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AKTyaJibHOCTh pa6oThI 

J13y•1eune :-rexamn;,..ra pacnana Hnpa npn '.mepnrnx, cpaBHIIMbIX c norr

Hofr '.rneprnefI CB5!3Il. 5IBJI5IeTC5I OllHOfI Il3 OCHOBHbIX 3ana•r conpeMeHHOfI 

a.uepHOII cpII3lIKII. Ilpu :mepnrnx B036:pK.nemrn. cpanHIIMbIX C 3HeprnefI 
CB5I3II c 3Heprnefr cB5I3II c:* ~ (5-;- 8) tbB/HYKJIOH, rrpe,ucTaDrremre o 

.uo.Tir .mKIIBYillCl\1 ( rro-cpaBHeHIIIO C xa paKTepHbIM 51,nepHbIM npeMeHeM) 

KOl\mayH.U-51.UIW, KOl\UiayH.n-H.npe, OCHOBHbil\1Il KaHaJiaMII .ueno36_y2K.uemrn 
KOToporo 5ID.TI5IIOTC5I ncrrapeHIIe II .ueJieHue, cTaHOBIITC5I HerrpneMJICMbIM. 

Ilol\lIIHIIpyromnM KaHaJIOM pacrra.ua CIICTeMbl cTaHODlITC5I HOBblfI MeXa

HII31\1 pacrra.ua 51,npa B3pbIBHOrO TIIIIa ~ M.)'JibTII<pparMCHTamrn, xapaKTe

p1ny10mnfIC5I MHO)KfCTBCHHbll\1 06pa1onam1eM ¢parMeHTOB npoMe2KyToq
HOfI l\IaCCbI (<l>IlM, 3 S ZS 20). Oco6bll1 rrnTepec K ,uaHHOMY npoueccy 
('D5I3aH C npo5IB.TICHIIeM KpIITHqecKIIX 5IDJieHIIII, a IIMCHHO, cpa3onoro ne

pexo.ua TIIIIa :,KII.UKOCTb-ra3 ,B KOHe'IHbIX 51,npax. 11.ueH O B03MO)KHOCTJ:I 
cpa3onoro nepexo.ua Tnna 2Kll.UKOCTb-ra3 n 51,nepHoM nemecTne crre.uyeT 
II3 amurormr Me)K.UY 51,nepHbIM nemecTBOM II KJiaCCII'IeCKOll )Kil,UKOCTblO. 

<l>rnIFieCKJ:IM OCHOBaHIIeM TaKOfI aHaJIOrIIII CJI.)')KIIT TO, qTO ypanHem1e 

cocTo5IHII5I rop5Iqer1 51,nepHOII l\IaTepnn nMeeT BaH-.nep-BaaJibCOB nn.n, xa
paKTCpHbIII ,UJ15I CIICTeM C <pa30BbIM rrepeXO.UOM nrna )KII.UKOCTb-ra3. IlpII 

cpe,uHefr nrroTHOCTII 6apnoHoB (HYKJIOHOB) p < Po, r.ue po = 0.17 <l>M-
3 

- panHonecHa5I IIJIOTHOCTb XOJIO,UHOH 51,nepHOI°I MaTepIIII, II TCMIIepaType 

HmKe KpIITII'ICCKOI'.l Tc ( n paMKaX pa3JIU'IHbIX Mo.nerreii Tc = 15 - 20 :NbB) 
o.nHopo.nHoe pacnpe.uerremre MaTepIIII TepMomrnaMII'IeCKH HeBbffO.UHO, n 

.uomKHO nponcxo.UIITb ee paccrroemre Ha 2KII.UKYIO (nnoTHYIO) II ra3006pa3-
ny10 (pa3pe1KeHHYIO) cpa3bI. Ha P:uc.l rrpnne.ueHbI rnoTepMbI .UJIH ,nJIH 
3anncnMOCTII .uanneHII5I OT o6'heMa 51,nepHoro nemecTna (n cnyqae cim 

crmpMoncKoro Tnrra). I110TepMa rrpII TeMrrepaType T=Tc cooTneTcTnyeT 
<pa30BOM.Y rrepexo.uy )KII,UKOCTb-ra3. IlpII ee ,UOCTII)KeHIIII rronepXHOCT
HOe HaT5I)KeHIIe IlC'Ie3aeT, cncTeMa cTaHOBIITC5I O.UHO<pa3HOI'.l - ra3onofr. 
O6rracTb, BbI,UeJICHHa5I Ha pncyHKe mTpIIXOBOII JIIIHIIeH, COOTBeTCTByeT 

o6JiaCTII <pa30BOfI HecTa6IIJibHOCTII 51,nepHOH CIICTeMbI. Crre.uyeT O)KII,UaTb, 

'ITO BbICOKOB036y2K.UCHHOe 51,npo, pacmIIp5I5ICb no.u .uefrcTBIIeM Terriionoro 

.uanrreHIIH II rrepeMeruaHCb no <pa3ono:iI .unarpaMMe TaK, KaK rroKa3aHo Ha 
Puc.2, rrorra.naeT n cmrno.uarrbH.YIO o6rracTb. EucTpbIH pacrra.u cIIcTeMbI 
Ha .une ¢a3bI o3HaqaeT 06pa3onam1e 51,nepHbIX KarreJib ( <I>IlM), 0Kpy2KeH
HbIX ra30M (HyKJIOHbI, o:-qacTIIUhl). To eCTb, KOHe'!HhlM pe3.)'JibTaTOM 
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Pnc.1. YpanHemre cocToa:Hna: nJia: a:nepHoro nelllJ'CTna ( crmonrnaa: .rrn
mrn) Ii CIICTel\IbI rrnaccrrqecrrna: 1KIInKOCTb-ra3 ( rryHKTIIp). I130TepMbI ('0-
0TDeTCTBYIOT TeMnepaTypaM OT 0.5 no 1.5 Tc. IlanJieHire II 061,eM naHbI 

B emrnnrrax KpIITIFieCKIIX 3Ha-qemn1:. BhrneJieHa o6JiaCTb cpa1ono:ii HecTa
fombHOCTII ( cmrnonaJibHaa: o6JiaCTb). 
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Pnc.2. <PaJonaa: mrarpaMMa nJia: a:nepHoro nerrrecTna. IlJIOTHocTb 

naHa B emrnnrrax HopMa.TlbHOII a:nepHm1: rrJioTHocTn (0.17 <PM-3). IIorrn1aH 

rryTh, no KOTopoMy ropa:-qee a:npo, pacrnnpa:a:cb, rrorranaeT n cmrnonaJib
HYIO o6JiaCTb. 

TaKoro rrepexona HDJia:eTca: a:nepHhrfr TyMaH. PaccMoTpeHHbIII Bbirne Mexa
HII3M o6pa30BaHII5I cpparMCHTOB COOTDCTCTnyeT CIIf'HapnIO a:nepHofr My.Tib
TIIcpparMCHTaIIIIII nc.rrencTnne cmrnonaJibHOfI HCCTa6II.TibHOCTII a:nqrnofr 
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t·ncTP:IIbI. Il:;rn II1)'TH'Hna: ,Toro rrporrPcca 6br.:ro co1naHo 60.:ree nec-a:nrn 
:IIH(Jr0L(('T('KT0l)HbIX .J iT )TTaH0D0K. pa6oTaIOIIIIIX Ha rrytrr,ax T5!1KC.--IbIX no
H0D. Onm11,o Harp('Il a:npa T5!1El'.1bEIIII IIOHil:\III corrponmKnat'T('5I 3Hatm
TP.TibHbDI ("1KaTIIC':II. CII.1bHbDI npairreHil(':11 II necpop:-rnrrne(r a:npa. B pe-
1)','.IbTilTP T0.1bK0 tI,H'Tb ,Heprrm. nor.-rorrreHHOII a:npmr. a:n.:ra:eTC5I TC'II.TIO
noi'i. Bo36)'1KL(('HII(' K0.-r.:rer,TIIDHbIX ('T('Il{'H<'II cno6onhr CKil1bIDaC'T('5I Ha 

pa<'rrane ropwrero a:npa II 1aTpynHa:eT rro.-r)·treHm' rrncpop:1rarrIIn o ero Tep
:110nrrHa:1nPH'l'KIIX xapar,TPpIICTIIl"lX. Eapnrna ('Ti\H0DIIT('5J: 3HatIIITC'.1bHO 
nporrre. ('('.TIU n I"l'I('('Til(' 6mr6apmrp)'IOIIICII traCTIIIIbl IICIIO.cibl0DaTb .-rer
KII(' Tia('TIIIIbI. B ,TO:II (',1)'tia(' Il('(' cppanreHTbI Il01HIIKilKlT rrpn pacnane 
TO.TibI,O onm>ro ncn6y1KW'HHllrO ('IICI,TaTopa ;,IIIIIICHII. ,Heprrrn no16)"1KllC
HmI rrnToporo rrpaKTIPH'('KII II0.'IH0('TbKl T('II.10Daa:. I1:1H'HHO TilKOII rronxon 

K II3)'tH'HIIKl rrporrecca 1rnmKe·cTil('HHofr ,::-mccrm <I>II:\I IIcrro.-rh1yeTca: Ha 
.J rr )TTaHonKe "<I>A 1A ·· ( a rro1nm•e na )'<'TanonKe ISIS n -:,-· HIIBC'Pl'IIT<'H' 

I1HnIIaHhI). paT,H'III<'HHorr Ha rrytrKe t'IIHxpocpa1cJTpoHa/Hyr,.-roTpona .Ja-
6opaTopnII DbIC0KIIX ,HeprIIfr O61,c•nIIm'HHOro iIH('TIIT)'Til a:nepHbIX IIl'('.'.I('-

nonaHIIII. 

Uenu: ,nu:ccepTa:QIIOHHOH pa6oThI 

1. l\Ionepmnarrrrn neTeKTopa l\IHmKecTil('HHOl'TII cppan1enTon (Il:-I<tl) 

ycTaHonKn "<I>A3A". 

2. IIo.rrytH'HIIl' H0BbIX 3KCIIC'l)II'.\Il'HTa.TibHbIX naHHhIX no a:nqrnofr ;,I)',1b

TIIcpparl\Il'HTaIIIIII p+An coynapemrnx rrpII 3ncprrrnx rrpoTomm 2.lG. 3.G 

u 8.1 f3B, a nMeHno: 
pacrrpenem•una: no 1IHD1Kl'('TDC'HH0CTII cppaDH'HT0il rrpmIC1K)'TOTIHOII 

l\HlCCbI ( <I> mvI). 
---- yrJionhre n 3apa:nonhI<' parrrpenP.TIPHIIa: pacrrpenem•una: <I>II;,.I. 

- -- 3Hepn·TIPIE'CKIIC Cill'KTpbI ( IIHK.TIK)1IIIlHhll' II ,Kl'K,1I01IIIlHbH') cppar-

MCHTOD n nrrnmnom' 1apa:non oT Z=2 no Z=l--1. 
rmppe.rra:rrrrn rt'H('TIPH'('KII ('Il5!1aHHhIX cppanIPHT0il no IIX OTHOCII-

TP.TibHOMY yr.rry. 

3. Pa3DIITIH' Hononi napmtttTa KOl\I6rmIIpomrnnoro nonxona n.:1a: orrII

camrn nporrecca cpparl\IPHTarrnn a:nep n rrpoToH a:nqrnux co)·napc•una:x c 

lICII0Jib10IlclHIICl\I uonemr nHyTprrnnPpHoro rrncrrnna II ('THTIH'TII'l('('KOII T('-

opnn pacrrana ropa:tmx a:ncp. 

4. AHa..11111 mJ.rrytH'HHhIX 3KcrwpIIl\H'HTa.TihHhIX nanHhIX n pa1m:ax nonoro 

KOM6rrnnponaunoro nonxona. 
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Ha 3aII.UITY BhIHOCHTCH 

1. Pa3pa6oTKa ,-aKTimaunoHHOro l\ICTOJJ:a II1l\IC'J)<'HII5I cp<'JJ:HdI T0.TI
lllIIHbl II npocpmrn TOHKIIX noJim,pncTaJI.TIIITH'cKnx c.noPn CsI(Tl). ttam'
ceHHbIX Ha n.:IeKCiff :rncony10 II0JJ:.TI0:iKKY 60.TibIIIOII n.Tiomann ( ~ 150 n.I~). 

2. 3KcnepnueHTaJibHblf' JJ:ctHHblf' 0 pacnpPJJ:f'.TI<'HIIII no l\IHO:il{('(TneHH0-

CTII II 3ap5IJJ:Y, IIX yrJIOilblf' pacrrpc,n:c;:wmrn II 3HepreTIPieCKIH' ('II('KTJ)bl n 
cJiyqae p+Au coy.n:apem1{1 npn ,Hepnrnx npoTotton 2.lG, 3.G n 8.1 f,B. 

3. HoBbifr napnaHT KO!'.I6ImnponaHHoro rro.n:xo.n:a .n:.:rn orrncamrn rrpo
uecca pa3naJia 51,n:ep n rrpoToH-51,n:cpHbIX coy.n:apcmrnx m,.TJKJTiaIOlllPI°I !\IOLUI

cpuunponaHHbii"I nHyTp1rn.n:epHbII°I 1rnc1rn.n: (11BK) n cTaTncTIITH'cKym l\ro

,n:eJib MYJibTncppanreHTaumr ( Cl\mI). CyTh rronxona cocTOIIT n cm'ny10-
meM: nHyTp1rnnepHbIII Kac1rnn. o6bI'IHO IICIIO.Tib3YCMbII°I mm paC'ICTa 6bI
CTpOII CTa,n:un peaKUIIH, CII.TibHO rrepeouemmaeT IlbIXOJl OCTaTOTIHbIX 5IJJ:ep 
c BbICOKOII 3Hepruefr no16y:;.Knemrn. Bc.rrencTBIIe 3T<ffO cTaTIIC'TIITICCI,a5I 

1-10.n:errb MYJibTIIcpparMeHTaunn ( CMM), om1cbrna10maH narrbttei"unn{1 rrpo

uecc pacnana cncTeMbI, nacT cymecTBeHHO 1aBbIIIIeHHbie '3Ha'ICHII5I cpen
He:i'i: MHmKeCTBeHHOCTII <PIIM. OTcyTcTBIIe corrracirn 3Kcrrepn11cHTa.TibHO 

lI3MepeHHbIX cpeJJ:HIIX MHO:iKeCTBeHHOCTE'II <PIIM C paC'ICTHhlMII rrpIIBOJJ:IIT 

K unee O B0'3MO:iKHOM JlOIIO.TIHIITe.TibHOM c6poce MaCCbl II 3Heprmr IlbICOKO

B0'36y,KneHHbIM 5IJlpOM-OCTaTKOM BO npeM5I pacIIInpcmrn ( '3a C'ICT Terr.rro
Boro nanrreHII5I) Me:iKJJ:Y 6bICTpOII, KaCKaJJ:HOH 'laCTbIO peaKUIIII n CTaTH

CTII'leCKIIM npouecCOM MHO:iKecTneHHOro 06pa1onamrn cpparMeHTOn. 3TU: 
nneH 6blna peamnonatta B 3Mrrupnqec1w{1 rrpouenype, n pc1yrrbTaTe KoTo

po:i'i: 3Heprn5I B036y:;,Knemrn u Macconoe ,mc.rro Hnpa-ocTaTirn (uoc.rrc MBKJ 
yMeHbIIIanIIcb JJ:JI5I rro.rryqcmrn cpeJJ:HeII MHO:iKeCTBeHHOCTH <PIIM, 6mn1m1r 

K Il'3MepeHHOMY '3Ha'leHHIO. 8To II03BOJIII.TIO 6onee JlOCTOnepHO paCC'IHTbl

BaTb xapaKTepncTnKn ( A, Z, E*) cpparMeHTnpy10mero Hnpa. 

4. CpaBHeHIIC 3KCIIepnMeHTaJibHbIX naHHbIX C pac'IeTHbIMil B pa:rvmax 

KOM6ImnpoBaHHOro rronxona, KOTOpoe npHBOJJ:IIT K Bbrnony O TeIIJIOBOM 

( CTaTIICTH'leCKOM) MexaHII'3Me npouecca MYJibTIIcpparMeHTaUHII rrpn co

ynapeHII5IX peJI5ITIIBIICTCKIIX rrpoTOHOB C 5IJJ:paMII. 

5. Pe1yJibTaTbI aHamna 3HepreTII'IeCKHX cne1npoB cpparMCHT0B, II3 
KOTOpbIX crre.n:yeT, 'ITO "T5I:iKeJibie" cpparMeHTbI (Z 2". 10) cpopMIIpyIOTC5I 
npenMyllleCTBeHHO B ueHTpaJibHOII o6JiaCTil cpparMeHTIIpy10mero 5IJJ:pa. 

6. PeJynbTaTbI no II3MepeHIIIO cpe.n:Hero npeMeHn pacnana Ts cppar-
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!'.H'HTnpy10mnx Hnep, 06pa3y10mnxrn B p+Au coynapemrnx IIpII 3Hepnrnx 
npoTOH0il 8.1 r 3B. ')TO cne.rraHO nyTCl\1 aHamna JJ:JI5I reHeTII'lCCKII CB5I3aH

HbIX cppanreHTOD 1131,IepeHHO(I 1rnppC.TI5IUIIOHHOII cpy1mumr Il OTHOIIIeHIIII IIX 

OTHOCIITC .TibHOro yr JI a. 

Hay-crnaa HOBH3Ha 

1. II penno:;,KeH n peamnonaH 1 -aKTirnaunoHHbII°I Me Ton II3Mepemrn TOJI

lllIIHbI cJioH nomrKpncTanmrqecKoro Csl(Tl), HaHcceHHOro Ha nonn:iKKY 

6oJibIIIOI°I nJIOmann ( ~ 150 cM
2
). 

2. Brrepnbre norry1:JeHbI pacnpenenemrn no MHO:iKeCTBCHHOCTII cpparMeH

T0B npoMe1KyT01:JH0{1 Macchi JJ:JI5I p+Au coynapeHIIII rrpn 3Hepnrnx rrpoTo-

HOD 2.16. 3.G n 8.1 f3B. 

3. Pa3BIIT HODbIII napnaH't KoM6nmrponaHHOro nonxona JJ:JI5I onnca

HII5I pa3Ba.Tia BbICOKOD036y)l(JlCHHbIX cneKTaTopoD MUIIICHII B B npoToH-

5IJJ:CpHbIX coynapemrnx, BKJIIO'm10mn11 Monncp1mIIponaHHbIII BHYTPIIHnep

HbIII Kac1rnn II cTaTIICTII'lCCKYIO Monenb MYJibTIIcpparMeHTaunn. Monenh 
ycneIIIH0 omicbrnaeT pacnpeneneHIIe cpparMCHTOB no MHO)l(f'CTDeHHOCTlI, 

1ap5IJJ:Y' yrrry 3MIICCIIH 11 3HCpreTII1:Jec1rne cneKTpbI cpparMeHTOB. 8To 

.SJ:DJI5IeTC5I CBlIJlCTeJibCTDOM Toro, "ITO B cnyqae p+Au coynapeHIIH Mbl 
IIMl'eM neno C "Ten.TIOBOII" MYJibTIIcpparMeHTaUIIelI - npoueccoM, xapaK

TepIICTHKII K0Toporo uemIKOM orrpene.TI5IIOTC5I HarpeBOM ( TCMIIepa TypoII) 

.srnpa. 
4. BnepBbil' rrony'leHa o:uemrn npeMCHHOII mKaJibI MYJibTHcpparMeHTa

umr n p+Au coynapemrnx npn 3Hepnm npoToHon 8.1 f3B. Ha:i'i:neHo, 

"ITO II3MepeHHOe cpe.n:Hee npeM5I :iKll3HII 5IJJ:pa ( Ts s; 70 <PM/ C) cymecTBCHIIO 
MCHbillC, "ICM xapaKTepHOC npeM.sI JJ:JI5I IIOCJICJlOBaTCJlbHOll II HC3aBIICIIMOlI 

3MIICCIIII cpparMCHTOB. 8To .sIBJI5ICTC5I noKa3aTeJibCTBOM Toro, "ITO Tenno
BM MYJibTHcpparMeHTaUII5I - HOilbIH (:rvmoroTeJibHbIII) TIIn pacnana BhlCO-

KOB036y)l(JlCHHbIX Hnep. 

HayqHM JI npaKTJI'lleCKM 3Ha'llJIMOCTh 

1. B .n:aHHOlI pa6oTe npenrrmKCH MCTOJl ll3MepeHirn TOJillllIH TOHKO

CJIOllHhlX cunHTIIJIJIHTopoB Csl(Tl) 6onbmo11 nnomanu (~ 150 cM
2
) MeTo

noM 
1

-aKTirnaunoHHoro aHaJIIIJa. IIpenno:iKCHHa5I MeTOJlIIKa MO)KeT 6MTb 
noJie3Ha B pa6oTaX npn nonroT0BKC 3KCnepnMeHTOB C ncnoJib30BaHIIeM 

TaKoro pona CUIIHTIIJIJI5IUII0HHbIX neTeKTOpOB. 

2. B pa6oTe pa3BIIT HOBblll napnaHT KOM6IIHIIpOBaHHOro no,uxona JJ:JI5I 
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orrncamrn p+Au coy.uapemrfi. B rrpoToH-H.Uepm,rx coy.uapcmrnx. llaHmur 
Mo.uem, MmKeT 6bITh ycrrenrno rrpnMeHeHa mm orrncamrn rrporrecca 11y.Tih
TmpparMeHTarrnn B rrpoToH-H.UepHbIX n H.Upo-H.ucpHhIX coy.uapemrnx. 

3. BrrepBhie rrpone.ueHO CIICTCMaTIPICCKOe II3Y"-IeHIIe nporrecca l\I}',TibTII
cpparMeHTarrmr B p+Au coy.uapemrnx rrpn :rneprun npoToHoB 2.16. 3.6 u 
8.1 f3B, qTo .uaeT rreHHYIO nHcpopMarru10 o MexaHIIJMe Tcrrnonorr H.UepHofr 
MJJihTIIcpparMeHTarrmr. 

Arrpo6an:m1 pa6oThI 

fa6oTa 6bma anpo6npoBaHa Ha XV Nuclear Physics Divisional Con
ference (St. Petersburg, Russia, 1995), VI International School-Seminar 
(Dubna, Russia, 1997), International \Vorkshop XXII on Gross Proper

ties of Nuclear Excitations (Hirschegg, Austria, 1999) u Ha ccMnHapax 

no cprnIIKe HIIJKIIX 3Heprnfr IT5Il1 OH5IH. OcHOBHaH "HlCTh IH'1)'7IhTaToB 
IIccne.uOBamrfr orry6JIIIKOBaHa B rnecTn pa6oTax [1~6]. 

I 
CTpyKTypa II o6'beM .n:11ccepTan:1111 

llIIccepTarr1rn cocToHT II3 nne.uemrn, Tpex rnaB II' Jar,.TIIO"ICHIIH. O6n<'M 
.IlliccepTarr1rn 89 cTpamrrr. llnccepTarr1rn co.uep1KIIT 46 1mcyHKOB n 7 Ta-
6.TIIIII. CmrcoK .TIIITepaTyphI BK.TIIOqaeT 89 HaIIMeHOBaHII(I. 

Bo BBe,n:eHIIll II3.TIO)KeHbI COBpCMCHHhie rrpe.ucTaBJICHIIH O MexaIUI1M<' 

rrporrecca H.UepHorr MJ.TihTncpparMeHTarrmr, ccpopMymrpoBaHa rrenh pa6oTbI. 
II o6ocHoBaH rro.uxo.u K 1nyqeHIIIO paccMaTpnBaeMoro HB.Tiemrn. 

B rrepBOH r JiaBe II3JIO.iKeHhI OCHOBHhIC 3KCIICpHMCHTaJihHble 1aKOHO

MepHOCTII rrporrecca H.uepHofr MJ.TihTIIcpparMeHTarrmr. llenaeTCH KpaTKIIII 

ofoop Mo.uenefr cpparMeHTarr1rn H.Uep. llaeTrn cpopMymrpomm II .ueTaJihH0<' 
omrcaHHe KOM6IIHIIpOBaHHOI°I M0.UCJIII cpparMCHTarrmr 51,Uep, rrpIIMl'HHeMofr 

.U.TIH aHa.TIII3a 3KCrrepIIMCHTaJihHhIX .uaHHhIX, IIO.TIJ"IE'HHhIX B pem,rrrrnx P<'

.TIHTIIBIICTCKIIX IIpOTOH0B C 51.UpaMII 30.TI0Ta Ha JCTaHOBKe "<f> A 3A". TI 

.uaHHOII MO,UeJIII rrepBaH CTa.Illrn peaKIIIIII OIIIIChIBaeTCH B paMrrnx MO.UC.TIII 
BHJTpIIH.UepHhIX rrncKa.uon (MBK). Ilocne rrpoxmK.uemrn rrepBorr cTa.unu 

peaKIIIII:I o6pa3JIOTC5! BhICOKOB036y)K,IleHHOe TepM0JIH30BaHHOC 0CTaTO"I

HOe H.upo. B JaBIICIIM0CTII OT rrpno6peTeHHOII 3Heprmr B036J.iK.UCHIIH E* 
OHO mr6o ncrrapHeT qaTIIIIhI, mr6o ucrrhIThrnaeT pacrnnpemrc n pa1nan Ha 
cpparMeHThI. 3Ta CTa.urrn rrporrecca OIIIIChIBaeTCH Ha OCH0BC CTaTIICTlI"IC
CKOII Mo.uemr MJ.TihTIIcpparMeHTarrrm (CMM). B .uaJihHeIIIllCM omrrnHHhIII 
BhIIllC' KOM6rrnnpOBaHHhIII uo.uxo.u 6y.ucM 0601HaTrnTh KaK MBK+CMM. 
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Bo BTopoii r nase npc.ucTan.7:<'H0 onncaHII<' )TTaHonKn ·· <l>A 1A"". ec 
.Il('T('KTIIp)"K>IIIIIX ('IICTl':.I. ;1·cTaHOBI,a ("()('TOUT Ill .Il('TC'I,T0pa 1IH0:iKC'CTBPH

H0< 'TII cppaDI<'HTori ( ll:\ I <I>. no.7:HhII°I T<'.7:<'CHbifr )TO.TI coc·TaB.TIH<'T ~ 3. 6 r.) n 
mnn ~£-£ T<'.Til'cKorron cner,Tpmrcrpon (TC) cppriDlPHT0B (no:i:Hh1f1 T<'
. TI<'CHhIII ~TO.TI ,.,_, 3 . 10-:I --17f). o6pa l)"IOIIIIIX rpnrrqm)"IO "IaCTh )TTHH0DKII. 

fl:\! <1> CKO:.III0H0ililH Ill 6--l CIIIIHTII.TI.TIHIIII0HHhIX C"IPT"IIII..:0D C n.7:CH0"IHbDIII 

crrnHTII.TrnTopa:.m Cs.J (Tl) 60.TibIIIOI°I n.:ioma.un ( ~ 130 012
). CrruHTII.TI

.TIHIIIIOHHhrr°r .Il('T('KT0p npc.ucnlD.7!5I('T co6or°I II.1er,cur.1acony10 II.TiaCTIIHY 

TO.Tiill,IIH(lfI 2 :.D.l. Ha K0T0IJ)"IO TPp:.III"H'CKIDl nar,yy:.IHbDl ncnap<'HIH':.l 
mrnocu.rrc H no.,nr..:pncTa.:i.'lIPH'Cirnfr ('.TIOr°r Cs I (Tl) no :.l<'T0.UnK<'. pa 1pa60-
TaHHofr n oc-ym<'CTB.TI<'HHor°r n HITO ·· :\IoHoKpncTa.11.,·· (r.XaphI,OB). Ha-

1Ha"H'HIH' ll?\I<ll - IJ('rm·Tp!rponaTh cppanI<'HThI c Z > 2. orrpe.uc.rraTh 

IIX l\IHO:iKC'CTBPHH0CTh II HanpaB.TIC'HIH' IlbI.TI<'Ta Ill '.\IIIIII('HII. Il ,IlilHHO(I 
rn:aBP Tairn,c no.upo6HO II1.':IO.il,<'Ha l\H'T0.UIIKa II pe1y.1hTa Thi n1:.1cpcm1f1 

T0.TIIIIIIH TOHI..:CK.:iofrnhIX no.;:m1,pncTa.1.TIIPH'n;;nx c.:ioen Cs.J (Tl) :.H'To.um1 

1- aI,TIIBaIIII0HH0I'0 aHa.rrn1a. OcHODHbDl KpIIT('IJIH':.l Dbr6opa c.lPT0.[(a II1-
l\H'pCHII5! HD II.TIO Ch ye .TI0BIH' Hepa 1IJ)"III('Hlrn Il('(".;J('.Il)"Pl\lbIX CIIIIHTII.TI.TIHT0IJ0B. 
a TaIGK<' Il011IO:iKH0CTb .Ill'Til.TihH0 IICC.Til'.[(0DaTh IIX nonepXH0CTh C I!('.TihK) 
BbUICHC'HIIH ('Tl'II<'HII panH0l\ICIJH0CTII HaH('("('HH0I'0 ('.TI()5I no T0.;Jill,IIHP. To.TI

ill,IIHhI rronnKpncTa.TIJIIPI<'CKIIX cnocn Cs I (Tl) onpe.Il<'.TIH.TIIICh ny:re'.\I cpanm'

mrn HaBC.UCHHOr°I aKTIIBH0CTII B ""pa60Trnx'" crrnHTII.TI.TIHT0pax II K0HTp0.7!h

HhIX o6paJuax c n1necTHofr Tonrn,nHor°r Cs.J (Tl). Ha Pnc.3 rrp<'.UcTan.:ieHo 

pacnpe.ucm'HIIC CIIIIHTII.TI.TIHT0p0B no T0.Tiill,IIHC cor.TiaCH0 3TIDI II1:.I<'P('
HirnM. Ha pncyHKP TilK.iKC' nm..:a1aH0 (nyHI,TIIpmifI .TIIIHirn) pacnp<'.[(<'.'1<'HIH' 
TPX )K(' 06pa1rron no T0.TIIIIIIHP B C00TBPTCTBIIn (' rracnopTHhDIII .uaHHhDIII. 

TaIGK(' rrpom'.Il('H0 IIll\If'lH'Hll(' pacnpP.Il<'.TI<'HIIH . :/ aKTIIDH0CTII no no

BepXH0CTII .Il,TIH 0.UH0I'0 IIJ CIIIIHTII.TI.TIHT0IJ(lB ( T0.TIIIIIIHH nomn,pncTa.TI.TIIPH'

CK0I'O c.rroH Csl(Tl) 06pa1rra cocTannm'T 38 l\II' / 012
). Ha Puc .--1 nor,a1aHo 

pacnpc.ucm'mre no Tonmnm' rromn,pncTa.TI.TIIPH'n..:oro c.,oH Csl (Tl). mrne

cPHHoro Ha n.TIPKCIIrnac0B)"IO no,U.TIO:iKKy. O6.mtc·Tb n1:--H'p<'HnH 1arnTpnxo
BaHa. CrrnmrponaHIIe Il('.JI0("h OT Il('HTpa B BbI.UC'Jl('HHbIX mmpaD.TI('Hnax. 

Heo.unopo.UHOCTh CJI0H 1ml"IIITl'.TihH0 60.TihIIIC, "l<'l\l rracnopTHhH' 1Ha'I<'HIIR 
( < 15%): rrpn ncpeMCill,PHIIll OT Il('HTpa CIIIIHTII.rr.1rnTopa I, nq>IIcpq>IIn, 

T0Jiill,IIHa Yll1C'HhIIHH'TC5! Ha,.,_, (25-30)%. 
Pe1y.TihTilThI 3TIIX II11\1<'P<'HIII°I 6bI.TIII Bil)KHbI ,U.;JH Kopp<'KTHOI'O on1wm'-

m'HIIH 3!p!pC'KTIIBH0CTII perncTparrnu cppaI'l\I<'HTOB Il CIIIIHTII.TI.'15IT0pl' . 
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Puc.4. PacITpen,e.rrem1e ITO T0JIIUIIHe ITO.TIIIKpucTa.rrrruqecKoro crro5I 
Cs I (TI), HaHeceHHoro Ha ITJieKc11r.rraconyro ITo.u.rro;,1my. O6rracTh II3Me

pemrn 3aIIITpIIXOBaHa. CKamrponam1e ne,n:CTC5I OT :UCHTpa B BbI.D:CJICHHhIX 
HarrpaBJICHII5IX. 

B .n:aHHOH rrrane TaKMe ITPIIB0.D:IITCH cpyHK:UIIH 0TKJIHKa D,eTeKTIIpyro-
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w:dr cncTC'l\IhI. C nm.row:hm Ill\I<t> :..rmKHo m:..rcpnTh H ·A ( AI,l) TaK Ha3hI

mw:..roC' pacITp<'.UC'aeHne ¢Ill\! ITO acco:unanrnno(r :..rno;,i:~ecTneHnocTn lvIA 
.u:ur co6bITIIII. TpHrrepye:..IhIX cppanreHTOl\L IT0ITaBIIIIBI n on,nn II3 TC. 
CooTBl'TCTBeHHO IT0JIHa5I II3MCp5IeMa5I l\IH0:il~PCTBCHH0CTb B C06bITII5IX ITO 

I~paIIHC'II l\Iepc C O.UHIIM cpparMCHTOl\I ITpO:..IC1K}"TO'IHOlI MaCCbI 6y.ueT paBHa 

1 + JI.1. IlnreprnHoe W,i(JIA) n ITepmPrnoe W(1H) pacITpe.uerremrn CB5I-
1aHhI C00TH0IIICHIIeM: 

.Al max 

ff.-1PI.1) = L Q(MA, JI) -TV(AI), (1) 
M ==MA+l 

r.ue Q(AI,1. JI) -- cpyHK:UII5I 0TKmm:a cncTeMhI, BKJIIff'-rarow:a.a n ce6a a) 
BPp05ITHOCTb Tpnrreponamrn, K0T0pa5I rrpoITop:unonaJibHa ITepBII'IHOr°I MH0-
1KC'CTBC'HH0CTII jf_ 6) nepo5ITHOCTh perncTpa:unn n LIM¢ AJA cpparMeHTOB 

m ocTaBIIIIIXC5I ( AI -1) cpparMeHTOB. 
TaKIIM o6pa3oM, 

M' M Q(MA, JvI) = . . . EMA(l-Elw-1-M.4) __ , 
A1A!(M -1-MA) ! < M > 

(2) 

r.n:e E ~ 3cpcpeKTIIBHOCTh perncrpa:unn cpparME'HTa IIM<t>. E = ~ ECsI, N 
'-IIICJio c:unHTIIJIJI5I:UIIOHHhIX n,eTercropon IIM<t>, EcsI -- cpe,n:HH5I 3cpcpeK

TIIBH0CTh pernc:Tpa:umr cpparMeHTa 0.D:HIIM D,eTeKT0pOM. 

B TpeTherr rJiaBe ITpn_nen,eHhI pe1y.rrhTaTbI 3KCITepnMeHT0B na ycTa
nonKe "<t>A3A" n c.rryqae p+Au coyn,apemnr .D:JI5I 3Heprnfr ITpoT0H0B 2.16, 

3.6 11 8.1 f3B). IlaeTc:5! TeopeTwrecrme onucamre ITorryqeHHhIX pe3JJih

TaToB B paMKaX MO,n:ncpn:unponaHHOfI KOMfomuponaHHOII MOD,eJIII MJJibTII

cppanreHTa:umr. 

1. Cpe,nHHH MHO)KeCTBeHHOCTh <l>ITM. Ha Pnc.5a npen,cTanrreHhI 

II3MepeHHhre pacrrpe.n:erremrn WA(MA) no accou1rnnrnHof1 MHO~ecTBeHH0-

cTn <t>IIM (ITpII HaJIII'IIm TpurrepHoro cpparMeHTa B OD.HOM m TC) B 

p(2.16, 3.6 II 8.1 f3B)+Au coyn,apemrnx. Cpe.umre 3Ha'IeHIIH < MA > 
COCTaBJI5IIOT 0.73±0.02, 0.96±0.02 n 1.11±0.02 n c.rryqae 3HeprnfI 6oM6ap
.n:npyromero nyqrca rrpoTOH0B 2.16, 3.6 II 8.1 f3B, cooTBeTCTBeHHO. Co
oTneTcTnyromne rrepBII'IHbie pacITpe.n:erremrn ITO MHmrcecTBeHHOCTII <t>IIM 
ITpe.n:cTanrreHbI Ha Pnc.56. Cpe.n:mre 3Haqemrn ITepnn'IHOII MHmKeCTBCHH0-
cTII < lv1 > cocTanrr.aroT 1.7±0.2, 1.9±0.2 II 2.1 ±0.2 n crryqae 3Heprnrr 

ITP0TOH0B 2.16, 3.6 II 8.1 f3B, CO0TBCTCTBeHHO. 
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Prrc.5. a) lbMepeHHhre pacnpe,UeJICHII5I no cpenHei°r MHmKeCTBeHHOCTII 

<I>ITM ( CHMBom,r) n pe3JJibTaTbI nx onucamrn <I>epMn--pacnpencncHm'M 

( rrporrymeHHhlM qepe3 3KcncpmvieHTa.JibHhIII qmJihTp) n c.rry,rac p+ Au co
ynapemrfr npn 3Heprmr npoTOHOB 8.1 f3B (KpJ.iKKII, cnnornHa5I mrmrn), 

3.6 f3B (KBanpaThI, rnTpnxoBa5I mrmrn), 2.16 f3B (TpeyroJibHIIKII, To

'IC'IHa5I JIIIHII5I). 

6) IlepmrqHhre pacnpencnemrn no MHmKecTneHHOCTII <I>ITM. IlmtnHhIC' mr

HIIII - pacqeT B paMrrnx MBK +a+CMM MO,Uemr ( CM. TCKCT). 

2. Mo.n;n:q:i1man:1rn KoM6HHHpoaaHHOH Mo.n;eJIH MYJihTHq:>par

MeHTan:n:n:. Ha Puc.6 npe,UcTaBJieHbI II3MepeHHbie II pac•IeTHhIC', B paM

Kax KOM6nmrponaHHOll MO,Ucmr, cpe,UHne MHmKeCTBCHHOCTII <I>ITM n 1amr

CHMOCTII OT IIOJIHOII 3Hepnrn HaJieTaromnx npoTOHOB EJJ. BepXH5I5I mrmrn 

Ha pncyHKe (rrITpnxoBaH) cooTBCTCTByeT pacqeTy B paMKax MBK+CMM 

no,UXO,Ua. Bn,UHO, qTo nprr 60JibillIIX 3Heprrrnx HaJieTaIOIUIIX npOTOHOB 

< Mct>nM > rroqTn B ,[(Ba pa1a 60JibIIIC II3MepeHHbIX 3Ha•remrfr. 8To yKa-

1bIBaeT Ha TO, qTo MO,UIHpuunpoBaHHa5I MOL(CJib BHYTPII5I,UCpHbIX Kacrrn,UOB 

CIIJibH0 rrepeoucHIIBaeT BbIX0,U OCTaTO'IHbIX 5!,Uep C BbICOKOI°I 3HeprHCII B03-

6y.iK,UCHII5I. licnoJih3oBamre Bcpcmr MBK, y•mThIBaromcfr npcnpaBHOBcc

Hyro 31\UICCIIIO (Il3) qacTIIU Ha 0CH0Be 3KCHTOHHOI°I MOL(emr L(JI5I orrucaHH5I 

Ha'IaJlhHOI°I CTa,UIIII peaKUHII, cymecTBCHHO noHJDKaeT 3Hcprnro Bo16y.iK,[(('-
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mm n '.II,HT0B0<' Tnrc:10 re1nr.1:nnonaHHhIX 51..'ICJ) ocT,l n-;on. D ,rmr c:1~·•rae 
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EP (r3B) 

Pnc .G. CpcJJJIIH' ;slHOiK('CTDr'HH0CTII <I>Il:\I (mm cofihITIIfL no r-;pafmpfr 

'.IH'IW, (' 0J1HJD1 q.ipanH'HTOlll) B 1HBIH'IIJ\IO('TII OT "'lHPllrIIII fim.16apnnpyI0-

1UC'fI 'Hll'TIIIIhI D c.:r:r,rae p+Au coynapemrfr. llITpIIxcma5I II TO'H'TIHa5I :ur

HIIII coorncTCTBYKH pac'H'T,nI B pa:.nrnx :\II3E+C?IE\I II :\II3E+TI3+C:\DI 

rronxonon. Cm10mHa5I .'1IIHII5I p<'1)".:IbTaT pac'I!'Ta D p,nn-;ax :\IDh+n+C':\1:\1 

nonxo.:ra. 

ilTar,, HII I\IDI\, HII ~IDE+TI'J I-H' nocnporrmonHT no<·TaT0TIHO TO'IHO 

ancm,r6.rr5I T<'p:110.mnoBaHHbIX 5IL(('P ()('Ti\ TK0B. Orr•~"Tl'TDIH' ('0L1,H'II5I "')K('

IIf'l)II;sI('HTa.'IbH0 n111<'p<'HHbIX q)('JlHIIX l\IHfftKC'C'TDl'HIHH'Tdr <f>TI:\I c pac

'IPTHhil\III npIIB0,UIIT nae K II,[(('(' 0 no111mKH0:1l norro.--:IHIIT('.'.IbHO:.I cfipocc 

l\IiUTbl II 1neprmr BbH'OKOD016:nr-.:m·HHbI11 5!,UpmI ()('Ti\ TI,0:.1 DO Bp<'ll15I('rO 

pacIIInpemrn ( 3a C'H'T Ten.rronoro wrnm'HII5I) llH'A,,U)" 61,rr·Tpofr. r,anrnnnofr 

'l,teTbIO peaKIIIlII II CTaTIIC'TlI'I<'CKIIl\1 npoU('('('Ol-.1 i\IH0A,('('TDl'HH0rc) 06pa10-

BaHII5I qipan.IPHTOB. 3Ta II,U<'5I 6bIJia pea.rrII1onaHa n 1:1rnIIpIPH'r·r-;ofr nporrc

nype, B pnyJihTaTe KOTOpofr 1HPpnrn nrn6)")KL(('HII5I Eu II :,Hl('('ODO<' 'II!('.10 

A.11 5!,Upa ocTaTKa (nocm' :t\IDE) _\'l>.H'Hhma.r:rm·1, ( no <·ofibITnfmo) Jl.15! no

.r:r~·•rcHII5I q>P,UHdr l\rno;Kr'<'TB<'HH0CTII <I>Il:t\I. 6.-in1Koii r-; I!'nrcp('HHO'.\IY ·ma

'll'HIIKJ. 3To L(('.'1i1.JI0('h DB<'Jl('Hill'U napallH'TJlil 11' J-;OTOphrfr non6npat'T('5I In 

yc.rromrn cor.11anrn p,H''H'THOI°I II "'lh('Il('})Il'.IH'HTil.1bH0 II'niqH'HHOfI ('jl('JUIID1ll 
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:..rno:..KecTBeHH0CT a::.m <I> IT:\ I: 

< JJ.,rn,. > 
Cl=-------

< J/\llll,-tnl\l > 
(.3) 

Tor.ua .UOIIOJIHIITe.'.JbHbIII c6poc 3Hf'JffIIII n016y)I,.U<'HIIa: .),.£[/ II :-Ia<Tbl .)..--1// 

C0CTan:rneT: 

.).£R=(l-n)En 

II 

~AR= (l-0:)(AT-An) 

r.ue Ar - Macca a:.upa-MIIIIIeHII. 

(➔) 

(5) 

B .uaJibHe:iirneM KOM6IrnnponaHHYIO Mo.ue.Tib C rrprrne.ueHHbIM BbIIIIe ,M

IIIIpII'IeCKIIM II0.UX0.U0M .U0II0.:IHIITeJibH0ro c6poca ,Heprnn no16pK.uemrn 

6y.ueM 0601HaqaTb - MBK+0:o+CMM, c .uorroJIHIITe.TibHhn,r c6pocoM :mep

nrn no16y1K.uemrn II Macchi - MBK+0:+CMM. Pac•1eTHbie 1mv1eHna: 

rrapaMeTpa 0: B crryqae p(2.16, 3.6 II 8.1 f,B)+Au coy.uapem1f1 cocTa

BJIHIOT 0. 77, 0.63 H 0.53, cooTBeTcTneuHo. CrrrrornHaa: Kpnnaa: Ha Pnc .G 
n Ha6op mrnnfr Ha Pnc.56 rrpe.ucTan.rra:eT pe1yJihTaTbI pac•reToB n paMrrnx 

MBK +0:+CMM Mo.uerrn. 

3. 3uepreTIPieCKHe crreKTphI H yrnoBhie pacrrpe.n;eJieHHa 

<l>IIM. Ha Pnc. 7 rrpe.ucTanrreHbI 3KcrrepnMeHTaJibH0 n1MepeHHhrf1 II pac

,reTHhIII, B paMKax MBK+0:+CMM Mo.uemr, 3HepreTnqecKni'r crreKTp 1110-· 

TOIIOB yrrrepo.ua B crryqae p(8.1 f3B)+Au coy.uapemrn. BII.UHO, qTo 1a nc

KJIIOqemreM BhICOK03HepreTIIqecKoro xnoc:Ta pacrrpe.uerremrn KOM6Irnnpo

BaHHaa: Mo.uerrh .uocTaTO'-IHo xoporno orrncbrnaeT qiopMy 3Heprer.wrecrwro 

crreKTpa. 8To JlBJIJleTC:5£ CBII,UeTeJibCTBOM B IIOJib1Y CTaTIICTnqecrwro Me

xaHIITMa MYJihTHqiparMeHTaunn. Ilpn 3TOM: a) 3Hepnrn <l>ITM orrpe.ue

rra:eTca: TOJibKO KJJIOHOBCKIIM n1aIIMO,UeIICTBIIeM qiparMeHTOB Ha CTa,Uim

pa1JieTa II nx HaqaJibHhIMII TeIIJIOBhIMII c1wpocTa:1m; 6) ,MnccIIa: <t>ITM 

rrponcxo.unT rrocrre rrpe.unapnTeJihHoro pacrnnpemrn a:.upa 1a C'-IeT Terrrro

noro .uanrremrn II3 COCToa:mrn c IIJIOTHOCTbIO (1/3--1/4) OT HOpMaJibHOfI. 

Ha6rr10.uaeMoe pa1m1qne B orrncamm BhICOK03HepreTnqecKoro xnocTa pac

rrpe.uerremrn MmKeT cmr.ueTeJibCTBOBaTb O Hamrq1m .UOIIOJIHIITCJibHOro pa

.unaJibHOro IIOTOKa IIJIII BKJia.ua rrpouecca rrpe.upaBHOBCCHOII 3MIICCIIII. 
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Puc. 7. 8HepreTII'-Iecrmr1: crreKTp II30TOII0B yr rrepo.ua ( CIIMBOJlbI) B 

p+Au coy.uapemrnx npII 3Hepnrn rrpoTOHOB 8.1 f3B. Cnrrorrrnaa: mrnna: 

- pe1y.TihTaT pacqeTa B paMKax MBK+CT+CMM rro.uxo.ua. llhpIIxonaa: 

mrnrrn --- pe1yJihTaT pacqeTa B paMKax ncrrapnTeJibHoi'r Mo.uerrII. 

Ha Pnc. 7 TaIGKe rrpnne.ueH 3HepreTII'-Iec1mi'1 crreKTp (rnTpIIxonaa: JIII

mrn) qiparMeHTOB yrrrepo.ua, rrorryqeHHhIII B pa1max KacKa,UHo-ncrrapnTeJihHofr 

M0,UemI. BII.UHO, qTo rrpn ncrrapeHIIII IIHTeHCIIBHOCTb 6bICTpo crra.uaeT KaK 

rrenee, TaK n rrpanee IIIIKa, rrorro:..Kemre KOToporo orrpe.uerra:eTca: neJIIIqIIHOII 

Kyrr0Honc1wro 6apbepa .urra: miyTeJibHOro pacrra.ua. Ilpn 1rnoroqacnrqHoM 

pa3BaJie BCJie,UCTBIIe pacrnnpemrn a:.upa nepe.u pa3BaJIOM KYJIOHOBCKIIH 6a

pbep cymecTBeHHO rroHmKaeTca:. KpoMe Toro, crreKTp yrnnpa:eTca: 1I1-1a 

TCIIJIOBOro .UBIDKCHIIJl qiparMeHTOB II BKJia,UOB pa3JIIIqHbIX KaHaJIOB pac

rra.ua, co.uep)Karunx perncTpnpyeMhII°I qiparMeHT. 

TarmM o6pa30M, 3Ha,rnTCJibHOe CMa:rqeHne 3HepreTnqecKIIX CHCKTp0B 

<t>IIM cmI,UeTeJibCTnyeT o MHoroqacTIIqHoM xapaKTepe pa1narra a:.upa. 

Ha Pnc.8 rroKa3aHbI cpe.uHne 3HeprIIII <l>ITM ( < E >, pacqeTHbie u II3-

MepeHHbie) B p+Au coy.uapeHIIa:x rrpn Ep = 2.16 II 8.1 f3B. B paMKax 

MBK+CT+CMM pe1yrrhTaTbI pacqeTa 6mI3KII K II3MepeHHhlM 3HaqeHHa:M 

.UJIJl z ~ 9. B crryqae z > 9 C pOCTOM 3apa:.ua qiparMeHTa lI3MepeHHhle 

< E > crra6o H3MeHa:IOTca: no-cpanHeHIIIO c pacqeTHhIMII nerrnqrrnaMII. Ha-

6rr10.uaeMoe cymecTBeHHoe pa1rrnqne B cpe.uHnx KIIHeTnqec1mx 3HeprIIa:x 
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q:ipan,1eHTOB B CJI,V'IaE' z > 9 51KI5Il'T('51 (','J('JJ:<'TBIH':.1 T010, 1 no: ,I) npril

no.rrmI,eHIIe cTaTIICTff"IeC'KOfr !\IOL!,f'.'III O panHmicpnoir Il.10TH0CTII 51ilpit fl(' 

COOTBeTCTB,V('T ne{rcTBIITC::IbH0CTII; B uenTpe 101)511W10 lILl,j)i1 II.10TH0CTb 

Bbillie, qe.,.r Ha uepnq:iepnn; 6) .. T5IjKe.TibIC .. q:ip,lS!\IPHTbI (' 00.TibllI('r"r Bl']l0-

5ITHOC'TbIO q:iop.,.mp,VIOT('51 B UPHTpa.TihHOr°I 06.1aC'TII 5IJ]pa' 

m 
(') 

~ -
A 
w 
V 

-· 1 

:: :~.•/ l~/..: !A :J 
+.- ~ ---· 3 

30 f- '·, /.- _ ,., .......... --······· 

20 ~i· _/ 

60 

10 
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2 4 6 
I 

8 
I I 

10 12 14 

z 
Puc.8. Cpr)]mre KIIHCTIP-IecKm' -:rnepnm q:ipanrcHT0B B p+An co,vna

pemrnx upn :rnepnrnx upoToHOB 2.16 r3D (cn.TiollIHhIP r-.:na,n:paThI, .rmnn5! · 

1) II 8.1 r3D (oTKpbITbIE' r-.:p_v;,Kirn, JIIIHIIII 2 II 3). JinHIIII -- pc1y.TihTclT 

pacrcToB B pa!\rr-.:ax 1IBK+n+CM}1 (1,2) n :v1DK+I1'3+CMr-.1 (3). 

IIannoe na6.TIIOJ]PHIIC npen,TaB.TI5IPT ,n:ouorrnnTe.rrhHO<' cnnm'n'.TibcTBo 

Toro, '-ITO 11ynhTIIq:iparMPHTaurrn upouecc 061,c.,.rnor"r ,.,.mcTmr q:ipa,-

!\ICHTOl3. 
Ha Pnc.9 npn13c,n:cnhr ynronue pacupc.n:encmrn 13hI.Tll'TCBIIIIIX q:ipan1cn-

T0l3 (13 n.c.K.) n peaKUIIII p(3.6, 8.1 r3B)+Au. YrnoBhH' pacupe,n:c.rrcmrn 

q:iparMCHT013 aHII30TpOIIHbI. ')Ta aHII3()Tpomrn 00b5ICH5ICTC51 .IJ:J3IljK('HII('}..! 

51,n:pa-ocTaTKa ( cpe,n:H515I nmpocTb 51,n:pa--ocTaTKa /31113 cncTCMP .n:mrn,ymc

roc:51 ncToqmrn:a COCTaBJI5ICT (0.007 0.009)c). IlpIP-IPM, 'WM BbIIII(' 3HPpnrn 

B016:pK.IJ:CHII5I, TC'M 60.rrhIIIC IIMII,V.TihC 5I.IJ:lJa- ocTaTKa. 
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Pnc.9. Yr.TIOl3hIP pacn1wu<'m'HII5I q:ipan1cHTon Be. C. 0, ?\c' (n .1.c.K.) 

,n:.:rn p(3.6 II 8.1 f,D)+An coy.n:apcm1f1. 

4. .IleTaJibHOe HCCJie,D;oBaHne 3Hepre_T:uqecKHX crreKTpOB. Ha 

PIIc.10 IIpIIDl'.IJ:l'HbI 1H<'pr<'TIPI<'C'I,II(' CII<'KTpbl II30T0II0D 6opa . .'IIITII5I. )T,1('

po,n:a II KIIC.TI0po,n:a B 1al3IICIIJ\IOCTII OT II32\!Pp<'HHOI°I l\!H()jJ,('('TB<'HH0CTII JI_ 1 · 

Bcm'.n:cTnne Toro, 'ITO 1q:iq:icKTIIDHocTb pcrncTpaunn Il:\I(f) c>H'HhIIIC 100¼. 

1m'prcTII'I<'Cirnf1 CIIPKTP upn ,n:aHHOI°I JI_.\ m,IP<'T 13K.rra.n: co6bITIII°I (' pa1;1IPI

HbIMII IIE'pBII'IHbIMII J\!HO)KCCTBC'HHOCT5Il\III JI (f)Ili\l C BCCal\III B C00TDPT

CTDIIII (' ( 1). fln51 upIIB<'.IJ:f'HHbIX Ha pucyHKC ,Hcpr<'TIPI<'('l,IIX CII<'I,TpoB (' 

pocT0J\I 11!_1 IIpOC.TI('1hIIDaPTC5I o6ma5I 1aK0HOJ\H'pH0CTb: 1) .. T('11II('paT)'pa'" 

T, onpe,n:CJI5ICl\Ia51 KaK IIHm'pCHhir°I napml<'TP HaK.JI0Ha 1H<'pr<'TII'H'CMlr<l 

C'ITPKTpa, 1301pacTaPT; 2) 1HPpnrn l\IaI,('IH,Iy1ra CIICI,Tpa E111ax ~-:,l('HbIIJa

PTC51. 3To 5IBJI5I('TC5I C.TI('.IJ:CT13IIPJ\I TOH), 'ITO pa1JIII'IHhir°I OT6op TIO JI_\ 0T

pa:tKHCT II1Ml'HCHII<' no 3Hcprrrn ncn6.nK.IJ:CHII5I q:ipanH'HTnpyromero 51,n:pa 

0CTaTKa. 

Ha Pnc.11 n1w.n:cTaBJIPHa 1anncnl\10CTh cp<'.UH<'fr 3Hcpnm <Ee> II no

JimKPHII5I MaKCIIMy.Ma EmaJ' ,U,TI5I II31\1PJWHHH0ro ( cII:-mo.TibI) CIIC'KTpa II'10T0-

ITOB yrnepo.n:a OT ITOJIHOII II3MPp<'HHOfr l\!HO)K('CTDPHH0CTII JI.1 + 1 q:ipanH'H

T0B B ('(}0bITIIII. Ha JHIC)'HM' npc,n:cTaD.T.I<'HbI TaI,)K(' pac'I<'THbl('. B pa:-IKaX 

MDI{+n+Cl\IM MO.IJ:('JIII, 1mPH'HII51 < E<· > (cn.TioIIIHa5I .:-mmrn) II £, 11 a.,

(nITpnxona5I mrnrrn) 3H<'J>r<'TIPH'CKIIX ('Il('KTp0B q:iparl\H'HTOl3 yr:wpona. 

nponym<'HHbl(' 'I<'PC'.l 1K('II<'J>IIl\H'HTclJibHhifr q:JIVIbTp. B ('00T]3('TCTDIIII (' 
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( 1) paCTIC'THOC' 1HiPH'HIIl' < £(' > }l."151 nanno(r '.IIHO;,J.,:('('T]3('Hl!O('TI! JI I orrp<'

ne:rneTC5I KaK: 
.\frnax 

<Ec>(Jl_t't= Z: Q(JI+J/)-<Ec> (JI)-ff(JI) 
.\I =.lf,1 + I 

{G) 

I-b pucymrn BIIJlHO. 'ITO pac'IC'T )lC''.IIOHCTimpy<'T fio:H'(' cn:Jbll\"IU ·w

BIICII'.IIOC'.Th < Ee > II E,nnI OT J/_1 no -cpaBHPHIUO (' II'DH'IH'HHbli\lII 1Hil

'IC'HII51'.IIII. B01'.II01KHO '3TO CB511aHO l" T<''.II. 'ITO: a) B OT:UPIII<' OT rrp<'Jl
noJJmKeHir(r C.'vE\I BTOIJIPIHhrr"r pacnan no16pKJl<'HHhIX (j:Jpanr<'HToB. nPpo
aTnee BCero, npmrcxonnT B T(''-ICHIIC IIX BIWJ\IC'HII yn.:op<'HII51 B E)",'10HOB

Ch:Ol\f none cncTel\IhI: 6) :1rone.1h nepeoucmmaeT m,:1an nr)()uen·a KB a 1mH'
napcmrn ( T5I1Ke.IThir"I cppanreHT B conpoBmKJlC'HIIII H('('KO.:JhKIIX I,.:Ja('T('J)OB 

n HYEJIOHOB) )lJ15I co6hITI!r"I c l\IHmKeCTBE'HHOCThIO panuo(r 1 . 'ITO B<'Jl('T 
E cymecTBE'HHOM)' npeBbiillC'HIIIO pac•reTHO(I < Ee > no qJaBH('HIIIO C '3KC
nepII'.IIeHTaJihHO II3MCpenno(r BE'.TIII'-IIIHO(I. 3To COOTB('TCTBYl'T ,neprII5ll\I 

no16y1KJlC'HII5I 5IJlpa E* :=::; (2-;--3) M,B/nyrrnon. C ynemPH'HII<'M E* nepo-
5ITHOCTh Tarwro KaHa.rra pacnana cTaHOBIITC5I Kpa(rm' 1rano(r. 
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Pnc.10. 3nepreTwrecKne cneK

Tphr cppan.renToB B, C, 0 npu 
pa1.mPIHhIX oT6opax no accouna

Trrnno(r l\IHmKeCTBC'HHOCTII 1'1A. 
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Pnc.11. Cpennne 3Hepnrn < E > ( II Emax) II30TOIIOB yrJiepona B 3amr

CIIMOCTII OT MHmKecTBennocTII <l>IIM B peaKr~:rrn p(8.1 r3B)+Au. BepxH5I5I 
"IaCTh: 3KcrrepIIMCHTaJibHh!e )laHHbie ( CIIMBOJibI), IIOJIJ'leHHhie II3 3Hep

reTII'ICCKIIX cneKTpOB, rrpencTaBJieHHhIX Ii:a Jinmrn - pac'!eT B paMKaX 

MBK+o-+CMM JlJI5I < E > (crrJionrna5I mrnrrn) II Emax (nITpnxoBa5I JIH
mrn), nporrymeHHhIII 'Iepe3 3KCIIepnMeHTaJihHhIII !pIIJihTp. 

5. 3apH.n:oBbie pacrrpe.n:enemrn <l>IIM. Ha Pnc.12 rr0Ka1anu 3a

p5IJlOBhie pacnpene.rremrn <t>IIM. Jlnmrn na pucynKe npencTaBJI5IIOT pe-
3JJihTaT pac'-reTa B paMKax MBK+o-+CMM rronxona. Bnnno xopoUiee 
omrcanne 3KcrrepnMeHTaJihH_hIX )laHHhIX. l.JaCTO 3ap5IJlOBhie BhIXO)lhI cppar
MeHTOB Y ( Z) rrapaMeTpII3yIOT CTerreHHOll 3aBIICIIMOCThIO Y ( Z) "' z-r. 
B CJIJ'!ae 3Heprnfr ny'!Ka IIpOTOHOB 2.16, 3.6 II 8.1 r3B rrapaMeTp T = 
2.17±0.08, 1.90±0.06 n 1.93±0.06, COOTBeTCTBCHHO. BcTaBKa na Pnc.12 
)lCMOHCTpnpyeT 3aBIICHMOCTh T OT H3MepeHHOll accounaTIIBHOII MH02Ke

CTBC'HHOCTII MA B CJIJ'!ae 3Heprmr IIJ'!Ka 8.1 r3B. C pocTOM MA rra

paMeTp T CHa'!aJia yMeHbUiaeTC5I, JlOCTIIraa MllHIIMaJibHOro 3Ha'!eHII5I, a 

3aTeM pacTeT. B pannnx pa6oTax no MYJihTIIcpparMeHTaurrn rrapaMeTpn-
1aun5I 1ap5IJlOBhIX (MaccoBhrx) pacnpeneJiemnr <t>IIM cTeneHHhIM JaKoHoM 
Y ( Z) ~ z-r II Ha6JIIO)lCHIIe MIIHIIMaJihHOI'O 3Ha'!CHII5I rrapaMeTpa T IIHTep
npeTIIpOBaJIOCh KaK IIp05IBJICHHe CKCII.TIIIHroBoro IIOBe)leHH5I B6JIII3ll KpIITll
'!eCKOll TO'IKII cpa1onoro nepexona ")Kll)lKOCTh-ra1" B 5I_n:epHOM BeIJieCTBe. 
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O,n:HaKO pacqeTbI n pa:mrnx ciIM II0,I(TBep:,K,n:aIOT TaK0C' IIIJC',I(('TclB.TIPHIIP 

C TOII JIIIIIIh pa3HIIUe{r, qT0 Tarme II0Be,I(eHIIe IIl\H'C'T MC'CT0 rrpu T(':-III<'pa

Type T = (5- 6) NbB, K0Topa.a 3Ha'-mTeJihH0 HmKe Tc. Ilp)TO<'. 60.,<'<' 

rrpocToe ofrhHCHeHIIC' Ha6JIIO,I(ael\10ro l\lIIHIIl\Ia.TibH0ro 3IIaTI('HIIH rrapal\H'Tpa 

T' Jie:tKIIT B paccM0TpC'HIIII ::--rexaHU31\1a BT0PII'-IH0ro pacna,n:a Bo16,r1K,I(('H

HbIX qipanreHTOB. 

N 
3=" 10

5 
T 2.3 t • 2.2 

10
4 

8.1 GeV 2.1 

t • 2 + + 
Iii ... 1.9 • 

2 3 4 5 

10
3 

'I' -- M. 
•·• . .. .. . .............. . 

10
2 

·-.... ,. It• •• .. ........... -·•. 
\,· II 

2.'16 GeV 

10 
" 'I' ....... >·:., 

·-.,.,,..,,,, 

2 4 6 8 10 z 

Pnc.12. 3ap.a,n:oBbie pacrrpe,n:erremrn qiparMeHTOB npn :mcpnrnx rrpo

T0H0B 8.1 f3B (nepxHee), 3.6 f1Il ( xl/4), 2.16 f,B ( xl/6). J1rrnun -

pac'-reT B paMKax MMBK+o+CMM Mo,n:errn (HopMnponaHo K Z=3). Ha 

BCTaBKe rrp1rne,n:eHa 3aBIICIIM0CTb rrapaMCTpa T, II0JIJTH'HH0ro II3 3ap.a,n:o

BhIX cueKTpoB <PIIM B CJIJTiaC :rnepnm rrpoT0H0B 8.1 r1n, OT II3MPpPHHOfI 

MH0:tKCCTBeHH0CTH <PIIM. 

KaK y:,Ke ynol\,IIIHaJioci paHee, MHmKeCTBeHHOCTh qiparMPHT0B 1,rnncnT 

OT 3Heprnn no36y:,K,n:emrn .a,n:pa E*. B crrrme MaJihIX MHO:tK<'CTBeHHOCT('II 

(Marra.a E* ) ocHoBHhIM rrnmtJI0M pacna,n:a .a,n:pa HBJIHCTCH ncnapeHII<'. PocT 

E* rrplIB0,I(IIT K yneJIII'-IeHIIIO BbIX0,I(a 6orree TH:iKCJihIX qiparMC'HTOB (pe1KII.M 

MJ.TihTIIqJparMeHTaunn) II, C00Til<'TCTBeHH0, JMC'HhIIIE'HIIIO rrapaM<'Tpa T. 
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C ,n:a.,bHP(mm::--r pocTmr E* m,.,a,n: rrpoupcca BT0IJIPIHoro pacna.n:a rop.a

TIIIX qipaDH'HTOB ('T,UIOBIIT('}I 3HaTIIITC'.TihHhll\I. TITO B<',I(C'T K yne.TIIPIC'HIIIO 

BbIXO,I(a .,en:nx <tiimDH'HTOB (pocT T). ·::ho II ,I(C'l\IOHC'TpnpyeT BCTaBKa Ha 

Pn<".12. 

5. BpeMeHHllil IIIKaJia rrpouecca MYJihTHCpparMeHTauuu. Ilpe

::--reHHa.a IIIKa.,a rrpoU<'('('cl ::--ry.:rhTIIqJpanH'HTilUIIII HB.1:HC'TC'H I,:r10qeno(r B 

II0HIHiaHIIII l\ll'XclHII11\Hl ':JT(ffO HB.1:CHirn: .'1II6o ':JT0 rrpouecc II0C'.'IC',I(0Ba

T(',1hHOro ncrrap<'HIIH <PII:-,I n.,n 3To HOBhifr ;,,1ex,rnn1::--1 pacrra,n:a B3phrn

miro TIIIIa. r-.:or,n:a qiparl\H'HThI B01HIIK,U0T rrpar,TIPH'CidI :-ffHOB<'HH0 ... O,n:

H0BJH'l\l<'HHOC'Tb .. 01HaTI,H'T TO. TITO BIJ<':'.IIH qiop:mrponamrn II m·n~'('I,aHirn 

qipaD!l'HTOil C')'llI<'CTB('HH0 l\lC'HbllIC' xa paraqrnoro .. K_r.,OHOBl'I,Oro.. BpC'

:,.rrnn Tc ~ 10-11 (', Ilpn fio.,bIIIIIX BJl<'l\l('Hax 3:,.mcnrn qipaDIPHTOB l\I0-

1K('T CTIIITaTbC}I H('3aDIH'II!IIO(I. Tar,rnr ofipa1m1. II1'.IICJH'HIH' BJ)(':-H'HII 3'.IIIIC'

rnn T,,,, ( qw,n:nnfr IIHTPpBa.JI BJH'MC'HII J\IC')K,I()' II0C.TIC',I(0BaTC','IbHhDI BhI.,eTmI 

qiparl\IC'HTOB) II.T.III cp<',I(H<'rO BJ)('J\H'HII 1KII1HII Ts qiparl\H'HTIIpyIOIII('ro .a.n:1rn 

mu'T oTBC'T o l\H'XaHII11\H' n1yTia<'J\H>ro rrpouecca. Ilp('l\H'Hmrn IIIIrn.:ra rrpo

uecca 0UC'HIIBaeTCH IIYTC'M cpaBHCHIIH II11\IC'J)C'HHO(I •. qipaDH'HT qipanH'HT .. 

Koppr.TIHUIIOHHO(I qiym,:unn B 0TH0III<'HIIII IIX 0TH0CIIT('.'IhH0r0 yr.:ra (n:m 

OTHOC'IIT('.TJbHO{I nmpocTII) C' T('OIJPTIPIC'('I,O(I. ITOJI)"TH'HHO(I B pe1y.'IhTclT(' 

paCTIPTa l\IH0r0TC'.TibHhIX KYJI0H0B('KIIX TJ)rlC'KTopn(r C BJ)('},l('HC'l\I 1KII1HII Ts 

(nmr T,,,,) n K,t'H'CTB(' rrapa!-.If'TJJa. Koppr.:rHUIIOHHcl}I qiym,urrn IDIP<'T '.IIII

HIIl\IYl\1 npn 0,.,/ = 0 (,·;.,, = 0) B('.TI(',I(('TBIH' KYJI0H0ilCK(ff() p,H'Ta.,KIInaHIIH 

M<'1K,I()' BhIJICTaIOII]Jil\III B 0,I(H0l\1 co6bITIIII qipanH'HTa:.III. Ilc."IIPIIIHa 3T(ff() 

,qiqieKTa 1aBIICIIT OT ('J>(',I(H('r() BJ)('l\H'HII :,r,II1HII p,H·rra.n:aR)llI('fJ('}I ('JI('T('l\IhI: 

TJeM 60.TihllIC' T,,,,' Tl'M 0OJihllI(' pan'TOHHIH' l\H'1K.n:y BhI.i1('Ti1l()llIII'.IIII qipar

Ml'HTclMII, a ('.TJ(',I(0BHTC',JibH0, cna6('(' IIX KYJI0H0B('l,O(' pa<"Tarn,IIBaHII(', 

Ha Pnc.13 npe,n:cTaBJIC'Ha n1MeJWHna.a (cmmo.rrb1) n p,H'TH'THa.a Koppr

.rr.aunoHHhIC' qiyHKUUH n'HC'TII'IC'CKII CBH1aHHhIX qipaDH'HT0B. Teop<'TIPH'

crm.a KpUBaH II0JIYTIPHcl ,I(.JIH pct1.TIIPIHhIX BJH'M('H 1KII1HII Ts- 11.,H Kcl1K,I(<ffO 

cpparMPHTa B co6hITIIII l\IOJ\H'HT Ha'm.Tia ,I(BII1K<'HIIH B KY,TI0H0B{'I,0:\1 II0.1(' pa

'lbirpbma.JI('}I n cooTBC'TCTBIIII c BPJ>0HTH0<'ThK> I'( t) ~ <'XP( --t / T.,). EbI.,n 

IIpOBC',I(('HbI paCTJ('TbI ,I(JI}I qw,n:Hero BJlNH'HII 1KII1HII .a,n:pa T,, = (). 50. 100 II 

2()() <l>M/c. 
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Pnc.13. CpaBHem1e mMepeHHOII ( To•nrn) rwppernrunoHHOII cpyHKUIIII 
C pac<J:eTHOII rrpu pa1JIII'IHhIX npeMeHax :-IGI1HII T.s pacrra,1:i:a10m<>I°IC.H CII

CTeMhI: CIIJIOIIIHa.H, IIITpIIXOBa.H, T0'IC<J:Ha.H II IIITpnx--rrym,nrpmt.H JIIIHIIII 

COOTBeTCTBJIOT Ts =0, 50, 100 n 200 <PM/c: 

b' 
<D 
N 
II 
~ 

© 4 .__, 

u -€' 
~ 3 

~ 
u-

2 

•··········· a ( 4,8) cold ...... a (4,4) 

• •···· a0 (4,8) -- a (4,8) 

<.:.~:.:.:.::.:.::-:.:~::::·•·.,. , •. •·.;.,.;: i.: ':.-. 

1 80 100 20 40 60 

't5 , Cl>M/c 

Puc.14. OTHornem1e cpe,rme11 BeJIII<J:IIHhI KoppeJI.HUHOHHOH cpyHKUIHI 

rrpII 0ret > goo K BeJIII'IHHC rrpn 0re/ = 26°. 

Ha Puc.14 rrpenc:TaBJieHa 1anncnMoC:Th Bemr<IIIHhI "rrponarra" 1wpperr.H
unoHH011 cpyHKUIIII Ha MaJibIX 0TH0C:IITeJibHhIX yrrrax, orrpenerr.HeMa.H KaK 
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0THOIIICHIIC CC 1Ha'ICHII.H IIpII 0rel > gQo ( cpe,llHee 3Ha'IeHIIe) K 0ret = 26° OT 

npeMeHn :-KII3HII Ts. Pac•reThl 61,rmr cnerraHhl B paMKax o6cy:-Knanrnuxc.H 

nhrllie 110.uxonon:· MBK+a+CMM rrpn nnyx rrpenrrorrmKemrnx: a) o Bpe

::1reHn BTopwrnoro pa1narra Tsec cpparMeHTon: "11rH.OBCHHoro", Tsec << Tc ( TO

<J:e•rmrn), n npe.MCHII, 6oJihlliero KJJIOHOBCKOI'O npeMeHII (Tsec > Tc, CIIJIOill
Ha.H JIIIHirn); 6) BC.TIII'IIIHhI pa1naJihHoro 061,eMa, HC:IlOJibJeMoro .llJI.H pac
'ICTa K.)'JIOHOBCKIIX TpaeKTopnfr cpparMCHTOB: Vi = 4Vo(rnTpIIXOBa.H JIH

mrn) n Vi= 8l'o( CITJIOillHa.H JIIIHirn), r.ue l 10-Ha<J:aJibHa.H IIJIOTHOCTh .H,n:pa; n 
~IBK+a 0+CMM (rnTpnx-rrymnnpHa.H mrmrn). 

Bnr.n:erreHHa.H o6JiaCTh Ha pncym,e COOTBeTC:TBJCT 3KcrrepnMeHTaJibHO 

II3.MepeHHOMY OTHOIIIeHIIIO c ourn6Iwi'I ( ± 2a ) , orrpe,n:eJI.HIOIUeMy cpe.n:Hee 

npeM.H )KII3HII Ts cpparMeH'~IIpy10mero 51,Upa B p(8.l r3B)+Au coy.uape

mrnx. B Ta6mrue 1 rrpune.n:eHbI ouemrn Ts B COOTBeTCTBilII c JUOM.H
HJTbIMII BhIIllC pa3JIH'IHhlMII MO,UeJibHhlMH rrpe.urroJimKeHirnMII (Puc.14.). 

Ta6mrua 1 

Mo.n:err1, a:(4,8) a:(4,4) a( 4, 8)cold 0:0( 4, 8) 

Ts <PM/c 50±18 37±13 27±17 <45 

IIaeTc.H oueHKa u1MepeHHoro cpe.n:Hero npeMemr :-KII3HII .H,n:pa 

Ts :s; 70 <PM/c. 8To .HBJI.HeTC.H .UOKa3aTeJihCTBOM Toro, "ITO TeITJIOBa.H MJJib
TIIcpparMeHTau1rn ~ HOBhill_(MHOI'OTeJihHhllI) TIIII pacrra.ua B036JM.UeHHhIX 
.H,n:ep. 

B 3aKJnoqemrn: ccpopMyrrnpoBaHhl ocHOBHhle pe1yrr1,TaThl .uuccepTa

unu. 

1. B paMKax MCTO.UII"ICCKIIX pa6oT ITO MO,n:epmnau1m ycTaHOBKII 
"<PA3A" rrpon1ne.n:eHa 1aMeHa crrrroIIIHhlX rrrreKCiffJiaconwx cneTono.n:oB 

IIM<P Ha norr1,re HOBOII KOHCTpyKUIIIL B pe1yrr1,TaTe TaKOll 3aMeHhl BKrra.u 

q:JOHa crry<J:alIHhlX COBrra.n:eHIIII B CUIIHTIIJIJI.HUIIOHHhIX C<J:eT<J:IIKaX OT <J:e

peHKOBCKoro II3JIJ<J:eHII.H yMeHbIIIIIJIC.H C 15.2% .uo 1.2%. AMIIJIIITY.llHOe 
pa1pernemre yrry<J:rn1moc1, c 32% .n:o 23%. 

2. IIpenrro:-KeH 1-aKTIIBaUIIOHHhlII MeTO.U II3Mepemrn TOJIIUIIHhl CJIO.H 
rrom1KpncTarrmr<J:ecKoro CsI(Tl), HaHeceHHoro Ha rro.n:no:-KKY 6on1,rnou 
rrnoma.un ( ~ 150 cM2). Ewna II3MepeHa rrapTII.H CUIIHTIIJIJI.HTOpOB, crre
IUiaJibHO II3rOTOBJieHHbIX .UJI.H IICITOJII,30BaHH.H B ycTaHOBKe "<PA3A" B Ka-
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-qecTBe IIM<t>. C rrm.rnrn;hIO c1rnm1ponamrn ,3-aKTIIDHo,Tn y.IJ:a.Tio,h rrpoc.:rP

.[(IITh II pacrrpe.[(eJieHIIe TO.Tirn;IIHhI CUIIHTIIJimITopa no nonepXHOCTII II0.[(

JIO)KKII. Haii:.[(CHO, 'ITO Il ncnOJih30DaHHOII l\H'TO.[(IIKC' TC'l)l\IIPH'CKOro IIC'IIa

pemrn pa16poc no TonmnHC' UC'HTp-nPpnqwpmI (npn .:rrrne(rnmr pa-nrqw 

CUIIHTIIJIJI5ITopa 140 Ml\1) COCTaBJI5ICT ~ 25%. P('3Y,TihTaThI 'HUX II1l\IP!)('

HIII°I Da2KHhI .[(JI5I rmppeKTHoro onpe.[(C'Jiemrn 3<p<pPKTIIDHOCTII 1wrncTpaunn 

<pparMeHTOil B CUIIHTIIJI.TI5ITOpe. 

3. C noMOrn;hIO 4K-ycTaHODKII ·, <PA '3A" 6hm ncc.TIC'.[(ODaH npoU<'cc 51.IJ:ep

HOI°I MYJihTII<pparMeHTaurrn D p+Au coy.IJ:apemrnx npn ·rnepnrnx npoToHoD 

2.16, 3.6 II 8.1 f3B. 

-- BnepBbie nony,reHbI pacnpe.[(C'JICHirn no l\IHfftKf'CTil('HH0C:TII <ppanreH

TOil npoMe.iKYTO'IHOI°I Maccnr ( <t>IIM). HM OTD<''-IaIOT cpc.IJ:HIIC' 1mFIC'HII5I 1. i'. 
1.9 II 2.1 npu 3Hepnrnx 60M6apm1pyromnx 'IaCTIIU 2.16, 3.G II 8.1 r,n. 
COOTBeTCTBeHHO. 

~ I13MepeHbI 3ap5I.IJ:OBhie pacnpe.IJ:eJiemrn pacnpe.IJ:enemrn <t>IIl'vL Omr 

MoryT OITIICaHbI CTeneHHOII <pyHKUIICI°I z-r, r.[(f' T = 2.17, 1.9 II 1.93 13 

cny-qac 3HeprIII°I npoTOHOB 2.16, 3.6 II 8.1 f3I3, COOTDPTCTDC'HH0. I3 C.TIY'Hl(' 

p(8.l f3B)+Au coy.IJ:apem1f1 H3MepeHbI 1ap5I.IJ:OBhre pac:npP.[(('JIPHII5I <t>IIl\f 

npn pa3JIII'IHbIX MH02KC'CTDC'HHOCT5IX. 

~ l13MepeHbl 3HepreTII'ICCKIIC cneKTphI (nHKJII03II13Hbie II '3KC'K.TII01IIIl

HbIC) <pparMeHTOB B mrnIIa3oHe 1ap5I.IJ:0B OT Z=2 .[(0 Z=H. 

~ I11MepeHhI yrJI0BbI(' pacnpc.[(eJieHirn BbI.lICTCBillIIX <ppanH'HTOB. 

~ l13MCpeHhI yrJI0BbIC rmppeJI5IUIIH reHeTII'-ICCKII Cl35I3aHHbIX <pparMeH

TOD. 

4. B pa6oTe pa3BIIT HOBhIII BapnaHT KOM6ImIIpomrnHoro ITO.[(X0.[(a .[(.TI5I 

onncamrn npouecca pa3BaJia IlbICOKOB036y.iK.[(eHHbIX CIICKTaTopoD MIIIllCHII 

D npoToH-51.IJ:epuux coy.IJ:apcHII5IX. Ilmrn1auo, 'ITO BHYTJHI5I.IJ:epHbIII Kac

Ka.[( (MBK), 06:bI'IHO ncnonn1yeMhII°I .[(JI5I pac•reTa 6nrcTpo(r cTa.[(IIII D1a

IIMO.[(e11cTmrn, CHJihHO nepeoucurrnaeT BbIXO.[( OCTaTO'-IHbIX 51.[(ep C IlbICO

IWlI 3Heprneii B036y2K.[(emrn. Bcrre.[(CTDIIe 3TOro CTaTIICTli'ICCKa5I MO.[(CJlb 

MYJihTII<pparMeHTaum1 ( CMM), onncnrna10ma51 .[(ctJihHei°IllIIIII npouecc pac

na.[(a CIICTeMbI, ,[(aeT cymecTDCHHO 3aBhIIllC'HHbIC 3Ha'ICHIUI cpe.[(HC'II MHO

.iKeCTBeHHOCTII <t>IIM. OTcyTcTBIIe cor.TiaCH5I 3KcnepIIMC'HTaJibH0 n1MeIWH

HhIX cpC.[(HIIX MHO.iKCCTDCHHOCTeII <t>IIM C paC'ICTHhIMII npnBO.[(lIT K H.[(C(' 0 

1303:MO.iKH0M .[(OITOJIHHTCJibHOM c6pocc MaCCbI II 3Hepnm IlbICOKOB016y:;K.[(CH

HbIM 51.[(p0M-0CTaTKOM BO npeM5I paclllnpcmrn ( 3a C'I('T TC'IIJI0D0ro .[(aBm'-
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mm) l\IP.iK.[()" 0bH"TpOI°I. r,,:an,a.[(Ho{r 'IaCThK) pPaKUIIII II CTaTIICTII'IPC'I,IIl\I 

IIJH)ll<'tTOl\I l\IH0.iK('("Til('HH(ff() 06pa1omrnrrn <ppaDH'HTOD. '3Ta II.[(('51 6u.1a 

]H',t.TIII10DaHa 13 "ll\1IIIIIJIPH'n,o(r IIIJ0U('.[()"pP. 13 l)C'1)",1bTaT(' KOTopo(r 1HPprrrn 

mn6y_;1,m'HII51 II l\I,HT0D0r' 'IIIc.10 51.IJ:pa-ocT,lTKa ( rroc.1P ;\II3E) y:-IC'Hhllla

.1IICh .[(.151 no.::r_PH'HII51 ('JlP.[(HC'fr l\IHO.iK<'CTDC'HHOCTII <Pil:\I. 6.'III3I,:O(I K II3:\IC

JH'HHOl\I)" 1m1<r<'HIIIO. Bee JHH''H'Ta nponomnnch no coohITIIr°IHo. '3To no-

1no.rrn.:ro 60.;re(' .[(or·Tom'pHo paff'IIIThIDaTh xapaKTPJHICTIIKII ( .. -L Z. E*) 
cppaDH'HTnpyromPro 51.IJ:pa. 

:i. C no:--romhro '3TOII l\IO.[(('o1II xoporno omrc·nmaKJTC5I 1ap5I.IJ:0DhIP pacn1w

.[(('.'I<'HII5I <1)Il~L IIX ,Hq>r<'TIJTH'CldH' ('IIl'KTJ>bI n pacIIJH'.[(('.;J('HII5I IIO :-.IH0.iK('

('Til('HHOCTII. '3To 51IJ:15I<'T('5I .[(0II0.'1HIITP.1bHbI:II .[(OI"11aT('.:JbCTDOl\I f"TaTII

('TII'H'CKOro l\H'XaHn1;,.rn M)".'I_hTIHppaDH'HTaunn Ha IH'.::I51TIIl3II('TCI,IIX ny'I-

1,:ax IIIJOTOH0D. K(>r.[(a IJ('(' xapaKTf'lHICTIIKII np0U('('('a ll('.:JIII,mr on1w.[(P.151-

I0T(' 51 .. TPnmmorf" '3HC'prne(r ]3()'J0_Y.iK.[(('HII51. 

G. IIo.TI_Y'IPml 0U<'HKa npc':-.H'HHo(r Illirn.:rhl ?II)"hTII<ppanH'HTaunn D p+ ..-\ 11 

('0)".[(HIJ('HII5IX npn '3H<'prmr nJHlT0H0il 8.1 f1I3. '.)To ('.[(('.1HH0 n_YT('l\I q>aD

H<'HII51 II1l\If'lWHHOI°I .[(,TI5I r('H('TIPH'('I,II ('13511aHHhIX <ppaDH'HTOD rrnppP.TI5IUII

OHHOI°I <pyHKUIIII 13 0TH0IIIC'HIIII IIX 0TH0CIIT('.TihH(Jr() yrm1 (' T('0J)<'TIPH'l'KO(I. 

IIoc.TIP.[(H5I5I 6hma n0.TI)''Il'Ha 13 pe1_Y.TJhTa T(' pac'H'Ta ;\IH(Jr0T('.'lbHbIX K_\-.10-

HOD('KIIX Tpa<'KTopn(r C IlJH';\f('ff('1I .iKII1HII T., <ppaDH'HTIIpyrom<'rO 51.[(J>il 13 

K.-PH'CTD<' napaueTpa. IIpn ,Tmr mT.1<'.IJ:omrna: 

l\I0.[(('.TlbHil5I 'l)'DCTDIIT('.TlhHOCTh no.TI_Y'H'HHhIX Jl<'1)".'lh Ta TOD ( II<'n0.1h-

1013H.TJIIl'h .[(Ila napmrnTa IWl\I0IIHIIIJODHHHOI°I l\IO.[(('.:JII): 

1HDIICIIM0('Th IH'1_Y.TihTaT0l3 OT IlJ)('l\I('HII IlT0J>IJTUHJr0 paf'nam1 rop51-

'IIIX <pp,trl\H'HTOD; 

'IYDCTDIITC'.TJhH0f'Th q:JOJ)l\Ibl Koppt'.TI5IUIIOHHO(I <p_YHI,UIIII K Il('.1IJTIIIH(' 

pa1Da.TibHoro 001,el\m" Vi 
I3m•pDhI(' II1l\IPpeH0 f"Jl<'.[(H('(' IlJl<'llrn .iKII1HII pacm1.[(,lKlrn;('r()("5I 51.[(pa 

T., ~ 70 <t>u/c, 'ITO cymPCTil('HH0 l\I<'Hblll('. 'H'llI xapaKT('JlH0(' DJWl\rn .[(.151 

nocm'.[(0BaT('JlhHOI°I II H('1aDIICIIl\IO(I "ll\IIHTIIII <ppaDH'HTOD. '.3To 51Il.151('T('51 

.[(0Ka1aT('.TlbCTl301\I Toro. 'ITO U("(".TI('.[(_Y('lllhII°I H,nm npou('('(" HOilbII°I (l\IHO

roT('JlbHhIII) TIIIT pacnam1 IlhH'OI,013010)".iK.[(('HHhIX 51.[(('J) T('II.'IOl3a51 1ry.1h

TII<p}Jarl\H'HTau1rn. 

,. Ilpo13('.[(('ff() q>aDHr'HIH' pa(''H'THhIX II II1l\H'jH'HHhIX <"Jl<'.[(HIIX I,IIH<'TII

TI('("KIJX ,Heprn(r <t>IIl\.I. OTllH"H'Ho. 'ITO pa<''H'THhH' 1Wl'H'HII51 qwnmrx 

KilH('TIJTH'('ldIX "lHC'pru(r <ppanH'HTOil IIJH'IlbIIllaIOT II'J;\IPJ>('HHbH' 13 (".,_Y'l,H' 
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z 2: 10. ')To IIHTeprrpeTnpyeTC5I KaI, ,YI-:ct1aHII<' .Ha TO. 'ITO 60.-:re<' T5LtM'.1bH' 
cppan.reHTbI cpop:-mpyIOTC5I rrpPII:II)'IU('CTil('HHO 13 11,('HTpa.-:rbHOII 06.-:ra!'TII 
no16y1K.ll<'HHoro n.upa. r.ue I,y.:10non<·Ko<' rro:w oc.-:ra6.-:r<'HO. Ilamrn<' na6.cno
.ll<'HIIe rrpe.ucTaB.TI5ICT .uorro.-:rHIITC.TibHO(' CillI.Jl('T('.Tib!'Tl30 TOr<J. 'ITO :II)',"IbTII
cppanrenTaurrn IIl)Oll('('(' o6bP:IIHO{I ''l:\III('('IIII cppanI<'HTOl3. 

8. IIpo13e.lleHo .ueTa.TibHO<' cpa13Hl'Hne II1:II<'l)('HHbIX n pac·'I<'THbIX cm'K
TpoB cppan.reHTOB yr:repo.ua 13 1ctlllI('Il'.IIOC'TII OT l\IHO:tK<'C'Tl3('HHO('TII <f>II:t\1. 

- lbl\rnpeHHbl(' cpe.umre KIIHl'TIPI<'C'IdIC 3H<'prnn cppanH'HTOl3 )':IH'Hb
IIIaIOTC5I C poCTOl\I :IIHO:tK('CTl3PHHOCTII. 0.llHilKO 1al\I<'THO ('.:Ja6P('. Tl('!\1 pac
"-IeTHbie 1Haqemrn. Bo1:1101KHO 3TO ('B5I1ilHO C' T(':11. 'ITO .Jl('l3010)'1K.ll('Hll(' 
cpparMeHTOB rrpoIICXO.UIIT 130 13pe1rn IIX yciwpeHII5I B KY.TIOH013CKO:II ITO.Tl(', a 
He rroc.rre Toro, KaK rrpe.urro.:rnraeT CTaTIICTIPICcKan 110.u<'.Tib. 

- Cpe.unne ,neprmr cpparMCHTOB yr.rrepo.ua .u.rrn co6b1nr{1 c 1mmKc
cTnennocTbIO pa13HO{I 1 MCHbIIIe, T{(';);f paC'ICTHbI(' 1HiVIC'HII5I. n MO.ll('.TIII 
3TOMY C.TIJ"IaIO OTBC''IaCT ncrrapenne cpparM<'HTa C IIOl3q)XHOCTII 51.Jll)a 
ocTaTKa. IIo-mr.unMoMy TaKo{r 13apnanT pcamnycTC5I c M<'Hhlll<'II nepo-
5ITHOCTbIO, 'ICM 13 !\10.llE',TIII. 
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