemeHH8M ITO Macce ll cymeCTBeHHO 

C5om.men CT8THCTHKOtt. 

B § 6.2 

HHH o uecTe 

0JlHO ll3 

. . . 
3TOH rnaBbl paCCM8TPllB8lOTCfl TeopeTuqecKHe npe.nnome-

/\' (!327) cpe;ziu ;npyrHX 6apHOHOB. 

HllX naMH yllte paccuaTpttnanoc:r,136 / (cu.rn.lli). 
. I 
IIepnoe YK838Hlle Ha B03MOlKHOCT:& cym,ecTBOB8Hllfl /\ Mb! Haxo-

.1\llM B 3HaueirnTon pa6oTe I'enn-MaHHa "Boc:&Mepuqm1ri nyT:&". B pa6oTe · 

filBHHrepa/42/ T8K~8 ;zienanHC:& BblB0.1\bl O B03MOiHOCTll cym,eCTBOBaHllfl ' . 
6apuoaa· C 1,18CCOn, C51!ll3ROlf K !330 MsB/c2• 

B CTaT:&8 I{one"nllOBHqa, HllKOnaena,· OKyH·r/43/ paccMaTpllB88TCfl 

npe;ziTIOJIOllt8Hlle O TOM, qTo /\' ~·r11nepoH MOllt8T npeJlCT8B1lflT:& co6on 

CBfl38HH08 COCTOflHHe 2. - rimepOH8 ll 
0

Il-Me80H8 (. J p = I/2-). B 

STOM cnyqae H B ;zipyrRx napHaHTax "JP ·oiaaanoc:r, B03MOlltHb!M npe.n-

. "'' cKa3aTL m11pHHH pasn11qm,1x :irnnanciB pacna;zia ·" 

HaKOHen, BeC:&Ma llHTepec~yIO HJle~ 0 K1!8CCll~llK8Ullll sneMeHTap

HbIX•.tiaCTHU Bb!JlBllHYJI B.H.OrrieBenKun. B ero pa60Te/
44

/ npeJlC~88b!

BaeTCfl cym,ecTBOB8Hll8 ;zieBHTOro 6apHOHa C KB8HTOBb!MH qu~naMll JP= 
I/2+ H Maccon !280 - !340 MsB/c2 • 

TaKllM o6pasoM, HM88TCfl H8CH01!:&Ko. TeopeTHqe~KllX cxeM, KOTO

pble ;ll8IOT Y.1\0BJI8TBOpllT811:&H08, o67iflCH8Hll8 cymecTBOBaHl!Kl COCTOHHllfl 

f'\ {1327). 

O;ziHaHO pema1>m,ee CJIOBO 8.1\801, .OCT88TCfl 3a 3KcnepHM8HTOM. 

OCHOBHUe pe:iym.T8Tbl, nonyqeHHble B .1\HCCepTaUllll, KOpOTKO CB0-

.1\flTCfl H cne;ziyromeMy: 

I. Paspa60T8H8 .ll ycnemuo .8KCITllY8TllPPB8118C:& ycT8HOBKa C IM 

nponaH-rppeoHonon Kauepol:t. B iioMeHT co3;ziaHl'lfI KaMepu H .nonroe-npeMH 
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cnycTH, OHa HBnHnacb C8MOll KPYllHOtt B,CoBeTCKOM Coroae rryaHpbKOBOtt 

Ka11epol1 C Tf!lKCl!Ol'! 1in1;nKOCTbIO, pa6oTaBmett B uarHl'ITHOM none. B H8CTO

Hmee BpSMH Ha K8Mepe IlOnyqeHO OKOl!O 0,5.I06 ~OTOrpaWl'IU. 

2. COBMSCTHO c, OT]l8l!OM HOBllX_ H8Ylffib!X paapa60TOK Jla6opaTOpl'IH 

HJICPHHX rrpo6neM l'l Jla6opaTOpl'lett Bblql'IClll'IT8llbHOll TSXHl'IKl'l l'l aBTOMaTH

aan1rn coa;natta H ycnemHo aKcnnyaTl'lpoBanac» rrepBeH B CoBeTcK01.1 Coro

:ie 1rnr.iept!TC1lbHaH CHCTSMa, CBH38HHaH C 3ll8KTPOHHO\l Blltn!Clll'ITSl!bHOl:t 

Mantl'IH0!1 ('AIIHCK-22) 11 l!SOCJXO]ll'll,mit KOMlll!SKC nporpaMM. 

3. BHllOl!l!SH!,1 tta1rn6poBoqHUe O!Tu!Tl:l l'l ycTaHOBn,eHo, qTo M8TO,ltl'IK8, 

1'1Cl!Ollb8,V<:M8H IlPl'l o6pa.'iOTK8 qJOTorpar~l'(n B38l'IMO;net1CTBllM rr-- M830HOE 

5 raB/C 11 1C-:" !.1930HOB 2 1 I raB/C t _ ;naeT H8CM8ll\8HHbl8 3HaqeHllH KllHS!.18-

TllqecKl'IX l!apaMeTpOB l'ICCl!e;nye!.lllX qacTHU. 

4. TionyqeHo O]IHO ll3 JIBYX HaH6onee ToqHux 3HaqeHl'll'! BpeMeHH 

11CH3Hl'l ;..· - rl'lrrepoHa, l13B8CTHl,IX B HaCTOfl!IIHI! MOM8HT: 

"t° = (3 04+0, 26 ) • IO-IOCeK 
~o I -01 23 1 

1'13M8p8Hll Bp8UH 11tH3HH -- - renepoHa ll ,A- napaMeTpll 8CllMl.!8TpHll 

pacm1;na :, o - rnnepoHOB • IIonyqeHHlle ;naHHlle OTHOCHTCH K IIHClIY Hall'.-

clone·e · TOlffil,IX 3HaqeHHtt YK83aHHllX Beml'mH. Bllqll'.Cl!CHHlle Ha OCHOBe 

STllX ;ztammx l!OBlle 1.mpoBue cpe;nHHe 3HaqeHllH EpeMeH llH3HH '.=. -rHne

poHOB H rrapaMeTpOB acl'l!.l!AeTpRH HX pacna;noB - r:/,. 1 CBH.l{8T8llbCTBYIOT 

06 nx cornac1iH c npe;ncKaaaHHeM npaBnna 

HHX pacna;noB. 

/l T = I/2 ;nnH H8ll81lTOH-

5. BhlllOl!HCHH H8H6onee TOlffille npmrue H3MepeHHH ltaCCll rH-, 
-o 

rrepoHa 

u~. = (I3I5,2 ± 0,9) UaB/c2 • 

ncinyqeHO O]IHO !13 :iwyx H81'16onee ToqHHx 3H'lqem1!1 pa3HOCTl'l Mace 

= - rl'lrrepOHOB 

I.I (:--:0
) = (5,9 ± I,O} :.13B/c2~ 
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.,. 
-.. ,:,, 

•' ·~.f 1, 

HOBhle .naHHHe ll03BOl!HIOT YTBCplK;naTb, qTo COOTHO:::rH:C !{orrmmn

Ha - rnamoy, CJiyl!a1J1ee npoBepHon YHl'ITap110~ CIIMl:.CTpm,, BllllOJIH.IICTCl! 

c xooornetl TQqHOCTblO (+ 0,58 lfaB/c2 }. - -
6. II011yqe11a o;nHa 1'1_3 nepBllX oueHOI{ ceqeHl'lfl B3aHMO]IC'.1cTHlrn 

;.- rHrrepoHOB c HYKlIOHaMH .l{l!H HHTepBana IH.!ll,Vl!bCOB P::. =0,8-2,2 

raB/c 

<5EN ➔ 2./\ = IO~ M'b • 

7. l13MepeHH ceqeHl'IH 2I-ro 1rnHana peamtHu o('ip,rnonamrn CTpa11m.1x 

qaCTl'IU B rr-p-CTORKHOBCHl'IHX npl'l 5 raB/c. BnepBble Ollp'3.!\CRCHIJ ceqe

Hl'IH Cl!8.ztYIO!lll'lX KaHanoE:. 

n-p ➔ K+ri- !E. 0n° 
_.,. I{+rr- A n° n° 
-t ( A/~°} K°K°K0 

n-p _.,. n+rr- S::QK0n° 

~. rr+rr- /\ r.:0n°n~ 

PacqeThl/32 , 331 TTOKa3'b!BaIOT 1 qTo !1011,VqfimIHe 71nl!Hb!C O nemr-
0 0 6 - . 

ri:lllHX n-p ~ /\ K+n-, n-p _.,. 2 ° K n° Ii! ;,:i:p. xopomo orrnc1rna10TCH E 

pal.max o6o6L1CH110tt M01\8lll'l BeH8Ul/18HO. 

8. li!auepe110 ceqeH1rn pmit;neHl'IH ~- -rHITeponoB B IY-p-B:iam10.ne~

CTBl'IHX rrpl'l 5,0 raB/c: G=- = (2,9~1:g) MK6. CpaBliCHl'IC C ,l{8Hlll,IMH 

llPYrl'IX pa60T llOKa3blB88T, qTo B OCllIBCTl'l 3Hepr~f1 OT 3 1\0 IO I'3B ce

qeHl'IC POlKl\CHl/lH =-- -rimepoHOB rrnaBHO B03pacTaeT C poCTOU 3Heprl'll'l 

Il--lA830HOB. 

9. Bnepmie onpe.neneHh! ceqemrn IO KacKa.(I.H- -:- npoueccoB, · B Ko

Topux llpl/1 B3al'IUO,ltCUCTBl'll'l n--J.!830HOB 5 raB/c C mi:paMl/1 yrnepo.na 06-

paayeTCH ll8TL1pe CTp'.JH:Jb!X qacTIU(l,I. 

IO. no11yqe1rn cne;nyl'Jlme 3Haqe111'1H uacc1,1 n nil'lpl'IHbl S.,.- peaoHanca 

( S"-'> K~ !{~) : U5 ,..= (I032_t24) MaB/c2 l'l f 5 a.=(40_t20) ;JaB/c2 • 3Tl'l 

:i1am11,1e n:,qr.ie cornacy10Tcn c peaoHaHcHot.i l'IHTeprrpeTaUl'lett a110Mamm B 
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CITeKTpe a@>eKTHBHIDC Mace K~ K~-CHCTBW, aexeJIR C ormcaHReM ee 
rrpH ITOMOUlli,KOMIIJieKCHOtt .I1,1IIDW pacceJimm:. 

II• 'Brrep13.1,1e CpaBHRT8Jll,HO mmelltHO ITOKa3aHO, 'ITO B crreKTpe 
a@>eKTliBHHX Mace JJJ!,YX A -rnrrepoaoB aa6Jm,naeTCJi rmK~ oMsaHHHii 
ysKOMY (r/2 ::5:: I5 MaB/c2) pesoaaacy c M"" = 2367 ± 4 'MaB/c2• 

·BosMolltHo c:VmecTBOBaHRe BToporo A A -pesoaaaca c M"'". =. 
2260 MaB/c2• 

12. Ilo.ny'l'.eHa Bepx.wm rpa.lllllV3 ce'l'.emm o6pasoBamm I'liITOTeTH-
'l'.ecKoit nso6ap.1,1 N' (1040) ~ p + '{ • TaimM o6pasoM, npe.nrro-
~oxeaHe/36/ o cymecTBOBamm eme o,IUioro yHRTapHoro oKTeTa 6apno
HOB cJ p = 112+ ITOKa He H8JIIJIO IlO~TBeI>Jmemm. 

13. IlOKa38Ha B03MOJEHOCTI, cymecTBOBaHKl! HOBOro CTpaHHoro 
6apHoHa, pacrra.~ailllleroM no cxeMe 

IX u327> -~ A + t · 
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PIie. Ja.r11cTorpaM:11al\."- IIHBapilaHTHl,IX 
11.acc ,IIJIJ'I COClHTlllt co CJiaClo pa3BII
TW g,nepHw KaCKa,IIOll. CnJIOlllllaJ'I 
JIIIHl4J'I - cywa noJIIIHOMa II KpllBOlt 
raycca. 
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PIie. 30.rayccorpallll.a ,nJIH Tex ze coClH
T111t. CnJIOIJIHall Jil4HIIK,- OCHOBHHe 
peaxnii11, nyHXTHpHaH - ~OHOBHe 
peaKURII. 
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